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O0mas noctaHOBKa NMpodJieMbl

B name Bpems kpyr 3amay, TpeOYIOMUX IJII CBOETO PEIICHUS MPUMEHEHHS MOIIHBIX
BBIYHMCIUTENBHBIX PECYPCOB, MOCTOSHHO pacHIMpsieTcsl. JTO CBA3aHO C TEM, YTO MPOMU3OLLIH
(GbyHIaMeHTallbHbIE M3MEHEHMs] B CaMOil OpraHu3allMu HaydHbIX HccleqoBaHuil. BcneactBue
IOAPOKOTO BHCAPCHHUA BBIYHCIIUTETLHON TEXHUKH, 3HAYUTCIIBHO YCHUJIUWJIOCH HAIIPaBJICHUC
YHCJICHHOTO MOJACIINPOBAHUA U YUCIICHHOI'O SKCIICPUMCEHTA. HpI/I 9TOM YHCIECHHBIN OKCIICPUMCHT
MO3BOJIMJI 3HAUUTENBHO YJAEHIEBUTh MPOLECC HAYYHOTO M TEXHOJIOTMYeCKoro mnoucka. Crano
BO3MOXHBIM MOJCIIHMPOBATE B PCAJIbHOM BpPEMCHU MPOLECCHI HWHTCHCHBHBIX (1)I/I3I/IKO-
XMUMUYECKUX M SJCPHBIX pEaKUMd, Triao0albHble AaTMOC(EpHbIE MPOLECCHl, IMPOLECCHI
HKOHOMHYECKOTO Y MPOMBIIUIEHHOTO Pa3BUTHs PErMOHOB U T.A. O4EeBUHO, YTO PELICHUE TaKUX
MacIITaOHBIX  3a7ay  TpeOyeT 3HAUUTENbHBIX  BBIYMCIMTENBHBIX  pecypcoB. CambIM
NEPCHEKTUBHBIM U3 CHOCOOOB YOBICTPEHMs pEIIEHUs 3aJad BBIACJIAIOT NapalIeINn3aLuio
AJITOPUTMOB.

Knaccunpukanus apxuTeKkTyp napauieJbHbIX BbIYHCIHUTEIbHBIX CHCTEM

Camoii panHell u Hauboyiee H3BECTHOM SBISAECTCS KiIacCU(PUKALUS aAPXUTEKTYP
BBIYUCIIMTEIBHBIX CHUCTEM, TMpeaiokeHHas B 1966 rony M.Oaunnom. Kriaccudukamms
0asupyercs Ha MOHATHHU MOTOKA, MOJ KOTOPHIM MOHUMAETCS IMOCJIEI0BATEILHOCTh JIEMEHTOB,
KOMaH/ WIH JaHHBIX, oOpabarpiBaemas mporeccopoM. Ha ocHOBe ymcia MOTOKOB KOMaHJ U
MMOTOKOB AaHHBIX DIMHH BBIIEIAET YeThIpe Kinacca apxutektyp: SISD,MISD,SIMD,MIMD.

SISD (single instruction stream / single data stream) - oaMHOYHBINA MOTOK KOMaHI U
OJIMHOYHBIM TOTOK JaHHbIX (puc l.a). K »sTomMy Kiaccy OTHOCSTCS KJIacCHYECKHE
MOCJIeI0BaTEIbHBIC MAIlTMHBI, HJIM HHAYe, MAaIlIUHbI ()OH-HEHMAaHOBCKOTO THUIIa, Harpumep, PDP-
11 wmm VAX 11/780. B takux MalmHaX €CTh TOJBKO OJIMH IOTOK KOMAaHJ, BCE KOMAaHJbI
00pabaThIBalOTCS MOCIEAOBATENBHO JAPYT 3a JIPYrOM MU KaXKJas KOMaHAa WHUIMHPYET OJHY
OTepanuio ¢ OJHUM MOTOKOM JaHHBIX. He mmeeT 3HaueHus TOT (akT, YTO ISl yBEITUYECHUS
CKOPOCTH OOpaOOTKM KOMAaHJ M CKOPOCTH BBHITIOTHEHHS] apu(PMETHUYECKUX OIeparuii MOXKeT
NPUMEHAThCS KOHBeWepHas oOpaboTka - kak wmamumHa CDC 6600 co ckansipHbIMH
¢dbyHKIIMOHATBEHBIMU yeTpoiicTBamu, Tak 1 CDC 7600 ¢ koHBeliepHbIMHU TIOMAAIOT B TOT KJIacc.

SIMD (single instruction stream / multiple data stream) - oauHOYHBI MOTOK KOMaHI U
MHO>KECTBEHHBII MOTOK HaHHBIX (puc. 1.0). B apxurTekTypax mogoOHOTo pojia COXpaHseTCs
OJIMH MOTOK KOMaH/, BKIIOYAIONINN, B OTIIMYKE OT MPEIBIIYIIEr0 Kiacca, BEKTOPHBIE KOMaH/IbI.
DTO0 MO3BOJSIET BHIMOIHATH OJHY apru(METHIECKYIO OTIEpaIlMI0 Cpa3y HaJl MHOTUMHU JTaHHBIMH -
aneMeHTaMu BekTopa. CriocoO BBITIOJIHEHUS! BEKTOPHBIX OIMEpaIii He OrOBapUBaeTCs, TOITOMY
00paboTKa 2JIEMEHTOB BEKTOpPAa MOKET MPOU3BOIUTCS JTHOO MPOIECCOPHONW MATpUIIEH, Kak B
ILLIAC IV, mu6o ¢ noMoibpio KOHBeliepa, Kak, Hanpumep, B Mammae CRAY-1.

WudopmanronHsle ynpaBisiomuye CHCTeMbl 1 KoMIbioTepHbIi MoHUTOpHHT (MY C n KM 2012)
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MISD (multiple instruction stream / single data stream) - Tunm apXuTEKTyphI
NapajyieIbHBIX BBIYMCICHUH, TJIE HECKOJbKO (DyHKIMOHANBHBIX MOAYyJeH (aBa wim Ooiee)
BBIIIOJIHAIOT PA3JIMYHbIE ONEPALlUU HAJl OJTHUMU JaHHBIMHU (puc. 1.B).

OTKa30yCTONYMBBIE KOMITBIOTEPHI, BHIOTHSIOMINE OJTHU U T€ e KOMaH/bl U30BITOYHO C
LeIbl0 OOHapyXeHUsl OMIMOOK, KaK CIEeNyeT U3 OIpeNeleHUs], IpUHAuIekaT K aToMy Tulmy. K
3TOMY THUIly UHOTJIa OTHOCST KOHBEHEPHYIO apXUTEKTYpPY, HO HE BCE C ATHUM COTJIACHBI, TaK KaK
JaHHbIe OYIyT pa3iuyaTrhecs Mocie 00padOTKM Ha KaxKJIoM craguu B KoHBelepe. Hexoropbie
OTHOCST CHCTOJIMYECKUI MAacCUB MPOLIeCCOPOB K apxurekrype MISD.

Bbruto coznano nemHoro 9BM ¢ MISD-apxutektypoii, mockonsky MIMD u SIMD wyare
BCEro SBIAIOTCA OoJiee MOAXOASIIMMHU ISl OOLIMX METOIUK MapajuielbHbIX AAaHHbIX. OHH
o0ecneunBaroT Jiydllee MacliTaOUpOBaHUE U MCIIOJIb30BAHUE BHIYMCIUTENBHBIX PECYPCOB, YEM
apxutekrypa MISD [9].

MIMD (multiple instruction stream / multiple data stream) - MHOXECTBEHHBIH TOTOK
KOMaHJT ¥ MHOXXECTBEHHBIIl MOTOK JAaHHBIX (puc. 1.r). DTOT Kiacc mpeamnojaraer, 4ro B
BBIYHMCIIUTENIBHON CHCTEME €CTh HECKOJIBKO YCTPOMNCTB OOpaOOTKM KOMaHMA, OObEJUHEHHBIX B
€MHBIM KOMIUIEKC U pa0OTarONIUX KaXk10€ CO CBOUM MOTOKOM KOMaH]T M JaHHBIX [§].

vy vy
nP | l—nA | np Ll | l—/nA |
(a) - SISD (6) - MISD
vy vy
P = no | P = na |
(8) - SIMD (r) - MIMD

Pucynok 1 - Buasr apxutextyp 1o OnuHHY

Hardware — pemenust

MOIIIHOCTH COBPEMEHHBIX IPOLECCOPOB IOCTATOYHO JUIS PEIIEHHS 3JIEMEHTapHbBIX
mIaroB OOJIBIIMHCTBA 3a/a4, a OOBEIMHEHHE HECKOJIBKHUX JECATKOB TAaKHUX IPOIECCOPOB
no3BoysieT ObIcTpO W 3(P(eKTHBHO pemaTh MHOTHE MOCTABICHHBIC 33/1a4d, HE mHpuoeras K
MIOMOIIY MPHH(PPEHMOB H CyIiep KOMIIBIOTEPOB.

[MosiBunack uaes co3naHus MapaieNIbHBIX BBIYUCIUTEIBHBIX CUCTEM U3 0OIIEOCTYITHBIX
KOMIThIOTEpOB Ha 0a3e mpoueccopoB Intel u Hemoporux Ethernet-cereii, ycraHoBHB Ha 3TH
KOMITbEOTEpBl LINUX #, 0OBEIMHHB C TOMOLIBIO OJHONW W3 OECIUIATHO PACIPOCTPAHSICMBIX
KOMMYHHUKaIMOHHBIX Onbauorek (PVM nnu MPI) 53Tu KoMIbroTepsl B Kiactep. DKCIEPUMEHTHI
MOKa3aJIy, YTO HAa MHOTHX KJIaccax 3a/1a4 U MPU JOCTATOYHOM YHUCIIE y3JIOB TAKHE CUCTEMBI JAtOT
IIPOU3BOIUTENIEHOCTh, KOTOPYIO MOKHO MOJTYYHTh, UCIIOJIB3Ys JOPOTHE CYINEepKOMIbIOTEpHI [1].

Taxxe moMuMO KJacTepHOI TexHoJoruu ucnoibiyercs apxurekrypa CUDA. CUDA —
3TO MNpPOrpaMMHO-aNIapaTHas apXUTEKTypa, MO3BOJISAIONIAs TMPOU3BOJAUTH BBIYUCICHHS C
ucrnoab3oBanueM rpaduueckux nporeccopoB NVIDIA, mnomnepx uBaromux TEXHOJIOTHIO
GPGPU (mmpou3BoJibHBIX BHIYHUCICHUI Ha BUIEOKApTaX).

WudopmanronHsle ynpaBisiomuye CHCTeMbl 1 KoMIbioTepHbIi MoHUTOpHHT (MY C n KM 2012)
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CUDA SDK mo3BoJsieT mporpaMMICTaM pealn30BbIBaTh Ha CIEIHAIBLHOM YIPOIIEHHOM
JMajeKTe s3blka TmporpaMMupoBanHuss CH  anrOpUTMbI, BBINIOJHUMBIE Ha TpadUUecKUX
nporeccopax NVIDIA, u BkItouaTs cienuanbHble GYHKIUU B TeKCT nporpamMmel Ha Cu. CUDA
aéT pa3paboTYNKy BO3MOXKHOCTh 0 CBOEMY YCMOTPEHHIO OPraHW30BBIBATH JOCTYI K HAOOPY
UHCTPYKUUH TpauuecKoro yCKOPUTENS W YHOPABJSATH €r0 NaMsAThIO, OPraHW30BbIBATH HAa HEM
CJIOKHBIE TapaJuIesIbHbIe BHIYUCICHHUS [2].

Taxxe st pelieHus 3ajJad NapauieIbHOrO MPOrPaMMHPOBAHUS MOXHO HCIOJIb30BaTh
MHOTOSZIEpHBIE ITPOLIECCOPBI COBMECTHO €O crenuanbHbiM [IO um OubinoTexkamu, Halpumep,
Microsoft Parallel Extensions to the .Net Framework.

CpencrBa OC Linux

B OC LinuxX MOXHO BBIIEIUTH CICAYIONIME JIOKAIbHBIE W YAaJIeHHBIC CpPEICTBA
MEKIIPOILIECCHOTO B3aMMOACHCTBUS:

- TIPOILIECCHI;

- CHTHAJIBI;

- TpyOBI;

- OnoxupoBKa (haiiios;

- ouepeau CoOOIEeHNU;

- cemadopsbl;

- pa3aensieMble CETMEHTHI TAMSITH;

- IOTOKU;

- COKETHI;

- YJQJICHHBIA BBI30B IPOLIELYD.

PaccmoTpuM noapoGHEe HEKOTOPBIE U3 HUX.

Cuznanwl SBISIOTCS MPOTPAMMHBIMH IPEPHIBAHUSMHU, KOTOPbIE MOCHUIAIOTCS MPOLIECCY,
KOT/Ia ciy4aercs HeKoTopoe coObiThe. CHUrHallbl MOTYT BO3HHUKAaTh CHUHXPOHHO C OIIHMOKOHM B
npunoxxennu, Hanpumep SIGFPE (ommbka Berumcnenuii ¢ miaBatomeid 3amsaroi) u SIGSEGV
(ommbka agpecanuu), HO OOJBITMHCTBO CHTHAJIOB SIBJISETCS aCHHXPOHHBIMU. CUTHAJIBI MOTYT
MOCBLIAThCS IPOLECCY, €CIIM CUCTeMa OOHapYKUBAET MPOrpaMMHOE COOBITHE, HAapUMeEp, KOoT1a
M0JIb30BaTeNb AT KOMaHAy MpepBaTh WM OCTAHOBUTH BHIMIOJIHEHUE, WM MOJYyYeH CUTHAI Ha
3aBepuIeHEe OT JIPYTroro Imporecca.

Tpyba siBnseTcss OJHOHAMPABICHHBIM KOMMYHUKAIIMOHHBIM KaHaJIOM MEXIY IBYMs
mpoleccaMd ¥ MOXET HCHOJb30BaThCA JJs MOANCPKKA KOMMYHUKAIMH M KOHTPOJIS
MH(OPMALIMOHHOTO MOTOKAa MEXAy JBYMs Mpolieccamu. Tpyda MOXKET NPUHUMATh TOJBKO
ompenenaeHHbIi 00beM gaHHBIX (00biyHO 4 KO). Ecam TpyOa 3amonHeHa, mporiecc
OCTaHaBIIMBAETCS J0 TEX MOP, MOKa XOTs Obl OJMH OaNT U3 3TOM TpyOBl HE OyIeT MPOUYUTAH U HE
MOSIBUTCSL CBOOOTHOE MECTO, YTOOBI CHOBA 3alOJHUTH €€ JaHHbIMH. C Opyroil CTOpOHBI, €Clu
TpyOa mycTa, TO YUTAIOLIUHN MPOIECC OCTAaHABIMBACTCA JI0 TeX MOP, MOKA MUIIYIIUI IpoIecc He
BHECET JIaHHBIE B 3Ty TPYOY.

Pa3zoensemvie cezvenmuvl namamu Kak CPEICTBO MEXIPOLECCHOW CBS3U MO3BOJISIOT
mporeccaM HUMeTh oOmue o0JacTh BHUPTYalIbHOM MaMsITH M, KakK CIEJICTBHE, pa3leNsTh
colepkallyrocs B HuUX HHpopMmaruio. Exunuied pa3genseMoil mamsTé SIBISIOTCS CETMEHTHI,
CBOMCTBa KOTOPBIX 3aBHUCST OT allllapaTHBIX 0COOCHHOCTEH YIpaBlIeHUs MaMSTHIO.

Paznenenne namsaTtu oOecreunBaeT HaumOosee OBICTPbIE OOMEH JaHHBIMH MEXIY
MpolLeccam.

Coxempt 00ecrieuMBaIOT JBYXCTOPOHHIOI CBSI3b THIA ' TOUYKA-TOYKA" MEXAY ABYMS
nporeccamMu. OHM SIBJISIFOTCS OCHOBHBIMH KOMIIOHEHTaMH MEXCHUCTEMHOW U MEXIPOLIECCHOM
cBsi3u. Kaxnplil coker mpezcTaBisieT cOO0H KOHEUHYIO TOUYKY CBSI3U, C KOTOPOH MOXKET OBITh
COBMEIICHO HeKoTopoe M. OH MMEeT ONpeAeTeHHbIM THUIl, U OJJMH MPOLECC MU HECKOJBKO,
CBSI3aHHBIX ¢ HUM MporieccoB. COKEThI TaKKe MOXKHO HCIIOJIb30BaTh, YTOOBI OPraHU30BaTh CBS3b
MEXJly MpolleccaMd Ha pa3IMuYHBIX CHCTeMaX. AJPEeCHOEe MPOCTPAHCTBO COKETOB MEXKIY

WudopmanronHsle ynpaBisiomuye CHCTeMbl 1 KoMIbioTepHbIi MoHUTOpHHT (MY C n KM 2012)
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CBSI3aHHBIMU CHUCTEMaMH Ha3bIBAOT ToMeHOM WHTepHera. KommyHnmkammu nomeHna MuTepHeTa
UCTOJB3YIOT CTeK npoTokosaoB TCP/IP. Tumbl COKETOB OMNPEHENSIIOT OCOOCHHOCTH CBSI3H,
JOCTYITHBIE TPWIOKEeHU0. [Ipomecchl B3aMMOJCHCTBYIOT TOJIKO Y€pe3 COKETHI OJIHOTO U TOTO
ke Tumna [6].

Cpencra OC Windows

Kak u B Linux 8 Windows umMeroTcsi Takue CpecTBa pacrapauieIMBaHus IpOTrpaMM Kak
MMCHOBaHHbIC KaHaibl (Named pipes, TpyObl), COKEThI, yIAJCHHBIH BBI30B Mpoueayp (Kiacc
TEXHOJIOTHUH, TIO3BOJISIOIIUX KOMITBIOTEPHBIM IIPOrPaMMaM BbI3bIBATh (DYHKIIMU WM MPOIICTYPhI
B JIPYTOM aJIpeCHOM IPOCTPAHCTBE, KaK MPaBUIIO, HA YAaJEHHBIX KOMITBIOTEPaX).

Kpome storo B Windows cyiecTByeT emie psa TEXHOJOTHH, KOTOPhIE PacCMOTPEHBI
HIDKE.

Windows APl (aursi. application programming interfaces) — oOree HauMeHOBaHHE
uenoro Habopa 0a3oBbIX (YHKUMH UHTep(EHCOB MPOrpaMMHUpPOBAHUS  MPUIIOKEHUI
orepanroHHbIX cucteMm cemeiictB Microsoft Windows koprnopamnuu «Maiikpocodt». Ilpu
oMot WINAPI MOKHO peain30BaTh MHOTOTIOTOYHBIC TIPUIIOKCHUSI.

.NET Framework - mporpammHas miardopma, pazpadoTanHasi kopropanueir Microsoft.
C camoro Hauama Microsoft .NET Framework mpemocrasisiia MUpHaabl HU3KOYPOBHEBBIX
CPEICTB JUIS CO3/IaHMsI MapajliebHBIX MPUIOKEHHH, B TOM YHCIIE 1[€7I0€ MPOCTPAHCTBO MMEH,
CTEeNUAIBHO BBIACICHHOE Ui 3Toi oOmactu: System.Threading. ITpu mamuuuu mpumepuo 50
TUIIOB B 3TOM MPOCTPAHCTBE MMeH B 0a30Bbix cOopkax .NET Framework 3.5 (Bkirouas Takue
tunel, kak Thread, ThreadPool, Timer, Monitor, ManualResetEvent, ReaderWriterLock u
Interlocked). Ha nanubIit MoMeHT niocnieneit Bepeueii sisercs .NET Framework 4 [7].

Software — pemenus

Jlnist peam3aniu KJIaCTEPHON TEXHOJIOTUU CYIIECTBYET HECKOJIbKO KOMMYHHKAIIMOHHBIX
oubnuotek. Paccmorpum age u3 Hux: PVM u MPI.

PVM (Parallel Virtual Machine) mpeacraBisier co60ii mporpaMMHBIN MaKeT, KOTOPBIH
mo3BoJisieT 00beaeHaTs UNiX u / mwaun WIindowS KOMIbIOTEpPBI Yepe3 CeTh, U TaKHM 00pa3om
CMOTYT HCIOJIb30BaThCs KaK OJIMH OOJIBIIOW TMapauleibHBI KOMIbloTep. TakuMm oOpazom
OO0JIbIIIME BBIYMCIIUTEILHBIC 3374l MOTYT OBITh PEIICHBI 00Jiee SKOHOMUYHO U IPQPEKTUBHO,
UCIIOJBb3ysl COBOKYIMHOCTh MOIIMHOCTH W MaMSATH MHOTHX KoMmIbioTepoB. PVM mo3Bomser
M0JIL30BATEIISIM UCIIOJIB30BaTh CBOM CYILIECTBYIOIUE aIlllapaTHbIC CpPEJICTBA IS PEIICHHS
poOJIeMbl TP MUHUMAJIBHBIX 3aTpaTax [3].

MPI pacmudpossiBacTcs kak "Message passing interface" ("Uuarepdeiic mepemaun
coobmenuii"). MPI - 310 cTanmapt Ha IPOrpaMMHBIM MHCTPYMEHTApHid A7l 0OecTieueHUs CBSI3U
MEX]ly OTIEIbHBIMU TIpolleccaMH TapasuiesibHoi 3amaun. MPI mpemocTaBiiseT mporpaMMHCTy
CIMHBIA MEXaHHW3M B3aHMMOJICHCTBUS IPOLECCOB BHYTPU IMapaJUICIbHO HCIIOIHIEMOW 3ajauu
HE3aBUCUMO OT MAalIMHHOW apXUTEKTYPhI (OJHOIPOIIECCOPHBIC, MHOTOTIPOIIECCOPHBIE C OO0IIeH
WIH pa3/iellbHOM MaMAThIO), B3aMMHOTO PACIIOJIOKEHHs MPOLECCOB (HA OIHOM (H3HUECKOM
nporieccope win Ha pasHbix) u APl onepanmonHoii cuctemsl [4].

JInss  peanusanuu  napaiensHbix  Bhlumcnenuit Ha GPU  (CUDA) wmmm  CPU
(MHOTOSIIEpHBIE TPOIIECCOPHI) MOKHO Hcnonb30BaTh OpenCL nmu6o OpenMP.

OpenCL (ot aurm. Open Computing Language — OTKpBITHIH SI3bIK BBIYHCICHUI) —
GpeliMBOpK ISl HANMCaHWsSI KOMITBIOTEPHBIX TIPOTPaMM, CBSI3aHHBIX C IapajuIeIbHBIMU
BBIUMCIIEHUSIMH Ha pa3inyHbIX rpadudeckux (anri. GPU) u nenTpanbHbIX npoueccopax (aHri.
CPU) [5].

OpenMP (Open Multi-Processing) — OTKpBITBI CTaHAAPT JJIs pacrapauicInBaHUs
nporpamm Ha s3bikax Cu, Cut+ u @oprpan. OmnwuchiBacT COBOKYIHOCTh JHUPEKTHUB
KOMITWJISITOPa, OMOIMOTEYHBIX MPOLIEAYP U TIEPEMEHHBIX OKPYKEHHUS, KOTOPBIE TPeIHA3HAYCHBI

WudopmanronHsle ynpaBisiomuye CHCTeMbl 1 KoMIbioTepHbIi MoHUTOpHHT (MY C n KM 2012)



724

CGKHI/ISI 7. MOZ[GJ'II/IpOBaHI/IC 1 COBPEMCHHBIC KOMITBIOTCPHBIC TCXHOJIOT'MH

JUJIS HpOFpaMMHpOBaHI/ISI MHOT'OIIOTOYHBIX HpI/IHO)KCHI/Iﬁ Ha MHOFOHpOHeCCOpHBIX CUCTCMaXxX C
0o01Iel MaMATBIO.

KpaTkoe onucanue 3a1a4u 1 BbIOOP CPEACTB ee pelleHusI

3amaueil MarucTepckoil paboThl SBJISIETCS] UCCIEOBAHUE CIIOCOOOB pacrapauieTMBaHuUsS
BBIYMCIUTENBHBIX IPOLIECCOB W INPUMEHEHHE OJHOIO M3 CHOCOOOB sl YCKOpPEHHs! PabOThI
peanusanuu metona Particle Image Velocimetry (PIV) [10].

Meton PIV - nudpoBas TpaccepHas BU3yaau3alys MOTOKOB HITH Ja3epHAst aHEMOMETPHS
M300paKeHMs YacTHUIl, TIO3BOJISIET U3MEPSATh BEKTOPHBIEC TIOJISI CKOPOCTH B BEIOPDAHHOM CEYECHUH
IIOTOKA ra3a Win )KUJIKOCTH.

B nacrosiiee BpeMs UMeeTCs HECKOJIBKO peain3aliii 3T0ro MeTo1a, 0JIHaKko, HU OJIHA U3
HUX HE MOJJEPKUBAET PACIPENEICHHBIX MapalieIbHbIX BBIYUCICHHUH, YTO MOIJIO Obl B pa3bl
YBEJIMYUTH ObICTpOJEHCTBHE. 3a CUET YBEIMYEHUs MPOU3BOJUTEIBHOCTH, CTAHET BO3MOXKHBIM
0oJjiee onepaTBHOE U3MEHEHHE [TapaMeTPOB HCCIIEyEMOTo 00BEKTA.

OTOT METOJ MOJIy4yWJ IIMPOKOE PACHpPOCTPAHEHHE B PA3IMYHBIX OONACTAX HAyKH U
TexHuku. Hambonee momyisipHoe NMpUMEHEHHE — 3TO MOJEIMPOBAHUE MOBEJACHHS KHIISILIErO
CIIOSI.

Jlisg peleHusl MOCTaBJICHHOM 3a1auu OyJeT HCIOJIb30BaThCsA KiacTep, COCTOSIIMNA M3
HECKOJIbKUX KOMIIbIOTEpOB. B KauecTBe omepalMoOHHONW CHUCTEMBbI OyJIeT HCIOJIb30BaThCS
Windows, a B kadecTBe CpejcTBa pacrapaslieIMBaHus BBIYUCICHUN MCHOJb3yeM COKeThl. [Iiis
pean3aluy KJIacTEpHON TEXHOJOTUU MPUMEHUM KOMMYHUKAaMOHHYI0 Oubnuotexy MPI.

Jlannuble cpenctBa ObUTM BbIOpaHbl MCXOAS M3 OTHOCHTENBHO HHU3KOH CTOMMOCTH,
JOCTYIIHOCTH W CPAaBHUTEINIBHO JIETKOM pealn3aluy MpPOeKTa. Takke 3a CYET TaKOW CTPYKTYphI
BO3MOKHO YA0OHO€ KOH(QUI'YpHUpPOBaHME CUCTEMbI U MOBBILIEHUE NPOU3BOAUTEIBHOCTH ITyTEM
N00aBJIeHUs] KOMIIBIOTEPOB B KJIaCTEp.
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