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BeepeHue

YHuKansHas cnocobHOCTb MPUMPOAHLIX BUONONMMEPOB K COMOOPTAHW3ALMM M HO-
NPOBIEHHOW ArperauMu B onpefefieHHble NPOCTPAHCTBEHHbIE CTPYKTYPbl M KOMMIEKCHI
MOXeT 6bITb MCNOJNIb3OBAHA ANA HY>XA HAHOTEXHONOMMKM Npu CO30AHUU UCKYCCTBEHHbIX
TMOPUAHBIX COEAMHEHMI, COAEPXALLMX, KOK CreumansHbiM 0B6pa3oM CKOHCTPYMPOBQH-
Hble MOCNEfOBATENLHOCTH BUONONMMEPOB TAK M PPArMEHTHI CUHTETUUYECKUX NOIMMEPOB,
obnagaLmMx HEOBXOAMMBIMM CBOMCTBAMKM M dyHKUMamU. B kauectse Buonormyeckoro
KOMMOHEHTA B TAKMX CMCTEeMaxX HanBOonee YacTo BHICTYNAIOT PA3AMYHBIE NENTUAHBIE MO-
CNenoBaTENbHOCTM, 0COBbI MHTEPEC NMPEAaCTABMIOT NENTUab, CNOCOBHbIE K CaMOOPra-
HU3AUMU B JIMHHBIE PUBPUMANAPHBIE ArPEraThl, QHAMOTMYHBIE AMUAOUAHLIM BUOPUINAM,
GOPMUPYIOLLMECS B TKAHSIX YENTOBEKA M XMBOTHBIX MPU PALE LUMPOKOPACTPOCTPAHEHHbBIX
3a60neBaHmit (Takmx, kak 6onesHs Anbureimepa, 6onesHs [1apKMHCOHA, CaxapHBbIi ana-
bet 1 T.0.).

Jpkuit NPUMEpP MPUMEHEHMS TAKOTO MMOPMAHOINO MOAXOAA ANA AM3ANMHA HOBbIX
coemrHeHmit B 06nacTi OPraHMYECcKOi HAHO-3EKTPOHMKKM NPEeaCcTaBnaeT anbnok onuro-
mepbl TMODEHA M aMUHOKUCIOTHOM nocneaosatensHoctu [Thr-Val], (puc. 1). Mentuanas
NOCNENOBATENLHOCTE COCTOMT M3 YEPEayIOLMXCA AMUHOKMCIIOTHBIX OCTATKOB TPEOHMHA
M BAMMHA M M3BECTHA CBOEH CMOCOBHOCTBIO K GOPMMPOBAHMIO BTOPUYHOM CTPYKTYPSI
BeTta-nMcToB, a Takxe, obpasosarnio dubpunnapHeix arperatos. [lonutuoden asna-
€TCA NOMyNpPOBOAALLMM NOMMMEPOM, KOTOPBIA LUMPOKO MCMOMb3YyeTCs B OPraHWMYECKOM
MMKPO3MIEKTPOHMKE, B YACTHOCTM AN CO3AAHMA OPraHMYECKMX NOMYNPOBOAHMKOBLIX
CBETOAMOAOB, O TAKXe pasnMyHoro poaa ceHcopos. CosgaHue mBpPUaHbIX GUOCHH-
TETUYECKMX CTPYKTYP MOXET BbIBECTM MPOLECC CO3LAHUS HOHOIMEKTPOHHbLIX YCTPOWCTB
HO MPUHUMNMANIEHO HOBbIM YPOBEHb BNArofaps CaMOOPTAHM3AUMOHHBIM CBOMCTBAM TQ-
KMX coenMHeHMﬂ
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Puc. 1.

CrpyKTypHas Gopmyna rnbpraHoii Monekybl, copepalleil nentTuaHblil dparmeHt [(Thr-Val),] (oTmeueH
3e/1eHbIM), CKITOHHDII K arperauum B 6eTa-nvMcToBble CTPYKTYPbl, 1 ONMIOTUOPEHOBbIV GpparMeHT (OTMeUeH
KpacHbIM), OTHOCALUMINCA K KNacCy NPOBOAALLMX NONMMEPOB



B psme skcnepumentansHeix pabot [1] 6bi10 NOKA3aHO, 4TO TAKOrO POAA M-
OpUaHbIE COEOMHEHUA LEMCTBUTENBHO GOPMUPYIOT HOHOPA3MEPHbIe GUOPUNNLI TOMLLM-
HoM oT 4 po 50 HM U LAMHOM [O HECKOMbKMX MUKDOMETPOB, OAHAKO BHYTPEHHSIS CTPYK-
TYPQ TAKMX Qrperatos, YNaKOBKA MOSEKYNSPHbIX BIOKOB, MPMHUMIE CAMOOPIaHM3ALMM
OCTQIOTCS HESICHBIMM.

B nccnenoBaHmMu chOpPMYNMPOBAHHBIX BOMPOCOB BAXHYIO POSb UIPAOT METO.b!
OTOMMCTUYECKOTO KOMMBIOTEPHOTO MOAENMPOBAHMs [2—3], B 4OCTHOCTM MeToAbl Mosie-
KYNAPHOM MEXAHMKM U MONEKYNSPHON AMHOMMKM, KOTOPbIE YCMELWHO NPUMEHSIOTCS HAOMM
O UCCNESOBAHMUS TAKUX CUCTEM.

B npubnmkxeHmn 3TUX METOROB MOMEKysbl PACCMATPUBAIOTCS KAK HabGop marte-
PUQnbHBIX TOYEK (ATOMOB), B3AMMOLEMCTBYIOWMX MO 30KOHAM KIIACCUMYECKOM MEXAHMKM.
KoHkpeTHble NOpameTpsl U MOTEHUMAMNBI B3AMMOLENCTBIS MEXAY ATOMOMM 3AACIOTCS IM-
MUPMYECKM U HA3LIBAIOTCS CUIOBLIM Monem. [lockonbky MOAENMPOBAHME ArperaTos noj-
POA3YMEBAET U3YyYEHUE CUCTEM, COCTOSLUMX M3 BOMLLIOTO KOMMYECTBA Y4ACTUL (RO COTEH
ThICSI4), MOAENMPOBAHME SBOMIOUMM TAKMX MONEKYNSAPHBIX CMCTEM HA SKCMEPUMEHTASBHO
3HAYMMBIX BPEMEHOX BO3MOXHO NULLb BNarofaps MCNomb30BAHMIO CYNEPKOMMbIOTEPHbIX
TEXHOMOMMI M METOLOB NAPASIENbHON MONEKYNSPHON AMHAMMUKM.

TexHonoruu
B ceomx mccnenosaHmsx Mbl mcnonbayem nporpammubiin naket LAMMPS [4], peanu-
3YIOLWMI QNTOPUTM MAPQNNENEHON MONEKYNSAPHOM AMHAMUKM HO OCHOBE METOAA Pas-
BueHnsa cuctemsl Ha gomensl (domain decomposition). Mopennpyemas atomucTyeckas
CUCTEMO, MOMELLEHHAs B A4YeiiKy OMPEefeneHHoro pasmepa, pasbusaetcs HA Habop
FPAHUYALLMX NPOCTPAHCTBEHHbBIX OBNacTei (noMeHoB) (cM. puc. 2), Kaxaas M3 KOTOPbIX
NPMIUCLIBAETCS K ONPEAeneHHoMy npoueccopy. MHTEerpupoBaHme ypasHEHMI OBUXEHMUS
AN 4ACTHL, HOXOIALLMXCA B ONPEneneHHOM AOMEHE, MPOU3BOAMTCS COOTBETCTBYIOLMM
NPOLECCOPOM, PACYET XE CUIT MEXAY Y4ACTULAMM TPebyeT B3AUMOAENCTBUS MEXAY NPO-
LeCCOPaMM U COOTBETCTBYIOLLErO OBMEHA AaHHBIMM. HEeobX0aMMOCTL NOCTOAHHOM KOM-
MYHUKQLMM MEXOY MPOLECCOPAMM HAKIAALIBAET BLICOKME TPEOOBAHUA HA NATEHTHOCTL
MHTEPKOHHEKTA BHYTPM CyNepKOMMLIOTEPHOM cucTemsl. B kauectse npumepa macwtabu-
PYEMOCTM MApPAnIenbHeIX PACYETOB NpuBeaem rpadmk 3aBUCMMOCTH BPEMEHM pacyeTd
M KOIPDULMEHTA CKEMMMHIA, MOSTyYEHHBIE HOMM MPU PACYETE TECTOBOW CUCTEMBI, CO-
crosuen ns 256 Thicay 4acTuy 0aHOATOMHOro rasa (dyactuuel Jlennapp-Ixownca) B na-
kete LAMMPS Ha cynepkomnsiotepe CKUD MIY “Heboiwes” (cm. puc. 3). BesycnosHo,
3 dEKTUBHOCTL PACTIAPANNENMBAHMS TAKXE OYEHb CUIIbHO 3ABMCHT OT CYLLHOCTM CAMOM
MOLENUPYEMON CUCTEMBI, HOBOPA M CIOXHOCTU MCMOMb3YEMbIX ATOM-ATOMHbIX B3QM-
MomencTemit. B criyuoe mMopmenMpoBaHUA HErOMOreHHbIX cucTem (B 4acTHOCTH, Gubpun-

NAPHBIX, KOTOPbIE BYAYT PACCMOTPEHbI HUXKE) BO3HWUKQIOT LOMOMHUTENbHLIE TPYLAHOCTH,
CBI30HHbIE C HEPABHOMEPHBIM PACNPEAENEHNEM YACTUL, MO JOMEHAM.
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VnntocTpaums NpocTpaHCTBEHHOTO pa3bueHus 0 =
MOJIEKYNIPHOV CUCTEMbI Ha OMEHDBI AN pea- e e e ”-m_"{:'n Y
N3auyn MeTofa napanienbHON MONEeKysipHON s TSR
OUHaMUKU. Kakgomy NpoLieccopy ConocTaBnseTcs
CBOA 06M1aCTb NOAMNPOCTPAHCTBA U HAXOAALLMECA B Puc. 3.
[aHHbI MOMEHT TaM YaCTULIbl lpaduK 3aBUCMMOCTV BpemeHu pacyeTa 1 Koadpdu-

LMeHTa CKeMnHra oT KonnyecTsa npoueccopos,
ncnosnib3yemblX Npu pacyeTe, 4nda CUCcTembl 13 256
TbICAY aTOMOB OJHOATOMHOIO rasa

Mpumepsbl HccnegoBaHUi

He saaBasack rmyboko 8 HaydHble NOAPOBHOCTH, B KQYECTBE NMPUMEPA MCMOMb3O-
BAHMS METOAC MAPASIENbHON MONEKYNAPHOW AUHAMMKM B HALLUMX MCCIIELOBAHUAX MPU-
BEEM MPUMEP MOMHOATOMHOMO MOAENUMPOBAHMS GUEPUINSPHOTO ArperaTa, CoCTosLLe-
ro u3 384 rmMbpuaHbiX TMOdEH-NENTUAHBIX MONIEKY (CTPYKTYPA MOMEKysbl n306paxeHa
Ha puc. 1), CKOHCTPYMPOBAHHOTO HA OCHOBE MPEACKA3AHHOM HAMM KPUCTASIUYECKOV
ynakoeku Takux monekyn. OnucaHue cnctemsl NPOBOAMIOCH B MPUEBAMXEHUM CUIIOBOTO
nona PCFF. Ha puc. 4 npeacraeneHa MrHOBeHHAst KOHGUIypaums MOAENMpyemon du-
Bpusbl 4O M NOCHe 3Tana Pefakcauuu, CTPYKTypa arperaTd, NojlyumBLIas HOA3BAHME
«QIIbTEPHUPYIOLWLETO CYNep-noiMMepas, COCTOUT M3 MOCIELOBATENBHO YEPELYIOLLMXCS
NenTUAHbIX U THMOheHOBbIX cermeHToB. [lentuaHble cermeHTsl (cm. puc. 5) dubpunnsl
COREPXAT OMMHOKUCIOTHbIE BIIOKKM MOMEKYS, COMOOPTaHM3YIOLMECS B OETA-NUCTOBLIE
CTPYKTYPbI, NOAOBHLIE TEM, KOTOPLIE BCTPEUAIOTCS B BEMKAX; BHYTPH TMOhEHOBLIX Cer-
MEHTOB B3OMMOﬂ,el:|CTBMﬂ OTBETCTBEHHbIE 3Q T-TT-CTIKMHI APOMATUHECKMX CONPAXKEHHbBIX
CUCTEM NPUBOASAT K OBPA3OBAHMIO CTOMOK M3 TMOPEHOBLIX BIOKOB (cM. puc. 6).

Hannas monekynapHas cuctema, cocroauas nz okono 100 Teicay atomos, moae-
NIMPOBANACH B NAPAIENBHOM PEXMME C UCMIONb30BAHKMEM 128 npoueccopos B TeueHue
30 MIH WQros, YTO SKBMBANEHTHO BU3UMHYECKOMY BpemeHu 3sommoumnn cuctemsl 8 30 HC.



Puc. 4.

MrHoBeHHble KoHbopMaLy MogenupyeMmoro GprbpunispHOro arperata C yKasaHviem pa3mepoB: a) HauasbHas
CTPYKTypa arperaTa, cobpaHHas Ha OCHOBe NMpeAcka3aHHOW KPMCTanMYeckor ynakoBku. b) cTpykTypa arpera-
Ta nocse penakcauuy B Xof4e MOJeKyNfpHO AMHAMUKK, HabMofaeTcs ycaika BONIOKHA

Puc. 5. Puc. 6.

CTpyKTypa OfHOrO 13 NenTUAHbIX CErMEHTOB Mprmep bopmMmpytoLLKXCA CTOMOK 13 TMOPEHOBbIX
dunbpunnbl. Crpenioukamm oTMeyeHbl 061acTu 6110KOB 6narogaps M-M-CTIKMHTY B TMOGEHOBbIX
chopmmpoBaBLUKXCA GETa-NNCTOB couneHeHunax Gnbpunnbl

Ckopoctb pacueTos B cpegHem coctaenana | Hc/mews. B pesynstrate mope-
SIMPOBAHMS BbING LOKA3QHA CTABWABHOCT TAKOWM CUCTEMBI, OLEHEHbBI XAPAKTEPUCTMKM
MONEKYNSAPHOM CAOMOOPTAHU3ALMM (LONS SEMEHTOB BTOPUUYHOM CTPYKTYPbI, PA3MEP Kia-

CTEPOB, COCTOALLMX M3 TMODEHOBbIX BNOKOB, 1 T.4.). Pasmepsl Mogenvpyemoro arperara,
€ro M3rmbHast XeCTKOCTb, NEPCUCTEHTHAA ANUHA COMACYIOTCA C SKCMEePUMEHTASbHBIMM
HOBMIOAEHUAMM, NONYYEHHBIMU METOAAMM OTOMHO-CUIIOBOM M SNEKTPOHHOM MMKPOCKO-
nun. PesynbTatel MOLENMPOBAHUS SIBUIMCb OCHOBOM [AJ1si MOCTPOEHMsi HOBOW MOLENM
CAOMOOPTOHM3AUMM TAKUX CUCTEM — «QNIbTEPHUPYIOLLETO Cynep-noMmMepa.

BoiBogbl

PassuTtre napannenbHbix CynepKoOMMbIOTEPHBIX TEXHONOMMM, HOBbIX NAPAENbHbIX
QNrOPUTMOB MOJIEKYSIIPHOTO MOLESIMPOBAHMS 1 IKCMEPUMEHTANbHBIX METOAMK BMU3YQsU-
30UMM M AHAM3A (ATOMHO-CMNOBASA, KOHDOKAMBHASA, SNEKTPOHHAA MUKPOCKOMMA M T.1.)
NPMBOAMT K TOMY, YTO CTOHOBMTCS BO3MOXHbLIM MOJHOOTOMHOE MOJMEKYNIAPHOE MOAEe-
MPOBAHUE OBBLEKTOB, HEMOCPENCTBEHHO HABMIONAEMbIX B 3KCMEPUMEHTE, CPABHEHME
HE TOJSIBKO KOCBEHHBIX, HO M MX TEOMETPUUECKMX, MEXAHMUYECKMX U APYIUX XAPAKTEPM-
CTUK. ﬂoponneanble MeTOobl MOJ'IeKyJ'IFIpHOIZ ANMHAMUKM HAYMHAKOT MO3BONATbH OMUCHI-
BATb 6OMbLIME CAMOOPIAHU3YIOIMECS MONEKYNAPHbIE OOBEKTHI HAO OCHOBAHMM MEPBbIX
MPUHUMNOB ATOM-OMTOMHbIX B3anmoaencTemit. [Tpumep Takoro nopxopa Gbin HAMKM NPO-
NEMOHCTPMPOBAH HAO OCHOBE GUOPUANAPHOTrO ArpPEraTa, COCTOALLErO M3 TMOPUAHBIX TMO-
CI)eH nenTnaoHbIX MOJ'IeKyJ'I.
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