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CYYACHI OBYUCITIOBAJIbHI TEXHOJIOT I KOMIMIOTEPHOIO
MOJENIOBAHHSA MPOLECIB MIA3EMHOI MNAPOAVUHAMIKU

Po3po6neHo KoMNIEKCHY 064MCIIOBaNIbHY TEXHOJIOFiI0 PO3B'A3aHHA
KpanoBuX 3apau, WO ONUCYIOTb MaTeMaTUYHi Moaeni CKNagHUX Heni-
HiNHUX PinbTpauinHuX npoueciB NiA3eMHOI rigpoAMHaMIKK 32 YMOB
B3aEMOBNJIMBY XapaKTepPUCTUK npouecy i cepeaosumila, 3 MeTor noaa-
NbLIOro AOCAIAXEHHA LUMX NnpoLueciB 3a AONOMOro KOMMN IOTEPHOro
MoAeJiloBaHHA. B 0ocHOBY nigxoay NoKnaaeHo ine CUMHTE3Y YMCIT0BUX
MeToaiB KBa3ikoHPOpMHMX Biaobpa)KeHb, CyMapHUX 306paXkeHb Ta
anbTepHylo4oro Mmetoay Llisapua npekomno3suuii o6nacri.

Knio4oBi cnoBa: MaTeMaTUyHe MoaentoBaHHA, pinbTpauiiHi npouecy,
4YncnoBi MeToau KBa3iKoHPOPMHUX BifobparkeHb, METOAN CyMapHUX
306pa)eHb.

Mpo6neMu po3po6KkU METOAMKM MATEMATUYHOrO OMUCY CKIagHWUX
$inbTpaUiIMHMX NpoueciB NiA3eMHOT rigpoANHAMIKN, 30KpeMa, BUTICHEH-
HS BYrJIeBOOHIB i3 HeoAHOPiAHUX HadTOra3oBMX UM yLinbHeHUX (cnaH-
LeBMX) NnacTiB, Wo 3a3Hanu gedopMaLii npu ekcnayaTauil noknagis, 3
METOK MOoAANbLOro [OCNAIOXKEHHS UMX nNpoueciB 3a [0MNOMOror
KOMN'IOTEPHOr0 MOAENIOBAHHA He BTPATUAM CBOEI aKTyanbHOCTI, HEe3Ba-
XKAKUM HA BENIMKY KiNbKiCTb AOCNIAXEHb Y UbOMY HanpsaMky. o3a yBa-
roto 6araTboX y4YeHUX 3anuwmnacb nobynoBa TakKMx MaTeMaTUYHUX MO-
aenen, ki 6 BpaxoByBanu 3BOPOTHIN BNIMB XapaKTePUCTUK NpPOLLECY Ha
$inbTpauUivHi BNAaCcTMBOCTI NOPUCTOr0 CEPeaoBULLA, HENIHINHICTL inbT-
pauil, Wo noB’'sAi3aHa 3i 3MiHOK MOTeHUiany WBUAKOCTI B OKPEMUX 30HAX
naacTa, Ta 3MiHM rpaHuLb LMX 30H Towo [1-4].

EdekTMBHUM MeTOOOM MAaTeMaTUYHOr0 MOAESIIOBAHHA TaKUX Mpo-
LecCiB Y KPMBOJIiHIMHMX 061acTaX, 0OMEXXeHUX NiHiAMK Tedil i eKBiNoTeH-
LiafIbHUMK NiHISMK, € po3pobneHnn y nonepedHix poboTax aBTopiB Nig-
Xig Ha 6a3i KOMNNEeKCHOro aHanisy (3 BUKOPUCTAHHAM MeToAiB KoHdOop-
MHUX | KBa3iKOHGOPMHUX Bigo6paxeHsb) [5]. BiH aBToMaTU3ye KOHCTpYyo-
BaHHS OMHAMIYHUX CITOK, WO € OCHOBOK A1 PO3PaXyHKIB BEIMYMHMU NO-
NS WBWAKOCTI, pO3NoAifly TUCKY B NAACTi, 3Ha4YeHb PinbTpauinHnX Bu-
TpaT i NepeToKiB MiXK CBEPANIOBMHAMU, TOHOK NPUIYNUHKM NOTOKY, iHWMNX
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XapakTepuctuk wmogeni. lNpoTte y BuNagKax 30HaNbHO-HEOAHOPIOHUX
nnacTiB uen nigxig notpebye No4anbLIOro Po3BUTKY, 30KPEMA, LUJISXOM
BUKOPUCTAHHSA SK MO0 KOMMOHEHTIB YNCNOBO-aHANITUMHNX METOoAIB Cy-
MapHUX 300paxeHb, Wo 6ynun po3pobneHi M. Monoxnm i po3BUHYTI Y
po6oTtax voro yuHiB L.l Jlawka, A.A. FnyweHKa Ta iH. [6-7], a TakoXx anb-
TepHytoyoro Mmetoay LLIBapua aekomno3suuii o6nacTi [8].

Y poboTi 3[INCHEHO MOCTAaHOBKY HENiHIMHUX KpanWoBMX 3apay, B
AKMX KoediLiEHT NMpOBIAHOCTI CepefoBULLA 3aNeXuTb Big noTeHuiany
nona (Hanopy, TMCKy) Ta Big ¢YHKUIiI Teuil, Ans ogHo-, ABo- Ta bara-
TO3B'A3HMX KpuBONiHinHMX LEF-o6nactei [1] i po3pobneHo obuncnoBa-
NbHY TEXHOJIOTIiO 1X PO3B'A3aHHA HAa OCHOBI CMHTE3Y YMC/OBUX METOAIB
KBa3iKOHPOPMHUX BiA0OpaXKeHb, CyMapHMX 306pakeHb ons pudepenui-
aNbHUX PiBHAHb 3 PO3PUBHUMU KoedilieHTaMM Ta feKkoMno3unuii obnacTi
i3 3acTOCyBaHHAM anbTepHytodoro Metogy LBapua. Mpu ybomy, Habnu-
XKEHHS 3HaYeHb LWYKaHUX GYHKUIN Y BHYTPILWHIX BY3/1aX pO3paxyHKOBOI
CiTKM (KoopAMHAT BHYTPILWHIX BYy3/iB AMHAMIYHOI CiTKKM) y npoueci iTepa-
i 3HaxopATbCA 3a GopMynamMmn cyMapHux 306paxkeHb [1-3].

Po3rnapawTbca 3apadi cTauioHapHoOl ¢inbTpauil, Wo nianopsnKo-
BYETbCA 3aKOHY [lapci, 3HaxoOXXeHHA rapMoHiuyHoi ¢yHKUiT (moTeHuiany)
@=@(x,y) y KpuBoniHinHux LEF-o6nactax G, (z=x+iy): a) oa-

HO3B'A3HMX, O6MexeHux eksinoTeHuianamm L. = {z :fl(x,y)z O},

L = {z :f3(x,y)= O} i niHiamMn  Tewii L, = {z :f4(x,y)= O},
r :{z:fz(x,y)=0}, y SIKMX noTeHUian nNons 3a40BOJ/IbHSAE KPaWOBI
0 0
YMOBMU go‘L*:go*, @ =¢", @2 (—0<@e <@ <+w0 -
on|;  onjp
0
cTani, N — 30BHiWIHA HOpPMasnb A0 BiAMNOBIAHOI KPUBOI), 6) ABO3B A3HMX,
0BMeXEeHNX ABOMa rnagKumu 3aMKHEHUMMU KOHTypamu

L. = {z:f*(x,y) :O} — BHyTpilWHiM | L = {z:f*(x,y):O} — 30BHiL-
HiM, Y AKUX ONS YyTBOPEHHSA OA4HO3B'A3HMX obnacTei GZF =G, \I" po-
6MTbCA YMOBHUIA po3pi3 [” B3A0BX AEAKOI WyKaHoi NiHii Teuil (toai, L i

LO — MeXKOBi NiHil Teyii obnacTi GZF, O € BiQMOBIOHO BEPXHIM | HMXKHIM

6eperamu pospisy I'); B) TPpM3B'A3HUX, OOMEXEHUX ABOMAa BHYTPILLHIMM
KOHTYpamu CBepO0BUH - eKBinoTeHUiaNbHUMMU NiHiaMu

L. = {z (X, y) = O} i L= {z : f*(x,y) = O} i HEMPOHWMKHUM 30BHiLL-
HiM KOHTYpoM L = {z f(x, )= O}, y SKUX po6NSATLCA ABA YMOBHI po3pi-
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- * - 'Y - - - - e
3n I i I' B3#OBX Takux NiHiN Teuil (WO € NiHIAMK po3aineHHs Teuil),
KOTPi OAHO3HAYHO BM3HAYalTbCHA TOYKAMU «MPUSYMUHKU» MOTOKY

H.eL H el i Gl =aG, \(F*UF*); r) 3 BinbHOW Mexer (KpnBoo
genpecil), Ha 9KiM 3agaHa [o4aTKoBa  YMOBa: (p‘BC =g(»).

H2>y2>y. :f*(x*) (g(y) - [esika BiOMa MOHOTOHHO cnagHa ¢dyHK-
Lis).

Ins 6araro3B’a3Hnx LEF-obnacTten cknagHicTb NONArae y HEMOBHIN
BM3HA4YeHOCTi BUrNaay obnacTi KOMNAEKCHOro KBasinoTeHuiany, Wwo 3a-
NEXUTb BiA BNAMBY 6araTtb0X YMHHUKIB: KOHOIrypauii ¢ismyHoi obnacti,
30KpeMa B33EMHOM0 PO3MilLlEeHHS CBEpAJZIOBUH, CNocobiB NpoBeneHHSN
YMOBHMX pO3pi3iB 3 MeTow 3BefeHHs 6arato3s’si3HOI obnacTti po on-
HO3B'AA3HOI, CNIBBIQHOLWEHHS MiX 3HAYEHHAMU FPAHUYHUX MNOTeHuianiB
Towo. Y poboTi 3anponoHOBaHO HOBUM Nigxig Ao Knacudikauii cutyauin-
HUX CTaHiB GOpPMYBaHHSA Teuil, WO A03BONSE YHiIPiKyBaTU MOCTAHOBKMU
3aja4y Ha o6epHeHHs KBa3iKOHPOPMHUX BigobparkeHb, iIX Pi3HULEBI aHa-
NOrn i aNropuTMM po3B’'A3aHHSA A9 BCiX BUNAAKIB TPU3B A3HOI KPUBONi-
HinHol LEF-o6nacTi, 06MexeHoi TpbOMa eKBIiNOTEeHUialbHUMU JiHIAMMY, |
4YoTMPM3B'A3HOI KpuBoniHinHol LEF-o6nacTi, o6MexxeHol TpbOMa eKBino-
TeHUiaNbHUMU NiHIAMW Ta HENPOHUKHUM KOHTYPOM.

BeeneHHAM dyHKUIT Teuil 7 =/ (X,)), KOMNIEKCHO CNPsXeHol Ao

¢, i 3aMiHOI0 KPaOBNX YMOB B3[0BX MEXOBUX NTiHIN Tedii Ha |, =0,

0 0 . .
v o =Q0= = I——wdx+—¢dy (ne Q@ - noBHa ¢inbTpauinHa BuTpaTa
oy ox
L.
YyM nepeTik MiX BigNOBIGHMMM KOHTYpaMu), Nnpuxoaumo Ao 6inbw 3ara-
JIbHOI 3apadi Ha KBa3iKOHPOpPMHe BiJoOpaXkeHHs

w=0w(z)=¢(x,y)+iy(x,y) LEF-obnacTti G, (GZF) Ha BignNoBigHY 06-
NacTb KOMMMIEKCHOro noTeHuiany, Wwo € 6araToKyTHUKOM, CTOPOHU SIKOTO
napanesibHi OCSIM KOOPAMHAT, @, OTXKe, MOXe pO3rnagatucs aK Cykyn-
HICTb, NMEBHMM YMHOM, CKJIEEHUX» MiXK C0B0I NPAMOKYTHUKIB, 30KpeMa

Yy HaWnpocTiloMy BUMagKy — MPAMOKYTHUKoM G, = {a): p+iy:
P << go*, O<y< Q} 3 HeBifgoMoto BucoToto Q.

Lo 3apayvy 3aMiHeHO Ha obepHeHy [0 Hel, ToMy Wo 06/1acTb KOM-
nnekcHoro noteHuiany G, € 6inbw “3py4Horo”, Ha BiAMiHY Bif reomeT-
PUYHO cknagHoi ¢ismuHoi obnacti G, nepexif fo obepHeHoro Bigo6pa-
JXEHHA aBTOMATU4YHO BMpilWye npobneMy AMCKpeTu3auil 3agadvi npu 3a-
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CTOCYBaHHi YNCNOBMX METOAIB, A03BOJISE BUKOPUCTATU NnepeBarm Metony
CyMapHMX 3006pakeHb ANs po3B'A3aHHSA BiQNOBIAHMX Pi3HMLEBUX 3a4ad,
O6ynyBaTU ANMHAMIYHY CiTKY PyXy PeYOBMHW, BU3HAUYNTUN PiNbTpaUinHi BU-
TpaTtu (NepeToKku), He PO3B'A3YYUN iHTerpanbHUX PiBHAHb Towo. TyT nig
TEPMiHOM «0b6epHeHa 3aayva» pPo3yMIieTbCA K nepexia Bifg KOHOOPMHOro

Bino6paxenHa G, — G, po obepHeHoro Bifobpaxernns G, = G, , Tak

i Te, WO 33aaya Ha KoHpopMHe BigobpaxernHa G, —> G, € we i obep-
HEHOI Yy TpaauuinHoMy ceHci (Kol 3a [0OaTKOBUMMM OaHUMU Mpo
pPO3B'A30K 3a4aui, 3HaXo4ATb We N HeBifoMi KoediluieHTH, SKi BXOAATb Y
PIBHAHHSA YM KPaloBi YMOBM), OCKIiJIbKM NOCTaHOBKA 3a[ayi MiCTUTb HEBIi-
AOMi napamMeTpu (BUTpaTH Ta iH.).

ObepHeHa KpanoBa 3apaya Ha KOHPOpMHe BigobBpaXKeHHsA

z=z(w)=x(p,y)+ +iy(p,y) obnacti G, Ha G, (GZF) npu HeBipo-

0 2 2
MUX 3HaYeHHAX napameTpiB '[l ﬁ + @ dy
0’ oy
(J:@Q—QQ - fkobiaH nepexopy, Q - noBHa Butpata Q um
Op Oy Oy O
3HAYEHHS NepeToKiB Q:,QS,QE). LOMOBHEHA YMOBaMU OPTOrOHAsIbHOCTI
oo o o) _, o F v _0  (me
Oop Oy Op Ox) _ oy 0Oy Oy Ox
=0 y=y

f=f(x,y), f=f(x,y) — piBHAHHA BiANOBIAHMX rPAHNYHMX eKBiMNOTe-

HUianei i NiHiA Teuii, () — rpaHUYHE 3HAYEHHS MOTEHUiany, ¥ — MoXe
* * 0 )

MaTn 3HaueHHst 0,0,0:,0,,0«), 3B0ANTbCS [0 PO3B'S3yBaHHSA y Npsi-

MOKYTHMX  nipgobnactax G, piBHaHb Jlannaca Ax(e,p) =0,

Ay(p,i) =0 npu BiANOBIGHNX YMOBaX CMPSXEHHS, KPAaWOBUX YMOBAX i
YMOBax OPTOrOHasIbHOCTI NiHIN AMHAMIYHOI CiTKM A0 MeXi obnacTi.
Ha ocHoBi BM3HauyeHOI B 06/1aCTi KOMNJIEKCHOrO KBasinoTeHuiany

OPTOrOHANBHOI CiTKK Gé’, nobynoBaHO Pi3HMUEBWUIMA aHanor noctaBfeHOol
3apauvi. Y Bunaagky ABo3B'A3HO1 YM Tpuse'a3Hol LEF-o6nacTi 3aMicTb Big-
NnoBigHO ABOX KPAaMoOBUX YMOB MAaeMO YMOBMU NepPioaNYHOCTI GYHKLIN X iy
Ha po3pi3ax, a YMOBW OPTOroHaNbHOCTI MiHIA AWHAMIYHOT CiTKM OO0 rpa-
HULi Ha po3pi3ax 3aMiHEMO BUMOraMun 3a00BONIbHATU pPiBHAHHS Jlanna-
ca. Okpim uboro, B 0611acTi KOMMNJIEKCHOIO KBa3inoTeHUiany, Wo Bigno.i-
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nae barato3e’'asHin LEF-o6nacTi, byayemMo HepiBHOMIpHY CiTKy i 3aQaemMo
AOOATKOBI YMOBUW ANA 3HAXOOXKEHHA TOYOK «MNPU3YNUHKKM» MNOTOKY Ta
YMOBW CMPSXKEHHS Ha rpaHULsax NpAMOKYTHMX nigobnacten. Takox Oo-
[ATKOBIi yMoBM 3agaeMo i ansa LEF-obnacTi 3 BinbHOK MeXeto.
HabnukeHHA 3Ha4YeHb PYHKLUIN X | y y BHYTPILIHIX By3nax po3pa-
XYHKOBOI CiTKM (KOOpAMHAT BHYTPILWHIX BY3J1iB AMHAMIYHOI CiTKM) ¥ npo-
Leci iTepaui 3HaxoaAnMo 3a GpopMysiaMm CyMapHUX 306parkeHsb:

m ‘i_t‘

n
_ i i 2 k
Xij = ij,k Mpag +Vibg +y Z—(M,kxt,o + pn,kxt,n+1) '
k=1 =1 Mk = Vi
\l d
2
ZP] k ka +dek +y Z (pl,kyt,o +Pn,kyz,n+1) )
=1 Mk — Vi

i=lLm, j=Lln,
ne x; ; =x(¢,v;), vi; =@,y ;).

MNpn po3B’A3yBaHHi 3aAa4y MeTOAOM CyMapHMX 306pakeHb Oinb-
WicTb HEBIAOMUX, AAKi BXOOATb B pPi3HMUEBY 3adayy, y 6e3nocepeaHboMy
PaxyHKy y4acTi He 6epyTb, WO NPU3BOANUTL A0 3MEHLUIEHHS 0bcary o064m-
CntoBanbHOI poboTH, a OTXKe, | [AE MOXKIIUBICTb YHUKHYTM HAaKONMUYyBaH-
HA obumcnoBanbHUX NoxmMbok. MeTop cyMapHMX 306pa)KeHb € 3pyYHUM
ANS KOMN'IOTEPHOI peani3auil i Mae noTeHUian A0 po3napanentoBaHHS
064nCnEeHD, WO € AyXKe aKTyaNbHMM 3apa3 3 Ornaay Ha Cy4acHUN po3BU-
TOK KOMM'IOTEPHUX TEXHONOTIN.

HeBigomi ButpaTu Q y NpoLUeci iTepauinHnx HabnukeHb 3Haxoam-
Mo 3a popMynammu Q = A(p(n+1)/7/, Oe KBa3ikoHPOPMHWUIA iHBapiaHT
Y= A(p /A,/, OTPMMYEMO Ha NiacTaBi YMOBU «KOHGOPMHOI NodibHOCTI B
ManoMy» BiANOBIOHWUX €/leMEeHTapHUX YOTUPUKYTHUKIB obnacten Gé’, [
G!:

7:(m+1)(n+1 Zy”'

Z]O

( F+( F o+l F+( i
AW X ) A Wi Vi ) A WX )t WiV

(R N S P N Pl 7
Xijn=Xi ) T\Wim=Vij) AKX, ) T Wi, Vi,

Po3pobneHa obuyncntoBanbHa TeXHONOTiA BKAOYae B cebe anropum-
TMW YNCNOBOr0 PO3B'A3aHHA BIAMNOBIAHWX 3aAauY, WO peani3oBaHi y BU-
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rnapi npoueayp oas Noganblioro KOMN'IOTEPHOr0 MOOEsOBAHHS, SKi aB-
TOMaTU3yTb BUOIp By3niB Ta NobynoBY OMHAMIYHOI CiTKWM, PO3paxyHKM
nofas BeSIMYMHU LWBUAKOCTI, 064NCNEeHHS PinbTpauinHMX BUTPAT Ta iH-
LWKNX HEBIKOMUX NapaMeTpiB npouecy. [lpoBefeHO HU3KY YMCIOBUX PO3-
pPaxyHKiB ons obnacten pi3Hol KOHIrypauii Ta npu pi3Hin guckpeTmnsadil,
AKI NigTBEPOXKYOTb 36iXKHICTb, 064MCNIOBAaNbHY CTIMKICTb Ta epeKTuB-
HICTb 3aMNPONOHOBAHUX aNroOPUTMIB.

TaKuM YMHOM, HA OCHOBI CUHTE3Y YMCNOBUX METOAIB KBA3iKoHGOP-
MHUX Bigo6pa)eHb Ta CyMapHMX 300pa)eHb po3pobaieHo MeTOAUKY MO-
AEeNBaHHA CKNagHuxX ¢inbTpauinHux npouecis ons KpueoniHinHux LEF-
obnacten, a TaKOX CTBOPEHO 06YMCAOBaNbHY TEXHOJOFiIO pPO3B'SA-
3yBaHHS BigMNoOBiAHUX HENMIHIMHMX KPanoBUX 3a4a4 ANs CUCTEM eninTuy-
HUX gudepeHUianbHUX PiBHAHb. BukopucTaHHs MeTody CyMapHuUX 30-
OpaXkeHb SIK KOMMOHEHTM pPo3pobrieHOI paHille MeTOOMKM Ha OCHOBI
KOMMJIEKCHOrO aHasli3y JAa€E MOXJUBICTb Y KOMMNeKci (CyMapHO) Ha KOX-
HOMY iTepauinHOMy Kpoui BpaxoByBaTy BMJIMB FPAHNUYHUX Ta HABKOULI-
HiX BHYTPILWHIX BY3NiB, KOTPi «NiANPaBASlOTbCS» HA HACTyMnHOMY iTepa-
LiMHOMY Kpoui 3a 4OMNOMOrol Tak 3BaHMX YMOB OPTOroHanbHocTi [5], aki
€ Hacnigkamn ymoB Kowi-PiMaHa i, oTXKe, MPULIBUALWYE LOOCATHEHHS
CNPSXKEHOCTI LWYKAHUX FAPMOHIYHUX GYHKLIN.

Po3pobneHi y poboTi MaTeMaTU4Hi Mogeni 4O3BONSAOTb ONUCYBATU
peanbHi npouecu ¢inbTpauii (BUTICHEHHS) ByrneBoOHiB 3 naacTa 3a yMOB
3BOPOTHOrO BMJIMBY XapaKTEPUCTUK NPoLEeCy Ha BNacTUBOCTI cepenoBu-
WA, AATb MOXMBICTb 3aMIHUTM AOPOroBapTiCHI Pi3NYHI eKCNEePUMEHTH
ONS 0OCHIiOXKEeHHSA BMNBY TEXHOTEHHO-3YMOBEHUX aedopmalin nopoamn
Yy HABKOJIOCBEPAJ/IOBMHHUX 30HAX HadTOrasoBUX NAACTIB Ha npouecu
HadTOorasoempaobyTky. [lobymoBaHi MaTemMaTuUyHi Mopeni i Metoau
PO3B’'sI3aHHA BIANOBIAHMX 3a4a4y MOXyTb BYyTW BUKOPUCTaHI AN BUKO-
HAHHS NMPOrHO3HUX PO3PaxyHKIB MPWU NPOEKTyBaHHI Po3p06OK POAOBULL
HadTW i rasy, 3aCTOCOBYBATUCH AN €KCNEPTHOI OLiHKM pe3ynbTaTiB pi3-
HOMAaHITHMUX TEXHIYHMX 3aX0AiB, L0 NPOBOAATLCA 3 METO iHTEHCUIiKaLil
HapTOra3oBUIIYYEHHS, BUSBMIEHHSA | NiKBigauil 3acTiMHMX 30H TOLO.
CtBopeHa obumcntoBanbHa TEXHOJONA MICTUTb KOMMIEKC KOMMN IOTEPHUX
nporpam (npoueayp), Wo peanisyTb po3pobneHi y poboTi anroputMu,
AKI € yHiBEpCanbHUMN | NPUAATHUMWN ONA PO3B A3YBAHHSA TaKOX iHLWMX,
He ONMCaHUX TYT 33434, 30KPEeMa, eKOJIOTMYHUX Ta NPUPOAOOXOPOHHMX.

1. Bomba A. A. 06umncnioBanbHiI TEXHOOTIT HA OCHOBI METOAIB KOMIMJIEKCHOIO aHa-
ni3y Ta cyMapHux 306pakeHb: [MoHorpadisal / Bomba A. ., Tnagka 0. M., Ky3bMeH-
ko A. . — PiBHe : T30B «Acconb», 2016. — 283 c. 2. (nagka 0. M. CucteMHun nig-
Xio [0 MaTeMaTM4yHoro MopentBaHHA inbTpauinHux npouecie y 6ara-

83



Cepist «TexHi4YHi Hayku»
Bunyck 1(77) 2017 p.

TO3B'A3HMX KpuBoniHinHux LEF-nnactax / Magka 0. M. // CucTtemHi pocni-
DXKeHHS Ta iHpopMauinHi TexHonorii. — 2016. — N2 2. - C. 58-73. 3. Bomba A. Y.
Methods of Complex Analysis of Parameters Identification of Quasiideal
Processes in Nonlinear Doubly-layered Porous Pools / Andrey Y. Bomba, Elena
N. Hladka // Journal of Automation and Information Sciences. - 2014. - Vol. 46,
Issue 11. - P. 50-62. 4. Bomba A. Y., Hladka 0. M. Problems of identification of
the parameters of quasiideal filtration processes in nonlinear layered porous
media // Journal of Mathematical Sciences. — Springer Media New York, 2017.
— 220, No. 2. — P. 213-225. 5. MeToan KOMMNJIEKCHOro aHanisy : MmoHorpadisa /
Bomba A. 4., Kawtan C. C., MpuropHunupkmun O. 0., Apowak C. B. — PiBHe :
HYBITI, 2013. — 415c. 6. Jlawko W. U. YncneHHo-aHanutuyeckoe pelleHue
KpaeBblx 3agad Teopumn dunbtpaumn / Jlawko WN. N., BennkonBaHeHko U. M. —
K. : HaykoBa gyMKa, 1973. — 264 c. 7. Tnagka 0. M. lNpo po3B'A30K KpanoBoi 3a-
AaJi OANs piBHAHHS OMBEPreHTHOro TUNYy y HeCKiHYeHHin baraTtowaposin cMmysi /
Mapka 0. M., Ky3sbMeHKo A. T1. // IHTerpanbHi nepeTBOpPeHHA Ta iX 3aCTOCyBaH-
HS 0,0 KpanoBux 3apad : 36. Hayk. npaub. — K. : IH-T maTteM. HAH YkpaiHun, 1995.
—Bun. 9. - C. 168-173. 8. Hladka O., Bomba A. The complex analysis method of
numerical identification of parameters of quasiideals processes in doubly-
connected nonlinear-layered curvilinear domains // Journal of Mathematics
and System Science (USA). - 2014. - Vol. 4, N2 7 (Ser. No. 29). - P. 514-521.

PelileH3eHT: 4.M.H., npodecop Tynawsini t0. M. (HYBIM)

Hladka 0. M., Candidate of Engineering (PH.D.), Associate Professor
(National University of Water and Environmental Engineering, Rivne)

MODERN COMPUTATIONAL TECHNOLOGIES OF COMPUTER MODELING
PROCESSES OF UNDERGROUND HYDRODYNAMICS

The paper is devoted to developing an approach based on the
synthesis of numerical methods quasiconformal mappings, summary
representations and task decomposition to mathematical modeling of
nonlinear quasiideal filtration processes in technogenic-deformable
reservoirs of water or oil and gas, in which geometry of zones of
heterogeneity determined considering the reverse influence
characteristics of the process on the conductivity of environment, and
to solving appropriate boundary value problems with the ability to
determine the model parameters. Complex computational technology
of solving boundary value problems describing mathematical models
of complex nonlinear hydrodynamic underground filtration processes
under conditions of mutual characteristics of the process and the
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environment was developed to further study these processes via
computer simulation. Was put the idea of synthesis of numerical
methods quasiconformal mappings, summary representations
methods and method of domain decomposition by Schwarz in this
approach. Developed algorithm automatically solves the problem of
choice of nodes and the construction of a dynamic grid, finding the
lines between the layers constant coefficient of conductivity of the
medium, calculate the total flow.
Keywords: mathematical modeling, filtration processes, numerical
methods quasiconformal mappings, summary representations
methods.

Mnapkas E. H., K.T.H., poueHT (HaunoHanbHbIN yHiBEPCUTET
BOOHOM0 X035MCTBA U NPUPOAONOSIb30BaHMs, I. POBHO)

COBPEMEHHDbIE BbIYHUCJIUTEJIbHbIE TEXHOJ1I0I U
KOMMbHOTEPHOIo MOAEJIMPOBAHUA NPOLIECCOB
NOA3EMHOM rMOPOAUHAMUKHU

PaspaboTaHa KOMNNIeKCHasA BbIMUCIUTENIbHAA TEXHOJIOMUA pelueHus
KpaeBbiX 3aA4a4, ONUCbIBAOLWMX MaTeEMaTU4YECKME MOAENU CIOXKHbIX
HeJIMHeMHbIX PUNIbTPALMOHHbIX NPOLLECCOB NOA3EMHOM TMAPOANHAMMU-
KW B YCIOBUAIX B3aUMOBJINSIHUA XapaKTepPUCTUK NpoLecca u cpeabl, €
uenblo AaNibHenLwero uccrefoBaHUA 3TUX NPOLLECCOB C MOMOLLbIO KOM-
NbIOTEPHOro MoaenupoBaHus. B ocHOBy noaxoaa nosio)keHa vaes CUH-
Te3a YMCJIEHHbIX METOA0B KBa3MKOHGOPMHbIX 0TOOpaXkeHUin, cymmap-
HbIX MPEeACTaB/IeHUN M anbTepHUupyLero metoaa LLiBapua aekomno-
3uumum obnacrtu.

KnrwoueBbie cnoBa: MaTeMaTu4yecKkoe MmoaenmpoBaHume, GunbTpaLnoH-
Hble NPoLecChl, YUC/IEHHbIe MeTOAbl KBAa3UKOHPOPMHbIX 0TOGpa)XkeHun,
MeToAbl CYMMapHbIX NpeacTaBNeHnM.
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