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AmnarOTaIrusi. Kak mokaspBaloT MyOJUKAIIUN, B PA3INIHBIX 00/IACTAX 3a7a9¥ IMPUBOIAT K MaTe-
MATHYIECKUM MOJIEJIsIM, OCHOBAHHBIM Kak Ha JuHeHHbIX [1,2], Tak n HenmHeitHbx [3-8] muddepen-
[MaJbHBIX ypaBHEHUsX. B ciiydyae HeumHEHHBIX JauddepeHInabHbIX YPABHEHMI CJIeIyeT yIuThI-
BATh BaXXHbBII aCIEKT HEJIMHEWHOCTHU, HAJIMYINE TOJBUKHBIX OCOOBIX TOYEK aJreOpamdecKoro TUIa
y DEIlleHus TAKOTO BUa ypaBHEHHUil. Takwme ypaBHEHUsI OTHOCITCS K KJIACCy B ODIEM CJiydae He
pa3peninMbIxX B KBajparypax. Ha JanHblli MOMEHT, HA OCHOBAHUU IIyOJIMKAINil, MOKHO OTMETHUTD
JIBa IOJIXOJA B PEIIeHnN HeTnHeHHbIX quddepeHnnaabHbIX ypaBHeHuil. [lepBolil mogxo/ cBa3aH ¢
BO3MOXKHOCTBIO Pa3peIluTh TaKue YPABHEHNSI B KBaJIpATyPax, eCJIU 3TU ypaBHEHUsI 00J1a1al0T CBOIi-
crBoM [lenieBe (Ham4me MPOCTHIX U KPATHBIX MOJIOCOB), YTO BOZMOXKHO JIAIIb B YACTHBIX CJIYdasiX
[9-19]. Bropoit mo1x0/1 CBsI3aH € IIOUCKOM aHAJUTUIECKOIO IIPUOJIMKEHHOIO PEIICHUs] HeJIMHEHHBIX
muddepeHnraabHbIX YpaBHEHN! Kak obsamaomux cBoiictBoM l[lerieBe, Tak n He 00JIaIAIONIHX
9TUM CBOHCTBOM (HaJu4due KpUTHIecKux 1osocos) [20-28]. Ha ocHoBe mccienoBanus ABUZKEHUSA
JKHUJIKOCTH B TPENMHOBATHIX KOJIIeKTopax [30-32], maercst mocTaHOBKa CHHTYIISIpHO# 3asa4n Komm
JJIs HeJInHeHHOro auddepeHnnaj pHOr0 ypaBHeHus ¢ jpobHoil mpousBoguoii ['epacumosa — Ka-
myro. YuaurbiBas Kiaaccudukanuio Pykca 0cobObIX TOYEK HA HEIOJBUXKHBbIE U MOABUXKHBIE [29], Ha
[IEPBOM 3Talle PeaJu3yercst aBropckuii merox [25] ayis HenoxsuzkHON 0coboil Touku. JlokasbiBa-
€TCsl TeOpeMa CYIECTBOBAHUS U €JIMHCTBEHHOCTH PEIIeHUs] B OKPECTHOCTH HEIOIBUKHOI 0c0o00i
TOYKHU. Honyqua allpUOpHas OIleHKa IIOI'PENIHOCTU aHaJIUTUICCKOI'O IIpI/I6J’[I/I)K€HHOFO penieHusa nu
[IPOBEJIEH YKCJIEHHBIN KCIEPUMEHT C IpadUIecKoil nHTepIperanuei.
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SINGULAR CAUCHY PROBLEM FOR A NONLINEAR
FRACTIONAL DIFFERENTIAL EQUATION

Moscow State University of Civil Engineering (National Research University), Moscow,
Russia

Abstract. According to the publications, problems solved in various fields lead to
mathematical models based on both linear [1,2] and nonlinear [3-8| differential equations.
In the case of nonlinear differential equations, an important aspect of nonlinearity must
be taken into account: the presence of moving algebraic singular points in the solution of
this type of equation. Such equations belong to the class of equations that are generally
not solvable by quadratures. Currently, based on publications, two approaches to solve
nonlinear differential equations can be distinguished. The first approach is associated
with the possibility of solving such equations in quadratures if these equations possess
the Painlevé property (the presence of simple and multiple poles), which is possible only
in special cases [9-19]. The second approach is associated with looking up an analytical
approximate solution to nonlinear differential equations, both those possessing the Painlevé
property and those not possessing this property (the presence of critical poles) [20-28].
Based on the study of fluid flow in fractured reservoirs [30-32|, a formulation of the
singular Cauchy problem for a nonlinear differential equation with a Gerasimov—Caputo
fractional derivative is given. Taking into account Fuchs’s classification of singular points
as fixed and moving ones 29|, the author’s method [25] is implemented at the first stage
for a fixed singular point. A theorem for the existence and uniqueness of a solution in the
neighborhood of a fixed singular point is proved. An a priori estimate of the error of the
analytical approximate solution is obtained, and a numerical experiment with graphical
interpretation is conducted.
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