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CynepkoMnbloTepHoe MOfe/IMpoBaHUe
B3aumopaencTeua kopeuHa c 1HK Onucauue npo6nembi

Bnepebie metonom Monte-Kapno ¢ wucnonszosaHuem
NAPANNENbHbLIX BLIYMCIIEHUIM NPOBEAEHO MOLENIMPOBAHUE
BOMIHbIX PACTBOPOB KOPEWHA, COAEPXALIMX CBEPXCMM-
panbHbii dparment B-IHK. B kaxpon usyvenHoit cum-
cteme Haxogmnock 6onee 500 000 atomos. Pacuetsi
npoBoaMIUCL Ha Habopax no 216 npoueccopos cynep-
komnbtoTepa MBCT00K 8 MCLL PAH. YctanosneHbl me-
cTa cBasbiBaHUs monekyn kodeuna ¢ OHK u Hanbonee
BEPOATHLIE CTPYKTYPbl OOPA3YIOLLMXCH KOMMIEKCOB. Bbi-
NOSIHEHA OUEHKQ CTEeMNeHU ACCOUMMPOBAHHOCTM MOJIEKYI]
KODEUHA B BOAHbLIX PACTBOPAX PA3AMYHBIX KOHLEHTPA-
LM U BbISIBIIEHBI OCHOBHbLIE TUMbI KOHMUIYPALMIA MOSEKY-
NAPHBIX ArPEraTos.

A.B. TennyxuH — CT. Hay4yH. COTPYAHMK, KaHA. pu3.-MaT. HayK, MHCTUTYT MaTeMaTHyecKux npo-
6nem 6uonorun PAH, r. MywuHo, e-mail: tepf@impb.psn.ru

B coBpemeHHOM Mpe KOdenH U POACTBEHHLIE eMy COEAMHEHUA BXOAAT B COCTAB
PA3NNYHBIX MULLEBLIX MPOAYKTOB, A TAKXE MCNONb3YIOTCA B KAYECTBE JIEKAPCTBEHHOro
cpenctea. Kobenn — opnH u3 Haubonee uaydeHHbix GAPMAKONOTMYECKMX MPEnapa-
TOB. Tem He MeHee HEeKOTOPLIE MOMEKYNSPHBIE MEXAHM3MbI €ro AEMCTBUS HO OPraHM3M
4EeNoBEeKa [0 CMX MOp He AcHbl. Hanpumep, BecbMa QKTYQnbHOM B MOCNEAHWME rOfbl
CTaHOBUTCA NPo6nema NoBOYHbIX SPPEKTOB NPM yNnoOTPEBNEHMM KOPEMHCOAEPXKALLMX
NPOAYKTOB B XOAE MEAMKAMEHTO3HOro nedeHus. Vmelolmecs B HAy4HOM nuTepaTtype
SKCMNEePUMEHTANbHbLIE NAHHBIE ACHO YKA3bIBAKOT HA TO, YTO B TAKMX Cnydadx KO(‘beMH 30-
METHO BIUAET HA GYHKLMOHMPOBAHME TEHETUYECKOTO ANnapaTa KNeTok, obpasyst yCTo-
YMBLIE KOMMIIEKChl KAK C MOMEKYIaMU BUOMOTMYECKM OKTUBHBIX BELLECTB, TAK U C CAMOV
IOHK. TnaBHOs uenb 3TMX UCCNENOBAHMI — YCTAHOBMTL HO MOJEKYSIIPHOM YPOBHE Pa3-
JIMYHblE MEXAHM3Mbl AKTUBHOCTU KOd)eMHO, KOrga OH MOXeET J'IM6O COM BbICTYNATb B PONK
nekapcTea, MMbO AEMCTBOBATL B KAYECTBE «MEPEXBATYMKA NEKAPCTBY, TMOO CTAHOBMTLCA
myTareHom [1].

DKCNEPUMEHTANBHOE M3yYEHUE MOMEKYIAPHBIX MEXAHW3MOB STWX ABNEHMI CO-
npsXeHo ¢ Gonbwmmm TpyaHOCTAMU. OCHOBHBIM MCTOYHMKOM SKCMEPUMEHTAMbHbIX LAH-
HbIX B 3TOM OBNACTM CyXAT PaboThl, BLINOMHEHHbIE HA OcHOoBe MeTogoB AMP wnu
NK/YD-cnektpockonuu, a cobCTBEHHO MHDOPMALMA O CTPOEHMU MOSTEKYIAPHBIX KOM-
NIEKCOB MOMYYAETCS B NPOLECCE MHTEPMPETALMM KOHUEHTPALMOHHBIX Min/u Temnepa-
TYPHbIX 30BUCMMOCTEM CNEKTPAMbHBIX KPUBLIX. B 3TOM cuTyaummn komnbioTepHoe mopenu-
POBAHME CTAHOBMTCH HE3AMEHMMBIM MHCTPYMEHTOM, HE TOMbKO CTUMYNIMPYA MHTYMLMIO
MCCNERoBATENs, HO M NPEROCTABNSA EMY LWMPOKMIA HOBOP BAPMAHTOB A4S AHAMM3A.

Mertoauka mogenupoBaHusi, TPeOOBaHUSA K BbIUMCNIUTENbHBIM pecypcam

XOpaKTEPUCTMKM CUCTEM, COCTOSILLMX M3 HECKOSIbKMX COTEH MOIEKYS BOMbl, JIErKO
PACCYMUTHIBAIOTCA HA OBbIYHBIX MEPCOHANbHBIX KoMnbioTepax. OaHAkKO npu Moaenmpo-
BAHWM BOLHOTO OKPYXEHUs BUOMONUMEPOB MPUXOANTCA PACCMATPUBATE MOJIEKYISP-
HblE CMCTEMBI OueHb Bonbworo obvema. KonMyectso monekyn Bodbl B TAOKMX MOOENAX
MCHMCNABTCA COTHAMM Thicay (puc. 1). Mcnonb3oBaHMe nocnenoBaTtenbHbix QnropUTMOB
OIS PELLEHMS STUX 30404 CTAHOBUTCS KPAMHE HEIhdEKTUBHBIM HE TONBKO M3-30 POCTA
OBBLEMOB BLIYUCTIEHMI MPM BBINONHEHWMM PACYETOB, HO M B CBA3M C HEOOXOAMMOCTHIO
pasMeLLeHus oYeHb BOMbLIMX MACCUMBOB AOHHBIX B ONEPATUBHON NAMATU KOMMbIOTEPA.
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Puc. 1a. Puc. 16.
PacnonoxeHve ¢parmenta [JHK 1 350 monekyn O6wWuin BUA MOAENMpPYemMoii CUCTeMbI (MOKa3aHbl
KoderHa B 351eMeHTapHo AYeiKe (ogHa 13 BCEe aTOMbl)

MFHOBEHHbIX KOHOUIYypaLii, MONEKybl BOAbI He
NnoKasaHbl)

BﬂOrOﬂ,Opﬂ pacnpeneneHHbM NapanienbHbiM BblYHUCNEHUAM U3YHEHUE MONEKYNAP-
HbIX CMCTEM PA3MEPAMM B COTHM HAHOMETPOB CTOHOBMTCS BMOJSIHE BbINOMHMMBIM HA
COBPEMEHHbIX CYNEePKOMMbIOTEPAX. DTO MO3BOSSET, B YACTHOCTM, BLIBECTH TEXHOMOMMM
KOMMbIOTEPHOM PA3PABOTKM NEKAPCTB HA HOBLIM ypoBeHb. Hanpumep, BeposaTHOCTL w
Cnny CBA3bIBAHNA MONEKYIbl NEKAPCTBA C AKTUBHbLIM LEHTPOM MOXHO OUEHMBATbH HEeno-
CPENCTBEHHO, KAK AOMO MAP CANT-IUraHi, O06pasylowmxcs B MOAEMPYEMON AuYeiike,
COAEPXALLEN He TONKO BOMbLIOE KOMMYECTBO MOMEKYN PACTBOPUTENS, HO U 3HAYUTENb-
HOE YMCNIO MOSEKYN NEKAPCTBA M MECT CBA3LIBAHMS (B COOTBETCTBMM C WX PEQSbHbIMM
bu3MonorMueckuMM KoHLEHTpaumamu). [1pu 3TOM He TOMbKO CTAHOBMUTCS M3NULLHEN NPO-
LUEeAyPa PACHEeTa NPUMPALLEHUA CBOBOAHON SHEPTMM (0BA3ATENBHAA MPK MCMONB3OBAHMM
CTQHAAPTHBIX MOAXOA0B U TPeByIoLLas BOMbLUMX BLIYUCIUTENBHBIX PECYPCOB), HO W MOSB-
NAETCA BO3MOXHOCTb KOPPEKTHOTO YY4ETA OYEHb BOAXKHOM KOMMOHEHTH CBOBOAHOMN 3Hep-
MU PACTBOPQ, OTBEYAIOLLEN B3AMMOJENCTBMAM MEXLY MONEKYNAaMKM COMOrO NEeKApPCTEQ,
a TAKXKE MHBIM (B TOM YUCIE MHOTOYACTUYHBIM) KOPPENALMSM.

B naHHOM paboTe NpUMEHEH HOBbLIM MOAXOL K MOLEMPOBAHMIO OYeHb BOMbLUMX
(COTHM MMANIMOHOB ATOMOB) MOMEKYAPHLIX ArPeraTos B pamkax Metoaa Monte-Kapro.
OH OCHOBOH HO OPUIMHAMLHOM QITOPUTME NMAPQIIENbHLIX BblYMCIeHUA [2], nossonaio-
LeM BLIMOJIHATL Kaccuyeckylo npouesypy Metpononuca [3] ogHospemeHHO ana He-
CKOJBKMX MOMEKYI MM ATOMHBIX rpynn. ia 5TOro Mogenupyemas snemeHTapHas suenka
kybrueckoi bopMbl MPEACTABNSETCA B BUMAE COBOKYMHOCTM Ky6OB MeHbliero obbema,
06pasyIOLLMX PErynapHYIO NMPOCTPAHCTBEHHYIO peluetky. Kaxabiit us npoueccopos 3a-
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HAT PACYETAMM OBMXEHMA MOMEKYN «CBOEro» Kyba, nepuoanyeckn obMeHnBasch Heob-
XOOMMBIMU IAHHBIMW C «COCEAHMMMY (B MPOCTPAHCTBE MOAENMPYEMOMN a4eiku) npouec-
COPAMM O MEPEMELLEHMAX MONEKYN KOK BHYTPM KyBOB, TAK M MEXLY HUMM.

OcHOBHble pe3ynbTaThi MOAENUPOBAHHUSA

Mepcnextusbl. MeTogom MonTe-Kapno ¢ ucnonb3oBaHnem napaniensHeix BblYMC-
NEHWI NPOBEAEHO MOLENMPOBAHME BOAHbLIX PACTBOPOB KObEUHA (st Tpex KOHUEHTpa-
UM MPKM KOMHATHOM TemnepaType), copepxalmx ceepxcnmpansHeii dparment B-IHK
[4]. B kaxpoit msydeHHon cucteme Haxogmnocs 6onee 500 000 atomos (cm. puc. 1).
Pacuetsl nposoamnmce Ha Habopax no 216 npoueccopos cynepkomnsiotepa MBC100K
8 MCLL PAH (www.jscc.ru). Yctanosnens mecta ceasbiBanma monekyn kodemna ¢ JHK
(pvc. 2) u Haubonee BeposaTHbIE CTPYKTYPbI 0BPAsyloWwmMxcs Komnnekcos (puc. 3). Bbi-
NOSIHEHA OLEHKA CTEMNEHW ACCOLMMPOBAHHOCTH MONEKYN KODEUHA B BOAHBIX PACTBOPAX
PO3AMYHBIX KOHLEHTPAUMIA M BbISBNEHbI OCHOBHbIE TUMbl KOHMUIYPAUMIA MOMEKYNAPHBIX
arperaTos.

Puc. 2.
KoHdurypaLmoHHble aHcambim MONeKy nsipHbIX Komriekcos KodpenH-LIHK B BogHOM pacTBope (cTepeonapa,
MOEKyJbl OKPY»KaloLLero pactBopa He nokasaHbi)

B Gnuxaiuen nepcnektMBe MPeacTouT M3yuuTb BAMAHWE MONEKYN KODEeWHa Ha
ssammopencrene JHK ¢ nurangamu-mHTepkanaTopamu (GKpUAMHOBbBIE KPACUTENU, OKTM-

HOMULUMH U Op. COEOMHEHMS, OCYLLECTBASIOLME BCTPAMBAHME MEXY MIOCKOCTIMU COCEl-
Hux nap Hykneotunos [1HK), a Takxe ¢ Belwecteamu, Monekysbl KOTOPbIX PACMONArQKOTCS
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B xenobax asoiHon cnmpanm OHK (aHanorm Guc-6eHsnmraasona, HETPONCUHA M T.Mm.).
[lns poCTMXEeHUa NPUeMNemo TOYHOCTH MPU OLEHKAX KOHCTAHT accouuauun notpeby-
eTCs UCNONb30BATL OBPA3LULI MONEKYIIAPHBIX CUCTEM, COAEPXALIME CBbile | MUIIMOHA
atomos. B kaxnom pacuete Bynet sageicteosathea no 1000 npoueccopHbix aaep.

Puc. 3.
BcTpavBaHue koderHa B rnkosnaHbii xenob JHK (monekynbl Bogbl He MOKa3aHbl)
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