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Pedepar

B paboTe paccmatpuBaeTcsi MOfENb MHOMONETHIUX KonebaHmii peyHoro CToka, MoMyYeHHas Ha OCHOBE CTOXacTUHECKoro AnddepeHLmansHoro
ypaBHeHust OpHlwTeitHa — YneHBeka. PaccmaTpvBaeMbll MpOLECC, KOTOPbI SBNSAETCH OJHOPOAHBIM MO BPEMEHW MApKOBCKAM MPOLIECCOM
AVDPY3NOHHOTO TWMA, C COOTBETCTBYIOLWMM KOS(MULMEHTOM CHOCA M Auddysun, AaeT BOMOXHOCTb OLEHUTb MaTeMaTnyeckoe OxwaaHue
pacnpegeneHnst BepoOsSTHOCTEN U3MEHEHWNS PEYHOTO CTOKa. OTOT napameTp SBNAETCS pelieHneM anddepeHLmnanbHoro ypaBHeHUin BTOpPOro nopsaka
C KpaeBbIMW YCIIOBUAMM, MOMYYEHHbIMM HA OCHOBE ypaBHeHWs Pokkepa — NnaHka 1 obpaTHoro ypaBHeHUs Konmoroposa Ans nepexofHoil NNOTHOCTY
BEPOSATHOCTH.

B otnnuMe OT MCMONb30BaHMS YWUCTIEHHOTO WHTErpUpOBaHWA 3Toro AuddepeHUMansHoro ypasHeHMs, B paboTe MOMy4eHO peLLeHue,
npeacTaBneHHoe B BUAE CTeneHHoro psaa. [ins atoro B paboTe MCNOMb3yOTCH pa3niyHble NOAX0Ab! K PeLeHnto AnddepeHLMansHoro ypaBHEHNS.
OTO M MeTOq CTeNeHHbIX PSA0B, KOTOPbIN UCMONb3YeTCs AN HaXOXAEHUS pelleHni AuddepeHLmanbHbIX ypaBHEHN B Bae GECKOHEUHbIX CTEMEHHbIX
PSAOB, KOTOPbIE pa3naraloTcs Mo CTENeHsM NepeMeHHoN. JTO M pasnoxeHne yHKumM B psg MaknopeHa, KOTopbIi UCNONb3yeTes ANS HaXoxaeH!s
peLleHuin ouddepeHumnanbHbIX ypaBHEHMIA.

B pabote Takke wucnonb3yetca npeobpasoBanue Jlannaca, KOTOpOe, Kak MPaBWUMO, MPUMEHSETCA NULWb AN PeLeHUs NMHERHbIX
AvddepeHLmanbHbIX YpaBHEHWA C NOCTOSIHHBIMM KoadhduLmMeHTamMn. 3TO Aano BO3MOXHOCTb MoMyuuTb AnddepeHunanHoe ypaBHeHne Ans
(yHKUMM  1300paxeHns peLueHns MCXoAHoro auddepeHunansHoro ypasHeHns. [onyyeHHoe AuddepeHumMancHoe ypaBHeHWe Ans (yHKUMW
1300paxeHns ObINo pelieHo MeTOAOM CTENEHHbIX PSA0B C MOMYYEHMEM COOTBETCTBYIOLMX PEKYPPEHTHBIX COOTHOLIEHWI ANS YNEHOB CTEMEHHOro
psga v opmyn ans ux BbluMcneHus. Takke ncnonb3oBanoc obpatHoe npeobpasosaHue Jlannaca ansg npeo6pasoBaHus tyHKUMKM 306paxeHns
B (DyHKLMIO OpUrHana, kotopas v SBNSETCA peLleHemM COOTBETCTBYIOWEro AnddepeHLManbHOr0 ypaBHeHus.

MNpeanaraemas MeToAMKa MOXeT ObITb MCMOMNb30BAHA AN1s peLleHs 6onee WMPOKOro Kpyra 3aAay CTOXaCTUYECKON MMAPONOruM.

KnioueBble cnosa: audpepeHumantHble ypaBHeHUs,, psg MaknopeHa, npeoGpasoBaHue flannaca, 3agaun rugponorun, Mogenb KonebaHuit
PEYHOro CTOKA.

SOLUTION OF ONE OF THE PROBLEMS OF HYDROLOGY USING POWER SERIES AND LAPLACE TRANSFORMATION

L. P. Makhnist, T. I. Karymava, P. A. Merkushevich, I. Yu. Sverba

Abstract

The paper considers a model of long-term fluctuations in river runoff obtained on the basis of the Ornstein — Uhlenbeck stochastic differential
equation. The process under consideration, which is a homogeneous in time Markov process of diffusion type, with the corresponding coefficient of drift
and diffusion, makes it possible to estimate the mathematical expectation of the probability distribution of changes in river runoff. This parameter is
a solution of a second-order differential equation with boundary conditions obtained on the basis of the Fokker — Planck equation and the inverse
Kolmogorov equation for the transition probability density.

Unlike using numerical integration of this differential equation, the paper obtains a solution presented in the form of a power series. For this
purpose, the paper uses various approaches to solving a differential equation. This is the power series method, which is used to find solutions to
differential equations in the form of infinite power series that are expanded in powers of the variable. This is the expansion of a function in a Maclaurin
series, which is used to find solutions to differential equations.

The work also uses the Laplace transform, which is usually used only for solving linear differential equations with constant coefficients. This made it
possible to obtain a differential equation for the image function of the solution of the original differential equation. The resulting differential equation for
the image function was solved by the power series method to obtain the corresponding recurrence relations for the terms of the power series and
formulas for calculating them. The inverse Laplace transform was also used to transform the image function into the original function, which is the
solution to the corresponding differential equation.

The proposed technique can be used to solve a wider range of stochastic hydrology problems.

Keywords: differential equations, Maclaurin series, Laplace transform, hydrology problems, river flow oscillation model.

BeepeHue YpaBHeHue (1) Npu pEeLLEHWM HEKOTOPbIX NpUKNagHbIX 3agay
PaccmoTpum auddepeHumantHoe ypaBHeHne Ans onucanus koneba-  (Hanpumep, B [1] W [2]) wHTerpupoBanoch pasnuuHbIMM METOdaMM,
HWA PEYHOTO CTOKA, UCMOMb3yeMoe B CTOXaCTUYECKON rnaposiorv Hanpumep B [3]. B pabotax [4], [5] uccnegosanac CXOAMMOCTb PELUEHNS!
(Hanpumep, B [1]): 3TOr0 ypaBHeHws, a B pabote [6] nccnenoBanoch €ro acUMNTOTUYECKOE
2 noeegeHve. bonee cnoxHble Mogenu, npeacTaBuUMble  CUCTEMOM
d<g, do, do, .
— —==-1 —= =0, 91(§)|§7§ =0. (1)  auddepeHuManbHbIX YpaBHEHUA aHAMOTMYHOMO TMNa, paccMaTpuBanmchb
d¢ d¢ ac |-_., - B paBoTax [7—10]. OBt NOAXOA K MOCTPOSHWMIO TakuX MOZeneit

paccmoTpeH B [11]. B pabotax [12], [13] w [14] ona pewenus
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ypaBHeHus (1) ncnomnb3oBanach CcucTeMa KOMMbHOTEPHO anredpbl,
a paborte [15] paccmaTpuBanuch HEKOTOPbIe NOAXOAbI K PELLEHMIO 3TOTO
YPaBHEHMS C UCTIONb30BaHWEM CTENEHHbIX PSAOB.

B [paHHOM cTaTbe MOMy4eHO pelleHue  ypaBHenus (1)
C CMONb30BaHWEM CTENEHHbIX PSROB W npeobpasoBanns Jlannaca.

Ucnonb3oBaHue CTENEHHbIX PAJOB ANS PeleHUs OfJHOW M3
3afjay rugponorum
MpuBEOEM pELLEHWE 3TOTO YpaBHEHMS], UCMONb3Ys CTEMEHHbIE Psbl.
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