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Bctynnenne

@ B nabopaTtopun “MareMaTndecKkoro MoAeINpOBAHUS HEJUHEAHBIX IIPOIECCOB B
ra3oBbix cpegax’ M®PTU sepetcs paspaboTka YMCNEHHBIX METOLOB U KOMMJIEKCA
nporpamm “‘FlowModellium" 4yncneHHoro MoaennpoBaHusi BHELIHUX
BbICOKOCKOPOCTHbIX TEHEHU CKMMAEMOrO ra3a B LUMPOKOM AManasoHe
napameTpoB Haberatowiero noToka.

@ Komnnekc nporpamm coctouTt n3

o CertkonoctpounTeneii Smesher/Sotm/Qi3d poly (A.W. Benokpeic-®enotos, B.A.
lapanxa, J1.H. Kygpssuesa. “IIporpaMMHBIA KOMIJIEKC JJIs IIOCTPOCHUS
TerpaspajbHbIX ceToK' , CBUAETENbCTBO O roCyfapCTBEHHON perncTpaummn
nporpamm gns 9BM 2014619168.)

@ MOZAYJ/IbHOV NMPOrpamMMbl-peLlaTenst YPaBHEHNA OBUXKEHNST CKUMAEMOTO rasa ¢
y4eToM pasnuuHbix dusnyeckux ceolicte cpegpl (B.A. Tutapes and C.B.
VTiokHMKOB, “TIporpaMMHBINl KOMIIJIEKC JIJIsT PACYETa TUIEP3BYKOBBIX TEYEHHH
Bozayxa' , CBUAETENbCTBO O rocyfapcTBEHHON perucTpauum nporpamm ans DBM
2013619670)

@ nporpammbl Busyanusaunn OnReader (Fapanxa B.A. ¢ co-asTopamu).

@ B HacTosiem goknage npusogmtcs 0630p BO3MOXHOCTEN a3pofnHaMNYECcKOro
pewatens “FlowModellium™ .
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AHkeTa

@ O6uwue uenn n 3agaqn koaa

© 0 6 0 ©

@ Pa3paboTka HOBbIX YNC/IEHHbIX METOLOB, BK/IOHAs METOAbI JeKOMMNo3nLmun obnactu
@ Pewenune pyHAaMeHTaNbHbIX HAYHYHbIX U NPUKIAAHBIX 3ajay,
@ PaspaboTka napannensHbix anroputmos gns multi & many-core cuctem.
Yto mogenupyeTcsi (knacchl TeqeHuin)
@ CKumaemble TEYEHNS, BKIIOYAs FMMNeP3BYKOBbIE
BoamoxHocTb gon. dusunkn
@ paBHOBECHasl U HepaBHOBECHAsS! XNMUS
Mogenn
@ ypasHeHus Haebe-Ctokca, Diinepa, mogenn RANS.
EcTb nin cobcTBEHHbIN reHepaTop CeTOK?
@ [a, rpynna B.A. lNapanxun
YucneHHble meToabl
@ KoHe4yHo-0bbeMHblE;
@ MeTog HaMMeHbLINX KBAAPATOB HA MPOU3BOJIbHBIX CETKAX +
JIOKaNIbHO-OHOMEPHbIE CXEMbI Ha rekcax;
@ [lopsipok annpokcMMaLummn KOHBEKTUBHbBIX NOTOKOB 40 5-ro
WNHTerpuposanne no BpemeHu:
@ SIBHblE CXEMbI, HESIBHbIE CXEMBI,
Ncnonb3yemble conBepbl AN PELUEHNS CUCTEM JIMHERHBIX YPaBHEHNIA:
@ LU-SGS
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PacyeTHble ypaBHEHUSA CMNOLLIHOW cpebl

] I'Ipep,nonaraem, 4TO Cpefa NOAHUNHAETCA YPAaBHEHNIO COCTOAHUA UAEANIbHOIO rasa

Ru
p= Pﬁ T,
rae R, - yHuBepcanbHas rasoasi noctosiHHasi, M - monsipHasi macca. JHeprus

€aAnHNLUbl obbema rasosoii cmecu BbIPaXXae€TCA 4Hepe3 sHepruto eaquHuMubl Macchbl e,
NNOTHOCTb N CKOPOCTb rasa no cbopmyne

E = p(e+ uaua/2)

@ B pa3smepHoli BeKTOpHOI popMe pacyeTHbIE YPaBHEHUSI UMEIOT BUA,

8 4 v v \'2 v

EU+V(F7F):S(U)7 F:(F15F27F3)a F :(FlaF2aF3)'

@ 3pecb U - BekTOp KOHCEPBATUBHBLIX nepeMeHHbiX, F, F' - TEH30pbl KOHBEKTUBHbIX
N BA3KUX NMOTOKOB NO KOOPANHATHbIM HaNpaBJE€HNAM, S - NCTOYHWKOBbIN 4YJEH.
KOHerTHbIVI B4 OAaHHbIX BEKTOPOB 3aBUCUT OT |/|C|'|OJ'|b3yeM0ﬁ dJVl3V|L|eCKO|7|
Mogenwu. OnVlCaHVle P€aNN30BaHHbIX B NaKETE NporpamMmm Mop,eneﬁ npnBoaANTCA
HU>Xe.
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Mopnenb coepleHHOro rasa

@ BekTopbl U, Fi, F) 3apatotca dopmynamu

p puk 0
pur puily + S1kp Tik
U=| pw |, Fe=| puu+dup |, Fi= Tok
pus pusuy + 03kp T3k
E (E + p)ux UaTak — Gk

RT _ Ry
y—1 R= ™
Macca M pns Bosgyxa M = const = 28.98 - 1072 kr/monb, v = 7/5.

o VpaBHeHme COCTOAHUA € = nokasaTesnb ap,maGaTbl Y N MOJIsApHas

[nsi KOMNOHEHT TeH30pa BA3KUX HAMPsKEHWUIA Tj; U NOTOKa Tensa gx UMeeM:

_ 8u,- 8Uk 2 . _ 87—
Tik = H (8Xk + 6X,' B 3leU> ’ = Aaxk

@ [Ins coBepLueHHOro rasa KoahULUEHTbI BA3KOCTU [ U TEMJOMNPOBOGHOCTM A

q R
CBSI3aHbl COOTHOLUEHUEM A = 1:”%“, Cp = Ll’ rae Pr = 0.75 - uncno
r v =

MpanaTns.
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Mogenb ngeanbHoro rasa (paBHoBeCHast XUmus)

@ Mogynb ypaBHeHUs cOCTOAHUA 1 KO3 MDULNEHTOB NEpPeHoca 418 PaBHOBECHO
xumun npepoctasnen Bacunsesckum Cepreem Anekcangposudem (Muctutyt
npobnem mexanukn PAH).

@ BbiumcneHne napameTpoB 1 KO3(ppULMEHTOB NepeHoca NPON3BOAUTCS JIUHERHON
MHTEPNOSILMEA NO NPefBapUTENbHO PaCCUUTaHHOR Tabnunue, NOCTPOEHHOW nCxoas
13 pabouero gmanasona gasnennii 0.01 - 100 atm, paboyero guanasoHa
Ttemnepatyp 300 - 20000 K. Vicnonb3yemble TabnnyHble faHHbIE NOCTPOEHBI C
nomouybto naketa nporpamm SoVA (Cokonosa W.A., Bacunsesckuii C.A.,
Anpgpuatuc A.B.).

@ OcHOBHbIE YCNOBUSA, B KOTOPbIX pacHUTbiBaeTca Tabauya, 370 yciosus
xumMuHeckoro pasHoeecus (ypasHenus ['ynbabepra-Baare) un nonnsaumonHoro
pasHoBecusi (ypaBHeHust Caxa). Tabnnua, ncnonbsyemasi B HacTosiLLEM
NPOrpaMMHOM KOMIAEKCE, COCTABAEHA AN 22-KOMMOHEHTHON ra30mnia3MeHHOI
cmecu. [anHas Tabnvua bbina cocTaBieHa UCXOAs U3 NPESNONOKEHUS, HTO
HaberaloLwmnii NOTOK B 3afjade - BO3AYX.

@ Tem He MeHee Tabnnua MOXeT BbITb pacluMpeHa AJist yHeTa WHbIX KOMMOHEHTOB
(Hanpumep, ans caydas abnsuum) nam 3ameHeHa apyroin Tabavueid, ecnmn
MOJISIPHbIE KOHLEHTpauuy Haberatowero noToka OTANYalOTC OTNYAOTCA OT
cnyyas "sosgyx".
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CHOWN XUMUN

@B cny4dae, ecnu ycnoeme NnpuMeHMMOCTU MOAENN PAaBHOBECHbLIX XUMUNYECKNX
peaKu,vu7| HE BbIMNOJIHAETCA, HeO6XO,EI,I/IMO NCNoNb30BaTb HEPABHOBECHYKO MOAEND.

@ B panHoii pabote ncnonb3syercs ogHoTemnepatypHasi mogens, ¢ 5, 7, 9 n 11
KOMMOHeHTaMM rasa.

@ Mogynb HepaBHoBecHoOl xumun npegoctasnieH Caxaposbim Bnagumupom
Nropesunyem.

@ [asoBas cpefa paccMaTpUBAEeTCs Kak uMAeasibHasi KBasnHERTpasbHas CMecb
COBepLUEHHbIX ra30B U3 /N KOMMNOHEHTOB, MEXAY KOTOPbIMU MPOTEKAIOT
HepaBHOBECHbIE XMUYECKMNe peakummn u noHmsauuns. Monspras macca cmecu M n
BHYTPEHHSIS1 SHEPrusa rasa e, onpefensitoTcs hopmynamm

1 u S
M:Z’y” e:h_RuTZrha h:Z'ylh’
j=1 Jj=1 J=t

3pechb yj = ¢j/mj — MONSIPHO-MAaCCOBbIE KOHLEHTPaLMKU KOMMOHEHTOB (¢j—
MaccoBble KOHLUEHTpauum), h - SHTabNNs eAVHULbLI MacChl ra3oBoii cmecu; €, hj -
MOJISIPHast BHYTPEHHSAS SHEPTrUst U SHTANbNUS j-FO KOMMOHEHTA.

@ Hanpumep, B 11-KOMNOHEHTHOI MOAENN NPUCTYTCTBYIOT ClleaytoLe KOMMOHEHTbI:
O, N, O, N», NO, OF, N*, NO*t, O, N5, e.
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cHolt xumun (i)

@ [lns ogHotemnepaTtypHoii (1TM) mogenn nmeem

o w1 PUKTL Kk
PN wn PUKYN . Kk

U=9 o (- S=19 0 Fe=1 puuc+oup | Fe=]
pu 0 purUi + O p Tyk
pu3 0 pusui + O3kp Tzk
E 0 (E + p)ux Zk

@ 3peCb Wj — NCTOYHNKOBbIE YJleHbl BCIEACTBNE HEPABHOBECHBIX XNMUYECKUX
peakunin; zx = UaTak — k-

@ [undppysmnontbie notokn K; anist j-0ii KOMMOHEHTBI 1 TEMIOBON MOTOK g
ONpefensitoTCsi BblpaXkeHeM

o;
k_d,a ——A—+ZKth

@ [lnsa BbluncneHusi KoaprLMEHTOB BA3KOCTM U TEMIONPOBOAHOCTN ra30BOi cMech
ncrnonb3ytoTes NpubavxeHHsie dopmynbl Yuske-Bacunbesoii; Tij - 0bbidHbIe
KOMMOHEHTbI TEH30Pa BSA3KWX HANPSKEHWIA.
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[Nlepexoa K be3pa3mMepHbIM NEPEMEHHbIM

@ [lepexop k be3pasmepHbIM nepeMeHHbIM 3agaeTcsi BbibopoM maclutabos
koopAnHaThl Ly, fBaBNeHUs p,, NNOTHOCTU P, CKOPOCTU Vi, TemnepaTtypbl T,
MOJISipHOIA Maccbl M, 1 BA3KOCTW .

@ [Mo ymonuanuto macwTab gnauubl L, = 1 meTp, HO MOXeET bbITh 3agaH B
koHcurypaymontom daiine nporpammel. Bo Bcex cnydasx macwTab
Kko3hhULMEHTa TeNNONPOBOAHOCTY Aw = ftu V2 / T

@ [lns Bbibopa ocTanbHbIX MacITabOB BO3MOXKHbI Pa3fiMyHbIE BapuaHTbl, B
3aBUCMMOCTW OT MCMOJIb3YEMOli (PU3NHECKOU MOLEN 1 CKOPOCTW Haberatowiero
noToka

e B 6e3pasmeprlx NEepeMEHHbIX paCcHeTHbI€ YPaBHEHUA NEPENUCLIBAOTCA B BUAE

(9 1 v Px V*L*
F _ F j— =
iU+ VIF = o F)=S(U), Re. =%

@ 3peck yucno PeiiHonbaca Re, popmanbHo nosnyyaercs npu nepexoge K
6e3pa3MepHbIM NEPEMEHHBIM N MOXET HE COBMaAaTh C peasibHbIM HYUCIOM
Pelitonbaca 3agaun. CrauuoHapHoe peluerue cuctemsl (9) ctponTcs MeTofoM

YCTaHOB/NIEHNA NO BPEMEHN C NOMOLbIO KOHEYHO-0BbBEMHOI CXeMbl TUNa rO,EI,yHOBa
BTOPOro nopsaka annpokcumMmauunin.
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Obuwuii BUA pa3sHOCTHOI CxeMbI

@ HesiBHas kOHe4HO-0OBbEMHAsI CxeMa AN pacyeTa CTaLMOHAPHbIX TeYeHui Ha
NPOV3BOJIbHON HECTPYKTYPVUPOBAHHON CeTke MMeeT BUA:

—AAL:’ = R"“, AU = UM - U,
R = |V| Zcp"“ wurth), & = /(anl + nyF> + n;F;)da.

aji

@ llcnonb3yembie MmeToabl pewenunsi 3agadun o pacnage paspsisa: HLL, HLLC, Osher,
Roe, To4HbIli pacnag.

@ JluHeapusauusi pa3sHOCTHOW CXeMbl:

AU; R+ OR;

At ou AU

@ [ocne nuHeapusaumm NprpaLLeHe peLLEHNS B SHEKe | CBA3AHO C NpUpaLLEHNEM
peLUeHNsI B COCEQHNX siHeiiKax Mo cheaytoleii hopmyne:

DiAU; +MZG(UU, AU, ))|ai| = AtR]

FlowModellium lab (M®TWN) “FlowModellium”



PelueHune ypaBHeHWiA Ana npupalleHunii

@ [lonyueHHas pa3speXkeHHas CMCTEMA YPAaBHEHUI PELIAeTCs C MOMOLLbIO
npubnuxentoin LU-SGS dakTtopusayun (Menbwos & Hakamypa, 1996 rog):

@ O6paTHbiii xoq: gna i =N, N —1,...1

DiAUF = — | a > G(Ugyi), AUZ )lail + RP
Lo(i)<i

@ [lpsmoii xop anst i =1,2,... N.

D;AU; = AU} — 2|V\ Z G(Us (i), AU, (i)l aiil
Loy(i)y>i

FlowModellium lab (M®TWN) “FlowModellium”



CrpykTypa naketa " FlowModellium”

(
lpenpoyeccop
~Pa3buenune cetkmn ans MPI pacyetos
*MepeHyMepauus BEpLUWH, FPpaHeil U sYeek B KaxaoM 61o0ke, BbiBog B hann

-

BbiyncnntesibHoe 514p0o
*UreHne cetok B popmaTax Neutral & StarCD, nocTpoeHne CBA3HOCTU CETOK
<TBA/WENO pekoHCTpYKUMsi QYHKLNIA Ha NPON3BO/IbHBIX HECTPYKTYPUPOBAHHBIX CETKaX
*ANIFOPUTMBI YCKOPEHUSA CHeTa C NOoMoLLbio TexHonoruii OpenMP u MPI
(BLIBOA NPOCTPAHCTBEHHBIX U MOBEPXHOCTHBIX AaHHbIX

( A3spoanHamMmyeckoe 54po }

*Onucanue knacca “3agaqa”

*YkaszaTenu Ha dyHKUWK, OnuckiBaloWMne GU3NYecKyio Moaens

~O6Las CTpyKTypa cxeMmsl Tuna LU-SGS

*ANropuTM PEKOHCTPYKLMK peLueHns, pacnasbl paspeisa HLL, PycaHnos, Osher-type, Roe

Cblqmcnenme BA3KMX MOTOKOB, anmnpoKCUMaUWsa FPaHNYHBIX YCNOBUI

[ lMoaknoyaemble pusndeckmne Moaenm
CoBepLUEHHbIN ra3 PaBHoBecHasi xumms HepasHoBecHas xmmus Moaenn RANS
*TOYHbIN pa3pebiBa, *22-KOMNOHEHTHas *5, 7,9  11-KOMNOHEHT *SA
HLLC CMechb *Bubnnoteka XMMUYECKUX peakuuin *q-w

*Tabnvua AaHHbIX ~TouHblit pa3pbiBa, HLLC ~v2f
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Peanunza LA napaaneibHbIX BbI4YUCNEHNA

@ B pacuetax ncnonbsyroTcs ceTkn ¢ 6oAbWNM YNCIOM sideek, 4To TpebyeT
1CnoNb30BaHne MHoronpoueccopHbix 9BM

@ TMpumensieTca aByxypoBHEBOE pacnapasienrBaHme C Leblo MAaKCMMaabHO
3(pPEKTUBHOIO MCMOJIb30BAHUSI COBPEMEHHBIX MPOLECCOPOB

© BepxHuii yposeHb — MPI pacnapannenmsaHme ¢ NOMOLLbIO A4EKOMMIO3MLIAN
pacyeTHOli ceTKu:

@ [lekoMnosnymsi pacHeTHON CETKU B (hU3MHECKOM MPOCTPAHCTBE C MOMOLYbIO
BHeLwHel nporpammel (Hanpumep Metis uan mogyns V. Kanopuna (BL PAH)).

® MOAroTOBKAa MHOrOBJIOHHONA CETKM B NpenpoLeccope

@ ans obMeHa AaHHBIMU B PUKTUBHbIX s4elikax NCNOAb3YOTC 0bbIYHbIE CPeACTBa
obmerna MPI

@ HwxHunit yposeHs — pasbuerue dusmnyeckoli cetku kaxgoro MPI npouecca Ha
610kn 1 ncnonssosaHue TexHonorun OpenMP.

© MMpy HeoBXOAMMOCTN Ha y3Ne MOXET BbITb MCNONb30BaHa (MpakTUHecKn)
npounssonbHast kombunaumst MPI npoueccos n OpenMP HuTeii.
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HuxHnit yposerb: OpenMP pacnapannenveatune

@ TunuuHbli coBpemeHHbIli npoueccop - 12-18 dusuyeckux saep (po 24-36
OpenMP HuTeili Ha ysen knacrtepa).

@ VYckopuTtens Intel Xeon Phi 5110p — 60 dpusuyeckux agep, 240 nornyeckux sgep.
Kak npaeuno, Ha y3ne ctout gea yckoputenst Xeon Phi.

@ C nomowbto BHewHeli nporpammbl MPI nogobnactu pasbusatotca Ha nogobnactu
2-ro ypoBHs ¢ nomowsto npoueaypsl V. Kanopuna (BL, PAH), Yncno obnacreii
coenagaet ¢ 4nciom OpenMP HuTeii.

@ [Ins HaxoXXAEHUsi MOTOKOB U UCTOYHMKA UCnonb3yeTcst obbivHbili parallel do ¢
npasunbHO NofobpaHHbIM pa3mepom 6oka

@ B npoxoge HesisHoro metoga LU-SGS npupaluermne pelierns HaxoguTcs OTAEAbHO
ONs Kaxkaoi nogobnacTu.
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Tectuposatue peanusaunun OpenMP

@ TectoBas 3agayva - obtekaHue Tena RAM-C runep3ssykoBbiM NOTOKOM rasa;
@ Cetka 600 Tbicsy rekcasgpos. Beiuncnenus nposoguance Ha

@ Cepsepe ¢ 2 npoueccopamu Intel Xeon E5-2697v (12 sigep, qactoTa 2.7 rurarepua)
@ Cepsepe c conpoueccopom Intel Xeon Phi 5110p (61 BblqucanTensHbili MOAysb,
244 runepnoToka)

@ Ha kapTuhke - obtekaHme ¢ My, = 27.
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Tectuposatue peannsaunn OpenMP (2)

Yckopenve

@ Cnesa pacyert Ha Intel Xeon E5-2697v, cnpaga - Ha Intel Xeon Phi 5110p

@ 61 mogynb cooteetcTyeT 244 runepnoTtoky Ha Intel Xeon Phi 5110p

24 — ’

PacueT Ha Intel Xeon E5-2697v (ape npoueccopa) 7’
. CoBeplUeHHbIi ras /
1TM, 11 KOMNOHEHT ’
— — — — UneankHoe yckopeHite ’

0 12
Yncno BLIMMCTIMTENLHLIX MoAyne

24

64 —

YckopeHue

Pacuer Ha Intel Xeon Phi 5110p s
CoBepLueHHbii ras ,
1TM, 11 komnoHeHT 4
= = — = WgearnbHoe yckopeHue ’

T I T I T I T ]
16 32 48
Yucno BLIMUCIUTENBHLIX MOAynel

FlowModellium lab (M®TWN)

bdellium”



MPI + OpenMP

Obtekarnne BKA UATW, cetka 1.4 muninoHa siveek

HecTpykTypupoBaHHasi rekca ceTka C CUJibHbIM CryLLEHNEM B MOrPaHUYHOM CJIOe

O6meH paHHbIMU MexAy B10KaMu CETKU CUABHO YBENMYNBAETCS C POCTOM 4Yuncna
6nokos

Poct uucna Q)VIKTI/IBHI:IX Aveek
0.5 T T T

0.45
0.4f ]
0.35 ]
03 ]
0.25 ]

[onsa pukTUBHBIX SYeek B Gnoke

0 20 40 60 80 100 120
Yucno Gnokos ceTkn
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MPI + OpenMP, Intel Xeon

70

Yckopenue
N w H () (2]
o o o o o

-
o

e~ MPI-OpenMP, 1 npouecc Ha y3en
—— WaeanbHoe yckopeHue

16 32 64
Yucno ysnos

@ Wcnonb3aytorcs 8-sigepHble Intel Xeon E5-2690 Ha knactepe MBC-1001; 64 y3na

patot 1024 sagpa

@ [lprMmeHsieTCsl MOAE/b COBEPLUEHHOTO ra3a (CaMblil CNOXKHBIN CyHaii C TOHKU
3peHuns yckopeHuns BblecneHmﬁ).
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MPI + OpenMP, 976 — 1561

@ Komnunsuusa c donarom -no-vec, nHade owunbka komnunstopa Ifort 2013.

16

14

12

-
[=]

[od]

YckopeHue

=@~ COBEpPLUEHHbIV ra3
=@~ HepaBHOBeCHble peakuum, 11 KOMNOHEHT
= JInHenHoe ycKopeHue

Yucno conpoueccopos Xeon Phi

@ OgpauH Intel Xeon Phi 7110X =~ gBa 8-agepHbix Xeon E5-2690 Toro »e knacrtepa.
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Intel Case Study

CASE STUDY

Software

Rocketing the Development
of Hypersonic Vehicles

Intel” Parallel Studio XE Cluster Edition, Intel® MPI Library
High-Performance Computing

Moscow Institute of Physics and Technology Creates Faster and More
Aceurate Computational Fluid Dynamics Software

The field of computational fluid dynamics (CFD) is a large branch of modem
scientific computing that has four key elements:
« Arealife problem to be solved

+ Asetof partal differential equations (mathematical model) to represent the problem
Anumerical method
Acomputer

The use of CFD complements both physical experiments and theoretical analysis
andis often referred to as computational experiment. The theoretical results are in-
evitably limited to very simple problems. In practice, experimental studies have been
the main approach. But these are time consuming and exceedingly costly. Also, many
flow problems (e, weather predictions or space craft movements at high altitudes)
cannot be studied experimentally.

B~ Although CFD simulation cannot eliminate the need for physical measurements, it can
MOSCOW INSTITUTE significantly reduce the amount and overall cost of experimentation. In some cases—
OF PHYSICS AND TECHNOLOGY
for instance, when analyzing a storm surge or chemical spill—computer simulation
may be the only practical way to analyze the flows with predictive insights. CFD is also
important in fundamental studies of flow phenomena, such as turbulence flows.
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BbiBozbl 1 nnaHbl Ha Oyaytiee

@ B 6aumxaiilwem byayliem naaHMpyeTcs CpaBHUTENbHbI aHaIM3 MeTOL0B
nepeHyMepauuy NpoCTPaHCTBEHHbIX SHeeK C Lieblo yckopuTb paboTy Bepcun ans
y3na ¢ obueil namsATbo

@ AHanns BO3MOXHOCTEN BekTopu3sauuu koga ¢ nomowbto Intel Parallel Studio XE
Cluster Edition 16

@ Pabota nogaepxaHa

@ [panTtom [lpasButensctea PP no nocrtaHosnexnnto N 220 no gorosopy N
11.G34.31.0072, 3aknto4eHHoro mexay MuHuctepcteom obpasosaHusi n Haykn PO,
BefywmnmM yveHbim u MOTU

@ [lpoektom PODU 15-07-02986

o Koncynbrauusimu Poceuiickoro otgenerns Unten (Omutpuii Crekos)
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