
OT3bIB oSnqzanrHoro orrrroHeHra
o Ar,rcceprarJLrpr Ha cor,cKaHze yueuofi creneHz KaHAr4Aara

szsv ro-vareMarlrqe cKux Hayx HaruueB a An r6epra llp ercon uu a
Ha reMy: << ourouexaHl4 qe cKo e I,I gneKTpoorrrr4 qe cKo e AereKTr4poBaHr4 epe3oHaHcHblx cI{rHzLrIoB c rrcKJIIor{eHI4eM o6pa:ruoro Snyxryaq"o*rto.o BrrvrflHvrfl B

urzpoxoft rroJroce qacroT))
rlo c[elrl4aJrbHocrl'I 1'3.2.llpu6oprr I4 MeroAbI oKcrrepaMeHTiurbHo it huzuxu

[uccepralll4oHHa.fl pa6ora A.w. HasMr.reBa [ocBrrrleH a p*3Br4Tpfio MeroAoB
noAaBJIeHI4t KBaHTOBOTO IUyMa HI4Xe CTaHAaprHofo KBaHTOBOTO rpeAena, a rarcKe
pa:pa6orxe cxeM o[ToMexaHI4rIecK,ux 14 oneKTpoolrzrrecKrrx AereKTopoB
PE3OHAHCHbIX CI4|HAIIOB, KOTOPbIC O6IA4AIOI IIOHI4XEHHrIM YPOBHEM KAK
KJIaccI4r{ecKI4x, TaK 14 KBaHToBhIX IxyMoB 14 Moryr 6urr pezlnv3oBaHbr Ha [paKTnKe.

oAHzlr r43 B&)(HbIX Hanpaueuzfi conpeueHuofi KsaHroeoft otrrr,rKr4 v
orIToMexaHVKLr {BJIqIorc'q I43MepeHI4t c TIOHLDKeHHrIM ypoBHeM rrryMoB. Ilyuruue
coBpeMeHHbIe orlToMexaH[rqecKl4e CeHCOp6I AOCTITTJTI{ ypoBHr rryBcrBzreJIbHOCTI4,

OfPAHI4I{CHHOIO KBAHTOBbIMA AQQErrAN,rW, 14) B IIACTHOCTI4, CTAHAAPTH6IM

KBaHroBbrM rrpeAenoM (cKlI), xoroprrfi cB.s3aH c Bo3MyrrIeHr4eM npo6uoro
o6texra [pI4 I43MepeHpru) o6ycloueHHbrM coorHo[reHueM HeoflpeAereg'ocrefi
fefiseu6epra' c apyrofi cropoHbl, perl4crparl us ctta6sx cr4rH€LloB, Hanpr4Mep B

AereKTOpaX |paBI4TaIIUOHHbIX BOJTH, rpe6yer [perlr43r4oUsOft TOqHOCTt4.

cyqecrBeHHo npeBbrrxarorqefi cKfI. floerouy paspa60:rr<a MeroAoB rro
rlpeoAoneHl4ro CKII a [cKJIIoqeHI4ro o6parHoro Qnyrryaqr4oHHoro B1r4flH\rfl B

KBaHToBbIX lr3MepeHKflx rlpeAcraBn flercfl oqeHb naxuoft t4 Herpr4B uatswoit pttJ

perxeHr.rr za!.a\efi. Taxzvr o6pasou, TeMa ArrcceprarluoHgOfi pa60rrr A.vr.
Has^'zeea r<paffue aKry&trbHa) a rlpoBeAeHHbre uccJreAoB aH'fl, HecoMHeHHo.
o6ragaror reop erw rre cxoft r4 rrpaKTr4 qe croft 3Har{v Mo crbro.

[wccep''qun cocrol4T vg nne4euz.a, 5 rJIaB, 3aKJItor{eHI,rq, cIIr4cKa
qurwpyeuofi Jlzreparypbl 14 npnloxeuzfi c [oApo6Hrru Teoperr4qecKr4M

o6ocHosaHr4eM pa:pa6oraHHbrx MeroAoB. rlorurrfi o6reu rLrcceprar\krLr
cocraBJlter 123 crpaHI4IIbI c 17 pncyHKaMI4 u 2 ra6rrurlaMrz. Cnucor< Jrr4Teparypbr
coAep)Kr4r 9 8 uaanaeHosaHzff .

frepnar rJraBa coAep)Kr4T no4po6nrrft o6sop coBpeMeHHoro cocrorHr4,



Lr ccJreAoBaHzft IIo TeMe nvccepT a\r4r4.

Bropar 14 Tperbq rJraBbr rrocBrqeHbr pa:pa6o'rxe v a:e,anw3y

3KcnepI4MeHTarIbHbIX cxeM, B Koropbrx perr4crpar\vrfl, pe3oHaHcHoro no:6yxAenlan.

Itexasnqecxofi cI4creMbl pe€Lrrr43oBaHa c prcKJrroqeHr4eM o6parHoro

S,ryxryaql{oHHoro BItvtflHwfl. B urlaporofi rIoJIoce qacTo! qTo AocTr4raeTct

I4CTIOJIb3O BAHI4EM HAKAI{KI4 B HE CKOJIbKI4X OTITI4IIC CKI{X MO,IIAX.

Bo nropofi ruraBe paspa6orau MeroA r43MepeHr4.fl pesouaucuofi cr4Jrbr,

4efrcrnyroqefi Ha MexaHl4qecKyro cvcreMy, [o3Bor-srorqzfi Hcxlrorrr4Tb o6parHoe

SnyrryaqzoHHoe BIrLrfl:a:ae v npeoAonerb craHAaprHrrft xeaHronufi npeAen B

tutlpoxofi rloJloce qacror. MeroA ocHoBaH Ha B3ar4Mo4eftcrrur4 MexaHr,rqecKoro

oclll4nntTopa c AByMt oIITI4rIeoKI4MU MOAaMr4, pa3HOCTb r{aCTOT KOTOpbTX

coBfraAaer c qacrorofi ocqvJrn{Topa. zsuepeuue cyMMbr u pa3Hocrll

aMrInI4TyAHbIX I4JILT Qaeonux KBaAparyp orrrr4qecKr4x MoA Ha BbrxoAe no3BoJrrer

t4cKrlor{I4Tb o6parnoe QnyrryaqploHHoe Brr4fllnpre v 4o6zrrcx [perlr43r4oHHofi

TOTTHOCTT4 t43MepeHr4r. [tts peanv3a\r4r4 AaHHofo MeroAa [peAnoxeHo 2

3Kc[epI4MeHTuuIbHbIe cxeMbl, I4ccneAoBaH a y cr oinuBo crb Bo3Hr4 Karoqt4x pe]KrrMoB

14 orlplcaHrt cnoco6bl [oBbIIIreHr4fl cralunusarJkrtr cprcreMbr. Taxxe r4ccJrenoBano

Bnr4flHr4e AOTIOIHI,ITeJIbHbIX CneKTpaJIbHbrX COCTaBntrOqI4X Ha qyBCTBT4TeJIbHOCTb

Ir3Mepl4TellHofi cxeMbl v Haft4euo pelreHr4e no qacrr4rrHoMy noAaBneHr4ro

BO3HT4KaIOqUX rXyMOB.

B rperrefi rrtaee paspa6oraH MeroA n3MepeHr{r r4cKJrroqeHufl o6paruoro

Snyxryaql4oHHoro BlrLrflHr4fl u npeoAoJreHufl CKII rrpn r43MepeH:rrz pe3oHaHcHoro

cvtHana B orlToMexaHn.{ecrofi cl4creMe, ocuosaHHrrfi Ha LlcnoJrb3oBaHlanz

rpexuo4onofi HaKarrKI4. llorasaHo, rrro flpeoAoneHrze CKII n rarofi ctrcreMe

cB-fl3aHO C BO3HI4KHOBeHI4eM HHTefp€L[OB ABI4)KeHr4t I,I BO3MO)I(HOCTbTO KBaHTOBbTX

Hepa3pynarouLrx u:uepeuzft. llpe4roxeua oKcrrepr4MeHTa-[bHa.f, pearrr43arlr4t

raxoft tr3Mepr4TelrHoft cxeMbr vr trpoAeMoHcrpr4poBaHo, rrro oAHrrM Lr3 ee

[pel,IMyqecrB rlo cpaBHeHI4Io co cnyqaeM 4nyruo4onoft HaKarrKr4 flBrflercfl

orcyrcrBlle Heycroft.IHsocrz 14 [apa3nTHbrx cneKTptlrrbHbrx cocraBJr*oqvx.

Tarxe [poaHarlv3lrpoBaHo Blrvfllnpre paccrpofir<ra qacror orrrr4r{ecKr4x MoA Ha



BO3MO)tHocrb BbICOKOTOTTHo|O tr3MepeHv-f, 14 BbITBJIeHbI pa3rl4r{Hble pexI4MbI
pa60Tbr r43MeptrrenbHofi cxeM6r, BO3HHKaroqLre B 3TOM Cnyqae.

B qerBeproil ruraBe aHanv3vpyercr Bo3Mo)KHocr6 BbrcoKororrHoro
a3MepeHvt pe3oHaHcHoro BblcoKoqacrorHoro ct4rHaJla B gneKTpoo[rrzqecKori

cvcreMe c rpexMoAOBbIM OfITI4qecKIrM pe3oHaropoM B ycnoBztx HaKar{KI4 TOJIbKO
qeurparnHofi MOAbr. rlpo4enroucrpr4poBaHo, qro npvHrlt4rr rr3MepeH''
orlTl4Ma"llbuoff xna4parypbl, aHaJlorr{qurrfi cxeue c olroMexaHrrqecroft czcteuoft,
lo3Bor'ser rrcKJlroqzrr o6parHoe $nyxryallaoHHo e BrrLrflHr4e B ruvpoxoft noroce
r{acror' oAHaro 6rtlo o6Hapyxeuo, qro B orJlrrqwe or orlToMexanz.recrofi
clzcreMbl' B AaHHoM cnyqae r{yBcrBl'rreJlbHocrb u3Mepr4Te6Hofr cxeMbr
orpaHl4r{eHa TOITJIOBbIMI4 IxyMaMI4. flpe4loNeHrt MeroAhr rroBbrlrreHr4t
TIYBCTB I4TEJIbHO CTI4. TAXNE IZCCNEAOBAHO BJII4.HI4 E BHYTPEHHTIX IOTEPb.

rraea 5 .'ocB-s[Ie'a pacrrery Lr a*anv3y pacqe[neHa, MoA B'rc,,rux
rIoptAKoB B acrI4fMarI'IqecKI4X pe3oHaropax c zcfroJrb3oBaHzeM ar4rrbr AaBneHr4,
cBera' qro rIo3BoJIZJIo KoppeKTHo o[Il4carb qacrorHble cABVrv uo4. lloxa3aHo, qro
pefyntpHa-f, qacrb ct4JIbI AaBneHhrfl' CBera, He 3aBr4Crqa-s or [oJr{pr{3ar{vt4, BeAer K
cABI'Iry qacror Lr pacqe[JreHr4ro MoA Bbrcrxrzx rroprAKoB, cBr3aHHoMy c Qasoft
fiou' I^tts MoA 3pn'rzra-f aycca 6rrno noryqeHo BbrpDKeHLre AJ' qacrorHoro
pacqerlJleHzt oMeXHEIX MoA, Koropoe xopolllo coB[aAaer c pe3yJrbraroM TorrHoro
perrreHr4r ypaBHeHr4r feruuroJlbqa B [apaKcr4€rJrbHoM rtpnlnuxewuvt nrn
acTII rM aTI'Iqe OKI'IX pe3oHaTop oB, qTo IIoATBepXAaeT KoppeKTHo cTb t4 c[onb3yeMoro
MeroAa' Tarxe [oKz''aHo' qro acI'IMMerp r4qHafl r{acrb crzJIbI raB[re'r4fl cBera,
BbI3BaHHar npo40muofi cocranrrrorqefi 3JreKTpoMarHzruofi BOJrHbr, B€Aer K
pacqe[neHzro opTofoHzurbHo rroJrrpr43oBaHHhrx M on.

{ucceprallaoHHat pa6ora Hasvlzeea A.z. errnoJrHeHa Ha BbrcoKoM HayqHoM
ypoBHe' B Heft 

''onyqeHbl HoBbIe BaxHbIe v [pr4opr4TerHbre pe3ynbr'rrbr.
Paspa6oraurt HoBbIe MeroAbI 3HarrvrerbHoro noBbllrreHr4r TorrHocrz
orIToMexaHI4r{ecKI4X I'I 3JIeKTpOO[TI4r{eCKI4X AereKTopoB pe3oHaHCHbIX CLIfHitrIoB,
no3BoJltloqwe vcKJIIor{I4Tb o6par:Hoe SlyrcryaqvoHHoe Brrr4flHLre B KBaHToBbrx
I43MepeHuflx u [peoAonerr CK[I. Ha ocuone pa3Br4Tbrx MeroAoB [peAno)KeHbr



SKCnepLIMeHT€LrIbHbIe peanl43arll4t4 I43MepVTenbHbIX KBaHTOBbIX CXeM CO

CBEPXBbICOKIIM PA3PEIIIEHT4EM, I,I3YIIEHEI PC)KI4MII WX PA6OT6I, AETAJI6HO

npoaH&I]I4sl4poBaHbl Bo3Mo)KHbIe Heycrofiql4Bocrl,I v [apa3r4THbre eQ@exrrr.
Paspa6oraHHblft roAXoA o6o6ulen Ha cnr.lretfi BbrcoKororrHbrx r43MepeHr4r

BbICOKOT{aCTOTHbIX sneKTpoMarHI4THbrX crrfHuuroB v [poAeMoHcrpzpoBaHa

Bo3MolKHocrb I4cKJIIorreHV-s o6parHoro Qnyxryaql4oHHoro BJrwflH:1lfl n unporofi
TIOJIOCE qACTOT B PC3OHATOPE C TPCM.I OIITI4IIECKI4MI4 MOAAMI4.

OAZH Lr3 Haz6olee tpKttx pe3ynbraroB Ar4cceprarlzouHofi pa6orrr,
rlpeAcraBnnotguft SyH4aueHTanbHyro 3Har{rrMocrb kr orrprrealorqufi HoBbre

BO3MO)KHOCTLT ,.nfl [epcneKTzBHbIX [paKTuqecKrrx [pr4MeHeHr.lfi, sauroqaerc, B

o6HapyxeHzz I4HTerpELrIoB /iB:a)Kel:afl, Koropbre orBerraror 3a Bo3Mo)KHocrb

acKJrroqeHr4r o6parHoro Qnyr<ryaqr4oHHofo BJtr4flH:|lfl B CXeMe c rpeM,
o[Tl4r{eOKIMI4 MoAaMI4. Baxnrrir,t npevMylrlecrBoM pa6orrr raruKe flBIrflercfl
paspa6orra cxeM rnfl 3Kcrlepl4MenramHofi peanv3arlwv [peqr43r,roHHbrx

A3MepeHI4ft, OCUOBaHHbIX Ha pa3BI{TbIX IIpIZHIIl/{TIaX, a TarcKe AHaJrr43 pSXVMOB IIX

pa6orrr rpr4 pea[bHbrx napaMerpax.

B Kaqecree ocHoBHbIX Aocrot4Hcre pa6orbr MoxHo BbrAenr4Tb cneAyroqr4e:

t Teoperl4qecKoe BbItBJIeHI4e HoBbIX Snszuecrzx e$SercroB, Korop6re Jrexar

B ocHoBe BblcoKoror{Hblx I43MepeH[fi Ia sosNao)KHocrr.r npeoAoneuu.a CKII,
I4Meloqux BbIc oKyro SyH4anreurilrlbHyro 14 rrpu KJraAHyro 3Har{[M o crb

t flory'reHl4e a*arvrzrqecKI4x perueHufi 4rx 6oruxnHcrBa [ocraBJreHHbrx

3a[aq, r{To flo3BoJlter BbItBI4Tb Szszvecxl4e MexaHIz3MhI B93HVKa16ITIHX

Sra:zuecxzx eSQer<ron

o {eralsurrfi aHzuII43 qacrorHofo pacqen [reHtfl BblcoKr4x orITvqecKVX Mon B

acrl4fMarplr{ecKI4x pe3oHaropax, uosnolxrolqufi 3aAaBarb rpe6yel,ryro

CTPYKTYPY MOA, IITO XPAftHE Ba)KHO N QUSZUECKOM 3KCIIEPI4MCHTE.

flonyveuurre n pa6ore pe3ynbrarbl anpo6rapoBaHbr ny6nzr<aqvflMl_ e 3 crarr-{x n

BblcoKopeilrzuroerrx perleH3r4pyeM6rx MexAyHapoAHbrx Hayr{Hhrx xypH€Lrrax, a
TarcKe AoKnaAaMu HA HayqHbrx ceMr4Hapax e MfV v 6 naex4yHapoAHbrx HayrrHbrx

roHSepeHr\Lrflx.



Taxzu o6pa:ou, creneHb o6ocnoeaHHocrr4 noJro)KeHr4fi, nrruoct4Mbrx Ha

3aql4Ty, a rarcKe HayrrHbIX BbIBoAoB, c$opnaynupoBaHHhrx B Alrcceprauvtv, vx

AocroBepHocrr pr HoBV3Ha He Bbl3brBaror coMHerruil.

Anrop e Q epar c oorBercrByer reKcry Ar,cc eprarluouuofi pa6oru.

B :ro xe BpeMr no pa6ore r4Meerc.f, prA 3aMerrauuft:

l. B pa6ore npl4 pe[reHvI4 ypaBHeHl4ft JlauxeeeHa r4c[oJrb3oB€rrrcr Mero.rl

nl4Heapv3auvkr, B paMKax Koropofo Koppenrquv ofrTkrqecKr4x MoA Apyf c ApyfoM rr

c MexaHVrrecKI,IM ocIIIrJIJItropoM [porraAaror. llpe4craBrrerc_{ BDKHrTM orleHr4Tb.

KaK [oBJILrtIor orMeqeHHble Koppen-flrlvrtrHa Bo3Mo]cHocrb r4cKJIIoqe:n:afl o6paruoro

Qnyrryaql4oHHoro BIrvflHVfl pI rpeoAoreHr4-f, CKII B peanbHbrx cilcreMax, KorAa

enyKryauw KBa4paryp He cJrurrrKoM MaJrbr 14 He Moryr 6urr yr{TeHbr B paMKax

Lr crroJrb3oBaHHoro npz6luNeHHoro MeroAa.

2. B pa6ore orMerraercr, r{To 2.nfl r4cKrroqeHl4.a o6paruoro

Qnyrryalll4oHHoro BItvflHLrfl [pI4 AereKTr4poBaHvpr cprrHaJra Mo)KHo r43Mepr4Tb He

cyMMy 14 pa3Hocrr rpe6yenrblx KBaApuryp, a caMn KBaAparyprr B orAeJrbHocrrr 14

He3aBI4cI4Mo. Kasanocr 6rr, qro raKoe v3MepeHze Aonx{Ho [poBoAr4Tbcq He

HC3ABVCLTMO, A) B OAI4H V TOT )ICE MOMEHT BPCMEHI{, HANPI4MCP, I]O CXEME

conua4euzfi.

3. llcnonrsyevmrfi B rJIaBe 3 repuzH ((rroAcr.rcreMbr, cno6o4urre or KBaHTosofi

MexaHLrKI4)), npeAcraBnflercfl He coBceM KoppeKTHbrM. [aunrrft TepMr4H

I4c[onb3yerct B pa6ore Anfl o6osua.teHz.f, ua6lro4aeMbrx, AoxycKarcrqvx

KBaHToBbIe Hepa3pynaroql4e r43MepeHru, To ecrb B npocrefiI]renr cnyqae

-sBr.f,rorrlt4xcfl vHTerpanaMv l.Blz>Ker,vfl. O4naro, Aaxe AJrr (coxpaHxrorqeftcrD B

KBaHToBoM cMbIcJIe Ha6nro4aerr,toft ee qr4cfiepavfl Mo)Ker 6rrrr He MaJra, qro

HerrocpeAcrBeHHo yKa3brBaer Ha ee KBaHToBbre csoftcrsa.

Bntecre c reM, yKa3aHHbIe 3aMeqaH:aflHe cHrDr(aror o6rqefi errcoxofi oueHKr4

pa6oru v He yMuln-{Ior 3Har{I4Mocrt4 Ar4cceprarlr4oHHoro LrccneroBa1vfl.

{zccepraryus A.LL Haslaaeea flBrrflercfl rlenocrHblM HaytrHbrM r4ccneAoBaHr4eM,

vMeroIIIl4M B6ICOKyTO Teoperl4qecKyro 14 [IpaKTnrrecKyro 3HaqvMocrb rl

coAep)KaIrII4M HoBbIe pelxeHzt aKTyanbHbrx 3aAarr. fiuccepraryut orBeqaer



Tpe6oBaHuflM, ycraHoBJIeHHbIu MocroBcKt4M rocyAapcrBeHHbrM yHr4Bepcr4TeroM

IrMeHI4 M.B.JloruoHocoBa r pa6orarr,r no4o6Horo poAa. Co4epxauve 4nccepra\r4r4

coorBercrByer crleql4a-rlbHocru 1.3.2. IIpu6opbr r4 MeroAbr oKcrrepr{MeHralnsoft

Qusraxu (no Sus.-Mar. HayKau), a raKx{e Kpr4repr4rM, onpeAeJreHHbrM r:lr:r.2.l-2.5

floloxeHnfl, o npvcy)K eHW yqeHbIX creneHefi s MocxoecKoM rocyAapcrBeHHoM

yHI4BepcI4Tere I4MeHI4 M.B.JlorraoHocoBa, a rarcKe oQopnaneua corJracHo

rpe6onauraxu floroxeHz.fl o coBere rro 3arrlvre 4zccepraqufi Ha cor{cKaHze

yveHof crerleHl4 KaHAI{Aara HayK, Ha cor4cKaHze yrreHofi creneHr4 AoKTopa HayK

Mocrcoecxoro rocyAapcrBeHHoro yHr4Bepcr4Tera vMeHz M.B.IIoMoHocoBa.

Taxuna o6paeou, col4cKareJlr HasNalaen Anr6epr llpexoer4rr HecoMHeHHo

3acJIyN(I4Baer rIpI4cy)I(AeHI4r yueHofi crerreHrr KaHAr4Aara $nsur<o-MareMarurrecKrrx

HayK rlo crIeIIu€uIbHo crl4 I .3 .2. llpu6oprr 14 MeroAbr oKcnepr4 MeHTa[bHofi Szszr<u.

O@uqnanruufi orrrroHeHT:

AOKTOp Qr4 3rrKO-MaTeMaTr4 rre CKr4X HayK, rrpo Q e C COp,

npo$eccop rca$e4prr arouHoft Susut<z, Suszru rrJra3Mhr 14 Mr4KpooneKTpoHrrKr.r

Szsnuecroro Sarynrrera
Oe4epanrHoro rocyAapcrBeHHoro 6ro4xerHoro o6pasona:reJrbHoro yqpexAeHr4t

Bblc[rero o6pasonaruq ((MocKoscrufi rocyAapcreeHHrrfi yHr4Bepc[Ter r,rMeHr4

M.B. JIoMoHocoeD)

Trxouoea Omra Bra4rzuzpoBHa

" 
l0r-ceur.a6p s-2025 r.

Kosraxrnrre nannsre:
TeneQoH: +7 (495) 939-13-04
E -mail : ovtikhono v a@phy sics.msu.ru

C n eqaarr,Ho crb, rro Koropofi o QraquanbHbrM orrrroHeHToM
3 arrlulrle Ha AoKTopcKaA I.Idcc epTarlr4r :

01.04.21 - <IlasepHar Snsnr<a>

A4pec Mecra pa6orrr:



lI999l, n Mocrna fClI-1, JleuzHcKr,re ropbr, g. l, crp.2
Mo c ro n c r vfir r o cy gapcrs eH urr ft yHr4 B ep cr,rr er
vMeHu M.B. Jlouonocoaa, Qzszvecrzfi Qaxynrrer
TeneQoH: +7 (495) 939-13-04
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rloAnucr Tzxo Ho soft onmz Bna4Hrrazp oBHhr yAo c roB Eptlo

V.IeHsIfi ceKperapb yrreHoro coBera
Qusnve croro Sarcynrrera
MfY rlMeHr4 M.B. JloNaoHocosa
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