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| BOLIM
ANALIZGA KIRISH

1. Haqiqgiy sonlar
Matematik induktsiya usulini go'llab, quyidagi tengliklar o'rinli ekanini isbotlang (1-4):
n(n+1) n(n+h)(2n+1)
B S 5 ,
3.L+2°+..+n°=(1+2+...+n)". 4.1+2+2% + 42" =201 1,

5. a" =a(a- h)..(a- (n- 1)h) va d” =1 bo'lsin. Quyidagini isbotlang:

2.1 +2°+..+n*=

1.1+2+3+.+n=

(a+b)" =§ cra™™b™ | bu erda C™- n elementdan m tadan guruhlashlar soni. Bundan
m=0
N’ yuton binomi formulasini keltirib chigaring.
6. Quyidagi Bernulli tengsizligini isbotlang:

(1+%)(1+%,)..(1+X,)3 14X + X, +...+ X,
bu erda x;,X,,..., x, sonlar -1 dan katta bo’lgan ishorasi bir xil sonlar.
7. x>-1, n>1 bolganda (1+ x)n 3 1+ nx ekanini isbotlang, bunda tenglik belgisi
fagat x =0 daorinli.
an+106'

8. Tengsizlikni isbotlang: nl<8—+, n>1.
n+1l
Yo llanma &@*+28" ~g, 1 2 >2,n=12,.. tengsizlikdan foydalaning.
En+lyg & n+lg

9. Tengsizlikni isbotlang: 2b41...(2n)! > gn+1)1y, n>1

10. Tengsizlikni isbotlang: %x%x..vzn_ 1.1

J2n+1’
10. 1. Tengsizliklarni isbotlang:
1 n
a) 1+— n,n3 2; b) "™ >(n+1)",n3 3;
f A e (n+2)

sm8 3£asmxk 0E£x £p,k=1n; g) (2n)1<2*(n))’.

11. c¢- butun sonning kvadrati bo’lmagan musbat son, A/Besa Je hagigiy  sonni

aniglovchi kesim bo'lsin, bu erda B sinf b*> >c shartni ganoatlantiruvchi barcha b musbat
ratsonal sonlardan, A sinf golgan ratsional sonlardan iborat. A sinfda eng katta son, B sinfda eng
kichik son mavjud emasligini isbotlang.

12. ¥2 sonni aniglovchi A/B kesim quyidagicha quriladi: A sinf a®<2 shartni
ganoatlantiruvchi barcha a ratsional sonlardan; B sinf qolgan ratsional sonlardan iborat. A sinfda
eng kattason, B sinfda eng kichik son mavjud emasligini isbotlang.

13. Mos kesimlarni qurib tengliklarni isbotlang:

a) V2 +/8=418; b) V243 =16.

14. 22 somni aniglovchi kesimni quring.

15. Har ganday bo"sh bo’Imagan quyidan chegaralangan sonli to plam aniq quyi chegaraga,
har ganday bo sh bo’Imagan yugoridan chegaralangan sonli to plam esa aniq yuqori chegaraga ega
ekanligini isbotlang.



16. Barcha . (ml N,nT N,0<m<n) to'gTi ratsional sonlar to’plami eng kattava eng
n

kichik elementlarga ega emasligini isbotlang. Bu to plamning aniq quyi va yuqori chegaralarini
toping.

17. r? <2 shartni ganoatlantiruvchi r ratsional sonlar to'plamining aniq quyi va aniq
yugori chegaralarini toping.

18. {- x} to'plam x1 {x} sonlarga garama-garshi bo’lgan sonlar to plamidan iborat bo’Isin.
Quyidagilarni isbotlang:

2) inf{- X} =- sup{%} : b) sup{- X} =- inf{x} .
19. {x+ y} - barcha x+ y yig'indilar to'plami bo'Isin, bunda x1 {x}, y1 {y}. Tengliklarni
isbotlang:

a) inf{x+y} =inf{x} +inf{y} ; b) sup{x+ y} =sup{x} +sup{y} .
20. {xy} - barcha xy ko'paytmalar to'plami bo’lsin, bunda xI {x}, yT {y}, x3 0, y3 0.
Tengliklarni isbotlang:

a) inf{xy} =inf{x} Xnf{ y} ; b) sup{xy} = sup{x} >sup{y} .

21. Tengsizliklarni isbotlang:

3 [x- y2 |4- v ) [x+% 4% +..+ x| 2 [X- (] |+ +[x,]).
Tengsizliklarni eching (22-29):

22.|x+1<0,01. 23.|x- 23 10. 24. | > |x+1].
25. |2x- 1 <|x- 1. 26. |x+2|- |x- 2 £12, 27. |x+2]- |4 >1.
28. |x+1- |x- 1 <1. 29. |x(1- x)|<0,05.

30. Ayniyatni isbotlang

.2 .2
ax+[}o  ax-[qo _
- + - =X,

25 &2,

31. 10 sm uzunlikni o’lchashda absolyut xatolik 0,5 mm ga teng, 500 km masofani
0 Ichashda esa absolyut xatolik 200 m gateng edi. Qaysi o' Ichash anigrog?

32. Agar x=2,3752 sonning nisbiy xatoligi 1% ni tashkil qilsa, bu sonning ishonchli
ragamlari sonini aniglang.

33. x=12,125 son uchtaishonchli ragamga ega. Bu sonning nisbiy xatoligini aniglang.

34. To'g'ri to'rtburchakning tomonlari

x=250cmx0,0lcm, y=4,00cmx0,02cm
ga teng. Bu to'g'ri to'rtburchakning S yuzasining chegaralarini ko'rsating. Agar to'g'ri to'rt-
burchakning tomonlari sifatida ularning o'rtacha giymatlari olinsa, to'g'ri tortburchakning S
yuzasining absolyut xatoligi D va nisbiy xatoligi d lar ganday bo'ladi?

35. Jismning og'irligi p =12,59 gs+0,01 gs, uning hajmi esa v =3,2cn® +0,2cm® gateng.
Jismning solishtirma og’irligini aniglang va agar jismning og'irligi va hajmi o'rniga o'rta giymatlar
olinsa, solishtirma og'irlikning absolyut va nisbiy xatoliklarini baholang.

36. Doiraning radiusi r =7,2 »+0,1 . gateng. Agar p = 3,14 deb olinsa, doiraning yuzini
ganday eng kichik nisbiy xatolik bilan aniglash mumkin?

37. To'g'ri burchakli parallelepipedning o'Ichamlari

X=24,7mx0,2m, y=654201m, z=12m%0,1u
ga teng. Bu parallelepipedning v hajmining chegaralarini ko'rsating. Agar bu parallele-pipedning
o Ichamlari sifatida ularning o'rtacha giymatlari olinsa, parallelepipedning v hajmining absolyut
xatoligi D vanisbiy xatoligi d lar ganday bo’ladi?



38. Kvadratning yuzini 0,001 »* gacha aniglikda aniglash imkoniyati bo'lishi uchun uning
X (2m < x < 3m) tomonini ganday absolyut xatolik bilan o’Ichash kerak?

39. To'g'ri to'rtburchakning yuzini 0,01 »* gacha aniglikda hisoblash uchun uning
X, ¥y (X£10m, y£10.m) tomonlarini ganday D absolyut xatolik bilan o'Ichash kerak?

40. d(x) va d(y) - x va y sonlarining nisbiy xatoligi, d(xy) esa xy sonning nisbiy

xatoligi bo'Isin. U holda
d(xy) £d(x) +d(y) +d(x)d(y)

ekanini isbotlang.
2. Ketma-ketliklar nazariyasi

41. Ketma-ketlik limitining ta'rifidan foydalanib x :%1, n=12,... ketma-ketlik uchun
n

limx, =1 ekanini isbotlang, ya'ni ixtiyoriy e >0 uchun n>N bo'lganda X, - I <e tengsizlik
bajariladigan N(e) sonni toping.
Quyidagi jadvalni to'ldiring:

0,1 0,01 0,001 0,0001

e
N

42. Agar
(' 1)n+1 2n 1 n
a x =—>"—; b) x = ; V) X =—; =(-1) x0,999".
) X, =7 ) %, == )%= 9% =(-1)
bo'lsa, x, (n:L2,...) ketma-ketlik cheksiz kichik (Iggxn :O) ekanini isbotlang, ya'ni ixtiyo-riy
e >0 uchun n>N bo'lganda |x,| <e tengsizlik bajariladigan N(e) sonni ko rsating.
Y Ugoridagi har bir hol uchun quyidagi jadvalni to'ldiring:

0,1 0,01 0,001 0,0001

e
N

43. Quyidagi
a) %, =(-1)"; b) x, =2"; v) x, =lg(lgn), n? 2

ketma-ketliklar cheksiz katta (Igg x. =¥) ekanligini isbotlang, ya'ni ixtiyoriy etarlichakatta E >0
uchun n> N bo'lganda |x,| > E tengsizlik bajariladigan N(E) sonni ko'rsa-ting.
Y Ugoridagi har bir hol uchun quyidagi jadvalni to'ldiring:

E 10 100 1000 10000
N

44, x,=nY (n=12,.) ketmaketlik chegaralanmagan va shu bilan birga n® ¥ da

cheksiz katta emasligini isbotlang.
45. Quyidagi tasdiglarni tengsizliklar yordamida yozing:
a) IE@TX”:¥; b) Iggxn:-¥; V) Ii®rQXn:+¥'

Quyidagi limitlarni aniglang (46-57, nl N):



46, 1jm10000n 47, Ii®rQ(\/n+1- Jﬁ).

¥ n2+1

Yn?sinn! -2)" +3
e (G Ll 49, Iim#.
n® ¥ n+1 ne ¥ (_ 2)n +3n+1
2 n
50. “m1+a+a2+...+a . |aj <1, || <1. 51. I|maei2+£2+ +n—10
e¥ 1+b+b” +...+b" ne¥&n®  n n° g
-1)"n 2 92 n-1)°06
52. Iim1-3+§-...+( ) : 53. “mael_3+2_+ +( 3) +,
ne¥in NN n ne¥gn®  n’ n’ 3
2 2n 1 (6] _ .
54. Iimael—3+§3+... #f. 55. Iimae—1+%+ i+...+2nn 12.
e¥en® n n p n®¥82 2° 2 2" g
& 0 .
56 limat + %+ +— 1 2 57. |im(ﬁxy§x€/§x..>&/§)
wv€10 28 7 n(n+1)g o ¥
Quyidagi tengliklarni isbotlang (58-66):
n k
58. lim—=0. 59. lim 2 =0. 60.lim- =0 (a>1).
ney " ne¥ nl ney¥ g"
a =
61. lim—=0. 62. limnxg" =0 (|g[<1). 63.limYa=1.
64, 1im %% "_ 251, 65 limYn=1. 66. lim—— =0.
ne¥ ne ¥ ¥ /1
67. Etarlichakatta n lar uchun gaysi ifoda katta:
a) 100n + 200 yoki 0,01n*?, b) 2" yoki n'®°?, v) 1000" yoki n!?
68. |sbotlang: I|m —x§x 2n-16_ =0.
¥ &2 2n 2

Yo llanma 10 mlsolgaqarang.

69. x, = 8 + (n 1,2,...) ketma-ketlik monoton o suvchi va yugoridan chegaralangan,

A :gﬁ%g (n=12,...) ketmaketlik esa monoton kamayuvchi va quyidan chegaralangan

ekanligini isbotlang. Bundan, bu ketma-ketliklar ushbu

Ilma?H—_ —Ilma?H =e
n®¥8 ng n®¥8 g

umumiy limitga ekanligini ko'rsating.

70. Isbotlang: O<e- a?ng <§. a?ng ifoda n dargjaning ganday giymatlari-da e
€ ng n € ng
sonidan 0,001 dan kichik songafarq qiladi?

71. limp, =+¥, |ngn:'¥ (p,,q,1 [-10]) shartlarni ganoatlantiruvchi ixtiyoriy

n® ¥

p, (n=12..)vaq, (n=1 2,...) sonli ketma-ketliklar berilgan bo’Isin. Isbotlang:

“mai‘—- _“maci_'__ —e

n®¥e pn g n®¥e qn ﬂ



N

72. Agar Iimgﬁ+%9 =e ekanligi ma’lum bo’lsa, u holda
2

Ilma?[+1+i+i+ +10
ne¥ & 21 3 nl'g

tenglikni isbotlang. Bundan ushbu

e:2+%+l+...+i+Q_n

3! n' nbkn
formulani keltirib chigaring, bunda 0<q, <1, va e sonini 10"° aniglikda hisoblang.
73. e sonini irratsional ekanligini isbotlang.

74. Tengsizlikni isbotlang: gﬂg <n! <e§e—10
e

a
75. Tengsizliklarni |sbotlang.

1 1
a —<Ina?L+— <=, n -ixtiyoriy natural son;
) n+1 8 ng n’ yoryy
b) 1+a <€, a - noldan fargli hagiqiy son.
&l 0
76. Isbotlang: Iggnga“ -l:=Ina (a>0), bunda Ina son e=2,718... asosga ko'ra a
" )
sonning logarifmi.
Monoton va chegaralangan ketma-ketlik limitining mavjudligi hagida teoremadan
foydalanib, quyidagi ketma-ketliklarning yaqinlashuvchi ekanligini isbotlang (77-81):

7. %, = po+%+ +1F(’)“n (n=12,.), bunda p 30 (i=0,12.), p£9(=12.)

shartlarni ganoatlantiruvchi butun sonlar.
78 x =012, n+9 79. x, :gi- %%’i %ggﬁ zi

1 3 5 2n-1

QIO

O O
80. x. = 8+_zg[+ g’u

8l x, =2, %=v2+2, ..., X, :éiéééﬂﬁ;

N ma unous
Koshi kriteriysidan foydalanib, quyidagi ketma-ketliklarning yaginlashuvchi ekanligini
isbotlang (82-85):
82. X, =8, +aq+..+a,q", bundaja|<M (k=0,1 2 ..) valq <1.

i ! | I
83. Xn_SI_I’l]._'_SII‘lZ_'_m_'_smn. 84, x = cosl!  cos2! ~ cosn!
2 2 2" e 23 n(n+1)
1 1 1
85. x =l+—+—+.+=
WEETE TR n?’
1 1 1
Yo llanma —<n—1-— (n=2, 3 ...) tengsizlikdan foydalaning.
n’ -1 n

86. Agar x, (n=1, 2,...) ketma-ketlik uchun

%, - X | +]%; - %]+ #]X, - X4|<C (n=23..)
shartni ganoatlantiruvchi C son mavjud bo’lsa, bu ketma-ketlik chegaralangan o zgarishga ega
deyiladi.
CHegaralangan o zgarishga ega ketma-ketlik yaginlashuvchi bo’lishini isbotlang.

10



Y Aginlashuvchi, lekin chegaralangan o'zgarishga ega bo’lmagan ketma-ketlikka misol
quring.
87. Berilgan ketma-ketlik uchun Koshi kriteriysi bajarilmaslik shartini yozing.
88. Koshi kriteriysidan foydalanib
X :1+1+£+...+1
2 3 n
ketma-ketlikning uzoglashuvchi ekanligini isbotlang.
89. Agar x, (n=1 2, ...) ketmarketlik yaginlashuvchi bo’lsa, u holda uning ixtiyoriy x,
gism ketma-ketligi ham yaginlashuvchi va

i, = limx,
tenglik o'rinli ekanini isbotlang.

90. Agar monoton ketma-ketlikning biror gism ketma-ketligi yaginlashuvchi bo’Isa, u holda
bu ketma-ketlik yaginlashuvchi bo'lishini isbotlang.

91 Agar limx, =a bo'lsa, u holda Igg|xn| = |a| bo’lishini isbotlang.
92. Agar Ii®ern =a bo’lsg, I!@rgh hagida nima deyish mumkin?
n n )(n

93. Y Aqinlashuvchi ketma-ketlik chegaralangan ekanligini isbotlang.

94. Y Aqinlashuvchi ketmarketlik o°zining aniq quyi chegarasi yoki aniq yuqori chegarasi
yoki ikkalasiga ega bo'lishini isbotlang. Uchchala holga misollar quring.

95. Agar L|®r9xn =+¥ bo'lsa u holda x, (n=1, 2,...) ketma-ketlik albatta 0'zining aniq

quyi chegarasiga ega bo'lishini isbotlang.
Quyidagi x, (n=1, 2,...) ketma-ketliklarning eng katta hadini toping (96-98):

n? Jn 1000"
96. x, =—. 97. x, = : 98. x, = :
% 2" % 100+n % n!
Quyidagi x. (n=1, 2,...) ketma-ketliklarning eng kichik hadini toping (99-100):
99. x, =n”- 9n- 100. 100.xn:n+%.

Quyidagi x, (n=1, 2, ...) ketma-ketliklar uchun inf x , supx,, limx,, IE@_TX” larni toping
n® ¥ n
(101-110):

1 n-1 30
101 x, =1- =, 1001 x, =(-1)""H+22
X - X, ( ) 8"‘“@
102. x, G () 103. x, =1+ cos™ |
n 2 n+1 2
s n(n-1) n-1__ 2np
104. x =1+2(-1)"* +3(-1) 2 . 105. X, = ——CoS——— .
x, =1+2(-1)" +3(-1) 2 0. x, =———cos—
106. x, =(-1)" =. 107. x, - n+(-1)"L.
108. x, =n¥", 109. x, =1+nsin%.
1
110. X, = .
0-%, n-10,2

Quyidagi x, (n=1, 2,...) ketma-ketliklar uchun limx_, IE@_TX” larni toping (111-115):
n® ¥ n

2 .n

" cosZP 112. x_ :g‘ng (-2)" +sin%.

111. x, =
% 1+n 3 Ng

11



113. x =gz 114, x, ={1+20Y"
n+1 4
115. x, = cos" 2%

Quyidagi ketma-ketliklarning xususiy limitlarini toping (116-120):

116'111!11§!£lzi "'lil 2 -1!'
2 2 4 4 8 8 2" 2"
117. 1, 1, 1+1, }, 1+£, 1+l, 1, +1, £+1, l+1, l,
2 2 3 3 2 3 4 4 2 4 3 45
1 1 1 1 1 1 1
1 T 1+_1 _+_1 . _+_1 -
n n 2 n n-1 n n+l1
118.1,1, g, E’E’E’E,g, §lﬂl
2 33 4 4 455 5 5
16 n 1. n N
119. x. =3%- =2+ 2(-1)". 120. x. ==§a+b)+(-1)"(a- b)u.
x =38 2%+2(-1) % =3§a+b)+(-1 (a- b)3

121. &,8,,...,a, xususly limitlarga ega bo’lgan sonli ketma-ketlikka misol kelti-ring.

122. Barcha &, a,,...,a,,... hadlari o'zining xususiy limitlari bo’lgan sonli ketma-ketlikka
misol quring. Qurilgan ketma-ketlik yana ganday xususiy limitlarga albatta ega?

123. Ketma-ketlikka misol quring:

a) CHekli xususiy limitlarga ega bo’Imagan;

b) Y Agona chekli xususiy limitga ega bo’lib, yaginlashuvchi bo'Imaydigan;

v) CHeksiz ko'p xususiy limitlarga ega bo’lgan;

g) Har bir hagigiy son uning xususiy limiti bo’Igan.

124. x va y,=x4n (n=12 ..) ketmaketliklar umumiy xususiy limitlarga ega
ekanligini isbotlang.

125. CHegaralangan x (n=1 2,...) ketmaketlikdan har doim yaginlashuvchi x
(n=1, 2, ...) gismketma-ketlik gjratib olish mumkinligini isbotlang.

126. Agar X, (n=1 2,...) ketma-ketlik chegaralanmagan bo’lsa, u holda IE@T x, =¥

Pn

bo'lgan x, dism ketma-ketlik mavjud ekanligini isbotlang.

127. x, (n=1, 2,...) ketmaketlik yaginlashuvchi, y. (n=1, 2, ...) ketmaketlik esa
uzoglashuvchi bo’lsin. Quyidagi ketma-ketliklarning yaginlashishi hagida nima deyish mumkin:

&) X, + Yo b) X.¥,?

Misollar keltiring.

128. x, va 'y, (n=1, 2, ...) ketma-ketliklar uzoglashuvchi bo’lsin. U holda ushbu

&) X, + Yo b) X,
ketma-ketliklar ham uzoglashuvchi bo'ladimi? Misollar keltiring.

129. Ii®ern =0,vay, (n=1 2, ..) - ixtiyoriy ketma-ketlik bo'Isin. U holda I|®rQ X,y,=0

tenglik to'g'rimi? Misollar keltiring.
130. Ii®ernyn =0 tenglikdan yo Ii®ern =0yo I|®rQ y, =0 ekanligi kelib chigadimi?

Quyidagi misolni ko'ring:
_1+(-D° _1- (Y

2’y“ 2

(n=12..).
131. Isbotlang:

a) limx, +limy, £1im(x, +y,) £limx, +limy,;
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O L0 * e E RO * %) £ % + e

Bu munosabatlarda gat iy tengsizliklar o'rinli bo’ladigan hollarga misollar quring.

132. x, 3 0vay, 3 0(n=1 2, ..) bo'lsin. Ishotlang:

g limx, Aimy, £ lim(x, xy,) £ limx, Ximy,;

) L0 LY £ 06 20n) £ e

Bu munosabatlarda gat iy tengsizliklar o'rinli bo’ladigan hollarga misollar quring.

133. Agar Ii®ern mavjud bo'Isa, u holdaixtiyoriy y, (n=1, 2, ...) ketma-ketlik uchun

a) lim(x, +y,) =limx, +limy,; b) lim(x, xy,) =limx, dimy, (x,* 0)
bo’lishini isbotlang.

134. Agar biror x. (n=1, 2,...) ketma-ketlik uchun y. (n=1, 2,...) ketma-ketlik ganday
bo'lishidan gat’iy nazar ushbu

a) lim(x, +y,) =limx, +limy,; b) lim(x, xy,) =limx, ¥imy, (x, * 0)
tengliklardan hech bo'Imaganda bittasi o'rinli bo'lsa, x, (n=1, 2,...) ketma-ketlik yaqginlashuvchi
bo’lishini isbotlang.

135. Agar x, >0 (n=1,2,..) va

imx Aim-— =1

n® ¥ n® ¥ Xn
bo’lsa, u holda x, (n=1, 2, ...) ketma-ketlik yaginlashuvchi bo'lishini isbotlang.

136. Agar X, (n=1, 2,...) ketma-ketlik chegaralangan va Ii®r§2(xn+1 - X,) =0 bo’Isa, u holda
bu ketma-ketlikning xususiy limitlari uning quyi va yuqori limitlari oralig'ining barcha joyida zich
joylashgan:

| =timx,, L =Timx,
ya'ni [I,L] kesmadagi ixtiyoriy son berilgan ketma-ketlikning xususiy limiti boladi.
137. X, %, ..oy X, ... SONI ketma-ketlik
O£X,.,,Ex. +x (Mmn=12..)

shartni qanoatlantirsin. U holda Ii®rQﬁ mavjud ekanligini isbotlang.

n
138. Agar x, (n=1, 2,...) ketma-ketlik yaginlashuvchi bo'Isa, u holda

1
X, :H(Xl-”(z +..+x) (n=12..))
o rtaarifmetik giymatlari ketma-ketligi ham yaginlashuvchi va

X Xy Fat X
Iy = limx,
n n® ¥

tenglik o'rinli ekanini isbotlang.
Bunga teskari tasdiq noto"g ri: misol quring.

X% %X 4y ekanligini isbotlang.

139. Agar Ii®r§2xn =+¥ bo’lsa, lim

n® ¥

140. Agar x, (n=1, 2,...) ketma-ketlik yaginlashuvchi va x, >0 bo’lsa, u holda
e, = lim,
tenglikni isbotlang.

141. Agar x, >0 (n=1, 2,...) bo'lsa, u holda
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limg/x, = lim2r

n® ¥ n® ¥ Xn
ekanligini isbotlang, bunda tenglikning 0" ng tomonidagi limit mavjud deb faraz gilamiz.

142, Isbotlang: lim—
n®e¥ n n|
143. SHtol'ts teoremasini isbotlang: Agar:

=e.

8 y.>y. (N=12.):b) limy, =+¥ V) lim222" %% |imit mavjud bo'lsa, u holda
ne¥ ne¥ Yo = Y
m2n = [jm 2™ %
ne¥ Yn ne ¥ Yoir = Y
N . . Ign
144.Toping: a) Jéql? (a>1); b) nl(g)rp¥T
145. Agar p natural son bo’lsa, u holda quyidagilarni isbotlang:
1P +2P +3P +...+nf 1 AP +2P+3P +..+n° n 6 1
a) lim T = ; b) lim - =
ne¥ nP* p+1 “®¥é n® ptlg 2
1P +2P +3P + . +(2n- )P 2P
v) lim = :
n® ¥ n°"? p+1

146. xn:1+%+%+...+%-lnn (n=12,...) ketmaketlik yaginlashuvchi ekanligini

isbotlang. Demak, ushbu
1+1+£+...+1 =C+Inn+e,
2 n

formulao’rinli, bunda C = 0,577216... - eyler o'zgarmassoniva n® ¥ dae, ® 0.
147. Hisoblang: Iimaei+ ! +...+i2.
n®¥8n+1 n+2 2ng

148. x, (n=1, 2, ...) ketma-ketlik quyidagi formulalar bilan aniglanadi:

X =a, X, =b, x :% (n=34,..). Ii®ern ni toping.

149. x, (n=1, 2, ...) ketma-ketlik quyidagi formulalar bilan aniglanadi:
_le 10, . _ o
X >0, X, —ngn +Z; (n=0,1,23,..). L|®r9xn =1 ekanligini isbotlang.
150. x,, ¥y, (n=1, 2, ...) ketma-ketliklar quyidagi formulalar bilan aniglanadi:
+
X 22 %D X=XV Yo = 2y” :
Bu ketma-ketliklar umumiy n(a,b)zli@r!éng1 :Igg y, limitga ega ekanligini isbot-lang,

bunda m(a,b) - a va b sonlarning arifmetiko-geometrik o'rta giymati.

3. Funksiya tushunchasi.

Quyidagi funksiyalarning aniglanish sohasini toping (151-165.3):

2
152. y =+/3x- x°. 153. y =(x- 2) %

151.y:1)ix.

154. a) y:Iog(x2 - 4); 6) y=log(x+2)+log(x- 2).
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155. y = sin(&). 156. y =+/cosx’ . 157. y = IggsmBO.

158. y = Ix 159, y = arcsin—2*-
sinnp x 1+ X

160. y = arccos(2sinx). 161. y =Iggeos(Igx)g.

162. y = (x+|x)Vxsin*px. 163. y = ctgp X + arccos2”.

164. y = arcsin(1- x) +1g(lgx). 165. y = (2x)!.

165.1. y =log, log, log, X. 165.2. y = {/lgtgx .

165.3. y =+/sin2x ++/sin3x (O£ x£2p).
Quyidagi funksiyalarning aniglanish sohasi va giymatlari to"plamini aniglang (166-170):

166. y =2+ x- X* . 167. y =1g(1- 2cosX). 168. y:arccoslfx2
X
. X 6
169. y = arcsin g = 2. 170. y = (- .
y 8910;3 y=(-1

171. Asosi AC =b va balandligi BD =h bo’lgan ABC uchburchakka balandligi NM = x
bo’lgan KLMN to’'g'ri to'rtburchak ichki chizilgan. KLMN to'g'ri to'rtburchakning P perimetri
va S yuzasini x o'zgaruvchining funksiyasi sifatida ifodalang (1-rasm). P = P(x) va S= S(x)
funksiyalarning grafiklarini yasang.

B & .
= B [

L \M i

I b

e
1-pacu 2-pacu

172. ABC uchburchakda AB =6 sm, AC =8 sm va BDBAC = x. Uchburchakning BC = a
tomoni va S yuzasini X o'zgaruvchining funksiyasi sifatida ifodalang. a=a(x) va S=S(x)
funksiyalarning grafiklarini yasang.

173. Asoslari AD =a, BC=b (a>b) va balandligi HB =h bo’lgan teng yonli ABCD
trapetsiyada A uchidan AM = x masofada yotuvchi MN P HB to'g'ri chizig o'tkazilgan. ABNMA
figuraning S yuzasini x o zgaruvchining funksiyasi sifatida ifodalang. S = S(x) funk-tsiyaning
grafigini yasang (2-rasm).

174. Ox o'gining 0 £ x £1 kesmasida 2 g li massatekistagsimlangan, bu o'gning x =2 va
x =3 nuqtalaridaesa 1 g li massalar joylashtirilgan. Son jihatdan massaga teng bo’lgan va (- ¥, X)
oradligda yotuvchi m=m(x) (-¥ <x<+¥) funksiyaning analitik ifoda-sini toping. Bu
funksiyaning grafigini yasang.

175. y = sgn x funksiya quyidagicha aniglanadi:

i-1 aeap x<0
San:% 0, acap x=0
¥ 1, aeap x>0
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Bu funksiyaning grafigini yasang. |x| = xsgnx ekanligini ko'rsating.

176. y=[x] (x sonning butun gismi) funksiya quyidagicha aniglanadi: agar x=n+r
bo'lsa, uholda[X] =n, bunda n - butunsonva O£ r <1.

SHu funksiyaning grafigini yasang.

177. y=p(x) (x3 0) - x sondan katta bo’lmagan tub sonlarning sonini ifodolovchi
funksiya. Argumentning 0 £ x £ 20 giymatlari uchun bu funksiyaning grafigini yasang.

Quyidagi y = f(x) funksiya E, to'plamni ganday E, to'plamga akslantiradi (178-182):

178. y=x*, E ={-1£X£ 2. 179. y=lgx, E, ={10<x<1000} .

180. y:piarctgx, E ={-¥ <x<+¥}. 181. y:ctngX, E, ={0<|X£1.

182. y=|x, E, ={1£|X £ 2.

Agar x o'zgaruvchi 0< x <1 ordiqda joylashgan bo'lsa, y 0'zgaruvchi ganday oraliqda
joylashgan (183-188):

183. y=a+(b- a)x. 184. y:i. 185. y = X
1- X 2x-1
186. y =+/x- X . 187. y =ctgp X. 188. y = x+[2x].

189. Agar f(x)=x*- 6x°> +11x* - 6x bo'lsa, f(0), f(2), f(2), f(3), f(4) larni toping.
190. Agar f(x)=1g(x*) bo'lsa, f(-1), f(-0,001), f(100) larni toping.

191. Agar f(x)=1+[x] bo'lsa, (0,9), f(0,99), f(0,999), f (1) larni toping.

192. Agar

11+X, azap - ¥ <X£0,

fF)=i _,
1 27, acap O<X<+¥

bo'llsa, f(-2), f(-1), f(0), f(1), f(2) lani toping.

193. Agar f(x):l_—X bo'lsa, f(0), f(-x), f(x+1), f(x)+1, fae_lgi larni toping.

1+ x &xg f(x)

194. Agar

a) f(x)=x-x; b) f(x)zsn%; V) f(x)=(x+|{)A- %)
bo'lsa, x ningl) f(x)=0; 2) f(x)>0; 3) f(x)<0 shartni ganoatlantiruvchi giymatlari-ni
toping.

195. Agar

a) f(x)=ax+Db; b) f(x)=x*; v) f(x)=a
bo'lsa, j (x) =W T ioning,

h

196. f(X) = ax* +bx+c bo'lsin. Isbotlang: f(x+3)- 3f(x+2)+3f(x+1)- f(x)=0.

197. Agar f(0)=-2, f(3)=5bo’lsa, f(x)=ax+b chizigli butun funksiyani toping.

f (@, f(2) lar nimagateng (chizigli interpolyatsiya)?

198. Agar f(-2)=0, f(0)=1 f(1)=5 bo'lsa, ikkinchi dargjali f(x)=ax*+bx+c
butun ratsional funksiyani toping.

f(-1, (0,5 lar nimagateng (kvadratik interpolyatsiya)?

199. Agar f(-D) =0, f(0)=2, f()=-3 f(2)=5 bo’lsa, u holda uchinchi dargali
f(x) =ax® +bx* + cx+d butun ratsional funksiyani toping.

200. Agar f(0)=15 f(2)=30, f(4) =90 bo’lsa, u holda f(x)=a+bc* korinishdagi
funksiyani toping.
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201. Agar f(x)=ax+b chizigli funksiya uchun argumentning x=x, (n=1 2, ..)
giymatlari arifmetik progressiyani tashkil qilsa, u holda funksiyaning y, = f(x,) (n=1, 2,...) mos
giymatlari ham arifmetik progressiya tashkil gilishini isbotlang.

202. Agar f(x)=a" (a>0) ko'rsatkichli funksiya uchun argumentning X=X,
(n=12,..) qiymatlari arifmetik progressiyani tashkil qilsa, u holda funksiyaning
y, = f(x,) (n=1 2,...) mosqiymatlari geometrik progressiya tashkil gilishini isbotlang.

203. f(u) funksiya O<u<1 oradigda aniglangan bo’lsin. Funksiyalarning anigla-nish
sohasini toping:

a f(sinx); b) f(Inx); v) f Eél]g.

X g

204, Agar f (x) :%(ax +a*) (a>0) bo'lsa uholda

fFx+y)+f(x-y)=2f(x)f(y)
tenglikni isbotlang.

205. f(x)+ f(y) = f(2) bo’lsin. Agar
a) f(x)=ax; b) f(x):%; v) f(x)=arctgx (|x|<1); 0) f(x)zlog?—i
bo’Isa, u holda z ni toping.

Quyidagi funksiyalar uchunj [j (X)], Y Iy (XL, j Iy (X],y [] (X)] larni toping:

206. | (X) =x* vay (x) =2*. 207.j (X) =sgnx vay (X ey
X
10, XEO i 0 x£0
208. ) (X) =i vay (X) =i :
J () 1x x>0 y &) 1%, x>0

210. Agar f(x):ﬁ bo'lsa, f,(%) = §(Ji01>50pY i toping.

n mapma

200. Agar f(x):l—lx bo'lsy, f[f(X)], f{f[f(X)]} lani toping.

211. Agar f(x+1)=x"- 3x+2 bo'lsa, f(x)nitoping.

212. Agar fa%<+19: x2+i2 (|42 2) bo'lsa, f(x) ni toping.
& xp X
213. Agar fge—l?:xh/H X’ (x>0) bo'lsa, f(x) nitoping.
X@
& X 0 2 < . .
213.1. Agar fo——==x" bo'l f (x) ni toping.
gar fe = s, f(x) nitoping
Quyidagi funksiyalar ko'rsatilgan oraiglarda monoton o suvchi ekanligini isbot-lang (214-
217):
214. F(x) =32 (O£ X< +¥). 215, f(x)=sinx =P gxgP?
&2 "7 2p
216. f(x) = tgx §%<x<%9. 217. f(x) =2x+snx (-¥ <x<+¥).
2

Quyidagi funksiyalar ko'rsatilgan oraliglarda monoton kamayuvchi ekanligini isbotlang
(218-220):
218. f(X)=x*> (-¥ <x£0). 219. f(X)=cosx (OEXEp).

220. f(x)=ctgx (0<x<p).
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221. Quyidagi funksiyalarni monotonlikka tekshiring:
a) f(x)=ax+Db; b) f(x)=ax’+bx+c; v) f(X)=x;
ax+b
f(X) =——; d f(x)=a* (a>0).
9 1=y ) (¥ (a>0)
222. Tengsizlikni hadma-had logarifmlash mumkinmi?
223.j (X), ¥y (x) va f(x) - monoton o'suvchi funksiyalar bo’lsin. Agar

JOIETEY (X)

J I (OI£ FIF(] £y [y (X)]

bo’lsa, u holda

ekanligini isbotlang.

Quyidagi funksiyalarga teskari funksiyalarni va ularning aniglanish sohasini toping (224-
230):

224, y=2x+3 (-¥ <X<+¥).

225. y=x*> a) -¥ <x£0; b) O£ x<+¥.
226. y=—= (x!-1).

227. y=~1- x* & -1£x£0; b) 0ExEL.
228. y:shx,bundashx:%(ex-e'x) (-¥ <x<+¥).

229. y =thx, bunda thx ==

e +e
230.

X

(-¥ <X<+¥).

X

.i.X, azap - ¥ <x<1
yZ%XZ, azap 1EXE 4
%2’(, azap A< X<+¥,
231. Agar simmetrik (-1,I) oraligda aniglangan f(x) funksiya uchun f(-x)° f(x)
bo’lsa, u holda funksiyajuft, f(-x)° - f(x) bo’lsaesafunksiyatoq funksiya deyiladi.
Berilgan f(x) funksiyalarning qaysilari juft, qaysilari togligini aniglang:

3 f()=3x- "  b) F0=(1- x)’ +3(1+x); v) f=a"+a* (@>0);
9) f(x)zln%; d) f(x)=|n(x+\/1+x2).
X

232. Simmetrik (-1,1) oraigda aniglangan ixtiyoriy f(x) funksiyani juft va toq
funksiyalarning yig'indisi korinishda ifodalash mumkinligini isbotlang.

233. Agar E to plamdaaniglangan f (x) funksiyauchun

f(xxT)=1(x), xI E

shart bajariladigan funksiyaning davri deb atalmish T >0 son mavjud bo’lsa, u holda f(x)
funksiya davriy deyiladi.

Quyidagi funksiyalarning qaysilari davriy ekanligini aniglang va ularning eng kichik davrini
toping:

a) f(x)=Acosl x+Bsinl x; b) f(x):sinx+%sin2x+%sin3x;

V) f(x):2tgg- 3tg§; g) f(x)=sn*x; d) f(x)=sinx’;

o) f(x)=4/tox; D) F() =tgVx; 2) f(x)=sinx+sin(x2).
234. Ushbu
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C(X)—IL azap X payuonan oOyica,
%0, azap X uppayuouanobyica.

Dirixle funksiyasi uchun ixtiyoriy ratsional son davr bo'lishini isbotlang.

235. Davrlari o’lchovdash va aniglanish sohasi umumiy bo'lgan ikki davriy funksiyalarning
yig'indisi va ko paytmasi ham davriy1 funksiya bo'lishini isbotlang.

235.1. Agar f(x) funksiyauchun

f(x+T)° - f(x), (T>0)

shart bajarilsa, f(x) funksiya antidavriy deyiladi. f(x) funksiyadavriy vauning davri 2T gateng
ekanligini isbotlang.

236. Agar f(X) (-¥ <x<+¥) funksiyauchun f(x+T) =kf (x) shart bajarilsa, bunda k
vaT - musbat 0" zgarmas sonlar, u holda

F(x) =aj (x)

bo'ladi, bunda a - 0'zgarmas son, j (X) - davri T bo’lgan davriy funksiya.
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4. Funksiya grafigi
237. Bir jinsli y = ax chiziqli funksiyagrafigini a =0; %; 1, 2; - 1 bo'Iganda yasang.

238. y = x+b chizigli funksiyagrafigini b =0; 1; 2; - 1 bo 'lganda yasang.

239. Quyidagi chiziqli funksiyalarning grafigini yasang:

a) y=2x+3; b) y=2- 0,1x: v)y:-g-l.

240. Temirning chizigli kengayishining harorat koeffitsienti a=1,2x10"° ga teng. Mos
masshtabda ushbu

I =f(T) (-40°£T £100°)

funksiyaning grafigini yasang, bunda T - gradus o’Ichovidagi harorat va | - temir sterjenning T
haroratdagi uzunligi, agar | = f(0°) =100 sm bo’lsa

241. Sonlar o'gida ikkita material nugtalar harakatlanmoqgda. Birinchi nugta t =0 vagtda
koordinatalar boshidan chap tomonda 20 m masofada joylashgan bo'lib, v, =10 m/s tezlikka ega;
ikkinchisi esat =0 vaqgtda koordinatalar boshidan o'ng tomonda 30 m masofada joylashgan
bo’lib, v, =-20 nVstezlikka ega edi. Bu nugtalar harakat tenglamalarining grafiklarini yasang va
ularning uchrashish vagti va joyini aniglang.

242. Quyidagi ikkinchi dargali butun ratsional funksiyalarning grafiklarini yasang
(parabolalar):

ay=ax* a=112,2 -1bo’lgands;

b) y=(x- %) %, =0,1, 2, - 1 bo'lganda;

v) y=x*+c ¢=0,1 2, - 1 bo’lganda.

243. y = ax® +bc +c kvadrat ko phadni

y=Yo+a(x- %)

ko'rinishga keltirib, uning grafigini yasang.
Misollar ko'ring:

a) y=8x- 2x*; b) y=x*-3x+2; V) y=-x*+2x-1; Q) y:%x2+x+1.

244. Material nugta gorizont tekisligiga a =45° burchak ostida v, = 600 nvs boshlang’ich
tezlik bilan tashlab yuborildi. Harakat traektoriyasi grafigini yasang va yuqoriga ko tarilishning eng
katta balandligi hamda uchish masofasini toping (g » 10 m/c? deb oling, havo garishiligi hisobga
olinmaydi).

Quyidagi dargjasi ikkidan yuqori bo’lgan butun ratsional funksiyalarning grafiklarini yasang
(245-248):

245. y=xC +1. 246. y:(l- xz)(2+x).
247. y=x* - x*. 248. y=x(a- x)*(a+x)’ (a>0).
Quyidagi kasr-chizigli funksiyalarning grafiklarini yasang (giperbolalar, 249-250):

1 1- X
249. y=—. 250. y=—.

Y X Y 1+x

251. y = ax+b (ad- bct 0, ¢ 0) kasr-chizigli funksiyani

cx+d

m
Y=Yt
X=X

ko'rinishga keltirib grafigini yasang.
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. . 3X+2

Misol ko'ring: y = 3’

X_

252. Gaz p, =1 kgs/m? bosim bilan v, =12 m® hajmni egallaydi. Agar gazning harorati
ozgarmasa, u holda p bosimga bog'lig bo’lgan gaz hajmi v o0 zgarishining grafigini yasang
(Boyl’-Mariott gonuni).

Quyidagi kasr ratsional funksiyalarning grafiklarini yasang (253-262):

253. y= x+1 (giperbola). 254, y=x° +1 (N’ yuton uchtishi).
X X
255, y:x+X—12. 256, y = (An'ezi chizig'.
257. y= 2x (N’ yuton serpantini) 258. y= !
ST 1+ ' CT1-
X 1 2 1
259. y= : 260. y=—- —+—.
R Y T X 1-x
+1)(x- 2

26l y=—t .2, 1 262, y = (X 2)

1+x X 1-Xx (x-1)(x+2)
263. Ushbu

_ax’ +bx+c (a1 0)
ax+h
funksiyani
y=kx+m+ n
X=X
ko'rinishga keltirib grafigini yasang.
. .o X* - 4x+3
Misol ko'ring: y:T.
X

264. Tortib turuvchi markazdan x masofada joylashgan material nugtaning F tortishish
kuchi modulining grafigini yasang, bunda x =1 mbo’lganda F =10 kgs gateng (N’ yuton gonuni).

265. Van-der-Vaal’s gonuniga ko rareal gazning v hajmi va p bosimi 0'zgarmas haroratda
ushbu
&  aog _
gp"'FE(V- b) =C

munosabat bilan bog'langan. Agar a=2, b=01 va c¢=10 bo'lsa, u holda p=p(v)

funksiyaning grafigini yasang.
Quyidagi irratsional funksiyalarning grafiklarini yasang (266-273):

266. y = ++/- x- 2 (parabola). 267. y = +xy/x (Neyl parabolasi).
268. y = i%\/loo- x> (elips). 269. y =+ x* - 1 (giperbola).
270. y=+ % . 271, y = +x4/100- X* .

X

272. y = £x /10)-( ~ (tsissid). 273, y = 2,(x* - 1)(9- %).

274. y = X" dargjali funksiyaning grafigini n ning quyidagi giymatlarida yasang:
an=1 3 5; b) n=2, 4, 6.
275. y = X" dargjali funksiyaning grafigini n ning quyidagi giymatlarida yasang:
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an=-1 -3; b n=-2, - 4.

276. y:T& radikalning grafigini m ning quyidagi giymatlarida yasang:

a m=2, 4, b) m=3 5.

277. sz/? radikalning grafigini mva k larning quyidagi giymatlarida yasang:

a m=2 k=1; b) m=2, k=3; v) m=3, k=1; g m=3 k=2;
d m=3 k=4, e m=4, k=2; j) m=4, k=3

278. y = a* ko'rsatkichli funksiya grafigini a=1/2, 1, 2, e, 10 bo'lganda yasang.
279. Agar:

1
ay,=x by=-x v)y1=;; 9) Y, =

1 1 2X
=z dy,=-=:€y=
X

bo’lsa, u holda y = €* murakkab ko rsatkichli funksiya grafigini yasang.
280. y =log, x logarifmik funksiyagrafigini a=1/2, 2, e, 10 bo'lganda yasang.
281. Funksiyalarning grafiklarini yasang: @) y =In(- x); b) y=-Inx.

282. Agar:
1- X
Ay=1o By -9 v =
1 ,
9y, = _2; dy, =1+e

bo’lsa, uholda y =Iny, murakkab logarifmik funksiya grafigini yasang.

283. y =log, 2 funksiyagrafigini yasang.

284. y = Asinx funksiyagrafigini A=1, 10, - 2 bo’lganda yasang.

285. y =sin(x- x,) funksiya grafigini x, =0, p/4, p/2, 3p/4, p bo’lganda yasang.
286. y =sinnx funksiyagrafigini n=1, 2, 3, /2, 1/3 bo’lganda yasang.

287. y = acosx+bsinx funksiyani y = Asin(x- x,) ko'rinishga keltirib, grafigini yasang.

Misol ko'ring: y =6cosx +8sinx.
Trigonometrik funksiyalarning grafiklarini yasang (288-297):

288. y = cosX. 289. y =tgx.
290. y =ctg x. 291. y =secX.
292. y = CSCX. 293. y=sin®x.
294. y=sin®x. 295. y = ctg®x
296. y =sinx>sin3x. 297. y = ++/cOSX.
Funksiyalarning grafiklarini yasang (298-310):
298. y=sinx’. 299. y:sinl.
X
_ p . 1
300. y = Xcos—. 300.1. y=sinx. sin—.
X X
30L y=tgP. 3011, y = sec.
X X
302, y = x2+sin19. 303, y=+J1- x*sinE.
& 7 xp X
304. y—ﬂ 305. y = €* cosX.
X
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306. y = +2*\/snpx.. 307. y:f_(:si.
X
308. y =In(cosXx). 309. y = cos(Inx).
1
310. y = esnx,
Teskari doiraviy funksiyalarning grafiklarini yasang (311-322):
311. y=arcsinx. 312. y = arccosx.
313. y =arctg X. 314. y = arcctg X.
315. y:arcsinl. 316. y:arccosl.
X X
317. y:arcctgi. 318. y =arcsin(sinx).
X
319. y = arcsin(cosX) . 320. y = arccos(cosX).
321. y=arctg(tgx). 322. y =arcsin(2sinx).
323. Agar:
. X, _ 2 _1-x. o
a)yl_l E’ b)yl_l+X2’ V)y1_1+X’ g)yl €
bo’lsa, y =arcsiny, funksiyaning grafigini yasang.
324. Agar:
_ 2. = 1. ny- _ 1
8 ¥, =X b) ¥ =7 V) ¥, =Inx; 9 V=g x
bo’lsa, y = arctgy, funksiyaning grafigini yasang.
324.1. Funksiyalarning grafiklarini yasang:
3 2
a)y:x3-3x+2; b) y:X—Z; Y y= X :
(1- x)(1+x) ¥-1
2\ . _aundX PO, _ px .
= - = —+ = = L
9y ,/x(l x); d) y=3sing> +7=: & y=cg 7
: : - o
= 2) y=Ig(x*- 3x+2); i) y=arcsing—- snx=;
D Y= ) y=lg( ) )y g5 Snxs

el 1 106
k) y=arct + + =
)y gSx-l X-2 X-3g
325. y= f(x) funksiya grafigini bilgan holda quyidagi funksiyalarning grafiklarini yasang:
a y=-f(x); b) y="f(-x); v) y=-f(-x).
326. y= f(x) funksiya grafigini bilgan holda quyidagi funksiyalarning grafiklarini yasang:
A y=f(x-%); B y=y+f(x-%); v)y=f(2x); g y="f(kx+b) (k*0).
326.1. Ushbu

) y=log,., sinx m) y=(sinx)™".

t1- [, [|X£1
N
i 0 x| >1
funksiya berilgan. t =0, t =1, t =2 bo’lganda quyidagi funksiyaning grafigini yasang:
y:%gf (x- 1)+ f (x+1)g.
327. Funksiyalarning grafiklarini yasang:
a) y=2++1- x; b) y=1-€*; V) y=In(1+x);
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g) y=-arcsin(1+x); d) y=3+2cos3X.

328. y= f(x) funksiya grafigini bilgan holda quyidagi funksiyalarning grafik-larini
yasang:

a) y=|f(x); b) y=%(|f (x) + f (x)); V) y:%(|f (x) - f(x)).

329. y= f(x) funksiya grafigini bilgan holda quyidagi funksiyalarning grafik-larini
yasang:

3 y=1*(x); b) y=4f(x); v) y=Inf(x);

9 y=f(f(x)); d) y=sgn f (x); e y=gf (x)g.
329.1.  f(x)=(x- a)(b- x) (a<b) funksiya berilgan. Quyidagi funksiyalarning
grafiklarini yasang:

Ay=f(x; B y=f(x); v)y:ﬁ; 9 y=yf(x)

d) y=e'; e y=Ilgf(x); j) y=arcctg f (x).

329.2. Agar 1) f (x) =x*;  2) f(x)=x® bo'lsa, funksiyalarning grafiklarini yasang:

a y=acsinginf(x)g; b) y=acsingosf (x)g; V) y=arccosgsin f (x)g;

g) y =arccosgeos f (X)f; d) y=arctggg f (x)g-

330. y=f(x) va y=g(x) funksiyalarning grafiklarini bilgan holda quyidagi
funksiyalarning grafiklarini yasang:

a) y=f(x)+g(x); b) y=f(x)g(x); v)y:f(g(x)).

Grafiklarini go'shish goidasidan foydalanib, quyidagi funksiyalarning grafiklarini yasang
(331-339):

331 y=1+Xx+e€*, 332. y=(x+1)° +(x- 1)

333. y=x+dnx. 334. y=x+arctg Xx.

335. y:cosx+%c052x+%c053x. 336. y=sinx- %sin3x+1c055x.
337. y=sin* x+cos’ x. 338. y=1- {+[1+X.

339. y=|1- - [L1+X.
340. Giperbolik funksiyalarning grafiklarini yasang:
a) y =chx, bunda chx:%(eX +e'x); b) y=shx, bunda th=%(ex - e'x);

V) y =thx, bunda thx:ﬁ.
chx
Grafiklarni ko paytirish goidasidan foydalanib, quyidagi funksiyalarning grafiklarini yasang
(341-348):

341. y=xsinx. 342. y = XCOSX.
343. y = x*sin x. = SnX

y = x?sin? x o
345. y =€ ¥ cos2X. 346. y = xsgn(sinx).
347. y =[¥]|sinpX. 348. y = cosx>sgn(sinx).
349. Ushbu
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) |1 P e
£ 0, |x>1
funksiya berilgan. Agar @) a=0; b) a =1;v) a=2 bo'lsa, u holda ushbu
y=f(x)f(a-x
funksiyaning grafigini yasang.
350. Funksiyaning grafigini yasang: y = x ++/xsgn(sinp ).
1

y . (x) funksiyaning grafigini yasang (351-355):
351 f(x)=x° (1- xz). 352. f(x)=x(1- x)°.
353. f (x)=sin’*x. 354. f(x)=Inx.
355. f(x)=esinx.
356. Agar

i-1 -¥<u<-1i

f(u):: u -1£ufl
11 1<u<+¥
bo'lsa, uholda y = f (u) murakkab funksiya grafigini yasang, bunda ~ u = 2sinx.
357. Agar
| (9=30c k) vay (=1

bo’Isa, u holda quyidagi funksiyalarning grafiklarini yasang:
Jy=i g (g Dy=ig¥E wysy§ (g vy g (e
358. Agar
W=l D
10, |X>1
bo’Isa, u holda quyidagi funksiyalarning grafiklarini yasang:
dy=i g (g Dy=ign wysy g g vy g (e

2- %2, |MEZ

_i
va y(x)_+ 2, |{>2

359. Agar:
a) f(x)=1- x; b) f(x)=2x- x*; v) f(x)=Vx;
g) f(x)=sinx; d) f(x)=€; e f(x)=Inx

bo'lsa, u holda x >0 musbat sohada aniglangan f (x) funksiyani x <0 manfiy sohaga shunday
davom ettiringki, hosil bo’lgan funksiya: 1) juft; 2) tog bo’lsin.

Funksiyalarning mos grafiklarini yasang.

360. Quyidagi funksiyalarning grafiklari gaysi vertikal 0 qga nisbatan simmetrik ekanligini
aniglang:

—a? : _1 1
a) y=axd +bx+c; b) y=—=+ 7
X (1- %)

V) y=vJa+x++b- x (0<a<b); g) y=a+bcosx.

361. Quyidagi funksiyalarning grafiklari ganday markazlarga nisbatan simmetrik ekanligini
aniglang:

:ax+b,

; v) y=ax’ +bx* +cx+d;
cx+d

a y=ax+b; b) y
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g y= 1 + 1 + 1 , d) y=1+3x- 2.
x-1 x-2 x-3

362. Davriy funksiyalarning grafiklarini yasang:
=|sinx; b) y =sgncosx;

V) y= f(x), bundaagar 0£ x£ 2l bo'lsa, f (x)= 5?-—_vaf(x+2|)° f(x);

9 y=[x]- 28 H d) y=(x), bunda (x)- x sondan unga eng yagin butun
songacha bo’Igan masofa.

363. Agar y="f(x) (-¥ <x<+¥) funksiyaning grafigi ikki x=a va x=b(b>a)
vertikal oglarga nisbatan simmetrik bo'Isa, u holda bu funksiya davriy ekanligini isbotlang.

364. Agar y=1f(x) (-¥ <x<+¥) funksiyaning grafigi ikki A(a y,) va

B(b, y,) (b>a) nugtalarga nisbatan simmetrik bo'lsa, u holda bu funksiya chizigli va davriy
funksiyalarning yig'indisidan iborat ekanligini isbotlang. Xususan, agar Y, =y, bo'lsa, f(x)-
davriy.

365. Agar y=f(x) (-¥ <x<+¥) funksiyaning grafigi A(a y,) nugta va
x=b (b® a) to'g'ri chiziqga nisbatan simmetrik bo’lsa, u holda bu funksiya davriy ekanligini
isbotlang.

366. Agar f(x+1)=2f(x) va 0£x£1 da f(x)=x(1- x) bo'lsa, u holda y = f(x)
(- ¥ <x<+¥) funksiyaning grafigini yasang.

367. Agar f(x+p)=f(x)+sinx va 0O£x£p da f(x)=0 bo'lsa, u holda y= f(x)
(- ¥ <x<+¥) funksiyaning grafigini yasang.

368. Agar:
a x=y-y; b)x—l—y V) Xx=y-Iny; g) x> =siny
1+y
bo'lsa, y = y(x) funksiyaning grafigini yasang.
369. Agar:
2 1 1
a x=1-t, y=1-vy5; b)x:t+¥, y:t+t_2;
v) x=10cost, y=gnt (elips); g) x=cht, y=sht (giperbola);
d) x=5c0s’t, y=23cos’t; e) x=2(t- sint), y=2(1- cost) (tsikloida);
) x=%t, y=Vt+1 (t>0)
bo'lsa, y = y(x) funksiyaning grafigini yasang.
370. Oshkormas funksiyalarning grafiklarini yasang:
a) x*- xy+y* =1(ellips); b) x*+y®- 3xy =0 (dekart yaprog'i);
V) V/x +.[y =1 (parabola); g) x¥* +y?* = 4 (astroida);
d) sinx=siny; e cos(pxz) =cos(py);

) ¥ =y (x>0, y>0); 2) x- [ =y-y.
370.1. Osnkormas funksiyalarning grafiklarini yasang:
a min(x, y)=1; b) max(x, y)=1; v) max(],|y])=1; 9) min(xz, y):l.
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371. Quyidagi r =r(j ) funksiyalar grafiklarini (r, j ) qutb koordinatalar sistemasida
yasang:

a) r =) (Arximed spirali); b) r :_B (giperbolik spiral’);
J
V) r :']—+1 (0£j <+¥); g) r =2/® (logarifmik spira’);
J
d) r =2(1+cosj ) (kardilida); €) r =10sin3 (uch yaprogli gul);
j) r? =36cos2 (Bernulli lemniskatasi);
2) | =L1 (r>1); )j =2psinr.
r -
371.1. Quyidagi funksiyalar grafiklarini r vaj qutb koordinatalar sistemasida yasang:
. . 12r .
:4 _r2- = . 2+ 2 :1 )
a) j r-r<; b) j I V) r°+j 00

371.2. Parametrik ko'rinishda berilgan quyidagi funksiyalar grafiklarini r va j qutb
koordinatalar sistemasida yasang:

. p 1]
N =tcos’t,jl j=1-20 EI
b i 1
r =tsin’t, r=1- 2 cosPl i
2 ID
372. y=x*- 3x+1 funksiyaning grafigini qurib, quyidagi tenglamani tagribiy eching:
x*-3x+1=0.
Quyidagi tenglamalarni grafik usulda eching (373-378):
373. x*- 4x-1=0. 374. x* - 4x+1=0.
375. x=27". 376. lgx =0,1x.
377.10" = x*. 378. Igx=x (OEXE£ 2p).
Tenglamalar sistemasini grafik usulda eching (379-380):
379. x+y? =1, 16x> +y=4. 380. X +y* =100, y=10(xX - x- 2).
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5. Funksiya limiti

381. Funksiya quyidagicha berilgan: agar x :% bo'lsa, f(X)=n, bunda m va n- o'zaro

tub butun sonlar, n>0 vaagar x irratsional son bo’lsa, f(x) =0. Bu funksiya chekli, lekin har
ganday x nugtada chegaralanmaganligini isbotlang (ya'ni shu nugtaning ixtiyoriy atrofida
chegaralanmagan).

382. Agar f(x) funksiya: @) intervalda, b) kesmada aniglangan va lokal chegaralangan
bo'lsa, u holda bu funksiya berilgan intervalda yoki mos ravishda kesmada chegaralangan
bo’ladimi?

Misollar keltiring.

383. Ushbu
1+ X
f =
) 1+ x*
funksiya - ¥ < x <+¥ intervalda chegaralangan ekanligini isbotlang.
384. Ushbu

f(X) :lcos1
X X

funksiya x=0 nuqtaning ixtiyoriy atrofida chegaralanmagan, ammo x® 0 da cheksiz katta
emasligini isbotlang.
385. 0< x<e intervalda quyidagi funksiyani chegaralanganlikka tekshiring:

f(x) =Inxsin2 .
X
386. Ushbu
X
flx)=—
() =15

funksiya O£ x< +¥ sohada m=0 gateng aniq quyi chegaraga va M =1 ga teng anig yuqori
chegaraga ega ekanligini ko rsating.

387. f(x) funksiya [a, b] kesmada aniglangan va monoton o'suvchi. Bu kesmada
funksiyaning aniq quyi va aniq yugori chegaralari nimagateng?

Funksiyalarning ko'rsatilgan oraliglarda aniq quyi va aniq yuqori chegaralarini aniglang
(388-396):

388. f(x)=x*,[-25). 389. f(x):1+X2 (- ¥, +¥).
390 f(x):lf))((z,(o, +¥). 391 f(x)=x+2, (0, +¥).

392. f(x)=sinx, (0, +¥) 393. f(x)=sinx+cosx, [0, 2p].
3%4. f(x)=2%, (-1 2). 395. f(x)=[x]:a) (0, 2).,b) [0, 2].
39. f(x)=x-[x], [0, 1]

397. f(x)=x funksiyaning quyidagi intervallardagi tebranishini aniglang:

a (L 3); b (19; 21); v) (L99; 201);  g) (1,999; 2,001).

398. f(x)= arctg% funksiyaning quyidagi intervallardagi tebranishini aniglang:
a(-11; b(-01 01); v) (-0,01; 0,01); g) (-0,001; 0,001).

399. m[f] va M[f]- mosravishda f(x) funksiyaning (a, b) intervaldagi aniq quyi va
aniq yuqori chegaralari bo’lsin.
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Agar f (x) va f,(x)- (a, b) oraigda aniglangan funksiyalar bo'lsa, u holda quyidagi

tengsizliklarni isbotlang:
m[f, + f,]3 m[f,]+m[f,] va M[f, + f,]EM[f]+M][f,].

Oxirgi munosabatlarda: &) tenglik, b) tengsizlik bajariladigan f, (x) va f,(x) funksiyalarga
misollar keltiring.

400. f(x) funksiya [a, +¥) sohada aniglangan va har bir [a, b] kesmada chegaralangan
funksiya hamda

m(x)=inf f(x) va  M(x)=sup f(x)

afxEx afx£x
bo'Isin. Agar:
a) f(x)=sinx; b) f(x)=cosx
bo'lsa, u holda y = m(x) va y = M (x) funksiyalarning grafiklarini yasang.
401. «e - d » tilida quyidagi tenglikni isbotlang:

limx? =4.
x® 2

Jadvalni to’Idiring:

e 0,1 0,01 0,001 0,0001

d
402. «E - d » tilida quyidagi tenglikni isbotlang:
. 1
lim > =+¥
x®1 (1_ X)
Jadvalni to’ldiring:
E 10 100 1000 10000
d
403. Quyidagi tasdiglarni tengsizliklar orqgali ifodalang:
a) Iimf(x):b; b) lim f(x):b; v) lim f(x):b.
x® a x® a-0 X® a+0

Misollar keltiring.
Quyidagi tasdiglarni tengsizliklar yordamida ifodalang va mos misollar keltiring (404-406):

404. 2) lim f (x) =b; b) lim f (x) =b; v) lim f(x)=b.

405. a) Ixi®n;f(x):¥; b) Ixi®n;f(x):-¥; V) |Xi®rgf(x):+¥;
Q)ngnof(x) =¥, d) XI@i)gjof(x) =-¥; e XI@i)g)of(x) =+¥;
J')ngjof(x):¥; 2) xgmof(x):_¥; i) x!g!?lof(x):”'

06 limf()=¥; b limf(x)=-¥; V) lim (x) = +¥;
g) lim f(x)=¥; d) lim f(x)=-¥; &) lim f (x)=+¥;
) lim £ (x)=¥; 2) lim f(x)=-¥; i) lim £ (x)=+¥.

407. y=f(x) bo'lsin. Quyidagilarning ma'nosini tengsizliklar orgali ifodalang va mos

misollar ketiring:
a) x® aday® b- 0; b) x® a-0day® b- 0;
V) X® a+0day® b- 0; g) X® aday® b+0;
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d x® a-0day® b+0;
) X® ¥ day® b- 0;

i) X® +¥ day® b- 0;
) X® -¥ day® b+0;
408. Ushbu

e) Xx® a+0day® b+0;
Z) X® -¥ day® b- 0;
K) X® ¥ day® b+0;
m) XxX® +¥ day® b+0.

P(x)=ax" +ax"" +...+a,
ko'phad uchun, bunda g (i =0,1,...,n)- haqgigiy sonlar, quyidagi tenglikni isbotlang:

lim|P(x)| = +¥.
X® ¥
409. Ushbu
X" +ax+.. . +3,
R(x : 10, 10
( ) bOX +len1 -+bn (aO b0 )
funksiya uchun quyidagi tenglikni isbotlang:
1¥, aeap n>m,
i
!(!@rQR( ) i%, azap n=m;
{0, aeap n<m
410. Ushbu
R(x) =21
Q(x)
funksiya berilgan, bunda P(x) va Q(x) - ko'phadiar va P (a)=Q(a) =0 bo'Isin. U holda
jim P ()
x® a Q(X)

ifoda ganday giymatlar gabul gilishi mumkin?
Quyidagi ifodalarning giymatini toping (411-433):

2_ 2_ 2_
411 8 lim—"1 by lim— "1 v lim—t
x®0 2x% - x- 1 x®12x% - x- 1’ x®¥ 2x% - x- 1
5
412, limEF0E+20)A+39- 1 413, jm &% - 1459
x® 0 X x® 0 X +X
414, tim &M AT Ny
x® 0 X
X-1)(x- 2)(x- 3(x- 4)(x-5 -3 30
415, tim DX 2)( )5( x5 416, |jm (&9 (X+2)"
X® ¥ (5X 1) X® ¥ (2X +1)50
x+1)(x* +1)...(x" +1
a7, i Y (1 ) 418, 1im X X¥6
x® ¥ N n+ x® 3 ¥2 - 8x+15
()" +1) 2
+
419. li m. 420.li ﬂ.
x®1 x* - 4x+3 x®1 x> - 4X+3
2
- - 4x+
421, lim X 2 AX+8 422,1im - 2L
@2 x*'- 8x°+16 x®- lX5 2x-1
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_ (x2 - X- 2)20
423.1im o
X®2(x3- 12x+16)

2x+1
424.1. |Im—.
x©1 x° - 2x+1
_ (x -a ) na™*(x-
426. lim

)

x® a

(x- a)°
X" - (n+)x+n .
> (nl N).
(x- 1)

2
1 & +Eo+ae +—a0+ L+
Ny &

n g
ao L& 2a6

427.1im

x®1

429. lim=

n®¥ N

1€
Nagﬁ_

nNg

lim=
n® ¥ n

430.
ng

Y o Ilanma 2-misolga garang.
P+32+..+(2n-1)°

431. lim

¥ 22+ 42+ +(2n)°

& +22+..+n®> no

lim - —

n®¥(5’ n® 4@

Ilanma. 3-misolga garang.
P+ +7+..+(3n- 2)°

433. lim ( )2

¥ (1+4+7+..+(3n- 2))

432.

Yo

.2

X+—~=- +..

428. I|m

x®1

x
o

(5 S]
+9X+

(nT N).

n

(n- Dasu

5

. 20
(n 1)a90

13

glx 1-x"

X+X2+..+x"-n
x-1

424.1im

x®1

425. I|m

x®1X -

(m nl N).

N 9(m ni N).

434, y:ngg% parabola, Ox o0'qi va x=a togri chiziglar bilan chegaralangan egri

chizigi OAM

to rtburchaklar yuzalari yig'indisining limiti sifatida hisoblang, bunda n® ¥ .

by

Limitlarni toping (435-453, 455-467):

X+ x+X
435, |imY—F—_ """,
X® +¥ [x +1

31

uchburchakning yuzini unga ichki chizilgan, asoslari — ga teng to'gri
A
I
é?
mgé
c = A x
A-pacw
3 4
a6, tlim VX
o J2x+1



437. li

439. li

441. i

443. lim

445, i

447.

449,

451.

453. li
454. P

455. li

456. i

458.

460.

462.

464.

J27+x 327- x

x+2J__

Ix+2- 3x+20

Yx+9-2

. NG
lim

®0 1+5x - (1+x)
Vil+ax{yl+bx-1

m
im x (m,

nl 2).

438.

440. lim

442.

446. lim

448. li

450. |j

452.

lim———
X® -8

JV1-x-3

2+3Yx

x® 3

\/x+13- 2\/x+1

x*-9

Yi+ax- Y1+bx

lim

x® 0

(m, nl 2).

X

P(x)=ax+a,x*+..+ax" vami Z bo’lsin. Quyidagi tenglikni isbotlang:

Byt Ix+x - VxS
2

bt A U R O
MG, =+, =+ [= - |=- ., |=+.]=
x®+09 X X X X X -

e @

Iim(f/x3 +3x% - X - 2x).

X® +¥

3

lim x2 (m 2\/x—+1+\/§).

X® +¥

32

1+P(x)- 1

8
m
o5 legl]& f 1- 2\/_:
457. Xl(grll( (x+a)(x+b) - x).
459. Xl(g)rgx(x/x2+2x- 2\/x2+x+x)-
461. Ixi®r9(3/x3+x2+1- s - x2+1).
463, Iimxég(x+1)§-( S8,
i g
465. lim (Q/(x+a1) .. (x+a,)- x)



n

e JFT) e

466. lim - (nT N).
X® +¥ X
(\/1+ NG +x) - (\/1+ NG x) A
467. lim (nl N).
x® 0 X

468. ax®+bx+c=0 kvadrat tenglama berilgan, bunda b,c=const, b 0, a® O.

Tenglamaning x;, X, - ildizlari xarakterini o'rganing (Ii(groncl va I|®rr01 X, larni toping).

a, &

2 e
469. Iimge( 1 ax- bS:O bo'lsa, a va b larni toping.
x®¥e X+1 a

470. Agar I(!Drrl( X* - x+1- ax- bl):o va Iénl( X° - x+1- a,x- bz):o bo’Isa, u holda

b,, b, larni toping.
Limitlarni toping (471-480, 482-563)):
' ' . sinmx N
471, (im3N>X 472. im 3%, 473. lim> (m ni 2).
x®0 X x®¥ ¥ X®0 glNn nx
. 1- . X
474, lim X S%% 4741 1im % 474.2. lim(xctg3X)
x® 0 X x®0 ¥ x® 0
475. Liég%. 476, Ixi(@rrg%imgx. 477, E@ﬂgmx-x—zcos?»g
__1+sinx- cosx 5 : p X
478. | 479. i & _ 9. 480. lim(@1- x)tg—
0 T+in px- c0s px s 92947 1 0005
481. Tengliklarni isbotlang:
o . . . 2n-1 ~ 0
a) limsnx=sina; b) limcosx=cosa; v) limtgx =tga B p; nl zS.
x® a x® a x® a 8 2 17
482. jimSnx- sna. 483, |jm SOSX- cosa. 484, jim 19X 193
x® a X-a x® a X-a x®a X- a
485. |jm S~ ctga, 486. |jm XX~ =2, 487, |jm COSECX - Coseca
x® a X- a x® a X-a x® a X-a
__sin(a+2x)- 2sin(a+x)+sina __cos(a+2x)- 2cos(a+ x) +cosa
488. IX'@ETJ v : 489. IJ(gr(‘)] 2 :
490. i tg(a+2x)- 2tg(a+x)+tga 491, | ctg(a+2x)- 2ctg(a+x) +ctga
' XI@IT(] Na ' ' XI@[TJ Ya '
492 Iimsin(a+x)sin(a+2x)— sin’a 493. [im 2sin x+sinx- 1
x®0 X X(@%Zsinzx- 3sinx+1
SingX- PO
494. Iiml— COSX XCOS2X *COS3X 495. Iim & 3o
x® 0 1- cosx x®% 1- 2cosx
496. |im tg°x - 3tox 497 ”mtg(a+x)tg(a- x)- g%
Clim—= lim . :
X(@%(:osa%‘ﬁgg X
& 65
498. |im__L- g’ 499, jjm VL 1ox- Vitsinx
x® 2- Ctgx- ctg’x X®0 3
3
500. Jim X . 501, |jm Y.005X - VCOSX_
x®0 1+ xsinx - v/cosx ®©0 8N X
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\1- cosx?

502. lim
x®0 1- cOosX
. 3
504. Ii®n31 cosx\/co§2x\/cos3x _
X X
1%
+ X HL x
506. 8) lim&=" X0 . p) |im
x®082+xg x®1
507, Im&+20
X®¥82X- lg
thx
510. lim a?g +x_
X® — +0
1
513, limEX 210
x©¥ E2x° - 3X- 24
516. 1im 22X 0 o L0 a 0.
Im9a2x+b2 (& >0, a,>0)
519, |im &t 10X 0““.
X®081+smxa
1
591 [im 008X (03 .
X®080052xa
dJ(:tgx
524. Ix|®ngetggz- XEuu
507, im@ 10"
n®¥8n_ 1@
530. Xl(g)rllx@n(x+1) Inxy.
532. Xl(g)rllgmln(x+1) sinlnxgy.
534. lim ae 100 + x? o
x®¥8 1+100X°
In(1+\/_+§/_)
536. Ilim
x®+¥|n(1+\/_ \/_)
Intgai+ax9
538. lim g
x®0 sinbx
Fo<) _n2y2 0
540. lim In X2 1 nx +.
x® 0 X + 1_ XZ a

503. lim 1- +/cosx
X®07]- cos\/_
505. Ilrrl(sm\/x+1 smf)
1-x 1 Vx
X Ay o
X V) lim EF X0t
82+Xg x®+¥82+Xﬂ
- 01X . .
508. | Z&‘—X” . 500, im&in" 22N 0
6 E2X° + X +1y ne ¥ 3n+1lg
x-1 2
Tl X
511, [im2X 1% 512, lim&X 10
x®¥eX +1ﬂ x®¥eX - 2@
514, lim¥1- 2x. 515, [im&*ad
x® 0 x®¥8x ag
517. Iim(1+x2)agzx 518. lim(1+sinpx)*®”
x® 0 X® 1
1 1
+ n® x i Ox-a
510.1. [imELTIX & g |imE8NX6en
x®081+S|nXg x®agsmag
tg 2x . . tg x
522. Xgm4(tgx) : 523. XI@l)g)z(snx)
525. Iimaesin1+coslg . 526. lim3/cosvx .
X® ¥ X Xﬂ X® 0
) ~In(1+x
528. Ilmcos“i. 529. Ilmg.
ne ¥ \/ﬁ X® 0 X
531, lim "X~ N2 (5 0)
X® a X- a
In(x2 - x+1)
533. lim
@+ (X +x+1)
In(2+e3x)
535. lim )
@+ n(3+ ™)
log(x+h)+log(x- h)- 2logx
537. lim 9(x+h) gz( )- 2109 (x>0).
h® 0 h
539, lim In cosax
x®0Incosbx
In(nx+\/1- anz)
540.1. lim )

x®0 In(x+\/1- xz)



X

X a

541, im2_= (a>0). 542, im2"X (a>0).
x® 0 X x®a X- a
. x-a . 1
543. lim (a>0). 544, Ilm(x+eX)X.
x®a X- a x® 0
1
X 22 . ..Ctg” x
545, |imga+X>Q o 545.1, ljm s SINXC0sa x 0
®0 &1+ XX3* o X®081+smxcosbx@
sin(p ¥ sin® (p X~
545.2. lim— (p b). 545.3. lim— (e )
X®1sm(px ) X®1Ingcos(p >QX)H
. X b x
546. limtg" 2+ 19 547, lim—S "¢
¥ © 4 ng ®0gnax- sinbx
. - a _a-a
548. leggxb-ab (a>0). 549. lim 5 (a>0).
x+h x-h X X+a x+b
550, lim2 "2~ 22 (450). 551, 1jm X" 3) (X D)
h® 0 h ¥ (x+a+b)™"
552. limn(¥x-1) (x>0). 553. limn? (Ux- "¥x)  (x>0).
n® ¥ n® ¥
550, 1im 210 L0 bso). 555, lim 200 (.6 b>0).
n®¥g a ﬂ n®¥g 2 ﬂ
1
556, limam "2 *C % (a>0, b>0, c>0).
x®0e 3 a
1
x+1 X+1 X+l 8o
557. limee——+2_*C_ % (a>0,b>0, ¢>0).
X®0e a+b+c 17
1
558. limee—"2_2  (a>0, b>0)
X®0ga +b ﬂ
559. lim-2— L (a>0, b>0). 560. lim2_~2_ (a>0).
x®0(ax_ bx) x®a g* - x
_ In(1+3x) _ In(1+3x)
561. @) lim—— 2 b) lim ——~.
x®-¥|n(1+2X) X®+¥|n(1+2x)

. y 30 .
562. Xl(g)rllln(1+2 )In?+;a. 563. le@r)r}(l- x)log, 2.

n

564. |sbotlang: IimX—X:O (a>1,n>0).

X® +¥ g

565. Isbotlang: lim Iog:x =0 (a>1e>0).
X® +¥ X

Limitlarni toping (566-594):
_ In(x2+ex) _ In(x2+ex) _ In(1+ xex)
566. a) lim b)) lim 567. lim

X®0In(x“+e2x) X®+¥In(x“+ezx)' X®°In(x+\/1+x2).

35



568. lim g x+2)In(x+2)- 2(x+1)In(x+1)+ xInxy.

X® +¥

é e o
_u
569. lim dn(xlna)xlngl—ax-u (a>1).
x®+0e Ini
é a d
& 2 0 J inx-
570. lim cin X FYX *L o X+10 571, [jm Y1 XSnx-1
x®+¥§ X + Xz-l X - 15 x® 0 e -1
X2+l
_ cos(xex)- cos(xe‘x) & X P«
572. lim 3 : 573. I|m92 A
x® 0 X x®0e a
pXx _ qpnatb
574. lim(2- x)™ 2. 575. 1-sm X (a>0,b>0).
xet X®p/2\/(1 sin? x)(l- sin® x)
shx . chx- 1 . thx .
576. @) le(g)rrg7 b) le®ng N V) le(é)rrg7 (340 — misolga garang).
. sh*x .
576.1. im———— (340 - misolga garang).

x® 0 |n(ch3x)

shX? + X - shaX? - X shx - sha ._chx- cha

577. lim : 577.1. @) lim——; b) lim
X® +¥ chx x®a  X- @a x®a X- a
sin2x_ sinx
577.2. lim WX 578. lim (x- Inchx). 579, lim&——°
X®0|nCOSX X® +¥ X® 0 thx
QChp O . . 1-x )
580. lim¢ . 581. limarcsin—-=. 582. lim arccos(\/x2+x- x).
n® ¥ X® ¥ 1+ X X® +¥
Ccos— =
no
arctg(x+ h) - arctgx
583. Ilmarctg—4 584. lim arctg X . 58 lim 9 ) x
x® 2 ( - 2) x® - ¥ ,1+X2 h® 0 h
1+Xx
n e 1 X (')'u
586. lim 1- X . 587. I|menarctg—>¢g“ag+—+ﬂ.
0 arctg (1+ x) - arctg (1- x) oY 8 n(x +1) &4 2ng
. X 0 . (23] . x O
588. I|mx — - arctg—— 589. lim X¢c—= - arcsin =,
X® ¥ 84 gx+1g X® +¥ 92 ,X2+1ﬂ
- é (_ 1)n lJcosec(p 1+n) 1 i
590. limél+ u . 591. lim——-e* . 592. lim xInx.
ne¥ A n w x® 0 x100 X® +0
g )
593. a )Ilm( X2+ X - x); 6) Iim(\/x2+x- x).
X® - ¥ X® +¥
594. a) I(;)nl(\/1+x+x2 - J1- x+x2); 6) é (\/1+x+x - V1- X+ X8 )

2 2
x+\ +a’ bo'lsa, h=lim f(x)- lim f(x) ni toping.

X + /X2+b2 X® +¥

594.1. Agar f(x)=In
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595. a) XI(g)rlnoarctgl_—lx; 6) lim arctgi.

x® 1+0 1- X
1
59%6. a) lim ——— 6)lim
)xc!o ¥1+e1/>< )<I§>+01+e]/"
In(1+€e In(1+e
597. a)limg; 0) Iimg.
- X X® +¥ X
2X 2X
598. Isbotlang: a)llm——2+0 6) lim——=2-0.
¥1+ X x®+¥ ]+ X
599. Isbotlang: a)x® -0 da 2® 1- 0; 6)x® +0 da  2*® 1+0.

600. Agar f(x)=x+g’gbo'lsa, f(1), f(1-0), f(1+0) larni toping.
601. Agar f(x)=sgn(sinpx) bo’lsa f(n), f(n- 0), f(n+0) (n Z) larni toping.
Hisoblang (602-606):

602. Iimx‘/cosl. 603. limx Sy 604. Iimsin(p n2+1).
x® 0 X X® 0 SXH ne ¥
o, > o
605. ngsn (p\/n +n). 606. nginﬂé&%
n mapma

607. Agar limj (x)=A va limy (x) =B bo'lsa, bundan limy (i (x))=B ekanligi kelib
chigadimi?

Ushbu misolni ko ring: ng bo’lganda j (x) :é, bunda p, q - 0'zaro tub bo’lgan butun
sonlar va X - irratsional bo’lganda j (x)=0; x® 0 bolganda y (x) =1 va x=0 bo’lganda
y (X) =0; shu bilan birga x® 0.

608. Koshi teoremalarini isbotlang: agar f(x) funksiya (a, +¥) oraliqdaaniglangan va har
bir (a, b) chekli oraligda chegaralangan bo’lsa, u holda

2) tim )

X® +¥ X

= lim gf (x+1)- f(x)g;

6) lim f ()" =;ggfﬁx(;)1) (f(x)2c>0),

o'rinli, bundatengliklarning o’ng tomonlaridagi limitlar mavjud deb faraz gilamiz.
609. Agar a) f (x) funksiya x>a sohada aniglangan; b) har bir a<x<b chekli sohada

chegaralangan; &) lim gf (x+1)- f(x)g=¥ tenglik bajarilsa, u holda

lim M =¥
X® +¥ X

bo’lishini isbotlang.
610. Agar 1) f (x) funksiya x >a sohada aniglangan; 2) har bir a<x<b chekli sohada
chegaralangan; 3) biror natural n son uchun ushbu

im f(x+1)n- f (x) |
X® +¥ X

chekli yoki cheksiz limit mavjud bo’Isa, u holda

f (x)

ekanligini isbotlang.
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2 n

611. Isbotlang: a) Iima:"Hzg =€e";h) Iimaci+ X+ ...+X—2:ex.
n® ¥ Ng n®¥g 21 n! a
612. Isbotlang: lim nsin(2pen!)=2p..
Yo llanma 72 —misoldagi (*) formulani qo'llang.
Quyidagi funksiyalarning grafigini yasang (613-625.2):
— 100 . — 1 2n
613.8) y=1- x'°; b)y—LgrQ(l-x ) (-1£x£1).
100 Xn
= 3 : =i 3
614. a) y T2 3 (x30); b) y L!@T“ = (x 0).
i X' - x" L i 2, 1
615. y = lim S (x10). 616. y =lim, | +nz .
e L N Yo
617. y = lim¥1+x (x30). 618. y =limpf1+x +87; (x30).
Xn+2
=lim—— 3
619. y !‘!@TW (x30).
620. 8) y =sin'™® x; b) y:IE@rQsinZ”x.
_ In(2“+x“) , _ ]
621. y =lim - (x30). 622. y—LgQ(x- 1) arctgx".
X
623. y = limy1+e™d . 624. y= lim>2°_
ne® ¥ @ +¥ 14 ¥
1t xtg? PX + Jx
625. y =lim——In—  (x>0). 625.1. y=lim—2—— (x30).
®xt- X X n® ¥ on P X
tg 7+1

—1i H)
625.2. y—Lngsgn|sn (n'p x)|

625.3. egri chizigni quring: L!@rg1“/|x| +y|" =1
626. Agar y = f (x) egri chizig uchun
limgf (x)- (kx+b)g=0
shart bajarilsa, u holda y=kx+b to'g'ri chiziq y= f(x) egri chizig uchun asimptota (og'ma)
deyiladi. Y Uqoridagi tenglamani qo'llab asimptota mavjud bolishining zaruriy va etarli shartlarini
keltirib chigaring.
627. Quyidagi chiziglarning asimptotalarini toping va grafigini yasang:

3

a)y:—X2+XX_2; b y=V¢+x; V) y=33-x;

X

g)y= >X<e ; d) y:In(1+eX); €) y:x+arccosl.
e -1 X
Quyidagi limitlarni toping (628-630):
é n+l n+2 2n l]
628. lima— X X

eV S+l (n+2)l T ()
629. limé§(1+ x)(1+ xz)(1+ x“) . .(1+ XZ”)H, ¥ <1.

n® ¥
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630. Iima%osicos5 . coslg.
e¥E 2 4 2" 5

o1 i (9 _ o
. lim =1, y(x)>0 va n® ¥ da a,, ®0(m=1 2,...) bolsin, yani

m=1, 2,... van>N(e) bo'lgandaa,,|<e tengsizlik bajarilsin. U holda

Mg (@) *i (@a)*+ -+ @) B=IME (@)Y (@) 4y (a8
tenglikni isbotlang, bunda tenglikning 0'ng tomonidagi limit mavjud deb faraz qiling.
Avvalgi teoremadan foydal anib, quyidagilarni toping (632-636):

ka
632. Ilma 3‘/1+—- 1- 633. !1|®rga smn—

k/n _ LO
634, nm%( 1) (a>0). 635. ngogh =
636. ImOcosﬁ
n® ¥ k=1 nvn
637. x, ketma-ketlik quyidagi tengliklar bilan berilgan:
x, =/, x, =yJa++/a, x, =ya+a+sa, ..., (a>0).

I|®rQ X ni toping.
637.1. x, ketma-ketlik quyidagicha berilgan:
1
x =0, X, =1, XnZE(Xn-l-'-Xn-Z) (n=2,3 ..).
LI@ mx, ni toping.
637.2. y, ketma-ketlik x, ketma-ketlik yordamida quyidagi munosabatlar orgali aniglanadi:

Yo =% Ya=X-aX, (n=12 ..)
bunda [a | <1. Agar limy, =b bo'lsa, limx, ni toping.

637.3. X, ketma-ketlik quyidagicha aniglanadi:

= = =12 ...).
%=t %= (=12 )

LI®I’Q X ni toping.

Yo llanma x, va x :1% tenglamaning ildizlari orasidagi ayirmani ko'ring.
X
638. y, =y, (x) (0£ x£1) funksiyalar ketma-ketligi quyidagicha aniqlanadi:
X yrf 1

X
=—, =—-=-1=(n=2 3 ...).
yl 2 yn 2 2 ( )
LI®I’Q y, ni toping.
639. y, =y, (x) (0£ x£1) funksiyalar ketma-ketligi quyidagicha aniqlanadi:

_X X ynl

== =—+—==(n=23 ...).
yl 2 yn 2 2 ( )
Ll®m¥ y, ni toping.
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639.1. x>0vay, =Yy, ,(2-xy ,) (n=12,..) bolsin. Agar y >0 (i=0,1) bo’lsa u
holda y, ketma-ketlik yaginlashuvchi va uning limiti

lim =1
n®¥yn X

gatengligini isbotlang.

. 1 : o
Yo llanma —- y, ayirmani 0 rganing.
X

639.2. y=+/X, x>0 ni topish uchun quyidagicha jarayon qo'llaniladi: Y, >0 - ixtiyoriy
va

lae x O
Yn =Egyn.1 + - (n=12,..).
e n-19

U holda limy, =+/x bolishini isbotlang.
Y o' Ilanma Quyidagi formulani qo'llang:
Yoo VX _ 3y, - VxO
Tl T

(n3 1.

640. Ushbu
x- esinx=m (0<e<1) (1)
Kepler tenglamasining tagribiy echimi uchun quyidagi (ketma-ket yaginlashish usuli) usul
go llaniladi:
X, =M, X =m+esinx,, ..., X, =m+esinx,,,

X :IE@TX* limit mavjudligini va x soni (1) tenglamaning yagona echimi ekanligini

isbotlang.
641. Agar w, [f] - f(x) funksiyaning |x- x|£h (h>0) kesmadagi tebranishi bo'lsa, u
holda
Wo[f]:”(arrgwh[f]
soni f(x) funksiyaning x nuqtadagi tebranishi deyiladi.
Agar f(0)=0 bo'lsa, u holda x* 0 bo’lganda quyidagi funksiyalarning x =0 nuqtadagi
tebranishini aniglang:

1 1 > 1 _ .10
a) f(x)—sm;, b) f(x)—Fcos = V) f(x)—xgz+sm;5,
11 _lsiny. __ 1.
Q) f(x)—aarctg;, d) f(x)= x’ e f(x)—1+eyx,

i) f(x)=(2+x)"

642. f(x):sin1 bo'lsin. U holda -1£a £1 shartni ganoatlantiruvchi a son ganday
X

bo'lishidan qat'iy nazar lim f (x,)=a tenglik bajariladigan x, ® 0 (n=1,2,...) ketmaketlik
tanlash mumkin ekanligini isbotlang.

643. Ushbu
e (/%)
I 1 2 1 _ 1 B 10
a) f(x)—sm2;+aarctg;, b) f(x)—(2- XZ)cos;, V) f(x)_?+0052§5
funksiyalar uchun | =lim f (x) va L :@f (x) larni aniglang.
x® 0 X
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644. Ushbu

a) f(x)=sinx; b) f(x)=x*cos®x;
V=2 ()= (x20)
funksiyalar uchun | =lim f (x) va L :Ig—rgf (x) larni aniglang.
X® ¥ X

6. O-ssimvolika

645. AOB=x ga teng markaziy burchakni 1-tartibli 4 e
cheksiz kichik miqdor deb hisoblab, quyidagi kattaliklarning
kichiklik tartibini aniglang (4-rasm):

A /
a) AB vatar; b) CD kesma; I8
v) AOB sektor yuzi;
g) ABC uchburchak yuzi; d) ABB/A trapetsiya yuzi;
€) ABC segment yuzi.
646. o f(x)) funksiya x® a da f(x) funksiyaga
nisbatan kichik o'sish tartibiga ega ixtiyoriy funksiya, O( f (x))

funksiya esa x® a da f(x) funksiya bilan bir xil o'sish

—

tartibiga ega ixtiyoriy funksiyabo'lsin, bunda f (x) >0.
Quyidagi tengliklarni isbotlang:

3 ofo(f(x))=o(f(x)) : b) O(o(f (x))) =o(f (x)):
v) o(0((x)) =o( (x); 9) 0(0((x))) =0(f (x));
@ O f (x))+o( (x)) =O(f (x)).
647. x® 0 va n>0 bo’lsin. Isbotlang:
a) CO(X“):O(X”) (Ct 0- ozgarmasson); b) O(x”)+O(xm):O(x”
V) O(x”)O(x"‘) :O(x”””).
648. x® +¥ va n>0 bo'lsin. Isbotlang:
a) CO(X“):O(X“); b) O(x“)+O(xm):O(x”) (n>m);
V) O(x”)O(x"‘) :O(x”””).
649. ~ belgisi quyidagi xossalarga ega ekanligini ko'rsating:
1) refleksivlik: j (x) ~j (x); 2) simmetrik: agar j (x)~y (x) bollsa, u holda
y (X) ~j (x); 3) tranzitivlik: agar j (x) ~y (x) vay (X) ~ ¢ (x) bo'lsa, uholdaj (x) ~c (x).
650. x ® 0 daquyidagi tengliklar o'rinli ekanligini isbotlang:

~
—
S
N
3
=

a) 2x- x* =0(x); b) xsiny/x = ng - V) xsin%:O(|x|);
q) Inx:ogex—le?(e >0); d) 4 x+x+ /X ~\/_ D) arctg%:O(l);
2

) @+x)" =1+nx+o0(X).
651. X® +¥ daquyidagi tengliklar o'rinli ekanligini isbotlang:
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X+1 aelo

a) 2x° - 3x* +1=0(x%); b) 8 b, V) X+x2sinx=0(x%);
g) FU%_ oLy d) Inxzo(xe) €>0); o xer =022
1+ %2 X & 7

i) VX+Ux+X ~/x; 2) X*+xIn'® x~ x2.

652. Etarlicha katta x > 0 uchun quyidagi tengliklar o’rinli ekanligini isbotlang:
a) x*+10x+100 < 0,001x?; b) In*® x </ ; v) X% <e*
652.1. x® +¥ daquyidagi aimptotik formulani isbotlang:

X+ px+q=x+ p+O?10
Xg

653. x® 0 bo’lsin. Quyidagi funksiyalarning Cx" (C = congt) ko'rinishdagi bosh hadini
gjrating va x o0 zgaruvchiga nisbatan kichiklik tartibini aniglang:

a) 2x- 32 +x°; b)) J1+x-+1- x; V) +1-2x- I1- 3x; 0) tgx- sinx.
654. x® 0 bo’lsin. Ushbu
1 2
a f(x)=—; b) f(x)=e?*
RIE RS

cheksiz kichik funksiyalarni n ning har ganday giymatida x" (n > 0) cheksiz kichik funksiya bilan

f
taggoslab bo ' Imasligini isbotlang, ya ni n ning hech ganday giymatida lim ( )

x® 0 X
bo’Imaydi, bunda k * O - chekli son.
655. x® 1 bo’lsin. Quyidagi funksiyalarning C(x- 1)" (C =const) ko'rinishdagi bosh
hadini gjrating va x - 1 0 zgaruvchiga nisbatan kichiklik tartibini aniglang:

a) xX*- 3x+2; b) ¥1- VX ; V) Inx; g) €-e; d) x*-1
656. x® +¥ bo’'lsin. Quyidagi funksiyalarning Cx" (C = const) ko'rinishdagi bosh hadini
gjrating va cheksiz katta x 0 zgaruvchiga nisbatan o’sish tartibini aniglang:

a) x? +100x +10000; b)si; V) I - x+Ux; g) V1+A1+X.
X

- 3x+1

=k tenglik o’rinli

657. x® +¥ bo'lsin. Quyidagi funksiyalarning C?—lg ko'rinishdagi bosh hadini gjrating
Xg

va 1 cheksiz kichik funksiyaga nisbatan kichiklik tartibini aniglang:
X

a)—leill; B VX1 VX V) Vxe2- 2fxrledx; g osn.
» X

658. x® 1 bo’lsin. Quyidagi funksiyalarning Cgeilg ko'rinishdagi bosh hadini ajrating
X-1lg

va il cheksiz katta funksiyaga nisbatan o’sish tartibini aniglang:
X -

x? 1+x X 1 Inx

X1 ) 1- x' V) -3 9 sinpx’ (1- x)*

659. x® +¥ va f,(x)=x" (n=1,2,...)bo’Isin. Quyidagilarni isbotlang:
1) Har bir f,(x) funksiya o'zidan avval keladigan f,,(x) funksiyaga nisbatan tezroq o'sadi. 2)

a)

e funksiya f,(x) (n=1 2, ...) funksiyalarning har biriga nisbatan tezroq o'sadi.
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660. x® +¥ va f (x)=¥x (n=12,...) bo'lsin. Quyidagilarni isbotlang:
1) Har bir f, (x) funksiya o'zidan avval keladigan f,,(x) funksiyaga nisbatan sekinroq o'sadi. 2)
f(x) =Inx funksiya f, (x) (n=1 2,...) funksiyalarning har biriga nisbatan sekinroq o'sadi.
661. Har ganaday
f(x), f,(x), ..., f,(X), ... (X% <x<+¥)
funksiyalar ketma-ketligi uchun x® +¥ da f (x) (n=12,...) funksiyalarning har biriga
nisbatan tezroq o'sadigan f (x) funksiyani qurish mumkinligini isbotlang.

7. Uzluksiz funksiya

662. y=f(x) uzluksiz funksiya grafigi berilgan. Berilgan a nugta va e >0 son uchun
- a<d bo'lganda |f (x)- f(a)|<e shart bajariladigan d >0 sonni geometrik nuqtai nazardan
ko'rsating.

663. Metaldan tomoni X, =10 sm bo’lgan kvadrat plastinka tayyorlash kerak. Bu
plastinkaning y = x? yuzi  uning proekti y, =100 sm’ yuzidan

a) +1sm; b) +0,1 sm’ v) * 0,01 sm% g) +e s’
gafarq qilishi uchun plastinkaning x tomonini ganday oraliglarda o zgartirish mumkin?

664. Kubning girrasi 2 m va 3 m oraliqda joylashgan. Kubning y hajmini e m® dan katta

bo’Imagan absolyut xatolik bilan hisoblash uchun uning x qirrasini ganday D absolyut xatolik
bilan o’lchash mumkin, bunda:
ae=01m? b) e =0,01 m* v) e =0,001 m*?

665. %, =100 nuqtaning ganday eng katta atrofida y = Jx funksiya grafigining ordinatasi
Y, =10 ordinatadan e =10" (n 3 0) gakichik bo’ladi? Bu atrofning o’ lchamlarini (kattaliklarini)
n=0, 1, 2, 3 lardaaniglang.

666. "e - d" tilida f (x) =x* funksiyaning x =5 nugtada uzluksiz ekanligini isbotlang.

Quyidagi jadvalni to'ldiring:

e 1 0,1 0,01 0,001
d

667. f(x):1 va e =0,001 bo’lsin. x, nugtaning X, =0,1; 0,01; 0,00% ... giymatlari
X

uchun |x- x,|<d tengsizlikdan |f(x)- f(x)/<e tengsizlik kelib chigadigan eng Katta
d =d (e, x,) sonlarni toping.

Berilgan e = 0,001 son uchun x, nugtaning (0,1) oraliqdagi barcha giymatlari uchun agar
|- %,|<d bo'lsa, |f(x)- f(x)|<e shart bajariladigan d >0 sonni tanlash mumkinmi?

668. x, nugtada aniglangan f(x) funksiya shu nuqtada uzluksiz bo’lmaslik shartini
"e - d" tilidayozing.

669. Bazi bir e>0 sonlar uchun |x- x|<d bo'lganda |f(x)- f(x)|<e tengsizlik
bajariladigan mos d =d (e, x,) >0 sonlarni topish mumkin bo'Isin. Agar: @) e
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sonlar chekli to'plamni tashkil etsa; b) e sonlar e:2—1n (n=1, 2,...) ikkilik kasrlardan iborat

cheksiz to plamni tashkil etsa, f(x) funksiya x, nugtada uzluksiz bo'ladimi?

670. f(x)=x+0,001]x| funksiya berilgan bo'lsin. Har ganday e>0,001 son uchun
- x|<d bo'lganda |f (x')- f(x)/<e tengsizlik bajariladigan d =d (e, X,)>0 sonni tanlash
mumkinligini, har ganday 0<e <0,001 son uchun esa x ning barcha giymatlari uchun buni gilish
mumkin emasligini isbotlang.

Qanday nuqtalarda bu funksiyaning uzluksizligi buziladi?

671. Har oanday etarlicha kichik d >0 son uchun  |x- x|<d tengsizlikdan

|f(x)- f(x)|<e tengsizlik o'rinli bo'ladigan e =e(d, X,)>0 son mavjud bo'lsin. Bundan f (x)
funksiyaning x =X, nuqtada uzluksizligi kelib chigadimi? YUqoridagi tengsizliklar orgali f (X)
funksiyaning ganday xossasi ifodalanadi?

672. Har ganday e>0 son uchun |f(x)- f(x)|<e bollganda |x- x,|<d shart
bajariladigan d =d (e, X,) son mavjud bo'lsin. Bundan f(x) funksiyaning x=Xx, nugtada
uzluksizligi kelib chigadimi? YUqoridagi tengsizliklar orgali f(x) funksiyaning ganday xossasi
ifodalanadi?

673. Har ganday etarlicha kichik d >0 son uchun |f(x)- f(x)<e tengsizlikdan
|x- x| <d tengsizlik o'rinli bo'ladigan e =e(d, x,)>0 son mavjud bo'lsin. Bundan f(x)
funksiyaning x =X, nuqtada uzluksizligi kelib chigadimi? YUqoridagi tengsizliklar orgali f (X)
funksiyaning ganday xossasi ifodalanadi?
i tox, oynca,
Quyidagi misolni ko'ring: f (X) :% arclgx, acap X payuonax 0y ﬂvca

1P - arctgx, aeap X uppayuomnan oynca.

674. Quyidagi funksiyalarning uzluksizligini "e - d" tilidaisbotlang:

a) ax+b;  b) x; V) X3 g) VX; d) ¥x; e) sinx
J) cosx; Z) arctgx.
Quyidagi funksiyalarning uzluksizligini aniglang va grafigini tasvirlang (675-686):
675. f(x)=|x.

1X°-4

!l 1 o
676. f (x)=| -2 “P X' 2

} A acap X=2.

677. Agar x* -1 bo’lsa, f(x)= va f (- 1) - ixtiyoriy son.

(1)’
678.a) Agar x! 0 bo'lsa, f,(x)= % va f,(0)=1;
b) Agar x* 0 bo'lsa, fz(x):% a f,(0)=1

679. Agar x* 0 bo'lsa, f(x) :sin% va f (0) - ixtiyoriy son.

680. Agar x* 0 bo'lsa, f(x)= xsin% va f (0)=0.

681. Agar x* 0 bo'lsa, f(x)=e** va f(0)=0.
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682. Agar x* 1 bo'lsa, f (x)=

va f (1) - ixtiyoriy son.

683. Agar x* 0 bo'lsa, f ( )—xlnx va f (0)=a.

684. f (x)=sgnx.

686. f (x)=/x- &/xH.

e

Quyidagi funksiyalarni ng uzilish nuqtalan vaularning turini aniglang (687-700):

6387. v=
" (1+x)
1 1

690. y:X—X+iL_

1 R
Xx-1 X

693. y= cos? L.
X

696. y= arctgl.
X

1
699, y=1—.

Quyidagi funksiyalarni uzluksizlikka tekshiring va grafiklarining eskizini chizing (701-719):
701. y=sgn(sinx).

704. y=[x|sinpx.

e]/xl
685. f (x)=[x].
1+Xx
688. y =
691 y=—>_.
SN X
694. nPO
y= sgng Xy

697. y =~/xarctg .
X

1
700- y:]--em-
702. y=x-[¥].

705. y = x* - @.

x2-1
XC- 3X+2

1- cosp x
692. y = /4_—)(5.

COSB

695. y=—X |
cos™
X

698. y = e*¥x,

689. y =

703. y=x[x].
706. y= g;

700, y= g s in S
(-

)8"

_o
1)
712. y =

1
x2sin? x

714. y=

. T717. y=¢€¥*,
3) y=¢

X - X

721, y=limL
¥ N* +n

723. y=lim cos™ x

707, y=x&2Y. 708. y = sgnZos 2.
&xt’ & xp
— i P 2 L
710. y=ctg—. 711. y=sec”—.
X X
aa 1 16
713. y=arctgg—+——+——=
y ggx x-1 x-2g
1 x?
715. y= 716. y=In+—ur——
Y sin(xz) y (x+1)(x-
718. y=1- e ¥¥. 719. y=th- 2X
Quyidagi funksiyalarni uzluksizlikka tekshlrlng vagrafiklarini yasang (720-728):
72 =li
0. y nl®r§1+x
722. y:I|®rQ\/1+ X"
724. y=1lim

n®¥1+(2$|nx)

2 N
726. y =lim>X2X¢
ney¥ 1+™

728. y = lim (1+x)thtx.
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In(1+eXI
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_12x O£ XE],

729. f(x) =i funksiya uzluksiz bo'ladimi?
12- X 1<x£2

730. Ushbu
f(x) 1e’, x<0,

- % a+x, x30
funksiya a sonning ganday giymatida uzluksiz bo"ladi?
731. Quyidagi funksiyalarning uzilish nugtalari va ularning turini aniglang:

Y 2 3 ’ £
9 1(=X OEXEL B f(x)=1" X -
12- X, 1<X£2 1L [{>1
i px X )
1 PpA £ 2
v f(X):}.cos > X £1, 9 f(X):iCtgopX’ xTI ;
g s o Az
" f(x):}smpx’ azap X payuonan 6yica,
|

0, aeap Xuppayuonan6yica.

732. d =d(x) - Ox o'qgining X nugtasidan shu o'gning O£ x£1 va 2£x£3
kesmalaridan iborat to plamning nuqtalari orasidagi masofani
ifodalovchi  funksiya bo’lsin. d funksiyaning analitik
korinishini toping, grafigini yasang va uzluksizlikka tekshiring.

733. E figuraasosi va balandligi 1 gateng bo’lgan teng
yonli uchburchak va har birining asosi 1 ga, balandliklari mos
ravishda 2 va 3 gateng bo'lgan ikkitato g ri to rtburchaklardan
iborat. S=S(y) (O£ y<+¥) funksiya E figuraning Y =0 va
Y =y pardlel to'gri chiziglar orasidagi gismining yuzini
ifodalaydi, b=b(y) (O£ y<+¥) funksiyaesa E figura bilan
Y =y to'g'ri chiziqg kesimining uzunligini ifodalaydi. S va b
funksiyalarning analitik ko'rinishlarini toping, grafiklarini
yasang va uzluksizlikka tekshiring (5-rasm).

734. Ushbu

c(x)= lim { lim cos“} (pmix)

Dirixle funksiyasi x ning har bir giymatida uzilishga ega ekanligini isbotlang.
735. Quyidagi funksiyani uzluksizlikka tekshiring:
f (x)=xc(x),
bunda c (x) - Dirixle funksiyasi. Bu funksiya grafigining eskizini yasang.
736. Ushbu
:1, azap X = oynca, Oynoa M ea N yzapo my6 connap;,
f(x)=in n
T 0, aeap X uppayuomnancomn b6ynca,
Riman funksiyass x ning barcha ratsional giymatlarida uzilishga ega va barcha irratsional
giymatlarida esa uzluksiz ekanligini isbotlang. Bu funksiya grafigining eskizini yasang.
737. Quyidagi funksiyani uzluksizlikka tekshiring:

f(x)

m
i azap X =— Kuckapmac payuonan kacp oyica, oynoa n3 1,
n n

_1
=1
1 |X|, azap X uppayuouan cou 6yica.
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Bu funksiya grafigining eskizini chizing.

738, f (x) =1 905X
X

funksiya x ning x =0 dan boshga barcha giymatlarida aniglangan.
Bu funksiya x = 0 nugtada uzluksiz bo'lishi uchun f (0) ni ganday tanlash kerak?
739. f(1) sonni har ganday tanlanganda ham f (x) :% funksiya x=1 nugtada
- X

uzilishga ega bo'lishini isbotlang.
740. f(x) funksiya x=0 nugtada ma'noga ega emas. f (0) sonni shunday tanlangki,

f (x) funksiya x = 0 nugtada uzluksiz bo'Isin:

Vi+x-1 tg2 . .1
a) f(x):ﬁ; b) f(x)z%; V) f(x):smxsm;;
g f(x)=(2+x)"; d) f(x):X—lze'W; e f(x)=x* (x>0);

j) f(x)=xIn*x.

741. Agar: @) f(x) funksiya x =, nuqtada uzluksiz, g(x) funksiya esa x = x, nugtada
uzilishga ega; b) ikkala f(x) va g(x) funksiyalar x =, nugtada uzilishga ega bo'lsa, u holda
f (x) +g(x) funksiya x = x, nugtada, albatta, uzilishga ega bo'ladimi? Har bir hol misol keltiring.

742. Agar: @) f(x) funksiya x =X, nuqtada uzluksiz, g(x) funksiya esa x = x, nugtada
uzilishga ega; b) ikkala f(x) va g(x) funksiyalar x =, nugtada uzilishga ega bo'lsa, u holda
f (x) g(x) funksiya x = x, nuqtada, albatta, uzilishga ega bo'ladimi? Har bir hol misol keltiring.

743. Uzlishga ega funksiyaning kvadrati ham uzilishga ega bo’ladi deb tasdiglash
mumkinmi?
744. Agar:
a f(x)=sgnx, g(x)=1+x*; b) f(x)=sgnx, g(x)= x(l- xz);
V) f(x)=sgnx, g(x)=1+x-[X]
bo'lsa, f gg(x)g va ggf (x)§ funksiyalarni uzluksizlikka tekshiring.
745. Agar
i U, aeap 0<u£lobyuca,;
f(u)=i 3
12-U, aeap 1<u<26yrca
va
. (X) 1 X aeap X payuonan oynca,
: %2- X, azap X uppayuoHan 6ynca
bo'lsa, u holda y = f (u) murakkab funksiyani uzluksizlikka tekshiring, bunda u =j (x).

(0<x<1)

746. Agar f(x) funksiya uzluksiz bo'lsa, u holda F(x) =|f (x)| funksiya ham uzluksiz
bo'lishini isbotlang.
747. Agar f (x) funksiyauzluksiz bo'lsa, u holda
1 -c aeap f (X) <-C byuca;
fC(X) :I f (X), azap |f (X)| £ Cc 6ynca;
;:; C, aecap f (X) > C bynca
funksiya ham uzluksiz bo'lishini isbotlang, bunda ¢ - ixtiyoriy musbat son.
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748. Agar f (x) funksiya [a, b| kesmada uzluksiz bo'Isa, u holda
m(x) = inf {f (x)} va M(x)=sup{f(x)}
aEx£x

aEx£x
Funksiyalar ham [a, b] kesmada uzluksiz bo'lishini isbotlang.
749. Agar f (x) va g(x) funksiyalar uzluksiz bo'lsa, u holda
i (x)=mingf (x), a(x)g vay (x)=maxgf (x), g(x)g
funksiyalar ham uzluksiz bo’lishini isbotlang.
750. f (x) funksiya [a, b] kesmada aniglangan va chegaralangan funksiya bo'Isin. U holda

m(x) = inf {f (x)} va M (x):asﬁtjgx{f(x)}

aEx<x
funksiyalar [a, b] kesmada chapdan uzluksiz ekanligini isbotlang.

751. Agar f(x) funksiya a£ x<+¥ oraligda uzluksiz va lim f (x) chekli limit mavjud
bo'Isa, u holda bu funksiya berilgan oraligda chegaralangan ekanligini isbotlang.

752. f(x) funksiya (x,, +¥) oraliqda uzluksiz va chegaralangan bo'lsin. U holda har
ganday T son uchun

limgf (x,+T)- f(x,)§=0
tenglik bajariladigan x, ® +¥ ketma-ketlik mavjudligini isbotlang.

753.j (x) vay (x) funksiyalar -¥ <x<+¥ ordigda aniglangan uzluksiz, davriy
funksiyalar va

img (4)-y (x)g=0
tenglik o'rinli bo'lsin. U holda j (x) =y (x) bo'lishini isbotlang.

754. CHegaralangan monoton funksiyaning barcha uzilish nugtalari 1-tur uzilish nuqtalari
bo'lishini isbotlang.

755. Agar f (x) funksiya [a, b] kesmada monoton va chegaralangan va f(a) va f(b)
sonlar orasidagi barcha sonlar uning qiymatlari bo'lsa, u holda f(x) funksiya [a, b] kesmada
uzluksiz ekanligini isbotlang.

756. Ushbu

lsmi azap X' a 6yuca;
f)=i" x-a’ ’

1 0, aeap X =a 6ynca
funksiyaning giymatlari ixtiyoriy [a, b] kesmada f(a) va f(b) sonlar orasidagi barcha sonlardan
iborat ekanligini, lekin f (x) funksiya [a, b] kesmada uzluksiz emasligini isbotlang.
757. Isbotlang: agar f (x) funksiya (a, b) oraliqda uzluksiz bo'lsa, u holda shu oraligdan
olingan ixtiyoriy X, X,, ..., X, giymatlar orasida yotuvchi shunday x son topiladiki,

1, N
fx)=—gf () + T0e)+ .. +T(x)d
tenglik o'rinli bo'ladi.
758. f (x) funksiya (a, b) oraliqda uzluksiz va
| =limf (x), L=1limf (x)

X® a xX® a

bo’lsin. U holdahar ganday | (1 £1 £ L) sonuchun
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lim f(x,) =
tenglik bajariladigan x, ® a (n=1, 2,...) ketma-ketlik mavjudligini isbotlang.

8. Teskari funksiya. Parametrik berilgan funksiya.

759. Ushbu
ax+b
= ad-bct O
y cx+d ( )
kasr-chizigli funksiyaga teskari funksiyani toping. Qanday holda teskari funksiya berilgan funksiya
bilan ustma-ust tushadi?
760. y = x+[x] funksiyauchun x = x(y) teskari funksiyani toping.

761. Ushbu

y-esny=x (0£e<l)
Kepler tenglamasini ganoatlantiruvchi yagona y=y(x) (-¥ <x<+¥) uzluksiz funksiya
mavjudligini isbotlang.
762. ctgx=kx tenglama har ganday hagigiy k (- ¥ <k<+¥) son uchun 0<x<p
oraliqda yagona uzluksiz x = x(k) ildizga ega ekanligini isbotlang.
763. Monoton bo'lmagan y=f(x) (-¥ <x<+¥) funksiya bir giymatli teskari
funksiyaga ega bo’lishi mumkinmi? Quyidagi misolni ko'ring:
_ 1 X, aeap X payuonan 6yica,
y= % - X, aeap X uppayuouan oyica.
764. Qanday holda y = f (x) funksiyava x = f *(y) teskari funksiyalar bitta funksiyani
ifodalaydi?
765. Uzilishga ega bo'lgan y = (1+ xz)sgn x funksiyaga teskari bo'lgan funksiya uzluksiz
ekanligini isbotlang.
766. Agar [a, b] kesmada aniglangan f (x) funksiyashu kesmada gat iy o'suvchi va
limf(x)=1(a) (afx £b)
bo’Isa, u holda

limx =a
n®¥Xn

tenglikni isbotlang.
Quyidagi funksiyalar uchun teskari funksiyaning bir giymatli uzluksiz yaprog-larini
aniglang:

2X

767. y=Xx°. 768. y =2x- X°. 769. y = :
y =X y =2X- X y v
770. y =sinX. 771. y = COSX. 772. y =tg X.

773. Uzluksiz y=1+sinx funksiyaning (0<x<2p) ordigqdagi giymetlari toplami
kesmadan iborat ekanligini isbotlang.
774. Quyidagi tenglikni isbotlang:
arcsin x + arccos x :%.
775. Quyidagi tenglikni isbotlang:

sgnx (x1 0).

arctg x + arctg

X |~
N |
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776. Quyidagi arktangenslarni o shish teoremasini isbotlang:
+ Yy + ep

X
arctg x+arctg y = arctg 1

bunda e =e(x, y) funksiya 0, 1, - 1 giymatlardan birini gabul gjiladi.
X ning berilgan giymati uchun y ning ganday giymatlarida e funksiya uzilishga ega? Oxy
tekislikda e funksiya uzluksiz bo'ladigan sohalarni quring va qurilgan sohalarda bu funksiyaning
giymeatlarini aniglang.

777. Quyidagi arksinuslarni qo shish teoremasini isbotlang:

arcsinx+arcsiny = (- 1)° arcsin(x\/l- y? + y/1- x2)+ep

(e ME3),
bunda
§ 0, azap Xy£0 éxu X* +y* £16ynca,
’Irsgnx, azap Xy >0 6a X +Yy* >16ynca.
778. Quyidagi arkkosinuslarni o shish teoremasini isbotlang:
arccosx +arccosy = (- 1)° arccos(xy- V1- %2 |/1- y2)+2pe, (M£1 |y £1),
bunda
10, aeap x+y3 0,
_% 1, aeap x+y<O0.
779. Funksiyalarning grafigini yasang:
a) y=acsinx- arcsinyl- x*;  b) y:arcsin(2x\/1- xz)- 2arcsinx.
780. Ushbu
x=arctgt, y=arcctgt (- ¥ <t<+¥)
tenglamalar bilan berilgan y = y(x) funksiyani toping. Bu funksiya ganday sohada aniglangan?
781l. x=cht, y=sht (-¥<t<+¥) bo’lsin. t parametrining ganday giymatlarida y
funksiyani x o'zgaruvchiga nisbatan bir giymatli funksiya deb olish mumkin? Turli sohalar uchun
y ning ko rinishlarini toping.
782. Ushbu
=i (), vy () (as<t<b)
tenglamalar sistemasining echimi bir giymatli y=y(x) funksiya bo'lishining zaruriy va etarli
shartlari ganday?
Quyidagi misolni ko'ring: X =sin’t, y =cost?.
783. Qanday shartlar bajarilganda ikkita
«=i (), y=y (1) (a<t<b)
va
k=i (c(t). y=y (c(t)) (a<t <b)
tenglamalar sistemasi hitta y = y(x) funksiyani aniglaydi?
784. (a, b) oraligdaaniglangan j (x) vay (x) funksiyalar shu oraliqda uzluksiz va
A=infj (x), B=supj (x)

a<x<b a<x<b

bo'Isin. Qanday holda (A, B) oraligdaaniglanganva a< x <b oraliqda
i ()=1( (%)
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tenglikni ganoatlantiruvchi bir giymatli f (x) mavjud?

9. Tekisuzluksiz funksiya

785. TSexda tomoni x sm bo’lgan (L£ x £10) kvadrat plastinkalar ishlab chigariladi. Bu
plastinkalarning y yuzi ularning loyihasi yuzidan e dan kichik songa farq gilishi uchun
tomonlarini, berilgan oraligda uzunliklariga bog'liq bo'Imagan holda, ganday d qo’yim bilan gayta
ishlash mumkin? Agar:

a)e=1sm; b) e =0,01 sm?; v) e = 0,0001 sm?
boIsa, sonli hisobni bajaring.

786. Kengligi e gavauzunligi d gateng tsilindrik mufta y=%/x chiziqqa kiydirilgan va
bu mufta ozining oqi Ox oqiga paralel bo’lgan holatda chiziq bo'ylab sirpanib
harakatlanmoqda. Agar: a) e =1; b)e=0,1; Vv)e=0,01; @) e ixtiyoriy kichik son bo’lsa,
bu mufta egri chizigning - 10 £ x £10 tengsizlik bilan aniglanadigan gismini erkin bosib o'tishi
uchun d nimagateng bo’lishi kerak?

787. Quyidagi tasdigni "e - d" tilidaifodalang: f (x) funksiya biror to’plamda(intervalda,
kesmada va hokazo) uzluksiz, lekin bu to’plamda tekis uzluksiz emas.

788. f(x):% funksiya (0,1) intervalda uzluksiz, lekin shu intervalda tekis uzluksiz
emasligini isbotlang.

789. f(x):sin% funksiya (0,1) intervalda uzluksiz va chegardlangan, lekin shu
intervalda tekis uzluksiz emasligini isbotlang.

790. f (x)=sinx® funksiya - ¥ <x<+¥ cheksiz intervalda uzluksiz va chegaralangan,

lekin shu intervalda tekis uzluksiz emasligini isbotlang.
791. Agar f(x) funksiya a<x<+¥ sohada aniglangan va uzluksiz va lim f (x) chekli

limit mavjud bo'Isa, u holda f (x) funksiya shu sohada tekis uzluksiz ekanligini isbotlang.

792. CHegaralanmagan f (x) =x+sinx funksiya butun sonlar o'gida (- ¥ < x <+¥ ) tekis
uzluksiz ekanligini isbotlang.

793. f (x)=x funksiya

a) (-1,1), bunda | etarlichakattaixtiyoriy musbat son; b) - ¥ <x<+¥

intervaldatekis uzluksiz bo'ladimi?
Quyidagi funksiyalarni ko rsatilgan sohalarda tekis uzluksizlikka tekshiring (794-800):
X

794, f(x):4_ = (-1£x£1). 795. f(x)=Inx (0<x<1).

796. 1(x)= 2% (0<x<p). 797. f(x) =€ cos> (0<x<1).

798. f(x)=arctg x (-¥ <x<+¥). 799. f(x)=vx (LEx<+¥).

800. f(x)=xsinx (O£ x<+¥).

801. f(x):@ funksiya J, =(- 1<x<0) va J, =(0<x<1) intervallarning har birida

tekis yaqinlashuvchi, lekin J,+J,={0<|x <1} intervalda tekis yaginlashuvchi emasligini
isbotlang.
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801.1. Agar f(x) funksiya [a, c| va [c, b] kesmalarning har birida tekis yaginlashuvchi
bo'lsa, u holda bu funksiya [a, b] =[a, c]E [c, b] kesmada ham tekis yaginlashuvchi bo'lishini

isbotlang.
802. Agar:
8 f(x)=5x-3 (-¥ <x<+¥); b) f(x)=x"-2x-1 (-2£x£5);
V) f(x):% (01£ x£1); g) f(x)=vx (0£x<+¥);

d) f(x)=2sinx- cosx (- ¥ <x<+¥);
& f(x)=xsn> (x1 0)vaf(0)=0 (0ExEp).
X

bo’Isa, ixtiyoriy e >0 son uchun f (x) funksiyaning berilgan oraligda tekis uzluksizlik shartlarini
ganoatlantiruvchi d =d (e) (biror!) sonni toping.

803. f(x)=x* funksiyaning tebranishi har bir bo'lingan kesmada 0,0001 dan kichik
bolishi uchun [1, 10] kesmani nechta bir-biriga teng kesmalarga bo'lish etarli bo'ladi? 804.
(a, b) intervalda tekis uzluksiz bo’lgan chekli sondagi funksiyalarning yig'indisi va ko' paytmasi

ham shu intervada tekis uzluksiz bo'lishini isbotlang.
805. Agar monoton va chegaralangan f (x) funksiya chekli yoki cheksiz (a, b) intervalda

uzluksiz bo'lsa, u holda bu funksiya (a, b) intervalda tekis uzluksiz bo'lishini isbotlang.
806. Agar f (x) funksiyachekli (a, b) intervaldatekis uzluksiz bo'lsa, u holda ushbu
A: x!é!glo f (X) va B - xI(EeI)rII]O f (X)

limitlar mavjud. Agar (a, b) interval cheksiz bo'Isa, teoremaorinli bo'ladimi?

806.1. CHekli (a, b) intervalda aniglangan va uzluksiz f (x) funksiyani uzluksiz ravishda
[a b] kesmaga davom ettirish uchun f (x) funksiya (a, b) intervalda tekis uzluksiz bolishi zarur
vaetarli ekanligini isbotlang.

807. (a, b) intervalda f (x) funktsifning uzluksizlik moduli deb

w,(d) =] (%) 1 ()|

funksiyaga aytiladi, bunda x, va x, lar |x, - X,|£d shartni ganoatlantiruvchi (a, b) intervaldagi
ixtiyoriy nugtalar.

f (x) funksiyaning (a, b) oraligda tekis uzluksiz bo'lishi uchun

limw, (d)=0
b® +0
tenglik bajarilishi zarur va etarli ekanligini isbotlang.
808. Agar:
a) f(x)=x (O£ x£1);
b) f(x)=vx (O£ x£a) va(a<x<+¥);
v) f(x)=sinx+cosx (OEXE2p)
bo’lsa,
w, (d) £ Cd®

ko'rinishdagi w, (d) uzluksizlik moduling bahosini toping, bunda C vaa - 0'zgarmas sonlar.

52



10. Funktsional tenglamalar

809. x va y ning barcha hagiqiy giymatlarida
f(x+y)=f(x)+f(y) (1)
tenglamani  ganoatlantiruvchi yagona uzluksiz  f(x) (- ¥ <x<+¥) funksiya f(x)=ax
ko'rinishdagi chizigli bir jinsli funksiya ekanligini isbotlang, bunda a = f (1) - ixtiyoriy o'zgarmas
son.
810. (1) tenglamani ganoatlantiruvchi monoton f (x) funksiya chizigli bir jinsli ekanligini
isbotlang.
811. (1) tenglamani ganoatlantiruvchi va etarlicha kichik (- e, e) intervalda chegaralangan
f (x) funksiya chizigli bir jinsli ekanligini isbotlang.
812. x va y ning barcha giymatlarida
f(x+y)=1f(x)f(y) (2
tenglamani ganoatlantiruvchi yagona nolga aynan teng bo’Imagan uzluksiz f (x) (- ¥ <x<+¥)
funksiya f(x)=a* ko'rsatkichli funksiya ekanligini isbotlang, bunda a=f (1) - musbat
0 zgarmas son.
813. (2) tenglamani ganoatlantiruvchi, nolga aynan teng bo'Imagan va (0, e) intervalda
chegaralangan f (x) funksiyako'rsatkichli funksiya ekanligini isbotlang.
814. x va y ning barcha musbat giymatlarida
FOy)=1(x)+1(y)
tenglamani ganoatlantiruvchi yagona nolga aynan teng bo'lmagan uzluksiz f (x) (0<x<+¥)
funksiya f (x)=1log, x logarifmik funksiya ekanligini isbotlang, bunda a - musbat 0'zgarmas son
(at1).
815. x va y ning barcha musbat giymatlarida
F0y)=1(x)f(y) 3)
tenglamani  ganoatlantiruvchi yagona nolga aynan teng bo'lmagan uzluksiz f (x) (0<x<+¥)
funksiya f (x)=x* dargjali funksiya ekanligini isbotlang, bunda a - 0’zgarmas son.
816. x va y ning barcha hagiqiy giymatlarida (3) tenglamani ganoatlantiruvchi barcha
uzluksiz f(x) (- ¥ <x<+¥) funksiyalarni toping.
817. Uzilishgaega f (x) =sgnx funksiya (3) tenglamani ganoatlantirishini isbotlang.
818. x va y ning barcha hagiqiy giymatlarida
f(x+y)+f(x-y)=2f(x)f(y)
tenglamani ganoatlantiruvchi barcha uzluksiz f (x) (- ¥ <x<+¥) funksiyalarni toping.
819. x va y ning barcha hagiqiy giymatlarida
F(x+y)= 1) 1 (y)- a(x)a(y)
g(x+y)=f(x)a(y)+f(v)g(x)
tenglamalar sistemasini va
f(0)=1, g(0)=0
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shartlarni ganoatlantiruvchi barcha uzluksiz chegaralangan f(x) va g(x) (- ¥ <x<+¥)
funksiyalarni toping.

Yo' llanma F(x)=f*(x)+g*(x) funksiyani ko'ring.

820. Df(x)=f(x+Dx)- f(x) va D’f(x)=D{Df(x)} - f(x) funksiyaning mos
ravishda birinchi va ikkinchi tartibli chekli ayirmalari bo’lsin.

Agar f(x) (-¥ <x<+¥) funksiya uzluksiz va D*f (x)° 0 bo'lsa, u holda bu funksiya

chizigli ekanligini isbotlang, ya'ni f (x)=ax+b, bunda a va b - 0'zgarmas sonlar.



[1-BO'LIM
BIR O'ZGARUVCHILI FUNKSIYANING DIFFERENSIAL HISOBI

1. Funksiya hosilasi

821. Agar x o'zgaruvchi 1 dan 1000 gacha 0'zgarsa, y =Igx funksiyaning x argumenti-
ning Dx orttirmasi vaungamos Dy funksiya orttirmasini aniglang.

822. Agar x o'zgaruvchi 0,01 dan 0,001 gacha 0'zgarsa, y =1/x* funksiyaning x argu-
mentining Dx orttirmasi vaunga mos Dy funksiya orttirmasini aniglang.

823. x 0'zgaruvchi Dx orttirmagaega. Agar: @) y=ax+b; b) y=ax* +bx+c;v) y=a"
bo'lsa, Dy orttirmani aniglang.

824. Quyidagilarni isbotlang:

a Dgf(x)+g(x)g=Df (x)+Dg(x);

b) Dgf (x)g(X)g=g(x+Dx)Df (x)+ f (x)Dg(x).

825. y = x* chizigning A(2, 4) va A'(2+Dx, 4+Dy) nugtalari orgali AA' kesuvchi
o'tkazilgan. Agar: &) Dx=1; b) Dx=0,1; v) Dx=0,01; g) Dx bo’lsa, bu kesuvchining bur-
chak koeffitsientini toping.

Berilgan chiziqgga A nugtada o'tkazilgan urinmaning burchak koeffitsienti nimaga teng?

826. Ox o'gining 1£ x£1+h kesmasi y=x* funksiya yordamida Oy o'giga akslanadi.
CHo zilishning o'rtacha koeffitsientini hisoblang va agar: @) h=0,1; b) h=0,01 v) h=0,001
boIsa, sonli hisobni bajaring.

Bu akslantirishda x =1 nuqtadagi cho’zilish koeffitsienti nimagateng?

827. Nugtaning Ox 0°qi bo'yicha harakati ushbu

x =10t +5t*
formula bilan ifodalanadi. Harakatning 20 £t £ 20 + Dt vaqt oralig'idagi o rtacha tezligi-ni toping
va agar: @) Dt=1; b) Dt=0,1; v) Dt=0,01 bo’lganda sonli hisobni bajaring. Harakatning
t = 20 vagt momentidagi tezligi nimaga teng?
828. Hosilaning ta'rifidan foydalanib, quyidagi funksiyalarning hosilalarini toping:
1

a) X*; b) x; v = 9 Vx; d) ¥x;
e) tg x; j) ctg x; Z) arcsinx; i) arccosx; k) arctgx.

829. f'(x)=(x- 2)(x- 2)°(x- 3)° funksiyauchun f'@), f'(2) va f (3 larni toping.
830. f(x)=x?sin(x- 2) funksiyauchun f'(2) ni toping.

831. Agar
B ] [ x
f (x) = x+(x- 1)arcsin 1

832. Agar f(x) funksiya a nugtada differensiallanuvchi bo'lsa, u holda

i f(x)- f(a)

bo'lsa, f'(1) ni toping.

[imitni toping.
833. Agar f(x) funksiyadifferensiallanuvchi va n - natural son bo'lsa, u holda
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= (%) (1)

X +10
I|mn8f gx = f (x)
tenglik o'rinli ekanligini isbotlang.

Agar f(x) funksiya uchun (1) limit mavjud bo’lsa, u holda bu funksiya hosilaga ega
bo’ladimi? Misol sifatida Dirixle funksiyasini ko ring(734-misol).

Hoslla jadvalidan foydalanib, quyidagi funksiyalarning hosilalarini toping (834-843):

834. y=2+x- X,

(e ey enld

y'(0); yg%%; y'(1); y'(- 10) lar nimagateng?
3 2

835. y:%ﬁ‘?- 2x.

X ning ganday giymatlarida: a) y'(x)=0; b) y'(x) =-2; v) y'(x) =10?
836. y=a’ +5a°x* - X°. 837. y:aX+b.
a+b
838. y=(x- a)(x- b). 839. y = (x+1)(x+2)" (x+3)’.
840. y =(xsina +cosa )(xcosa - sina).
841. y = (1+nx")(1+mx"). 842. y =(1- x)(1- %) (1- ¥)".
1 y=(5+2° (3 40" y1e2,3
842.1. y =(5+2x) (3- 4x) 843, y =4+
844. Quyidagi formulani isbotlang:
ab
g@x+bq_ cd
gcx+d g (cx+d)° '
Quyidagi funksiyalarning hosilalarini toping (845-971):
2X 1+x- X°
Ly= : 846. y =
845y 1- X Yol x+ %
2- X )(2- %
847, y=— = 848.y=( )(2 )
(1- x)"(1+x) (1- x)
p p q
g1, y= LX) g50, y = X1 %)
(1+x)" 1+x
851. y=x+ X +3x. 852.y:1+i+i.
X J/x x
853.y:\/F-£. 854. y=x\1+%* .
N
855. y = (1+x)V2+x* Y3+ x°. 856. y:"“{‘/(l )" (1+x)" .
X 1+ x°
7.y= : 858. y=3
857. y = y -
1
859. y = . 860. y =4/ X+ X++/X .
i+ xz(x+\/1+ XZ)
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861. 862. y =cos2x- 2snx.
863. y:(2- xz)cosx+2xsinx. 864. y:sin(cos2 x)><:os(sin2 x).
865. y =sin" Xcosnx. 866. y =singsin(sinx)y.
sin’ X CoSX
867. y= : 868. y= :
Y sinx® y 2sin® x
869. y = 1n . 870.y = SinX- XCOSX
cos” x COSX+XSiNX
X X 1 1
871. y=tg—- ctg—. 872. y=tgx- =tg’x+=tg°x.
y 92 92 y=19 3 g 5 g
873. y:4€/ctgzx +§/ctggx. 874. y:seczf+coseczf.
a a
8ﬂiy:§ngm§@f@8. 876. y=¢e*
877. y = 29¥, 878. y=¢*(x*- 2x+2).
<TG 1- x)° u ..
879. y:gl—xsinx- (- x) cosxue *. 880. y:eXa?Hcthg.
g 2 E & 20
88l y = In3>sm>x<+cosx. 882, y = & asinbx- bcosbx.
3 Ja? +b?
x & _ R0 ab b a0
883. y=¢" +€° +¢€° 884. y= a>0,b>0).
&by &xp Eap ( )
885. y=x" +a* +a* (a>0). 886. y =tg*x?
887. y=In(In(Inx)). 888. y = In(In?(In’ x)).
1 1 1 1, x*-1
889. y==In(1+x)- =In(1+x*)- : 890. y==In :
yz( )4( )2(1+x) y4x2+1
4
8L y=— + _+iin X 802 y=—L pX3-v2
4(1+xt) 4 1+x Zf_ B2
803, y= L inktx, Yk | Irxlk (0<k<1).
1-k 1-x 1-k 1- xJ/k
894. y=+/x+1- In(1+\/x+1). 895. y:In(x+ x2+1).
896. y = xln(x+\/1+ XZ)- 1+
897. y:xlnz(x+\/1+ XZ)- 201+ X In(x+\/1+ x2)+2x.
2
898. yzgx/x2 +a’ +a7ln(x+\/x2 +a2).
1 f+xf
899. y= a>0, b>0).
Y= "Va xab )

y=31+31+¥x .
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2 2
900. y = 2+Xf’x Vi- X2 43ty X 901. y:Intgg.

X
902. y Intgga(—+p O. 903. y:%ctgzx+lnsinx.
904, y = In [ SNX 905, y = - 05X | LT COSX.
1+sinx 29n° X snx
2 2.
906. y:Inb+acosx+\/b a“sinx (O£|aj<|b|).
a+bcosx
1 1 1 1
907. y==(In*x+3In* x+6Inx+6). 908. y=——+In :
y x( ) y 4 x  16x°
909, y:g(l- i+ x2)+3ln(1+x3/1+ xz). 910. y = |ne_1+|nae—1+|n—aJu
X
911. y = xgsin(Inx) - cos(Inx)g. 912. yzlnth- cosxAntg x.
. X 1- X
913. y =arcsin—. 914. y = arccos—.
y 5 y NG
X 1 J2
915. y = arctg—. 916. y =—arcctg—.
y g a y NG g ”
917. y =/x- arctg/x . 918. y = x++/1- X* Xarccosx.
919. y:xarcsin‘/l%+arctg\/§- JX. 920. y:arccosl.
X X
921. y =arcsin(sinx). 922. y:arccos(cos2 x).
923. y =arcsin(sinx- cosx). 924. y = arccosv/1- x? .
925. y:arctg“—x. 926. y = arcctgaaMO
1-x gsmx COSX g
2 ®[a-b,_ x0 1- x2
927.y =————=arctgg,|——tg—= (a>b3 0).928. arcsin
Y Ja? - p? J a+b925( ) = 1+ %2
1 1
929, y=———. 930. y =arctg x+=arctg(x®) .
Y arccosz(xz) Y 973 g( )
931. y:In(1+sin2 x)- 2sinx>arctg(sinx). 932. y= InZrccos—— 0
& xo
x+a | a X
933. y=In —+—arctg— bt O0).
VX +b? b b ( )
2
934. yzgx/az- X2 +a7arcsin§ (a>0).

x+1)° -
935. yzllnu +iarctgzx—1.

6 XxX°-x+1 3 J3

2
936. y = 1 InX txvarl 1 arctgxz—ﬁ.
42 XP-xJ2+1 242 X2 -1
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937. y=

Inx

N
4_ 2
oa1 y=—ppX X1 1 E
_ 3
1- Ix ++/3arctg 7
1+3x+ 3% 3

(a>0).

939. y = arctgyx® - 1-

943. y=In

945, y = arcctg
24Jax- X

946. y—— 1- 2x- X* +2arcsm1—X

V2

947. y==In——————- —arctg

x(arcsin x)2 +2J1- x> arcsinx- 2X.

- arct .
2.3 91
1+ 2%

arccosx 1 1 \/1 X2

938, y =

x 2 1+\/1 x?
940. y arcsmx 1 1 X
,[1 X 2 1+X
x°
+ X7
944 y—arctg;
1++/1- X2

948. y = arctg (tgzx) .

2
949. y =+/1- x* ¥n f% +%Inu+\/1- x* +arcsinx.
X

1
950. y = xarctg x- =In{1+x*)-
y gx- ZIn(1+x)
952. y:arctg(x+\/1+x2).

954.

+=arctg

%(arctg x)”.

1 In\/x +2-x/3 1 X2 +

y:
4\/5_3 VX2 +2+xy3 2 X
\/1+x - X2

951. y= In(eX +/1+€e* ) :

& sinasnx o

953. y =arcsin .
y 81- €COSacCosX g

957. y= arccos(sin X - cosxz) :

W2 1
955. y = arctg
V1+x* 4\/_ i+ X +x2
_ x\/1- ¥ 3 X2
956. y =————- —=arcctg :
1+x 2 Vi- X

958. y:arcsin(sinx2)+arcco ( SX )
959. y = " =" geos(marcsin x) + s

2X

960. y = arctge” - In

e +1"
1

960.2. y = arcctg T

ctgP
961. y=x+x +x* (x>0).
963. y =4/x (x>0).

965. y =(Inx)": x™.

59

in(marcsinx)g.

960.1. y = \/1+ J1+ 41+ x4

960.3. y = In? (secZ%).

962. y=x"+x* +a“ (a>0,x>0).
964. y = (sinx)™ +(cosx)™".
arctg X
earcsm(sm x) u
965.1. y = a
garccos(cos2 X)H



966. y=log, e. 967. y=In(chx)+——.
y =100, y ( ) 2ch®x
chx *®. X0
968. y=———- InsCth—=. 969. y = arctg (tg x).
Y=g Ngtho= y g(tgx)

970. y = arccosgiixo

971. y—— +2“ arctgg‘/ bth—- (0£0<a).

972. u = cos’ x 0 zgaruvchi kiritib, ushbu
y= In(cos2 X ++/1+ cos’ x)

funksiyaning hosilasini toping.
Awvalgi misolda ko'rsatilgan usulni go’llab, quyidagi funksiyalarning hosilasini toping
(973-976):

973. y:(arccosx)zénz(arccosx)- In(arccosx) +

41 4 4 +
974. yzlarctg(\“/1+ x“)+1|n1—X1.
2 4 {1+x -1

1u
2

X

975. y=

e'Xzarcsin(e'Xz) 1 i 1. g2
+—In(1- e'zx). 976. y = a a arcctga”

h-e2¢ 2 1+a® 1+a>

977. Quyidagi funksiyalarning hosilasini toping, ularning va hosilalarining grafiklarini
yasang:

a) y=|; b) y=x|; V) y=In|x.
978. Quyidagi funksiyalarning hosilasini toping:

a) y:g(x- 1)2(x+1)38; b) y:|sin3 x|;

V) y= arccos| 3 ) y=[x]sin*px.

Quyidagi funksiyalarning hosilasini toping, ularning va hosilalarining grafiklarini yasang
(979-983):

11- %, - ¥ <x<1 i 2 2 :
979. y:%(l- x)(2- x), 1Ex£2; . 980. y:%(x_ a) (x- b, a“£x£b,
%-(2- X), 2<X<+Y. ! 0 «I [a.b].
or o] X x<0 - _: arctg x, X £1;
' y_%In(1+x), x30 ' y_;%sgnx+x; X >1
Ixe, |{£L
983. y=1
i

984. Berilgan y=f(x) funksiya logarifmining hosilasi shu funksiyaning logarifmik
hosilasi deyiladi:
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X :i|n| f (X)| o f I(X) .
y dx
Quyidagi funksiyalarning logarifmik hosilasini toping:

- /1'X. 'S 3-x
a y=X Tox’ b) y—l_X3(3+X)2,
V) y=(x-a)" (x- a,)". .. (x-a,)"; g)y:(x+J1+x2)”.

985. j (x) vay (x) funksiyalar x o'zgaruvchi bo'yicha differensiallanuvchi funksiyalar
bo’Isin. Quyidagi funksiyalarning hosilasini toping:

3 y=y1 “(x)+y *(x); b) y=arctg:%;
V) yzj(x\)/WX) (j (X)1 oy (x)>0);

9) y=log, .,y (%) (i (x>0, 'y (x)>0).
986. Agar f (u) differensiallanuvchi bo'lsa, y' ni toping:

a) y=f(x); b)y = f (sin®x) + f (cos’ x);
v) y=f(e)et; o) y=f{fgf(xg.
986.1. Ushbu

f (x) =x(x- 1)(x- 2)...(x- 1000)

funksiyauchun f '(0) ni toping.
987. Quyidagi n - tartibli determinantni differensiallash goidasini isbotlang:
f(X) fo(x) ... fi, () fu(x) fo(x) ... f,(x)

fu(x) (%) ... fo(X)| = Fru(x) Flu(X) ... ().

for (X) foo (X) - fn (X) fu(X) foa(X) ... fon(X)

x-1 2
F(x)=]-3 x 3
-2 3 X+
989. F'(x) ni toping:
x x* x
F(x)=[1 2x 3x}.
0 2 6X
990. Funksiya grafigi berilgan. Uning hosilasining grafigini tagribiy yasang.
991. Ushbu
l X sinl, X1 0;
f (X) =i X
{ 0, x=0.

funksiya uzilishga ega bo"Igan hosilaga ega ekanligini isbotlang.
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992. Qanday shartlar bajarilganda
f(x):x“sin% (x10) va f(0)=0

funksiya @) x=0 nuqtada uzluksiz; b) x =0 nugtada differensiallanuvchi; v) x=0 nugtada
uzluksiz hosilaga ega?
993. Qanday shartlar bajarilganda

f(x):|x|”sinﬁ (x* 0) va f(0)=0 (m>0)

funksiya a) koordinata boshi atrofida chegaralagan hosilaga ega; b) shu atrofda chegaralan-magan
hosilaga ega?
994. Agar

f(x)=(x- ) ()

bo'lsa, f'(a) ni toping, bundaj (x) funksiya x = a nugtada uzluksiz.

995. Ushbu
f(x)=|x-4i (x)
funksiya a nugtada hosilaga ega emasligini ko'rsating, bunda j (x) funksiyauzluksizvaj (a)?* O.
Bir tomonlama f ' (a) va f', (a) hosilalar nimagateng?
996. Berilgan a, a,, ..., a, nuqtalarda hosilaga ega bo’Imagan uzluksiz funksiyaga misol
quring.
997. Ushbu

f(x)

funksiya x =0 nugtaning ixtiyoriy atrofida hosilaga ega bo’Imaydigan nugtalarga ega, lekin x =0
nugtaning o zida hosilaga ega ekanligini isbotlang.

Bu funksiya grafigining eskizini yasang.

998. Ushbu

= x? cos% (x 0) va f(0)=0

1 X%, aeap X payuoman 6ynca;
)=
0, aeap X uppayuonan 6ynca

funksiyafagat x =0 nugtada hosilaga ega ekanligini isbotlang.
999. Quyidagi funksiyalarni differensiallanuvchilikka tekshiring:

a) YZ‘(X- 1)(X- 2)2(X- 3)3 ) b) y:|cosx|; ) y:|p2- X2|Sin2x;
ix-1 2
1 £1
g) y = arcsin(cosX); dy= : 4 —=(x+1)", |X| 1
b1 X >1.

|
Quyidagi f (x) funksiya uchun chap f' (x) vao'ng f', (x) hosilalarni toping (1000-
1008):

1000. f (x)=|¥. 1001. f (x)=[x]sinpx.
1002. f(x):xcos% (x10), f(0)=0. 1003 f(x)=+sinx.
1004. f(X) = :;]/X (x* 0), f(0)=0. 1005. f (x)=+1- €* .
. 2X
1006. f (x)=|n|x| (x* 0). 1007. f (x) =arcsin—
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1008. f (x) = (x- 2)arctgiz (x12), f(2)=0.
X_
1009. Ushbu
f(x):xsin1 xtO0va f(0)=0
X

funksiya x=0 nuqtada uzluksiz, lekin bu nugtada chap va o'ng hosilalarga ega emasligini
isbotlang.

1009.1. x, nuqta f (x) funksiyaning 1-tur uzilish nugtasi bo'lsin. U holda

ey o i FO0 ) - T(6-0) o T th)- (6 +0)
f_(xo)—i!ém) h vaf+(><0)—l!(grpo h

ifodalar f (x) funksiyaning x, nugtadagi umumlashgan bir tomonlama (mos ravishda chap va
o ng) hosilalari deyiladi.

Quyidagi funksiyalarning %, uzilish nugtasidagi f' (x,) va f' (%) hosilaarini
toping:

S 3 1+x 1
a) f(x)= vt b) f(x)—arctgﬁ, V) f(x)—1+eyx.
1010. Ushbu
> 2 .
f(x)—% X“, XE X,

- fax+b, x>x,
funksiya x = x, nugtada uzluksiz va hosilaga ega bo'lishi uchun a va b koeffitsientlarni qanday

tanlash kerak?

1011. x = X, nuqtada chapdan differensiallanuvchi bo’lgan ushbu

F (4 :I f(x), XE X
fax+b, x>,

funksiya x = x, nugtada uzluksiz va hosilaga ega bo'lishi uchun a va b koeffitsientlarni qanday
tanlash kerak?

1012. a£ x£b kesmada y = A(x- a)(x- b)(x- c) kubik parabola yordamida (bunda A
va ¢ parametrlarni aniglanadi) ushbu

y=k(x-a) (-¥<x<a), y=k,(x-b) (b<x<+¥)

ikkitayarimto'g'ri chiziglarni ulang.
m2
&
parametrlar) parabola bilan shunday toldiringki, natijada silliq chiziq hosil bo'lsin.

1014. Agar: @) f(x) funksiya X, nugtada hosilaga ega, g(x) funksiya bu nuqtada hosilaga

1013. y = (4 >c) egri chiziq gismini y=a+bx* (|x£c) (a va b - noma'lum

ega bo'lmasa; b) f(x) va g(x) funksiyalar X, nugtada hosilaga ega bo'lmasa,
F(x) = f(x)+g(x) funksiya x = x, nuqtada hosilaga ega emas deb tasdiglash mumkinmi?

1015. Agar: @) f(x) funksiya X, nugtada hosilaga ega, g(x) funksiya bu nugtada hosilaga
egabo’lmasa; b) f(x) va g(x) funksiyalar x, nugtada hosilaga egabo’lmasa, F (x) = f (x)g(x)
funksiya x = x, nuqtada hosilaga ega emas deb tasdiglash mumkinmi? X =0 uchun
quyidagi misollarni ko'ring:

3 f(x)=x g(x)=x; b F(x)=[x, a(x)=[X.
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1016. Agar: @ f(x) funksiya x=g(%) nugtada hosilaga ega, g(x) funksiya x=x,
nugtada hosilaga ega bo'lmasa; b) f (x) funksiya x=g(x,) nuqtada hosilaga ega emas, g(X)
funksiyaesa x = x, nugtada hosilaga egabo’lsa; v) f (x) funksiya x = g(x,) nugtada hosilaga ega
emas, g(x) funksiyaesa x = X, nugtada hosilaga ega emas bo'lsa, F (x) = f (g(x)) funksiyaning
X = %, nuqgtada differensiallanuvchiligi hagida nima deyish mumkin?

X, = 0 uchun misollar ko'ring:

319, o= B I(X=p, g()=x;
v) f(x)=2x+|x, g(x):éx-%M,

1017. y = x+3/sinx funksiyaning grafigi ganday nuqgtalarda vertikal urinmalarga ega? Bu
grafikni yasang.

1018. f (x) funksiya o'zining uzilish nuqtasida a) chekli hosilaga; b) cheksiz hosilaga ega
bo'lishi mumkinmi?

Misol sifatida f (x) =sgnx funksiyani ko'ring.

1019. Agar f(x) funksiya chegaralangan (a, b) intervalda differensiallanuvchi va
lim f (x) =¥ bo'lsa, u holda ushbu

x® a
1) lim f '(x)=¥; 2 lim

tengliklar albatta bajarilishi shartmi?
Misol sifatida x® 0 da f (x) —1 i cost funksiyani ko'ring.
X X

f'(x)|:+¥

1020. Agar f(x) funksiya chegaralangan (a, b) intervalda differensiallanuvchi va
lim f'(x) =¥ bo'lsa, u holda ushbu

x® a
lim f (x) =¥
tenglik albatta bajarilishi shartmi?
Misol sifatida x® 0 da f (x) = ¥/x funksiyani ko'ring.
1021. f(x) funksiya (X, +¥) intervalda differensiallanuvchi va I(g)rllf(x) mavjud

bo'lsin. Bundan lim f '(x) limitning mavjudligi kelib chigadimi?

o sn(x)
Misol sifatida f (x) =———= funksiyani ko'ring.
X
1022. CHegaralangan f(x) funksiya (x,, +¥) intervalda differensiallanuvchi va
IE@er'(x) mavjud bo'lsin. Bundan chekli yoki cheksiz Iggf(x) limitning mavjudligi kelib
chigadimi?
Misol sifatida f (x) = cos(Inx) funksiyani ko'ring.

1023. Funksiyalar orasidagi tengsizlikni hadma-had differensiallash mumkinmi?
1024. Yig'indilarni hisoblash formulalarini keltirib chigaring:

P =1+2x+3x° +...+nx"*
va
Q, =L +2°x+F X +...+n’x"".

Yo llanma (x+x2+ .. +x“)' ni ko'ring.
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1025. Yig'indilarni hisoblash formulalarini keltirib chigaring:
S =snx+sn2x+...+snnx

va
T, =COSX+2C0S2X+...+NCOSNX.
1025.1. Yig'indini hisoblash formulasini keltirib chigaring:
S, =chx+2ch 2x+...+n ch nx.
Yo' llanma S =(shx+sh2x+...+shnx)".
1026. Ushbu
cos~cos>. . .cosin =_3nXx
2 4 2" ongn X
2n
ayniyatdan foydalanib, yig'indini hisoblash formulasini keltirib chigaring:
S :ltg§+1tg§+. : .+itgl.
" 272 474 2"~ 2"

1027. Differensiallanuvchi juft funksiyaning hosilasi toq, differensiallanuvchi toq
funksiyaning hosilasi esa juft funksiya ekanligini isbotlang.

Bu tasdigni geometrik nugtai-nazardan izoxlang.

1028. Davri T bo'lgan differensiallanuvchi davriy funksiyaning hosilasi yana T davrli
davriy funksiya ekanligini isbotlang.

1029. Doiraning radiusi R =10 sm bo’lib, u 2 snvs tezlik bilan tekis 0'ssa, u holda 0'sha
vagtda doiraning yuzi ganday tezlik bilan 0" sadi?

1030. To'g'ri to'rtburchakning tomonlari x=20m va y =15m bo’lib, birinchi tomoni
1 m/s tezlik bilan kamaysa, ikkinchi tomoni esa 2 m/s tezlik bilan o'ssa, u holda o'sha vagtda
to'g'ri to rtburchakning yuzi va diametri ganday tezlik bilan o’ zgaradi?

1031. Bitta portdan bir vagtning o'zida shimol yo'nalishida A paroxod va sharq
yo nalishida B paroxod yo'lga chigdi. Agar A paraxodning tezligi 30 km/s, B paraxodniki esa
40 km/c bo’Isa, ular orasidagi masofa ganday tezlik bilan o’ sadi?

1032. S(x) funksiya ushbu

i X, OEXEZ2
f(x)={
12X- 2, 2<X<+¥
egri chizig, Ox o'gi va Ox o'giga x (x3 0) nugtada o'tkazilgan perpendikulyar orasidagi yuzani
ifodalovchi funksiya bo'lsin. S(x) funksiyaning analitik ko'rinishini tuzing, uning S'(X)
hosilasini toping va y = S'(x) funksiyaning grafigini yasang.
1033. S(x) funksiya ushbu

y=+a?- x
aylana yoyi, Ox 0'gi va Ox 0'giga0 va x (|x| £ a) nuqtalarda o'tkazilgan ikki perpendiku-lyarlar
orasidagi yuzani ifodalovchi funksiya bo'lsin. S(x) funksiyaning analitik ko'rinishini tuzing, uning
S'(x) hosilasini toping va y = S'(x) funksiyaning grafigini yasang.

2. Teskari funksiya hosilasi. Parametrik funksiya hosilasi.

65



Oshkor mas funksiya hosilasi

1034. y*+3y=x tenglama bilan aniglanadigan bir giymatli y =y(x) funksiya mavjud
ekanligini isbotlang vauning y, hosilasini toping.

1035. y- esny=x (0£e<1) tenglama bilan aniglanadigan bir giymatli y=y(x)
funksiya mavjud ekanligini isbotlang va uning y, hosilasini toping.

1036. Quyidagi funksiyalar uchun x = x(y) teskari funksiyaning aniglanish sohasini toping
vaularning hosilasini toping:

a y=x+Inx(x>0); b) y=x+¢€; v) y=shx; g) y=thx.

1037. Quyidagi funksiyalar uchun x=x(y) teskari funksiyaning bir giymatli uzluksiz
yaproglarini gjrating, ularning hosilalarini toping va grafiklarini yasang:

XZ

1+ %%
1038. Agar x=-1+2t-t?, y=2-3t+t> bo'lsa, y=y(x) funksiya grafigi eskizini
chizing va y, hosilasini toping. x=0 va x=-1 da y, hosilaning giymati nimaga teng? Qanday
M (x, y) nugtada y, (x) =07?
Quyidagi parametrik ko'rinishda berilgan funksiyalar uchun 'y, hosilalarni toping
(parametrlar musbat, 1039-1046):

a) y=2x*- x'; b) y= V) y=2e*-¢e?,

1039. x=J1- vt , y=+1- 3. 1040. x =sin’t, y = Ccos’t .
1041. x =acost, y =bsint. 1042. x=acht, y=bsht.
1043. x=acos’t, y=asn’t. 1044. x=a(t- sint), y=a(l- cost).
. . t 1
1045. x =€* cos’t, y=¢€"sin’t. 1046. X = arcSin——, Yy = arccos :
1+t? V1+t?
1047. Ushbu

X=2t+|t|, y=5t>+4tt|
tenglamalar sistemasi bilan aniglanadigan y = y(x) funksiya t =0 nugtada differen-tsiallanuvchi,
lekin bu nugtada uning hosilasini odatdagi formula bilan topib bo’Imasligini isbotlang.
Quyidagi oshkormas funksiyalarning y, hosilalarini toping (1048-1053):
1048. x* +2xy - y* = 2X.
x=2,y=4vax=2, y=0 nugtalardagi y' hosila nimagateng?

2 2

1049, y? = 2px (parabola). 1050. % +§ =1 (elips).

1051. /x +,[y =+/a (parabola). 1052. x?* + y?® = a?® (astroida).
1053. arctgY = Iny/x? +y? (logarifmik spiral®).

1054. Agar ”

a) r=ag (Arximed spirali); b) r =a(l+cosj ) (kardioida);

v) r =ae" (logarifmik spiral’), bunda r={Jx’+y> vaj = arctgi - qutb koordina-
X
talar.
3. Hosilaning geometrik ma nosi
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1055. y=(x+1)¥3- x egri chiziqga & A(-10); b) (23); v) C(3 0) nugtalarda
0 tkazilgan urinma va normalning tenglamalarini tuzing.

1056. Qanday nuqtalarda y=2+x- x* egri chizigga o'tkazilgan urinma @) Ox 0 giga
parallel; b) birinchi chorak bissektrisasiga parallel bo'ladi?

1057. Ushbu
y=a(x- x)(x- %) (at0,x<x,)
parabola Ox o'qini bir-biriga teng bo’lgan a va b g%<a <%, 0<b <%9 burchaklar ostida
a

kesib o'tishini isbotlang.

1058. y=2sinx (-p £x£p) egri chizigning “tikligi” (ya'ni |y/|) 1 dan katta bo'ladigan
gismlarini aniglang.

1059. y=x va y, = Xx+0,01sin1000p x funksiyalar bir-biridan 0,01 dan katta bo'Imagan
songa farq qiladi. Bu funksiyalar hosilalari ayirmasining maksimal giymati hagida nima deyish
mumkin? Mos grafiklarni yasang.

1060. y =Inxegri chizig Ox o qini ganday burchak ostida kesib o'tadi?

1061. y = x* va x = y* egri chiziglar ganday burchaklar ostida kesishadi?

1062. y =sinx va y = cosx egri chiziglar ganday burchaklar ostida kesishadi?

1063. n parametrning ganday giymatida

y =arctg nx (n>0)
egri chizig Ox o'qini 89° dan katta bo’Igan burchak ostida kesib 0'tadi?
1063.1. y=|x" egri chiziq
a) 0<a <1daOy o'qgigaurinishini; b) 1<a <+¥ da Ox 0 gigaurinishini isbotlang.

1063.2. Ushbu
_i)*, ato0 xto
y=i
T 1, x=0
funksiya grafigi uchun A(0, 1) nuqtadan o'tuvchi kesuvchining limit holati Oy o'gi bo'lishini
isbotlang.

1064. Quyidagi egri chiziglarga ko'rsatilgan X, nugtalarda o'tkazilgan chap va o'ng
urinmalar orasidagi burchakni toping:

a y=vi- ¥ x =0; b)y:arcsin“i, X, =1.

XZ

1065. r =ae™ (a va m - 0'zgarmas sonlar) logarifmik spiralga o'tkazilgan urinma urinish
nugtasining radius-vektori bilan 0 zgarmas burchak tashkil gilishini isbotlang.

1066. y =ax" egri chizigning urinma ostining uzunligini aniglab, bu egri chizigga urinma
yasash usulini ko rsating.

1067. y* = 2px parabolaga

a) urinma osti urinish nuqtasi abstsissasining ikkilanganiga tengligini;

b) normal osti 0"zgarmas songa tengligini isbotlang.

Bu parabolaga urinma yasash usulini ko'rsating.

1068. y=a" (a> 0) ko'rsatkichli egri chizig o'zgarmas urinma ostiga ega ekanligini
isbotlang. Bu egri chizigga urinma yasash usulini ko'rsating.

1069. Ushbu

y= ach5
a
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zanjirli chizigga uning ixtiyoriy M (xo, yo) nugtasida o'tkazilgan normalning uzunligini aniglang.

1070. x**+y**=a?® (a>0) adtroidaga o'tkazilgan urinmaning koordinata o'glari
orasidagi kesmasining uzunligi 0"zgarmas songa teng ekanligini isbotlang.

1071. a,b,c koeffitsientlar orasida ganday shartlar bajarilganda y = ax* + bx + ¢ parabola
Ox o'gigaurinadi?

1072. Qanday shartlar bajarilganda ushbu

y=x'+px+q

kubik parabola Ox o'giga urinadi?

1073. a parametrning ganday giymatida y = ax® parabola y =Inx egri chizigga uri-nadi?

1074. Agar f(x) differensiallanuvchi funksiya bo’lsa, u holda

y=f(x) (f(x)>0) va y=f(x)snax

egri chiziglar bir-biriga umumiy nuqtalarda urinishini isbotlang.

1075. x> - y* =ava xy=b giperbolalar oilalari ortogonal panjara tashkil etishi-ni
isbotlang, ya'ni bu oilalardagi egri chiziglar to'g'ri burchak ostida kesishadi.

1076. y* =4a(a- x) (a>0) va y>=4b(b+x) (b>0) parabolalar oilalari ortogo-nal
panjara tashkil etishini isbotlang.

1077. Ushbu

x=2t-t>, y=3t-t

egri chiziggaa) t =0; b) t =1 nuqtalarda 0'tkazilgan urinma va normalning tenglamalarini tuzing.

1078. Ushbu

X:m+ﬁ y:m-ﬁ
1+t° 1+t°

egri chizigga @) t=0; b) t=1; v) t=¥ nuqgtalarda o'tkazilgan urinma va normalning teng-
lamalarini tuzing.

1079. Ushbu

x=a(t- sint), y =a(1- cost)
tsikloidaning ixtiyoriy t =t, nuqtasida o'tkazilgan urinmasining tenglamasini tuzing.
Bu tsikloidaga urinma yasash usulini ko'rsating.
1080. Ushbu
x = adnt l+ 0 =asl 0 O
=ag 95 costa, y=asint (a>0, 0<t<p)

traktrisa 0" zgarmas uzunlikka ega bo’lgan urinma kesmasiga ega ekanligini isbotlang.
Quyidagi egri chiziglarga ko'rsatilgan nugtalarda o'tkazilgan urinma va normal teng-
lamalarini tuzing:
2 2

W
1081. —+-=>—=1, M (6; 6,4). 1082. xy+Iny=1, M (L1).
100 ea L M(6:64) ey =1, M
4. Funksiya differensiali
1083. Ushbu

f(x)=x>- 2x+1
funksiya uchun 1) Df (1); 2) df (1) larni aniglang va @ Dx=1; b) Dx=0,1; v) Dx=0,01
bo’lganda ularni taggoslang.
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1084. Harakat tenglamasi
x = 5t?
formula bilan berilgan, bunda t - soniyada, X - 0'zgaruvchi esa metrda o’lchanadi.
t =2 vagtdagi Dx - yo'l orttirmasi va dx - yo'l differensialini aniglang vaagar: @) Dt =1 s,
b) Dt =0,1s,v) Dt =0,001 s bo'lsa, ularni taggoslang.
Quyidagi funksiyalarning differensialini toping (1085-1089):

1085, y = . 1086. y = LarctgX (a? 0).
X a a
1088. y:In‘x+\/x2+a‘.

X-a

1087. y:iln Tal
X

2a

1089, y:arcsing (at 0).

1090. Toping:
x\. : . el 6,
a) d(xe ) b) d(sinx- xcosx); V) d%x e
aénxo x O
d) d{va®+x*|; € AP e,
g[ ( ) g\/l- X g
: . & 10 . € sinx P
) dln(l- XZ), 2) dgarccosH; ) dé2c052 2 tg8 3 :

u,v, w - X 0 zgaruvchiga nisbatan differensiallanuvchi funksiyalar bo'lsin. Quyi-dagi
funksiyalarning differensialini toping (1091-1095):

u 1

1091. y = uvw. 1092. y=—-. 1093. y=—.

’ G ST
1094, y:arctg%. 1095, y = Invu? +\2 .
1096. Toping:

d 3 6 ). d asinxo. d(SinX).
QA —(X-2X-X"); b)) ——c0——=: V) ——~;
) d(x3)( ) ) d(xz) X g ) d (cosx)

d(tgx) d(arcsinx)
9) r : d —.

(ctgx) d (arccosx)

1097. Doiraviy sektorning radiusi R =100 sm va markaziy burchagi a =60° ga teng.
Agar a) uning R radiusi 1 smgaorttirilsa; b) uning a burchagi 30" ga kamaytirilsa, bu sektorning
yuzi ganday o' zgaradi? Aniq vatagribiy echimlar bering.

1098. Mayatnik tebranishining davri (soniyalarda)

.y
g

formula bilan aniglanadi, bunda | - mayatnikning santimetrda uzunligi, g =981 sm/c? — tortishish
kuchining tezlanishi.

T davr 0,05 s ga ortishi uchun mayatnikning | =20 sm uzunligini ganchaga o zgartirish
kerak?

Funksiya orttirmasini differensial bilan almashtirib, quyidagilarni tagribiy hisoblang (1099-
1103):

1099. 31,02 . 1100.sin29°. 1101. cos151°.
1102. arctgl,05. 1103. Ig1l.
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1104. Ushbu
JaZ+x» a+2—);l (a>0)

tagribiy formulani isbotlang, bunda |[x| = a (A va B musbat sonlar orasidagi A= B munosabat

A son B gagaraganda anchakichik degan ma noni anglatadi).
Bu formula yordamida quyidagilarni tagribiy hisoblang:

a) 5; b) V34 V) /120
vajadvaldagi giymatlari bilan taggoslang.
1104.1. Ushbu

\/a2+x:a+2—);- r (a>0, x>0)

3
formulani isbotlang, bunda O <r < % .
a

1105. Ushbu

Ya"+x»a+ )r(H (a>0)

na
tagribiy formulani isbotlang, bunda | = a.

Bu formula yordamida quyidagilarni tagribiy hisoblang:

a) 39; b) 4/80; v) {100;  g) %¥1000.

1106. Kvadratning tomoni x=2,4m %=0,05m ga teng. Bu kvadratning yuzini ganday

absolyut va nishiy xatoliklar bilan hisoblash mumkin?

1107. SHarning hajmini 1 % aniglikkacha hisoblash uchun uning R radiusini ganday nisbiy
xatolik bilan 0’Ichash mumkin?

1108. Mayatnikning tebranishi yordamida tortishish kuchining tezlanishini aniglash

magsadida g =4p?l/T? formuladan foydalaniladi, bunda |- mayatnik uzunligi, T- mayatnik
tebranishining to'la davri. @ | uzunlikni; b) T davrni o’lchashda d nisbiy xatolik g ning
giymatiga ganday ta'sir giladi?

1109. Agar x(x >0) sonning nisbiy xatoligi d ga teng bo'lsa, bu son o'nli logarifmining
absolyut xatoligini aniglang.

1110. Logarifmik jadval bo'yicha burchaklarning tangenslari o'nli xonalari bir xil bo'lganda
sinuslarning logarifmik jadvaliga qaraganda anigroq hisoblanishini isbotlang.

5. YUgori tartibli hosila va differensiallar

Quyidagi funksiyalar uchun y" ni toping (1111-1119):

1111, y = xJ/1+ %2 . 1112, y=—2 . 1113 y=¢e* .
1-x
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1114. y =tg x. 1115. y = (1+x*)arctg x. 1116. y =

1117. y = xInx 1118. y =In f ().
1119. y = xgsin(Inx) +cos(Inx)g
1120. Agar
y = e™"* cos(sinx)
bo'lsa, y(0), y'(0) va y"(0) larni toping.
u=j (x) va v=y (x) - ikki marta differensiallanuvchi funksiyalar bo’lsin. y" ni
toping, agar:

1121, y = 2. 1122, y=InY.
v
1123. y =+/U* +V* . 1124. y=u’ (u>0).
f (X) - uch marta differensiallanuvchi funksiya bo’lsin. y" va y" larni toping, agar:
1125, y = f (). 1126, y = f 29
&xg
1127. y = f (&). 1128, y = f (Inx).

1129. y = f (j (x)), bundaj (x)- etarlicha marta differensiallanuvchi funksiya

1130. y = €* funksiya uchun quyidagi ikki holda d*y ni toping: @) x- erkli 0’ zgaruvchi, b)
x - oraliq argument.

x ni erkli 0'zgaruvchi deb hisoblab, quyidagi funksiyalar uchun d*y ni toping:

1131, y =1+ . 1132, y = 11X. 1133, y = x2.
X
u va v - ikki marta differensiallanuvchi x ning funksiyalari bo’lsin. d*y ni toping, agar:

1134. y=uw. 1135. y = v 1136. y =u™" (m,n = congt) .
v

1137. y=a' (a>0). 1138, y=Inyu? +v? . 1139, y:arctg%.

Quyidagi parametrik usulda berilgan funksiyalar uchun y,, y ., y. larni toping:

1140. x=2t- t>, y=3t-1t°, 1141. x=acost, y=asint.

1142. x=a(t- sint),y = a(1- cost). 1143. x=¢€'cost, y=¢€sint.

1144. x=f'(t),  y=tf'(t)- f(t).

1145. y=f(x) funksiya etarlicha marta differensiallanuvchi funksiya bo'lsin. Unga
teskari bo'lgan x = f*(y) funksiyauchun x', x", x" hosilalarni toping (bu hosilalar mav-jud deb
faraz gilamiz).

Quyidagi oshkormas funksiyalarning y,, y., Yy, hosilalarini toping:

1146. x* +y* = 25. M (3, 4) nuqtadagi y', y", y" hosilalarning giymatini toping.

1147. y* = 2pX. 1148. x* - xy+y* =1.

Y. Y. hosilalarini toping:

1149. y? +2Iny = x*. 1150. /X% +y* =ae™®¥* (a>0).
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1151. f(x) funksiya x £ x, da aniglangan va ikki marta differensiallanuvchi funk-tsiya
bo'Isin. Ushbu

P (%), XE X

|
fa(x- %) +b(x- x)+c,  x>x

funksiya ikki marta differensiallanuvchi bo’lishi uchun a, b va ¢ koeffitsientlarni gan-day tanlash

kerak?

1152. Nugta ushbu

s=10+ 20t - 5t°
gonun bo’yicha to'g'ri chizigli harakatlanmoqda. Harakatning tezligi va tezlanishini toping. t =2
vaqtdagi tezlik vatezlanish nimagateng?

1153. M (x, y) nugta x* +y? =a* aylana bo'ylab, uni T s ichida bir martato'la ayla-nib,
tekis harakat gilmoqda. Agar t =0 da berilgan nuqta M, (a, 0) holatda bo'Isa, u holda uning Ox
0 giga proektsiyasining v tezligini va | tezlanishini toping.

1154. M (x, y) og'ir material nugta Oxy vertikal tekislikda gorizont tekisligiga a burchak
ogtida boshlang’ich v, tezlik bilan tashlab yuborildi. Harakat tenglamasini (havo garshiligini
hisobga olmagan holda) tuzing va v tezlikni, j tezlanishni hamda harakat traektoriyasini aniglang.
Nugtaning eng katta ko'tarilish balandligi va uchish masofasi nimagateng?

1155. Nugtaning harakat tenglamasi

X = 4sinwt - 3coswt , y = 3sinwt + 4coswt, (w = const)
formula bilan berilgan. Harakat traektoriyasini, tezlikni hamda tezlanishni aniglang.

Quyidagi funksiyalar uchun ko rsatilgan tartibli hosilalarni toping (1156-1170):

1156. y = x(2x- 1) (x+3)*, y va y").

1157, y= =, Yy 1158, y =/x, Yy
X
2
1159, y=2",  y#. 1160, y= X o)
1- x 1- x
1161. y= x>,  y®. 162, y==, yi
X
1163. y = xInx, v 1164. y = Inx ©)
X
. 3X
1165. y = x2sin2x, y'®. 1166. y = —2X
Y Y I1- 3x
1167. y =sinxsin2xsin3x, y". 1168. y = xshx,  y*.
1169. y =e*cosx, VY. 1170. y=sin®* xInx, y©.
y y

Quyidagi misollarda, x ni erkli o'zgaruvchi deb hisoblab, ko'rsatilgan tartibli
differensiallarni toping (1171-1175):

1171. y = X°, d°y. 1172. y =1/x, d’y.

1173. y = xcos2x, d“y. 1174. y=€“Inx, d%y.

1175. y = cosx>chx, d°y.

Quyidagi misollarda, agar u - x ning funksiyasi bo'lib, etarlicha marta differen-
tsiallanuvchi bo’Isa, ko'rsatilgan tartibli differensiallarni toping (1176-1178):

1176. y =u?®, d“y. 1177. y=¢", d*y. 1178. y =Inu, d®y.
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1179. y = f (x) uchun d?y, d®y, d*y larni toping, bunda x - biror erkli 0'zgaruvchi-ning
funksiyasi.
1180. x ni erkli 0'zgaruvchi deb hisoblamay, y = f (x) funksiyaning y*, y" hosila-larini
x va y o zgaruvchilarning ketma-ket differensiallari orgali ifodalang.
1181. y =C,cosx+C, sinx funksiya(C, va C, - ixtiyoriy 0" zgarmas sonlar) ushbu
y+y=0
tenglamani ganoatlantirishini ko rsating.
1182. y =C,chx+C,shx funksiya(C, va C, - ixtiyoriy 0'zgarmas sonlar) ushbu
y*-y=0
tenglamani ganoatlantirishini ko rsating.
1183. y=Ce* +C,e® funksiya (C, va C, - ixtiyoriy o'zgarmas sonlar, |1, -
0 zgarmas sonlar) ushbu
y'- (I  tH z)yl+| d,y=0
tenglamani ganoatlantirishini ko rsating.
1184. Ushbu

y = x"gC, cos(Inx) +C, sin(Inx)g
funksiya (C, va C, - ixtiyoriy 0'zgarmas sonlar, n - 0'zgarmas son) ushbu
Xy"+(1- 2n)xy'+(1+n?)y=0
tenglamani ganoatlantirishini ko rsating.
1185. Ushbu

X/\/2 y/fa%‘;
=€ cos +C SiN—_-+¢€ cos— +C,sin—
% fg g f fg

funksiya(C,, C,, C;, C, - |xt|yor|y 0 zgarmas sonlar) ushbu
y¥ +y=0

tenglamani ganoatlantirishini ko rsating.

1186. Agar f (x) funksiya n-tartibli hosilagaegabo'lsa, u holda

&f (ax+b)g” =a"f ™ (ax+b)

formulani isbotlang.

1187. Agar P(x) =a,x" +a,x™* +...+a, bo'lsa, P (x) ni toping.

Quyidagi funksiyalar uchun y™ ni toping (1188-1210):

1188, y = &P 1189, y=— > .
cx+d x(1- x)

1190. y = 2; Y o' Ilanma Funksiyani oddiy kasrlarga yoying.
X" - 3x+2

1191, y=—= 1192, y=—2

- 2x T ex

1193. y =sin®x. 1194. y = cos’ X.

1195. y =sin®x. 1196. y = cos’ X.

1197. y =sinaxsinbx. 1198. y = cosaxcosbx .

1199. y =sinaxcosbx. 1200. y =sin” axcosbx.

1201. y =sin* x+ cos® x. 1202. y = xcosax.

1203. y = x?sinax. 1204. y=(x* +2x+2)e”*
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1205. y = €*/x. 1206. y = € COSX.

1207. y=e*sinx. 1208, y = 272
a- bx
1209. y = e™P(x), P(x)- ko'phad. 1210. y = xshx.
d"y ni toping (1211-1212):
1211, y = x"€". 1212, y = 11X.
X

1213. Tengliklarni isbotlang:

1) gea"sin(bx+c)[§|(n) = e (a’ +b2)n/zsin(bx+c+nj ),

2) ge™ cos(bx + c)g(n) =e(a” + bz)n/2 cos(bx+c+nj ),
bunda sinj :L, COS] -2

vaZ +b? a’ +b’

1214. y™™ ni toping:

a) y =chaxcosbx; b) y =chaxsinbx.

1215. f(x)=sin**x (pl N) funksiyani ushbu

f(x)= é A, cos2kx
k=0
trigonometrik ko"phadga almashtirib, " (x) ni toping.

. . 1 - . .. - ..
Yollanma smx:E(t- t) deb olib, bunda t =cosx+isinx va t =cosx- isinx,
i

Muavr formulasidan foydalaning.

1216. Agar

a) f(x)=sin’"x; b) f(x)=cos®x; v) f(x)=cos’™*x
bo'lsa, " (x) ni toping, bunda p- butun musbat son (avvalgi masalaga garang).

Agar

f(x) = f,(x) +if, (X)
bo'lsa, bunda i - mavhum bir va f,(x), f,(x)- x hagigiy 0’zgaruvchiga nisbatan hagiqgiy funk-
tsyalar, u holdata'rif bo'yicha

fqx) = £,.%(x) +if,%x)

bo'ladi.
1217. Ushbu
1 _1lel 16
X +1 2iEx-i x+ig
ayniyatdan foydalanib,
4 -1)"n!
e 1 0 =——__singn+1)arcctg Xy
gxz +1ﬂ (1+ XZ )(n+1)/2

formulani isbotlang.
Y o Ilanma Muavr formulasini qo'llang.

1218. f (x)=arctgx funksiyauchun f™(x) ni toping.
Quyidagi funksiyalar uchun £ (0) ni toping (1219-1222):
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1 X
1219. a) f(X):W; b) f(x):\/l-—x'
1220. &) f (x)=x*e™; b) f(x)=arctgx; V) f(x)=arcsinx.
1221. &) f (x) =cos(marcsinx); b) f(x)=sin(marcsinx).
1222. 8) f(x)=(arctgx)’; b) f(x)=(arcsinx)’.

1223, Agar
f(x)=(x-a)’j (x)
bo'lsa, bunda j (x) funksiya a nuqtaning atrofida (n- 1)- tartibli uzluksiz hosilagaega, " (a)
ni toping.
1224. Ushbu
x1 0,

1
f(x) =1
f o x=0

funksiya (nl N) x=0 nugtada 1, 2, ..., n- tartibli hosilalarga ega va (n+1)- tartibli hosilaga ega

emasligini isbotlang.
1225. Ushbu

7

10 x=0
funksiya cheksiz ko'p marta differensiallanuvchi ekanligini isbotlang.
Bu funksiya grafigini yasang.
1226. Quyidagi

N .1/X2
f (X) [e , x1 0,

T ()= =

m m-1

CHebishev ko phadlari ushbu

cos(marccosx) (m=12,...)

(1- xz)Tr;(x) - XT. (X) +m°T, (x) =0
tenglamani ganoatlantirishini isbotlang.
1227. Quyidagi

P9 =g -1"d" (=012,
Lejandr ko phadlari ushbu
(1- xz)Pr;(x)- 2xP, (x) +m(m+1)P,(x)=0
tenglamani ganoatlantirishini isbotlang.
Yollanma (xz- 1)u¢: 2mxu tenglikni m+1- marta differensiallang, bunda
u= (x2 - 1)m.
1228. CHebishev-Lagerra ko phadlari ushbu
L(x) =€ (x"e*)” (m=0,12.)

formula orgali aniglanadi.
L., (x) ko'phadning oshkor ko'rinishdagi ifodasini toping va bu ko'phad ushbu
XL (X)+(@1- X)L (X)+mL(x)=0
tenglamani ganoatlantirishini isbotlang.
Yo' llanma xu'+(x- m)u =0 tenglikdan foydalaning, bunda u = x"e *.
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1229. n marta differensiallanuvchi f (u) va j (x) funksiyalar uchun y=f(u) va
u=j (x) bo'lsin. U holda ushbu
dy _ ¢ (¥
= f
Iy & A (9
tenglikni isbotlang, bunda A (x) (k=0,1 ...,n) koeffitsientlar f (u) funksiyaga bog'liq emas.

1230. y = f (x*) murakkab funksiyaning n- tartibli hosilasi uchun quyidagi formula o'rinli
ekanligini isbotlang:

&Y (2 19 )

n(n- 1)
1

(2x)"* £ (x2)+
n(n_ 1)([’]- 2)([’]- 3) (2X)n-4 §(n-2) (X2)+ o
2!
1231. CHebishev-Ermit ko phadlari ushbu
m 2 2 \(m)
Hm(X):(-l) e* (e'X) (m:O’]_,z’)

+

formula orgali aniglanadi.
H., (x) ko"phadning oshkor ko'rinishdagi ifodasini toping va bu ko"phad ushbu
H, (x)- 2xH,, (x) +2mH, (x) =0
tenglamani ganoatlantirishini isbotlang.

Yo llanma u'+2xu =0 tenglikdan foydalaning, bunda u =¢e * .
1232. Tenglikni isbotlang:

n  (-1)
(Xn-le]/x)( ) :( n+)1 e]/x.
X
Y o' | lanma Matematik induktsiya usulini go’llang.

1232.1. Formulani isbotlang:

dnn (x” Inx) = n!g?nx+ké;%g (x>0).

X
1232.2. Formulani isbotlang:
d* asinxo_(2n)! . .
97 o2, (xsinx- 5, (x)oosrg
3 XZ N X2n 3 X3 01 X2n-1
bunda C, (x) =1- CTREE +(-1) 2n) va S, (x) = x- I+ +(-1) -1

1233. Differensiallash amalini di = D kabi belgilaylik va
X

f(D)=4 p.(x)D"
k=0
ifodani shartli ravishda differensial ko'phad deylik, bunda p,(x) (k=0,1...,n)- baz bir
uzluksiz funksiyalar. U holda quyidagini isbotlang:
f (D){e u(x)} =e*f (D+1)u(x) (I =const).
1234. Agar
8 a Xy =0

k=0
tenglamada x = € deb olsak, bunda t - erkli 0"zgaruvchi, u holda tenglama ushbu
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énakD(D- 1)...(D- k+1)y=0

k=0

ko'rinishga kelishini isbotlang, bunda D :%.

6. Roll’, Lagranj va Koshi teoremalari

1235. Quyidagi funksiya uchun Roll’ teoremasining o rinli ekanligini tekshiring:
f(x)=(x-1)(x- 2)(x- 3).

1236. f(x)=1- I funksiya x =-1va x, =1 nuqtalarda nolga teng, lekin -1£ x£1
da f¢x)* 0. Bu narsa Roll' teoremasiga zid kelayotgandek tuyuladi. Roll’ teoremasidagi
ziddiyatni tushuntiring.

1237. f(x) funksiya chekli yoki cheksiz (a, b) intervalning har bir nugtasida f'(x)
hosilagaega bo’lsin va

XI@IDEITJO f (X) - XI@IDIII]O f (X)
bo'lsin. U holda f'(c) =0 ni isbotlang, bunda c- (&, b) intervalning biror nugtasi.

1238. Agar: 1) f(x) funksiya [x,, x,] kesmada aniglangan va (n- 1)- tartibli £ (%)

hosilagaega; 2) f () funksiya (x,, X,) intervalda n-tartibli f(" () hosilaga ega; 3) ushbu

Fx)=f(x)==f(x) (p<x<...<x)
tengliklar bajarilsa, u holda (x,, x,) intervalda f{”(x)=0 tenglik bajariladigan hech
bo’Imaganda bitta x nugta mavjud ekanligini isbotlang.

1239. Agar: 1) f(x) funksiya [a, b] kesmada aniglangan va (p+q)- tartibli f ("% (x)
hosilaga ega; 2) f(x) funksiya (a, b) intervalda (p+q+1)- tartibli " (x) hosilaga ega; 3)
ushbu

f(a)=fqa)=...=t"(a)=0, f(b)=fgb)=...= 9 (b)=0
tengliklar o'rinli bo'lsa, u holda """ (c) =0 ekanligini isbotlang, bunda c- (a, b) intervalning
biror nugtasi.

1240. Agar 3, (k=0,1,..., n) hagigiy koeffitsientli

P (X)=a,x" +ax™ +...+a, (8,1 0)
ko'phadning barchaildizlari hagigiy bo'lsa, u holdauning P, (x), P;(x),..., P (x) ketma-ket

n n

olingan hosilalari ham fagat haqiqiy ildizlarga ega ekanligini isbotlang.

1241, Ushbu
_ 1 d g, }
P“(X)_z"n!dx“{(x 1

Lejandr ko phadining barchaildizlari hagiqiy va ( 1, 1) oraliqda yotishini isbotlang.
1242. Ushbu

— an n - X
L, (x)=¢ @(xe )

CHebishev-Lagerra ko phadining barcha ildizlari musbat ekanligini isbotlang.
1243. Ushbu
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n_x d" - x2
H, (0= (-1 e (e )
CHebishev-Ermit ko phadining barcha ildizlari hagigiy ekanligini isbotlang.

1244. y=x° egri chiziqda shunday nugta topingki, bu nuqtadagi urinma A(-1, - 1)
B(2, 8) nuqtalarni tutashtiruvchi vatarga parallel bo'lsin.
1245. Agar ab<0 bo'lsa, u holda [a, b] kesmada f(x)=1/x funksiya uchun cheki

orttirmalar formulasi o'rinli bo’ladimi?
1246. Agar:

a f(x)=ax®+bx+c (at 0); b) f(x)=x; v) f(x)=1Yx; g f(x)=¢

bo’Isa, u holda
f (x+Dx)- f(x)=Dxf'(x+gDx) (0<q <1)

tenglik bajariladigan g =q (X, Dx) funksiyani toping.

1246.1. f(x)7 CP(-¥, +¥) va

f(x+h)- f(x)° hf'(x)

bo'lsin. U holda f (x) =ax+b ekanligini isbotlang, bunda a va b - 0’zgarmas sonlar.

1246.2. f(x)1 CP(-¥, +¥) va

£ (x+h)- f(x)° ht §(+gz

bo'lsin. U holda f (x) = ax* +bx + ¢ ekanini isbotlang, bunda a, b va c- 0'zgarmas sonlar.

1247. Agar x3 0 bo’lsa, u holda

X+ - \/; :;
2,x+q(x)
ekanligini isbotlang, bunda
1
—£q(x)£E
va limq (x) =34, limq (x)=12.
1248. Ushbu
N 2
:i:3_2X , O0E£XE]
f(x):.i. .
I 2 l<x<+¥
T x

funksiya uchun [0, 2] kesmada chekli orttirmalar formulasining ¢ oraliq giymatini toping.

1249. f(x)- f(0) =xf '(x (x)) bo'Isin, bunda 0 <x (x) < x. Agar x>0 da
f (x) = xsin(Inx)
va f(0)=0 bo'lsa, u holda x =x(x) funksiya ixtiyoriy etarlicha kichik (0,x) intervalda
uzilishga ega ekanligini isbotlang, bunda e > 0.
1250. f (x) funksiya (a, b) intervalda uzluksiz f'(x) hosilaga ega bo'lsin. (a,b)
intervalda yotuvchi ixtiyoriy nugta uchun shu intervalda yotuvchi va ushbu



[T NP
X=X
tenglikni ganoatlantiruvchi x, va x, nugtalar topish mumkinmi?
Quyidagi misolni ko'ring: f (x)=x* (- 1£ x£1), bundax =0.
1251. Tengsizliklarni isbotlang:
a) [sinx- siny| £|x- y];
b) py**(x- y)£x"- y* £ px**(x- y),agar 0<y<x, p>1;

a- b<|n%<a'Tb,agar O<b<a.

X <X <)

V) |arctga- arctgh| £|a- bj; 9)

1252. f(x)=x* va g(x)=x> funksiyalar uchun [- 1, 1] kesmada Koshi formulasi nima
uchun o'rinli emasligini tushuntiring.

1253. f (x) funksiya [, X,] kesmada differensiallanuvchi va xx, >0 bo'Isin. U holda

X
LR s ) x ()
x-%|f(x) f(x)
tenglikni isbotlang, bunda x;, <x <X, .

1254. Agar f(x) funksiya chekli (a, b) intervalda differensiallanuvchi, lekin shu
intervalda chegaralanmagan bo'lsa, u holda uning f'(x) hosilasi ham (a, b) intervalda chega-
ralanmaganligini isbotlang. Bunga teskari teorema noo rin(misol quring).

1255. Agar f (x) funksiya chekli yoki cheksiz (a, b) intervalda chegaralangan f '(x) ho-
silagaegabo’lsa, u holda f (x) funksiya (a, b) intervalda tekis uzluksiz ekanligini isbotlang.

1256. Agar f(x) funksiya cheksiz (x,, +¥) intervalda differensiallanuvchi va

P _f(x) .. _
lim f'(x)=0 bolsa,uholdaxl(g)rg——o,yanl Xx® +¥ da f(x)=0(x).

X® +¥ X
1257. Agar f (x) funksiya cheksiz (x,, +¥) intervalda differensiallanuvchi va x® +¥
da f (x)=0(x) bo'lsa, uholda
fim[£°(3]=0
tenglikni isbotlang. Xususan, agar lim f '(x) =k mavjud bo'lsa, uholda k = 0.

1258. &) Agar: 1) f(x) funksiya [X,, X] kesmada aniglangan va uzluksiz; 2) f(X)
funksiya (X, X) intervalda chekli f'(x) hosilaga ega; 3) chekli yoki cheksiz
lim f'(x)=f'(x+0) limit mavjud bo'lsa, u holda mos ravishda chekli yoki cheksiz bir

X® X5 +0
tomonlama f, (x,) hosilamavjud va f, (x,) = f '(x, +0) ekanligini isbotlang.

b) Ushbu

f(x):arctg? (x11), £(1)=0
- X

funksiya uchun chekli lim f '(x) limit mavjud, lekin f(x) funksiya f (1) va f, (1) bir
tomonlama hosilalarga ega emasligini isbotlang. Bu tasdigning geometrik illyustratsiya-sini bering.

Vaholanki, bu nugtada umumlashgan hosilalar mavjud(1009.1-misolga garang).

1259. Agar a<x<b da f'(x)=0 bo'lsa u holda

f (x)=const, a<x<b
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ekanligini isbotlang.

1260. O'zgarmas songateng f '(x) =k hosilagaegabo’lgan yagona f (x) (- ¥ <x<+¥)
funksiyabu - f(x) =kx+b chizigli funksiya ekanligini isbotlang.

1261. Agar "V (x)=0 bo'lsa, f (x) funksiya hagida nima deyish mumkin?

1261.1. Agar f(x)T CM)(-¥, +¥) va ixtiyoriy x uchun ™ (x)=0 tenglik bajari-
ladigan natural n, (n,£n) son mavjud bo'lsa u holda f(x) funksiya polinom ekanligini
isbotlang.

1262. Ushbu

y'=ly (I =const)
tenglamani ganoatlantiruvchi yagona y =y(x) (- ¥ <x<+¥) funksiya — bu y=Ce* ko'rsa-
kichli funksiya ekanligini isbotlang, bunda C - 0"zgarmas son.

Yo llanma (ye"x)' ni ko'ring.

1263. f(X) :arctg? va g(x)=arctgx funksiyalar 1) x<1va2) x>1 sohalarda bir
- X

xil hosilaga ega ekanligini tekshiring.
Bu funksiyalar orasidagi bog'lanishni keltirib chigaring.
1264. Ayniyatlarni isbotlang:
2X
1+ X

a) 2arctg x+arcsin =psgnx, [¥3 1;

b) 3arccosx - arccos(3x- 4x3) =p,|X E%.

1265. Agar: 1) f (x) funksiya [a, b] kesmadauzluksiz; 2) uning ichida chekli f'(x)
hosilaga ega; 3) chizigli bo'Imasa, u holda (a, b) intervalda

f(b)- f
1£(c)| > (b)- f(a)
b- a
tengsizlik bajariladigan hech bo’Imaganda bitta ¢ nugta mavjud ekanligini isbotlang.
Bu tasdigning geometrik illyustratsiyasini bering.
1266. Agar: 1) f(x) funksiya [a, b] kesmada 2-tartibli f"(x) hosilaga ega va 2)

f'(a)=f'(b) =0 bo'lsa, uholda (a, b) intervalda

" 3 4 -
T ! 1) 1)
tengsizlik bajariladigan hech bo’Imaganda bitta ¢ nugta mavjud ekanligini isbotlang.

1267. Avtomobil’ biror boshlang’ich punktdan harakatni boshlab, t s dan keyin S m
masofani bosib o'tib harakatini to xtatdi. Qandaydir vagtda avtomobil’ harakatidagi tezlanishning
absolyut giymati 4s/t> m /s’ dan kichik bo’Imaganini isbotlang.

7. Funksiyaning o'sish va kamayishi. Tengsizliklar

Quyidagi funksiyalarning gat’iy monotonlik (o'sish yoki kamayish) oraliglarini toping
(1268-1278):

1268. y=2+x- X°. 1269. y =3x- X°.
2X Jx
1270. y = . 1271. y= x3 0).
Y= V=100 70
1272. y = x+sinx. 1273. y = x+|sin 2.
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2

1274. y = cos™. 1275. y =2

X 2"
1276. y=x"e¢* (n>0, x2 0). 1277. y =X - Inx?,
1278. x>0 da f ( g\/7+smlnx va f (0)=0.

1279. Aylanaga ichki chizilgan muntazam n-burchakning n tomonlari soni orttirilsa, uning
p, perimetri o'sishini, shu aylanaga tashgi chizilgan muntazam n-burchakning P, perimetri esa
kamayishini isbotlang. Bundan foydalanib, p, va P, lar n® ¥ daumumiy limitga ega ekanligini

isbotlang.
1280. Ushbu
f(x)=F+10
& xp
funksiya (- ¥, - 1) va (0, +¥) oraliglardao’suvchi ekanligini isbotlang.
1281. Ushbu

P(x)=a,+ax+...+ax" (n31a,?0)
butun ratsional funksiya (- ¥, - x,) va (%, +¥) oraliglarda monoton (gat iy ma noda) ekanligini

isbotlang, bunda x,- etarlicha katta musbat son.
1282. Ushbu

_g,tax+...+tax
R(x)= 10
() b, +bx+...+b x" (arb, * 0)
0'zgarmas songa aynan teng bo’Imagan ratsional funksiya (- ¥, - %)) va (x,, +¥) interval-larda
monoton (gat" iy ma noda) ekanligini isbotlang, bunda x,- etarlicha katta musbat son.
1283. Monoton funksiyaning hosilasi albatta monoton bo'lishi shartmi? Ushbu misolni
ko'ring: f(x)=x+sinx.
1284. Agar j (x)- monoton o suvchi differensiallanuvchi funksiyabo'lsava x2 x, da
INCVEIINEY
tengsizlik bajarilsa, u holda x 3 x, da
[(x)- FOR) £ (-1 (%)
tengsizlik o'rinli bo’lishini isbotlang.
Bu faktning geometrik interpretatsiyasini bering.
1285. f (x) funksiya a£ x<+¥ oraligda uzluksiz va bundan tashqari x > a da
f'(x)>k>0 (k=const)

f(a)o

bo'Isin. Agar f(a) <0 bo'lsa, uholda f(x)=0 tenglama Z%I, a- —— = intervalda bitta va faget
bitta hagiqiy ildizga ega ekanligini isbotlang. ) ’

1286. Agar X, nugtaning biror |x- x,|<d atrofida Df (x,)=f(x)- f(x) funksiya
orttirmasining ishorasi DX, = X- X, argument orttirmasining ishorasi bilan ustma-ust tushsa, u
holda f (x) funksiya x, nugtadao'suvchi deyiladi.

Agar f(x) (a<x<b) funksiya biror chekli yoki cheksiz (a, b) intervalning har bir

nugtasida o' suvchi bo’lsa, u holda bu funksiya shu intervalda o suvchi bo'lishini isbotlang.
1287. Ushbu
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fu)=x+%gn§,xlovaf«n:o
funksiya x =0 nugtada o suvchi, lekin bu nugtani o'rab turuvchi har ganday (-e, e) interval-da
0 suvchi emasligini isbotlang, bunda e > 0 - ixtiyoriy kichik son.
1288. Teoremani isbotlang: agar 1) j (x) va y (x) funksiyalar nmarta differentsi-
allanuvchi; 2) j “(x,)=y "‘)(xo) (k=0,1,...,n-1); 3) x>x, daj ™ (x)>y ™(x) bolsa u
holda x > x, da

i (x)>y ()
tengsizlik o'rinlidir.
1289. Quyidagi tengsizliklarni isbotlang:

2

a) e >1+x, xt 0; b)x-X?<In(1+x)<x,x>O;
X X3 p .
v)x-€<smx<x,x>0; g)tgx>x+§, O<Xx<=;

d) (¥ +ya)]/al >(x° +y'°)]/b, x>0, y>0va0<a <b.
a) - g) tengsizliklarning geometrik illyustratsiyasini bering.

1290. 0< x<% da quyidagi tengsizlik o'rinli bo’lishini isbotlang:

2 .
—X<snx<X.
p
1291. x>0 daquyidagi tengsizlik orinli bo’lishini isbotlang:
X LXHL
%, 10 05,10
€ xz & xp
1292. Arifmetik va geometrik progressiyaning hadlari soni va chetki hadlari mos ravishda
bir xil va progressiyalarning barcha hadlari musbat. Arifmetik progressiyaning hadlari yig'indisi
geometrik progressiyanikidan katta bo'lishini isbotlang.
1293. Ushbu

a (ax+h) ®0
k=1
tengsizlikkako'ra bunda  x, a, b, (k=1...,n)- hagigiy, quyidagi Koshi tengsizligini
isbotlang:
2
e 0 .¢ g
aab.. £3a .
k=12 1] k=1 k=1

1294. Mushat sonlarning o'rta arifmetik giymati bu sonlarning o'rta kvadratik giymatidan

katta emasligini isbotlang, ya'ni
1d fl J
= £/-q .
nka=.1xk nka=.1xk

1295. Musbat sonlarning o'rta geometrik giymati bu sonlarning o'rta arifmetik giymatidan
katta emasligini isbotlang, ya'ni

1
“XlXZ...XnEH(Xl+X2+...+Xn).

Y o' I lanma Matematik induktsiya usulini qo'llang.
1296. Ikki a va b musbat sonlarning s tartibli o'rta giymati deb quyidagi tengliklar bilan
aniglanadigan funksiyaga aytiladi:
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3 3 ¢
D, (a, b)=§a ;b g ,s10

va
D, (a, b) = lim D, (a, b).
Xususan, s=-1 dao'rtagarmonik; s=0 da o'rta geometrik (isbotlang!); s=1 da
o rtaarifmetik; s=2 daortakvadratik giymatlar hosil bo’ladi.
Quyidagilarni isbotlang:
1) min(a, b) £ D,(a, b) £ max(a, b);
2) D, (a, b) funksiya a® b da s 0'zgaruvchiga nisbatan o'suvchi;
3) lim D, (a, b) =min(a, b); lim D, (a, b) = max(a, b).

Yo llanma dién D, (a, b)g hosilani ko'ring.
S

1297. Tengsizliklarni isbotlang:
a X -1>a(x-1),a32 2 x>1;
b) x - Ya < Yx- a, n>1 x>a>0;

v) 1+2Inx £ x*, x>0.
8. Botiglik yo nalishi. egilish nuqgtasi.

1298. Ushbu
y =1+3x
egri chizigning A(- 1, 0), B(L 2) va C(0, 0) nuqtalardagi botiglik yo nalishini aniglang.
Quyidagi funksiyalarning gavariglik oraliglarini va egilish nugtalarini toping (1299-1307):

2

a
L y=3x- X 1300. y=——— .
1299. y =3x*- X 300. y=——— (a>0)
1301. y = x+x2. 1302. y=~/1+ X2 .
1303. y = X +sinX. 1304. y=¢e* .
1305. y:In(1+ xz). 1306. y = xsin(Inx) (x>0).
1307. y =x* (x>0).
1308. Ushbu
o x+1
x*+1

egri chizig bir to'g'ri chiziqgda yotuvchi uchta egilish nuqtasiga ega ekanligini isbotlang. Bu
funksiya grafigini yasang.
1309. h parametrning ganday qgiymatida ushbu

y:ie- " (h>0)

Vo
«ehtimollik chizig'i» x = +s gateng egilish nugtalariga ega?
1310. TSikloidaning gavariglik yo™nalishini aniglang:
x=a(t- sint), y=a(l- cost) (a>0)
1311. f(x) funksiya af£ x<+¥ ordiqda ikki marta differensiallanuvchi bo'lib, 1)
f(a)=A>0;2) f'(a)<0;3) x>a da f"(x)£0 bolsin.
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f(x) =0 tenglama (a, +¥) intervalda bitta va fagat bitta hagigiy ildizga ega ekanligini
isbotlang.

1312. Agar (a, b) intervalda berilgan f (x) funksiya uchun bu intervaldagi har ganday x,
va x, nugtalar hamda ixtiyoriy |, val, sonlar uchun (1,>0,1,>0,1,+1, =1) ushbu

F(1x 1 ,%) <Tf () +1,8 (%) (F(1pg+1,%)>1,1(x)+,1 (%))

tengsizlik o'rinli bo'lsa, u holda f (x) funksiya (a, b) intervalda quyidan (yugoridan) gavariq
deyiladi.

Quyidagilarni isbotlang:

1) Agar a<x<b da f"(x)>0 bo'lsa, f(x) funksiya (a, b) daquyidan gavarig;

2) Agar a<x<b da f"(x)<0 bo’lsa, f(x) funksiya (a, b) da yugoridan gavariq
bo’ladi.

1313. Ushbu

x"(n>1), €, xlInx
funksiyalar (0, +¥) intervalda quyidan gavarig,
x"(0<n<1), Inx

funksiyalar esa (0, +¥) intervalda yugoridan gavariq ekanligini isbotlang.

1314. Quyidagi tengsizliklarni isbotlang va ularning geometrik ma nosini aniglang:

a)%(x”+y“)>§e(;yg (x>0,y>0,x1 y,n>1);

X 4 Ay
b)e+e

>eY? (x1y);

V) xInx+yIny>(x+y)In%,agar x>0, y>0.

1314.1. a£ x£b da f"(x)2 0 bo'lsin. Ixtiyoriy x, %, T [a, b] uchun
;X tTX0.1, N
fo———=_£ —gf + f
20 Lt () 1 ()
tensizlik o'rinli bo’lishini isbotlang.
1315. CHegaralangan gavariq funksiya (- ¥,+¥) da uzluksiz va bir tomonlama chap va
o ng hosilalarga ega ekanligini isbotlang.
1316. f(x) funksiya (a, b) intervalda 2 marta differensiallanuvchi va f "(x)* 0 bo'lsin,
bunda a<x <b. U holda (a, b) intervalda
f - f
(%)- f(x) = £(x)
XX
tenglik bajariladigan x, va x, nugtalarni topish mumkinligini isbotlang.
1317. Agar f (x) funksiya (x,, +¥) cheksiz intervaldaikki marta differensialla-nuvchi va
X(l@lglof(x)zo, lim f(x)=0
bo'lsa, u holda (x,, +¥) intervalda f"(x)=0 tenglik bajariladigan hech bolmaganda bitta x
nuqgta mavjudligini isbotlang.

9. Anigmasliklar ni ochish
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Limitlarni hisoblang (1318-1370):
1318.

1320. |

1322. lim

1324.

1326.

1328.

1330. |

1332. lim

snax
lim
x®0 §nbx

tgx X
X®0x snx’
tg 3x

PtgXx
x®2 tg

3t
||mg—
X®P 2sin®x- 1

. 1- cosx®
m— s
x®0 X" SN X

X®0X X

I|m—g\/_arctg —-\/_arctg\/;g.

& X-x 6
x®lgm_g
In(cosax)
x®0 |n(cosbx) |

leel 10

1334. lim=

1336.

1337.

1339.
1341.

1343.
1345.
1347.

1349.

1351. li

w0 x&thx 19Xy
Inx
x®+¥ ¥

(e>0).

Xn
lim
x®+¥e

lim x%e
X® +¥
lim ¢ Inx (e >O) .
X® +0

(a>0, n>0).

0, le

limx<*.
x® 0
lim Xk/(1+ln X) .
X® +0

. tgpx/2
le@r)rll(z- X) .

sinx

Ixi(grg(ctg X)

1353. lim

1355. li

®1glnX X- 1@

1319.
1321.

1323.

1325.

1327.

1329.
1331. li
1333. li

1335. i

bunda Arshx = In(x+\/1+ xz) .

. chx- cosx
||m—2.

X® 0 X

lim 3tg 4x - 12tg x
x®03sin4x- 12sinx
limXe9x- 1

X® 0 X

lim
X® 0 N

lim

x® 0 X

3

X sinx

im2 & (a>0).

x®0 %3

x(eX +1)- 2(eX - 1).

arcsin2x - 2arcsin x

In(sinax)
im——2
x®0 |n(sinbx)

cos(sinx)- cosx
im / .
x® 0 X
IImArsh(shx)- Arsh(sinx)
x® 0 shx- sinx

XZ

1338, lim g
1340. lim Inx>4n(1- x).
x®1-0
1342. lim x*.
X® +0
1344, Iim(xxx ; 1).
x® 0
1346. limx/®¥,
X® 1
1348. I|m(tg x) %
x®f
. 18
1350. lim &n=2
X® +0 Xg
ctg(x- a)
1352, limes9 X2
x®ae'[gag
1354, [im&. 1 0
@0gx € -1lg
1356, lim g x- ~°
X® 0 Xg



é u
- 1 1 g .ar-x8
1357. lim& - d 1358. lim a>0).
X®°§In(x+\/1+x2) '”(1+X)§ ®a X-4a (220)
Ix X X
o 1+Xx) - e . (atXx) - a
1359. Ilm( ) . 1360. Ilm% (a>0).
X® 0 X x® 0 X
1361. 1im Zarctg 2 | 1362. lim (thx)".
x®+¥8 ] X® +¥
a@rcsnxow 6!§IFIXOJ/2
1363. Iim = . 1361.1. limo~—=
x® 0 X g x®0 X g
adg X oJ/X a@fctgxoj/z
1363.2. lim . 1363.3. lim
X® 0 X ﬂ x® 0 X ﬂ
A%
1363.4. lim&YNX8 Arshx:In(x+\/1+x2).
x® 0 X g
() ]/X X L/x
1364. Ilmeuu : 1365. Iimaezarccosxg :
x®06 e H x®08p 1]
G
) ae;osxo Inchx
1366. lim~—— ) 1367. lim )
x®0 Cth x®0 m/Ch n/Ch
X .cthx Inx
1368, lim 2+ €9 1368.1. lim —— .
x®og 2 5 X®+¥(Inx)
In(e +x)u
1369. lim e§/x3+x +x+1- /X2 +X+1x——20.
X®+¥8 X H

1370. lim é.(x+ a)1+ V) _ y/(xva)
x® +¢ € U

1371 Agar y=f(x) egri chiziq x@® O da (0,0) (lim f (x)= f (0) =0) koordinata bo-

X80
shigaa burchak ogtidakirsa, le@)rrg% ni toping.

1372. Agar uzluksiz y=f(x) egri chizq x® +0 da koordinata boshiga kirsa
(Li@rpo f(x) :o) vaO<x<e day=-kx vay=kx (k1 ¥) to'g'i chiziglar tashkil gilgan o't-kir
burchak ichidato'layotsa, u holda lim x"® =1 ni isbotlang.

1373. Agar f (x) funksiyauchun 2-tartibli f "(x) hosila mavjud bo'Isa, u holda quyidagini
isbotlang:
f(x+h)+f(x- h)-2f
f“(x):Iim (X ) ()2( ) (X)
h® 0 h
1373.1. Quyidagi funksiyani x=0 nuqtada differensiallanuvchi bo'lishini tekshi-ring:

: X1 0,



1+X

(1+x)’
1374. Quyidagi misollarga Lopital goidasini tadbig qilish mumkin yoki mumkin emasligini
aniglang:

1373.2. y =

(x>0) egri chizigning asimptotasini toping.

1
2
xS &2 (cosx+2snx)+e* sin’x_

. X-98nx .
; b) lim —; V) lim -
x®¥ X +SinX X® +¥ e *(cosx+sinx)

. 1+ x+sinxcosx
) lim - — .
x®¥ (X +sinxcosx) e
1375. Agar b vatarga va h strelkaga ega doiraviy segment yoyining uzunligi R radius
0 zgarmagan holda nolga intilsa, u holda bu doiraviy segment yuzining shu segmentga ichki
chizilgan teng yonli uchburchakning yuziga nisbatini toping. Olingan natijadan foydalanib, segment
yuzi uchun tagribiy formulani keltirib chigaring:

S»Ebh.
3

a) lim—
X®0 g NX

10. Teylor formulasi

1376. Ushbu
P(x) =1+3x+5x* - 2x°

ko phadni x+1 ikkihadning butun nomanfiy darajalari bo'yicha yoying.

Quyidagi funksiyalarni X o zgaruvchining butun nomanfiy darajalari bo’yicha ko'rsatilgan
tartibli hadlarigacha yoying (1377-1387):

2
1377. f(x) :TX%, x* hadigacha. f(0) ning giymati nimaga teng?
- X+X

(1+x)'®

T (1- 2x)"°@1+2x)%

1380. V1- 2x+x® - 31- 3x+x? , x® hadigacha.  1381. >, x° hadigacha

1378 x? hadigacha. 1379. ¥a" +x (a>0), x* hadigacha

1382. x(e*- 1)'*, x* hadigacha. 1383. J/sinx®, x* hadigacha.
1384. Incosx, x° hadigacha. 1385. sin(sinx), x® hadigacha.
1386. tgx, x° hadigacha 1387. In2"X 46 hadigacha.
X

1388. f(x)=+/x funksiyaning (x-1) ning butun nomanfiy darajalari bo'yicha
yoyilmasining uchta hadini toping.

1380, f(x)=x"-1 funksiyani (x- 1) ning butun nomanfiy dargjalari bo'yicha (x- 1)’
hadigacha yoying.

1390. y:achg (a>0) funksiyani x=0 nugta atrofida ikkinchi tartibli parabola bilan
tagribiy almashtiring.
- 1 . o
1391. f(X) =+/1+x* - x (x>0) funksiyani = kasrning butun musbat darajalari bo™-yicha
X

is hadigacha yoying.
X
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1392. f(h)=In(x+h) (x>0) funksiyani h orttirmaning butun nomanfiy dargjerlari
bo'yicha h" hadigachayoying (nT N).
1393. Ushbu
h" .
f (x+h)=f(x)+hf '(x)+...+ﬁf()(x+qh)
yoyilmada (0<q <1) £ (x)1 0 bo'lsin.

L 1
| sbotlang: Ig(grgq YTl
1393.1. x® 0 da
f (x) =1+ kx+0(x)

Kk

bo'Isin. Isbotlang: limgf (x)g " = e
1393.2. f(x)I c?[0,1] va f(0)=1(1)=0 bo'lsin hamda xi (0,1) da |f"(X)£A
tengsizlik bajarilsin. U holda O£ x£1 da
(g2
tengsizlik o'rinli bo’lishini isbotlang.
1393.3. f(x) (- ¥ <x<+¥)- ikki marta differensiallanuvchi funksiya bo’lsin va

M, = sup f(")(x)‘<+¥ (k=01 2).

- ¥ <X<+¥
Tengsizlikni isbotlang: M2 £ 2M M,
1394. Tagribiy formulalarning absolyut xatoligini baholang:

2 n 3
8 e »lexta o+ +X 0EXEL  b)snx»x- = [{EL;
21 n! 6 2
X3 X X
V) tgx»x+§,|x|£0,1; Q) \/1+x»1+§-§, 0f£ x£1.

1395. Quyidagi tagribiy formula ganday x lar uchun 0,0001 aniglikda o'rinli:
2
cosx=1- 27
2

1395.1. Formulani isbotlang:

n-1_x°
Ja"+x=a+ -r (n32,a>0, x>0), 0<r< :
nan-l ( ) 2n2 aZn-l
1396. Teylor formulasidan foydalanib tagribiy hisoblang:
a) 330; b) ¥/250; v) /4000 ; g) Ve; d) sin18°;
e Inl, 2; ) arctg0,8; Z) arcsin0,45; i) (L, 1)1’2
va xatolikni baholang.
1397. Hisoblang:
a) e, 10°° aniglikda; b) sin1°, 10°® aniglikda;  v) cos9°, 10°° aniglikda; Q)

J5,10* aniglikda; d) 1g11, 10°° aniglikda.
|-V yoyilmalardan foydalanib, quyidagi limitlarni toping (1398-1406.3):

_a X e*sinx- x(1+x
1308, liME2X"C 1399. lim . (a+x).
X® 0 X X® 0 X
1400. lim x* (VxrL+x-1- 24%). 1401. lim (if/x6 e - 8% - x5)
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7

_ . ) at+ar-2
1402. lim &5 - X2 + 296 - X +1{;. 1403, im222 "2 (a>0).

x®+¥% 29 u x®0 X
1404, limgx- I+ 2% 1405, lim& - 1 9

¥ § & xA ®0&X  SINXg

s sn(sinx)- xy1- x*

1406. lim =& - ctgx?. 1406.1. tim 3™ )5 .

xX®0 X AX [} x® 0 X

1- (cosx)™ sh(tgx) - x
14062, lim =X 1406.3, im 19X X
x® 0 X x®0 X

Quyidagi misollarda Xx® 0 da cheksiz kichik migdor y uchun Cx" (C =const)
ko'rinishdagi bosh hadini aniglang (1407-1409):
1407. y =tg(sinx) - sin(tg x). 1408. y = (1+x)" - 1.
(1+ %)™
S
1410. a va b koeffitsientlarning ganday giymatlarida
x- (a+bcosx)sinx

kattalik x ganisbatan 5-tartibli cheksiz kichik migdor bo’ladi?
1410.1. A va B koeffitsientlarni shunday tanlangki, x ® O da ushbu

1+ AX?
ctgx = x-:- 5 +O(x5)

1409. y =1-

asimptotik tenglik o'rinli boIsin.
1410.2. A, B, C va D koeffitsientlarning ganday giymatlarida x ® 0 da ushbu
2
o = 1+ Ax+ BX2 +O(X5)
1+Cx+ Dx
asimptotik formula o'rinli bo’ladi?
1411. |x| ni cheksiz kichik deb, quyidagi funksiyalar uchun oddiy tagribiy formulalarni
keltirib chigaring:
/ [1- é 5"U
aiz_ 1 i (R>O);b)31+x-3u;V)é§1-§L+ig G; g)h’]—z
R (R+x) 1-x 1+Xx X 100g g Ina?ng
& 1013
1412. |X| ni cheksiz kichik deb, x=a sinx+btgx ko'rinishdagi tagribiy formulani x°
hadigacha aniqlikda keltirib chigaring.
Bu formulani cheksiz kichik burchak kattaligi yoylarini tagribiy to g rilash uchun go’llang.
1413. Quyidagi CHebishev qoidasining nisbiy xatoligini baholang: doiraviy yoy tagriban
shu yoy vatariga qurilgan va balandligi /4/3 ga teng segment balanligiga (strelkasiga) teng
bo"Igan teng yonli uchburchakning yon tomonlari yig'indisiga teng.

11. Funksiya ekstremumi. Funksiyaning eng katta va
eng kichik giymatlari

Quyidagi funksiyalarni ekstremumga tekshiring (1414-1422):
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1414. y =2+ x- X°. 1415. y = (x- 1)°. 1416. y = (x- 1)“.

1417. y=x"(1- x)" (ml Z,nT Z, m>0, n>0). 1418. y = cosx + chx.
2 n A
1419, y = (x+1)°€*. 1420, y= gl x+ ot ... + 22 (n] N),
e 21 n! 17
1421. y=|¥. 1422, y = x*(1- x)*°.
1423. Ushbu

f(x)=(x-%)"} (x) (nT N)
funksiyani x = x, nuqtada ekstremumga tekshiring, bunda j (x) funksiya x = x, nugtada uzluksiz
vaj (%)t 0.
P(x) R (x)
1424, f(x) = Cfi(x) =
(9 (=gt
yani B(x)=0, Q(x)?* 0.U holdaquyidagi tenglikni isbotlang:
son f7(%) =son R (%) -
1425. Agar f (x) funksiya x, nugtada maksimumga ega bo'Isa, u holda f (x) funksiya bu

nugtaning biror etarlicha kichik atrofida x, nugtadan chapda o’suvchi va x, nugtadan o’ ngda esa
kamayuvchi bo'ladi. SHu tasdiq o'rinlimi?
Quyidagi misolni ko'ring:

va x,- f(x) funksiyaning statsionar nugtasi bo’lsin,

Agar x1 0 bo'lsa, f(x)=2- ngz+sin19va f (0) =2.

Xg
1426. Isbotlang: x* 0 da f(x)=e? va f(0)=0 bo'lgan funksiya x=0 nugtada

minimumga ega, x* 0 da g(x)=xe’* va g(0) =0 funksiya esa x=0 nugtada ekstremumga
ega emas, vaholanki,
f(0)=0, g”(0)=0 (n=12..).
Bu funksiyalarning grafigini yasang.
1427. Quyidagi funksiyalarni ekstremumga tekshiring:

2 x10daf(x)=e?&2+4n2 va f (0 =0;
) (%) g X (0)

b) x* 0 da f (x)=e ¥ ge 2+cos=%va f(0)=0.

X2
Bu funksiyalarning grafigini yasang.
1428. Ushbu

x1 0 da f(x)=|X2+cosiOva  (0)=0
()= +cos22va 1 (0)
funksiyani x =0 nuqtada ekstremumga tekshiring.
Bu funksiyaning grafigini yasang.
Quyidagi funksiyalarning ekstremumlarini toping (1429-1444):

1429. y = x* - 6X*> +9x- 4. 1430. y = 2x* - x*.
1431. y = x(x- 1)2(x- 2)3. 1432. y:x+i.
X
2X X* - 3x+2
1433. y = : 1434, y=———.
Y Ie Y v ox1
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1435. y =+/2x- X* . 1436. y = x3x- 1.

1437. y =xe ~. 1438. y =/xInx.
1439. y = In” X 1440. y:cosx+%0052x.
10 1
1441, y=————. 1442. y = arctg x- =In(1+ x*).
Y 1+sin® x Y 9% 3 ( )
1443. y =€*sinx. 1444, y =|xe ™

Quyidagi funksiyalarning ko'rsatilgan kesmalarda eng katta va eng kichik giymatlarini
toping (1445-1449):

1445. f (x)=2°, [-15]. 1446. f (x) =X - 4x+6, [-3;10].

1447. £ (x) =|x* - 3x+2], [-10;10]. 1448. f(x) = x+2, [0,01 100] .

X

1449. f (x) =~/5- 4x, [-11].

Quyidagi funksiyalarning ko'rsatilgan oraliglarda aniqg quyi (inf) va aniq yugori
chegaralarini (sup) toping (1450-1453):

2 n =

1450, T(x)=xe%™, (0,+¥). 1451 f(x)=cl+tx+o+.. .+ 36", (0, +¥).
e 2! n! 17
1452, f (x) = 1+—X4 (0,+¥). 1453, f(x)=e " cosx?, (- ¥, +¥).
X
1454. x <x < +¥ intervalda ushbu
_1+x
f(X)_3+X2
funksiyaning aniq quyi (inf) va anig yuqori chegaralarini (sup) toping va
M (x)= sup f(x), m(x) = inf¥f(x)
X<X<+¥ XX <t

funksiyalarning grafiklarini yasang.
14541 M, =sup ¥ (x)], k=0,12... bo'lsin Agar f(x)=e* bo'lsa My,M, va

M, larni toping.
1455. Ketma-ketlikning eng katta hadini toping:

T (n=12..); ) s (12 v (heLz).

n +10000
1456. Tengsizliklarni isbotlang:
a) |3x- x3|£2, X £2;
1

(1- x)" £1, agar O£ xE£1 va p>1ho'lsa
m"'n"
(m+n)”

0 2 et +a £x+a (x>0, a>0, n>1);

nl/n

d) [asinx+bcosx £va’ +b’ .
1456.1. Tengsizlikni isbotlang:
EE x> +1
3 xX*+x+1

v) x"(a- x)" £ a™, m>0,n>0va0f x£a;

Hn

£2, - ¥ <X<+¥
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1457. P(x)=x(x- 1)°(x+2) ko phadning [-2,1] kesmada “noldan fargini* aniglang,
yani
E, = sup |P(x)|
- 2EXEL
ni toping.
1458. q koeffitsientning ganday qiymatida P(x) = x* +q ko'phad [- 1, 1] kesmada noldan
eng kam farq giladi, ya'ni
E, = sup |P(x)| = min
-1EX£1
bo’ladi.
1459. Ikki f (x) va g(x) funksiyalarning [a, b] kesmada absolyut farqi deb ushbu
D= sup|f (x)- g(x)

aExEb
songa aytiladi. Quyidagi funksiyalarning [0, 1] kesmada absolyut fargini aniglang:
f(x)=x"va g(x)=x.
1460. f (x)=x* funksiyani [x,, x,| kesmada ushbu

g(x)=(x +%)x+b
chizigli funksiya bilan shunday tagribiy almashtiringki, f(x) va g(x) funksiyalarning absolyut
fargi eng kichik bo’lsin va bu absolyut fargni aniglang.
1461. Quyidagi funksiyaning minimumini aniglang:
f ()= ma{2]y, L1+ .
Quyidagi tenglamalarning hagiqiy ildizlari sonini aniglang va bu ildizlarni ajrating (1462-
1469):

1462. x* - 6x* +9x- 10=0. 1463. x°- 3x* - 9x+h=0.
1464. 3x* - 4x% - 6x* +12x- 20=0. 1465. x° - 5x = a.

1466. Inx = kx. 1467. e = ax®.

1468. sin® xxcosx=a, 0E XEp . 1469. chx = kx.

1470. Qanday shart bajarilganda ushbu
x*+px+q=0
tenglama a) bitta haqiqiy ildizga ega; b) uchta hagiqiy ildizga ega? ( P, q) tekislikda mos sohalarni
tasvirlang.

12. Funksiya grafigini yasash

Quyidagi funksiyalarning grafigini yasang (1471-1530):

4

1471, y =3x- . 1472, y =1+ %2 - X?
2 2- X
1473. y = (x+1)(x- 2)". 1474. y =%
X
2—
1475 y=—*"1 1476, y=—— >
x? - BX+6 (1+x)(1- x)
4 4
1477, y=— 1478, y =B+ X0
(1+x) 1- xg
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1479, y=— """/ 1480. y =
(x+1)° 1- xz)2
x+1)° 4
(x-1) x> +1
1 10 1
1483, y=—— - — 4+~ 1484. y = (x- 3)Jx.
y 1+x 3x* 1-Xx y=(x )\/;
1485, y = +/8x% - x* . 14851, y =22
VX2 +1
1486. y = +,/(x- 1)(x- 2)(x- 3). 1487, y=3x* - x® - x+1.
1488. y = - I +1. 1489. y = (x+2)*° - (x- 2)%°.
1490. y = (x+1)%° + (x- 1)*°. 1491 y=—2X
y=(x+1)7"+(x- 1) o
2x? - 1+ %%
1492, y=X¥¥ -1 1aga, y =220
2 -1 Jx
x3 X2
1494. y=1- x+ : 1495. y =3 :
3+X x+1
4
1496. y = XZ:‘;’ 1497. y = sin X+ Cos? X.
X
1498. y = (7 + 2cosx)sinx. 1499. y:sinx+%sin3x.
1500. y = cosX - %cost. 1501. y =sin* x + cos” x.
1502. y = sin x>sin3x. 1508, y=— X
Sina:f(+32
& 45
1504. y =X 15041 y=—1X
C0S2X 2+ CcosX
1505. y = 2x- tg x. 1506. y = e
1507. y = (1+x*)e ™. 1508, y = x+€ *.
1509. y = x%% *, 1509.1. y = e **sin® x.
1510, y=— . 1511 y=+41- % .
1+x
1512, y =X 1513 y—In(x+ x2+1)
. & . . - .
1514, y =2 +1><In(x+ X +1). 1515, y = ‘?/rcs_”zx.
1-x
1516. y = x+arctg Xx. 1517. y:§+arcctgx.
1518. y = xarctg Xx. 1519. y =arcsin 2X2 :
1+x
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2 1

1521, y =(x+2)e*.

1520. y = arccos

> -

1+x
2 -
1522, y = 2é e, 1523, y=InX_3X*2
X“+1
1524. y:aarcsing- va?- x*(a>0). 1525. y:arccosll'zx :
- 2X
1
1526. y = x". 1527. y = x*.
1 X
1528, y = (1+ x)x. 1529. y:xa?ng (x>0).
& xp
1
_erx o
1530. y—1+ > (gavarigligini aniglamasdan).
X
Quyidagi parametrik ko rinishda berilgan egri chiziglarni yasang (1531-1540):
(t+2) (t-2)° . :
1531. x= 1 y= 7 1532. x=2t- t°, y=3t-t°.
t? t t? 1
1533. x = , = : 1534. x = , = :
t-1 YT 1-t? Y TTve
1535. x=t+e', y=2t+e?. 1536. x =acos2t, y=acos3t (a>0).
1537. x =cos't, y=sint. 1538. x =tInt, y:InTt.
a 3
1539. x =——, =atg’t (a>0).
cos’ t y=atg' ( )

1540. x=a(sht- t), y=a(cht- 1) (a>0).

Quyidagi egri chiziglarning tenglamalarini parametrik ko rinishga keltirib, egri chiziglarni
yasang (1541-1544):

1541. X +y*- 3axy =0 (a>0). Yo' llanma y=tx deboling.

1542. x> +y* =x* +y*. 1543. xX*y* =x*- y°.

1544. X =y* (x>0, y>0).

1545. egri chizigning grafigini yasang: ch®x- ch®y =1.

Quyidagi (j ,r) (r® 0) qutb koordinatalar sistemasida berilgan funksiyalarning grafigini
yasang(1546-1550):

1546. r =a+bcosj (0<a£b). 1547. r =asing (a>0).
a thj .
1548. r = a>0). 1549. r=a——, | >1 (a>0).
ey (a>0) 1) (a>0)

1550. ] = arccos-. .
r
Quyidagi egri chiziglar oilasining grafigini yasang (a- o zgaruvchi parametr, 1551-1555):

2

1551 y=x*- 2x+a. 1552, y = x+ 2.
X
X
1553. y = x+ [a(1- x2). 1554, y =X 4@
y=xz [a(l- x*) y=3
1555. y = xe 2.

94



13. Funksiyaning maksimum va minimumiga doir masalalar

1556. Agar f (x) funksiya nomanfiy bo'lsa, u holda
F(x)=Ct?(x) (c>0)

funksiya f (x) funksiya bilan bir xil ekstremumlarga ega ekanligini isbotlang.

1557. Agar j (x) funksiya - ¥ <x<+¥ oraligda gat’iy monoton o suvchi bo’lsa, u holda
f(x) vaj (f(x)) funksiyalar bir xil ekstremumga ega ekanligini isbotlang.

1558. Yig'indisi 0'zgarmas a songa teng bo’lgan ikki musbat sonlarning m-chi va n-chi
dargjalari (m>0, n>0) ko paytmasining eng katta giymetini toping.

1559. Ko paytmasi 0"zgarmas a songateng bo’Igan ikki musbat sonlarning m-chi va n-chi
daragjalari (m >0, n> 0) yig'indisining eng kichik giymatini toping.

1560. Qanday logarifmlar sistemasida 0 zining logarifmiga teng bo’lgan sonlar mavjud?

1561. Berilgan S yuzali barcha to'g'ri to'rtburchaklar ichidan perimetri eng kichik
bo"Iganini aniglang.

1562. Kateti bilan gipotenuzasi yig'indisi 0 zgarmas songa teng bo’lgan eng katta yuzali
to'g'ri burchakli uchburchakni toping.

1563. CHizigli o'Ichovlarining ganday giymatlarida V hajmli yopiq tsilindrik banka eng
kichik to’la sirtga ega bo'ladi?

1564. YArim doiradan katta bo’lmagan doiraviy segment ichiga eng katta yuzali to'g'ri

to rtburchak chizing.
1565. Ushbu

XL Y.
a® b
ellipsgatomonlari ellips o glariga parallel bo’lgan eng katta yuzali to g'ri to rtburchak chizing.

1566. b asosga va h balandlikka ega bo’lgan uchburchakka eng katta perimetrli to'gri
to rtburchak chizing.

Bu masalani echish imkoniyatlarini 0’rganing.

1567. d diametrli doiraviy g'o'ladan asosi b va balandligi h bo’lgan to'g'ri to rtburchakli
to'sin o'yilyapti. Agar to'sinning chidamliligi bh®> ga proportsional bo'lsa, ganday o'lchamlarda
to sinning chidamliligi eng katta bo’ladi?

1568. R radiusli yarim shar ichiga asosi kvadrat bo'lgan eng katta hajmli parallelepiped
chizing.

1569. R radiusli sharga eng katta hajmli ichki tsilindr chizing.

1570. R radiusli shargato'lasirti eng katta bo'Igan ichki tsilindr chizing.

1571. Berilgan sharga eng kichik hajmli tashgi konus chizing.

1572. YAsovchisi | bo'lgan konusning eng katta hajmini toping.

1573. Asosining radiusi R va o q kesimining burchagi 2a bo’lganto’g'ri doiraviy konusga
eng kattato'la sirtga ega ichki tsilindr chizing.

1574. y* = 2px paraboladan M (p, p) nugtagacha bo’Igan eng gisga masofani toping.

1575. x> +y*> =1 aylanadan A(2,0) nuqtagacha bo’lgan eng gisga va eng katta masofani
toping.

2 2
1576. X—2+§:1 (0<b<a) ellipsning B(O, - b) uchidan o'tuvchi eng katta vatarini
a
toping.

95



2 2
1577. X—+§:1 ellipsdagi M (X, y) nugta orgali koordinata o'glari bilan eng kichik
a

2

yuzali uchburchak hosil giluvchi urinma o'tkazing.

1578. Jism yuqoridan yarim shar bilan tugallangan to'g'ri doiraviy tsilindrdan iborat. Agar
uning hajmi V' bo’lsa, chizigli o'Ichamlarning ganday giymatlarida bu jism eng kichik to’la sirtga
egabo’ladi?

1579. Ochig kanalning ko ndalang kesimi teng yonli trapetsiya shakliga ega. Agar kanaldagi
suvning “tirik kesimining” yuzasi S, suvning sathi esa h bo’lsa, kesimning “nam perimetri” eng
kichik bo’lishi uchun yon tomonlarni ganday j burchakka og dirish kerak? 1580. S
yuzali yopiq konturning egri-bugriligi deb bu kontur perimetrini S yuzali doira aylanasi uzunligiga
nisbatiga aytiladi.

Agar eng kichik egri-bugrilikka ega ABCD (ADP BC) teng yonli trapetsiyaning asosi
AD = 2a vao'tkir burchagi BAD =a gateng bo’lsa, bu trapetsiya ganday shaklga ega?

1581. R radiusli doiradan sektor qgirgib olingandan so'ng golgan gismidan eng katta hajmli
voronka o rash uchun undan ganday sektor qirqib olish kerak?

1582. A zavod janubdan shimolga garab yuruvchi va B shahardan o'tuvchi temir yo'ldan
eng gisga a km masofada joylashgan. Bir tonna yukni 1 km masofaga shoxobcha yo'lda tashish p

so'm, temir yo'lda tashish esa q so'mni (p > q) tashkil gilishini hamda B shahar A shahardan b

km shimolda joylashganligini e'tiborga olib, A dan B ga yuk tashish eng tejamli bolishi uchun
zavoddan chiquvchi shoxobcha yo'Ini temir yo'lgaganday j burchak ostida qurish kerak?

1583. O'zgarmas u va u tezliklarga ega bo'lgan ikkita kemalar oralaridagi burchak q
bo’lgan ikkitato 'g'ri chiziq bo’ylab suzmogda. Agar ma’lum vagtdan keyin kemalar bilan ularning
yo'llari kesishgan nugtagacha bo’lgan masofalar mos ravishda a va b ga teng bo'lsa, u holda
kemalar orasidagi eng gisga masofani toping.

1584. A va B nuqgtalarda mos ravishda S va S, sham kuchiga ega bo’lgan yorug'lik
manbalari joylashgan. AB = a kesmadagi eng kam yorug'lik tushayotgan M nugtani toping.

1585. R va r (R>r) radiusli ikkita kesisnmaydigan sharlar markazlarining to'g'ri

chizig'ida hamda sharlardan tashgarida yorituvchi nugta joylashgan. Nugtaning ganday
joylashishida sharlar sirtlarining yoritilgan gismlari yig'indisi eng katta bo’ladi?

1586. a radiusli doiraviy stol girg og'ining yorug'lik tushgan gismi eng katta bo"lishi uchun
stoldan ganday balandlikda elektr lampa o'rnatish kerak?

sinj
r2

Yo llanma YOruglik ravshanligi | =k formula orgdi ifodalanadi, bunda j -

nurlarning og'ish burchagi, r- vyoritilayotgan yuzadan yorug'lik manbaigacha masofa, k-
yorug'lik manbaining kuchi.

1587. a m kenglikdagi daryoga to'g'ri burchak ostida b m kenglikdagi kanal qurilgan.
Qanday eng katta uzunlikdagi kemalar bu kanalga kirishi mumkin?

1588. Kemaning suzishiga sarflanadigan bir sutkalik xargjatlar ikki gismdan iborat: a
so'mdan iborat 0'zgarmas gismi va tezlikning kubiga proportsional o'suvchi o'zgaruvchi gism. v
tezlik ganday bo’lganda kemaning suzishi eng tejamli bo’ladi?

1589. Gorizontal notekis (g adir-budir) tekislikda yotgan P og'irlikdagi yukni unga
go'yilgan kuch yordamida o'rnidan siljitish kerak. Agar yukning ishgalanish koeffitsienti k ga
tengligi ma’'lum bo’lsa, yukni siljitishga eng kam kuch sarflash uchun bu kuchni gorizontga
nisbatan gancha og dirish kerak?

1590. a radiusli yarim shar formasiga ega bo'lgan chashka ichiga | >2a uzunlikdagi
sterjen’ tushirildi. Sterjenning muvozanat holatini toping.

14. egri chiziglar ning urinishi. egrilik doirasi. evolyuta
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1591. y=kx+b togri chizigning k va b parametrlarini shunday tanlangki, u
y =x% - 3x® + 2 egri chiziq bilan birinchi tartibdan yugori bo'lgan urinishga ega bo'lsin.
1592. a, b va ¢ parametrlarning ganday giymatlarida
y=ax’+bx+c
parabola x = x, nugtada y = €* egri chiziq bilan 2-tartibli urinishga ega bo'ladi?
1593. Quyidagi egri chiziglar x =0 nuqtada Ox o'qi bilan ganday urinish tartibiga ega:
a) y=1- cosx; b) y=tgx- sinx; v)y:ex-g+x+x—22.

é 2 g
1

1594. x1 0 da y:e-? va x=0 da y=0 bo’lgan egri chizig x=0 nugtada Ox o'qi
bilan cheksiz tartibli urinishga ega ekanligini isbotlang.

1595. xy =1 giperbolaninga) M (1, 1);  b) N(100; 0,01) nuqtalardagi egrilik radiusini
va markazini toping.

Quyidagi egri chiziglarning egrilik radiusini toping (1596-1602):

2 2
1596. Parabola: y? = 2px. 1597. dllips: %+§ =1 (a3 b>0).
NI : 2 2
1598. Giperbola: —; - re =1. 1599. Astroidac x® +y3 =a3.
a

1600. elips: x = acost, y =bsint.

1601. TSkloida: x=a(t- sint), y=a(l- cost).

1602. Doiraevol ventasi: x = a(cost +tsint),  y=a(sint- tcost).

1603. Ushbu

y? = 2px- gx°

2-tartibli egri chizigning egrilik radiusi normal kesmasining kubiga proportsional ekanligini
isbotlang.

1604. Qutb koordinatalarda berilgan egri chizigning egrilik radiusining formulasini yozing.

Qutb koordinatalarda berilgan egri chiziglarning egrilik radiusini aniglang (parametrlar
musbat, 1605-1608):

1605. Arximed spirali: r =& . 1606. Logarifmik spiral’: r = ae™ .
1607. Kardioida: r =a(1+cosj ). 1608. Lemniskata: r? =a?cos?j .
1609. y =Inx egri chiziqda egriligi eng katta bo’Ilgan nugtani toping.

1610. Ushbu

3
y:% (O£ x<+¥, k>0)
kubik parabola x nuqgtada Floo gateng eng katta egrilikka ega. SHu x nuqgtani toping.

Tenglamalarni tuzing (1611-1615):

1611. y* = 2px parabola evolyutasi tenglamasini.
2 2

1612. % + é =1 ellips evolyutasi tenglamasini.

2 2 2
1613. x® + y® =a® adtroida evolyutasi tenglamasini.

a+.a’-y’ . . .
1614, x=aln2 V& ~ Y Ja® - y? traktrisaevolyutasi tenglamasini.
y
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1615. r = ae™ logarifmik spiral’ evolyutasi tenglamasini.
1616. Ushbu
x=a(t- sint), y =a(1- cost)
tsikloida evolyutasi — bu berilgan tsikloida bilan fagat joylashishiga ko'ra farq giladigan tsikloida
ekanligini isbotlang.

15. Tenglamalar ni taqgribiy echish

Proportsional gismlar (vatarlar usuli) qoidasidan foydalanib, quyidagi tenglamalarning
ildizlarini 0,001 aniglikdatoping (1617-1620):

1617. x* - 6x+2=0. 1618. x* - x- 1=0.

1619. x- 0,1sinx =2. 1620. cosx = X°.

N’yuton usulidan foydalanib, quyidagi tenglamalarning ildizlarini ko'rsatilgan aniglikda
toping:

1621, % + = =10x (10 anigikda). 1622. xlgx =1 (10"* aniglikda).

X

1623. cosxxchx =1 (10 aniglikda).
1624. x+€* =0 (10°° aniglikda, ikkita musbhat ildizi).
1625. xthx =1 (10°° aniglikda).
1626. Quyidagi tenglamaning birinchi uchta musbat ildizlarini 0,001 aniglikda toping:
tg X = X.
1627. Quyidagi tenglamaning ikkita musbat ildizlarini 10"® aniglikda toping:
X

ctgx—l- —
x 2
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[11 BO'LIM

ANIQMASINTEGRAL

1. Sodda anigmas integrallar

Integrallar jadvalidan foydalanib, quyidagi integrallarni toping (1628-1653):

1628.

1630.

1632.

1634.

1636.

1638.

1640.

1642. o)

1644.

1646.

1648.
1650.
1652.

3- %) ax.

d1- x)(1- 2x)(1- 3x)dx.

Ga a® a‘o
2
Oéx X Xy

\&-%FHLIX_

Cg[- izg X7/ dX .
X g

/4+-4+
O—‘X é 2dx.

X
L X2dx

:i_ X2 '

W1+ +4/1- %

Vi- x*

g2 +3) .

dx.

‘e3X +1

o—dx.
e +1

N1- sin2xdx(0£ x£p).
o’ xax.
gh*xdx.

1629. ()¢ (5- x)" dx.

.2
‘é;xg dx.

2

1631.
X+
1633. OWdX'
1635.@§3139idx.
x3/x
(Vo 5]
O—dx .

X

X
1

3

1637.

< Xedx

O_i+x2 '

X2 +3

o—dx2 = X .

A +1- - 1dx
O vx*-1

2x+1 _ 5x-1
C‘)T dx.

1639.

1641.

1643.

1645.

1647. (f1+sinx+ cosx)dx.

1649. (yptg®xadXx.
1651. (Jashx+bchx)dx.
1653. ¢pth®xdx.

1654. Agar o)f (x)dx = F(x) +C bo’lsa, u holda quyidagini isbotlang:

1655.

1657.

1659.

1661.

of (ax+b)dx:§F(ax+b)+C (at 0).
Integrallarni toping (1655-1673):

< dx
X+a

A1- 3xdX.

L X
sx- 27

. Ox
0
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dx dx
1663. 07‘ ) 1664. 07‘ )
\V2- 3%° V3% -2
1665. (fe " +e > )dx. 1666. (fsin5x - sin5a ) dx.
dx dx
1667. ——. 1668. ¢y
sin? &x + BS +cosx
& P
dx dx
1669. ¢ ) 1670 ¢ )
Oj- COSX 0I:+sinx
1671. Oish(2x+1) +ch(2x- 1)gpix. 1672. 52
chz X
2
1673. -
sh? X
2
Integral ostidagi ifodada almashtirish bajarib, quyidagi integrallarni toping (1674-1720):
x dx
1674. y—. 1675. A1+ x3dx.
\V1- x? o
x dx x dx
1676. 037‘ ) 1677. 07‘ )
- 2X2 (1+ XZ )2
1678. 2% 1679, 39X
+ X X" - 2
dx 1 dx
1680. 07‘ . 1681. csin—x— .
(1+ x)V/x e
dx dx
Yo‘IIanma.—:Zd\/;. 1682. 07‘ )
Jx ( ) XX +1
1683. (y——— dx 1684. y—— dx
XVx? -1 (x2 +1)3/2
x dx x2dx
1685. ———=> - 1686. (y———— -
(x - 1)** (8 +27)"
1687. (y—— dx 1688. (y —— dx
' x(1+ x) ' ' Jx(l- x) '
2 e*dx
1689. e " dx. 1690. ¢ )
O Ore
1601 & X 1602, &
In? x dx
1693, (y——dx. 1694, ———— .
X xIn xln(ln x)
1695. &in® xcosxdx 1696. §-3N* g
\/cos® X
1697. (3g xdx. 1698. (ytg xdx.
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. SN X+ cosx
O
Jsinx- cosx
sin x

1700.1. ¢y ——=0.

COS2X

shx
1700.3. (‘)\/:dx )

ch2x

- dx
=2 2 '
sin® X+ 2cos” X

1704. o—-

1699.

1702.

1708. 07‘ )
ch?x3/th®x

1710. & dx

0(arcsin x)*V1- %2 '

X+

X

Yo llanma ?+i9dx:d§<- 19.

X @ X @

1715, 52Xl
¢1+ Xn+2

1717, & XX
\2+cos2x

L2033

17109. cwdx :

Y Oyish usulidan foydalanib, quyidagi integrallarni

1721. 3¢ (2- 3x)” dx.
J+ X

1722. Ol-_XdX .

1724. c‘]sf—xdx.
(2- x)2
1726 y>—3-0x.

-XZ

X5

1728. C)—ldx .

X+

1730. C‘y<\/2- 5x dx.
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SiN XCOSX

1700. &
0«/a2 sin® x +b? cos® x

1700.2. (ymn dx.

\cos2x
dx
1701. 07‘ .
sin® x{/ctg x
. dx

X

1705. (‘)S%.
X
<« Shxchx

O X
\sh*x +ch*x
arctg x

1709. y——pdlx.

1+ x°

C‘)‘V/In(x+\/1-l-—x2)

1707.

1711. dx.

1713 Gz 0%

1714. 6(71)4 :

X +

1 1+x
1716. ¢ In——dx.
O "1-x

. SinNXcosx

1718, g ——i—dx.

sin® x + cos” x

1720. ¢ Xdx

0 3
\/1+ X +,(1+x°)

hisoblang (1721-1765):

1721.1. ¢x(1- x)” dx.

XZ

1723. ¢ X .
+ X
(1+x)

2
+ X

RS

dx
1729. ¢ .
0\/x+1+\/x- 1
. xdx

dx .



Yo llanma x°© - %(2 5x)+§. 1732. @<3x3/1+x2dx.

dx dx
1733. ¢ . 1734. §—— .
x- 1)(x+3) X2 +X- 2
Yollanma 1° Zgx+3)- (x- 1 1735, §—— X
4 Fe 1) (¢ +2)
dx x dx
1736. ¢ . 1737. ¢ .
C(xz- 2)(x* +3) x+2)(x+3)
x dx dx
1738. ¢ . 1739. ¢ alb).
O a2 Ocray (erop
dx .
1740. ¢ a’l p?). 1741. ¢sin® xdx.
Ctx2+a2)(x2+b2)( ) (ﬁ
1742. (yos’ xdx. 1743. ¢pinxsin(x+a ) dx.
1744. ¢gin30sin5xdX. 1745. ¢yos> mosgdx.
1746, c5in22x - P %0sBx+ P9 1747. ¢&sin® xdx.
¢ & 65 & 6g ¢
1748. (yos’ xdx. 1749. ¢gin” xdx.
1750. ¢yos® xdx. 1751. ¢ptg®xdx.
1752. (§g°xdx. 1753. ¢gin” 3xsin® 2xdx.
1754, ———— dx 1755. ———— dx
" Ysin? xcos® x " Ysin? xxcosx
. dx
Yo llanma 1° sin® x+cos® X. 1756. ————-
SiN XCOS® X
cos® X dx
1757. —-rdx. 1758. —— -
sin x cos’ x
1750, X 1760 o_d‘(1+ex)2
. . . X.
Ive 1+€”
1761. ¢ph*xdx. 1762. ¢ph®xdx.
1763. dshxsthdx. 1764. (‘):hx>ch3xdx.
1765. ———— dx
- Yh?xch®x
O zgaruvchini almashtirish usulidan foydalanib, quyidagi integrallarni toping (1766-1777):
1766. )1 xdx. 1767. ¢ (1- 5x°)" dx.
68 o—dxz 69 07)‘5 d
1768. ¢ X . 1769. ¢ X .
N2- X V1- %
1770. ¢ (2- 5¢)" dx. 1771 ¢pos® xx/sinx dx.
sin xcos® x sin? x
1772. ¢ dx . 1773, ——dx.
1+ cos® X cos? X
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In xdx dx
1774. 07‘ . 1775. 07‘ :
Xy/1+In x e’ +¢
. dx \arctg\& dx
1776. . 1777. X :
Ofre O~ X Trx

x=asint, x=atgt, x=asin’t vah.z. kabi trigonometrik almashtirishlardan foydalanib,
quyidagi integrallarni toping (parametrlar musbat, 1778-1785):

1778, 1779, § X
1780. /1~ @ dx. 1781 5—
(x2+a2)

1782, (3222 dx. 1783. () |—— dx.

a- X 2a- a

dx
1784. ¢ ) 1785. A /(x- a)(b- x) dx.
o) CEOIC) oJ(x- a)(b- x)

Yo' llanma x- a=(b- a)sin’t.
x=asht, x=acht va h.z. kabi giperbolik amashtirishlardan foydalanib, quyidagi
integrallarni toping (parametrlar musbat, 1786-1790):

2

1786. &/a® +¢ dx. 1787. y——— dx.
¢a2 +X2
1788, ()| ~—2dx. 1789, g — %
X+a (x+a)(x+b)

1790. ¢)/(x+a)(x +b) dx. Yo'llanma x+a=(b- a)sh’.

Bo'laklab integrallash usulidan foydalanib, quyidagi integrallarni toping (1791-1810):

1791. ynxdx. 1792. )¢'Inxdx (n? -1).
anxs o1z
1793. (— = dx. 1794. ¢)y/xIn® xdx.
X g
1795. ¢y *dx. 1796. ¢yCe**dx.
1797. (e dx. 1798. ()cosxdx.
1799. ()¢ sin2xdx. 1800. ¢ycshxdx.
1801. ()¢ ch3xdx. 1802. (pretg xdx.
1803. cpresinxdx. 1804. (yarctg xdx.
1805. (3¢ arccosxdx. 1806. (Yool X dix.
X
1807. gn(x++/1+ ¢ o 1808, @(In?—xdx.
- X
1809. ¢pretgy/x dx. 1810. ¢pinxn(tg x) dx.
Integrallarni toping (1811-1835):
1811. ()€ dx. 1812. farcsinx)” dx
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va

1813. oy (arctg x)” dx.

xln(x+\/1+ xz)
1815, o——

. X
Y oe)

1819. () /x? +adx.

1821. @(sin2 xdx.

1817.

1823. ¢psinv/xdx.

arctg X

1825, 5 o
[1+x?)

1827. ¢yos(Inx)dx.

1829. c‘)aax sinbxdx.

1831. dex - cosx)2 dx.

In(sinx)

1833, ——y—20X.

SII’]X

1835. &€ _ax.

(x+1)

I ntegrallarnl toping (1836-1849, 1851-1865):

dx .

1836. 07 (abt 0).

1814. )¢ In;—xdx.
X

. X

1816. 0(72)2 dx.

1+x

1818. () /a® - x*dx.
1820. y+/a? +x dx.

1822. g’ dx.

arsg x

1824, 2 ix.

Teee)”
1826. ¢pin(Inx)dx.

1828. c‘pax cosbxdx.
1830. c‘)azxsin2 xdx .

arcctge”

1832, y——>—dx.

e
< Xdx

1837. 3 .

X" - X+2
x dx

1839. Om.
< xadx
X2 - 2xcosa +1
Xe - x3- 2

1845, ¢ dx
Oy x+2c0sx+3"

1847, X

V1- 2x- 2

1849, X

07.
N2XP - X+2

1841.

1850. Agar y = ax’ +bx+c(a? 0) bo‘lsa, u holda quyidagilarni isbotlang:

a + bx?
1838, 3
X - 2x-1
. (x+1)
1840. 5—2—dx
X"+ X+1
1842, XX
X - X +2
dx
1844.
GSsinzx- 8sin xcosx + 5cos? X
dx
1846. 07‘ bt 0).
x/a+bx2( )
ax
1848. 07‘ )
X+ X
. dx
Oy a

——In

a>0



c‘)d_x :iarcsini+ C a<0
Jy +-a b® - 4ac ’
1851, & — = 1852, —*1 ax
' B+ Xx- X° ' CEUX Fx+1
x dx cosxdx
1853. ¢ ) 1853.1. ¢ )
Oxll- 3% - 2x* 0\/1+ Sin X + cos® X
x3dx X+ X3
1854, (y ——. 1855. ¢y ————dX.
xt-2x3 -1 NAE Gy
dx dx
1856. (y———. 1857. (y— .
XX+ x+1 XeAIX2 +x-1
1858. % 1850. X
(x+1)Vx® +1 (x- 1)vxZ- 2
1860. ¢y, o 1861. ()/2+ x- X2 dx
(x+2)2\/x2 +2x-5
1862. 0\‘/2+x+x2dx. 1863. AW x* +2x% - 1xdx.
1- x+x° X2 +1
1864. ¢ dx. 1865. ¢ X
O - Ot

2. Ratsional funksiyalar ni integrallash

Anigmas koeffitsientlar usulidan foydalanib, quyidagi integrallarni toping (1866-1889):

2X+3 xdx
1 . O ) 1867. ¢ )
%% O ) 5) ™ Bl O (x+ ) (x+9)
< x¥dx . X+l
N X! < Xdx
0 O g aa™ PO e
2 2
1872. §— 1 . 1873, 0?2;9 .
(x+1) (x-l) X2 - 3x+2g
dx dx
1874. & ) 1875. ¢ )
0(x+1)(x+2)2(x+3)3 O % - 2¢ - 2% + x+1
X +5x+4 . dx
1876 Omdx . 1877 N +1)(X2 +1) .
dx x dx
1878. ¢ ) 1879. & )
O(XZ- 4x+4)(x2- 4x+5) 0(x- 1)2(x2+2x+2)
dx dx
1880. ¢ ) 1881. 0—‘ )
0x(1+ x)(1+x+ xz) X +1
1882. ‘X)g dxl. 1883, c‘))(f'—xl.
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< dx dx

1884. ) 1885. 07‘ )
x* +1 x*+x% +1
dx dx
1886. ) 1887. ¢ )
x® +1 0(1+ x)(1+x2)(1+x3)
dx x2dx
1888. ()~ . . 1889. &y .
X7 - x4 - X+ x- 1 x4+3x3+2x2+3x+1
1890. Ushbu
Al +bx+c
0 3 2 X
x* (x- 1)

integral ganday shartlar bajarilganda ratsional funksiya bo’ladi?
Ostrogradskiy usulidan foydalanib, integrallarni toping (1891-1897):

X dx dx
1891. ¢ ) 1892. ¢ )
Q- 17 (x+1)° Ve +1)
dx x2dx
1893. 07‘ ) 1894. & )
(x2+1)3 (x2+2x+2)2
2
1805, §— 2. 1896, §— = X2 gy
(x“+1) (x-l)(x2+x+1)

. d
1897. 0()(47)(1)3

Quyidagi integrallarning algebraik gismini gjrating (1898-1900):

1808, X1 . 1809, X
(x“+x2+1) (x3+x+1)
. A -1

1901. Integralni toping: Gx“ +2x° +d5)3(x2 +2x+1

1902. Qanday shartlar bajarilganda ushbu
.ax’+2bx+g

> > ax
(ax +2bx+c)

integral ratsional funksiyani ifodalaydi?
Turli usullardan foydalanib, quyidagi integrallarni toping (1903-1920):

. X . xdx
x3dx X2 + X
1905. & ) 1906. ¢ dx.
> 05s O™
x4 - 3 x*dx
1907. ¢ dx. 1908. 07‘ )
0x(x8 +3x* + 2) (Xlo ; 10)2
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< XMdx x2dx

19009. Os -7 = 1910. & )
X +3x* +2 0(x1° +2X° + 2)2
XZn 1 X3n 1
1911, o— dx 1912, y—— dx
X (XZH +1
dx dx
1913 07‘ 1914 07‘
x(x10 +2) x(x10 +1)
1- X x*-1
1915. o—d‘ X . 1916. ¢ dx.
{1+ X)) O - 5)( - 5x+1)
X2 +1 X2 -1
1917. 07‘ dx . 1918. & dx.
x“+x2+1X 0x“+x‘°‘+x2+x+1
X° - X Xt +1
19109. o—‘ dx. 1920. o—‘ dx.
X +1 X° +1
1921. Ushbu
N dx
I n = 0 2 n (a ' O)
(ax +bx + c)

integralni hisoblash uchun rekurrent formulani keltirib chigaring.
Bu formuladan foydalanib, quyidagi integralni hisoblang:
dx
l, = ¢ :
’ (x2 + x+1)3

Y o' Ilanma Ayniyatdan foydalaning: 4a(ax2 +bx+ c) = (2ax+b)”* + (4ac- bz)
1922. Ushbu

| = ¢ dx (m,nT N)

0(x+ a)" (x+b)"

X8 mashtirish bajaring.
X+b

Bu almashtirishdan foydalanib, quyidagi integralni toping:
N dx
Q27 (x+3)
1923. Agar P,(x)- x o'zgaruvchiga nisbatan n-darajali ko'phad bo'lsa, u holda quyidagi
integralni hisoblang:

integralni hisoblash uchun t =

A

Y o' Ilanma Teylor formulasini qo'llang.
1924. R(x) = R*(%*) bo'lsin, bunda R* - ratsional funksiya. R(x) funksiyaning ratsional

kasrlarga yoyilmasi ganday xususiyatlarga ega?
1925. Hisoblang:

N

Olf—xm (n- butun musbat son).
X
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3. Ba'z irratsional funksiyalarni integrallash

Integral ostidagi funksiyalarni ratsional funksiyaga keltirib, quyidagi integrallarni hisoblang
(1926-1935):
dx

1926. ¢ ) 1927
S T (1+2\/_ \/_)
X32+ X 1- Vx+1
1928. 07‘ dx. 1929. ol—d‘ )
X+ 32+ X X +3x+1 X
- dx WX+H1-4/X 1
1930. o——— 1931.
(1+4&)3& 0\/x+1+\/ 1
dx x dx
1932. ¢ ) 1933. ¢ a>0).
oy ey Orctan 0
1934. o (n- natural son).
Q/(x- a)’ 1(x b)
dx - 1(')2
1 . ~ . Y ) II = - .
935 01+&+ T ollanma x gZU .

1936. R- ratsional funksiya va p,g,n- butun sonlar bo'lsin. Agar p+q=kn (ki 2)
bo’Isa, u holda quyidagi integral elementar funksiya ekanligini isbotlang:
R (x- a)"" (x- b)¥" Hox.
Quyidagi oddiy kvadratik irratsional funksiyalarning integralini toping (1937-1942):

NG dx
1937. 07‘ dx. 1938. & )
N1+ X+ X 0(x+1)\/x2+x+1
dx X2 +2x+2
1939. & ) 1940. 07‘ dx.
0(1- x)2 N X
x dx 1- x+x°
1941. & ) 1942. 07‘ dx.
0(1+ X)V1- x- x? N1+ x- X2
Ushbu
P (X .adx
o%dan.l(x)yﬂ o,

formulani qo'llab, quyidagi integrallarni toping, bunda y=+/ax’ +bx+c, P,(X)- n- dargali
ko'phad, Q. ,(X) - (n- 1)-dargjali ko'phad va | - 0'zgarmas son (1943-1950):

X x%dx
1943. 07‘ dx. 1944, 07‘ )
V1+2x- X° B
3. 6x° +11x- 6
1945. oy¢“+/a? - X2dx. 1946. ¢y~ dx.
X2 +4x+3
1947, y——— dx 1948, y——— dx
XX +1 xAx? -1 '
dx dx
1949. & ) 1950. & )
0(x- 1)3\/x2+3x+1 0(x+1)5\/x2+2x
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1951. Qanday shartlar bajarilganda ushbu

2
aXx thx+c dx
Jax® +bx+c
integral algebraik funksiyani ifodalaydi?
P(x) . o . P(x) , . o
ratsional funksiyani oddiy kasrlarga yoyib, ¢ X integralni toping, bunda
Q(x) Ry
y=+ax’ +bx+c.
xadx x dx
1952. ¢ : 1953. :
0(x- 1)°V1+2x- ¥? O(X - 1)\/x2 - x-1
x> +x+1 x3
1954. ————dx. 1955. @& dx.
(x+1) 0(1+ X)V1+2x- X
xdx dx
1956. ¢ : 1957. ¢ :
O(XZ- 3x+2)\/x2- 4x+3 0(1+x2)\/1- x?
dx dx
1958. 1959. ¢ :
O(x2 +1)\/x 1 0(1- x“)\/1+ x?
\/ 2
1
Kvadratik ko phadlarni kanonik ko'rinishga keltirib, quyidagi integrallarni hisoblang (1961-
1963):
dx xZdx
1961. ¢ : 1962. ¢ :
0(x2+x+1) x> +x-1 0(4- 2x+x2)\/2+2x- x?
. (x+1)dx
1963. :
(x2 +x+1) x>+ x+1
1964. x S bt kasr-chizigli almashtirish yordamida quyidagi integralni toping:
N dx
(x2 - x+1) X+ x+1
1965. Hisoblang: ¢ o
' ' 0(x2+2)\/2x2- 2x+5

Ushbu

1) agar a>0 bo'lsa, vax® +bx+c = +Jax + z;
2) agar ¢ >0 bo'lsa, vax? +bx+c = xz++/c;
3)\/a(x- %) (x- %) =2z(x- %)

Eyler ailmashtirishlarini go’llab, quyidagi integrallarni toping (1966-1970):

dx
1966. ¢ )
0x+\/x2 +x+1

1968. ()< X2 - 2x+2dXx.
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1970.

- v
gL+4/x(1+ X)H

Turli usullardan foydalanib, quyidagi integrallarni toping (1971-1979):

N dx
1971. O Je 1

dx
1973. /& )
O\Eh/l- X ++/1+ X

1975. (‘)\/,—d ;(X(X-I-l)

X .
+4/X+1

. (x2 +1)dx
1977. O(XZ Ny

e

oO—F—.
XX+ X2 +1

1980. (‘j?(x, Jax+b, \/cx+d)dx integralni topish, bunda R- ratsional funksiya, ratsional

funksiyani integrallashga keltirilishini isbotlang.

1072, & XK

(1- °)V1- '
1074, § XL X+
' 01+x+\/1+x+x2

1976, (xz-l)dx
IO(XZ +1) X +1

1978. & dx

Ox\/x“ +2%-1

Quyidagi (binomial differensial) integrallarni toping (1981-1989):

1981. WX + x*dx.

1083, &y <
V1+3x
. ax
31+ 3 )
dx
X1+ X

1985. )-——

N

1987. y———

1989. (Y v/ 3x - X>dX.

1990. Qanday hollarda ushbu

oVl+ x™dx

. Jx
1982. 0(1-4-37\/;)2
. Xdx

V1- %2

1086. ;X

04/1+ 4 '

1088, ;X

. / 1
3
X° 51+~
X

dx.

1984.

integral elementar funksiyani ifodalaydi, bunda m- ratsional son?

4. Trigonometrik funksiyalar ni integrallash

Integrallarni toping (1991-2010):
1991. ¢ypos’ xdx.
1993. ¢ypos’ xdx.
1995. ¢pin® xcos’ xdx.
.Sn’x

Cos X
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1992. Cpin6 xadx.
1994, C‘pin2 xcos® xdx .
1996. C‘pin5 xcos® xdx.

.cos* x

1998. (e
an” X

dx.

dx.



dx dx

1999. 0—‘ : 2000. ¢ :
sin® x cos’ x
2001 X 2002, &K
" “sin® xcos® x " “sin® xcos’ X
2003, §— X | 2004. (§g°xdx.
sinxcos® x
;4
2005. (ptg®xdx. 2006. (e dx.
cos® X
2007. & — 2008, §— X
Vsin® xcos® x cosxy/sin® x
2000. - 2010. -
2011. Quyidagi integrallar uchun pasaytirish formulalarini keltirib chigaring:
a) |, = ¢pin" xdx; b) K, = ¢pos” xdx (n>2)

vaular yordamida quyidagi integrallarni hisoblang:
Cpin® xdx va (yos’ xdx.
2012. Quyidagi integrallar uchun pasaytirish formulalarini keltirib chigaring:

dx dx
al,=c ; b) K, =¢ n>2
) 1= Qg ) Ko = Oy (122)
vaular yordamida quyidagi integrallarni hisoblang:
. dx va & dx
O5nsx *© Ocos’ x
Quyidagi integrallarni ushbu
|.sinasinb :%[cos(a - b)- cosa +b)];
|l.cosa cosb :%[cos(a - b) +cosa +b)];
I11.sina cosb :%[sin(a - b)+sin@ +b)]
formulalarni go'llab toping (2013-2018):
2013. cpin5xcosxdx. 2014. Cposxcos2xcos3xdx.
2015. @inxsingsingdx. 2016. ¢ginxsin(x+a)sin(x+b)dx.
2017. (pos® axcos’ bxdx. 2018. ¢gin® 2x>cos’ 3xdx.

Quyidagi integrallarni ushbu
cos(a - b)° cog(x+a)- (x+b)] va sin(a - b)° sin[(x+a)- (x+Db)]
ayniyatlarni qo’llab toping (2019-2024):

dx dx
2019. ¢ ) 2020. ¢ )
019 0sin(x+a)sin(x+b) 020 0sin(x+a)cos(x+b)
dx dx
2021. ¢ ) 2022. 07‘ )
0cos(x+a)cos(x+b) sinx- sina
R dx N
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OR(sinx,cosx)dx ko'rinishdagi integrallarni (R- rasional funksiya) umumiy holda

tgg =t amashtirish yordamida ratsional funksiyalarni integrallashga keltiriladi.

a) Agar
R(- sinx,cosx) © - R(sin x,cosx)
yoKi
R(sinx,- cosx) © - R(sin x,cosx)
tenglik bajarilsa, u holda cosx =t yoki mosravishda sinx =t amashtirish bajarish qulaydir.
b) Agar
R(- sinx,- cosx) © R(sin X, cosx)
tenglik bajarilsa, u holda tgx =t almashtirish bajarish qulaydir.
Integrallarni toping (2025-2040):

2025. & . 2026. ¢ x
sinx- cosx+5 0(2+cosx)smx
sin? x dx
2027. c‘)_—dX. 2028. ¢ ra)0<e<l;be>1.
Sin X + 2CosX 01_+ecosx ) )
sin? x dx
2029. ¢ dx. 2030. ¢ )
0I:+sin2 X 0azsin2 x +b? cos? x
2 .
2031 oS XK 2082, (oo gy
(azsin2x+b2cos2 x) Sin X + CosS X
2033 5K 2034, §_nxx
(asinx+bcosx) sin® x + cos® x
2 2
2035, X | 2036, (om o> X gy
sin* x + cos® x sin® x +cos® x
sin® x- cos® X Sin Xcosx
2037. c‘)—dx. 2038. O—d‘ X .
sin® x+ cos’ x 1+sin® x
2030, X . 2040. & &
Sin” X+Cos” X (Sin2X+2COS2 X)
2041. Maxrajni logarifmik ko'rinishga keltirib, quyidagi integralni hisoblang:
N dx
O snx+bcosx
.a Snx+b cosx

2042. Isbotlang: () dx = Ax+ Bln|asinx +bcosx + C,

asinx+bcosx
bunda A, B,C - 0" zgarmas sonlar.

Y o' Ilanma Tenglikdan foydalaning:
a sinx+b, cosx = A(asinx+bcosx) + B(acosx- bsinx), A B- 0 zgarmas sonlar.
Integrallarni toping (2043-2045):

2043, (o XZ SX gy 20431 —X
Sin X + 2C0SX Sin X - 3COSX
L dx . & Sinx+b cosx
044. . 2045. dx.
0§+5tgx 0(asinx+bcosx)2
2046. 1shotlang:
in X+ +
\als_nx b, cosx S dx = Ax+ BIn|asinx+bcosx+c|+C— dx ,
asinx+bcosx+c asnx+bcosx+c
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bunda A, B,C - 0'zgarmas koeffitsientlar.
Integrallarni toping (2047-2049):

Sinx+2cosx- 3 - sin x

2047. dx. 2048. dx.
O5nx- 2cosx+3 0\E+sinx+cosx
2049, 7 ?snx+cosx
035|nx+4cosx- 2
2050. Ishotlang:
- 2 + - +
\a,sin” x zplsnxcosx Clcoszxdx:Asinx+Bcosx+C(‘) _ dx |
asin X +bcosx asin X +bcosx

bunda A, B,C - 0'zgarmas koeffitsientlar.
Integrallarni toping:
.Sin* X- 4sin XxcosXx + 3cos” X .Sin® X- Sin XcosXx + 2c0s” X

2051. dx. 2052.
0 Sin X+ cos X 0 SN X+ 2cosx

2053. Agar (a- c)” +b?* 0 bo'lsa, uholda

dx.

. snx+b cosx . d . du
0 H) a1 : bl dX:A ZU1 +B 2 :
asin® x + 2bsin xcosx + ccos’ X QZ]ul +1, %uz +1,

tenglikni isbotlang, bunda A, B - anigmas koeffitsientlar, | ,, | , lar esa ushbu

a- | b
=0 (I,t1
b c-1I ‘ (2 12)
tenglamaning ildizlari, u, =(a- |,)sinx+bcosx va k = I (i=1 2).
a-1
Integrallarni toping (2054-2056):
T e sinx+ cosx)dx
2054, @ ?sznx cos>2< . 2055. 62 _ ( _ ) —
sin® X+ 4co0s” X sin® X- 49N XcosX +5c0s” X
2056, {INX- 200X 4
+ 49N XCOoS X
2057. Ishbotlang:
N dx _Asinx+Bcosx N dx
0 . n . n-1 +C . n-2 !
(asinx+bcosx)" (asinx+bcosx) (asinx+bcosx)
bunda A, B, C - anigmas koeffitsientlar.
. dx
2058. Toping: ¢ :
0(sinx+2cosx)3
2059. Ishotlang:
« dx _ Asinx « dx « dx
0 n n-1+BO n-1+C0 n-2 (|a|1 |b|)’
(a+bcosx)" (a+bcosx) (a+bcosx) (a+bcosx)

va n- birdan katta natural son bo’lsa, A, B,C koeffitsientlarni aniglang.
Integrallarni toping (2060-2064):
sin xdx sin’ x

2060. ¢ ) 2061. 07‘ dx.
0cosx\/1+ sin? x CoS” X\/tg X
sin xdx dx
2062. 07‘ ) 2063. 07‘ O<exl).
N 2+sn2x (1+ecosx)2 ( )
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L1 X+a X+a

cos"——— Ccos
2064. ———2—dx. Y 0 Ilanma Almashtirish bajaring: t = ——2—.
sinm1 X" 2 sn>" @
2 2
2065. Quyidagi integral uchun pasaytirish formulasini keltirib chigaring (nl N):
gesin X ag
I, = _ x+aj dx
gsm T
2 9

5. Turli transtsendent funksiyalar ni integrallash

2066. Agar P(x)- n- dargjali ko phad bo'lsa, u holda quyidagini isbotlang:

OP(x)e™dx=¢ eé_P(x) P (ZX) +...+(1) i n(j)E*C-
g a a a" g
2067. Agar P(x)- n- dargali ko phad bo’Isa, u holda quyidagilarni isbotlang:

. 2 " v N
smaxgp(x)_ P (Zx)+ P Sx) o
a @ a a A

. v .
COSZanP'(x)- P gx)+P (x) u
a g a a 9]

OP (x)cosaxdx =

va
A n \Y ¥
cosaxgp(x)_ P (x)+ PY(x) U

A i dx = - ..
dD(x)smax X 2 8 . n ’

inax € P"(x) PY(x u
+Sm2aXéP'(x)- S )+ S ). ...g+C.

a’ g a a
Integrallarni toping (2068-2080):
2068. ()e™dx. 2069. (X - 2x+2)e *dx.
2070. ()¢ sin5xdx. 2071. d1+ xz)2 cosXdXx.
2072. (e *dx. 2073. (e’ dx.
2074. (g™ cos’ bxdx. 2075. (g™ sin® bxdx.
2076. ¢ye* sinxdx. 2077. (y<e" cosxax.
2078. ¢y€* sSin® xdx. 2079. (- sinx)’ dx.
2080. ¢pos’ v/x dx.

2081. Agar R- ratsional funksiya va a, a,, ..., a, sonlar o’lchovdosh bo'lsa, u holda
ushbu
(‘j?(ealx, e, ..., ea"X)dx

integral elementar funksiya ekanligini isbotlang.
Quyidagi integrallarni toping (2082-2090):

2X
2082. 0(1:]'7:)2 2083. (‘)li?dx .
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. dx dx

2084. ) 2085. ¢ )
O e 2 O e 167 1 76
1+¢e¥? dx
2086. 07‘ dx. 2087. 07‘ )
1+ ex/“)2 Jer-1
N ex = 1 \ 2X X
2088. - dx. 20809. O\/e +4¢e* - 1dx.
e +1
2090 dx

' 0«/1+ex +\/1- e '

2091. Agar R- maxraji fagat haqiqiy ildizlarga ega bo'lgan ratsional funksiya bo’lsa, u

holda ushbu
OR(x)e™ dx
integral elementar funksiyalar vatranstsendent funksiya orgali ifodalanishini isbotlang:

e )
A—dx=1i(e®)+C,
O-ax=lie)
bunda
lix= a
Onx:
2092. Qanday holda ushbu
< o)
— —e*dx
ODSX:’J
a,

integral elementar funksiyani ifodalaydi, bunda P§§9:a0+i+...+—n va a, a,,...
X

X X

0 zgarmas sonlar?
Integrallarni toping (2093-2097):

26 16
2093. ¢81- 29 erux. 2094. ¢81- =% *dx.
Oé Xg Oé Xg
0005, &g 2006. A% dx
4 2%
2007. 35 o
(x-2)

1an-

In f(x), arctg f (x), arcsin f (x), arccos f (x) integral osti funksiyalardan iborat quyidagi

integrallarni toping, bunda f (x) - algebraik funksiya (2098-2115):

2098. (yn" xdx (nT N). 2099. ()¢ In® xdx.

3 IN&x+a)*(x+b)"™"u
2100, ;(BNX0 gy 2101, ¢ dx+a) ()

&5 (x+a)(x+b)
2102. c‘jnz(x+\/1+ xz)dx. 2103. c‘jn(xll- X +/1+ x)dx.
2104. éLwdx. 2105. (yarctg(x +1) dx.
[2+x°)

2106. ¢)/x arctg/x dx. 2107. ¢ykarcsin(1- x)dx.
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2108. gpresin/x dx.

24/x

2110. c‘;arcsin“—xdx.
X

2112

2114

< Xarccosx |

(1_ 2 )3/2 X.

+
IRk,
- X

2109. fy<arccos1 dx.
X

. adrccosx
(1

2111. dx

32 '
NG

2113. (yarctg xln(1+ xz)dx.

In(x+\/1+ NG )dx

2115. ¢ -

=

Giperbolik funksiyalardan iborat integrallarni toping (2116-2125):

2116
2118
2120

2122

2123

2123

2125

Integ
2126

2128

2130

2132

2134.

2136.

2138.

2140

. dshzxchzxdx.

. dshg‘xdx.
) (‘jhxdx.

. A/thxdx.

1 dx

sh®x - 4shxchx +9ch?x

ch xdx

3 Gahx- achx

. (‘-jshaxcosbxdx.

2117. ¢gh*xdx.
21109. C}sh xsh2xsh3xdx.

2121. (‘):thzxdx .

dx

2123. 07‘
shx+ 2ch x

dx
2123.2. ¢ )
o6,1+ chx

2124, dshaxsin bxdx .

6. Funksiyalar ni integrallashga turli misollar

rallarni toping (2126-2175):
N

' (1+ xz) '
. X

O| +xr+x8
N2 X
‘/—dx
O 1- x
/ X
A dx
1- x\&
N dx

Ox\/x“ S -1
. (1+x)ax

1+\/x+x2'

. (J2x+3)arccos(2x - 3)dx.
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1- x°

. ax

+

2127. 0(7)3

. (‘)idx.
X2A/1- X2
. Xdx
Ji+x2
2135 %

xy/1+ 3 + X8

Jd+41- ¥
O 2
1- V1- X

‘In(1+ X+ xz)

1+Xx

2131

2133.

2137. dx.

2141, oxIn(4+x")dx.



2142.

2144,

2146

2148.

2152.

2154.

2156.

2158.

2160.

2162.

2164.

2166.
2168.
2170.
2172.
2173.

2174.

2175.

2176.
2177.

N

2150 0
X -

(\)arcsin U1+ NG
2
X" 41- x?

@(x/x2 +1Invx® - 1dx.

dx.

N dx
:(2+sinx)2 '

- dx

O 57—
Sin x+/1+ cosx
ax +b

XY ax
1 |x+1

.xarctg x

NAED'G

X3 arccosx

V1- X2

dx.
dx.

.xarcctg x
(0 e
(1+)

AV1- x* arcsin xdx .

dx.

O< (1+Inx) dx.

. arctge”?
Oz2 (1+ ex)

C‘)/thzT-l-ldx.
oX|dx.
dx+|x|)2dx.
c‘p'de.

dx.

2143.

2145.

2147.

2149.

2151.

2153.

2155.

2157. ¢

2159.

2161.

2163.

2165.

2167.

21609.
2171.

‘xln(1+\/1+—x2)
)

> dx.

O —— In—=—dx.
Vi- X 1-x
< sn4x
O5n® x + cos® x

dx.

OLX2 erarct x dx
X2 +1 g '
. xIlnx

dx.
Qo)

< Sn2x

\1+ cos® x
x*arctg x

O—— .

1+ x°

‘xln(x+\/1+—x2)
(- x)

@((1+ xz)arcctg xax.

dx.

dx.

arcsine

X

e
- dx

O(ex+1+1)2 i (ex.1+1)2 '
J1+sinx
+COSX

OK[¥ dx.
d|1+ X - 1- x|} dx.
(‘jnax(L xz)dx.

dx.

xe“dx .

O (x)dx, bundaj (x)- x sondan eng yaqin butun songacha bo'lgan masofa.

dX|sinpxdx (x2 0).

Of (x)dx, bunda f (x) =

Of (x)dx, bunda f (x) =

N

7

F1- X2
[
fx+1
¥ 2X,

4

Of "(x)dx integralni toping.
Of '(2x) dx integralni toping.

X £1;

|x| >1.

azap - ¥ <xX<0;

acap O£ XE£1;

azap 1< X< +¥.
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2178. Agar f'(xz):é (x>0) bo'lsa, f(x) ni toping.

2179. Agar f '(sin2 x) =cos’ x bo'lsa, f(x) ni toping.
2180. Agar

. 11, O<x£1
f (Inx)—lx 1< x<+Y
| 7

va f(0)=0
bo'lsa, f(x) ni toping.

2180.1. f(x)- monoton uzluksiz funksiyava f *(x)- ungateskari funksiya bo'lsin. Agar

Of (x)dx=F(x)+C
bo’lsa, u holda
Of H(x)dx =xf *(x)- F(f'l(x))+C

tenglikni isbotlang.

Misollar ko'ring:

a f(x)=x"(n>0); b) f(x)=¢; v) f(x)=arcsinx; g) f(x)=Arthx.
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IV BO'LIM
ANIQ INTEGRAL

1. Anig integral yig'indining limiti sifatida

2181 f(x)=1+x funksiya uchun [-14] kesmani n ta teng ordiqga bo'lib va x;
argument giymatlarini (i :O,n—-l) shu oraliq o'rtasidan tanlab S, integral yig'indini toping.

2182. f (x) uchun berilgan kesmalarni n tateng bo'lakkabo'lib, S, va S, larni toping.

a f(x)=x*, -2Ex£3; b) f(x)=Vx, 0£xE1; V) f(x) =_2X, 0£ x£10.

2183. f (x)=x" funksiyauchun [1, 2] kesmani uzunliklari geometrik progressiyani tashkil

etuvchi n ta bo'lakka bo’lib, quyi integral yig'indini toping. n® ¥ da bu yig'indining limiti
nimagateng?
2184. Integralning ta'rifiga ko ra ushbu
T

v + gt) it
0

integralni toping, bunda v, va g - 0 zgarmas sonlar.
Quyidagi aniq integrallarni ta'rifdan foydalanib hisoblang (2185-2191):
2 1

2185. ()<¢x. 2186. cpdx (a>0).
-1 0
2 .
2187. cpinx dx. 2188. cyost dt .
0 0
 dx

2189. O O<a<b.
2 X

Yo' llanma x, =+/xX,, (i =0,n) deboling.

b

2190. (‘j(mdx, O<a<b, m?t -1.

Y o Il anma Bo'linish nugtalarini shunday olingki, ularning x abstsissalari geometrik
progressiyani tashkil etsin.

b
2191 &%, 0<a<b.
a X

2192. Ushbu
p
gn(1- 2a cosx+a?)ax
0
Puasson integralini a) |a| <1; b) [a|>1 bo’lganda hisoblang.

Yo llanma a® -1 ko phadning kvadratik ko paytuvchilarga yoyilmasidan foydala-
ning.
2193. f(x) vaj (x) funksiyalar [a, b] kesmada uzluksiz bo'lsin. U holda ushbu

im & T (@)D% = &f (x)i (x)x

max|Dx |® 0 =0
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tenglikni isbotlang, bunda x £x. £ X, X £q £x,(=01...,n-1) va Dx =x,- X
(% =a x, =b).
2193.1. f(x) funksiya [0,1] kesmada monoton va chegaralangan bo'lsin. Quyidagi
tenglikni isbotlang:
R ako_ ~alo
f(x)dx- —q f~—=-=0
9 ( ) nkal gnﬂ Sng
2193.2. f(x) funksiya [a, b] kesmada chegaralangan va yugoridan gavarig bo'lsin. U
holda quyidagini isbotlang:
f(a)+f(b) °
(b- a)Maéf (X)X £ (b- ) f ga_bo
21933. f(x)1 C?[1, +¥] va x1 [L +¥] da f(x)2 0, f'(x)3 0, f"(x)£0 bo'lsin.U
holda n® ¥ daquyidagi tenglikni isbotlang:

n

£y f(k):%f(n)+:éf (X)dx+0(1).

k=1

21934. f(x)I C¥[a, b] va

b L
-ad b-ao
D, = of (X)dx- —=§ fZa+k 0
0 () n 9:1 8 n g
bo’lsin. I|®rQ nD, limitni toping.
2194. Ushbu
& po
f(x)=sgns8n—=
(x)=sg N s
uzilishga ega funksiya [0, 1] kesmada integrallanuvchi ekanligini isbotlang.
2195. Ushbu
: 0, aeap X uppayuonanbyica,
: ( ) ;1 azap X=%6)7cha

Riman funksiyasi ixtiyoriy chekli oraliqgda integrallanuvchi ekanligini isbotlang, bunda m va
n (n3 1)- o"zaro tub butun sonlar.

2196. x1 0 da
1 élu
f =_ =
(=% &
va f (0) =0 funksiya [0, 1] kesmada integrallanuvchi ekanligini isbotlang.
2197. Ushbu

c (X) 10, Xuppayuonan 6ynca;
AL X - payuonan 6yica
Dirixle funksiyasi ixtiyoriy oraligda integrallanuvchi emasligini isbotlang.
2198. f (x) funksiya[a, b| kesmada integrallanuvchi va x £ x<x,, da
f. (x) =sup f (x)

bo’lsin, bunda
X =a+— (b a) (i=0,1,...,n, n=1,2,...).
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Quyidagi tenglikni isbotlang:
b b
lim 9fn (x)dx = 9f (x)dx
2199. Agar f(x) funksiya [a, b] kesmada integrallanuvchi bo'lsa, u holda shunday
uzluksizj ,(x) (n=1,2,...) funksiyalar ketma-ketligi mavjudki, a £ c £ b daushbu

g( )dX—Lng (x)dx
tenglik o'rinli bo'ladi. Isbotlang.
2200. Agar chegaralangan f (x) funksiya [a, b| kesmada integrallanuvchi bo'lsa, u holda

|f ()| funksiyaham [a, b] kesmada integrallanuvchi va

b
Of (x) dx

b
£ f (x)|dx
tenglik o'rinli bolishini isbotlang.
b
2201. f(x) funksiya [a, b] kesmada absolyut integrallanuvchi bo'lsin, yani ¢)f (x) dx

integral mavjud. Bu funksiya [a, b] kesmada integrallanuvchi bo'ladimi?
Misol ko'rin: f( ) i 1 aeap X payuonan 6ynca,
| 1 aeap X uppayuonan 6ynca.

2202. f(x) funksiya [a, b] kesmada integrallanuvchi va a£x£b da A£ f(x)£B,
j (x) funksiya esa [A, B] kesmada aniglangan va uzluksiz bo'lsin. U holda j (f (x)) funksiya
ham [a, b] kesmada integrallanuvchi bo'lishini isbotlang.

2203. Agar f(x) vaj (x) funksiyalar integrallanuvchi bo'lsa, u holda f (j (x)) funksiya
ham albatta integrallanuvchi bo’ladimi?

10, aeap x=0,

Misol ko'ring: f (x) =i Al aeap X1 0

2204. f(x) funksiya [A, B| kesmada integrallanuvchi bo'lsin. U holda f (x) funksiya
integral uzluksizlik xossasiga ega ekanligini isbotlang, ya ni

b
limf (x+h)- f(x)|dx=0,
h®0a

bunda [a, b]T [A B].
2205. f (x) funksiya [a, b] kesmada integrallanuvchi bo'Isin. U holda ushbu

b

Of 2 (x)dx=0
tenglik bajarilishi uchun f (x) funksiyaning [a, b] kesmaga tegishli barcha uzluksizlik
nugtalarida f (x) =0 bo'lishi zarur va etarli ekanligini isbotlang.
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2. Aniq integrallar ni anigmasintegrallar yordamida hisoblash

N’ yuton-L eybnits formulasidan foydalanib quyidagi aniq integrallarni hisoblang va mos egri

chizigli yuzalarni chizing (2206-2215):
8

p
2206. &Y xdx. 2207. ¢pinxdx.
-1 0
1
2208 fg_dx 2209 87 dx
. 11+X2. . 141- XZI
7 2
2210 5“5& 2211 81 X dx
amV1+ X 0
1 2
dx Todx
2212. ¢ O<a <p). 2213. ¢ Ofe<l).
Oz 2xcosa +1 ( P) o 1+ecosx ( )
1
2214. § dx (|| <1, || <1, ab>0).
.1\/(1- 2ax+a2)(1- 2bx+b2)
P
2 d
2215. X (abt 0).

s a’sin® x+b? cos® x

2216. Quyidagi integrallarda nima uchun N’yuton-Leybnits formulasining formal tatbig’i

noto g ri natijalarga olib kelishini tushuntiring:

1 2] 1
dx h sec? x de 16
a O—; b) ¢ dx; V) ¢ arctg—=dx.
) 0% ) Oprigix ) 0¥
1 g 5 2] 0
2217. Hisoblang: (‘)d—(} o
1%y g

100p

2218. Hisoblang:  ()+/1- cos2xdx.
0

Aniq integrallar yordamida quyidagi yig indilarning limitlarini hisoblang (2219-2224):

2210, liMZL + 2 4+ 1210 2220, imEL_ 4t 4 4 190
¥&n? n n° g n®¥8I’]+l n+2 n+ng
. & n n n o
2221. lim + +...+ -
n®¥8n2+12 n? + 22 n2+n2{a
. lee : _(n-1)p o . 1P +2°P + . +nP
2222. Ilmlgst+sm£+...+st+. 2223. lim = n (p>0).
n®¥|1e n n n P ne® ¥ nP
& 0
2224, lim /1+1+ /1+3 o+ 1e D2
ne ¥ ng n n ng
Toping:
A1 z n _ RN
2005, lim3I0L 2206, |im§ié £ LA
n®¥ n n®¥enk:1 8 a

Y Uqori tartibli cheksiz kichik migdorlarni tekis tashlab yuborib, quyidagi yig'indilarning

limitlarini toping (2227-2230):
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2007 1im B+ L0402+ 84 200 B, &§, N 105, (0-Dp U
u

o¥& ng N & ng n € npg n?
2228, limsin®§ — 1.
" nk-12+cosk—p
n
a J(nx+k)(nx+k +1)
2229. lim£= > (x>0)
n® ¥ n
® 1 2 n O
2230, limg—2mt—2 4+ 21
¥ *n+1 n+1 n+11
g ng
2231. Toping:
iloC‘pinxzdx, iEpinxzdx, iEpinxzdx.
dx | da t do &
2232. Toping:

d* 2 d* dt d ,
a) — vl+todt; b) — ; V) — cos|pt-|dt.
) ¢ ) & O ) 3 0°sP)
2233. Toping:

2

X & . 0
CFosx’dx darctg x)” dx ¢CF dx+

a) lim—; b) lim 2 . v) lim&—— 2

x® 0 X X® +¥ /X +1 X® +¥ 832

0
1

2233.1. f(x)T C[0, +¥] vax® +¥ da f(x)® A bo'lsin. lim gf (nx)dx ni toping.
0

2234. x® ¥ da (g dx : ziexz bo'lishini isbotlang.
X
0

(‘)«/tgxdx
2235. Hisoblang: I|m0 o
OvVsnxdx

0

2236. f(x)- uzluksiz musbat funksiya bo'lsin. U holda ushbu

funksiya x3 0 dao suvchi ekanligini isbotlang.
2237. Toping:
1 x*, O0£x£1]

2
N _I ’
a) ?f (x)dx, bunda f(x)—%z_ x 1<X£2
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1

b) oOf (x)dx, bunda f (x) =i 1- x

0 IX——, tEXEL
t1-t
2238. | =1(a) integrallarni a parametrning funksiyasi sifatida garab hisoblang va
grafiklarini yasang:
1 p i 2 p :
a) | =¢xx-aldx; b)I=¢ S0 X ~dx; V) 1=9 Sinxdx :
0 o1+ 2a cosx+a o~1- 2a cosx+a>
Bo'laklab integrallash usuli yordamida quyidagi aniq integrallarni toping (2239-2244):
In2 p
2239. pxe "dx. 2240. oxsinxdx.
0 0
2p e
2241. < cosxdx. 2242. ¢jinx|dx.
0 1
1 J3
2243. cyrccosxadx. 2244. cyxarctg xdx.
0 0
Quyidagi aniq integrallarni 0" zgaruvchini mos ravishda almashtirib toping (2245-2249):
' xdx 2
2245. (y—. 2246. ()*a® - x*dx.
N5- 4x 9(
0,75 dX In2
2247, )——F7—. 2248. yVe* - 1dx.
0 (X+1) X2 +1 0
1 .
2249, @de.
o/ X(1- )
2250. x ! =t deb olib integralni hisoblang: AL+ dx
X = % O™

2251. Quyidagi integrallarda nima uchun x =j (t) formal almashtirish noto'g’ri natijalarga
olib kelishini tushuntiring:
p

1 2 1
- dx 1 dx
a) odx, t=x3; b) ¢ , X==; V) ¢ , tgx=t.
)_?j )_914-7 t )0 +sin® x g

3
2252. y@/1- x*dx integralda x = sint deb olish mumkinmi?
0

1
2253. (W1- x* integralda x=sint amashtirish bajarilganda t yangi o'zgaruvchining
0

chegaralari sifatida p va% sonlarni olish mumkinmi?

2254. Agar f (x) funksiya [a, b] kesmada uzluksiz bo'lsa, u holda
z‘)f (x)dx = (b- a)léf (a+(b- a)x)dx
tenglik o'rinli bolishini isbotl:jng. 0
2255. Tenglikni isbotlang: g‘ysf (x*) dix =% O (x)dx (a>0).



2256. f(x) funksiya [A B]E[a b] kesmada uzluksiz bollsin. U holda
b
[a- x, b- x]1 [A B] dadiéf (x+y)dy ni toping.
Xa

2257. Agar f(x) funksiya [0, 1] kesmada uzluksiz bo'lsa, u holda quyidagi tengliklarni

isbotlang:
3 3
2 2 p
a) Of (sinx)dx =gf (cosx)dx; b) O (sinx)dx (‘) (sinx)dx
0 0 0 0

2258. [-1, I] kesmada uzluksiz f (x) funksiya uchun agar f(x) juft funksiya bo’lsa, u
holda Of( X) dx = 20f( x)dx, va agar f(x) toq funksiya bo'lsa, Of( x)dx =0 tenglik o'rinli

bo® I|sh|n| isbotlang. Bu tasdiglarning geometrik interpretatsiyasini berlng

2259. Juft funksiyaning boshlang’ich funksiyalaridan biri toq funksiya, toq funksiyaning
ixtiyoriy boshlang’ich funksiyasi esatoq funksiya ekanligini isbotlang.

2260. Ushbu

2 10 x+£
Kb x- —-e Xdx
1 Xg

integralni quyidagicha yangi o zgaruvchi kiritib hisoblang:

t:x+1.
X
2p

2261. (‘)f (x)cosxdx integralda 0’zgaruvchini sinx =t kabi almashtiring.

2262. Hisoblang:

eZp

écos?}n—% dx, (nT N).

sinx

CO! X

2264. Agar f (x) :% bo'lsa, quyidagi integralni hisoblang:
(%)

O (™

2265. Agar f(x) funksiya - ¥ <x<+¥ oraiqda aniglangan, uzluksiz va T davrga ega
davriy funksiya bo’lsa, u holda ushbu

ag f (x)dx = I‘Df (x)dx
tenglik o'rinli ekanligini isbotlang, bunéla a- ixtiyor?y son.
2266. F(x)= X@in” xdx va G(x)= E‘pos” xdx funksiyalar n ning toq giymatlarida 2p
davrga ega davriy funksiyalar, n ning juft giymatlarida esa ularning har biri chizigli va davriy

funksiyalarning yig'indisi ekanligini isbotlang.
2267. Agar f(X)- uzluksiz T davrgaegadavriy funksiya bo’lsa, u holda ushbu
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F (x)= of (x)dx

X
funksiya, umumiy holda, chizigli va T davrga ega davriy funksiyalarning yig indisidan iborat
ekanligini isbotlang.
Integrallarni hisoblang (2268-2280):

1
xdx
2268. ox(2- x2)” dx. 2269. 07
9(( ) +x+1
2270. dxln x)2 dx. 2271. @(»3/1- x dx .
'11 dx i
2272. 07‘ ) 2273. A<CA/1+3xB dx.
2 Xy X2 -1 OO(
3 \/7 2p dX
2274. cqresin dx. 2275. .
?ar 1 0(2+cosx)(3+ cosX)
P
2 dx . .
22716. O —F—————- 2277. (pinxsin2xsin3xdx.
csin® x + cos’ x ,
p p
2278. xsinx)’ dx. 2279. (¢ cos® xdx.

0
In2

2280. (‘)sh“x dx.

0
n parametrga bog'liq bo’lgan quyidagi integrallarni darajani pasaytirish formulalaridan
foydalanib hisoblang (n- butun musbat son, 2281-2287):

P P
2 2
2281. 1, = cpin" xdx. 2282. 1, = cyos’ xdXx.
0 0
P
4 1 n
2283. 1, = (yg*"xdx. 2284. 1, = §1- x*) dx
0 0
' x"dx !
2285. 1, = 90— 2286. 1, = )" (Inx)" dx.
ov1- X 0
P
4 n+1
WBSEINX- COSX0

sinx+cost
Agar  f(x)
f,(x)=Ref

()+|f (x) funksiya hagigiy X o'zgaruvchili kompleks funksiya bo'lsa, bunda

’\”%9
v_h

, f,(x)=Imf(x) vai® =-1, uholdatarifgako'ra

Of (x) dx= )f, (x) dx+iyf, (x) dx
bo'ladi. Ushbu
Ref (x)dx = ¢Re f (x)dx, Im f (x) dx = ym f (x) dx
tengliklar 0'z-0 zidan ravshan.
2288. Ushbu
€* = cosx+isinx
Eyler formulasidan foydalanib, quyidagi tenglikni isbotlang:
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i 0, aeap m?n,
GJHXe IrnXdX = I p

12p, aeap m=n.
eb(a+|b) _ ea(a+ib)

a+ib

(n,mil 2)

2289. I shotlang: (‘p(a“b)xdx: (@, b =const).
Ushbu
— 1 ix - iX : — 1 X _ Aix
cosx—E(e +e ) smx—E(e e™)

Eyler formulalaridan foydalanib, integrallarni hisoblang (m va n- butun musbat sonlar, 2290-
2294):

P

% P.sinnx
2290. (pin*" xcos™ xdx. 2291. O—d
o sinx
P.cos(2n+1)x
2292. (‘)gdx. 2293. (‘):os“ xcosnxdx .
COSX
p
2294. cpin" xsinnxdx.
0
Integrallarni toping (n- natural son, 2295-2298):
p p
2295. ¢pin™* xcos(n+1)xdx. 2296. (yos™* xcos(n +1) xdx.
0 0
P
2
2297. Oe * cos™ xdx. 2298. c‘jn COSX XCOS 2nXdX .

2299. Ko p marta bo'laklab integrallash usulini qo'llab, quyldagl eyler integralini hisoblang
(m va n- butun musbat sonlar):

/ =

B(m, n)=cx"*(1- x)”'ldx.

2300. P,(x) Lejandr ko phadi ushbu

1 d" 4 n~
R (X)= 5 gx-1)'¢ (n=0.12..)

formula bilan aniglanadi.
| sbotlang:

0, azap mt n,
2

OFn (X) P (x) o=

|
)
|
1 T , azap m=n.

2301. f(x) funksiya [a, b] kesmada mtegrallanuvchi bo'lsin va F(X) funksiya [a, b]
kesmaning, balkim, chekli sondagi ¢, (i =1 ..., p) ichki nuqtalaridan va funksiya 1-tur uzilishga
egabo’lgan a va b nugtalaridan tashqari barcha nuqtalarida F'(x) = f (x) shartni ganoatlantirsin.
U holda quyidagi tenglikni isbotlang:

l()‘)f (x)dx=F(b- 0)- F(a+0)- a gF (¢ +0)- F(c - 0)g.
a =1

2302. f(x) funksiya [a, b] kesmada integrallanuvchi va
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X

F(x):C+9f (x)dx

- uning anigmas integrali bo’lsin. F(x) funksiya uzluksiz va f(x) funksiyaning barcha
uzluksizlik nugtalarida

tenglik o'rinli ekanligini isbotlang.

f (x) funksiyaning uzilishga ega nugtalarida F(x) funksiyaning hosilasi hagida nima
deyish mumkin?

Misollar ko'ring:

a) f ?9—1(n +1, +2,. )vaxlédaf(x):o; b) f(x)=sgnx.

CHegaralangan uzilishga ega funksiyalarning anigmas integrallarini toping (2303-2308):
2303. ¢pon xdx. 2304. ¢pan(sinx)dx.
2305. (jx]dx (x3 0). 2306. ()[x]dx (x3 0).
2307. - )™ dx.
X 1, acap |X <I,
2208, o (), bunda f (x) = {L acap [X
TO azap |X| >,
CHegaraI angan uzilishga ega funksiyalarning aniq |ntegrallar|n| toping (2309-2314):

2309. @gn(x x*) dx. 2310. cge oix.
0
p
2311. dx]sin?dx. 2312. ¢)csgn(cosx)dx.
0 0
n+1 1
2313. ¢in[x]dx (nT N). 2314. ¢pgngsin(Inx)gax.
1 0

2315. (jcosx|~/sinxdx integralni hisoblang, bunda E - integral ostidagi funksiya ma'noga

E
egabo'ladigan [0, 4p] kesmaning giymatlaridan iborat.

3. O'rtagiymat hagidateorema

2316 Quyidagi aniq mtegrallarnmg ishorasini anlqlang

1
a) Oxsmxdx b) OS‘“—de v) 0><32de; 9 ¢ Inxdx.
0 -2 1
2
2317. Qaysi integral katta:
P 3 . .
a) ¢pin® xdx yoki ¢gin® xdx? b) (g *dx yoki (g *dx?
0 0 0 0

p 2p
v) (g ¥ cos’ xdx yoki ¢ cos? xdx?
p

0
2318. Berilgan funksiyalarning ko'rsatilgan oraliglarda o rta giymatini toping:
a) f(x)=x, [0 1; b) f(x)=+x, [0, 100];
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V) f(x)=10+2sinx+3cosx, [0,2p]; g) f(x)=snxsin(x+j ), [0,2p].
2319. dllipsning fokal radius-vektori uzunligining o rta giymatini toping:
r=—P __ (0<e<).
1- ecosj
2320. Boshlang'ich tezligi v, bo’lgan yugoridan erkin tushayotgan jism tezligining o'rta
giymatini toping.
2321. O zgaruvchi tok kuchi ushbu
apt . 0

i =ipSing—+j =

&T @
gonun bo'yicha o'zgaradi, bunda i, - amplituda, t - vagt, T - davr vaj - boshlang’ich faza Tok
kuchi kvadratining o'rta giymatini toping.

2321.1. f(x)T C[0, +¥] va lim f(x)= A bo'lsin. U holda quyidagi limitni toping:

X® +¥
Iiml Of (x) dx.

X® +¥ ¥ 0
Misol ko'ring: f (x) = arctg x
2322. )f (t)dt = xf (qx) tenglik o'rinli bo'lsin. Agar:
0

a f(t)=t" (n>-1); b) f(t)=Int; v) f(t)=¢
bo'Isa, g ni toping.

limg va limqg lar nimagateng?
x®+0q x®+¥q ag g

O'rtagiymat hagida birinchi teoremadan foydalanib, integrallarni baholang:
2

dx X
2323. O—————- 2324. == .
o 1+0,5c0sx o V1+ X
100 e-x
2325. ———=—dx
o X+100
2326. Tengliklarni isbotlang:
. X" . 2 .
a) ”@rgg)“—xdx—o, b) L!@Tgﬁn xdx =0.
2326.1. Limitlarni toping:
1 be
L dx s dx
SRl evre b fim 6 ()5

bunda a>0, b>0 va f(x)7 C[0,1].
2327. f(x) funksiya[a, b] kesmadauzluksiz, j (x) funksiyaesa[a, b] kesmada uzluksiz
va (a, b) intervalda differentsiallanuvchi hamda a< x <b da

i'(x)*0
tengsizlik orinli bo’lsin.
O'rta giymat hagida ikkinchi teoremani bo’laklab integrallash usuli va o'rta giymat hagida
birinchi teoremadan foydalanib isbotlang.
O'rtagiymat hagida ikkinchi teoremadan foydalanib, integrallarni baholang:
200p b -ax
2328, 12X dx. 2329. (y—sinxdx (a3 0; 0<a<b).
o X

100p
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b
2330. ¢ginx’dx (0O<a<b).

2331 j (x) vay (x) funksiyalar kvadratlari bilan birga [a, b] kesmada integrallanuvchi
bo’Isin. U holda quyidagi Koshi-Bunyakovskiy tengsizligini isbotlang:

.2
U b b

ég‘) (x)y (x)dxtg £9 2(x)dxgy 2(x)dx.

2332. f(x) funksiya[a, b] kesmada uzluksiz differentsiallanuvchi va f (a) =0 bo'lsin. U
holda quyidagi tengsizlikni isbotlang:

b
M2 £ (b- a)of (x)dx,

bunda M = sup|f (x)|.

aExEb

2333. Tenglikni isbotlang:

n+p _-

. "P€nx
ng? dx=0 (p>0).

X
4. Xosmas integrallar

Integrallarni hisoblang (2334-2347):

¥ 1
2334, 3% (a>0). 2335. Jnxax.
a X 0
+¥ 1
dx dx
2336. O—‘ ) 2337. 07‘ )
.¥1+X2 .1\/1- X2
+¥ +¥
. ax N dx
2338. ). 2339, ————.
2 X +X- 2 -¥(X2+X+1)
+¥ +¥ 2
dx x“+1
2340. O—‘ ) 2341. 0—‘ dx.
c1+x oxt+1
1 +¥
dx dx
2342, §———— . 2343 —————.
0(2- X)v1- X 1 XV1+ X+ X
+¥ +¥
2344, & XINX gy 2345. (509X iy
0 (1+ XZ) 0 (1+ XZ)
+¥ +¥
2346. ()¢ ™ cosbxdx (a>0). 2347. e *sinbxdx (a>0).
0 0

Dargjani pasaytirish formulalaridan foydalanib, quyidagi xosmas integrallarni hisoblang
(nT N):

+¥ +¥

2348. 1, = ox"e "dx. 2349. 1, = o - (ac- b? >0).
0 .¥(ax2+2bx+c)
+¥ 1 n

2350. 1, = & o 2351 1, = g

x(x+1)...(x+n)’ o+/(1- X)(1+X)

1
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+A‘é dX p/2 p/2

2352. 1, = O——- 2353.8) Qlnsinxdx; b) Qlncosxdx.
o ch™x 0 0

— C‘Fg |sinx- cosx|
E sinx
ega bo’ladigan (0, +¥) intervalning x giymatlari to plamidan iborat.
2355. CHap tomondagi integral ma noga ega deb faraz qilib, tenglikni isbotlang:

+¥ +¥

Of geax+99dx=1 Of (Vi€ +4ab) o,
0

Xg a0

dx integralni toping, bunda E - integral ostidagi funksiya ma noga

bunda a>0 vab>0.
2356. f (x) funksiyaning (0, +¥) oraligdagi o'rtagiymati deb ushbu

M[f|= lim = f (x)dx

X® +¥ Y
songa aytiladi.

Quyidagi funksiyalarning o'rta giymatini toping:
a) f(x):sin2x+cosz(x«/§); b) f(x)=arctgx; v) f(x)=+xsinx.
2357. Toping:

X +¥

W1+t* dt Nt dt
2 imxetdt: by lime V) lim 0  gtime sy W

x® 0 PtTd’ X® ¥ X3 ’ x®0|n—1’ 90 E)ﬁ‘_*l ’
X

bundaa >0 va f(t)- [0, 1] kesmada uzluksiz funksiya
Quyidagi integrallarning yaginlashishini tekshiring (2358-2377):
+¥

+¥

X2dx dx
2358. OF——- 2359. O——"
oxX -+l 1 XX +1
2 dX +¥
2360. — - 2361. ()x" ‘e “dx.
0 nx 0
1 1 +¥ Xm
2362. ()¢ In? =dx. 2363. ()——dx (n20).
0 X o 1+ X
+¥ +¥ In 1+ X
2364. F 94y (at 0). 2365, ) gy
0 X 0 X
+¥ o m +¥
2366. - XU9X g4y (n3 0). 2367. 32 4x (ns 0).
o 2+X o 1+Xx
+¥ 2 p/2
2368. () dx. 2369, - X |
. X o sin® xcos’ x
1 +¥
x"dx dx
2370. —- 23710.1L. O——-
ov1- x* o VX2 +X
+¥ 1
dx Inx
2371 00— 2372. ¢ X
o X* + X ol- X2
2373, 8™ 2374, 5 _
. X. . .
? Jx = XxP1In? x
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+¥

dx

2375. § _
e X" (Inx)" (InInx)
+A‘é d

2376, ————— - (a<a<...<q)
v |x- al?x-al™ . |x- A

+¥

2376.1. )¢ |x- 1" dx.
0

+¥
2377. @%dx, bunda P, (x) va P,(x)- mos ravishda m va n- daragjali o' zaro tub
0 n

X
ko phadlar.
Quyidagi integrallarning absolyut va shartli yaginlashishini tekshiring (2378-2383):

+¥ .
2378. (‘)ﬂdx. Yo'llanma [sinX3 sinx.
X
0
2370, GLXOX g 2380 +fxpsin(x°*)dx (gt 0)
000 T 0 |
p/2 +¥
2380.1. gysin(secx)dx. 2380.2. (yx* cos(e" ) dx.
0 0
+¥ Xps-nx +¥Sin§(+19
2381 —dx (4° 0). 2382 —=—"Pux .
0 X 0 X

+¥
2383. é%sin xdx, bunda P, (x) va P (x)- mos ravishda m va n- dargjali butun

ko'phadiar vaagar x3 a3 0 bo'lsa, P,(x)>0.

+¥

2384. Agar ()f (x)dx integral yaginlashuvchi bo'lsa, u holda, albatta, lim f(x) =0

tenglik bajariladimi?
Misollar ko'ring:

+¥ +¥ <20
a) (‘)sin(xz)dx; b) (- 1)%tax.
0 0

2384.1. f(x)1 CP[x,, +¥), x, £x<+¥ da|f'(x) <C vaushbu

+z‘;| f (x)|dx

integral yaginlashuvchi bo'lsin. U holda x® +¥ da f (x) ® 0 bo'lishini isbotlang.

+¥
Yo' llanma ¢f(x)f'(x)dx integrani ko'ring.
X
2385. [a, b] kesmada aniglangan, chegaralanmagan f (x) funksiyaning ushbu

b

of (x)dx
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n-1
yaginlashuvchi xosmas integraliga unga mos é f(xi)Dx integral yig'indining limiti sifatida
i=0

garash mumkinmi, bunda x £x; £ X,, va Dx =%, - X ?

2386. Ushbu
gf (x)dx (1)
integral yaginlashuvchi vaj (x) funk;iya chegaralangan bo’lsin. U holda
+¥
Of (x)i (x)ax (2)
integral albatta yaginlashuvchi bo‘lish?l shartmi?
Misol keltiring.

Agar (1) integral absolyut yaginlashuvchi bo'lsa, (2) integralning yaginlashishi hagida
nima deyish mumkin?
b

2387. Agar Of (x)dx yaginlashuvchi va f(x)- monoton funksiya bo'lsa, u holda

f (x) = 029 tenglikni isbotlang.
Xg
2388. f(x) funksiya 0 < x £1 oraligda monoton va x =0 nuqta atrofida chegaralanmagan
bo'lsin.
1

Agar f (x)dx integral mavjud bo’Isa, u holda quyidagi tenglikni isbotlang:
0]
0

18 ek b
lim=gq fc—==f (x)dx.
ne ¥ nka:l gnﬂ 00 ( )
2389. Agar f (x) funksiya 0 < x <a intervalda monoton va chegaralangan hamda ushbu

Ey(pf (x)dx

0
xosmas integral mavjud bo’lsa, uholda  quyidagi tenglikni isbotlang:

H +1 —_
l(larpoxp f (x)=0.

2390. Ishotlang:
* dx odx .

av.p. g—=0; b)v.p. 0——==0; V)V.p. psinxdx=0.
1 X 01' X - ¥

2391. x3 0 damavjudligini isbotlang:

. L dx
li Xx=v. p.%.
0

Quyidagi integrallarni toping:
+¥

+¥

dx 1+x
2392.V.p. 05— 2393.v.p. O——dx.
P o X2 - 3X+2 P Y1+x
2 dX +¥
2394.v.p. O0—- 2395.v. p. parctg xdx.
xInx 5

5. YUzalar ni hisoblash
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2396. To'g'ri parabolik segmentning yuzi
S= 2 bh
3

gateng ekanligini isbotlang, bunda b- asos, h- segmentning balandligi.
To'gri burchakli koordinatalarda berilgan va quyidagi chiziglar bilan chegaralangan
figuralarning yuzini hisoblang (2397-2410):
2397. ax =y, ay=x". 2398. y=x*, x+y=2,
2399. y=2x- x*, x+y=0. 2400. y=|lgx, y=0, x=0,1, x=10.
2400.1. y=2", y=2, x=0.
2400.2. y = (x+1)*, x=sinpy, y=0 (0£ y£1).

3

2401 y=x; y=x+sin’x(0£X£Ep). 2402. y:%, y =0.
a’ +x
x? yz_ 2 2 _ 2 (42 2

2408, -+ =1. 404. y* = x* (a” - x°).
2405. y? =2px,  27py* =8(x- p)’.
2406. AX* +2Bxy+Cy* =1 (A>1, AC- B*>0).
2407. y? =X (tsissoida), x = 2a.

2a- X

+.[a2 - 2
2408. x:alnu- Jai-y*,  y=0 (traktrisa).
y

2409. yZ:X—2 (x>0, n>-2). 2410. y=€*|siny, y=0 (x3 0).

(1+Xn+2)

2411. y* = 2x parabola x* + y* = 8 doiraning yuzini ganday nisbatda bo'ladi?

2412. x*- y*=1 giperbolada yotuvchi M (x, y) nugtaning koordinatalarini M 'M
giperbola yoyi va OM va OM ' nurlar bilan chegaralangan giperbolik sektorning S=0OM 'M
yuzasining funksiyasi sifatida ifodalang, bunda M'(x, - y)- Ox o'giga nisbatan M nuqtaga
simmetrik nugtadir.

Parametrik ko'rinishda berilgan va quyidagi chiziglar bilan chegaralangan figuralarning
yuzini toping (2413-2417):

2413. x=a(t- sint) , y=a(l- cost) (O£t £ 2p) (tskloida) va y=0.

2414. x=2t- t*, y=2"-t°.

2415. x=a(cost +tsint), y=a(sint- tcost) (O£t£ 2p) (doira yoyilmasi) va x=a,
y£O.

2416. x = a(2cost - cos2t), y=a(2sint- sin2t).

2417. x:C—;cos3t, y:C—szin3t (c* =a’ - b?) (ellips evolyutasi).
asin’t
2+sint’

Qutb koordinatalarda berilgan va quyidagi chiziglar bilan chegaralangan figuralarning
yuzini toping (2418-2423):

2418. r* =a’cos? (lemniskata). 2419. r =a(1+cosj ) (kardioida).

2420. r =asin3d (uchyaproqli gul).

2417.1. x=acost, y=
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2421, r =—P (parabola), | :pz,j :%.

1- cosj
2422.r=—P __ (0<e<1) (dlips). 2422.1. r =3+2cos] .
1+e cosj
1 1 . ~PoO
24222, 1 ==, r=—— H<j £22
] sinj 8 29
, S aa 6. O
2423 r=acosj , r=afcosj +snj) ME 0% s2
] (cos ) $ &2 5 g
2424. | =rarctgr egri chiziqvaj =0 va]j :% nurlar bilan chegaralangan sektorning
yuzini toping.

2424.1. r* +j ? =1 egri chiziq bilan chegaralangan figuraning yuzini toping.
2424.2. Quyidagi egri chizig yaprog'i bilan chegaralangan figuraning yuzini toping:
j =sin(pr) (0£r£1).
2424.3. Quyidagi chiziglar bilan chegaralangan figuraning yuzini toping:
j =4r-r® j =0.
2424.4. Quyidagi chiziglar bilan chegaralangan figuraning yuzini toping:
j =r-sgnr, ] =p.
2425. Quyidagi yopiq chiziq bilan chegaralangan figuraning yuzini toping:
_ 2at . pt
r= =, j =
1+t 1+t
Qutb koordinatalarga o'tib, quyidagi chiziglar bilan chegaralangan figuralarning yuzini
toping:
2426. x* +y® = 3axy (Dekart yaprog'i). 2427. x* +y* =a’ (x2 + yz) :

2428. (x* +y?)" = 2a%xy (lemniskata).
Berilgan tenglamalarni parametrik ko'rinishgak keltirib, quyidagi chiziglar bilan
chegaralangan figuralarning yuzini toping:
2 2 2
2429. x® +y?® = a? (astroida). 2430. x* +y* = ax?y.
Yo llanma (y=tx deboling).

6. YOy uzunligini hisoblash

Quyidagi egri chiziglarning yoylari uzunliklarini toping (2431-2452.3):
2431. y=x¥* (0E£X£4). 2432. y* =2px (O£ XEX,).

2433. y = achg A(0, a) nugtadan B(b, h) nugtagacha.

2434. y=¢€* (0£XEX,). 2435.x:%y2-%lny(1£y£e).
2 pO

2436. y =aln—— (0£x£b<a). 2437. y=Incosx S0£xEa<L-2.
a’- x & 29

2_ 2
2438, x=aln V& " Y V"’;y Jai- v (0<bEyEa).

135



3
2439,y =X Beye230 2440. x¥3 + y?* = a?* (astroida).
a- X 1]
2a- x & 3
2 2

2441, x:%cos3t, y:%sinst, ¢? =a? - b? (ellips evolyutasi).

2442. x =cos't, y=sint.

2443. x=a(t- sint), y=a(l- cost) (O£t£2p).

2444. x=a(cost +tsint), y=a(sint- tcost), O£t £2p (aylanayoyilmasi).
2445. x = a(sht- t), y=a(cht-1) (OEtE£T).

2445.1. x=ch’t, y=sh’t (OEtET).

2446. 0£) £2p dar =g (Arximed spirali).

2447. 0<r <a dar = ae" (m>0). 2448. r =a(1+cosj ).
2449. r = ﬁ | 2450. r :asin3j—.
1+cos; 3
2451, rzath‘E (0£] £2p). 2452, | _lgeulo (1Er £3).
2452.1.j =+r (0£r£5). 2452.2. :(‘)r—dr (O£r £R).
0

2452.3. r =1+cost, | =t- tg% (0£t£T <p).

2453. Ushbu
x=acost, y=bsint

elips yoyining uzunligi y:csing sinusoidaning bitta to’Igini uzunligiga tengligini isbotlang,

bunda c =+/a’ - b’ .

2454. 4ay = x* parabola Ox 0'qgi bo'yicha sirpanmoqda. Parabolaning fokusi zanjir chizig
hosil gilishini isbotlang.

2455. Ushbu

a 0o
=+~—- X;\/;
Y727

egri chizig xalgasi bilan chegaralangan figura yuzasining aylanasi uzunligi shu chizig konturiga
teng bo'lgan doira yuzasiga nisbatini toping.

7. Haymlar ni hisoblash

2456. Asosi tomonlari ava b bo’lgan to'g'ri to rtburchak, yuqori girrasi ¢ ga va balandligi
h gateng bo’Igan cherdakning hajmini toping.

2457. Parallel asoslari tomonlari A, B va a, b ga teng to'g'ri tortburchaklardan,
balandligi esa h bo’lgan obeliskning hajmini toping (obelisk — asoslari parallel tekisliklarda yotgan
bir ismli ko™ pburchaklardan, yon yoglari esatrapetsiyalardan iborat bo’lgan gavariq ko pyoq).

2458. Asoslari yarim o'glari A, B va a, b bo'lgan elipslardan, balandligi h ga teng
bo’Igan kesik konusning hajmini toping.

2459. Asosi S ga, balandligi H gateng bo’lgan aylanma paraboloidning hajmini toping.

2460. Jismning Ox 0'giga perpendikulyar bo’lgan ko'ndalang kesimining S = S(x) yuzasi
quyidagi kvadratik gonun bo’yicha o zgarsin:
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S(x) = A +Bx+C [a£ x£Db],
bunda A, B vaS—0'zgarmas sonlar.

Bu jismning hajmi

"y b \
v zggs(a)ﬂsgazb? s(b)§
gatengligini isbotlang, bunda H =b- a (Simpson formulasi).

2461. Jsm M (x, Y, z) nugtalar to plamidan iborat, bunda O£ z£1 hamda agar z
ratsional bo'lsa, O£ x£1, O£y£1, va agar z irratsional bo'lsa, -1£xXx£0, -1£y£0. Bu
jismning hajmi mavjud emasligini isbotlang, vaholanki, mos integral

1

OS(z)dx=1
0
gateng.
Quyidagi sirtlar bilan chegaralangan jismlarning hajmini toping (2462-2470):
2462 x_2+y_2_1 2=5x,2=0 2463 X—2+y—2+z—2—1(e||ipszoid)
a? bt a ' a? bt '
XZ y2 ZZ_ 2 2 _ A2 2 2 — A2
2464. — +—- — =1, z=+*c. 2465. x*+z°=a°, y " +z° =a
a~ b” c
2466. X* +y* +7° =a®, x*+y’ = ax. 2467. 72 =b(a- x), X*+y* = ax.
XZ 2
2468, ?+§: (0<z<a). 2469.x+y+7°=1,x=0, y=0, z=0.

2470. X> +y* + 22 + Xy + yZ+ 2x = @°.
2471. Tekislikda ushbu
aEx£b, O0E£yE£y(x)
figuraning Oy o qi atrofida aylanishirdan hosil bo’lgan jismning hajmi

V,=2p Eyy(x) dx

gatengligini isbotlang, bunda y(x) - bir giymatli uzluksiz funksiya

Quyidagi chiziglarning aylanishidan hosil bo'lgan sirtlar bilan chegaralangan jismlarning
hajmini toping (2472-2481):

x &
2472. y = bggg (0£ x£a) Ox o'qi atrofida (neyloid).
7}
2473. y=2x- x*, y=0:a) Ox o'qi atrofida;  b) Oy o'qi atrofida.
2474. y=sinx, y=0 (O£ x£p): & Ox o'qi atrofida; b) Oy o’qi atrofida

.2
2475, y = nggg L y= b‘ . &) Ox o' atrofida;  b) Oy 0'q atrofida.

X
a

2476. y=¢€*, y=0 (O£ x<+¥): a) Ox o'qi atrofida; b) Oy o’qi atrofida

2477. X* +(y- b)* =a* (0<a£b) Ox o'qi arofida

2478. x> - xy+Yy*> =a® Ox o'qi atrofida.

2479. y=e*sinx (0£x<+¥) Ox o'qi atrofida.

2480. x=a(t- sint), y=a(l- cost) (OEt£2p), y=0: a Ox o'qi atrofida; b)Oy
o qi atrofida; v) y = 2a to'g'ri chiziqg atrofida.
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2481. x=asin’t, y=bcos’t (O£t £ 2p) &) Ox o'qi atrofida; b) Oy o'qi atrofida.
2481.1. x=2t- t*, y=4t-t* egri chiziq xalgasi yuzasining a) Ox o'qji atrofida; b) Oy
o qi atrofida aylanishidan hosil bo'Igan jismning hajmini toping.
2482. Tekislikda ushbu
Ofafj EbEp, OELr£r(j)
figuraning qutb o"qi atrofida aylanishidan hosil bo'Igan jismning hajmi
20° s v
V:?pds(j )sinj dj
gatengligini isbotlang (j var - qutb koordinatalar).
Qutb koordinatalarda berilgan tekislikdagi figuralarning aylanishidan hosil bo’lgan
jismlarning hajmlarini toping:
2483. r =a(l+cosj ) (0O£j £2p): a) qutb o'qi atrofida; b) r cosj :-% to'g'ri chiziq
atrofida.
2484, (x2 + yz)2 =a’ (x2 - yz): a) Ox o'qi atrofida; b) Oy o'qi atrofida; v) y =x to'g'ri
chiziq atrofida.

Y o' Ilanma Qutb koordinatalarga o'ting.
2484.1. Ushbu

r=4 (a>0 0£j £p)

Arximed spirali yarimo'rami bilan chegaralangan figuraning qutb o’qi atrofida aylanishidan hosil
bo"Igan jismning hajmini toping.

2484.2. Ushbu
i =pr’, ] =p
chiziglar bilan chegaralangan figuraning qutb o'qgi atrofida aylanishidan hosil bo’lgan jismning
hajmini toping.
2485. Ushbu
afrfay/2sn?

figuraning qutb o°qi atrofida aylanishidan hosil bo’Igan jismning hajmini toping.
8. Aylanma sirt yuzalarini hisoblash
Quyidagi chiziglarning aylanishidan hosil bo’lgan sirt yuzalarini toping (2486-2498):
2486. y = x\/é (0£ x£a) Ox o' atrofida.
2487. y = acosg—; (|x| £ b) Ox 0'qi atrofida.

2488. y =tg x g%ﬁ x£%9 Ox 0'qi atrofida
(%}

2489. y*> =2px (O£ X £ x;): @ Ox o'qi atrofida; b) Oy o'qi atrofida
X 2

=2
2
2490. = +¥ =1 (0<b£a):a) Ox o'qiatrofida; b) Oy o'qi atrofida

o))
O

2491. xX* +(y- b)* =a® (b a) Ox o'qi arofida
2492. x%° + y?° = a** Ox o'qi atrofida.

2493. y = achg (I £Db): & Ox o'qi atrofide; b) Oy o'qj atrofida.
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+ 2 _ 2
2494, +x=aln> N2 Y | Ja’- y* Ox o'qi atrofida.
y

2495. x=a(t- sint), y=a(l- cost) (O£t£2p): @ Ox oqi arofida; b) Oy oqi
atrofida; v) y =2a to'g'ri chizig atrofida.

2496. x=acos’t, y=asin’t: y=x to'g'richiziqatrofida.

2497. r =a(1+cosj ) qutb o'qi atrofida

2498. r* =a’cos2 : a) qutb o'qi atrofida; b) | :% 0'q arofida; V) j :pz 0'q atrofida.

2499. ay = a’ - x* parabola va Ox 0'qi bilan chegaralangan figuraning Ox o'qi atrofida
aylanishidan hosil bo’lgan jism sirti yuzasining unga tengdosh shar sirti yuzasiga nisbatini toping.

2500. y* =2px parabola va x= p/2 to'g'ri chiq bilan chegaralangan figuraning y = p
to'g'ri chiziq atrofida aylanishidan hosil bo’lgan jismning hajmini va sirti yuzasini toping.
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16. 0; 1. 17. -2: V2. 22. -101<x<-0,99. 23. X£-8: x3 12. 24, x<-%. 25,

1 1 5-\/%< <5-\/270,

O<x<§. 26. |x|£6. 27. x>-1. 28, -Z<x<=. 29 X

2 2 2 10 10
5+1\(/)270 < X< 51@. 31. Ikkinchisi. 32. Ikkita ishora. 33. 0,41 % dan ortig emas. 34. 9,9102

s’ £ S£10,0902 sm?; D£0,0902sm?; d £0,91%. 35. 3,93 ggsm® +0,27 ggsm’; d £7,3%.
36. d £3,05%. 37. 172,480 m*£ v £213,642 m*; v=192,660 m®> +20,982 m’; d »12%. 38.

lg=
D£0,17mm. 39. D<0,0006m. 42. & N3 1; b) N3 é; v) N3 1+Ig_‘; q)
e
.2

NG 98 oa301gt 43.4) N2 E:b) N2 Z9EO . ) Nz210® 46 0.47. 0. 48. 0. 49, L.

IgO,999 e €192 5 3

1-b 1 1 1 4 o

50. .51 =.52. =.53. =.54. —. 55 3.56. 1. 57. 2. 67. &) ikkinchisi; b) birinchisi; v)

1- a 2 2 3 3
ikkinchisi. 72. e=2,71828... 92. Agar a® 0 bo'lsa, 1 gatengva a=0 bo'lsa, [- 1, 1] kesmaga

. . . 1 1000°*® 452
tegishli yoki mavjud emas. 96. x, = 1— 97. X = 0" 98. X0 = W » 2,49X0™ . 99.

X, =% =-120. 100. x, =20. 101. 0; 1; 1; 1. 101.1. -31; 5, -2;2.102. -1, 1 ; 0; 1. 103. 0; 2;
2 2

0; 2. 104. -4; 6; -4; 6. 105. % 1; % 1.106. -¥: +¥: -¥: +¥ . 107. -¥:-1; -¥: -¥.108.0;
+¥;0; +¥ .109. -¥; +¥; -¥; +¥ 110.-5;1,25; O; 0. 111. - 1 ;1112 - E%+T_, e+1.113.
29

0; 1. 114. 1; 2. 115. 0; 1. 116. 0; 1. 117. 1, ; % 0. 118. [0, 1] kesmadagi barcha haqgiqiy sonlar.

119. 1, 5. 120. & b. 127. &) uzoglashuvchi, b) yaginlashuvchi ham, uzoglashuvchi ham bo'lishi
mumkin. 128. &) yo'q; b) yo'g. 129. yo'q. 130. yo'q. 144. @) 0; b) 0. 147. In2. 148. 3(a+2b)

151, -¥ <x<+¥; x1 -1.152. -¥ <x£-+3 va 0£ x£+/3.153. -1£ x<1.154.8) | >2; b)

x>2. 155 4k’p?E£x£(2k+1)°p? (k=0,12...). 156 x|£\/7 va ‘/ 4k-1) £
E|E (2 (ak+1) (k=12,..) 157 -1 <x<* va -—*_<x<-—-_ (k=01
2 ’ 2k +1 2K 2k+1 2k 2

2,..) 158. x>0, x* n(n=12,...). 159, -%ExEl. 160. |- kp|£E(k:O,+L +2,...).

0 10

161 16 % < x <10 2 (k=0,+1,+2,..).162 x=-1- 2 - 3,... va x? 0. 163, x<0,

-n(n=12..). 164 1<x£2. 165 x= ,Lg,z,... 165.1. x>4. 165.2.
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kp+2Ex<kp+2 (k=0 21..) 1653 0£xeP va Pexe® 166 -1£x£2;
4 2 3 3 2
0£y£1%.167. 2kp+%<x<2kp+% (k=0,+1,+2,..)); -¥ <y£193.168. -¥ <X <+¥ ;
0£yEp. 169. 1£x£1oo;-R£y£R. 170. x=—P— bunda p va g- butun sonlar; y =+1.
2 2 2q+1

171, P= 2b+2§i 29x (0<x<h) Ssz?-%9(0<x<h). 172. a=+/100- 96cosx

2 2

(0<x<p), S=24sinx (0<x<p). 173. Agar O£x£a_—2b bo'lsa, S:bez; agar
a

i é - x)2u

3D 3% pien s=hE- 200 g 2P e yra bols S=hedTE- (a-x) &

2 2 § "2 5 2 g2 a-by

174. Agar -¥ <x£0 bo'lsa, m(x)=0; agar 0<x£1 bo'lsa, m(x)=2x; agar 1< x£ 2 bo'lsa,
m(x)=2; agar 2<x£3 bolsa, m(x)=3; agar 3<x<+¥ bolsa m(x)=4. 178.

={oey£4}. 179. E, ={1<y<3. 180. E, ={0<y<1. 181 E, ={1£|y|<+¥}. 182
E,={1£y£2}.183 a<b bo’lganda a<y<b vaa>b bo'llgandab<y<a.184. 1<y<+¥.

185. 0>y >-¥ va+¥ >y>1.186. 0< yE%. 187. +¥ >y>-¥ 188. 0< y<%vag£y<2.

X -X 2
X 2+x 1+x’

189.0:0; 0; 0; 24. 190. 0; -6; 4. 191. 1; 1; 1; 2. 192. -1; O; 1; 2; 4. 193. 1, 14_

- +
X—Jri, i—x 194. &) agar x=-1, x=0va x=1bho’lsa, f(x)=0;agar -¥ <x<-1va0<x<1
X - X

bo'lsa, f(x)>0; agar -1<x<0 va 1<x<+¥ bo'lsa, f(x)<O0; b) agar x:i% bo’lsa,

f(x)=0; agarL X< va - <X<-
2k +1 2k 2k+1 2k +

! 2(k 0,1,2,...) bo'lsa, f(x)>0;agar

1 1 . ,
2k+2<x<2k+1 va _E<X< 2k (k 0,1,2...) bolsa, f(x)<0;v) agar x£0 va
x=1bo'lsa, f(x)=0; agar 0<x<1bo|sa, f(x)>0;agar 1<x<+¥ bo'lsa, f(x)<0.195.
h
a a; b)) 2x+h; v) axxaT_l. 197. f(x):gx-Z; f(l)zg; f(2):2§. 198.
f(x)=2x + e f(-10=-2; £(05)=22. 190 f(x)=0-Lz- P2, 200
3 24 3 2 6

f(x)= 1O+5>QX 203. @) 2kp <x<p +2kp (k=0, +1, +2,..); b) 1<x<e; V) x>0,

=

xtk (k=012 ...).205 & z=x+y; b) z= . V) z:ﬂ; Q) 2=2X*Y o0,
X+y 1- xy 1+Xxy

0= v b (=2 b ()=2" v ()=2" 207§ (9)=snx
y (v (x)=x ( 0: il (x)=y (i (¥)=smx(xr0). 208 (i (x)=] (x);
(j (x)) =y (x); vy (y (x)):j (y (x)):O. 209. - TX x (x*0,xt1). 210
f(x :\/1:(?' 211, ¥-5x+6. 212, X -2 gfx|3 2%2 213, ﬂ 213.1.
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.2
f(x):aeig. 221. @ a>0 da o'suvchi va a<0 da kamayuvchi; b) a>0 bo'lganda
&1- xp

ag¥’ - 39 orligda kamayuvchi va e E +¥9 oraliqda o'suvchi; v) o'suvchi; g) ad - bc>0
8 2ag 2a 7}
do e d

bo’lganda 8 ¥ e va - e +¥_ orliglarda o'suvchi; d) a>1 da o'suvchi va 0<a<1 da
a a

kamayuvchi. 222. Agar logarifmning asosi 1 dan katta bo’lsa mumkin. 224. yTB( ¥ <y<+¥).

225. @ -y (0£y<+¥); b Jy(0£y<+¥). 22. i+§(yl') 227. @

1=y (0£yED):b) 1o V¥ (0£YEL). 228 Arshy=In(y+\L+y?) (-¥ <y<+¥). 229
Arthyz%ln?—y (-1<y<1). 230. Agar -¥ <y<1 bollsa, x=y; agar 1£y£16 bo'lsa,
-y

x:\/§; agar 16<y<+¥ bo'llsa, x=1log, y. 231. @ Toq; b) juft; v) juft; g) tog; d) tog. 233. @)
Davriy, T =2p/l ; b) davriy, T =2p ; v) davriy, T =6p ; g) davriy, T =p ; d) davriy emas; €)

davriy T =p; j) davriy emas, z) davriy emas. 241. tzl%s, x:-?%m. 243. ><0:-£,

2a

4ac- b x? d 12
= 244, y=X- : 9 km; 36 km. 251. =-—; =—. 252. ——v>0
° 4a Y 36000 ARSI p=3(v>0).
263 k=2 m=823 _C Bgp o) =2 o y_l—0 287. A=+a +1° ;

a a a & a

: _a _b p .. o 5p
Sinx, =- -4, €0SX, =~ 356. Agar |x- pk|£E bo'lsa, y=2sinx va agar E<|x- pkl<=—

(k=01 £2,...)bo’lsq, y:(-l)k. 357. a) y:%(x+|x|); b) vav) agar x3 0 bo'lsa, y=x?;
agar x<0 bo'lsa, y=0;g)agar x<0 bo'lsa, y=x; agar x3 0 bo'lsa, y=x".358.a) y=1;b)
agar 1£|x|£\/§ bo'lsa, y=1; agar [ <1 yoki |x|>\/§ bo'lsa, y=0; v) agar [X£1 bo’lsa,
y=1; agar |[{>1 bo'lsa, y=2; ¢) agar [{>2 bo'lsa y=-2; agar |[{£2 bo'lsa,
y=2-(2-x). 359. x<0 da egamiz & 1) f(x)=1+x, 2) f(x)=-(1+x); b) 1)
f(x)=-2x- x4, 2) f(x)=2x+x; W) 1) f(x)=v-x,2) f(x)=-v-x;09) 1) f(x)=-snx,
2) f(x)=dnx;d)1) f(x)=€*,2) f(x)=-€*;61) f(x)=In(-%),2) f(x)=-In(-x).360.

a) X:_Z_Z; b) XZE;V) x:b_—za;g) x=kp (k=0, +1, £2,...). 361. a) (X, ax, +b), bunda
X, - ixtiyoriy; b) 8-— —_,v) (%: Yo) bundaxoz-%va Yo =axs +bx} +cx, +d; g) (2, 0);

d) (2 1). 372. Ildizlari: -1,88, 0,35; 1,53. 373. 2,11; -0,25; -1,86. 374. 0,25; 1,49. 375. 0,64. 376.
1,37; 10. 377. -0,54. 378. 0; 4,49. 379. x, =-0,57, y, =-1,26; x, =-0,42, y, =1,19; x, = 0,45,
y,=0,74; x,=054, y,=-068. 380. x =-1,30, vy, =991, x,=230, y,=973;
X, =-0,62, y,=-998; x, =162, y, =-9,87. 382. 8 Umuman olganda yo'q; b) ha 385.
Y Ugoridan chegaralangan va quyidan chegaralanmagan. 387. f (a) va f (b). 388. 0; 25. 389. 0; 1.
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390. 0; 1. 391. 2; +¥ .392.-1; 1. 393. -/2; /2. 394. %;4. 395. a) 0, 1; b) 0; 2. 396. 0; 1. 397. a)

8;) 0,8;v) 0,08; g) 0,008.398.8) p;b) p;Vv) p;g) p.411 a) 1, b) 3 1 V) 1 . 412. 6. 413. 10. 414.

30
6 _n(n+1) 1 1 1

inm(n- m). 415. 5° 416. B0 g7.0: a8 -1 mo a0 a0t a2 tia
2 &25 2 2 4 3
1

a88° n(n+1 n(n-1 n(n+1 -
=0 404, ( ).424.1. 2= 425 M 408 ua’”. 427. M 428. M= N 409
8 2 24 n 2 2
2
x+2 430, X +ax+ 431 1432 L. 4333 434 X 435 1. 436. L 437. 2 438 2
2 3 2 3 J2 3
1 1 1 1 12 1 1 2 3

439, ——— . 440. - — . 441. —— . 442, = 443. == 444, = . 445, -2. 446. = . 44T7. — . 448. =
Joa© 16 144 4 5 n 4 27 2

419 42 450, Lo a5t oL o450 BB 4sm AP 4ss Mo Loase Lossy
27 36 2 m n m n m 2 n!

l(a+b).458. 1 4501 4601461 2 4622 463 2 a6 - 1 465, 1(a1+a2+...+an).
2 2 4 3 3 4 n

a®0

466. 2'. 467. 2n. 468. limx =¥, I|mx2—-%. 469. a=1, b=-1. 470. a =1

b :m%(i:L 2). 471. 5. 472. 0. 473. (-1)"" 2. 474, % 474.1. 1. 474.2. % 475. % 476. 2.
n

477. 4. 478, B' 479. > 480. pz. 482. cosa. 483. -sina. 484. sec’a
1

ae p _ o] A sna
2k +1)=, k=0, £1,...5. 485. - 1 kp, kl Z). 486. 1(2k+1
8 (% )2 0 £1, p 8 sin’a (2 ke, ). 486 cos’a’ (ar (2K+1)7,
cosa

kT 7). 487. - 252 (a1 kp, kT Z). 488, - sina. 489. - cosa. 490, 23N2
sina Cos a

2cosa (at kp, kT Z). 492. 3an2a. 493, -3. 494. 14. 495 —= . 496, -24. 497,
in‘a 2 V3

C0S28 %1 (2k+1)2 k1 29 408. 2. 400. L. 500. 2. 501. - L. 502, V2. 503. 0. 504. 3.
cos'a g 2 2 4 4 3 12

(@t (2k+1)=,

N[T N [T

ki z) 491.

505. 0. 506. a) %; b) \E +v) 1. 507. 0. 508. 0. 509. 0. 510. 0. 511. 1. 512. €°. 513. 1. 514. e2.

515. €. 516. Agar a, <a, bo'lsa, 0; agar a > a, bo'lsa, +¥ ; agar a = a, bo’lsa, €* %/, 517.
e.518. e'.519. 1. 519.1. Je.520. € (at kp, ki Z).521. €. 522. e'*. 523 1. 524. €.

525. e. 526. % 527. . 528. e /2. 529, 1. 530. 1. 531. 1. 532. 0. 533. % 534. -2. 535. g
e

a
2
536. 2. 537. - 'Oge 538 22 539 B9 540 0 5401 n. 541 Ina. 542. a*In2. 543.
2 X2 b 8 e
a®In(ea) . 544. e2.545.§.545.1. e’ 2" 5452, E 545.3. -2. 546. €?. 547. 1. 548. & b . 549,

a’Ina. 550. a*In?a. 551. e "), 552. Inx. 553. Inx. 554. &b . 555. </ab . 556. 3abc. 557.

(a®bPee)'*" mm8. —L . 550, #.80" 6o o Ina. 561 a) 0; b) '”—3 .562. In8. 563. - In2.
Jab & by n2
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566. a)%; b) % 567. 1. 568. 0. 569. Ina’. 570. %. 571. % 572. -2. 573. €. 574. €% . 575,

?%’ .576.3) 1; b) %;v) 1. 576.1. g. 577. ZSh%. 577.1. 8) cha; b) sha.577.2. -1. 578. In2.

a

579.1.580. ¢ . 581 - 2 582, P 583 - P 534 P 5g5 1 5862 587, f 588, T
2 3 2 4 1+ x 172

2
b 505. 9 B; b)

589. 1. 590. €. 501. 0. 592. 0. 593, @) +¥ ; b) >-594.9) 1) 1. 5041 In—

-%.596. a) 1, b) 0. 597. @) 0; b) 1. 600. 2; 1; 2. 601. 0; (-1)™"; (-1)". 602. 0. 603. 1. 604. 0. 605.
1. 606. 0. 613. b) Agar X <1 bo'lsa, y=1; agar [ =1 bo’lsa, y=0. 614. b) Agar O£ x<1
bo'lsa, y=0; agar x=1 bo’lsa, y:%;agar 1<x<+¥ bo'lsa, y=1.615. Agar 0<|x <1ho’lsa,

y=-1; agar [{ =1 bo'lsa, y=0; agar | >1 bo'lsa, y=1. 616. y=|x. 617. Agar 0£ x£1
bo'lsa, y=1; agar x>1 bo’lsa, y=x.618. Agar O£ x£1 bo'lsa, y=1; agar 1<x<2 bo’lsa,

2

y=x;agar x® 2 bo'lsa, y:X?.619.Agar 0£x<2 bo'lsa, y=0;agar x=2 bo'lsa, y=22;

agar x>2 bo'lsa, y=x*. 620. b) Agar x? (2k+1)p bo'lsa, y=0; agar x= (2k+1)p bo’lsa,
y=1,(k=0%1+2,...).621. Agar O£ x£2 bo'lsa, y=1In2; agar x>2 bo’lsa, y =Inx. 622.

Agar -1<x£1 bo’lsa, y=0; agar x>1 bo’lsa, y= p( 1). 623. Agar x£-1 bo'lsa, y=1;

agar x>-1bo’lsa, y=¢e*". 624. Agar x<0 bo'lsa, y=x; agar x=0 bo’lsg, y:%;agar x>0

bo’lsa, y:1.625.1.625.1.0£x<1va4k-1<x<4k+1|arda y=+/X; 4k- 3<x<4k- 2 va
X

4k- 2<x<4k-1 larda y=x; x=2k-1 larda y:%(&+x) (k=123...). 625.2. Agar
x- ratsional bo'lsa, y=0; agar x- irratsional bo'lsa, y=x. 625.3. max{|x, |y} =1- kvadrat

konturi. 627 @) x=1; x=-2; y=x-1; b) x® +¥ da y:x+%, X® -¥ da y:-x-%;v)

y:%- X;0) X® +¥ day=x, X® -¥ day=0;d) x® -¥ day=0, x® +¥ day=x;e

y=x+2 6280620 —1 . 630. 37X 632 1 633 2 634. Lina. 635 e.636 e 637,
2 1-x X 6 2 2
%(1+\/1+4 ) 637.1. % 637.2 % 637.3. % 638. 1+ x- 1.639. 1- V1- x.641. @) 2;

b) +¥;v)0;g)1,d) 2 e 1)) 2shl.643. 8 | =-1, L=2;b) | =-2,L=2;Vv) =2, L=e.
644. @) | =-1, L=1;b) | =0, L=+¥; V) I:%, L=2;9g) | =0, L=+¥.645. @ Birinchi

2

tartibli; b) ikkinchi; v) birinchi; g) uchinchi; d) uchinchi; €) uchinchi. 653. @) 2x; b) x; v) X? 0)

3 3
X?- 655. 8) 3(x- 1)°; b) S ;V) x-1;0) e(x-1);d) x-1.656.8 x°; b) 2x°; v) x*°; g)

{Q’/E
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3

42 .. 2 Y2
1 1 lee 1l 1
&l o aelo el o b) & o _

x¥® 657. a _,b V) - So—2 ~ - .658. a8 = e
) 8 - ; b) 28X Y 48sz€ ; 9) 8 a) gx_ 81 X5 V)
.13
Leld. 5 1,1 .5 1 663 o) 995<x<1005; b) 9,995<x<10,005 V)
Y3E&L- x5 p 1-x x- 1

9,9995< x <10,0005; g) v100- e < x<+/100+e . 664, D<%; a) D<37mm; b) D<0,37 mm;

v) D<0,037mm. 665 100§l- 10" 32 <x<10041+10 "™ 32 @) 8l<x<121; b)
98,01<x<102,01; V) 99,8001<x<100,2001; @) 99,980001< x <100,020001. 666.

2

d= m|n 1_ 667. d = €%
&11’ 1+ex,

»0,001x%; @) d »10°; b) d »10". v) d »10°°. Yo'q. 669. a)

Yo'q; b) ha 671 Yo'q; X, nuqtada chegaralanganlik. 672. Yo'q; agar f(x) funksiya chekli
(a, b) oraliqda aniglangan bo’lsa, u holda bu tengsizliklar doim bajariladi; agar hech bo’Imaganda
a yoki b ¥ gateng bo'lsa, u holda Ii®rQ|f(x)|:+¥. 673. Yo'q; teskari funksiyaning bir

giymatliligini va uzluksizligini. 675. Uzluksiz. 676. Agar A=4 bo'lsa, uzluksiz, va agar At 4
bo'lsa, x =2 dauzilishgaega. 677. x = -1 dauzilishga ega. 678. a) Uzluksiz; b) x =0 dauzilishga
ega. 679. x =0 da uzilishga ega. 680. Uzluksiz. 681. Uzluksiz. 682. x =1 da uzilishga ega. 683.
a=0 dauzluksizva a® 0 dauzilishgaega. 684. x =0 dauzilishgaega. 685. x =k (k1 Z) larda
uzilishga ega. 686. x=k? (k =1, 2,...) da uzilishga ega 687. x=-1 - cheksiz uzilish nugtasi.
688. x =-1 - bartaraf gilinadigan uzilish nugtasi. 689. x =-2 va x =1 - cheksiz uzilish nugtalari.
690. x=0 va x=1 - bartaraf gilinadigan uzilish nugtalari, x =-1 - cheksiz uzilish nuqtasi. 691.
x =0 - bartaraf gilinadigan uzilish nuqta; x =kp (k =+1, 2, ...) - cheksiz uzilish nugtalari. 692.
Xx=%2 - bartaraf qilinadigan uzilish nugtalar. 693. x=0 - 2-tur uzilish nugtasi. 694.

%( =+1,+2,...) - 1tur uzilish nugtalari, x=0 - 2-tur uzilish nuqtasi. 695. x=0 va
x—%l (k=0,+1,...) - bartaraf gilinadigan uzilish nugtalar. 696. x =0 - 1-tur uzilish nugtasi.

697. x=0 - bartaraf gilinadigan uzilish nugta. 698. x=0 - 2-tur uzilish nugtasi. 699. x=0 -
bartaraf gilinadigan uzilish nugta, x =1 - cheksiz uzilish nugtasi. 700. x=0 - cheksiz uzilish
nugtasi, x =1 - 2-tur uzilish nuqtasi. 701. x=kp (k =0, +1, +2,...) - 1-tur uzilish nuqtalari. 702.

x=k (k=01 +2,...) - 1-tur uzlish nugtalari. 703. x=k (k=+1 +2,...) - L-tur uzilish

nugtes 704, Uzluksiz. 705. x=#Jn(n=12,..) - 1tur uzilish nuqtalari. 706.
X = %(k +1,+2,...) - 1-tur uzilish nugtalari, x=0 - cheksiz uzilish nugtasi. 707. x:%
(k=+1+2,...) - 1tur uzilish nugtalari, x=0 - bartaraf qilinadigan uzilish nugta 708.
X = 2 (k=0,+1,+2...) - 1-tur uzlish nugtalari, x=0 - 2-tur uzilish nugtasi. 709.
(2k +1)p
x:i% va :tT (k=1 2,...) - 1-tur uzilish nugtalari, x=0 - 2-tur uzilish nuqtasi. 710.
x:% (k=+1+2,...) - cheksiz uzilish nuqtalari, x=0 - 2-tur uzilish nugtasi. 711.
:#(k =0,+1 +2,...) - cheksiz uzilish nugtalari, x =0 - 2-tur uzilish nuqtasi. 712.
(2k +1)p
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x=J/n (n=12,...) - 1-tur uzlish nuqtalari. 713. x=0, x=1 va x=2 - 1-tur uzilish
nugtalari. 714,  x=kp (k=0,+1+2,..) - cheksiz uzlish nugtalari.  715.
x=xvkp (k=0,12,...) - cheksiz uzilish nugtalari. 716. x=-1 va x=3 - cheksiz uzilish
nuqtalari. 717. x =0 - 2-tur uzilish nugtasi. 718. x =0 - cheksiz uzilish nugtasi. 719. x = +1 - 1-tur
uzilish nugtalari. 720. Agar O£ x<1 bo’lsa, y=1; agar x=1 bo’lsa, y:%; agar x>1 bo’lsa,

y=0; x=1 - 1-tur uzlish nugtasi. 721. y =sgnx; x =0 - 1-tur uzlish nuqtasi. 722. Agar x| £1
bo'lsa, y=1; agar |[{ >1 bo’lsa, y = x*. Funksiya uzluksiz. 723. Agar x* kp bo'lsa, y=0; agar

x=kp bo'lsa, y=1, (k=0,%1+2,...); x=kp - 1-tur uzilish nugtalari. 724. Agar |x- kp|<%

bo'lsa, y=x; agar x:kpi% bo'lsa, yzg; agar %<|x-kp|<% bo'lsa, y=0

p p

(k=0,+1,...); x=kp +% - 1-tur uzilish nugtalari. 725. Agar kp <x<kp+ bo'lsa, y=3%;

p

p<x<kp+p bo'lsa, y:-Ex; agar x:kpi% bo'llsa, y=0, (k=0,%1,...);

ar kp +=
ag p 5
x:l%p - 1-tur uzilish nugtalari. 726. x£0 da y=x; x>0 da y = x*. Funksiya uzluksiz. 727.

x£0 day=0vax>0day=x.Funksiyauzluksiz. 728. x<0 day=- (1+X); x=0da y=0;
x>0day=1+x; x=0 - 1-tur uzilish nugtasi. 729. Yo'q. 730. a=1. 731. a) Funksiya uzluksiz;
b) x=-1 - 1-tur uzilish nugtasi; v) x=-1 - 1-tur uzilish nugtasi; g) x=k (k=0,+1+2,...) -
cheksiz uzilish nuqtalari; d) x* k (k=0, +1, +2,...) - 2-tur uzilish nuqtalari. 732. - ¥ <x<0 da

d=-x; 0£x£1dad=0; 1<x£g da d=x-1; g<x<2 dad=2-x; 2Ex£3dad=0;

2

3<x<+¥ da d=x-3. Funksya uzluksiz. 733. O£ y£1 da S=3y-y—; 1<y£2 da

S—§+2y, 2<y£3 da S—E+y, 3<y<+¥ da S—E funksiya uzluksiz. OEy£1 da

b=3-y;1<y£2 dab=2; 2<y£3 dab=1; 3<y<+¥ dab=0; x=2 va x=3 - 1-tur
uzilish nugtalari. 735. x! 0 da uzilishga ega va x=0 da uzluksiz. 737. Argumentning barcha
manfiy giymatlarida va musbat ratsional giymetlarida uzilishga ega. 738. f (0) =0,5. 740. &) 5; b)
2; v) 0;g) e;d)0; e 1;j) 0. 741. a) Ha; b) yo'q. 742. @) Yo'q; b) yo'q. 743. Yo q. Misol: agar

- ratsional bo'lsa, f(x)=1, va agar x- irratsional bo'lsa, f(x)=-1. 744. & x=0 da
f(g(x)) uzluksiz, g(f(x)) uzlishga ega; b) x=-1, x=0 va x=1 nuqtalarda f (g(x))
uzilishga ega, g(f(x))=0 uzluksiz; v) f(g(x)) va g(f(x)) funksiyalar uzluksiz. 745.

f(j (x))=x.759. x= dy+ab; a+d=0.760. Agar 2k £ y<2k+1(k=0,+1 £2,...) bo'lsa,

cy -
x=y-k. 764 f(f(x))°x.767.x:-\/§(0£y<+¥); x=.\y(0£y<+¥). 768

2
x=1- Iy (-¥<y£1); x=1+/I-y(-¥<y£1). 769 _1-vi-y

2
x=1V Y Viy (0<|y|£1). 770. x=(-1) acsiny+kp (k=0,%12,..) (-1E£y£L). 771

(-1£y£1),
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x=2kp tarccosy (k=0,+1..) (-1£y£1). 772 x=arctgy+kp (k=01 +2..))
(-¥ <y<+¥). 776. Agar xy<1 bo'lsa, e =0; agar xy>1 bo'lsa, e =sgnx. 779. &) Agar

J1EX£0 bo'lsa y_-R, agar 0£xE1 bolsa y= 2arcsmx-— b) agar -1£XE- ——

J2
bo'lsa, y=-(p +4arcsinx); agar -i<x<i bo'lsa, y=0; agar i£x£1 bo'lsa,
NERRRNG: 7
y:p'4arCS-nX. 780. y:%-Xgp2<X<p20 781. y:«/x2_1(1£x<+¥);
2

y=-VxX*-1(1Ex+¥).782.j (t)=x (bunda x- j (t) funksiyaning ixtiyoriy giymati) tenglik
bajariladigan t ning barcha giymatlari uchuny (x) funksiya bir xil giymat gabul qilishi kerak. 783.
a <t <b dac(t) funksiyaning giymatlari to’plami (a, b) oraliqdan iborat bo'lishi kerak. 784.
j (xX)=u(bunda u- (A B) oraligdagi ixtiyoriy son) tenglik bajariladigan x ning barcha

qiymatlari uchun'y (x) funksiya bir xil giymat cabul gilishi kerak. 785. |d| EZEO sm. a) 0,5 mm; b)

3

0,005 mm; v) 0,00005 mm. 786. &) d <%; b) d <2,5X10*; v) d <g><10'7; g) d <% (e £1). 793.
a) Ha b) yo'q. 794. Tekis uzluksiz. 795. Tekis uzluksiz emas. 796. Tekis uzluksiz. 797. Tekis
uzluksiz emas. 798. Tekis uzluksiz. 799. Tekis uzluksiz. 800. Tekis uzluksiz emas. 802. @) d :%;

e e a e’ o0
b)d==;v)d=0,0le;g)d=e’(e£l);d d==;€d =mine~, —~. 803. n3 1800 000.
) 3 ) 9) (e£1); d) 3 ) 83 e,

808.8) w, (d)£3d;b) w, (d)£vd; w, (d) £—; V) w, (d) £d/2. 818. f(x)=cosax yoki

da

J2a

f (x) =chax. 819. f(x)=cosax; g(x)=+sinax (a=const).
[1-BO'LIM

821. Dx=999; Dy=3. 822. Dx=-0,009; Dy=990000. 823. a Dy=aDx; b)
Dy = (2ax+b)Dx+a(Dx)’; v) Dy=a*(a™-1). 825. &) 5; b) 4,1; v) 4,01; g) 4+Dx; 4. 826.
3+3h+h?; &) 3,31; 3; b) 3,0301; v) 3,003001; 3. 827. a) v, =215 m/s; b) v, =210,5 m/s; v)

v,, =210,05 nv/s; 210 m/s. 828. & 2x; b) 3x*; V) -X—lz(x1 0); 9) 2—\1&(x>0); d)

1l & p _ 0. . 1 _ .

10 1(2k-1)=, k=0,%1,...5;)) - L kp, k=0, £1, .. .);

3\/7 (x*0);e coszxgX ( ) 2 £l 2 ) sin® x (x* ko £ )
1 1 p

2) X <1): i) - X <1)iK) ;o 829.-8,0;0.830.4.831. 1+ 832 '(a).

e (<din - (<) @

834. y'=1- 2x;1,0,-1,21.835. y'= x> +x- 2, a) -2;1; b) -1; 0; v) -4; 3. 836. 10a’x - 5x*. 837.
a
a+b
g™+ X"+ (m+n)x ™MLy 842 - (1- x)(1- %) (1- x) (14 6x+15x2 +14x°). 842.1.

. 838, 2x- (a+h). 839. 2(x+2)(x+3)"(3x* +11x+9). 840. xsin2a+cos2a. 841
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4 2(1+x°
-20(17 +12x) (5+2x)° (3- 4x)°. 843. - gex—lz+%+%% (x* 0). 845. (1( Xj)z) (1* 2). 846.
2(1- 2x) , 1 X+ 4% (|x| . 1) aag, 12 6X- 6x° +2x° +5x* - 3x° (x*1). 849
(1- X+ xz)zl (- x) (%) o (- x)° S
(1- x)"" gp+a)+(p- a)xg X1 )" .
- xt-1). 80 ———F—— +1)x-(p+q-1)x
(1+X)q+1 ( ) (1+ ) gp (q ) (p q ) H
(x*-1). 851 141 4 (x>0). 852. SN B (x>0). 853. 2,1
24 3\/7 X* 2x/x 3xx R/x xx
1+ 2x? 6+3x+8x* +4x° +2x* +3x°
x>0). 84  —=2_ . 855 x1 ¥-3). 856
(x>0 foe ey
- - 2 2
(n-m)-(n*mx - gy — 2 ({<ld). 8 = 1 X (1x11). es0
(n+ m)gf(a- %) (2+)" (- 2) i
1 860, 1+ 24/ + 4xy x +/x el L 1

)T s Bl o 7 e 3] o o )

(x1 0, x* -1, x* -8).862 -2cosx(1+2sinx). 863. x*sinx. 864. - sin2x>cos(cos2x). 865.

nsin™* x>cos(n+1)x. 866. cosx>cos(sinx) xcosgsin(sin x) . 867.
2sin x(cosxsin x? - xsin xcosx? 2 R
( — )(lekp;k:], 2,...). 868. -1+‘_3°fx (x1 kp: kT 2).
sin® X 2sin” x
nsinxee, k-1 0 X -
869. —— p, kl Z-. 870. ~. 871, —— (x* kp; k1 Z). 872
oS xE 2 2 (cosx+ xsinx) sin” x
0 8 16c052;
1+tg°x  (x! (2k+1)%; kT Z2). 878 —————(x* kp, kI Z). 874 —=
2 3sin* x§/ctg x asin® 2%
a

e . kpa -~ _0 . . p
8x1 > k1 z=. 875. -3tgzx>seczx>sn(2tgsx)>cosgcos (tg ) 8x1 3+kp k1 Z_ 876.

Q.

. . e“(sinx- cosx
-2xe . 877. - iz 219Vx o2 1 In2. 878. x%e*. 879. x’e*sinx. 880. ( )
X

X

25in2 >
2

2 7 x \ ~
(x1 2kp,k1 z) 881. - 1+:'; 3sinx. 882 \JaZ +b2e™ sinbx. 883, exguee* (1+eee )E 884.

yanld. a_bo( >0). 885. a*x* '+ax*'a’Ina+a‘x@” Ina. 886. S \gelg? x2 (xt 0).
&b x o X
1 6 1
887. ————  (x>e). 888. ——(x>e). 889. >-1). 890.
xInxIn(Inx) (x>¢) xInxIn(In® x)(X ) (1+x)*(1+5?) (x>-1)
1
T (4>1). s prw (x10). 892 5 (4>v23). 89
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2 X >-1). 895. 1

1
(1- %) (1- ko 2(1+\/x_+1) ( X +1

8
|n2(x+ x2+1) 898. /X2 +a® . 899, x<\/:— 900. -
b Eﬂ bg X°V1- X
1 5

(0<x-2kp <p,ki Z). 902 ~ —— aTx- dp|<B ki 22 oo
sinx COSX 2 @

Lo, 2Kl 4728 o5 COSEX

cosx% 2 7 sin® x

) (Ix<1). 894 . 896. |n(x+ X2 +1). 897,

(0<x<1). 901

-ctg®x (0<x- 2kp <p, kT Z).  904.

2 2
(0<x- 2kp <p, kT Z). 906. - gy I X (x>0).

908. %Inx (x > O). 909.
a+bcosx NG X

1 1
ox 1+x+=+In=
. 910. X X

1+31+x° a§+x|n7 e1_+x|n +In1(?l'J
8 X gg 8X Xa

P 7,0 1 1 2ax
§%<x-2kp <5 ki zZ3 013 —— (|{<2). 914, ——— (|x- 1</2). 915. N

Va- X V1+2x- X +ta
Jx X
10). 917 ———(x30). 918. - ——
(x10). 9 20 (x30). 918 N
arcsin | (x30). 920. — 1 (>1). 921 sgn(oosx) B 21y ki 20 oz
1+x Y% - 1 & 2 g
2sgn(sin x) xcosx

\J1+ cos® X

(0<|q<1). 925.

-. 911.2sin(Inx) (x>0). 912. sinxIntgx

1

X2 +2

(at 0). 916. arccosXx (|x|<1). 919.

Sin X+ CoSX &) p ,- -0 sgn X
——— 0<x-kp <—,kl Z:. 924,
Jsn2x & P32

o V1- X
(x31). 926 15 Papp k1 28 o7 — L op8. - 25X
& 4 @ a+bcosx 1+ x

(x kp, ki Z). 923

1
1+ X

4
(xt 0). 929. s (IM<1). 930. i:’r—x 931. -2cosxxarctg(sinx). 932

VJ1- x* arccos® (xz) x°

1 a’ +b? e 1
R . 1 (X>1). 933 (X+a)(xz+b2) (X>'a). 934 aZ_ XZ. 935 m
XA/ X- 1larccos——
Jx

1
x*

xInx xarcsin X
(x>1). 9

(-1 Y )

arccos x

XZ

1 ol 12x°
N P =2 e e 943

1 NG
) O<x<a). 946, ———
Jax- x? ( ) \/1- 2x- X°

(x+1<v2). o4z R L S 2k ! 949,

4 xA sin* x+cos’ x%

2 2 X
Lx X 1- X (¥ <1). XXZ arctgx. 951, —= 952 1

Tee 0 oied)

(x*-1). 936 ——(x*1). 97 (arcsinx)® (|x|<1). 938. (0<|x<1). 930.

(¥ <1). 941

953.
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sinasgn(cosx- cosa)
1- cosacosx

1

(D2
4 (cosx +smx) \/W .
(1+X2)2\/ﬁ (|X|<l). 957. \/SW §O<|X|< 8 +25p’ 0,1 ..

TSN

(0<|¥<1). 9. _—~

(cosx® cosa). 954.

9%6. 958.

Q- O

4 . ) 2m i .
oxésgn(cosx?) +sgn(sinx ) : £ k=0,12..2 os0. ") cosm (arcsinx
(¥ <1). 960. ez—+11 960.1. . 9602

© 6\/1+\/1+ e xt y\3/1+ 1+x x,/ 1+x4)’
1 Zl*fln2>9n(2f)><ln(se02f)
. 960.3. = - [ 961. 1+x*7
x3cosi2a'es| iz cosizg‘/ctgi2 VX >COS( )
X 8 X g\ X
’ (1+Inx)+xxxxxae—1+lnx+ln2 x?(x>0).962. X (1+ alnx)+axxaxae—1+lnalnxg+
X 7, X 7]
+xa" +x‘a* Ina(l+Inx) (x>0). 963. x**2(1-Inx) (x>0). 964. (sinx)"(ctg?x
I X-l
- Insinx) - (cosx)mnx(tgzx- Incosx) B<x-2kp <2 ki 20 oes. (Inlx)l [X- 2In® x+
8 2 & an+
+xInx{n(Inx)] (x>1).
965.1. yo- Zy]:’-arctgxln arcsin(sin2 x) + arcig? xg sinx>sgn (cosx) ] cosx>sgn(sinx) Ey}’
i 1+x* arccos(cosz X) earcsm(sm x)\/l+sm X arccos(cos x)«/l+cos XUb
?1 %p, k=0, ilg 966. -%(Iogxe) (x>0, x* 1). 967. th’x. 968. - Séx (x>0). 969.
1 sgn(shx) a+bchx sin2x
: 970. ——=(x10). 971. _ 972. - —. 973.
ch2x chx (X ) b+achx A1+ cost x
2_acmmsotn(aacoosr) (<1 e xe o) g
- arccosx¥n(arccosx) (|x <1). 974. - ———. 975. - x1 0).
1- XZ 4(1+X4)3 (1_ e_ZXz )3/2
2Xx
976. %arcctga (a>0). 977. & sgnx(x* 0); b) 2/x; V) %(xlo). 978. )
1+ a*

(x- 1)(x+2)*(5x- )sgn(x+1) ; b) sm2x>1$|nx| V)

(I4>1): 9) p[x]sin2px.

1
xvx® -1
979. -¥ <x<1da y¢=-1; 1£X£2 da y¢=2x- 3; 2<x<+¥ da y¢=1. 980. xI [a, b] da
y¢=2(x- a)(x- b)(2x- a- b); xI [a, b] da y¢=0. 981. x<0 da y¢=1; O£ x<+¥ da

1

1 -
Y¢—1+X 982. Xz; X >1da y¢=1/2.983. [{£1 da y=2xe" (1_X);
1- x- X* 54- 36X+ 4x% + 2X° J a
>1day'=0.984. 8 , 1O, X1 x!+3 |
|X| ay'= a) (1_ Xz) ) 3X(1- X)(9- XZ) (X Xx11 Xx ) V) ai - a1
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0 s LI LI gy )y LML 10

et ol 0 X' 1y(x)_m(x)n NSNS
(J (X)y () O)’ ) ¥ ()’h(x)y(x) jZ(X)Iy()%’ g)y( X J(

.986.a)2xf¢(x2);b) sin2ng tl(sin2 x)- ftl(cos2 X)B; v) e' gexfﬂ(ex)+ fqx) f (eX)H;

Iny (x)
In?j (x)
o) fax)xf gt (x)gxf 4  gf (x)g . 986.1. 1000!. 988. 3x* +15. 989. 6x*. 992. & n>0; b)
n>1; v) n>2. 993. @ n3m+1; b) 1<n<m+1l. 994. j (a). 995. f¢a)=-j (a),
2k-1

f.%a)=j (a). 999. @ x=1 da diferentsillanuvchi emas; b) x= p (kT Z) da

differentsiallanuvchi emas; v) barcha nuqtalarda differentsiallanuvchi; g) x=kp (ki Z) da
differentsiallanuvchi emas;, d) x=-1 da differentsalanuvchi emas. 1000. x! 0 da
f¥x)=fHx)=sgnx va f¢0)=-1, f¢0)=1. 1001. x butun songa teng bo'Imaganda

fO(x) = £,%x)=p[x]cospx, f¥k)=p (k- 1)(-2)", f¢( )=pk(- ) (kT z). 1002

2 . PP, PO 2 6_ p
' =10 = L RO ¢ 2k +1
Xt o (kT z) f¥¢x)=1fx)= 8cosX Xsunxg>egn8cos , 82k+ T -( +)2
82k2+ —(2k+1)g 1003. V2kp <X < (2k+1)p (k=0,12,..) da f&x)=f.¢x)=
XCOS X
= ; f£H0)=-1, £40)=1; Y /(2k+D)p |=m¥, f,HV2kp|)==%¥ (k=1 2, ...).
i 40 (0)=1: .4|(2k+2p)=m¥ . £o2K0) = 2 ( )
1+§L+19e]/x
1004. xt 0 da f&x)=f¢x)=—=—28 . 1¢0)=1, ¢0)=0. 1005. x 0 da
(1+¢%)
£6(x) = £.8x) =, £0(0) =1, 1,5(0) =1.1006. f &(x) = £.¢{x) =2, bunda 0<|x <1
V1- ¥ X
da e=-1va 1<|{<+¥ da e=1, f¥m1)=-1, f¥m1)=1. 1007. xt ml da fx)=
2sgn(1- X2
:f+¢(x):%; f6x1)=mi, fO(+1)=ml. 1008 x'2 da fx)=1f.¢x)=
X
= arctg——— - X2 . f.¢(2)=mp/2. 1009.1. & f ¢0)=-1/2, f,40)=y2;b) f¥1)=

X-2 (x-2)°+1
=14)=y2; v) {H0)=1%0)=0. 1010. a=2x; b=-x. 1011 f¥x);

2
b=t (x)- %1 ¢x). 1012, A=tatKe o AeFBK 505, ST b_-2l 1014. 8)
c?

(b- a)z ’ k, +k, 2c
mumkin; b) mumkin emas. 1015. &) mumkin emas; b) mumkin emas. 1016. &) b) v) F(x) funksiya
F4(x) hosilaga ega bo'lishi ham ega bo'Imasligi ham mumkin. 1017. x=kp (ki Z). 1018. &) ega

bolishi mumkin emas; b) ega bo’lishi mumkin. 1019. 1) shart emas; 2) shart. 1020. SHart emas.
1021. Yo'q kelib chigmaydi. 1022. Yo q kelib chigmaydi. 1023. Umuman olganda mumkin emas.
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1- (N+1) X" + nx"™*

1+ X- (n+1)2 X" +(2n2 +2n- 1) X" - n?x™?

1024. P = . Q= 1025.
e )
X 106 nx
snXgnn*e nsin>sin - g™ nshsh?]+2+x- ShZ?
S = T, = 2 v 2 10251. S, = o |
sin— 2sin® =~ 2gh? =
2 2 2

1026. S, = 2—1nctgz—); - ctg x. 1029. 40p sm?/s. 1030. 25 m?/s; 0,4 m/s. 1031. 50 knv's. 1032. Agar

2

0£X£2 bo'lsa S(x):X?; agar x>2 bollsa, S(x)=x*- 2x+2; agw 0£x£2 bolsa

Sqx)=x; agar x>2 bo'lsa, Sqx)=2x-2. 1033 ()—||\/ arcsm|a|
1 1
=va’- x° £a). 1034. yb=———-. 1035 y0= . 1036.
S¢x)=+a’- x*sgnx (0<|{£a). 1034. vy, [y 7 035 %= casy 0% a)
1 _ 1
¥ <y<+¥, x0= xT i b) -¥ <y<+¥, x0¢= _X+y,v)-¥<y<+¥, x, b= ,—1+y2,g)

1+\1- y (-¥ <y£1); x, =-41- J1- y (O£ y£1);
X =y1- \1- y (0E£Y£L); x, =1+ 1-y (-¥ <y£1); xi¢:ﬁ(i:12,3,4); b)
X{1- X

X =- /% (0£y<1); x = /% (0£y<1); x¢= 2);2 (i=12); v) x=-In(1+1-y)

(-¥ <y£1); x2=In1+— ij(0< yEL); x¢=- )(i =1, 2).1038. yx¢=-g(1+t);

1
2(e-x _ e—Zx

-1<y<1, x%= L 1037. @) x, =-
-y

4
-+t
3 -3 va-2, (-4; 4). 1039. ¢ ( )3 (t>0, t*1). 1040. y,¢=-1(0<x<1). 1041.
2 2 t(l- g/;)

yx¢:-9ctgt (0<|f<p). 1042. yx¢:Ectht (t| >0). 1043. y.t=-tgt &1 2k+1p,kT 20
a a & 2 2

e b 3 po p p 0
1044, yx¢—ctg§(t1 2kp, k1 Z). 1045. y 0= tgtxgg? 2 ?1 Z+kp, t1 E+kp+. 1046.
2 2

1-x-y.3 1049. 2. 1050

2
; 1 . —. : b— 1051. \P
X-y 2 2 y a’y X

+2p0 )

"3y

yS=sgnt (0<|t|<+¥). 1048. ye=

1052, -3Y . 1053 X*Y.

1054. &) tg(j +arctgj );
X X-y

3
\f(x+1) b) y=3, x=2;Vv) x=3, y=0..

b) -ctg%g ol
tgge +arctgig 1055. 8 y=Y4(x+1); y=-

1056. a) 8_ 2—_ b) (0, 2). 1058. |x|< <|

+ 10p » 31, 4.

152



1060. P 1061. %; arctg%» arc37°. 1062. arcth\/E » arc70°30¢. 1063. n>57,3. 1064. a)

4’
.3 .2
Rl 2 |a4 $35 " $2;
:zie. 1077. &) 3x- 2y=0, 2x+3y=0: b) 3x- y-1=0, x+3y- 7=0. 1078. 8 y=x,

y=-X;b) 3x- y- 4=0, x+3y-3=0;V) y=-x, y=x.1079. y- 2a=(x- ato)ctg%o. 1081.
3x+5y-50=0, 5x-3y-10,8=0. 1082, x+2y-3=0, 2x-y-1=0. 1083
Df (1) = Dx+3(Dx)* +(Dx)’; df (1)=Dx. & 5, 1; b) 0,131, 0,1; v) 0,010301, 0,01. 1084.
Dx = 20Dt +5(Dt)*, dx=20Dt; & 25 m, 20 m; b) 2,05 m, 2 m; v) 0,020005 m, 0,02 m. 1085.

dx dx dx
v (x* 0).1086. ——— o7 1087 (X *]4]) -

1089, — 22 4« (|x| <|aj) 1090. @) (1+ x)e*dx; b) xsinxdx; v) - ﬂ4)((x1 0);
X

dx
\/x2+a' Ja- x?

2- Inx x dx dx . 2Xdx
X>0); d ——m—; 8) —— (|x<1); X <1): z

2X / ( ) ) /az +X2 ) (1_ Xz)s/z (| | ) J) 1 X (| | ) ) X /X _ 1

dx e vdu - 2udv

- 1R 1 0 1
(|x|>1),|) cos3x8X 2+kp,k| ZE. 1091. wvdu +uw dv +uvdw . 1092. 7 (vt 0).

1093, . ddutvdv (v +v2 >0). 1004

(v o)

1096. @) 1- 4x° - 3x°; b)

1088.

9)

vdu - udv

u? +Vv*

0SX - ﬂ9; v) -ctgx(x® kp, ki Z); g) -tg®x(x? B+kp,
8 X @ 2

(u2 +V2 >O) 1095. %(u2 +V? >O).

XZ

ki Z);d) -1(]x<1). 1097. &) 104,7 sm’ ga ortadi; b) 43,6 sm* ga kamayadi. 1098. 2,23 sm ga
orttiring. 1099. 1,007 (jadval bo’yicha 1,0066). 1100. 0,4849 (jadval bo’yicha 0,4848). 1101.

-0,8747 (jadval bo’yicha -0,8746). 1102. 0,8104 = arc46°26¢ (jadval bo’yicha arc46°24'. 1103.
1,043 (jadval bo’yicha 1,041). 1104. a) 2,25 (jadval bo'yicha 2,24); b) 5,833 (jadval bo’yicha
5,831); v) 10,9546 (jadval bo’yicha 10,9545). 1105. a) 2,083 (jadval bo’yicha 2,080); b) 2,9907
(jadval bo’yicha 2,9907); v) 1,938 (jadval bo'yicha 1,931); g) 1,9954 (jadval bo’yicha 1,9953).
1106. 0,24 n¥; 4,2 %. 1107. d, £0,33%. 1108. @) d, =d,; b) d, =2d,. 1109. 0,43d . 1111.

3+2% 2 o
—X( ’ );2).1112. X = (X <1). 1113, 267 (2x - 1). 1114, 2sinx ag, K+1, 7 70
(1+ xz) (1- xz) cos® X 8 2 5

1+ 2x*) arcs
1115, 2 4 2arcrgx. 1116, — > 2+( s )arczsnx (¥<1). 1117. Z(x>0). 1118,
1+x (1- xz) (1- xz)s/ X
f(X)fﬂ:(zx()-)f@(X) (f(x)>0). 1110, -ésin(lnx) (x>0). 1120. y(0)=1, y40)=1,
X

uu@_ u(g Wll_ VlZ

u? V2

y®(0) =0. 1121 2(uu®+u¢). 1122, (uw>0).
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(u2 +v2) (uue+w)+(u@- w)*

1123, )

(u2 +\2 >O).

uu® v?  2ue!
+

2

7 2 ~
R i
1124, y@:u"?a?/£+v'lnu2 +V +u(lIInuu 1125. y@=4x’ ffﬂ(x )+2fﬂ(x2);

u¢ ] u

u
y®=8x"f #(x*) +12xf §x*). 1126, y«t_—f o +—f<l§(g m_-—f@‘g( Sf%%
%fﬂgg 1127. y@:ezxfﬂ(ex)+exf¢(ex); y(ﬂt:esxfm(ex)+3ezxfﬂl(ex)+exfG(ex). 1128.

X (7]
y@:izgf«w(mx)- Fq(Inx)g; yac:isgfm(mx)- 3fﬁI(Inx)+2f¢(Inx)‘. 1129
yo=j €(x) T4 (x)+ x)fq (x);  y®=j ¢(x) f6 (x))+3 ()i ¥(x) 6 (x))+

; : X 102 . X 2 2 dx? 2Inx- 3 >
+ ‘ll(x)f(I(j (x)) 1130. @) €e‘dx*; b) € (dx +d x). 1131, ———. 1132 ———dx

) ¢

(x>0). 1133. §1+Inx +— dx 1134. ud®v + 2dudv + vd?u. 1135.

d?u - ud®v)- 2dv(vdu- ud
(V o V) N v{vdu - ) (v>0). 1136. u™2v™?{[m(m- 1)v?du® + 2mnuvdudv +
+n(n- 1) udv?] + uv(mvd?u + nud?v)} . 1137. a’Ina(du’Ina+d’u). 1138.

2

gv - uz)du2 - 4uvdudv+(u2 - vz)dv2 +(u2 +v2)(ud2u +vd2v)8(u2 +v2)'2 (u2 +V2 > O).

11309. g’- 2uvdu? + 2(u2 - vz)dudv+ 2uvdv® + (u2 +v2)(vd2u - udzv)g(u2 +V2 )'2 (u2 +V2 > O).
3 1 3cost

3
1140, y&— 2 _: y@=— > (11 1). 1141 y@=- y®=- "2 (11 kp, k1 Z).
y 4(1-t) y 8(1- t)3 (t*1) y asin’t y a’sin’t (£ ke, )
COS1 ot

1142, y@=- y@=— 2 _(t1 2kp, ki Z). 1143 y@= ,
Aasin® L aa?sin’ L V2cos &+ Po
2 2 & 4
_g”(2sint+cost) &, p Poiwp, ki 28 1144 ye=—1 . ya-- «u() (fgt)r o)

fcos§?+po & 4 o fot) (1)
1145, xt=1; xg=- Y8, yg= VYV YOV - 10VOGRHISYE |, ) ggq

y¢ y¢ y¢ y¢
X 25 75x 3 25 225 p p* 3p 2X-y
I L2 22 2 20 229 7. B W B 2B 1148 ye= ,
y' oy vy 4 64 1024 vy Y y X- 2y
6 54x 2x%y 2x%y 2\2 4 )
y@= = 1149. yt= ; y@= &(1+y?) +2x* (1- y?)U.
(x- 2y) (x- 2y)° +y? (1+y ) e ( ) ( )g
V. e 2V 1
1150. y¢=—2; y@= ? . 1151. a=§f41(><0); b=fqx,); c=f(x).1152. 20- 10t,
X-y

154



2

2
-10; 0, -10. 1153. v =- ?singt, j=- 4?flcosz_l_—pt. 1154. x =y tcosa , y =v,tsna - %

T 1

2 2

visnla v
v=J\2- 2v.gtsna +g*?; j=g: y=xtga- —2 ;=2 ;. —2sn2a. 1155
\/0 o9 g I=8; y=x1 22 cos’a 29 g
am(m+1)(m+2
x2+y? =25; 5|, 5w?. 1156. y! =4s6!; Yy =0. 1157, yd=- ( szg( )(xl 0).
I |
1158, y® =- ™ (x>0), bunda 1711=1:856...17. 1159, y¥ =8 _(x11). 1160.

210X9\/; .. . . - (1- X)g
oo __ 197!1(399- x)

x<1).1161. y1®) = 222 (x? + 20x +95). 1162, ) = & A
Yo = e (-

2 (1- x)™ V1 x i X
bunda A, =1050x...(11- i) va A% =1. 1163. y® =- & (x>0). 1164, yiI =274 ££|
X X X
(x>0). 1165. y®) =2 ge X% §in 2x + 50X COS 2X +%255in 2x2. 1166.
g
27(1- 3x)* - 36 27(1- 3x)° - 28
y@#= ( )7/3 Sn3x- ( )10/3 cos3x o1 EQ 1167.
(1- 3x) (1- 3x) & 35
y =2 gn2x- 2% sindx+2° x3°sin6x.1168. y'® = xshx+100chx. 1169. y" =- 4e* cosx.
1170. y©® = 60 L2344 160 9695m2 20 @ @+32|n x%cos2x. 1171 120d°.
8 x° X o % X 2
1172. - dx® (x > o) . 1173. - 1024(xcos2x +5sin 2x) dx. 1174.
8x3\/§
4 6 8 696 3 . 6 10 9 2,148
e* 8nx+—- _2+F =dx 1175.8sinxshxdx®. 1176. 2ud™u+ 20dud®u+90d“ud®u +
X X X g

+240d3ud "u + 420d*ud®u + 252(d2u)2 . 1177. € (du4 +6du®d?u + 4dud’u + 3d?u? + d“u) . 1178.
2du® 3dud?u du

—-— : 1179. d?y = y®ix® + y&i°x; d®y = y@ix® + 3y@ixd*x + y&°x;
u u u
dy = yVdx* + 6y®Ix’d*x + 4y®ixd®x + 3y®I°x* + y&*x.
dx dy dx dy , (o dy
d’x d?y dXd"‘x dy| d’x d?y|
1180, y6="—7— y®= = . 1187. P (x)=gn!. 1188,
X X
" et (ad - & 1) 0 é 0
(3) nic (i? bc).1189. nlg(xm)1 1 —0.1190. (-1)" nlé = L —u.
(cx+d) 8 (1- %) 4 gx- 2" (x-1)"g
13...(2n-1 -1)"™ x4 ... (3n- 2
11g1, 28 - ) g?«i? 1102, Y : (31]/35)(3“ X (n2 2 x2 -1). 1198
(1- 2x) 2¢g 3" (1+x)
-2“100533x+—9. 1194. 2”1cosacﬁx+—9. 1195. Esma% _pg_ —sma%x+np8. 1196.
& 2 g & 2 g 4 8 5 4 & 2 g
§cosa§<+ p0+—cosa%x+—9 1197. ( g( + P O-M’
4778 25 4 & 2 g 2
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1200. —cosa%x+ -
2 & 2 4

x+PO om0
29

’ A2a- b)x+—p- —
cosy2a- b)x+ 2 " 5
-1)u ]

n(n )usnaeax+m9 2na" 'x’
O 8 2 g

a”xcosaeax+m9+ na"'sin ax+—po 1203. a”gx -
& 2 & 29 é
1204. (-1)"e* g - 2(n- )x+(n-1)(n- 2)g. 1205.

«n(n-1) ... (n- k+1)l'J. 1206. e2"2cos+ 0 1007, e 2" gnFK+ P90
E 8 4 8 4 g

ta (' 1) kL p

e \ )
MURL S ga+bx)" +(- 1)n'1(a+bx)n3glx|< %2- 1200. e*[a"P(x)+Ca" 'PYx) +...
(%]

x)] . 1210. _{e(x+n) (-2)" (x- n)fichx+ §x+n)+(-1)" (x- n)ishx}. 1211, oy =
- u -1)" nti 0 10
= &x" +n’x" ! + Mx”'2+...+n!udx”.1212. ( 1r?ﬂn'%lnx- é‘%udx“(x>0).
8 2! 4 X 1 o |
2 p Mo s .%& NP
1214. Q) (a +b) eCOSgI’] _chaxcosg%x+ = smgnj _shaxsmg%x+ 5 Euu b)

a’+b? 0S np _chaxsma%x+—0+ smae LY _shaxcosa%x+ P Ou bunda
(& +1°)"* oo - GDx+ Ty ANl -~ pshaxcosehik S g,
. a .. %1 +k n
cosj = . §nj = . 1215 fO(x)=3 (-1)"" 272 (p- k)" Ck -
J \/m J a2+b2 ( ) ka:.o( ) (p ) 2p
cos§2p- 2k)x+m@. 1216. a) é( 1)'”ka§ +1sin§2p- 2k+1)x+—pu b)
2 H ol 22p P 2 H
np of!

éoz”'zf’”(p- k)" C5, cosg(Zp- 2k)x+%g; V) é_}i—(Zp-;:ﬂ) Copa

1218. Msin(narcctgx) (x* 0). 1219. a) e2n+1 +(-1)"4; b) m
(1+x2)n/2 u 2"

1220. &) n(n-)a"?; b) f®(0)=0, f®*?(0)=(-1)"(2k!) (k=0,12...);v) £ (0)=0,

FED(0)=g8...(2k- 1) (k=012..). 1221 & f*9(0)=(-1) m*(m*-2?)..."

“ m(m2 - 12)

(2k- 2)°8, t®I(0)=0;b) t*(0)=0, tq0)=m, t*(0)=(-1)
e - (k-0 (k=12 .. ). 1222 8 ™ (0)=(-1) (k- 1)!?+%+"'+2k1- 1%
fEY(0)=0(k=1 2 ...). 1223.

oosg(Zp- K +1)x+ P Hy

=

(n>1).

gn -

u
1#9(0)=0(k=12..); b f®(0)=2*"gk-1)1y,
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m* (m- 1)2 U

nj (a). 1228. L, (x)=(-1)" g m? ml+Txm-2+...+(- 1)”‘m!g. 1231. H, (x) =
=(2x)" - W(Zx) m(m- )(m2I 2)Am-3) (2x)™* - ....1236. x=0 dachekli f{x)

hosila mavjud emas. 1244. A(-1, -1), C(L 1). 1245. Yo'q. 1246. a) ¢ =1/2;

\/x2+xDx+1(Dx)2- X
q= 3 (Xs O,Dx>0); V) q__g/+_- x+Dx >O) 0)

Dx
1, e>-1 1 . <
q :&In . 1248, c=2 yoki /2. 1250. Umuman olganda yo'q. 1261. f(x)=
=Cy+CX+...+C X", bunda ¢ (i=0,1...,n-1) ozgarmas sonlar. 1268. -¥ < x<% da

funksiya o sadi, % < X< +¥ dakamayadi. 1269. - ¥ < x< -1 dafunksiyakamayadi, - 1< x<1 da

da o'sadi; 1< x<+¥ da kamayadi. 1270. -¥ <x<-1 da funksiya kamayadi, -1<x<1 da
funksiya o'sadi, 1< x < +¥ da kamayadi. 1271. 0< x<100 da funksiya o'sadi, 100 < x< +¥ da
aKp  kp +PO

kamayadi. 1272. Funksiya o'suvchi. 1273. $o' 37 ordiglarda funksiya o suvchi;
5]

aek_p+g’ kp. R+ ordiglarda kamayuvchi (k=0, 1, +2, .. ). 1274. e 1 19 va

€2 3 2 25 &2k +1’ 2k

e 1 ! 2 ordiglarda funksiya o suvchi; %L,LS va a?i’_it?

& 2k+1' 2k+2g &2k +2' 2k+1g & 2k’ 2k+1p

oraiglarda kamayuvchi (k=0, 1, 2, . ..). 1275. -¥ <x<0 da funksiya kamayadi, O<x<é

da funksiya o sadi; é < X< +¥ dakamayadi. 1276. 0 < x <n dafunksiya o'suvchi; n< x < +¥

da funksiya kamayuvchi. 1277. -¥ <x<-1 va 0<x<1 da kamayuvchi; -1<x<0 va
1< x<+¥ da o'suvchi. 1278. ( - 7P/12+2Kp e13p/12*2"p) oraliglarda o’ suvchi; (e”‘"/12+2kp , e”p/lz*z"p)
ordiglarda kamayuvchi (k=0, +1, +2, .. .). 1283. SHart emas. 1298. A nugtada yugoriga
gavarig; B nuqtada quyiga gavariq; C- egilish nugtasi. 1299. -¥ <x <1 da grafik yugoriga
qavariq; 1< x<+¥ da quyiga gavariq, x =1- egilish nuqtasi. 1300. |x| < 2 da quyiga gavarid;

V3

X > % da yugoriga gavarig, X = i% - egilish nugtalari. 1301. x <0 da quyiga gavarig; x>0

da yugoriga gavarig, x =0- egilish nugtasi. 1302. YUgoriga gavarig. 1303. 2kp < x< (2k +1)p
da quyiga gavarig; (2k+1)p <x<(2k+2)p da yugoriga gavarig; x=kp - egilish nuqtalari
(k=0, £1 2, ...). 1304 | <12 da quyiga gavarig; | >+1/2 da yugoriga gavarig;
x=%,//2- egilish nuqtalari. 1305. |{<1 da yugoriga gavarig; |{>1 da quyiga gavarig;
x = +1- egilish nugtalari. 1306. e** */* < x < **/* da yuqoriga qavariq; e*®*/* < x < g?®*/*
da quyiga gavarig; x=€®™/* - eglllsh nugtalari (k=0, 1, 2, ...). 1307. 0<x<+¥ da

yugoriga gavarig.. 13009. h:i. 1310. Quyiga gavariq (a>Oaa). 1318. %. 1319. 1. 1320. 2.

s+2
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a-b

1321. -2. 1322. —. 1323. - =. 1324. —. 1325. —. 1326. —. 1327. 1. 1328. ——. 1329. —Ina
3 3 6 2 3ab 6

00|l—‘

2
1330, -2. 1331 1. 1332. ?‘9 1 2
ﬂ

1333. s 1334. 3 1335. 1. 1336. 0. 1337. 0. 1338. 0. 1339. 0.

1340. 0. 1341. 0. 1342. 1. 1343. 1. 1344. -1. 1345, €. 1346. €*. 1347. e”p 1348. €', 1349. 1.

1350. 1. 1351. 1. 1352, e%‘“ag%l %p, ki 29 1353, A" 1354, E 1355, % 1356. 0.
4]

1357. - % 1358. a*(Ina- 1). 1359. - g 1360. i 1361. €% . 1362. 1. 1363. €/°. 1363.1. €'°.

1363.2. €%, 1363.3. €¥°. 1363.4. €¥¢, 1364. e¥?. 1365. €27 . 1366. €. 1367. . 1368.

n-m

Je. 1368.1. 0. 1369. -%. 1370. a. 1371. tga . 1373.1. f¢0)=- 1—12 1373.2. _égexﬁo

1374. @) Lopital’ qoidasini qo’llab bo'Imaydi, limit nolga teng; b) Lopita’ qoidasini go'llab
bo’Imaydi, limit birga teng; v) formal qo'llangan Lopital’ qoidasi 0 gateng notog'ri natijani beradi,
limit mavjud emas; g) formal qo’llangan Lopital’ goidasi O ga teng noto'g'ri natijani beradi, limit

mavjud  emas. 1375 g. 1376.  5-13(x+1)+11(x+1)" - 2(x+1)’.  1377.

1+ 2x+2x% - 2x* + o(x“); .48, 1378. 1+ 60x +1950%2 + o(xz) . 1379.
a+ m:m_l - (ZTnZ 12):1 +o(x*). 1380. %xz +x +0(x). 1381.
7 3
1+2x+ X2 - 2x3 5x4 ix5+o(x5) 1382. 1- Xy X—- i+ ( ) 1383. x- X X
37 6 15 2 12 720 18 3240
2 4 6 3 3 5
+0(x?). 1384. - XX X—+o(x6). 1385. X- X—+o(x3). 1386. x+X—+zi+o(x5). 1387.
2 12 45 3 3 15
x> x* x°

5 180 2835 (XG). 1388. 1+%(x- 1)- %(x 1)2 +0((x- 1)2). 1380, (x- 1)+ (x- 1) +

1 3 3 _ X2 5 1 1 2l o
+=(x-1) +o((x-1)"). 1390, y=a+_—+o(x). 1301 5-8—X3+ oo 1392

Inx+—- —+...+(-1)"" b’

v —-+o(h"). 1394.89)

3 dan kichik; b) —— dan katta emas; v)
(n+2)! 840
2X0° dan kichik; g) 1_16 dan kichik. 1395. |x| < 0,222 = arc12°30d. 1396. a) 3,1072; b) 3,0171; v)
1,9961; g) 1,64872; d) 0,309017; e) 0,182321; |) 0,67474=arc38°39@5¢; 2)
0,46676 = arc26°44B7¢; i) 1,12117. 1397. a) 2,718281828; b) 0,01745241; v) 0,98769; g) 2,2361,

d) 1,04139. 1398. - i 1399. E 1400. - 1 1401. E 1402. 1 1403. In*a. 1404. i 1405. 0.
12 3 4 3 6 2

7
1406. —=. 1406.1. ﬁ 1406.2. 1. 1406.3. 1. 1407. 2. 1408. x*. 1409. X. 1410. a:ﬂ;
3 90’ 2 2 30 2
b= 1. 1410.1. A=- 2; B:-i. 1410.2. A:E; B:i; C:-l; D:i. 1411. &) 2—)3(; b)
5 15 2 12 2 12 R
ﬂ V) — ) —. 1412. a = -2 b -1 1413 i bunda a - yoy markaziy burchagining
3 100 X 3’ 3 180"
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yarmi. 1414. x :% day= 2% ga teng maksimum. 1415. Ekstremumi yo'q. 1416. x=1da y=0
gateng minimum. 1417. Agar m juft bo’lsa, x=0 da y =0 gateng minimum;; agar m toq bo’lsa,

MmN

x =0 daekstremum yo'q; agar n juft bo'lsa, x = M da y:me gateng maksimum va
m+n (m+n)

x=1 da y=0 gateng minimum; agar n tog bo’lsa, x=1 da ekstremum yo'q. 1418. x=0 da
y =2 minimum. 1419. x=-1da y=0 minimum; x=9 da y=10"¢"° » 1234 000 maksimum.
1420. Agar n toq bo’lsa, x =0 da y =1 maksimum, agar n juft bo’lsa, x =0 da ekstremum yo'q.

1421. x=0 da y=0 minimum. 1422. x:% da yz%%/zl » 0,529 maksimum; x=1 da y=0

minimum; x=0 da ekstremum yo'q. 1423. Agan j (%,)>0 va n juft bo'lsa, f(x)=0
minimum; agar j (x,)<O0 va n juft bo'llsa, f(x)=0 maksimum; agar n toq bo’lsa,
f (x,)- ekstremum emas. 1425. Y0'q. 1427. @ Minimum f (0) =0; b) minimum f (0) = 0. 1428,
Minimum f (0)=0.1429. x=1da y =0 maksimum; x=3 da y =-4 minimum. 1430. x=0 da

5- 13
6

y =0 minimum; x=+1 da y =1 maksimum. 1431. x =

5+4/13
6
1432. x=-1da y=-2 makssimum; x=1da y=2 minimum. 1433. x=-1da y =- 1 minimum;

» 0,23 da y»-0,76 minimum;

x=1da y=0 maksimum; x =

»1,43 da y » - 0,05 minimum; x =2 daekstremum yo"q.

x=1da y=1 maksimum. 1434. x:% da y:-2—14 minimum. 1435. x=0 va x=2 da y=0

chegaraviy minimum; x=1 da y =1 maksimum. 1436. x:% day=- giﬁ » - 0,46 minimum;

x =1 da ekstremum yo'q. 1437. x=1 da y=€"'» 0,368 maksimum. 1438. x=+0 da y=0
chegaraviy maksimum; x=€2»0,135 da y=- % »-0,736 minimum. 1439. x=1 da y=0

minimum; x=¢€* » 7,389 da y:i2 » 0,541 maksimum. 1440. x=kp (k=0,+1+2,...) larda
e

2p

y:(-l)k+% maksimum; x:i?+2kp(k:0,ﬂ,12,...) larda y=-= minimum. 1441.

Alw

x=kp(k=0,£1,%2,...) larda y =10 maksimum; x:pg}(+%9(k:0,iliz,...) larda y =5
2

minimum. 1442. x=1 da y:pz- %InZ» 0,439 maksimum. 1443. x =- %+2pk(kT Z) larda

y=- %e‘p/‘“z"p minimum; x:%+2kp (kT Z) larda yz%e""’/4+2kp maksimum. 1444,
x=-1day=¢€?»0,135 maksimum; x=0 da y =0 minimum; x =1 da y =1 maksimum. 1445,
l; 32. 1446. 2; 66. 1447. 0; 132. 1448. 2; 100,01. 1449. 1; 3. 1450. O; @ » 36,8. 1451. O; 1.
2 e
o1 V2 s . \

1452, 0; E(1+ﬁ) »12. 1453 - =-€¥»-0,067; 1. 1454 Agar -¥ <x£-3 bollsa

1 N 1+x .
m(x):-g; agar -3<x£-1 bo'lsg, m(x):3+xz; agar -1<x<+¥ bo'lsa, m(x)=0; agar
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. 1 . 1+ X 14 ;
-¥ <x£1bo’lsa, M(x):?agar 1< x<+¥ bo'lsy, M(x):3+ 7 1456.8) —» L7740,
X
1 9+6v3 1 4

V) Y3»144. 1457,
200 V) V31 4
2

1 1
= (% +3)x- S(x £ +6x, ) D=2(x - %) 1461. 2.

b)

485. 1458, q=-=. 1459, — . 1460. g(x)=
> 4=-3 27 9(x)
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