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oT3brB BEAyrrIEr4 OP|AHI,I3AUI4I4

Ha Al4cceprallmo Bpru6na BlaAnvrupa Anaro;rreBrrqa <Paspa6orra rroAxoAoB K cLrHTe3y

pasnernnenurx (fynrql{oHaJlbHbx onldroHyKneorl{AHbx KoHbroraroBD, npeAcraBJreHHyro Ha cor4cKaHr.re

yvenoft crerleHl4 Kalg'4vliaraxuMtIqecKr4x HayK rro cleqr4anbnocrlr: L4.9 - 6zoopraHr,rqecKafi xr{Mus.

Arcryalrnocru nrdpannoft TeMbr

Terrla Al'Iccepralluouuofi pa6otrr Bprrrena B.A. <Parpa6orra rroAXoAoB K cr4Hre3y

pasnernneHnrx (fynrqrloHilJlbHbrx oJIt4roHyKJIeorrIAHbx KoHbroraroB) sBrrercr aKTyilJrbuoft. Pa6ora

IIocB.'IrlleHa co3Aarrl4ro pa3BerBJrf,IotIII4x MoArr(fzqupyroqr4x peareHToB ur c]rHTe3y pasnernnennrrx

(fynrquonanbHbrx oJILIroHyKneorI{AHbx KoHbroraroB, rroreHrlr.raJrbHo rroJre3Hbrx Ars [pr,rMeHeHr4s B

AlrarHocrl{rlecKl{x kr repaleBTI,IqecKr,IX 3a[arrax, a rax)Ke B cyrlputMoJrercynapHofi xrrMI,Iu pr

HaHOTexHOJrOrlr[ Anr co3AaHrrr rpocrbx Ar4cKperHbx [HK-nanocrpyKryp.
Arryannnocu pa6orrr o6ycnonneHa reM, qro 6onrnu,rHcrBo coBpeMeHHrrx cnoco6oB 11oflyqeHr4r

pa3BeTBJIeHHbfX OnI4fOHyKJIeOTltAIIbfX KOHBIOfaTOB OCHOBarrbr Ha HeKOBaJreHTHbrx froAxoAax,

uc[oJlb3yrolq[x rpex- n qerblpexxoAoBbre corIJIeHeHIlItr, lu6o Ha rroAxoAax, He rro3BoJr{ronl[x

cI'IHTBI{pOBaTB KOH6IOTaTBI C HecKoJIbKI4M}I p8nl{qHbrMr4 oJrI4foHyKJreoTLIAHhrM}I

nocneAoBareJlbHocrtMI,I. Ha Aanurrfi MoMeHT rrocrcl,IHTerr4qecKr.re MeroAbI clrHTe3a pasBerBneHHbrx



onrIroHyKJIeorlIAoB c noMolllbro 6uoproroHaJlbHbx pear<qzfi Mtulo npeAcraBJreHbr. .{annax pa6ora
pacKpblBaer rIoreHIII'IaJI rIprIMeHeHI,If, 6IaoprorouaJrbHbrx peaxquft u [on]ra3r,rloB B KaqecrBe

pa3BeTBJrf,IOXII4X peareHTOB, qTO fIO3BOJIf,er rloJlyqarb KoHsroraTbr pasnnvuofi cTexr,IoMeTprrpl r4 cocTaBa.

Ile.uu n 3aAaqrl uccJre.rloBaHrrfl

Ocsonuofi qenblo Allcceprallnonnofi pa6orrr f,BJrf,ercr co3AaHVe Mero.uoJrorrr[

orroopToroHilJrbHbrx

onuroHyKJIeoTlrAHbrx

cJIeAyIOUT4X 3a,qarr:

cnoco6os OI'IHTesa pasnernn€nnrx (fynrquonaJrbHrrx oJrurorryKJreorprA-

KoHBroraror. Anq AocrLIXeHI4t rrocraBJrennoft qenr4 npeArroJraraJrocb perlreHue

1. XzNtlr recKLIfi cI4HTe3 pl.ra pa3BerBnrrorqr4x rz4po$zmnrx peareHToB Ha ocHoBe

rIeHTaspI{TpI'ITa, coAepxarrll4x or AByx Ao qerbrpex a3r{Ao-rpy[[, cuoco6nrrx Bcryrrarb B

6r'rooproroHaJlbHylo rvre4r(I)-r<araJlll3r4pyeMyro peaKrlr{ro a3}rA-anK}rHoBoro rlr4KJrorrpt4coeAr,rHeHus.

2. Orpa6orrca ycnonufi 6uoproroua^nrnoft KJMK-peaKrIrrrr, aHaJrr{3a u pzpAeJreglrt

pa3BeTBmrorqux peareHToB.

3. llo46op yclonufi rnep4oQasnofi KnrrK-peKaKrlr,rr{ Mex(Ay iL3r,rAoM u aJrKLrH-

nao4z(fzqzpoBaHHblMl'I oJII4roHyKJIeorlIAaMr4 AJUr cr,rHTe3a KoHbroraroB, coAepx(aqlrx pa3BerBJregHbre

KJracrepbr N-aqerulraJraKTo3aMrrHa.

4. Cmrres ruo4u(fuqnpoBauHbrx oJruroHyKJreorr{A-onrroHyKneorzAHbD( KontrcraroB Ha ocHoBe

alraMepoB, coAepxarl{plx (feprr,reumu4BHo-orrrlenJrfleMoe nporr{BoonyxoneBoe coeAr.rHeHr,re -
MoHoMerraJraypucraruu E.

Hayvnan HoBr{3Ha

Buepnrre rroJryqeH ru4po$unrHrrfi rerpaasraA r{ noKa3aHo ero yclernHoe [pr,rMeHeHue B KaqecrBe

KoBaneHToro pa3BerBJltlorlero peareHTa. Pagnersrtroqufi peareHT AoJrxen 6rrrr ru4poQnnrnrnra,

coAepxarb lpyurquoua-uruue rpynrrbr, noAxoAf,rrlue [1ll-. 6uoproronaJrbnoro KoHbrorupoBaHus..

Paspa6oranHble HoBbre rIoAXoAbI cIrHTe3a rlo3BoJrflIor [oJryqarb onr4rorryKJreoTr,rA-on]rrogyKJreorr,rAHbre

KoHblorarEr, B ToM 9l{cne rr,ro4ulpuqupoBaHHbre $rryopecqeHTHbrur,r Kpacr.rreJrrM}r, ruracreparrar,r N-

aIIerI{JIraJIaKTo3aMI{H4 unn ([epnaeHTarrlBHo-or[Ielr.seMblMl,I [porl3BoAHbrMrr qr,rrocrar]rqecKoro areHTa

MoHoMerl'Iaypl{crarl{Ha E. Pa:pa6oraH rrpr,rnrlr,rn 4r,rsafiua ((HaHoMoHoMepoB), cnoco6nror Bcryrrarb B

peaxqllrc neperz6puArBallm.I [o MexaH]r3My 3aMerrleHr{f, nocneAoBarenluocrefi c o6pasonaHr,reM

III4KJII4qecKoro rerpaMepa, npocrefturefi 4raHavr,r.recxoft {HK-nanocrpy1Typbr. Bnepnrre [oKa3arro

rlporeKarrl{e Me3o-peaKIII{u c o6pasonanl{eM TerpaMepnoft crpyKTypbr rirc [aprr HarroMoHoMepoB.

.l



TeoperuvecKafl rr [paKTr.rqecKas 3HaqnnMocrb p$yJrbraroB
MeroArr noflyqeHln{ on[foHyKJreorrlA-oJr]rrouyrneorLrAHhx KoHbroraroB pasnoo6pa:Hrr, Ho

nar'r6onee TpyAHhMLI 3aAaqaM[ oK{,,blBtuorcs KoHTponb crexr4oMerpr4r4 u [pocrora BbrAeJrelrr4f,
KoHeqHbrx rleJleBbrx KoHbrofaros' Pa6ora I'IMeer reoperr,IqecKyro 3'aquMocrB: paspa6orauHbre peareHThl
I'I rloAxo'4hr [o3BoJUIror rag6exarr HaKonJIeHLrf, ruv6ox (4eneqzft) B KoHerrHoM KoHbroraTe 3a ctrer
AI'IBepreHTHoro [oAXoAa B cI{HT$e oJIrIroHyKJIeor}IAHhrx KoHbroraron. B cpanueHrrE c pa3BerBJUrroqr,rMr{
auz4o(foc$I{THb*I4 peareHTaMl4, I4crloJrb3oBaHr4e [oJrLrn3LrAoB orKpbrBaer ur4poKzfi cne*p AocryrrH'x
crex'oMerpzfi lcoHtroraroB' T'K' pocr Ilenefi Mol*er [poucxoArrrb nocneAoBareJrbHo. crexr,rouerp,n,
KOHbIOIaTOB pefynl,rpyeTOr COOTHOIrreHr.reM peareHTOB.

flpaxrr'r'recKiul3Haql4Mocrb AarIHofi pa6orrr 3axJrroqaercfl B cJreAyrouleM: pa:pa6oranHrui uo.4xo4
c6opxa 

''pocrb'* A]IcKperHbrx [HK-nanocrpy*ryp Moxer r.rcrroJrb3oBarbcr Nrs co3Arurr4.f, 6onee
cJloxHbrx AI4HtIMI'IqecKI4x cylpztMoneKyJlflpHbrx KoHcrpyrcqnfi Ha ocHoBe AHK; cnoco6 cr.ruresa N-
aIIerr'IJIranaKTo3aMI4HoBbrx KnacrepoB orKpBlBaer 6onee npocrofi rlyrb K clrHTe3y oJrrrroHyKneorr4AH'rx
Ko'bloraroB c raprerzpyrc4l{Ml4 GalNAc-rnacrepaMl4; rIoAXoA co3AaHr{rr arrraMepH'D( KoHbroraroB c
(pepnaenrarzBHo-orllleflnsetaoft uarpysrcofi B BkrAe rlr4Tocrarr{qecKoro areHTa rro3BoJrrer crrHTe3r{poBarb
rlpocrblM u eo(percrraBHb^n cnoco6ou rlHToroKcr.rqecKr4e KoHbrorarbr.

Crpyrcrypa u o6reu Arrcceprarlnr

'{uccepraql{oHHar 
pa6ora Bpundna B.A. npe4crnBJr.f,er co6ofi 3aBeprreHHoe }rccJre.qoBaHr,re 14

cocror'IT rI3 clrt4cKa corparrleuraft, BBeAeHI4tr, Jll{TeparypHoro o6sopa, o6cyN4eur,rr pe3yJrbraroB,
sKcrlepl'Mentalsnoft qacrll, BbIBoAoB' 6naro4apnocrefi ,n cr]rc*a nr.rreparyprr. ocnonnas qacrb pa6oru
I'I3JIoxeHa ua 108 crpaJll'qtx, BKJIIoqaer 58 pzcy'KoB, 8 cxeira u 3 ral,,uqrr. cnacorc qmzpyeuoft
nlrTepaTypbr BKJrroqae r 293 nawtvteHoBaHr4r.

Bo nneAeur'rr{ aBTop KparKo olr4cbrBaer r4croprrro pa3Br4Tr{r MeroAoB ,,o,,]iqeH,n, pa3BerBJreHHbx
onl{roHyrJreorr4AHbrx KonbroraroB u Ltx [pr4MeHeHr,re, o6ocuonr_rnaer aKTyaJrbHocrb u HoBH3rry
nrt6paHuoft TeMbL Anrop o6osuaqaer npaKT[qecKyro 3Haqr4Moc* AauHofi pa6orrr, a TaKXe
(fopuynnpyer IIeJIb B BI{Ae paspa6orrclr c rroMorrlbro 6zooproroHaJrbHbx pearcqr.rft y4o6nrx MeroAoB
IIoJIyqeHl4t pa3BerBneHHbrx oJII{roHyKneorI4AHbrx KoHbroraroB, rIprIMeHI{Mbrx B KarrecrBe
IIoTeHIII{anbHhrx TepareBTI4tIecKI4X areHToB, AI{arHocTI'IqecKI,IX I,IHcTpyMeHToB, vIIrvI B KaqecTBe
sJreMeHToB AzHaM[qecnzx,{HK-uaHocrpynTyp.

Jftareparypnrrfi o6sop coAepx'T qerbrpe pruAena pr [ocBrrrleH paccMorpeHr.rrc cnoco6on
nofiyqeHl4t' a raKxe nprIMeHeHlIt pasnerrnenHhrx oJrr4roHyKJreorlrAHbx KoHbroraroB. B nepnorvr pa3AeJre
nl'ITeparypnoro o6sopa paccMorpeHrr PagnerBntlolpre peareHThr AJrf, zclonb3oBa'l* n rnep4o@rB'oM
aBToMarI4qecKoM onufoHyKneorl4AHoM cI'IHTe3e. Bropax qacr6 nr.rreparypHoro o6sopa 11ocBqrqeHa
cI4HTe3 oJrlIroHyKJreorI4AoB' coAepxa''Iux pasnernneuHyro N-aqerzr-raJlarcTo3ttMr4noByro



MoAII(bI4KaIIuIo. B rperbeft qacrl'I Jll4TeparypHoro o63opa paccMorpeHbr 6r{oproroHirJrBH6re peareHT'r kr

KoHbrorarbl oJII'IroHyKJIeorrI.4oB Ha I4x ocHoBe. B nocne4Heft .rracrvr o6sopa nLrreparypbr aBTop

paccMarpllBaer cI'IHTe3 I4 npl4MeHeHrre piBBernndnurrx KonbroraroB arrraMepoB, a Ta6x(e Aenaer
3aKJIIoqeHPIe o neo6xo4zuocrz pa3BI,ITIat rlocrcl,IHTerkrqecK[x MeroAoB cLrHTe3a KoHbroraroB
onr4roHyKJreoTr.rAoB.

Cne4yroqar rJIaBa AIaccepraII[I{ rlocBtlrrena o6cyx4eHr,rro co6crseuHhrx pe3ynbraroB u sBrrerc,
JroMqecKr'IM [poAonx(eHI'IeM o6sopa nureparyprr. Oua Harrr,rHaerc.fl c rroApo6noro onvrcarrufi. cr,rHTe3a

ucloJlb3oBaHHbrx B pa6ore noJII{tl3I4AoB. ,{anee Ha ocuoBe BrrepBbre cr,rHTBr4poBaHHbD( u
oxapaKTepl'I3oBaHHbrx coe4vneHIafi aBTop oIrI4cEIBaer rrepBbre yclerrrHbre [o[brrKr,r cr,rHTe3a

onI{roHyKJIeorI4A-oJII'IroIryKJIeorI4AHbx KoHbroraroB. I\r]f a}raJrr,r3a crexnoMerpllr,r IloJlyqaeMbrx
KOHbIOraroB rrcfloJlE3yroTcs MeroAbI aHanr{Tr4qecKoro enerrpo(pope3a, a raKxe nrrcoroe(f(feKTr4BHa'
xI{AKocrHtuI xpoMarorpat$ut. B cne4yrorqeM pa3Aene o6cyx4eHr{fl peynbraroB ofir{caHo [oryqenr4e
KoHbloraroB c HecKoJIbKI{MI{ pa3HhrMI,I [ocneAoBarerbHocrsMr,r, [peAno)Ken cnoco6 cr{HTe3a ArrMepHbrx
rlpocrbD( Al4cKperHbrx ,{HK-uaHocrpyKTyp. Ha ocHoBe KoHbroraroB, coAepxarl}rx pa3n[qHbre

AByxIIeloqeqHBIe [HK-4ynnercu v cno6o4Hrre oAHorlenoqeqHhre $parrvrenrrr, aBTop rroKa3aJr

Bo3MoxHocrb IIpoBeAeHzf Me3o-peaKIII'II4 c o6pa:orauuenr 6onee rcpynnofi rlr4Krr{qecKofi rerpauepnoft

[HK-nanocrpyKTypbl. B nocle4HI'IX AByx pa3AeJrax o6cyN4eHzr pe3yJrbraroB ocHoBH at pa6ota 6rrna
lpoBeAeHa c I{cfIoJIb3OBaHI4eM HOBOTO Terpaa3r4AHOrO peareHTa B KaqecrBe piBBerBJrrrorlero rIeHTpa.

BrUru IloJlyqeHbl KoHblorarbl, coAepxarrlrae N-aqerr,rJrrarrarTo3aMr{HoBbre KJracrepbr, [oreHrlr{rrJrbHo

o6nagato4ue raprerrEpyrorqeft cnoco6nocrr B KJrerKr{ rreqeHrr (renaroqrrrr). Taxxe Ha ocHoBe

Terpa:BI'IAa [OJryqeHbI arITaMepHbIe KoHbrorarbr pa3nr,rqHoro crpoeHr4lr, onvcaHa nx crexuoMerpLrrr.

PasnetnreuHrre KoHbrorarbl LIcIroJIb3oBaJr[cb AIrA .,olyqeHut npo]r3BoA'bx c orlqerrJ'IeMbrM

III{TOCTarHqeOKI,IM IIpOTI4BOOrIyxOneBbrM areHToM MOHOMerrrJraypficrarwrou E.

Matepuan, [sroxeHurtrT n sroft rJIaBe, floJrHocrbro orpiDraer Bec6 xoA rrpoAenarrHoff pa6o6r u
BbrBoAbr rro Ar.rccepT a\nu.

3rccnepr'IIraeHTilnbHafl rlacrb coAepxc{T no4po6uoe onl{caHr4e criHTe3oB Bcex xrrMuqecKLtx

coe4ranenzft, a TaK)I(e KoHbIoraToB onI'IfoHyKJIeoTI,IAoB vt arlTaMepoB. flpranrenenr,re E yMenoe

lIcrIoJIb3OBaHAe COBpeMeHHbrx I'I TpaAI{q}roHHbX MeroAoB BbrreneHr{r, u4euru$nKarl}r[ r,r aua.nusa (lH,
l3c tMP crleKTpocKorllrra, Macc-crleKTpoMerpr4rr BhrcoKoro pa3perrreHrrr rr Ap.) o6ecneqranaer BbrcoKyro

cTefreHb AOCTOBepHocTV floJIyqeHHbx AaHHhrx.

Brrro4rt, I{3JIoxeHHbIe aBTopoM, o6ocHoBaHbr, coorBercrByror pe3yJrbraraM }rccJreAoBaHr'rr,

rlocraBJleHnofi qelr I'I 3aAaqaM, BhrHeceHHbIM Ha 3arur,rry, [oyqeHHbre pe3yJrbrarbl He Bbl3brB4ror

coMHeHU.S.



Marepuanrr, [pI'IBeAeHHbIe aBTopoM B rlp[noxe'r,rrx, Ao[onHrroT gKclep'rMeHTaJrbHyro qacrb r{
[o3BoJrrror y6e4rarrcx B AocroBepHocr]r rrpraBeAeHHbrx IaHHbrx.

Pesrouzpyr' MoxHo cKa3arb, qro Allcceprarluf, Bprrndna B.A. BhrrroJrHeHa Ha BbrcoKoM
MeTOArrqecKoM ypoBHe.

Antope(fepar rIoJIHocrbIo coorBercrByer coAepxaHr.rro Ar,rcceprarlr{kr. ocnonurre HayqHbre
p$ynbrarbl Al'Icceprallnonnofi pa6oru aAeKBarHo orpaxeHbr n rry6nuraq[rx aBTopa rro reMe pa6orrr, n
ToM rII4cJre B ruecrl4 HayqHbrx crarbf,x' ony6nzroBauHbrx B perleH3r4pyeMbrx oreqecrBeHHbrx Lr

sapy6exurx xypHanax, peKoMeHAoBarrHbrx BAK Mvuo6puayxr,r poccru, a raKxe B l0 resucax
rcepocctrft cKr{x r.r MexAyHapoAHbrx nonlpepenqzft .

Boupocsr rr 3aMerraHr.rfl :

I ' Ha uao6paxeHlI-f,x rerefi orcyrcrBylor MapKophr AJrrrHbr AHK, nr,r6o onr.r He rroAlr{caHbr. rrro
3aTpylHser orIeHKy pa3Mepa lloryqeHHbrx npOAyKrOB.

2' B pa6ore He orlldcaHo, oIIeHI{BaJIacb nI4 rlpor}rBoolyxoneBiur aKTr4BHocrb pa3BerBJreHHbD(

KOHsIOraroB anraMepoB c orIrIelJI-f,eMbIM rIpOTI,rBOOlyxoJreBbrM coeAr{HeHr4eM M0HoMernayprrcrarr.rHoM
E (MMAE)' Tarxe ocraerct He roH-f,rHbru, KaK 6ru ru6pan (feprraeuraruBHo-pacqennseN,*rfi JraHKep

AJrr cBr3brBaHra_f, KoHbroraroB oJrr,rroHyKJreor[AoB c MMAE.
3' B rercre AI{ccepraII[]I coAepxarcf, ofleqarKr.r, rpaMMarrEqecKr,re orur.r6rcn u HeyAaqHbre

BhrpaxeHlrf,.

4'Puc.49 co4epNI{T HeqerKI,Ie nso6paNeHr{f, KoHbroraroB oJruro'yKJreorrrAoB.

3arc.nroqeHue

Tarlarrl o6pasou, AaFIHaE Al4cceprallr4oHHrur pa6ora coorBercrByer BceM rpe6onanv-ana n.9
<<llonoNenns o IIoptAKe rlpl4cyxreHllf, yqeHhrx creneneft>>, yrBepxAenHoro flocranosreH]reM
flpanurenrcrsa Po Jft842 or 24.09.2013 r. (c I,I3MeHeHr,r.f,Mlr r{ AoronHeHr4rrur{ B rrocJreAHeft pe4anqrEr,r or
25'01'2024), npe4rffir'f,eMEM K AllccepraUl{tM Ha co}IcKaHI,Ie yuenoft crerrenr,r KrrrrA}rAara HayK, a caM
Bpr'ren Bna4znaup Anaronrenzq 3aclyxlrBaer rrpr4cBoeHr,rs zcxoNrofi creleHrr KaHArrAara xrrMr.rqecKLrx
HayK rro cleq[aJrbHocrz L4S _ Er,rooprauHqecKafl xr.rMr4.f,.

MeNna6oparopurrft KoJInoKBI4yM ra6oparopuu 6fionorr,r.recrrnx MrrKpoq[rroB, na6oparopHz
HyKJIeoTLIA-nao4u$IlqzpoBaHHbx HyKneI'IHoBbx Kl4cnor u na6oparoplrr{ MoJrenyrrlrpnofi Ar4arHocrr4Kra
I4MB PAH c'ruraer' qro Al4ccepralllloHHa-f, pa6ora Bpruena Bna4nrranpa AuaromeBr{qa <pa:pa6orna
rIoAXoAoB K cI4HTe3y pasnernn€nHrx ([yHxql{oHaJlbHbrx oJII{roHyKJreor}rAHbx KoHbrofaroB), noJrgocrbro
coorBercrByer rpe6onaEvIflM' rIpeAbtBJUIeMbIM K KaHAr4AarcKnM Ar,rcceprarllrrM, pr peKoMegAyer ee K
3arru'rre no cneq[anbHocrr4 1.4.9 - <BtroopranuqecKaf, xr4Mr4r>.



3aKnroqeuze [p]IHtro no pByJlbraraM rrpoBe Ae'r4.o6re4uueHHoro KoJrJroKB]ryMa na6oparopzz
6uonorzqec*l4x MI'KpoqI{rIoB, na6oparopr{}r Hy*JreorraA-uoAz6'rl}rpoBaH'hrx HyKJrer,rHoBbrx KLT.JI.T }rnaooparoplllr MoneKynrpuofi Ar4arHocrr.rrcu zMB pAH 02 4era6px 2024 r.(nporoxon J\b4)

orsr* Ha Alrcceprallr{o'Hyro pa6ory Bpr'rdna B.A. no4roroBJre' BeAyrq}rM HayqrrhrM
corpyAHr{KOru I4MB pAH rlyavHoBb' Anercan4pou BacznreBzqeM.
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