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OBIIAA XAPAKTEPNCTHUKA PABOTbBI

AKTyaJIbHOCTBD HCCJI€OBAaHUSA

MHorue coBpeMeHHbIe TEOPETUYECKIE UCCIEOBAaHNS HAIIPABJIEHDI HA peNIeHNe
TAKUX aKTYaJIbHBIX 3324 6MO(U3NKH, KaK MOJI€TUPOBaHUE IIPOLECCOB CBOPaYMBa-
HUS O€JIKOB B OMOJOrNYECKH aKTUBHYIO KOH(pOPMAIUIO, IPEACKA3aHNE UX KOH(POP-
MaIlUOHHON CTA0MJIBHOCTHU IIPU BHECEHUHU TOYEUYHBIX MyTAalMi, KOHCTPYHpPOBaHUE
(pepMEHTOB € 3aJaHHBIMU CBOMCTBAMU, aHAIN3 OEJTOK-OETKOBBIX B3aUMOAECHCTBUIM,
a TakKe JOKUHT IOTEHI[UAIBHBIX JE€KAPCTBEHHBIX IIPENAPATOB ¢ THOKUMU PEIel-
TopaMu. Bo Bcex aTuX nmporeccax rujipaTarys urpaeT BaKHyo poJb. Pemenusd yka-
3aHHBIX 33124 IPEIbABIAIOT K MOAECINPOBAHMIO THAPATAIINU P TpeboBaHUil. B ep-
BYIO O4epe/ib HEOOXO0IUMO KOPPEKTHO ONMCBHIBATh U3BMEHEHUs CBOOOHOI dHEPIun
TUpATallUi Pa3HbIX KOH(POPMAIMOHHBIX COCTOSIHUN OJHON MOJIEKYJIbI — KaK IpU
KPYITHOMACIITAOHBIX KOH(POPMAIIMOHHBIX IEPEXO0/IaxX, TaK U ITPU HEOOJIBIINX JIOKAJIb-
HBIX U3MEHEHUAX CTPYKTYphl. KpoMme Toro, Mojenp JoKHA OBITh BBIYUCIUTEIBHO
a(pPexTruBHA, 2 NCIONb3yeMBIl B HEl MOTEHIMAJ TU/paTalluU JJOJKEH JOCTATOYHO
IIPOCTO BCTPAUBATLCS B CYLIECTBYIONINE IPOIEAYPHI IMTOOAIBHON MUHUMHU3AI[ KOH-
(popManOHHOI dHEPTUU UCCIEAYEMOU OMOJOTMYECKON cucTteMbl. B wacTHOCTH,
MHOT'000EIAIONINMU MPEACTABISAIOTCS IPOIEAyPhl MIOGATbHOU MUHUMU3ALMH C UC-
0JIb30BaHUEM 3(P(PEKTUBHBIX AITOPUTMOB NHTEPBAJILHOIO aHaIN3a. JI1s ycnenHo-
IO IPUMEHEHUS 3TUX METOJOB HEOOXOAMMO, YTOOBI SHEPIeTUUECKUE ITOTECHITAAIDI
ObLIN OIIPEAEICHBI C TIOMOIIBIO MPOCTBIX AN( (P epeHINPYEMBIX AHATATHIECKUX (DYHK-
I OT KOOPAMHAT ATOMOB HCCJIEAYEMOM MOIEKYISIPHOMU CUCTEMBI.

M3 Bcex ncnosb3yeMbIX MOJieIel THAPATAIui 6€JKOB Hauboee JeTaaIn30BaH-
HOI M TOUHOMU ABJIAETCSA MOJIEb IEPUOJIUYECKOTO BOJHOTO 60Kca. OHAKO I KaxkK-
JIOTO BBIYMCJIEHUSA dHEPTUHU T'UJpaTaliid HEOOXOJUMO TEPMOJMHAMUYECKHU
YPaBHOBEIINBATD BOAHBIN OOKC B T€UE€HHE JIUTEIHHOTO BPEMEHH, A 3aTEM YCPETHATD
IIOJTyYE€HHbIE JAHHbIE 10 PA3TUYHBIM KOH(OPMAITMOHHBIM COCTOSHUAM UCCJIElyeMOU
MOJIEKYISIpHOU cucTeMbl. IToaToMy MOI€/Ib IEPUOANYECKOTO BOJJHOTO HOKCA HE MO-
JeT ObITh IPUMEHEHA K MCCIeJOBAHUIO IIPOIlecca CBOpauYuBaHusd OeJka, IJie U3 Ko-
JIOCCAIBHOTO KOTMYECTBA BO3MOXKHBIX KOH(OPMAIUI 6EJTOK BBIOUPAET BCETO OAHY
YHHKQIBHYIO KOH(pOPMAITHIO, B KOTOPOI OH 00J1aaeT 610JIOrMIE€CKO aKTUBHOCTDIO.
/s He6oIbIIOro GesKa MO/IETMPOBAHKE MOJIEKYIAPHON JIMHAMUKH 3TOTO IIpoIiecca
B IIEPUOJIMYECKOM BOJHOM OOKCE Jlaske Ha CaMbIX MOIIHBIX KjiacTepax IBM 3ansio
Obl HEPEATLHO JIOJITOE BPEMS.

ITpyuMenenne anbTEPHATUBHBIX MOJEJIECH, ONUCHIBAIONINX BOJY HENPEPBLIBHON
CpeJoli, MO3BOJIIET 3HAUYUTEIBHO COKPATUTb BpeMs, TpedyeMoe il BBIYUCICHUS
sHeprum rujparanuu. B Hanbosee BpraucauTeabHO 3¢ GEKTUBHBIX MOJEIAX THPA-
TAIMU A1 pacdéTa Pa3JIUdHBbIX COCTABJSIONUX SHEPTUHM T'HIPATAIUNA NIMPOKO HC-
IOJIB3YETCS IJIONAJb MOBEPXHOCTH O€JKa, gocTtynHasa pactsopurenio (I1JP). B

YaCTHOCTU, THIpoOOHAsA COCTABIAIONIASl SHEPIUU IUAPATAIUN CYUTAETCS JUHEH-
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HO nponopruoHanbHou 1wromagu [I/[P 6enka. Onucan MeTo], MO3BOJISIONINNI BbI-
uncaATh Ban-gep-BaanbcoBy snepruio rujipaTanuy Ha OCHOBE MHTETPUPOBAHUSA 110
ITJP 6enka. OgHAKO 1O CUX MOP HE OBUIO MPEIIOKEHO JOCTATOUYHO TOYHOT'O CIIOCO-
6a BLIYMCIEHUS d9HEPTUN OOPa30BaHUs BOJOPOAHBIX CBA3EH MEXKIy O€IKOM 1 BOJOM
Ha ocHOBe BbrumcaeHun mwomaau II/IP. Ilpu sTom crexyer otMeTuTh, 4TO 14 I10O-
JIIPHBIX U 3aPsKEHHBIX IPYII HA IOBEPXHOCTH O€JIKa HauOOIbININI BKJIAJ B OOIIYIO
SHEPrUIo I'UAPATAIUN BHOCUTCS IMEHHO BOJOPOJHBIMH CBSI3SIMU MEXKIY OCTKOM U
BOJION. AHATUTHUUECKOE BBIPAKEHUE, CBsA3bIBaoNiee omanb IT/IP nonspHbIx u 3a-
PSKEHHBIX aTOMOB O€JIKa € JHEPrueil 00 pa3oBaHUs UMU BOZOPOSHOU CBSI3U C BOJOM,
nMesIo 6bl 6OJIbIIOE 3HAUEHUE ISl yCOBEPIIEHCTBOBAHUS MOJleJIell HEMPEPBIBHOTO
pacTBOpUTE.

B HacToamee Bpems IMEIOTCA YMCJICHHDIE, A TAKKE AaHATUTUYECKHE METO/bI TOY-
HOTO 1 NpuOIKEHHOro pacuérta IT/IP, kakbIil 13 KOTOPBIX UMEET CBOU IIPEUMYIIIe-
CTBa M HEAOCTATKU. TouHbIe aHATUTUYECKNE METO/bI pacdéTa mnomaau I[P croxubr
C MaTE€MATUUYECKOI TOUKHU 3PE€HUS U HE ITO3BOJIAIOT IOIY4aTh IIPOU3BO/HbBIE BBICIINX
HOPSJIKOB 110 KOOPJUHATAM aTOMOB MoJieKyabl. Kpome Toro, onucanue kongopma-
LMY MOJIEKYJI C IOMOIIBIO MATEMATUYECKOTO anlliapaTa NHTEPBAJIbHOIO aHAIN3A UC-
KJIIOYAET IPUMEHEHUE TOUYHBIX aHATUTUYECKUX METOAOB /U1 BbIYMCJICHUSA ILJIOIA1
ITJP, rie HEOOGXOANMMO MOCTPOECHUE HA TOBEPXHOCTHU MOJIEKYJIBI TOYHOTO PACIIOJIO-
JKE€HHUS MHOKECTBA BEPIINH, 00pa3yeMbIX IepeCceUYeHUIMI MHOT'OUHCJIEHHBIX aTOMOB.

IToMUMO TOYHBIX AHATUTUYECKUX METOJOB B MOJIEKYJISIPHOM MOJAEJINPOBAHUU
4aCTO NPUMEHSIOTCSA AHATUTUYECKHUE METO/IbI IPUOIMAKEHHOT'O BBIYUCIEHUS ILIOTA-
au ITJIP. OcnoBHBIMU TpOGIEMaMH ONTYOJMKOBAaHHBIX Ha JAHHBIA MOMEHT METO/[OB
3TOTO KJIACCa SABJISIOTCS HEJOCTATOYHAS TOYHOCTD BRIYUCAEHUN U HaJI4Yre OOJIbIIO-
ro KOJIM4YEeCTBA SMIIMPUUYECKUX [TAPAMETPOB, 3aBUCAIUX KAK OT XUMHUYECKON IIPUPO-
Jbl, TAK U OT KOH(pOpMAIUM HUCcaegyeMo Makpomosekyabl. IloaToMy npumenenue
TAKUX METOJIOB OTPAaHNYMBAETCS JIMIIb Y3KMM KJIACCOM MOJIEKYJ B (PUKCUPOBAHHON
KoH(popManuu, Ha KOTOPOM OHH ObUIH ITapaMeTpu3oBaHbl. Co3jaHre HOBOTO aHAIH-
TUYECKOTO METOA NPUOIIKEHHOTO BhranciaeHus mwionaau I1/IP, e ncnonabayiomero
SMIIMPUYECKHE TAPAMETPHI ¥ 00JIAAAIONIETO JOCTATOYHON TOYHOCTBIO, TO3BOJIUT Pac-
HIMPUTH I'PaHUIbI IPUMEHUMOCTU ITIOTEHIIMAIOB TIpaTaliui, OCHOBaHHbIX Ha IT/IP.

e 1 3aaum iccIeJOBAaHUS

[leapio paboThl SABJISAIOCH CO3JAHNE ITPOCTOM M BBIYMCINUTEIBLHO 3(P(PEKTUBHOMN
MOJIeJIN, KOPPEKTHO OIUCHIBAIOIIEH B3aMOAECTBISA O€IKa C BOJOI Ha OCHOBE pac-
4€TOB €ro IUIOMAAY TIOBEPXHOCTH, ZOCTYIHOU pactBopuTteio (I1/1P).

151 fOCTIKEHMS 3TOH LesIN OBUIN ITOCTABIEHBI CAEAYIONNE 3a0aUn:

1. IIpoBecTu MONEKYIIPHO AUHAMHUYECKOE HCCIEJOBAHUE TUApaTAllNU OejKa
KpaMOWH B IEPUOJUIECKOM BOAHOM OOKCE.
2. Ilpoananu3upoBaB NOJYy4YE€HHBIE MOJIEKYIIPHO AMHAMUYECKUE TPAECKTOPUH,

YCTAaHOBUTD CBsI3b MCKAY ILIOMAAbIO H,Z[P NOJAPHBIX U 3aPKCHHBIX ATOMOB
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6eJIKa 1 BEPOSITHOCTBIO OOPA30BAHUS MU BOJOPOJHBIX CBSA3€EH C MOJIEKYIaMU
BOJIBI.
Ha ocHOBe BBIIBIE€HHBIX (DYHKITMOHAIBHBIX 3aBUCUMOCTEH IMOJIYyIUTh AHATUTH-
YeCKUe BbIPAKEHMsI, OIIUCBIBAIOIIE CBOOOHYIO S9HEPTUIO 0OPAa30BAHUS BOJO-
POJHBIX CBSI3€H MOJISIPHBIMU U 3aPSKEHHBIMU ATOMAaMH O€JIKa ¢ BOAOH depes
romanb ux IT/1P.
IToxyuanTh IpOM3BOAHBIE OT CBOOOAHOM dHepruu ruapartaruu no [P u cpas-
HUTb UX C TPAAUIMOHHBIMU ATOMAPHBIMU napaMeTpamu rugpatarun (AIIT).
Pa3paboTrars HOBBIN HETApAMETPUYECKUN METO ] TPUOIIKEHHOTO BBIYNCICHUS
romaay IT/IP pas Mosexys o060 XMMUYeCKOH TPUPOBI, OOIaAAIOIIUI JOC-
TATOYHOUN TOYHOCTBHIO BBIYUCICHUN.
ITonyants npoussoanble ot miomaau I1/IP mo koopaunaram aromos paccMar-
PUBAEMOU MOJIEKYJIbI.

OcHOBHBIE I10JI0K€HUS, BBIHOCUMBIE Ha 3alllUTYy
/17151 TOJISIPHBIX U 3aPS’KEHHBIX aTOMOB O€JIKA ITOTy4Y€Hbl AHATUTHUECKHE BhIPa-
JKEHUSA, ONIPEJEIAIONNE 3aBUCHMMOCTb ATOMaPHBIX TAPAMETPOB I'UIpaTAIAN OT
UX IUTOMIAAY MOBEPXHOCTH, JOCTYNHOU pactBoputemo (IIJP). Ha ocrnose
IIOJIy4€HHBIX BbIPAKEHUH IMOKA3aHA HEKOPPEKTHOCTD IMUPOKO UCIIOJIb3yEMbIX
NPEANOJOKEHUN O IIOCTOSIHCTBE ATOMAPHBIX NMAPaMETPOB IUjpaTaliuu JJs
ONMCAHUS B3aUMOJAENCTBUI OEJIKA C BOJOM.
ITonyyeHnbl aHAIMTHYECKNE BbIPAKEHUS, TTO3BOJISAIONINE HA OCHOBE ILIONAU
ITIP monapHBIX U 3apsKEHHBIX aTOMOB 6€1Ka 3(P(PEKTUBHO BBIYUCIATD CBO-
60/HBbIE YHEPTUU 00PA30BaHNUS MU BOZOPOAHBIX CBSA3EH C MOJIEKYJIAMU BOJBL.
PazpaboTan HOBbBII MeTOA TPUOIMKEHHOTO pacdyéTa maomanu ITIP, u noxyyge-
Hbl AaHATUTUYECKUE BbIPAKEHUS IS €€ IIEPBBIX MPOU3BOJHBIX 110 KOOP/UHA-
TaM aTOMOB MOJIEKYJIbl. OTCYTCTBUE B METO/JI€ SMIIMPUUYECKUX ITAPaMETPOB U
JIOCTATOYHO BbICOKAsI TOYHOCTD BBIUYMCJIEHNI 00€CIIeYNBAIOT BO3MOKHOCTD €TI0
npuMeHeHus i pacuéra mromanu ITJP mo06bIXx XUMUYEeCKUX CO€UHEHUN
HE3aBUCHMO OT UX KOH(OPMALINU.

Hayunas HoBusHa

1) Brnepsbie moaydeHO aHAUINTUYECKOE BEIPAKEHUE, OIIPEIEISIONIee 3aBUCUMOCTD

CBO6OI[HOﬁ 9HCPIrun O6paSOBaHI/Iﬂ BOI[OpO/IHOIL/,I CBA3U MOJICKYJIaMH BOJbI C I10-

JISPHBIMH U 32PSKEHHBIMHU ATOMaMH 0€JIKOB OT 1ommasu ux ITP.

2) Brniepsble nokasaHa HEKOPPEKTHOCTD MCIIOIb30BAHNA TPaaumoHHbIX AL aBs-

IOMKUXCA KOHCTAHTaMU, JJIs1 OIIMCAHMA T'UAPATAlN ITIOJIIPHBIX WU 3APAXKCHHDIX
aToMOB 0eKoB. Bzamen HEKOPPEKTHOTO MPEACTABJICHUA ITPEATOKCHO aHATTUTH-

yeCKoe BbhIpaKeHUe, onpejensomnee 3apucuMocTtb AL ot momau ITIP.

3) PaspaboTaH HOBBII MeTO NPUOIIKEHHOTO BbhluncaeHu miomaau IT/IP u no-

JIy4€HbBI AHUIMTHUYECKHE MPOou3BoAHbIe riomaau ITIP mo koopanHaramM aToMOB

paCCManI/IBaeMOfl MOJIEKY.JIbI. B oTiune oT n3BeCTHBIX METOJ0B 9TOI'O KjJacca
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B pa3pabOTaHHOM METO/I€ OTCYTCTBYIOT SMIIMPUYECKHE ITapaMeTPhbl; pa3pado-
TAHHBIA METOJ 00JafaeT MOBBINIEHHON TOYHOCTBIO, KOTOPAs HE 3aBUCHUT OT
XUMUYECKOU MPUPO/bI 1 KOH(POPMAIUH UCCIEyEMOI MOJIEKYIBI.

TeopeTnyeckas ¥ NpaKTU4YeCKas 3HAYUMOCTh

[TosydeHHbIE aHATUTUYECKHE BBIPAXKEHU S, ONIUCHIBAIOIIME 3aBUCUMOCTD MEXKTY
mwiomaapio IT/IP monaspHBIX 1 3apsSKEHHBIX aTOMOB O€JIKa M CBOOOJHOU SHEPruen
o6pa3oBaHMsA UMHU BOJOPOAHON CBA3M C MOJIEKYJAMU BOJbI, MOTYT OBITH YCIIEIIHO
HCIIOJIb30BAHBI BO BCEX MOJIENISAX PACTBOPUTES HEIPEPBIBHOIO TUMA JIUIsI CO3aHUS
HOBBIX 60JI€€ COBEPIIEHHbBIX IOTEHINAIOB, OCHOBAHHBIX Ha BRIYMCIECHUH IUTOIAAN
ITAP uccnenyemoit Mmonekynl. PazpaboTka TakMX NOTEHIMAIOB C Y4ETOM CyHIECTBO-
BAHUS BOJOPOJHBIX CBA3EH MEXKJy OEJIKOM M BOAOI OyAeT 6oJiee IMOTHO OTPaXKaThb
pEaTbHYIO (PU3UYECKYIO KAPTUHY IPOLIECCOB TUAPATAIIIN.

PazpaboTanHbIil MeTO] NPUOIIKEHHOTO BhrancaeHus miomagu ITIP B cury
CBOUX IIPEUMYIECTB MOXKET OBITH C YCIIEXOM IIPUMEHEH B MOAEINPOBAHNUU MOJIEKY-
JAPHON JMHAMUKU U B 3 (PEKTUBHBIX IIpOLielypax MOOAIbHON ONTUMU3AIUN KOH-
(popMarmoHHONI 3HEPIUN MOJIEKYJI Pa3JIMYHbIX KJIACCOB.

Anpob6anus paGoTsI

Marepuanbl fuccepranum fokaaapiBanuch Ha IX Mexaynapoanoii Ilymunckoi
mKkose-koHpepennnu «buosnorus — nayka XXI Beka» (Ilymuno, 2005), na VI u VII
KOH(pEpEeHIIUAX MOJIOABIX YueHbIX OTAEI€HII MOJEKYJIIPHOU U PaguallMIOHHON 610-
¢pusuxu ITUAP PAH (Iatunna, ITMAD PAH, 2005, 2006), na II nayunoii koHpepen-
un «MostekyasipHas reHeTHKa, 6nodusnka u MeaunuHa» (bpecieposckue urenns-II)
(Canxr-Ilerep6ypr, CII6HILL, 2006), na XIV MexaynapoHoii koHpepeniun «JIomo-
HocoB-2007» (Mocksa, MI'Y, 2007) u na III Canxr-IleTepbyprckoit kondepeHIun
«CoBpemeHHbIe TPoGIeMbl Hayku o nosmmepax» (Cankr-Tlerepoypr, IBC, 2007).

ITy6ankamum

ITo maTepuanam auccepranuu onyoaukosano 10 pador (ctp. 18).

O06©BéM U CTPYKTypa auccepTanuu

Juccepranyionnas pabora u3jtoxeHa Ha 147 cTpaHMIIAX MAINIMHONIMCHOTO TEK-
CTa 1 COAEPKUT CJIEAYIONUE pa3/iebl: BBEJEHUE, 0030 JUTEPATYPhl, MATEPUAIDLI 1
METO/IbI, PE3YJIBTATBI M 00CYXKAE€HUE, BBIBOJIbI. MaTepuan nimoctpuposas 18 pucys-

Kam# 1 6 Tabaunamu. bubmmorpaduuecknii ykaszareab BkiaodaeT 209 myGamKammi.

COAEPKAHUE PABOTDbI
Bo BBegeHnn 060CHOBaHA AKTYaTIbHOCTb TEMBI AUCCEPTAIUH, ChOPMYTUPOBA-
HBI I1€JIb U 3a1a41 UCCIE€JOBAaHMs, IPUBEIEHbI OCHOBHbIE HAyYHbIE ITOJIO0KEHUS, 110-

Ka3aHO HAYIYHO-TPAKTHUYIE€CKOE€ 3HAYCHNUC NCCICTOBAHMI.

I'maBa 1. O630p 1uTEpaTYypPHI
PaccMoTpeHbI 1Be OCHOBHbBIE MOJIE/IU I'UAPATALIIN: MOJE/Ib IIEPUOAMIECKUX BOJ-

HBIX OOKCOB U MOJ€JIb HCIIPEPBIBHOTO PACTBOPUTEIISA. Ha ocHoBe TepMOAMHAMMIYEC-
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KOTO IIMKJIa, OMCBIBAIONIETO MPOIECC TUAPATALY, YYTEHBI U IPOAHAIU3UPOBAHDI
BCce (pu3UYECKUEe BKJIQJAbl B IOTEHIIMAT B3aUMOAECHCTBUA GejIKa C BOJOM: 3JIEKTPO-
crarudeckue, rugpogoobHeie, Ban-nep-BaaabcoBel B3anmMoaeicTBUs 1 0Opa3oBaHUE
BOJIOPOAHBIX CBA3€H. PaccMOTpEHDI pasInyHble METO/bI PACYETA STUX SHEPTETUYEC-
KHMX COCTaBIAOMMUX. OTMEUYAETCs, YTO SJHEPTUU OCHOBHBIX (PU3NUYECKUX B3aUMOAEH-
CTBUI 6€JIKA C BOJOI B MOZIEISX HEIIPEPBIBHOTO PACTBOPUTEISI MOTYT OBITH HAMI€HBI
C IIOMOINBIO PacY€éTOB IIONAAY MOBEPXHOCTH O€JIKA, JOCTYIHON PAaCTBOPUTEIIO

(ITAP). Onmcanbl n3BecTHBIE METOABI pacuéTa mroniaau IT/IP.

I'maBa 2. MaTepuaibl 1 METOABI

2.1. Monenuposanye MOIeKyIapHoi quHaMuku (MJ1). PacuéTsl mpoBOAMINCE C

noMoInbio nakera nporpamm g Ml AMBER 4.1. B kagecTBe 06bekTa Uccaej0Ba-
HHs ObLT BBIOpaH 6€710K KpaMOUH 13 a01CCUHCKOU KanycTsl ( Crambe abyssinica) (Kox
PDB 1AB1), ubsa TpéxMepHast KpUCTAUIMYECKAS CTPYKTYpa ObLIa OTydeHa C pa3pe-
menuem 0,87 A. C neabio yCTpaHEHHUsI HE3HAUUTENIbHBIX IlepeKpbIBaHUll BaH-nep-
BaanbcoBbIX 060109€K ATOMOB TPEXMEPHAs CTPYKTYpa OeJika ObLTa PeryIsipu3oBaHa
C IOMONIBIO CTAHJAPTHON MPOLEAYPbl U3 MMAKETa MPOTPAMM JIII MOJIEKYISPHOIO
mogenupoBanusa ICM. N-konnesasd amuHorpynna u C-koHuesass KapOOKCHJIbHAs
Ipynma 6ejKa CYUTAINCh HEUTPAIbHBIMU. TpéXMepHast CTPyKTypa 6eska ObL1a pas-
MeEIIeHA B OKTA3pUYECKOM IEPUOJNIECKOM BOAHOM 60Kce. MOJIEeKyIbI BOJBI B BOJ-
HOM O60Kce MojenupoBaauch norennuajgom TIP3P. 9neprum HeBaseHTHBIX
B3aMMO/JI€HICTBUI OTCEKAJINCH HA PACCTOSHUAX, IPEBbIIAOMuUx 12 A. IToaroroBka
cuctembl K M/I 3axiodatach B MUHUMU3AIUU SHEPIUU MOJIEKYJ BOJABI B BOJHOM
60KcCe 1 IToCJIelyIoleM NocTerneHHoM Harpese cucteMmbl ot 10 K 1o 293 K.
Mogaemuposanue M/l nposojunocs npu 293 K na nporsxennn 350 1ic; gexkapro-
Bbl KOOP/JJMHATBI ATOMOB CUCTEMBI COXPAHSJIUCDH HA KECTKUH auck Kaxkable 0,04 mc.
BpemeHHOIT HHTEPBAT MOJIEKYISPHO-TUHAMIIECKON TPAEKTOPUH ObLI BBIOPAH paB-
HbIM 0,002 nic. Ha npoTsizkeHnn Bcero BpeMeHU MOJIETMPOBAHUS TPEXMePHas CTPYK-
Typa KpaMOMHA OCTaBaJTaCh HEMOJBIKHOHN. UTOOBI COXPAHATH B (PUKCUPOBAHHOM
COCTOSHUM JUIMHBI BCEX KOBAJIEHTHBIX CBA3€el 6eka, mpumeHsiics aaroputm SHAKE.
Ananu3 06pa3oBaHUd BOJOPOJHBIX CBA3EH MPOBOAWICSA C ITOMOIIBIO MOJYJIS
CARNAL mnaxkera nporpamm AMBER 4.1. BeposaTHOoCTb 06pa3oBaHUsI BOZOPOJHOU
cBA3U, P, MEX]ly MOJIEKYJION BOJIBI M COOTBETCTBYIOIUM aTOMOM G€JIKa PACCUUTHIBA-
JIaCh KaK 4aCThb BPEMEHM, B TEUEHUE KOTOPOTrO OHA CyMleCTBOBaNA. P, BLIYUCIANACH
Ha nocaegHux 250 nc Tpaexkropun M/I, Tak kak Ha npoTskeHnu nepsbix 100 e mpo-
VICXOJWJIO YPaBHOBENIMBAaHUE BOAHOTO 60Kca. IIpu amanmmse Tpaexropun M/l nosa-
rajoCh, YTO BOJIOPOJHASA CBSI3b OOpa3yeTcsl IPU YCIOBUM, UYTO PACCTOSTHUE MEXKIY
TSDKEJIBIMUA ATOMaMU JOHOPOB U aKIenTopos 3,1 A st esiau NH--O u <38,1 A st
css13u OH---O, mpu aTom yroa ronop-H-aknenTop He npesbimaeT 30°. B cirygae rpymm

NH, 1 kap60HMIBHBIX / KAPOOKCUILHBIX AaTOMOB KMCJIOPO/Ia aAMUHOKUCIOT Asp, Asn,
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Glu u Gln ocHOBHOI 11€1TM, KOTOPBIE MOTYT OOPA30BLIBATD ABE CUMMETPUYHO PACIIO-
JIO>KEHHBIE BOJJOPOAHBIE CBSI3U, HAKIAAbIBAJIOCH JOIIOIHUTEIHHOE YCJIOBUE, TOTyY€H-
HO€ CTATUCTUYECKUM AHAIN30M KPHUCTALTMUECKUX CTPYKTYP U3 OETKOBOI 6a3bl
JAHHBIX: ABYI'PAHHBIHI YTOJI MEXK/y MOJIEKYJIAMH BOJbI JOJKEH OBITD 60bIre 120°.

2.2. CTaTuCcTUYEeCKUU aHAIN3 O0EJIKOBOU 6a3bl JAHHBIX. CTATUCTUYECKUU aHAINS

reoMeTpur 06pa30BaHUS BOJOPOAHBIX CBSA3€EH MEK/Yy MOJIEKYJIAaMH BOJBI 1 COOTBET-
CTBYIOIIMMH aTOMAaMH O€JIKa IIPOBOJMJICS HA PENPE3€HTATUBHOM HaOOpe OEIKOB,
cocTosAmeM U3 42 KPUCTULINIECKUX CTPYKTYP, MOJYYEHHBIX C pa3pelnieHueM MeHee
1,5 A. Tomoorust 5Tux 6eKoB cocTapJsiia Meree 25% ¢ R-pakropom menee 0,19 (PDB-
SELECT). Kpucrauimaeckue CTPyKTypbl O€JIKOB U3 PEIIPE3€HTAaTUBHOI'O HAO0pa ObLIHI
B34ThI 13 Brookhaven Protein Data Bank. Crepuyeckue ycioBus o6pa3oBaHus BOJO-
POAHOI CBA3U OBUIN AaHAIOTUYHBI YCIOBUAM, OIIMCAHHBIM B IIyHKTE 2.1.

2.3. Penpe3eHTAaTUBHBIA HAOGOP MOJIEKYJI JUIS TECTUPOBAHUA TOYHOCTU

OpUOILKEHHBIX MeTO10B pacyéTa mrontaau I1JIP. Cnrcok MOIeKy1, UCIOJIb30BAB-

HINKCS TPU TECTUPOBAHUU Pa3pabOTAHHOTO HAMU METO/a IPUOIMKEHHOTO PACIETA

mwiomaau IT/IP, Bkaodan B ce6s HeGOIbIINE OPTAHUYECKUE COECJUHEHUs, OEIKY,
JHK, PHK 1 ux KOMILJIEKCBI, YbH TPEXMEPHbBIE CTPYKTYPbI ObLIN B3sATHI U3 Protein
Data Bank (PDB). Uto65!I BBeCTH B TPEXMEPHBIE CTPYKTYPBI MOJIEKYJ ATOMBI BOJAO-
poJia, a TaK:Ke YTOOBI IEPEBECTU OEJIKU B PAa3BEPHYTOE COCTOSIHUE, MCIIOIb30BAJICS
MaKeT IPOrpaMM Juis MosieKyaspHoro moaeauposanusa ICM. Ilepesoj 6ekoB B pas-
BEPHYTOE COCTOSIHUE ITPOBOJMIICS 110 CJAEAYIONEN CXeMe: IBYTPAHHBIM yIIaM @, Y 1
ObLIM Ha3HA4€eHbI 3HaYeHUs 180°, mocie yero nosyausImecs CTPyKTypbl ObUIA SHEPTe-
TUYECKU MUHUMU3NUPOBaHbI ¢ oMobio 200 marosB MeTO1a CONPSKEHHBIX I'PAIUEHTOB.

2.4. Metoa cokpamenus cnucka coceieil. G 1esbio yBeJIM4eHUs: CKOPOCTH Bbl-

yncaeHud mwromagu I1/IP 611 ncnoap3oBaH METOJ COKpaAIeHus CIUCKA COCemen
(NLR - neighbor list reduction), onmucannsiii B padote Weiser u corp. Crimcok coceeit
PacCMaTPUBAEMOIO aTOMA BKJIIOYAET B C€0sI HOMEPA BCEX OCTAIBHBIX ATOMOB MOJIe-
KyJIbI, MMEIOIUX C HUM HEHYJIEBYIO IUIOA b nepecedenusa. NLR yransger us cnmcka
COCEJIEN T€ ATOMBI, KOTOPBIE HE BIUAIOT Ha romab I[P paccmaTpruBaeMoro aroma.
IIpu Bprunciaenuax ninomaau IIJP cnucok cocepeil HEKOTOPBIX aTOMOB MOKET
cokparmatbcst Ha 74%. B pabore 6bu1a ncnonszoBana 3INLR Bepcust meToza, rae npu-
HHUMAIOTC BO BHUMAHUE IIEpeceueHust He Oosiee TPEX cheprudecKux aTOMOB: pac-

CMATPUBAEMOT0, KAHANAATA HA YIAICHNE U OJHOU U3 OCTABIINXCS COCETHUX cep.

ITTABA 3. U3yyeHne oO0pa3oBaHUSA BOJOPOIHBIX CBA3EH

MOJIEKYJIaMH BOJBI C IIOJSAPHBIMU U 3aps>Ke€HHBIMH IpylIaMu 6ejIka

Monenruposanue M/ 6enka KpaMOUH B IEPUOJUYECKOM BOJHOM OOKCe
(cM. maparpad 2.1.) moka3ano, YTO OTAEIbHBIE YYACTKHI €T0 TIOBEPXHOCTU Pa3INya-
I0TCSI CTAOMIBHOCTBIO BOZOPOJHBIX CBSI3€U O€JIKa C BOJON B 3aBUCUMOCTHU OT UX XU-
MHUYE€CKOU IPUPOABI U JOCTYIIHOCTH At Mojekysa Bojbl. [lo nanupim M/l 6111

IIOJIly4€HbI 3aBUCMMOCTU BEPOATHOCTU OOpaszoBaHUs BOJOPOAHOU cBaAsu, P,
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Puc. 1. Koppenanuonnsle rpadguxu mromanu IT/[P aknenTopHbix (A) 1 JOHOPHBIX
(b, B, I') rpynm 6e1ka 1 BEpOATHOCTH OOPA30BAHUS BOAOPOJHBIX CBSI3€HU 3TUMU XU-
MUYECKUMU rpynnamMu. B cexun (A) @ 1 a— OTHOCSTCA K HE3apS’KEHHBIM KapOOHMIb-
HBIM I'PYIIIAM OCHOBHOU HENM O€JIKAa U THMAPOKCHIBHBIM I'PYHIIaM OOKOBBIX IIETIEH
AaMUHOKHUCJOT COOTBETCTBEHHO; m — OTHOCSITCS K 3aPSIKEHHBIM aTOMAM KHUCJIOPO/iA Kap-
OOKCHMIBHBIX rpynn 6okoBbIxX neneir Asp u Glu. (b) Hesapsoxkennsie rpynnst NH u
NH, B ocHoBHO 1enu 6e/ka u GOKOBbIX BETBEM aMUHOKUCIOT; (B) Hezapsikennble
rpynnbl OH B 60koBbix nenax Ser u Thr; (I') sapsskennbie rpynnet NHy u NH;. Jlis
IPYIII-IOHOPOB BOJOPOAHOMU CBA3M utomaab I T/IP orHocuTCA K aTOMaM Boropoaa 3Tux
rpynn. Ha pucyHke npusoaaTcs napaMeTphl allllpOKCUMALIIN KPUBOI 1o hopmyite (2)

OCHOBHBIMH AKLIETITOPHBIMH U JOHOPHBIMU I'PYIIIAMU O€JIKA C MOJIEKYIAMU BOJBI OT
momaay [P stux rpynm (puc. 1). Heo6xoauMo oTMETUTD, UTO aTOMBI O€JIKa, CIIO-
COOHBIE OOPA30BBIBATH BOJHBIE MOCTUKH, OBUIM UCKIIOUYEHBI U3 UCCIEJOBAHUS, TaK
KaK JUIsl HUX He Ha0JII0/JaeTCsl POCTOU 3aBUCUMOCTH BEJTMYUHBI P , OT ILIOIIA/ 1 ILP
(aTo 66110 MOKa3aHo panee M.I. IleryxoBbiMm u coTp.).

ITo marHBIM M/I 6BUIH IPEATIOKEHBI AHAUIUTHYECKHE BEIPAKEHU S, TO3BOJISIOINIE
Ha ocHOBe wronaau I1/IP noxspHbIX 1 3apsXKEHHBIX ATOMOB 6€JIKa BBIYUCIATD CBO-

60 HbIEC SHEPIUU 0OPA30BAHMUS UMH BOAOPOJHBIX CBSA3EU € MOJIEKYJIAMH BOJABI. bbLa
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IPOBEJEH CPABHUTEIbHBIN aHATN3 TPAJUIIMOHHBIX ATOMAPHBIX ITapaMETPOB I'HAPA-
tanuu (AIILY) u AL, mosy4eHHBIX ¢ HOMOIIBIO MPEIJIOKEHHOTO B paboTe aHATUTU-
YECKOTO BBIPAKEHUS.

Taxxe B MTaBe€ IPUBOAATCS PE3YIBTATBI CTATUCTUYECKOTO AHAIN3A PENPE3EHTa-
THUBHOTO HAbOpa 6EJIKOB IO TAKUM IIapaMeTpaM, Kak: 1) BeJIMYNHbBI JBYIPAHHBIX yTI-
JIOB MEKJY JBYMSI MOJIEKYJIAMU BOABI, KOXKAAsI U3 KOTOPBIX COEAMHEHA BOJOPOTHOM
CBSA3BIO C MHTEPECYIONUM (IIOJSPHBIM JTUOO 3apsIKEHHBIM) aATOMOM O€JKa; 2) Beu-

yuHbI w1omaay IT/[P noasapHbIX 1 3apssKeHHBIX aTOMOB 0€JIKOB (cM. maparpad 2.2).

3.1. Ciydau, rjie aTOMbI G€JIKa BbICTYIAIOT B POJIM AKIIENITOPA BOJOPOTHOM CBA3N.
OCHOBHBIMHU AKLIENITOPAMU BOJZOPOJAHON CBA3U SIBJIAIOTCS aTOMBI KUCJIOPOJA B Kap-
6okcmibHOI (~COO™), kapoonmabHOU (—-CO) u ruapokcmibHor (-OH) xuMmueckux
rpynmnax. ATOMbl KMCJIOPOJa 3TUX I'PYHII, BBICTYIIAs B KAYECTBE AKLENITOPOB, MOTYT
06Pa30BBIBATH JABE BOJOPOJHBIE CBSI3U C MOJIEKYJIaMU BOJBI.

M3 rpaduka Ha puc. 1A BuanHo, uto ¢ ypeaunuenueM momaau ITJ[P aromos kuc-
JIOpOJa YBEIUYNUBAETCS M BEPOATHOCTb OOPA30BAHUS UMH BOJOPOJHON CBA3U C
MoJeKyJ1aMu BoJbl. ITpyu HeGOoIbINX 3HAYEHUAX IOBEPXHOCTH, JOCTYITHON pPacTBO-
PHUTENIO, CTAOMJIBHOCTD BOJOPOJHON CBA3M HEBBICOKA. 3aBUCUMOCTD Phb ot II/[P He-
JUHEHHAs U uMeeT runepodonmndeckuil Buj. CTabMIbHOCTD BOJOPOJHBIX CBS3EH,
06Pa30BAHHBIX 3APSKEHHBIM ATOMOM KHCJIOPO/a KapOOKCUIBHBIX I'PYIIII, BBIIIE, YEM
HOJISIPHBIX ATOMOB KMCJIOPO/ia KAPOOHUIBHBIX Y THIPOKCUIbHBIX TPYIIL.

3.2. Cayyauy, rjie aToMbpl 6€JKa BBICTYIIAIOT B POJIM IOHOPA BOJOPOJHOU CBSA3N.

B 6e1Kax OCHOBHBIMU JOHOPAMH IIPOTOHA IIPU 0OPa30BaHUM BOJOPOITHOM CBSA3U C
BOJIOM ABsAOTCsA amuo- (-NH-), amuno- (-NH,), u ruapaoxcunpnas (-OH) xumu-
yeckue rpynmnsl. B 3aBucumoctu ot BesmunuHbl pH 3Tu rpynmnbl MOryT yuacTBOBaTh B
06pPa30BAHUM OT OJHOM 1O TPEX BOJOPOJHBIX CBA3EH C BOAOM.

Ha puc. 1B, I' u /l nponsuniocTpupoBaHO U3MEHEHHE BEPOSTHOCTU OOPAa30BAHUS
BOJJOPOJTHOM CBSI3U /IS TPYIII O€JIKaA, SIBJISIONINXCS JOHOPOM IIPOTOHA, B 3aBUCUMOC-
TH oT ux 1romaau ITIP. O6mas ¢popma 3aBUCMMOCTH OJJUHAKOBA JIII BCEX PAcCMaT-
PUBAEMBIX TUIIOB JJOHOPOB M AKIENTOPOB, OJHAKO, MAKCUMaIbHble 3HAaYeHUs P,
CYIIECTBEHHO OTIMYAIOTCA. Bemmuaunpt P, U1s1 TMAPOKCUIBHBIX TPYIII, a TAKXKE 3aps-
xeHHbIX rpynn NH; Haxoaarcs npumepHo Ha ogHOM yposHe (=90%), B TO Bpems
KakK JUId He3apsKeHHbIX rpynn NH u NH2 OCHOBHOM 11111 0€eJIKa ¥ OOKOBBIX Lieleil
AMUHOKHUCJIOT ZOCTUTAIOT TOJIBKO 60%. ITosydeHHbIE pe3yJbTaThl CBUAECTEIbCTBYIOT
O TOM, 4TO HesapsiukeHHble rpynnbl NH u NH, 06pa3yIoT OTHOCUTEIBHO CIa0bIe
BOJOPOJHBIE CBSA3U C BOJAOHM, M MX BKJIAJ B OOIIYIO SHEPIrUIO rUApaTaluy OeJKa
3aMEeTHO MEHbIIIE, YEM BKJIaJl, BHOCUMbIH 3apsIK€HHBIMU aMUHO- U TUJPOKCUIbHBIMU
rpynmnaMu. 9TO XOPOIIO COIMACYeTCH C JMTEPATYPHBIMU JAHHBIMHU, ITOKA3bIBAIO-
muMu, 4To cBsA3b OH:--O kopoue u cunbHee B cpaBHeHUN co cBa3bio NH---O; npu
3TOM, BOJOPOJHAS CBSA3b CUJIBHEE, €CIN OJJHA U3 00PA3YIOMINX €€ XMMUYECKUX IPYIIT

006TalaeT 3aPsAOM.
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3.3. O6pasosanue Boropoanbix ceaseit SH u S-CH, rpynnamu 6e1ka. ATOMbI CE€pbI
IIpEe/CTABICHBI B OOKOBBIX Henax amuHokucaoT Cys u Met. K coxkanennio, B ciaydae
KpaMOMHA KOJIMYECTBA ATOMOB CEPBI OBLIO HEJOCTATOYHO, YTOOBI CJEIATH JOCTO-
BEPHBIE BBIBOJBI O Koppeasiunu ux mwiomanu [P ¢ BepoaTHOCTbIO 06pa3soBaHus
BOJOpoAHOU cBaA3nu. CiefyeT OTMETUTD, YTO TAaKHE BOJOPOJHBIE CBA3HM BHOCST He-
3HAYUTEIbHBIN BKJIAJ B OOIIYIO SHEPTUIO TU/paTaiy OeKa.

3.4. Bkrag BOZOPOIHBIX CBSA3€H B 9HEPTUIO rupaTanuu. B ciygae o6pasoBanus

OILHOfI BOJIOpOI[HOﬁ CBsA3U MCKAY 0eJIKOM U MOJICKYJIOfI BO/IbI CBO6OI[HaH dHEPIruAd

O6paBOBaHI/IH ATOU CBdA3U, AG , MOeT ObITh BbIUUCJIEHA C IIOMOIIBIO KJIACCYECKOTO

hb’
COOTHOIIEHUS] MEXAy U3BMEHEHUEM CBOOOJHON dHEPTUN OJJHOCTAAUMMHON XUMUYeC-

KO PEAKIINU U €€ KOHCTAHTOU PABHOBECUS:

AG, :—Rmn(i), (1)

hb
rae R— yHuBepcalbHasd ra3oBas IIOCTOAHHAsA, 1 — TemnepaTypa 1o mkaie Keabsuna,
P,, ~B€pOATHOCTH OOPa30BAHNSA BOJOPOJHOM CBA3U MEXK/Ty OETKOM U MOJIEKYJION BOJIIL.
Ecau Bpipazutb Phb yepes mromaas [P xumudaeckoii rpynmnsl, ¢ KOTOPOH 06pas3o-
BaHA BOJIOPO/IHASA CBA3b, MOKHO JJOCTATOYHO TOYHO U OBICTPO BBIYUCIUTD €€ dHEpre-
TUYECKUU BKJIAJ| B 9HEPTUIO TUIpATalU OesIKa.

W3 puc. 1 Buano, uro ¢popma kpusbix 3apucumoctu P, ot I[P nanomMunaer
(popmy kpuBoii HaceleHUs Muxasnuca-MeHTeH, onucbIBAIOIEN KNHETUKY XUMUYeC-
kol peaknuu. C UCIOJB30BAHUEM YPABHEHUM, 3aJAIOMUX KUHETUKY MHOTO-
IIEHTPOBOTO CBS3BIBAHUS perienTopa (IMOIIPHON MO0 3apssKEeHHOU IPYNIIBI O€JIKA)
C JINTAaHAOM (MOJIEKYJIOH BOABI), ObLIA MOJy4eHa (DOPMYJIA, CBA3BIBAIONIAS ITOBEPX-
HOCTb, JJOCTYIIHYIO PACTBOPUTENIO, A, XUMUYECKON TPYIIIbI 6€JKa U BEPOSATHOCTD

06pa3oBaHUs €10 BOJOPOJHON CBA3U C MOJIEKYJIAMU BOJIBI:

A

' (2)

By =
A+BX4

A B - KOHCTaHTBI, 3aBUCAIINME OT TUIIA JOHOPA WIHN AKLIENITOPA BOJOPOJHOU CBA3N.
braronaps npocrore QyHKIUIA, UCIOJb3YyEMbIX B IPEJIOKEHHOM MOJIEIU, JIeT-
KO IMOJIyYUTD IIEPBYIO IPOU3BOAHYIO SHEPTUHN 00PA30BaHUS BOAZOPOAHBIX CBSA3€EH OeJI-

Ka ¢ Bojgoi no momaau I[P oTaeabHbIX aTOMOB MOJIEKYJIBI:

dAG,, 1

= —RT : (3)
a4, 4x@+%€4)

IIpeacTaBasisioch MHTEPECHBIM NPOBECTU CPAaBHEHME NPOU3BOAHBIX 1o TP
(pyHKIIUM THApaTANY, TOJIYYEHHON B Hallel paboTe, ¢ MPOU3BOAHBIMU (PYHKITUI
TUIpATaliM, IOJY4EHHDIX B APYruX Mojeaax. M3 puc. 2 BUHO, 4TO B HAIIEM CIydae
KPHUBBIE 3aBUCUMOCTU Tpou3BogHON oT I1/IP HemHeHbI 1 UMEIOT Y9aCTKU OBICTPO-

ro Boapactauus (10 10 A?) u yuactku nacenmenus (Gosnee 10 A?).,
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B Tpagunnimonnoi HenpepbIBHOM MOJEJIM T'UIPATAIMU IIPEANIOIATraeTCs, YTO CBO-
60/Has1 SHEPTUS TUAPATALIN ATOMOB O€JIKa, AGWU, JIMHEHO nNponopruoHaibHa IT/1P
3TUX ATOMOB: AGSO[U = AIII'XTI/JIP. To ecThb B TaKOI MOJI€JIN MPOU3BO/IHAS OT AGSO[U o
IT/IP aBnsiercs koHcTanTOU — AlIlT (aTOMapHBIM MapaMeTPOM T'HAPATAIIAN, KOTOPBIN
BbIpakaeT CPEJHIOI0 YHEPTUIO TUJ[pAaTallui, IPUXOoAaNyocs Ha 1 A? pannoro tumna
aToma). HempepsiBHasg Moies1b rupaTaliii ObLIA TAPAMETPU30BAHA HA SKCIIEPUMEH-
TJIBHBIX JAHHBIX IO IIEPEHOCY U3 HEMOISIPHOTO OKPY>KEHHS B BOJHOE HEOOJIBIINX
OpPraHMY€CKUX MOJIEKYJI, CXOJHBIX II0 XUMUUYECKOU CTPYKTYpe C OOKOBBIMU IENAMU
aMUHOKHUCJIOT. B TakMX MOJIEKYJIaX AaTOMBI UMEIOT MAKCUMa/IbHbI€ 3HAUE€HUS IUIOIAIN
IT/IP, cooTBeTCTBYyIONME PAallOHY HACBIEHNS Ha HAMNX rpadukax (puc. 2), rae Bejau-
YMHY IPOU3BOJIHOU MPUOIN3UTEIBHO MOKHO CUUTATh MMOCTOSHHOU. OTCIo/a TOHAT-
HO, IIOYEMY aBTOPbI CMOIJIM YCHEITHO IMapaMETPU30BATh HENPEPBLIBHbIE MOJEIN B

HPEAIIOJTONKECHNN O ITIOCTOAHHDBIX 3HAYCHMAX ATOMAPHBIX ITAPAMETPOB rupaTanim.

s Puc. 2. Ipaduku nepsoii npousBogHON
9‘% -0.05 o rromaau ITIP pyHkiuii cBo6o1HOM
g o SHEPruu o6pa3oBAHUSA BOJOPOJHBIX
g8 CBA3€EU IIATHIO OCHOBHBIMU IOJIPHBIMU
E. 045k 7 : _ 1 3apSKEHHBIMU TPyNIaMu O6€esIKa ¢
= ; E—— Hem-paanb,,,' 1 BomoIt ¢ mcmosb30OBaHHEM koapPu-
% -0.2 ::'j E,EE?%’;%’EE” """"" ‘ MEHTOB napaMerpusanuu QyHKIUH,
Q 425 v Osopmeonan | | yKasaHHBIX Ha puc. 1
g ]
03 ci A PP T AP A
0 10 20 30 40 50 60

nnowaas MAP, A2
B 6en1kax mo CpaBHEHUIO ¢ HEOOIBIIMMH MOJIEKYJIAMU 3KCIIOHUPOBAaHHBIE HA
MOBEPXHOCTDb aTOMbI UMEIOT MeHbIyIO 1romaab I[P, Hamu pacu€Tnl mokasniBalor,
4yTO cpegHue 3HadeHus miomaan I1/IP paccMarprBaeMbIX TUTIOB aTOMOB B G€JIKAX pac-
HpeJieIeHbI B 60IbIIe cTerneHu B obaactu ot () A2 o 10 A2 U, CJIeJoBaTeabHO, IIONA a-
IOT B y9aCTOK OBICTPOTO BOo3pacTaHUsa Ha rpaduke, rae AIIl' Henrp3s cuuTaTh
NOCTOAHHBIMU. TakuM 06pa3oM, yA10Ch OObSICHUTD, IOYEMY HEITPEPBIBHbIE MOJEIU C

noctossHHbIMU AIIl" Tak HETOYHBI TPU BBIYUCJICHUSAX SHEPIUU T'HPATALIN O€IKOB.

ITTABA 4. PacuéT mromazu IIJIP 6mononumepos

C IOMOINBIO 00 beguHeHN map aToMoB (JNA)

B 3T0i1 maBe onuchIBaeTCA HOBBIN METOJ TPUOIMAKEHHOTI'O BIYMCIEHU IO
au ITIP. B omimiane oT N3BECTHBIX METOAOB 3TOTO KJIACCa B Pa3pabOTAHHOM METO/E
OTCYTCTBYIOT MIIMPUYECKUE TapaMETPhI; METO/{ 00JIaAA€T IOBBIIEHHON TOYHOCTBIO,
KOTOpPasI HE 3aBUCAT OT XUMHUUECKOU PUPOBbI 1 KOH(POPMAIINHU UCCIEAyEMON MOJIe-
KyJbl. Takke rmaBa cofep:kuT naparpadg, B KOTOpoM IOJpOOHO OIMCaHaA IPoLeaypa

MOJy4€HUA NEPBBIX NPOU3BOAHLIX tomaau IT/[P mo koopannaram aToMOB.
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4.1. Aaropurm Metozaa. B npeanoxxennom meroze mwromans II/IP oraensHOTO
aTOMa PacCMAaTPUBAEMOI MOJIEKYJIbI BBIUMCISETCS C IOMOIIBIO PEKYPCUBHOI Ipolie-
Jypbl, IpeJcTaBieHHoN Ha puc. 3. Obmasa mosekyaspHas mwiomanb [P asasercsa
cymmoit mromageit ITJIP Bcex e€ aromos. Tak kak 3agavya HaxoxaeHus rmromaau [P
HOCHUT UCKJIIOYUTEIbHO Fr€OMETPUUYECKUI XapaKTEP, TO B JaJTbHENUIIEM CIOBOCOYETA-
HUe cepUIECKU aTOM, OYAET 3aMEHSITHCS CJIOBOM cepa.

No
UTEPALIMOHHOTO

Puc. 3. PexypcuBHBIN aropuT™ o6beIMHEHU COCEAHUX map cdep. Cxema WuIocT-
pupyer arroput™ Beraucaenus wiomanu ITIP chepor S.. S, - cdepnr ns cnmcka
cocenert cepsl S; MHAEKC [ yKa3bIBAET HA HOMEP UTEPAMOHHOTO MIara, UHJAEKC M
00603HAYAET MO3UIUIO Cephl Sl’m B CIMCKe coceJieil cepnl Sr Pa6ora arropurma
IIOKA3aHa B JIBYXMEPHOM IIPE/ICTABJIECHUN Ha IPUMEPE CEMU COCEJTHUX cep, pacape-
AEJIEHHBIX BOKPYT IIEHTPAILHOM cephl S,

Ilycts cepa S, nnsa koTopoit paccuuTbiaeTcs miomaas [P, umeeT cemb co-
CEAHNX C HE c(pep, 0GO3HAUCHHBIX KaK S| =S, ; ¥ COCTABJAIOMNX B COBOKYIIHOCTH
cncok cocejieit cepnr S, (puc. 3). Haekchl B 0603HaY€HNN COCETHUX C(pep yKasbl-
BAIOT HA HOMEP TEKYIETo NIara UTepauy U Ha IO3UIUIO C(Pephbl B CIIUCKE COCeier
Ha JJAaHHOM UTEepPAIMOHHOM Iare. Ha kakjoM uTeparinoHHoM mare cepbl U3 CIIUCKA
cocesent S, o onpeneIEHHOMY IPAaBUITY IIOMAPHO OOBEAUHAIOTCA B Chepy GOJIbIIETO
paauyca. [Ipu sToM pesyabTupylomas cepa BbIPE3AET U3 MOBEPXHOCTH S, TUIOINA/b,
PaBHYIO ILIONIAAN, CYMMApPHO BBIPE3a€MOM ByMs OO beAMHEHHBIMU cpepamu. B ciry-
yae, KOTI/la YU CJIo c(pep B CIUCKE coceielt ABIseTCsl HEYETHBIM, HenapHas cdepa nepe-
MEI[AeTCd Ha CJEAYIOIMUN NTEePANMOHHBIN mar 6e3 naMeHeHuil. OnucanHas
UTEPANMOHHAs POIEAYPA MPOJOKAETCS JIO TEX TIOP, MTOKA B CIIMCKE COCEAEH S, oc-
TAHETCs JIN00 ofHa cpepa, INOO0 HECKOJIBKO HE ITEPECEKAIONUXCS JPYT C IpyroM cdep.
Takum o6pasom, IIomE@Ab MOBEPXHOCTU PACCMATPUBAEMOU cephl, OKa3aBIIadcs
BHYTpHU cpep, OCTABUINXCS B CIIUCKE COCENEH (MIM BHYTPH €IMHCTBEHHON OCTABIIEHCS
cocenHel cepbl) Ha MOCTIEAHEM UTEPALIMOHHOM IIare, OyAeT SKBUBAJIEHTHA ILJIOINA-
J, BbIPE32€MOI BCEMM MCXOJHBIMU COCEAAMU U3 TOBEPXHOCTU CEPHI S..

IIpu 06beHEeHNN TAphl ceP BLIUYUCASIOTCA IUTOIAM, BIPE3aeMble U3 IIOBEPX-
HOCTU PpacCMaTpPUBAeMOM cepbl Kax 101 n3 cep Mo OTAEJIbHOCTH, U IUIOMA/b, Bbl-

pesaeMas nepece4yeHueM dTUxX AByX cdep.
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B n. 4.1.1. nuccepTranuu npuBoAUTCA (popMyJIa, OIUCHIBAIONIAS IUIOIaAb, BbIPE-

3aeMylo c(pepoii j U3 TOBEPXHOCTU CPeEPHI i, Al_]_:
d. r*—r?
A =2mr |r L1 (4)
2 2d,

TAE 7, U 7, — PaJyChl cep i 1 j COOTBETCTBEHHO, a dl.j. — paccTosgHue, pasjesiolee
LIEHTPHBI 3TUX cep.

B 1. 4.1.2. aHam3upyoTCcsa Bce BO3MOKHBIE BAPUAHTHI IIPecedeHus TPEX cdep,
KOTOpPBbIE YCJIOBHO AEJATCS Ha «ACTUHHbIE» U «JIOXKHbBIE» Iepeceuenus. Taxxe onu-
CBIBAIOTCS AHAIUTUYECKUE BbIPAKEHU JI/Il BBIYUCIEHU IIOMAA1, BbIpe3aeMoii u3

IOBEPXHOCTHU paccMaTpuBaeMoil cdepbl napoil cocepgnux cdep, A, , B caydae

Ljk’
«ACTUHHBIX» U «JIOJKHBIX» IIepecedeHni. /g «MCTUHHBIX» IIEPECEYEHUN 3TO BbIPa-

JKEHHUE NMMEECT B/

dl,fka)

d .
(1-&,) [+ tan | 222 (146, |} -

4, =2’ {tan”
"> riq;

1

(5)

(1+£3)tan_1 20 +d, (1-¢,)tan™ 20

q; 9

r4d,

i %Ly
B npuseaénnoii popmyie €5 & &, ¢, Gy G, M O SABISIOTCS BCIIOMOTATEIbHBIMU Pynk-
OUAMU, 3aBUCANIMIMHU OT PAJUyCcOB TPEX MepeceKaromuxcs cdep U pacCTOSTHUN
MEK/y UX IEHTPaMU.

B.4.1.3.14.1.4. 06bacHAETCSA KpUTEPUU BbIOOPA ceEP, ABIAIOMUXCA KaHANAA-
TaMH JJIs OOBEANHEHUSI, TOAPOOHO U3JIaraeTcs Mpoleaypa 00beJUHEHNS OTOOpaH-
HOMU M3 CIHCKA coceiei maphl cpep, ¥ OIMUCBIBAIOTCS YCIOBUS 3aBEPUICHUS ITPoIiecca
ob6beauHeHnsa. MeToanKa yBeJIM4e€HNsI TOYHOCTU BBIYMCJIEHUH HA OCHOBE (prIbTpa-
UM JAHHBIX, IOJTYYE€HHBIX IIPU BBIUYNCJICHUN ILIOMAJEN ITepecedeHus Tpeéx cdep,
obcyxaercs B 1. 4.1.5.

4.2. Pe3yabTaThl pabOThI AIrOPUTMA U UX 0bcyxkaeHune. /I1s IpoBepKU TOYHOC-

T MeTojia [NA pesyabTaThl BRIYMCA€HUS TpubmmkénHon miomaau I[P cpaBuu-
BaJIM C Pe3yJAbTaTaAMMU BBIUMCJIEHUI, BHINOJHEHHBIX TOYHBIM aHATUTUYECKUM
MeTOAOM (cM. Tabu1.). B kauecTBe TecTOBOro HabOpa GHLIN BEIOPAHBI MOJIEKYJIBI pa3-
HOI XMMUYECKON NPUPOADLI, KyJa BOILIM HEGOJbIINE OPraHUYECKUE MOJIEKYJIbI,
PHK, JTHK u 6e1xu B cBEpHYTOU U B pa3BEPHYTON KOHPOPMAIUIX.

Mo3KHO 3aMEeTUTDb, YTO IPEATOKEHHDBII METO/]| IEMOHCTPUPYET H0OJIEE BHICOKYIO
TOYHOCTD PACy€Ta JUIsi MHOIOATOMHBIX MAKPOMOJIEKYJ II0 CPAaBHEHUIO C HEOOIbIIN-
MU OpraHu4ecKnuMu coeanHeHuaMu. Ilpumenenue metona JNA k 6e1kam B pasBép-
HyTOH KOH(pOpManuM INOKa3bIBA€T HE3HAYUTEIbHOE YMEHBIIEHNE TOYHOCTHU I10
CPaBHEHUIO € UX CBEPHYTbIMU (popmamu. ITpucyrcTBue aToMoB BoJJopojia B paccMart-

PHUBA€EMbBIX MOJICKYJ/IAX CYIIECTBEHHO ITOBBIMAET TOYHOCTD BBbIUVICJIEHUI.
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Ta6auma. Pe3ynbTaTsl TECTUPOBAHUSA TOYHOCTH PACYETOB

MeTtoga JNA, mpoBeJ€HHOTO Ha TPEX PA3INIHBIX HAOOPaX MOJIEKY.JI

Cpennue MaxkcuMarsH. Ommbxka
aTOMapHBIC aTOMapHBIC BBIYMCIICHUS
PernpeseHTaTHBHbIIT OTKJIOHEHHS, OTKJIOHEHHMS, | MOJIEKYJISAPHOI
Ha0Op MOJIEKYIT A? A? wiomaau, %
MuH. | Makc. | Mun. | Makc. | Mun. | Makc.
3Ha4. | 3Ha4. | 3HA4. | 3Ha4. | 3HAY. | 3HAY.
HeGonbmme oprannueckue
mosekyiel, PHK, JIHK, 6enku | 1,20 | 3,47 | 5,09 | 18,91 | 0,05 | 7,30
1 UX KOMIUIEKCBI
CeépHyTble Oenkn™ 0,78 | 0,97 | 10,61 | 14,86 | 3,0 | 8,5
PassépHyTbie Oenku™ 1,65 1,87 | 9,47 | 16,78 | 2,37 | 8,63

% .
TpCXMepHaH CTPYKTYpPa OEJIKOB B IIOJITHOATOMHOM npeaACTaBJICHNN.

Ha puc. 4 n3o6paskeHnl rpauKu KOPPeadIiul MexXAy BETUIUHAMUI amomMapHoi
mromaay [1[P, BeraucIeHHBIMU HAa TECTOBOM HAOOPE MOJIEKYJI C HIOMOIIBIO TOYHOTO
MeTtoza u Metozaa JNA. BunHo, uTo K03 (PUIHEHT KOPPETAINU MEXAY TOUYHBIMU U
IpUOIKEHHBIMU BEIMYUHAMU aToMapHOU momaau IT/IP Bo Bcex ciaydasx odeHb
BBICOK M Bapbupyerca B npejenax 0,96-0,98. Takoii pe3yabTaT CBUAETEIbCTBYET O
TOM, UTO IPEAT0KEHHBIN METO NPUOIMKEHHOTO BhruncieHus mwiomaau IT/IP ¢ pas-
HBIM YCIIEXOM MOJKET ObITh IPUMEHEH KAK K MOJIEKYJIaM B CBEPHYTBIX, TaK U B pa3BEp-
HYTbIX KOH(POpMAITUAX.

I'pacpuxu Ha puc. 5 AEMOHCTPUPYIOT TOYHOCTDH BBIYMCIEHUN MOAEKYAAPHOU TLTTO-
magu IT/IP meTogom JNA Ha Tpéx Habopax MoseKyI. JI1s Bcex HAbOpOB MOJIEKYJT KO-
a¢pPpunment koppesnsanuu cocrasiaget 0,99. CiesyeT OTMETUTD, YTO I CBEPHYTHIX
1 Pa3BEPHYTHIX OEJIKOB B IMMOJHOATOMHOM IPEACTABICHUU MPEIOKEHHBIA METON
HECKOJIBKO IIepeoneHnBaeT cymmapHyio miomans [I/IP. Tem He meHee, 61aroxaps
OYE€HDb BBICOKOMY KO3((PUIMEHTY KOPPEJAIMU, TOYHOCTb BIYMCIEHUN MOXKHO I10-
BBICUTD, IPOBE/IA IPOCTOE JUHEWNHOE TPEeOOPa3OBAHME.

Kpowme Toro, B 11. 4.2. NpoBOAUTCS CPABHEHUE TOYHOCTU PE3YIbTATOB BbIUMCIIE-
Huit MmeTosa JNA ¢ TOYHOCTBIO JIByX aJbT€PHATUBHBIX NMPUOIMKEHHBIX METOOB.
Otrmeuaercs, yTo MeTo/ JNA pacCUMTBIBAET CPEJHIE ATOMAPHbIE BEJIMYMHDI C CYHIECT-
BEHHO MEHbIIENH OMMOKON, MPONU3BOJUT MEHbBIINE MAaKCUMAJIbHbIE aTOMapHbIE€ OT-
KJIOHEHUS, a CyMMapHas IUiomajb Makpomosekyaapuoil IIJIP Beruucasercsa
IIPUMEPHO OJIMHAKOBO TOYHO BCEMU CPAaBHUBAEMbIMU METOIAMM.

4.3. BorunciaurenbHas addektuBHoCTb MeToa JNA. /1 OIlEHKN CKOPOCTH pac-

4€TOB pa3pabOTAHHOTO METO/A OBLIO IIPOBEJEHO CPABHEHUE C HANOOJIE€ OBICTPBIM
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13 UMEIONNXCS HA JaHHBIN MOMEHT TOYHBIX MEeTOIOB BbluncaeHus ruromaau [11P —
GETAREA. TectTupoBaHue IOKa3ajlo, YTO BBIYMCJUTENbHAsA CKOPOCTb MeToga JNA
cpaBHIMAa €O cKOpocThio GETAREA. BeposiTHO, B AajibHENIIEM NPOU3BOAUTEIbHOCTD
Pa3paboOTAaHHOTO METO/A MOKET OBITD CYIIECTBEHHO YBEJINYEHA KaK 32 CIET ONITUMU-
3aIl1¥ IPOTPAMMHOTO aITOPUTMa, TAK U 32 CYET BHIOOPA YIPOIIEHHBIX YCIOBUH 10
IapHOro oObeIMHEHUS coceHUX cep.

Heo6xoanMo OTMETUTD, YTO MAKCUMAIBHO BBICOKAS CKOPOCTDb BBIYMCIECHUN HE
ObLIa VIABHOH I1€JIBIO0 PA3pabOTKH 3TOTO METOAA. B MpOTUBOMOI0KHOCTD OOJIBIINH-
CTBY MeTOJOB BbrunciaeHus mwiomanu I1/IP 6pu1 paspaboran HenmapaMeTpuyecKui
MeTOJl, KOTOPbINA crenuduueckyu MOKHO MCIIOJb30BATh B IPOLEAypaxX MOOAILHOM
ONITHMU3ALMU C IPUMEHEHNEM 3((PEKTUBHBIX UJITOPUTMOB UHTEPBAIBHOTO AaHAIN3A.

4.4. AHaIUTUYECKUE BBIPAXKEHUA JJIs PACYETa MNEePBBIX NPOU3BOJHDIX

mnomaay [1/IP no koopamnaaTaMm atoMoB. B maparpade nmogpo6Ho m3maraeTcs airo-

PUTM pacyéTa IePBbIX NPOMU3BOAHBIX Iutomaau IT/IP mo koopaunaram aroMoB.

BeiBoabl

1. Jlns nonsipHBIX U 3aPsIKEHHBIX ATOMOB O€JIKa ITOJy4eHbl aHAUINTHYECKHE BbIpa-
JKEHUSA, ONIPEJEIAIONNE 3aBUCUMMOCTb ATOMaPHBIX TAPAMETPOB I'UIpaTAIN OT
UX IUTOMIAJAY MOBEPXHOCTH, JOCTYNHOU pactBoputemo (I1JP). Ha ocrnose
IIOJIy4€HHBIX BbIPAKEHUH MMOKA3aHA HEKOPPEKTHOCTD IUPOKO UCITOJIb3yEMbIX
IPEJIIOJOKEHNN O MMIOCTOSHCTBE ATOMAPHBIX MAPAMETPOB IUJApATAIAN JJIs
OIIMCAHUS B3AUMOAEUCTBUN OeIKA C BOJOMN.

2. Ilonyuenbl aHAIMTUYECKHE BBIPAKEHUSA, IMO3BOJIAIOIME HA OCHOBE IUIOIA/M
ITIP monapHBIX U 3apsKEHHBIX aTOMOB 6€1Ka 3(P(PEKTUBHO BBIYUCIATD CBO-
60/1HbIE€ SHEPTUN OOPA30OBAHUS UMHU BOJOPO/HBIX CBA3EH C MOJIEKYJIAMH BOJIBI.

3. PazpaboTaH HOBBII HEMTAPAMETPUIECKUI METO MPUOIIKEHHOTO PacY€Ta ILJI0-
mrau [P, ocHOBaHHBIN HA pEKYypPCUBHOH MPOIIEAYPE MOMAPHOTIO OObEJUHEHUS
aTOMOB, U IIOKa3aHa €TO BbICOKAs TOYHOCTb, HE 3aBUCANIASA OT XMMHYECKON
IpUPOAbI M KOH(MOPMAITUN PACCMATPUBAEMBIX COEAMHEHUN.

4. IlonydyeHbl aHAIUTUYECKUE BBIPAKEHUS /IS IEPBBIX MPOU3BOAHBIX ILJIOIIAU
IT/IP mo koopamHaTaM aTOMOB MOJIEKYJIbI, IO3BOJISAIONNE UCII0Jb30BATh pa3pa-

OOTaHHDBIN METO/J B ITponeaypax I00AJTBHOM MHWHHUMMU3AII.

Pa6ora 6bu1a noggep:xkana rpantamu: Cankt-Ilerep6yprckoro nayunoro nestpa PAH
(B mepuog 2003-2006 rr.); Ilpasurenscra Cankr-IleTepbypra /s MOJOABIX YUEHBIX
(B mepuojg 2004-2007 rr.); Poccuiickoro munucrepcrsa ob6paszosanus u nayku (PHII
2.2.1.1.4663); PODPU (07-04-00785-a).
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