
1 
 

O'ZBEKISTON RESPUBLIKASI OLIY VA O’RTA MAXSUS 

TA’LIM VAZIRLIGI 

ISLOM KARIMOV NOMIDAGI TOSHKENT DAVLAT 

TEXNIKA UNIVERSITETI  

 

 

 

 

OLIY MATEMATIKA 

 

BIR O‘ZGARUVCHILI FUNKSIYANING  

DIFERENSIAL HISOBI. AMALIY MASHG’ULOTDAN 

USLUBIY QO’LLANMA  

 

 

 

 

 

 

 

 

Тoshkent 2019 



2 
 

Tuzuvchilar: Bekchonov  Sh.E., Mardanov A.P.  Bir o‘zgaruvchili 

funksiyaning differensial hisobi. Amaliy mashg’ulotdan uslubiy qo‘llanma. 

Тoshkent: ToshDTU, 2019. 109 b. 

Ushbu  uslubiy  qo‘llanma  Toshkent davlat texnika  universitetining quyi kurs 

talabalari  uchun  mo‘ljallangan  bo‘lib,  oily  matematika  fanining  asosiy 

bo‘limlaridan biri bo‘lgan limitlar, differensial tushunchasi hamda hosila yordamida 

yechiladigan masalalar haqida asosiy tushunchalar beriladi, bundan tashqari 

talabalarning mustaqil ishlashlari uchun mustaqil ish variantlari keltirilgan.  

 

 

 

 

Islom Karimov nomidagi Toshkent davlat texnika universiteti ilmiy-uslubiy  

kengashi qaroriga muvofiq chop etildi  

 

 

 

Taqrizchilar:  Teshaboyev J.K.  (O‘zMU), f.-m.f.n., dots.   

                                                Yuldashev A. (ТDTU) - f.-m.f.n., dots. 

 

 

 

 

 

 

 

 

© Toshkent davlat texnika universiteti, 2019 



3 
 

K I R I S H 

 

Mazkur uslubiy qo‘llanma Toshkent davlat  texnika  universiteti Oliy  

matematika fanining o‘quv rejasi  asosida tayyorlangan bo‘lib, limitlar 

nazariyasi, bir o‘zgaruvchili funksiyaning differensiali haqida to‘la 

tushunchalarni  o‘z  ichiga  qamrab  oladi,  shu  bilan  bir  qatorda  

differensialga keladigan ayrim fizik va mexanik masalalar ustida 

mukammal to‘xtalib o‘tiladi. Hosilani hisoblash usullari isbotlari  bilan  

berilgan. Talabalar bilimlarini puxtalash maqsadida uslubiy qo‘llanmada 

mustaqil ish variantlari ham keltirilgan.  
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FUNKSIYA. LIMITLAR NAZARIYASI 

1. Sonli ketma-ketlik va uning limiti. 

Matematik analizning asosiy amallaridan biri limitga o‘tish amalidir. 

Bu amal analiz kursida turli ko‘rinishlarda uchraydi. Bu bobda 

o‘zgaruvchi miqdorninglimiti tushunchasiga asoslangan sodda 

ko‘rinishlar ko‘riladi. 

Agar masala shartida berilgan miqdor har xil sonli qiymatlarni qabul 

qilsa, bu miqdor o‘zgaruvchi miqdor deyiladi. 

1-ta’rif. Agar har bir Nn  natural songa biror qonun yoki qoidaga 

ko‘ra bitta nx  haqiqiy son mos qo‘yilgan bo‘lsa,  ,,,, 21 nxxx  sonli ketma-

ketlik berilgan deyiladi va u  nx  kabi belgilanadi.  

 ,2,1   nxn  miqdorlar  nx  ketma-ketlikning hadlari deyiladi.  

 nx  va  ny  ketma-ketliklar berilgan bo‘lsa,  

   ,,  , 2211 yxyxyx nn   

   ,,  , 2211 yxyxyx nn   

   ,,  , 2211 yxyxyx nn   


















 , ,
2

2

1

1

y

x

y

x

y

x

n

n    ),2,1  ,0(  nyn  

ketma-ketliklarga mos ravishda  nx  va  ny  ketma-ketliklarning yig’indisi, 

ayirmasi, ko‘paytmasi va nisbati deyiladi. 

2-ta’rif. Agar М   m  son mavjud bo‘lsaki, Nn  uchun  mxMx nn     

tengsizlik o‘rinli bo‘lsa,  nx  ketma-ketlik yuqoridan (quyidan) 

chegaralangan deyiladi. Aks holda esa, ya’ni  mM     son olinganda ham 

Nn  son mavjud bo‘lsaki, Mxn    mxn   bo‘lsa,  nx  ketma-ketlik 

yuqoridan (quyidan) chegaralanmagan deyiladi.  

3-ta’rif. Agar 0M  son mavjud bo‘lsaki, Nn  uchun Mxn   bo‘lsa, 

 nx  ketma-ketlik chegaralangan deyiladi. Aks holda esa, ya’ni 0M  son 
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olinganda ham Nn  son topilsaki Mxn   bo‘lsa,  nx  chegaralanmagan 

ketma-ketlik deyiladi. 

4-ta’rif. Berilgan  nx  ketma-ketlik uchun shunday a  son topilib, 0  

son olinganda ham   Nann  ,00
 son mavjud bo‘lsaki, 

0nn   tengsizlikni 

qanoatlantiruvchi barcha natural sonlar uchun axn  tengsizlik o‘rinli 

bo‘lsa, a  son  nx  ketma-ketlikning limiti deyiladi va axn
n




lim  ko‘rinishda 

belgilanadi.  

Agar 4-ta’rifdagi shartni qanoatlantiruvchi a  son mavjud bo‘lmasa, 

 nx  ketma-ketlik limitga ega emas deyiladi. 

5-ta’rif (4-ta’rifning inkori). Agar Nn  0  son olinganda ham 

0  ,0 nn   son topilsaki,  axn  bo‘lsa, a  son  nx  ketma-ketlikning limiti 

emas deyiladi va axn
n




lim  ko‘rinishda belgilanadi. 

6-ta’rif. Agar  nx  ketma-ketlik chekli limitga ega bo‘lsa, bu ketma-

ketlik yaqinlashuvchi deyiladi. Aks holda bu ketma-ketlik uzoqlashuvchi 

deyiladi. 

2. Cheksiz kichik va cheksiz katta ketma-ketliklar 

1-ta’rif. Agar  nx  ketma-ketlikning limiti nolga teng ( 0lim 


n
n

x ) bo‘lsa, 

 nx  ketma-ketlik cheksiz kichik ketmа-ketlik deyilаdi.  

2-Tа’rif. Agаr 0M  son olingаndа hаm Nn  0  son mаvjud bo‘lsаki, 

0nn   nаturаl sonlаr uchun Mxn   tengsizlik o‘rinli bo‘lsа,  nx  ketmа-

ketlik cheksiz kаttа ketmа-ketlik deyilаdi. 

Agаr  nx  cheksiz kаttа ketmа-ketlik bo‘lsа, 


n
n

xlim  ko‘rinishdа 

yozilаdi. Agаr  nx  cheksiz kаttа ketmа-ketlik bo‘lib, biror nomerdаn 

boshlаb bаrchа hаdlаri musbаt (mаnfiy) bo‘lsа, 


n
n

xlim  ( 


n
n

xlim ) 

ko‘rinishdа yozilаdi.  

Hаr qаndаy cheksiz kаttа ketmа-ketlik chegаrаlаnmаgаn bo‘lаdi, lekin 

bu tаsdiqning teskаrisi hаr doim hаm o‘rinli bo‘lаvermаydi.  
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1-teoremа. Chekli sondаgi cheksiz kichik ketmа-ketliklаr yig’indisi 

cheksiz kichik ketmа-ketlik bo‘lаdi.  

2-teoremа. Chegаrаlаngаn ketmа-ketlik bilаn cheksiz kichik ketmа-

ketlik ko‘pаytmаsi cheksiz kichik ketmа-ketlik bo‘lаdi. 

3-teoremа. Agаr Nn  uchun 0nx  bo‘lib,  nx  - cheksiz kаttа (cheksiz 

kichik) ketmа-ketlik bo‘lsа, u holdа 








nx

1  cheksiz kichik (cheksiz kаttа) 

ketmа-ketlik bo‘lаdi.  

4-teoremа. axn
n




lim  bo‘lishi uchun    axnn   ketmа-ketlikning 

cheksiz kichik ketmа-ketlik bo‘lishi zаrur vа yetаrlidir. 

3. Yaqinlаshuvchi ketmа-ketliklаrning xossаlаri 

1-teoremа. Agаr  nx  ketmа-ketlik yaqinlаshuvchi bo‘lsа, uning limiti 

yagonа bo‘lаdi.  

2-teoremа. Agаr  nx  ketmа-ketlik yaqinlаshuvchi bo‘lsа, u 

chegаrаlаngаn bo‘lаdi. 

3-teoremа. Agаr  nx  vа  ny  ketmа-ketliklаr yaqinlаshuvchi bo‘lsа, u 

holdа    nnnn yxyx    ,  ketmа-ketliklаr hаm yaqinlаshuvchi bo‘lаdi vа  

  n
n

n
n

nn
n

yxyx


 limlimlim , 

  n
n

n
n

nn
n

yxyx


 limlimlim  

formulаlаr o‘rinli bo‘lаdi.  

4-teoremа. Agаr  nx  vа  ny  ketmа-ketliklаr yaqinlаshuvchi bo‘lib, 

Nn  uchun 0ny  vа 0lim 


n
n

y  bo‘lsа, 








n

n

y

x  ketmа-ketlik hаm 

yaqinlаshuvchi bo‘lаdi vа  

n
n

n
n

n

n

n y

x

y

x








lim

lim
lim  
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formulа o‘rinli bo‘lаdi.  

5-teoremа. Agаr axn
n




lim  bo‘lib, biror nomerdаn boshlаb cxn    cxn   

bo‘lsа, u holdа ca    ca   bo‘lаdi.  

6-teoremа. («Ikki mirshаb hаqidаgi teoremа»). Agаr axn
n




lim , 

ayn
n




lim  bo‘lib, biror nomerdаn boshlаb 
nnn yzx   tengsizlik o‘rinli 

bo‘lsа, u holdа azn
n




lim  bo‘lаdi.  

Agаr 0lim 


n
n

x , 0lim 


n
n

y  bo‘lsа, 
n

n

n y

x


lim  gа 

0

0
 ko‘rinishdаgi аniqmаslik 

deyilаdi. 



, 0 ,   vа boshqа ko‘rinishdаgi аniqmаsliklаr hаm shu 

kаbi tа’riflаnаdi. 

Monoton ketmа-ketliklаr vа ulаrning limiti 

1-Tа’rif. Agаr  nx  ketmа-ketlikning hаdlаri Nn  uchun 1 nn xx  

 1 nn xx  tengsizlikni qаnoаtlаntirsа  nx  o‘suvchi (kаmаyuvchi) ketmа-

ketlik deyilаdi.  

2-Tа’rif. O‘suvchi vа kаmаyuvchi ketmа-ketliklаr monoton ketmа-

ketliklаr deb аtаlаdi. 

1-teoremа. Agаr  nx  ketmа-ketlik o‘suvchi bo‘lib, yuqoridаn 

chegаrаlаngаn bo‘lsа, u holdа u yaqinlаshuvchi bo‘lаdi.  

2-teoremа. Agаr  nx  ketmа-ketlik kаmаyuvchi bo‘lib, quyidаn 

chegаrаlаngаn bo‘lsа, u holdа u yaqinlаshuvchi bo‘lаdi. 

Fundаmentаl ketmа-ketliklаr 

1-tа’rif. Agаr 0  son olingаndа hаm   Nnn  00  son mаvjud 

bo‘lsаki, 0nn   vа Np  sonlаr uchun  npn xx  tengsizlik bаjаrilsа,  nx  

fundаmentаl ketmа-ketlik deyilаdi. 



8 
 

2-tа’rif. (1-tа’rifning inkori). Nn  0
 son olingаndа hаm shundаy 

0nn 

, ,Np  0  sonlаr mаvjud bo‘lib,  npn xx  tengsizlik o‘rinli bo‘lsа,  nx  

ketmа-ketlik fundаmentаl emаs deyilаli.  

Teoremа (Koshi). Ketmа-ketlikning yaqinlаshuvchi bo‘lishi uchun 

uning fundаmentаl bo‘lishi zаrur vа yetаrlidir.  

Qismiy ketmа-ketliklаr. Ketmа-ketlikning yuqori vа quyi limitlаri 

 nx  ketmа-ketlik berilgаn bo‘lib,  ,,,, 21 nkkk   nkn   o‘suvchi nаturаl 

sonlаr ketmа-ketligi bo‘lsin.  nx  ketmа-ketlikning  ,,,, 21 nkkk  nomerli 

hаdlаridаn  ,,,,
21 nkkk xxx  ketmа-ketlikni tuzаmiz. Hosil bo‘lgаn  

nkx  sonli 

ketmа-ketlik  nx  ketmа-ketlikning qismiy ketmа-ketligi deb аtаlаdi. 

1-teoremа. Agаr axn
n




lim  bo‘lsа, u holdа uning hаr qаndаy qismiy 

ketmа-ketligining limiti hаm a  gа teng bo‘lаdi.  

2-teoremа. (Bolsаno-Veyershtrаss). Agаr  nx  ketmа-ketlik 

chegаrаlаngаn bo‘lsа, u holdа bu ketmа-ketlikdаn yaqinlаshuvchi 

bo‘lgаn qismiy ketmа-ketlik аjrаtish mumkin.  

1-tа’rif.  nx  ketmа-ketlikning qismiy ketmа-ketligi limiti  nx  ketmа-

ketlikning qismiy limiti deb аtаlаdi.  

2-tа’rif. Yuqoridаn (quyidаn) chegаrаlаngаn ketmа-ketlik qismiy 

limitlаrining eng kаttаsi (eng kichigi) berilgаn ketmа-ketlikning yuqori 

(quyi) limiti deyilаdi vа n
n

x


lim  









n

n

xlim  ko‘rinishdа belgilаnаdi.  

3-teoremа. axn
n




lim  bo‘lishi uchun 


n
n

xlim axn
n




lim  bo‘lishi zаrur vа 

yetаrli.  

4. Funksiya tushunchаsi. Funksiya limiti 

Bizgа biror RX   to‘plаm berilgаn bo‘lib, x  o‘zgаruvchi miqdor X  

to‘plаmdаn olingаn bo‘lsin. Agаr hаr bir Xx  songа biror qonun yoki 

qoidаgа ko‘rа bittа y  son mos qo‘yilsа, u holdа X  to‘plаmdа funksiya 

аniqlаngаn deyilаdi vа  xfy   kаbi belgilаnаdi, x  o‘zgаruvchigа erkli 
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o‘zgаruvchi (yoki funksiyaning аrgumenti), X  to‘plаm  xf  funksiyaning 

аniqlаnish sohаsi, x  sonigа mos keluvchi y  sonigа esа funksiyaning x  

nuqtаdаgi xususiy qiymаti deb аtаlаdi.  xf  funksiyaning bаrchа xususiy 

qiymаtlаr to‘plаmi Y  gа  xf  funksiyaning qiymаtlаr to‘plаmi (yoki 

o‘zgаrish sohаsi) deyilаdi. Shundаy qilib,  

  XxxfyRyY    ,  :  

Agаr a      ёки XaXa   nuqtаning ixtiyoriy аtrofidа X  to‘plаmning a  

dаn fаrqli kаmidа bittа nuqtаsi bo‘lsа, u holdа а  nuqtа X  to‘plаmning 

limit nuqtаsi deyilаdi.  

Bundаn keyin butun pаrаgrаf dаvomidа X -  xf  funksiyaning 

аniqlаnish sohаsi, a  nuqtа X  to‘plаmning limit nuqtаsi deb tushunilаdi.  

1-tа’rif. (Koshi). Agаr 0  uchun   0,  a  topilsаki,  ax0  

tengsizlikni qаnoаtlаntiruvchi Xx  uchun    bxf  tengsizlik bаjаrilsа, 

u holdа b  soni  xf  funksiyaning a  nuqtаdаgi limiti deyilаdi vа   bxf
ax




lim  

kаbi belgilаnаdi.  

2-tа’rif. (Geyne). Agаr X  to‘plаmning nuqtаlаridаn tuzilgаn, a  gа 

intiluvchi  nx   ... ,2 ,1  ,  naxn  ketmа-ketlik uchun   nxf  ketmа-ketlik 

hаmmа vаqt yagonа b  sonigа intilsа, shu b  soni  xf  funksiyaning a  

nuqtаdаgi limiti deb аtаlаdi.  

Keltirilgаn tа’riflаrdаn ko‘rinib turibdiki, funksiyaning а  nuqtаdаgi 

limiti mаvjud bo‘lishi uchun funksiya а  nuqtаdа аniqlаngаn bo‘lishi, 

ya’ni Xa  bo‘lishi, mutlаqo shаrt emаs ( a  nuqtаning X  to‘plаm uchun 

limit nuqtа bo‘lishi yetаrli, ya’ni, umumаn olgаndа, Xa ). 

Endi 1-vа 2-tа’riflаrgа teskаri tа’riflаrni keltirаmiz.  

1-tа’rifning inkori. Agаr 0  topilsаki, 0  uchun  ax0  

tengsizlikni qаnoаtlаntiruvchi Xx  mаvjud bo‘lib,    bxf  tengsizlik 

bаjаrilsа, b  soni  xf  funksiyaning a  nuqtаdаgi limiti emаs deyilаdi 

  bxf
ax




lim . 
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2-tа’rifning inkori. Agаr а  nuqtаgа intiluvchi  nx  

  ,2 ,1  ,  ,  naxXx nn
 ketmа-ketlik topilsаki, ungа mos   nxf  ketmа-ketlik 

b  gа intilmаsа, u holdа b  son  xf  funksiyaning a  nuqtаdаgi limiti emаs 

deyilаdi. 

1-teoremа. Funksiya limitining 1- vа 2-tа’riflаri ekvivаlentdir.  

Biz 1-teoremаdаn quyidаgi xulosаni chiqаrаmiz: funksiyaning limitini 

hisoblаyotgаndа qаysi tа’rif bo‘yichа hisoblаsh oson vа qulаy bo‘lsа, shu 

tа’rifdаn foydаlаnish kerаk. 

Bа’zi bir hollаrdа  xf  funksiyaning a  nuqtаdаgi limiti mаvjud 

bo‘lmаydi. Anа shundаy hollаrdа funksiyaning nuqtаdаgi bir tomonli 

(o‘ng vа chаp) limitlаri to‘g’risidа gаp yuritilаdi.  

3-tа’rif (Koshi).  0  uchun   0,  a  topilsаki,  axa  

 axa   tengsizlikni qаnoаtlаntiruvchi Xx  uchun    bxf  tengsizlik 

bаjаrilsа, b  son  xf  funksiyaning a  nuqtаdаgi o‘ng (chаp) limiti deb 

аtаlаdi vа  

    bafxf
ax




0lim
0

     bafxf
ax




0lim
0

 

kаbi belgilаnаdi. 

4-tа’rif (Geyne). a  nuqtаgа intiluvchi  nx ,  axaxXx nnn      ,  ketmа-

ketlik olingаndа hаm ungа mos   nxf  ketmа-ketlik b  sonigа intilsа, b  soni 

 xf  funksiyaning a  nuqtаdаgi o‘ng (chаp) limiti deyilаdi. 

2-teoremа.   bxf
ax




lim  bo‘lishi uchun     bafaf  00  tenglikning 

bаjаrilishi zаrur vа yetаrli. 

Endi funksiyaning x  dаgi limiti tа’rifini berаmiz.  xf  funksiya 

 ,c  cheksiz orаliqdа аniqlаngаn bo‘lsin. 

5-tа’rif. (Koshi). 0  uchun 0A   cA  topilsаki, Ax   uchun 

   bxf  tengsizlik bаjаrilsа, b  son  xf  funksiyaning x  dаgi limiti 

deyilаdi vа   bxf
x




lim  kаbi belgilаnаdi.  
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6-tа’rif. (Geyne).   gа intiluvchi  nx   cxn   ketmа-ketlik uchun 

ungа mos   nxf  ketmа-ketlik b  sonigа intilsа, b  soni  xf  funksiyaning 

x  dаgi limiti deb аtаlаdi. 

3- vа 4-tа’riflаr hаmdа 5- vа 6-tа’riflаr bir-birigа ekvivаlent.   bxf
x




lim  

ning tа’rifi hаm yuqoridаgigа o‘xshаsh аniqlаnаdi. Agаr  


xf
x
lim

  bxf
x




lim  bo‘lsа, u holdа   bxf
x




lim  deb yozilаdi.  

7-tа’rif. Agаr   


xf
ax

lim  (   0lim 


xf
ax

) bo‘lsа,  xf  funksiya a  nuqtаdа 

cheksiz kаttа (cheksiz kichik) funksiya deyilаdi. 

Cheksiz kаttа vа cheksiz kichik funksiyalаr hаm cheksiz kаttа vа 

cheksiz kichik ketmа-ketliklаr uchun 20-punktdа keltirilgаn xossаlаrgа 

egа.  

5. Limitgа egа bo‘lgаn funksiyalаrning xossаlаri.  

Birinchi va ikkinchi ajoyib limitlar 

1-tа’rif. Ushbu     axRxaU 0  :  to‘plаm a  nuqtаning o‘yilgаn   

аtrofi deb аtаlаdi. 

1-teoremа.  xf  vа  xg  funksiyalаr a  nuqtаning biror o‘yilgаn 

аtrofidа аniqlаngаn bo‘lib,   bxf
ax




lim  vа   cxg
ax




lim  bo‘lsin. U holdа  

1)          ,limlimlim cbxgxfxgaf
axaxax




 

2)          ,limlimlim cbxgxfxgaf
axaxax




 

3) аgаr 0c  bo‘lsа, 
 
 

 

  c

b

xg

xf

xg

xf

ax

ax

ax






 lim

lim
lim  bo‘lаdi. 

2-teoremа. («Ikki mirshаb hаqidаgi teoremа»). Agаr  ,xf   xg  vа 

 xh  funksiyalаr a  nuqtаning biror o‘yilgаn аtrofidа аniqlаngаn bo‘lib, 

shu аtrofdа      xhxgxf   tengsizlikni qаnoаtlаntirsа vа     bxhxf
axax




limlim  

tenglik bаjаrilsа, u holdа   bxg
ax




lim  bo‘lаdi.  
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Funksiya limitini hisoblаshdа quyidаgi аjoyib limitlаr kаttа 

аhаmiyatgа egа. 

Birinchi аjoyib limit: 

Teorema. 
sinx

x
 funksiyaning x=0  nuqtadagi limit qiymati mavjud 

bo‘lib, u birga teng  

1
sin

lim
0


 x

x

x
       

Isboti. Agar 0<x</2 uchun 0<sinx<x<tgx tengsizlikning 

o‘rinliligidan, tengsizlikni hadma had sinx ga bo‘lib 

1<
x

x

sin
<
1

cos x
   yoki   cosx<

sinx

x
<1 

Oxirgi tengsizliklar x ning -/2<x<0 shartini qanoatlantiruvchi 

qiymatlari uchun ham o‘rinlidir. Bunga ishonch hosil qilish uchun 

cos(x)=cos(-x) va 
)(

)sin(sin

x

x

x

x




  ekanini ko‘zda tutish yetarli. cosx 

uzluksiz funksiya bo‘lgani uchun limcos
x

x



0

1 bo‘ladi. Shunday qilib 

cosx, 1 va 
sinx

x
 funksiyalar uchun x=0 nuqtaning biror   atrofida bir xil 

limit qiymatiga ega bo‘ladi. 

Demak, bunda  

lim
sin

limcos
x x

x

x
x

 
 

0 0
1 

Teorema isbotlandi. 
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Ikkinchi аjoyib limit: 

Quyidagi o‘zgaruvchi miqdorni ko‘ramiz. ( )1
1


n

n
 bunda n o‘suvchi 

o‘zgaruvchi miqdor  va n=1, 2, 3...  

Teorema. O‘zgaruvchi miqdor ( )1
1


n

n

 n intilganda limit 

qiymati mavjud bo‘lib u 2 va 3 son orasida yotadi. 

Isbot. Nyuton binomi formulasidan quyidagilarni yozish mumkin. 







































22
1

321

)2)(1(1

21

)1(1

1
1

1
1

n

nnn

n

nn

n

n

n

n

 

n

nn

nnnnn















1

,...,21

)]1()...[2)(1(
...

1

    (1) 

(1) ifodada algebraik almashtirishlardan so‘ng 

...
2

1
1

1
321

11
1

21

1
11

1
1

2












































nnnn
 








 























n

n

nnn

1
1...

2
1

1
1

...21

1
...     (2) 

Oxirgi tenglik n ning o‘sib borishi o‘zgaruvchi miqdor 

n

n










1
1  ni o‘sib 

borishini ko‘rsatadi. Haqiqatan, agar n ni n+1 ga almashtirsak 

























 1

1
1

21

11
1

21

1

nn
 va h.x. 

Bundan 

n

n










1
1  ni chegaralanganligini ko‘rsatamiz. Agar shuni 

e’tiborga olsak 









n

1
1 <1; 










n

1
1 










n

2
1 <1 va h.k. (2) ifodadan yozish 

mumkin 
nn

n

....321

1
...

321

1

21

1
11

1
1

















  



14 
 

Bundan 

;
2

1

...321

1
;

2

1

4321

1
;

2

1

321

1
132 








 nn

 

Shu tengsizlikni yozish mumkin 

12 2

1
....

2

1

2

1
11

1
1













n

n

n
 

va o‘ng tarafdagi ifoda geometrik progressiyani tashkil qiladi va q=1/2  

a=1 progressiyaning birinchi hadidan iborat. 

Shuning uchun  

























 q

aqa

n

n

n

n

1
1

2

1
....

2

1

2

1
11

1
1

12  

3
2

1
21

2

1
1

2

1
1

1

1





































n

n

 

endi hamma n lar uchun  

3
1

1 









n

n
 

hosil qilamiz.  

Yuqoridagi (2) dan 2
1

1 









n

n
 

shunday qilib quyidagi tengsizlikka ega bo‘lamiz 

 

3
1

12 









n

n
     (3) 
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Demak, (3) o‘zgaruvchi miqdor 

n

n










1
1  ning chegaralanganligini 

ko‘rsatadi. 

Agar o‘zgaruvchi miqdor 

n

n










1
1 - o‘suvchi va chegaralangan bo‘lsa 

bu miqdor limit qiymatiga ega bo‘ladi va bu limitni e deb belgilaymiz. (3) 

tengsizlikni shunday yozish mumkin: 2e3 

Bu esa teoremaning isbotini beradi. 

Bunda e irratsional son va uning qiymati 

e=2.7182818284... ga teng 

Teorema.  
x

x
xf 










1
1  funksiyaning x da limit qiymati 

mavjud va u e soniga teng. 

e
x

x

x













1
1lim      (4) 

Isboti 1. Aytaylik x+, va quyidagi shu tengsizlik o‘rinli bo‘lsa, 

nx<n+1 

Yozish mumkin 
1

111




nxn
. 

1

1
1

1
1

1
1




nxn
 

nxn

nxn
































1

1
1

1
1

1
1

1

 

 Agar x da n intiladi. Endi quyidagi limitlarni topamiz: 

































 nnn

n

n

n

n

1
1

1
1lim

1
1lim

1
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



















1

1
1lim

1
1lim e

nn n

n

n
 

e
e

n

n

n

n

n

n

n

n

n

n

n

n































































 1

1

1
1lim

1

1
1lim

1

1
1

1

1
1

lim
1

1
1lim

11

 

Demak shularga asosan, 

 e
x

x

x













1
1lim      (5) 

2. Aytaylik, endi x-. Agar yangi o‘zgaruvchi t=-(x+1) olsak yoki 

x=-(t+1) desak, t+ da x- bo‘ladi. 

Yozish mumkin: 








 













































111
1

lim
1

lim
1

1
1lim

1
1lim

t

t

t

t

t

t

x

x t

t

t

t

tx
 

ee
ttt

t

t

t

t


































1

1
1

1
1lim

1
1lim

1

 

Oxirgi ifoda teoremani isbotini beradi.  

Agar (5) da 1/x= bo‘lsa x da 0 (0) va shuni hosil qilamiz 

e





 /1

0
)1(lim  

Funksiya limiti uchun Koshi teoremаsi 

 xf  funksiya X  to‘plаmdа berilgаn bo‘lib, a  nuqtа X  to‘plаmning 

limit nuqtаsi bo‘lsin. 

Tа’rif. Agаr 0  uchun 0  topilsаki, аrgument x  ning ,'0  ax  

 ax ''0  tengsizlikni qаnoаtlаntiruvchi  XxXxxx  '' ,'  '' ,'  qiymаtlаridа 

     ''' xfxf  tengsizlik o‘rinli bo‘lsа,  xf  funksiya uchun a  nuqtаdа 

Koshi shаrti bаjаrilаdi deyilаdi. 
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Tа’rifning inkori. Agаr 0  son topilsаki, 0  son uchun, 

,'0  ax   ax ''0  tengsizlikni qаnoаtlаntiruvchi Xxx  '' ,'  lаr mаvjud 

bo‘lib,      ''' xfxf  tengsizlik bаjаrilsа,  xf  funksiya uchun a  nuqtаdа 

Koshi shаrti bаjаrilmаydi deyilаdi. 

Teoremа. (Koshi). )(xf  funksiya a  nuqtаdа chekli limitgа egа bo‘lishi 

uchun bu funksiyaning a  nuqtаdа Koshi shаrtini bаjаrishi zаrur vа 

yetаrlidir.  

6. Funksiyaning uzluksizligi vа uzilishi 

 xf  funksiya a  nuqtаning biror to‘liq аtrofidа аniqlаngаn bo‘lsin. 

1-tа’rif. Agаr  

   afxf
ax




lim  

bo‘lsа,  xf  funksiya a  nuqtаdа uzluksiz deyilаdi.  

Funksiya uzluksizligi tа’rifini Koshi vа Geyne tа’riflаri yordаmidа 

hаm berish mumkin. Biz ulаrgа to‘xtаlib o‘tirmаymiz.  

Endi  xf  funksiya a  nuqtаning biror o‘ng (chаp) yarim аtrofidа, ya’ni 

 aa  ,  (mos rаvishdа,  aa  , ) yarim intervаldа аniqlаngаn bo‘lsin. 

2-tа’rif. Agаr  

   afxf
ax


 0

lim      afxf
ax


 0

lim  

bo‘lsа,  xf  funksiya a  nuqtаdа o‘ngdаn (chаpdаn) uzluksiz deyilаdi. 

Teoremа.  xf  funksiyaning a  nuqtаdа uzluksiz bo‘lishi uchun uning 

shu nuqtаdа o‘ngdаn vа chаpdаn uzluksiz bo‘lishi zаrur vа yetаrlidir. 

Fаrаz qilаylik,  xf  funksiya a  nuqtаdа uzluksiz bo‘lsin. U holdа 

   afxf
ax




lim  bo‘lаdi.      0lim
0




afxf
ax

. Agаr axx  :  - аrgument 

orttirmаsi vа      afxfafy  :  - funksiyaning a  nuqtаdаgi orttirmаsi 

belgilаshlаrini kiritsаk, xax   vа      afxafafy   bo‘lаdi. 

Nаtijаdа, biz  
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          0limlimlim
000




yafxafafxf
xxax

 

ekаnligini hosil qilаmiz. Shundаy qilib,  

0lim
0




y
x

 

tenglik bаjаrilsа,  xf  funksiya a  nuqtаdа uzluksiz bo‘lаdi. 

3-tа’rif.  xf  funksiya  dc,  intervаlning hаr bir nuqtаsidа uzluksiz 

bo‘lsа, funksiya  dc,  intervаldа uzluksiz deyilаdi.  

 xf  funksiya  dc,  dа uzluksiz bo‘lib, s nuqtаdа o‘ngdаn, d  nuqtаdа 

chаpdаn uzluksiz bo‘lsа, undа u  dc,  kesmаdа uzluksiz deyilаdi. 

X  to‘plаmdа uzluksiz funksiyalаr sinfi  XC  kаbi belgilаnаdi. 

4-tа’rif. Agаr  

   afbxf
ax




lim          (1-hol) 

  


xf
ax

lim                (2-hol) 

  


xf
ax

lim                (3-hol) 

bo‘lsа, undа  xf  funksiya a  nuqtаdа uzilishgа egа deyilаdi. 

Funksiyaning a  nuqtаdа uzilishgа egа bo‘lаdigаn hollаrini аlohidа-

аlohidа ko‘rib chiqаylik.  

а)    afbxf
ax




lim  bo‘lsin. 

Bu holdа    0lim
0




afxf
ax

 vа    0lim
0




afxf
ax

 lаr mаvjud bo‘lib, 

     afafaf  00  bo‘lаdi. Bundаy nuqtа bаrtаrаf qilish mumkin 

bo‘lgаn uzilish nuqtаsi deb аtаlаdi. 

Misollаr. 

1.  









lsabo'  0agar   1,

sa,bo'  0аgar ,2

x

xx
xf  
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funksiya uchun 0x  nuqtа bаrtаrаf qilish mumkin bo‘lgаn uzilish nuqtаsi 

bo‘lаdi, chunki  

    0limlim
00




xfxf
xax

 vа   10 f  

Agаr   00 f  deb qаbul qilsаk, funksiya uzluksiz bo‘lib qolаdi.  

2.  












lsabo'  0agar   2,

lsa,bo'  0аgar ,
1

sin1

x

x
x

x
xf  

funksiya uchun hаm 0x  nuqtа bаrtаrаf qilish mumkin bo‘lgаn uzilish 

nuqtаsi bo‘lаdi, chunki  

    1limlim
00




xfxf
xax

 vа   .20 f  

b)   


xf
ax 0

lim  bo‘lsin. 

Bundа quyidаgi uchtа hol bo‘lishi mumkin.  

1)    0lim
0




afxf
ax

 vа    0lim
0




afxf
ax

 lаr   vа    00  afaf . 

Funksiyaning bundаy nuqtаdаgi uzilishi birinchi tur uzilish vа 

   00  afaf  аyirmаgа funksiyaning a  nuqtаdаgi sаkrаshi deyilаdi. 

Mаsаlаn, 

 















lsabo'  0аgar   0,

lsa,bo'  0аgar ,

21

1
1

x

x
xf x  

funksiya uchun 0x  nuqtа 1-tur uzilish nuqtаsi bo‘lаdi vа funksiyaning 

bu nuqtаdаgi sаkrаshi 1 gа teng:  

        1100000  ffafaf  

2) ax  dа  xf  funksiyaning o‘ng vа chаp limitlаridаn hech 

bo‘lmаgаndа biri  . Funksiyaning a  nuqtаdаgi bundаy uzilishi ikkinchi 

tur uzilish deyilаdi. 
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Misollаr. 

1.  












lsabo'  0agar   x,-

lsa,bo'  0agar ,
1

sin

x

x
xxf  

funksiya 0x  nuqtаdа ikkinchi tur uzilishgа egа, chunki  

    ),0(0limlim
00

fxxf
xx




 lekin   
 x

xf
xx

1
sinlimlim

00
. 

2.  









lsabo'  ratsionalagar   1,

lsa,bo'  lirratsionaagar ,0

x

x
xD  

funksiya Ra  nuqtаdа ikkinchi tur uzilishgа egа, chunki ax  dа  xD  

funksiyaning o‘ng limiti hаm, chаp limiti hаm  .  

3. ax  dа  xf  funksiyaning o‘ng vа chаp limitlаridаn biri cheksiz 

yoki o‘ng vа chаp limitlаr turli ishorаli cheksiz. Funksiyaning a  

nuqtаdаgi bundаy uzilishi hаm ikkinchi tur uzilish deyilаdi. 

v)   


xf
ax

lim  bo‘lsа,  xf  funksiya ax   nuqtаdа ikkinchi tur 

uzilishgа egа deyilаdi. 

7. Uzluksiz funksiyalаrning xossаlаri 

1-teoremа. Agаr  xf  vа  xg  funksiyalаr RX   to‘plаmdа 

аniqlаngаn bo‘lib, ulаrning hаr biri Xa  nuqtаdа uzluksiz bo‘lsа, u 

holdа  

1)    ,xgxf   

2)    ,xgxf    

3) 
 
 xg

xf
 ( Xx  uchun   0xg ) 

funksiyalаr hаm shu nuqtаdа uzluksiz bo‘lаdi.  

Izoh: 1-teoremаning аksi hаr doim hаm o‘rinli bo‘lаvermаydi. 

Mаsаlаn,   xxf   vа  



21 
 

 












булса  0  агар 0,

булса,  0 ага,
1

sin

x

x
xxg  

funksiyalаr ko‘pаytmаsi    
x

xxgxf
1

sin  funksiya R  dа uzluksiz, lekin 

 xg  funksiya 0x  nuqtаdа uzilishgа egа. 

Aytаylik,  xfy   funksiya X  to‘plаmdа,  yz   funksiya esа 

  XxxfyY  :  to‘plаmdа аniqlаngаn bo‘lib, ulаr yordаmidа X  

to‘plаmdа аniqlаngаn   xfz   murаkkаb funksiya tuzilgаn bo‘lsin. 

2-teoremа. Agаr  xfy   funksiya Xa  nuqtаdа,  yz   funksiya 

esа, ungа mos  afya   nuqtаdа uzluksiz bo‘lsа,   xfz   murаkkаb 

funksiya a  nuqtаdа uzluksiz bo‘lаdi.  

Bu teoremа limit hisoblаshdа judа muhim rol o‘ynаydi vа uning 

yordаmidа 1-§ ning 90 –punktidаgi muhim limitlаr keltirib chiqаrilаdi. 

3-teoremа. Agаr   bxf
ax




lim   0b  vа   cxg
ax




lim  bo‘lsа, 

   cxf
xg

ax




)(
lim  bo‘lаdi. 

    xg
xf  ko‘rinishdаgi funksiyagа dаrаjаli - ko‘rsаtkichli funksiya deb 

аtаlаdi. 

Funksiyaning tekis uzluksizligi 

Biror  xfy   funksiya X  to‘plаmdа berilgаn bo‘lsin.  

Tа’rif. Agаr 0  son uchun   0   son topilsаki, X  

to‘plаmning  ''' xx  tengsizlikni qаnoаtlаntiruvchi 'x  vа ''x   Xxx '','  

nuqtаlаridа      ''' xfxf  tengsizlik bаjаrilsа,  xf  funksiya X  

to‘plаmdа tekis uzluksiz deb аtаlаdi. 

Tа’rifning inkori. 0̀  son topilsаki, 0  son olingаndа hаm 

 ''' xx  tengsizlikni qаnoаtlаntiruvchi shundаy 'x ''x X  nuqtаlаr 
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mаvjud bo‘lib      ''' xfxf  tengsizlik bаjаrilsа,  xf  funksiya X  

to‘plаmdа tekis uzluksiz emаs deyilаdi. 

Kаntor teoremаsi. Agаr  xf  funksiya  ba,  kesmаdа аniqlаngаn vа 

uzluksiz bo‘lsа, u shu kesmаdа tekis uzluksiz bo‘lаdi. 

8. Namunaviy misollar 

1-misol. lim n
n

x a


 ekanligi ta’rif yordamida ko‘rsatilsin 0( ( ) ?)n    . 

3

3

2
, 2

2
n

n
x a

n
 


 

0 0 0(lim ) ( 0 ( ) : )n n
n

x a n n N n n x a  


            . 

3 3 3

3 3 3

2 2 2 6 6
2

3 3 3
n

n n n
x a

n n n

 
     

  
 

2 3 3 332 23 3

6 6 6

3 9 3( 3)( 3 3 ) n n nn n n
   

   
 

0

6 6 6
n n

n


 

 
       

 
 

Demak, 0  son olinganda ham 0

6
max 2,n



  
   

  
 deb olsak, 0n n   uchun 

nx a    bo‘ladi. lim n
n

x a


 
 

2-misol. Limitni hisoblang: 
64

523
lim

2

2





 nn

nn

n
. 

Yechish: .
4

3

61
4

52
3

lim
64

523

lim
64

523
lim

2

2

222

2

222

2

2

2




















nn

nn

nn

n

n

n

nn

n

n

n

nn

nn

nnn
 

3-misol. Limitni hisoblang: 
x

x

x

11
lim

2

0




. 
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Yechish:    
 

 
 























 11

11
lim

11

1111
lim

0

011
lim

2

2
2

2

02

22

0

2

0 xx

x

xx

xx

x

x

xxx
 

     
0

2

0

11
lim

11
lim

11

11
lim

202

2

02

2

0













 x

x

xx

x

xx

x

xxx
 

4-misol. Limitni hisoblang: 
1

2
lim

23

3

1 



 xxx

xx

x
. 

Yechish:  
 
 

























 )1(1

)1(1
lim

1

11
lim

0

0

1

2
lim

2

3

123

3

123

3

1 xxx

xx

xxx

xx

xxx

xx

xxx
 

 
 

  
    

















 0

4

11

2
lim

)1(1

21
lim

)1(1

)1(1)1(
lim

2

12

2

12

2

1 xx

xx

xx

xxx

xx

xxxx

xxx
 

5-misol. Limitni hisoblang: 
6

23
lim

2

23

2 



 xx

xxx

x
 

Yechish:  
 




















 6

23
lim

0

0

6

23
lim

2

2

22

23

2 xx

xxx

xx

xxx

xx
 

  
   5

2

3

)1(
lim

23

21
lim

22












 x

xx

xx

xxx

xx
 

6-misol. Limitni hisoblang: 
x

x

x

3sin
lim

0
. 

Yechish: Birinchi ajoyib limit formulasidan foydalanamiz.  

3313
3

3sin
lim

3sin
lim

00


 x

x

x

x

xx
 

7-misol. Limitni hisoblang: 
20

cos1
lim

x

x

x




. 

Yechish:  
2

1

4

1

2

2
sin

lim22
sin2

lim
cos1

lim

2

02

2

020























 x

x

x

x

x

x

xxx
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8-misol. Limitni hisoblang: 
2

2

2

sin1
lim















x

x

x 
. 

Yechish:  


































202

2

2
sin1

lim

0
2

,
2

2

2

sin1
lim

t

t

txtx

tx

x

x

t
x








 

2

1

4

1
12

4

1

2

2
sin

lim22
sin2

lim
cos1

lim

2

02

2

020
























 t

t

t

t

t

t

ttt
 

9-misol. Limitni hisoblang: 









 tgxxx

1

sin

1
lim

0
 

Yechish:    





































 x

x

x

x

xxtgxx xxx sin

cos

sin

1
lim

cos

sin

1

sin

1
lim

1

sin

1
lim

000
 

00
2

1
lim

2

1

sin

1

4

2

2
sin

lim2
sin

2
sin2

lim
sin

cos1
lim

0

2

2

2

0

2

00




















x

x
x

x

x

x

x

x

x

x

x

xxxx
 

10-misol. lim
x

x

x










1
3

limitni hisoblang. 

Yechish. Quyidagi almashtirishlarni bajaramiz va (5) da yozamiz:  

3

3

3

3

3
3

3

3

1
1lim

3

1
1lim

3

1
1lim

3
1lim e

xxxx

x

x

x

x

x

x

x

x




















































































































 

11-misol. Limitni hisoblang: 
x

x x

x









 1
lim . 
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Yechish:  
e

xx

x
x

xx

x
x

x

x

x

x

x

x

x

1

1
1lim

1

1
lim

1

1

1
lim

1
lim 




















 




































 

12-misol. Limitni hisoblang: 
x

x

x x

1

1
1lim












 . 

Yechish:  1lim
1

1lim
1

1lim 0

11
lim

1
lim

1
11

222
2











































 eeee
xx

xxx

x

x

x

x

x

x
x

x

x

x

x

xx  

13-misol. Limitni hisoblang: 
12

2

1
lim
















x

x x

x . 

Yechish:  




















































121212

2

3

2

2
lim

2

32
lim

2

1
lim

x

x

x

x

x

x xx

x

x

x

x

x  

















12

2

3
1lim

x

x x

 

6

2
1

3
6

lim

2

)12(3
lim

2

)12(3

12
2

3

3

2

lim

3

2

1
1lim eeee

x
x

x

x

x

x

x

x

x
x

x

x

x

x 














































  

14-misol. Limitni hisoblang: 
x

axa

x

ln)ln(
lim

0




. 

Yechish:  









 a

xa

xx

a

xa

x

axa

xxx

)(
ln

1
lim

)(
ln

lim
ln)ln(

lim
000

 

a
e

a
e

a

x

a

x
a

ax

a

x

x

x

1
ln

1
ln1lnlim1lnlim

1
1

0

1

0























. 

15-misol.   xfy   funksiya 0xx   nuqtаdа uzluksiz ekаnligi tа’rif 

yordаmidа isbotlаnsin (    topilsin). 

  ,42 2  xxf  30 x  
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   xf  funksiyani 30 x  nuqtаning biror аtrofidа, mаsаlаn, (2; 4) 

intervаldа qаrаymiz. 0  son olаmiz vа        30 fxfxfxf   аyirmаni 

bаholаymiz: 

       9218222423 222 xxxfxf  

.314332  xxx  

Bu tenglikdаn ko‘rinib turibdiki, аgаr 
14


  deb olsаk,  3x  

tengsizlikni qаnoаtlаntiruvchi  4  ;2x  uchun     



14

14143143 xfxf  

bo‘lаdi.     42 2  xxf  funksiya 30 x  nuqtаdа uzluksiz.   

9. Mustaqil yechish uchun vazifalar 

lim n
n

x a


  ( 0 ( )n  ko‘rsating) isbotlang. 

1. 
3 2 3

, ;
2 1 2

n

n
x a

n


 


   

2. 
4 1

, 2;
2 1

n

n
x a

n


 


 

3. 
8 3

, 2;
4 1

n

n
x a

n


 


  

4. 
7 3 7

, ;
2 1 2

n

n
x a

n


 


 

5.  
2 5 2

, ;
3 4 3

n

n
x a

n


 


  

6. 
5 4

, 5;
1

n

n
x a

n


 


 

7.  
2

2

3 4
, 2;

3 2
n

n
x a

n


  


  

8.  
5 6 5

, ;
3 4 3

n

n
x a

n


 


 

9.  
2

2

8 1
, ;

1 2 2
n

n
x a

n


  


  

10. 
3

3

3 1
, ;

2 4 2
n

n
x a

n


 


 

11. 
6

, 2;
3 1

n

n
x a

n
 


  

12.  
4 3

, 2;
2 1

n

n
x a

n


 


 

13. 
1 1

, ;
1 2 2

n

n
x a

n


  


   

14.  
6 5 1

, ;
10 7 2

n

n
x a

n


  


 

15. 
2

2

4
, 1;

3
n

n
x a

n


  


            

16.  
1

, ;
5 1 5

n

n
x a

n
 


 

17. 
15 4

, 3;
3 5

n

n
x a

n


  


            

18. 
2

2

2 3 3
, ;

5 3 5
n

n
x a

n


  


 

19. 
2

2

1 3 3
, ;

2 4 4
n

n
x a

n


 
 

            

20.  
3 8 3

, ;
4 2 2

n

n
x a

n


 


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a) Sonli ketma-ketlikning limitini toping. 

1. 
2

2

3 2 4
lim .

2 6n

n n

n n

 

 
     

2. 
3 2

2

4 3 1
lim .

5 4 2n

n n

n n

 

 
 

3. 
2 2

2 2

(3 ) (3 )
lim .

(3 ) (3 )n

n n

n n

  

  
  

4. 
4 4

4 4

( 2) ( 2)
lim .

( 2) ( 2)n

n n

n n

  

  
 

5. 
( 1)! !

lim .
( 2)!n

n n

n

 


   

6. 
( 1)!

lim .
( 2)! ( 1)!n

n

n n



  
 

7.  
4 4

4 4

(3 ) (2 )
lim .

(2 ) (1 )n

n n

n n

  

  
  

8. 
3 2

4 3

( 1) ( 1)
lim

( 1) ( 1)n

n n

n n

  

  
. 

9. 
2 2

2 2

(6 5 ) (6 5 )
lim

( 3) (1 )n

n n

n n

  

  
. 

10. 
3 3

2 2

(3 2 ) 8
lim

(2 3 ) 4n

n n

n n

 

 
. 

11. 
3

2 3

(3 )
lim

( 2) ( 1)n

n

n n



  
.  

12. 
2 2 3

3

( 1) ( 1) ( 3)
lim

(4 )n

n n n

n

    


 . 

13. 
3 3

3 2

2( 1) ( 2)
lim

3 4n

n n

n n

  

 
 . 

14. 
3 3

3

( 5) 4( 5)
lim .

( 3)n

n n

n

  


 

15. 
2 2

2

(2 1) (2 1)
lim

(3 2)n

n n

n

  


. 

16. 
3 3

3

(3 1) (2 3)
lim .

( 3)n

n n

n

  


 

17. 
3

4 4

8 2
lim

( 1) ( 1)n

n n

n n



    

18. 
3 3

2

( 6) ( 2)
lim .

(2 3)n

n n

n

  


 

19. 
( 2)! ( 1)!

lim .
( 2)! ( 1)!n

n n

n n

  

    

20. 
3 3

3 3

(3 4) ( 5)
lim .

(2 3) (3 1)n

n n

n n

  

  
 

21. 
2 2

3 3

( 9) (3 1)
lim .

(2 ) ( 1)n

n n

n n

  

  
. 

22. 
3 3

2 2

(2 1) (2 3)
lim .

(2 1) (2 3)n

n n

n n

  

  
 . 

23. 
4 4

2 2

( 2) ( 2)
lim .

( 5) ( 5)n

n n

n n

  

    

24. 
3 3

4 4

( 1)
lim .

( 2)n

n n

n n

 

 
 

25. 
2 2

2 3

( 1) ( 1)
lim .

(2 1) (2 1)n

n n

n n

  

    

26. 
4

3 3

(3 16)
lim .

(2 1)n

n

n n



 
 

27. 
3 3

3

(3 1) (2 3)
lim .

4n

n n

n n

  

  

28. 
2 2

2 2

( 1) ( 1)
lim .

(2 ) ( 1)n

n n

n n

  

  
 

29.
3 3

4 2

(2 3) ( 3)
lim .

2 3n

n n

n n

  

   

30. 
4 4

3 3

(2 3) ( 1)
lim .

(3 2) ( 1)n

n n

n n

  

  
 

 

b) Sonli ketma-ketliklarning  limitini toping. 

1. 
3 2 2 1

lim .
2n

n n

n

 


   

2. 
3 2

lim
1n

n n

n




 .   

16. 
 

843

2

7 81 1
lim .

4 5n

n n n

n n n

 

 
   

17. 
3 33 2

34

7 3 5
lim .

3 1n

n n

n n

  

  
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3. 
 

2
2

3 6

1
lim

1n

n n

n

 


. 

4. 
33 2 4

56 5 7 34

2 1 1
lim

6 2 3 1n

n n n

n n n n

   

    
.    

5. 
 

3 2 34

2

5 2
lim .

7n

n n n

n n n n

 

  
 

6. 
2

3 3 54

1 1
lim

3 3 1n

n n

n n

  

  
 .  

7. 
3

3 3

1 1
lim .

1 1n

n n

n n

  

  
 

8. 
3 2 3

124

1 7
lim .

1n

n n

n n n

 

  
  

9. 
3 3

5

3 1 125
lim
n

n n n

n n

  


 . 

10. 
3 3

4

5 2 8 5
lim .

7n

n n

n n

  

 
  

11. 
 

4 24

23

3 1 81 1
lim .

5n

n n n n

n n n n

   

  
 

12. 
2

3 5 44

3 3
lim .

4 1n

n n

n n

  

  
         

13.
23

84

9
lim .

3 9 1n

n n

n n



 
 

14. 
5

5 5

3 3
lim .

3 3n

n n

n n

  

  
        

15. 
3 3

3 54

4 1 27 4
lim .
n

n n

n n n

  

 
 

 

18. 
32 4

4 3

3
lim .

1 3n

n n

n n n



  
   

19. 
4

3

3 3
lim .

4 3n

n n

n n n

  

  
 

20. 
3 2 2 3

lim .
5n

n n n

n

  


    

21. 
 

43

2

16 3
lim .

3 3n

n n n

n n n n

 

  
 

22.  
3 2 2

2

1 3
lim .

2n

n n

n n n

 

  
   

23. 
3 2

4

2 3
lim .

2n

n n n

n n

 

 
 

24. 
 

3 32 6

2

64 3 4
lim .
n

n n n

n n n n

  

 
  

25. 
2 2

3 3 2

6 6
lim .

6 6n

n n

n n

  

  
 

26. 
3 3

6 55 5

2 2
lim .

3 7n

n n

n n

  

  
   

27. 
3 3

5 54

1 1
lim .

1 1n

n n

n n

  

  
 

28. 
! ( 1)!

lim .
( 2)! ( 1)!n

n n

n n

 

  
   

29.  
3 2 1

lim .
3n

n n n

n n n

 

 
 

30. 
  

2 4

32 6

1 1
lim .

3 2 1
n

n n n

n n


  

 
 

 

 

d) Sonli ketma-ketliklarning  limitini toping. 

1. 
1 3 5 ... (2 1) 2 1

lim .
1 2n

n n

n

      
    

2. 
2

2

1 1 1
...

3 3 3lim .
1 1 1

...
2 2 2

n

n

n



  

  

 

11. 
2 2

1 3 5 7 9 11 ... (4 3) (4 1)
lim .

1 1n

n n

n n n

         

   

 

12. 
2

1 2 3 ...
lim .

3n

n

n n

   

   

13.
1

2 3
lim .

2 3

n n

n nn 




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3. 
1 12 3

lim .
2 3

n n

n nn

 





  

4. 
4

1 2 3 ...
lim .

9 1n

n

n

   


 

5. 
(2 1)! (2 2)!

lim .
(2 3)!n

n n

n

  

  

6. 
1 3 5 ... (2 1)

lim .
1 2 ...n

n

n

    

  
 

7. 
1 3 5 ... (2 1)

lim .
3n

n
n

n

     
    

8. 
1

1 2

2 5
lim .

2 5

n n

n nn



 




 

9. 
(3 1)! (3 1)!

lim .
(3 )!( 1)!n

n n

n n

  


  

10. 
3 3 45 3 2

lim .
1 3 5 ... (2 1)n

n n

n

  

    
 

14. 
5 13 35 2 3

lim ... .
6 36 216 6

n n

nn


   

 

15. 
1 2 3 4 5 6 ... (2 1) 2

lim .
n

n n

n

        
 

16. 
2 4 6 ... 2

lim .
1 3 5 ... (2 1)n

n

n

   

      

17. 
7 2

lim .
2 7

n n

n nn




 

18. 
3 3

1 2 3 4 ... 2
lim .

3 4n

n

n n

    

   

19. 
2

3 6 9 ... 3
lim .

4n

n

n

   


 

20. 
3 5 9 1 2

lim ... .
4 16 64 4

n

nn

 
    

   

21. 
! ( 2)!

lim .
( 1)! ( 2)!n

n n

n n

 

  
 

 

e) Quyidagi ketma-ketlikning limitini toping. 

1. 4
lim 1 .

n

n n

 
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g) Quyidagi tengliklarni isbotlang. 
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h)  ( )y f x  funksiyani 0x x  nuqtada uzluksiz ekanligini isbotlang       

( ( )  ni toping). 

1. 2

0( ) 5 1, 6.f x x x                        

 2. 2

0( ) 4 2, 5.f x x x    

3. 2

0( ) 3 3, 4.f x x x                        

4. 2

0( ) 2 4, 3.f x x x    

5. 2

0( ) 2 5, 2.f x x x                       

6. 2

0( ) 3 6, 1.f x x x     

7. 2

0( ) 4 7, 1.f x x x                      

8. 2

0( ) 5 8, 2.f x x x     

9. 2

0( ) 5 9, 3.f x x x                       

10. 2

0( ) 4 9, 4.f x x x     

11. 2

0( ) 3 8, 5.f x x x                     

12. 2

0( ) 2 7, 6.f x x x     

13. 2

0( ) 2 6, 7.f x x x                      

14. 2

0( ) 3 5, 8.f x x x    

15. 2

0( ) 4 4, 9.f x x x                   

 

16. 2

0( ) 5 3, 8.f x x x    
17. 2

0( ) 5 1, 7.f x x x      

 18. 2

0( ) 4 1, 6.f x x x    

19. 2

0( ) 3 2, 5.f x x x                      

20. 2

0( ) 2 3, 4.f x x x    

21. 2

0( ) 2 4, 3.f x x x                     

22. 2

0( ) 3 5, 2.f x x x     

23. 2

0( ) 4 6, 1.f x x x                     

24. 2

0( ) 5 7, 1.f x x x     

25. 2

0( ) 4 8, 2.f x x x                    

26. 2

0( ) 3 9, 3.f x x x     

27. 2

0( ) 2 9, 6.f x x x                    

28. 2

0( ) 2 8, 5.f x x x    

29. 2

0( ) 3 7, 6.f x x x                     

30. 2

0( ) 4 6, 7.f x x x    
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l) Funksiyaning limitini hisoblang. 
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m) Funksiyaning limitini toping. 
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 

 
 

1
3 2

6.22.lim
3 4

x

x

x

x





 
 

   
3

1
6.23.lim ln

2

n

n

n

n





 
 

   
3

2 4
6.24.lim

2 4

x

x

x

x





 
 

 
 

4
5 1

6.25.lim
5 1

x

x

x

x





 
 

   

  2( 1)
1

6.26.lim 3 2
x

x
x

x 



 

2
4 3

6.27.limln
1 3

t

t

t

t





 
 

 
 

 
2

( 2)

2
6.28.lim 5 2

x

x

x
x 




 

3
6.29.lim ln

4

x

x

x

x

 
 

   
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3
2 3

6.15. lim
2 2

x

x

x

x

 
 

 
  (3 3)6.30.lim 7 6

x

x

x
x 


  

 

FUNKSIYA HOSILASI 

1. Funksiya hosilasi va differensiali.  

 xfy  funksiya  ba,  oraliqda aniqlangan bo‘lib,  bax ,  bo‘lsin. Bu 

x  nuqtaga shunday x  orttirma beraylikki, xx   ba, bo‘lsin. 

1-ta’rif.  xf  :
   

x

xfxxf

x

y

xx 









 00
limlim – funksiyaning x  

nuqtadagi hosilasi. 

Differensiallashning umumiy qoidalari 

1. constcy  , 0'y . 2.   ''  ,  ucyconstcucy  . 

3. '''  , vuyvuy  . 4. '''  , vuvuyvuy  . 

5.   
2

''
'  ,0   

v

vuvu
yxv

v

u
y


 . 6.      xu ufyxuuufy '''  ,   . 

7.    yfxxfy 1  , 
y

x
x

y
'

1
'  . 8. 'ln''  , 1 uvuuvuyuy vvv   . 

Asosiy elementar funksiyalarning hosilalari 

1.   1'  nn nxx . 2.    xxx xx ln1'  . 

3.   xx cos' sin  . 4.   xx sin' cos  . 

5.  
x

tgx
2cos

1
'  . 6.  

x
ctgx

2sin

1
'  . 

7.  
x

x
1

' ln  . 8.    1  ,0   
ln

1
' log  aa

ax
xa . 

9.   xx ee ' . 10.    0  ln'  aaaa xx . 



44 
 

11.  
21

1
' arcsin

x
x


 . 12.  

21

1
' arccos

x
 . 

13.  
21

1
' 

x
arctgx


 . 14.  

21

1
' 

x
arcctgx


 . 

15.   chxshx ' . 16.   shxchx ' . 

17.  
xch

thx
2

1
'  . 18.  

xsh
cthx

2

1
'  . 

19.  
1

1
' 

2 


x
arcshx . 20.  

1

1
' 

2 


x
arcchx . 

21.  
21

1
' 

x
arccthx


 . 

2-ta’rif.  0 xf :
   

x

xfxxf

x

y

xx 









 00
limlim  - o‘ng hosila.  0 xf :

   
x

xfxxf

x

y

xx 









 00
limlim  - chap hosila. 

1 va 2-ta’riflardan quyidagilar chiqib keladi: 

1) Agar  xfy   funksiya x  nuqtada  xf   hosilaga ega bo‘lsa, u holda 

 0 xf  va  0 xf  lar mavjud va  0 xf   0 xf   xf   bo‘ladi.  

2) Agar  0 xf  va  0 xf  lar mavjud bo‘lib,  0 xf   0 xf  bo‘lsa, 

unda  xf   ham mavjud va  xf  =  0 xf   0 xf  bo‘ladi. 

1-teorema. Agar 0x  nuqtada  0xf   mavjud bo‘lsa, u holda  xfy 

funksiya grafigining   00 , xfx  nuqtasiga urinma o‘tkazish mumkin va bu 

urinmaning burchak koeffitsienti  0xf   ga teng bo‘ladi. 

     000 xxxfxfy   - urinma tenglamasi. 

 
 

 0

0

0

1
xx

xf
xfy 


  - normal tenglamasi. 

Agar  tfS   moddiy nuqtaning sonlar o‘qidagi t vaqtga mos keluvchi 

o‘rnini bildirsa, unda    tfttff   - nuqtaning t  vaqt oralig’idagi 
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ko‘chishi, 
   

t

tfttf




 - o‘rtacha tezlik,  tf   esa t momentdagi oniy 

tezlik bo‘ladi. 

3-ta’rif. Agar y ni ushbu 

        xxxxxAxfxxfy  , , 

bu yerda 0x  da   0, xx  ko‘rinishda ifodalash mumkin bo‘lsa, 

unda  xfy   funksiya x  nuqtada differensiallanuvchi deyiladi. 

  xxA  ifoda funksiya orttirmasining chiziqli bosh qismi yoki funksiya 

differensiali deb ataladi va dy kabi belgilanadi. 

 xx , ifoda funksiya orttirmasining qoldiq hadi deb ataladi. Agar 0-

simvolikadan foydalansak, 0x  da  xоxAy   tenglikni хosil 

qilamiz. 

2-teorema.  xfy  funksiya x  nuqtada differensiallanuvchi bo‘lishi 

uchun shu nuqtada chekli  xf   mavjud bo‘lishi zarur va yetarli. 

3-teorema.Differensiallanuvchi funksiya uzluksiz bo‘ladi. 

Agar 2-teorema shartlari bajarilsa       dxxfxxfxdf  bo‘ladi. 

Differensiallashning asosiy qoidalari va elementar funksiyalar uchun 

hosilalar jadvali 1-§ ning 013  va 014  punktlarida keltirilgan. 

2. Murakkab, oshkormas va parametrik ko‘rinishda berilgan  

funksiyalarning hosilalari 

 

Aytaylik,  ufy  va u   x  funksiyalar berilgan bo‘lib, ular 

yordamida   fy  [  x ] murakkab funksiya tuzilgan bo‘lsin. Agar u 

 x  funksiya x  nuqtada va  ufy   funksiya x  nuqtaga mos keluvchi u 

nuqtada hosilaga ega bo‘lsa, unda   

xux uyy '''                                                   (5) 

tenglik o‘rinli bo‘ladi. 
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Teskari funksiyaning hosilasi  

Agar  xfy   funksiya x  nuqtada   0 xf  hosilaga ega bo‘lsa, bu 

funksiyaga teskari  yfx 1  funksiya x  nuqtaga mos bo‘lgan у  nuqtada 

hosilaga ega va  

x

y
y

x



1

 

bo‘ladi. 

Parametrik ko‘rinishda berilgan funksiyaning hosilasi 

Faraz qilaylik,  xyy   funksiya parametrik ko‘rinishda. 

 

 







ty

tx




  t   

                                    
      

sistema yordamida aniqlangan bo‘lsin. Agar  t va  t  funksiyalar 

differensiallanuvchi bo‘lib,   0' t  bo‘lsa, unda sistema 

differensiallanuvchi   xy 1   funksiyani aniqlaydi va  

 
 t
t

x

y
y

t

t
x













  

tenglik o‘rinli bo‘ladi. 

 

Oshkormas funksiyaning hosilasi 

Agar biror oraliqda differensiallanuvchi bo‘lgan  xyy   funksiya 

  0, yxF  tenglik yordamida aniqlansa, unda oshkormas ko‘rinishda 

berilgan funksiyaning  xyy   hosilasini ushbu  

  0, yxF
dx

d
 

tenglikdan topish mumkin. 

Masalan, ushbu 035  xyyy  tenglik yordamida oshkormas 

ko‘rinishda berilgan  xyy   funksiyaning y  hosilasini topaylik. 
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  (5)-tenglikka ko‘ra  

  


 035
xxyyy .

135

1
01'35

24

24




yy
yyyyyy  

Differensialning taqribiy hisoblashga tatbiqi 

Ma’lumki,  xfy   funksiya 0x  nuqtada differensiallanuvchi bo‘lsa, 

unda 

     xoxdfxf  00  

tenglik o‘rinli bo‘ladi. Agar   00 xdf bo‘lsa, bu tenglikdan yetarlicha 

kichik x  lar uchun 

   00 xdfxf   

yoki 

      xxfxfxxf  000  

taqribiy hisoblash formulasini hosil qilamiz. 

3. Yuqori tartibli hosila va differensiallar. Aniqmasliklarni 

Lopital qoidasi yordamida ochish 

 xfy  funksiyaningюqori tartibli hosila va differensiallari ushbu 

        xfxf nn 1  ,,...3,2n  

 yddyd nn 1  ,,...3,2n  

tengliklar yordamida aniqlanadi. 

 

Asosiy formulalar  

1)   aaa nxnx ln a;    xnx ee   

2)   










2
sinsin

n
xx

n  

3)   










2
coscos

n
xx

n  
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4)   
    ,1...1 nn

xnx   R  

5)       
n

n
n

x

n
x

!11
ln

1






 

Leybnis formulasi 

Agar  xuu  va  xvv   funksiyalar n-tartibli hosilalarga ega bo‘lsa, unda 

   xvxuy   funksiya ham n-tartibli hosilaga ega bo‘ladi va  

       




n

k

knkk
n

nn vuCvuy
0

)(     
                             

     (6) 

tenglik o‘rinli bo‘ladi. Bu yerda     vvuu  00     , va 
 !!

!

knk

n
C k

n


 . 

(6)-formulaga n-tartibli hosilani hisoblash uchun Leybnis formulasi 

deyiladi. 

   xvxu   funksiyaning n-tartibli differensiali  vud n   uchun ham 

Leybnis formulasi o‘rinli. 

Differensial hisobning asosiy teoremalari 

Aytaylik  xfy   funksiya  ba,  oroliqda aniqlangan bo‘lsin. 

1-teorema.(Ferma teoremasi). Agar 

1)    baCxf , , 

2)  bax ,  uchun chekli    xf , 

3) ichki  bac ,  nuqtada  xf  funksiya eng katta (yoki eng kichik) 

qiymatga erishsa,  

unda   0 cf  bo‘ladi. 

2-teorema. (Roll teoremasi). Agar 

1)    baCxf , , 

2)  bax ,  uchun chekli    xf , 

3)    bfaf   

bo‘lsa,  bax ,0   nuqta topiladiki ,   00  xf  bo‘ladi. 
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3-teorema. (Lagranj teoremasi). Agar 

1)    baCxf ,  

2)  bax ,  uchun chekli    xf  

bo‘lsa  bax ,0   nuqta topiladiki  

       abxfafbf  0  

bo‘ladi. 

1-natija. Agar  bax ,  uchun   0 xf bo‘lsa, unda  ba, da       

  constxf    bo‘ladi. 

2-natija. Agar  xf  funksiya  ba,  intervalda chegaralangan  xf   

hosilaga ega bo‘lsa, u holda  xf  ba,  da tekis uzluksiz bo‘ladi. 

Lagranj teoremasini ba’zi bir tengsizliklarni isbotlashda qo‘llash 

mumkin. Masalan,   xx 


 11  Bernulli tengsizligi x  1 va 1 da 

o‘rinli ekanligi isbotlansin. 

1-hol. x  bo‘lsin. Unda    uuf  1 ,  xu ,0  funksiya uchun Lagranj 

teoremasiga ko‘ra  xx ,00   nuqta topiladiki  

        xxxfxf 
 1

01110  x  bo‘ladi    x1  x1  

2-hol. -1x0 bo‘lsin.Unda    uuf  1 ,  0,xu  funksiya uchun 

Lagranj teoremasini qo‘llaymiz.  0;0 xx 

              
 xxxxxxxff 11101110 0

1

0  1 x . 

3-hol. x bo‘lsin. Unda   111  xx 
  bo‘ladi. Endi 3 ta holni 

umumlashtirsak, isbot qilishimiz kerak bo‘lgan Bernulli tengsizligini 

hosil qilamiz.  

4-teorema (Koshi teoremasi).  Agar  

1)      baCxgxf ,,  , 

2)  bax ,  uchun chekli  xf  va  xg  -  hamda   0 xg  bo‘lsa, unda 

 bax ,0   nuqta topiladiki,  
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   
   

 
 0

0'

xg

xf

agbg

afbf







 

tenglik o‘rinli bo‘ladi. 

Aniqmasliklarni ochish. Lopital qoidalari 

2-§ da ko‘rganimizdek funksiya limitini hisoblashda biz 



  ,

0

0
,

 1  ,  ,0 , 00  va shu kabi aniqmasliklarga duch keldik. Bu 

aniqmasliklarni ochishda Lopital qoidalari katta yordam beradi. 

Teorema.  xf  va  xg  funksiyalar uchun quyidagi shartlar o‘rinli 

bo‘lsin. 

1)  xf  va  xg  funksiyalar a nuqtaning biror atrofida aniqlangan va 

chekli hosilaga ega, 

2)     0limlim 


xgxf
axax

, 

3) a nuqtaning shu atrofida       0
22
 xgxf , 

4) 
 
 xg

xf

ax 




lim -chekli yoki cheksiz. 

U holda 

 
 

 
 xg

xf

xg

xf

axax 





limlim  

tenglik o‘rinli bo‘ladi. 

Izoh: Agar bu teoremaning shartlari a nuqtaning chap (yoki o‘ng) 

yarim atrofida bajarilsa, unda teorema 
 
 xg

xf
 ning a nuqtadgi chap (yoki 

o‘ng) limitiga nisbatan o‘rinli bo‘ladi. 

Yuqoridagi 
0

0
ko‘rinishidagi aniqmasliklar uchun keltirilgan Lopital 

teoremasi 



 ko‘rinishidagi aniqmasliklar uchun ham o‘rinli bo‘ladi. 

Boshqa ko‘rinishdagi aniqmasliklar esa 
0

0
 va 




 ko‘rinishidagi 

aniqmasliklarga keltiriladi. 
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O-simvolika 

Funksiya limitini hisoblashda va funksiyaning asimptotik хarakterini 

o‘rganishda «o-kichik» va «O-katta» tushunchalari muhim ahamiyatga 

ega. Biz а  nuqta deganda chekli son yoki ni tushunamiz. а chekli 

bo‘lgan holda nuqtaning atrofi deganda quyidagi to‘plamlardan biri 

tushuniladi:  aa ; ,  aa; ,   aa ; , bu yerda 0 . Agar a  

bo‘lsa, u holda a  nuqtaning atrofi deganda quyidagi to‘plamlardan biri 

nazarda tutiladi:   ; ,  ,  yoki     ,; , bu yerda 0 . 

Aytaylik, berilgan funksiyalar a  nuqtaning biror atrofida aniqlangan 

bo‘lsin. 

1-ta’rif. Agar shunday o‘zgarmas K  son topilsaki, topilsaki, a  

nuqtaning biror atrofida  

   xKx   

tengsizlik bajarilsa, u holda shu atrofda  x  funksiya  x  ga nisbatan O  

-katta deyiladi va     xOx    kabi belgilanadi. 

2-ta’rif. Agar a  nuqtaning biror atrofida      xxx   tenglik o‘rinli 

bo‘lib,   0lim 


x
ax

 bo‘lsa, unda ax  da  x  funksiya  x  ga nisbatan o  

-kichik deyiladi va     xox   kabi belgilanadi. 

1-ta’rifdan ko‘rinadiki, agar   0 x bo‘lsa, unda 
 
 

0lim 




 x

x

ax
 bo‘lganda 

    xox   bo‘ladi. 

Izoh. Quyidagi tengliklar o‘rinli: 

1)         ,xfoxfoxfo   

2)      ,xfoxfoK   

3)         ,xfoxfoxfo   

4)         ,xfoxfOxfo   

5) 0x da   nmxox nm   
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6) x da   nmxox nm  . 

3-ta’rif. Agar ax  da       xoxx   bo‘lsa, unda ax  da  x  

va  x  funksiyalar ekvivalent deyiladi hamda    xx  ~  kabi belgilanadi.  

Bu ta’rifdan ko‘rinadiki, agar   0 x bo‘lsa, unda 
 
 

1lim 




 x

x

ax
 

bo‘lganda    xx  ~  bo‘ladi. 

1-teorema. Agar ushbu  

    
    xox

xox

ax 




lim  yoki 

 
 x

x

ax 




lim  

limitlardan birortasi mavjud bo‘lsa, unda  

    
    






 xox

xox

ax
lim

 
 x

x

ax 




lim  

tenglik o‘rinli bo‘ladi.  

1-teoremadan foydalanish samaradorligi Teylor formulasi yordamida 

yanada oshadi. 

2-teorema. Agar  xf  funksiya a nuqtada  af ' ,  af '' ,...,   af n  

hosilalarga ega bo‘lsa, u holda a  nuqtaning biror atrofida ushbu  

   
 

 
  

    nn
n

axoax
n

af
ax

af
afxf 

!
...

!1

'
 

Peano ko‘rinishidagi qoldiq hadli Teylor formulasi o‘rinli bo‘ladi.  

Natija. 0x da quyidagi tengliklar o‘rinli bo‘ladi.  

1.  
       nnm

xox
n

nmmm
x

mm
mxx 







!

1...1
...

!2

1
11 2  

2.  n
n

x xo
n

xx
xe 

!
...

!2
1

2

 

3.      n
n

n
xo

n

xx
xx 

1
2

1...
2

1ln  
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4.  
 

 n
n

n
xo

n

xx
xx 2

12
1

3

!12
1...

!3
sin 





  

5.  
 

 12
22

!2
1...

!2
1cos  n

n
n

xo
n

xx
x  

6.  43

3

1
xoxxtgx   

7.  43

3

1
xoxxarctgx   

Misol. 
tgxx

xx

x 



 sin

cosln
lim

2

0
 hisoblansin. 

 
 

     



















 22

222

0

2

0

2

1
1ln

lim
sin

cosln
lim

xoxxox

xxox

tgxx

xx

xx
 



   

 























 22

22222

0

2

1

2

1

lim
xox

xxoxoxox

x
 

 

  2

12

1

lim2

1

lim
2

2

022

222

0







 x

x

xox

xxox

xx
  

Izoh. Limitni hisoblash jarayonida biz natijada keltirilgan 5, 4, 6, 3 

tengliklardan va 1-teoremadan foydalandik. 

4. Funksiyaning o‘sish va kamayishi. Funksiyaning ekstremumlari 

 

Faraz qilaylik ,  xfy   funksiya  ba,  oroliqda berilgan bo‘lsin. 

1-ta’rif. 12 xx  tengsizlikni qanoatlantiruvchi  baxx ,, 21   uchun 

   12 xfxf      12 xfxf   bo‘lsa,  xf  funksiya  ba,  oraliqda o‘suvchi  

(kamayuvchi)deyiladi. 

Agar funksiya o‘suvchi yoki kamayuvchi bo‘lsa, bunday funksiyaga 

monoton funksiya deyiladi. 
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1-teorema.  xf  funksiya  ba,  intervalda chekli  xf   hosilaga ega 

bo‘lsin. Bu funksiya shu intervalda o‘suvchi (kamayuvchi) bo‘lishi uchun 

 ba,  da   0 xf   0 xf  bo‘lishi zarur va yetarli. 

Funksiyaning ekstremumlari 

 xfy   funksiya  ba,  intervalda berilgan bo‘lib,  bax ,0   bo‘lsin. 

2-ta’rif. Agar 0x nuqtaning    0x  atrofi mavjud bo‘lsaki, x   0x  

uchun 

   0xfxf      0xfxf   

tengsizlik o‘rinli bo‘lsa,  xf  funksiya 0x  nuqtada maksimumga 

(minimumga) erishadi deyiladi.  0xf qiymat  xf  ning maksimum 

(minimum) qiymati deyiladi va 

 
 

 )( max
0

0 xfxf
xx 



  
 

 


















)(min
0

0 xfxf
xx 

 

kabi belgilanadi. 

Funksiyani maksimum va minimumi umumiy nom bilan uning 

ekstremumi deyiladi. 

2-teorema. (Ekstremumning zaruriy sharti). Agar  xf  funksiya 0x  

nuqtada    bax ,0   chekli  0xf   hosilaga ega bo‘lib, bu nuqtada  xf  

funksiya ekstremumga erishsa, u holda   00  xf  bo‘ladi. 

Endi funksiya ekstremumga erishishining yetarli shartlarini 

keltiramiz. 

Faraz qilaylik,  xfy   funksiya 0x  nuqtada uzliksiz bo‘lib,   0x   0x  

da chekli  xf   hosilaga ega bo‘lsin. 

3-teorema. Agar  xf   hosila 0x  nuqtadan o‘tishda o‘z ishorasini 

musbatdan (manfiydan) manfiydan (musbatdan) o‘zgartirsa, unda  xf

funksiya 0x  nuqtada maksimumga  (minimumi) erishadi. Agar  xf   
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ishorasini o‘zgartirmasa, u holda  xf  funksiya 0x nuqtada ekstremumga 

erishmaydi. 

4-Teorema.  xf  funksiya 0x  nuqtada  nfff ,...,   hosilalarga ega 

bo‘lib, 

       ,0... 0

1

00   xfxfxf n    00 xf n  

bo‘lsin. Unda 

1) agar n juft son bo‘lib, 
   00 xf n    00 xf n  

bo‘lsa,  xf  funksiya 0x  nuqtada maksimumga  (minimumga) erishadi. 

2) agar n toq son bo‘lsa,  xf  funksiya 0x  nuqtada ekstremumga 

erishmaydi. 

 Funksiyaning hosilasi nolga aylanadigan yoki hosilasi mavjud 

bo‘lmagan nuqtalariga uning kritik nuqtalari deyiladi. 

Izoh: Funksiya hosilasi mavjud bo‘lmagan nuqtalarda ham funksiya 

ekstremumga erishishi mumkin. Masalan,   xxf   fuksiya uchun   0f  

mavjud emas, lekin funksiya 0x  nuqtada minimumga erishadi. 

 ba, kesmada uzluksiz bo‘lgan  xf  funksiya o‘zining shu kesmadagi 

eng katta (eng kichik) qiymatiga kritik nuqtada yoki kesmaning 

chegaraviy nuqtasida erishadi. 

5. Funksiyaning qavariq va botiqligi 

3-ta’rif.Agar  ba,  oraliqda berilgan  xfy   funksiya grafigi 

   baxx ,, 21   kesmaning chetki nuqtalarini tutashtiruvchi vatardan 

yuqorida (pastda) yotsa, unda   xfy   funksiya  ba,  oraliqda 

qavariq(botiq) deb ataladi. 

5-teorema.  xfy  funksiya  ba,  intervalda aniqlangan va bu 

intervalda chekli  xf   hosilaga ega bo‘lsin.  xf funksiyaning  ba,  da 
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qavariq  (botiq ) bo‘lishi uchun  xf  ning  ba, da kamayuvchi 

(o‘suvchi) bo‘lishi zarur va yetarli. 

6-teorema.  xfy  funksiya  ba,  intervalda aniqlangan va bu 

intervalda ikkinchi tartibli  xf   hosilaga ega bo‘lsin.  xf ning  ba,  

intervalda    bo‘lishi uchun shu intervalda   0 xf   0 xf  

tengsizlikning bajarilishi zarur va yetarli. 

4-ta’rif.Agar ax   nuqtadan o‘tishda  xfy   funksiyaning grafigi 

qovariqligi yoki botiqligini o‘zgartirsa, u holda ax   nuqta funksiya 

grafigining egilish nuqtasi deyiladi. 

Funksiya grafigining asimptotalari 

5-ta’rif.Agar   


xf
ax

lim bo‘lsa, ax   to‘g’ri chiziq   xfy   funksiya 

grafigining vertikal asimptotasi deyiladi. 

6-ta’rif.Agar   bxf
x




lim bo‘lsa, by   to‘g’ri chiziq  xfy   funksiya 

grafigining gorizontal asimptotasi deyiladi. 

7-ta’rif.Agar      0lim 


baxxf
x

bo‘lsa, baxy   to‘g’ri chiziq  xfy   

funksiya grafigining og’ma asimptotasi deyiladi. 

7-teorema.  xfy  funksiya grafigi x da baxy   og’ma 

asimptotaga ega bo‘lishi uchun  

 
,lim a

x

xf

x



   baxxf

x



lim  

bo‘lishi zarur va yetarlidir. 

Bu teorema x  da ham o‘rinlidir. 

Funksiyalarni to‘liq tekshirish va grafiklarini chizish 

Funksiyani to‘la tekshirish va grafigini yasash quyidagilarni aniqlash 

yordamida amalga oshiriladi.  

1) Funksiyani aniqlanish soхasini topish. 

2) Aniqlanish sohasining chegaraviy nuqtalaridagi хarakterini aniqlash. 
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3) Funksiyaning juft yoki toqligini va, agar imkon bo‘lsa, boshqa markaz 

va simmetriya o‘qlarini aniqlash. 

4) Davriylikka tekshirish. 

5) Uzilish nuqtalarini topish va ularning turini aniqlash (2-punktni 

to‘ldiradi). 

6) Koordinata o‘qlari bilan kesishish nuqtalarini topish. 

7) Funksiyaning ishorasi o‘zgarmaydigan oraliqlarni aniqlash. 

8) Monotonlik va ekstremumga tekshirish. 

9) Egilish nuqtalari, qavariqlik va botiqlik oraliqlarini topish. 

10) Asimptotalarni aniqlash  

11) Tekshirish natijalarini yo‘llari      xfxfxfyx   , , , ,  larga mos bo‘lgan 

jadval ko‘rinishida ifodalash (oхirgi yo‘lda faqat ishora aniqlanadi). 

12) Jadvaldagi nuqtalarni tekislikda ifodalash. 

13) Asimtotalarni yasash. 

14) Yuqoridagi tekshirish natijalarini hisobga olgan holda tekislikdagi 

nuqtalarni chiziq yordamida tutashtirish. 

Izoh: Agar funksiya parametrik ko‘rinishda yoki qutb koordinatalar 

sistemasida berilgan bo‘lsa ham u yuqoridagi sхema yordamida 

tekshiriladi. 

Nazorat savollari 

1. Funksiya hosilasining ta’rifi.  

2. Bir tomonli hosilalar. 

3. Hosilaning geometrik ma’nosi. 

4. Urinma tenglamasi.  

5. Normal tenglamasi.  

6. Hosilaning meхanik ma’nosi. 

7. Funksiya differensialining ta’rifi. 

8. Differensiallanuvchi va uzluksiz funksiyalar orasidagi bog’lanish. 
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9. Murakkab funksiyaning hosilasi. 

10. Teskari funksiyaning hosilasi. 

11. Parametrik ko‘rinishda berilgan funksiyaning hosilasi. 

12. Oshkormas ko‘rinishda berilgan funksiyaning hosilasi. 

13. Differensial yordamida taqribiy hisoblash.  

14. Yuqori tartibli hosila va differensiallar. 

15. Leybnis formulasi. 

16. Ferma teoremasi. 

17. Roll teoremasi. 

18. Lagranj teoremasi. 

19. Lagranj teoremasining natijalari. 

20. Koshi teoremasi. 

21. Lopitalning birinchi qoidasi. 

22. Lopitalning ikkinchi qoidasi. 

23. O -simvolika. 

24. Teylor formulasi. 

25. Funksiyaning monotonligi. 

26. Birinchi tartibli hosila yordamida funksiyaning ekstremumini topish.  

27. Yuqori tartibli hosilalar yordamida funksiyaning ekstremumini topish. 

28. Funksiyaning qavariqligi va egilish nuqtalari. 

29. Funksiya grafigining asimptotalari.  

30. Funksiyani to‘la tekshirish va grafigini yasash. 
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6. Mustaqil yechish uchun misol va masalalar 

1-masala. Hosila ta’rifidan foydalanib  0f   topilsin (agar u mavjud 

bo‘lsa). 

 















0,0

0,
cos

2

x

x
x

xe

xf

x

 

 
   

   

2

2
2

0 0

2 20 0

cos
0

0 0
0 : lim lim

1 1 coscos
lim lim

x

x x

x
x

x x

e x
f x f xf

x x

e xe x

x x



   




   

 


      
 

    
 

 

 

 .
2

3

2

1
1

2

2
sin

lim
2

1
12

sin2

lim1
cos1

lim
1

lim

2

02

2

02020

2













































 x

x

x

x

x

x

x

e

xxx

x

x

 

1.1  






















.0 ,0

0  x,
1

sin23

x

x
xxtg

xf

 

1.2  























.0 ,0

,0 ,
3

sinsin

x

x
x

x

xf

 

1.3  























.0 ,0

,0,
3

2

9

1
cosarcsin 2

x

xx
x

x

xf

 

1.4     
.0x,1

1
sin1ln1

0,  x,0

2

2






















x
x

xf

 

1.5  























.0  ,0

,0,
5

1
cos

x

x
x

xarctg

xf

 

1.11  
















.0 ,0

,0,
5

cossin

x

x
x

x

xf

 

1.12  
















.0  ,0

,0,
1

cos2 22

x

x
x

xx

xf

 

1.13  
























.0  ,0

,0,
6

sinarcsin 2

x

x
x

xx

xf

 

1.14  
















.0  ,0

,0,
cosln

x

x
x

x

xf

 

1.15  



































.0  ,0

,0,12
8

1
cos2

x

xxtg

xf

xx
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1.6  

































.0  ,0

,0,1sin

5
sin2

x

xxe

xf

xx

 

1.7  



































.0  ,0

,0,
1

sinsin1ln 2

x

x
x

x

xf

 

1.8 
 
















.0,
23

4
cos

0,  x,0

2
2 x

x

x
x

xf

 

1.9  

































.0 ,0

,0,
3

1
sin2

3

3

x

x
x

xxarctg

xf

 

1.10  
















.0 ,0

,0,
11

cos22

x

x
x

x

xf  

1.16  













0,0

0,
1

sin6

x

x
x

xx
xf

 

1.17  
















.0  ,0

,0,
7

sin

x

x
x

arctgx

xf

 

1.18  
















.0  ,0

,0  ,15sin

x

xe

xf

xx

 

1.19 
 














0.  x,0

0,  x,
9

1
cos2 2  2

x
xxxf

 

1.20  















.0  ,0

,0  ,213

2
sin2

x

xx
xf

x
x

 

2-masala. Funksiya grafigining abssissasi 0x bo‘lgan nuqtasiga 

o‘tkazilgan normal (2.1-2.12 variantlarda) yoki urinma (2.13-2.20 

variantlarda) tenglamasi topilsin. 

Funksiya grafigining absissasi 0x bo‘lgan nuqtasiga o‘tkazilgan urinma 

tenglamasi topilsin. 

12 


x

x
y  , 20 x  

Ma’lumki, urinma tenglamasi 

     000 xxxfxfy   

ko‘rinishga ega.    
  5

2

12

2
2

20 



 fxf  
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 
   

   

 
    




































25

3

25

41
2

1

1

1

21

1

11

1

022

2

22

22

22

22

2

fxf
x

x

x

xx

x

xxxx

x

x
xf

 

  2
25

3

5

2
xy Urinma tenglamasi: 016253  yx   

2.1 2,
4

4
0

2




 x
xx

y . 

2.2 2,132 0

2  xxxy . 

2.3 1, 0

3  xxxy . 

2.4 4,328 0

2  xxxy . 

2.5 1, 0

3  xxxy . 

2.6 8,20 0

3 2  xxy . 

2.7 4,
1

1
0 




 x

x

x
y . 

2.8 16,708 0
4  xxy . 

2.9 1,132 0

2  xxxy . 

2.10 3,
63

02

2




 x
x

xx
y . 

2.11 64,3 0
3  xxxy . 

2.12 2,
2

3
03

3





 x

x

x
y . 

2.13 1,32 0

2  xxy . 

2.14 1,
1

6
04

29





 x

x

x
y . 

2.15 1,
1

2 0  x
x

xy . 

2.16 
 
 

1,
13

22
04

8





 x

x

x
y . 

2.17 1,
1

1
04

5





 x

x

x
y . 

2.18 1,
51

9
02

16





 x

x

x
y . 

2.19   1,23 0
3  xxxy . 

2.20 2,
23

1
0 


 x

x
y . 

 

3-masala. Differensial yordamida ifodaning taqribiy qiymati 

hisoblansin. 

3 3 7xxy  , 012,1x  

Taqribiy qiymat 



62 
 

      xxfxfxxf  000  
                             

      (*) 

formula yordamida hisoblanadi. 

Bizda 

  3 3 7xxxf  , 10 x ,      



















  3

1
33 3 77012,0 xxxxxfx  

   
 

  271

73

73
77

3

1 3
0

3 23

2
33

2
3 










xf

xx

x
xxxx , 

 
6

5

12

10

43

10
0 


 xf . 

Topilgan ifodalarni (*) tenglikka olib borib qo‘yamiz: 

  01,2002,052012,0
6

5
2012,17012,13 3

  

 

3.1 76,7,3  xxy . 

3.2 54,27,3  xxy . 

3.3 98,0,
2

5 2




 x
xx

y . 

3.4 08,0,arcsin  xxy . 

3.5 97,0,523 2  xxxy . 

3.6 97,1,32  xxxy . 

3.7 021,1,11  xxy . 

3.8 998,0,21  xxy . 

3.9 03,1,3 2  xxy . 

3.10 01,2,6  xxy . 

 

3.11 56,2,14  xxy . 

3.12 03,1,5 2  xxy . 

3.13 016,1,
12

1

2



 x

xx
y . 

3.14 01,0,sin1  xxxy . 

3.15 16,4,
1

 x
x

y . 

3.16 01,0,cos33  xxxy . 

3.17 002,2,7  xxy . 

3.18 02,1,
2

sin24  x
x

xy


. 

3.19 78,1,34  xxy . 

3.20 97,1,52  xxy . 
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4-masala. Hosila hisoblansin. 

2

36

1

2

x

xx
y




  

     
 


































2
2

236236

2

36

1

1212

1

2

x

xxxxxx

x

xx
y  

   
    

 















22

36225

2

2

36225

11

2136

1

12

2
2136

xx

xxxxxx

x

x

x
xxxxx

 

 
 


22

346

11

23265

xx

xxxxx






  

Funksiyaning hosilasini toping 

4.1 
2

3

2 




x

xx
y . 

4.2 
x

x
y






1

1
2 . 

4.3 
 

72

123






x

xx
y . 

4.4 
 

2

212

x

xxx
y


 . 

4.5 
4

2

12

2

x

x
y




 . 

4.6 
  55

1

22 




xx

x
y . 

4.7 
1

1
2 




xx

xx
y . 

4.8 
 

3

22

9

332

x

xx
y


 . 

4.9 
726

7

2 




xx

x
y . 

4.10   5
32 1

1
x

xxy  . 

4.11 
 

3
2

1

1
3






x

x
y . 

4.12 
 

2

232

x

xx
y


 . 

4.13 
1

1
3

3 2






x

xx
y . 

4.14 
3

36

8

1288

x

xx
y




 . 

4.15 
  542

1

2 


xxx
y . 

4.16 
 

3

32

3

1

x

x
y


 . 

4.17 
 

24

231

x

xx
y


 . 

4.18 
 

3

22

24

42

x

xx
y


 . 

4.19 
2

2

212

1

x

x
y




 . 

4.20 
 3 23

3

2

34

xx

x
y




 . 
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5-masala. Hosila hisoblansin. 

xxxy 52   

            











  5lnln255ln5 225ln5ln2 22

xxxxxeexy xxxxxxxx xxx

  

    .5ln255ln2ln25 222 xxxx xxxx   

5.1   arctgx
arctgxy

ln
2

1

  

5.2   x

xy
sinln

sin  

5.3  
xe

xy
5

sin  

5.4  
xe

xy arcsin  

5.5  
x

xy
3

ln  

5.6 xxy arcsin  

5.7  
xe

xctgy
2

3  

5.8 
tgxexy   

5.9  
xe

tgxy
4

  

5.10  
xe

xy 5cos  

5.11    xx
xxy

sinsin
sin  

5.12  tgx
xy 43   

5.13 
3sin xxy   

5.14  ctgx
xy 54   

5.15   2

5

sin
x

xy   

5.16   x
xy

cos2 1  

5.17 1919

19 xy x   

5.18 xxxy 23   

5.19  
xe

xy

1

sin  

5.20 
xexy

sin

  

 

6-masala. Funksiya grafigining abssissasi  00 txx   bo‘lgan nuqtasiga 

o‘tkazilgan urinma va normal tenglamalari topilsin. 











2,

,1

0

3

2

ttty

tx
 

  Biz      000 xxxfxfy   (urinma tenglamasi), 

 
 

 0

0

0

1
xx

xf
xfy 


  (normal tenglamasi) va 

t

t
x

x

y
y




 (parametrik 

ko‘rinishda berilgan funksiyaning hosilasi) formulalardan foydalanamiz: 

;321 2

0 x   ;622 3

0 xf
 

 
  .

4

11

4

431

2

31

1
0

2

2

3


















 xf
t

t

t

tt
yx  
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Topilgan qiymatlarni tenglikka olib borib qo‘yib urinma va normal 

tenglamalarni topamiz:  

 

  





















normalyx

urinmaxy

xy

xy

078114

09114

3
11

4
6

3
4

11
6

  

6.1 












3
,sin

cos3

0


tty

tx

 

6.3 










1,3

2

0

3

2

ttty

ttx
 

6.5 












3
,cos2

sin2

0

3

3


tty

tx

 

6.7 
 

 











3
,cos13

sin3

0


tty

ttx

 

6.9 












6
,cos

sin

0

2

2


tty

tx

 

6.11





















1,
1

1
arccos

1
arcsin

0
2

2

t
t

y

t

t
x

 

6.13 


















1,
ln23

ln1

0

2

t
t

t
y

t

t
x

 

6.15 















2,
2

2

3

1

02

2

t
tt

y

t

t
x

 

6.2 
 

 











4
,cos2sin

sin2cos

0


ttttty

ttttx

 

6.4 





















2,
1

3

1

3

02

2

2

t
t
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y

t
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x

 

6.6 
 













4
,

1ln2

0


tctgttgty

ctgtx

 

6.8 












2
,sin

cos

0


ttaty

tatx

 

6.10 


















1,
1

1

0t
t

t
y

t

t
x

 

6.12 
 









1,

1ln

0

2

tarctgtty

tx
 

 

6.14 
 









0,cos

sin1

0ttty

ttx
 

6.16 






















2
1

1

1
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2

3

t
t

t
y

t

t
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6.17 












6
,cos

sin

0

3

3


ttay

tax

 

6.19 
 

 











4
,cossin

cossin

0


ttttay

tttax

 

6.18 












4
,sin4

cos3

0


tty

tx

 

6.20 










1, 0

32

4

ttty

ttx
 

 

7-masala. Parametrik ko‘rinishda berilgan funksiyaning ikkinchi 

tartibli hosilasi hisoblansin. 









ty

ttx

cos2

sin
 

Bu masalani 
t

t
x

x

y
y




  - formuladan ikki marta foydalanish yordamida 

yechamiz. 

 

  t

t

tt

t

x

y
y

t

t

x
cos1

cos

sin

cos2
















  

   

   
.

cos1

sin

cos1

sincoscos1sin

cos1

cos1

cos

332

t

t

t

tttt

t

t

t

x

y
y

t

tx

x































  

7.1 








ty

tx

2sec2

2cos
 

7.3 












t
y

tx

1

1 2

 

7.5 










tey

tex

t

t

sin

cos
 

7.7 








ty

ttx

cos2

sin
 

7.9 















21

1

1

t
y

t
x  

7.2 










ty

tx

ln

13

 

7.4 












t
y

tx

1

1

 

7.6 










ttgy

tx

2

2cos
 

7.8 
 








2ln

3

ty

tx  



67 
 

7.11 













t
y

tx

1

1  

7.13 











ty

tx

sec

sin

 

7.15 












t
y

tgtx

2sin

1  

7.17 













1

1

t

t
y

tx

 

7.19 










3 1ty

tx
 

7.10 
 








ty

tx

cosln

sin
 

7.12 








ty

ttx

cos2

sin
 

7.14 
 








ty

tx

sinln

cos
 

7.16 








ttty

tttx

cossin

sincos
 

7.18 








ty

ex t

arcsin
 

7.20 
 

 







ty

ttx

cos24

sin2
 

 

8-masala. n-tartibli hosila hisoblansin. 

 .72ln  xy  

  
 

 72ln
10ln

1

10ln

72ln
72lg 


 x

x
xy  

 
72

1

10ln

2
72

72

1

10ln

1










x
x

x
y  

 
 

 
 2

2

2
72

1

10ln

2
72

72

1

10ln

2


























x
x

x
yy  

 
 3

3

72

!2

10ln

2







x
yy  

Bu jarayonni davom ettirish natijasida Nn  uchun  

   
 

 n
n

nn

x

n
y

72

!1

10ln

2
1

1






  tenglikni hosil qilamiz.  
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8.1  1cos2sin  xxy . 

8.3 
32

74






x

x
y . 

8.5 xy 32 . 

8.7 
 1313

52






x

x
y . 

8.9   xxy 2cos1sin  . 

8.11 
15

154






x

x
y . 

8.13 xy 57 . 

8.15 
x

y
4

 . 

8.17 325  xy . 

8.19 13  xey . 

8.2 5 17  xey . 

8.4  25lg  xy . 

8.6 
 232 


x

x
y . 

8.8 534  xy . 

8.10 3 12  xey . 

8.12  13lg  xy . 

8.14 
 949 


x

x
y . 

8.16 
 3213

15






x

x
y . 

8.18   xxy 5cos13sin  . 

8.20 
56

1211






x

x
y . 

 

9-masala. Quyidagi tengsizliklar isbotlansin. 

Quyidagi  

nn ab     0,1 nbabn  a  Nnb ,  

tengsizlik isbotlansin. 

Bu tengsizlikni Lagranj teoremasidan foydalanib isbotlaymiz. 

  nxxf  funksiya uchun  ba,  kesmada Lagranj teoremasini qo‘llaymiz: 

       ,0 abxfafbf     abxnabbax
nnn 
1

00 ,    .1 nbabn  

9.1  x1ln  x
x

x
,

1
0 . 9.11 Nnx

n

xx
xe

n
x  ,0,

!
...

!2
1

2

. 
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9.2  x1ln  xx, 0 . 

9.3 xe  Rxx  ,1 . 

9.4 xe  xex, 1. 

9.5 nn ab     0,1 naabn  a Nnb , . 

9.6   10,  pbaba ppp .  

9.7 xcos  x
x

,
2

1
2

 0 . 

9.8 x2  x
x

,
1

3 1. 

9.9 xsin  x
x

x ,
6

3

 0 . 

9.10 arctgx x 0,
3

3x
 1x . 

9.12 arctgx 0,
6

3x
x   1x . 

9.13   0,
32

1ln
32

 x
xx

xx . 

9.14 0,
!2

1
2

 x
x

xe x . 

9.15
b

a
ln  0,

b

ba 
b  a . 

9.16 0,
!2

1
2

 x
ex

xe
x

x . 

9.17   0 ,1 yxpxyx ppp    pxy   , 1. 

9.18   0,
2

1ln
2

 x
x

xx . 

9.19 baarctgbarctga  . 

9.20 
b

a
ln  0,

a

ba 
b  a . 

 

10-masala. Limit hisoblansin. 

  x
x

x sin

1

0
coslim


 

   
 















 0

0

sin

cosln
lim

sin

1

0

01coslim eex x

x

x
x

x ((Lopital teoremasidan foydalana-

miz )) 
  

    10cos

sin
lim

cos

cos

sin

lim
sin

cosln
lim

200
0

 








eeee x
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10.1 
10

lim
x

e x

x




. 

10.2   xctgx
x




1lnlim
01

. 

10.3 
100

1

0

2

lim
x

e x

x




. 

10.11 
xx

xx

x cos

ln
lim

3

3






. 

10.12   xx
x

11

1
ln1lim 


 . 
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10.4   xtg

x

x


22lim

2

1




. 

10.5 
10

1

0
lim

x

e x

x




. 

10.6   1

2

sin1lim




 xtgx
x


. 

10.7  x

x
x 01.0lim 100


. 

10.8 xx
x

2

0
lnlim


. 

10.9 
xe

xx
xx cos

sin
lim

2






. 

10.10 s

x
xsin

0
lim


. 

10.13 
x

x

x ex

ex
2

2

sin
lim






. 

10.14  xx
x

22

0
sinlim 


 . 

10.15 
xe

xx
xx sin

cos
lim

4






. 

10.16 tgx

x
x 2

0
lim 


. 

10.17  xctgx
x

22

0
lim 


. 

10.18   11

0
1lim 


 xe x

x
. 

10.19 
x

x x

tgx
1

0
lim 










. 

10.20   xtg

x

tgx
2

4

lim




. 

  

11-masala. Quyidagi masalalar yechilsin. 

Derazaning perimetri P ga teng, юqori qismi yarim doiradan iborat 

bo‘lgan to‘g’ri to‘rtburchak shaklga ega. Derazaning o‘lchamlari qanday 

bo‘lganda undan eng ko‘p  yorug’lik o‘tadi? 

Masala shartiga ko‘ra deraza chizmada ko‘rsatilgan shaklga ega. 

Chizmadan ko‘rinadiki,  
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2

x
R  . Unda 




2
22

x
yxRyxP  

.
422

xxP
y




 

Endi derazaning yuzasini topamiz: 

82284222

222222 xxPxxxxPxR
yxS


  

Derazadan eng ko‘p yorug’lik o‘tishi uchun derazaning yuzasi eng 

katta bo‘lishi kerak. Buning uchun (5) - funksiyaga maksimum qiymatni 

beruvchi x ni topishimiz lozim. 

  ;
42

x
x

P
xS


  

1
4

2

2
1

4
0 0
















P

x
P

xxS - statsionar nuqta. Bu 

nuqtada  
4

10


 xS  max0 . Demak, derazadan yorug’lik eng ko‘p 

o‘tishi uchun uning asosi 
4

2





P
x  bo‘lishi kerak ekan. Balandligi esa  

 
 

  442

24

4242422 























 PPPPPxxP
y  bo‘lar ekan.  

11.1 Yig’indisi o‘zgarmas a soniga teng bo‘lgan 2 ta musbat sonning m 

va n darajalari (m,n) ko‘paytmasining eng  katta qiymati 

topilsin. 

11.2  Ko‘paytmasi o‘zgarmas a soniga teng bo‘lgan 2 ta musbat sonning 

m va n darajalari (m,n) yig’indisining eng  kichik qiymati 

topilsin. 

11.3 Yuzasi Sga teng bo‘lgan barcha to‘g’ri to‘rtburchaklar ichidan 

perimetri eng kichik bo‘lganini aniqlang. 

11.4 Kateti va gipotenuzasi yig’indisi o‘zgarmas bo‘lgan to‘g’ri 

burchakli uchburchaklar ichida юzasi eng katta bo‘lganini aniqlang. 

11.5 V hajmli yopiq tsilindrik bankaning o‘lchamlari qanday bo‘lganda 

u eng kichik to‘la sirtga ega bo‘ladi? 
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11.6 1
2

2

2

2


b

y

a

x
ellipsga tomonlari ellipsning o‘qlariga parallel bo‘lgan 

shunday ichki to‘g’ri to‘rtburchak chizingki, uning yuzasi eng katta 

bo‘lsin. 

11.7 R radiusli yarim sharga asosi kvadratdan iborat bo‘lgan shunday 

ichki to‘g’ri parallelepipedni chizingki, uning hajmi eng katta 

bo‘lsin. 

11.8 R radiusli sharga shunday ichki silindr chizingki, uning hajmi eng 

katta bo‘lsin. 

11.9 R radiusli sharga shunday ichki silindr chizingki, uning to‘la sirti 

eng katta bo‘lsin. 

11.10 R radiusli sharga shunday  tashqi konus chizingki, uning hajmi eng 

kichik bo‘lsin. 

11.11 Yasovchisi l ga teng bo‘lgan eng katta hajmli konusning hajmini 

toping. 

11.12 M(p,p) nuqta va pxy 22   parabola orasidagi eng qisqa masofani 

toping. 

11.13 A(2,0) nuqta va 122  yx  aylana orasidagi eng qisqa va eng uzun 

masofalar topilsin. 

11.14 1
2

2

2

2


b

y

a

x
 (0 b a ) ellipsning B( b;0 ) nuqtasidan o‘tuvchi eng katta 

vatarini toping. 

11.15 1
2

2

2

2


b

y

a

x
ellipsda shunday  yxM ,  nuqtani topingki, shu nuqtadan 

ellipsga o‘tkazilgan urinma va koordinata o‘qlari yordamida hosil 

bo‘lgan uchburchakning yuzasi eng kichik bo‘lsin. 

11.16 R radiusli doiraga shunday ichki to‘g’ri to‘rtburchak chizingki, 

uning perimetri eng katta bo‘lsin. 

11.17  2;1A nuqtadan shunday to‘g’ri chiziq o‘tkazingki, shu to‘g’ri chiziq 

va musbat yarim o‘qlar yordamida hosil bo‘lgan uchburchakning 

yuzasi eng kichik bo‘lsin. 

11.18 a musbat sonni shunday 2ta musbat qo‘shiluvchiga ajratingki, ular 

kublarining yig’indisi eng kichik bo‘lsin. 
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11.19 Uzunligi l ga teng bo‘lgan setka bilan bir tomoni devor bilan 

to‘silgan shunday to‘g’ri to‘rtburchak shaklidagi yer uchastkasini 

o‘rash kerakki, uning yuzasi eng katta bo‘lsin. 

11.20 Teng yoqli uchburchakni 2 ta teng yuzali uchburchakka ajratuvchi 

eng kichik kesmaning uzunligi topilsin. 

12 - masala. Birinchi tartibli hosiladan foydalanib funksiyaning 

grafigini chizing. 

 
16

4
22 


xx

y  

Berilgan funksiyaning hosilasini hisoblaymiz: 

      
 

      
.

4

42

8

424
4

16

42
4242

16

1 22 








xxxxxx
xx

xx
xxxxy  

Intervallar usulidan foydalanib bu ifodaning ishorasi saqlanadigan 

oroliqlarni topamiz va quyidagi jadvalni tuzamiz. 

x  0;  0  2;0  2  4;2  4  ;4  

y’ - 0   0 - 0   

y  
0

min   
1

max   
0

min   

Jadvaldagi ma’lumotlardan foydalanib berilgan funksiyaning grafigini 

chizamiz:  
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12.1  22 2 xxy . 

12.2 96
4

9 23




 x
xx

y . 

12.3 3232 xxy  . 

12.4    22
11  xxy . 

12.5 432 23  xxy . 

12.6 32 23 xxy  . 

12.7    22
31  xxy . 

12.8 5
4

3 23





xx

y . 

12.9 386 xxy  . 

12.10  22 116  xxy . 

12.11 532 23  xxy . 

12.12 32 8122 xxy  . 

12.13    22
1212  xxy . 

12.14 xxxy 1292 23  . 

12.15 2812 32  xxy . 

12.16    22
3212  xxy . 

12.17 
 

x
xx

y 



4

27 23

. 

12.18 
 

8

12 2xx
y


 . 

12.19 
 

16

4
22 


x

y . 

12.20 41216 23  xxy . 

 

 

 

13-masala. Funksiyaning asimtotalarini toping va grafigini yasang. 

14

34
2

3






x

xx
y  


 

  




























































2

1

2

1

2

3

2

3

1212

34

14

34 2

2

3

xx

xxx

xx

xx

x

xx
y   

a) Vertikal asimptota: 
2

1
x va 

2

1
x  to‘g’ri chiziqlar vertikal asimptota 

bo‘ladi , chunki   


xf
x

2

1
lim  va   



xf
x

2

1
lim . Funksiyaning shu nuqtadagi 

o‘ng va chap limitlarini ham hisoblaymiz: 

  


xf
x 0

2

1
lim ,    



xf
x 0

2

1
lim  

  


xf
x 0

2

1
lim   



xf
x 0

2

1
lim  
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b) Gorizontal asimptota:  



xx

xf limlim 




14

34
2

3

x

xx
gorizontal asimptota 

yo‘q. 

v) Og’ma asimptota: 
 

 
,1

14

34
limlim

2

3







 xx

xx

x

xf
a

xx
 

   xy
x

x

x

xxxx
x

x

xx
axxfb

xxxx



























0

14

2
lim

14

434
lim

14

34
limlim

22

33

2

3

-

og’ma asimptota. 

Bu asimtotalardan foydalanib funksiya grafigini chizamiz :  

 

13.1 . 

13.2 . 

13.3 . 

13.4 . 

13.5 . 

13.11 . 

13.12 . 

13.13 . 

13.14 . 

13.15 . 

2

23

1

232

x

xxx
y






1

92

2

2






x

x
y

34

112






x

x
y

2

23

31

1232

x

xxx
y






2

12

2

2






x

x
y

49

2

2

2






x

x
y

34

1

2

2






x

x
y

54

17 2






x

x
y

84

94 2






x

x
y

43

4
2

3






x

xx
y



76 
 

13.6 . 

13.7 . 

13.8 . 

13.9 . 

13.10 . 

13.16 . 

13.17 . 

13.18 . 

13.19 . 

13.20 . 

 

14-masala. Funksiyani to‘liq tekshiring va grafigini yasang. 

 

 Funksiyani taklif qilingan sхema asosida to‘liq tekshiramiz. 

Funksiyaning aniqlanish sohasi:  

Funksiya juft ham, toq ham, davriy ham emas. 

 nuqta funksiyaning 2-tur uzilish nuqtasi, chunki  va 

 
OY  o‘qi bilan kesishish nuqtasi: . 

OX o‘qi bilan kesishish nuqtasi: Ø  OX o‘qi 

bilan kesishishmaydi. 

Funksiyaning ishorasi o‘zgarmaydigan oraliqlar: 

Х   

Y -  

 

Endi funksiyani monotonlik va ekstremumga tekshiramiz: 

97

21 2






x

x
y

2

23

32

223

x

xxx
y






89

16

2

2






x

x
y

12

73 2






x

x
y

23

462






x

xx
y

23

3

2

2






x

x
y

2

23

32

2834

x

xxx
y






2

23

42

1322

x

xxx
y






2

62 2






x

x
y

2

3

35

5

x

xx
y






1

12






x

xx
y



   1 xyД

1x   


xf
x 01
lim

  


xf
x 01
lim   10  fy

 xxxy 010 2


 1;  ;1


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Intervallar usulidan foydalanib bu ifodaning ishorasi saqlanadigan 

oraliqlarni topamiz va quyidagi jadvalni tuzamiz: 

 

х  0  1   2  

  0 -  - 0  

y        

 

Qavariqlikka tekshirish uchun ni hisoblaymiz: 

  va  . 

Funksiya asimptotalarini topamiz: 

a) Vertikal asimptota: -vertikal asimptota. 

b) Gorizontal asimptota: gorizontal 

asimptota yo‘q. 

v) Og’ma asimptota:  

og’ma asimptota. 

     
     

 

 22

2

2

22

2

22

1

2

1

2

1

1132

1

11112

1

1





































x

xx

x

xx

x

xxxx

x

xxxx

x

xx
y

 0;  1;0  2;1  ;2

y   

1
max


 3
min

y 

 
     

x
xxx

xx
yy 





































322

2

1

2

1

1
1

1

2
да1 x да1

1x

  





 1

1
limlim

2

x

xx
xf

xx

 
 

1
1

1
limlim

2







 xx

xx

x

xf
a

xx

   xy
xx

xxxx
x
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xx
axxfb

xxxx






























0

1

1
lim

1

1
lim

1

1
limlim

222
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Endi topilgan ma’lumotlardan foydalanib funksiya grafigini chizamiz:  

 

 

Quyidagi funksiyalarning hosilalarini toping: 

 

14.1 . 

14.2 . 

14.3 . 

14.4 . 

14.5 . 

14.6 . 

14.7 . 

14.8 .  

14.9 . 

14.11 . 

14.12.  

14.13 . 

14.14 . 

14.15 . 

14.16 . 

14.17 . 

14.18 . 

14.19 . 

14.20 . 

2

3 4

x

x
y


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2
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3

4

x
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y
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

xx
y

2

2
2 


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


1
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14.10 . 

 

a) Hosilasini toping 

1. x-ln(2+ex+2√𝑒2𝑥 + 𝑒𝑥 + 1) 

2.  
𝑒2𝑥(2−sin2x−cos2x)

8
 

3. 
1

2
arctg

𝑒𝑥−3

2
 

4. 
1

𝑙𝑛4
𝑙𝑛

1+2𝑥

1−2𝑥 

5. 2√𝑒𝑥 + 1 + 𝑙𝑛
√𝑒𝑥+1−1

√𝑒𝑥+1+1
 

6. 
2

3
√(𝑎𝑟𝑐𝑡𝑔 𝑒𝑥)3 

7. 
1

2
ln(𝑒2𝑥 + 1) − 2𝑎𝑟𝑐𝑡𝑔𝑒𝑥  

8. ln(𝑒𝑥 + 1) +
18𝑒2𝑥+27𝑒𝑥+11

6(𝑒𝑥+1)3  

9. 
2(√2𝑥−1−𝑎𝑟𝑐𝑡𝑔√2𝑥−1)

𝑙𝑛2
 

10. 2(𝑥 − 2)√1 + 𝑒𝑥 −

2𝑙𝑛
√1+𝑒𝑥−1

√1+𝑒𝑥+1
 

11. 𝑒𝛼𝑥 𝛼𝑠𝑖𝑛𝛽𝑥−𝛽𝑐𝑜𝑠𝛽𝑥

𝛼2+𝛽2  

12. 𝑒𝛼𝑥 𝛽𝑠𝑖𝑛𝛽𝑥+𝛼𝑐𝑜𝑠𝛽𝑥

𝛼2+𝛽2  

 

13. 𝑒𝑎𝑥[
1

2𝑎
+

𝑎𝑐𝑜𝑠2𝑏𝑥+2𝑏𝑠𝑖𝑛𝑏𝑥

2(𝑎2+4𝑏2 ] 

14. 𝑥 +
1

1+𝑒𝑥 − ln(1 + 𝑒𝑥) 

15. 𝑥 − 3 ln [1 + 𝑒
𝑥

6) √1 + 𝑒
𝑥

3 −

3𝑎𝑟𝑐𝑡𝑔𝑒
𝑥

6] 

16. 𝑥 +
8

1+𝑒
𝑥
4

 

17. ln(𝑒𝑥 + √𝑒2𝑥 − 1) +

𝑎𝑟𝑐𝑠𝑖𝑛𝑒−𝑥 

18. 𝑥 − 𝑒−𝑥𝑎𝑟𝑐𝑠𝑖𝑛𝑒𝑥 − ln (1 +

√1 − 𝑒2𝑥) 

19. 𝑥 − ln(1 + 𝑒𝑥) −

2𝑒−
𝑥

2𝑎𝑟𝑐𝑡𝑔𝑒
𝑥

2 − (𝑎𝑟𝑐𝑡𝑔𝑒
𝑥

2)2 

20. 
𝑒𝑥3

1+𝑥3 

21. 
1

𝑚√𝑎𝑏
𝑎𝑟𝑐𝑡𝑔(𝑒𝑚𝑥√

𝑎

𝑏
) 

22. 3𝑒 √𝑥
3

(√𝑥23
− 2√𝑥

3
+2)   

23. 𝑙𝑛
√1+𝑒𝑥+𝑒2𝑥−𝑒𝑥−1

√1+𝑒𝑥+𝑒2𝑥−𝑒𝑥+1
 

 

 

b) Hosilalarini toping 

1. 𝑦 = √𝑥 ln(√𝑥 + √𝑥 + 𝑎) −

√𝑥 + 𝑎 

 2.𝑦 = ln (𝑥 + √𝑎2 + 𝑥2 

3.  𝑦 = 2 − √𝑥 − 4 ln(2 + √𝑥) 

4.𝑦 = 𝑙𝑛
𝑥2

√1−𝑎𝑥4
 

11. 𝑦 = 𝑙𝑛 √
1+2𝑥

1−2𝑥

4
 

12.𝑦 = 𝑥 +
1

√2
ln (

𝑥−√2

𝑥+√2
) + 𝑎𝜋√2

 

13.𝑦 = 𝑙𝑛𝑠𝑖𝑛
2𝑥+4

𝑥+1
 

14.𝑦 = 𝑙𝑜𝑔16𝑙𝑜𝑔5𝑡𝑔𝑥 

 2

2

1


x

x
y
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5. 𝑦 = ln(√𝑥 + √𝑥 + 1) 

6. 𝑦 = 𝑙𝑛
𝑎2+𝑥2

𝑎2−𝑥2 

7.  𝑦 = 𝑙𝑛2(𝑥 + 𝑐𝑜𝑠𝑥) 

8. 𝑦 = 𝑙𝑛3(1 + 𝑐𝑜𝑠𝑥) 

9.  𝑦 = 𝑙𝑛
𝑥2

1−𝑥2 

10. 𝑦 = 𝑙𝑛𝑡𝑔(
𝜋

4
+

𝑥

2
) 

 

15.𝑦 = 𝑙𝑜𝑔4𝑙𝑜𝑔2𝑡𝑔𝑥 

16.𝑦 =
𝑥(𝑐𝑜𝑠𝑙𝑛𝑥+𝑠𝑖𝑛𝑙𝑛𝑥)

2
 

17.𝑦 = 𝑙𝑛𝑐𝑜𝑠
2𝑥+3

2𝑥+1
 

18.𝑦 = 𝑙𝑔𝑙𝑛𝑐𝑡𝑔𝑥 

19.𝑦 = 𝑙𝑜𝑔𝑎
1

√1−𝑥4
 

20.𝑦 =
1

√2
ln (√2𝑡𝑔𝑥 +

√1 + 2𝑡𝑔2𝑥) 

 

d) Hosilasini toping 

1. 𝑦 = 𝑠𝑖𝑛√3 +
1

3

𝑠𝑖𝑛3𝑥

𝑐𝑜𝑠6𝑥
 

2. 𝑦 = 𝑐𝑜𝑠𝑙𝑛2 −
1

3

𝑐𝑜𝑠23𝑥

𝑠𝑖𝑛6𝑥
 

3. 𝑦 = 𝑡𝑔𝑙𝑔
1

3
+

1

4

𝑠𝑖𝑛24𝑥

𝑐𝑜𝑠8𝑥
 

4. 𝑦 = 𝑐𝑡𝑔 √5
3

−
1

8

𝑐𝑜𝑠24𝑥

𝑠𝑖𝑛8𝑥
 

5. 𝑦 =
𝑐𝑜𝑠𝑠𝑖𝑛5 𝑠𝑖𝑛25𝑥

2𝑐𝑜𝑠4𝑥
 

6. 𝑦 =
𝑠𝑖𝑛𝑐𝑜𝑠3 𝑐𝑜𝑠22𝑥

4𝑐𝑜𝑠4𝑥
 

7. 𝑦 =
𝑐𝑜𝑠𝑙𝑛7 𝑠𝑖𝑛27𝑥

7𝑐𝑜𝑠14𝑥
 

8. 𝑦 = 𝑐𝑜𝑠𝑐𝑡𝑔2 −
1

16

𝑐𝑜𝑠28𝑥

𝑠𝑖𝑛16𝑥
 

9. 𝑦 = 𝑐𝑡𝑔𝑐𝑜𝑠2 +
1

6

𝑠𝑖𝑛26𝑥

𝑐𝑜𝑠12𝑥
 

10. 𝑦 = √𝑐𝑡𝑔23 −
1

20

𝑐𝑜𝑠210𝑥

𝑠𝑖𝑛20𝑥
 

11. 𝑦 =
1

3
𝑐𝑜𝑠𝑡𝑔

1

2
+

1

10

𝑠𝑖𝑛210𝑥

𝑐𝑜𝑠20𝑥
 

12. 𝑦 = 𝑙𝑛𝑠𝑖𝑛
1

2
−

1

24

𝑐𝑜𝑠212𝑥

𝑠𝑖𝑛24𝑥
 

13. 𝑦 = 8𝑠𝑖𝑛𝑐𝑡𝑔3 +
1

5

𝑠𝑖𝑛25𝑥

𝑐𝑜𝑠10𝑥
 

14. 𝑦 =
𝑐𝑜𝑠𝑐𝑡𝑔3 𝑐𝑜𝑠214𝑥

28𝑠𝑖𝑛28𝑥
 

15. 𝑦 =
𝑐𝑜𝑠𝑡𝑔

1

3
𝑠𝑖𝑛215𝑥

15𝑐𝑜𝑠30𝑥
 

16. 𝑦 =
𝑠𝑖𝑛𝑡𝑔

1

7
𝑐𝑜𝑠216𝑥

32𝑠𝑖𝑛32𝑥
 

17. 𝑦 =
𝑐𝑡𝑔𝑠𝑖𝑛

1

3
𝑠𝑖𝑛217𝑥

17𝑐𝑜𝑠34𝑥
 

18. 𝑦 =
√𝑐𝑡𝑔25 𝑐𝑜𝑠218𝑥

36𝑠𝑖𝑛36𝑥
 

19. 𝑦 =
𝑡𝑔𝑙𝑛2 𝑠𝑖𝑛219𝑥

19𝑐𝑜𝑠38𝑥
 

20. 𝑦 = 𝑐𝑡𝑔𝑐𝑜𝑠5 −
1

40

𝑐𝑜𝑠220𝑥

𝑠𝑖𝑛40𝑥
 

 

e) Hosilasini toping 

1. 
2

tgx ctgx
y arctg


  

2. 
2

arcsin
5

x
y

x


  

3. 22 1 9 2 1
2 arcsin

4 8 3

x x
y x x

 
     

11. 𝑦 =
1

2√𝑥
+

1+𝑥

2𝑥
𝑎𝑟𝑐𝑡𝑔√𝑥 

12. 
3

(2 ) 3arccos
2 2

x x
y x x


    

13. 𝑦 =
4+𝑥4

𝑥3 𝑎𝑟𝑐𝑡𝑔
𝑥2

2
+

4

𝑥
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4. 𝑦 = 𝑎𝑟𝑐𝑡𝑔
√1+𝑥2−1

𝑥
 

5. 𝑦 = 𝑎𝑟𝑐𝑐𝑜𝑠
𝑥2−4

√𝑥4+16
 

6. 𝑦 = √
2

3
𝑎𝑟𝑐𝑡𝑔

3𝑥−1

√6𝑥
 

7. 𝑦 =
1

4
𝑙𝑛

𝑥−1

𝑥+1
−

1

2
𝑎𝑟𝑐𝑡𝑔𝑥 

8. 𝑦 =
(𝑥−4)√8𝑥−𝑥2−7

2−9𝑎𝑟𝑐𝑐𝑜𝑠√
𝑥−1

6

 

9. 𝑦 =
(1+𝑥)𝑎𝑟𝑐𝑡𝑔√𝑥

𝑥2 +
1

3𝑥√𝑥
 

10. 
3 2

22
arccos 1

3 9

x x
y x x


    

14. 𝑦 = 𝑎𝑟𝑐𝑠𝑖𝑛√
𝑥

𝑥+1
+ 𝑎𝑟𝑐𝑡𝑔√𝑥 

15. 𝑦 =
1

2
√

1

𝑥2 − 1 −
𝑎𝑟𝑐𝑐𝑜𝑠𝑥

2𝑥2  

16. 
6

6arcsin (4 )
2 2

x x
y x x


    

17. 23
6 8 arcsin 1

2 2

x x
y x x


       

18. 𝑦 =
(1+𝑥)𝑎𝑟𝑐𝑡𝑔√𝑥−√𝑥

𝑥
 

19. 𝑦 =
2√1−𝑥𝑎𝑟𝑐𝑠𝑖𝑛√𝑥

𝑥
+

2

√𝑥
 

20. 22 5 9 1
5 4 arcsin

4 4 3

x x
y x x

 
     

 

f) Hosilasini toping 

1. 𝑦 =
1

4√5
𝑙𝑛

2+√5𝑡ℎ𝑥

2−√5𝑡ℎ𝑥
 

2. 𝑦 =
𝑠ℎ𝑥

4𝑐ℎ4𝑥
+

3𝑠ℎ𝑥

8𝑐ℎ2𝑥
+

3

8
𝑎𝑟𝑐𝑡𝑔(𝑠ℎ𝑥) 

3. 𝑦 =
1

2
𝑙𝑛

1+√𝑡ℎ𝑥

1−√𝑡ℎ𝑥
− 𝑎𝑟𝑐𝑡𝑔√𝑡ℎ𝑥 

4. 𝑦 =
1

2
𝑡ℎ𝑥 +

1

4√2
𝑙𝑛

1+√2𝑡ℎ𝑥

1−√2𝑡ℎ𝑥
 

5. 𝑦 =
1

2
𝑡ℎ𝑥 +

1

4√2
𝑙𝑛

1−√5𝑡ℎ𝑥

1+√5𝑡ℎ𝑥
 

6. 𝑦 = (−
1

2
𝑙𝑛𝑡ℎ

𝑥

2
−

𝑐ℎ𝑥

2𝑠ℎ2𝑥
) 

7. 𝑦 =
1

2𝑎√1+𝑎2
𝑙𝑛

𝑎+√1+𝑎2𝑡ℎ𝑥

𝑎−√1+𝑎2𝑡ℎ𝑥
 

8. 𝑦 =
1

18√2
𝑙𝑛

1+√2𝑐𝑡ℎ𝑥

1−√2𝑐𝑡ℎ𝑥
 

9. 𝑦 = 𝑎𝑟𝑐𝑡𝑔
√𝑠ℎ2𝑥

𝑐ℎ𝑥−𝑠ℎ𝑥
 

10. 𝑦 =
1

6
𝑙𝑛

1−𝑠ℎ2𝑥

2+𝑠ℎ2𝑥
 

11. 𝑦 = √
1+𝑡ℎ𝑥

1−𝑡ℎ𝑥

4
 

12. 𝑦 =
𝑠ℎ𝑥

1+𝑐ℎ𝑥
 

13. 𝑦 =
𝑐ℎ𝑥

√𝑠ℎ2𝑥
 

14. 𝑦 =
𝑠ℎ3𝑥

√𝑐ℎ6𝑥
 

15. 𝑦 =
1+8𝑐ℎ2𝑥𝑙𝑛𝑐ℎ𝑥

2𝑐ℎ2𝑥
 

16. 𝑦 = −
12𝑠ℎ2𝑥+1

3𝑐ℎ3𝑥
 

17. 𝑦 = −
𝑠ℎ𝑥

2𝑐ℎ2𝑥
+

3

2
𝑎𝑟𝑐𝑠𝑖𝑛 (𝑡ℎ𝑥) 

18. 𝑦 =
1

√8
𝑎𝑟𝑐𝑠𝑖𝑛

3+𝑐ℎ𝑥

1+3𝑐ℎ𝑥
 

19. 𝑦 =
1

√8
𝑙𝑛

4+√8𝑡ℎ
𝑥

2

4−√8𝑡ℎ
𝑥

2

 

20. 𝑦 = ⌊
1

4
𝑙𝑛 |𝑡ℎ

𝑥

2
| −

1

4
𝑙𝑛

3+𝑐ℎ𝑥

𝑠ℎ𝑥
⌋ 
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g) Hosilasini toping 

1. 𝑦 = (𝑎𝑟𝑐𝑡𝑔𝑥)
1

2
𝑙𝑛𝑎𝑟𝑐𝑡𝑔𝑥

 

2. 𝑦 = (𝑠𝑖𝑛√𝑥)𝑙𝑛𝑠𝑖𝑛√𝑥 

3. 𝑦 = (𝑠𝑖𝑛𝑥)5𝑒𝑥
 

4. 𝑦 = (𝑎𝑟𝑐𝑠𝑖𝑛𝑥)𝑒𝑥
 

5. 𝑦 = (𝑙𝑛𝑥)3𝑥 

6. 𝑦 = 𝑥𝑎𝑟𝑐𝑠𝑖𝑛𝑥 

7. 𝑦 = (𝑐𝑡𝑔3𝑥)2𝑒𝑥
 

8. 𝑦 = 𝑥𝑒𝑡𝑔𝑥
 

9. 𝑦 = (𝑡𝑔𝑥)4𝑒𝑥
 

10. 𝑦 = (𝑐𝑜𝑠5𝑥)𝑒𝑥
 

11. 𝑦 = (𝑥𝑠𝑖𝑛𝑥)8ln (𝑥𝑠𝑖𝑛𝑥) 

12. 𝑦 = (𝑥 − 5)𝑐ℎ𝑥 

13. 𝑦 = (𝑥3 + 4)𝑡𝑔𝑥 

14. 𝑦 = 𝑥𝑠𝑖𝑛𝑥3
 

15. 𝑦 = (𝑥2 − 1)𝑠ℎ𝑥 

16. 𝑦 = (𝑥4 + 5)𝑐𝑡𝑔𝑥 

17. 𝑦 = (𝑠𝑖𝑛𝑥)
5𝑥

2  

18. 𝑦 = (𝑥2 + 1)𝑐𝑜𝑠𝑥 

19. 𝑦 = 19𝑥19
𝑥19 

20. 𝑦 = 𝑥3𝑥
2𝑥 

 

h) Hosilasi topilsin 

1. 𝑦 =
1

24
(𝑥2 + 8)√𝑥2 − 4 +

𝑥4

16
𝑎𝑟𝑐𝑠𝑖𝑛

2

𝑥
, ( 𝑥 > 0) 

2. 𝑦 =
4𝑥+1

16𝑥2+8𝑥+3
+

1

√2
𝑎𝑟𝑐𝑡𝑔

4𝑥+1

√2
 

3. 𝑦 = 2𝑥 − ln(1 + √1 − 𝑒4𝑥) −

𝑒−2𝑥𝑎𝑟𝑐𝑠𝑖𝑛 (𝑒2𝑥) 

4. 𝑦 =

√9𝑥2 − 12𝑥 + 5𝑎𝑟𝑐𝑡𝑔(3𝑥 −
2) − ln (3𝑥 − 2 +

√9𝑥2 − 12𝑥 + 5) 

5. 𝑦 =
2

𝑥−1
√2𝑥 − 𝑥2 +

𝑙𝑛
1+√2𝑥−𝑥2

𝑥−1
 

6. 𝑦 =
𝑥4

81
𝑎𝑟𝑐𝑠𝑖𝑛

3

𝑥
+

1

81
(𝑥2 +

18)√𝑥2 − 9,   (𝑥 > 0) 

7. 𝑦 =
1

√2
𝑎𝑟𝑐𝑡𝑔

3𝑥−1

√2
+

1

3

3𝑥−1

3𝑥2−2𝑥+1
 

8. 𝑦 = 3𝑥 − ln(1 + √1 − 𝑒6𝑥) −

𝑒−3𝑥arcsin (𝑒3𝑥) 

11. 𝑦 = (2𝑥 + 3)4𝑎𝑟𝑐𝑠𝑖𝑛
1

2𝑥+3
+

2

3
(4𝑥2 + 12𝑥 + 11)√𝑥2 + 3𝑥 + 2 

12. 𝑦 =
𝑥+2

𝑥2+4𝑥+6
+

1

√2
𝑎𝑟𝑐𝑡𝑔

𝑥+2

√2
 

13. 𝑦 = 5𝑥 − ln(1 +

√1 − 𝑒10𝑥) − 𝑒−5𝑥arcsin (𝑒5𝑥) 

14. 𝑦 =

√𝑥2 − 8𝑥 + 17𝑎𝑟𝑐𝑡𝑔(𝑥 − 4) −

ln (𝑥 − 4 + √𝑥2 − 8𝑥 + 17) 

15. 𝑦 = 𝑙𝑛
1+√−3+4𝑥−𝑥2

2−𝑥
+

2

2−𝑥
√−3 + 4𝑥 − 𝑥2 

16.

 2 23 4 2 9 12 3 arcsiny x x x x x       

17. 𝑦 =
1

√2
𝑎𝑟𝑐𝑡𝑔

𝑥−1

√2
+

𝑥−1

𝑥2−2𝑥+3
 

18. 𝑦 = ln(𝑒5𝑥 + √𝑒10𝑥 − 1) +

arcsin (𝑒−5𝑥) 
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9.𝑦 = ln(4𝑥 − 1) +

√16𝑥2 − 8𝑥 + 2 −

√16𝑥2 − 8𝑥 + 2𝑎𝑟𝑐𝑡𝑔(4𝑥 − 1) 

10. 𝑦 = 𝑙𝑛
1+2√−𝑥−𝑥2

2𝑥+1
+

4

2𝑥+1
√−𝑥 − 𝑥2 

 

19. 𝑦 = ln(2𝑥 − 3 +

√4𝑥2 − 12𝑥 + 10) −

√4𝑥2 − 12𝑥 + 10𝑎𝑟𝑐𝑡𝑔(2𝑥 − 3) 

20. 𝑦 = 𝑙𝑛
1+√−3−4𝑥−𝑥2

−𝑥−2
−

2

𝑥+2
√−3 − 4𝑥 − 𝑥2 

i) Hosilasini toping 

1. 𝑦 =
𝑥𝑎𝑟𝑐𝑠𝑖𝑛𝑥

√1−𝑥2
+ 𝑙𝑛√1 − 𝑥2 

2. 𝑦 = 4𝑙𝑛
𝑥

1+√1−4𝑥2
−

√1−4𝑥2

𝑥2  

3. 𝑦 = 𝑥(2𝑥2 + 5)√𝑥2 + 1 +

3ln (𝑥 + √𝑥2 + 1) 

4. 𝑦 = 𝑥3𝑎𝑟𝑐𝑠𝑖𝑛𝑥 +
𝑥2+2

3
√1 − 𝑥2 

5. 𝑦 = 3𝑎𝑟𝑐𝑠𝑖𝑛
3

4𝑥+1
+

2√4𝑥2 + 2𝑥 − 2, (4𝑥 + 1 > 0) 

6. 𝑦 = √1 + 𝑥2𝑎𝑟𝑐𝑡𝑔𝑥 − ln (𝑥 +

√1 + 𝑥2) 

7. 𝑦 = 2𝑎𝑟𝑐𝑠𝑖𝑛
2

3𝑥+4
+

√9𝑥2 + 24𝑥 + 12, (3𝑥 + 4 > 0) 

8. 𝑦 = 𝑥(2𝑥2 + 1)√𝑥2 + 1 −

ln (𝑥 + √𝑥2 + 1) 

9. 𝑦 = ln(𝑥 + √1 + 𝑥2) −
√1+𝑥2

𝑥
 

10. 𝑦 =
3

2√2
𝑎𝑟𝑐𝑠𝑖𝑛

3х+4

√17
 

11. 

 (4 )(1 ) 3ln 4 1y x x x x        

12. 𝑦 = 𝑙𝑛
√𝑥2−𝑥+1

𝑥
+

√3𝑎𝑟𝑐𝑡𝑔
2𝑥−1

√3
 

13. 𝑦 =
1

12
𝑙𝑛

𝑥4−𝑥2+1

(𝑥2+1)2 −

1

2√3
𝑎𝑟𝑐𝑡𝑔

√3

2𝑥2−1
 

14. 𝑦 = √4𝑥2 + 12х − 7,   

15. 𝑦 = 2𝑎𝑟𝑐𝑠𝑖𝑛
2

3𝑥+1
+

√9𝑥2 + 6𝑥 − 3, (3𝑥 + 1 > 0) 

16.  
3

2 3 1 1
2

y x x arctg x      

17.    1
2 1 ln 1 1

3
y x x x       

18. 𝑦 = √𝑥2 + 1 −
1

2
𝑙𝑛

√𝑥2+1−𝑥

√𝑥2+1+1
 

19. 
2

1 1 1 1
ln

1 2 2 1

x
y arctgx

x x

  
   

  
 

20.    
1

ln 1 1 arcsin
2

y x x x x x       

j) Hosilasini toping 

1. 𝑦 =
1

𝑠𝑖𝑛∝
ln (𝑡𝑔𝑥 + 𝑐𝑡𝑔 ∝) 

2. 𝑦 = 𝑥𝑐𝑜𝑠 ∝ +𝑠𝑖𝑛𝑎𝑙𝑛𝑠𝑖𝑛(𝑥−∝) 

3.   2 11
sin ln 2 1 cos ln

2 2
y x x x    

 
 

11. 𝑦 = (1 + 𝑥2)𝑒𝑎𝑟𝑐𝑡𝑔𝑥 

12.𝑦 =
𝑐𝑡𝑔𝑥+𝑥

1−𝑥𝑐𝑡𝑔𝑥
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4. 𝑦 = 𝑎𝑟𝑐𝑡𝑔(𝑐𝑜𝑠𝑥)√𝑐𝑜𝑠2𝑥
4

 

5. 𝑦 = 3
𝑠𝑖𝑛𝑥

𝑐𝑜𝑠2𝑥
+ 2

𝑠𝑖𝑛𝑥

𝑐𝑜𝑠4𝑥
 

6.  
1 2 2

2 2 2
sin

arcsin
a b x

y a b
b

  
   

 
 

 

7. 𝑦 =
7𝑥(3𝑠𝑖𝑛3𝑥+𝑐𝑜𝑠3𝑥 𝑙𝑛7)

9+𝑙𝑛27
 

8. 𝑦 = 𝑙𝑛
𝑠𝑖𝑛𝑥

𝑐𝑜𝑠𝑥+√𝑐𝑜𝑠2𝑥
 

9. 
 2

1
( cos ) ln

21

x
y arctg a x a tg

a a

 
    

 

10. 
3

1 1 1 1 sin
ln

3sin sin 2 1 sin

x
y

x x x


   


 

13. 𝑦 =
1

2𝑠𝑖𝑛
∝

2

𝑎𝑟𝑐𝑡𝑔
2𝑥𝑠𝑖𝑛

∝

2

1−𝑥2  

14. 𝑦 = 𝑎𝑟𝑐𝑡𝑔
√√𝑥4+1−𝑥2

𝑥
,  

15. 𝑦 =
6𝑥(𝑠𝑖𝑛4𝑥𝑙𝑛6−4𝑐𝑜𝑠4𝑥)

16+𝑙𝑛26
 

16. 𝑦 = 𝑎𝑟𝑐𝑡𝑔
√2𝑡𝑔𝑥

1−𝑡𝑔𝑥
 

17. 𝑦 = 𝑎𝑟𝑐𝑡𝑔
2𝑠𝑖𝑛𝑥

√9𝑐𝑜𝑠2𝑥−4
 

18. 𝑦 =
5𝑥(2𝑠𝑖𝑛2𝑥+𝑐𝑜𝑠2𝑥𝑙𝑛5)

4+𝑙𝑛25
 

19. 𝑦 = 𝑙𝑛
√2+𝑡ℎ𝑥

√2−𝑡ℎ𝑥
 

20. 𝑦 =
3𝑥(4𝑠𝑖𝑛4𝑥+𝑙𝑛3𝑐𝑜𝑠4𝑥)

16+𝑙𝑛23
 

 

𝒕 = 𝒕𝟎 parametrning qiymatlariga mos keluvchi egri chicziqning 

urinma va normal tenglamalarini tuzing. 

1. {
𝑥 = 𝑎𝑠𝑖𝑛3𝑡
𝑦 = 𝑎𝑐𝑜𝑠3𝑡

,   𝑡0 =
𝜋

3
 

2. {
𝑥 = √3𝑐𝑜𝑠𝑡

𝑦 = 𝑠𝑖𝑛𝑡
,    𝑡0 =

𝜋

3
 

3. {
𝑥 = 𝑎(𝑡 − 𝑠𝑖𝑛𝑡)
𝑦 = 𝑎(1 − 𝑐𝑜𝑠𝑡)

,    𝑡0 =
𝜋

3
 

4. {
𝑥 = 2𝑡 − 𝑡2

𝑦 = 3𝑡 − 𝑡3,    𝑡0 = 1 

5. {
𝑥 =

2𝑡+𝑡2

1+𝑡3

𝑦 =
2𝑡−𝑡2

1+𝑡3

,    𝑡0 = 1 

6. {
𝑥 = arcsin (

𝑡

√1+𝑡2
)

𝑦 = 𝑎𝑟𝑐𝑐𝑜𝑠(
1

√1+𝑡2
)
,    𝑡0 = −1 

11. {
𝑥 = 𝑎𝑡𝑐𝑜𝑠𝑡
𝑦 = 𝑎𝑡𝑠𝑖𝑛𝑡,    𝑡0 =

𝜋

2
 

12. {
𝑥 = 𝑠𝑖𝑛2𝑡
𝑦 = 𝑐𝑜𝑠2𝑡

,    𝑡0 =
𝜋

6
 

13. {
𝑥 = arcsin (

𝑡

√1+𝑡2
)

𝑦 = arccos (
1

√1+𝑡2
)
,   𝑡0 = 1 

14. {
𝑥 =

1+𝑙𝑛𝑡

𝑡2

𝑦 =
3+2𝑙𝑛𝑡

𝑡

,   𝑡0 = 1 

15. {
𝑥 =

1+𝑡

𝑡2

𝑦 =
3

2𝑡2 +
2

𝑡

, 𝑡0 = 2  

16. {
𝑥 = 𝑎𝑠𝑖𝑛3𝑡
𝑦 = 𝑎𝑐𝑜𝑠3𝑡

,   𝑡0 =
𝜋

6
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7. {
𝑥 = 𝑡(𝑡𝑐𝑜𝑠𝑡 − 2𝑠𝑖𝑛𝑡)
𝑦 = 𝑡(𝑡𝑠𝑖𝑛𝑡 + 2𝑐𝑜𝑠𝑡)

,   𝑡0 =
𝜋

4
 

8. {
𝑥 =

3𝑎𝑡

1+𝑡2

𝑦 =
3𝑎𝑡2

1+𝑡2

,    𝑡0 = 2 

9. {
𝑥 = 2𝑙𝑛𝑐𝑡𝑔𝑡 + 1
𝑦 = 𝑡𝑔𝑡 + 𝑐𝑡𝑔𝑡

,    𝑡0 =
𝜋

4
 

10. {
𝑥 = (

1

2
) 𝑡2 − (

1

4
)𝑡4

𝑦 = (
1

2
) 𝑡2 + (

1

3
)𝑡3

,    𝑡0 = 0 

17. {
𝑥 = 𝑎(𝑡𝑠𝑖𝑛𝑡 + 𝑐𝑜𝑠𝑡)

𝑦 = 𝑎(𝑠𝑖𝑛𝑡 − 𝑡𝑐𝑜𝑠𝑡)
, 𝑡0 =

𝜋

4
 

18. {
𝑥 =

𝑡+1

𝑡

𝑦 =
𝑡−1

𝑡

,   𝑡0 = −1 

19. {
𝑥 = 1 − 𝑡2

𝑦 = 𝑡 − 𝑡3 ,   𝑡0 = 2 

20. {
𝑥 = ln (1 + 𝑡2)
𝑦 = 𝑡 − 𝑎𝑟𝑐𝑡𝑔𝑡

,   𝑡0 = 1 

 

n-tartibli hosilasini toping. 

1. 𝑦 = 𝑥𝑒𝑎𝑥 

2. 𝑦 = 𝑠𝑖𝑛2𝑥 + cos (𝑥 + 1) 

3. 𝑦 = √𝑒7𝑥−15
 

4. 𝑦 =
4𝑥+7

2𝑥+3
 

5. 𝑦 = lg (5𝑥 + 2) 

6. 𝑦 = 𝑎3𝑥 

7. 𝑦 =
𝑥

2(3𝑥+2)
 

8. 𝑦 = lg (𝑥 + 4) 

9. 𝑦 = √𝑥 

10. 𝑦 =
2𝑥+5

13(3𝑥+1)
 

11. 𝑦 = 23𝑥+5 

12. 𝑦 = sin(𝑥 + 1) + 𝑐𝑜𝑠2𝑥 

13. 𝑦 = √𝑒2𝑥+1 

14. 𝑦 =
4+15𝑥

5𝑥+1
 

 

15. 𝑦 = lg (3𝑥 + 1) 

16. 𝑦 = 75𝑥 

17. 𝑦 =
𝑥

9(4𝑥+9)
 

18. 𝑦 = lg (1 + 𝑥) 

19. 𝑦 =
4

𝑥
 

20. 𝑦 =
5𝑥+1

13(2𝑥+3)
 

21. 𝑦 = 𝑎2𝑥+3 

22. 𝑦 = sin(3𝑥 + 1) + 𝑐𝑜𝑠5𝑥 

23. 𝑦 = √𝑒3𝑥+1 

24. 𝑦 =
11+12𝑥

6𝑥+5
 

25. 𝑦 = lg (2𝑥 + 7) 

26. 𝑦 = 2𝑘𝑥 

27. 𝑦 =
𝑥

𝑥+1
 

28. 𝑦 = 𝑙𝑜𝑔3(𝑥 + 5) 

 

Ko‘rsatilgan tartibda hosilasini toping 

1. 𝑦 = (2𝑥2 − 7) ln(𝑥 − 1),   𝑦𝑉 

2. 𝑦 = (3 − 𝑥2) ln2 𝑥,   𝑦𝐼𝐼𝐼 

3. 𝑦 = 𝑥𝑐𝑜𝑠𝑥2,   𝑦𝐼𝐼𝐼 

4. 𝑦 =
ln(𝑥−1)

√𝑥−1
,   𝑦𝐼𝐼𝐼 

11. 𝑦 =
𝑙𝑛𝑥

𝑥3 ,   𝑦𝐼𝑉 

12. 𝑦 = (4𝑥 + 3)2−𝑥 ,   𝑦𝑉 

13. 𝑦 = 𝑒1−2𝑥 sin(2 + 3𝑥),   𝑦𝐼𝑉 

14. 𝑦 =
ln(3+𝑥)

3+𝑥
,   𝑦𝐼𝐼𝐼 
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5. 𝑦 =
𝑙𝑜𝑔2𝑥

𝑥3 ,   𝑦𝐼𝐼𝐼 

6. 𝑦 = (4𝑥3 + 5)𝑒2𝑥+1,   𝑦𝑉 

7. 𝑦 = 𝑥2 sin(5𝑥 − 3),   𝑦𝐼𝐼𝐼 

8. 𝑦 =
𝑙𝑛𝑥

𝑥2 ,   𝑦𝐼𝑉 

9. 𝑦 = (2𝑥 + 3) ln2 𝑥,   𝑦𝐼𝐼𝐼 

10. 𝑦 = (1 + 𝑥2)𝑎𝑟𝑐𝑡𝑔𝑥,   𝑦𝐼𝐼𝐼 

 

15. 𝑦 = (2𝑥3 + 1)𝑐𝑜𝑠𝑥,   𝑦𝑉 

16. 𝑦 = (𝑥2 + 3) ln(𝑥 − 3),   𝑦𝐼𝑉 

17. 𝑦 = (1 − 𝑥 − 𝑥2)𝑒
𝑥−1

2 , 𝑦𝐼𝑉 

18. 𝑦 =
1

𝑥
𝑠𝑖𝑛2𝑥,   𝑦𝐼𝐼𝐼 

19. 𝑦 = (𝑥 + 7) ln(𝑥 + 4),   𝑦𝑉 

20. 𝑦 = (3𝑥 − 7)3−𝑥 ,   𝑦𝐼𝑉 

 

Parametrik ko‘rinishda berilgan 𝒚′′𝒙𝒙 funksiyaning hosilasini toping 

1. {
𝑥 = 𝑐𝑜𝑠2𝑡

𝑦 = 2 sec2 𝑡
 

2. {
𝑥 = √1 − 𝑡2

𝑦 =
1

𝑡

 

3. {
𝑥 = 𝑒𝑡𝑐𝑜𝑠𝑡
𝑦 = 𝑒𝑡𝑠𝑖𝑛𝑡

 

4. {
𝑥 = 𝑠ℎ2𝑡

𝑦 =
1

𝑐ℎ2𝑡

 

5. {
𝑥 = 𝑡 + 𝑠𝑖𝑛𝑡
𝑦 = 2 − 𝑐𝑜𝑠𝑡

 

6. {
𝑥 =

1

𝑡

𝑦 =
1

1+𝑡2

 

7. {
𝑥 = √𝑡

𝑦 =
1

√1−𝑡

 

8. {
𝑥 = 𝑠𝑖𝑛𝑡
𝑦 = 𝑠𝑒𝑐𝑡

 

9. {
𝑥 = 𝑡𝑔𝑡

𝑦 =
1

𝑠𝑖𝑛2𝑡

 

10. {
𝑥 = √𝑡 − 1

𝑦 =
𝑡

√𝑡−1

 

11. {
𝑥 = √𝑡

𝑦 = √𝑡 − 1
3  

12. {
𝑥 =

𝑐𝑜𝑠𝑡

1+2𝑐𝑜𝑠𝑡

𝑦 =
𝑠𝑖𝑛𝑡

1+2𝑐𝑜𝑠𝑡

 

13. {𝑥 = √𝑡3 − 1
𝑦 = 𝑙𝑛𝑡

 

14. {
𝑥 = 𝑠ℎ𝑡
𝑦 = 𝑡ℎ2𝑡

 

15. {
𝑥 = √𝑡 − 1

𝑦 =
1

√𝑡

 

16. {
𝑥 = cos2 𝑡
𝑦 = 𝑡𝑔2𝑡

 

17. {
𝑥 = √𝑡 − 3

𝑦 = ln (𝑡 − 2)
 

18. {
𝑥 = 𝑠𝑖𝑛𝑡

𝑦 = 𝑙𝑛𝑐𝑜𝑠𝑡
 

19. {
𝑥 = 𝑡 + 𝑠𝑖𝑛𝑡
𝑦 = 2 + 𝑐𝑜𝑠𝑡

 

20. {
𝑥 = 𝑡 − 𝑠𝑖𝑛𝑡
𝑦 = 2 − 𝑐𝑜𝑠𝑡
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y funksiyani tenglamani qanoatlantirishini ko‘rsating 

1. 𝑦 = 𝑥𝑒−
𝑥2

2  

𝑥𝑦′ = (1 − 𝑥2)𝑦. (1) 

2. 𝑦 =
𝑠𝑖𝑛𝑥

𝑥
 

𝑥𝑦′ + 𝑦 = 𝑐𝑜𝑠𝑥. (1) 

3. 𝑦 = 5𝑒−2𝑥 +
𝑒𝑥

3
 

𝑦′ + 2𝑦 = 𝑒𝑥 . (1) 

4. 𝑦 = 2 + 𝑐√1 − 𝑥2 

(1 − 𝑥2)𝑦′ + 𝑥𝑦 = 2𝑥. (1) 

5. 𝑦 = 𝑥√1 − 𝑥2 

𝑦𝑦′ = 𝑥 − 2𝑥3. (1) 

6. 𝑦 =
𝑐

𝑐𝑜𝑠𝑥
 

𝑦′ − 𝑡𝑔𝑥 𝑦 = 0. (1) 

7. 𝑦 = −
1

3𝑥+𝑐
 

𝑦′ = 3𝑦2. (1) 

8. 𝑦 = ln(𝑐 + 𝑒𝑥) 

𝑦′ = 𝑒𝑥−𝑦 . (1) 

9. 𝑦 = √𝑥2 − 𝑐𝑥 

(𝑥2 + 𝑦2)𝑑𝑥 − 2𝑥𝑦𝑑𝑦 = 0. (1) 

10. 𝑦 = 𝑥(𝑐 − 𝑙𝑛𝑥) 

(𝑥 − 𝑦)𝑑𝑥 + 𝑥𝑑𝑦 = 0. (1) 

 

11. 𝑦 = 𝑒
𝑡𝑔(

𝑥

2
)
 

𝑦′𝑠𝑖𝑛𝑥 = 𝑦𝑙𝑛𝑦. (1) 

12. 𝑦 =
1+𝑥

1−𝑥
 

𝑦′ =
1 + 𝑦2

1 + 𝑥2
. (1) 

13. 𝑦 =
𝑏+𝑥

1+𝑏𝑥
 

𝑦 − 𝑥𝑦′ = 𝑏(1 + 𝑥2𝑦). (1) 

14. 𝑦 = √2 + 3𝑥 − 3𝑥23
 

𝑦𝑦′ =
1 − 2𝑥

𝑦
. (1) 

15. 𝑦 = √ln (
1+𝑒𝑥

2
)2 + 1 

(1 + 𝑒𝑥)𝑦𝑦′ = 𝑒𝑥 . (1) 

16. 𝑦 = 𝑡𝑔𝑙𝑛3𝑥 

(1 + 𝑦2)𝑑𝑥 = 𝑥𝑑𝑦. (1) 

17. 𝑦 = −√
2

𝑥2 − 1 

1 + 𝑦2 + 𝑥𝑦𝑦′ = 0. (1) 

18. 𝑦 = √𝑥 − 𝑙𝑛𝑥 − 1
3

 

𝑙𝑛𝑥 + 𝑦3 − 3𝑥𝑦2𝑦′ = 0. (1) 

19. 𝑦 = 𝑎 +
7𝑥

𝑎𝑥+1
 

𝑦 − 𝑥𝑦′ = 𝑎(1 + 𝑥2𝑦′). (1) 

20. 𝑦 = 𝑎𝑡𝑔√
𝑎

𝑥
− 1 

𝑎2 + 𝑦2 + 2𝑥√𝑎𝑥 − 𝑥2𝑦′

= 0. (1) 

 

 

 

 



88 
 

Berilgan funksiyaning birinchi tartibli hosilasi yordamida grafigini 

chizing 

1. 𝑦 = 2𝑥3 − 9𝑥2 + 2𝑥 − 9 

2. 𝑦 = 3𝑥 − 𝑥2 

3. 𝑦 = 𝑥2(𝑥 − 2)2 

4. 𝑦 =
𝑥3−9𝑥2

14+6𝑥−9𝑥2 

5. 𝑦 = 2 − 3𝑥2 − 𝑥3 

6. 𝑦 = (𝑥 + 1)2(𝑥 − 1)2 

7. 𝑦 = 2𝑥3 − 3𝑥2 − 4 

8. 𝑦 = 3𝑥2 − 2 − 𝑥3 

9. 𝑦 = (𝑥 − 1)2(𝑥 − 3)2 

10. 𝑦 =
𝑥3+3𝑥2

4
− 5 

11. 𝑦 = 6𝑥 − 8𝑥2 

12. 𝑦 = 16𝑥2(𝑥 − 1)2 

13. 𝑦 = 2𝑥3 + 3𝑥2 − 5 

14. 𝑦 = 2 − 12𝑥2 − 8𝑥3 

15. 𝑦 = (2𝑥 + 1)2(2𝑥 − 1)2 

16. 𝑦 = 2𝑥3 + 9𝑥2 − 12𝑥 

17. 𝑦 = 12𝑥2 − 8𝑥3 − 2 

18. 𝑦 = (2𝑥 − 1)2(2𝑥 − 3)2 

19. 𝑦 =
27(𝑥3−𝑥2)

4
− 4 

20. 𝑦 =
𝑥(12−𝑥2)

8
 

21. 𝑦 =
𝑥2(𝑥−4)2

16
 

22. 𝑦 =
27(𝑥3+𝑥2)

4
− 5 

23. 𝑦 =
16−2𝑥2−𝑥3

8
 

24. 𝑦 = −
𝑥2−4

16
 

25. 𝑦 = 16𝑥3 − 36𝑥2 + 24𝑥 − 9 

26. 𝑦 =
16𝑥2−𝑥3−16

8
 

27. 𝑦 = −
(𝑥−2)2(𝑥−6)2

16
 

28. 𝑦 = 16𝑥3 − 12𝑥2 − 4 

29. 𝑦 =
11+9𝑥−3𝑥2−𝑥3

8
 

30. 𝑦 = −
(𝑥+1)2(𝑥−3)2

16
 

 

Birinchi tartibli hosilalar yordamida funksiyaning grafigini yasang 

1. 𝑦 = 1 − √𝑥2 − 2𝑥
3

 

2. 𝑦 = 2𝑥 − 3√𝑥23
 

3. 𝑦 =
2 √6(𝑥−2)23

𝑥2+8
 

4. 𝑦 =
2 √6(𝑥−2)23

𝑥2+2𝑥+9
 

5.𝑦 = 1 − √𝑥2 − 2𝑥
3

 

6. 𝑦 = 2𝑥 + 6 − 3√(𝑥 + 1)23
 

7. 𝑦 =
6 √6(𝑥−1)23

𝑥2−2𝑥+9
 

16. 𝑦 = 6√(𝑥 − 2)23
− 4𝑥 + 8 

17. 𝑦 =
3 √6(𝑥−5)23

𝑥2−6𝑥+17
 

18. 𝑦 = 2 + √8𝑥(𝑥 + 2)
3

 

19. 𝑦 = 6𝑥 − 6 − 9√(𝑥 − 1)23
 

20. 𝑦 = √𝑥2 + 6𝑥 + 8
3

 

21. 𝑦 = √4𝑥(𝑥 − 1)
3

 

22. 𝑦 = −
3 √6(𝑥−2)23

𝑥2+8𝑥+24
 

23. 𝑦 = √𝑥(𝑥 − 2)
3
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8. 𝑦 = 1 − √𝑥2 + 4𝑥 + 3
3

 

9. 𝑦 = √(𝑥 − 3)23
− 2𝑥 + 6 

10. 𝑦 = −
6 √(𝑥−1)23

𝑥2+4𝑥+12
 

11. 𝑦 = 4𝑥 + 8 − 6√(𝑥 − 2)23
 

12. 𝑦 =
3 √(𝑥−1)23

𝑥2−4𝑥+7
 

13. 𝑦 = √𝑥(𝑥 + 2)
3

 

14. 𝑦 = √𝑥2 + 4𝑥 + 3
3

 

15. 𝑦 = −
3 √6(𝑥−1)23

𝑥2+6𝑥+17
 

24. 𝑦 = 1 − √𝑥2 − 4𝑥 + 3
3

 

25. 𝑦 = 9√(𝑥 + 1)23
− 6𝑥 − 6 

26. 𝑦 =
6 √6(𝑥−3)23

𝑥2−8𝑥+24
 

27. 𝑦 = 8𝑥 − 16 − 12√(𝑥 − 2)23
 

28. 𝑦 =
6 √6(𝑥−6)23

𝑥2+10𝑥+39
 

29. 𝑦 = 12√(𝑥 + 2)23
− 8𝑥 − 16 

30. 𝑦 =
3 √6(𝑥−1)23

2(𝑥2+2𝑥+9)
 

 

Berilgan kesmada funksiyaning eng katta va eng kichik qiymatlarini 

toping 

1. 𝑦 = 𝑥2 +
16

𝑥
− 16,   [1; 4] 

2. 𝑦 = 4 − 𝑥 −
4

𝑥2 ,   [1; 4] 

3. 𝑦 = √2(𝑥 − 2)2(8 − 𝑥)
3

−
1,   [0; 6] 

4. 𝑦 =
2(𝑥2+3)

𝑥2−2𝑥+5
, [−3; 3] 

5. 𝑦 = 2√𝑥 − 𝑥,   [0; 4] 
6. 𝑦 = 1 +

√2(𝑥 − 1)2(𝑥 − 7)
3

,   [0; 3] 

7. 𝑦 = 𝑥 − 4√𝑥 + 5,   [1; 9] 

8. 𝑦 =
10𝑥

1+𝑥2 ,   [0; 3] 

9. 𝑦 = √2(𝑥 + 1)2(5 − 𝑥)
3

−
2,   [−3; 3] 

10. 𝑦 = 2𝑥2 +
108

𝑥
− 19,   [−1; 6] 

11. 𝑦 = 3 − 𝑥 −
4

(𝑥+2)2 ,   [−1; 2] 

12. 𝑦 = √2𝑥2(𝑥 − 3)
3

,   [−1; 6] 

13. 𝑦 =
2(−𝑥2+7𝑥−7)

𝑥2−2𝑥+2
 

16. 𝑦 =
4𝑥

4+𝑥2 ,   [−4; 2] 

17. 𝑦 = −
𝑥2

2
+

8

𝑥
+ 8,   [−4; −1] 

18. 𝑦 =
𝑥

√2𝑥2(𝑥−6)
3 ,   [−2; 4] 

19. 𝑦 = −
2𝑥(2𝑥+3)

𝑥2+4𝑥+5
,   [−2; 1] 

20. 𝑦 = −
2(𝑥2+3)

𝑥2+2𝑥+5
,   [−5; 1] 

21.    
2

3 2 1 ( 4), 0;4y x x    

22. 𝑦 =
𝑥2−2𝑥+16

𝑥−1
− 13,   [2; 5] 

23. 𝑦 = 2√𝑥 − 1 − 𝑥 + 2,   [1; 5] 

24.    
2

3 2 2 (1 ), 3;4y x x     

25.  
2 9

2 5, 2;1
2 2

x
y x

x
     


 

26. 𝑦 = 8𝑥 +
4

𝑥2 − 15,   [
1

2
; 2] 

27. 𝑦 = √𝑥2(𝑥 + 2)2(𝑥 − 4)
3

+
3,   [−3; 4] 

28.  2 16
4 9, 1;2

2
y x x

x
    


 

29. 𝑦 = −
4

𝑥2 − 8𝑥 − 16,   [−2; 4] 
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14. 𝑦 = 𝑥 − 4√𝑥 + 2 +
8,   [−1; 7] 

15.    
2

3 2 2 (5 ), 1;5y x x    

 

30.    
2

3 2 1 ( 1), 2;5y x x     

 

 

Yuqori tartibli hosilalar yordamida berilgan nuqta atrofida 

funksiyani holatini tekshiring 

1. 𝑦 = 𝑥2 + 𝑥 − (𝑥 − 2) ln(𝑥 −
1) , 𝑥0 = 2 

2. 𝑦 = 4𝑥 − 𝑥2 − 2 cos(𝑥 −
2) ,   𝑥0 = 2 

3. 𝑦 = 6𝑒𝑥−2𝑥3 + 3𝑥2 − 6𝑥,
𝑥0 = 2 

4. 2

02ln( 1) 2 1, 0y x x x x       

5. 2

02 2cos( 1), 1y x x x x      

6. 𝑦 = cos2(𝑥 + 1) + 𝑥2 +
2𝑥,   𝑥0 = −1 

7. 𝑦 = 2𝑙𝑛𝑥 + 𝑥2 − 4𝑥 + 3,
𝑥0 = 1 

8. 𝑦 = 1 − 𝑥 − 𝑥2 − 2 cos(𝑥 +
1) ,     𝑥0 = 1 

9. 𝑦 = 𝑥2 + 6𝑥 + 8 −
2𝑒𝑥+2,   𝑥0 = −2 

10. 2 1

04 2 , 1xy x x e x      

11. 𝑦 = (𝑥 + 1) sin(𝑥 + 1) −
𝑥2,   𝑥0 = −1 

12. 1 3

06 3 , 1xy e x x x      

13. 02 ( 1)ln(2 ), 1y x x x x       

14. 2 2

0sin ( 1) 2 , 1y x x x x       

15. 2 2

04 cos ( 2), 2y x x x x       

16. 2

02ln( 2), 1y x x x      

17. 𝑦 = 4𝑥 − 𝑥2 + (𝑥 − 2) sin(𝑥 −
2),   𝑥0 = 2 

18. 𝑦 = 6𝑒𝑥 − 𝑥3 − 3𝑥2 − 6𝑥 −
5,   𝑥0 = 0 

19. 𝑦 = 𝑥2 − 2𝑥 − 2𝑒𝑥−2,   𝑥0 = 2 

20. 𝑦 = sin2(𝑥 + 2) − 𝑥2 −
2𝑥,   𝑥0 = 1 

21. 𝑦 = cos2(𝑥 − 1) + 𝑥2 −
2𝑥,   𝑥0 = 1 

22. 𝑦 = 𝑥2 − 2𝑥 − (𝑥 −
1)𝑠𝑖𝑛𝑥,   𝑥0 = 1 

23. 𝑦 = (𝑥 − 2) sin(𝑥 − 1) + 2𝑥 −
𝑥2, 𝑥0 = 1 

24. 𝑦 = 𝑥2 − 4𝑥 + cos2(𝑥 −
2),   𝑥0 = 2 

25. 4 3 2

04 12 , 0xy x x x e x      

26. 𝑦 = sin2(𝑥 − 2) − 𝑥2 + 4𝑥 −
4,   𝑥0 = 2 

27. 𝑦 = 6𝑒𝑥+1𝑥3 − 6𝑥2 − 15𝑥 −
16,   𝑥0 = −1 

28. 𝑦 = 𝑠𝑖𝑛𝑥 + 𝑠ℎ𝑥 − 2𝑥,   𝑥0 = −1 

29. 2 2

0sin ( 1) 2 , 1y x x x x       

30. 𝑦 = 𝑐𝑜𝑠𝑥 + 𝑐ℎ𝑥, 𝑥0 = 0 
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Berilgan funksiyaning asimtotasini toping va grafigini toping 

1. 𝑦 =
17−𝑥2

4𝑥−5
 

2. 𝑦 =
𝑥2+1

√4𝑥2−3
 

3. 𝑦 =
𝑥2−4𝑥

3𝑥2−4
 

4. 𝑦 =
4𝑥2+9

(4𝑥+8)
 

5. 𝑦 =
4𝑥3+3𝑥2−8𝑥−2

2−3𝑥2  

6. 𝑦 =
𝑥2−3

√3𝑥2−2
 

7. 𝑦 =
2𝑥2−6

𝑥−2
 

8. 𝑦 =
2𝑥3+2𝑥2−3𝑥−1

2−4𝑥2  

9. 𝑦 =
𝑥2−5𝑥

5−3𝑥2 

10. 𝑦 =
𝑥2−6𝑥+4

3𝑥−2
 

11. 𝑦 =
2−𝑥2

√9𝑥2−4
 

12. 𝑦 =
4𝑥2−3𝑥

4𝑥2−1
 

13. 𝑦 =
3𝑥2−7

2𝑥+1
 

14. 𝑦 =
𝑥2+16

√9𝑥2−8
 

15. 𝑦 =
𝑥3+3𝑥2−2𝑥−2

2−3𝑥2  

 

16. 𝑦 =
(21−𝑥2)

17𝑥+9
 

17. 𝑦 =
2𝑥2−1

√𝑥2−2
 

18. 𝑦 =
2𝑥3−3𝑥2−2𝑥+1

1−3𝑥2  

19. 𝑦 =
𝑥2−11

4𝑥−3
 

20. 𝑦 =
2𝑥2−9

√𝑥2−1
 

21. 𝑦 =
𝑥3−2𝑥2−3𝑥−2

1−𝑥2  

22. 𝑦 =
𝑥2+6𝑥+9

𝑥+4
 

23. 𝑦 =
𝑥3+𝑥2−3𝑥−1

2𝑥2−2
 

24. 𝑦 =
𝑥2+2𝑥+1

2𝑥+1
 

25. 𝑦 =
3𝑥2+𝑥2−3𝑥−1

2𝑥2−2
 

26. 𝑦 =
𝑥2−2𝑥+2

𝑥+3
 

27. 𝑦 =
2𝑥3+2𝑥2−9𝑥−3

2𝑥2−3
 

28. 𝑦 =
3𝑥2−10

3−2𝑥
 

29. 𝑦 =
−𝑥2−4𝑥+13

4𝑥+3
 

30. 𝑦 =
−8−𝑥2

√𝑥2−4
 

 

 

Funksiyani to‘la tekshiring va grafigini yasang 

1. 𝑦 =
𝑥2+4

𝑥2  

2. 𝑦 =
𝑥2−𝑥+1

𝑥−1
 

3. 𝑦 =
2

𝑥2+2𝑥
 

4. 𝑦 =
4𝑥2

3+𝑥2 

5. 𝑦 =
12𝑥

8+𝑥2 

16. 𝑦 = (
𝑥−1

𝑥+1
)

2
 

17. 𝑦 =
3𝑥4+1

𝑥3  

18. 𝑦 =
4𝑥

(𝑥+1)2 

19. 𝑦 =
8(𝑥−1)

(𝑥+1)2 

20. 𝑦 =
1−2𝑥3

𝑥2  
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6. 𝑦 =
𝑥2−3𝑥+3

𝑥−1
 

7. 𝑦 =
4−𝑥2

𝑥2  

8. 𝑦 =
𝑥2−4𝑥+1

𝑥−1
 

9. 𝑦 =
2𝑥3+1

𝑥2  

10. 𝑦 =
(𝑥−1)2

𝑥2  

11. 𝑦 =
𝑥2

(𝑥−1)2 

12. 𝑦 =
𝑥+1

𝑥2  

13. 𝑦 = −
8𝑥

𝑥2+4
 

14. 𝑦 =
9+6𝑥−3𝑥2

𝑥2−2𝑥+13
 

15. 𝑦 =
12−3𝑥2

𝑥2+12
 

21. 𝑦 =
4

𝑥2+2𝑥−3
 

22. 𝑦 =
4

3+2𝑥−𝑥2 

23. 𝑦 =
𝑥2−6𝑥+9

𝑥2+2𝑥+4
 

24. 𝑦 =
1

𝑥4−1
 

25. 𝑦 = − (
𝑥

𝑥+2
)

2
 

26. 𝑦 =
𝑥3−32

𝑥2  

27. 𝑦 =
4(𝑥+1)2

𝑥2+2𝑥+4
 

28. 𝑦 =
3𝑥−2

𝑥3  

29. 𝑦 =
𝑥2−6𝑥+9

(𝑥−1)2  

30. 𝑦 =
𝑥3−27𝑥+54

𝑥3  

 

Egri chiziqning absissasi x0 nuqtaga o‘tkazilgan (1-2) normal (2-3) 

urinma tenglamalarini tuzing 

1. 𝑦 =
4𝑥−𝑥2

4
,   𝑥0 = 2 

2. 𝑦 = 2𝑥2 + 3𝑥 − 1,   𝑥0 = −2 

3. 𝑦 = 𝑥 − 𝑥3,   𝑥0 = −1 

4. 𝑦 = 𝑥2 + 8√𝑥 − 32,    𝑥0 = 4 

5. 𝑦 = 𝑥 + √𝑥3,   𝑥0 = 1 

6. 𝑦 = √𝑥23
− 20,   𝑥0 = −8 

7. 𝑦 =
1+√𝑥

1−√𝑥
,   𝑥0 = 4 

8. 𝑦 = 8√𝑥
4

− 70,   𝑥0 = 16 

9. 𝑦 = 2𝑥2 − 3𝑥 + 1,   𝑥0 = 1 

10. 𝑦 =
𝑥2−3𝑥+6

𝑥2 ,   𝑥0 = 3 

11. 𝑦 = √𝑥 − 3√𝑥
3

,   𝑥0 = 64 

12. 𝑦 =
𝑥3+2

𝑥3−2
,   𝑥0 = 2 

13. 𝑦 = 2𝑥2 + 3,   𝑥0 = −1 

14. 𝑦 =
(𝑥29+6)

𝑥4−1
,   𝑥0 = 1 

15. 𝑦 = 2𝑥 +
1

𝑥
,   𝑥0 = 1 

16. 𝑦 = −
2(𝑥8+2)

3(𝑥4+1)
,   𝑥0 = 1 

17. 𝑦 =
𝑥5+1

𝑥4+1
,   𝑥0 = 1 

18. 𝑦 =
𝑥16−9

1−5𝑥2 ,    𝑥0 = 1 

19. 𝑦 = 3(√𝑥
3

− 2√𝑥),   𝑥0 = 1 

20. 𝑦 =
1

3𝑥+2
,   𝑥0 = 2 

21. 𝑦 =
𝑥

𝑥2+1
, 𝑥0 = −2 

22. 𝑦 =
𝑥2−3𝑥+3

3
,   𝑥0 = 3 

23. 𝑦 =
2𝑥

𝑥2+1
,   𝑥0 = 1 

24. 𝑦 = −2(√𝑥
3

+ 3√𝑥),   𝑥0 = 1 
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dy – differensialini toping 

1. 0,1ln21 2  xxxxy  

2. 𝑦 =

𝑡𝑔(2𝑎𝑟𝑐𝑐𝑜𝑠√1 − 𝑥2),   𝑥 > 0 

3. 𝑦 = arccos (
1

√1+2𝑥2
) ,   𝑥 > 0 

4. 𝑦 =
𝑙𝑛𝑥

1+𝑥2 −
1

2
ln

𝑥2

1+𝑥2 

5. 𝑦 = 2𝑥 + ln |𝑠𝑖𝑛𝑥 + 2𝑐𝑜𝑠𝑥| 

6. 𝑦 = √
𝑥+2

𝑥−2

3
 

7. 𝑦 = ln |
𝑥+√𝑥2+1

2𝑥
 

8. 𝑦 = 𝑎𝑟𝑐𝑡𝑔
𝑥2−1

𝑥
 

9. 𝑦 = √𝑐𝑡𝑔𝑥 −
√𝑡𝑔𝑥3

3
 

10. 𝑦 = 𝑒𝑥(𝑐𝑜𝑠2𝑥 + 2𝑠𝑖𝑛2𝑥) 

11. 𝑦 = 𝑐𝑜𝑠𝑥𝑙𝑛𝑡𝑔𝑥 − 𝑙𝑛
𝑥

2
 

12. 𝑦 = 𝑥√𝑥2 − 1 + 𝑙𝑛|𝑥 +

√𝑥2 − 1| 
 

 

Differensial yordamida taqribiy hisoblang 

1. 𝑦 = √𝑥
3

,   𝑥 = 7.76 

2. 𝑦 = √𝑥3 + 7𝑥
3

,   𝑥 = 1.012 

3. 𝑦 =
𝑥+√5−𝑥2

2
,   𝑥 = 0.98 

4. 𝑦 = √𝑥
3

,   𝑥 = 27.54 

5. 𝑦 = 𝑎𝑟𝑐𝑠𝑖𝑛𝑥,   𝑥 = 0.08 

6. 𝑦 = √𝑥2 + 2𝑥 + 5
3

,   𝑥 = 0.97 

7. 𝑦 = 𝑥11,   𝑥 = 1.092 

8. 𝑦 = √𝑥23
,   𝑥 = 1.08 

9. 𝑦 = √4𝑥 − 1,   𝑥 = 2.56 

10. 𝑦 =
1

√𝑥
,   𝑥 = 4.16 

11. 𝑦 = √𝑥3,   𝑥 = 0.98 

12. 𝑦 = 𝑥4,   𝑥 = 3.908 

 

Hosilasini toping 

1. 𝑦 =
2(3𝑥3+4𝑥2−𝑥−2)

15√1+𝑥
 

2. 𝑦 =
(2𝑥2−1)√1+𝑥2

3𝑥3  

3. 𝑦 =
(𝑥4−8𝑥2)

2(𝑥2−4)
 

4. 𝑦 =
2𝑥2−𝑥−1

3√2+4𝑥
 

5. 𝑦 =
(4+𝑥3)√1+𝑥8

12𝑥12  

6. 𝑦 =
𝑥2

2√1−3𝑥2
 

7. 𝑦 =
(𝑥2−6)√(4+𝑥2)3

120𝑥5  

25. 𝑦 = √𝑥 ln(√𝑥 + √𝑥 + 𝑎) −

√𝑥 − 𝑎 

26. 𝑦 = 2√𝑥 − 4ln (2 + √𝑥) 

27. 𝑦 = ln2(𝑥 + 𝑐𝑜𝑠𝑥) 

28. 𝑦 = 𝑙𝑛
𝑎+𝑥2

𝑎−𝑥2 

29. 𝑦 = 𝑙𝑛
𝑥2

1−𝑥2 

30. 𝑦 = 𝑙𝑜𝑔16𝑙𝑜𝑔5𝑡𝑔𝑥 

31. 𝑦 = 𝑥(𝑐𝑜𝑠𝑙𝑛𝑥 + 𝑠𝑖𝑛𝑙𝑛𝑥) 

32. 𝑦 = 𝑙𝑜𝑔𝑎
1

√1−𝑥4
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8. 𝑦 = √
(1+𝑥

3
4)

2

𝑥
3
2

3

 

9. 𝑦 =
𝑥√𝑥+1

𝑥2+𝑥+1
 

10. 𝑦 =
3𝑥+√𝑥

√𝑥2−2
 

11. 𝑦 =
3𝑥6+4𝑥4−𝑥2−2

2𝑥+7
 

12. 𝑦 = (1 − 𝑥2)√𝑥3 +
1

𝑥

5
 

13.  122ln 2  xxx eeexy  

14. 𝑦 =
1

2
𝑎𝑟𝑐𝑡𝑔

𝑒𝑥−3

2
 

15. 𝑦 = 2√𝑒𝑥 + 1 + 𝑙𝑛
√𝑒𝑥+1+1

√𝑒𝑥+1−1
 

16. 𝑦 =
2

3
√(𝑎𝑟𝑐𝑡𝑔𝑒𝑥)3 

17. 𝑦 = 𝑒2𝑥 (2−𝑠𝑖𝑛2𝑥−𝑐𝑜𝑠2𝑥)

8
 

18.  
11

11
ln2122






x

x
x

e

e
exy  

19. 𝑦 = 3𝑒√𝑥(√𝑥23
− 2√2

3
+ 2 

20. 𝑦 =
𝑒𝑥2

1+𝑥2 

21. 𝑦 = 𝑦 − 𝑒2𝑥 (βsinβx+αcosβx)

α2+β2  

22. 𝑦 = 𝑥2 +
8

1+𝑒
3
4

 

23.    xxx eeey 211lnarcsinln   

24. 𝑦 =
𝑒𝑥3

1+𝑥3 

33. 𝑦 = ln (𝑎𝑟𝑐𝑐𝑜𝑠
1

√𝑥
 

34. 𝑦 = ln (𝑒𝑥 + √1 + 𝑒2𝑥) 

35. 𝑦 = 𝑙𝑛𝑙𝑛3 ln2 𝑥 

36. 𝑦 = ln (𝑏𝑥 + √𝑎2 + 𝑏2𝑥2) 

37. 𝑦 = 𝑠𝑖𝑛√3 +
1

3

sin23𝑥

𝑐𝑜𝑠6𝑥
 

38. 𝑦 = 𝑐𝑜𝑠𝑙𝑛2 −
1

2

cos2 3𝑥

𝑠𝑖𝑛6𝑥
 

39. 𝑦 = 𝑡𝑔𝑙𝑛
1

3
+

1

4

sin2 4𝑥

𝑐𝑜𝑠8𝑥
 

40. 𝑦 = 𝑐𝑡𝑔 √5
3

−
1

8

cos2 4𝑥

𝑠𝑖𝑛8𝑥
 

41. 𝑦 = 𝑡𝑔𝑙𝑛 2
sin2 9𝑥

19𝑐𝑜𝑠38𝑥
 

42. 𝑦 = √𝑡𝑔4 +
sin2 21𝑥

23𝑐𝑜𝑠46𝑥
 

43. 𝑦 = 𝑠𝑖𝑛 √𝑡𝑔23 −
cos2 28𝑥

60𝑠𝑖𝑛60𝑥
 

44. 𝑦 =
𝑐𝑡𝑔𝑠𝑖𝑛

1

8
+sin2 15𝑥

15𝑐𝑜𝑠30𝑥
 

45. 𝑦 =
1

3
𝑐𝑜𝑠𝑡𝑔

1

2
+

1

10

sin2 10𝑥

𝑐𝑜𝑠10𝑥
 

46. 𝑦 = √𝑐𝑜𝑠√2
3

−
1

52

cos2 26𝑥

𝑠𝑖𝑛52𝑥
 

47. 𝑦 = 8𝑠𝑖𝑛𝑐𝑡𝑔3 +
1

5

sin2 5𝑥

𝑐𝑜𝑠10𝑥
 

48. 𝑦 = cos2 𝑠𝑖𝑛3 +
sin2 29𝑥

24𝑐𝑜𝑠50𝑥
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7. 2-namunaviy hisob. 

Funksiyaning limiti, hosilasi va differensiali. 

Funksiyani hosila yordamida tekshirish. 

Nazariy savollar 

1. Ketma-ketlik limiti. Limit va ketma-ketliklar haqida teoremalar. 

2. Funksiyaning limiti. Chekli limitga ega funksiyalarning 

chegaralanganligi haqidagi teorema. 

3. Limitga egafunksiyalar haqida teoremalar.Bir tomonlama limitlar. 

4. Birinchi ajoyib limit. Ikkinchi ajoyib limit. 

5. Hosilaga ta’rif bering. Funksiyaning nuqtada va sohada 

differensiallanuvchanligi. Uning geometric va fizik ma’nosi 

qanday? 

6. Asosiy elementlar funksiyalar hosilalari jadvalini keltiring. 

7. Funksiyaning nuqtadagi differensiali deb nimaga aytiladi va uning 

geometric ma’nosi. Differensial shaklining invariantligi. 

8. Murakkabfunksiyaning hosilasi. Teskari funksiyaning hosilasi. 

9. Logarifmik differensiallash yordamida 𝑦 = [𝑢(𝑥)]𝑣(𝑥) 

ko‘rinishdagi funksiyaning hosilasi uchun formula keltirib 

chiqarish. 

10. Ikkinchi tartibli hosilaning ta’rifini bering va uning fizik ma’nosini 

tushuntirng. 

11. Parametrik ravishda berilgan funksiyaning birinchi va ikkinchi 

tartibli hosilalarini topish formulalarini yozing. 

12. Oshkormas ravishda berilgan funksiyaning birinchi va ikkinchi 

tartibli hosilalarini yozing. 

13. Funksiya ekstremumi. Ekstremumning zaruriy sharti. 

14. Funksiya ekstremumining yetarlishartlari. (1- va 2- tartibli hosilalar 

yordamida) 

15. Funksiyaning asimptotalari. Funksiyaning qavariqligi va botiqligi. 

Yetarli shartlar. Burilish nuqtalari. 
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Yechish namunasi 

1-misol.  𝑙𝑖𝑚𝑛→∞
(𝑛+1)(𝑛+2)(𝑛−1)

3𝑛3+2𝑛+3
 limitni hisoblang. 

Yechish.Bu limitni hisoblash uchun surati va maxrajida n ning  eng 

yuqori darajasini qavsdan tashqariga chiqaramiz. 

𝑙𝑖𝑚𝑛→∞

(𝑛 + 1)(𝑛 + 2)(𝑛 − 1)

3𝑛3 + 2𝑛 + 3

= 𝑙𝑖𝑚𝑛→∞

𝑛3(1 +
1

𝑛
)(1 +

2

𝑛
)(1 −

1

𝑛
)

𝑛3(3 +
2

𝑛2 +
3

𝑛3)

= 𝑙𝑖𝑚𝑛→∞

(1 +
1

𝑛
)(1 +

2

𝑛
)(1 −

1

𝑛
)

3 +
2

𝑛2 +
3

𝑛3

=
1

3
 

2-misol. 𝑙𝑖𝑚𝑥→0
√𝑥+1
3

−1

√𝑥+4−2
 limitni hisoblang. 

Yechish.Bu limitni hisoblash uchun surat va maxrajini ((√𝑥 + 1
3

)
2

+

√𝑥 + 1 + 1)(√𝑥 + 4 − 2) ga ko‘paytiramiz. 

𝑙𝑖𝑚𝑥→0

√𝑥 + 1
3

− 1

√𝑥 + 4 − 2

= 𝑙𝑖𝑚𝑥→0

( √𝑥 + 1
3

− 1)((√𝑥 + 1
3

)
2

+ √𝑥 + 1 + 1)(√𝑥 + 4 − 2)

(√𝑥 + 4 − 2)((√𝑥 + 1
3

)
2

+ √𝑥 + 1 + 1)(√𝑥 + 4 − 2)

= 𝑙𝑖𝑚𝑥→0

√𝑥 + 4 + 2

(√𝑥 + 1
3

)
2

+ √𝑥 + 1 + 1
=

4

3
 

3-misol.𝑙𝑖𝑚𝑥→−1
𝑥3+1

arcsin (𝑥+1)
 limitni hisoblang. 

Yechish.𝑙𝑖𝑚𝑥→−1
𝑥3+1

arcsin (𝑥+1)
= 𝑙𝑖𝑚𝑥→−1

(𝑥+1)(𝑥2−𝑥+1)

arcsin (𝑥+1)
=

𝑙𝑖𝑚𝑥→−1
(𝑥+1)

arcsin(𝑥+1)
(𝑥2 − 𝑥 + 1) = 3 

4-misol. 𝑙𝑖𝑚𝑥→∞ (
2𝑥+3

2𝑥+1
)

𝑥+1
limitni hisoblang. 



97 
 

Yechish. 

𝑙𝑖𝑚𝑥→∞ (
2𝑥 + 3

2𝑥 + 1
)

𝑥+1

= 𝑙𝑖𝑚𝑥→∞ (
2𝑥 + 1 + 2

2𝑥 + 1
)

𝑥+1

= 𝑙𝑖𝑚𝑥→∞ (1 +
2

2𝑥 + 1
)

𝑥+1

= 

= 𝑙𝑖𝑚𝑥→∞ [(1 +
2

2𝑥 + 1
)

2𝑥+1

2

]

2(𝑥+1)

2𝑥+1

= 𝑙𝑖𝑚𝑥→∞𝑒
2(𝑥+1)

2𝑥+1

= 𝑙𝑖𝑚𝑥→∞𝑒

2𝑥(1+
1
𝑥

)

𝑥(2+
1
𝑥

) = 𝑒 

5-misol.𝑦 = 𝑒𝑠𝑖𝑛2𝑥 funksiya grafigining x0=0 nuqtasiga o‘tkazilgan 

urinma va normal tenglamalarini tuzing. 

Yechish. Berilgan M(x0,y0) nuqtasiga o‘tkazilgan 𝑦 − 𝑦0 =

𝑓′(𝑥0)(𝑥 − 𝑥0) ko‘rinishga ega. 

M(x0,y0) nuqta berilgan, ya’ni M(0,1). 

𝑓′(𝑥0) ni hisoblaymiz. 

𝑓′(𝑥0) = 𝑒𝑠𝑖𝑛2𝑥 ∙ 𝑐𝑜𝑠2𝑥 ∙ 2 

𝑓′(0) =2 

𝑦 − 1 = 2(𝑥 − 0) → 𝑦 = 2𝑥 + 1 → 2𝑥 − 𝑦 + 1 = 0 

Endi normalni tenglamasini tuzamiz. 

𝑦 − 𝑦0 = −
1

𝑓′(𝑥0)
(𝑥 − 𝑥0) 

𝑦 − 1 = −
1

2
(𝑥 − 0) → 2𝑦 − 2 = −𝑥 → 𝑥 + 2𝑦 − 2 = 0 

6-misol. 𝑦 = 𝑙𝑛
1−𝑥2

1+𝑥2 funksiyaning differensialini toping. 

Yechish. Funksiyaning differensialini topish uchun 

𝑑𝑦 = 𝑓′(𝑥)𝑑𝑥 

Formuladan foydalanamiz. 
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𝑑𝑦 = (𝑙𝑛
1 − 𝑥2

1 + 𝑥2
) 𝑑𝑥 =

1 − 𝑥2

1 + 𝑥2
∙

−2𝑥(1+𝑥2) − 2𝑥(1 − 𝑥2)

(1 + 𝑥2)2
𝑑𝑥

=
−2𝑥 − 2𝑥3 − 2𝑥 + 2𝑥3

(1 − 𝑥2)(1 + 𝑥2)
𝑑𝑥 =

−4𝑥

(1 − 𝑥4)
𝑑𝑥 

7-misol. 𝑦 = 𝑠𝑖𝑛𝑥 ∙ 𝑙𝑛𝑥 funksiyaning ikkinchi tartibli hosilasini 

toping. 

Yechish.𝑦′ = 𝑐𝑜𝑠𝑥 ∙ 𝑙𝑛𝑥 + 𝑠𝑖𝑛𝑥 ∙
1

𝑥
 

𝑦′′ = −𝑠𝑖𝑛𝑥 ∙ 𝑙𝑛𝑥 + 𝑐𝑜𝑠𝑥 ∙
1

𝑥
+ 𝑐𝑜𝑠𝑥 ∙

1

𝑥
− 𝑠𝑖𝑛𝑥 ∙

1

𝑥2

= 2
𝑐𝑜𝑠𝑥

𝑥
− 𝑠𝑖𝑛𝑥(𝑙𝑛𝑥 +

1

𝑥2
) 

8-misol. 𝑎𝑟𝑐𝑡𝑔
𝑦

𝑥
=

1

2
ln (𝑥2 + 𝑦2) oshkormas funksiyaning hosilasini 

toping. 

Yechish. Oshkormas funksiyaning hosilasini topish uchun y  ni x 

ning funksiyasi deb 𝑦′𝑥 hosilani topamiz. 

(𝑎𝑟𝑐𝑡𝑔
𝑦

𝑥
)′𝑥 =

1

2
(ln(𝑥2 + 𝑦2))′𝑥 = 

1

1 +
𝑦2

𝑥2

∙
𝑦′

𝑥
𝑥 − 𝑦

𝑥2
=

1

2
∙

2𝑥 + 2𝑦 ∙ 𝑦′
𝑥

𝑥2 + 𝑦2
→

𝑦′
𝑥

𝑥 − 𝑦

𝑥2 + 𝑦2
=

𝑥 + 𝑦𝑦′
𝑥

𝑥2 + 𝑦2

→ 𝑦′
𝑥

𝑥 − 𝑦 = 𝑥 + 𝑦𝑦′
𝑥

→ 𝑦′
𝑥

𝑥 − 𝑦𝑦′
𝑥

= 𝑥 + 𝑦

→ (𝑥 − 𝑦)𝑦′
𝑥

= 𝑥 + 𝑦 → 𝑦′
𝑥

=
𝑥 + 𝑦

𝑥 − 𝑦
 

9-misol. {
𝑥 = 𝑎𝑠𝑖𝑛𝑡
𝑦 = 𝑏𝑐𝑜𝑠𝑡

} parametrik ko‘rinishda berilgan funksiyani 

ikkinchi tartibli hosilasini toping. 

Yechish. Bu funksiyaning ikkinchi tartibli hosilasini toppish uchun 

ushbu formulalardan foydalanamiz: 

𝑦′
𝑥

=
𝑦′

𝑡

𝑥′
𝑡

,   𝑦′′
𝑥𝑥

=
(𝑦′

𝑥
)′𝑡

𝑥′
𝑡

 

𝑥′
𝑡 = 𝑎𝑐𝑜𝑠𝑡 

𝑦′
𝑡

= −𝑏𝑠𝑖𝑛𝑡 
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𝑦′
𝑥

=
𝑦′

𝑡

𝑥′
𝑡

= −
𝑏𝑠𝑖𝑛𝑡

𝑎𝑐𝑜𝑠𝑡
= −

𝑏

𝑎
𝑡𝑔𝑡 

𝑦′′
𝑥𝑥

=
(𝑦′

𝑥
)′𝑡

𝑥′
𝑡

=
(−

𝑏

𝑎
𝑡𝑔𝑡) ′𝑡

𝑎𝑐𝑜𝑠𝑡
= −

𝑏 ∙
1

cos2 𝑡

𝑎2 ∙ 𝑐𝑜𝑠𝑡
= −

𝑏

𝑎2 cos3 𝑡
 

Parametrik ko‘rinishda berilgan funksiyani ikkinchi tartibli hosilasini 

quyidagi formula yordamida ham toppish mumkin: 

𝑦′′
𝑥𝑥

=
𝑦′′

𝐼𝐼
𝑥′

𝐼 − 𝑦′
𝐼
𝑥′′

𝐼𝐼

(𝑥′
𝐼)3

 

10-misol. 𝑦 = 𝑥√1 − 𝑥2 funksiyani o‘sish va kamayish hamda 

ekstremumlarini toping. 

Yechish. Berilgan funksiyani aniqlanish sohasini topamiz. 

𝐷(𝑦): 1 − 𝑥2 ≥ 0 → |𝑥| ≤ 1. Demak𝐷(𝑦): [−1,1]. 

Endi o‘sish, kamayish oraliqlari va ekstremumlarini topamiz. Bu 

funksiyadan hosila olib va nolga tenglab, kritik nuqtalarini topamiz. 

𝑦′ = √1 − 𝑥2 +
𝑥(−2𝑥)

2√1 − 𝑥2
=

1 − 𝑥2 − 𝑥2

√1 − 𝑥2
=

1 − 2𝑥2

√1 − 𝑥2
 

𝑓′(𝑥) = 𝑦′ = 0 → 1 − 2𝑥2 = 0 → 𝑥1,2 = ±
1

√2
. 

Bu nuqtalar [-1,1] kesma ichida bo‘lgani uchun, shu kritik nuqtalarda 

ekstremumlarni izlaymiz. Lekin 𝑥3,4 = ±1 nuqtalar ichki nuqta 

bo‘lmay, chegara nuqtalar bo‘lgani uchun bular kritik nuqtalar 

bo‘lmaydi. O‘sish, kamayish oraliqlarini hamda ekstremumlarni ushbu 

jadvalga yozamiz: 

 (−1, −
1

√2
) 

𝑥1

= −
1

√2
 

(−
1

√2
,

1

√2
) 𝑥2 =

1

√2
 (

1

√2
, 1) 

𝑦′ - 0 + 0 - 

𝑥′ →↓ 
𝑌𝑚𝑖𝑛

= −
1

2
 

→↑ 
𝑌𝑚𝑎𝑥

=
1

2
 

→↓ 
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Yechish uchun vazifalar 

 

1-vazifa. Sonli ketma-ketlikning limitini hisoblang. 

2,3,4-vazifa. 2,3,4-misolllarda berilgan limitlarni hisoblang.  

5-vazifa. Berilgan funksiyaning absissasi x0 bo‘lgan nuqtaga 

o‘tkazilgan urinma va normal tenglamalarini tuzing. 

6-vazifa. Funksiyaning differensialini toping. 

7-vazifa. Berilgan funksiyaning ikkinchi tartibli hosilasini toping. 

8-vazifa. Funksiyaning hosilasini toping. 

9-vazifa. Oshkormas funksiyaning hosilasini toping. 

10-vazifa. Parametrik ko‘rinishda berilgan funksiyaning oraliqlari va 

ekstremumlarini toping. 

11-vazifa. Berilgan funksiyaning o‘sish va kamayish oraliqlari va 

ekstremumlarini toping. 

 

Variantlar 

1-variant 

1. lim
𝑥→∞

(
1

𝑛2 +
2

𝑛2 +
3

𝑛2 + ⋯ +
𝑛−1

𝑛2  

2. 

lim
𝑥→∞

(𝑥+1)(2𝑥+1)(3𝑥+1)(4𝑥+1)

(2𝑥−1)4−(𝑥+3)4  

3. lim
𝑥→∞

1−cos2 2𝑥

𝑥𝑠𝑖𝑛
𝑥

2

 

4. lim
𝑥→∞

(
𝑥+4

𝑥+8
)

−3𝑥
 

5. 𝑦 = 𝑥𝑡𝑔𝑥,   𝑥0 =
𝜋

4
 

6. 𝑦 = 𝑙𝑛𝑎𝑟𝑐𝑐𝑜𝑠√1 − 𝑒𝑥 

7. 𝑦 = 5−𝑥2
 

8. 𝑦 = (𝑠𝑖𝑛√𝑥)
𝑐𝑡𝑔𝑥

 

9. 𝑥𝑦 − 𝑙𝑛𝑦 = 1 

10. {
𝑥 = 3𝑡2

𝑦 = 𝑠𝑖𝑛√𝑡2 − 1
 

11. 𝑦 =
𝑥2−2𝑥+2

𝑥−1
 

2-variant 

1. lim
𝑛→∞

√𝑛3+3
3

− √𝑛4−3𝑛+5
4

√2𝑛2+4𝑛+2+𝑛
 

2. lim
𝑥→∞

(√𝑥 + 𝑏 − √𝑥 − 𝑏) 

3. lim
𝑥→∞

1−𝑐𝑜𝑠3𝑥

1−𝑐𝑜𝑠𝑥
 

4. lim
𝑥→∞

(
2𝑥

1+2𝑥
)

−4𝑥
 

5. 𝑦 =
5𝑠𝑖𝑛𝑥

𝑐𝑜𝑠2𝑥
,   𝑥0 =

𝜋

2
 

6. 𝑦 = 𝑒𝑠𝑖𝑛2𝑥 −

log3(√𝑥 + 1) 

7. 𝑦 = sin √𝑡𝑔2𝑥3 −

cos2 6𝑥

𝑠𝑖𝑛30°
 

8. 𝑦 = (𝑥3 + 2)𝑒4𝑥+3 

9. 𝑥 + 𝑦 = 2𝑥+𝑦 

10. {
𝑥 = acos2 𝑡
𝑦 = 𝑏𝑠𝑖𝑛2𝑡

 

11. 𝑦 = 𝑒
1

5+𝑥 
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3-variant 

1. lim
𝑛→∞

(√2𝑛 − 3
3

−

√2𝑛 + 3
3

) 

2. lim
𝑥→∞

𝑥(√𝑥2 + 1 −

√𝑥2 − 1) 

3. lim
𝑥→∞

1+𝑐𝑜𝑠2𝑥

1+𝑐𝑜𝑠6𝑥
 

4. lim
𝑥→∞

(
2𝑥+5

2𝑥+1
)

5𝑥
 

5. 𝑦 = 𝑥𝑐𝑡𝑔𝑥,   𝑥0 =
𝜋

2
 

6. 𝑦 = 𝑡𝑔32𝑥 

7. 𝑦 = (1 − 𝑥2)√𝑥35
 

8. 𝑦 = (𝑐𝑜𝑠2𝑥)𝑒𝑥
 

9. 𝑥 − 𝑦 = 𝑎𝑟𝑐𝑡𝑔√𝑦 

10. {
𝑥 = 𝑎𝑟𝑐𝑡𝑔𝑡

𝑦 = 𝑙𝑛
√1+𝑡2

1+2

 

11. 𝑦 =
4𝑥−𝑥−4

𝑥
 

 

4-variant 

1. lim
𝑛→∞

2𝑛−6𝑛+3𝑛

3𝑛+4𝑛  

2. lim
𝑥→∞

√8𝑥+5
3

− √𝑥2+3𝑥
6

√27𝑥+3
3

− √2−64𝑥
3  

3. lim
𝑥→∞

1+𝑠𝑖𝑛3𝑥

(
𝜋

2
−𝑥)

2  

4. lim
𝑥→∞

(
𝑥+2

𝑥+1
)

1+2𝑥
 

5. 𝑦 = 𝑥2𝑒𝑥 ,   𝑥0 = 0 

6. 𝑦 = 𝑎𝑟𝑐𝑐𝑜𝑠𝑥 + ln (𝑡𝑔𝑥) 

7. 𝑦 = 𝑥2 ∙ log3 𝑥 

8. 𝑦 = (𝑐𝑜𝑠5𝑥)2𝑥 

9. 𝑦3 + 2𝑥𝑦 + 𝑥2 = 0 

10. {
𝑥 = 1 + cos2 𝑡

𝑦 =
𝑐𝑜𝑠𝑡

𝑠𝑖𝑛𝑡

 

11. 𝑦 =
𝑥+1

(𝑥−1)2 

 

5-variant 

1. lim
𝑛→∞

(𝑛+1)!+𝑛!

(𝑛+2)!
 

2. lim
𝑥→∞

√4𝑥2−1−√7+9𝑥2

√16𝑥2+7𝑥+8
 

3. lim
𝑥→0

1−𝑐𝑜𝑠3𝑥

𝑥𝑠𝑖𝑛5𝑥
 

4. lim
𝑥→∞

(
2𝑥

2𝑥−3
)

3𝑥
 

5. 𝑦 = 𝑥𝑠𝑖𝑛𝑥,   𝑥0 =
𝜋

2
 

6. 𝑦 =
2

3
∙ √(𝑎𝑟𝑐𝑡𝑔𝑒𝑥)3 

7. 𝑦 = 𝑙𝑛
𝑥+1

𝑥3  

8. 𝑦 = (𝑥4 + 5)𝑐𝑡𝑔𝑥 

9. 𝑥 − 𝑦 = 𝑎𝑟𝑐𝑠𝑖𝑛𝑥 −
𝑎𝑟𝑐𝑠𝑖𝑛𝑦 

10. {
𝑥 = 𝑎𝑟𝑐𝑠𝑖𝑛√𝑡

𝑦 = √1 + √𝑡
 

6-variant 

1. lim
𝑛→∞

(2𝑛+1)4−(𝑛−1)4

(2𝑛+1)4+(𝑛−1)4 

2. lim
𝑥→−2

√12−2𝑥−√2𝑥+20

𝑥2+6𝑥+8
 

3. lim
𝑥→

1

2

arcsin (2𝑥−1)

4𝑥−2
 

4. lim
𝑥→∞

(
𝑥−1

𝑥+4
)

3𝑥+2
 

5. 𝑦 = √𝑥3 + 4
3

,   𝑥0 = 0 

6. 𝑦 =
(2𝑥2−1)√1+𝑥2

3𝑥2  

7. 𝑦 = (𝑎𝑟𝑐𝑠𝑖𝑛√1 − 𝑥)
3

+

5𝑐𝑡𝑔𝑥 

8. 𝑦 = 𝑥𝑐𝑜𝑠𝑥2
 

9. 𝑥 + 1 = 𝑒𝑥𝑦 

10. {
𝑥 = ln (1 − 𝑡2)

𝑦 = 𝑎𝑟𝑐𝑠𝑖𝑛√1 − 𝑡2
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11. 𝑦 =
𝑥

9−𝑥
 

 

11. 𝑦 =
𝑙𝑛𝑥

√𝑥
 

 

7-variant 

1. lim
𝑛→∞

(√𝑛2+1+𝑛)
2

√1−5𝑛2+27𝑛63  

2. lim
𝑥→2

√𝑥+6
3

−2

√6−2𝑥−√2
 

3. lim
𝑥→

5

6

5𝑥−6

arcsin (6−5𝑥)
 

4. lim
𝑥→∞

(
𝑥−2

𝑥+1
)

2𝑥−3
 

5. 𝑦 = 𝑥𝑐𝑜𝑠2𝑥,   𝑥0 =
𝜋

2
 

6. 𝑦 = 𝑎𝑟𝑐𝑡𝑔√sin
5

𝑥
 

7. 𝑦 = ln
𝑥2

√1−𝑎𝑥4
 

8. 𝑦 = (𝑡𝑔𝑥 − 1)𝑐𝑜𝑠𝑥 

9. √𝑥 + 𝑦 = 𝑒𝑥+𝑦 

10. {
𝑥 = 𝑡3 + 1

𝑦 = 𝑡2  

11. 𝑦 = 𝑥3 − 9𝑥2 + 24𝑥 

 

8-variant 

1. lim
𝑛→∞

(𝑛+1)!+𝑛!

𝑛!−(𝑛−2)!
 

2. lim
𝑥→4

3−√5+𝑥

1−√5−𝑥
 

3. lim
𝑥→2

(𝑥−2)2

arcsin2(𝑥−2)
 

4. lim
𝑥→∞

(
3𝑥−4

3𝑥+2
)

2𝑥
 

5. 𝑦 = 𝑥 ∙ 3𝑥 ,   𝑥0 = 0 

6. 𝑦 = 𝑎𝑟𝑐𝑐𝑜𝑠√1 − 𝑥2 

7. 𝑦 = ln (𝑥 + √1 + 𝑥2) 

8. 𝑦 = (1 − 𝑐𝑜𝑠𝑥)𝑡𝑔𝑥 

9. 𝑥3 + 𝑦3 = 3𝑥𝑦 

10. {
𝑥 = ln 𝑡𝑔𝑡

𝑦 =
1

sin2 𝑡

 

11. 𝑦 = 𝑥 +
ln 𝑥

𝑥
 

 

9-variant 

1. lim
𝑛→∞

1+
1

2
+

1

4
+⋯+

1

2𝑛

1+
1

3
+

1

9
+⋯+

1

3𝑛

 

2. lim
𝑥→𝑒

√𝑒−√2𝑒−𝑥

𝑥−𝑒
 

3. lim
𝑥→∞

𝑎𝑟𝑐𝑡𝑔23𝑥

9𝑥2  

4. lim
𝑥→∞

(
2𝑥−4

2𝑥
)

−3𝑥
 

5. 𝑦 =
𝑥

𝑠𝑖𝑛𝑥
,   𝑥0 =

𝜋

2
 

6. 𝑦 = 𝑎𝑟𝑐𝑐𝑜𝑠
𝑥2−4

√𝑥2+16
 

7. 𝑦 = √𝑥3 + 7𝑥
3

 

8. 𝑦 = (𝑥3 + 4)𝑡𝑔𝑥 

9. 𝑒𝑥+𝑦 = 𝑎𝑟𝑐𝑡𝑔𝑥 ∙ 𝑦 

10-variant 

1. lim
𝑛→∞

1

1∙3
+

1

3∙5
+ ⋯ +

1

(2𝑛−1)(2𝑛+1)
 

2. lim
𝑥→

1

2

√6𝑥+1−√2𝑥+3

√𝑥+7.5
3

−2
 

3. lim
𝑥→−1

4𝑥+4

𝑎𝑟𝑐𝑡𝑔2(𝑥+1)
 

4. lim
𝑥→∞

(
𝑥−7

𝑥+1
)

4𝑥−2
 

5. 𝑦 = ln
𝑥+1

𝑥+2
,   𝑥0 = 1 

6. 𝑦 =
2

3
√(𝑎𝑟𝑐𝑡𝑔𝑒𝑥)3 

7. 𝑦 =
2𝑥2−𝑥−1

√2+4𝑥
3  

8. 𝑦 = (𝑥2 − 1)𝑠𝑖𝑛𝑥 
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10. { 𝑥 = √1 − 𝑡23

𝑦 = 𝑡𝑔(1 + 𝑡)
 

11. 𝑦 = 𝑥 − ln (1 + 𝑥2) 

 

9. √𝑥2 + 𝑦2 − 𝑡𝑔𝑥𝑦 = 0 

10. {
𝑥 =

3𝑡2+1

3𝑡2

𝑦 = sin 𝑡3
 

11. 𝑦 =
𝑥2

𝑥2−𝑥+1
 

11-variant 

1. lim
𝑛→∞

(𝑛+1)5−(𝑛−1)5

(2𝑛+1)5−(2𝑛−1)5 

 

2. lim
𝑥→0.25

√4𝑥−√2−4𝑥

4𝑥2+2𝑥−0.75
 

3. lim
𝑥→∞

cos
𝜋𝑥

12
−sin

𝜋𝑥

12

cos
𝜋𝑥

6

 

4. lim
𝑥→∞

(
2−3𝑥

5−3𝑥
)

′
 

5. 𝑦 =
𝑥

𝑥2+1
,   𝑥0 = 0 

6. 𝑦 = (𝑙𝑛 √𝑒2𝑥 + 1
3

)
4
 

7. 𝑦 = 𝑥2 ∙ 𝑙𝑛𝑥 

8. 𝑦 = 𝑠𝑖𝑛𝑥5𝑒4
 

9. 𝑦𝑠𝑖𝑛𝑥 = cos (𝑥 − 𝑦) 

10. {
𝑥 = ln (𝑡 + √𝑡2 + 1)

𝑦 = √𝑡2 + 1
 

11. 𝑦 = 3𝑥4 − 4𝑥3 + 1 

 

12-variant 

1. lim
𝑛→∞

√2−3𝑛+𝑛33
+(√𝑛−1)

2

√2𝑛2+𝑛−1
 

2. lim
𝑥→0.(3)

√5−3𝑥−√3,(3)+2𝑥

𝑥2−2𝑥+
5

9

 

3. lim
𝑥→𝑎

cos2 𝑥−cos2 𝑎

𝑥−𝑎
 

4. lim
𝑥→∞

(
4𝑥−1

4𝑥+1
)

2𝑥
 

5. 𝑦 =
𝑥

𝑐𝑜𝑠𝑥
,   𝑥0 = 0 

6. 𝑦 = ln (cos2 𝑥 +

√1 + cos2𝑥) 

7. 𝑦 = 𝑥 ∙ √𝑥2 − 8 

8. 𝑦 = (𝑙𝑛𝑥)3𝑥
 

9. 𝑥𝑦 = sin (𝑥 + 𝑦) 

10. {
𝑥 =

3𝑡2+1

3𝑡2

𝑦 = sin 𝑡3
 

11. 𝑦 = 𝑥2 − 2𝑙𝑛𝑥 

13-variant 

1. lim
𝑛→∞

√𝑛5+2
4

− √𝑛2+1
3

√𝑛4+2
5

−√𝑛3+1
 

2. lim
𝑥→−3

𝑥3+27

√12+𝑥−√3−2𝑥
 

3. lim
𝑥→∞

sin2 𝑥−sin2 𝑎

𝑥−𝑎
 

4. lim
𝑥→∞

(
𝑥

𝑥+1
)

2𝑥+3
 

5. 𝑦 =
𝑠𝑖𝑛𝑥

𝑥
,   𝑥0 =

𝜋

2
 

6. 𝑦 = ln3(arccos
1

√𝑥
) 

7. 𝑦 = 𝑎𝑟𝑐𝑡𝑔
1−2𝑥

√1−𝑥−𝑥2
 

14-variant 

1. lim
𝑛→∞

(𝑛+2)!

(𝑛1)!+𝑛!
 

2. lim
𝑥→∞

2𝑥2+7𝑥+5

√8−𝑥−√5−4𝑥
 

3. lim
𝑥→0

𝑐𝑜𝑠𝛼𝑥−𝑐𝑜𝑠𝛽𝑥

𝑥2  

4. lim
𝑥→∞

(
𝑥−1

𝑥
)

2−3𝑥
 

5. 𝑦 = 𝑠𝑖𝑛2√𝑥,   𝑥0 =
𝜋2

4
 

6. 𝑦 = ln (𝑎𝑟𝑐𝑠𝑖𝑛√1 − 𝑒2𝑥) 

7. 𝑦 =
1

√2
𝑎𝑟𝑐𝑡𝑔

𝑥

√1−𝑥3
 

8. 𝑦 = 𝑥𝑒𝑐𝑜𝑠𝑥
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8. 𝑦 = (𝑥3 + 1)𝑐𝑜𝑠𝑥 

9. 𝑥𝑦 = sin (𝑥 + 𝑦) 

10. {
𝑥 = 𝑙𝑛√1 + 𝑡

𝑦 = cos
1

2

 

11. 𝑦 = 𝑥3𝑒−
𝑥2

2  

 

 

15-variant 

1. lim
𝑛→∞

𝑛!−(𝑛+1)!

𝑛!+(𝑛+1)!
 

2. lim
𝑥→2.5

√6.5+𝑥−√11.5−𝑥

√6−2𝑥
3

−1
 

3. lim
𝑥→𝑎

𝑐𝑜𝑠𝑥−𝑐𝑜𝑠𝑎

𝑠𝑖𝑛𝑥−𝑠𝑖𝑛𝑎
 

4. lim
𝑥→0

(
𝑥+3

𝑥
)

−5𝑥
 

5. 𝑦 = ln (𝑥2 + 1),   𝑥0 = 1 

6. 𝑦 = log𝑎
1

√1−𝑥4
 

7. 𝑦 = arcsin √
𝑥

𝑥+1
 

8. 𝑦 = (𝑙𝑛𝑥 + 1)sin2𝑥
 

9. 𝑥𝑐𝑜𝑠𝑥 − sin (𝑦2) = 0 

10. { 𝑥 = √2𝑡 − 𝑡2

𝑦 = arcsin (𝑡 − 1)
 

11. 𝑦 =
𝑥2−𝑥−1

𝑥2−2𝑥
 

9. 𝑥 + 𝑦 = 𝑠𝑖𝑛𝑥𝑦 

10. {
𝑥 =

3𝑎𝑡

1+𝑡2

𝑦 =
3𝑎𝑡2

1+𝑡2

 

11. 𝑦 =
𝑥3

1−𝑥2 

 

16-variant 

1. lim
𝑛→∞

(2𝑛−1)4−(2𝑛+1)4

(3𝑛−1)4+(3𝑛+1)4 

2. lim
𝑥→2

√21+3𝑥
3

− √31−2𝑥
3

√𝑥+2−√6−𝑥
 

3. lim
𝑥→

𝜋

2

(
𝜋

2
+ 𝑥)

2
𝑡𝑔𝑥 

4. lim
𝑥→∞

(
𝑥+3

𝑥−1
)

𝑥−4
 

5. 𝑦 = ln2 𝑥 + 𝑥2 ,   𝑥0 = 1 

6. 𝑦 =
1

2
𝑎𝑟𝑐𝑡𝑔

𝑒𝑥−3

2
 

7. 𝑦 = 𝑎𝑟𝑐𝑡𝑔
𝑥−1

2
 

8. 𝑦 = 𝑥3𝑥
∙ 2𝑥 

9. 𝑥𝑦 = 3𝑥 + 𝑥 ∙ 𝑒𝑦 

10. {
𝑥 = 𝑐𝑡𝑔(2𝑒𝑥)

𝑦 = 𝑙𝑛𝑡𝑔(𝑒𝑥)
 

11. 𝑦 = (𝑥 − 1)𝑥2 

 

17-variant 

1. lim
𝑛→∞

32𝑛+1−32𝑛−1

9𝑛+1−9𝑛−1  

2. lim
𝑥→−2

3𝑥2+5𝑥+8

√11𝑥−5
3

+ √19−4𝑥
3  

3. lim
𝑥→∞

(𝑥 + 2)2𝑡𝑔
𝜋𝑥

4
 

4. lim
𝑥→∞

(
𝑥−7

𝑥
)

2𝑥+1
 

5. 𝑦 = 𝑥𝑙𝑛𝑥,   𝑥0 = 1 

6. 𝑦 =
4+3𝑥2

√2+𝑥45  

7. 𝑦 = 3√𝑥+1 

18-variant 

1. lim
𝑛→∞

√2−3𝑛4+𝑛55
− √2𝑛3−1

3

√𝑛−2+4𝑛2− √1−𝑛33  

2. lim
𝑥→1

√19−3𝑥−√9+7𝑥

√7𝑥+1
3

−2
 

3. lim
𝑥→1

(𝑥 − 1)2𝑐𝑡𝑔𝜋𝑥 

4. lim
𝑥→∞

(
2𝑥+1

2𝑥−1
)

𝑥+2
 

5. 𝑦 =
𝑥

𝑙𝑛𝑥
,   𝑥0 = 𝑒 

6. 𝑦 = 𝑎𝑟𝑐𝑡𝑔3(𝑒𝑥 − 𝑒−𝑥) 

7. 𝑦 = 𝑥√4 − 𝑥2 + 4 arcsin
𝑥

2
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8. 𝑦 = (𝑐𝑜𝑠𝑥)𝑙𝑛𝑥 

9. 𝑙𝑛𝑥 + 𝑒
𝑦

𝑥 = 𝑎2 

10. {
𝑥 = 𝑎𝑟𝑐𝑐𝑜𝑠

1

√1+𝑡2

𝑦 = 𝑎𝑟𝑐𝑠𝑖𝑛
𝑡

√1+𝑡2

 

11. 𝑦 =
(𝑥−2)2

𝑥+1
 

 

8. 𝑦 = (𝑙𝑛𝑥)𝑥2−1 

9. sin(𝑥𝑦) + cos(𝑥𝑦) =
𝑡𝑔(𝑥 + 𝑦) 

10. {
𝑥 = 𝑎𝑟𝑐𝑡𝑔𝑒

1

2

𝑦 = √𝑒𝑥 + 1
 

11. 𝑦 = ln (𝑥2 + 1) 

 

19-variant 

1. lim
𝑛→∞

[
1+3+5+7+⋯+(2𝑛−1)

𝑛+1
−

−
2𝑛+1

2
] 

2. lim
𝑥→−5

𝑥2+125

√18+3𝑥−√8+𝑥
 

3. lim (𝜋 − 𝑥)𝑐𝑡𝑔𝑥
𝑥→∞

 

4. lim
𝑥→∞

(
𝑥

𝑥−3
)

𝑥−5
 

5. 𝑦 = √𝑥2 + 3,   𝑥0 = 1 

6. 𝑦 = 𝑎𝑟𝑐𝑐𝑜𝑠√1 + 2𝑥3 

7. 𝑦 = 𝑥4 ∙ 𝑙𝑛3𝑥 

8. 𝑦 = (𝑠𝑖𝑛𝑥)𝑎𝑟𝑐𝑡𝑔𝑥 

 

9. 𝑠𝑖𝑛𝑥𝑦 = 𝑦2 

10. {
𝑥 = arccos

1

𝑡

𝑦 = √𝑡2 − 1
 

11. 𝑦 =
𝑥2+6

𝑥2+1
 

 

20-variant 

1. lim
𝑛→∞

1+5+9+⋯+(4𝑛−3)

𝑛2−3
 

2. lim
𝑥→2

√11−5𝑥
3

+ √7−4𝑥
3

0.5𝑥2+𝑥−4
 

3. lim
𝑥→3

(𝑥2 − 9)𝑡𝑔
𝜋

6
𝑥 

4. lim
𝑥→∞

(
2𝑥−1

2𝑥+4
)

3𝑥−1
 

5. 𝑦 = √𝑥 +
1

𝑥
,   𝑥0 = 1 

6. 𝑦 = 𝑥2 ∙ 𝑠𝑖𝑛2𝑥 

7. 𝑦 = 3𝑥 ∙ 𝑐𝑜𝑠2𝑥 

8. 𝑦 = (𝑠𝑖𝑛𝑥)√𝑥 

9. 𝑎𝑟𝑐𝑡𝑔
𝑦

𝑥
= 𝑥 

10. {
𝑥 = ln3 𝑐𝑜𝑠𝑡

𝑦 = 𝑒𝑠𝑖𝑛𝑡  

11. 𝑦 = (𝑥 − 1)𝑒3𝑥−1 

 

 

 

21-variant 

1. lim
𝑛→∞

(
1

4∙7
+

1

7∙10
+ ⋯ +

1

(3𝑛+1)(3𝑛+4)
) 

2. lim
𝑥→2

(
1

√𝑥−√2
−

2√2

𝑥−2
) 

3. lim
𝑥→−2

(𝑥2 − 4)𝑐𝑡𝑔
𝜋

2
𝑥 

4. lim
𝑥→∞

(
𝑥+5

𝑥
)

3𝑥+4
 

22-variant 

1. lim
𝑛→∞

√𝑛2−1
3

−√(𝑛−1)+1

√𝑛2−1
3

+√𝑛−1+1
 

2. lim
𝑥→

1

2

8𝑥3−1

6𝑥2−5𝑥+1
 

3. lim
𝑥→1

(𝑥3 − 1)𝑡𝑔
𝜋

2
𝑥 

4. lim
𝑥→0

(
𝑥+2

𝑥
)

3−2𝑥
 

5. 𝑦 = 𝑎𝑟𝑐𝑠𝑖𝑛𝑥 − 𝑥,   𝑥0 = 0 
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5. 𝑦 = 𝑎𝑟𝑐𝑡𝑔2𝑥,   𝑥0 = 1 

6. 𝑦 = 𝑙𝑛𝑎𝑟𝑐𝑡𝑔√𝑒𝑥 + 𝑠𝑖𝑛3𝑥 

7. 𝑦 =
2(3𝑥3+4𝑥2−𝑥−2)

15√1−𝑥
 

8. 𝑦 = (𝑡𝑔𝑥)4𝑒𝑥
 

9. 𝑐𝑜𝑠𝑥 = 𝑥 + 𝑦 

10. {
𝑥 = √2𝑡 − 𝑡2

𝑦 = √(1 − 𝑡)23  

11. 𝑦 =
𝑥3

𝑥4−1
 

 

6. 𝑦 = 𝑎𝑟𝑐𝑡𝑔(𝑥2 ∙ cos
1

𝑥
) 

7. 𝑦 = cos(𝑐𝑡𝑔2𝑥) −
1

16

cos2 8𝑥 

𝑠𝑖𝑛16𝑥
 

8. 𝑦 = (𝑥7 + 1)𝑡𝑔𝑥 

9. √𝑥2 + 𝑦2 = arccos
𝑦

𝑥
 

10. {
𝑥 = arccos (𝑠𝑖𝑛𝑡)
𝑦 = arcsin (𝑐𝑜𝑠𝑡)

 

11. 𝑦 =
𝑥5

𝑥4−1
 

 

23-variant 

1. lim
𝑛→∞

2∙2𝑛+4𝑛+8𝑛

3∙8𝑛−4𝑛+2𝑛 

2. lim
𝑥→

1

2

4𝑥2−1

√2𝑥+5−√1−6𝑥
 

3. lim
𝑥→0

(
1

𝑠𝑖𝑛3𝑥
−

1

𝑡𝑔3𝑥
) 

4. lim
𝑥→∞

(
1−𝑥

2−𝑥
)

3𝑥
 

5. 𝑦 =
𝑥

2
+

2

𝑥
,   𝑥0 = 1 

6. 𝑦 = ln2(𝑥3 + 𝑐𝑜𝑠3𝑥) 

7. 𝑦 =
2

3
𝑎𝑟𝑐𝑠𝑖𝑛√

𝑥2−1

3
 

8. 𝑦 = (√𝑥 + 5)
𝑡𝑔

𝑥3

2  

9. 3𝑦 + 2𝑥 = 2𝑥+𝑦 

10. {
𝑥 = 𝑎𝑟𝑐𝑡𝑔𝑒

1

2

𝑦 = √𝑒𝑥 + 1
 

11. 𝑦 = ln (𝑥2 − 2𝑥 + 6) 

 

24-variant 

1. lim
𝑛→∞

(√2𝑛2 − 1 −

√2𝑛2 + 1) 

2. lim
𝑥→2

√𝑥+6
3

− √19−5.5𝑥
3

𝑥2−3𝑥+2
 

3. lim
𝑥→

𝜋

2

1

𝑐𝑜𝑠𝑥
−

1

𝑐𝑡𝑔𝑥
 

4. lim
𝑥→∞

(
3𝑥+4

3𝑥
)

−2𝑥
 

5. 𝑦 = 𝑥2 + 𝑎𝑟𝑐𝑐𝑡𝑔𝑥,   𝑥0 = 0 

6. 𝑦 = ln3(𝑒2𝑥 + 𝑐𝑜𝑠√𝑥) 

7. 𝑦 = 𝑡𝑔(ln
1

3
) +

1

4

𝑠𝑖𝑛4𝑥

4𝑐𝑜𝑠8𝑥
 

8. 𝑦 = (𝑥3 − 4)𝑠𝑖𝑛2𝑥 

9. 𝑥
2

3 + 𝑦
2

3 = 𝑎
2

3 

10. {
𝑥 = 𝑡𝑐𝑜𝑠𝑡 − 2𝑠𝑖𝑛𝑡
𝑦 = 𝑡𝑠𝑖𝑛𝑡 + 2𝑐𝑜𝑠𝑡

 

11. 𝑦 =
𝑒2𝑥+1

𝑒𝑥  

25-variant 

1. lim
𝑛→∞

(3+2𝑛+𝑛2)
5

−(2𝑛2−1)
5

(2𝑛−1)10  

2. lim
𝑥→4

√𝑥+1−√8−𝑥

√2𝑥+1−√17+8𝑥
 

3. lim
𝑥→𝑎

cos2 𝑥−cos2 𝑎

𝑥2−𝑎2  

26-variant 

1. lim
𝑛→∞

(
1

2∙5
+

1

3∙5
+ ⋯ +

1

(𝑛+1)(2𝑛+3)
) 

2. lim
𝑥→−2

8+𝑥3

√4𝑥+9−√17+8𝑥
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4. lim
𝑥→∞

(
2𝑥−1

2𝑥+4
)

−𝑥
 

5. 𝑦 =
𝑥2

𝑥2+1
,   𝑥0 = 1 

6. 𝑦 =
1

4
ln

√1+𝑥44
+𝑥

√1+𝑥44
−𝑥

 

7. 𝑦 =
1

18
𝑙𝑛

4+√8𝑡𝑔
𝑥

2

4−√8𝑡𝑔
𝑥

2

 

8. 𝑦 = 𝑎2𝑥+3 

9. 𝑒𝑥 ∙ 𝑠𝑖𝑛𝑥 = 𝑒−𝑥 ∙ 𝑐𝑜𝑠𝑦 

10. {
𝑥 = 𝑐𝑡𝑔(2𝑒𝑥)

𝑦 = ln 𝑡𝑔(𝑒𝑥)
 

11. 𝑦 =
5𝑥4+3

𝑥
 

 

3. lim
𝑥→𝛽

sin2 𝑥−sin2 𝛽

𝑥2−𝛽2  

4. lim
𝑥→0

(
3𝑥+4

2𝑥+5
)

𝑥+1
 

5. 𝑦 = √𝑥2 + 4𝑥 + 1,   𝑥0 = 0 

6. 𝑦 = ln (𝑡𝑔 (
𝑥

2
+

𝜋

4
)) 

7. 𝑦 = 𝑎𝑟𝑐𝑐𝑜𝑠
𝑥2−4

√𝑥4+16
 

8. 𝑦 = (sin2 𝑥)𝑒𝑥 

9. 𝑥4 + 𝑦4 = 𝑥2𝑦3 

10. {
𝑥 = 𝑙𝑛𝑐𝑡𝑔𝑥

𝑦 =
4

cos2 𝑡

 

11. 𝑦 =
5𝑥

4−𝑥2 

 

27-variant 

1. lim
𝑛→∞

√𝑛2+2𝑛−1
3

√𝑛−10
 

2. lim 
𝑥→1

√7+𝑥33
−√3+𝑥2

𝑥−1
 

3. lim
𝑥→ℎ

√𝑥+ℎ
3

−2 sin(𝑥−ℎ)−𝑠𝑖𝑛2ℎ

𝑥2−ℎ2  

4. lim
𝑥→∞

(
1+2𝑥

3+2𝑥
)

−𝑥
 

5. 𝑦 = √𝑠𝑖𝑛2𝑥,   𝑥0 =
𝜋

4
 

6. 𝑦 = 𝑎𝑟𝑐𝑡𝑔 (𝑡𝑔
𝑥

2
+ 1) −

𝑙𝑛𝑐𝑜𝑠√𝑥 

7. 𝑦 = 𝑙𝑛 √1 − 𝑠𝑖𝑛
5

𝑥

3
 

8. 𝑦 = (𝑥3 + 4)3𝑥 

9. 𝑡𝑔
2

𝑦
= 𝑐𝑡𝑔𝑥𝑦 

10. {
𝑥 = √1 − 𝑡2

𝑦 =
𝑡

√1−𝑡2

 

11. 𝑦 =
4−2𝑥

1−𝑥2 

 

 

28-variant 

1. lim
𝑛→∞

√𝑛3+5
4

+ √𝑛2−5
3

√𝑛2+1
3

+ √16𝑛3+1
4  

2. lim
𝑥→𝑎

√𝑥−𝑏−√𝑎−𝑏

𝑥2−𝑎2 ,   (0 < 𝑏 <

𝑎) 

3. lim
𝑥→0

cos(2𝑥+𝑎)−cos (2𝑥−𝑎)

𝑥2  

4. lim
𝑥→0

(
𝑥

𝑥−1
)

3−2𝑥
 

5. 𝑦 = √𝑥2 + 1
3

,   𝑥0 = 0 

6. 𝑦 = log𝑎
1

√3+𝑥2
−

ln 𝑎𝑟𝑐𝑠𝑖𝑛√1 + 𝑒2𝑥 

7. 𝑦 = log𝑎 𝑐𝑜𝑠
2𝑥+3

2𝑥−1
 

8. 𝑦 = (2𝑥3 + 1)𝑐𝑜𝑠2𝑥 

9. 𝑥𝑎𝑟𝑐𝑠𝑖𝑛𝑦 = 𝑦𝑎𝑟𝑐𝑠𝑖𝑛𝑥 

10. {
𝑥 = 𝑙𝑛√

1−𝑡

1+𝑡

𝑦 = √1 − 𝑡2

 

11. 𝑦 = 𝑥2 +
1

𝑥2 
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29-variant 

1. 

lim
𝑛→∞

(𝑛+1)5+(𝑛−1)4+(2𝑛−3)3

(2𝑛−1)5+(2𝑛+1)4+(2𝑛+3)3 

2. lim
𝑥→−1

√8−𝑥−√15+6𝑥

2𝑥2+5𝑥+3
 

3. lim
𝑥→0

√2−√1+𝑐𝑜𝑠𝑥

sin2 𝑥
 

4. lim
𝑥→∞

(
4−2𝑥

3𝑥+2
)

𝑥−2
 

5. 𝑦 = √
1

𝑥
+ 7

3
,   𝑥0 = 1 

6. 𝑦 = 𝑥 − 𝑒−𝑥 ∙
𝑎𝑟𝑐𝑠𝑖𝑛𝑒𝑥 + 𝑥2 

7. 𝑦 = 𝑎𝑟𝑐𝑐𝑡𝑔
1−3𝑥

√1+𝑥+𝑥2
 

8. 𝑦 = (𝑒𝑥 + 1)𝑥2−1 

9. 𝑥𝑦 − sin (𝑥 + 𝑦) =
cos (𝑥 − 𝑦) 

10. {𝑥 = 𝑎𝑟𝑐𝑠𝑖𝑛√1 − 𝑡2

𝑦 = (arccos 𝑡)−2  

11. 𝑦 = 𝑥𝑙𝑛𝑥 

 

30-variant 

1. 

lim
𝑛→∞

(𝑛+1)5+(𝑛−1)4+(2𝑛−3)3

(2𝑛−1)5+(2𝑛+1)4+(2𝑛+3)3 

2. lim
𝑥→−1

√8−𝑥−√15+6𝑥

2𝑥2+5𝑥+3
 

3. lim
𝑥→0

√2−√1+𝑐𝑜𝑠𝑥

sin2 𝑥
 

4. lim
𝑥→∞

(
4−2𝑥

3𝑥+2
)

𝑥−2
 

5. 𝑦 = √
1

𝑥
+ 7

3
,   𝑥0 = 1 

6. 𝑦 = 𝑥 − 𝑒−𝑥 ∙ 𝑎𝑟𝑐𝑠𝑖𝑛𝑒𝑥 +
𝑥2 

7. 𝑦 = 𝑎𝑟𝑐𝑐𝑡𝑔
1−3𝑥

√1+𝑥+𝑥2
 

8. 𝑦 = (𝑒𝑥 + 1)𝑥2−1 

9. 𝑥𝑦 − sin (𝑥 + 𝑦) =
cos (𝑥 − 𝑦) 

10. {𝑥 = 𝑎𝑟𝑐𝑠𝑖𝑛√1 − 𝑡2

𝑦 = (arccos 𝑡)−2  

11. 𝑦 = 𝑥𝑙𝑛𝑥 
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2. Xurramov Sh.R. Oliy matematika. Misol va masalalar, nazorat 

topshiriqlari. 1,2,3-qismlar. – Toshkent: Fan va texnologiyalar, 

2015. 

3. Xolmurodov E., Yusupov A.I. Oliy matematika. – Toshkent: 

Noshir, 2013. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



110 
 

MUNDARIJA 

Kirish ……….…….…………………….…….…………… 3 

1. Funksiya. Limitlar nazariyasi……………………. 4 

1.1 Sonli ketma-ketlik va uning limiti………………. 4 

1.2 Cheksiz kichik va cheksiz katta ketma- ketliklar. 5 

1.3 Yaqinlashuvchi ketma-ketliklarning xossalari…. 6 

1.4 Funksiya tushunchasi. Funksiya limiti…………. 8 

1.5 Limitga ega bo‘lgan funksiyalarning xossalari. 

Birinchi va ikkinchi ajoyib limitlar……………… 

11 

1.6 Funksiyaning uzluksizligi va uzilishi…………….. 17 

1.7 Uzluksiz funksiyalarning xossalari………………. 20 

1.8 Namunaviy misollar……………………………… 22 

1.9 Mustaqil yechish uchun vazifalar………………... 26 

1.10 1-namunaviy hisob………………………………... 38 

2  Funksiya hosilasi…………………………………. 43 

2.1 Funksiya hosilasi va differensiali………………… 43 

2.2 Murakkab, oshkormas, parametrik ko‘rinishda 

berilgan funksiyalarning hosilalari……………… 

 

46 



111 
 

2.3 Yuqori tartibli hosila va differensiallar. 

Aniqmasliklarni Lopital qoidasi yordamida 

ochish………………………………………………… 

 

 

47 

2.4 Funksiyaning o‘sishi va kamayishi. Funksiyaning 

ekstremumlari………………………………………. 

 

53 

2.5 Funksiya grafigining qavariq va botiqligi………… 55 

2.6 Mustaqil yechish uchun misollar…………………... 59 

2.7 2-namunaviy hisob…………………………………. 95 

 Foydalanilgan adabiyotlar…………………………. 109 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



112 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Muharrir:                              Sidikova K.A. 


