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OBILIASA XAPAKTEPUCTHUKA PABOTHBI

AKTYyaJIbHOCTH TeMbl. B HacTos1ee BpeMsi pa3BUBAETCS METOJT U3YUEHUS
nuddepeHIIMaTbHbIX YPAaBHEHUNH M HHTErpO-AU(PEepeHIInaTbHbIX ypaBHEHUI B
YACTHBIX IIPOU3BOJHBIX 110 HA3BAHUEM METOJ JIOTIOJIHUTEIBHOTO apryMEHTA.

OCHOBBI M€TOJ1a JOTIOJIHUTEIBHOIO apryMeHTa co3aanbl M.M.VMImananueBbiM C
yuyactueM FO.A. Benp.

C noMmoILIbI0 3TOr0 METOJIa HadaJbHbIE 3aJadyd JUJISl Pa3JIMYHBIX THUIIOB
muddepeHIIMaTbHBIX W HUHTErpo-nuddepeHanbHbIX yYpaBHEHH MOTYT OBITh
CBEJIEHBI K YOOHBIM ISl HCCIIEJOBAHUS CUCTEMAM MHTEIPAIbHBIX YPABHEHUH.

B paborax ynomsaHyTheiXx aBTOpoB, a Takxke [1.C. [lankoBa, C.H.AnekceeHko,
II.A. DrembepaueBa U Apyrux aBTOPOB C MOMOILIBIO METOJA JOMOJIHUTEIBLHOIO
apryMeHTa ObUIM MCCIEI0BaHbl pa3ivuyHble AUQQPEepeHLnanbHble YpaBHEHUS U
UHTETpo-AuQdepeHnaIbHbIe yYpaBHEHUS IIEPBOTO nopsaka.B ITUX
VICCJIEIOBAHMSIX IOSBWINCH IPEUMYIIECTBA METO/AA JIONOJHUTEIBHOTO apryMeHTa
nepex  JIpYyrdMA  METOAAaMH  MCCIENOBaHUA  MOAOOHBIX  YpaBHEHHH,
3aKJIIOYAIONIMECS B TOM, YTO CHCTEMA HWHTETPANBHBIX YPABHEHHM, K KOTOPOU
NPUBOJMUTCS HCXOJIHAs 3a/Jada, HE COACPKUT CYNEPHO3ULUU HEU3BECTHBIX
¢ynkiuii. KpoMme TOro, pemieHne HMCXOJHOM 3ajaud MOJIy4YaeTcsl U3 PEeLICHHS
VHTEIPAJIBHBIX YPABHEHUM IPU MOMOLIM INOHMKEHHSI Pa3sMEPHOCTH MHOXKECTBA
apryMEHTOB, a HE IpH NOMOIIM OOpallleHUs HEIMHEWHOIo aiaredpanyeckoro
oneparopa. C HCIOIB30BAHMEM OCHOBHBIX HJEH METONA JONOJHUTEIBHOTO
aprymeHTa  ObuiM  ucchefoBaHbl — AuddepeHunanbHble U HMHTErpo-
muddepeHnranbable ypaBHEHUS B YacTHBIX NpoW3BOAHBIX Tuma Kopresera-ze-
®pusa, a TAK)KE HEIMHEHHBIC BOJIHOBBIE YPABHEHUS.

AXK. AmwupOaeBod pa3BUT METOJ JIOMOJHUTEIHLHOTO aprymMeHTa W
OpeyiokKeHa METOAMKA HCIOJb30BaHUS  ONEparopoB B  (DYHKLIHMOHAJIBbHBIX
IIPOCTPAHCTBAX CO CBSI3aHHBIMHM MEPEMEHHBIMU JUISl WCCIEAOBAHUS HEJIMHEHHBIX
g depeHIINATBHBIX YPaBHEHUH BBICIINX U CKOJIb YTOJIHO BBICOKUX TOPSIIKOB.

A. Acanos, b.O. CyneiiMaHOB Take MPUMEHSUIM METOJ JIOMOJIHUTEIBHOTO
aprymMeHTa K MCCIIEIOBAaHUIO CYIIECTBOBAaHUS M €IMHCTBEHHOCTU PEIIeHUs 00part-
HBIX 3a/a4 Uil Au(pdepeHanbHbIX U UHTErpo-AuddhepeHnaIbHbIX YpaBHEHUHN B
YaCTHBIX TPOU3BOIHBIX IIEPBOTO MOPSIIKA.

Bmecte ¢ TeM, uUMeEOTCS ~ Takue  CHEIU(PHUUECKHE  KIIACCHI
mudpepeHnanbHbIX W UHTETPO-Iu(PPEepeHINATBHBIX YPAaBHEHUH B YaCTHBIX
IPOU3BOJHBIX BTOPOTO TMOPsJIKA, KOTOPBIE MPEACTABISAIOT TEOPETHUYECKUI
uHTepec. Pa3BuTHe MeToja AONOJHUTENBHOIO ApPryMEHTAa TMPUMEHUTEIBHO K
TaKUM KjaccaM (yHKUUNA ONPEeNstoT aKTyadIbHOCTh HACTOSIIENH paboThI.



Hean uccaenoBanms. llenpio gaHHOW pabOTHI SBISETCS HCCIEAOBAHHE
pelieHuil HEeNMHEWHBIX WHTErpo-auddepeHuanbHblX YpaBHEHUW B YaCTHBIX
MPOU3BOIHBIX C YUETOM CHeM(PUKH BTOPOTO MOPSAJIKA METOJIOM JOMOJIHUTEIEHOTO
apryMeHTa.

Metoauka ucciaenoBanus. C NoMOIIBIO METOJA JOMOJHUTEIBHOIO apry-
MEHTa HaudajbHBIC 3aJa4d [Js HEJIMHEWHBIX OmepaTopHO-Iu(depeHIInaTbHBIX
YPAaBHEHUM B YAaCTHBIX IIPOM3BOJHBIX BTOPOTO IMOPSAKA CBOIATCS K CHUCTEMaM
WHTETPAJIbHBIX YypPaBHEHUN.JlOKA3aTENbCTBO CYIIECTBOBAHUS PEIICHUM TaKHUX
CUCTEM C I[IOMOINbIO MPUHIMIA CHXUMAIOIIUX OTOOpa)keHUi obecreynBaer
CYILIECTBOBAHHME PEUICHUN MCXOJHBIX 3a/1ad. Pa3BUTHE METOAMKH UCIIOIb30BaHUS
OIepaToOpOB B GYHKIIMOHAIBHBIX IPOCTPAHCTBAX CO CBSI3aHHBIMU MEPEMEHHBIMU, a
TaK)K€ METOJUKM BBEJICHUS JOMOJHUTENbHBIX HEU3BECTHHIX (YHKIUN Jaer
BO3MOYKHOCTh T0JIy4aTh OOIIME pe3yibTaThbl, U3 KOTOPBIX CIEAYIOT KOHKPETHBIE
pE3yNbTaThl ISl HEIMHEWHBIX UHTETPO-Au((PepeHInanbHbIX YPABHEHU.

Hay4ynasi HoBu3Ha pa0doTbl. [lonydeHsl cneqyronme pe3yabTaThl:

- TOJIyYEHBI JOCTATOYHBIE YCJIIOBUSA CYLIECTBOBAHUSA M €IMHCTBEHHOCTH
JIOKaJIbHBIX PEIICHUN HayaJdbHbIX 3a]ay Uil HEJIUHEHHBIX OINEepaTOpPHO-
muddepeHINaIbHBIX YPaBHEHUM B YaCTHBIX IMPOU3BOJHBIX BTOPOTO MOPSAJKA C
BOJIbTEPOBCKMMH OIEpaTOpaMy Kak B MPOCTPAHCTBAX OIPAHMYEHHBIX (YHKLIUM,
TaK U B POCTPAHCTBAX HEOIPAHUYEHHBIX (DYHKIIMIA;

- OOHApY>XEHO SIBJIEHUE JIMHEWHOCTU MPOCTPAHCTBA PEUICHUI HETMHEHHON
3a/1a4y;

-IIOCTPOCHO PEIICHUE HETUHEHHOTO HHTErpO-TudhepeHIInanbHOro ypaBHe-
HUs BTOPOI'O MOPSAJAKA C YACTHOW NMPOU3BOAHOM MO 3HAKOM MHTETPAIIa,;

-IIOJIy4€HBbl JTOCTATOYHBIE YCJIOBUS CYLICCTBOBAHUSA M €IUMHCTBEHHOCTH
JIOKaJIbHBIX ~ PEIICHUH  HayaldbHbIX 3aJa4 i1  HEJIUHEHHBIX  HHTETpo-
i pepeHnanbHbIX YPaBHEHUN B YAaCTHBIX MPOU3BOJHBIX BTOPOTO MOPSAKA, T/IE
KO3(PUIIMEHTHl TPU YACTHBIX MPOU3BOJHBIX IMEPBOrO MOpAJIKA 3aBUCAT OT He-
U3BECTHOM (PYHKIUU;

- [IOJIy4Y€HHBIE Pe3yJIbTaThl 0000IIEHBI IS MHOTOMEPHOI'O CITyydas.

Teoperuueckass 1 mpakTUYecKasi IEHHOCTb. Pe3ynbTarhl TaHHOW pabOThHI
pa3BUBalOT Teopuio AUPGEepeHIMANTbHBIX W HMHTETPo-TudPepeHInaTbHbIX
YpaBHEHUI B  YAaCTHBIX MPOU3ZBOAHBIX W  MOATBEPKAECHBI  CTPOTUMH
nokasarenbcTBamu. [1o mosrydeHHbIM pe3ysibTaraM padoThl MOCTPOEHBI PELICHUs
KOHKPETHBIX 3aay.

OcCHOBHBIE 110JI0:KEHN S, BBIHOCMMbIE HA 3aIIIUTY:

1. Jloka3aTenbCTBO TEOPEMBI CYIIECTBOBAHUS M E€AMHCTBEHHOCTH JIOKAJIbHBIX
pEIICHU HavyalbHBIX 33Ja4 I KBa3WJIMHEHHBIX WHTETpo-nuddepeHmmaib-



HBIX YPAaBHEHHWM B YaCTHBIX MPOW3BOJIHBIX BTOPOTO TMOPSAKA, B TOM YHCIE C
MPOU3BOJAHOM MO/ 3HAKOM MHTErpasa, METOJIOM JIOMOJHUTEIbHOTO apryMEHTa;

2. llpuBeneHue HEIUMHEWHOTO MHTETPO-TU(DPEepeHIINATIEHOTO YpaBHEHHUS B 4acT-
HBIX TPOM3BOJIHBIX BTOPOro TMOpsANKa, Tne KO UIMEHThl MpPU YACTHBIX
MIPOU3BOIHBIX TIEPBOTO TIOPSIKA 3aBUCAT OT HEU3BECTHOW (PYHKITUHU, K CUCTEME
WHTETPATbHBIX YPaBHEHUM;

3. PazButne MmeTonma JOMOTHUTENBHOTO aprymMeHTa il HHTerpo-muddepen-
[IAAJTHLHBIX YPAaBHEHUH B YACTHBIX MTPOU3BOJIHBIX BTOPOTO MOPSIIKA CO MHOTUMHU
IPOCTPAHCTBEHHBIMU NIEPEMEHHBIMH.

AnpobGanus padoTbl. Pe3ynbrarhl UCCieI0BaHUN JOKIAIbIBAUCK:
HaMEXIyHapoaHOW HaydyHOU KoH(pepeHuun «Paxmartynunckue-OpMOHOEKOBCKUE
gyrerus» (bumkek, ntons 2013), Ha VKoHTpecce MaTeMaTHKOB TIOPKCKOTO MUpa
(c.byman-Cororry, wutonb 2014; onyOnumkoBanbl Te3uchbl [10]), Ha Hcchik-
Kynbckom mexayHapogHoM mMarematudeckoM (opyme (c. bosrepu, utonp 2015;
ormy0smKkoBanbl Te3uchl [11-12]), Ha Hay4yHOW KOH(EpEHIMH, IMOCBAIICHHON 75-
ageruto Oml'Y (r.Om, okts0ps 2014), Ha cemunHapax kadempbl «IIpukmagHas
MaTeMatukay OIICKOro TexHojoruueckoro yausepcurera (2010-2016).

Ilyoankamuu. OCHOBHBIE pe3yiIbTaThl pabOThI OMyOJIUKOBAHbBI B CTaThsX [1-

9]. B [3-7,9] coaBTOpy NpPHHAUICKUT ITIOCTAHOBKA 3aJla4M, COUCKATEII0 —
MOJTydeHUE KOHKPETHBIX PE3yJIbTaTOB.
CTpykTYypa M _00beM auccepraumu. Jluccepramusi COCTOUT U3 BBEICHHS,

YEeThIpeX TJIaB, CIIMCKAa HWCIOJIb30BAaHHBIX WCTOYHHKOB, BBHIBOJOB, MPHIOKCHHUS —
TEKCTa MPOTPaMMBI M pe3yJIbTaTOB pacueToB - Bcero 90 cTpanwmil.

ABTOp BBIpaXaeT TIyOOKYyI0 OJIaroJapHOCTh CBOEMY HAy4YHOMY pPYKOBO-
auTento a.Q.-M.H., noneHty AmupbaeBoil AibkapkbiH JKopobexkoBHE 3a mocTa-
HOBKY ITPOOJIEMBI HCCTIEAOBAHMS U MIOCTOSSHHOE BHUMaHUE K padoTe.

OCHOBHOE COAEP XAHUE PABOTbI

O6o3nauenusi: R —MHO>keCTBO BEIIECTBEHHBIX YHCEIT,

BepxHuii (IekapToBO TNPOM3BENCHHUE) WJIM HUKHUWA HMHACKC YKa3bIBaeT
pPa3MEpHOCTh IPOCTPAHCTBA.

R" (neN) — n-mepHOE BEIECTBEHHOE €BKIMIOBO IPOCTPAHCTBO M €r0 TOUKH
X=(X1, X2, ...,Xn);R+ =[0,0); Ry =(0,0);

T R4+ - HEKoTOpOE HUKCUPOBAHHOE YHCIIO;

Go(T)=[0,T]xR; Gn:1(T)=[0, T]xR";

Ho(T)={(7t):0<z<t<T};

Qa(T)= Ha(T) XR; Q24n(T)= Hz(T) xR".

CooTtBercTBytomme npoctpanctsa ¢ T =oo(¢ t eR.)3anuceiBaroTcs 6e3 OyKBHIT.

£2- 06nacTh eBKIMIOBA pocTpancTBa R™;
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C(9), CYD) - mpocrpancrBa (YHKUMiA, ONPEHENCHHBIX U HEIPEPHIBHBIX
(COOTBETCTBEHHO BMECTE CO BCEMU CBOMMHU TPOHU3BOTHBIMU 110 Topsiaka K) Ha €2;
Co(£2), Cp, ¥(£2) - mpocTparcTBa GyHKIMIA C ZOMOTHATEIBHBIM YCIOBHEM OIPAHH-
YEHHOCTH (COOTBETCTBEHHO M IS YKa3aHHBIX IPOM3BOIHBIX );
|||l HOpMa B pocTpancTBe C(£2), ecim 06acTs L2 orpannyeHa, u Cy(£2), ecin
00J1acTh {2 He OorpaHUYCHa.

Juddepenimanbabie onepaTopsl:

Omneparopel, mpeoOpasyrone QGyHKIHMH B (YHKIUH, 3alHCHIBAIOTCS
CHauaja B MOJIHOM BHUC: QYHKIUSI KaKMX IMEPEMEHHBIX MOIydaeTcs; (Mocie 3Haka ;):
Ha Kakylo (QyHKOUIO (MM HECKOJIBKO (YHKIMI) M KaKUX MEPEeMECHHBIX JEHCTBYET
orepaTop; CBsS3aHHBIC IMEpEMEHHBIC B 3TOW (YHKIMHU (IO aHAJIOTHH C 3alHChiO
WHTErpajioB), 4yepe3 naBoeroure. B nanpHeiem, eciau 3amuch NOBTOpsAeTcs 0e3
WU3MCHEHUH, OTIepaToOpPhI 3aITUCHIBAIOTCS M B KPAaTKOM BHUJIC.

Omneparop J(t,X,u(s,x):s), t>0, daxTuyecKu 3aBUCSIINN TOJIBKO OT 3HAYECHUI

u(s,x) mpu 0<S<t, Ha3bIBACTCS «BOJBTEPPOBCKOIO THIIA»; €CIU CYIIIECTBYET TaKOEC
T*>0, uyto ypaBHenue Buuma J(t,X,u(s,x):5)=0,umeer pemenue mpu 0 <t<T*, To
TaKO€ PEIICHUE HA3bIBACTCS JIOKATHHBIM.

PaccmarpuBaercst  cleayrommii  KiacC  BOJBTEPPOBCKUX  OMEPATOPOB

UHTETPAIHOTO THIIA:
F1) oneparop F— HenpepbIBHBIN 110 NEPBOW U BTOPO MEPEMEHHOM;
F2) cymectByet Takoe L>0, yro mns modoro T*<T

| F(tX0,(5,8)18,8) — F (L XU, (5,€) 8.8) e oS LU () ~ U, (6 )l -

[Ipumepsr:

F :}sin(x+u(t ENdE; F =jMdS' F :j Texp(—(f2 — X )u(s,&)d&s
g ’ ’ o 1+u’(x,s) ! '

Takum oOpazoMm, Kaxzgas U3 JIOKa3aHHBIX TEOpeM 00 YpaBHEHUSAX C
orepaTopamu, yaoBierBopsitormmmu F1) u F2), maer B kayecTBe CJCICTBHN
pe3yabTaThl O PA3TMYHBIX YPAaBHCHHUSX C JIMHCHHBIMH W CJIa00 HEIWHEHHBIMU
WHTETPATBHBIMH YJICHAMH.

Jlns enuHOOOpasus (GUKCUPYIOTCS 3HaueHUs OykB: U(t,X) — HeW3BecTHas
byukuus; V(7,t,X) — Heu3BecTHast PyHKIUS C OJHOM JOOABICHHON TIEPEMEHHOIA;
10 YMOJYaHHIO mpeamnoaraetcs, uto U(t,x)=v(t,t,x);

O(X), Y(X) —3amaHHbIC HaYaIbHbIC (QYHKIINH;

t
p(z,t,x;v(p,1,X): p) = X— J.V(p,t, X)dp - BcromoraresbpHbIH omepaTop.
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Kpartkoe n3znoxenue cogep:kanusi AuccepTauuu

B niepBoii ri1aBe NpuUBOIUTCS aKCHOMAaTHKa, OCHOBHBIE JIEMMbI U 0030p 13-
BECTHBIX PE3yJIbTATOB IO METO/Y JIOIOJHUTEIBHOTO apryMEHTa, a TaKkKe (opMy-
JUPYIOTCS] BCHOMOTIaTeIbHbIE PE3YJIbTAaThl, HCIIOIb3yEMbIE B padOTE, B TOM YHCIIE:
CJIEJICTBHE U3 MPHUHIIMIA CKUMAIOIIMX 0TOOpakeHnii banaxa.

Jlemma 1.5.1. Eciu onepatop A B 0aHaXOBOM IIPOCTPAHCTBE yIOBIETBOPSIET
ycaoBusMm 1) ||A(0)||<c = const; 2) [[AX-AY|| <@||x~Y]||, € <1 B mape ||X||_<ﬁ,
TO OH UMEET B 3TOM IIApe OJIHY HEMOBUKHYIO TOUKY.

Jlemma 1.5.4. Cymma BelieCTBEHHO3HAYHBIX (DYHKIIHMA, yIOBICTBOPSIOIINX
yCIIOBHIO JlWMmuua, W MPOU3BEICHHE OIPAHWYEHHBIX BEIECTBEHHO3HAYHBIX
GyHKIUI, YIOBIETBOPSIOMMUX yCIoBUIO Jlummmia, Takxke yIOBICTBOPSIOT
yCJIOBHIO JInmmnna.

JlaHHas JieMMa JaeT BO3MOYKHOCTB JIOKA3bIBaTh CYLIECTBOBAHUE JIOKAJIBHBIX
pelIeHUl HETUHEHHBIX BOJIBTEPPOBCKUX HWHTErpajbHbIX ypaBHEHUH 0e3 mpo-
BEJICHUS IPOMO3JIKMX OIIEHOK B Ka)KJIOM KOHKPETHOM Cllydae.

Bo BTOpOI#i r1aBe uccneayoTes KBa3uiInHEeHbIe UHTETpO-AudpepeHIuain-
HbI€ YPaBHEHHUS B YACTHBIX MPOU3BOAHBIX BTOPOTO MOPsIKa

B paznene 2.1 paccMoTpeHO ypaBHEHUE BUAA:

olu(t,x) Kl ou(t,x) | au(t,x) au(t, x) , ,
i —u(t,x)ax[u(t,x) P } v p +F(t;u(s,$):s, %), (2.1.1)

(t,x) e G,(T),

C HA4YaJIbHBIMHU YCJIOBHUAMHU

U(0,%) = p(x) = 9, (x), (2.12)
WEXH _p 0. (213)

ot
Bgenem oneparop

A(t, x;v(s,w, &) s, W, &) = (p(0,t, X;v(s,t, X) 1)) +j(t — P)F(p;v(p, p,£): E)dp.

Teopema 2.1.1. Ecim 1) Bemomastoress ycnous F1) w F2) mos
BOJIETEPPOBCKOTO onepatopa F;

2) sagannsie Gyaximn @, (X) € C,Y (R), ¢, (x) € C (R) 1 yHOBICTBOPSIOT YCIOBHIO
@1 (X) + 9, (X) g5 (X) =0,

To 3amaua (2.1.1)-(2.1.2)-(2.1.3) umeer nokampHoe peruerne U(t,X) € Co(Go(T*)),
KOTOPOE TIOJTyYaeTCs U3 PEICHHs HHTErPAILHOTO YPaBHCHHS

v(z,t,X) = J(z7,t;v(s,w, X) : S, W)),

rae J(z,t;v(s,w,X):s,W)) = A(z, p(z,t, X;v(s,t, X) : 8);v(s,w, X) 1 s,w), (S,t,X) € Q,(T).
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B pasnene 2.2 paccMOTpeHbl HEOIrpaHUYEHHBIE HAYaJIbHbIE YCIOBUS

u(0,x)=x, (2.2.1)
AU(0,X)] Ali=o=—X. (2.2.2)
Jliist yacTHOTO Citydas ypaBHeHus (2.1.1)
ou(t,x) 0 ou(t,x) | au(t,x) ou(t,x)
a0 ax[u(t’ o } x o O 2y

¢ ycnoBusimu (2.2.1)-(2.2.2) METOAOM AOIMOJHUTEIBHOIO apryMEHTa MOJIy4aeTCs

UHTETpaJIbHOC ypaBHCHHUE
ut.x)=pO.txv)+[t-p) f(p)dp,  (t.X)eQy(T). (2.2.5)

OTcrona peleHre NoCTaBICHHON 3aJa4 UMEeT BU:

X 1 ts t
u(t,x)=m—mﬂ(s—v)f(v)dvds+£(t—v)f(v)dv.(2.2.6)

O0603HaYMM JINHEWHBIN OIepaTop
- . 1 ts t
W (t; f (V) :V) :—1—H£I[(s—v)f(v)dvds+_([(t—v) f(V)dv, (2.2.7)
TOTJIa TIOJTy4aeM:
X
u(t,x)=—+W(t; f (v):v).(2.2.
(t,x) Lot (t; f(v):v).(2.2.8)

HTak, vMeeT MeCTO SABJICHUE JIMHEHHOCTH IPOCTPAHCTBA PELICHUN HETUHECH-
HoW 3a7aun (2.2.4)-(2.2.1)-(2.2.2).

Teopema 2.2.1. Eciu 1) 3nauenue oneparopa F(t; % : &) onpeneneHo s

Bcex t € [0,T] (pynukius ﬁ BXOJIMT B 00JIaCTh onpeesieH s onepatopa F);
+

2) BeinoJHAOTCA yeiaoBus 1) u 2) Teopemsr 2.1.1,
To 3amava (2.1.1)-(2.2.1) -(2.2.2) umeer JOKaIbHOE PEIICHHE

u(t,x) € CH(G,(T*)).

[TocTpoeH nmpubIMKEHHBIN METOJ AJI1 YACTHOTO ciiydast ypaBHeHus (2.1.1)

olu(t,x) Kkl ou(t,x) | au(t,x) au(t, x)
o _u(t’x)ax{u(t’x) x} x o (2210)

+ [ K@Ut o),
¢ ycrmosusimu (2.2.1)-(2.2.2).

B pazgene 2.3 paccmarpuBaeTcsi ypaBHEHHE C IPOM3BOJHOM TMOJ] 3HAKOM
WHTETpaja Buja:



o%u(t,x) 0
e u(t, x) ™ [u(t, X)

+IIK(t,s,§)%Sé§)d§ds+g(t), (0B, (31

8u(t,x)} _au(t,x) du(t,x) .
OX OX ot

Jloxa3zaHa

Teopema 2.3.1.1TycTs T T‘K(t, S, f)‘dc_fds <y =const.
0

—00

Tornma 3amaua (2.3.1)-(2.2.1)-(2.2.2) uMeeT ¢AMHCTBEHHOE PEIICHKE B IIPO-
crparctee C?(G,) B Buse

a0 =x- [+ [ - I [K(pis.) 1 déds + g()ldodn +

t . (2.3.2)
+ j t —p)[{ [ K(p,s,@ﬁdg ds + g(p)}dp.

B rnaBe 3 uccneayroTcs mHTErpo-au@depeHuuaibHble YpaBHEHUS TUIIEP-
OO0MMYECKOTO THUMA JOMOJHUTEIBHO METOJOM BBEACHMS TOTIOJHUTEIBHBIX HEU3-
BECTHBIX (PYHKIUH.

B pazgene 3.1 paccMOTpeHO NpPUMEHEHUE METOAA JOIMOJHUTEIBHOIO ap-
TyYMEHTA JIJIsl ypaBHEHUS BUAA:

ou(t, x ou(t, x

00122
(t,x) € G,(T),
C HavaJIbHBIMU ycioBusamH (2.1.2)-(2.1.3).
Teopema 3.1.1. Ilyctes 1) Bemonsstorces ycnoBus F1) um F2) mos

ou(t, x)

+ c(t, x,u(t, x)) + F(t, x;u), (3.1.1)

BOJITEPPOBCKOT0 oneparopa F

2)a(t, x) e C{2(G,(T)), a(t,x) >0, c(t,x,u)eC?(G,(T)xR)u BMecTe cO cCBOMMHU
IPOU3BOIHBIMU YOBICTBOPSIOT YCIOBHIO JIUIIIIIHMIIA [TO IIEPEMEHHOIH U.

Torna 3amaua (3.1.1)-(2.1.2)-(2.1.3) umeer J0KajIbHOE pEIICHUE.

Jliist moKa3aTeNbCTBa BBOIATCS clieAyroniue obo3nauenus (1I=1,2): byHKIuM:

g, (t,x,w) = 1 [c(t, x,w) + (—1)i (at (t,x)+ (—1)‘+1a(t, x)a, (t, x)],
a(t, x) (3.1.2)
r(txow) = (-1 B EXW g g

ow

Pi(S,t,X) —COOTBETCTBEHHO PELICHHUS WHTETPATBHBIX YPaBHCHHIA

(5.t =x+ (' [ a(z, py(n,t,0)dr, (5,30 €QuT); (3.1.4)
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OTepaTOPEI
fi(t, W (s, &) :s,8) = (-1)" DI(-1)""a(t, )1g; (t, X, W (t, X)).

Jlemma 3.1.1. 3anaqa (3.1.1)-(2.1.2)-(2.1.3) sxBHBaJIcCHTHA CHCTEME

u(t, x) = ¢, (p,(0,t, X)) +j.91(s, p,(s,t, X))ds; (3.1.5)
G (t, X) = %l//i(pi (0,t,x))+ (—1)”1%9i(t, X, u(t, x))u(t, x) +

F D2 [ 9,65, P 0,US, (5,8 X5, (5, X)) -
~2 L5 RS XU, P (5. XS, Py (8, 0)ds-
0

—%jﬁ(s' P, u(s, p,(s,t,x)u(s, p(s,t,x))& (s, p;(s,t, x))ds +
. (3.1.6)
+[F(s, pi(s,t,x);u(s, pi(s,t, x))ds, =12,

e [29(t%) +(-D'g, G xuutx)] =v,(x) =12 (3.L.7)
3 (t,x) = D[(-D)'a(t, x)]u.

AHajornyHbie IMOCTPOCHUA  HCHOJB3YIOTCA MW JII  O0Ka3aTCJIbCTBA

MOCJIEYIOIINX PE3YIbTaTOB.
B paznene 3.2 paccMOTpeHO ypaBHEHHE C MMPOU3BOJHOM MO0 BPEMEHHOM

MIEPEMEHHOU
2 2
0 U(tz, X) P (t, X) 0 U(tz, X) +b(t, x, u(t, X))M +F(t,x;u), (3.2.1)
ot OX ot

(t,x) G, (T),
¢ HadabHBIMU yenoBusimu (2.1.2)-(2.1.3).
Teopema 3.2.1. ITycts 1) BeinmonustoTes yciaoust Teopems 3.1.1;

2) b(t,x,w) eC, P(G,(T)xR) 1 BMecTe CO CBOMMHU IPOU3BOIHBIMH YIOBICTBOPSET
ycIoBHIO JIMMIIHIIA 1O TepeMeHHON W.

Torna 3amaya (3.2.1)-(2.1.2)-(2.1.3) umeer JIoKaIbHOE pPEIICHHE.

B 3.3 uccaegosano 6osee o01ero BuIa onepaTopHo-auddepeHIanbsHoe
ypaBHEHHE THITIEPOOTMYECKOTO THITA
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P9 a0 P4 b ) M ot xue ) P80 e, @3
(1) € G, (T).

Teopema 3.3.1. I1yCTp BBINIOJIHAIOTCS BCE YCIO0BUS TeOpeMsl 3.2.1.
Torma 3amava (3.3.1)-(2.1.2)-(2.1.3) umeer JTI0KaIbHOE PEIICHHUE.
Kak cneactBue U3 npeanokeHHOW METOIUKH, [T PEIICHUs] ypaBHEHUS KOJIe-
olu(tx) 52 o°u(t, x)
2 aXZ

OaHWH CTPYHBI: ¢ HavaIbHBIMU ycaoBusmu (2.1.2)-(2.1.3)

BbIBe/IeHa dopmyna [lamambepa:
X+at

u(t,x) = ((oo(a Xt) + g, (x + at) +2i [ou(0)dz.

x—at

B derBeproM TyIaB€ 1OKAa3aHO, YTO IIOJYyYECHHBIE B TPEThEU TIJIaBe
JIOCTATOYHBIE YCIIOBHS CYIIECTBOBAHMS PEIICHUN HAYAIBHOW 3a1a4y U1l HHTETPO-
U pepeHInanbHbIX YPaBHEHUI ¢ YACTHBIMH IPOU3BOJHBIMU BTOPOTO MOPSIKA C
ko3 uimeHTaMu  OpU  YACTHBIX IMPOM3BOJHBIX MEPBOrO  MOpSAKAa IO
IIPOCTPAHCTBEHHOW M BPEMEHHOM IIEPEMEHHBIM, 3aBUCAIIMX OT HEU3BECTHOU
(GyHKIIMM, MOTYT OBbITh OOOOIIEHBI Ha CiIy4yaill HECKOJbKHUX MPOCTPAHCTBEHHBIX
IIEPEMEHHBIX.

B pa3zgene 4.1 paccmaTpuBaeTcsi ypaBHEHUE BUAA:

o’u(t, X, X, . %) _ 0 OU(t, X,y X, yeeey X )
o u(t, x,, "’X”)gaxi [U(t, 11 Xg e n)Z x }

Ou(t, e
ot

(%, %, 0 X, ) €G,, (T).

C Ha4YaJIbHbIMH YCIIOBUAMU

au(tl 19 21 " n)

X)z FFEUGE,E ol ) 60l ), (A1)

O Ut X, Xy X )
atk

|t:0: (Dk (Xl’ X2""’ Xn)1 k = 011, (Xl’ X2i"'! Xn) € Rn- (412)

Teopema 4.1.1. Ecnu 1) onepatop F— HemnpepbIBHBIN 110 IEPBOH TIepe-
MEHHOI; 2) OH SABJISETCS BOJIBTEPPOBBIM H YAOBICTBOPSET yciIoBHUIO Jlummmia:

cymectByer Takoe L>0, uro mmst moboro T <T

IF Ut G S i8n) 1611 Gannei6n) = F(EU (611 60 60) 1610 G600 g

S Ljlug(t, X, Xy, X, ) = Uy (X, Xy 0e000X,)

Gn+1 (T*) !

3) @ (%, X0 %) €GP (R™), @1(%, X,1-%,) €C, (R")
11



U 4) yI0BIETBOPSIOT YCIOBUIO

0, (X, X, yuues
0,05 X %,) = 0, (6 Ko XD (”O(Xa’; %) _o (4.1.3)

Torna 3amava (4.1.1)-(4.1.2) umeeT T0KaIbHOE PELICHHUE.
B pasznene 4.2 paccmaTpuBaeTcs ypaBHEHHE BUA:

a u(t’ 11 2’ Xn) 2 a u(t Xl’XZ’ "1 )
= t' 1 21"
ot o X).,Z_l xox,
+C(t1X11X21 anu)28U(t Xl X2’ n) +F(t1Xl’X2""’Xn;u)7(4'2'1)

at, X, X,,.. X )>0, (t,x,X ..,Xn)eGn+1(T),

BBOIIHTCH 0003HaYCHUS

S (t, X, X, e, X ) =D [(=D)' a(t, X, X, ooy X )JU(E, X, X, e, X ),
1
gi(t,xl,xz,...,xn,u)—a(t' XXX )[c(t,xl,xz,...,xn,u)+
+(=1)'D,[(-D"alt, x,, X, . X)]a(t, X X)) 1=12,

fi(t’xl’xz""’xmu)=(—1)'+1D[(—1)'+1a(t,><1,xz,...,xn)]gi(t,Xl,xz,...,xn,u), i=12,
r(t’ TRYT Xn,U)Z( 1)”189 (t’ 1 Xy e Xn,U)’

ou
JlokaszaHa cinenyronas

=12,

Teopema 4.2.1. Ilycts 1) Beimonusitorcs ycinoBus Teopemsr 4.1.1;

2)  C(t, X, Xy ey X;,U) € C(Z) (G,.(T)xR) wu BMecTe cO CBOMMH IPOU3BOJHBIMU
YAOBJIETBOPSIOT YCI0BHUIO Jlumimuiia mo u.
Tornma 3amava (4.2.1)-(4.1.2) umeeT JIoKaJabHOE PEIICHHUE.
B paznene 4.3 paccMOTpeHO ypaBHEHUE

d2u(t, x,, 22, X) _ o (XX X )Za Ut X, X0 X,)
8t i,j=1 5X|5X (431)
+b(t,x1,xz,...,xn,u(t,xl,xz,...,xn))au(t’x“(;t(z’ X) F(t, X, Xy ey X5 U),

(t, X0y Xg pees X, ) €Gp (T).

Teopema 4.3.1. [1ycth 1) BBINONHSIOTCS BCe ycloBUs Teopembl 4.2.1,
2) b(tX1, Xp..., XnU)€Co@(Gner(T)XR) M BMecTe €O CBOMMH IPOHM3BOIHBIMH
yIIOBJIETBOPSIOT YCIIOBUIO Jlummmia.
Tornma 3amaya (4.3.1)-(4.1.2) uMeeT JIoKaabHOE PEIICHHUE.
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B 4.4 paccmorpeno ypaBHeHue, oOwbeaumHstomee (4.2.1) u (4.3.1):

OU(t, X, Xpyea X ) 5 D B%U(L, X, Xy X))
L2 NS —at(t X, Xy e X, il L LARAL K | EANE
atz ( 11 2 )”221 aXian
ou(t, X, X, ,..., X
+ B, X, Xy ey X UK X ey X)) ( 1&2 ”)+ (4.4.1)

" oU(t, X, X, ey X
+C(t’Xl’X2""’anu(X1vX21---,Xn))za ( ’ l’aXQ’ ! n)
i=1 .

+ F(t, X, X, .00, X5 U),
(t, X, X,y X ) €G,,(T).
Jloka3aHna
Teopema 4.4.1. [TycTb BRINOIHAIOTCS BCE YCI0BUS TeopeMbl 4.3.1.
Torma 3amava (4.4.1)-(4.1.2) umeeT JIOKaJIbHOE PEIICHUE.

BbBIBO/IbI

B nmmccepranmm METOIOM JONOJHHUTEIBHOTO apryMEHTAa HadalbHBIE 3aayu
JUISl HEJTMHEHHBIX BOJIBTEPOBCKHUX OINEPATOPHO-AUPPEPEHIIUANBHBIX U UHTEIPO—
nuddepeHINaIbHbIX YPAaBHEHUN B YaCTHBIX IMPOM3BOIHBIX BTOPOrO MOpsiKa Ha
OCHOBE METOJA JOIOJHUTEIBHOIO apryMEHTa CBOIATCIK CUCTEMAM OIepaTOpPHO-
UHTETPaIbHbIX YPaBHEHUM.

IlomydeHbl [OCTATOYHBIE YCIOBUA CYIIECTBOBAHMS U E€JUHCTBEHHOCTH
JIOKAJIbHBIX PEIICHUN HAaYaJbHBIX 3a7ad JJIs Pa3JINYHBIX TUIIOB YPAaBHEHHUI, KaK B
IPOCTPAHCTBAX  OrPaHUWYEHHBIX  (YHKIMK, Tak W B  MPOCTPAHCTBAX
HEOTPAaHWYEHHBIX (PYHKIIMI;C YaCTHOM NPOU3BOAHOM IOJ] 3HAKOM HWHTErpana;
Korja Ko3((UIMEHTHI MPU YaCTHBIX MPOU3BOAHBIX MEPBOTO MOPSAKA 3aBUCAT OT
HEU3BECTHOU (PYHKITUH.

IlonyuyeHnsle pe3yJIbTaThl 00001IeHbI TUIsL ciyvas MHOI'MX
IIPOCTPAHCTBEHHBIX NIEPEMEHHBIX.
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PE3IOME
Mama3uaeBa DnpMupa AMaHOBHA

«IKUHYU TaPTUIITETH KEKEUE TYYHAYIYY, ChI3BIKTYY SMEC UHTErPO-
mud depeHnranapK TeHASMEeIepAn KOIyMya apryMeHT KHHUPYY YCYIIy MCHEH
YBITAPBUIBIIITAPEIH M3WII06» -nereH Temaaars: 01.01.02 — nuddepernmanabix
TeHJIeMeJIep, JMHAMUKAJIBIK cCHUCcTeMaap JKaHa ONTUMAaNIBIK Oallkapyy AereH
aauCTUK O0r0HYa (PH3MKAa-MaTEMaTUKAJIBIK WIUMISPANH KaH/IUIaThI
OKYMYIITYYJIYK JIapaKachIH ajyy YUYH JUCCEPTALMS CYHYIITAIraH

YpyHTTYYy cCO316p: Kekede TyyHaylyy auddepeHuuanabik TeHIeME,
CBI3BIKTYY OMEC TEHJeMe, HHTerpo-nu@depeHIuaniblK TeHIeMe, HSKUHYU
TapTUNTETH TEHAEME, KOLTyMYa apryMeHT Kuiupyy ycyny, Komuuun macenecu,
GYHKIMOHAIABIK MEWKHHANKTETH OmepaTtop, OaljgaHTaH e3repMe, KbICYydy
YarbUITYyIap IbIH MPUHIIHON.

Komrymua apryMeHT KMWHMPYY YCYJAYHYH HETHU3HWHJE, DKWHYU TAPTUIITETH
CBI3BIKTYY dMEC JKeKeue TyyHIylyy Bombreppaiibik omneparop-anddepeHIraiIbK
KaHa UHTErpo-AuddepeHuanIblK TeHAeMeNep Y4YYH OalTankbl Macelesep
OTepaTOpP-UHTErPATIBIK TEeHJEMETIep cucTeMasapbiHa KENTUPUIIET.
UbIrapbUIbIIITAPABIH KAIIOOCYH JAJUJII06 aBTOP CYHYII KbUITaH (QYHKIIMOHAJIBIK
MEHKUHIUKTE OaillaHraH e3repMesiepy OOJTOH ONepaTopJIOpIy Tarkpaak >KOJIIO0
’Ka3yy MEHEH JKaHa KbICYydy YarbUITYYJIApJblH IPUHINON MEHEH, OIMIOHION dJIe,
KoITymM4a Oenrrucu3 GyHKIUSIapabl KHHAPYY apKbUTYY JKYPTY3YJIerT.

Ap Typayy, amapaelH @ WYWHAEC UCKTEITeH (YHKIMSUTApABIH SKaHa
yekTeaoereH (QYyHKIUSUIApABIH  MEHUKUHIUKTEPUHIE; WHTErpall OCeNTUCUHUH
WYUHJIE )KeKeUe TYYHIyCY OOJITOH; OMPUHYM TAPTUIITETH KEKeUe TYYHIyJIapbIHBIH
annpiHAarel  KoadduiuuenTrepu Oenrucu3 (QyHKIUATAH K3 KapaHabl OOJToH
TEeHJEMeJep YYyH OallTanmkbl MaceseIEPUHUH YbITapbUIBIIITAPBIHBIH KAIIOOCY
MEHEH aJThI3IbITBIHBIH KETUIIEPIIUK MAPTTAPhl AJIBIHTaH.

AJIBIHTaH  HaThIKAJIAp KON  MEUKMHAUKTUK  ©3repMe  ydypyHa
YKaJTbIJIAaHTaH.
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PE3IOME
Mama3uaeBa DnpMupa AMaHOBHA

HMuccepranus «MccnenoBanue penieHnid HEMMHEWHBIX NHTETPO—
g epeHInaIbHbIX YPaBHEHUHM B YACTHBIX MPOU3BOIHBIX BTOPOTO
NOpsJIKa METOJIOM JIOMIOJIHUTEIBHOTO apryMEHTay MpEeACTaBIeHa
HAa COMCKAHUE YYEHOH CTeNeHH KaHauaaTa GU3nKo—MaTeMaTHYeCKUX HayK
no cnenuanbHoctu 01.01.02 - muddepennnanbabie ypaBHEHUS,
JTUHAMUYECKHUE CUCTEMBI U ONITUMAJILHOE YIIPaBIICHUE

KaoueBbie ciaoBa: auddepeHmanpbHOe  ypaBHEHHE B YaCTHBIX
IIPOM3BOIHBIX, HETMHEITHOE ypaBHEHUE, HHTETpo—IuddepeHIInaIbHOe YpaBHEHHE,
ypaBHEHUE BTOPOTO MOPAJIKA, METOJT TIONOJHUTEIBLHOTO apryMeHTa, 3aaada Komu,
orepaTop B (YHKIHMOHAJIBLHOM IPOCTPAHCTBE, CBsI3aHHAs NEPEMEHHAas, MPUHLHUII
COKMUMAIOIIUX OTOOpayKEHUI

HavanpHble 3amauuM [ HEIUMHEMHBIX BOJIBTEPPOBCKUX ONEPATOPHO-
mudepeHInanbHbIX U UHTErpo—au@depeHIManbHbIX yYpaBHEHUNH B YaCTHBIX
IIPOU3BOIHBIX BTOPOTO MOPSIIKA HA OCHOBE METOJA JIOMOJIHUTEILHOTO apryMEeHTa
CBOJATCS K CHCTEMaM OIEpaTOPHO-UHTErpajibHbIX ypaBHEHUH. Jloka3aTenbcTBa
CYILLECTBOBAHMSI PEUICHUI MPOBOASTCS B MPEIJIOKEHHOM aBTOPOM 00Jiee CTPOrom
crioco0e 3anmucu onepaTopoB B (DyHKIIMOHATBHBIX MPOCTPAHCTBAX CO CBSI3aHHBIMU
NEPEMEHHBIMHM, C MCIIONb30BAHUEM MPHUHINIA COKUMAIOIIUX OTOOpaKeHUH, a
TaK)K€ BBEJICHUS JTOMOJIHUTEIbHBIXHEM3BECTHBIX (YHKIUI.

[TosydeHsl JOCTATOYHBIE YCIOBHSI CYLIECTBOBAHHWS W E€IUHCTBEHHOCTH
JIOKaNbHBIX PEIICHUN HAaYalbHBIX 3a7a4 JUIsl pa3IMYHbIX TUIIOB YPAaBHEHMI, KaK B
IPOCTPAHCTBAX  OrPaHUYECHHBIX  (QYHKUMA, TaKk M B  IPOCTPAHCTBAX
HEOTPAaHWYEHHBIX (DYHKIMI; ¢ 4YaCTHON MPOMU3BOAHOW IOJ] 3HAKOM HHTErpana;
Korja Ko3((UIMEHTHI MPU YaCTHBIX MPOU3BOAHBIX MEPBOTO MOPSAKA 3aBUCAT OT
HEU3BECTHOU (PYHKITUH.

[Toy4yeHHbIE pe3ynbTaThl 00001IeHbI IS ciry4ast MHOTHUX
IIPOCTPAHCTBEHHBIX IEPEMEHHBIX.
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Initial value problems for nonlinear partial operator-differential and integro-
differential equations on the base of the method of additional argument are reduced
to systems of operator-integral equations. Proving of existence of solutions is
performed in more strict way to write operators in functional spaces with bound
variables proposed by the author;by means of applying the contracting mappings
principle and by introducing additional unknown functions.

There are obtained sufficient conditions for existence and uniqueness of
local solutions of initial value problems for equations of various types both in
spaces of bounded functions and in ones of unbounded functions, with a partial
derivative under the integral sign; when coefficients by partial derivatives of the
first order depend on unknown function.

The results obtained are generated to the case of many spatial variables.
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