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AKTyaJHOCT 1 MOTUBHPOBKA HA TEMAaTa

HenuneiinuTe ypaBHenus ca OT TOJSIMO 3HaUeHWe, TOpau BaKHATa UM
poJisi B HeJinHeliHaTa Maremarudecka ¢gpusuka. [Ipes 1895 r. Kopreser u
ne Opus mpaBsaT MATEMATHIECKH U3BOJ| Ha YPABHEHHETO (M3BECTHO KATO

ypasrenue xHa Kopreser-ge Opus) (Kad)
Uy + 6uly + Upyy = 0, (1)

KOETO OIMCBa Pas3npocTpaHenue Ha BbJHA B IMJATKA BOJA W JIOKA3Ba Ch-
[IIECTBYBAHETO Ha yeJIMHEHA BbJIHA.

Perrenusita oT Bujia Ha Ogralia BbJiHa, KOUTO UMaT IIOCTOsiHHA (DOPMA,
e CJIeJICTBUE OT DAJIaHCa MEXKJLY JTUCTIEPCUATA, (Uyyy ) U HEJIMHEHHATA YaCT

(uuy). Tesw pemenusi ca ot Buja

u(t,x) = f(x —ct), (2)

K'bJIETO C € CKOPOCTTa Ha pa3lMpoCTpaHeHne Ha BhJIHATA.

[Tpes nocaeaure TOJUHN €JIHO JIPYTO HEJIMHERHO ypaBHeHne Oe 0beKT
Ha M3cjiejiBaHe OT MHOI'O aBTOPH, & MMEHHO ypaBHeHueTo Ha Kawmaca-
Xoam

Up — Ugyt + 2WU, + 3UU, = 2UpUyy + Uy (3)

Topa ypaBHeHUE 3a II'bPBH II'bT € U3BEJICHO KaTo OH-XaMIJITOHOBO 0000-
nenve Ha ypasuenuero Ha Kopreser-ge @pus [20], a no-kbecHO U Ka-
TO MOJIe] Ha IIMTKA Boja [2]. Ypasuenue (3) e uHTEIrDYEeMO B CMUCHII
Ha Geskpaitnomepna Xammrtonosa cucrema |5|. Sagadara na Komm 3a
ypasrenuero Ha Kamaca-Xouwm e jiobpe usciejsana [4, 6, 7, 8, 25]. Ha-
JIMYUETO Ha 10JIXOJIs1IM 3aKOHU 32 CbXPaHeHne, KOUTO ¢a 110J1y YeHH, KaTO
ce m3nos3Ba 6u-XaMUITOHOBATA CTPYKTYpa Ha yPaBHEHUETO U CHLOTBET-

HATa M30CIHEKTPaJIHa 3a/a49a, BOAM J0 IJI0DAJIHU PellieHns. Y paBHEHUETO
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na Kamaca-XosMm nMa, KaKTO KJIACHUECKHU pPEeIIeHus, KOUTO ¢a IJI00aJIHH,
Taka M TaKuBa, KOUTO ca CUHTYIspHU. IHTepecHoTo B ciiydas e, 4e Te3u
CUHI'YJISIDHOCTHU Ca OT BUJIa HA T. HAp. u30yXBaHus 3a KpailHO Bpeme, T.e.
pEeIlIeHueTo OCTaBa OrPaHWMYEHO, HO NMPOU3BOJIHATA CTaBa HEOTDAHUYCHA
3a KpaitHo Bpeme. 3a w = (, periennsTa OT BUa Ha yeJIWHEHA BhJIHA Ca
OT BUJQ

u(t,x) = cp(x — ct),

KbjieTo (1) = e~ 1. Tlopajn Buja cn, Te3n pelenus: ce HAPUYUAT [THKO-
rn. OCBeH TOBa, Te ca U COMUTOHH, U ca ycroiausn [10].

3a w # 0, pelenusaTa OT BHUJIa Ha yeIWHEHA BbJHA Ca IVIAJKA U OpP-
OuraJHo ycroituusu [9.

Jpyr nunrtepecen (axT, Kacael ypaBHernuero Ha Kamaca-XoiwM, e, 1e
TO € ypaBHEHWe Ha reojie3nvHa JIMHUsI B Ipyliara Ha 3ala3BalluTe OPu-
eHTanuATa J1UPeoMOpdU3MEI BbPXY €JIMHUIHATA OKPbXKHOCT.

IIpe3 2001 r. dbaun, [orBanam m XoaM H3BEXKIaT CJISTHUT MOJE 34

BbHJIHK B IUIMTKa BoJa (00001erno ypastaenne Ha I biaun-Torsami-Xomm):
Uy — P Uy + 2wy + 3Uly + Vligpy = oz2(2uxum + Ulgyr).  (4)

Bajauara na Ko 3a ypasrenue (4) e uscie/iBana, KaKTo B EPUOJINY-
HIsI, TAKA ¥ B HEIEPUOJANIHUS CJIYUai.

B [16, 17| e usBesien coeiHUAT MOJIEN HA TIJTATKA Boja (b-ypaBHEHHE):
Ut — P Uppy + Cotip + (b4 Dttty + Dgey = & (Bugliyy + Utiyey).  (5)

Pemtenusita Ha b-ypaBuennero nipu ¢g = I' = 0 ca usciensanu 3a pas-
auanu crofinocru Ha b B [21, 22|, kbjero b e B3er karo OGudypkaluoHeH
napamMeTbp. b-ypapHenuero npu ¢y = I' = 0 uma perieHus: oT BHja Ha

IMKOHU, 3a Besiko b € R, [13, 21, 22.



Ako a = 0 m b = 2, ToraBa b-ypaBHEHHETO Ce IpeBpbINa B J00pe
Mo3HATOTO ypaBHeHue Ha Koprerer-yie Opus.

[Tpu b = 2 u I' = 0, b-ypaBHeHnuero ce 1peBpbIlla B YPABHEHUETO HA
Kamaca-XoJm.

Ako b = 3 mw ¢y = I' = 0 B b-ypaBHEeHmeTO, TOraBa ce MOJydaBa,
ypastenuero Ha eracuepuc-Tlponecu [14]. Ypasuenuero na Kopreser-
e Opus, ypaBHennero Ha Kamaca-Xosm 1 ypaBHeHneTo Ha Jleracmepuc-
[Tpomecn ca camo Tpw MHTErpyeMu ypaBHEHUS B D-ypaBHEHHETO, KOETO
e mokazano B [13, 14|. @opmasHaTa HHTErPyeMOCT Ha YPaBHEHHETO HA
Heracrepuc-Ilporecu e nosydaena B [12], upes koncrpyupate Ha Jlakcosa
sBofika. To nma 6u-XaMuaITOHOBA CTPYKTYPa ¢ 6€30p0oit MHOIO 3aKOHU 33,
CbXpaHEHUEe ¥ MMa PeIleHus] OT BUJIA Ha ITHKOHU.

Ypasuennero Ha [eracrmepuc-IIponecn moxe ma ce pasriekjga KaTo
MO/Iesl Ha IIMTKa Boja [16, 17].

Sajauara Ha Kommu 3a ypaBuennero Ha leracnepuc-Ilporecu e npo-
ydeHa HeoTjiaBHa. 3ajauara e jo00pe nocrasena [31] 3a HAUAIHOTO YCJI0-
sue ug € H*(R), s > % [Tojo6H0 Ha ypasuenunero na Kamaca-Xoum,
ypaHenuero Ha Jleracnepuc-Ilporecun nmma, KaxTo rj00aJHU peIIeHus],
[18, 28, 30] Taka cbino U perieHusi, KOUTO U30yXBAT 33 KpaiiHO Bpeme
[18, 28, 30, 31].

B |11] e usBemeno cienHoTo ypaBHeHue (XUIEPETACTHIHO YPaBHEHHE

Ha MPBT):
U — Utpe + CoUy + Uty = Y(2Upllyy + Ulyer), () ERT X R, (6)

KaTO MOJIEJI 3a HEJIMHEUHU B'bJIHA B INWJIMH/PUYCH XUIICPEJIaCTUYIEH IIPBT.

Bamadara ma Komm 3a ypasuenue (6) e uscaensana B [1, 23, 33, 36].



O3HaueHud

LP(§2) - mpocTpancTBOTO Ha Benuku usMepumu dbyakimn, 1 < p < oo,

1fllze = [/Q\f(a:ﬂpda:

L*>()) - mpocTpaHCTBOTO HA CBINECTBEHO OTPAHUUCHUTE, U3MEPUMHU

3a KOUTO
P

< o0

dbyukiun f ¢ HOpMA

[flle = inf “sup [f(x)];

m(e)=0 re\e

I|.]ls (s > 0) - Cobonena HOpMA;

£l = ( [a+ 62)3f(£)l2d§>§,

Kbjaero f e Tpancdopmanusita Ha Pypue, a B caydasi HA MEPHOJAIHA,

bynkIMA

A2 ="+ kP (k)P

keZ
(.,.)s - ckamapuo npoussenenue B CoboseBoto mpoctpanctso H*(€),

B 4acTHOCT (.,.)o O3HAuaBa cKaJgapHo npoussegenne B L2(Q);

L(X,Y) - upocrpaHCTBOTO Ha OrPpAHUYEHUTE JIMHEHHU OlLEePaTOpu OT
XBY;

G(X, 1, 8) — mpocTpaHCTBOTO Ha JIMHEHUTE ONEPATOPH, NeHEPUPAIIH
Co—nosyrpyna cbe cBoiictsoro || e || x) < e

[A, B] = AB — BA - komyTaTopa Ha J[Ba ONEepaTopa;

| - ||z - Hopma B poctpancreoro L2(R)

I |

« — xonsojuonuata Ha f(z) ¢ g(x) ((f * g)(x) = Jg f(z —y)g(y)dy)

ms - HOpMa B ipocrpanctsoro HP(R)




Ilesn Ha aucepranudaTa

Hacrosgmara aucepramus e mocBeTeHa Ha 3ajladaTa Ha Kolm 3a ypas-
HeHusi, obolIaBalm ypaHenuero Ha Kamaca-XoJM U 110 CHenuaJsHo -
0bobIeHoTO ypaBHenue Ha Jbana-I'orBaua-XoaM, b-ypaBHEHHETO W XU-
IepeacTUIHOTO YpaBHEHHE Ha MPbT.

[lesnTe, KOUTO Ce TTOCTABST B TPEJICTABEHUsT TPY/L C& CBEXKIAT JIO:

1. Nzcnenpane na 3ajauaTta Ha Kolm 3a ¢bOTBETHUTE MOJIEJIH.

2. Hamupane na navanm ycaoBusi 3a 0000111eHOTO ypaBHenne Ha, I bianH-
TorBas-XosiMm 1 b-ypaBHEHUETO, 1IPU KOUTO pelleHusiTa u30yxBaT 3a
KpaiHo BpeMe.

3. Koncrpyupane Ha siBHO CUHTYJISIPHO pellieHne 3a b-ypaBHEHUETO 1
XUIEPEJACTUIHOTO YPABHEHUE Ha, NPBHT W U3CJE/BAHE YCTOWIMBOTO T10-
BeJIeHE Ha pPEeLIeHUsATa, OKOJIO SIBHOTO CHHI'YJISIPHO pellleHue.

4. Koncrpyupane Ha cebernojjoOHUTe pellieHns, n3c/ieBaHe JuHaMU Y-
HOTO IIOBEJICHNE Ha PeIIeHusTa, OJU3KKA J10 ceOemoloOHITe pelleHus U
u3cjeBaHe Ha IyiobaJiHaTa J0Opa MOCTaBEHOCT 3a 0DODINEHOTO ypaBHe-

Hue Ha Hbiana-T'orsasi-XojM ¢bC ¢TPOro JUCIEPCUBHA, YACT.

CrpykTypa nm obeM Ha AUCEepPTAIAATA

Jucepranusra ce CbCTOM OT YeTUPU IJIABH, BCsIKA OT KOUTO € Pas3jielie-
Ha Ha naparpadu. Homepanusra Ha gopMmynuTe B TeKcTa € JByIHdpe-
Ha, KaTo IIrbpBaTa Iudpa ChLOTBETCTBA Ha HOMepa Ha TiaBaTa. Hakpas
e npujoXKeHa oubanorpadus, odbxparalia 54 JuTeparypHU U3TOUHMKA,
CIIUCBHK OT O CTATUU HA aBTOpa U 2 IMUTUPAHUSI.

B mbpBaTa ryiaBa Ha JAUCEpPTALKATA Ce Pa3IiekKj1a 0000IIEHOTO ypaB-

Henue Ha baun-l'orsann-Xoam. B nbpeus nmaparpad e pasrieana 3a-



nadara Ha Komu. BuB Bropu naparpad e pasriejian pbipoca: [Ipu kakBu
HaUaJHU YCJIOBUs, pelleHusiTa n30yxBaT 3a Kpaiitno speme? B maparpad
3 ca HAMEPEeHHU YCJIOBUs 3a HAYAJHUTE JIAHHU, IPU KOUTO ChOTBETHUTE
peleHus ca rJ10baJHu.

Bbe BrOpa 1yaBa ce pasriexka b-ypasaenumero. B maparpad 1 ca
HaMePEeHU yCJIOBHSI 33 HAUaJIHUTE JaHHU U OMQYPKAIMOHHUS TaPAMET b
b > 2, upu KouTO pelleHusTa M30yxBaT 3a KpaitHo Bpeme. B maparpad
2 ca onucanu pemenusita u(t, ) ¢ HAYAJHO YCJIOBHE Uy ¢ KOMIIAKTEH
HOCUTE.

B riaBa 3 ce pasriiex;ia b-ypaBHEHHETO U XUIIEPEJACTUIHOTO ypaBHe-
Hue Ha npbT. B naparpad 1 e KOHCTpyHpaHO SIBHO CHHIYJISIDHO PEIeHue,
a B maparpad 2 e M3cjaeBaHO YCTOWUMBOTO IIOBEJCHHE Ha PEeIIeHUsITa
OKOJIO STBHOTO CHHTYJISIpHO perierne 3a b-ypasaennero. B maparpad 3
€ KOHCTPYHPAHO SIBHO CHHIYJISIPHO perienue, a B naparpad 4 e uscie/-
BaHO YCTOMYMBOTO IOBEJIEHNE Ha PEIICHUSTa OKOJIO SBHOTO CHHIYJISIPHO
perenne 3a XUMepesacTuiIHOTO yPaBHEeHNe Ha MPbT.

B gerBbpra riiaBa ce pa3riex/jia Crporo JUCIepCuBHO HEJTMHEHHO BbJl-
HOBO ypaBHEHHE, KOeTO € Bepcus Ha, 0DODINEHOTO ypaBHeHue Ha [ bjinH-
T'orBasii-Xosm. B naparpad 1 ca koHcTpyupanu cebernojooHuTe perie-
nusi. B maparpad 2 e uzcieasano TMHAMUYIHOTO MOBEJICHNE HA, PEIICeHUsI-
Ta, OJIM3KHU JI0 ceDelloJ00HNTe pellleHnsd, pa3riie/laHa e 3a1adara Ha Koru

U e u3cjejiBaHa 1yiodaJjHaTa J100pa MOCTaBEHOCT.



I'maBa 1

O6006mieno ypaBuenune Ha JIbamH-TI'oTBasa-Xoam

B nbpBa riasa pasriexkjame ypaBHenusi, 06001aBaliy ypaBHeHueTo Ha
Kamaca-Xoam. CblnecrByBane, eJMHCTBEHOCT U HENPEKbCHATA 3aBUCH-
MOCT OT HAaYaJIHUTE YCJOBUsI Ca OCHOBHHUTE IIPOOJIEME, ¢ KOUTO IIE Ce
3aHMMaBaMe B Ta3u IJiaBa 3a Te3u ypasHenust. [Ibpsusit npobiem, KoiTo
e pasriaegamMe, e: [Ipn KakBu HaYa HKU YCIOBUS MMaMe JIOKAJHYU pelle-
nHus? Ciiesi KaTo peuuM IpodJieMa ¢ JIOKAJHUTE PEeIIeHUs], CJIe/IBallisaT
BBIIPOC, KOUTO ce mnosiBsiBa, e: asum Te3u pernenust ca riobaann? Ako
PEIIEHKATa CHIIECTBYBAT CAMO 33 KPaiHO BpeMe, TO TOraBa, BbIIPOCHT €:
Bamo? Exna or npuunnuTe, B TeopusiTa Ha IUIMTKATa BOJA, 3a IOsBA-
Ta Ha CHHI'YJISIDHU pelienus, e edexra Ha usbyxsane ("wave breaking")
3a KpaiiHo BpeMe Ha pelleHusITa, T.e. PEIIeHUATa OCTaBaT OMpaHUYEHH,
HO IPOU3BOAHATA Ha TE3U PEIleHus CTaBa HeoIPaHMUYeHa 33 KPaiiHo Bpe-
Me. 3a Jia OTIOBOPUM Ha I'bPBUSI BHIPOC I1E U3I0J3BAME TEOPHUATa Ha,
Karo (|24]) 3a kBasmwiuneiiHn eBOJIIOIMONHN ypaBHeHU:. Pasriexgame

abCTPAKTHOTO KBa3UJIMHEHHO ypaBHEHUE

d
d—: AW = fv) , t>0, v(0) = v (1.1)
Heka X u Y ca XunbepToBu npocTpaHcTBa ¢ HOPME COTBETHO || - ||x u

|- ||y- Ja upeanonoxum, 1e Y e HelnpeK'bCHATO U I"bCTO BJIOXKEHO B X | 1
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@ Y — X e rononoruien uzomopdusbM. IIpu nsciepane Ha 3aja1uaTa
Ha Ko 3a ropHoTo adCTPaKTHO KBAa3WJINHEHHO ypaBHEHNE B TEOPUsITA,
Ha Karo cbiiecTtBenn ca CiieIHATE YCJIOBUS, HAJOXKEHU Ha Oleparopa n

HeJIMHEHHATa 9aCT;
(H1) A(y) e L(Y, X) zay € X, A(y) € G(X,1,0) u 3a Bcsko R > 0

C'bIIECTBYBA (41, TAKOBa 4e

1(A(y) = A(2)wllx < mlly = 2l|x|lwlly

3a BCAKO ¥, 2, w € Y, 3a kouto ||y|lly < R, ||z|ly < R.
(H2) QA(y)Q™' = A(y) + B(y), xbiero B(y) € L(X) e pasnomepHo

orpanuueH 3a ||y||ly u 3a Besiko R > 0 cblecTByBa fi2, TaKOBa, Y€

1(B(y) = B(2))w|lx < pally = 2[ly[|wl]x

say,z €Y, we X, saxouro ||lylly <R, ||z||, <R.
(H3) f : Y — X u moxke ja ce pasmmpu j1o uzobpaxenne or X B X,

" ChIeCTByBaT U3, 4, TAKUBa Y€

1f(y) = fFly < wslly = 2]y,
1f(y) = F()lx < pally — 2]|x

3a BCAKO Y, 2 € Y, 3a kouto ||y||ly < R, ||2|ly < R.
[Ipu ropuure yenosust Karo mokassa, de 3agadara na Komm (1.1) nva

JIOKAJITHN pEIICHUA.

Teopema 1. [2/] Hexa ca usnsanenu(H1)-(H3). Tozasa 3a 6caxo R > 0,
cowecmeysa T > 0, makosa we 3a 6caro vy € Y, 3a xoemo ||vglly < R,

cowecmeysa eduncmeeno pewenve v na (1.1) u
v e C([0,7;Y) nCY([0,T]; X).
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Oceen mosa usobpasicenuemo vy — v(-,vy) e nenpexscnamo na Y 6

C([0,T];Y) N CH([0,TT; X).
Pasrnexxmame ypaBHEeHHETO
Up — P Ugyr + 20y + (9(U)) g + Vlger = O (2Uplpe + Utlyey).  (1.2)

Citesr HKOJIKO TIpeobpasyBanus, ypapuerue (1.2) Moxe J1a ce 3aluiie

B'bB BUJI4

2
u+ (u — %) U, = —0,(1—a?0?) ! [g(u) oy <l + 2w> u+ %ui]
(1.3)

[Tonarame

2
Q
flu) = —0,(1 — a?9%)~* [g(u) - —+ (% + Zw) u+ Tui] :
Y =H X=H"uQ=A=(1-09%)z Q e usomopbuzbm na H*
BbpXy H* 1.
Cuiest ropauTe nosiaranusi ypasaenue (1.2) Moxe Jia ce 3amuiie BbB
BUA

ur + Alu)u = f(u).

1.1 3amaua Ha Komm

Uznonssaiiku Teopusita Ha KaTo, e 1oJjiyueH cjieJiHus OCHOBEH pe3yJiTar
B TO31 maparpad, KoiTo mokassa, ue 3ajadaTa Ha Kol nmMa JOKAJIHU

pelleHns:
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Teopema 2. Hexa g € C™3(R), m > 2 u g(0) = 0. 3a dadeno ug € H?,
2 < s <m, cowecmeysa makcumaano T > 0 u eduncmeeno pewenue u

na ypasnenue (1.2), maxosa we
u=u(.,up) € C([0,T); H)n C*([0,T); H*1).

Ocsen moea, PEWEHUEMO 3a68UCU HENPEKSCHAIMO 0M HAYAAHUIME YCAO0-

6UA.

1.2 CunaryadgpHu pemieHnd

B To3u maparpad ce Tbpcu OTTOBOp Ha CJeJHUsA BbIpoc: Ilpu Kaksu

HaYaJIHI yCJIoBus ug(x), permenusita wa ypasHenwnero (1.2) mpu g(u) =

%uz, n30yxBaT 3a KpaitHo Bpeme? B To3u ciydail ypaBHEHHETO €

U — Uyt + 2wy + SUly 4+ VUgyy = 042(2uxum + Ulgyy)- (1.4)

Toproro ypasuenue e unrerpyemo |3, 29| u 3ajauara na Kommu e jobpe
HocraBeHa 3a HauatHu ycuosus ug(z) € H®, s > 3 [32].
[ILpBUAT OCHOBEH PE3yJITAT NOKA3Ba, 9€¢ YPABHEHUETO MMa PEIICHHE,

qusito CoboJieBa HOpMa n30yXBa 3a KpaiHO Bpeme.

Teopema 3. Hexa uy € H? ydosaemeopssa ycaosuemo

/u%m(x)da: <0
R

U

2 1 5
3 1 12 ~y maz{l, =} 2
3 3 3 'a
(/R quda:> > qumax{l, ?} E(ug) +? | 2w—|—¥ | (#E(uo) :

Tozasa csomeemnomo pewenue na (1.4) usbyrea 3a kpaiino epeme.
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CuremBalusT OCHOBEH pe3yJ/iTaT [I0Ka3Ba, de pelIeHnusITa OCTaBaT Orpa-

HUYEeHU, JJOKaTO TTPON3BOIHATA, CTaBa HeorpaHndena 3a KpaiiHno BpeMme.

Teopema 4. Hexa o > 0 v ug € H®, s > %, pewenuemo u = u(., up)
e pasromepno ozpanuveno. Pewenuemo uszbyrea s3a xpatino epeme T <

+00 Mo2asa u camo Mozasa, K02amo
lim inf (inf[u, (¢, z)]) = —oc.

CuareiBamure JiBa, pe3ysTara B TO3W maparpad MOKasBarT, de pereru-

eTo n30yxBa 3a KpallHO BpeMme.

Teopema 5. Hexa uy € H'(S), r > 3 u cowecmesysa xy € S, 3a Koemo

u;) (370) < _67

1

kademo f = 262 + 4| 2w + X | 82 u é =| Js uo(z)dx | +#EE(UO)’.

Toeasa coomeemmnomo pewenue na ypasruenue (1.4) usbyrea 3a xkpatino

[ V)

speMe.

Teopema 6. Hewa 2w + 5 = 0, a > ag, o € (0,1) u navarrnomo
yeaosue ug € H(S) e makosa, ue [ uo(z)dz = 0. Toeasa csomeemmnomo

pewenue na (1.4) usbyrea 3a kpaiino epeme.

1.3 TI'mobGastam penieHus

B to3u naparpad ce mokaspa, Ue CbIIECTBYBAT IVIODAJHKM pENICHUsT HA
(1.4).

OCHOBHUST Pe3yJiTaT € CJIeJHATA TeOPEMa,:

Teopema 7. Hewa ug € H'(S), 1 > 3 u yo +w + 55 He cu menu snaka.

Tozasa pewenuemo na (1.4) e 2aobanno.
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I'maBa 2

O06006111eHO HEeJIMHENHO b-ypaBHEHUE

B Ta3u ryiaBa ce pasriiex/ia ypaBHEHUETO

U — QUpzy + Cotiy + (0 + Dutty + Ttgre = @2 (DUplipe + Ullzry)

u(0,z) = ug(x), z€R
(2.1)
KbJIeTO Cp, b, I', (v ca NPOM3BOJIHN KOHCTAHTH. 3a Y = U — O*Uyy, YPaB-

nenuero (2.1) ce 3amucBa BbB BUJA

Yr + coty + uys + by + Tugrr = 0
(2.2)

u(0,z) = ug(x).
Banadara na Komm 3a ypasuenue (2.1) e usciesana B [19]. Hamepenn
ca yCJIOBUS 3a HadaJIHUTE JIaHHU W OudypKaruoHHus napamerbp b >

3, IpU KOUTO CHLOTBETHHUTE pelleHus nm30yxBaT 3a KpaitHo Bpeme. Hue

pasmIupsiBaMe TO3U pe3ysrar 10 b > 2, KaTo u3noja3BaMe ujaeute Ha, [35].
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2.1 IN30yxBaHe Ha pelIeHUITA

Pazryiexjame jqudepeHnuajHoTo ypaBHEHHE

qt = U(t,Q) - %7 te [OaT)a

(2.3)
q(0,z) =x, = €R.
Cren nudbepennupane Ha ypaBaerue (2.3) OTHOCHO ', TIOJyIaBaMe
%Qx — th — ux(ty q)qzw t S [07T>7
(2.4)

7.(0,z) =1, =z €R.

Perennero na ypasnenue (2.4) e

q:(t,x) = exp (/Ot ux(s,q(s,x))ds> , (t,x) €0, T) xR (2.5)

y(t,q(t, 2))[g.(t, 2)]" = yo(z). (2.6)

OCHOBHUAT Pe3y/aTaT B TO3U Maparpad e:

Teopema 8. Hexa b > 2 ucg =T = 0. Hexa oceen mosa ug € H*(R) u

cowecmeyea To € R makosa, ue yo(xg) = (1 — a?0?)ug(zo) =0 u

Yo(z) >0 sa z € (—o00,x9) u yo(z) <0 3a x € (x0,00).

Tozasa pewenuemo u(t, x) na ypasuenue (2.1) usbyrea 3a xpatino epeme
U YydosAeMBOPAGH HEPABEHCMEOMO

—2 —20% U, () }
qu(.%'())’ Oé2u%x($0) - u(Q)(‘TO) .

Tgmax{
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2.2 Pemennd ¢ KOMIIaKkTeH HOCUTEJI

B to3u maparpad ca onucanu pemenusTa u(t, ) ¢ HAYAIHO YCIOBHE Uy
C KOMITAaKTEH HOCHTEJI.

Ocnosnara TeOpeMa Ha Ta3n 49acCT € CJIeJHaTa:

Teopema 9. Hexa 0 < b < 3, cp+ = = 0 uwug € H*R) e ¢ xomnaxmen
nocumen 6 [c,d]. Toeasa pewenuemo na ypasnenue (2.1) uma caednume

ceoticmea 3a 0 <t <T':

u(t,z) = L(t)e @ sa x> q(t,d)

u(t,z) = I(t)es 3a < q(t,c)

c L(t) >0 ul(t) <0, kademo q(t,z) e depunupana 6 (2.3) u'T e epeme-
mo my na cowecmeysane. L(t) u [(t) ca nenpexscramu, neanysupauu
ce pynwyuu, ¢ L(t) >0 ul(t) <0sat € (0,T]. L(t) e cmpozo pacmaua

Pynryua, a l(t) e cmpoeo namarasauya GyHKUUA.
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I'maBa 3

YcroitanBoCcT Ha 000011eHO HEeJIMHENHO b-ypaBHEHUE U

XUMNEPEJACTUIHO YPABHEHUE HA IIPbT

B razu riasa e pasriejjaHo b-ypaBHEHHETO

g — 0P Uy -Cotty+ (DF D) Uty + Ty = 02 (DUpUpe+utlyry), (t,2) € RTXR
(3.1)

¥ CJICJHOTO XUIIEPEJACTUIHO YPABHEHHUE Ha IIPHT
— — +
Ut — Utzr + Colly + Uty = Y(2Uptyy + Ul ), (t,z) € RT X R. (3.2)

Koncrpynpanu ca gBHU CUHTYJISIPHU PEIIEHUS U € U3CJIe/IBAHO YCTOM-
YUBOTO TOBEJICHAE HA PEIICHUATA, OKOJIO ABHUTE CUHTYJIAPHU PEIICHU,

3a ypasuenus (3.1) u (3.2).

3.1 CunryagpHo pelneHue 3a b-ypaBHEHUETO

B to3u maparpad ce Tbpesr pemenusita Ha ypasHerue (3.1) BbB Buja

u(t, ) = ZAi(t)xi. (3.3)

OcHOBHUAT pe3yJTaT B TO3U mnaparpad HHU JlaBa sIBHOTO CUHTYJISIPHO

perierne Ha ypasaernne (3.1):

18



Teopema 10. Hexa T' > 0 e maxcumarnomo epeme HG CBULELCMEYBAHE
na pewenuemo. Tozasa ypasnenue (3.1) uma carednomo A6H0 CuH2YAAPHO

peuterue:
x 1

. 1

3.2 JIlmHaMUYHA yCTOWYMBOCT OKOJIO CHUHTYJISIPHOTO

pelrieHne 3a b-ypaBHEHUETO

B To3u naparpad e usciejiBaHa yCTOWYMBOCT Ha, sIBHOTO PEIIEHHUE HAa
ypasreruero (3.1), koncrpynpano B Teopema 10. Heka pemenunero na

ypasrenue (3.1) e meprypbariysi OKOJIO IBHOTO DEICHUE, T.C.

u(t,x) =v(t,z) +ut, ), (3.5)
KbJeTo U(t, z) = —ﬁll(co—l— 7 ﬁ) e ABHOTO PEIIeHNe, KOHCTPYUPAHO
B Teopewma 10.

Bamecrnaiiku (3.5) B (3.1), nmosyuaBame CJA€JAHOTO JUCUIIATUBHO KBa-

3UJIMHEHHO YpaBHEHHE CbC CUHIYISPHU KOeDUITUECHTH:

2 2
Ut — 0527)753:3: + [F + bi_l (CO + % + ﬁ)} VUgga + %Uxx

—(ﬁ+ﬁ)vx—ﬁv+(b+l)vvx

= a?}(bvpVpe + VUses), V(t,z) € (0,T) x R

(3.6)
C HAYAJHO YCJIOBHE
1 r 1
v(0,2) = vo(x) = up(x) + b1 (co +ot T) , Yz eR.
Bibeexiaiiku HOBE KOODIMHATH
T
T=—In(T—-1t), p= 3 (3.7)
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3allicBaMe pereHreTo v BbB Buja v(t, x) = (7, p). C IupekTHE TpecMsi-

TaHWsA TTOJIyYaBaMe

U:z?(t: 33) = €T¢p7 Ut<ta 33) = 67(¢T + p’@bp)a
Uxa:(t7 x) = €2T¢pp7 Uta:(ta .CU) = €2T(¢Tp + @bp + P¢pp)7

Veaa (L, ) = eSTwppp, Ve (t, ) = egT(prp + 2v,, + PWppp)-

Taka (3.6) ce cBex1a 10

T b 2 T T 2 T
(@b — a’e? wpp) ;_1 2 wpp + e’ (F + b+1( - %p) + bi_le ) @bppp

¢+ (b+ )Yy, — e, = O‘QGQT(Z)%%/) + Yppp)-
(3.8)

Heka k =e "puv(1, k) = e "(T, p). Torasa

_ T > - 5 _ T _ 2
Vr =0+ €V — pU, VY, =Vk, Vpp =€ Ukk, Vppp =€ ~ Ukki,

Urp = Urk = KUkks Yrpp = €7 (Orkk — Ukk — KUkkk)-

[lo To3m naunn (3.8) ce 3amucBa KaTo

— — 2 _ _ 2 —
Uy — 0421)7-]{]@ — ﬁ—lUkk +e 7'+ bi—l(C() + ke + 67)} Uikl

—(k + 1)Uk + (b + 1)ovy, = (b0 Uki + D0k )-
Cera, meka omeparopa A = (1 — 0428kk) Or ToBa, ue 1 — a0y, uMa

dyH1aMeHTaIHO periienue

1 k
k - —|g|

nvame A™*0 = p(k) * U 3a Beako U € L2 Hexa w(r, k) = v(r, k) —

*vy. (7, k), Torasa v(7, k) = p x w, kbaero k € R. Ocsen ToBa
(prw)pe = 2(prxw—w), Tp = P*w)k, Tpr = 2((p*w)p —wy).
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I taka (3.8) Moxke Ja ce 3aluIiie BbB BUJIA
wr + 1)4%1“] —e T[54 b%l(co +eTk+e")] wip — bJ%l(p % W)

+{e7 &+ b%l(co +ek+e)] —(k+1)}(pxw)i+ b+ 1) (p*rw)(p*w)

= bp*xw)(p*w —w) + (p*w)[(p*w) — wy]

(3.9)
¢ HAYAJIHO YCJIOBHE
w(0,k) = wy(k) = o(k) — ?v(0, k)
(3.10)
= up(z) — *uf(z) + 717 (% + 7 + <o)
¥ IPAHUIHE yCJIOBHST
lim w(r, k) =0, lim wg(r, k) =0. (3.11)

|| —+o00 || —+o00
OcHOBHUST pe3yJsiTarT B TO3u rnaparpad e:
Teopema 11. Hexa s > 2, a # 0, b > —1 u d e docmamsuno marko.

Tozasa asnomo pewenue (3.4) na ypasnenue (3.1) e acumnmomuumno

Yemotinueo, m.e., ako HaA%aAHOMO Ycaosue ug(x) ydosaemsopasa

luo(-) — (0, -)]

H+ 1 (R) < O,
mozaea uma pewenve u(t, ) na (3.1), ydosremeopasauso

tgl%lf ||u(t7 ) - u(ta )l

w@ =0, (tz)e(0,T)xR.
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3.3 CuHryasgpHO pellleHne 3a XUNePeJIaCTUIHO ypPaB-

HeHune Ha IIPbT

B to3u maparpad ce Tbpedr pemenusita Ha ypapHeHue (3.2) BbB BuA

ma@ZEZm@ﬂ. (3.12)

OcHOBHUAT pe3yJiTaT B TO3U Maparpad HU JiaBa sIBHOTO CUHIYJISPHO

pelieHre Ha ypapaernue (3.2).

Teopema 12. Hexa T' > 0 e makcumasnomo 8peme Ha CBULLCMEYBANE
na pewenuemo. Tozasa ypasnenue (3.2) uma carednomo 4610 Cun2yAAPHO

peuteHue:
€T 1

MQ@:—é(%+T_t+T_J. (3.13)

3.4 JImHaMUYHA yCTOWYMBOCT OKOJIO CHUHTYJISPHOTO

penieHne 3a XUIepeJsacTUIHOTO YPAaBHEHNE HA IIP'bT

B ro3m naparpad e usciaenBaHa yCTOHUMBOCT Ha SIBHOTO peIICHUE Ha
ypasuenue (3.2), koncrpyupano B Teopema 12. Heka perenvero va ypas-

nenue (3.2) e neprypbaiiusi OKOJIO SIBHOTO PEIEHKE, T.€.
u(t,x) =v(t,z) +u(t, ), (3.14)

KbJeTo U(t, x) = —%(Co + 7 + ﬁ) e SIBHOTO pellleHre, KOHCTPYUPAHO
B Teopema, 12.

Bamecrnaiiku (3.14) B (3.2), mosyvaBame CJIeJHOTO JUCHITATHBHO KBa-



3UJIMHEHHO YpaBHEHHE ChC CUHTYISPHU KOeDUITUECHTH:

Ut — Utaa + (CO + T_t + T— t) Ugga + (T t)vmx
~ (g + 7)o — o+ 3o (319

= 7(27}967}:633 + UUmcx); \V/(t,x) c (O,T> x R

C Ha4YaJIHO yCJIOBHUE

v(0,z) = vo(x) = up(x) +% (Co + = v + 7{) , Yz eR.
Bibeexiaiiku HOBE KOODMHATH
T
T—1t

3alucBaMe perenuero v BbB Buja v(t, r) = (7, p). C jupexTHu npecmsi-

T=—In(T—-1t), p= (3.16)

TaHuAd I10JIydaBaMe

Um(ta x) = GT%, Ut(ta 37) = 67(% + p¢p)a
Um(t7 SU) = €2T¢ppa Utx(t; 37) = 627(¢Tp + wp -+ pwpp)a

Uggx (ta 33) = €3T¢ppp7 Utzx (tv 33) =7 (¢Tp,0 + 2¢pp + p¢ppp)-
Taka (3.15) ce cBex1a 70

(w . €2T¢pp)T + 2(7§3)627¢pp + o27 (’YCOJF( 3)p 42 le ) wppp

(3.17)

=+ 3U1h, — €Y, = 7627(2¢p¢pp + Yhppp)-
Heka k = e "puv(1, k) = e "(T, p). Torasa

e _ - e _ o
Yy = €0+ eV, — puy, % = Ug, 7#pp = e U, wppp = e T Ukkk,

pr = Ur, — KUkg;, 7ﬂTp,O - eiT(@Tkk — Ugk — k@kkk’)'
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ITo To3m naunn (3.17) ce 3amucBa KaTo

_ _ DI _ _
Ur — Uik + 5= Ugk + €73 (co + ke™ + 7)) Ui

—(k + 1)6147 + 3vv, = ’Y(QE]CU]{]C + Wkkk)

1

Cera, meka onepatopa A = (1 — Jgx)2. Ot ToBa, 1e 1 — Ok uma dyHTa-
MEHTAJIHO PelIeHUe

1
p(k) - §€_|k|7
umame A0 = p(k) * U 3a Bestko U € L2, Heka w(7, k) = v(T, k) —

Urk(T, k), Torasa U(T, k) = p *x w, kbgero k € R. Ocsen ToBa
(pxw) =prxw—w, Tp = P*w)k, Tkkr = (p* W) — Wg.
1 Taka (3.17) Moxke Ja ce 3aIuie BbB B
2v—3

w; — @w —e "3(co+ ek +elw + = (prw)

+{e"Lco+ek+e)—(k+1)} (pxw)+3p*w)(p*w)

= 2y(p*x wi(pxw —w) +7(pxw)[(p+ w)i — wi]

(3.18)
C HAYAJIHO YCJIOBHE
w(0,k) = wo(k) = o(k) — vgr(0, k)
(3.19)
= up(z) —uj(z) + 5 (£ + + + o)
U 'PAHUYHU YCJIOBUS
lim w(r, k) =0, lim wg(r, k) =0. (3.20)

|k|—+o00 |ke] =00
OcHOBHUST pe3ysiTarT B TO3u mnaparpad e:
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Teopema 13. Hexa s > 2, v < 2 u d e docmamosuno manxo. Tozasa A6-

nomo pewenue (3.13) na ypasuenue (3.2) e acumnmomuyno yemotiuueo,

m.e., aKo HauaAHomo yceaosue ug(x) ydosaemeopasa

luo(-) —u(0, )]

Hs+1(R) <9,
mozasa uma pewenve u(t,x) na (3.2), ydosaemeopasauso

li t) —al(t. -
Jim u(t, ) —u(t, )|

mmr) =0, (t,z)€ (0,T) xR.
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I'nmaBa 4

Ctporo aucnepcuBHO ypaBHeHHe Ha JIbiauH-I'orBasa-Xoam

B Tasu riaBa e pasriieaHo CJIEJIHOTO CTPOrO JIUCIEPCUBHO HEJUHEHHO

B'bJIHOBO yPaBHEHUE!

2

Uy — 0P U+ 2k 4 30ty + Y (U — 0P Uy ) prr = O (U Uy F Uy ) - (4.1)

Ypasuenue (4.1) e Bepcusi Ha 06061eH0TO ypaBHenue Ha I baun-Torsasi-
Xoum [15]

Wy — Uy + 2wty + SUly + Ylgpe = oz2(2u$um + Uty )- (4.2)

Ypasuenue (4.2) e usseseno B [15] kaTo Mojiest 3a BbJIHU B IJINTKA BO-
na. 3ajauara Ha Komm 3a ypaBaenuero Ha, Ibann-lorsasi-Xoam e u3-
cjieJiBaHa, KAKTO B NEPUOJMIHM:A, TaKa W B HEHEPHOJUIHUS Caydail B
|27, 29, 34]. [TpobsiembT 3a acuMITOTHYHATA YCTORUYUBOCT Ha, ceberoo0-
HUTE pernenus Ha ypasuenue (4.2) e uscmensan B [26]. ABTopure KoHCT-
pyupat cebernoJoOHN perieHus u U3cje/BaT JUHAMUYHOTO TTOBEIeHUE Ha,
perenusita, OJu3KK 10 cebernogodbunTe penieHusi. OCBEH TOBaA, aCHMIITO-
TUYHATA YCTONIUBOCT C'HINO € U3CJIE/IBAHA.

Hue koncrpympame cebernogobnuTe perieHns, n3cjiegBaMe JrnHaAMU Y-
HOTO 1IOBEJICHKUE HA PELICHUATA, OJIM3KK J10 ceOel000HUTe PelieHusi, pa3-
riexgame 3aj1adara Ha Komun u n3csenpame ruiobaJsinara jo0pa mocrase-

Hoct 3a ypasuenue (4.1).

26



4.1 CebenogobHu penieHnd

B ro3u naparpad ca KoHCTpyHpaHH ceOEIOJ00HUTE pelIeHUs 3a ypaB-
nenne (4.1). Heka T e nosoxkuresna KoHcranTa. BbhBexjame crejHure

KOOpJUHaTH:
T

T—t

v pasriexjgame GyHKipsTa u(t, r) B CJACTHWUs BUT:

x
u(t,x) = ¢ <—l0g(T —1), m) :
Upes AUPEKTHH U3YUCJICHUS, Oy daBaMe
Ut<t> l’) = 67(¢7’ + 10¢p)7 um(ta ZL’) = €T¢pa
Uy (t, ) = 627¢pp> Utzpr = 637(¢Tpp + 20 pp + PPppp):

uxxw(t; 37) - 637¢ppp7 uacx:mcx(tn .ZU) = €5T¢ppppp'

[To To3u nauun ypasuenue (4.1) ce cBex/ia J10 KBa3UJIMHEIHOTO ypaB-

T=—log(T —1t), p= (4.3)

HEHME, OTHOCHO (DYHKIIUATA, ¢
Gr + (p 42k +30)p, — a*€ T (Grpp + 20pp + PDppp)
(4.4)
+ye* (¢ — @262T¢pp)ppp = a2e27(2¢p¢pp + PBppp)-
[TosyuaBame CIEIHOTO CTAIMOHAPHO yPaBHEHUE, KOETO 3aBUCH CAMO OT

p:

(p+2k+3¢)p, = 0. (4.5)

Ypasuenue (4.5) ¥Ma HETPUBHAJIHO DEICHUE

1

o(p) = —g(p + 2k). (4.6)

CuesioBaresno, ypasaenne (4.1) uma perienne or Buja

u(t,z) = —é (Tgi -+ 2k;> | (47)
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4.2 JIluHaMHUYHO IIOBeJIieHUue

Pazriexjame mneprypbarusita
u(t, ) =v(t,z) +u(t, z), (4.8)

KbJ1eT0 U(t, x) = —% (— - Zk) e perieHnero, Hamepero B (4.7) Ha ypas-
nenue (4.1).
BamecrBaiiku (4.8) B (4.1), mosydaBame CIeAHOTO JTUCHIATABHO KBa-

3UJINHEHHO YpaBHEHUE C'hC CUHTYJISPHU KOCDUITUEHTH:

Uy — 0PV — YO Vpprnn + (7 + %2 (Ti_t + 2k)> Ve

202 T 1
T3 Ver — T—Vs ~ TV (49)

= @?(20Vp + VVzy) — 300y, Y(t,z) € (0,T) X R,

¢ navauno yeaosue v(0, ) = vo(x) = ug(x) + 5 (£ + 2k) .

B nosute xooppunaru (4.3) ypasuenue (4.9) nobusa Buia

vy — a?e¥ v, — 43 e’"v,, + €7 (’y + 2i(k ,0)) Vppp
(4.10)

24,41 2,21

Upes rpancdopmanusita U(T, po) = e Tv(T,p), po = € Tp, ypaBHeHuUe

(4.10) ce cexma 110

2— a’_ —r — 2— 20 —
Ur — Urpopo — 3 = Upopo +e ’Y(U -« UPOPO)pOPOPO + ?(k - p)UPOPOPO

2 — — — e — —_
+a PO popopo + (3U - pO)UPo = (ZUPOUPOPO + v UPOPOPO)'

a orbesyiexkuM, de orneparopbT 1—a28p nMa (PyHJIAMEHTAJIHO PeIIeHre

0P0
-2

p(z) = 2—6
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Osmasasame onepatopa (1 — a2d,,,,)? ¢ A, Torasa A=2T = p(pg) * T
3a Bestko U € L2

Hexa w(T, po) = (T, po) — @®Tpyp, (75 p0), Torasa v(t, pg) = p * w,
Kbero pg € R. Ocsen ToBa, ypasuernne (4.10) moxke ja ce 3ammimne KaTo

JUCHUIIATUBHO HEJIOKAJIHO ypaBHeHI/Ie
_ k+e™ _
wr + %w —e’ (%) Wy, + 7€ 7-wpoﬂopo - %(p * w)
_ 2(k—e”
e (AT (p ), + B(p o w)(p o+ w), (4.11)

=2(p*xw),prw—w)+ (prw)((p*w)y, —wp,)

C Ha4YaJIHO YCJIOBHUE

w(0, po) == wo(po) = vo(po) — Vs, (0, po)
(4.12)
= ug(z) — a’up(x) + 3 (& + 2k)

1 I'paHWMYIHU YCJIOBU A

lim w(r,po) =0, lm w,/(7,po) =0. (4.13)

|po|—+00 |pol =00
Tyk usnonssame, de (p * w),p = @ 2(p* w — w).
Yiennr %w e nucunaruer B ypashenne (4.11). Tosu wien Hu ja-
Ba, B3MOXKHOCT JIa HAIIPABUM PEIBAPUTENHA OICHKA Ha PEIICHUETO Ha,
ypasrenue (4.11).

OcHOBHUST pe3ysiTarT B TO3u mnaparpad e:

Teopema 14. Hexa s > 4 e uysanro wucao. Hearunetinomo ypasmenue
(4.10) ¢ navaano yerosue (4.12) u epanuvnu yeaosus (4.13) uma 2no-

barno pewenue v(t,p) € HP. Oceen mosa, axo mawarnomo ycrosue
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|vo||lms+1 < 0 3a docmamauno masvu § > 0, mozasa

g < Coe ™.

0]
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CrpaBka IpumHOCH

B nucepranusTa e u3cieaBana 3ajadaTa Ha Koim 3a ypapHeHus, 0000-
maBaliy ypasHenunero Ha Kamaca-XoJiM U 110 CHEIUaJHo - 000011eHOTO
ypaHenne Ha Abanna-I'orBasn-XoaMm, b-ypaBHEHHETO U XUIEPEIACTUAU-
HOTO ypaBHEHUE Ha IPbT.

UzcinejiBana e 3ajiauara na Koium 3a 060011ieH0TO ypastuenue Ha [ bjinH-
['orBan-Xosm. Hamepenn ca ycioBus 3a HadaJHUTE JTAHHHW, IPU KOUTO
perriennsiTa M30YXBAT 33 KPaiHO BpeMe M YCIOBHUS 3a HaJaJHUTE JaHHW,
[IPU KOUTO PEIIeHUusTa ca rJ00aJJHU.

3a b-ypaBHEHHMETO ca HaMepPEHH YCJIOBUs 3a HAUYAJHUTE JaHHU U Ca
nojiobpenn pesyiararure 3a OMdypKaIMOHHNS apaMeTbp b, TP KOUTO
perenusita n3dyxBar 3a KpaitHo Bpeme. Onucanu ca penieHusiTa ¢ Ha-
YaJIHO YCJIOBHE ¢ KOMIIAKTEH HOCHTEI.

KoncrpynpaHnu ca siBHU CHHTYJISIDHY PEIIEHUsT W € N3CIEBAHO YCTO-
YUBOTO MOBEJIEHNE Ha PEIIEHUSITa OKOJIO SIBHUTE CUHTYJISIDHI PEIeHus 32,
b-ypaBHEHHMETO U XHUIIEPEJACTUIHOTO YpaBHEHHE Ha IPbT.

Koncrpyupanu ca ceberoiobHuTe perieHns 1 € n3CjaeBaH0 JnHAMMI -
HOTO TIOBEJIeHUE Ha pelleHusiTa, OJU3KU 10 ceOernoJoOHUTe pelleHns 3a,
CTPOIO JIUCIICPCUBHO HEJIMHEHO BbJIHOBO ypaBHeHue. Pasriejiana e 3a-

Jnagara Ha Komm u e usciejpana riaodajaHaTa j100pa 1mocTaBeHOCT.
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baarogaprocTu

Bux nckas ja u3pass cBoATa OJIAroJapHOCT U MPU3HATETHOCT KbM MO-
AT HaydeH pbroBoguTes mpod. ja.M.H. Cenrkan AxmenoB XakKbeB 3a
ChbBMECTHATa padoOTa, ChACHCTBHETO W OT3UBUYMBOCTTA MY, MHTEpeca H
BHUMAHUETO K'bM MOsTa paboTa.

Biiarogapen ¢bMm Ha Kojiernte Mu OT Karejapa Ajrebpa u reomerpust
kbM Pakynrera Mo MareMarTnka u wHbopMmaTuka Ha [llymenckus yHu-

BEPCUTET 3a MOAKPEIlaTa U OKa3aHaTa IMOMOIIL.

39



