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Kirish
Noma’lum funksiya, uning turli hosilalari va erkli o‘zgaruvchilar gatnashgan
tenglama differensial tenglama deyiladi. Agar noma’lum funksiya ko‘p argumentli
bo‘lsa va tenglamaga funksiyaning shu argumentlar bo‘yicha xususiy hosilalari
gatnashsa, bunday tenglama xususiy hosilali differensial tenglama deyiladi. Masalan:

bunda noma’lum funksiya, ikkita erkli o‘zgaruvchilarga bog‘liq, ya'ni z = z(x, y) .

Agar noma’lum funksiya y = y(x) bitta erkli o‘zgaruvchining funksiyasi bo‘lsa
va tenglamaga odatdagi hosilalar gatnashsa, bunday tenglama oddiy differensial
tenglama deyiladi, u quyidagicha belgilanadi:

DX, Y,y yV)=0

Bu kitobda biz fagat oddiy differensial tenglamalarni garaymiz. Differensial
tenglama tartibi unda gatnashayotgan hosilaning yuqori tartibi bilan aniglanadi.
Yuqoridagi tenglama n - tartibli oddiy differensial tenglama.

Ta’rif. Differensial tenglamaning yechimi deb, biror I oraligda aniklangan n
marta differensiallanuvchi va barcha xe< 1 uchun berilgan differensial tenglamani
ganoatlantiradigan, ya’ni y=4(x) tenglamaga, y* -,“(x) (k=1,2,...,n) larni
qo‘yganda, uni ayniyatga aylantiradigan y = »(x) funksiyaga aytiladi. y = »(x) sillig
chiziq bunda »(x) differensial tenglamaning yechimi integral chiziq (integral egri
chiziq) deyiladi.

Misol. Ushbu x*+y®-2cx =0 (-=,0) Integralda aniglangan funksiya,
quyidagi x* - y* + 2xyy’ = o differensial tenglama yechimi ekanini ko‘rsatamiz.

Yechish: hagigatdan dastlabki tenglikni differensiallab, hosil gilamiz:

c—X

2x—-2yy'-2c=0, y' =
y

Endi hosilaning topilgan ifodasini berilgan differensial tenglamaga qo‘ysak,
unda quyidagicha bo‘ladi:
xz—y2+20x—2x2 :—(x2+y2—20x)50.

Demak, x* + y* - 2ecx = o funksiya berilgan differensial tenglama yechimi ekan.

1. Eng sodda differensial tenglamalar

1. Ushbu

Y (1.2)
dx

tenglamani garaymiz.
Aytaylik f(x) e c(a,b) bo‘lsin. Ravshanki (1.1) tenglamaning umumiy yechimi
y=_[f(x)dx +C=FX)+C
bo‘ladi, bunda S — ixtiyoriy o‘zgarmas son, F(x) esa f(x) funksiyaning biror
boshlang‘ich funksiyasi: ya’ni F'(x) = f(x).
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Agar (1.1) differensial tenglamani
y(X,) =Y, (x, € (a,b))
boshlang‘ich shartda qaraydigan bo‘lsak, unda
Yo = F(x,)+C,

ya’'ni,
C=y,-F(xy)
bo‘lib,
y=F(X)+y, = F(x) =y, +[F(X) = F(x)] =y, + [ f(x)dx
bo‘ladi.

Shunday qilib, (1.1) differensial tenglamaning boshlang‘ich shartni
ganoatlantiruvchi yechimi

Y= ¥+ [ f(x)0x (1.2)

bo‘lar ekan. (1.2) ko‘rinishdagi yechimni Koshi formasidagi umumiy yechim
deyiladi.
2. Endi
y = f(y) f(y)ec(cd) (1.3)
differensial tenglamani garaymiz.
Aytaylik f(yyec(.dyva f(y)=0  (c.d) intervalda. Unda (1.3) tenglikdan
dX — L

f(y)
kelib chigadi. Keyingi tenglikning har ikki tomonini integrallab

dy . dy
x-J‘f(y)+C, éxu X_XO_;[W
bunday, « (c.d) umumiy integralni (umumiy yechimni oshkormas ko‘rinishda) hosil
gilamiz.
3. Ushbu
M (x)dx + N (y)dy = 0 (1.4)

bunda dx oldidagi funksiya fagat x ga, dy oldidagi funksiya esa fagat y ga bog‘liq,
ko‘rinishdagi differensial tenglama o‘zgaruvchilari ajralgan differensial tenglama
deyiladi.

Agar M (x) va N (y) koeffisientlarni biror intervalda uzluksiz funksiyalar deb
faraz etsak, unda (1.4) ni quyidagicha yozish mumkin

d[J‘M (x)dx +J‘N(y)dyJ: 0
X Yo
bunda x, va yo — tayinlangan sonlar, M (x) va N(y) funksiyalarning aniglanish va
uzluksiz intervallaridan olingan m *(x,) + N*(y,) = 0.

Demak

[M()dx + [N (y)dy =C (1.5)

Yo
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bunda C — ixtiyoriy o‘zgarmas. Keyingi tenglik (1.4) differensial tenglamaning
umumiy integrali. Ravshanki (1.5) ni quyidagi
IM (x)dx +J' N (y)dy =C
ko‘rinishda ham yozish mumkin.
Ushbu
m(x)n(y)dx + m (x)n,(y)dy =0 (1.6)
ko‘rinishdagi differensial tenglama o‘zgaruvchilari ajraladigan differensial tenglama
deyiladi. Bunda m(x), n(y), my(x) va ny(y) - biror (a,b) da aniglangan va uzluksiz
funksiyalar, undan tashgari shu intervalda n(y)-m,(x) = 0, m_(x) n(y) gabo‘lib olsak,
me) L)
m, (x) n(y)
(1.4) tipdagi differensial tenglamani hosil gilamiz.
Aytaylik, n(y)=0 yoki m{(x)=0 bo‘lsin. Agar bu tenglamalar y=y, va x=x
k=1,2, ... yechimga ega bo‘lsa, bular (1.6) differensial tenglamaning ham yechimlari
bo‘ladilar. Bu yechimlar — maxsus yechimlar bo‘lishi mumkin.

y =0

1 — Misol. Ushbu differensial tenglamaning
—— = ax®
dx
y(0)=1 boshlang‘ich shartni ganoatlantiruvchi yechimi topilsin.
Yechish. Bu tenglikning har ikki tomonini integrallab topamiz:
y=x"+C.
Bu berilgan tenglamaning umumiy yechimi, bunda S ixtiyoriy o‘zgarmas.
Boshlang‘ich shartga binoan x=0 da y=1. Shunga ko‘ra
1=0+SS =1
shunday qilib, y = x*+1 masala yechimi.

2 — Misol. Ushbu
y' = 5\/;
differensial tenglamaning y(0)=25 boshlang‘ich shartni ganoatlantiruvchi yechimi
topilsin.
Yechish. Berilgan tenglamani dx ga ko‘paytirib ,/y ga bo‘lamiz:
dy
51y

hosil bo‘ladi. Bu tenglikning har ikki tomonnini integrallab

= dx

1 _L 2
—Iyzdy:x+C: —4Jy = (x+¢)
5 5

25 ,
y = —(x+c)
4

berilgan differensial tenglamaning umumiy yechimini topamiz, bunda S ixtiyoriy
o‘zgarmas.
Boshlang‘ich shartga binoan x=0 da u=25. Shunga ko‘ra



25 ,
25 =—(0+C) = C=2
4

bo‘ladi. Demak, berilgan differensial tenglamaning boshlang‘ich shartni
ganoatlantiruvchi yechimi

25 ,
y = (x+2)
4

3 — Misol. Ushbu

\/1— yzdx + \/1— xzdy =0
tenglamani yeching.

Yechish. O‘zgaruvchilarni ajratamiz, bo‘ladi

dx d
+ Y =0

\/1 - x? \/1 - y2
integrallab differensial tenglamaning umumiy integrallarini topamiz:
arcsinx + arcsin y =S.
Endi ixchamlash uchun tenglamaning ikkala tomonidan sinusni olamiz,
bo‘ladi.

sin(arcsin X + arcsin y) = sin ¢ = sin arcsin x cos arcsin y + sin arcsin y cos arcsin X =

= x-\/l—sin ? arcsin y + y-\/l—sin “arcsin X = sin c
Shunday gilib umumiy integral bo‘ladi:
x-\l-y?+yNi-x* ¢, bunda |sinc|=lc|<1, yechim |x<1, |y<1 kvadratda
aniglangan. Bundan tashqari berilgan tenglama x = +1,  y = 1 yechimga ham ega.
Bu yechimlarni umumiy integraldan hosil gilish iloji yo‘k.
4 — Misol. Ushbu tenglamani yeching.
dy 1

dx X

Yechish. (=X funksiya x=0 dan boshqga barcha nuqtalarda uzluksiz. Agar

x=0 desak, berilgan differensial tenglamaning yechimlari
y =1In |x| +C
bo‘ladi.
Endi :i - x differensial tenglamani garasak, x=0 bu differensial tenglamaning
y
yechimi bo‘ladi.

Shunday qgilib yuqoridagi differensial tenglamaning yechimlari y = in|x|+c va
x=0 bo‘ladi.

5 — Misol. Shunday egri chiziglar topilsinki, ular quyidagi xossaga ega bo‘lsin:
bu egri chizigning ixtiyoriy M(X, y) nugtasida normal osti bo‘lgan kesma a ga teng
bo‘lsin.

Yechish. Chizmadan NB normal osti bo‘lgan kesma, ~nem = 90° - «



NB  NB
y=NB 1g(90° " -a)=NBctga = —= —= NB = yy’

tg y'

Boshga tomondan masala shartiga ko‘ra NB=a. Bu ikki tenglamalardan
yy' =a
o‘zgaruvchilari ajralgan differensial tenglama hosil bo‘ladi.
Integrallab izlanayotgan egri chiziglar oilasining tenglamasini topamiz,
y’=2ax+c
bunda S ixtiyoriy o‘zgarmas.

6 — Misol. Berilgan (0; 1) nugtadan o‘tuvchi shunday egri chiziq tenglamasini
tuzingki, bu egri chiziq yoyi bilan chegaralangan egri chizigli trapesiya yuzi shu yoy
uzunligiga teng bo‘lsin.

Yechish. Masala shartiga ko‘ra

J'ydx =J1/1+ y 2dx ,
0 0

bunda chap tomonga egri chizigli trapesiya yuzasi, o‘ngda esa yoy uzunligi
ifodalangan. Tenglamaning ikkala tomonini differensiallab topamiz.

y =4/1+ y’2 = y':i\/yz—l, (y>21)

Bu differensial tenglamada o‘zgaruvchilarni ajratib integrallaymiz.

I\/%—ij'dXJrc,: In(y+\/y2—1):ix+c

egri chiziglar oilasini topamiz. Masala shartiga muvofig x=0 da y=1, demak s=0.
Shunday qilib y + /y* -1 = ¢** oxirgi tenglikdan

yoki
oy 1 e
y+y'-1-e" vay-4/y’-1-e" tengliklarni qo‘shib topamiz
2y = ot 4 6™

Demak,

zanjirli chiziq bu masala yechimi.

2. Bir jinsli va unga keltiriladigan differensial tenglamalar

Eng avval bir jinsli funksiyaga ta’rif beramiz.

Ta’rif. Agar f(x,y) funksiyada x va y o‘zgaruvchilarni mos ravishda tx va ty ga
almashtirganda (bu yerda 0=t eR)
f(x,ty)=t"f(x,y) (N—o‘zgarmas son) (2.1)
shart bajarilsa, f(x,y) funksiya n o‘lchovli bir jinsli funksiya deyiladi.
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Masalan, f(x,y) = x4/x* + y* funksiya ikki o‘lchovli bir jinsli funksiya bo‘ladi,

chunki
f(tx,ty) = txA/t°x° +t7y° = tzx\/x2 +yl =t (X, y),
2 _ yZ

3 . Cpe e s . .
f(x,y) = —— esa nol o‘lchovli bir jinsli funksiya, chunki
X" +5y

f(tx,ty):w= f(x,y)
t(x"+y")

ya’'ni

f(x,y) (2.2)

f(tx,ty)
ayniyat o‘rinli bo‘ladi.

Nol o‘Ichovli bir jinsli funksiyani » () ko‘rinishda yozish mumkin. Hagigatan

ham t parametrni ixtiyoriy tanlab olish mumkin bo‘lgani uchun t=1/x deb olamiz, u
holda bo‘ladi:
F(x, y)=f(tx, ty)=f(1, y/ x)=p (y/x).
Ta’rif. Agar birinchi tartibli y' = g(x,y) diffrensial tenglamaning o‘ng tomoni
X va y ga nisbatan nol o‘lchovli bir jinsli funksiya bo‘lsa, bunday tenglama bir jinsli
tenglama deyiladi.
Shunday qilib, bir jinsli tenglamani quyidagi ko‘rinishda yozish mumkin:
y-ol ) (23)
Bir jinsli (2.3) tenglamani y/x=u(x) o‘rniga qo‘yish yordamida o‘zgaruvchilari
ajraladigan tenglamaga keltirish mumkin, u holda y=u(x)x bu yerda u=u(x)-yangi
noma’lum funksiya. Keyingi tenglikni differensiallab, y' = u'x +u ni hosil gilamiz, y
va y'ning giymatlarini (2.3) tenglamaga qo‘yib, quyidagi o‘zgaruvchilari ajraladigan
tenglamani topamiz:
u-x=¢eUu)-u= xdu = (p(u)—u)dx .
O‘zgaruvchilarni ajaratamiz:

du dx
X

(p(u) —u =0).
p(u)-u

Integrallab topamiz
du

dx

Iw(u) — J' ) +C .

Integrallashdan keyin u o‘rniga y/x nisbatni qo‘yib, (2.3) tenglamaning
umumiy integralini hosil gilamiz.

Aytaylik @(u)-u=0 bo‘lsin. Agar u=u, bu tenglamaning ildizi bo‘lsa, unda bir
jinsli tenglamaning yechimi y=ugx bo‘ladi.

Izoh. Ushbu

M(x,y) dx +N (x,y) dy =0 (2.4)

tenglamada M(x,y), N(x,y) lar bir xil o‘lchovli bir jinsli funksiyalar bo‘lganda bir
jinsli differensial tenglama bo‘ladi.



1 — Misol. (xX*+y?)dy+2xy dx=0 fi(x, y)=x’+y* va f,(x, y)=2xy differensial
tenglama bir jinslidir, chunki x*+y® va 2xy funksiyalar ikki o‘lchovli bir jinslidir:

Hagigatan f,(tx, ty) = (tx)°+(ty) =t (+y*)=t* fy(X, y)

fo(tx,ty)= 2(tx) (ty)=t>2xy = t* (X, ).

Endi differensial tenglamani yechamiz, ya’ni u=u(x) funksiya Kiritib y=ux ,

dy=u dx+x du. Unda
(% + X2 u?) (udx+xdu) + 2x°udx =0
yoki ixchamlab,
(1+u?)dx+2ux dx=0
o‘zgaruvchilarni ajratib,
dx 2u

—+
X 1+u

du =0

hosil kilamiz.
Integrallab, Inx+In(l+u?)=Inc yoki x(I+u?=C ni topamiz. u=y/x almashtirishni
hisobga olsak, berilgan tenglamaning umumiy integralini hosil gilamiz:
24\ ,2—
X“+y =SX.
2 — Misol. Ushbu

R A LA R PR () X+ 0)
X X Lx)

bir jinsli tenglamani yeching.

Yechish. O‘ng tomoni nol o‘lchovli bir jinsli funksiyadan iborat, y/x=u
almashtirish bajaramiz, u holda y-uw, y'=ux+u, y Vva y’ ning ifodalarini
differensial tenglamaga go‘yamiz:

u’x+u=u+ﬁ, u’x=\/1—T
o‘zgaruvchilari ajraladigan tenglama hosil bo‘ladi.

Oxirgi tenglikni o« ga ko‘paytirib x.v1-u? =0 ga bo‘lamiz, o‘zgaruvchilar
ajraladi.

Integrallab, topamiz: arcsin u = Ih x+Ih c . Buyerdan y = xsingn cx).

3 — Misol. Ushbu xy’ = ycos n 2 differensial tenglamani yeching.

X

Yechish. Berilgan tenglamani x ga bo‘lamiz, bo‘ladi
y' = lcos In lz (p(l) .
X X (x)

Demak, garalayotgan tenglama bir jinsli differensial tenglama, quyidagi y=z x,
z=z (x) almashtirishni bajaramiz. Unda y' -:+xz' bo‘lib, berilgan differensial
tenglama, ushbu

xz'+z=1zcos Inz
yoki
dz
Xx— = z(cos In z - 1)
dx
ko‘rinishda bo‘ladi. Bu o‘zgaruvchilari ajraladigan tenglama. Unda o‘zgaruvchilarni

ajratsak bo‘ladi
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dx dz
_— (cos In z =17)

X z(cos In z-1)

Integrallaymiz
dinz
In |x|+ In |c| = J'
coslhz-1
yoki
du du u
Incx:_[ =—J' — = (U=1Inz)= lhox =ctg —
cos u -1 2sin * 2
yoki
I 1
nz (—In lw

Incx =ctg — = Incx = ctg
2 (2 x)

berilgan differensial tenglamaning umumiy yechimi, bunda c ixtiyoriy o‘zgarmas.

Endi cos In z=1 tenglikni ko ‘ramiz, bundan
™, k=0,%1,42,.

z=e, k=0,+142,., = y=1xe’

yechim hosil bo‘ladi.
y de +xdy =0 Simmetrik ko‘rinishdagi differensial tenglama

4—Misol: [xe o y

integrallansin.
y

Yechish. Misolda ™ (x,y)=x* -y Vva N(x,y)=x funksiyalar birinchi tartibli

bir jinsli funksiyalar. Hagigatan,
Y Y
M (tx,ty) = (tx)e™ - (ty) = t{xe * - y} =tM (X,y) N(tx,ty) = tx = tN (X, y) .

Demak, berilgan tenglama bir jinsli differensial tenglama va uni yechish uchun
z almashtirish kiritamiz. Unda y=xz, dy=xdz+zdx ni tenglamaga go‘ysak, bo‘ladi

y
(x 8" —x z) dx+ x (xdz+ zdx) =0
yoki x= 0 ga gisgartirib ixchamlasak, bo‘ladi
x dz + e’ dx =0.
O‘zgaruvchilari ajraladigan differensial tenglama hosil bo‘ladi, x e’= 0 deb,
topamiz
dx

—e fdz = —.
X

Integrallaymiz, bo‘ladi
e’ = In|x|+ In|c|y0ki e’ = In|cx|:> z=—-I Incx YOKI L e )
X

bundan y=-x In Incx — differensial tenglamaning umumiy yechimini topamiz, bunda

S — ixtiyoriy o‘zgarmas.

Quyidagi tenglamani garaymiz:
(2.3)

dy ax + by +¢

dx a,x+by+c,

Bunda a,b,c,a,,b,,c, lar haqigiy sonlar.
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Agar s=s;=0 bo‘lsa (2.3) tenglama bir jinsli tenglama bo‘ladi. Aytaylik,
le|+ |, | = 0, unda ikki hol bo‘lishi mumkin.

1) Determinant a - M P

c d
x=x +a, y=y, +p debyangi x; va u; o‘zgaruvchilarni kiritamiz, « va g lar

hozircha noma’lum o‘zgarmaslar. Unda quyidagini hosil gilamiz

dy, ax, +by, +aa +bp +c (24)

dx B a,x, +by, +aa+bpg+c,
quyidagi tengliklar bajarilsa,
(a +bB +c=0 (25)
la,a +b, B +¢c =0
ya’ni «, g lar (2.5) algebraik sistemaning yechimi bo‘lsa bir jinsli tenglamani hosil
gilamiz:
dy, ax, + by,

dx a,x, +hby,

2) Determinant -0 bo‘lsa, (2.5) algebraik sistema yechimga ega

al 1

bo‘Imaydi, bunday holda 2: - t;—lz k, ya'ni ay=ak, b;= b k bo‘ladi, (2.3) differensial
a
ax + by +c¢

tenglamani 2
dx k-(ax +by)+c,

bu tenglamani o‘zgaruvchilari ajraladigan tenglamaga keltiriladi.
Izoh: (2.3) tenglamani integrallashda go‘llanilgan usul

dy ; ax + by +c¢
dx ax+hby+c ’

ko‘rinishda yozish mumkin. z = ax+ by almashtirsak,

bu yerda f — ixtiyoriy uzluksiz funksiya tenglamani integrallashda ham qo‘llaniladi.

5 — Misol. Ushbu y' - ** Y~ tenglamaning umumiy integralini toping.
x—-y-1
1

1
=-2=0
1 -1

Yechish. Determinant:

Quyidagi almashtirishni bajaramiz:
[x = X, +«a
:
ly=vy,+28
U holda quyidagiga ega bo‘lamiz:

dy, x,+y,+a+ -3

dx X,—y,ta-p-1

1
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Endi J“ vhes :;) sistemani yechib, a=2, =1 ekanini topamiz. natijada bir
la - p-1=
jinsli :y—lz %* Y tenglamaga ega bo‘lamiz, uni 2 - u o‘rniga qo‘yish yordamida
Xy X, =Y X,

yechamiz: demak,

1+u

’
—_ —_ ’ ! —_
y, =Ux,,y, =u'x, +u,u'x, +u-=

lfu.
Soddalashtirishlardan so‘ng o‘zgaruvchilari ajraladigan tenglamani hosil
gilamiz:

du 1+u’ s 1-u dx
X, —+ yoki ~du = —
1

dx, 1-u + U X

Tenglamani integrallab, topamiz:
1 .
u-—In(1+u”)= In|x1|+ In |C|y0k| Cx,V1+u® =e™ .
2

u = 21ni o‘rniga go‘ysak, quyidagiga ega bo‘lamiz:

Cw/xf + yf = earcg XT.
Nihoyat, x; =x — 2, y; =y — 1 almashtirishlarni bajarib, x va u o‘zgaruvchilarga
o‘tamiz:

arctg =

C:\/(x—2)2+(y—1)2 e X2

6 — Misol. Ushbu y - 2**Y~1 tenglamaning umumiy integralini toping.

4x +2y +5
Yechish. Determinant: |© |- o demak, tenglamani{X ShT ; o‘rniga qo‘yish
4 2 ly =y, +

yordamida yechish mumkin emas. Bu tenglamani 2x+y=z o‘rniga go‘yish yordamida
o‘zgaruvchilari ajraladigan tenglamaga keltiramiz, u holda y' = .'- 2 desak, tenglama

z-1 - 52+9
yoki z' =
2z+5 2z+5

7'-2 = ko‘rinishga keladi. Uni yechib topamiz:

7
—z+—|n|52+9|:x+C
5 25

Endi z=2x+y almashtirish bajarib x va y o‘zgaruvchilariga o‘tamiz:
10y -5c=c-7h[0x+5y+9|
Ba’zi tenglamalarni y-:" almashtirish orgali, bir jinsli differensial
tenglamaga keltirish mumkin. Bunda m — sonini shunday tanlab olish kerakki,
differensial tenglamaning barcha a’zolari bir xil o‘Ichovli (tartibli) bo‘Isin, agar
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x - 1 o‘Ichovli, y - m oflchovli, & - m—1 oIchovli ¢ - const - 0 o*Ichovli deb
dx

hisoblasak, o‘lchovlar, darajalar kursatkichlardek ko‘paytirilganda qo‘shiladi,
bo‘lishda esa ayiriladi.

Masalan, ushbu tenglamada yy'+7x =5x* birinchi had o‘lchovi m+(m-1),
ikkinchi had ulchovi 1+m, uchinchi 3.

Bu sonlarni tenglashtirib, hosil gilamiz.
m+(m-1)=1+m=3.

Bundan m=2. Demak, y=z* almashtirish berilgan differensial tenglamani bir
jinsliga aylantiradi. Hosil bo‘lgan bir jinsli tenglama 2:°z'+7x* = 5x* odatdagidek
yechiladi.

yy’+7xy:5x3 , y:zz, y'=2zz'

2 2 3
22722+ 7x2° =5x

7 —Misol. Ushbu (4x® - y*)dx - 2x*ydy = o tenglamani yeching.
Yechish. y=2z", dy =m "'dz almashtirish Kkiritamiz, bunda m hozircha
noma’lum son. Endi y va dy ifodalarini berilgan tenglamaga qo‘ysak, bo‘ladi
(4x® - z*™ydx —2x“z" -mz "'dz = 0.
Bu tenglama bir jinsli differensial tenglama bo‘lishi uchun unga gatnashgan
funksiyalarning o‘lchovi teng bo‘lishi kerak, ya’ni
6=4dm=4+m+m-1=6=4m =3+ 2m
Bundan m -2 kelib chigadi. Aytaylik y-::, unda berilgan differensial

2
tenglama ushbu ko‘rinishda bo‘ladi

N w

1
3 -
—.z%2dz =0
2

(4x6 - zs)dx —2x'z

yoki
(4xS - zs)dx -3x'z%z =0
Endi z =u.x, d =udx + xdu deymiz, unda x°- ga gisqartirib hosil gilamiz:
(4 - u6)dx - 3u2(udx + xdu) =0
yoki
(4—3u3—u6)dx ~3u’xdu =0.
Bu tenglamada o°zgaruvchilarni ajratamiz:
dx 3u’du
7 ) u®+3u’-14 -
Integralaymiz, o‘ng tomondagi integralda v® = t,dt = 3u”du deb, unda
dt dt 1 1 1 W 1

Inc+ln|x|=—f = dt = —In

t+5
t° +3t-4 J(t—1)(t+4) 5/(t-1 t+4) 5

t-1

yoki

o~ 7% _4* - ni xisobga olsak
t-1

ex’ui-1)=u'+4
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|€kinu:i,cx5(23—x3):23+4x3, z=y; Edi,
X

demak, o °(y* - x°) = y* + 4x* berilgan tenglamaning umumiy integrali.
Ushbu  y = f(ax + by +¢) ko‘rinishdagi  tenglamalar  z = ax + by + ¢
almashtirish orgali o‘zgaruvchilari ajraladigan differensial tenglamaga keltiriladi.

8-Misol. Ushbu (x+2y)y’ =1differensial tenglamaning x=0 da y-=-1
boshlang‘ich shartni ganoatlantiruvchi yechimini toping.
Yechish. Yangi z-z(x)ec’ funksiya kiritamiz, z-x+2y deb, unda

y'- Z(z'-1). Endi y va y' ifodalarini berilgan differensial tenglamaga go‘yamiz,
2
bo‘ladi:
iz(z’—l):l: 227'-2=2= z2z2'=2+2.

O‘zgaruvchilari ajraladigan tenglama hosil bo‘ldi. dx ga ko‘paytirib
z+2 =0 gabo‘lsak, o‘zgaruvchilari ajralgan tenglamani topamiz:

z

dz = dx .
Z+ 2

Integrallaymiz
z+2-2

J' dz+|n|c|:x3 z—2ln|z+2|+lnc—x
zZ+ 2

yoki oldingi funksiya y ga qaytsak:

X+2y+ 2

X+2y—2lIn |x +2Yy + 2| +21In |c| - x = IXxchamlasak, bo‘ladi y =1In y0k|

c
x+2y+2=c-e¢ tenglamaning umumiy integrali x=0 da y=-1 boshlang‘ich shartdan
0 =c-e* ya’ni c=0 ni topamiz.
Shunday qilib boshlang‘ich shartni ganoatlantiruvchi yechim:
X+2y+2=0.

9-Misol. Urinma osti urinish nugtasining abssissasi va ordinatasining
yig‘indisiga teng bo‘lgan egri chiziglarni toping.
Yechish. Masala shartidan ushbu differensial tenglamani tuzamiz:
L,: X+ Yy = ydx = (x+ y)dy.
y
Bu tenglamada x-y.: almashtirishni bajarish qulaydir. U holda
dx = ydz +zdy Va tenglama y(ydz + zdy ) = y(z +1)dy = ydz =dy; dz = L ko‘rinishga
y
keladi. Integrallaymiz z-my+mec, = y=ce’ egri chiziglar oilasidan iborat yoki

y=c-e’ .

10-Misol. y = 1 (x)egri chiziq (1,1) nugtadan o‘tadi. Koordinatalar boshidan bu
egri chizigning ixtiyoriy nuqtasida o‘tkazilgan urinmagacha bo‘lgan masofa urinish
nugtasining abssissasiga teng. Ko‘rsatilgan egri chiziq tenglamasini toping.
15



Yechish. wm (x,y) egri chizigning ixtiyoriy nuqtasi bo‘lsin, bu nugtadan
o‘tuvchi urinma tenglamasini yozamiz:
Y —y=y(X-x),
bunda (x v) urinma nugtalarining o‘zgaruvchi koordinatalari, yoki
1

X -——Y +y-xy'=0
y'

urinmaning umumiy tenglamasi. Endi, nuqtadan to‘g‘ri chiziggacha bo‘lgan masofani
topish formulasidan foydalanib topamiz, (0; 0) nuqtadan urinmagacha bo‘lgan
masofa, bo‘ladi

[y x|

NI

bu masofa masala shartiga ko‘ra x ga teng. Demak izlanayotgan egri chizigning
differensial tenglamasi bo‘ladi:

d =

dy
x 3

yoki

ya’ni
d
2 xy Y. y? - x*
dx

bir jinsli differensial tenglama hosil bo‘ldi. Almashtirish kiritamiz y - u.x, unda

Y qgisqartirib hosil gilamiz:
X

dx d
du )
2Xu —+u +1=0.
dx
O‘zgaruvchilarni ajratib topamiz:
2u dx
du + — =0,
u"+1 X

In(u2+1)+ln|x|: Inc = (u2+1)x:c.

Lekin u - L edi, y*+x* = « . Masala shartiga muvofiq egri chiziq (1; 1) nugtadan

X
utadi: 1+1=s, s=2. Shunday qilib, izlanayotgan egri chiziq tenglamasi
y2 +x° = 2x
yoki
(x-1°+y" =1,
bu markazi (1; 0) nugtada radiusi 1 ga teng bo‘lgan aylana.
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3. Birinchi tartibli chizigli va unga keltiriladigan tenglamalar

Birinchi tartibli chizigli tenglama deb noma’lum funksiya y Vva uning
hosilasiga y' nisbatan chizigli bo‘lgan tenglamaga aytiladi.

Uning Ko‘rinishi
:i+ p(X)y = q(x), (3.1)

X

bu yerda p(x). qx lar x ning (a,b) dagi giymatlari uchun uzluksiz funksiyalardir,

xususiy holda bulardan bittasi o‘zgarmas son bo‘lishi mumkin.
Agar q(x) = 0 bo‘lsa, bu holda tenglama quyidagi

Yy =0 (3.2)

dx

ko‘rinishda bo‘ladi va u (3.1) differensial tenglamaga mos chiziqli bir jinsli tenglama
deyiladi. Bu o‘zgaruvchilari ajraladigan tenglama, uning umumiy yechimi:

y=coe " (3.3)

Teorema. Birinchi tartibli chizigli differensial tenglamaning umumiy yechimi:
y=e " s facoe! " ) (3.4)

formula orgali ifodalanadi, bunda s — ixtiyoriy o‘zgarmas son.
Bu teoremaning isbot etish uchun bir nechta usullardan foydalanish mumkin, masalan:
a) o‘zgarmasni variasiya usuli bilan, bunda (3.1) tenglamaning yechimini

y=cxyel (3.5)
ko‘rinishda izlaydilar, bunda c(x) — yangi noma’lum differensiallanuvchi funksiya.

1 — Misol: Lagranj - o‘zgarmasni variasiyalash usuli bilan ushbu
y'— ysin x =sin xcos X
chiziqli differensial tenglamaning umumiy yechimini toping.
Yechish. Avvalo bu tenglamaga mos bir jinsli tenglamani yechamiz:
y'—ysin x=0

y . dy
— = ysin Xx = — = sin xdx

dy y
integrallaymiz:
|n|y|= —Cos X + In|c|:> y=C.e =~

bu bir jinsli tenglamaning umumiy yechimi, bunda S — ixtiyoriy o‘zgarmas.
Endi bu tenglikda S=S(x) deb berilgan differensial tenglamaning yechimini
quyidagi ko‘rinishda izlaymiz:
y=C(x)-e
Endi berilgan tenglamaga u va y' ifodalarni go‘yamiz:

Cos X

0s X Cos X

= y'=C'(x)e " +C(x)-sin x-e

C'(x)-e” +C(x)sin x-e " —C(x)sin x-e " =sin xcos x

yoki
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Ccos X

C'(x)-e ““" =sin xcos x = C'(x) = sin xcos xe
Keyingi tenglikdan topamiz:
C(x) = fsin xcos x-e””dx + C,

O‘ng tomondagi integralda t=cosx deb oson topish

C0s X Cos X

C (x) = —cos xe + e + C .

Demak, berilgan chizigli differensial tenglamaning umumiy yechimi
y=C(x)-e “ =e “"(-~cos xe " +e”" +C)
yoki

— CO0s X

y = Ce —cos x+1

bo‘ladi, bunda S - ixtiyoriy o‘zgarmas.

2-Misol. Ushbu y' - 1y — xcos x chizigli tenglamani integrallang.
X

Yechish. Oldin mos bir jinsli tenglamaning umumiy yechimini topamiz:

d d dx
Y _Y_os dan vy _x
dx X y X

integrallaymiz
In|y|=|n|x|+InC, C>0=y=C-x,

bunda C — ixtiyoriy o‘zgarmas.

Endi c = c(x) deb, berilgan tenglamaning yechimini y - c(x)-x ko‘rinishda
izlaymiz, ya’ni variasiya usulini go‘llaymiz:

y'=C'(x)-x+ C(x).

u va y' ifodalarni berilgan tenglamaga qo‘yib, berilgan differensial tenglamaning
umumiy yechimini

y = Cx +sin X

ko‘rinishda topamiz, bunda C — ixtiyoriy o‘zgarmas.

3 — Misol. Ushbu & _Y _,: chizigli tenglamaning boshlang‘ich shartni

dx X

y@ - - ganoatlantiruvchi yechimini toping.
2

Yechish. Oldin mos bir jinsli ;’—i_%:o tenglamaning umumiy yechimini
topamiz.

Ravshanki, & - dTX , bundan u =Cx, C — ixtiyoriy o‘zgarmas.

Endi berilgany tenglamaning yechimini

y=C(x):x (*)
ko‘rinishda izlaymiz, C(X) — noma’lum funksiya.
Endi u va y- ifodalarini berilgan tenglamaga qo‘yamiz:
C'(x)-x+C(x)-C(x)= X
yoki

C'(x) =x
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bundan integrallab topamiz

C(x) = X2—Z+ C,
buni (*) tenglamaga qo‘yib, berilgan tenglamaning umumiy yechimini
y =Cx + ix3 '
bunda S — ixtiyoriy o‘zgarmas, ko‘rinishda topamiz.
2-chi o‘rniga go‘yish usuli
b) (3.1) differensial tenglamaning yechimini quyidagi ko‘rinishda izlaymiz
y=u-v (3.6)
bunda u=u(x), v=v(x) noma’lum funksiyalar bo‘lib, birini aytaylik v ni ixtiyoriy
tanlab olish mumkin.
Almashtirishni bajarsak, ya’ni y=u.v, y =uv+uv larni (3.1) tenglamaga
go‘ysak
u'v+uv'+ p(x)u-v=qg(x)
tenglamani hosil gilamiz. Bundan
u'v+ (v'+ p(x)v)u = g(x) .
Yugorida aytib o‘tdik v(x) funksiyani ixtiyoriy tanlab olish mumkin deb, uni
v+ p(x)v = 0 shartdan topib olamiz

voe 1O (3.7)

Ikkinchi noma’lum funksiya wu(x) ushbu ue 7% 00 tenglamani
integrallash orqali hosil bo‘ladi:

u(x) = Iq(x)ejpmdxdx +C, (3.8)

endi, u(x) va funksiyalar uchun topilgan (3.7) va (3.8) ifodalarni ko‘paytirsak (3.4)
formulani hosil gilamiz.

4-Misol. y' -3y = 2¢* tenglamani yeching.
Yechish. Yechimni y = u(x)-v(x) ko‘rinishda izlaymiz, bunda u = u(x), v =v(x)
hozircha noma’lum funksiyalar, y sa y’=uv+uv’ larni tenglamaga qo‘yib, topamiz:
u'v+uv' +3uv = 2e’
u'v + u(d—v— 3” =2e”
\dx )
v(x) noma’lum funksiyani shunday tanlab olamizki qavsdagi ifoda nolga teng
bo‘lsin:
dv

dv
—-3v=0= — = 3dx
dx \

integrallaymiz
In|v|: 3X + In|c|, v=c.e’™ c¢=1 desak,
bo‘ladi v(x) = ¢**.

u(x) homa’lum funksiyani ¢ . & _ 2¢* tenglamadan topamiz, bo*ladi
dx
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-2x

du = 2e -dx .
Integrallasak, u(x) = —e > +c.

Endi, u(x) va v(x) funksiyalarning ifodalarini ko‘paytirib, berilgan differensial
tenglamaning umumiy yechimini hosil gilamiz

y=c-e -—-e ,

bunda ¢ — ixtiyoriy o‘zgarmas.

Ba’zi differensial tenglamalar chizigli bo‘ladi, agar noma’lum funksiya u va
argument x ning rollarini almashtirsa.

5-Misol. & - —Y__ tenglamani yeching.
dx 8x —y

Yechish. Bu tenglamada u — noma’lum funksiya bo‘lib, x argument. Ravshanki
bu tenglama u ga nisbatan chizigli emas.
Agar x va u larning rollarini almashtirsak, ushbu

dx 8 )
—=—x-y", x(y)=a(y)x+b(y)
dy vy
chiziqgli tenglamaga kelamiz. Buning umumiy yechimini, qo‘yidagi
[atyo [atno -fatnw
x(y)=c-e +e ~jb(y)~e dy

. . . . 8
formula orgali topish mumkin, tenglamamizda a(y) = —, b(y)=-y*.
y
Natijada, bo‘ladi:
Edy —dy - Edy
X (y) = C'ejy _er 'IYZ ‘e Iy dy = c.e®"Pl_gomhl 'fyz ety oyt oy -Jyz -y

-8

dy
Demak, tenglamaning umumiy yechimi
X —oy'+ iy oy sm X —o '+ 2y®, bundas — ixtiyoriy o‘zgarmas.
5 5
Ushbu
Y+a(x)y=b(x)y" (39)

differensial tenglama (bunda m — haqgiqgiy son, m =0, m=1) Bernulli tenglamasi
deyiladi.

Bu tenglamani chizigli differensial tenglamaga keltirish oson buning uchun

(3.9) ning ikkala tomonini y" = o bo‘lamiz, bo‘ladi
y "y +a()y " =b(x),
endi z-=zx) yangi funksiya Kiritamiz y*"-: deb, unda z7=@a-myy "y’ va
yugoridagi differensial tenglama quyidagi ko‘rinishga keltiriladi
z’+(1l-m)-a(x)z=1-m)b(x)

ya’ni chiziqli differensial tenglamagani hosil qildik.

Izoh. Bernulli tenglamasining yechimini to‘g‘ridan-to‘g‘ri v = u(x)-v(x)
almashtirish yordamida ham topish mumkin. Buni misolda ko‘rsatamiz.

6- Misol. Ushbu xy'+ y = y* n x Bernulli tenglamasini yeching.
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Yechish. Bu tenglamani yechish uchun y-u.v, (u=u(x) v=v(x)
almashtirishni bajaramiz, y' = u'v + uv’ bo‘ladi
XUV + XV'U+uw =u’viin x,
yoki
XUu'v+u(xv'+v)= u’viin x

xv'+v =0 bo‘lishini talab gilamiz.
Unda d—V:—d—X: hv=—-Ihx+Ihc, c=1 deb v:i nitopamiz.

Vv X X

Ikkinchi noma’lum u =u(x) funksiyani xuv=u?v?in x tenglamadan topamiz

v - X ni hisobga olsak, bo‘ladi

du , In X du In x
X —=u’—"= — = ——dx
dx X u? x?
integrallab hosil gilamiz
1 1 X
—=—(hx+l+x)>u=—""—"—, y=uU-V
u X In x +1+ cx

ekanligini hisobga olsak, bo‘ladi
1

- In x +1+ cx
bu berilgan differensial tenglamaning umumiy yechimi bo‘ladi.

Ravshanki, bizning tenglamamiz bundan tashgari y = 0 yechimga ega, bu
yechim ¢ = «» da umumiy yechimdan hosil bo‘ladi.

7-Misol. Shunday egri chiziglar topilsinki, uning ixtiyoriy nugtasidan
o‘tkazilgan urinma, shu nuqtadagi radius-vektor va absissa o‘gining kesmasi bilan
hosil bo‘lgan uchburchak yuzi o‘zgarmas a” ga teng bolsin.

Yechish. Egri chizigda ixtiyoriy M(x,y) nugta olamiz.

Uchburchak yuzi:

1
= —O0A - MN
2

ON =X, MN =Y
O‘rinma osti

AN =~ chizmadan ko‘rinadiki
yV

OA =ON - AN éxm  OA = X - —

Masala shartiga ko‘ra

1[ y} 2 Y
—y|x-—|=a"= y'=

2 xy—2a2

yoki

dx 1 2a’
2t 2 ()

dy y y
X-ga nisbatan chizigli differensial tenglamani hosil gildik.
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Bu tenglamani o‘zgarmasni variasiya metodi bilan yechamiz, shu uchun oldin
unga mos bo‘lgan chizigli bir jinsli tenglamani yechamiz:
:—X - X = x=c.y, C—ixtiyoriy o‘zgarmas.
y y
Ushbu x = c(y)-y, bunda c(y) hozircha noma’lum, (*) ko‘rinishda differensial
tenglama yechimini izlaymiz:
dx

—=c(y)+y-c'(y)
dy

c(y)+y-c'(y)=c(y)- ZLZ — soddalashtiramiz,
y

— 2a° . : i
bo‘ladi: c'(y) - - 22—, integrallaymiz: c(y) = 2 +c.
y y

Endi c(y) ifodasini x=c(y)-y Qga go‘yib, berilgan tenglamaning umumiy
integralini topamiz:

(a ] . : 2
X=|—+c|y éxu Xy =a +cy ,
y

bunda ¢ — ixtiyoriy o‘zgarmas.

8-Misol. Shunday egri chiziglar topilsinki, uning ixtiyoriy nugtasidan
o‘tkazilgan urinmaning urinma osti uzunligi urinish nuqtasining o‘rta arifmetigiga
teng bo‘lsin.

Yechish. Egri chiziq tenglamasi y=f(x) bo‘lsin, uning grafigida ixtiyoriy nuqgta
M(x,u) bo‘Isin.

Urinma osti: av - 2 . Masala shartiga ko‘ra [an |- ==
y' 2
Shunday qilib oxirgi ikkita tenglamalardan, ushbu
Y x+y . dy 2y
y' - 2 dx - X+y
bir jinsli differensial tenglamani topamiz, yoki
dx 1 1
> Lt
dy 2y 2

X — ga nisbatan chizigli differensial tenglamani topamiz.
Differensial tenglamani yechib, egri chizig tenglamasini hosil gilamiz
(tenglamani yechish kitobxonga topshiriladi).

Rikkati tenglamasi

Ushbu
di: p(x)y2 +q(x)y + f(x) (310)

dx
ko‘rinishdagi tenglama Rikkati tenglamasi deyiladi, bu yerda p(x), q(x), f(x) lar
Xe(a,b) dagi giymatlarida uzluksiz funksiyalar bo‘lib, p(x)- f(x) = 0. Bu shartlarga
ko‘ra (3.10) tenglama yagona u=u(x) yechimga ega bo‘lib, X=Xo, U(Xo)=Ug
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giymatlarni gabul giladi, xee(a,b). Rikkati tenglamasi maxsus yechimga ega emas.
Umumiy holda elementar funksiyalar orgali tenglamani kvadraturada integrallab
bo‘lmaydi. Shu sababga ko‘ra Rikkati tenglamasining xossalari, umumiy
yechimining Kko‘rinishi, integrallash masalalari xususiy yechimlar berilgandagina
bajariladi.

Agar u=u,(x) Rikkati tenglamaning xususiy yechimi bo‘lsa, bu tenglamani
chiziqgli tenglamaga keltirish mumkin. Buning uchun

u=z+y;(x) (3.11)
almashtirishdan foydalanamiz, bu yerda u;(x) Rikkati tenglamasining xususiy
yechimi.

Misollar yechishda ba’zi hollarda Rikkati tenglamasi uchun xususiy yechimni
biror ko‘rinishda izlash va uni topish mumkin bo‘ladi.

1-Misol. Ushbu x* & i wy +x?y? —am y'+ Zysy? - 2 tenglama Rikkati

dx x

x | X

tenglamasi bo‘lib, uning xususiy yechimini y == ko‘rinishda izlash magsadga

muvofiqdir. Bundan: y' - - 2

X

unda
x2~(—iW+x-i+x2~a—=4 (**)
L x?) X X’
yoki
—a+a+a’ =4, a’=4= a=+2
Oson tekshirishki (**) ga o‘rniga +2 qo‘yib
2 2
yy=— ma ¥y, =-—
X X
funksiya berilgan tenglamani ganoatlantiradi. Agar y -2 ni olsak va y - z+2
X X
almashtirishni bajaramiz
xz(z'—iz1+ xA3+ Xz + xz(iz+4-1+ zzw =4,
\ x" ) X L x X )
Ixchamlab Bernulli tenglamasini topamiz:
z'+ iz =—z°.

X

Bu tenglamani yechishni kitobxonga qoldiramiz. Javob: , - —*

4o x” - x
Undan keyin y - -+ 2 dan y - —* 2 - Rikkati tenglamasining

5
X cX —X X

umumiy yechimini hosil gilamiz. Bunda s — ixtiyoriy o‘zgarmas.

2-Misol. Ushbu (x* -1)y’+ y* - 2xy + 1= 0 tenglmani yeching.
Yechish. Tenglamani




shaklda yozamiz, demak bu Rikkati tenglamasi. Xususiy yechimi u=ax+b
ko‘rinishda izlaymiz, a,b lar noma’lum sonlar, y'=a Endi u va y' ifodalarini
berilgan tenglamaga qo‘yib hosil gilamiz:
(x2 —1)a+ a’x’ +2abx +b° —2ax’ -2bx +1=10
yoki
(a’ —2a+1)x* -2bx(a-1)+b°-a+1=0 = a’-2a+1=0, = a=1,b=0.

Demak u;=x Rikkati tenglamasining xususiy yechimi. Dastlabki differensial
tenglamaga u=z+x almashtirish kiritamiz y'- ;'+1 ifodalarini tenglamaga qo‘yib
topamiz.

(x* 1)z +1)+z2° +2x + x* —2x° -2 +1=0 =

dz dx
(xz—l)z =-7’ = - =
z x -1
integrallaymiz:
1 1 x-1 1 x -1
—=—1n +—In|c| = (x+y)hc =2
z 2 x+1 2 X+1

3-Misol. y'-2x+ vy’ =5-x*Rikkati tenglamasining xususiy yechimini topib
Bernulli tenglamasiga keltiring va yeching.
Yechish. Bu tenglamaning xususiy yechimini
u=ax+Dh,
bunda a, b hozircha noma’lum sonlar, ko‘rinishda izlash magsadga muvofiqgdir,
bundan y' - a.
u, y’ ifodalarini berilgan differensial tenglama qo‘yamiz:
a — 2x(ax + b) + (ax +b)2 =5-x" = a-2ax —-2bx +a'x  +2abx +b’ =5-x"
x*; x; x° —larning chap va o‘ng tomondagi koeffisiyentlarini tenglashtirib hosil
gilamiz:
—2a+a’ =-1l
- 2b + 2ab =0|}: a=1 b=4+2

a+b’=5

a=1, b=2 ni olsak, xususiy yechim u;=x+2 bo‘ladi.
Endi Rikkati tenglamasida
y=z+Xx+2
bunda z € ¢’ yangi noma’lum funksiya, almashtirish bajaramiz. Bunda
y'=z"+1.
Unda
2 +1-2X(2+X+2)+(z+x+2)*=5-x>

2" +1-2X2-2XC-AX+ TP+ X+ 4+ 22x+47+4x=5-X
yoki ixchamlab, z'+ 4z = z* hosil gilamiz:
Bernulli tenglamasi hosil bo‘Idi.
Yechimini: z=uwv, u,ve ¢’ ko‘rinishda izlaymiz, bunda z' = uv + uv’
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2.2

2 2
Uv+uv' +4uv = —-u'v: = u'v+u(v' +4v)=-uv

dv
Vi+4v=0= —=-4dx Inv =-4.-x+c,
v
4 x

V=C ', c=1 recak V =¢e
e .u'=-e ™ .u? dan u ni topamiz.

Oc‘zgaruvchilarni ajratib topamiz:

4x

du _ax 1 1 C
—=-e &= -—=—e¢ + —
u 4 4

-4 de

JaVOb:y:x+2+ 4

" ,
ce -1

4. To‘liq differensialli tenglama. Integrallovchi ko’paytuvchi

Agar
M (x,y)dx + N(x,y)dy =0 (41)

tenglamaning chap tomoni birorta u(x,u) funksiyaning to‘liq differensialli, ya’ni
M (x,y)dx + N (x,y)dy = du(x,y)

bo‘lsa, (4.1) tenglama to‘liq differensialli tenglama deyiladi. Bu holda uni
guydagicha yozish mumkin: du (x,y) =o0.

Shuning uchun uning umumiy integrali u(x,y)=c bo‘ladi, bu yerda s - ixtiyoriy
o‘zgarmas.

1-Misol. Ushbu tenglama integrallansin.

(2x —y)dx + (4y — x)dy =0
Yechish. Bu tenglamani quyidagicha yozamiz.
2xdy + 4ydy — (ydx + xdx ) =0
ravshanki tenglamaning chap tomoni u(x,y)=x”+2y*-x funksiyaning to‘liqg
differensiali. Shuning uchun tenglamani
d(x2 +2y2 -xy)=0
ko‘rinishda yozish mumkin, bundan
x° o+ 2y2 - Xy =¢

umumiy integralni topamiz, s - ixtiyoriy o‘zgarmas.

2-Misol. y@ + xy)dx - xdy = o tenglamani yeching.
Yechish. Bu tenglamani quyidagicha yozib olamiz:
ydx — xdy + xy “dx =0
Tenglamaning ikkala tomonini y’ =0 bo‘lib olsak, chap tomoni to‘la
differensial bo‘ladi
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x  x x  x
+xdx =0,d| —+—|=0 = —+—=c¢
y y 2 y 2

Demak, tenglamaning umumiy integrali 2x + x*y = ¢y bo‘ladi.

ydx — xdy
2

3-Misol. ya+xy)dx - xdy =0 tenglamaning u(1)=1 boshlang‘ich shartni
ganoatlantiruvchi yechimi topilsin.
Yechish. Tenglamani quyidagicha yozib olamiz:
ydx — xdy + Xxy “dx = 0.
Endi buning ikkala tomonini y* = o bo‘lib olamiz

ydx — xdy X x°
——  +xdx =0 = d—+ — =0
y y 2

to‘la differensial tenglama hosil bo‘ldi.

2

Bundan: Z+X--¢, = 2x+x’y=c umumiy integralni yozib olamiz, bunda c
y 2

- ixtiyoriy o‘zgarmas.
Endi x=1 da u=1 deb olsak, c=3 bo‘ladi va izlanayotgan xususiy yechim hosil
bo‘ladi

2X + xzy =3y )
Teorema. Ushbu
M (x,y)dx + N(x,y)dy =0
differensial tenglamaning (bu yerda M(x,u) va N(x,u) funksiyalar biror D sohada x va
u bo‘yicha uzluksiz hosilalarga ega) to‘liq differensialli tenglama bo‘lishi uchun
oM ON
oM _oN (4.2)
oy oX
shart bajarilishi zarur va yetarlidir.
(4.1) tenglikning umumiy integralini
J'M(x,y)dx+J'N(x0,y)dy =c (43)

Xo Yo

yoki

M (x,y,)dx + | N(x,y)dy =c 4.4
] I+ |

Xo Yo

ko‘rinishda bo‘ladi, bunda (x,.y,)e D .

4-Misol. Ushbu (2xy +3y*)dx + (x* + 6xy —3y*)dy = o tenglama integrallansin.
Yechish. Bu yerda

M (x,y) = 2xy +3yZ

N (x,y) = x° + 6 Xy —3y2

oM ON
—=——=2X+6Yy.

oy oxX
(4.2) shart bajariladi.
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Berilgan tenglama to‘liq differensialli tenglama ekan, ya’ni
. . , oM oN
(2xy + 3y )dx + (x +6xy — 3y )dy = ——dx + —dy.
oy oX
Bundan,
ou ) ou ) )
—=2xy +3y°, — =X +6xy -3y
oX oy
oxirgi ikki tengliklardan birinchi tenglikni u ni o‘zgarmas deb, x bo‘yicha
integrallaymiz
u(x,y) = [(2xy +3y")dk + o (y) = Xy +3xy " + 0 (y)
bunda ¢ (y) < ¢’ funksiya u ning hozircha noma’lum funksiyasi. Bu munosabatni y

bo‘yicha differensiallab va
ou

P x° +6xy —3y°
y
ekanini e’tiborga olib,
X +6xy + p'(y) = x° +6xy —3y°
bo‘lishini topamiz. Demak,
p'(y)=-3y", o(y)=-y +c,,
bunda c;- ixtiyoriy o‘zgarmas.
Shunday qilib, dastlabki tenglamaning umumiy integrali
x2y+3xy2—y3 =C.
Ushbu
M (x,y)dx + N(x,y)dy =0 (41)
tenglamaning chap tomoni biror funksiyaning to‘la differensialli bo‘lmasin. Ba’zan
holda shunday .(x,y)=o0 funksiya tanlab olish mumkin bo‘ladiki, tenglamaning
barcha hadlarini . (x,y) ga ko‘paytirishda tenglamani chap tomoni biror funksiyaning
to‘la differensialli bo‘lib goladi.

Shu wusul bilan hosil gilingan tenglamaning umumiy integrali dastlabki
tenglamaning umumiy yechimi bilan bir xil bo‘ladi: .(x,y) funksiya (4.1)
tenglamaning integrallovchi ko‘paytuvchisi deyiladi. Har ganday U(x,y)=C umumiy
integralga ega bo‘lgan (5.1) differensial tenglama uchun integrallovchi ko‘paytuvchi
mavjud, birog bu uni topish oson degan so‘z emas.

Teorema. Ushbu

oM ON
oy oX
=y (0) (4.5)
ow Jw
N— =M —
ox oy

shartning bajarilishi (4.1) differensial tenglamaning » - »(x,y) funksiyaga bog‘liq
bo‘lgan . = x(») integrallovchi ko‘paytuvchisining mavjudligi uchun vyetarli va
zaruriy shart, shu bilan birga

= ejw(w)dw (46)
bo‘ladi.
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Ba’zi xususiy hollarda, jumladan, integrallovchi ko‘paytuvchini fagat x ga, u
ga, Xu ga, x+u ga, x*+u ga, x*+u’ ga va h.k. bogliq deb garab (4.1) tenglamani
integrallash mumkin.

Masalan, a) » - x«(x), ya’ni o = x bo‘lsin, unda «»; =1, »; =0 va (4.5) ifoda

soddalashib, quyidagi ko‘rinishga keladi:

oM IN
o - > _y (4.7)
Demak,
n(x) = ejwmdx (48)
oM ON
oy OX

shunday qilib, agar ifoda fagat x ning funksiyasi bo‘lsa, u holda x ga

bog‘lig bo‘lgan integrallovchi ko‘paytuvchi »(x) mavjud bo‘ladi va u (4.8) formula
bilan aniglanadi.

5- Misol. Birinchi tartibli chizigli tenglama uchun fagat x ning funksiyasidan
iborat integrallovchi ko‘paytuvchi mavjudligini isbotlaymiz.
Yechish. Hagigatan,

dy
—+ p(x)y = q(x)
dx

birinchi tartibli chizigli differensial tenglamani simvolik ravishda quyidagicha
yozamiz:
[P(x)y —a(x)]dx +dy = 0.
Oddiy hisoblashdan
oM oN
oy - ox

= p(x)

kelib chigadi. Demak, fagat x ga bog‘lig »(x) mavjud va uning giymati (4.7) dan
topiladi:

[LIQLE

X) =e
b) 1= u(y),ya’ni » = y bo‘lsin, L:lrid)a o, =0, o =0 Vva(4.5)ifoda
oM oN.
o v LB (4.9)
ko‘rinishni oladi va (4.6) dan topamiz:
aiyy=e!"” (4.10)

6 - Misol. (2xy* - y)dx + (y* + x+ y)dy = o tenglama integrallansin.

Yechish. M (x,y) =2xy2 -y, Nxy) =y +x+y
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oM oN oM oN

—=d4xy -1, — =1, —— % —
oy ox oy ox
(4.9) ni topamiz
oM oN
oy oX 4xy -1-1 2(2xy -1) 2
y(y) = = = =-—.
-M -y(@2xy -1) -y(2xy -1) y

Demak, berilgan tenglama fagat u ga bog‘lig bo‘lgan
ko‘paytuvchiga ega ekan. Bu misol uchun

B eju/(y)dy I _2iny o

1
U= =e =e =y =—
y

1
u=—F
y

Berilgan tenglamani . - — ga ko‘paytirsak,
y

1 X 1
[Zx——de +[1+ —2+—de =0
y y y

to‘liq differensialli tenglama hosil bo‘ladi.

U holda u(x,y)= J'[Zx—i]dx +o(y) yOkl u(x,y)=x" - z. o(y),

y y
buyerdan 24 - X 1, (y)
oy y

. . P , .
Ikkinchi tomondan % - n (x,y), yani 2L o1 X 1,
0

y oy y y

U holda

integrallovchi

X X 1 1 -
— o' (Y) =1+ —+—= @'(y)=1+— yOkl p(y)=y+hy+C, .
y y y y

Demak, x*->+y+my=c tenglamaning umumiy integrali ekan, bunda S -

y
ixtiyoriy o‘zgarmas.

S) u=u(x-y),yani o =x-y bolsin,unda »; =y, »; =x va (4.5) ifoda ushbu

ko‘rinishni oladi:

oM oN

oy oX
——————— =y (x-y)
y-N -x-M

Demak,

( ) ejw(w)d(x'y)
H(X-Y) =

7-Misol.  (x*y® + y)dx + (x°y* - x)dy =0 tenglamani = u(x-y)
ko‘paytuvchiga ega ekanligini ko‘rsating.
Yechish. m (x,y) = x> - y*+vy, N (x,y)=x’y? = x,
2 2 aN 2 2
— =3x"y" +1, —=3x"y -1, weo=x'y, o, =Y, 0, =X
oy oX
29
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ko‘rinishdagi



oM ON

oy oX -1 -1
(p(a)): 0w 0w - T .
N
oX oy

Demak, berilgan tenglama uchun 4= 4(0), o=x.y ko‘rinishdagi
integrallovchi ko‘paytuvchi mavjud ekan u

1
[vio  ~[ode a1
u=ce =e =e =0  =—
Xy
. . 1 ‘ . . ¢ .
Dastlabki tenglamani . - — ko‘paytiramiz, bo‘ladi:
Xy
1 1
(xy2 +—de +[x2y——de =0.
\ x) y
2 1 2 l
M y)=xy" +— N(Xy)=xy-—
X y
. oM oN y o . I . . A
ravshanki — - —=2x, ya’ni to‘liq differensialli tenglamani hosil gildik. Bu
oy OX

tenglamani xo=1, ug=1 olib (4.3) formuladan foydalanib umumiy integralini topamiz

X

1 ’ 1 X
J'(xy2+—de+I{y——de =c= x’y> +Ih—=c, c=const .
1K x ) 1 y y

d) u=ux+y?),yani o=x+y* bo‘lsin, unda »; =1, »; =2y va (4.5) ifoda
quyidagi ko‘rinishda bo‘ladi:

oM on

oy w(x+y) (4-12)
N.1-2y-M

- ejw(xwz)d(xwz) (413)

8-Misol. (3y’ - x)dx + (2y° - 6xy)dy =0 tenglamani x - x(x+y*) Kko‘rinishdagi
integrallovchi ko‘paytuvchiga ega ekanligini ko‘rsating.
Yechish. Berilgan
M(x,y)=3y —=x, N=2y —6xy o=x+Yy",

u holda
oM oN ow ow
— =6y, —=-6y, —=1 —=2y
oy ox ox oy
bo‘lib, (4.12) quyidagi ko‘rinishni oladi:
6y +6y 12y -3 -3
l//(w): 3 2 = 3 = 2 = —
(2y”  —6xy)-1-(3y" —x)-2y -4y —4dxy X+ Yy @

Demak, berilgan tenglama u = u(0) o = ko‘rinishdagi integrallovchi

X +Yy
ko‘paytuvchiga ega ekan.
(4.6) formulaga asosan
do
M= ejwwmw =e T =e " 2 P (x+y?) = -
(x+y°)°
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Dastlabki tenglamani » - — = ko*paytirib, hosil gilamiz:

(x+y%)?
R T AL (*)
(x+y") (x+y")
Bundan,
3y’ - x 2y(y? - 3x
M (x,y) = 4 Y N(x,y)=y(y—23)dy-
(x+y°) (x+y)
3 H H oM ON 5 - 1 -
Oson Kko‘rsatishki —=—, ya’ni u(x,yy=———  tenglamaning
oy oX (x+vy")

integrallovchi ko‘paytuvchisi ekan. Demak, (*) tenglama to‘liq differen-sialli
tenglama, uning umumiy integralini (4.3) yoki (4.4) formula orgali topish mumkin.
1. lzoh. M (x,y)dx + uN (x,y)dy = du(x,y) dan

1
M (x,y)dx + N(x,y)dy = —-du =0
U

kelib chigadi. (4.1) tenglamaning yechimi du (x,y) = 0 va -0,

H(x,y)
tenglamalardan topiladi, ya’'ni
u(x,y)=c ma  u(x,y)=o
yechimni beradi. Ayrim hollarda bu yechimlar maxsus yechim bo‘lishi mumkin.
9-Misol. 2./ydx + dy = 0 agar bu tenglama uchun . = »(y) mavjud bo‘lsa,

tenglamani yeching.

. oM N . OM
Yechish. Bunda m = 2./y, n=-1 == N chunki ™M _ L N _,
oy 00X oy \/; oX
oM oN D
oy oX \/7 1
-y
-M - 2\/7 2y
Hagigatan, » = «(y) mavjud ekan, uni topamiz
dy
. v _ E'I; _ 1
Jy
) ) 1 . ) ) d . )
Dastlabki tenglamani » - —— ko‘paytiramiz, unda 2dx - —— - o hosil gilamiz.

Jy Iy
x -y = ¢ umumiy integralni » - 17 - » dan y=0 maxsus yechim kelib chigadi.
y
2. lzoh. Integrallovchi ko‘paytuvchi usuli yordamida o‘zgaruvchilarga
ajraladigan, bir jinsli, birinchi tartibli chizigli differensial tenglamalarni integrallash
mumkin.

10-Misol. xydx +dy = o tenglamani yeching.

Yechish. Bu o‘zgaruvchilari ajraladigan differensial tenglama.
M=xu, N=1, 2% . N
oy OX
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Ravshanki » - = ga tenglamani ikkala tomonini ko‘paytirsa to‘liq differensialli
y

tenglama hosil bo‘ladi:

y Y oy oX
(boshga tomondan bu o‘zgaruvchilari ajralgan tenglama)

2
X ,
—+In|y|=ln|c|: y=c-e °?
2

dastlabki tenglamaning umumiy yechimi, bunda c - ixtiyoriy o‘zgarmas.
4 - =~ dan y=0 xususiy yechim kelib chigadi, chunki u y - ¢ .e% dan c=0
y

da hosil bo‘ladi.

Mustaqil ish topshiriglari 8-ta vazifadan iborat:
1) O’zgaruvchilari ajraladigan tenglamalar.

2) Bir jinsli va unga keltiriladigan differentsial tenglamalar.
3) Chiziqgli differentsial tenglamalarni yeching.
4) Koshi shartlari berilgan differentsial teglamaning ko’rsatilgan boshlang’ich
shartini ganoatlantiruvchi yechimini toping
5) Egri chiziglar oilasining differensial tenglamasini tuzing va turini aniglang.
6) Bernulli tenglamasini quyidagi usullar bilan yeching.
a) Chizigli tenglamaga keltirib;
b) O’zgarmasni variasiya usuli bilan.
7) Quyidagi tenglamalar to’liq difrentsiali tenglamalar ekanligini tekshiring va
integrallang.
8) Qulay almashtirish yoki integrallovchi ko’paytuvchi yordamida quyidagi
differentsial tenglamalarni integrallang.

5. Namunaviy misollar va topshiriglar

1) O’zgaruvchilari ajraladigan teglamalar.

Berilgan differentsial tenglamaning umumiy yechimini toping.
(xy2 + x)dx + (y — xzy)dy =0

Yechish: Tenglamani quyidagicha yozib olamiz.

y(@ - xz)dy = —-x1+ yz)dx

Bu tenglama o"zgaruvchilari ajraladigan tenglamadir.

O zgaruvchilarini ajratamiz. Buning uchun tenglamani ikkala tomonini
a-x*y1+y?) ifodaga bo'lamiz.

y(l-x") dy = X(L+y") d yOkI

@-xH+y%) Q- x1+y%)
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y X
2dy=— 2dx
1+y 1-x

Tenglamani ikkala tomonini integrallaymiz:

l 2
—In}1+ y
2

1
= —In ‘1— x’
2

1 o
+ —Inh C CKHU
2

1+y2:C

x? 71‘

y’=¢C

x? —1‘—1

U holda berilgan tenglamani umumiy yechimi:

y = +./C x° —l‘—l .
2) Bir jinsli va unga keltiriladigan differential tenglamalar.
Differentsial tenglamaning umumiy yechimini toping.
dy dy

y—X—=X+Yy—
dx dx

Yechish: Bu tenglamadan Z—y ni topamiz:
X

d .
(y+x)i= y — X yOkl
dx

dy y — X

dx_y+x

Bu tenglama birinchi tartibli bir jinsli tenglamadir. Tenglamani y=x-u

.. . . d d . . .
almashtirish yordamida yechamiz. =~ -u+x=—. Bularni yugoridagi tenglamaga
dx dx
go yamiz.
du ux — X x(u —1) u-1
X—+ U= = =
dx ux + X x(u +1) u-+1
yoki
du u-1
X—+U =
dx u+1
du u-1 u-1-u’-u
X— = —-u =
dx u+1 u+1

0 zgaruvchilarni ajratamiz.

1 dx - . .. .
"7 4 = - = ikkala tomonini integrallaymiz.
u- +1 X
u 1 dx
J‘z—du +I ——du = —I—
u +1 u- +1 X
bundan
1 2
—In ‘u +1‘+ arctgu = —In|x|+ln |c|
2
bundan
t | ¢
arctgu = In |———
xvu’ +1
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Endi v - 2~ ni qo’ysak tenglamani umumiy yechimini topamiz:
X

arctg Y =
X

3) Chizigli differentsial tenglamani yeching

Y __ Y _ tenglamani yeching.

dx 8x —y
Yechish. Bu tenglamada u — noma’lum funksiya bo’lib, X argument. Ravshanki

bu tenglama u ga nisbatan chizigli emas.
Agar x va u larning rollarini almashtirsak, ushbu

dx 8 )
—=—x-y", x'(y)=a(y)x+b(y)
dy y

chiziqgli tenglamaga kelamiz. Buning umumiy yechimini, quyidagi

a(y)dy a(y)dy ~[a(y)dy
J + eI J dy

Xx(y)=c-e [b(y)-e

formula orgali topish mumkin, tenglamamizda ay) = & by =yt
y

Natijada, bo’ladi:

8 8
[ [ [ " n "
X(y)=c-e ' —e’ -J'y2~e Y dy:c-esl‘y‘—esl‘y‘-_[yz-egl‘y‘dy:c-y

Demak, tenglamaning umumiy yechimi

1 1 . .
X =cy®+=y® . y® & X =cy®+—y*, bunda s — ixtiyoriy o’zgarmas.
5 5

4) Koshi shartlari berilgan differentsial teglamaning Kko’rsatilgan
boshlang’ich shartini ganoatlantiruvchi yechimini toping.
dy —e“dx + ydx — xdy = xyax differentsial tenglamani y (o) = n s boshlang’ich shartni
ganoatlantiruvchi xususiy yechimini toping.

Yechish: Berilgan tenglamada shakl almashtiramiz:
1-x)dy = (xy +e * — y)dx

8

—y e[yt y

dy xy+e -y —(@A-x)y+e e dy e
— = = =—y+ —+y =
dx 1-x 1-x 1-x dx 1-x

Bu tenglama birinchi tartibli chizigli tenglamadir. Tenglamani yechish uchun
Y2 Y ekanidan foydalansak,

y = u(x)-v(x) almashtirish olamiz. U holda = -uv—+v—
dx dx dx

tenglamani ko rinishi:

d d o :
T TV yoki

dx dx 1-x

dv du e ”
Uu—+V—+u = (*)
dx dx 1-x

v(x) funktsiyaning giymatini jl+ v=o0 tenglamadan topamiz:
X
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dx
dv
— = —dx
Vv
integrallaymiz.
dv —x
[= =[x Infv|=-x v=e
Vv
topilgan giymatni (*) tenglamaga qo'yamiz
L L yoki
dx 1-x
di ~ 1
dx 1-x

buni integrallamiz
1
~[du = J—dx ,
1-x

u :—In|1—x|+InC,
c
-

y =uw ekanidan foydalansak tenglamani umumiy yechimi

u=1In

n -
]
y(0) = n 5 boshlang ich shartdan foydalansak

In5=e’°~InC,

hC=Ih5,

C=5,
U holda tenglamani xususiy yechimi

y=u =e -

5

y=¢e¢ -l |1—x|

bo ladi.
5) Egri chiziglar oilasining differensial tenglamasini tuzing
Berilgan egri chiziglar oilasining differensial tenglamasini tuzing. (x - ¢y + y* = ¢*
F(x,y,c)zx2—2xc+y2—c2=0 (1)
ga ega bo’lib, bundan

2x —2c+2yy'=0

2c = 2x + 2yy' (2)
(1) va (2) dan
xz—x(2x+2yy')+ y2 =0
yoki x? 4+ 2xyy —y? =0
6) Bernulli tenglamasini yeching.
a) (Chizigli tenglamaga keltirib)

1-Misol. x +y = y?¢nx Tenglamani yeching.
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Yechish: Tenglamaning ikkala tomonini x-ga bo’lamiz:

Y , £nx o, 1, Inx
y+—=Y — y y+—y =—"
X X X X
-1 ' -2
z=Y Z=-y Yy
1 /nx 1 /nx
-7'+—z2=— z2'-—z2=-—
X X X X
L = 1
/nx onlx _inlxl £NX /nx
z:fjx|—ijx—dx+c|:f H~|—(—J‘,€ H—dx+cwzxr—j—2dx+c1:
] x | I x I« J
dx £nx /nx 1
u = /nx du = — J‘ —dx = - —— - =
X X X X
dx 1
d3 = — 4 =-—
X X
[/nx +1 ]
= X +Cc;=0CX+1-/nx
PR
o 1
y =cXx +1-1/nx, y=—"—"——
X +1—/nx

b) (Ozgarmaslarni variatsiyalash usuli bilan)
2-Misol ¥ + 2y = y'e” tenglamaning umumiy yechimini toping

Yechimi. Tenglamaning ikkala tomonini ¥* ga bo’lamiz.

' 2 . )
y—2+—=ex, y=0, n=2, z=y "=y,
y y
' -2 y, ' X ' X
z'=-1-y y = — —72'+22z=e", 171'-21=¢";
y
dz z
z2'-2z2=0, —=2z, —=2dx, In|z|:2x+ln|C1|, C, =0,
dx z

2x

“+2C (x)e™,

2

z=C""=0, CeR; z=C(x)e2X, z2'=C'(x)e

C'(x)e +2C(x)e”" —2C (x)e”" =e", C'(x)=-e ",

y - =X 2x y - O
(C,+e ")e
Oxirgi y = 0 yechimni tenglamaning har ikkala gismini y* ga bo’linganda

yo’qotilgan, shuni qo’shib qo’ydik.
7) Quyidagi tenglamalar to’liq difrentsiali tenglamalar ekanligini tekshiring

va integrallang.
(2xy +3y”)dx + (x* + 6xy - 3y”)dy = otenglama integrallansin.
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Yechish. Bu yerda
M (Xx,y)=2xy + 3y2

N (x,y) = x° + 6 xy —3y2

oM aN
— = — = 2x+6y
oy oX
oM N o , e -
Demak, —— = — shart bajariladi. Berilgan tenglama to’liq differensialli tenglama
oy oX
ekan, ya’'ni
(2xy + 3y2)dx + (x2 + 6Xxy — 3y2)dy = mdx + ﬂdy.
oy ox
Bundan,
ou

2 aU 2 2
—=2xy +3y, —=Xx +6xy —3y
OX oy

oxirgi ikki tengliklardan birinchi tenglikni u ni o’zgarmas deb, X bo’yicha
integrallaymiz

u(x,y) = [(2xy +3y")dk + o (y) = Xy +3xy " + 0 (y),
bunda »(y)<c’ funksiya u ning hozircha noma’lum funksiyasi. Bu munosabatni u

bo’yicha differensiallab va
6_u: x° + 6 xy —Sy2
oy
ekanini e’tiborga olib,
x? + 6xy +@'(y) = x2 + 6xy — 3y2
bo’lishini topamiz. Demak,
p'(y)=-3y", o(y)=-y +c,,
bunda s;- ixtiyoriy o’zgarmas.
Shunday qilib, dastlabki tenglamaning umumiy integrali
x2y+3xy2—y3 =C.
8) Qulay almashtirish yoki integrallovchi ko’paytuvchi yordamida quyidagi
differentsial tenglamalarni integrallang.
(2xy’ - y)dx + (y° + x+ y)dy = o tenglama integrallansin.

Yechish. M (x,y)=2x % -y, Nxy =y +x+y

oM ON oM ON
—=4xy -1, —=1 —z—
oy ox oy ox
Integrallovchi ko’paytuvchini topamiz
oM N
oy oX 4xy -1-1 2(2xy —-1) 2
v(y) = - - --=.

-M -y(@2xy -1)  -y(2xy -1) y

Demak, berilgan tenglama fagat ¥ ga bog’liq bo’lgan integrallovchi
ko’paytuvchiga ega ekan. Bu misol uchun

2
o - )
H_ejw(y)y R

1
N
y
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1
Y
y

Berilgan tenglamani . - - ga ko’paytirsak,
y

1 X 1
(ZX——]dX +[1+—2+—]dy =0
y y y

to’liq differensialli tenglama hosil bo’ladi.

U holda u(x,y):j[Zx—%JdX+<ﬂ(y)

X

yOkI u(x,y)=x*-=+0(y),

y
buyerdan £L- X, ,uy)
oy y
. . ou s+ OU X 1
Ikkinchi tomondan —=n(x.y), ya’ni — =1+ —+ =,
oy ay y y
U holda
X X 1 1
—+e(Y) =1+ —+—= p'(y) =1+ —
y y y y
yoki

p(y)=y+Iny+C,.

Demak, x> -~ +y+ny=-c tenglamaning umumiy integrali ekan, bunda € -
y

ixtiyoriy o’zgarmas.

MUSTAQIL YECHISH UCHUN MASHQLAR
1-Variant
x3dy - yadx =0.
. (3x? +2xy-y 2y dX+(X?—2xy —3y*)dy = 0.
y +2y=¢e *.
y'+2xy:2xe7x2, y(0)=0.
X=Cy +COS Y.
y -y =+xy.
v2 —3x2

had

S A I A e

%d.x‘—k dv =0,

8. (x2+y2+2x)dx +2ydy =0

2-Variant
1. tgx sin z ydx + cos z xctgydy =0 .

2. xdx+(x+y)dy=0.
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3. Y 2xy =2x " .
3 2
4.y +=y=—, y@ =1.

X X

5. Xx=cy’ —siny.

dx 1
6. —=| ——2x |dy.
X y

7. e¥dx + (xe¥ —2v)dv=0.

8. Yax + (y2—Inx)dy =0-

X
3-Variant
1. (y2+xdx + (y - x*y)dy = 0.
2. (X*+y? ) dx-2xydy=0.
3. yiay=e"
4, y —2xy =1, y(0)=0.
5. x:%+5y,
y

6. 2x’y = y*(2xy - y).
7. (4x° +5x*yH)dx + 2x°y+ 6y?)dy = 0.
8. (x2+ y)dx + xdy =0 .

4-Variant
1. (xy? + x)dx + (x*y — y)dy = 0.
2. (X*-3x?yydx + (y* - x’)dy = 0.
3. x -2y =x"cos x.
4, xy —2y-x. y(0)=0.
S x=cy’+my.
6. y-0y 2
7. (bx+y—7)dx+ (8v+ x—9)dy=0.
8.

(raloc e[ Zoalay =0

vy J vy J

5-Variant
1. «x ~di— y = y3.
dx

X X

2. (xye ¥ + y?)dx — x’e’dy =0 .
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y'xln xfy:SXSInzx.

‘ 1
Xy :x+;y, y(0)=0.

X =y(c+cos y).

xyzy" +x%+ y3:0.

v —7 1
—dx — dv =0,

g 2xZ -

¥

G N o a0 B~ W

(1— ysin x)dx —cos xdy = O0-

6-Variant

dy 3
X-———y=y",

dx
(x+y-1)dy+(2x+2y-3)dy=0.

(2x -y’ )y =2y.

 wbdh -

Xy =x+vy, y(0)=0.
1

5. x=ctgy - :
sin vy

o

2 2 3
XYy +x +y =0.
(i —j-‘) dx+ (v —x)dv=0.

32

o N

x2y ey+(x’y?-x)y'=o0.

7-Variant

w
I
<

2ylny + y—x'

P4 xy =y, y(1) =0.

(x+1)(y +y*)=~-y.

(+y)dx+(x+=)dy=0.

© N o a &

(1—y?)dx +(3—4xy)dy =0

8-Variant

d
1. —y=cos(x+y).
dx
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2. 2XydX+(y? -x*ydy = 0.
¥&
3. [ez xy}dydx =0.
4, y —y=-2e ", y — 0, agar X — +4oo .
5. x=ccosy+cosy.
X
6. xy - dy =(y2+x)dx.
2 v 1
7. (1+: + ;)dx+(3 v —=)dy=0,
'L.'
8. (A—ysin x)dx —cos xdy =0 -
9-Variant
d
1. —y:(l+ yo)x.
dx
2. =Y 4 kL
dx X X
3. YV—ye*=2xe*.
, .1 1
4, X"y cos ——ysin —= -1, y > 1, agar X —» o©
X X
5. x=cln2y—ln Y.
6. xy'—2x2\/;=4y.
2 ; 2y—1
(- Dyax+ZT=dy =0,
7. (- + Dydx + 2 a
8. (2x3y2—y)dx+(2x2y3—x)dy:0-
10-Variant
d
1. i= y-sin X .
dx
2- 2 xydx 7(x27y2)dy:0-
3. (x?+2x+1)y —(x+1)y=x—-1.
4, y'-sinxfycosx:fsmzx, y —> 0, agar X — o
X
5. x:c-eyz+y2—1.
6. xy +2y+x°y’e*=0.
1 1
7. (2x—==)dx+ (2y - =) dy =0.
x2y - X2 -
8. (x2+y)dy+(x—xy)dx:0-
11-Variant
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A wnh e

y -cos xdx —sin x-dy =0.

xy‘=y(ln y —In x) .

y'xfy:xcos X — sin X.

. 2
2xy —y:l—ﬁ,
5.y cogy - 1.
cos y
X x-

0. 2y Ty xz—yl.

7. (.rj-‘z —I—S dx + (.x;zj-‘ — %) dy =0

8. (@-2xy)dy —y(y-1)dx=0"
12-Variant

1w =14 y7.

2. (y? =3x%)y +2xy =0 .

3. 2(x — y2)dy = y-dx.

4, 2xy 4+ y = 2X,

5. x-ce’+siny.

6. X(X—1)-y +y° =x-y.

7. (xyv? +x)dx + (.k;'zj-’ —%) dy = 0.

8. (1-x’y)dx +x*(y—x)dy =0 .
13-Variant

114y —er.

2. (2xy +3y2)dx + (x> + 6xy —3yZ)dy =0 .

3. xy +3y =15 .

4. y'sin x+ ycos x =1

5. y-y + y’ctgx = cos x.

6. (x*+ v+ 7)dx + 3xvidy = 0.

7. (VX =y +2x)dx —dy =0 *

8. 3vF—xy+1=0.
14-Variant

1. y -3,

2. (y> + 2xy)dx + (2x° + 3xy)dy =0 .

3. x —3y=-3hx-1.
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. T
4, y €cos X — ysin X = —sin 2X y—>oagal’x—>—
2

5. x-=

+ tgy -

< |o

6. y +y=x-y°.

7. (x*cosy — vsin)dy + xsinydx = 0.
8. (x’+y’+x)dx +ydy =0 .
15-Variant

1. 2X 41— yldx = L+ x7)dy .
Xy —y=q/x"+y°.
- (1-2xy)y = vy - 0.

y'cos X — ysin x = 2x,

x-y'=2\/;cos X—2Y.
(P 4+ y)dx+ (x+ 7)dy = 0.

yl-y2dx + (x4l y  +y)dy =0 u=pu(y)-

16-Variant

1- 1+2y - yz)dx + X(1—y)dy =0.

N o 0w N

(x — x2+y2)dx+ydy =0.

y -sin 2x = 2(y + cos X).

2

3

4. y 4 ycos x = cos x,
1

3)

X=—.
ce’+y+5

y +2xyInx+1=0,

y
7. (0*+x+yv)dx+ 2y + 1)xdy = 0.

8. (x"-y)dx +xdy =0 u=p(x)-

17-Variant

1. y(y? +1)dx + x(y® —1)dy = 0.
2. (x3—3xzy)dx +(y3—x3)dy =0.
3. x—L=2,

y y
4, y —y =sin x —cos X ,

5. x=ch?’y—Iny.
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6. (v - xJy)(x*-1)=x-y.
7. (2xIny — 7x)dx + ("L—z + 4) dy =0,

8. (x%sin ? y)dx +xsin 2ydy =0: sin y=z-

18-Variant

1- (xy2+x)dx+y(y7x2y)dy:0-
x2y2—2xyy‘:x2+3y2.
y‘+y=4x2+8x.
y'f ytgx = yzsin X COS X y
X = y(c+sin x).

xy -dy = (y2 + x)dx

Zxly+x+1)de+ (223 —y2)dy=0.
G Jax+ (G =)
(y—i)dx+dl:0'

X y

© N o 0 bk~ D

19-Variant

1. (y2+1)dx—x(y+1)dy =0.
yy':4x+3y72-

(2x+ y)dy = ydx + 41In ydy .

y cos X + ysin x = 2cos > X

x % = y4(2e4 +C).

X X-y
2y — — = > .
y x =1

2ysin2xdx — (9 + 2cos?x)dy = 0.
(xcos y—ysin y)dy + (xsin y+ ycos y—sin y)dx =0, u = u(x).

o 0k~ wn

o N

20-Variant

. 1
1. v = .
1-x

(x — ycos l)dx+x~cos ldx:O.
X X

x(—l)y‘+2xy =1.
v -2y =xyfy
x(e’ +ce?*)y=1.

y = y®cos x+ ytgx .
(e¥ —e¥)dx + xe¥dy = 0.

N o g bk ow N
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8. (3y2 — x)dx +(2y®—6xy)dy =0, w=u(x+y?)"

Uy ishlari, auditoriyaga oddiy differensial tenglamalar bo‘yicha joriy
nazoratlar o‘tkazish uchun toshiriglar variantlari:

I. O‘zgaruvchilari ajraladigan differensial tenglamalarni yeching.
1. x’dy — y’dx =0
2. tgx sin “ ydx + cos ® xctgydy =0
3. (xy2+x)dx+(y—x2y)dy =0
4. (xy?+ x)dx + (x*y — y)dy =0

Ly
5. dx
Yy
6. dx
t a
gx -— -y =a
1. dx
y
8 d—:cos(x+y) l+sosz =0z=2z +7x
. X
d
0 d—y=(1+y2)x
. X
dy .
— = y-sin x
10. dx
T
y-cos dx —sin x-dy =0 y(—):l
11. \2)
12.xy =1+ y°
13.1+y'=¢’
14.y'=3""

15.2x% 41—y dx = (1+ x*)dy

16.@+ 2y — y*)dx + x(1 - y)dy

17.v(y* +1)dx + x(y* —1)dy =0

18.(xy* + x)dx + y(y — x"y)dy

19.(y* +1)dx — x(y +1)dy = 0
1

Il
o

Il
o

y':
1-x

20.

I1. Bir jinsli va unga keltiriladigan differensial tenglamalar.
1. (3x? +2xy-y 2y dX+(X> —2xy — 3y?)dy =0
2. xdx+(x+y)dy=0
3. (X*+y? ) dx-2xydy=0

4. (X3—3x2y)dx +(y®’ = x%)dy =0

S. (xye ” + y?)dx — x’e’dy = 0

6. (x+y-1)dy+(2x+2y-3)dy=0
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X
7. y'= — + l

y X

8. 2xydx+(y?-x*)ay = 0

9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.

dy_y+

/1 Y
dx X X

2 xydx — (x2 — yz)dy =0

xy'=y(n y—In x)

(y?=3x%)y'+2xy =0

(2 xy +3y2)dx + (x2 + 6 Xy 73y2)dy =0
(y2 + 2xy )dx + (2x2 + 3xy)dy =0
xy'—y = /x" +y’°

(x — x2+y2)dx+ydy =0
(x373x2y)dx +(y37x3)dy =0
x2y272xyy': x2+3y2

yy'=4x+3y -2

(x — ycos l)dx+x-cos 1dx=0
X X

I11. Chizigli differenssial tenglamani quydagi usullar bilan yeching.
a) O‘zgarmasni variasiya usuli.
b) Bernulli almashtirish orgali.
C) Umumiy yechim formulasidan foydalanib.
d) Integrallovchi ko‘paytuvchi orgali.

N oo bhowdhdRE

8.

9.

X

y'+2y =e
2

y'-2xy =2xe "

- X

y'+2xy =e
Xy '=2y = x° cos x.

y'xIn x—y=3x3ln2x.

(2x-yHy'=2y.
S
2yln y+y—x

(eyzifxywdyfdx =0
S

y'—ye " = 2xe

ex

10.(x2+2x+1)y'—(x+1)y= x -1

ll.y'x—y: X €COS X — sin X.

12.2(x— yz)dy =vy-dx.

13 xy '+3y =15

14. xy =3y =3Ih x -1.

15. @ -2xy)y'= y(y - 1.

16. y'sin 2x = 2(y + cos X).
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17.« - X _ 2
y' y

18 y'+y =4x° +8x
19.(2x+ y)dy = ydx + 41In ydy
20.x(—1)y'+2xy =1

IV. Berilgan differensial teglamaning ko‘rsatilgan boshlang‘ich shartini
ganotlantiruvchi  yechimini toping. Chizigli tenglamaning umumiy yechim
formulasidan foydalaning.

1. y'+2xy:2xefx2 y(0) =0

.3 2
yeSy=—  y@ =1
X X

y'=2xy =1 y(0) =0

Xy '=2y = X y(0) =0

2
3
4
5. xy'=x+§y y(0) =0
6
7
8
9

Xy'=X+y y(0) =0
x2+xy':y y(l)=0
y—y = -2e " y > 0 agar . .
1 1
x’y'cos —— ysin —=-1 y_>1agarx_)oo
X X
- 2
10.y'.sin x—ycosX:_smzX y_)oagarx_ﬂm
X
ll-ny'-yzl_i y > -1 agar , .

X

12.2xy+y = 2x y chegaralangan agar x - 0
13. y'sin x + ycos x =1 y chegaralangan agar x - 0

14. yrcos x — ysin x = —sin 2x y — 0 agar x> =
2
15.y'cos X —ysin x =2x y(0) =0
16.y'+ycos X = CO0S X y(0) =1
17.y'—y =sin x - cos x y chegaralangan agar x — +oo
T 4
18. y'—ytgx = y’sin x cos X Y(;) = ;
lg.y'cos X + ysin x = 2cos ° x y(0) =0

20.xy'—2y:x2\/; y(0) =0

V. Egri chiziglar oilasining differensial tenglamasini tuzing va turini aniglang.

sin X
1. x=cy+cosy l.y=c-sin x+
X
. 1
2. X =cy —siny 2.y:c-tgx—
COS X
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C 2
3. x=—+5y 3.y=c-e’ +x°
y
4, Xx=cy +Iny 4.y:x~(c+sin X)
5. X = y(c + cos y) 5.y=c~|n2x—lnx
6. X = ctgy - 6.y:x4lnzcx
sin y
7 x:ceyz+y T.x=e¢"+c-e”’
Ccos
8. X =CCOS Yy + y 8.x=2ln y—y+1+<:y2
X
9. x=ch?®y—Iny 9.xy=(x3+c)e*X
1O.X=C-eyz+y2—1 1O.y’2:x4(2ex+c)
1
11-x:cctgy _ 11.y(ex+c~e“)=1
cos y
12-x:cey+siny 12-y:x(ce’x71)
13.x=cy3+y 13.y2=c(x+1)2—2(x+1)
14.x:£+tgy 14.y=C€X2—X2—1
y
15.xy:(x3+c)ex 15.x:(c—cos y)-sin y
1 1
16.X=y— 16.y=
ce’ +y+5 ce  +x+2
17.x=c|n2y—lny :I.?.x=(:y+y3
18.x:y(c+sin X) 18.y2:c-(xy—1)
19-x72:y4(264+c) 19-x:y2(c72ln y)
20.x(ey+ce“)=1 20.y(xy—1)=C-X

V1. Bernulli tenglamasini quyidagi usullar bilan yeching.
a) Chizigli tenglamaga keltirib;
b) O‘zgarmasni variatsiya usuli bilan
y-y'=xy"

dx _(1
—=| ——2x |dy.
X y

2x’y =y (2xy'-y).
y = (xy'+2y)°".

aa- xz)y'—2xy2 = Xy.
xyzy'+x2 + y3 = 0.
(x+1(y'+y*) = -y

xy -dy = (y2 + x)dx.

©Coo~NoaR~W M OE

xy'-2x"yy = 4y
10.xy'+2y +x°yle* =0

X X -
11.2y'——: 5 Y
y x" =1
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12, x(x—1) - yey® = x-y.
13.y .y yPetgx = cos x.
14, gy - x.y°

15.x~y': 2\/;005 X—2Yy

W
16,L+ 2xy I x+1=0
y

17.(y=xy) ~1) = x -y
18.xy -dy = (y2 + x)dx

X X -
19.2y'——= 5 Y
y x -1

20 y'= y4cos X + ytgx

VII. Quyidagi tenglamalar to‘liq differensial tenglamalar ekanligini tekshiring
va integrallang.

2x v?—3x2

1. F—adx+” — dy =0

e¥dx + (x”e}’ —2y)dy =10

(4% + 5x*y?)dx + 2x°y+ 6y3 )dy =0
(5x+y—7)dx+ By+x—-9)dy=0

Vv =7

*dx ——dy =0

3

o bk wn

1

(£ -y)ax+ @ —xdy=0

7. e+ y)d+ (x+3)dy =0

8. 1—i+§)dx+(3y—i)dy=n
9. (1- 2,1;—1"
10.(2x - =) dx + (2y - =) dy = 0

11_(x},2 + ?—t) dx + (xzy — i) dy =0

}?2

¥
+-)dx +

x2 x

dy =0

12.(xy? + x)dx + (xzy — i) dy =0
13.(x% +y3 + 7Tdx + 3xy?dy =0
14.(x*cosy — ysin)dy + xsinydx = 0
15.(x* +y)dx+ (x + 7)dy =0

16.(y2 +x+ v)dx + 2y + Dxdy =0
17.(2xlny — 7x%)dx + (S + 4)dy = 0

v

o

18.(51x2y—|—x—|— 1)dx+ ze —yz)dy =0
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19.2ysin2xdx — (9 + 2cos*x)dy = 0
20.(e¥ —e*)dx + xe¥dy =0

VIII. Qulay almashtirish yoki integrallovchi ko‘paytuvchi yordamida quyidagi
differensial tenglamalarni integrallang.

1. (x2+y2+2x)dx+2ydy =0

2. ldx+(y2—ln x)dy =0
X
3. (x2+y)dx+xdy =0

4, (i+ 1)dx +(i—1)dy =0

vy )

(2xy2 — y)dx +(y2 + X+ y)dy =0
xZyZ 4y (x2y? —x)y'=0
(1—y2)dx + (3—4xy)dy =0

(1 - ysin x)dx —cos xdy =0

© o N oo

(2x3y2 — y)dx + (2x2y3 — x)dy =0
].O.(x2 + y)dy + (x — xy)dx =0
11.(1— 2xy)dy — y(y —1)dx =0

12.(1— x2y)dx + xz(y— x)dy =0
13.[\/x2 -y + ZXJdX —-dy =0

:|.4.(x2 + y2 + X)dx + ydy =0
2 /
15.y 1-vy dx+[x l—y2+dey:O

16.(x2 —y)dx + xdy =0

17.(x25in 2 y)dx + xsin 2ydy =0

PR
18.| y—— |dx + —=0
LX)y
19.(xcos y—ysin y)dy + (xsin y+ ycos y—sin y)dx =0
20.(3y2—x)dx+(2y2—6xy)dy=O, o= pu(x+ y2)

Test topshiriglari
Birinchi tartibli differensial tenglamalar mavzulari bo’yicha testlar
1. e dy = xdx

A) e —3c-x *-e*),B) Ihy=cuy s,C) In|cos y|:x—x2+C,D) C = tgxtgy .
2. y'sin x =ylny
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A) y = C sin x—z,B) In y = Ctg %,C)czcosx,D)tgy:

cos Yy e -1
3. y' = (2x —1)ctgy

A) e3y:3(Cfxe’X7e’x),B) In y = Ctg g,C) In|cos y|:x—x2+C,D) tgy =

4- sec © x -tgydy + sec z y -tgxdx =0

X 1
A) tgy = ,B) Iny=Ctg —, C) arctgy =C + —e” ,D) C = tgxtgy
e -1 2 2
5. A+e*)ydy —e’dx =0
A)—e‘y(y+1)= +C,B)Iny—Ctg— C)arctgy —C+—e D)C:COSX.

‘i1 2 2 cos y

e
6- (y2 +3)dx ——vydy =0
X

C
A) tgy = — l,B) In(y?>+3)=2(C -x *-e*),C)c=tgxgy ,D)tgy = .
e - e -

7. sin y cos xdy = cos ysin xdx

A) tgy = XC ,B) arctgy =C+£ex2,C) C = cos X,D) sin y=C(e*-1)°.

e -1 2 cos y

8. y'=(2y + 1)tgx

A) C = tgxtgy ,B) In y = Ctg i,C) sin 2y = tgx +C,D) A2y +1 =
2

cos x
9. Gin( x+ y) +sin( x - y) dx + =0
cos y
X
A)tgy =c +cos2x,B) my=cg =,C) J2y+1 = ) oo S8 x
2 cos X cos vy

10.((14r e’ )yy' =e”

A) C(ey—l):e’*,B) y?=2In C(e*+1),C) In

Ty « C
tg(—+—W:C—e ,D)tgy: y

(4 2) 1
11 oy + xPy)y =14 y?

A) 4y’ +1-= \/_

12. Y _ 4

777

3/ x Cx
A) XX 3 B)y-cVx*-1,C) y-
) Blymedd 1 Oy

13 y—xy' =20+ x’y’)

B)y_ cVx’ -1, C)Cx—\/(1+x)(1+y),D)\7£3 3.

+1,D) 77 =3.7"+cmn7.

=C — X

A)y- =2 .B) e, C) y- -2 11,D)

1+2X X+1 y+1

14, y—xy' =1+ x’y’

=CX .

A) Y _c x,B)y- 1,0

y+1_ Xx+1 y y +1




15. (x+4)dy — xydx =0
ci/x

A)y-c-1,B) {ys1-nex,C) y-—= D ‘3.
)yCX 1 )y l1=IhcC )y (X+4)4 )m3

16 y'+y+y>=0

A)£+Iny:C+§InZX,B)y— "2 C)Y— cyx’ -1, D)
y

=C — X
Vi+2x°? y+1

17 y2 In xdx — (y —1)xdy =0
cix
Vx + 3

18.(x+ xyz)dy + ydx — yzdx =0

+3,C) C(eyfl):efx,D) In

A)y+lnu:C+lnx,B)
y

y+ 2

—-1)? y c
A)y:C\/xz—l,B)y+|nu:C+|nX,C) arctgy = C +arctgx , D) sih —=h —.
y

<[
19.y’+2y—y2=0
ci/x
\/r” B)

20.(x + x)ydx + (y? +1)dy =0

A) —C—x,C) =Ce” D)y —3(C—x+|n|x+1|

Cx cos X : x®  x2
A) d :C—x,B)y: +17C)C: ,D)y—+lny:C——7—.

y +1 X+1 cos y 2 3 2

21.y—xy': X Sec Y
X

A)sm——ln— B)y--—* ,C)y’ :X2|n(CX)2,D)y=xe%.

|| I(Cx

22.(y2 —3x%)dy + 2xydx =0

A) y —C—X,B)(yz—xz)ZZCx2y3,C)c_cosX,D)\/z—lzlncx-
X X

y+1 cos y

Il
o

23. (x + 2y)dx — xdy

A) Y ¢ x,B)y-x-,C)y_cx* x,D)yi-x*m(cx).

y+1
24.(x— y)dx + (x + y)dy =0

1 24X C
,D) arctg l+—lny—=ln—.
In (Cx ) x 2 X X

/A\)y=xeX B)y— +l C)y_

25.(y2 —2xy)dx + x°dy =0

:CX,B)y: o +1,C)C=COSX,D)y:— X

X—y X +1 cos y In (Cx )

A)

26 yi+ xly = xyy’

A) i+ 2 -

X

l 2
X’B)ex:Cle) yzg_i’D) y—+In ychx—fx—.
X 2 2 3

27.xy’— y = xtg Y
X
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A)

A)y-=-XB)y-
X 2

A)

X
A) y = —In?Cx
4

A)

y :C—X,B) In
y+1
v
28.xy':y—xex

29.xy’—y:(x+ y)In(

In

1+l:
X

30.xy'= y cos In Y

Cx ,B) In

X

Cx

X+1
X

(2

1+l
X

=cx, C) sin(l}:Cx,D) y:C__

X

X

X
5 .

Yy
+1,C)\/ZL=Ian,D)eX=Ian.
X X

+

X

1+l

X

)
)

:Cx,c)-euch,D)y:xm(C

31.(x2 +1)y'+4xy =3,y(0) =0.

x° +3
y:
2

(x +1

"

32. y'+ ytgx = sec x,y(0) =0.

y

y

X

X B)y:xz—l,C) y = (sin x—l)x,D)x:yz—y.

A) y = (sin x—l)x,B) y = sin x,C) x=y2—y,D)—e7:Inx.
33. (- x)(y'+y)=e " y()=0.

A) x=y'-y,B) ctg(ilnlW:lnx,C) y=¢e "“In
(2 x)

34.xy’—2y = 2x4,y(1): 0.

)
1-x

1

A)y:xz—l,B)y:exlnx,C) arcsinlzlnx,D)y=x4—x2.
X

35. y' = 2x(x2 +y) y(0)=0.

A) y:x2+1—exz,B) y:Inx,C) x:ey—e’y,D)—ejzlnx.
36.y'—y=¢e" y(0)=1.

].

)

y

,B) ctg (iln l} = In Cx ,C) arc sin l: In Cx , D) —ei
X X

=1InCx .

D) y = (sin x =1)x.

A) yzilnzx,B) y=(x+1)ex,C) arc sinlzlnx,D) y=1Ix.
4 X
Test javoblari
Birinchi tartibli differensial tenglamalar
1 A 7 A 13 C 19 D 25 C 31 B
2 D 8 A 14 A 20 D 26 C 32 B
3 D 9 C 15 B 21 D 27 D 33 D
4 B 10 B 16 D 22 A 28 B 34 D
5 A 11 B 17 D 23 C 29 D 35 C
6 C 12 B 18 D 24 D 30 C 36 A
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Sinov savollari
Differensial tenglamaning xususiy va umumiy yechimlari deb nimaga aytiladi?
Koshi masalasi ganday qo’yiladi?
O’zgaruvchilari ajraladigan differensial tenglama ta’rifi.
Umumiy integral deb nimaga aytiladi?
Qanday funksiya bir jinsli funksiya deyiladi?
Bir jinsli differensial tenglama deb nimaga aytiladi?
Bir jinsli differensial tenglama ganday integrallanadi?
Qanday tenglamaga umumlashgan bir jinsli differensial tenglama deyiladi?
. Qanday tenglamaga chiziqli differensial tenglama deyiladi?
10.Chiziqgli differensial tenglamalarni ganday usullarda yechish mumkin?
11.Bernulli tenglamasini ko’rinishi qanday?
12.Rikkati tenglamasining ko’rinishi qanday?
13.To’liq differensialli tenglama deb ganday tenglamaga aytiladi?
14.Integrallovchi ko’paytuvchi deb qanday funksiyaga aytiladi?

©ooNOOrWNE
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