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ChopMynupoBaHBl KPUTEPHH OIEHKH KOH(POPMAIMOHHOW CTaO0MIBHOCTH/IA0MIBHOCTH TENTHIHBIX
(parMeHToB, BXOISAUINX B COCTaB CTPYKTyp OenkoB. C HCHONB30BaHHEM NPEMJIOKEHHBIX OIICHOK
MPOBEIEH CTAaTHCTUYECKHI aHall3 TeTpalenTHIHBIX (pparMeHToB (MX KOH(pOpMaUWl M TOCIenoBa-
TenbHOCTEH) B BBIOOpKEe m3 25121 cTpykTyphl OenKkoBHIX Iemneidl n3 Oanka mgaHHBEIX OenkoB PDB. B
pe3yipTaTe aHaj M3a IOKa3aHO, YTO TETPalenTHUAHBIE (ParMEeHTHl CYIISCTBEHHO pa3lUYaloTCs II0
3HaYEHUSIM OLIEHKH KOH(OPMAlMOHHOHN CTaOMIBHOCTH/IA0MIBHOCTH C TOYKU 3PEHUS TPEAJI0NKEHHBIX
CTATHCTHYECKIX KPUTEpPHUEB. Pe3ynbpTaThl pacueToB TETPAINENTHIOB METOJOM ACHATYPHPYIOIEH MO-
JMEKyISIpHONW NUHAMHKH HMCIIOJIB30BaHBI B Ka4eCTBE HE3aBHCHMOTO IMOAXOMa IS OIEHKH CTaOMIBHO-
CTU/MaOUIBHOCTH TENTUIHBIX (parmMeHToB. [IposeMoHCTpHpOBaHA KOPPENALHS MEXKIY OIIEHKaMHU
KOH(GOPMAITMOHHON Ta0UITBHOCTH, TOTyYCHHBIMA Ha OCHOBAHUH CTATHCTHYECKOTO aHaIn3a aHcaMOei
kKoH(pOpMAaIUil TENTUIOB, HAOIIOJAEMbIX B IKCIEPUMEHTAIBHO OMPEICICHHBIX CTPYKTypax OENKOB,
U OIIeHKaMU KOH(OPMalIMOHHOHN JIaOMIBHOCTH/CTAOMIBHOCTH, BBIYMCIEHHBIMM Ha OCHOBaHHUHU Tpa-
eKTOPHUI MOIIEKYISPHOW AWHAMWKH. BEIeneHsl moarpymmel 6oliee «KOHPOPMAIHOHHO-CTa0MIBHBIX
MENTUA0B», KOTOPhIE XapaKTepH3YIOTCsS NPEUMYLIECTBEHHO O-crupajbHOi koHopmanueid. Chop-
MHUPOBaHBl C HCIOJIb30BAHUEM KOMIIJIEKCHBIX KPHUTEPHUEB KOHCEHCYCHBIE CIIMCKH TETPAIENnTHJIOB,
XapaKkTepU3yIIINXCs HaWMEHbIIed KOHQOPMANHOHHON TaOHIBHOCTBHIO (HaMOONBIIEH KOHGpOpMAIIH-
OHHOM CTaOMJIBHOCTBIO). BbIAeIeHBI MENTHIbI, 00JIafaronie MOBBIIICHHONH KOH()OpMAIMOHHON Ja-
omnbHOCTBIO. Takum 00pa3om, cpenu BceX KOMOMHATOPHO BO3MOJKHBIX TETPAIENTHIOB UMEET MECTO
CyIIECTBEHHAs NIOJS TETPAIENTHUIOB, XapaKTEepHU3YIOUIUXCS OIpeNeNeHHOCThI0 KOH(OpPMAaIMOHHOTO
cocrosiHus. OXapaKTepru30BaHO COOTHOIICHHUE MEXAY CTEIeHbI0 KOH(GOPMALMOHHON ONpeAeIeHHOCTH
MenTHAa ¥ €ero y4yacTHeM B IepBHYHOM cTpykType Oenka. Ilpm 3ToM 0Kaszajioch, YTO pPOJIb KOH-
(hopMamOHHO-CTAaOUIBHBIX NENTHA0B B (DOPMHUPOBAHUHU CTPYKTYpPHl OelKka MOXXET OBITh JOCTaTOYHO
BElIMKa, TaK KaK OHW COCTaBIAIOT, B cpeaHeM, okosio 10% aMUHOKHCIOTHOW TMOCIEAOBATEIbLHOCTH.
Ha npumepax peanbHBIX paCTBOPUMBIX MTENTHAOB MIOKa3aHa BO3MOXKHOCTh OIIEHKH KOH(pOopMannoHHON
cTaOUIBHOCTH NI000# Hamepex 3aJaHHOW aMHUHOKHCIOTHOHM MOCIEeZOBAaTENbHOCTH HAa OCHOBE paspa-
0OTaHHBIX KpUTEpHEB KOH(GOPMAIMOHHON JTaO0WIBHOCTH TETPANeNnTUIOB.

Knrouesvie cnoea: xongopmayuonno cmabunvhvie/1abunbhvie cecmenmyl 0OeiKd, JNOKANbHASL CMPYKMYypa
0enxka, KOHGOPMAYUOHHBIE AHANU3, CTHANUCTHUYECKUL AHATU3, MONEKYIAPHAS OUHAMUKA.
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3ajmada ompemeneHust CTPYKTYyphl Oellka 1Mo ero  THl MPOBEACHHBIX paHee MCCIENO0BAHUN CBUIETENb-
CTBYIOT O 4Ype3BbIYaWHOW CIOKHOCTH 3ajJayd, U
MpEeACTaBISETCS PasyMHBIM chOpPMYyIUpPOBAaTH He-
KOTOpBIC TO3a/Ia9l B paMKaX dTO# oOmell 3amaqu,
B YaCTHOCTU HU3YYUTH B3aUMOCBA3bL «IOCICOOBA-
Cokpamenne: MJl — MonekynspHas IWHAMHUKA. TEIIPHOCTh—CTPYKTYpa» Kak (YHKIIUIO JUIMHBI IICT-

IMOCIIEIOBATEIILHOCTH OCTA€TCSd B CIHUCKE BaKHEH-

IIUX BBI30BOB COBpPEMEHHOU Owmosiornu. Pesynpra-
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KOH®OPMAILIMOHHASA CTABUJIBHOCTB/JIABUJIIBHOCTD

Tuaa. M3 anpuopHBIX cOOOpakeHUH Cleqyer, 4To
CTPYKTYpHAsi ONpPENeIeHHOCTh (MU «KOH(pOpMa-
NHOHHAS CTA0MJIBHOCTHY») AOJKHA PACTH C YIJIH-
HEHHEM TOCIEA0BATEIbHOCTH. JleMCTBUTENBHO,
pa3Huma B JHEpTUU (CBOOOMHON DJHEPTUH) KOH-
dbopmanuii KOPOTKOTO TMENTHIAa CYyIIECTBEHHO
MCHBIIC, YEM JJIA AJIMHHOI'O IICIITHAA. B NpUuHOUIIC
BO3MOJXHA CHUTyallUs, KOrJa IMOJIHasl CTPYKTypHas
OJTHO3HAYHOCTh HACTYyMaeT TOJIBKO MPU JOCTHXKE-
HUH HEKOTOPOH IMHBI aMHHOKHCIOTHOUW TMOCie-
JIOBATEIBLHOCTH (XOTS Jlake OTIeIbHbIe AaMHUHOKHC-
JIOTHBIE OCTATKH MPOSBISIOT TEHIEHIIUIO KOHIIEH-
TPUPOBAThCA B OTMPEICICHHBIX OO0JACTAX KapThl
Pamavannpana [1]).

Bo3Hukaer 3aKOHOMEPHBINM BOMPOC, UMEET U
MECTO COOTBETCTBHE MEXAY IMOCIEA0BATEIHHOCTHIO
U CTPYKTYpOi Ha YpOBHE IMOCIEI0BaTEIbHOCTEH
0oJiee KOPOTKHX, YeM HAaTUBHas memnb Oenka. Oco-
0eHHO MHOTOOOemaromel ncciIenoBaTeIbCKON 3a-
nadell SBISIETCS aHaNU3 JIOKAIBHBIX CTPYKTYp, CO-
OTBETCTBYIOIIUX KOPOTKHUM ydaCTKaM HOJUIICITHUA-
HOW 1enu (CoAepKallMMU [BE, TPU HIH UYETBIpE
aMI/IHOKI/ICHOTLI) N YCTAaHOBJICHUEC BO3MOJHBIX 3a-
KOHOMEPHOCTEH CBSI3M MEXIy KOoH(popmamueil Ta-
KHUX TICINTUAHBIX (I)paFMCHTOB N UX aMHUHOKHCIOT-
HBIMH ITIOCJIICAOBATCIBHOCTSIMMU. HpCIlCTaBHHCT HH-
Tepec HMMEHHO HCCIeI0BaHUE KOPOTKUX CETMEHTOB,
MOCKOJIBKY B 3TOM Cllydae BCE€ BO3MOXHBIE MOCIE-
JIOBaTEIRHOCTH MOTYT OBITH TEpeduclieHBl. B ca-
MO# 0o0mIei mocTaHOBKE 3amada MOYXET OBITH pac-
CMOTpEHa KakK KJIacCHPHUKAIUI 00BEKTOB IO JABYM
rpynmnaM CymecTBEHHO pPa3sHOPOIHBIX NPHU3HAKO-
BBIX OMMCAHUN: AMUHOKUCIOTHOW IMOCIEIOBATENb-
HOCTH ¥ MPOCTPAHCTBEHHOW KOH(POPMAIUH.

s pemieHus TakoW HCCIeIOBATEIbCKOU 3a-
ladd MOXHO, BO-TIEPBBIX, H3y4aTh OOIINE KOH-
dbopManuu N CXOAHBIX IMOCIEAOBATENBHOCTEH
AMHUHOKHCIOT. BO-BTOpBIX, MOXHO Ha OCHOBE
knaccupukanuu HabmomaeMpIx KoHpopManmii mo-
cTapaTbcsl ONPENSIUTh HabOp aMHUHOKHCIOTHBIX
MOCIEA0BATEIBHOCTEH, XapaKTEePHBIX JIJIs1 KOHDOP-
Mauuu TOro wiau wuHOro tuna. [lomxon, 3akiro-
YaIOMUICId B CHCTEMAaTHU3aI[MU OJHUTOMENTHIOB C
KOHKPETHOW IOCIIEe0OBATEIbHOCTHIO IO TOMY, Ka-
Ky CTPYKTYpY Wi KOH(popmanuio (10 KpUTEPHIO
3HAYCHUU NBYTPAaHHBIX YIJIOB B OCHOBHOW IIEITH)
OHH TIPUHUMAIOT, OB MPUMEHEH IS aHaln3a U
MpencKa3aHus BTOPHUIHOU CTPYKTYpH Oenka [2—4]
U pacrnpoCTpaHeH Ha KOHQpOpMaIuu o0IIero Tumna.
MoxHOo mpuBecTH paboTsl [5,6] kKak mpuMep ynad-
HOTO BapHaHTa COMOCTaBJIeHUS KoH(DopMaIuii TeM
WM UHBIM aMHHOKHCIOTHBIM IOCIEI0BATEIbHO-
CTSIM.

IIpu ucnonb30BaHUM albTEPHATUBHOU METO-
noyoruu [6] cucremMaTtu3zamus GparMeHTOB BEAETCS
Ha CTPYKTYPHOM YpPOBHE MO MPHU3HAKY HX CTPYK-
TYPHOTO CXOJICTBAa C BBIJIEIEHUEM CTPYKTYPHBIX
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kiacrepoB. Kaxaomy CTpyKTypHOMY KiacTepy
MPUIIHCBIBAIOTCS ONPENeIeHHbIE aMUHOKHUCIOTHBIE
MOCJIEJOBATENbHOCTH, U B KOHILIE KOHIIOB CTPYK-
Typy KaHOHHYECKOTO (parMeHTa yJaercs ycTaHaB-
JUBAaTh TOJIKO Ha OCHOBE MH(OpManuu o mocie-
noBaTenbHOCTH. PaboTy [7] MOXHO TpUBECTH Kak
npuMep KOMOMHHPOBAHHOTO MOAXO0MAa, KOTAa y4H-
TBIBAIOTCA pAa3HOHAIIPABJICHHBIC CBA3U KOH(I)OpMa-
oK U IIOCICAOBATCIBbHOCTH.

Mpl fonmyckaeM B KadecTBe paboueldl THIOTE3bI
CYLIECTBOBAHHE NOCTATOYHO KOPOTKUX (parmeH-
TOB TOJIMNENTUIHONH LENHU, XapaKTePHU3YIOIIUXCS
HEKOTOPOW TPEANOYTUTEIbHOW KOH(pOpMaIHueH.
Mps1 ompexpenseM KOH(QOPMAIMOHHO-CTAOMIHHBIN
OJUTOTIENTH/ KaK CETMEHT IOJUMENTUIHON Ienu
C OIPENENEHHOW IOCIeN0BATENbHOCTBIO AMUHO-
KHCIOTHBIX OCTaTKOB, KOTOPBIH MPOSBISET SIBHBIE
KOH(pOPMALHMOHHBIE TPEAINOYTEHHsS] B JOCTaTOYHO
OoJsipiiol BEIOOpPKE CTPYKTYp OenkoB. O4eBUAHO,
9TO MOJNOOHOE KayeCTBEHHOE ONpENeTeHHE HYX-
JAeTcsl B KOJTMYECTBEHHBIX KPUTEPUIX OLIEHKH «SIB-
HOCTH» KOH()OPMAIIMOHHBIX NPEAIOYTEHUMN.

[Mouck takoro pona «KoHPOPMALHOHHO-CTA-
OMNBHBIX» TeTpanenTUAoB OblT HadyaT B pabote
[8]. KorndopmanmoHHO-cTaOUIBHBIE TENTU/IBI BHI-
JEJISUIM 110 MOCTOSHCTBY KOH(pOpPMamuu OTHOH M
TOW e MOCIeJOBAaTEIbHOCTH B Pa3HBIX OelKax.
KonkperHo, koHpOpMaTMOHHO-CTAa0OMIILHBIMHU CUH-
TAJINCHh TE€ OJIMTONENTUIBI, AN KOTOPHIX Ooiee
65% HabmogaeMbIX KOH(POPMAIMOHHBIX COCTOS-
HUH Oblmu Onmu3ku Apyr K apyry. CremneHp Onu-
30CTH KOH(pOpMAIUi B Ipenenax 3Toro 0a30BOTrO
KOH(POPMALIMOHHOTO THIa TaKXe OOJDKHA Oblia
OBITH JOCTATOYHO BeNWKa (OTIMYHME IO JBYTrpaH-
HeIM yriiam MeHee 10°). B utore B pabote [9] 6610
MOJIyY€eH CMHUCOK, BKIodatonuii 900 o-cnupaibHBIX
u okoj0 50 He o-cnupaIbHBIX KOH()OPMaIMOHHO-
CTAOUJIBHBIX NENTHIOB.

Ucnonk3oBanubie B pabore [9] kputepuu oT-
0opa «KOHGOPMAIUMOHHO-CTAOUIBHBIX)» IMENTHI0B
HYKJAIOTCSI B JOMOJIHUTEIBHOW apryMeHTaluu B
CMBICIIC BBIOOPA YMCICHHBIX 3HAUCHUN KPUTEPHEB.
OnuH MyTh YTOYHEHHUS YUCICHHBIX KPUTEPHUEB OT-
0opa KOH(POPMALHMOHHO-CTAOUIBHBIX MENTHIOB
MOYET OCHOBBIBATHCS Ha OIICHKE CTATUCTUKH pac-
TpenesieHus 10 BEIOpaHHBIM Mmapamerpam. Jpyroit
MOJIX0/I, pealn3yeMblii B HacTosAmel paborte, cBO-
JIUTCSL K BBEJICHUIO LIENOTO psija moka3aTeneldl KOH-
dhopmManmmoHHOU cTabmIbHOCTH (WU, 9YTO yaoOHee,
Na0UIBHOCTH) MENTUAHBIX (PAarMEeHTOB, HOCAIINUX
OoJsiee 00N xapakTep, A UcCIeqoBaHUsS (HEHO-
MEHa BCTPEYaeMOCTH «KOHPOPMalUOHHO-CTAa0UITb-
HBIX» MENTHIOB B CTpYKTYypax OenkoB. [Tokazarenu
TaKOTO poJa ObLIM BBEACHBI B HacCTOsIIeH pabote
W TPUMEHEHBl K aHallu3y MPEJCTABUTEIbHOW BBI-
6opku OenkoB m3 PDB.
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MATEPUAJIBI U METOJBbI

Boi0opka naHHbIX. CTPYKTYyphl O€TKOB OBLIH
B3ATHI U3 OaHKka gaHHBIX 6enkoB PDB [10], ucmonb-
3oBaH penus 2017 r. C ucnoiap3oBaHUEM pecypca
VAST [11] n3 PDB Obuiu BoIOpaHbl Qaliasl ¢
paspemenueM He xyxke 2,0 A u ¢ monapHoii uaeH-
THUYHOCTBIO TOCIEA0BATENbHOCTEH, HE MPEBBIIIAI0-
meit 50%. B pesynpraTe Oblia chopMupoBaHa BbI-
O0opka m3 CTpyKTyp 25121 OenkoBuIX mermeid. Jlms
KaXXJOW M3 nenell AIsi aMUHOKHCIOTHBIX OCTaTKOB
C H3BECTHBIMM KOOpPIMHAaTaMU KaXkKIOI'0 HEBOIO-
PONHOTO aToMa TIaBHOW IeNu OBUIM pacCYUTaHBI
3Ha4YeHHsI YyriIoB @ WU \Y, U NMPOBEAECHO pa3z0ueHue
Ha Terpamentuabl. B aHanmu3 OBIINM BKIIOYEHBI
TOJIBKO T€ TeTpamenTUIHble (parMeHThl, AN KO-
TOPBIX M3BECTHBI BCE BOCEMb ABYI'DAHHBIX YIJIOB.

MeTtoabl OLEHKH KOH(POPMAIMOHHON JTAOUIL-
HOCTH M CTAOWIBLHOCTH MENTHAHBIX (PArMeHTOB Ha
OCHOBE AHAJIN3a MHOKECTB Ha0JIH01aeMbIX KoHpOp-
MalMii NMenTUI0B C ONpeHdeIeHHO! TOoC/eT0BaATe b-
Hocthl. Ilycte P — m-mentun (m = 2, 3, 4, ...)
C 3aJlaHHOW aMHUHOKHCIOTHOW TMOCIEA0BATEIbHO-
cThi0. BynemM omuchiBaTh MPOU3BOIBHYIO KOHGOP-
Maluo m-mnentujga P mocpeacTBoM 3ajaHus Ha-
0opa yriioB ¢ W \, YIOPSAIOYEHHOTO B BHJC BEK-
Topa p, € R? c pasmepHOCTBIO 2m, D, =

ko p5 ., Pk, p; € R, rie KOMIIOHEHTHI p; ¢
HEYECTHBIMU 3HAYCHUSIMH MHJEKCA i COOTBETCTBYIOT
yriaM @, a KOMIIOHEHTHI p; C Y4ETHBIMU 3HAYEHUSAMHU

I — yriam .

bynem cuurtarh, 4TO B BEKTOPHOM HpPOCTpaH-
ctBe R?™ ompeneneHo CKalsSpHOE MPOU3BEICHHUE,
T.€. JUIA IPOU3BOJBHBIX p_1>, ]72) € R?" ompenenen

2m
ckanap < py, p; > = Zp}plz COOTBETCTBEHHO,
i=1

JUIs IPOU3BOJIBHON Iapbl BEKTOPOB ;7{, 172> e R

ONPENENCHBl  PACCMOSIHUE dist(ﬁl), p_2>) =
S>> 5> — —
<P -PPi—-P> u yeon ang(p], Py =
= =
<pPy>
arccos

N<pL DL ><Po Dy > )

Hns ynobcTBa mocieayomero u3noKeHus: BBe-
€M HECKOJbKO JIOIMOJHUTENbHBIX 0003HaYCHH.
IlycTs 3aaHO KOHEYHOE MHOXECTBO 4HCeN 4 =
{a;, a,, ... a, a,}, a;, € R. Hazoem O¢(x)
onepamopoMm Gopmuposanus SMRUPULECKOU y HKYuuU
pacnpedenenus 4ducen BO MHoxecTBe A, ¢p(x)4 =
sup{B < 4,| Va € B : a < x}|/|[A], x € R. [us

KpaTKOCTH 0(x)4 Oymem Tak)ke 3alUCBIBATh Kak

4.

TOPIOMWH wu np.

Hasosem 2 onepamopom  (Popmuposanus MHo-
drcecmea 3Hauenuli MHOXKecTBa A (Hampumep, 4 €
R),ZAAZBQA | Va € A :a € B, Va, b € B:
a#b, 1" — onepamopom VHOPAOOUEHUS MHOJICECm8d
no eospacmanuio, V'A = (ayy, 4y, ---| 4y < ayp) <
e Apgy e S gy, Va; € A Jj € N[l.n] : i =
1(j)), toe I(j) : N[l..n] > N[l..n] — noaxonsmas
@yukyus nepenymepayuu 3IEMEHTOB (IHYMEpaTop)
4. Torna j-it 2IeMEHT yIOPsSIIOYCHHOTO MHOXKECTBA

1A obo3Haumm 17()4 = a5
N

Torpa, onpenenuM | — ONEPaTOpP BBIYUCICHUS
MaTeMaTH4eCKOro OKHMIAHHs 3HAYCHHA X € A mo

sMnupuyeckoil dynkuuu pacnpeseneuus ¢4 Kak
lzA4

AA 1 A A

b = )4 —00, D), e x; =
=1

{\Jr(j)gA, a IIPOM3BOJIBHOE X < inf(4), x, € R.

Onepamop o, ebzuuCJzAﬂiowuﬁ cmanoapmuoe omKo-

nenue x € A mno ¢4, ompenenum Kak o4 =

2
VL S v, o b
j=1

IIycte mns m-nentupa P ¢ dukcupoBanHOM
AMHHOKHUCIOTHOW TOCIIE0BATEIbHOCTHIO 3a/aHO
n, KOHQOpMAIMH, KaXJOH M3 KOTOPBIX COOTBET-
cTBYeT BeKTOp p, € R¥, k = 1, ..., n;. Hazosem
MHOXecTBO BekTopoB C(P) = {p_k)}, k=1, .. n,
MHOJICECmBoM HADII00aAeMbIX KOHGoOpmayuil TIeTITH-
aa P. Ilycte 4 € R — MHOXECTBO IONAapHbIX
paccTosiHUN Mexny anemeHTamu MHoxecTtBa C(P):
A,(C(P)) = {dist(a, b)la, b € C(P), a # b}, a
MHOXKECTBO A, C R — MHOXKECTBO IIONAPHBIX 3HA-
YeHUH yriaoB MeXIy 3aeMeHTaMu MHoxecTtBa C(P):
A,(C(P)) = {ang(a, b)la, b € C(P), a # b}.

[ycte 3anman aJI\q)aBI/IT B = {b, .., b‘BJ} TUTSt
OTIMCaHUA BTOPUYHOW CTPYKTYPBI OTIACIBbHOM aMU-
HOKHCIOTHI. TaKOBBIM MOJKET SIBIATHCS, HATIPUMED,
andasutr B = {’a’, ’B°, ’C’}, rme ’o’ COOTBETCT-
ByeT o-cnupaiu, '’ — B-crpykrype, 'C’ — HECTpyK-
TypupoBaHHBIM ¢parmenTaM (coil). Omnpenenum
dynknuio @ : R? — B, cTaBsmyoo B COOTBETCT-
BHE 3HAUEHHUSAM IHaphbl yrioB @ M Y CHMBOJ U3
andasura B (Takas QyHKIus MoxeT OBITH OIpe-

JcJICHa, HAIIpUMEpP, B COOTBETCTBUU CO CTAaHAAPTOM
DSSP).

Jnsa 3aganHoro nentuaa P MHOXkecTBY Habmt0-

o _ >
naemMbIx kKoHpopmaruii C(P) \P;} OOHO3HAYHO
COOTBETCTBYET MHOXXECTBO JIUTEp BTOPUYHOH
ctpykrypst L(C(P)) = (D@, pk, )l i = 2 + 1,
j=0,...m—-1 k=1, ..., nj}. Torna nusa
MIPOM3BOJILHOW JTUTEpPHl b € B ompenenum gacroty
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BcTpedaemoctu v, Kak vy (L(C(P)) = [{a € L(C(P)|
a = b}|//|L(C(P). Ana andasuta B = {'a’, B,
’C’}, TakuM o0pa3oM, IS KaXIoro mentuma P
OTIpe/IeJICHbl YacTOTHl BCTPEYAEMOCTH COOTBETCT-
BYIOIIUX JIHTEP V,, Vg, Ve

B Hacrosmei#t paboTe mccienyercs koHpopma-
MHOHHAS CTAaOWUIBHOCTh MENTHIHBIX (ParMeHTOB.
HpaKTI/IT-IeCKI/I OZIHaKO Ha OCHOBE MHOXKECTB BECK-
topoB C(P) = } qng m-nentuga P ¢ 3amaHHONR

AMHHOKHUCIOTHOHM TMOCIEN0BATENLHOCTEIO TOPa3ao
ynoOHee OLECHHUBATH KOH(POPMAIMOHHYIO JaOUIIb-
HOCTB NeNnTHA0B. Toraa nocie ynopsiioueHus pac-
CMaTpPHUBAEMBIX M-TMENTUIHBIX (PArMEHTOB B CO-
OTBETCTBHHM C YHCIOBBIMH 3HAYEHUSMH OIIEHOK
KOH()OpMANMOHHOW JIAOMIBHOCTH BEPXHSS YacTh
TaKOTO CIHCKa OyIOeT COOTBETCTBOBAaTH Oolee
«KOHGOPMAIIMOHHO-CTAOUIBHBIMY» Mm-TIENTHAM, &
HIDKHSSI 9aCTh CIHCKa — 0ojiee «KOH(pOPMAITMOH-
HO-JIa0MJILHBIM) m-1enTnaamM.

C uncronp30BaHUEM BBEACHHBIX BBIIIE 0003HA-
YeHU CPOPMYITHpPYEM HECKOJIBKO CIIOCOOOB OICH-
KM KOH(POPMALMOHHOW JIAOWJIBHOCTH HENTHIHBIX
(¢parMeHToOB, IPEACTABICHHBIX B CTPYKTYpax Oein-
KoB. B Hacrosmeil paboTre OBLIO HCIOJNB30BAaHO
OATh OLICHOK KOH(GOPMALMOHHOW JIaOMIBHOCTH
NPOU3BOJBHOTO m-nentuaa P:

s,(P) = ﬁdA)Al(C(P)), T.C. CpEIHEEe PaCCTOSHHE
Mexay aneMmeHtamMu MHOXectBa C(P);

s5(P) = 3$A1(C(P)), T.e. CTaHJapTHOE OTKJIO-

HCHHEC pAaCCTOAHUA MEXKAY JIEMCHTAMHU MHOXECTBA
C(P);

53(P) = ﬁdA)Az(C(P)), T.e. CPEAHHUH Yroja Mexay
anemeHTamMu MHoxkectBa C(P);

AN
s4(P) = c¢4,(C(P)), T.e. cTanmapTHOE OTKJO-
HEHHE yrila MeXmay aneMeHTaMu MHoxecTBa C(P).

s5(P) I — max(v,(L(C(P))), vp(L(C(P))),
vo(L(C(P)))), T.e. enMHMIA MHHYC MaKCHMaJbHas
M3 YacTOT V,, Vg, Vo A mentuia P.

B pabote Takke HCIONB30BaIU KOMHO3UMHbIE
OYeHKU KOHGOPMAyuonHou nadunbHocmy m-nenTu-
OB, T.e. OLEHKH, IPENCTABISIOIINE COOOH KOM-
NO3UIMH CHOPMYINPOBAHHBIX BBIIIE OLIEHOK §—Ss.
PaccMoTpuM mpumep NOCTPOEHUS KOMIIO3UIUHU U3
JIBYX OLIEHOK X, y. IlycTh MeXay OUEHKaMHu X, y
CYIIECTBYIOT KOPPEISIHH, ONUChIBAEMbIe (PYHKIIHS-
MU Yy fx) m x (). KoHkpeTHBIH BHI
Gynknuii f(x) u f1(y) ycranaBnusaercs B pe3yib-
TaTe MPOBENEHUS COOTBETCTBYIOIIMX PETrPECcCHOH-
HBIX aHaNnu30B. Torja KOMIO3HWIHMH OLEHOK X H
Y BBOJIATCS TMOCPEACTBOM KOPPEISLIUOHHBIX Ipe-
o0pasoBanuii, T.e. KaK s, = x + f(y) wim xak
Sy = ¥ T f(x). ITogoO6HBIM 00pa30M IMOJYyYarOTCS
OLIEHKH §|y5, S345 U AP.
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Crnoco0d omeHkn KoH(pOPMANMOHHON JTa0NIBLHO-
CTH M CTA0OWILHOCTH NENTUAHBLIX (PPArMeHTOB Ha
OCHOBE JeHATYpUpYIolleldl MOJIEKYJIAPHOH JUHAMM-
kM. [Ipouenypa neHaTypupyrolieil MoJeKyIapHOUH
nuaamukd (M/]), B BapuaHTe, MoaApoOHO OMHUCaH-
HOM B pabote [12], MoXxeT ObITh MpHUMEHEHa IS
OLEHKH CTAaOMIBHOCTU KOH(OpPMAIMK NIPU HarpeBe
cucrembl. [lns nposeaerus M ]l Obln MCIoONb30BaH
nporpamMubiii maker ECMMS [13] ¢ cunoBsiM
nosem UFF [14]. KoopauHaTel aTOMOB BOJgOpOAa
OBLIM paccYUTaHbl WUCXONIS U3 CTaHIApTHOU Treo-
MeTpuH. «JleHaTypupyromas» MOJeKyIspHas IH-
HaMHKa OBLIa MPOBEAEHA C WCIIOJH30BAHHEM MO-
IUGUIIMPOBAHHOTO alTopUTMa ckadyka [15] B co-
geranuu ¢ tepmocratom (400, 600 u 1000 K), 6e3
MOJIETH PAcCTBOPUTENSA (C HENbI0 yBENHMYECHHS e-
HaTypupymomero 3ddexkra) u 06e3 SIBHOTO MOTEH-
nuana Aias ONHCaHUSA BOJOPOIHBIX CBA3EH.

Habop nexapTOBBIX KOOPAUHAT UCXOTHON KOH-
dbopmManuu uccieayeMoro menTtuga P BeiOupaiu
Ha OCHOBAaHWU HEKOTOPOH MequaHHOW KOH(opMma-
UM, BBIYMCIEHHOW HA OCHOBAHWU 3HAYEHUH YIJIOB
¢ U y. B TepMuHax BBeIEHHBIX paHee 0003HaAUCHII
nentuay P cooTBETCTByeT MHOXECTBO HabJir0nac-
meix kondopmaumit C(P) = {p}, p; € R¥™, k =
I, ..., n;. Menuanno#i kondopmanued nenrtuga P
OyneM Ha3bIBaTh TaKOW BEKTOP a e C(P), mnsa
KOTOPOTO CyMMa pPacCTOSHHH J0 OCTaJbHBIX dJie-
mentos C(P) MHHMMaNbHa, T.e. @ = {17,? e C(P)

. % .
| Zdlst(pk,@ — min}.
Jj=1l.n

Ha ocHoBanum MemuaHHOW KoH]oOpMammu a

u3 PDB 6panu cooTBeTCTBYIOLIYIO LIENb U JAeKap-
TOBBl KOOPAMHATHI, COOTBETCTBYIOLIUE d, HCIIOJIb-
30Bajd KakKk HCXOAHBbIE KOOPIAMHATHI MOJAEIUpPYeE-
Moro mnentunaa. VcxonHble 3Ha4YeHHS CKOpOCTEH
Ha3Ha4Yajdd B COOTBETCTBUHM C paclpeneicHueM
MakcBenna s 3aJlaHHOW TemmepaTypbl. [ns ka-
KJOTO TENTHAHOTO (QparMeHTa BBIYHCISAIN Tpa-
eKTOpHUHU NpoaokuTensHocThio 100 mc.

Kondopmanuonnyo naOuIbHOCTH HCCIELye-
MOr0 HeNTHAAa XapaKTepu30Bald MOCPEICTBOM
CpaBHEHHA KOH(QOpMalU{ MEeNTHAAa B AaHHBIH MO-
MEHT BPEMEHHM CHUMYIALHMHM U CXOXel KoHpopma-
nueit (¢t = 0). Pasnuumsa B xoHpoOpManum OIEHHU-
BaJHU IOCPEICTBOM CPEIHEKBAJPATUYHOTO OTKJIO-
HEHHSI aTOMOB TJIaBHOH uenu («rmsd») u kodpdu-
LHUEHTa KOPPEeIALUH «rmap» MEeXAYy 3HaueHUIMU
3JIEMEHTOB MAaTpHUIl NOHNapHbIX paccrosiHui. Ilo-
Ka3aTelb rmap XapaKTepHU3yeT CXOXKECThb CTPYKTY-
pbl B 3aJaHHBII MOMEHT BpPEMEHH C HadaJlbHOM,
ucxogHoi xKoHpopmamueil mentuna (C TOYHOCTBIO
OO0 TpaHCIsIquu U portanuu). B pesynprate M/l -
CUMYJISILIMU ISl KaXKA0T0 NenTuAa ObLIN MOTyYeHbl
KkpuBbie rmsd(t) u rmap(t).

4%
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Taommma 1. KoppenanuoHHelii aHanu3 OIEHOK KOH(GOpMalMOHHOW NMaOUIBHOCTH S| — Ss.

Onenka S Sy 53 Sy S5
51 1,00 0,67 0,93 0,72 0,63
5y 1,00 0,75 0,88 0,17
53 1,00 0,70 0,62
S4 1,00 0,20
S5 1,00

IMpumeuanne. B Tabnune mpuBeneHbl 3Ha4YeHUs KodhdHUIHEHTa Koppemsuuu. MaTpuua Koppemsiuil CHMMETpUYHa, IO3TOMY
MPUBEICHEl 3HAYCHUS TOJNBKO mius n(n + 1)/2 HE3aBUCHMBIX 3JIEMEHTOB MaTpPHIEL.

B kadecTBe MHTErpajbHBIX Mep KOH(MOpMaIH-
OHHOM J1a0UABHOCTH/CTA0UIBHOCTH, BEIYUCIAEMBIX
Ha OCHOBAHUHU NaHHBIX M /[-TpaekTOpuil NeNTUIOB,

OBLIM HCHOJb30BaHbI BCJIMYHNHBI, KOTOPBIC MBI 000-
t

MD
sHaunmn kak AUCG,  n AUCG, . AUC, = _[rms(t)

t=0
npeacTaBisieT coO0U MmIomanb moja KpuBou rmsd(t)
W XapaKTepU3yeT CTENeHb OTKIOHEHUS aTOMOB
[JIAaBHOW IENU MENTHAHOTO (parMeHTa OT HCXO/I-
HOM KOH(GOpMalMu 3a BpeMs MOJEIUPOBAHUA fyp
(100 1c), T.e. xoHPOPMANMOHHYIO JIAOHIBHOCTH

NENTHIHOTO ¢dbparmenTa. COOTBETCTBEHHO,
tMD

AUCrmap Irmap(t) — Iulomanab IMoJX KpUBOU
t=0

rmap(t) "W, HA0OOPOT, XapaKTEePHU3yeT CTaOWIb-
HOCTh KoH(popMarnuum TmenTuna (Oojiee BBICOKHE
3HAYEHUA COOTBETCTBYIOT OOJIbIIeH CTaOUIBHO-
ctu). Jas KaXXaoro MenTHAa MPOBOIMUIHA BBIYHC-
nenue aecsitu M JI-TpaekTopuil ¢ pa3nuyHbIMU 3Ha-
YEeHUSIMM HadaJbHBIX CKOpPOCTEH, Ha OCHOBaHUU
KOTOPBIX BRIYUCINM cpeanue 3Hadenus AUC,
u AUCrmap JUIsl TaHHOTO MENTUAa U CTaHJapTHBIE
OTKJIOHEeHHA 3THX BenuduH (cAUC, u cAUC

rmap
COOTBETCTBEHHO).

PE3VIJIBTATBI 1 OBCYXJAEHUE

Boluncnenue 3HadeHHi OICHOK KOH(MOpMAaIH-
OHHOM nabunbHOCTH s,—S5 M1 135000 Terpanen-
THAOB, KOTOpble Oblnu HaljaeHst B PDB (mpum
KOMOHWHATOPHO BO3MOXHOM YHCJE TETPAIENTHI0B
1,6:10%), moKa3aj10 3HAYUTENLHYIO KOPPEISALHUIO Me-
KOy dTUMH olleHkamu (Tabu. 1, puc. 1). Haubonee
BBIPAXKCHBI JIMHEHHBIC KOPPEISAIUH MEXAY OIICH-
KaMHM S, U S3, 5, U §4. OueBUIHBI BBIpa)KEHHbBIE
CTENEHHBIE KOPPEIALHMHM MEXKIY OLUEHKAMH S| U S,
Sy M §4 (T.e. MEXKJY CPETHMM 3HAYEHHEM BEIHYHMHBI
MU ee CTAaHJapTHBIM OTKJIOHEHHWEM), OTHCBIBAEMBIE

BEIpakeHHAMH Buaa y = Ax. CymecrBoBanue
TaKUX KOPPEINSAIUA MEXKIy CpeOHUM 3HauyeHHEM
BEJIMYMHBI (1) M CTaHIapTHBIM OTKJIOHEHHEM Be-
JUYWHEI (G) BIOJIHE 0YEBUIHO KaK CIEACTBUE aCHM-
NTOTUYECKON aMMpPOKCHMAIMU THIIEPTEOMETpHUIe-
CKOTO pacmnpeneneHus [l16], mpu KoTopoM G =
V.

[IpuBeneHHBIC BBINIE PE3YIBTATHI KOPPEIALH-
OHHOTO aHallu3a MPEAIOKEHHBIX B HACTOSIIEH pa-
0oTe 01leHOK KOH()OPMAIIMOHHOM JIAGUIBHOCTH 5 —
S5 TOKAa3ajli, 4TO OLEHKH S§;, S, M S5 HaMMEHee
CKOPpETHPOBAHBI IPyT ¢ ApyroMm (cMm. Tadm. 1) u,
C M3BECTHBIMH OT'OBOPKaMH, MOTYT CUHTATHCS He-
3aBUCHMBIMUA. COOTBETCTBEHHO, JJIS JaJbHEHIIEero
aHaIM3a  HMCHOJB30BAINCH  NIPEUMYIIECTBEHHO
WMEHHO 3TH TPH OLIEHKH, HapsAay C KOMIIO3UTHOH
OLIEHKOH S5 (cM. pasmen «Matepuanbl M METO-
JIbI»), TIOJTY4YE€HHOW Ha OCHOBAHHHU PETpecCHOHHBIX
ypaBHeHUH (IpUMEpbl TaKOBBIX NPUBENEHHI Ha
puc. 1).

I[Ipu cpaBHeHHM KOHpOpPMAIUNA MOJEKYN, B
TOM dYHcIie OENKOB, OOBIYHO HCIONB3yeTCs TaKas
Mepa CXo)kecTu KoHpopmanwmii AByX (pparmMeHTOB
OCNKOBBIX CTPYKTYp KaK CpeTHEKBaJIpaTHIHOE OT-
ki1oHeHne (root mean square deviation, RMSD)
[17]. B cimysae OenIKOBBIX CTPYKTYp NOKa3aTelb
RMSD paccuuTpiBaeTcs, Kak NMpPaBHJIO, HA OCHO-
BaHUU JEKapTOBBIX KOOpDJIWHAT BCEX aTOMOB (3a
HCKJIIOYEHUEM aTOMOB BOJOPOJAa) HW/WUIU TOJBKO
KOOPJWHAT aTOMOB TJIaBHOU Ilenu. B To ke Bpems
MpHU aHaIU3e CTPYKTYP OCIKOBBIX MOJEKYJ TaKKe
WCIIONBb3YIOTCS TaK Ha3blBa€Mble «BHYTPEHHUEY WU
«eCTECTBEHHBIE» KOOpPAWHATHI, T.€. HAOOPHI IHH
CBsI3€H, BAJIGHTHBIX U IBYTPAHHBIX YTJIOB, KOTOpPHIE
OJTHO3HAYHO MEPEeCUYUTHIBAIOTCS B JEKAPTOBHI KO-
opauHaTel U HaobopoTt [18].

B cimydae moinekyn OenkoB ¢wu3mdecku 000cC-
HOBaHHOW M MOBCEMECTHO MPHUMEHIEMOU MOEITBIO
BHYTPCHHUX KOOpAWHAT ABJIACTCA HMCIOJIb30BaHHC
IBYTPAHHBIX yTIOB (@ W \J, HA OCHOBE 3HAYEHUU
KOTOPBIX CTpOsATCS KapThl Pamauvanapana [19].
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Puc. 1. Ilpumepsl koppemsiuuii MeXIy ouIeHKaMH KoH(opmamumoHHOI nabmnpHOCTH. Kaxkmas Todka Ha guarpaMme
COOTBETCTBYET TeTPANEeNTHAY C ONPEACICHHON aMUHOKUCIOTHON MOCIeN0BaTeIbHOCTbI0. [IpuBeieHbl 3HaUeHUS KBaIpaTa
kosdduruenta koppensiuu (R2) U ypaBHeHHs, MOJyYeHHbIE B Pe3yIbTaTe NMPOBENEHUS PErPecCHOHHOTO aHAIM3A.

[IpyHuMass BO BHMMaHUE BBICOKYIO CTENEHb Iula-
HAPHOCTHU MJIOCKOCTH MENTHIHOW CBSI3U (3HAYCHUS
yria ® JeXaT B JOCTaTOYHO Y3KOM JHala3oHe,
180° £ 5°), ucmop30BaHUE TOJIBKO HAOOPOB YIIOB
(@ W Yy B KayecTBe BHYTPEHHHUX KOOPAMHAT IMeM-
THIHOTO (QparMeHTa SBIsETCS NPHUOIHKEHUEM,
BIIOJIHE JOMYCTUMBIM [UIsl Lieled HacTosiel pa-
6otwl. [Ipennaraemas HaMu oLeHKa KOH(pOpMaLH-
OHHOH 1aOUIBHOCTH §; OCHOBAaHA, TAKMM 00pa3oMm,
Ha BeIYHCIeHnHn RMSD (Tonmbko He Ha Habopax
JEKapTOBBIX KOOpIWHAT, a Ha Habopax yrioB ¢
u ). Jpyrue mepsl KOHGOpMAMOHHON JTa0OUIIb-
HOCTH (S,—S,;) OCHOBAaHBl Ha CTaHJAPTHBIX CTATH-
cTuueckux monaxomax [20] u mpencraBiasOT coOoi
CpelHuEe BeTUYHHBI U UX CTAHJIAPTHBIC OTKIOHCHUS
(cM. pasmen «Matepuanbl U MeToab»). OLEHKa s
OBIJIa WCIIOJTb30BaHA B MPEAbpIAyuX padorax [8,9]
JUTSL OLIEHKU KOH(OPMalMOHHOHM Ja0uIbpHOCTH/CTa-
OMIBHOCTH N-TIENTUIOB.

Takum o00pa3oM, KOPPEMALUMOHHBIA aHAJIU3
yKazall Ha CyIIECTBOBAHHE KOPPEISIUH Mexay

BUOD®U3UKA ToMm 64 BpIm. 2 2019

OIlEHKaMH KOH(MOPMaLlMOHHON TaOUIBHOCTH §—Ss.
DTO TMO3BOJSET MPENNONOXKUTh, YTO TMPU YHOPS-
JIOYEHUY MHOYKECTBA BCEX TETPANENTUIOB B CITUCOK
M0 BO3PACTaHUIO 3HAYCHUS JTIO00M U3 ITUX OLIEHOK
Ha BEpINMHE CIHUCKAa MOTYT OKa3bIBaThCS OJHU WU
Te K€ TEeNTH]IbI.

Bosbmem, Hanpumep, 10% (t.e. 13500) nanme-
Hee KOH(GOPMAIMOHHO-TAOUIBHBIX MENTUIO0B U3
TaKOTO CITHCKA, YMOPSIAOYEHHOTO B COOTBETCTBUH
C oueHkoM s;, u 10% menTumoOB M3 CHUCKA, yIO-
PANOYEHHOTO B COOTBETCTBUHU C s,. IIpm mepece-
YEHUU OTHUX JBYX MHOXECTB OBLIO YCTaHOBIEHO,
gyto 3349 TterpamentunoB (t.e. 2,09% oTo Bcex
TETpanenTHAOB) BXOIUIU B o0a CIHCKa, T.C. sB-
JISJIACh  «KOH(GOPMAIMOHHO-CTA0OUIBHBIMHUY) Cpa3y
0 JIBYM OLIEHKaMH, S; U S,. AHaJIOTUYHBIM 00-
pa3oM MOTYT OBITH MOJYYEHBI MHOYKECTBA IENTH-
OB, KOTOPBbIE «KOH(POPMAIMOHHO-CTAOMIBHEI» B
COOTBETCTBUU C JIPYTHUMH OIeHKaMu KoHpopma-
LHMOHHOM JTAOUIBHOCTH (S3, 84, Ss).
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Tabamma 2. [Tpumeps HanbGosee KOHPOPMAIMOHHO-CTAOMIBHBIX (MM HaumMeHee KOH(OPMalHOHHO-Ta0UIIBHBIX)

TETpanenTUAHBIX (pParMeHTOB

IMenTun n S Sy 53 Sy S5 B.C.
WEYC 5 21,067 22,34 31,86 35,24 0 Hhhh
MSWV 6 28,401 23,22 45,02 38,61 0 Hhhh
LYYC 7 11,726 10,34 14,26 15,48 0 Bbbb
MAVQ 7 1,696 0,518 4,985 1,562 0 Hhhh
VYYC 15 3,98 1,458 4,448 1,851 0,014 Bbbb
CLAM 7 30,756 22,4 50,72 34,79 0,036 Hhhh
VMTI 7 6,761 2,632 7,47 3,019 0,036 Bbbb
CFIT 6 6,886 2,056 6,968 1,676 0,042 Bbbb
EMMS 6 4,514 1,984 13,000 6,164 0,042 Hhhh
VYYC 35 3,98 1,458 4,448 1,851 0,014 Bbbb
FHWG 9 24,577 16,62 27,86 19,56 0,028 Bbbb
IVCN 12 18,433 15,74 22,49 19,77 0,042 Bbbb
TYYC 23 7,904 6,28 8,737 8,529 0,054 Bbbb
YIYV 14 7,411 2,40 8,44 2,67 0,054 Bbbb
DYYC 13 4,792 2,243 5,369 2,797 0,058 Bbbb
IMIT 12 14,908 11,14 18,53 15,67 0,063 Bbbb
MPTF 12 8,695 8,204 11,36 11,64 0,063 Bbbb

ITpumeyanue. IlpencraBieHsl NENTHABl ¢ HAMMEHBUIIMMH 3HA4YEHUSMU OLEHKU S5, YHOPSJOYEHHBIE IO S5; 7 — YHCIO pPas,
KOTOpOE€ MEeNTUIHBIN (parMeHT BCTPETHJICS B HCClenoBaHHO BeiOOpke GenkoB. B.C. — Bropuunas crpykrypa (h — o-cnupads,

b — B-ctpykTypa).

[Ipu nmepeceyeHUH TaKMX MHOXECTB TeTparllen-
TH/AOB, MOJYYEHHBIX C HCIOJb30BAHHEM KaxXJIOU
U3 NATH OUEHOK §,—Ss5, OBLI IIOJY4eH CIUCOK H3
1034 TerpanenTuI0B, KaXKIbIi U3 KOTOPBIX BXOINI
B 10% nHammeHee KOH(OPMAaIMOHHO-TaOHIBHBIX
MNENTUI0B MPHU HCIOJIB30BAHUH JTIO00H M3 OLEHOK
§1—S5. B Tabn. 2 npuBeseHbl NPUMEPBI HEKOTOPHIX
M3 ITUX HaWMeHee KOH(POPMAIMOHHO-TA0MIBHBIX
(mmm  Hambosiee KOHPOPMANMOHHO-CTAOMILHBIX)
TETpPaNenTHAHbIX (PParMeHTOB, IMOJYYEHHBIX C HC-
I0Jb30BAHUEM OLEHOK S;—Ss.

[IpuBenennsie B Tabn. 2 mpuMephl MOKa3bIBa-
10T, 4T0 KOH(QOpMaIMOoHHO-cTabmIbHBIE (KOHPOP-
MaIMOHHO-HEeNaOMIbHbIE) MEeNTUABl, B COOTBETCT-
BUM C BBIBOJAAMH IpPEAbIAyIIUX paboT, MOTYT cO-
OTBETCTBOBATh O-CIIUPAJbHBIM KOH(pOpManusim
(«hhhh»); HEKOTOPBIE COOTBETCTBYIOT PB-CTPYKTYp-
HBIM KoH(popmamusam («bbbby). IIpencrasnser un-
Tepec paccMOTPETh, HACKOJBKO MPEANOYTHTEIEH
KaXAblH W3 3THX THUIIOB BTOPUYHOM CTPYKTYpHI
U1 «KOH(QOPMAaIMOHHO-CTA0UIbHBIX» IENTHAOB.

J1s 3TOro Mbl HPOBEIH PACYET SMIHUPUUYECKUX
(yHKIMH pacrnpeneneHuss 3HAYEHUH OICHOK KOH-
(GopManMOHHOH 1aOUIBHOCTH S|, S5 U KOMIIO3HUT-
HOMH OLIEHKH §|,5 Ul OTAEIbHBIX THIIOB BTOPUYHOM
CTPYKTYpHI (pHC. 2—4).

AHanmu3 sMmupudeckux (QYHKIOHH pacrpenerne-
HHUS OLEHOK KOH(QOPMAUMOHHOH NaOMIBHOCTH S,
S5, S125 IJIA OTACJIBHBIX THUIIOB BTOPHYHOM CTPYK-
TYPBI IOKa3aja, YTO IPH BCEX UCCIICAOBAHHBIX OLICH-
Kax Hanbolee CTAaOUIBLHBIMU SIBIISLIUCH Ol-CITUPalib-
Hble KoH(popmanuu. [laHHOE OTIHYHE MEXAY OM-
MUPUYECKUMU (QYHKUHMSIMHU pacupeneneHus Ais o-
crupanei U IpYyruxX TUIOB BTOPUYHOHN CTPYKTYPHI
OBLIIO JOCTOBEPHO B COOTBETCTBHH C KpPHUTEpPUEM
Koamoroposa—CmupHoBa.

Hanpuwmep, cpennee 3HaueHHe OLEHKH S; JUIA
OL-CIIUPAJIbHBIX KOH(GOpMaLui cocTaBuio s, = 24 +
5, a ansa P-CTpyKTyp M HECTPYKTYPHUPOBAHHBIX
¢parmentoB (coil) — s; = 27 = 4, uro sABIAeTCA
CTaTHCTUYECKH JOCTOBEPHBIM oTauuueM (P <
0,001). AHaIOTHYHBIE PE3yIHTATH OBLIH MOJTYIEHBI
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Puc. 2. Dmnupudeckass GYHKIUS paclpeiencHus 3Ha-
4eHUH OLEHKM KOH(G)OPMAIMOHHON JaOMIBHOCTH s
JUISL OTIENBHBIX THIIOB BTOPUYHON CTPYKTYPHI.
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Puc. 3. Dmnupuveckass GyHKIMS pacmpenereHus 3Ha-
4YeHUH OLEHKH KOH(OPMAIMOHHON JaOMIBHOCTU S5
JUISL OTJENBHBIX THIIOB BTOPUYHON CTPYKTYPHI.

U 18 OLEHOK Sy (a-cnupamm — 0,45 £ 0,06,
B-crpyktypel — 0,48 + 0,05) u 5,5 (a-cnupanu —
124 + 12, B-crpyktypst — 135 £ 14). MHade rosops,
o-cnupaibHble KOH(popManmuu MeHee KoH(popMa-
HUOHHO-Ta0MIbHBL, T.e. OoJiee KOHPOpPMAITMOHHO-
CTAOUIBHBI, YeM JApPYTHe Pa3HOBUIHOCTH KOHQOP-
Manuil TerpanentugoB. [Ipu 3ToM, B cOOTBETCTBUH
C OLEHKOHW s,, KOHQOpMalNHMOHHAs JIAOUIBHOCTH
B-CTPYKTYp M HECTPYKTYpPHPOBAHHBIX (parMeHTOB
B cpenHeM ojaumHakoBa. OIeHKa S5, OCHOBAaHHas
Ha aHaJIM3€ YacTOT BCTPEYAEMOCTH THIIOB BTOPHUY-
HOW CTPYKTYphl (cM. paszmen «Martepwanasl U Me-
TOJZBI»), TOKa3bIBA€T HECKOJbKO MEHBUIYI0O KOH-
dbopManMOHHYIO JAaOUIBHOCTH [-CTPYKTYp TIO
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Puc. 4. Dmnupndeckass QyHKIUS pacHpenereHus 3Ha-
YeHUIl KOMITO3UTHOH OIIEHKM KOH(MOPMALMOHHOU Ja-
OMIBHOCTH S|p5 AT OTAENbHBIX THUIIOB BTOPHUYHOU
CTPYKTYpBHL.
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Puc. 5. Jloyiss MOKPBITHS aMHUHOKHCIOTHBIX MOCIENO0-
BaTeNbHOCTEl OENIKOB TeTpamenTHAAMHU C 3aJaHHBIM
ypoBHeM KOH()OpMaIMOHHOW TaOMIBHOCTH Ss.

CpPaBHEHHIO C HECTPYKTYPHPOBAHHBIMHU (parMeH-
TaMH.

MBI mpoBenM aHaIW3 NPOLEHTA IOKPBITHA
AMHUHOKHUCIOTHBIX IOCIEJOBaTeNbHOCTEH TeTpa-
NenTUIaMu C 3aJaHHBIM YpOBHEM KoHdopmamu-
OHHOHM JTAOMJIEHOCTH IO OLEHKE S5 (puc. 5). Oue-
BHJHO, YTO TETPANENTUIBl C HU3KOH KoHpopma-
UMOHHOHM nabunpHOCTBIO (55 < 0,10, T.e. Oonee
90% wnabnrogaeMblXx KOHPOPMALUW MpHHAAIEKAT
K OJHOMY THIy BTOPUYHOU CTPYKTYpHI) MOKpPHI-
Bator MmeHee 1% (0,07%) oT mpom3BONBHOI aMu-
HOKHCIOTHOH mocnenoBatenbHocT. IlenTtuasl ¢
HECKOJBKO Ooubiield KOHGOPMaMOHHOHN 1a0uiIb-
HOCTBIO (S5 < 0,20) mokpeiBaroT 1,0% mpousBoib-
HOMl aMHHOKHCIOTHOM TOCIEIOBATEIbHOCTH, a
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TOPIOWH wu np.

Ta6iuna 3. CpaBHEeHHE OIICHOK KOH(GOPMAIMOHHON JaOMIBHOCTH IS ICNTHIOB-XaMeICOHOB» M3 0a3bl JaHHBIX

CHSEQ [21]
MHOXECTBO MENTHAHBIX (ParMeHTOB S Sy 53 Sy S5
TTenTHEI-XaMeTeoHbI 25,67 £ 6,67 | 1525 + 2,54 46,34 + 11,22 27,98 + 4,52 | 0,47 £ 0,11
He-XaMemeoHs! 21,91 + 829 | 14,67 + 3,97 |38,88 + 14,43 26,49 £ 7,26 | 0,45 + 0,13
P < 10250 4.10-238 < 10-250 < 10250 3.10-219
KOH@OPM?‘@:‘L‘*%‘;gawmm 20,46 + 6,62 | 13,90 + 3,75 39,14 + 11,15 25,60 + 6,73 | 0,29 % 0,06
P < 10250 < 10250 < 10250 < 10250 < 107250

HpHMe‘{aHI/IC. P — cratucrmdeckas JOCTOBEPHOCTL IIO TECTY

nentuasl ¢ S5 < 0,35 — yxe 11% oT pimHBI
nocinenoBarenbHocTH. Takum obpaszom, TeTparmnen-
TH]IBl, TOCTAaTOYHO KOH(POPMALIMOHHO-CTAOUIIBHBIE
(r.e. ¢ 55 < 0,35), MOTYT COCTaBIATH B CPEIHEM
3aMETHYIO JOJII0 MPOHU3BOJIBHONH aMHUHOKHCIOTHOM
MOCJIeJ0BATENbHOCTH.

CreyeT OTMETHTH, YTO OINpPEIeNIeHHOCTh KOH-
dbopmanmii menTUIHOTO (GparMeHTa pacreT C yBe-
JIMYEHUEM JUTUHBI cerMeHTa. PaHee Obl10 0OHapy-
XKeHO, 4To Toyibko 29 u3 8000 xkoMOUHATOPHO
BO3MOJXKHBIX TMOCJIENOBATEIBHOCTEH TPHUIEITHIOB
007a1al0T MPEANOYTUTEILHBIME KOH(GOPMAIUIMHU
(r.e. 0,36%) [8]. Mcmonb3ys cXoxue KpUTEpHH
«KOH(GOPMAITMOHHON CTAaOMIIFHOCTHY, B HACTOSAIIICH
pabore OBUTO HIACHTU(DHUIIMPOBAHO KaK OTHOCH-
TenpHO cTabmiapabie yke ~3300 m3 160000 xom-
OMHATOPHO BO3MOXKHBIX IOCIEAOBATEIHHOCTEH
terpanentuaoB (t.e. 2,1%). Bospacranme monu
«KOH(POPMALMOHHO-CTAOUIBHBIX» NENTUAOB MpHU
YBCINYCHUU [OJIWHBI NCOTHAHOTO Q)parMeHTa Ha-
XOJUTCA B COTJIACHM C TEM, YTO OTPEACICHHOCTD
KOoH(OpMaIHMK NENTUIHOTO parMeHTa Bo3pacraer
C yBeJIWYEHUEM MIUHBI (parMeHTa OT TpeX [0
YEeThIpEX OCTATKOB.

WHTEpecHO OTMETHUTh, YTO TaK Ha3bIBAEMbIE
(METTUABI-XaMeJIeOHbI» (CerMEHTHl TOJUIENTH/I-
HOW IernHu, KOTOpble B OJHUX Oenkax BXOOAT B
COCTaB O-CIMpalid, a B APYTUX — P-CTPYKTYpHI
MpH OJHOW M TOW K€ MOCIeNOBaTENbHOCTH) [21]
MOTYT paccMaTPHUBAThCA KaK aHTUMOJ KOH(opma-
IMOHHO-CTAaOUIBHBEIM TenTuaaM. [lelicTBUTEIbHO,
CpaBHUTEIbHBIA aHAlW3 3HAYEHUH OLEHOK KOH-
(opManMOHHON JaOUIBHOCTH S5—s55 MOKA3aJl, 9TO
CIENTHABI-XaMEJICOHbI» XapaKTEePHU3YIOTCS JTOCTO-
BepHO 0o0Jice BHICOKMMHU 3HAYCHHUSIMH OIICHOK KOH-
(dhopManMOHHON TaOUIBHOCTH, YeM BCE OCTabHBIC
MeNTHABI, B TOM 4YHCIE «KOH(POPMAIMOHHO-CTa-
ounsHbIE» (55 < 0,35, Tabmn. 3).

KakoBa ¢usmdeckas mpupoaa CymecTBOBaAHUS
TakKUX «KOH(POPMAIMOHHO-CTAOWIBHBIX» TENTH-

Koamoroposa—CmupHoBa.

noB? MOXHO TPEANOJIOXKHUTh, YTO pa3Iudus B
KOH(POPMAIIMOHHON  CTaOMIBbHOCTH/Ta0MIILHOCTH
NEeNTHI0B (T.€. B 3HAYEHHAX OILICHOK S§;—S5) 00y-
CJIOBJICHBI pa3jindyusiMU B «THOKOCTH» WIIH nona-
BIDKHOCTHY aTOMOB TJIAaBHOU 1€, KOTOPBIE, B CBOIO
oyepenb, MPUBOIAT K pa3nuuusiM B KoH(popMmanu-
OHHOM TaOMJIILHOCTH, BEIYHMCIIEMON Ha OCHOBAHUH
HaOII01aeMBIX MHOXECTB KOH(POpMaUUi MenTuaa.

Hns TectupoBaHud 3TOW THUNOTE3BI MBI NIPO-
Benu M/[-monenupoBaHue OTHEIbHBIX MHENTHAOB.
Mertonom aeHatypupytouieid Ml 6p1in npoBeaeHbl
pacuersl nokasareneit AUC, u AUC,,,, Xxapak-
TEpU3YIOMUX KOH(POPMAIIMOHHYIO JTAaOMIBHOCTE/
CTaOWIBLHOCTh TMENTHUIOB HAa OocHOBaHMM MJI-Tpa-
ekTopuil. Ha psne mpuMepoB moka3zaHO, 4TO MJIS
0osee «KOH(GOPMAIMOHHO-CTAOUIBHBIX)» MENTHI0B
XapakTepHa Oojiee BBICOKAs YCTOWYHMBOCTH KOH-
dbopmanuu Mo AaHHBIM AeHaTypupytomeit M/l mo
CpPaBHEHHUIO C MENTUIaMu ¢ 6oJiee BHICOKMMH OLICH-
KaMid KOoH(pOpPManMOHHOHN JTaOHIHLHOCTH.

st M I-MonenupoBaHUs OBIITH BEIOpAHBI MIPH-
MEpBl «CTAa0MIBHBIX» TETPANeNnTHIOB HAa OCHOBa-
HHUH DPE3yNbTAaTOB, MOJYYEHHBIX C NMOMOIIBIO KJila-
cTepHOro aHanusza koHpopmanuii 135000 Terpa-
MNEeNTUI0B W3 CIHCKa KOMOWMHATOPHO-BO3MOXKHBIX
terpanentunoB. Ilpu stom kpurepusmu otdopa
TeTpamenTUAOB ABIAJIACh HE MaKCHUMajlbHO BO3-
MOJKHasi 94acTOTa BCTPEYAEMOCTH, a OJIM30CTH BHI-
OupaeMoro IMenTuga K «IIEeHTpam» IOJy4eHHBIX
KJ1acTepoB. JOMONHUTENBHBIMU KPHUTEPHUSIMHU OT-
6opa «xoH(MDOPMAIIMOHHO-CTAOUIBHBIXY» IENTHUIOB
CILY’)KHJIM CIIEAYIOIHEe IOPOTOBbIE 3HAUCHUS OLEHOK
KoH(pOpMannOHHON nabunpHOCTH: §; < 20, 5, <
15 u 55 < 0,35. JlaHHbIE KPUTEPUU HOCAT, KOHEYHO
Ke, YHUCTO AMIUPUYECKUI XapakTep W OBLIM BHI-
OpaHBl HA OCHOBE JKCIHEPTHOTO aHalN3a KPHUBBIX,
MpeACTaBICHHBIX Ha puUc. 2-5. B pesynbrate Obuin
0TOOpaHBl 4YeThIpe pernpe3eHTAaTHUBHBIX «KOHQOP-
MalMOHHO CTaOMJIBHBIX» TETPalenTHaa, NpeaAcTaB-
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Ta6mmua 4. TerpanmenTunbl, NS KOTOPHIX OBIIO MPOBEICHO MOJETUPOBAHUE MOCPEICTBOM MOJICKYISPHOW ITH-
HAMHUKU

[Tentun N S1 Sy 53 54 S S125 | AUC msq | 0AUC 144 | AUCmap | 04 UC
bonee «xoHpOpManMOHHO-CTAOMIBHBIE» TETPaIeNTHAbI
HEAA 25 19,59 | 14,90 | 29,07 | 20,48 | 0,26 | 47,6 0,11 0,02 0,096 0,017
MELI 21 |20,00| 12,86 | 31,87 | 21,13 | 0,34 | 49,7 0,13 0,04 0,098 0,019
NIQK 14 |19,65| 13,81 | 32,34 | 21,25 | 0,28 | 46,2 0,14 0,03 0,099 0,021
EAAV 126 | 15,54 | 14,34 | 24,52 | 22,89 | 0,33 | 48,7 0,13 0,02 0,092 0,024
Menee «KOHGOPMAIHOHHO-CTAOUIBHBICY» TETPAICIITHIbI
GGGG | 137 | 50,64 | 12,85 | 89,57 | 22,44 | 0,55 | 101 0,21 0,06 0,093 0,021
EEAI 108 | 27,07 | 15,88 | 26,45 | 31,05 | 0,39 | 71 0,25 0,07 0,094 0,019
VVAV 126 | 24,04 | 15,91 | 36,16 | 30,18 | 0,40 | 69 0,92 0,19 0,085 0,022
AIKE 99 123,90 | 16,37 | 29,91 | 30,34 | 0,38 | 69 0,18 0,03 0,093 0,016

Opumevanne. AUC,,y (AHc) u AUCp,p (HC) — Mepbl KOHQOPMALHOHHON 1aGUIBHOCTH, BBIYMCICHHBIC HA OCHOBAaHHH
M-rpaexropuii nenrunos; cAUC g u 6AUC,y,, — CTaHAapTHbIE OTKIOHeHUs (CM. pasien «MaTepualsl 1 MeToAb»). boiee

«KOH(OPMALMOHHO-CTa0MIbHBIE» TETPANENTHIbl OBIIM BHIOPAHBI C COOTBETCTBMH ¢ KpuTepusmu s; < 20, s, < 15 u s5 <
0,35.

Tabamma 5. Pasnuuns B CpeqHMX 3HAYCHHUSIX OICHOK KOH(GOPMAIMOHHOW JTa0MIBbHOCTH/CTAOMIBHOCTH MEXIY
rpynnoi u3 yerelpex Oosee «kOHGOPMaLUOHHO-CTaOUIBHBIX» (51 < 20, 55 < 15 m 55 < 0,35) u rpynnoii yerelpex

MCHCEC «KOH(l)OpMaHI/IOHHO-CTa6I/IHBHLIX» TETPANCITUA0B

Onenka Bonee «xoH(DOpMaMOHHO-CTAOUIBHBICY Menee «x0oH(MDOPMAMOHHO-CTAOUIBHBICY P
TETPpanenTUuabl TETpaneCnTUAbI

5 18,70 + 2,11 31,41 + 12,90 0,011
5 13,98 + 0,87 1525 + 1,62 0,015
53 29,45 + 3,59 45,52 + 29,64 >0,1
54 21,44 + 1,03 28,50 + 4,06 0,018
ss 0,30 + 0,04 0,43 + 0,08 0,021
S125 48,12 + 1,52 77,88 + 15,71 0,016

AUC, 0,13 + 0,03 0,39 + 0,35 0,012

AUC,yp 0,10 + 0,02 0,09 + 0,02 0,053

IMpumedanne. P — craTucruieckas 3HAYMMOCTH (1Mo kputepuio Kommoropoa—CmupHOBa).

JSIOIIUX YEThIPe COOTBETCTBYIOLIUX KJIacTepa: TeT-
panentuasl HEAA, MELI, NIQK u EAAV.

B xadecTBe KOHTPOJBHBIX «KOH(POPMAIMOHHO-
NaOMIBHBIX» TENTUI0B OB WCIOJIB30BAHBI MeM-
uael GGGG, EEAI, AIKE u VVAV. 3amerum,
gyro nentunsl EEAI u AIKE saBnstorcs ¢parmen-
tamu «nentuga-xameneonay AKEEAIKE, npen-
craBieHHoro B 0ase maHubix ChSeq [21]. ITentun

AKEEAIKE npuauMaer o-cnupalbHYIO KOHMOp-
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Maluio B OJHOM Habope CTpPyKTyp (Hampumep,
2jws, 2kdl, 2lhc, 2lhg) u B-crpykrypHyto koH)Op-
Maluo B JpyruX CTpyKTypax (Hampumep, 2lhd,
2kdm, 2jwu, 2lhe). Pesynbrater M /]-MonenupoBa-
HUS JEHATYypalMd 3TUX TMENTHIOB CYMMHUPOBAaHBI
B Tabn. 4; B Tabn. 5 mpuBeneH aHaIU3 CTaTUCTH-
YeCKUX pa3Iuvuii MEXIy HCCIeJOBaHHBIMH Mepa-
MH KOH(pOpMamMOHHON madunpHOCTH. [IpuMephl
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Puc. 6. 3aBHCHMOCTBH CpemHEro KBaJpaTUYHOTO OTKJIOHEHHS KOOpPIMHAT aTOMOB OCTOBAa IOJUNENTHIHON IEH OT
BpEMEHH cuMysnuu s KoHpopmanuoHHo ctadmibHbIX nentuaoB HEAA, MELI, NIQK u «HecTaOHIBHBIX» MENTUAOB

GGGG, EEAI u AIKE.
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Puc. 7. 3aBucuMocth k03(puUIMEHTa KOPPENSILUUU MATPHIl PACCTOSHUN OT BPEMEHH CHMYISLUH KOH(POPMALHOHHO-
crabmibHbIX nentugoB HEAA, MELI, NIQK wu «uecradbunsubix» nentuaoB GGGG, EEAI u AIKE.

OTACNBHBIX KPUBBIX rmsd(t) u rmap(t) IpHUBEICHBI
Ha puc. 6-9.

M I-MoenupoBaHue BCeX MENTHAOB OBLIO BBI-
nojgHeHo B TeueHwe 100 mc mpu MSATKUX J€HATY-
pupytomux yciaoBusix (300 K in vacuo, 1.e. 6e3
MOJIeTH pacTBOpHTENs — 0e3 3aJaHusi KOOpIWHAT
MOJIEKYZT BOJBI M 0e3 HMCHOJIb30BaHUS COOTBETCT-
BYIOILIETO T€pPMa MEXMOIEKYIIPHOTO MOTEHIIHANA,
KOTOPBIN CTaOUIU3NpyeT MOJIeKyny nentuaa). s
CpPaBHHUTENBbHONW OICHKM KOH(POPMALUOHHOW cTa-
OMITBHOCTH OBIIM pPACCUYUTAHBI CpeTHEKBaIApaTHU-
HbI€ OTKJIOHEHHS JUISl BCEX aTOMOB TJIaBHOU IIenH
1 KOO(PPUIHUEHT KOPPEIsIud MeXIy 3HAaUYCHUSIMU

3JIEMEHTOB MATPUI[ MOMAPHBIX PACCTOTHUN HCXOJ-
HOM CTPYKTYpPBI U CTPYKTYpPHI B 3aJJaHHBIM MOMEHT
BpeMeHn cumyisiuu (1 e, 2 me, ..., 100 mc).
AHanu3 cpeHeKBaApaTUYHbIX OTKJIOHEHUH KO-
OpAMHAT aTOMOB TJaBHOMU Ienu mokaszan (puc. 6),
9TO  KOH(MOPMAIMOHHO-CTAOMJIBbHBIC  IENTHIbI
HEAA, MELI, NIQK ko BpeMeHH CHMYIAIUU
~100 mc momanu B COOTBETCTBYIOMIHE «0acCEHHBI»
crabunpHbIX KoHGopMauuit (RMSD ~1,2 A), B T0
BpeMs KaK «HecTaOWJIbHBbIE» MENTHABl XapaKTepHu-
30BaJINCh CYIIECTBEHHO OOJBIINMH 3HAYECHUIMU
RMSD (GGGG: 2,0...2,5 A, EEAI: 1,8...2,0 A u
AIKE: 1,5...1,7 A). BameTtum, 4To Ha puc. 6 KpUBBIE
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Puc. 8. IIpumepsl Koppensuuii MeXIy OLEHKaMH KOH(POPMAIMOHHOW IaOMIBHOCTH, MOJTYYCHHBIMH Ha OCHOBaHUHU
aHallM3a MHOXXECTB HaOIIOZaeMBIX KOH(pOpMAIuil TeTpameNnTHIOB, M OIEHKaMH KOH(GOPMAIMOHHON NabuiIpHOCTH/CTA-
OWJIBHOCTH, BBHIYHMCIEHHBIMH Ha OCHOBaHMH M/I[-TpaekTopuil Ayl BOCBMH IENTHAOB.

rmsd(t) nna nentunoB EAAV u VVAV He npu-
BEJICHBI C IICJIbI0 TOBBIMICHUS HATJSJAHOCTH HJILIIO-
cTpanuu (cpeaHue 3HaudeHwus rmsd JJisl STHX Iel-
THIOB CYIIECTBEHHO BBIIIE).

Kospduuuent xoppensiuum Mexay 3HaUYCHUS-
MU 3JE€MEHTOB MAaTpHIl MOMapHBIX PACCTOSHUN Xa-
PaKTEepU3yeT CXOXKECTh CTPYKTYPbl B 3aJaHHBIH
MOMEHT BpPEMEHHM C Ha4aJlbHOH, HUCXOJHOW KOH-
dhopmanuel nentuaa (C TOYHOCTHIO IO TPAHCIISAITHHI
n potaruu). Beraucnenus M /[-TpaekTopuii moka-
3aJid, 9TO CTPYKTYPHl KOHGOPMAITMOHHO-CTAOUIb-
veix nentunos HEAA, MELI, NIQK xapakrtepu-
30BaJIUCh BHICOKMMH 3HAYEHUSMU KOI(P(PULHEHTOB
Koppemnsuuu BAoab Tpaekropuu (0,96...1,00), uto
yka3piBaeT Ha ux MJ[-crabunbHOcTb. B TO Xe
BpeMs KOH(QOPMalIUOHHO-HECTAOWJIbHBIH MHENTHA
GGGG xapaKkTepu30BaJICS PE3KMMU U3MEHEHUAMU
KOoHpopManuu (YTO OTpakaerci CKaykaMu KOodd-
(dbuIeHTa KoppeIaIuu B Topasao 0oJiee IUPOKOM
nuarmaszoHe 3HadeHUH — oT 0,88 mo 0,98) B TeueHme
BCero BpeMeHu cumyisinuu. Ilocne 25 mc cumyds-
nun «Hecrabunpueiey nentuabl EEAI m AIKE
MOJKHO XapaKTepH30BaTh 3HAYUTEIHHO Oojiee HU3-
KUMH 3HA4YeHHSIMU KOdPQUIMEHTa KOpPeIsILuH
(0,94), uem «crabunpHBIE» MENTHUABI (CM. pHC. 7).

B memom 6oiee «koH(POpPMAIHMOHHO-CTAOWIIE-
weie» terpanentuiasl HEAA, MELI, NIQK wu
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EAAV ornnmganuck 0T MeHee «KOH()OPMAIHOHHO-
crabunpHbix» TerpamentunoB GGGG, EEAI
AIKE 1 VVAV MeHBIIUMH 3HAYEHUSIMHU OILEHOK
KOH(GOPMALMOHHONW NTaOUIbHOCTH (BKJIIOYAs MOKa-
3atenb AUC, 4, TOIYYEHHBIH B pe3yJabTaTe J€Ha-
typupytomeii M/l, cM. Tadn. 5). 3a uckIoYeHHUEM
OLIEHKH S3, PA3gM4YUs B 3HAYEHHMAX OLIEHOK OBLIM
CTAaTHUCTUYECKU  JOCTOBEPHBIMH. ITokazatens
AUC,,,, (KOTOpEI, HA0OOPOT, OIECHMBACT KOH-
dhopMaInMoOHHYI0 CTa0WIBHOCTH TENTHIAOB) OBII
JIOCTOBEpHO BHINIE y Ooyiee «KOH(POPMAIUOHHO-
CTaOUIIBHBIX» TETPaIenTUuIoB.

[Ipencrapnsier WHTEpPEC OIICHUTh, HACKOJBKO
OILICHKM KOH(GOPMAIMOHHOHN JIa0UIBHOCTH, MOJIY-
YEHHBbIC HA OCHOBAHWHU aHaJM3a MHOXECTB HaOJII0-
naeMblX KOoH(MOpMalHii TENTUIOB, KOPPEIUPYIOT
C OLIEHKaMU KOH(QOPMAIIMOHHOU JTa0UIBHOCTH/CTa-
OWIBHOCTH, BBIYMCICHHBIMH Ha OCHOBaHMU M]I-
TpaekTopuil. Pe3ynbTaThl KOpPpENsSIMOHHOTO aHa-
nu3a CyMMHpPOBAHBI B Tabm. 6.

Hdannble B Tabn. 6 MOKa3pIBaIOT, 4YTO, KaK M
0KUJAJIOCh, KOPPEIALMH MEXKIY OLEHKAMHU §;—Ss
U OLEHKOM KOH(POPMALHOHHOW JIaOMIBHOCTH
AUC,,,, ObLIM IPAMO OIPONOPIMOHANBHEI, @ MEKIY
OLIECHKAMH §,—S5 M OLEHKOW KOH()OPMaIHMOHHOH
crabunpHOCTH A UC — 00paTHO MPOTOPITHO-

rmap
HaJdbHBEI. B 1emoM 3HadeHus kodQ@uumeHTa Kop-
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(a)

TOPIOWH wu np.
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Puc. 9. M/I-TpaekTopuu NIPHUMEPOB PACTBOPUMBIX INENTHAOB: (a) — HauyajdbHas KoHpopmamus — o-cnupanb; (0) —

HayaibHas KoH(popManus — B-CTpyKTypa.

pensuuu OBUTM JOCTATOYHO HEBBICOKUMH (UTO
BIIOJTHE TIOHATHO, TaK KaK OIEHKH KoH(popmanwu-
OHHOM JTaOUIBHOCTH Ha OCHOBE aHAlU3a CTPYKTYP
U B COOTBETCTBUU € TpaeKTopusiMu MJI ocHOBaHBI
Ha pas3HBIX MPHUHIUIIAX).

Hauboiee BeIpakeHBI OBIIN KOPPEISAIHH Me-
Ky OlEHKaMH, MOJIYYeHHBIMU B pe3ynbpTate M/I-
MOJIETUPOBAaHMSA M OLIEHKaMHu S, U s,. Hamomuum,
4TO «JMCHEPCHOHHBIE» OLIEHKH S, M S, XapakTe-
pHU3YIOT CTaHAAPTHOE OTKIOHEHHE PACCTOSHHUS Me-
XKy saeMeHTamMu MHokectBa C(P) m cramgaptHOe
OTKJIOHEHHWE yTila MEeXIy dJIeMEeHTaMH MHOXKECTBa
C(P) coorBercrBeHHO. W Haue roBops, ¢ pe3yib-
tataMu M Jl-MoaenupoBaHus B OOJbIIeH CTENEHH
KOPPENUPYIOT HE OIEHKH CPEeIHUX pPaCCTOSHUHN
(s,(P)) nnn cpennux yrnos (s,(P)) mexnay snemen-
tamu MHOXKectBa C(P) (t.e. HaOmogaeMbIMH B
PDB kxonpopmanusmu), a OLEHKH s, U S, Xapak-

Tepu3yronue pa3dopoc 3HaUYCHUW PACCTOSHUMA U YT-
JIOB COOTBETCTBeHHO. Ilpumepsl o00CyxkaaeMbIX
KOppenaluil nmpuBeneHbl Ha puc. 8.

Takum o00pa3oM, COBMECTHBIM aHAIW3 JAHHBIX
JICHATYpUPYIOLIEN MOJIEKYJAAPHONH JAWHAMUKU U
OLIEHOK KOH(OPMALMOHHOW J1aOUILHOCTH §;—S5
YKa3blBaeT Ha TEHACHIHIO KOH(POPMALHOHHO-CTa-
OWIBHBIX TENTHUIO0B «YyIEPKUBATH» HEKOTOPYIO
«cTabunbHy0» KOoHpopManuw. B TeueHue Bcero
Bpemenu cumynsinuu M/l koHpopMamuu ucciaeno-
BaHHBIX «KOH(POPMAIMOHHO-CTAOMIHHBIX» MENTH-
JIOB HE TpeTepleBald pPe3KUX H3MEHEHHWH W Xa-
PaKTEepH30BaINCh BBICOKMMH 3HAUYE€HHUSIMHU KO3(-
(MIMEHTOB KOPPEIANHUHN MO CPAaBHEHHUIO C HaYalb-
HOHW KoH(pOpMaruei.

MoJiekyIsIpHO-MeX aHMYeCKOe  MO/1eJIMPOBAHUE
CTPYKTYP PeajibHbIX MENTHI0B C LEJbI0 OIEHKH HX
KoHpopManoHHo#i cTtabuiabHOCTH. C HUCIOJIB30BA-

BUO®U3UKA Tom 64 BrII. 2 2019



KOH®OPMAILIMOHHASA CTABUJIBHOCTB/JIABUJIIBHOCTD 269
Tabmmma 6. KoppensnuoHHBIA aHaIM3 OLEHOK KOH(GOPMAIMOHHOWH NAaOMIBHOCTH §1—S1p5 M ouleHok AUC, 4,
AUC,,p (HC), BEIYHCICHHBIX HA OCHOBaHMM MJI-TpaeKkTopuii menTHIO0B
Onenka AUC, hed AUC map
51 0,07 0,16
S5 0,42 0,51
53 0,03 0,11
Sy 0,56 0,62
S5 0,27 0,43
S125 0,27 —0,42

anMe’-{aHI/Ie. an/IBeI[eHI:I 3HAaUYCHUA KOS(i)(i)I/IL[I/IeHTa KOoppeiaiauuu, OTPpULUATECIbHBIC 3HAYEHUS COOTBETCTBYIOT O6paTHBIM KOp-

pemsmusam (t.e. £ < 0 B perpeccuoHHOit popmyne kx + b).

Tabamma 7. PacTBopuMble NMENTHABI W NMPOTHO3UPYEMbIE 3HAUEHHS OIICHOK KOH(GOpPManMOHHOW JTaOHMIBHOCTH

Ientun 51 dsy Sy ds, 53 ds Sy dsy Ss dss
RSWFETWV 26,2 10,9 11,2 5,0 48,0 15,6 22,0 7,1 0,49 0,13
SFEDFWK 22,8 7,7 14,6 2,4 43,0 12,5 26,3 3,2 0,47 0,11
RLSKEEI 22,7 4,0 14,4 1,4 45,7 6,6 28,1 1,4 0,42 0,07
LSLGLETAGG 32,4 6,7 14,0 1,5 60,5 9,0 25,3 2,9 0,52 0,08
NHRWLGGM 36,7 4,3 13,5 1,4 66,4 8,5 23,2 1,6 0,58 0,05

l'[pnmeanHe. OL[eHKI/I B KOJIOHKAaX §;—S5 pacCUUTBIBAJIK KaK CpCeAHCC OT OLCHOK S§|—S; TCTPANICHTHIAOB, BXOIJLIMX B COCTaB
nentuga. BenmduHb dSl—dSS — CTAHAAPTHBIC OTKJIIOHCHUSA 3HAYCHUH OIIEHOK 8§1—S5.

HHUEM JaHHBIX O KOH(OpMalUHSAX TETPaNenTUaoB,
pa3paboTaHHBIX OIIEHOK KOH()OPMAIMOHHOW Ja-
OMIBHOCTH §,—s5 U MJI ObLIM HMCCIIENOBaHbl MPU-
MEpbI U3BECTHBIX PACTBOPHUMBIX MENTUIOB C LIEIbIO
OIICHKH WX KOH(popManmoHHO# cTabunbHOCTH. J{Is
MOJICTUPYEMBIX HEHTUI0B OBIIM PaCCUYUTAaHBI 3HA-
YeHUsT OIICHOK KOH(GOPMAIMOHHON ITaOHIIBHOCTH
KaK cpeJlHee OT OLEHOK §,—Ss TeTpanenTuaoB, BXO-
IAIUX B COCTAB KaXXJOTo Mentuaa. Pe3ynbpTarhl
CyMMHUpPOBaHBI B Tabm. 7.

M]JI-MoaenupoBaHue MPOBOJUIM IO ONHCAH-
HOM paHee METONOJIOTHMM JeHaTypupyromeid MJ]
npu I = 350 K, nnuna tpaexktopun — 1 Hc.
[TockonbKy HpOCTpAaHCTBEHHBIE CTPYKTYpPHI H3Y-
YaeMbIX NENTUJ0B HEU3BECTHBI, KaXKJIblH U3 Iel-
THAOB MOJEIUPOBAJICSI UCXOA U3 ABYX CTApPTOBBIX
koH(popmanuii (a-cnupans u B-ctpaun). [Ipumepst
TpaexkTopuil rmsd(¢f) mpuBeneHsl Ha puc. 9.

BBl BBINOJIHEH KOPPENALUOHHBIA aHAIU3 Me-
Ky TOKa3aTelssMH KOHPOPMaIMOHHOW 1a0UIbHO-
CTHU, pACCYUTAHHBIMHU HAa OCHOBAHWUU TETpamenTUl-
HOTO cOCTaBa, M NOKAa3aTeasiMH, NOJYYCHHBIMU B
pesyabrate MJI-MoneaupoBaHUs MATH MENTHAOB
B NIByX CTapTOBHIX KOHpopmamusax (tadm. 8). M3
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pe3ylabTaTOB aHalM3a SABCTBYET, YTO IOKa3aTelu
ds,, ds,, ds,, dss (T.e. CTaHZapTHBIE OTKJIOHEHHS
OILIEHOK S, S5, S3, §5) NPOSBHIMU JOCTOBEPHBIE KOP-
pensinuu co 3HAauYE€HUSMM CTaHAAPTHBIX OTKJIOHE-
Huil M Jl-Tpaektopuii, 64 UCrmde, IpUYeM BHE 3a-
BUCHMOCTH OT THUIIa CTapTOBOW KOoH(opmamuu.

Takum o0pa3oM, pacueTsl TeTpanenTUIHOTO
cocraBa U MJl MoaenupoBaHHE YKa3blBalOT Ha
nentuasl RSWFETWYV, SFEDFWK u RLSKEEI
Kak Hambosee KOH(POPMALHMOHHO-CTAOUIbHBIE.
I[aHHI)Ie pe3yJabTaThl MO3BOJIAIOT ILJIAHUPOBATH
MPOBEJCHUE COOTBETCTBYIOMINX KCIEPUMEHTOB 110
aHaln3y KOHQOpMaUuld pacCMOTPEHHBIX MENTHIOB.

BbIBOJ1bI

B pabote mpemnoxxeHsl U anmpoOUpPOBaHBI He-
CKOJIBKO CIIOCO0O0B ISl OLIEHKU KOH(QOpMauoHHOH
CTaOUIBHOCTU/TA0UIBHOCTA TICNITUIHBIX (PparMeH-
TOB, BXOJAIIHUX B COCTaB CTPYKTyp OenkoB. [Ipen-
jJaraeMble HaMH (QOpPMYJIBl IJIs OLEHKH KOH)Op-
MalMOHHOM TaOMIBLHOCTH NENTUAHBIX (PAarMEHTOB
IMyTeM CTaTHUCTHYECKOTO aHajiu3a CTPYKTYp I103BO-
JWIN T0Ka3aTh, YTO TeTpalenTuiHble (parMeHTHI
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TOPIOWH wu np.

Ta6iuna 8. Pe3ynapTaThl KOPPEISIMOHHOIO aHalM3a MEXAYy MOKa3aTelsMH KOH()OPMAIMOHHOHW 1aOMIBHOCTH,
paccUMTaHHBIMM Ha OCHOBAaHHMM TETPANCNTHIHOTO COCTaBa M MOJIYYEHHbIMH B pe3yibTate M/J[-MonenupoBaHuUs

MEeNTUAOB B JIBYX CTapTOBBIX KOH(pOpMAIUIX

Onenka Hauansnas xoHdopmanus — B-cTpaHA HauanpHas xoHdopmanus — o-cnupaib
AUC a4 cAUC 4 AUC had cAUC 14
ds, 0,10 0,72 0,37 0,23
ds, 0,07 0,62 0,50 0,10
ds; 0,02 0,81 —0,61 0,27
dss 0,22 0,85 0,29 0,51

CYIIIECTBEHHO Pa3JIMYaloTCs MO OIleHKe KOH]popma-
UUOHHOU crabuinbpHOCTH/NabunbHOCTU. B pesynb-
TaTe BBIJENCHB MOArPYNIbl 0ojee «KOHPOpMaLH-
OHHO-CTaOMNBbHBIX HenTuaoB». Ilocneanue xapak-
TEpHU3YIOTCA TMPEUMYNIECTBEHHO  O-CIUPATbHOU
koHpopmamueii. CdopmupoBana 06a3za HTaHHBIX
(ciucok) u3 1034 TerpanenTuaOB, XapaKTepHU3YIO-
IIUXCS HAaUMEHbIIEH KOH(QOpMAalUOHHOW Ta0WiIb-
HOCTBIO B COOTBETCTBUHU CO BCEMHU MPEATIOKEHHBIMH
oleHKaMHu. B pesynpTaTe MpOBEACHHBIX PacueToB
METOIOM JAcHaTypupyromeid MJl moiydeHsl Kade-
CTBEHHBIE M KOJUYECTBEHHbIE OLIEHKH KOHpopma-
LUOHHON JNTaOMIBHOCTH MJIN «THOKOCTH» HEKOTO-
PBIX TeTpanenTuaoB, COTIaCyIOIHEcs C OLEHKaMH,
MOJIyYeHHBIMM Ha OCHOBAaHUM aHain3a KoH(opma-
HOHHBIX HA0OPOB MENTHI0B, HAOIIOJaEMBIX B IKC-
MEepUMEHTAJIbHO OIpeneIeHHbIX CTPYKTypax Oein-
koB. [lenTuael, XapakTepu3ymOIIHecs J0CTATOYHON
CTENeHbI0 KOH(POPMAaMOHHON CTaOMIBLHOCTH, CO-
CTaBIAIOT CYIIECTBEHHYIO HOJI0 KOMOHWHAaTOPHO
BO3MOXHBIX MENTUAO0B (TeTpamentunos). Ux poinb
B (OpPMHPOBAHHH CTPYKTYpHl Oelaka MOKeT OBbITh
JOCTaTOYHO BENHKA, TaK KaK OHHM COCTAaBIAIOT B
cpenHeM okojio 10% aMHMHOKHCIOTHOM mMOcCleno-
BaTenbHOCTH. Ha mpumMepax peasbHBIX pacTBOPH-
MBIX TENTHIOB TOKa3aHa BO3MOXHOCTh OIEHKH
KOH(POPMAIIMOHHON CTAOMILHOCTH TPOU3BOIBHOMN
AMHHOKHUCJIOTHON MOCIEI0BATEIbHOCTH HAa OCHOBE
MOJYYEHHBIX KPHUTEpHEB KOH(POPMALMOHHOW Ja-
OMIBHOCTH TETpaInenTuaoB.

PaGora BBIMONHEHa mNpU (QUHAHCOBOW MOJA-
nepxke Poccuiickoro ¢onma ¢yHIaMEHTaTbHBIX
uccnenopanuii (mpoekThl NeNe 16-54-00219-ben u
18-54-00037-ben) u Bbenopycckoro pecmyOnukaH-
ckoro ¢oHmAa GyHIAMEHTAIbHBIX HCCICI0BaHUI
(mpoekt Ne B18P-268).
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Conformational Stability/Lability of Peptide Fragments
in the Sequence Context of Amino Acids

I.Yu. Torshin*, A.V. Batyanovskii**, L.A. Uroshlev***, V.G. Tumanyan****,
I.D. Volotovskii**, and N.G. Esipova****

*Dorodnicyn Computing Centre, Russian A cademy of Sciences, ul. Vavilova 40, M oscow, 119333 Russia

**Institute of Biophysics and Cell Engineering, National A cademy of Sciences of Belarus,
ul. Akademicheskaya 27, Minsk, 220072 Belarus

*** avilov Institute of General Genetics, Russian A cademy of Sciences, ul. Gubkina 3, 119991 M oscow, Russia

****Engelhardt Institute of M olecular Biology, Russian A cademy of Sciences, ul. Vavilova 32, 119991 M oscow, Russia

Criteria for evaluating the conformational stability/lability of peptide fragments reffered to fragments
of protein structures are formulated. Using the criteria proposed, a statistical analysis of tetrapeptide
fragments (their conformations and sequences) was performed in a sample of 25,121 protein chain
structures from a PDB protein databank. As a result of the analysis, it was shown that tetrapeptide
fragments significantly differ in the degree of the conformational stability/lability from a proposed
statistical criteria point of view. The results of tetrapeptide denaturing molecular dynamics simulations
were used as an independent approach to estimate the stability/lability of peptide fragments. A
correlation between the estimates of conformational lability, obtained on the basis of a statistical
analysis of the ensembles of peptide conformations observed in experimentally determined protein
structures, and estimates of conformational lability/stability, calculated on the basis of molecular
dynamics trajectories, is demonstrated; Subgroups of more “conformationally stable peptides”,
characterized mainly by o-helical conformation, were obtained. Consensus tetrapeptides characterized
by the lowest conformational lability (the highest conformational stability) were determined using
complex criteria. Peptides with enhanced conformational lability were described. Thus, among all
combinatorially possible tetrapeptides, tetrapeptides, characterized by a certainty of conformational
state play a significant role. The relationship between the degree of conformational certainty of
the peptide and its involvement in the primary structure of the protein has been characterized.
Meanwhile, the role of conformationally stable peptides in the formation of the protein structure
was great enough, since they constitute, on average, about 10% of the amino acid sequence. Using
real soluble peptides as examples, the possibility of assessing the conformational stability of any
preset amino acid sequence based on the developed criteria of the conformational lability of
tetrapeptides has been shown.

Keywords: conformationally stable/labile protein segments, local protein structure, conformational
analysis, statistical analysis, molecular dynamics

BUO®U3UKA ToMm 64 BpII. 2 2019




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


