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AHHOTS.UHSI 

M eTO.llOM CUHHTit1liTSIUHO.HHbiX C'l:eT"iHKOB H3MepeHbi yrnOBbie pacnpeneneHim 

31l9KTpOHOB. ·OT pacna.oa ft- ...;M930HOB B. M9308TOMaX· aniOMHHIISI 1 cpoccpopa. II 

· yrnepo.oa. · CpaBHeHIIe p~synhTaToB H3MepeHIIii noKa3biBaeT 1 'iTo IIs-sa BsaiiMoneii:

CTBllst CBep;icTOHKO~ 'cTpyKTypbi HMeeT M9CTO. yMeHbW9HIIe U01tstpii38UIIII. ~--Meso

HOBo pesynbTaTbi usMepeHIIA He npoTIIBopeqaT · TeopeTII"iecKnM npencKasaHIIHM npii 

y'l:eTe .oenonHpiiuauiiii T.01lbKO Ha K-op6HTe MesoaToMa. CpaBH9HIIe peaynbTaToB 

li3Mepelin:l1 .onst cpocQ;>opa H nony'leHHbiX HaMII paHee nnH )KIInKoro Bonopona no-

KarhxBaeT, 'ITO Ha6mo.O:aeM:yxo nonHyxo nenonHpnsauiixo ~ -M930HOB B BO,llOpo-

.oe .He1tb3SI .OO'bSICHIITb B38IIMoneiiCTBHeM T01lbKO T0HKOH II CBepXTOHKOH ·cTpyKTyp; 

.lliTSI aTor.o He06XO.llHMO npiiBne"ib .oononHIITe1lbHbiii M9X8HII3Mo B Ka"ieCTBe -raKoro 

MexaHIISMa MO)KeT ObiTb· npiiBne"ieH, HanpHMep, M9XaHII3M "nepecKoKan ~--Meso-

Ha OT O.llHOT'O UpOTOHa K .llPYT'OMy C O,llHOBpeMeHHbiM nepeXO,llOM B HII)KHee COCTO-

SIHIIe CB9pXTOHKOii CTpYKTypbio B npe.onono:>K eHIIH 0 TOM 1 'iTO B MesoaTOMSX MeTan-

1lOB, OTCyTCTByeT B1lHSIHHe stieKTpOHHOii 0001lO"iKH Ha .oenonstpH38UIIIO /" -Me30HOB 1 

peaynbTSTbi pac'l:eToB illMywKeBH"ia, .U)KppawstHa, .UonnHcKoro H l06epanH o6'bHc

HSIIOT ace sKcnepRMeHTanhHbie .oaHHbie no IIccnenoBaHHIO nenonHpHsauiiii ~--Me

aoHoB B paann'IHbiX aemecTBax. npoae.o eHHbie nccne.ooBaHIIst MexaHII3Ma .oenonstpn:-

·38UHH ' ./'Z . -Me30HOB .B pa31tii'IHhiX BemecTBSX 9KCnepHMeHT81lbHO UO,llTBep)K,llaiOT 

·tPSKT. H81lH"iHSI B Me308TOM8X £lB1l.9HIIii TOHKOi!: II CBepXTOHKO:fi CTpyKTyp. HanH"iiie 

HBneHna· TOHKOft 11 caepxToHKoft CTPYKTYP B .J'f -MeaoaTOMax eme pas yKasbx-· 

'BSeT Ha CXO,llCTBO, aneKTpOMaT'llliTHbiX CBOftCTB y ~ -Me30Ha II aneKTpOH8 0 



1. B B e .u e H u e 

111 
VfsMepeHIHI cTeneHn nomrpnsaunn /' -MeSOHOB B Be!lleCTB8X 1 y KOTO-

pb!X 5!,UepHbie CUHHhl paBHbl HYJII0 1 UOK8Sb!B8IOT 1 'ITO B paSJIH'IHblX MeSOBTOMaX B 

npe.uenax OWH60K Ollb!Ta UOJI5!pHSBUHll O.UHHBKOBa H COCTBBJI5!eT...,. 17~. PesyJibTaTbi 

llSMepeHHil: Oh!JIH Ka'IeCTBeHHO HHTenpeTHpOBBHhl CJie,UyiO!llllM oopaSOM: OCHOBHhiMH 

MeX8HHSMaMH .uenOJI5!pHS8UHH MeSOHOB B T8KHX Be!lleCTBBX 5!BJI5!IOTC5! CUHH~Opon:TaJib-

HOe BSaHMO.UBICTBHe ll BSaHM~.UeiCTBHe _MarHHTHhlX UOJiefi sneKTpOHHOfi OOOJIO'!Kll 

aToMa n .J¥- -MesoHa 3a apeM5! ero :tKHSHH- Ha K-opoaTe. TeopeTn:qecKoe paccMo

TpeHae npoueccoa .uenon5!pHsauun /)/ -Me30HOB a· pa3nH'IHhiX aemecTaax ohrno 

- /2/ - /3/ /4/ /5/ 
c.uenaHo B pa5oTax Poysa 1 .Ll:tKp5aw5!Ha 1 illMYWK eanqa 1 .LlonnHCKoro 

/6/ 
ll IOoepaJIH • Cne.uyeT OTMeTHTb 1 'ITO pesyJibTBThl pa50T STHX aBTOpOB KOJIH'!e-

CTBeHHO HaXO.[lSITCSI B UpOTHBope'!IUi .upyr_ C .upyrOM • .£lefiCTBHTeJibH0 1 paCCMOTpHM 

BHa'IaJie pesyJibTBTbl pacqeTOB .UBUOJISipHSBUHll ft-- -MeSOHOB B BemecTBaX _ C 

H.U~PHhiMH cnnHaMH paBHhiMH Hynro. PaccMoTpeHne Poy3a .uenonHpnsaunn TOJibKo 

Hs-sa CUHH•opoHTaJibHOrO BS8llMO.UBil:CTBHH Upli K8CKa,UHhlX nepexo.uax UOK8ShlBaeT 1 

'ITO cpe.uHee SHa'!eHne CTeUeHH UOJIHpnsauun /--MesoHa Ha K-o50JIO'!Ke .UOJI)K

HO ohlTb paBHo- 50%. 3To sHa'!eHne He cornacyeTcH c sKcnepnMeHTaJibHhlMH 

111 
.uaHHhiMH • AHanorn'IHhre Bhi'IncneHnH illMywKeBH'Ia, a TaK:tKe .Ll:tKpoawHHa .uaroT 

.UJISI 9TOfi aeJIH'IHHhl SH8'IBHHe - 17% 1 'ITO XOpOWO COrnacyeTt:H C peSyJibTaTaMH 

111 -
nsMepeHHfi • Y'IeT .Ll:tKpoawHHOM aononHnTeJibHOI .uenonHpnsauHH a none sneKTpoH-

Hoi!: o6ono'!KH 1 HanpnMep 1 .ung aToMOB yrnepo.ua 1 sKpaHHpoBaHHhiX _/)/--MesoHaMH, 

.uaeT yMeHbWeHHe cTeneHH non5!pHsauHH Ha K-o6onoqKe .uo - 9%. ToT ¢aKT 1 'ITO 

9TO SHa'!eHHB UpOTlfBOpeqlfT 9KCnepHMeHTaJibHhiM .[laHHh!M 1 SaCTaBJISIBT .£l:tKpoaWHHa 

C,UeJiaTb UpB.UllOJIO:tKeHHB 0 TOM 1 'ITO B KOH,UeHCHpOB8HHOM Be!lleCTBe· BJIHHHHe co

Ce.UHHX aTOMOB H 9JieKTpOHOB UpHBO.[llfT K K.OMlleHC8Uiill M8rHHTHOrO MOMeHTa 

sneKTpoHHOfi o6ono'!Kn. CpaBHeHne pesynbTaToB pac'!eToB Poysa c sKcnepnMBHTanb-

Hh!Mll .[l8HHh!Mll roBopnT B UOJibSy Toro 1 'ITO KOMlleHC8UIUI M8rHUTHOrO MOMeHTa 

9JIBKTpOHHOfi OOOJIO'IKH He UpOUCXO.UilT 1 H 1 no-BH.UHMOMY 1 HMeeT MeCTO .[lOUOJIHll";' 

TenbHa5! .uenon5!pnsaunn. 

PaccMOTpnM Tenepb" pesynbTaThi pacqeToB .uenonHpn:saunn /--MesoHOB B 

BB!llBCTB8X C OTJIU'IHbiMH OT HYJI5I 5!,UepHb!Mli Cl1HH8MH • .£lng T8KHX BO!lleCTB 1 B 

.[lOllOJIHeHnB K BhiWeyKaSaHHh!M MBX8HHSMaM 1 nMeeTCH MOXaHH3M .[lBllOJIHpn-

SBQHU us-sa asanMo.ueficTBn5! caepXTOHKOR cTpyKTypw. TeopeT~qecKoe.paccMoTpeHne 
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aToro MexaHH3Ma 6bmo npoHaBe.ueHo B pa6oTax Poyaa_, JlonHHCKoro, a TaK*e 

I06epam1. CornacHo Poyay, .um1 BemecTB, y KOTOpbiX · SJ:.uepHbiii cmm paBeH, HarrpH

Mep, 1/2, YM9Hblll9HH9 llOJISipH38UHH .llOJl_:lKHO npOH30HTH B 3 paaa, no pacqeTaM 

.LloJIHHCKOT'O H I06epaJISI - B 2 paaa. 

KaK BH.llHO H3 Bbllll9H3JlO:lK9HHOT'0 0 B HaCTOSIIUee Bp9MSI SIBJ19HH9 .uenonSipHaa

UHH jJt- -Me30HOB B pa3JlH'IHbiX B9IU9CTBaX C KOJlH'I9CTB9HHOit CTOpOHbi OCT89TCSI 

HeBbiSICH9HHbiM. M hi pelllHnH nocTaBHTb pg.u onbiTOB c uen&ro HayqHTb BJIHSJ:HHe 

CB9pXTOHKOti ·cTpyKTypbi H 9Jl9KTpOHHOit 060JIO'IKH Ha .uenOJISipH38UHIO _//--M930HOB. 

YJayqeHHe .uenOJIS1pH38UHH ./1--Me30ijOB B B9IU9CTB8X C OTJlH'IHbiMH OT HYJISI SI.Uep

HbiMH. CnHH8MH B8:lKHO T8K:lK9 .llJlSI BbiSICH9HHSI B03MO:lKHOCTeit nOCTaHOBKH OnbiTOB 

no HCCJ19.llOB8HHIO acpcpeKTOB CBepXTOHKO:i!: CTpyKTypbi 1 npOSIBJISIIOIUHXCSI npH 38XBaTe 

- 16 7 I 
nonSJ:pH30BaHHbiX _/1' -MeaoaoB ' • B HaCTOSJ:IUefi cTaT&e 6y.uyT H3JIO*eH~I B 

OCHOBHOM pe3yJlbT8Tbi HCCJ19.ll0B8HHH BJlHSIHHSI CBepxTOHKOfi CTpyKTypbi Ha .uenOJIS1pH-

38UHIO" . /-·-M930HOB B pa3JIH'IHbiX M9308TOM8X 0 

2. OcuoBHhle TeopeTrrqecKrre npe.ucTaBneHrrSJ: 

BaaHMo.uettcTBHe cBepxToHKofi cTpyKTypbi 6y.ueT oKaabiBaT& BJIHHHrre ua nonn

pHaaurrro .1'1- -M930HOB 1 KaK B OCHOBHOM 0 TaK li B B036y:lK.ll9HHbiX COCTOSIHHSIX Meao-

aTOMOBo B aToM ae~pya.Ho· y6e.llHTbcSJ:, ecnH cpaBHHTb BpeMSJ: uaxo*.ueuHSJ: l".;vc - ~ . r -Me30Ha Ha HH:lKHHX ypOBHSIX CO BpeMeHeM Z 1 He06XO.llHMbiM AJISI nOBOpoTa 

CnHHa j'/- -M930H8 nOA .ueii:CTBH9M nOJISI SIApa. 

0K83biBaeTCSI 1 'ITO [' MHOT'O M9Hblll9 
tM:. 15/ 

06oaua'IHM qepea P cTenea& 
0 

nonaprraaurrH _p- Meaoaa ~ aaqan&Hbitl MOMeHT ero "nocaaKH" Ha K-op6HTy. Cornac-

/5 6/ . . . /J1 . 
HO 1 

1 CTeneHb llOJIS1pH38UHH / · -M~30H8 1 H8XO.llSilll9T'OCSI Ha _K-o60JIO'I9 1 ycpe.u-

H9HH8SI no ABYM COCTOSIHHSIM ,cBepXTOHKOfi· CTpyKTypbi 6y.ueT paBHa: 

P:=/g.f Lf+ {,2/:.tj~J, Ill 

rae/ CnHH SIApa. 

YJa 9TOft cpOpMyJlbi BHAH0 1 qTo B9JlH'IHHa nOJIS1pH38UHH ft -Me30HOB B MOM9HT 

pacn.aaa HJIH aaxBaTa g.upoM, aaBHCHT oT cnHHa SJ:.upa. TaK, uanpHMep, anSI 

Slaep. ~ J: 1/2 !M9Hblll9HH9 nOJIS1pH38UHH 6yaeT npoHCXOAHTb B nBa paaa; AJISI 

SIAep C }>)1 - B TpH paaa. 3aMeTH~~ 'ITO BBHAY C0Xp8H9HHSI CnHHa CHCT9~bl 
SIApO - J'1 -Me30H 1 aenOJIS1pH3.0B8HH09 BHB'IaJie SIApO iipHo6peTaeT npH 9TOM CT9119Hr 
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rr onSiprraaurrrr 
D 0_4'o;!-f-1'. 

f)l , paBHyiO ./}1 - 3 ·.£;. ( ,1 rt!:-t-1J.t.- • .[leTanbHhiii yqeT aerronSiprraa-

urrrr aa cqeT caepxTOHKOil: CTpyKTypbi B B036ymaeHHbiX COCTOSIHHSIX Me308TOM8 

6brn rrporraaea eH B pa6oTe Poyaa. HarrprrMep, anSI aeruecTB1 y KOTOpbiX Sia epHbiH 

CIIHH paBeH 1/2, IIOJIHOe yMeHbWeHrre IIOJISipR38UHH H8-38 B38HMoaeil:CTBHH CBepx

TOHKOH CTpyKTypbi B OCHOBHOM H B036y:tKaeHHbiX COCTOSIHIISIX aon:tKHO IIpOH30HTH 

B 3 paaa, 

Heo6xoaHMO T8K:tKe OTMeTHTb, "lTO IlpH OCT8HOBKe ft -Me30HOB B Berue

CTB8X C HaepHbiM CIIHHOM OTJIR"lHbiM ·OT HYJISI 

B aayx COCTOHHHSIX CBBpXTOHKOfi CTpyKTypbi C 

ruerrrreHrre B OCHOBHOM COCTOHHHH Me308TOM8 

6yayT o6pa30BbiB8TbCH Me308T0Mbl 

r-:::: :r .... .:! . ,?.:!.. .:u • CaepxToHKoe pac-

;1;-

rrl 
Z - ~peMH :tKH3HH 

ropaaao 6onbwe, qeM 'Z'" , rae 

.r.- -Me30H8 0 noaTOMY COCTOSIHHS! C r::::/+i II r=./-1 
171 

o6paayiOT !IeKorepeHTHYIO cMeCb • Ka:tKaoe cocTOSIHHe 6yaeT xapaKTeprraoaaTb-

CSI CBOHM 3Ha"leHHeM It? .-BeJIH"lHHbi rrrpOMarHIITHOrO OTHOWeHHH, TaK, Bblpa:tKe-

(1" /6 I 
HHH anSI j rrMeiOT cneayrorurrii arra 

1 
/2/ 

. ;!-
/3/ 

rae /fft R _/1 N - MarHHTHbie MOMeHTbi ~ -Me30H8 H Hapa, COOTBeTCTBeHHO, 

Ecnrr aJISI H3MepeHHSI IIOJISipii38UHII .JY -Me30HOB HCIIOJib30B8Tb MeToa H3Me-

/8/ 
peHIISI aciiMMeTprrrr aneKTpOHOB pacrraaa , TO Kpn:BaSI rrpeueccrrrr, Ha6niOaaeMaSI 

Ha Oil biTe, 6ya eT SIBJISITbCSI cyrreprroauurrell: KpHBbiX rrpeuecarrrr _,!"--Me30HOB 1 

pacrraaaiOIUHXCSI II3 o5onx COCTOHHHH CB9pXTOHKOH CTpyKTypbi, BnonHe oqeBn:aHo, 

"lTO qeM 6onhwe aHa"leHire emma Siapa, TeM TpyaHee 6yaeT HHTeprrpeTnpoBaTb 

TaKyiO KpHByiO, 

B KaqecTBe o6~eKToB anSI nccneaoBaHHSI 6~nu Bhl6paHhl yrnepoa, aniOMHHn:fi 

Il cpocciJOP• Yrnepoa 1 Siapa KOTOporo HMeiOT CIIIIH paBHbiH HyJII0 1 6hiJI HCIIOJib30B8H 

anSI KOHTpOJibHbiX OIIb!TOB, An!OMHHHH II cpoccpop 6binll B3SITbi anSI rrccneaOB8HHSI 

9 cpcpeKTOB CBepXTOHKOH CTpyKTypbl ITO cnenyiOIUHM coo6pa:tKeHIISIM, Bo-rrepBbiX, 

nnpa ~t' 

:/- = ~12, 
H .? CHJibHO OTJIH"l8!0TCSI 3H8"l9HHeM CIIIIH8! L{JISI 8JI!OMIIHIISI 

nnSI cpoccpopa / = 112. CneaoaaTeJibHO, nerqe 6yneT rrpoaepSITb 

TeopeTn:qecKrre npeacKaaaHn:SI, Bo-aTophlX, rrpn ~6paaoaa~IIn: MeaoaTOMOB rrpon:cxo-
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JlHT nepecTpoftKa aneKTponnoA o6ono'IKH. noaToMy, ecnH aa:»<e BHa'Iane cnHH aneKTpon

noft 0601IO'IKH aTOMa 6bi1I paBeH Hymo, 91I9KTpOHHaH o6onO'IKa M930aTOMa MO:»<eT 

o6naaaTb cnHHOM~ HanH'IHe MarHHTHoro MOMenTa y aneKTponnoa o6ono'IKH MeaoaTo-

Ma Mo:»<eT npHBecT.H K aononHHTenLnoa aenon.HpHaau_HH _1}1- -Meaonos aa K-op6HTe, 

'l'aK KaK speMH nepeopHeHTauHH cnima A -Meaona noa aeA:cT~HeM MarHHTHoro 
a- ;7 -/(! 

noitH fl aneKTpOHHOft o6onO'IKH I 'te ftH ~ /(} C'eA: I M9HbW9 Bp9M9HH :»<H3HH 

._~~- -Meaoaa. Mo:»<Ho o:»<HaaTb, 'ITO anH aTOMOB /fe' H? , aKpaaupoBaHHbix 

;/"- -Me30HOM 1 91I9KTpOHH8H 0601IO'IK8 6y,lleT 0JlHHaKOBOft1 a HM9HH0 1 3aMKHYTOfi. 

noaTOMy, B cnyqae ~!' H _/} MO:»<HO. 6y,lleT H3y'IaTb 9cPcP9KT CBepxTOHKOil: CTpyK

Typbi B "''IHCTOM" BH.ll9o Vf t H8KOH9U 1 Tener,llH 6brna BbiCKa3aHa 191 MbiC1Ib 0 TOM 1 

1101 -
'ITO H861IIO,ll89Ma.H B pa6oTe II01IH8H Jl9II01IHpH3aUHH _/1 -Me30HOB B :lKH,llKOM 

BO,llOpO,lle MO:»<eT 6biTb B npHHUHne CBH38H8 C HB1I9HHHMH T01IbKO TOHKOil: H CBepx

TOHKOft CTpyKTyp; 0nbiT C cPOCcPOPOM fiOMO:»<eT JlaTb OTB9T H Ha 9TOT BOIIpoc. lleil:

CTBHT91IbH01 51,llp8 cPOCcPOpa H BO,llOpO,lla HM910T O,llUHaKOBbie 3Ha'I9HH.H CIIHHa~ a 

,ll9U01I.HpH3aUHH Ha-aa Jl9ftCTBHH 91!9KTpOHHOft 0601IO'IKH B 9THX M930aTOMaX 6yJleT 

oTcyTcTBoBaTb. CneaosaTenbHo, aon:»<ea 6biTb oaunaiWBbiM H a¢¢eKT csepxToHKOft 

CTpyKTypbi. 

3. 8KcnepHM9HT 

nonHpH38UHH ~- -Me30HOB HCC1I9JlOBanacb nyTeM H3M9peHHH aHH30TponHH 

B yrnoBOM pacnpeaeneauu aneKTponoB pacnaaa. l1 cnonbaosanacb Ta :»<e aKcnepH-

. 6 _"' I 10, 1 ~ l 1. 
M9HT81IbHaH YCT8HOBK8t 'ITO H _B paHee ony 1IHKOB8HHbiX .pu.uOT.BX tOM. puc. • 

T aKHMH :»<e 6brnH H ycnoBHH onbrTos, aa HCK1IIO'IeHHeM aneKTponaoil: annapaTyphr. B 

aaHHbiX onbiTax, aneKTpOHHaH cxeMa pa6oTana cneayiOillHM o6paaoM. B OIIbiTax c 

? H /If' .tfMUY1IbC OT ,// · -MeaOHOB CO C~9Mbi 8HTHCOBII8Jl9HHft 1+2-3, aaaep

::lK8HHblft aa 0,1 _If ceK OTKpbiBan cxeMy nponycKaHHH /"'sopoTa "I aa speMH O,o/ceK. 

t{epe3 "'BopoTa" npOXOJlH1IH HMUY1IbCbi OT aneKTpOHOB pacnaaa CO CX9Mbi aHTHCOBII.a

Jl9HHft 3+4-2. B onbrTax c yrnepoaoM aaaep:»<Ka paBHHnacb 0,25 ~ ceK, a npoaon

:»<HTenbHOCTb 'sopoT' -2 _/ifCeK. Koa¢¢HUH9HT aCHMM9TpHR a B yrnOBOM pacnpe-

aeneHHH aneKTpOHOB pacnaaa .J/tl/ =: 1'+ a CP5 6' 6bm onpeaenea OT BenR-

'IRHbi H8UpH::lK9HHOCTH MarHHTJioro nong /1 1 B KOTOpOM HaXOJlHnacb MHW9Hb. 06-

naCTb H3M9H'eHRH HanpH::»<:9HHOCTH MarHHTHOrO fi01!51 COOTB9TCTBOB.aJia paCC'IHTaHHOfi 

no. B91lH'nf.HaM ,f na ocaoBaHHH «t>opMyn /2/ H- /3/. B Ka'IeCTBe MHWeHH anH ¢oc-
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cpopa HCTIOlfb30B81ICSI npeCOB8HHbiii: llOpOlllOK KpaCHOI'O cpoccpopa. 

nony'leHHbie 3H8'19HHSI BeliH'IHH llo -K03cpcpHuHeHTOB 8CHMMeTpHH LlliSI BCei'O 

HHTerpallbHOI'O CTieKTpa Ll8Hhl B TpeTbeM CTOn6ue T861IHUhlo 

Ta6nHua 

BewecTBO J - Oo 

Yrnepo.u 0 0,045 ±.0,005 

¢occpop 1/2 0,025 ±.0,005 

AliiOMHHHi!: 5/2 0,007 ±.0,007 

Bo.uopo.u 112 0,005 ±.0,005 

B npHBe,lleHHbie BeliH'IHHbi a.. 6biliH BBe.ueHbi nonpaBKH, Y'IHTbiB810UlHe 

BpeMH aa.uep:>KKH, lllHpHHY "BopoT", pacna.u ft -Me30HOB H Te!JeCHbii!: yron 

.ueTeKTopa aneKTpoHoB. YKaaaHHbie OlllH6KH HBliHIOTCSJ. cTaH.uapTH~IMH cTaTHCTH'Ie-

CKHMH OTKliOH9HHRMHo B Ta6nHue T8K:>Ke .ll8HO 3H8'1eHHe ~ .llliSI :>KH,llKOI'O BOLlO-

/lQ/ 
po.ua, TIOlly'leHHOe H8MH H3 peayllbT8TOB H3MepeHHSI 'IHC1I8 31IeKTpOHOB B MaK-

CHMyMe H MHHHMyMe O:>KH,ll89MOii: KpHBOii: npeueccHHo 

4. 06cy:>K.ueHHe nony'leHHbiX peaynbTaToB 

JlnH yrnepo.ua B91IH'IHH8 Q o 1 H3MepeHH8SI B Ll8HHOii: pa6oTe B npe.uenax OlllH60K 

Ill 
coBna.uaeT c BenH'IHHoii:, H3MepeHHOii: B paHee OIJy6nHKOBaHHoi1 pa6oTe • B .onbiTax c 

cpoccpopoM .ueiicTBHTenbHO Ha6niO.uanacb npeueccHH MeaoaTOMOB, Meaos.upo /cHcTeMa Me

aoH+ HLlpO/ KOTOpbiX H8XOLlHTCSI B COCTOSIHHH f =1. 3TOT cpaKT llpHMO I'OBOpHT B ll01Ib3Y 

TOI'O, '!.TO B TaKHX M9308TOM8X CyUleCTByeT CTIHHOB8SI CBSI3b Me:>KLlY fA --Me30HOM H H.ll

p0M1 T .e. cBepxTOHKaH CTpyKTypa. B onbiTax c aniOMHHHeM He 6bmo o6Hapy:>KeHo aaBHcH

MOCTH CKOpOCTH C'leTa 91I9KTpOHOB OT TOKa H8M8I'HH'IHB810Uleft KaTylllKH. Bcne,llCTBHe TO

I'O, 'ITO H861IIO.ll89M8H Ha OllbiTe KpHB8H npeuecCHH H:SliH9TCSI cynnepTI03HUHei1 KPHBbiX 

npeueCCHH ·/--Me30HOB 1 H8XOLlSIUlHXCSI B pa31IH'IHbiX COCTOHHHSIX CBepXTOHKOft 

CTpyKTypbi 1 HHTenpeTHpOB8Tb TIOlly'leHHYIO KpHByiO OK8381IOCb H9B03MO:>KHbiMo npH-
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Be,lleHH8SI B Ta6JIH:Ue BeJIH'lHHa ao .llJISI 8JIIOMIIHHSI SIBJISieTCSI cpe.llHefi no .llBYM co

CTOSIHIISIM CBepXTOHKOfi CTpyKTyphl. 

npoi13Be,lleM cpaBHeHIIe II3MepeHHbiX BeJIII'liiH C npe,llCK838HHbiMII TeopeTII'le;._ 

Ill -
CKH. 3HaSI BeJIII'liiHbi Cl, ) MO:lKHO onpe,lleJIIITb CTeneHb nomipii38UIIII / -Me-

30HOB1 HanpiiMep, nyTeM Cp8BHeHIISI C 8CIIMeTpHefi, H86JIIO,lleHHOH B pacna.lle ftr

Me30HOB1 eCJIII npe,llnOJIO:lKIITb 0 'ITO _// -pacna,ll HHBapii.aHTeH no OTHOilleHIIIO K 

COBMeCTHOMY npeo6pa30B~HIIIO HHBepciiii npOCTp8HCTBeHHhlX K00p.ll11H8T II sapSI~OBOI"O 

conpH:m:esiiSI. 

C OOTHO Ill eHIIe 

Dpii BhlnonHeHIIII aToro Tpe6oBaHIISI 

a- a.,. o o 
71 =- ... ~.Yj, r.lle ;-.;. w r
r- j7-l-

nerKO nOK838Tb 0 'ITO HMeeT MeCTO 

03H8'l8IOT CT~neHII nOJISipH38UI111 0 

e:lr U tz_ - Koacf>q:muiieHTbi 8CliMMeTpHII B hpOIIHTerpllpOBaHHbiX no 3Hepr11H nOSII-

TpOHOB /aneKTpOHOB/ YI"JIOBbiX pacnpe,lleJieHIISIX /.,. f!2z Co%11 .llJISI /!: II..J'Y--Me-

30HOB1 COOTBeTCTBeHHOo J.1a COOTHOllieHIISI /4/ Bll.llH0 1 'ITO npii cpaBHeHHli nomipllaa

UIIH /f--Me30HOB B p83JIII'lHbiX Me308TOM8X MO:lKHO cpaBHIIB8Tb BeJIII'lHHbi t2o 

K aK yKa3biBanocb B § 1, cpaaseHIIe peaynbTaToB pacqeToB Poysa c aKcnepuMeHTanb-

/11 
HbiMH .ll8HHbiMII I"OBOpiiT B nOJib3Y TOI"Ot 'ITO .llOJI:lKHO IIMeTb MeCTO yMeHbllieHIIe 

rronSipiiaauiiH ~--MeaoHoB Ha-aa ,lleii:cTBHSI aneKTpOHHOM o6onotiKII B TpH pasa. Ta

Koe yMeHblli9HIIe nonSipHsauiiH no Poyay .llOJI:lKHO npoHsoii:TH II Hs-sa BSaHMO.lleficTBHli 

cBepxTOHKOfi cTpyKTypbi .llJISI aemecTB c /- = 1/2. Cne.lloBaTenbHO, c .y'leToM BJIHH

HHSI SJieKTpOHHOH o60JIO'lKH B Me308TOM8X yrnepo,lla II cf>occf>opa BeJIH'lHHbi t2. .llOJI)K-

Hbl 6biTb O.lliiH8KOBbiMII 1 T.e. tlc- == tl? • np11 OTCyTCTBHH BJIHSIHIISI 3JI9KTpOHHOH 

o60JIO'lKII COI"JI8CHO TeopeTII'leCKHM npe,llCK838HHSIM llonHHCKOI"O H I06epanSI Me:lK.llY 

BeJIH'IIIH8MII 0'0 .llJISI yrnepo,lla t cf>occpopa II 8JIIOMHHHSI .llOJI:lKHbi 6biTb CJI8.llYIOIUII8 

COOTHOlli9HIISI: ar = 1/2 Or II Oae = 1/3 ac; cornacHO Po yay tl..f> = 1/3 tZc • 

/9/ 
Tener.llll 6brna BbiCKaaasa MbiCJib o TOM, 'ITO sa6JIIO.llaeMaSI nonHaSI ,lleno-

- /10/ 
JISip1138llHSI /" -Me30HOB B :lKII.llKOM BO.llOPO.lle MO:lK eT 6biTb 06'bSICHe1Ia 

B38IIMO,lleHCTBIIeM TOJibKO TOHKOH II CBepXTOHKOH CTpyKTyp. ECJIH STO TaK, TO no 

npii'IHH8M1 YK838HHbiM B § 2, .llJISI cpoccf>opa II BO.llOPO.ll8 . .llOJI:lKHbi 6biTb O.llHH8KOBbi8 

3Ha'leHIISI BeJIII'IIIH tZo 1 T.e. /l,P = tZ# • 

BhlSICHIIM Tenepb BOnpoc 0 TOM B K8KOM COOTBeTCTBHII C TeopeTH'l8CKIIMII 

O:lKII.ll8HIISIMII HaXO,llSITCSI COOTBeTCTByiOIUIIe COOTHOlli9HIISI Me:lK.llY II3MepeHHbiMH 

BeJIH'IIIH8MH a. ~ J.1cnOJib3ySI HOpM8JibHbiH 38KOH pacnpe,lleJieHIISI Olliii60K 0 MO)KHO 

CK838Tb 1 'ITO CJ!yqafi tlp':: dH OTBepraeTCSI, TaK KaK tlH L f:1_, C BepOSITHOCTbiO 

99,5%; cnyqafi tl'o.!' = 1/3 tlr He npoTIIBope'IHT aKcnepiiMeHTy, Ho cornacso 
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9KCnepHMeHTaJibHbiM .[laHHbiM BepOSITHOCTb TOI'0 1 'ITO t7qe> a~ paBHa 5%, a BepOSIT-

/Y dr .Z Or 
HOCTb TOI'O, 'ITO uoe~ 5" paBHa 39%. BenH"'HHbi QTHOilleHHlf . CZ,p 6binH npoaHa-

JIH3HpoBaHbi no KpUTepHIO /:t,, 3Ha"'eHHSI I'p8HHU 9TOI'O OTHOilleHHSI C BepOSITHOCTbiO 

1% 15% I nonyqaroTcSI cneLIYIOillHMH: 

3,7 13101 -;. 11,4 I 1,2 LIJISI cny"'aSI ez~" 112 ac 
5,5 14,5 I 7 12,11 1,8 LIJISI cnyqaSI a,P 113 a't' 

H 1,8 I 1,5 I -;- 10,1 I 0,6 LIJISI cnyqaSI ~ tzt' 

a~ 
KaK BHJJ:Ho, aKcnepnMeHTaJibHOe sHa"'eHHe nenH"'HHbi a; coi'nacyeTcSI B cny-

qae 0= 1/2 /.le 1 H Jie;>KHT BHe 1%-I'paHHU LWSI cny:aeB ae = 1/3 ae n q,::-tZ. 

ToT cpaKT, 'ITO nsMepeHHaSI BeJIU"'HHa 
..f?!:. ap ne:>KHT BHe 1% I'paHHU LIJISI CJiy"'aSI 

ap = f2C' 1 CHJibHO yKa3:QIBaeT Ha T0 1 'ITO eCJIH o6pa30BaHHe Me3oaTOMOB BCei'Lia 

conpoBO*LiaeTcSI nepecTpolfKolf aneKTpOHHolf o6ono"'KH ncxoLIHOI'O aToMa IBBHLIY us

MeHeHHSI aci:JcpeKTHBHOI'O sa pSI.[! a SILipa Ha 9LIHHHUY /, TO B M930aTOMaX TaKHX Be

mecTB KaK, HanpnMep, C , /'/y , ~ 1 Cd n ;P~ 1 no-BHLIHMOMy, HMeeT. Me

CTO KOMn9HCaUHSI Mai'HHTHOI'O 'MOM9HT8 9JI9KTpOHHOfi 060JIO"'KH, Vfnu 1 I'OBOpSI HHbiMH 

CJIOBaMH 1 B 9THX M930aTOM8X 1 no-BHLIHMOMy 1 OTCYTCTB9T CnHHOBaSI CBSI3b Me;>K.[!y 

aneKTpOHHOfi o6ono"'KOfi H ft -MesoHoM. BnonHe oqeBHLIHO, 'ITO LIJISI TOI'0 1 "1To6br 

9TOT BhlBOLI CLI9Jia~b 6onee onpeLieJieHHhlM Heo5XOLIHMO HCCJI9LIOBaTb HenocpeLI

CTBeHHO BJIHSIHHe 9JieKTpOHHOfi 050110"1KH Ha nOJISipH3aUHIO ft -Me30HOB B pa3JIU"'-

HbiX Me30aTOMaX, ,llJISI 9TOI'O Hy;>KHO H3M9pHTb B9JIH"'HHy· a. .[!JISI B9IlleCTB 1 no

MemeHHbiX B npOLIOJibHOe Mai'HHTHOe none C HanpSI;>KeHHOCTb-!01 LIOCTaTO"'HOfi LIJISI 

TOI'0 1 "'T05bi pa30pBaTb CBSI3b Me;>KLIY _/-- -Me30HOM H aneKTpOHHOfi 050JIO"'KOfi, 

VfcnOJib3YSI BbiilleCK838HH09 npeLinOJIO;>KeHUe H TOT cpaKT 1 q_TO COOTHOill9HHSI 

Op = ~ H. ap = f Oc npoTHBOpeqaT 9KcnepUM9HTy' a COOTHOill 9HHSI t?> =1 /2 ~ 

H ae = 1 /3 ~ He npOTIIBOpeqaT OnbiTHbiM .[laHHbiM1 MO;>K,ltO CKa38Tb 1 'iTO pesynb

TaTbi HaillHX H3M9p9HI1fi He npOTHBOpeqaT TeopeTUX!:9CKHM ·ppe.[!CK838HHSIM ,llOJIHH

CKOI'O H I05epanSI, HO rrpoTnnopeqaT pacqeTaM Poyaa. 

a~ 
nocKOJibKy 9KCnepHMeHT8JibHOe 3H8"19HUe B9JIH"'HHbi ~ JIS;>KHT BH9 1% I'pa-

HHU LI1ISI CJiy"'aSI t?o= 1/3 0~ , TO MO;>KHO C"'HT8Tb 0 'ITO B38HMOLI9fiCTBUe CBepx

TOHKOi!: CTpyKTypbi LI1ISI ./" -M930HOB 1 HaXOLISllllHXCSI B HH)KHHX B036y;>KLI9HHbiX 

COCTOSIHHSIX M930aTOMOB 1 no-BHLIHMOMy, SIBJISI9TCSI HecymecTB9HHbiM no cpaBH9HHIO 

c B3aH.MOLieficTnneM Ha K-op5uTe. 
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Yf 1 H8KOH9U 1 T0 1 'ITO tzH .c:::,o.l' C BepO.HTHOCThiO 99,5%, f'OBOpHT B IIOnhSY T0f'0 1 

'ITO Ha6niO,ll8eMyiO Ha OIIbiTe IIOnHyiO .ll9IIOn.HpHS8UHIO /- -MeSOHOB B *HllKOM 

BO,llOpO,lle Hen&S.H o6~.HCHHTh BS8HMO.ll9HCTBH9M TOHKOH H CBepxTOHKOH CTpyKTyp; 

an.H aToro 

MexannaMa 

neo6XO.llHMO npnnne'lh aononnnTen&Hhlfi MexaHHSM, B Ka'leCTBe TaKoro 

Ill! -
M0:1K9T Qb!Th IIpHBn9.'19H 1 HaiipHM9p 1 M9X8HHSM nepeCKOKa :? -MeSOHa 

OT O.llHOf'O IIpOTOHa K .llPYf'OMY C O.llHOBp9M9HHbiM nepeXO.llOM B HH)!{Hee COCTO.HHHe 

CBepXTOHKOH CTpyKTyphl, 

TaKHM o6pasoM, na ocnoBaHHH BbillleCKasannoro MO*Ho saKniO'IHTh, 'ITO B 

IIpe,lliiOnO)KeHHH OTCYTCTBH.H B MeSOBTOMaX MeTannoB BnH.HHH.H aneKTpOHHOH o6ono'I

Kit Ha aenon.HpR38UHIO /- -MeSOHOB 1 peayn&T8Tbi paC'!eTOB illMYWKeBH'I8 1 

.D,:1Kp6alll.HHa1 .LIT,onRHCKOf'C? It I06epanSl o6~.HCHSliOT BCe 8KCIIepRMeHTanbHb!e .ll8HHbl9 

no accneaonaHRIO aenonnpRaauRR. /--MeaoHOB B pasnR'IHbiX neruecTBax, nony'l:eH-

/1 10/ 
H b!X B H8CTOSliUeit H paHee ony6mtKOB8HHb!X pa60T8X 1 

, 

KaK lt3B9CTH0 1 .llO H8CTOSliU9f'O BpeMeHH OCHOBHb!M HCTO'IHHKOM H8WHX CBe

,lleHHH 0 CBOHCTB8X MeS08TOMOB .HBnSlnHCh OIIhlThl IIO HCCneaoBaHHIO peHTf'9HOBCKOf'O 

HSny'leHIISl M9S08TOMOB, YfMeiOIUHeCSl 8KCII9pi1MeHT8nhHb!e .ll8HHb!e nony'19H;b! 1 B 

OCHOBHOM 1 ,llnSl BenH'IHH 8Hepf'HH ypoBHefi, TaKHe HBneHHH K8K TOHKaH H CBepXTOHKaH 

CTpyKTypbi MeaoaTOMOB OCT8B8liHCh HeHay'leHHbiMII, 3TO o6~HCHSl9TCH TeM OQCTOSlTen&

CTBOM1 'ITO IIpii cyrueCTByiOIUIIX IIHTeHCIIBHOCTSlX IIY'IKOB _,io/'~-MeSOHOB H8 yCKOpH

Tennx1 II HM9IOIUHXCH B pacnopn)KeHHH 8KCIIepJIM9HT8TOpOB r -cneKTpOMeTpax, 

aHepreTH'I9CKOe paspeW9HII9 IIOCn9.llHIIX SlBnneTCSl H9.llOCT8TO'IHbiM anH T0f'0 1 'IT06bi 

paapewHTh mtH~H TOHKOH H, TeM 6onee, cnepxTOHKOH CTpyKTyp. npoBe,lleHHb!9 Hc

cneaoBaHHSl MexaHR3Ma aenonnpJisauiiii /--MesoHoB B pasnn'!HbiX neruecTBax 

He TOnhKO IIO.llTB9p.lli1nH 8KCII9pHM9HTanhHO ¢aKT HanH'IHSl TOHKOH It CB9pXTOHKOH 

CTpyKTyp B M930aTOMaX, HO H IIOSBOniinH BhlSlBIITh H9KOT0phle OC06eHHOCTII 8THX 

SlBneHIIi!:, HanH'III9 SlBneHJIH TOHKOH II CBepXTOHKOit CTpyKTyp B _// -MesoaTOMaX 

erue pas yKa3b!BaeT Ha CXO.llCTBO aneKTpOMaf'HIITHbiX CBOHCTB y .r -MeSOHa H 

aneKTpoHa. 

B aaKniO'IeHHe aBTOpbi c'lnTai<>T cBOIIM aonroM no6naroaapJITh B.n. Ll* en en o

n a, n,Yf .naiiii,llyCa sa 06CY*.ll9HII9 peayn&TaTOB pa60Tbi 1 Yf ,C.illaiiJipo, 3,Yf .L!onJIH

CKOf'01 n • .D,.BnoXIIHUeBa II A.3 • .D,onf'IIHOBa sa MHOf'O'IIICneHHb!e ·.lliiCKYCCIIII II PH.ll 

ueHHbiX aaMe'laHIIit, C.H. CoKonona · aa 6on&lllYIO IIOMOIUh, oKasaHHYIO npn: o6pa-

6oTKe aKcixepnMeHTan&HbiX aaHHhiX, a TaK)Ke I06epann a a ero pa6oTy, npJicnanHyro 

HaM .llO ee OIIyOniiKOBaHIISl, 
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