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[o c[elluaJrbHocrrl 02.00.04 - <Q"3uqecKafl xuMtrrtr)>.

,{rccepraqux A.C. fononemrrana fiocBruleHa uccJreAoBaHuro opraHo-

HeoplaHr.rlrecKr{x coeAuHeHuir gucytrtsuga ruoln6gena. B 4annrrx crrcreM€x cnor4

MoS2, [oxa.[yft, cavoro v3BecrHoro r,r3 HeyrnepoAnrrx 2D Marepr{ElrroB, o6lagaro:r

[poBoAtul]rMrl cnoftctraura, qro He frBraercg. TLrltIgHbIM aJUI gToro seuecrsa. 3a

rIocJIeAHee AeclTr4lrerwe [epc[eKTriBHocrb rrpr{MeHenr{r rrpoBoArrrleft nro4u(puraqzr.r

gvrcynr(ln4a uonz64ena (1T-MoS) B pa3rrruHbrx o6aactn. (raranuse,

HaHogJreKTpoHr{Ke n ru.) cr€ua ovear4uof, 6laro4apr MHoroqricreHubrM

I,IccJIeAoBaHI,uu. Vs H!fx, B lracrHocrfi, LBBecrHo, rITo cpeA]r Kar l[3aropoB

9Jrerrpoxr4 MltrlecKoro pa3Jlox(eHwl 80A6I, He coAepxarq!{x 6naropo4nrre MeraJrJrbr,

1T-MoS2 lrMeeT oAr,rH lI3 JryqlIIlrX nOragarelefi aKTrlBHocTr{. 3ra UOArEQUraqur,

oAHaKo, necta6znrna, [p]I HarpeBaHvrvr. ona [epexoA]rr s 6oree cra6nnrxyro,

2H-MoS2, c rroJryllpoBoArllprMr-r csoficrBaMhr, qbfi aKTuBHOCTb B yrrOMrrHyTOM BErr[e

lpoqecce ropasAo nr.rxe. Hecuorpr Ha MHoxecrBo pa6ot, nocrrrrleHHbx cnoco6av

[oqrregr,rrr r{ r{c[oJrE3oBanuro lT-MoSz, upo6nenaa ero cra6r,urusaqalr r,rsyreua cla6o.

,{uccepraqux A,C. fononeruKfiHa HarrpaBnena Ha pe[reu[e etoft upo6leubr, r,r B

KarlecrBe cnoco6a cra6wrwzaguu I T-crpyrryprr n neft npe4loxeno BcrpanBarrue

aH[oHHhrx cnoeB Ar{cynbQuaa rraonu64eHa B rerepocJrotrcrbre coeA}rHeHrrr, B Koropbx

oHr,r qepe.ryrcTcr c (flpocJroftxauro> LB opraHr{qecKux Kar[oHHrrx rocrei, Aannrrfi

KIIacc coeglrnenfift lrgsecreu AocraroqHo AaBHo, oAHaKo .qaHnbre o6 rx crpyr<rype

6rrnr-r ne4ocraroquo rrry6orrrun. 3ro o6ycnoureHo pa3yrroprAoqeuuocrbro r,rx

crpyKTypbl Il, cooTBeTcrBeHHo, HeBo3MOXHOCTbTO BbIpaCT[Tb IIX MOHOKpr4CTaJrJIhr I,I

[poBecrlr KJraccfiqecKoe crpyKTypHoe r{ccJre.qoBan[e MeroAoM pCA. 3ra
pa3y[oprAoqeHHocrb raKxe rBJrrercr flpuq]rHoft cloxnoro Br,rAa [oporrrKoBbrx



Al{tbparcrorpaMM, r43-3a qero MeroA [opo KoBoft Ariopa*rlr,r4 npr,rMeHrJrc, B

ocHoBHOM TOJTEKO rJrr orleHKr,r nx MexcJroeBrrx paccroanafi. Taxurra o6pa:ou, 4nr
toro, 'tto6rr ycraHoBl{Tb crpyKTypy opmHo-HeopraHr4rlecKr4x CI4CTeM Ha OCHOBe

4ucynr(pn4a uonz64ena I'I B [Tore BEITBTITr, 3a crler qero B TaKI.rx cr4creMax Moxer
cra6nnn suponarrcx lT-sopua MoS2, rpe6onanocr paspa6otarr nosuft noAxoA x
I,IHTEPNPETAIII'I,I IOPOIIIKOBEIX 4UQPATqZOTTH'IX AAHHBIX A'I' TAKI'X CI'CTEM.

c'y'r6rona Bcero Bb''[e yKuBa'Horo reMy Alrcceprarlur', [peAcraBJre'Hyro K
3alrllrre foroserur[Hrrrrt A.C., cJreAyer rrplrsrrarr arcryalrnofi .

B pa6ore rtofiyqeuo 6 nonnx coegznenuft 4ncynr([n4a nronu64ena c
opraHI'IqecKI4MtI KaruoH€lMlr' a raKxe l{3rreHo crpoeHr{e HeKoropbrx rlBBecrHbrx paHee

coe4unenzi grofo rrlna,

Paspa6omnurrfi 4zccepraurona noerrfi [oAxoA K MoAeJr4poBurHt4ro

4r$parcorparr,rM cJror{crErx crrcreM ocHoBaH Ha MeroAoJrorvru yQepa, panee
ucnolsgoraunoft LrM Arrs. o vcanLrs. [oporrrKorpaMM ryp6ocrpar:no_
pa3yrroprAoqeHHbx rvH. ECAU s CJryqae Frlrrr crpyKrypa cJroeB 6Hra ugsecrHa r4 He

yroqrrrJracb, To B A,rccepraqnonnoft pa60re uero4 6rra uo4z([zqrapoua' Arq
yrorrHeHll.s arounofi crpyKTypbr opraHo-HeopraHEqecKr,rx cnoen. florryqeHHEre B

P€YJIbTATC MOAEJII CTPYKTYP IIO3BOJII4JII{ ABTOPY qPOBECTI{ KBAHTOBOXI4MI4qECKIE

pacqerEl lI oxapaKTepr43oBarb cBt3hrBaroul[e neazuo4efictnrar B [3yqeHHBIX
coeAr'rHeHLIrX. Moxno orMerl,rrE, qro rouororraqecrzfi aHaJrLr3 enertponnoi
nJIOTIIOCTLI B patMKEIX TeOpIltI'r P. EeftAepa <Atourr B MOJIeKyJTEID), rcnomsonauHrtft e

Al4Coeprarlrur rJrs. n3yqeldn'^ cB.s3brBuuoq[x ne arauo4eficrn ufi,, paaee He [pr,rMeHrJrc,

AJrr crrolrcrbD( coeAr,rnenzfi gr.rcynrsuga uonu6gena. B pa60re r€rKx(e qpeAJroxeH
nonuft no4xoA K orIeHKe gHeprLl[I Kore3L*r cnoucrofi cr4creM6r pactrerHbrMu
MeroAaMIr. Bnepnrre Lr3yqeHhr gJrerupoxartrnI4 T[rrecKLIe csoicrsa [onyrreuHbx
coegrnennfi. Taxzna o6pasou, Hayrr'afl HOBn3Ha A[CCeprarlrro'uofi pa60err
A.c. fonose*KrrHa 3aK,rKrqaerc.rr B [oryqe'r4u HoBhrx cJroucrrx coeAznenrfr
4ncy*(pu4a uoan6gena c opra'prqecKr,rMlr MoJreKyJrErMr,r, paspa6orxe EoBoro
tloAxoAa' or4pblBEuoqero Bo3MoxHocrb orlpeAeJrr,rrb r4x crpyKTypy ,Io AaHHbrM
uoponrxorofi peHrre'oBcKoir gu$pan1uu, BhrrBJreH[r, crpyrrypoo6pasyroqtrx
(paKropoB, rrpoBeAeHrrn xounnerqroft orleHKlr e(p(perrnnnoctur cra6wmzwlnu lr_



MoAz0nraqnr'I MoS2, rxlro'r afr ee Brrulrmvre Ha gner(rpoKartullrrllqecK14e cBorcrBa
MaTeprl€uloB.

c nparrnuec*ofi TorrK[ 3peH[rr AaHHzur Arrcceprarlv oHna.r pa6ora uueer
6oarruoe 3Haqe'r,re rax o6paserl cllcreMarl,rrrecKoro rrccJreAoBaHr,r, cocraBa I,I

crpyKrypEr cJror4crbrx rerepocoeAlrHenrft. florryveHHbre pe3yJrrrarrr uoryr 6urr
3HarrrrMhr 4rx paspa60rxu Ha ocHoBe cJror{crbrx coe4nnexufi 4vcylrQr4a rraonz64ena

nosrrx raianE3aropoB peaKrlt4r4 gJreKTpOXLl Mr{qecKoro BT-r/reJreHr{, BoAOpOAa r43 BOAbr.

Taxxe neo6xoArrMo orMer[Tb, qro B xoge pa6orrr 6r'r paspa6oran nonrrfi nogxo4 x
Mo.qeJrupoBarr[rc peHrreHoBcKAX [OporrrKoBbrx 4U([parcrorpauna cJroLr crbrx
coe4uneuzfi Ha ocHoBe MoS2, Korophrfi lroxer 6EIrr zcnonrsoBaH AJUr vc(.'Jrc/ioBa.flLrq

Kp[crarrnqecKr{x crpyr(ryp ApyrrD( cJrolrcrrrx coe4r,ruennt.

.{r'ccepraqnonnaa pa6or:a fonoselrKrz'a A.c. nanrcana ,,o rpa"qzr{uoHHoMy
IIJIAHY, OHA LI3JIOiI(EHA NA I73 CTPAIIEIIAX I4 COCTOIIT LI3 BBCAEHU,, JII.I TEPAIYPHOrO

o6sopa, o6cyx4enzr pe3yJl6TaroB, gKcrrepLr MeHT€IJ*nofi vacru, BErBoAoB, crrr4cKa
qnr:upyeuoft nr{reparypbr (192 nawe:aorlauut) r rpt4JroxeHur. .Ircceprauu.s
BKrroqaer 24,ra6rrugu 90 pncyxror.

Bo eeedeuuu KparKo, Ho 6uro, csopvrynupoBaHa aKTy€urbHocrb reMbr, rleJrr4 14

ocHoBHhre 3a"qaqu Ar{cceprarlrroHnoft pa6omr.

B numepamypnou o6sope [r3JroxeHhr orry6nurcoaanHbre AaHHbre o crrHTe3e

HaHoqacr[q 4ucyruQr.rga uomr6gena, a raKx(e o[[carr6l IiBBecrHEIe Mero.uEI
[oJrJ4reHrnr cJrorrcrbrx coeAnnenuft Ha ero ocHoBe. Kporvre roro, nr{Teparypnrrfi o6sop
coAepxr'rr AOCTaTOqHo no4po6nrre cBe.qeHrrr o ceoficrsax lr npl4MeHeHr.rr4

/^Ucytts$u\a uolu64ena r4 cJrolrcrbrx coe4r,rnenui Ha ero ocHoBe, B qacrHocrr4,

or4enrnrrfi pai,AeJI IOCB'IIIeH I,ICnOJrb3oBaHUrc AaHHbIX COe4r.4renufr B KaqecrBe
KATAJITBATOPOB PEAKIII{'4 B'IAENEHI,I' BOAOPOAA Tg BOAbI 

''OT ,{CfiCTSI4ETA

'reKTp[qecKoro 
roKa. 3aaepruaer Jrr4reparypHhrfi o6sop on]rcafi,ne Mero,rloB

xaparffeplr3arlm,r crpyKTyp'r coe4znennft Ha oc'oBe 4ucynrQuga uolu64exa, n tou
uncle, 4nQparrlr{onnrrx Mero.r1oB.

B rpetrefi rJraBe, Koroparr cocrorr !r3 rrfl-r pa3AenoB, rrpeAcraBJreHhr oc'oB'bre
pe3yJlbrarEl AllcceprallloHnofi pa6orrr u zx o6cyx4enve, B nefi [ocJle,qoBarenEHo rr

AeriurbHo oMcaHbr MeroAbr cr,rHTe3a rerepocJror4crhrx coegunennft MoSz c
opraHl'IqecK[Mn MoJIeKyJraMr.r pe3yJrbrarbr Lrx xapaKTeprcaqun MeroA€IM]r



sJreMeHTHOro alJaJtur3a, TepMolpaBr4MeTpvrfi Lr A}IooepeHrll4arLHoft cKaHr,rpyroqefi

KanopriMerpll[, [pocBeqnB€uoqeft gJreKTpoHHofi Mr,rKpocKorlut, onrr,rqecKoft (a rexcre

AzcceprarlrroHuofi pa6orrr Ha3BaHa <<cnerrpocronnefi flofJrorrleHur>), I4K- vl

penrreno$orosnerrponnoft c[eKrpocKorrrlrn. flo4po6no o6cyx4arorcx p$yJrbrarbr

I{ccJIeAoBaHr{r crpyrTyplr rroJryrreHnbrx coegnnenr.r[ MeroAoM penmenorcxoft

4u$paxqzra [oporrrKa. Taxxe s rpersefi raBe [peAcraBJreurr AaHHhre, [oJryqeHHEre c

IIOMOIIFIO KBAHTOBOXI,IMLIqECKI{X PACqETOB C I4CIIOJIb3OBAHIEM rr O4CrrEE

ylop.f,AotleHublx KpI{cr€uIJIoB, oxapaKTeprroBaHbr HeB€ureHTHbre nsarauo4eficrnux

opraHr{trecKr.rx MoJreKyJr co cJrofiMr4 Ar,rcynb(buAa rvronr.r6gena r no4po6no

o6cyx4arorcr [oJryqeHHbre r pa6ore pe3yJrbrarlr MoAeJr]rpoBaHrar crpyKTypbr.

3ar.nroquremHbrft uqtrrft pa3AeJr rpetrefi HraBhI tlocBruleH u3Jroxeul{rc u

o6cyx4euuro pe3yJlbraroB llrccJreAoBaHr,rt gneKTpoKar€ullrrllqecKofi aKTr,tBHocrI{

[oJryqenHbrx B Arrcceprarluonnoft pa6ore coe4nnenufi B peaKrlnr4 BBrAeJreHr{t

BOAOpOAa U3 BOAbr.

B vemeepmofi arase fipvBe4eH crrr{coK v c[oJlr3oBanHbrx peareuToB l,r

pacrBopllTeJleft, AocraroqHo no4po6uo o[r.rcaHlr MeroAtrKI{ crIHTe3a n

oKc[epI{MeHTaJTBHEIe MeroAbr u [oAXoAbr, r{cloJrE3oBaHxrre n pa6ote, qp}IBeAeHa

rnlpopuaqur o6 ncnonrgoBaHHbrx MeroAax uccJreAoBaHr,rr crpyKrypbr Lr cocraBa

coe4uneur.rft.

B earcodax cQopnrynupoBaHbl ocHoBHbre r{rorr4 rrpoAenauHofi pa6oru, Koropbre

cBoAqTcr K cneAyrouleMy

florryven prA cnorrcrbrx coeAr{HeHr.rfi na ocnoee 4racynrQnga uolz6gena c

opranl,rrrecK[IM]I KarltoIIEIMLI, I43 Koropblx 6 coe4r,rneunfi c[HTe3I,rpoBEtHhI BlepBbre.

Bnepnrre ycr€rHoBnexa aroMu{rrr crpyKTypa 10 rerepocloucrbrx coeAlrne:auir ua

ocuoBe 4ncym(pz4a rvronu64ena. Ars eroro B Ar,rcceprarl[onnofi pa6o:re pa.:pa6orau

opurlluaJrErrbrft no4xo4 Nra ycrarroBJreHuJ{ crpyKTypbr ryp6ocrparno-
pa3yloprAoqeHHbrx crrcreM c lrenoJr63oBaHr{eM AEtIrHErx peHTreHorpa(pur4 rroporuKa u

KBarrroBoxrrMzqecroft o[Tr4M[3arllrrl crpyKTypHbrx uo4enei.

Ycranonneno, qro B rloJlyqeHnbrx cJlorrcrblx coeAlIHeHI4tx c opraur{qecKr.IMr4

KarrouaMrr cra6wmzupye'rct qpoBoAru{€u lT-rr,ro4u$raxaqux aucynr$uga
uoru6gena, Koroparr s o6Lr.rHbrx ycJroBlurx necra6znura.



florqrvennrre B Arrccepraqr{ounoft pa6ore coeAlrueHlrr [poAeMoucrpupoBaJrr,r

BbICOKyT KaTEUIITLI.IeCK)/IO aKTUBHOCTb B gJIeKTpOxI,IMraqeCxOfi peaKq]I[ BFT/leJIeHr4f,

BoAopoAa Ii3 BoAbI, Koropat oKutitalacE cofiocraBvMa c Karuurr,ITr,rqecrofi arrvnnocrrro
qucroro lT 4r,rcynr$n4a uonz64en a. flpu groM noJryqeHHbre cJror,rcrbre coeA[HeH]rt

Ha ocHoBe 4ucynr0r'rga uonr64ena coxpaHrror Kar,urr,rrr{qecKyro aKTLtBHocrb [ocJre

TepMr{qecKofo aoe4ef crnux.

B qelou, creflenb o6ocnosannocrrr uayrrnbrx noJlorl(eu[ft, nuaogon u
peKoMeHAaq[ft, crfoprvry.n[poBaHHbrx B Atrcceprarl Lrn) rrx AocroBepHocrb n

HOBIT3Ha CyqecrBeHHblx gaueqanni y o[rroHeHTa He BBr3blBaror. Buno4u ocHoBaHbr

Ha rulareJrbHbrx gKclepI{MeHTEurbHErX AaHHbrx, o6o6qenzxx co6crBeHHoro

MATepr4AJrA lI AarrHErx, llMerolllnxcr B Jrr{Teparype. Anrope{epar Ar4caepral4J1,iv \r

ony6rnronannrre pa6or:rr orpa)Karor ocgoBnoe corepxarrr{e pa6oru. Marepuanrr

Alcceprarlr{r{ orprDKeHhr n 8 crarrrx n eapy6exnux r.BAaHfirx, r.rHAeKc4pyeMbrx

6agarun AaHHbrx web of Science u Scopus n peKoMeHAoBaHHhrx BAK u l0 regucax

AOKJTa,UOB.

K 4rccepraquonnoft pa6ore fonosemx{Ha AnercaH4pa cepreenuva uMeercq

HecKoJrbKo savre\awuit tI BolpocoB.

l B ra6rurqe I nprare4enu cocraBbr flolyrreHHbrx coe4nnennfi, oAHaxo

coAep)Kax[e 9JreMeHToB' [oJlyqeHHoe no pe3yJIETaraM peHTreHo-

QrryopecqenrHoro 'n 
c,H,N ananusoB B TeKcre Ar{cceprarlr'o'nofi pa6orrr ne

IIpI4BoAflTcfl', 3a I4cKJIIoqeHI4eM coeAI4H eHkIfl C KATI{OHOM

rpzuerru(penrrrraMMourrr (c. I 36).

2. llpu ana.uzse AaHHbrx TfA u ,{cK c4enan BbrBoA o BbrxoAe opmrrr4qecKr,rx

MoJrer(yn r{3 Me)r(cJroeBolo qpocrpaHcrBa rrpll reM[eparypax suile 150-2000c II

B6ICKA3AHO qPEAIOJIOXEH}IC O IIPOTEKAHUII fiPW HATPEBAIMU CJIOLICTbIX

coegvuenzft neo6paruuoro Qa:onoro flepexoAa 1T-2H s cnoax MoS2. Brrrecre

c reM, B pa6ore He rIpLIBeAeHbI AaHHbIe o6 aHalLr3e gJreMeHTHoro H Sa:onoro
cocTaBoB npoAyKToB pa3JroxeHlrr.

3. rlpr,r o6cyxgeulrr{ AaHHrrx [pocBeqr4Baroqefi enercrponnoi uurpocKorr[r,r B

Al4cceprallzoHHofi pa6ore yKasaHo, rlro orpeAeJreHHoe ro Mr4KpoQororpaSzrna

Me)I{CJIOeBOe paccToflHue B nonyqeHHbrx coeArrHeHu.f,x cofnacyeTcfl c

paccTotHzeM' nOlyqeHHhIM IIo peHTreHoAuSparcqVoHHhIM AaHHhrM, oAHaKo He

5



[pI'IBeAeHEI TIOJD IeHHbIe yKa3aHHErMri MeroA{rMr,r 3HaqeHr,tt MexrrJrocKocrHbrx

paccTorHr{fi u om}I6Kr4 Ex O[peAeJreHr{r,

4. Karrau o6pasou 
''pn' 

nc[oJrb3oBaHw{ [porpaMMhr vASp 6unz [oJryqeH'r

AaHHhIe o paclpeAeJleHvll gJleKTpoHlrofi rlJlornocru? Hacronrro MHe r43BecrHo,

[oJrHoSJreKTponnoe npr6nrnxeHl{e rle ucloJrb3yercr r 4aunofi [porpaMMe, a

yqlrTbrB{uoTct ToJrBKO BaJreHTHEre sJreKlpoHbr.

5. Ka*osa peaurbH,ur roq'ocrb rrprrrBeAeH'hrx e ra6nuqe 4 paccuurannrrx

sHaqeH[i cpe4neft onep 4r,r nsazuo4eicrrux?

YxagaHHhle Bofipochr w gaM'*a*vfl Hr.IcKoJrbKo He yMEUUrror 3Haq[Mocrr4

Arrcceprarlr{oHHono I{ccJreAonaHu.fl foroserrrKt4Ha Alercangpa cepreenrzva. IIo csoefi
aKTyzulbHocrlro nayrHoft HoBr.r3He, o6reuy qpoBeAeHHLIX nCCnegoranr,rfi u
upaxrnvecroft 3HaqLrMocrrl [oJryqeHHbrx pe3yJrETaroB, [peAcraBJreHH at pa60ta
coorBercrByer rpe60nannrrra n.n.9-14 <<flonoxennr o rrop{AKe rrpLrcyxAeu}r, yrrethrx
ctenenefi>> BAK, yrnepxgeHHoro [ocraHoBJreHr{elr rlpanurenrcrsa pocclrftcKoft

@e4epaquu Ns 842 or 24 ceutt6px2013 roga, a ee aBrop, foroseu*r,r' Anercangp
cepreenuv, 3acJryxnBaer rrprrcyxreHLrt crerle*rr Ka*rlrAara xI4Mr.rqecK'tx HayK ,,o
c[eq[€urBHocrr{ 02.00,04 - @r.rsu.recxa.s xuMLrr..
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