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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-
mudepercuanun Tenerpad Ba MHUYYHHUH, 0apou Myouinaxou auddepencuatii 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 Kapia
nrygaana. bapou 4yHUH Macbhballax0 TaBacCyTH TaOaWiIOTH uHTerpanuu Jlarmmac-

Kapcon TacBupH Xamiy OMIKOp MEMIHUXO/ KapAa IIyaacT.

AJIOKaM KOPHM TaXKHKOTHA 00 0apHOMAaxo, JJOMXaX0 Ba MaB3yXOHM WJIMIA.
Kopu nmcceprarcuonin nap goupaum OaamanOapopwyl HakKIIad TEPCHEKTHUBUU
KOPXOM WJIMA-TaIKUKOTHH Kadeapan TaxIid MaTeMaTUKHH  (HaKyITeTH
MaTeMaTHKau JIOHWIITOXW JaBJaTUU OMY3ropud TOYMKUCTOH Oa HOMH
Canpunnun Aiain 6apon conxou 2021-2025 a3 pyu maB3ym “TaxkKukoT ouja Oa

Hazapusyd MyoariIaxou audpepeHcuanii Ba TaTOMKU OH ~ WYPO TapIuj1aacT.



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 KaHOPHUH Jojamryaa uctudopaniaBagaa Oyna, WHIyHUH Oapou &dranm Xammm
omkopu Myojuiiau auddepercuanuu teiaerpad 6o mapTxou HOTHUI0N 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 sSIK Ba 1y UCTU(}Oa Kap/ia MeliaBaH, Oanku 6apou
ébrann  xamm  Myoauiaum — uHTErpo-nuddepeHcuanuu  6a  MyoJuiiau
rapMUTY3apOHiA Ba MaBY OBapallaBaH/ia Ba Faiipa HU3 ncTU(OMalIaBaH/TaaH].
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-nuddeperncuanuu tenerpad Oapou siapon (GyHKCUAA

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

UHTETrpo-AudhepeHcuanii TaTouK Kapaa maBai.

O0bexkTn TAXKHKOT. Myoaunan nuddepercuanuu tenaerpad 00 mapTxou
uOTHION Ba KAHOPUHU JOjallyJa Ba MYOJWIaW HWHTETrpo-auddepeHcuanim
tenerpad Oapou sapou (yHKCHsHM XaTTi (rpadukail xaTd pocT) Ba (YyHKCHSIU
railpuxartii (rpadukam xatu kaq) 00 MApTXOM MOTHIOW Ba KaHOPHH JOJAllyaa
MeOomma.

IIpeamern Taxkukor. IlpenmMern TaxkuKoT MyaHsSHKYHUH TacBUPHU
(byHKCUSIX0, HHTETpaIXo Ba €(TaHU XAy OMIKOpU . Myoawiau nuddepencuanuu
tenerpad, Myoaunaum HHTErpo-nmuddepencuanuu Tenerpad Ba MyOJIUTIAXOU
nuddepencuanii 60 Xo0CUIaXoW 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

MHTETpaIXoe, Ki TaTOUKH Baceu aMaJlil JOpaH MyailsiH Kap/a IIyJaaHs;

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

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

(rpadukai xaTu kay) 60 MmapTXou UOTHUION Ba KaHOPHH JOAAIlyAa MyausH

KapJa 1y aacT;

® XA YMYMHH Myoauiaxou auddepeHcruanny XarTii 00 XOCUIaxou XyCyCcuu

TapTUOM AK Ba Ay 00 mapTXou MOTHUIOM Ba KAHOPUHU JOJAllyla Ba XaJlIu

Myoquian uHTErpo-nuddepeHcnanun 6a Myoauaad MaBY OBap/alllaBaH]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 Oopaum MyaWsSHKYHMUM TacBUpU Oab3e (yHKCUAXo 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
IIaApTXOU UOTHON Ba KAHOPUHU JOJAIIY/a;

® XaJIM OIIKOpHU Myojuiau nuddepencuanuu tenerpad 00 mapTxou HOTHAOM
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-muddepeHcrnainu 6a Myoauaan MaBYy
oBapaiiaBaHaa 00 MapTXou UOTHION Ba KAHOPUH JIOAAIIY 1A,

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 amajuco3um HaTH4yaxom aucceprarcusa. Hatumyaxou acocuu

AUcCceprarCusd 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 (Hyman6e, 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 MNpuoKeHus , Oaxmuga Oa OucTcoiIa OMY3UII Ba PYULAH
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 nHosi6ups 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 6aiftHamMuiani oaxmuaa 6a 70 coarui 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 (usuka-maremaruka, npodeccop Temyp Cobupon, (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. Koudepencusn yymxypussit Oaxmuga 6a “bucrcomam omy3uimn Ba pyumiau
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 mygaaHa, 6 Makojda 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 sSIKyM 00 pakaMu 000, pakaMu JyioM 00 pakamu maparpad
Ba pakKaMM ceoM 00 pakamMu TapTUOMHM TeopeMaxo, JIeMMaxoO, HaTU4axo 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 sK4aH] Tarupédanaaxopo O6apaccit HamyaaH jg03uM act ([25]).

XaHroOMHA OMY3HIIHN XOUCAaXOU MEXaHUKH, XOAUCAXOU DIIEKTPUKH,
XOJIMCAXOU XApOpaTil, XOJUCAaXOU PYIIHOW Ba Faillpaxo Machajgaxou T'YHOTYHPO
MYIIOXUJAa HaMyJaH MYMKHH acT 0a MOHAHIU MaxHIIaBUU TrapMil, CypbaTu
XapakKaTh YUCM, TaxXHIIaBuM Jyammum Ba raiipa ([11]). bapoun xamm macwkanaxou
Mazkyp Madxymu wmyoawiaxou auddepeHcuanii, MyoJqWIaXOW HHTETpaIid,
MYyOJUJIaX0u UHTErpo-nuddepercranii Ba XUCOOM ONEpaTCUOHK Baceb UCTU(OIA

Oypna merraBang ([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 nopang. @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
opurmHan  mcboman  ([4,106,88,113]). ®yukcusu F(p)  byHKCHsH
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 OBapAallylapo MApTXou TadbaunoTu Jlammac

menomang ([57, 63]).

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

muén meosin ([63]).

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

ao3uMm act ([63],[3 — M]).

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

F @O, f" @, f"®) ..., f™(t) nus gpynxcuaxou 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.

bapobapuu (1.1.2) TacBupu xocunau TapTuOU N—yMu (yHKCUsIU TarupéOaHaaall

xakukud f(t) meboman ([63, 41]).
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

Tacsupu unrerpanu (1.1.4) uynnn samyn gopan ([41]):

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

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

KyHeM, ki popMylian ymMyMuu TabiunoT 0apbakcu Jlarmac yyHUH acT:

a1+if

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

a—ip
Jap UH 40 @ — aJaau XaKuKd Oyma, WHTErpalld JIoJally1a MHTErpalid KOHTYpi

0a urymMop Mepasaj, Ku OHpo uHTerpanmu bpomsuu-Baraep menomang ([1], [50]).

1.2. Taoauaoru Jlannac-Kapcon

Joup 6a MmapxymMu XucoOu OnepaTCUOHI OJMMOHHU 3UE]T TAXKUKOTXOU WIIMU
kapnaana. A3 yymna b.K . @ype, I[1.C.Jlamnac, O.XeBucaiin, A.Memnun, Y. Kapcon
Ba raiipaxo mebomanx ([20,24,63,101]). Xauromu TaTrOUK HaMymaHH XHCOOH
OTEPAaTCHOHN Jap Xauu Myoawiaxow mauddepeHcuanii 60 XOCHIaXou XycCyci
tabmwiotu Jlammac OGapou dyHKcusxonm Oucéprarupébanga uctudoma Oypna

wmewasay ([20,24,108,113,119]).

®opmynan ymymuu Tabaunotu Jlamnmac Gapon dyHkcusxou Ouéprarmpébana

HaMy/I1 3€PUHPO J0Pa:
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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,) —byakcusn opuruHan meboman ([106,108,113]). bopu Haxyct
onmumu Ampuko You Kapcon Ttabamnoru Jlannac-po TaxkuK Hamyzaa TabIUIOTEPO
Oapon Edrtanu TacBUpH (PYHKCUSXOM SKTarwpOaHia Ba myTarupéOaHia Karrd
HaMyJl, KU WH TaOaWIoT X010 00 Homu TabmwinoTH Jlammac-Kapcon mamxyp acr

([20],[21],[63]). Dopmymanm ymymuu tabgunotn Jlammac-Kapcon dyHHH

MeOoIa;
F(p) = pj e P*f(x)dx (1.2.2)
0
Fo.=pa [ | e @fGuydxdy (12.3)
0o Jo

map ud 4o f(x),f(x,y) — obyukcusu opuruHan (QyHKCHSH TarupOaHmaar
Xakuki) Oyna, F(p),F(p,q)- ¢yHkcusu TtacBup (M300paskeHHs) MEOOIIaH].
Oynkcusu F(p,q)- tacBupu Qynkcusu Ttarupébanmaamn xakukuu f(x,y) nmap
dazou 3ynit mebomaa, ku gap uH Gazo QyHKCUsU Tarup&OaHmaanl KOMIUICKCH
aman MekyHan ([39,46,52,85]). Xamaum xocuaTxoMm (YHKCHAHM XaKUKA Ba
byHKcHsn TacBUp, Ku gap tadbmunotu Jlamac 6a Mo mawaym act ([20],[71],[90],
[91],[108]) 6Gapou Ttabgumoru Jlammac-Kapcon Hu3 4oit mopann. babsen

XOCHSATXOPO MEOPEM:
1. Kommau monanmi: Arap f(x,y) 3 F(p, q) 6oman oH rox
f(ax,by) 3 F (g,%) memasan. (a > 0,b > 0)
2. Kounau nuddepencuponii: Arap f(x,y) 3 F(p, q) 601ian oH rox

(f(y)', 3 plFp,a) - Fi(@)]sa (f(x,y)), 3 qlF(p,q) = F,(p)]

memasan. [Jlap wn 4o Fi(q) « f1(y) = f(0,y) Ba F(p) « f2(x) = f(x,0)
mebomaz ([4],[20], [26]).
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Nuuynun 6apou pynkcusau gytarupébania HU3 Teopema ouj] 6a neunaa qyou

nopan, ku oHpo 6aéu xoxem kapx ([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 aACHL:

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

1
= —F(p,q9F2(p,q) (1.2.4)

pq
MetaBoHeM Xap sIKe a3 UH Tariupedanaaxopo Aap anoxuaaard Hu3 udoja KyHem:

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

XaMHuHpO 0051 Kaia Hamy.l, KU UCOOTH TeopeMan Ma3Kyp 0apou MO MabiyM acT
(120], [71]).

1.2.1. Taceupu 6avze pynkcusaxo

bo uctudona a3 tabaunoru Jlannac-Kapcon tacBupu 6abize GyHKCHUIXOPO
Meé0beM, KU Xap SKe a3 WH (PYHKCUSAXO Jap XaUlM MYOJIUJIaXou TYHOTYH 0Oa
MOHaHAM MYOJIWJIaW TPAHCIIOPT 00 MaHOAW XaTTid, MyoauJiau Tenerpad, MyoIuIan

rapMHTy3apOHii Ba Faiipaxo TarOouku Bacen amanu gopaua ([1 — M], [2 — M]).

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

CapaBBan 0osi Kaill HaMyJZl, KM C —aJaii XaKUKUM UXTUEPU MeOOoIa.
bapou &dpranu tacBupu (yHkcusu maskyp ¢dopmynau (1.2.3) —po wuctudona

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 % ¢, (z)dz + go(O)qJ e 9% §(2)dz (pj e‘(p+q+")xdx> =
0
0 0

Oapon waoMau xan TtacBupu ¢yukcusm Jupak ([20]) Ba TacBHpM XOCHIIau

byukcusu skrarupéoanaapo ([21, 113]) aap kaBcu sIKyM T'y30I1ITa Ba HHTETPAIN

FAPUXOCH J1ap KaBCH AYyIOM MaBYy10yAapo XUcoO MEKYHEM

R

(q®(q) — q9(0) + q(0)) <p Jim j e—<P+Q+C>xdx> —
0

R
0

pe—(p+q+c)x
p+q+c )

q®(q) lim <—

CD( )1. pe—(p+q+c)R < pe—(p+q+c)-0>
q®(q) lim | — - -

R—00 ptq+c ptq+tc

aKHYH Xyayau aap 6apoOapu MaBqy10y/1apo Xucob MEHaMOeM

0
q®(q) lim <_L ce~(Pra+o)R p_) =
R\ p+q+c p+q+c

p 1 p )

d li (— .
1 (q)Rl—E?o pt+q+c e(p+q+C)R+p+CI+C

4 1 _
e 1@ (et 1) -
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1 0 0
L.qq)(q).(__H)zw_@.(oﬂ): Pa®(a)
p+q+c (&0] 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) O6apou HXTHEPU agaad 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

qu j e_pz_pt_qt_mt(uf,(z) + uO(O)S(z))dtdz =

e}

e—pt—qt—mtdt> _

(p j e (up(2) + uo(o>6<z))dz) (q f
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<p fooe‘pzu(,(z)dz + uy(0)p fooe‘pzd(z)dz> <q Jme‘pt‘qt‘mtdt> =
0 0 0

[00]

(on(p) - puo(O) + puo(O)) (qj e—(P+CI+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
Up(p) lim [ ———— | | =
Pq o(p)Rg§o< p+q+m> 0
e—(p+q+m)-R e—(p+q+m)-0
Up)lim| ——  —[- 22— )] =
PqUo(p) lim, p+q+m < p+q+m>
O R\ p+qg+m p+q+m
1 1
U .<_—. —(P+Q+m)'°°_|_—>:
PaUo(p) ptq+m © p+q+m
1 pqUo(p) pqUo(p)
- .pqU R 1):—.0 1) = ——27
p+qg+m PaUo(p) ( e(P+q+m)-eo p+q+m O+1 p+qg+m
Abne
U
e Myy (x —t) + uy(0)e ™™ 5(x —t) 3 pp-lczq% (1.2.6)

Bosim énoBap mryn, ku ucbotu popmynan maskyp aap xoiatd m = 0, uy(0) =0

Oyman a3 Ttapadu OJMMOH MyaiisH kapma mymaact ([20,71,75,108,43]). Ba

18



WHYYHUH XAHTOMHU sKTarupébanma OymaH HM3 TacBUpH (yHKCHS a3 Tapadu

oauMoH Oapacci rapaumaact ([63],[67],[37]).

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

®opmynau (1.2.3)-po uctudona Hamyna TacBupu GyHKCUsIpo MmecbeM

qu f e—px—qt ; e—bt—cxf(t _ x)dxdt —
0 0

qu Je‘(p“)x‘(qJ’b)tf(t—x)dxdt
o Jo

ry3opuiii t — x = z; dt = dz —po uctudona Hamyaa XOCUI MEKYHEM

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

[00]

e~(@+D)2 £ (7)dz j o~ (P+OX—(q+b)x Jy —
0

pq

Oapobapuu Ma3Kyppo TaOui A0/1a XOCHI MEKYHEM

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

0
60 épun popmynan (1.2.2) xocus1 MEKyHEM

R

qp_:lb ' F(q + b) . I%l_)n(}of e_(p+q+b+c)xdx _

0

R

qu(q+b) < e—(p+q+b+c)x>
0

q+b frat _p+q+b+c
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qu(C[ + b) e—(p+q+b+c)R e—(p+q+b+c)-0 qu(q 4+ b)
————— lim | — + =
q+b Roo\ p+q+b+c p+q+b+c g@g+b)p+q+b+c)

AbHE

pqF(q + b)

e Pt-Cexf(t —x) 3 (qg+b)(p+qg+b+c)

(1.2.7)

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

®dopmynau (1.2.3)-po uctudoaa Hamyna TacBUpU HYHKCUSIA Ma3Kyppo MeéoeM

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

qu f e~ P+Ox=(a+D)t £ (y — ) dxdt =
o Jo

ry3opunii x — t = z; dx = dz —po uctudoa HaMmyaa XOCHI MEKYHEM

pg f dt f e~ PHOGH-@HD)t £(7)dz =
0 0

[ee)

qu e—(p+c)Zf(Z)dZJ e—(p+c)t—(q+b)tdt —
0

0

[00]

ppfc (p+C)j€_(p+C)Zf(Z)dZ fe—(p+q+b+c)tdt
0

0

B pqF(p + c)
S (w+o)p+qg+b+o)

SvpHE

pqF(p + c)
p+c)(p+q+b+c)

e =X f(x —t) 3 (1.2.8)
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Taceupu gynxcuau e "=*f(|x — t|) —po ouoa meéapoem

Yu TaBpe Mo memoneM ( [71])

e P f(lx —t]) = e P (f(x — 8) + f(t —x))

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

XO0CHUJI MCKYHCM

pqF(q + b) pqF(p +c)

e‘bt_cxf(lx—ﬂ);’(q+b)(p+q+b+c) p+c)p+q+b+c)

SbHe
_bt- rq F(g+b) F(p+o)
bt-cx —t|) = < ) 1.2.9
¢ AL p+tq+b+c\ q+b +(p+c) ( )
Xanromu ¢ = 0 Oynan 6apobapuu (1.2.9) uyHUH HaMyT METHUPA/I;
F(q+b F
bt Flx — t]) 2 pqF(q + b) L _Pd (»)
(g+b)p+q+b) plp+q+b)
_ a4 pFlg+b)+(qg+b)F[)
q+b p+q+b
SbHe
F(q+b)+ + b)F
eVt F(|x — t]) 3 q q pF(g+b)+(q+Db)F(p) (12.10)

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

®opmynau (1.2.3)-po uctudona Hamyna TacBUpU HYHKCUSIU Ma3Kyppo MeéoeM

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

qu f e~ P+AX=(@+D)t £ (¢t 4 x)dxdt =
o Jo
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ry3opuid t + x = z; dx = dz —po uctudoaa HaMmyaa XOCHUI MEKYHEM

o Z
- f f e~ (P+OE-0-@HD)E £ () dzdt =
0 0

zZ

pq-]. e_(p+c)zf(z)dzfe(p_q_b+c)tdt f—
0 0

e(p—q—b+c)t

;)"

_p+

00 uctudona a3z popmynau (1.2.2) xocua MEKyHemM

(00]

P ([ e oron(e0-ammir 1)raaz | -
0
p—q-— b p f( @bz — o= WrIT)f(2)dz | =
_ prq 1 b —(q+b)z d
_p—q—b+c'q+b (@+b) ] e fdz |-

B B—— ~p+0)z _
p—q—b+c p+c (p”)fe f(2)dz | =

Pq Flg+b) g Flpto _
p—q—b+c q+b p—q—b+c p+c

rq (F(q+b)_F(p+C)>
p—q—b+c\ q+b p+c

AbHE
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bt rq Flg+b) F(p+c)
Pl-cxf(t+x) 3 — 1.2.11
¢ fe+x) p—q—b+c< q+b p+c ( )
Xanromu ¢ = 0 —Oyzaan 6apoOapuu (1.2.11) Hamyau 3epuHPO METUPal
_ q pF(q+b)—(q+b)F(p)
e Ptf(t+x) 3 : 1.2.12
/ q+b p—(q+b) ( )

XaMuHpO Kaii MeHamoeMm, ku Oapobapumxoum (1.2.7), (1.2.8), (1.2.9), (1.2.10),
(1.2.11) Ba (1.2.12) map poxHaMOXOH XHUCOOH OTIEPATCUOHM JIap MIAKIXOU T'YHOTYH
O6e ucOOT oBapAa IIymaacT Ba Jap pHUCOJIad Mas3Kyp HCOOTH Xap sSKe a3 WH

dbopMyaxopo aap HaMyau yMyMid aap mypparu Huiion goaem ([21, 37, 38]).

Yansamu 1.2.1. TacBupu 6ab3e QPyHKCHIXO

No f(x, t) (x>0;t>0) F(p.q)
1 e tu,(x —t) qU:(p)
p+q+1
2 e ™My (x —t) + ug(0)e ™ 5(x — t) pqU,(p)
pt+tg+m
3 e DX, (t — x) p®2(q)
p+qg+b>b
4 e ¥, (t—x)+ @(0)e *5(t — x) pq®(q)
p+q+c
5 e P f(t + x) Pq F(g+b) F(p+o)
p—q—b+c\ q+b p+c
6 e P f(Jx —th) q  pF(g+b)+(q+DbF(p)
q+b p+q+b
7 e De=cx f(|x — ¢|) Pq (F(q +b) F(p+ C))
p+q+b+c\ qg+b (p+o)
8 e bt=cx f(x —t) pqF (p + ¢)
p+c)(p+qg+b+c)
9 e Pt=CX f(t — x) pqF(q +b)

(gq+b)(p+q+b+c)
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1.2.2. Taceupu 6av3e unmezpanxo

bo uctudona a3z tabamnoru Jlamnac-Kapcon Ha dakar tacBupu GyHKCHIXO
OaJIKu TaCBMPH MHTErpanxopo Hu3 épran mymkun act ([32,108,102,17, 34, 69)).
Onumonu mypasii B. A. JluTkuH Ba AurapoH 6apou MyalsiHKYHUH TaCBHpPHU Oab3e
(GYHKCHSIXO Ba MHTErpajxo TaxkKukoTxou mimu kapmaana ([20]). HomOypmaxo
Jlap capcyXxaHu KHTOOAIIOH 00 YHBOHH «XUCOOU omepaTcHOHi 6apon PyHKCUIXOH
nyTariupéoanmaa» Kailg MekyHaHn: “Jlap uH KuTOO XMCOOM ONEpaTCUOHUU
byHkcusxon ayrariiupéOanga 6a BocuTan TabauiaoTH Jlamimac oBapla LIynaact.
TaBpe MabliyM acT, XUCOOU ONIEPATCUOHM Jap COXaXO0H I'YHOTYHH TaXKUKOTH UMM
Baceb ucTudoma Oypaa Memaran. Jlap anabuétu BaTaH@l Ba XOpUYA IIyMOpau
3uéaum kopxo Oa Ta0b pacumaact, Ku ©Oa Hazapus Ba aMallusil XUCOOHU
onepaTcuoHuu (pyHKCUsXOU skTaridupE€Oanna Oaxmmaa wrygaana. HucOar 0Oa
XMCOOU ONepaTCUOHUU TyTariupébanaa Ooma mymopan Xejie HOUYM3U MaKojaxo
YOI 1Iy1a, aJaduéTn MOHOrpadin kKoMuinaH HokU(pos: Meboan. YyHUH X0aaTH KOp
MyaJUIM(POHPO BOJOP MEKYHaJ, KM HATHUYaXOU ACOCHUH XHCOOM OIepaTCHOHUU
OyTariupébanmapo map Hamyaud KUToOM anoxuga memHuxon HamosHa o ([20],

cax.D).

TacBupu Oab3ze MHTErpaixoepo amma medapoem, KM TO XON a3 Tapadu

OJINMOH MYalisiH Kap/Jla Hallyaaacr.

Taceupu unmezpanu namyou |, (: a(t — ) u(x, t)90t-po ouoa mebvapoem.

3ukp kapmaH 00 MaBpHI acT, KA TaCBMPH MHTETPaId MasKyp XaHTOMH
u(x,t)- Qyskcusu sxrarupébanga OymaH a3 Tapadu OIMMOH TaBacCyTH
tabaunotu Jlamnac myaiisia kapaa mrypaact ([63], [71], [49] ) Ba X010 Mo TacBUpH

WHTErpalii Ma3Kyppo TaBaccyTu TadoaminoTH Jlammac-Kapcon MmyalissH XxoxeM KapI.

Teopema 1.2.1: Buesop ¢yukcusxou a(t), u(x,t) wapmxou mabounomu Jlannac-
PO KawoamkyHanoa 6owano, ou 2ox xaneomu x > 0,t >0 6yoan macsupu

UHmMe2panu MasKyp YyHUH Meuasao:
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t

1
f a(t —t)ulx, 7)ot 3 5A(q)U('p, q)
0

HUcbom.: bapou ucoomu meopemau Mazkyp maceupu unmezpaiu 000auyoapo 6o

socumau mabounomu Jlannac —Kapcown myaiian mexynem

pq JOOO j:oe_px_qt (Jota(t — 1) ul(x, T)BT) dxot =

= PCIJ f e P*u(x, 1) (f a(t —1)e 6t> 0x0T =
0 0 T

eysopuuu t — T = z;t = z + 1; dt = dz —po ucmugooa namyoa xocun mexyHem

=pq f f e Py (x, 1) ( j a(z)e™% 62) ox0T =
0 0 0

(Pq jooo joooe_px_qfu(x, T)axar> - (% <q Joooa(z)e—qz az>> _

macseupu yukcusaxou oap xap 0y Kasc masyyooyoa oapou mo az bapobapuxou
(1.2.3), (1.2.2) mavaym acm ( [20],[108]) ouxopo 6a 6apobapu 2yzowma xocun

oo
(pq | ’ | Cemrrany(y, r)axar) - (g (q | Ca@e az)) — S A@UP.)

Hone

ft alt — 1) u(x, )0t = éA(q)U(p, 7 (1.2.13)

)

Mmebouao.

XaMHH TaBp Teopema UcOOT Iy,

Yu TaBpe Mo MmegoneM ([21])
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ou(x,t)
0x

3 plU(, q) — 2(q)]

ou(
5}

meOoman. bunobap wx  xanromu u(x,t) = i’t) Oyman Oapobapuun (1.2.13)

HaMy/H 3€pUHPO METHPa;

t

ou(x, 1
[ate- 0252200 = @) - plUG. ) - (@) (1214)
0

Xamuapo ©Oosg Kaiim Hamynm, km gap xomatd u(x,t) = uy (x)u,(t) Oyman
6apob6apuu (1.2.13) yyHuH MemaBa;

t

1
fa@—rhh@ﬁu@ﬁfj5~Am)4%@)%hM) (1.2.15)
0

Ba HHYYHHUH XaHroMu u(x,t) = u;(t) OyaaH X0CHI MEKyHEM

t

1
j a(t —t)uz(r)or 3 aA(Q)Ug(Q) (1.2.16)
0

Taceupu unmezpanu Hamyou

min(x,t)
| OTACETE IR

0

-po ouoa mebapoem

CapaBBai XaMUHPO Kailn 00sin KapJ, KA TacBUPU HMHTETPAIN Ma3Kyp
TaBaccyTu TadaunoT Jlannac myrarupébania a3 tapadu oIMMOH MyailsiH Kapaa
mrygaact ([20]) Ba xommo Mo taBaccytu Tabauiaotu Jlamnac-Kapcon MyaiissH XoxeM

Kap/I.

Teopema 1.2.2: buesop ¢ynxcusxou fi(x), f1(t), fo(x,t) wapmxou mabouromu
Jlannac-po kKamoamxymanoa 6Gowano, ou 2ox xaweomu x > 0,t >0 6yoan

maceupu urmezcpaiu MasKyp 4yHUH Meumasao:
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min(x,t)

f f1(5)fz(x—s,t_s)as:,Fl(p+Q)F2(P;q)
0

pt+q

HUcoom: Bbapou ucobomu meopemau Mazkyp maceupu unmezpaiu 000autyoapo 60

séocumau mabounomu Jlannac —Kapcon myaiisin mexynem

min(x,t)

pq e Px-qt fi(8)fo(x — s, t —s)ds |dxdt =
[l ]

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

Hamyoa X0Cuil MeKyHem

X ©0 [oe]
nq j f e P+ -q(v+) j £,(5) fo(w v)ds | dudv =
00 0

oo

pq j j ePu= £, (u; v) dudv j e~P+0s £, (5)ds =
00

0
X ©o 1 0
pa | [ e pumduay | ——| 0+ [ e @D fs)ds | =
00 0

gopmynaxou (1.2.2) ea (1.2.3) —po ucmugooa Hamyoa xocun meHamoem

1 Fi(p + @) F,(p,q)
F —F —
z(P;Q) s 1(P+Q) s

Xamun masp maceupu unmezpaniu MasKyp Maviym uyo, Ku OH YyHUH ACm:

min(x,t)

- Fi(p + QF:(p, @)
Of i) fo(x —s,t —s)ds 3 o (1.2.17)

bapo6apuu (1.2.17)-po nap makiu Mmydaccan YyHUH MCHABUCAH/I:
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min(x,t)

f f1(8)f2(x —s,t —s)ds =
0

( t
ff1(5)fz(x—s,t—s)as XaHIoMHU X > t
0

X
ff1(5)fz(x —S,t—s)ds xaHroMmu x <t
\0

Yu TaBpe Mo memoneM ([21], [75], [72])

bt _P

€ p+b

me6oman. bunobap un xauromuf; (s) = e~ 6ynan 6apobapuu (1.2.17) Hamymu

3epUHPO METUPA;

min(x,t) p+q
— F(,q@
_ +qg+b
e~bs (x—s,t—s)as:’,p =
j 4 p+q
0
+Fpq  Flp,q)

p+q@)(@+q+b) p+q+b

SbHE
min(x,t)
F(p,
j e bSf(x—s,t—s)ds 3 % (1.2.18)

0

bapo6apuu (1.2.18) nap xonatu b = 0 Oyxan a3 Tapadu oauMOH 00 nuUrap Tap3y
ycynn myaiisH kapaa mrygaacTt ([20]). Mo MeraBonem 60 umctudoma a3 TaaOMKH
Teopeman 3ap0 (YMHOXKEHHS) Ba TeopeMau Kyuwuiil (casura) 6apodapuu (1.2.18)-po
a3 Oapbakc auma 6apoeM Ba X0JI0 MO 0apou UXTUEPH anaau XaKuKuu b QyHKCHUSU

XaKUKU qyCcTy4y Xoxem Kapj. bapou édranm yHkcusim Xakukuu 0a TacBHpHU
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F(p,q)

byHKCUSN
+q+b

MyBo(hUKOyaa AKe a3 TaFUpE0aH1axopo JOUMH ITymopuaa 00
uctudoma a3 reopeman 3ap6 (ymaoxkeHus) xocun Mmexyrem ([108]):

X

X
Fp,q) = p @F(P,Q)ze—(wb)x?F(x,CI):

p+q+b_p+q+b* D

X

= f e~ @+DS F(x —s5,q)ds
0

aKHyH TeopemMau Kyduil (cABura)-po wuctudoma Hamyda XyJjocad 3epuH
mebapopem ([20], [26]).
e~ WDSE(x —5,q) =

0 bapout <s

— p—bs,—qs F _ {
¢ e x=sq)= e PSf(x —s,t —s)Gapou t > s
a3 pyH HH XyJU1ocaxo GopMyan yMyMHPO XOCHI MEKYHEM

min(x,t)

Fp.9) J e bSf(x—s,t—s)ds
0

p+q+b°
XaMuH TaBp TaBaCCYTH Iy Tap3 HU3 SKXEI HaTH4a 0a JacT OBapIeM.

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

mln(x,t) t_S

j j a(t—s—1) f(x—s;1)e " dsdrt
0 0
CapaBBasl TabKUJ MEHAMOSIM, KM TaCBUPU MHTErpajd Ma3Kyp TO XOJ a3 Tapadu

ATOH OJIMM MYyaWsiH KapJla Hally1aacT.

Teopema 1.2.3: Buezop gyuxcusxou a(t), f(x,t) wapmxou mabounomu Jlannac-
PO KaHoamkyHawoa Oouwiano, oH 2ox xaweomu x > 0,t >0 6yoan macseupu

unnwzpaﬂujwa3xwoquuHAu%uaeaO:
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min(x,t) t—s

f f a(t—s—1) f(x —s;7)e” ™5 dsdt 3 A(QF(p;q)
0 0

qlp +q+a,)

HUcoom: bo ucmugooa az mabounomu Jlannac —Kapcon maceupu unmezpanu

MazKyppo meébem, Ku mo X0 a3z mapagu oIuMOH MyausaH Kapoa Haulyoaacm

min(x,t) t—s

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

y3opumiu X — S = U; t — S = v —po ucmughooa kapoa xocuj MeKyHem

co v

quj e Puts)-q(v+s) jja(v—r) fu;1)e M5 dsdt |dudv =
0 0

0 0

o oo oo
quj e PU-qv fa(v—r)f(u; T)dT dudvj e~ (Pratans go —
0 0 0

yu maspe az oapooapuu (1.2.17) mebumnem

v

1
f a(v =) f7)dr = ~A@F )

0
Mmebowad, bunoobap un 60 ucmugooa az bapoobapuu 3epur XoCul MEKyHeM

—-(p+q+aq)s

ptq+a q ptq+a

1 R 1
g A@F®P ) lwg( 0) =—A@QF (. q)-

Xamun masp maceupu unmezcpaiu MasKyp Mmavjiym wyé, KU OH YYHUH acm.

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

q(p +q + a;)

(1.2.19)
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3ukp KapaaH 00 MaBpuja act, ku Oapodapum (1.2.19) nap xonaru Xycyci HaMyau

3EPHHPO METUPAI:

mln(x!t) t_S

[ [ at=s-0re-9g@easasir = - EDED
0 0

qip +q +a,)

(1.2.20)
Taceupu unmezpanu namyou
t
J e~ (bot+aos)y (x — s)ds
0

-po ouoa mebapoem

@®opmynan ymymun Tadgwiotu Jlammac-Kapcon ©Oapou dyHKcus  ayTa-

rupébangapo uctudoaa HaMyaa TACBUPU UHTETPATIN Ma3Kyppo MeEédeM

qu j e Px-qt Je‘(bot”os)uo(x—s)ds dxdt =
0 0

t

qu f e px—at je‘bo(t‘s)‘bos‘aosuo(x—s)ds dxdt =
00 0

t

qu j e~ px—qt je‘bo(t‘s)-e‘bos‘aosuo(x—s)ds dxdt =
00

0

[ee)

qu f e ~PX~bos=aoSy (x — ) Je‘bo(t‘s)-e‘qtdt dxds =
00

S

ry3opuniu t — s = z,dt = dz —po ucrtudoga Hamy1a XOCHI MEKyHEM
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[ee)

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

qu j e—px—qs.e—(ao+bo)su0(x—s)dxds . l qj e—97 . o=boZ 4,
00 1 0

TacBUpYU (PYHKCHSH Jap Xap Ay KaBC MaBYya0y/aa ajakaii 6apom MO MabiIyM

mebomaz ([32],[63],[38]) Ba oHXOpO Jap YOMXOSIIOH Ty30ILITa XOCHI MEKYHEM

=( q U(p))_(l_ q )= qUo(p)
p+q+ag+by ° q q+by)  (q+bo)P+q+ag+by)

XadMHUH TaBp TaCBHUPU MHTCTPAIN Ma3Kyp MAabJIYM KapJa ya, KU OH YYHHUH aCT:

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

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

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

-po ouoa mebapoem

dopMynian yMyMuu TaOIUIOTPO OBAapAa TaCBUPHU MHTErPalin JoAallyAapo Me€oeM

Ba UM T'yHae, KU aéH acT MHTErPaal Ma3Kyp a3 mapamerp Bobacta meborazn ( [16]).

Ri(p,q) = pq f f e P*~aty, (x, t)dxdt =
0 0

0 o t
1
qu f e pPx—qt Ef(e‘ls — e~ct+(c=Dsyy (x — s)ds | dxdt =
00 0
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t

—px—qt 1 —ls _ ,—Cc(t—s) _ —
PCIf f e Cje (1-e Yug(x — s)ds |dxdt =
0 0

0

© @ < 1 — e—c(t—s)
pQJ f e P* ISy (x —s) Jf-e‘qtdt dxds =
00

S
XaMHUH TaBp MHTErpanu raipuxocpo maino Hamyaem ([8],[11]) Ba Gapou xucob
HaMyJlaHU OH Ty30opuiu t — s = z, dt = dz —po ucrudoga mexynem

(00]

oo ©o 1 . e_CZ
PQf f e PX=aS . o=y (x — 5) j (T)-e_qzdz dxds =
0 0

0

[qu j e~ px—qs .e—lSuO(x—S)dde] . ll qj o—47 . 1 —e Cz> 4 _
00 CI 0

TacBHpU (PYHKCHUSM Jap xap Ay KaBCcHM MaBuyAOyzAa anakaid 0ap MO MablyM acT

([71],[21]) Ba oHXOpPO map YOMXOSIIOH I'y30IITa XOCHI MEKYHEM

[qUo(p)]_F_ 1 ] 1 qUo (p) Uo (p)
p+q+l| lg g+cl qlg+o) pra+l (q+rol+qg+D

XaMHH TaBp TACBUPU MHTETPa MabJIyM KapJa LIy, KU OH UyHHH acCT:

t

1
Ej(e—ls — e—ct+(c—l)5)u0(x — S)dS =

0 @+op@+q+D Uo(p) (1.2.22)

nap uH 4o C, |- amagxon xakukuu uxtuépu O0yaa, MHIYyHUH ¢ # 0 acT.

Taceupu unmezpaniu 3epunpo meévem

J((S(t —5) + bh(t — s))e b f(x + s)ds
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nap uH 40 6(t), h(t)- dyrkcusu ymymukapaarryaa meoorran ([54], [56]).

Teopema 1.2.4: buezop ¢ynxcusxou f(x) wapmxou mabounomu Jlaniac-po
KaHoamkyHanoa oOowano, ou eox xaweomu x > 0,t >0 6yoan maceupu

UHmMe2panu MasKyp YyHUH Meuasao:

pF(q +b) — (q + b)F(p)
p—(q+Db)

5(t —s) +bh(t—5))e ™ f(x +s)ds 3
f( )

Ucoom: Dopmyrau ymymuu mabouromu Jlanrac-Kapcon 6apou @ynkcusau

oymazaupébanoapo ucmugooa Hamyoa maceupu uHme2pal MasKyppo meébem

pq e P*=at| [ (§(t —s) + bh(t —s))e " f(x + s)ds |dxdt
(]

eysopuwu t — s = z; dt = dz —po ucmugooa namyoa xocun meKynem

o0 ©O 1
pq e PX05 . o7bSf(x + s)dxds |- =| q | (6(2) + bh(2)) e™9%dz
/] i\

Xamun maep unmezpanxou atipuxocpo naioo xapoem ([27],[28]). Yu maspe mo
MedoHem maceupu QyHkcusu xKascu oyiom bapou mo mavaym mebowad ([38],
[24],[108]) 6a maceupu pynxcusu xascu saxym az gopmyrau (1.2.12) 6ap mo
mavaym acm. (ba yaosanu 1.2.1. 6a 1.2.2. nueapeo) Xamun masp maceupxopo

cyoutma XOoCui MeKyHem

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

Hone

t

f(S(t —5) + bh(t —s))e™ f(x + s)ds 3

0

_, PF(q+b)—(q+Db)F(p)
p—(q+b)

(1.2.23)
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Taceéupu unmezpanu 3epunpo meévem

min(x,t)

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

Yu taBpe a3 0apobapuu (1.2.17) Mo MmeOuHEM

min(x,t)
Fi(p + Q) F;,(p)F5(q)
[ ACIACEDIAERE (1224)
p+q
0
mebomay. Jlap MHTerpae, Ku MO TaCBHPAIIPO YyCTy4y Kapa HCTOIaeM
_ q
£) = oDt
filt) =e - q+b

f2(x) = f(x) = F(p)
fs(t) = (6(t) + bh(t)) > q +b
mebomazn ([20], [75], [5]). TacBupxopo 6a Gapobapum (1.2.24) rysomra XOCHII

MEKYHEM:
min(x,t)
_ p+q F(p)
S5(t — bh(t — bs —s)ds 3 b) - -
| (6= +bhie=)e f=)ds = (@ +b) P
0
_ (q + b)F(p)
p+q+b
AbHE
min(x,t)

j (6(¢ =) + bh(t = 5))e™* f(x = 5)ds = (Z):Z)i(g)
0

(1.2.25)

Oé maceupu unmezpanu MazKyp Oypycm Hasuwma wyoaacm?

t bt min(x;t) _ - pP2(@
Jy e Py (s)ds — | e PSh(x — s)@,(t — s)ds = —(q+b)(;+q+b)

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

XaMUH TaBp UPoaapo cojga Hamy1a XOCHUIl MEKYHEM
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p®2(q) _q)z(Q)_ ®,(q) _(Dz(CI)_H(p)(Dz(CI)
(g+b)(p+q+b) q+b p+qgq+b q+b p+qg+b

Yu TaBpe a3 6apodapuu (1.2.24) Mo MeOHMHEM TaCBUPH UHTETPAIH HAMYIU

min(x;t)

f e PSh(x — s)@,(t — s)ds

0
9YYHHH acCT:

min(x;t)

J e PSh(x — s)@,(t — s)ds 3

0

H(p)®,(q)
p+q+b

map uH 4o h(x) — ¢yukcusu Xesucaiin Oyma ([56]), TacBupu OH TaBacCyTH

tabamiotu Jlamnac-Kapcon uyHun medoman:
h(x) = 1=H(p)

Ba MHYYHHH YU T'yHae, ku a3 6apobapuu (1.2.24) mo MmeOuneM

t

b(t— D,(q)
je b(t=9) ¢, (s)ds 33 q2+b
0

mebomarn ([31], [32]).

AbHE

min(x;t)

t
f e b=, (s)ds — j e PSh(x — s)p,(t —s)ds 3
0

0

p®,(q)
(q+b)(p+q+b)

(1.2.26)

MellaBaJ. XaMHUH TaBp MabJyM IIyZ, KM TaCBUPU HHTErPaJIM Mas3Kyp AypycCT
HAaBMIITA LIYJAACT.

36



Taceupu unmezpanepo meéoem, Ku AOPoOAUL CyMMAU  QYHKCUAXOU

yMyMukapoauiyoa meoouiano

j((S(t —5) + bh(t —s))e " f(s)ds
0

@opmyman Tabmammotu Jlammac-Kapcon Oapon (QyHKCHUAXOHM SKTarupOaHIapo

uctudoma vamyza ([20],[21], [71]) TacBupu HHTErpann Ma3Kyppo MeEdem

o0 t

qf e~ 4t J(6(t —5) + bh(t —5))e™ f(s)ds |dt =

0 0

ry3oputii t — s = z; dt = dz —po uctudoaa HamyJa XOCUI MEKyHEM

t

qj e~a(z+s) 1(6(2) + bh(z))e b f(s)dsdz =
0

S

[QI 9_q2(5(2) + bh(z))dz] . [.f e—(Q+b)Sf(S)dS] _

(q+b) j e~@D)sf(5)ds = F(q + b)
0

AbHE

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

Taceupu unmezpanu 3epunpo meévem

t
f a(t —1) e P"u(x + 7)ot
0
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bo uctudona a3z tarobmku Gapobapuu (1.2.13) TacBupu HHTErpaivd J0MAITYAAPO
MyaisiH MeKyHeM. WHTerpaie, Ku MO TacBUpamIpo YyCTy4yy KapAa HCTOJaeM
xoJ1aTu Xycyci 6apou uaTerpanu (1.2.13) Oyna, map uH 40

u(x,7v) = e P%u (x + 1)

MmeOoImaz, ki TacBUpH oH uyHuH act ([2 — M], [21], [75]):

pq  pF(q+b)—(q+b)F(p)
p—(q+b) p(q +b)

e Pu (x+1)3

TacBupu sapo a(t) Ba dynkcusn u(x,t)-po 6a 6apodapuu (1.2.13) rysorira
XOCUJT MEKYHEM

t
t

j a(t — 1) u(x,t)ot = f a(t —1t)e P"u(x + 1)t 3
0
0

( pqa  pF(g+b)—(q+ b)F(p)> Al _
p—(q+b) p(q +b) q

A(q) pF(q+b)—(q+b)F(p)
q+b p—(q+b)

AbHE

‘ b _, A(q) pF(q+b)—(q+Db)F(p)
joa(t—f)ebul(x+r)ar_>q+b S~ @+ D)

(1.2.28)

MeEIIaBa.
Taceupu unmezpanu 3epunpo meévem

min(x,t)

f e~ %(=5) . e=1S . f(x —5; t — 5)ds
0

XyAayau WHTErpalu MasKyp a3 Tarupébanmaxo wubopar Oyna, WHYYHHH

MHTErpai a3 napamerup Hu3 Bodacta act ([71], [48]). Yu TaBpe Mabiym act map
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xonatu ay = 0,a; =0 Oynmad TacBUpU MHTErpajid Ma3Kyp a3 Tapadu OJMMOH
myaiisa mrymaact ([20,21]) Ba map Xomatd agp,a,; — HUXTUEPU amagd XaKUKM
Oynan 60 ucrtudonaa a3z Tabaminoru Jlamnac —Kapcon TacBupu nHTErpain MaKyppo

MeébeM

min(x,t)

X ©o
pQJ f e Px—at J e %(=5) . g=a1S . f(x — 55t — 5)ds | dxdt =
00 0

nap OapoOapum MasKyp TY30pHIIH X —S = U;t —s = v —po uctudoga Oypaa

XOCHJI MEKYHEM

oo

< ©o
pq fj g Pu+s)=qw+s) j e V. e 45 f(y;v)ds |dudv =
00 0

0

< ©o
quj e Pu=(a+aov £ (y, v)dudvf e~ Pta+al)s . o —
00 0

[ee)

fe‘p“‘(Q+a0)”f(u;v)dudv : Je—('p+q+a1)sd5 =
0

0

p(q + ap)

O\R

q+a0.

WNuterpanu nap KaBcu sikym MaB4yn0yaa tadaunotu Jlamnac-Kapcon mebomian Ba

WHTErpajii Falpuxocu Jap KaBCU IYIOM OBapAallyapo XUcoO HaMmyda XOCHJI

9-

MEKYHEM

-F(p;q + ay) - lim

e~ (p+qtay)s
q + ao R—oo B

p+q+a

. (»;q %)p+q+%

XaMUH TaBp TaCBUPHU UHTErPAIA Ma3Kyp MabJyM IIy]l, KU OH UYyHUH acT:
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min(x,t)

f e~ (=)~ aSf(y —5;t — 5)ds 3
0

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

(1.2.29)

Onumu ampukoit A. babaxanit nap monorpadwusiu xya 6o nHomu ‘“Hazapusiu
Tabnunorxou Oucépuenakan Jlammac Ba MachajgaxoW capxaii’ H3XOpH aKuaa
MeKyHal: “Xagadu acocuM HMH pHUCOJA OMY3UIIM TaOIWJIOTH OuCEpUEeHaKau
Jlanutac Ba Tap3xou MyXTalnu(pu XUCOOKYHUH OH MeOoImaa. Sk4aHa Teopemaxo Ba
YCYIXOU XUCOOKYHA MCOOT Trymaan, 9yPpTXon HaBu TadaunoTy Jlammac a3 sk Ba
JIy YEHAKXOU MabJIyM MENTHUXO] Kapaa MemasaH. Jlap 600U sikyM 4op Teopemaun
acoci McOOT KapJia MelllaBaj Ba CHIAcC XaJJad akKKaji sk Hathya Oapou Oa jact
OBapJaHu TeXHHUKau Oa JacT oBapaaHu TadauiIoTH Oapbakcu Jlamnac 6apou Oab3e
GyHKCHUSIX0M Maxcyc. ABBaJIaH, MO UH TeopeMaxopo 00 Ay YeHaK MaxIyn Kapja,
O0abJaH MO OHXOpO 0a ce YeHaK Baceh MeKyHeM. boOu JyroMm a3 Teopemaxo JI0up
0a Tabmunotu maydeHakau Jlarurac oro3 memiaBaj Ba SKYaHJ CHCTEMaxoe, Ku a3
WH Teopemaxo 0a JacT oMajaanj, uoopar act. Mo mHUyHHH Oab3e TeopeMaxou
Oapbakcpo ucboT MekyHeMm. Jlap 600M ceroM MO n HTepaTCUsH TaOIUIOTXOPO
Oapou 0a mact oBapAaHu Tadauiotu Jlamnacu qydeHaka 00 XxaM maiBacT MEKyHEM.
Huxost, 6ab3e macwhanaxom capxaaim Oapoum myoaunaxouw mauddepeHcuanii 60

Xocuiaxou xycyci taBcud MerraBan.” ([106], cax. 3-4).

Hap xutodu Jéu I uynun Ttabpudu tadmaunotu Jlammac nmeurHuxo/ nry1aacr:
“Arap mo Tabaunortu Jlammacpo 6apou MyoarIIaxo Aap XOCHIAXO0H XyCyCil TATOUK
HaMoeM Oapou Mo 3apyp acT, 6apou dyHkcusu u(x,t) Ba XoCujIaxou OH, KU 0a
MyoOJuJIa IoMuUiIaH, TadaunoTu Jlammacpo u4po KyHeM. A3 0acku TaOAMIOTH
Jlarmac 6a rupudTaHu UHTErpai a3 sSK TarkupéOaHaa oBapja MellaBaja, OH TOX
XaHTOMH TaTOMKHU OH O0a pyHkcusu u(x,t) 06a Mo 3apyp acrt, KU Tardup&oanman x
noumu Oomana. ba cudaru coxam tarmpéoun x [0, 00) —po Merupem. SvHe 6a Xap
AK KUMaTu MyailssHu x TacBupH amoxuaau u(x,t) wmyBoduxk meosin. ba xamun

cabab TacBup Ha ¢akaT a3 S 6ajgku a3 X HU3 Bobacta act.” ([29], cax. 128).
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Xaman (GopMyIaxou Jap pUCOJia OBapAaIllyAapo Jap IIAKIW YaJBaJl HUIIOH
MEIUXEM Ba TO YOE€ OrOX XaCcTEeM JIap TAbpUXH PUE3UET TO X0 UH TyHA (HOPMYJIaxo
a3 Tapadu oauMoH OGappaci kapaa HamygaacT (Yaasamu 1.2.2.). bosia rydT, ku 60
uctudona a3 TaTOMKM YaJBaIM Ma3Kyp MO METaBOHEM  XaJUTd Xap TyHa
Machalgaxou Jap COXaxOM TEXHHKAa, TEXHOJOTHUs Ba Falipa MaByynOyaapo Xal
kyHeM. [lap uH 4YaaBan (QyHkcusxou f(x,t) GyHKCUSIXOU TarupEOaHIaanioH
XaKUKue MeOOIIaH I, KA MmapTXou TadamioTu Jlammacpo KaHoaT MeKyHaH[. SIbHE
byukcusxou momamryaa GyHkcusxou opuruHan meoomanna ([1,41, 38,50, 63)).
Bosn kaiin Hamyn, ku ¢GyHkcusxon F(p,q) ¢dyHKcHsxow TarupéOaHIaalIoH

KomIuiekci mebomrana ([77,26, 98, 99]).
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Yaasan 1.2.2. TacBupu 6ab3e HHTETPAIX0

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,
ki Oapow Xamu OHXO0 Myomwinaxon auddepeHcrnanmnm 00 XOCHIAXOW XYCYyCH
uctudonamapanga Mebomana. Myoaunaxou auddepeHcuanu 00 XocuiIaxou
XyCyCA XaHIOMHM TaXKHKH XOJHCAaxXOM MEXaHUKHA, XOJUCAaXOW Xapopar,
XOJINCAXOM DJICKTPUKH, XOAUCAXOH ONTHKMA, aKyCTHKa Ba Falpaxo TaTOWKW BaceH

amanu mopaun ([87,87,104]).

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 guddepeHcruanuu JoAallya MaByyll acT MerysHia. Macanax

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 Kall KapaaH
3apyp acT, ku Myoawnaxou auddepencuanii Ha (akar TapTHOU SK, Ay OaNKu
taptuOn n — HM3 1ryga MeraBonana ([45]). (n = 1,2,3,..) 3ukp kapman 60
MaBpHJ acT, ki 0a railp a3 myoawnaxou auddepeHcuanuu TapTudamoH OyTyH

MyoamiIaxou quddepeHcuanui TapTUOU Kacpu HU3 MaBYy/l acr.

Hamyaun ymymun myonunau quddeperncuanii 60 Xocuiaan XyCycuu TapTUOH
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

yycryuymasanga medoman (([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 aiinuam maodoun éoao.

Myoaunaun muddeperncrnanu 60 XOCHIaX0u XyCyCHUU TapTuOu ay 6a ce HaBb

qy0 MeIaBaj: rumnepooii, mapabdoii Ba snumci. ([96], [45])
1) Xanromu AC — B? < 0 OynaH Myoauia JOpOM HaBbM TUrepboni Oyma 60
uctudona a3 ryzopumu X=X(a. ), y=y( a. ) myoauna 6a Hamy 1

Ugq — Ugp = Cbl(a,ﬂ.u.ua,uﬁ)
Tabmun Me€ban, KM OHPO HaMyId YMYMHHM MYOJWJIaW HAaBBH THUIEPOOITi
menomanz. ([16]) Ske a3 MHCOIXOM MYOIMJIad HABBH TMIIEPOOJIA MyOAUIad MaBy
MeOoI1a1, K HaMyId 3epUHPO TOpaT:

Uer = azuxx

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

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

Ugg = CDZ(a, B.u.ug, uﬁ)

Tabau1 Me€0al, Ki OHpPO HaAMyIu YMYMHH MYOJIMJIal HaBbU MapaboJiii MEHOMaH/.
Slke a3 MHCONXOM MYOJWJIal HaBbM Mapaboiail MyoJuiial TapMUTYy3apOHit
Mebommaa, KA HaMyad YMYMHM MYOAWIaWd Ma3Kyp UYyHHH MeOoIaf:

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

Tabaun Me€ban, KM OHpPO HaMyId YMYMHUH MYOJWIad HaBbH DIIUICH MEHOMaH].

([11,18])
2.1.2 Myoounau ougpgpepencuanu 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,y,z, u)a +Q(x,y,z,u) 3y + R(x,y,z,u) Py T(x,y,z,u) (2.1.2)

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

yycmyyyuiaeanoa 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

myoauian (1.2.2) — sxquuca nomuga memasan. ([11])

Xanromu xamwm wmyoawnaun auddepencuanuu (1.2.2) taptub nomaHu

MYyOIuJIan XapaKTCPUCTUKHU XaTMHU M€601HaI[, KW HaMyJIH1 YMYMHUHU OH YyHHH aCT:

dx dy dz du

SO0 R (2.1.3)

a d
Macanan XaHroMu Xajdl 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 T

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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Oomrana od rox myoauian (1.2.4) — KBa3HXaTTHA HOMHKIA MEIIaBa.
Myonunan Hamyau

Ady? — 2Bdxdy + Cdx?* = 0
MYOIHJIaH XapakTepucTHKi HoM popan. ([43,45])

2.2. Tarouxu Tadauaoru Jlanjac-Kapcon nap xajuim Myoaniaxou

nuddepencuanin

Mo MeTaBOHEM YCylW XUCOOW ONEPAaTCHOHHPO Jap XaJTM MYOIMIaXOU
mupdepeHcuanii, MyoIWJaXOM ~ HMHTETpaiid  Ba  MYOJWJIAXOM  MHTErpo-
mupdepencuanii TarOuk HamoeMm. bosn kailn Hamyn, ku 00 uctudoma as
tabgwiotu Jlammac Oucéprarupébanga Oab3e CHUHPU Xauld MYOJUTIAXOU
nuddepencuanii 60 xocuiaaxou Xycycil, MyoAWIaxou HHTErpo-auddepeHcuatii
00 xocuaaxou xXycych auaa dapomana mymgaact. ([116,20,36]) bo uctudona a3
tarOuku Tadaunotu Jlanmnac-Kapcon xammm myoawmnaxou auddepeHcuanii 60

XO0CHuJianu XYCYCI?I OCOH Ba KYJIaﬁ M€6OIHaI[. MacanaH MyoauJIan

o

ox
-po, xu maptu notugonn oH u(0,t) = ¢(t) meboman 60 0OCOHH METABOH XaJ
Hamy. Jlap uOTHI0OM XaJl TACBUPH XOCHJIa Ba (PYHKCHSIXOPO MEOPEM, KU OHXO

gyaunaang ( [20]):

ou(xt) _,

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

aKHYH TaCBUPXOpO 0a Myojuiia ry30IlTa Xaulld 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 O6apom Mo Mabiaym mebomazn ( [20,21]). Xamuu taBp

XaJUIM MyoanJiapo MCHABHUCEM

u(x,t) = xf () + @(t)

bo wuctudoma a3 Tarbuxkm Tabmunotu Jlammac-Kapcon wmacwanaxou
MylIaxacpo auaa mebapoeM, Ku sIKe a3 OH Machallax0 MYOJWJIau TPAHCIOPT 00

MaHOau XatTTii 6a Nrymop MepaBaj.
2.2.1 Myoounau mpancnopm 60 manéau xammii

OnumoH Oapou Xal HamyJaHu Myojwidan auddepeHcuann 00 Xocuiau
XyCyCil Tap3XOW TYHOTYHH Xajpo HcTH(dOIa MEKyHaHI. XaMHUHPO KaWJ KapJaH
3apyp acT, KU YCYJIM XHUCOOM OIEpaTCHOH Jap Xauld MYOJUJIaXxou
muddepencuanii 60 xocwnan xycycit uctudopamaanga Mmeboman. Tadbaunoru

Jlarmac-Kapcon —po TaTOMK HaMy/ia XaJuld MyOIujIau 36pUHPO IyCTYdy MEKYHEM

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

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

u(0,t) =¢@(t); t>0 (22.2)

[[TapTX0M NOTHIOM Ba KAHOPUPO MEOPEM: {

Hap xomnatu a = 0 OynaH xau Myoauiiad Maskyp 00 uctudosa a3z ycynu xucodu
oreparcHoHi a3 Tapadu OIUMOH auaa Oapomana mymaact ( [20]) Ba xomo Mo
Oapon HXTUEPUU aNaIu XAKUKUU a Xamu ymymun myonunau (2.3.1)-po 60
maptxou gogarrygan (2.3.2) auma mebapoeM. XaMHMHPO Kal KapaaH 3apyp
acT, Ku xap sike a3 uH pyHkcusaxo 0edgocuia Ba nudpdepeHCUPOHUTAIIABAHIA
HucOaT 0a xapay tarupéOanaa OOMIAHA Ba MHYYHHUH IHAPTXOM TAa0AMJIOTH
Jlanac-po kanoar kynana ([102,81,63]). CapaBBan TacBupH (PYHKCHSIXO Ba

xocuaxopo meopeM ([20,21,32])

u(x,t) 3 U(p, @) ulx,0) = uo(x) = Up(p); u(0,t) = ¢(t) > ©(q);

ou(x,t) R ou(x,t) R

fxt) 3 F(p,q); — =3 qlU(p,q) = Uy()]; — =3 plU(p, q) — P(q)]

aKHYH TacBUPX0opo 06a myoauiau (2.3.1) ry3omita Xocui MEKYHEM
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plU(p,q) — ®(q@)]+qlU(p,q) — Upy(p)] + aU(p,q) = F(p, q)

_F®,q) +p®(q) + qUo(p)

Up,q) r——
( F p®(q) qUo(p)
Vo= {m} * {p +q+ a} ¥ {p +q+ a} (223)

bapobapun (2.2.3) xamm ymymun myonwiam (2.2.1) map ¢asom 3yam Oyna,
GyHKCHAM TarupéOaHmaaml KOMIUIEKCA Oa [IyMOp MepaBaJ Ba a3 ce
yaMblIaBaHgan KaBcxo uoopar act. (([74],[88],[51],[38]) Yu TaBpe Mo MemoHEM
(GyHKCUSIXOM XaKUKUK Oapou TacBupxou Aap Oapobapuum (2.2.3) maBuyadyna

anakait 6ap Mo mabiiym acT (ba yansanu 1.2.1 Ba 1.2.2 nurapen).

F(pq)) — (min(xt) _gs . .
1) {_p+q+a}‘_f0 e Sf(x—s,t—s)ds

2) { p®(q)

ce Yot —
p+q+a} e ot —x)

U
3) {%} e Muy(x—1t)

AKHYH XaJllI1 YMYMHUHU MYOJHUJIaAPO MCHABUCEM

min(x,t)

u(x,t) = e Yot —x) +e “uy(x—1t) + f e ®f(x —s,t—s)ds
0

Xamm Ma3Kyppo Aap makiu mydaccan YyHUH MEHABUCAH/I;

. t
e tuy(x —t) + f e ¥f(x—s,t—s)ds bapoux >t

u(x, t) = 4 0 (2.2.4)

e ™ p(t—x) +fe‘“sf(x—s,t —s)ds 6aponx <t
\ 0

2.2.2 Myoounau oughghepencuanuu xammii 60 xocunaxou xycycuu mapmuou oy
Myonunau 3epuHpo auaa medbapoem
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O O 0 T P b= fx ) (2.2.5)
a2 "oz T ioxar Tl TG T o

['y3opumm macpana:

_ (u(x,0) = uy(x)
[HTapTxou noTHION { , 2.2.6
P ul(x,0) = u, (x) (2.2.6,)
_ (u(0,t) = @q(t)
Oya Ba MIapTXOou KaHOPH { , 2.2.6
yAa Ba map PR 1u00,6) = 0 (0) (2.2.62)

MeOora.

bosn kain Hamyn, ku myonunau (2.2.5)-po 60 mapTtxou gomamynau (2.2.6)
xaaromu 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

Ooynan onumu ampuko P. C. Jlaxus Ba onumu 3ponit Yanhap Cobupit 60 uctudoaa
a3 TaTOMKW Tabmunotu wuHTerpanuu Jlammacu gytarupébanyia Xal HamMyJdaaH]l
([108],[109],[110]). Onumu ampuxon P. C. Jaxus map Makomaam 060 HOMHU
“XucoOkynun TabmmiotTn n — deHakan Jlarutac” dyHuH meHaBucand: “‘/lap uH
MakoJjia MO TeopeMapo Jap 6opau TaOAWIOTH N-uyeHakau Jlamjmac Taxust MEKyHeM
Yydrxou Tabamnoru Jlammacpo gap 4eHaku n XUcoO Kap/iaH Machallal Mypakkao
meboman. MHY0 FOSIXOM HaBpO MEIIHUXOJA KapiaH 3apyp acT. TaO0auioTu
Ooucépuenakam Jlammac mgap Xauim — MachalaxOM KaHOPW Oapou MyoauIaxou
nuddepenupanuu OucépueHaka 00 XOCWIaXxou Xycycil Baceb uctudonma Oypna
merraBan.” ([111],cax. 186 — 188).

X010 MO Jap XoJaTH yMyMu Oapou a, b — AwiIxoX ajajaW XaKWuKd OyJgaH Ba
ounxoX Gyakcusaxo f(x,t), uy(x), uy(x),@.(t), p,(t) xu xap sKe a3 HHXO
mapTxXou MyBo(UKaTUPO Oapon myoaunau (2.2.5) KaHOAT MEKYHaH]l Ba UHYYHHUH
maprxon Ttabmminoth Jlammac-po Hu3 Kanoar MeHamosHn ([41],[54]) numa
MebapoeM. XaMuH TaBp 00 uctudona a3 tarouku tadmuioru Jlammac-Kapcon

myozuian (2.2.5)-po xair MekyHeM. XaMHHpPO Tajad KapjaH 3apyp acT, KU Xap sKe
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a3 uH (QyHkcwsxo Oedocuna Ba auddepeHcupoHUaaniaBasga HucOaT 6a xapay
tTarupébana OoIIaH Ba MHUYHUH KaHOATKyHaHAau mapTxou Tabmunot Jlammac
au3 Oomrana ([22],[108]). Ilemr a3 xamiun mMachana TaCBHPH XOCuiIan (HYHKCHIXO

Ba pyukcusxopo meopem ([20, 53]).
u(x,0) = up(x) = Up(p); u(0,t) = ,(t) » P1(q);
u x(0,8) = @a(t) = Po(q); ue(x, 0) = uy(x) = Uy (p); ulx, t) 3 U(p, q);

fx,t) 3F(@,q

aZu 62u
57z S P’ UP @) = 21(@)] = pP2(9); 77 = @*[U (P, @) = Uo ()] = qU1 (p);

0%u . Ou _
29t pqlU(,q) — ®,(q) — Uy(p) + u(0,0)]; e plU(, q) — ©1(q];

Jdu .
Fri qlU(p,q) — Uyg(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) — Up(p) + u(0,0)] + ap[U(p, q) — 1 (q)] +
+aqlU(p,q) — Uy(p)] + bU(p,q) = F(p,q)
p?U(p,q) — p*@1(q) — pP2(q) + q*U(p, q) — q*Us(p) — qU1(p) + 2pqU (P, q)
—2pqP1(q) — 2pqUy(p) + 2pqu(0,0) + apU(p,q) — ap®,(q) + aqU(p, q) —
—aqUy(p) + bU(p,q) = F(p,q)
(p? +q*+2pq + ap + aq + b)U(p,q) = F(p,q) + p*@1(q) + pP2(q) +
+q*Up(p) + qU1(p) + 2pq®1(q) + 2pqUs(p) — 2pqu(0,0) + ap®1(q) +

+aqU,(p)
51



XaMHH TaBp XaJUTd Myouiapo aAap $ha3ou 3yail MEHABHCEM

_F,9) +p*®:1(9) + pP2(q) + ¢*Us(P) + qUi(p) + 2pqP1(q) N

U(p,
P q) p?+q?>+2pq+ap+aq+b

N 2pqUy(p) — 2pqu(0,0) + ap®,(q) + aqU,(p)

2.2.7
p*+q?+2pq+ap+aq+b ( )

Maxpagu 6apobapuu (2.3.7)-po 6a 3apOmaBaHmaxo 4ya0 HaMyJa CHIAC aMalipo

A0Ma MEIUXEM

p>+q*+2pq+ap+aqg+b=p@P+q*+alp+q)+b=

2

o’ +2-ra5+(5) -(G) +b=(p+a+3) -| |5) -b

2

- p+q+§— (%) —b p+q+%+ (%) —b

Xami MyoAuJIapo Jap akiu Mydaccai MEHABHCEM

F(p,
U, q) = ®» q) N

(pra+5-JG@) -#)(pravsJ6) )

[p? + 2pq + ap] P4 (q)

(rrass=JE) -0)(prar @) )

p®,(q)




\

|

(2.2.8)

) [a* + 2pq + aq]Uy (p)

(pravg—J@ -0)(prars 6 -0)
(

) qU, (p)

(pravg=J@) -2)(prari @) -2)
( )
J —2pqu(0,0)

(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
tarupébanmaarn Komiuiekcin 6a mrymop mepasan ([85],[86],[50],[120]). Yu taBpe
MeOuHeM Oapobapuu (2.2.8) a3 main yambllaBaHaan KaBcxo ubopar act. A3 6acku
Oapon MO Xayuu ymymun myonuiau (2.2.5) map ¢a3zom BakT, Ku nap UH (azo
byHkcusu TarupE€OaHIaall XaKUKA aMajd MEKyHaJ JI03uM acT, OuHoOap uH 00

uctudona a3 Ttadaunoru O6abvakcu Jlammac-Kapcon 6apou xap sik ¢yHKCUsSUA aap

KaBCX0 MaBuyA0yJa GYHKCUAN XaKUKI 9yCTYdy MEKYHEM.

L F(p,q) -
(rras=JE) -0)(prars @) -2)
min(x,t) a oz a oz

1 j RGO GO Ot 5)ds
a

TR

2

capasBai upoaapo coaaa MEKyHEM
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F(p,q) B

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

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

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

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

b) f(x—s,t—s)ds

A
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= _ f e_<%_ (%)2_b>s — e_<%+ (%>2_b)s f(x—s,t—s)ds

2J(5) -b 0
( \
) J [p? + 2pq + ap]®,(q) !

(prars=J6) -»)(prars 6 )]

uoaapo coana Hamyaa XOCHI MEKyHEM

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

(prass=J@ -#)(pravs 6 )

p®,(q) N 1 _ rq®.(q) N
prarg e 8 - 2J@) -0 prars-§) -
+%+ (%)Z_b_ p®1(q) ~
R R O

1 pq®:(q) B
2J§) - vrar s G-
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 KaBCH JIyFOM MaB4yJ0yaapo Meéoem

/ [p? + 2pq + ap]®,(q) \ -
(et @) o500 )
e_<%+ ((21)2 >x(p1(t —x)+ 12 e_(%_ ((21)2 x(plg(t —x)+
2J(z) -b




uoaapo conaa Hamyaa XOCHI MEKyHEM

p®,(q)

<p+q+%— 6 -»)(prars i) )

p®P,(q) p®,(q)

ﬁ\ s (@ s pras +ﬁ/

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

ptq+s +/ —b 2/— —b p+q+ ,

/ q<%+ (&) - )UO(p) qpUo(p) \
’— —b\p+q+— — - ptq+s5 +’ b/

q <%+ %) -» )Uo(p)
/ —b p+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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2J(5) -

12 u0(0)6_<%_ (%)2_b>t6(x—t)+
2(z) - b
a. (N _p e fa
2T 522) be—<z— (2) b>tu0(x—t)—
2](z) -

12 e‘<%+ (%)2_ ) uo;(x_ t) —
2(z) - b

12 uO(O)e_(% ) _b>t6(x—t)—
2(z) - b

2 2

_1 (e—(z— & o) _ (s <§>2—b)r> )
2J(§) -+

nudoaapo coa HaMy1a XOCHII MEKYHEeM

5_{ qU:(p) Et
k<p+q+%— (%)2—b>(p+q+9+ (9)2—b>)
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qU,(p) _

(rars=J68) o) (rrars & )

( qU:(p) qU:(p) )
2/— —b p+q+——/— —b pt+q+> +/

qU;(p) qU,(p)

/— —bp+q+— ’— —b 2/— —b ptq+> +/

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

a

. A, = O )
2J(3) -b 2J\z) ~

1 <6—<%— &) ) e‘<%+ (%)Z‘b)t> uy (x — 1)

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) _
(p+q+%— <%>2—b)(p+q+%+ ) )

pqu (0, 0) pqu(0, 0)

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

tacBupu ¢yukcusu Jupak §(t) — q meboman ( [1], [21], [78]).

1 / pqu(0, 0) pqu(0, 0)

ﬂe—(% (5) - ) 5(t—x)—ﬂe_<%_ - ) S(t—x) =

- OR




00 npux =t

5(x—t)=5(t—x)={ S (2.2.14)

Xamwm ymymun myoamiau (2.2.5) 6o maprxoum momamynau (2.2.6) 4yHHH acr:

(14 —M])

u(x, t) = 12 e_(%_ (%)2_ >x<p1’t(t —x)+
2(z) b
min(x,t)
! j <8_<2_ (%) _b) — e_(%+ (Czl) _b>s> f(x—=s,t—s)ds+
@ -» 3
RGO R,




ay? b

2J(3) _
BN ) e

! e

2)(5) -
(O )

! uy(0)e
2J6) -
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1 (e—<§— &) o) e‘@* (g)z_b)t> uy (x — 1)

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

u(x, t) = e_<%+ (%)2_b>tu0(x —t)+ —1 e_(%_ (%)2_b>

t
Up, (x —t) +

[\
—
N Q
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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)+

_ fx e'(%' (%)2'b>s _ e_<%+ (%)2_b>s flx—s,t—s)ds (2.2.16)
o

[\

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) acrt. ([4 — M])

bo uctudona a3z popmynau (2.2.15) mapti HOTHAOUK Machaaapo XOCHI HaMyIaH

MYMKHH aCT, KM OH YYHHUH acCT:
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> e uy(x —0) +
2(z) -»
L (Al sl >( .-
2(§) -
1 j<e‘<%‘ @) (2@ )) st syds =
2(§) -
a, [(a\?_
uo(x) + w, () + 2 (22) w2 -
2(z) -» 2(z) -»

7+ (%)2—

;uoxm— Ly (x) = ()
2(3) 2)(3) -
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bo uctudona a3z dopmymnam (2.2.16) mapta KaHOpUM Machaiaapo HU3 XOCHII

HaMyJdaH MYMKHH 4CT, KK OHPO MCHABUCCM

u(0,t) = e_(%Jr (%)2_b>-ogol(t—0)+ 12 e <%_ (%)2_b>.0g01’t(t—0)+
2(z) -b
244@) b () o
2)(5) -
S (5 (‘21)2"’)0%;@—0) -
2)(5) -
a a\? .
2t (72) B N G L
2(z) -b
s (e-(%— G {(eE) )W s
2(5) -
0 2 a a\?
12 f<6_<2_ (2) b)s e (2 (2) ‘b>s>f(0 _s,t—s)ds =
2\(z) b
a a\?
2+ (%) -»
P1(6) + o1+ 2 ) P1(8) -
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wlt(t)—% VZ o
,/ / —b

Mucon: Myoauinapo xan KyHe.

(1) = ¢1(t)

Upy U +2Upe Fu=+vVx+t (t>x)

[MapTxou UOTHION Ba KAHOPA UyHUH MEOOIIaH/T;
u(x,0) =u(0,t) =u'(x,0) =u'(0,t) =u(0,0) =0

Xau: MabjiyM acT, KU MyOJWJIad JOJallyaa X0JIaTH Xycycuu myoaunau (2.2.5)
6yma map uH 4o a=0, b=1, f(x,t)=+/x +t Ba WHYyHMH MmapTXoMm HOTHION Ba
KaHopii OapoOapu HON MeOommaHa. A3 0acku Xauld MyOAWIau JOJAIlyaapo MO
XxaHromu (t > x) yycTy4dy Kapjaa ucrtogaeM OuHoOap mH OGapobapum (2.2.16)-po

uctudoaa HamyJ1a XaJIi MyOuiIan ToAAIyAapo Me€oem

u(x,t) = \/—_J ‘(“/‘_1)5 — e‘(+‘/‘_1)5)\/x —s+t—sds =
0

X
elS
=j \/x+t— 2sds
0

bo uctudona a3z popmymnaun Diinep 6apodapupo TabauiI MeIUxeM

X

u(x, t) = fsinsx/x+t—25ds

0

XaMHH TaBp XaJutd Myoiia Mabiym rapaua ( [38]).
2.3. Myoaunau tejerpag

Houp 6a xamnu Mmyonunaum auddepeHcuanuu tenerpad OJUMOHU 3UEN

caxMu XyApo Ty3omtaann, a3 yymia B. A. Mnun, E. 1. Moucees, E. A. Ko3moga,
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M. AOnynkapumoB Ba Faiipaxo MeOomaHz. XaMuHPO OOsin Kaa HaMmynd, Ku
myomuinan auddepencuanuu teierpad 00 MmapTXoW HOTHAOA Ba KaHOPHHU
J0/AIIyAa TO XOJI XIM YMyMH Ba OIIKOPH XYJIpO IMaiijo Hakapaaact. Yu taBpe
Mo memoneMm ([2],[49],[95]) myommnam muddepencuanuu tenerpad Hamymau

3epUHPO TOpPa;:

—+a—+ﬁu=7u+f(t) (2.3.1)

I'y3opumm machana: [aprxoun notrmon u(x,0) = uy(x),u/(x,0) = u,(x) 6yna

Ba 1raptxou kanopi 6omran u(0,t) = @4 (t), u,(0,t) = @, (t) mebomaz,.

Xanromu a = 0, = 0 Oynan myonauinad Ma3Kyp a3 Tapadu OJMMOH JuIa
oapomama mrymaact ([20],[34],[35]) Ba map xomatu a@ = 0, = —q(x,t) Oynau
au3 ([2]) Myoauman Ma3Kyppo OJIMMOH Xaid HaMyaaaHa. bost kaia kapa, Ku aap
xomatu a = 0, f —agaau XakKMKUK MycOat OylaH HU3 XaJUTd MYOJHUIal Ma3Kyp a3
tapadu oauMoH auaa Gapomana mrymaact ([34,35,36,44,81,108,109]). Xomo
MO XAl ymMyMuun Mmyoawnau (2.3.1)-po 00 mapTxow HOTHIOW Ba KaHOPHH

noaamryna 0o uctudoaa a3z TaTOMKUA XMCOOU OMEPATCUOHM XAaHTOMU @ — aJaju

2
XaKUKUU MXTHEpU Ba f§ = “T Oynan meéoem. Tabaunotu Jlammac-Kapconpo

TaTOMK Hamyaa myommnan (2.3.1) —po Xan MekyHeM. XaMHUHpPO Tanald KapjaH
3apyp acTt, KM Xap fgke a3 uH  (¢yHKCHAXo  Oedocmnma  Ba
nuddepencuponuganaBania Hucoar 6a xapay Tarupédbanma OolIana Ba MHYYHUH
mraptxon tabaumoru Jlammac-po xanoat kyHaua ([17],[39],[40],[63]). Ilem a3

XaJUTH Machajia TaCBUPH Xocuaan (GyHKcHs Ba pyHKcusxopo meopeM ([20])
u(x, 0) = uO(x) - Uo(p),U(O, t) = @1 (t) - ch (q)i

U ,(0,t) = @, (t) > P,(q), ui(x,0) = uy (x) - Uy (p),
u(x, t) 3U[P, q),f() - F(q)
d0%u ) 0%u )
Pl [U(p,q) — ©1(q)] — pP2(q); Froaak [U(,q) — Us()] — qU,(p);
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ou
T qlU(p,q) — Uy (p)]

aKHYH Xap SIKe a3 MH TaCBUPXOpo 0a myowmian (2.3.1) ry3omra XoCHI MEKyHEM

1
q*[U(p,q) — Up()] — qU;:(p) + aq[U(p,q) — Up(p)] + = a*U(p,q)

4
=p?U(p,q) — P1(q)] —pP,(q) + F(q)

1
q*U(p, q) — q*Us(p) — qU1(p) + aqU(p, q) — aqUy(p) + ZaZU(p, q)
=p*U(p,q) — p*®1(q) — pP,(q) + F(q)
1
(qz +aq + Zaz - pz) U(p,q)
= (q* + aq)Uy(p) + qU;(p) — p*®1(q) — pP2(q) + F(q)

(q* + aq)Uy(p) + qUy(p) — p*@1(q) — pP2(q) + F(q)
a 2
(a+32) -»°

Ulp,q) = (2.3.2)

MabiyM act, Ku Jap XoJlaTu p; = q +% , Py = — (q +%) OynaH Maxpad HOJ

MelIaBaja Ba a3 0acku pemaw AyroM 0a coxau Ha3IMKIIAaBUM MHTerpanu Jlaruiac

TaaJulyK Hajgopaa OuHOOap WH OHpPO pemian OeroHa NIyMOpHIa Jap XO0JaTd

p=q-+ % OyzaH cypar Kail HOJI MEIIaBaj MyaisiH MEKyHEM
a a a2
(a2 + aq)U, (q + 5) +qUy (q + 5) —(q+ 5) P, (q)

_(Q+%)®2(Q)+F(Q) =0

U (a+5) +(qz—%)ul (a+35) - (2+5) ®2(@) - @2(@)

(q* + aq)
(a+32)

_|_

g 7
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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

@9 -

2
(T o) e (149~ Yo+ 1)

Ulp,q) =

2 (2.3.4)

a? o,
(a+7) -
AxHyH 0apobapun (2. 3. 4) —po cojia MeKyHEM

(¢4+%) (a% + aq)Us(p)

Dy )

q(q+ )Ul(p) p (q )<D1(q)+(q+ )F(q)+

(1+3)((a+5) =)

—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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o (5 Duw w49 [rlarDew(@+5)-v)

a+7 (¢+%) -p? (q+%)((q+%)2—p2)
N (q+%)—p)F(q) .
@+ (5 ) o

A3 Oacku tabamnotu Jlammac-KapcoHn tacBupu (QyHKCHSH XaKUKud nap (aszou
BaKT MaB4yaOyaapo nap ¢aszou 3yAil HUIIOH Meauxaa OmHoOap wH Oapobapuu
(2.3.5) xaumu ymymuun myonuinau (2.3.1) map ¢aszou 3yan Oyna, dyHKCUSH
TarupE€OaHaanl KOMIUIEKCH Oa mrymMop MepaBaJ Ba (YKCHUSIXOM a3 mHapameTp
Bobacta MmebOoman ([110],[111],[54],[55]). Yu TaBpe Mebunem OGapobapum
(2.3.5) a3 yop yamblaBaHgan KaBCXO HOOpaT acT. A3 Oacku Oapon MO XaJlIH
ymymun myoawnaud (2.3.1) nmap dasom BakT, ku gap uH ¢azo GyHKCUIH
tarupé6anmaamn xakukia ([64,65]) aman MekyHan jgo3uMm act, O6uHOOAp WH 00
uctudoaa a3 TabaunoTu O6abakcu Jlammac-Kapcon 6apou xap sik (pyHKCUAU Iap

KaBCX0 MaBUyA0yaa QYHKCHUSIH XaKUKA 9yCTyqy MEKyHEM

+aq (q +%) Uo(p) — pUo (q +%)

5 (g

mln(x,t) t—S

a
j j §'(t—s—1)uy(x —s +1)e 28 dsdr
o 0

mln(x,t) t—S

a
+a j f S(t—s—1Dug(x—s+ T)e_f(S”) dsdrt;
0o 0

Yu taBpe MO MeoHeM (Oa vaasanu 1.2.2. Hurapen)

min(x,t)

j e M5 f(x —s,t—s)ds 3

0

F(p,q)

_ 2.3.6
p+q+a ( )
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min(x,t) t—s

f f a(t—s—1) f(x—s;7)e S dsdr 3 A(Q)F(p;q)
0 0

qlp+q+ay)’

(2.3.7)

MeOora.

bo épun popmynaxou (2. 3. 6) Ba (2. 3. 7) TacBHpU UHTETPAIH 3EPHHPO MeEOEM

min(x,t) t—s

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

_, Alq) pUi(q+b)—(q+b)Ui(p)

= ; 2.3.8
q+b p? —(q + b)? (2:3.8)
Wuuynun GopMmysian 3epuHpO HU3 6apacchi XOXeM HaMy/I

a a

q (CI + 7) Ui(p) = pU; (0[ + 7)
a’ 2
+ 5 L .
177 (¢+%) —p
min(x,t)
a
pam j e Z'u, (x + t — 2s)ds (2.3.9)

0

BapoGapuxou (2. 3. 8), (2. 3. 9)-po wucrtudoma Hamyma (GYHKCHUIH XAKHUKHH

KaBCH sSIKyMU gap 6apobapuu (2. 3. 5) MaBuyn0yaapo X0CHUiI MEKYHEM

q° +aq (q +%) Uo(p) — pUo (q +%)

T S

—

mln(x,t) t—S

a
f f §'(t—s—1)uy(x —s +1)e 2% dsdr
0o 0

mln(x't) lI—S

(24
+a j j S(t—s—1Duy(x—s+ T)e_f(s”) dsdr;
0 0
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min(x,t)

qa (Q+ )Ul(P) ZPU1(q+2) - j' e_%t-ul(x+t—25)d5
1732 (a+32) -»? °

2)

bo umctudona a3 tarbuxkm Oapobapum (2. 3. 9) dyHKCHSIM XakukKuu 0a

TaCBHUpH Jap KaBCU Ma3Kyp MyBO(MUKOSIHIAPO MEHABUCEM

min(x,t)
qza (q+ )(Ul(p))2 pUlz(q+2) - J e-gt_ul(ﬂt_zg)ds
2 CI+7 —-p 0
) JPl+2) 2@ ((qj%)‘f’) @) e
(a+3)((a+3) -#*) PHaty

CapasBai uogaun gap JOXWIM KaBC MaBuyA0yAapo coia MEKYHEM

p(q+ )ch(O/)(( 2)_7"): p®,(q)

(“7)((“7)2‘1’2) prats

Yu taBpe Mo MenoHeM (Oa vaasanm 1.2.1. Hurapen)

PCD1(CI) “ <P1(t — %)
ptq + 7
mebommarn ([38]).
ay min(x,t) t—s
4) ( Cz: 2) I;) f(q) = J f e 7 h(x — 5) f(r)dsdr
(q+7)<(q+7) ‘P> 0

CapasBai udogan 1ap J0XWIH KaBC MaB4yA0yAapo coa/la MEKyHEM
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H(p)F(q)
(a+7)(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+ap)

(2.3.11)

XamuH TaBp Oapou Xamaum KaBcxou gap OapobGapum (2. 3. 5) maBuyaOyna
(GYHKCHSN XaKMKA MyalssH KapjaeM, akHyH Xa/utd ymyMuu myonunan (2. 3. 1)-po

00 mapTxou UOTHUION Ba KAHOPUHM JTO/IAITY/1a MEHABHUCEM

mln(x,t) t—S

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

mln(x,t) t—S

a
+a j f S(t—s—1Duy(x —s +1)e 20 dsdr +
o 0

min(x,t)

(24
+ j e 2ty (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—1Duy(x —s+1)e 20" dsdr +

00

t
+je 28w (x +t — 2s)ds +
0

t—s

+ || eZC D hx—s) Fo)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. Il. map monorpadusu xyn ([6], cax. 43-44 ) Tabpudu TadbauIoTH

Jlartacu pyHKCHSIU yMyMUKap1apo OBapAaaH:

“Tabmunorn Jlammacu QyHkcusan ymymukappamypaun 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 Ly, xampoxmynaa act, ¢ason

(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 .
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Tabaunoru Jlarnacu pyHkcusu ymymukapaamyaau f € D'(R™) 6a Bocutau

dbopmynan
LIf] = (F(D,e ) p € 1

MyaiisiH Kapia MemaBai. Tapadu poctu GopMmylau OXHPUH MAbHO JI0pPaj, 3€po

e Pt e La,b6ap01/1 p E .Qf JYPYCT acT.

burzop f(t) —byHKCHAU JOKAIMU WHTEIPOHHUAAIIaBaHIa MeOOIIaa Ba aap
sk BakT f(t)-e Pt € L;(R™) Oapou xamau Rep a3coxau KyHIOAM 3epMayMyH
N(R™) . On rox f(t) dyHKCHSIM yMyMHKapAaNIy aMu peryispupo a3 L', , xocun
MeKyHaJ, Ku TabaunoTu Jlamimacu oH 60 uHTErpayt ojai 6apou Rep € () 6apobdap

meOoman.”

Tabpudu nomamymaapo ™Mo jgap pucoiia ©60a (QYHKCUSXOU CHUHTYJISIPUU

yMmyMmuKapaarryaau Xesucaia h(t) Ba Jlupak 8 (t) TarOUK HaMyaeM.
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BOBHU 3. MYOJUJIAXOU UHTEI'PO-IM®PEPEHCHUAJINA
3.1. Myoaunaxou unrterpo-auddeperncuain 60 XoCHJIaX0U 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 MaBYyJdaH],
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

mebomana Ba xokaso ( [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 meooutao.

XaMUHpPO Kain KapmaH 3apyp actT, ku k(t,T) —sapou MyoausIad HHTETPaH
Homua memasan ([117],[73],[89]). dap xonaru f(x,t) = 0 — Oyman Mmyoauiau

(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 medoouao.

Hap xaér 603 xomucaxoe MaBUyJaHA, KM Oapow mapxXu OHXO Ha dakar
Myoaunau auddepeHcuanii Ba Myoausiad UHTETPaIid TI03UM acT, OalKku MyOoJuiae
JO3UM acT, KA XOCHUATXOU MH Ay MahxyMpo naap Oap rupaj Ba UH T'yHa MyOauiia
Myoawian HHTerpo-nuddepencuanii meboman. SAbHe MyoAMSIaXOM HHTErpo-
mubddepencuanii myoauinaxoe mMedomana, Ku QyHKCUSM HOMAbIyM Jap SIK BaKT
XaM J1ap 3€pH aJloMaTH XOCHJIa Ba XaM Jap 3€pU aJlOMAaTH MHTErpajl Kapop I0pal.
Jlap TaxKuK HaMyJaHU MYOJIMJIaXOW MHTETpo-nuddepeHcuanii oTuMOHN 3euée
Kop Ba avomustu wimu Hamymaaus ([44],[60],[61],[118]) a3 yymma M.I'yprum,
B.ITunkun Ba raiipaxo. bopu Haxyct onmumon M.I'yprun Ba B.lIunkun maceanan
rapMury3aponii 00 xouszau oHpo TaXKUK HaMmyJia Jap HaTU4Ya MyOJujIau HHTETPo-
mudepencranii Xocuil KapJaH, Kd X0JI0 MyoJIuiianu Ma3Kyp 0a HOMU UH Iy OJIUM

MalIxyp acr.

Tavpugp 3: Myoounaxoe, Ku @QyHKcUAU HOMABIAYMAWOH a3 0y 64 3Uéoa
mazupéoanoa ubopam 0yoa éa oH (YHKCUAU HOMABLAYM 0ap AK 6AKmM XaAM 0ap
3epu anomamu XOoCuia 6a Xam 0ap 3epu ajiomamu UHmMezpanl Kapop 00pao

Myoounau unmezpo-ougghepencuanii 60 xocunau Xycycit HOMUOa meuiaeao.

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

MeOoIIaH 1, Ki HAMY/IXOH 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 Ou 0%u(x, 1)
F+Waa—+bu fa(t—r)Td +f(x t) (315)

0

3.2. Myoaunau uHterpo-auddepencuaum teaerpadg
3.2.1 Maghxymu acocii

CapaBBajn xaMHUHPO Kaili MEHaMOeM, KU TO XOJI JAap AYHE XaJUTd MyOJuJIau
uHTerpo-muddepeHcuanuu  Teierpad a3 Tapadum OIMMOH auAa Oapomana
Hainyjgaact. bapon xamMuH Mo nap Haznu Xyl Ba3uda ry3omreM, Kd MyoJuJiau
uHterpo-nuddepencuaniuu  Tenerpagppo 00 MmMAPTXOM HOTHAOW Ba KaHOPUU
nonamryna 6o ucrudona a3 ycyaum xucoOu ornepaTcHOH# Xanl HamoeM. Hamynu

YMYMHH MYOJUJIau UHTETPO-TudpepeHcruanuu Tenerpad 4YyHUH acT:

2 2

u 0%u oue
2+@b+n——+wu——— fa@—w gt f@) B3.2.1)

dt 0x

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)
{wmw=é® (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
nuddepencuponuganiaBasia Hucoat 6a xapay Tarupédanma OolIaHa Ba MHYYHUH

mrapTxou Tabauiaotu Jlamiac-po kanoar kynaun. ([78],[63],[93]) Iemr a3 xammu
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Machajga TacBMPH XOCHIIA, HMHTEerpail Ba (QyHkcusxopo meopem ([20],[108])

u(x,0) = up(x) = Ug(p), u(0,t) = @1 (t) — ®1(q),

U (0,t) = @, (t) > Py(q), ui(x,0) = uy(x) > Uy (p),
u(x, t) 3 UM, q),f ()~ F(q)
2 2

3 d
a_xlzl = 2[U(p, @) — ®1(q)] — pP,(q); a_tl; 3 q*[U(p.g) — Us(P)] — qU: (P);

u: 3 q[U(,q) — Upg(p)]

: 0%u(x, 1) 1 ,
[ ot -0 =557 00 2 - A@EAUG,0) - @] PP (@)
0

Xap SKe a3 UH TacBUpXxopo 0a myomwrau (3. 2. 1) ry3omra 6apodapun 3epuHpPO

XOCHJI MEKYHEM

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

1
p*lU(p,q) — 1(q)] — pP,(q) + afl(q){p2 [U(p, @) — P1(q)] — pP,(q)}

+ F(q)

q*U(p,q) — q*Uys(p) — qU;(p) + (2b + 1)qU(p, q) — (2b + 1)qU,(p)
+b*U(p, q)

1 1
= PU@P.4) = p*P1(0) ~ pP2(0) + [ AP, 0) — - A@P*P1 (1))

1
— 5A(q)p<l>z(q) + F(q);

1
(qz +(2b+1)q + b* —p* — aA(q)zﬂ) U(p,q)

1
= (q®+q(2b + 1))Uy(p) + qU,(p) — (1 + EA(q)>p2®1(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) Xamwim yMyMHM MYOJWJIal HHTErpo-
mubdepencuanuu tenerpad O6apoum uxTHUEPHU AApo nAap dazou 3yAi, KA ap UH

(1)2130 (bYHKCI/IHH TaFHpé6aH,uaam KOMIIJIEKCH 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 MeaoneM ( [20] — [23]) TacBupu simpo
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?)

Ulp,q) =

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

q%(q* + (2b + 1)q + b?) — p?(q?> + (2b + 1)q + b?)
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N 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) — (q*> + (2b + 1)q + b*)pP,(q)
(q* + aq + B)(q* — p?)

N q°F(q)
(q* + (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* 4+ (2b + 1)q + b*)p*P4(q) — (¢* + (2b + Daq + b*)pP,(q)
(g% + (2b + 1)q + b?)(q? — p?) i

q°F(q)
(q* + (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 + 1)Uy (p) + ¢°U;1(p) — (¢* + (2b + 1)q + b*)p* P4 (q)
—(q*+ (2b+ g + b*)pP,(q) + ¢°F(q) = 0

q*(q* + 2b + DUy (q) + ¢° U, (@) — (¢* + (2b + 1)q + b*)q* P41 (q)
—(q* + (2b+ 1)q + b*)q®P,(q) + q°F(q) = 0

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

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

Ui(q) — q®1(q)

— Dy(q) + F(q)=0
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q(q* + (2b + 1)q) q°

= U
q%+ (2b + 1)q + b? 0(C’)Jrqz+(2b+1)q+b2

®,(q) Ui(q) +

q*F(q)
g%+ (2b + 1)q + b?

—q®,(q) (3.2.5)

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

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

Ulp,q) =

N —(q* + (2b + 1)q + b*)p*@41(q) + q*F(q)
(g% + (2b + 1)q + b?)(q* — p?)

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

SbHe
@+ Q@b+1q  q*Us(p) —pqUo(q)
U(p'q)_{q2+(2b+1)q+b2. q?% — p? }+
q* UG —pUi@)
q*>+ (2b+ 1)q + b2 q? — p?
(pq — p*)®1(q) (q* — p)F(q)
{ q* — p? } " {(q2 + (2b + 1)q + b?)(q* — pz)} (3.2.6)

buno6ap cababu on, ku Tabaunoru Jlammac-Kapcon tacBupu GyHKCHSIM XaKUKAU
nap (azom BakT MaBuyAOyaapo nap (a3ou 3yAil HUIIOH Meauxaja OuHoOap UH
Oapobapuu (3. 2. 6) xamum ymymun myoxmnau (3. 2. 1) nap daszou 3yzit Oyna,
byHKCUSIH TarupE0aHJaarl KOMILUIEKCH 0a LIyMOP MepaBaj
([56],[19],[112],[114]). Yu taBpe MeOunem Oapobapum (3. 2. 6) a3 uop
yambIlIaBaHan KaBcxo noopat acT. A3 6acku 6apou MO XaJlIl YMyMUU MYO/IHJIan
(3. 2. 1) map da3ou BakT, Ku qap uH (pa3o GpyHKcHIH TarupEéOaH aa XaKuKa aMai

MEKYHaJl JIO3UM acT OmHoOap mH 60 uctudoma a3 TtabmwioTu Oavakcu Jlariac-
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Kapcon Gapom xap sk (yHKCHsSH map KaBcXO MaBuyaOyaa (GyHKCHUSH XaKUKA

qyCTy4y MEKYHEM:

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

min(x,t) t—s

J f 6'(t—s—1)ug(x + 1 —s)dsdr —
0 0

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

0 0

Jap UH 40

MeOora.

capaBBai upo1apo coaa MEKYHEM

q°+@b+1)q  q°Up(@) —pqUo(q) _
q* + (2b + 1)q + b? q* — p?

q*+(2b+1)q  q*Us(p) — pqUo(q)
q?+ (2b+ 1)q + b? q? — p?

__a*+@b+1)q g pUs(q) —qUs(P)
>+ (2b+1)g+b?> p+q p—q
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Taceupu unmezpanu 3epunpo meédem, Ku HamMyoOu YMymMuu OH YYHUH aAchL:

mln(x!t) t—S

f J (6'(t—s—1))ug(x + 1t —s)dsdr —
0

0

min(x,t) ¢t—
’ 1 1 —(b+%+ /b+%)(t—s—r)
f f b+5+ b+Z e ug(x + 7 —s)dsdr +
0 0

min(x,t) t—s

b2
j j—6(t—s—r)u0(x+r—s)dsdr—
J J 24/ b + 0,25

mln(x!t) t_S

j j MS(t —s —T)uyg(x + 7 —s)dsdt +
0

0

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

060 uctudoaa a3z tabawiotu Jlannac —KapcoH TacBUpuU HMHTETpaiud Ma3Kyppo

2

b
1
2 ’b+z

MeébeM, Ku Jap uH yo M = meboman ( [62],[63]).

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 uctudoaa Kkapaa XoCHiI MCKyHEM

X ©o 0 v
quf e Puts)-q(v+s) jja(v—r) fu;t)e™ % dsdt |dudv =
0 0 0 0
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X 00 e}
quf 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 )

v

o o
b2
qu_[ e bu—qv j—(?(v— t)uo(u +T)d1' dudvj e~ +Ds g _

00 24b + 0,25 )

v

X 00 o
N; b?
P‘ij e ~PU—qV Jl—e_Nl(V—T) uo(u + 7)dt dudvj e~ 0+Ds gg —

00 2+/b + 0,25 )

X ©o v [0 0]
—pu-qv Lbzg — dt | dud —(+a)s g
pq e (v —1tuy(u+ 1)dr |dudv | e s+
00 0 0

v [e¢]

X ©o

0,5N,, b

quf e PU-av j—e‘NZ(”‘T)u (u+1)dr dudvf e~Pra)s ds =
J ) Jb+0.25 ’

0

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

(6a yagsamm 1.2.1. Ba 1.2.2. Hurapen)

v

1
f a(v =) £ D) 3 ZA@F (b,

0

MeOomIaa, OMHOOap UH XOCHJI MEKYHEM
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1
q

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

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

_I__.—.(q_ —_
\/ 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 — +
q 2./b+ 0,25 \ q+b+1— b+%/ p—q pTq

2

_pUo(@) —qUo(@) ( qb®
p? — q2 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

2
min(x,t) t—
o 1 1 —<b+%— b+%>(t—5—f)
+M j f 45— [b4gle V0 up(x +7 —s)dsde
0 0
_)q3+(2b+1)q2_on(CI)—CIU0(p). M_b—2
+b)2 + Sk
(q+b)+q P —4q 2 [p+x

4
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5 q* qU,(p) —pUs(9)) _
g%+ (2b + 1)q + b? q? — p? -

min(x,t) t—s

J J S(t—s—1t)u(x +7—5s)dsdt +
0o 0

2

<b+1— _) min(x,t) t—s
2 \] (t 5-7)

J f u,(x +7—s)dsdr —

<b+1+ > min(x,t) t—s
2 \J b++ (tsr)
J j u,(x +1t—s)dsdr
2 ’b+—

CapasBai udogaun 1ap JOXWIH KaBC MaBuyAOyAapo coia MEKYHEM

q qU,(p) — pU,(q)
q®>+ (2b + 1)q + b? q? — p?
_ q ~q  pUi(q) —qUs(p)
q*+ (2b+1)g+b? p+q p—q

Taceupu unmezpanu 3epunpo meédem, Ku HaMyoOu YMyMuyu OH YYHUH ACHL:

mln(x,t) t_S

f j 6(t—s—1t)uy(x +1—5)dsdr +
0

2

<b+1 / ) min(x,t) t—s
2 b+—— (t S—T)
f f Ug(x + 7 —s)dsdr —
21/
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2
<b+1+ / ) min(x,t) t—g
2 b+ + (t S—T)
f J Uy(x + 7 —s)dsdr
2/

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

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

quj e Puts)-q(v+s) jja(v—r) fu;1)e M5 dsdt |dudv =
0 0

o oo oo
quj e PU-qv fa(v—r)f(u; T)dT dudvj e~ (Pratans go —
0 0 0

oursop a; = 0 6oman

o« ©o [00]
qufe pu-qu j6(v—r)u0(u+r)dr dudvj e~ P+a)s g +
00 0

® v _
- b+1—./b+1)( —7)
pQJj e pu—qv JMle < 2 z |7 uo(u+1-)d‘[ dudvf e~ +a)s g
00 )

pq e_(p'l'q)s ds —

O\R

o 1, [ .1

—| b+5+_|b+5 |(v—T)
fe pu-qv j ,e < 2 4) uy(u + t)dr |dudv
0

0\8
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2
1— 1
<b+5+ fb+z)

2 /b+l
4

Ywu taBpe MO MezoHeM (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

XaMI/IH TaBp TaCBUPU UHTCI'PAJIM MAa3Kyp MabJIyM IIyA, KU OH YYHUH acCT:

mll’l(x,t) t—S

f f 6(t—s—1uy(x+ 17— s)dsdt +
0

0
93



2

<b+1 / ) min(x,t) t—g
2 f f +—— (t S—T)

2
<b+1+ / ) min(x,t) t—s
b+ + (t S—T)
f J Uy(x + 7 —s)dsdr
2 b+ 1

ug(x + 7 —s)dsdt —

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)

CapaBBaJ'I I/I(i)O,Z[aI/I Aap JOXHIIN KaBC ManyzL6yz[ap0 cogaa MCKYHCM

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

Yu TaBpe 6ap Mo mawirym act ( [20],[38])

PCD1(CI)
p+q

@1(t —x)

MeOoI1Ia.

—
«—

A { (¢* — p)F(q) }
(g% + (2b + g + b?)(q* — p?)

min(x,t) t—s
1 b+it b+1> t—s—
j f b+ + /b+Z e< NPT o~ 9 F () dsde
/b+—
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min(x,t) t—s
—1 1 1 —bl—/blct— )
B f j bts— /b+— e (b3 o3 h(x — s) f(2)dsdr
, 1 2 4
2 b+Z 0 0

bapou tacBupu pyHkcusiu gap kaBcu (4) MaBqya0yaa GyHKCUAU XAKUKH 4yCTydy
MEKyHEM

(¢* —P9F(@) _ qF (q)
(q?+ (2b+ 1)q + b*)(q* —p?) (q*+ 2b+1)q+b?)(p+q)

q H(p)F(q)
q>+@2b+1)g+b* p+q

Taceupu unmezpanxou 3epunpo meédem, Ku Hamyou yMymMuu OHX0 YYHUH ACHL:

-1
min(x,t) t—s/l 1\ 2 1
5b% (b + = b+—\ _bl_/bl(t__)
f j | 2 ( 4) — 2 e <+2 +4) ’ Th(x—s)f(r)dsdr
b b +

+m7(x,t)tj—s /b+ +\/:\ btg+ b+ (t S T)h(x—s)f(f)deT
AN

Uu TtaBpe ™MeOuHeM Oapou ¢EdTaHM TacBUPU  HMHTETPAIXO Ba (PYHKCHUSIXO

TabaunoTxon HHTErpoHM wuctudomamasanga mebomanm ([1],[21],[22]). bo

uctudona a3z tTabaunoru Jlamnac —Kapcon TacBupu uHTErpasu Ma3kyppo MeéoeM

min(x,t) t—s

fe‘px at f f K, e <b+__‘/;>(t o T)h(x—s) f(t)dsdt |dxdt +
0

min(x,t) t—s

quxjme —px-qt f f K,e <b+ +J;)(t_ T hx — $)f (1) dsdr | dxdt =

pPq

0\2
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+b? — 2b+1
Hapunvo K, = — + MeboIa.

1 1— 1 1
2 /b+z<b+5+ /b+z) 2 b+

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

1

1
~(b+i- [p+3)w-<
pq K, e (be3-Jor)o 'hWF (@) dsdr | dudv +

O\R

j o~ Puts)—q(w+s)
0

=
L)
O\g
O\Q

cr b+ >+ )(v—
e ~P(u+s)=q(v+s) ffKZe h(u)f(r) dsdt |dudv =
00

X ©o v (0]
~(b+1- [p+1)w-o)
qu f e “PU—qV JKle < 2 4) o h(u)f(t)dr dudvf e~ P+Os gs 4
00 0

0
Fr —<b+1+ /b+1>(v—r) r

quje pu-quv sze 2 * h(uw)f(t)dt dudvj e~ (PFOs g =
00 0

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

v

1
f a(v =) f1)dr = ZA@F ()

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+7— b+Z

2b+1 q Hp)F(q)

/
\*/:<b+ +\/:> \/:/ q+b+;+ pel PHO

7



B / b2 2b +1 H(p)F(q) 1

_I_
+
2b+%<b+% b+ ) /b+/q+b+ /b+1p !

+/ —b? N 2b+1\ H(p)F(q) 1
1 1, [ .1 [ 1 1 p+q
kz b+Z<b+7+ b+Z> 2 b+1) q+b+7+ b+Z
q H(p)F(q)

(@+b)?*+q p+gq
XAaMUH TaBp TaCBUPHU UHTErPAIA Ma3Kyp MabJIyM Iy, KU OH UyHHUH acCT:

min(x,t) t—s

j j K1 1>(t_ ) )h(x —s) f(r)dsdt +

min(x,t) t—s

f j K,e <b+ +\/;>(t o T)h(x —s)f(r)dsdt 3

q H(p)F(q) +b? _2b+1
@+b)?+q p+q Koz = 1 1 T 1
\ 2 b+Z(b+2+ b+4> 2 b+Z/
Jap UH 40
b? 2b+1
K= 1/ 1 1\ 1
2 b+Z(b+7+ b+Z> b+7
Ba
—b? 2b+1
K2=



MeOoIa.
XamuH TaBp Oapom Xamaum KaBcxow map OapoOapum (3. 2. 6) maB4yynOyna
(GYHKCHSH XaKMKH MyaisH KapaeMm, akHyH Xaud ymymud myoamiau (3. 2. 1)-po

6apou siapou a(t) = b%t + 2b + 1 meHaBucem

mln(x!t) t—S

u(x;t) = f f(5’(t—s—T))uo(x+r—s)dsdr—
0

0

min(x,t) t—s 1 1\
2 j f (b T+ Q/b + 4/ e—<b+%+ /b+%)(t—s—r)
0

ug(x + 7 —s)dsdr +

. 24/b+ 0,25

(U

2 b+Z

min(x,t) t—s 1
2 j j‘ /b + 2= «’b + Z\ —(b+%— /b+%)(t—s—‘r)
0 0 \

- /e ug(x + 7t —s)dsdr +

min(x,t) t—s

f j b(t—s—1tu(x+1t—s)dsdt + o,(t —x) +

2
<b+1— ’ > min(x,t) t—s
2 J j +—— (t s—1T)
2 /b+—

2
<b+1+ ’ 1) min(x,t) t—s
f f b+ + (t s—T)
21/

min(x,t) t—s 1 (

(e

u,(x+1t—s)dsdr —

u,(x+1v—>5s)dsdr —

1 1
—(b+5- b+

E)(t_s_r)h(x —s) f(r)dsdt +
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min(x,t) t—s b+ + /b+ \ b+ N b+ (t— .
j j < F / h(x —s)f(r)dsdt (3.2.7)
b+

XaMuH TaBp Xauld ymymuu myoamnau (3. 2. 1)-po XaHromu sapo (GpyHKCHSH
XaTTi OyJnaH MyalsiH HaMyJieM Ba X010 6apobapuu (3. 2. 7)-po mapx MeIuxem

Xanau myoounapo xanzomu X > t Oyoan menasucem

u(x;t)=JJ (6'(t—s—1))ug(x + 1t —s)dsdr —
00

tt—s/b+ ( 1 1)
\/ -\ b+5+ /b+— (t—s-1)

sz e 2 4 Sruo(x+r—s)dsdr+
0

j \ Jb+0,25
0

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

O\H’
S =T
(%)
®
/N
ey
+
NID—‘
%‘
+
B[ =
N————
o)
~
I
(95}
p‘
N/
g
=
N\
=
+
LX)
[
(9]
\—/
ol
(7))
QL
ﬂ
[

1
2 b+Z
2
<b+%+ b-l-%) tt—s < 1F>
—( b+5+ |b+3 |(t—s-1)
ff e 2 4 Srul(x+r—s)dsdt—
2 b+% 00
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tt—s
1 1 1 —b+l—/b+1 (t-s—7)
—JJ b+s- /b+Z e< 2 4> " h(x — 5) f(2)dsdT +
00

2 b+

. ff b+ + /b+% e <b+ +\/;>( )h(x—S)f(T)dsdT
2/b+% 0

Xanau myoounapo xanzomu x < t Oyoan menasucem

|

xt—s

u(x;t)=jj (6'(t—s—1))ug(x + 1t —s)dsdr —
0 0

1

Xt‘s/b+ + |b+7 ( 1, 1)
—| b+5+_ |b+3 |(t—s—T)
szj 4 e 2 4 Sruo(x+r—s)dsdr+
00

b+ 0,25

“‘S/b+1— b+ \ L [y
~(b+3- |p+3)(t-s-7)
szf\ 2 e<+2 +4) Sruo(x+r—s)dsdr+
00 2/b+— /

t—s

fj b(t—s—tu(x+1t—s)dsdt + o,(t —x) +
00

<b+1 b+—> min(x,t) t—s
2 \l (t )
f j u;(x + v —s)dsdr —
’b+—

3

N

e u,(x+1t—s)dsdr —

2
1 1
= = t—
<b+2+ b+4> .[X.[s b++ (ts-c)
0 0
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Xt-s
1 1 1 —b+l—/b+1 (t-s—7)
—jj b+s— [b+sg e< 2 4) " h(x — 5) f(2)dsdT +
1 \/
-0 0

X t—s

1 1 1\ —(p+i+ /b+1 t—s—

—ff b+—-+ ’b+— e< z 4>( ’ T)h(x—s)f(r)dsdr
, 1 2 4

2 b+ZO 0

3.2.3 Xanau ymymuu myoounau unmezpo-oudghepencuanuu menezpagh éapou

aopou a(t) = (1 — bt)e ™t

XaMHH TaBp Xautd yMymun Myozuiau (3. 2. 1)-po 0o mapTxou uOTHION Ba

t

KaHOpuH nofamyna Oapou sapon a(t) = (1 — bt)e ' munma mebapoeM Ba um

TaBpe aéH acT aapo GyHKcusu skrarupébanma medoman ([65],[103]). Uu rynae,

2
ki Mo MeoneM ([20], [21]) TacBupu ssapo A(q) = (qub) mebormaa. XaMuH TaBp

TacBHpH sapopo 0a 6apodapuu (3. 2. 3) Ty301ITa XOCHIT MEKYHEM

(@@ + @b+ 1)U (p) + qU,(p)
Up,q) = 2 2 2 q 2
q +(2b+1)q+b —p _(q‘l‘—b)zp

- (1 + (qf—b)z> p*®1(q) - (1 + (qf—b)z) p®,(q) + F(q)

2 2 _ 2 _ q 2
g+ (2b+1)g+b p (q+b)2p

(q +b)*(q* + (2b + @)Uy (p) + q(q + b)*U;(p)
((q + b)?+ q)((q + b)? — p?)

—((q +b)* + @p*®1(q) — ((q + b)* + QpP,(q)
((q +b)*+q)((q + b)*> —p?)

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

SvHe
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(q +b)*(q* + (2b+ Dq)Uy(p) + q(q + b)ZUl(p)
((q + b)* +q)((q + b)? —p?)

Ulp,q) =

—((q + b)*> + p*®1(q) — ((q + b)* + q)pCDz(q)
((q +b)?+ q)((q + b)? — p?)

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

(3.2.8)

MfCIIaBan.

Masiym act, ku gap xonata p = +(q + b) Oyman maxpay HOJI MellIaBaj Ba
a3 Oackup = —(q + b) Oa coxan Ha3AUKIIABMM HHTErpaad Jlamiac Taammyk
Hagopan ([63]) 6uHOOap WMH OHpPO pemian OeroHa MENIYMOPEM Ba Jap XOJaTH

p = q + b OynaH cypar Kail HOJ MelllaBaJl MyalsiH MEKYHEM

(q +b)*(q* + (2b + Dq)Uys(q + b) + q(q + b)*U1(q + b)
—((g+b)*+q)(q+b)*P1(q) — ((q+b)*+ q)(q + b)P,(q) +

(q+Db)*F(q) =0

(q +b)*(q* + (2b + )q)Uy(q + b) + q(q + b)*U;(q + b)
—((q+ D)+ q)(q+b)*D.(q) — ((q+b)*+ q)(qg + b)D,(q)
+(q+b)*F(q) =0

+b)2(q%2+ (2b + 1 + b)?
(q«q : b()q ¥ q(><q ¥ b))Q) Uola+ D)+ 05 Z§§’+ q>)<q D)
@b+
((@ +b)*+q)(q+Db)
(q + b)?
((q +b)*+q)(q+Db)

Ui(q + b)

(q + b)*P1(q) — P,(q)

F(q) =0

(q+Db)(g*+ (2b+ 1)q) q(q + b)
CED AT SRR CEY O T

(q +b)

((q +b)*+q)
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Bbapobapuu (3. 2. 9)-po 6a (3. 2. 8) ry3oira XOCHI MEKyHEM

_ (g +b)*(q* + @b+ Dq)Up(p) +q(q + b)*U(p) N
((q + b)*> +q)((q + b)?> —p?)

U(p, q)

—((@+b)* + Op*®1(q) + (q + b)*F(q)
((q +b)? +q)((q + b)? = p?)

2 (@ +b)(@*+ 2b+1)QUy(g+b) , (gq+b)F(q)
(Ca-+ 7+ 0w (CEDEDN +<<q+b>2+q>>+

((q + b)*> + q)((q + b)*> — p?)

q(q + b)U,(q + b)
((q+b)* + q)p< (@+br+qp @+ b)cbl(q))
((q +b)?+q)((q + b)? —p?)

AbHE

_ (g +b)*(q* + @b + Dg)Up(p) + q(q + b)*U(p)
((q + b)?+ q)((q + b)? — p?)

U, q)

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

_p((q+b)(@* + (2b +1)q)U(q +b) + (¢ + b)F(q) )
((q +b)? +q)((q + b)? — p?)

+p(q(q +b)U;(q +b) — (g +b)((q + b)* + )P, ()
((q +b)*>+q)((q +b)*> —p?)

MeraBaj. XaMuH TaBp Xajapo 00 TapTHOU MyalisiH MEHaBHCEM

U, q) = (g +b)(g* + b+ 1)q) (q+b)Us(p) —pUs(q + b)
P (q+b)+q (q + b)% — p?

+{ q(q +b) _(q+b)U1(p)—pU1(q+b)}+{ prl(q)}
(@+b)2+q (q +b)* —p? p+q+b
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+{( q+b Fa) } (3.2.10)

q+b)2+q.p+q+b

bapou xap sxe a3 kadcxoum map Oapobapuu (3. 2. 10) maByynOyaa nmap

anoxuaaard GyHKCUSH XaKMKHA 4yCTy4y MEKyHEM

—
—

. {(q +b)(q* + (2b + Dq) (q + b)Up(p) — pUo(q + b)}
' (q+b)*+q (q +b)? —p?

mln(x!t) t_S

j f (8'(t—s—1)+2b5(t —s — 1)) up(x — s + 1)e P+ dsdr +
o 0

mln(x’t) t_S

b2
J (e—ll(t—s—‘r) _ e—lz(t—s—‘r)) uo(x — s+ T)e—b(s+‘r) dsdt

— |
2 b+Z 0 0

Hapur4yo l,, = b + % + /b + i meOoran.

bapou €pranu ¢yHkcuan xakuu 0a TacBUp KaBCH KyM MYBO(HKOyJIa TacBHpHU

MHTErpaid 3€pUHPO MeE€OeM, KU HaMyAH YMYMHUHU OH YyHHUH acT:

mln(x,t) t_S

f j a(t—s—1) f(x —s;1)e M dsdr
o 0

60 uctudona a3z tabmunoru Jlarumac —Kapcon TacBupM HHTErpanu Ma3Kyppo

MeéoeM

mln(x,t) t—S

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

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

o ©0
quj e Puts)-q(v+s) f fa(v—r) f(u;t)e” %S dsdt |dudv =
0 0 0 0

X ©o v [0¢]
pq fj e PUTqv Ja(v —Duy(u+1)e bdr dudvf e~ (Pra+al)s gg —
0 0 0 0

Ywu taBpe MO MezoHeM (0a yaaBaau 1.2.2. HATapen)

v

j a(v — 1) ug(u +1)e P%dr 3 %A(q) :
0

q  pUp(q+b)—(q+b)Uy(p)
q+b p—(q+b)

meborman, OMHOOap MH XaHTOMU A = b OyJaH XOCHI MEKyHEM

e—(p+q+b)s 0

1
0)= AR

1
aA(Q)F(P» q) - (—m

Hap xonatu

a() = 8'(6) + 2b8(8) + o <e_<b+§' i) _ e'(b+5+m>t>
2.b r:

Oynan 6apobapuu Ma3Kyp HaMyJId 3€PUHPO METUPAT

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

1 0? +2bq + qb? pUo(q +b) — (g +b)Us(P) _
q+b 1\2 7\ p? — (q + b)?
(¢+b+3) —(/b+z>

b* ) .PUo(q +b) — (g +b)Us(p) _
(q+b)*+q p?—(q +Db)?

q
——(g+2b+
q+b <q
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q (q+b)*(q+2b+1) pUp(q+b)—(q+Db)Us(p) _
g+b  (@+b)?+q p? —(q + b)? -

(q+b)(q* + (2b+ 1)q) pUo(q +b) — (g + b)Us(p)
(@ +b)*+q p?—(q +b)?

XAaMUH TaBp TaCBUPU UHTEIPAIA Ma3Kyp MabJIyM 11y, KU OH UyHHUH acCT:

(q+b)(g* +(2b+1q) pUs(q+b)—(qg+bUs(p) _
(g +b)?+q p? —(q +b)? -

min(x,t) t—s

j j (8'(t —s—1)+2b6(t —s — 1)) up(x — s + 1) PC+D dsdr +
o 0

min(x,t) t—s

2
b j (e—ll(t—s—r) _ e—lz(t—s—r)) uo(x — s+ T)e—b(s+‘r) dsdt

— |
2 b+Z 0 0
Jap UH 90 l1,2=b+§¢ /b+%Me60man.

XaMuH TaBp 0a MOHAHIM KaBCU SKYM 0apou KaBCH JYIOM HU3 (YHKCHUSIM XaKUKU

qyCTYy4y MEKYHEM.

—
—

2{ q(q +b) _(q+b)U1(p)—pU1(q+b)}
(@+Db)+q (q + b)? —p?

mln(x,t) t—S

b f j S(t—s—1)u(x —s +1)e 6*0 dsdr —

0

0
min(x,t) t—s / 2h " 1\ ) \/1—
+ —<b+—+ —+b)(t—s—‘r)
j j +§ e 2 N4 u (x — s + 1)e PG+ dsdr +
0 0

)
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min(x,t) t—s

2b+1 1 —<b+l— /1+b)(t— -7)
f f ——="3 ] 2 N4 o U (x — s + 1)e P60 dsdr
oforld

3 { p®P;(q)

: m} e P (t —x)

DyHKCHUSM XaKUKUM Jlap KaBCHM Ma3Kyp MaBuy[0yna ajakaili 0ap MO MabliyM

mebomaz. ([37],[38])

4 q+b  Flg) | _
\(g+b)2+q p+q+b <

mln(x t) t— 5

T F/

mln(xt)
[ 1, (osgefrd)esn| \
\f \2 \/:/ /e bS h(x — s) f(r)dsdr/

bapou ébrann QyHkcusiv xakuu 06a TaCBUP KaBCH YOPYM MYBO(HKOYJa TacBHpHU

1
b — — —G—
b )ees V. ehs . h(x — ) f(r)dsdr +

WHTETPaiu 3epUHPO MeEOeM, K HaMyIl YMyMHUHU OH YyHHUH acT:

mln(x!t) t—S

j j e u(t=s=1) 4 |} e=l(t=s=T) 1 o=bS. h(x — 5) f(7)dsdr

0

=

— _—/ 1 ro 1 1
napun4o ly, = b +2 + |b +4Ba li, = . +4\/IE MmeOormai.
4

bo uctudoma a3 tabmunoru Jlammac —KapcoH TacBupu WHTETrpail Ma3Kyppo

MeéoeM
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min(x,t) t—s

X ©o
pq fj e PX—qt J J [je u(t=s=D) . o=bs . p(x — 5) f(v)dsdr |dxdt +
00 o 0

min(x,t) t—s

e~PX—qt J f lée—lz(t‘s‘f) e h(x —5) f(1)dsdr |dxdt =

0 0

«
PCIJ
0

TY30pUIIN X — S = U; t — S = v —po uctudojia Kapja XoCuiI MEKYHEM

x ©o
quje—p(u+s)—q(v+s)
00

X ©o
qu j e—p(u+s)—q(v+s)
00

o ©o v
- b+1—w/b+1)( —7)
PCIjje—pu—qv jlie ( 2 7w Tf(T)dT h(u)dudvj e~ (@+a+b)s go 4
00

0 0

v
J lie u =D . e=bs . h(y) f(r)dsdr |dudv +
0

v
f e =D . o=bs. h(v) f(r)dsdr |dudv =
0

[00]

X ©o 1%
qu j e ~PU=aqv jlge‘lz(”‘f)f(r)dr h(u)dudvf e~(Pratans g =
0 0 0

0

(00] (00 v o0

pj e P* h(u)du qf e~ | | e @D f(r)dr |dv f e~(P+a+b)s gg 4
0 0 0 0
(e 0] (0] v [0 0]

pf e P% h(u)du qf e” v flge'IZ(”'T)f(T)dT dv je'(’”q*b)s ds =
0 0 0 0

Yu taBpe Mo MeoHeM (Oa vaasanu 1.2.2. Hurapen)

v

1
f (v = Df, (5,1 2 ZA0) - Fap,)
0
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MeOoriaa, OMHOOap MH XOCHII MEKyHEM

_H®) / liq lyq \ F(q)

+ =
1 / 1 1, | 1/p+q+b
\q+b+7— b+Z q+b+7+ b+Z

/ 0,59 1 q 0,59 1 q \ H(p)F(q)

—_ . _l_ + . =
q+1 1 9+l q+1, 1 g+l [qlp+q+Db)
4 |b+7 4 |b+7

1\ 1

a(a+b+3)-29  HWF@) __alg+b)  H@®F(@) _

1\2 7\> dp+q+b) (q+b)*+q qlp+q+Db)
(¢+b+3) —( b+Z)

q+b  HPF@ _  q+b  Fl@
(q+b)?+q qlp+q+b) (q+b)*+q q(p+q+b)

XaMHH TaBp TaCBUPHU MHTETPaAIN Ma3Kyp MabJIyM HIy/I.

mln(x’t) t—S

1 1 (b+2= [p+L)e=s-
f f S——— e (b43-Jori )= D embs . h(x — 5) f(1)dsdr +
0 0 4/b+%

mln(x!t) t—S

1 1 —(b+1+ [p+1)E-s-1)
j j S ——|e A =S h(x — ) f(v)dsdt
0 0 4/b+%

., gq+tb H(p)F(q) (3.2.11)

T (@+b)*+q qlp+q+h)

1

nap uH 9o 1y , =b+-F /b+lBal1’2 =
2 * 4 |b+-

F

MmeOormai.

N R

KN
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Jap Gapobapun (3. 2. 11) H(p) tacBupu ¢yHkcusn XeBucaiin mMeOoImaz, Ki OH

yyHuH MabHO gopan: ([16], [63])

1, t=0

HPp) > h©) ={y (2o & MO =1>H@) t>0

XamuH TaBp Oapou xamau KaBcxoH jgap O6apoOapuu (3. 2. 10) maBuynOyna
byHKCcHsAN XaKuUKU €PTeM akHyH Xaum ymymuu myoawnawm (3. 2. 1)-po Gapou
aapon a(t) = (1 —bt)e P 6o maprxom uOTHHOA Ba KAHOPHH JOJAIIyIA

MCHAaBUCEM

u(x,t) = e @, (t —x) +

mln(x!t) t_S

f j S(t—s—1u(x —s+1)e 6 dsdr +
0

mln(x!t) t_S

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

min(x,t) t—s
b? —<1— fb+l)(t—s—‘r)
— j j e \? * e btyg(x — s + 1) dsdt —

’ 1
2b+ZO 0

min(x,t) t—s
b? —(1+ /b+l>(t—s—r)
— f f e \? 4 e Pt ys(x — s+ 1) dsdt —
b + % 0 0

min(x,t) t—s

2b+1 \ <b++/1 )a 5=1)
e ‘ u (x — s+ 1)e PG+ dsdr +

CE
R
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min(x,t) t—s

2b+1 1 —<b+l— /1+b)(t— -7)
f f ——=5|¢ 2 N4 o u (x — s + 1)e PG+ dsdr +

’ 1
4 b+4
1

min(x,t) t—s
<b+——
e

1 1 - Ib+L)t-s-

f f S 2 4>( ey e b h(x —s) f(r)dsdt +
2 1

0 0 4 |b

7

2 / mln(xt)t -5
b t T
j J ++ ( o e P h(x — s)f(r)dsdr (3.2.12)
/b+—

3uKkp KapaaH 60 MaBpHI acT, Ku Aap Xxouat b = 0 OymaH sSApoXou MyoIuia
00 xam 0apobap memaBanz. SIpHe a(t) = 1 memraBaa. Mogome, Ku SAPOX0 60 XaM
Oapobap mynana nac xaiaxo Hu3 0osip 60 xam OGapoOap OolraHa Ba MHPO HUILIOH

METUXEM.
Hap xomatu b = 0 6ynan 6apobapun (3. 2. 7) 9yHUH HaMy METUPa

mll’l(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 ,
S/0+2+ 0+ \ 0++0+ (tsr)
f j /e Ug(x + 7 —s)dsdr +

\ 0+0,25

min(x,t) t—s 1 1
0+ 1/ 4 —<0+1— f0+1>(t— -7)
f f 2 4 e 2 4 Sruo(x+r—s)dsdr+
1
2]0+7
min(x,t) t—s

f j b(t—s—1tu(x+1t—s)dsdt + o,(t —x) +
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2
<0 + = 1 / _) min(x,t) t—g
2 0+—— (t s—T)
f J u,(x + 7 —s)dsdrt —
2 ’
2

<0+1+ / ) min(x,t) t—s
2 0++ (t s—T)

f J u,(x + 7 —s)dsdr —

mln(x t) t— 1 1
S O+§ \,0"'1\ o+—— 0+ )(t s—T)
h(x —s) f(t)dsdt +

J\m )
\

mln(x t) t—s
/ e
min(x,t) t—s

(
I
f j (8'(t—s—1))up(x — s + 7)dsdr +

0

1
4

1 1
+5+ [0+7

(e

0++ (t $—T)

h(x —s)f(t)dsdt =

AN

210+~

mln(x,t) t—S

@, (t—x)+ f j 6(t—s—1t)u(x —s+1)dsdr +

mln(x,t) t—S

J j e~ =50 . h(x — s) f(r)dsdr —
o 0

min(x,t) t—s

f J e~ =50 .y, (x — s + 1)dsdr (3.2.13)

Hap xonatu b = 0 Oyaan 6apobapuu (3. 2. 12) yyHUH HaMy MeTUpaI

u(x,t) = e ", (t —x) +
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min(x,t) t—s

f J S(t—s—1)u(x —s +1)e 6+ dsdr +

min(x,t) t—s

f f (8'(t—s—1)+2b8(t —s — 1)) up(x —s + 1) e 0C+dsdr +
0

1

1 -
_ i_\/oiq_z)(t S T) ) e_o.t .uo(x — S -|— ’[) deT -

min(x,t) t—s <

02
— | |
20+%0 0

min(x,t) t—s
2 (14 ] 1) e
0 J e <2+ *z) T)-e‘o'tuo(x—s+r) dsdt —

2/0+% OJ 0

min(x,t) t— 5

f f o+l %\ "z (t = U (x — s + 1)e 6+ dsdr +
ot Y
min(x,t) t— s/ \
j j o+l —% e +__ _+ (t ) u (x — s +1)e 06+ dsdr +
\tfort ?)
min(x,t) t—s/ \ t
f f o1 e e ( ., e %5 -h(x —s) f(r)dsdt +
\2 o)
0 0+ Z

’ mm(x t) t—s
f f 0+ + (t . e %S h(x — s)f(t)dsdr
/O + =

min(x,t) t—s
j j (6’(t—s—r))u0(x—s+T)'dsdr+
0 0
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min(x,t) t—s

@1 (t—x) + J f 6(t—s—1t)u(x —s+1)dsdt +
0 0

min(x,t) t—s

+ Oj Of e~ =5 . p(x — s) f(r)dsdt —

mln(x,t) t—S

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

XamMuH TaBp Aap XojaTu Oapobap OyaaHu sApO Xaiaxou Oapobappo HHU3 Mailao

HaMyJIEM.

3.3. Myoaunan unrerpo-auddeperHcuanu 6a Myoauian MaBy

oBapaalmaBaHaAa

bopu Haxyct omumu HAnomms WM. @yuura Myoawsnam  HHTETpPO-

nuddepencuanuu 3epuHpo

u(x,t) = f(x) +Ja(t—r)war

0

= (3.3.1)

1 e
Oapou siapou a(t) = @t“ 1 Taxxkuk mamymaact, ku 6apou MH SIpPO MYOAUIIAU

Ma3Kyp MYOJHWJIaXOU TAPMUTY3apOHI Ba MaBYPO UHTEPIIOJISTCUS MEHAMOS.
(170],171],[117], [118])

['y3opumm macwana: [laptu uétunon

u(x,0) = f(x) (3.3.2)

OyJa Ba 1MIaTXO0W KaHOpi OoIIaHa YyHUHAHI:

{u(O, t) = o(t)

120, 8) = () (3.3.3)
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Yu rynae, ku aap 00yi0 3UKp HaMyJeM Xauid ymyMuu myoaumnau (3. 3. 1) 6apou

A7Ipou

a(t) =

ta—l
Bk 1<a<?2)

a3 Tapadu OJIMMOH MyaiisH Kap/a mygaact. ([117])
Xamm ymymun myoauiau (3. 3. 1)-po Mo 6apou sapoun
a(t) = te Pt
00 uctudoaa a3 TaOMKN Xucoodu oneparcuoni (Tadaunoru Jlamnac-Kapcon) nuna

MeOapoeM. Ycyinu XucoOu omepaTCHOHM Oapou XaJUld Machajiaul MasKyp KyJal
mebomaz. (aur [21],[68]) Yu rynae, ku MeOuneM aap xonatud b = 0 OymaH sapo
0a

a(t) =t

Oapobap memaBaj, KU jgap UH XojaT myonunau (3. 3. 1) Oa myonaunam MaBy
TaOauT Meé€0a Ba MHYYHHH nap xouath a(t) = 1 Oyman Mo ¢yHkcusu Jlambept-

po xocu mekyHeM, ([80],[95],[104]) xu map un xaHrom
te Pt =1

Oyma, wmyomwrtan (3. 3. 1) Oa Myomwiaum TapMury3apoHii Tabmunm meban
([11],[83],[85]). SIbpHe sapom Ma3Kyp Myoawnapo xamM 0Oa MyoOIuIau
rapMUTY3apOHI Ba XxaM 0a MyOJWJIad MaBY WHTEPIOJIATCHUSA MEKyHaa. XO0JI0 MO

bt nap xomatu b —

xamwm ymymun myoaunan (3.3.1) —po 6apou simpou a(t) = te~
NUIXOX afamu Xakukii Ba a(t) = te P® #1 6yman 60 uctndona a3z TaTOMKH
XucoOH onepaTcuoHi auaa MebapoeM. Ilemn a3 xauaM Machajia TACBHPU XOCHIIA,

uHTerpan Ba ¢pynkcusaxopo 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);
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" d%u(x, 1) 1
[ att -5 5200 2~ 4OV B.0) — @) - PO, @)
0

AKHYH Xap sIKe a3 UH TacBUpX0po 6a myoamiau (3. 3. 1) ry3o1ra XoCuia 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(q)

1 , 1 , 1
(1 -2 A@p U@, = F® ~ - A@)P*0(q) ~ - A@PC(@)

AbHE
1 5 1
F(p) — aA(q)p ®(q) — aA(q)pC(q)
Up,q) = T (3.3.4)
1- afl(q)zo2
MeuiaBai.

bapo6apuu (3. 3. 4) xannu ymymun myoawnan (3. 3. 1) nap dasou 3ynin meborman,
K1 Aap WH (a3o QyHKCUAM Tarup€OaHmaall KOMIUIEKCHM aMall MeKyHala. XaJliu

YMyMUH MyOAMIapo aap ¢asou BakT 6apou sapou a(t) = te Pt nuna mebapoem.

q

Un TaBpe MO MeIOHEM TacBHpH snpo uyHuH act: a(t) - A(q) = ZISE

(uur [20],[21]). TacBupu sapopo 6a Oapobapuu (3. 3. 4) rysomTa XOCHI

MEKyHEM

1 ¢ 2 1 ¢
F(p) —=+——"55r°®q) —=7——"753prC(q)
U(p,q) = q(q+b) — q(q+b) _

1 .2
L= aG@+n?
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(q + b)*F(p) — p*®(q) — pC(q)
(q + b)? —p?

AbHE

_ (g +b)*F(p) —p*®(q) — pC(q)
Ulp,q) = @t D)—p? (3.3.5)

meboman. Uu taBpe aéH act gap xojatd p = +(q + b) Oyman maxpaq 6a HOJ
0apobap memaBas Ba a3 6acku p = —(q + b) 6a coxan Ha3AWKIIABUH WHTETPAIH
Jlammnac Taamtyk Hagopan ([63],[6 — M], [106]) OuHOOap MH MO OHpPO pemiau
OeroHa MelIrymMoOpeM Ba XaHTOMU p = q + b Oynan cypaT kait 6a Hoin Gapobap

MellIaBa MyaiisiH XOXeM KapJl
(@+Db)°F(q+b)-(q+b)?®(q) —(q+b)C(q) =0
(q+b)*F(q+b)-(q+b)°®(q) =(q+b)C(q)
(g +b)F(q+b)-(q+b)P(q) =C(q)
C(q) =(q+b)F(q+b)-(qg+b)P(q) (3.3.6)
11ap HH 40

C
®(q)=F(q+b) —q(qu

meboman. bo uctudoma a3 taromkum Yaasaam 1.2.2. dyukcusu u(0;t) =
¢ (t) —po MyaiisiH MEKyHEM

t

u(0;t) = @(t) = J(6(t —s) + bh(t — s))e_bs f(s)ds — f e P& 9¢(s)ds

0

Bbapou npoman xan 6apodapuu (3. 3. 6)-po 6a 6apodapum (3. 3. 5) ry3orira XoCHI

MEKYHEM
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_(q+b)*F(p) —p*®(q) —p((g + b)F(q +b)- (g +b)P(q) ) _
(q +b)? = p?

U(p,q)

(q+b)((q+Db)F(p) —pF(q+b))+pP(@)g+b—p)
(q + b)? — p? -

(q+b)F(p) —pF(q+b) pP(q)
{(q+b) (q + b)? — p? }+{p+q+b}

AbHE

(3.3.7)

b)F(p) — pF(q + b ®
U(p’q)z{(q+b)(q+ )F(p) —pF(q + )}+{ p®(q) }

(q + b)?* —p? p+q+b

meOommaza. bapobapuu (3. 3. 7) Hu3 Xamu ymymun myoaunau (3. 3. 1) nap dazou
synin Meboman. A3 6acku Oapobapum (3. 3. 7) a3 ny YambllaBaHgaum KaBCXO
nbopar act 6MHOOAp MH Xap SIKE€ a3 MH KABCXOPO J1ap ajJOXUJJIard TaXKUK HaMmy/ia
0aposIIOH (PYHKCHUSIU XAKUKH YyCTYYy MEKYHEM:

—
—

1 {(q+b)(q+b)F(p)—pF(q+b)}

(q +b)? —p?
min(x,t) t—s

j j 8'(t—s—1)f(x —s+1)e 6D dsdr +
o 0

mln(x,t) t_S

+2b f f S(t—s—1)f(x —s+1)e 6D dsdr +
0 0

mln(x’t) t—S

+b? f f h(t —s—1) f(x —s + 1)e ?6*D dsdr;
o 0

Capagsai udojau nap J0XUiIM KaBC MaBUy0y1apo TaOaMII MEIUXEM

(q+b)F() —pF(g+b) q°+2bq+b* (q+b)F(p) —pF(q+b)

(q + b)? — p? q+b (q +b)? —p?
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Uu TaBpe Mo MesoHeM (0a yaaBanu 1.2.2. Hurapen)

mln(x,t) t_S

j J a(t—s—1)u(x —s+1)e P60 dsdr 3
o 0

A(q) pUi(q+b)—(q+b)Ui(p)
q+b p? —(q + b)? ’

(3.3.8)

MeOoraa, OMHOOAp UH XOCHII MEKYHEM

q* +2bq +b* (q+b)F(p) —pF(q+Db) _
q+b (q + b)? — p? -

mln(x!t) t_S

f j 8'(t—s—1)f(x —s+1)e 6D dsdr +
0

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? j j h(t —s—1) f(x — s+ 1)e P+ dsdr; (3.3.9)
0

0

Hap wH 4vo 6(t) —byukcusu Jlupak Oyma Ba h(t) — dyHkcusu XeBHcaii
meboman. ([16],[63])

DyHKCUSAN XaKUKUKM 0a TaCBUPHU Jap KaBCH JNyIOM MyBO(MUKOyda HU3 O0apow MO

mabayM act. ([38])

2) { p®(q)

——— e et —x); 3.3.10
) et (3.3.10)

DdyHKCUSM XaKUKUKA Xap Ay KaBcu gap OapoGapuu (3. 3. 7) maBuyn0yma MyaisH

Kapna myna. AKHYH XU ymymun myoauiau (3. 3. 1)-po MeHaBHuceM
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min(x,t) t—s

u(x, t) = J J5’(t—S—T)f(x—S+T)€_b(S+T)deT+
o 0

min(x,t) t—s

+2b J J S(t—s—1)f(x —s+1)e 6 dsdr +
o 0

mln(x!t) t_S

+b? f f h(t—s—1)f(x —s+1)e 26D dsdr
0

0
+e PXp(t — x); (3.3.11)

Kaoamu 1: Xannu ymymuu myoounapo xaneomu x > t 6yoan menasucem

tt-s
u(x, t) = j j 8'(t—s—1)f(x —s+1)e 6D dsdr +
00
tt-s
+2b j j §(t—s—1)f(x —s+1)e D dsdr +
00
tt—s

+b2jj 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)zjj 8'(t—s—1)f(x —s+1)e 6D dsdr +
0

0

xt—s

+2bff S(t—s—1)f(x —s+1)e 6D dsdr +
00
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xt-s

+b? f f h(t—s—1)f(x —s+1)e ?6*D dsdr
00

+e PXp(t — x); (3. 3.13)

XaMuH TaBp Xammn ymymun myoxmnau (3. 3. 1) 6Gapom sapou a(t) = te Pt

MabJIyM TapIu/I.

bosin kaiin Hamyn, ku map xonatd b = 0 Oyman a3 Gapobapum (3.3.11) xamwum
ymymun myomuinan (3. 3. 1) —po Gapou sapou a(t) =t XOCHI XOXEM Kapi, KH

OH YyHUH acT:

u(x,t) = S'(t—s—1)f(x —s+1)dsdr
I
+ @(t — x);

Mucomn: Myoaunapo xait KyHe.

t

u(x,t) = bx + j a(t—r1)

0

0%u(x, 1) 3
0x? '

Hap un 4o mapt ubtumorr u(x,0) = f(x) = bx, Oyma Ba mMApTXOH KaHOPH

OoIIaHI

u(0,t) = @1(t), ux(0,t) = @,(t)

meOomana, ku  ¢yHkeusaxou — a(t), q(t), p,(t) —pynkcusxon Oedocunan
mrapTxon TadbauiaoTu Jlamrac-po KaHoaTkyHaHaa Oa 1rymop mepaBaHa. VHUyHHH

sanpo a(t) = te Pt meGoman.

Xau: Ilem a3 xan HaMyJnaHu Macbhallad MasKyp TaCBUPM XOCHWJa, UHTErpaja Ba

dyukcusxopo meopem ( [20], [38],[3 — M])

u(x,t) 3 U, q),ulx,0) = f(x) > F(p),
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u(0,t) = @1(t) = d1(q), ux (0, 1) = @2 (t) = P,(q)

t

du(x, 1
[ ate- 0252200 5 A@EH UG, - 24@) - P20
0

AKHYH Xap sIK€ a3 UH TaCBUPXO0pO 0a MyoJinjia Ty301ITa XOCUI MEKyHEM

1
Ulp,q) =F(p) + EA(q){pZ[U (@, q) — P1()] — pP,(9)}
1 1 1

(1 - 5A(q)p2) U(p,q) = F(p) — 5A(q)p2<1>1(q) — 5A(q)p¢z(q)

F) — 2 A@P*®:(9) — ¢ A@PP2(@)

q
1-ZA@)p?
qqp

Ulp,q) =

bapobapuu xocummnyna Xaqid yMyMUu Myojwia nap ¢aszou 3yai meOorian, Kd
nap uH ¢azo (QyHkcuam TarupéOaHIaall KOMIUIEKCHM amall MeKyHana. bapou
UJ0Mau Xajd TacBUpH sapo Ba ¢yHKcHUau uOTUaonpo O6a OGapobapuu MaszKyp

rysomra XOCHJI MCKYHCM Bada 4YHM TaBpC MO MCIAOHCM TaCBHUPHU AAPO YYHHH acCT:

a(t) - A(q) = (qu)z ([20]). Uauynun a3 Gacku f(x) = bx — act 6uHOOGAp WMH

f(x) - F(p) = g ([20]) memaBaza. XaMuH TaBp XOCHI MEKYHEM

b 1 q 2 1 q
— === p*®,(q) — = 53 7P2(q)
UGp,q) =21 (g +b) — q (Z+b)
=4 @+ 2!
b(g + b)?
% —p*®,(q) — p®2(q)
(q +b)? —p?

AbHE
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b(q +b)*

- p*®,(q) — p®P,(q)

(q +b)? —p?

Ulp,q) = (3.3.14)

meboman. Uu taBpe aéH act gap xojatd p = +(q + b) Oyman maxpaq 6a HOJ
Oapobap MemaBam Ba XaHToMu p = q + b Oyman cypar kaii 6a HoOXI OapoOap

MceIIaBazg MyaﬁHH MCKYHCM

b(g + b)?
—%;179—-(q4-b)“DKq)—(q4-b)¢zGD==0
b ®,(q) _
m-q%(CI)— o =0
;
b D, (q)
%@ = (3.3.15)

A3 6apobapuu (3.3.15) Mo MeTaBOHEM MIAPTH MOTUIOUHU XAJUTK MYOIUIIApO Mai1o

KyHEM
q+b—q 1 q
@ = iy . d
1(q) i +b g q+b 2(q)
q 1 gq
0 =1- . . ®
1(q) T+b 7 a+b 2(q)
t
or(D) =1 — et f e o, (s)ds
0
SvHE
t
u(0;t) =1— e‘bt—J e P=5) ¢, (s)ds
0
MeuiaBai.
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Bbapobapuu (3. 3. 15)-po 6a 6apodapuu (3. 3. 14) ry3orira XOCHI MEKyHEM

3 (q +b)° —p° p®,(q)(p —q — b)
U@y =b {p(q +b)((q + b)? — pz)} * {(q +b)((q + b)? — pz)}
SAbHE
[ pP,(q) b(q + b)* — bp®
Uip.a)= { EDICEYE: b)} {pm S CEDE —p2>} (3.3.16)

AxHyH 00 ucrtudonma a3z tabaunotu Oabakcu Jlammac-Kapcon OGapow Xap sk

byHKCUSIH 1ap KaBCX0 MaBYy10y/1a QYHKCHUSIN XaKUKU YyCTYdy MEKYHEM.

1 { —p®,(q)

— _ —b(t-s)
(Cl+b)(10+0[+b)}(_ Oje @2(s)ds

min(x,t)

+ j e PSh(x — s)g,(t — s)ds
0

CapasBau udojau gap 3epu KaBc MaBIy10y1apo CO/J1a MEKYHEM

p®2(q) _CDZ(Q)_ ®,(q) _q)z(Q)_H(P)(Dz(Q)
(g+b)(p+q+b) q+b p+qgq+b q+b p+qg+b

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

min(x,t)
J e P h(x — $)@,(t — s)ds 3 %
0
t
f e, (s)ds - C;)Ziqb)
0

MeOomaa. XamuH TaBp 00 wuctudoma a3z dopmymnaxou Maszkyp GyHKCHUSU

XaKHUKHWHU TACBUPU Aap KaBCHU AKYM ManyI[6yz[apo MCHAaBUCEM
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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—e P +bx—»b f 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(g+b)*+2bp(q +b) +bp*> —bp(q+b) b(p+q+b)>—Dbp(q+b)
- p(q+b)(p+q+Db) ~ pl@+b)(p+q+b)

__bp +bq +b? b _ 1 q +b b
~ p(qg+Db) p+q+b q+b p p+q+b

SAbHE

b(q + b)* — bp? q b bH(p)H,(q)

=1-
p(q + b)((q + b)? —p?) q+b p p+q+b

Yu TaBpe a€H act OapoOapuu Ma3Kyp a3 4op 4YabMIllaBaHja uOoOpaT acT, Ku
byHKCHUSM XaKUKUU Xap SKE€ a3 HWH YabMIIaBaHAaXx0 Oapou MO MabiIyM

meboman ( [38] Ba yaaBaau 1.2.2.).

q b bH,(p)H,(q)
1——+—— b
q+b p p+q+b

1—e b+ bx — j be S h (x — s)h,(t — s)ds

0
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map wumH Yo hy(x),x > 0; h,(t),t >0 —byukcusun XeBucaiin MebOoOIIaL
([16],[63]). Xamun TaBp (yHKCHSH XaKHKUH Xap Oy KaBcu gap Oapobapuu
(3.3.16) maBuynOyma MyaiisiH Kapjaa Inya. AKHYH XaUId YMYMHH MyOJIuiapo 0o

IapTXOu UOTH/ION Ba KAHOPHH JI0JIalTy1a MEHABUCEM

¢ min(x,t)
u(x, t) = — f e P9y, (s)ds + J e PSh(x — s)p,(t —s)ds + 1 —
0 0
min(x,t)
e P +bx—>b f e PSh (x — s)h,(t — s)ds (3.3.17)

0

Kaoamu 1: Xannu ymymuu myoounapo xaneomu x > t 6yoan meunasucem

t t

u(x, t) = — j e b=y, (s)ds + J e PSh(x —s)p,(t —s)ds +1 —e™ Pt

0 0
t
+bx — b j e PShy(x — s)h,(t — s)ds (3.3.18)
0

Kaoamu 2: Xannu ymymuu myoounapo xaneomu x < t 6yoan menasucem

t X
u(x, t) = — j e b=, (s)ds + j 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

XaMHMH TaBp XalUId MYyOAMJad MasKyp MabJIyM Tapaua. A3 Gacku map HMH
myoauaa u(x,0) = f(x) = bx meborran, 6MHOOAap MH XaHTOMU aap Gapobapuu
(3.3.19) 6a you tarupébanmau t Hou ry3omran u(x, 0) = bx —po maiao xoxem

Kap/I.

126



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 opaH MyaisH Kap/a myaaann [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

byHKcuaH XarTid (rpadukain xaTi pocT) Ba GyHKCHSIM FallpuxaTTil (Tpadukat
XaTu Kad) 00 maprxou HOTHUIOW Ba KaHOPUHM JoJallyla MyalsH Kapja
mryaaact [3-M], [6-M];

4. Xammm yMyMHd Myoauinaxoun AuQdepeHcruanny XaTTid 60 XOCHIaXxou 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 2 TO YO€ OroX XacTaM Jap TabpUXu PHE3UET TO XOJ BYUy HaAOpaad
Ba Oapom xamm wMyoawinaxou nuddepeHcuanii, MyoAHIaXOW HWHTErPO-
nuddepencuanii 60 XOCUIaXOoM XyCycl Ba Failipa Baceb HCTHU(OAAIIaBaHIA
mebomaz [7-M], [8-M], [10-M];

2. TaBcusixo ouj 6a ucrudoaan aMaJIuu HATHYAXO

TaxKuKOTH Ma3Kyp axaMUSTH Ha3apHUsSBH Ba aMajid JIOIITa, HATUYaXOU
pUcoJal AUCCEPTATCHOHM Ba METOAXOM MCOOTH OHXOPO Jap XOJaTh
YyCcTy4y HaMyJaHd XaJli MachajlaXou HOTHUAOW-KaHOpW  Oapou
Myoaminaxon auddepeHcuania 060 XOCHIaXOW XYCycil Ba MYOIMIAXOH

uHTErpo-nuddepeHcranii 60 XOCHIaxXou XyCcycid TaTOUKH Xyapo €pTraans.
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