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OBIIAA XAPAKTEPUCTHUKA PABOTbI

AKTyaJIbHOCTDb HccIeq0BaHus. PaccMoTpuM 00LIyI0 TOCTAaHOBKY 3a/1a4, Xa-
PaKkTepHYIO A JaHHOW PabOTHI: HEOOXOANUMO PEIIUTH YPaBHEHMS MCXOAHOH Ma-
TEeMaTHYECKONH MOJENH NPH MOMOIIHM YHCICHHOTO METOJIa 32 3aJaHHbIA WM MEHb-
IIMHA WHTEpBAJI BPEMEHHU. XOJ PELICHUs 33Ja4d Ha30BEM IPOLIECCOM KPUTHYHBIM
o BpeMeHW. Takue 3a7a4d 4acTO BO3HUKAIOT IPH OPraHU3aldd ONTHMAJIbHOTO
yIIpaBIeHHUs 100 KOrza BpeMs MPOBEACHUS YUCIEHHOTO SKCIIEPUMEHTA IIPEBHIIIa-
€T BpeMsI IpoBeAeHHsT (PU3NIECKOTO HKCTIepUMEHTa. JIJisl peleHns Takux 3a1ad 3a
3aJJaHHOE BPEMs MOTYT OBITh MCIIOJIb30BAHbI MapauIeIbHbIe BHIYUCICHU. JlaHHbIH
MOJIX0/1 OTPaB/iaH C SKOHOMHYECKON U C TeXHOJOrn4yeckoi cropoH. [lapaniensHbie
BBIYHCIICHUSI OOBIYHO ACCOLMHPYIOTCS C CYHNEPKOMIBIOTEPaMH M KJIACTCPHBIMHU
cucteMamu. C pacnpocTpaHEHHEM MHOTOSICPHBIX NPOLECCOPOB M BHICOKAPT C
YHU(UIUPOBAHHOHN MIEHIEPHON apXUTEKTYpOH MOSBHIACH BO3MOXHOCTD Peajn3o-
BBIBATh I1apaJUIeIbHbIE BEIYUCICHUS C TIOMOLIBIO MIEPCOHANBHBIX KOMIBIOTEPOB. X
CTOMMOCTb Ha HECKOJILKO MOPSIIKOB MEHBLIE, YeM CTOMMOCTh CYNIEPKOMITBIOTEPOB.
CymecTByeT psaf 3a1a4d, KOTOPbIe MOXKHO PELINTh Ha NEPCOHANBHBIX KOMIBIOTEpaxX
B PeXHME MapajulebHbIX BBIYMCICHUN, HAIPUMEpP: pacro3HaBaHWe M300paKeHHIA;
pacyeTr 3MeKTPUYECKUX U MAarHUTHBIX IOJIEH B Pa3JIMUHBIX Cpelax; aHaju3 aHayo-
TOBBIX CHTHAJIOB B PeaJbHOM BpeMeHH U ap. OCHOBHBIC HCCIIEIOBAHUS MPOBOIU-
JHCh TaKUMHM YydeHbIMH kak Mark Harris (OCHOBOTOJNIOKHUK HarmpaBliCHHUS
GPGPU), Sha'Kia Boggan, Daniel M. Pressel, Ryoji Tsuchiyama, Takashi Naka-
mura, Takuro lizuka, Akihiro Asahara, Satoshi Miki, B.B Boesoaun, Bi.B. BoeBo-
nmuH, b.H.UerBepymkun. OHaKO MCCIETOBaHUN B JaHHOW OOJNACTH MPOBOJIUIIOCH
HEMHOT'0, KOJIMYECTBO JINTEPATYPHBIX HCTOYHUKOB CHIIBHO OIPaHUYEHO, CYIIECTBY-
€T PSR Pa3pO3HEHHBIX CTaTeH, OOJBIIMHCTBO U3 KOTOPHIX HOCHT 0030pHBIN Xapak-
tep. Kpome Toro, HeT enuHOil cTpateruu Uil IPUMEHEHHs allapaTHBIX CPEACTB C
1enbio 3G QEKTUBHOTO UCTIOIB30BAHUS UX BBIYUCIUTEIBHBIX PECYPCOB.

IMosToMy co3nanue enuHON cpeabl ISl MPOSKTUPOBAHMS, Peau3aliuy U Hccie-
JoBaHUA () (HEKTUBHBIX YUCIEHHBIX METOOB ISl MATEMaTHYECKOTO MOJIETNPOBAHUS
KPUTHYHBIX 110 BPEMEHH MNPOLECCOB, a TAKKE ONTHMHU3AIMU HCIIOJIb30BaHUS alra-
paTHBIX PECYpCOB C TOUKU 3PEHMsI BBIYMCIUTEIBHON HAarpy3Ku, SBISIETCS aKTyallb-
HOI Hay4YHOW W TMPaKTUYECKOil nmpodiemoii. Pabora BbinosnHeHa B pamkax Denepalib-
HOU 1eneBoil mporpammsl «HaydHble U HaydHO-TIEAArOrMYECKUE KaIpbl MHHOBAIIH-
onHoit Poccun 2009 — 2013 roxsr», rocyaapcrBeHHbli KoHTpakT Ne 02.740.11.0624.

O0bexT M mpeaMer ucciaenoBaHuss. OObEKTOM HCCIIEIOBAHUS SBISIOTCS
KPUTHYHBIE 110 BPEMEHH IIPOLIECCHI.

IMpeameToM mccnenoBaHMs SBISIOTCS MaTeMaTHUECKHE MOJETH KPUTHYHBIX
110 BPEMEHHU IPOLIECCOB U AJITOPUTMBI PEIICHUs] YpaBHEHUH TaKUX MoJeNeil ¢ uc-
10JIb30BaHUEM MapaJIeNIbHbIX BEIYMCICHUH.

Ieab u 3axa4n HccIe0BAHNS — YMEHBIICHNE BPEMEHH YHCICHHOTO pellie-
Hust Ha OBM ypaBHeHHIT MaTeMaTHYECKUX MOJIENEeH KPUTHYHBIX 10 BPEMEHH IPO-
LIECCOB IIPH ITOMOIIBIO TTAPAJUIETIBHBIX BHIYUCICHHUM.

Jlis nocTrkeHus 3alaHHOMU LIeNu B paboTe pelaIuch CIIeAyIoLe 3a1a4u:

— pa3paboTKa ONTHMAaJbHOW, C TOYKH 3PEHHUS] HCIIOJIB30BAHMS BBIYHCIIHU-
TEJIBHBIX PECYPCOB, MOJEIH 3arpy3KH MMEIOLINXCS alllapaTHBIX CPEICTB IPH HC-
MOJTB30BAaHUN TapajIeTIbHBIX BEIYHUCICHUIN ISl pelIeHus OCTAaBICHHON 3aauyl 3a
3aJJaHHOE BpeMS;



— CO3[aHHE YHCJIEHHOI'O METOJa pelleHHs 3aJaud MOUCKA ONTHUMAaJIbHOI'O
BBIYUCIIUTEIIS,;

— pa3paboTka KOMIUIEKCA IPOrpaMM Il CO3JAaHUS, OTIAIKH U TECTHPOBa-
HUS NapajyieNIbHbIX aJl’TOPUTMOB, HA OCHOBE 33/1a4M OIPEETICHUS ONTHMAIBHOTO
BBIYHCIIUTENS;

— HccrenoBaHue paboTOCIIOCOOHOCTH MOYYEHHOTO KOMIUIEKCA IIPOrpaMM B
MIPOMU3BOJICTBEHHBIX YCIOBHSX.

Mertoasbl uccaenoBanusi. B muccepraionHHoil paboTe HCHOIb30BAINCH Me-
TOOBl MAaTEMAaTHYECKOTO  MOAENIUPOBAHMS, MAPAUIENFHOIO U OOBEKTHO-
OpPUEHTUPOBAHHOTO NPOTrPAMMHUPOBAHUSL.

Hayunasi HoBu3Ha:

1. BmepBele mpemioxkeHa — MaTeMaTWdeckas  MOAENb AN HOHCKa
ONTUMAJIBHOTO BBIYMCIMTENS C TOYKH 3pEHHS 3arpy3Kd ammapaTHBIX CpPEeACTB
OTJIeJIbHO B3sTOH OBM.

2. Moan¢uunpoBaHbl MaTEMaTH4YECKHE MOJIENIHU: Ul ONTUMM3ALMK Tpolecca
HAHECCHUSI TAIBLBAHMYECKOTO ITOKPHITUS (HOOABIEHB! YpaBHEHHMS, OIMCHIBAIOIINEC
MOUCK OINTHMAJILHOIO pa3sMEIICHHs JeTaleil Ha IOJBECKE, C LEJbI0 IOJyYEHHS
HauMeHbIIIEH HEepaBHOMEPHOCTH), Ul aHAJIM3a aHAIOTOBOTO CHTHAJIA C CHHYCHO-
KOCHHYCHOTO TpaHcdopMmaropa (MCIIOIb30BaH YaCTOTHBIH (QUIBTP), VI MOCTPOCHHS
TPEXMEPHOTO MPECTAaBICHUS JIETalM [0 €¢ IBYMEPHOMY IIPEICTaBIECHHIO (CO3AaHO
Oomee TOUHOE NpeoOpa3oBaHHME B IOJMIOHAIBHOE IPEICTaBICHHE 4Yepes
peuenTopHoe).

3. PaszpaGoranbl 3¢(hekTUBHBIE YHCIIEHHbIE METO/bl U AITOPUTMBI PELICHUS
ypaBHeHHH MOIM(UIMPOBAHHBIX MOJENEH pacyeTa Ipolecca HAHECEHUS rajbBa-
HUYECKOTO HOKPBITHS, aHaJM3a aHAJIOTOBOTO CUTHAJA, IMOCTPOSHHS TPEXMEPHOTO
MPEJCTABICHUS] JeTalM, aJalTUPOBAHHBIX K IPUMEHEHHUIO MapajliesbHbIX
BBIYHCIICHUN.

4. TlpemioxxeHa CTpyKTypa W BHYTPEHHssI OpraHu3alus KOMILIEKca
nporpaMmMm OBM, peanusyromiasi TpuUBEIEHHBIE MapayieIbHbIE M IOCIEI0Ba-
TEJbHBIE AJITOPUTMBI YHUCICHHBIX METO/MOB, a TaKXKe IPEeNIoKeH MOIX0lI K
CO3JaHUIO apaUICNIbHBIX aJTOPHTMOB.

Ha 3ammTy BhIHOCSATCSI:

1. Maremaruueckas MOJENIb MOMCKA ONTHMAJIBHOTO BBIYHCIHUTENS C TOUYKH
3pEHHMs 3arPY3KH allapaTHbIX CPEICTB.

2. MonudumpoBaHHbIE MaTeMaTHYECKHE MOJAEIN ONTHMH3AILMU IIpolecca
HaHECeHUs rajlbBAaHUYECKOT0 MOKPBITHS, aHAJIM3a aHAJIOTOBOI'0 CUTHaJa ¢ CHHYCHO-
KOCHHYCHOTO TpaHC(OpMaTopa, MOCTPOCHHUST TPEXMEPHOTO NPEACTaBICHUS ACTAIH
I10 €€ IByMEPHOMY IPEICTABJICHUIO.

3. ANTOopuTMBI U YHCIEHHBIE METOBI PEIICHUS] YpaBHEHNH MOJeNeil ONTHMH-
3allMM HAaHECEHHs TaJbBaHUYECKOTO MOKPHITHS, aHAJIN3a aHAJIOr0BOTO CHI'HAJIA C CHU-
HYCHO-KOCHHYCHOTO TpaHC(opMaropa, MOCTPOEHHUS TPEXMEPHOI'0 Mpe/ICTaBICHHUS
JIeTaJIu 110 e¢ IBYMEPHOMY IPEACTABICHHIO.

4. CrpyKkTypa KOMIUIEKCA HPOrpaMM Ui peald3aliy IMapaulebHbIX BbI-
YHCIICHUH.
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IIpakTHYeckasi HeHHOCTH PadoOTbI COCTOUT B Pa3pabOTKe MPOTrPaMMHOTO
KOMILIEKCa, NIPU IOMOIIY KOTOPOI0 CO3/aHbl MapaulellbHble pealu3aliy CIeLyo-
IIMX aITOPUTMOB:

* pELICHUs] YpPaBHEHUI MaTeMaTHUECKOW MOJIENN paclpe/iesIeH sl IeKTpude-
CKOTO MOJSI U MOAU(DUIMPOBAHHONW MOJENU ONpPEJEICHHUs] ONTHUMAILHOIO pa3Me-
IIEHUs JeTajell Ha OJBECKE B raJbBaHUYECKON BaHHE;

* aHAIN3a YIJ1a MOBOPOTA JAaTYMKa CHHYCHO-KOCHHYCHOTO TpaHc(opMmaropa B
peaJlbHOM BpEMEHH;

* [IOCTPOCHUS TPEXMEPHOTO MPEICTaBIEHUs JETald IO €€ JBYMEPHOMY
IPECTAaBICHHUIO, a TAKOKe 3a7a4a MpeoOpa3oBaHus PELENTOPHOTO NPEACTABICHNS B
HOJIUTOHAJIBHOE.

Buenpenue. Pa3zpaboTaHHbIil KOMIIIEKC TPOTPaMM YCIICHIHO IMPOIIENT POU3-
BogcTBeHHble HcnbITanus B OO0 «'panut-M» (r. YBaposo Tamb6oBckoii 06sactu)
U NPHUHAT K MCHOJb30BAHUIO NMPHU MPOCKTHMPOBAHMM IEPCIEKTUBHOIO TajbBaHO-
000pyI0BaHMs, KOTOPOE ILUIAHUPYETCS. BBIYCKAaTh HA 9TOM IpeanpuaTHy. JlaHHbIH
KOMIUIEKC TaKXKe MPHHAT K ucnonb3oBanuio B OAO «TamOoBckuii 3aB0J| «DIEKTPO-
npubop» (r. TamOoB) I aHanM3a psja aHAJIOTOBBIX CHUTHAJIOB, MOCTYIAOIIUX
C TOTOBBIX U3JENUI MPEANPUATHS, U IPUHATHS PELICHUs O TOAHOCTH BBIITyCKaeMOn
HOPOIYKIHH.

CooTBeTCTBHE JUCCEPTAIIHOHHOI pa0oThI NACHOPTY CHEHUATLHOCTH!

1. Pa3paboTaHbl HOBbIE MAaTEMaTUYECKUE MOJEIM: IOMCKA ONTHMAIbHOIO Bbl-
YHCIINTENS], ONTUMU3ALMH TIPOLIECCa HAHECCHUS TaJIbBAHUUECKOT'O MOKPBITHS, aHaIIU-
3a aHAJIOrOBOIO CHMIHAJA, MOCTPOEHUS TPEXMEPHOIO NpPEACTABIEHUs JAETalu IO ee
IByMepHOMY npenctasieHnio. IlyHkT 1 macnopra crienuanbHOCTH.

2. IIpoBeneHbl KOMIUIEKCHbIE HCCIEHOBAHUS pa3paOOTaHHBIX aITOPUTMOB
MapajjiebHbIX BBIYUCIEHUH C NMPUMEHEHUEM COBPEMEHHON TEXHOJOIMH MaTema-
TUYECKOT0 MOJEIUPOBAHUS U BBIYMCIUTEIBHOIO IKCIepuMeHTa. ITyHKT 4.

3. PeanuzoBanbl 3Q(eKTUBHBIE YUCICHHBIE METOJbl M AITOPUTMbl BBIYUCIIE-
HUIl ypaBHEHHH pa3pabOTaHHBIX MAaTEMAaTHYECKUX MOJENel B BHJE KOMIUICKCa
IpoOJIEMHO-OPUEHTUPOBAHHBIX porpaMM. ITyHKT 5.

Anpo6auus padorTsl. Pe3ynbraTsl AuccepTalny JOKIBIBAINCH U 00CY)KIa-
muck Ha XXI — XXIII MexxayHapoAHBIX HaydHbIX KOH(epeHIUsax «MaTemaruue-
CKHE METOBI B TEXHHUKE U TexHosorusx» (Caparos, 2008; TIckos, 2009; Caparos,
2010), 7 MexnaynapoaHoit koHbepenuu «IlokpbiTus 1 06paboTKa HOBEPXHOCTU
(Mockga, 2010), ma VII Bcepoccuiickoit HayuyHOH KOH(EpeHUUH «3allUTHBIC U
CIeLUalbHbIE IOKPBITHS, 00pab0TKa MOBEPXHOCTH B MAIIMHOCTPOEHUM U IpUbO-
poctpoenun» (Ilensa, 2010).

Iy6auxamun. OCHOBHBIE MOJOXKEHHS AUCCEPTALUU OTPa)KeHsl B 12 myOmu-
Kalysax, B TOM 4Hucie B 4 CTaThsAX B PELIEH3UPYEMBIX JKypHalaX, a Takke B 2 Ipo-
rpaMmax, 3aperucrpuponannbix B ®UIIC.

JlnuHbIil BKJIA1 aBTOpa B cTaThU. B cratesx 1, 5, 6, 8 — 10 onyOnukoBaHsI
o0Iye OPUHLUNBI BHIOOpPA BBIYMCIUTENS, UCIOJIb3yEMble B JaHHOH paboTe, B
cTarhsx 2, 3, 7 pa3paboTaHbl MOAUDUIIMPOBAHHBIC: MATEMATHYECKass MOJIEIb, YUC-
JIEHHBIH METOJ U aArOpPUTM MOCTPOEHUS TPEXMEPHOIO NPEACTaBIEHUs AETAIH IO
ee IByMEpPHOMY NPEACTABICHHIO, B CTaThAX 4, 8 ONMUCAH pealn30BaHHBIA KOMIUIEKC
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MpOrpaMM, MOJIeNIb BBIOOPA BBIYMCIIUTENS, MATEMATHUYECKUE MOJICTH pacueTa dJIeK-
TPUYECKOT0 NOJIsL, Mpeodpa3oBaHKe B TpEXMEpPHOE IpeICTaBlIeHHEe, aHAIN3a aHaJIo-
TOBOTO TMPEJCTABJICHUS] CHUT'HAJIA ¢ CHHYCHO-KOCHHYCHOTO TpaHcopmaropa. B pa-
6orax 11, 12 peannzoBaHbl aITOPUTMBI M YHUCJIEHHBIE METObl MAaTEMaTHYECKOTO
MO/JICJIMPOBAHHUS OMTUCAHHBIX B pabOTE MPOLIECCOB.

CtpykTypa n o0bem padortsl. [uccepranus oOmum oobeMoM 124 ctpaHu-
LIl COCTOUT M3 BBEJCHHS, YEThIPEX TJIaB OCHOBHOTO TEKCTA, 3aKJIFOUCHHS, CITHCKa
JIUTEpaTypsl U3 93 HaMMEHOBAaHUH U IPUIIOKEHUI.

OCHOBHOE COJIEP’)KAHUE JIJUCCEPTAIIMOHHOM PABOTBI

Bo BBegeHHHM 000CHOBaHA aKTyaJbHOCTb TEMbI HCCIIEIOBAHUS, OIPE/IEICHbI
LEeNH ¥ 33712491 AUCCEPTALMOHHON PabOTHL.

B mepBoii riaBe paccMaTpUBaeTCs COBPEMEHHOE COCTOSHME IIpoliecca CO3-
JIaHUS U pealM3alliy aJrOPUTMOB MapajuleNbHbIX BeIuciaeHuil. [Ipoanannsuposa-
HBI COBPEMEHHbIE ITPOrpaMMHBIE U allllapaTHbIE CPEICTBA JUI peau3aluy rapaji-
JIETIbHBIX BBIYHMCIICHHH.

B nacrosmiee Bpems Ui pacyeTa ypaBHEHUI MaTeMaTH4eCKUX MOJEIel KpH-
THUYHBIX TI0 BPEMEHH IPOLECCOB UCTIONB3YIOTCS, B OCHOBHOM, CYIIEPKOMIIBIOTEPHI 1
BBIYUCIUTENbHBIE KiacTepbl. [Ipy 3TOM KOMIIBIOTEpPOM, Ha KOTOPOM CTPOUTCS pe-
LICHUE MCKOMOM 3ajlauM, SIBISICTCS OOBIYHBII MEPCOHAIBHBIN KOMITBIOTEp. Y IaH-
HOTO MOJXO0JIa €CTh P OTPAHUYEHUH U HEJIOCTAaTKOB, CBSI3AHHBIX C HEMOHOIOJIb-
HBIM HCIOJIb30BaHHEM CYIEPKOMIIBIOTEPAa W BBIYHUCIUTENBHOTO KiaacTepa. K Tomy
K€ IIPHU HMCIIOJIB30BAHUM OTHOCHUTENIFHO HE JIOPOTMX BBIYMCIUTENBHBIX KJIaCTEPOB
CYIIECTBYET DsA OTPaHWYEHHH, CBS3aHHBIX C NPOM3BOAUTENBHOCTBIO JOKAIHHON
ceTH, 00beAUHSIOIEH HO/BI KlacTepa.

V¥ 3TOr0 MoOAX0/a €CTh elle OJMH CepPhe3HbIH HEMOCTATOK: 3a/lauH, MOCTYIAr0-
[IMe Ha PACCMOTPEHHE U PEIICHUE, UMEIOT, B OCHOBHOM, (hYHIAMEHTAIBHBINA Xapak-
Tep, T.€. 3aJa4a peIaeTcsi OJJHOKPAaTHO, a IOTOM JI0JITO€ BPeMsl aHAIU3UPYIOTCS pe-
3yJbTaThl, HOJyYEeHHBIE B X0J€ MOAenupoBaHus. s 3amad, KOTOpbIe TpeOyIoT mo-
CTOSITHHOT'O MHOT'OKPAaTHOTO PELICHHs, IPUXOJUTCS BBIAEIATh OTACIbHBIN CYyIepKOM-
IBIOTEP, YTO BO MHOTHX CITydasX HEeIecooO0pa3HO ¢ SKOHOMUYECKOHW TOUKH 3PEHUS
U C TOUKH 3PEHUS UCTIONIB30BAHHUS €TI0 PECYPCOB.

Jlo HemaBHEro BpeMEHH aJIbTEPHATHBBI CYNEPKOMIIBIOTEpPAM M KiacTepaM He
cyliecTBOBajio. B Hacrosiee BpeMsi KOMIIBIOTEPHI yXKe KOMILIEKTYIOTCS CpelICTBa-
MH, TO3BOJIIONIMMHU PEATN30BaTh MapaJUIeNbHbIe BHIYUCICHUS C TOCTATOYHO BBI-
COKOH MPOU3BOAUTENBHOCTHIO. K IOZ0OHBIM TEXHHYECKUM HOBILIECTBAM B IEPBYIO
ouepelb OTHOCSATCS BUACOKAPTHI ¢ YHU(DUIIMPOBAHHOW MICHICPHOW apXUTEKTYpOii.
OpHaKo M y HUX €CTh CBOM HEJJOCTaTKH: OTCYTCTBYET YAOOHas cpena pa3paboTKu U
MPOEKTUPOBAHUS MapaJUIETbHBIX anropuTMoB. Jlo mosisienus crangapra OpenCL,
K TOMY ke, He ObLIO €JJMHOTO S3bIKa IIPOrPAMMHUPOBAHUS M CPEJCTB UCIIOIHEHHS.

Ha cerogHsmHuiA IeHP UMEIOTCS TEXHUYECKHE BO3MOXKHOCTH AN peau3a-
LUK KPUTUYHBIX 10 BPEMEHH IPOIIECCOB Ha IEPCOHAILHOM KOMIbloTepe. B To xe
BpeMsI BOSMOXXHOCTH HAIHCAHUS NPOTPAMMHBIX MOJAYJEH AJISI PEIeHUs] KOHKPET-
HBIX 3a/1a4 OTpaHUYEHBl. B CBS3M C 3TUM MOCTaBieHA 3a/1a4a MCCIIEAOBAHUSA: CO3-
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JaTh CHUCTEMY AJISl pa3pabOTKH, OTIAAKNA W TECTUPOBAHUS MAPAIUICIbHBIX aJITOPHT-
MOB DCIICHUSI YpaBHEHHH MaTeMaTHYECKHX MOJeJeH, MO3BOJLSIIONIYIO BBIMTYCKATh
TOTOBOE IPOTPaMMHOE pelIeHHe AJs MOBCEAHEBHOTO NPUMEHEHUS HA Pa3INYHBIX
TEeXHHYECKUX cpezcTBax. Kpome Toro, ¢ pazsuruem crangapra OpenCL mianupy-
eTcsl IPUMEHEHHE DAHHOM CHCTEMbI Ha CYNEPKOMIIBIOTEPaX W BBIYHCIHTENBHBIX
KJIacTepax.

Bo BTOpOIi r1aBe chopmMynpoBaHa B MaTeMaTHYECKOM BHAE 3a7ada MpUMe-
HEHUS MapayIeJbHBIX BEIYUCICHUH 1 PACCMOTPEHA METOMKA pacrapalieTHBaHus
pELIeHUs] ICXOHOH 3a/1auu ¢ LENIbI0 YBEIMUCHUSI CKOPOCTH ee paboTel. Iyt 3Toro
HEOOXOUMO PELIUTh CICAYIOUIHE 3aJar:

1. BBIBUTH BO3MOXKHOCTH DPAaCHapajUIeIMBAHMSA HCXOJHOTO alITOPHTMA, a
TaKOKE MMOCIIEI0BATEIHHBIC ITAIbL, T/I€ PUCYTCTBYET TaKas BO3MOXKHOCTb.

2. OmpenenuTth ONTHMAJBbHYIO, C TOYKH 3PEHHUS CKOPOCTH PAa0OTHI Mapai-
JIETIBHOTO aNTrOpUTMa, CTEHCHb Pa3OMEeHHWs 3amadll Ha MOMA33Javyd Ha KaXIOM H3
9TAIoOB AJISI BCEX NPUCYTCTBYIOIINX B JaHHOH KOH(UI'YpAIMU almapaTHBIX CPEICTB
(BblunciMTENEi) M BEIOpAaTh HanbOIIee MOAXO SN BEIYUCIUTEb.

3. CdopmupoBarh mapauiebHbIA aqrOPUTM Ha KaXIOM U3 MOCIEI0BATEb-
HBIX JTAIOB, 32/1aTh BXO/IHbIC 1 BBIXOHBIC JaHHBIC ITAIOB.

4. TlpoBepuTh aJleKBaTHOCTh MapaIeIbHOTO AJITOPUTMA IIyTEM CPaBHEHUS
pe3yNbTaTOB, MOJYYCHHBIX HPU MOMOIIY MOCIEAOBATENIBHOTO U MapauieIbHOTO
QITOPUTMOB.

5. Ouenutb 3P HeKTHBHOCTD MAPAIICTBHON peaiu3aliy aJrOpUTMa.

6. Pa3paboTtaTth KOMIUIEKC NPOOJIEMHO-OPUEHTHPOBAHHBIX HPOTpaMM IS
peanu3aiyy napauiebHbIX aJrOPUTMOB.

PaccmoTpum noapoOHee anroput™ 3aaa4n 2 (Ha30BEM €ro alropuTMoM moado-
pa ONTHMANIBHOTO, C TOYKH 3PSHUS 3arPy3KH alapaTHBIX CPEACTB, BEIYUCITUTEIS).

Heo6xomumo ornpenenuts Habop BhIYUCTUTENeH U3 Habopa BBIYUCIUTENCH,
MPUCYTCTBYIOIIKX B cUCTeMe P, a Takxke cTerneHu pa30reHus Ha KaxaoM n3 Hux N,
C UCIOJIB30BAHUEM KOHTPOJILHOTO MpHMeEpa, MOCTPOSHHOTO I TEKyHIeH 3amaqn
Q, IpH KOTOPBIX PA3HOCTH 3alaHHOTO BPEMEHHU PAOOTHI T, 1 BPEMEHH BBIIIOJIHE-
HUS 33JaHHOM 3a7auM T, HMOIYy4EHHON HAa OCHOBE BHINOJIHEHHS KOHTPOJILHOIO
npuMepa Q 1 anmpoKCUMHUPOBAHHOE 10 Pa3MEPHOCTH U CIOKHOCTH HCKOMOI! 3a1a-
4u, OyJeT MOJOKUTEIbHON 1 MUHHUMAJIbHOM:

{ Tzan - Tpac 2 05
Taan — Tpae — min.
ITpu cnexyromyx OrpaHNYEHUSX:

T = func(i, N), NO[LNy], i=12,...Np,
T=QF+QR+(@+Q )R @®=anr".

- TN
TII\(I:T KCsTiaT — _i T KC7
R N

T =

rac T|£ — BpPEM: HCIHOJHCHUSA Ha i-M BBIYMCIIHMTENE C pa36I/IeHI/IeM Ha N 3ajga4d,

func (i, N) — BbraucisieMast pyHKIHsI, BBIIOJHSIOMIAS PACUYET HA BBIYMCIIHTENE, C
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3aJaHHOM CTENeHbI0 Pa30MEHHs W BO3BpALIAIOIIasi BPEeMs MCHONHEHHUS 3aJadd Ha
HeM; | — HoMmep BbruuciutTens; N — KomdecTBo pasbuenuii; Ny, — KOIuyecTBo 3iie-
MEHTapHbIX NoA3a7a4 (Pa3MEepHOCTh 10 BCEM KOOPAMHATAM KOHTPOJIBEHOTO IpHMe-
pa); Np — KOJIMYeCTBO BhIYUCTHUTENEH B cicTeMe; Qr, — OLICHOUHAS CIIOKHOCTh JJ1e-

MEHTapHOTO pa30ueHus; PiQ — MPOW3BOJUTEIBHOCTh OJHOTO 3JIEMEHTA I-TO BbI-
gyucnutens (GyHKus 4actotsl); Qc — CBA3aHHOCTH dNeMeHTapHbIX 3amad (0 mis
HecBA3aHHBIX); P' — MeXoeMeHTHas Tepenaya TaHHBIX (OTHOMIEHHE TIPOM3BO/IH-
TEJIbHOCTH BBIYHMCIIUTENS KO BPEMEHH IEePeAauyd MEXIY JIEMEHTaMH, MaleHbKOe
JUIE MOHOOJIOYHBIX BBIUMCIIUTENEH, OOJbIIOE /Ul Pa3IMYHbIX CeTei); QiS — orue-
HOYHBIA 00BEM IepeiaBaeMOro dEeMEHTapHOro pa3duenus; Qp — 00beM TaHHBIX

3JIEMCHTApPHOTO pa36I/I€HI/I$I; PiT — BpeMs, 3aTpaduBacMOC€ Ha Iepeaady, MEKAy

OCHOBHOI CUCTEMOM U i-M BBIYHCIIUTCIIEM, PiL — pasMmep OI[HOﬁ KOMaH/Ibl BBIYHC-

JIUTECIIA, TiT — OLCHOYHOC BpEMs HCIOJIHCHUSA HCKOMOM nonHopa3MepH01‘/’1 3aJauu

: c . .
Ha i-M BblumcauTene; P~ — Koi4ecTBO BBIYMCIMTENBHBIX SIEMEHTOB i-I'0 yCTPOii-

ctBa; N; — pasmepHocTs HcxonHOl 3amaun; Ke — ko3 dHIMEHT, XapaKTepu3yo-
Ml CTeneHb YHNPOUICHHS MCXOJHOW 3aJadd Uil MOMYYCHUS! KOHTPOJBHOTO MpH-
Mepa (aJ1st 33724, B KOTOPBIX TMONYYSHHUE KOHTPOJIBHOTO MPUMEpa HIET TONBKO 32
CYET CHIDKCHHUS pa3MEpHOCTH, KO3((GHIUCHT paBeH 1); TﬁT — OLICHOYHOE BpeMs
HCIIOJIHEHHST MCKOMOM IIOJIHOPa3MEPHON 3aaud Ha i-M BBIYKCIHMTENE Ha OCHOBE
9KCIEPUMEHTAIIHBIX JAHHBIX NPH HauOoJiee BHITOAHOM Pa30HeHHH; Tia*— MHHH-
MaJIbHOE BpeMsi pabOThI IPH ONTUMAJIBHOM Pa30UCHHH.

Hcnonb30BaTh HECKOJIBKO BBIYUCIHTEINICH B CBSI3KE LIEIECOO0PA3HO, KOTJa HX
[POU3BOIUTEIBHOCTH IPUMEPHO PABHBL, a TAKKE WU3ACPKKH Ha Iepenady JaHHBIX
MEXKIY BBIYUCIHUTEISIMU MPU BBICOKOW CBSI3AHHOCTH MCKOMOM 3a/1a4d HHXKE BpeMe-

HU pacueTa Ha HuX. [ns ompeneneHus HaOopa BbIYMCIUTENEH () HUCMONB3YHOTCS
CIENYIOIIME JONOIHUTENbHBIE YPaBHEHHU sl Kaxaoro Cj:

C 1o* c
c NJ TCT Nij o NJ - )
TJ = ZN— , Nij = NT (1/TC") 21/TC| , = 1,2, . Nc,
k=1 m ! 1=l !
rae Cj — j-ii HaGOp MHIEKCOB C MPHMEPHO OAMHAKOBOH IPOM3BOAMTENBHOCTHIO;

Nc — konnuecTBo HabOPOB; Nf — KOJIMYECTBO 3JIEMEHTOB B j-M Habope.

IIpu 3TOM B KXl U3 HAOOPOB BXOJHT HE 00S3aTEIbHO MaKCUMAIbHOE KO-
JIMYECTBO BBIYHUCIUTENCH, KPOME TOTO, OJIMH BBIYUCIHTENL MOXKET Y4aCTBOBATh B
HecKoJIbKMX Habopax. Habopel cocTaBisiFOTCS TakuM 00pa3oM, 4TOOBI BpeMs BbI-
MOJIHEHNUS 33/1a4d Ha HHUX OKAa3aJloCh HWKE T,,,, MOCIE Yero nobaBieHne B HaOOD
npekpamaercs. J{ByX OIMHAKOBBIX HaOOPOB HE JODKHO CylIecTBOBaTh. M3 Bcex
HA0OPOB, Y KOTOPBIX BPEMsI BBITIOJIHEHUsI MEHBIIE T,,,, BEIOHpaeTcss HAbOp ¢ Hau-
MCHBILIAM KOJMYECTBOM BBIYUCIMTENCH M HAMMEHBLUINM BPEMCHEM HCIIOIHCHHS
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npu 3ToM. Eciin HabopoB, y KOTOPBIX BpeMsi UCTIOJNHEHUsI HIXKe 1., HEeT, BEIOMpa-
eTcsi HA0Op ¢ HAMMEHBIINM BPEMEHEM HCIIONHCHHUSL.

Jlist omipesiesieHust OLICHOYHOTO BPEMEHH HCIIOJHCHHUSI HA HECKOJIBKUX BBIYHC-
JIMTEISIX, C YYETOM PAacTpe/IeICHHs 33/1a4H 10 BBIYHCIHUTEINSAM, UCIONB3YETCs Clie-
JyIoLIee COOTHOLICHHUE:

N N
1 =3 N/ | NS T
k=1 1=1

Jlns peiieHrst JaHHOW 3aa4u HEOOXOJMMO TPOBECTH PacueT /sl BHIOpaHHOM
3anaun (func (i, N)) Ha Bcex BO3MOMHBIX BBIYHCIIUTEISNX (MHOKECTBO KOHEUHOE), U
HalTH MHHUMAIBHOE BpeMs, YAOBIETBOpSIONIee TPEOOBAaHUAM JaHHOM MaTeMaTH-
4ECKOU MOAETH.

JlanHas MaTemMaTHyecKasi MOJENb, IPEACTaBICHHAs! BEIIICTIPUBEICHHBIMY BbI-
pPaXCHUSIMH, TPUMEHSCTCS NPU PEIICHUU YPAaBHCHUI MaTeMaTHYeCKHX MOJeneit
JUTSL KXKJIOTO U3 MPEICTABICHHBIX B pa00Te IPHMEPOB, a TAKKe IS JIIOOBIX APYrHX
3a7a4, KOTOpble OYIyT pemarhcsi Mo JaHHOW MeToJuke. B Hauane mombupaercs
BBIYHCIIUTENb WX HAOOP BBIYMCIHUTENCH U CTeNIeHb pa3OHeHus Ha Mog3anadn, mpu
TIOMOIIIN TAHHON METOIUKH, TTOCTIE Yero MPOUCXOIUT pacyéT caMoil 3a1aun.

B Tpertnbeii riaBe onucaH pa3pabOTaHHBIN KOMIUIEKC MPOTPaMM, MO3BOJISHO-
Uil co31aBaTh, OTJIAXKUBATH U TECTHPOBATH pa3pabOTaHHbIC MapaUIeIIbHbBIC alro-
PHUTMBI JUISl MOJICTUPOBAHNS KPUTHYHBIX TI0 BPEMEHH MPOLIECCOB.

VICXOIHBIME TAHHBIMH JUTSI CUCTEMBI CIY)KUT MapaJUIeIbHBIA HIIH MOCIEI0BA-
TEJBHBIA ANTOPUTM, PaboTy KOTOPOro HEOOXOAMMO YCKOPHTB, JIMOO TMOBBICHTH
TOYHOCTh aJFOPUTMA MYTEM YBEIHYCHHUS pa3MepHOCTH 3amaud. s mocienosa-
TEJIBHOTO JITOPUTMA OMPENEISIOTCSl €0 COCTaBHBIE YacTH, PELICHHsS KOTOPHIX HE
3aBUCAT JIPYT OT JIPYra, H, COOTBETCTBEHHO, HX PEIICHHE MOKET ObITh MPOH3BECHO
B MapaJjieIbHOM pexxuMe. B ciyyae HEeBO3MOXKHOCTH TOAOOHOTO pa3dueHus, Heoo-
XOIUMO PAaCcCMATPHBaTh aJbTEPHATUBHBIC AITOPUTMBI, ISl KOTOPBIX MOA0OHOE
pa3bueHue BO3MOXKHO. [ TMONYyYEHHOTO MapayuIeNbHOTO (WM JUIS MCXOIHOTO
HapasiebHOTO) aJrOPUTMa BBISBISETCS CTEMCHb €ro Pa3OHEHHs U OMpPEASIeTCs
CBSI3aHHOCTDH OTJCNIBHBIX JTAINOB aJrOpUTMa. DTH IaHHBIE HEOOXOIMMBI LIS OIpe-
JeTICHUsT KOJIMYecTBa pa3OMEeHUi W 3TamoB pabOTHl aNTOPUTMOB JUIS Pa3IUYHBIX
anmapaTHBIX CPENCTB.

Jns peanuzauny pazpabOTaHHBIX aJrOPUTMOB MPEATIOKEHAa CUCTEMa Ha OC-
Hose uHrepdeiica OpenCL kak Hauboiee ruOKOro U yHHUBEPCAILHOTO MHCTPYMEH-
Ta HANKCAaHUS MPOTpaMM C MapauiedbHbIMU BhruucieHusMH. OpenCL sBrsercs
JOCTaTOYHO HOBBIM MHCTPYMEHTOM, IIO3TOMY CHCTEM Ha €r0 OCHOBE CO3/1aHO HE
obuto. CHcTema MO3BOJSET a0CTParupoBaThCsl OT IUIATQOPMBI M anmapaTHBIX
CPENICTB, Ha KOTOPBIX MPOU3BOJITCS BBIYHUCICHHS, U CPa3y MPUCTYIUTh K HAIKCa-
HUIO aJITOPUTMA PEIICHHUS 3a0auH.

CTpyKTypHas cxema MporpaMMHOT0 KOMIUIEKCa MoKa3aHa Ha puc. 1.

[IporpaMMHBIIf KOMIUIEKC ISl peaii3allii MapajuIeNbHBIX BBIYACICHUN CO-
CTOMT W3 HabOpa MOAYJEH Uil peanu3anud (pyHKIUA HHUNUATH3AHH MPUIONKE-
HUS, CO3JaHMs rpadudeckoro MHTepdelica MOIb30BaTENs, OCYIIECTBICHHS dTe-
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HUSI/COXpaHEHHs] HACTPOCK MPUIIOKEHHS B KOH(QUTYpalMOHHbIE ini-(aiiibl, coxpa-
HEHUS 3arpy30K JAHHBIX, @ TAaKXKe apXUBalWU/pa3apXuBalin (aiioB MpH OTKPHI-
THW/COXpAaHEHUH Ha OCHOBE OTKpPBITOro anroputma LZMA. Jlist paboThl ¢ BHelI-
HHMH aHAJIOTOBHIMH UCTOYHUKAMH JaHHBIX PEajM30BaH MOAYJb Ul pabOThI C aHa-
noro-uudpoBeiMu  nipeobpazoBarensivu pupmbl 3AO  «JI-Kapay. Taxke cozman
KOMIUTEKT OBICTpOH pa3paboTku OUONMOTEK ISl pealu3alydd KOHKPETHOTO aro-
pHUTMa NapauieIbHBIX BEIYUCICHHH.

Monyinb Monyns Mopyns
3arpysku/CoxpaHeHus » LZMA apXuBUpOBaHHS [TapannensHbIX 3a1a4
JTAHHBIX
AN Pl

Monyinb Monynb Monynb
3arpy3ku Mmofyneii [« Snpa »| 3arpy3ku OuOIHOTEK

Mopyinb bubnmorexn pemaeMbIx Mopyinb
3arpy3Ku HacTpoek 3aj1a4 Hurepdetica

Puc. 1. CTpykTypHas cXeMa NPOrpaMMHOI0 KOMILJIEKca

OCHOBHBIE KJTaCCHI MOIYJIeH JAHHOM CHCTEMBI:

*  MOAyNb sApa peaqudyeT OOUIyr0 (YHKIHOHAIBHOCTh KOMILIEKCa Mpo-
rpaMM, OCYHIECTBIIET 3arpy3Ky BCIOMOTaTEIbHBIX MOIYJICH;

*  BCIIOMOTATelIbHbIE MOAYJIH — PacUIMPSEMbIi HA0Op MOJIYJNEH, pearn3yro-
[IMX OCHOBHYIO ()YHKIIMOHAIBHOCTH KOMIUICKCA IPOrPaMM;

e OHMOJMOTEKHU pelIaeMbIX 33J1a4 — paclIupseMblii HAOOp MOTyJeH Ui pealtu-
3alMKd KOHKPETHOTO MapaJUICIBHOrO ajirOPUTMa MOJACIMPOBAHHS KPUTHYHBIX IO
BPEMEHH MPOLECcCOB. MOyIH MOKHO EPEKIII0UaTh BO BpeMs paboTHI.

B 4eTBepTOii I1aBe PacCMOTPEH Psii KPUTUYHBIX IO BPEMEHH IPOLECCOB,

MOJICTIUPOBAHUE KOTOPBIX OYyIeT BBIMOIHATHCS NPU IMOMOLIM IapaUICIBHBIX
AIITOPUTMOB C HCIOJIb30BaHHEM Pa3pabOTaHHOI0 KOMILICKCA [POrPaMM.

Jis aHanu3a yBeNWYEHHUS CKOPOCTH pacueTa A Pa3iIMYHBbIX alrOpPUTMOB
OBbUI HCHOJIB30BaH CICAYIOIIUI MepcoHalbHblii Kommnbiorep AMD Athlon X2
3800+/4I'6/NVIDIA GeForce 8800 GTS (320 Mb)/Windows XP Pro SP2.

Ipumep |. PaccMoTpum 3anauy pa3MmenieHus qeTaneld Ha Mo/IBeCKe B rajibBa-
HUYECKOW BaHHE, MPH KOTOPOl HAHOCHMOE MOKpBITHE OyneT Hanboyiee paBHOMEP-
HBIM IJ1s1 Bcex Aeraneil. Ha ocHOBe M3BECTHOTO YMCICHHOTO METOJa pacuéra mpo-
Lecca HaHECEHMs TaJlbBAaHMYECKOTO MOKPBITUS HCIIONB3yeTcsl MoAudukaus, co-
CTOSIIasl B OIPENIeNICHUH PacIloI0oKeHHs AeTalel, IpH KOTOPOM HEpaBHOMEPHOCTD
MOKPBITHS OyAeT MUHUMAaIbHON. DTa 3a[jaya paHee peranach 3KCIepUMEHTaIbHBIM
IIyTE€M Ha OTpaHHUYEHHOI BapHalliK PacIioIOKEHUH IeTallell, 4To SABISETCs JOPOro-
crosuied onepanueil. Beuny HedopMannzyemoil 3aBUCMMOCTH HEPaBHOMEPHOCTH
ITOKPBITUS OT PACIIOJIOKEHHMS JieTajeld, OyzeM pemarh 3a/1a4y HOJIHBIM 1epedopom.
PacxoxneHnue pe3ynapTaToB pacuéTa HEpaBHOMEPHOCTEH MOKPBHITUH Ui pa3HBIX
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pasmereHuii coctaBisteT 6onee 60%. PesynpraThl pemeHns 3aqaun CpaBHUBAINCH
C KCIEPUMEHTAJILHBIMH JaHHBIMH, YTO MOJTBEPANIO aJ€KBATHOCTh JAHHOTO YHC-
JIEHHOTO METOJa.

HeoGxomumo HalWTH KOOpAMHATHL BceX 0a30BBIX ToueK aeraneit (X, Y,
t=1,2, .., n, rae N — KOJIUIECTBO JAETaleH, MPU KOTOPHIX CyMMapHasi HepaBHOMEp-
HOCTb TJIbBAaHNYECKOTO TTOKPBITHS:

R =iRt — min,
t=1

rae R — HepaBHOMEpHOCTH MOKpbITHSA t-1 HeTany.
HepaBHOMEPHOCTB /1711 K&XKAOH U3 JeTallel pacCYUThIBACTCS IO opMyIie

1 ¢ 8,(xyz)-amn
R :gj—t( 6mi)n —d
Skt t
IIpy CJICAYIOIUX OTPAHNYCHUAX!

(20(xv2) , 00(xy2) , 4(X¥D) _, W(XyD - _,
x> dy> 0z’ ’ on 7

@(xy2+R(ixy2)ls =U. @(xy2+R(i(xy2)s, =0

(% %,2) = ~Xgrad(0(x v,2)), & x yZ)=% i(x y.z)at,

\t =1,2,..,n,

rae @(X, Y, Z) — MOTEeHIMA B TOUKE; §, — MOBEPXHOCTh M30JSITOpa (CTCHKH BaHHBI U3
n3onmpyromiero Bemecrsa); F(i) — GpyHkuus anoxHo nosspusatmu; Fy(i) — GpyHk-
s KaToJHOW monsipu3anuy; U — HampspkeHHe MEXAY KaTOAOM M aHoOoM; S, —
MOBEPXHOCTh aHOA; S¢ — MOBEPXHOCTH {-ro Karoma; X — IJIEKTPOIPOBOAHOCTD
AMEKTPONnTa; Oy(X, Y, Z) — TONIIMHA IraJbBAHUYECKOTO MOKPHITHS B TOUKe t-ro xaro-
Ja; D — 2JIEeKTPOXMMHUUYECKUI SKBUBAJICHT BELIECTBA; P — IUIOTHOCTH METAJlIa IO-
KpBITHS; AT — BpeMsI Ipoliecca.

IIpu 3TOM OrpaHUYCHHUS MEPEBEICHbI B KBa3UCTATHYCCKHHA BUJI U MPHHSITO
JONYIICHWE O HYJIEBOM HANpsDKEHHHM Ha KaToJaX W IOJIOKUTEIBHOM Ha aHOIE.
Oynkuuu Fy, F,, B o0iiem ciaydae HelMHEHHbIE, ONpeensoTcss 00paboTKOM HKC-
HEePUMEHTAIbHBIX JaHHBIX.

JlononHUTEeNbHbIC OTPaHUYCHHUS:
*  JIeTay He MOTYT MEPECEKAThCsl M BHIXOJUTH 32 TPAHUILIBI BAHHBI;

S

A

*  TEXHOJOIMYECKOEC OrPaHUYEHUE CHITBI TOKA | o S S )

*  MHHHMAJbHAs TONIIMHA OKPBITHs Oombiue 3a1annoil O = Oy .

3a 6a30BbIe TOUKH OepyTcsl LEHTPHI AeTanel, I yAOBIETBOPEHHS YCIOBUIO
HEIepeceyeHns U HEBBIXOJA 3a TPAHUIIBI BaHHBI, OylIeM HCIOJIb30BaTh IMPSIMO-
YroJibHbIC NapajJiesienuIe/ibl, ONMCaHHble BOKPYT KaXKA0# U3 Jeranel, ¢ LeHTPOM
B 0a30BOii TOYKE JIETaIH, 3TO MO3BOJIUT YIPOCTUTHh MPOBEPKY JAHHBIX YCIOBHH H,
COOTBETCTBEHHO, YCKOPHUTH PaboOTy alropuTMa.



BbI10 IPUHATO pelieHne: BBULY KOHEYHOCTH JMCKPETHOTO MHOKECTBA I10JI0-
JKEHUH JleTayiell B raJIbBAaHUYECKOW BaHHE PEIIaTh ONTHMU3ALHUOHHYIO 3a/1ady Me-
TOJIOM TOJIHOTO nepedopa.

IIpu ymcieHHOM pelIeHnH 33Aaud B MPSMOYTOJIBHBIX KOOPAMHATAX pa3o0beM
MPOCTPAHCTBO BAaHHBI CETKOH. JIJI TOHWKEHUSI HOPsIKa 33/1auyl UCIIONB3yeM IPHH-
LI PAcUICIUICHST: OyeM paccMaTpHBaTh cedeHHs1 00beMa BaHHBI TOPH30HTAIbHbI-
MH U BEPTUKAJILHBIMU TI0CKOCTAME XOY, YOZ(Y — MEXAIIEKTPOAHOE HATIPABIICHUE) U
JUTSL K&KIOTO CEUeHUsl pelarh JBYXMEpHYIo nojazanady. Ilomydaem aBa Habopa He-
CBSI3aHHBIX 110133124 U1t TuIockocTeld XoYu Y0oZ

('0(xy.2) 0°0(X YD) _ 6Mxxa| o
x> ay> ’ on IS 7

@(xy2+R(ixy2))s, =U. @OCxy2+R(I(xy%2))s, =0,

A

. D .
(X, 2) = —xgrad(d( X v, 2)), & ( x yz)=E i(x v.z)AT, t=1,2,...n.

(%0(xy.2) 0°0(X YD) _
ay? 0z°

@(xy2+R(ixy2))s, =U. O(xy2+RK(I(xy%2))s, =0,

s

09( % y,2)| _0
on Se

A

. D .
L (X y,2) = —xgrad(d( X v,2)), &, ( x yz)=E i(x vz)AT, t=1,2,..,n.

h \Y,
O6osnaumm uepes i, Oj j 3HAUCHHS MOTEHIMANA B y3/I€ CETKH C KOOp-

JMHATAMH X;, Yj, Z, MOJy4YCHHbIE P pellcHuH moasagad XoY u Z0Y cOOTBETCT-
BEHHO.
Torna pemieHne HCKOMOM 3aayun Oy/eT ONpeneNsaThCs Kak cpeHee apudme-

THYECKOEe d)ih,j,k " d)\i/,j,k:

h v
btk
bk =

IIpu pemienun 3a7a4y Ha KaKJOM M3 CIIOEB AJ yIOBIETBOPEHHS HMCKOMOMW
¢bynkuueil HenuHelHbIX KpaeBblX yciobuil III popa mpuMeHUM HTEepalMOHHBIN
METOJ, ABJIAIOIUIicA aHanoroMm MetonoB HbioToHa 1 kBasunuHeapuzauuu. YToOsl
HOJIY4YUTh pelieHue, OyaeM UCIOoIb30BaTh COUETAHUE METOIa BEpXHEH perlakcaluu
C MPOTOHKOM o cTpoke. [ mepexoja K JUCKPETHOH Gopme OyaeM Tenephb Mc-
MOJIb30BaTh BMECTO (hYHKIMH HEMPepbIBHOTo aprymenta (X, Y), cerouHyo ¢yHK-
o (X, ¥i), KOTOpYo 0003HAYNM Kak ¢); .

PazHOCTHBII onepaTop ¢ UCIIOIb30BAHUEM IIATUTOYEYHOTrO I1abIoHa:

N i:(), 1,..., ng, j:(), 1,..., Ny, k:(), 1,..., ns;.
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(@ =20 +bi +‘h,j—1‘2¢i,j + -0 baj — 0y

. b - =05
h hy (i) hy
Pryj ~Pni-j _ by + i bin =0y _
< h—x_o’ 5 R D) )=U,,
¢i,n2 +¢i,n2—1 + F2(¢i,n1 _¢i,n1—1 )=0.
\ 2 hy(nz)

KpaeBble ycioBus comepkar HelnuHeiHble (HYHKIHOHAIBHEIE 3aBUCUMOCTH F i,
F,, 4TO He MO3BOJISET penIaTh 3aJa4y KaKk CUCTEMY JITHEHHbBIX YpaBHEHHH.
3agaguMm HavanpHOE NMpUOIMKeHHe GYHKUUM pacrpeaeiaeH s IIOTHOCTH TO-

. 0 . .
Kka Ha Karoge, T.e. | (1) =(¢in  dini /M), i = 1, 2, ..., N, ¥ TOYHOCTB €, BbI-

IMOJIHEHHUSA KPa€BOIo yCIOBUA.
I[O Havajia pa60T1>1 METOJa IPOTrOHKH HeO6XO,HI/IMO 3a1aTb HA4YaJIbHOC IIpU-

k
O6mmkenue GYHKIMU BO BCEX Y37aX CETKH, T.€. ¢|( j) , k=0 u Benuumny €, TOYHOCTH

peneHus (KpuTepust OKOHYaHUSI UTEPALMOHHOTO MPOLEcca METO/1a IPOTOHKH).
Ha xaxxmoii BHyTpeHHe# cTpoke j = 2, 3, ..., N, — | METOIOM MPOTOHKH perra-
€M ypaBHEHHE

2 2
(6209 = 20{16 09| 1+ g0 = Jh (gl 49, ).
hy (J) hy ()

rae K— Homep urepaunn, (K+ 0,5)-s1 uTeparyst BBOXUTCS VTSl TOBBILICHHS TOYHOCTH.

VYcroitunBocTh METOAA TpoBeEpsUIach ¢ ucnons3oBanueM cetku 80...120 maros,
TIOJTy9CHHBIC Pe3yIbTAThI II03BOJITIOT TOBOPUTE 00 YCTOIYMBOCTH METOJA.

ITpu pemennu 3a1auu UMeeM CIEAYIOIINE Pe3yIbTaTbl BEIYUCICHUH 10 CKO-
pocTu:

® [I0CJIeOBATENbHBIN anroput™ — 7 cyT 4 94 15 MuH;

e Ui pa3OUeHHUs Ha LEHTpalbHOM Ipoueccope (2 sapa) — 3 cyt 22 u
27 muH yckopenue B 1,82 pasa, 3ppekTHBHOCTh MCIONB30BaHHS BBIYUCIUTENCH —
91%, Teopernueckoe yCKOpeHHe B 2 pa3a, HCX0As U3 3aKOHa AMJana;

® sl pa3dueHusi Ha Buaeokapte 96 Beruuchurened (8§ SIMD OGnokoB 16
NIOTOKOB JaHHbIX B KaxaoM) GeForce 8800GTS — 2 u 6 muH 58,1 ¢, yckopeHue B
82,6 pas, adpdextuBHOCT — 85%, TeopeTHIecKoe ycKopeHue B 96 pas.

Ipumep |1. PaccmoTpuM 3aady onpeneneHus yria HOBOPOTa JaTdHKa Ha Oc-
HOBE CHHYCHO-KocuHycHOro TpaHchopmaropa (CKT) ¢ ¢unbrpammeii momex BXO-
HOTO CHTHAJa JUIS BBIIENCHUS MOJIE3HOT0 HH(OPMAIMOHHOTO. IIpn 3TOM MCIONb3Yy-
ercst MoanGUKanys, OCHOBaHHAs HA COBMEILEHHH YaCTOTHOH (UIIBTpalyl CUTHAIA C
anroput™MoM npeoOpasoBanust curHana ¢ CKT B pesymbTHpyrolee 3HaueHUE yria
noBopoTa. uIbTpaLys NPOM3BOIUTCS IIPU IIOMOIIH MPSIMOTO M 00PaTHOTO Mpeodpa-
30BaHNH Oypbe U 0OHYICHHUS HE CYIIECTBEHHBIX JUIS HAC YaCTOT. DTOT METOJ II03BO-
nseT 0e3 MPUMEHEHWs! JOMONHHUTEIBHBIX JJICKTPOHHBIX (HIBTPOB aHAIU3HPOBATDH
TIOJIE3HBIN CHTHAJI, PACXOKICHUE 3HAUECHU I KOTOPOTo OT He(pMIIBTPOBaHHOTO CHTHAJIA
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cocrtasisier 6osiee 70%. TOYHOCTD M aJeKBaTHOCTh METOJa MOATBEPIXKICHA CpaBHE-
HHUEM 3HaYeHUH yria, HOJyYeHHBIX YMCICHHBIM METOJIOM, M JIaHHBIX, OJIYYEHHBIX C
COOCHO CTOSAIIEH ONTHYECKON AeNUTEIbHOM TOIOBKH.

HeoGxonumo HaiiTu B 3aaHHBIII MOMEHT BpeMEHH t, TUCKpeTHOEe 3HaueHHe
yraa noBopota aatunka CKT o, Ha OCHOBaHWUHM MCXOJHBIX IAHHBIX CHHYCa §, U
kocunyca C, yriia npu 3aIaHHOH 4acToTe (PHIBbTPAIMU CUTHANA ® MpH ClIeTYIOMINX
orpaHquHI/mx:

211|kn N-1 _2mikn N 211|kn
X = z X=XGe V. :=ﬁz ,
* 1 N-— 2rukn "~ S*
nzﬁz an=arcth—:,n=0,...,N—l,k=0,...,N71,

n
rae S, C, — 3HaueHUs MCXOJHBIX CUTHAIOB ¢ 0OMOTOK TpaHncdopmaropa; N — ko-
JIMYECTBO CHATHIX 33 OJMH IIMKJI TOYEK MCXOIHOTo curHana (3aBucut ot ALIIT); Xy,

% *
Yy — 4acTOTHbBIE XapaKTEPUCTHKN BXOIHBIX CHUTHATIOB, X . Yk — YacTOTHBIE Xa-

* %
PAKTEPUCTUKH CHTHAJIOB HOCHe (QUIBTPALIUH; Sn, Cn — JIUCKPETHbIE 3HAYEHHs

PE3YIBTUPYIOLIETO CUIHANA CHUHYCAa MU KOCHHYCa COOTBETCTBEHHO C IPUMEHEHUEM
Y4aCTOTHOTO (PUIIBTPA; O — AUCKPETHBIE 3HaueHue yria nosopora CKT.

Jnst punbTpanyy MCXOAHOTO CHTHAJIAa BOCTIONB3YeMCsl AUCKPETHBIM Ipeodpa-
3oBanueM Qypoe (JAI1PD). Tak kak marunk padoraer Ha yactore 400 ['1, To MOXHO
¢unpTpoBath curHai ¢ yacroroit ® 6osee 800 ' [Tocne mpeoOpazoBaHus B 06enx
YaCTOTHBIX XapaKTEePUCTUKaX OOHYIst0TCs 4acToThl Bhlme 800 I'n (Gomblie moues-
HOT'O CHUTHAaJA).

PaccMoTpuM HapaienbHyl0 U HOCIENOBaTENbHYIO PEalM3alUi0 OCHOBHOI
YaCTH aJTOPUTMAa YHCICHHOTO METO/A PEeLIeHHs JAHHOTO IIprMepa.

1. Cpem ucxoansix curuanos S,u C,,n=0,1, .., N-1.
2. Iukn Beraucienuns mpsmoro I k=0, 1, ..., N— 1.
N-1 N-1
Tkn Tkn
3. = cos| — | |. 4. Y, = C, cos| —
Xk nZ::,) Sn N k nZ::,) n N

5. Veenmuenne K, eciu K< N — 1, To mepexon k 1. 3.
6. OGHyIeHUE 4acTOT XapaKTepUCTUKU Oonbiux O.
7. Lukn Beramcienus: ooparuoro AMId n=0,1, ..., N-1.

N-1 N-1

8. S: :ﬁz X:cos% 9. C: :ﬁz Y:cosl
k=0 k=0

10. YBenuuenwue N, ecit N < N — 1, To nepexon k 1. 7.

11. ukn Beraucnenus yria nosoporan=0, 1, ..., N—1.

12. a, = arctg(S:/C:)

13. ¥YBennuenue N, ecmu N< N — 1, To nepexon k m. 11.
14. BeIBoz pe3yNbTUPYIOLIEH TUCKPETHOM 3aBUCUMOCTH yria a(t).
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B nannom anroputrme mmeeMm Tpu 3tama: 2 — 5, 7 — 10 u 11 — 13, Ha mepBbIx
JIBYX 3Talax IMeeM IO JBE IT0/[3a1a4H, Ha TPETheM — OJIHY.

Jlns mpoBepKH YCTOWYMBOCTH MeTOJa OBUIM MCHOJIB30BAaHBI PA3IUYHBIE dac-
TOTBI JUCKPETH3ALUK [IPU CHATHUH aHanorosoro curaana 90...110 k.

Jlns monmydeHnst i3MEHeHHs yriia oBOpOTa 3a mepuoy | ¢ momydaem:

® TI0CIeNOBaTeNBHEIN anroput™ — 3,1 ¢;

® it pa3OMeHus Ha IeHTpajbHOM mporieccope (2 sapa) — 1,9 ¢, yckopenue B
1,63 pasa, a3 dexruBnocTs 82%, TeopeTnueckoe yckopeHue B 1,98 pasa;

® st pa3dueHusi Ha Buaeokapte 96 Beruuchurened (8§ SIMD OmokoB 16
noTokoB B JaHHbIX kaxaoM) GeForce 8800GTS — 50 mc, yckopenue B 62 pasa,
s dexkTuBHOCTE 65%, TEOpETHIECKOE YCKOPEHUE B 66 pas.

Ipumep |11. 3anaua nocTpoeHUs TPEXMEPHOIO NPEACTABICHUS ACTANU 10 €€
JBYMEpHOMY IIpeICTaBlIeHHIO. PaccMoTpeHa MOAM(HKAIMS YHCICHHOTO METoJa
npeoOpa3oBaHus JBYMEPHOTO IPEICTABICHUS JETald B TPEXMEpPHOE Mpe/cTaBIIe-
HHE, MpeIoKeHHoe B paboTe [2]. Moandukanus cOCTOUT B JOOABICHUU IOMOJ-
HHUTEIBHOTO 3Tala MpeoOpa3oBaHus B PelENTOPHOE IPECTaBICHHE, a 3aTEM B HTO-
TOBOE NOJMIOHAIBHOE MpEACTaBlIeHHE. B pesynbraTe mo0GaBieHUs TOMOIHHUTEIb-
HOTO 3Tala YJIAaeTcsi COKPATHTh KOJMYECTBO IOJIUTOHOB B HTOTOBOM IIpEJCTaBIIe-
Huu. Jlig npumepa npu ucnoib3oBaHuu cetku 100x100 u npeobpa3oBanuu npen-
CTaBICHHUA Kyba W3 JBYMEPHOTO IIPEACTABICHUS B TPEXMEPHOE MONyJaeM: I
HeMOAU(DUIIMPOBAHHOTO MeToaa — 58 806 MONUTOHOB, Il MOTUPHUIIMPOBAHHOTO —
12 moMMroHoB. AJIEKBaTHOCTH METOJA MOATBEPIKACHA IPHUMEHEHHEM €T0 UL psiia
NPE/CTAaBICHNH, C U3BECTHBIM KaK ABYMEPHBIM TaK U TPEXMEPHBIM BUAAMH.

Heo0XoAnMO ONpeneNuTs reoMEeTPHYeCKOe MECTO TOYEK IS 3afaHHs IOo-
BEPXHOCTH DPE3yJAbTUPYIOLIETO TPEXMEPHOTO NPEACTABICHUS ACTATH B IOJIUIO-
HaJIBHOM BUJE:

Pi(X1, Y1, 213 %o, Yo, 225 %3, Y3, Z3), 1=1,2, .., N,
rae Py — i-it nonuro (B kKa4yecTBe MOJUIOHOB MCIIONB3YIOTCS TPeyroabHUKH), N —
KOJIMYECTBO MOJMIOHOB B UTOTOBOM IPEICTABICHUH, P KOTOPOM PE3YIBTUPYIO-
IIee TPeXMEpHOe MpeCcTaBlIeHne OyIeT COOTBETCTBOBATH HCXOAHOMY ABYMEPHOMY
C 3aJJaHHOM TOYHOCTBIO, ONPEAENIIEMOMY IIaroM TPEXMEPHOU CETKH, HUCIIONb3ye-
MOMY IIPH HaXO>KAECHUU TOYEK MOBEPXHOCTH ACTAIH.
3amaHHOE UCXOJHOE IIPEACTABICHIE HMEET BHI

2 14 8

\/j (Xl7 yl7 Zl; X27 y27 22)5 J = 15 27 (X33 Ma i

rae Vj — OTPe30K MCXOIHOTO BEKTOPHOTO L . A
JBYMEPHOTO NpenacTaBieHus aerand; M — e EEmaE oy
KOJINYECTBO OTPE3KOB.

Bxonnblie naHHbIe (pUC. 2) MpencTaB-

JSI0T co00i HabOp OTPE3KOB, U3 KOTOPBIX I e |l
COCTOHUT YepTeX AeTanu (Jyru, 3JUIAICH U y °©
OKPY)KHOCTH 3aMEHSIOTCS HabopoM IMpsi- 2 ooer Tl
MBIX), y KQXKIOTO OTpe3Ka UMEeTcsl mapa- @

METp, OnpeAessiomui tun auHnu (1 —
OCHOBHAsl JIMHUSA, 2 — HEBUAUMAS JuHUs). Puc. 2. Ofuuii BUI BXOJAHBIX JaHHBIX
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PaccMarpuBaeMblii allrOPUTM MO3BOJISIET MOJIYYMTh MOJIOKEHHE TOYEK MMOBEPXHOCTH
Jetany. B urore noiyuaeM TpeXMEpHYIO Marpully A 06azoBoro 61oka (puc. 3, a),
HOC/Ie YEero CTPOMM MAaTPHUIBI I BCEX OJIOKOB M OOBEAMHSAEM HX IPH ITOMOLIM
OIepali UCKIIOYHUTENBHOTO0 MM (puc. 3, 6). IS HOCTPOEHUS MONUTOHATBEHOM
MOJIEIM 110 UTOrOBOii Martpuiie OyaeM HCIOJb30BaTh TOYKH, XpaHs;LIMEe HOMepa
OTpe3KOB. BHyTpeHHHE TOYKH, OTMEUCHHBIE B MAaTPHIC CAUHHUIAMHE, HE OyIyT Ha-
XOJNTBCS Ha IMOBEPXHOCTH, CJIEIOBATENBHO, UX MOXHO HCKIIOYUTh. [I0JIMrOHBI
CTPOSITCS C YYETOM HENPEPHIBHOCTH JIMHUI, UX 00pa3yIoNmnX, YTO ITO3BOJSET MHO-
Jy4UTh HAUMEHBIIIEe KOJIUYECTBO MOJIMTOHOB.

a)

Puc. 3. Marpuna 6a3oBoro osoka (). AToroBast maTpuua (0)

PaccmoTpuM peasn3aniio OCHOBHOM 4acTH allfOpUTMA YUCIICHHOTO METO/IA.
1. BBog ucxomusix gaueix Vi, j = 1,2, ..., M.

2. PerieHrie ypaBHEHUH OTIPEIeICHNS TIPOSKIIAI (V]-f M), (VI MY, (VE, M.
3. Boigenenue GJI0K0B qu s Ba, B('q ,q=1,2, ..., My,

4. TlocTpoeHue KyOa 1 pelieHHe YPaBHEHUH [Tl HAXOXKACHHS U OTIPEICTICHUS
MaccuBoB Touek Dy(X, Y, 2).
5. Huka mnst Bcex 6mokoB =1, 2, ..., My,

6. Lk ams Beex wopmaneit N> i=1,2, .., (n+ 1)

7. Pemrenne ypaBHEHMH /i HAXOXKIEHUS TodeK mMoBepxXHOCTH Dy(X,y,2, ans
i-# HOpMan.

8. Yeemmuenne i Ha 1, ecom i < (n+ 1), To mepexox K 1. 6.

9. Luku amst Bcex HopManeit Nioy i=1,2,..,(n+ 1)2.

10. Pemenne ypaBHEHHMH AJIA HAXOXIEHHA TOYeK IOBEpXHOCTH Dy(X, V, 2),

JULSL -1 HOpMAJIH, C YY4ETOM yIKE 3aMOTHCHHBIX JaHHBIX.
: . 2
11. YBenuyenue i Ha 1, ecim | < (N+ 1)7, To nmepexox k 1. 9.

12. [uk st Beex Hopmaneit NO7i=1,2, ..., (n+1)".

13. Pemenue ypaBHEHMI A1 HaXOKAEHHsA Todek mosepxHoctd Dy(X, Y, 2),
JUIS i- HOpMAJIH, C YYeTOM yXKe 3allOTHCHHBIX JaHHBIX.

14. Yeennuenwue | Ha 1, ecnu i < (n+ 1)7, To nepexon k m. 12.

15. IIpoBepka KpaeBbIX TOYeK Ha BXOxAeHHE B Dy(X, Y, 2).
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16. YBennuenue ( Ha 1, ecnu g < My, To nepexoxa k 1. 5.

17. O6bemunenne Matpun Dy(X, Y, 2).

18. IlocTpoenue pe3ynbTUPYIONIETO MOJIUTOHATHHOTO MPEICTaBICHUS.

19. BbIBOJI UTOTOBOTO TPEXMEPHOTO MTOJUTOHAIBHOTO IPEACTaBICHUS.

Hukn5—-16u6—8,9—11, 12 — 14 MOXXHO BBIUUCIATH MapaUIEIBHO.

YcroitunBoCTh METO/A MPOBEPsIIach ¢ ucnoib3oBanueM cetku 80...120 maros,
Pe3yabTaThl HCCIEA0BAHMS O3BOISIIOT TOBOPUTE 00 YCTOMYMBOCTH METOA.

BapuaHTbl TOCTPOEHUS TPEXMEPHOTO MPEACTABICHUS U1 IpUMepa:

® T0cenoBaTeNnbHbINA anroput™ — 36,391 c;

e uIs pa3OMeHus Ha LIEHTpaJIbHOM Iipoueccope (2 sapa) — 19,04 ¢, yckopenue B
1,91 pasa, apdexruBHOCTS 95%, TEOpeTHyecKoe yCKOpeHue B 2 pasa;

e i pa3Ouenus Ha Buueokapre 96 Berumcnureneit (8§ SIMD Gnokos 16
MOTOKOB B AaHHBIX kKaxaoM) GeForce 8800GTS — 420 mc, yckopenue B 86,65 pasa,
sbdexruBHOCTh 90%), TEOpETUUECKOE YCKOPEHUE B 96 pas.

PaccmoTtpen nuip HeGoubIIo HAOOp 3a/1a4, peleHre KOTOPhIX HEBO3MOXKHO
3a 3aJlaHHOE BpeMs IPU HCIIOJIb30BAHUHU IOCIIEI0BATEIbHON apXUTEKTYpbl. AJEK-
BaTHOCTb BCEX MATEMaTHYECKHX MoOJeJel 0Ka3aHa CpaBHEHHEM C DKCIIEPHMEH-
TaJIbHBIMHU JAaHHBIMH.

OCHOBHBIE PE3YJIbTATBI U BBIBO/IbI

1. Paspaboranuble 3((GEKTUBHBIE YUCICHHBIE METOAbl JUIl PELICHUs
ypaBHEHHI MOAM(UIMPOBAHHBIX MaTeMaTHIECKUX MOJENEH MO3BONISIOT YCKOPHTb
BBIYMCIIEHHs AJs pacdeTa: SIEKTPUYECKOro IO B TalbBaHUYECKOH BaHHE,
HOCTPOSHMSI ~ TPEXMEPHOTO  MpEJACTaBICHHWA  JIeTald 10  ABYMEPHOMY
IIPEACTABICHUIO, YIJa I0OBOPOTA JAaTUUKA CUHYCHO-KOCHUHYCHOTO TpaHc(opMaTopa
B 83,87 1 62 pa3a COOTBETCTBEHHO.

2. PeanusoBanHas Mojenb onpeneneHus 3((GEKTUBHOro pa3OueHus U
nox0opa BBIYHCIMTENS IIO3BOJIIET BHIOPATh ONTHMANBHYI0 C TOYKH 3PEHUS
3arpy3Kd BBIYUCIUTENBHYIO MIaTGOPMY, UTO YCKOPSET M YIPOLIAET IMPOLEcC
Pa3paboTKy MapauIeNbHBIX aTOPHTMOB.

3. PaspabGoTaH KoOMIIIEKC HpPOOIEMHO-OPUEHTUPOBAHHBIX MHPOTPAMM IS
peanu3aly HapaIelbHbIX alTOPUTMOB, TO3BOJIAIONIHI CO3/1aBaTh, MOAU(DUIAPO-
BaTh U UCIIOJb30BaTh TOTOBbIE IPOIPAMMHBIE PELLIEHUSL.

4. TIpakTudeckas IEHHOCTb PE3yIbTaTOB, MONYYCHHBIX B JHCCEPTAIOHHOM
HCCIIeJOBAHUHY, MOATBEPXKICHA aKTaMM BHEIPEHUS B pabOTy Ha MHPEINpPUSITHSIX
00O «I'panut-M» u OAO «Tamb60BcKuii 3aBOA «DIEKTPOIPUOODP.

YBJIUKANMUA ITIO TEME JUCCEPTALIUA

Cmamuu 6 peyensupyemuix JHCcypHanax:

1. CAIIP ransBannueckux npoueccos / A.C. ITonos, FO.B. JlutoBka, I'.A. Ku-
puuenko, M.A. Tonosa // BectHrk TaMOOBCKOTO roCyIapCTBEHHOTO TEXHUYECKOTO
yauBepcutera. — T. 14. — Ne 4. — Tam6oB, 2008. — C. 882 — 891.

2. Aunroput™m GpopMupoBaHHS 00bEMHON F€OMETPHYECKON MOJICIH JICTaNN U3
yeprexxka npoekiuid / A.C. ITonos, F0.B. Jluroska, B.B. IIsk, M.A. Ilonosa //
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Bectauk AI'TY. Cep. «YmpaBieHue, BIYHCIUTEIbHAS TEXHUKA M WHQOpPMATH-
kay. — Actpaxanb, 2009. — Ne 2 — C. 152 — 160.

3. IlocTpoenme TpexXMEpHOH CETKH IeTamd [Jsl pacdyera paclpeaereHHs
rajbBaHHYECKOro MOKpbITHA o ee nosepxHoctu / A.C. Ilonos, H0.B. JIutoBKa,
M.A. ITonosa // CAIIP u rpaduka. — M., 2010. — Ne 1. — C. 68—69.

4. CucremMa HCHOJHEHHUS MapaUICIbHBIX BBIYMCIMTENBHBIX IPOLECCOB /
A.C. Ilomnos, 10.B. JIutoska // Pagunorexuuka. — M., 2010. — Ne 5. — C. 60 — 67.

IIpouue nybauxayuu:

5. Tlomos, A.C. IlocranoBka 3amauu peuieHus ypaBHeHnus Jlamnaca npu mo-
Mouy napamiensHbix Beraucaenuit / A.C. Ilonos, F0.B. Jlutoska / MaremaTuye-
CKHE METOJbI B TEXHHMKE U TeXxHosorusx : ¢0. Tp. XXI MexnyHap. Hay4. KOHD. —
T. 6. — Caparos, 2008. — C. 89-90.

6. Ilomos, A.C. O mapamnenu3anuu BbrancieHnii B CAIIP rampBannmdecknx
npouecco / A.C. Ilonos, }O.B. JlutoBka // MaTtemarnueckue METO/bl B TEXHUKE U
TexHonorusix : ¢0. TpynoB XXII Mexaynap. Hayd. kou¢. — T. 10. — TIckos, 2009. —
C.99-101.

7. Tlonos, A.C. BBox rpaduueckoii MHGOpPMAIMA B CHCTEME YIPABJICHHUS
rajgpBaHnyeckumu nporeccamu / A.C. Tlomos, F0.B. JIutoBka, M.A. ITonosa // Ma-
TEMaTHYECKUE METOJIbl B TEXHUKE U TexHosorusx : ¢0. Tp. XXIII MexnyHap. Hayu.
koH. — Caparos, 2010. — C. 47-48.

8. Tlomnos, A.C. Cucrema pa3pabOTKH U OTIAJKH aJTOPUTMOB TMapalIeIbHBIX
Boruucnenuii / A.C. ITonos // Maremaruueckue METObl B TEXHUKE M TEXHOJIOTHSX :
¢6. Tp. XXIII Mexnaynap. Hayu. koHd. — Caparos, 2010. — C. 157 — 159.

9. Cucrema aBTOMaTH3MPOBAHHOTO NPOEKTUPOBAHUS U YIPaBJIEHHS ralbBaHH-
yeckumu nporieccamu / A.C. Tonos, FO.B. JIutoBka, I'.A. Kupudenko, M.A. ITonoga //
Tes. noxn. 7 Mexynap. koH®. «ITokpbiTis u 06paboTka noBepxHocT». — M., 2010. —
C.57-58.

10. IpoGuiembl pa3pabOTKH KOMILJIEKCOB MPOrpaMM MOJACIUPOBAHUS U ONTHMH-
3auu rasibBaHnueckux npoueccos / FO.B. JIutoska, I'.A. Kupuuenko, M. A. ITonoga,
A.C. TlonoB // 3aluTHBIC M ClICHUANIBHBIC MOKPBITHS, 00pa0OTKa MOBEPXHOCTH B
MAaIIMHOCTPOEHUU U IpubopocTpoeHud : Te3. Aok VII Beepoc. Hayd. koH]. — [len-
3a,2010. — C. 46 —48.

11. CBuzerenscTBo 00 oduIManbHOR perucTpanuy mporpammsl aas OBM
Ne 2010614479. Cucrema ansi pa3paOOTKH OTIaJKH U TECTHPOBAHUS Mapalieiib-
HbIX anropurmoB / A.C. Ilonos. — 2010.

12. CBuaerensCTBO 00 OQHIMANBHOW perucTpaiuu mnporpammbl uis IBM
Ne 2010614480. IIporpamma Juist MOCTPOECHHS TPEXMEPHON MOJEIH IO JBYMEPHO-
My ueptexy / A.C. ITonos, M.A. ITomora. — 2010.
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