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KuroueBbre ciioBa: nenmnelinoe nuddepeHmaabioe ypaBHenue, 3aaada Ko, MeTos mazko-
PAHT, OKPECTHOCTH ITOJIBUKHOI 0COOO TOYUKH, AHAJIATHIECKOE IPUOJINYKEHHOE PEIeHNe.

VIIK: 517.95:515.172.22

PesyabraThl uccienoBaHusa u ux obcyxKjaeume. B jganHo#l pabore mpeacTaBaeHo
pasBUTHE MJEH METOJa MayKOPaHT He K mpapoil dactu nuddepeHiuaabLHor0 ypaBHeH ST
[8], [9], a x perenuto camoro auddepeHIanIbHOrO ypaBHeHUsl, IPeJJIOKEHHOr0 B paboTax

[1]-[7].

Takoit 110/1X0/1, B JI0KA3aTETHCTBE TEOPEMbBI CYIIIECTBOBAHUS TTO3BOJISIET PEIIUTDH BCE 3a/1a~
U, CBSI3AHHBIE C AHAJUTUIECKUM IMPUOJMAKEHHBIM METOJIOM PEIeHus HEeJTUHEHHOTO mud-
depeHITnAIBHOTO YPaBHEHHSI B OKPECTHOCTH TOABUYKHON 0COOOH TOUKM.

Pacemorpum menmmueitnoe muddepeHimaibioe ypaBHEHTE

n

y = ai(2)y’® + az(2)y® + az(2)y + as(z), (1)
KOTOpOE C IMOMOIIBIO 3aMEHEI IIEPeMEeHHOI

y = u(@)w(z) +v(z) (2)
MPUBOAUTCS K HOPMAJBLHON hopme

y" =y* +r(z) (3)
IpPU YCIOBHUAX

c4 2
\ r(z) = —%(x) — Cay (2) + as(2).
Paccmorpum 3a1aay Kot
y"' =y’ +r() (5)
y(zo) = o,
y'(z0) = y1, (6)
y"(x0) = y2.

Teopema 1. Ilycres 2* — nodeusicnas ocobas movwka pewenus sadavwu Kowu (5)-(6),

r(x) e C*
6 obaacmu

|z — 2% < p1, (7)
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2de 0 < p1 =const; M, LI T(f ) < My, 2de n=0,1,2,..., M; =const, mozda cyuecmeyem
eduncmeenoe peulerue 3a0a%u Kowu (5)-(6), npedcmasumoe 6 sude

y(z) = (z — 2~ 3/226' x—a* (8)

6 obaacmu |x — x*| < pg, ede py = min{pl,\s/M;iH}, M = sup{%} n=0,1,2,....
n

JokazaresbCcTBO. YUUThIBasi CTPYKTYPY PelleHus ypaBHeHust (5) B OKPECTHOCTH I10-
JIBUKHON 0c000# TOUKM B 0OIIEM CiTytae

y(z) = (z — a* ZC’ x—a" )", Co#0

u npejcranids GyHKuUo 7(x) B BUE psijia

r(x) = ZAn(x —z*)"
0

u3 ypaaerus (5) mosydaem

ZO n+p 3(n+p)(n+p—1)(n+p_2):

= (z—a")% Z Crr(z—a™)" + Y An(a — 2*)"
0 0

n n
rae CH=>C;,C* . Cr=> CiCph_iyn=0,1,2,
0 0

W3 mocaennero COOTHOIIEHUS CIeAyeT HEOOXOINMOCTD BBIIOJHEHUS CJICIYIONNUX YCJIO-
BUIi:

n+p—3=n+3p,

(2n —3)2n—5)2n —T7)C,, = 8(C* + Ap_s). ;

IlepBoe ycoBrE MO3BOSET ONPEIETUTD P = —5 a TaKKe XapaKTep MOJIBUKHOI 0CODO0M
TOYKH, & BTOPOE IPEJICTABIIACT PEKYPPEHTHOE COOTHOIIEHUE, MO3BOJIAIONIEE OJTHOZHATHO
ompeaennuTh Bee Koaddurmentsl Cp:

105 84
CO:——Cl—OCQ—OCS—OC4_OC5 31§
o 8A, 84y 843 844

5= 525 T 9037 % 14970 T 2355

B cuny onmnosnaunocTu onpemenenust Koaddunmentos Cy,
cJIe/lyeT eIMHCTBEHHOCTD HOJIyIeHHOTO (DOPMAJILHOTO PEICHMUS.
MeTo/10M MaTEMATHYIECKON MHIYKITUH TOKAXKEM CIIPABEJINBOCTD CJIEIYIONNX OIEHOK:

8
(10n —3)(10n — 5)(10n — 7) + 210
8
<
|Cont1] < (10n — 1)(10n — 3)(10n — 5) + 210

|C5n| < (MJF 1)n = Vsn,

(M +1)" = Vony1,
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8

Copaa| < M +1)" = Vspia,

(Cont2l < o T Ty0n 1) (100 —3) + 210 L T 1" = Vons2
8

Cspas| < M +1)" = Vspqs,

(Con-al < (10n+3)(10n+1)(10n—1)+210( +1) pnts
8

Copaa| < M+ 1)" = Vipaa,

(Con-ral < (10n+5)(10n+3)(10n+1)+210( +1) ot

()

Mzsup{w},n:O, 1,2, ... .

n!
OrpanuauMcst cIydaeM OIeHKH Ko pUuIuenTon

0577,

8
Conis| <
[Conral < (10n + 7)(10n + 5)(10n + 3) + 210

U3 peKyppeHTHOr0 COOTHOIIEHU, IOy YeHHOTO BBIITIE, CJIE/TyeT

(M + 1)+ (9)

(10n—|— 7)(10n+5)(10n+3)05n+5 = C§Z+5 + As,. (10)
Wnn

5Sn+5 5n+5—1
(10n + 7)(10n + 5)(10n + 3)Csns5 = > Ci Y CiChpisij+ Asn. (1)
1 1

Torna

Consl = o T 7)(10n 1 5) (100 + 3) + 210(21: (5= 3)(5i — 5)(5i — 7) + 210

U 64(M + 1)J

0 8 (a1 ey s e B ETO

(M + 1)n—i—j

=i )+ Bm—i— ) +5)Bm—i—) 13 +20 TS

o

8 R 8
= (10n+7)(10n+5)(10n+3)+210(M+1) 21: (50— 3) (51 — 5) (51 — 7) + 210)

n—u

8

XXI:(5(n—i—j)—3)(5(n—i—j)—5)(5(n—z’—j)—7)+210x
s M) <

O ) BV 7 e w3 - gy s YRR
8(M+1>n+1

< .
= (10n 4 7)(10n + 5)(10n + 3) + 210
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AHaATTOTHIHBIM 00Pa30M TOITBEPKIAIOTCS OCTATBHBIE OIEHKH.
Paccmorpum psi

Z V(e —2*)" = Z Vor(z — 2*)%F+ Z Vo1 (z — %) 4 Z Voga(z — o) 24
0 k=1 k=1 k=1

oo oo
+ Z V5k+3(!£ _ m*)5k+3 + Z %k+4(x _ {1’,‘*)5k+4,
k=1 k=1
KOTODBIii SIBJISIETCSI MasKOPUPYIONIUM Jist psijia (5) B CHJIY YKA3aHHBIX U JIOKA3AHHBIX BBIIIE
THUIIOTE3.
Nmeem

8

ZV v Z(lOk 3)(10k — 5)(10k — 7)+210(M+1)k($_"’“"*)5k+

8
M+ 1) (g — 2*)5kH1
+kz_:1(10k—1)(10k—3)(10k—5)+210( DM@ —at)

8
M + 1)F(z — 2*)2k+2
+k§(10k+1)(10k—1)(10k_3)+210( + 1)z — 2"

8
M + 1Dk (g — *)5k+3
" ]; (10k + 3)(10k + 1)(10k — 1) + 210( + ) (37 x ) +

+> 8
2= (10k + 5)(10k + 3)(10k + 1) + 210

JL71s1 TepBOTO psifia, HAXOISIIETOCS B TPAaBOI TacTH MTOCETHETO PABEHCTBA, HA OCHOBAHUN
npusnaka Jlasmambepa

(M + 1)k (z — %)%k +4,

(M + 1) (2 — ) 5((10n — 1)(10n — 3)(10n — 5) + 210)
oo | ((10n — 3)(10n — 5)(10n — 7) + 210)(M + 1)"(z — 2*)"
nl;rrgo |(M'—|— 1)(x — 3:*)5| <1,

yCTaHaBJINBaeM 00J1aCTh CXOoUMOCTHI

1
VM +1
Awnasornasno nosydaem obaactb (13) u 1t OCTaJIbHBIX PSAIOB.
CaenoBarenbho, psij (5) cxomurest B obmactu (13).

|z — 2" < (13)

ITomoxkum po = min { P1, Q/M#iﬂ , IOJIyJaeM CXOIUMOCTD MPaBUJIbHOI YacTu psina (5) B

obsactu |x — x*| < pg, YTO U 3aBepIIaeT JOKA3aTeJIbCTBO TE€OPEMBI.
okazannas TeopeMa 1 II03BOJISIET IOCTPOUTH AHATUTHIECKOE IPUO/IMKEHHOE PElIeHne

yn(z) = (x — z* 3/220 (x —z* (14)
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Teopema 2. Ilycts gunoansaiomesa nynkmos 2 u 8 meopemuv, 1 u z*asaaemcea nodeuoic-
1ot 0co60t moukot pewerus 3adavu (5)-(6), mozda das arnarumuieckozo nPubAUNCEHI020
pewerus (13) 6 okpecmmocmu nodeustchot ocobot mouku x*3adaqu (5)-(6) 6 obaacmu

[z — 2% < p2

cnpaee(?/mea oUyeHKa noepewHocmu

Ayn(z) = [y(z) —yn(2)| < A, (15)
20e
8(M+1)5 o —2*VH!
1—(M+1)|z—a*

1 |z — x*|
((2N N3N 5 +20 T GNIEN —DeN 3 720 10

A<

*|2

v —x n |z — z*]?

T N3N T )N 1)+ 210 ' 2N 15)2N +3)2N + 1) +210

|z — |
T EN TN 152N 1 3) 210
6 caywae N + 1 = bn,

I ; N
1—(M+1)]z—a*> \(2N —=1)(2N —3)(2N —5) + 210
+ =] +
(2N +1)(2N — 1)(2N — 3) + 210
%2 %13
r—x r—x
+ | | + | | (17)

(2N +3)(2N + 1)(2N — 1) + 210 ' (2N +5)(2N + 3)(2N + 1) + 210

. o = a*|!
(2N +7)(2N +5)(2N + 3) 4+ 210
6 cayuae N +1=5n+1,

A< 8(M +1)"5 - Ja — a7V ( ; +
T 1l-MA+1) |z -z (2N —1)(2N = 3)(2N — 5) + 210
+ 2 — 2] +
(2N + 1)(2N — 1)(2N — 3) + 210
+ Ll + Ll + (18)
(2N +3)2N + 1)(2N — 1) + 210 ' (2N +5)(2N + 3)(2N + 1) + 210
o — a|*

+

(2N + 7)(2N +5)(2N + 3) + 210
6 cayuae N + 1 =5n+ 2,
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A<8(M+1)¥-|ac—x*|N+1 < 1 .
2 — o] N
(2N +1)(2N —1)(2N — 3) + 210
+ |l’—$*|2 + |£L'—17*|3 + (19)
2N +3)2N + )2N — 1)+ 210 ' (2N +5)(2N + 3)(2N + 1) + 210
@ — 2%

TN T TN 1 5)2N +3) 1 210

6 cayuae N +1=5n+ 3,

8@4+n”?-m—x“N“< 1 i
I—(M+ 1) [z—2P \(@N—-D@2N —3)2N —5) + 210

|

A<

(20)

|x — a
OGN+ 12N —1)2N —3)+ 210

+

|z — " |z — o
TN 3N T )N 1)+ 210 T 2N 152N +3)2N + 1) +210

o — 2"
T EN TN 1 5)2N 1 3) 1 210

6 cayvwae N + 1 = bn + 4, npu amom pa = min{pl,{,/M;iH}, 0 < p1 = const, M =

(n)
max{|y0], 1], ]y2|,5upn|r ngzo)} n=0,1,2, ....
Hoxka3arenbcTrBo. /[lokaxkeM Teopemy and ciaydad N + 1 = bn. Vmeem

00 N [es)
ly(@) —yn(z)| = |2 Cnlz —20)" = X Cnlz —20)"| = | > Cp(z—a")"| =
0 0 n=N+1
= |CN+1(3T—:L’*)N+1 +CN+2(1‘—1’*)N+2+ +CN+k(l’—x*)N+k+... | =

= |Csn(x — 2%)°" + Congr(x — )" + Chppa(x — 2*)7" 2 +

+C5p1k—1( — m*)5"+k_1 + .. ‘ <

< |Cspl - o — 2" + | O | - |2 — 2* " + | Cspgal - o — 27" +
+ [Copaoot| - Jo — 2P 4 <

8(M + )" - o — " 8(M + 1)" - o — 2!

= [10n —3)(10n = 5)(10n — 7) + 210 | (10 — 1)(10n — 3)(10n —5) + 210

8(M 4 1) - |z — z*[>" 2
(10mn + 1)(10n — 1)(10n — 3) + 210

_|_
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8(M +1)" - |o — a* >3 8(M +1)" - |& — a*P

(10 +3)(10n + 1)(10n — 1) + 210 | (100 + 5)(10n + 3)(10n + 1) + 210

8(M+ 1)n+1 . |,[: - .’17*|5n+5 8(M+ 1)n+1 . |JJ - m*’5n+6
(10n + 7)(10n + 5)(10n + 3) + 210 | (107 + 9)(10n + 7)(10n + 5) + 210

B(M + 1)+ -z — 2T

_|_

(10n + 11)(10n + 9)(10n + 7) + 210
SM )™ o — 2t S(M 4+ )" o —a* ™0
(10n + 13)(10n + 11)(10n 4+ 9) + 210 = (10n + 15)(10n + 13)(10n + 11) + 210
8M—|—1n+2'$—117*5n+10 8M+1n+2'£17—1}*5n+11
. ( )" | N ( )" | N

(10n + 17)(10n + 15)(10n + 13) + 210 ' (107 + 19)(10n + 17)(10n + 15) + 210

8(M +1)"+2 . |z — g2 N
(10n + 21)(10n + 19)(10n 4 17) + 210

8(M + 1)"F2 . |z — g*[P 13 8(M +1)"F2 . |z — ¥4 L
(10n + 23)(10n + 21)(10n 4+ 19) + 210 ' (10n + 25)(10n + 23)(10n + 21) +210 =~~~ =

+

8(M +1)" - |z — z*>"
= (10m — 3)(10n — 5)(10n — 7) + 210

(1—1—(]\/[—1—1)|x—:v*|5+(M—|—1)2|:1:—:17*|10+(M—|—1)3|a7—x*|15+ )+

8(M +1)" - |z — a* [>T
(10n — 1)(10n — 3)(10n — 5) + 210

(1—1—(]\4—1—1)|:c—:r*|5+(M+1)2|:r—x*|10+(M+1)3|x—:r*|15—|— )+

8(M + 1) - | — a*["" 2
(10m + 1)(10n — 1)(10n — 3) + 210

(1+(Z\I+1)|;v—x*|5+(M+1)2]a:—x*]10+(M+1)3|x—x*|15+ )+

8(M +1)" - |& — a* [ F3
(10n 4 3)(10n + 1)(10n — 1) + 210

(1+(M—|—1)|:1;—:v*|5—|—(M—|—1)2|x—x*|10+(M—|—1)3|x—m*|15+ )+

8(M + )" - | — ¥
(10n + 5)(10n + 3)(10n + 1) + 210

(1+(M’+1)]a:—x*]5+(M+1)2|x—x*|10+(M+1)3]x—x*]15+ ):
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8(M +1)" - |z — z*>"

1= (M 4+ 1) |z — a2

( 1 N |z — 2| N
(10n — 3)(10n — 5)(10n — 7) + 210 ' (10n — 1)(10n — 3)(10n — 5) + 210

o — ¥ o — ¥’

T 0n+ 1)(10n = 1)(10n—3) + 210 | (10 + 3)(10n + 1)(10n — 1) + 210

_|_

|z — 2| _
+ (10n 4+ 5)(10n + 3)(10n 4+ 1) +210 )

S+ 1) — N ( ; ;
1—(M+1)|z—a*P (2N —1)(2N — 3)(2N — 5) + 210
|z — 2™
+ +
(2N +1)(2N — 1)(2N — 3) + 210
|£L‘—.’E*|2 |{I,'—$*|3
+ +

CN+3) 2N+ DN — 1)+ 210 T 2N +5)2N+3) 2N + 1) + 210

o — 2|
TeNT TN 152N 13) 1210 )

B wurore nosyuaem orenky norperraoctu (15).
Jlns ocranbubix BapuaHTtoB N +1 = bhn+1, N4+ 1 =5n+2, N+ 1 = 5n +

3, N +1=5n+4, noryaaem ornenku norpemraoctd (16)—(20) coOTBETCTBEHHO, IPH 9TOM

. (n)
p2 = min {017\5/%4_1}7 0 < p1 = const, M = max{|y0|,|y1|,|y2|, Supnlrn&} =

0,1,2, ....

BriBoa. okazannast Teopema 1 MMO3BOJISIET MOJIYIUTH OIEHKH J1JTs1 KO3 MOUIIMEHTOB pa3-
JIOYKEHUS PEIeHUs B PsiJl, a TeopeMa 2 T03BOJISIET B JTaJIbHEHIIIEM TTOCTPOUTD AHAJIUTUIECKOE
pUOJINKEHHOE PEIIeHNEe B OKPECTHOCTH ITOJBUKHON 0COOOH TOUKH U MOy IUTh allPUOPHYIO
OIEHKY ITOT'PENTHOCTH.
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THE EXISTENCE THEOREM FOR SOLVING A NONLINEAR DIFFERENTIAL
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Abstract. The main task of the theory of differential equations is the existence and uniqueness
of solutions. The peculiarity of nonlinear differential equations related to the presence of moving
singular points, which relate to the class of such equations in the general case is not solvable
in quadratures. It should be noted that the non-linear differential equations with moving singular
points is not an analogue of the classical theorems of existence - Cauchy’s theorem, Picard theorem.
In particular, the proof of Cauchy’s theorem is based on the method of majorant which is applied
to the right side of the equation. This approach limits the ability to use the proof of this theorem to
construct an analytical approximate solutions. In this paper we prove the existence and uniqueness
of the solution of this class of nonlinear differential equations in the neighborhood of a singular
point of the mobile used to the desired solution. This approach allows you to take advantage of
the existence theorem for the construction of analytical approximate solutions.
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