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IpuBeneHsl pe3yiabTaThl pa3pabOTKH M HCCICHOBAHHS CO3JAHHOTO Ha OCHOBE CBOOOIHO
pacmpoCTPaHsAEMOro MPOTPAMMHOTO O0ECIIEUCHHsT BBICOKOIPOM3BOAUTEIHHOTO POTPAMMHO-
anmapatHoro  BBIYHCIMTENBHOIO  KOMIUIGKCA IS MOJCIMPOBAHHS  PACIpEICICHUs
JNIEKTPOMATHUTHBIX MOJICH B GIIIDKHEH 30HE METAUTMYIECKUAX U AUIICKTPUYCCKUX HAHOYACTHUL. B
Ka4€CTBEC CpAaBHCHUA MPUBCACHBLI NPUMEPHI pacdye€Ta AaHAJIUTHYCCKOIO W YHCJIICHHOT'O 3HA4YCHUA
nosieit BOm3u chepuuecKix HaHOYACTHUII.

Knroueasvle cioea: pacnopeacjICcHHbIC BBIYUCJICHUA, MaTEMaTHYICCKOC MOACJIMPOBAHUEC,
QJICKTPOMArHuTHOC IOJIC.

BBenenne

JIns pemeHust 3amad pacueTa  pacHpeNeNeHUS 3JIEKTPOMAarHUTHOTO TIOJISI ONTHYECKOTrO
JMana3oHa B OMIDKHEH W JajbHEl 30HAX HAHOYACTHIl TMPEUIOKEHO M HCHOJIB3YeTCsl HeMallo
Pa3IMYHBIX AHAJMTHUYSCKUX M YUCICHHBIX MeToZ0B [1-3]. OcoOyr0 BBIYHMCIUTENBHYIO TPYIHOCTDH
BBI3BIBACT PAacyeT TPEXMEPHOTO pacrpeieieHus o B OMMKHEH 30He METAUTMYECKUX HAHOYACTHI]
Ha YacToTaX, ONM3KMX K YacToTaM IUIa3MOHHOTro pe3oHaHca [3]. Bombmime rpaaueHThI
JIMAJICKTPUYECKON TPOHUIAEMOCTH, JEKTPUYECKOr0 U MarHUTHOTO MOJIeH BOJIM3M TPAHUIl YACTHII,
HEO0OX0MMOCTh TOYHO# alpoKcHMaIui (GOpMbI YaCTHIIBI BOJIM3M TPaHHIIBI pa3jiena TpedyeT Bbibopa
MaJioro pasmepa pPacueTHOTO »JJEeMEeHTa. JTO NPUBOAUT K HEOOXOIMMOCTH pEIICHHS CHCTEM
JIuHEHHBIX ajreOpamueckux ypaBHeHuit (CJIAY) 3HauumtenbHbIx pasmepHocteir [4-6]. Ecim
TpeOyercsi pemars 3ajadyy rmoadopa ONTUMAIbHOIO MapaMeTpa CTPyKTypbl, To pemenune CIIAY
TpeOyeTcst [MOBTOPUTh MHOTOKPaTHO. JQQEKTUBHOE pEUIeHHE JaHHOW MNpOOJIEeMbl BO3MOXKHO
HOCPE/ICTBOM  HICTIOJIB30BAHUSI TEXHOJIOTHH OpPTaHHM3allMd PAaCHpE/IeICHHBIX BBIYUCICHUNA W (VITH)
napauie/bHbIX BBIYMCIICHHUH, MO3BOJISIONIMX YMEHBIIUTh KOJMYECTBO BBHIMOJHAEMBIX OIEpanuii Ha
Ka)XJIOM  BBIYMCIHTEIILHOM y37e [7] M TeM caMbIM 3HAYUTEIBHO CHHU3HTH BpEMs HAXOXJICHUS
peLICHMYSL.

Co3naBaeMblil MPOrPaMMHO  aMapaTHBIH KOMIUIEKC TMpeIHa3Ha4YeH Uil KOMITBIOTEPHOIO
MOJICTIMPOBAHUS ONTHYECKHX CBOWCTB HAHOKOMIIO3UTOB M METaMaTEpPHAIOB HA OCHOBE HAHOYACTHII
METAUIOB C UENbI0 TOCICAYIOMIEro MONYyYSHUs] CTPYKTYp C 3aJaHHBIMH (DYHKIIMOHAIBHBIMU
XapaKTePUCTUKAMH, TMEPCHEKTUBHBIMU [UISi HCIIOJb30BAHUS B Ka4eCTBE CEHCOPHBIX JIIEMEHTOB,
npeoOpaszoBareieil, yCHIHMTENCH W3IydeHUs], YIPABISIOMIUX ONTHYECKHX W  OMTOICKTPOHHBIX
anemeHToB [8]. Mcxoms w3 93TOro, OH JIOJDKEH NOJJICPKUBATh pPacueT paclpeiesieHuH
DNIEKTPOMArHUTHBIX TOJICH ONTHYECKOro Juama3oHa: B OJNWKHEH 30He BHYTPM U BHE
JIMDJICKTPUUECKON M METAIUTMYECKON OJJHOPOIHBIX MJIM HEOJIHOPOAHBIX (MATHUTHBIX M HEMArHUTHBIX)
HAHOYACTHII IPOU3BOJIBHON (POPMBI; CO3JaHHOTO OJJHUM HMJIM HECKOJIBKHMHU TOYCYHBIMU HCTOYHUKAMHU
(nurionssMu), BOIM3M HAHOYACTHII.

64



B kauvecTBe mMpOrpaMMHOTO OOECIICUCHHs ISl PEIICHHS YKa3aHHBIX 3adad ObUIO BBHIOPAHO
nporpaMMHOE O00ECHEUCHHE C OTKPBITBIM HCXOaHbIM KomomM MEEP [8, 9], peanusyromiee
YHUBEPCAJIbHBIA METOJ — METOJ KOHEYHBIX pa3HoCTel Bo BpemenHoi obmactu (FDTD) [6, 8, 9]. K
nocromHcTBaM naketa MEEP MoxxHO oTHecTH BO3MOXKHOCTH 3()()EKTHBHOTO MOACTUPOBAHUS
pacrpenencHus dIEKTPOMAarHUTHBIX TIOJNeHd ¥ HAMYMe TMOJJICPKKH TapalUIeIbHBIX BBIYACICHUA Ha
6aze unrepdeiica MPI (MPICH) [10].

ApXHUTeKTYpa NPOrPaMMHO-ANNAPATHOI0 BHIYMCINTEIbHOI0 KOMILIEKCA

JocTyn K co3gaBaeMoil BBIYHCIHUTEIBHOW cpele HeoOXOAUMO ObUIO 00eCHeduTh C JTHOOBIX
KOMITBIOTEPHBIX YCTPOWCTB W W3 PAa3NUYHBIX TOYek joctyna. /Jlius 3Tux menedd Hambomee
3¢ PEKTUBHBIM SBIISIETCS UCIIONb30BaHue coBpeMeHHBIX Web-texnomnoruii na 6aze GRID-cucrem [11].

B kauyectBe 6a30BOro mporpaMMHOrO oOecreueHHs OpraHU3alil ABTOHOMHOI'O CErMEHTa
GRID-cpenbt OblT BbIOpaH AMCTPUOYTHB MPOTPAMMHOTO OOECHEUEHHS MPOMEXKYTOUHOTO YPOBHS
Unicore [12]. Tlpenmaraemasi apXuTeKTypa MpeicTaBicHa Ha puc. 1. BeauCInATETbHBIA KiacTep
peanu3oBaH Ha 6a3e Texnonorun MPI ox ynpasnennem OC Ubuntu.
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Puc. 1. ApXI/ITeKTypa IPpOrpaMMHO-aNMnapaTHOro BIMUCIUTECIBHOTO KOMILJICKCA

Web-untepdeiic (puc. 1) peanuzyer ocHOBHbIE ()YHKIIMH B3aMMOJEHCTBUS C IOJIb30BATEIEM
(KITMEeHTOM) ¥ TIO3BOJIIET MPAKTHYECKH ¢ JIFOOOTO yCTpo#cTBa, mojepkuBatomiero goctym k Web-
pecypcam 1o mpotokosnry HTTPS, pasMemats cBoM 3a1aHHs Ui BBIOJHEHUS! B BBHIYHUCIUTEIBEHON
cpene. Tax xe yepe3 Web-unrepdeiic ocymecTBIsSeTcsi perucTpanys 1 aBTOpU3aIns MOJIb30BaTEICH.
Jis Kaxioro ToJIb30BaTelsl Ha cepBepe CO3JaeTcsl OTAeNbHAs JOMAIIHSS TMarKa, MpeIHa3HauYeHHas
JUIsL 3arpy3kd (paiyioB 3aaHWii W XpaHEHUS KOHEYHBIX pe3yibraToB pacueroB. Web-unrepdeiic
CaMOCTOSITETIbHO Te€HepUpyeT CKpUnT uHuimanuzauud u daiin 3aganus ans UNICORE, a tak xe
ABTOMATHYECKH 3aJ1aeT TyTH JJs XpaHeHus (aimoB. MMs BBIXOJHOTO apxWBa C pe3ylibTaraMu
YKa3bIBAETCs MTOJIB30BATENIEM BPYUHYIO.

[locne monmyuenuss u obpabotku 3amanuss UNICORE renepupyer apxuB ¢ pe3yiabTaToM U
MOMEIIAeT ero B JIOMAITHIOIO TAIKy TI0JIb30BaTENs, [TOCJe Yero IMOJIb30BaTelIh MOXKET CKadaTh apXuB C
pesynsTaTtoM yepe3 Web-unrepdeiic. s peanusarmu ObLIH HCIIONB30BaHbI BeO-cepBep Apache u s3bik
PHP nns Hanmcanus cepBepHOM yacTu (peanu3aims 3arpy3ku (ailyioB 3aaHui, a Tak)kKe MOHUTOPUHT
pesynbraToB). CaMu cTpaHMLBI HIMEIOT TIpocToe oopmiienue, cozpannoe cpencrsamu HTML u CSS.
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Texnuyeckasi peanu3zanusi apXUTEKTYPbI NPOrPAMMHO-ANNAPATHOTO
BBIYHMCJIMTEIbHOI0 KOMILJIEKCA

Peanmmsanust mpeuiaraeMoil  apXHTEKTYyphl IIPOTPaMMHO-ANMApPaTHOTO BBIYHUCIUTEIHHOTO
KOMITJIEKCa 3aKjrouaeTcs B MHTerpauuu mporpamMel MEEP ¢ pacnpeneneHHON BBIYHMCINTENBHON
cpejioii ¢ oiHO# cTopoHsl, 1 ¢ Unicore Server — ¢ apyroit. T.0. BBIICISIOTCS IBE MO3a1a4H:

—3amyck MEEP B pacnipeneneHHON BEIYUCIUTENBEHO CpEIe;

—3amyck MEEP u3 3aganus Unicore.

st pemieHus: mepBOM 3aaduu UCTIONB3YyeTcs pacipeneneHHas Bepcus naketa MEEP-MPI u
unrepdeiic MP1 MPICH. TTockoibky paboTa B BEIYUCIUTEIHLHOM KITACTEpE CONPSIKECHA C yAaIeHHBIM
3aIlyCKOM TIOJIb30BaTEIbCKUX MPOTpaMM, HAa3HAUCHHWE KOTOPHIX 3apaHee HE W3BECTHO, HMMEeTCs
BEPOSTHOCTh HEMPaBHIBHOIO WM 3J0HAMEPEHHOTO HCIOJB30BaHMsl JOCTyHa K cucTemaM. Bce
JEUCTBHS B KJIacTepe MOJIB30BATENH JIODKHBI COBEPIIATH TOJBKO OT MMEHH CIENUATbHO CO3AaHHOM
HEMPUBUIETHPOBAHHOM YUETHOM 3aIllUCH.

MPICH wucnone3yer ynaneHHbIi AocTyn K y3nam 1o nportokony ‘SSH. Koxmenmws
6e3onacHoctn SSH 3ampemniaer nocTynm K 3TOMY KaTallory JIIOOBIX JIPYTHUX TOJB30BATeNe Kpome
«BIazenpuay. MexaHu3M aBTOPU3ANUH MO YMOIYaHHUIO MPEAIOoIaraeT BBO Maposisl yHETHOH 3amuch
Ha YAaJCHHOW CUCTEeME, UYTO KpaiiHe HeyoOHO B ciydae OONbLIOro KolndecTsa mporeccos. [loaTomy
mpeJiaracTcs MCIIOJIb30BaTh aBTOPHU3aIUio mocpeactBoM RSA-kmroueirt 6e3 maposs. [lapa kmoueit
CO3JaeTCsl OT UMEHU paHee CO3JaHHON YUETHOU 3aMKCH.

JIost 3amycka pacnpeesleHHON IPOrpaMMBl B KIIACTEPE BCE €ro y3IIbl JOJDKHBI HIMETh JIOCTYI K
UCTIONHSAEMOMY (aiiily, a TakxKe, €cli TOro TpedyeT mporpaMma, K gaiaam co BXOJHBIMH JaHHBIMH.
Opranu3oBaTh COBMECTHBIM JOCTYN BCEX Y3J10B K oOmMM (aijaM MOXXKHO C TOMOIIBIO CETEBOH
daitnosoit cucremsr (Network File System, NFS). lns storo B Tabmumy mMoHTHpoBaHHs /etc/fstab
Jn00aBIIsieTCs COOTBETCTBYIOMIAsi CTpOKa. MOHTHpOBaHHE OyIeT MPOUCXOIUTh aBTOMATHUYECKH HpPH
3arpy3ke cucTeMbl. [Ipy 5TOM /Uit XpaHEeHUs] CBOMX JIOKAJIbHBIX JaHHBIX KaXKAbIH BBIYMCIUTEIHHBIN
y3€J UMEeT OT/IEIIbHBIN KaTaJor.

Jnst 3amycka MEEP u3 3amanus Unicore ncmnons3yeTcst KOMaHJHbINA HHTEeprperarop Bash, B
KOTOpoM (hopMHUpyeTcst cKpHnT. [ eHepupoBaHHE CKPUITOBOTO (aiiyia ¢ HeOOXOAMMBIMHU TapaMeTpaMH
OCYIIECTBIISIET pa3pabOTaHHBIA IUIAHUPOBIIMK. /Iy TOro, 4roOBl OTHPaBHUTH CO3JaHHOE 3aJaHUE,
ucnoab3yercst kKouconpHblil kiment UCC (Unicore Commandline Client), kotopslii 3amyckaercst Ha
cropoune WEB-cepsepa.

BoruncianTe/bHBIH JKCIIEPHMEHT Ha IPUMepe peleHust 3a1a4u o pacnpenenenun IMII
B OJIMKHeH 30He MeTAJUINYECKON U IMJIEKTPHYecKOoil cheprIecKHX YaCTHIX

Jist mpoBepKH aJIeKBaTHOCTH M TECTHUPOBAHUS OBICTPOJICHCTBUS BHIYMCIUTEIHHOTO KOMILIEKCA
ObUTO BBIOpaHO ABe (PU3MUYECKHUX 3a/1a4H O MOJEITMPOBaHUH deKTpoMarHuTHoro noist (OMII) BOam3m
cheprueckoil MeTaummyeckod u nuanekrpudeckoid HaHowactunbl (HY) pagmycom R =40 mm. HY
HaxoAATCsl B BO3AyXe (€ = 1), X LEHTPHI COBMAAAIOT C LIEHTPOM JIEKAPTOBOM CHCTEMbI KOOD/IHMHAT.
Bo30yxaeHre 0CyIecTBIsUIIOCh TUIOCKOH, JIMHEHHO TONSPU30BAaHHON BIIOJIb OCH X BOJHOW C JIIMHOM
BOJHBI 405 HM. MoOJenipoBaHUe OCYIIECTBISIIOCh METOIOM paccesHHOro moissi [6] 10 MomeHTa
BpPEMEHH YCTAHOBJICHUSI CTAI[MOHAPHOTO pACIpe/esieHHsl MoJisi B pacueTHO oOnactu. BriOupanuch
3HAYEHUS] TUDJICKTPUYECKONW TIPOHUIIAEMOCTH MaTepHaja MeTaundeckoi ene = —3,5191+0,5798i
(Obnm3koe K 3HAUCHWIO STOM BeMHUWHBI JJIs cepebpa [13]) W AMAIEKTPUYECKON HAHOYACTHIL
ene = 3,5191+0,5798i.

s MozenupoBaHus MCTIONIB30BAJIaCh MIPOCTPAHCTBEHHAs pacyeTHas obnacte B popme Kyda ¢
pebpom 240 um. Tlocie ycTaHOBJIEHUS CTAllMOHAPHOTO pAaCHpE/CIeHUs] TIONS  Pe3yJIbTaThl
MOJICJIMPOBAHMS MPAKTUYECKH HE 3aBUCEIU OT TOJIIMHBI cornacymomero cios (Perfectly Matched
Layer, PML [6,9]) Bokpyr pacuetHoW oOnactd ¢ TOMMMHON mnpeBbimatomeii 10 um. Ilpu
BepuuKanuy ucrnonb3oBaiock paspemenne 600 Touek Ha 1 MkM (okoso 1,67 HM) B HampaBJICHHUSIX
BCEX KOOPJMHATHBIX OCeH, a I TecThupoBanus ObicTpoaericTBus — 200 Touek Ha 1 MKM.
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Puc. 3. 3aBECMMOCTh HHTEHCHUBHOCTH JJIEKTPOMArHUTHOT'O MOJISl OT KOOPAMHAT BOJIHM3H TOTJIOIIAIOIIEeH
cepruecKoil MeTaIIIMYeCKO HAaHOYaCTHIIBI

Pemienne 9To¥ 3amaud MOXKET MOJYYEHO AHAIMTHYECKH Ha OcHOBe Teopun Mu [14]. Ha
puc. 2 M 3 TpPHBEJCHBI PACHPEACICHUS KBaapaTa aMIUTUTYAbl DIEKTPUYESCKON COCTABISIOIICH
9NICKTPOMATHUTHOTO TOJS BHE TPEXMEPHBIX CHEPUUSCKHX METAUTMYECKOH W JAMDICKTPHYECKON
HaHOYACTHII pazMepoM 40 HM, HAXOSIIMXCS B BO3/yX€ B IIEHTPE JAEKAPTOBOW CUCTEMbI KOOPIUHAT.

TectupoBaHue OBICTPONCHCTBHS  BBIYMCIMTEIBHOTO KOMIUIGKCA OCYIIECTBIISZIOCH — IPH
UCIIONb30BAaHUH PA3IMYHOTO 000pyHoBaHus. V3HauanbHO B Ka4eCTBE CpPeJIbl Mepeiavyn JaHHbIX ObLIa
BhIOpaHa JIOKaIbHAs BEIYMCIMTENbHAS CeTh Ha Oase mporokonma 100baseTX [15] (puc. 4) u pemanucs
MoOJeNbHBIE 3amaun ¢ paspemenueM 200 touexk Ha 1 mMkM. U3 puc. 4 BUAHO, 9TO YCKOpEHHUE
(aKTHYeCKH  TPOUCXOAWUT  TOJBKO JUIS  CiIydas  WCIOJB30BaHUS  JABYX  y3JOB, jaiee
NPOU3BOUTENILHOCTD KiacTepa najgaer. O4eBUIHO, YTO Takas KapTHHA HaOI0IaeTcs H3-3a TOTO, YTO
BpeMsl pacueTra COMOCTaBUMO CO CKOPOCTBIO TIepeladyd [TaHHbIX M0 ceTH. s yBeluueHHs
NPOU3BOUTEIILHOCTH TPEOYETCsl MOJICPHU3ALIMS CPE/IbI ITEPe/Iauu ITAaHHBIX.
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Puc. 4. Bpems pemienus MOICIbHBIX 33184 B Kiactepe Ha 6ase cetr 100baseTX

MonepHmaumo armnapaTHo-mporpaMMHOI0 BBIYHCIUTCIIBHOT'O KOMIIJIICKCa MOXXHO

OCYLIECTBIISITH [0 TPEM OCHOBHBIM HampaBleHUsAM. B mepByro ouepenp — 5To oOecredyeHue
MHUHMMAQJIBHOTO BPEMEHHM OOpabOTKH KaXkIOro OTAEIBHOro 3azaHus. Bo BTopyro — peanuzanus
MaKCUMaJIbHO 3()(EKTUBHON 3arpy3kd BBIYHCIMTENBHBIX Y3J0B. B TpeTblo — TIOBBIICHUE

IMPOU3BOJUTCIIBHOCT € TOYKHU 3PCHUA KOJIUYCCTBA BLIIIOJTHCHHBIX Sa[LaHI/II\/'I 3a OHpeIleJIeHHbe/'I
BPEMEHHOI UHTEPBAJL.

[lepBoe HampaBJIeHHE MOXKET OBITh YJIYYIIECHO TOJBKO 3a CUET IMOBBIIICHHUS M MOJCPHU3AINU
anmnapaTHON 4acTH KOMILIEKca. 31e€Ch MOXKHO BBLIEIUTh CIAEAYIOLINE KIFOUEBbIE JIEMEHTHI:

— cpena nepeaayy AaHHBIX — JIOKAJbHAs CETh — OIPAaHHYEHA B POCTE MMEIOIIMMCS Ha PhIHKE
CEeTEBbIX 00OPYIOBAHNEM U CYILECTBYIOIIMMH CTaHIAPTaMU OCTPOCHUS CETEBBIX CHCTEM;

— MOILHOCTB s1JIpa IIPOLECCOpa OTAEIbHOIO BEIUUCIUTENBHOIO y311a;

— 00beM onepaTuBHON MaMATH Ka)XI0T0 BEIMUCIUTEIBHOTO y371a;

— KOJINYECTBO HCIIOJIB3YEMBIX BBIYMCIUTEIBHBIX Y3II0B.

Kak IMpaBUJIO, YBCIWYCHUC HNPOMU3IBOAUTCIBHOCTH [JIA PCHICHUA OTACIBHOr0O 3aJlaHusd
MMPUXOAUTCA HapalllMBaTh 3a CUYCT IMOBBINICHUA CKOPOCTHU CPEAbI NEPEaaun U YBCJIIMUCHUA KOJIMUCCTBA
y3510B. On1HaKo, Kak ObUIO TOKA3aHO paHee, yBEJIMUEHHE KOJIMYECTBA y3JIOB HE BCErAa MPUBOAMT K
YBEJIMYEHHUIO CKOPOCTH BBITIOJTHEHMS 3a1aHUS.
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Puc. 5. Bpewmst peliieHus MOJIENbHBIX 33/1a4 B Kiiactepe Ha 6ase cetu 1000base-T

Bropoe HampaBieHre B OCHOBHOM peajU3yeTCsl MPOTPAMMHBIMHU CPEACTBAMU — B YACTHOCTH,
IUTAHUPOBIIUKAMH 3aJaHul, 3()(HEKTUBHOCTh KOTOPBIX 3aBUCHT KaK OT HCIIOJb3YEMbIX aJrOPHUTMOB
IUTAHUPOBAHUS, TaK M OT CTPYKTYPHI 3aJaHHi, HAXOASIIUXCS B 0U4eped 00paOdoTKH.
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Tperbe HampaBlICHHE MOXET PEATM30BBIBATECS COBMECTHO Ha amllapaTHOM U IPOrPaMMHOM
ypoBHSX. [ KaXX0T0 3ajaHus B JAHHOW BBIYUCIUTEIBHON cpelie cymecTByeT 3h(HEeKTUBHOE YHCIIO
V3JIOB, TIPU KOTOPOM JO0OaBJICHWE HOBBIX ISl PEIICHUS 3aJaddl HE TMPHUBOJUT K YMEHBIIICHHUIO
CKOpOCTH 00pa0oTKu. DPPEKTUBHOEC YUCIO Y3JIOB 3aBUCHT Kak OT CaMOW 3aJlaud, Tak M OT
TEXHUYECKUX XaPaKTEPHCTHK BBIYHACIUTENHHOTO y3na. I[Ipu peanu3anuu TPEThETO HANpaBICHUS
HEOOXOIMMO 00eCTIeUnTh 3aITyCK BCEX 3aJaHUN TOJIHKO Ha d()()EKTHBHOM UHMCIE Y3JIOB, & OCTAIBHBIE
Y3JIbI KCTIOJIB30BAaTh IS 3aITyCKa IPYTruX 3aaHui, 4YTO JOKEH peaan30BaTh ITaHUPOBIIHK.

OcyIIecTBIM MOJIEPHU3AIMIO CPEAbl Tepeaadn JaHHbIX 10 mpotokona 1000base-T [15] u
MPOBEZIEM MMOBTOPHO BBIYHCIUTENHHBINA KCIIEPUMEHT (pHC. 5). AHanm3upys puc. 4 U 5 BUIHO, UTO
3¢ (heKTHBHOE YICIIO Y3JI0B BO3POCIIO C 2 10 8, a MUHUMAIIbHOE BpEMSI PEIICHHUS 3a7a9i YMEHBIIIIIOCH
¢ 93 cexynn 1o 25 c.

[IpoBeeM BBIYMCIUTENHHBIA IKCIIEPUMEHT TIPU PEUICHUH MOJICNBHBIX 33/1a4 C pa3pelieHreM
500 Touek Ha 1 MM (puc. 6). I3 pucyHKa cieayer, 4To ¢ YBeTHICHHUEM BBIYUCIUTEILHON CIOKHOCTH
3aganus 23QPEKTUBHOE YHCIIO Y3JIOB TAKIKE BO3pACTacT.

600 \
\
500 \
.

= e e NUINEKTPUYECKAA

é\\ m— = = MeTaNINnYecKan

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

KoanuecTBO BHIYHCIAUTEIBHBIX Y3J10B, IT

Puc. 6. Bpewmst perienus MOAEIbHBIX 3a1a4 ¢ paspemieHrem 500 Toyek Ha 1 MKkM

3akiIouyenue

B pesynmbraTte mpojenaHHON padoTHl ObLT CO3/IaH MPOTPAMMHO-AIMAPATHBIH KOMIUIEKC IS
WCCIICIOBAHUS paclpe/ielIeHHs dJIEKTPOMAarHUTHOTO IOJIsi B ONMKHEH 30HE CEepUUecKUX YaCTHII,
OTJINYAIOLLUIACS:

— UCTIOJIB30BAaHUEM CBOOOIHO PaCcIpPOCTPAHIEMOT0 IIPOTPAMMHOTO O0ECTICUSHHS

— OBICTPBIM Pa3BEPTHIBAHNEM W HU3KUM TPEeOOBaHHEM K amapaTHOMY 00eCIeUeHUIO;

— MPOCTOTOW WCIMONB30BAHUS W MHTETPAIMK B CYNICCTBYIONINE BBIYMCIUTENbHBIE CHCTEMBI U
CceTH;

— BO3MOXKHOCTBIO JIETKOTO MacIITa0WPOBaHUS M HapaluBaHUs (YHKIINH;

— TIOBTOPSIEMOCTBIO ¥ BOCTIPOU3BOTUMOCTBIO.

BeluucinTenpHbIle  9KCIIEPUMEHTHI  MMOKAa3alld, 4YTO Ui o0eclieYeHus] MaKCHMalbHON
NPOM3BOJAUTENBHOCTH HauboJee 11e71eco00pa3HbIM SBISIETCSl YBEIMUYCHHUE MIPOIMYCKHONH CIOCOOHOCTH
Cpellbl Iepejaud JaHHBIX W KOJMYECTBa BHIYUCIUTENBHBIX Y310B. [ Hanbonbmei 3ppekTuBHOCTH
9TO CTOWT HPEANOYECTh YBETHUCHUIO BEIYUCIUTEIILHOW MOIITHOCTH OT/IEJIEHBIX Y3JIOB.

[Ipennaraemast MeTonuKa CO3JaHMS MPOrPAMMHO-ANNAPTHOTO KOMIUIEKCA IO3BOJISIET JIETKO
KOHCOJIWAUPOBATh  HEHUCIIONb3yEeMble  BBIYHCIHUTEIBHBIE PECYpChl Al  PELICHHS  CIOXKHBIX
BBIYUCIUTEIBHBIX 33/1a4 U MOXET OBITh JIETKO pPaclpoCTpaHeHa Ha JPyTHe KIACCH PECYPCOEMKHX
3ajau.

Paboma  ewvinonmena npu noodepoicke npocpammer  I'KIIHH  «@ynkyuonanvuvie u
MAUWUHOCMPOUmenbHble Mamepuanvl, HaHomamepuansly (3adanue 2.4.02) Pecnybnuxu Berapyce.

69



PROGRAM-SOFTWARE COMPLEX FOR CALCULATIONS OF THE
ELECTROMAGNETIC FIELD DISTRIBUTION IN THE NEAR FIELD OF
DIELECTRIC AND METAL NANOPARTICLES

K.S. KURACHKA, O.D. ASENCHIK, E.G. STARODUBTSEV

Abstract

The results of research and development of high-performance hardware and software
computer system for modeling the distribution of electromagnetic fields in the near field of metallic
and dielectric nanoparticles of the analyzed. The complex is based on free software. The calculation
results of the analytical and numerical values of electromagnetic fields in the vicinity of spherical
nanoparticles are shown for comparison.
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