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AHHOTaIA KnroueBbie cmoBa

Paccmotpen K1acc OOBIKHOBEHHBIX HelmHeitHbIX mubde- Henuneiinoe oudpepenyuanvroe
PEHLIMANIbHBIX YPaBHEHUII TPETbEro IOPsfIKa C MOJMHOMU-  YpasHeHue, meopema cyuiectmeosa-
albHOI TIPaBOJi YacCTbIO BTOPON CTEIeHW, OONAfAIONINX  HUS, AHALUMUYECKOe NPUOTUNCeH-
HOZBIDKHBIMI OCOOBIMIU TOUKAMM aITe0Padeckoro TUIIA M B Hoe peuieHue, no08UNCHAS 0c06ast
obmiem cTyyae HepaspelmMMbIX B KBajiparypaX. CylIecTBY- — mouka, anocmepuopHas oueHKa
IOIAA KIacCu4ecKasa TeOopudA, B YaCTHOCTU TeOopeMa Komm nozpemﬁocmu

CYLIleCTBOBAHMA pellleHys [ PepeHIMaTbHOTO YPaBHEeHN,

B TaKOM CJTy4yae NPAaKTUYeCK! He IpuMeHMMa. [l peleHs

9TOJ KaTeropuy ypaBHEHMII OJHMM M3 aBTOPOB HAaCTOAIIEN

CTaTbU pa3pabOTaH aHAIUTIYECKNIT TIPUOTVDKEHHDI METO,

COCTOALIMIT M3 IIeCTH MaTeMaTudeckux 3ajad. Ilpencrase-

HO VCC/Ie[OBaHNe aHAIMTUYECKOTO IPUOIIDKEHHOTO pelle-

HMA B 00/1aCTV aHAIUTUYHOCTY, BKJTIIOYAIOlIee B cebs ToKa-

3aT€/IbCTBO TEOPEMbI CYLIECTBOBAHMA PEILEHN, TIOCTPOEHME

QHAINTUYECKOTO IIPUOIVDKEHHOTO PelIeHNs 1 UCCTIeOBaHIe

B/IMSAHMA BO3MYILIEHM: Ha4ya/JbHbIX YCIOBMII Ha aHA/IUTHYeE-

CKoe HpUOMDKeHHOe peleHne. JloKa3aTelbCTBO TEOPEMBI

CYyILIeCTBOBAaHMs OCHOBAaHO Ha MeTOJie Ma)KOPAaHT B HOBOM

BapUAHTE, MO3BOJIAIIIEM ITPOBECTY HAaMEYEHHbIE UCCIIENO-

BaHMA. IIpyBelieH BBIMMCINTENIbHBI 3KCIEPUMEHT C IIPHU-

BJI€YEHMEM AIIOCTEPMOPHOI OLIEHKY IOTPELTHOCTH, C y4€TOM

KOTOPOJ MOXHO CYIIECTBEHHO YIydIMTh Tonmy4aemble [Tocrymmia B pegakuuio 28.09.2017
aTnpUOPHBIE OLIeHKY IOTPELTHOCTH © MI'TY nm. H.9. baymana, 2018

BBenmenne. OnyH 13 BaKHBIX aclleKTOB AnddepeHnanbHbIX ypaBHEHNT — MaTeMa-
TUYECKass MOJie/Ib PAa3IMYHBIX MHPOIECCOB U SIBIE€HWUII B TEOPUM OITUMATBHOTO
yipasyenus [1, 2], Teopuy 9BOIOLMOHHBIX IPOLECCOB [3], HeIMHEHOM onTUKY [4],
Teopuu yupyroctu [5], HenuHeitHoit nuddysun [6], onTUMU3anNMM CTEP>KHA PeaKTo-
pa [7], HenMHeIHOI BOMTHOBOI TeopuM [8], >KM3HECTOMKOCTY 3TaHUI U COOPY>KeHMIT
[9, 10]. Ecru i muHeliHBIX An¢depeHaNIbHBIX YPaBHEHNIT MaTeMaTNdecKas Teo-
pust pa3paboTaHa B JOCTATOYHO IIOJIHOM 00beMe, TO /I He/MMHENHbIX AnudepeHIn-
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QIbHBIX YPaBHEHWIT TpeOyeTcs pasBUTHE MaTeMaTI4ecKoil Teopyun. Hanbompumit nH-
Tepec IPeACTaBIIAIT HeluHelHble Ay depeHInanbHble YPaBHEHNA C ITOABVKHBIMMI
OCOOBIMY TOYKaMU, KOTOpPbIe OTHOCATCA K KJIACCYy He pa3pellMBIX B 00lieM cirydae
B KBafjpaTypax. COITIACHO IepedNC/IeHHBIM BBIIIe pabOTaM, 3TU YpaBHEHMs VMEIOT
IpaKTHYecKoe IPWIOXKeHNe B pa3ImMuHbIX obactsax. CriefyeT OTMETUTb HECKOIbKO
PaboT, MOCBAIEHHBIX Pa3pabOTKe aHATUTUYECKOTO IPUOIVKEHHOTO METO/A PellIeHNs
TaKMX YpaBHEHWII, TIO3BOJIAIOIIETO VICCTIEOBATe/IIM CTPOUTD OO/lee CTIO>KHBIE M TOY-
Hble MaTeMaTydecKue MOJeNV, NMPUBOAAIINE K HeMHENHbIM andgepeHnnaTbHbIM
ypaBHeHusM [11-14].

Marepuainsl 1 MeToAbI pemreHns. C y4eToM HEOOXOAVMMOTO YCIOBYS CYIIECTBO-
BaHs MOABIDKHON 0c000it Toukn [16] B pabore [17] 6bU10 JOKa3aHO ee CylecTBO-
BaHME JUIA KIacca HelMuHelHbIX auddepeHnanbHbix ypaHenuit y" = y? +r(x) u
IIOCTPOEHO AHAIUTUYECKOe IPUOIVDKEHHOE pellleHNe B OKPECTHOCTY HOJBVDKHOI
oco6oit Touky. B HacTosmelt paboTe /I paccMaTpUBAaeMOTrO KIacca HeIMHEIHBIX
nuddepeHIaNbHbIX YPaBHEHUI MPOJO/DKEHO MCCIEeNOBaHNe PelleHNs B 00/1acTu
AQHA/IMTUYHOCTY, BKII0Yatoliee B ce0s CIefyolnue STanbl: 1) 0Ka3aTeIbCTBO Teope-
MBI CYLIIeCTBOBAHMA PEIIeHN B 00/TaCTY aHAIMTUYHOCTY; 2) IOCTPOEHNE aHa/TUTIYe-
CKOTO IPUOMVDKEHHOTO pelleHNs; 3) UCCIefoBaHNe BINAHNA BO3MYLIEHNA Hadajb-
HBIX JaHHBIX Ha aHAIUTHYeCKOoe NpuOMDKeHHOe pemieHue. CrregyeT OTMETUTD, YTO
KIaccudeckas Teopema Komn cymecrBoBannsa pemtenns and@epeHaabHOro ypas-
HEHUA B CWIY CrlelMUKY JOKa3aTeIbCTBA He ITO3BOJIAET IIPOBECTY BTOPOI U TPETUIi
3TaIlbl MCCTIENOBAHMA.

PesynbraTel. PaccMoTpyM HenmHeltHOe iudepeHIanbHOe YpaBHEHNEe

y" =ao(x)y* +ar(x)y +az(x).
Kax mokasano B pabore [17], ¢ IOMOIIBIO ONIpe/ie/IeHHON 3aMeHbI ITepeMeHHO
ypaBHeHNe IPUBOANTCS K HOpMaIbHOMY Buay. Paccmorpum sagady Ko
ym — y2 + T(X); (1)
y(xo)=yo,  Y'(x)=y1,  y'(x0)=y2 (2)
Teopema 1. ITycmv 6b1n0AHAIOMCS YCIOBUS:
1) r(x) e C* 8 obnacmu | x—xo |[<p;, p1 = const;

7’(n)(x0)

2) IM,, :
n!

<M,.

Tozda y(x) sensemcst ananumuyeckoti pyHKuyueil
y(x)=DCplx—x0)" (3)
0

8 obnacmu | x—xy |[< pa, 20e

r™(xp)

. 1
p2 =min Pl’%/M——Hi M=maxq|yo |, [y ] [y2 ] sup al
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<« B cuny ycnoBus TeopeMsl nuMmeeM
r(x) =2 An(x—x0)". (4)
0
ITpencraBum y(x) B Buge (3) un nmoacraBum Bmecte ¢ (4) B (1):

S n(n-1)(1-2)Cy(x—x0)"> = 3 Ch (= x0)" + 3 Ay (x — 0",
3 0 0

n
*
rae C, =Y C,;C;. Tlocnentee 06paTUTCA B TOXKAECTBO IIPU YCIOBUM
i=0

nn-1)n-2)C,=C,3+A, 3, n=3,4,.. (5)
PexkyppeHTHOe cOOTHOLIEHNE (5) MO3BOMAET MOMYIUTh BBIPAKEHUS A KO-

¢unmentoB C,, 9TO MOXKHO BBIIIOTHUTH Ha KoMIibloTepe. Ha ocHOBaHMY IOTy4eH-
HBIX BBIPQXEHUI CTPOVIM IMIIOTE3Y AL OLleHOK K0apuuyeHToB C,:

(M+1)n+1 (M+1)n+1
| Csn | < N (O < ;
3n(3n—-1)(3n—-2) 3n(3n+1)(3n-1) ©)
(M +1)+
| Cansa |< .
3n(3n+1)(3n+2)

JlokaxeM CIpaBefIMBOCTD OLIEHOK B caydae KoapduimeHToB Cs,.3. VI3 pexyp-
pentHoro cootHomtenus (5) umeem (3n+1)(3n+2)(3n+3)Cs,i3 = Cs, + Az, win,
C y4eToM Tumotessl (6), —

| Canas | ! X
(Bn+1)(3n+2)(3n+3)
io Bn—3i)(3n—-3i—-1)(3n—3i—2) (3i (3i—1)(3i —2))
< (M +1)"+2
T (Bn+1)Bn+2)(3n+3)’

rme
1, i=0;

(3i(3i-1)(3i-2))’ 2{31-(31'—1)(31'—2), i=1,2,..

AHanorn4HsIM 06pasoM ybexxaeMcs B oljeHKax KoadduimeHToB Cs,iy U Cipis.
Paccmotpum pap
© (M—i—l)"“ |x_x0 |3n
o 3m(Bn-1)(3n-2)

KOTOprﬁI Ha OCHOBAaHMM JOCTAaTOYHOTO ITPM3HAKA CXOOMMOCTI IMEET 0071acTh
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| x —x0 |<

1
IM+1’
CrnepoBaTenbHO, B CHTy crennuky oneHoK (6) must koapduimentos C, B (3), i psana

1
B BbIpaKeHUN (3) morydaem o671acth | X —xg |[< P2, TA€ P2 = min {pl, ﬁ} >
M+1

TeopeMa 1 mo3BongeT HOCTpOI/ITb AHAJINTNYECKOE HpI/I6HI/I)KeHHOC pemeHI/Ie
N
yn(x)=2Chlx—x0)", (7)
0
a cneuy}omaﬂ TeopeMa — OL€EHUTDH €10 HOI‘peHIHOCTb

iCn(x—xo)”

N+1

Ayn(x)=|y—yn(x)|=

Teopema 2. ITycmv svinonnsaomes nynkmuol 1 u 2 meopemol 1, mozda 0ng npu-
6nuscernrnozo peuterus (7) 3adauu (1), (2) 6 obnacmu |x—xo|<p, ongs N+1=3n
cnpaseonusa oueHka

N+4
M+1) 3 |x—xo [N" 1 xX—x x—xg 2
(M+1) 3 [x—xo| ( B N O E e G

Ayn(x) <
(1I-(M+1)|x=x0 P)(N+D\ N(N-1) N(N+2) (N+2)(N+3)

ong N+1=3n+1 — ouenxa

N+3
(M+1) 3 |x—xo |V ( 1 N | x— x| +(M+1)|x—xo|2j
(1-(M+1)|x—xo |3)(N+1) N(N-1) N(N+2) (N+2)(N+3)

Ayn(x) <

uong N+1=3n+2 — ouenxa

N+2
(M+1) 3 |x—xo [N
(1-(M+1)|x—x0 P)(N +1)
X( 1 +(M+1)|x—x0|+(M+1)|x—x0|2].
N(N-1) N(N +2) (N+2)(N +3)

30ecv py, M — senuuunvl, 63smote u3 meopemot 1.

Ayn(x)<

< Ilo onpenenennio

iCn(x—xo)”

N+1

Ayn(x)=|y—yn(x)|=

wny, ¢ ydetoM crenueukn koapounuentos C, B (6), g N +1=3n umeem
A}’N(x) =

o0 o0 o0
=| Y Canrky(x = %0 )>" ) + 3 Cxiysa (6 = %0 )2 4 3 Caha (6 — x50 )22 <
k=0 k=0 k=0
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- i (M+1)n+k+1 |x_x0 |3(n+k)
203+ k)Bn+k)-1)(3(n+k)-2)

N i (M+1)n+k+1 |x — X |3(n+k)+1

im0 B(n+k)+1)3(n+k)(3(n+k)—1)

. i (M+1)n+k+1 |x — X |3(n+k)+2 -

i (Bn+k)+2)B(n+k)+1)3(n+k)

N+4
(M+1) 3 |x—xo V" 1 N | x— x| . | x—x0
T A-M+D)|x-% P)YN+D)\N(N=1)  NN+2) (N+2)(N+3) )

AmnanornanbM o6pasom i N +1=3n+1 nomydaeM oreHKY

N3
(M+1) 3 |x—x [N

(1-(M+1)|x=x0 P)(N +1)

y 1 N [ x—x0| +(M+1)|x—x0 1
N(N-1) N(N+2) (N+2)(N+3) )

Ayn(x) <

onsa N+1=3n+2 — oneHky

N2
(M+1) 3 |x—xo [N y
(1—(M+1)|x—x0 |3)(N+l)

Ayn(x) <

x( 1 +(M+1)|x—x0|+(M+1)|x—x0|2J
N(N-1) N(N +2) (N+2)(N+3) )

[TpuBeneHHbIE OLEHKM HPUOMDKEHHOTO peIIeHMs CIIPaBelIMBBl B 00/1acTy

1
| x—x0 |<p2, THE P2 =min{p1, —} >
IM+1
IIpumep 1. Paccmorpum 3agauy Komn

ymzyZ +x, }/(1)20,5, yf(1)=0,5, y"(l):l;

1
P2 = 3,—2)5

3HayeHns OLCHKIM aHATIUTNUYECKOTO HpI/I6HI/I>KeHHOI‘O penieHnAa B Ciaydae TOYHbIX

M=1, =0,7368063.

Haya/IbHBIX YCTIOBUIT IIPUBEJICHBI HIDKE, THe Yg(X) — IpubImKeHHOe 3HaUeHMe pelle-
Hus; Ay, A, — anpuopHas 1 anocTepuopHas OlleHKHM morpermHocT. [lns €=6-107°
HeoOXO#MMa CTPYKTypa QaHAIUTUYECKOTO NpuOMDKeHHOro pemtennsa ¢ N =12.
B cTpyKType aHaIMTIYECKOTO MPpUOIVKEHHOTO pelleHns cyMMa ¢ 9-ro 1o 12-e carae-
Moe He IpeBbIlIaeT Tpebyemoii TouHocTy. CrleoBaTeNbHO, MOXKHO YTBEPKIATh, YTO

TOYHOCTb TIOTY4eHHOTO TPUGMKEHHOTO pellieHus yg(x) He IpeBbimaer € =6-107°.
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3HaveHUs OII€EHKN AaHAIUTUYECKOTO HPI/I6}II/I)KCHHOI‘0 peuieHnsAa
B CIy4a€ TOYHBIX HAYATbHBIX yCIIOBI/IiI

X )’(xo) )"(xo) )/”(xo) )’s(x) Ay A,
1,5 0,5 0,5 1 1,041242 0,000122 0,000006

ATIpropHas OlLieHKa II03BOJIAET 3HAYUTE/IbHO YBE/IMYMBATh TOUHOCTD IIO/TYy4aeMO-
ro IPUOMVDKEHHOTO pereHus. [Ipy oCylecTBIeHnN aHaTUTIYIECKOTO MPOJODKEHNS
pemenus 3amaum (1), (2) BO3HUMKaeT 3ajjaya MCCIENOBAHMA BIVISTHMSA BO3MYIEHUSA
Havya/TbHbIX JAHHBIX 3aaun Kot

Y=y r(x); (8)
Y(x0)=¥o» Y (x0)=p1, y'(x0)=p2 9)

Ha CTPYKTYPY QaHAIUTUYECKOTO IPUOIVDKEeHHOTo pemteHns (7), KOTOpoe IPUHMMAeT
BIJ,

N
Fn(x) =2 Culx—x0)", (10)
0

rie C, — BO3MyIeHHbIe 3HAYeHNsA KoadduenToB. Cleyiolas TeopeMa Mo3BOTAeT
HOJTy49UTD OLIEHKY ITOTPEIIHOCTY aHATUTIYIECKOTO Npub/vbKeHHoro pemenus (10).
Teopema 3. [Iycmo
1) svinonnstomes nynkmot 1 u 2 meopemot 1;
2) AM<1.
Toz0a Ons ananumuyeckoeo npubnuxerHozo pewerus (10) 3aoauu (8), (9) 6 obnacmu
| x —x0 |< p3 cnpasednusa ouenka Ayy(x) < Ag+A;, 2de

< AM(M +AM +1)
CT1I-(M+AM+1)|x—x0

(A+]|x—xo | +]x=x0 [*),

ons N+1=3n eepna ouerxa

N+4
(M+1) 3 |x—xo [N 1 N | x— x| N | x—x0 2
TA-MD[x—x%P)NTD\(N-DN N(N+2) (N+2)(N+3))

1

ong N+1=3n+1 — ouenka

N+3
(M+1) 3 |x—xo [N ( 1 . | x—x0 | +(M+1)|x—xo|2j
- M) x-xP)YNT D\ (N-DN  N(N+2) (N +2)(N +3)

uong N+1=3n+2 — oyenka

N+2
(M+1) 3 |x—xo |[N*! 1 (MHD)]x—x |, (M+1)]x—x0
T A-MAD|x—x P)N+D (N-)N  N(N+2) (N+2)(N+3) )
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IIpu smom

r )(Xo)

t

Y e A~ . 1
AM:max{Ayo,Ayl,Ayz}; p3=m1n{p1,—}.

IM+AM+1

M= max{|)’0| |71l 1721, sup

< Ilo onpepnenennio

AN (x) =| y(x) = n (x) €] y(x) = y() | +| ¥(x) = pn (%) |=

<

0 0
=3 Culx—x0)" =X Co(x —x0)"
0 0

ZC (x—x0)" — ZC x—x)"

<ZAC |X X0 |n +z |C ||x X0 |n A0+A1,
N+1

rae AC, =|C,—C,|. C yuerom onenok kosddurmentos C, B (6) momydaem rumore-
3y JJIS OLIEHOK AC’”:

AM(M+AM+1)”+1 ~ <AM(M+AM+1)”+1_

" G G- S G DanGnr)

AM(M +AM +1)"1
3n(3n+1)(3n+2)

(11)

ACspis <

IToka>keM cripaBeyIMBOCTD OLeHKN AC;,. C y4eTOM peKyppeHTHOTO COOTHOLIe-
Hus (5) umeem

1

Aén =|Cs, _Cn = C*n+An_é*n_An=
3143 =| Canes = Canas | (3n+1)(3n+2)(3n+3)| 3n + Azy = C3p — Asy |

! (C3n 3+ ACs, 31)(C3i+AC3i) ié 331 Cai| <
(3n+1)(3n+2)(3n+3) i=0

1 » (M+1)"""AM(M +AM +1)*!

S(3n+1)(3n+2)(3n+.’>)l-_o((311—31)(311—31— 1)(3n—3i—2)(3i(3i — 1)(31—2))

N AM(M +AM +1)" (M +1)*! N
(3n—3i)(3n—3i—1)(3n—3i—2)(3i(3i —1)(3i —2))"

AM(M + AM +1)7# AM(M+AM+1)"“J -
(3n-3i)(3n-3i-1)(3n—-3i—2) BiGi-1)3i-2))" )~

< AM(M + AM +1)"+?
T (Bn+1)(3n+2)(3n+3)’
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IIpU 9TOM

1, i=0;

(3i(3i—1)(3i—2))" = {31.(31._1)(31._2), i=1.2,..

AnanornuHbsIM 06pazoM yoOexxgaeMcs B oumeHKax ACs,;; U AC;,,. Cremosa-
TEbHO,

A() ZZACH |X—XQ |n:
0

o o o
= ZAC::,” | X — Xy |3” +z AC3n+1 | X—Xp |3n+1 +z AC3n+2 | X —X |3n+2 .
0 0 0

C y4eToM oueHOK (11) okoHuUaTe/NbHO g A( IoIydaeM

AM(M +AM +1)
C1-(M+AM+1) | x—xo

0 (1+]x—x0 |[+|x—x0 [*).

Omnenka o A; cremyeT U3 TeOpeMbI 2.
[Tony4yeHHBle OLIEHKM TNPUOMVKEHHOTO pelleHNs CIpaBeyIuBbl B 0071acTn

. 1

| x —xo |[< p3, THE P3 mln{pl, 3—M+AM+1}' >

AHanm3 CTPyKTYpbl BBIPOKEHWIT U1 BeMuuH Ay 1 A; TO3BOJISIET CHENaTh Cre-
yIOLIVie BBIBOJBL: BBIpaKeHMe Wit Ag sSBHO 3aBMCUT OT BO3MYIEHVSI HA4abHBIX
JIAHHBIX, a BBIPOKeHMeE U1 A HAIPSMYIO CBS3aHO CO CTPYKTYPOI aHAIMTUIECKOTO
IpUOIVDKEHHOTO pelleHusl. Bappupysi ompefie/leHHBIM 00pasoM 3TM IapaMeTpsl,
MO>KHO I10/Ty4aTh 3HAYEHUs IPUOTVKEHHOTO PeleHsI C 3alaHHOI TOYHOCTDIO.

ITpumep 2. Paccmorpum 3agady Ko ¢ BO3MyIieHHbIMY Ha4aIbHBIMI YCTTOBYSIMI

Yy =y2(x)+x,  7(1,5)=1,04124, §(1,5)=1,75936, §"(1,5)=3,14496;
AM=6-10"°, M=3,14496, p;=0,652745.

3HavyeHUA OLI€HKM aHAJINTUYIECKOTO HpI/I6HI/I)K€HHOI‘O peuenna B cirydae BO3MY-
IIE€HHbIX HA4Ya/IbHbIX YC}IOBI/Iﬁ IIpUBENEHDbI HIDKE, TE Al, Az — allpyopHasd Iorpeui-
HOCTb, IIOJIy4eHHas 110 TeopeMe 3, U alocTepuopHas norpemHocrs. [t €=0,0065
HeoOXOfMMa CTPYKTypa aHAJIUTUYECKOro IpUOMIDKeHHOro pemeHus ¢ N =26.
CymMa craraeMbIx ¢ 9-To 1o 26-e He IpeBbllaeT Tpebyemoit TouHocTu. CrepoBa-
TE/IbHO, yg(x) IIO3BOJAET MONTyYaThb 3HAYEHUe MPUOTVDKEHHOTO PeIleHUs C TOYHO-
CTbIO, He IpeBbImatoneit €= 0,0065.

3HayeHUs OILICHKN AaHAIUTUYECKOTO HPI/I6JII/I)KCHHOI‘0 pemieHnA
B CIy4a€ BOSMYUI€EHHbIX HAYa/IbHbBIX YC]IOBI/Iﬁ

x o yx) Y y'a) ys(x) A Ay
2,1 1,04124 1,75936 3,14496 3,38789 0,09005 0,0065
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3akmodyenne. PesynbTaThl IpMBEIEHHOTO MCCIEIOBAHNA TTO3BOIAIOT OCYIIeCTB-
JIATb aHAIUTUYECKOe IPOJO/DKeHMe IPUOTVDKEHHOTO pelleHNs ¢ 3aJaHHOM TOYHO-
CTBIO 3a CYeT BBIOOpA BO3MYIIIEHVA HAYa/IbHBIX YC/IOBUI U CTPYKTYPbI aHATUTUYECKO-
ro MpUOMIDKEHHOTO pelleHnsA. IIpy 3TOM ¢ y4eTOM aloCTepMOPHOI MOTPELUIHOCTI
MO>KHO CYIL[eCTBEHHO YTOYHUTD AIIPYOPHYIO IOTPEIIHOCTD.
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Abstract Keywords

We consider the class of ordinary third-order nonlinear Nonlinear differential equation,
differential equations with a polynomial right-hand side of existence theorem, analytical
the second degree, which has movable singular points of approximate solution, movable
algebraic type and is in general unsolvable in quadratures. singular point, a posteriori error
The existing classical theory, in particular the Cauchy theo- estimation

rem of the existence of a solution to a differential equation, in
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this case is practically inapplicable. To solve this category of

equations, one of the authors has developed an analytical

approximate method consisting of six mathematical prob-

lems. The paper presents a study of the analytical approxi-

mate solution in the domain of analyticity, including the

solution existence theorem proof, the making of an analytical

approximate solution, and the investigation of the effect of

initial data perturbation on the analytical approximate solu-

tion. The existence theorem proof is based on the majorant

method in a new version, which makes it possible to carry out

the planned investigations. A computational experiment with

the use of a posteriori error estimation is presented, which

makes it possible to significantly improve the a priori error Received 28.09.2017
estimation obtained © BMSTU, 2018

REFERENCES

[1] Kalman R. Contribution to the theory of optimal control. Boletin de la Sociedad Matematica
Mexicana, 1960, vol. 5, no. 1, pp. 102-119.

[2] Gorin V.A., Konakov A.P., Popov N.S. Research on work of feed meter. Mekhanizatsiya i
elektrifikatsiya sel'skogo khozyaystva, 1981, no. 1, pp. 24-26 (in Russ.).

[3] Airault H. Rational solutions of Painlevé equations. Studies in Applied Mathematics, 1979,
vol. 61, iss. 1, pp. 31-53. DOI: 10.1002/sapm197961131

[4] Samodurov A.A., Chudnovskiy V.M. Simple method for determination time delay of superra-
diant boson avalanche. Doklady AN BSSR, 1985, vol. 29, no. 1, pp. 9-10 (in Russ.).

[5] Hill J.M. Radial deflections of thin precompressed cylindrical rubber bush mountings. Interna-
tional Journal of Solids and Structures, 1977, vol. 13, iss. 2, pp. 93-104.

DOI: 10.1016/0020-7683(77)90125-1

[6] Ockendon J.R. Numerical and analytical solutions of moving boundary problems. Proc. Symp.
Moving Boundary Problems. New York, 1978, pp. 129-145.

[7] Axford R.A. The exact solution of singular arc problems in rector core optimization. Proc.
Nuclear Utilities Planning Methods Symp. Tennessee, 1974, pp. 1-14.

[8] Hill J.M. Abel's differential equation. J. Math. Scientist., 1982, vol. 7, no. 2, pp. 115-125.

[9] Kovalchuk O.A. Simulation of the state of the rod elements of the building construction. Proce-
dia Engineering, 2016, vol. 153, pp. 304-309. DOLI: 10.1016/j.proeng.2016.08.120

[10] Koval'chuk O.A. Stability of rod elements of building structures. PGS [Industrial and Civil
Engineering], 2014, no. 11, pp. 60-62 (in Russ.).

[11] Orlov V.N. Metod priblizhennogo resheniya pervogo, vtorogo differentsial'nykh uravneniy
Penleve i Abelya [Approximate method for solving first and second Abel and Painlevé differential
equations]. Moscow, MPGU Publ.,, 2013. 174 p.

[12] Orlov V.N. Study of approximate solution of Abel's differential equation in the vicinity of
movable singularity. Vestn. Mosk. Gos. Tekh. Univ. im. N.E. Baumana, Estestv. Nauki [Herald of the
Bauman Moscow State Tech. Univ., Nat. Sci.], 2009, no. 4, pp. 23-32 (in Russ.).

[13] Orlov V.N. The exact application area borders of Abel differential equation approximate solu-
tion in the area of the movable special point approximate meaning. Vestnik Voronezhskogo gos.
tekhn. un-ta, 2009, vol. 5, no. 10, pp. 192-195 (in Russ.).

34 ISSN 1812-3368. Bectnux MI'TY um. H.9. baymana. Cep. EcrectBennble Hayku. 2018. Ne 4



MCCHeHOBaHI/Ie OIHOT'0O Kj1acca HeJIMHETHOTO nmcb(bepeﬂumanbﬂoro YpaBHEHMA TPETHETrO MMOPpAAKaA...

[14] Redkozubov S.A., Orlov V.N. Exact criteria of movable singularity existence for Abel differen-
tial equation. Izvestiya instituta inzhenernoy fiziki, 2009, vol. 4, no. 14, pp. 12-14 (in Russ.).

[15] Orlov V.N. Exact boundaries of approximate solution of Abel differential equation
in the vicinity of movable singularity approximate value in complex domain. Vestnik ChGPU
im. LN. Yakovleva. Ser. Mekhanika predelnogo sostoyaniya [Bulletin of the Yakovlev Chuvash State
Pedagogical University. Series: Mechanics of Limit State], 2010, no. 2 (8), pp. 399-405 (in Russ.).

[16] Orlov V.N., Guz' M.P. [Relation between nonlinear differential equation and existence and
properties of movable singularities]. Fundamental'nye i prikladnye problemy mekhaniki defor-
miruemogo tverdogo tela, matematicheskogo modelirovaniya i informatsionnykh tekhnologiy.
Sb. statey po mat. mezhdunar. nauch.-prakt. konf. Ch. 2 [Fundamental and applied problems of
deformable solid mechanics, mathematical simulation and information technologies. Proc. Int.
Sci.-Pract. Conf. P. 2]. Cheboksary, Yakovlev Chuvash State Pedagogical University Publ., 2013.
Pp. 30-35 (in Russ.).

[17] Pchelova A.Z., Kolle K.V. [Theorem of the solution existence for one nonlinear differential
third order equation with polynomial second order right-hand member in the vicinity of movable
singularity]. Mat. Vseros. nauch. shkoly-konf. "Mekhanika predel'nogo sostoyaniya i smezhnye vo-
prosy”. Ch. 2 [Proc. Russ. Sci.-Pract. School-Conf. "Limit-state mechanics and related issues"]. Che-
boksary, Yakovlev Chuvash State Pedagogical University Publ., 2015. Pp. 221-226 (in Russ.).

Orlov V.N. — Dr. Sc. (Phys.-Math.), Assoc. Professor, Moscow State (National Research) Universi-
ty of Civil Engineering (Yaroslavskoe shosse 26, Moscow, 129337 Russian Federation).

Kovalchuk O.A. — Cand. Sc. (Eng.), Assoc. Professor, Moscow State (National Research) Univer-
sity of Civil Engineering (Yaroslavskoe shosse 26, Moscow, 129337 Russian Federation).

Linnik E.P. — Cand. Sc. (Eng.), Assoc. Professor, V.I. Vernadsky Crimean Federal University
(Academician Vernadskogo prospekt 4, Simferopol, Republic of Crimea, 295007 Russian Federa-
tion).

Linnik LI. — Cand. Sc. (Eng.), Assoc. Professor, V.I. Vernadsky Crimean Federal University
(Academician Vernadskogo prospekt 4, Simferopol, Republic of Crimea, 295007 Russian Fede-
ration).

Please cite this article in English as:

Orlov V.N., Kovalchuk O.A., Linnik E.P., Linnik I.I. Research into a Class of Third-Order
Nonlinear Differential Equations in the Domain of Analyticity. Vestn. Mosk. Gos. Tekh. Univ.
im. N.E. Baumana, Estestv. Nauki [Herald of the Bauman Moscow State Tech. Univ., Nat.
Sci.], 2018, no. 4, pp. 24-35 (in Russ.). DOI: 10.18698/1812-3368-2018-4-24-35

ISSN 1812-3368. Bectnux MI'TY um. H.9. baymana. Cep. EcrectBennbie Hayku. 2018. No4 35



