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Olill(Mi XAPAKTEPHCTHKA PAliOThl 

AKfyaJILHOCTL TeMLI 

i3 COBpeMeHHOH <pH3HKC K0H)leHCHpoaaHH0ro C0CT0HHHH 6on1,rnoii HHTepec 

rrpOHB.riHetCH K inyqeimJO TaK HaJbIBaeMblX Ha,!laT0MHblX C:TPYKTYP (HaHOCTPYKTyp) - CHCTeM 

C xapaKTepHblMH pa3MepaMH 1-100 HM. Cpenn HHX oco6oe MeCTO 3aHHMa!OT 6nonornqeCKHe 

MaKpOMOJieKyJibl, B qacTHOCTH 6eJIKH. EeJIKH rrpe.ncraBJIHIOT co6oii CJIOJKHble ecTecTBeHHI,Ie 

IIOJIHMepHI,Ie o6pa30BaHHH, KOTOJJbie HBJIHIOTCH KOMIIOHeHTOM lKHBOH KJieTKH H BbIIIOJIHHIOT 

pa3JIH'IHb!e q>YHKUHH. TaK, 6eJIKH orneqaJOT 3a TpaHCIIOpTHpOBKy H xpaHemte BeIUeCTB B 

KJieTKe, cJiylKaT KaTanH3aToPaMH XHl\UI'leCKHX peaKUHH, BbIITOJIHHIOT peryJIHTOpHbie, 

peueirropHbie H 3mtiHTHhie q>yHKUHH, CJIYlKaT CTpOHTeJibHblM MaTepnanoM KJieTOK H .np. B 

Kaqecrne MOHOMepoB B 6eJIKax HCIIO.rib3)'JOTCR OCTaTKH aMHHOKHCJIOT. Bee lKHBOTHI,Ie H 

paCTHTeJibHl,le 6eJIKH COCTOHT H3 .nila.nuaTn aMHHOKHCJIOT. CTerreHb IIOJIHMepn3aUHH MOlKeT 

H3MeHHTbCH OT .necHTKOB (rieIITH)lbl) .no HeCKOJlbKHX TblCH'I, a oueHKH KOJIH'lecrna 

pa3JIH'IHb!X 6eJIKOB, cyruecrnyl0!1(HX il IIpHpo.ne, COCTaBJIHIOT MHJIJittapJ.lbl. Ee.'!Kli 

BOCIIpOH3BOJ.IHTCH cornaCHO reHeTH'ICCKOMY KOJ.IY, xpaHHJUCMYCH B KJICTKax II, TaKIIM 

o6pa30M, HBJIHIOTCH HCOThCMJICMOH COCTaBJIHJOIUeii lKII3HCJ.ICHTCJibHOCTH KJICTKII. Maccoaoe 

IICCJIC.ltOBaHHe CTPYKTYP 6eJIKOB BO BTdpoii IIOJIOBime xx CTOJICTHH orrpeneJIIIJIO co6oii 

peBOJIIOUHOHHbill rrpopI,IB B IIOHHMaHHH q>yHKUHOHHpoiiaHHH )l(ltBblX opraHH3MOB Ha 

MIIKpoypoBHe II nano 'ICJI0BeiJecrny MHOlKCCTBO MCJ.lllUHHCKHX H 6110XHMH'ICCKIIX 

rrpnnolKeiinii. 

B HaqaJie 80-x fOJ.10B rrpoUIJIOro CTOJICTHH riocne roro, KaK C IIOMOIUblO 

peHrreHOCTPYKTYPHoro attanma 6h!mt onpeneneHhI rrpocTpaHcTBeHHbie CTPYKTyp1,I 

HeKOTOpbIX 6eJIKOB, o6HapylKHJIOCb, 'ITO 6eJIKH, 6y.nyqn IIOJIIIMepaMII, IIpOHBJIHIOT a CB0eii 

opraHII3a1(1111 TaK. Ha3UBaeMhle q>pa'kTaJibiiiJ.e CBOHCTBa. B )TO BpeMsi B <pll3HKe IIOJIIIMepoB 

YlKC IllHJJOKOe pa3BHTHe rronyqHJIH HJie11 tilMorro.no6HH IIJIH Macrnra6HOH HirnapHaHTHOCTH 

[ 1). Pa3IiHTHe Teopnn 1<pitTHqeci<Hx .iuineHHii [2] B ripHJiolKeHiiH K q>Ii:3HKe rron11Mep0B 

II03BOJIHJIO OIIIICaTb Mlioro'litc.iieitiibte CTCIICHHbie 3aBUCUMOCTII B TepMO)lHHaMHKe 

UOJIHMepHblX uerreii H IIpHBCJI0 K orrpe.nenelimo ceMeiicrna 3KCII0HCHT, xapaKTepH3YJOIUIIX 

IIOJIIIMepHblC CIICTCMI,1. IToHBi!BineecH II0HHTHe qipaKTa.ribHOH (npo6iioii) pa3MepH0CTH [3] 
CTaJIO aKTIIBHO HCIIOJib30BaTbCH KaK 0)lHa 113 q>yH.!laMCHTaJibHbIX CTPYKTYPHbIX 

xapaKTep11cTHK, c rroMOillh!O KoTopoii orrpe.nenHnac1, B3a!IMOCBH3b MelKJ.IY 

BbIIIIeyrroMHHYTbIMH 3KCUOHCHTllMII. CTpyKryp1,1, 06na.naiom11e q>paKTaJibHOH pa3MCpHOCTblO 

(<ppaKTaJibI), HBJIHIOTCH no CBOeH cyrH pa:iyrropJUIO<leHHbIMH CHCTCMaMll, KOTOpbie, TCM He 

MeHee, o6na.nruoT Macinra6Hoii imBapnaHtHocTbJO. TaKoro po.na cTpyKTypbi aKTIIBHo 

HCCJie.z:iOBaJIHCb H IIpO.!lOJilKalOT IICCJIC.!l0BaTbCH BO BCCX 06JiaCTHX <pll31IKH [4-7], BKJIJO'IM 

rnnpo.nnHilM11Ky, crarncrnqec1<y10 qim11ey, acTPOq>H31IKY H .np .. 

B OTJIH'IHe OT o6h!'IHbIX IIOJIHMepoB, CTPYKrypa H IIOBC.!lCHIIe 6eJIKOB a pacrnope 

HOCHT 6onee CJIOlKHblH xapaKTep, TaK KaK .!lJIH pean113a1(HH CBOHX <pyHKUHii 6eJIKH )lOJilKHbl 

o6na.naTb cneu11qinqecKoii cTpyKrypoii. 1-iarrpHMep, CTPYKrypa 6eJIKOB-KaTanmaTopoB 

XIIMH'ICCKHX peaKUHH, <pepMeHTOB, 06ecrreq11BaeT Heo6XOJ.IIIMOe nepeMeIUeHHe 

CBH3b!BaeMbIX XIIMII'ICCKIIX KOMIIJICKCOB H lix. B3aHMOJ.ICHCTBHC C aKTIIBHbJMII ueHTpaMII B 

<pepMeHTax; CTPYKrypa CBH3b1Ba10mnx 6eJIKOB o6ecrre'IHBaer TPC6yeMblll KOHTaKT C !lPYrHMII 

6norromiMejJilMli Ii: T.,ll..; TeM He Mem:e, HBJIHHCb IIOJIHMepaMII n pacraope; 6eJIKH B TOH HJIII 

HHOH Mepe rrp0HBJIHIOT q>paKTaJibHbie CBOHCTBa. ITpH )TOM B03HHKaer BOrrpoc, HaCKOJibKO 3TII 

CBOHCTBa CIIeUH<pll'IHbl .!lJIH .u.aHHOfO 6eJIKa HJIII ceMeiicTBa 6eJIKOB, HJIII, .npyr11MH CJIOBaMH, 

cymecrnyeT JIii CBH3b Me)l(.!ly q>paKTaJibHbIMII - xapa1<TeplICTIIKaMII CTPYKTYPM 6eJIKOB H HX 

<pyttKUHOHaJibHbIMH CBOHCTBaMH, TaKIIMII KaK pacII03HaBaHHC H 1136HpaTeJibHOCTb npll 
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B3aHMO)leHCTBHH C )lpyrHMH o6beKTaMH, a TaK)l(e HaCK0JibK0 3TH xapaKTepHCTHKH 
cyruecTBeHHbl 11pH 0IIHCaHHH qJH3HqeCKHX H XHMHqecKHX CBOHCTB 6errKOB7 

HacTOHIUllil pa6oTa II0CBHIUeHa HCCJie)l0BaHHIO cppaKTaJibHblX CBOHCTB II0BepXH0CTH 
6eJJKOB. ITpoHBJ!eHHe cppaKTaJibHb!X CBOHCTB B CTPYKType 6eJJKOBOH II0BepXH0CTH aKTHBH0 
H3yqaeTC51 B II0CJ!e)lHHe 15 JJeT [8, 9]. I1HTepec K 3T0MY B011pocy o6ycJJOBJJeH 11pe)l().(e BCero 
TeM, qTo BCe B3aHMO)leHCTBH51 6eJJKOB )lpyr C )lpyroM H C )lpyrnMH o6beKTaMH 11p0HCX0)l51T 
11ocpe)lCTB0M K0HTaKTa, T.e. qepe3 II0BepxH0CTb. IT03TOMY eCTeCTBeHH0 11pe)lll0JI0)l(eH11e 0 
TOM, qTQ xapaKTepHCTHKH II0BepXH0CTH M0ryT 3HaquTeJ!bH0 BJIH51Tb Ha TaKoro po)la 
B3aHMO)leHCTBH51. E)lHHOrD MHeHHH 110 )laHH0MY B011pocy HeT. ITonyqeHHb!e )l0 CHX 11op 
pe3YJlbTaTbl [10-12] YKa3b!Ba!OT Ha TO, qTQ cyruecrnyeT K0peJJAA[IHH Me)l()ly 0611acrnMH 
B3aHMO)leHCTBH51 Ha II0BepXH0CTH 6eJJKOB H cppaKTaJibHOH pa3MepH0CTb!O 3THX 0611aCTeil:: 
JI0KaJibHllil cppaKTaJibHllil pa3MepH0CTb II0CJ!e)lHHX 60J1bllle, qeM cpe)lH5151 cppaKTaJibHllil 
pa3MepH0CTb BCeil: II0BepXH0CTH. 3TO )laeT l!0B0)l )lY!\faTb 0 B03M0)1(H0M C00TBeTCTBHH 
Me)l()ly CTpyKrypoil: II0BepXH0CTHb!X HeO)lHOpO)lHOCTeil: H B3aHM0)leil:CTBHH 6eJJKOB. O)lHaKO 
px)l aBT0p0B II0)lBepraeT C0MHeHHIO )laHHYIO fHII0Te3y, cqHTllil, qTQ T0J!bK0 cpe)lH5151 
cppaKTaJibHllil pa3MepH0CTb II0BepXH0CTH 0Tpa)l(aeT c11e11HcpHqeCKHe CBOHCTBa 6eJJKOB B 
pacrnope, TaKHe KaK )lllq>qJY3H51 XHMHqeCKHX K0MIIJ!eKC0B Ha II0BepxH0CTH cpepMeHTOB [13] 
HJIII B3aHMO)leHCTBl!e 6e11Ka C pacrnop11TeJ1eM [14]. IT051BJ!eHl!e 60J!bll!Oro K0Jll!qecrna 
6eJJKOBb!X CTPYKTYP, 011pe)leJ1eHHb!X C II0M0IUblO Kp1!CTaJIJ!Orpacp11qecKOro aHaJill3a, )leJJaeT 
B03M0)1(Hb!M 6011ee )leTaJibH0e II T1UaTeJ1bH0e IICCJ1e)loBaH11e B011poca cppaKTaJibHOCTII 
6eJJKOBOH II0BepXH0CTII. B qacTH0CTII, K0Jll!qeCTBa Kp1!CTaJIJ!Orpacp11qecK11X )laHHb!X (6011ee 
15000 cTpyKTyp), co6paHHblX B Hacrnxruee BpeMx B 6aHKe 6e11KOBb1X CTpyKryp PDB [15], 
)l0CTaToqHo, qT06bl 11p0B0)lHTb 113yqeHHe IIOBepxHOCTeil: )lJIH 6eJJKOBb!X ceMeHCTB, 
CB513aHHb!X KaKHMH-JJl!60 061UHMH cpyHK[IHOHaJibHb!MH HJIH CTpyKrypHblMH CBOHCTBaMH. ,[(nx 
11p051CHeHH51 B011poca C00TBeTCTBHH cppaKTaJibHOH opraH113a[ll!H II0BepXH0CTH 6eJJKOB H HX 
B3al!MO)leHCTBll51 B HaCTOHIUeH pa6oTe paCCM0TpeH pH)l 6eJJKOBb!X ceMeHCTB, 0TJll!qa10ruHXCH 
)lpyr OT )lpyra 110 xapaKTepy B3aHMO)leHCTBH51 C )lpyrnMII 6HOIIOJll!MepaMI!. I1c110J1b30BaHl!e 
)laHHb!X KpHCTaJIJ!Orpaq>HII B HCCJJe)l0BHHII 6eJJKOB Bcer)la II0)lHl!MaeT B0llp0C 0 TOM, 
HaCK0J!bK0 CTpyKrypu 6eJJKOB B KpHCTaJIJJe u pacrnope H)leHTHqHbl. B HaCTOHIUeil: pa6oTe 
11p0B0)ll!TC51 cpaBHe1me KpHCTaJIJ!HqecKoro H HaTHBH0ro C0CT051HH51 6e11Ka C TQqKH 3peHH51 

cppaKTaJibHOH opraHH3a[IIIH ero II0BepXH0CTH. 

U:em, pa6on,I C0CT0l!T: 
1. B H3yqeHl!H H cpaBHeHl!II cppaKTaJibHblX CBOHCTB II0BepXH0CTH 6eJJKOB 11p11 pa3JIH4H0M 

11pocTpaHcTBeHH0M pa3pe111eHHH )lJIH pa3JJHqHb!X ceMeHCTB 6eJJKOB; 

2. B pa3BHTHH MeT0)lHKH Heil:Tp0HH0ro MarroyrnoB0fO pacceHHl!ll )lJ!ll H3yqeHl!ll 
cppaKTaJibHblX CBOHCTB II0BepXH0CTII 6eJJKOB B pacTBope. 

B C00TBeTCTBIIH C 11eJ1b!O pa60Tbl II0CTaBJJeHbl c11e)ly101UHe 0CH0BHb!e 3anaqu: 

1. ITo )laHHb!M KpHCTaJIJ!OrpacpHH Bb!C0K0ro . pa3pe111eHHH in 6aHKa 6eJJKOBblX CTPYKTYP 
PDB HCCJJe)l0BaTb, KaK H3MeHxeTC51 3aBIICIIM0CTb IIJI0IUa)lll II0BepXH0CTH 6eJJKOB OT 
o6bel\ta 11p11 pa3JJHqHQM llp0CTpaHCTBeHH0M pa3pe111eHHH )lJIH pa3JJl!qHb!X ceMeil:cTB 

6eJJKOB. 
2. O11eHl!Tb cppaKTaJibHYIO pa3MepH0CTb 

3aBl!CIIM0CTb. CpaBHIITb pe3yJJbTaTbl 
II0Jl)"'JeHHblMH )lpyrHMII MeT0)laMH. 

6eJJKOB, HCII0J!b3YH Bb!I11ey110MJIHYTYIO 
C 0[leHKaMII cppaKTaJibHOH pa3MepH0CTII. 
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3. I1cc11e)lOBaTb B03M0)l(H0CTb i-ichOJ!b30BaltHll MarroyrnoBoro paccel!Hllll Heil:TpOHOB, B 
qaCTH0CTH, MeT0)la TpOllH0rO H30TOiJUqecKOfO 3aMerueHHH, )lJ!ll 0llpe)leJJeHHll 

¢P~,KT~bHOH p~~-~pHOCT1 rici~ep~H~CT~ 1eJi~~B ~ pa?jiio~e.: . . . .. . . .. 
4. ITpoBeCTH 3KC11epHMeHT 110 MarroyrnoBoMy paccex~UIIO iie11Tpo!loB C IICII0Jlb30BaHl!eM 

tpoi1Horo H30TOITHqeckord 3aifeitteHHii ii:a 6enke cpak-rop 3.n.oifra11HH EF-Tu (E. coli). 
brieiilih ¢pai<Tli.JtbHyib pibMepkocti, i:loBepidfocTH 6enKa ll3 3kc11epHMeH'HuibHOH 
t<pliiioi1. CpaBiillTb rioJiytjeiii-tkitt pdy.iii,tat t: iJ.oiienbll:i,iMli: pac<ietaMiI Ha OCH0Be )laHirnx 
H1 6aaka 6eJikoBi.iX t:tpyi<Typ. 

Pe3yJii.Tati.1, ni.iiioch~1i.1e u~ jJfuitty 

i. rtpe)lJJ0)Keiia . Mern.rtnka hcc.rie.11onaiI1hi ITOBepxiicicTH 6eJJKOB, . hodpoeHHOH 110 
Kpiic-rarl.rtotp:i~iF.letkn~ ;:taillH,!M Btt~oktiro pibpeilielirtJi. . HactcixniaJI MeTO)lHKa 
Il03BOJiii:e-r ripdaci,idi:Ti. ii:3fieiiii~ noiiepxii:ocHi oeJJK0Bb!X w.i:ei1CTB llpH pa:inH4HOM 
pibpelI.IemiH, BbUIBJI51H BJ!rt.liti:iul: . cpopl..!.b!; aCHMMeTPHH, KPYIIHbiX 1I MeJIKHX 
Iieo)lHcipo)lHocTeil: Ha t:Tpykiyjiy htiiiepxiiochi. 

2. Ha ocii.pa~ aiiaJin3a ¢paKTllJ!bJ~ix CBoiicTii riciaepirnoCTll pa311uqHoro pa3pe111eHHll )lJ!ll 
p»,na 6eJikokh1x . ceMeifcta tioka:faao, <irci 6e.nkosaii rioBepxiioCTb 11poi1BJ1l!eT 
,!IB)-'XJpoiiii.eayfu ciprmih3a~lhd: ii'e~~i,1li (iied,dti.cipo)lHOCTH MeHbriie 10 A) H BT0poii 
(iH:o,tiiiopo)lH0CTil ton1,lllb i O A) ypciaifa 11oaepx1I6ttii o6Jia)laIOT pa:.iifb!MH 
cppakrarrr,Hb!MH proMepiiocfaMk 

3. Yttaiio~Jielici, qTQ cppa1<tani;1uci opraHH3fil(Hll MeJJKHX HeO)lliOpO.z:\HOCTeii rtosepxHOCTH 
6eJJKOB (riepBblii ypoBi::Hb) ci;:turiakmia .rinx Bcex 6eJJKOB; He3almcHMO ot HX 
ripiliia,nJie)idi.ocTrt foMy rtnii: )lpJrdMy CeMeiicTBy. OueHKli qipakTaJJbH0H pa3MepHOCTH 
riepBoro YJJ0!lHH K0Jie6JJioTCH cikd.rio 2.1. 

4. IToi<a.1aiio, qfo ¢paKTaJlbHM opraii:ti3a11uii I<p)'IIHbIX Heo,nlicipO)lH0CTeil: IIOBepxHocrn 
6e11K0B (ihcipoii ypoi3eiif,j npojli:lJ:i}!eT 3aMeTiitie pa:lrru@i .ztrt.!i j:ia.3tib!X 6enkciiit1x 
ceMeiictB. <I>pa1tbiiit1hui: pi!1~.i'epY.ocib :llh:ipdrb ypciliihi 3ifatJ:ihertu-fo 6cirttllle 
pa3MepliocTH hepaorb. Ha6Jtto,tiaeid1 kbpe1111ii.(iui Me)K.dy tppakTaJibH0ll pa3MepH0CTb!O 
.ziafiiforo ypoBH}l ll OTHOCHTent\h:iii tlnollia.tlhfu ~3aii:l\lb,rlei1cTBHH 6eJiK0B. 

5. C IIOMOmbIO MeTO)la Marioyr.riciBord pacceiiiHrn tieHTpOHOB t: iicrrtiJJb30BaihieM TpoiiHoro 
H30TOJ!HqecKciro 3aMe1UeHHH brrpe,deJieHa tPpaKTtl.i.ttHIDI pa31\i:epHOCTb nosepxHOCTH 6e11Ka 
cpaKrnp JJJ0Hratinu Tu (EF-Tu); K0TOpllil pilBHa 2.66(5) H cooTBeTcTByeT BTopoMy 
ypoBitio Heo.ztiiopo)lH0CTei1 11oliepxliocTH . 6e.riKa. Ha ocHoae cpaaireHux 
3KC11epHMeHTaJibH0ii KJ)HBOH pacceJIHll51 EF-Tu C KpHBb!MH, paccqH'raHHb!Mlt 110 
Kp11c-ra.nnorpacpnqecl<HX )laHHblM, yctaHoBJieild, <ltd 4>paKTaJibHtie CTpyKtypb! Kpyllttb!X 
itt:O,D.lf<))lp'o,ztfioc-reiJ. froi3epXHOCTH 6eJJKa (BTOpOH ypciBeHb) II paCTB0pe ll KpHCTaJIJ!e 
cciaria;:iaIOi. 

6. Ha cicHoiie M0,!leJIIIj:JbllaHH$! KIJHBblX pacceHHHll 110 KpHCTaJIJ!otpacpl!qeCKli:M ,naHHb!M 
Bb!COKOrci pa:.ipeuieiHiJi yctairoiiJieHbl rpaHHl.(bl Iipii:MeHHMOCTlI MCTO)la TP0HHOro 
ll30T0ITiii1eckcirb 3ro.iefueihfa rrj:ii-i ortpe)leJJeHHll cppaKTaJibH0ii p.l.3MepltocTn II0BepxH0CTH 
6eJikoB. 

7. rtpe.zhlblKeHo o6Udidhie .ri,riyxypoliiieiibi1 cipraiin:ia11ii:H 6i::Jll<0B0i1 Iimlepxuoc-rtl Ha 
OCH0Be CBH3H cTj:iyKrypb! 116nepxH0CTH c tppat<iruitHOH CTPYKTYPOll nomitiellTH)lHOH 
1.1eifo 6e.rrKa. 
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HayqnaH IIOBH3Ha 

BnepBbie npoBe.ueH amUIII3 reoMeT)JIIqecKIIX CBOllCTB noBepXHOCTII 6eJIKOB npII 
pa3JIIIqHoM npocTpaHCTBeHHOM pa3peweHIIII. 3TO noJBOJIIIJIO BblllBIITb KaqecTBeHHb!e 

MexaHII3Mbl pocTa noBepXHOCTII 6eJIKOB C pocTOM 061,eMa II MaCIIITa6bI, r.ue npoirnmIIOTCJI 

3TII MexaHII3Mbl. 
BnepBb!e aHaJIII3 reoMeTpIIqeCKIIX CBOllCTB noBepXHOCTII 6eJIKOB npII pa3JIIIqHoM 

npocTpaHCTBeHHOM pa3pell!eHIIII npIIMeHeH .!lJill: HeCKOJ!bKIIX ceMeiiCTB 6eJIKOB. IToKa3aHo, 
qTo poCT noBepXHOCTII 6eJIKOB c pOCTOM o6beMa pa3JIIIqaeTCJI .!lJIJI pa3Hb!X ceMeiicTB 6eJIKOB 

II MOlKeT 6b!Tb o6ycJIOBJieH KaK pocTOM noBepXHOCTHb!X Heo.u11opb.UHOCTeii, TaK II poCTOM 

acIIMMeTpIIII cpopMbl. 
BnepBb!e ycTaHOBJieHo, qTO cppaKTaJibHbJe CBOHCTBa noBepXHOCTII 6eJIKOB 

npoll:BJIJIIOTCJI no pa3HOMY Ha pa3Hb!X MaCll!Ta6ax. <I>paKTaJibHbJe pa3MepHOCTII MeJIKIIX 
(pa1Mep MeHbllle 1 HM) II KpynHb!X (pa3Mep 6oJibll!e 1 HM) HeO.UHOpO.!lHOCTeii noBepXHOCTII 
6eJIKOB pa3JIIIqHbl. <I>paKTaJibHaH pa3MepHOCTb MeJIKIIX HeO.UHOPO.!lHOCTeii 0.!lIIHaKOBa .!lJ!Jl: 
BCeX 6eJIKOB, He3aBIICIIMO OT IIX npIIHa.uJielKHOCTII TOMY IIJIII .upyroMy ceMeiicTBY, II ee 
OIJeHKII KOJie6JIIOTCJI OKOJIO 2.1. B TO lKe BpeMJI CT)JyKrypa KpyrrHb!X HeO.UHOPO.!lHOCTeii 
noBepXHOCTII 6eJIKOB npOll:BJIJieT 3aMeTHb!e pa3JIIIqIIJI .!lJ!Jl: pa3Hb!X 6eJIKOBb!X ceMeHCTB, II ee 

cppaKTaJibHaJI pa3MepHOCTb 3HaqIITeJibHO 6oJibll!e pa3MepHOCTII MeJIKIIX HeO.!lHOpO.!lHOCTeii. 

BnepBb!e paCCMOTpeHa B03MOlKHOCTb IICnOJib30BaHIIJI MeTo.ua T]JOllHOro 
II30TOnIIqecKoro 3aMeIIJeHIIJI B ManoyrnoBOM pacceJIHIIII HeiiTpOHOB .!lJ!Jl: onpe.ueneHIIJI 

cppaKTaJibHOll pa3MepHOCTII IIOBepXHOCTII 6eJIKOB B pacrnope. 3KcrrepIIMeHTaJibHO 

orrpe.ueneHa cppaKTaJibHaH pa3MepHOCTb IIOBepXHOCTII 6enKa cpaKTOp 3JIOHraIJIIII Tu, KOTOpaJI 
paBHa 2.66( 5). · 

BrrepBb!e 060111aqeHa B03MOlKHaH CBH3b Me)K.!ly cppaKTaJibHb!MII CTPYKTypaMII 
IIOBepXHOCTII 6eJIKOB II IIX IIOJIIIIIelITII.!lHb!X IJerreii. 

1IpaKT11qec1rnH QCIIIIOCTh pa60Thl 

Pa3BIITM B pa6oTe MeTO.!lIIKa IlCCJie.UOBaHilll: reoMeTp11qeCKilX HeO.UHOPO.!lHOCTeH 
IIOBepXHOCTil 6eJIKOB MOlKeT 6b!Tb IlCIIOJ!b30BaHa .!lJ!Jl: rrpOil3B0JlbHOrO ceMeHCTBa 6eJIKOB. 
ITo-CyIIJeCTBY, .uaHHaH MeTO.!lilKa MO)KeT 6b!Tb rrpIIMeHeHa .!lJill: rrpOII3B0JlbHOro Ha6opa 
6eJIKOB, qTo .uaeT B03M0)KHOCTb KJiaCCII!pIIIJIIpoBaTb 6eJIKII no cppaKTaJibHb!M CBOHCTBaM IIX 

IIOBepXHOCTII. 
ITpIIMeHeHHblll II IICCJie.uoBaHHblll B HaCTOJIIIJeii pa6oTe M~O.!l T]JOHHOro 

II30TOnIIqecKoro 3aMeIIJeHIIJI B ManoyrnoBOM pacceJIHIIIl HeiiTpOHOB .uaeT B03MO)KHOCTb 

OIJeHKII cppaKTaJibHOll pa3MepHOCTII IIOBepXHOCTII 6eJIKOB B IIX HaTIIBHOM COCTOJIHIIII - B 
pacrnope. I1crrOJib30BaHIIe 3TOro MeTo.ua II03BOJIJieT cpaBHIIBaTb cppaKTaJibHb!e CTpyKTYPbl 

6eJIKOB B KpIICTaJIJie II pacrnope. B cnyqae )Ke, Kor.ua KpIICTaJIJIII3aIJilll: 6eJIKa HeB03M0)KHa, 

ManoyrJIOBOe pacceJIHile HeiiTpOHOB C IlCIIOJ!b30BaHileM T]JOHHOro Il30TOIIIlqecKoro 

3aMeIIJeHilll: OCTaeTCJI !paKTilqecKil e.UilHCTBeHHb!M MeTO.UOM .!lJIJI Il3yqeHilll: cppaKTaJTbHb!X 

CBOHCTB IIOBepxHOCTil .uaHHOro 6enKa. 

A11po6aQ1rn pa6on,1 

OcHOBHbie pe3yJibTaTbl pa60TbI ony6JIIlKOBaHbl B 9-Til CTaTbll:X. 
Pe1yJibTaTbl, rrpe.ucTaBJieHHb!e B pa6oTe, .!lOKJia.ub!BaJTilCb Ha pOCCilllCKilX Il 

Me)K.!lyHapOJ.\Hb!X KOHcpepeHIJilll:X, KOHcpepeHIJilll:X MOJIO).\b!X yqeHb!X B OI15II1, Ha ceMHHapax 
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B OT).\eJie HeiiTpOHHb!X TTCCJie).\oBaHHH KOt{).\eHCilpOBaHHb!X cpe}.\ Jla6oparnpIIII HeiiTpOHHOll 
cpII3Il!(II HJ'1- H.M. !DpaJ-IKa: · 

1. The 9
th 

International Conferen~e on Comp~!~ti9pal Modelling and Computing in Physics, 
September 16-21, 1996, Oubna, Russia. 

2. KoHKy~c MOJIOJ.\bIX yqetthlX JIH<I>, ,l{y6tta, Ol15II1, 1997. 

3. The 5
1 

Su1m;11~r School on ·Neutron· Sca~terip.g "Cold Neutrons: Large Scales-High 
Resp)ution", At1gus1 9~ 15, Zuoz, Switzerl141q, 1997. 

4. II HayqttaH I<Ot{q>epettl!Hll l\fOJIQJ.\bIX yqeHblX II crreQIIaJIIlCTOB, cpeBpanb 1998, ,l{y6Ha 
Ol15II1, PoccnJI. · · · 

5. The International Workshop on Deutaration of Biological Molecules for Structural and 
Dynamics Stuqies, May 1f2s, 199S, Dµbµa, Russia. 

6. The Iriternat1onal School aiid Symposium on Small-Angle Scattering, October 8-11, 1998, 
Matrahaza, Hungary. · · · · · 

7. The 5th International Multidisciplinary Conference "Fractal 1998; Complexity and 
Fractals in S~ience", October 25-28, 1998, Valetta, Malta. 

s. i~t;pi~tion~i \i?r~sho·p' "New Mpqel; cµicj Nuclear Methods in Biophysics and 
Biocnernjst!)'", Janµiiry 24-26, 2002, t3LTP, Dubna, Russia. 

Jluqnhlii BKJI3.!l 3BTopa 
' • , r ; •. ; • , !1 , ,t • . ~ 

PcttCl!)IIbit:: p~1y.rn,T1ffbI, ~3JIO)KeHtfble ·B .unccepTaQIIIl, rronyqeHbI rrpn 
11errorne.ucrne~HO\\f yqa~TJHI . <!JlTOp<j. ITpII IICCJie).\OBaHilII cppaKTaJibHOll CTpyKTypb! 

rroBepxII()C"fII ~eJij<Cl~ HM O~Bp~IIP II npw~mieIICl .UBa .uorroJIHJIIOIIJIIX .upyr .upyra MeTo.ua: 
aHaJIIl3 .uaHHb!X Ill EaHKa 6enKOBbIX CTpyKTyp (P.DB) Il ManoyrnoBoe pacceJIHile HeiiTpOHOB. 
ABTOpOM IIpe.UJIO)KeHo· tt rrpcme~eHo IlCCJie.UOBaHHe IIOBepXHOCTil 6eJIKOB, IIOCTpOeHHOll c 
pa3JIIlqHbIM rrpOCTIJaHCTBeHHbIM pa3pell!eHIIeM .!lJIJI HeCKOJ!bKilX CeMeiiCTB 6eJIKOB. 

3<j IIC!(JIJOqeHile~ 6IIoxm1mqeCKOll pa6oTbr: CBJI3aHHOll C 1IpIIroTOBJieHHeM o6pa3QOB, 
aBTOp 1IplIHijMaJI aKTIIBHOe yqaCTile BO Bcex 3Tarrax 3KCnepIIMeHTOB no Ma.rrnyrnoBoMy 

pacceHfIJIIO IIe~"fPQHOB, HQJiyqe1mf>IX Ha paJ.rmqHf>IX ycraHOBKax, HaqHHaH c rrpoBe.ueHttJI 
H3MepeHHll ij rrep1mqf!OH oppa60TKII .uaHHb!X II 1aKaHqIIBM IlX IIHTeprrpernn:tteii. 

CTpyi.:rypa II 061,eM pa6oTbl 

,l{IIccepTaQilJI COCTOIIT 113 BBe.ueHIIJI, qeTbipex rnaB Il 3aKJIJOqeHIIJI. Pa6ora II3JIO)KeHa 
Ha 101 CTpaHIIQe, BKJIIOqaH 39 PIICYHKOB, 10 Ta6JIIIQ II 138 HaIIMeHOBaHIIll JIIITepaTypb!. 

CO,l{EP)l{'AHHE P AliOTbl 

Bo BBC.l{CIIIIH OIIHCbIBaeTCJI rrpe.uMeT HCCJie.UOBHilll, 060CHOBbIBaeTCJI aKTYaJibHOCTb TeMbl 
).\HCcepTa!JIIOHHOll pa60TbI, cpopMyJIHPJIOTCJI QeJIII II 1a.uaqn IICCJie.UOBaHHJI. KpaTKO 
H3JiaraIOTCJI CTPYKTypa H COJ.\ep)KaHHe .!lHCceprau:nn. 

B nepBoii rJiaBe co6paHbl CBe.UeHHJI, OTHOCll:IIJIIeCJI K 06IIJIIM BOIIpOCaM orrpe}.\eJiemrn, 
IIOCTpOeHHJI H aHaJIII3a MOJieKyJIHpHoii IIOBepxHOCTII 6eJIKOB. B Heil: OIIIICb!BaIOTCJI MeTO).\bl 
IIOCTpOeHHJI II arrrrpOKIICIIMan:1111 MOJieKyJIHpHoii noBepXHOCTII, a TaK)Ke MeTO).\bl OIJeHKH ee 
rrapaMeTpOB. B qacTHOCTII, o6cy)K.uaeTCJI B03MO)KHOCTb IICIIOJib30BaHIIJI qeTb!pexToqeqHb!X 
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Pnc. I. IIpnMepbI cxeMaTnqecKoro nocTpoeHml noBepXHOCTH BaH-,llep0Baanhca (a), 
,llOCT)'nHoii noBepxHOCTH (6) H MOJieKyJurpHOll noBepXHOCTH (6). 

npoeKTHBHbIX qmnhTpOB [16], H3yqaBIIIHXCll aBTOpOM [Alf B O.l(HOMepHOM cnyqae, npn 

annpOKCHMaI.(HH MOJieKyJillpHOll noBepxHOCTH cnJiaiiHaMH. Ha OCHOBe KaqecrneHHOfO 

cpaBHeHml o6ycJiaBJIHBaeTCll Bbl6op MeTO.l(OB noCTpOeHHll n annpOKCHMal.\HH MOJieKynllpHOll 

noBepxHOCTH, ncnOJih3yeMh!X B HaCTOllll.\eii pa6oTe. 

IIoHllTHe MOJ/eKyflJlpllOU no6epx11ocmu 6eJIKOB qiopMHpOBaJIOCh B TeqeHHe 70-x ro.l(OB 

npOIIIJIOro CTOJieTHll [17-20]. MoJieKyJillpHaH noBepXHOCTh COCTOHT H3 KOHTaKTHOll 

noBepxHOCTH n o6'be,llnHeHHll noBepXHOCTeii lllapa, MO,l(eJinpyiomero pacrnopnTeJih, Kor,lla 

OH HaxO,l(HTCll B conpHKOCHOBeHHH 6onee, qeM C 0.l(HHM aTOMOM MOJieKyJihl. Ha PHc. 1. 
cxeMaTHqHo ll306pa)l(eHO nocTpOeHne MOJieKyJillpHOll noBepXHOCTH B cpaBHeHHH C .llPYfllMH 

cnoco6aMH 3a,l(aHHll noBepXHOCTH 6eJIKa. IIpnMep MOJieKyJillpHOll noBepXHOCTH, 

nOCTPOeHHOll no Ha6opy KOOp,llnHaT aTOMOB n HX Pa.llHYCOB, npe,llCTaBJieH Ha PHC. 2. 

CymecrnyeT 60JihlIIOe KOJinqecrno MeTO.l(OB nocTpOeHHll MOJieKyJIJipHOll noBepXHOCTH H ee 

npH6JIH)l(eHHll, a TaK)l(e MeTO.l(OB 01.1eHKH ee napaMeTPOB. 3TH MeTO)lhl MO)l(HO pa3,lleJIHTb Ha 

.l(Be rpynnhI B 3aBHCHMOCTH OT Toro, '1UCJ1e1111oe HJIH a11GJ1UmU'leCKOe npe,llcTaBJieHHe 

noBepXHOCTH peaJIH3yeTCll B TOM HJIH HHOM MeTO,lle. B nepBOM cnyqae noBepxHoc-i-h 

npe,llCTaBJilleTCll KaK Ha6op ToqeK B TPeXMepHOM npOCTPaHcrne, BO BTOPOM - KaK Ha6op 

napaMeTpOB, no KOTOpbIM MO)l(HO BOCCTaHOBHTh noBepXHOCTh. B ,llaHHOll rnaBe KpaTKO 

,, •. · .. - ~\ . .... . ~'· . -- , ?' . _,,,. _.._,._, -

,;aJ'it~;,~,-7r:t'~~ . ~
'JT"- .:;«~' ~: 'ill!!"4)~ir'itf 

:I .~ ~;; ,. .,,,~~r,:f ~-.""~ -
'-- ,~- IJ· /,fl'" -_ ''-~si;li"F . 11 ~·~~•fr:~~- ~· 

PHc. 2. 

I';'."'! -
Ll::l 

□-

□-

• EyKeofi A 0603Ha<Jem,1 pa6oru no TeMe ,11Hcceprat1HH 
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IIpnMep MOJieKyJillpHOll noBepxHOCTH 

no KOHHOJIH [21] .l(Jlll KpaM6HHa 

(PDB HH.lleKc 1cm). Pa1nHqHhIMH 

l.\BeTaMH 0603HaqeHhl yqaCTKH: 

11Iap-pacrnopHTeJih KacaeTCll O.llHOro 

aTOMa (c<pepnqecKaJI noBepXHOCTh); 

11Iap-pacrnop1neJih KacaeTCll .l(Byx 

aTOMOB (TopOH)laJibHaJI noBepXHOCTh); 

11Iap-pacTBOpHTeJib KacaeTCll TPeX 

aTOMOB (cqiepnqeCKaJI noBepXHOCTb). 

J 

onHCaHbl OCHOBHbie anropHTMbI nocTpoeHHll MOJieKyJil!pHOll noBepxHOCTH H ee 

npH6JIH)l(eHHll pa3JIHqHoro pa1pe11IeHHll, a TaK)l(e Bbl,lleJieHbl Te MeTO)lbI, KOTOpbie 

ncnOJih3YIOTCll B ,l(HCCepTal.\HOHHOll pa6oTe . .lJ:eTaJihHOro cpaBHeHHll pa6oThl JTHX MeTO,llOB H 

C03,llaHHhIX Ha HX OCHOBe nporpaMM, HaCKOJihKO H3BeCTHO aBTOpy (200lr.), He npoBO,l(HJIOCh, 

qTo, HeCOMHeHHO, llBJil!eTCll .l(OBOJihHO aKTYaJihHOll npo6JieMoii. B HaCTOllll.\ell pa6oTe 

OCHOBHbIM KpHTepneM Bb16opa MeTO,llOB nOCTPOeHHll - MOJieKyJillpHOll noBepXHOCTH H ee 

npn6JIH)l(eHHll llBJIJIJiaCb npocTOTa peaJIH3aI.(HH Toro HJIH HHOro MeTO,lla, qTo no3BOJil!eT 

npoBO,llHTh ero 6bICTPOe n .l(OCTOBepHoe TeCTHpOBaHne. B cnyqae MOJieKyJillpHOll 

noBepXHOCTH BhICOKOfO pa1pe11IeHHll npe,llno .. nemte 6hIJIO OT,llaHO nporpaMMe IIaBJIOBa 

SHMQQQ [22], o6Jia)laiOmeii np03paqHhlM KO.l(OM H MnycKaJOmeii MO.l(HqJHKal.\HH 6e3 

3HaqnTeJihHblX BpeMeHHbIX 3aTpaT. KpoMe TOro, peaJIH30BaHHhlll B ,llaHHOll nporpaMMe 

cnoco6 npe,llCTaBJieHHll noBepXHOCTH 6eJIKOB (MeTO)l Ky6HKOB) MO)l(eT 6hITh eCTeCTBeHHhIM 

o6pa30M ncnoJib30BaTbCll ,l(Jlll onpe,lleJieHHll <ppaKTaJibHOll pa3MepHOCTH MeTO,llOM 

nHKCeJibHOro 061,e.l(HHeHHll. 

Bo BTOpou rJiaBe npe,llCTaBJieHbl HeKOTOpb!e acneKThl Teopnn qipaKTaJIOB. OCHOBH0ll 1.1eJiblO 

B rJiaBe nocTaBJieHo Bbl,lleJieHHe' H KJiaccH<pHKaI.(Hll OCHOBHhIX nOHl!THll, onpe,lleJieHHll H 

MeTO,llOB, HCnOJih3yeMbIX B HaCTOllll.\eii pa6oTe. BMeCTe C rnaBHhlMH onpe,lleJieHHl!MH ,llaHbl 

o6mHe cnoco6bi OlleHKH <ppaKTaJihHOll pa3MepHOCtH, KOTOpbie .l(OnOJIHHTeJibHO 

o6cy)l(,llaJOTCll B npnMeHeHHH K <ppaKTaJihHhlM noBepXHOCTllM. IIo,llp06HO OCBell.\eH BOnpoc 

npnMeHeHHll ManoyrnoBOro pacceJIHHll .l(Jlll onpe,lleJieHlrn pa3MepHOCTH <ppaKTaJihHhlX 

CTpyKTyp. IIpn n3yqeHHH ,llaHHOr0 Bonpoca aBTOp npHHHMaJI yqacTne B HCCJie.l(OBaHHl!X 

pa3JilfqHhlX <ppaKTaJibHhIX CHCTeM, B qaCTHOCTH aJIIOMOCHJIHKaTHbIX a3p0- n KCeporeJiett [A9] 

H ryMHHOBbIX KHCJIOT [A2, A7, A8]. OCHOBHble pe3yJihTaTbI JTHX HCCJie,llOBaHHll, 

KaCalOII.\HeCll qipaKTaJihHOll CTPYKTypbl )WHHblX CHCTeM, npnBe,lleHbl B HaCTOl!Il.\ei:i rnaBe. 

TaK)l(e npe,llCTaBJieH JIHTepaTypHbill ofoop HCCJie.l(OBaHltii qipaKTaJibHblX CBOHCTB 

MOJieKyRllpHOll nOBepXHOCTH 6eJlKOB. 

IIo)l <ppaKTaJiaMH nOHHMaJOT 061,eKTbl, npe,llCTaBJill!OlllHe co6oii CHCTeMhl, 

pa1ynopll,lloqeHHhle 0,l(HHaKOBbIM o6pa30M npn JIJ060M M/lCIIITa6e, HJIH, .llPYfHMH CJIOBaMH, 

06Jia,llal01IlHMH MaC1IITa6Hoii HHBapnaHTHOCThlO. OTCJO)la CJie,llyeT, qTO qipaKTaJihHaJI 

CHCTeMa B HeKOTOpoii CTeneHH llBJIJieTCll CaMonooo611ou, T.e. JIJ06aJI ee 'IacTb Be,lleT ce6ll KaK 

IleJioe HJIH noBTOplleT CTPYKTYPY IleJioro. IIocne,l(Hee CJie)lyeT IlOHHMaTh B CTaTHCTnqecKOM 

CMhlCJie, T.. e. IIO.l(06Hbl He CTpyKryphl KaK TaKOBhie, a pacnpe,lleJieHllll MaCChl BHYTPH 

CHCTeMbl, XOTll H cymeCTBYJOT npnMep1,1 MO,lleJibHh!X 06'beKTOB, KOTOpb!e )leUCTBHTeJibHO 

CaMOIIO.l(06Hhl C ToqHOCThlO .l(O KOOp,llHHaT ToqeK, COCTaBJIJIIOII.\HX HX. MaTeMaTHqeCKHM 

napaMeTPOM, C IIOMOil.\hlO KOTOporo OKa3aJIOCh B03MO)l(Hh!M onHCb!BaTh IIOJIHOCThlO 

pa1ynop11,lloqeHHb!e CHCTeMbl, 1!BJilleTCll noH1!THe qipaKTaJibHOll (.llp06Hoii) pa3MepHOCTH. 

CYil.\eCTByeT HeCKOJihKO pa3JilfqHh!X TllnOB pa3MepHOCTH, xapaKTepll3YJOII.\He pa3JilfqHhie 

CBOllCTBa qipaKTaJihHOll CHCTeMhI. PeanhHhle CHCTeMbl HMelOT KOHeqHhie pa3Mepbl H COCTOllT 

H3 qacTHil (aTOMhi, M0JieKyJihl, KOJIJIOH,l(Hb!e 'IaCTHilbI), TaK)l(e 06Jia,lla10II.\HX KOHeqHblM 

pa3MepoM. IIoJTOMy qipaKTaJihHhie CBOHCTBa B peaJihHbIX CHCTeMax MOryT npOllBJI1!ThCll 

JIHIIIh B HeKOTOpOM orpaHnqeHHOM .l(Halla30He MaC1IITa60B. CymecTByeT pa3JIHqHble MeTO,llhl 

01.1eHKH pa3MepHOCTH, o6Jia,llaIOII.\He pa3JIHqHoii ToqHOCTblO npn pa3JIHqHb!X MaCIIITa6ax. 

O.l(HH H3 CaMhIX HCIIOJib3yeMblX MeTO,l(OB oneHKH <ppaKTaJibHOll pa3MepHOCTH 1!BJI1!eTC1! 

MeTO,ll KJieToqHoii pa3MepHOCTH. B JTOM MeTO)le d-MepHaH CHCTeMa IlOKpbIBaeTC1! ceTKOll H3 

Ky6nKOB C ,l(JIHHOll pe6pa E, nocne qero CTPOHTC11 3aBHCHMOCTb- N(E) qHcJia Ky6nKOB, 

CO,llep)l(amnx TOqKn CHCTeMbl, OT ,l(JIHHbl pe6pa. JJ:m <ppaKTaJihHOll CHCTeMbI 

N(i;)oci:·0 , (I) 
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r.ue D - qipaKTaJlbHM pa3MepHOCTb . .[(aHHb!H cnoco6 ymrnepcaJieH: HM MO)KHO onpeneJH!Tb 

qipaKTaJlhHYJO pa3MepHOCTb KaK o6neMHh!X, TaK H noBepXHOCTHb!X qipaKTaJIOB. l!acTO ero 

HCIIOJ!h3YJOT KaK orrpeneneHHe <jJpaKTaJihHOH pa3MepHOCTH (KJJeTO'IHIDI pa3MepHOCTh). 

.[(pyroii cnoco6, KOTOph!H HCnOJJh3yeTCJI B HaCTOJIIUeH pa6oTe, OCHOBaH. Ha rroc-rpoeHHH 

3BHCHMOCTH JJJJOIUanH IIOBepXHOCTH A OT orpaHH'leHHOro eJO o6neMa V .!lJIJI CeMeHCTBa 

IIO.!l06HhlX TeJJ [23], o6nanaIOIUHX qipaKTaJlhHOH JJOBepxHOCTb!O, 

A-VP, (2) 

rne p=D/3. ct>paKTaJlhHYJO pa3MepHOCTh CHCTeMhl MO)KHO TaK)Ke onpeneJJJITh H3 KpHBOH 

MaJIOyrJJOBOro pacceJIHHJI HeHTPOHOB HJJH peHTreHOBCKHX JJy'leH. XapaKTep cnana 

HHTeHCHBHOCTH pacceJIHHJI Ha qipaKTaJlhHOH CHCTeMe OT MO./lYJJJI BeKTOpa pacceJIHHJI q, 
JaBHCJIIUero oT yrna pacceJIHHJI 0 H .!lJJHHhI nanaJOmero HJJJy'leHHJI 'A KaK: 

4n . 2n0 
q = ~sm(S/2)"" ~, 

'A 'A 
(3) 

pa3JJH'!aeTCJI .!lJIJI o6neMHOro (MaCCOBoro) [24]: 

I(q)cx:q-0
, I :::; D < 3, (4) 

H noBepXHOCTHOro [24-26] qipaKTaJia: 

I( q)cx:q -(6- 0 
5>, 3 < 6 - Ds:::; 4, (5) 

rne D H Ds - cooTBeTcrnyJOIUHe :.JTHM cny'IMM qipaKTaJihHhie paJMepHOCTH. KaK nerno 

BH.!leTh, 3TH cJJy'laH PaJ.!leJJJIJOTCJI no KpHBOH . pacceJIHHJI, 'ITO .!lOBOJJhHO IIIHpOKO 

HCnOJJh3yeTCJI B npHMeHeHHJIX MaJioyrnoBoro pacceJIHHJI [27]. B naHHOH rnaBe nonpo6HO 

paCCMOTpeH Bonpoc HCnOJJh30BaHHJI MaJIOyrJJOBOro pacceJIHHJI npH HCCJJe./lOBaHHH 

qipaKTaJihHblX CTpyKTYP· O603Ha'!eHhl rrpo6JJeMhl H orpaHH'lemrn ./laHHOfO MeTO./la. B paMKaX 

3TOro Bonpoca npe.!lCTaBJJeHbl pe3yJJhTaThl HCCJ!e.!lOBaHHH aJIJOMOCHJJHKaTHh!X a3p0- H 

KCeporeJJeH [ A9] H noJJHMepHb!X KOMnJJeKCOB ryMHHOBb!X KHCJIOT [ A2, A 7, A8]. 

B OTHOIIIeHHH K o63opy HCCJ!e.!lOBaHHH qipaKTaJlhHh!X CBOHCTB JJOBepxHOCTH 6e,:1KoB no 

JJHTepaTypHh!M naHHh!M cnenyeT OTMeTHTh, 'ITO BCe MeTO./lhl HCCJJe.!lOBaHHH, npHMeHeHHbJe 

./lO CHX nop, MO)KHO ycJJOBHO pa3.!leJJHTh Ha 'leTb!pe rpynrrhI: ! 

I) aHaJIH3 qipaKTaJihHOH cTpyKTYPhI KOHTYPOB ce<JeHHH 6enKOBOH noBepxHocTH; 

2) aHaJIH3 3aBHCHMOCTH nJJoIUanH noBepxHOCTH OT pa3Mepa rrpo6Horo Tena; 

3) aHaJIH3 3aBHCHMOCTH nnoma.!lH JJOBepXHOCTH OT o6neMa; 

4) aHaJIH3 HHTeHCHBHOCTH MaJioyrnoBoro pacceJIHHJI. 

B HaCTOJIIUeH rnaBe npoBO./lHTCJI cpaBHeHHe pe3yJJhTaTOB, coorneTCTBYJOil1HX 3THM rpynrraM. 

TaK)Ke npe.!lCTaBJJeHhl KOHl(eIIl(HH qipaKTaJihHOH npHpO./lhl IIOBepXHOCTH 6eJJKOB, 

npe.!lJJO)KeHHh!e pa3Hh!MH aBTOpaMH, H o6JJaCTH npHMeHeHHJI qipaKTaJlhHOro nonxona B 

qJH3HKe H XHMHH 6eJJKOB. 

TpeTbH rJiaBa nOCBJ1I11eHa pe3yJJhTaTaM HCCJJe.!lOBaHHJI qipaKTaJlhHh!X CBOHCTB noBepXHOCTH 

nJITH 6eJJK0Bb!X ceMeil:CTB na_OCHOBe pa6oT [A3, A4, A6]. B qaCTHOCTH, rrpHBeneHhl naHHh!e 

a11aJIH3a noBepxHOCTH 6eJJKOB 3THX ceMeHCTB npH pa3JJH'IHOM npOCTPaHCTBeHHOM 

pa3peIIIeHHH, na OCHOBe KOTOph!X pa3BHBaeTCJI H o6cy)K.!laeTCJI KOHl(enl(HJI .!lByxypoBHeBOH 

opraHH3al(HH 6eJJKOBOH noBepxHOCTH H ee CBJ13h C <jJpaKTaJlhHOH .CTPYKTypoii 

nonHnenTH./lHOH 11enH 6eJJKOB. 

TI pH HCCJJe.!lOBaHHH HCIIOJ!b30BaJIHCh KpHCTaJIJJOrpaqiH'leCKHe nannhle, BblCOKOrO 

npoCTpaHCTBeHHOro pa3peIIIeHHJI, nony'leHHh!e C noMOI.I1h!O ./lHqJpaKl(HH· peHTreHOBCI(HX 

IIY<JeH H co6paHHhie B 6aHKe 6eJJKOBhIX cTpyKryp (Protein Data Bank, PDB) [15]. Oc110BHM 

H./leJI HCCJ!e.!lOBaHHH KacaJiaCh BOnpoca O TOM, KaK H3MeHJieTCJI 3aBHCHMOCTh nnomanH 

noBepxHOCTII 6enKa OT ero o6neMa (2) BnyrpH HeKOTOporo ceMeiicrna npH pa3JJH'IHOM 
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pa3peIIIeHHH. ct>paKTaJihHb!e xapaKTepHCTHKH noBepXHOCTH CHJ!hHO BJIHJIIOT Ha TaKYJO 

3aBHCHMOCTh, H npH HeKOTOpb!X orpaHH'leHHJIX no neii MO)KHO Ol(eHHTh qipaKTaJibHYJO 

pa3MepHOCTh noBepXHOCTH, HCnOJJh3YJI (2), 'ITO H ocymecTBJ!JleTCJI B liaCTOJ1I11eH rnaBe. 

Cl>paKTaJlhHIDI pa3MepHOCTh MOJJeKyJJJipHOH IIOBepXHOCTH onpenemmach TaK)Ke H C IIOMOI.I1h!O 

3aBHCHMOCTH (I). 
Hccne.!lOBaJIOch TPH Bif.!lil 6enKoB: rno6ynJipHhie 6eJJKH, .[(HK-cBJI3b!BaIOmHe 6enKH n TPHK

CBJI3hlBaJOmHe 6emm (aMHHOaIIHJJ•TPHK-cHHTeTa3h!). TepMHH "rno6ynJ1pHhJe 6eJJKH" B 

HaCTOJ1I11ei1 pa6oTe JIBJ!JleTCJI ycJJOBHhlM. non rno6yJJJ1pHh!MH 6eJJKaMH nOHHMaJOTCJI 6eJJKH c 

KOMnaKTHOH CTPYKTypoii n cjiopMoii, 6JJH3Koi1 K ccjiepH'leCKoi1. Cpenn paccMaTPHBaeaMhIX 

rno6ynJ1pHb!X 6eJJKOB 6eJJKH c pa3JJHqHbIMH ¢YHKl\HOHaJlhHh!MH CBOHCTBaMH (cjiepMeHTbl, 

./lBHraTeJJhHble 6eJJKH, TOKCIIHhl II ./lp. ). .[(HK-CBJl3hJBaJOmHe 6eJJKII BhlTIOJJHJiioT 

perynJITOpHhle qiyHKl\HII npn CIIHTe3e PHK Ha .[(HK [28). TPHK-cBJI3hIBaJOI.I1He 6enKII 

(aMHHOal(HJJ-TPHK-CHHTeTaJbI) Y<JaCTBYJOT B npHCOe./lHHeHHH aMIIHOKHCJJOT K 

COOTBeTCTBYJOil11IM TPHK B npo11ecce CHHTe3a 6enKOB [29]. ,[(JJJI Ka)K.!lOll aMHHOKIICJJOThl 

cymecrnyeT COOTBeTCTBYIOil1M TOJ!hKO eil: aMHHOal(IIJJ-TPHK-cHHTeTaJa. Bhr6op II3Y<JaeMhIX 

B pa6oTe BH./lOB 6eJJKOB 6bIJI o6ycJIOBJJeH ./lBYMJI nplI'IHHaMH. Bo-nepBb!X, HaJIH'IIIeM B 6aHKe 

Kp1ICTaJIJJOrpacji1I'leCKHX .!laHHhIX KOJJHqecrna 6eJJKOBhIX CTPYKTyp, ./lOCTaTO'IHOro .!lJIJI 

IIOCTpoeHIIJI CTeneHHOH 3aBHCHMOCTH (2). Bo-BTOphIX, Bhl6panHhie BH./lhl B3aHMO./leHCTBYJOT 

C pa3HblMH o6neI<TaMH H 3Ha'IIITeJJhHO pa3JJII'laJOTCJI no OTHOCHTeJJhHOH nnoma.!llI 

B3aHMO.!leiicTBIIJI, 'ITO MOrJIO 6hi o6ycJJaBJJHBaTh PaJJJII'IIIe B opraHH3fil.lHH CTPYKTYPhl IIX 

noBepxlIOCTH. KaqecrnenHO .!lJIJI rno6ynJ1pHbIX . 6eJJKOB 3Ta MaJlaJI nnomanh 

B3aHMO.!leHCTBHJI,_ A}IJI .[(HK-CBJl3b!BaJOll(IIe 6eJJKOB - 6oJJhil!aJI nnomanb B3aHMO.!leHCTBHJI, H 

aMHHOal(HJJ-TPHK-CHHTeTaJhl no ,UaHHOMY napaMeTpy 3aHHMaJOT npoMe)KyTO'IHOe 

noJJO)KeHIIe. Ha OCHOBe BhI6paHHh!X BH./lOB 6eJJKOB 6b!JJO HJyqeHo IIJ!Tb ceMeil:crn: 

rno6ynJipHhie 6enKII, .[(HK-cBJI3h!BaJOmHe 6eJJKII, o,uno,uoMeHHhie TPHK-cBJI3hIBaJOmHe 

6eJJKH, .!lBY.!lOMeHHhie TPHK-cBJI3hIBaJOmHe 6eJJKII H ./lOMeHhI .!lBY.!lOMeHHhIX TPHK

CBJI3hIBaIOI.I11IX 6enKOB. KoJJH'leCTBO MOHOMepHbIX e.!lHHIIl\, HHTepBaJI II3Y<JaeMh!X 

MOJJeKyJJJipHhIX Mace II OTHOIIIeHHe MaKCHMaJlhHOfO K MHHHMaJlhHOMY IICKJJJO'leHHOMY 

061,eMy BHyrplI 3TIIX ceMeHCTB YKaJaHhl B Ta6JJ I . .[(JJJI nocTpOeHIIJI noBepxHOCTII 6eJJKOB 

HCnOJJh30BaJIIICh KOOP.!llIHaThI aTOMOB II3 PDB (paJpeIIIeHHe se2 A). TiocTPOeHIIe 

Ta6n1I11a I. 
lIHCJJO 061,eKTOB B II3Y<JaeMhIX ceMeHCTBax, IIHTepBaJI HCCJJe.!lyeMh!X MOJJeKyIIJipHh!X Mace H 

OTHOIIIeHIIe MaKCIIMaJibHOI'O K MIIHHMaJlhHOMY HCKJJJO'leHHOMY 061,eMy Vmax / Vmin ./lJIJI 3TIIX 

061,eKTOB 

N2 CeMeiicrno lIIICJJO 061,eKTOB 
I1HTepBaJI 

Vmaxf Vmin 
MOJJeKyIIJipHb!X 

Mace, KDa 

I. rno6yJJJ1pHb!e 6eJJKH 25 5+35 7 

2. .[(HK-cBJI3hJBaJOmHe 6enKH 8 8+24 3 

3. O.!lHO./lOMeHHble 16 42+67 1.5 

TPHK-cBJI3hIBaJOI.I11Ie 6eJJKII 

4. .[(By,uoMeHHhie TPHK- 13 47+56 1.5 

CBJI3hIBaJOmne 6eJJKH 

5. .[(oMeHhl .!lBY.!lOMeHHhIX TPHK- 26 10+41 4 

CBJ13h!BaJOI.I11Ie 6eJJKH 
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rroaepxHOeTeii 6eJIKOB B ll3}"IaeMbIX eeMeiieTBax oeyil(eeTBJIJIJiell MeTO)laMH, o6JI~aJOil(llMll 

pa3JIHqHb!M IIpOeTPaHeTBeHHblM pa3peIUeHrreM. IlpHMepbI ll3o6palKeHHll 6eJIKOB, a TaK)Ke 

BoeeTaHOBJieHHbIX pa3HbIMH MeTO)laMll HX IIOBepxHoeTeii: IIOKa3aHbI Ha Pne. 3, 4. KalK)loe 

rrprr6JIHlKeHHe IIOBepXHOeTH naeT eBOIO rrmpopMaIIHIO O eTPYKTYPe rroaepxHoeni" BHYTPH 

eeMeiieTBa. TaK, rrpH6JIHlKeHne 3JIJIHIIeOll)laMll HHeprrrrn (Prre. 4, a) II03BOJil!eT ey)lHTb 06 

ll3MeHeHHH . qio_pMbI e poeTOM 061.eMa B rreJIOM ll IT03BOJil!eT orrpenenHTb, llBJllleTell JIII 

paeeMaTPHBaeMoe eeMeiieTBO ll30MeTPHqHbIM, T.e. paeTeT Jlll JIHHeii:Hblll pa3Mep MOJieKyJI e 

poeTOM 061.eMa paBHOMepHO BO Beex HaIIpaBJieHllllX. )],nll ll30MCTPHqHbIX eeMeiieTB 

ITOKa3aTeJib p B 3aBHCHMOeTH (2) paaeH 2/3. TaKHM o6pa30M, eenrr B eJI}"Iae rrpn6JIHlKeHHll 

3JIJIHIIeO)laMll HHeprrrrrr HMeeTel! OTJIHqrre p OT 2/3, paeeMaTPHBaeMoe eeMeii:eTBO llBJilleTell 

Hell30MeTprrqHbIM. I1erroJib30BaHHe MeTO)la eqieprrqeeKHX rapMOHIIK (Prre. 4, 6) II03B0Jil!eT 

BblllBHTb Blllll!Hlle )lOMeHHOH eTpyKypbI 6eJIKOB Ha 3aBHeHMOeTb (2). IIoeTPoeHne 

IIOBepxHOeTH IIO Ca-aTOMaM (Prre. 4, c) HeKJIIOqaeT BKJI~ B 3aBneHMOeTb (2) OT MeJIKHX 

HeO)lHOpO)lHOeTeii: Ha IIOBepxHOeTH 6eJIKOB. HaKoHerr, 3aBHeHMOeTb (2) )lllll MOJieKynllpHOH 

IIOBepxHOeTll BbieOKOro pa3peIIIeHllll (Pne. 4, d) OTPalKaeT Bee B03MOlKHble MeXaHH3Mbl 

poem ITOBepXHOeTH e poeTOM 061.eMa. 

IIprrMepbI 3aBHellMOeTH (2) B )lBOHHOM norapHq>MHqeeKOM MaeIUrn6e ll eoorneTeTBYIOillHX 

JIHHeHHbIX ITpH6JIHlKeHHll )lJill pa3JillqHbIX eeMeiieTB rr rrpoeTPaHeTBeHHbIX pa3peIUeHnii: 

ITOKa3aHbI Ha Prre. 5, 6. KoJq>qJHIIHeHTbl mrneii:Hoii: Koppellllllllll IIO)lI'OHOK B o6Il(eM en}"Iae 

He OTJIHqanrreb OT e)lHHHIIbl 6onee qeM Ha 2%. JTO eBH)leTeJibeTByeT O Ha)lelKHOM 

ITpH6JIHlKeHHll 3aBHellMOeTH A(V) eTeIIeHHOH 4JYHKIIHeii: B rreenenyeMbIX )lllaIIa30Hax V )lllll 
Beex rreeJie)lOBaHHb!X eeMeiieTB. IJOJI}"IeHHbJe IIOKa3aTeJin p )lllll Beex eeMeiieTB eo6paHbl a 

Ta6n. 2. KaK Bll)lHO IIO rrpH6JIHlKeHHIO 3JIJIHIIeOH)laMll HHeprrrrn, ll3 aeex eeMeiieTB TOJibKO 

O)lHO)lOMeHHble TPHK-eBll3bIBaJOil(He 6eJIKH He MOryT paeeMaTPHBaTbell KaK ll30MeTPnqHb!e 

(p > 2/3). Heo6brqHOe )lllll 3TOf0 lKe eeMeii:eTBa 3HaqeHHe IIOKa3aTeJill p = 0.5 B eJI}"Iae 

eqiepnqeeKHX rapMOHHK eBl!3aHO e oeo6eHHOeTl!Mll orreHKH ITJIOil(~ll rroaepxHOeTH e 

IIOMOIIIblO rrporpaMMbl Crysol [30], KOTOpbie rronpo6Ho o6eylK)laJOTell B )laHHOH rnaBe. 

Pa3HHIIa ITOKa3aTeJieii: p B ell}"Iae rrpn6JIHlKeHllll IIO Ca-aTOMaM n B eJI}"Iae MOJieKyJillpHOH 

IIOBepxHOeTH BbieOKOro pa3peIUeHHll llHTeprrpeTrrpyeTell B pa6oTe KaK pa3Hlllla !lO 

q>paKTaJibHOH eTpyKrype IIOBepXHOeTH Ha JlBYX MaeIUrn6ax: MeJIKHe HeO)lHOpOJlHOeTn 

(pa3Mep MeHhIIIe 10 A) rr KpyrrHbie HeonHoponHoem (pa3Mep 6onbIIIe 10 A). Hannqne 

)lByxypOBHeBOH opraHH3aITHH ITOBepxHoeTH 6eJIKOB ITO)lTBeplK)laeT n TOT q>aKT, ~o 

IIOKa3aTeJib p B eJI}"Iae MOJieKyllllpHOH rroaepxHOeTH BbleOKOfO pa3peIUeHHll He MOlKeT 6bITb 

IIOJI}"IeH eornaeHO BbipalKeHIIIO (2) ll'3 qipaKTaJibHOH pa3MepHOeTH D, OITpeneneHHOH IIO 

3aBHeHMOeTH (I) e IIOMOIIIblO IIOKpb!Tllll IIOBepXHOeTn rrpo6Hb!Mll Ky6aMn. IlpnMepbl 

3aaneHMOeTeii: BH)la (1) )lllll HeKOTOpbIX 6eJIKOB )laJ!bl Ha Pne. 7. CTeIIeHHal! 3aBneHMOeTb 

Ha6JIIO)laeTel! B HHTepBane 2-10 A. HeB03MOlKHOeTb HeIIOJib30BaHllll 3TOH 3aBHenMOeTH )lllll 

orreHKH qipaKTaJibHOH pa3MepHOeTH 60JibIIIHX HeO)lHOpO)lHOeTeii: eBll3aHo, IIO-Bll)lHMOMY, C 
Blllll!HlleM KpHBH3Hbl IIOBepxHOeTH 6eJIKO.B. Cpe)lHHe 3HaqeHHll Haii:)leHHOii: TaKHM o6pa30M 

pa3MepHoeTH BHYTPH eeMeiieTB rrpHBe)leHbl B Ta6n. 3, OTKy)la Bll)lHO, qTQ 3Ta pa3MepHoeTb 

ena6o pa3JIHqaeTell )lJill Beex paeeMOTPeHHbIX B pa6oTe 6eJIKOB. B paMKax HHTeprrpeTaJillll, 

pa3BHTOH B nneeepTaJIHOHHOH pa6oTe, 3Ta pa3MepHoeTb eooTBeTernyeT ypoBHIO MeJIKHX 

HeO)lHOpOJlHOeTeii: IIOBepXHOeTH 6eJIKOB. )],aHHblll ypoBeHb o6n~aeT rrpn6JIH3llTeJibHO 

O)lllHaKOBOH qipaKTaJibHOH pa3MepHOeTb!O )lJill Beex 6eJIKOB. JTO IIO)lTBeplK)laeTell n a 

npyrnx pa6oTax [13, 31, 14, 32], rne neenenyeTell TOT lKe HHTepBan pa3MepoB. <I>paKTaJibHM 

pa3MepHOeTb ypoBHll KpyrrHb!X HeO)lHOpO)lHOeTeii OJieHeHa )lJill H30MCTPHqHbIX eeMeiieTB ITO 

ITOKa3aTemo p B ell}"Iae aIIITpOKeHMaJillll ITO Ca-aTOMaM rr rrpeneTaBJieHa B Ta6n. 3. KaK 

Bll)lHO H3 3TOH Ta6JIHJibl, pa3MepHoeTb 3T0f0 ypOBHll 3HaqnTeJibHO pa3JIHqaeTell )lllll 
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ILZT 2GN5 IGLN 

Prre.3. TrrrrrrqHoe mo6palKeHrre rno6ynllpHbIX (ILZT), )],HK-eBl!3bIBaIOmnx (2GN5) H TPHK

eBll3bIBaIOmrrx (1 GLN) 6eJIKOB. )],nll IIOeTPOeHHll H306palKeHHH HeIIOJib30Banaeb 

ITporpaMMa Rasmol2.8 [33]. 

a) 3nnnrreonn HHepJIHH 

6) CqiepnqeeKHe rapMOHHKll 

e) Ilprr6JIHlKeHne ITO Ca-aTOMaM 

z) CeqeHne MOJieKyllllpHOll ITOBepXHOeTH 

BbleOKOro pa3peIIIeHlll! 0 
Prre. 4. IIpnMep IIOCTPOeHHll IIOBepxHOCTII e pa3JIHqHb!M rrpoeTPaHCTBeHHbIM 

pa3peIIIeHHeM )lJlll onHoro (2GN5) H3 ,ll;HK-eBJ13bIBaIOmrrx 6enKoB. Ilpn 

IIOCTPOeHllll ll306palKeHHll 6 nerrOJib30BaJiaeb ITporpaMMa Crysol [30]. 

MoneKylillpHal! ITOBepXHOeTb BbleOKOfO pa3peIIIeHHll eTPOHJiaeb 

MOJlHq>HJIHpoaaHHoii rrporpaMMOii: SHMQQQ [34]. 
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2.8-+-~-,-------.----~ 
3.2 3.4 3.6 3.8 4.0 4.2 

lgV 
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·

9 
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3.7 . 

3.6 
3.5+----------~-~ 

4.3 4.4 4.5 4.6 4.7 

lgV 

Puc. 5. 

4.4 

1 

4.8 

3aBUCUMOCTh IIJ!Ollla.LIU IIOBepXHOCTU 
anpOKCUMupy10rn:ero 3JJJIHncou.11a OT 
o6heMa .L\JIH rno6ynHpHhlX (a), .[{HK
CBH3hrnruorn:ux (b) U O,l\HO,l\OMeHHhlX 
TPHK-cBH3hrnruorn:ux ( c) 6eJJKOB. HaKJJOH 
p coornecrnyeT noKaJaTemo CTerreHu B 
Bb!pa)KeHUU (2). 

Ta6nm~a2. 

4.2 

lgA 4.0 

3.8 

3.6 

3.4 

a) 

p=0.76~ 

~p=0.76,. 

3.2+--,..-,~---.----~-
3.6 38 ~o ~2 ~4 ~6 ~8 so 

lgV 
4.2 

lgA 4.0 

3.8 

3.6 

3.4 

P"J'1// 
//p=0.92 

3.8 4 0 . 4.2 44 

lgA 4.3]~=0.9 /4lgV. :: 
4

.

8 

4.2 • • . p=0.77 

4.7 4.8 4.9 5.0 5.1 

lgV 

Puc. 6. 

5.2 

3aBUCUMOCTb IIJ!Ollla,l\U IIOBepXHOCTU no 

Ca-aTOMllM (■, rpa¢uKu cnpaBa) n 
MOJJeKyJJHpHOH noBepXHOCTU BblCOKOro 
pa3perneHHH (•, rpa¢nKH CJJeBa) OT 
o6beMa .L\JIH rno6ynHpHhIX (a), .[{HK
CBH3hIBruorn:nx (b) H O,l\HO,l\OMeHHhIX. 
TPHK-cBH3hIBruorn:nx ( c) 6enKOB. HaKJJOH p 
COOTBeCTByeT IIOKa3aTemo CTeneHH B 
Bhlpa)I(eHHH (2 ). 

IloKa3aTeJJb p 3aBUCUMOCTU (2) ,l\JIH Bcex U3)"IaeMhIX ceMeHCTB, IIOJJ)"IeHHhlll rrpn pa3Hh!X 
crroco6ax IIOCTpOeHUH noBepXHOCTH 

CeMeHCTBo JJJJJUIICOU,l\hl C¢ep. Ca-aTOMhI Mon. IIOBepXHOCTh,_ 
nttepnnu rapMOHUKU Bh!COKOfO 

pa3pernettnH 
fno6yJJHOHbie 6eJJKU 0.666(3) 0.669(7) 0.76(1) 0.76(2) 
.[{HK-cBH3hIBa10rn:ue 0.687(4) 0.686(2) 0.92(5) 1.01(7) 
6eJJKU 
O,l\HO,l\OMeHHhie TPHK- 0.79(2) 0.50(4) 0.77(4) 0.9(1) 
CBH3hIBmorn:ne 6eJJKH 
,[{By,l\oMeHHble TPHK- 0.69(2) 0.72(2) 0.82(1) 0.97(3) 
CBH3hIBaIOlllHe 6eJJKH 
.[{oMeHbl .LIBY.LIOMeHHhIX 0.668(3) 0.67(1) 0.82(1) 0.87(2) 
TPHK-cBH3hIBa10rn:nx 
6eJIKOB 
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lg N 
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25 
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Pnc. 7. 
3aBUCHMOCTh qucna rrpo6Hh!X Ky6oB N, 
IIOKpbIBaIOlllUX MOJJeKyJIHpHyIO 
IIOBepXH0CTh BhlCOKOro pmperneHHH, OT 

JJHHeHHoro pa3Mepa Ky6a c (A) ,l\JIH 

rno6ynHpHhlX 6enKOB (lPCY), .[{HK
CBH3hIBaIOrn:ux 6eJIKOB (2GN5, 1 R69). 

2GN5 

IR69 
05-l-~----~-~-~----~-......, 

-06 -0.4 -0.2 0.0 0.2 0.-4 06 08 1.0 1.2 1.4 1.6 

lg t 

Ta6nuna 3. 
3HaqeHHH cpe.11HeH ¢paKTaJJhHOH pa3MepHOCTU <D>, IIOJJ)"IeHHOH U3 3aBUCHMOCTH (I), ,l\JIH 

paCCMOTpeHHhlX 6eJJKOBh!X ceMeHCTB (ypoBeHh MeJJKUX HeO,l\HOpO,l\HOCTen) u ¢paKTaJJbHOH 
pa3MepHOCTU D H3 3aBHCHMOCTU (2) B CJJ)"Iae rrpn6JJU)I(eHUH no Ca-aTOMllM (ypOBeHb 
KpyrrHhI_J{ _ _Heo.11Hopo.11HoCTeii: ). 

CeMencrno 

fno6ynHpHbie 6eJJKH 

.[{HK-cBH3hIBruorn:ne 6enKu 

O.11Ho.110MeHHhie TPHK
CBH3hrna10rn:ne 6eJJKH 

,[{By,l\oMeHHbie 
TPHK-cBH3hIBmorn:ue 6enKu 

.[{oMel!hl .LIBY.LIOMeHHhIX 
TPHK-cBH3hrnruorn:ux 6eJJKOB 

<D> D 

2.10(2) 2.28(3) 

2.06(2) 2.8(2) 

2.13(3) 

2.14(2) 2.46(3) 

2.13 (3) 2.46(3) 

uccne.11yeMblX ceMeHCTB. B pa6oTe 06Cy)I(.11aeTCH KaqecTBeHHOe COOTBeTCTBiie Me)I(,l\y 3TOH 
pa3MepHOCThlO H OTHOCUTeJJbHOH IIJIOII~a,[(h!O B3aHMO,l\eHCTBHH 6eJJKOB BHYTPH ceMeHCTBa. 
TaK)I(e KaqeCTBeHHO paccMaTpHBaeTCH BJJUHHHe KpHBH3Hhl IIOBepxHOCTH 6eJJKOB Ha pa3Huny 
B IIOKa3aTeJJHX p B cnyqae arrrrpoKCUMannn IIOBepXHOCTH no Ca-aTOMaM H MOJJeKyJJHpHOH 
rroBepXHOCTH Bh!COKOI'O pa3peIIIeHUH. 
B 3aKJJIOqeHUH o6cy)I(.LlaeTCH CBH3h Me)I(.Lly ¢paKTaJJhHOH pa3MepHOCThlO MaKpoypoBHH u 
pa3MepiiocThIO rronnrrerrTH.LIHOH nerru 6enKcJB; uccne.110BaHHon B [35, 36]. B paMKax 
o6bHCHeHHH ,l\ByxypoBHeBOH opraHH3annn IIOBepxHOCTU 6eJJKOB ¢paKTaJJhHaH CTPYKTypa 
IIOBepXHOCTh 6eJJKa eCTh pe3yJJhTaT KOHKypettnnu .L\Byx xapaKTepuCTHK 6eJJKa: 
KOMnaKTHOCTH H IIJ!Ollla.LIU B3aHMO,l\eHCTBUH. EeJJOK _HBJJHeTCH nJIOTHoyrraKoBaHHOH 
CHCTeMOH, a He06XO.LlllMaH IIJ!Ollla.Llh B3aUMO,l\eHCTBUH C .11pyruMu o6beKTaMH ,l\OCTUraeTCH 
rrocpe.L\CTBOM ¢paKTaJJhHOH CTPYKTYPhl ero IIOJIHIIeIITU,l\HOH nerrn, BhlXOMrn:eH Ha 
IIOBepXHOCTh. 
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B qerneprou rnane npeacTaaneHbI pe3ynhTaTbI JKcnep11MeHrn no ManoyrnoBoMy 

paccesrnmo HeiirpoHOB C HCnOJib30BaHHeM rpOHHOro ll30TOnnqecKoro 3aMell.{eHml (Tl13) Ha 

6enKe <paKTop JJIOHrannn Tu (EF-Tu). OnncaHbI MeTO.[{hI H30MOpq>Horo 3aMell.{eHHJI a 

ManoyrnoBOM HeHrpOHHOM pacceJIHHH Ha OCHOBe 3llMell.{eHHH aeiiTepHHIBOJ.lOPOJl Ii 

o6ycJIOBJieH BbJ6op MeT0.[{a rpOHHOro H30T0nH'leCKOro 3llMell.{eHHH. Ha OCHOBe 

JKcnepHMeHTanbHbIX .[{aHHbIX C.[{eJiaHa oneHKa <J:>paKTanbHOH pa3MepHOCTll noaepxHOCTll 

6eJIKa. flpoBe.[{eHO CpaBHeHHe 3KCnepHMeHTMbHhlX .[{aHHblX C pe3yJihTaTaMH 

MO.[{ennpoBaHHH KpHBbIX pacceJIHHJI no KpHCTannorpa<j:>HqecKHM .[{aHHblM BhICOK0ro 

pa3pellleHHH. HccJie.[{OBaHbl orpaHnqeHHH npnMeHHMOCTll MeTo,11,a TpOHHOro ll30TOnH'leCK0ro 

3aMell.{eHHH npn onpeaeJieHnH <ppaKTMbHOH pa3MepH0CTH noBepXHOCTH 6eJIKOB. Pe3yJihTaTbl 

3TOH rnaBbl ony6JIHKOBaHbl B pa6oTe [A5]. 
CornaCHo (5) <ppaKTMbHYJO pa3MepHOCTb noBepXHOCTll MOlKHO onpe.[{eJIHTb ll3 KpHBOH 

ManoyrnoBoro paccesiHnH. B1,1palKeHne (5) aepHo B cnyqae OJlHOpOJlHOro npn6nnlKeHHJI, 

K0r.[{a pacnpeaeneHne paccenBaIOil.{llX neHrpOB BHYTPH o6beKTa 3aMeHHeTCH nOCTOJIHHOH 

paCCHBaJOil.{eH nJIOTH0CTb!O. B peanhHOCTll pacceHHHe OT MeJIKHX HeO.[{HOpO.[{HOCTeH 

pacceHBaJOil.{eH nJI0THOCTH BHYTPH 6eJIKa HHTep<J:>epttpyeT c TaK Ha3hIBaeMb!M pacceHHHeM Ha 

<J:>opMe 6enKa, K0Topoe orneqaeT pacceHHHIO Ha 0.[{HOp0.[{H0M Telle, orpaHH'leHHOM 

MOJieKynsipHOH noBepXHOCTbIO 6enKa, a cne.[{OBaTeJihHO, OTBe'laJOil.{eM pacceHHHIO Ha 

noaepxHOCTHhIX HeO.[{HOpO.[{HOCTHX. floJTOMY .[{JIH HCIIOJib30BaHHJI (5) Heo6XO.[{HMO 

Bhl.[{eJIHTh 113 o6Il.{ero pacceHHHH 6enKa B pacrnope paccesiHne Ha ero <J:>opMe . .z:t:nsi JToro 

MOlKeT 6bITb HCnOJib30BaH pH.[{ MeTO.[{HK, OIIHCaHHbIX B .[{aHHOH rnaBe. Bee OHH OCHOBaHbl Ha 

3aMell.{eHHll BO.[{OpO.[{/.[{eHTepHH. B qacTHOCTH, K TaKHM MeTO.[{llKllM npHHa,!IJielKHT 

npHMeHeHHblH B HaCTOHil.{eH pa6oTe MeTO.[{ rpOHHOro ll30TOIIHqecKoro 3aMell.{eHHH. 

MeTO.[{ TpOHHOro H30TOIIHqecKoro 3aMell.{eHHH 6brn npeMOlKeH M.IO.TiaBJIOBbIM ll 

H.H.Cep.[{!OKOM B 1987 r. [37, 38). B .[{aHHOM MeTO.[{e HCIIOJih3YlQTCH Tpll THna qacTHn: 

He.[{eHTepttpoBaHHbie, nOJIHOCTb!O .[{eHTepttpoBaHIIble H qacTHqHo .[{eHTepnpoBaHHbie 

qacTnnh1. TipttHnnnnan1,11asi cxeMa MeToaa npeacrnBneHa Ha Pttc. 8. TipH pean113anHH JTOH 

cxeMbl ll3MepHIOTCJI llHTeHCllBHOCTll OT .[{Byx pacrnopoB l12(q) ll h(q), B KOTOpbIX nJIOTHOCTll 

pacceHHllH qacnin Y.LlOBJieTBOpHIOT ycJIOBHIO 

p3(r) = (1 - 8) p1(r) + 8 pz(r). (6) 

3aech p,(r), P2(r) ll p3(r) - pacceHBaJOil.{He nJIOTHOCTll qacTnn, 0.[{HllaKOBblX no crpyKrype, 

HO pa3HblX no ll30TOnHOMY COCTaBY, a 8 • .[{OJIJI qaCTHn C IIJIOTHOCTblO P2(r) B nepBOM 

pacrnope. Toraa pa3HOCTb llHTe!ICHBHOC1.:ll pacceHHHJI nepBOfO ll BTOporo pacrnopa (P11c. 8) 
nponopn110HanbHa llHTeHCHBHOCTll pacceHHHH .[{aHHbIX qacTnn B BaKyyMe, 

ln(q) - IJ(q) = n8(1-8)1F(q), 

C 3<p<peKTHBHOH IIJIOTHOCTb!O pacceHHllH 

PF(r) = p,(r) - pz(r). 

(7) 

(8) 

Mero.[{ rpoiiHoro H30TonnqecKoro 3aMetneHHll 06na,11aeT pl!JlOM cnenn<j:>nqecKnx 

oco6eHHOCTeH [37, 38], KOTOpbie OTJilfqaIOT ero, B qacTHOCTH, OT paCCMOrpeHHOro TaKlKe B 

.[{aHHOII rnaBe MeTO.[{a rpHaHryirnnnn [39, 40], n o6ycJIOBHJIH ero npnMeHeHHe B HaCTOHil.{eH 

pa6oTe: 

l) BKJia,11 MelK'IaCTll'IHOH HHTep<J:>epeHnHH, BKJIIO'IaH pacceHHHe Ha arperannn CllMHX qaCTHn, 

B pe3yn1,rnpyioll.{yio KpHBYJO oTcyrcrnyeT; 

2) Pe3yJihTHPYJOil.{aH KpHBaH He 'fYBCTBHTeJibHa K 3<p<peKTY, Bhl3BaHHOMY .[{eHTepoo6MeHOM 

Me)l(.[{y qacTttneii H pacrnopnTeneM; 

3) BKJia,11 nI06ux apyrttx qacTnnu, npttcyrcrnyiointtx B o6ottx pacrnopax c oanHaKOBhIMH 

KOHneHrpanHHMH, B pa3HOCTHYJO Kp!IBYJO OTCYTCTByeT; 
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Pnc. 8. CxeMa npoBe.[{eHHJI 3KCnepHMeHTa no rpOHHOMY ll30TOnnqecKOMY 3aMetneHHIO. 

4) JI106asi KOMnoHeHTa nOCTOJIHf!OH nJIOTHOCTII, npttcyrcrnyioinasi BO BCex Tpex THnax 

qacTHn, He 6y.[{eT BJIIIJITI, Ha pe3yJihTHpy10inyio KplIBYJO npH JII060M COOTHOllleHHII 

THlKeJIOH II nerKOH BO.[{bl B paCTBOplITeJie. 

PaHee 3TII qeTb!pe yrneplK.[{eHIIH 6hrnlI nO.[{TBeplK.[{eHbl 3KCnep1IMeHTMbHO Ha 6enKe -

<j:>aKTop Jnonran1In Tu B pa3n1IqH1,rx ycJIOBIIHX II K0MnneKcax [34, 38]. TipoBepKa 

npoBO.[{IIJiaCh n o6naCTll fHHbe [41], T. e. napaMeTpbI 1(0), Rg pa3HOCTHOH KplIBOH 

cpaBHIIBaJIHCb C pacqeTHb!Mll IIJIH onpeaeneHHb!MII .LlPYrlIMH MeTO.[{HKllMH. 

' B HaCTOHtneii pa6oTe Tl13 H°C~OJib30BanCH .[{JIH nonyqeHIIH KpHBb!X pacceHHIIH OT 

<J:>opMbl Toro lKe 6enKa B llIIIpOKOM .[{IIana3oHe 3HaqeHIIll MOJlYJIH BeKTOpa pacceJIHIIH q. 
EenoK <j:>aKTop JJI0Hran1I1I Tu (EF-Tu), MoneKynJipHasi Macca 44 K.lt:a, yqacrnyeT B nponecce 

q>OpM1IpOBaHHH 6eJIKOBblX neneii B p1I60COMe [29]. Ero Ha3HaqeHIIe 3aKJI!QqaeTCJI B 

CBH3bIBaHHH pa3llll'IHbIX KOMnJieKCOB llMHHoanlin-TPHK c pn6oCOMOH B onpeaeneHHOM 

MeCTe Ha noBepXHOCTII nocne.[{Heii. B nponecce 3JIOHranHII EF-Tu B3alIMO.[{ettcrnyeT C 

HeCKOJihKIIMII o6beKTaMII, BKJIIO'IaH A,n:<l> (a,11eH031IH.[{II<pOC<paT), A T<l> 

(a,11eH03HHrpn<poc<paT), aMHHoannn-TPHK, <paKTop JJI0Hran1In Ts II p1I6oc0My. 

MeTO,n:HqecKII 3KCnepHMeHT no rpOHHOMY II30TOnliqecKOMY 3aMell.{eHIIIO Ha'IIIHaIOT C 

npnroToBneHHH pacrnopa, co.n:eplKall.{ero qacT1Iq110 ,n:eiiTep1IpoaaHHb1e qacTIInhl. 3To 

Tpe6yeT 60Jibll!Oll 61IOXIIMH'IeCKOH
0 

pa60Tbl C IICnOJih30BaHIIeM pa3HbIX D2O/H2O cpea 

Bbipall.{HBaHIIH 6eJIKOB. Tiocne nonyqeHIIH 6enKa c npoMelKyrO'IHOll CTeneHbIO 

,n:eiiTep1Ip0BaHIIH onpe,n:eJIHeTCH ero TOqHaH CTeneHb ,n:eiiTepnpoBaHHH. 3To .n:enaeTCH c 

nOMOJnbIO MeTO.[{a BapnanlIH KOHrpacrn: IIIl.{yrCJI TOqKII KOMneHcanlIII YH, YD, YHD, 
COOTBeTCTBYIOil.{He nJIOTHOCTHM npOTOHHpOBaHHOro 6enKa, ,n:eiiTepnpoBaHHOro · 6enKa II 

6eJIKa C npoMelKyroqHoH CTeneHh!O ,n:eiiTeplipOBaHHH. 113 (6) cne,n:yeT 3KBHBa.'!eHTHOe 

BblpalKeHIIe JJ:JIH ToqeK KOMneHcanlIII 0.[{HOKOMnOHeHTHOH qaCTIInhl: 

(1 - 8) YH + 8 YHD = YD, (9) 

OTKy,n:a H HaXOJJ:HTCH 3HaqenHe 8 . .z:t:anee, no' ll3BeCTHOMY 3HaqeHIIIO 8 nplirOTaBJIIIBaeTCJI 

nepBbIH paCTBOp - CMeCb npOTOHIIpOBaHHbIX II ,n:eiiTepHpOBaHHbIX qacTHn c ,n:oneii 8 
,n:eiiTepttpOBaHHbIX qacTHn. qT06hI MIIHIIMII31IpOBaTb BJIIIHHIIe TOqHOCTII onpe,n:eJieHIIH 8 Ha 

pa3HOCTHYJO KpHBYIO, Heo6XO.[{IIMO HCnOJib30BaTb pacrnopnTeJib C nJIOTHOCTbIO pacceHHIIJI, 

npn KOTOpOH llHTeHCHBHOCTH pacceHHHH noJIHOCTbIO npOTOHHpOBaHHOll H noJIHOCTbIO 

,n:eiiTepnpoBaHHOll qacTHnllMH COBna,!laJOT [38, 34]. 
Tpn Tttna qacTnn EF-Tu B cocrnae KOMnneKca EF-Tu-A,n:<l> (Eschericia coli): 
.[{eHTepnpOBaHHbie (.n:anee o603HaqaeMblli KaK D-Tu), npOTOHHpOBaHHbie (H-Tu)II qacTIIqHo 
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PIIC. 9. Haxo)!().leHIIe roqeK KOMneHCal.(IIll npOTOHIIpOBaHHOro, .11enrep1IpOBaHHOro II 

qacr1IqHo ,11enrep1IpoaaHHoro 6eJIKa EF-Tu II3 Eschericia coli. 3Kcnep1IMeHTaJibHbie 

Olllf16KII He npeBOCX0,!1HT pa3Mepb1 ToqeK. 

,11enrep1IpoaaHHble (HD-Tu), 6uJI1I np11roroaJieHbI cornacHo Mero,11y, pa3pa6oraHHoMy a 

[42). O6IIIaH KOHI.(eHTpal.(m~ 6eJIKOB B pacTBopax COCTaBJIHJia np1I6JI1I3IITeJibHO 4 Mr/MJI B 

113MepeHIIHX TQqKII KOMneHCal.(1111 6eJIKa C npoMe)KyrOqHoll ·crerreHh,IO ,!1eHTep11poBaH1IH II 

Bbl6opa co,11ep)KaH1IH D2O B 6y<jJepe B cxeMe TI13 II 23 MrlMJI B OCHOBHbIX 113MepeHIIHX no 

cxeMe TI13. ,l(aHHbie no pacceHHIIIO HellTJ)OHOB 6bIJIII noJiyqeHbl Ha MaJIOyrJIOBOM 

,1111<jJpaKTOMerpe IOMO [43, 44] IIMIIYJibCHoro peaKropa HEP-2 a Jia6opaTOp1I11 HenrpoHHon 

<l>II31IKII IIM. 11.M.<l>paHKa, Ofo,e,1111HeHHbIH IIHCTIITYT 11,11epHbIX 11ccJie,11oaaH11n, ,l(y6Ha, 

PocCIIH, II MaJIOyrJIOBOM ,!11I<jlpaKTOMerpe D 11 [ 45] CTal.(IIOHapHoro peaKTOpa a 11HCTIITJTe 

JlaY3-JlaH)KeaeHa, rpeHo6Jib, <l>paHI.(IIH. 

IIocJie Haxo)!().leHIIH B o6JiaCTII r11Hbe 3HaqeHIIll lIHTeHCIIBHOCTII B HyJieBOll yroJI 1(0) 
,!1JIH KOMIIJieKCOB C rpeMH pa3HbIMII CTeneHHMII ,11eiirep11poBaHIIH CTJ)OIIJIIICb 3aBIICIIMOCTII 

(l(O)lc)11
2 ~ YI (P11c. 9), r,11e c - KOHI.(eHrpal.(IIH, a YI - ornoc11TeJibHOe co,11ep)KaH1Ie D 2O B 

6y<jJepe, II 011pe,11eJIHJIIICb roqKII KOMIIeHCal.(1111 YH, Yo, YHO, KOTOpbre COCTaBIIJIII: 

YH = 0.41, Yo= 1.25 11 YHo = 0.88 

3HaqeHIIe Yo = 1.25 - ycJIOBHOe II 03HaqaeT, qro roqKa KOMIIeHcal.(IIII Jie)KIIT 3a npe,11eJiaMII 

,!10CTII)KIIMOro KOHTJ)aCTa C IICIIOJlb30BaHIIeM CMeCII TH)KeJIOll II JierKOll B0,!1bl. 3HaqeHIIe O B 

cxeMe TI13 011pe,11eJIHJIOCb 113 Bbrpa)KeHIIH (9) II COCTaBIIJIO 0.56(2). 

KplIBbie pacceHHIIH ,!1JIH rpex CTeneHen ,11enrep1IpoaaHIIH 110Ka3alfbl Ha PIIC. l 0. KaK BII,!1HO II3 

3TOro pIICJHKa, KpIIBble CIIJlbHO pa3JIIIqaIOTCH, qro 0TJ)a)KaeT 3Haq1ITeJibHyro pa3HIII.(y BO 

BKJia,!1ax B pacceHHIIe OT He0,!1HOp0,!1HOCTen 6eJIKa. Pa3HOCTHaH KpIIBaH, IIOJiyqeHHaH B IITore, 

rroKaJaHa Ha PIIc. 11 B ,11B0HHOM Jiorap1I<jJM1IqecKOM MacIIIra6e. B IIHTepBaJie 0.l+0.22 A-1 

3Ta KplIBaH o6HapJ)KIIBaer CTeIIeHHyro 3aBIICIIMOCTb C IIOKa3aTeJieM -3.34(4), KOTOpblll 
cornacHo Bbipa)KeHIIIO (5) orneqaer <jJpaKTaJibHOll IIOBepXHOCTII c pa3MepHOCTb!O D=2.66(4). 

C TQqKII 3peHIIH pa3BIIBaeMOll B TJ)eTbell rJiaBe KOHI.(elll.(IIII ,!1ByxypoBHeBOll opraHII3al.(IIII 

6eJIKOBOll IIOBepXHOCTII noJiyqeHHoe 3HaqeHIIe <jJpaKTaJibHOll pa3MepHOCTII OTBeqaer ypOBHIO 

KpYIIHbIX (pa3Mep 6oJibIIIe IO A) Heo,11Hopo,11Hocren 110BepxHocr11 6eJIKa. PacqeTHbre 
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PIIc. 10. Kp11Bbre pacceHHIIH ,!1JIH rpex crerreHn ,11enrep11poBaH1Ill 6eJIKa EF-Tu II3 Eschericia 
coli. 3Kcrrep11MeHTaJibHbie OIIIII6KII He rrpeBOCXO_MT pa3Mepb1 roqeK. 

P11c. I 1. 

a= 3.34 
■ ■ ■ 

■ • 

1 
0,1 

~ 
::; 
l.) 

g 

0,01 

0,1 

q,A' 

Pa3HOCTHaH KplIBaH TI13 ,!1JIH 6eJIKa EF-Tu II3 Eschericia coli II ee 110,11roHKa K 

cTerreHHOMY 3aKOHY 1-q-a. OTHOCIITeJibHbie 3KCrrep1IMeHTaJibHbie OIIIII6KII He 

rrpeBOCX0,!1l!T 5%. 

pa3HOCTHbie KplIBbre TI13 6bm1I rroJiyqeHbI Ha crpyKrype EF-Tu 113 Thermus Thermophilus 
[46], PDB 1IH,11eKc 2tuc. Kp11craJIJI1IqecKaH crpJKrypa, co,11ep)Kall.(aH HeMo,111I<jJ1Il.(1IOpoBaHHbIH 

EF-Tu 113 Eschericia coli, orcyrcTByer (2000r.). CpaBHeHIIe pacqeroB c 

3KCrrep1IMeHTaJibHb!MII ,11aHHbIMII 6bIJIO c,11eJiaHO B 11pe,11110JIO)KeH1III O CJia6bIX pa3JIIIq1Il!X 

rrpocrpaHCTBeHHbIX crpyKryp EF-Tu II3 Thermus Thermophilus II Eschericia coli, oco6eHHO 

Ml! Heo,11Hopo,11Hocren c pa3MepaM1I 6onbIIIe IO A. 3ro 11pe,1111ono)KeH11e 116,11'i'Bep)K,11aeTCH 

KaK rrpaKTIIqecKII II,!1eHTIIqHblMII rrepBIIqHbIMII CTJJYKTYPaMII 0601IX 6eJIKOB, TaK II TeM 
<jJaKTOM, qro paccqlITaHHbie ,11n11 EF-Tu 113 Thermus Thermophilus KplIBble MaJioyrnoBoro 
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Pnc. 12. CpaimeHne HOpMnpoBaHHbix 3KCnepit:Meii:Hi.rri;Il:on KP,ttiibii pacceii:IiHJI TH3 [i,Jrn 

6enka EF-tu n3 E.coli(■) C KpriBotl p~cceiii:ni OT ¢opMbl mi~ 6eiiki EF-Tu j.jj 
Thermus Thermophilus (t:Jj. 

pacceJIHJrn COBIHl,!l;aJill C 3KCnepnMeHTaJibHb!Mll KpHBbiMit Jing EF-tti k3 Eschericia coli npn 

MMbiX faaqeHH~X q, KOf,!l;a BbinOJIHJleTcJi: o;:iiiopo,tliioe rip!f6~inketliie. Mo,!J;eJiiipoiiaime 

pacceJIHllJI <popMOH 6eJIKa npoBO,!l;llJIOCb c noMomtio MeTo,!l;a M.IO.rtaiiJioila Ii E.A.<I:ie,!l;opoBa 
[22]. CpaBHeHeHne 3KCnepmleHTaJibHOH KpiIBOH pacceminll rm iI pitt:<ier1tolt KpHB<iii 

pacceJIHllJI <popMOH 6eJIKa npe,!l;CTliirneHo iia Pnc. 12. Bn.tltfo, q-ro rl 66nachi: 3KCrrepitMeirra 

3TH )];Be KpnBbie coBna)];aIOT. Ilo,!J;roiiKa cTetieiiiioli 1aini:~iiMocTbib .rtJill. KpiIBbii oT qiopMhI 

,!l;aeT )];JIJI nOKa3aTeJIJI CTeneHn B q-nHTepliru-Ie d.i+U A-1 3HaiieHhe -3.35lJj, 'ITO 
coonieTCTByeT noBepxHOCTHOH Pa3MepH0CTH 2.65(7) Ii: ¢akriiii:eck!i: cciima.ziaeT co 

3HaqeHneM, nonyqeHHblM 3KChepiir.l.eiirnJihHbIM IiYTeM ii 6dnee )'3KOM q-irHTepliane. EeJIOK 

EF-Tu no CBOeii CYTll JIBJil!eTCl! CBl!3bIBaIOIIlllM 6eJiKOM C 6oJibllJOii OTH0CllTeJibHOH 
nJIOIIla,!l;bIO B3aHMO,!l;eiicrnnll, qrn MO)KeT o6yc.ri:aBJiUBaTb ,tlciilcmtlib 60.rlt,iiiyio ibpbaHHcicTh 
ero noBepXHOCTll, KaK n B cn:yqae ,lJJ{K-cBSI3bIBaio111nx 6e.ri:KciB. TaKllM o6pa3ciM, 
ncnOJib30Baline MeTO,!l;a TpOHH()fO ll30TOilH'Ie_ckdro 3JiJerrteHmi 110:iiiomte-r iicirtyq1d'b kpttB)'lO 

pacceJliillll OT q>OpMbl qaCTHi::U,i ,!l;O cj - 0.25 A-1 H ,adctafb;_Hl:o to<iHO tii.teiHiti; ciipahru-itiiyio 
pa3Mepii:OCTb CTPYKTYPhl KpyriHhIX riCiBepXH0CTHb!X iieo)];ttopoiittocreli. .ltmi HarJia)];H0CTll 
MO,!l;ennpoBaHne KpnBoii paccesl:Hnii: oT <popMbI 6brno npoBe,!J;eito ,ttei q = 3 A·' (Pirc. 12). B 
nHTepB!iJie l.5+3 A·' Ha6JIIO,!J;aeTcir cTenem1.aJ1 3aBiicitl\i.ocTb c noKaJlfreneM -4.05(19), 
orneqa10I11al! ypoBHIO MeJIKnx Heo.ttii:opo;:tHocTeii (pa3Meph! 2+4 A) n cBn)];eTeJibcrnyiouuur o 
ero cna6oii ¢paKTaJibHOH CTpyKrype. 11cuciJib30BaHlle )];Jlll EF-Tu 3aBIICHM0CTll (l) B 

,!l;nana3oHe pa3MepoB npo6HbIX Ten 2+ l 0 A'. -~aK ,n B cn~ae .1,1pyrn~ pen!(Ol:3, n~cne.i(yeMb!X B 
rnaBe 3, ,!l;aeT 3HaqeHIIe <ppaKTaJibHOH pa3MepHOCTll, 6JIH;3,K~e K 2.1 (D = 2.08(5)). 
TaK)Ke Ha OCHOBe MO,!l;eJIIIpOBaHnJI KpllBblX pacceHHHll Tl13 rrpoBe,!l;eH ammll3 B03Jl40)KHOCTll 
ncnOJib30BaHHJI MeTO,!l;a TPOi!Horo Ii30T0ITH<ieci<ciro 3aM~meHHll iri.ii q > 0.5 A·1

• hoi<li3a1m, 
qTo B ,!l;aHHoii o6nacTn Ha KpnByio TpoiiHoro ii:iornnn<iect<0ro 3ru.re111eiirtJ1 cnnhtioe Iinii:J1i:Ine 
0Ka3b!BaIOT KOpeJIJIJII.lllll B paciioJid)KeHllH HelloJIHJ)HbD( aT0MHhlX rpyrin Ha ypoirne 
BrnpnqHoii CTPYKTypb! 6enKa. 
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OCHOBHhIE PE3YJibTAThl II BbIBO.IJ:bl PAliOThl 

l. Ilpe,!l;JIO)KeHa MeTO,!l;llKa llCCJie,!l;OBaHHJI noBepxHOCTll 6eJIKOB, nOCTPOeHHOH no 
KpllCTaJIJIOrpa<pnqecKllM ,!l;aHHbIM BbICOKOfO pa3perneHHJI . .IJ:aHHal! MeTO,!l;HKa 1103BOJil!eT 
npOBO,!J;llTb n3yqeHne noBepxHOCTll 6eJIKOBbIX ceMeHCTB npn pa3JinqHoM pa3perneHllll, 
Bbll!BJil!JI BJilll!Hllll q>OpMbl, acnMMeTPHH, KpyIIHb!X n MeJIKllX HeO,!l;HOpO,!l;HOCTeii Ha 

CTpyKrypy noBepXHOCTll. 

2. Ha OCHOBe aHaJIH3a <ppaKTaJibHbIX CBOHCTB noBepXHOCTll pa3JinqHoro pa3perneHllll )];Jlll 

6eJIKOBb!X ceMeHCTB, BKJIIOqaJI rno6yMpHbie 6eJIKll, .IJ:HK-CBll3hIBaIOI11lle 6eJIKll, 
O,!l;HO,!l;OMeHHble n ,!l;By,!l;OMeHHbie TPHK-CBll3blBaIOllle 6eJIKll, a TaK)Ke ,!l;OMeHbl 

,!J;BY,!J;OMeHHbIX TPHK-CBl!3b1BaI0111nx 6eJIKOB IIOKa3aHO, qTo 6eJIKOBal! IIOBepXHOCTb 
rrpOJIBJIJleT ,!l;ByxypOBHeByIO opraHH3aI.lHIO: noBepxHOCTHbie HeO,!l;HOpO,!l;HOCTll C 

pa3MepaMll 60JibIIIe ll MeHbIIIe l O A o6Jia)];aIOT pa3Hb!Mll <ppaKTaJibHb!Mll pa3MepHOCTl!Mll. 

3. y CTaHOBJieHO, qrn <ppaKTaJibHal! opraHn3aI.lllll ypOBHll, orneqaio111ero MeJIKllM 

HeO,!l;HOpO,!l;HOCTl!M IIOBepXHOCTll, O,!l;llHaKOBa ,!l;Jlll Bcex 6eJIKOB, He3aBIICllMO OT llX 

rrpnHa,!l;Jie)KHOCTll TOMY llJill apyroMy CeMeiicTBy. OI.leHKII <ppaKTaJibHOH pa3MepHOCTll 
3T0ro ypoBHJI KOJie6JIIOTCll OKOJIO 2.1. 

4. IlOKa3aHO, qTo ypoBeHb IIOBepxHOCTll 6eJIKOB, OTBeqa10m11ii KpyrrHh!M 
HeO,!l;HOpO,!l;HOCTJIM, rrpOJIBJil!eT 3aMeTHbie pa3JillqllJI ,!l;Jlll pa3Hb!X 6eJIKOBb!X ceMeHCTB. Ero 
<ppaKTaJibHal! pa3MepHOCTb 60JibIIIe 2.2 ll B cnyqae .IJ:HK-CBJl3b!BaIOIIIIIX 6eJIKOB 
,!l;OCTllraeT 2.8(2). Bo3MO)I(Hb!M rrapaMeTpOM cooTBeTCTBllll C <ppaKTaJibHOH 

pa3MepHOCTblO 3TOro ypOBHJI l!BJil!eTCll OTHOCHTeJibHal! IIJIOIIla,!l;b B3allMO,!l;eHCTBllll 6enKa 
C ,!l;pyrnMn 6nonoJinMepaMn, qTo no,!l;TBep)K,!l;aeT HaJinq11e COOTBeTCTBllll Me)K)];y 

<ppaKTaJibHOH opraHH3aI(Heii noBepXHOCTll 6eJIKa II xapaKTepOM ero B3al1MO,!l;eiicrnm1. 

5. C noMOlllhlO MeTO,!l;a ManoyrnoBoro pacceJIHllll HeiiTpOHOB C ncnOJib30BaHneM TpOHHOro 
ll30TOn11qecKoro 3aMe111eHHJI orrpe,!l;eJieHa <ppaKTaJibHal! pa3MepHOCTb IIOBepXHOCTll 6eJIKa 
<paKTop 3JIOHraI.lllll Tu (EF-Tu), KOTOpal! paBHa 2.66(5) n COOTBeTcTByeT ypoBHIO 

KPYIIHbIX HeO,!l;HOpO,!l;HOCTeii noBepxHOCTll 6eJIKa. Ha OCHOBe cpaBHeHllll 
3KCrrepnMeHTaJihHOH KpHBOH pacceJIHIIll EF-Tu C KpHBb!Mll, paccqnTaHHb!Mll IIO 
KpllCTaJIJIOrpa<pnqecKIIX )];aHHbIM, ycTaHOBJieHO, ~o <ppaKTaJibHhie pa3MepHOCTII ,!l;aHHOro 
ypoBHJI IIOBepxHOCTll 6eJIKa B pacrnope ll KpllCTaJIJie COBIIa,!l;alOT. TaKHM o6pa30M, C 

TOqKn 3peHHll <ppaKTaJibHOH CTpyKTYPbl rroBepXHOCTb 6eJIKa B ero HaTllBHOM COCTOJIHllll 
(pacrnop) ll,!l;eHTllqHa noBepXHOCTll 6eJIKa B KpllCTaJIJillqecKOM COCTOl!Hllll. 

6. IloKa3aHO, qTo MeTO,!l; TPOHHOro ll30TOIIIIqecKoro 3aMemeHllll ,!l;aeT ,!l;OCTaToqHo TOqHyIO 

OI.leHKY <ppaKTaJibHOH pa3MepHOCTll KpynHblX HeO,!l;HOpO,!l;HOCTeii noBepXHOCTll )];JIJI 
6eJIKOB C MOJieKyJIJ1pHOH Maccoii 6oJibIIIe l O K.IJ:a. BMeCTe C TeM npn 60JibIIIllX 3HaqeHIIl!X 

rrepe,!l;aHHOro nMnynhca, q > 0.5 A·', coorneTcrnyiomnx pa3MepaM < 15 A, Ha Kpnsy10 
TPOHHOro H30TOIIHqecKoro 3aMe111eHllll CllJibHOe BJilll!Hlle OKa3b!BaIOT KopeJIJillllllll B 
pacrroJIO)l(eHllll HenOJillpHblX aTOMHbIX rpyrrn Ha ypOBHe BTOpnqHOH CTpyKTYPhl 6eJIKa. 

7. Ilpe,!l;JIO)KeHO ofo,JICHeHne ,!l;ByxypOBHeBOH opraHH3aI.lllll 6eJIKOBOH noilepXHOCTll Ha 
OCHOBe CBJl3ll CTPYKTyPbl noBepXHOCTll C ¢paKTaJibHOH CTPYKTypoii nonnneIITll,!l;HOH 
I.len11 6eJIKa. B paMKax 3T0f0 o6nl!CHeHnll <ppaKTaJibHal! CTPYKTypa noBepxHOCTll 6eJIKa 
eCTb pe3yJibTaT KOHKypeHI.lllll ,!J;BYX xapaKTepllCTHK 6eJIKa: KOMIIaKTHOCTII ll IIJ!0llla,!l;n 
B3allMO,!l;eHCTBllll. EenoK l!BJil!eTCll nJIOTHoynaKOBaHHOH CllCTeMOH, a He06XO,!l;IIMal! 
nnoma)];b B3aHMO,!l;eHCTBllJI C ,!l;prllMll 061,eKTaMll ,!l;OCTllraeTCll nocpe,!l;CTBOM 
¢paKTaJibHOH CTPYKTYPbI ero non11nenTll,!l;HOH I.lenn, Bb!XO,!l;Jlllleii' Ha IIOBepXHOCTb. 
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