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PEAJIM3ALIAA AJITOPUTMA MAPAJUIEJBHBIX BEIYMCJIEHUI
3AJJAYN HEM3OTEPMHUYECKOTI'O BJIAT'OIIEPEHOCA B ITPUPOJHBIX
JUCIIEPCHBIX CPEJAX

IIpeonazaiomes pesyrvmamel npo2pammuoll peaiuzayuu ¢ nakeme Matlab paspa6omannozo as-
mopamu aneopumma napailelbHblX 6blYUCIeHUT 3a0aUU HEUZOMEPMULECKO20 BNA20NEPEHOCA 8 NPUPO O-
HBIX Oucnepcuvix cpedax. Ilpogedennvie cpasnumenvhvie UCCICO08AHUS NPOUZBOOUMETLHOCU BbIYU C-
JIeHULl MOOeNU NEPeHOCd 3APAHAIOUUX BCUeCTg NO NPEONONCEHHOMY AN20PUMMY U C HOMOULIO
nakema Matlab na yposne cmandapmuvix uncmpyryuii noxasanu 3HauumMenbHOe COKPAWEHUE 8PeMeHU
BbIUUCTCHULL.

BBeaenne

C momenTa aBapun Ha YepHoObuTbCKON ADC mpounio Gomnee 28 neT, OTHAKO BCe €lie He Mpe-
CTaBJIACTCS. BO3MOKHBIM OIIGHUTH TIOJNHBIN YIIEepO, KOTOpBIA OHAa HAaHECNa, MMOCKOJIbKY NPHUYMHHO-
CIIEJICTBEHHBIE CBSI3H, OTPAKAIOIINE BO3JCHCTBHE PAIMOAKTHBHOTO 3arps3HEHUS TEPPUTOPHUU HA pas-
JIMYHBIE CTOPOHBI KU3HEESITEIIPHOCTH HACEIIEHHs, JOCTaToYHO cioxHBI [1]. Ilpu 3ToM ocolyro omac-
HOCTb TPEJCTABIISIET paclpoCTpaHEHUE PaJNOAKTHBHBIX HYKIHAOB 1e3usi-137 u ctponnmsa-90, nocrym-
JIeHHE KOTOPBIX B TIMINECBBIC TMPOMYKTHI OCYIIECTBISICTCS B OCHOBHOM IOYBEHHBIM IyTeM [2].
[TockompKy mepro/ moypaciaaa yKa3aHHBIX PaJHOHYKIIMIOB COCTaBIseT 27—33 rojia u 3TOT MPOIEce
CBSI3aH C BBIACIICHUEM [- M y-u3inydeHHUs [3], 3amaum aHaiu3a M NPOTHO3UPOBAHUS WX MUTPAIUU
B TI0YBE MMCIOT HENPEXOIAIIYIO aKTyalbHOCTh. [IepCeKTHUBHBIM ISl pElICHUs YKa3aHHBIX 3a7ay sIB-
JsieTCs IPUMEHEHNE METO/I0B MAaTeMaTHIeCKOTO M KOMITBIOTEPHOTO MOJIETUPOBaHUS [4].

1. MO}IeJ’IHpOBaHI/Ie MUI'PAlUU 3arPASHAIOIINX BEIIECTB B IIOYBE

MOoKHO yTBEpKAATh, YTO MIPH MOAEITUPOBAHNH MHUTPAIUH 3arpsA3HSAIONINX BEIIECTB, 0COOEHHO
PaAMOHYKIUAOB, B MOYBE BAXKHYIO POJb UIPAIOT MOJEIH W METOMBI, MO3BOJIAIONINE OCYIIECTBISATh
JIOCTOBEPHBIE JIOITOCPOYHBIE MPOTHO3EI. B OONBIIMHCTBE COBPEMEHHBIX MPOTPAMMHBIX KOMILIEKCOB,
MpeTHA3HAYCHHBIX NI MOAEIUPOBAHUS CIOXKHBIX (PH3MUECKUX IPOIECCOB, YHUCICHHAS pPeaTH3allus
pa3paboTaHHBIX MOJIENIEH OCYIIECTBIIAETCS C MOMOINBI0 METOa KOHeuHBIX ameMenToB (MKD) [5-7].
Ilo cpaBHeHHto ¢ MeToO0M KOHeuHBIX pazHocTel (MKP) MKD He Tonbko MMeeT MEHBIINH MOpsAIoK
MOTPEITHOCTH [8], HO ¥ TMO3BOJISIET POU3BOJILHO BHIOMPATh hopMy 00padaThIBaeMoOi 00JIaCTH ITyTeM
BapbUPOBAHMS KOJUYECTBA y3JI0B ceTkH. Kpome Toro, oqHIUM M3 HEMaJOBaXXHBIX JocToMHCTB MKD
SBJISIETCSL TO, YTO CBOMCTBA MaTepHaliOB CMEXKHBIX DJIEMEHTOB HE JOJDKHBI OBITH 0053aTEIbHO OJIMHA-
KOBBIMU. DTO MO3BOJIAET pelIaTh 3aJayd MOAECIMPOBAHUS MUIPALMU PAAHOHYKIUAOB B CpeAax, Co-
CTOSAIIUX W3 Pa3IUYHBIX MATEPUAIOB, YTO OCOOCHHO aKTYaJIbHO JISi IPUPOHBIX JHUCIIEPCHBIX CPE,
TaK KaK OHU, KaK MPaBUJIO, SBJISIOTCS TeTepOreHHBIMU [4].

B ogHOMEpHOM BHIE MAaTEMAaTHYECKYIO MOEINh MepeHOca 3arps3HSIONINX BEIIECTB B IPUPO/I-
HBIX JUCIEPCHBIX CpeAax MPU HEU30TEPMUYECKOM BIIATOIIEPEHOCE MOKHO MPEACTABUTH B BUJE ABYX
CHCTEM ypaBHEHUH [4]:

— MepeHoca TerJia ¥ BIarornepeHoca, penraeMoil OTHOCUTENBHO TEMIIEPATY Pl U JaBICHUS KHU/I-
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IIpuBeneHHass MaTeMaTHIeCKass MOZCIb BRIUMCIACTCS Ipu momomu MKD, u ee omHOMEpHEIH
ciyyail peanu3oBaH B pamkax moxayns Chemigmod nporpammuoro xommuiekca SPS (Simulation
of Processes in Soil — monenupoBanue mpoueccoB B nouse) [4]. OnHAKO NP BCEX MPEUMYIIECTBAX
9TOW MOJIETH JaXKe TPH ee OJHOMEPHON peaM3aluy BCTAaeT BOMPOC O OONIBLIMX BPEMEHHBIX 3aTpa-
Tax MpH JOJITOBPEMEHHOM MPOTHO3UPOBAHHMHU, TaK KaK B 3TOM Cllydae HEOOXOIMMO HCIIOJIb30BATh
00JTBIIIOE KOJMYECTBO KOHEYHBIX JIIEMEHTOB M Y3JIOB CETKH M PacyeT Ha MEPCOHATbHOM KOMITbIOTE-
pe MOXKET BBINOIHATHCS Oosiee 20 4, 4TO B MPHUKJIAJHBIX IPUMEHEHHSAX B PEATbHBIX POU3BO/ICTBCH-
HBIX YCJIOBHSX SIBJSIETCS HEMpPHEMIEMBIM. ODTa MpoOlieMa CTaHOBHTCS elie 0Ooyiee aKTyalbHOI
[P PELICHHH TPEXMEPHBIX 3ajad, JJIs PEIICHHsS KOTOPHIX TpeOyeTcs MPHUMEHEHHE CIEHAaTbHOMI
BBICOKOTIPOM3BOIUTEILHON BBIYUCIUTEIBHOM TEXHHUKH, YTO YaCTO MPEACTABISIET 3HAYUTEIbHBIC
TPYJHOCTH JJsi OOJBLIMHCTBA TOJIb30BaTeel. Bu3yanusanusi BapHaHTOB PEIICHHS OJHOMEPHOU
U TPEXMEpHOIl 3a1a4 1oKka3aHa Ha puc. 1.

- ~—— 3
1 — MOBEPXHOCTH MOYBHI, 2 — pacIpe/eieHne 3HAUCHHUIH 1 — rIoI@a b pacnpoCcTpaHeH s 3arPAZHSIONIETO BEIIECTBA
TEMIIEpaTyp 110 TPOQPUITIO TOYBBI I10 MOBEPXHOCTH, 2 — 30Ha OPAXKEHHsI 3arPA3HAIOLIUM
BCHICCTBOM IIO0YBEI, 3 — nouBa
a) 0)

Puc. 1. I[Ipumeps! penieHus 3a1a4 1Mo MPOrHO3Yy HEepeHOCa 3arps3HSIONIMX BELIECTB B IPUPOIHBIX JUCIIEPCHBIX Cpeiax
P HEU30TEPMUIECKOM BIIATOTIEPEHOCE: d) OMHOMEPHOH; 6) TpeXMepHOU

st 06ocHOBaHMS BRIOOpA METOAMKH MapaJUIETLHOTO PEIISHHs pacCMaTpUBaeMO 3a1a4u ObLITO
MIPOBEJICHO WCCJIEIOBAaHNE BIHSHUS HA JJIMTEIBHOCTh PAacyeTOB C YUETOM CIEAYIONINX IapaMeTpOB
MOJIEIH:

— KOJIMYeCTBa KOHEYHBIX 3JIEMEHTOB B UMCIICHHOU peanu3aiui ypaBHeHus (N, exn.);

— paccTosHuUS, ISl KOTOPOTO IMIPOM3BOANTCS OIICHKA repenoca Terua (1, m);

— JOJNTOCPOYHOCTH MPOTHO3UpOBaHUS (1, ).

OCymecTBISAIOCh MOICTUPOBAHNE MUTPAIIUH CTPOHITUSI-90 B TEpHOBO-TIOA30JIUCTON 3200~
JIOYEHHOU MOYBE CO cieaylomuMu Guznueckumu cpoiictBamu: pH = 4,8, comepkanuem rymy-
ca— 4,06 %, comepxanuem P20 — 169 mr/kr, K20 — 503 wmr/kr, CaO — 503 wmr/kr, MgO —
128 mr/kr.

Pacuetsl npoBomuiick B mporpaMmHoM rakere Matlab. Pesymnbrarer uccnenoBanmii oKa3aHsl
Ha pHc. 2.
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Puc. 2. 3aBucuMocCTh BpeMEHH pacueTa ypaBHEHNUS TEIUIONPOBOAHOCTH: @) OT KOJIMUECTBA 31eMeHTOB ceTkH (pu L = 10 m);
6) OT paccTOsIHUSA, HA KOTOPOE MOJEIUPYETCS IEPEHOC TEIIa; 8) OT JOJITOCPOYHOCTH IMPOrHO3a

HpCI[CTaBJ'IeHHBIC PE3yJabTaThbl MOKA3bIBAOT, YTO HauOOJbIIee BIUSHHE HA JJIINTCIBbHOCTL BBI-
YHCJICHUM OKAa3bIBAIOT JO0JITOCPOYHOCTD IMPOrHO3UPOBAHUA U KOJIMYCCTBO HUCIIOJIB3YEMBIX KOHCUYHBIX
3JICMCHTOB. HpI/I 9TOM COBCPIICHHO OYCBUAHO, YTO IIPHU YBCINYCHUU 3HAUYCHUH BCEX TPpEX MapaMeTpOB
OAHOBPEMCHHO 6y£[eT Ha6J'IIO,Z[aTI>C$I Oollee 3HAYNUTEIHLHOE YBCIWYCHUC JIUTCIBHOCTH PpPacyY€ToB,
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B OCOOCHHOCTH JIJIS 337]a4 B TPEXMEPHOU peayin3anuu. PenieHue 3Tod MpoOJieMbl MOXKET OBITh JOC-
THUTHYTO MPUMEHEHHUEM TEXHOJIOTHI MapayiebHbIX Beruncaenui [9, 10].

2. Peaju3anus aJiropuT™Ma NapajuieJbHbIX BRIYHCIEHUH /15 3a1a41d MOIeJIHPOBAHUS
MUTPANMHU 3arPSI3HAIONINX BelleCTB B MOYBe

ANTOPHUTM MapaiIeNbHOTO BBIYUCIICHUS IS 3a/la4d KOHBEKTUBHOU nu((y3uu pacTBOPHUMBIX
BCIIIECTB C YYETOM HEHM30TEPMHUYECKOTO BiaromepeHoca (puc. 3) mpeactaBiseT co0oi mocienoBa-
TENPHOCTh LIUKJIOB pelieHus cucteM nuddepenunanbubix ypasuenui (1) u (2), 1. e. pacnapauienu-
BaHME pelIeHus TudPepeHInaIbHBIX YPAaBHEHUH METOZOM KOHEUHBIX SJIEMEHTOB.

Hauano

McxonHble gaHHble
N

v

Co3paHune pacnpeaeneHHoro maccusa ans peweHnsa
CUCTEMBI ypaBHeHle HEeNn30TePMUYECKOro
BnaronepeHoca OTHOCUTENbHO AaBneHUs XXNOKOCTU

!

MacwTabuposaHue u pacnpegeneHune yacten
maccua no N npoueccopam

T

v v
OcyLecTBneHne BblYMCIEHNIN OcyuecTBneHne BblYMCNEHUI
B NepBOM sigpe BO BTOPOM siApe

I T

v

CosfaHune pacnpefeneHHoro Maccmsa Ans BblHUCIEHNA
BnarocofepxaHusa n onpegeneHnsa cCKopocTun
nepeHoca pacTBOPMMOro BellecTBa NOTOKOM XUOKOCTU

¥

MacwrabupoBaHue n pacnpeaeneHue Yactemn
maccusa no N npoueccopam

v
OcyuwecTBneHne BbIMUCTIEHNIA
B N-m agpe

O O 0 O—

T

¥ v
OcywecTBneHne BblYMCEHNIA OcyuwecTBneHne BblMUCNIEHNI

B NepBoOM sigpe BO BTOPOM sifipe
L b e

v
CosnaHue pacnpefeneHHoro Maccuea Ans pelueHns
YPaBHEHUA KOHBEKTUBHON AU dy3nm cypaBHEHNEM
KMHETMKM copbuun

-

MacwTrabuposaHue n pacnpegenexune yacten
maccusa no N npoueccopam

v
OcyuwiecTBneHne BbIMUCNEHNIA
B N-m agpe
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T

¥ v
OcyuwiecTBneHne BblYMCNEHNIN OcyuiecTBneHne BblMUCNEHWI

B NepBoM siape BO BTOPOM siipe
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Pesynbrar

Puc. 3. AnropuT™ napauiebHbIX BEIYUCICHHUM JUTS 3a/1adll KOHBEKTHBHOM AU(Qy3UH pacTBOPUMBIX BEILIIECTB
C y4€TOM HEM30TEPMHUYECKOTO BIIaronepeHoca
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OcHoBoit ma mporpammuoro Moxyist Chemigmod B kommekce SPS sBisiiack mporpamma,
HaIMCcaHHas B cpejie mporpammHoro nakera Matlab, tak kak oH MO3BOJISIET B MOJHOM Mepe UCTIOIb30-
BaTh MKD ans perenus auddepeHnaibHbIX ypaBHEHUH. B CBI3M ¢ 3TUM yKa3aHHBIN MaKeT IpUMe-
HEH B HacTosAmIel padoTe M MPAaKTHYECKOHW pean3alliy MPeUI0KEHHOTO TTapaJlIeIbHOTO aITOPUT-
Ma [10].

HcxoaHblit Ko MPOrpaMMBbl ISl YMCIICHHOTO PELIeHUsl ypaBHEHus (2) MEeToJaMH, ONTUCAHH bI-
mu B [4], B mporpamme Matlab Gyxer comepxare nBa ocHoBHBIX mukia — While u for, kotopsie
obecrieunBarOT peKkyppeHTHoCTh anroputma [11]. Huka while ucnonb3yeTcst i peanu3aiuu pac-
yera Iara 1o BpeMeHH, a mukia for — mis pacdera nuddepeHIranbHbIX ypaBHEHUH MO METOAY
Hetorona — Padceona. s peanusarnuu mapamiensHoro aaroputMma [10] B nporpamme Matlab wuc-
nosib3oBaHo mpmitokenne Parallel Computing Toolbox [12], koTopoe mpemocTaBisieT psif BHICOKO-
YPOBHEBBIX KOHCTPYKIHMI (OJHOM U3 KOTOPBIX SBIIsieTCs MapaienbHblil nukin for (parfor)) mmst kon-
BEpPTALMK MOCIEAOBATENBHBIX MPHUIOKEHHH, O00ECNeUYnBalOMUX HMX paboTy Ha MHOTOSIEPHBIX
nporeccopax, knactepax u GPU [13]. B coorBeTcTBUM ¢ MeTOAaMU, ontcaHHBIMU B [10], mis mony-
YEeHUS MapaJIeIbHO BBITOJHIEMOW MPOTpaMMBI Ha YPOBHE paclapaljIeIMBaHUS aJTOpPUTMa HEOO-
XOJMMO BBIACITUTh MACCUB JJAHHBIX B CYIIECTBYIOIICH MOCIEN0BATEIHLHON MPOrpaMMe U MOCTPOUTH
HAa €r0 OCHOBE HEKOTOPOE YHUCIO MEHBIIMX MacCHBOB, KOTOPHIE MOTYT pEHIaThCs MapajlielbHO
Ha HECKOJBKHX SJIPaX KOMIIBIOTEPA.

OTHOCHUTENBHO penraeMoi 3aJaqd IOIXOMSIINE MACCHBHI JaHHBIX 00paOaTHIBAIOTCS B LIUKIIE
for, u sSIBHBIM METOJIOM JIJIsl IOJTYYCHHUS TapauIeNIbHOM MporpaMmbl Oy/IeT 3aMeHa B KOJIe TOCIIeI0Ba-
TENBHOM porpaMMmsl ukiTa for Ha mapannensHsiii nuk parfor ¢ ucrmosnp3oBanuem Parallel Computing
Toolbox. Uto e kacaercs 1ukia While, KoTopbIM 3amaeTcs Imiar mo BpeMEHH, TO OH HE MOXET ObITh
pacnapaienieH BBHIY HETMHEHHOCTH PELICHUS] OTHOCHTEILHO BPEMEHH.

Hcnonp3oBanue mapaiieasHoro ukia parfor 8 cpene Matlab peanusyer mapasmiensHO BBITION-
HEMYIO TIPOrpaMMy, OJJHAKO JIMIIIb 3aMeHa oreparopa for na parfor He rapanTupyer mosydeHue pa-
OoTaromeil mporpammbl. PaccMaTpuBaeMblidl ciiydail He SIBISICTCS MCKIIOUYEHUEM, MTOITOMY JJIsl Tpa-
BUJIBHOTO  (DYHKIIMOHMPOBAHHS IPOrPaMMBI  alTOPUTM  IIOCJTEOBATEILHOTO  pacdyera  ObLI
npeobpa3oBaH. DTO CBsI3aHO C OrpaHUYCHUEM IMKIIa parfor mo pabore ¢ THIIAMHU MEPEMEHHBIX, & TaK-
JKe 3aIIPeTOM Ha MOIM(HUKAIIIIO 3HAYCHUS TIEpEMEHHBIX BHYTpH nukia [14].

[TpeoOpazoBanue alrOpUTMa OCYHISCTBIISIETCS C MOMOIIBIO HMCIOIB30BAHUSI MAacCUBa sUEEK
Matlab. OcoGeHHOCThIO MaccHBa sUEEK SIBISETCS TO, YTO OHM MOTYT COZAEPKaTh Pa3HbIC TUIIbI AaH-
HBIX, O0bEIMHEHHBIEC OJTHOM NMEePEMEHHOI, a BEKTOP SYEeK MOKET MEHATh THI IAHHBIX B KaXKJIOM dJIe-
MeHTe. TakuM 00pa3om, MpesIoKeHHAsT peaTu3alus IporpaMMBbl sIBIIsieTcst 0oiee TpeOoBaTENFHON K
pecypcaM OINepaTHBHOW MaMSTH, OJJHAKO IMO3BOJISIET BBIMOJHATH MOJICIHPOBAHKE, 3aJCHCTBOBAB BCe
spa HEeHTPAITLHOTO MpoLeccopa.

Jns mpoBeneHnsT MCClleOBaHUK pa3padOTaHHOM MPOrpaMMBI HCTIONB30BAJICS IMEPCOHATBHBIN
KOMIIbIOTEp Ha 0ase mecTtusiepHoro mnporeccopa AMD FX 6300. Pacuet npoBoauiics ¢ yaeToMm ciie-
JYIOIIUX TTapaMeTpoB: BpeMs MPOTHO3UPOBAHHS — JBOE CYTOK, 3HaUe€HHE paauyca murpammu — 10 m
(tabn. 1). Beuta mpoBeeHa Takke OleHKa 3(P(EKTUBHOCTH MapauieIbHbIX BBIYUCICHUHA. JIJIst 3THX
neneil npuMeHeH Ko3p@HIMEHT d, KOTOPBIH MOKa3bIBaeT, KAaKOM MPOIEHT BPEMEHH MPOIIECCOPHI HC-
MOJIB3YIOT Ha TIPOBEJICHHE HEMTOCPEICTBEHHO BBIYMCIUTEILHBIX OTIepalnii:

§ = 1 . 100 %, ©)

Kt ap

rac tnoc — BpEMs, 3aTPAaYCHHOC Ha IMOCIICAOBATCIIbBHOC BHIYUCIICHUC, tnap — BpEMs, 3aTPa4YCHHOC Ha I1a-
pali€JIbHOC BBIYMCIICHUC, K — KOJIM4€eCTBO BEIYMCIIUTENBHBIX IIOTOKOB.
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Tabmuna 1
CpaBHHTEIIbHBIC PE3YIbTAThI PEIICHUS 33a4d MUTPAIMH 3arPSI3HIONIMX BELIECTB B MOYBE C MOMOIIBIO MOCISJ0BATEILHOTO
U [IApAJUIEIBHOTO aJTOPHUTMOB CTAHIAPTHBIME CPEICTBAMH ONEPAIIMOHHOM CHCTEMBI U Iporpammuoro makera Matlab

3arpayeHHOE BpeMs
3aTpaueHHOE BpeMs | IIPU HCIIOJIb30BaHUH KomyectBo DdeKTHBHOCTS
IpH MIOCJIeI0Ba- LIECTH Sep 3JIEMEHTOB 5. % Ycxkopenue, %
TEJIHOM pacyeTe, ¢ | (pacrapajuieIMBaHHue CEeTKH N PACTApAICTHBARI O, 7o
Ha ypoBHE 3ajad), ¢
7,8 7,3 250 17,8 107
14,2 14,0 500 16,9 101
23,8 23,3 750 17,0 102
29,5 29,2 1000 16,8 101
43,1 42,4 1250 16,9 102
48,7 47,9 1500 17,0 102
2962,0 2551,9 10 000 19,3 116

Kak BUIHO W3 peaCTaBICHHBIX PE3yIbTaTOB, IPH paclapauIeIMBaHUM BBIYUCICHUH Onepaiy-
OHHOI CHCTEMOH U MporpaMMHBIM TTakeToM Matlab Ha ypoBHE cTaHZapTHBIX HHCTPYKIUI TOCTHIACT-
csl He3HaUUTeNbHOE yecKopeHue pacueTos (10 116 %). [Ipu ucrnonb30BaHuU NPEATIOKEHHOTO aBTOPaMHU
IropuTMa yCKOpeHue 6oJjee CyIIeCTBEHHOE.

CormnacHo 3akoHy Amzaana [15] MOXHO JaTh OIIEHKY MaKCHUMAIBHOTO YCKOPEHUS, IOCTHKIMOTO
JUIs JII0O0T0 MapasulesIbHOTO alropuTMa ¢ JoJIeH mociaeaoBaTeNbHbIX onepanuil. Vicxons u3 cnenudu-
KM pelraeMoil 3aJa4u, a Takxke ocobeHHocTei mukia parfor, npudmauszurensuo 70 % omnepauuii npu
pacuere ypaBHEHHS TEIUIONPOBOAHOCTH BBIIOJIHAIOTCSA MOCIEAOBaTENbHO. TakuM 0Opa3zom, npu Hau-
OoJbIIEM SKCIEPUMEHTAIFHOM 3HAUYEHUHM YCKOpEHHWs MapaiensHoro anroputMma 141 % (tadnm. 2)
MaKCHUMaJIbHO BO3MOXKHOE 3HaUeHUe cocTaBUT 142 %.

Tabnuma 2
CpaBHUTEIBHBIC PE3YIbTATHI PEIICHHS 33a9l MUTPAIMH 3aTPSI3HSIONINX BEIICCTB B TOYBE
C TIOMOIIIBIO TIOCIIEIOBATEIFHOTO U Pa3pabOTaHHOTO MapalIeIbHOTO alTOPUTMOB
3arpaycHHOE BpeMsI Ipupoct
3arpadeHHOE BpeMs TIpH HCTIOMB3OBARMH | 1y pyyecrpo Db dexTrBHOCTH Yckopenue YCKOpCHHA
LIECTH s1ep 10 CPaBHEHUIO
MPHU TOCIIEI0BA- 3JIEMEHTOB pacnapanienu- napayuieIbHOTO
(pacmapanenuBa- CO CTaHAapPTHBIM
TEJIbHOM pacuere, ¢ CETKHU N Banus o, % anroputma, %
HHUE HAa YPOBHE pacnapaienu-
aITOpuTM™Ma), C BanueMm, %
7,8 15 250 8,3 52 49
14,2 13,7 500 17,3 104 103
23,8 17,9 750 22,2 133 130
29,5 20,9 1000 23,5 141 140
43,1 31,9 1250 22,5 135 132
48,7 39,9 1500 20,3 122 120
2962,0 2130,9 10 000 23,2 139 120

YuuThBasi TEHJCHIWIO MOBBIMEHHUS 3PGEKTUBHOCTH pa3pabOTaHHOTO alToOpuUTMa MpU 00Jb-
IIOM YHMCJIE KOHEYHBIX 3JIEMEHTOB, KOTOpOe HEOOXOANMO ISl MOBBIILIEHHSI TOYHOCTH PacueToB (B 0CO-
o6ennoctu B 3D-peanuszannu), MOKHO TOBOPHUTH O MEPCIEKTUBHOCTH €r0 NPUMEHEHMS IS PELICHUs
MPAKTHYECKUX 3a/1a4 B pacCCMaTPUBAEMOH MPEAMETHONW 00IacTH.

3akiIo4yeHmne

Pa3paboTtaHHbIIl anropuT™ MapayuIedbHBIX BBIYUCICHUH 3aJa4i HEU30TEPMUIECKOr0 Biaromepe-
HOCa B NMPUPOAHBIX JUCIEPCHBIX Cpelax MPaKTHYECKH pealli30BaH B IporpamMMHoM mnakere Matlab.
Y4uThIBasi, 4TO BBIUMCIEHUS OCYIIECTBISIFOTCS € IIIarOM 10 BPEMEHH, aTOPUTM (DAaKTUYIECKH SIBIISIETCS
YaCTUYHO OCJIEN0BATEIbHBIM, YACTUYHO NapajuleibHbIM. [lapaiiensable BBIYUCICHNS IPUMEHSIIOTCS
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B YACTH aTOPUTMa, KOTOPBIM OTBeYaeT 3a pemenne auddepeHnanbHbIX ypaBHeHHH MeToqoM Hpto-
ToHa — PadcoHa, M peanr30BaHbl MPHU MOMOIIM MapajiebHOrO IUKIa Parfor, koTopsiii pa3ouBacT
HCIIOJIb3yEeMbl€ MACCHUBBI IAHHBIX HA MACCUBBI MEHBIINX Pa3MEPOB U OCYIIECTBISACT UX pacyeT Ha si]I-
pax KOMITbIOTEpa MapaielbHO, PABHOMEPHO paclpeerisisi Harpy3Ky. MacCuBbI TaHHBIX, C KOTOPBIMHU
MOXET paboTaTh MUK Parfor, ObUTH MOTyYeHBI TyTeM MPUMEHEHHs MacCHBOB siueek Matlab.

Pa3paboraHHbIli aITOPUTM TOKa3hIBACT CTA0MILHOEC YCKOPEHUE BBIYUCICHHUH, CTpeMsIIeecs
K MaKCUMaJIbHO BO3MOXKHOMY JJISl pelraeMoi 3aauu. DTOT MPUHIUIT TOJTHOCTHIO COOTBETCTBYET CIie-
nuuKe perIeHns 3a1a9u JOITOCPOTHOTO MTPOTHO3UPOBAHUS, TTO3BOJISIA SKOHOMUTH 10 41 % mammH-
HOTO BPEMEHH IO CPABHEHHUIO C MOCIEIOBATEILHBIM allrOPUTMOM pacuera u 10 20 % 1Mo cpaBHEHUIO
C MapaJUIeIbHBIM, MTOJTYYCHHBIM BBIMIOTHEHUEM CTAHJAPTHBIX POrPAMMHBIX MPOLEIYP, YTO AaeT BO3-
MOJKHOCTH YCKOPUTH aHAIIN3 MUTPAIINH 3arPS3HSIOMINX BEIIECTB B MOYBE, OCOOEHHO MPH €€ TpexMep-
HOH peaym3aruu. [lpw 3TOM, MpUHUMAs BO BHUMaHHE TaKOE CBOHCTBO pa3pabOTaHHOTO alrOpHTMa,
KaK paBHOMEPHOE pachlpe/ieiCHUe MapaliebHO BBIMOIHSAEMBIX 3a/lay MO0 MPOIECcopaM, YCKOpPEHHUE
pacdera MOXKET OBITh YBEIMUYCHO MyTeM npuMeHeHus IBM ¢ OGoNbIIMM YUCIIOM siep LEHTPATBHOTO
mporeccopa.
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P.K. Shalkevich, S.P. Kundas, I.A. Gishkeluk

IMPLEMENTATION OF THE PARALLEL ALGORITHM OF NONISOTHERMAL
HEAT AND MOISTURE MIGRATION TASK SIMULATION IN NATURAL
DISPERSE ENVIRONMENTS

The results of the developed algorithm of parallel computing program implementation of non-
isothermal moisture transfer in natural dispersed environments in the Matlab package are considered.
Comparative studies of the computing model performance of contaminants transport by the proposed
algorithm and use of Matlab at the standard instruction level showed a significant reduction in compu-
tation time.



