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Myxkagauma

MyOpaMusiTd MaB3yMm TaxXKMKOT. [lap gaxconaxou Oxup Hazapusi Ba
amanuan  myoaunaxon auddepeHcuanii Ba uHTErpo-auddepeHcuanin 60
XOCUJIaX0M XyCYCHl, KM IIapXH PUE3UU MachallaxOu Mypakkad Ba Xejle MyXHUMHU
pyiinonxon ¢usnka, XUMHUsS, OHOJOTHS Ba TEXHOJOTUSAM MYyOCHp MeOOoIIaHs,
pyuiay nempadTy Hazappac gopana. Tap3xou xene MyXTanudu XauTd Machalaxou
uOTHU/I0 Ba HOTHION-KaHOP# Oapou WH MYOAMIIax0 Kopkap/ mryaaans. Jap Oaitnu
OHXO METOAM TaOJAMJIOTXOM UHTETpaliii MaKOMU alioxuja nopai. Jap naBdatu xya
MyXHUMTApUHA WH METOAXO MeToau Tadawinotu uHTerpanuu Jlamnac-Kapcon
Oapou MyoauiIaxou XaTTil a3 n — TarupéOaHga MeOoIaj, KA COIXOU OXHUP Jap
TaBayyyX Ba JTUKKATH PUE3UIOHXO0, (PU3MKXO Ba AUrap TAAKUKOTIYUEH Kapop
nopan. Makonaxo Ba MoHorpadusxou wuimun 0. A. BbpuukoB Ba A. IL
[pynuukos [5, 6], P. C. laxus [109], A. babaxani [106], P. C. Jlaxus Ba Y. C.
Hebuar [115] Ba uauynun B. A. Jlutkun Ba A. I1. IIpyaaukos [20, 21,108] 6a
YCYJIXOU HaBH XUCOO-KYHMM TaOAMIOTXOM pocTa Ba Oapwakcu Jlammac-Kapcon

Oapou pyHkcusxou nyrarupéOana Ba oucéprarupéOania Oaxmaa ryaaH/.

Pucomau mucceprarcuoHii 0a TaTOMKU SK KaTtop CHHGXOM MYOIUIaX0
(myomwinan nuddepencuanuu Ttenerpad, Myomusnanm uHTErpo-auddepeHcuanuu
tenerpad, Myoauaaxo 00 XOCHJIaX0U XYyCyCHUU TapTHOU T'YHOTYH Ba MachajlaXou
MOTHIOMBY KaHOP# Oapou OHXO) TaBaccyTu TabaunoTu Jlammac-Kapcon Oaxmmna
nrygaact. bapon maiino xapJaHu HaMyJIu OLIKOPH XaJUTd MYOJIMJIaxou HOMOypJa
3apypusiTH XUCOO0Oapopuu TaOAUIOTXOM pOcTa Ba OapbakCH HWHTETpalil a3
bynkcusxon Oucéprarupébanma O6a wmu€H wMeosn. Jlap  maucceprarcus

XUCOOKYHHMXOH OTIEPATCUOHI Oapou YyHUH (PYHKCHUAXO MEITHUXO/ IITyTaaH]I.

Jlapayan kopkapad WJIMHM MaB3yHM TaXKMKOT. bapon kjaccxou Ha OH
Kajgap Bacen Myoawnaxou auddepeHcuanii Ba MyOAWIaXOW  HHTErpo-
nuddepencuanii 60 uctudoia a3 XMCOOKyHUXOH OTEPATCUOHM Aap KOPXOU UIMHUU

1. ®yuura [117,118], M. ®. A6nynxapumos [2], B. A. Wnun [34, 35,36], E. A.



Kosmnosa [119], A. A. Jly6okos [23], C. C. Opzos [61], D. 1. Cemenos Ba A. A.
Kocor [79] mMaBpuau TaxKuk Kapop rupudraana. Machanaxou HOTHION Ba
nOTHAON-KaHOP Oapou MyoauiIaxou nuddepeHcuanii Ba MyoauiIaxou UHTETPO-
muddepercuanuu Tenerpad Ba HHUYHHH, Oapou Myoaunaxou auddepercuanii 60
XOCHJIAXOW XYCYCHU TapTHUOHW 1y nap Makosiaxou wimuu M. U. WUnonos, 1. M.
3yndonos [32,33,37,38], lII. M. 3yndponoB [2—M,5— M] Ttaxkuk Kapzaa
nrygaana. bapou 4yHUH Macbhballax0 TaBacCyTH TaOaWiIOTH uHTerpanuu Jlarmmac-

Kapcon TacBupH Xamim OMIKOp MEIIHUXO/ Kapa IIyaaacT.

AJIOKau KOpHM TaAXKHKOTHA 00 HapHOMAaXxo, JIOMXaX0 Ba MaB3yX0U HJIMM.
Kopu nmcceprarcuonin nap noupaum OaamanOapopuu HakIIad TEPCIECKTHUBUU
KOPXOM WJIMA-TaIKUKOTHH Kadeapan TaxIid MaTeMaTUKHH  (HaKyITeTH
MaTeMaTHKau JIOHWIITOXW JaBIaTUXW OMYy3ropud TOYMKHACTOH Oa HOMH
Canpunnun Aiain 6apon conxou 2021-2025 a3 pyu maB3ym “TaxkKukoT ouja Oa

Hazapusu MyoariIaxou audpepeHcuanii Ba TaTOMKU OH ~° HYPO Tap/Iuj1aacT.



TABCUO®U YMYMUU TAXKUKOT
Makcaam TaxXKUKOT. Makcaad acocMd puUCOJIad  JIUCCEPTATCUOHM
MyalsiHKyHUM TacBUPU Oab3e (YHKCUSIXO Ba TacBUpPH Oab3e HHTETPATXO
MeOoman, kv Oapon &EdraHm Xamaium OIIKOpH Oab3e CHHGXOM MYOIUIaxou
nuddepencuanii 60 XoCcuIaXxou XyCyCHH TapTUOU K Ba Ay 00 MIApTXOW MOTHIOMN
Ba KaHOpHWM Jojamryaa uctudoamasanga Oyma, MHIYHUH Oapou €PTaHU Xaum
omkopu Mmyojuiiau nuddepeHcuanuu Tenerpad 6o mapTxou HOTUION Ba KAHOPUHU
Jo/amrya Ba Myoawsian uHTerpo-auddepencuanuu tenerpad 00 mrapTxou
HOTHION Ba KAaHOPWHU JOAAIIyAa MaBpUIX Bacew HCTH(dOIAa Kapop METHpPaH]I.
TacBupu (GyHKCHUAXO Ba MHTETPAIXO€, KU Jap PUCOJIal JAUCCEPTATCUOHN HUIIIOH
noaeM Ha (akat Oapou xauu myoawnan auddepeHcuanuu Teiaerpad, Myoauian
uHTerpo-nuddepeHcuanuu  tenerpad Ba wmyomwinaxou auddepeHcuanii 00
XOCHJIaXOU XyCYCHM TapThOU K Ba 1y UCTU(dOJa KapJa MellaBaH, Oanku Oapou
ébrann  xamm  Myoauiaum — uHTErpo-nuddepeHcuanuu  6a  MyoJuiiau
rapMHUry3apoHii Ba MaBY OBap/aliaBaHja Ba raiipa Hu3 uctudoaniaBasgaani.
Ba3zudaxou taxkKukor. MyBohUKH MaKcaay ry30lITallygan TaXKUKOT,
Machajlaxou 3€pUH MyIlIaxxac Kapaa mygaaH;

1. TacBUpHM UHTErpaIXou HAMyaH

min(x,t)

f e Bf(x—s,t—s)g(s)ds;
0

min(x,t) t—s

f f a(t—s—1) f(x —s;1)e"“® dsdr;
o 0

MyaiisiH KapJa aBaji;

2. Xamum ymymun wmyonauian guddepeHcuanuu - tenerpad, MyoJusiaud
uHTerpo-nuddepeHcuanuu tenerpad Ba myomwnaxou auddepercuanii 60
XOCHJIaXOH XyCYCHH TapTHOU sIK Ba Ty MyailsiH Kap/ia I1aBa;

3. Myoaunaun unterpo-nuddepercuanuu tenerpad Oapou siapon (GyHKCUAUA

xaTTin (rpadukamn XxaTtv pocT) Ba (QyHKCUSAU FalpuxaTTil (rpadukain xatu

Kay O IMapTXOnu 1 TI/II[OI7I Ba KAHOPpUHU J0Jallyaa XaJd Kapda maBaz[;
00 wmap 0 p y p



4. Ycynmu xucoOu omepaTcHOHW map Xaum Myonuiiaxou auddepeHcuanii Ba

UHTETpo-AudhepeHcranii TaToMK Kapaa maBaji.

O0bexkTn TAXKHKOT. Myoaunan nuddepercuanuu tenaerpad 00 mapTxou
uOTHION Ba KAHOPUHU JOjallyJa Ba MYOJWIaW HWHTETrpo-auddepeHcuanim
tenerpad Oapou sapou (yHKCHsAHU XaTTh (rpadukail Xath pocT) Ba (DYHKCHAH
raiipuxartii (rpadukam xaté kay) 60 mapTxou MOTHUION Ba KAHOPUU JOJAIIy]a
MeOomma.

IIpeamern TaXKMKOT. IIpeaMeT TaxKMKOT MyaWsSHKYHUM TacBUPHU
(byHKCUSIX0, HHTETpaIXo Ba €(TaHU XAy OMIKOpU . Myoawiau nuddepencuanuu
tenerpad, Myonunaum uHTErpo-nuddepencuanuu Tenerpad Ba MyOJIUTIAXOU
nuddepencuanii 60 XoCUIaXxou XyCyCUu TapTUOM SIK Ba Ay MeOoIa.

HaBronnu niaMumn TaxKukor. /lap puconan ouccepTaTCMOHN HATUYAXOU
acocuu 3epuH 0a JacT oBapaa IIyJaaH/;

e 0a BocuTaum Tabawinotu Jlammac-Kapcon TtacBupu (QyHKCUSIXO Ba

UHTETpaIXoe, Ki TaTOUKH Baceu aMaJlil JOpaH MyailsiH Kap/ia IIyAaan;

® XaJIu yMyMUHu Myoawian auddepencuanuu teiaerpad 00 mapTxou HOTHAON
Ba KaHOPUU JOJAIIy1a MyaisiH Kap/ia IIy1aacT;

® XaJJIM YMYMHH MYyOJuiIan HHTErpo-nuddepeHcuanuu renerpad 6apou sapou
byHKcusM XarTid (rpadukam XaTd pocT) Ba (YyHKCHSIM FallpuxaTTi

(rpadukaim xaTu kay) 60 MapTXou UOTHUION Ba KAaHOPHH JOAAIIyAa MyaisH

KapJa 1y aacT;

® XA YMYMHH Myoauiaxou auddepeHcruanny XarTii 00 XOCUIaxou XyCyCcuu

TapTUOM AK Ba Ay 00 MapTXOW MOTHUIOM Ba KAHOPUHU JOAally]la Ba XaJUld

Myoauiaan uHTerpo-nuddepeHcnanu 6a Myoauiaad MaBY OBap/IalliaBaH[a

MyausH Kapja I1y/1aacr.

AXaMHUSITH Ha3apUsIBA Ba WIMHIO aMaJIMM TaXKMKOT. TaXKMKOTH Ma3Kyp
axaMHusITH Ha3apysBU Ba aMally JOLITA, HATUYAXOU PUCOJIaN JUCCEPTATCUOHU
Ba METOAXOM HCOOTH OHXOpPO Jap XOJaTh 4YYCTy4dy HaMyJaHu XaJUlu

Machajgaxou uOTHOOH-KaHOpH Oapow Myoamnaxow muddeperncuana 060



XOCHJIAXOW XYyCYCH Ba MyOawiIaxou HHTerpo-muddeperHcuanii 60 XoCHiIaxou
Xycycit TaTOMKU XyJIpo €hTaaHI.

Hykraxou 0a XumMosi NeMHUXOAIIABAH/IA:

e TeopeMma Jap Oopan MyaWsTHKyHUHM TacBUpuU Oab3e (QyHKcusxo Oa

BocuTan Tabauiortu Jlamnac-Kapcos;

e TeopeMa Aap Oopau MyalsTHKYHUH TaCBUpU O0ab3e MHTETPaIXxo 0a BOCUTaH
tabaunoru Jlamnac-Kapcon;

® XaJUTH OIIKOPH MyoJujaxou nuddepeHcranuy XaTTuu TapTUOH K Ba 1y 00
MIApTXOU UOTHON Ba KAHOPUHU JOIAITya;

® XaJIU OUIKOpHU Myojuiau nuddepencuanuu tenerpad 00 mapTxon HOTHAON
Ba KQaHOPHUH JOJIAITy/1a;

® XaJUIM OIIKOPU MYOAWIaXou HHTerpo-guddepeHcuanuu Ttenerpad Oapou
AJIPOXOM T'YHOT'YH 00 MIapTXOU UOTUIO0N Ba KAHOPUHU JOJIAITY/1a;

® XaJUIM OIIKOPH MYOJuiIaxou uHTerpo-nmuddepeHcuannu 6a Myoauaad MaBYy
oBapaiiaBaHaa 00 MapTXou UOTUION Ba KAHOPUH JIOIAITY/IA.

Jlapayan >bTHOOPHOKHM HATHYAXO0. DHbTHUOOPHOKMM HATUYAXOU WUIIMUU
pUCOIau AUCCEPTATCMOHM TaBACCYTH MCOOTXOM MATEMAaTHUKUM JAKUKH XaMau
TAaCAUKOTU Aap AUCCEPTATCUs OBapjallyja TAbMHUH rapauia, 00 TaJKUKOTH
aurap Myain@oH TacauK Kapja MelaBal.

MyToOuKaTu aucceprarcusi 0a mUHOCHOMaW uxtucocn wimMu  Kopu
JUCCEPTATCUOHW a3  pyum  uxtucocu 6D060102 —  Myoaunaxou
nuddepeHcnanii, CHCTeMaxou TUHAMUKI, UIOPAKyHUN ONTUMAINA UYPO Kapaa
myaa, dacinu myoaunaxou auddepencuani gap 6anau 111 — u maparpadu 3-u
IIMHOCHOMAH UXTHUCOCU UJIMI MaxcyO Merapaa/.

Caxmu maxcuu J0BTaj1a0M aapédTu napayad WiIMH Aap TaxXKHUKOT.
Macpaman TaxKUKOT Ba HMHTHUXOOM METOAU HMCOOTXO a3 YOHHMOU poxdapu
WJIMHA TENIHMXO0J Kapja IIygaacT Ba 0a falp a3 uH poxOapu uiaMu 0Oa

MyaJuiupu pucosia KyMakKh KOHCYJITAaTCMOHH pacoHupaact. Hartuyaxou



acoCUM KOpU AUCCEPTATCMOHH, KU Aap Oanaun «HaBoBapum uinmi» oBapiaa

IIygaaH/1, maxcaH a3 4oHuou myasuindg 06a gact oBapjaa mryaaaH.

TacBud Ba amajauco3um HaTu4yaxom aucceprarcusa. Hatumyaxou acocuu

AUcceprarCusd gap CEMHHAPXO Ba KOH(bepeHCI/IHXOI/I 3CpUH MYXOKHUMA

rapavdaaaH;

I.

II.

I11.

IV.

VI

VIIL

CemuHapu Mapkasyd pylnigd MHHOBATCUTOHUM WJIM Ba TEXHOJIOTHUSIXOU
HaBu AMMT “Taxaunum kacpid Ba TaTOMKH OH® TaxXxTH poxOapuu
akageMuku AMUWUT, noxktopu uiMmxou Qu3MKar MaTemaTHka, Impodeccop
M. U. Unonos (Aymanbe, conxou 2020-2024);

CemuHapu kadenpan aHalu3WM MaTeMaTUKUM JOHUINITOXW HdaBjIaTUH
omysropun Toyukucton 6a Homu C. AliHiA TaxTh poxOapuu mpodeccop
ITupos P. H.;

Kondepencusn namun 6aiiHaIMUILIAIA Joup 6a Mackanan “KoMIuiekcHbIN
aHaIM3 M €ro NpWiIoKeHus , Oaxmujga Oa OucTconau OMY3UII Ba PYILIH
dbanxon TaOWMATIIMHOCH, NAKUK Ba pué3it map coxaum wiMy maopud Ba 75
COJIarMM JOKTOPU MIMXOH (pU3HKar0 MaTemaTuka, npodeccop Kypoonos 1. K.
Ba 70 cojaruu  JIOKTOpM WJIMXOM (PHU3MKAK MaremaThka, Ipodeccop
Yymbadoii Cadapos, (r.boxTap, 19 nos6ups 2022 r.), 63-65 c.;
Kondepencusn nnmun 6aiftHamMuiniaan oaxmuaa 6a 70 coarui akaaeMHuK
AMU ToOYUKUCTOH, AOKTOpPU WIMXOM (U3MKAI0 MaTremaTuka, mnpodeccop
[[Ta6o30B M. 1., (Tamxukucran. ymanoe, 24-25 utons 2022 r.), 234-237 c;
Kondepencusn nnmun 6aiftHanMuiani 6axmuaa 6a 70 colarui akaaeMHuK
AMU ToYUKHCTOH, MOKTOpU WIMXOU (HU3UKA-MaTeMaThka, Mpodeccop
boiimaros K. X., (Tamkukucran. [ymanobe, 25-26 nexadps 2020 1.).;
Kondepencusu nnmun OaitHaaMmuiami Oaxmmuaa 6a 80 comaruv JTOKTOPH
unmxon (dusuka-maremaruka, npodeccop Temyp Cobupor, (TamxukucTas.
Hyuran6e, 25-26 urons 2021 r.) ;

Kondepencusu nnmun OaitHaaMuiami Oaxmmuaa 6a 70 cogaruv JTOKTOPH
unmxon (Qusnka-marematuka, npodeccop [.Yaurubekos, (Tamxukucras.

Hymaun6e, 30-31 suBaps 2020 r.);



VIIl. Kondepencusn yymxypusiBii 6axmuaa 6a “bucrcomam omy3uimn Ba pyuau
dbanxon TaOWATIIMHOCH, MakKWK Ba puésit map comm 2020-20407, dymanGe-
2020;

IX. Kondepencusu nnmun OariHaaMuuIann O6axmmaa 6a 70 coimaruu JTOKTOpH
wiMxon ¢usnuka-marematuka, mnpodeccop K. Tyxmmes, (Tamxukucran.
Xymxann, 21-22 urons 2024 r.) 49-51 c.;

WMuamumopor a3 pyu maB3ym aucceprarcusa. Hatudyaxom kop a3 pyu
MaB3yu aucceprarcus gap 10 xkopu uiaMH, a3 oH yymia 4 Makoja gap
HaIIPUSIXOU TaKpHU3IIaBaHIa, KU Aap pyixatu amankyHannau KOA-u Hazmu
[Tpesunentu Yymxypum ToyukuctoH oBapaa mygaana, 6 Makoja aap
MaBOJX01 KOH(EPEHCUIXOH OaifHaIMMIIAIN Ba YyMXYPHUSIBUA YOII IIyJaaH I,

CoxTop Ba xaymm aucceprarcusi. /luccepratcus a3 mykajaauma, 3 000,
dexpuctu amadbuétu uctudomamymsa udbopar a3z 120 HoMryu, xamarn 139
caxudan xKoMmmroTepupo aapdbap rupudra, map 6apHomam Microsoft Word
XypydbunHi 1mymaact. bapou ocoHMU KOp Jap AWCCepTATCUS paKaMI'y30pUU
ceKkapaTam TeopeMaxo, JeMMaxo, HaTuyaxo Ba QopMynaxo Kabysl kapjaa
ITy1aacT, pakaMu sSKyM 00 pakaMu 000, pakaM# JyioM 00 pakaMu maparpad
Ba pakKaMH CE€oM 00 pakKaMu TapTHOMHM TeopeMaxo, JIeMMaxo, HaTH4Yaxo Ba

dhopMynaxoun XaMuH Iaparpad MyTOOMKAT MEKyHaH]I.
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BOGHU 1. XUCOBU OIIEPATCUOHN

1.1. Taoauiaoru Jlamiac

bapon xanm HamymaHm Xap TyHa MachajlaxOM Jap COXau TEXHHUKa,
TabuaTmuHOCH, ¢u3nKa, XuMus, onodusnka, MaTeMaTHKa Ba Faiipa MaBYyn0yaa

BoOacTaruu OaitHu sIKYaH] TarnpEOanIaxopo Oapaccit HaMyIaH J03uM act [25].

XaHroOMHA OMY3HIIHN XOUCAaXOU MEXaHUKH, XOAUCAXOU DIIEKTPUKH,
XOJIMCAaXOU XApOpaTil, XOJUCAaXOU PYIIHOW Ba Faillpaxo Machajgaxou T'YHOTYHPO
MYIIOXUJAa HaMyJaH MYMKHH acT 0a MOHAHIU MaxHIIaBUU TrapMil, CypbaTu
XapaKaTh YUCM, IMaxXHIIaBUM Jlanmmuin Ba raiipa [11]. Bapou Xamim macwhanaxou
Mazkyp Madxymu wmyoawiaxou auddepeHcuanii, MyoJqWIaXOW HHTETpaIid,
MYyOJUJIaX0u UHTErpo-nuddepercranii Ba XUCOOM ONEpaTCUOHK Baceb UCTU(OIA

Oypna merraBann [23].

XaHroOMU TaTOMKU XMCOOM OINEpaTCHUOHM MO TaOAMIIOTXOM HHTETPATIUU
TYHOTYHPO HCTH(oa MebapeM, K1 a3 0alilHU OHXO TaOAMIIOTH UHTEerpaiuu Jlarmmac
Ba Tabamnotu uHTerpanuu Jlamnac-Kapcon makomu anoxuaa nopany. @opmynau
YMYMHH TaOIUI0TH UHTErpasinu Jlammac Hamyau 3epuHpO Jopaj:

e}

F(p) = j e PLE(t)dt (1.1.1)

0

nap wuH 4o F(p) — odyukcusiu TacBup (u3o0paxenus) Ba f(t) —dyHKCUAN
opurHan  Mmeboman  ([4,106,88,113]). ®yukcusu F(p)  byHKCHsIH
tarupOaHmaant Komiuiekcii Oyma, Qynkcusu f(t) ¢yHkcusu Tarup&Oanmaar
xakuka Mmeborran ([4,8]). 3ukp kapman 00 MaBpua acT, KM (YHKCHSH TaCBUD
npoekcusiu rpaduxku GhyHKcusu aap ¢a3zou BaKT MaBuya0ynapo aap dazou 3yni
HUIIOH Meauxan. bosg rydr, ku map Oapobapum (1.1.1) dyukcusu f(t)
skrarupébanmaa act [89, 91, 30].

Tavpugpu 1: @ynxcusu mazupéoanoaam xaxuxkuu f(t) ¢pynkcusau opuzunan

HOMUOA Mewiasao, azap wapmxou 3epunpo Kanoam KyHao:
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1. Bapou xap zyna t < 0 ¢pynkcuau f(t) = 0 wasao.
2. @yuxcusau f(t) oap ummepeanu oxupnoxu [0,B] (B > 0)
UHMEZPOHUOAUIABAHOA acm.

3. @Dyukcusu f(t) xanzomu t — oo mnx0yo mebowao

If(®D)] < Me**
oapunyoM >0, s > 0¢at = 0.mebowmao.

[MapTxon nap Tappudu Ma3Kyp OBapAallyAapo MIapTxou Tadauwnotu Jlamiac

meHomann [57, 63].

Xanromu uctudoaa HamyJdaHu TadbawinoTH Jlamac gap xamwid xap ryHa
Machallaxo 3apypUsITH MyaWsHKYHHUHM TacBUpH (GyHKcusu nomamynau f(t) Oa

Muén meosn [63].

boan kailn HaMya, KM XaHIOMHM Xalld MyoJujaxou auddepeHcuani,
MYOJWJIaXOW MHTETpaJil Ba MYOAMWJIAXOM HHTerpo-nuddepencuanii Ha ¢akar
TacBUpU (yHKCHS, OAJIKU TAaCBUPH XOCHJIau (DYHKCHsI Ba TACBUPH HMHTErpaJl HU3

no3uM act [63, 3-M].

Kouoa: Aezap  f(t) - F(p) 6Oowad e6a  uHuyHun  yHKCUAXOU

F @O, f" @), f"®) ..., f™(t) nus ¢pynxcuaxou xaxuxi (Ppynxcusau opuzunan)

oowano, on 2ox oapou ounxox k =1,2,3,...,n

n-1
FP@ - p"F@) - ) pr 1R (0) (1.1.2)
k=0
Yoii 00paod, Ku oap uH yo
f©0) = lim f® (1) (1.1.3)
acm.

bapob6apuu (1.1.2) TacBupu xocunau TapTuOu N—yMu (GyHKCUsIU TarupéOaHaaall

xakukuu f (t) mebormran [41, 63].
Tavpugpu 2: Humezpanu namyou
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f f1(t = Df(Ddr
0

-po neuuoau Oy pyuxcusau opuzunanu f,(t), fo(t) menomano ea uynun uuwiopa

MEKYHAHO:

100 * f2(D) = j f1(t — Df2(D)dx. (1.1.4)
0

TacBupu unterpamu (1.1.4) awynnn Hamyx nopan [41]:

t
(D) * fo() = j £t = Df@dT > B G)F (@) (1.15)
0

XaHroMu MabiIyM OyaaHu (QyHKCHsH TacBup sibHE F(p) Mo MeTaBOHeM 0a
BocuTau TabaunoT Oapbaku Jlamnac GyHkcusu opuruHan sibHe f(t) —po MyaiisiH

KyHeM, ki popMyliau ymymMuu Tadbunotu 6apbakcu Jlamnac yyHUH acT:

a1+if

1
f@©) = L7{F @)} = 5= lim eP'F(p)dp (1.1.6)

al—lﬁ
Jap MH 40 (; — aJaJy XakuKid Oyna, MHTErpald JOJallyJa WHTErPaad KOHTYpl

0a mymMop MepaBajl, Ku OHpo HHTerpaiu bpomBruu-Baraep menomany [1, 50].

1.2. Taoauaoru Jlannac-Kapcon

Joup 6a MmapXxymMu XucoOu OnepaTCUOH OJJMMOHHU 3U€]T TAXKUKOTXOU WIMU
kapnaana. A3 yymna b.K . @ype, I[1.C.Jlamnac, O.XeBucaiin, A.Memnun, Y. Kapcon
Ba raiipaxo meoOomanna [20, 24, 63, 101]. Xanromu TaTOMK HaMyJaHH XHCOOHU
OTEPaTCUOHN Jap Xauid myoauiaxon auddepeHcuanin 00 XOCHIAXOU XyCYCi
tabmwiotu Jlammac OGapou dyHKcusxonm Oucéprarupébanga uctudoma Oypna

memasan [20, 24, 108, 113, 119].

®opmynan ymymun Tabaunotu Jlammac Gapouw dyHkcusxou Ouéprarmpébana

HaMy/I1 3€pUHPO J0Pa:

13



F(p1,p2) - Pn) = f f f e~ Lk=1PIXk £ (31, Xy, o X )2y dXy o diy;  (1.2.1)
00 0

map wuH 40 F(py,py ...pp) — GyHKCHAn  TacBup  (M300pakeHHs) Ba
f(xq, x5, ... x,) —byHkcusn opurunan meooman [106, 108, 113]. bopu Haxyct
onmumu Ampuko You Kapcon Ttabamnoru Jlannac-po TaxkuK Hamyzaa TabIUIOTEPO
Oapon Edrtanu TacBUpH (PYHKCUSXOM SKTarwpOaHia Ba myTarupéOaHia Karrd
HaMy/1, KA UH TabauioT Xojo 60 Homu tadaunotu Jlamnac-Kapcon mamxyp act
[20,21, 63]. ®opmynan ymymuu Tabauiaot Jlamnac-Kapcon yynun Medorma;

(0]

F(p)=p f e PXf(x)dx (1.2.2)

0
F(p,q) = pq f f e PV f(x,y)dxdy (1.2.3)
0 0

map uH 4o f(x),f(x,y) — obyHkcusu opuruHan ((GyHKCHSH TarupOaHmaar
xakukn) Oyma, F(p),F(p,q)- ¢dyHkcusu TtacBup (M300paskeHus1) MeOOIIAHI.
Oynkcusn F(p,q)- tacBupu Qynkcusu Ttarupébanmaamn xakukuu f(x,y) nap
daszou 3ynit mebomaa, ku gap uH Gazo QyHKCUsU Tarup&OaHmaanl KOMIUICKCH
aman wmekyHan ([39,46,52,85]). Xamam xocusarxon (YHKCHSH XaKUKA Ba
byHkcusn  TacBUp, KW gap Tabaunoru Jlammac 06a MO Mabiiym  acT
[20,71,90,91, 108] 6apou Tabaumotu Jlamnac-Kapcon uu3 4oii gopana. babseu

XOCHATXOPO MEOPEM:
1. Kommau monanmi: Arap f(x,y) 3 F(p, q) 6oman oH rox
f(ax,by) 3 F (g,%) memasag. (a > 0,b > 0)
2. Kompan muddepencuponii: Arap f(x,y) 3 F(p, q) 601mian on rox

fFxy)', 3 plFp, @) - Fi(@)]sa (f(x,y)), 3 qlF(p,q) — F2(p)]

memasag. Hap wn 4o Fi(q) « f1(y) = f(0,y) Ba Fp(p) « fou(x) = f(x,0)
mebomarn [4, 20, 26].

14



Nuuynun 6apou pynkcusau gytarupébania HU3 Teopema ouj] 6a neunaa qyou

nopaj, Kk oHpo 0aén xoxem kapy [3, 20, 42, 78, 108].

Teopema: Taceupu neuuoa 2ygpma Xxocunu 3apéou maceupu 0y @yHKcuau

xaxkuxuu f1(x,y), f2(x,y) -po menomano, ku Hamyou oH UyHUH aAcCm:

x (y
F1009) * fo(ny) = jo fo F1Em) f2(x — &y — mdédn

1
= ﬁFl(p' QF,(p.q) (1.2.4)

MeTaBoHeM Xap sIKe a3 UH TaFiupEOaHIaxopo Jap amoXuaaaru Hu3 ugoaa KyHeM:

fiey) * o y) = [y fi(€y) folx — & y)dE
fie,y) * fotuy) =) filen) f(o,y —n)dn

XaMHuHpO 0051 Kaia Hamy.l, KU UCOOTH TeopeMan Ma3Kyp 0apou MO MabiyM acT

[20, 71].
1.2.1. Taceupu 6avze pynkcusaxo

bo uctudona a3 tabaunoru Jlannac-Kapcon tacBupu 6abize HyHKCUIXOPO
Meé0beM, KM Xap SKe a3 WH (PYHKCUSAXO Jap XaUlM MYOJUJIaXou TYHOTYH 0Oa
MOHaHAM MYOJWJIaW TPAHCIIOPT 00 MaHOAW XaTTid, MyoauJiau Tenerpad, MyoIuIan

rapMHTy3apOHil Ba Fallpaxo TaTOMKW Bacen amanu gopana [1-M, 2-M].

Taceupu pynxcusu e @ (t — x) + @(0)e *6(t — x) —po ouoa mebvapoem.

CapaBBan 0osi1 Kaiin HaMyJ, KA C —aJaay XaKHUKHA HXTHEPH MeOOoIa.
bapou &dpranu tacBupu (yHkcusu maskyp ¢dopmynau (1.2.3) —po wuctudoma

Mebapem

pq f f e PX a4t (e~ p (t —x) + @(0)e~*5(t — x))dxdt
o Jo

ryoputii t —x = z;t = z + x; dt = dz-po uctudoga Hamyna XOCHJI MEKyHEM
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”“’f f e PX=A2-ax=CX [ /(7) + (0)8(2)|dxdz =
00

Oapobapupo TabIuI MeIUXeM

(q f e[, (2) + ¢<0)6<z)]dz) (p j
0 0

[00]

e —px—qx—cxdx> —

= qj e‘qz<pZ’(z)dz+<p(0)qJ e 9% §(2)dz (pj e‘(p+q+c)xdx> =
0
0 0

Oapowu naoman xai tacBupu pynkcusiu JJupak [20] Ba TacBupu Xocmiian GyHKCUSIH
skrarupébanaapo [21, 113] map kaBcu SKyM Ty30I0Ta Ba MHTEIPaIM FalHpuxoch

Jlap KaBCHU JyIOM MaBYyI0yaapo Xucod MEKyHEeM

R

(40@) - 49(0) + a90) (p fim [ o092 ) -
0

pe—(p+q+c)x
q (q)Rgrgo( p+q+c>

R

0

B CD( ) y pe—(p+q+c)R pe—(p+q+c)-0
— 4P IS, p+q+c p+q+c

aKHYH Xyayau nap 6apobapu MaBuya0y1apo Xucod MeHaMoeM

20
Rooo\ p+q+c p+q+c

P 1 p)=

= q®(q) li (— :
q (q)Rl—E?o p+q+c e(p+q+C)R+P+CI+C

1
“prere 100 (et ) -
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1 0 0
__ P _q¢(q)_(__+1)= pq®(q) 041 =21 (q)
p+q+c o p+q+c p+q+c
SbHeE
Cex o _ pq®(q)
e Yot —x)+ @(0)e”*5(t — x) :’m (1.2.5)

3ukp KapaaH 60 MaBpH[ acT, Ki UcOOTH GopMmysian Mas3kyp aap xojaatu ¢ = 0 Ba
@(0) =0 Oyman a3 Tapadu OJMMOHHM pPyC HH3 MyalsH Kapaa IIyJgaact
[20,66,71,75,108]. bapobapuu (1.2.5) Oapou HXTHEPH agagd C Ba KUMATH

uxtuépun @ (0) woit mopas.

Taceupu  gynxcusu e ™uy(x —t) + ug(0)e ™8(x —t) -po  ouoa

Mmebapoem.

Hap mOTHIO XaMUHPO KalJ MEHaMOeM, KW M —aJaaud XaKUKUU HXTUEPH
meOommaa. bapou édranu tacBupu ¢dyHkcusu monmarryaa dopmynaan (1.2.3) —po

uctudoaa medapem

Pq j f e P¥-at(e=miy J(x — t) + ug(0)e ™5 (x — t))dxdt
00
ry3opuii x —t = z; x = z + t; dx = dz-po uctudona Hamyaa XOCUI MEKyHEM

pq j j e PE+O-at=mt (1 (7) 4 1(0)8(2) )dzdt =
0

0

— g J j e PZPL=atE (1! (7) + 1 (0)6(2) )dedz =

e}

= (p | e+ uo(o>6<z>)dz) (q J

e—pt—qt—mtdt> _
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= <pjooe‘pzu6(z)dz + uO(O)pfooe‘pZS(z)dz> <q Jme‘pt_qt‘mtdt> =
0 0 0

[00]

= (pUO(p) —pu,y(0) + puo(())) <qj e—(P+q+m)tdt> _
0

aKHYH HMHTETpajy FalpuxoCH Jap KaBCHU IyIOM MaByyAOyJgapo XuUcoO HaMyja,

CHUIIAC XOCHJIM 3apOyu KaBCXOPO MyailsiH MEKYHEM

R

pqUo(p) - lim < j e—<P+q+m>tdx> =
—00 0

60 uctudona a3z tatouku popmynau Hioton-JIeHOHUTC XOCHII MEKYHEM

e—(p+q+m)t R
U li - =
Pq O(p)Rl—EEo< p+q+m> 0
e—(p+q+m)-R e—(p+q+m)-0
PqUo(p) lim, p+q+m < p+q+m>
= pqUy(p) lim __ ce~(PrarmIR 4 —30 =
MRS\ p4+g+m ptqg+m
1 1
— pal .<_ - . —(p+q+m)'°°+—) =
PqUo(p) ptq+m © p+q+m
1 pqUo(p)
= pqUs(p) [~ + 1) = (0 + 1) =
p+q+m PqUo(p) ( e(P+q+m)-e ) ptqg+m ©+1
_ pqUs()
pt+tqgq+m
SbHe
U
e My, 1 — £) + ug (0)e- ™8 (x — ¢) = PLYP). (1.2.6)

p+qg+m
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Bosim énoBap mryn, ku ucbotu popmynan maskyp gap xoiata m = 0, uy(0) =0
Oyman a3 Ttapadu ONMMOH MyaiisH Kapaa mygaact [20,71,75,108,43]. Ba

WHYYHHWH XaHTOMH sKTarupéOanaa Oyaad HU3 TacBUpHU GyHKCHS a3 Tapadu

OJIUMOH Oapaccii rapaugaact [63, 67, 37].

Taceupu gynxcuau e P!=*f(t — x) —po ouda mebapoem

®dopmynau (1.2.3)-po ucrtudoaa Hamyna TacBUpU GyHKCUSIPO Me€OeM

qu j e—px—qt ) e—bt—cxf(t _ x)dxdt —
0o Jo

= qu j e~ PFOX=(a+D)t £(¢ — x)dxdt
o Jo

ry3opunii t — x = z; dt = dz —po uctudona Hamyga XOCUI MEKYHEM

qu dxf e—(p+c)x—(q+b)(z+x)f(z)dz —
0 0

[ee)

— pq.[ e—(q+b)Zf(Z)dZJ e—(p+c)x—(q+b)xdx —
0 0

Oapobapuu Ma3Kyppo TaOIui A0/1a XOCHI MEKYHEM

[00]

=% (q+b) j e~ @Dz f (1) dy f e~ (ratb+oxgy | =
0 0

00 épuu popmynau (1.2.2) Xocua MEKyHEM

R
%-F(q+b)' lim f e~ (PrarbrIxgy | =
0
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R

qu(q + b) e—(p+q+b+c)x
ey, ( )

q+b R-ow _p+q+b+C

pqF(q + b) e~ (+q+b+c)R  ,=(P+q+b+0)0
=————— lim | — + _
q+b R*°°< p+q+b+c p+q+b+c>

B pqF(q +b)
" (q+b)p+qg+b+o)

AbHE

pqF(q + b)

e Pt=cxf(t —x) 3 (g+b)(p+qg+b+0)

(1.2.7)

Taceupu gpynxcuau e P=*f(x — t) —po ouda mebapoem

®opmynau (1.2.3)-po uctudona Hamyna TacBUpu HyHKCUSIU Ma3Kyppo MeeoeM

PCIj j e P¥=at . g=bt=cx £(x — )dxdt =
0 0

= qu f e~ PFOX=(a+D)t £(x — t)dxdt =
o Jo

ry3opuniii x — t = z; dx = dz —po uctudoga Hamy/1a XOCUI MEKyHEM

pg f dt f e~ PHOGH-@HD)E £(7)dz =
0 0

[00]

— qu e_(p+c)zf(z)dzf e—(p+C)t—(CI+b)tdt —
0 0

pfc (p+C)f€_(p+C)Zf(Z)dZ fe—(p+q+b+c)tdt:
0 0

p
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B pqF(p + ¢)
S (p+o)p+qg+b+o)

AbHE

pqF(p + c)
p+c)p+qg+b+c)

e Pt f(x —t) 3 (1.2.8)

Taceupu ynkcuau e °t=*f(|x — t|) —po ouoa mebapoem

Uwu taBpe Mo MezoHeM [71]

e f(lx — t]) = e (f(x — 1) + £(£ — 1))

meOoman. bunobap un dopmymaxou (1.2.7),(1.2.8) —po wuctudoma Hamyma

XO0CHUJI MCKYHCM

pqF(q + b) pqF(p + c)
g@+b)p+q+b+c) (+c)(p+qg+b+c)

e P f(Jx —th) 3

SbHe
bt rq F(g+b) F(p+o)
bt—cx —t)) = ( ) 1.2.9
¢ AC LD p+q+b+c\ q+b +(p+c) ( )
Xanromu ¢ = 0 Oynan 6apobapuu (1.2.9) uyHUH HaMyT METHPA/I;
F(q+b F
bt F(lx — t]) 2 pqF(q + b) L_Pa )  _
(g+b)p+q+b) plp+q+b)
_ 9 pF(@+b)+(q+b)F(p)
q+b p+q+b
SbHe
F(q+b)+(q+Db)F
e F(lx — t]) = q pF(q+b)+(q+b)F(p) (1.2.10)

q+b p+q+b
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Taceupu gynxcuau e "=*f(x + t) —po ouoa mebapoem

®opmyman (1.2.3)-po uctudoaa Hamyma TacBupu HyHKCHUSIH Ma3Kyppo Me€oeM

PCIf fe_px_qt'e_bt_cxf(t+x)dxdt:
o Jo

= qu J e~ P+AxX—@+D)t £ (¢ 4 x)dxdt =
0

ry3opuiii t + x = z; dx = dz —po ucrtudoga Hamy1a XOCUI MEKYHEM

0 Z
- j j e~ +G-0-@ D)t F(7)dzdt =
00

(o] zZ

= qu e‘(p”)zf(z)dzj e®P=a=b+Atqy =
0

0

e(p—q—b+c)t

—q—b+c

;)"

®opmynan (1.2.2) Ba popmynan Hroton-JleliOGuuTcpo mctudona HMyma XoCui

= | @+ o j e PO (2)dz <p

MEKYHEM
pq je—(p+c)z(e(p—q—b+c)z_ 1)f(Z)dZ —
p—q—b+c
0
-(q+b)z _ ,—(pt+c)z d =
p q— b+c f( ¢ )f(Z)Z

— P4 —(q+b)z d —(p+o)z d —

=T a—b+c e f(z2)dz— | e f(z)dz | =
0 0
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_ pq _
p—q—b+c q+b

(q +b) J e~W@tDzf()dz | —
0

—_— pq -
p—q—b+c p+c

(p + C)J e~P+IZ f(7)dz | =
0

_ Pq Fl@g+b) — pq Flpto _
p—q—b+c q+b p—q—b+c p+c

_ Pq (F(q+b)_F(p+C))

p—q—b+c\ q+b p+c
SbHe
_bt- rq F(g+b) F(p+c)
bt—cx t+ =3 — 1.2.11
¢ fle+) p—q—b+c\ q+b p+c ( )
Xanromu ¢ = 0 —0ynan 6apobapuu (1.2.11) HaMmyau 3eprUHPO MErUpa
F(q+b)—(q+b)F
ePtF(t + %) 3 q pF(g+b)—(q+Db)F(p) (1.212)

q+b p—(q+b)

XaMUHpO Kain MeHamoeM, ku OapodOapuxom (1.2.7), (1.2.8), (1.2.9), (1.2.10),
(1.2.11) Ba (1.2.12) nap poxHaMOX0H XUCOOH OTMIEPATCUOHM J1ap IIAKJIXOU T'YHOTYH
06e ucOOT oBapAa IIynaacT Ba Jap pHUCOJIad Mas3Kyp HCOOTH Xap SKe a3 HH

dbopMyIaxopo gap HaMyau yMyMi Jap myppard HuIoH gomaem [21,37,38].

Yansamu 1.2.1. TacBupu 6ab3e QpyHKCHIXO

Mo f(x, t) (x >0;t > 0) F(p,a)
e My, (x —t) qU:(p)
p+q+1
e ™ upx(x —t) + up(0)e ™8 (x — t) pqUo(p)
p+tqgq+m

23




WUnoman yaasamm 1.2.1.

e P*p,(t — x) p®2(q)
p+qg+b>b
e @, (t—x)+ @(0)e *8(t — x) pq®(q)
p+qg+c
e Pt + x) pq Flg+b) Flp+o)
p—q—b+c\ q+b p+c
e Ptf(lx —t]) q pF(qg+b)+(q+b)F(p)
q+b p+q+b
e P f(|x — t]) pq (F(q + b) 4 F(p + C))
p+q+b+c\ qg+b (p+o)
e—bt—cxf(x —t) qu(p +¢)
p+c)p+q+b+c)
e—bt—cxf(t _ x) qu(q + b)
(g+b)(p+q+b+c)

1.2.2. Taceupu 6avze unmezpanxo

bo uctudona a3z tabaunoru Jlamnac-Kapcon Ha dakar tacBupu GyHKCHUSIXO
OaJKu TaCBMPH MHTErpanxopo Hu3 édran mymkun act [32,108,102,17,34,69].
Onumonu mypasin B. A. JIuTkuH Ba 1urapoH 0apou MyalssHKyHUHM TacBUPH Oab3e
(GYHKCHSIXO Ba MHTErPajaxo TaxKUkKoTxou mimu Kapmaann [20]. HomOypmaxo map
capcyxaHu KUTOOalOH 00 YHBOHM «XHCOOM OINEpaTCUOHK Oapou (YyHKCHUIXOH
nyTariupéoanaa » kKaWa mekyHaHna: “/lap uH kuToO XMCOOM OmepaTCHOHUU
byHKcusxon ayrariiupéOanga 6a BocuTan TabauinoT Jlammac oBapna Irynaact.
TaBpe MabJiyM acT, XUCOOU OTIEPATCUOHH Jap COXaXxO0H T'YHOTYHHU TaXKUKOTH UMM
Baceb uctudoma Oypaa Memaan. Jlap amaOu€Tu BaTaHil Ba XOpPUYH ITyMOpau
3uénu Kopxo Oa Ta0p pacumaact, KU 0Oa Ha3zapusi Ba aMalusad XHCOOH
omnepaTCUOHUU (PYHKCHUSIXOU sIKTariiupébanga Oaxmmaa myaaasn. Hwucbar 0Oa
XUCcoOU omepaTCHOHUM TyTariup&Oanmaa Oolaj mryMmopan Xejie HOYM3U MaKoaxo
YOI y1a, anabuéT MoHorpadi komuian Hokugos medoman. YyHUH X0naaTH KOp
MyaJmTuOHPO BOJAOP MEKYHaJ, KA HATHYaXxOW aCOCHH XUCOOM OIepaTCHOHUHU
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nyTardiupEOaHmapo ap HaMyad KATOOM aloxXuja TNEeNIHUXOJ HaMOSHI

[20, cax. 5].

TacBupu Oab3ze MHTErpaixoepo amjaa medapoem, KM TO X0oi a3 Tapadu

OJINMOH MYaWsiH KapJla Hallyaaacr.

Taceupu unmezpanu namyou |, Ot a(t — ) u(x, t)9t-po ouoa mebdapoem.

3uKp KapjgaH 00 MaBpHJ acT, KM TAaCBHPU HWHTETPAIA Ma3Kyp XaHTOMH
u(x,7)- ¢ynkcusiu skrarupé6anmaa OymaH a3 Tapadu OJMMOH TaBaCCYTH
tabaunoty Jlammac myaiisH kappaa mynpaact [63, 71, 49] Ba xomo Mo TacBUpH

MHTErpajii Ma3Kyppo TaBaccyTu TadamiioTH Jlamnac-Kapcon MmyalisiH X0XeM Kap/I.

Teopema 1.2.1: Bbuezop pyuxcusixou a(t),u(x,t) wapmxou mabouromu Jlannac-
PO KaHoamikyHanoa 6owlano, ou 2ox xaneomu x > 0,t >0 6yoan macsupu

UHmMe2panu MasKyp YyHUH Meuasao:

t

1
j a(t = 1) uCo T =A@V, 0)
0

Ucbom.: bapou ucoomu meopemau mMazkyp maceupu unmezpaiu 000auyoapo 60

séocumau mabounomu Jlannac —Kapcon myaiisin meKynem

prq JOOO joooe'px'qt <Lta(t — 1) u(x, T)@T) dx0t =

= PCIf j e P*u(x, 1) (j a(t —1)e 6t> 0xdT =
0 0 T

eyzopumu t — T = z;t = z + 1; dt = dz —po ucmughooa nHamyoa xocun mexKyHem

= PCI_[ J e Py (x, 1) (f a(z)e % 62) 0x0T =
o Jo 0

= <pq jooo joooe‘px“”u(x, T)axar> . (% <q Joooa(z)e‘qz 62)) =
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maceupu yukcuaxou oap xap 0y Kasc magyyodoyoa bapou mo as dapobapuxou
(1.2.2), (1.2.3) mavaym acm [20, 108] omuxyopo 6a 6apobapu eyzowma xocun

MeKyHem
(pq fo : fo ooe"”“‘”u(x, T)ax(?r) - (2 <q JO ooa(Z)e“’Z 62)) = %A(q)U ® @)

Avhe

fa(t — D ux,1)d7 3 %A(q)U(p, q) (1.2.13)

0

mebowiad.

XaMHH TaBp Teopema UcOOT Iy,

Yu taBpe Mo MenoHeM [21]

ou(x,t) .
F plU(, @) — ©(q)]

meOomian. bunodap ma  xanromu u(x,t) = aua(:t) Oynan Oapobapun (1.2.13)
HaMYy/Id 3€PHHPO METHUPA;

du(x, 1) 1
[ att -0 =520 2 - 4@ PUG.0) - O@)] (12.14)

0
Xamuapo ©Oosm Kaiim Hamynm, ku gap xomatd u(x,t) = uy (x)u,(t) Oyman
6apobapuu (1.2.13) uyHuH MemaBai:

t

1
j a(t — 1) u; (Nu,(t)0r 3 7 A(q) - U:(p) - U2(q) (1.2.15)

0
Ba MHYYHUH Xauromu u(x,t) = us(t) Oyman XOCHI MEKyHEM

t

1
f a(t — 1) usz(r)ot 3 EA(Q)U:;(Q) (1.2.16)
0
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Taceupu unmezpanu namyou

min(x,t)
[ h©ne-st-sos
0

-po ouoa mebapoem

CapaBBan xaMHHpPO Kailn 0057 KapJ, KH TacBUPU MHTErpajl MasKyp
TaBaccyTH Tabaunotu Jlamnac nyrarupébanna a3 tapadu OJMMOH MyailsiH Kapaa
mrynaact [20] Ba xomo Mo TaBaccytu Tabamnotu Jlammac-Kapcon myaiissH xoxem

Kap/I.

Teopema 1.2.2: Buesop ¢ynxcusxou fi(x), f1(t), fo(x,t) wapmxou mabouromu
Jlannac-po kKawmoamxkymanoa 6Oowano, ou 2o0x xaweomu x> 0,t >0 6yoan

Maceupyu uHmezpaiu Maskyp 4yHuH Meuasao:

min(x,t)

[ A s- 05 = ACL DRG0
0

p+tq

Hcoom: Bapou ucoomu meopemau Mazkyp maceupu unmezpaiu 000auyoapo 60

séocumau mabounomu Jlannac —Kapcon myaiisin meKynem

min(x,t)

pq e Px-qt fi(s)fo(x — s, t —s)ds |dxdt =
[l ]

bapou uooma épmanu amanruém 2yzopumiu t —s = v; X — S = U -po ucmughooa

Hamyoa Xocui MeKyHeMm

X ©0 (o'e]
nq j j e P+ -q(v+) j £1(5) fo(w v)ds | dudv =
00 0
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()

X ©0
= pq j f e U=V £, (u; v) dudv j e~P+0s £, (5)ds =
00

0
o oo 1 (oe]
00 0

dopmynaxou (1.2.2) ea (1.2.3) —po ucmugooa namyoa xocun meHamoem

1 Fi(p +q9F,(p,q)
F(p,q) —— F,(p+q) =
>, q) —— 1(p+q) s

Xamun masp maceupu unmezpaiu MaskKyp Maviym uyo, Ku OH YyHUH aACm:

min(x,t)

f () fo(x —s,t —5)ds = Filp +F® 9
0

p+q

(1.2.17)
Bbapobapuu (1.2.17)-po aap mrakimm mydaccai 9yHUH MCHABHCAH/T;

min(x,t)

[ n@he-st-sas-
0

ot
jf1(5)fz(x—s,t—s)as XaHroMHu X > t
0

X
jf1(5)f2(x —s,t—s)ds xaHroMmu x <t
\0

Yu TaBpe Mo menoneM [21, 75, 72]

e—bt _,

p+b

mebomran. buHoGap wH  xaHromu f;(s) = e ?S 6ymam 6apoGapmm (1.2.17)

HaMyJI1 3€pUHPO METUPAL:
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min(x,t) p+q

P14 g
j e PSf(x—s t—5)653p+q+b @ CI)_ F,q)

p+q _p+q+b
0
SbHE
min(x,t)
F(p,q)
bSf(x —s,t —85)ds 3 ———— 1.2.18
| erre-si-sos e (1.2.18)

0

bapob6apuu (1.2.18) map xonatu b = 0 Oynan a3 Tapadu oaumMoH 00 mUTap TAp3y
ycya myaiisiH kapaa mygaact [20]. Mo meraBoHeM 00 ucTHdoOIa a3 TaJa0UKH
Teopemau 3ap0 (YMHOXKEHHS) Ba TeopeMau Kyudwuill (casura) 6apodapuw (1.2.18)-po
a3 Oapbakc auya 6apoeM Ba X0JI0 MO 0apou UXTUEPH aaau XaKuKuu b QyHKCUSU
XaKUKA 4yCcTy4dy xoxem Kapa. bapou édranum ¢dyHkcusu Xakukuu O0a TacBUPH

F(p,q)
q+b

byHKCHSH MyBOQUKOyAa siKe a3 TarupEdaHaaxopo J0MMHU HIymopHaa 60
uctudoa a3z reopeman 3ap06 (yMHOKeHUs1) xocwi MekyHem [108]:

X
e~ F(x,q) =

Fo9 __ p  =Fpa) _
p+q+b p+q+b p

X
= j e~WtDIS F(x —5,q)ds
0

aKHyH TeopeMau Kyuuil (caBura)-po ucTudoaa Hamylna XyJulocau 3€puH
mebapopem [20, 26].
e (@tD)SE(x —5,q) =

0 bapout < s

— p—bs —qu _ {
¢ e x=sq)= e PSf(x —s,t —s)6apou t > s
a3 pyH MH XyJU10caxo GopMysian yMyMHPO XOCUI MEKYHEM

min(x,t)

J e PSf(x—s,t—s)ds

0

F(p,q)
p+q+b "
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XaMI/IH TaBp TaBaCCyTHU AY Tap3 HU3 SAKXCJI HATHUYaA Oa AacT OBapAcM.

Taceupu unmezpanu 3epunpo meéoem, Ku HaMyOu yMymMuu OH YYHUH ACHL:

min(x,t) t—s

f f a(t—s—1) f(x—s;1)e " dsdrt
0 0

CapaBBai TabKuJ MEHAMOSIM, KA TaCBUPU MHTETPAI Ma3Kyp TO XOJ a3 Tapadpu

ATOH OJIMM MYalsH Kap/la Hauryaaacr.

Teopema 1.2.3: Buezop gyukcusxou a(t), f(x,t) wapmxyou mabouromu Jlannac-
po KanoamkyHauwoa 6Oouiano, oH 2ox xauweomu x > 0,t >0 6yoan macsupu

UHmMe2panu MasKyp YyHUH Meuasao:

mln(x!t) t_S

f f a(t - S — T) f(x —S; T)e—als dsdt = A(Q)F(p, q)
0 0

qip +q+a;)

Ucbom: Bo ucmughooa az mabounomu Jlannac —Kapcon maceupu ummezpanu

MA3Kyppo meébem, Ku mo o1 a3 mapapu oiuMoH Myausn Kapoa Hautyoaacm

mln(x,t) t—S

X ©o
qu j e Px-qt j j a(t—s—1) f(x —s;1)e M5 dsdt |dxdt =
0 0 o 0

y3opuiu X — S = u; t — S = v —po ucmugooa kapoa xocuyi MeKyHem

X ©o 0 v
quf e P(u+s)—q(v+s) j ja(v—r) f(u;t)e" %" dsdt |dudv =
0 0

0 0

v

< ©o 0
= PQI f o —PU—qv fa(v —17) f(w; t)dt dudvf e~ Pta+ads gg —
00 0 0

yu maspe az oapooapuu (1.2.17) mebumnem
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v

1
[ aw - fandr= ~A@F@,)

0
Mmebowao, bunobap un 60 ucmugooa az bapobapuu 3epuH X0Cui MeKyHem

e~ (p+q+ay)s R

1 1
aA(q)F(p, q) - lm;( 0) = EA(q)F(p, q) -

ptq+a ptq+ta

Xamun masp maceupu unmezpaiu MaskKyp Maviym ulyo, Ku OH YyHUH acm:

mln(x!t) t_S

f f a(t—s—1) f(x —s;1)e” "5 dsdt 3 AQF(p; q)
0 0

qip +q + a;)

(1.2.19)

3uKp KapaaH 00 MaBpuja acT, ku Oapodapum (1.2.19) nap Xonatu Xycyci HaMyau

3epUHPO METUpA:

mln(x!t) t—S

[ [ ate-s-0r6-9g@esasir = X DD
0 0

qlp +q + a;)

(1.2.20)

Taceupu unmezpaiu Hamyou

t

J e~ (bot+aos)y (x — s)ds
0

-po ouoa mebapoem

@®opmynan ymymun Ttadgwiotu Jlammac-Kapcon ©Oapow dyHKcusim myTa-

rupéOangapo ucTudoaa HaMyla TACBUPH HHTETPAIM Ma3Kyppo Mecbem

quje px-qt j ~(bot+aos)y (x — s)ds | dxdt =
0 0
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o0 ©0 t
— qu j e~px—qt fe‘bo(t‘s)‘bos‘aosuo(x —s)ds |dxdt =
00 0

t

= qu f e~Px-aqt Je‘bo(t‘s)-e‘bos‘“osuo(x—s)ds dxdt =
0 0 0

0]

=qu f e PX=bos=oSy (x — 5) je‘bo(t‘s)-e‘qtdt dxds =
0 0

N

ry3opuniu t — s = z,dt = dz —po ucrtudoga Hamy1a XOCHI MEKYHEM

0]

o0 ©O
qu j e P¥=4s . g=boS=@oSy  (x — ) J e~ boZ . e=9%dz |dxds =
0 0 0

_ quje—px—qs.e—(ao+bo)5u0(x—S)dde ) 1 qfe_qz'e_bozdz _
00 1 0

TacBUpU (PYHKCHSIM Jap Xap Ay KaBC MaB4ya0yJa ajakaii 6apou MO MabiyM

mebommaz [32, 63, 38] Ba OHXOPO Jap YOUXOSAIIOH Ty30IITa XOCHI MEKYHEM

:( q U(p)>_(1_ q ): qUo(p)
p+q+ap+by ° q q+by) (q+bo)(p+q+ag+by)

XaMHH TaBp TACBUPU MHTETPAIM MA3Kyp MabJIyM Kapja IIyJ]l, KH OH YyHUH acCT:

qUo(p)
(q +bo)(p+q+ag+ by)

t
f e~ (Pot+aos)y (x — s)ds 3 (1.2.21)
0

Taceupu unmezpanu namyou
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t
1
ri(x,t) = Ef(e‘ls — et (e=Dsyy (x — s)ds;c # 0
0

-po ouoa mebapoem

dopMyiian yMyMuu TaOIuIIOTPO OBapja TaCBUPHU MHTErpaliv oAalyaapo Me€oeM

Ba YU T'yHae, KU aéH acT MHTErpalid Ma3Kyp a3 mapamerp Bodacra meboman [16].

Ri(p,q) = qu. j. e_px_qtrl(x, t)dxdt =
0 0

0 oo t
1
= qu f e—px—qt Ej(e—ls — e—ct+(C—l)S)u0(x _ S)dS dxdt =
0 0 0

t

_ —-px—qt l —ls 1_ —C(t—S) —_ d d d =
=g [ [ e (2 [ et — e ugta = s)ds | axae =
00 0

© @ b 1 — e—c(t—s)
=qu J e PX~Isy (x — 5) Jf-e‘qtdt dxds
0 0

S

XaMHUH TaBp MHTErpaJid KapaTHH Falpuxocpo makao Hamynem [8, 11] Ba Gapowu
Xuco0 HaMyJaHW MHTETpad Ma3kyp ryszopuim t — s = z,dt = dz —po uctudona

HaMyJla XOCUJI MEKYHEM

oo}

co o 1 — e-cz
qu f e PX¥=4S . o=lSy (x — 5) f (T) e ¥%dz |dxds =
0 0

0

_ [qu .[ e—Px—CIs . e—lsuo(x - S)dXdS] . qf e_qz . (1 —Ce—CZ) dZ _
0 O 0

Q| -
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TacBUpU (PYHKCHUSW Jap xap Ay KaBCHM MaBuyaOyzaa ajakaii 0ap MO MablyMm acT

[71, 21] Ba 0HXOpO Jap YOMXOSIIIOH I'y30IlITa XOCHI MEKYHEM

_[qUo(p)]_F_ 1 ] 1 qUo(p) Uo (p)
“lpra+i lg grcl qlqgro pra+l (@ro@+q+D

XaMHH TaBp TACBUPHU HMHTETPAIM Ma3Kyp HU3 MAabiIyM KapJa IIyJd, KU OH YyHUH

acCT:

1
—f(e"s — e~ct+(e=Dsyy (x — s)ds 3 Uo(p) (1.2.22)

(q+c)p+q+D)

Jap uH 4o C, |- amagxou xakukuu uxTtuépu Oyaa, nHYyHUH ¢ # 0 acT.

Taceupu unmezpanu 3epunpo meéoem

t

f((?(t —5) + bh(t — s))e™bs f(x + s)ds
0

Hap un 4o 6(t), h(t)- byrkcusin ymymukapaairyaa meoorrana [54, 56].

Teopema 1.2.4: buezop @yuxcusxou f(x) wapmyou mabounomu Jlannacpo
KanoamkyHanoa Oowano, oH 20x xaweomu x> 0,t >0 6yoan maceupu

UHmMe2panu MasKyp YyHUH Meuasao:

t

j(S(t —5) + bh(t —5))e™ f(x + s)ds 3

0

pF(q +b) — (q + b)F(p)
p—(q+b)

Ucoom: Dopmynau ymymuu mabouromu Jlannac-Kapcon 6apou ¢hyurkcusau

oymagupébanoapo ucmugooa Hamyoa maceupu UHmezpai MaKyppo meébem

t

qu j e Px—qt j(d(t—s)+bh(t—s))e bs f(x + s)ds | dxdt =
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eysopuwu t — s = z; dt = dz —po ucmugooa namyoa xocun meKyHem

[00]

O ©O 1
= pq e PX45 . o7bSf(x + s)dxds |- =| q [ (6(2) + bh(2)) e~9%dz
/] \']

0

Xamun masp unmezpanxou eaupuxocpo nauodo kapoem [27, 28]. Yu maspe mo
MeOoHeM maceupu yHkcusu Kascu oyiom oapou mo mawviym mebowao [38, 24,
108] sa macsupu @yuxcusu kascu sxym az popmynau (1.2.12) 6ap mo maviym
acm. (ba yaodsanu 1.2.1. 6a 1.2.2. nueaped) Xamun masp maceupxopo cyzouima

XOCUJl MEKYHEM

( q _pF(q+b)—(q+b)F(p)>_<q+b) _PF(q+b)—(q+b)F(p)

q+b p—(q+Db) q p—(q+b)
Hvne
t
B \\._bs _, pF(q+Db)—(q+b)F(p)
Oj(5(t s) + bh(t —s))e™ f(x + s)ds =3 @b (1.2.23)

Taceupu unmezpanu 3epunpo meéovem

min(x,t)

j (6(t —s) + bh(t — s))e ™ f(x — s)ds
0

Yu TaBpe a3 6apodapuu (1.2.17) Mo MmeOuHem

min(x,t)
F + q)F F
f £ () (x — $)fa(t — )05 2 1(0 + DF(p)F5(q) (1.2.24)
ptq
0
MeOomaz. Jlap unrerpaie, Ki MO TaCBUPAIIPO YyCTy4dy Kap/ia UCTOIaeM
_ q
fit) =e bt_)—q+b

f2(x) = f(x) = F(p)
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fs(t) = (6(t) + bh(t)) > q+b
mebomman [20, 75, 5]. TacBupxopo 0a Oapobapum (1.2.24) rys3omra XOCHII

MEKYHEM:
min(x,t) )
— _ —bs _ - . p t q . F(p
f (6t =)+ bh(t = $))e™ fx = $)ds = (q +b) o=
0
_(g+b)F(p)
p+q+b
SbHe
min(x,t)

j (8(t —s) + bh(t —s))e ™ f(x — s)ds = (Z’:z)i(lf)
0

(1.2.25)

Oé maceupu unmezpanu Ma3Kyp 0ypycm Haguwima uiyoaacm?

t _pie— min(x;t) _ - pP2(@
Jye b(t-9) g, (s)ds — Jo e P h(x — s)p,(t—s)ds 3 m

bapou 4yaBoO rydran 6a MH caBoJl Machanapo a3 Oapbakc TaxXJUJ MEKyHEM Ba

XaMUH TaBp UPoaapo coaga Hamy1a XOCHUIl MEKYHEM

pP2(q) _Pa(e)  P(q) _ Pg) H(p)P(q)
(g+b)(p+q+b) q+b p+qgq+b q+b p+q+b

Yu taBpe a3 0apoOapuu (1.2.24) Mo MeOMHEM TaCBUPHU UHTETPAIN HAMYIU

min(x;t)

j e PSh(x — s)@,(t — s)ds

0
YyHUH acT:

min(x;t)

j e PSh(x — s)g,(t —s)ds 3

0

H(p)®,(q)
p+q+b
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map uH 40 h(x) — ¢yukcusu Xesucaiinm Oyma [56], TacBupm OH TaBaccyTH

tadaunotu Jlamtac-Kapcon uyHuH meborman:
h(x) > 1=H(p)

Ba MHYYHUH YU T'yHae, Ku a3 6apobapuu (1.2.24) Mo MmeOunem

D,(q)
q+b

t
f e b=, (s)ds 3
0

meboman [31, 32].

SAbHE

min(x;t)

t
j e Pt g, (s)ds — f e P h(x — 5)@,(t — s)ds 3
0 0

p®,(q)
(q+b)(p+q+b)

(1.2.26)

MelIaBaja. XaMUH TaBp MabjiIyM IIyA, KA TaCBUPU HMHTErpaid Mas3Kyp AypycT

HaBHUIITa IIyJaacCT.

Tacéupu unmezpanepo meéoem, Ku AOPOAUWL  CyMMAU  PYHKCUAXOU

YMYMUKapoautyoa meoouiano

t

f(é‘(t —5) + bh(t —s))e b f(s)ds

0

@opmynan Tabmunmotu Jlammac-Kapcon Oapou (QyHKCUAXOHM sSKTarupOaHAapo

uctudoma namyza [20, 21, 71] TacBupu HHTErpanu Ma3Kyppo Meédem

qj et J(d(t —5) + bh(t —s))e™ f(s)ds |dt =
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ry3opuiid t — s = z; dt = dz —po uctudona HaMmy1a XOCHUI MEKYHEM

q f e~a+s) f (6(2) + bh(z))e s f(s)ds dz =
0 S
= [qj e~ 9%(5(z) + bh(z))dz] : [f e‘(q”’)sf(s)dsl =
0 0

= (q +b) j e~ @+b)sf(s5)ds = F(q + b)
0

SbHE
f(S(t —5) + bh(t —s))e s f(s)ds - F(q + b) (1.2.27)
0

Taceupu unmezpanu 3epunpo meéovem
t
j a(t —1)e P"u(x + 7)ot
0

bo uctudona a3 ratouku Oapodbapuu (1.2.13) TacBUpH HMHTErpaiv AOJAITYIAapO
MyailssH MekyHeM. MHTerpane, Kd MO TacBHpAIIpPO YyCTydy Kapja HCTOJaeM

xoJiatu Xycycit 6apoun unrerpanu (1.2.13) 6yna, nap uH 4o
u(x,7) = e P"u (x + 1)
MeOoI1a1, KM TaCBUPHU OH YyHHUH act [2-M, 21, 75]:

pq  pF(q+b)—(q+b)F(p)
p—(q+b) r(q +b)

e PTu(x+1)3

TacBupu snpo a(t) Ba dynkcusu u(x,t)-po 6a Gapobapum (1.2.13) rysomra

XOCUJI MEKYHEM
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t
t

j a(t —t)u(x,t)ot = f a(t —1t)e P"u(x + 1)1 3

0
0

( pqa__ pF(g+bh) —(q+b)F(p)>_A(q) _
p—(q+D) p(q +b) q

_ A(q) pF(q+b)—(q+b)F(p)
q+b p—(q+b)

AbHE

A(q) pF(g+b)—(q+b)F(p)
q+b p—(q+b)

t
j a(t —1t)e P"u(x + 1)t 3 (1.2.28)
0

MeIaBa/l.
Taceupu unmezpanu 3epunpo meévem

min(x,t)
j e~ %(=5) . e=M15 . f(x —5;t — 5)ds
0
Xynynd WHTETpaiM Mas3Kyp a3 TarupéOanmgaxo wubopar Oyna, HHUYYHUH
UHTErpaj a3 mapameTnp HU3 BobOacta act [71, 48]. Uu taBpe mMabiaym act nap
xonatu ay = 0,a; =0 OynaH TacBUpH MHTErpaid Ma3Kyp a3 Tapadu OJIMMOH
myaiistH mymgaact [20, 21] Ba map Xoaatu ag,a; — HUXTHEPHU afaaud XaKuKi OymaH
060 uctundona a3z tabmuiorm Jlammac —KapcoH TacBUpHM HHTErpaiv MasKyppo

MeébeM

min(x,t)

X 00
quje—px“” j e~ (=9) . g=WS . f(x —5;t — 5)ds | dxdt =
0 0

0

nap OapoOapum MasKyp TY30pHIIM X —S = U;t —s = v —po uctudona Oypaa

XOCHJI MEKYHEM
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e}

o ©0
= pq f j e—p(u+s)—q(v+s) f e~ AoV . o5 -f(u; U)dS dudv =
00 0

[00]

x 00
= qu f e—Pu—(Q+a0)Uf(u; U)dU,dUJ e—(p+q+a1)s v ds =
00 0

(0]

X 0o
= 7 fa . p(q +a0)Jje_Pu—(q+ao)Uf(u; v)dudv . j.e—(p+q+a1)s ds | =
0
0 0 o

WuTerpanu nap KaBcu aKyMm MaBuyaOyzaa tadawiotu Jlamnac-Kapcon mebomaz Ba
UHTETpajid Fapuxocu Jap KaBCH AYIOM OBapallyJapo XUCOO HaMmyaa XOCHII

MEKYHEM

e~ (p+qtay)s

q . R
Tta (p;q +ap) Rglgo< e 0)
= Figta)
q+a0 p+q+a1

XaMUH TaBp TaCBUPHU UHTErPAIA Ma3Kyp MabJIyM Iy, KU OH UyHHUH acCT:

min(x,t)

j e~ WE=)=AS f(y — 55t — 5)ds 3

0

qF(p; q + ap)
(p+q+a)(q+ap)

(1.2.29)

Omumu ampukoin A. babaxanit gap moHorpadusu xyn 6o Homu ‘“Hazapusiu
TabauiIoTX0M OucépueHakan Jlammac Ba MachballaxoW capxaaid HM3XOpH aKuja
MeKyHal: “Xagadu acocuM HMH pUCOJa OMY3UIIM TaOIUIOTH OucépueHakau
Jlanmac Ba Tap3XoM MyXTalnu(u XUCOOKyHHM OH MeOormas. SIk4aHa TeopemMaxo Ba
YCYJIXOM XMCOOKYHI MCOOT mryaaani, uydTxou HaBu Tabauiotu Jlammac a3 sk Ba
Iy YeHAKXOU MabJIyM MENTHUXO] Kapaa MemaBan. [lap 600u skyMm 4op TeopeMan
acoci McOOT Kapjia MeIllaBaj Ba CHIAcC XaJaud aKKajl sk Hathya Oapou ©Oa mact

OBap/JaHu TeXHHUKau Oa JacT oBapjaaHu Ta0auiIoTH Oapbakcu Jlaminac 6apou Oab3e
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byHKCHSIXOM Maxcyc. ABBaJlaH, MO MH TeopemMaxopo 00 ay YeHak MaxAyl Kapna,
0abaH MO OHXOpO 0a ce YeHak Baceb MEKyHeM. boOu qyioMm a3 TeopemMaxo Joup
0a Tabmunotu naydeHakau Jlarmmac oro3 MelIaBajl Ba SKYaH] CHCTEMaxoe, KH a3
UH TeopeMaxo 0a gact oMmamgaanja, ubopar act. Mo uHUyHUH 06ab3e TeopeMaxou
O0apbakcpo ucboT MekyHeMm. Jlap 600u ceroM MO N HUTEPATCHSIU TaOJMIOTXOPO
Oapou 6a mact oBapaanu Tadauiotu Jlamacu mydeHaka 00 xaM MaiBacT MEKyHEM.
Huxost, 6ab3e Machamaxou capxaiaim Oapom myomuinaxou auddepencuanii 60

Xocunaxou xycyci TaBcud MerraBang.” ([106] cax.3 — 4).

Hap kutodu J[€u I' wynun tabpudu tabawioru Jlamiac nenmHuxo1 1mygaacT:
“Arap mo tabaminotu Jlamnacpo 6apou Myoausiaxo J1ap XOCHJIaXOU XyCycil TaTOUK
HaMoeM Oapou Mo 3apyp acT, 6apou dyHKcHsu U(X,t) Ba XOCHIaXxoW OH, KU 0a
MyoJuja IoMuiana, Tadauwiotu Jlammacpo uupo KyHeMm. A3 Oacku TaOauIIOTH
Jlanmac Oa rupudTaHU MHTErpal a3 sK TariupéOaHaa oBapla MeEMaBaj, OH I'OX
XaHroMHU TaTOWKH OH O0a dyHkcusn u(x,t) 06a Mo 3apyp act, Ku TariupEOangau x
noumu Oomana. ba cudaru coxam tarmpéouu x [0, 00) —po Merupem. SbHe 0a Xap
K KAMaTH MyalsTHU X TacBHpU anoxugau u(x,t) wmyBoduK Meosn. ba xamuu

cabab TacBup Ha (akar a3 s Oanku a3 x HU3 BoOacta act.” ([29], cax. 128).

Xaman (GopMyiaxou Jap pUCOJia OBapAallyAapo Jap IIAKIW YaJiBaJl HUIIOH
meauxeM (Yaasamm 1.2.2. TacBupHu 0ab3e HHTETPATIX0) Ba TO YOE Or'OX XaCTEM Jap
TabpUXU PUEUET TO XOJI UH TyHa hopmyliaxo a3 Tapadu oauMoH Oappacii kapnaa
Hamygaact. bosin rydr, ku 60 uctudoma a3 TaTOMKM YaaBaIM Ma3Kyp MO
METaBOHEM XaJlJIU Xap T'yHa MachallaxOoW Jap COXaXOW TEXHUKA, TEXHOJOTHs Ba
Faiipa MaBqya0y1apo xain kynem. Jlap un yanasan GyHkcusxou f(x,t) GyHKCHUSIXOU
TarupEOaHIaalon XaKuKe MeOOIIIanH I, KM IIapTXon Tadauinoty Jlammacpo kaHoat
MeKyHaH[l. SIpHE (YHKCHUSIXOM mojamryfa (yHKCHUSIXOWM OpPUTHHAT MeOOIIaHT
[1,41, 38,50,63]. ®yukcusixon F(p,q) GyHKCHAXOHM TarupébaHIaamon

KoMILIeKCH mebomany [77,26, 98, 99].

41



Yaasanu 1.2.2. TacBupu 6ab3e HHTErPAIX0

Ne fu,t) (x>0 t>0) F(p,q)
1 min(x,t) F(p,q)
J. e ¥f(x—s,t—s)ds p+q+a
0
2 ; 1
1
Ef(e_ls — e~ EDS Yy (x — s)ds; ¢ # 0 (g++q+D) Uo(®)
0
3 t qUo(p)
f e ot a0y, (x — s)ds (g +bo)(p +q +ag + by)
0
4 min(x,t) t—s A(qQ)F (p; q)
J f a(t—s—1) f(x —s;1)e "% dsdt qlp +q+ay)
0o 0
5 t a
U
J e~ Oty (x — s)ds (q+b)(p+q+1+b) o(p)
0
6 g L U
Ja(t—r)u(x,r)dr 7 @U@, q)
0
7 min(x,t) t—s F(P; Q)
J J e~ (=50 f(x — s5;1)e "% dsdr (@+a))(p+q+ay)
0 0
8 min(x,t) (q + b)F(p)
f (8(t —s) + bh(t —s))e ™ f(x — s)ds p+q+b
0
9 t pF(q +b) —(q+b)F(p)
j(S(t—s) +bh(t—s))e‘b5f(x+s)ds p—(q+b)
0
10 pF(q +b) + (q + b)F(p)

J(S(t —5) + bh(t —5))e ™S f(|x — s|)ds
0

p+q+b
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Nnoman yansaam 1.2.2.

11 t F(q +b)
f(&(t — 5) + bh(t —s))e s f(s)ds
0
12 t A(q) pF(q+b)—(q+Db)F(p)
t—1) e P f(x+1)0 -
foa( T)e "Tf(x + 1)01 7+b p—(q+D)
13 t A(q) pF(q+b)+ (q+b)F(p)
t — -bt _ 0 .
foa< ) e Pf(lx - 7))ot 5 s
14 t 2A(q) p*F(q +b)—(q +b)*F(p)
t — -bt _ 0 .
J;a( ) e (f(x+ 1) + f(Ix — 7))ot s T~ (q + D)2
15 min(x,t) qF (p; q + ao)
f e~%(=9) . pmaiS. £y — 5t — 5)ds (p+4q+a)(q+ao)
0
16 | ¢ q_ pUs(q +ao)
Je‘ao(t‘s) ce” M5 §(x — S)ug(t —s)ds; x >t g+ay p+q+a,
0
17 min(x.t) q  pUo(q +ay) — (g +a)Us(p)
J e~ Uty (x +t —2s)ds q+a, p* —(q+a;)?
0
18 min(x,t) t—g Fy (’P)Fz (Q)A (q)
J J e""fa(t —s —1) filx — 5) fo(v)dsdr q(p +q+ay)
0 0
19 ; p®2(q)
[ e 9p,0as - @+ D +q+b)
0
min(x;t)
— f e PSh(x — s)@,(t —s)ds
0
20 min(x.t) Gp+q+a)F(pq)

f e ¥f(x—s,t—s)g(s)ds

0

p+q+a
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BOBHU 2. MYOJUJIAXOU TUP®PEPEHCUAJIU BO XOCUJIAXOU XYCYCH

2.1. Myonunaaxou nudgepencuanu 60 X0CHIAX0H Xycyci
2.1.1 Maghxymu acocii

Hap camTxom MyxTaau(du WIM Ba TEXHHKA Machalaxoe Iydop MeIIaBaH]I,
K Oapom Xamm OHXO0 Myoawnaxow muddepeHcrnanmn 00 XOCHIaXOW XYCYyCH
uctudonamapanga Mebomana. Myoaunaxou auddepeHcuanu 00 XocuiIaxou
XyCyCll XaHIOMH TaXKHKH XOJHCAaxOW MEXaHUKHA, XOJUCaXOW XapoparTi,
XOJINCAXOM DJICKTPUKH, XOAUCAXON ONTHKMA, aKyCTHKa Ba Falpaxo TaTOWKW BaceH

amanu gopaunn [87,104].

ba Monanmun wMyomwnaxoum —auddepeHcHanuu  OAAN, MYyOAWIaXou
nuddepencuanii 60 X0CHIaX0u XyCyCll HU3 JOpOU TapTHUOW MyalsitH MeOOIIaH]I.
Taptubu myoaunan nuddepencuanii rypra gapaqyam KaJoOHTAPUHU XOCHIIAPO, KU

nap myoawian auddepeHcuanuu JojJallyna MaB4yyd acT MerysHia. Macaian

Ju
Uy =Yy50 = f(x,y), ... —myomunaxou auddepeHcuann 00 XOCHIAU  XYCYCHH
TapTHOU sIK Oyma ofu _x, Upy = XY; Uyy, = In(x 4+ y)... Myoaunaxou audde-
’ axdy y y Uxx y Uyy

peHcuanu 00 XOCUIaXou XYCyCHH TapTUOM oy MeOomaH . XaMUHPO Kail KapaaH
3apyp acT, ku Myoawnaxou auddepenHcuanii Ha (akar TapTHOU SK, Ay OanKu
TapTHOM N — HU3 1ryaa metaBonann [45]. (n = 1,2,3,..) 3ukp kapaan 00 MaBpu/
acT, ku Oa Failp a3 Myoawnaxou 1uddepeHcuariuu  TapTHOAMIOH OYTYH

MyoamiIaxou qudepeHcuanud TapTUOU Kacpu HU3 MaBYY/l acT.

Hamyaun ymymun myonunan auddepencuanii 60 Xocuiaan XyCyCuu TapTUOU
Ty YyHHWH acT;
0%u 0%u 2

A + 2B +C 07w
d0x? d0xdy dy?

+ F(x, Y. U. Uy, uy) =0 (2.1.1)

nap uH 4o A(x,y,u), B(x,y,u), C(x,y,u) QyHKCHIXOH MablIyMH a3 X, Y, U Bobac-
ta Oyma, MHYYHHMH ajajJ XaM HH3 Iiyga MeraBoHadn Ba u(x.y) QyHKcHAn
qycTy4ymaBanaa meoormas [96].
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Tavpug. @Dynxkcuau u(x.y) xarru myoounau ouggepencuanii 60 xocunau
XYCycili HOMUOA Meuwlasad azap OHPO XAH20MU Oa myoouna 2y3ouitman xap 0y

mapadghu dapodapu d6a aithuam madoun éoao.

Myoaunaun muddeperncrnanu 60 XOCHIaX0u XyCyCHUU TapTuOu ay 6a ce HaBb

qy70 MellaBaj: TUIepOoii, mapadosi Ba snumci [96, 45].
1) Xanromun AC — B? < 0 OynaH Myoauia JOpOM HaBbM TUrepbonii Oyma 6o
uctudona a3 ryzopumu X=X(a. ), y=y( a. ) myoauna 6a Hamy 1

Ugq — Ugp = Cbl(a,ﬂ.u.ua,uﬁ)
Tabam me€ban, KU OHPO HAMyId YMYMHM MYOJWUJIad HaBbU TUIEPOOIIid
menomanz. ([16]) Ske a3 MHCOIXOM MYOIMIIad HABBH TMIIEPOOJIA MyOAUIad MaBy
MeOoIIa, Ki HaMy/Id 3€pUHPO JO0pal:

Uer = azuxx

2) Xauromu AC — B? =0 OymaH Myojuna JOpOM HaBbU mapabonii Oyma 60

uctudona a3 ryzopuru X=X(a; £), y=y( a; f) Mmyoauia 6a Hamyau

Uga = Py(a, B.u.ug, up)

TabauI1 Me€0al, KH OHpPO HaAMyIu YMYMHH MYOJIMJIal HaBbH Napadoiil MEHOMaH/.
Slke a3 MHCONXOM MYyOJWJIal HaBbM Mapadoiail MyoJuiial TapMUTYy3apOHi
mebomaa, KA HaMyad YMyMUM MYOAMJIal Mas3Kyp YyHUH MeOomaf:

Up = a%Uyy
3) Xauromu AC —B? >0 Oynan Myomunaa JOpPOM HaBbM dIMICcA Oyma 60
uctudona a3 ryzopumu X=X(a. ), y=y( a. ) myoauna 6a Hamy 11
Ugeq T Ugp = CD3(a,[3.u.ua,uﬁ)

Tabaun mMe€0ad, KU OHPO HaMyAM YMYMUU MYOJIMJIau HaBBH SJIMIICH MEHOMaH

[11, 18].
2.1.2 Myoounau ougpghepencuanu 60 xocunau xycycuu mapmuou aK

burzop pynkcusu u = u(x,y, z) a3 ce TarupOanma noéopar Gomam
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Tavpugh: Myoounau namyou
ou du ou
P(x’yizlu)a + Q(x'y;z;u)a + R(xpypzpu)a - T(X,y,Z,u) (2 12)

Myoounau Keazuxammii 00 xocunau Xycycuu mapmuou aK HOMUOa meuiasao,
ku oap un yo P,Q,R,T — ¢pynxcusaxou oooawyoa 6yo, u(x,y,z) —pynxcusau

yycmyyyuiaganoa meoouao.

Hap xomatu ¢ynkcusixou gomamyna P,Q,R,T a3 u Bobacta nHabynan
myoauiaan (1.2.2) —po xarti MeHomani. Muuynun map xomatu T = 0 — Oynan

myozawmian (1.2.2) — skquHca Homuaa Memnasan [11].

Xanromu xamwm Mmyonuian auddepencuanuu (1.2.2) Taptub nomaHu

MyoquJIanl XapaKTCPUCTUKU XaTMU MG6OH121,Z[, KW HaMyJIud YMYMHH OH YYHHH aCT:

dx dy dz du

P Q R T (213)

a d
Macanan XaHroMu Xajl HamyJlaHu MYOJWJIau x% + y% = 0 dpopmynan (2.1.3)

uctudomamapanga Oyaa, Xauid MyoarIa ooman U = @ G) MelliaBaj, Ku gap uH
4o QyHKcusn @ —uxTuépu QyHKCcUsM nudpepeHcrupoHugaliaBaHia acr.
2.1.3 Myoounau ougpghepencuanii 60 xocunau xycycuu mapmuou oy

bursop u(x,y) — dyakcusiu ayrarupéOaHia Ba HHYYHHH (DYHKCHUSXOH

A,B,C,a,b,c, f —byHKcuaxou noaanryaa OOIIaHI.
Tavpugh: Myoounau namyou

PP R L LS. L (2.1.4)
dx2 axay ' “ayr " %ax "oy cu=Jflxy o

Mmyoounau oughgpepencuanuu xammii 60 Xocunau Xycycuu mapmuou 0y Homuoa

mewasao. /lap un yo A(x,y),B(x,y),C(x,y),a(x,y),b(x,y),c(x,y),f(x,y) —

pynkcusaxou oooawmyoa éa u(X,y) — pyuxcuau yycmyyyuaeanoa medoumao.

Arap ¢ynkcusiu A, B, C,a, b, c, f — 6a Faiip a3 X,y MHIYHUH a3 U HU3 BoOacra
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Oomana on rox myomunan (1.2.4) — KBa3UXaTTi HOMH/IA MEIIABa/I.
Myonunan Hamyau

Ady? — 2Bdxdy + Cdx?* = 0
MYOJIMJIaH XapaKTePUCTHKA HOM nopan [43, 45].

2.2. Tarouxu Tadauaoru Jlanjac-Kapcon nap xajuim Myoaniaxou

nuddepencuanin

Mo MeTaBOHEM YCylW XUCOOW ONEPAaTCHOHHPO Aap XaJTM MYOIMIAXOU
mupdepeHcuanii, MyoIWJaXOW ~ HMHTETpaiid  Ba  MYOJMWJIAXOM  MHTErpo-
mupdepencuanii TarOuk HamoeMm. bosn kailn Hamyn, ku 00 wuctudoma as
tabgwiotu Jlammac Oucéprarupébanna Oab3e CHUHPU XaulM  MYOJIUIIAXOU
nuddepencuanii 60 xocuiaaxou Xycycid, MyoAWIaxou UHTErpo-auddepeHcuatii
00 xocmiiaxou Xycyci amma Oapomajna mympaact [116, 20, 26]. bo uctudona a3
tarOuku TadaunoTu Jlammac-Kapcon xammm myoawmnaxou auddepeHcuanii 60

XO0CHuJian XYCYCI7I OCOH Ba KYJIaﬁ M€6OIHaI[. MacanaH MyoauJIan

ou

5 - S®

-po, xu maptu notugonn oH u(0,t) = ¢(t) meboman 60 OCOHH METABOH XaJ
Hamy. Jlap MOTHIOM Xall TACBHPH XOCHIIA Ba (PYHKCHUIXOPO MEOPEM, KU OHXO
gynuHauy [20]:

ou(xt) _,

u(0,t) = @(t) » @(q); f(t) 3 F(q); — =3 plU(p,a) — ®(q)]

aKHYH TaCBUPXOpO 0a Myojuiia ry30IlTa Xaljld MyoJIUIapo YyCTy4y MEKYHEM

p[U(p,q) — ®(q)] = F(q)

F
Up,q) —®(q) = %

1
U@p.0) = - F@)] + (@)
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TacBupu xapayn KaBcxo 6apou Mo MabiayM Meboman [20, 21]. XamuH TaBp Xamm

MYOIHJIapO MEHABUCEM

u(x, t) = xf(t) + @(t)
bo wuctudoma a3 Tarbuxkm Tabmunotu Jlammac-Kapcon wmacwanaxou

Mymaxacpo auiaa M€6ap0€M, KM SKC a3 OH MacCbajlaxXO0 MYOIHJIal TPAHCIIOPT 00

MaHOau XaTTii 6a NrymMop MepaBaj.
2.2.1 Myoounau mpancnopm 60 manbau xammii

OnumoH Oapou Xal HamyJaHu Myojwidan auddepeHcuann 00 Xocuiau
XyCyCil Tap3XOW TYHOTYHH Xajpo HcTH(dOIa MEKyHaHI. XaMHUHPO KaWJ KapJaH
3apyp acT, KM YyCYIHM XUCOOM OINEpaTCHOHM Jap Xauld MYOJWIaxou
muddepencuanii 60 xocwnan xycycit uctudopamaanga Mmeboman. Tadbaunotu

Jlarumac-KapcoH —po TaTOMK HaMy1a Xald MyOoJIUJIau 3€pUHPO YYCTy4dy MEKYHEM

ou O = D) (2.2.1)
EVRER au = f(x, 2.

u(x,0) =uy(x); x>0

w(0,0) = p(t); t>0 22

[[TapTx0M NOTUIOM Ba KAHOPUPO MEOPEM: {

Hap xomnatu a = 0 OynaH xaui Myoauiian Maskyp 00 uctudoma a3z ycynu xucodu
OIepaTCUoH# a3 Tapadu OJMMOH auia Obapomana mryaaact [20] Ba Xxomo Mo Gapou
UXTUEPUU Al XAKUKUU a XA yMyMun myoawrtan (2.3.1)-po 0o maptxou
nomamrygau (2.3.2) numa medapoeMm. XaMHUHPO Kai1 KapAaH 3apyp acT, KU Xap sAKe
a3 uH ¢QyHkcusxo Oedocuna Ba nuddepeHcupoHuganaBasga Hucoat 0a xapay
Tarup&bana OomaH] Ba MHUYYHUH MIApTXOW Ta0auiaoTH Jlammacpo KaHOAT KyHAaH]I

[102,81, 63]. CapasBan tacBupu GyHKCHIXO Ba X0cHIaxopo Meopem [20,21,32]

u(x,t) 3 UM, q);ulx,0) =uy(x) = Up(p); u(0,t) = @(t) » ©(q);

= U, q) - U@ 252 23 p[U(p, q) — (q)]

ou(x,t)
t

fx,t) 3 F(p.q); —7
aKHYH TacBUpXopo 6a myoawian (2.3.1) ry3omra XoCuI MEKyHEM

plU(p,q) — ®(q@)]+qlU(,q) — Uy(p)] + aU(p,q) = F(p, q)
48



_F®,q) +p2(q) + qUo(p)

U(p,q) r—
[ F(p,q) p®(q) qUo(p)
V@)= {m} + {p +q+ a} * {p +q+ a} (223)

bapobapun (2.2.3) xammu ymymun myonuiau (2.2.1) map dasoum 3yan Oyna,
bynkcusm  TarmpéObaHmaamn KoOMIUIeKCH ©Oa 1mIymop MepaBaj Ba a3 ce
yaMmblllaBaHaan KaBcxo uOopat act [74, 88, 51, 38]. Uu TaBpe MO MeaoHEM
(GYHKCUSXOM XaKUKUK Oapou TacBUpXxou pAap Oapobapuum (2.2.3) maBuyaoyna

ayakai 6ap Mo MabsryM acT (0a yaaBamwm 1.2.1 Ba 1.2.2 Hurapen).

F(pq)) — (min(xt) _gs . .
1) {—p+q+a}<_f0 e *f(x—s,t—s)ds

p®(q) | _ _.
2) {m} ce Pp(t—x)
3) {m—(ill} e Muy(x—1t)

AKHYH XaJJIW YMYMHHU MYOIUJIapO MCHABUCCM

min(x,t)

u(x,t) =e et —x)+e Huy(x—t) + j e ¥f(x—s,t—s)ds
0

Xamim Ma3Kyppo Aap Wakiu MyQaccanl YyHUH MEHABUCAH/L:

( t
e tuy(x —t) + j e ®f(x—s,t—s)ds aponx >t

u(x, t) =1 0 (2.2.4)

e ™p(t—x) +je‘a5f(x—s,t —5s)ds Gapoux <t
\ 0

2.2.2 Myoounau ougghepencuanuu xammii 60 xocunaxou xycycuu mapmuou oy
Myoaunan 3epuHpo aujaa MmedapoeM

O 0T b= fa ) (2.2.5)
a2 Tz TP Tl T g T =T -
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['y3opumm macbana:

— u’(xr O) = uO(x)
[HTapTxou noTHIOI { , 2.2.6
P wl(x,0) = u, (x) (2.2.6,)
_ (u(0,t) = @y(t)
Oya Ba MIapTXOu KaHODH { , 2.2.6
yAa Ba map PR 1020,) = g2(0) (2.2.62)

meOora.

bosin kain Hamya, ku myonunau (2.2.5)-po 60 mapTtxou goxamynau (2.2.6)
xauromu a = 0; b = 1; f(x,t) = V/x + t Ba UHUYHHH

u(x,0) =u(0,t) = u,r(0,t) =ui(x,0) =0

oynan onmumu ampuko P. C. Jlaxus Ba onumu 3ponit Yashap Cobupit 60 uctudoaa
a3 TaTOMKW Tabmunotu uHTerpanuu Jlammacu mytarupéOanyia Xal HamMyJdaaH]l
[108,109,110]. Omumu ampukonm P. C. Jlaxus map Makoiaamr 00 HOMH
“XucoOkyHun TaOqiIoTH N — 4veHakau Jlamumac” dyHuH MeHaBucan: “‘Jlap uH
MakoJjia MO TeopeMapo Jap 6opau TaOauIOTH n-uyeHakau Jlamiac Taxusi MEKyHEM.
YydTxou Tabaunotu Jlanmmacpo maap yeHaku n XucoO KapJaH Machajlau Mypakkad
meboman. MHY0 FOSIXOM HaBpO MEIMIHUXOA KapiaH 3apyp acT. TaOauioTu
Oucépuenakan Jlammac gap Xauid — MachballaxOM KaHOpid OapoW MyOAMIaXOH
nuddepennpanuu OucépueHaka 00 XOCWIAXOW Xycycih Baceb uctudoma Oypaa
memraBan.” ([111], cax. 186 — 188).

X070 MO Jap XO0JIaTH YMyMH Oapou a, b — IHUIX0X aaaad XaKuku OyaaH Ba
aunxoX GyHkcusaxo f(x,t), uy(x), uy(x),@.(t), p,(t) xu xap ske a3 HHXO
mapTxou MyBo(UKaTUPO Oapon myoaunau (2.2.5) KaHOAT MEKYHaH]l Ba UHYYHUH
mrapTxon Tabaunoru Jlamnacpo Hu3 Kanoat MmeHaMmosH [41,54] quma mebapoem.
XamuH TaBp 00 umcrtudonma a3z tarouku tadaunoru Jlammac-Kapcon myonunan
(2.2.5)-po xan MexkyHeM. XaMHUHpPO Tajlad KapJaH 3apyp acT, KA Xap sKe a3 uH
bynkcusxo Oedocuna Ba nuddepeHcuponugamaBanga Hucbar Oa xapay

tarup€OaHaa OomaH Ba MHYIYHWH KaHOATKYHaHJau mapTtxou tadauminoru Jlamiac
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Hu3 Oomanxa [22, 108]. [Tem a3 xaym Machajia TaCBUPH XOCHJIAU (YHKCHUSIXO Ba

bynkcusxopo meopem [20, 53].
u(x, 0) = ug(x) = Up(p); u(0,t) = ¢1(¢t) » P1(q);
u (0,t) = @2(t) = P2(q); ui(x,0) = uy (x) = Uy (p); ulx, t) 3 U(p,q);

f,t) 3F(,q)
2 2

0
—— 2 PUM.@) — 01D~ p®,(@); 5 = U@, — U] - U ();

0%u _ ou _
FRET pqlU(p,q) — ®,(q) — Uy(p) + u(0,0)]; e plU(p,q) — ®1(q)];

ou .
T qlU(p,q) — Uy (p)]

aKHYH Xap sIKe a3 UH TaCBUPXOpo O6a myommian (2.3.5) ry3oiira XoCuil MEKyHEeM
p*[U(p, @) — ®1()] — pP2(q) + ¢*[U(p, q) — Uo(p)] — qU1(p) +
+2pq[U(p, q) — ®1(q) — Uy(p) + u(0,0)] + ap[U(p, q) — ®1(q)] +
+aqlU(p,q) — Up(p)] + bU(p,q) = F(p,q);
p?’U(p,q) —p*®1(q) — pP2(q) + ¢*U(p, q) — q*Up(p) — qU,(p) +
+2pqU(p, q) — 2pq®1(q) — 2pqUs(p) + 2pqu(0,0) + apU(p, q) — apP1(q) +
+aqU(p,q) — aqUq(p) + bU(p, q) = F(p, 9);
(p? +q* +2pq + ap + aq + b)U(p,q) = F(p,q) + p*®1(q) + pP,(q) +
+q*Up(p) + qU1(p) + 2pq®1(q) + 2pqUo(p) — 2pqu(0,0) + ap®1(q) +
+aqU,(p)
XaMuH TaBp XauIi Myoauiaapo nap (ha3ou 3yt MEHaBUCEM
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F(p,q) + p*®1(q) + pP,(q) + q*Us(p) + qU;(p) + 2pq<1>1(q)
p? +q*+2pg+ap+aq+b

Ulp,q) =

2quo (p) — 2pqu(0,0) + ap®,(q) + aqU,(p)
p>+q*>+2pgq+ap+aq+b

(2.2.7)

Maxpayu 6apobapun (2.3.7)-po 6a 3apOiiaBaHgaxo 4yJI0 HaMyda CHIIAC aMajpo

AJI0OMa MEIUXEM

p*+q*+2pg+ap+aq+b=@p+qP+alp+q +b=

=(p+q)2+2-(p+q)-%+(%)2—(%)2+b=
2
2 2
pravy) =@ ) -
“(prarg- @) -0 )(prarge ) -

Xam MyoAuIapo Jap makiu Mygaccai MEHAaBHCEM

F(p,
U, q) = ® q) N

(pra+5-JG@) -#)(pravsJE) )

24 2pg + ap]®
N [p pq + ap]®,(q) N

(rras=JE) -0)(prars i@ )

)}
N p®,(q) N

(prars=J6) -»)(prar i@ )
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.
N : [a* + 2pq + aq]U (p) L,
(pravg—J@) -0)(prars 6 -0)
( 3
L) qU,(p) [
(pravg—J@) -2)(prav i@ )
( )
+ ! —2pqu(0.0) L (2.2.8)

(prars=J6) -2)(prarge )@ -2)

A3 Oacku Tabmaunotu Jlamnac-Kapcona TacBupu dyHKcHUsM XakKuKuu jnap ¢dazou
BaKT MaB4yyaOyAapo nap ¢azou 3yAil HUIIOH MeAauxaa OuHoOap wH Oapobapuu
(2.2.8) xamm ymymun wmyoawnaud (2.2.5) map daszou 3yain Oyaa QyHKcusiu
tarupébanaa KoMIuiekcd Oa mymop Mepasan [85, 86, 50, 120]. Uu TtaBpe
MeOrHeM Oapobapuu (2.2.8) a3 main yambllaBaHaan KaBcxo ubopart act. A3z 6acku
Oapoun MO Xayuu ymymun myonuiau (2.2.5) map ¢a3zom BakT, Ku nap UH (azo
byHkcusu TarupE€OaHIaall XaKUKA aMajl MEKyHaJ JI03uM acT, OuHoOap uH 00
uctudona a3 Ttadaunoru O6abvakcu Jlammac-Kapcon 6apou xap sik ¢hyHKCUsUA aap

KaBCX0 MaBuyA0yJa GYHKCUAN XaKUKI 9yCTYqy MEKYHEM.

F(p,q)

1. pam

(prass=J) -0)(prars @) )
" mi}(x,t) _<
S e
2J(5) b

capasBai upoaapo coaaa MEKyHEM

) AR e as
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F(p,q) B

(rars=J6) o) (prarsr J6) )

rg PrerE @) - (prar- @) o)

B 2 pt+tq@)?*+talp+q)+b
2@ -

F(p,q) F(p,q)

9H TaBpe MabiIyM acT (0a 4agBanu 1.2.2. HUTapen)

min(x,t)

F,q) j e~ f(x — 5, t — 5)ds (2.2.9)
0

ptq+ta,

meboman. bo uctudona a3z tarduku dopmynam mMaszkyp Oapou (yHKCHUSIH Jap

KaBCHU SIKyM MaBuyZ0y/1a PyHKCHUSIN XaKUKA MEHABUCEM

Fp,q) Fp, q)
/— —b\p+q+ , -b pt+tq+>5 +/ /
o a1 ml}(x’t) e_<%_ (%)2_ )Sf(x —s,t—s)ds —

min(x,t)

ErEL

>f(x—s t—s)ds =
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_) _b)s f(x—s,t—s)ds

) [p? + 2pq + ap]®,(q) !

a a\?2 a a\?
[<P+q+7‘ (2) ‘b>(P+q+7+ (2) ‘b>J
1(oaapo comaa HaMmy1a XOCHI MEKYHEM

[p? + 2pq + ap]P41(q)

(proet- @ -0) (o @)

p®.(q) N 1 rq®.(q) N
prarg e 8 - 2@ -0 prars- ) -
+%+ (%)Z_b_ p®1(q) ~
R R O
B 1 _ rq®:(q) B
2\/(%2—’9 pra+g+|(5) -

7t (5) -» p®i(q)

Yu TaBpe a3 waaBaam 1.2.1. Gapom MO MabiayM acT TacBHPU (PYHKCHUSXOU

e~ ¥, (t —x) + @1(0)e™"*6(t — x) Ba e~ "%, (t — x) dyHuH MebOITAH!

Cax, e caxsir A o PA%1(q)
(e @1, (t—x) + ¢1(0)e o(t x)) 3 —p T ota (2.2.10)

pP;(q)

“R2rp (t—x) 33— 2.2.11
ey (= x) 3 (2211)
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bo uctudona a3z dopmynaxou (2.2.10) Ba (2.2.11) dyHKCHSIN XaKUKUA TACBUPU

Jap KaBcHU JAyIOM MaBYy10yaapo Meéoem

/ [p? + 2pq + ap]®,(q)
(et @) o500 )

O P

n




uoaapo conaa Hamyaa XOCHI MEKyHEM

p®,(q)

<p+q+%— 6 -»)(prars i) )

p®,(q) p®,(q)

ﬁ\ s & s reas +ﬁ/

XamuH TaBp 00 uctudosa a3z popmynau (2.2.11) 6apou dhyHKCHUSIN CEIOM XyJIoca

Mebapopem

1 / p®,(q) p®2(q) \

2J@ o\oras§-J§ -0 prarie [0/

- (e‘@‘ R0 R o 0 x)) -

1 (e—(;— & o) _ (3 <§>2—b)x>¢2(t_x)

[q® + 2pq + aq]U,(p) }

{( (8 -»)(prars i) )

udoapo coxna HaMmy/1a XOCHJI MEKYHEM
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(9% + 2pq + aq]U, (p) B
(pra+s- <%>2—b)(p+q+%+ 5 -»)

qUy(p) qpUo(p)

p+q+s +/ —b 2/% —b pta+3—[(3)

(q <%+ (&) - )UO(p) quo(p) \‘
/— —b\p+q+ / 2— pt+tq+s ¥ b/

q(g+ (9 s )um
/ —b pt+q+= +/

Ywm taBpe a3 yaaBaiam 1.2.1. Ba yagBaau 1.2.2. Mo MeOMHEM TacCBUPH (PYHKCUSIXOH

ety (x —t) +up(0)e™* 6(x —t) Bae *fuy(x — t) uynnn meGomany:

et _ _, pqU(p)
(6 agtqu(x - t) + uO(O)e a3t5(x - t)) 3 m (2212)
qUoy(p)
“Atug(x —t) 3 —— 2.2.13
R (2213)

bo uctudona a3z dopmynaxou (2.2.12) Ba (2.2.13) Gapou TacBupu Jap KaBCU

4OpyM MaBYy0y/1a GYHKCHUSIN XaKUKU MEEOEM.

( [q® + 2pq + aq]U,(p) \‘

\(rars=J6) -2)(prarg+ ]G -2))
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‘:e_<%+ (g)z_b)tuo(x—t)+ 12 e_<§_ () _b)tuo;(x—t)+
2J&)
+ 12 uo(0)e <%_ (%)2_b>t5(x—f)+
2|(z) -
2y (Y Zp (o [a
_|_2+ (22) be—<i‘ (2) )tuo(x—t)—
2(z) -b
B 12 e—<%+ (%)2‘ ) Uy, (x — t) —
2(z) b
B 12 uo(O)e_<‘21 (%)Z_b)t(?(x —t) -
2(z) -
a / D _p fa, [a
_2+ (22) be‘<i+ ) >tu0(x—t)
2(z) —b

udoaapo coa HaMy1a XOCHI MEKYHEM
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qU:(p) _

(rars=J68) o) (rrars & )

( qU1(p) qU1(p) )
2/— —b p+q+——/— —b pt+q+>5 +/

qU;(p) qU,(p)

Yu  TaBpe a3  ¢dopmynmam  (2.2.13) OGapom MO  MabIyM  acT

a

62_;@—@ﬂ&m@_ﬂ__éf;gﬁ+@iﬁw@_o=
2J(3) -b 2J\z) ~

L (,@—@ﬂ#_;@+@ﬂ#)w@_ﬂ
2J(3) -

AbHE

( qU1(p) > -
(prass &) ) prassnl() )

2@ -

MeOora.

. { —2pqu(0,0) L: 0
(prars=J6) -2)(prarge )@ 1)
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capasBaj upoaapo coaaa MEKYHEM

—2pqu(0,0) _
(pra+s- <%>2—b)(p+q+%+ ) )
_ 1 pqu(0,0) pqu(0,0)
(g)z—b p+q+2+\/‘21 —b J —b pq+z— (%)Z—b

dopmynaxou (2.2.11) Ba (2.2.13) -po uctudoaa kapaa HACOATH UH HYHKCHUSIXO
XyJuioca MebapopeM Ba 4d TaBpe 0a MO MabJIyM acT pyHKcUAH J{upak 4yHUH acT

[16,33,54,56,57]:

_ o xaHromu t =0
8(t) = { 0 XaHromu t = 0

tacBUpH GyHkcusu Jupak §(t) — q meboman [1, 21, 78].

1 / qu(OO) pqu(0,0)
(—) —b \p+q+ +/ —b p+q+— ’— /

_ u(0,0) e-<g+ @

—

)2_b>x6(t —x) -

() - NG




00 npux =t

5(x—t)=5(t—x)={ S

(2.2.14)

Xamm ymymun myonwiam (2.2.5) 60 maprtxou pomamynad (2.2.6) 4yHUH act
[4 — M]:

u(x, t) = 12 e_(%_ ) b>x§01't(t —x)+
CE
min(x,t) a a 2
4 (a} j (e‘(z‘ (2) ‘b>5 _ e‘<i+ (2) _b>s>f(x —s,t—s)ds +
2 5) — b o

CE

a a\?

2@ -0 (e )
+ > * e @, (t—x)—

2J(3) -

N N U



B 12 <p1(0)e_<% (%Y_b)xd(t—x)—
2|(z) b
a a\?
S T,
2)(5) -

+e_<%+ (%) _b>tu0(x —t)+ ! e <T (7) _b)tuo;(x —t)+
Joy
P u0(0)6_<%_ ) _b)tS(x—t) +
2(5) -
2@ b (T,
2(5) - #
3 1 e—<%+ ((21) ) uo;(x —t) -
R
_ uO(O)e_@w (%)2_b>t5(x —)-
2J(5) -
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2(3) -
L (e—(z— &-o) _ % <§>2—b)t> et
2(3) -
Kaoamu 1: Xanau ymymuu myoounapo xanzomu x > t Oyoan menasucem
u(x,t) = e_<%+ (%)2_b>tu0(x —t)+ ;Ze_(%_ (%) _b>tu0;(x —t) +
2J(3) b
ay [ Zp (o[
_|_2 + (22) be—<§‘ (2) )tuo(x _t)—
2|(3) -
B 12 o (%+ (%)2‘ ) qu(x —t) -
2|(3) -
ay [@YZp o
_2+ (22) be <§+ ) )uo(x—t)+
2|(3) -
L (e—(;— &) _ (o) >( o
2J(3)" -
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Kaoamu 2: Xanau ymymuu myoounapo xauzomu x < t oyoan menagucem

u(x, t) = e_<i+ ) _b)x<p1(t —x)+ +3_<§_ () -0 xgol;:(t —x)+

+ > e
2(z) -

— 12 e‘<%+ (%)2_ ) (plrt(t_x)_
2/(3) -»

P S fx <e'(§' (%)2'b>s - e_<%+ (%)Z_b)s flx —s,t —s)ds (2.2.16)

bapobapuxou (2.2.15) Ba (2.2.16) xammu ymymun myoauiau (2.2.5) 60 mapTxou

2
nonarmyaau (2.2.6) MeboIan, Ku qap UH 6apodapuxo ((g) * b) acr [4 — M].

bo uctudona a3z popmymnan (2.2.15) mapta uOTHAOUN MachaIapo XOCHII HaMyJlaH

MYMKHH aCT, KM OH YYHHUH acCT:
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= Uy, (x —0) +
2(z) - b
a, (' _p (o [
+2+ (22) bg‘(i‘ (2) - >.0u0(x—0)—
2(z) - b
1 ()
- e Ug, (x — 0) —
2@ - °
a, (9 _p (o [
2t 522) be—<z+ (2) —) o — 0) +
2)(z) -b
IR S P O\ e R (N ey )W -
2J(5) -#
0 2
N 1 j(e_<2_ (2) b) _ (2 z) b) )f(x st —s)ds =
2(5) b
a, [(a\?_
= uy(x) + uo;(x)+2+ (22) buo(x)_
Jor- A
1 7+ (%)2‘

uox(x)_ a2 U (x) = up(x)
2(2) 2(2) -

bo uctudona a3z hopmynau (2.2.16) mapTi KaHOPUKU MAChaapO HU3 XOCUI
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HaMyJaH MYMKHH aCT, KM OHpO MCHaBUCEM

u(0,t) = e_(%Jr (%)z_b)()gol (t—0)+ ;6_6_ ) _b>.0g01’t(t —0) +

2)(5) -
. (& Zp (o [a
+2+ 522) be <T ) _b>'0<p1(t—0)—
2(z) - b
S (EE2)o, 0 ¢ — gy
2(z) - b
RO LR AT D
2)(5) -
L (e—(;— & -e)o_ (3+J8) >¢2<t—o>+
2J(z) -»
0 2 a a2
+ 12 f(e_(z_ (f) —b)s _ _<7+ (7) _b)s>f(0—s,t—s)d5 =
2(z) -p?
a a\>2
=+ [(5) —=b
= () + » ‘P1t(t)+2+ 522) @1(t) —
2](z) —b 2(z) - b
a a\>2
> ) —b
- 12 901t(t)—2+ (22) @1 (1) = @1(t)
2|(z) —» 2(z) -b



Mucon: Myoaunapo xait KyHe.

Upy T U +F2Ue Fu=vVx+t (t>x)
[MapTxon UOTHION Ba KAHOPA YyHUH MEOOIIaH/T;
u(x,0) =u(0,t) =u'(x,0) =u'(0,t) =u(0,0) =0

Xau: MawjiyM acT, KU MyOJWJIaud JOJAIlya XOJIaTH Xycycuu myojuiau (2.2.5)
oyma map uH 4o a=0, b=1, f(x,t)=+/x +t Ba uHYyHMH mapTXoM MOTHION Ba
KaHopid OapoOapu HON MeOomana. A3 0acku Xauld MyOAWIau JOJAllyaapo MO
XxaHromu (t > x) yycTy4dy Kapjaa ucrtomaeM OuHoOap mH Oapobapum (2.2.16)-po

uctudoaa HamyJ1a XaJlJIi MyOJuiIan TOAAIyAapo Me€oem

u(x, t) = \/—_J e~ (=V-1)s _ e‘(“/‘_l)s)\/x —s+t—sds =
0

X .
els — e~
=J \/x+t— 2sds
0

bo uctudona a3z popmymnaun Diinep 6apodapupo TabauiI MeIUxeM

X

u(x, t) = jsinsx/x+t—25ds

0

XaMUH TaBp XaJUIM Myojujia MabiayM rapaua [38].
2.3. Myoaunau tejerpad

Houp 6a xammu myonunau auddepencuanuu Ttenerpad OJMMOHU 3UEN
caxMu XyApo Ty3omtaann, a3 yymia B. A. Mnun, E. 1. Moucees, E. A. Ko3noga,
M. AOGnynkapuMoB Ba Faiipaxo MeOomrana. XamMuHpo Oo0s Kailj HamMynd, KU
myoawitan auddepencuanuu Tenerpad 060 mapTxou HOTUIONW Ba KaHOPUU

JOoJallyaa TO XOJ XAJUIM YMYMH Ba OLIKOPU XYApO MNan10 Hakapaaact. Uu taspe
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Mo MenoHeM [2, 49, 95] myonunan nuddepencuanmu Tenerpad HaMyaH 3epUHPO

JOpa:
u
—+a—+,8u=7+f(t) (2.3.1)

['y3opumm machana: Ilaprxoun notrmon u(x,0) = uy(x),ui(x,0) = u;(x) Oyna

Ba maptxou kanop# 6oman u(0,t) = @4 (t), u,(0,t) = @, (t) mebdoras,.

Xanromu a = 0, = 0 Oyman Mmyoawian MasKyp a3 Tapadu OJIMMOH Iuia
Oapomana mrymaact [20, 34, 35] Ba map xomat a = 0,8 = —q(x,t) Oynan Hu3
([2]) Myommmam Ma3Kyppo OJMMOH Xaid HamydaaHn. bosa Kaim kapa, Kv gap
xonatn @ = 0, f —agaau XakKuKuU MycOat OymaaH HU3 XaJUTd MYOJWIad Ma3Kyp a3
tapadu oIMMOH auaa 6apomana mymgaact [34,35,36,44,81,108,109]. Xomno Mo
xam ymymud Myoawnad (2.3.1)-po 00 miapTxou HOTHAOW Ba KaHOPHUHU

nonamryaa 0o ucrtudoaa a3 TaTOMKA XMCOOU OMEPATCHOHM XaHTOMU @ — aJIajid

2
XaKUKAW HUXTUEPH Ba [ = a: Oynman meébem. Tabmmnoru Jlammac-Kapconpo

TaTOMK Hamyaa myommnan (2.3.1) —po Xan MekyHeM. XaMHUHpPO Tanad KapjaaH
3apyp acTt, KM Xap fgke a3 uH  ¢yHKCHAXo  Oedocmnma  Ba
muddepencuponnamaBania Hucoar 6a xapay tarupébanaa Oorana Ba MHIYHUH
mraptxou tadbauiaotu Jlarmac-po kanoat kyHanna [17, 39, 40, 63]. Ilem a3 xammm

Machalla TaCBUPU Xocuiian GyHKcus Ba GyHKCUIXopo MeopeM [20]
U(X, 0) = uO(x) - Uo(p),U(O, t) = @1 (t) I ch (CI),

u (0,8) = @, (t) > P,(q), ui(x,0) = uy (x) - Uy (p),
u(x,t) 3U@,q,f1) - F(Q)

2 2

]
a—xl; 3 p* U, @) — P1()] — pP2(q); a—: 3 ¢’ U, @) — Uy()] — qU:(p);

ou
T qlU(p,q) — Uy(p)]
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aKHYH Xap SIKe a3 UH TacBUPX0opo 0a myoamiau (2.3.1) ry3omra XoCHJI MEKyHEM

1
q*[U(p,q) — Up(p)] — qU;s(p) + aqlU(p, q) — Uy (p)] + ZaZU(p, q) =
=p?U(p,q) — P1(q)] —pP,(q) + F(q);
1
q*U(p,q) — q*Us(p) — qU;(p) + aqU(p, q) — aqUy(p) + ZaZU(p. q) =
=p*U(p,q) — p*P1(q) — pP,(q) + F(q);
1
(qz +aq +Z“2 - pz) Ulp,q) =

= (q* + aq)Uy(p) + qU,(p) — p*®,(q) — pP,(q) + F(q);

(% + aq)Uy(p) + qUy(p) — p*®1(q) — pP,(q) + F(q)
@9 -

Ulp,q) = (2.3.2)

MabiyMm act, Ku Jap XoJlaTd p; = q +% , Py = — (q +%) OynaH Maxpad HOJ
MelaBaj Ba a3 0acku perrav ayioM 0a coxXad Ha3IWKIIaBUM WMHTerpanu Jlammac
TaaJUTyK Hajaopaj OuWHOOap WH OHPO pemniam OeroHa IMIyMOpHAA Jap XOJIaTH

p=q+ % OynaH cypaT Kail HOJI MeIllaBaJl MyailsiH MEKyHEM

2

(q + aq)U, (q + %) +qUy (q +%) —(q+ %) Py (q) -

~(a+5) 2@ +F@ =0

(q* + aq)

(a+3) _J%SUdﬁ+g)'@+gYMm)—®ﬂ®+

a
Uo(q‘|'§)+(q_l_7 > >

+ F(q) = 0;

N
=
K

q+7)



2

q>2<q>=%uo(q+g)+qj%ul(q+z) (a+5)0u) +
F(q)
+q+% (2.3.3)

Bbapobapuu (2. 3. 3)-po 6a 6apobapuu (2. 3. 2) ry3o1Ira X0CHiI MEKyHEM

(q* + aq)Uy(p) + qUy(p) — p*®1(q) + F(q) N

Ulp,q) =

@y -
—p<(q:11:—gcl)uo(q+%)+ﬁm(q+2) (4+5) @, qi‘”)
+ Z 2__ (2.3.4)
EEE

AxHyH 0apobapun (2. 3. 4) —po cojia MEKyHEM

(¢4+%) (a% + aq)Us(p)

Dy )

+q(q+ )Ul(p) ( )¢1(q)+(q+ )F(q)+

(4+3)((4+2) -)

—p ((q2 +aq)U, (q + %) +qU, (q + %) - (q + %)2 ®1(q) + F(q)>
@+ 8) (5 )

XaMI/IH TaBp XaJIJIM MyOoAnJIapO MCTAaBOH YyHHWH HABUIIIT:

Ulp;q) =

Upa) = q2+2q (q+ )Uo(p) on(q+%)

> +
112 (a+32) -p?
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L) _(q+%)U1(p)—pU1(q+%) .

T

p (q + %) ®:1(q) ((q + %) - p)

(@9 -7

(2.3.5)

A3 Oacku tabmuinotu Jlamnmac-Kapcon tacBupu (yHkcusiu Xakukuu gap ¢aszou
BaKT MaBYyaOyAapo nap ¢aszou 3yAil HUIIOH MeAauxaa OuHoOap wH Oapobapuu
(2.3.5) xamm ymymun myoxwnau (2.3.1) map dasou 3ynii Oyna, QyHKcusiu
TarupEOaHaall KOMIUIEKCH Oa IrymMop MepaBajJ Ba (YKCHUSIXOU a3 MapameTp
Bobacra mebomran [54,55,110,111]. Yu taBpe mMebunem Oapobapuu (2.3.5) a3
4op 4YamblllaBaHJau KaBcxX0 HOopaT acT. A3 Oacku 0apou MO XaUll YMyMHUHU
myoawian (2.3.1) nap ¢azou BakT, ku Aap uH (a3zo GyHKcusu TarupéOaHaall
Xakukid [64,65] aman MekyHan J03MM act, OmHOGap MH 60 wucTHdOga a3
tabgmwiotu Oavakcu Jlammac-Kapcon Oapom xap sK (QyHKCUSIM Jap KaBCXO

MaBYy0y1a GYHKCHSIU XaKUKA IyCTYy4y MEKYHEM

q° +aq (q +%) Uo(p) — U (q +%)

T P

—

D

mln(x,t) t—S

a
o f f §'(t—s—Duy(x —s +1)e 259 dsdr +
0o 0

mln(x,t) t—S

a
+a j f S(t—s—1Dug(x—s+ T)e_f(s”) dsdrt;
0o 0
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Yu taBpe Mo MenoHeM (0a gansanu 1.2.2. Hurapen)

min(x,t) Fp,0)
bf e M5f(x —s,t—s)ds :’ﬁ; (2.3.6)
min(x,t) t—s AGDF (0 )
_ q)r\p;q
bf bf a(t—s—1)f(x —s;7)e alsdsdr:’q(p_l_q_l_al); (2.3.7)

MeOoIIa.

bo épun popmynaxou (2. 3. 6) Ba (2. 3. 7) TacBUPH HHTETPATIH 36pPUHPO MeEOEM

mln(x’t) t_S

f j a(t —s—1t)u(x —s +1)e 6D dsdr 3
o 0

_, A(g) pUi(q+b)—(q+b)U(p)

= ; 2.3.8
q+b p? —(q +b)? (2:3.8)
WuuyyHrH GopMyIian 3epHHPO HU3 0apacci X0XeM HaMyI
a a
q (q +7) Ui(p) — U, (q +7) _
a’ 2 -
+ 5 a\" _ 2
) (¢+3) -»
min(x,t)
a
b j e Z'u, (x + t — 2s)ds (2.3.9)

0

Bbapobapuxon (2. 3. 8), (2. 3. 9)-po uctudoma Hamyma GYHKCUAU XAKUKUAU

KaBCHU AKyMH fap 6apobapuu (2. 3. 5) MaBuya0y1apo XOCHJI MEKyHEM

q° +aq (q +%) Uy (p) — pUo (q +%)

R e

mln(x,t) t—S

a
i j j §'(t—s—1uy(x —s +1)e 2 dsdr +
o 0
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min(x,t) t—s

a
+a f f 5t —s—1)ug(x —s +1)e 20 dsdr;
0o 0

2) q (q+%) Ul(p)_pUl (q+%) ((:min(x’t)e—%t_ul(x_l_t_zs)ds
a o 2
9+7 (¢+5) —p? 0

bo uctudona a3 tarbuxkm Oapobapum (2. 3. 9) dyHKCHSIM XaKuKum 0a

TaCBHPH Jap KaBCH Ma3Kyp MyBO(MUKOSIHIAPO MEHABHUCEM

a a min(x,t)
qa.(q+7)U1(p)—2pU1(q+7): J e_%t-ul(x+t—25)ds
) (¢+5) —p? 0
pla+D)e@((a+5)-p)| (po@ | e
) L = e e et x)
(a+)((a+3) -»?) praty

CapaBBaJ'I I/I(l)OI[aI/I Aap JOXHJIN KaBC MaB‘-Iy,Z[6y,ZIapO cogda MCKYHCM

pa+2)0@((4+5)-r) po,w
q.,.g q+§2_pz p+q+%
2 2

Yu taBpe Mo MegoHeM (0a wagsanu 1.2.1. Hurapen)

() a
p 1(Q)a = e_ix(pl(t _ _X')
p+q-+ >
meboman [38].
a i , —
( q+7)—p)F(q) e
4) - o~ = J f ez & p(x — 5) f(D)dsdr
(a+9)((a+7) -»2)) o

Capagsai udojau nap J0XUIU KaBC MaBYy10yAapo COA/1a MEKYHEM
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__ H®Fr@)
(4+2)(p+a+3)

bo uctudona a3 radbaunotu Jlamnac —Kapcon TacBupu HHTErpasii HaMmy U

min(x,t) t—s

j j a(t—s—1) e M- fi(x —5) fo,(r)dsdt
0o 0

-po Me€beM

pq e Px-at a(t—s—1)-e M- fi(x —5s) fo(r)dsdt |dxdt
(]

TY30pUIIN X — S = U;t — S = v —po UCTU(OIa Kap/la XOCUT MEKYHEM

X ©0 o v
pq j j e Puts)—q(v+s) j ja(v —17)e" %5 fi(u) fo(t)dsdt |dudv =
0 0

0 0

[ee)

quj e Pu-aqv ja(v—r)fz(r)dr fl(u)dudvj e~ (Pratals gg —
00

0

(00] o v

= pfe‘p”fl(u)du qf e’ fa(v—r)fz(r)dt dv

0 0 0

prqta

Yu TaBpe Mo MenoHeM (0a gaasanum 1.2.2. Hurapen)

v

1
f a(v =D, (Ddr 2 ~A@) - F2(0)

0
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MeOoriaa, OMHOOAp UH XOCHJI MEKYHEM

_ E®@FR@A@)
p+tqt+a; qlp+q+a)

1
= F(p) '5A(Q)'F2(Q)'

XaMUH TaBp TACBUPU MHTETPAIIM MA3Kyp MabIyM ILIY/I.

SAbHE

mln(x!t) t_S

f f a(t —s—1)- e~ f(x — 5) fo(r)dsdr =3 F1(p)F,(q)A(q)
0o 0

q(p +q +a,)

(2.3.10)

Tlap xomatu a(t) = e 2' Ba f;(x) = h(x) —byskcusn Xesucaiiy Oymas 6apo-

Ooapuu (2. 3. 10) Hamyau 3epuHPO METUPAL

min(x,t) t—s

So(t=5-17)
f j e2 TV e S L h(x — 5) fo(T)dsdt 3
o 0

H(p)F,(q)
(q +%)(p +q+a)

(2.3.11)

XamuH TaBp Oapow Xamau KaBcxow map OapoOapum (2. 3. 5) maByynOyna
(GYHKCHSAN XaKUKA MyaisiH KapJeM, akHyH Xauti ymymuu myonwnau (2. 3. 1)-po

00 mapTxou UOTUION Ba KAHOPHUU J0/Iallya MEHABUCEM

mln(x,t) t_S

a
u(x, t) = j f §'(t—s—1)uy(x —s +1)e 2 dsdr +
o 0

mln(x't) lI—S

a
+a f j b(t—s—1Duy(x—s +T)e_5(s+7) dsdt +
0 0

min(x,t)
a
+ f e 2 -u (x +t —25)ds +
0
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min(x,t) t—s

+e_%x<p1(t —x) + f J e_Ta(t_T) h(x —s) f(r)dsdt (2.3.12)
0o 0

bapo6apuu (2.3.12)-po nap makiu Mmydaccan mapx, MeIuxeM

Kaoamu 1: Xanau ymymuu myoounapo xanzomu x > t oyoan menasucem

tt—s

a
u(x,t)zjj §'(t—s—1uy(x —s +1)e 25 dsdr +
0 0

t—s

t
a
+ajj S(t—s—1)uy(x —s +1)e 2 dsdr +
00

t
+je 28w (x +t — 2s)ds +
0

t—s

+ [ | ez hx—s) F)dsdr (2.3.13)
/]

Kaoamu 2: Xanau ymymuu myoounapo xaunzomu x < t oOyoan menasucem

xt—s

a
u(x,t)sz §'(t—s—1)uy(x —s +1)e 25 dsdr +
00

t—s

X
a
+ajj S(t—s—1)uy(x —s +1)e 2 dsdr +
00

X
+fe 28w (x + t — 2s)ds +
0

t—s

+e_%x(p1(t —x)+ j j e_Ta(t_T) h(x —s) f(r)dsdr. (2.3.14)
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Jloup ©6a (QyHKCHSM yMyMHKapiamyaad CUHTYIsipun Xesucaiiq h(x)
TaXKUKOTUMEH (QUKpXoM MyxTaiud wubpo3 MekyHana. bpuukoB FO. A. Ba
[MpynuukoB A. I1. map monorpadusu xyn ([6], cax. 43-44 ) Tabpudu TadbaUIOTH

Jlantacu QyHKCHSIM yMyMUKapAaIyaapo oBapIaaH/;

“Tabmunotn Jlammacu QyHkcusan ymymukappamyzaaun f(t) € Ly, —dazon
byukcusxou acoci, t = (ty,ty, -+, t,) , a = (a,ay,+,a,),b = (by, by, -+, by,) —

HyKTaxo nap ¢aszom R,

{ eav,tv’ 0 S tV S OO’
vy etvtv — o0 < t, < oo,

KM gap uH4o v= 1,2, ...,n Ba

n

%a,b,(t) = Z %av,bv(tv)-

v=1

®aszon Lg, a3 tamomm (yHKCHAXoM Oeoxup M epeHCUpOHUIAIIaBaHAan
KUMaTalioH KoMiuiekcuu @(t) map R™ umbopar act, ku Oapou IWIXOX afaau

raiipumaHduu OyTyHu k € R™ HoOGapobOapuxou

V(@) = supegn|qp (OD*@ ()| <

qoii nopann. Tomomorus map Ly, 06a BocuTam omylam XMCOOMHM HHMHOPMAXOH
(00)

{yk}k _ TaBM  MeIIaBaj. daszoe, ku 06a L,, Xampoxumynaa act, ¢aszon

(yHKCHsIXOM yMyMHKapAamly[qa HOMHAa Inyna, 6a Bocutam L', , mboma xapma

MfEIIaBan.

bapou ¢yukcusin ymymukapnpamynaau f € D'(R™)radbmunoru Jlarmac 4oit
Jopa, arap akajia sk 4ygtu Hykraxou a, b € R™ (a < b)Byuyn nopajn, ku 6apou
oHXO f € L'y .

Tabaunoru Jlartacu ¢pyukcusu ymymukapaanryaau f € D'(R™) 6a Bocutan
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dbopmynan
LIf1 = (F(D,e ) p € 1

MyaiisiH Kapia MmemaBai. Tapadu poctu Gopmylau OXHPUH MAbHO JI0pPaj, 3€po

e Pt € L, ,6apou p € 2y mypycr acr.

burzop f(t) —byHKCHAU JOKAIMU WHTErPOHUAAIIABAHIA MeOOIIaa Ba Jap
sk BakT f(t)-e Pt € L;(R") Oapom xamaum Rep a3coxam KyIIOOW 3€PMaYyMyH
N(R™) . Ou rox f(t) dyHKCHSAM yMyMHUKapAallyIaMH Peryispupo a3 L', , xocun
MeKyHal, ki Tabnunotu Jlanmnacu on 60 uHTErpau oaai 6apou Rep € () Gapobap

meOommau.”

Tabpudu nmomamymsapo ™Mo jgap pucoiia ©606a (QYHKCUSXOU CHUHTYJISIPUU

yMmyMuKapaamryaan Xepucaia h(t) Ba Jlupak §(t) TaTOUK HaMyaeM.
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BOBHU 3. MYOJUJIAXOU UHTEI'PO-IM®PEPEHCHUAJINA
3.1. Myoaunaxou unterpo-auddeperncuain 60 XoCHJIaxou xycyci

Yu rynae, ku 0a MO MabllyM acT Jap TabuaT Ba XaéTH WHCOHHST
Macbhajgaxoe By4y[ JOpaHIl, Ki 0apou Xauld OHXO Myoawiaxou auddepercuani
J03UMaH 1 6a MOHAHIU XUCOOKYHHUHU CYpPhaTH XapaKaTh YUCM, XUCOOKYHHUH IIUTOO,
MYaWsSHKYHHH SHEPrHsS Ba XOKa30. MHUYHMH XOJaucaxoe MaB4yJaH], KU Oapon
IIapXd OHXO Ba XaJl HAMYJaHH Machajgaxod 0a OHXO TAaLTYyKJIOINTa MYOIUJIau
muddepencuanii 60 xocwinam Xycyci uctudopamaBagaa Meboman 6a MOHaAHIH
Machallal TapMUTY3apOHM, XapaKaTH JIAMIWIN, MaXHIIaBUU JIAIMIWII ShbHE MaBd,
xoaucaan quddy3us Ba Xoka3o. MHIYHHH Machanaxoe HU3 Jap XaéT MaBYydaH],
KA XaJUTM OHXO MOpO 0a MyOJWJIaXOW WHTErpajil MEOpaH] MacallaH Macbhajau
TayTOXpaHe, KU OHPO OOpH HAaXycT oMM AOeN TaXKUK HaMyJaacT, Xap TyHa
Machalaxoe, Ku  0Oa wmyomuwnam guddepeHCHaTuu XaTTA oOBapaliaBaHa

meboman Ba Xxokazo [83,89,95].
Tavpugh 1: Myoounau namyou

t

u(x,t) = j k(t, Hulx,t)dt + f(x, t) (3.1.1)
0

Myoounau uHmezpaiuu Xammuu YuHcu Oy Homuoa mewiasad. /[lap un yo
k(t, ), f(x,t) —gpynkcusaxou MaAbIym oyoa, u(x, t) —¢pynxcusu

yycmyyyuiaeanoa medbouao.

XaMUHpPO Kain KapmaH 3apyp actT, ku k(t,T) —sapou MyoausIad HHTETPaH
Homuma MemraBan [73,89,117]. Hdap xomatu f(x,t) = 0— Oyman Myojauian

(3.1.1) —po MyoauIan SKYUHCA MEHOMAHI.

Tavpugh 2: Myoounau namyou

fk(t, Du(x, t)dt = f(x,t) (3.1.2)
0
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MYoOUNau UHMEZPAIUU XAMMUU YUHCU AK Homuoa mewasad. /lap un yo
k(t, ), f(x,t) —pynxcusaxou MABIIYM oyoa, u(x,t) —gpynkcusau

yycmyyyuiaeanoa meooutao.

Hap xaér 603 xomucaxoe MaBUydaHA, KM Oapouw mapxu OHXO Ha (dakaT
Myoawian quddepeHcuanii Ba MyoJuilad HHTErpailid JIO3UM acT, Oallku MyoJuiae
JO3UM acT, KA XOCHUATXOU MH Ay MahxyMpo naap Oap rupaj Ba UH T'yHa MyOauiia
Myoawian HHTerpo-nuddepencuanii meboman. SAbHe MyoAMIaXOM HHTErpo-
muddepeHcuanii Mmyoauiaaxoe MeOomana, KU (pyHKCUSIM HOMAbiIyM JAap SIK BakKT
XaM Jap 3€pu aJIOMaTH XOCWJIA Ba XaM Jap 3€pH AJIOMATH MHTETPaJl Kapop AOPaL.
Jap TaxKWK HaMyJaHd MYOJWJIaXOU MHTErpo-AudQepeHcuanii oTUMMOHU 3euéne
KOp Ba (QabonusTd WiMu Hamynaaun [44,60,61,118] a3 yymma M. [yptus,
B.IIunkun Ba raiipaxo. bopu Haxyct onmumon M. ['yprun Ba B. [Iunkun macreanan
rapMUTy3apoHii 60 xopu3au OHPO TaXKUK HaMy/ia Jjap HaTU4a MyOujIal UHTErpo-
mudepencranii Xocuil KapJaH, Kd X0JI0 MyoJIuiianu Ma3Kyp 0a HOMU UH Iy OJIUM

MalIxyp acr.

Tavpugp 3: Myoounaxoe, Ku @QyHKcUAU HOMABIAYMAWOH a3 0y 6a 3Uéoa
mazupéoanoa ubopam 0yoa éa oH (YHKCUAU HOMABLAYM 0ap AK 6AKmM XaAM 0ap
3epu anomamu XOCuia 6a Xam o0ap 3epu aioMamu UHmezpai Kapop o0opao

Myoounau unmezpo-ougghepencuanii 60 xocunau Xycycit HOMUOa meuiaeao.

ba mucnu myonunaxou auddepercuanii 60 xocusian Xycycit, MyoauIaxou
uHTerpo-nuddepeHcuanii HU3 JOpOU HaBBH Mapaboii, TumepOosiii Ba IIUICH

Me6OHIaH,Z[, KN HAaMyIAXOHU OHXO YyHHHAH/I:

t

O%u L oy b= 62”+f - HED s 3.1.3

Tz T a5 U=cos a D52 T+ f(x, (3.1.3)
0

6u+b = azu+f (t )azu(x,r)d + f(x,t) 3.1.4

5; Thu=co3 a D52 T+ f(x, (3.1.4)
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t

0%u  0%u oOu 0%u(x, 1)
—+—a—+bu—fa(t—T)T

9tz ' ox2 ot dt + f(x,t) (3.1.5)

0

3.2. Myoaunau uHterpo-auddepencuaum teaerpadg
3.2.1 Maghxymu acocii

CapaBBajn xaMHUHPO Kaili MEHaMOeM, KU TO XOJI JAap AYHE XaJUTd MyOJuJIau
uHTerpo-nuddepeHcnannu  Tenerpad a3 Tapadu ONMMOH Auaa OapomMana
Hainyjgaact. bapon xamMuH Mo nap Haznud xyn Basuda ry3omreMm, KA MyOIWiIau
uHterpo-nuddepencuaniuu  Tenerpagppo 00 MmMAPTXOM HOTHAOW Ba KaHOPUU
nonamryna 6o ucrudona a3 ycyaum xucoOu ornepaTcHOH# Xanl HamoeM. Hamynu

YMYMHH MYOJWJIau UHTETpo-audpepencuanuu tenerpad YyHUH acT:

2 2

0%u . b2 0“u 0*u(x, T )d
Sz + (2 +1)—+ u=-—+ fa(t—r) +f(@) (B.2.1)
0

['y3opumu macwana: [llaptxon noTHAOM

u(x,0) = uy(x)
{ug(x, 0) = uol(x) (3.2.2,)
Oyza Ba MIapTXOHM KaHOP# OoIa
u(0,t) = @1 (t)
{u,é(o, 0 = 02(0) (3.2.2,)

MeOoI1Ia.

Tadmunotu Jlamnac-Kapconpo tatowk Hamyma myoawian (3. 2. 1)-po 60
maptxon goxamynaau (3. 2. 2) xan MeKyHeM. XaMUHpPO Tanad KapaaH 3apyp acr,
KA Xap sKe a3 MH (QYHKCHIX0 Ug(x),uq(x), @.(t), p,(t), f(t) ©Oebocuna Ba
nuddepencuponuganiaBania Hucoar 6a xapay Tarupédana OolIaHa Ba MHUYHUH
mrapTxon Tabamiaotu Jlammacpo kKaHoaT KyHaHn [63,78,93]. Ilem a3 xammm

Machaja TaCBUPH XOCHJIa, HHTerpai Ba GyHKcHsxopo Meopem [20, 108]
82



u(x,0) = u(x) = Up(p), u(0,t) = @1 (t) » ©1(q),

U ,(0,t) = @,(t) > Py(q), ui(x,0) = uy(x) > Uy (p),
u(x, t) 3U[, q),f() > F(q)

d0%u 0%u

Frh p?[U(p, q) — @1()] — pP2(q); Fro q*[U(p, ) — Up(p)] — qU1(p);

u: 3 q[U(,q) — Uyg(p)]

t

0%u(x, 1
[ a0 5200 = A@EW 0.0 - @] - P, @)
0

Xap sike a3 WH TacBUpXopo 0a myonwnan (3. 2. 1) ry3omra Gapobapuu 3epuHPO

XOCHJI MEKYHEM

q*[U(p,q) — Uo(p)] — qU;(p) + (2b + 1)q[U(p, q) — Uy(p)] + b*U(p,q) =

1
=p*[U(p,q) — ©1()] — pP,(q) + aA(q){pz[U ®, q) — P21 ()] — pP ()}
+ F(q);

q*U(p,q) — q*Uy(p) — qU;(p) + (2b + 1)qU(p, q) — (2b + 1)qU,(p)
+b%U(p,q) =

1 1
=P UP.q) = p*P1(0) ~ pP2(@) + | AP (P, 0) = - AP P (0))

1
- aA(q)pcbz(q) + F(q);

1
(qz +@2b+1)q + b* —p* - 514(61)292) Ulp,q) =

1
= (q* + q(2b + 1))Uy(p) + qU,(p) — (1 + 5A(q)> p*®,(q) -
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1
- (1 + 5A(q)> p®,(q) + F(q)

AbHE

- (1 + %A(q)>p2<b1(q) - (1 + %A(q)> pP,(q)

Ulp,q) = +

q®>+ (2b+ 1)q + b% —p? — %A(q)zo2

N (q* + (2b+ 1)) Uy (p) + qU,(p) + F(q)

(3.2.3)
q*>+ (2b+1)q + b%? —p? — %A(q)p2

MemaBaa. bapobapuum (3. 2. 3) XauuM yMyMHM MYOAWIaWM HWHTETPoO-
mubdepencuanuu tenerpad O6apoum uxTHUEPHU AApo nAap dazou 3yAi, KA ap UH

(1)2130 (bYHKCHHI/I TaFHpé6aHz[aam KOMILJIEKCH aMall MCKYHaa HOMH A MCIIaBaI.

3.2.2 Xannu ymymuu myoounau unmezpo-ougppepencuanuu menezpagh oapou

A0pou ynkcusau xammii

Xamm ymymun myoxunapo Oapou sgpoum a(t) = b*t + (2b +1) auna
MebapoeM Ba uu TaBpe MO MefoHeM [20 — 23] TacBupu spo
2

A(qQ) =@2b+1) +?

MeOorman. XaMUH TaBp TacBUpHU sApopo 0a O6apobapuum (3. 2. 3) ry3omTa XOCHI

MEKYHEM

q*(q* + (2b + DUy (p) + q°U; (p)
q%(q? + (2b + 1)q + b?) — p?(q?> + 2b + 1)q + b?)

- <q2 +q ((Zb +1)+ bq—2>> p*®,(q) — <q2 +q ((Zb +1) + %2>) p®,(q)

q%(q* + (2b + 1)q + b?) — p?(q? + (2b + 1)q + b?)

Ulp,q) =

_|_
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s q°F(q) _
q*(q? + (2b + 1)q + b?) — p?(q? + (2b + 1)q + b?)

_q*(q* + (2b + DUy(p) + ¢ U1 (p)
~ (g% + (b + g+ b?) (% - p?)

—(q +(2b+ 1)q + b*)p*®,(q) — (¢*> + (2b + 1)q + b*)pD, (q)
(q* + aq + B)(q* — p?)

q°F(q)
(q2 + (2b + 1)q + b?)(q* — p?)

AbHE

q*(q* + (2b + DUy (p) + q*U1(p)

Ulp,q) = (g?>+ (2b + 1)q + b?)(q? — p?)

—(q + (b + 1q + b*)p*®,(q) — (¢* + (2b + Dagq + bz)psz(q)
(q* + (2b + 1)q + b?)(q* — p?)

q°F(q)
(q2 + (2b + 1)q + b?)(q* — p?)

(3.2.4)

Masbaym act, ki ap xojaTu p = +q OyaaH Maxpad HOJI MeIIaBaj Ba Jap X0JaTu

p = q OynaH cypaT Kaii HOJI MelllaBaJl MyaisiH MeKyHEM
q*(q* + (2b + D Up(p) + ¢°U,(p) — (¢* + (2b + 1)q + b*)p*®@,(q) —
—(q* + (2b + 1)q + b*)p®P,(q) + q*F(q) = 0;
q*(q* + (2b + Dq)Up(q) + ¢°U;(q) — (¢* + (2b + 1)q + b*)q* @, (q) —
—(q* + 2b + 1)q + b*)qP,(q) + q*F(q) = 0;

q*(q* + (2b + 1)q) Uo(q) + q°
7@+ 2b + Dg +b2) ' T 4(qZ + (2b + Dq + b?)

Ui(q) — q®1(q) —
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2

q
q(q? + (2b + 1)q + b?)

—®,(q) + F(q) = 0;

q(q* + (2b + 1)q) q°

U(q)+q2+(2b+1)q+b2

d =
2(4) g>+ @b+ 1)q+ b2 °

Ui(q) +

q°F(q)
q*> + (2b+1)q + b?

—qP1(q) (3.2.5)

bapobapuu (3. 2. 5)-po 6a 6apodapuu (3. 2. 4) ry30111Ta XOCHI MEKYHEM

q*(q* + (2b + DUy (p) + q*U;(p)

Up,q) = (q%2 + (2b + 1)q + b2)(q? — p?)

—(q%* + (2b + 1)q + b»)p*®41(q) + q*F (q)
(q* + (2b + 1)q + b?)(q* — p?)

N —p(q(q® + 2b + 1)Uy (q) + q*U,(q) — q(q* + (2b + 1)q + b*)D,1(q) + qF (q))
(g% + (2b + 1)q + b?)(q* — p?)

SbHe
( @*+@b+1q  q*Uy(p) —pqUo(q)
U(p'q)_{q2+(2b+1)q+b2. q?% — p? }+
N q L) —pUi @) |
q*>+ (2b+1)q + b? q% — p?
(pq — p*)®:1(q) (q* — p)F(q)
+{ 72— p? }+ {(qz ¥ 2b+ D)q + b (g2 = pZ)} (3.2.6)

bunobap cababu oH, ku Tabaunotu Jlamnac-Kapcon tacBupu GyHKCHUSU XaKUKUAU
nap ¢azou BakKT MaBUyAOyaapo nap (asou 3yAil HUIIOH Meauxaj OuHoOap WH
Oapobapuu (3. 2. 6) xamum ymymun myoxmnau (3. 2. 1) nap ¢aszou 3yzit Oyna,
byHKcusM TarupébaHmaaln KOMILIEKCH 0a mymop mepasan [19,56,112,114]. Yu
TaBpe MeOnHeM Oapobapuu (3. 2. 6) a3 yop yaMbllaBaHJau KaBcX0 HOopar acT. A3

Oacku O6apou Mo Xau ymymuu myonuiau (3. 2. 1) map ¢da3ou BakT, Ku Jap UH
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dazo pyHkcusu TarupéOaHaaI XakuKy aMmaia MEKyHaJ [ JJ03UM acT OuHobap uH 00
uctudona a3 Tabaunotu O6avakcu Jlammac-Kapcon 6apon xap sk GpyHKCHSIH Aap

KaBCX0 MaBuyA0yaa PYHKCHUSN XaKUKI GyCTYy4y MEKYHEM:

q’+@2b+1)q  q*Us(p) —pqUo(q)) _
g%+ (2b + 1)q + b? q? — p? -

mln(x,t) t—S

f J S'(t—s—1)ug(x + 1t —s)dsdr —
0 0

min(x,t) t—s

j j bra+ |b
2

min(x,t) t—s

- [ [ {oea e

Jap uH 40

1 [1
—| b+5+_ [b+3 |(t—s-T)
e < 2 4> Ug(x + 7 —5s)dsdr —

_ t‘

1 1
~(b+5- /b+—)(t—s—r)
e ( 2 * Uug(x + 7 —s)dsdr

|

MeOoI1Ia.

capasBaj upoaapo coaaa MEKyHEM

q°+@b+1)q  q°Up(p) —pqUs(q) _
q> + (2b + 1)q + b? q% — p?

__a*+@b+1)g  q°Up(p) —pqUs(q) _
q*> + (2b + 1)q + b? q? — p?

>+ (2b+1)q g pUs(q) — qU(p)
>+ (2b+1)g+b? p+q p—q
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Taceupu unmezpanu 3epunpo meévem, Ku HamyoOu yMymMuu OH YYHUH ACHL:

min(x,t) t—s

f J (6'(t —s—1))ug(x + v — s)dsdr —
0

0

min(x,t) ¢—
’ 1 1 —<b+%+ /b+%)(t—s—‘r)
— j f b+§+ b+Z e Ug(x + 7 —s)dsdt +
0 0

mln(x,t) t—s

b2
+ f j—S(t—s—r)uo(x+T—s)dsdr—
; 0 2+/b + 0,25

— f f M&(t —s — Duy(x + 7 — s)dsdt +
0 0

min(x,t) t—s 1
—<b+
e

1 1 1 /b+1)(t— ~7)
+ f fM b+§— b+Z 2 * Sruo(x+r—s)dsdr
0 0

060 uctudoma a3z tadmamioru Jlammac —KapcoH TacBHpHM HMHTETpaIud Ma3Kyppo

bZ

2 b+
4

mln(x,t) t_S

o ©0
qu f e Px-at j j a(t—s—1)f(x—s;1)e S dsdt |dxdt =
00 0o 0

Meé0eM, K1 Jap MH 4o M = mebomiarn [62, 63].

['y3opumm x — s = u; t — s = v —po uctudojia Kapja XoCuiI MEKyHEM

o ©0 o v
quj e Puts)—q(v+s) ffa(v—r) fu;1)e M5 dsdt |dudv =
0 0 0 0
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X 00 e}
qu f e PU—av ja(v—r)f(u 7)dt dudvj e~Pratals gg —
00 0
our3op a; = 0 6oman

pQJf o —PU—qV Jsf(v—r)uo(u+r)dr dudvf e~ 0+a)s gg 1
0 0 )

6(17 —Tuy(u + T)dT) dudvf e~ (P+as gg —
0

(i x

e M=y (u + T)dT> dudvf e~PFa)s ds —
0

. f Ofe_pu_q,, y [ JbT-

c K 2 1%
_qu j e ~pu—qv f 0,5b 5(17 —‘[)u (u +T)d1'> dudvj e—(P+q)s ds +
0
00 .

b+ 0,25

v

&« ©o o}

0,5N,,b>

+qu f e PU-qv j—e‘NZ(”‘T)u (u+1)dr dudvf e~ (P+Os gg =
J Jb +0,25 ’ J

Hapunwo N;, = b + % + ’b + - Me60u1a,u Yu taBpe MO METOHEM

(6a yagsamm 1.2.1. Ba 1.2.2. Hurapen)

v

1
[aw-nrwndr= ~A@F @)

0

MeOoriaa, OMHOOap UH XOCHJI MEKYHEM
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1
q

, pUo(q) —qUo(p) e~ (PHas
. q . [ llm —
p—q Roo\  ptq

R
0>+
1, [ 1
1 b2 <b+7+ b+Z>q)_on(q)—qUo(p)_ 1

_I__.—.(q_ —_
v p—q p+tq
q 2./b+0,25 q+b+%+ b+%

1 [ 1
1 b2 ( <b+7_ b+z>q\on(q)—qUo(p)_ 1

q-— =
/b + 025 1 — +
q9 2./b+ 0,25 \ q+b+1— b+%/ pP—q prq

2

_pUo(@) —qUo(@) ( qb* _
p? — q? q? +2bq + b% +q

_ 7+ (2b+1)q* pUo(q) — qUs(p)
(q+b)+q p? —q*

XaMHUH TaBp TaCBHUPHU MHTCTPATIN MAa3Kyp MAabJIYM IOIyd, KU OH YYHHH aCT:

mln(x,t) t—S

_I J (6'(t—s—1))ug(x + 1t —s)dsdr —
0

0

min(x,t) t—
’ 1 1 —<b+%+ /b+%)(t—s—’r)
-M j j b+§+ b+Z e Uug(x + 7 —s)dsdt +
0 0
min(x,t) t—s
1 1 —<b+%— ’b+%)(t—s—r)
+M f j b+§— b+Z e Ug(x + 7 —5s)dsdr 3
0 0

L@+ @b+ 1)g* pUs(q) — qUo(p) b?

M=——
+b)? + 2 —q? ’ [ 1
(q+b)2+q p*—q 2b+%
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q* qU,(p) —pUs(9)) _
(g% + (2b + 1)q + b? q? — p? -

min(x,t) t—s

f f 6(t—s—1t)u(x+17—5)dsdt +

2

<b+l— _) min(x,t) t—s
2 \J b+—— (t s—1)
f J u(x + 1t —s)dsdr —
2 ’b+—
2

<b+1+ ) mln(xt)t —S
\J b++ (t S—T)

_ f f Uy (x + 7 — 5) dsdz

+

CapaBBaJ'I I/I(l)OI[aI/I Jap JOXHIIN KaBC MaB‘-Iy,Z[6y,ZIapO cogda MCKYHCM

q° LaUL(P) —pUi(q) _
q®>+ (2b + 1)q + b? q? — p?

q - q  pUi(q) —qU:(p)
q*+ 2b+1)g+b? p+q p—q

Taceupu unmezpanu 3epunpo meéoem, Ku HaMyOu yMymMuu OH YYHUH ACHL:

mln(x,t) t—S

j j 6(t—s—1)uy(x+ 1 —s)dsdr +

0

2

<b+1 ) min(x,t) t—s
2 \J J j b+— (t s—7)
/b+—

Ug(x + 17 —5)dsdr —
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2
<b+1+ / ) min(x,t) t—s
2 b+ + (t S—T)

_ J f Up(x + v —s)dsdr

5]

60 uctudona a3z tabmunoru Jlarumac —KapcoH TacBuUpHM HMHTETrpayii Ma3Kyppo

MeébeM

min(x,t) t—s

X ©o
qu j e Px-at f f a(t—s—1) f(x —s;1)e " *Sdsdt |dxdt =
00 o 0

TY30pUIIN X — S = U;t — S = vV —po UCTU(O/Ia KapJla XOCHUIT MEKYHEM

=quj e—p(u+s)—CI(v+s) jja(v_l-) f(u; ‘L')e_als dsdt | dudv =
0 0

00
o ©o 0
= pQJj e~ PU—qV fa(v—r)f(u; T)dT dudvf e~ (Pta+a)s g
00 0
oursop a; = 0 6oman

o« ©o
qufe pu—qv j6(v—r)u0(u+r)dr dudv | e=®P+@s gs +
00

+pq e~ (P+Ds g

O\R

° v 1| 1)

-\ b+5—_|b+3 |(v—T)
je‘pu‘q” JMle ( 2 4 uy(u + t)drt |dudv
0 0

—pPq

Oo - b+1+ fb+1>( -T) oo
je pu-qu j ,e < 2 DA uo(u + 7)dt dudvj e~ P*Ds g
0 0

O\R
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2
1— 1
<b+5+ fb+z)

2 /b+l
4

Ywu taBpe MO MezioHeM (0a yaaBanu 1.2.2. HATapen)

Hapunvo M, , = MeOorai.

v

1
J a(v—1) f(u;7)dt 3 EA(q)F(p. q)
0

meboraa, 6MHOOap UH XOCHII MEKYHEM

pUo(q) — qUo(p) . ( e~ Pra)s
. - lim [ —
p—q R— p+q

R
0>+

1 1
b+5— |b+7
1( 2 4) q PUs(@) —qUo(p) 1

q [ .1 ' 1 1 p—q p+q
2 b+z C[+b+7— b-l-z
1 1
b+=+ /b+—)
1( 2 4 q PUo(@) —qUs(p) 1

q [ 1 ' 1 1 p—q p+q
2 b+Z C[+b+7+ b+Z

2 2
1 1 1 1
b+=— /b+— b+=+ /b+—>
pUo(@) —qUp(p) 1 (( z 4) _( 2 4 \+
p% — q* / 1 1 / 1 1 / 1
2 b+Z\q+b+7— b+Z q+b+§+ b+Z

L PU@—ale@ _ ¢ pUo(e) — qUo(®)

p? — g? " (@+b)?+gq p? — q?

1
q q

XaMUH TaBp TACBUPU UHTErPAIU MA3Kyp MabJIyM 11y, KA OH YyHHH acCT:

mll’l(x,t) t—S

f f 6(t—s—1uy(x+ 17— s)dsdt +
0

0
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(b +1_ b +%> min(x,t) t—g

2 —<b+1— /b+1>(t— ~7)
+ J f e 2 DA Tuo(x+r—s)dsdr—
1
2 |b +Z 0 0
2
<b+1+ / ) min(x,t) t—s
b+ + (t S—T)
— f J Ug(x + 7 —5s)dsdt 3

L4 pUs(q@) —qU(p)
T (@+b)2+gq p? — q?

2 {(pq p2)®1(q)} {pfbl(q)
q% — p? p+q

} @1(t —x)
Capagsai udojau gap JOXHUIH KaBC MaBUy0y1apo CO/Ia MEKYHEM

(g —p*)P1(9) _p(P —@)P:(q) _ pPi(q)
q* — p? - +tq) ptgq

Yu TaBpe 6ap Mo mabiym act [20, 38]

p®,(q)
o (t—x)
s 1

MeOoI1Ia.

A { (q° — pqQ)F(q) } -
(g2 + @b+ 1)q + b2 (g2 —p2)) ~

min(x,t) t—s
1 1 <b+ + /b+ )(t s—T)
€D f j b+2+ b+Z e h(x —s)f(t)dsdt —
0 0
min(x,t) t—s
1 1 —<b+%— /b+%)(t—s—‘r)
-D j f b+§— b+Z e h(x —s) f(r)dsdr;
0 0
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nap uH 4o D = MeOora.

1
2 /b+l
4

bapou TtacBupu pynkcusu gap kaBcu (4) MaBayaOyaa GyHKCHSIN XaKUKH QyCTYqy

MEKyHEM

(q° —pF(q) B qF (q) B
(q>+ (2b+ 1Dq+b2)(q?—p?) (¢*+@b+1)q+b)(p+q)

_ q HPF@)
g+ 2b+1)g+b*> p+gq

Taceupu unmezpanxou 3epuHpo meédem, Ku Hamyou yMymMuu OHX0 YYHUH AcCm:

mln(x!t) t_S

j j K e_<b+%_‘[g)(t_s_r)h(x —s) f(r)dsdt +
0o 0

min(x,t) t—s

+ j j Kze_(b%ﬂ)“_s_”h(x—s)f(r)dsdr
0 0

Yu taBpe MeOuHeM Oapou €EQPTaHM TAcBUPH  HHTErpaixo Ba (YHKCHIXO
TaOIMITOTXOM MHTErpOoHU McThdomamaBanaa medomana [1, 21, 22]. bo uctudona

a3 Tabaunotu Jlamnac —KapcoH TacBupU MHTErpalid Ma3Kyppo Me€oeM

mln(x,t) t—S

X ©o
NN
pq f j e—Px=at j j K, e (b33 “h(x - 5) f()dsdr | dxdt +
00 0 0

mln(x,t) t—S

X ©o
(o434 o3 J=s-
+qufe‘px‘qt j j K,e < 2 3)e T)h(x—s)f(r)dsdr dxdt
0 0 o 0

+bh? — 2b+1
napun 4o K, = = + MmeOorai.

1 1— 1 1
2 /b+z<b+5+ /b+Z> 2 /b+Z

['y3opunm x — s = u; t — s = v —po uctudoaa Kkapaa XoCHJI MEKyHEM
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X ©0o 0 v
v-7)
pq j j e P(uts)—q(v+s) j j Kle ) h(w)f(t) dsdr |dudv +
00 0 0

X ©o o v
—(p+i+ /b+1)( ~7)
+qufe‘p(u+s)‘q(”+s) ffKZe ( 2 A h(uw)f (1) dsdt |dudv =
0 0 0 0

X ©o v 1 o
- (v-1)
PCIffe—Pu—qv jKle < 2 F) h(w)f(t)dt dudvj e~ @+0s gg +
00 0

0
cr —(b+1+ ’b+1>(v—‘r) r

+quje pu-qv sze 2 4 h(uw)f (t)dt dudvj e~ (P+Os g =
00 0

Yu TaBpe Mo MeoHeM (0a yagsanu 1.2.2. Hurapen)

v

1
f a(v = 1) fsT)dr = A@F b, 0)

0

Meboia, OMHOOap UH XOCHJI MEKYHEM

1
b2 oh + 1 a'OI'H(P)F(CI) 1

. +
1 1 1 1 1 , 1 Ptq
2 b+z<b+7— b+Z> 2 b+Z q+b+2 b+Z

( —0,5h2 b + 5 q H®)F(q) _
Aot o)) oot srerbegeed 7
b? 2b+1 | H(p)F(q) 1

+
1 1 1 1 1 1p+q
2 b+Z<b+7_ b+Z> 2/b+7] q+b+5- /b+4



+( —b° L 2bt1 H(P)F (@) 1
’ 1 1 , 1 / 1 1 ’ 1 ptq
\2 b+z<b+7+ b+Z> 2 b+1/ q+b+7+ b+Z

_ q H®)F(q)
(@+b)*+q p+q

XAaMHUH TaBp TaCBUPU UHTErPAIA MA3Kyp MabJIyM 11y, KU OH UYyHUH acCT:

min(x,t) t—s

j j K; e_<b+%_‘/;%>(t_s_r)h(x —s) f(r)dsdt +
0 0

mln(x!t) t_S

j j K, e_<b+%+\/g>(t_s_r)h(x —s)f(r)dsdt 3
0o 0

q H(p)F(q) +b? _2b+1
S bEtq ptq |27 [ 1 1 [ 1 i 1
\ 2 b+Z(b+7+ b+Z> 2 b+Z/
Jlap UH 40
b? 2b+1
Kl_ -
1 1_ 1 1
2 b+Z<b+7+ b+Z> 2|b+7
Ba
—b? 2b+1
Kz = [ 1 1 [ 1 " [ 1
2 b+Z<b+7+ b+Z> 2 b+Z
MeOorma.

XamuH TaBp Oapon Xamaum KaBcxow mgap OapoOapum (3. 2. 6) maB4yynOyna
(GyHKCHSN XaKMKH MyalsiH KapJaeM, akKHyH Xauid ymymuu myoauian (3. 2. 1)-po

6apou aapou a(t) = bt + 2b + 1 MeHaBucem
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min(x,t) t—s

u(x;t) = f f(6’(t—s—T))uo(x+T—s)dsdT—
0

0

1 1
+ [b+7

b+
[T (s

min(x,t)
b+ + b+ (t s—T)

)e Uug(x + 7t —s)dsdr +

min(x,t) t—s/ 1 1\

b +__\/b T2\ (ped- fb+1 (t—s-1)

b? j f 2 4 e( 2 4) ’ ug(x + 17— s)dsdr
oo\ 2ol )

min(x,t) t—s

j f S(t—s—t)u(x+1—s)dsdt+ @,(t —x) +

2

b+1_ min(x,t) t—s
2 \/ (t $-1T)

j J u(x +1v—s)dsdr —

2
1 / 1 min(x,t) t—
(b + ) + b + 4) S _(b+%+ b+%)(t—5—f)
B j f e v U (x +7—>5)dsdr —

1

b+Z 0 0

min(x,t) t—s 1 1

j j b+ 7\/7-" 4 e‘(“%_\[g)(t_s_ﬂh(x —s) f(r)dsdt +

mlTx t) ]s b+ \/f e_<b+%+ﬂ>(t—s—r)h(x —s)f(1)dsdt (3.2.7)

XaMUH TaBp XaJUTd yMyMu# Myozuian (3. 2. 1)-po xaHromu sapo GyHKCHSH
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XaTTi OyJaH MyalssH HaMmyJieM Ba X010 6apobapuu (3. 2. 7)-po mapx MeIuxem

Xanau myoounapo xanzomu X > t Oyoan menasucem

t t—s
u(x;t)=jj (6'(t—s—1))ug(x + 1t —s)dsdr —
00
e b +%+ b +% —<b+1+ /b+1)(t—s—r)
—bsz e z 4 Ug(x + 7 — s) dsdt +
= 2+/b + 0,25

t—s

b+ % - ,b + %\ _<b+%—\/@)(t—s—r)

el
+b2ff e ug(x + 7 —s)dsdt +
S \ 2./b + 0,25 /

t_
f S(t—s—1t)u(x +1—s)dsdr +
0

1 1
prdo b+_) —
( 2 4 —(b+1— b+1)(t— -T)
+ jf e 2 * Stul(x+r—s)dsdr—
2 b+% 00

o~

—S

b+ >+ [b+= )(t S—T)
J e u(x + 1t —s)dsdr —
0

<b+%+ b+—) f
0

1
2 b+Z
1 7 1 1 (b L b 1)(t )
| b+5— |b+5 |(t—s—-1
- 1fj b+§— b+Z e 2 * h(x —s) f(r)dsdt +
2 b+ZO 0
1 f e 1 1 <b+1+ /b+1>(t )
—| b+5 —|(t—s-1
+ jj b+-+ |b+7 e 2N h(x — s)f (r) dsdz
Joein
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Xanau myoounapo xanzomu x < t oyoan menasucem

xt—s

u(x;t) = J J (6'(t—s—1))ug(x + 1t —s)dsdr —
00
P b+ % + \’b +% —<b+1+ /b+1)(t—s—r)
—bsz e z 4 Ug(x + 7 — s) dsdt +
= 2+/b + 0,25

1

”‘S/b+1— b+3 ( 1| 1)
-\ b+5— |b+5 |(t—s-T)
+b2jj 2 4 e 2 4 Sruo(x+r—s)dsdr+
0 0 7

2.|b+

xXt—s
+ff S(t—s—1tu(x+7—s5)dsdt+ @, (t —x) +
00

2
<b+1 b+1) min(x,t) t—s

2 (tST)
+ j J u,(x +1v—s)dsdr —
2/
2
<b+%+ /b+1) X t=s
b++ (tsr)
_ 1 jJ e U (x+t—s)dsdr —
2 b+Z 00
xXt—s
1 1 1\ —(p+i- /b+l (t—-s—T)
1jf +5- b.|_Z < 2 4) Srh(x—s)f(r)dsdr+
2 b+ZO 0
X t—s
1 1 b++[b+ (t—s—
jj b+ + b+Z e< ) ’ h(x—s)f(r)dsdr
et U2
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3.2.3 Xanau ymymuu myoounau unmezpo-oudgepencuanuu menezpagh éapou

aopou a(t) = (1 — bt)e

XaMuH TaBp Xaum ymymun myouiau (3. 2. 1)-po 60 maptxou uOTHI0N Ba

—bt

KaHopuu nonamnyna Oapou simpou a(t) = (1 — bt)e auga MebapoeM Ba 4

TaBpe aéH acT sapo GyHKcusu skrarupébanma meodoman [65,103]. Yu rynae, ku
2
Mo MmemoHem [20,21] TtacBupu sapo A(q) = (qqq) Mebommaa. XaMuH TaBp

TacBUPH sAApopo 6a 6apodbapum (3. 2. 3) ry301ITa XOCHUI MEKYHEM

Uip,q) = (q*> + (2b + 1) @)Uy (p) + qU; (p) N

2 2_p2__ 49 2
q*+ @b+ 1)q +b* —p* -3 7y7P

q q
N - (1 +(q_|_—b)z) p*®,(q) — <1 +(q+—b)2) p®,(q) + F(q) _

2 2 _ 2 _ q 2
q*+ Q@b+ 1)q+b* —p* — =3 7y7P

_ (g +b)*(q* + @b+ Dq)Up(p) +q(q + b)zUl(p)
((q +b)?+ q)((q + b)? —p?)

—((q + b)* + p*P,(q) — ((q + b)* + IpP,(q) N
((q + b)*> + q)((q + b)* —p?)

(q + b)*F(q)
((q +b)?+ q)((q + b)? —p?)

AbHE

(g +b)*(q* + 2b + DQUy(p) + q(q + b)ZUl(p)
((q + b)*> +q)((q + b)*> —p?)

Ulp,q) =

—((q + b)* + p*®1(q) — ((q + b)* + )pP,(q) N
((q +b)?+ q)((q + b)? —p?)

(q + b)*F(q)
((q + b)?+ q)((q + b)? —p?)

(3.2.8)
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McCIIaBaz.

Masbaym act, ku gap xonatu p = +(q + b) Oyaan Maxpay HOJ MeIlIaBaj Ba
a3 Oackup = —(q +b) Oa coxan Ha3AUKIIABHM HHTErpaad Jlamimac Taamnyk
Hagopan [63] OuHOGap MH OHpPO pelnad OEroHa MELIYMOPEM Ba Jap XOJAaTH

p = q + b Gynau cypar Kail HOI MEIIaBaJ MyaiisiH MEKyHeM
(q+b)?(q* + (2b + 1)q)Uo(q + b) + q(q + b)*U,(q + b) —
—((q +b)* +q)(q +b)*®1(q) — ((q + b)* + q)(q + b)P2(q) +
+(q + b)?F(q) = 0;
(q +b)*(q* + (2b + 1)q)Uo(q + b) + q(q + b)*U,(q + b) —
—((q +b)* +q)(q +b)*®1(q) — ((q + b)* + q)(q + b)P2(q) +
+(q + b)?F(q) = 0;

(q +b)*(q* + (2b + 1)q) q(q + b)?
CED DD B R CEDATICED)

Ui(g +b) —

(q + b)*F(q)

((g+b)*+q) _0:
((@q+b)*+q)(q+b)

((q+b)?+q)(q+b)

(q + b)*DP1(q) — P,(q) +

(q+b)(@*+ (2b+ 1)q) q(q + b)
CED T SR CETET)

®,(q) = Ui(q +b) —

(q +b)
((q +b)*+ q)

—(q +b)®,(q) + F(q) (3.2.9)

Bapobapuu (3. 2. 9)-po 6a (3. 2. 8) ry3oiira XOCHI MEKyHEM

_ (g +b)*(@* + @b+ 1Dq)Up(p) + q(q + b)* U (p) N

Up.a) CEDETCEDE D

—((g+b)* + Op°P1(q) + (q + b)*F(q)
((q +b)? +q)((g + b)? = p?)
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2 (@ +b)(@*+ 2b+1)QUy(g+b) , (q+Db)F(q)
(Ca-+ b7+ (CEDEDN +(<q+b)2+q>)+

((q + b)*> + q)((q + b)*> — p?)

((q+b)* +)p ("(("(q* DRI g+ b)cl>1<q))

* @+ b2+ g+ b)2 —p?)

AbHE

_ (g +b)*(@* + @b + D@)Up(p) + q(q + b)*U1(p) N
((q + b)?+ q)((q + b)? — p?)

U(p,q)

—((g+b)* + Pp*®1(q) + (g + b)*F(q) _
((q +b)? + q)((q + b)? — p?)

_p(@+D5)(@* + @b+ DPUs(a + D) + (g + DIF@)) |
((q +b)? + q)((q + b)? = p?)

+p(q(q +b)Uy(q + b) — (q + b)((q + b)? + @)D, ())
((q +b)?+ q)((q + b)? —p?)

MelaBaj. XaMuH TaBp Xajapo 00 TapTHOU MyalisiH MEHaBUCEM

U, q) = (q+b)@* + @b+ D) (q+b)Us(@) —pUs(q + b)) |
P47 = (q+b)*+q¢q (q + b)2 — p?

+{ q(q +b) _(q+b)U1(p)—pU1(q+b)}+{ p®:1(q) }+
(@+b)+q (@ +b)?—p? p+q+b

{ q+b F(q) }

. 3.2.10
+(q+b)2+q p+q+b ( )

bapoun xap saxe a3 kadbcxom gap OapoGapum (3. 2. 10) wmaB4yynOynma npap

anoxuanard GyHKCUSIH XaKUKU 9yCTyqy MEKyHEM

«—
«—

. {(q +b)(q* + (2b + 1)q) (q +b)Us(p) — pUo(q + b)}
' (@+b)?+q (q +b)? —p?
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min(x,t) t—s

b f f (8'(t—s—1)+2b6(t —s — 1)) up(x — s + 1)e P+ dsdr +
o 0

5 min(x,t) t—s
+ _r J (e~hlt=s=0) — g=l(t=5"D) y (x — 5 + 7)e D dsdr

/ 1
2b+ZO 0

Hapunwoly, = b + % + /b + i meboran.

bapou €pranu ¢yHkcuan xakuu 0a TacBUp KaBCH AKyM MYBO(HKOyJa TacBHpHU

MHTErpaii 3€pUHPO MeEOEM, KU HaMyA YMyMHUH OH YyHHH acT:

min(x,t) t—s

f j a(t—s—1) f(x —s;1)e M dsdr
o 0

060 uctudona a3z tabmunoru Jlarmac —KapcoH TacBupM HMHTErpaidi Mas3Kyppo

MeE0eM

mll’l(x,t) t—S

X ©o
qu j e Px-qt j j a(t—s—1) f(x—s;t)e M5 dsdt |dxdt =
0 0 o 0

['y3opumm x — s = u; t — s = v —po uctudojia kKapja XoCui1 MEKyHEM

© v

< ©o
quf e P(u+s)—q(v+s) j ja(v—r) fu;t)e" %" dsdt |dudv =
0 0

0 0

X ©o v .
=pq f f e PUTaY f a(v — ) up(u + 1)e ""dr | dudv f e~ (Pratals gg —
00 0 0

Yu taBpe Mo MeoHeM (Oa vaasanu 1.2.2. Hurapen)
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4

j a(v — 1) uy(u+ 1)e ?%dr 3 éA(q) -
0

q  pUp(q+b)—(q+b)Uy(p)
q+b p—(q+b)

MeOoriaa, OMHOOap UH XaHTOMH @, = b OyJlaH XOCHUJI MEKyHEM

1 e_(p+Q+b)5 1
—A F(p, "\ =—A F(p, .
7 4@ (pq)<p+q+a10> g A@F® @) 2=y
Hap xonatu
b? = P e Ib+L)e
a(t)=6’(t)+2b6(t)+—<e < 2 4) _e ( 2 4>
2 b+

Oynan 6apobapuu Ma3Kyp HaMyJId 3€PUHPO METUPA/T

A(q) pUo(g+b)—(q+b)Us(p) _
q+b p?—(q + b)? -

2
q% + 2bq + gb

1y 1\’
(a+b+3) _( b+Z> PUo(q +b) — (g + b)Uo(p) _

q+b p? —(q + b)?

:_.<q+2b+ b’ )_puo<q+b>—<q+b>uo<p>=

(q+b)?+q p? — (q + b)?

__q (q+b)*(q+2b+1) pUs(q+b)—(q+b)Us(p) _
q+b (q+b)*+q p? —(q +b)?

_(g+b)(q* + b+ 1)q) pUo(q +b) — (g +b)Us(p)
(@ +b)?+q p?—(q +b)?

XaMUH TaBp TACBUPU UHTErPAIU MAa3Kyp MabJIyM 11y, KU OH YyHUH acCT:

(q+b)(g* +(2b+1q) pUs(q+b)—(qg+bUs(p) _
(q+b)?+q p? —(q +b)? -
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min(x,t) t—s

f f (8'(t—s—1)+2b5(t —s — 1)) up(x — s + 1)e PC+D dsdr +
0

)

min(x,t) t—s

j J (e~ht=s=1) _ o=L(t=5-D)y (x — s + 7)eP6*D dsdr
/b +—
mapuH4o l,, = b + % + /b + i meOorIan.

XaMHH TaBp 0a MOHAHAM KaBCU SIKYM 0apou KaBCH AYIOM HU3 (DYHKCHSIM XaKUKU

qyCTy4y MEKYHEM.

{ qlq+b) (q+b)Ui(p) —pUi(q + b)} -

(g +b)2+q (q + b)? — p? -
min(x,t) t—s

b= j J S(t—s—1)u(x —s+1)e P+ dsdr —

0

min(x,t) t—s b

2

-1

0 b+—

=

1 1
—| b+5+ /—+b (t—s-1)
e < 2 N4 ) u (x — s + 1)e PG+ gdsdr +

7

1

min(x,t) t—s
<b+§— &+b)(t—s—‘r) b
e u (x — s + 1)e PG+ gsdr

Hf

p®:(q) .
3. {ﬁ} ce bx§01(t - .X)

DyHKCHUSIM XaKUKUHM Jlap KaBCHM Ma3Kyp MaBuyAOyJa anakaii 6ap MO MabiyMm

meboman [37, 38].
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4 q+b  Flg) | _
(q+b)2+q p+q+b] ™~

min(x,t) t—g
1 [ 1
f f 1025 e <b+2 b+4>(t ey e b5 h(x —s) f(r)dsdr +
2 / 1
0 0 b +Z
mln(x t)
1
(3o +Z)(H_T)\ ~bs b (x — 5) f(r)dsdr\

\f o / ) )
bapou ébrann QyHkcusiv xakuu 0a TacBUp KaBCU YOpYM MYBO(HKOYJa TacBHpU

WHTETpaid 3epUHPO MeEOeM, KU HaMyl YMyMHUHU OH YyHHUH acT:

mln(x!t) t—S

f f e l=s=7)  [Le=l(t=s=7) | o=DS . h(x — 5) f(r)dsdr

0

=

mapunyo ly, = b+ -+ ’b+lBal12=l$ L MeOora.
' 2 4 ' 2 4/b+1
4

bo uctudoma a3 tabmunoru Jlammac —KapcoH TacBupu WHTETrpajid Ma3Kyppo

MeébeM

mln(x,t) t—S

< ©o
pq jf e Px—qt f f [je~1(t=s=D) . o=bS . h(x — 5) f(r)dsdr | dxdt +
00 0o 0

mln(x’t) t—S

< o©o
+qu f e px—qt f f e == . o=bs . h(x — 5) f(r)dsdt |dxdt
00 o 0

T'Y30pHUIIA X — S = U; t — S = ¥ —po UCTU(OIa Kapaa XOCUIT MEKyHEM
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X ©o o v
pq j j g PUts)=qwts) j j e 1D . e=bs . h(u) f(r)dsdr | dudv +
00 0 0

X ©o 0 v
+qufe‘p(u+s)‘q(”+s) ffl’ ~L@W-1) . o=bs . h(u) f(r)dsdt |dudv =
0 0 0 0

X 1 b 1 (w-1) o)
= quje pu—qu flle *2 \/T) v f(T)dT h(u)dudvj e~ P+a+b)s 4
0 0

0

0

X ©o
+PCIjj o —PU—qv fl/ —l(v— T)f(’[)d‘[ h(u)dudvf o-(P+a+al)s g —
00 J

oo

(e'e] v
qj e~V jlie‘ll(”‘f)f(r)dr dv je‘(p““q*b)s ds +
0

0

©o v [ere}
+D, qf e” 1 flée‘lz(”‘f)f(r)dr dv je‘(p“”b)s ds =
0 0 0

Yu taBpe Mo MegoHeM (0a yagsanu 1.2.2. Hurapen)

v

1
[aw-0p60d= NORA)

0

MeOoriaa, OUHOOap MH XOCHII MEKYHEM

H(p) / liq F(q)

lzq _
+qg+0b
1 \+b+ / +Z +b+ + /b+ /p 1
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05¢ 1 ¢ 0,5q 1 q H(p)F(q)

+1 L g+l +1 +q+b)
q14b+%q1qz q+l, |[qlp+q+Db)

—_

4 b+Z

1\ 1
a(a+b+3)-29  H@F@ __a(g+b) H@F(@) _
)2 qlp+q+b) (q+b)?+q qlp+q+b)

(q+b+%)2—< b+%

__q+tb  HPFG@ _  q+tb  F(@
(@q+b)?+q qlp+q+b) (q+b)>+q q(p+q+Db)

XaMHH TaBp TaCBUPHU UHTErPAIA MA3Kyp MAabIyM IIY/I.

min(x,t) t—s/
/ 1 1 —(p+i- /b+1 t—s—
j j S———|e < 2 4>( ’ T)-e‘bs-h(x—s)f(r)dsdr+
o o\ afbed

mm(x t) /1 1 b+ +\/T%)(t_s_f)\ s ~ \ ~
\oj \2+4\/:/ /ebh(x S)f(f)dsdr/_,

,__qtb  H@PF(q)
T (q+b)?+q qlp+q+b) (3.2.11)

[uy

N |-

=

napuHyo l, = b + > + ’b + % Bali, =-+ meboman. MaayHuH
4 [b+:
4

0
acCT.

Hap Gapobapun (3. 2. 11) H(p) tacBupu ¢yHkcusu XeBucaiin mMeOoIaz, Kd OH
YyHHH MabHO gopazn [16,63]:
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1, t=0 . _ _
Hp)»h(D ={y ;2o & h(®=1->Hp); t>0
XamuH TaBp Oapou xamau KaBcxou jgap O6apoOapuu (3. 2. 10) maBuynOyna
byHKCHsAM XaKUKU €PTeM akHYH Xaum ymymuu myoawnawm (3. 2. 1)-po Gapou
aapon a(t) = (1 —bt)e P 6o maprxom uOTHAOA Ba KAHOPHH JOJAIIyIa

MEHABHCEM
u(x,t) = e @, (t —x) +

mln(x,t) t_S

+ j J S(t—s—1)u(x —s+1)e 6+ dsdr +
0

0

min(x,t) t—s
+ f f (8'(t—s5s—1)+2b6(t —s — 1)) up(x — s + 1) e P Ddsdr +
0

0

1

1
1 /b+—>(t—s—r)
2 4 ety (x — s + 1) dsdt —

e

b2
= | |
2 b+Z 0 0
min(x,t) t—s (

=/ [

1

1
>+ |b+5 |(t—s-T1)
2 4) e Pt yy(x — s + 1) dsdt —

b 1 /
=+ - 1 —<b+—+ 1+b>(1:—S—T)
277 + > e 2'\4 U (x — s+ 1)e PG+ dsdr +

|
SL
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min(x,t) t—s
j j 1 1
2 / 1
0 0 4 b+Z

’ mm(xt)t —s
b t T
f f & + ( T gt h(x — s)f(7)dsdz (3.2.12)
/b +7

3uKp Kapaad 00 MaBpU acT, KU aap xojatu b = 0 OyJaH sapoxXou Myoauiia

~(b+2- [p+d)ct-s-
e < 2 4> ey e S h(x —s) f(r)dsdr +

00 xam 6apobap memaBanz. SIpHe a(t) = 1 memaBaa. Mogome, Ku SAPOX0 60 XaM
Oapobap mrynanj mnac xaiaxo Hu3 0osig 60 xam OGapobap OoraHa Ba UHPO HUIIOH

MCAUXCM.

Hap xonatu b = 0 6ynan 6apobapuu (3. 2. 7) 4YyHUH HaMyJ METUPa

min(x,t) t—s

u(x;t) = j j(6’(t—s—T))uo(x+r—s)dsdr—
0

0

min(x,t) t— 1 1
f js/0+2+w/0+4\ 0++0+ (tsr)

e Ug(x + 7 —5s)dsdr +
S 0+ 0,25

min(x,t) t—s 1 , 1
02 . j j /0 + 7 - 10 + Z\ _<0+%— ’O+%>(t—S—T)
0 0

e Ug(x + 7 —5)dsdr
\ 2fo]

0+7

mln(x’t) t—S

+ f f S(t—s—1t)u(x+17—s5)dsdt + @, (t —x) +
0

min(x,t) t—s ’ 1
O+ + O+ _0+1+ 0+1 (t__)
f j 1 4 e ( z 4> ’ Th(x—s)f(r)dsdr
\I 4
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2

0_|_1 / min(x,t) t—g
2 (t S—T)
J f u(x + 17— s)dsdr —
2,/

2
1 / 1 min(x,t) ¢—
(O * 2 0t 4) ’ —<0+%+ f0+%>(t—s—r)
J f e u(x + 7 —s)dsdr —

1
2 0+Z 0 0

) mi}("'t) T / 0+ % - \/:%> e—(O%-E)“‘S‘”h(x —5) f(r)dsdt =
0

1
0\ 20+Z

min(x,t) t—s

f j (5’(t -S— T)) Ug(x — s + t)dsdr +
0 0

mln(x,t) t_S

+o,(t —x) + J j S(t—s—1)u(x —s+1)dsdt +
0

mln(x,t) t—S

J j e~ =50 . h(x — s) f(r)dsdr —
o 0

mll’l(x,t) t_S

j f e (=70 .y, (x — s + T)dsdr (3.2.13)

Hap xomnatu b = 0 6ynan 6apobapun (3. 2. 12) 9yHUH HAMy1 METUPaa

u(x,t) = e ", (t —x) +

mln(x’t) t—S

+ j f S(t—s—1)u(x —s+1)e” "6+ gsdr +
0
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min(x,t) t—s

+ f j (8'(t—s—1)+2b6(t —s — 1)) up(x —s + 1) e 0C+Ddsdr +
o 0

1

1
- Jo+3 | t-s-D)
2 4> e 0y (x — s + 1) dsdt —

min(x,t) t—s (

T

20+ZO 0

—_

min(x,t) t—s
02 —<—+ /0+1>(t—s—‘r)
- J J e \? 4 e O yy(x — s + 1) dsdt —
1

2/10+5 o0 0

1 1
—( 045+ |5+0 |(t=s-1)
( 2 N4 ) u(x —s+1)e 06+ dsdr +

0,25 1\ —(o+1— /1+o)<t— -7)
- 5/ e \ 2 N4 o u(x — s+ 1)e 06+ dsdr +

0 0

min(x,t) t—s
|

1 min(x,t) t—
2.]0+ 4 +1 ’ —(0+%+ ’0+%)(t—s—‘r)
+ f e e " h(x — s)f(t)dsdt =
ol 1

mll’l(x,t) t—S

= f f (8'"(t—s—1))ug(x —s +7)dsdr +
o 0

mln(x,t) t_S

+¢,(t —x) + j j 6(t—s—1t)u(x —s+1)dsdr +
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min(x,t) t—s

+ Oj Of e~ =5 . p(x — s) f(r)dsdt —

min(x,t) t—s

- J J e~ =50 .y, (x — s + 1)dsdt (3.2.14)
o 0

XaMuH TaBp Aap XojaTu Oapobap OymaHu sSAPO Xaaxow Oapobappo HHU3 Maiao

HaMyJICM.

3.3. Myoaunan unrerpo-auddeperHcuanu 6a Myoauian MaBy

oBapaalaBaHIa

bopn Haxyct omumum Snonus WM. @yuymra Myoaunam  MHTErpo-

mugpepeHcranuu 3epuHpo

‘ 2
u(x, t) = f(x) +fa(t—r)war

0

> (3.3.1)

1 t(l—l

@ TaxKUK HaMyJaacT, Ki 0apou WH SApO MYOIUjIan

Oapou sapou a(t) =

Ma3Kyp MyOJIMJIaXOU TApMUTY3apOHid BA MaBUYPO UHTEPIOJISITCUS MEHAMOSIT
[70, 71, 117, 118].
['y3opumm macwana: [llaptu ubtunon
u(x,0) = f(x) (3.3.2)

OyJia Ba MIapTXOW KaHOPi OOIIaH YyHUHAHI:

u(0,t) = @(t)
{u;(o, £) = c(t) (3.3.3)

Uu ryHae, ku aap 0010 3UKp HaMyJeM Xauid ymyMuu myoawnau (3. 3. 1) 6apou

SAAPOU
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ta_l
)

()

a(t) = 1<a<?2)

a3 Tapadu OJIMMOH MyaiisH Kap/a myaaact [117].
Xamm ymymun myoauiau (3. 3. 1)-po Mo 6apou ssapoun
a(t) = te Pt
60 uctudoma a3z TaTonky xpcodu oneparcuonn (tadaunoru Jlammac-Kapcon) auma

MeOapoeM. Ycyinu XucoOu omepaTCMOHM Oapow XaJUld Machajiaul MasKyp Kyjal
mebomazn [21,68]. Yu rynae, ku MeOuHeM map xoiatu b = 0 Oyman sapo 6Oa
a(t) =t

O0apobap memaBaj, KU jgap UH XojaT myonuwnau (3. 3. 1) Oa myonaunanm MaBy
tabaun Me€ban Ba WHYYHMH mgap xonmatu a(t) =1 Oyman Mo (yHKCHSH

Jlambeptpo xocua mekyHem [80,95,104], ku gap uH XaHrOM
te Pt =1

Ooyma, wmyommmam (3. 3. 1) 06a Myoaunam TapMUTy3apoOHH TaOAwI MeEban
[11,83,85]. SIpHe sapon Ma3Kyp MyOoAHIapo XaM 0a MyOIWMJIaH TapMHIYy3apOHM
Ba xaM 0a MyoJujaul MaBY WHTEPHOJATCHUS MEKyHaaA. XO0J0 MO XaUTH YMYMHUU
myoaunan (3.3.1) —po 6apou sapon a(t) = te Pt nap xomatu b —aunxox amaam
xakukii  Ba a(t) =te P #1 6yman 6o wuctudoma a3 TATOMKH XHCOOM
oreparcuoHi auaa mebapoeM. [lenr a3 xamm machana TaCBUPH XOCUJIa, MHTETpall

Ba pyHkcusxopo meopem [20,3 — M, 4 — M]
u(x,t) 3 U q),ulx,0) =f(x) = F(p),u0,t) = ¢(t) = d(q),

ux(0,t) = c(t) = C(q);

t

f 0%u(x, 1) 1

at =)~ 5013 EA(q){pz[U ® @) — P1(@)] — pP2(D};

0
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AKHYH Xap sIKe a3 UH TacBUpX0po 0a myoamiau (3. 3. 1) ry3o1ra XOCUiI MEKYHEM

1
Ulp,q) =F(p) + EA(q){pZ[U(p. q) — ®(q)] —pC(q)}
1 1
Ulp,q) =F(p) + 5A(q)p2[U (»,q) — ®(q)] - EA(q)pC (q)
1 1 1
Ulp,q) = F(p) + EA(q)pZU(p, q) — EA(q)pZCD(q) — EA(Q)PC(CI)

1 , 1 , 1
(1—5Amnayﬂnq)=F@>—aAmna¢m)—5Amnwm>

AbHE
1 5 1
F(p) — aA(q)p ®(q) — aA(q)pC(q)
1- afl(q)zo2
MeuiaBai.

bapo6apuu (3. 3. 4) xannu ymymun myoawnan (3. 3. 1) nap daszou 3ynit meborman,

K1 Aap vH (a3o QyHKCUAM TarupéOaHmaall KOMIUIEKCHM aMall MeKyHala. XaJliu

t

YMyMUH MyOAUIapo aap ¢asou BakT 6apou sapou a(t) = te P nuna mebapoem.

Yu TaBpe MO MEIOHEM TaCBHPH Sapo uyHuH acT: a(t) = A(q) = (qu)z [20,21].

TacBupu sapopo 6a 6apodapuu (3. 3. 4) ry3omTa XOCHI MEKyHEM

P - %(qf—b)zpzcb(q) - %(qf—b)zpC(q) )
U(p! CI) - 1 q 5 -
LG rn?

_ (g +b)*F(p) —p*®(q) —pC(9)
(q + b)? —p?

SvpHe
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_ (@ +Db)*F(p) —p*®(q) —pC(q)
Uip.a)= (q + b)? — p?

(3.3.5)

meboman. Uu taBpe aéH act gap xojatd p = +(q + b) Oyman maxpaq 6a HOJ
Oapobap memaBan Ba a3 6acku p = —(q + b) Oa coxau Ha3AUKIIIABUHA WHTETPAJIH
Jlamnac Taamnyk Hamopan [63,106,6 — M] 6unobap MH MO OHPO pelran GeroHa
MEITyMOPEM Ba XaHTOMHU P = q + b OymaH cypat kait 6a Hoyn Gapobap MemiaBas

MyaiisiH XOXeM KapJI
(@+Db)?F(q+b)-(q+b)*®(q) —(q+b)C(q) =0
(q+Db)*F(q+b)-(g+b)*®(q) =(q+b)C(q)
(g +b)F(q+b)-(q+b)P(q) =C(q)
C(q) =(q+b)F(q+b)-(q+b)P(q) (3.3.6)
11ap MH 40

3 C(q)
®(q)=F(q+b) EY)

meboman. bo uctudoma a3 rtaromkum Yaasaam 1.2.2. dynkcusu u(0;t) =

@ (t) —po MyaiistH MEKyHEM

t

u(0;t) = @(t) = j(6(t —s) + bh(t — s))e_bs f(s)ds — j e P9 ¢(s)ds

0

bapou npoman xan 6apodapuu (3. 3. 6)-po 6a 6apobapuu (3. 3. 5) ry3omTa XOCHI

MEKyHEM

_(q+b)’F(p) —p*®(q) —p((q +b)F(g +b)- (g +b)P(q) ) _

U, (q + b)* — p?

_(g+b)((q+bF®) —pF(q+b)) +pP(9)(g+b—p) _
(q +b)* —p?
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B (q+Db)F(p) —pF(q+D) p®(q)
_{(q+b) (q + b)% — p? }+{p+q+b}

SAbHE

(3.3.7)

b)F(p) — pF(q + b ®
U(p,q)z{(q+b)(q+ )F(p) —pF g + )}+{ p®(q) }

(g +b)* — p? p+aq+tb

meboman. bapoGapuu (3. 3. 7) Hu3 xawmm ymymun myoawian (3. 3. 1) map dazon
3yain mebomazn. A3 Oacku GapoGapum (3. 3. 7) a3 a1y yaMbllaBaHJad KaBCXO
ubopar acT OMHOOAp MH Xap SKe a3 MH KaBCXOpO Jap aJOXHAard TaXKUK HamMy/a
0aposoH PYHKCHIH XaKUKH yCTyqy MEKYHEM:

—
—

5 {(q+b)(q+b)F(p)—pF(q+b)}

(q +b)? —p?

mln(x,t) t_S

= f J §'(t—s—1)f(x —s+1)e 6D dsdr +
o 0

mln(x,t) t_S

+2b J J S(t—s—1)f(x —s+1)e 6D dsdr +
0o 0

mln(x,t) t_S

+b? j j h(t—s—1) f(x —s +1)e 26D dsdr;
o 0

Capagsain udojau nap J0XUIU KaBC MaBUy0y1apo TabaMII MEIUXEM

(q+b)F(p) —pF(g+b) q°+2bq+b* (q+b)F(p) —pF(g+b)
(q +b)? —p? q+b (q +b)? —p?

(q +b)

Uwu taBpe Mo meqonem (6a qanBanu 1.2.2. Hurapen)

mln(x’t) t—S

j f a(t—s—1)u(x — s+ 1)e P60 dsdr 3
o 0
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_, Alq) pUi(q+b)—(q+b)Ui(p)
T q+b p? —(q +b)? '

(3.3.8)

MeOoriaa, OMHOOap UH XOCHJI MEKyHEM

q° +2bq +b* (q+Db)F(p) —pF(q+b) _
q+b (q + b)? — p? -

min(x,t) t—s

b f J §'(t—s—1)f(x —s+1)e 6D dsdr +
o 0

min(x,t) t—s

+2b f f S(t—s—1)f(x —s+1)e 6D dsdr +
o 0

mln(x!t) t—S

+b? f f h(t —s—1) f(x — s+ 1)e P+ dsdr; (3.3.9)
o 0

Hap uH 4vo 6(t) —byHkcusu Jlupak Oynma Ba h(t) — dyHkcusu XeBHca
meOomman [16, 63].

OyHKCUSAN XaKUKUKM 0a TaCBUPHU Jap KaBCH JNyIOM MyBO(MUKOyda HU3 Oapow MO

MabiyMm acT [38].

2 { p®(q)

— Lt ehx - X); .3.1
p+q+b} eP (¢ — x) (3.3.10)

DyHKCUSAN XaKUKUU Xap Ay KaBcu gap 6apodapuu (3. 3. 7) maBuyaOyaa myailsiH

Kapja mya. AKHYH Xaui ymymun myonwiau (3. 3. 1)-po MeHaBuceM

mln(x,t) t—S

u(x, t) = f f5’(t—s—T)f(x—s+r)e'b(s+f)dsdr+
o 0
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min(x,t) t—s

+2b J J S(t—s—1)f(x —s+1)e 6D dsdr +
o 0

min(x,t) t—s

+b? J J h(t—s—1)f(x —s+1)e 6 dsdr +
o 0

+e PXp(t — x); (3.3.11)

Kaoamu 1: Xannu ymymuu myoounapo xaneomu x > t 6yoan meunasucem

tt—s
u(x,t) = j j 8'(t—s—1)f(x —s+1)e 6D dsdr +
00
tt-s
+2b J j S(t—s—1)f(x —s+1)e P+ dsdr +
00
tt-s

+b2jf h(t—s—1)f(x —s+1)e P+ ds (3.3.12)
0

0

Kaoamu 2: Xannu ymymuu myoounapo xaneomu x < t 6yoan meunasucem

xt—s

u(x,t)=jj 8'(t—s—1)f(x —s+1)e 6D dsdr +
00

xt—s
+2b f j S(t—s—1)f(x —s+1)e 6D dsdr +

00

xt—s

+b? j j h(t—s—1)f(x —s +1)e 6D dsdr +

00

+e Pt — x); (3. 3.13)
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XaMuH TaBp Xammn ymymun myoxmnau (3. 3. 1) 6Gapom sapou a(t) = te Pt

MabJIyM TapJIu/I.

bosin kaiin nHamyn, ku mgap xomatu b = 0 Oyman a3 GapoOGapum (3.3.11) xamm
ymymun myomuiaan (3. 3. 1) —po Gapou sapou a(t) =t XOCHI XOXEM Kapi, KH

OH YyHUH acCT:

min(x,t) t—s

u(x, t) = J J S'(t—s—1)f(x — s+ 1)dsdt +
0 0

+o(t —x);
Mucois: Myoaunapo xaim KyHe[

0%u(x, 1) 3
dx? ¢

t
u(x,t) = bx + j a(t —1)

0

Hap un 4o maptu uotumonn u(x,0) = f(x) = bx, Oyma Ba MmMApTXOH KaHOPH

OormaH

U(O, t) = (P1(t), u;c(O, t) = (pZ(t)

mebomana, ku dyukcuaxon a(t), @, (t), p,(t) —pyukcusxon OGebocuaan

maptxou Tadbaunotu Jlamiac-po KaHoaTKyHaHAa 0a mrymop MepaBaHi. MHUyHUH

b

anpo a(t) = te Pt meGoman.

Xan: Ilemr a3 xan HaMyAaHM Macbhalad Mas3Kyp TaCBUPH XOCHJIA, MHTETpaJl Ba

byukcusxopo meopem [20,38,3 — M]
u(x, t) 3 U q),ulx,0) =f(x) - F(p),

u(0,t) = @1(t) = d1(q), ux(0,t) = @,(t) » P,(q)
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ou(x, 1
[ ate= 0252200 = A@EH UG, - 24 - P00

0

AKHYH Xap sIK€ a3 UH TaCBHUpPXO0po 0a MyoJiujia Ty301ITa XOCUI MEKYHEM

1
Ulp,q) =F(p) + EA(q){pZ[U (® q) — P1()] — pP,(9)}
1 1 1
(1 - aA(q)pz) Ulp,q) =F(p) - aA(q)pZCI)l(q) — 5A(q)pfl>z(q)

F) - 2A@P*®1(@) — 7 A@PP(@)

1
1 —=A(q)p?
g AP

Up,q) =

bapobapuu xocuiinyaa Xajiad yMyMUu Myonauia jap ¢daszou 3yaid MeOolas, Ku
nap uH ¢dazo ¢GyHkcusu TarupEOaHaanl KOMIUIEKCHM amail MeKyHan. bapou
UIoMad Xaja TacBUpU sIpo Ba (PyHkcusu uOTHAOUpPO Oa Oapobapuu MasKyp

ry3omTa XO0ChuJI MCKYHCM Ba YW TaBpC MO MCIAOHCM TaCBUPHU AAPO YYHHUH acCT:

a(t) - A(q) = (qu)z [20]. Wnuynun a3 Oacku f(x) = bx act OuHoGap uH

f(x) = F(p) = gMemaBaz[ [20]. XaMHUH TaBp XOCHII MEKYHEM

b_1 _q 21 qa
U ) = 5_6 (q + b)? P2®1(Q) q (q+ D)2 p®,(q) _
’ 1-1. 4.
q (q+ b)>
2
b(g ;,r b)Y _ p*®,(q) — pP,(q)
B (q + b)? — p?

AbHE

2

@ —p?®1(q) — pP2(q)

Ulp,q) = (3.3.14)

(q +b)? —p?
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meboman. Uu taBpe aéH act gap xojatd p = +(q + b) Oyman maxpaq 6a HOJ
Oapobap MemiaBajg Ba XaHroMu p = q + b OynaH cypar kail 6a Hon GapoOap

MEIIaBaJ MyasiH MEKyHEM

b(q + b)?
K ()0, (g +5)0,(@) = 0
b (DZ(Q)_
m-q)l(CI)— o =0
é
b o
®un>—q_kb—q_kb (3.3.15)

A3 6apobapun (3.3.15) Mo MeTaBOHEM MIAPTH MOTHUIOUU XAJUTH MYOIUIIApO Mai10

KyHEM
q+b—q 1 gq
o = - )
1(q) q+b q q+b 2(q)
qg 1 ¢
) =1- - q )
1(q) g+b q q+b 2(q)
t
00 =1 = e [ ) y(s)ds
0
SAbHE
t
u(0;t) =1— e‘bt—J e P=5) ¢, (s)ds
0
MeEIIaBajl.

Bbapobapuu (3. 3. 15)-po 6a 6apodapuu (3. 3. 14) ry3orira XOCHI MEKyHEM
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o) = b (q+b)* - p® [ PP@DP—gq-b)
P = plq +0)((q + b2 —pD)J " (g +b)((q +b)2 — p?)
SbHeE
[ p®,(q) b(q + b)* — bp®
Up,q) = { q+b)(p+q+ b)} {p(q +b)((q+ b)? — pz)} (3.3.16)

AxayHn 0o uctudoma a3 tabmminotu Oabakcu Jlammac-Kapcon Oapom xap sk

byHKCHSH 1ap KaBCX0 MaBYy10y1a QYHKCHSIN XaKUKHA IyCTYdy MEKYHEM.

1 { —pD,(q)

t
— —b(t-s)
(q+b)(p+q+b)}‘_ Ofe $2(s)ds +

min(x,t)

+ j e PSh(x — s)g,(t — s)ds
0

Capassan udojau nap 3epu KaBc MaB4y10y1apo CoA/1a MEKYHEM

pP2(q) _Pa(e)  P(q) _ Pg) H(p)P(q)
(g+b)(p+q+b) q+b p+qgq+b q+b p+q+b

Yu taBpe Mo MenoHeM (Oa vaasanu 1.2.2. Hurapen)

min(x,t)

f e PSh(x — s)p,(t — s)ds =

0

H(p)®,(q)
p+q+b

t
D,(q)
—b(t-s) d 2
| g, )ds » 25
0

Mebomian. XamMuH TaBp 00 uctudoma a3 ¢opMmynaxou MasKyp (QyHKCUAA

XaKUKUM TaCBUPH Jap KaBCH SIKYM MaBYy10yAapO MEHaBHUCEM
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min(x,t)

p®,(q) s "
cle S, (s)ds — e "h(x — s)p,(t —s)ds
(q+b)(p+q+b) Of Of

5 { b(q + b)* — bp? }(_
)o@+ D@+ 02 —pD)f =

min(x,t)

=1—eP+bx—>b J e PShy(x — s)h,(t — s)ds
0

CapaBBaJ'I I/I(l)OI[aI/I Aap JOXHJIN KaBC MaB‘-Iy,Z[6y,ZIapO cogda MCKYHCM

b(g+b)*—bp* _ b((q+b)—p)((q+b)*+plg+b)+p*) _
pl@+b)((g+b)?=-p*)  plag+b)((g+b)—p)((g+Db)+p)

_ b(q +b)*+2bp(q +b) +bp®> —bp(q +b) _
p(q+b)(p+q+Db)

_b(p+q+b)*—bp(qg+b) _
~ pl@+b)p+q+b)

__bp +bq + b? b _ 1 q +b b
B p(q +b) p+q+b_ q+b p p+q+b

SAbHE

b(q + b)* — bp® q b bHi(p)Hy(q)

p(q+b)((gq+b)2—p?) = q+b p p+q+b

Uu TaBpe a€H act Gapobapuu Ma3Kyp a3 4op 4abMIIaBaHAa HOOpaT acT, KU

byHKCHUSM XaKUKUU Xap SKE€ a3 WH YabMIIaBaHAaXx0 Oapou MO MabiIyM

mebomman [1-M, 2-M, 3-M].

q b bH(p)H:(q)\ _
+=— =
q+b p p+q+b
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min(x,t)
=1—e P +bx— J be PShy(x — s)h,(t — s)ds
0
map wumH Yo hy(x),x > 0; h,(t),t >0 —bdyakcusn Xepucaiing MeOOIIaL
[16,63]. Xamun TaBp QyHKCHSIM XaKUKUAU Xap 1y KaBcu gap Oapobapuu (3.3.16)
MaB4yA0y/1a MyalssiH Kap/a mya. AKHYH Xa/UId YMYMHH MYOAHIapo 00 MIapTXOH

UOTHU/I01 Ba KAHOPHH JOJAIIya MEHAaBHCEM

t min(x,t)
u(x, t) = — j e b=, (s)ds + f e PSh(x —s)g,(t —s)ds + 1 —
0 0
min(x,t)
—e Pt +bx—b f e PShy(x — s)h,(t — s)ds (3.3.17)

0

Kaoamu 1: Xannu ymymuu myoounapo xaweomu x > t 6yoan meHasucem

t t
u(x,t) = — j e b=, (s)ds + j e PSh(x —s)p,(t —s)ds +1 —e Pt +
0 0
t
+bx — b f e PShy(x — s)h,(t — s)ds (3.3.18)
0

Kaoamu 2: Xanau ymymuu myoounapo xancomu x < t 6yoan menasucem

t x
u(x,t) = — f e b=, (s)ds + f e PSh(x —s)@p,(t —s)ds +1—e Pt +
0 0
X
+bx — b j e PShy(x — s)h,(t — s)ds (3.3.19)
0

XaMUH TaBp XaJuId MyOJUJIad Ma3Kyp MabiIyM rapau/l.
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XyJjoca
1. HaTuyaxou acocuu MJIMUM KOPH JTUCCEPTATCHOHI

Hap puconan TUCCEPTATCHOHW HATHUYaXOM aCOCHUHU 3¢pUH 0a JacT oBapja

HyJaaH;

1. ba Bocutam Ttabgunotu Jlammac-KapcoH TtacBupu (yHKCHUSIXO Ba
UHTErpajIxoe, Ki TATOMKU Baceu aMalli oOpaH MyaisH Kap/a myaaans [9-M],
[10-M];

2. Xamm ymymun Myonwnan nuddepercuanuu tenerpad 60 mapTxon HOTHAON
Ba KaHOPHH J0JIallly/1a MyaisiH kapaa nryaaact[2-M], [5-M];

3. Xaum yMyMHUH MYyOJWiIau UHTErpo-auddepeHcuanuu teierpad 0apou sapou

byHKCHsSH XaTTi (rpaduKall XxaTu pocT) Ba GQyHKCUSIH FallpuxaTTidl (rpaduka
XaTu Kad) 00 maprxou HOTHUIOW Ba KaHOPUHM JoJallyla MyalsH Kapja
mryaaact [3-M], [6-M];

4. Xammm yMyMHH MyOoauiIaxou AuddepeHcuaini XaTTi 00 XOCHIaxou XyCyCuu

TapTHOM SK Ba Oy 00 MIApTXOWM HMOTHUIION Ba KAaHOPWHU JOJAIlyda Ba XaJlJIu
Myoawian uHTerpo-auddepencuanuu 06a Myoausiad MaBY OBap/alliaBaHaa
MyaisiH kapaa mynaaact [1-M], [2-M], [4-M];

5. YamBamu 1.2.2. TO 4oe Orox xacraMm Jap TabpuXd PHEIUET TO XOJ BYUYA
HaJgopaa Ba OapoW Xaid Myoauidaxou auddepeHcHallid, MYOIUIaXxoH
uHTerpo-nupdepeHcuanic 00 XOCHJIAXOM XyCycid Ba Failpa  Baceb
uctudopamaana medoman [7-M], [8-M], [10-M];

2. TaBcusixo ouj 6a ucrudoaan aMaJIuu HATHYAXO

Hatuyaxou map puconam AUCCEPTATCMOHM oOBapjaliyjaa Ba HCOOTH
dhopmyiaxo, ku gap makiam yaasaim 1.2.1. Ba yagBaym 1.2.2. oBapja 1rypaan
Jap XaJdud ~ Machallaxou ~ UOTHUIOH-KaHOpW  Oapod  MyOJIUIIaxOHu
muddepeHcnann 060 XOCHIaXOM XyCycd Ba MYOJMJIAXOHM HHTETPO-

nuddepeHcranin 00 XOCHIaXxou Xycycid TaTOMKH XyApo €hTaaHI.
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