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OBILASI XAPAKTEPUCTHUKA PABOTbDI

AKTYVaJILHOCTb __TeMbl. JIMHeWHble ¥  HEJIMHEHHbIE  HHTErpo-
muddepeHunanbHble  ypaBHEHHs, B KOTOpbIX AW pepeHUHpoBaHHE H
MHTErPUPOBAHHE BEAYTCS MO OJHUM M TEM K€ apryMeHTaM, UMEIOT LIHPOKOe
NpUMEHEHHEe B pasiMuHbIX 0bnacTaXx ecrectBosHanus. K HHUM oTHOCATCS:
SKOHOMETPHKA, ¢buznueckas KHHETHKA, Teopus pacrpesneneHus
HAllMOHANIBHOTO  JOXO4a, JWHAMHueckas TEOpHs  IJIa3Mbl,  TEOpHUs
HEJOKaJIbHOTO B3aMMOZIEHCTBHS BOJIH, TeopHs Oudypkalnu 1 ap.

Oka3bIBaeTCs, YTO KaK KJacCH4yeckue MEeTO/bl JIMHEHHOW TeOpHH
MHTErpaNnbHbIX ypaBHeHUH Bunepa-Xonda, Tak 1 HOBbIE METO/Ibl HEIMHEHHBIX
MHTErpaIbHBIX ypaBHEHHH THNa YpbicoHa W ['aMMepiuTeliHa MOTYT CIyXHTb
MOLIHBIM OpYAMEM JUIl H3YYEHHS YKa3aHHBIX KJIAcCOB JIMHEHHBIX W
HeNMUHEHHBIX  MHTerpo-muddepeHUNanbHbIX  ypaBHeHHH.  Jlng  Takux
YpaBHEHHMiT BOMpPOCHI CyLIECTBOBAHMS pellenHs (Hanuuue peans3allii Takoh
JKOHOMHKH WJIH CYILIECTBOBaHHE TaKoro (hM3M4YeCKOro COCTOSHHS W T.A.), &
TaKKe BOMPOC EAWHCTBEHHOCTH PelleHUs (€IMHCTBEHHOCTH pean3allii TakoH
SKOHOMHKH WJIM €JUHCTBEHHOCTH CYIUECTBOBAHHS TaKOro (PU3HUYECKOro
COCTOSIHUS MIPU TEX WJIH MHBIX YCJIOBHUSAX) ABJISAIOTCS BECbMA aKTyalbHbIMH.

Ileab_pa6oThl. OCHOBHOM LENbIO JaHHON JMCCEPTAUHOHHONH paboThI
SBJSIOTCS JIOKA3aTeNbCTBO TEOPEM CYLIECTBOBaHHMS M E€AHHCTBEHHOCTH
pElleHHi HEKOTOPbIX KJIAcCOB JIMHEHHBIX M  HEJIHMHEHHBIX HHTETpo-
nubdepeHIManbHbIX yPaBHEHHIT B  COOTBETCTBYIOWMX (PYHKLUHOHAJIBHBIX
MPOCTPAHCTBAX, OMHUCAHHE KOHCTPYKTHBHBIX CMOCOOOB MOCTPOCHHS PEIUCHHUIH,
a TaKXKe U3yuyeHHe UX ACHMIITOTHYECKOrO NoBe/IeH sl B OECKOHEYHOCTH.

MeToabl ucciaeaoBanus. Mcnonb3oBanich METOAbl TEOPUH JIMHEHHBIX
MHTErpaNnbHbIX ypaBHeHHH Bunepa-Xonga, (akTopH3alHOHHBIE METO/bI
MHTErpajibHbIX U MHTErpo-Au(epeHinabibIX ONepaTopoB, HOBbIE METO/bI
PELIEHHs] HEJNMHENHbIX WHTErpajibHbIX YPaBHEHWH THMAa YpbICOHA, TEOPHH
GYHKLUHI BeLIECTBEHHON NEPEMEHHOM M TEOPHH MATpPHIL.

Hayunas noBu3Ha. [Ipearaiorcst 1 pa3BUBaIOTCS pa3IiyHbIe MOAXO/bI
¥ METOZBI Ul Pa3pellIMMOCTH HEKOTOPbIX KJIACCOB JIMHEHHBIX M HEJHMHEHHbIX
uHTerpo-auddepeHunanbHbIX ypaBHeHHH. Bce pesynbTaThl, MOJy4YEHHbIE B
JAMCCEpTallH,  HOBbl, ODOCHOBaHbI W COMPOBOXACHbI  CTPOrHMH
MaTeMaTHYECKUMU J10Ka3aTe/IbCTBAMHU.

IpaKTHyeckasi 3HAYUMOCTB. [ToydyeHHbIE B IMCCEPTALMOHHOI paboTe
pe3yNbTaThl HOCST TEOPETHYECKMil XapakTep, HO B TOXE BpEMs, MPHUBEIACHDI
HECKONbKO MpPUMEPOB MPHKJIAZAHOTO 3HaueHHus. [lojsyuyeHHble pe3y/ibTaTbl
MOTYT ObITh HEMOCPEACTBEHHO MPUMEHUMbI:

a) Juis pacyeTa J0X0/a B OJHOMPOJYKTOBO# IKOHOMHKE,
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0) st pacyeTa HanpsHKEHHOCTH JIEKTPUYECKOro NnoJis B nosybeckoHeyHomH
O/IHOPOAHO# cpene,
B) [ pacueTa MJIOTHOCTH (PYHKLMHU pacnpe/esneHust B HEOAHOPOAHOM cpefe.

OcHoOBHbIE _NOJIOKEHHsI, BbIHOCHMbIe Ha 3amuty. Ha ocHoBe
NpPOBEAEHHBbIX HMCCIEAOBAHHH ABTOPOM BBIHOCATCS Ha 3aUUTY ClEAYIOLHE
MOJIOXKEHHU A

1. PaccmoTpenHblit  knacc  JMHEHHBIX  MHTerpo-aupdepeHunanbHbIX
ypaBHeHMﬁ C YaCTHbIMH NPpOXU3BO/IHbIMH oﬁnaaaeT CEMEHCTBOM
OJTHOMapaMeTpU4ecKux pelleHuid. OnucaHa CTpyKTypa pelleHHi.

2. Jloka3aHbl TEOPEMbI CyLLIECTBOBAHHSI HEOTPHLIATENbHBIX U OTPaHUYEHHBIX
pelieHni pacCMOTPEHHOr0 HEJIMHEHHOro MHTEerpo-audhepeHIaabHOro
YPaBHEHHS Ha MOJYOCH C HEKOMMAKTHbIM OMEpaTopoM THNa Y pbICOHA.
[TocTpoenbl npuMepbl, NpeAcTaBAsIOLIMe NPUKIAAHONH XapaKTep.

3. Jloka3aHbl TEOpeMbl CYLIECTBOBAHUS M E€AMHCTBEHHOCTH pELUEHHS IS
paccMaTpuBaeMoOro Kjacca JIMHEHHbIX HHTerpo-auddepeHnanbHbIX
YPaBHEHUH MEpBOro Mopsiika C TMOYTH pa3HOCTHBIM SOPOM B
COOTBETCTBYIOLMX (yHKLUMOHANBHBIX NIPOCTPaHCTBAaX. Hns
OJIHOPOZIHOrO  ypaBHEHHWs  JOKa3aHa  TeopeMa  CYyLIeCTBOBaHHS
HETPUBHAJILHOTO M aGCOJIOTHO HEMNPEepbIBHOIO pPeLIeHHsI.

4.Jloka3aHbl TeEOpeMbl CYLIECTBOBAHUs peLIEHUs 1y OeCKOHEUHBIX
HEeJIMHEHHBbIX  anredpanyeckux CHCTEM C TMOYTH  TEMIMLEBBIMH
MaTpuLaMHK UNKM ¢ MaTpuuaMu Tuna Tennuua-I'aHkenst B npocTpaHCTBE
OrpaHWYEHHbIX MocneaoBarenbHocTeil. Halinen npenen peuieHus B
6eckoHeuHocTH. [Ipy HEKOTOPBIX JOMOJIHUTENLHBIX YCIOBUSX pELIEHHE
CUCTEMbI MOHOTOHHO HeyObIBatoLLEe.

Anpofanus  moJy4YeHHBIX  pe3yiabTaToB. OCHOBHbIE  pe3yJbTaThl
JAUCCEPTALIUH JAOKIaAbIBaJIMCh Ha Hay4YHbIX CEMHHapax B oTaesie
MareMaTH4ecKkoi (M3MkM MHCTUTYTa MateMaTuku HauuonanbHol akameMuu
Hayk Pecnybnuku ApMeHHMs, Ha ceMHHapax JAenapraMeHTa MaTeMaTHKH
ApPMSIHCKOrO ~ rOCyJapCTBEHHONO  HMH)XXEHEPHOr0  YHMBEpPCHTETa,  Ha
MEXIYHapOAHOW KOH(EepeHUHH MHCTHTYTa MaremMaThku uMeHH CTekioBa
Poccuiickoit akagemuu Hayk, Ha (akynbTeTe NPHKIAAHOM MaTEMAaTHKU H
uHpopmatukn PAY, a Takke Ha kadeape MaT. aHanu3a ApPMSAHCKOrO
roCy1apCTBEHHOIrO NeAarorMyeckoro yHupepcuteta uMenu X. A6oBsiHa.

Iy6ankanun. OCHOBHbIE pe3yJbTaThl AHCCEpTaLMU ONy6nuKOBaHbl B 4-X
CTaThsX, MepeyeHb KOTOPbIX MPUBOAMUTCS B KOHLE aBTOpedepaTa.

CrpykTypa H o0bem aucceprauuu. [lucceprauus wusnoxesa Ha 92
CTpaHMLaX, COCTOUT M3 BBEJEHMs, Tpex raas, coaepxaiux 10 naparpados,
3aK/JIOYEHUs M CIMCKAa LMTHPOBAHHOM JMTEpaTyphl, BKJloYalouwero 67
HaMMEHOBaHHH.

4

COJEPXXAHHUE PABOTDI.

Bo BBeNeHHH M3JI0KEHbl KpaTkuii 0030p sMTepaTypbl MO TeMe
JMCcCepTallik, OOIMe HanpaBi€HHs HMCCIENOBaHHS W KpaTKoe COIAEpKaHHE
JUCCEepTaLHH.

B nepBoii riaBe quccepTallHi pacCMaTPUBAIOTCS CIEAYIOIIKE JIHHEHHBIE
Y HeJlMHeWHbIe HHTErpo-ni(depeHIHaNbHbIE YPAaBHEHHS:

1. JIuHeiiHOe ypaBHeHHE BHA:

of (t,x) . of (¢,x)
ot Ox

+q f(t.x)= [K(x-x)f(t,x)ax,
0
(1)

rae f(z,x) - uckoMasi yHkuus, x € (0;+ o), t € (O; T], T <+w,g=const20,a
sapo K(x) yoOBJIETBOPSET YCIOBHIO:
0<K(x)eL,(-0;+x). 2)
2. HenuHeliHOe ypaBHeHHE BH/A:

%-’-qy(x)::j’]((x’t’y(t))dt; x>0 (3)
C YCJIOBHEM!
3(0) =y, 20. i

31ech g - TOJOXUTENbHOE YUCIIO, a K(x,t,7) - 3ajaHHas HEOTpHULaTEJIbHas
(yHKUHs, oOIpenesieHHas Ha MHOXECTBE R'XR"xR u ynoBieTBOpsIOLIAs
YCJIOBHSAM HHJKETIPHBEIeHHbIX Teopem 1.2.1 — 1.2.3.

3agayy (3), (4) yCIOBHO Ha30BeM 0OOHOpOOHOU, ecid y, =0, H
HeoOHOpOoOHOU, ecli y, >0.
B §1.1 n1oka3aH cneayoLHii pe3yabTar s ypaBHenus (1)

Teopema 1.1.1 IlycTp

0<K el (-w;0), te(0;T], T<+w, p=|K|,, ¢20.

Torna ypasHenue (1) o6nagaer ceMeiicTBOM OHONApaMETPHYECKHX PELICHHH
BUJA:

filnn=e*| [o DS, (OdE+Ce™ |, a=g+A+l,  (5)
0

pHYeM
a)ecnd A>pu—q,T10 S,(x)€ L (0; +x),

6) ectn A=p—q,v(K)= [tK(t)dt<-1, [|t|K(@)dt <+, TO

=y -

S;(x)e L, (0; +),
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B)ecan A= —q, 10 S,(x)e L (0; + ) C acCMMNTOTHKOM

X
ISAI)(It =o(x?) npu x — +o.
0
O6o3nHauum W (0; +)- NpOCTPAHCTBO CoboneBa, cocrosiuiee U3
dynkumii f, Takux, uro f* e L, (0; + ), k=0;1;2...n.
B §1.2 nokaszambl cieaytolije pesyabTaThl 10s 3anauu (3), (4).
Teopema 1.2.1 [TycTb BbINOJAHEHHDI CIEYIOLIME YCIOBUS:

1. CyLLECTBYET YMCIIO 77 2 y, TAKOE, YTO IK(x,t,r])dt Sqn.. x>0,
0

2. K(x,1,0)20, (x,f)e R* xR* w K(x,1,7)>0, (x,t,7) € R* x R* x (0, 7],
3. pyukuus K(x,t,7) npu GUKCHpPOBaHHOM 7 € [0;77] U3mMepuma no
(x,t) € R* x R u ans noutu Beex (x,f) € R* x R HenpepblBHA MO 7 Ha
otpeske [0;77],
4. npu no6om ¢ukcupoBaHHOM (x,t) GyHKuUUs K(x,t,7) MOHOTOHHO He
y6biBaeT no r Ha orpeske [0;77].
Torpa neoaHopoauas 3ajaua (3), (4) B mpoctpanctee CoGonesa W, (R")
MMEET HEOTPULIATENILHOE M OFPAHHYEHHOE PELIEHHE CAEAYIOWEH CTPYKTYPbI:

() = yoe ™ + [ 10BN, ©6)
0

rae ¥ e L,(0,+x), 0<¥(x)<gn.
Teopema 1.2.2 [IycTb HMEIOT MECTO CIIEAYIOLHE YCIOBHS:

1. cyuecTByer yucio 7 > 0, Takoe 4To _[K(x,t,r;)dt Siqnsiei0;
0
2. dyukuus K(x,t,7) ynoBieTBOpseT ycinosusam 2), 3), 4) teopemsi 1.2.1,

ana n>0,
3. cyuiectByer HeorpuuarenbHas  (ynkuuma K,, onpeaeneHHas Ha
(—o0; + ), TaKkas 4To

aj[KO(x)dx =gy VK )i= ci)[,\cl(o()c)abc <-1,

—o -

npUuyeM

K(x,t,1)2 Ko(x-01, Y(xt,7)eR*xR*x[0,7].
Torpa onHopoanas 3amaua (3), (4) B WL(0,+) HMeeT HETPHUBHAJIBHOE,
HEOTpULATEIbHOE 1 OrPaHMUYEHHOE peLIeHHE B1/ia

y(x) = [e Vgt (7)
0
rae 0<pe L, (0; +), mnpuueMm lim y(x)=7.
X— +o©

Crnenyrouias Teopema sBJISIETCSl YCUIIEHHEM TeopeMbl 1.2.2.

Teopema 1.2.3 Ilycte cnpaBennuBbl yciaoBus 1), 2) Teopemsl 1.2.2 u
CYLIECTBYEeT H3MepuMas (GyHKIHS u(x)T,0< u(x) <1, 1-peL/(0;+x)
takasg, uro K(x,t,7)2K,(x-t)u(x)r, rae K, onpenensercs Takke Kak B

teopeMe 1.2.2. Torna oguopozaHast 3afaya (3), (4) HMEET HEHYJIEBOE pelleHHe
BHJA:
X

y(x) = [ 1 p(t)dt € Wy (0; + o),

0
rae 0<pe L (0; +), npruem lim y(x)=7.
X— +©

Cnenyiolmuii  kjacc  ypaBHEHWH  SIBJISETCS YacTHbIM TPUMEpPOM s
HEONHOPOAHOM 3ajauH (3), (4).

A4) y+qy = [K(x,0G,(y(0))d.
0
3nech K(x,t)-u3Mepumasi HeoTpuuareabHas QyHKLUHs
JK(x,t)dt <gnpuV x>0,
0

a Gy(x)>0, x€(0,7]; Gy e Cl0,7]; Gy (1) =17 G, T(0,7].
HH)KCHPHBC}ICHHBIG NMPpUMEDPDLI SABJIAIOTCS YaCTHbIMH cllydyasiMu JUTS
OfIHOpoAHOM 3anauu (3), (4).

4,) y+qy = [Ko(x-0G(y(0))dt,
0
rie G(x)2x, xe[0,7]; G(7)=n, GeC[0,5), G Tua [0;7];

4y) y'+qy = R(x) [Ko(x = G(y(0)dt
0

rae lsR(x)ST—l———;
[Ko()at

-0

A) y+qy = [Ko(x=0G((0)dt + [K\(x+0G, (y(0)de;
0

0

rae Gy(x)20;xe [0;7]]; Gm=1; @, T[O;/;];
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