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AHHOTALMA. B craThe ananusupyercs: 3apyGezKHBII OIBIT HCIIOJIb30BAHUS CY-
nepdBM 11 pasBuTHs «IPOPBIBHBIX TexHOIorni». Ocoboe BHIMaHUE YIEIEHO
obsiactu HaHOTexHOJIOrHi. [ToKa3aHO NPENMYIIECTBO CYIIEPKOMIIBIOTEPHBIX Pac-
YeTOB IIepeJ] HATYPHBIMU SKCIIEPUMEHTAMU.

1. OnbiT ncnons3osauus CynepdBM

1.1. OcobeHHOCTU UCNO/Ib30BaHUS BbICOKONPOU3BOANTENbHBIX
CpeacTs Ansl pa3sBUTUSI HAHOTEXHOJIOrUiA

OcobEeHHOCTHIO CBOMICTB HAHOYACTHIL SIBJISIETCS TO, UYTO UX pa3Mep 3a-
HUMAeT MIPOMEXKYTOIHOE MOJIOKEHNE MEXKY XapAKTEPHBIME PasMepaMu
TBEPJBbIX TeJ U XapaKTEePHBIMUA pasMepaMi OTIAECJIbHBIX aTOMOB. VIMEeHHO
<IIPOMEKYTOYHBI» Pa3Mep BO MHOTUX CJIydasX OMPEEsieT HAJUINe y
HAHOYACTHIL TPAKTUIECKH BAXKHBIX CBOWCTB. DTO 0OCTOATELCTBO CYIIE-
CTBEHHO YCJIOXKHSIET MOJIEJIMPOBAHUE, TIOCKOJIBKY 9acTO ObIBAET HEOOXO 1~
MO OIHMCHIBATH UMEHHO HAHOYACTHUILI, & HE WHIUBUIYAJbHBIC MOJIEKYJIbI
U/WId TBepIble TeJla — sIBHO YYUTHIBATL B MATEMATUIECKON MOIEIU OT
JIECATKOB THICAY 0 MUJIJIMOHOB aTOMOB.

PazBurne HAHOTEXHOJIOI W, CO3/IaHIE HOBBIX MATEPUAJIOB C 38 IaHHbI-
MU CBOiicTBamMu TPeGyeT MpOBEIeHUsT OOJIBIIOrO KOJIMIECTBa JTOPOTOCTO-
ANUX IKCIIEPUMEHTOB, YaCTh U3 KOTOPHIX MOXKET ObITH 3aMeHeHa 0oJjiee
JIEIIEBBIMU BBIYUC/IUTEHHBIMU SKCIIEPUMEHTAME. B TO Ke BpeMsi, poBe-
JIEHME TOYHBIX PACIETOB METOJIAMU MOJIEKYJISIPHOTO MOJIETMPOBAHUS JIJIsT
peaIMCTUuIHO 6OJ'H)HII/IX CUCTEM Tpe6yeT OI'POMHBIX 3aTpaT BbI9YUC/IATE/Ib-
HBIX MOIITHOCTEH, YTO OOYC/IaBINBAET UCIIOJIHL30BAHUE BBIUUCTUTEIHHBIX

*
)Hpe;LCTaBneHo no rematuke: IIpoepammnoe obecnevwernue das cynepSdBM, An-
NaApamHve KOMNOKEHMbL U cucmemvs cynepSBM.
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KOMILJIEKCOB C MTapaJiIeIbHON apXUTEKTY PO, B TOM UHCJIE€ CYIIEPKOMITHIO-
TEPOB WJIM PACIPEICIEHHBIX BBIYUCIUTEIBLHBIX CHUCTEM OOJILIIIONO Mac-
mrraba.

B cpeanecpounoii nepcnekruse (5-10 jer) cpeacTBa MOJIEKYIISIPHOIO
MOJIeJIUPOBaHUS OY/IyT UI'PATh TaKyIO ¥Ke, U jlaxKe 0oJjiee BAXKHYIO POJIb B
HAHOTEXHOJIOIUsX, Kakyio cucreMbl Computer-Aided Engineering (CAE)
U PACYeTOB HA WX OCHOBE HUI'PAIOT B COBPEMEHHOM MAIUHOCTPOEHUH.
Buenpenne cpencTB MOJIEKYIISIPHOTO KOMITBIOTEPHOI'O MOJIEIMPOBaHUS Oy-
JIeT UMETh OIIPEJIEJIAIONee BIIMAHNE Ha, COKPAIEHNE CPOKOB BBIBOA IIPO-
JIYKTOB Ha PBIHOK M YMEHbIIIEHNE PAacXO0B Ha pa3pabOTKy MPOIyKTa —
TO €CTb, Ha KOHKYDPEHTHbBIE IIPEUMYIIECTBA T€X MJIA UHBIX BBHICOKOTEXHO-
JIOTUIHBIX TTPOJLYKTOB.

MaremaTuieckoe MOJEINPOBAHUE IIPEIOCTABISECT MUPOKNE BO3MOXK-
HOCTH B OIPEEJIEHNN TeX XaPaKTEPUCTUK MOJEKYJISAPHBIX CHCTEM, KO-
TOpBIE KpailHe TSKeJO WJIM HEBO3MOXKHO ONPEIE/NTh B IKCIEPUMEHTE,
HAIIPUMED:

® CBOMCTBa 3JEKTPOHHON CTPYKTYypPbl HAHOCUCTEM: COIPOTHUBJIE-
HHUE HAHOIPOBOJOB U T.II.;

® JieTa/Il MOJIEKYJIAPHOI CTPYKTYDPBI B PacTBODE;

® JleTa/Iu JUHAMUKH CHUCTEM.

CyIepKOMIBIOTEPHBIE PACUETHI MTO3BOJISIIOT JIOCTATOYHO JIEI'KO OIpe-
JeJIUTh:

® CTPYKTYpPY, PAaBHOBECHBIE T€OMETPUIECKNE KOH(PUTYPAIIUA CH-
cTeM;

® CIIEKTPbI MUKPOBOJIHOBOI'O /ITMAalla30Ha 3JIEKTPOMAIrHUTHBIX BOJIH
(MK);

® CIICKTPBI B OIITUYECKOM JTHUAIIa30HE]

® TepMOJMHAMUIECKNE XapPaKTEPUCTUKH;

® OIICHUTHb KOHCTAHTbI CKOPOCTHU XUMUYICCKUX peaKLH/IIU/I,

® OIIpeJe/INTH ,HHHOHbeIfI MOMEHT, IIOJAPU3YEMOCTDb U T. II.;

® 11 T.II.

HpI/I 9TOM BO3MOXKCH IIOMCK COCJIMHCHUA HUJIN KOHCI)I/IpraHI/II/I C HYyXK-
HBIMU CBONCTBAMHU — «BUPTYAJIbHBIA CKPUHIHI'S, — KOTOPBIN MOYXKET OBITH
IpOBeJIeH Topas o ObicTpee in silico — ¢ UCIOIb30BaHIEM BBIYUCIUTE b=
HBIX CpeJCTB, —a He peaJIbHbIM CHHTE30M HeO6XO,H‘I/II\H)IX BeIIeCTB. BO3-
MOXKHOCTb OBICTPO OIIPENIEJINTH, KAKHME BEIeCTBA O0IAAI0T HYKHBIMA
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CBOICTBAMU, BayKHA, B MEPBYIO OYepelhb, IIPU Pa3pabOTKe HOBBIX TE€XHU-
geckux cucreM. Hampumep, mpu pa3paboTKe HOBBIX JIEKAPCTB UCIIOJIH30-
BaHNE BUPTYAJHbHOTO CKPUHUHTA MOXKET COKOHOMUTH CYIIECTBEHHBIE CYM-
MBI — §0JIee COTHH MUJLIMOHOB JIOJIJIAPOB, — U COKPATUTh BpEMsl pa3pa-
6orku mmouTn Ha rofd: «In silico methods may benefit drug discovery and
development significantly by saving an average of $130 million and 0.8
years per drug» [2]. IlomobHble KOHKyPEHTHbIE IPEUMYIIECTBA AT Cy-
[IEPKOMITHIOTEPHBIE PACYETHI U TP MTPOEKTUPOBAHNN HAHOMATEPHUAJIOB.

[IpenmyniecTBOM CyIIepKOMIIBIOTEPHBIX PACUETOB SIBJISIETCS U TO, UTO
9KCIIEPUMEHTAJIbHBIE JIAHHDBIE BCErJia TPeOyIOT HHTEPIPETAINN Ha OCHOBE
TOI WM MHON MOJIEJIH, YTO 3a9aCTYI0 BHOCHT 3JIEMEHT HEOIIPE/IeIeHHO-
CTHU B [IOJTy9aeMble pe3yabTarhl. CylnepKOMILIOTEPHBIE YKe PACUETHI 00bIY-
HO TI03BOJISIOT B3IVISIHYTh Ha CHCTEMY C JeTaju3anueii (IpoCcTpaHCTBEeH-
HOe pa3pelleHne, BpEMEHHOEe Pa3peIleHne), HeJOCTYIHON B 9KCIIePUMEH-
te. CpaBHHUTE, HAIIPUMED, N300parKEHUsT IBUKEHNSA «HAHOABTOMOOMIIEH >
10 TTIOBEPXHOCTH 30JI0TA, TIOJIYYeHHbIE B 9KCIIEPUMEHTE ITPU TIOMOIIH JIEK-
TPOHHOTO MHKPOCKOIa (cM. [3]) ¥ IpH [TOMOIH PACIETOB METOJAMH MO-
JieKynspHoii uHamMuky (cM. [5]) u [4]).

B nacrosimee BpeMsi GOJIBIMNHCTBO AKTUBHBIX I'PYIIT XUMHKOB-IKC-
[IEPUMEHTATOPOB IIPHUBJIEKAIOT KBAHTOBOXMMHUYECKHE DACUETHI KakK JIJIsd
MHTEPIPETAINN [TOJIYIaeMbIX JTAHHBIX, TAK U JIJIsI JOHIOJHUTEIHLHOTO II0/I-
TBepKIeHnst cBouX BbIBOJOB. (IIpumep myGiukanum o pabore, MOCTPOEH-
HOM 10 TAKOMY IPHHIIAITY — UCCJIEJIOBAHIE MarHNTHBIX CBOMCTB HAHOIIPO-
BOJIOB IJIATHHBI [6]).

1.2. Mpumepbl UCNoONb30BaHUSI BbICOKONPOU3BOAUNTENbHbIX
BbI4UCAEHUI B Pa3BMTMN HAHOTEXHOJIOrUiA

TpymamHo roBOpPUTH O KOHKPETHBIX IIPUMEPaX HCIOIb30BAHUS MOJIE-
KYJIAPHOIO MOJEJUPOBAaHUA, IIOCKOJbKY TEHJEHIIUS 3aTparuBaeT IeJIyIo
OTpac/b 3HAHUI — IIPU BBIJIEJICHUN OT/AEJIbHBIX «TOYEK» CJIMIIIKOM MHOI'O
OCTaeTCd B CTOPOHE, & UCIOJIb30BaHNEe KBAHTOBOXMMUYECKUX PACYETOB —
JIefiCTBUTEJILHO MaCCOBOE sIBJIEHME. 1eM He MeHee, IOIPOOYEM IPUBECTH
HECKOJIBKO IIPUMEPOB.

(1) IorpebHOCTU MHKEHEPOB B 3HAHUU TEX WJIU UHBIX TEPMOIUHA~
MHUYECKUX CBOWCTB PA3JIUIHBIX BEIIECTB, B OOJIBIITMHCTBE CJIy-
qaeB, YJI0BJIETBOPSAIOTCS IIPU IIOMOIINA TEOPETHIECKUX PACUETOB
METOJIAMH MOJIEKYJISIPHOrO Mozieauposanus [7]. Tak, nanpumep,
CTOMMOCTD IIPOBEJIEHUS IKCIIEPUMEHTAJIBHOI'O0 pacdeTa TelIO0ThI
[IPOTEKAHUST XUMUIECKON PEAKITNY JIJI «HEDOIBIMNX» MOJIEKYJT
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cocTaBiseT, B cpeaneM, okoso $5,000. B To Bpems kak crowm-
MOCTH 3KCIEPUMEHTAJIBLHOTO OIPEJIEIEHUs] ITON K€ BEJTMINHDI
cocrasser [1] okosno $100,000.

IIporpamma denapramenta duepreruku CIIIA INCITE—Inno-
vative and Novel Computational Impact on Theory and Expe-
riment, — B Hauaje 2008 roma pacupemenmia 250000000 mpo-
[[ECCOPOYACOB MAIIUHHOTO BPEMEHU B BEAYIIUX CyIEPKOMIIHIO-
tepHbIx reaTpax CIITA [8]—wro paBHOCHIBHO 28 539 TomaM BBI-
quc/IeHui Ha OfHOM mporieccope. Ha ocHoBanun KOHKYpCa OBbLITH
0oTOOpaHbl 55 MPOEKTOB, U3 KOTOPBIX 4 — HAIpAaBJIEHBI Ha, pa3-
BUTHE HEIIOCPEJICTBEHHO HAHOTEXHOJIOrUH U ere 13 — BBINOJIHS-
IOTCSI B CMEYKHBIX 00JIACTSAX: MOJEIUPOBAHNE OMOCUCTEM, HAYKH
0 MaTepuaJiaxX, HayKu o Ku3Hu u T.1. Oblee MaImHHOE Bpe-
M3, BblJIeJIEHHOe IIpoekTaM B paMkax mnporpammbl INCITE, co-
craasier 68 513 077 nporeccopo-vacos (7819 sier), B ToM dncie,
HENOCPEJICTBEHHO HAHOTEXHOJIOTHYecKUM mpoekTamM — 23 100 000
uporeccopo-gacos (2 637 ser). [IpuMepbl NPOEKTOB IPUBEIEHBL
ke (Tabmuna 1).

«Case studies» ¢upmbl Accelrys — npousBoauTeisi MporpaMm-
HOTO ODecIieueHusl JiJisi IPOBEJIEHNsST pacYeTOB METOIaMU MOJIe-
KYJISIDHOT'O MOJIeJIMpoBanust, okosto 20 npoekTos [9]:

® ICIIOJIb30BAHUE YTJIEPOIHBIX HAHOTPYOOK, KAK 3JIEKTPOME-
XaHUIECKUX CEHCOPOB;

® ICCJIeIOBAHNE MEXaHU3Ma POCTa YIJIEPOIHBIX HAHOTPYOOK
B ST Microelectronics (rasus);

® 1CCJIe/IOBAHNE B3aUMOJIEHCTBUs KOHIA YIJIEPOIHONW HaHO-
TpYOKU ¢ MOJIEKYJIaMU BOJbI (MCCJIEI0BATEIBCKUN EHTP
kommnanuu Moroposa);

e omnmcaHue MexaHu3Ma (GOPMHUPOBAHUST HAHOKOMITO3UTHBIX
MaTepraJioB Ha OCHOBE MOJIMMEDHBIX TVIMH B XOJIE CAMOKA-
TaJIU3UPYEMOl MHTEPKOJIUPYIOIIEH TOJIUMEPUBAIIIHN.

«Case study» xkommanuu Cray — MOJIe/IUDOBAHME CBOWCTB Ha-
nouacrur, PtFe, onucanue repMoinHAMIIECKUX XaPAKTEPUCTUK
JIUTST CO3JTaHUsT HOBBIX MAaTEPUAaJIOB — OCHOBBI JIJIsI 3AITOMUHATO-
IMAX YCTPOMCTB HOBOTO TOKOJeHusi, Harnnonaabnast jgaboparo-
pust B Oak-Pumxe [10].

IIpoeKThI, BBINOJIHIEMBIE B HAHOTEXHOJIOITIeCKOM TieHTpe Mo-
lecular Foundry (mpu mammonasnsaoii aboparopuu Jloypemnca B
Bepxkun, CIITA) — npumepsl KoMmiutekcaoro moaxoa. Molecular
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Foundry — «11eHTp KOJIJIEKTUBHOTO IOJIB30BAHAS» B OOJIACTH Ha-
Horexuosioruii. LlenTp upemocraBisier cBou pecypebl (IOCTYID
K MHOTOYHCJIEHHBIM IPUOOPAM, & TAKXKE TECHBIE CBA3W C JIPY-
IMMH TEHTPAME, TAKAM KAK CHHXPOTPOHHBIA MCTOYHWK CBETA,
UEHTP JIEKTPOHHOM MUKPOCKOIIUU U JAPYTHUE) JJisi BBIIOJHEHMs
[IPOEKTOB, BBIOPAHHBIX HA KOHKYPCHOM 0cHOBe. CIMCOK TO/Iep-
JKaHHBIX HpoekToB [11] 21.01.2008 comep:kan HECKOIBKO JIeCHT-
KOB TE€M HUCCJIEJIOBAHUNA. BBIYUCIUTENBHYIO TOJIEPIKKY TPOEK-
taMm okasbiBaerT National Energy Research Scientific Computing
Center (NESRC) —ouH 13 MOIIHEHRIINX CYIIEPKOMIIBIOTEDHBIX
1eHTpoB B Mupe. TeopeTndeckoe mospasenenne neHTpa [12] pe-
aer CJIEJyIOIIne 3a/auu:
e pacyerbl MeTojamMu ab inito CTPYKTYpPHBIX, JEKTPOHHBIX
U CIMHOBBIX CBOMCTB;
® TOYHBIE PACYETHI JJEKTPOHHBIX CBOWCTB M CIEKTPOB IIPU
oMot GW-tpubJinzkeHust;
® DACYeThl CIEKTPOB YIbTPadHOIeTOBO 06/1aCTH TPH ITOMO-
i ypasaenusi bere-Cainerepa BpeMeHHOI Teopun (hyHK-
muonasia wiorHoctu (time dependent density functional
theory);
® DACYeTHl CIIEKTPOB B PEHTTEHOBCKOW OOJACTH W3 TEPBBHIX
NIPUHIIUIIOB;
® DACYETHI JIMHEHHBIX U HeJINHEHHBIX TPAHCIIOPTHBIX CBOUCTB
C TEJBIO UCCIIEOBAHUS TPOBOJUMOCTH M BOJIBT-AMIIEPHBIX
XapaKTEPUCTUK HAHOPA3MEPHBIX JJIEKTPUIECKUX COETNHE-
HUIf;
® MOJIEIMPOBAHUE U3 MEPBBIX MPUHIUIIOB U HA OCHOBE MITH-
PUYECKHUX CUJIOBBIX MOJIEH MEXAHWYECKUX, TMHAMUIECKIX
1 MOP(OJTOTUIECKUX CBONCTB.
MogempoBanne THOPUIHLIM METOIOM' OKHCIICHHs IIOBEPXHO-
cTH KpeMmHHUsT KucaopogoM [13] morpebosamm ycmmmit 6 cymep-
koMmmbiorepHbIx 1nenTpos (CITA n fAnonum) u okono 150 000
4acoB nporeccopraoro spemenn (17 CPUXxuier), nozsosuiu 1o-
SICHUTD JIETAJIA [IPOIECCA OKUCIIEHNUS TIOBEPXHOCTU KPEMHUSI IIPH
6oMbOapTUPOBKE KUCTIOPOIOM.
Co3/1aBaeMblii BEIYUCIATETHHBIA EHTP HAHOTEXHOJOIMIECKUX
unnosarmit CCNI? Gyer 0651a1aTh 0OIIEH MOITHOCTBIO OKOJIO

IBk/mouas KBAHTOBOXMMUYECKHE I MOJIEKYJISPHO-MEXAHHUECKHE PACIETDI.
2Computational Center for Nanotechnology Innovations, [14]
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100 TpUIIMOHOB Ollepaluii ¢ TJIABAIOMEH TOYKOW B CEKYHILY
(100 Tflops). IIporpamma uccaemosanuit 8 CCNI opuenTuposa-
Ha HA MOJleJpoBanue (U3 HEePBBIX IPUHIUIIOB) HAHOJIEKTPOH-

HBIX YCTPOMCTB.

Tabauna 1: VI30pannble TPOEKTHI, BBIIOJHEHHBIE IO IPOTPAMME

Hemapramenta duepreruku CIIIA INCITE

MawunHHoe
n Knaccnd BPEMA CynepdBM
naccucbnkauus ne
poekT (Ha3BaHue) u CPUsxuac ynep
(CPU x ner)
Computational Protein Structure 12000 000 IBM Blue
Prediction and Protein Design Xamus/6nonorus (1369) Gene/P
Modeling the Rheological Haykn o 750000 IBM Blue
Properties of Concrete MaTepunanax (86) Gene/P
An Integrated Approach to the
. i . KeaHToBas 10000 000
Rational Design of Chemical Cray XT4
Xumus (1141)
Catalysts
Understanding the electronic Cucremsbl
structure of novel electronic KeaHToBas 124615 CynepKom-
materials using many-body XUMUst (14) NbIOTEPHOrO
perturbation theory uentpa NERC
Molecular simulation of complex BbiuncantensHas 1500000
. Cray XT4
chemical Systems XUMUsi (171)
Predictive and accurate Monte
Carlo based simulations for Mott Haykn o
. 10000000
insulators, cuprate MaTepuanax, (1141) Cray XT4
superconductors, and nanoscale HaHOTEXHONIOru
systems
Cellulosic Ethanol: Physical Basis
. . 3500000
of Recalcitrance to Hydrolysis of Buodusmka (399) Cray XT4
Lignocellulosic Bio-mass
Kinetics and Thermodynamics of Haykn o
. 1000000 IBM Blue
Metal and Complex Hydride MaTepuanax,
. (114) Gene/P
Nanoparticles HaHOTEXHOI0rnn
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MawuHHoe
BpemMsi
MpoekT (Ha3BaHwe) Knaccudpukayus Cynep2BM
CPUxuyac
(CPU x ner)
Electronic, Lattice, and Haykn o
. . 10000000
Mechanical Properties of Novel MaTepuanax, (1141) Cray XT4
Nano-Structured Bulk Materials HaHOTEXHOI0rnn
Molecular simulations of
i BbeiuncnnTtensHas 4000000 IBM Blue
surfactant assisted aqueous foam
. Xumus (456) Gene/P
formation
i . Ddusnyeckas 6 000 000 IBM Blue
Water in confined states
Xumus (685) Gene/P
. o . Cucremsbl
Reactions of lithium carbenoids,
. . MonekynsipHoe 138 462 CynepKom-
lithium enolates, and mixed
MoZLenMpoBaHne (16) NbIOTEPHOrO
aggregates
uentpa NERC
Bose-Einstein condensation vs.
. Haykn o 1200000
quantum localization in quantum Cray XT4
MaTepuana (137)
magnets
1500000 IBM Blue
Gating Mechanism of Membrane H (171) Gene/P
Proteins AYKIO HMSHL 1y 3500000 n
(399) Cray XT4
Simulation and modeling of
synuclein-based 'protofibril
, 1200000 IBM Blue
structures’ as a means of Hayku o »xusHn
) (137) Gene/P
understanding the molecular
basis of Parkinson's Disease
Haykn o
. . MaTepuanax,
Linear Scale Electronic Structure 2100000
. KBaHTOBas Cray XT4
Calculations for Nanostructures (240)
XUMUs,

HaHOTEXHONOrnn
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1.3. Knaccndpmkaums coBpemeHHbIX BbICOKONPOU3BOAUTENbHbIX
BbIYUCNTESIbHBIX CPEACTB

Bricokonpon3BouTeIbHbIE BHIYUCIEHIS MOI'YT OCYIIECTBIATHCS IIPH
IIOMOIIMM CaMbIX Pa3/IMYHBIX allllapaTHBIX CPEICTB. ,HJ'IH HY2K/JI JTaHHOI'O
JIOKYMEHTa MOYKHO IPEIOKUTH JIOCTATOYHO I'PYOYIO KJIacCH(UKAIMIO,
upuse/iennyo Hiuzke (Tabuuia 2).

[IpenmytiiecTBOM CymIepKOMITBIOTEPOB ABJISIETCSH BO3MOXKHOCTH PeIrie-
HUsl 33J1a9, TPEOYIONMX MHTEHCUBHBIX /MM YaCThIX OOMEHOB MEXKILY
IIPOIIECCOPAMMU.

CrenuaJm3upoBaHHbIE [TPOIECCOPBI MOTYT ODECIIEYNTh yHUKAJIHHBIE
COOTHOIIIEHU A <<IIOTpe6JI§IeMaH 1\/IOIII‘HOCTI)/HpOI/ISBO)J,I/ITGJIE)HOCTI)>>7 HO 06-
JIAJIATOT PSIZIOM HEJOCTATKOB: TAKU€e PEIIeHUs] IPUMEHUMBbI JIUIIIb K Y3KOMY
KPYTy 33J1a4 ¥ TPeOYIOT CYIIeCTBEHHBIX 3aTPaT Ha Pa3paboTKy alllapaTy-
PBI U IPOTPAMMHOTO 00ECIIeYeHNs B TeYEHNE JIOCTATOYHO JIOJITOr0 BpeMe-
uu. Tem HEe Menee, B 001aCTH MOJIEKYJISTPHOTO MOEIMPOBAHUS M3BECTHO
MHUHUMYM JIBa Takux mpoekrta: Protein Explorer/MD Grape B Snonun,
Anton B CIITA.

Kax npescraBisiercs, B HACTOSIIIEE BPEMsT UMEHHO CyIIEPKOMIIbIOTE-
PBI, TIOCTPOEHHBIE TI0 KJIACTEPHOI TEXHOJIOIUH, SABJISIIOTCS ONTUMAJIBHBIM
BBIOOPOM AINMAPATHBIX CPEJICTB HA IIEPBOM ITAIE CO3TAHUS IIPEIIOJIa-
raemoro CIIKIT?, mocko/bKy MO3BOJISIIOT permaTh MHpOKHi KPyT 3a/ad,
CBA3AHHBIX HE TOJIBKO C MOJIEKYJIAPHBIM MOJIEJTUPOBAHUEM, HO U NHKEHED-
HBIMU PACYeTaMy, OITUMU3AIMENH CBOICTB TEXHUIECKUX CHCTEM M T. II.

1.4. MaremaTu4yeckoe MOAENNPOBAHNE B XMMNN

Omnncanne CBONCTB BEIIECTB, BaXKHBIX JIJIsi PA3JIMIHBIX TPUJIOKEHMI
(HAHORJIEKTPOHMKA, HAHOMATEPUAJIBI, HAHOYCTPOHCTBA, HAHOOUOCUCTEMBbI
U T.IL.) JOCTUIAETCs IIPUMEHEHHEM Pa3JIMYHbIX METOI0B MATeMaTHIECKO-
ro MoJiesIupoBanud. Vcnonb3yeMble B 9TUX pacyeTax ajJrOpUTMbI IPeIb-
ABJISIOT PA3JUIHbIE TPEOOBAHUS K allllapaTHBIM cpejcTBaM — Tabsuna 3.

Cremyer obparuTh BHUMaHUE, YTO OOJIBIIMHCTBO METOJIOB TPEOYIOT
JJ1s1 TIPOBEJIEHNS] BBICOKOIIPOU3BOINTEIbHBIX PACYETOB MMEHHO CYyIIEPKOM-
IIBIOTEPOB, YbU AlllIaPATHBIE CPEACTBA ITO3BOJISIOT OCYIIECTBIIATH TECHYIO
(BBICOKOCKOPOCTHYIO U C HU3KOIl 3aJI€PKKOIl) CBA3b MEXKJy WHIMBUILY-
aJIbHBIMU IIPOIleCCOPaMU, YYaCTBYIOIIMMHU B IlapaJljleIbHOM cyeTe.

OueHb 9aCTO HEBO3MOXKHO PACCUYUTATH WHTEPECYIOIINE WCCIIeI0Ba-
TeJlell U MHKEHEPOB CBOWCTBA MOJIEKYJI, MHAYEe KaK ITPUBJIEKAs METOJIbI

3CyHepKOl\AHbIOTepHOI‘O OeHTpa KOJIJIEKTUBHOI'O ITOJIb30OBaHUA.
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Ob6o3HaueHmne

OTanyuTensHble ocobeHHOCTN

KommenTapuii

Boeiuncnurens-
Hble

dhepmbl

HekoTopoe 1ucno
KOMMbIOTEPOB, CBA3aHHbIX
mexay coboii B eanHyto ceTb
npu NOMOLLM TEXHOJIOrWiA
cemeiictea Ethernet

Huskoe oTHolleHue
«CroumocTs/npounssogurens-
HOCTb»

I'pua-crucremsl

Ob6beanHeHne HECKONbKUX
BbICOKONPOU3BOANTENbHbIX
YCTaHOBOK, NPUHaANEeXaLLNX
PasHbIM OpraHM3aunamM un
HaXOAALUNXCS B Pa3HbIX
reorpacr4ecknx To4Kax

TpebyeT opraHU3aunoOHHbIX
MeponpusTuii no
pa3BepTbIBaHNIO

BblHucanTenn

Cynepkomnbto- | Bonbloe Yuncno npouyeccopos, OTHowetrne «Croumocts/
Tepbl obbefnHEHHbIX NPON3BOAUTENLHOCTLY BbILUE,
(BBIYMCAN- BbICOKOCKOPOCTHO CETbIO 4eM y BblYNCANTENBHbIX hepm
TenbHble (nHTepKkoHHeKTOM) U/ nnn 3a cHeT HeobxoanmmocTy
KnacTepsl) nmetomx obuiee agpecHoe NPUMEHSITb BbICOKOCKOPOCTHbIE

npocTpaHcTeo (0bLyto ceTu u Apyrve cneuunanbHble

namsite). CnocobHbl pewaTs peweHuns

3agayn, Tpebyrowme

MHTEHCUBHbIX O6MEHOB

LaHHBIMU MEXAY OTAeNbHbIMU

npoueccopamu

Mcnone3soBanune OtHowenne «Crou-
«Yckoputenny | pekoHrrypnpyemMbix MOCTb/NPON3BOAUTENILHOCTb»

BbluucauTeneli, rpacmyeckmnx MOXeT BbiTb CyLLEeCTBEHHO

NpoLLeccopoB 1 T. M. HUXKE, YeM Y ApPYruX CUCTEM.

TpyaHOCTBIO B NCNOMBL30BaHUN CnoxHocTb

[aHHOrO TUNa pelleHunii NpPOrpamMMupoBaHns, He

ABNSETCA HEOBXOAUMOCTb YHUBEPCaNbHOCTb

afjanTauum npukiagHoro

nporpammHoro obecnederus
Cneymnanunsn- Wcnonb3osanue ans pacuyeTos OTtHowenne «Crou-
poBaHHble NpoLEeCcCopos, MOCTb/NPON3BOAUTENLHOCTbL»

OPUNEHTUPOBAHHbLIX HaA peLleHne
onpeaesieHHblIX KNaCcCoB 3a4ady

o4eHb BblCcOkoe. Bbicok puck
OTCTaTb OT BO3PaCTaOLLMNX
BO3MOXXHOCTE MacCoBbIX
npoLLeccopoB

Tapua 2. Knaccuduranyst cucreM BBICOKOITPOU3BO-
JATETHHBIX BHIYACICHUI

KBAHTOBOI XUMUHU. DTO OTHOCUTCSI, B TIEPBYIO OY€PEJIib K CIIEKTPAM, JJIeK-

TPOHHOI cTpyKType. KBaHTOBasi XuMUs SABJISETCA XOPOIIO pa3paboTaH-

HO# 00JIACTHIO TEOPETUIECKON XUMUM, PAOOTHL B ITOI 00JIACTH BEILyTCS C
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Mopgenupyemebie

MeTO,EI'bI peweHns

Heobxoanmsbie

XapaKTepucTuku annapaTHble cpesCcTBa
MexaHuueckne BbiuncnutensHole
o MeToabl MoHnTe-Kapno
cBolicTBa hepmbl
MexaHu4eckune CynepkomnbloTepsl,
o MonekynsipHasi guHaMuka
CBOIACTBa rpuA-cMcTeMbl
MonekynsipHasi guHamuka c
MexaHundyeckne ynap
. pa3pbiBoM 1 obpasoBaHnemM CynepkomnbtoTepbl
CBOIACTBa

XUMUYECKNX CBA3EN

Mopgenuposaxue
SNIEKTPOHHOI CTPYKTYpbl

CynepkomMnbloTepb! Ans

onTn4eckue CBOICTBA
(cnekTpbl nornoLeHus,
JIIOMUHECLEH LN
nT.n)

= MOAEeNMpoBaHus
DNeKTPOHHbIE CBOICTBA .
BelecTBa MeTofamMm CBOICTB HaHO4YaCTML,
(anekTponposogHoOCTL o
) KBaHTOBOU XUMUK TpebytoTcst
n TN
(Hanpumep, meToabI CynepKoMMbIoTepbl A0
byHKLMOHaNA NAOTHOCTN) 100 Tflops n 6onee
Mogenuposaxue
CynepkomnbloTepsl,
DNIeKTPOHHO-

SHEpreTU4YecKnx CneKTpoB
YacTuy mMeTogamu
KBaHTOBOU XMMUK

(Hanpumep, meTogamu

MHOFOKOH(PUIYPaLIMOHHOFO

CaMOCOrIaCcoBaHHOMO MOJIs)

40151 MOAENINPOBaHUS
CBOICTB HaHO4acTuL,
TpebytoTcst
CYNepKOMMbIOTEPLI A0
100 Tflops n 6onee

TpaHcnopTHble
cBolicTBa (ckopocTb
andbdysun n T.n.)

MeTtoabl MonTe-Kapno

BbiuncnauTtensHoele
chepMbl, rpua-cucTembl

TpaHcnopTHble
cBoiicTBa (ckopocTb
andbdysun n T.n.)

MOJ'IeKyJ'IinHaSI ANHaMUKa

CynepkomnbloTepsl,
rpua-cucTemMbl

TpaHcnopTHble
cBolicTBa (ckopocTb
andbdysun n T.n.)

Monekynsipnas guHamuka c
paspbiBOM 1 obpasoBaHnem

XUMUYECKNX CBSA3el

CynepkomMnbioTepbl

XumMmunyeckmne ceoiicTsa
npoTeKaHUsl peakuuii
(ckopocTu peakuyuii) B
okpyxeHun (pacTeope,
maTtpuue, benke)

MocTpoexne

SHepreTuyeckux npodpunei

peakuunii Ha OCHOBe

KBaHTOBOXUMUYECKNX
pacyeToB UM PacHeToB
rmépuaHbIMY MeToaaMu

CynepkomMnbioTepsl,
A5 NpoBefAeHUs
pacyeToB

TapulA 3. TpeboBaHust K cucTeMaM BBICOKOIIPOU3BO-

JUTEJIbHBIX BBIYMCJIECHUA W WX 3aBUCUMOCTH OT penrae-

MBIX 3a/1a4
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40-x ronoB XX-ro Beka. 3a pabOTHI B 3TOI 00/IACTH OBLIO MPUCYKICHO
gerpipe HOGeseBckux npemun: Yourepy Kony u lxxony IMorury (1998),
Pynonsdy Mapkycy (1992), Pobepry Muukeny (1966), Jlaiinycy Ilo-
sty (1954). HanGosee TOUHBIME 1 OGIIUMU METOIAMUI PACIETA SIBJISTIOT-
csl T. H. pacuerhbl U3 [EepBbIX NPUHIUIOB (ab initio), KoTopbie, B oTiumne
OT TIOJIyIMIMPUIECKAX U IMIUPUIECKUX METOJOB, OMUPAIOTCS JIUIIb HA
(npubsimzkennoe) pemenue ypasaenuii IIIpeuHrepa— 0CHOBHOIO ypaBHe-
HUsT KBAHTOBOI MEXaHUKH, — JJIs CHCTEMbI, COCTOSAINEH U3 Sep U IJIeK-
TpoHOB. MeTomp! ab inito saBsSIOTCS 1 HanbOIEE 3ATPATHBIME B BBITUCIIT-
TEJIBHOM CMBICJIE, IIOCKOJIBKY TPEeOYIOT DEIeHHs CJIOXKHBIX MaTeMaTHde-
CKUX ypaBHeHHuil. B ciiydyae HAaHOYACTHUIL, MOJIEJIMPOBAHKE JIOTIOJHUTEHHO
OCJIOKHSIETCS BGOJIBIIAM Pa3MEPOM CUCTEMbI (THICSYN U MUJIMOHBI aTO-
MoB). Tem He MeHee, IpU TTOMOIIY Psifia IPUOJIMKEHUH yIAeTCa HAXOAUTh
peIlleHnst W I HAHOYACTHI], OIMCHIBATH WX CBOiicTBa. Vcmomp3yeMbrit
[PU 9TOM MATEMATUIECKUil allapar (B IEePBYIO OYepelb 9TO allllapaT Jiu-
HeHOI anreGph! ITIOTHBIX MATPUIL) TTO3BOJISIET 06ecneanTs 3 deKTUBHOE
pacapaJuie/ldBaHue MPU YCJIOBUU JIOCTATOYHO BBICOKOCKOPOCTHBIX CBSI-
3eil MeXKJIy MPOIeCCOpaMU, YIaCTBYOIUMHU B IIapaJjljIelbHOM CUeTe.

ApceHasi cpeicTB MOJIEKYJISIPHOIO MOJIEJIMPDOBAHNS HE OIPAHUYNBA-
ercs MeTomaMu ab initio, HO BKIIOUaeT B cebsi TaKKe W CPEICTBa MOJIe-
KYyJIIDHOH TWHAMUKU U JIPpyTHE.

B cityuae 6osbmnx cucrem u B 3aBUCAMOCTH OT TOYHOCTHU TTPUOJIAZKE-
HU, PACIETHI CTAHOBATCS HACTOIBKO CJIO2KHBIMIE, ITO JIJIS MX ITPOBEICHUS
TPeOYIOTCsI CaMbleé MOITHBIE CyIEPKOMIIBIOTEDHI.

Tak, nanpumep, B 2005 roxay tak nassiBaemblii «IIpus ['opmona Ben-
Jlay 33 HAUBBICHIYIO IIPOM3BOJUTENHHOCTD, JOCTUTHYTYIO IIPUJIOYKEHHEM
Ha CYIEPKOMIIbIOTEepe, ObLJ IOJIyYeH IpYIIoi ydeHbIX n3 HanmoHasib-
Hoit JlaGoparopuu Jloyperca B Jlusepmope 3a Mozenuposanue [15] 3a-
CTHIBaHUs paciuiaBa TaHTaja. Ha mamHON 3ajade ObLIa HCIOJIB30BaHA
(mocTurayTa) peasibHas MPOU3BOAUTENbHOCTH 100 TPUIIMOHOB Onepanuii
HaJI YUCJIAMU C IJIABAIOIIEl 3anATol B ceKynxy. Monenuposasuch cucre-
MBI, BKJo4aomue 10 500 MUJIMOHOB aTOMOB.

B 2006 roxy manubIil 1pu3 OB BBIIAH 38 MOJEIMPOBAHUE JTUHAMUKH
Ks1acTepoB MosuOeHa (0kosio 1000 aTOMOB) U3 «IIEPBBIX IPUHIUIIOBY —
[IPOM3BOIUTEILHOCTD COCTaBuia 0Koyio 200 TPUJIMOHOB Ollepalyii B ce-
KyHay. Eciu 661 anasmornansiit pacaer mpooamiics Ha obbranom [IK, on
3aHsT ObI HECKOJIBKO THICSY JIET.
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BnarogapHocTtn

,HaHHaH pa60Ta ObLIa YaCTUIHO IIogaepzKaHa U BBIIIOJIHAJACh B paMKaX CJIEIYyIO-
X IIPOEKTOB:

IIpoexTt 07-07-12038 odu Poccuiickoro Ponna Pynnamenranbusix Vccire-
nosauuit «MeTtanporpaMMupoBaHue Ha OCHOBE IIAGJIOHHBIX KiaccoB C+-+
KaK CPEJCTBO CO3/aHUs BHICOKOIIPOM3BOUTEIbHBIX PACIPEIEIEHHBIX IPU-
JIO?KEeHU».

IIporpamma Corosnoro rocymapcrBa «Pa3paboTka M HCIIOIB30BaHUE IIPO-
rPaMMHO-ANIAPATHBIX CPEJICTB | pU/I-TEXHOIOI Ui IePCIIEKTUBHBIX BHICOKO-
[IPOM3BOJUTENLHBIX (CYIIEPKOMIIBIOTEPHBIX) BBIYUCIUTE/LHBIX CUCTEM Ce-
meiictBa «CKU®», mudp «CKUO-I'PUTs.

IIporpamma dyH1aMeHTaIBHBIX HayYHbIX uccaeaoBanniit OHUT PAH «Omn-
TUMU3ANUS BBIUUCIUTEIHHBIX ADXUTEKTYD MO/l KOHKPETHBIE KJIACChI 33194,
nH(GOPMAIMOHHAs GE30IIaCHOCTb CETEBBIX TEXHOJIOTUN», IPOEKTHL:

1.3 «Pazpaborka u peanusarus s3bikoB T# u TH-+ u coorBeTcTByOmUX
UM CpeJICTB AJ1s1 9P DEKTUBHON TOIIEP?KKHU BEICOKOIIPOU3BOIUTEIHLHOTO T~
pajIeIbHOTO CUeTa;

2.3 «CpaBHHTEIBHOE HCCIEJOBAHUE IAPAMETPOB M XapaKTEPUCTHUK Ie€p-
CIIEKTUBHBIX AIMapPATHO-TIPOIPAMMHBIX APXUTEKTYD KJIACTEPHBIX MYJIbTH-
MIPOIECCOPHBIX CUCTEM> ;

IIporpamma dysmamenTanbabix ucciaegosannit [Ipesunnyma PAH «Paspa-
60oTKa DYHIAMEHTAJILHBIX OCHOB CO3JAaHUs HAYYHON pPACIpPENesIeHHON WH-
dOpPMAIMOHHO-BBITUCIUTEIBHON cpeabl Ha ocHoBe Texnosoruit GRID».
IIpoekT 4.2 «DyHKINOHAIBHO-OPUEHTUPOBAHHBIE CYIIEPCTPYKTYPLI KakK -
deKTUBHOE CPEACTBO [JIsi IOCTPOEHUS BBICOKOIIPOU3BOAUTEILHBIX PACIpPe-
JIEJIEHHBIX IIPHUJIOYXKEHUI U CEPBUCOB».

IIpoekr 4.5 «Pazpaborka TexHOIOrHWI MHTErPAIUN PA3HOPOIHLIX, Ieorpa-
dudecku pacrpejeneHubix gaHabix B GRID-cucremaxs.

IIporpamma Ilpesuamyma PAH «Ilogmeprkka maHOBanmuii m pa3spaboToK»,
npoekT UTIC PAH «TexHosorusi u cucremMa MapaJjijiejIbHOTO ITPOrpaMMuU-
posanust OpenTS»;

TocynapcrBennbiit konTpakT Ne 02.514.11.4034 ¢ PerepasbHbIM areHTCTBOM
[0 HayKe U MHHOBALUAM IO TeMe: «D(PEPEKTUBHBIE METOLbI CO3LAHUST BbI-
COKOIIPOU3BOAUTENBHBIX IIAPAJIIEJIBHBIX porpaMM Ha a3bike C++ u ero
muajekre T+ st mHOrosiiepabix 9BM, SMP, kinacTrepHbix u pacrpeje-
JICHHBIX CHCTEM>

IIporpamma Corosaoro rocymapcrsa (mmdp «TPUAJIA») «Passurme n
BHEJPEHHE B rocyaapcTBax-ydacTHuKax COIO3HOTO rocy1apcTbBa HayKOeM-
KHUX KOMIIBIOTEPHBIX TEXHOJIOIHNH Ha 6a3e MyJIbTHIIPOIECCOPHBIX BBITUCIIH-
TEJIbHBIX CUCTEM», IPOEKTHI:

«Pazpaborka cpezcTs nmapasuiesbHOR 06pabOTKH N300paskKeHuil SUCTaHIN-
OHHOT'O 30H/IMPOBAHUS 3EMJIU C JUHAMUIECKUM PACIIPE/IEIEHUEM HATDY3KH.
Paspaborka npororuiia pacupeneeHHOIO apXuBa U300parKeHUN C €IHBIM
KaTaJIoroM HHMOPMAaIuny», IPOEKTHI;

«Co3manue mpoToTUIa CUCTEMBI 3(DMEKTHBHOTO CEPBEPA IPUIOKEHUIA It

BMBC»;
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«Paszpaborka npuHunoB 3@ EeKTUBHOTO OTKa30yCTONYuBOro cuera T+4+-
[IPUJIOYKEHUH Ha AlPUOPHO HEYCTOHHYMBBLIX (MeTa-)KJIACTEPHBIX KOHMUry-
paIysax U UX MpOrpaMMHasl PEATH3AIAL>.

Ocobas birarogapuaocts— M. I XumMimuamBuim 3a ee CaMOOTBEPXKEH-

HBIIl TPY/I IO KOPPEKTYPE U BEPCTKE cTaThu B mporpamme KTEX.
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ABSTRACT. In this paper, we analyze high-performance computing assistance in new “dis-
ruptive technologies” development, with special attention to nanotechnology field. Advan-
tages of computer simulations over experimental studies are advocated.
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