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Annomauus. Hacmoawas paboma nocesujena 6ecomMa aKmyanvHoMy 05 3aHUMAUUXCA MameMamuyeckotl pusukoil 60-
npocy, — HeKOMOPBIX ACNEKMAX MEMOOUKY PeuleHUsT HenuHetiHbix OudPepenyuanvhoix ypasrenuil. [Ipakmuuecku 6cez0a npu usyueHuu
NPUPOOHDIX U CO30AHUL MEXHONIOZUMECKUX NPOUECCO8 NPUXOOUMCS CO30A8AMb UX MEXHONI02UUecKIe MOOenU, 4 OHU, 8 C6010 0Uepedd,
noumu écez0a nNPUBOOTM K co30aHUI0 OuPdepeHyuanvHvix ypasHeHUti U, 6e3yCc106HO, K HeOOX00UMOCHU OMbICKAMb UX peulerue, No
803MoxcHOCHU, moyuHoe. Mol paccmompum memoOuxy npumerenus Haubosee YACMo UCHONbL3YeM020 chocoba peuwterus ouddeperyu-
AnbHbIX ypasHeHuil, — Memooa pasdeneHus nepemennvix. Hosusma nacmosuwsetl pabomut 6 mom, 4mo aHAIU30M HPUMeHeHUS Memooa,
10 Cyusecmey, 3aHuManucy mano. IIpo6rema xe 3aKkmouaemcs 6 mom, 4mo OIS HeNUHeTHbIX OudPepeHyUanvHbIX YPaeHEeHUT, a OHU,
KaK npasusIo, u A6NAI0MCA KOHEUHbIM PE3YNIbIMANOM MOOETUPOBAHUS NPOUECCA, Pelderiie MemoOoM Pa3deseHUs nepemMeHHbIX 8ble/AOUM
coécem uHaye, wem 075 TUHElIHbIX ypasHeHuil, 20pazdo cnoxree. Hanpumep, npu pasdenenuu nepemeHHbix 6 OugdepenyyuanHolx ypas-
HEHUAX CO CMeNneHHO HeTUHETIHOCHbIO, B03HUKAE HeOOX00UMOCHb NPUL UMEIUUXCT 08YX APYMEHMAX, 6600UMb MpPu QONOTHUMENb-
Hble nepeMeHHble, 8 Pe3ybmame ez0 NOAEAAEHCST 603MONCHOCIb CYULECMB08aAHUT HECKONbKUX 6APUAHINOE PEUEHUS 91020 YPABHEHUS,
4IMOo CULHO OCTIONCHAE AHANIU3 NPOUECCa.

Mamepuanvt u memoo, pesynvmamot u 00cyscoeHus. B nacmosueil pabome 060014a0mcs cayday npumeHeHUs pazoeneHus
nepemernoix. Mol paccmampueaem 3a0a4u ¢ pasIUdHbIMU 6U0AMU HenuHeliHoCmetl U 0718 Kax0020 CyHas npeonazaem OnmuManbHolil
Memo0 pasdenenus nepementvix. Hauunaem ¢ paccmompenus cmanoapmuolx memo0os, Hanpumep, memoda Pypve npu peuteHuu 3a-
dauu 0 mensonepenoce 0m Mo4euHO20 UCIOUHUKA MeNsd, K020a 0nUcvbIauee npovecc OugdepeHyuanvioe ypasHeHe umeem cme-
NEHHYI0 HeUHEIIHOCMb. 3ameM paccmMampuedaem Mmeree MPUBUAILHbIIL CIyHatl, B0IHOB0E YPAGHEHUE C HENUHETIHOCbIO 8 IKCHOHEHMe.
IIpu paccmomperuu 9moeo ypasHeHUs HAUUM Mermooom YOaemcs noyuums mourvle peuwsenus. [lanee, paccmampusaem cay4ail ¢ 10-
2apuPMUUecKoii HeUHeIHOCMbIO, 8 KOMOPOM, NOCTIE HEKOMOPbIX HeCMAHOAPMHbIX NPeo6pA308arnuil, yoaémcs nony4ums 6uo, 0ocmyn-
HbLTl 0718 NPUMEHEHUS CIAHOAPMHDLX, ONUCAHHDIX 6 Tumepamype, memooux. [Janee nepexodum K ciy4a co cmeneHHotl HeuHeilHOo-
CMb10, K020a NPU PeUeHUU NPUMEHTIOMCS Cheyuanvhvle memoouxy. Cryuail paccmampusaemcst nod0poOHO, ¢ AHANUZOM NPOUIE0OUMbLX
npeo6pasosaruii. 0606wsas npumererue Memooa pasoeneHus nepemMeHHvIX 6 KIACCUHeCKOM NPoseeHUY, Oendem 661600, 4o OHO Ca-
HOBUMCS BO3MONHBIM HONILKO NPUL BbINOTHEHUU HEKOMOPDIX OONOTHUMENbHIX YCI08UILL I715 no0mBepiOeHUS 9020, PACCMAMPUBAEM
MOOenb BA3KOTE HUOKOCHIU, ONUCDIBAEMYI0 OUPPeEPeHUUATLHOIM YPABHEHIEM HEMBEPMO20 NOPAOKA OMHOCUMENLHO MOKA HUOKOCIU U
napabonuueckoe ypagHerue 6mopozo noPAOKA, ONUCHIEAIOU4ee NPOUECC MACCONEPEHOCA.

Moo cOenamv 6v1600, umo memod pazoesieHuss nepeMeHHbIX O PeuteHUs HeuHeliHbx OuddepeHyUAnbHbIX YpasHeHUT
o06n1adaem 0e3ycno8HLIMIL NPEUMYULECTNBAMY, MAKUMU KAK WUPOKAST 007ACMb NPUMEHEHUS, YEMKO NPOCTEHUBAEMDLI AN2OPUMM UC-
NONb308AHUS U HAOEHHOCHD PE3YLIMAMOS.

3axniouenue. B pabome uccnedosana memoouxa npumeHeHUs cnoco6a pasoeneHus nepemeHHoIx 0718 PeUleHUs HeUHeIHbIX
Oueperyyuanvrvix ypasHenuti. Paccmompenol 6ce cryuau 603mMOMHO20 UCHONL30BAHUA Memood. Cuumaem, 4mo 0aHHAS paboma mo-
JHcem Gvimp None3Ha O CHeYUATUCINO8, 3AHUMAIOUSUXCS MATNEMATNUYECKUM MOOETUPOBAHUEM U 071 MONIOObIX YHEHBIX.

KmoueBbie c1oBa: MaTeMaTHUeCKOE MOJIC/TVPOBAHME, TCOPYS HeMMHEITHBIX IIPOLICCOB, HeNMHelHbIe AnddepeHInanbHble
yPaBHEHMs, METOJI Pas/ie/ieHIs [IePEMEHHBIX, PYHKIMOHAIBHO - TuddepeHIianbHble yPAaBHEHNA.

Abstract. This work is devoted to a very topical issue for those engaged in mathematical physics-some aspects of the method of
solving nonlinear differential equations. Almost always, when studying natural and creating technological processes, it is necessary to
create their technological models, and they, in turn, almost always lead to the creation of differential equations and, of course, to the need
to find their solution, if possible, accurate. We consider the method of application of the most commonly used method of solving differential
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equations - the method of separation of variables. The novelty of this work is that the analysis of the application of the method, in fact,
engaged in a little. The problem is that for nonlinear differential equations, which are usually the final result of modeling the process, the
solution by the method of separating variables looks quite different than for linear equations, much more difficult. For example, when
separating variables in differential equations with power nonlinearity, there is a need for the existing two arguments, to introduce three
additional variables, resulting in the possibility of several options for solving this equation, which greatly complicates the analysis of the
process.

Materials and method, results and discussions. In this paper, we generalize the cases of using variable separation. We consider
problems with different types of nonlinearities and for each case we propose an optimal method of separating variables. We begin by
considering standard methods, for example, the Fourier method in solving the problem of heat transfer from a point heat source, when the
differential equation describing the process has a power nonlinearity. Then we consider the less trivial case, the wave equation with non-
linearity in the exponent. When considering this equation, our method is able to obtain accurate solutions. Next, we consider the case of
logarithmic nonlinearity, in which, after some non-standard transformations, it is possible to obtain a form available for the application
of standard methods described in the literature. Next, we turn to the case with power nonlinearity, when special methods are used in the
solution. The case is considered in detail, with the analysis of the transformations. Generalizing the application of the method of separation
of variables in the classical manifestation, we conclude that it becomes possible only under certain additional conditions. To confirm this,
we consider a viscous fluid model described by a fourth-order differential equation with respect to the fluid current and a second-order
parabolic equation describing the mass transfer process.

It can be concluded that the method of variable separation for solving nonlinear differential equations has unconditional ad-
vantages, such as a wide range of applications, a clearly traceable algorithm of use and the reliability of the results.

Conclusion. The method of application of the method of separation of variables for the solution of nonlinear differential equa-
tions is investigated. All cases of possible use of the method are considered. We believe that this work can be useful for specialists involved
in mathematical modeling and for young scientists.

Key words: mathematical modeling, theory of nonlinear processes, nonlinear differential equations, method of variable sep-
aration, functional differential equations.

MaremaTtnyeckoe MOAENMPOBAHME MPUPOJHBIX M TEXHOTOTMYECKMX TIPOLIECCOB MOYTU BCETfja NMPUBOIAMUT K
cosfganmo AuddepeHINaTbHBIX yPaBHEHUII U, €CTECTBEHHO, K HEOOXOAMMOCTY HAWTU MX pellleHue. B cmydae, korma
mubdepeHIMaTbHOe YpaBHEHNUE JIMHEIHO, Hambosee YacTO MOMb3YIOTCAMETONOM peLIeHMA, U3BECTHBIM KaK MeETOf
paspenenua nepeMeHHbIX. OH MOAPOOHO OIMCAH B BeIMKOM MHOXKECTBE y4eOHUKOB [0 MaTeMaTUIeCKOMY aHanmu3y. [l
He/TMHETHBIX AuddepeHLnanbHbIXypaBHEHNI 3Ta IIPOLielypa BBIIIOTHAETCA HECKOJIBKO MHaue, CTI0XKHee.

MspecTHO HOBONMBPHO MHOTO C/Iy49aeB IPUMEHEHNMS METOJA pPasfeleHus MEePEeMEHHBIX I HaXOXAeHUA
aHAJIUTHYECKOro pelreHMA AMpepeHUNATbHBIX YPaBHEHUIT B YAaCTHBIX NPOM3BOJHBIX, KOTZja @ITOPUTM PpeIICHUI
COBEPILEHHO IPYTONl, YeM /IS pelleHus nuHeiiHoro AudgdepeHIMaTbHOrO ypaBHeHA. B qacTHOCTH, IIpU pasmeneHnn
HepeMeHHbIX B IU(depeHIMaTbHOM yPaBHEHUI CO CTETICHHOI HEeMMHETHOCTBIO, BO3SHMKAeT HEOOXOAMMOCTb BBOJUTD
TpU (yHKIMYU TIpM MMEIOIIMXCA [ABYX apryMeHTaX. BCeicTBMe 3TOTO, BO3HMKAeT BO3MOXKHOCTb CYILeCTBOBAHUSA
HeCKOJIbKMX BapUAHTOB pelileHNA PpyHKLMOHATbHO-A1(depeHIMaTbHOTO YPaBHEHN.

B pabotax [1: 259; 6: 12 - 19; 8: 143; 10: 39 u gp.] paccMaTpMBalOTCA pasjMYHblE BB HETMHEHBIX
mubdepeHIMaTbHbIX YpaBHEHMII (B YaCTHOCTH, C KBaJpaTUYHON HETMHETHOCTBIO),KOTHa aHATUTUYECKOEe pelleHNe
HaXOIUTCA MYyTEM IMEPECTAHOBKM HE3aBMCUMBIX TIEPEMEHHBIX, €CIM YMC/IO C/IATaEMBIX B COOTHOLIEHUAX pasfie/leHNA
6orbliie AByX. XOPOIIO M3BECTHBI METONB! (PYHKLIMOHAIBHOTO pasfie/ieHNs TePeMEeHHBIX, UCTIONb3yeMble TIPY PEILeHUN
YpaBHEHUI BUAA

Pw  *w
—5 =)
o ox

MHorpa pelleHme A HeMuHeEHHOTO AuGQEpeHINaTbHOTO ypaBHEHMA WINYT B BMAE IPOM3BEHCHMA

HE3aBMCUMBbIX ApTYMEHTOB

u(x.1) = X(x) T(2) W
M CyMMbI HE3aBUCUMBIX apTYMEHTOB

u(x,t)=X(x)+71() @
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I[To cranpapTHOI cxeMe penteHus, (1) wian (2) MOACTABIAIOT B paccMaTpuBaeMoe HelnHeltHoe auddepeHim-
a/IbHOE YpaBHEHUe I TIOJIy4al0T PABEHCTBO [IBYX COOTHOLIEHMI /I Pa3HbIX APTYMEHTOB, 3HAaUeHIe KOTOPOTO PaBHO-
HeolpenenéHHOI IOCTOAHHOM. B pesynbprare mony4aoT 06bIKHOBEeHHBIE AubdepeHIaNbHble YPABHEHNA /I UCKO-
MBIX BEJTMYMH.

B Hacrosmieit paboTe Mbl ITocTapaeMcst 06001NTD CTydan IpMMeHEHNs METOA Pasfe/ieHNs TepeMeHHBIX.

Ciayuait 1. IIpu paccMoTpeHMM 3ajauu O TOYEUHOM MCTOYHMKe TeIUla BO3HMKaeT auddepeHuManbHoOe
ypaBHeHMe TeIUIOMPOBOJHOCTH CO CTEIIEHHO HEMTMHEITHOCTIO

k
u,=au u,),. 3)
PaBI[eTIFIFI TIEPEMEHHDBIE, IPUXOAVM K CI€AYIOIINM BBIDOKECHUAM:
- a(x*-x,)
==C ———=C 4)
T +

Jlnst peuieHMs 9TMX ypaBHEHMIT M IOCIEAYIOLIET0 HAaXOXKAeHMA MCKoMoil GyHKumu u(x, t) IpuMeHseMm
cranpapTHsIil MeTop Oypoe [1:257; 6:308 - 312].
It HenmvHelHBIX fuddepeHMaTbHBIX yPaBHEHUIT, KOTOPble MOXKHO MPeACTaBUTD B BUJE
[ )OO (1) + fo(x)Bo( Ty (1) + o fon(3)8 ()T (1) =0, 0
e Bbipakenus [1;(u ) ecTb GyHKUMM, paccMaTpuBaeMble KaK MPOM3BENIEHNA KaK MPOU3BENIEHNS LeIbIX HEOTPUI[A-

TE/IbHBIX CTeTIeHEeN HepeMeHHOﬁIu " €€ YacTHBbIX ITPOU3BOJHBIX ”x’ut’” , MO>XHO HAalTU TOYHBbIE

oo Ut Uge s Uy
AHAJIUTUYECCKUEC peIJ.[eHI/Iﬂ, nMermmne CTICI[Y[OU.H/Iﬁ BUL,

u(x,t)=X(x) - Li(t)+Xo(x) Th(t)+..+ X, (x)-T,(t), (6)

Ina HaxoXpeHMsA uX, BbIpakeHue (5) mopcraBnanT B (6). Urobbl HaiTi Xz‘( xX) m Tz( t), WCHONb3YIOT

ypaBHeHMe
D (X )¥,(T )+ Doy X )W (T )+ ...+ D (X )¥(T)=0, @)
rae CDZ.(X) "u CD]-(T) 3aBUCAT OT XU [ :
(Dj(X)E(Dj(x'Xl’Xlx,Xlxx,""Xn’an’ nxe ) ®)
W(T)=Y (T, Ty, T Ty T T ©)
Cryvaii 2. PaccMoTpuM BOTHOBOE YpaBHEHME C 3KCIIOHEHLIMATbHO HENMMHEITHOCTHIO
u, = a(e;“qu )y - (10)

Hcnionp3ys (7), MOKHO TOMYYUTh TOYHOE pelieHMe 3Toro ypaBHeHus. st atoro mopctasisieM (7) B (10) u
menmuM obe 4acTy ypaBHeHMA Ha 9KCIOHEHTY exp(AT), B pe3ynbTaTe NOMyYaeM [Ba ypaBHEHNA

AT . AX B

e " T,=C; ae™ X,), =C. (11)
Janblie — o cTaHAAPTHOMMETOIMKE.
CJIY‘Iaf;I 3. HPCI[I'IOTIO)KI/IM, YTo HCO6XOI[I/IMO nccnegoBaTb MaTeMaTI/I‘{eCKYIO MO,[[CTII)TCHTIOHCPCHOC& B

aHI/ISOTpOl’[HOf/I cpepae, Koraa TeMiepaTrypHast 3aBUCMMOCTb MOITHOCTM CTOYHMKA TEIJIA TIOI‘apI/ICl)MI/I‘leCKaH. YpaBHeﬂme
TAKOro Irponecca MOXeET OBITH 3aMMCAHO TaK

[f(x)ux]x+[a(y)uy]y:aulnu. (12)
Peuerne aToro ypaBHeHus — QYHKIMA U(X,y) MOXKHO IPECTaBUTHCIEAYIOMM BBl pasKeHIeM
u(x,y) =X(x)-Y(y). (13)

[MopgcraBue (13) B (12), pasmenum o6e wactu ©Ha (X -Y) wu mepepacnpenenvs —ciaraemble
aXY In(XY)=aXY (ln X+1n Y) , MBI TIOJIy4MM JIBa TaKUX YpaBHEHNUSA

%[f(x)Xx]x—alnX:Cs (14)

Ir.
?[a(y)Yy]y—alnYz—C- (15)
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Ot Buma ¢yuxumit f(x) u f(y) 3aBucUT BO3SMOXXHOCTb HAXOXEHMUSA TOYHBIX AaHATUTUYECKUX PELIEHUIT 9TUX
ypaBHeHui1. [Janpiiie — 1o cTaHFapTHON MeTomuKe [1: 254;4: 63 - 65; 6: 179 - 180].
Ciryuaii 4. 3gech 6yeM paccMaTpuBaTh ropaspo 6osee cnoxHoe auddepeHIaTbHOE ypaBHEHE CO CTETICHHOM

2 3
u, = f(u,, +uu; —au’. (16)
[l pasmeneHus IEpeMeHHBIX B 3TOM CIydae, OpUMeHMM ypaBHeHue (7). Bblumcnum npousBopHblen,
MOZICTAB/IAA UX B BeIpakeHMe (15),I0WIEHHO pasfenyM MonydeHHOe ypaBHeHMe Ha npoussenenue flx) X(x) T(t):

L X X2 ox2). (17)
T X 7

B obuiemM Bufe maHHOE COOTHOIIECHNUE NPECTABUTh B BUAE PaBeHCTBA QYHKLUI OTPA3NUYHDIX HE3aBMCHMbBIX
HepeMeHHbIX X M tHenb3sA. Ho 3710 He 3HaumT, yro pemreHnsaX(x) n T(f) Haittu Henb3s. [IpocTo fns aToro HeO6XOAUMO
NPUMEHATb HEKOTOpBIE CIeluaabHble MeTOOUKN.TOrma CTaHOBUTbCA BO3MOYKHBIM HAaxXOXKHEHNUE HECKOIbKO BUIOB
pelleHnit A4 pasINYHBIX 3HaYeHUIT TapameTpa d.

1. Beipaxxenue(17)a/1s1 nonoxcumenvHoix 3HAYEHNI, 4 MUMeET CIeAYIOIMe PelieHNs

X(x)=Cexp(txa); (1) =exp[af f(1)dt]. (18)

3neck C - HeonpenenénHas nocrosinHas. Perenns (18) ms X(x) NpeBpaIAIOT BRIPAKEHME, CTOSIIEE B IIPABOI
yacTu ypaBHeHus (17) B ckobkax, B Hyab.Braromaps 3TOMy CTaHOBMTCSA BO3MOXXHBIM Ppasfe/MTh [epeMeHHbIe U
3aKOHUYMTHHAXOX/IEHNMeE pelieHNs ypaBHeHu (16), MCIOIb3Ys CTaHAAPTHBII AITOPUTM.
2. JIna cmyyad, Korjja 3HaYeHNe TapaMeTpad Heompuuamenvto, ypasHenue (17) umeer peleHns Bupa:
X(x) = C exp(xNa)+Cy exp(—xa), (19)
1
_F 2F 1N 2 _ 20
T(t)y=e (C3+8aC\Cyle™"dt) 2, F=al|f(t)dt» (20)

3mech mapametpsl Ci, Cs, C3eCThb Heollpefie/IéHHbIE OCTOAHHBIE, a GYHKIMA X(X) MMeeT TaKoe CBOVICTBO, UTO Pa3IuyHbIe
KOMOMHALMU BeMTUYNH, BXoAAumx B (17) M 3aBUcAIlMe OT IEPEMEHHON X, PaBHBI OJHOBPEMEHHO HEKOTOPBIM
TIOCTOAHHBIM BeTMYMHAM:

X
7’“=const, X)%—aX2 = const (21)

I,[[aHHbIe YCIO0BMA U TO3BOJIAIOT HAMOCYIIECTBUTD pa3fe/ICHNE IIEPEMEHHDBIX.

O6paTum BHUMaHMe U Ha TOT BakT, uTo GyHkuma T(t) us ypapaenus (20) ymosneTsopser ypasHenmio 1,
U3BECTHOMY KaK ypasHenneBepuymmn: T, = af (t)T —4aC,C,T>-

3. PaccmoTpuMm Temepb pellieHust ypaBHeHus (18) (u, xoHeuHo, (19) mpu ompuuyamenvHvix 3HaUCHUAX
mapamerTpa a:

X (x) = Cy exp(x~/—a) + C; cos(x+/—a) (22)

1
T(t) = e [03 +2a(C?+ )| eZth} 2, F=a f(oydt. (224)

smech Ci, G, C3 — Heompenenéunsle nocrosiHabie. Oynkuua X(x) B (22) obnamaeT creqyomyuM CBOMCTBOM: 4TO 0be
KoMOuHaumy BemuuuH B (17), 3aBucsAIiMe OT apryMeHTa X, eCTb IOCTOSHHbIE BeMMYMHBI. BeipaxkeHue (22A) Toxe

yRoseropsier ypasuennio bepuymm T, = af (t)T — a(C2 + C22)T3 , KaK u ypaBHeHue (20).

Mo>xHO OTBICKaTb M [pyrMe C/lIydau WCHONb30OBAHUsA METOAA pasfelieHUs MepeMEHHbIX, XOTA U
BBIILEN3/IOKEHHOTO XBATAET, YTOOBI IPUBECTH PAL 0000 eHMIL.

VI3 paccMOTpeHHOTO 0630pa IUTEpaTyPHBIX MCTOYHUKOB [2: 84; 3: 237 - 240; 4: 63 - 67; 5: 179 - 180; 7: 47 - 49;
9: 39] MOXHO CHeNaTh BBIBOJ, YTO A pelieHusA Ay depeHINaTbHBIX YPaBHEHMII B YaCTHBIX IPOU3BOMHbIX, BIIOTHE
YCIENIHO MCITONIb3YETCA METOJ, Pasfie/IeHNs NepPEMEHHbIX B KTaCCUYECKOM ITPOABIEHUH, U/IY HEKOTOPbIX €I0 YCOBEPILIEH-
crBoBaHuAX. OfHaKO, BBIOOP CI10co6a pasfe/ieHNs MepeMEeHHBIX MOXKHO ITPOM3BECTH, TOTIbKO €C/I MMEeTCAKOHKPETHO®
ypaBHeHUe, TPUYEM, B paMKax KOHKPeTHOI 3afga4un. bosee Toro, pasgenenue nepeMeHHbIX 3a4acTyl0 BO3MOYKHA TONIBKO
HIPY BBITIOTHEHUY HEKOTOPBIX ONIPeieNI€HHBIX, HOMOTHUTENbHBIX yenosuit (cM. Crydaii 4).
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Cry4ait 5. PaccMOTpuMM MaTeMaTH4eCKyl0 BYXMEPHYIO MOJelb BA3KON HeCKuMaeMoll skupkoctu. [lma
YIPOIEHNs MPEAINONI0oKIM, YTO OHa CTalMoHapHa.Mogenb cBOUTCA K OHOMY HelMMHeltHOMY AuddepeHInanbHOMY
ypaBHEHUIO YeTBEPTOTO MOPAAKA OTHOCUTENIBHO PYHKIMM ToKaKugKocTH [1: 260,6: 338; 7: 52; 10: 712].

u, (Au), —u(Au), =vAAu, Au=u,, +u,, (23)
Peruenne (23) 6ymeM UCKaTh B BUIE CyMMBI ABYX [IEPEMEHHBIX
u(x,y)=Xx)+Y (). (24)
[TopcraBue(24) B (23), nonyuum
Ty-me—XnyW:VXxxxx-i-VYWW. (25)

[Tpomuddepentmposas obe yactu (25) MO MepeMEHHBIM X ¥ ¥, MOIYYUM YpPaBHEHUE C PasmeAIOLMMUCS
nepeMeHHbIMM [4: 66;5: 181; 9: 42]:

Yy Xgeer = Xypy =0 (26)

Pas6epém cHavana HesvipoxdenHvlil cry4ati. JJomycTuMm, 4To BTOpble npoussopusle X, #0 u Yyy #(. Torma,

T1I0CJIE pa3aeIeHNA IIEPEMEHHDBIX MIO/TyYaeM iBa YpaBHECHUA

X =CX 27)
Yy =CY,- (28)

Bup penennit aTUX ypaBHEHUIT, O9€BUIHO, 3aBUCUT OT BETMYMHBL HEOTIPENeNEHHOM OCTOAHHOC.
1) IIpegnonoxxum, utoC = 0, Torga peuterns (27) n (28)6ynyT MMeTh BUL IOTIMHOMOB

X(x) = Ay + Ayx+ A x> + Ax°, 29)

2 3
Y(y)=B,+Byy+B3y~ + B,y
amech Ax, Be (k= 1, 2, 3, 4) ~ HeonpenenéHHbIE IOCTOSHHBIE.
[Mopcrasas (29) B (25), monyyaeMTakye BapyaHThl BO3MOXKHbBIX 3HAYEHMUIT HeONpefe/IéHHBIX TOCTOSHHBIX

A4,=B,=0, A, B, (n=123)— mobve,

A4, =0, By (k=1,23,4) — noouvie,

B, =0, Ay (k=1,23,4)— mobwvie.

[TepBble {Ba KOMIIIEKTA KOHCTAHT ONPEAEAIOT [Ba pelleHus ypaBHeHus (23) BTOPOIl M TPETheil CTEEHN 110 X
ny [1: 254; 3: 239; 4: 64; 5: 181].

u(x,y)= Clx2 +Cox + C3y2 +C4y +Cs>
3 2
u(x,y) =Cy~ + Gy~ + C3y+Cy.-

apech Cy, ... , Cs — HeolpenenéHHbIE TOCTOSHHBIE.

2) Ilpennionoxum Teneps, yro C = A*> 0. B aToMm cinyuae pemtenue (27), (28) 6ynyt Takumu

X(x)= 4 + dyx + 4™ + A,

Y(y)=B, + B,y +B;e™” + Bje ™.
[Topcrasus (30) B (25), cokparus Ha A* 1 IpUBO/s OOOHBIE CIaraeMble, TIOJIYIMM CIEAYIOLee BbIPOXKEHE
Ay (VA—By)e™ + Ay (vA+ By )e ™ + By (vA+ Ay )e™ + By (vi— 4y)e ™ =0
[IpupaBHuBas Koa(pPUUMEHTHl IPU IKCIOHEHTAX K HY/IIO, MOTYYMM TaKMe BapUAHTHl 3HAYEHMII KOHCTAHT
(ocTasmbHBIE TIOCTOSIHHBIE MOTYT IIOKA OCTAaThCS HEOIIPEeIEHHBIMM):

BapMaHT1A3:A4:B3:O’ Azzv,l,
Bapuaut 2 A3 =B; =0, 4, =vA, B, =—VA,
papmant 3 4y =B, =0, Ay =—vA, B, =—VA.

OTM KOMIIEKTHIKOHCTAHT OTIPeReIAIOT CIenyolye Tpy peuieHns (23) B popme (24):

(30)

u(x,y)=Cre"* +Coy+Cs +vax,

L vix+Coe Y —vAy +Cy

u(x,y)=Ce
u(x,y)= Clefv’1 —VAx+ Cze’ly Ay +GC; s

apech A, Ci, Cy, C; — IpOU3BOIbHbIE TOCTOSHHBIE.
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3) Ilpenmonoxum Teneps, uto C= A°< 0.B atom ciydae pemenns (27), (28) 6yayr Takumu
X (x) = A + Ayx + Ay cos(Ax) + Ay sin(Ax),
Y(y) = B, + B,y + By cos(Ay) + Bysin(4y).

[TopcraBnan(31) B (26), MBI He OTy4aeM HOBBIX JeMICTBUTE/IbHBIX PELICHIA.

(31)

Paccmotpumreneps svipoxdentvle cryvau. Ecmm X, =0 u Yyy =0, To ypaBHeHMe (26) mpeBpamaeTcs B

TOX[eCTBO s MobbIxX Y(y) 1 X(x), To ecTb KaXKABLIl C/Tydait Heo6XOmMMO paccMaTpuBaTh camocTosaTenbHo. Hanpumep,
npu X = (Mbl MOTydaeM X(x)= Ax+ B, tne A u B - npoussonbHbie KOHCTaHThL [lofacraBnas X (x) = Ax+ B B (26),

MBI TIOTy4aeM ypaBHeHMEe — 4 Yyyy = VYy){W . Ob1ee pelieHMe U1 9TOTO YpaBHEHU Oy/ieT MMEThb BUJ,

-4
Y(») =G exp(—yj + C2y2 +Cy+Cye
v
B pesynbrare MBIHAXOAMM elie OfHO peiueHue [7: 49] ypasHenus (23) B popme (24):
u(x,y)=Ce ™ +Cyy? +Cyy + Cy +VAx; (A=vA,B=0).
Cnyuaii 6. PaccMoTpuM MaTeMaTH4ecKye MOZEIMIA MIPOLECCOB MEPEHOCA M UCCIENyeM, KaK VMCIONb3YeTCA

Meton puddepeHIMPOBaHNS TIPY HAXOXKEHUM PELLEeH s HEIMHETHOTO Napabo/INniecKoro ypaBHeH sl BTOPOTO HOPsAKa
[2: 86;5: 181; 6: 19;9: 40]

u, = auu, +bu’ +C. (32)
YT06BI PEINUTH TO ypaBHEHME, UCIIOIB3YEM CIIOCO0 pas[e/eHuns ePEMEHHBIX C IIPUMEHEHVEM:
U,t)=T()+w() - X(x) (33)
[Topcrasus (33) B (32), monyuum
7;—c+l//tX:al//TXxx+l//2[aXXxx+b(Xx)2J (34)

Paspenum o6e vactu (34) Ha 2, a norom6bynem auddepenunposars mox ut. [lonyunrcs BeipaxkeHne

v T
[_;j Xy :a[_j X
4 t v t

PasgenuB B 3TOM ypaBHEHUY II€pPeMeHHBIE, IOMY4nM K fBa InddepeHIinanpHbIX YpaBHEHU C IPOU3BOIBHOI
KoHcTaHTou K:

X)C)OC = KX)C 5 (35)
Vo Vi
O6iiiee pemrenne (35) uMeeT BUL;
X(x)=4 4™ + dye ™ + 4, npu K = 42> 0, (37)

A sin(Ax)+ Ay cos( Ax )+ A npu K = ~A% <0,
3mech Ay, Aj, As — Heotpesie/IéHHbIe TOCTOsIHHbIE. VIHTerpupys (36), monyunm

T(t)— mobas ghynkyua, y(t)= B , B=const,npu K =0,
t+C (38)

w(t)— mobas pyrryus, T(t):Bl//+LK-ﬂ, npu K =0.
as. y

[Topcrasus (37) u (38) B (34) 1 136aB/IAACH OT HEKOTOPBIX [IOCTOAHHBIX, onpenenumsug yukumit T(¢) u y (1).
B pesynbraTeHaxoguM u(x, £) [yis pasnuuHbIX COOTHOLIEHUIT MeXay a U b u pasmumyunsix K.
1) a #—-b,a #-2b,(K =0),C;,Cy,C5 —const :
2 _a +C3)?
M(HQHQ(HQ) aap —— X+ E)
2(a+b) 2(a+2b)-(t+C)
2) b=—a,(K =A% >0):

u(x,t) =
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_ 1 Ax —Ax
u(x,t)—a?-?—i-l//(/lle +A2€ )’

rae y(t) HaxouM Kak perteHne AuddepeHINaTbHOTO YpaBHEHNA
Z;= acA® + 4a2/14A1A262-Z_, w=e”,

pellleHMe KOTOPOTO MpPEACTaBIAETCs B HesaBHO ¢Qopme. B cmywae, ectu A; = 0 wim A, = 0, HaitgéM, d4TO
1
v =C exp(a acA’t® + Czt)
3) b=—a,(K =-1% <0):

u(x,t) = _Lz /A W[A1 sin(Ax)+ 4, cos(ﬂx)],
ail” v

r7ie () HaifiéM 13 BBIpOKEHMU
%, =—acl? +a’ 2t (4} + 45)*, p=e”.

Ero pemnieHme Tak>xe MOXXHO IOTY4UTh B HEsIBHOI (opMe.

Metops! pentenns (32) opyrumMu criocob6aMmnmsioxket B [1: 257; 8: 142 - 144].

Taxym 06pasoM, MOKHO CieIaTh BBIBOJ, YTO METO, pasfe/ieHNs [TepeMEeHHbIX [/ peLileHIs HeNMMHeHbIX Aud-
(depeHIANbHBIX YpaBHEHMIT 00/1aaeT 6e3yCIOBHBIMM IIPEUMYILLECTBAMM, TAKMMU KaK IIMpOKas 006/1acTb IpUMEHEHN,
YETKO MPOC/IEKNBAEMBIN A/ITOPUTM UCIIONIb30BAHNA U HA[IEKHOCTD PE3YIbTATOB.

B Hacros1meit paboTe MBI MCCTIELOBATN METONMKY IPMMEHEH s criocoba pasfeeHns epeMeHHBIX 1A PelleHUs
HeMMHeHbIX auddepeHLnaTbHbIX ypaBHEHUIT. PAaCCMOTpEHBI BCe CTy4an BO3SMOXXHOTO MCIIO/Ib30BAHNS 9TOTO CIIoco6a.
CuntaeM, 4TO faHHAA paboTa MOXKET OBITH II0/IE3HA A/ CIELMATMCTOB, 3aHMMAIOIMXCA MaTeMaTYeCKIM MOeTNpoBa-
HUEM U [JI MOTIOABIX YYEHDIX.
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