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PED®EPAT

JlurmoMuast pabota conepxut: 41 crpaHuily, 2 NPUIIOKEHUS, CIIUCOK LIUTUPYEMBIX
JUTEPATYPHBIX UCTOYHUKOB U3 16 HAaMMEHOBAHUM.

KitoueBsie cinoBa: BAPUAIIMOHHAA T[MTPOU3BOIAHASA, HUDODOEPEHIINAJI
'ATO, 3AIJAYA KON, OBLBIKHOBEHHBLIE  JUO®DOEPEHIIMAJIBHBIE
YPABHEHU S, OITEPATOPHOE MHTEPIIOJIMPOBAHUE 5PMUTOBA TUIIA.

Obvexmom  WCCICNOBaHUS  SBIAIOTCA  OOBIKHOBEHHBIE U (epeHITnaIbHbIC
yYpaBHEHUSI C BapUAIMOHHBIMU MMPOU3BOIHBIMU MEPBOTO MOPSIAKA.

Ilpeomem uccnedosanus — ™MeTo[ TPUOIMKEHHOTO PEUICHUS YpaBHEHUM C
BapUAllMOHHBIMA TPOU3BOJHBIMA, OCHOBAaHHBIM HA WHTEPHOJUPOBAHUHU BXOJAIIETO B
ypaBHEHUE (PYHKIIMOHAA.

[]envro MUMIIOMHOU PabOTHI SIBISIETCS MOCTPOCHUE OOIIEH CXeMbl MTPUOIMKEHHOTO
pemenus 3anaun Komwm s HenumHeHHbIX AUG@EepeHIuaIbHbIX YpaBHEHUN C MEPBBIMU
BapUallMOHHBIMU TPOU3BOIHBIMHU, OCHOBAHHOM Ha UCITOJIb30BAHUH aIapara onepaTopHOTro
WHTEPIOJIUPOBAHUS.

B nunnomuo#t paGore paccmarpuBaercs mpoOieMa TOYHOTO U HPHUOIHUKEHHOIO
perieHuss  OOBIKHOBEHHBIX  Au(M@PEepeHIUaIbHbBIX  YpPaBHEHHH ¢  BapUAllMOHHBIMH
MIPOU3BOJHBIMU TIEPBOTO Mopsaka. [IpuBeeHbl HEKOTOpPHIE CBEIAEHUS O BapUAIIMOHHBIX
IPOU3BOAHBIX U SIBHBIE ()OPMYJIBI TOUHBIX PEIICHUN MTPOCTEUITNX YPAaBHEHUH C IEPBBIMU U
BTOPBIMH BapUAIIMOHHBIMH MTPOU3BOIHBIMU. [IpeioxkeH 0A1H U3 METOA0B MPUOTMKEHHOTO
peuleHuss  ypaBHEHMH C  BapUAllMOHHBIMM  IMPOM3BOJHBIMH, OCHOBAHHBIM  Ha
WHTEPHOJINPOBaHUU (DYHKIIMOHATA, BXOASAIEro B ypaBHeHue. [IpeacraBnena obmas cxema
NpUOJM)KEHHOTO  pemieHuss 3aaaur  Komm i HeauHeWHbIX  AuddepeHnunanbHbIX
ypaBHEHUI C TIEPBBIMU BapUAIIMOHHBIMH MPOU3BOJIHBIMU, OCHOBAHHASI Ha MCTIOJb30BaHUH
ammapaTa OINEpaTOpHOTO HWHTEPIONUPOBaHUA. BbIMOTHEH psJ AEeMOHCTPAIIMOHHBIX
IPUMEPOB KaK aHATUTHYECKU, TAK U TPOTPAMMHBIM ITyTEM B CpeJie KOMIBIOTEPHOU alnreOphl
Wolfram Mathematica.

IIpakmuueckoti 3nauumocmvlo PpadOTHl SABISIETCS BO3MOKHOCTh NPUMEHEHHS €€
pPE3yABTATOB MPHU TOCTPOCHHUHM MPUOIMKEHHBIX METOMOB JUISl PEIICHUS JTUHEHHBIX U
HEJIMHEWHBIX OOBIKHOBEHHBIX AH((depeHlINaNbHbIX YpaBHEHHH C BapUallMOHHBIMU
IPOU3BOAHBIMU MEPBOTO MOPSAIKA, BAXKHBIX ISl IPUIIOKEHUH.

Obnacmamu  npakmu4eckoeo NpuMeHeHus: TONYYEeHHBIX pe3ylIbTaTOB MOTYT
SABIATHCS: TEOPHUS UHTEPIOIUPOBaHUS (YHKIIMOHAIOB, MPUOIMKEHHBIE METOJIBI PEIIeHNUs
OOBIKHOBEHHBIX TH((HEepeHIINANTBHBIX YPABHCHHH U IPyTHE.

ObocHosannocms U 00CMOBepHOCMb O0YCIOBIEHA CTPOTUMH MaTeMaTHUYECKHUMHU
JIOKa3aTeIbCTBAMHM  TIOJIOKEHMH,  CPOPMYITUPOBAaHHBIX B  pabore, a  Takxke
COTJIACOBAHHOCTHIO C MU3BECTHBIMU paHee pe3ybTaTaMH.

JluruioMHasi paboTa BBITIOJIHEHA aBTOPOM CAMOCHOAMENbHO.



ABSTRACT

Diploma thesis contains: 41 pages, 2 appendices, a list of cited literature from 16
items.

Keywords: VARIATIONAL DERIVATIVE, GATO DIFFERENTIAL, CAUCHY
PROBLEM, ORDINARY DIFFERENTIAL EQUATIONS, OPERATIONAL
INTERPRETATION OF A HERMITIAN TYPE.

The object of research is ordinary differential equations with variational derivatives
of the first order.

The subject of research is a method for the approximate solution of equations with
variational derivatives, based on the interpolation of the functional included in the equation.

The aim of the work is to build a general scheme for an approximate solution of the
Cauchy problem for nonlinear differential equations with first variational derivatives, based
on the use of operator interpolation apparatus.

In the thesis, the problem of exact and approximate solutions of ordinary differential
equations with variational derivatives of the first order is considered. Some information on
variational derivatives and explicit formulas for exact solutions of the simplest equations
with the first and second variational derivatives are presented. One of the methods for the
approximate solution of equations with variational derivatives is proposed, based on the
interpolation of the functional included in the equation. The general scheme of an
approximate solution of the Cauchy problem for nonlinear differential equations with first
variational derivatives is presented, based on the use of operator interpolation apparatus. A
number of demos were performed both analytically and programmatically in the Wolfram
Mathematica computer algebra environment.

The practical significance of the work is the possibility of applying its results in
constructing approximate methods for solving linear and nonlinear ordinary differential
equations with first-order variational derivatives, which are important for applications.

The areas of practical application of the results obtained can be: the theory of
interpolation of functionals, approximate methods for solving ordinary differential
equations, and others.

The validity and reliability is due to rigorous mathematical evidence of the provisions
formulated in the work, as well as consistency with previously known results.

Diploma work is performed by the author independently.



