
OT3bIB oQnqlalbnom otrtroHef, Ta

ua (o) gtccepraunro(n) xa concranue yuexofi ctenenu
Kantrtrtrara 6tronoms€cxnx EsyK IIeH3apa,{mnrpur,{uxrpneBtrqa
ua retn;.: <<Brruuc,ttrTenbnoe rlpeacKasaune et[{exror lrFaqni r

perynsropHhlx pafi oEax resoB>)

lo ctreqtraJrbHocrf, 1.5,8 (MsreMarnqecxar 6rolorun, onoun$opuarnrco>

Aucceprar+{omnt pa6ora A.A. fleu:apa nocox4ena parpa6otxe noarx

BbrrIuclErerEHBD( MEroAoB c ucnolr6soBagr'reM MzIrIlIHHoro o6yrellu 4m

npegcrca:auru e{tpemoB oAxolr}tueorrrlslbD( 3aMeH B rerroMe qeIIoBeKa Ea ocrroBe

6o;nrmo< aaHrrbDi uorysaeMFx rrpu noMoqu coBPeMeHHLD<

BbrcoKorrpolxlBoalirerbHrD< no,{xoAoB Morerynpnoft 6uo.nomu.

Myraux{ B peryJr{ToplrBrx paioHax seJloBeqecKoro reHoMa rracro

accors,I[poBar{H a npe,4pacnonoxeHllocrhro K paufi{HEIM 3a6oreBaHu.mt, a

BII{NOJIS:IEJI5HIIS METOATT ATTNOTAISU TTATOUIOIAJIEIIbIX BAPITAIITOB IEHOMA' B TOM

rIIrcJIe, B yqacrKax, He KoAI,rp,rcIqD( 6enKl'r, .gBJullorc.' (pI{TI{tIecKr BaxHblMIt AJUI

nepcoHLIOIiuEpoBaHHofi uealaqnrrrr. 3xaqsreJrsstfi nporpecc B Mero,4ax

r.ry6orcoro MaIIIEHHoTo o6yteuut, B caornocr,E, rporur<d ycnex AlphaFokl2 r

3agaqe npe,qcranaHlxl crpyKTYP 6em<or, B(yne c pa3BlrureM

B6ICOKOTpOISBOAI-neJr6EED( M9TOAOB CeKBeHqpOBaHUf,, TTO3BOJUIeT paccslrBlBarE

Ha ro, qro uefipocereasle Mero,sl noMofyr Hailtti pememte z airt ApyED(

6uonu@opt',arrrecKlt( 3alas, BKfiOqaiI aEaIIll3 reHoMElrx Bapua-FroB,

Eaxo,4.qDrcr B HeKO,UrpyIOqD( O6lacrn< renoa, qro .flBr.f,erc-f, TeMOr

IIpeaoraBJIeEHoft Alrcceprarflel. B IIe[oM, TeMa l{ccllgAoBaHtrt tBJrtercf,

arTyanblrofi, a uccJleaoBaHte om4)aerct KaK Ira AocrrDKeur{.t B Hau6o'1ee

coBpeMeuflx g(crleprlMenTaJlrubrx MEroAax MonelcyJrtpnofi 6aoaorua, rax r'r ua

yolexrr B pa3Br{llff METo,4oB MarlllrHrroro o6flolfft npz pa6ore o 6or6mc'tr{

AAEHEIME.

,[Ncceprargonuaa pa6o'ra nocrpoena no rpa.m4lronxoi cxeMe, BKttroqaer

BBeAeHI{e, o6sop rureparypn, orrucaHfie Marepua:roB rl MsroAoB LccneroBarlua

p$yn;TarBl u rx o6cyxgerue, 3aKlrroqeHr{e, BETBoaEI r{ cnncoK I+'rrr'rpyeMof

Jrr4reparr?hr, coAepxaqld 334 ucroquru<a- Pa6ora u:Jroxsua rra 166 crpalnqax'

I



lpoDrnrocrptpoBaHa 55 pacyHmMz H 6 Ta6[r4qaME, coaepxfr 1 llpufioxeH e.

f;rantr Arccepragru B3aI{MocBt3aHbI H JIo[rqecKLI uoc]IerqoBare]GHbl.

Bo aae4earur aarop y6egurenrno o6ocnorrrnaer arrya.rtnocrr rrr6paunofi

reuu, $opruynupyer qeru{ rr 3aaaql{, Koropble orpa)Gror no ficy }rccne,qoBarr}ur,

pearrnarlr,r{ 3a,qarr nogpo6uo rrJroxeHa Aalree B cogepxareJrbHofi racru pa6mu.

Bae4enue coAepxxr n y6eAz:re.nsno [pe,qgraBnrer seo6xo.( ],Gre Sopua:nusre

pa3reflbr, BKrrocar creneHb HayqHofi pa:pa6oranuocru reM6r, reoperrqecKyro H

fipaItTfiqecrqrc 3HatrrrMocrb, MeroAonoflro llccJreAoBaHrrt. B pa6me

ucqepflErBaroule oxapaKrepr8oBar,lHsHbri B(naA aBTopa, nepequcJreHEr

rorroxgHr{rr, BErr{ocLIMSre Ha 3ary y, u rry6nr.rraqru.r uo rewe AEccepraq[n.

O6sop rurreparypu Aocrarot{Ho, a LIHorAa r,r us6rrroyno uoApo6Ho lfiflaxaer

cocrorHr.{e o6aacrrl uccneAoBaHuft: paccMorpenrr u 6sonorrqecKa{, n

6uorx$opuaruvecnarr cropoHbl Bonpoca, MeroAlI Malrrliulroro o6yieHut,

I{cnoJrEsyrontraecr B [pe,{MerHofi o6racrr4 4at upe,qcKa3aHr.Ilr aKTrBrrocrrt

pgryJrrropnbrx pafouoB reHoMa u eQ$exron peryJurropublx :aruex. I4s 334

Jrareparr?Hbrx ccrr;ror, yfloMtxyrrx a pa6o1e, 6o:ree 30 Be,qyr lra crarbu u

npenplrrrbrj ony6:rrmonaurtre z 2024 toay, qro cBllAererrclByet o6 ouuqnou

3Harrur-r ar{ooepraHTou conper'.rettuofi cuTyaIIIIlI B o6racTla rrpoBo,4lrMr,D(

r.rccrenoBaulrfi. Xocercx s6l,qerl,rrb onrc€rHre aaropoa npo6neu u cnoxnocrefi

r.rcnoJrmoBafiI{t coBpeMeHHrIX noaxo,qol Ha ocHoBe uefipounrx csre-ft &lt
pemeHrr{ 3aaa5 E rrpearrleruofi o6lacru.

K o6:opy nnreparyprr ecrr, I{ecKoJIbKo 3aMesaHEfi. Bo-nepBBD<, .qocraroqHo

cE/uo orrrtcaulr oco6ernrocru apxne(r)?6l MoAenefi @asenji n Basenjt? ua crp'

56-57). Kpor're rofoJ cpaBHEreJrbrro MaJIo BHLIMarrfit y,ue:reuo nogpo6nocrxlr

pa6orrr ltexarrn:ttla BrrriMaHr{rl, AaHo JrxIur o6qee a6crparruoe onuoaHr{e,

I{3JIIrlu{ee ,qfit crequatll-IoroB B o6:racru, r,r ne.qocraroqHoe .qJUI HeonerrnaJucroB.

B to xe BpeM.f,, Ha MoE B3u.sa, u36Errosro noapo6uo o .rcarrbr Mero,4br

rrreprrperarrr{H llpeAcKa3alnrfi uo,qe.nefi, rorAa xar a car'.roii pa6ore orM

r.1cnont3),lorcr B Kpafi Re ofpaH['{eHxo[ Mepe.



Pa:4ea <<Marepuanbl r{ Mero,&o) HarrlcaH AocraroqHo no4po6no, xm-r r
I{exorop[D( cJrycalD( rrplD(oAmor o6pauarrcx K pa3Aerry pe3yJrlTaroB AJrr 

"oro,
qto6n nonnoctuo uorurrl rrpe,tflaraeMbre aBTopoM rrpoqeryp;I Lt ID( B3auMocB.f,3;.

B ro xe npeu.r stor pa3.qen troKa3;IBaer, yro ,qru pelIertf, flocaalner{HbDa 3aaaq

alTop c(pyrrynfuHo pasbrpalcr B lrloaffca>( [pr.rMeureMsD< rr( Mero,qoB, qro E

no3BoJrr{Jro ero pa:pa6mxalr ltpewofrTl,r KaqecrBo uMeBrrno(c.a panee pemeuufi,

Tarrrx( KaK DeepSEA u Enformer, ficnoJls3y.r 3HaqrrreJrluo MeHrmee KoJrrrrecrBo

napaMerpoB. Kpoue roro, aBTop upu nouoqa a6nuprorrnn ncone,qorauuft

B}I'BI'JI KrIIOqeBbIe KOMnOI{eIITbr MOAeJII,I fi npeAnoxnn ee yn}Werory'ro BepC} O.

Ormcanrle peyJlbraroB, AaHHoe B nocrleryoqei rJIaBe, B qenoM

npou3BoAur 6naroupEmHoe BneilarJleHne, KaK uo 3HarIL(MocrH noryqeHEbD(

gamrro6 rax u uo {opMe ru( u3noxeH}ur.

B nepaou no,4pa3rele pe3yJlbraroB .u,Iccepralfl y6e4rremno

aeMoHcrpl{pyer cJroxnocrb npo6neulr uonoJl;3oBaxut,qaHHbD( MaccoBbD(

[apAJIJIeJI5HED( pe[OpTepHI'Ix 3KCIIOpIIMeIIToB c MyTarcHe3orrl naCrrrqarOqefi rII.F

- o6yuenue Mo,qenei Mamffiroro o6yrenne , Ha raKlx( ,{aEHED( EanptMylo

HeBO3MOXHO B CBf3H C HeIA6ex(HOi )"reSKOft Ifi+OpMaIU.fl,I MeX,4/ TpeH[poBOqHOE

Il TECTOBOU B}IOODKAME.

Bo n'ropou nolpa3AeJre aETop noKa36rBaer, qro I{cnoJIE3oBaIrr{e

KJIaCCI{EI€CKriX MerO,{OB MaUr,rHHOrO O6yVeUUX ("C,ry'lafuii rec") nosnonxvr

,qoorr{r}ryrb IrpI{eMJIeMoro KarreorBa rrPeacKa3axut co6rnnfi aJUIelIl-

cneqr,r{mroro cBt3bIBaHHr. B AaHHofi vacru paOorrr xoreJrocb 6rt nxgem

Br,rBoAbr aBTopa o Bo3Morrffiocrtr AanbEeftuero trpHMetren g tr pa3B['rE

paspa6oraHHofi Moaenu.

B rpemeu nogpa:gsre aBrop orscElBaer pa:pa6omrmri nr.r HeirPocereBofr

Mero,[ LegNet, 3aErBmtrl flepBoe Meoro B Mex,{rqaPo,4HoM Kolllrypoe DREAM-

2022- !ia:;rtt frrv.ercg ucroltryer ua6op lrop<onoB, Koropbre Haxoalaml panee cBoe

orpo(eHr.re B MarrlrrruoM o6yteruu, oasaro He rrpHMeHtJMcb B peryfflropHoft

r€HoMIrKe. B qaorttoctz, EcnoJIE31Torct 3ariMorBoBaEuLre Ifl apxr{TeKr}?6l ,qnt

r<naccN{Iaxa.uuu nso6paxerud EfficientNetv2 6noxr cxarrzx-arrvBe\sa NIt



,qonoJrEmeJrrlroi HoplIalIx3aqI{I,I KarIaloB cBepTosHbrx 6noKoB, a Tarc(e QyfiKIII{t

aKrr.rBarlrM SiLU, AJr[ o6yserfft oera trcrloJlb3yerct cnerurarlbHoe pac ucaHtre

IIIaru o6yseuff - One-Cycle Leaming Rate, flortro*ro 3Toro, aBrop Ee 3a66lBaer fi

o KorrKpeTnKe peEaeMoi rpo6neM6l u qreqHall;H}Irtr o6pa3oM MoErosryrPyer

oIITHMrEI4pyeMyrO MeTpUKy ,qrur Toro, cTo6LI oHa nysEe oTp&KaJra sKcr{epuMerrT.

,{ncceprarrr AgMorrcrptrpyer, qro npeAJroxeHHLrft ro{ noAxoA cylqeorBelrEo

upeBocxoAnr Apynre pemeHr,rr KaK Ha ,AaHH!fi Kor cypca B uorou (,qrx oqenu tan

na:rrnaeuoi "anmsocru" uocJleAoBareJlbxocru), rax r,r B KoxE)erfloi 3aaaqe

rrpeacKa3aHlur a$Semor o4ronyrcr-eorugrrrx Mtraqrd. IloMur"ro sroro

AeMorrorplipyercf,, 'rro pa:pa6mannax Mo,qeJl! tBturerc, 3KoHol'trIofi no qfictry

napauerpoa. K xe4ocrarKaM panAeJla Moxuo orHecrlt ro, qro alrop ue o6cyxlaer,

6rr;nr nr arpo6rpoBaHEr aplrrre apxr{rel(Typlr I4 Mero,{lr r xoge paspa6crrrr

r,rroroaofi uo4era, Haupro,rep, xorr{ cpea[ MoAenefi KoEq4)ca E BgTperlagrct

MOAeJrb Ha OOHOBe MeXaHE3Ma BIrI4MaHr{t, OOTaETC' BOITpOC - ynyqEaeT Jrtr

lofasJrenne 6,toxos Ha ocuoBe Aannoro MCxaHn3Ma roBeAeutrfl

npelrorferruoro aBropou pemeuuu? AHaJIor[ttHor upoBepsnocb Jrll narrecrBo

:noAe.reft na ocsoa€,{.tuxuhlx KotrBoJrroqnfi (HyenaDNA) I Moae,nefi sa ocHoae

trpocrpaucrl cocrofl Errfi (Mamba)?

B serBeproM noApa3,[eJle paccKa3ErBaerot o6 agamarg.ru apxtrrercrt?ll

LegNet K 3anase reHepar@r rocJreaoBaretlsHocr€i c aa,{aHHofi aKTrBHoqbro IIpE

rroMorry Merora "xono,@oit gEQ{y:EIr". 3to rs"'lrcros I€PBEII{ [pllMepoM

rrpaMeHen r MeroAoa ua ocnoae gNQQy3Eu K 3a,4ase reHePaqw{ y*acrrcoa,S{I(

)drpaBJuroryx axllrBnocttlo tettog. BosHnKaer ucK).EeHue IlcIroJIE3oBarb MoAeJIb

Ha rrpaKrl{Re AIrl re*epa:itw HoBr,D( p€ryrfiopHbrx yracrroa ,S{K, no

IeHepaTuBHarl Mo,4enb npoBajltrAlrpoBaHa TolIbKo Bhltll{cnn]rellbllo, u nps,4cKa3arb

ee rroBeAenl4e Ha pealrEEED( 3a,4asax HeBo3MoxHo' IIp€AnptrHEMaJrtrcb JrIl

uoIrbITK[ IlpoBeptrTb noaxoa 3lcctreplIMenrartqo?

B nooreAaerr,r lroapa3,4eJre pe3yJIETaTOB alrop OUrlCbIBaeT a'qarrraql'uo

Moaen[ LegNet K aalrHbrM o6 axrurnocru PeryJurroplfi'D< uocreAoBarer6Hocret

renoMa qeJIoBeKa. IIoKa3aHo, rrro MoAelE aBTopa [peBooxoarrr rro Kaqe€TBy



riMercqieo.x petIleuut, BK[osar 6o:rrnue rIoJIHoreIroMHlre MoAenu,

rrpe,4o6)4reHHbre borumor erccnepro.rerra-rrEHlD( ganxrx. IlpogeuoncrprrpoBaHo,

qro alTopcKarl MoAe,'IF Brryuaaer 6uonontqecrq BarKIrlIe [pI,BHaJc.r raKue xaK

HaJIarIIr.a ) racrKoB ,S,K-6enroaoro B3arar4oAeicrBl-If,, a rarc(e J,'I4eer

npe,ucKa:tblBar6 croxlsle KoM6n{aropnrre a:auuogeficrau-r pa.:nrvmrx 6emor c

,Q:trt. flor,rolo ororo, [eMorrcrpr{pyercr xopomaJr KoppeJrrr$r [pe,qcKa3auHbrx

MOAeJIbIO p$yJrbTaTOB O,qHOHyKJIeOTITEILD( 3aMeH B perynf,TopHrrx sJreMeHTaX C

3KcIrepEMeIrraJIbHSIMIr ,qaHHErMr-r. B pa6me ,qeMotcrprlpyerct, r{To KaqecrBo

MoAeJ'rr,r 3aBricm or rlricla o66eKroB B o6ysarcIqeft BbI6opKe coffIacHo

o6qettpt,rHtioMy B o6nacrl Mar]r]rHHoro o6yrenr.rx saroxy uacm:ra6r4roaannx,

Haxonerl aBTop lroKa:iblBaer, rro go6aalenre a LegNet upegcra:anxft

flo[ynrpuofi npego6;'veruoi MoAe!'IIz [o3BoJurer AouoJrHEreJIEHo yn]'rrur{rh

p$yJI6Tar, oco6euuo Ea MaJrer{bKr!( na6opax 4aur*n<, qro uMeer rpaKrrsecK}.ro

BaDKHOCTT B CBt3rI C TpyAOeM(OCTSrO I{ CTOTTMOCTETO rBMepeHIIt aKTI{BHO9TE

6ontuoro rtlcna peryJrtroprrrD( gJIeMeIrroB B oar{oM gKcneplIMelrre.

Buecre c reu rolullraer H€cnoJtbKo BotrpocoB tro rloBo,{y,{aunofi qtcrtr

pa6orbr:

1) He nno.rue rroHflTno, norreMy Sncn€ptrMenTaJrhrrbre upn3naxrr,

trcDoJlt 3oBaBur!€cr aJr.a JrEEeEgor Moa€ns, Ea3BaEhr B pa6oTe

<<6noxuMusecKtrMn>i

2) B pa6ore roBopnrcs o roM, qro uoge,rr 6rr"ra ;,rrenurexa (crp. 132),

oal|axo tre yKa3r,rBaeTci ToqEoe .rtrcJro napaMeTpoB Moa€nl| Il

cpaBHeEue gToro qucJrr c pagMepoM l|cxoAEoi MoAe.'rH;

3) <<SnoxnunvecrasD MoAerb trpeAcraBflflET co6ofi nEEefiflyn p€rpeccErc.

He nolroxer JItr EcrroJrb3oBaur{e 6o.nee qaoxxrrx MoAerefi c reM[ xe

np[3HaKaMtr y"rryqEnTb KaqecrBo, B raKof-m Mepe AorEaB KaqecTBo

moqe.nei rrry6onoro o6yxenua?

B qenou xe pesyJrlrarrl rronrrrulr, xopomo upor4JrJrrccrpl{poBar$I H aAeKBarHo

o6gyx,4eHbr,



Brtcraganr+te n otgFBe 3aMeqaHnr EocflT peKoMeH,qareJl6Hbri xapaKTep s I{e

''r\,Ia[tIOT 
qeHIIOCTI-I l{ETepecl{oro II Ba)ffioIO HCCJIeA0BaHE , npoBe,4eESOIO

ller$apoM ,4.4.

,{ocroaepxocrr a 3lrarlr4Mocr! DoJD reHHr,x Mccepral{ToM pgynBTaroB

o6yc:ronnelra rpaMorHllM Itcrorlb3o3aj{r.reM coBpeMerrHrD( MeroAoB MalralrHoro

o6yventt, TapKe a,qeKBarHofi u B3BeueHEofi oqeuKofi nonyyemlbrx pByrlTaroB,

ti, cyAr rro reKcry pa6or6r, xopour{M 3Ha.KoMcrBoM colrcKarelrr c cocrotul.IeM

IlccnenoBartrIft B npeA,reTHoil o6nacTr,r.

BErBo,qBr AucceprarlNoanoi pa6oirr flea:apa [.[. o6ocuoaanrr, xopomo

cooTBeTcTByIoT noc?stBrreHHbrM 3aaaqaM r{ no.ryrBepxleHbl uoJDAeI{HtIMIl

p*yrtlTarars. B qeJroM, p*ylrlrarsr,qficcepraqNorruofi pa6orEr xaparrepn3)'rorct

BbrcoKofi cTe er6ro HoBr{3r{Er r{ r4Meror cyuecrBeH}t)'ro reopflnecKyro E naysHo-

[paKTlrqeclgno 3Hasr,rMocT6,

Heo6xo4n lo oruerfirl ny6fiuKauux flerrsapa A.I - 6 crarefi ony6nr.nconaao

B Mex4/'r{aponl{bx x(ypHanax uepBoro KBaprliltrL Broloqaur n3Becru}Ie B o6racrl
)K)?Ha,sr Natue PubJishing Group.

CoAepxaHI.Ie Arcceprarlrru nel$apa A.A coorBercrByer cleqraJrErrocrri

1.5.8 <MareMarfisecKa{ 6uonorur, 6aoun$opuanxo (no 6lronorrvecxnr

HalraM), a IiMeHHo cnea),roqaM eg r{arrpaBJrenni,rM <<Koltttrrorepuar clcreMua,

6rzorotnn>, <Pa:pa6orra u npn'.reHerrr{e HoBbIx BErtraoJMTeJGHrrx a.mopurMoB,{nt

aEanrxla sKcllepaMelrralrrHux AaHnrrx a 6zo;rornu H MeAI.IqllHe)), <<Parpa6orr<a u

rrpI,IMeI{eEI{e MeroAoB MalrfiHnoro o6yrenn-r H IncKyccrBeHlroro ul{TeJrnqrqa Ar_f,

aHamna E nporuo3rrpoBaHr-ul csoicrs 6uonorraqecruo< o6texron Ha ocHoBe

auann3a 6or;utla( 6noueAnluncrm< ,qaxnrr$), a rarxe KprflepbtM,

onpeAeneHrrbrM ml2.1-2.5 lloroxerrlls o fipucyx,qenn].r yseH5rx creneHefi B

Mocroncrou mcygapcrBeHuoM yrrr4Bepczrere laner r M.B, Jlouonocona, a ralore

oQopru,rexa comacno rpe6oaamuu lloloxeunrr o coBere ro 3aquTe ,quccepraqni

Ha coHcKau {e )AeHofi crengllx KarrAr{Aara EayK, Ha collcKaHlre yqeHofi crenelni

AoKTopa Halx Mocroscxoro rocyAapcrBeHrroro yHr{Bepcr.rTeTa Id\.reHI-r M,B ,

JIoMoHocoBa,



Tanm o6paso4 coucxareJrr fleusap l$,urpd f[rnrrpueauy 3acJDDKEBaer

. trpuc)'rrlelmx yseEofr cleueutr I(aI{EAaTa 6xolorxqecmr Ea)T( IIo

cne4aa:rrocrn 1,5,8 <<N4arerrrannecrat 6uoloru4 6nomQopMargxo).
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