
OT3bIB

oSuqua,rsuoro orrrroHeHTa Ha AHcceprarruro
fla:rox E"reurr A,rerccauApoBHbr

na reMy <Cnet;mpoctionuqecKue yoc)e.'Lu dltx ttazepruo?o cuttme3a Lt KoHmpoJtfl
y.rbmpaxoJtoduwx aucav6tei du.vepoc uleiLottHbtx.\4emoJLiLoGr. rrpeAoraBneuuoii Ha

col4c KaHr{e y ue uoir crerr eHr4 AoKTopa S u:r.r rco-lrareMarr4rrecKrx HayK rro

cneqlraJ'rbHocrr,r 02. 00. 04 - S u:zqecKaf, xLt M r,rr.

AxryarrHocrl, TeMbr r.rccJreAoBaHr.Iq.

B pa6ore E.A.fIa:rox pa:pa6arrrBarorcfl HoB[,re Meronbr rrperru3r4oHHoro MoreJTr.rpoBaHUrr

3HeprerlrqecKlrx u paAr.rarluoHurrx csoiacrn ponu6poHHbrx yponnefi Hrr3KoJTexaulr4x crrr.rH-

op6ura,rrubrx KoMrrJreKcoB Ar.rMepoB urenoqHr,rx Mera,TJron. Pa:pa6orKa 3KCrreprrMeHTiurbHErx

MeroAoB flonyqeHr.rq cra6u,rssrrx ynbrpaxo,roAHbrx MoneKynrpHr,rx aHcaM6nefi (npr.r

reMneparypax MeHee 10 
6 K) 11 Teoperr.rqecKr.rx ocHoB 3Tr4x MeroAoB f,BJ,rflercf, ceroAHr o:ruofi n:

uau6o:ree HHTepecHeilmux H aKryanbHeiiruux npo6:ren coBpeMeHHofi xurr,ruqecxofi $u:uxu u

/lpyrux cMexHblx ALICuHnnrrH. Pa:pa6arsrBaeMbre MeroAbr B flepBy]o oqepeAb BaxHbr Ar.s
o$$exrunuoro reoperr.{qecKoro MoAenHpoBaHr.{q ycnoBuft rforoaccour.rarr.rBHoto nonylreHHq
cBepxxoroAHbrx MoneKyn. Bneqarrqrcruue ycnexrl, nocrllfHyrr,re 3a IrocnelH14e ABa Aecqrrlrervs.
e o6,racru oxnaxAeHu, H KoHTporq aroMHo-Monexyn.f,pHbrx aHcaM6,refi errorb.qo reMneparypbr
KoHAeHcauuu Eo:e-3figurrei.rua B cor{eraHI,III c yHlrKanbHr,rMH Bo3MoxHocrflMLr MoJ'Iercy,r.apHoii

cileKTpocKorIlrI{ Aalor Bo3Mo)r(Hocrr, foBopHTb o HacrynJleHI{LI Hosoii 3rroxu nnq 3KcnepLIMeHToB c

xononHbIM KBaHToBbTM BeulecrBoM, Koropar 6yaer HMerb cepbe3Hr,re nocneAcrBHr He roJrr,Ko Anq

$ynlan e*rra,rsHofi fusuxra u xnMrrr{, Ho r4 rir.f, pa3Br4Tr4s, HoBbrx rexHoJrorufi u perueuul
npaKTr.rqecKux 3aAarl Orueuy roJ.rbxo, r{To Aaxe Anfl I4ccneAoBaHHg raKnx
(BblcoKo3HepreruqecKux> (ryHaaMeHrarbrrbrx Su:riuecrcrax :t}1SexloB, KaK rrapyttreHr.re

npocrpaHcreeuuoi{ qerHocru (P) u ueuueapuaHrHocrb 3aKoHoB [pupoAbr r]o orHo[reHu]o K

o6parqeur,lro BpeMeHr.r (T), r.rcno:rr3oBaHHe MoneKyn yxe ceftuac flo3Borqror Aocrur{b
cyulecrBeHuo 6o,ree ertcoxoii roqHocrr,r. qeNr ra, Koropaq Moxer 6rns AocrurHyra a o6o:puuou
6yayuleu ua 6o:rruoM aApoHHou xo:uafi4epe (EAK) n IlEPHe. B qacrsocru, 3ro Kacaerc,
tloucKa f,rreKrpaqecKoro llr.rtronr,Horo MoMeHra (3AM) 3neKTporra, AJrs Koroporo B KoHrre 2013 r.
Ha MoneKylrrpHoM [yqKe ThO nolyueHo yrruKi].nbHoe orpaHr.rrreHue 8.7r10-2e e'cNa.

I,lcno,rsgogaHHe xe xonoAHbrx H ynbrpaxonoAHblx MonexyupHbrx crrcreM rro3Borrr.rr Ha

HecKoirbKo nop.nrxoB IrorrH3HTI sTor npeAeJ'r H, cKopee Bcero, trpuBecrn K orKpbrralo 3AM
3nel<rpoHa LI Apyrr4x 0ynaan,tenro,[b[{brX xapaKrepucruK 3;reMeHrapHbrx rracrurr H aroMHbrx srep,
raKl{x xax uruQSoBCKue (T,P-HeuerHsre) u aHarroJrbHbre (P-rieueruue) uoueHrrr. lpynzM flpxrzM

[pI4MepoM Moxer cnyxuTb rro]rcK Bap]rarruu co BpeMeHerr <Syn4alreHraJrbHbrx rfz:lruecxux
nocroqHHblx> e,ra6oparopHbrx ycnoBr4.sx. Taxutr o6pa:ona. ycnexH B oxnaxAeHlrrz MoneKyn Moryr
ApaMaruqecKLr rtoBrn.srb Ha pa3BHrr.re ocHoBorroJrararoruHx noHqrufi r rfu:rzxe H acrpoHoMHH, He

toBopq yxe o Bo3MoxHoc'rflx co3AaHlafl yilpaBnflenaofi y,rurpaxonoAHoit xuvua H pa3BHrr4, .{pyrHX
<6oaee 3eMHEIx) AI4crlunnHH, TaKHx KaK co3AaHr4e cyuecrBeHHo 6o,ree roqHbrx 3TaJ'roHoB

BpeMeHu H cllcreM HaBHrarlHH. pa:pa6orxa orrrr{qecxux cnoco6oB H3MepeHHq Hailprxe}rHocrH
BHeUHLIX 3neKTpuqecKl{x 14 MarHurHr,rx no:refi r{ Apyrr.rx. C:re4yer orMerrrrb raKxe, qro pa3Br.rrue

lpeqlr3HoHHr,Ix TeoperurrecKr{x MeToAoB MoAenr.rpoBaHu.s orrTurrecKr.rx v pailva\t4oHHbrx ceoficrs
N'roneKyn Hrpaer nce 6o,rsruyrc ponb rnq no.qroroBKr4 3KC[eprrMeHToB Ha ynbrpaxonorH[,rx
MoJreKynax. nocKo,rrbxy oHH He sBjrflrorcq cra6lrrrubrMH rrpu o6uqHrrx yciroBr4rx. Boguox<uoc'ru
3KcuepHMeHTaJrbHbrx Merol1ots r.r3yqeHHq ao:6yx4euHbIx cocroquufr uo,rercy,r. o6,ra4arcuIHx
ertcorcofr nrorHocrblo 3neKTpoHno-rcole6arenbHo-BpaqarerrbHbrx ypoaHeff, AoBonbHo



$paruenrapHbr H HeoAHopoAurr. Taxue cocroqHr.rq AaJreKo He BcerAa Mofyl 6urr onucaHbr ts

paMKax rxupoxo ucnonb3yeMrrx upn6,ruxesui1.

Orlenma trpoBeAeHHoro rrccJreAoBaHHq H Io!'ryqeHHbrx pe3yJrl,TaroB.

Bo nne4er44 o6cy>xgaercq aKryanbHocrb H ocHoBHa, npo6rena rforoaccoqlraruBHoro MeroAa
cIrHTe3a ynbrpaxonoAHbrx MoneKyn - KaK nepeBecrr4 cra6ocss:aHHbre aroMHEre [apbr,
HaxoAflIqHectl rtpeLIMyIIIecrBeHHo n ao:6yNaeHHbrx xone6are.irsubrx cocrof,nu.f,x e6rr..rsfi nopora
AHccouuauLrvI,Ha Hau6o,ree cra6u,rrnufi (4olroxueyurufi) ypoBeHb ocHoBHoro MoneKynrpHoro
cocroqHuq 6e: yne,ruuerrHs KHHerH.recxofi 3Heprr.ru aroMoB. C$opmylupoBaHa ocHoBHa-rr uerb
pa6orut - no[IcK uau6o,ree :S$exruausrx nyrefi na3epHoro cHHre3a ]r KoHrpo,r.s ycrofivunrrx
ascarr6reil y n brpaxonoAHbrx AHM epo B ureno qHbrx MeraJr,froB.

B nepaoli r.rrase HccneAyrorc, SHepferr4r{ecKrre u pa1narlvoHHbre csoiicrea 3neKTpoHHo-
ro:6yx4euHsIX cocroquufi 4r.ruepoB ruerorrHbrx MerarrJrou, paccMarpHBaercq ra rpaxropn3yercq
no,rusrfi raMLIJILloHuaH AByxarounofi MoJleKyrrbr, o[Tr4MzLrrbHsre 6agucusle na6opsr 3nexrpoHHo-
BpalrlarenbHblx BorrHonsrx Synrcuufr (B@) u coorBercrByiorque r4M 3neKrpoHHbte MarpraqHbre
3,rIeMeHTbI BHyrpHr\{oneKyn.spubrx e:auuo4ei.rcreui.r xax cpyHxuHr{ MextsAepHoro paccroruux. [:rl
ssatlN{oAeilcrByro[lux 3JIeKrpoHHbrx cocroqHr.rfi uo,rnaq B@ noxer 6snL, npe2lcraBJreHa B Br.rAe

,ruHeiisofi xont6uHaqur4 npou3BeleHlis 6ast,tcHbre 3neKTpoHHo-BpauareJrbHr,re B<D u
e:alaN,Ior]ei{cTBy}otrlr4x 3neKrporrHbtx cocroflHHfr e cooreeTcTBhh co cJryr{aeM cB.rr3u (a) no fyr.qy,
qro coorBercrByer npu6,ruNeul.to Eopua-OnneHrefitrepa. PaccuorpeHbr cneqn$zuecrcue
oco6eunocrLI BHyrpxMoneKyJrspHbrx B3aHMo4efrcreufi MexAy HH3KoJrelr{arluMH eo:6yx4euHbrMH
COCTO{HI,IqMU ICTCPO,f,ACPHbIX AI,IMCPOB IUC,TOqHbIX MCTAJIJIOB, ANg I{OTOPT,IX AOMHHHPYTOU-IHM

flB.Irle'tcq :;rf$er<r cnuu-op6uriurbrroro cBq3brBaHHr. CQopuynHpoBaH Meror cBr3aHHbtx
xo,re6are,rrHblx KaHaJrroB,qn, rroHcKa Hea;1ua6aruqecKHx euepruil u B@ A,rIs B3aHMo4eilcrnyrorqux
3neKrpoHHbIx cocrof,Hr.rfi cucremu rroAaBnqlouee 6olsuulHCTBo BHyrpHMoneKynqpHErx
n:auuo4ei.tcrelliA u noJlyqr.rrb uarz6olee locroBepHbre AaHHbre o crpoeHr.ru rr Ar.rHaMuKt4
n:atrrto4eficrBylourux MonexynqpHbrx cocroq:aufr. c rroMoulblo MmHr{Ma,TbHoro qr{cJra Su:uuecxra
3HarrHMrIX napaMerpos. PaccN{orpeHrr paAuauuoHHbre xaparoepHcrHKrz 3JreKTpoHHo-
eo:6yx<.4euHLIX cocroflHui.i gul,tepoB ilIeror{Hblx Mera,rrJroB, Koropbre onpenenqlor Bo3MoxHocrb
3KCIIepIIMeHrar'IbHO I(oHTpOnI4poBaTb H3MeHeHI4e KBaHToBoIO CoCTofHH, MOneKynbl

Brr6paunr,re E.A.flarrcx upu6.nu)KeHHq BroJrHe coorBercrByer Knaccy peuaeMbrx B

AHcceprauuoHHofi pa6ore 3aAaq.

Bo nropp;[gt1ge aHanlza:apyrorcs rrprMa, u o6parHax cneKrpaJrbHat 3ailaqa B paMKax Mero-qa
cBs3aHHbIX rco,re6are:rsHbrx KaH&rron. flepaaa 3aKnroqaercq B rlpellcKiBar]Hr4 3KCnepr.rMeHTaJ.rbHo

Ha6,rrogaeubIX IIoJroxenufr pou.i6poHHbrx yponHefi 3Hep|vr4 n pacIIpeAer'reHHr.r orHocr.ITeJrbHbrx
IiHreHcr.rBHocrefi s rcore6are,'rsHoi{ crpyKType crreKTpoB na3epHo-HHlyuaponauuofi
O:ryopecqeHllur.r. a qenb o6paruoli 3a1auu yroqHeHr.re napaMerpoB MoAeJrrz no
3KCnepuMeHTalbH[,IM 3HaqeHr.{sM ruepru.rfr Bo3MyurerrHux ponra6poHHbrx cocroqHr.rfi.
flpercrae,reHa 6rox-cxeMa ll.iu nocrreAoBareJrbHoro peueHlrfl 3rHX 3alaq. B xaqecrse
faMHJ'lbToHHaHa 3neKTpouuofi 3aAar{u B pacqeTax r4CIIoJIb3oBa[t4cb yCpeAHeHHr,re IIo cI]I,IHy
pensrl4BI4crcKl4e :$Sexrunubre rroreHul{aJrL,r ocroea c 9 BHe[rHr.rMH 3neKTpoHaMH KaxAoro aroMa,
paccMarpzBaeMbIMH flBHbrM o6pa:orrr. KopperxquoHHF,re :t|t|exrrr yqr4rbrBaJ'rucb B paN{Kax

MHoloqacruqsofi TeopI4LI Bo3MyrrleHr4i.r c nluoNecrBeHHbrM pa:6neHneM taMr.rJrbroH:1.aHa v
MeroAoM IlOJ'IHol-o xourf urypaUl4oHHoro n:auno4eficrBHr. flnx annpoKcr.rMauHlr KpriBbrx
rroreHrlr4irJmuofi :uepruu 6stm arr6pauu c $yuxuuoHanbHbre 3aBr{cprMocrn pacrxupeHHoro
ocuprJ'urqropa Mop:e r{ AanbHoreficreyroutero ocrlHnrrrropa Mopre. O6paruoit zanaqa peuanacb B

paMKax B3Be[eHHoro se:ruHefiHoro MeroAa HaHMeHbrxHx KBaAparoB c t]cnonb3oBaHHeM
HrepauuoHHoit npoqeAypbt H pqAa AononHr4reJrbHbrx Kpr,rrepr.reB rrocrpoeHHe Marpr.rubr
e:aHN{oAeifcrBlali, LIro nocnyxu"rro :rf$ercrHBHbrM cnoco6otr perynqpri3arltiH o6parHoit :a:faqu.



Kolul6lruripoBaHHar cxeMa pacriera qacrorbr r.r rrHTeHcr.rBHocrh poaa6pouublx [epexoAoB,
Hcttonb3yeMafl B Ar,rcceprauuH, aAeKBarHa uenflM nocraBreHgoii :aAaqu r.r 3aqBneHHoir ro.{Hocrll
pacqera Ha ypoBHe 3Kcrrepr.rMeura,rsHofi .

B rperreir uagq aHanrr3Hpyrorcq Bo3MyrueHHbre ponu6pouubre ypoBHLI HH3Korexaulux
crrHrJrerHErx H rpr.rnnerHErx cocroqHr.rii KoMrrJreKcos NaRb, NaCs, KCs ra Cs2, nocxonbKy r.IMeHHo

cnuu-op6urarrbHo cMerxaHHbre posu6pouHbre ypoBHH AaHHbrx KoMIIJ'reKcoB paccMarpl4Balorcs KaK

uau6oree nepcleKTr.rBHbre KaHAHAarbr B Kar{ecrBe npoMexyror{Hbrx cocrosuuir s

Soroaccorl[aruBHoM cnHre3e ynbrpaxonoAHbrx MoneKynflpHErx aHcaM6:refi. flor<a3aHo, Lrro

AoMrrHrrpylorqr,rM BHyrpr4MoneKyn.spHr,rM eQSexronr, Br,r3brBarorulrM cuJrbHoe cMerueHHe ypooueii
cHHr,rrerHoro H TpufinerHoro cocroqHr.rii. qBrgercq ,rx npflMoe cnnu-op6aranbHoe
e:ar4NaoAeficrBue. Oruocure,rbHyro creneHr, Brl4flHufl 3loro esauNaoAeficrBnq Ha poau6poHHyro
crpyKTypy paccMarpriBaeMbrx KoMrrJreKcoB Ar.rccepraHT cBs3brBaer c BerHLrHHofi 6e:pasMepHoro
rrapaMerpa cnuu-op6ura,rrnofi <seaAua6aruqHocrrz). B pe:y:mrare pacqeron ponu6pouurtx
TepMoB BbrueynoMrHyrbIX KoMIIreKcoB H BLIIIoJIHeHHofo fipqMofo ra o6parHoro aHar'In3a Bce

sHeprnH 6slru cor,[acoBaHbr MexAy co6ofi H BocnpoH3BeAeHbr Ha coorBercrByroueM
3Kcnepr.rMeHrarTbHoM ypoBHe roqHocrrr, xarc u rpe6oBarlocb. K,rrovenyro ponb B ycnexe Aausoi.r
rpoqeAypbr cbrrpan rpaBr.rnbHbrfr nsr6op HaqarbHoro npu6:ruxeHr4f crrr4H-op6ura,rruux
[apaMe'rpoB, Koropbre 6sr,ru no,ryLreHbr B pe3ynbrare nByx He3aBHcr,rMbrx He3MnHpHtlecKIlX
pacLleroB. flo,ryueHusre 3Mrtr4puqecKr4e noreHrlua-lmr u $yuxqrru cfir.rH-op6ura,rsHoro
ssalaN,{oAeficrBlr,fl MoneKyn Csz u KCs llcrro,rb3oBa!'rr.rcb Anr oueHKH BerruquH A(Q)-yanoeuu.r
HI{3KoJIexau[x ypoBHefi AeaxAsr BbrpoxAeHuofi rpr.rueruofi KoMrroHeHrrr ypoouefi :rux
MoneKyn. B uoc,'re.qHeM flaparpa$e uanrr MoAenupy]orcx z o6cyxAarorc, oco6eHuocl.r
pacnpeAeneHHfl orHocure"[bHrrx r{HTeHcHBHocreii e rcore6are:rlHofi crpyKrype cneKrpoB na3epHo-
HHAyuHpoBasuoii S:ryopecueHrruu c yqacrheM pona6poHubrx ypoBHefi ncc:re4yelrsrx
KoMIIleKcoe. 3ro rpe6oearocb KaK rns npoBepK[r npaBH,'rbr{ocrr.r HAeHTuSurcauurz

3KcrleplrMeHTa,rrbFrbrx xore6are:rsHblx ypoBHefi, r'arc v AItfl pacqera BepoqrHocrl{ crrr{H-
3anpeuleHHblx nepexoAoB c BO3MyueHHbrx yponuefi HccneAyeMbrx KoMnJreKCoB B MaKCHMa,.rbHo

rxrrpoxoM I4HTepBa,re xone6are:rrHblx KBaHToBLIx qlzceJl.

B ueraepro!114qB€ y3noBaq crpyr(Typa neaAna6arHLrecKHx xore6are,'mHbrx BoJrHoasrx Syuxuaii s

coorBercrBr{H c ocqun:rqquoHHoii reopenrofr H rrpHHrrr{noM orpaxeHrzs KoHAoHa r{cnorr,3yercq
A:rq xore6areJrbHoro orHeceHr.r{ sos6yNaeuHbrx ypoBHefi . Brruo:rHeHHbre pacrrerbr
ueaAua6aruqecKr.lx B@ cnuH-op6ura,rruux KoMrr;rexcoB ulenorrHbrx Ar4MepoB rroA'rBepnunrr
cnoxHylo 3aBHCLrMocrb lrx y3nonofi crpyrcrypbr or crznr,r BHyrpr.rMoneKynspHoro s:auN{oAeficrBHq.
3Heprr.rH xole6ale-quuoro ao:6yx,qeHHq. a raKxe rfopnarr u orHocr.rreJrbHoro B3ar.rMHoro

noroxeHus rro'leHuHa!'rbHbrx KpHBrrx xonr6i.trfipyroulrx 3neKTpoHHrrx cocroqHr.ri.r.

B qaroir lIqEg paccMorpenrr oco6euHocru paruauuoHusrx csoitcrB KaK roKaJ'rL,Ho. raK H

perynqpHo Bo3MyuIeHHbrx ypoBHefi Hu:rco,reNaurr{x aos6yx<4euHbrx cocroqsufi ure,roqnux
Ar.rMepoB NaRb, NaCs, KCs u RbCs.

!!]qgra.a flaBa rocBflureHa MoAenr4poBaHHro 2-x cryneuLrarbrx rlur(JroB ,ra':epuoii KoHBepcuu.

/{a,ree [peAcraBneHbr ocHoBHbre pe3ynbrarbr 14 c$opuynupoBaHEr ocHoBHbre BbrBoAbr, KoropEre
N,rHe llpeAcraB,[rrrorcq BecLMa y6egurenlHblMrr Ir AocraroqHo o6ocHogaHHbtMI4.

Asrope{epar Ahccepraul4H IIpaBHJrbHo r.r c ueo6xoAurvroil no,ruoroi.r orpaxaer ee coAepxaHHe.

Hayvuan H0BH3Ha u rlpaxTHrrecKafl 3HarrHMocrr, pa6orsr.

E.A.[Ia:rcr BbIno:lHHra cepuro HHTepecHblx, uy6oxr.rx HccJreAoBa*uit s AaHHoM
HanpaBneHl,II4, Koropble Aaror secolarri{ BKrraA B TeopHIo 3Heprerl{qecKHx r{ pa.quaur{oHHbrx



cBoficrB Bo3MyureHHr,rx SneKTpoHHo-Bo36yxAeHHbrx cocroqHHfr MoneKyn. PagsHsaeN,ta.t{ H

npuMeH.seMaq B AHccepra1.hkt rexHoJ'Ioruq pacqera or{eHb xoporxo oflpeAeneHa, o6ocuoaarla H

orpa6oraua. Orveuy yAaqHoe xou6uuapoBaHue BbrLrIacJIeHHbIx pa3Hocrefi uexAy repMaMH

aos6yN4euHbrx r.r ocHoBHoro cocroquzfi Monexyn c 3xcrleplrMeHra,tbHo onpeAeneHHbIMt{ TepMaMH

An, ocHoBHoro cocroflHr.rs, qro no3Borqer ycrpaHuTb rpyAHo BblqlrcJlteMyrc oruu6xy
cylepno3xuHr.r aroMHrrx 6a3lrcos. O.{eur r.rHTepecHofi qsr.fierc.f, [puMeHqeMar e pa6ore
[poueAypa MHHHMH3arlau (B3BetueHHoro Heruueiiuoro MeroAa HaHMeHr[ILIX IGaAparoB) rJIs
aueplufi poalr6pouubrx .vpoBHeil c ucuo,.rs3oBaHHeM nprrnrofi u o6paruoii crexrpanbHofi :laAaqu s

paMKax MeroAa cBg3aHHbrx xo:re6are,rrHlrx KaHaJroe. C r.rcnoJIb3oBaHI,IeM MHHITMaJTLHoTo Ha6opa

fiu:uuecrcu 3HaLrHMbrx MoneKynqpHbrx napaMerpoB B paMKax pa:pa6orauHblx MeroAoB BbIrIoJIHeHa

cepufl pacqeroB csoficrs, B Koropbrx 6sr,r nnepnbre AocrurHyr 3KcnepuMeHTaJIbHbtfi yponens
TOLTHOCTn H [OnyLIeHbI HOBbIe BaXHLIe Inq 3KCflepLIMeHTa pe3ynbTaTbl.

3aMe.rauufl rro ArrccepraurrH.

Peueu:r,rpyenaar pa6ora He cso6oAHa or orAeJIbHbIx HeAocrarKoB, B qacrHocln:

1. Ha crp. 6 uanncauo, uro <6olsurrrHcrBo aroMoB Apyrux 3neMeHroB (ne ulelouuslx u

UlenoqHo3eue,rrH srx) c rpyAoM [oAAa]orcq na3epHblM MeroAaM oxJIaxAeHux>. C,re/1yer

orMernTb, qro coBceM HeAaBHo e orofi o6:racru AocrurHyr oqeHb cyurecrneuustil

nporpecc. IIa:epuoe oxJ'raxAeHae yranocb ocyuecrBHTb nnq aroN{oB c oqeHr, cJroxHL,IM

crreKrpoM Dy ra Er [Albert Frisch, u 4p. Nature, 507. 475 (2014)).

2. Oneparop cnuu-op6uraJrbHoro s:auNaoAeficrBuq (2.4) upr.rueHl4M roJrLKo rnfl BecbMa

JretKHx aroMoB. Xorr :$Sexrususrfi oneparop cnuu-op6urzurbHoro esauNaoAeiicrBuq

(2.19) npHMeHHM v ilnfl rflxerbrx aroMoB H, B qacrHocrrr, AJrfl paccMarplrBaeMoro B

pa6ore al'oMa Cs, uo ero nonyqalor H3 ypanHeuufi, orJII{tIHbIx or (2.4).

3. B xa.recree 3neKrpoHHo-Bpaurare"ubHbrx 6a:acrrrrx BoJrHoBbrx rfyurcuaii ucuo:rb3ylorc,

$yuxquu. coorBercrByrouue cnyqalo cB{3H (a) no fyray. Srol srI6op orpe.qenser

lrocneAylouylo cxeMy paclrera rz ua nofi B3rJlflA HyxAaercrl s o6ocuoeauurz. HanpLIMep.

errOop 6agrrcnr,rx $ynxrtuit coorBercrByrou?rx cnyr{arc (c) no:ro,rra,r 6u 6olee

rrocJIeAoBa'feJIbHbrM o6pasort yrlecrb cnuu-op6ura,rbHoe sgauN.{oAeficrBlIe, r{To BaxHo A.rIq

paccMarpr.rBaeMbrx coeAHHeHr.rfi \ezus. B :roii cxeMe raMHJIEToHuas 6o:ree npocroft no

cpaBHeHHro c (2.3), Ho pacqerbr o6srqHo 3arpyAHqlorcs Heo6xoAl{Mocrblo npoee4eulu ab

initio pacueroB c ylrerov cnuu-op6rrraJrbHoro s:arN{oAeffcrBrl.f,, Koropbre HaMHoro 6o,ree

rpyroeMKr.r ilo cpaBrrerrHro c Hepenr{TrrB}rcrcKr4Mr4 pacqeraMr.r. OAHaxo B rrpeAnoxeHHoM B

AI'lCcepTallHh Ilo/IXoAe. I'lle flapaMeTpbl MoAeJ]Iz yrorIHflIOTcfl IIo 3KoIIepHMeHranbHLIM

AaHHbrM, 3Ta rpyAHocrb Morrra 6sr 6rrrr o6ofiaeHa: B KaqecrBe r.rcxoAHllx MarpuLIHblx

3JIeMeHTOB MOXr{O B3flTb r.IX 3HarIeHI4g, paCCrIHTaHHbIe C Hepen.TITLIBLICTCKI.IMH BO,[HOBbIM]I

Syuxqurur{, r,r 3areM yroqHrrrb r.rx rro 3KcrreprrMeHTar'IbHEIM AaHHbIM.

4. HeAocraror{Ho noApo6Ho o6cyxAaercfl BruqHtle cBepxroHKoro B3al{MoAefrcrsuq ua

paccMarpuBaeMsre csoficrea. Ec:ru cxenra npoBeneHuq 3Kc[epuMeHTa raxoBa, .Iro s Hefi

H3Meprrorcs ceoficrea KoHKperHoro cBepxroHKoro noAypoBHs (a ue ycpeaHeHHbre

xapaKTepuclraroa) To. Hc cMorpfl Ha cBoro orHocr{TerLHo Manyro BeJrI{rrHHy, cBepxroHKoe

g:al.rnaoAeficrBHe Moxer cyulecrBeHHo rtoBrvqrb Ha HHTeHCLIBHocTI.I nepexoAoB.



5. B $opuy,re (2.47) r4 Aarree s (3.22) Qaxropsr Xeurq-rloHAoHa paccMarprzBarorcrl c

HHAeKcaMH A, r'ro BpcMq KaK B cxeMe cBr{3H (a) rparuareJrbHbre Synxru.ul r.r,

cneAoBarenruo. (raxropsr Xeu:u-IIouAoua AonxHbr :aar.rcers or f).

B pa6ore Bcrpeqarcrcq oneqarKu. B Sopnryrc (2.7)
npaeolr H ,reeofi qacrflx ypaBrrelrun. Irlcrro,rr:yrorcr
(Hanpunlep. Ha clp.6: <<Eo:]e-3i{Hurrefiu KoHAeHcar)

A, I tz f) Ao,rxgrt HMerL pa3HEre 3Haxr.r B

arrrJros3brrrHas rpaMMarr4Ka H $oplryrupoexu
BMecro ( KoHAeHcar Eo:re-3fi urureilsa>).

3ar,rro.reHlre o coorBercrBHrr ArrcceprauHrr KpHTepHqM, ycraHoB.rreHHbrM flo,loxennem o

rropflAKe trpucyxAeHufl yqeHbrx creneueii.

B qelou AaHHar{ pa6ora BbrrroJrHeHa Ha oqeHb BbrcoKoM reoperHLrecKoM ypoBHc,

cAer'IaHHrJre BbrBoAbr 3acny)Kr{BaroT rf,oBepul. Peaylrrarsr o6,raAaroT HoB[r3Hofi n npaxruqecrcoi.r
3r{aqHMocTbK), oHH xopoLrro ilperrlcraBneHsr e 6orsrxoM qr4cJre ny6,ruxaquii e ne4yrqrax HayLrHbrx

xypHanax. CQopuy,rupoBauHbre ArrccepraHroM BbrBoAbr BcecropoHHe H MHoroKparHo rrpoBepeHbr

Ir o6ocHosaHsr. Pa:eueaeMbre rorxonbr BecbMa urrrepecHbr KaK nJn na,rrueilurr.rx reoperur{ecKax
pa:paooror. TaK H ,q,r, I]paKTHLrecKr{x npunoxeHHi.r. s qacruocrH. An.f, }lccneAoBaHurl no
crpoeHlzro H lt,HHaMhKC 3,[eKrpoHHo-eo:6yx/leHHbrx coerHHeHr{ir a uayuHrrx qeHTpax Poccl.rl,r
(@fByH <@r{su.recKuii uHcruryr nu. II.H.Jle6eAeea) PAH, Mocxogcxr4fi rocylapcrseFrHr,rfi
vHLrBepcH'r'er IiMeHH M. B. Ilonronocona. Caurcr-llerep6yprcxufi rocyaapcreeHusrii yHHBepcHrer.
OfEyI{ <On:uro-rexHrllrecKHi.r uucruryr HMeHH A.@.l4o0cfe> PAH. @fEy <flerep6yprcxuii
HHcruryr aaepnoir Srz:raxu ulr. E.fl.KoHcraHruHono) u :a py6eNoru.

Tarcuu o6paaou, ALrcceprarruq E.A. IIa:rox rra coHcKaHrae yueuofi crerteHu ror(ropa
$u:uxo-naareMarLIqecKr.rx HayK rtpeACTaBn-[er co6ofi HayrrHo-KBa,ruSuxaqnoHHyro pa6ory,
Koropaq coorBercrBye'r KpHrepHf,M, ycraHoBJireHHErM rr. 7 <fIo:rox(eHur{ o IropflAKe npHCyxAeHH,
yueHux cteneuei.t>, yreepxt4eHHbrM rrocraHoBJreHHeM ilpannre,rr,crsa Poccl.rircrofi @egepaqnn or
30 rHnapr 2002 r. Ne 74 (n peaarquu rrocraHoB,'reHr.rrr flparure,rrcrsa Poccuircroir Oeaepaquu or
20 ulous 2011 r. Nl 475), s xoropoft pelueHa r{aylr}ra, npo6,reua- pa:pa6orxareoperaqecKHx
ocHoB tforoaccouuarnBHoro Me'ro.qa na3epHoro cHHTe3a cra6a.nts;rx yJrb'tpaxoJrollrrbrx
MonexynrpHblx aHcaM6:reil a ee aBrop 3acnyxrrBaer flpucyxAeHr4fl ucxouoi.r yueHoli crerreHu.

Ot|luuua:rsnr,rfi onnoueHl
AoI(T'op $uruxo-uareMarHrrecKrzx HayK.

neayurufi Hay uutrii corpyAHr.rK.
H.O. 3aBer,r,yrculefo,ra60paropHeii xeaHrosoii xtrN4raH

@e4epa,rrHoro rocyAapcrBerr r roro 6rc:f xeruof o yqpexlerrHrr
<flerep6yprcxuii HHcruryr qAepHofr $u:uxz I / n
uu. E.fl.KoHcraHrr{Hona> HI4ll Kl4, r. farquua 
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