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VJIK 004.[272.2+942]

AJITOPUTMIMHE TA IPOIr'PAMHE 3ABE3NNEYEHHA AJIA
AOC/TIAKEHHA HEI3BOTEPMIYHOTI'O BOJIOTONNEPEHECEHHA Y
CEPEJOBHUIIAX I3 ®PAKTAJ/IBHOIO CTPYKTYPOIO

A1 Coxonoscouii*, B.I. Apkyn®, M.B. Jleexosuu®

C¢opMoBaHO BUMOTH i BUOPAHO iHTErpoOBaHMi MiJIXiJ JO CTBOPEHHS aJITOPUTMIYHOrO 3a-
0e3MeUeHHs] YNCETIBHOTO MOJIETIOBAHHS HEI30TePMIUHOTO BOJIOTOIEPEHECCHHS y CEPENOBH-
miax i3 (ppaxragbHOIO CTPYKTYPOIO, KU OXOILTIOE PO3pOOJICHHS Mapaie/ibHOro aaropuTMy
po3B's3aHHS cHCTEM AWQepeHLiaTbHUX PIBHAHb y YAaCTHHHUX MOXIiJHHX. 3alporOHOBAHO
CHHXPOHI3aIlil0 B3a€MOJII MOTOKIB /11 HapalelbHUX OOMIHIB MiX 4acOoBHMH mIapamu. Pos-
poGiieHo mporpamHe 3a0e3edeH s Ta CTBOPEHO iHTepdeiic kopucTyBava Juis Bisyastisarlii pe-
3yJIbTAaTIB JOCIIKEHHS .

Kniouogi cnosa: napainensHi 004UCICHHS, HOTOKY, Au(epeHniatbHi piBHIHHS ApoGOBOro
TIOPAJKY, BOJIOTOIICPEHECCHHS .

Beryn. BaxsmBuM € IoCIiIKeHHs: OTHOBUMIPHHUX Ta ABOBUMIPHUX MaTeMaTH4-

HUX MOJeNiedl TeTUIOOOMIHHUX TPOIECiB, IS OMHCY SKUX BUKOPUCTOBYBAIM Aude-
peHLiaNbHI PiBHSIHHS y YaCTUHHMX MOXIAHUX i3 JPOOOBUM TIOPSIIKOM 33 YacoM Ta
MPOCTOPOBUMH KOoOpArHaTaMu. ITomyk eeKTMBHOTO pillleHHs IIOAO PO3pPOOJECHHS
MporpaMHKX 3aco0iB IS peastizalii TAKWX MaTeMaTHYHUX MOJIeJel 3yMOBIIO€ BIPO-
Ba/)KEHHs MapaienbHUX oOuucieHb. [lapanenbHe MporpaMmyBaHHs Aa€ 3MOTY BHKO-
pHUCTOBYBaTH ISl OOYMCIEHb HE OAWMH MPOLECOp, a KiJIbKa TOCTYMHMX TPOLECOpIiB
JUIS TOTO, 1100 MPUIIBUALIMTH Npolec obuuciaeHHs. OTxe, BUKOPUCTaHHS Napalielib-
HUX 00YKCIIEHb A€ 3MOTY PO3TIISAATH CKIAAHILI MaTeMaTHYHi MOJEINi TOCHiPKeHHS
HEI30TEepMITHOTO BOJIOTO-TIEPEHECEHHS Y CepeIOBHIIAX i3 (PPaKTANBLHOIO CTPYKTYPOIO.

AHaJIi3 cydacHOro craHy aocjimkens. CydacHi JociimKkeHHs 6araTboX Mpu-
POIHUX TPOIECIB y BCiX Tamy3sx Hayku — ¢i3umi, 6iodizuii, MexaHili, eKOHOMIIIi,
MeIULMHI, TipHUYii cripaBi — Aenalli JacTille 3BOJUThCS 10 OOYMCIEHHS CKIIaJIHUX
3ama4 Ta CTBOPEHHS MPOTPaMHOTO Ta aNTOPUTMIYHOTO 3a0e3MeveHHs, peamizarlis
SIKOTO TOTPeOye 3HAYHUX OOUHCITIOBATBHUX pecypciB. Ommc anroputMigHoro 3a6e3-
MeYeHHs NPOLIECiB, IO OMHCYIOTHCS CUCTEMaMHM uepeHialbHUX PiBHAHB Yy Yac-
TUHHUX MOXiJHUX APOOOBOro MOPSIAKY BUCBITIeHO y mpausx [1, 2, 5, 9, a 3 Buko-
pHCTaHHSIM po3MapaieifoBaHHs npouecy —y [5, 7, §.

OcranHiM 9acom 6arato ZOoCiiIKeHb TPOBOIITH 3 BUKOPHCTAHHIM KJIacTep-HUX
cucteM. Y mpai [7] po3riisiHyTO LIBUAKHIA aJIrOPUTM BUPILLIEHHS CUCTEM PiBHSIHB ar-
peratiitHo-(h)parMeHTaliOHOI KiHETHKH, 3alIPONIOHOBAHO MapalelbHy peaiizaliro ai-
TOPUTMY, IO TPYHTY€ThCS Ha BUKOPUCTaHHI MapaJie)IbHAX aJITOPUTMIB 1OOY10BH Ma-
JIOPaHrOBUX MaTPUYHMX aNpOKCUMAILliii, MapanedbHUX alrOpUTMiB MHOKEHHSI MaJlo-
paHrOBHUX MaTpHIlh Ha BEKTOP. BapTo 3BepHYTH yBary, o He3HAYHA KibKIiCTh 3amad

L ipogp. S1.I. CokonmoBehknif, 1-p TexH. Hayk — HJITY Vipairu, M. JIbBiB;
Zacucr. B.L SApxyn —HIITY Vkpainu, M. JIbBis;
3 acmip. M.B. JleBkosud —HJITY Vipairu, M. JIbBiB
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peani3yeTbcsi 6araTormoTOKOBUM po3mapernesieHHaM. Y mnpai [8] po3risHyTo 6arato-
TIOTOKOBY peaizaiifo MOBOI0 JavadoTHPbOXTOUYKOBOTO OJIOKOBOTO OJHOKPOKOBOTO
METOMy iHTerpyBaHHs 3BUYaliHUX IU(epeHLifHNX piBHAHB, A€ 3alPONOHOBAHO AJIr0-
pUTM pealtizaLii MeToy 3a JOMOMOroK YOTHPhOX MOTOKIB. Sk MeXxaHi3M 0OMiHy Ja-
HUMU MiXK IOTOKaM# BUKOPHCTaHO OJIOKyBanbHi uepru kiacy LinkedBlockingQueue.
Hageneno mpuknaau 3afay wisd OLIHIOBaHHA MPaBUIBHOCTI i TOYHOCTI MeToay. Hosi
napayiefibHi arOpUTMHU JAal0Th 3MOTY MPHILIBUIIIUTH PO3PAXYHOK Y HNECATKH pasiB i
NepeiTH 10 AOCHiKEHHS CKIaJHUX CUCTEM, Ul JOCITiIKEeHHA AKX MOTPiOHO po3-
[JS7aTH CUCTEMH i3 3HAYHOIO KiNbKicTiO mudepeHiiaibHux piBHsAHb [7-8]. V Ga-
raThOX JOCIIIKEHHSIX OOTOBOPIOIOTH YMOBH, 32 SKHX 0araTormoTOKOBA peai3allis
LIbOT'O METOMY CTa€ e(PeKTUBHOIO.

IMocTanoBka 3agavi Ta ii peasizauis. MaremaTuyHa MOJeNb MPOLIECY TEIJIO-
Ta BOJIOTONEPEHECEHHs y CEepelloBHUIIAX i3 (paKTAIBHOI CTPYKTYpPOIO OMHUCYETHCA
crcTeMol0 Iu(epeHLliabHIX PiBHAHD y YaCTHHHHX TOXIIHUX i3 ApoOOBUM MOpsiI-
KOM 32 4YacoM 7 Ta NPOCTOPOBUMH KOOPAMHATAMH X Ta Xp
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ne: (7,%,%)0D,D=[0,]x[ 0l x[ 0)2]; T,U —mykani pynkuii, ie T —Temneparypa,
U — BOJIOTOBMICT; C — MATOMA TEINIOEMHICTD; O — IYCTHHA; Oy — 0a3WCHA TyCTHHA;
& — xoediuieHT QazoBoro mepexomy; r — THUTOMa TEIUIOTa MapOyTBOPEHHS;
A (i =12) — roediuientn Temnonposinrocti; & (i =1,2) — kxoediuieHTn BoIOrOMpO-
BiZHOCTI; 0 — TepMorpamieHTHUI KoeilieHT; tg,te (i =1, 2) — 3HAUEHHS TemIeparty-
pu cepenosnia; Ui, Ui (i =1 2) — 3HaueHHs BiTHOCHOT BOJIOTOCTI 30BHILIHBOTO Ce-
penosuia; a;,af (i =1,2) — koeditientn termwoodMiny; 4,4 (i =1,2) — koedimientn
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Bosoroo6miny; I (i =1,2) — reometpuuHi po3mipu; @ — ApoGOBHIT MOPSLOK TOXia-
HOi 32 yacoM (0<a <1); B,y — 1poGOBi MOKA3HUKU MOXiTHOT 32 IPOCTOPOBUMH KO-
opmunaramu (1< B<2), (0<y<1).
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ne i=12 (akuo i =1, To R= N ta skuo i =2, 70 R= M).

Bukopucraemo MeTon npeankTop-kopektop [13] misa 3HaXOmKEHHST YHCETbHIX
PO3B'I3KIB OTPUMAHOI CHCTEMH PI3HULEBHX PIiBHAHb. Y pOJi MpeAnKTOpa BUKOpPHC-
TaeMo HesiBHY pisHuueBy cxemy (11), (12),a y poni kopekTopa — SBHY pi3HHUEBY
cxemy (13), (14).

Ha nepiomy miBkpoli iHTepBay AVZ 3allUIIEMO HESBHY Pi3HHLEBY CXEMY, Y

AKill BpaXy€eMO TiIbKH MOXiIHY ApoOOBOro Mopsaky [ 3a KOOPAMHATOO X
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I'pannuni ymoBu (16) BiTHOCHO KOOpAMHATH X, IO BiIMOBiAalOTh PiBHAHHIO
(17),3anuimemMo y TakoMy BUIJISIII:
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[MincraBnsemo (22)y (23)i oTpuMaeMo cucTeMy piBHSAHB, Ky PO3B'SI3yEMO Bil-
HOCHO (pyHKIIT T

(B+CA)'I#+%—% Ch+(a Cra) Ui+W,+W,=0. (24)

3HaimoBmm i3 (24) MHOKUHY PO3B'SI3KIB —
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AT 4 A Tm 4 (k= 01,...K- 1, mykaemo i3 (22) MHOXHHY PO3B'A3KIiB —
%UH% B k+)/4Uk+/V4(< 01’ K— 1

Ha npyromy miBkpoui intepsary A7, /2 3aMyaIeMo HEsBHY Pi3HHLEBY CXeMY, Y
AKill BpaxyeMo TiJIbKM MOXiIHY ApoOOBOro MopsAaKy [ 3a NPOCTOPOBOI KOOPAMHA-
TOIO Xp'

R L AT e L (25)
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AT Z JUn m}—/1+1 ahzgz_: qJTr:fnz/Zrl' (26)
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AHanoriyHo fK i Ha MepIIoMy MIBKPOLi, Ha APYTroMy MiBKPOLi OTPUMAEMO IBi
cucteMu. Bracnizok 1X po3B'si3aHHS OTPUMAEMO MHOXKMHY PO3B'SA3KY BiTHOCHO (hyH-

Koii T — Tk 2 Tk+}/2 . k+}/2 k+/v2 ,(k= 0,1,...,K— 1, Ta MHO)XHHY PO3B'SI3Ky BimHOC-

k+ k+ k+ kt+
HO yHkuii U —U, %Unz}/z, n,\,},/zl, nM)/Z,((: 01..K- 1
Jl14 3HaXOIDKEHHs PO3B'A3KIB HAa yChOMY iHTepBalli AT BHKOPHCTaEMO KOpPEK-
TOp, SIKMH peai3oBYEThCS Ha SBHIH pi3HULIEBiH cXxeMi:

k+l_a,T _/11 Uk+l O'Uky
CPW quJTn 1}+/J,m qu nm}-/ﬂ-l spor(i)A;_g‘,

j=0 j=0
Uki-aUkm _ k+ a K+ N -
W hf;Z qjUn- émfgoqj nrr)i—/zﬂl"' Z qTrri/?Lme*Z qun{zﬂ (28)

OTxe, i3 (28) 3HAXOMMO MHOXXHHY PO3B'I3KY —
{Ur‘{’{%: k=0,K-1n=1N;m= m} , a i3 (27) oTPUMAEMO MHOXMHY pPO3B'A3KY —
{ kil =0, K—l‘n=]TN;m=ﬁ/} .

AJroputmivHi Ta nporpamMHi oco6uBocTi. [Tix yac HamucaHHs nmapaneiabHOT
nporpamMmy NOTPiOHO BUPILLYBATH, CKIJIbKU MOTOKIB i IKOrO TUIY MOTPiOHO BUKOPHC-
TOBYBATH, | IK BOHM MOBWHHI B3aeMomiaTH. Lli pitmeHHs 3aiexars sk Bi KOHKPETHO-
ro MporpaMHoro, Tak i BiJ amapaTHoro 3abe3nevyeHHs. Y OyIb-IKOMY BUMAJKYy, Bax-
JIMBOIO € TIPaBHJIbHA CHHXPOHI3allish B3aEMOii MOTOKIB [6].

Hagenemo ¢opmanbHuMii onrc mapaieslsHOro alropuTMy, 6a30BaHOTO HA OTHCA-
Hill uncenbHil cxemi (11)-(28). Hexait € p oGumcnroBaibHUX MOMIYJiB (IpoLECOpiB,
snep abo MOTOKIB) OJHAKOBOK TPOOYKTHUBHOCTI. Y TakoMy pasi MOTpiOHO po36uTH

(27)
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PO3paxyHKOBY 00JIaCTh Ha p ONHAKOBHX MimoOnacTeil. 30kpemMa, KOXKEH 00UUCITIOBAY
(motik) Oyne BUKOHYBaTH oOfepailii B MeXax JOCTYMHOI oMy minoomacti. Ockinbku
JITOPHUTM 33/1aui MoOyIoBaHMit Ha 6a3i cXeMH MPeIUKTOP-KOPEKTOP, TO TIOCTAE MOTpe-
0a nBiui — Ha MepUIOMy Ta Jpyromy MiBKpokax A7/2 BUKOHyBaTH OOUMCIIEHHS 32 He-

SIBHOIO CXEMOIO 32 Pi3HMMH MPOCTOPOBUMH KOOPAMHATAMH | KOPEKTYBaTH X SBHOIO.
Bapro 3a3naunTy, 10 Ha BiIMiHY BiJl KJITACHYHUX PiBHAHB TEIJIO- i BOJIOTOTEpe-
HECEHH!, y PIBHAHHAX 3 YACTHHHUMHM TIOXITHUMH i3 IpOOOBUM MOPSAIKOM 32 4acOM T
Ta MPOCTOPOBMMH KOOPAMHATAMHU X Ta Y OTPiOHO 30epiraT 3Ha4YeHHs HeBiIOMUX Ha
BCiX TUMYacoBUX mrapax. KoxkeH 00unCIIioBaY Ha KOXKHOMY YaCOBOMY IIapi MOBHHEH

MaTH JOMOMIXKHI 3MIHHI 1JIA 36ep1raHH>1 3HAYCHBb, MEPEAAHNX 3 IMOMEPEIHBOTO Yaco- 1 3
BOTO mIapy. HJ'[?[ TMEPMWOro 4aCoBOro mapy BHKOPHUCTAEMO 3HAYCHHA IMOYATKOBUX Exchfhread computes s parallelsystem tridisganal matric Enchhread computes s panallel system tridiaganal
YMOB. A.T[l"OpI/ITM 3a1a41l MOKHa OIMMCATH 3a JOTIOMOT OO TaKMX ITYHKTIB [5] T

Based on initial corditiors and parareters splitting grid - all threads siraultaneoushy calculate coefficients
for the first half-step

Calculate the new limiting factors given the value of the previows layer

!

If the nuraber was fewer p-tterations

!

Each strear using an irternal terative process

v

Threads that are eeporeble for fhe caloaltion
neigborhg regiars, exchage two border malues . This
takes rto acoourt thewakies from the prayious temporary
Tayer avdthe aahsequent terative steps - thevahae of the

takes o acoort themak the prayious temp
Tayer avdthe subsequert terative steps - thewabue of the

1. Buxonsuu i3 mo4aTkOBHX yMOB i mapaMeTpiB po30HUTTA CiTKH, BCi MOTOKHM Ta-
paJIeIEHO PO3PAXOBYIOTH KOS(DIIliEHTH TS TIEPIIOTO MiBKPOKY AT /2.
2. JInst oOuMCIeHHS Ha HACTYITHOMY YaCOBOMY KpOLli BUKOHYEMO TaKi HACTaHOBH:
a) 00YHCITIOIOTHCS HOBI TPaHUYHI KOe]illieHTH BPaXOBYIOUHM 3HAYEHHS 3 MONEPeHbO-
ro apy;

Calculation corapleted in the first half-step.
SYNCHRONIZATION

Based oninitial corditiors and pararaeters splitting grid - all threads siraultaneously calculate coefficients for the

. . second half-step
b) BukoHyemoO 06uncieHHs Ha nepuioMy niBkpoui A7/2; T
v . . LEvEEY v -~ 5 s 3 e g
C) KOXKHHI MOTiK BUKOPUCTOBYE BHYTPILLHIi iTepawiiiuii mpouec; : Perform parallel points of the secord half.step !

d) moToku, WO BiAMOBiKAIOTH 3a PO3paxyHOK CyCimHix mimoOnacrteil, 0OMiHIOIOThCS
JIBOMa MPUKOPAOHHUMH 3HaueHHAMH. [1pn LIbOMY BPaXxOBYIOTbCS 3HAYEHHSI 3 More-
PeIHBOro TMMYACOBOrO APy, @ HA HACTYMHUX iTepauiifHuX KpoKax — 3HAYeHHS 3

To corplete solution to the whole range perform adjustmert results wsing the ratio comection

Puc. 1.Cxema anzopummy npozpamuozo 3ab6e3nevyeHHa 011 YUceibHO20

HonepeaHbol iTeparii; MOOenI06aHHA
€) KOXKeH MOTIK napajenbHO PO3B's3y€e CBOO CHCTEMY METOIOM IPOrOHKH; A - A A -
f) 3aBepIIyIOThCS OGUMCIEHHS Ha MepIIoMY MiBKpori A7/ 2; el Rl faasperhipache
0) AIKIIO HOMEP iTepallii MeHilie p, MOBTOP 3 KPOKY b), inakue nepexin Ha HOBHI Ya- TS T @ Attributes
COBMHM [ap 1 H_OBTOp 3 KpOKy 2. . . . . [=) Operations (= Operations [z Operations
3. Buxopsuy i3 MOYaTKOBUX YMOB i TapaMeTpiB PO3OUTTS CiTKH, BCi TOTOKH Ma- + PointsTU() +Model() + ConsistentAlgoritm)
aJleNIbHO PO3PaxOBYIOTh KoeillieHTH 1Jisi IPyroro miBKpoKy A7 /2 i He3MiHHi cKia- + Start() e
p . posp Y .. q).u At Apy POKY PointsTU | 1 + ParallelAlgoritms()
JI0Bi NPOTOHOYHMX KOoeiLlieHTiB.
4. BukonyeMmo nyHkTH 2(a) — 2(g)isis Apyroro miBKpOKY. Node |, 1
5. I[J'['}I 3aBepIICHHS pOSBiﬂSIfy Ha yCbOMY iHTepBajli BUKOHYEMO KOPEKTYBaHHS A s A — o
pe3yJIbTaTiB 3a JOMOMOTOO CIiBBiTHOIIEHHS KOPEKTOP. S i
Ha puc. 1nogaHo cxemy peaiizalii onucaHoro airoputmy. BpaxoBano posrno- el < 1 ?A“”b”_t"-“ + Form
JineHHs: o0umcieHb Ha motokaxX. KijbKicTh MOTOKIB BU3HAYAETHCS 3aJIEKHO Bijl pO3- LTI I o
. . . . . + Node(k : Integer, b... + Layer(nod : Node,s... @ Fields
Mipy CITKM po30UTTs 00aacTi, AKy Oyznemo nociimxkysatu. Ha 6asi 3anpornoHoBaHOTo
AJITOPUTMY CTBOPEHO MporpaMHe 3abe3MeyeHHs YNCeTbHOTO MOIEIIOBAaHHS Hei30Tep- Node’[ 1 & Methods
MIYHOrO BOJIOTONEPEHECEHHS y CepeloBHIIAX i3 ()paKTaTbHOIO CTPYKTYpOIO, sIKe MO- ValueTu | | ~ @, buttonl_Click_1
Jla€ pe3yNbTaT B TaGJIMUHOMY i rpadiuHOMY BHIJISI. AT i ®, Dispose
. L ~
IIpoexTyBaHHs MporpamMHoi cucTeMu. Pearizalis 3apoNoHOBAHOTO alNrOPUT- A ValueTu D Athri i T
’ A s X # Attributes B ot Load
My 3 BukopHcTaHHsIM OOII nonsrae y po3po06ieHHi KIaciB i BiAHOIIEHb MiK HUMH. s S Operations M T :
. . . + - ) 'a InitializeCompo..
CTBOpf?HO' KI1acH, WO PeastizyloTh: XapakTePUCTUKH NePEBUHH (reomeTpuyHi, Temo- B Cowstan +;xtbr(acé:esultt(:.m:... B D2
MeXaHiuHi); po36UTTA 00JacTi Ha eJIeMEHTH; KepyBaHHS OGUMCIEeHHSIMHU (MOCTiI0B- +ValueTu() *Sha eR ET(J !J) _-LL3~- ® Print3
. . . . + ShowResult{obj :La...
HUMH, napajiensHuMH, po3s'asyBanHs CJIAP Ta iH.); mpeacTaBlieHHs pe3ylbTaTiB, iH- + ValueTU(l: Integer, .. + WriteResult() ®, TDMASolve
Tepdeiic KopucTyBada. BaxkinBi 0coONMMBOCTI MPOEKTOBAHOTO MTPOTPaMHOTO 3abe3re-

YeHHsI BinoOpakeHo Ha puc. 2y rpadiuniit Hotauii UML. Puc. 2. UML diazpama knacie i 6ionomwenna misxc numu
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Jns peanizamii 3amponoHOBaHOTO aITOPUTMY OYJIO CIIPOSKTOBAHO CHEIliaTbHIIA
kirac ManagerAlgoritm.Lleit knac mictuth MeTomu ConsistentAlgoritmmis mocai-
JIOBHOTO BHKOHaHHsA oOuuciensb, ParallelAlgoritmsmis mapanenbHOro BHKOHAaHHS
obuncnens, METOOM, SIKi NalOTh 3MOTY TiJpaxoBYBaTH 4Yac BUKOHAHHS, a TaKOX
KOHCTPYKTOpHU [yIsl CTBOPEHHsI 00'ekTiB 11b0ro kiacy. Kiac Model npusnauenuit asist
KepyBaHHS MPOIIECOM 3aITyCKy MOJCIFOBaHHS, BiITOBIIHO Y HHOMY MiCTUTBCS METOM
Start. 3anpoekroBani Metonu ExtractResult, ShowResult, MakeChatennanni y
kiaci ShowResultra 3nilicHIOIOTE MpeACTaBICHHS Pe3yJbTaTiB 3 BUBEICHHSAM Y
¢aiin, TabnuuHoMy Ta rpadiuHoMy Burisai. Mix knacamu Layerrta Nodepeanizosa-
HO BiJHOLIEHHA arperaii, o € cIabKiuM 3B'A3KOM, TOOTO B IIbOMY BUTIAAKY 00'€KTH
Layerta NodeGynyTb piBHompaBHUMU. KpaTHicTh 1bOro 3B's13Ky 1 10 O6aratbox, a e
CBITYMTH NP0 Te, IO OJMH mmap Oyne MicTUTH Oarato By3miB. Y KoHCTpykTop Layer
MepeNaeThesl MOCIIAaHHA Ha Bke icHytoumit o0'ekt Node, mo 306ibliye rHy4KicTb
nporpamu. Boanouac, knac Nodemae BimHomeHHs acouiaiii 3 kiacamu PointsTUra
ValueTU — 1e BigHOLIEHHS, 3a SKOro O0'€KTH KJlacy OJHOrO THIy MOB'A3aHi 3
o6'extamu iHmoro tumy. Ha UML miarpami kiaciB acomjariifo Ho3Ha4e€HO y BUTIIAII
3BUYANHOT CTPINKK. Y 1IbOMY BUTIAAKY 3aIIPOEKTOBAHO 3B'I30K OJIMH 10 OJHOTO — OfI-
HOMY BYy3J1Iy OyJe BiIIIOBiTaTH OJHA TOYKA Ta OJMH Halip XapakrepucTuk. llle omxamm
KJIacoM TIporpami € kiaac FOrml,sikuit npusHaveHuit Uisl 1iajiory 3 KOpUCTYBaueM Ta
MICTUTD efleMeHTH (opMH Ta esKi METOIM.

Ha puc. 3nopaHo iHTepdelic kopuctyBaya rmporpam#, a came (GpopMy ISt 3aM0oB-
HeHHA BXimHWx mapameTpiB. Ll[o0 3mificHUTH MOIETfOBaHHS, CIIOYATKy IMOTPiOHO
BHECTH MOTPiOHI BXiTHI mapaMeTpH, Taki K. (i3MdHI XapaKTepUCTUKH TOCIiKyBa-
HOTO B3ipIlsi, TEMIEpaTypy, BOJOTIiCTh B3ipls Ta 30BHIIIHROTO CEPEIOBUINA, Killb-
KiCTb BY3JIiB, 4aC MOZIEIIOBAHHS Ta iH.

Ty
65 Mogens = ) 1
= -
i B napameTpi {| MaTpuus posnoginy I Tpawiic poanoujny\
KinbkicTs sysnisno XY 10 10 Temnepatypa x=0, Th &0 1
[poBoswii nopAADK NoxiaHoi :
Yac MofenoBaHHR: 30000 Temnepatypax=L. Te: 30
- 3avacom: 08
.10 : 20
M Losxura nnactinm L: Moyatkosa Temnpa: - R ——
Wipura nnacnam H: - 10 MNouatcosa Bonoricte 20 - 14 14
s ey Temnepatypa cepenosuwa BinH. son. s0BH. cepua
i l'ycmana maTepiany
BasucHa rycTuHa maTepiany
I TMTOMa TENMOEMHICTS MaTepiany Koeq. TennonposigHocTi Koew. sonoronposigHocT
i Koe®. pasosoro nepexoay
| TWToMa TENNOTa NaPOYTEOPEHHR KoegiLieHmi TennooBmiHy KoegpiuieHm BonorooGmiHy
TepmorpamieHTHWM KoediljeHT
Butpauero vacy: 00:00:00:0012
k:

Puc. 3. [ianozoge gikno npozpamu

3amaBiIy BCi BXiHI MapaMeTpH, MOXKHA TIPUCTYTIUTH 10 MPOLIECY MOJIEITIOBaHHS.
3Bakaroun Ha Te, IO peajli3alis aJropuTMy € TPYIOMICTKMM MPOLECOM i BpaxoBy-
F0UYM PO3MIPHICTD CITKM pO3OHMTTS Ta Yac MOAEIOBAHHS, MOTPIOHO OYiKyBaTH HA TPH-

31€ 36ipHUK HAYKOBO-TeXHIYHAX MpPaNb

HayxkoBmuii Bichuk HJITY Ykpainu. — 2016. Bun. 26.7

Basie MOJIeI0BaHHA. Ha yac MozienfoBaHHs TaKo BIUTMBAIOTH | TEXHIYHI XapaKTepuc-
TUKH amapaTHOTO 3a0e3MeueHHs, Ha IKOMY Oyle BHKOHyBaTHCS mporpama. [laHi pe-
3yJIBTaTy MOJICTIFOBAaHHS B TaOJIMIHOMY TIpEICTaBIICHI MOXHA CIIOCTepiraT Ha puc. 4.

ol Meoaens [ﬂlér
[ B napaverpn | Marpnus posnonny | Tpasi posnoany |

EN a0 a0 a0 30 30
674 67.4 674 674 67.4 674 674
56.56 56.56 56.56 56.56 56.56 56.56 56.56
4901 4301 43,01 4901 49,01 4301 45,01
45,88 4538 45,88 4588 45,88 4538 45,38
478 478 478 478 478 478 478
5433 5433 5493 5433 5453 5493 5493
668 668 66.8 663 668 66,8 66.8
8234 8234 8234 8234 8234 8234 8234
39,91 99,91 39.91 99,91 39.91 99,91 39,91

Puc. 4. Tabruune npedcmagnenns pe3yibmamie Mooeni06anH

Ha ocHOBi TaOMMUHNX MaHWX Pe3yIbTaTiB MOJCIIOBAHHS PEajli30BaHO METOIH
MPEe/ICTaBJICHHS BOJIOTH Ta TEMIIEPATypH y rpadiuHOMY BUTIISII.

BucHoBkH. Y HOTaLisX 00'€KTHO-OPi€HTOBAHOTO MiAXOAY Ta MapalieIbHOTO
NporpamMmyBaHHS 3aMpONOHOBAHO AITOPUTM I YUCEIBHOTO MOJETIOBaHHS HeizoTep-
MIiYHOTO BOJIOTOTIEPEHECEHHS Y CepeIOBUINAX i3 (PPaKTaIbHOI CTPYKTYPOIO.

Po3pobnene 6ararornoTokoBe mapaineibHe MporpaMHe 3a0e3neyeHHst Moxe OyTH
e(peKTUBHUM Uil PO3B'SI3KY MPUKIAIHUX 3a1ad Ha 0araTtonpoLecoOpHUX CUCTeMax i
npolecopax, 0 BUKOPUCTOBYIOTh TEXHOJIOTIO TiMepHOTOYHOCT:I.

CTBOpeHi KIach y peaizoBaHili MporpamMHii crcTeMi 3a0e3MedyIoTh He TilTbKU
MacmTaOyBaHHS, a i Jierke PO3IIUPEHHs MapaieNbHol pealizalii, 10 JacTh 3MOTY
peaizoByBaTH CXO0Xi CKIaaHIII MOJEIT.
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Cokonoeckuit A.U., Apkyn B.U., /legkosuu M.B. AnropurMudecKoe U npor-
pamMMHoe obecniedyeHHe /1 HCCIeJOBAHUSI HEM30TepMHYECKOro BJaronepeHoca

B cpeaax ¢ ¢ppakTaabHOIl CTPYKTYpOi

CdopmupoBanbl TpeGOBaHUS U BEIOPAH MHTETPUPOBAHHBIN TTOJXO0 K CO3AHUIO AlIrOPUT-
MHYECKOTO 00eCIeIeH s YUCIEHHOTO MOIETMPOBAHUS HEN30TEPMUIECKOTO BIaronepeHoca B
cpezax ¢ (paKTaIbHOM CTPYKTYPOIi, KOTOPBIH OXBAaTBIBAET Pa3paboOTKy MapauIeIbHOro ajro-
puTMa penrenus cucteM auddepeHImanbHbIX ypaBHEHUI B YaCTHBIX IPOM3BOHBIX. [Ipemio-
K€HA CUHXPOHU3alUA BBaHMOHeﬁCTBHﬂ TMOTOKOB JUIA NapalICJIbHBIX 00MEHOB MEXIYy Bpe-
MEeHHBIMU Inapami. PaspaGoTano nporpaMMHoe obecrieueHne 1 co31an uHTepdeiic Uit Bu3y-
aNM3aIny Pe3yIbTaToB MCCIIEA0BAHNS.

Kniouesvie cnosa: napajuienbHble BHIUICICHNS, IOTOKY, Ju(depeHInaNbHbIe YPaBHEHUS
JIPOGHOTO TIOPSI/IKA, BIArorepeHoc.

Sokolovskyy Ya.l., Yarkun V.l., Levkovych M.¥lgorithms And Software
for the Research of Unisothermal Moisture Transfer in theEnvironment with
Fractal Structure

The requirements are specified and the integragipdoach to creating numerical simulati-

on algorithm software for unisothermal moisturengfer in environments with fractal structu-
re is selected, which includes the developmentasélfel algorithm for solving systems of
differential equations in partial derivatives. Sgramization streams for parallel interaction
exchanges between temporal layers are proposetveBefis developed and user interface to
visualize the results of the research is created.

Keywords: parallel computing, flow, differential equation$ foactional order, moisture

transfer.

VK 539.3

KOHLIEHTPALIA HATIPYKEHD BLJ/IA EJINCOIAA/IBHOTO
BKJIIOYEHHA Y TIJII BHAC/IIAOK IONEPEJAHBOI'O
IVIACTUYHOI O AE®OPMYBAHHA

MM. Cmaonux*, 1A4. T opﬂalteecmuﬁz

JIoCHiPKEHO HaIpyIKeHHs, 1110 30epiratoThes y HEOHOPIHOMY IMPYXKHOMY TiJli 3 €JIirco-
inaapHUM Ta chepoiaTbBHUM HEKOPCTKUMU 1YKOPIAHUMH BKITIOUSHHSAMH ITiCIIS 3HSITTS 30B-
HILIHIX CHWJI, [IO MPU3BEIH 0 IMONEPeIHBOr0 IUIACTHYHOrO Ae(OpMYBaHHS, y MICIHIX IX
HaWOIIBIIOI KOHIIEHTpalii. 3aqa4y po3B's3aHO HAOMMIKEHO 3 ypaxyBaHHSIM TOHKOCTI BKITIO-
YeHHsI. 3a TECTOBY B3ATO 3a1a4y JUIsl IPYKHOTO CTATBHOrO TiNa 3 HIKEJIEBUM Ta MiTHUM cde-
POiaTbHUM BKIIFOUSHHSMH, KOJIU MOMEPEAHBO KOMIO3UTOBI Hagamu 8 % 3anuikoBoi aedop-
maii. [ToxaszaHo, MO BelMYMHA 3ANHIIKOBUX HANPYXKEHb € iCTOTHOIO, i MOXKE TTO3HAYUTHUCS
Ha Maii0yTHIiif ekcIuTyaTawil Takoro KOMIIO3UTa.

Kniouogi cnosa: BKIIOUCHHS, KOHIICHTpALisl HATIPY KEHb, 3AIUIIKOBI Aeopmartii.

! npod. M.M. Cramnuk, 1-p Texu. Hayk —HJITY Vkpainu, m. JIbBis,
2 nom. 1.51. TopGaueBchkuif, kaH. TexH. Hayk — HJITY Vipairu, M. JIbBiB
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MopesbHe npeacTaBieHHs 3a1a4i. Po3risiHeMo Oe3MexHe TpUBUMIpHE TiJlO i3
npyxHuMm (0< B/ E<1, B, E —Moayi Mpy>XHOCTI BKJIIOUEHHSI i MaTpuili, BiAmoBia-
HO) BKIIFOUCHHSIM, OOMEXEHUM JIESKOI0 TIAJKOK MOBEPXHEI0 ¥, CUMETPUYHOIO Bill-
HOCHO CepeIMHHOI IJIOHUHU S.

CucteMy NpsIMOKYTHHUX JAEKapTOBHX KoopAMHAT Oxyz BHOepeMo Tak, 1100 00-
JacTb S Jexana B miommHi XxOy, a MOBepXHA X omucyBanacid (yHKLi€ro
|Z="h(% 1Y), (x y)OS. Ipu usomy BBaxaemo, mo Bucota BkmodeHHs 2h(x,y) i pazi-
ycu KpuBHHH (X, Y,0) KOHTYPiB HOro MOMepedHNX MepepisiB IUIOMIHAMH, SKi TIPO-
XOIATh yepe3 Bicb Oz, € MaJlMU, TIOPiBHSHO 3 1HIIMMU JIiHIHHUMY pO3MipamM¥ BKITO-
yeHHsA. Hexaif Tijo i3 BKIIOYCHHSAM CIOYATKY IMiINAIOTh il 30BHIIIHIX PiBHOMIPHO
PO3TIONIIEHNX HaBaHTa)KeHb, IO MapalieNibHi 10 oci Oz i cMMeTpuYHi BiTHOCHO TIIO-
muHA Z =0, 1Mo3a TPaH!LE0 NMPYXKHOCTI, a OMICis TiJIO MOBHICTIO 3BUIBHAIOTH Bil Hil
3ycunb. OCKITBKM B 3arajlbHOMY BHNAIKy MEXaHidHI XapaKTePUCTHUKM MaTpuli i
BKJIFOUEHHS Pi3Hi, y TiJi BUHUKAIOTh BHYTPIlIHI 3aJWINKOBI HampyxeHHs. Mera
LbOr0 AOCIiUKEHHS — BU3HAUUTH KOHLIEHTPALLIO 3aIMIIKOBUX HOPMaJjbHHUX Hampy-
KeHb ob) y Tini (MaTpudi) npu z=0 B OKOJi KOHTYpPY L BKJIFOUEHHS, IO OOMEKye
obnacts S.

V mpani [1] 3anponoHOBaHO MOZIENFOBATH 3a4ady SK CYNEpPIIO3HLII0 ABOX 3amay:
3amavi (1) mist Tina 3 MOPOXKHUHOMO, siKa Mae KOH}Irypairo BKIIOUeHHS X, 10 GeperiB
AKOT MPUKJTA/ICHI HeBiZIOMi KOHTAKTHI HATIPYKCHHS 092) ; Ta 3ana4i (2) 1715t Tia 3 BKIIO-
YEeHHSM, Ha fKe MAIFOTh Ti X caMi KOHTAaKTHI HampyXeHHsS. 3a MPUIYIIEHHS, O Mpu
PO3BaHTaKEHHI BUKOHYEThCS 3aKOH ['yKa, i po3pyBH Y TiNli BiICYTHI, 111 BU3HAYEHHS
ot 3anpoIOHOBAHO TaKy YMOBY, LIO 3B's13ye nedopMartii y Tii Ta y BKIFOUESHHI

u(xy)+d2(x)=(e 8 b x) (xy)Os, (1)

ne: e i @ — cepelHi 3aMINKOBI TUIACTWYHI nedopmallii MaTpulli i BKIFOUSHHS;
ugl)(x, y) — KOMIIOHEHTa MPYKHKMX 3MillleHb TOUOK MOBEPXHi MOPOXKHUHM B MATPHL,
0 Mae KOH(Irypauito BKIFOUeHHS %, 10 OeperiB fkoi NpUKIaaeHi HOpMabHI Harl-
pyxenns ot ugz)(x, y) — KOMIIOHEHTa MPY)XHUX 3MilleHb TOYOK IOBEPXHi BKIIO-

YeHHs 3a Jii 1MX K€ Hanpy»XeHb. BpaXoByIHOUM TOHKICTb BKIJIFOUEHHS i CHMETpHUY-

HIiCTb HampykeHO-Ie(pOpMOBAHOTO CTaHy BiTHOCHO IUIOMMHU z=0, Wi 3agadi (2)
3MiMIeHHS ugz)(x, y) MOXHA 0GUHCITFOBATH TaK:
(v = 08

u?(x ) ZGldSh(m), )

ne: G, —MOJyIb 3CyBY; f4 —KoedimieHT [TyaccoHa marepiany BkimodeHHs. Tyt i na-

JIi JUIS CTUCIIOCTI BBeAEHI Mmo3HaueHHs: op =1- 4, d3=1-2u, dy=1-/4, ds=1+ 14,

ds =1- 2,1.11.
JInst HabNMKEHOro BU3HAYEHHS 3MilICHb ugl)(x, y), (xy)OS 3amauy (1) moze-

JIIOEMO 331a4el0 MaTeMaTUYHOT Teopil TpiliH. Bigrak, rpaHuuHi yMOBH 3HOCUMO Ha
cepeAnHHY MmIoluHy XOy i MPUXOAMMO 0 KpalioBoi 3a1adi A miBnpoctopy z=0:
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