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Mykagauma

MyOpamusiTd MaB3yH TaxXKHKOT. [lap maxcoiiaxom oOXup Hazapus Ba
amManmusu  Myomwnaxou guddepeHcuanmii  Ba  uHTErpo-muddepencuanii - 60
XOCHJIaX0M XYCYCH, KM IIapXH PUE3NH MachalaxoW Mypakkad Ba Xejae MyXUMH
pyiinonxou pusmka, XuMus, OMOJIOTHS Ba TEXHOJIOTHSIH MyOCHP MEOOIIaH I, PYIILITY
nempadTd Hazappac Jopaa. Tap3xowm Xele MyXTamudu Xauld MachajJaxou
uOTH/ION Ba MOTUIOM-KAaHOPH Oapou MH MyOoIniIaxo Kopkap mrymaans. Jap OaitHu
OHXO0 METOJY TaOJMIIOTXOM MHTErpaii MaKOMH ajloxuaa jmopai. Jlap HaBOaTH Xyn
MYXUMTapUHUA UH METOJX0 METOAM TabamioTu unTerpanuu Jlammac-Kapcon 0apou
MYOJMIIAXOW XaTTA a3 n — TarupéOana MeOOoIIal, K COJIXOU OXHUP Jap TaBaqdyX
Ba JIMKKATH pHUE3MIOHX0, (U3MKXO Ba JUrap TAIKUKOTYHUEH Kapop JOpa.
Makonaxo Ba moHorpadusxou wimun F0. A. bpuukos Ba A. I1. I[Ipynuukos [3], P.
C. Haxus [22,23], A. babaxani [21], P. C. Hdaxus Ba Y. C. Jlebuar [24] Ba
uauyanH B. A. Jlutkun Ba A. I1. TlpyauukoB [5, 25] 6a ycynxou HaBU XuC00-
KyHUH TaOaMIOTXOM pocTa Ba Oapbakcu Jlarmmac-Kapcon Oapon ¢GyHKCHSXOU

nyTarupEOana Ba oucéprarupéOania Oaximaa nry1aani.

Pucoman nucceprarcuonim 0a TaTOMKH SK KaTtop CHH(OXOHM MYyOAHIaxXo
(myonunau muddepeHcuanuu Tenerpad, Myoausiad UHTErpo-auddepeHcuanu
Tenerpad, Myoauaaxo 00 XOCHIaXOM XYCyCHHM TapTHOM TYHOTYH Ba MachallaxOH
MOTUIOMBY KaHOpHA Oapou OHXO) TaBaccyTu TabaminoT Jlamnac-Kapcon Gaxmumaa
mrygaact. bapou maiio xapJaHu HaMyau OUIKOPY XaJllId MYOJWJIaxou HoOMOypia
3apypusiTH  XUCcoO0Oapopun TaOIUIOTXOM pOCTa Ba OapbakCH WHTETpalil a3
bynkcusixon Oucéprarupébanma ©6a MuéH wMeosing. [ap  aucceprarcus

XUCOOKYHHUXOH OTEPaTCHOHI 0apou YyHUH (PYHKCHUSXO MEUTHUXO/T Ty JaaH .

Jdapayau kopkapau WJIMHH MaB3yHM TAXKMKOT. bapou KIIacCXxOM Ha OH
Kajap Bacem Myomwiaxoum guddepeHcwanii Ba  MyOAWJIaXOW  HMHTErPO-
nuddepencuanii 60 uctudoa a3 XMCOOKYHUXOHU OMEPATCUOHM Jap KOPXOU WIMHUHU
1. ®yunra [27,28], M. ®. A6aynkapumos [1], B. A. Mmun [11], E. A. Kosnosa
[29], A. A. [y6kos [6], C. C. Opsos [17], D. H. Cemenos Ba A. A. Kocos [19]

MaBpHUIM TaxXKUK Kapop rupudTaang. Macbaraxon UOTUION Ba MOTHUIOM-KaHOPH



Oapou myonunaxou nuddepeHcuanii Ba MyOoaAUJIaXOu HHTETrpo-AuddepeHcruaInm
tenerpad Ba WHYYHWH, Oapon wmyomwiaxow auddepeHcuanii 00 XOCHIaXou
Xycycuu TapTubu ny map maxosaxou wimuu M. U. Wnonos, . M. 3yndonon
[10,12,13,14], III. M. 3yndonos [2 — M, 5 — M] taxkuk kapaa mygaasa. bapou
YYHUH Machajiax0 TaBacCyTH TaOAWIOTH uHTerpanuu Jlammac-Kapcon TacBupu

XAJJIM OLIKOP IICIIHUXOA Kapaa IyaaacT.

AJIOKan KOpPH TAaXKHKOTH 00 0apHOMAaXxo, JIOMXAaX0 BAa MaB3yX0H MJIMIl.
Kopu nucceprarcuonin map moupanm OaamanOapopuy HaKIIad TMEPCIEKTHBHUH
KOPXOM  WIMHA-TAAKUKOTUM Kadenpau TaxJWiad MaTeMaTUKUU  (pakylaTeTu
MaTeMaTUKau JloHWIIroXM JaBiaTUM OMy3ropud ToyuKHCTOH ©0a HOMHU
Canpunnun Aitain 6apou conxou 2021-2025 a3 pyu ma3yu “TagkuxoT oup Oa

Hazapuau Myoauiiaxou quddeperncranii Ba TaOUKU OH ~ WYPO TapuaaacT.

TABCUO®U YMYMHUU TAXKUKOT
Makcagu TaxXKukKor. Makcaau acocud pucoiad  AUCCEPTATCHOHI
MyalsiHKyHUM TacBUpU Oab3e (YHKCHUAXO Ba TacBUpPH Oab3e HHTErPaIXo
Mebomian, ku Oapon EraHM Xawd OIMKOpPH Oab3e CHUHDXOM MYOIMIAXOU
nuddepencuanii 60 XOCUIaX0u XyCyCUH TapTHOU sIK Ba Ay 00 IIapTXOW UOTHUION
Ba KaHOpHWH jAojamryaa uctudomamabanaa Oyna, ”HYyHUH Oapoun €PTaHd XaJUIH
omkopu Myoawian guddepencuanuu Tenerpad 6o mapTxou HOTUAON Ba KAHOPUU
nojalryga Ba Myoauiam uHTerpo-guddepeHcuanuu  tenerpad 00 IMapTXOU
MOTHION Ba KaHOPHUM JOJAIIyJa MaBpuUIXd Bacen HUCTU(dOAA Kapop MeErupai.
TacBupu (yHKCHIXO Ba WHTETPAIXO€, KU Jap PUCOJIad JUCCEPTATCHOHHA HHIIOH
noneM Ha (dakaTt Oapou xamum myoawnian nuddeperHcunanuu tenerpad, MyoauIan
uHTerpo-nuddepeHcuanuu  tenerpadp Ba wmyomwiaxow auddepeHcuanin 60
XOCHJIaXOU XYCYCHHU TapTUOM K Ba Ay uctudoa Kapja MelaBaH, Oaaku O0apou
&branu Xawm Myouian HHTerpo-nuddepeHcnaniu 6a MyoIuiiau TapMHUTY3apOHI

Ba MaBY OBap/alllaBaH/a Ba Faiipa HU3 UCTU(OdalIaBaHTaaH]I.
Ba3zudaxoun TaxKukor. MyBopUKH MaKcaaW T'y30IITallydal TaXKUKOT,

MachajlaxoM 3€pyUH MYyIlIaxxac Kapaa IygaaH:

1. TacBUpHM UHTETPATXON HAMYIH



min(x,t)

f e Yf(x—s,t—s)g(s)ds;
0

min(x,t) t—s

f f a(t—s—1) f(x —s;1)e" 5 dsdr;
0 0

MyaisiH KapJa 1aBai;

2. Xamm ymymun myoaunaun auddepencuanuu tenerpad, Myoauiad HHTErpo-
nuddepencuanuu Tenerpad Ba myonunaxou guddepencuanii 00 Xxocuiaaxou
XyCYCHH TapTHOU SK Ba Ay MyailsiH Kapja I1aBas;

3. Myoaunau wunTerpo-muddeperncuanun Ttenerpad Oapou sSApon (HYyHKCHUSH

XaTTit (rpaduKaiil XxaTu pocT) Ba GyHKCUAU FaWpUXarTTii (rpaduKaiil XxaTh Kay)

00 mapTxou UOTUION Ba KAHOPUHU JOJIAITyIa XaJl Kap/ia 1aBaj;

4. Ycynmu xucobu OINepaTCHOHH Jap Xaiu Myoauiaxou auddepeHcuanini Ba

uHTerpo-nuddepeHcuanii TaTouK Kap/a masaj.

O0bexkTn TaxKUKOT. Myommian nuddepencuannu tenerpad 00 mapTxou
uOTU0M Ba KaHOpUM Jojallyda Ba MyoAwIan HUHTErpo-auddepeHcuainu
tenerpad Oapou siapou GyHKCHUsH XaTTé (rpadukaml Xatd pocT) Ba (DYHKCHSIH
FalipuxatTil (rpadukain xatu kaq) 00 MIApTXOoW MOTHAON Ba KaHOPHUH JOJAIIyaa
Meoboa.

IIpeamern TaxKukor. IlpeaMery TaxKuMKOT MyalssHKYHUH TacBUPHU
byHKCUSIX0, MHTETpaIXo Ba €dTaHu XA/ OIIKOPH . Myoawitan auddepeHcruaniu
tenerpad, wmyomwsian HHTErpo-nuddepeHcranuu Tenerpad Ba MYyOTUIaAXOU
nuddepencuanii 60 XoCUIaxou XyCyCUu TapTHOM SIK Ba 1y MeOoIa.

HaBronun wiamum TaXKukKoT. lap pucosan QucCepTaTCUOHKA HATUYaXOW
acocuu 3epuH 0a JacT oBapaa IIyTaaH/;

1. 6a Bocutam Ttabgmnotn Jlammac-Kapcon TtacBupu (QyHKCHUSIXO Ba
WHTETpaIX0e, Ki TaTOWKH Baceu aMaJlil ToOpaH I MyailsiH Kap/a IIyJaans;

2. Xammu ymymun Myoaunau auddepencuanuu tenerpad 00 maptxon uOTUION

Ba KaHOPUH JOJAIIyAa MyaisiH Kap/ia IIyAaacT;

3. Xau yMyMUUd Myoawiian UHTerpo-auddepercuanuu tenerpad 6apou sapou

dbyHkcusu xatTil (rpadukain xatu poct) Ba QyHKCHUsIH FailpuxaTTtii (rpadukai



xaTu kay) 00 mapTxow HOTHUIOW Ba KAHOPUHM JOJAllyJa MyassH Kapjaa

IIyAaacT;

4. xamum ymMmyMuu Myoauiaxou nuddepercuaniu Xattii 00 X0CHIaxou XyCyCHuu
TapTHOM K Ba Ay 00 mapTxow HOTHUAON Ba KAHOPUHU AOJAIly/la Ba XaJUIH
Myoauiaan uHTErpo-muddepeHcuanuu 06a Myoawiaan MaBd OBap/aliaBaHIa
MyalisiH Kap/ia IIy/1aacT.

AXaMMSITH HA3apUsBA Ba WIMMIO aMAJUMU TaXKUKOT. TaxKUKOTU Ma3Kyp
axaMUATU HazapusBU Ba aMaliyd JOIITA, HATUYAXOU PUCOIAU AUCCEPTATCUOHU
Ba METOJIXOM HCOOTH OHXOpPO Jap XOoJIaTU YYCTydy HaMyJIaHU XaJulu
Machallaxom HOTUIOH-KAaHOpPH Oapoum wmyomwnaxou auddepeHcuana 060
XOCWJIaXOU XyCyCh Ba MyOJWIaxou HHTErpo-auddepeHcuanin 00 Xocuiaxou
Xycycin TaTOMKHU Xyapo €hTaaHI.

Hykraxou 0a XuMosi NEMHUXO0AIIaBAH/IA:

1. Teopema nap 6opan MyanlsTHKyHHUU TaCBUPH Oab3e (hYHKCUSIXO 0a BOCHTAH
tabamioTu Jlamnac-Kapcos;

2. TeopeMa Jap 6opau MyalsTHKYHUM TaCBUPU 0ab3e MHTErpaIXo 0a BocUTau
tabauioTu Jlamnac-Kapcos;

3. XaJ OMIKOpY Myoawmsiaxou nuddepeHCHanny XaTTul TapTHON K Ba a1y 00
apTXOW HOTHUIOM Ba KAHOPHUH JIOIAITY/1a;

4. xamm omkopu Myonuiau auddepeHcuanuu tenerpad 00 mapTxou uOTHION
Ba KaHOPUU JOJAITy/1a;

S.XaJiu  OLIKOPH MYOAMIaxon uHTerpo-nmuddepencuanuu Ttenerpad Oapou
SJIPOXOM T'YHOTYH 00 IIapTXOU UOTUIO0N Ba KAHOPHUH JTOAAIIY/IA;

6. XaJUT OIIKOPYW MYOJWJIaXOW WHTErpo-auddepeHcuannu 6a Myoaujiad MaBq
oBapjamaBasa 60 mapTxou HOTHUION Ba KAHOPHUH JIOIAIIY/IA.

Jlapayan >bTHOOPHOKHMH HATHMYAX0. DBTUOOPHOKUM HATUYAXOU HIMHUU
pUcCOIan JTUCCEPTATCUOHN TaBACCYyTU MCOOTXOMW MaTEMAaTHUKUM JAKUKH XaMau
TACAUKOTHU JIap AUCCEPTATCUS OBapJallyjia TAbMHUH rapauaa, 00 TaJKUKOTH
aurap Myain@oH TacauK Kapja MelaBal.

MyToOuKaTu aucceprarcusi 0a mmHocHomam wuxtucocu wimMa  Kopu

JUCCepTaTCUOHMA a3  pyhu  uxtucocu 6D060102 -  Myoaumaxou



nuddepeHcuanii, CACTEMaxou TUHAMUKH, UIOPAKYHUM ONTUMAIN UYPO Kapaa

myaa, haciau myoaunaxou auddepencuani gap 6anau I — u maparpadu 3-u

IIMHOCHOMAU UXTUCOCU WIIMU Maxcyo Merapaa.

CaxmMu maxcuu jaoBTanadum aapédru aapayam WIMH Jap TaXKHKOT.
Macbanan TaXxKUKOT Ba MHTUXOOU METOJIU UCOOTXO a3 YOHUOU poxdapu WIMUI
MEITHUXO/T Kapaa IIyaaacT Ba 0a Faip a3 MH pox0apu uiMi 0a myaaudu
pUcoJia KyMaKd KOHCYJITAaTCHUOHH pacoHupaacT. HaTtuyaxou acocum Kopu
JUCCepTAaTCUOHW, KU nap Oangu «HaBoBapuum wiMu» oBapaa IIyJaaHf,
1axcaH a3 yoHubu myaumud 6a gact oBap/aa 1ygaaHI.

TacBud Ba amajmco3um HaTU4Yaxou aucceprarcusa. Hatuyaxou acocum
IUCCepTaTCUsl Jap CEeMHMHApX0 Ba KOH(MEPEHCHSIXOW 3EpUH MYyXOKHMa
rapavuaaaHmi;

I. Cemmuapu Mapkasu pylmiad WHHOBATCUTOHMHM WM Ba TEXHOJIOTHSXOU
HaBu AMMUT “Taxgunm kacpid Ba TaTOMKM OH’ TaxTu poxbapuu
akagemuku AMUT, nmoxtopu miaMxowm (U3HMKAI0 MaTeMaThka, Mpodeccop
M. 1. Unonos (Hymanbe, conxou 2020-2024);

II. Cemunapu xkadenpanm aHaau3u MaTeMaTUKUM J{OHWINTOXW JaBIIATUH
omysropun TouyukuctoH 6a HomMu C. AliHE TaxTu poxdOapuu mpodeccop
ITupos P. H.;

II1. Koudepencusu nimuu OaitHanMuLIaai goup 6a mackanan “KomruiekcHbIN
aHalIM3 M ero MNpuJoKeHus , Oaxmuga O0a OucTCoNad OMY3WII Ba pYLIIU
dbanxon TaOMATIIMHOCH, JAaKWK Ba pué3it map coxau wiMy maopud Ba 75
COJIaTUX JIOKTOPY WIIMXOHU (U3MKaro MaremaTtuka, npodeccop Kypoonos U. K.
Ba 70 comaruu IOKTOPH WIMXOM (HU3HKaI0 MaTemMaThka, nmpodeccop Yymbadboi
Cadapos, (r.boxrap, 19 nHos6mps 2022 r.), 63-65 c.;

IV. Koudpepercusan nnmun 6aitHanMuiami oaxmmaa 6a 70 cojarud akaJaeMuK
AMU ToYUKHUCTOH, NOKTOpPU WIMXOU (PU3MKAKD MaTemaTuka, Ipodeccop
[[Ta6o30B M. I1., (Tamxukucran. ymanoe, 24-25 utons 2022 r.), 234-237 c;

V. Kondepencusu navun OaliHaIMuiIana Oaxmuaa 6a 70 conaruu akaaeMUK
AMUM To4YMKUCTOH, JOKTOpU WIMXOM (HU3HKA-MaTeMaTuka, mpodeccop

boiimatoB K. X., (Tamxukuctan. Jlymanoe, 25-26 nexabps 2020 1.).;



VI. Koudepencusu nunvuun OaifHamMuuiaain 6axmuaa 6a 80 comaruu JOKTOPH
uiMxon ¢usnka-mMaremarrka, npodeccop Temyp Cobupos, (Tamxuxucran.
Hyuian6e, 25-26 utons 2021 r.) ;

VII. Kondepencusn unmuu 6atHanMuuiani 6axmuga 6a 70 comaruu JOKTOPH
uIMxou (Gusuka-mateMmaruka, mnpodeccop [.Yaurubekon, (Tamxukucran.
Hyman6e, 30-31 auBaps 2020 r.);

VIIl. Kondepencusu yymxypusiBii Oaxmuna 6a “bucrcoian oMy3uIn Ba pyuiau
(dbaHxon TaOMATHIMHOCH, JAaKWK Ba pué€3nn map comu 2020-20407, Hymran6e-
2020;

IX. Kondepencusu unmun OaHaIMuiIana caxmuga 6a 70 comarud JTOKTOPH
wiMxon (usuka-matematnka, mnpodeccop K. Tyxmmes, (Tamkukucras.
Xymxkann, 21-22 urons 2024 r.) 49-51 c.;

Mutumopor a3 pyn mas3yu aucceprarcusi. Hatuyaxou kop a3 pyu maB3yu
nucceptatcus gap 10 xopu mwiaMi, a3 oH yymia 4 Makolsia Jap HalIpUSIXOU
TaKpu3laBaHaa, kKu gap pyrxatu amankyHangan KOA-u nazau IlpesuaeHtu
Yymxypuu ToYyuKHCTOH oBapja IIyaaaHa, 6 Makojia Jap MaBOAXOU
KoH(pepeHcusaxon OaltHaIMUIAIN Ba YyMXYPUSIBH YOI IITyTaaHI.

CoxTop Ba Xaymu aucceprarcus. Jlucceprarcus a3z mykamaauma, 3 000,
dexpuctu agabuétu ucrudomanyaa moopat a3z 120 Homryii, xamarm 137
caxuan xommroTepupo mapobap rupudra, map 6apHomam Microsoft Word
xypybunni mygaact. bapou ocoHuM Kop Jap AUCCEPTATCUST paKaMIy30pHUHu
ceKkapaTam Teopemaxo, JIeMMaxo, HaTuyaxo Ba (opmyrmaxo KaOym kapaa
IIygaacTt, pakaMu sskym 00 pakamu 000, pakaMu ayroM 00 pakamu naparpad
Ba pakKaMu ceoM 00 pakamMu TapTHOMU Teopemaxo, JIeMMaxo, HaTUYaxo Ba
dhopmytaxon XxaMyH nmaparpad MyToOUKAT MEKyHaHI.

KUCMU ACOCUU TAXKUKOT
Kucmu acocuu TaXKHKOT

MagBoa Ba MeTOAXOM TaXKMKOT TaxKUKOT a3 XHCOOKYHUHM TaOAMIOTXOU
pocta Ba Oapbakcu Jlamnac-Kapcon Oapou ¢yHkcusaxou Oucéprarupébanma,

UHTETPAIXOW TAaKpOpil Ba MHYYHMH TAaTOMKM OHXO JAap Xaui Oab3e cuH(pXoU



myonminaxou auddepeHcuanii Ba HHTErpo-auddepeHcuanii Ba  TaxJIHIU
dbyHKcHoHaA ucTH(OoIa Oyp/a IIyaaacT.

Hatuyaxom acocuu TaxKMKOT MabiyMoTH MyxTacappo moump Oa
HATHUYaxOu aCOCHUU PUCOJIA TICITHUXO0]T MEHAMOEM.

Boou saxymu mucceprarcus (1.1,1.2) 6a mabiaymMoTX0oHM Temiakin goup 0a
tabaunotu Jlamnac-Kapcon Oapou dynkcusixom OucéprarupébaHia Ba XHUCOOH
MyIlIax4acu TaOAWIOTH pocTa Ba Oapbakc, Oapom cuHOX0WM (YHKCHIXO Ba
UHTETpaNIX0, Ki O0abaaH 00 MaKcaau Mai10 HaMyJaH! XaJUTH OIIKOPH MYOIUIIaXOH
nuddepencuanii Ba unterpo-nuddepencuanii 00 Xocwiaxou xycycih uctudoja
Oypna MemaBaHj, Oaxmmaa mrygaact. Jlap maparpadu sikymu 606um sikym 1.1.
tabawiotu Jlamac memkamn kKapja mryaa, Tabpudxo, MIIopaxo Ba TEOpeMaxou
acocii HHIIOH fona Imymaanna. [ap maparpadu ayromu 6obu sikym 1.2,
dbopmynaxon ymymuu Taoawiotu Jlamnac OGapou (yHKCUAXOM N —TarupéOaHia

Jlap HaMmyau

F(py,p2, - Pn) =jjj e‘zﬁﬂpk"kf(xl,xz,...xn)dxldxz o dXxy
00 0

BOPH/I IIyAaacT, KK jap uH 40 F(pq, pa, ... Pyp) — OyHKCHSIM TacBUP (M300paXKeHMs)
Ba [ (X1, X5, ... X)) —YHKCUSAN OpUTHHAI OyAa, Py, P2, .. Py —aAAAXOU KOMILIEKCH
meboman. (aur [21],[25]) Bopu Haxyct onumu Ampuko You Kapcon TabaunoTu
Jlarmtac-po TaxKuK Hamyaa TaOauiaoTepo Oapou EdraHu TacBUpH (YHKCHUSIXOHU
akTarupOaHaa Ba nytarupébanaa kamid HaMyZ, KU UH TaOIUIIOT X0JI0 OO0 HOMHU
tabunotn Jlammac-Kapcon mamxyp act. (aur [5],[7],[18]) Xocusrxon acocuu
tabaunotu Jlamac Ba TacBUpW neungau Ay (GyHKcusu qyTarupébanna OGappacit

rap/iu1aacr.

TaBaccytn Ttabmunoru Jlamumac-Kapcon TacBupu Oab3e (yHKCHUSIXO Ba

WHTETpaIxo Xucob kapaa mygaact. bapou Mucos tacBupu GyHKCUSIU

e et —x) + p(0)e”*6(t — x)



KM JIap MH Y0 ¢ —aJaJ i XaKuKuu uxTuépi oyna, 6 (t — x) —dynkcusu Jlupak (Hur
[2],[4]) Ba @(t) —dyHakcusu muddepencuporramaBania Meooran 6a GyHKCUsIH

nyTarup&OanIan KOMILUIEKCHH TaFupEOAHIaxosIl  p, g Aap HaMyIu

pq®(q)
p+q+c

Oapobap act, ku gap uH 4o P(q ) tabmunoru Jlamnacu Gpyuakcusu @(t) medoria.

Ba XaMHH MOHAHJI TACBHPYU (YHKCHAXOHU
e Ptf(lx —t]) Ba e P f(x +t)
X¥cob Kap/a IIyIaaH]I.

Teopemaxou 1.2.1, 1.2.2, 1.2.3, 1.2.4 myBoukaH 6a XuCOOKYHHH TaCBUpPHU

0ab3e MHTETPAIXOU HAMYIU

min(x,t) t—s

f j a(t—s—1) f(x —s;1)e M5 dsdr
o 0

min(x,t)

f e~ (t=s) . g—ass . fx—s;t—s)ds
0

min(x,t)

J e Bf(x—s,t—s)g(s)ds

0

Oaxmmnaa mrygaanna. McbGotu Teopemaxo Jap acocd METOAM XucoO00apopuxou
OMEepaTCHOHM Ba WHTETPAIXOM FalpHXOC Ty3apoHHWIA IImyjAa, nap OH a3

Taxkukorxon kimaccukuu B. A. Jlutkun Ba ['. JI€a wuctudoma mrymaacr.

(emr [5], [8])

Teopema: buezop ¢ynxcusxou a(t), f(x,t) wapmxou mabouromu Jlannac-po
KaHOAMKYHAHOA 60uaro, oH 2ox xaneomu x > 0,t > 0 6yoan maceupu unmezpanu

MA3Kyp YYHUH Meulasao:

min(x,t) t—s

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

qlp +q+a,)
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Ucoom: bo ucmughooa az mabounomu Jlannac —Kapcon maceupu unmezpanu

MaszKyppo meébem, Ku mo X0/ a3 mapagu o1umMoH MyausaH Kapoa Hauyoaacm

min(x,t) t—s

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

eyzopumiu X — S = u; t — S = v —po ucmughooa xapoa xocui mMexyHem

v

o« ©o 0]
quje‘p(u“)‘q(”“) ffa(v—r) f(u;t)e" %" dsdt |dudv =
0 0

0 0

X ©o [oe]
quj e PU-qv fa(v—r)f(u; T)dT dudvf e~ (Pratals go —
0 0 0

yy maepe as 6ap Mo MavIyM acm

v

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

0
mebowao, bunooap un 60 ucmughooa az bapoobapuu 3epur XoCui MeKyHem

—(p+q+aq)s

1
’g) =~ A@)F (P )

1
JA@F@p. - lim —
(OF®.q)- oo( p S Tqta

p+q+a

Xamun magp maceupu unmezpaiu MasKyp Maviym uyo, Ku OH YyHUH acm:

mln(x't) lI—S

f j a(t—s—1)f(x—s;1)e" " dsdr 3 A@F ;@)

q(p +q +a,)

3ukp kKapaaH 00 MaBpuj acT, ku 6apodapuu Mas3Kyp Jap XoJaTh XyCyclt HaMmyau

3EPUHPO METUPAIT:

mln(x’t) t—S

j j a(t—s—1) f(x—s)g(r)e *Sdsdr 3 F(p)G(q)A(q)
0 0

qlp +q+a;)
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ba cudaru nHatmya a3 teopemaxou map Oosio Kaiarapauma 603 Oapou sk
KaTop (DYHKCHSIXO TAaCBHPU OHXO XMCOO Kapja Imyaaact, KU aap Hamyau Yaasai

(YanBanu 1) oBapaa MeliaBaHI.

Yansanu 1.2.1. TacBupu 6ab3e GyHKCHIXO

f(x, t) (x >0;t>0) F(p,a)
1 ety (x —t) qU;(p)
p+q+1
2 e My i(x —t) + ug(0)e ™ 8(x — t) pqUs(p)
pt+tg+m
3 e P*p, (t — x) p®2(q)
p+q+b
4 e~ @ /(t —x) + p(0)e~*5(t — x) pq®(q)
p+q+c
5 e P (t + x) pq Flg+b) F(p+o)
p—q—b+c\ qg+b p+c
6 e Ptf(lx —¢]) q pF(g+b)+(q+DbF(p)
q+b p+q+b
7 e Pe=cx f(|x — t]) pq (F(q +b) F(p+ C))
+
p+q+b+c\ qgq+b (p+c)
8 e~Dt=cx f(x _t) pqF(p +¢)
p+c)p+q+b+c)
9 e Dt=cx (¢ _ x) pqF(q + b)
(@q+b)(p+q+b+c)

[Tac a3 on gap maparpadxou 1.2 TacBupu 6ab3e HHTETPAIX0 XUCOO Kapja IIyaaacT,

KM TO X0JI JIap SITOH a1abuéTu MapOyTa BO HAMEXypaH]I.

Yansan 1.2.2. TacBupu 6ab3e HHTETPAIXO

f(x,t) (x>0, t>0) F(p,q)
1 g F(p.q)
f e ¥f(x—s,t—s)ds ptqta
0
2 t 1
1
Zf(e‘ls — e~Ct+(e=Dsyy (x — s)ds; ¢ # 0 (q+c)p+q+1D) Uo(p)
0
3 t q
U
f e~(Dot+aos)y  (x — §)ds (q +bo)(p+q+ag+ by) o(p)
0
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4 min(x,t) t—s A(Q)F(p; q)
f f a(t—s—1) f(x —s;1)e M dsdr qlp +q+ay)
0 0
5 ; 9
f e~ 0ty (x — s)ds (@q+b)(p+q+1+b) Uo(p)
0
6 t 1
f a(t —tulx,t)dt aA(q)U(p, 9)
0
7 min(x,t) t—s F(p} CI)
f f e~%2(=57) f(x — 5;7)e~ "5 dsdt (@+a))(p+q+ay)
o 0
8 min(x.t) (q + b)F(p)
f (6(t —s) + bh(t —s))e s f(x — s)ds p+q+b
0
9 t pF(q +b) — (q+ b)F(p)
f(6(t —5) + bh(t —5))e ™S f(x + s)ds p—(q+b)
0
10 t pF(q+b) + (q+b)F(p)
f(c?(t—s)+bh(t—s))e‘bsf(|x—s|)ds p+q+b
0
11 t F(q +b)
j((S(t —5) + bh(t —s))e P f(s)ds
0
12 t or A(q) pF(g+b)—(q+b)F(p)
joa(t—r)e fx+1)ot 7+ P —(q+D)
13 t ey A(q) pF(g+b)+(q+b)F(p)
joa(t—r)e f(lx —t])or 7+ P+ (G +D)
14 ‘ e 2A(q) p*F(q+b)—(q+b)*F(p)
]0 at =D e (fa+D+flx—th)or | =5 T 1 D)’
15 min(x,t) CIF(P: q+ aO)
f e~%{t=9) . p=tiS . f(y — 5t — §)ds (p+q+a)(q+ap)
0
16 t q pUo(@+ay
J e~%(=8) . p=a15 . §(x — S)uy(t — s)ds; x >t gqtay ptqta;
0
17 min(x,t) qa  pUp(q+a)—(q+adlop

f e" Mty (x+t—2s)ds

0

q+a p? — (q + ay)?
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18 | min(x,0) ¢—s Fi(p)F,(@)A(q)
f f a(t—s—1) e fi(x —s) fo(v)dsdr ap+q+a)
0 0
19 t p®.(q)
[ e p,ds - @+ D)+ +D)
0
min(x;t)
— f e PSh(x — s)@,(t — s)ds
0
20 min(,£) Gp+q+a)F@q)
J. e ¥ f(x—s,t—s)g(s)ds ptq+ta
0

bosn kaiim Hamyn, ku gap uH 4o ¢yHkcusu F(p, q) —byHkcusu

tarupébanmaar komruiekcii meooman. (aur [8], [9],[20], [25])

boOu aywmm pucona taxtu yHBOHU ‘‘Myonunaxou auddepeHcuanii 60
Xocujlaxou Xxycycin” ©Oa TarOuku TaOmwiotu Jlammac-Kapcon map xanmm
Myoawiaxou auddepercuanic 60 XOCUIaxou XyCyCUu TapTUOM sIK Ba ay Oaxiujia

IIy/1aacT.

Hap maparpadu 2.1. mapxymMxo Ba HATUYaXOW acocit ouja 0a MyoAuIaxou

muddepencuanii 60 XOCUIaX0U XyCyCUHU TapTHOU SIK Ba Iy TUP]] OBap/ia 1Ty JaaH/T.

A3 4ymna, TacHUpU Myoauiaxo OO0 XOCHJIAXOM XyCYCUHM TapTUOM 1y
XOTHUPPACOH IIy/1aacT Ba Tapupu MyOJMIIaX0U HAMYAM SIUNTUKHA, TUIIEpOOIHMKI Ba

napaboJIMKiA HU3 Epac rapu1aacT.

Hap naparpadu 2.2. myoaunau HaKIMET 60 MaHOaW XaTTil Ba 00 IMIAPTXOU
HOTHION Ba KAHOPUW FaWpHSIKYMHCA MaBpPHIM TaXKHK Kapop THpudTaact.
Macnwanan HoMOypaa 60 €pun Tadaunotu unterpanuu Jlammac-Kapcon xan kapaa

11y /1aacCT.
Faiip a3 un nap § 2.2. Mmyoanian HaMyau

62u+62u+262u+ au+ 6u+b D) D
9x2 T2 T2 axar T %ox T TS

00 mapTXon HOTUIONH
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u(x,0) = uy(x)
{u,;(x, 0) = u, (x) (2)

Ba IIAPTXOU KAHOPUH

U,(O, t) = ¢ (t)
{ué(O, t) = ¢2(t) (3)

omyxTa myaaact. Kaig mekynem, ku Macbaiiau (1)-(3) xaaromu a = 0,b = 1,

f(x,t) =+x + t Ba 60 maptu
u(x,0) = ui(x,0) = u,(0,t) =u(0,t) =0

a3 tapapu omumu Ampuko P. C. Jlaxus (uwmr [25],[26]) Ba omumu Dpon
Y. Cobupit (aur [25],[26]) 60 nctudona a3 tabaunoru ayrarupébanman Jlammac
TaxKuK Kapja mynaact. Jap § 2.2. —u pucona xamwm ymymuu myoauinau (1) 6o
mrapTxou MOTHIOW Ba kKaHopuu (2)-(3) OGapom nmixox agamad mycbatu a,b Ba
munxoX Gyakcmsum Oedocuna Ba guddepeHcuponmmamaBangan  f(x,t), Ku
mapTxou TadbawioTu Jlamimacpo kKaHoaT MeKyHaj 00 uctudoma a3 TaTOUKH

tabaminotu Jlamnac-Kapcon xan kapza mrygaacr.

Xamm ymymuu myoauian (1)-(2)-(3) uyuun Hamyn gopan: (aur [13],[14])

u(x,£) = L (%)2"’)’201;@ —x) +
2)(3) -
min (x,t) L oz e
- j e_<§_ (i) _b)s — e_<i+ (E) _b>s fx—s,t—s)ds+
2J(3) b 0
AT
<p1(0)e_(%_ (%)2_b>x5(t —x)+
-

14
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g (x) + g, () + 22— (1) -
2J(z) - 2J(z) —+
a a\?
2+ (%) -»
0 - 2 (22) (1) = up(3)
2J(z) -~ NG

MfCIIaBana.

Hap maparpadu 2.3. myonunaum auddepeHcuanuu Tenermpad MaBpuan

TaxKUK Kapop rupudraact. Myoauna HaMyau 3€pUHPO A0pa:

0%u ou 0%u
—+a—+ﬁu=7+f(t) (4)

Xalaym ymyMuu Myoauia 00 WYpOIIaBUu MapTXOU UOTUIOUU

u(x, 0) = up(x), ui(x, 0) = uy (x) (5)
Ba IIAPTXOHU KAHOPUU

u(0,8) = @1 (), ux(0,£) = @ (t) (6)
édra masas.

Xanromu a = 0, = 0 6ynan macpanau (4)-(6) a3 yonuou B. A. [{utkus,
A. II. Ilpynuuko (uur [5]) Ba map xomatm a = 0,8 = —q(x,t) Oyman map
makoian A6aynkapumoB M. ®. (aur [1]) 6apaccu mrymaact. [Jap prucoiia Machaian
(4)-(6) TaBaccytm TtabawmoTm wuHTerpaymu Jlamimac-Kapcon myppa xam kapnaa
mrygaact. (aur [10]) A3 dyHkcusu f(t) H4pou MIAPTXOU MABUYAUATH TaOAUIOTH

Jlamnac-Kapcon Tanab kapnia Memasaj.

Hamyaun ymymun xannu machanan u0Tuoii-kanopuu (4)-(6) 4yHHH acT:

a
u(x, t) =e 2@, (t —x) +

17



min(x,t) t—s

a
j J §'(t—s—1)ug(x —s +1)e 259 dsdr +

mln(x!t) t_S

a
a f f S(t—s—1)ug(x —s +1)e 2" dsdr +
0

min(x,t)

a
f e 2 - u (x +t —2s)ds +
0

mln(x,t) t_S

j j e 70 h(x — 5) f(r)dsdr
0 0

bBo0u ceromm pucona 6a Xamium Myoawsiaxou UHTerpo-muddepencuanii 60

XO0CHJIaXOHn XYCYCﬁ 6axu11/ma mryaaact.

Hap maparpadu 3.1. Mapxymxou acocit goup 0a MyOAMIAXOUM HHTErPO-
mudepercuanii 60 XocIIaxou Xycycit oBapaa mynaana. Kain kapaa urygaact, Ku
YYHHH MYOJWJIAaX0 Jap HaMyIud MyoJuiaul TapMHUTy3apoHid 00 JapHa3apIOIITH
xouzan Myxut aap makonaxou M. I'yprun, B. Ilunkun taxymnu xyapo édraann.
(uur [15],[16]) Hatumuam map 600m 3 oBapaamryma XojdaTH YMYMHH YyHHH

MYOJMJIaAX0PO J1apOap MErupani.

Hap maparpadu 3.2. myoaunau unrerpo-auddepeHcuannu tenerpad, Ku To

X0JI XaJUTH OH JIap afabuETX0o BO HaMeXypasl

0%u , t )
az+(2b+1)—+bu a_ f t—T) dr + f(t) (7)
0

00 mapTxou HOTUION

{u(x, O) = Uy (x) (8)

ue(x,0) = uy (x)

Ba NIAPTXO0XU KaHOPpHUHU
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{u(O, t) = ¢1(0)

u,(0,t) = @, (t) (9

TaJIKUK Kap/a Iy aacT.

Xamm ymymun Machanau (7)-(9) 6apou sapou a(t) = bt + 2b + 1 uynun
Hamyn gopan: (aur [3 — M])

mln(x!t) t_S

u(x;t) = J f ' (t—s—1))ug(x + 1t —s)dsdr —
0 0

min(x,t) ¢t— 5/ 1 1
b+=+ w/b L) —<b+1+ /b+1>(t—s—r)
j j 2 e 2 4 ug(x + v —s)dsdr +

b+ 0,25

min(x,t) t—s 1 ’ 1
bz j j /b + 7 - b + Z\ _<b+%— ’b+%>(t—5—7—')
0

e ug(x + v —s)dsdr +
S\ 2fed )

mln(.x,t) t_S

f f S(t—s—t)u(x+1t—s)dsdt+ o,(t —x) +

2

b+1 — | min(x,t) t—s
2 \l (t 5-T)
j f u(x +1t—s)dsdr —
/b+—

2
<b+1+ ’ _) min(x,t) t—s
f f b++ (t 5—T)
2/

min(x,t) t—s 1 <

Hﬁ_

u(x+1t—s)dsdt —

1 1
—(b+5- b+

4 E>(t_s_r)h(x —5) f(r)dsdt +
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min(x,t) t—

S/b+ +‘/b+ \ b++b+ (t——‘r)

j f h(x —s)f(t)dsdt
\ 2l )

Xanau myoounapo xauzomu x > t Oyoan menasgucem

tt-s

u(x;t) —jj- (6'(t—s—1)ug(x + v — s)dsdr —

b+~ "‘«fb"‘\ b++b+ (tsr)

f/ ug(x + 7 —s)dsdr +
0\ b+ 025

t‘s/b+1— b+a ( 1| 1)
-\ b+5—|b+5 |(t—s-T)
e 2 4 Sruo(x+r—s)dsdr+

1
2 b+Z
1
<b+7+ /b+—> te=s
b++ (tsr)
ff e u(x+1v—s)dsdr —
2 b+% 00

1\ —(p+i- /b+l (t-5-7)
b+ - < 2 4> ’ Th(x—s)f(r)dsdr+

SE ———
[\)Ib—\
NN

1
2 b+Z
1 e 1 1 <b+1+ b+1>(t )
~ b+5+ [b+5 |(t-s-7
—fj b+=+ [b+=]e \ 2V 4 h(x —s)f (t) dsdt
1 2 4
2 b+ZO 0
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Xanau myoounapo xanzomu x < t oyoan menasucem

xt-s

u(x;t) —Jf (6'(t —s—1)ug(x + v — s)dsdr —

X 1 f 1

/b+2+ b+4\ b++b+ (tsr)

bsz\ e ug(x + 7 —s)dsdt +
0 0

b+ 0,25

. /b+1—/b+1\ 1 [, .1
~(b+5— [b+3 |(t-s-T)
bsz\ 2 4/e(+2 +4) STuO(X-I-T—S)deT-I-
00

t—s

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

2

(b-l—% b+—) min(x,t) t—s

b+— (t S—T)
j f u(x +1t—s)dsdr —
2 /b+

2
1 1
b+>5+ b+—) X £~
< 2 4 <b+1+ /b+1>(t— )
jj e 2 4 STul(x+T—s)dsdT—
1
2 b+Z 00
X t—s
1 1 / 1 —<b+l | )(t )
jj b+§— b+Z e 2 Srh(x—s)f(r)dsdr+
2 b+%0 0

Faitp a3 un macwanau (7)-(9) 6apou sgpou Hamymu a(t) = (1 — bt)e Pt

HHU3 XaJ Kapja [Iy1aacT, KM HaMyId 3epuHpo aopai: (aur [3 — M])
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min(x,t) t—s

u(x,t) = e @, (t —x) + J J S(t—s—1)u(x —s + 1)e P+ dsdr

mln(x,t) t_S

+ j j (8'(t—s—1)+2b5(t —s — 1)) upg(x — s + 1) e PC*dsdr +
0

min(x,t) t—s
b? —<1— fb+1>(t—s—r)
— J e \? 4 ety (x — s + 1) dsdt —
b+ o 0

min(x,t) t—s
b? —<1+ /b+1>(t—s—r)
— J J e \? * e P yuy(x — s + v)dsdr —

’ 1
2b+ZO 0

mm(x t)t—s

b+ + (t S—T)
u (x — s + 1)e PG+ dsdr +

J;Ii

JEE
)
minGet) o ( ) U ey TR

2b+1 1
j —5 e U (x — s + 1)e P60 dsdr +
o o \4 /b+%

mln(x t) t—s

1 +—— (t s— ‘L') —b

j — $+h(x—s) f(r)dsdt +
0 4 [b+ 1

2 1 mm(xt)t —s
b+ + t
° j j ( T b8 h(x — $)F (D) dsdr
/b +

Xannu ymymuu myoouna xanzomu X > t 6yoan uyHun acm:
t t-s
u(x, t) = f f S(t—s—1)u(x —s +1)e P+ dsdr
0
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tt—s
+jj (8'(t—s—1)+2b5(t —s — 1)) up(x — s + 1) e P Ddsdr +
0 0

tt—s
b? —<1— /b+1>(t—s—‘r)
S — e \? 4 et yuy(x — s + 1) dsdt —

tt-s
b? —<1+ /b+l)(t—s—1:)
—Jf e \? * e P yuy(x — s+ 1) dsdt —
1
00

2 b+4
tt—S/
2b+1 1\ —(p+2+ /1+b (t—-s-1)
jj ——t |e < 2 N4 ) U (= s + 1)e b6 dsdr +
ba \afort 7
tt—S/
2b+1 1\ —(b+1- |24b)E-s-1)
jj -5 e< 2 N4 ) STul(x—s—FT)e_b(S”)dsdr-F
ba \afort 7
e /1 1 \ —<b+1— /b+1>(t—s—r)
ff S———|e 2N e DS h(x —s) f(r)dsdt +
2P aoed)
2 |b +%+ 1 . —<b+l+ /b+l)(t—s—'r)
jj e \ 2N 4 e h(x — 5)f(1)dsdt
4 b+% 00

Hap maparpadu ceromu 600u 3 Myomwsnanm uHTErpo-auddepeHcuanin 60
XOCHJIAXOW XYCycil, Ku 0a MyoJWJiad MaBY oOBapjaliaBaHa MeOOIIa], TaxXKUK

Kap/a [1y1aacrt.

UyHHH Ty30pHII 6opu aBBai a3 yoHuOH puésugonn Yonon M. ®yunra Gapou

MYyOJWJIaN HAMY I

u(x, t) = f(x) +fa(t—r)war

0

- (10)
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Oappacii rapauaaact. Sapo cunrynspit Oyna, HaMyIu YMyMHH OH YyHHUH acT:

1
a(t) = mta_l (11)

nap uH 4o '(a) —dyukcusu Ditnep yuncu 2 Ba @ € [1; 2] acr.

['y3opumu mMacwamapo meoBapeM: Dynkcusu u(x,t) €bt maBan, Ku MyoAwIau

(10)-po 0o mapTH HOTHIOUH

ux,0) = f(x) (12)

Ba [IAPTXOHU KAHOPUU

(100 =0 (13)

ux(0,8) = c(t)
KaHOaT MCKYHaJ.

Macpanau (10)-(13) a3 4qouu6u M. ®yunra Gapou sipou (11) Ba a3 4oHHOH

Myaimudu pucosia 6apou SAPOu PEryIsipud HaMyIu
a(t) =te P, b>0 (14)
TaJIKHUK Kapaa [Iy1aacT.

Anpou (14) map mykouca 60 siapou (11) my OGaprapum yuaain nopan. ABBajaH
Oapou YyHHH SIApO TaTOMKH XucoOu oreparcuonii (tadawnotu Jlamnac -Kapcon)
Kynail meOomman. CoOHUSIH OMpau TAaTOMKU SAPOU PEryssipii Hazap Oa simpou

CHHI'YJISIpH X€JI€ Baceb acT.

Hamyau ymymun xammu Macbaiau (10)-(13)-po 6apou simpou (14) meoBapem

mln(x,t) t—S

u(x, t) = j j6’(t—s—r)f(x—s+T)e‘b(5+7)dsdr+
o 0

mln(x,t) t—S

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

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

+e Pt — x);

bo makcanmu mapxX mogaHM KagamMxoM acocuu HUCOOTH (opMmynan Xajuiu

Macbajia dK MHUCOJIM Myl1axac 6ap01/1 Myoaujian

0%ulx, t
07utxT) o

t
u(x,t) = bx + J(t — 7)e b0
0x?
0

oBap/a IIy/1aacT.
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XyJioca
1. Hartnyaxou acocum MJIMHH KOPH JHCCEPTATCHOHM

Hap pucojam aUcCepTAaTCUOHN HATHMYaXOM acOCHM 3€pHH 0a JacT oBapiaa

Ty TaaH/I;

1. ba Bocutam Tabmumoru Jlammac-Kapcon TacBupum (¢QyHKCHUSIXO Ba
UHTETpaJIX0e, K TATOMKW Bacer aMaJjIH JIOpPaH] MyaisiH kapaa nrygaana [9-M],
[10-M];

2. Xamwm ymymun Myoawiau nuddepencuanuu tenerpad 00 mapTxod UOTHUIOM
Ba KaHOPHH JOJallly1a MyaisiH kapja mryaaact[2-M], [5-M];

3. Xamm yMyMHH Myoauiau uHTerpo-auddepeHcuanuu tenerpad Oapou simpou

byHkcusu xaTTil (rpadukain xaTu pocT) Ba GyHKCUSIM FallpuxaTTil (rpadukar
XaTu Kay) 00 MapTXou UOTUIO0N Ba KAHOPUHM JIOJAITy/1a MyalsiH Kap/ia ury1aact
[3-M], [6-M];

4. Xammm ymymMuud myoawsiaxou nuddepeHcraninu XaTTi 00 XOCHIaXO0H XYCYCHH

TapTUOM K Ba Ay 00 IIApTXOM MOTHAOW Ba KaHOPUHU JOJalllyAa Ba XaJlld
Myoquian uHTEerpo-nuddepencuanuu 6a Myoauiad MaBY OBapjaliaBaHia
MyaiisiH Kapja myaaact [1-M], [2-M], [4-M];

5. YanaBamu 2 TO 4O€ OroxX XacTaM Jap TabpUXu PUEIUET TO X0 BYUy/ HaI0pas Ba
Oapou xammum Myoawnaxou auddepeHcuanii, MyOIUTIAXOW  UHTErpo-
nuddepencuanii 60 xocuiaaxou Xycycit Ba railipa Baceb ucTU]oamiaBaHaa
mebomian [7-M], [8-M], [10-M];

2. Tascusixo onp 6a ucrudoaau aMajaun HaTHYAXO

TaxKuKOTH Ma3Kyp axaMUsSITH Ha3apHUsIBHA Ba aMajli JOIITa, HATUYAX0H
pUCOJIall JUCCEPTATCHMOHM Ba METOJIXOM HCOOTH OHXOPO Jap XOJaTu
YyCcTy4yy HaMyJaHM XaJli MachajaXou HUOTUIOW-KAaHOpPW  Oapou
Myoauiaaxon auddepeHcuanin 00 XOCHIAXOM XyCyCH Ba MYyOJIMJIaXOH

UHTETpO-TuddepeHcrani 00 XOCUIaXou XyCcycit TaTOUKH XyIpo €édTaaH/I.
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7 7

33



BBenenue

AKTYaJIbHOCTh T€MbI MCCJIeA0BaAHUs. 32 TIOCICIHUE JACCATHICTUS TCOPHS U
npakTtuka JguddepeHuranbHbIX U UHTErpo-TudPepeHInanbHbIX ypaBHEHUN ¢
YaCTHBIMH TIPOU3BOJHBIMU, KOTOPHIC SIBISIOTCS MAaTEMaTUYECKUM OOBSICHCHHUEM
CJIOXHBIX U BECbMa BaXKHBIX MPoOJeM (U3UKU, XUMHUH, OMOJIOTUH U COBPEMEHHOM
TEXHUKHU, UMEIOT 3HAUUTEIBbHOE pa3BUTHE M mporpecc. s 3TUX ypaBHEHUM
pa3paboTaHbl JOBOJBHO Pa3HbIE MOIXOIbI K PEHICHUI0 HAYaIbHBIX M HaYaJIbHO-
KpaeBbix 3amady. Cpeau HHMX 0co00€ MECTO 3aHMMAeT METOJ| WHTErpajbHBIX
npeoOpa3oBanuii. B cBoto ouepenp, HanboJee BaXKHBIM U3 ITUX METOJIOB SBIISETCS
METOJI MHTEerpajibHoro mnpeoOpa3zoBanusi Jlammaca-Kapcona st JIMHEHHBIX
ypaBHEHUH C N MEPEMEHHBIMH, KOTOPBIM B MOCIEAHUE TOJbl HAXOAUTCS B IIEHTPE
BHUMAaHHS MaTEMaTUKOB, (DM3UKOB U APYTUX HcchenoBaTenei. Hay4ynsle craten u
monorpaduu yuéubix FO. A. BpuukoB u A. II. Tlpyauukor [3], P. C. Jlaxus
[22,23], A. Babaxanu [21], P. C. Jlaxus u J[x. C. Jlebnar [24] a Takxxke B. A.
Jutkua u A. II. TIpyaaukoB [5, 25] MOCBSIICHBI HOBBIM METOJaM pacuera
npsMBIX W o0patHbIX  mpeoOpaszoBanmii  Jlaruaca-Kapcona,  koTopbie
MpeIHa3HAYCHBI TSI PYHKITUH ¢ ABYMS M1 MHOTHMH TTIEPEMEHHBIMHU.

Jucceprauuss 1NOCBSIIEHA NPUMEHEHUIO psAla  KJIACCOB  yPABHEHUU
(tenerpadHoro  mudpdepeHInanbHOTO  ypaBHEHHUs, TeJaerpaHoro HHTErpo-
mudpepeHInanTbHOTO  ypaBHEHUS, YPAaBHEHWH C YaCTHBIMH IPOU3BOJIHBIMHU
pPa3TUYHBIX TIOPSJIKOB M HAYaJIbHBIX M KPAeBBIX 3ajad JJIS HHUX) IMOCPEICTBOM
npeodpazoBanus Jlamnmaca-Kapcona. [lnsi HaxokJIeHHs SIBHOTO BHJa peEUICHUS
MPUBEJACHHBIX BHIIIE YpaBHEHUN HEOOXOIUMO BBIYHMCIWTH TMPsIMbIE W OOpaTHBIC
WHTErpalibHbIE TPEeoOpa30BaHUsI MHOTONEpPEMEHHbIX (QYyHKIMHA. B muccepramum
MIPE/ICTABIICHBI OTIEPATUBHBIC PACUCTHI TAKUX (PYHKITUH.

CreneHb HAYYHOII pa3pa00TaAHHOCTH TeMbl MCCJIEI0BAHUA. 3a7a4M JIJIsl HE
OYeHb IMUPOKUX KjaccoB AU epeHIInaabHbIX YpPaBHEHUH W HHTETPO-
mudpepeHInaNbHBIX YPaBHEHUH € MPUMEHEHHEM OIEpPAIlMOHHOTO HWCYHMCIICHUS
HCCIIEIOBAHbI B HAy4HBIX Tpynax M. ®yuura [27,28], M. ®. A6ayiaxapumos [1],

B. A. Wmun [11], E. A. Kosmosa [29], A. A. Jly6kos [6], C. C. Opos [17], D. W.
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CemenoB u A. A. Koco [19] . HayansHble ¥ HadalbHO-TPaHUYHBIE 3afadd IS
muddepeHIMaTbHBIX ypaBHEHUH U TenerpadHbIXx HHTETrpo-auddepeHnaibHbIX
ypaBHeHU#, a Takke Ui AudepeHIMaNbHbIX YpPaBHEHUW C YaCTHBIMU
MPOU3BOJAHBIMA BTOPOTO TIOpSJIKA HMCCJICAOBAaHBI B HAYYHBIX CTaThsix M. U.
Wnomnos, 111. M. 3yadonos [10,12,13,14], 1. M. 3yadonos [2 —A,5 — A]. Jlas
TaKuX 3a7a4, MOCPEACTBOM HHTErpaibHOro mnpeoOpazoBanusa Jlammaca-Kapcona,
MIPEICTABIICHO N300PaKECHUS SIBHOTO PEIIICHUS.

CBsa3b HcCIeI0BATEIBbCKON PadoThl ¢ NpPOrpaMMaMH, MNPOEKTAMH U
HAYYHBIMHU TeMaMmu. JluccepTanmoHHas paboTa BRITIOJHEHA B paMKax peann3alun
MEPCHEKTUBHOIO TUIAHA HAYyYHO-UCCIIEI0BATEIbCKON paboThl Kadeapbl MaTeMaTh-
YECKOT0 aHaju3a MaTeMaTH4eckoro (akynpTera TapKHUKCKOr0 roCy/1apCTBEHHOTO
nenarornyeckoro ynusepcurera umenu Canpuaanaa Atau Ha 2021-2025 roael o
teMe «MccnenoBanusit 1o Teopuu auddepeHInanbHbIX  YpaBHEHUHW U ee
TIPYITOKCHUSM .

OBUHIEE OIIMCAHUE UCCJIIEJOBAHUSA

Hear wuccaenoBanus. OCHOBHOW  IENbIO  JUCCEPTAMM  SIBISIETCS
OTIpe/ICIICHNEe HW300PKCHUA HEKOTOPHIX (YHKIIMA W HEKOTOPHIX HWHTETPAJIOB,
KOTOPbIE MCIOJIb3YIOTCS JJII HAXOXKJICHUS SBHBIX PEIICHUM HEKOTOPBIX KIJIACCOB
nudepeHnnanbHbIX YpaBHEHUH ¢ YaCTHBIMH MPOU3BOHBIMH MEPBOTO U BTOPOTO
Mopsi/IKa TIPH 3aJJaHHBIX HAYaJIbHBIX M TPAHWYHBIX YCJIOBHUSAX, a TAKKE IIMPOKO
WCIIONB3YIOTCS JUISI HAaXOXICHUS SBHBIX pemeHud Ttenerpadroro audde-
PEHITMATBFHOTO YPaBHEHUS C 33JJaHHBIMH HAYaJbHBIMH U TPAHUYHBIMU yCIOBUSIMH
u TenerpadHoro UHTErpo-audPepeHnanT-HOTO YPAaBHEHHSI ¢ 3a/IaHHBIMU Hadallb-
HBIMHU ¥ TPAaHWYHBIMH YyCJIOBUsIMU. [IpuBeleHHbIE B qUCCEPTAIIMHN U300paKeHUs
GYHKIMA W WHTETPAIOB HMCIOJIB3YIOTCS HE TOJBKO IS PEIICHHS TellerpaghHOro
nudpepeHnnanbHOT0 ypaBHEHUs, TenerpadHoro HHTErpo-audQepeHaIbHOTOo
ypaBHeHUS W JIu(dPEpeHIMATBHBIX ypaBHCHUH € YaCTHBIMH TPOU3BOJIHBIMU
MEPBOTO W BTOPOTO TOPSI/IKA, HO MOTYT OBITh WCIOJB30BaHBI TAKXKE W JUIS
HAaXOXKJEHUSI peIIeHUH HMHTErpo-IuPepeHIMaIbHBIX  ypaBHEHUN, KOTOPHIC

MNPHUBOAAT K TCIIJIOBBIM, BOJTHOBBIM U T. II. YPABHCHHUSAM.
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3agaun  wucciaenoBaHusi. B COOTBETCTBUM C IIOCTAaBJIEHHOM IIEJIBIO

HCCICAOBaHU ObLIH OIIPCACIICHBI CICAYIOIHUEC 3ada49m:

1. Omnpenenuts n300pakeHNe WHTETPAJIOB BUAA:

min(x,t) min(x,t) t—s

f e ®f(x—s,t—s)g(s)ds; f f a(t—s—1) f(x —s;1)e” %5 dsdr;
0o 0

0

2. Ompenenuty oOmee pemeHue TtenerpagHoro  auddepeHnnanTbHOro
ypaBHEHHUs, TenerpadHoro HUHTErpo-nuddepeHuantbHoro ypaBHeHUS U
mudpepeHnnanbHbIX YPABHEHUH C YaCTHBIMH MPOW3BOAHBIME TIEPBOTO U
BTOPOTO MOPSIIKA;

3. Pemmuts  TenmerpagHoe  uHTErpo-auddepeHuuaIbHoe  ypaBHEHUE
OTHOCHUTEJIBHO sJipa JUHEHHON PyHKIMHU (rpaduk KOTOpo nu3obpaxaeTcs
npsAMOM  JMHUEW) U HeluHeWHoW ¢GyHkuuu (rpaduk  KOTOpoH
n300pakaeTcss KPUBOW) TMpU 3aJaHHBIX HAYaIbHBIX W TPAHUYHBIX
YCIIOBHUSIX;

4. TlpuMeHUTH METOI  OMEPAMOHHOTO  HMCUYUCICHHUS K  PEIICHHUIO
i pepeHInanbHbIX U UHTErpo-Au(dhepeHInanbHbIX YPABHEHHM.

OO0bekTOM HCCIeNOBAHMSA SBISAIOTCS TenerpadHoe nuddepeHimranibuoe
ypaBHEHUE C 3aJJaHHBIMH HAYaJIbHBIMUA M TPAHUYHBIMH YCIIOBUSIMH U TelerpadHoe

uHTErpo-nuddepeHImanbHOe  ypaBHEHUE IS siipa JUHEHHOW (QYHKIIMU U

HEJIMHEHHOW QYHKIMU C 3aJaHHBIMU HAa4YaJbHBIMU U TPAHUYHBIMU YCIOBHUSIMHU.

IIpeamer uccaenoBanus. [IpeameTom nccneqoBaHus SBIACTCS ONPEICIICHUE
n3o0paxxeHud  (yHKIUN, UHTETPajJoB W HAXOXKJIEHUE SBHBIX peEHICHUN
tenerpaduoro  auddepeHuaIbHOr0  ypaBHEHUs, TelerpaHOr0  MHTETPO-
mudpepeHnnanbHOTO ypaBHEHUS U MU PEpeHIMATBHBIX YPABHEHHUN C YaCTHBIMU

IMPOU3BOAHBIMU IIEPBOT'O U BTOPOI'O IOpsAaAKa.

Hayuynas HoBu3HA wuccienoBaHusi. B muccepranum ObUM JOCTUTHYTHI

CJICaAyromue OCHOBHBIC ICJIIbI:

1. TlocpenctBom mpeoOpazoBanus Jlamnaca-KapcoHa omnpeesieHs
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n300pakeHnsT (PYHKIIUH W WHTETPAJIOB, MMEKIOIIMX MIMPOKOE MPAKTUIECKOE
MIPUMEHEHUE;

2. Ompeneneno oOmiee peieHue TenerpadHoro auddepeHnanbHOro
ypaBHEHUS C 33J]aHHBIMU HAYaJbHBIMHU ¥ TPAHUYHBIMH YCIIOBHSIMU;

3.  Ompeneneno  oOmiee  pemieHwe  TelerpagHoro  MHTErpo-
g depeHIIMaTFHOTO YPaBHEHHMSI IS SiApa TMHEHHON (QYHKIIMN W HETUHEHHON
GyHKIUHA ¢ 33]aHHBIMU HAa9aJIbHBIMU U TPAHUYHBIMH YCIIOBHUSIMU;

4. Omnpenenenbl oOlIee penieHUEe JIUHEHHBIX IudQepeHInaIbHbIX
YpaBHEHUN C YAaCTHBIMHA MPOU3BOAHBIMH IIEPBOTO W BTOPOTO TMOPSAKA C
3aJJaHHBIMHA Ha4daJdbHBIMH W TPAHWYHBIMU YCIOBHSIMH W PEIICHUE WHTETPO-
nudpepeHnanbHOT0 ypaBHEHUSI, KOTOPOTO MOXXHO TMPHUBECTH K BOJIHOBOMY
YpaBHEHHUIO.

Teoperuyeckass W HAYYHO-TIPAKTHYECKAS] IEHHOCTb HCCJIEI0BAHUS.
JlanHHOE WHCClIeIOBaHME HMEET TEOPETHUECKYI0 W MPAKTUYECKYI0 IIEHHOCTh, a
pE3yNbTaThl AUCCEPTAMMOHHON pabOTHl W METOMBI MX JOKA3aTeIbCTBA HAXOJST
CBOC TMPUMEHEHHE TMpU TOUCKE PEIICHUN HavyadbHO-TPAHUYHBIX 3a7a4 JUJIs
mudpepeHInanbHbIX  YpaBHEHUH € YaCTHBIMH TPOW3BOAHBIMH WM HHTETPO-

nudpepeHnanbHbIX YpaBHEHUH C YaCTHBIMU MTPOU3BOHBIMH.

IHos10:keHUsA BBIHOCMMBbIE HA 3AIUTY:

1. Teopema 00 ompeneneHUN H300paKEHUS HEKOTOPBIX (DYHKIIHIA
nocpeAcTBOM npeodpazoBanus Jlamnaca-Kapcona;

2. Teopema 00 omnpeneneHUn U300paKEHUS] HEKOTOPBIX UHTETPajioB
nocpencTsoM npeodpazoBanus Jlamnaca-Kapcona;

3. SBHBIE pelieHuss JUHEHHBIX AUQPEepeHINaNIbHbBIX YpaBHEHUN
MEPBOrO W BTOPOr0 MOPSAJIKA C 3aJaHHBIMU HAYAJIbHBIMU M T'PaHUYHBIMU
YCIIOBUSIMU;

4, SABHoe pemenue Tenerpaduoro nuddepeHInaTbHOT0 YPaBHEHHUS C
HayaJbHbIMU U TPAHUYHBIMU YCIOBUSIMH;

S. SBHOe pelieHre TenaerpagHOro HMHTErpo-AudPepeHIInaIbHOrOo
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yYpaBHEHUS [JIsi pa3HbIX SAEp C 3aJaHHBIMA HAYAJIbHBIMU W TPAHUYHBIMU
YCJIOBUSIMH;

6. SBHBIE pelieHHus MHTErpo-nudepeHIMalIbHbBIX  ypaBHEHUIA,
MPUBOJAIIMXCA K BOJHOBOMY YPaBHEHHUIO C 3aJlaHHBIMM HauyallbHBIMH U
I'PaHUYHBIMU YCIIOBUSIMHU.

CreneHb J0CTOBEPHOCTH  Pe3yJbTaTOB. JlOCTOBEPHOCTh  HAay4YHBIX
pe3ynbTaToOB  aAWccepranus — oOecriedeHa  TOYHBIMH — MaTEMaTHYCCKUMH
JTIOKA3aTelIbCTBAaMH BCEX YTEPXKACHHM, M3JIO0KEHHBIX B JHUCCEpPTAllMU, a TaKXKe

HCCIICAOBAHUAMM JPYTUX aBTOPOB.

CooTBeTcTBHE [HCCEPTANMH MNACHOPTY HAYYHOH CHEHHAJbHOCTH.
Huccepramonnass pabota BbIMOJAHeHa 1o coenuansHocTn 6D060102 -
JuddepeHnmanbaple ypaBHEHUS, TUHAMUYECKHE CHUCTEMbl W ONTHMAJBbHOE
yIpaBiieHue, a paszen no auddepeHualI-HbIM YpaBHEHUSIM BKIIIOUEH B naparpad

3, III ro pa3znena nmacropra HAy4YHOU CIIELMAIBHOCTH.

JIMYHBIA BKJIAJ COMCKATEJsI YUYEHOM CTeNeHH B HCCJIeaoBaHMH. Tema
UCCIIEIOBaHUSI M BBIOOP METOJa JO0KAa3aTeNbCTB ObUIM MPEIJIOAKEHBI CO CTOPOHBI
HAYy4YHOTO PYKOBOJMTEIS, KpOME€ TOrO, HAY4YHBIH PYKOBOJUTEIb OKazajl
KOHCYJIbTAIMOHHYIO TOMOIIL aBTOpy AuccepTauumu. OCHOBHBIE PE3yIbTAThI
JMCCEePTAIMOHHONW PaboTHI, M3JI0KEHHBIE B paszjene «Haydnas HoBH3HA», ObUIH

MOJTY4YEHBI JTMIHO aBTOPOM.
OnoOpenue U BHeAPEeHUE PE3YJIbTATOB JUCCEPTAIMOHHONH PadOTHI

OcCHOBHBIE  PE3yJbTAaThl JUCCEPTAMU  OOCYXKIAJUCh B  CIEAYIOIIHUX

ceMuHapax U KOH(pepeHInsIX:

1. Cemunap lleHTpa WHHOBAIIMOHHOTO Pa3BUTHUS HAYKH U HOBBIX
texHosoruit HAHT «/IpoOHbIit aHann3 u ero MpUMEHEHHE) MO PYKOBOJCTBOM
akanemuka HAHT, noktopa ¢pusmko—maremMaTHuueckux  Hayk, mpodeccopa

M. U. Unonosa (dyman6e, 2020 — 2024 1.)

2. CemuHap kadenpbl MaTeMaTHYeCKOro aHaimm3a TaJKUKCKOTO
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['ocynapcTBeHHOro mnegarorudeckoro yHuepcurera uMmeHn C. AiHM noj
PYKOBOACTBOM  JOKTOpa (U3MKO—MaTeMaTUYECKUX Hayk, mpodeccopa
P. H. [Iuposa

3. MexnyHaponHas HaydHas KoHpepeHus mo Teme «KoMIIeKCHbIN
aHaJIM3 W €ro MPUMEHEHHE», TMOCBAIICHHAs ABAALATHICTAIO H3YUYCHHUS W
Pa3BUTHUSl €CTECTBEHHBIX, TOUYHBIX U MaTEMaTUYECKUX HAyK B cdepe HAyKH U
oOpa3oBaHus, 75-neTuio  J0KTOpa  (HU3HKO—MaTEeMaTHUECKUX HayK,
npodeccopa U. K. Kypbanosa u 70-neturo 10KTopa pU3NKO—MaTeMaTUYECKUX
HayK, mpodeccopa Ixxymados Cadapona, (r. baxrap, 19 Hos6ps 2022 r.);

4, MexnayHapo/iHas Hay4Hasi KOH(pepeHuus, nocBsiuieHHas 70-1eTuro
akagemuka HAHT, nokropa ¢usnko-mMaremaTH4eCKHX Hayk, mpodeccopa M.
. [ITa6o30Ba, (Tamkukuctan, lymande, 24-25 utons 2022 1.);

5. MexnyHaposnHas HayyHasi KOH(epeHIusl, nocBseHHas 70-1eTuto
akajeMuKa AkaneMusi HayK Ta/pKUKUCTaHa, TOKTopa (PU3MKO-MaTeMaTHYECKUX
Hayk, npodeccopa K. X. boiimaToBa, (Tamxkukucran, [ymanoe, 25-26 nexadps
2020 1.);

6. MexayHapo/iHas Hay4Hasi KOH(pepeHuus, nocBsiuieHHas 80-1eTuio
JOKTOpa (PU3MKO-MaTeMaTuueckux Hayk, mnpodeccopa Temypa Cobupoa
(Tamxukucran, [ymanbe, 25-26 utons 2021 r.);

7. MexayHapo/iHas Hay4Hasi KOH(pepeHUus, nocBseHHas 70-1eTuio
JOKTOpa (PU3UKO-MAaTeMaTHUeCKuX Hayk, mnpodeccopa ['. [IxanrubOekona,
(Tamxukucran, lyman6e, 30-31 suBaps 2020 r.);

8. PecnyOnukaHckast kKoH(pepeHus, MOCBsIIEeHHas «/{BaalaTuieTuio
U3YUYEHUS U Pa3BUTHUS €CTECTBEHHBIX, TOUHBIX U MaTEMaTU4YECKUX HayK B 2020-
2040 rogax», lyman6e-2020;

Q. MexayHaponnast HaydHasi KoH(pepeH1us, mocBsieHHas 70-1eTuto
JnokTopa  (U3MKO-MaTeMaTHMYecKux Hayk, npodeccopa K. Tyxnuena
(Tamxuxucran, Xymkanna, 21-22 utonst 2024 r.);

IIy0imkanuu mo teme auccepranuM. Pe3ynbrarsl UCCIEIOBaHUN IO TEME

JMCCEPTALIMOHHON paboThl OMyOJIMKOBaHbI B 10-M HAYYHBIX CTaThsX, B TOM YHCIIE
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B 4-X CTaThsX B PELICH3UPYEMBIX M3/IaHUSAX, BXOASAIIMX B JEHCTBYIOLIUI ITepEeYEHb
BAK mpu Ilpe3unente PecriyOnuku TamkukucTtan, 1 B 6-1 CTaThIX B MaTepuaiax

MEXIYHAPOIHBIX U PECITyOIMKAHCKUX KOH(DEpPEHITUH.

CTpykrypa M 00bemM auccepramuu. Jluccepramus COCTOUT W3 BBEICHUSA, 3
riaB, oubnuorpaduu, cocrosmieit u3 120 HaumeHoBanui, odmum oobéEMom 137
KOMITBIOTEPHBIX CTpaHMWII, HaredaTaHHbIX B mporpamme Microsoft Word. [lns
yno0cTBa pabOThl B IMCCEPTAIIMU MIPUHATA TPOHHAS HyMEpalus TEOPEM, JIEMM, U
dbopMyI: TEpBBIA HOMEP COOTBETCTBYET HOMEpY TJaBbl, BTOPOW HOMEp
COOTBETCTBYET HOMEpY maparpada u TPETU HOMEP COOTBETCTBYET MOPSIKOBOMY

HOMEPY TEOpEM, JIEMM, pe3yIbTaToB U (GOpMYII TaHHOTO Maparpada.
OCHOBHASA YACTDb UCCJUIIEJOBAHUA

Marepuajbl M1 MeTOABI MCCJIeAOBAHUA. B wmccienoBaHNM HCTIOJIB30BAHbI
pacueTsl IpsIMBIX U 0oOpaTHbIe npeoOpasoBanus Jlamnaca-Kapcona st MHOrux
NEPEMEHHBIX (YHKIMH, MOBTOPHBIX HMHTErPAloOB, a TAKKE MX MPUMEHEHHUE NpPHU
pelmeHun HEKOTOPBIX KJIACCOB g depeHnnanbHbIX 151 MHTETPO-

nudepeHnnanbHbIX ypaBHEHUH.

OcHOBHBIEC pe3y/IbTaThl HCCJIeI0OBAHMUS. [IpuBogMM  KpaTKyro

uH(pOpMaIUo 00 OCHOBHBIX PE3YJIbTaTaX JUCCEPTAIMOHHON pabOTHI.

IlepBasi rnaBa jaucceprammu ( 1.1, 1.2) mocesiieHa OpeaBapUTEIbHBIM
cBeeHUAM O TnpeoOpasoBanuu Jlamnaca-Kapcona nnsi MHOTHX NEpEeMEHHBIX
(GyHKUMA W KOHKPETHOMY BBIYMCIICHHMIO MPSMBIX U OOpaTHBIX MPeoOpa3OBaHMIMA
JUISL KJIacCOB (DYHKUMN M MHTErpajioB, KOTOPbIE 3aTeM OyAyT MCIOIb30BATHCS IS
HaXOXJCHUS  SIBHBIX  pEIICHUH mudpdepeHInaIbHbIX U UHTETPO-
muddepeHIManbHBIX ypaBHEHUH C YacTHBIMH TPOU3BOJHBIMH. B mepBom
naparpade mnepBoi rnaBbl 1.1. mokaszanel mpeoOpa3oBanuu Jlammaca, a Takxke
OCHOBHBIE OIpeieIeHHsI, 0003HaueHusI U TeopeMbl. Bo BTopom maparpade nepBoit
rnaBbl 1.2. Bounutn oOmue dhopmyssl mpeodbpazoanus Jlarmaca nius GyHKmmii N -

NEPEMCHHBIX B BHJIC
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F(p1;p2 pn) = f f f e_zz=1pkxkf(x1,x2, xn)dxldXZ dxn
0 0 0

rae, F(py,ps ... pr) — byakuus usobpaxenus u f(xq,X,, .. X,) -  QOYHKIHS
OpWruHaga, a pPi,Py .. P, - KomruiekcHble uucna. (cm [21],[25]) Bmepssie
amepuKaHcKkuil yueHslid JI>koH KapcoH wucciieoBan M OTKpbUI MpeoOpa3oBaHUE
Jlanmaca nnst HaxXOXKJAeHUST M300pakeHus (QYHKIUN OJHOW U JIBYX MEPEMEHHBIX,
KOTOpOE  ceddyac HM3BECTHO Kak mpeobOpasoBanue Jlamiaca-Kapcona. (cm
[5],[7],[18]) PaccmaTpuBaroTcst ocHOBHBIE (DYHKIMHU Mpeodpa3zoBanus Jlamiaca u

U300pakeHne CBEPTKH IBYX  (DYHKIIMI C IByMs IMepEMEHHbBIMHU.

[TocpenctBoM mpeoOpa3zoBanus Jlamnaca-Kapcona paccuuTanbl HEKOTOpHIE

dbyHKUIMK U UHTErpaiibl. s npumepa, uzoopakenne QyHKIIuu

e~ (t — ) + p(0)e ™5t — x)

IIe C — MPOM3BOJIBHOE AEHCTBHUTENbHOE uucio, O(t — x) — dynkuusa [lupaka,
(cM [2],[4]) a @(t) — muddepenuupyemast GyHKIHS, paBHIETCS KOMIUICKCHOM
(YHKIIUHU C TIEPEMCHHBIME P, q BUJA!

rq®(q)

p+q+c
rae ®(q) — npeobpazosanue Jlammaca ¢ynkuun @(t). AHATOIHYHO PACCUUTAHBI

u3obpakenus pynxuuit e P f(|x —t]) m e P f(x +t)

Teopemsr 1.2.1, 1.2.2, 1.2.3, 1.2.4 1OCBSIIEHHl COOTBETCTBEHHO

BBIYHCJIICHUAM H306pa)I<CHHﬁ HCKOTOPBIX MHTCTPAJIOB BUa

mll’l(x,t) t—S

f f a(t—s—1) f(x —s;1)e M5 dsdr
0 0

min(x,t) min(x,t)
j e~ (t=s) . p—ass “f(x —s;t—s)ds; f e ¥f(x—s,t—s)g(s)ds
0 0
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I[OKaBaTeJ'IBCTBO TCOpPpEM IIPOBCACHO Ha OCHOBC MCTOJZIa OIICPAIITHMOHHOTI'O
HWCYUCJIICHUS M HECOOCTBEHHBIX HHTCTPAJIOB MW IIPpU 3TOM OBLIIM KCIIOJIb30BaHBI

Kinaccuueckue uccnenosanus B. A, [lutkuna u I'. J{éga. (cm [5], [8])
Teopema : Ilycmo a(t), f(x,t) nenpepvienvie pynrxyuu. Eciu

a(t) > A(@Qu f(x,t) 3 F(p;q), mo
min(x,t) t—s

j j a(t—s—1) f(x —s;7)e" S dsdt 3 A(qQ)F(p; q)
0 0

qlp +q+a;)

20e  A(q) —usobpancenus ons a(t), F(p;q) — usobpasxcenus ons ¢hynxyuu
opueunana f(x,t) ux > 0,t > 0.

Hokazamenvcmeo: Ilonvsyemca npeobpazosanuem Jlannaca-Kapcona nonyyum

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

Coenaem 3ameny nepemMeHHOU UHMESPUPOBAHUS 60 GHYMPEHHEM UHmezpae

X—S=,t—S=7Vunonyuum

v

o ©o (00
qu j e PU-qv fa(v—r)f(u 7)dT dudvj e~ (Pratans gg
0 0 0

Xopowio uzeecmno, umo
1
Jy av =) f(w; )dr = - A@F P, 9).

To20a mbl nomyuum

-(p+q+aq)s R

1 1
EA(q)F(p, q) - lim <— 0> = EA(q)F(p, q) -

p+q+a p+q+a;

Taxum obpaszom,
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min(x,t) t—s

f f a(t—s—1) f(x —s;7)e” M5 dsdr 3 A(Q)F(p; q)
0 0

qlp+q+ay)’

B yvacTHBIX ClIydac paBCHCTBA IIPUHUMACT BHU:

min(x,t) t—s

f j a(t —s—1) f(x —s)g(v)e"M5dsdt 3 F(p)G(q)A(q)
0 0

qlp +q+a,)

Kak pe3ynpTar npuMEHEHUS  OTMEUEHHBIX  BBIIIE  TEOpeM  ObUIM
paccuUMTaHbl UX M300paKeHUs UIA psAsia PyHKIMI, KOTOpble NPUBEIEHBI B BHUJE

Tabmuupr (Tabnwuma 1).

Tabnuma 1.2.1.: U3o0paskenne HEKOTOPHIX (PyHKIINN

f(x, t) (x > 0;t > 0) F(p.a)
e u,(x —t) qU,(p)
1 p+q+l
e M ugx(x — 1) + up(0)e ™ (x — 1) PqUs(p)
e D%, (t — x) p®2(q)
3 p+q+b
e *p,(t—x) + @(0)e *5(t — x) pq®(q)
4 ptq+tc
e P f (¢ + x) pq Flq+b) F(p+o)
5 p—q—b+c\ q+b pt+c
e Ptf(lx —t]) q pF(q+b)+(q+b)F(p)
6 q+b ptq+b
e—bt—cxf(lx —t]) pq (F(q + b) 4 F(p + C))
7 ptq+b+c\ q+b (p+o)
e Pt=x f(x —t) pqF(p +¢)
3 p+c)p+q+b+c)
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e—bt—cxf(t _ x)

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

[Tocne atoro B maparpad 1.2 BBUHCISAIOTCS W300paKEHHUS] HEKOTOPBIX

HHTCTPAJIOB, KOTOPBIC 10 CUX IIOP HC BCTPCHAKOTCA B JIUTCPATYPC.

Tabnuua 1.2.2.: Onucanue HEKOTOPHIX UHTETPATIOB

f(x,t) (x>0; t>0) F(p,q)
1 min(x,t) F(p’ q)
f e ¥f(x—s,t—s)ds p+q+a
0
2 1t
Z](e‘ls — ect+(c=Us)y (x — s)ds; c # 0 (g+c)(p+q+1) Uo(p)
0
3 t q
f e~ (ot+aos)y  (x — §)ds (q +bo)(p+q+ag+ by) Uo )
0
4 min(xt) t—s AQF (p; @)
f f a(t—s—1)f(x—s;7)e" S dsdr qlp+q+a,)
o 0
5 t q
f e~ Oy (x — s)ds (@+b)(p+q+1+Db) Uo(p)
0
6 t 1
J a(t —tulx,)dt aA(q)U(p, D
0
7 min(x,t) t—g F(p; Q)
f f e~ %7570 f(x — s;7)e” M dsdr (q+a)(p+q+a)
o 0
8 min(x,t) (q + b)F(p)
f (6(t —s) + bh(t —s))e S f(x — s)ds p+q+b
0
9 : pF(q + b) — (q + b)F (p)
j(S(t—s) + bh(t —s))e™bS f(x + s)ds p—(q+Db)
0
10 - pF(q + b) + (q + b)F (p)

J(S(t —5) + bh(t —5))e ™ f(|x — s|)ds

0

p+qg+b
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11 t F(q +b)
j (8(t — ) + bh(t — 5))e f(s)ds
0
12 t A(q) pF(q+b)—(q+b)F(p)
a(t —1) e Pf(x+1)0 .
fo (t—1) e f(x + 1)t e e
13 t A(q) pF(q+b)+(q+b)F(p)
a(t—1)e " f(lx — )0 .
| ate =& r(x ~rhor 5 D
14 t 2A(q) p?F(q+b)—(q+ b)?F(p)
t — -bt _ 0 .
foa( D (fa+ D+ fx—)or | =5 T (a T D)2
15 min(x,t) CIF(p: q + ap)
J. e~%{=9) . o=t . f(x — 5t — §)ds (p+q+a)(q+ao)
0
16 t q  pUo(g +ap)
f e (=) . g=1S . §(x — S)uy(t — s)ds; x >t qta ptq+a
0
17 min(x,t) q pUo(@+a)—(@q+apU®)
f e Mt yy(x +t — 2s)ds 9+ a p?—(q+ap?
0
18 | min(x,t) t—s Fi(p)F>(q)A(q)
.f f a(t—s—1)-e "% fi(x —5) fo(r)dsdt qip+q+ay)
o 0
19 t p®,(q)
[ e e9p,ds - CEDIETED
0
min(x;t)
— f e PSh(x — s)@,(t — s)ds
0
20 min(x.t) G(p+q+a)F(pq)
j e ¥f(x—s,t—s)g(s)ds ptqta
0

Crnemyer OTMETHTH, uTO 3Aech QyHKIus F(p,q) GyHKIMS C KOMIJICKCHBIMU

nepemeHabME. (cM [8],[9],[20], [25])

Bropas runaBa aucceprauuu non HaszBaHueMm «JluddepenunanpHble
YpaBHEHHUS C  YacTHBIMU  TMPOU3BOAHBIMUY»  TOCBSIIEHAa  IPUMEHEHUIO
npeoOpa3zoBanus Jlarumaca-Kapcona mnpu  pemennn — auddepeHmanbHbIX

ypaBHCHI/Iﬁ C YyaCTHbBIMHU HpOI/ISBO)IHBIMI/I HepBOFO nu BTOpOFO HOpH)IKa.
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B maparpadp 2.1. coOpaHbl OCHOBHBIE TIOHSATHUS ¥ PE3yJIbTaThl IO
mudpepeHInaTbHBIM  YPaBHEHUSIM C  YaCTHBIMUA TMPOW3BOJHBIMH TIEPBOTO U

BTOPOTI'O IIOPAOKA.

B Tom umncne, HamomuHaeTcs Kiaccu(UKaIMs YpaBHEHHH C YacCTHBIMU
IIPOM3BOJHBIMA BTOPOTO IOpsAJKAa, a TaKKe HAIOMHUHAIOTCA OIPEIEICHUs

ypaBHeHI/Iﬁ SJIJTUIITHYCCKUX, FHHep60HquCKHX n Hapa6OJ'II/I‘-ICCKI/IX THIIOB.

B maparpade 2.2. wuccienqoBaHO ypaBHEHHUE TMEpeHOCAa C JIMHEHHBIM
MCTOYHUKOM U HEOJHOPOJHBIMU HAYaJIbHBIMU W TPAHUYHBIMU YCIIOBHUSIMHU.
BrleykazanHas 3a1ada peniaeTcsi ¢ MOMOIIBI0 MHTErPAbHOTO MPeoOpa3oBaHus

Jlamutaca-Kapcona.

Kpome 3toro, B § 2.2. n3ydyeHO ypaBHEHHUE BU]Ia

9%u = 9%u 0%u ou ou
ax2+at2+Zaxat+aa+a5+bu_f(x’t) (1)

C HaA4YaJIbHBIMHU YCIIOBHUAMU

u(x,0) = uy(x)
it 0) = @

" I'paHUYHBIMHA YCJIOBUAMUAU

(100 = 90 .

u;c(or t) = <p1(t)

Otmerum, uto 3amaun (1) —3)mpu a=0, b=1, f(x,t)=+x+t u

IIPH YCIOBHUH
u(x,0) = u(x,0) = uy(0,t) =u(0,t) =0

Obl1a WcciaemoBaHa amepukaHckuM yuensiM P. C. Jlaxus (cm [25],[26]) w
upanckuM  yueHsiM  Jk. Cobupu (cm  [25],[26]) C HCIIOJb30BaHHEM

npeoOpa3oBanus Jlamnaca AByx mepeMmeHHbIX. B § 2.2. muccepranuu nmpuBEACHO
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obmiee pernienne ypaBHeHus (1) ¢ Ha4aabHBIMA M TPAHWYHBIMU YCIIOBUSAMU (2) —
(3) nns 1r000r0 MOJIOKUTEIBHOTO 1IEJIOT0 Ynciia a, b u 1000l HEeNpephIBHOW U
nuddepenrmpyemoit  pyukmun  f(x,t), KOTOpOe  YAOBIETBOPSAET YCIOBHS

npeobpaszoBanuu Jlamnaca.

Oomee pemenue ypaBHenuit (1) — (2) — (3) uMeeT cieIyrOIIMIA BHI:

(em[13],[14])

u(x, t) = %<(g)z — b>_0’5 ) e_(%_ (%)2—b>x¢1,t(t 9+
min(x,t) 5 . 3
L (A AR s

2 "€
2(z) -
L)
2J(5) -
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2J(5) -#
12 uO(O)e_G_V (%)2_b>t5(x 0+
& -
a2y (3 Zp (o [a
2t (22) be-(z ) >tu0(x—t)—
2(z) - b
12 o <%+ (%) )uo;(x—t)—
2(z) - b
12 1y (0)e (5 (%)2_b>t6(x—t)—
2(z) - b
. (2 Zp (o, [a
7t (22) be <2 (2) >tu0(x—t)+
2(z) - b
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Kak MbI BUIUM

u(x,0) = e_<%+ (g)z_b)louo(x —-0)+
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a a\2
1 =+ =) —b
1y’ (x) — 2 o) 1o (x) = up(x)

Jor-o -

B maparpade 2.3. 61710 IPOBEACHO HCCIEA0BAaHUE TeIerpagHOro

nudepeHnanbHOTO ypaBHEHUs. Y paBHEHHE UMEET CIEAYIOMNUA BUI:

9%u ou 0%u
F+aa+ﬁu—ﬁ+f(t) (4)

Haiineno oOmiee pelieHHe ypaBHEHHSA IPU BBITOJIHEHHH HadaJlbHbIX

YCIOBUM
u(x, 0) = uo(x), ue(x, 0) = uy (x) (5)

Y TPAHUYHBIX YCIOBUU

U,(O, t) =@ (t)iu;C(OJ t) = <p2(t) (6)

I[Ipu a =0, f =0 3amaua (4) — (6) Obula paccMOTpEeHa CO CTOPOHBI
B. A. Tutkuna, A. I1. IIpyaaukoBa (cMm [5]) u B caywae a = 0, B = —q(x,t) B
cratbe M. @. AG6aynkapumona. (cMm [1]) B gmccepranuu 3amauga (4) — (6)
TIOJTHOCTBIO PEIICHBI  TTOCPEICTBOM HHTETPANBHOrO mNpeoOpasoBanus Jlamtaca-
Kapcona. (cm [10]) Oyukuus  f(t) JOWKHA  YAOBIETBOPSITH  YCIOBUSAM

cyliecTBOBaHMs ipeoOpazoBanus Jlamnaca-Kapcona.

OO6mmii Bua pelieHus HavdaldbHO-KpaeBoil 3amauu (4) — (6) wumeer

CJICIYIOLINMN BUA:

a
u(x, t) =e 2@, (t —x) +

mln(x’t) t—S

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

a
j j S(t—s—1Duy(x —s +1)e 20" dsdr +

min(x,t)
a
+ f e 2 -u (x +t —25)ds +

0

min(x,t) t—s

J f A h(x —s) f(7)dsdr
0 0

Tperbss rnaBa pguccepTali IOCBAILIEHA ONEPALMOHHOMY PELICHUIO
UHTETpO-Au(dEepeHIInaIbHBIX YpPaBHEHHH C YaCTHBIMH TPOM3BOAHBIMU. B
naparpade 3.1. W3MOKEHBI OCHOBHBIE TOHATHSA WHTErpo-IuddepeHITnanIbHbIX
YPaBHEHUH C YAaCTHBIMU IPOU3BOAHBIMU. OTMEUEHO, YTO NOJI00OHBIE YpaBHEHUS B
BUJIC YpaBHEHUH TETJIOMPOBOTHOCTH C YUE€TOM MaMSTH CpPEbl HAIILUTA CBOM aHAU3
B cTatbsix M. I'ypruna, B. [Tunkuna. (cm [15],[16]) Pe3yabrar, npuBeacHHbIN B

riiaBe 3, OXBaTbIBAET OOIIUH CiTy4ail TAKUX YpaBHEHUH.

B maparpade 3.2. uccnenoano tenerpadHoe HHTErpo-audhdepeHnaiIbHOe

ypaBHEHUE, pELIEHUE KOTOPOTO B JIUTEPATYPE MOKA HE BCTPEUACTCS

2

u ) : (x T)
az+(2b+1)—+b u—a— J (t—T) dr + £ () (7
0

C Ha4YaJIbHBIMHU YCJIIOBHUAMHA

(u0) = ©

ur(x,0) = uy (%)

W I'PaHUYHBIMHA YCJIOBUAMU

{u(O, t) = ¢1()

1, (0,t) = @, (t) ©)
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O6ee pewenue 3anaun (7) — (9) ang aapa a(t) = bt + 2b + 1 umeer
creayrommii Bua: (cm [3 — A])

min(x,t) t—s

u(x;t) = f f (6'(t —s—1)ug(x + 7 — s)dsdr —

min(x,t) t—
2 j fs b+5 +«/b+ \ b++b+ (tsr)
0 0 \

zm/

ug(x + 7 —s)dsdr +

min(x,t) t— 5/ 1
b + 2 w/b L) —(b+1— /b+1)(t— -7)
j j \ 4 e 2 4 Sruo(x+r—s)dsdr+
0 0 ’

min(x,t) t—s

j j b(t—s—1tu(x+1t—s)dsdt+ @,(t —x) +

2

1 / 1 ,
b+=— |b+ _> min(x,t) t—s
2 4 —<b+1— fb+1)(t— -T)
f je 2 * Stul(x+r—s)dsdr—

2 b+% 0 0

2
1
b+5+ /b+ ) min(x,t) ¢—s
2 4 —<b+1+ /b+1>(t— ~7)
J je 2 4 Srul(x+r—s)dsdr—

S — ’
o

min(x,t) t— 1 1
*[b+ 2 b + 4 —<b+%— /b+%)(t—s—‘r)
e h(x —s) f(t)dsdt +

1
Z\ —(p+i+ /b+l (t—s-7)
4 e ( 2 4> ot h(x —s)f(t)dsdt

Sl '
o
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Oouwee peutenue ypasuenus npu X > t umeem 6uo

tt—s

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

bzftfs/b—l_ +\/b+ \ b++b+ (tsr)
2a |\ 2 )

ug(x + 7 —s)dsdr +
b+ 0,25

tH/b+1— b+3 ( 1| 1)
-\ b+5—_[b+3 |(t—s-T)
szj 2 4 e 2 4 Sruo(x+r—s)dsdr+
00

1
2 b+Z
1
<b+7+ /b+—) ti=s
b++ b+= )(tsr)
1 jj e u,(x+1t—>5)dsdr —
2 b+Z 00
1 1 1 <b b 1)(t )
| b+5—_[b+5 |(t—-s-T
ff b+=-— |[b+-]e 2 * h(x —s) f(t)dsdt +
1 2 4
2 b+ZO 0
t t—s
1 1 b++/b+ (t—s—1)
ff b+ + /b+Z e< ) ’ h(x —s)f(tr)dsdt
2 b+%0 0

Oowee pewrenue ypasuenus npu x < t umeem 6uo
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xt—s

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

00

Xt-s 1
b + + b+z —<b+1+ /b+1)(t— -7)
szf 4 e 2 4 Sruo(x+r—s)dsdt+
00

b+ 0,25

/b +5— b+ _<b+1_ /b+l>(t_ -7

2 4 e 2 4 Sruo(x+r—s)dsdr+
1
\ 2o

t—s

jj b(t—s—tu(x+1t—s)dsdt+ @,(t —x) +
00

<b+l b-l-—) min(x,t) t—s
2 b+—— (t s—1)
J j u,(x+1t—s5)dsdr —
2 /b+

b:f /

t—s

I

Xt—s
1 1 1\ —(p+i- [b+1>(1:— -7)
—1ff <b+§— b+-— e< 2 * STh(x—s)f(r)der+
20 0

1 1
—| b+5+ fb+— (t—s-71)
e < 2 4> u,(x+1t—>5)dsdr —

4
2 b+4
Xt—s
1 1 b++/b+>t——
j.f b+ + ’b+— e< ( )h(x—s)f(r)dsdr
1 4
2 b+ZO 0

Kpome storo, 3amaua (7) — (9) ans sagpa supa a(t) = (1 — bt)e Pt

Takke Obla pelieHa, KOTopas UMeeT cieayromui Bua: (cMm [3 — A])
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min(x,t) t—s

u(x,t) = e @, (t —x) + f J6(t—s—r)u1(x—s+T)e‘b(s”)dsdt

min(x,t) t—s

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

min(x,t) t—s

j‘ j‘ (t 5—T)
2 ’b +— 0 0
_<%+ /b+%>(t—s—r) gDt

mln(x,t) t_S

b2

— | |-
1

2 b+Z 0 0

mm(xt)ts
f f b+1 1
2

e

min(x,t) t— 5

J f —
Wi
min(x,t) t—s
[ ]z
/b+l
min(x,t) t—s

i
T

tat

+__

1
2

)b
)
)
/

e bt yg(x — s + 1) dsdt —

Uug(x —s + t)dsdr —

(t S—T)
u (x — s + 1)e PG+ gdsdr +

(t S—T)
u (x — s + 1)e PG+ dsdr +

t
( T embs  h(x — 5) F(1)dsdT +

(tsr)

e DS h(x — s)f(r)dsdr

Oobuwee pewenue ypasuenus npu x > t umeem 6uo
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tt—s

u(x, t) = f f S(t—s—1)u(x —s +1)e PG+ dsdr

00
tt—s

+fj (8'(t—s—1)+2b5(t —s — 1)) up(x — s + 1) e P+ Ddsdr +
00

tt—s
b? —<1— fb+1>(t—s—r)
— J e \? 4 e bty (x — s + 1) dsdt —

t t—s
b? —<1+ /b+1>(t—s—r)
—JJ e \? * e P yuy(x — s+ 1) dsdr —
1
20 0

2 b+4
”_S/Zb+1 1\ <b 1 1+b>(t )
~(b+2+ |3 —s—1

fj ——=t |e 2 N4 U (x — s +1)e P60 dsdr +
D3 \efort 7
tt—S/

2b + 1 1\ —(b+1— /1+b>(t— )
jf —5|e 2 N4 o u (x — s +1)e PG+ dsdr +
0o \afo+} 7

f]—s (1 B ;) e_<b+%_\/@>(t_s_r) ce=bS - h(x — 5) f(1)dsdT +
00

t—s

1 t

4+1 b++b+>(t5‘r)
ff e e PS h(x — s)f(r)dsdr
00

IS
Sy
-+

=

B  maparpade 3.3., rmaBel 3 wucciaegoBaHO HMHTErpo-auddepeHnaIbHoe
ypaBHEHUE C YACTHBIMU MPOU3BOIHBIMH, KOTOPHIE MOXKHO CBECTH K BOJIHOBOMY

YpaBHEHHUIO.
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[lomobHoe  HayuyHOe COOOIEHUE BIEPBBIE PACCMOTPEHO SIMOHCKUM

MareMatukoM M. @yuuta 175 ypaBHEHHS BUIA

0%u(x,
u(x, 1) de

0x? (10)

ulx,t) =f(x) + j a(t —1)

0

Slnpo ABISETCS CHHTYJSPHBIM, M €ro 00mas ¢opMa BBITJISIIUT CIIETYIOMIUM

obpazom:

a(t) = ﬁt“_l (11)

rae, ['(a) —sro pynkius Diinepa 2 pogau « € [1; 2].

[IpuBeneM  moOCTaHOBKY  3amaud: Halth  QyHKIUo U (X, t),

YAOBJIETBOPSIONIYIO YpaBHeHUIO (10) ¢ HaUaNbHBIM YCIOBUEM

u(x,0) = f(x) (12)

" I'paHUYHBIMHU YCJIOBUAMU

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

120, 8) = c(b) (13)

3anauga (10)-(13) 6bu1a uccnenosana M. ®yunta g supa (11) u aBTOpoM
JUCCEPTALIMH JIJISL PETYJIIPHOTO spa BUAa

a(t) =te™,b >0 (14)

Anpo (14) umeeT ABa CyIIECTBEHHBIX MpeumyiecTna nepe sapom (11). Bo-
NEePBBIX, JJII TaKOro sapa yIAOOHO peaau30BaTh OMNEPAIMOHHOE HCYHCIICHHE
(mpeoOpazoanme Jlarutaca-Kapcona). Bo BTopeiX, o005acTb TpUMEHEHUS

PEryJsipHOTO siipa ropas/io MKPE, YEM Y CUHTYIISIPHOTO sIIpa.

[TpuBenem obmuit Bun pemenus 3amaauu (10)-(13) nns siapa (14)
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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

mln(x,t) t_S

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

min(x,t) t—s

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

+e PXp(t — x);

JUIsi TOSICHEHUsT OCHOBHBIX IIAroB JOKa3aTelbCcTBa (DOPMYJIbI pEelIeHUs

3aJlayu IPUBEICH KOHKPETHBIA IPUMED ISl YPaBHEHUS

d2%u(x,
0Tu(x1) o

t

) =b t—1)e b0

u(x, t) x+f( T)e 92
0
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3akJIroueHue

1. OcHoBHbBIE HAYYHbIE Pe3YJbTAThI JUCCEPTAIMOHHON PadoThHI

B nmuccepranmmonHoil pabore OBUIM TMONYYEHBI CIEIYIOIIHNE OCHOBHBIC
PE3YIIbTATHI:

1. C momompro  mpeobpazoBanus Jlammaca-Kapcona ompeneneHs
n300paxkeHuss (QyHKIUNA W MHTETPAJIOB, UMEIOIIHE IIMPOKOE MPAKTHIECKOE
npumenenue [9-A], [10-A];

2. Ompeneneno oOmiee pemenue TenerpadHoro auddepeHnnaTLHOTO
ypaBHEHHUs C HayaJbHBIMU M FPAHMYHBIME ycloBusimu [2-A], [5-Al;

3. Ompeneneno oO1ee pelieHue TenerpadHOro HUHTETpO-
nudepeHnanbHOT0 YpaBHEHUs JUIsl siipa JiMHeWHou ¢yHkuuu (rpaduk -
npsMasi JIMHUS) W HenuHeHoW (yHKuuu (rpaduk - KpuBas JUHUS) C
3aJJaHHBIMU HAYaJIbHBIMH W TPaHUYHBIMH ycioBusamH [3-A], [6-Al;

4. OmnpeneneHo oOmiee penieHue JUHEHWHBIX IuddepeHInanbHbIX
YpaBHEHUN C YaCTHBIMU NPOW3BOJHBIMU TIEPBOTO M BTOPOTO MOPSAKA U
3aJJaHHBIMHA Ha4daJbHBIMH W TPAHWYHBIMU YCIOBHSIMH WM PEIICHWE HHTETPO-
mudpepeHnanbHOTO  ypaBHEHUSI, KOTOPBHIA MOXET OBITh TMPUBENCH K
BOJIHOBOMY ypaBHeHuio [1-A], [2-A], [4-A];

5. Tabnuna 2, HaCKOJIBKO MHE M3BECTHA, BCTPEUAETCS BIEPBBIE U MOXKET
OBITh HIMPOKO HCIIONB30BaH JUIsi pemieHus: auddepeHnranbHbIX ypaBHEHUH,
UHTETpO-Tu(depeHITMATBHBIX YPABHEHUH C YACTHBIMHU MPOU3BOJAHBIMHA H T. .
[7-A], [8-A], [10-A];

2. PexoMeHIaUMU MO NMPAKTUYECKOMY HCNOJIb30BAHUIO Pe3yIbTATOB

JlaHHOE WCCIEeIOBaHWE WMEET TEOPETHUECKYI0 U MPAKTHYECKYIO
[IEHHOCTh, a PE3yJbTaThl JUCCEPTAIIMOHHONW pabOThI M METOABl WX
JI0Ka3aTeNbCTBA HAIIM CBOE NMPUMEHEHHE TPU TIOWMCKE PEIIeHWH HadalbHO-
TPaHUYHBIX 331a4d I auddepeHIManbHBIX  YpaBHEHWH C  YaCTHBIMHU
MPOU3BOJAHBIMU W HMHTETPO-TU(DPEPEHIIMATBHBIX YPAaBHEHUNM C YaCTHBIMU

IMPOU3BOAHBIMHU.
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AHHOTATCHSA

aucceprarcusiu 3yjaponos Llaxpuép MyJo3yadgonoBuu nap map3yu “Tar0ouku xucodu
onepaTcuoHi aap xaaam 0an3e cuHdxou myoauaaxou nuddepencuanii Ba HHTErpo-
nuddepencuanii 60 xocunaxom xycycii” 6apou napédrTu 1apayam HIMHH JOKTOPH
¢pancagpa (PhD), noktop a3 pyn uxrucocu 6D060100-MATEMATHUKA: 6D060102-
Myoaunaxon nupgepencualiii, CHCTEMaxou JMHAMHMKI Ba MI0PAKYHUH ONITHMAJIM

KanuaBoxkaxo: Myonninaxou nuddepercuanii 60 XOCHIAX0U XyCYCH, MyOIi-JIaXOU UHTErpo-
muddepercuanin 60 Xocuinaxow Xycycid, Tadaminotu wHTerpanmu Jlamnac-Kapcon, myonmnan
tenerpad, myoaunan Oyuura.

Makcaau kop. Maxkcanu Kopu MasKyp 0a JacT AapoBapJaHU TaCBUPU OLIKOPH XaJUTH Oab3e
cuHpXxou Myonuinaxou auddepeHcuanii 00 XOCHIAXOHM XYCyCd Ba MYOJWIAXOH HWHTETPO-
muddeperHcuanii 60 xocunaxon xycyci 0a Bocutam Tabmuiorn mHTerpanuu Jlammac-Kapcon
meboman. Hapépr Hamynanu TacBUpU (YHKCHUAXO Ba HHTETPANXOE, KU Jap pucoia Oapou
éprann Xammm Machalaxou MOTUAON Ba KaHOPH McTH(oaa Oypna HIynaaH], MakCcaad JUTapu
KOp Maxcy0 MeIIaBaHI.

Yeyaxou TaaKUKOT. Jlap KOpW JUCCepTATCHOHHA a3 METOIXOM MYOCHPH TaXJIWIA
(GyHKCHOHANM, Ha3apusd MYOJWIAXOW HHTErpo-auddepeHcuania 00 XOCHIaXOM Xycych Ba
XUCOOKYHHXOH OIEepaTcuoHit 0apou ¢pyHkcusxou oucéprarupébanaa uctudona Oypaa myaaacr.

HaBronuu wjiMuu TaXKMKOT. Macbanaxou 3eprH 00 yCyJIXOH HaB XaJ KapAa IIyIaaH:

1. ba Bocuram tabmmimoru Jlammac-KapcoHn TacBupu (DYHKCHSXO Ba MHTETpAIXoe, KU Aap
pucoiia TaTOMKH Baceh JIOpaH, édra nryaaact.

2. Xamm ymymum Mmyonaunan auddepercuanuu tenerpad 00 mapTxom HOTHION Ba
KaHOpHH JI0Jallly/1a MyaiisiH Kap/ia I1y/1aacT.

3. Xaumum yMyMUU MYOJWJIau MHTErpo-auddepeHcuanuu tenerpad 0apou sIpou XaTTid Ba
FalpuXxaTTil Jap aJoXUaJard Xucod Kapja uryaaact.

4. Myonunau uHTerpo-guddepeHcuannu Oydnrta TaAKUK Kapa IIyAaacT, Ku 0a cudaTu
X0JIATXOU XYCYCH MyOAHIIaX0H TapMUTy3apOHid Ba MaBupo aapOap Merupaj.

Ap3umM  Ha3apuUABA Ba aMaJMM TAaXKHKOT. TaxKMKOTM NEMHUXOAUIYAA XapaKTepu
HazapusaBil nopaa. Hatmyaxom wunmum OanactoBappamiyaa Oapou uHKMIIOpH MHUHOabAau
TaOAMIOTXOM HWHTErpalii Ba Mmyoawinaxou auddepeHcuanii Ba uHTErpo-nuddepeHcuanii 00
XOCHUJIaX0M XyCYCHl 3aMHHau Xeje 007bTHUMOJ MeOomaHi. MaBoau nuccepTrarcusiu MasKyppo
XaHTOMH XOHJAHM KYpPCXOM Maxcyc Oapou NIOHMIIYYEHU Kypcxou OO0JIOf, MarucTpxo Ba
JOKTOPAHTXOM MakTaOXoW O, KM a3 pyM MXTUCOCH MaTeMaTHKa, MaTeMaThKau aMajil Ba
MeXaHUKa TaxCUJ MEHaAMOSH]I, ucTH(oaa OypaH MyMKHH acT.
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AHHOTAIUSA
auccepranuu 3yngponosa lllaxpuépa MyaosyinponoBuua Ha temy «Ilpumenenue
OIePAIMOHHOI0 MCYMCIICHHUS /ISl pellIeHHs] HEKOTOPBIX KJ1accoB Hu(pdepeHIuAIbHBIX H
HHTErpo-1u(¢epeHINATBHBIX YPABHEHHI € YACTHBIMHU POM3BOJIHBIMIY,
NpeICTABIEHHON HA COMCKAHNE YUYeHOl cTenenn 1okTopa) puiaocodpuu (PhD mo
cnenuajbHocTH 6D060100-MATEMATHUKA: 6D060102-AuddepenunaibHbie ypaBHEeHUS,
AUHAMHYECKHE CHCTeMbI M ONITUMAJIbHOE YIIPABJICHHE

KiarueBble cioBa: nud¢depeHuualbHble YPAaBHEHUS C YAaCTHBIMU IPOU3BOAHBIMM, HHTEIPO-
muddepeHraIbHbpe YpaBHEHUS C YaCTHBIMHU MPOM3BOAHBIMH, MHTETPAIbHOE MPEoOpa3oBaHHe
Jlanmnaca-Kapcona, ypaBHenue tenerpada, ypapuenue Oyuura.

Heabr paGorbl. Llenpio paboThl sBISETCS MONYYEHHUE SBHOTO MPEICTABICHUS pPELICHUMN
HEKOTOPBHIX KJIAacCOB AM(PQPepeHIHanbHbBIX W HHTErpo-auddepeHInanIbHbIX  ypaBHEHUH C
YaCTHBIMH MPOU3BOJIHBIMU C TOMOIIBIO HHTETPAILHOTO TipeodpazoBanus Jlamnaca-Kapcona.

Boruncnenus uzoOpaxeHuss Aas (QyHKUMHM U HWHTErpajioB, KOTOPBIE MCIIONb3YIOTCS B
AUCCEpTallur JId HAXOXICHHA pemeHHﬁ Ha4YaJIbHO-KpAacCBbIX 3a/a4d, SABJIACTCA prFOI;'I I CJIbIO
paboThL.

Metoasl ucciegoBanusi. B pabore MCIONb3ylOTCsS COBpEMEHHBIE METOJbI (YHKIIMOHAIHLHOTO
aHalm3a, TEOpHH HHTETrpo-Au(ddepeHnnanbHbIX ypaBHEHHH € YacTHBIMU IPOW3BOIHBIMH,
OTIEPALIMOHHOTO UCYHUCIICHUS ISl PYHKIMI MHOTHX MTEPEMEHHBIX.

Hayunas HoBu3Ha padorsl: Ciieqyroliye HOBbIE 3a7jaul PELIEHbI C TOMOIIIbIO HOBBIX METOJI0B!

1. C nomompio mpeoOpazoBanus Jlamnaca—Kapcona Haiinensl m3oOpakeHus QyHKIHA U
WHTETPAJIOB, UMEIOIINUX B padoTe MHUPOKOE MTPUMEHEHHE.

2. Haiineno obmee permenne auddepeHnnaibHOTo ypaBHeHUs Tenerpada ¢ HadalbHBIMHA H
KpaeBbIMU YCIIOBHSIMHU.

3. Haiimeno oOmee pemeHne WHTErPO-au(PepeHInaIbHOTO ypaBHEHUS Tenerpada
OTAEJBHO JJISl INHEMHOTO U HEJIMHENHOTO SI/pA.

4. WccnenoBaHo uHTterpo-nmuddepenimansuoe ypaBuenne dyunra, KOTOpPOE COACPKHUT B
cebsi, B KauecTBE YACTHBIX CIy4aeB YpaBHEHHUS TEIUIOMPOBOJHOCTH W BOJHOBOTO
YpaBHEHUS.

TeopeaneCKaﬂ H TNPaAKTHIECKad HNEHHOCTb paﬁDTbI. I/ICCJ'ICI[OBH.HI/IH, CoJCprKaluecsa B
Auccepraln, HOCAT TeOpeTI/I‘leCKI/Iﬁ XapaKTep. HOJ'Iy‘leHHLIe pe3yjabTaTtbel MOT'YT OBITh
HCIIOJIb30BaHbl I  JallbHEHIIIEro pasBuUTHA TCOPUU III/I(I)(bCpCHLII/IaHLHBIX U HHTCTpO-
I[I/I(bq)epeHI_[I/IaHBHBIX ypaBHCHI/Iﬁ C YaCTHBIMH NIPOU3BOJHBIMHU U IIPUMCHCHHA OINCPATUOHHOI'O
HUCUYUCIICHUSA AJIA TaKHUX ypaBHeHHﬁ.

MaTepI/IaJ'ILI JTaHHOM AUCCECpTallu MOTYT OBITh UCITOJIb30BaHbI AJId 9TCHUA CIICTIUAJIBHBIX KYPCOB
AJid CTYACHTOB, MaruCtpoB M JOKTOPAHTOB BBICHIUX qu6HBIX 3aBeI[eHHﬁ, 06yqa101111/1xc;[ 10
CIICHUAJIBHOCTH «MaTEMaTUKay», KIIPUKJIaaHasd MaTEMaTHKa» U «MEXaHUKa).
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Abstract
of Zulfonov Shakhriyor Mulozulfonovich's thesis on the topic ""Application of operational
calculus for solving some classes of differential and integro-differential equations with
partial derivatives', submitted for the degree of Doctor of Philosophy (PhD) in the
specialty 6D060100-MATHEMATICS: 6D060102-Differential equations, dynamic systems
and optimal governance

Key words: differential equations with partial derivations, integro-differential equations with
partial derivations, Laplace-Carson integral transformation, telegraph equation, Fuchita equation.
The aim of the work. The aim of the work is to obtain an explicit representation of solutions of
some classes of differential and integro-differential equations with partial derivatives using the
Laplace-Carson integral transformation.

Calculation of the image for the function and integrals that are used in the dissertation to find
solutions to initial-boundary value tasks is another goal of the work.

Research methods. The work is used modern methods of functional analysis, the theory of
integro-differential equations with partial derivatives, operational calculus for functions of
several variables.

Scientific novelty of the work: The following new problems are solved using new methods:

1. Using the Laplace-Carson transform, images of functions and integrals have been found, that
are widely used in the work.

2. A general solution to the telegraph differential equation with initial and boundary conditions is
found.

3. A general solution to the telegraph integro-differential equation is found separately for the
linear and nonlinear nucleus.

4. The Fuchita integro-differential equation has been investigated, which contains the heat
equation and the wave equation as special cases.

Theoretical and practical value of the work. The research contained in the thesis is of a
theoretical nature. The results obtained can be used for further development of the theory of
differential and integro-differential equations with partial derivatives and the application of
operational calculus for such equations.

The materials of this dissertation can be used for giving special courses for students, masters and
doctoral students of higher educational institutions studying in the specialty of "mathematics”,
"applied mathematics" and “mechanics”.
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