BLEJULh MESULUL SUUUWIUUN UL

UUMUr3UdL Sha UL SPUR3UBHh

drehuliuliLu UhLESPUUSh NMNTG N2 GFCUSHL LAPLLEND
QLNAUL LOFSELPNAFE-8UL SUCSEN

W.01.02 - «YHhdtiptibghw) hwjwuwpmudtp, Uwptduyphuiud $hghljux»

duubwughypnipyudp Shghjuiwptduphjuljut ghypnipynibbbph phlowdnih
ghypujul wugphtwbh huygdwb wptbwhinunipub

ugLuouapr

BLBIUU 2016

EPEBAHCKII T'OCYJAPCTBEHHBII YHUBEPCUTET
CAPJAPAH TUT'PAH 'PAYAEBUY

BOITPOCHI I'NTOBAJIbHON PA3PEINUMOCTH 115

HEKOTOPBLIX HEJIMHENHBIX 3AJJAY OU3NYECKON
KNHETUKN

ABTOPE®PEPAT

JINCCEPTAIIN HA COMCKAHWME Y9IEHON CTEIEeHN KAHIIIATA
dusuKO-MaTEMATHIECKNX HAYK IO CIIEIMAJIBHOCTH
01.01.02 - "Iuddepennuasibabie ypaBHeHnss 1 Maremaruyeckast Gpusnka"

Epesan 2016
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Uptbwinumpub ptdwd hwupugyb B NN GUU Uwptdugphuygh hbugphgqnuph
ghypwuwb funphpnh h.239 thuypnud (10.06.2013 p):

Qhypulub nhunfup - dhq.-dwp. ghy. nnljypnp
o, W lowgunppyub

Muwyypniwlub phnnhdwpuinutp - $hq.-Jwp. ghyp. nnypnp, wypndtiunp
. J. duphtny

- $hq.-dwp. ghy. phliwdnt, nngbiy,
Q.. U. Swinpjub

Wnwounpup Juquultpympemd - fu. Upnjubh wijub Swyjuiud Npuui
Uwijujupduljud Sudwjuupub

Mupypuubnipymip  Juyuiwnt £ 2016p wuhth 5 -hdt dwdp 15:00-ht, Gplwbh
Mbypulut Swdwjuwpuih 050 dwubwghypuwywb punphpnh Ghugpmd:
Swugh p.Gplwb, 3750025, th. Witp Unbniljjub 1:

Wiptbwpnumpyuip Jupbh £ dwinpwiw; & M N gpunupubniy:

Utindwghpl wowpywd L 2016p. dwpyph 4-hb:

050 dwutwmghypujut junphpnp

ghypuub pupyninup,
$hq.-duip. ghp. nnippnp, wypndtunp’ S. L. Nwpnipymbyub

Tema muccepranmum yTBep2KIeHA HA 3aceIaHUU yIeHOro coera VHCTHTyTa Marte-

marukun HAH Apmenun (Ne 239, 10.06.2013).

Hayunsrit pykoBoiuTe b - JOKTOp (pU3.-MAT. HAYK
X.A. Xauarpsta

OdurualibHble ONIOHEHTHI - JOKTOP (bus.-MaT. HayK, Ipodeccop
B. B. 2Kapunos

- KapauaarT pus.-MaT. HayK, JOIEeHT
T'. C. Akonan

Benyrmas opranuzarust -ApmsHcknuii [ocynapCcTBeHHBINA 11€1ar0rnYecKuii
yHUBepcuTeT uMeHn X. AGoBsHA

3ammTa IuccepTalui cocTouTcss H-oro ampesist 2016r. B 15:00 gacosB Ha 3ace-
JaHuu crernuaau3uposannoro cosera 050 nmpu EpeBanckoM rocyrapcTBEHHOM YHE-
Bepcurere.

Agpec: 1. Epesan, 3750025, yi. Aneka Manyksua 1.

C mucceprarueil MOyKHO O3HAKOMHUTLCsI B Oubsimoreke Epl'Y.

Asropedepar pasociian 4-oro mapra 2016r.

Vdensiii cekperapb
CIENUAJN3UPOBAHHOTO COBETA,
JIOKTOP (bu3.-Mar. HayK, Ipodeccop T. H. Apyrionsia
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OO6mrast xapakKTepucTuKa padoThl

AxTtyambHocTh TeMmbl. Kak n3BeCTHO, B €CTECTBO3HAHUU CYIIECTBYIOT MHO-
TOYMCJIEHHBIE SIBJIEHUs, KOTOPBIE OIUCHLIBAIOTCS HEJMHEWHBIMA WHTETrPAJIbHBIMA
i uHTerpo-auddepeHnuaabHbIMA ypaBHEeHUsIMU. TaK, HAIIpUMeEpP, B OCHOBE (bu-
3UYeCKONl KUHETUKU JIEYKUT HeJIMHEeHOe MHTEerpo-1uddepeHInalbHoe ypaBHeHIe
Bosbmana, koTopoe epBoHAYAIBHO B OCHOBHOM OBLIIO IIPUMEHEHO K 3aa9aM KH-
HETUYIECKOUW TEOPUU Ta30B, a B JAJBHEUIIEM CTAJIO TPEIMETOM UCCJIEJIOBAHUS Pa3-
JIMIHBIX 337129 MaTeMaTUIeCKOH (DPU3UKU: TEOPUU [TEPEHOCA UBTYI€HUS, TEOPUH TIe-
PeHoca HEHTPOHOB U raMMa - KBAHTOB, KHUHETUYECKOII TEeOpUH I'a30B, pP-aIndeCcKOil
MaTeMaTudeckoit dusukn u 1.1. (em. [4],[7],[11],[25]).

Cy1iecTByOT OIpejie/IeHHbIE TPYIHOCTH IPU KCCIEIOBAHUU ITHX 3a7ad. Bo
- IIEPBBIX, UHTErPAJIbHBbIE OIEPATOPBI, KOTOPBIE IIOPOXKIAIOT COOTBETCTBYIOIIUE
YPABHEHUSI, HEJUHEHHBI M HEKOMIIAKTHBI B €CTECTBEHHBIX OAHAXOBBIX IIPOCTPAH-
crBax. Bo - BTOpBIX, 3TH omepaTopbl 00/1a1a10T cBOcTBOM "Kpurtmanoctu", T.e.
TOXKJIECTBEHHO HyJeBast (DYHKIUS YJ/IOBJETBOPSIET PACCMATPUBAEMBIM yPABHEHU-
sM, U BO3HHMKAeT HeOOXOIAMMOCTb B HOCTPOEHUU IOJIOXKUTEJIbHBIX ((DU3MIecKux)
pellieHnil B Ompee/IeHHbIX (DYHKITMOHAJIBHBIX IPOCTpaHcTBaxX. Jlpyrum Hemaso-
BAasKHBIM 3aTPY/HEHUEM SIBJISIETCS] HEOTPAHUIEHHOCTH 00JIACTH WHTErPUPOBAHUS B
COOTBETCTBYIOIIUX YPABHCHUAX.

Brrmeykazannbie akThl [1€J1aI0T HEBO3MOXKHBIM IIPUMEHEHHE PA3JINIHBIX
KJIACCUYECKUX TPUHITUIOB JJIsI MTOCTPOEHUS TOJIOXKUTETbHBIX HETOIBUYKHBIX TO-
uek (mpunnunsl [Tlaynepa, Bpayzaepa, Bpayepa, Teopema KpacHocenbckoro u T.1)
JJIst TaKUX ypaBHenuii. [losroMy B CBS3M ¢ Ba2KHBIME IPUMEHEHUSIMA ITUX YPaBHE-
HUIl B PA3JUIHBIX 00/IACTAX (DU3MKH YAaCTO PACCMATPUBAIOTCS COOTBETCTBYIOIINE
JIMHeHble (MHOI A JIMHeapu30BaHHbIe) ypaBHeHus (cM. [6],[11]).

Ilos MuHEAPU30BAHHBIM MOPA3YMEBACTCS YPABHEHHE, KOTOPOE TOJIYIaeTCs B
pe3yJbraTe JUHeapu3allni COOTBETCTBYIONIETO IEPBOHAYAIBHOIO ypaBHeHus. Ja-
CTO OKa3bIBAETCsl, YTO JIMHEHble (UM JIMHEeAPU30BAHHbIE) YPABHEHUS MOLYT 00-
JIAJIATH KAUECTBEHHO JPYTUMU PEIICHUSIMU 110 CPABHEHUIO C PEIICHUSIMU UCXOTHBIX
HeJIMHEHHBIX ypaBHeHuil. I[loceinee o3HavuaeT, UTO JTUHEHHbIE YpaBHEHUS UHOTIA,
HE MOTYT aJeKBATHO OIMUCHIBATD 331241y ¢ (DU3MIECKON TOUYKM 3PEHHs, YTO B CBOIO
odYepeib eIe pa3 MoATBEPKIAET HeOOXOAMMOCTh PEIeHns IEPBOHAYAILHON HeJTH-
HetHO! 3a1a4u.

OrmeruM, 9TO B GOJIBIUHCTBE CJIYYIAEB BIIEyKA3aHHBIE 38891 OMICHIBAIOTCS
HEJIMHEHHBIMU YPABHEHUSIMA C HEKOMITAKTHBIMU OriepaTopamMu ['aMMepireiina nim
Tammepinreitaa - Bosbreppa (em. [2],[4],[14]).

CucreMaTHIeCKOMY UCCJIEIOBAHUIO HHTETPAJILHBIX YPABHEHUN C HEJIMHEHHBIMU
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oneparopamu [aMMepIiTeiiHa MOCBAIIEHB MHOTOUYHUCICHHBIE PADOThI, KAK aBTOPOB
3apy6exKHbIX crpaH, Tak u crpan CHI' (em. [9],[10],[12],]19],[20],[23],[24]). Ocoben-
HO cjegyer orMeruTh paborsl M.A. KpacHOCEJIbCKOro U yYEHUKOB €ro HayJIHON
mkoster: I1.IT. Babpeiiko, B.4. Crenenko, H.A. Bo6buies u r.7. (eMm [3],[9],[10],[12]).
B sTnx paborax IOIytueHbl JOBOJIHHO TOHKNE HEOOXOMUMBIE U JOCTATOUYHDIE YCJIO-
BUsI, 00€CIIEYNBAIONIIE KOMIAKTHOCTD (MJIM TIOJHYI HEIPEPHIBHOCTH) UHTErPAJIb-
HbIX oneparopoB [ammeprireitna, lamvepiireitna - Hembirkoro. C moMorsio sTux
YCJIOBHi, U Pa3JIMYHBLIX OrpaHUYeHUsX Ha HesuHeiinocTh (yciosue [enzepa -
Jlummuia Mo BTOpoMy apryMeHTy, MOHOTOHHOCTB, ycjoBue Kapareoqopu, ycio-
BHU€ BBIITYKJIOCTHU UJIX BOI'HYTOCTHU 110 BTOPOMY aprMeHTy), JIOKa3aHbl T€OPEMbI CYy-
niecTBOBaHUs (M €UHCTBEHHOCTU) B OIIPEIEJIEHHBIX (DYHKIMOHAJIBHBIX [IPOCTPAH-
CTBax.

Paspaborke npub/IMKeHHBIX pPEIleHnii YKa3aHHbIX KJIaCCOB ypPaBHEHMUI, TIOCBsI-
IIEHBI TAKKe HEMAJIO HHTEPECHBIX PAabOT, B KOTOPBIX B OCHOBHOM COOTBETCTBYIOIEE
UHTErpaJibHOe ypaBHeHue (IIPUOJIMKEHHO) CBOAUTCS K HeJMHEHHOH cucreme ajres-
pamYecKux ypaBHEHUI, U JJIsI TIOJIy YeHHBIX CUCTEM IIPUMeHsIeTCst MeTos ['alepkuHa
- Ilerposa.

Citestyer OTMETUTH, YTO AHAJOTUIHBIE BOIIPOCKHI 0OCY K IAINCH Ha 3aI1aJie B pa-
6orax . Bpayznepa, /xx. Banaca, II. ITaguana, I'. Bpeiizuca, P. IIpekyna, (cM.
[19].[20]. 23], 24])-

OjtHaKko BO Beex 3TuX paboTax IMPU UCCIIETOBAHIE COOTBETCTBYIONIUX HEJTHHEN-
HBIX YPABHEHUil CYIIECTBEHHYIO POJIb UI'Pajia KOMIAKTHOCTD (MJIM HOJIHAS Helpe-
PBIBHOCTH) PACCMATPUBAEMBIX OTOOPAXKEHUil B €CTECTBEHHBIX OAHAXOBBIX IIPO-
cTpaHCTBax. B HEKOTOPBIX ClIydasix M OrPaHUYEHHOCTH COOTBETCTBYIOIIUX 0bJIa-
cTell MHTErPUPOBAHUST TAKYKE UI'PAJIa HEMAJIOBAYKHYIO POJIb.

B nocsieinee Bpemst CyIiecTByeT MHOXKECTBO 33J1a9 COBPEMEHHON MaTeMATHUKH,
GUBNKY, MEXaHUKH W OHOJIOTMH, KOTOPBIE CBOJIATCS K HEJIUHEHHBIM WHTErDAJIb-
HbIM YpPpaBHEHUAM THUIIa CBEPTKHU C HEKOMIIAKTHBIM OII€epaTOPOM Falv[MepIHTeﬁHa..
Takue ypaBHEHHSI BO3HUKAIOT B KUHETUYIECKOW TEOPUH I'a30B, B TEOPUH IEPEHO-
ca U3JIyYeHUs B CIIEKTPAJIbHBIX JIMHUAX, B TEOPUU HEJIMHEHHBIX CEPBOMEXAHI3MOB
(cotessux cucTeM),B SKOHOMETPUKE, B TEOPUH JIEKTPUIECKHUX ceTell (CUIHAIBHOMN
TPAHCMUCCHU I€Pe3 OOIIYIO 3JEKTPUIECKYTO CETh) U T.1I..

W3yuenne neanHefiHbIX ypaBHEHUN ¢ HEKOMIIAKTHBIMU OIIEPATOPAME HAYAJIOCH
B OCHOBHOM C paboT apMsHCKUX MaTeMarukoB: H.B. Enrubapsina u ero yueHukos
JI.T. Apabayksna, A.X. Xauarpsiaa, X.A. Xagarpsua (em. [2],[4],[6]-[8], [13],[14]).

B nmanbmeitem cucremMaTuvueckue WMCCIEIOBAHUSA HEJIUHEHHBIX YpPaBHEHHUIN C
HEKOMITAKTHBIMI Olleparopamu lammeprnTeiiHa u Y pPbICOHA OBLIN IIPOBEJEHBI B
paborax X.A. Xauarpsina (cm. [13]-[18],[21]).
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Hanpumep, B paborax [14],[15] paccMOTpeHbI ciieyIonue KIacchl HeJIMHeRHbIX

HMHTEerpaJIbHbIX ypaBHeHHﬁ:
0)= [ Kolw )(G(®) - w(t. SO)it, 220 0
0

B IIPEAIOJIOXKeHuU, 9T0 a1po Ko(x,t) yIaoBIeTBOpseT yCIOBUIM

Ko(z,t) > K(z —t), sup/Koxt

>0
—+oo +oo
K(r) >0, 7€eR, /K(T)del, v(K) = /xK(x)d:EﬁO,

a dynkun G U w - YCJIOBHAM:
0 <w(t,u) | mo w ma mHOXKecTBe [d,400),

wt,u) < w(t+u), Y(t,u) € RT x [§,+00),
e w® 00aIaeT CJIIYIONUMU CBONCTBAMUI

w® € L1(RY) N Co(RY), R = [0, +00),
0<wuw) | mo uw Ha [J,+00),0 >0,

a G - "enpepbiBHas QYHKIUs Ha HEKOTOpOM oTpeske [0, n], npuuem
G(u) >u, uwe(0,n], GT ma [0,7], G(n) =n.

B pa6ore [14] B cayuae, xorma G(u) = u, JOKA3aHO CYIIECTBOBAHUE OJIHOA~
PAMETPHIECKOrO CEMEeHCTBA NOJIOKUTENbHBIX pemennii, npudem upu v(K) < 0
YCTAHOBJIEHO, 9TO 9TH PEIeHHsT OTPaHUYeHbl, a B cay4ae v(K) = 0 - nocTpoeHHbIe
PEIIeHNsT UMEIOT JIMHEHHBI POCT B GECKOHETHOCTH.

C ucnonb3oBanueM 5tux pe3yabraroB X.A. XauaTpsHOM He TOJBKO J0Ka3aHa
HOJIOZKATEBHAS PA3PEITIMOCTD Gostee 00Imero naTerpanspbHoro ypasnerns (1), Ho
LPHUBE/EHBI TAKKe JJOCTATOUHbIE YCIOBHsL, 00ECIEINBAIOIINE CYIIECTBOBAHUE LOJIO-
JKUTETbHBIX W OMPAHUYEHHBIX PEIIEHUI [ MHTErpaJbHbIX yPABHEHUH YPBICOHA

(em. [15]):

/Uxtgp ))dt, x >0. (3)
0
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IMomy4eHnble pe3ysIbTATHI PACHPOCTPAHEHBI KAK Ha COOTBETCTBYIOIIHE CHCTEMBbI
HEJIMHEHHBIX MHTErPAJIbHBIX YPABHEHUH, TAK M HA MHTETrPO - AuddepeHnnaabHbIe
yPABHEHHUsI ¢ HEKOMIIAKTHBIM oreparopom Lammepmireiina (cm. [18],[21]).
Hacrosimasi amccepranusi HOCBsIIEHa JATbHEAIIEMY H3yYeHUI0 U DEeHHIo
HEJIMHEHHBIX NHTErPATbHBIX YPABHEHUN ¢ HEKOMITAKTHBIMH orieparopaMu [ammep-
mrreitna u Lammepinreiina - BosbTeppa Npy CymecTBEHHO JPYTUX OrPAHUYEHHSX
Ha HesnHeiHOCTh. C IPUMEHEHHEM U PA3BUTHEM HEKOTOPBIX (DaKTOPU3AIMOHHBIX
METOJIOB [ COOTBETCTBYIONIMX JIMHEHHBIX OIIEPATOPOB, & TAKIKE METOJIOB MOCTPO-
€HMsl NHBAPUAHTHBIX KOHYCHBIX OTPE3KOB JIJIsT HEJMHEHBIX OEPATOPOB, IOKA3AHbI
INPpUHIUIINAJIBHO HOBBIE€ T€OpEMbI CYIIeCTBOBaHUA (B HEKOTOPBIX CJIydadX TaKzKe
€/IMHCTBEHHOCTH) MOJIOZKUTENBHBIX ((DU3MIECKNX) PeNIeHuil J/isi HOBBIX KJIACCOB
HEJIMHEHHBIX HHTETPAJIBHBIX U HHTErpo-1uddepeHIuaTbHbIX YPABHEHNIT ¢ HEKOM-

ITaKTHBIMUA OIlepaTopaMu FaMMemeefIHa u FaMMepLHTefIHa - BOJIbTeppa.

Ileas paGorbi. OCHOBHOII I€/IbI0 HACTOSIIIENH JUCCEPTAIMOHHON pabOThI siB-

JIAETCHA:

® 1ccie/I0BaHKe BOIIPOCOB CYIIEeCTBOBAHUA U €JIMHCTBEHHOCTH IT0JIO?KATEIbHBIX
perernit B mpocrpancrBax CobosieBa Jjisi HEKOTOPBIX KJIACCOB HEJTMHEITHBIX

uHTerpo-auddepeHImaibHbIX ypaBHEHN! ¢ orieparopoM [ammepinreiina,

® IIOCTpPOEHHUE MOJOXKUTENLHBIX PellleHui B IPOCTPAHCTBE CYMMHUPYEMBIX U CY-
MIECTBEHHO orpanudeHnbix Ha RT = [0, +00) dyHKImil 17151 HEKOTOPBIX KJ1ac-
COB HEJIMHEHHBIX MHTETPAIbHBIX ypasHenuit Tuma Famvepmreitna n Tammep-

mreitHa - BosbTeppa,

® U3ydeHrne aCUMITOTUICCKUX CBOWCTB peIHeHl/IfI Ha OECKOHEYHOCTH JJIdd HEKO-

TOPBIX HeJIMHENHBIX nHTEerpaJIbHbIX ypaBHeHI/Iﬁ THUIIa BOJIbTeppa.

MeTtonp! ucciienoBanusi. B nuccepranun nucmob30BaHbI METOIBI TEOPUU 10~
JIO?KUTEJIbHBIX PEIIeHn J1j1s HeJIMHEHHBIX OIIepATOPHBIX YPABHEHUN, METO/bI T€O-
PUU ITIOCTPOEHNST NHBAPUAHTHBIX KOHYCHBIX OTPE3KOB JIJIs1 COOTBETCTBYIOIINX HEJIU-
HENHBIX OIIepATOPOB, Ipee/IbHbIE TeOPeMbl TeOPHH (DYHKIINK BEIECTBEHHON IIe-
peMeHHO, (PaKTOPU3AIMOHHBIE METOBI JJIsi COOTBETCTBYIOIIUX JTUHEHHBIX HHTE-
rPaJIbHBIX OIIEPATOPOB, METO/I TIOC/IEeI0BATE/IbHBIX IPUOJINKEHNI, METO/IbI TEOPUN

KOHCEPBATUBHBIX MHTEI'PAJIbHBIX yPaBHEHUN TUIIa CBEPTKU.

Haquaﬂ HOBU3HAa. Bee pe3y/IbTaThl, IIOJIYIE€HHbIC B JUCCEPTAIIUU, SABJISAIOTCA

HOBBIMU, 000CHOBAHHBIMUI CTPOI'uIMHU MaTeMaTUIECCKUMU JJOKa3aTeJIbCTBaMU.

HpaKTI/I‘{eCKaH 3HAYMMOCTbD. Pe3y.HBTaTI)I, IIOJIY9E€HHbIC B JUCCEPTAIlUOH-

HOIl paboTe, UMEIT TeopeTudYecKuil u npakTudeckuii uarepec. OHU MOI'YyT OBITH
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UCIIOJIb30BaHbI B 3a/[a9aX KAHETUYIECKON TE€OPpHH Ira30B, B TEOPUU II€PEHOCA HU3JIYy-
YeHUusd B CIIEKTPAJIBHBIX JIMHUAX W B TEOPpHUHN paclpeJesieHud JT0XOJa B OJHOIIPO-

JYKTOBOII 9KOHOMUKE.

OcHoBHBIE IIOJIO2KE€HUd, BbIHOCHUMbIE€ Ha 3alllUuTy. Ha ocuose IIpoBE/ICH-

HBbIX I/ICC.HG,HOBaHI/Iﬁ ABTOPOM BBIHOCATCHA Ha 3alllUTy CJIE/YIOIIUE ITOJIOKEHMNA:

e Jloka3aHO CyIIecTBOBAHNE HEOTPHUIATEILHOIO (HEHYJIEBOIO) PEIIeHUsT B HEKO-
TopoM BecoBoM mpoctpancTBe CobosieBa st OHOIO KJIACCA HEJTMHEITHBIX
UHTErpo - audPepeHIuaIbHbIX YPABHEHUN C HEKOMIIAKTHBIM OIIEPATOPOM
Tammeprreitna. JIs ypaBHEeHUsI CO CTENEHHON HEIUHEHHOCTBHIO TOJIYYEHA

TaK>Ke TeopeMa €IMHCTBEHHOCTH B OIIPE/IeJIEHHOM Kiiacce pyHKITHIA.

e JIj1s1 JOCTATOYHO IMIIPOKOTO KJIacCa HEJIMHEMHBIX WHTErPAJIbHBIX YPaBHEHMIT
T'amMmepriTeiina ¢ pa3HOCTHBIMU SJIPAMU TOJIYYEHBI JIOCTATOYHBIE YCJIOBUS,
obecrieunBaloNIe CYIIECTBOBAHIE ITOJIOXKUTEIbHBIX DENIEHUl B IIPOCTPAH-

crBe cymmupyembix Ha RT = [0, +-00) dbynkiuii.

e Jlns omHOM HeMHEIHON KpaeBoil 3a1a9i KHHETUIECKOW TEOPUHU Ta30B JIOKa-
3aHbBI TEOPEMBI CYIIIECTBOBAHUSI U €IMHCTBEHHOCTH B TpocTpancTBe CobosieBa

WL (RT).

e [losy4uenbr mocTaTodHBIE YCJIOBUS [JIsi MOJIO2KUTEIBHON DPA3PEIMMOCTH B
L1(RT) HEKOTOPBIX KJIACCOB HEJUHEHHBIX MHTErpaJbHLIX ypaBHeHuit Lam-
Mepireiina - Bonpreppa. B cirydae co creneHHO HETMHEHHOCTHIO JJOKA3aHa

TaK>Ke €IMHCTBEHHOCTD PEIIeHnsI B OIPEIEJICHHOM KJjacce OyHKITH.

e Jljist OMHOIO KJIacca WHTErpajbHBIX ypaBHeHmit ['ammeprreiina - Bosmbreppa
CO 3HAKOIIePEMEHHOI HeJIMHEITHOCTBIO IIOCTPOEHO OJIHOIIApaMETPUIECKOe Ce-

MeHCTBO MOJIOZKUTEIBLHBIX U CYIeCTBEHHO OrpaHUYeHHbIX Ha RY perrennii.

o Jljisi perennst OHOrO KJIacca HEJIUHEHHBIX MHTErPAIbHBIX ypaBHeHuit Bob-
Teppa € IePEeMEHHBIM BEPXHUM IIPEJIeIOM IIOJy4YeHa MHTerpaJibHas acUMII-
TOTUKa B OeCKOHEYHOCTHU. [IpuBe/IeHbI YacTHBIE TPUMEPHI PACCMATPUBAEMBIX

YPaBHEHU, UMEIOIUX CaAMOCTOATE/IbHBIA NHTEPEC.

Arnpobaiiusi mosiydeHHBbIX pe3yabTaToB. OCHOBHBIE DPE3YJIbTATHI JUCCEP-
Taluu JIOKJIaJ(bIBAJINCh Ha CEMUHApaX OTIEe]a METOJOB MaTeMaTH4eCcKoul (husu-
ku Macruryra Maremarukun HAH Apmenun, Ha cemunape kadenps! auddepen-
nuaabHbIX ypaBHeHuii Epesanckoro locymapcrBerHOro YHuBepcurera, Ha CEMU-
Hapax Kadeapbl Bpicineil MaTeMaTHKN U TEOPETUYECKON MeXaHUKH ApPMSHCKO-

ro HammonasisHOro ArpapHoro YHUBEpCUTETa, HA MEXKyHAPOIHON KOH(pEPEeHINN
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"V poccuiicko-apMsTHCKOE COBEIAHUE IO MATEMATUIECKON (PU3UKE, KOMILIEKCHOMY
aHaJn3y 1 cMexKHbIM BorrpocaM " 1. Epesan, 2014r. , Ha koudepeHun A pMIHCKO-

0 MaTeMaTUIeCKOTO coio3a, nmocssinerHoit 100-1etuto npodeccopa I'. Bamansana.

Ily6aukarnuu. Marepuasibl UCCEPTAITNN ONMYOJIUKOBAHBI B 5 MEIATHBIX Pabo-
TaX PerneH3upyeMbIX KypHAJOB, BXoadAmux B nepedenb BAK u B omHom Tesuce

MEXKTYHAPOIHON KOH(EPEHIUH.

CrpykTypa m obbeMm auccepraiuu. luccepraiiusi COCTOUT U3 BBEIEHUS,
Tpex TJIaB, cojepxKanux 14 maparpadoB, 3aKII0UEHAST U CIIUCKA ITUTUPYEMOI JIH-
TepaTyphbl, BKiodaoonero 127 sanmenoBanuii. O0Imuii 06beM JTUCCePTAITUT COCTAB-

aser 104 crpanui.
Coaepkanne padboThbl

Bo BBegeHunu 060cHOBaHa aKTyaJIbHOCTD JUCCEPTAIIMOHHON pabOThI, apryMeH-
THUPOBAHA Hay4YHAs HOBU3HA UCCJIEIOBAHUI, NOKa3aHa MPAKTHIECKAs 3HAYUMOCTD
[TOJIYYEHHBIX PE3YJIbTATOB U M3JIOKEHO KPATKOE COJEPyKAHUE JTUCCEPTAITUH.

IlepBas ryiaBa auccepranuu MOCBAIIEHA CIEIYIOMENR HAYAJIBHON 3a/1a9€e JJIst
HEeJINHEIHOrO MHTErpo-auddepeHnnaIbHOr0 YPaBHEHUsT ¢ HEKOMIIAKTHBIM OIlepar-

TOPOM FaMMemeeﬁHa:

&+ o, flx) =
f(0) =0, (5)

K(x —t)\(t, f(t)dt, € Rt =]0,400), (4)

otHocuTenbHO dbyHKIwu f(z), onpeenentoi Ha RY u npunuMatommeit BemecTBeH-
Hble 3HadeHns. B ypasaennu (4) dynkrmmn {\;(x,u)}j—0,1, ONUCHIBAIOIIIE HEJH-
HeifHOCTDb, olpejesienbl Ha MHOxKecTBe RT X R | IpuHEMAIOT BellecTBeHHbIE 3Ha-

YEHUS U YIOBJIETBOPSIOT YCJIOBHIO KPUTHIHOCTH:
Aj(z,0) =0, Vo € RT, j=0,1. (6)

Anpo K(x) nomyckaer cieyroree mpejcTaBIeHue:

b

K(z)= /e_‘””'SG(s)ds7 x € R = (—00,+00), (7)
e
G € Cla,b), G(s)>0, s€la,b), 0<a<b<4oo ()
8
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npuyaem

b
MEQ/%S)dS<+OO. 9)

ITpennonaraercs, 9T0 CYIECTBYET YUCIO o > (), TAKOE UTO
M(z,u) = au—Xo(z,u) >0, (r,u) € RT x R, (10)

Bagaua (4)-(5) uMeer HENOCPEACTBEHHOE IIPUMEHEHUE B SKOHOMETPUKE, 8 UMEHHO
B TEOPUM DACIPEIEJIEHUs JIOX0Ja B OJHOIPOLYKTOBOH sKoHOMuKe (cMm. [18],[21]).
Uckomas dyukius f(x) urpaer posb IUIOTHOCTH paclpeiesenus, upudeM f(z)dz
- YHCJI0 3KOHOMHUYECKHX OPTaHU3AIMi, JTOXOJ, KOTOPBIX HAXOIUTCS B HHTEPBAJE
(z, z+dx). Dyuxius g XapakTepusyeT pocT KAIUTAJIA U CpeHne cOepeskeHus, B
TOM 4ucJie GAHKPOTCTBO U UCYE3HOBAHUE ITPEIIPUATHUIA.

B ypasuenuu (4) sapo K(z) - Tak Ha3biBaeMas (DYHKIMs [ePEPACIIPE/ICJICHUS,
O0YCJIOBJIEHHAST PA3HBIMU SKOHOMUYECKAMHA TPUIAHAMU: KAITUTAIbHBIE TpaHcdep-
THI, BOBHUKHOBEHHME HOBBLIX IPEINPUATHI, 00beJUHEHne HEeCKOJbLKUX IPeIIpHs-
THil, NCIE3HOBAHUE CTAPLIX NPEJNPUATUI W MEPEX0]l UMYIIECTBa B Ka4eCTBE Ha-

CJIEACTBa K APYIUM SKOHOMHUYIECCKHUM OPpraHu3aludaM, IIO2KEPTBOBAHUA U T. 1. ‘{cha
+oo

w= / K(z)dx u o mpeacTaBisgioT B HHTErPAJIbHOM CMBICHE “pacxoibl’ U “moxo-
— 00

ab” coorercrenno. Oynkima A (x, 1) onmmuchBaeT GAHKPOTCTBO W MCUE30BAHME

[IPEITPUSITHIA, HAJIOTH U T.JI..

Ypasuenue (4) uccuenosasocsk B pabore [21] B qacTHOM ciydae, KOIjia
)‘ﬁ(xau) E07 /\1($,U) EGO(u)a

e 0< Go(u) <wu, we€[0,n], Go € C[0,n], Go(u)?T mo u na [0,n] qrs HEKOTO-
poro >0, a f(0)=yo, 0 < yo <. A B pabore [18] ypasrerue (4) ucciaen0BagIOCh

B CJ/Iy4dae, Kor'/la

No(r,u) > 0, Mo(,m) <1 / K(u)du, 0< A(z,u) < Gi(u), € (0,1),

x
x>0, 0<u<n,

rre 0 < Gi(u) T mownal0,n], Gi(n)=n (1 - nepBbIil TOJOKUTEIBHBI KOPEHb
ypasaeruss Gp(u)=u), G1(0)=0 u G; yzmosiersopsier ycjoputo Jlummuna Ha
orpeske [0,7)], a f(0)=yo, 0 < yy < 0.

9
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OTmeTnM Tak:Ke, 9TO B BBINIENIPUBEICHHBIX paboTax ypaBHenue (4) mccseno-
BAJIOCh TOJILKO B CJIydae, KOTJIa
a > . (11)

C 9KOHOMUYECKOH TOYKHU 3PEHUST ITO YCJIOBUE O3HAYAET, UTO JOXOJIbI TPEBBIIIAIOT
pacxozpl. OueBuIHO, 9TO ciaydail @ < (i COOTBETCTBYET SKOHOMUIECKON CUTYAIIAN,
KOTOpasi MOXKET IIPUBECTH K “OaHKPOTCTBY .

Hacrosimast T1aBa mocBsiliieHa U3y 9eHuto u permennto 3aaaun (4)-(5) npu Bech-

Ma HHBIX IPEIOIOKeHNIX OTHOCHTENbHO byHKmit {\;(x, u)} B CJIy4ae, Ko-

j=0,1
raa

a < p. (12)

B §1.1 npuBenersl 0603HAUYEHUS] ¥ BCIIOMOTATEIbHbIE (DAKTHI.

Cuagasia paccMmaTpuBaercs (OYHKIMS BUAIA

b

B G(s)
re) = [ [CEBIET

a
na unrepsasie Z = (0, min(a, a)) 1 BBOAUTCS CJIYIOIIEe MHOXKECTBO:

Q:{EEI: X(€)>%} cT. (13)

3areMm JIOKA3bIBAETCSI, YTO CYNIECTBYET YUCIO0 £ € 7, € = sup () Takoe, 4To

X () > %

b
6
’y_/s(s—i—a)d

a

e

Yucito € Oyzier urpaTh BaXKHYIO POJIb B HAIMUX JAJBHEHINX TPEIITOIOKEHIIX.

Ornocurensno dynkmnit {A;(z,u)},_ , npeanosaraem:

a) A (z,u) 1 1o u na [pz(z), +oc0) mpu kaxkaoM dbuxcuposannom z € RY, rie

—ET —Qax

e —e
)= ¢ R+ 14
pelr) = " wemr, (149)
b)
l= /essup M(z,u)dzr < + oo (15)
u>0
10
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c) \; € Car,(RT xRY), . e. bynxmun {\; (x,u)}jzo | VZIOBJIETBOPAIOT yCJIOBHIO
Kapareosiopu 110 BTopoMy aprymenTy (mpu Kazk oM gpukcnposanaom u € R
dynkimu {A; (x,u)}j:O | U3MEpHMBI 110 Z Ha MHOxkecTBe RY n mourn mpu

Beex ¥ € RY onu nenpeprsiBHbI 10 © Ha RT).
d) cymecrsyer cymmupyemas na RT dbynknua Bz(x) Takast, aTo
2 +
Be(x) = ;pg(ﬂf)a z€RT, (16)

2

M (2, p=(z)) > ;pg(x), M(z,u) € — 4 B=(x), u>pz(z), x€RY, (17)

8l

e) npu Kax oM puxcuposanuoM r € RY dyuxuus A (x, u) 1 1o u na [pz(x), +00).

B §1.2 nokasbiBaercs ciieyromnas

Teopema 1.1. ITycmo adpo K (x) donyckaem npedemasaenue (7), a dynryuu
{Aj(@,u)}_y 1 ydosaemsoparom ycaosusm (10) u a) —e). Toeda sadaua (4)-(5),
KpOME MPUBUANLHORO Pewerus, 06Aadaem makce MmoncIecnGento HEHYACEHLM
HEOMPUUAMEALHOLM DEWEHUEM 6 caedytowem ecosom npocmpancmee Cobonesa:

few!, R ={p(x): @Y (2) hx) € Li(RY), j=0, 1;

b
o Gl
h(x):/e s}

a

2de uepes U9 (z) obosnavena j — mas npouseodnas dynxuuu o(x).
B § 1.3 mpusenens: npumepsr dbyukimit {;(z, u)}j=0,1, A1 KOTOPHIX BBIIOJ-
HEHBI BCe ycJIoBus TeopeMsbl 1.1.

st tacTHOTO CoTyvas
_ _ 2 5 (1-9 1
Xo(z,u) = au, M(z,u) = ;u p: (z), 6¢€ (O, 3 (18)

CIIpaBEJINBA, CIIEYIOMAs

Teopema 1.2. ITycmov 6 ypasrernuu (4) dynruyuu Ao u A1 donyckarom npeod-
cmaesaernus (18), a adpo K obaadaem ceoticmsamu (7)-(9). Toeda, ecau § €
(0, g—:f), a m1(fz) < 400, mo cywecmsyem eduncmeennoe pewenue 3adavy (4)-

(5) 6 caedyrowem Kaacce Pynruyui:

df (z)
dx

m?:{f(x): +af(z) >e ", xeRT, f(0)=0, fEWolo(R"’)}.

11
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B §1.4 nmpuBeeno KpaTkoe Onucanmne aJropuTMa IUCJIEHHOTO PEIeHUs 33190

(4)-(5).
Bo BTOpOI1 ry1aBe nccien0BaH KJ1acC HEJIMHENHBIX NHTEIPAJIBHBIX YPaBHEHUH

Ha, TOJIOKUTETHHON TOJYIIPSAMOi ¢ HEKOMIIAKTHBIM OlepaTopoM [amMMeprTeiina:
)= /K(:z: — )Y (t,0(t)dt, x€ RT =[0,+00). (19)

OTHOCHUTEJBbHO UCKOMOIT I/ISMepI/IIWOIU/I (byHKL[I/II/I gO(J}) 1 BOIIPOCHI CyIIeCTBOBaHU 110~

JIO?KUTEJIbHBIX PEIIeHUll I cilelyIolieil KpaeBoil 3a/1a4uu:

is% +¢5(,5) = GU(x)) ©>0, 5>0, (20)

(er(O, Q O p)dp (21)
0/ )

o (x,8) = (e%), T — +00, (22)

OTHOCHTEJILHO MCKOMBIX byHKImit ¢ (z,5) B mpoctpancree WL (R1), e

Ua) = = / e (9 (2,0) + 9™ (2,0))dp. (23)

VYpasuenust uja (19) BOSHUKAIOT B TEOPHHU II€PEHOCA U3JIYyUEeHUs] B CIIEKTPAJIb-
HBIX JIMHUAX, B KHHETUYECKOIl T€OpUH Ia30B, B 9KOHOMETPHKE, B KOCMOJIOTHH, B
MEXaHHKe TBEPJIOrO TeJla U T.JI.. BaskKHOCTh TOCTPOEHHS MOJI0KUTEIbHbIX PEIIeHNnIT
(B pa3iMYIHBIX QYHKIMOHAIBHBIX IPOCTPAHCTBAX) JIJIsSl TAKUX YPABHEHUH 00yCII0B-
JIeHa He TOJIbKO MHTEPECOM UHCTO TEOPETHIECKOTO XapakTepa, HO U TeM (DaKToM,
YTO YKA3aHHBIN KJIACC yPABHEHUH MMEET IIPUJIOXKEHHS B BBINICYKA3AHHBIX OTPAC-
JISIX MAaTeMATHICeCKON (DU3UKIL.

B kpaesoit 3aga1e (20)-(23) dyukimpn G u G ONMCHIBAIOT HEJMHEHHYIO 3a-
BUCUMOCTH NpaBoil wactu ypasHeruit (20) u (21). @yukuus Q(s,p) onmchBaer

001Ul 3aKOH OTparkeHusi U 00JIAAET CBOMCTBOM CyOCTOXACTHIHOCTH:
oo
Qs.p) 20, (sp) € BT xR [ Qap)dp <1 (24
Bamaua (20)-(23) cBogUTCS K CIEAYIONEMY UHTEIPAJIBbHOMY YDABHEHUIO:

Ulz) = p(z,U) + / K(x —t)G(U(t))dt (25)
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ornocuresbuo dyuxiuu U(z), rae

I . dt
(2, U)=— [ e e * G Q(s,p)dp | e »G(U(t)— )ds, (26)
’ . 0/ " 0/ p)dp O/ )

B smneitnom ciayuae, korma G(z) = xz, Gi(x) = z, 91a 3amaua OblLia U3yUIeHA B
pabote [6].

B nenasHeit pabore A.X. Xagarpsna u X.A. XagarpsHa (cuM. [17]) npu Heko-
TOPBIX YCJI0BUsAX Ha (GyHKIUI G GbLIO IIOKA3aHO, UTO CYIIECTBYET KaueCTBEHHOE
pasyIHde MeX/Iy pelteHusaMy B juueitnoM (G1(z) = =) 1 B HEINHEHHOM CIIydasx.
B nepBoMm citygae perierne nMeeT JIMHEHHBIN POCT BIAJA OT CTEHKH, & B HEJIMHEl-
HOM CJIydae pellleHre OlPAHMYEHO KOHEYHBIM [IPEJIeIOM B GECKOHEUHOCTH.

§2.1 mocesieH OOO3HAUEHUSIM M BCIIOMOTATEIBHBIM (DAKTaM OTHOCUTEIHHO

ypasuenns (19).

JJist KpaTKOTO M3JI02KEHUst §2.2 cliepBa, IPUBEJIEM HEKOTOpPble 0ODO3HAYEHUS U3

§2.1. Ilyctb dyHKIus K yI0BJIeTBOPSET CJIEIYIONIUM YCIOBUSIM:

+o00
K(r) >0, 7R, / K(r)dr =1, K € Li(R)N Lo(R), (28)
“+o0
v(K) = / TK(m)dr <0, (29)

[IpUYeM MPEJIIOJIAraeTCs, YTO TOCIEIHAN HHTErPaJ aOCOIIOTHO CXOIUTCS.

[Iyctb, manee, £ - onHo U3 ciemyonux OAHAXOBBIX ITPOCTPAHCTB:
LP(RJr)a 1 S p S +OO, CM(R+)7 CO(R+)7

rae Cpr(RT) - npocTpaHCTBO HENPEPBIBHLIX M OrpaHnveHHbIX (yHkuii na RT, a
Co(R™) - mpocTpancTBO HenpepbIBHBIX dyHKIWMI Ha RT, crpemMsmuxcs K HyJI0 Ha
GECKOHETIHOCTH.

Yepes K 0603HadeH MHTErpaJIbHBIN oiepaTop Bunepa - Xormda, IopoxK IeHHbIiI

anapom K:

+oo
(kh@) = [ K@-0swd, feE. (30)
0
13
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Torna, kak uzsecrro (cm. manpumep [1],[5]), oneparop I — K gomyckaer BosbTep-

POBYIO (DAKTOPUBAIIMIO:
[—K=(I-V)I-Vy), (31)

rae I- equHUYHEBIN omtepaTop, a Vi - BepXHIe U HIKHIE BOJILTEPPOBBIE OIIEPATOPHI

BUJIA:
(Vah@) = [ore=0f@dt. (V-Na) = [o-e-o)f0de, 1< B (32)
0 x

dnpa vy € Li(RT) neoTpuiaTe/ibubl, ONPEIEISIOTCS U3 CUCTEMbI HETMHEHHBIX
ypasHennit dakropusannn H.B. Exarubapsua (em. [1],[5]):

ve(x) = K(x2) + /vi(z + t)vx(t)dt, = €RT, (33)
0

7 00JIQIAIOT CJIEIYIONINMU CBOMCTBAMHU:

E/v+ )dz < 1, E/v . (34)
0 0

ITycrs BemecTBosHadnas Gyuknus w(t,u) onpejuenena Ha Muoxkecrse RT x Rt u
VJIOBJIETBOPSIET CJIEIYIONIMM YCIOBUSIM:

a) cymecrsyer uucio A > 0 Taxoe, 4To NpH BesskoM (ukcuposanHoM t € RT
dyukIms w(t, u) MOHOTOHHO YOBIBAET O U Ha MHOXKecTBe [A, 00),

b) umeer mecro yciosue Kapareogmopu na muoxkectse 24 = RT x [A, +00):
byukua w € Car,(24), T.e npu BegkoM u € [A,00), w(t,u) uamepuma 110 ¢ Ha
RT u nourn npu Beex t € RT menpepwisua 1o u wa [A, +00).

¢) cymecTByer onpejiesiennast Ha RT usmepumas dbynkims
o0
W’ € Li(RY)NCo(RT), my(w°) = /two t)dt < 400,
0

taxast, aro w(t) | na [A, +00) u
0 <w(t,u) <wWO(t+u), (tu)eQa. (35)

PaccvmorpuBaercs ciefyioiee HennHelHOe ypaBHenue ['ammepinreiinas

- / Kz — 0)(f(t) - w(t, f(1)))dt, o € R (36)
0

14
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OTHOCUTETHHO NCKOMOH byHkmn f (), B mpemososkennn, uto sapo K n dyHkmmst
w(t,u) YIOBIETBOPSIIOT COOTBETCTBEHHO ycsoBusM (28), (29) u a)- c).
U3 pesynbraTos pabotsr [14] ciexyer, uro ypasaenue (36) obaamaer oHONIApPa-

METPUYECKUM CeMeiCTBOM II0JIO?KUTEJIbHBIX PelleHuit { f,y(ac)} 00J1aTAT0TITIX

yean’
CJIEAYIOIIUMU CBOMCTBAMMU:
o [, € Lo(RT), v€A,

2
o lim f,(x)= ”y%r’ Vy € A,

e ecad Y1,v2 € A Uy > g, TO

f’Yl(x) - f’Yz(x) Z 2(’71 *72)7 S RJra

® CIpaBeJjINBa CJIEAYIONIasl ABYCTOPOHHSAS OIEHKA JJIS KaXKIIOTO M3 ITUX pe-

IIeHUI:
S’y(m) < 257(‘T) - Q(z) < f’y(x) < 257(517)7 YIS R+7 v EA, (37)

rae Q(IE) ABJIACTCA €JMHCTBECHHBIM ITIOJIO?KUTE/JIbHBIM DEIIeHUEM CJICAYIOIIEeTro HEOI-

HOPOJHOTrO ypaBHeHus Bunepa - Xomnda:
Qz) = 2%z + A) + /K(:I: —)Q(t)dt, z € RT, (38)
0

00J18,/18€T CBOMCTBaMU

Q(z) € Li(RY) N Loo(RT),  lim Q(z) =0, (39)

r—+00

a Sy (x) =vS(z), rme S(x) enuHCTBEHHOE pelleHne CIeAYIOmell HATATBHOM 38 atIn

JIJIsI HEOJHOPOJHOrO ypaBHeHusi Bunepa - Xomda:

S(x) = TK(Z‘ —t)S(t)dt, =z eRT

(40)
S(0) =1,
obJTamaronee CBOMCTBAMMT:
1

S R* lim S(z)= . 41
() fmo & ma RY,  lim S(z) T (41)

31eCch MHOXKECTBO TTapaMeTpoB A 3ajaeTcsi COTIaCHO cJieyomeii dpopmyie:
A= [HlaX(fi7 ’YO)? +OO)7 (42)

e £ = sup Q(z), a 79 > A - HeKOTOpOoe DUKCUPOBAHHOE THUCJIO JJTIsi KOTOPOTO
z€Rt
BBITIONIHAeTCs HepaseHeTBO w (V) < Yo (Takoe YmMCIIO CYIIECTBYeT B CHITy CBOMCTE
bynxmmit w° ).
15
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B §2.2 nokazana ciemyroriast
Teopema 2.1. ITycmv sewecmeosnaunas dynxyus Y (t,u) onpedeaena na

R* x R u ydosaemeopaem cAelyiouum YeaoGUAM: CYUWLLCTNEYEM HUCAO

2max(k, o)

n =
L=y

(43)

maxoe, 4mo
1) npu scaxom purcuposanrom t € RY dynxyus Y (¢, u) monomonno 6ospac-

maem no u na [g(t),n — A, ede
g(x) = /K(Jc —7)w(r,n)dr, x€R", (44)
0

a w YodoBAEMBOPAEM YCAOBUAM ) - C),
2) Y € Cary([],), 2de [, =R* x [0,n — 4],
3) sovimoansemcs 08YCMOPOHHAL OUEHKA:

utw(t,n) <Y(t,u) <utw(t,n—u) (45)

nnt € RY, wegt),n— A

Tozda ypasnernue (19) npu ycaosusr (28), (29) umeem neompuuamenvhoe
HEMPUBUAADHOE PEWEHUE 8 NPOCTNPAHCINEE CYMMUPYEMBIT U CYULECTNEEHHO 02Pa-
nuuennsir na RT dynxyut. Boaee mozo, ono cmpemumcs & Hyat0 6 6eckoneuo-
cmu.

B §2.3 npuBenenbl HeCKOIBKO 9acTHBIX puMepoB dyuknun Y (¢, u), 1jig KoTo-
PBIX BBIMOJTHEHBI YCJIOBHUs TeOpeMbl 2.1.

B §2.4 ucciienoBana pasperumocts ypasaenus (25). C 970l 1ieJibio ciepBa BBe-
JleHa cyeyiomas (pyHKnus, gapisiomasics MudopanToit g G(z). Iycrs Go(z) -
onpejiesenHas Ha RT usmepumMast byHKIHS, YI0BIETBOPSIONIAA CJIELYIONIUM YCII0-

BUAM:

a) uncia 1 w £ - UepBble  HOJIOKUTEJIbHbIE  DEICHUs  yPaBHEHUI

Go(z) =z, Gop(z) = 2z coorBercTBeHHO, TIpHUeM 2§ < 1),
b) Gy € C[0,n], Go T ua unrepsaie [, 7).

Jlokazana cieryomast
Teopema 2.2. [Iycmo gynkyuu G(z) u G1(z) ydosaemesopsrom caedyroujum

YCAOBUAM:

1) G(2) 2 Go(2), z€l&ml, Gn) =Gi(n) =n,
16
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2) G,G1 T na unmepsase [€,m] wGi(z) >0, z€[&,n], G,Gy€C0,n),

a pynruyus Q(s,p) ydosaemeopsem ycaosuto (24). Toeda ypasnenue (25) umeem
NOAOHCUTNEADHOE, CYUECMEEnHo ozpanuernnoe na RT pewenue U(x), npuvem

lim U(zx) =1n.

T—00

Hasee npusejieas! mpuMmepbl GyHKImit G u G, yIOBIETBOPSIONIAX YCIOBUSIM
TeopeMbI 2.2.

B §2.5 mokazaHa eIMHCTBEHHOCTH pellleHus ypaBHeHus (25) B TOM ciiydae, Ko-
ra

G(z)=2F, pe (O 1)
) '5)

B §2.6 mokazano, uro ecitu K u () - HenpepbiBHbIE (DYHKIMKA HA MHOXKeCTBe R
u [0,400) x [0,+00), a G(z) = 2P, p € (07 %), TO pemrenue ypasHenus (25) us
cebs TIPeICTABIACT TaKyKe HelpepLIBHyIo hyHKImo Ha RT.

Uraxk, cipasenmsa

Teopema 2.4 ITyemov K - onpedeaennan na R nenpepwienas @yrryus, do-
nyckarowas npedcmasaenue (27), a Q(s,p) - nenpepwenas na RY x RY dynx-
yus, ydosaemeopsrowasn yeaosusm (24). Toeda, ecau dynrwyus G1 ydosaemeopsi-
em acem yeaosuam Teopemor 2.2 u npu omom G(z) = 2P, p € (0, % , MO pewerue
ypasnenus (25) - nenpepwiehasn dymryusa na RT.

Tperbsi ryIaBa JUCCEPTAITUHN HOCBSIIEHA BOIIPOCAM IIOCTPOEHUS TTOJIOXKUTEI b=
HBIX PEIIEeHUl ¥ HMCCJIeIOBAHUIO ACHMITOTUYECKUX CBONUCTB DEIIEHUil Jijisi HEKO-
TOPBIX KJIACCOB HEJUHEHHBIX WHTErPAJIbHBIX ypaBHEHHil Tumna lammeprinreiina -
Bosisreppa u BousisTeppa.

B §3.1 umsyueno ciemyiomiee HeJMHEHHOE WHTErPAJbHOE ypaBHEHHE THUIIA

T'ammepmreiina-Boabreppa:
- / Ve, ) H(t, f()dt, =€ RY = [0, +00) (46)

OTHOCHUTEJIbHO UCKOMO}i BelecTBeHHON u usMepumoil dbyukmuu f(x), oupenesen-
Hoit na R, 3ech sapo V (z,t) - onpejienennas na RT x RT uzmepumas dynxius,

JIOIYCKAOIIAst CIIe/yIOIee [IPe/ICTaB/IeHNe:
b
V(z,t) =0t — ) /a (t,s)e*H3E=2) 4o (), (47)
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rae «ft,s) - onpenenennas Ha mMuHOkectBe RT X [a,0), (0 < a < b < +00)

u3MepuMasi (PYHKIMS, TPUIEM

inf ts)=p8>0, 48

(t,s)eﬁ{%x[a,b) alt,s) =0 (48)

sup «a(t, s) = ap(s) < +oo, Vs € [a,b), (49)
teRT

b

. 1
§=1- ﬁtlerﬁé/ a(t,s)da(s) <1,

a

3aech o(s) - MOHOTOHHO HeyObIBaIONIIas Ha [a, b) dyHKIMs, TaKas 91O

o(b) — o(a) = /da(s) _1, (50)

a O(7) - dyukua Xesucaiia.
Vpasuenue (46) umeer npuMeHeHHE B KMHETHYIECKON TEOPUM Ta30B, & UMEHHO
B 3aJ/la¥e O TEYEHHUH a3a CO CKOJIBbXKEeHHEM BJIOJIb IUIOCKOH TBEPJOi cTeHKH (CM.
[6])-
B tom caydae, xorma
H(t,u) =u—w(t,u),

rae w(t,u) - onpenenennas Ha R x R usmepumas byHKIMSA, yI0BIETBOPAIONIA
HEKOTOPBIM €CTECTBEHHBIM YCJIOBUSAM, ypasHenue (46) mccienosBaioch B pabore
[16].

J1o GpopMyIMPOBKY T€OpeMbI 3TOTo Maparpada, cHaIaIa BBOJUTCS ONPEIeIeH-

nas na RT xapakrepucrudeckas QyHKImS,
b
1
x(p Eﬁc/idas, p € |0, 400),
)= e [ o idols). pe[0.oc)
a

e

o baf@d(f(s))l -

U JIOKa3bIBAETCsl, YTO CYIIECTBYET €IMHCTBEHHOE 4ucio po € (0, 00) Takoe, 4To

X(po) = 1. (52)
Qukcupyst 310 9ucyao B §3.1 JTOKA3BIBAETCS CJIEIYIOIIAS
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Teopema 3.1 Ilycmo 6 ypasnenuu (46) sdpo V(x,t) sadaemcs coenacro
Popmyae (47). Iycmo, danee, cywecmeyem cymmupyemasn na R dynryua B(t):
B(t) > ce ™! teR*T

maxas, wmo das Pynryuu H(t,u) umerom mecmo caedyrousue Yycrosus:

a) H(t,u) <u+ B(t), u>e Pt teRF

H(t,e Pot) > ce ot t € RT,

2de wucaa ¢ u py onpedeamomes cozaacno (51) u (52) coomsememsenno,

b) pynwxyua H(t,u) npu xasrcdom durcuposanriom t € RY monomornno cospac-
maem no u na [e” Pt +00),

¢) H(t,u) ydosaemesopsem ycaosuro Kapameodopu no apeymenmy u Ha MHO-
oicecmee RT x RT.

Tozda ypasrenue (46) umeem noroscumervroe cymmupyemoe na RT pewenue.

B §3.2 npusenensr npumepst dbyHkuun H (¢, ), s KOTOPBIX BBIIOIHSIOTCSI
yca0BUs TeopeMbl 3.1.

B ommom wactHOM cirydae, KOraa
H(t,u) = (1+6)ue ™%, §,a € (0,1), (53)

JI0KA3aHa €JMHCTBEHHOCTh pelleHusi ypasHeHusi (46) B OIIpe/eIeHHOM KJjacce
DYHKITHIA.

3.3 MOCBAIIEH IIOCTPOEHUIO OJHONAPAMETPUYECKOTO CEMEHCTBA MOJIOKUTE b=
HBIX pellleHnii 1is ypasaenus (46) B ciyuae, korma H (¢, u) nomyckaer ciemyromniee

[IPEJ/ICTABIICHIE:
H(t,u) = u+wi(t,u) —wa(t,u), teRT, ueRT, (54)

JlokaszbiBaeTcst

Teopema 3.3. ITycmv dynxuyuu {w;(t,u)}=1,2 ydosasemsoparom caedyro-
WUM YCAOBUAM,
1) cywecmeyem wucao A > 0, maxoe wmo npu wavicdom Purcuposanrom t € RT

e wi(t,u)T no u ma [A,+00),
o wy(t,u) L no u ma [A,+00),
2) wj € Cary(RT x [A,4+00)), w;(t,u) >0, (t,u) € RT x [A,0),
3) cywecmeyrom sup wj(t,u) = B;(t), npuvem B € L1(RT) N Lo(RT), j=1,2.
u>A

Tozda, ecau adpo V_(z,t) donycxaem npedcmasaenue (47), a dynwyus H(t,u) 3a-
daemes coznacko dopmyae (54), mo ypasnenue (46) obaadaem odnonapamempu-

YECKUM CEMETCTNEOM NONOHCUMENHOE U 02paruvennvr pewerul { fr () }yem.
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3decty MH0otCECTNGBO NAPAMEMPOS 3GOAEMCA COAACHO CAEYIOWET POPMYNE:
IT =[A+ 0, +00),

2de
§ = sup pa(x), (55)

x>0
a @2(x) - noaosicumenvroe ozparunentoe u cymmupyemoe na RY pewenue caedy-
rouweeo H600H0p0()7‘1,020 AUHETIHO020 UHMEZPANDOHO20 YPABHEHUA BO/meeppa:
0o 0o

wa(x) :/V(a@t)ﬁg(t)dt—%/V(xﬂf)apg(t)alt7 x> 0. (56)

xT xT

§3.4 TOCBSIIIEH UCCJIEIOBAHUIO HEJTMHEHHOIO MHTETPAJILHOTO ypaBHeHusT Bosb-

Teppa BUJIA!
xr

I(z) = H(x q(z) + /v(x,t)l(t)dt), x>0, (57)
0
OTHOCHUTEJIbHO UCKOMOI u3Mepumoil dyuknuu [(x).
B ciyuae, xorpa dbyukius H (z, 2) yaosiaersopger yeaosuio Lesaepa-JIunmmna
[0 aPIyMEHTY Z C ONPEJEJICHHBIM MOKA3ATEeJIEM, YCJIOBUIO MOHOTOHHOCTHU 110 2 U
HEKOTOPBIM TEeXHUYECKUM yCJIoBusaM, a dyukuuu ¢(z) u v(z,t) = v(x — t) yuosie-

TBODPSAIOT CJIEILYIONAM YCIOBUSM:
o0
0<qgeL,R"), p>1, v(z)>0, >0, /’U(T)dT <1,
0

B pabore [22]| nccsre1oBaHBI BOIPOCHI Pa3penMMocTu ypasHeHus (57) B mpocTpaH-
cree L,(RT), p>1.

B §3.4 wucciemoBana paspemmMmocTb ypaBHeHus (57) B IPOCTPAHCTBE
Li¢(RT), RT = [0,+00) nIpu coBepienHo WHBIX ycjaoBusaX Ha dbynkimum H u

q. IIpeamonaraercst, 9T0
oo
A) 0<qge Li(RT), mi(q) = /J;q(x)dx < 400, q(x)#0, ze€RT,
0
B) saapo v(x,t) uMeer CIeAYIONLYIO0 CTPYKTYPY:

b
v(x,t) = /a(t, s)e_a(t’s)(w_t)do(s) -O(x — 1), (58)
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rie at, s) - onpejenennast va RY x [a, b), usmepumas bynknus (0 < a < b < +00),
YJIOBJIETBOPSIIONIAS CJICAYIOIIUM yCIOBHUSIM:
Bj) cymecrsyer uncio gy > 0 Takoe, 9To

a(t,s) >ep >0, teRT, s&la,b), (59)

Bs) cymecrsyer uucyo [ € (0,e9) Takoe, 910

b

d= tsélﬁ@g/ (1 - a(f, 8))d0(s) <1, (60)

re o(s) - MOHOTOHHO HeyObIBaromasi Ha [a,b) dyHKIWMs, npuIem

b
/da(s) =1, (61)

a O - u3BecTHas (QyHKIUS XeBUCANIA,

C) H(z, z) - uamepumas yHukuus, onpegenennas na RT x RY ) yrosnersopst-
FOMIAS CJIETYIONIAM yCIOBUSIM:

(1) npu Kaxx oM bukcuposaniom & € RT dynxnus H MOHOTOHHO Bo3pacTaeT
no z, Korya z > q(z),

Cs) H(z,z) ynosierBopsier yciaoBuio Kapareoiopu 1o aprymMeHTy z Ha MHO-
xecree RT x RT) me. npu kaxom dbukcuposantom z € RT dynxnua H(z, z)
U3MEpUMa, 110 T ¥ MouTH 1pu Beex © € RT H(x, z), HenpepbiBHa 110 z Ha RT.

C3) npu KaxjoM pukcupoBannom x € R
0<H(z,z) <z z2>qx). (62)

CupaBeinBa CJIeAyIONas

Teopema 3.4 Ipu YCAOBUAL A),B),B1),Bs),C;) -
Cs) ypasHerue (57) umeem HEOMPULATEALHOE pewenue 6
npocmparcmee Lio¢(RT) c urmezparvroti acumnmomukoti

JU(t)dt = O(x), npu x — +oo.
0

B konne naparpada npuseseHbl npumepbl dbyHkuuu H(x, z), s KOTOPBIX
BbinosHens! yesosust C) — Cs).

OcHOBHBIE Pe3yJILTATHI JIUCCEPTAIMU OIlyOJUKOBaHbL B paborax [1]-[6].

ABTOp BBIpazKaeT MCKPEHHIO 6JIaroapHOCTh CBOEMY HAay9IHOMY DYKOBOIUTE-
a0 ..M. HayK X.A. XagaTpsiHy 3a IHOCTAHOBKY 33/a9 ¥ MHOT'OYHCJIEHHBIE [0JIE3-

HbIE COBETHI IIPU BBIIIOJTHEHNU PaOOTHI.
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WUeNeNrr

S.N. Uwpnupyui
ShOPUUYUYL UhLEShUU3P NMNS N2 GFoUW3PL LAPLLEND
QLNAUL LOAFOGLPAFE-3WL NUCM3SEGL

Uyptlwunuuut whuwypuipp 0hpywd b Swdbppptyth pphyh ng Ynduyuyy
oyipunpnpttinny d0ynn npujud jhuwwnwigph Yypu npnpgud ng qowght hbpplignuyg
U hipptgpnuw-nhptptighw; hwjuwuwpmdbbph npnp nuubtph nundbwuhpnipywbp:
Wrnuhuh hwjwuwpnibtipp ghpunymd 6o quqbph  Yhbtyphy  gplumpymbmd,
Eynindhuynid hwyipth Guiyph puphudw pbunipyniind:

Uhpwnting  dwlppnphqughnt, hbsybu  Gwl  hwdwyugpuupowb ng gdwghl
owtipunpnpbtiph hwdwp htJuwphwby Ynbuwght hugpudtp jurnmgbjn piunmpjud
dtipnnitinp, wyptbwpjunumpmbnd pupptip  $mbyghntiw]  pupwdnembibpnd
nhypwplynn hwjuuwpmibtph  hwdwup woyqugnigyly G0 mddwb  gnymipyud
dhwynipyjub Ynbuyppniyphy ptinpblbtin:

Wpkiwhnunmpymimd upugyt] G0 U quppuyuinpub Gh Gbpuyugynd htigplguyg
hhdibwywb wpnymbpbtpn:

e Nudbipontijth phyh ng Yniwyulpyp  owtipunpnpobtpny  d0Jwd ng  gduyhh
himmtgpu-nhdtptitghw; hwjwuwpnittiph dh nuuh hwdwp woqugnigyby
E Unpniuh Uopughll pupudmpgmbmy ng puguuwiud  (ng  gpnyuui)
movwl gnympynibp: Wuphdwlwyht ng gdwyinipyuip hwjwuwpiwd hwdwn
wyqugnigyty £ modwb dhwyynipynmbn:

e Upgmutiypbiiph pupptipnpynhg Jupadwd Ynphgny Swdtippgtyh phuwh ng
gduyhli hinptigpuy hunjwuwpnuiiiph npnpwiih nuiuh huwdwp wpugyl 6o RT
-nuid npujub b hnptigptith mdmudtbph gnynipyub pujwpup yuydwbbtp:

e Quiqtiph YhUtiphYy ypliunmpjud dh ng gdwyht tqpuyht pubnph hwdwp Unpnjup
VVOIo (R™) yppupuwdmpymind wyugnigyty £ gnympyul b dhuympyul phnptu:

e Nwdbpopty - dnpptpugh ng gduyht  hwjuwuwpmdbbph npnp  puubph

hwiwp upugyty &b L (RT) -nud npujub jmdbhmpjwd hwdwp pujwpup
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wuydwbbtn: Quphwbuyght ng gdwympmb ntuypnmd npnpuwih $nmbyghwbdtiph
nuunid wyugnigyty k twmb jmodwd dhwnpinion:

e Lowlwihnju ns gduyimpjuip  Swdbppptyt - Jdnppbpwgh  hbgpligpuyg
huwwuwpnuiiph Uh quuh hwdwp quemgyly b RY - nd ppuui

Fuwytiu vwhiwbwihwy moémdbbtph vkl wquwpuwdtippuing pbypwbhp:

o Onihnjumjub ytphtt vwhdwbng Jdnppbpugh ng qouyhtt hwjuwuwpnmdbbph
vh nuuh hwdwp htpugmpyly b mondttph hbgptigpuy  wuhdyygpmphjub
whytpgnmpymimu: Rtpyhp G0 hophmpnyt hpwppppmipymb bhpjuyuginn
nhypupyyuwd hwjwuwpmdbbph dwubwynp ophtwybtip:
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RESUME

Tigran Sardaryan
The issues of global solvability for some nonlinear problems

of physical kinetics

The thesis work is devoted to the investigation of some classes of nonlinear integral
and integro-differential equations on half line generated by Hammerstein type
noncompact operators.

Such equations are applied in the kinetic theory of gases and in the theory of
income distribution.

Using both factorization method and the method of the theory of invariant
cone segments for corresponding nonlinear operators, the existence and uniqueness
theorems of solutions for considering equations in different functional spaces are
proved.

The basic results obtained in thesis are the following:

e For one class of nonlinear integro-differential equations generated by
Hammerstein type noncompact operators, the existence of non-negative
solution in Sobolev’s weight space is proved. In case of power nonlinearity

uniqueness of the solution is proved.

e For the certain class of Hammerstein type nonlinear integro-differential
equations with kernel depending on difference of arguments, the sufficient
conditions are formulated, according to which, considering equations have

positive and integrable solution in R* space.

e The existence and uniqueness theorem for one nonlinear boundary-value
problem arising in kinetic theory of gases in Sobolev WL (R*) space is

proved.

e For some classes of Hammerstein-Volterra type nonlinear equations the

sufficient conditions for positive solvability in L;(R™) are obtained. In case
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of power nonlinearity in class of certain functions the uniqueness theorem is

also proved.

For one class of Hammerstein-Volterra type integral equations with
alternating nonlinearity in R* the one parametric family of positive and

essential bounded solutions are constructed.

For one class of Volterra type nonlinear equations with changeable upper
limit the integral asymptotic behaviour at infinity is studied. Private

examples of considered equations presenting individual interest are given.
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