BAHT, cep. Maremarndeckoe momenpoBanue puzmdeckux mporeccoB. 2018. Beim. 1

VIK 519.6

ITAKET ITPOI'PAMM "JIOT'OC". MOAVYJIb PEIITEHN A
JAVNHAMMYECKUX 3AJAY ITPOYHOCTHA

. FO. Heauos, B. ®. Coupumnonos, K. B. Ilubepes, E. . Haymosa, B. B. Bopusies,
C. B. Crapoxy6os, E. B. Illysamosa, M. B. Mensenkuna, E. O. Aprémona, A. A. Henakos,
A. B. Kazanmes, A. A. Pa6os, B. 1. Pomanos, C. C. Kykanos
(OTVII "POAL-BHUUDD", r. Capos Huzkeropockoit obmacru)

PaccmaTpuBaeTcss KOHEYHO-JIEMEHTHBIH MOY/Ib, PEAJIM30BAHHBIA B IIAKETE MPOrPAMM
JIOTOC png peumenus qUHAMAYIECKUX 337249 IPOYHOCTU. JlaeTcda KpaTkoe OmucaHue Me-
TOJOB W aJITOPUTMOB, BXOIAIIAX B COCTAB MOIYy/d. B KauecTBe WILIIOCTPAIUN MPUMEHEHWUS
pa3pabOTaHHOTO MO/ AAHAMUYECKOW MPOYHOCTH MPEICTABIECHBI PE3YJIbTATHI PACIETOB
pA/ia TPAKTUYECKUX 3a1a4.

Katouesvie caosa: naker nporpamm JIOT'OC, Momyns quHaMU9IECKONR OPOYHOCTH, METOL
KOHEYHBIX 3JIEMEHTOB, KOHTAKTHBIE AJITOPUTMBI.

Beenenune

B macTogiee Bpema pazpabaThIBaeTCd OTeIeCTBEHHBIH MHOTO(YHKIITNOHAIbHBIN TAKeT MPOTPAMM HHIKe-
uepHoro anamm3a JIOI'OC [1—3] mug peuieHns CBS3aHHBIX U CONPSI?KEHHBIX 33Ja9 TEIJIOMACCOIEPEHOCA
7 IIPOYHOCTHU HA MHOTOIPOUECCOPHBIX BBIYUCJIUTEJBHBIX CHCTEMAX. OAHI/IM N3 OCHOBHBIX KOMIIOHEHTOB
makera nporpamm JIOI'OC gaBagerca Momaysib pelieHnd AWHAMAIECKUX 3aa9 IPOIHOCTHU, MOCTPOEHHBIN
Ha ocuoBe makera mporpamm JIDT'AK-JIK [4—6]. /laHHBI# MOZYJIb OPHEHTHPOBAH HA MOIEIUPOBAHHE
OBICTPOIPOTEKAOIINX IIPOIECCOB 1ePOPMUPOBAHUSA W PA3PYIIEHUT KOHCTPYKIUN C yIeTOM Pa3IUIHBIX
menuueiinocrelt. llpumepom 3amad, perraeMbIX C HCIOTH30BAHUEM MOY/IS JAHAMHUIECKOW IPOIHOCTH,
MOKET CJIYKUTh MOIEJNPOBAHUE KPAII-TECTOB, IPOOUTHUA PA3JIUIHBIX MPErpaj, B3PbIBHBIX BO3EiCTBUi
HA Pa3JIMYHbIE KOHCTPYKIUU W T. /1. DOJBIIMHCTBO AWHAMUYIECKUX 33739 IPOIHOCTU XAPAKTEPHUIYIOTCH
JTOJITUM BpeMeHeM cuYeTa U TPeOYIOT OOJIbIINX BBIYUCIUTENHHBIX PECYPCOB. 1109TOMYy OCHOBHBIM NMpUHIIH-
IIOM, KOTOPBIH JIE2KUT B OCHOBE Pa3pabOTKU MOy [JId UX PelleHnsd, aB/IgeTCd BbICOKad (b (PEeKTUBHOCTD
AJITOPUTMOB IIPHU BBITIOJHEHAU HA MHOTOIIPOIECCOPHBIX BBIYUCIAUTEIbHBIX CHCTEMAX.

B pabore nmpuBomuTca onmucanue KOHEYHO-3JIEMEHTHOTO MOYJId, PEATM30BAHHOTO B IIaKeTe IPOTpaMM
JIOT'OC myia pacuera 33729 JUHAMAYECKON TPOYHOCTH KOHCTPYKIwit. JIjisg meMoHCTpanuu npuMeHuMOCTH
7 3 PEKTUBHOCTU PEATU30BAHHBIX AJITOPUTMOB MPECTABIEHBI PE3YIbTATHI IUCIEHHOTO MOJEIUPOBAHUS
pPadga CJIOZKHBIX MHZKEHEPDHBIX 3a/a9.

Onucanue MOAYJid JUHAMUYIECKON ITPOYHOCTH

®opMyINPOBKA OCHOBHBIX AuddepeHInaIbHBIX ypaBHeHHU. Paccvorpum medopmamuio BO
BPEMEHU MPOU3BOJIHHOTO (PUKCUPOBAHHOTO 00beMa by, OrpaHNIeHHOTO MOBEPXHOCTHIO 0b = 0by Udbe U dbs.
Bynmem paccmaTpuBaTh JBHXKEeHHE Tejla B JarpaHzKeBoil (popme ¢ MaccoBbIME KoopauHaTaMu X:

=z (Xj,t); 2 (X;,0) = Xj.
YpaBHeHEEe COXpaHEHHs KOIMIECTBA JBUKEHHS MOXKHO 3aIICATh B BHJE

pT; = oijj + pfi- (1)
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['panuvHBIE yCIOBUA 1O HANpAXKeHUAM Ha rpanune (ycaosue Hefimama):
Uij"j|ab1 =7 (t).
'parwanble ycaoBUs mo cMemeHuaM Ha rparune (ycmosme upuxie):

25 (X, )] ag, = D; (£).

Ha mosepxuocTu paspbiBa 0bs BBINOJTHEHO YCJIOBHE HEIPEPBLIBHOCTH HOPMAJILHONW COCTABISIIONIEH TeH-
30pa HAIpdaKEeHUN:

o), =
(Uij —O'ij) n; = 0.

Hagannuabre yCIOBHA 3allUCBIBAIOTCA B CJIEAYIOIIEM BHIE:

. _ 0. _ 0. _ 0. . _,0
Uz]|t:0 = 045 e|t:0 =€ P|t:0 =P $z|t:0 =v.
37ech U BbIlle HCHOIL30BAaHEI CIeAyfomue 0D03HAUeHU: Oj; — TeH30p HaIpAKeHmil, 0;j; — ero mpous-
BOJHAS TI0 j-ii KOMIIOHEHTE; € — BHYTPEHHsIsl SHEPrUs eIUHUIBI 00beMa; p — IIOTHOCTH; f; — oObeMHast
cuyia; v — CKOPOCTb; &; — YCKOPeHHe; n; — BHeIIHAd HOpMaJb K TPaHHUIIe.
3aKOH COXpaHEHUs MAaCChl JJId JIATPAHZKEBA IOAXOIA 3AIMCHIBACTCA B CJIEAYIOIIEM BHIE:

8mz~ .
ax; "

p

VYpaBHeHUE dHEPrUN:
é = 1sijcij — P,
Tae Sij, €45, P X 1) — COOTBETCTBEHHO KOMIIOHEHTHI [€BHATOPOB TEH30POB HAIpAKeHMil W CKopocTeit se-
dopmarun, KaBIeHNe U YAEIbHBIH 00beM.
YpaBHeHHE COCTOSHUA W COOTHOIIEHNUE JJId ONMPEeIeHNd KOMIOHEHT TeBUATOPA TEH30Pa, HANPIKEHUIT,
COOTBETCTBYIOIIUE UCIOJIb3yEeMOMY MaTepHaJy, CIy>KaT 4 3aMbIKaHUA IPUBEICHHBIX yPaBHEHUN.

ITocTpoerne KOHEYHO-3JIEMEHTHOM ANITPOKCHMAIIMU 10 IIPOCTPAHCTBY AJId YPaBHEHUS NM-
myabca. Beenem obo3natdenue: r,; — KOOpAWHATA y3JIa C HOMEPOM « B ¢-M HampasyeHuu. llpenmosoxuwm,
9TO 3HAYEHUd IIePeMeNIeHus, CKOPOCTU U yCKOPEHUd MOTYT ObITh WHTEPIIOINPOBAHbI Y3JIOBBIMU 3HAYEHNU-
aMu B J1000# Touke cpenpl. Jrs maTepnonanun Gyaem ucnosap3oarh 6asucabie Gyakmuu Ny, (x) (namexc
o O3HAYaeT HPUBA3KY AAHHON (DYHKIMH K Y3JIy ), KOTOPBIE HA3BIBAIOTCA Pyrrkyuamu dopmo.. [lepeme-
LIIEHNSA, CKOPOCTH ¥ YCKOPEHUd Telepb MOXKHO 3aIUCaTh B CJIELYIONEM BUJE:

z; (X,t) = No (X) 2qi; @i (X, t) = No (X) &qi; & (X, t) = Ng (X) Zgi-

Koneuno-snementras dopmyanposka ypasaerus (1) Moxker ObITh MOJTy9eHA PA3IMIHBIME CIIOCODAMME:
METOZIOM B3BEILIEHHBIX HEBA30K 7], ¢ HCIOIB30BAHUEM BapHUAIMOHHBIX PUHIUIOB [8] MM METOIOM Imepe-
mewenns [9]. [Ipumensis 060t U3 yKa3aHHBIX HOJXOJOB, IIOJLYIaeM

0N,

/pNIBNadQ i’ﬁi = —/Uz’j—dﬂ-l-/pfiNadQ-i-/TiNadS,
b b ax] b oby (2)

i=1,...,3, a=1,...,Nyas, B=1,..., Ny

Paccmorpum nmozppobuee cucremy ypasrenuit (2). CieBa B cKOOKax — MaTpHIja, KOTOPYIO HA3bIBAIOT
cozaaco8aHHOU mampuyel macc:

Mg = /pNﬁNadQ.
b
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YpaBuenus cucremsl (2) cornacoBaHbl 6Jarosaps TOMY, YTO MATPHIA MAacC HE fBISETCA AUATOHAJBHOM.
OpmHako Jjis YIPOIIEHWS PENIEHUs] CUCTEMbl ypPaBHEHWI BMECTO COMVIACOBAHHOW MATPHUIBI UCIOJIb3YIOT
IMArOHAJbHYI0 MATPHILy MacCC:

. [ pPNLdQ, a=p;
M .5 = dap /pNadQ =< b
b 0, «Q 7é B.

CoorBercTBeHHO (2) ¢ IPUMEHEHNEM JMArOHAJIBHON MATPUIIBI MACC 3AMUIIETCA B BAJE

Ng .
/pNadQ Zovi :—/aij%TdQ-i—/pfiNadQ—i-/TiNads, i=1,...,3, a=1,...,Nyu (3)
J
b b b ab1

Kaxk ykazano B [10], quaronanusanus MaTpUIBl MAcC JA€T He TOJIBKO IPOCTOE BBIYUCIUTEIHHOE yIIPO-
IeHre, HO U MO3BOJILET HOJYIUTh HAUIYIIINNA Pe3yabTaT AJId UMITYJIbCHBIX HATPY30K.

[Ipu unrerpupoBanun coorromenuii (3) B makere mporpamm JIOI'OC MoxkeT nCIOIB30BaThCI KaK OfI-
HOTOYE€YTHOE, TaK U MHOTIOTOYECYIHOC MHTErPUPOBAHUE.

B BhImenpuBeneHHbIX BbhIpaXkeHudX (PyHKIUU (POPMBI OLMpEeIeHbl B IJT00AJbHON CHCTEME KOODIUHAT.
JlaHHBIN TOAXOS HE OUYeHb yA0DEH IpHW MPOTPAMMHOM peajm3alui, Tak KaK CHJIbHO 3aTPYAHAET pa3pa-
OOTKY YHUBEPCAJIBbHOIO KOHEYHO-3JIEMEHTHOTO KOma. [l09TOMY HCIOJNB3YIOTCH JIOKAJbHBIE KOOPAMHATHI,
"mpuBga3aHHBIE" K TEKYyIIEMY 3J€MEHTY, HaIpuMep OApUIEeHTPUIEeCKHe KOOPAWHATHI JJId TPEYTOJbHUKA,
uzonapaMeTpuiecKkue KOOpAUHATHI U T. 1.

B macrosiuiee BpeMsi B MOIyJie PeNIEHUS IUHAMUYECKHAX 3aJad9 npodnocTu mnakera nporpamm JIOI'OC
peasn30BaHa JOCTATOYHO OOIMMpHAd OHOIMOTEKAa KOHEYHBIX JIEMEHTOB, BKJIOYAIONAd B Ce0d DIeMEHTHI
CILJIOIITHOT cpeabl (IlIeCTI/II‘pa,HHI)Iﬁ QJIEMEHT C OAHOTOYECYHBIM HMHTETPUPOBAHUEM, IMIECTUTDAHHBIC JJICMEH-
THI C MHOTOTOYEYHBIM HHTEIPUPOBAHHEM (HECKOIBKO MOAMMDUKAIWMIL), UETBIPEXY3JIO0BOM U NeCATHY3II0-
BOIl TeTpaspaJbHble JIEMEHTHI), 060I0ueunble daeMenThl Benbrako—/Iua—Ilasg [11] (gerbipexy3moBoit u
TPexy3J10B0ii), oboodednsle saemenTsl Xboca—JIo [12, 13] (weTsipexy3i0Boii 1 Tpexy3i0Boii), 6atoduble
ssemenThl Benbrako—/Iun—Ilas u Xsroca—/I10, pepmMeHHBI /1€MeHT, JUCKPETHBIE JIeMEHTHI ([IPYKHUHA,
TOYEYHAS MACCa).

HNuTerpupoBanne ypaBHEeHUs UMITyJIbCA MO BpemeHu. g pemenns ypasrerus (1) no Bpemenn
B makere nporpamm JIOI'OC ucnons3yrorcd cienyroinue aBHble KOHEIHO-PA3HOCTHBIE CXEMbI HHTETPUPO-
BaHUS:
— [EHTPAJIbHO-BPEMEHHAs KOHEYHO-PA3HOCTHAs cxema tuna kpecm [14]. Vimeer Bropoii mopsiok Tod-
HOCTH TIO0 BPEMEHHU ¥ YCJIOBHO YCTOWYMBA MPH BHIMOJHEHWE ycioBua Kypanra;
— cxema Meropuku JIDTAK [15, 16]. ObGaamaer mepsbiM DOPSiIKOM AIIPOKCHMAIUH II0 BPEMEHH U
YCJIIOBHO YCTOWYMBA MPHU BINOJHEHUU ycjaoBus KypaHTa.

Agropurmsbl craakmBaHud. [Ipu pelrenun 3amad ¢ HCIOIB30BAHUEM JIEMEHTOB C OJHOTOYEIHBIM
HHTErpUPOBAHUEM MOT'YT BO3HHKATH HCKAarKeHHUsd CIETHOH ceTKu (puc. 1), IpuBOAMIITe K CHUKEHHUIO Kade-
CTBA U TOYHOCTH pacdeTa. JlaHHbIe NCKAXKEHNS MOIYT ObITH BHI3BAHBI CBOMCTBAME CXEM MHTEIDHPOBAHUS,
HOIPEIIHOCTHIO AMIIPOKCUMAIUN CXeMbl, omubkaMu okpyriennd u T. . Crenys 3apy0exxHolt sureparype
[17—19], mua obo3navenus maHHOrO BuAa Aedopmanuii OyaeM HCHONIb30BATh TEPMUH PEHCUM NECOUHBLT
“0C06, IOCKOJIbKY BH/J| f9€€K CETKHU LPH JAHHBIX HCKAJKEHUAX 9aCTO HALOMUHAET [ECOYHBIE YACHI.

B mMozyme pemennsg nuraMudecKux 3a1ad npodHocTa makera nporpamm JIOI'OC peanmsoBansl ciemyio-
Imye aJrOpPUTMBI CIIa’KUBAaHUA BO3MYINEHHH, IPUBOAAIINX K PeKIMY IIeCOYHBIX JaCOB: BA3KOCTHOE CIJIA-
kuBanue [17], Ba3kocrHoe criaxusanne Pyarmana—bBensruko, xecTkocTHOe criazkupanune Parmana—
Bensrako [18|, kecTKOCTHOe CriakuBaHUe JJIS MAT€PHAJIOB, OIM3KUX K HeCXKHMaeMbIM [19].

Tun criaxuBaHmd CTOHT BBIOMPATH C yIETOM XapaKTepa MPOUCXOAAIIUX MporeccoB. Jlis BeICOKHX
CKOpOCTell HarpyzkeHus u npu Oonabmux aedOpMAIUAX PEKOMEH/YeTCs HCIOJb30BATh BA3KOCTHBIE THUIIBI
CIVIA’KMBAHUS, a [ HU3KAX CKOPOCTEl MM IpU MAaJbIX JeOpMaluaX CHCTEMbI — JKeCTKoCcTHBIE [18].
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Puc. 1. Hedpusuueckue tunsr gedopManum suedKu CETKU

KonrakTHOe B3amMogeiicTBue. B macrogmmii MOMEHT B MOMy/€ AWHAMUYIECKON HMPOIHOCTU ITaKe-
ta nporpamm JIOI'OC BeImOIHEHA TPOrpaMMHAS PEATU3aNUd aJrOPATMOB KOHTAKTHOTO B3aMMOJIEHCTBUS
3JIeMEHTOB KOHCTDPYKIAH, IPEICTABICHHLIX 0D0JIOIeYHBIMEA eMEHTAME WJIH 3JeMEHTAMK CILTOIIHON cpe-
IIbI, C BO3MOXKHOCTBIO yueTa 3¢ (dEKTOB OTCKOKA, CKOJIbKEHHs, pa3pyienus u Tpeaud. OCHOBHOW muieeit
BCEX PeaJm30BaHHBIX AJTOPUTMOB SABJIFETCA OTCIEKUBAHUE NMPOHUKAHUS OJHOTO TEJIa B JAPYroe W BbI-
paboTKa KOHTAKTHBIX CHJI, HPEIATCTBYIOIIAX AAHHOMY HOPOHHKAHWIO. IIpm 3TOM pacdeT KOHTAKTHOLO
B3aUMOIEHCTBASA pa3leIgaeTca Ha ABa OCHOBHBIX Talla: ONPEeIeHIe 30HbI KOHTAKTa U BHIYHCICHUE KOH-
TakTHBIX cmi. OmnpemeneHne 30HB KOHTAKTA PEAJH30BAHO HA OCHOBE AJTOPHTMA INIODAJBLHOTO IIOMCKA,
LPOCA (Linear POsition Code Algorithm) u aaropurMoB JIOKaJIBHOIO IOHCKA METOLOM Y3ea-2pars [20]
Wi 2panv-2pany [21]. Beramcienne KOHTAKTHBIX CHJI IPOBOAUTCS Ha OCHOBe Meroma inrpada [20] miam
Meroza MHOXKHUTenel Jlarpamxa [22].

Moaenu ynpyromiacTudeckoro aedOpMUpPOBaHMS M pas3pylleHusd. B Momyse pelnenus mu-
HaMU9eCKuX 3a7a4d mpounoctu mnakera mnporpamm JIOI'OC peanusoBan psifi ypaBHEHUH COCTOSHUS, MO-
Ieneil yIpyromiacTuaeckoro nedpOpMUPOBAHUSA U Pa3pPYILIEHHT, CPead KOTOPBIX HMeeTcd Habop IIMPOKO
W3BECTHBIX, UCIOJIb3YEMbIX B OOJIBIIMHCTBE KOMMEPUIECKUX IIAKETOB IIPOrpaMM, & TaKzKe HADOP Mojeseit
mMaTepuasos obmero dhorga [23].

PeanuzoBaHbl cemyoomue ypaBHEHIS COCTOSHUS M MOIENH YIPYTOILIACTHIECKOro aedOpMUPOBAHMUSL:
yPaBHEHME COCTOSHUSA UJEAJbHOIO Ira3a; MOJNHOMWHAJIBHOE YPAaBHEHNE COCTOAHWS; yPABHEHNE COCTOAHUS
Mu—I'pronaiizena; MOAeNN YIPYroro M30TPOIHOIO MaTepHasa, YIPYroILIACTHIECKOrO MaTepUaJIa ¢ M30-
TPOIMHBIM U KWHEMATHIECKUM YIPOYHEHUEM, YIPYrOro OPTOTPOIHOIO MaTEPUaJIa, YIPYromIaCTHIECKOTO
MaTepuaa ¢ TEMIEPATYPHON 3aBUCAMOCTHIO, AaHU30TPOIIHOIO MATEPHUAJIa, YIIPYTrOro MaTEPUAJIa, C YIeTOM
93¢ HEKTOB MOJ3YyUIECTH, YIPYTOMIACTAIECKOTO MaTEPUaAJIa C PA3HBIMA IpeaeaaMyi TeKy9eCTH Ha CKaTue
U pacTdrKeHue, BA3KOYIPYTOro MaTepHualia, HOPUCTOr0 MaTepuaJa ¢ aHU30TPOIHBIMHA CBOWCTBAMH, Ma-
TepuaJia C KyCOIHO-JIMHEHHON nuarpammoil nedopmupoBanud, HeAeOPMAPYEMOTrO MaTepHaJIa, YIPyroro
KOMIIO3UTHOTO MaTePHaJa, TPYHTOB U IEHOMAaTEePHAJIOB; MOeb pe3unsl Bbiarn—Ko; momens JlKoHcoHa—
Kyxka; momenp kepaMuku, CTEKJIA U APYTUX XPYIKAX MATEPHAJIOB.

Jlaa MomenupoBaHHd pa3pylleHHd B MOIY/IE IUHAMUOYECKOW HmpouyHocTH makera mporpamm JIOI'OC
AOCTYIIHBI CJIE€AYIOINE KPUTEPUN PA3PYIICHUA: IO MAKCHMAJIBHOMY [JAaBJICHUIO; 110 MUHUMAJIBHOMY I1aB-
JIGHWIO; TI0 SKBUBAJEHTHOMY HAIIPAKEHWIO; [0 MUHUMAJbHON IJIaBHOW medopMamnuu; M0 MaKCUMAJIbHON
IVIaBHOHI medopManuy; IO CABUIOBON medopMaliuu; [0 IVIABHOMY HAIIPAKEHWIO; IO BLIODAHHOMY IIa-
ry; kpurepuu Tymepa—Byraepa, lanmunea—/Jleiibuumna, Kymona—Mopa, [lucapeaxko—Jlebenesa, Ilags—By,
Xoddmana, Muzeca—Xuwra.

IIpuanunel pacmnapajuienBaHug. B Momyie IuHAMHYECKOW HOPOYHOCTH makera mporpamm JIO-
I'OC peanuzosaro rubpuaroe MPI/OpenMP-pacnapannenusanne. BzaumopeiicTBue pacupejeieHHbIX
BBIUMCINTENbHBIX y3JI0B OCyIecTBagercd npu momormu MPI, a Ha KaxXgoM y3iie peaan30BaHO paclIapal-
JIeIMBaHUE HA MOIeNu ob0mel mamaru ¢ nomornso OpenMP.

B ocroBy pacmapasienuBaans MOAyIa JuHAMAYIECKON mpoarOocTH makeTa, mporpamm JIOT'OC momoxe-
HBI CJIEIYIONIUE MPUHITUIIBL:
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1) BO3MOKHOCTBH BBINOJIHEHHS MPOCTPAHCTBEHHON IEKOMIIO3HIMH KAaK C MCIOJIb30BAHHEM OTKDPBITOrO
koma ParMETIS [24], rak u ¢ npuMeHeHHEM METOJOB reOMETPUYECKON JeKOMIO3UIuK (HaIpuMep,
AJITOPUTMOB PEKYPCUBHON KOOPDAUHATHOW OuCeKmum);

2) uCnoIB30BaHUE MEXAHU3MA IIEPEKPHITHUS 110 JAHHBIM HA MEKIIPOIECCOPHBIX IPAHUIAX C Peaan3anuei
CHCTEMBI MEKIIPOIIECCOPHBIX 0O0MEHOB 1o cranmapty MPI;

3) orcyTcTBHE HPOrPAMMHBIX OIDAHHYEHHI HA KOJIMYECTBO HCIOJB3YEMBIX IIPOIECCOPOB (TaKoe orpa-
HUYEHHE MOXKeT OBITh 00YCIOBIEHO TOJIBKO pa3MepaMy KOHKDETHOH PacCUMThIBAEMON 3aa4n);

4) mepeHOCHMOCTb KOMILIEKCA IPOrpaMM Ha APYTHUe BHITHCIUTEIbHbIE CHCTEMBI C PACIPEIeIeHHON ma-
MATHIO, MOIIEPXKUBAOIINE CTAHAAPT mepegadn coodbmenuit MPI.

Jna OpenMP-pacnapaiesnBanus IpeaIycCMOTPEHA TOMOJTHATENbHAS (DparMeHTaIlis CIeTHOH 00IacTu
BayTpu MPI-mporecca. DTo mo3BoigeT pacmapasIedTh HEKOTOPbIE BBITHCIUTEIbHBIE OJIOKH ITPOCTHIM
pacmpemenerrneM (GParMeHTOB MO HUTAM.

Pe3ynbTaTrhl pacdeToB

B kauecrBe miurtocrpanuii npumvenenus mnakera mporpamm JIOT'OC s 9uciieHHOro pemneHusi 3aa4
IUHAMIYIECKON MPOYHOCTH B TAHHOM pa3feie MPeJCTaBICHBI Pe3yIbTAaThl PACUETOB MPAKTHIECKUX 33/1a4.

Pacuernbie ucciegoBaHus >KECTKOM MOCAAKU caMoJieTa ¢ YOpaHHBIME Imaccu. Bce paspaba-
ThIBAEMbI€ ITACCAKUPCKUE CaMOJIETHI JOJIZKHBI YIOBJIETBOPATH COBPEMEHHBIM IIDAaBUJIaM, BKJIIOY9ad Tpe60—
BaHMA 0€30MACHOCTH W HAJAEKHOCTH KOHCTPYKIMH B BO3MOXKHBIX aBAPUIHBIX CUTyaIudx. B coorBeTcTBUM
C MEXKAYHAPOAHBIMU W HAOMUOHAJBHBIMU IIDABUJJIAMU B IUCJIE BO3MOZKHBIX a,Ba,pI/II';I HeO6X0ﬂI/IMO paccMoT-
peTh pa3IuYHble BAPUAHTHI KECTKOW MOCAJKH CAMOJIETA W OIEHUTDH HANPIKEHHO-Ie(DOPMUPOBAHHOE CO-
CTOAHUE DJIEMEHTOB KOHCTPYKIUH ILIAHEPA, Y3JIOB IIOABECKH IIIACCH U IBUTATENd [JId AHAJIN3a BO3MOXKHO-
CTU pAa3pyLIeHud 9JIEMEHTOB X KPEIJICHUA U HaPYIIEHUA FrepMETUIHOCTU TOILJIMBHBIX 6a,KOB.

B 3amade memoHCTpupyeTCca BO3MOXKHOCTD npuMeHerud nakera mporpaMm JIOI'OC mig momeanpoBaHus
AUHAMHUYECKON peaKIuy caMoJieTa IIPU KEeCTKOH Iocajike [25]. Hagasipable u rpaHuYHbIE YCIOBAA 331891
IIpeCTaBJIEHbl Ha puc. 2.

Jlng pacyeToB MPUHATHI CAEAYIOMINE KHHEMATHIECKHE HAYAJbHBIE YCIOBHULA: IIPOAOJbHAA CKOPOCTH —
68,6 M/c; BepTEKasbHAsA CKOpOCTh — HM/c. g MomenupoBaHusi B3JIETHO-IOCAJOYHON IOJIOCHI UCIOJIb-
3yeTcd rPAHUIHOE YCJIOBHUE THUIA HCECMKAA CMEHKA.

Puc. 2. HagasnpHbIe U rpaHUYHBIE YCJIOBHUS JJIs MOJIEIUPOBAHNUS JUHAMUIECKOHN PEAKITNN CaAMOJIeTa P! aBAPUITHOM
MOCAJKe: @ — BHJ, CIIEPeIn; O — BHJ, CBEPXY
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[IpocTpancTBeHHASA AUCKPETH3ANNAA CAMOJIETA BBINOJHEHA, C HCIOJb30BAHNEM PA3JIAIYHBIX THIIOB KOHEU-
HBIX 3JIEMEHTOB!: 06’1)eMHI)IX, O6OH0‘I€‘IHI)IX, 6a,JIO‘IHI)IX n OUCKPETHBIX. HOCTpOGHHaH ACTAJIN3NPOBAHHAA
KOHETHO-3JIEMEHTHAA MOJeJb BKJOUaeT B ceba 2050 momobiracreit, cogepxkur 188416 y3moB m 207 354
9/1eMeHTOB. JIjId meMOHCTpaIun CI0XKHOCTH MOJENN HA PHUC. 3 IpUBeaeH OAJOYHBIA KapKac CaMOJIeTa.

Pacuer mpoBomuica B mapamnensaom pexume (MPI) ma 16 mpomeccopax. 3amada cauranach npubim-
3UTeILHO 3 9aca. DP@EeKTUBHOCTD pacnapajuleJuBannd cocTamia ~ 75 %.

Ha puc. 4 (cMm. TakKe I[BETHYIO BKJIQJKY) IPEACTABIEHO II0JI€ HHTEHCHBHOCTH HAIPSYKEHUN B KOPIIyce
camoJsieta Ha MoMeHT Bpemenu t = 377 mc. Ha puc. 5 npuBeneHbl BpeMeHHbIE 3aBUCHMOCTH TEPEMEIEHTH
¥ CKOpPOCTel IMEeHTPa MaCC CaMOJIETa.

Puc. 3. Bamounsrit kKapkac camoera

2.948e-001
2.621e-001

2.294e-001
1.966e-001
1.639e-001

1.312e-001
19.850e-002

6.579e-002

3.308e-002

3.643e-004

Puc. 4. lnrencuBHOCTD HANPSXKEHUII B KOPILyCe CaMOJIeTa HA MOMEHT Bpemenu t = 377 mc
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Puc. 5. Bpemennbie 3aBUCHMOCTH I IEHTPA MACC CAMOJIETA: ¢ — BEPTUKAJIbHOE IEPEMEIIEHNE; 6 — BEPTUKAJIbHAS
CKOPOCTbH

HucneHHoe MOAEJIUPOBAHNE AUHAMUYECKOTO AePOPMUPOBAHUS AKTUBHOU 30HBI PEAKTOP-
HOM YCTAHOBKHU IIPU Pa3PbIBE TEXHOJIOTMYECKOro KaHaJsa. B 3amade JEeMOHCTPHPYETCA BO3MOK-
HOCTh MozenupoBanuu B makere mnporpamm JIOI'OC mamnpsakeHHO-Ae(DOPMUPOBAHHOIO COCTOAHUA JIE-
MEHTOB KOHCTPYKINHA AaKTUBHOH 30HBI PEAKTOPHON YCTAHOBKM IIOJ JTaBJIeHMEM IIapOBOAIAHON CMecH IpH
pa3peiBe OZHOrO U3 TexHosorndeckux kaxauos (TK).

Haganpuas reomerpus 3ajadu npuBeneHa Ha puc. 6, 7.

i

Puc. 7. ®parvMeHT KOHEYHO-dJI€MEHTHON ceTku. Bun
CBEpXy

Puc. 6. AxruBnasg 30Ha peakTOpHOi ycranOBKU. Obmimii
BH/I



. FO. /Ipsaraos, B. @. Coupugonos, K. B. Ilubepes u ap.

B mogmenu yunrsiBatorca 1 914 rpaduroBbix KosioHH. KoHEYHO-3/1€MEHTHASA CETKA COCTOUT U3 00bEMHBIX
BOCbMUY3JIOBBIX JJIEMEHTOB N O6OJIO‘-I€‘-IHBIX TIE€TBhIPEXY3JIOBBIX 2JIEMEHTOB. qI/ICJIO KOHEYHBIX 3JJIEMEHTOB
CeTKW, MOKPHIBAOIIEH pacueTHyio obsacts, pasao 160 757 760.

B pacuerax yuuTsiBaeTCa HaIpPAKEHHO-1e(DOPMUPOBAHHOE COCTOAHNE KOHCTPYKIIAN IO AefICTBUEM CH-
JIBI TSXKECTH U BHyTpeHHero cramumonapuoro mapimennd B TK. 2Kunkocts B Tpybax TK yumThiBaerca B
Bujle npucoegunenuoii maccel. g mogenupoBanus TK wmcnonb3oBaiack yunpyromiacTudeckas MOIENb,
a JId MOJEeTUPOBAHUSA TPadUTOBBIX OJIOKOB — MOJEJb YIPYyroro MaTepUasa.

Jlna pacuera B3auMOAeHCTBUA APYT C APYTOM PA3JIUIHBIX YJIEMEHTOB KOHCTPYKIIMHU B mporecce medop-
MUPOBAHUSA HCIOIL3YIOTCH aJTOPUTMbI KOHTAKTHOTO B3aUMOMENCTBUSA C ABTOMATUYECKUM OIPEIEIEHUEM
30H KOHTAKTA.

Pacuer mposopmica B mapasrensaom pexxume (MPI) ma 1250 BbraucaurenbHbix gapax. 3agada Cau-
tasmack okoso 20 gueit. DddexTuBHOCTL pacnapasienuBanusa cocrapuaa ~ 70 %.

Ha puc. 8 (cM. TakzKe IBETHYIO BKJIQJKY ) HOKa3aHO nedopMupoBaHue rpaduToBOil KIaIKU B [EHTPAIIb-
HOM IIOTIEPETHOM CEeUYeHWHN Ha MOMEHT BpeMenu t = 1,6 c.

Ha puc. 9 npencrasmen rpaduk makcumaabHoro mporudba TK. Anamuns momydeHHBIX pe3yIbTaTOB MOKA-
3bIBaET, 9TO npu pasdpbiBe oxaoro TK B geThipex KOJIOHHAX OT HUZKHEH rPAHUNBI PEAKTOPHOM yCTAHOBKHU
MAaKCAMAJbHBINA IpOorud MOXKHO OIEHUTh 3HadeHueM ~ 350 M.

Ha puc. 10 (cm. Takzxke nseTHyIo BKIajKy) mpencrasien obmuit suxy TK npu ¢ = 1,6 c. Buguo, uro
OmyKHIE KOJOHHBI OT pa3byxaHusd KJIAJKU U pa3pbiBa KaHAJIA Ae(DOPMUPOBAINCH JOCTATOIHO CHUJIHHO.

3.327e+002
2.957e+002
2.588e+002
2.218e+002
1.848e+002
1.479e+002
1.109e+002
7.395e+001
3.699e+001
2.465e-002

Puc. 8. ITose momHBIX cMeleHnit rpadpuTOBOR KIAIKHA B IEHTPAJIHLHOM MOMEpeYHOM cedenun, t = 1,6 ¢: a — oburumii

BUI; 6 — npuOJMKEHHBIH BUI MeCTa pa3pbIBa

- 10 -
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Puc. 9. Makcumansusiii mporud TK

3.459e+002
3.075e+002
2.691e+002

2.307e+002
l1 .922e+002
1.538e+002

1.154e+002

7.694e+001

3.852e+001
8.861e-002

Puc. 10. ITosne monupix cmemenuit TK. O6uuit Bug upu t = 1,6 ¢

3akKJro4YeHne

B pabore npencraBieHbl OCHOBHBIE METOMIBI U AJTOPUTMBI, HCIIOJIb3yEMbIE B MOJYJIE€ PelleHus AUHAMU-
geckux 3ajad npounoctu nakera nporpamm JIOT'OC. Kparko ommcanbsl peajin30BaHHBIE THUIIBI 3JIEMEH-
TOB, AJIFOPUTMbI KOHTAKTHOIO B3aUMOJEHCTBUSA, TUIBI CIVIA2KUBAHNUSA, IPUHIUAIILI PACIapPAJLIETUBAHUA 1
peasn30BaHHbIE HA TEKYIIUU MOMEHT MOJEJH YIPYTOIJIACTUIECKOTO AeOPMUPOBAHUA U Pa3pyIIeHUd.

- 11 -
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[IpuMeHrMOCTh MPUBEIEHHBIX MOAXOM0B MOKA3aHA HA IMPUMEPE UUCIEHHOTO PEIIeHWd ABYX HHIKEHEPHBIX
3a1ad.
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"LOGOS" PROGRAM PACKAGE. A MODULE FOR SOLVING THE DYNAMIC
STRENGTH PROBLEMS / D. Yu. D’yanov, V. F. Spiridonov, K. V. Tsiberev,
E. I. Naumova, V. V. Borlyaev, S. V. Starodubov, E. V. Shuvalova, M. V. Medvedkina,
E. O. Artemova, A. A. Chelakov, A. V. Kazantsev, A. A. Ryabov, V. I. Romanov,
S. S. Kukanov (FSUE "RFNC-VNIIEF", Sarov, N. Novgorod region).

The paper describes a finite-element module implemented in the LOGOS program
package for solving the dynamic strength problems. The methods and algorithms
implemented in the module are briefly described. The application of the dynamic strength
module is illustrated by the example of simulation results for a number of real-world
problems.

Keywords: LOGOS program package, a dynamic strength module, the finite element
method, contact algorithms.




