6-MAVZU : MURAKKAB VA TESKARI
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m 2. Teskari funksiya hosilasi.

® 3. Funksiyaning yuqori tartibli hosilalari.



1. Murakkab funksivaning hosilasi.
Avtaylik, v=F(u) murakkab funksiva bo‘lsin ya'mi  v=F(u), u=e¢lx) vok

V=F [:;J{ﬂ] u - o'zgaruvchi, oralig argumentt deviladi. v=

F(u) va u=eplx)
differensiallanuvchi funksivalar bo‘lsin.
Murakkab funksivaning differensiallash goidasini keltirib chigaramiz.
Teorema: Murakkab Fiu) funksivaning erkli o'zgamvehi x bo‘yicha hosilas:
bu funksiva oraliq argumenti bo‘vicha hosilasini oralig argumentining erkl
o'zgaruvchi x bo vicha hosilasining ko*paytmasiga teng, va'ni

v = Fy(u)-u(x)....(1)

Misol: y= [ﬁ:i +axt +3x% + ?ﬁf funksivaning hosilasini toping.
Yechish: benlg:an funksivami murakkab funksiva deb gqaraymuz va'm

-
-

V=u u= © +4x +3x7+2 I:l"'- formulaga asosan

|I




Theorem 6.7 (“Chain rule™) Avtaylik f(x) funksiyva x, € R nugtada hosilaga ega
bo’lsin va g(y) funksiva 3,= f(x,) nugtada hosilaga ega bo’lsin. U holda
g f(x)=g(f(x)) kompozitsiva x, nugtada hosilaga ega va
(€2 f)(0)=g'0p)f (x) =g (Sl f (%) (6.7)
Misollar(6.8)
i) h(x)=+1-x" akslantirish f(x)=1-x" funksiyaning kompozitsiyasi.

hosilasi f{(x)=—2x va g(y)= .J; uchun g'(¥) = 21}_ .uholda 6.7 gako'ra
R e

) 1 —X

e ==
ii) Alx)=e"" funksiya f(x)=cos3x funksiya uchun kompozitsiya,
g(yvi=¢". Ammo f(x) funksiva o(x)=3x ning kompozitsivasi va
w(y)=cosy 6.7 ga ko'ra f(x)=-3sin3x Boshqa tomondan g'(v)=¢"_ 6.7 dan

yvana. bir marta fovdalansak

H(x)=—3&"""dn3x

kelibh chiqadi.



Misollar(6.10)

i) ¥v=f(x)=tanx funksiva hosilasi f"(x)=1+tan’ x va teskarisi
x=f(y)=arctany. (6.9} gako'ra

(G- L
+tan"x 1+y

f =g uchun g(x)=arctanx , uholda
1

1+x

g()=—.

Examples 6.10

1) The function ¥y = f(x) = tanz has derivative f'(x) = 1 + tan®z and inverse
z = f~'(y) = arctany. By (6.8)

1 1
=1 _ = ,
V) l+tan*z 1492
Setting for simplicity f~! = g and denoting the independent variable with z,

the derivative of g{x) = arctan z is the function g(x) = |+ 22
T

Claudio Canuto, Anita Tabacco - Mathematical analysis I pp 174




T

ii) y=f(x)=sinxu [—EE:| oraligda teskarilanuvchi bo’ladi.

x=f'(y)=arcsiny malumki  f(x)=cosx. Agar biz
cos'x+sin’x=1

tenglikni inobatga olsak f(x) =41 —sin’x tenglikka ega bo’lamiz. (6.9) ga
ko'ra

1 1
()= — = :
]1 —sin X ;,ll -V
f =g uchun g(x) =arcsinx , uholda
1

EF'EI} = ﬁ -

Xuddi shunga o’xshash g(x) =arccosx uchun g'(x)=-

1

1-x°
Clandio Canuto, Anita Tabacco I Mathematical analysis I pp 174




iii) yv= f(x)=a" uning hosilasi f(x)=(logala” vauning teskarisi
x=f(y)=log_y.(6.9) gako'ra

1 1

Ly ' = =
v (loga)a® (loga)y
U holda g(x) =log, x funksiya uchun g'(x) = : o'rinh.
(log a)x

Bibliography:
Claudio Canuto, Anita Tabacco  Mathematical analysis I pp 173-174

3. Higher Derivatives
If the derrvative function f'({x) 1s the mnput to the operator box 1llustrated in

the figure (1), then the output function 15 denoted f"(x) and represents a

derivative

of a derivative called a second derivative. Higher ordered derivatives are defined
in

a similar fashion with i c;::) - j;l which states that the dertvative of the(n —

1)st derivative 1s the nth derivative. The function f'(x) = % 15 called a first
derivative, f"(x) = E 15 called a second derivative, f""(x) = % 15 called a thurd

derivative f"(x) = % 15 called a n-th derivative.
=



Yugori tartibli hosilalar.
Agar funktsiyaming hosilasi f'(x) (1) da ko’rsatilganidek kiruvchi operator
bo’lsa, u holda chiquveh funktsiyam £ (x) deb belgilaymiz va u hosilaning
hosilasi bo’lib, ikkinchi tartibli hosila deb ataladi. Yugon tartibli hosilalar ham

shunga o xshash ta'nflanadi va — f# __l) = —1 kabi belgilanib_ (n — 1) —tartibls
-\.H.Iwﬁ'.:l.. "..\__:I_'I ﬁ:l_" S’
ay

hosilaning hosilasi, ya'ni n-tartibli hosila deb nomlanadi. f'(x) = L funktsiya
birinchi tartibli hosila deb, f''(x) = f? funktsiya ikkinchi tartibli hosila deb,

=

() = — uchinchi tartibli hosila deb, F"(x) = esa n-tartibli hosila deb

!

ataladi.
Adabiyot: T H Hemnbockel. Introduction to Calculus Volume 1, p 90-91 prop.of
int.



1-misol. y=ap"tap™i+  +a.pxta, bo'lsa

y=nagtEn-1)axtit  tay, .
YW=nin-1})_.. 21 ag=apn! .
yirli=y=li= =0
Demak, n — darajali ko'phadning » — tartibli hosilasi o*zgarmas son bo*lib,
(n+1)- tartibli hosilasidan boshlab yuqort tartibli hosilalarining barchasi nolga teng
bo*lar ekan
2-misol. fix)=e™  k—o‘zgarmas (k=0).
Fix)=e®(log) "=ke™;
=) =(ke™) "=kie™) "=k re™=jie™
va hokazo,
| | ) =ires
ni olamiz. Demak,
(g=)m= Fe _neN




R-misol. f{x)=simx.

o - T
[l)=cosx=sinfx+=),
: >

aa

)=l =(sinfx+ ;J{J "=cos(x+ %j-f =sinfx+m,

1 . Ty

Fx)=sinfx+n =
3 i [T 0 i S _ .
ya 1l L:;!m.:{{;"-—s.r.rﬂf‘c—ﬂ-T;. el

4-misol. fix)=cosx.
Yugoridagiga o' xshash,

| A r
~ il — - . i T
(cos x)W=cos(x+n o JLEN

F =

1 olish mumlbin.
S-misol. fx)=UF, buverda U va I/ lar ixtivoriv tartibli hosilalart maviud
funksivalardar.
Ir"L"' I:_.:'] K — L"’ .']|:_.="_ L‘T.__r #
II.-'E—I!:,;'J ; iﬂL' T+ I!:—]r.rj =TT YUV =YY 2UTVH LT
va hokazo.

-y =3 cFut=s.p®
!



3-misol. f{x)=sinx.

P . T
Flx)=cosx=sin{x+=),
il j i

-

T =) =(sinx+ %j} "=cos(x+ %j-f =sin(x+ 7,

b - 3 .;T I
fx)=sinix+n =

=

- - . Tt .;T i _
Va 11 IMEEFLIL"‘-'—S?.*I-’J;‘I:—H'?;. MEd

4-misol. f{x)=cosx.
Yugoridagiga o xshash,
w "o -
= [ — - . = g
(cos x)™=cos(x+n PO =l

—

a1 olish mumbin.



S-misol. fix)=0"F, buvyerda [ va I lar ixtivoriv tartibli hosilalart maviud
funksivalardir.

(UV)=UT+LT"
(UF) ' =(UV+LUT) ' =U"TF+UV+U VUV =0+ 2UFV+UT"
va hokazo.

(L"_ ) .-"]"_ﬂ 1 — Z C j_' Ll—-.r'.l—l ) I__r'l i

ni olish mumkin. Bu Levénis formulasi deb vurtiladi. Bu verda nolinchi tartibli
hosila funksivaning o°z1 ekanligini eslash lozim.

Endi, vugort tartibli differensial tushunchasimi kiritamiz. Buning uchun
funksiva differensialini uning birinchi tartibli differensiali argument orttirmasing
o‘zgarmas deb gabul qilzan holda (n—1) — tartibli differensialning differensialini -

rartibli differensial deb ataymiz va uning uchun gny . &%) kabi belgilashlarm
qo’llaymiz.

Demak, ta'nf bo‘vicha dfv=g(a"{v} ekan. Oxirgi formula asosida
diy=dfdv)=d[f" (x)ax] =" (x)eb)adx=1" (x)cx?

va hokazo,
dhy =" x ey
formulany olamiz.
Bu verda jfkinchi va undan yugori tartibli differensiallar bivinchi tartibli

differensialning invaviantlik xossasiea eca emaslicini ammo, oralig o Tearuvchi
i > ot & "

bo ‘lgan murakkab funksiva argumenti (erkli o zgaruvchijning chizigli funksiyasi

bo ‘lgan holda bu xossa saglanishini aytamiz.



Yugori tartibli hosila ma’nolariga kelsak, agar moddiy nugta 5=3(1/ gonun
bo‘vicha to'g'nm chizig bo‘vlab harakatlanayvotgan bo'lsa, undan (vo'l
funksivasidan) olingan birinchi  tartibli hosila moddiy nugtaning tezhig 5=
ekanligi bizga ma’lum, va'm

9==
ot
Apgar tezlanishm garalsa,
AG 49
a= —_— i —
L S |
ekanligini chugarish givin emas. Yok
d8 4 |.-.-£-“|‘1.5"'| a5
aga=s —=— | = — .
dr drldr)  dr

Demak, fo'eri chizigli. harakatda bo'lean moddly nugtaning tezianishi
uring vo 'l funksivasidan olingan ikkinchi tartibli hosilaga reng ekan. Bu_ikkinchi
tartibli hosilaning fizik ma’nosidir. Geometrik ma’nosii kevinrog ko' ramiz.



10.6. Dufferensiallanuvchi funksiyvalar haqidagi teoremalar

Bu bandda differensial hisobida nazanv tatbiglari muhim ahamivatga ega
bo’lzan teoremalarni keltiramiz,

10.6.1-teorema (Ferma). Agar fix) funksiva (a_8) oraligda amiglangan
bo‘lib, xpeia; &) nugtada eng kichik voki eng katta givmatga erishsa va shu nugtada

differensiallanuvchi bo®lsa, xy/=0 bolads
Isbot. Anighk uchun Sup fix)= flx;} deylik U holda.

Fisla b)) fix)= fixg) o'nnlidir. Endi, xp; nugtaga <Ax orttirma bernib, funksiva
orttirmasi Ay i olsak,
Av=fixpt0)-fixg) <0

bo'ladi U holda.
Av<0boleanda X 0.
Fi%
Ay

Av=0 bo'lzanda = =0 .
SesessmeSe Ax

Osrg tengsizliklarda Ax —0 dagi limitga o'tb, xg) mavjudligini hisobga olsak,
fixg)=0 va (g <0
larni olamiz. Bulardan /xg)=0 kelib chigadi.
inf f{x)= Flx;) hol ham huddi shunga o*xshash garalad:.

Eq ]

Teorema 1sbotlandi.




10.6.2—teorema(Roll). Agar fix) funksiva [a b] kesmada amiglangan, uzluksiz va
(a;8) oraligda differensiallanuvchi bo'lib, kesmaming chetki nuatalarida teng
(ffa)=fibl) qrvmatlar gabul qilsa, (a5) oraligda shunday ¢ nugta topaladiki, bu
nuqtada funksiva hosilasi nolga teng (F'lc) =0) bo'ladi.

Isbot. Agar [a_ ] da funksiva o*zgarmas bo’lsa, teorema 1sboti amqdir, va'm
c nugta sifatida (a-8) nming ixtivorty nmugtasim olish mumkin, chunki bu oraligda
funksiva hosilasi nolga teng bo'ladi. Demak. funksiva  [a:8] da o'zgaruvchi
bo‘lgan holm garash kifovadir. Bu holda ffx) funksiva [a 5] kesmada uvzluksiz
bo‘lganligi sababli, bu kesmada shunday x; va x; nugtalar mavijud bo*ladiki, ularda
funksiva o‘zining eng katta va eng kichik givmatlarini gabul giladi. Bu nugtalardan
aqalli hattasi (@ 8) ming ichki nugtasidan iborat bo'ladi, (aks holda funksiva
o'zgarmas bo'lib golar edi), o'sham ¢ deb olib, 1sbotlangan Ferma teoremasiga
ko‘ra f7c)=0m1 olamiz. Teorema 1sbotlandi.




10.6.3—teorema(L.agranj). Agar fix) funksiva [a 8] kesmada aniglangan,

uzluksiz va (@ b) oraligda differensiallanuvehi bolsa, (a,5) craligda shunday ¢
nugta topiladiki, So-fla)_ fle) o'rinli bo®lads.

—

Isbot. ¢{x)= filx)- fl'_a_'l-—ml'_x—a} vordamchi funksiyvani kiritsak, u

—

vugoridagi Roll teoremasi shartlarimi qanoatlantiradi. Demak, shunday ¢ =(a; &)
mavjudki, ¢ 7c)=0 boladi o o

#x) = 1) - L2 L2
da x=¢ desak, teorema isboti kelib chigadi.

Yugorida kelurilgan Roll yg Lagran) tecremalart quvidagicha geometnik
talginlarga ega. Ya'ni, Lagran) teoremasi shartlar1 bajarilsa, aqgalli bitta shunday
c Sia b)) nugta topiladiki, grafikning bu nugtasiga o'tkazilgan uvrinma grafik chetla
nugtalarim tutashtiruvehi kesmaga parallel bo®ladi. Roll teoremasida grafik chetka
nugtalarima tutashtiruvechi kesma Ox o'qgiga parallel bho'lganligi sababli urinma
abssissalar o°qgiga paralleldir {10.6.1-rasmga qarang). Shu bilan birga bunday nugta
aqalli bitta bolishi avtilgan bo®lib, ular bir nechta bo®lishi ham mumkindir.

fid)
o] 3 ) ol

fta)

10.86.1-rasm



10.6.4 - teorema (Koshi). Agar fix) va gfx) funksivalar [a/b] kesmada
aniglangan, uzluksiz va (a;5) oraligda differensiallanuvchi bo‘lib, g7x)=0 bo’lsa,
shunday ¢ =(a; &) topiladiki,

fla)-fla) B fle)

glb)-gla)  gle)
o 1inli boladi.

Isbot. Avval teorema xulosasidagi tenglikning har ikki tomonidagi ifodalar
ham ma’noga ega ekanligimi avtamiz. Hagigatdan ham, o‘ng tomon uchun bu
ayondir. Chap tomonni olsak, nisbat ma'noga ega bo'lmasligt uchun  gfal)=g(5)
bo‘lishi kerak, bu holda Roll teoremasi asosida (a75) ning biror ichki nuqtasida
g¥x)=0 bo‘lisht kerak, bu esa teorema shartiga ziddir. Demalk, glal= g(b)
ekan.

Endi,

. . . (8)-fla) ; ; :
(x)= Filx)- I._-:‘.'—f.'—.'- (x)—pla)
ole)=rlek-rla~ =) [plx)-lal]
funksiva vordamida teorema isbotiga kelamiz (bunga 1shonch hosil gilishm

o quvchining o‘ziga qoldiramiz).



l-eslatma. Lagran) teoremasi xulosasidagi tenglhikda a=xg . 5=x;—Ax deb faraz
qilinsa, um

Ay . .
= = fx +8Ax)
: Filx )

ko'nimishda vozish mumkin bo®ladi, bu verda c=xz;+8Ax deb olingan bo'lib,
0= &< Oxirgidan esa,

Ay = frlx, +FAx)- Ax
ga kelamiz. Bu funksiva orttirmasi uchun vana bir formula bo*lib, uni chekii
eritizmalar. formulasi deb yuritilad:.
2-eslatma. Agar x; nugta atrofida fix) funksiva differensiallanuvehi bo'lsa. v

bu atrofda uwzluksizligi ma’lumdir. Bu holda uning hosilasi f7x) x; nugtada volka

uzluksiz bo’lishi voki ikkinchi jins uzilishga ega hc-'lishj__vaimnn: birinchi jins
uzilishga ega bo'laclmasligi 1sbotlangandir.
Hagigatdan ham_ agar x; nugta atrofida /i) ming hosilasi mavjud holib. bu

nugtada Ffx) birinchi jins vzilishga ega deb faraz qilsak, Flx, )= lim §Fx) voki

:—}:._—':'

Filxg )=+ ]_.'i}:]‘l_l:l Flx) lardan aggalli bittasi orinli bo’lishi kerak. Ammeo, funksiva
differensiallanuvchi bo'lganligs sababli

£1x,) = tim Sl + M) — Flx, ) lim Ay
s Ax—+1 Ax Ax—0 AY
chekli hosila hamda bar tomonli
fim 2 = tim 2 = ox,)

Ar¥—0 Ay Ar—+0 Ay
hosilalar mavjuddir.  Ikkinchh  tomondan Lagran)  teoremasi . asosida
Av=FTxg+EAx) -2Ax m1 olamiz. Bu verda 0<& <] ya bundan
] R , Ve AV ey
:_].'I.J;];l:cf lx )= _-.]fin;.:f {x, + E_“..x_l'—_]_.J‘:_.ncE = flx, )
bo'lib, F7x} ming uzluksiz bolishi, yva’m gilingan faraz noto’g'n ekanligi kelib
chigadi. Bu esa, funksivaning nugtadagi bir tomonli hosilasi bilan hosilasining bar

tomonli limiti avnan tushunchalar emasliging ko'rsatads.



Maszalan.
o x=0,
flxy=1, 1
X sin—, x# 0.
L X
funksivam olsak, uning hosilasi x (-0, o) mavyuddir.
Hagigatdan ham,
0, x=0
(x) =1
fix ilxsiﬂl—cns—: x#0
L X X

hamda F'(-0)= F+0) ekanligiga 1shonch hosil qilish osondir.
Bundan x=0 mnugtada £0)=0 mavjud bo'lib, tim f{x) va tm f(x)

limitlarming ikkalasi ham mavjud emasligini ko'nish qivin emasdir. Demak, bu
funksivaning hosilast 0 nugtada mawvjud ho'lib. bu nugtada ikkinchi jins vzilishga
egadir.




Yugori tartibli hosilalar
Faraz ailaylik, biror (@ 8) da hosilaga ega fix) funksiva amiglangan bo’lsin
Ravshanki, /ix) hosila {a &) da aniglangan funksiva bo'ladi. Demak, hosil bo'lgan
funksivaning hosilasi, va'ni hosilaning hosilasi haqida gapirish mumkin. Agar /(x)
funksivaning hosilas:i mavjud bolsa, v fx) funksivaming ikkinchi tartibli hosilasi
dy dfix)
dc T
qilib, ta’nif bo‘vicha v "'fx)=iy ") " ekan.

Shunga o'xshash, agar ikkinchi tartibli hosilaning hosilasi maviud bo'lsa, u

uchinchi tartibli hosila deviladi va v*"" /7'ix), : Gh;;;:x} kabi belgilanadi.

deviladi va ¥, f(x), simvollarming biri bilan belgilanadi. Shunday

Demak, ta'rif bo'vicha v""'=@") "

Berilgan funksivaning to‘rtinchi va hk. tartibdagi hosilalari xuddi shunga
o'xshash aniglanadi. Umuman fix) funksivaming (»-7)-tartibli 0] hosilasining
dy dfx)
de T e
simvollarming birt hilan belgilanadi. Demak, ta'rif bo‘vicha n-tartibli hosila
VviR="dl) " rekkurent (qaytma) formula bilan hisoblanar ekan.

hosilasiga uning  wm-tartibli  hosilast deviladi va ™, M)



Misol. yv=x* funksiva berilgan v’"'(2) m hisoblang.

Yechish. y'=4x v''=12x% y'"'=24x, demak y'"'(2)=24.2=45.

Yugorida aytilganlardan, funksivaning yuogori tartibli, masalan, »-  tartibla
hosilalarini topish uchun wvning barcha oldingi tartibli hosilalarini hisoblash
zarurligi kelib chigadi. Ammeo aynim funksivalarning vugori tartibli hosilalan
uchun umumiy gonunivatni topish va undan foydalamb formula keltirib chigarish
mumkin.

Misol tariqasida ba’zi bir elementar funksiyalarning »-tartibli hosilalarini topamiz.
1) y=x* (x>0 wusR) funksiva uchun »* m topamiz. Buming uchun uning
hosilalarini ketma-ket hisoblaymiz: y'=px*d, v''=pufp-I1) x4, .

Bundan

(e == 1 =20 -t 1 (8.1)

deb induktiv faraz qilish mumkinligi kelib chigadi. Bu formulaning »=1 uchun
o'nnliligt  vugonida ko'rsatilgan Endi (1) formula »n=f da o'nnli, va'm
VE=pp-1). (u-k+1)x*% bo'lsin  deb, uning n=k+] da orinli bo‘lishini
ko‘rsatamiz.

Ta'rifga ko'ra p®¥= (v®) " Shuning uchun

VE =R = -1 (-t D) = - 1) ek ) - FactE

bo’lishi kelib chigadi. Bu esa (8.1) formulaning n=~F+/ da ham o'rinli bo*lishim
bildiradi. Demak, matematik nduksiva usuliga ko'ra (8.1) formula FheN uchun

o‘rinli.
(8.1) da g=-1 bo'lsin. U holda 3-=l funksivaning n-tartibli hosilasi
X
(1 T" (- I)(=2) (ot = E (8.2)

\x)

formula bilan topiladi.



23 y={mx (x=0) funksivaning s-tartibli hosilasim topamiz. Bu funksivainng birinchi

hosilast v'= ! bo‘lishidan hamda {8.2) formuladan fovdalansak,

¥ =) = i:flﬁTH] SR AL

farmula kelib chigadi )

3) y=sinx bo’lsin. Ma'lumki, bu funksiva uchun v ’'=ceosx. Biz uni quyidagi

(8.3)

X ) x

y'=cosx= sin[x+§}

ko’rinishda vozib olamiz. So‘ngra y=sinx funksivaning kevingi tartibli hosilalarini

hizoblavmiz.
. . . x
y"'=(cosx) =—sinx==sn{x+2- T::-:
. N . k'
y'=({—snx)'=—cosx=snx+3 -?}:
- . : x
¥y =(—cosx) =51ﬂ.1’=51ﬂ|:.1‘+4--?}
Bu _ifodalardan esa yv=sinx funksivainng n-tartibli hosilasi uchun
- .;'E- - .
_:L":'-'=5111|:I+H-?} (8.4)
formula kelib chigadi. Uning to'g'riligi yapna matematik induksiva wsuli bilan
1sbotlanad: .
Xuddi shunga o*xshash

(cosx)™ =cos(x+ H%} (8.3)

ekanlioim ko‘rsatish mumban.
Masalan,

cosx)*! = cos{x+115 -§}= ms{x+3;}= SMX.



Yugori tartibli hosilaning xossalari. Leybnits formulasi.
1-xossa. Agar u(x) va vix) funksivalar n-tartibli hosilalarga ega bo®lsa, u holda bu
ikki funksiva vighmdisinung » -tartibli hosilas: uchun
(ufx)+ vix)) = uMx)+ viix)
formula o'rinli bo®lad.

Isboti. Avtavlik yv=u+v bo’lsin. Bu funksivaning hosilalarini  ketma-ket
hizoblash natyasida quwvidagilarmi hosil aqilamiz:  v'=u'+v' vi=l=r
W) =
Matematik induksiva metodidan foydalanamiz, va’'mi n=F tartibli hosila uchun
A =g B & tenglik o'rinli bo'lsin deb faraz qilamiz va »n=&F+7] uchun
VL= ® i p®=il ekanligm ko rsatamiz.

Hagigatan ham, wyugort tartibli hosilaning ta'nifi, hosilaga ega bo'lgan
funksivalar xossalandan foydalamb yFl=0®) =B +y®)'= =u®) +HE) =
wEl+yp®rll ekanlioim topamiz.

Matematik induksiva prinsipiga ko'ra y"W=y"+v® tenglik 1xtivoriy natural
n uchun o‘rinli deb xulosa chigaramiz.

L



2-xossa. O'zgarmas ko'pavtuvchim m-tartibli hosila belgisi oldiga chigarish
mumbin: (Cu) ™=

Bu xossa ham matematik induksiva metodidan fovdalamb isbotlanadi.
Isbotini o guwvchilarga goldiramiz.
2x+3

— = -  funksivaning s-tartibli hosilasi uchun formula keltinb
—3x+86

Adisal v=

chigarng.
Yechizh, Berilgan kasr-ratsional funksivaning maxrajim ko pavtuvchilarga
ajratamiz: (xi-Ix+ai=/x-2)x-3). So‘ngra
2x+3 A B
(x—2Wx—3) x—2 x—3
tenglik o'rinli bo®ladigan 4 wva B koeffitsientlarmi izlavmiz. Bu koeffitsientlarm
topish uchun tenglikming o'ng tomonini wmumily maxrajga keltiramiz va ikka
kasrming tenglik shartidan foyvdalanamiz 17 holda Zx+3=A¢x-3)+Bx-2), voka
Zx+3=(4+B)x+(-34-28)
tenglhikka ega bo'lamiz. Tkki: ko ‘phadning tenglik shartidan (1kki ko‘phad teng
bolizhi uchun o zgaruvchining mos darajalar oldidagi koeffitsientlar teng bo lishi
Farmur va vetarll) guvidagi tenglamalar sistemasi hosil bo®lada:
[ A+ B=2,
1—34-2B=3
Bu sistemaning vechimi 4=-7, B=9 ekanligimi ko'rish givin emas. Topilgan
natyjalarmi  {(8.1) tenglikka go‘vamiz wva wugorida i1sbotlangan =ossalardan
fowvdalanib, berilgan funksivaning s-tartibli hosilasini kuvidagicha vozish mumboin:

(8.6)

1 e o
Vi =_T| | +9| | (8.7)
v '-.‘_I—E_F.- I'._\_I_S_‘_.l
Endi —t - va L — funkssvalarning sm-tartibli hosilalaring topishimiz lozim. Buning
K — L xX—2a
uchun = L funksivaning #m-tartibli hosilasini bilish wvetarli. Bu funksivam
X+
u={x+ei¥ ko 'rinishda vozib, kettma-ket hosilalarm hisoblayvmiz. T holda
w=m—fxtal? =2 x+ah?, u T T=-2 3 tal =G al
MDlatematik induksiva metodi bilan
prl =y 1) g M+ g id (8.8)
Shunday qilib, (8.7) va (8_8) tengliklardan fovdalamb guvidazi
Fe - -
ViRI=_F g -2 i 0 o - F i =_F il ® - |

- =3 x-2)" )

natijaga verishamaiz.



3-xossa. Agar ufx) va vix) funksivalar m-tartibli hosilalarga ega bo®lsa, u holda bu

ikki funksiva ko'pavtmasiming » -tartibli hosilasi uchun

(1) =2 v+ C TN Ol N+ Cr TN
O (8.9)
formula o°rinli bo‘ladi. Bunda ¢ = o 1}"'_[.?2_ )
!

Misol. y=x%¢* ming 20-tartibli hosilasi topilsin.
Yechish. u=¢&" va v=x° deb olsak, Levbmits formulasiga ko'ra
¥ =2 (@) + O (X)) + G () (™) + G () (™) +
+n:3;‘c ()M &V + +(x) e botlade. 7)) =3xd, P =6x, (XF) =8, (3 IE=0
tengliklarni va v=x7 funksivaning hamma keving: hosilalarining 0 ga tengligim,
shuningdek ¥» uchun /e¥)™=g* ekanligim e tiborga olsak,
v =g (¥ + 30 +6CLx+ 60, tenglik hosil bo®ladi.

Endi koeffitsientlarni hisoblaymiz:

2 . i ) - i
c, =20, =2 _190 -2 ;9 220 159 18 1140

Demak, ™ —e‘:"[r+ﬁ-[l'x +1140x+ 6840).
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