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KHPMII (dan aoxropn (DSc) anccepTaupsacH aHHOTALMSACH)

Juccepraunsi MaB3yCHHHHI qoa3ap6aurd Ba 3apypaTH. JKaxonna ras Ba
rHOPOAMHAMHK >Kapa&HNapHHHT MaTeMaTHK MOAEUTAPHHH spaTHil, CYIOKIHKIap
HOCTauWoHap (WIBTPALMACH jkapaéHNapHHHHT MareMaTHK  MOMCIUIapHHH
TAKOMWINAITHPHIN, YM3UKIH Ba YH3MKCH3 GUisTpauud MacalalapHHH €4Hll
YHYH COHJIM yCy/iap Ba HH(GpOKOMMYHHKALHMA TEXHOIOTHAIapH HMKOHHATIIApHIIAH
KeHr  dolfifananmmra Xamza HedTh-ras KOHApH  HMIUTAWA  acocki
KYpCaTKHWIapUMHH aHMKJall . Ba GamopaTNalUHMHT  ABTOMATIAIITHPWITaH
TH3MMJIaDHHH  ApaTHWra  anoxuga 3bTHGop  Kaparwimokaa.  JlyHEHMHr
PUBOXNaHraH MaMnakaTiapuia, xymnagas, AKIL, @panuus, Xutodt, BAA,
Opon, Poccus depepaumacH, Ykpauna, Ko30FHCTOH, Ozap6aiikoH Ba Gomika
MaM/iakaTiapiia He)Th Ba raap HocrauuoHap GUIBTPAUMACH XKapaCHIapHHAHT
MaTeMaTHK MOJZe/U1apH, XHcobnam anropuTMuapuHyi HILIa0 YHKHII Ba RacTypuit
TabMHHOTHHH APATHII MyXHM aXaMHAT KacO 3TMOKZA.

JKaxonna roBak MyXuTAa HedTh Ba rasnap GpHIBTPAUMACH KKapaEHNaPHHUHT
MaTeMaTMK MONENMHM sApaTHll, HedThb Ba ra3 KOHJAPHHHHT  acocui
KYpcaTKUWIapHHM  Xuco6Nalll anrOpuTMIApUHH Ba JacTypuit  TaBMHHOT
TH3MMJIAPHHH MU0 YHKHIL, HedTh Ba ra3 KOHAApH re0/IOTHK Ba THAPOAHHAMUK
obvexTnapuHuur 3D moaenMHM ApaTuwl, GUILTpauMa Kapa&HIapHHH TaKMK
KWIMIL yIyH XHcoGnaw TaxpubanapuHu YTkasuin Xamia ONHHraH HaTHXanapHH
TAAKMK STHIIra HYHANTUpWIraH wimmii Tapkukotnap onu6 Gopunmokma. By
fyHanuwina, KymnamaH K¥n KamiaMiM FoBaK MyXHTiapaa HedTb Ba rasnap
XapaKaTIaHHMIIMHHHG Mypakxa® >kapadHiapuHH TaAKMK KWIHII Ba pean
OGBEKTIAPHH AHMKNAIHMHT MaTeMaTHK MOZeJUTapHHH KypHII, Xucobnam
WIFOPHTMHHH HILIA0 YHKMLI Ba aBTOMATAAIUTHPHIAraH TH3HUMIIADHH ApaTHLI
MyxuMm BasubanapaaH Oupn xucobnawangu. Illy Omman Oupra Mypakka6
KOHQHrypaumany QuibTpaUMaA COXacH y4yH YH3HKCH3 MAacananapHH €HLIHHHT
COHJIM Ba AHANMTHK YCY/IapH Xamia caMapali anrOpHTMIApHHH HULTal YHMKMLL
3apyp XHcoO/IaHMOKIa. '

Pecmy6nukamn3na xaM HedTh Ba ras KOHJIApUHHMHI HILTAIN JKapaHNapHHH
noituxanam, 6up sxuHCnH GYnMaraH CyOKIMKIGP HOCTAHOHAp (QUILTpauHs
XKapalHJapHHHHT MaTeMaTHK MOMENM, YH3MKCH3 Tra3 Ba TCHAPOAMHAMHK
xapalHnapHH TaAKUK KWIMII &IFOPHTMIapMHM HILIA6 4YHKMII, 3aMOHABHi
KOMIBIOTEp TEXHONOrHAnapunan ¢oinanann6 acocuit kKypcarkuwiapHu XucoGnaw
s)apagunapuuy 6axonatn, XaMmaa aBTOMATAAITHPUIITAH AacTypHit TABMHUHOTIAPHH
ApatMin  6yi#iMua KeHr KaMpoOBNHM vopa-TaEbupsnap amaira OIMHPHIMOKAA.
2017-2021 #unnapna V3ibekucron Pecriy6nukacHHM fHajga PHBOAUIAHTHPMLUI
6yiinua Xapakatnap crpaTerHicHaa, XyMnajaH «.. HKTHCORMET, HXTHMOMii
coxara, 6olKapHIl TH3UMUTa HEGOPMaUKOH-KOMMYHHKALHOH TEXHONOIHANAPHH
HXOpHil 3TN, ... MILIA0 YHKAPHILra SHEPrua TexaiANraH TEXHOMOHATAPHH KEHr
’opuii >TMW»' Basupanapn Génrumawrad..- Maskyp Basudanapuu amanra

! ¥s6exucron Pecnybmixscu Ilpesunemmmmmr 2017 “ftun 7 despammarn [d-4947-con  «YaGexscron
Pecny6nuxacunu sHaaa pupoxcnanTuprm GYHuva Xapaxarnap cTpaterusch TrpucHaanty dapmonn
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OLUMPHIUAA NofuXanau skapadHu yUyH FOBaK MyXuTnapaa 6up swumcnu 6ynmaran
CYIOKNIMK Ba Ta3flapHMHI HOCTAaUMOHAap (UIBTpauUMACH Kapa&HNApUHHHI
YMyMJIAIIraH MaTeMaTHK MOAeNapHd, COHMM MOZennapH, camapanu xucoGnaiw
ATOPHTMAIAPMHY HULTA0 YMKMII Ba 3aMOHaBuil ax60pPOT TEXHONOTHUANAPH acoCHAa
ABTOMATNAIITHPHIINAH TH3UMAAD APATHIL MyXHM MacananapiaH XucobnaHanH.

Y36exucron PecryGnukacu Tlpesupentunusur 2017 fiun 7 despannaru
M1P-4947-con «V36exucron Pecniy6nukacuuu snaga puBoxulaHTHpuwl 6¥iinua
Xapakatnap cTpareruicu TYrpucupantn ®dapmonu, 2017 #un 30 uionparu
NK-3107-con «HedTe-ras coxacuuuur Gomkapys TH3UMHHH TAKOMMIUTALITHPHIL
vopa-Tanbupnapn Tyrpucuaarru Ba 2016 #un 28 cenrtabpmarn IK-2614-con
«2016-2020 finnnapaa yrnesoaopos XoM amécHHU HyKyp KaiTa HULTall Heru3uaa
akcnopTra fiyHanTHpunran Taltép Maxcynornap MILIA6 YMKAPHIIHKM KynaiTUpULL
uopa-ranéupnapu Tyrpucnnanru Kapopnapu xamaa Maskyp (aonuaTra TerHuuis
MebEpuii-XyKyKHil Xyxokatnapaa 6enrmnairau BazucdanapHd aManra oWMpUIIAa
ywby auccepranus TanKMKOTH MyalisH fapakasa XUaMaT KUlaiu.

TaakuxoTnunr pecny6aukxa dan Ba Texmonornsaapu pHUBOKIAHHIIN-
HHHT ycTyBop iifHanumnapra mocanri. Maskyp TaakMkoT pecny6nuka daH Ba
TEXHONIOTHANAD PHBONUIAHMIIMHMHT [V. «AxGopornawtupmmi Ba axGoport-
KOMMYHHKALUHA TEXHOJNONMANApUHH  PHUBONUIAHTHPHIL» YCTYBOp HyHanuium
Jonpacupaa 6axapunray.

Hucceprauns map3ycn 6¥iinua xoprxuit maMui-TaAKHKOTIAp mwapxu®.
Fosak Mmyxutnapma cyloknuknap ¢GwisTpauus MacananapMHM €M  YYyH
MareMaTHK MoAe/slap, CaMapald aIropHTMNap Ba AACTYPHil TabMHMHOTRApHM

" nunab yukuwra AYHANTHPWAraH WIMHI H3NAHULNED KAXOHHMHT eTaK4u WIMME

Mapkasnapu Ba onuil TasfiMM Myaccacanapy, xymnagad Mineral Engineering at
the Pennsylvania State University, University of Texas at Austin, Missouri
University of Science and Technology (AKILI), Robert Gordon University (Byiok
Bputauus), Institut Frangais du Pétrole (dpanuma), Polytechnic University _of
Turin (Mranus), Technical University of Denmark (Jlauus), East China Univers3ty
of Science and Technology (Xuroit), University of Petroleum&Energy Studies
Dehradun (Xunaucron), Petroleum Institute Abu Dhabi (BAA), U.M.I'y6kun
Homunarn Poccus [lasnar HedTs Ba ras ynusepcutern (Poccus denepaumsch),
Osapbafixon [asnar yuusepcutretn (Osapbaibkon), Ko30FHCTOH-BpuTanus
TexHuka yHusepcurern (Kosorucron), TowmkeHT axGopoT TEXHONOrMAnapH
yHuBepcuTeTH (Y36eKHCTOH)AAa KEHr KaMpoBAW WAMHH TaAKMKOT Huwiapu onud
6opunMokaa.

HedTb-ra3s xounapuna cyiokiuk ea rasnapuunr HocTauMoHap QuisTpaumus
KapaCHIapuHM  MojemnawrTupuil, O6up kuHenum  6ynmarad  unsTpauus
MacajanapHHH COHIM MOAENNAapH Ba FOBaK MYXHMTIapAa CYIOKNHKIap
(uABTPauMACH MacajanapuHU euMIIra Kaparwirad XucoGnmall anroputmnapuHu
Hwab YHKMIIra OMJ XAaXOHAR onuG GopunraH TaakUKOTIAp HATHXKACHAA KATOp,

? Pucceprauns MassycH 6§ftuua xopixuil miMub-ranxuxornap wapxu Department of Physics, University of
Californin, Berkly, Califomia 94720, USA, Department of Acrospace Engincering, Department of Energy
Engineering and Science, Nagoya University Nagoya, Japan pa Gowxa manbanap acocuaa (oitaananunran.
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KyMIaaH KyAnaard KIMH HaTHXanap OJIMHTaH: KaTiaMiiap OpacHOarid JMHAMHK
aloKara 3ra FOBaK MyXHTAQ CYIOKIHMK Ba rasiap HOCTaUMOHap (GHALTpauHACH
KapaCHnapH y4YyH MareMartHKk Moae/iap Humna6 uukunran (University of
Pittsburgh, AKIL); ypranunaérran oOBEKT MapaMeTPNapHHHHT TAKpUOHil
TaKCHMOTHHH XHcobra onran xonga HedTh Ba ra3 KOHNApHHH Y3NalUTHPHIL
Oyiinya Maremarux mopmemnap aparwirad (Robert Gordon University, Byiok
Bputanus); 6up xuncnu 6ynMaraH cyloknukiap xapakar 6unan 6ornmx 6yaran
TEXHONOTUK apatHimapHu 6OIKApHIl Ba MOHMTOPHHTHM YUYH MareMaTHK
mozesnnap, XaMaa cys Xaimai A¥nu opxanu KOBYIIKOKIHIH loKopH 6ynran Heds
CMKMG YHKAPMLUHMHI COHJIM MOAENIapH Hmuiab uukunran (B.I.Tumupscos
Homupard Koszon wuHHOBauus yHuBepcuret, Ky6Gan JlaBnar TexHomorus
yHuBepcHTeTH, Poccus denepaunsacy).

Hynéna HedT: Ba ra3 KOHJNApH MUIAMAR KATIAM CaMapalOpAMIHHM
OLIMpHINra JOWP KaTop, OKymJalaH Kyilumarn ycrysop HyHanumnapna
TapKUKOTIAap onub 6opunmoxna: HedTh Ka3uG ONMHILHY OIIMPHIL XKapaEHIaPHHUHT
MaTeMaTHK MOAENHM, COHIM YCy/napH Ba camapaiy anrOpHTMIIapHHH Huiab
uMKUII; HehTh Katnamiapura CyB Xalijaw opkanu KatiaM GOCHMMHM CyHBHi
caKnall yCy/uTapyHH Hinab uukui; acocuit kypcarkuuwnap 6yiinua 6amopatnam
Ba 3aXupajard HeITNapHM AHMUKMAWHHHET MaTeMaTHK MOAENNapHHK HuUIab
YHKHLL; HETH Ba ra3 Kasub ONMLIHM MOHUTOPHHT KWIYB4H ax60pOT THIHMAAPHH
Apatnw; HedTL Ba ra3 KOHNApH MUUTAUMHHUHT MKTMCOAHMIl CaMapajopNHUrHHH
OIIMPYBYH AACTYPHIi TABMHHOT APATHIL.

MyaMMOHHHT ¥praunnranauk aapaxact. CyB Kamiamnapuaa HedTs Ba ras
¢uneTpauMACH Mypakka® AUHAMUK KapaHNAPHHHHI MATEMaTHK MOAE/UIapHHH
Hinabé YHKMI Ba TAKOMH/UIAIUTHPHLI, WIYHHHIAEK YNApHH €YHINHHHT COMJIH
ycyanapuhu, €MOH ¥TkalyBuaH KarnaMra sra HedThb Ba ra3 Kamiamapuia
CTaUMoHap Ba HOCTaUMOHApD GWIbTpauus MacananapHHu euumt M.Sharma,
X.A3us, 3.Cerrapu, N.B. Lopuh, C.Atkinson, K.Ives, Z.Mehdi, P.J.Monteiro,
S.Banerjee, G.l.Barenblatt, M.Chraibi, D.B.Silin, F.Boyer, C.Lapuerta,
S.Minjeaud, A.Japcu, JI.C.Jlefibenson, A.X.Mupsapxausame, M.M.Xacanos,
B.B.Jlanyk, K.C.bachues, C.H.3axupos, K Axmen-3aku, A.B.AXMET3AHOB,
A Huxudopos, A.B.llenaes pa GolKa OUMIAPHUHT MILTAPUAA KYPUO YMKHITAH.

V36exucron PecnyGnukacuna rosak Myxumiapaa kyn ¢asanu cyioknuk Ba
raaNapHUHr  HOCTALMOHAP ~ (WISTDALMACH KADACHAAPMHMHT  MATEMaTHK
mopme/iapy  Ba  XucobGnam ycymnapu @.B.A6yramues, K.@.daiizynnaes
H.M.Myxununos, P.Camynnaes, A.Bermaros, B.X.Xjxatpos, M.Apunos,
W.Anumos, H.Pasianos, ¥V.C.Hazapos, 111.Kaiomos, S.5IpGekos, A.Mup3aes Ba
GomKa OnMMNAPHHHI TAAKMKOT MUUIapUAa YpraHunrad, MoAy/IM NpHHUMMra
acoclaHrad aipuM uverapaBhif MacananapHH eYHIUHH aBTOMATIALITHPHLI
myammonapu B.K.KoGynos, ®.5.AGytanues, A.HepmaroB, B.Q.BypHawes Ba
Golmka onumnap HuUUIAPHAA KeATHPUO YTHraH.

Coxara OMA TAAKMKOTNAD TAXNMIM HIYHH KYpcaTaouKW, FOBaK MYXHMTAA
Malina 3appanapHMHr YYKMIIMHM XHcoOra oOmyBYM ra3 Ba CYIOKNTHKIApPHHHT
HOCTaUMOHAp  (QMALTpAUMACH  ’kapadHnapH, Mypakkal koHHrypauusmn
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OWiktpaumy coxanapu, émon §riasyBuaH KamiaMra sra QMHAMUK ANOKATH Kjn
Kama,m" FOBaK MyxuTiapha ra3s Ba CyIOK/IHK/Iap HOCTallMOHAap XapakaTIaHHIIK
*kapatunapu xosupru KYHJIa eTapiy Aapaxana ypraHuiMaraH.

_ HCCePTalMS TagKUKOTHHHHT ANCCepTaUnsa Gaxapuarad oauil Tabanm
MYACCACHHHHT WIMMI-TAAKHKOT HOoLapH 6unan Gornuanrn. Jlncceprauus
TanKHKOTH Towkent ax0opoT TeXHONOTHANApH Ba YHHHI Xy3ypuaaru Ax6oport-
KOMMYHuKanmg TEXHONOTHANApH WIMHI-HHHOBALMOH MAapKasMHMHI WIMHH
TaAKHKOT Miunapu pexacuuuur Ned4-DA-DB005 - «Mypakka6 KOHpHIypauHsam
MaTeMaTHK QusMKaHMHT K§n YI4aMIH CHHQNAPH HOMM3MKIH MacanalapHHH
~ CUMUWHUNT anropurmuk ycymmapHu Muuia6 uMKMII Ba TAmKuMK KwiMm» (2012-

2016) Ba NeA5-019 - «FoBak MyXHTJIapHH KypPUTHILI Ba cakiall xapa&HIapHHHHT
MCCHKIMK Ba Macca anvammHyBH MacananapuHuEr axGopoT Ba HacTypuii
TAbBMUHOTHHM Mua6 wyukum» (2015-2017) Massynapupard  noluxanapu
Aoupacuna 6axkapunran.

Tanxnkornmnr MaKcaaM KYN KaTiamiu HedTs Ba ra3 KOHAAPHHHHT acocui
KYpcaTkuwiapuny auuknam yYyH MaTeMaTHK Mogennap, camapaly Xucobnaw
QIrOPUTMIIapH Ba yNapHUHF KOMIUIEKC AACTYyPHH TAbMHHOTMHM APaTHINAAH
u6opar.

Tamukoranur Bazudanapu:

He)TH Ba ras KamIAMJIADHHMHT TY3WIMIIMHH Xucobra onaauras Ba Gup
KHHCAH 6Ynmaran HocraumoHap GHUALTPALMA sKapaEHMAPUHWHT MaTEMaTHK
MoACIIapuH  Kypumpa — ¢oMpananunaguraH  axGopoT  MOAENIapMHHU
LIAKJUIAHTHPHILL;

Mypakkab xonpurypaunsnu (uAETpauus coXamapuia Ba FOBaK MyXHTAa
Maiifia 3appanapuunr YYKHIIHHA XHCOOra OyBYH CYIOK/IHK Ba ra3 HOCTOLHMOHAap
$uisTpaunicu XKapaBHNapUMHMHI ~MaTeMaTHK MOAeanapn Ba  Xucobmaw
IrOPHTMIAPHHH HIWIA0 YUKMIL ’

KatnaM GOCHMHHYM CyHBMi cakab TypHIl yuyH CHIKYBYH HedTb-CyB Ba ras-
CYB 4Yerapanu HocrauuoHap GuAETpaUMA skapadHJAPHHUHI  MATEeMATHK
MOAEJUTADHHH TAKOMMLIALITHPHILL,

He(TL-CYB Ba ra3-CyB COXANapMHH KPATYBYM 4YerapaHHHI XapakarTH Xamaa
GunbTpauss MacananapMHM EUHIIHMHT CAMapany ANrOpHTMIApHHH nwnab
YHKHMLL;

KYN KaTnamnu roBak MyXHT/Iap/a CYIOKIHKIIAp GHALTpauMACH MacanacHHUHI
MaTeMaTHK MOZENM Ba YNAapHMHT TAaKpHOMA-aHAMMTHK €dulll YCYJIMHK HULIaG6
HHKHLL;

Y3apo AuHaMMK anokara YTkasyB4aH KATIaM OPKAIH 3ra HMKKM Kamiamid
FOBAK MyxuTaapaa HedTs, Ba ra3 (UALTPAUMACH MAacANAIAPHHHHL . COMIIM
MOZEJUTapHHH HUIA0 YHKHLLI;

€MOH YTKasyBuaH Karnamra 3ra Kyn Kamiamniu HedTb Ba ras KoHiapH
HITAIMH aCOCHH KYpCATKU'WIapHHH XMCOONall aNrOPHTMIAPHHN HILTA0 YHKHL;

6up Ba Kyn kammawm HedThb Ba ra3 KOHNApH HUUIAIIH  acoCHii
KYpcaTKUWIapHHH XUCOONAIN Ba TAAKMKOT HATHXKaNapuHW BH3yaln3alus KWIHII
YUYH JacTypHii MxMyaHH MILIa6 uukuIL.
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TaakHKOT o6bexkTH cHdarnaa 6Hp Ba KYm KamiamiM FOBaK MyXHTIapAa
CYIOKJIHK Ba Fa3lapHHHT HOCTAalHOHap GMIETPaLUACH jXapa&HiapH OJIMHIaH.

TaAKHKOTHHHI NpeaMeTH FOBAK MyXHTIapJa ra3 Ba CYIOKIHKJIapHHHI
HOCTalMOHap GHIBTpaiMA jkapaHAapMHM TaOAKMK KHIMID YYyH MaTeMaTHK
MozeJutap, COHJIM YCy/lap Ba anropuTMiIap, XaMfia MyaMMora HyHarTHpWiIraH
JAacTypHii TAbMHHOT/IAPH TALUKW ITadH.

TaaKHKOTHHHI ycyaaapH. TankHKOT skapaéHHaa XHcobnam MaTeMaTHKACH,
MaTeMaTHK, KOMMBIOTEP MOZE/UIAIITHPHIL Ba XMcobnawm Taxpubanapu ycynnapu
XamMaa JacTypHii TH3MMHH HMIWIa6 4YHKHIIZQ JacTypialll TeXHONOTHACH
ycynnapuaaH ¢oifaanaHwiras. .

TaaKMKOTHHHT WIMHI AHTHWIHIH KyAuaarwiapaad uopar:

Mypakkal koHpurypanwmsanu ¢unsrpanms coxanapupa Mafina sappanapHHHT
FOBAK MYXHTAA UYKMIUMHM XucoGra oiraH Xonga CYIOKIMKIap Ba rasiap
HOCTALMOHAp (MILTPaUMACH JKapaSHWIADHHMHI MaTeMaTHK MoJe/UlapH Ba
xucobnalll anropUTMITapH HILNA6 YHKWITaH;

CYIOKIIHK Ba ras XapakaTH Ha3apuacHra acocaH GOCHMHH CYHBHil cakiab
Typuwaa HedTb-CyB Ba ras-CyB CHDKYBYH YerapacHHH Xucobra oOmyBuM
HOCTALMOHAp QUARTpaLMA >KapaéHIapHHUHT MaTeMaTHK MoJielUlapH HeTh Ba ras
KaTJIaMJIH MyXHTTa CyB Xalifaln opKanaH TaKOMHUIAIITHPHITaH;

mubdeperuuan-aliupmanap Ba  y3rapyBuaH  AyHaniunap  ycyiMpaH
¢oiinananu6 HedTh-cyB Ba ras-cyp Gupranukmard ¢unsTpaumacHHUHr Credan
THIHAArH MacajalapuHH eHHIN YHYH camapaii Xucobnail anropHTMiapH HIUiab
YUKUATaH; ‘

mpdepenuman-aliupManap Ba TYFPM YH3MKIAp YCyIapuHK OMpranukaa
Ky/nab Kyn Karnamuu FOBaK MyXHTAA CYIOKIHMKIAP (MHIETPAaLHACH Y4 YITUOBRIH
MacallaCHHH Moc GOLUTaHFHY, Yerapasuii Ba HUKH INApTIapAa TaKpHOUil-aHaNHTHK
€4HII YCYIH HUUIa0 YHKHIaY;

rai Ba CylOKIHKIAp XapakaTHHUHI KOHYHJIapH acocHaa EMOH ¥TkasyByaH
KaT/aM OpKaJli IMHAMMK aNoKara 3ra MKKH KaTnaMJIi FOBaK MyXHTAa HedTh Ba ras
¢buneTpanuscH MacanalapuHHHT COHIM MOAEIUIAPH HILIA0 YHKWITaH;

€MOH YTkazyBuaH Kar/jaMra ara HKKH KamiaMJIH FOBaK MyXWTAa CyIOKIHKIap
Ba ras QUIBTPaUMACH MacalaTapHHHHT COHJIM MOZAE/UIapH acoCHAa CYIOKIHKIap
Ba ra3s KOH/IapH HUUTAlUHAA acocnit Kcha'nmtmaanu AaHHKNAl y4YyH XHCOGJ!&III
arOPHTMJIAPH HIUTA0 YHKUATaH.

TagKHKOTHMHT aMaauil HaTHXKaNapH KyHugarunapaas noopar:

He)Th Ba ras KOHJIapM MULIAWM >kapadHuAa Mailga 3appajapHHMHT FOBAK
MYXHTAa KYHMIUHHHM Xxucobra ojyBYH acocHil KypcaTKMwWIapHH Xucobnam
aJIrOpHTMIIapH Ba JacTypuit TAbMHHOTH ApaTHIraH;

KariaM Gocumu mact 6YnraH HedTh Ba ra3 koHnapuaa cyB Xalimam Gunax
GOCHMHH OIUMPHIUHHM XucoOra ONyBYH MareMaTHK MOJeNl acocHaa acocHii
KYpCaTKi'WIapHu XHcoONalll yyyH camapand XucoOmaim anropuTmiapy Hunab
YUKWITaH;

¥3apo AMHAMHK aNOKafard FOBaK MYXHTJIapAa HedTh Ba ras GpuakTpaumscu
JKapadHNapUHHUHT COHIIM Ba KOMIBIOTEPN MOAEIUIApH HULIab YHMKUIIraH;



- €MOH ¥TxalyBuaH KaTnamra sra Y3apo AMHAMHK asiokajard He(Th Ba ras
KOHJapy HIOUTAIMAA ACOCHH KYpCaTKMWiapWHM aHHKIaW yqyH caMapaiii
xucobnamt anropuTMmapd Ba ynapra MOC HaTHXKIAPHH BH3yaUalITHPYBIH
RacTypHil TAbMHHOT APaTHIraH.

TagKHKOT HATIKANAPHHHHT HIIOHWIIINIH. TagKHKOT HaTHXanapHHHHT
HIOHWIMNUIK ofilanaHuNrad MaTeMaTuK MOAE/IAPHHHT KaTbHINKIH, YIapHHHT
Macca Ba MMIMYIbC CaK/IAHMUI KOHYHJapH acocHia KypHIrawiurd, xucobnaw
MaTeMaTHKaCHHHHI CHHOBAAH YTraH YCY/UIapHHHHI KY/MaHMMHUILY, JKyMiaaaH,
COHMM YCY/UTapHH KYiall OpKamu 3apypuil aHHKIMK XHcoOra onuHral Xoiaa
YNApHUHT TYPFYHAUTH TEKWIMPWIraHAury, pean (H3MK Xxapaéuiapra MOCHHIH
XaMZia ONWHTaH HaTHKANAPHUHT cudar Ba MHMKIOpP JXMXaraan 6axonaHraHjiury
6wran u3oxnaxwany.

TagKuKOT HaTHAKANapuuUNr MAMHI Ba amannii axamuaTh. TaaKHKOT
HaTHXXAIAPHHUHE WIMHA axaMMATH FOBaK MyXMTIapAa 3appalapHHHr 4YYKHIIH
xucobura BakT 6¥fiMua MyXuUT FOBaKNHIMHMHI ¥3rapHiuM, cyB Xalijawl OpKaH
HedTb-CyB Ba ra3-CyB YerapacHHHUHr ¥3rapuiuM, FOBAK MYXMT CTPYKTypach,
THAPOAHMHAMMK Ba reOJIOTHK Kypcarkuwiapy Gunan ¢apknaHaauraH Kariamnap,
XaMaa y3rapyBuaH fyHanuunap, yeknu-aliupmanap pa quddepenuyuan-attupmanap
YCYJUTApHHHHT aB3aIHruAaH toiipananran xonjga ¢unerpauns
’KapadHnapMHUHT TaKOMWUIALITHPHIraH MaTeMaTHK MoesUlapn, HKKH Ba Y4
ynuosnm  ¢unLTpauMs  MacajanapMHH  €YHIIHHMHT  aHMK Ba  caMapaiu
ANMOPHTMIIAPHMHY MIWTA0 YHKHIL GHIaH H30X/IaHalN.

TamKMKOT HATHXaNapUHUHI aManuili axamuaTd HedTb Ba ras KOHJIAPHHH
HiNalb YHKHIHKHEC acOCHH KYpCaTKMWIApHHH KYHNHK Ba MWUIMK Y3rapviIHHH
TaX/UA KUNMW Ba Gawlopatnaml y4yH AacTypui#t MaxMya uuiab 4MKHAraHH,
WYHHHIACK CYIOKNMK Ba ra3 (QWIsTpauHAcH MypakkaG HOCTauHOHap
apaCHNapHHUHT MaTEMaTHK MOAe/UIapHHH, MKKM Ba Y4 ¥nuoBnn Quasrpauus
MacanaiapvHH EYHIIHMHT camapaii XMCOONall anropUTMJIAPHHH amanuérra
Tanbuku GunaH H3OXNaHAaH.

TaaKNKOT HATHXANAPMHMHr Kopuii Kuamnumy. KamiamnapHuHr
THAPOJMHAMHK MNapaMeTp/lapu OpacHAarH AMHAMHK MyHocaGarnapuu Xucobra
onraH Xonaa HedTe BAa ra3 KOWIApH MLUIALIMHUHC acoCHii KypcaTKHuIapHHH
AHHUKJMALHNHT MaTEMaTHK MoOfeJUlapH, XucoOsnawl aJropHTMAapH Ba AparHiraH
AacTypuit MaXXMyacH acocHaa;

HedTb-ra3 KoHnapu acocufi KypcarkywiapHHM aHMKNAUl MOACUIApH Ba
anroputMaapu 6yiiuua  «a3 kownapuum MWIa0  UHMKUIIHUHG  AaCOCHi
KypcaTkHunapuHu xucobnawm, «Fosak myxutnapaa HedTHMHr QuAETpRaHKLI
’Kapa€HIapHHH MaTeMATHK MOJENHMHUHr AacTypuil TaBMHHOTHY, «JIMHAMHK
Cornairad MKKH KaThamau MyXMTIA ra3 KOHJIapHHM KaiTa MUalmMHUHT acocuit
KypcaTku'wiapuHi XucoGnosuu pacTypuil MakMyaHH uunab umkuwy», «HMkku
KatnamMnu Myxutaa HedTh QuUALTPAAHMIN MAcaNaCHHM COMJIM  €YMMHHHHT
nactypuit Maxxmyu» aactypuit Bocutanapunai «UNICON.UZ» YK Tomonuaan
dolimanaHul MyMKHHAMrH TYFpucupa Xynoca Gepunran («UNICON.UZ»
JYKunur 2018 #inn 17 pexabpmaru xynocack). Hatuxkaja rosak Myxumiapaa
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Maiifa 3appanapHuHr 4ykHb KONHIUM, KamlaMra CyB Xainaimr opkamu GOCHMHH
CyHbuit KyTapuil, EMOH JTKasyB4aH KamiaMra sra Kyn KaTiaMiH MyXHTJIapaa
6ocHMHUHT BakT 6¥itnya ¥3rapuiInHU aHUKNAWl HIMKOHMHHU Gepra;

HKKH YI4OBRNHM FOBAK MYXHUT/Iaplla CYIOKIMK Ba rasjIapHHHT HOCTaHIAapT
¢unerpauusacH kapaHnapH. yYyH HUUIab YMKWIraH MareMaTHK MOAeN, COHIH
ycyn, xucobnamn anropuTMH Ba Aactypnap MaxmyH «My6GopakHedTran
MWKuunr amanuil daonuatTHra xophif Kunniran (Ax60por TexHonorusanapu sa
KOMMYHHKAUMANAPHHA PHBOXUIAHTHPHII BasHpIHMrHHUHT 2018 #un 8 Hos6pnaru
33-8/8368-con MamirymMoTHOMacH). Hatmwana TaxpnOa jxapadHHOAa OMHHIaH
HaTkanap GWiaH COMMIUTHPHIN AKMHAMIH 15%HM TAlIKWA 3TraH, LIyHMHIAEK
xucobnauira keraauran BaktHH 8—10 6apobap KHcKapTHpHII MMKOHHHH Gepran;

FOBaK MyXHT/IapAa CYIOK/IHKIap HOCTALHOHAp QUNETPALMACH MacanalapuHH
COHJIM €UMWI  ANrOPHUTMJIapM acocHia sApaTWNraH JHOacTypuil TabMHHOT
«xapkyprasHedTs» aKuuaRopAMK KoMnaHusAcH TomMoHuaad Cypxaunapé
BUIOATHAATH He)Thb Ba ra3 KoHmap amanuérura >xopuit KwiuHraH (Ax6opor
TEXHONOrHANIApY Bad KOMMYHHKAUMAJIADHHH PHBOXNAHTUPHIU Ba3HPIUCHHMHT
2018 #tun 8 HoaGpnaru 33-8/8368-con MabayMoTHOMacK). Hariokana cys Xaiimaw
opKkanu HedTH KaTnamnap camapanopauruuy 10%ra oWHpHII KMKOHHHH Gepran;

Hed)Tb Ba ra3 KOHJAapy HUUTAWIMHMHT 2COCH KYpcaTKM4NapHMHH aHMKJIaul
6¥iinua onuHran Hatkwkanap «KacaHcoit HeTras passesika axkcneauuuacH» MUX
amanuérura Kopuit KWIHHTaH (AxGopot TEXHOJIOTHSIapH B2
KOMMYHHKALMANAPHHY PHBOMUIAHTHPHIL BasHPIHrHHHHT 2018 #iun 8 Hoabpnarm
33-8/8368-con mamnymorHoMacu). Harwkaga mxku xamnamiu HedTh KOHJapH
HULTALIN aCOCHil KYPCAaTKHYIAPHHY TaX/IM KHIHII Ba Galloparnai XxaMAa KarjiaM
MaxcynaopaHriuHu 8-10%ra owupuim HMKOHHHH 6epraH;

HKKM KaTnamid FOBaK MyXuTnapaa ras QuisTpauuacH >xapa&HIapHHHHC
counu Mmopmennapu «Ll¥pranxedrrazn MUK amanuérura xopuil KWIHHraH
(AxGopoT TexHonormanapm Ba  KOMMYHHMKALUANAPMHH  PHBOMNJIAHTHPHIL
pasupnuruHuHr 2018 #iun 8 HoaGpmarm 33-8/8368-con ManmymorHOMach).
Harwkana xyn kamamnu roBaK MyXHMTNapaa ras (MAsTpaUMACH Kapa&HHHM
xucobnamiH¥ aBTOMATNAWITHPHIL Ba XHcoOnawl MUUIAPHHMHT TE3KOPNUTH
xucobura Kamiam Maxcyngopnuru 8-10%ra owmmupunran Ba KyAyknapra capdxu
8%raua KUCKapTUpHUI UMKOHHHM Geprau;

Ky'WiH Hbnocnaurax HedTHHHT HOCTALIHOHAp dunsTpaunsicu
JKapadHAapUHHHT MATEMaTHK MoaeiH, cowtm anroput™iapu «HWAPOHHI'EO
HHCTHTYTH» AaB/IaT KOPXOHACHIA MILNA0 YMKApHIU aMaNUETHra JKOPHil KWIHHIaH
(AxGopoT TexHONOTHANApH Ba  KOMMYHHKAUMANAPHHH  PHBOMJIAHTHPHMIU
pasupnuruHuHr 2018 i#inn '8 HoaGpmarn 33-8/8368-coH ManiyMOTHOMAcH).
Hampxana HedTs Ba ras KkoHiapHgarn KamiaM caMapagopiuruHua 9—10%ra
OLIMPHI HMKOHHHH GepraH. .

TagKMKOT HaTHXAJapHHUHr anpofaumacH. MasKkyp TaAKHKOTHHHI
Hasapuil Ba amanuii HamwkamapH 9 Ta xankapo Ba 15 Ta pecnybnuxa unmuii-
amanuit albkyMaHnapuaa Mabpy3a KWIHHTAH Ba MyXOKaMaJaH YTKasunras.
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TaRKHKOT HATHXAJAPHHHUHT JBJOH KIUIHHTAWIHIH, TaAKHKOT MaB3ycH
GYyitiua 37 wimuit M HON STUATAH, XyMialaH V36exncron Pecnybnukacu Onuit
aTTECTAUHA  KOMMMCCHACMHMHI  [OKTOPJMK  AMCCEpTAlMsIapM  acocHii
HaTIDKANapHHH 40N 3THINrA TABCHA 3THAraH namuit Hampnapaa 11 Ta Makona,
9 racu pecny6nHKa Ba 2 TaCH XOPI>KHUI XKypHaIapia Hawp KWinHraH, XM yuyH
APATWITaH 5 Ta AACTYpHi TABMHHOTIAPHH Kaiii KWIHLI TyBOXHOMACH OJIHHIaH.

v JuccepraupsiHuHr Ty3winmn Ba Xaxm. JlHcceprauua HIUM KHpHL,
6emra 606, xynoca, dolinananunran anaGuérnap pyiixatH, unosanapaad uGopar.
IucceprauuaHulr Xaxmu 197 caxudanu Tamkun stanu.

JAUCCEPTAIUAHUHT ACOCHI1 MABMYHH

KHpHm KHCMHAA AMCCEpTalHsA MaB3yCHHHHr A0N3apbauru Ba 3apypaTH
aCOC/MaHraH, TAAKMKOTHHHI Makcafu Ba BasH(anmapd, 06bekT Ba mnpeaMeTH
Tascudianral, pecry6nuka ¢aH Ba TEXHONOTHANAPH PHBOXITAHHIIKHUHT YCTYBOP
AYHanMuuIapura MOCHMIM KYpcaTWNraH, TaAKMKOTHHHr HIMMA SHTWIHTH Ba
aMannii HaTikanapu 6a¥H KWIMHraH, OJIHHraH HaTIKATApHHHT HLIOHYIWIHTH,
nnMuil Ba aManuit axaMuATH ouu6 GepunraH, TAAKUKOT HaTIDKaIapHHU aManuéTra
KOpHI KWIMIU, MIHMHC anpofaluACH, HaWp 3TUNraH HILIAp Ba AMCCEpPTaLUA
Ty3wHLy 6Yitnya MabITyMOT/Iap KETHPHAITaH. .

NucceprauvsaHuur GupuHun «FoBak MyxuTaa HedTh Ba Ta3sHMHT
HocTalHOHAp (GMABTPALMACH >KAPAEHHHH TAAKHK KHIHIIHHHT MAKCaaH,
Basudanapu Ba Myammo xosati» Gobuaa FoBak MYXMTAAa HedTh Ba rasHHHr
HOCTALMOHAP (UIETPALMACH KapadHMHH MaTeMaTHK MoAe/tawTupuw 6¥finua
afabuér man6anapu wapxu Ba Taxmwiu KentHpuarad. Kyn xatnamnm roBak
MyXUTAa t‘l)HJlepallHﬂ )kapaélmapuuu MaTreMaTHK MOAC/UMAIITHPHIUHHHE XO3HPrH
XONIaTH Kapa6 YMKWIraH Ba YHHHI PUBOXUIAHHUI TEHHEHLMACH ypranwirad. Fosak
MyXHTAa HedTh Ba Fa3sHHHT HOCTALMOHAP (GHIBTPALUACH JKapatHHHH MaTeMaTHK
MOJE/IAIITHPHIN ydyH HHOPMALHOH TAbMHHOT Macanaci K¥pub uukuiraH.

MudopmauuoH Monen acocuMia MacalaHWHT  KYHWIHUIMHM — TYFpH
WAKUIAHTHPHIL, Xucobnap YTkasuu, o6pexT (GyHKUMOHAIUIIMIHHH TaXJI KHIKLL,
MamiIyM GYNraH Ba AHMH KOHYHHSTNAapHH KYpcaTHlll, XaMaa Mypakkab o6bexTHHHT
CTPYKTypacH Ba Ty3WIMIUH OYWIMaraH OMHIUIapMHHM Ba GomikanapHu xucobra
ONMINra MMKOH GepamuraH WiMuii runoresanap TYIUIAMHHH TYWYHHII MYMKHH.
O6bekTHHHr  HHpOPMAUVOH MOAENHHHU KypHiml  y4YyH Makcaara
AYHATTHPHAraHIHK, aKc STTHPHIIHHUHT TYNUKIHTH, afieKBaT/HK,
MOC/AIIYBYAHINK, MOAYNIWIHK, (olisanaHmmaa COAAAIMK, CTaHAapTIawW Ba
yHu}UKauHd, MyBOQHUKIMK Ba YNIYKCHINIMK MPHHLMILIApHUAAH doltnananmi
JIO3HM.

Hedts Ba ra3 KOHMApHHHHr acocuifl KYpCaTKMWIapHHHM aHHMKIalifa
uHQOpPMALIMOH MOZJE/IaDHM KypHil HeTh Ba rasHM Kym KaTnamjin MyXuTaa
unsTpauus MacanaNlapuHU TYFPH aKCNaHTHPYBUH MareMaTHK MOJCTHH nuab
gy Ba DXMuaa o6pexT acocuii KypcaTkHYIapHHH aHHK/ 1Al HMKOHHHH Gepany.

JluccepraumaHuur  Mkkubun  «Fopax Myxutaa HedTn Ba ra3
' GUALTPAUMACH MACRJIACHHHHI MaTeMaTHK MOJeAM Ba COHAM  eduil
12



anropurmu» 6o6uaa HedTe Ba TasHMAT QWIBTPAUMACH KapadHHIA ' FOBAaK
MyXHTIa Mafija 3appafapHHHr 4YKkHO KOJNHIIHHH XHCOOTa OJNyB4H MaTeMaTHK
Moziennap, Wy MOJe/Ulap acocHAa WAKUIaHTHPWIrAH MacajialapHH e4HIIHUHT
COHNM YCYJUIAapH, €YHII AIrOPUTMNIApH Takiud ITWIraH Ba ONIMHraH COHSU
HaTHXalap MyXoKaMa 3THJITaH.

Bupuuun naparpagaa KMYMK AMCIIEpCHANH 3appavyallapHHHr FOBaKINKIAR
yYKHUO KOMHIIM XHcobra onuHraH Xosifa HeGTHUHT GHp XMHCIH 6¥nIMaraH MKKH
ymyoBnn uxTHEPHI FOBaK cOXaZla HOCTALMOHAp (UABTPNAHHMIIHHHI MaTeMaTHK
MOJAEJTH Ba MacanaHH COH/IH eYHLIHWHI Y¥3rapyB4aH iyHanuiap ycysiu acocuaa
KyPH/IraH yCY/IH KeATHPHITaH. Yerapasuii Macasia KyuaarnJa Wak/iaHTHPAIH:

fh(, )61’ a(k(x,y)h(xsy)al’) @(k(x,y)h(x' )ayJ o

#oo& o )

_,1(9 -m), aap (x,y)eG Gynca;
p(x,y) By, n(f)=n, 1=0 Gjreanda,
..k(x’_ilh(x’i)ﬂga(&-]’), (x.y)el' yum,

(ﬁk(x. L”("")apds -4,(), (vy)es, ea i,;=LN, yum, @

’
3 Q
m=m1+7’(mo"ml)' k=k0(l_‘/’_’.) » B=mpBy + B, Q=i‘sldql,]'

By epaa P - karnamzaru 6ocum; F, Gonmaﬂrm GocHM, P, - yerapanmarn
Gocum; 4 - HeThb KOBYWIKOKIMIH; k — KaTiaM YTKA3yBUYaHIHK KO3hdHULMeHTH;
k, - Katnam GouutaHruy YTKa3yBYaHINTH KO3QQHUUHEHTH; /# — KaTnaMm KyBBaTH;
F - onactuMk Ko3pduumueHTH; B, - HePTHMHr CHKWIHMI ko3dduumeHTH;
fA. — KaTNaMHHHr CHKWIHII Ko3(dHUMeHTH; m - FoBaKIMK KO3(QHLUHEHTH;
m, — GOMUIaHFHY FOBAKIIMK; /74— YYKMG KONASTraH Macca FOBAKIIUIH; g, ~ i,—uH
KYAYK NeOHMTH; s, = i —4H KYAYK KOHTypH; n — I' yerapara WuKku HOpMab;
N, - KymZyKnap COHM; 77 — FOBAaK MYXHTAA 3appanapH UYKUIIM TE3JIHIH;
¥ — GuisTpauus napameTpH; A - UYKYBUM MacCaHHHr KHHEMaTHK
ko3¢ pHuHeHTH.

(1)-(2) Macananu YekH alfupMasap YCyNTHAA eUHIl YUyH KyHuaard YmuaMcus
¥3rapysuunapHu KHPHTaMH3:

P'=PIB, xX=x/L, y=ylL, kK=klk, K =hlh,
k‘,t’q.= qu A= kA o _ ML
TS TR " A T
Kynaitnuk y4yH rongyssa OearucHuM Tamna6  1o6opmb, ymuamcus
y3rapys4unapra nuc6aran (1)-(2) macanaHu KyAugaruya 83ui MyMKHH:

n=nln, =

13



o3[ eoletF), o el o)

8- 30-m). (23)eG yom
P(xy) s 1(8) =1, 1=0 Epnzanda,

-k(x,y)h(x,}*)gn-w(&-l’) (xy)eT yom,

@k(x.y)h(x,y)%ds:—q,‘ ), (x,y)es,', i, =1,2,... yuym,
S~

(3)

m=m +n(m,-m), k=k(1-{7).

Macananu euuwn yuyyH y3rapyByaH HyHamuuuiap cXeMacHHHHI alrOPHTMHK
roacunaH ¢oipananunau. Bynaa r - BakT KamnaMmupaH r+1 - BaKT Kamiamura
yTHm nkkH Gockuuma 0.5Ar kanam 6unaH amanra owmphnand. OnNMHraH Yeknu-
altMpMani TeHrIaMaiap TH3UMHHHY e4HI/ia MPOrOHKA YCY/IH KYUTaHHaaH.

FoBak MyXMTHa 3appayajlapHHMHI Y¥KHII TE3NMHrH 77 HU Toruum yuyH (1)
TeHIMamanap TH3HMHHHHT MKKMHYM TeHrnamacuHu 7 G6yiinya annpokuumauus
KHIHO, Kyftngaru dopmynara ara 6ynamus

_ M‘l'ao + ﬁv.l
Ny = —]+_71_A?—

Gy epaa 7j,, - ONAMHIY BaKT KaTiaMuZaH ONMHAAMraH 7],, HUHC KuitMaTh,
yHHHT Gounanrny Kuitmary (3) GounaHFyuy mapTaaH OIMHAAH.

Tonunran 7,, kuiiMath xap Gup BakT KaTiamMHAa FOBAKIHK m Ba Kamiam
YTrasysuaHnury k koaduurentnapunn anuknawaa gofinananunan.

Kuuuk aucnepcuany 3appadanapHuUHr FoBakaa TyTHIHG KonuwHuK xucobra
ONraHAa FOBaK MyXWTAA Ta3HUHI HOCTALUMOHAD (HMAETPALMACH KapaCHUHUHT
MaTeMaTHK Mozaeny Kyiiuaary Gownanryy Ba uerapasuii wapmiap 6unan 4M3uKen3
napaGonuk Tunaaru auddepenunan Tenrnama KypHHuIIKAA E3unau:
_a_[k(x,y)h(x.y ) aP’)+i[k(x,y)h(x,y) aP:):Zamh(X,}')gz‘Q: (x»)eG,
ox H & ) oy H dy o
P(x.y)= By (x.y), =0, (x.y)€G,

1 k(x»)h(x,y) 8P(x, »t)
u

4) k(x,y)h(x,y) P &

&) H P,

@

=a(P-P); (xy)el.

—ﬂs’-q, ). (xy)es,, i,=12..

(4) uerapasuli Mmacanaum COHJIM YCYNHa edull yyyH IOKOpHAard kabu
ynYaMCcH3 Macanara KeNTHpUIaaM. Yauamcus macanara YarapyBuaH HyHanuwwiap
cxeMacHHH Kynnab, r+0.5 - BakT opanuMK KaraaMu y4HyH HUKH TyryHjiapaa
KyHupary yesn-afiupmMany Tenrnamara ara 6ynamua:



E_,‘E,, 7;-05/ _(Tm/+7;w51)P +T«u/F
Ar/2 AR
7;1-05 (7;/-05+7;/o-0.5)P +7;1w3P,,
+ 28, s
AKX, e

v
OnuHral ueknu-aitupmanu TeHmiaMa P GocuM ¢yukumscura Hucbaran
uu3KMKCH3 6Ynramu Tydaiinu, yHHM euHluaa KBazWIHHeapu3auMs Ba MTepaulus
ycyanapH Kyanawunany. ¥ xonga, 6y uyeknu-aiiupMan TeHMIaMaHH KBa3HYH3HKIH
alfypMay TeHIIaMa KYpHHHIIMAA Kyiinaaraya é3um MyMKHH
2 1 2

5 2 . _ - 1 -
'AT' 1-054 :-u B, - AR (7;-:15; +7;4o.91)6: "'A_Tz‘:ll':; +F7;.us,3.uﬁ.u =Zh?[7;’°"jn:/ -

(7;-051‘*‘7'4051)” +T0s, uu] Mz[n-osﬂz-l (7;-05+7;;+os)1’ +T 405 rm] A:/Zjiu"suqr./-

By epma P,,PB,P,, - r+05- BakT Kamiamugarn GocuM ¢yHKuUMANAPH
KuitMatnapu; Pi.,,P.,, Py, — 60CMM (QYHKUMANADHHMHT GOWLMAHFUY HTepaLyA
xuitvatnapw; BB B . - r- Bakr Kkamiamumaru GocuM (yHKuMANApH
k_os b ko5 b ko5t -
K}lﬁM&'l"J‘lapH; 7;-0.5'/ = +=0.5./"%-035./ , 7;’05.1 = i40.5,7°%+0.8, 4 , 7;_1_0,5 = 1,§=0.5""%,/-0.% ,
H H u

Ky josh s

T;pos uqoﬂ/ ,£40.

Yexny aiiupMany TeHraManap Moc derapaBuii Ba HUKH MIAPTIAp YUYH O
NpOroHka ycynuaa evywiagu. XyAOM Wy Tap3Aa y liyHanuinRa TeHrnaMa Ba
waptap r+0.5-BaKT KamlaMH Y4yH annpokcumauuanaHagu. Mrepauus skapaéHu
nﬁle,f;’—P,f;"’ €& mwapr GaxkapunaryHua gaBoMm 3Taau. By epma & — urepaumi

*apatHH aHUKJIHTH; § — HTEPALHUATIAD COHH.

Hmnab yukunrad COHJIM MOAEN acocHa XHcobnall alropHTMH Ba JacTypH
ApatunraH 6Ynu6, yHMHr &paamMmia KOMMBIOTEpAA FOBaK MYXMTAa HedTh Ba
rasHUHr (HIETPAUMACH >KApadHHHM TAOAKMK KWIMII y4YyH Karop Xucobnam
Taxpubanapyu yTkasunrax (1-6 - pacmnap).

m M2 € A2BNEHNR KD CKBINHIN
er 133 e 123

AP 52)
210.92:0.90] A
Iy o v

1-pacm. Kaapat ¢puabTpanun coxacH yuyH Xucob naruacn
9 =q,=q,=g, =200/ cymxa
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- Lo 600 ]

- 0.99-0.88
o

- Bok0i92.

-092-0.90 c

m MPOPurn PIINPEIRNSHUS SEANCHIA B CONONI!

oseITITTIY : :

e 0ss]::

2-pacm. Hxtnéputi ¢paasrpanns co;xa;n ytlynxuco6na'rumacn
q, =200 / cymxa

1-sa 2-pacmnapaa TypnH Xwi KoHurypauuann HedTh KOHNApH yuyH
xucobnaw Harwkanapu kentupwirad. ONMHIaH HaTWXANapHH aJBan, KOHTYpPIH
rpaduk KYpHHMmMAA, KATIaM KECHMMMAA Ba KYAYKNIapAa GOCHMMHHMHI TywHwm
rpadHKIapH KYPUHHLIKAA TAKAMM STHII MyMKHH.

EXXO n e 8 oo
- IR Rt i K - 02
099-093 N hipenaet iU ¢ - OKB-3
0O 98-0.95

LABeOY T .

P =368 58
0.92-0.99 ) s
NEREE o o
om|it. .

U-

3-pacm. Maiiaa 3appanapHeHT FOBaKJIHKAA YYKHO Ko xucobura
GocHMHHHT Y3rapHuin

4-pacm, Maiina sappanapcns katiaamaa 6ocum 3rapuun

3-4-pacmnapnad k¥puHuUG TypubGAMKH, nactnab Kymyxiapaa G60CHMHHHT Te3
TYWHIIN Ky3aTWIMOKAA, KelMHYaJMK 3ca TyWMIY CcTa0WUIalIMOKAA, SBHH
CEKHHJIAIIMOK/AA. 3appanapHHHT Y¥KUIUH BaKT YTHmM Gunan Kymykaa 60CHMHHHT
Jkajian TymMmura onu6 kenaau.

Nuccepraumauunr yuunud «Fomax MyxuTaa  apanammaifiauran
CYIOKIHKMapRuHr Oupranuxgarm  $uabTpaums Kapa€HiIapHHH  COHJIH
MogesnamTupum» 6o6una ropax Myxutra cys Xaipaw &ppamuaa HedTb €xku
rasHu cuxM6 GopHIL Kapa@HUHM MaTeMaTHK MOAEIIAIITHPKHI Ba Auddepenuman-
alinpmajiap cXeMacH FOSICHIa acocNaHraH anddepeHUMan NporoHxka ycynuaa
COHUTH €YMINHUHT AFOPHTMHHH HULTA0 YMKKIL MyaMMOJIaPH KapasiraH.
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Marematuk xuxatiaH 6yHaail sxapagHiap (])aaanapmmr CHJDKYBYH Yerapan
MacanacH Kabu WaK/UTaHTHpUAaaH Ba Kyitnparu derapasmii Macana KYpHHHIIHAA
3unanu:

i(i%).,.i(iﬁ) =ap, %L"L—Q (x.y)eG, 6meanda,

ox\m ox ) oy\u oy ©)
o k oP, o[ k oP, oP,
Z 2 |4 1-a,) 5, —l+Q x,y)eG, 6yreania,
.a"(l‘zax) a}’[/‘z ) (=) s (<)
[R=P=P,(xy) 1=0 ea (xy)eG +G, Gmeanda,
k oR _— k OP, -y
9, (’) 'd-’: i,=LN,, ‘Isl,(’)""@—;d" (x,y)es,', L=LM,
&
koR_kom 6)

{op, )
E~o (xy)el', yom, B(x,y)=PR(xy), — o g o (x.y)el, Gmeada,

Aayt) & REX) o 0)=g(xy) (xy)el, Greaa
o um(a-a,) dl

By epna B,P, - Gocum, nedTs Ba CyB 3oHanapuaa; f,.fB, - nedrs Ba
CYBHHHT XaxMuit SrWITYBYAHIHK ko3¢ duuneHTRApH.
Bo=mB+B: B=mB.+B); PurBx ~ HEDTH BAa CYBHHHI XaKMHHA
CHKWIYBYaHIMK ko3dduumentnapy; £ - MYyXMT CHKHIHIL ko3 dHLMeHTH;
I, - cwokyBun verapa KOHTypwu; I, - TAWIKM KOHTYD; s, — i -4M KYAYK
KOMTYPH; gy, = i,-4H HedTh KyAYFH REOHTH; g5, ~ i - 9H CYB KYAYFH Aebutw;
I - T, cwpkyBuM uerapa KOHTYpH WYKH HOPManH AYHANTHPWIMIIMAA TEINHK
BeKTOpM; @ - HedTra TYAMHrawauk kodbduuueHtd; a, - He()THHUHT KOJAHK
Tyituurannury  kodpduument; ¢ - HedTh-CYB 6YNMUHMILMHUHT GolLLTaHFHY

yerapacu.

Yerapasuii Macana (5)-(6) AaH ymuaMcu3 y3rapyBuMnapra §TraHhaH Cywr,
auddeperumnan-alinpmanap - Macanacura keiuul ydyH OLIkOpMac y3rapyBun
Hyﬂan"map YCYNH Ky/ANMaHWIanH. byura acocaH r-yu BakKT KaTjaMHAaH
r+l-katnamra yTawm 0.5Ar Kagam GwiaH MKKH GOCKMYAa amanra oLIMpHIan.

Bupunun 6ockuuma Kyituparn auddepeHumnan-aiiMpMani TEHIIaMaNapHy e4HIl
Kepak Gyna.lm

d ( dP(NOJ) (x) (r403) II ( ) —A k " ()

I \ & 0 5Af Pl/ ( ) 1y /]

i /k M l P(NI)( ) PI$M *) (y) - Alx[ llPISr;n .5) ,

o\ & ) osar” 0557 -
1.,¢ (r+0.5) P

‘:—x\k.,,f%(—x—)-] OI;A P(mu)( )___ 2y ( )'Alr[kupzu]

d ( (”‘) (y } 'R- (r+0.5)

(" d.v 0547 ° o5 KE : AXBOEONI’ IDAG|
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6y epaa

f
ks, u—u (kl—OS_I +kuo$[)Plu+knu$JF;u|j

Al) (¥ .5'} Ahz
(r+0.5) kl ,J-0.5 Plsr/?l - ("1. sost ka./«u ) F;Sr; *3) + l‘/ /«uﬂ:';.o. )
A [lr, ;Pu J
Ahz

)

kl-oi.j +klw$J)Puj +kl+05[P2(l’+)l/

Ahl
[Ir p(uo.f)] by os PRy = (Kigcos + kiseos) Py + ki psos Pl s
147Uy Ahz *
- Huddepenupuan mporoHka ycynura acoca (7) auddepeHuuan-aupmanu
TeHr/IamManap TH3UMH e4HMITapH KyHupari gopMmynanapaaH aHHKIaHaaH:
P;Y‘M) (X) = r/ (x)ul (x)—al (x) “’/ (x) . dﬁ(;“”) (X) = 1 v/ (X)l, (X)‘Wl (A‘)ﬂ, (X)
a, (x)vj (x)-5, (x)"l (x) dx k(%) [a/("')"J (x)-8,(x)4, (?)]
p('ol)( ) 7;(y)“1(y)—a/(y)wj(y). dPl(j”|)(y)= 1 v,(y)y,(y)-w,(y)ﬁ,(y) ,
a,(y)v,(»)-8,(»)u,(¥) dy k, (») [a,(y)v, (y)_ﬂl(y)"l(m
6y epma a,(x),8,(x).7,(x) Ba u,(x),v,(x),w,(x) Moc paBHwza yan Ba yur
nporodka koshduunenTnapun Kyhngaru Kowm MacananapuHu euMil OpKaiH

[k P(r)] kt-oj./P Z(J’-)l.j (

(NLETY]

TOHHJIaJIH

b2 (), ()= 6=, a,0)=
{285 g, (2. v, (0)=0 () h ), 2, 0=0
24, 4. w @)= 2o, 1=
w0122, (), w(0)= L0V 22 50), @ ()=
<dv(J’)_R" (}’)’ vl(o) 0; 4%&=R"al(y), pl(l)=0;
L__"W;J(’ykp"u, (»), w(0)=0; \‘—1%}(,"—)=Fua. (). n@)=0
By epna

1

(x) (¢) MS) J’ r405) -
R =~ - Al AT - S oA PR, =i R

WxxnHu TeHr1aMa yuyH Xam p5*°%) pa pY*") eunm 10Kkopuaaru Kabu aHuKIaHanH.
HedTr-cys 6¥nuHuIL CHIDKyBYH yerapa XonaTu Kyliuparu dopmyna Gunax

~ Atk
aHuKknanany: I, =/, - po [dsta+%cosﬂ]
1
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By epna /, — 6ynuHum yerapacuaa MUKW HopMman G¥iinua MynanTHpuaran
Te3NHK BexTopH /7 =i;J=I(x, »1h); & — ox YK Ba HOpManb opacuiaru 6ypuax;
B — oy §xu Ba HopMans opacunaru Gypuak: 5 =%:r+5 .

Foak MyxuToa ras-CcyB CHIDKYBYM 4YerapacH HOCTAalMOHap (HILTpalMs
Jkapa8HHHHHT MaTeMaTHK MOJENH Kyinaary KypHHHIuAa 6¥nau:

EIEANILE oP,
5(#. 6’:)+5(M GLJ=2M5_Q’ (=)<G

ia koh)| o(kaR) [ op,
E(u, &J+5(za ayJ‘(' @)By 31 +0. (%3)eGy

(R =P =P(x,y), t=0, (x,y)eG +G,
an, ()= éi—f"-ﬂdr i =LN, N, g5 (0)= §k A ﬂ:.ld.s' (x,y)es,.,i,,:l,M ;

p,P on '
! k OR _ k oR
a__o (x.y)el,, R(xy)=A(xy), ” e m o’ (x.y)erl,,
g b B y0)=g(xy), (xy)el,

(&t um(a-a,) 81’

MareMmaruk MoneJmHHr OMpHHYH TeHrnamach OocuM QyHKuUHMACHra
HHCOaraH YH3HKCH3 OYsrawnurd yuyyH Mmacananu evnmga II-6obparm kabu
YH3UKCH3 Xayap KBa3wiMHeapu3aUKs KWUNMHagu Ba MWTepalusa YCYIHAaH
doiinananunanu.

Foak wmyxutma HedTs-CyB Ba ras-cys OHprajMkmard HOCTAUMOHAp
(hunsTpanuacH xapadHu TaRKMKH 6¥itnua Xucobnam Taxxpubanapu YTkasunras.

S-pacMpa TYpr6ypuak coxa yuyH GnoknanraH cye Xaitgamn Hymm Gunau
KaTIaMHHHI 4an KHCMHAard y4ra cyB XalinanaauraH KyAayknap é€paamMuia
KaTIaMHHHr Gomuiauruy OGocHMH cyHBHit caknaHagu. ByHzma xucob6 coxacu
Mapka3suza 6uTTa Minaérrad Heqm, xqmrm sKofnamTHpUATraH.

e 052-053

aEa
(050
] , 0 owers (3505

S-pacm. Baoknanran cys xaiinaw #fiyau 6naan Kataamaa 6ocamun
TYWn6 KeTHIINAAH CAKIaLl
Pacmpan kypunu6 . TypuOmMKM, KaTnaMHHHr GommaHrMy GocHMH YHT
TOMOHJA afipuM HHTeppa/tappa Aespnyu OMp Xun, cyHrpa WuIIAgTraH KyOyk
»kofiamrad HyKTaaa Y3MHHMHr MHHUMan KuitMaTnapura osra 6ynmoxkna. Manmym
BAaKT OpaJMFUAa KaTJaMHUHr ¥Hr KucmMuaa OGocMMHMHr TymmnG OGopuiumn
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Ky3atunagu (6y xucm rpadgukna xopa paur 6unan Genrunawra). Bakr yTuum
6unan 3ca 6y xapaéH MenEpnailanu, SbHH Hanm TOMOHAa 6ocum omm6 Gopuum
Ky3aTuaaau.

JucceprauusHuHr TYpTuHYH «K¥n KaTtnamiaMm roBak mMyxutiaa HedTh Ba
rasHuur GUALTPaIMA KApPaCHIAPHHH MOJENAaIITHpMU Gobuaa kyn
KaTnamiH FOBAaK MYXMTAR CYIOKIMKIADHUHT (GMABTPALUMACH Kapa8HUHHHT
MAaTeMaTHK MOJIENM MILNat YMKWIraH Ba MacalaHHHI TaKpHOMH-aHANUTHK eyuMH
onuHrad. JIMHaMHK anoKajard MKKH KaTjaMJiH FOBaK MYXMTAa HedTh Ba ras
¢runbTpaumACH MacanaNapHHHHT COHNIM MOJE/IapH Ba XHcobnawl anropuTmiaph
HINab yuKHIraH.

Kyn kathamnu CyIOKIHKIAp (QHIBTPAUHACH Kapa&HUHUHT Y4 YnYORIH
MaTeMaTMK MoOAeNH KyHuaarn TeHrnamanap Ba dYerapasuit map‘map 6unax
~ &sunagm:

1R _2A &R, a(,q()g}i)
a, Bt ax’ 8y’ oz

1% 2220 w0 % )50

L%=i& o +2{n %)
a & & ay’

Pl o,(X.)’--) PI,.O-%,.(J’--J) PI:-L‘ 0’:;(['1 y"'") Ply.°=§V,,,(X,2 ’)
Pl,.,,, _WZ.:("‘ Lz "") PL-o _Cl.-(x y't) PI:-L, "';I.a (x y-LJ ’)‘

Kypuuub6 Typubamky, KaTiamaap OpacHiary 4erapanapia Kyfinaaru ynauum
mapmiapi 6axapuiHilK KepaK:

Ix-u,,. ”' I:-n”, s | nl & |'
] ]

By epna s=1,2,3 — KarnaMm TapTi6 pakamu; P, - s-xamiamparu Gocum;
k(z), - s xamnamparu ¢unsTpauus kosdduuMeHTH; @, - S — KaTIammarK
Nbe30YTKa3yBUAINK ko3 duumeHTH; o (121, 0.(L.y.2.0),w,(xz1),
Vi, (% Lyzt)s S (251)s Cau(%.Lf) — UIBTPaUMS cOXacH HerapacHiaru
Gepuaran yamykcus QyHKUMAnap; m,, - KamiaM O6YnuHMI HyKTanapu;

0 — KyoyK1apfiart ae6ut, 0= Zl:&ll -
fo!

Yexnu-atiupmanap Ba auddepeHunan-aitupManap ycy/utapH acocuga kyn
" KaTMaMAK FoBaK MyXUTAa CYIOKIMK QWIETpaUHACH IKapaBHH MacanacuHu
SUYMINHMHT TAKPHOMii-aHANTNTHK eYUMH ONIMHIaH.

K¥yn kamiamnu HeTh KOHMAPMHU MUUTAIMHY TAXIWIT KMIHIIAA KaTiaMmiap
opacuiard THOpOAMHaMHMK ATOKaHM XHcobra onuin 3apyp. Arap KaThamnap
XycycusTnapura k¥pa Gup skuHcnn 6¥nca, macananu 6up Ymuamnu EkH HKkH
YnuamnM Tap3aa WAKUIAHTHPHIN MYMKHH, Xycycui xonaa EMOH YTkasysuaH
KATAAMIa 3ra WKKM KaTaMid FOBaK MyXWTJIapaa He(THHHr (UILTpRaHWLI
MacanacuHu napaGonuk THnjark GOIUIAHFMY Ba duerapaBHit uiapTnapra sra
TeHrnamManap TH3UMHM Kabu E3ML MyMKHH:
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2o
¥ 1

ki (x,y)h, (x.y)£]+—f’-[/q (x.9)4 (x, y)%g-] =

OB Ky (x,y)
a hy(xy)

% -k; (=y)h(x, y)—’]+—[k, (%) (xy) ﬁ] =

Ph (x,y)Zt--—==(R-R), (xny)eG,

(8)

= 1y (5.3) 2 h,"Ex'y;"’ B)-0. (x.y)eGy:

.

R (x.y)= A (xvY)' L6 (x,y) =Py (x.y), 1=0,
aPR, dP,
{~kh, —5:-= Aa(P,-R)i(x.y)el,, —k,h,af-= Aa(Py-PR), (x.y)el,, ®

kh 8P . ;=
Py ()es, ot

By epma: PR,P, -  kyiin Ba 1oKkopH Kamnamaa Gocum;
P,. P, - xatnamnapparu Gownanruy Gocum; P, P, - Ky#Hn Ba I0KOpH
Katnamaaru uerapasuit 6ocum; &, k, — KaTnamnap yTkasyBuawmru; k, — yTmm
KaTIaMUHUHT §TKaszyBuaHnury; A, A, — Kyisu Ba 10KOPH KaTjlaM KafiHHIMKIIApH,

h, - @&MoH ¥TKasyBuaHJIMKKAa 3ra KaTnaM KaiMHAWrH; 4 -~ HehTHUHT
KOBYIIKOKIMIH; £ = KaTJaMHHHI 3MaCTHKIMIH;, ¢(f) — KyAM Katnamjaru
KYZOYKHHUHT 0e6uTH.

(8)-(9) uerapaBuii Macanana ynuaMcH3 y3rapysumnapra yramMu3 Ba ueKiu-
afiupmanap ycynu épaamMuaa eyamus. (8) MacalaHUHT BaKT KaaMUHUHT GHpUHUH
APDMH YUYH ueKnM-alinpManu TeHrnaManap TH3HMM Ky#uaarH KypHHHLIra 3ra
Oynagu:

(3kh, - 2hAa) B, — 4k 1P, , + kP, = 2hAaP,,
a Pll—lj _bPlu"'CPIMJ"'leZI./ = f;’ i=12,.,N-1,
3k =2hAa) Ry  + 4Py, — KPRy, , =-2hAaP,,
|Gk,h, —280a) By, — 4k, P,y + K P, = 2hAaF,,
aPz,” bPz,l+c, zm;"‘d Py,==fi» Jj=L2,.,M-|
| (34,1, - 2hAa) Py, + 4k Py, - k,h,P,M_,J =-2hiaP,.
Equwlap Kyfuparu pekkypeHT dopMynanapiad aHMKnaHaiu:
R, =4 LB i B-‘PZHI./ +C,, By =/‘1;:4|J+B;ﬁuu +qv i=0L2..,N-L,
Py =(8:5,=8,8)/(581-5.5;), P, =(5:5,-55)/(55,-S:5,);
By epna
S, = [(30,‘._, —cy)-(day, = by, ) Ay ~dy By |
S;= [‘(40.\'4 =byy)Bya- d.V-IA:\’-I]' S, = [[v-l +dy Cyy +(4ay, = by, )C;'-l]’
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s =[(3a;,_, ~cya)-(4ay, ~by.) 4y ~dy.,By., ]

8y =[ (401 ~ben) By = iy ]o s =[ S+ dieiCrn + (403 = 5y )Cra |

Bakr 7 -kaTnamMHMHI HKKHHYH APMH yYyH XucoGnauuiap loKopuaard kabu
amasra OlHpHIaH.

Xucobnamr Takpubanapn KOBYWKOKIHK KO3(PGHUUHEHTHHHHT u =4clT3
(6-pacm) Ba y=8clT3 (7-pacm) KuiimaTnapy yuyH yTkasunras.

mG-pacu. 360 cyrmum xllcoﬁnam 7-pacM. 360 cy;'lcana xucol’mam
natikanapu. 51=0.08 [, £,=0.1 JI, u=4cll, HATHHRANAPH.
P1=P;=200 aT™. k1=0.05]1, k2=0.11, u=8cIl, Pi=P;=200 aT™m.

Pacmaapnarn 3rpu  uusMiiapaaH  KypuHuMG  TypuGamk, Hmnagrraf
KyAyknapaa 60cHMHHMHr KaTTa Teanuk Gunan nacaluwu Kysatunaau, 6upuH4H
KaTiamaard OGOCHMHMHI nacalfMiiM KOBYIUKOKAMK Ba €MOH YTkasyBuaH
KaTNaMHUHE ¥TKa3yBYaHNHUK Kod(uumeHTHra GOFNUKANTHHY KFpcaTanu.

Opacupa &MoOH ¥yTkasyBuaH KamiaM OynraH MKKH KaTiamiM  FoBak
MyXHUTNapAa FasHHHT (HABTPaUHACH MacanacMHH KyMfHMaarn yerapapuii macana
KYPUHUILNAA GEPHLI MYMKHH:

(AT 2 2
2 k.(x.y)fa(x.y)"’—;}]%[k. A E]-

=2pa,mh (x, y) o 2%—3(5’ -P'), (x.y)eG, 6nzanda,

%-kz (xp)h(xy )%]"‘%{kz (x.y)h(x,y)%i]=

=2ua,mh, (x, y)%+ ﬁgx’—yl(l’,’ -P)-0, (x,y)€G, 6przanda,
L ot hy(x,y)

rPn (x,¥)= Ry (%), 2 (xy)=Py (x,y), 1=0, 'é‘i’?—f:a(ﬂ —P,); (x,y) el

k,h, P, ki P O,
_%'a_anim(p,-p,) (ry)el,. § 20 o ads==g, () ()€, 4 =12

Macananu euui ydyH ¥3rapyBuaH AyHanuumnap ycynd, KBasHiMHeapH3auus Ba
uTepauna ycynnaan dofinananwimu. Wrepauns xapagun mex|FD-FiV|se
wapt 6aKapuAryH4a 1aBoM 3Tau.

Xucobnam Taxpubanapu yTKasyBUaHIHMK Ba KOBY LIKOKJIMK
ko3 duUMEHTNAPHHHHT TYP/H KUAMaTnapuaa YTkasuwiau.
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8-pacm. XucoGaaw natxanapu: £1=0.01 JI, 9-pacm. Xuco6 natmxanapn: k1=0.01 1,
k2=0.02 1, k+=0.0000001 [, 4=0.01 cIl3. k2=90.02 [1, k+=0.6000001 1, £2=0.02 cII3.
8 - 9 - pacMnappan KYpHMHAAMKM, TasHUHT KOBYIIKOKIMK KO3(hhHLHEHTH
OPTHILIH KaTnamaa 60CHMHHHT TapKAUTHUIMHUHT  CyCTNAHIMIINIA, KaTiaM

YTkasyByaHMMK KO3((HMUHEHTH OPTHIIM 3ca GOCHMHHHT TAPKANMIIHHHMHT
XKaJaNnaHLUIKra oTu6 Kenaiu.

Hucceprauusuuur GewMHYH «HedTr Ba ra3 Kownapu  acochmit
KypcaTKHWIAPHHH AHMKIAI YYYH AacTypuii Maxkmya» Go6una HedTs Ba ras
KOHJIapH HUUIAIMMHUHT ACOCHH K¥pcatkuunapunu Xxucobnaiul Ba TANKMKOT

HaTHXKanapuHH BH3yan KYpHHMIUAA TaknguM STHII yuyH Bumab qukuiarad
nacTypuit MaxxMya TaBcHJIaHraH.

|

| 2 ! I ALTAR I AIAMETEAPH SO TR AIA IO R Y D 04
[ | MALTYMOTIARS1 CIAKIRAHTHA I MO

r I Wmmmlnr
» rw_[m = = unvulummmmiu

10-pacm. Hactypuil Mazmyanunr Gynkusionan cxemacu
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10-pacMaa HNalb yuKUAraH AacTypuil MaxMyaHHHr GyHKIHOHAN CXeMacH
KEJITHPHIraH.

Hdactypufi TabMMHOT ONHMHraH HaTIDKIapHH  TaxXJMA  KWIHILHH
OCOHJIAIITHPHIN MaKcaAMAa MablIyMOT/IapHH 3KpaHIa BH3ya/UlaliTHpu6 >xansan
Ba rpadHK KypHHHLLIApAa MYJIOKOT acCOCHAA TAalIKWI KWIKHG Gepaau.

«HedbTp koHNapy MuDTAK KapaHUHHUHT aoCHi KYpcaTKUWIapHHH
XHcoOna» AacTypuii TABMMHOTH He()T KOHNAapH MUUIALIKMHK TAXAWT KWIHLI,
6awopar KuaMIL Ba IOfiMXa/alu HIUTAPHAA KYJUTall MyMKHH.

JactypHii TabMHHOT KyAHAarwiapaaH TawKHI TONraH:

- Bomnanruy MabIyMOTAAPHH KHPHMTHIL: MIWTALl BAKTH, GOILIaHFHY KaTnaM
6ocumy, BakT 6yitnya KagaM, YTkasyBHaHIHK k03¢ ULHEHTH, KaTiaM FOBaK/IMIH,
He()Th KOBYMIKOKJIMIH, KamiaM Y3YHJIMTH Ba KyBBaTH XamJa KyAyK AeOHTH Ba
KOOPAHHATANAapH.

- -Karnamaa GOCHMHHMHI TAapKaJHW HETHXKAIAPHHK JKaABal KYPHHHILHAA
TacBHpauL.

- Hammxanaphu rpaduk kypuHuwuaa sm3yan ¢opmaga tacsupnail. ByHaa
| HaTwkanap KyHAuaarM KypHHHMIIAA akc 3Taau: GOCHMHHHTI TapKalMIUM KOHTYD
rpadHka KYpUHMIIMAA, KyAYKIapAa BakT opanuruaa OOCHMHHMHr Rnacaiiniiu;
KecHMaa 60CHMHHHT TapKaNHILH,

-dunbTpauya  MYXMTHHHHI  KOHQMIypauMACHHM  TaHjawm:  afinawa;
TYprOypuak; annunc; kyndypuak; HXTHEPHIA.

- GUIETPaUMA MYXMTM KOHGMIYpaUMACH Ba KamlaM YTKa3yBYaHIMTMHHHT
~ MH(OPMALIMOH MaCCHBUHHM KypHLll.

XVJIOCA

«Cy10KJINK B2 ra3snapHHHr GQHIBTPIAHHMIU XAPa8HHHH TAAKHK KHIMII YHYH
MaTeMaTUK MOJE/UIap, COHJIM YyCyjuiap Ba JAacTypiap MaXMyH» MaB3ycHAaru
aucceprauma MM Gyiivua onub Gopwiran TaaKMKOTNAp HaTwkackaa Kyiumarn
Xynocanap TakauM 3THIIH:

1. HedTs Ba ras xamiamiapHHHHr Ty3WIMIUHHH XHcoOra onaguraH Ba
Oup xuHCcaM OynMaran HocTalMoHap ¢unbTpalMs xapadHIapHHHHI MaTeMaTHK
MOJIE/ITApHHH Kypuuaa dolinananunaguran ax6opor MOAENapH
waxnaHTHpwigy. Yiuby Mopesuiap HoCTalMoHap GUALTPalug sKapaéHaapHHHHT
MaTeMaTHK MOACIUTAPHHH KyPHILra XH3Mar KHIIU.

2. Mypakka6 koHGuUrypauusaaH GQuIbTpauus coxamapu Ba Maliga
3appanapHHHr FOBaK MYXHMTAa YYKHIIMHK XHcoOra OfraH Xo/iia CYIOK/HK Ba ras
HOcTauMoHap GuabTpauMs >kapa8HIapHHUHI MaTeMaTMK MOAeJUlapH  Ba
y3rapysyaH HYHanHIWIap YCYJH acoCHAa MKKH J/TMOBNM YerapasHil MmacanaHu
eYMIUHMHT XHcoGnaw anropuT™iapH Mmaé uukwigd. MareMarHK Ba COMIIH
MOAE/Tap KatnaM YTkasyBUaHIMIM Ba FOBAKIHIH kodhduuMeHTIapura Tabcup
KYpcaranuran Malia 3appaianapHUHI FOBAaK MyXHMTIA TYTHIMO KONMII OMH/IMHH
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Xucobra OJiyBuM, CYIOKIHMK Ba ra3 (pUABTpaUMACH Ha3apHACHHUHT KOHYHJIapura
MOC paBHILJa GYUABTPALNA KapatHNapHHH TaBCHIALL YUYH XH3MAT KHIAIH.

3. Karnam G0CHMHHM CyHBHIi caknauiia CHIKyBYH HedTh-CyB Ba ras-
CyB uerapajiapi Xocwi Gynaguran HocTauuoHap QGUALTpauMA KapaéiulapuHHHT
MaTeMaTHK MOZesUiapH TakoMwulawTHpwiay. Ywmby wmoanen HedTs Ba ras
KaThnaMJli MyXHTra cyB Xaiinau opkanu 60CHMHH CyHBHH cakiall Ba BaKT YTHILH
Ounau yarapui xxapaéunapunn 6aradcun 6a8H HTHIN yuyH XH3MaT KUIAU.

4, Huddepenunan-aliupMany Ba y3rapysuad HyHanMuwnap ycynuuan
¢oiinanaunb, HegTh-cyB Ba ras-cys Gupranukmark ¢unsTpauuacuuuur Credau
TUNHAArH MacalalapuHy e4nill yuyH caMapany Xucobnail anropuT™iapH mmab
yukunau. Ymby anroputmnap HeTb-CyB Ba ras-CyB MYXHTJapH ucrapaiapHHH
KOHTYp TAlKAPHCHAAH, KOHTYpAaH Ba ONOKIM pexuMAa CyB KyHunuum
wapouTHaa GUIBTPauNa xapaéHNapuHH YpraHUILTra UMKOH APTAH.

5. HedTs Ba ra3s KonnapuHu CyB Xaliaail pexkuMHia HILTauaa CyloknIHK
Ba Fa3HHHT KOBYIWKOKIHIH KaT/IaM §¥TKa3yBYaHIMIN Ba KyAyKnap AcOUTIapHHUHT
TabCHPU TAAKMK Kunuuran. HedTb Ba ra3s KOBYIWIKOKMMIHHHUHE OPTHIIH YMYyMHiA
yerapaga 6ocuM KMIAMaTHHMHI OPTHILMIa, CyB/IM 30Haja 3ca 60CHMHHNT CCKHII
TapKUTHILMIa XU3MAT KHIAH.

6. Yu ynuoBnu GuALTpaLUs MacallacCHHH EUMIUHHHT YeKIH-alinpManap
Ba auddepeHunan-aifupMany ycynnap acocHHard TaKpHOMit-aHANHTHK euMIl
ycynu nwnab yukunau. Hatuxaga pakr Gyiiuya annpoKCHMauMAHMHT OLIKOPMAcC
cXeMaCMHM Kynnaml acHOCHAA CHKWIaJMraH Ba CHKMAMalaMraH MyXuTiap
(UALTPALMACH MacaalapHHHHT TAKPUOHH-AHAIMTHK EHUMUHH KyPHII HMKOHHRK
Gepnu.

7. EmoH ¥TkasyBuaH Kamiamra Jra AMHaMuK anokaga 6ynran MKk
KaTnaMiu¥ FOBaK MyXHTIapaa HedTh Ba ra3 (UIBTPaLMACH KapaBHNapHHUHT
MareMaTHK MoJe/apu Ba XucoGnai anroputmiapy uiunab yukuwiran. Harwxana
Maxcynaop Kamiamiap ¥3apo TabCHpIaIly BUHH TAAKHK KHIHIL HMKOHH APaTUILIH.

8. Hiunab yMKWIraH COHAM YCY/lap annpoKCHMAaUHMACKHHUHT 0(r+h’)

aHHKAMTMHY  TabMMHNAWra, ra3  (QUABTpPaUMACH  MacalacHHH  cunmia
KBa3WjIHHeapu3aUns yCcyNMAaH Xamia KamiaM Ba KyAayKiap Xakuaard axGopor
maccuBnapaaH  ¢ofinananuwra  xu3mar  KHngd.  Harwxagza  nouusukan
MacanajapHH euHlllia HTEPaLHOH Kapa&HIAPHHHT AKHHAILYBUHK TCJIalIKIINIa
Ba xucobnam xapa&HyHH KMCKApPTHPHLLTA SPUILHIAH.

9. Golinananysud yuyH Kyna#i uHrtepdeiicra sra jgactypuit BOCHTa:
HedTh Ba ra3 yuyH; XucoO COXaCHHHHT KamIaMHUHr Oepuiral KaJlHHIHrHaa
TYprOypuak, ailnaHa, SMMHATHK Ba MXTHEPHI 1MakAnapu Y4yH; Kariam
(HUNBTPaUKMOH KYpCaTKMUIapUHUHT Y3rapMac Ba ¥3rapyBuaH Xonu yuyH; Gepysun
Ba OYBYM KyAYKMApPHUHI MXTHEPHIl COHM XaMAa yNapHMHI KOOpAWHATAanapu Ba
nAebuTnapy yuyH xucob uinapy onu6 6opuin mMxoHHHH Gepan.

10.  ducceprauus TaaKUKOTH AoMpacHia Huuiab YHKWIraH MaTeMarTHK
MOJIeNNap, COHNK YCYNNap, anropuT™MAap sa naqr,y‘puﬁ MaxcyJoTiiap Xamza COHJIH
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HaTHxanap «My6opaxnedTras» MUX, «JlxapKypraHHedTs» AK,
«llyprannedreraz» MUX, «Kacancoii HedTras passenka sxkcneauuusaciu» MUK
Ba «uapoUHI'eo nHcTuTy™ JlaBnar kopxoHacuna >xopuit KunuHraH. Harnxana
KOHJIap HMUUTAIIMHKHE -acOCHii KYpcarkHuiapuHu Xucobnam Bakth 8-10 mapra
kamaiiTupunau Ba Taxpuba HaTwxanapy Gunan Takkocnaranga 85% aHHKIMK

Japaxacura 3pHIIHIAH.
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BBEAEHHE (Annirrauun AuccepTauHy JokTopa Hayk (DSc)) '

AKTyalbHOCTE M BOCTPeGOBAHHOCTL TeMbI AMcceprauuMn. B mupe
yaenserca ocoboe BHHMaHHE CO3MAHMIO MaTeMaTHYeCKMX Mofeneii raso-
FUIPOAMHAMHYECKHX NPOLIECCOB, COBEPLICHCTBOBAHMIO MAaTEMaTHUECKHX MoZieNet
HECTALMOHAPHEIX MpPOLECCOB  KMAKOCTEH, HCNOJIB30BAHHIO BO3MOXHOCTEH
YHCMEHHBIX METONOB H HH(OKOMMYHUKALHMOHHBIX TEXHONOTHI VIS pelleHHs
MUHEAHBIX M HeNMMHeMHBIX 3a7a4 Teopud QHILTPAUMHM, & TakkKe COIIAHHIO
aBTOMAaTH3UPOBAHHEIX CHCTEM JJI4 ONpefesieHHd M MNpOrHo3a OCHOBHBIX
noxasareyeii  paspaborku  HeTAHRIX M Ta’OBEIX  MECTOPOXKACHHid.
Maremaruueckine MoJenH HeCTaUHOHapHBIX MpoLeccoB GHUALTpauuH HedTH U
rasa, paspa6oTka BBLIYHCIHTENBHBIX ANTOPUTMOB M CO3JAaHHE NPOTPAMMHBIX
CPeACTB MMEIOT BakHYl0 OCOOEHHOCTh B TAaKHMX PA3BHTHIX CTPaHax MHpa, Kak
CllA, ®panuus, Kurait, OAD, Hpan, Poccuiickas degepaums, Ykpauua,
Kazaxctan, Asep6aitmxaH 1 ap.

B Mupe BeAyTCs HayuHble HCC/E[OBaHMA, HAaNpaBJEHHBIE HA CO3JAHHE
MaTematHueckoll mojenu npoueccoB umbTpauuu HeTH M rasa B NOPHCTOl
cpene, Ha pa3paboTKy anrOpHTMOB M CHCTEM MPOTpaMMHOro ofecreueHus pacviera
OCHOBHBIX noxasaresneff HeTAHBIX M ra3oBbIX MECTOPOXKACHHH, Ha CO3laHMe
reoJlorHyeckux, ruapofinHaMuueckux 3D-mopeneii 00LEKTOB HePTAHBIX H
ra3oBbIX MacTOpOXCReHHIt, Ha NPOBEAEHHE BHIYMCIMTENBHBIX IKCIEPHMEHTOB ANA
MCCNENOoBaAHKSA NPOLECCOB HIBTPALIMH, & TaKKe HA HCC/eOBaHHE MOJYUEHHbIX
pe3ynsTatoB. B 3TOM HanpaBnenuH, B YacTHOCTH, B MCCICROBAHMM CNOXKHBIX
NpoLeccoB ABMKeHMA HedTH M rasa B MHOromiactoBofl MOPHCTOH cpede H
MOCTPOEHHH MaTeMaTHUeCKHX MoJenell omnpeneiieHHs peanbHbIX O0LEKTOB,
paspaboTka BBIYHCIMTENBHOTO ANFOPHTMA H CO3JaHME ABTOMATH3HPOBAHHBIX
CHCTEM ABJIAIOTCA BXKHBIMM 3ajauamu. BMecte ¢ 3TuM HeoOxoauMo paspaboTats
YMC/IEHHEIE M AHAIHTHYECKHE MeTOAB, 3(deKTHBHBIE ANrOPUTMBI pELICHHA
HeMMHeiHBIX 3a8a4 ana obnacTi GpUALTpaLMK co cnoxkHOMi KoHbHrypauueii.

B naweit Pecriybnuxe npoBoAsTcA mMpoxoMaciiTabHble HCCNEHOBAHHS 10
NPOEKTHPOBAHHIO  MPOLIECCOB  3KCMMyaTaM  HepTAHEIX M rasoBBIX
MECTOPOXKAEHHI, 1o pa3pa6grgce MaTeMaTHueCKHX Mopeneil HecTalHOHapHBIX
npoleccos HHALTPaLUH HEONHOPOAHBIX XKHAKOCTEH H AIFOPHTMOB HCC/ICA0BAHUA
HEMHHeHBIX ra3o- M FHAPOAMHAMMYECKHX MNPOLECCOB, NO OLEHKE OCHOBHBLIX
NoKasareJieit ¢ HCMO/MbL30BAHHEM COBPEMEHHBIX KOMIBIOTEPHBIX TEXHOMOTHil, a
TaKKe MO CO3JaHHI0 ABTOMATH3HPOBAHHBIX NporpaMMHBIX ofecreyenuit. B
Crparerun panbHeffiero passutua Pecry6nuxu Y36exucran wa 2017-2021 roast
onmpeleNieHsl  TAKME  3ajaud, KaK «.. BHeApeHHe  HHGOPMALMOHHO-
KOMMYHHMKAUMOHHBIX TEXHONOTHIl B KOHOMHKe, B COUHAIbHOHK cdepe H
yNpasneHuH, ... PACHIMPEHHE WKCMONb30BaHHA BO30OHOBNAEMBIX HCTOUHHKOB
aneprum»', IIpM peanusaumu 3THX 3aja4 B@KHBIMH BOMPOCAMH ABNANTCA
pa3paboTka MHTErPHPOBAHHBIX MATEMaTHUECKHX MOJENeH, YHCIEHHBIX Moaenet,

. e
! Va3 Ipesunesira PecnyGasxu Ysbexucran YI1-4947 ot 7 despana 2017 roga «O Crparernn aansuefhero
passuTHa Pecnybmixn Y3Gexucrann. : L
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3¢ eKTHBHBIX BEIMHCIMTENBHEIX ANTOPHTMOB K aBTOMAaTH3MPOBAHHBIX-CHCTCM JUTA
MpOLECCOB  NPOEKTHPOBAHMS  HECTALMOHAPHBIX  NPOLECCOB  GUNLTpaLMH
HEOJIHOPOAHBIX XNAKOCTeH U ra3oB B MOPHCTBIX CpeAax Ha OCHOBE COBPEMEHHEIX
HHPOPMALIMOHHEIX TEXHOMOIHHA. SR :

- JlaHHOE JMCCEPTALMOHHOE MCC/IEIOBaHHE B 3HAYHTENBHOH CTeNeHH
MOCHYXHT peanusauuH -3ajay, NpeaycMOTpeHHbIX B Ykase [IlpesuacHTa
Pecriybnuxn Yi6exucran VI1-4947 or 7 despana 2017 ropa «O Crpaternn
Haneueitinero passutna Pecriy6nuky Y36ekuctan», [Tocranosnenusx IlpesunenTa
Pecny6nuku Vabekucran IMM-3107 ot 30 miona 2017 roma «O Mepax mo
COBEPUIEHCTBOBAHMIO CHCTEMbl YMNpaBfieHHA He(TeraoBbiM CEKTOPOM» H
[IM1-2614 ot 28 centa6psa 2016 roma «O Mepax Mo yBENIHHYEHHIO NMPOM3BOACTBA
. 3RCMOPTHO-OPHEHTHPOBAHHOM TFOTOBOH TNPOAYKUMM Ha OCHOBE TyGOKOH
nepepaGoTKu  yIJIEBOAOPOACE B 2016-2020 ropax», a TaKKe B JAPYrHX
HOPMaTHBHO-NIPABOBBIX AKTAX, CBA3AHHBIX C 3TOM JEATENIBHOCTRIO.

" CoOTBEeTCTBHME HCC/ICIOBAHHS MPHOPHTETHLIM HANPAB/EHHAM Pa3BHTHSA
HAYKH "M TexHosoruit pecmyGamku. JlaHHoe wuccnenoBaHHE BBINONHEHO B
COOTBETCTBMM C NPHOPMTETHLIM HaNpaBjeHHEM PA3BUTHA HAYKH M TEXHONOTHH B
Pecrybnuke 1V ~-  «HMHpopmarHzauuds W  pasBHTHE HH}opmaloHHO-
KOMMYHHKAIIHOHHBIX TEXHOJIOTHIT».

OG3op 3apyGemubpix HAYYHBIX HCCIeN0BAHHA no Teme auccepTauuu.’
HayuHEIMH MCCIEZOBAHMAMH, HaNpaBAEHHBIMH Ha paspaboTKy MaTeMaTH4eCKHX
mopesedi, 3heKTUBHEIX aNropuTMOB M NPOrpaMMHOro obecneyeHus 1A pelieHU
3afaq UALTPALMHM XKUAKOCTEl B MOPHCTOR Cpeae; 3aHHMAIOTCA B BEAyLIHX
Hay4HbIX LIEHTpaX MHpa K BhICIIMX 06pa3oBaTeNbHEIX YUPEKACHHAX, B TOM 4YHC/IC
2 Mineral Engineering at the Pennsylvania State University, University of Texas at
Austin, Missouri University of Science and Technology (CLUA), Robert Gordon
University (BénukoGpuranms), Institut Frangais du - Pétrole (®panuus),
Polytechnic University of Turin (Mranus), Technical University of Denmark
(Manms), East China University of Science and Technology (Kurait), University of
Petroleum&Energy Studies Dehradun (Muaus), Petroleum Institute Abu Dhabi
(OAD), Poccuiickom TocymapcTeHHOM yHMBepcuTeTe HE(TH H ra3a MMEHH
UMIy6xuna (Poccuifickans depmepauus), TocynapcTseHHOM yHUBEpCHTETE
AzepGafimkana  (AsepGaitmxan), Kasaxcrancko-BpuTaHCKOM — TEXHHYECKOM
ynusepcutere (Kasaxcran), TalIKEHTCKOM YHHBepcuTeTe HHGOPMAUHOHHBIX
Texhonoruit (Y36exucran). o T

B pesyibTate McCnenoBaHMil, MPOBEACHHBIX B MHpPE MO MOACNHPOBAHMIO
HECTALHMOHAPHEIX TIPOLECCOB (MALTPALMH KMAKOCTEH M rasa HeQTAHBIX H
fa30BBIX  MecTOpOXceHMM, - UMCNEHHBIE MOJAENH  3a7a4M  HEOAHOPOAHEIX
¢wibTpaunit 1 paipaborka SLHIMHCAHTENBHBIX ANFOPHTMOB JUIA PelIEHHA 3aaay
‘GUNbTPALKK KHAKOCTH B TOPHCTHIX “cpeAaX ObuIH “MOMYHEHbI cnegyiolue
pesynbTarsi: paspaboraHbl MaTeMaTHUeCKHE MOAEH HecTalHOHAPHLIX MPOLIECCOB

2 [lns 0630pa 32py6exHLIX HAYHHBIX HCCHEXOBAHHT RO TeMe AMCCEPTALIMN MCRORLI0BANK WcToUHMKH Department
of Physics, University of California, Berkly, California 94720, USA, Department of Acrospace Engineering,
Department of Energy Engineering and Science, Nagoya University Nagoya, Japan u ap.
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(pUNBTPaLIHOHHOTO ABHXKEHHA SKHAKOCTEH H rasa B. MOPHCTHIX. Cpeflax C. yMETOM
nuHaMMyeckol cBA3u Mexay mnacramu (University of Pittsburgh, CLUIA);
co3naHbl MaTeMaTHYeCKHe MOJENM mpouecca paspaboTku  Hed)TerasoBIx
Mecropoxmenuﬂ C y4eTOM BEPOATHOCTHOIrO pacrnpeneyieHna rnapamMeTpos 96'bexcra
nccnemopanna (Robert Gordon University, Benuko6puranus); paspaGoTaHbl
MaTeMaTHYeCKHe MOJAEIH KOHTPOAA M  YNpaBieHHA TEXHONOTHYECKHMH
npoueccaMmH, CBA3alHbBIMH C JBIXKCHHEM CTPYKTYpHpPOBaHHBIX Heonnopozmux
KHAKOCTEH CO CMNOXKHBIMH XapakTEepHCTHMKAMH, a Takke YHCIIEHHbIC MOACHH
BHITECHEHMA BbiCOKOBa3kolt HedTit Bomoii (KasaHckuif HHHOBAUMOHHBIH
yuuBepcuter umeHn  B.I.TumupacoBa, KyGaHckmit rocynapmenuuﬂ
TexHonoruueckuil yHusepcurer, Poccuiickas denepatus). - -

B Mupe mpuiaraercs paa ycHiuit mo. noselllCHHIO 3d)¢e1cmanocm Turacta
pa3paboTku He()TAHBIX K ra30BbLIX MECTOPOXKACHHI, MPOBOAATCA UCCIEA0BAHHA [0
CNEOYIOIMM TNpPHOPHTETHLIM HampaBmeHMAM: pa3pafoTka MaTeMaTHYECKHX
Mogesiel, YHCIEHHBIX MeTOROB H 3((EeKTHBHBIX aNropHTMOB MPOLIECCOB IO
yBenuueHmio 106buM HedTH; - paspaboTka METOAOB 3aBOAHEHMA HEPTAHBIX
TU1aCTOB JUIA MCKYCCTBEHHOrO MOZAEPXKAHWs MIACTOBOro AaBNEHHA; pa3paboTka
MaTeMaTH4Yeckolf Mojenu NpOrHO3HPOBaHHA M omnpeneneHus ofwema 3amaca
HehTH MO OCHOBHBIM MOKA3aTeNAM Ppa3paGOTKH, CO3faHHE HHGOPMALMOHHBIX
cucreM C OYHKUMAMH MOHHTOpMHra AoGeryM HedTH M- rasa,. .CO3JaHHE
nporpaMMHOro -o6ecneuyeHns 1A MOBBIEHHA SKOHOMHUYECKOH 3(deKTHBHOCTH
3KCIUTYaTalUH HePTAHBIX U ra30BBIX MECTOPOXIECHHI.

Crenenn M3ayueHnoctu mnpoGaemsbl. Paspaborka .M ycoBepllieHCTBOBaHHE
MaTeMaTHUYECKHX MOfe/eit CIOXHBIX AMHAMHYECKHMX NpoLEccOoB . GuIsTpauuyu B
HedTera3zoBRIX M BOAOHOCHBIX MJ1aCTaX, a TaKkKe YHCICHHBIX METONOB JUIA MX
pellieHMs, pelleHHe CTALMOHAPHBIX H HECTALMOHAPHEIX 3anay (uABTpauuH B
cnosx He(TH M rasa ¢ NIOX0i NPOHMLIAEMOCTHIO PACCMOTPEHBb! B.paboTax Takux
yueHslX, kak M.Sharma, X.A3u3, O.Cerrapu, N.B.Lopuh, C.Atkinson, K.lves,
Z.Mehdi, P.J.Monteiro, S.Banerjee, G.l.Barenblatt, M.Chraibi, D.B.Silin, F.Boyer,
C.Lapuerta, - S.Minjeaud, A.lapcu, JI.C.Jleii6enson, -A.X.Mupsamkansane,
M.M.Xacanos, B.B.Jlanyk, K.C.Bacuues, C.H.3akupos, JI.JK.Axmen-3aku,
A.B.Axmer3sHos, A.Hukudopos, A.B.Llenaes u ap. :

B Pecny6nuke Y30eKHCTAH MaTeMaTHYeCKME MOMACIH M BbIMHCIHTCILHLIE
METOAb! ana HceseaoBaHns HeCTallHOHAPHBIX npoueccos QJHHBTPBHHH
MHoroda3HbIX kMAKOCTell i ra30B B MOPHCTBIX CPEAAX H3yUeHLl B HCCIIEN0BAHHAX
Takux YydeHelx, kak @.B.AGytanues, X.®.Qaitsynnaes H.M.MyxuauHos,
P.Camynnaes, A.Bermaros, 5.X. X§yxatpos, M.Apunos, H.Anumos, H.Pasinanos,
V.C.Haszapos, LlI.Kaomos, Sl.flp6exoB, A.Mmup3aee u gp. IlpoGuemsi
ABTOMATU3ALMH PellieHHs HEKOTOpbIX KpaeBbIX 3aAad MO MOAYNLHOMY MPHHUMIY
npeacrasnensl B - paGorax = B.K.Kabynosa, (D.B.Aﬁy'rannesa, A.Hemarosa,
B.®.BypHauieBa U APYTHX YUEHbIX. :

AHanus uccieaosaHnii B 3Toit 06nacTH NoOKasbIBaET, YTO B HacTosLlee Bpem
HEJJOCTATOYHO HM3yYeHHl MNpOUEcChl HeCTAUHOHapHOH QuAETpauMH rasa M
KUAKOCTH C YYETOM OCEAaHMs MEJIKMX 4acTWil B Topax cpeasl, koraa ofnacrtb
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dunsTpauun umeer CNOXKHYI0 KOHQHIypauuio H fABJgeTcd MHOroC/IOHHOI
NOPHCTOH cpefioft ¢ pazHOM! NPOHNLAEMOCTBIO MIPH HAMYHHM FHAPOAUHAMHYECKOH
CBA3H MEXIY IUIACTaMH. .

Caszp AHCCEPTALKHOHHOI0 MCCIeNOBAaHHA ¢ TUIAaHAMH  HaY4HO-
HCC/1eA0BATE/ILCKHX pa6or Bbicmiero o6pa3oBaTeNLHOr0 y4YpexaeHHs, B
KOTOpOM BEINMOJIHeHa auccepraums. JucceprauvoHHas paboTa BhINOJHEHA B
COOTBETCTBHH C [UIAHAMM Hay4YHO-HCCNeROBaTeAbCKMX pabor TalukeHTCKOro
YHHBEpCHTETa HRGOOPMALMOHHBIX TexHONOrWi M  Hay4yHO-MHHOBaLMOHHOTO
LIeHTpa MH(OPMALHOHHO-KOMMYHHKALMOHHEIX TexHonoru npu TYUT B pamkax
rpauToB Ne ®4-GA-D005 «PaspaboTka M HCCneOBaHME ANFOPHTMHYECKHX
METOZIOB pCIlleHHA KJIACCOB MHOrOMEpHBIX HEMMHEHHBIX 3a7a4y MaTeMaTHYecKoH
busuxkn  mns obmacte#t  cmoxmo#t  kondurypaumm»  (2012-2016)
Ne A5-019 «Pa3spa6oTka uH(OpPMAaUHOHHOrO K MPOrPAMMHOro ofecneyeHns 3anay
TennomaccoobMeHa B npoueccax CyIIKM W XpaHeHHA MOPHMCTHIX cpea» (2015-
2017).

Iennio Hcc/leR0BaHHA ABJAETCS pa3paboTka MaTeMaTHYECKHX Mozedeii,
30¢EeKTHBHBIX BLIYHCIMTENIBHBIX ANTOPUTMOB M KOMIUIEKCA NpOrpamMM Jii
ONpEeieNeHHs OCHOBHEIX MOKA3aTeNeif MHOTOCTOMHBIX HE(TAHBIX M ra3’oBBIX
MECTOpOKACHHUH.

3anaun uccienoBaHus:

¢opmupoBanue HHPOPMALMOHHBIX MoOZefel, YUHTHIBAIOWIMX CTpOEHHE
HeTAHBIX M ra3oBBIX 3anexeil, cBOHCTBA HEOAHOPOAHOCTH (GWIETPALMOHHBIX
MOTOKOB M HCAONB3YEMBIX TIpM MOCTPOCHMM MaTeMaTHHYeCKMX Moaeneii
HeCTalHOHAPHEIX NpoueccosB GHILTPaLHH;

paspaboTka MareMaTHuecKMX Mofejel M BBIMHCIHTE/IBHBIX AJNTOPHTMOB
HeCTaLMOHApHBIX MpolieccoB (IUIETpAUUH XUAKOCTeH M rasoB B olnacTH co
cnoxHoi xoHburypaumeii ¢ yqemu OCak/ieHHs MENTKOAMCIIEPCHBIX YacTHLl B
nopax;

YCOBEpPIICHCTBOBAHME  MAaTeMaTHYeCKHX - Mofeneii  HeCTAUMOHApPHBIX
npoueccos GUARTPaUKH C MOABIKHOM rpaHuueii pasnena HedTb-BOAA M ras-oaa
ANA HCKYCCTBEHHOrO noaaep>KaHHs IU1aCTOBOro AaBjICHHA,

paspaborka 3¢)(peKTHBHEIX AITOPHTMOB JUid-petlieHHs 3anay GUALTpauny c
y4eToM ABHXKyieics rpaHHLUbI pa3fena HedTh-BOZA H ra3-Bosa;

paspaboTka MareMarnuyeckoll MOZeNH M HX NPHOGAMKEHHO-AHANMTHYECKHX
METOAOB peWleHHA 3aAdd (HIBTPAUHH XHAKOCTH B MHOrOCHORHBIX nopumlx
cpenax;

pa3paboTKa uMCAEHHBIX Mopaened 3ama4 Q)umpalmu HedTH M rasa B

HBYXIUIaCTOBBIX TMOPHCTHIX Cpeaax Co cnaGonponuuaeMOH nepemsiukol npu
HAJTHYHH AMHAMUYecKoit cBA3H MEXAY 1iacTaMu,

pa3paGoTka BBIYMCAMTENbHBIX AITOPHTMOB A onpeneneﬂux OCHOBHBIX
nokasaresiel MHOrOCNHOHMHBIX HE(TAHBIX M Fa3’oBBIX MECTOPOXACHUWA ¢
TUIOXONMPOHHLIAEMOM NEpeMBIUKOi;
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paspaboTka KOMIUIEKCAa MpPOrpaMM JyiA pacuera OCHOBHEBIX ‘MoKasareneit
SKCIUTyaTallii OfHO- H MHOTOCHONHHBIX HeTAHBIX H ra3oBhIX MCCTOPOXICHHI ¢
BH3yanusaiueil pe3yNsTaToB MCCEAOBAHHA.

O6bexToM  1CCAEXOBAHHSL  ABNAIOTCA  HECTALMOHAPHBIE  MPOLIECCH
¢rnsTpaumy xuAKOCTElH M ra3oB B OAHO- ¥ MHOTOCHORHBIX MOPHCTHIX Cpelax.

Ipeamer uccnenoBaHus ABNAIOTCS MaTeMaTHUECKHE MOJENHM, YUCIIEHHBIX
METONO0B M QIIOPHTMOB, @ TaKKe KOMIUIEKC MNpo6ieMHO-OpHEHTHPOBAHHBIX
NporpaMMHbIX ofecredeHHif ANA HCCNENOBAaHHA HECTALHOHAPHBIX IPOLECCOB
(unsTpaumy XHAKOCTEH! H ra3a B IOPUCTEIX cpenax.

MeToas! uccaegoBaHns. B npouecce uccea0BaHUA PUMEHSIOTCS METObI
BBIYHCITHTEJIBHOM ~ MaTeMaTHKH,  MaTeMaTH4Yeckoro M KOMIBIOTEPHOro
MOAENHPOBAHHA H  BBIYHCIIMTEIBHONO 3KCMEPUMEHTa, a Takke Crocobs!
TEXHONOrHH NpOrpaMMHpOBaHHA A1 pa3paboTKH NporpaMMHEIX IPOAYKTOB.

Hayunast HOBH3HA MCC/IEAOBAHMS COCTOMT B CJIEAYIOLIEM:

paspaboTaHbl MaTeMaTHYECKHE MONENM M BEIYUCIIUTENBHBIE ANTOPHTMBI
HECTAaUMOHAPHOTO mpouecca (HALTPaUNMM XHAKOCTEH M rasa B o0nacTaX co
cnoxHoit koHurypauueit ¢ yuerom daxTopa ocakaeHHMA MENKOMMCIEPCHBIX
4acTHI B nopucToii cpene;

Ha OCHOBE TEOPHM JBHXCHMA >KMOKOCTH M rasa YCOBEpILIEHCTBOBAHBI
MareMaTHYeCKHe MOJEH HEeCTALHOHAPHBIX MPOLIECCOB COBMECTHOH (puabTpaunuu
He(TH-BOJA M Ta3-Bofia C HCKYCCTBEHHBIM MOAAEPKAaHHUEM IUIACTOBOTO JABNEHUA
3a CYeT 3aKa4KM BOAb! B He(hTe- M ra30HOCHLIA IIACTHE;

paspaboraHbl 3(QeKTHBHBIE BLIMUCIHTENbHbIE AIMOPUTMBI Ha OCHOBE
COBMECTHOrO  HCIO/IB30BAHHA  METONOB  TMNEpPEMEHHBLIX  HAmpaBiieHuWii H
muddepenunancHo#t NporoHkM anA pemwleHHs 3amau Ttuna CredaHa npu
coBMecTHOl dunbTpauun HeTL-BOAA M ras-Boa;

paspaboTaH npUOMHAEHHO-aHANUTHYECKHI METOA pElIEHHS TpexXMepHoil
3afays  QUIBTPALHH XHMAKOCTE B MHOTOCIOMHBIX MOPHCTHIX CpeAax c
COOTBETCTBYIOLUMMH HAYa/IbHBIMH, FPAHHYHLIMH K BHYTPEHHHMH YCJIOBHAMM Ha
OCHOBE COBMECTHOIO HCIOMb30BaHHA Merona AnepeHUHaNnbHOM NMPOroHKH H
MeToja NPAMBEIX;

Ha OCHOBE 3aKOHOB ABH)XCHHA >XMAKOCTell M raza paspaGoTaHbl YMCHIEHHBIE
MozenH 3anay GuALTpauHH HedTH M rasa B AMHAMMUYECKM CBA3ZAHHBIX
BABYXC/IOHHBIX MOPHCTEIX Cpeax co cnabonpoHuLiaeMoil nepeMbIuKoit;

Ha OCHOBE YHC/ICHHLIX Mofene# 3amad ¢unbTpauuu Xuaxocted M rasa B
HOBYXIUTACTOBBIX cCpeax <¢o cnaGomponuuaemoli mnepemerukoli paspaGotan
BBIYHC/IMTEIIbHBI IrOPHTM fiNA pacuera OCHOBHBIX MOKa3sareseil pa3paboTku
He()TAHBIX H ra30BLIX MECTOPOKACHHIA.

TIpaxTHYecKHe Pe3yabTATHI HCC/IEAOBAHMS 3aK/TIOYAIOTCA B CHEAYIOWEM:

CO3[aHBl BBIYMCNMTENBHBIE ANrOPHTMBI H MporpaMMHoe ofecrieueHHe ¢
YYETOM OCKAECHHA MENKOAMCHEPCHBIX HaCTHI| B MOPHCTBIX Cpefax A/ pacuera
OCHOBHBIX MoKa3are/ei pa3paboTku HeTAHBIX K Fa30BLIX MECTOPOXKACHHI;

Ha OCHOBE MaTeMaTH4eCKOi MozenH, yuuThIBalomeil NoBbILICHHE AaBJIEHHS,
3aKa4uHUBaHHe BOJB! B HE(hTAHBIE H ra30Bble MECTOPOXKAEHHA C HU3KHM JIaBJIeHHEM
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miacTa, cosganbl 3¢deKTHBHBIC BEIYMCIHTENbHBIE "QIFOPHTMBI JUIA pacuera
OCHOBHBIX MOKa3aTeNei; -

pa3paboTaHb! YHC/IEHHBIE H KOMILIOTEPHbIE MOZETH NPOLECCOB (PUNLTPALMH
HedTH M rasa B MOPHCTBIX Cpefax NMPH HANMYHM AHHAMHYECKHX CBA3ed Mexay
IH1acTaMHy;

co3nanbl  3(QexTHBHBIE BHIYMC/AHTENbHbLIE ANTOPUTMBI  OMpelesieHHA
OCHOBHBIX NOKasareneli HeTAHBIX M ra3oBbIX MECTOPOXAEHHWI MpPH HANHUMH
OUHaMH4eckoif CBA3M MeXIy TUIacTaMH co cnabonpoHHUaeMoll nmepeMEBIYKoii, a
Takke MporpaMmHoe obecneueHHe 1A BHU3yanH3alMH COOTBETCTBYIOLIMX
PE€3YNBTATOB.

HOC‘I'OBepHOC‘l‘b pe3ynnTaToB HCCICAOBAHHA. I[OCTOBCPHOCTB HaY4YHBIX
pe3ynbTaToB oOecneyHBaeTcs CTPOrOCTHIO MCIMOJIBb30BAHHBIX MAaTeMaTHYECKHUX
Mopeneif, pa3spaGoTaHHBIX C NpPHUMEHEHHEM 3aKOHOB COXpaHEHHMA Macchl H
HMIyNbCa, anpoOHpPOBaHHBIX METOAOB BHIMHC/INTENbHON MaTeMaTHKH, B TOM
yycne NPHMEHEHHEM YUCIEHHBIX METOAOB NpOBEpeHa HX YCTOMYMBOCTh, HX
COOTBETCTBHE DEalbHLIM (M3MYECKMM MpPOLECCAM, & TAKKe KaueCTBEHHOH M
KOJINYeCTBEHHOH! OlLIeHKO# NOJIyHE€HHBIX pe3yJibTaTOB.

Hay-mau H NpaKTH4YeCKas 3HAYHMOCTb Pe3yabTATOB HCC/IeA0BAHHSA.
HayyHad 3HaYMMOCTR pe3yJLTarToB MCCNENOBaHMA 3aKiioyaercs B paspaboTke
YCOBEpILIEHCTBOBAHHBIX MaTeMaTHYeCKUX Mofesielt GUALTPaLMOHHBIX MPOLIECCOB,
KOTOPHIE YYMTBIBAIOT BPEMEHHBIC M3MEHEHHMA TMOPHUCTOCTH CpEABl 3a CHeT
OCaXK/JICHHA YaCTHIL B Opax, H3MEHEHHs rpaHHI HedTh-BOMA M ra3-BO/a B PeKMMeE
BLITECHEHHMA BOAOH, CTPYKTyphbl TMOPHCTO#f Cpembl, CJIOH KOTOpOH OTMHHAloTCA
THOPOA¥HAMMYECKMMH M reoJIorHYecKUMH NOKa3aTelIaAMH, a Takke Goee TOUHBIX
H 3KOHOMHYHBIX YHCJIEHHBIX AINOPHTMOB PEIUEHHA ABYX- M TPeXMEPHBIX 3amay
¢uneTpauMy ¢ NpHBAEYEHHEM  NPEHMYLIECTE  METOAOB:  MEpeMEHHBIX
HanpaefaeHui, audepeHnHATBEHO-pa3HOCTHOTO H AHddepeHUHaNBHOM NPOroHKY.

lMpakTHueckas 3HAYMMOCTH  pe3ylbTaTOB  AHCCepTauHoHHON  paboTh!
BBIpaXaeTca B paspaborTke NMporpaMMHOrO KOMIUIEKCA Ajifi MPOrHO3UPOBAaHHA M
aHanmM3a FofIOBBIX M CYTOYHEIX M3MEHEHMH OCHOBHBIX Noka3sarenefi paspaborku
He(TAHBIX H Ta30BLIX MECTOPOXIEHHH NMpPH pa3fIHYHBIX BHYTPEHHHX M BHEILIHMX
YCJNOBHAX, a TaKxKe XapaKTepH3yeTcs TNpakKTH4Y€CKHM NPUMEHEHHEM
BBIYHCIIMTENBHBIX ANMOPUTMOB, MaTeMaTHYeCKMX Mojenell pelleHHa IOByX-
TPEXMEPHBIX 3a4a4 CJIOKHBIX HECTALHOHAPDHBIX NpOLIECCOB ([mns‘rpaunu rasa H
AKHOKOCTEH,

BHeapenue pe3yJsTaTOB HccaenoBanusa. Ha ocHoBe MareMarHueckux
Mozeneif, BBLIYHCIMTENBHEIX ANrOPHTMOB M KOMIUIEKCA  IpOrpaMMHOro
ofecneueHns ia onpeaeieHHs OCHOBHBIX NMokasarenel SKCTLTyaTaluH HeTAHBIX
M Ta3’0BBIX MECTOPOXKAEHHH, C YYeTOM JHHAMHYECKHX ucnxaen Mexay
FHAPOAHHAMHYECKUMH NapaMeTpaMH IIacTOB: ‘

IaHo 3axmoyenue co cropoHel «UNICON.UZ» JOVK 0 BO3MOXHOCTH
NpoBeiecHHsA BLIYHC/IHUTENBHBIX 3JKCIICPHMEHTOB 10 OCHOBHBIM [IOKa3aresiM
HEPTAHBLIX M ra3oBBIX MECTOPOXIEHHI M TPOrHO3MPOBAHHIO SKCIUTYaTalMK
HedTAHBIX M Tra3oBBIX MECTOPOXKACHMN NporpaMMHBIMM cpefcTBamu «Pacuer
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OCHOBHBIX TNOKa3aTeneil pa3pa6oTKH ra3o0BOro MecTopoxaeHus», «IIporpamMmuoe
ofecneueHne MaremarHyeckot Moienu npotiecca GUILTPALHU HEGTH B MOPHUCTHIX
cpenax», «Paspabotka nporpammuoii cpeabl U1 pacyeTa OCHOBHBIX MoKasaresneH
IKCMMyaTaliMH Fa30BLIX MeECTOpPOXMIEHHH B  JIBYXIUIacToBOif  cpeme ¢
DHHAMHYECKHMM  CBA3AMHU», «[IporpaMmHas cpefa Ins pewieHna  3afadu
dunsTpauuu HedH B AByxXCnoiinoii cpene» (3akmouenne «UNICON.UZ» VK or
17 nexabpa 2018 r.). B pesynsrare CTalO BO3MOXHBIM YUMTBIBATH OCAXJICHHC
MEJIKHX YacTHLl B MOPHCTBIX CpefaX, MCKyCCTBEHHOE MOAACpXKaHHE JaBNCHHA
nyTeM 3aKauyMBaHWA BOABI B IMAacT, OMNpefe/icHHe M3MEHEHWS JaBJICHHA 110
BpeMEHH B MHOTroc/I0/iHo# cpene €0 cia6onpoHKLAEMOii NepeMBIYKOii;

MareMaTH4ecKas MOAENb, YHCJICHHEI! METOMI, BBIMHCIHTENLHEIA anroput™ M
KOMMJIEKC TIpOrpaMMHOro obecriedeHHs MpoLIeccOB HecTaHRapTHOH QuikTpanuu
KUAKOCTE H razoB B JBYMEPHBIX MNOPHCTBIX Cpeax C Y4YETOM CKOpPOCTH
OC@KAEHUS MENKMX 4acTHL B MOPHCTHIX CPEAAaX BHEAPEHbI K MPaKTH4ECKOi
nestensHoctH B OO0 «My6opakHedTras» (Cnpaska MHHUCTEPCTBA Pa3BUTHA
vHQOPMALMOHHBIX TexXHONOrHi M koMMmyHukauuii Ne 33-8/8368 or 8 HosGps
2018 r). B pesynbrare cpaBHeHHA MOMYYEHHBIX JKCIIEPHMEHTANBHBIX AAHHBIX
npuOMMAKEHHOCTb cocraBuna 15%, a Takke COKPaTHIOCh BpEMS BBIMHCIIHTENIBHOTO
npouecca B 8-10 pas;

paspaboTraHHO€ Ha OCHOBE QITOPUTMOB YHC/IEHHOrO peuleHHA 3ajmad
¢unBTpaLMK KUAKOCTH B NOPUCTHIX Cpeiax nporpaMmHoe obecneuenne BHEPEHO
B HETAHBIX M Ta30BBLIX MECTOpOXAEHUAX Ha Teppuropuu CypxaHAapbHHCKOH
obnactu  AO  «/IxapkypransHe¢ts» (Cnpaska MunucrepcTBa  pa3BHTHA
MH(POPMALIMOHHEIX TEXHONMOrMi M koMMyHHKauu#i Ne 33-8/8368 or 8 HOAOpA
2018 r.). B pesynsTare, 3¢ ¢eKTHBHOCTb NNacTa MPH 3aBOJHEHHH MLIACTOB HE(TH,
nossicunace A0 10%;

pe3ynbTaThi MCCNENOBAHMII MO ONPEACICHHIO OCHOBHBIX MOKasaTencH
pa3paboTki HeTAHBIX M ra3oBeIX MecTopoxkaeHuit BHeapenst B OO0 «Kacanco#t
nedtras passenka akcneaMuua» (CnpaBka  MMHHCTepcTBa  pa3BHTHA
HH(OPMALMOHHEIX TeXHOMOTH M KoMMyHukaumii Ne 33-8/8368 or 8 HoAGps
2018 r.). B pesynstare 3T0 A0 BO3MOXHOCTH NMPOrHO3UPOBAHMA W aHaNH3a
OCHOBHBIX MOKa3aTeleil ABYXIUIACTOBBIX HE(TAHLIX MECTOPOXAEHHH, a TaKke
YBEJIKYHTE NIPOH3BOAUTENBHOCTS fu1acTa Ha 8-10%;

YHCNEHHble MOAENH npouecca GUILTpalii rasa B JBYXCIOAHBIX MOPHCTBIX
cpegax M mnporpaMmHoe ofecredeHue BHeapeHst B 00O «lllyprannedTeras»
(CnpaBka MuHucTepcTBa  pa3BUTMA  MHOOPMAUMOHHEIX  TEXHONOTHA M
KoMMyHHKauuit or Ne 33-8/8368 8 uoaGpa 2018 r). B pesynsrare 3a cuer
aBTOMATH3aUMH MpOLEcca MHOTOCNOAHONA (HMILTpauMi rasa ¥ ONEpaTHBHOCTH
BHIMMCTIMTENBHBIX PaboT, NPOM3BOAMTENBHOCT CKBAXKHMH yBesMuunach Ha 8-10%,
a UX CTOUMOCTB Obina cHikeHa Ha 8%,

MareMarHyeckad MoJeb  HECTALUMOHAPHBIX MpPOLECCOB  (uILTpauuH
cunbHo3arpa3HeHHolfi HedTH B MOPMCTBIX Cpelax, YHC/EHHbIE AATOPHTMbL H
KOMIUIEKC ~ NporpaMm  BHeapeHel B MPAaKTHKTHYECKOH  JATENBHOCTH
rocynapctsenHoro npeanpuatus  «Muctutyr [HJPOHUHIEO» (Cnpaska
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MuuucTepcTBa: pasBUTHA HHGOPMALHOHHBIX TEXHONOTHA M KOMMYHHKaLH#H
Ne 33-8/8368 ot 8 HoaGpa 2018 r.). B pesyasTare Aano BO3MOXHOCTb YBCHUCHHA
NPOM3BOAMTENLHOCTH HETAHBIX M ra3oBbIX MECTOpOXAEHHit Ha 9-10%.

Anpo6auus pe3yanTatoB. TeopeTHYecKME M TNpHKIaNHbIE pPe3ynbTaThl
JAHHOTO MCCMEef0BaHUs AOKIAAbIBAINCE H 0OCY:KAAMNCh Ha 9 MeXIyHapOAHBIX H
15 pecnyGnuKaHCKHX HayuHO-NPAKTHYECKHX KOH(EPEHLUAX.

My6auxauun. o TeMe uccneaoBaHus omy6nukoBaHsl 37 HayuHbIX paboT, u3
Hux 11 HayyHble ctateM, 2 B 3apy6exHBIX ¥ 9 B pecrmyOMHKaHCKHX XypHanax,
peKoMeHAOBaHHBIX  Beicueli  arrecraumonHoit  komHccHe#t  Pecrybnmku
VYabexucran ans MyOGNMKAUHMM OCHOBHBIX HayYHBIX Ppe3y/IETaTOB JOKTOPCKHX
nMccepTauuii, a Taxke MOMydeHb! 5 CBUACTENLCTB O PErHCTpaUyH MporpaMMHBIX
cpencts i OBM.

O6nem u cTpyKTypa aucceprauun. JQucceprauus coaepixut 197 cTpanun v
COCTOMT M3 BBEAEHHA, NATH [NIaB, 3aKIICNEHHsA, CNHCKA MCNO/b30BAHHOM
JIUTEpaTypsl H NPHICKEHMI.

OCHOBHOE COAEPXXAHME JMCCEPTALIUH

Bo BBeagennu 0GOCHOBaHBI AKTyalbHOCTb M BOCTPEOOBAHHOCTL TEMBI
AMccepTaumy, cgopMyaupoBaHbl uenb M 3anauy, obvekT M npeamer
HCCnlelOBaHMsA, MOKA3aHO  COOTBETCTBHE  HCCNENOBAHHUA  MPHOPHTETHOMY
HanpasieH!IO Pa3BHTHA HAYKH M TeXHONMOruf pecnyGAMKH, H3NOXKEHb! HaydHas
HOBM3HA W  NpaKTHYeCKHe  Ppe3ynbTaThl  MccieaoBaHua,  ob6ocHoBaHa
JIOCTOBEPHOCTb, HAay4Had W MPAKTHYecKas 3HaYUMOCTD MOTYHEHHBIX Pe3yJIbTaToB,
npuBeAieHbl MepedeHb BHEAPEHHHA B TNPaKTHKY pe3yNbTaToB MCCAENOBaHuA,
pe3ynbTarh! anpobGauuu paGoTel, cBeACHHA O My6nuKaunMn pesynsTaToB paboTh! H
CTPYKTYpa AHCCEpTaLUu.

B nepeoli rnase amcceprauuu «Cocrosinse Bompoca, Liejb H 3ajauH
HccaepoBanua npouecca ¢GpuaAbTpanuu HedTH H ra’a B MOPHCTHIX Cpeaax»
npuBeaeHs! 0630p M aHAMH3 NUTEPATYPHBIX MCTOYHMUKOB MO MaTeMaTHUECKOMY
MOJIENTHPOBAHKIO HECTALMOHAPHEIX MpoleccoB (UIbTpauH¥ HedTH M rasa B
nopucrofi cpene. PacCMOTPEHO CeromHslIHEe COCTOAHHE MAaTEMaTHYECKOro
MoeNipOBaHKA npoueccoB (GuabTpaund B MHorocnoitHoit mopuctodi cpese u
H3yHeHa TEHACHUMA ero pa3BuUTHA. Paccmorpena 3amaua nHdOpMaUHOHHOrO
obecneueHns MaTeMaTHUECKOro MOACSJIINPOBAHHA HECTAUHOHAPHBEIX IPOLECCCOB
¢unsTpaunn HedTH M rasa B nopuctoil cpene. '

Ha ocHoBe uHdopMaLUHOHHON MOAenH MOXHO NMPaBHUALHO CHOPMYNHPOBATE
MOCTaHOBKY 3ala4M, NpPOBECTH pacyeTsl, NPpOaHAIHIHPOBATh (YHKUHOHANLHOCTE
obbexTa, NOKa3aThb H3BECTHbIE M HOBbIE 3aKOHOMEPHOCTH, a Taloke MOHAThH
MHOKECTBO HAay4HLIX TMNOTE3 O CTPYKTYpe H CTPOEHHH oOBekra ¢ ero
HepacKpeITbIMH napaMerpaMu. J[lns mnoctpoeHus MHGOpMaUHOHHOK Moaenu
obbekTa Heobxoaumo HCIIONB30BaTh chenyoiume MPUHLINMBL:
UeNEHaNpPaBleHHOCTb, MONHOTY OTPaXKeHHs, AaAeKBAaTHOCTb, COBMECTHMOCTS,
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MOMYJILHOCTB, NPOCTOTA B MCHONB30BAHHM, CTaHAAPTH3AUMA H YHH(UKAUHA,
COOTBETCTBHE M HENpPEPBIBHOCTh.

Moctpoenne uHdopMaUMOHHOR MOAENHM MUIA  onpenesieHHs OCHOBHBIX
nokasatesel  MecropoxxgeHuit HedTH M rasa nossonser paspaboTarb
MaTeMaTHUYEeCKyI0 Monenb, KoTopad aJA€KBaTHO oOTpakaer 3axady dmns'rpaunu
HeTH M rasa B MHOroc/loiiHON MOPHCTOH cpeme, W onpeAenUTb OCHOBHBIE
nokasaresit 06xexra Ha OBM.

Bo Bropoii rnase mucceprauHH «MaTeMaTHYecKHe MORENH H YHC/IEHHbIE
ANropuTMBI pemenus 3aaay uianTpauun HedTH M raza B nopucroil cpeae»
NpeAIoXeHEl MaTeMaTHyeckne MopenH GHIBTpauroHHoro mpouecca HegTH U rasa
C Y4YeTOM OCRXKIEHHA MENKOAMCIEPCHBIX HaCTHIl B Nopax cpeibl H YMCIIEeHHBIE
MeTonE! pellleHus 3afau, cQOPMYNHPOBAHHBIX Ha OCHOBE STHX Mogjenel,
ANropUTMBbI pelleHHs 3a5a4 M o6CyKAeHE! NOMyYeHHbIE YHCNEHHbIe Pe3yILTaThI. B
neppoM naparpadge npuBeAEHH! MaTeMaTHYeCKai MOAENL HECTALHOHAPHOH
dunsTpauuu HedTH B HEOXHOPOAHO MPOH3BONLHOR ABYMEPHOIt MpopKCTO# cpele
C Y4EeTOM OCaKAECHHs MENKOAUCMEPCHBIX YacTHIl B MOpax M METOA 4MCICHHOro
pelleHns 3aa4H, NOCTPOEHH b1t Ha OCHOBE METOAa MepeMEHHBIX HanpaB/ieHHHA.

Kpaepas 3aaaua gopMynupyercs cneqyromumM oGpasom:

(@ B[ M) H)) ), (ks Hxy) 2P|
‘ﬁ'(xsy)a_a;( H ac)'i%;( u @] o o
D-g-m) o (52)<G |

'P(-\‘,y)=P”; 7’(’)=7’o npu 1=0,

_E(&}')l‘ﬂ%=a(&-l’) npu (x’y)er,
3 k X, h Xy aP . Y] 2)
(ﬁ——(M ds=~g, (t), npu (xy)es,, i,=LN,, ¢
l.'
m=m+n(m-m), k=k(1-Jn), B=mp, +4.

3gece P - pasneHue B nnacre; P, — HavasbHOoe IUIaCTOBOE [HaBCHHE;

P, — npurpaHHuHoe AaBneHne HedTH; i — BA3KOCTh HeTH; £k — KOIPdHUHEHT
NPOHMLAEMOCTH NNAacTa; k, — KOIPUIKEHT HAYANbHONA NPOHHLAEMOCTH MJ1acTa;
h — MomHOCTb mnacTa; B — xo3pgHuUMeHT YNpyrodMKocTH; B, — KodhduuueHT
coxuMaeMocTH  HedTH; 4 — KOI(MLUHEHT  CKMMAEMOCTH  ILUIacTa;
m — xo3(pdHuUKEHT MOPHCTOCTH mnfacTa; /M, — HayaubHad TOPHCTOCTh;

m, — NOPHCTOCTh OCeBLUel Macchl; 4, — Re6MT i -A CKBAKHHBI, Siq — KOHTYp i -il
CKBAXXHHBI; 7 — BHYTPEHHss HOpManb K rpanuue I N, — KONHYECTBO CKBaXHH,

n — CKOPOCTh OCRXAEHUA YaCTMLL B MOPHCTHIX Cpefax; p -— MnapameTp
dunsTpauuu; A — KHHeMaTHueckHil k03 PHULHEHT OCaXAEHHA HaCTHIL.
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Ilpr umcnenHoM pemenuH 3agaun (1)-(2) MeTONOM KOHEYHBIX PasHOCTeit
BBEJlEM crenyromne 6e3pasMepHEIe TepeMeHHBIE:

P'=P/P, x'=x/L, y'=yIL, & =klky, H =hlh,

kotz’ g = qu 2= k"lz,a':'al’.
PuL whoPyhy” Bun,L kohy

. Hna npocrots! 6yaeM omyckaTh 3BE3N0YKM M MepenuchiBaeM 3amaun (1)-(2)
cnenyloumM obpasom:

aP Kl k(t,y)h(x,y) aP k(x,y)h(x,y)g -0

(r P y x) % PEEYY
d;
d” =A(6,-m) npu (x,y)eG;
|P(xy)= By, n(t)=n, npu =0,

-k(x.y)h(x,y)-a—n=a(&-—P) npu (x,y) e, 3

n=nln, t=

oP ,
@k(x,y)h(x,y)gn—ds':—q,' (¢) npu (x,y) es,, i =12,..

Se

3
m=m+n(m—m), k=k(1-{).

I[J'Ul pelIeHHA 3adaYH MHCMONb3YeTcd aJITOPHTMHYECKas HAesd °CXeMbl
nepeMeHHBIX HampaeneHu#. Ilepexon ot » -ro BpeMeHHOro cnod K r+1-My cioro
coBeplIaeTcA B [Ba 3Tana ¢ maroM 0.5A7. JIng peiieHHA MOMy4eHHON CHCTEMBI
KOHEYHO-Pa3HOCTHLIX ypaBHEHH} IPHMEHsAETCS METO NPOrOHKH.

s HaXoXNEHHS CKOPOCTH OCaXHeHHs YacTHIl ;7 B MOPHCTON cpene
annpoKCHMHpYeM mpoe YpaBHeHHe cucreMsl (1) no Tu nonyqaeM Clefy1olyLo
topmyiy:

AA1O, +7j,,

1+yiAr ’
Ine 7,, - 3Ha4eHHe 77, ,, KOTOPOE B3ATO K3 MPEALIAYILErO F-T0 BPEMEHHOTO CJIOA, a
HayansHOe 3HadeHHe GepeTca U3 HavanbHBIX ycnosui (3).

Halinensoe 3HaueHHe 77,, UCMONB3YETCA A/IA OMpeAeNeHUs MOPHCTOCTH m U
NMPOHHLIAEMOCTH & IU1acTa Ha KaKAOM BPEMEHHOM CJIO€.

Maremaruyeckas MOZenb Npoliecca HeCTauHOHapHOH (uaeTpauum rasa B
NOpHCTOH cpefie C OCAXACHHEM MENKORHCIIEPCHLIX YaCTHIL B 1IOpaX OMMCHIBAETCA
cleqyiomuM HenuHeiHbiM auGdepeHHanbHBIM ypaBHEHHEM Napabonuyeckoro
THINA ¢ HAYANTbHBIM M FPAHHYHBIMH YCJIOBHAMM:

n,=
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2 , Y Ap?
g;(k(-f,}’)ﬂh(x,}’) 6;; )_,_%(k(x.) )ﬂ”(-‘,)) 6‘; ]:'Zamh(x,y)%};-—Q, nptt (x,y)eG,
P(x,y)=P,(x,y) npu 1=0, (x.) G,
(4
Lo AN PELD) (7, =p) apu (s)er, !
s k(x,p)h(x,y) P 0P
i, H P, on
Jins pewenns kpaeroi 3anauu (4) nepexonum k Ge3pasMepHBIM NCPCMEHHBIM.
anMeHﬂﬂ METOA [MEpPEMEHHBIX HaﬂpaBﬂeHHﬁ, nojyyacmM KOHEYHO-PAa3HOCTHOC

ypasHenue Ans r+0.5-ro NpoOMeXyTOYHOrO BPEMEHHOrO CNOA JUIS BHYTPECHHHUX
y310B!

"-\"'-‘l, () npu (x, ))e.\' =1,2..

}-3_,—’?,, =7:-oAs,/F_‘,J‘ Tasy* “O!J)P + :wi,P:,J .
Ar/2 AR

1;/-05 (7,05t J.u)P + .,wsp,,.. 5
+ MZ - '~lq'-l'

Tak xax fony4yeHHOE KOHEYHO-Pa3HOCTHOE YpaBHCHHE HENHHeiiHOC
OTHOCHTENIbHO  (yHKUMH  fAaBieHHS F,  TO  MCMOMB3YIOTCA  METO/L
KBa3WMHeapu3alMM W HuTepauHoHHeli Meroa. Torna KoHEYHO-pasHOCTHOC

YpaBHCHHEC NPUBOAUTCA K CIICAYIOLIEMY KBaI!HIlHHeﬁHOMy pa3uocmomy BUIY:

2 2 5 2 1 2
mﬂ.os,-l’»..,ﬁ-ni-[w (7:-051+Tws,)P +A /2] g+ o 7;’05, b, = [:7:-05,831,

_(T;-OS/+7;00§/)P +T 03y ul;] Ahz [n-o.sﬁl/z-l"(n-o.s*nw.s)é,z"'7:,-ms w] AT /ZP' 0.4,

3necs B, ‘,,P, ;» By, — 3na4eHna GyHKUMA faBneHus Ha r+(0.5-M BPEMCHHOM CNlOC;

PrassPrs Pory —  npubnmxkeHHsle  3HaueHus  QYHKUMH  [aBJACHHA;
I 1 B s P, yu — 3HaueHHUA GYHKUMM AABICHUA Ha r -M BPEMCHHOM CIOC;
T . k:-os.;”:—o 5. _ kl«ﬂls,jhlﬂl.i.j T _ k.,;-o,s”._,.os T _ k;,/m 5/1”“,5
=054 = s fios,; = s s = —  oshes T — -
H H H u

KoHeuHo-pa3HOCTHBIC YPaBHEHMA € COOTBETCTBYIOUIMMH KPaCRBIMM M
BHYTPEHHHMMH YC/IOBUAMH PELIAIOTCA METOAOM MPOCTOH MPOroHKH.

AHanoruuHeiM 06pa3oM annpoKCHMUPYIOTCH YpaBHCHHA H YCJIOBHA 1
r+1-ro BpeMeHHOI0 C/0A MO HANPABAECHHUIO Y.

HUtepaumonnbtii npouecc NpoOJIKAETCA no BBITIONHCHHS
-1
n}z;xll’,";’—lffj VI<€, rae € — TOMHOCTH MTEPALMOHHOrO Mpouecca; s — HOMEp

HTepaLuH.

Ha ocnose paspaGoTranHoil yucieHHONH MOAENH CO3AaHbI BHIMHCIKTENbHBIIH
WIOPHTM H MporpaMMa M NPOBEACH PAN BLIMMCIMTENBHLIX 3KCNEPMMEHTOB Ha
DBM ana Hceneaosanus npouecca punsTpaunu HedTH M rasa (puc. 1-4).

Ha puc. 1 1 2 npuBefieHb! Pe3yNbTaThl BEIYHCNTENBHBIX SKCIIEPHMEHTOB U1
HeTAHBIX MECTOPOXKACHHH padnnuHOi koHdHrypauun. lomyuennsle pesynsTarsl
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MOTYT GbiTh NpeacTaBNeHs! B BUze TabuLL, BU3yanbHO B BUAE KOHTYpHOH rpadHkH
H B Buze rpagukoB y6bIBaHHA JaBNeHUA Ha pa3pese MacTa H Ha CKBKHHE.

S 000 Mozenne AAEHEHHA NE CADQMIMAX
- 099-0.98 q

= 0.90-0.94

a.9¢-0.92
-092-0.90
IR

0-

Puc. 1. PesyabTaTh! pacuera AJas KBagpaTuoit o6aacti, noayqennsic npu
9.=9.=9,=4, =200/ cym

F2ACHIC SATACHKN 1D CF BIIIREX

- 0.99-0.58 4
- 094-002
-~ 0.92-0.90
_ NP1 au NACRNS YRS MR MARRSULED B (PUSNA

028 D SEDER SRR :

o-

Puc. 2. PesyabTaTs! paceTa As NPon3BOAboil 06aacTH, noayucHIbie npi

q, =200 / cym
- " —
asvom  SSETITIREIIY
7 Rt
” ¢
DUBAYY, et o e e ]

-0.92-0.20

X

9= 20,511, Yeey 5

Bt

= TV

i b

858§

asofr IRRRHERRAGH] =+
minfbn an R Qs
pes it
— 0.906-0.9% - B N
P : - Moo
- = - ruw
= & = 10650t
1

kLML, 007

0= ». : a

Puc, 4. Hamenesnne aasjeHus B naacre Ge3s ocaxuaenHa 4acTHu

Cornacho puc. 3 n 4, B HayasibHOe BpeMA AaBleHue naaaer 6picTpo, a Aansbiue
crabunuaupyerca, T.e. 3ameanserca. OcakeHHe uacTHL B NOpaX ¢ TEYEHHEM
BpeMEHH NPUBOAUT K HHTEHCHBHOMY NMaJCHHIO IaBleHHA HA CKBAXHHE.

B Tpetrbeit rnase aucceprauun «Ymcaennoe moaenuposatliHe MpoueccoB
copmecTHOil HALTpauMH HecMemuBalOMIMXCA Xuakocteit B nopucroii
cpexe» paccMOTpeHBI NpoGneMbl MaTeMaTHYECKOrO MOJCTHPOBAHMA INpoLecca
BbITECHEHHs He(TH WK ra3a Boaoit B nopucroit cpene M pa3paboTku anropurma
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YHC/IEHHOr0 pelueHus MetofoM Au(depeHUnanbHoli NPOroHKH, OCHOBAHHON! Ha
naee auddepeHUHaNbHO-pa3HOCTHOI CXeMBl.

B MareMaTHuecKOM OTHOLUGHMM TaKHE MNpouecch (OPMYJHPYIOTCH KaK
3ajlaul ¢ MOABHXXHOM rpaHuUeil pasziena W MpeACTaBNAIOTCS KpaeBoH 3anaueit
CleAYIOLIEro BUAA:

(o(kop) ofkon
ol Pl Y -1 npu x,y)eG,
ax(/‘l a"] ay(/ll ay) ﬂ” a’ ¢ P (=3)<6 ()
o korR) ok op
E;(Z'az)*'ay( ) (1- o)ﬂa +Q npu (xy)eG,,
(R=P,=P,(x,y) npu t=0, (x, )eG +G,.
q""( )= é k o —-Ldg npu i, =LN, N, s, (0= é—_Lds npu (x,y)es, , W,,
‘ai-o npu (x,y)el,, B(x,y)=PA(xy), kOR_kOh npu (x,y)el,, ©)
on ’ oA R an 1 on
ol @’, ¥ Q k OR (x,y,1)
= R ! y 'O = y ' el
o #m(a-a;) (.2.0)=¢(xr) mpu(xs)el,

3pecs B,P, — nasnenue B 3oHax HedtH M Bombi; f,,0, — KoapduumeHts!
ynpyro&MKocTH HedTH " BOABI B.=mB +B., B=mB. +B);
Bor Be — KO3pdHuUMENHTH! CXMMaeMOCTH HedTH M BoAbl, [ — CKHMaeMOCTb
cpenpl; I', — KOHTYp noaBwkHON rpanuups; I', — BHEWIHHIA KOHTYP; 5, — KOHTYp
i,-A CKBOXHHBL g, — AEOUT i -l HEQTAHOH CKBKHMHBL g5 — nebur i -it
BOMAHON CKBaXMHbI; | — BEKTOpP CKOPOCTH, HaNpaBlEHHbIH MO BHYTPeHHEH
HOPMAIH K KOHTYpy noaswkHoii rpawuust I3 a — kodp¢HumueHt
He(TEHACHILIEHHOCTH; @, — KO3()ULUMEHT OCTaTO4HOH HedTeHaCIEeHHOCTH;
¢ — HauaIbHad rpaHHLA pa3fieleHus HedTb-BOAA.

B kpaesoii 3anaye (5)-(6), nocne nepexosa k Ge3pasMepHbIM MEPEMEHHBIM,
Ina monmyuenns AHddepeHIHANLHO-pAa3HOCTHOM 3aa4H NPHMEHAETCA HeABHBIA
MeToA nepeMeHHbIX Hanpasnenuii. Ha ocHoBe 3T0ii CXeMBI MEPEXOR OT 7 -0 CoA

K r+1-My cnoio cosepiiaercs B Asa 3rana c warom 0.5A7. Ha nepsom srane
peluaeTcs ceAylowas cuerema nmb(bepenunanmo-pasﬂocmux YpaBHEHHI:

(af, drE*9(x) Y (x)
z["“—'T) saar A W=~ Taa Mo [kAT)

4

dpt) nos)
1 k“ v \Y P(nl)( )_ !y)"l\u["; lpls";“’) R
dy \ dy 0. SAt 0.5Ar 7
Pl

d( (x (+403) Pu (x) %
] k P k P > "
a| & ] Osar (=" Ak

{ (ﬂl) (NOS)
4, R g (y)= - ——1—2” A [k B)
I dy “0.5Ar 05Ar
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3necn

A (r) k:-os./ﬂn(:{/ (l‘r-os.j +ho s ) Pll gt kuos./ lm i
Iy k, Rl J|=
b MZ s

A, [k‘ , P"'J"”) ] - k;_,-asﬁm” - (ka./-os + lZ.;;os ) }:f’/ 1) +k, /mﬁm ?) ,
Aly [ k , P(r)] L /P 21,4 (k:-os st Ak’:ozas./)a; ¥ +kuo.s./le'o| /
Mo o) B8 ~(bos s BT 4K s
2x (Wb} ] Ah’ .
Ha  ocnose Me'rona IubdepeHunansHof  NMPOrOHKH  pemieHHA
ﬂ"‘b‘bepeﬂuuanmo-paaﬂocmoﬂ cucremsl (7) onpegensiorcs GopMyIaMH
Py () = 2L ()=, (3w, (5) () 1 v, (x)y,(x)=w, (x)2,(x)
a,(x)v, ()-8, (x)u,(x)" & ku(")[“ (x),(x)-B,(x)u,(x)]
Y (y)= 20, (2) -, ()w, (v) a1 v, ()r,(0)-%(5(»)
a,(v),(»)-8,0), (») & ’ﬁ,(r)[a,(r)v,(y)-ﬂ,(y)",()j)]'
rae a,(x),8,(x),r7,(x) n u,(x),v,(x),w,(x) - xko3dduuMenTs NpaBoit H nesoii
nporomm COOTBETCTBEHHO H HAXOAATCA pelieHHeM cneayiomux 3anay Kowm:

k (\')du/(x)“v/(x)» u,(0)=1; (ku(x)—g)=ﬂl(x), a, (=1,
<dv (x)"Ruu/(-") /(0)'-‘-0‘. ‘dﬂ/(X)—Rl/ I(x) ﬂ/(l) 0
ﬂ',;_f"_) Fu(x), w,(0)=0; Q‘éx_) Ry (x). 7, ()=0;
k,,(y)M:v,(y), u,(0)=1; 'k"(y)i%(L)=ﬂ,(y), a,(l)=l;
<dv(y)—R,,u,(y) % (0)=0; {20) g0, (). 2.()=0
_d‘”;ﬁ”= 4 0), (0)=0 2O F (). (=0,

raoe

F, '-‘61% A[k!u u.!]— s Fu= '_65A£2 A k"lp's';”)] R"==05A1' R":FIA!'-'

Juia Broporo ypaswenus pemenus P59 wu Py onpenensiorcs
AHIOTMYHLIM COCOOOM.
IMonoxxenue rpaHuubl pa3fena HedThb-BoAa onpepesiercs no dopmyne
~ Atk
—{‘ __hLiPL sa+!chosﬂ .
ax dy

Il.l =iy my,
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3pech /, — BEKTOp CKOpOCTH, HampaB/CHHbIH MO BHyTpeHHell HOPManH Ha
rpaHuue pasaena 1}3’:1, s={(%y.15); & — yron mexay HOpPMAlbiO H OCHIO OX;
B —yron Mexxay HOpMaIbio M OChIO 0y: B = %nu’i.

MarematHueckas MoZeNns MpoLecca HECTALMOHAPHON GUAETpauuM C
NoaBHXHOMN rpaHHLeit pa3nesna ra3-BoAa MMeeT CleAyIOLIHi BHA:

(_“’_[_’L.a_ﬁx_].p%(_'f..aﬁ’_):zam%-g npu  (xy)eG,

AV b

%[i%) ay(;’;a;] (l-ao)ﬁa—+Q npu (x,y)€G,,

B =P,=P(x,y) npu =0, (x,y)eG,+G,,

()= § i orde o 1,=TR, g ()= §L b (), < TH,
%’lso npu (x,y)eT,, R(xy)=A(xy), k‘;’; :%,1 npu (x,y)el,,

a___k %
& pm(a-a,) al’

Tak Kaxk ypaBHEHHE COXpaHEHHA Macchl COMEPKUT HelMHEHHbIE WIEHE ¢ P?,
TO KCIONB3YIOTCA METOABI KBa3WIHHeApPHU3aLMH H HTepaluH (cM. rnasy II).

HPOBCIICHH BBIMHCIIUTECNBHBIC IKCIIEPUMEHTBI 10 HCCIICAOBAHHIO NMPOLIECCOB
coBMecTHOH GunbTpauuy «He(Th-BOAa» H «ra3-Boaa» B MOPUCTOH cpene.

Ha puc. 5 miacToBoe AaBjieHHe HCKYCCTBEHHO MOAREP)KHBAETCA C MOMOLIBIO
TpPEX HArHETATENbHBIX CKBAXHH B JICBOI YacTH NpAMOYTONBHOrO IUTacTa (6104HOE
HarHeraHue BOABI). 34ech B lIEHTpe pacueTHO# o6NacTH pacrosiokeHa OfHa
paboTaiolas CKBaXHHa.

i(x,y,0)=¢(x,y) npu (x.y)el,.

oo o]
0.52-053°
031 0.0 ]
ASAESS)
aSaiaT
]

Puc, 5. IToaaep:xxa aaBaenns B maacte ¢ G10K0BBIM 3aBOAHEHHEM

W3 pHcyHKa BHIHO, YTO NIACTOBOE JAaBNEHHE CMPaBa OT LIEHTPa B HEKOTOPOM
HMHTEpBaJIC OCTAETCA MPAKTHYECKU MOCTOAHHBIM, 3aTEM PE3KO NaAaeT U QOCTHraeT
CBOMX MHMHHMANBHLIX 3HayeHWil B TouKe, rle pacmoNnONXKeHa IKCILTYyaTalHOHHas
ckBaxuHa. C yBeIH4UEeHHEM BpeMEHH yBETHYMBACTCA TIafiCHHE JaBJICHHMA B NpaBoil
yacTH (3Ta 4acTb HA PHCYHKe OTpaxkeHa 4epHeIM LBeToM). Co BpeMeHeM 3ToT
npoLecc HOpMayH3yercs, T.e. HablofaeTcAa YBEJNHUEHHE NABNIEHHS M B JICBOH
YacTH IUIACTa. :

B uerBeproff rnaBe pauccepraumH «MogeqMpoBaHHe mponeccos
$unuTpauun HedTH H ra’a B MHOrOIUVIACTOBBIX TOPHCTHIX Cpeaax»
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paspaborana MaTeMaTH4eckas MOJENb GpunbTpauuH uAKOCTEH B MHOTOCIOMHBIX
TIOPHCTBIX CPEXax M MomyuyeHo AHaNuTHYeCKH-NpHGAMKEHHOE pelleHHe 3aaau.

PaspaGoransl uncnenHsle mopenu M  BBLIYHCIUTENbHBIE AATOPHTMBI  3aiaqH

© QuneTpauuu HeTH M raza p AWHAMHYECKN CBA3AHHBIX NBYXCIOMHBIX MOPHCTHIX
cpenax.

Tpextaepnan MaTeMaTHyeckas Mojens npouecca MHOrOCIOHHOM (HIETpaLyH
KHAKOCTell ONKCHIBAETCA ClENYIOMuMY

. YPaBHEHHAMMH H rPaHHYHBIMH YCIIOBHAMH:
16R_2&R R 8 oP,
ao o wWOF)

| = oz

10, &P &P, @8 oP,
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Orcrona BHAHO, YTO Ha rpaHdLax MEXay 1uiacTaMH AOJDKHBI BBIMOAHATHCA
CJCAYIOIHE YCIIOBHA CONPAXKEHNA:
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Ha ocHoBe KOHEYHO-Pa3sHOCTHOro MeTofla M MerTola AM(bepeHUHanLHOM
NPOTOHKH MOJTY4eHO NPHEIKEHHO-aHATUTHYECKOE pellieHue 3aa4K GuILTpauuy
XHAKOCTel B MHOTOIUIACTORO# nopHcTOH cpene.

Tpu pa3paboTke MHOrONAACTOBLIX He(TAHEIX MecTOPONKAEHHH HeobXoanMo
Y4HTEIBATE THAPOAHHAMHYECKOE B3auMopelicreue mnacToB. Ecau  miactss
ORHOPOAHBI MO CBOHCTBAM, TO 3ajady MOXHO MNMPEACTABUTE B OAHO- HIH
IOByMepHOM TnocTaHoBKe. B  vyacthoctH, 3amauyy ¢unabTpauum rasa B
IOBYXMIaCTOBBIX CHCTEMaX MNpH HamHYMH CiaaGonpoHHLaeMoll NEpeMbIMKH B
JByMEpHOM CiTy4ae MOXHO MNpEACTAaBHTL cHcTeMoli ypaBHeHui napabonuueckoro
THIIA C HaYaIbHBIM K TPAHHYHEIMH YCNOBHAMM:
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COOTBETCTBEHHO B HWXKHEM K BepXHeM miactax; k;, k, - NPOHHUAEMOCTH TUTACTOB;
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TMepeiineM B rpanuuxoit 3apaue (8)-(9) k Ge3pasMepHBIM NEPEMEHHLIM H
peliMM €€ KOHEYHO-Pa3HOCTHBIM MeToAoM. CHCTEMa KOHEYHO-Pa3HOCTHBIX
ypaBueHuit a4 (8) ana nepsolt nonoBHHBEI BpEMEHHOTO 1Iara MMeeT Clexylomui
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BrucnuTensHble 3KCMEPUMEHTBI MpOBEACHB AN 3HAYEeHHi BA3KOCTH
M =4cll3 (puc. 6) u u =8cllz (puc. 7).

k|=0 05 JI, kz=0 1}1, p—4cﬂ3, k|=0 051, Irz=0 14, ;t=8cﬂ3,

P1=P2=200 aTm. P=P1=200 aT™m.
Puc. 6. PeayabTaTnl pacaeron Ha 360 Psc. 7. Pacuernl pesyabTaTos Ha 360
CyTOK cyToK

CornacHo KpMBLIM Ha PHCYHKaX, B paboraiowelf cksaxkuHe HabGmonaercs
ObicTpoe maneHHe OaBJieHHA; NAfieHHe AaBJieHHs Ha MEpPBOM IIacTe 3aBHCHT OT
BA3KOCTH H K03(pdHLHEeHTa MPOHHLAEMOCTH NepeMbIUKH.

3amaya QuIbTpauUMM ra3a JUIA  ABYXCJAOHHBIX MOPHCTBIX Cped €O
cnaﬁonpommaemon nepeMbIYKOH OMHCHIBAETCA cenytolliet Kpaesoit 3agaueit:
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KBa3WIHHEapHU3aUKua U MeToa MTepauuH. MTepaunoHuslil npouecc npopomxaercs
10 BBITIOJIKEHHA YCIOBHA maxl P -pPUVIcs,

=-~q, (f) npu (x,y)es,, i,=12..

BHIYHCAHTENbHBIE 3KCIIEPHMEHTH! MPOBOMWIMCE AJA PA3NMYHBIX 3HaueHHH
K03()GHLUEHTOB BA3KOCTH ¥ NPOBOANMOCTH.
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Pic. 8. PesyanTaTnt pacyeros npu

k1=0.01 A, £2=0.02 [, k+=0.0000001 [,

4#=0.01 cIl3

Puc. 9. PeayabTaTs! pacueroB npn
£=0.01 1, k:=0.02 1, k.=0.6000001 [,

£=0.02 cll3

CornacHo puc. 8-9, ysenuuenue ko3 ¢HLUMEHTa BA3KOCTH ra3a NpHBOAKT K

MEUIEHHOMY  PAcMpOCTPAHEHHIO AaBNEHHs,

NPOHUUAEMOCTH ~ K MHHTCHCMBHOMY PaCfpOCTPaHEHHIO AaBJIEHHA.

B naroit rnase auccepraunu «IporpaMmubiii KoMIIeKC AR onpeaeieHns
OCHOBHBIX noKasareseii HedTAHLIX H ra30BLIX MeCTOPOKACHHID» ONHUCLIBAETCA
nporpaMMHBlii KOMIUIEKC, pa3spabGoTaHHBIN JUIA pacueTa OCHOBHBIX MoOKa3areneii
paborst MecropoxaeHuif HedTHM M raza M BU3yQlIM3AUMH  pe3y/ETATOB

HCCnenoBaHMmii.

EOK BLIBOPA A

I

| |

IAPAMETPAM [TAACTA

MODTE COPOTOBAKIE KHOOPMALBIOHHOMOMAOOA
SOHIVTYRALIOL SNOPETHON OSACTHSHRTIALS A

MO COPMETPORBANMS
MACCHBA NIPOHMLIAEMOCTH

T

NOIDT COPMIPOBAHIT 12 SOPMALDIONTICTD
MAOOA NOPHCTOCTH TAACTA

[[ mrmcnmenmmsoc ||

|

AMETOOAZMIGEPE QMATHON
MO PE/
MOFTYRS PEIEHIAR SASAS RO

i

| 5 T

Puc. 10. ®ynxunonaasias cxeMa NporpaMMHOro KOMILIEKCA

a ysenuyeHue koadpduunenTa
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Ha puc. 10 npusenena byHKuUMOHanEHas cxema paspabGoTaHHoro
HIPOrpaMMHOTIO KOMILIEKCa,

B nporpaMmHOM koMmexce, Ana o6nerdeHMs aHanHM3a MOYYEHHBIX
Pe3yNETaToOB, NaHHBIE BU3YanU3HPYIOTCA Ha OCHOBE RMANOra, B Buae Tabnuuel v
rpauka Ha IKpaHe KOMILIOTepa.

Iporpammuoe obecrievenne «PacueT OCHOBHBIX mMOKazaTelielf paGoThI
HE(TAHBIX MECTOPOXICHHI» MOXHO MPUMEHHTh NPH aHANH3E PAaGOTHI HEPTAHBIX
MECTOPOXKACHHIA, HX MPEACKa3aHHH H MPOEKTHPOBAHHH.

Iporpammuoe obecniedeHne COCTONT U3 CIIEAYIOMHUX GIIOKOB:

BBOA HavanbHBIX JaHHEIX: BpeMs paGoTHl, HavyalbHOE AaBIIeHHE TLUTACTa,
Liar no BpeMeHH, KO3 GHULMEHT MPOHULIAEMOCTH H NOPHCTOCTH IUIACTa, BA3KOCTD
He()TH, JUTHHA H MOIIHOCTH TUTAcTa, a Takke Ae6UT 1 KOOpAHHATB! CKBXKHHBI.

PesynbTars! BHIBOAATCA B CliefyoleM BHAE: PaclipoCTPaHEHHE JAaBleHH B
BHAC KOHTYPOB rpaiMKOB, MOHMXKEHME NaBleHMA B CKBAKMHE B NPOMEXyTKe
BpeMEHH; NPodWIL pacnpeieieHUs AABIEHHUA B paspese.

Bei6op KOH(HUTypauun cpenst tduneTpauHu: OKpYIKHOCTB,
HETHIPEXYTONBLHHK, JUTUIIC, MHOTOYTOIBHUK, [IPOH3BOEHAA.

llpocMotp  mHQopMaumoHHOro MaccuBa  cpemsl  MIBTPAUMM M
KOH(HIypaltmH NpOHHLAeMOCTH ILTacTa.

3AKJIIOYEHUE

OCHORHEIE pe3yNIbTaTEI, MONYYEHHEIE B AuccepTalHOHHOMH pabGoTe Ha TeMy
«MaremaTHYecKkHe MOJACIIH, YHCJIIEHHBIE METONBl M KOMIUIEKChI nporpaMMm ani
HCCIENIOBaHUA MpPOUECCOB QMIBTPALMH JKHAKOCTeH H ra3’oB», CBOJATCA K
CIIe/IyIOIHM BHIBOIAM:

1. Cdopmuposans! mHGOpMaLMOHHEIE MOMENH, YYHTHIBAIOIHE CTPOEHHE
HeQTAHBIX M ra3OBLIX 3aiexkeli, CBOHCTBA HEOAHOPONHOCTH (HIBTPAUHOHHEIX
NOTOXOB  HCMOJNB3YEMBIX MpPH MNOCTPOGHHM  MareMaTH4YecKHX  Mopeeit
HECTAHOHAPHBIX APOLECCOB puasTpauuH. JJaHHbIE MOJENH TIOMOIIH MOCTPOUTD
MaTeMaTH4YecKkue MOACM HECTAMOHAPHBIX NPOLIeCCOB QUNLTPALHH.

2. Pa3spaboraHel MaTeMaTHUeCKMEe MOZE/JH HECTALMOHADHBIX MNPOLECCOB
duneTpaunn HeTH M raza B obnacTAx co croxHoi KoH(Hrypaume#t c ydyerom
OCAKACHHA MENKOAHUCIICPCHBIX YacTHLl B MOPHUCTBIX Cpelax, BBIYHCIIHTENLHBIE
QNropHTMBI pellieHNs IBYMEPHEIX KpaeBHIX 3ala4 Ha OCHOBE METOZa MepeMeHHBIX
HanpasjieHui. MaremaTudeckad W umMC/IeHHAs MOJCNM CITYXAaT JUIS OMHCAaHHS
npoLeccoB (GHALTpAlMM B COOTBETCTBUM C 3aKOHaMM TeOpHH (HILTpalHu
MHAKOCTEH M ra3’oB, yYMTbIBaOWIeH OCaKAEHHE MEIKOAMCHEPCHBLIX YacTHL B
MOPUCTEIX  CpefjaX, OKA3bIBAIOIIMX CHIAbHOE BJHAHME Ha H3MEHEHHA
k03¢ dBuMEHTa IPOHULAEMOCTH U NOPHCTOCTH ILIACTA.

3. VYcoBepuwencrBoBaHa  MareMaTMYecKas ~ MOAEAb  HECTALMOHAPHBIX
npoueccoB GUALTPALKH C MOABIKHEIMH FPAHULIAMH pa3fena HeTh-BOAA M ras-
Bona npH HCKYCCTBCHHOM MOJAXECPIKAHHH TUIACTOBOro NaBJICHHA. Ha}max Moaenb
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CIY’HT JUI MCKYCCTBEHHOTO MOJUIEPAHNA MUIACTOBOrO AaBNeHHA H OMHCAHUA
poLiecca H3MEHEeHUs Nokasatelieil ¢ TeYeHHeM BpeMeHH 3a CUCT 3aKauKH BOAML B
HedTe- ¥ ra30HOCHBIH TNACTEL

4. PaspaGoraHbl 3(EKTHBHBIC BLIYMCIHTENLHBIC ANTOPHTMbI Ha OCHOBE
COBMECTHOFO  HCTIONB30BAHHA  METOAbl  MEPEMEHHBIX  HanpasieHud M
nuddepeHuHanbHO NPOrOHKH ANA  PeLICHHA 3ajad  THMA Credana mpH
coemecTHOM ¢uisTpauud HedTb-BOAa M ras-soja. OHM cnocoOCcTBOBAIH
y3yHeHHIo npouecca GUILTPALHMK B YCIOBHAX 3aKOHTYPHOrO, MPHKOHTYPHOrO H
6I0KOBOTO PEXKHMOB 3aBOJHEHHA NPH NPHEMNEMOCTH MexdasHBIX FpalHLl He(Tb-
BOJA M ra3-ojia.

5. MccnemoBaHo BiMAMME BA3KOCTH JKHAKOCTeHl M rasa, MpoOHMLUAEMOCTH
IaCTa M PACcXOJ0B CKBaXXHH HA BOJIOHAMOPHBIH PEXHUM pa3paboTku HeQTAHBIX U
ra3oBBIX MECTOPOXKAEHHH. YCTaHOBJIEHO, YTO YBENHYCHHE BA3KOCTH HedTH M rasa
NPHBOMMT K MOBBILLEHHIO 3HAYEHUA IaBNEHNA HA rPaHHLIe pasaena i MeIeHHOMY
pacnpezieNeHHIO aB/IeHHs B BOJOHOCHOH 30HE.

6. PaspaGotaH mnpUOGMIKEHHO-aHANMTUYECKUA MeTOA PpelleHHA 3ajad
TpexmepHolt ¢WIBTpaUMKH HA OCHOBE COBMECTHOrO NpPUMCHCHHA KOHEUHO-
pasHocTHOro M AHt¢epeHUMaIbHO-PA3HOCTHOrO METOA3, B pesyJsTaTe 4ero
yHanock NOMy4HTs NpHOMKEHHO-aHATHTHYECKOE peIeHHE 3anat $unBTpaLMH
CKMMaeMOl ¥ HeckuMaeMoft cpell B paMKaX MCMONB3OBAHHBIX HEABHEIX 10
BpEeMEHH CXeM annpokcHnMauHu.

7. Pa3pa6oTaHsl MaTeMaTHUECKHe MOLENH M BHIMHCIIMTE/IBHBIE ANTOPHTMBI
pacuera GuibTpauMn HegTH M rasa B JAWHAMMYECKH B3aHMOCBA3AHHBIX
HBYXCIIOMHBIX MOPHCTBIX cpeaax co cnaGonponHiiaeMoil NEpeMBIYKOH, KOTOpLIE
NO3BOJHAM HCCEA0BATh 0COGEHHOCTH B3auMOAeiCTBHA NPOAYKTHBHBIX IL1ACTOB.

8. Pa3paGoTaHHble UMC/EHHble METOAB  OGECnedyMBalOT  TOYHOCTH
annpokcuMain O(r+hA%), PE/IM3YIOT METOR KBA3HIHHEAPH3ALHH NIPH PeliCHHH

3anay (MALTPaLuK rasa ¥ HHHOPMAUMOHHEIE MACCHBEI O IUIACTe H CKBAKHHAX. B
pesynsTaTe AOCTHraeTcs GicTpas CXOAMMOCTh HTEPaUHOHHOrO MpOLECCa NpH
peilleHHM HENMHEHHBIX 3afiay K B LEJIOM ofecneynuBaeTcd MHOTOKpaTHOE
COKpallleHHe BpeMeHH pacueta.

9. PaspaGoTan NpOrPaMMHbIt KOMIUIEKC C YAOOHBIM uHTepdeiicom,
nossonsiomuit BecTM pacder: Jani  HeTH M MNPHPOAHOro rasa; 1A
npAMOYronbHO#, Kpyrnio#h, sanuntayeckod npou3BonbHOM (opMbl o6nactu
pacueTa TNpH 3a0aHHOH MOIIHOCTH MNacTa; YYHTEIBATE FIOCTOSHHOCTL U
nepeMeHHOCTs  PUABTPALMOHHBIX nokasaresefi  nnacra, MPOM3BOJIBHbIE
KOJIMYECTBA 3aKayHBAIOIMX M OTKAYMBAIOWIMX CKBaKHMH, HX KOOPIHHATEI H
neOuTEL

10.  PaspaGoTaHHbie B paMKax AMCCEPTAUMOHHOrO  MCCNENOBAHMA
MaTeMaTHUeCKHe MOfMle/iM, UMCNeHHBIE METOAbl, anropuTMbl H MpOrpaMMHble
NpOMyKTHl, @ TAKKE WYMCHCHHble Ppe3yNbTaThl BHEADEHBl B 000
«My6opakuedtran, AO «JlxapkyprauHedTsy, 000 «lllypranuedTeras», 000
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«Kacancajickag Hedrerasosas axcnemuuus» u I'T1 «Mucturyr MuapolHIeo». B
Pe3yneTare Gpyy JAOCTHTHYTBl COKPAalI€HME BpeMEHH pacyeTa OCHOBHLIX
NOKasareneii paspaGoTku MecTopoxacHHit B 8-10 paz u 85%-Had TOMHOCTL mpH
CpaBHeHuy ¢ KCNepHMeHTANbHEIMH JaHHBIMH.
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INTRODUCTION (abstract of the dissertation of doctor of science (DSc))

The aim of research. Creating mathematical models, effective computing
algorithms and development of their complex software to identify key performance
indicators for multilayer oil and gas fields.

The objects of research as in the one, two, and three-layered porous
environments, the processes of non-stationar distribution of gas and fluid are
discussed.

Scientific novelty of research is as follows:

the mathematical model of non-linear filtration processes of oil, gas and liq}lids,
taking into account the dip in the porous environments, and the computational
algorithms for the solution of the boundary problem; :

mathematical models of oil and gas neutralizable filtration processes in porous
environments, taking into account the complex configuration of filtration areas and
hydrodynamic parameters of the layer;

mathematical models of non-linear filtering processes of "oil-water" and "gas-
water", taking into account the limits of the artificial increase of pressure on the basis
of the theory of hydrodynamic movement of liquids and gas, to the oil and gas layers;

developed effective algorithms for solving Stephen boundary-value filtration of
oil-water and gas-water on the basis of improved mathematical models;

a mathematical model of fluid filtration processes in multilayered porous
environments was developed under the law of the theory of hydrodynamic movement
of liquids and gases;

theoretical and analytical solution was made using differential equations and
differential equations of fluid filtation problem in multi-layer porous environments;

based on the models of oil and gas filtration in two-layer environments, effective
algorithms for identifying key performance indicators of oil and gas have been
developed;

a numerical model of oil and gas filtration issues have been developed in a dual
layer of dynamic relationships.

Implementation of research results. On the basis of mathematical models of
calculation of key performance indicators of oil and gas deposits, calculation
algorithms and complex software, taking into account the dynamic relationship
between the hydrodynamic parameters of the layers are obtained:

Maintaining the calculation of oil and gas fields' core performance indicators and
forecasting of oil and gas operations, "Calculating the main indicators of gas field
development”, "Mathematical model of oil filtration processes in porous media",
"Dynamic connection of gas fields in dual layer", "Development of software
environment, which calculates the main indicators of recycling”, "Programming
environment for the solution of the problem of oil filtration in two-layer environments
" it was concluded that the SUE «UNICON.UZ» have used. (SUE «UNICON.UZ» of
December 17,-2018). As a result, based on the software complexes created by the
modeling of the basic.oil and gas deposits modeling methods, it was possible to detect
the appearance of fine particles in complex configurations, the artificial lifting of the
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pressure through the water to the layer.and the change of the boundary, the time
variation of the pressure in the multilayered media with the permeable layer;

mathematical model, computational algorithm and software set for the solution
of two dimensional processes of non-standard filtration processes of liquids, taking
into account the non-standart filtration of liquids and gases in porous environments, as
well as fine particles movement in porous environments. The Ministry for
Development of Information Technologies and Communications of the Republic of
Uzbekistan from November 8, 2018, No. 33-8/8368). As a result of the research, the
results of the developed software have been compared with the results obtained in the
experimental process, and the closeness of the results was 15%, which allowed
automating the process .of calculating key performance indicators for oil and gas
fields, as well as shortening the estimated timeframe 8-10 times;

The software "The Computer Model of Oil and Gas Processing Processes",
: developed on the basis of the numerical solution algonthms of nonlinear moving
liquids in the field of filtration, has been put into practice in the development of
Surkhandarya region's Jarkurganneft Joint Stock Company (November 8, 2018, The
Ministry for Development of Information Technologies and Communications of the
Republic of Uzbekistan 33-8/8368). As a result of scientific research it has been
possible to increase the efficiency of the layer by up to 10% by means of water
extraction into oil layers;

The main indicators of forecasting and calculation of the main indicators in the
development of heavy-permeable oil and gas fields with dynamic communication are
introduced into the operation of the "Kasansoy" Oil and Gas Exploration Expedition
LLC in the Republic of Uzbekistan (Data Sheet 33-8/8368 of 8 November 2018). As
a result of scientific research, oil productivity increased up to 8-10%;

the mathematical and numerical model of gas filtration processes and the
software package in two-layer porous environments with poor permeable layers were
put into practice in "Shortanneftegaz" LLC (Reference information 33-8/8368 of the
Ministry for Development of Information Technologies and Communications of the
Republic of Uzbekistan dated November 8, 2018). As a result of the scientific
research, the multilayer gas filtration process automated and the process of
automation and calculation, allowing the productivity of the sheet to be reduced by 8-
10% and the wells to 8%; Sy -

the mathematical model of non-linear filtering processes of oil, gas and fluids,
their numerical computing algorithms and software set-up has been incorporated into
the GIDROINGEO Institute's state-of-the-art practice, taking into account the sinking
of small particles in the porous environment (The Ministry for Development of
Information Technologies and Communications of the Republic of Uzbekistan of
November 8, 2018, 8/8368). As a result of the research, the layer has increased the
efficiency of ail extraction up to 9-10%.

The volume and structure of the dissertation. The dissertation consists of five
chapters, conclusion, list of references, applications. The volume of dissertation is 197

pages.
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