
YTBEP)J(L(A!O: 

Y D 'n _7L-lLj~ 2016 r. 

3AKmoQEHl1E 


<l>e'[(epaJIbHOrO rocy,[(apcTBeHHoro yqpe)f(,[(eHluI 


«<l>e'[(epaJIbHbIM HCCJIe,[(oBaTeJIbCKHM u:eHTp 


I1HCTHTYT rrpHKJIa'[(HoM MaTeMaTHKH HM. M.B. KeJI,[(bIlIIa 


POCCHMCKOM aKa,[(eMHH HaYK» 
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L(HccepTau:mI «CeTOqHO-OrrepaTopHbIM rro,[(xo,[( K rrporpaMMHpoBaHHlO 3a,[(aq 

MaTeMaTHqeCKOM <!>H3HKH» BbIITOJIHeHa B OT,[(eJIe N28 «f1pHKJIa,[(Hble 3a,[(aqH 

MexaHHKH CrrJIOlIIHbIX cpe,[(», ceKTop N21 «f1pHKJIa,[(Hble 3a,[(aqH MexaHHKH 

CrrJIOlIIHbIX cpe,[(» <l>e'[(epaJIbHOrO rocy,[(apcTBeHHoro yqpe)f(,[(eHH5I «<l>e'[(epaJIbHbIM 

HCCJIe,[(oBaTeJIbCKHM u:eHTp I1HCTHTYT rrpHKJIa'[(HoM MaTCMaTHKH HM. M.B. KeJI,[(bIlIIa 

POCCHMCKOM aKa,[(eMHH HaYK» <l>e,[(epaJIbHOrO areHTCTBa HayqHbIX opraHH3aU:HM 

(<l>AHO POCCHH). 

B rrepHo,[( rro,[(rOTOBKH ,[(HccepTaU:HH COHCKaTeJIb KpacHoB MHxaHJI 

MHxaMJIoBHq pa60TaJI B <l>e'[(epaJIbHOM rocy,[(apcTBeHHoM yqpe)f(,[(eHHH 

«<l>e'[(epaJIbHbIM HCCJIe,noBaTeJIbCKHM l~eHTp I1HCTHTYT rrpHKJIa'[(HoM MaTeMaTHKH 

HM. M.B. KeJI,[(bIlIIa POCCHMCKOM aKa,[(eMHH HaYK» <l>e'[(epaJIbHOrO areHTCTBa 

HayqHbIX opraHH3aU:HM, OT,neJI N28 «f1pHKJIa'[(Hble 3a,naqH MexaHHKH CrrJIOlIIHbIX 

cpe,n», ceKTop N21 «f1pHKJIa,[(Hble 3a,[(aqH MexaHHKH CrrJIOlIIHbIX cpe,[(», cTaplIIHM 

HayqHbIM cOTpy,nHHK. 



B 1988 ro)],y OKOWIHJI MOCKOBCKHH CPH3HKo-TexHwlecKHH HHCTHTYT (B 

HaCTO~DQee BpeM~ cDe)]'epaJIbHoe rocy)],apcTBeHHoe aBTOHOMHoe 06pa30BaTeJIbHOe 

Y'Ipe)K)],eHI1e BblClilero npocpeCCI10HaJIbHOrO o6pa30BaHH~ "MoCKOBCKI1H CPI13HKO

TeXHH'IeCKHH HHCTI1TYT (rocy)],apcTBeHHbIH YHHBepcHTeT)") no cneu.HaJIbHOCTI1 

«CI1CTeMbI aBTOMaTI1qeCKOrO ynpaBJIeHH~». 

Y)]'ocToBepeHI1e 0 c)],a'Ie KaH)],I1)],aTCKI1X 3K3aMeHOB BbI)],aHO B 2016 ro)],y 

cDe)],epaJIbHbIM rocy)],apcTBeHHbIM Y'Ipe)K)],eHHeM «cDe)]'epaJIbHbIH 

I1CCJIe)],oBaTeJIbCKHH U.eHTp I1HCTI1TYT npI1KJIa)],HoH MaTeMaTI1KH HM. M.B. KeJI)],bIliia 

POCCHHCKOH aKa)],eMHI1 HaYK» cDe)]'epaJIbHoro areHTCTBa HaY'IHbIX OpraHI13aIJ,HH. 

HaYQHbIH PYKoBo)],HTeJIb - )],OKTOP CPI13HKO-MaTeMaTH'IeCKHX HayK )l(YKOB 

BHKTOP TI1MocpeeBI1Q, cDe)],epaJIbHoe rocy)],apcTBeHHoe Y'Ipe)K)],eHHe «cDe)]'epaJIbHbIH 

I1CCJIe)]'oBaTeJIbCKI1H U.eHTp I1HCTHTYT npHKJIa)]'HoH MaTeMaTHKI1 HM. M.B. KeJI)],bIllla 

POCCI1HCKOH aKa)],eMHI1 HaYK» cDe)]'epaJIbHoro areHTCTBa HaY'IHbIX opraHH3au.I1H, 

OT)],eJI N28 «TIpHKJIa)]'Hble 3a)],a'II1 MexaHHKH CnJIOllIHbIX cpe)],», 3aBe)]'Y1ODQHH 

OT)],eJIOM. 

TIo I1TOraM o6cy)K)],eHI1~ npI1H~TO CJIe)],YfODQee 3aKJIlO'IeHHe: 

.n:HccepTau.I10HHa~ pa60Ta KpacHoBa M.M. nOCB~DQeHa aKTyaJlbHoH 

"p06J1eMe "pOrpaMMlIpoBaHIISI npI16JIH)KeHHlO BHelllHero BH)],a 3anHCH 

MaTeMaTI1'IeCKHX cpOpMyJI B HCXO)],HOM TeKCTe nporpaMM, pelllafODQI1X 3a)],aQH 

MaTeMaTH'IeCKOH CPI13I1KH, K BI1)],y Tex )Ke cpOpMyJI B MaTeMaTHQeCKOH JIHTepaType. B 

MaTeMaTI1QeCKOH JII1TepaType )],JI~ 3anHCH cpOpMyJI aKTHBHO npI1MeH~fOTc~ 

Pa3JII1'IHble MaTeMaTH'IeCKHe onepaTopbI, 3a C'IeT 'Iero BHellIHHH BH)], cpOpMyJ1 

nOJIY'IaeTC5I KpaTKI1M H ~CHbIM. TIPI1 3anHCI1 Tex )Ke cpOpMyJI B HCXO)],HOM TeKCTe 

nporpaMM 3TH KpaTKI1e 11 ~CHble cpOpMyJIbI 3a'IaCTYlO npeBpaDQafOTC~ B 

MHorOCTpOQHble onepaTopbI, B KOTOPbIX 6bIBaeT HenpOCTO pa306paTbC5I. KpOMe 

Toro, npI1 3anI1CI1 TaKHX )],J1HHHbIX onepaTopOB BeJ1I1Ka Bep05ITHOCTb CJ1Y'IaHHbIX 

TPY)],HO OTJ1aBJ1HBaeMbIX OllIH6oK (one'IaTOK). B npe)],J10)KeHHOM no)],xo)],e K 

npOrpaMMI1pOBaHHlO )],aHHa5I np06J1eMa pelilaeTC~ 3a C'IeT BBe)],eHI1~ nOH~TH~ 

CeTO'IHOrO onepaTopa - aHaJIOra MaTeMaTH'IeCKOrO onepaTopa. C nOMODQbfO 

CeTOQHbIX onepaTopOB, a TaK)Ke nepeonpe)]'eJ1eHHbIX MaTeMaTI1'IeCKHX onepau.I1H )],J1~ 



.• 


CeTOqHbIX CPYHKlJ,l1H: MO)KHO KOMrraKTHO 3arr11CbIBaTb cpOpMyJIbI mo6oH: CJIO)KHOCTI1. 

KpOMe TO[,O, B ,.a:I1CCepTalJ,l1l1 KpaCHOBa M.M. 3aTpOHYTa rrp06JIeMa rrepeHOCa 

rrpO['paMM Ha COBpeMeHHble rrapaJIJIeJIbHble Bblql1CJII1TeJIbHble apXI1TeKTypbI, TaKl1e, 

KaK NVIDIA CUDA 11 Intel Xeon Phi. 3a CqeT COKpbITI15I peaJI113alJ,1111 orrepaTopa 

rrpl1cBal1BaHI15I BHyTpl1 6116JI110TeKI1, peaJII13YIOI..ll,eH: CeTOqHO-OrrepaTOpHbIH: rro,.a:xo,.a: K 

rrpo['paMMl1poBaHI1IO, TeKCT rrporpaMMbI CTaHOBI1TC5I rrepeHOCI1MbIM rrYTeM 

rrepeKOMrrl1JI5IlJ,l1l1 Ha TaKl1e rrapaJIJIeJIbHble apxl1TeKTypbI. 

npaKTHQeCKaH u,eHHOCTb rrOJIyqeHHbIX pe3YJIbTaTOB rro,.a:TBep)K,.a:aeTC5I 

peaJIl13alJ,l1eH: rrpo['paMMHblx KOMrrJIeKCOB ,.a:JI5I peIIleHI15I Pa3JIl1qHbIX 3a,.a:aq 

MaTeMaTI1QeCKOH: CP11311K11 Ha pa3HbIX ceTKax, B TOM QI1CJIe: 

1. 	 MHo['oceToQHo['o MeTo,.a:a Ha pe['YJI5IpHbIX TpexMepHblx ceTKax. 

2. 	 Pa3pbIBHo['O MeTo,.a:a raJIepKI1Ha Ha TpexMepHblx TeTpa3,.a:paJIbHbIX 

Hepe['YJI5IpHbIX ceTKax. 

3. 	 PaCQeT ['opeHI15I Ha o,.a:HOMepHbIX ceTKax Ha 3a,.a:aQe ENO (Essentially Non

Oscillatory) 11 p5I,.a:a ,.a:PY['I1X pa6oT. 

TeMa ,.a:l1ccepTalJ,l1l1 paCKpbITa 11 rrpaBI1JIbHO OTpa)KeHa B p5I,.a:e orry6JI11KOBaHHbIx 

pa6oT, pe3YJIbTaTbI KOTOPbIX 6 bIJI11 rrpe,.a:cTaBJIeHbI Ha POCCI1H:CKI1X 

Me)K,.a:YHapo,.a:HbIX KOH<pepeHlJ,l15IX, B TOM QI1CJIe: 

• 	 Me)K,.a:YHapo,.a:HoH: HaYQHOH: KOH<pepeHlJ,l1l1 «HaYQHbIH: cepBl1c B ceTI1 

I1HTepHeT: 3K3a<pJIOrrCHOe 6y,.a:yI..ll,ee», CeHT5I6pb 2011 1., 

1. HOBOPOCCI1H:CK. 

• 	 HalJ,110HaJIbHOM cyrrepKoMrrbIOTepHoM cpopYMe (HCK<P-2013), H05I6pb 

2013 ['., TIepeCJIaBJIb-3aJIeCCKI1H:, ill1C 11M. A.K. AH:JIaMa35IHa P AH. 

• 	 XX BcepOCCI1H:CKOH: KOHcpepeHlJ,l111 «TeopeTI1QeCKl1e OCHOBbI 11 

KOHCTpYl1pOBaHl1e QI1CJleHHbIX aJI['opI1TMOB peIIleHI15I 3a,.a:aQ 

MaTeMaTI1QeCKOH: CPI13I1KI1», rrOCB5II..ll,eHHa5I rraM5ITI1 K.I1. Ea6eHKO, 

CeHT5I6pb 2014 1., 1. HOBOPOCCI1H:CK. 

• 	 Me)K,.a:YHapo,.a:HoH: KOHcpepeHlJ,l111 «CyrrepKoMrrbIOTepHble ,.a:HI1 B POCCI1I1», 

28 - 29 CeHT5I6p5I 2015 1., 1. MocKBa. 
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• 	 XIV Me)K)]'YHapo)]'HbIH ceMHHap «MaTeMaTHqeCKHe Mo)],eJIH H 

Mo)],eJIHpOBaHHe B JIa3epHO-rrJIa3MeHHblx rrpou:eccax H rrepe)],oBblx 

HayqHbIX TeXHOJIOrH5IX», 4 - 9 HIOJI5I 2016 L, L MocKBa. 

• 	 XV International seminar «Mathematical models & modeling in laser 

plasma processes & advanced science technologies», 26 - 30 September, 

2016, Montenegro, Petrovac. 

I1MeIOTC5I 5 cTaTeH ITO TeMaTHKe pa60TbI B peu:eH3HpyeMblx )KypHanax H3 

CITHCKa BAK: 

1. 	 KpacHoB M.M. OrrepaTOpHa5I 6H6JIHOTeKa )],JI5I pelIIeHH5I TpexMepHblx CeTOqHbIX 

3a)],aq MaTeMaTHqeCKOH CPH3HKH C HCITOJIb30BaHHeM rpacpHqeCKHX rrJIaT C 

apxHTeKTYPoH CUDA. 

II MaTeMaTHqeCKOe Mo)],eJIHpOBaHHe, 2015, T.27, N2 3, c. 109-120. 

2. 	 )l(YKOB B.T., KpacHoB M.M., HOBHKoBa H.,n., <Deo)]'opHToBa 0.13. CpaBHeHHe 

3cpcpeKTHBHoCTH MHorOCeTOqHOrO MeTo)],a Ha cOBpeMeHHblx BblqHCJIHTeJIbHbIX 

apxHTeKTypax. II ITporpaMMHpoBaHHe, 2015, N2 1, c. 21-3l. 

3. 	 KpacHoB M.M. ITapanJIeJIbHbIH anropHTM BblqHCJIeHH5I TOqeK rHrreprrJIOCKOCTH 

cppoHTa BblqHCJIeHHH. II )l(ypHaJI BhlqHCJIHTeJIbHOH MaTeMaTHKH H 

MaTeMaTHqeCKOH CPH3HKH, 2015, TOM 55 , N2 1, c. 145-152. 

4. 	 KpacHoB M.M., KyqyroB IT.A., JIa)],oHKHHa M.E., THlIIKHH B.<D. Pa3pbIBHbIH 


MeTO)], fanepKHHa Ha TpexMepHblx TeTpa3)]'paJIbHhIX ceTKax. I1cnOJIb30BaHHe 


onepaTopHoro MeTo)],a nporpaMMHpOBaHH5I. I I MaTeMaTHqeCKOe 


Mo)],eJIHpOBaHHe, 2017 L, T. 29, N2 2, c. 3-22. (ITPHH5ITO B neqaTb). 


5. 	 KpacHoB M.M., JIa)]'oHKHHa M.E. Pa3pbIBHbIH MeTO)], faJIepKHHa Ha 


TpexMepHblx TeTpa3)]'paJIbHbIX ceTKax. ITpHMeHeHHe lIIa6JIOHHOrO 


MeTanporpaMMHpOBaHH5I 5I3bIKa C++. 


II ITporpaMMHpoBaHHe, 2017, N2 3 (npHH5ITO B ITeqaTb). 


Bce pe3YJIbTaThI )],HccepTaU:HH ITOJIyqeHbI aBTopoM JIHqHO. 

,nHccepTaU:HoHHa5I pa60Ta KpacHoBa M.M. cooTBeTcTByeT Tpe60BaHH5IM 

KaH)],H)],aTcKoH )],HccepTaU:HH no cneU:HaJIhHOCTH 05.13.11 - MaTeMaTHqeCKOe H 

nporpaMMHoe 06eCneqeHHe BhlqHCJIHTeJIhHhIX MalIIHH, KOMITJIeKCOB H 
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KOMrrblOTepHbIX CeTeH. 

)J,11CCepTaU)Uf «CeTOLIHO-OrrepaTOpHbIH rrO,L.(XO,L.( K rrpOrpaMM11pOBaH11lO 3a,L.(aLI 

MaTeMaT11LIeCKOH <p11311K11» KpaCHOBa M11xaI1JIa M11XaHJIOB11LIa peKOMeH,L.(yeTC5f K 

3aW:11Te Ha C011CKaH11e YLIeHOH CTerreH11 KaH,L.(11,L.(aTa <p11311KO-MaTeManILIeCK11X HayK 

rro crreQ11aJIbHOCT11 05.13.11 - MaTeMaT11LIeCKOe 11 rrporpaMMHoe o6eCrreLIeH11e 

BbILI11CJI11TeJIbHbIX MalIl11H, KOMrrJIeKCOB 11 KOMrrblOTepHbIx ceTeH. - 3aKJIlOLIeH11e rrp11 H5fTO Ha paClIl11peHHOM CeM11Hape OT,L.(eJIa N2 9 

«I1H<popMaQ110HHbIe TeXHOJIOr1111». Ilp11cYTcTBOBaJIO Ha CeM11Hape 20 LIeJI. 

Pe3YJIbTaTbI rOJIOCOBaH115f: «3a» - 20 LIeJI., «rrpOT11B» - HeT, «B03,L.(ep)KaJIOcb» - HeT, 

rrpOTOKOJI N2 15 OT «13» OKT5f6p5f 2016 1. 

r Op6YHOB-Iloca,L.(oB M11xa11JI M11XaHJIOB11LI, 

~~ 	,L.(.<p.-M.H., OT,L.(eJI N2 9 «I1H<popMaQ110HHbIe 

TeXHOJIOr1111», 3aBe,L.(YlOW:11H OT,L.(eJIOM 
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