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o+uUI|arr,Horo o[rIoHeHTa Ha 'qltccepTaur.tn Ha coucKaHI{e yrteHoft

ct eI|eHtr KaHA[,taTa 6l,ro,rof1|qecKxx HayK

6oraauoaoii E"rusaBerbr A,'reKcaHApoBHhr

ua reuy: <<IIpeAcxa3aHne aQouHHocru n 6e,rox-6e.lroBbrx KoMrrreKcax Ha

ocHoBe Mer{a touHurx paccroaHufi c ucrroJlb3oaaHtreM rpFllrepuoi:i

cndprouuofi neipoanoi cerur>

no crrequaJlbHocrrr 1.5,8. - <<Mareuaruqecnag 6no,rorlrq, 6uolrurpopuaruxa>

lrccepraquouual pa6ora Eorganoeoii E,A. uocsxrqega rrccJreAoBaH[ro

rurepQeiica asaulloAeficrsu-s 6eror-6e:rrosbrx roMrrlreKcoB u paspa6orne noaoro

MeroAa An-{ oueuKr.r ux a0Orluuocru. Eeaon-6enKosr,re a:anuo4eicraul rrparor

Kprirr.rqecKyro ponb B 0opMnpoBaut.tt,t .rerBepr]zrrHbrx crpyrryp r rlynrquona,rsulrx

MaKpoMoneryJrrpubrx KoMrrJreKcoB. B cBq3[ c arrlM B3a[Mo4eiicrBr]r MexAy

6e,rxalru urpator Baxuylo poJtb B pa3r[qu6rx Qu:nonorlrvecrux n

naroQn:no,toruvecKrrx KJreroqubrx npouecoax. ASQwnuocrl cB.rr3brBaHr.rt

rBJrrerct oAEo[ rr3 ocnoBHhrx xapaKTepucrrrx orru a:auuo4eiicrBrrii, rl ee

orrpeAeneHl-re r.rueer 6oar,uroe 3narreHue AJ'rr co3Aauu.s pa:uoo6pa:uux

6norexgororuqecrux lpeflaparoB r.t neKapcrBeHHhrx cpe.qcrB, BKnroyat

nporriBooflyxoJt€Br,re u nporrrBoBrrpycHr,re lpe[aparr,r. Pa:pa6orxa aJrroprrrMoB

,4r{ Toqnoii oqeuKri 3Heprrlrl asauruo.qeiicrsus Moxer 3HaqnrerbHo ycKoprrrb

npoqecc orleuKn n or6opa norenqua:nHrrx 6e,troBr,rx reKapcrBeHHbrx cpelcrB Ha

pauH{x cra.ql,rxx ux pa:pa6orru, 3ro no4ueprraaer BO(Hocr6 npeAcKa3aH[t

aQSzHr:ocrn 6e:ror-6e,lroar,rx asaruogeiicrauii, rrro .rrBJrrercr oAgoii n3

KJrrolreBrrx 3alaq B 6rzouuSopvartre u ebr.rrlcrtreruHoii 6uo,Toruu.

,{ucceprautonuar pa6ora ulreer rpaArrrlrroHHyro crpyKTypy r,r cocrorrr u3

creAyrour{x pa3,qeiroB: BBeAeHrie, o6:op nrlreparypu, Marep[aJrbr rl MeroAr,r,

pe3ynbrarbr u o6cyxgenne, 3a(rrogeHrie, ocHoBHEtx pe3yJrr,Tarhr rr BbrBoAbr,

currcoK 14 crroJrb3oBaHHoii rureparypr,r v [puroxeriue. Pa6ora n:noNena na 141



crpagr.rqe, coaepxur 44 rrrrrocrparl[{, 10 ra6,rr.rq,2 npu:toNeHIz.r u uurupyer 187

JIfi TepaTypHErx IrcTorJHraKoB,

Bo Bse,qeririu roxa3ana aKTyalbHocrh pa6orrr, cSopllylupoBaHhr ee rleJrrr u

3aAarr[j! oTpaxeHa HoBrBHa rlccJreaoBaHr{r.

O6:op lureparypu BKJrroqaer B ce6l geranruoe on[caHue 6enor-6e:rrosrrx

esanuogeiicrnuii, KaK B KoHTeKcre 6enorc-6elronr,rx, ran I 6enor-nenrngnrrx

KoMrrJreKcoB, B AaHHot r,raBe paccMaTpllBarorct KJIolreBr,re acne(Tr,rJ KaoaruLqucot

np[po,4br rr MexaHIr3MoB 3Txx *aaMoAeiicrnlii, a raxxe I-,Ix 3HaqrrMocrb AJ]t

pa3nrqHblx 6[onoru.{ecrux npoqeccoB. Kpolre roro, B o63ope lpeacraBneHa

undopMaquq o pa3n{qHbrx MeroAax pacrlera a$@anHocru cBr3brtsanur,

ucrrojrh3yeMbrx air{ oueHKrr 3Heprlrr.r B3a[Mo,qeiicrs[f, 6ejror-bellroetrx

r:anuogeiicreui. Ocooenno BHlrMaHr.re yAenrercr coBpeMeHHbtM MeroAaM,

ocHoBaHHbIM Ha pacrleTe cTaTLcT[lIecKIIX IIOTeHIIIT!'IOB lI IOAXO,{aM MaTXIIHHOfO

o6y.reHurr.

B r:raae <Marepnarbl Ir MeroAbI) onrlcaxr,r ucnoJr63yeMEre 6a3br llaHHbrx,

6u6:ruorerlr u crarrrcrrrrrecKr're [o,qxo,46r, Taxxe nogpo6xo o[rlcauo co3,{aurre

o6y.rabrrleii r.r recroBrrx Bbr6opoK .q[r a[po6aunn a,rropurua u oflTr.rM].r3r.lpyeMbre

u npoqecce o6yuenlrs frrflepnapaMerpbr.

fnaBa "Pe3yrbrarrr u o6cy44euze" lpe4craraler co6ofi ananus

npoBeAeHHbrx [ccneAoBaH[ii, Koropbre no,ITBepxAaror ,qocr\4xeHle

IrocraBreaHr,rx qereii ri :a,qaq, B eroii rnane B AocrarorrHoM Kolr[qecrBe

rrpeAcraBneHhl BIi3yaJrEHEre 3reMeHTr,r, TaKue KaK uJtJrrocrpau[[ u ra6.nnqrr,

Koropbre noMofaror HarJrr,qHo rrpe.4craBllrb loflyrreHHbre Aannrre. Taxxe

BKJrroqerrbr rrpr;rJroxeHr.rrr, KoTopr,re .qorroJrrrrloT ocHoBHoe coAepxaH[e r.r

[peAocraBir.f,ror AorroJrHr]TeJrhHyro un$opl'raqllo o rectoanx ra6opax ganur,rx,

B pa6ore [pe,4craBnen nonrrii nogxo4 r asro[4arr.r.recrofi JroKaJrrr3auua

nurep$eiica cBs3ErBaH[.q vex4y 6e:rxoar,rLrrr Mor'Ie(yraMr. flpe1,roxenurrii

aBTopoM Mero,4 rro3BoJrrer B aBToMar[lrecKoM onpeAeJr.qrb o6,racru

B3auMoIetcrBLIt, gTo rIBJrrIeTc{ KpurlrqecKu BaxHbIM AJrt ,qarhHeiuefo aHanl-i3a

adduHHocrr4 cBrr3brBaHIzrr.



,{anee aBTopoM o.r[cr,rBaercr apxrlreKrypa pa:pa6orannoro

npelcKa3arenhHofo anroprirMa! Koropbrii oqeuueaer:xeprfio cBrr3rrBaHrzr Mex,4y

6err oerrNlrl Mor'reKyJraM[. Sror a.nropnrl'r ocHoBaH Ha uy6ot<oii cBepror]Hoii

HefipoHnoii cerr{! lrro ro3BoJrrer :QQerrnsao aHaJ'lrltjpoBar6 ciloxHr,re

3aBl4crrMocrlr MexAy aroMaMIl II rzx s:aur\4oAeiicrrurlrn. O6y.renne MoAeJrx

rrpoBoarrnoch B HecKoJrbKo 3Ta[oB, B(rroqa_s ucrroJ'IHoBaHtre MeToIoB

ayrMeHTaurlr .qrr pacrrrrpeHrlr oOy'{arorueii nu6opru u npe.qorBpalqeHut

lepeo6yuenr.u. 3ro ro:soJr-ser MoAeru ryque o6obrl1art AaHHr,re rl rroBbrrrraer ee

ycTorIqI,IBocTb K ruyMy npfi ofpaHuqeHHoM Haoope IaHHr,rx .4Iq ooyrreHr.tr.

Ilpeguxrnanrri arropuru 6r,r,r nporecrupoBan Ha pa3.[r{r{Hbrx BHyrpeHHrrx x

anelrnux Ha6opax AaHHbrx, [poleMoHcrplpoBaB BhrcoKyro rorlHocrr, rro

cpaBneH[ro c alrbrepHarrrBHbrM[ Mero.qaMtr. Ero irlerplxu npol38oArrre:]r,Hocr[,

BKrrorlat Kopperrul,rlo lll4pcona, MAE u RMSE, yra3hrBaror Ha ro, rtro 3ro

nepcnexrranuii riHcrpyMeHT .qrTq oqeHKu aO0rlHHocrr cBr3r,rBaHus KoMrrJreKcoB c

I13BecrHoA npocrpaHcrBeHHoA crpyKTypor'r.

TarNe pa:pa6orannrrfi anropou zL[foparr{ 6rrl ycnemro npr.rMeHeH,qn{

orIeHKr.r BJrrr-rrnrit roqeqHbrx uyraqnii na aOOluHocrb cBr3r,rBaHrir B KoMnllercax

ACE2-RBD x Arfl. aHaJru3a cra6[,rruocru 6e:roK-6erxosbrx KoMrrJreKcoB,

o6pa:oeannux pa:luqHr,rMrr Bap14 aHTaMn rucrouoe. AlroprlTM no3BoJtr{r oueHtrrb,

KaKre BaprraHTbr rlrcrouog o6ecrre-rrnaror 6olr,uryro cra6u,rrnocrr B 6e,ror-

6e,rronux nsarlroAei:icrBxrx, qro lIMeer BaxHoe 3Ha.reHr.re .{rrr peryrrqrr[ feHoB r.r

noa.qepx(aHti{ cTpyKTypr{ xpoMaT[rra.

Taruu o6pa:ou, o6cyx.qenrre pe3yJrr,TaroB nccJreaoBaurrr ,qeMoHcrpripyer,

KaK npeAJroxeHHbre Mero,qbr rl [o,qxoA[,r K npeAcKaiaH[ro aQQnnnocru uoryr

y.lyrru[Tr, rroHrrMaHrre 6eloK-6enxoasrx nraullo4ei:icrauii rz cuoco6crsoearb

pa3pa6orKe HoBbrx repaneBTuqecK[x noAxo,qoB, ocHoBaHHbrx Ha Bo3,{eicrBlt Ha

6enor-6earoslre sgar.rMoAeiicrBln.

.{nccepraqna u aBropeQepar oQopu:renu n crpyKr)pupoBaHbr B

coorBercrBriu c ycrauoBrenHbrMlr HopMarlBHr,rMrr rpe6onauualrt. Coaepxauue
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aBTopeoepaTa rrojrHocTbm oTpaKaeT KJrrolleBhre MoMeHThr A[ccepTaUrloHHoii

pa6orbr. Ilenu, 3aAaqrr, BbrHocrrMEre Ha 3a[Irrry [oroxeHris u BbrBoAbr,

r.r3JroxeHHbre B aBTopeQepaTe, coBna.qarcT c TeMu, qTo npelcTaBJreHr,r B

!uccepTauuII.

Pa6ora upouua ace neo6xognwre 3Tarrbr aupo6aqru. Marepua:ru

rrccJreaoBaHr-ir 6ulu ycneluro [percraBJ]euhr Ha cneulraJrl3r.rpoBaHHEIX HaygHbtx

KoHQepenrlurx. Pe:ynr,rarrr uccne.qoBaHu, 6rmu onybluroranr,r B

perleH3[pyeMbrx Hayr{Hbrx xypHaJax, peKoMeHAoBaHHErx BAK z un4enclrpyeuux

s 6a:ax ,4augrrx Ptr4HIL Scopus r Web of Science. ,{ocroeepHocrb u HayqHat

3Haq[Mocrr, uoryr]eHHbrx pe3yrrr,TaroB He Bbr3brBamT coMHeHrji, a BErBoAbr

rolrnocrr,Io coorBercrByror nonyr{eHHbrM .qaHHhrM. HoB[3Ea npe4loNeuuoii

MeTO,qOIOfII[ npeAcKa3aHrr.f, aQQunnocrn 6eJlox-6enrosrrx a:auuogeticretii

TAKXE HE BbI3EIBACT COMHCHII'.

Oqnaro pa6ora ue lrlrxena HeloqeroB.

1. Ha crpaHr.rqe 5 aaropeSepara yuorpe6ren replrru (Obrlrupnas MI). He

IIOH'THO, IITO 3TO.

2. Ha crparuqe 6

lpe,{ocraBr-sercr Bo3MoxH6IM)). HaBepHoe,

upe,qcTaB.rIreTcr Bo3Mo)KHr,rM).

3. Brrgbrsaer yarrBlrerrrre ro o6croqrerr,ctao, uro a pa6ore coBceM He

aBropeOepara HaII[CaHO ((CpaBIIeHLIe .. .

IIMeJTOCb BBrrIy ((CpaBHeHUe ...

HE

HC

ynoMrruaerc{ caMar Ha ceroAHrrunni Aenr u3Becruaq HeiipoHua{ cer6 AlphaFold

3 or Google DeepMind, [peAHa3Ha.reuHar Arr npeAcxa3aur].s 6e,rox-6emoarrx

KoMrrJreKcoB rz flo.rrBlrBruarc{ B cepe,qrlxe 2024 rc4a, B caMoM Ha'la,'Ie BBeAeHnt

ecrb ccbrJrKa Ha crarw:2022 r. o6 AlphaFold 2, oAHaKo caMa 3ra r{eiipoxnax cerr,

B TeKcre He ynoMlrHaercr, x.qaHHar cc6rrKa (axercr HeyMecrHoii xMeHHo B 3ToM

Mecre leKcra nrccepraqrornoi:i pa6o rrr.

4. Ha puc. 3 anropeQepara u pnc, 31 A[cceprarluu He o6o3Ha']eHr,r

Koop,4r.rHarubre ocrr OX, OY r,r OZ, xorr or.rr.t yrroMr-ruarorcr B rroAn[cr.r K pr{cyHKy,

ti B TeKcre MHoro Mecra yAeJreHo on[caHrrro 3Trix ocei. I]oHuMaH[e pucyEKa

onupaerc-f, Ha rrpaBu:rruyrc u4eHru$tKalturc qarareJreM Koop,{IlHarHbrx oceii.



5. @pasa na crpaurlqe 13 aBrope$epara Bbr3brBaer HeloyMeurre: (([epeA

Kax.qoii 3loxoii o6yqeHfir c BeporrHocrrro 0,5 no raNgoii u: oceii (x, y, z) arorrmr

BHyrpu r.{eiK[ Ee3aBrrcrrMo noBopaquBarucb sa 180'>t, 9to xonxpetro ulreetcx

serlAy? nosopa.urallrcr caM aroM Borpyf cBoefo qer pa, r.tJ'Ix (floBoparlrBaroc6))

troJroxeHrie aroMa Borpyr coorBercrByronleii KooplxHarHo[ ocl-l?

BMecre c reM! yKa3aHHhre 3aMerraHrir He yMaJrtlor 3naquMocrn

AI.ICCepTarlr.lOHHOf O r.rCCJle,qoBaHri{,

A{cceprarl[r oraeuaer rpe6oraHrlsM, ycraHoBJ]eHHHna Mocrcoscx[N{

rocy,qapcrBeHxr,rM yH[Bepcr.rreroM nlresu M.B.,rlouoxocona r pa6orau

noAo6Horo poAa. Co4epxanne 4ncceprarluu coorBercrByer cneqfa,]bHocrr.r 1,5.8.

- <<MareNlarri.recKar 1w.onorut,6uorzH@oplrarura>i (to 6volornrecxulr uayrau),

a raKxe KplrreplirM, orrpe,4e.[euHErM nn.2.1-2,5 llonoxegu.s o rrpucyx,qeHljlt

y.reH6rx creneHeii s MocxogcroM focylapcrBeHHoM yHriBepcr.rrere rlMexrr

M.B.Jlorrlonocoaa, a raxxe o$opvneHa corJracuo rpe6oraurru lloroxenzs o

coBere rro 3arqrrre Aucceprarl[i.r Ha cor{cKaH[e y'{eHoii cre[eHII KaH.{l-rAara Hay(

Mocxoecroro rocyAapcrBeHHoro yHlrnepcurera,uuenn M.B,JIoMonocoea.

Taxnu o6pasolr, coucKareJrb Eor,{aHoBa Eru:asera A,rencan4poaxa

3acJlyxrrBaer nplzcyxAenlrr yrreHoii crerreHfi KaH4riAara 6no,roruvecr<ux nayr< uo

cleqrra:rbHocrn 1.5.8. - <Marelraruvecralr 6uonorul, 6uouHSopnrarr.rxal,

OQzuualrrnrrfi onnouenr:

gorrop $u:ttxo-uareMar[r{ecKr'rx HayK, aegyului nay.rnuii corpygnran Ka$eqpn

6uo$urunu Euo,rornqecKoro 0aKyirr,rera OeAepa.'rbHof o rocyAapcrBeHHof o

6n4xerHoro o6pa:oBarelhHoro yqpe)K,{eHur Br,rclrero o6pa:onalru.r

<Mocroncxrzii rocyAapcrBeHH6ri yHr.rBepcurer uverur M.B. Jlor'.ronocoea>

KOBA,TIEHKO I4m.r Eopucoauv
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Konraxrarre 4annrre:



Cnequa,rrnoclr, no Koropofi oOnIuarbHlIM onroHeHToM

3au[uer{a ar4cceprarlr4rl :

03.01.02 - Euo$usura

A,{pec Mecra paoorEr:

I19991, r. Mocxaa, Jleuuncrr.re roprr, MIY, a. l, crp. 12,

@e4epa.nrnoe rocylapcrBeHHoe 6ro,4xerHoe o6panoBarenbHoe yE)exneHr4e

nrrcnero o6pasonanl4r (MocKoBcKr.rfi rocyAapcrBenHBrfi )'Hr.rBepcr4Ter rrMerrll

M.B. JloMoHocoso), 6uonorr.ruecxufi rparynrrer, ra$e4pa 6uouuxeuepuu

Ten. : +7(495)9390289; e-mail: kovalenko@biophys.msu.ru

Ilo,qllrob co1py,{FFKa KoBaneEro I4.8. y,{ooroBeprm:
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