OObikHOBeHHBbIE TU(PepeHInATbHbIC YPABHECHUS.
OcHoBHbIE OHATUS. MeToaAbI pelIeHUSI HEKOTOPbIX
AP depeHIUAIBHBIX YPABHEHUI MEPBOI0 MOPAAKA

IL1an Jexuuu
1. Juddepenunanbubie ypaBHeHusA. OnpeaeneHue peuieHusl.
2. 3amauyu, npuBOAAIIUE K TU(PPEepeHINATbHBIM YPABHEHUSIM.
3. JluddepeHnuanbHble YpaBHEHUS IIEpBOro nopsiaka. OCHOBHbBIC MOHSITHSI.
4. YpaBHEHHUS C PA3ACIAIONUMUCS IEPEMEHHBIMU.
5. JIunenHbie ypaBHeHUs. MeToa moaCcTaHOBKU. MeTo 1 Bapuayu IMOCTOSHHON.
6. YpaBHenue bepnymm.
7. YpaBHEHUE B NTOJIHBIX quddepeHnnanax.



Auddepenunaibubie ypaBHeHus. OnpeaesieHue pemieHUs

[Ipu permennn pa3IudHbIX 3a7a4 MaTeMaTUKH, GU3UKH, XUMUHU U JIPYTUX HAyK YacTO MOJIb3YIOTCS
MaTeMaTUYeCKUMHU MOJCISAMHU B BHJIC YPaBHEHMM, CBA3BIBAIOIINX HE3aBUCHUMYIO TIEPEMEHHYIO,
HUCKOMYIO byHKIHIIO 1 ce IIPOU3BOTHEIE. Takue ypaBHECHUS
Ha3bIBAIOTCS Ougepenyuanvnvimu (tepmud  npuHagiexutr [, JlelOuuiyy, 1676 ).

Qupenenenne 1. luddepeHnunanbHLIM ypaBHeHHEM Ha3bIBACTCs yPABHCHHE
f(x, AL ...,y(n)) =0, WU y(n) = F(x, y,y, ...,y(n'l)).

IJIe X — He3aBHCHMasl MEpeMEHHasl, y(X) — HEU3BeCTHas (PYHKIHUA, N — MOPSIOK
YpaBHECHHS.

Omnpenenenne 2. Pemenuem aud¢epeHUNATBLHOI0O YPaBHEHHMsI HA3bIBA€TCA N pas
muddepenmupyemas GpyHkus @ (X), odpamiaromias ypaBHEHHE B TOXJIECTBO.

Onpenenenne 3. HauBpicuuii NOPSAJAOK  NPOM3BOAHOM, BXOAALIEH B
aug gepeHMAIBHOE YPABHEHHE HA3bIBACTCS ITOPSAIKOM 3TOr0 YPABHEHUS.

IIpumep.
a)y'"" —3y" + 2y = 0- quddepeHnnaabHOe ypaBHEHHE TPETHETO MOPSIIKA.
b) x%y’ + 5xy = y?- muddepeHnnan-HOe ypaBHEHHE TIEPBOTO TOPSIIKA.



3agauun, npuBoasimue K 1M @depeHIAIBLHBIM YPABHEHUAM

IfocTanoBka 3aga4n: MaTepuanbHas TOYKa MacChl 711 3aMEIISET CBOE JBHKEHHE TIOJ I CTBUEM
CHJIBI CONPOTHUBJIEHUS CpeIbl, MPOMOPIHMOHAILHON KBajapaTy ckopocTH V. HaliTu 3aBUCHMOCTH
CKOPOCTH OT BPEMEHH.
Pemenue:
[Iycte t — BpeMs, OTCUMTHIBaEMOE OT Haydala 3aMEeIJICHUS ABIKCHHUS MaTepUabHOM TOYKH
(He3aBHCUMAas IEpEeMEHHas).
Torma V =V (t)- dbyukuus ot t.
Bocnonsizyemcsi Bropsim 3akoHoM HeroTOHA (OCHOBHBIM 3aKOHOM MEXAaHHUKH)
F=m-a,
rae a = V'(t)-yckopeHue IBIKYIIErocs Tella;
F-pesynbTupyromas cuia, AEMCTBYIOIIas Ha TEIO B MPOIECCe ABUKECHHUS;
m-Macca Tena.
B mamem coyuae: F = —kV?, k > 0- ko> pUIMEHT OPOIOPLHOHAIBHOCTH

(«—» YKa3bIBaA€T HA TO, YTO CKOPOCTHb TCJIa YMCHI)IHaeTCSI).

k
Torma umeem: mV' = —kV2um V' = —EVZ,

rae Gynkuus V (t)- pemenue nuddepeHnaibHOro ypaBHEHHS.



JApyrue 3agaun

*G3UKOH UBMEHEHUA MACCHL PAOUA 8 3A6UCUMOCHIU OM 8DEMEHU
(«paIMOAKTUBHBIM pacriay) onuckiBaeTcs auddepeHImaaibHbIM YpaBHEHUEM
dm
dt
rae k > 0 - koadduumeHT nponopiroHanbHoCcTH, m(t) - Macca pajaus B
MOMEHT {;

=—k-m,

* (3AKOH OXNAMHCOCHUA mel), T. €. 3aKOH U3MEHEHHUs TeMIIepaTyphl Tejla B
3aBUCUMOCTH OT BPEMEHHU, OMUCHIBAETCS YpaBHEHUEM

dT

—=k(T -t
rae T(t) - Temmneparypa Tejla B MOMEHT BpeMEHHU 1, k - KodphuimeHT
MPONOPIIMOHATIBHOCTH, t( - TEMIIepaTypa Bo3ayXa (Cpebl OXIaxICHuUs);

* 3aKOH UIMEHEHUA 0A61eHUA 6030YXa B 3aBUCUMOCTHU OT BBICOTHI HaJl
YPOBHEM MOPS ONMCHIBAETCS YPABHEHHUEM

b _ .
dh— k p)

rae p(h)- atmocdepHoe naBieHue Bo3ayxa Ha Bbicote h, k > 0.



JAuddepeHuuajbHbIe YPABHCHUS MEPBOI0 MOPSAKA.
OCHOBHBbIEC IOHATHS

Qupenenenue 4. Juephpepenyuanvruvim ypasnenuem nepeozo nopaoKa
HA3bIBACTCS YPABHEHUE BUA

flx,y,y')=0 WU y' = F(x,y).

yinx

[Tpumepsr: y' = xe¥,y’ = " V' =x+y
Onpenesnenue S. Pewenuem ougpgpepenuyuanvnozo ypasHeHus nepeozo
nopaoka wHasbiBaeTcs (QyHKIusS y = @(x) omud pa3 guddepeHImpyemas,
oOpaiaromnias ypaBHEHHUE B TOXJIECTBO.
Onpenenenune 6. Oowgum pewenuem oughhepenyuanvHo2o ypasHeHus
HA3bIBAETCSI COBOKYMHOCTh (DYHKITUN, CONEpPKAIUX BCE PEIICHUS YPABHEHUS.
Takum o0pazoM, oOiiee penieHue quddhepeHIraIbHOr0 YpaBHEHUS 3aa€TCs
dbopmyrnoit
y=¢xC) um ¢=(yC)=0

Onpenenenue 7. Yacmuvim pewenuem ougpghepenuyuanvrozo ypasnenus

Ha3bIBAETCS O0Illee pelICHUE TP HEKOTOpoM 3HaueHuu C = C

(C- mocTosiHHASI BEIMYHHA).



o HAuddepeHunanbHoe ypaBHeHHe IePBOro nopsaka. OCHOBHbIE NOHATHSA

Omnpenenenne 8. 3amaueit Komm mbl Oynem Has3bIBaTh - 3a/laqy OTBHICKAHMS PELICHUS
i depeHInanbHOr0  ypaBHEHUSI TEPBOrO  MOPSAAKA YIOBJIETBOPSIOIIETO 3aJaHHOMY
HavyaJIbHOMY YCIIOBHIO V(Xo) = Vo.

Teopema 1. (cymecTBOBaHMS M eIHHCTBEHHOCTH pelneHus 3aaa4yu Kommu):
Ecniu B ypaBnenun y' = f(x;y) ynkuma f(x;y)u ee wactnas mpoumssomnas fy(X;y)

HENpepbIBHBI B HEKOTOpOM obsiactu D 1o y, copepikaiieit Touky (Xg; Yo), TO CYILIECTBYET
CAUHCTBEHHOE pelIeHne y = @(X) 3TOro ypaBHEHHMS, YAOBJIETBOPSIONICE HAYaJIbHOMY

yCItoBUIO Y(Xg) = Vo.

Onpenesienne 9. MHHTerpajbHO KpUBOM (MHTErpaJIbHOM  KPUBOHM  MOJIS
HanpaBJieHMid) Ha3bIBaeTcs rpaduk pemenus nuddepeHnuansHoro ypaBHenus. [loatomy
Ir€OMETPUYECKHUI CMBICIT 00IIero pemeHus audepeHnaIbHOro ypaBHEHUS MPEICTaABISACT
COOOM CEeMENCTBO KPHUBBIX Ha TUIOCKOCTH XOY, B 3aBHCUMOCTH OT IIPOM3BOJIBLHOM
MOCTOSIHHOM BelnuuHbl C, a 4aCTHOE peIICHUE MPEICTaBIsAET COO0N OOHY MHTETPAJIbHYIO
KPHUBYIO, KOTOpasi MPOXOAUT Yepe3 TOUKY C KoopAuHaTaMHu (Xq; Vo) -

I'eomeTpuyecknii cCMbICJ TeopeMbl 1 COCTOMT B TOM, UYTO MPH BBITIOJTHEHUU €€ YCIOBUM
CYIIECTBYET €IMHCTBEHHAsI MHTETpasibHas kpuBas /1Y, mpoxonsimas yepe3 Touky (Xq; Vo).



JAuddepeHuuaibHOEC YpaAaBHCHHE IIEPBOT0 MOPSIAKA.
OcCHOBHBIE IOHATHA

IIpumep: Pemuts ypaBHenue y' = x, npu ycaosuu y(0) = 1.

Pemrenune. OOmmM pemieHneM aud@epeHaaIbHOrO ypaBHEHUS

ABNSICTCS (PYHKIIMS

xZ

y=7

rac C-HpOI/IBBOJ'IBHaH ITOCTOAHHAA.

+C

Ucnons3ys yenosue y(0) = 1, umeeM

02
1=7+C - C=1.

Tor)]a HYaCTHOC PCHICHUC 3a4a4Y1 UMCCT CJ'IGI[YIOH_II/If/'I BU/I.

x2

yq.p=7+1



YpaBHeHU ¢ pa3aea0IUMUCS ePpeMEeHHbIMHU

Onpenenenue 10. YpaBHeHUeM ¢ pa3e/IIOIUMUCS NePeMeHHBIMHU HAa3bIBACTCS

dABHCHUC BHUJ1a
y' =f(x)-g®)

rae f(x), g(y) HenpepbIBHBIE (YYHKIIHH.
MeTton pa3aesenust ﬂepeMeHI-lle

dy

7 = g | g(y)-
Nmeem
( dy
190%) fax
gy) #0
-\ gy)=0.
Huterpupyem:
[oos= [ flodx+C,
OTKYJla HAaXOAUM PELICHHUE B BUJIE
y=¢(x,C)
WJTH

p(x,y,C)=0.



° ypaBHEHI/lﬂ C pasacjaarommMMuCs NCPpEMCHHBIMHA
IIpumep 1. Pemnth ypaBHEHHE

Pemenue:

L y=0

NmeeM, uto y = 0 - pemeHre ypaBHEHHUSI, TPOBEPSETCS MOJICTAHOBKON B
YpaBHEHUE.



° ypaBHeHl/lﬂ C pasacCjaalOmMMUCH NMCPEMCHHBIMHU

d
Jy—};:dex
1 x>

2
—__="_4cC - =
y 2 tY T YTTaic

OtMeTuMm, yTo pemieHre y = 0 He moiydaercs: u3 3Tol (OopMyiibl HU MPU
KkakoMm C, mo3TOMY 00I11e€ pellIeHUE ONPENEIIeTCs UX COBOKYITHOCTBIO

HNuaTerpupyem:

_ 2
Y= "%2Fx2C
y=0




. YpaBHeHUS ¢ pa3aeJassiomUMUCH NepeMeHHbIMHA

IIpumep 2. Peminth ypaBHEHUE

Pemienue:

- dy dx
y X
y#*0

y=20

Nmeem, uto y = 0 - pelrieHrue ypaBHEHUS, IIPOBEPSAETCS MOACTAHOBKOU B
YpPaBHEHUE.



° ypaBHeHl/lﬂ C pasac/J il OMMHUCH IICPEMCHHBIMHU

J‘dy_fdx
y ) x

Inly| = In|x| + C

Harerpupyem:

[lorenuupyem:

elnlyl — eln|x|+C, elnlyl — elnlxl . eC, IyCTh eC = C].?

ly| = |x| - C;, mnycrs C;= +C,

y=x-0C,.
Ecou C, = 0, 0 y = 0, mosToMy 00111ee peleHnue ypaBHEHUS Voo = X - C,



JInHeHbIC ypaBHEHUS

Onpenenenue: YpaBHeHHe BUAA

y'+p(x)y = f(x) (1)
rie p(x), f(x) - HenpepbIBHBIE (DYHKIMH, HA3BIBAIOTCS JTHHEHHBIM

¢ depeHIUATBHBIM YPABHEHUEM MEPBOI0 MOPSAKA.

Ecmu f(x) = 0, To ypaBuenue (1) Ha3bIBaCTCS JMHEHHBIM OHOPOIHBIM
YPaBHEHHEM.
Ecmu f(x) # 0, T0 ypaBHeHue (1) Ha3pIBaeTCs JMHEHHBIM HEOTHOPOIHBIM

yPaBHEHHUEM.



° MeToa MOACTAHOBKH

PaccMmorpum ypaBHeHue Buga: Y + p(X)y = f(X) (1)
[Iyctby =u-v, Tormay’ =u'v+uv'.
[ToncraBum y u y' B ypaBuenue (1).
Nmeem: u'v+uv' + pxu-v=f(x)
u'v+ulv' +px)v) = f(x)

v + p(X)v = 0 — 310 ypaBHCHHE C pa3ICIISIOIIUMUCS IEPEMCHHBIMU

dv B dx
= p(x)v ”
% = —p(x)dx,
v/ #0
v=0




MeTo1 MOACTAHOBKH

dv
AHTErPHPYeM v _fp(X)dx - Inlv| = —fp(x)dx+ C.
[Torenuupyem: olnlvl — o= [ p()dx+C
|V| = e_fp(x)dX+C . Cl,rﬂe Cl — ec.

OO0uiee penieHre OTHOPOJHOIO YPaBHEHUS

V = e—fp(x)dx . C2 ,rge C2 = iCl



. MeToa NoaCTAaHOBKH

[TogcTaBuMm B ypaBHeHue (1) 3HaueHue v, MOJIy4UM

u e JPOOX oo g y(—p(x)) e P& L co 4 p(x)u- e/ PXX L
= f(x)

1
u' = f(x) - e] PXAX, Cs,rae Cg = o
2

u= [f(x)el PO codx + C,,
Otcrona umeeMm:

y=u-v= ([f(x)e) POX.C.dx+C,) e /PO . ¢,



o MeToa moaACTAHOBKH

IIpumep: Pemuth ypaBHenue y' —y = eX

Pemennue: y=u-v -y = uv+uv
u'v+uv’ —uv =e*
uv+4+u (v —v) =eX

dv dx
V' =v)=0-> —=v |—
dx \%
dv
— =dx
v
Inlv| =x+C

lv| =e*-Cy,rne C; = e¢
Voo =¢€%+ C,, rneC, = 1C,

u-eX-C,+u-e*-C,—u-e*-C, =¢€*



° MeToa MOACTAHOBKH

u'e*C, =¢e* - u'C, =1

1
u’ = Cg, rne C; = o
2

u-= C3X + C4
OT1crona UMeeMm:

y=u-v = you = (C3x+Cy)-e*-C,



MeToa Bapuamuy NOCTOSTHHOM

PaccMorpum ypaBHEHHE BUIa

y'+px)y =fk) (1)
1. Ilycts f(x) = 0, Torna ypaBuenwue (1) mpuMeT BU/
y' +p)y =0

dy dx
% = Py =

dy
— = —p(x)dx
y
dy
WHTerpupyem: f7 = —fp(x)dx - Inly| = —fp(x)dx+ C,

Morenmupyem:  |y| = e/ P®&. ¢ ¢, =l
Yoo = e/ PX . C3,C3 = £0(y,

TAE V.0 — OOIIEE PEIIeHHE OHOPOAHOIO YPaBHEHHUSI.



MeToa Bapyanuu MOCTOAHHOHU

% IIpencraBum oOiiiee pellieHre HEOAHOPOIHOTO YPAaBHEHUSI B BUJIE:

Vou= €~ PO €3(x) 2)
[loncraBum Yy, , B ypaBHeHue (1), momydum:

(e /PO, 0. (x)) " + p(x)e” I PO o (x) = F(x)
(— [ p()dx)" - e~ I PO 0 (x) + e~ T PO L () + p(x)e™/ PO ¢ () = f(x)
—p(x)e™ I PO ¢ (x) + e I PRI ¢L () + p(x)e™/ PO ¢, () = f(x)
e~ Jpdx C3 (x) = f(x)

Ci(x) = f(x) - o) P(x)dx



MeToa Bapuanuu MoCTOAHHOU

C1(x) = f(x)el PPy . ¢,
3. IToacraBuMm C5(x) B paBeHCTBO (2), IOTYIHM:

You= € JPOE . Tr(x)el POIXgy 4 ]

-00111e€e peIICHNE HEOTHOPOAHOTO YpaBHEHUSI.



MeToa Bapuanuu MoCTOAHHOU

IJpumep 1: Pemntes ypaBHEeHUE:
y' + 3y = e?*
1. Paccmorpum ypaBHenue y' + 3y = 0 . DTo ypaBHEHHUE SBISCTCS

YpaBHEHUEM C pa3eIISIIOIIMMUCS IMEPEMEHHBIMU. PermuM ero u Haiiiem
o0llee peneHre OMHOPOAHOTO YPAaBHEHMS.

dy _ dx
ax y
d
—y:—3dx
y

In|ly| = -3x+ C;
vl =e™*-C;

— A—3X
Yoo = € - C3



MeToa Bapuanuu MoCTOAHHOU

% IIpencraBum ollee penieHue HEOTHOPOIHOTO YpaBHEHUS B BUJIE:
— A—3X
You=— € ’ C3 (X)
[TogcraBuM y,, B UCKOMOE YpaBHCHHE, TOTYUHM:

—3e73% . C3(x) + e73% - C3(x) + 3e73% - C53(x) = e*
e 3% - C3(x) = e?*

Cs(x) = e>*
1
C3(x) = fes’xdx = §e5x +C,

[ToncraBum C3(x) B Y, ,; , TOITyIUM

1



MeToa Bapuanuu MoCTOAHHOU

IJpumep 2. Pemuths ypaBHEHHE:

Pemenue: y' + ycosx = sin 2x
1. Paccmorpum ypaBHenue y' + y cos x = 0 . Pemmm ero:
dy dx
& = —yCOSX ?
d_y = —cosx dx
y

In|ly| = —sinx + C;
|y| — e~ Sinx C,
Yoo =€ S"* . (Cy

2. IlpencraBum oO1Iee pemieHre HEOAHOPOAHOTO YPaBHEHUS B BHUJIE:
You= € "% C3(x)



MeToa Bapuanuu MoCTOAHHOU

[doncraBuM Y, ,, B ICKOMOE YpaBHEHHE:
—cosx-e SIMX.Ci(x) +e” S‘f‘X - C3(x) + cosx-e™ S"M¥. C5(x) = sin2x
e” SIX. Ci(x) = sin2x

C3(x) = e X . sin 2x
sinx=t | _

C3(x) = jeSinXsinZde=jeSinXZSinxcosxdxz|COSXdX_ el =

=2]et-tdt= |d\l,-l:£td;)d_l>1v::dtet|:2 tet—jetdt =

= 2tet — 2e'+C, = 2sinx - eSINX — 2eSI0X 4 C,
[ToncraBum C5(X) B Y, 4y, HOIYUHM:

Vou=€" SinX[Z sinx - eSINX — 2eSInNX 4 C4] = 2sinx —2 + C, - e~ SInX



° YpaBuenue bepnyiin

Onpenenenne 11. YpaBHeHue Buj1a
yV+px)y=Qx)-y",n#1
-Ha3bpIBaeTCs ypaBHenueMm bepuyim, rie p(x), Q(x) - HenpepbIBHbIE QYHKIIHH.

VYpaBHeHue bepHyuin CXOIUTCS K IMHEHHOMY HEOIHOPOAHOMY AU(PepeHIIMaIbHOMY
YPaBHEHHUIO IIEPBOTO MOPSIKA, CIICAYIOIIEH 1T0ICTAaHOBKOM:

7 = yl—n
z'=1-n)-y "ty
., (A —=n)y' ,oytez
e —_ e
‘ yn 4 (1—n)
y"-z' _ Sl a-n

z'+p)(1—n)-y T =Q(x)(1-n)

z'+px)(1—n)-z=Qx)(1—n)
-JINHEWHOE HEOMHOpoaHOE MU PepeHIInaIbHOE YpaBHEHHE TIEPBOTO MOPSIKA.



. YpaBHeHue bepnyJiu

IIpumep: Peunts ypaBHEHUE
y' —2xy = 3x°y* (1)

Pemienue:
p(x) = —2x, Q(x) = 3x3, n=2

!/ !/ y, !/ !/
2=—yty'= - oy =yt =

z' 1
_ 3 2
—Z—2—2x-E—3x Z—zl(—Z)

z' + 2xz = —3x3 (2)

Meron Bapuanuu pou3BOJILHON NOCTOSIHHOM:
z'+2xz=0

dz 5 dx

dx Z

dz



. YpaBHeHue bepnyiiu

In|z| = —x%? +C
a2
elnlzl — p~X°+C

X C

Izl =e ™" . C,,rne C; =e
2
Zolo=e X ‘Cz, C2=iC1

Zon = e’ . Cz(x)
[loncraBum 2, ,, B ypaBHeHuUe (2):
—2x-e*" . C,(x) + e~x". Cy(x) + 2x - e~ x" . C,(x) = —3x3

e~ . Cl(x) = —3x3

Ch(x) = —=3x3 - *°



YpasHeHnue bepnyiin

* x%=t
CZ(X) =f—3X3°eX2 dx = 2de:ft — _E fet tdt =
xdx = 5dt 2
2
u=t - du=dt 3 3 2 2
_ dv = etdt — v = et = _E-tet—et]:—E[XZEX _ex]+C3

Torma

1 3
; —_ ZO.H — e_XZ [(—E (XZeXZ _ exz)) + C3]




° YpaBHeHHE B NOJHBIX AU depeHmuanax

Onpenesienue 12. YpaBHeHue BUA:
P(x,y)dx + Q(x,y)dy =0,
IJIe MpaBasi 4acTh NPEACTABIACT CO00M MONMHBIN AuddepeHIran HEKOTOpOor

dyukiuu F(x,y) B HEKOTOPO 00JaCTU HA3bIBACTCS YPABHEHUEM 8 NOSIHBIX
ougpgpepenyuanax.

Toects: dF(x,y) = P(x,y)dx + Q(x,y)dy = Fydx + Fydy

Ecmm

oP  0Q
’ — ’ — T —
Py—Qx,ToeCTba =3

To

’
Fi =P(x,y) > F(x,y) = fP(x, y)dx + C(y)

Fy=0Qx,y) - UP(x,y)dx + C(y)] =Q(xy) -
L y



C'0) = 0(x,y) - I f P(x,y)dx]
y

C(y) = f(Q(x,y)—lf P(x,y)dx] ) dy + (4
y

ITonctaBum C(y) B F(x,y). Tomyumnm:

F(x,y) = f P(x,y)dx + f QG y) - I f P(x, y)dx] )dy + Cy
y

JlanHoe ypaBHeHHe npuHEMaceT BUA dF (x, y) = 0, a ero oO1iee perreHye
OIIpENEIACTCS YpaBHECHUEM:

F(x,y) = C, nwmu [ P(x,y)dx + [(Q(x,y) — [fP(x, y)dx]; Ydy + C, = C,

nycte C, — C; = (3, Torma

f P(x,y)dx + f Q,y) - I f P(x,y)dx] )dy = Cs
y



YpaBHeHue B NOJHBIX TudPepeHnuasax

IJpumep: Peunts ypaBHEHHE
(3x% + 6xy?)dx + (6x*y + 4y3)dy = 0

Pemrenue:
3neck P(x,y) = 3x% + 6xy?, Q(x,y) = 6x%y + 4y3

oP _ pr _ 9Q _ o —
Nmeem oy P, = 12xy, o Q, = 12xy
0P _ 0Q
TO €CTh %~ ax

To Bripaxkenue (3x% + 6xy?)dx + (6x%y + 4y3)dy sBnsercs MOIHEIM
middepennmanroMm HekoTopoil ¢yukuuu F (x, y).

To ects dF (x, y) = (3x? + 6xy?)dx + (6x%y + 4y3)dy



YpaBHeHME B MOJHBIX JU(pdepeHnmnamax
Torna E! = P(x,y) = 3x% + 6xy?

F(x,y) = J-(Bx2 + 6xy2)dx = x3 + 3x%y? + C(y)

Ho F; = Q(x,y), Torna umeem:
(x3 + 3x%y?% + C(y));/ = 6x2%y + 4y3
6x%y + C'(y) = 6x%y + 4y3
C'(y) = 4y°

C(y) = f 4y3dy = y*+ (4

[ToacraBum C(y) B F(x,y), HOIyduM :

F(x,y) =x3+3x%y +y*+
JlanHoe ypaBHenue npunumaet Bug dF (x, y) = 0, a ero o0Iiee peuicHue
OIIPEJEIISIETCS YPABHEHHUEM:

F(x,y)=C, uwm x3+3x?’y +y*+C;, =C,
Iycts C, — Cy = C3, Torma x> + 3x%y + y* = (3



