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A H H o T a u H g 

Ha OCHOBaHHH H3MepeHHH aCHMMeTpHH snex·rpoaoa :/I - e I -:-pacna

.lla Hccne.llosanacb npHpo.lla napaMaraeTH3Ma paanH'!HbiX MeaoaToMoa. PeaynbTaTbi 

Ollb!TOB CBH.ll9T9JibCTByiOT 0 TOM, 'ITO B llH9JI9KTpHKax, .llHaMaf'HHTHbiX H cnaoonapa

Maf'HHTHbiX aopManbHblX MeTannax napaMaraeTH3M Mea6aToMoa o6ycnosnea MarHHT-

HbiM MOM9HTOM. fi -Me30Ha, a B napaMaf'HHTHblX 'nepeXO.llHbiX M.eTannax, 
naaTa-

HHL(aX H aKTHHH.llaX - MarHHTHbiMH MOM9HT8MH 9JI9KTpOHHOlt OOOJIO'IKH H M930H8
0 

noKa3aHa B03MO.>KHOCTb 'HCllOJib30BaHHH ·nonHpH30B8HHbiX M930HOB B K8'!9CTBe Cpell

CTBa llJIH HCCJI9.llOB8HHH MarHHTHbiX CBOliCTB f'HllPHllOB nepeXO.llHbiX MeTannoa, aKTH

HH.llOB H naHT8HH.llOB1 aTOMbi KOTOpbiX HM9IOT HyJieBbie B.ll9pHbl9 CllHHbl
0 

~-;;,, 



1. Bseaemre '" 

Vfay"'eHIIe B aTOMHbiX CIICTeMax HBneniiii TOHKOii II csepxTOHKOii cTpyKTYP, 

a TaKXe CBH3aHHbiX C HIIMII KBaHTOBO-aneKTpO,lliiHaMH"'eCKIIX acpcpeKTOB npeacTaBJIHeT 

001lblllOii IIHTepec, 3Ha"'IITe1lbHOe "'IIC110 IICC1le,llOBaHIIA nOCBHIUeHO Il3y"'eHIIlO HB1leHIIii 

B OObi"'HbiX aToM ax II noaiiTpoHIIII, H eMa1lbiil IIHTepec npeacTaBnHeT IlccneaoBaHIIe 

IIX B · TaKIIX aTOMHbiX CIICTeMaX KaK MlOOHIIii II .If_ -Me30aTOMbi, Vfay"'eHIIe CTa~ 

HOBHTCSI B03MO)KHbiM 01lai'O.llapH TOMy, "'TO ny"'KH .Jt -Me30HOB 1 nony"'eHHbie Ha 

ycKopHTenHx, HB11HIOTCH nonHpHaoBaHHbiMH, K CO)Kaneunro, npn cyruecTsyrorunx HH-

TeHCHBHOCTHX ny"'KOB HCC119,llOBaHHe MlOOHHSI H M930aTOMOB B03MO)KHO TO~bKO npH 

oopaaoBaHHH HX B .KonaeHcilposaHHOM seut~CTBe, Ha~H"'ne cpe,llbi,. KaK nasecTno, 

Ill 
MO)KeT npHBecTH K ycno)K~ennro KapTHHbi, B paooTe coooruanncb peaynbTaTbi nc-

cneiiosaHHH B /' -M eaoaToMax csepxToHKoii . CTPYKTypir, ooycnosnennoii cmmosoii 

C5B3bl0 M930Ha H H.llpa, B HaCTOSIIUeii paOOTe OCHOBHOe BHHMaHHe oyaeT yaeneuo 

HBneHI!IO cBepxToHKOii cTpyK.Typbi, ooycnoBneHHOii csHabiO M eaoHa n aneKTpona. K ax 

H3B9CTHO, nonbiTKH OOHapy)KIITb nenocpe,llCTBGHHO aTo, SIBnenne npn' oopaaoBaHHH 

MlOOHIIH B KOH,lleHCHpOBaHHOM BemeCTBe a ann noKa OTpHUaTe1lbHbiii peay1lbTaT 
121 , 

He yBeH"'anncb ycnexoM H nonbiTKH oonapy)KIITb aTo SIBnenne B MeaoaToMax c 

~:::; 6 121• EcTeCTBenno, B03HHKaeT ~HTepec K sonpocy o cyruecTBOBaHHH aToro HB

neHIISI B ft -MeaoaToMax c $;:; 6. Vfcnonb30Banne anSI STHX · ueneii MeaoaTOMOB 

C .}~ 6 IIMeeT cymeCTBeHHOe npeHMymeCTBO, ,1JeiiCTBIITe1lbH0 1 Ha OCHOBaHHH ,llaH

HbiX 0 CBOiiCTBaX Mai'HHTHbiX MOMeHTOB HOHOB napaMai'HIITHbiX semeCTB MO)KHO Ha

,lleHTbCH Ha T0 1 "'TO yaacTCH HaiiTH TaKHe MeaoaTOMbi H BeuteCTBa, rae B1lHHHHe 

Cp9.llbi Oy,lleT HecymeCTBeHHbiM, a, C1le,llOBaTe1lbH0 1 nOSIBHTCH B03MO)KHOCTb Il3y"'eHHSI 

SIB119HHB CBepXTOHKOii CTpyKTypbi B "'"'HCTOM BH,lle "o npaKTH"'eCKHii HHTepec K HeMy 

B03HHKaeT no MHOI'HM cooopa)KeHH HM, HeKOTOpbie H3 HHX OY.llYT nepe"'HC1leHbi HH)Ke, 

a/ nonBpii30BaHHbie .J'f--MeaoHbi s semecTse cymecTBeHHO aenonSipn-· 

3ylOTCH 3a C"'eT B3aHMO,llefiCTBHi1 1 OoycnaB1lHBalOUlHX TOHKYIO n· CBep:icTOHKyiO CTpyK-

/1/ 
Typbi B Me3oaTOMaX , 803HHKaeT BOnpoc: MO)KHO 11H ycTpaHIITb 1 11HOO BOCCTa-

HOBHTb .n011HpH3aUIIlO Me30HOB B Me30aTOMax? QqeBH,llH0 1 "'TO aen011HpH38UIIII H3-38 

CBepXTOHKOfi CTpyKTypbi 1 OOYC1lOB1leHHOi1 CniiHOBOH CBH3bl0 Me30Ha H H,llpa, MO)KHO 

naoe)KaTb,ncnonh30BaB semecTsa c nyneBbiM HaepHbiM cniiHOM. LJ:To xacaeTcH ycTpa

HeHHH aen011HpH3aUHH Il3-3a TOHKOfi CTpyKTypbi 11HOO CBepXTOHKOfi CTpyKTypbi 1 ooyc-

I 
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noBJieHHofi cnHHOBofi cBSI3biO MeaoHa H sneKTpOHHOfi o6onottKH, Kasanoch obi .unSI 

aTofi ue.nu MO:>KHO ucnonb30BaTb MarHHTHoe none .uocTaTottHofi HanpSI:>KeHHOCTM. O.u

HaKo, yCTpaHeHHe ,llenonSipH38UIHi nyTeM MarHHTHOfi HefiTpanH38Ulili CBH38HO C Henpe

O.llOnlrMbiMH SKcnepn:MeHTanhHbiMn: TPY.llHOCTS!Mn:, TaK:m:e HeB03MO:>KHO n:s6aBHTbCH n: 

OT KHHeMaTn:tt.ecKoii .uenonSipn:saun:n: npn: Iff -~ 1-pacna.ue Ha neTy, To o6cToH-
. -12 . 

TenhcTBo, ttTo BpeMSI .uenonnpn:saun:n: I,_ 10 ·ceK I Ha MHoro nopn.uKoB MeHbwe 

?: -apeMeHH 2KH3HII Me30H81 H8BO.llliT Ha MbiCnb nOHTii no nyTn: BOCCTaHOBneHHSI 

n011Hpi138UliH Me30HOB B Me308TOM8X C Hyn.eBbiMii Sl,lleplibiMii CnliH8Mli 1 n:qnonh3YH 

.UnSI 9TOM uenn: CT8TlitteCKHe MeTO,llbi nonSipli38Ulili H.llep, nnsi H8WliX ueneii IiHTe

pec 5y.uyT npe.ucTaanstTb .uBa MeTo.ua, · saKniOttaiOmnecSI·B HanomeHn:n: Ha o6paseu 
•' ' ' ' ,. '. + : ' •• •• • 

MarHHTHbiX noneii. npn: .llOCTaTO'IHO HliSKII:li: TeMnepaTypax. nepBhiii ME!TO,ll OCHOBaH 

Ha .ueitcTBn:n: BHewHero MarHHTHoro nonn Ha MarHHTHhlH MO~eHT S!,llpa; BTOpofi-

Ha .uefiCTBiili BHyTpeHHero MarHHTHOrO nonS! aTOMOB 1 o6ycnOBDeHHOrO HeCKOMneHcH

poBaHHbiMii MOMeHTaMn: aneKTpoHOB, BbrpameHn:e .unSI Koacpcpn:un:eHTa nonSipusaun:n: 

Sl,llep npSIMbiM ,lleHCTBHeM BHeWHero. nonH HMeeT Cf!e.Uy!Oll.lliH BH,ll: lSI . 

I. ,_ .:L I+'. !f.,# 
-3 .r ~ ~r " 

Ill 

r.lle / -cnHH Sl,llpa, fo. - H,llepHbrii MarHHTHbiii MoMeHT, K .-nocTOHHHaH 

BonbuMaHa, fl -npn:no~eimoe MarHHTHoe none n: T- a5coniOTHaH TeMnepaTypa. 

npn: HCnOnb30B8Hlili BHyTpeHHHX MarHHTHbiX nonefi 8TOMOB 1 H,llepHaH UOnHpH-
. .. 131 . 

38UHSI Onpe.uenHeTCH Bbipa:>KeHHHMii : .... ·, . 

I~.L~.L!f ;; -. dff 
~ I .. ,t~ -~:;' ._t::T 

./ :',f' L /-~"/ diY 
.. · T ~I !Y·~;~:, /:· ·--:ET·· .J 

" J'e~ :t' 

. . .:/., ,:::.. / t!e .. '7 ~ •. 

12al 

•1261 

3.uech /e -norinpuaauuH aneKTpoHoB,/e -ux yrnoBoii MoMeHT_, d ff -aHeprHH 

caepxToHKoro Myn.bTHnneTHoro pacmenneHHH. 

Via Bbrpa:m:eHHli I 1 I n: 12 I cne.uyeT, ttTo tteM 6onhwe aenuttn:Hbi _/J'-f , t1 ff 
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H MeHbll19 3H8'IeHHe , TeM nerqe IIOJIY'IHTb Ll8HHYIO IIOJISipH38UHIO. 

Ecnn: yqecTb, 'ITO y /1 - Me3oHa cnrrH paBeH 1 12 , a M8I'HHTHh!H 

MOMeHT H8 IIOpROOK 60Jibll19 SILl9pHOI'O M8I'HeTOH8, TO Ll8HHYIO nOJISipH38UHIO M930-

HOB B Me308TOM8X MO:>KHO nOJIY'IHTb np11 HCIIOJib30B8HHH H8 nopSI.UOK 6onee Bh!CO

KHX TeMnepaTyp JIH60 MeHblllHX. M8PHHTHhiX none if, '!eM B .cnytJae SI.Uep. M O:>K.eT 

OK83,8TbCSI, 'ITO y:>Ke npH TeMnepaType :>KH.UKOI'O reJIHSI B03MO:>KHO nOJIY'IHTb 38MeT

HhlH 9~~eKT BOCCT8HOBJieHHH nOJIS1pH38UHI1 Me30HOB, Bee 38BHCHT OT TOI'O K8K0Bhl 

3HatJeHHSI Benrr'IHH fi H Ll ff B Me3oaToMax. T aKHM o6pa30M 1 .UJIH nonytJeHHSI 

OTBeTa H8 BOnpoC 0 TOM, K8KOH M9T0Ll noJIHp1138UIII1 JIY'Illle BCei'O HCnOJib30B8Tb 

B Ll8HHOM KOHKpeTHOM cnyqae, H906XO.UIIMO HCCJ!e,UOB8Tb npupo.uy nap8M8I'H9TH3-

M8 M9308TOMOB B p83JIII'IHhiX cpe.uax. 3,TOT BOnpoc CBO.UIITCSI K TOMy, 'ITO npOHC-. \;;.~ 

XO.UIIT C SJ!eKTpOHHOH 060JIO'IKOH IICXOLlHhiX 8TOMOB npH o6p830B8HIIII M9308TOMOB 1 

U K8K MeHHeTCSI napaM8I'HeTH3M H30J!HpOB8HHh!X Me308TOMOB B Cpe.ue. 

H eo6xo.uHMo 3aMeTHTb, 'ITO Hcnonb30BaHHe MeTo.ua BHellJHero nonH 

MO)KeT BCTpeTHTb HenpeO,UOJIHMh!C Tpy .UHOCTH 113-38 60JiblllOI'O BpeMeHH penaKCa-

UHH CIIHH8 Me30H8 no cpaBHeHHIO C • 3TH Tpy.UHOCTH OTna.uaJOT npH ucnonb-

30B8HHH BHyTpeHHHX nonefi 8TOMOB. ,UefiCTBHT9JlbHO, SJleKTpOHHhie MOMeHThl 8TO-

MOB o6pa3ua MoryT 6hlTb nonHpH30B8Hhl .uo o6nytJeHuSI Me3oHaMH. Tor.ua BpeMSI 

. /1 I 
nepeBOpOT8 cnHH8 Me30H8 B none 060J10'IKH Me308TOM8 6y.ueT orrpe,UeJIHTbCSI 

~, # -10 
BpeMeHeM B38HMO.UeHCTBHH ~ ~-- ,... 10 CeK, KOTOpOe H8 MHOI'O nopSI,UKOB 

a/?" 
MeHbllle 

6/ KaK H3BeCTHO, B HacTOHlllee BpeMSI O.UHH H3 acpcpeKTHBHhiX MeTo

LlOB IICCJ1e.UOB8HHSI 9J19KTpOHHOH KOH~HI'ypaUUH napaM8I'HHTHhlX 8TOMOB 38KJIIO'J8-

eTCH B H3ytJeHHH acHMMeTpHH H3nytJeHHH nonSipH30BaHHhiX SI.uep. OtJeBu.tiuo, 'ITO 

9TOMY MeTOLlY LlOCTynHhl Jllflllb SJleMeHThl, HM910U.IHe SI,UepHblll CnHH, He .p8BHhlll Hy-

JIIO. Vfccne.UOB8HHe 8CHMM eTpHH 8JieKTpOHOB OT pacna.ua nOJI S1pH30B8HHh!X ft 
Me30HOB B Me308TOM8X .uaeT B03MO:>KHOCTb H3Y'I9HHSI SJieKTpOHHOfi CTpyKTyp~ 

8TOMOB II8p8M8I'HHTHh!X BeiUeCTB, HMe!OllJHX HyJieBbie ~.uepHbl9 CnHHhi. 

B/ Vf3MepeHrre I'HpOM8I'HHTHOI'O OTHOllleHHSI M9308TOMOB, IIM910ll.IHX 

TOJibKO CnHHOBhlH 8JieKTpOHHhlH napaM8I'UeTH3M, o6yCJIOBJieHHhlH O.UHHM HecnapeH

HbiM aneKTpoHoM, H H.UepHhiH cnHH paBHhifi HyniO, .uacT B03MO:>KHOCTb Henocpe.u

CTBeHHO onpe.ueJIHTb CnHH .;Y--Me30H8. 
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r/ Yfccne.nOBaHIIe napaMarHeTIISMa M9S08TOMOB H900XO.UIIMO .UnSl Bb!SlC-

. -H9HIISl M9X8HIISMa .nenonSlp1IS8UIIII f--MeSOHOB • 

2. OcHOBHhle TeopeTIIqecKIIe npennochlnKII 

0opaSOBaHII9 M9SOaTOMOB CBSlS8H~ C HapyweHII9M COCTOSlHJISl SneKTpOH

HOfi OoonoqKII IICXO.[lHOrO 8TOMa. neno B TOM 1 qT'O npii KaCKa.UHbiX nepexo.nax Me

SOHOB BOSMO:>KHbl BOSOY:>K.U9HII9 II IIOHII3aUIISl aTOMOBo nocne OopaSOBaHHSI M9SOa

TOMOB SneKTpOHbl. ooonoqKH OK8SbiBaiOTCSI B none SI.Upa C HOBbiM 9cpcpeKTIIBHbiM sa-

pSl.UOM ell - 1. 3TO OOCTOSlT9nbCTBO T8K:>Ke MO>KeT np1IB9CTII K IIOHIIS8UIIII Ooo-

noqKII. BpeMst :>KIISHII ~ Bosoy>K.neHHoro cocTOSlHIISl ooonoqKII nns:~ cBooo.nHhiX 

M9S08TOMOB S8BHCIIT TOnbKO OT sneKTpOHHOfi KOHcpiirypaUIIII II CTeneHII BOSoyX<.U9HIISl. 

Jipii oopaSOBaHHH MesoaTOMOB B cpe.ne BpeMSl ~ CIInbHO SaBIICIIT OT npiipO.Ubl 

CBSlSH aTOMOB cpe.nhi. Ecnu MesoaTOM Haxo.niiTCSl B MeTanne, sneKTpOHHaSl o6onoq

-12 
Ka BOSBpawaeTCSl B OCHOBH09 COCTOSlHII9 Sa oqeHb KOpOTKOe Bp9MSl /MeHee 10 C9K/ 

t , r.v 
no cpaBH9HIIIO C ~ b • C .npyroif CTOpOHhi 1 B IIOHHbiX KpiiCTannaX II .UIIS-

t ll t'""' neKTpiiKaX BpeMSJ > v:l.CneaoBaTenbH0 1 B MOMeHT pacnaaa ·MesoaToMa COCTOSlHII9 

sneKTpOHHOH ooonoqKH oy.neT SaBIIC9Tb OT BH.Ua C09.UH~HHSl 1 B KOTOpoe BXO.UIIT 

HccnenyeMbifi aToM, II arperaTHoro cocTOSlHIISl BeruecTBa. 

HeOOXO.UHMO OTM9TIITb 1 qTo ecnM aTOM BXO.UIIT B COCTaB MOneKyn,TO 

peopraHII3aUIISI sneKTpOHHOH ooonoqKII II IICnycKaHII9 peHTreHOBCKOrO IISnyqeHIISI 
,-;\ 

B M930aTOMaX .UOn:>KHbl npiiBO.UIITb 1 COOTB9TCTB9HH0 1 K paapyweHIIIO XIIMIIqeCKIIX 

CBSI39ii ~ Bb!opaCbiBaHIIIO MesoaTOMa B BIIll9 .CBOOOllHOrO aTOMa. MO:>KHO nonaraTb, 

qTO BBIIllY 9TIIX, TaK H8Sh!Ba.eMbiX, SIBn9HIIii sneKTpOHHOii II KIIH9TIIqecKOfi aKTHBaUIIII 

M930aTOMOB napaMarHIITHblll MOM9HT M9SOaTOMa HenocpellCTBeHHO oy ll9T CBSIS8H 

CO 3HaqeHIISIMII KBaHTOBbl)( qJicen / 1 :t H ·s aTOMa:. npii· Haniiqiiii y II30nii

pOBaHHOrO M9S08TOMa C HyneBbiM st.nepHbiM CniiHOM MOM9HTa aneKTpOHHOfi ooonoq

KII napaMarHHTHblll MOM9HT oy ll9T CKna.nbiBaTbCSI HS Tpex qacTefi: 

1 I MarHIITHoro MOMeHTa ,/Jf/ -MesoHa 

fo 
~/o/o 
~1- /3/ 
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2/ 8JIBKTpOHHOrO op6UT8JibUOro MarHHTHOrO MOMBHT8 

/4/ 

3/ aneKTpOHHoro cnHHOBoro MarHHTHoro MOMeHTa 

/5/ 

npu o6pa30B8HHU M830t1TOMOB B cpene UX napaMarHBTU3M 6yneT TIO!l-

Bep)KBH LlBllCTBUIO COCB!lHffX 8TOMOB 1 CJIB!lCTBUeM qero 6yneT KOMTIBHC8-

UH51 TeX HJII1 ffHh!X MOMBHTOB. Bee 38BHCHT OT TOro, 8JieKTpOH8MH Kll!O!X 060JIO'IBK . 
C03!188TC51 MarHHTHblll MOMBHT. no aHlfnorHH co' CBOHCTB8MU MarHHTHb!X MOMBH-

TOB HOHOB TiapaMarHHTHb!X BBUlBCTB MO)!{HO O)!{U!l8Tb 1 'ITO BCJIH Me308TOMb! o6pa3y

IOTC5! 113 8TOMOB Jl8HT8HH!l0B JIH60 8KTHi-!HLlOB1 r ne t-tarHH~Hbll"! MOMeHT o6yclTOB

JIBH rny60KO CH!l5IUIHMH B 8TOM8X aneKTpOH8MH, KOTOpbW HBHMeHee BCero TIO.::I,Bep

lli8Hhl BHeWHHM BllH5!HH5!M 1 napaMarHeTU3M T8KHX Me308TOMOB B cpene 6yneT Bhl3-

B8H MOMeHTaMn ft~ ~fts · u_,I'Yh . B cnyqae aToMOB rrepexonHhiX 8!leMeHToB 1 

rne MarHHTHblll MOMeHT 8TOMOB o6yCJIOBJ18H ·uerrry60KO .Tie)!<8UIHMII 8ll8KTpOH8MII 1 

KOTOpblB 6onee ITO!lBBp)!{eHbl BHeWHeMy B03.:J.ei1CTBHI0 1 Me308T0Mbl B cpene MO!"'YT 

06JI8!18Tb TOJibKO CilHHOBbiMH MOMeHT8MH /s II /h / op6IIT8Jlhllbl8 MOMBHThl Ta

KIIX 8TOMOB 1 KBK Ilp8BIIJ10 1 KOMITeHCHPYJ9TC5!1. 1,1 1 H8KOH8U 1 M8308TOM hi LlHBMarHIIT

HhiX BemecTB 1 nu6o cna6orrapaMarHHTHhiX HopMallbHhtX Me~annoB 1. MoryT o6na.::~.aT& 

B cpene TOJ!bKO MOMBHT8Mff ft h . 

B BemecTBax c neKoMrreHcupoBaHH biMll MOM eHTa~tu anei<TpOHHa51 o6o

JJO'!Ka MO)KBT OK83b!B8Tb Bll!HIHIIB Ha Il0ll5Ipl!38UHIO /- -Me30HOB TOHhKO B OCIIOB

HOM COCTOHHHH M8308TOMOB. 8 8TOM HeTpy !11!0 y6e!lUTbC5! 1 OCJIII Cp8Bl!HTb Bpell.!51 

H8X0)K!18HH51 t M830118 Ha H!f)!(Hbl/( ypOBIIHX CO BpeMBHB\,f t'/ rrepeop1!8HT8!llll! 

CITHH8 !11830H8 B ITOJJB 060JJO'IKI!. 0K83b!B88TC51 1 YTO ueptlBGl!CTBO t:C:~ z: 1 KfiK 

yKa3biBa.rwc& B § 1 1 BhiiTOJJHHeTcH TOJJhKO nnH ypomHI ~ S. 

H eo6xonnMo OTMeTHTh 1 'ITO B netuecTn[lx c ~ 7 o :-.tQ:H)tiT<)~lhl ov-
~~/ezj. LlYT o6p830BbiB8TbC51 B !lBYX COCT05!HII5IX CBGpXTOIIKOfi cTpyt\Typ;,t \ 

g· rrepBOM rrpH6JIU)!(81!1III aHeprHH B38UMO!l8fiCT!l!!51 C!IE'pXTOlli\Ofi CTp~·l\TVpi•l 

B M8308TOM8X 6y neT TaKOro )!{8 Il0p51!1K8 KBK H B M lOOl!llll: 
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3.ll9Ch h - M8I'HHTHb!H !'.;fOMeHT ft ~ M930Ha, ,49"? -scpcpeKTHBHb!H M8I'HUT

Hb!H MOM9HT SJieKTpOHHOif 060JIO'IKH, Q~ - 6opOBCKHif P8LlHYC BO.llOpO.llHOI'O 8TOM8, 

CBe~TOHKOe pacmenJieHHe B OCI!OBHOM COCTOH!!U:H M9308TOM8 ropa3 . .ll0 60JibWe,tJeM 

z:- , nosTOMy COCTOHHHH C /: /e ~ £ H r:::-/e- .f, LlJIH H30!!IIpOB81!li~-
I'O M9308TOMa o6pa3yiOT 119KOI'epeHTIIYIO CM9Cb, Ka:>K.llOe COCTOH!!U:e 6y.neT xapaK-

TepH30BaTbCH CBOHMII 3H8LICHHHMII nerrutJIIH ~ -rupoMarHHTHoro OTHouieuiiH u 

ft -Mai'HIITHOI'O MOMCHTa, TaK Bblp8:>K9HHH LlJIH f H / IIMeiOT CJIC.llY IO-

" 141 
IlliiH BH.ll: · 

!~ ;e~ /./'.-H+/"'1'?') /6/ 

. -/ / ~r/ 
f-=-J'e~J (j7'ft -~~ h~?} 17/ 

/1+ -:::/ ~+ pj~? 18/ 

·k;-~ / . ti . 
.!" - - -J:.J_ + ~ I~ -: ,/e )'~,..) /9/ 

f'' 

/5/ EcnH LlJIH II3ytJeHHH napaMarHeTH3Ma Me3oaToMoB HcnOJih30BaTh MeTO.ll 

lf3MepeHlfH 8CHMMeTpliH ~JieKTpOHOB p8CII8.ll8, TO KpHB8H npeueCCHU, H86JIIO!l8e

M8H 118 OBhlTe, 6y.lleT HBJIHTbCH cynepn03HUHCif KpllBhlX npeueCCHH M930HOB, pacna

.ll810IllllXCH ll3 060UX COCTOHHUif CBepXTOHKOif CTpyKTypb!, QqeBH!lHO, 'ICM 60JihWe 

31!8'I9HH9 /e. , TCM Tpy ,llHee IIHTepnpeT!1pOB8Tb T8KYIO KpiiByiO, JleiicTBIIT9JlbHO, 

0603H8'1HM 'lepe3 .tf cTellCHb ilOJIHp1138UHIJ ny'IK8 /--Me30HOB, . 

/4,6-8/ . L) . 
CornacHo . cTeneHh nonHpu3auuH £ MC30Ha, H1lXO.llHillerocH Ha K-o6orrolf-

Ke, ycpC.llH9HH8H no .llBYM COCTOHHIHIM CBepXTOHKOif CTpyKTypbi,6Y . .ll9T paBHa: 

·· 1r ...t .7 
/) ::- { ~ · :3 L 1'~/~r~}~J. /10/ 



VIa sTofi ¢opMyllhi cnenyeT, "'TO nenuY.uHa non Hpli~Jauuu 3BBHCHT oT no.TIHOI'O Mo-

MeHTB sneKTpoaaoA o6ono'lKH 1- . TaK, HaupnMep, anH fi::: I /2 yMeHbWeHn:e 

!IOJ1Hpll38Uiili 6yneT: !IpOliCXOnHTb B nBa paaa; nnSI Me30BTOMOB C ~>>I.- B Tpli 

paaa. Qqenn:nao, "'TO nee BhiwecKaaaHHOe OTHOCHTCH K cny'laiO lf30J11iponaHHhiX Me-

30BTOMOB, lH{ BJIHY.lie cpenbi MO)KeT !IpHBeCTli K YCJIO)KHeHI110 KBpTI!Hbl 1 HB!IplilVI'ep, 

K !IOHBJ1eH!fl0 nepeXOLlOB Me30HOB Me)l<Lly ypOBHHMI1 CB_epXT?HKOA CTpyKTypbl, 

3, 3 K C II e p If M e H T 

npli BbiOope neweCTB nnH l{CCJienonaHiiH Heo6xo.ciHMO Y'lHTb!BBTb I "'TO 

' = IIpBKT!1'leCKifM liHTepcc 6ynyT IIpencTBB.TIHTb BeweCTBB 1 COCTOSIIUHe lf3 BTOMOB OnHO-

nonoponoconep*awue newecTBa, Lleno n TOM, "'TO lfCIIO.Tih30BaH!1e 

BeiUSCTB, COCTOHIUHX 113 BTOMOB pa3.TIH'lH~I'O COpTa, npn:neneT K LlOIIOJIH!fTeJibHbiM 

Tpy nHOCTHM !I pH liHTepnpeTBUifli 011 b!TOB ua-aa He3HBHHH Bepo HTHOCTI1 o6pa30BBHI1SI 

Meaoa70MOB B paann'lHbiX KOMnoneHTax. B nonoponoconep*awn:x newecTnax Mo)K

HO HaneHTbCH HB T0 1 "'TO BOnOpOn IIpll 00p830~8Hlilf Me30BTOMOB He oyneT Iii'pBTb 

cywecTBeHHOM pon11. 

B Ka'lecTBe o6beKTOB nnH HccnenonaHI1H 6biriH Bbi6paHbi ·cnenyiOIU!fe 

newecTBa: 

1/ nnsneKTpHKI1 /napa¢llH, nonnTeH, nona u cepa/; 

2/ nuaMBI'HliTHbie 11 CJlBOOIIBpBMBI'HHTHbie HOpMBJlbHbie MeTaJ1Jibl /rpaci:JHT, 

MBI'HllA, UliHK, KanMHil 11 CBHHeu/ 1 

3/ uapaMaf'HHTHbie nepexonHbie MeTaJIJibi /xpoM, Monu6neH, nannan11A n: 

nonb¢paM I. 

PeaynbTBThl uccnenonaHHA c .L .& u/6'· 
. 112/ 

y)Ke 6bi.Till ony6nnKOBBHbi • B 

H 20, ~ 
HacTosnueA pa6oTe uccneno nann:H npo lf3Bon n:.r1 HCh 

nnH OCTBJibHb!X BeiUeCTB, XpoM, MO.TIU6neH, BOJ1bcPPBM 11. IIBJ1J1BnliH Obi.Tlll B3SITbl B 

nnne MeTanrros. B Ka'lecTse cpen, conep*awux aTOMbi yrnepona, lfCIIOJlb30Banlfcb 

rpaci:JuT, nonuTeH u napa¢nH, OcHoBaHilH nnH Bbi6opa STHX nemecTB cneny10ruue, 

KaK ll3BeCTHO, no HBCTOSI!Uef'O BpeMeHll BO!IpOC 0 HB!IpBBJ1eHllll CllllHB /- -Meao-

/9/ .110/ 
HOB ocTaeTcst OTKpbiTbiM • OnnH ua MeTonon, npenno)KeHHhiH nnH pewenust 
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aToro Bonpoca,3~Kn~~aeTcH B uccnenoBaHHH acnMMeTpnn sneKTpoHOB pacnana 
112 I • - /~ · ~ 191 

B B peaKuHH 7 + C -7/.J +JJ. B npoBeneHHhiX sKcnepHMeHTax 5hmo o5Hapy){(e-

' . . 
HO OTCyTCTB.Iie 8CHMM eTp.li.li, npll~lfH8 STOre, nO-BHDHMOMy, n~){(HT B nenonHpH38UIIH 

o~'.V IIOI 
Hnep 0 B Hcnonh30BaHHhiX o5pa3uax lreKcaH, neHTaH I. CornacHo nenonH-

. ~ 

p.li38UHH Hnep tJ B03MO:>KH8 no DBYM npH~HHaM: 
11 5naronapH CBepXTOHKOI CTpyKType, o5ycnoBneHHOI CnHHOBOI 

CBH3h~ 
8~.1i HDpa .1i aneKTpOHHOI o5onO~K.Ii 8TOMOB 

1.1/ 
21 u3-3a Manoro BpeMeHH penaKcauHH HnepHoro cnHHa ,8 B ncnonh-

30B8HHb!X 
/~ 

BellleCTBaX no CpaBHeHH~. C BpeMeHeM :>Kif3Hif g , C uenh~ Bb!HCHeHHH 

Bonpoca o HanH~.Ii.li MeX8H.Ii3Ma nenonHpH38Ull.li HDep g /.t.- H3-38 CBepXTOHKOH 

cTpyKTyphi HaMH 5bmH B3HThi o5pa3Uhi, conep:>Ka wHe aTOM hi yrnepona B pa3nu~

HbiX1 coenHHeHHHX, Mo:>KHo o:>KHnaTh, ~To MeGoaTOMhi yrnepona B TaKux cpenax 

IIOI 
5ynyT HMeTh aneKTpOHHY~ KoHcpHrypauu~ o6ono~KH aToMa Eopa 

~. 

napaMarHeTH3M Me308TOMOB yrnepona, XpOM8 1 Monn6neHa, BOnbcppaMa 

. 151 
u nannanuH B BhiweyKa3aHHhiX cpenax uccnenoBancH MeTonoM npe•leccnu • npn 

HCIIOnh30B8H.Ii.li. T8KOrO MeTODa OTHOCUTenbHO npnponhi napaMarHeTH3M8 MO:>KHO 

cynHTh Ha OCHOB8HHH H3MepeHHH 8CHMMeTpHH aneKTpOHOB 1/ - e I - pacnana 

cneny~lll.liM.Ii DBYMH CIIOCo6aMH. llpH nepBOM CIIOC06e sneKTpOHH8H CHCTeMa H8CTpa

HB89TCH Ha perHcTpauH~ ~acToThl npeueccuu cnuHa cB66onHoro Me3oHa. KaK cne

nyeT H3 cpopMyn 161 H 171, B naHHOM MarHHTHOM none r/ ~acToTa npeueccrm 

CIIHHa Me308TOMOB 1 o6nana~lllHX sneKTpOHHblM MOMeHTOM 'n MOMeHTOM Me30H8 1 H8 

H9CKOnbKO nopHDKOB 6y neT npeBbllli8Th ~8CTOTY npeueCCHH Cf!HHOB Me308TOMOB 1 na

paMarHeTH3M KOTopbiX o6ycnoBneH TOnhKO cri~HOM Me30Ha, EnaronapH 5onhwol pa3-

HHUe B ~8CTOT8X 0 npupone napaMarHeTH3M8 MO:>KHO cynHTh Ha OCHOB8HHH H3Me

peHHH ~ucna aneKTpOHOB I/ ;_ e 1-pacnana. ~4.(' H ~m npu nByx 3Ha~eHH
SIX HanpSI:>KeHHOCT.Ii IIOnSI ;:!' 1/ 1 COOTBeTCTBY~Ill.liX p8CC~HT8HHb!M DO cPOpMyne: 

rne 

t,+tJf- r 
;u 

7/h?t!:

e# 

t, -BpeMSI 3anep/KKH 1 .t1 t -wnpHHa "BOpOT" .li 

/II I 

)P -nepuon npeueccuu 

CIIHH8 "CB050DHOro" ~ -Me30H8, LleiCTBHT9nbH0 1 nnH Me308TOMOB 1 o6nana~

lUHX aneKTpOHHh!M MOMeHTOM 1 BenH~HHa OTHOW9HHH / :;::- Jf:l':r:r 6yneT p8BH8 
5 . "' n"<: I? 

enHHHUe; Me308TOMbl 1 y KOTOpb!X IIapa.!-·.arHeTH3M o6ycnOBneH TOnhKO CnHHOM Me3Q-



11 

Ha 1 6yi:tyT HM8Tb Benii'IHHY f , OTJJH'IHYIO OT e,a:HHHUhi, B KaqecTBe KOHTPOllbHo-

ro orrbiTa,Herrocpe.ncTBeHHO rro,a:TBep:>K,a:aiOurepo cymecTBOBaHHe aneKTpOHHOI'O napa

MaPHeTH3Ma,rrpH TaKOM CITOC06e HCC118LlOB8HHH MOI'JJO 6hl HBHTbCH U3Mep8HH8 ~81IH

'IHH f B I'H,a:pu,a:ax napaMai'HHTHbiX MeTaJJliOB np!i TOll KOHU8HTpaUHii BO,a:OpO,a:8 1 

rrpH KoTopon rrapaMaPHeTH3M coe.nHHeHUH y6hraaeT .no Hyn·H 1 KaK 1 HanpuMep 1· P~£ 

L!encTBiiT8!IbH0 1 8TOMbi IT811Jl8.0:IfH 0 HaXO.O:HUll18CH B paCTBOp8~$ Jl!ilil8Hbl Mai'HIIT-. . ~ ) 

HOI'O MoMeHTa. Bo.a:opo.a: :>Ke B rrpouecce o6pa30BaHiiH -Me3oaTOMOB y'IaCTBOB9Tb He 

6yneT, 

BTopon crroco6 uccnenoBaHHH rrpupo.nbi rrapaM arHeTH3Ma 3aKJTIO'!aeTcH B 

H3MepeHrru acHMMeTprru aneKTponoa I ft - ,e /-pacna.a:a B cnyqae 1 Kor.a:a aneKT
w 

pOHHaH CHCT8Ma HaCTpoeHa Ha perHCTpaUHIO 'I8CTOThl npeuecCHH CITHHa M830aTOMOB 1 

paCC'IIiT8HHYIO Ha OCHOBaHHH cpOpMyJT /6/ 11 /7 I. O.nHaKo TaKaH nocTaHOBKa onbiTOB 

5IBJT518TCH 6onee C.riO:>KHOH,J]encTBUT8!IbH0 1 B ,8TOM CJTy'Iae OTJTH'!Ue OT 8.0:HHiiUbl Be

JlH'IHHbl f, Ha6JIIO!l88MOe Ha OIIbiTe IIpll HaJTH'IHH y M830aTOMOB 3J18KTpOHHOf'O MO

M8HT8 1 KaK au.a:uo 1!3 cpopMyJihi /10/ 1 6y,a:eT 3Ha'IHTeJTbHO MeHbwe, KpoMe TOP01 

CYI.U8CTBOBaHH8 .O:BYX COCTOSlHHll CBepXTOHKOH CTpyKTypb! 1 a KaK:r!<e HaJTH'IHe rrepexo

.QOB M930HOB M9:>K.O:Y HHMH fHarrprrMep 1 H3 r :, 1 B r = 0 I YCJIO:>KHHT HHTepnpe

"'TaUHIO OITbiTOB, B uacToHmen pa6oTe rrccne.noaanrre napaMai'H8TH3Ma rrpoH3BO.O:HJTOCb 

rro rrepaoMy crroco6y, 

B orrbiTax rrcrronb30Banacb 'ra :r~<e aKcrrepuMeuTaJibHaH ycTanoBKa 1 'ITO 11 

~ /11-12/ ' 
B paooTaX , TaKHMH :>Ke 6bi.rrli H yc.rroBl!II Ollb!TOBJ3a HCKJIIO'IeHH8M 31l8KTpOH-

HOI\ arrrrapaTypbi, Ha puc. 1 rrpuaei:ieHa 6noK-cxeMa ycTaHOBKH, OTpuuaTe.TibHhie 

/- M830Hbl 1 OCT8H.8B.riHB810UlH8CH B MHW8HH 6
1 

pei'HCTpi1pOB8J1HCb CX9MOH 8 aHTH-

COBITa,a:eHHH 1 + 2 - 3, YJMITYJTbCbi OT CX9Mbl 8 1 IIOCJI9 yCHJieHHSl B 10 H cpOpMHpOBa

HHH B 12 1 38Llepn<nBa.TII1Cb Ha BpeMH t/ , 3a.nep:>KaHHb19 UMITyllbCbi 38ITYCK81IH 

TpUI'I'ep 16 1 KOTOpblll O.O:HOBpeMeHHO OTKpb!B81l ,a:Be HLl9HTH'IHbie CX9Mbl rrponycKaHUSl 

/"aopoTa" I 18 u 21 ua apeMH Ll"f , 3neKTpOHbl OT paCIT8!l8 ~- -Me30HOB 1 a 

TaKn<e cpou OT IIOCTOpOHH8I'O H3JTy'I8HHH cpliKCHpOBaJIHCb CX8MOH 9 aHTHCOBITa . .QeHHll 

3 + 4 ··· 2~ YJMIIyJibCbi CO CX9MLI 9 1 ycii1I8HIIbi9 B lJ 11 crj-JOpMHpoBaHHbie B 13,pa3,a:Ba

HBaJTHCb1 a 3aTeM rrocTyrranrr ua axo.a: "aopoT" 18 3a.ne-p:>KaHHbiMH ua apeMH ~>~JI'.tfT 
rr na axon "aopoT" 2 - 6e3 3a.nep:>KKH, E.rraro.nap11 acrro.rrb30BaHHIO .nByx rr.a:eHTH'I

HbiX "aopoT" H 3a.nep:>KKH f.t.- 1 MO:r!O!O 6biJIO Ha OIIbiTe OLlHOBpeMeHHO p9I'HCTp11pO• 



·)'_: 

B8Tb B nepecqeTHOM ycTpOfiCTBB 23 qacno HMnynbCOB OT sneKTpOHOB pacnana H 

~OHa noCTOpOHHBI"O U3nyqeHHg 1 a B nepecqeTHOM ycTpOHCTBB 20- T.OnbKO qucno ~o

HOBhlX uMnynbCOB~ Pa3Hocib qucna oTcqeTOB B nepecqeTHhlX ycTpoficTaax 23-20 

6yneT npencTaangTb co6ofi qucno sneKTpoHoB pacnana.HMnynbchl c Tparrepa 16 

qepe3 oTnenbHhlfi awxon HanpaBngnacb Ha nepecqeTHoe ycTpoficTBO 1~ perucTpapy

IOWee qllcno OTKpbiB8HUH 11
BOpOT

11
, noKa3aHUSI BI"O cny:>~<IInU B. KaqecTBe MOHHTOpa, 

BenuquHa oTHoweHug 
t, 

;;t B Ka)!{nOM onbrTe ohma paHa npuMepHo 012. 

Yron 1 non KOTOpbiM OCb neTeKTOpa sneKTpOHOB U MHWBHb pacnonaranUCb no OT-
0 0 . 

HOWBHUIO K "ocu" nyqKa MB30HOB, Obin paBeH 90 U 45 1 COOTBBTCTBBHHO, Mu-

WBHl:! l:!Menu p83MBpbi 15 X 15 CMi TOnWl:!Ha Ml:!WBHe:fi paBHHnacb 4 + 6 r /cM
2• 

B onbrTax c rpacpuToM, nonl:!TeHoM 1:1 napacpl:!HOM Tonwrma napa~l:!HoBoro cpanbTpa 
2 . 

7 Me)!{ny cq.eTql:!KaMl:! 3 u 4 6bma paBHa 4 r /eM • B onbiTax c xpoMoM,. Momr6-

neHOM1. BOnb~paMOM l:! nannanl:!eM BMBCTO napacpl:!HOBOI"O cpHnbTpa 7 . l:!CnOnb30-
. • 2 . 

aancH aniOMl:!Hl:!BBbi:ii 1 TonwuHo·IO TaK)!{e 4 r/cM • Enaronapg Hcnonb30BaHl:!IO. aniO- · 

Ml:!Hl:!BBOfoO ~l:!nbTpa Benl:!ql:!HY scpcpeKTl:!BHOCTU perHCTpBUl:!U r -nyqeli C SHBprl:!

eli MBHbWe 10 MsB, ac·nycKaiOWl:!XCH 1:!3 MHWCHl:! B pe3ynbTaTe nornoweHug 
- /13/ . -3 

/f-Me3oHOB 1 ynanocb cnenaTb MP.Hbwe qeM 10 • 

f
. ;14~ 

nonyqeHHbiB BenHqHHbi ::: A/ • naHbi BO BTOpOM CTOn6ue Taonl:!Ubl, 
. . . /V/-'/1~ 

Ta6nuua 

BewecTBO 

rpacpl:!T 
napacpHH 
nonuTeH 
rl:!.apl:!Ll nan.'I8.[1HSI 
nannanl:!ll 
XpoM 
Monu6.aeH 
BonbcppaM 

~;,:.. 

/dAI'P,t: 

1 - jii' nT4&" 
'S - ;v,..,,~~ 

1110;i-0102 
1109 t. 0,02 
1110 :t. 0102 
1,09 :t 0,02 
1,00 ± 0,02 
1,00 ±. 0,02 
0199 i 0,02 
0,99 .±. 0,02 

B npl:!Be.aeHHbie aenl:!qUHbi :( obrnu BBeneHbi nonpaBKH 1 yqaTbiBaiOwl:!e 

BpeMH 3a.aep)!{Kl:! 1 WHpl:!HY "BopoT" 1 pacna.a MB30HOB H TeneCHblll yron .[lBTBKTOpa 

sneKTpOHOB, YKa3aHHbie OWUOKH SIBnSIIOTCSI CTaH.aapTHb!Ml:! CTaTHCTHqeCKHMl:! OTKno-

HBHl:!SIMl:!, 
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4. OGcyJK.nenwe nony•reuHhiX peaynbTBTOB 

KaK cne.nyeT wa Ta6nHUbi 1 aenHttHHhi f .zvin rpacpuTa, nonuTeua, · na

pacjmua· H rH.npH.na nanna.uan ,1'~, nonyttnnncb o.uunaKOBhiMU a npe.uen.ax cTa

TircTn'lecKHX owHGoK. PaBHhiMU MfnK.ny co6oa oxaaanHcb H . anattenust f .ann xpo-

Ma, MOJlltG.neua, aonbcppaMa u nanna.nuH. O.anaKo aGconJOTHhJe anattenuH 

n.nH rpacpaTa, nonnTena, napacpuna II ~~& oTiliittaJOTcH oT anatteniifi 

xpoMa, ·MoniiG.nena, aonbcppaMa II nanna.nun. H eoGxo.niiMO oTMOTIITb, 'ITO .. 

BOJIII'IUH 3 
!' .UJ!Sl 

.nn H rpacp u-

Ta aenwqnua t2, -KoacpcjmuueuTa acnMMeTpnu a nponuTerpHpoaannoM no snepruw 

9l!OKTpOHOB yrJJOBOM pacnpe.neneHHH 1 + 0~JJ. H8fillOHH8Sl U3 3H~'IOHHS1 -t, B 
A 11,11,12/ 

npe.nenax owuooK onbiTa coananaeT c B~J)HttHuoii u. , nonyqeauoii ·a paGoTax 

na ocuoaaHHH uaMepenuii 6onbwero 'IIJcna ·To'leK ua KpHaofi npeueccHH. 0TnnttHe oT 

OJllfllllUbl BOJJII'Illll t !lJHI rpacpnTa, napaqJIIH8 H nOllllTOH8, a T8K>Ke UX paBOHCTBO 

Me.IK.UY co6oil, CBU.UeTOJJbCTBYIOT B nOilb3y · T0f'0 1 'ITO napaM8f'HOTH3M MeaoaTOMOB 

yrnepona B T8KHX Cpe.nax OOyCJIOBileH TOJ1bKO M8f'HHTHhiM MOMOHTOM Me30H8, B ca

MOM Ll9ll0 1 paCCMOTpUM BH8'WJJO Clly'lafi, K0f'll8 M0308TOMbl o6paayJOTCH B MOT8JlJ18X. 

MeTallJlbi, BKJlJO'IaH H rpacpuT , a nepaoM npHGnH>KenHH MO>KHo paccMaTpuaaTh KaK 

COBOKynHOCTb HOHOB, norpy>KeHHb!X B SllOKTpOHilblll raa. EcnH MOT8Jl.!l npHII8LlJJO>I<HT 

·K rpynne nHaMarneTHKOB, nH6o K rpynne cna6onapaMarnHTHhiX HOpMailhHhiX MeTan

noa OI"O HOIIbl JlHWOJibl M8f'HHTHOI'O MOMenTa. noaTOMy 1 BepoHTHO,· 'ITO npll o6paao-
. / 

BSHHH M0308TOMOB B T8KIJX MOT8J1JJ8X U3-38 TOI'0 1 'ITO '" 4<:. r SllOKTpOHHOe COC-

TOSIHlfO liOH8 1 B KOHO'IHOM lfTOre, ne HapywaeTCH, a Ji0Hlf38Ul1Sl 8TOMOB conpoBO>K.lla

OTCSl JJHWb ucnycKaHneM KonneH:'£11BU3HpoaannhiX sneKTpouoa npoaonuM'ocTu. EcnH 

/12/ ,. 
npHHHTb BO BHHM8HIW UOCTOSlHCTBO H3MepeHHbiX B pa6oTe BOJllilJliH W"o llJJH 

MeTannoa aToii rpynnbr, KaK, uanpnMep, ~ , 4 , ~d- u P~ , a TaK>~<e pa

aeucTao HX BOJJH'IHHO a LlJJH l"pacpHTa, MOJKHO CK83aTh 1 'ITO npH o6pa30B8HUll Me-

30aTOMOB B .UHaM81"HUTHhlX 1 JlliOO B cna6onap8M81"HHTHhlX HOpM8JlbHWX MOT8JJJJ8X 1 

aJieKTpOHHblfi napaMaf'HOTH3M Jie B03HiiKSeT. J.1Haf1 KapTHHa oy LlOT npu oopa30B811Hll 

M0308TOMOB B Llll9JIOI\Tp11K8X, I'!le t. >> t'. ':1 MeaoaToMoa yrnepo!la B na-

pacpHHe u nonuTene, a TaK>I<e Kocnopo.aa B BOLle 
/ 12 I 

U COpbl SJJOKTpOHHblii MOMOHT 

MO>I<eT OTCYTCTBOB8Tb no LlBYM npH'IHH8M. Bo-nepBbiX 1 9TO MO )I{OT 6b!Tb B CJiy'lae, 

ecnu Me308TOM bl SIBJISIIOTCSI OTpHU8TOJlbHb!M H UOH8MH 1 UMeiOIUifMlf 3JJ9KTp01IHYIO KOH-

<Pnrypauuro HCXO.OHhiX aToMOB. Bo-aTOphiX, eoaMo>KJio, 'ITO o6pa3ooanne MeaoaToMoB 
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CBH38HO C HapyweHH8M 9JteKTpOHHOH o6onO"'KH HCXO.llHbiX aTOMOB. Tor.aa COI"Jtac-

/6 I " . . ' · 
HO sJteKTpOHHhlH MOMeHT 6y.aeT OTCYTCTBOB8Tb 1eCJtH HMeeT MeCTO ero IT011H8H 

KOMrreHcauHH rro.a .aeil:cTBHeM coce.aHHX aToMOB. Ton&Ko .aan&Heil:wHe Hccne.aoBaHHH 
' ' ' .... , ,, . 

ITOMOI"yT .ll8Tb OTBeT H8 BOITpOC 0 TOM,K8KOe H3 .llBYX. 9THX rrPe.lliTOJtO:>KeHHH HBJtH-
; . , ' ·' .; , . . ' . . • . ' -c...... , ' - l .• • ~ < ' 

eTCH BepHbiMo Pe3yJtbT8Thi STHX OHbiTOB .ll8IOT B03MO:>KHOCTb ITOJtY"'HTb OTBeT H8 
. . . . ' . 12" ' 

BOITpOC 0 cyweCTBOB8HHH MeX8HH3M8 .aerronHpH38UHH H.llep B 38 C"'eT CBepXTOH-

KOH CTpyKTyphl 1 o6ycJtOBJteHHOH CITHHOBOI CBH3biO H.apa H SJteKTpOHHOH 060JtO"'KH 
' '. '. /~ . .a· ' . 

aTOMOB Eopa, rronyqaromaxcH B peaKUH~ /-~ C ~ B ..,17. B eaMoM .aen~, Ka-

3anoc& 6br, qTO Me3oaTOMbi yrnepo.aa B rpaqmTe .aon:>KHbi HMeTb .aneKTpo!myro KoH-
/1 0/ . . . 

cparypauaro aToMoB Eopa • O.aHaKo .Pe3yn&TaTbi orrbiTOB yKa3biBaroT Ha To, "'TO 

sneKTpOHHbiH MOMeHT OTCYTCTByeT. 0"'eBH.llH0 1 "'TO He MO:>KeT B03HHKHYTb SJteKTpOH-
-s:_,: 

Hhiil: rrapaMarHeTH3M H y aToMo'B Eopa, o6pa3yrowHXCH cornacHo peaKuHH 

a ,z, /--F C 7 iJ .,:y B rpacpHTe. Cne.aoBaTen&Ho, MexaHH3M .aerronHprwaurm H.aep 

H3-38 CBepXTOHKOH CTpyKTyphl B rpacpHTe He .llOJt:>KeH HMeTb MeCTa. npH o6pa30Ba

HliH aTOMOB Eopa B .aHsneKTpHKax; no rrpH"'HHaM, yKa3aHHhiM paHee, STOT MexaHH3M 

·MO:>KeT HMeTl:l MeCTO. 

Ecna cpaBHHTb BenH"'HHhl f .llJtH rpacpHT8 1 ITOJtHTeHil H rrapa,cpHH8 1 

MO)!{HO. ITOJtY"'HTb .HeKOTOpbl~ CBe,lleHHH 0 BepOHTHOCTH o6pa30B8HHH Me308TOMOB B 

p831lH"'HbiX KOMITOHeHT8X BO.[lOpO.llOCO,llep:>K8illHX Cpe.a •. .[leHCTBHTeJtbH0 1 paBeHCTBO B 

rrpe.aenax OillHOOK OIThiTa. BeJt~"'HH IT011HpH38UHH .llJlH STHX BeT.UeCTB, a. TaK:>Ke,,COBrra

,lleHHe "'8CTOThl rrpeueccH~ CITHH8 Me308TOMOB C "'8CTOTOH rrpeuecCHH CITHH8 .~CBO-

60.llHOI"O~ Me30H8;CBH,lleTeJtbCTByeT B DOJtb3Y TOI"0 1 "'TO Me30Hhl B TaKHX cpe.aax 

He "3a.aep)!{HBaro~qH" Ha aToMax BO.aofi'o.aa. Bo3MO:>KHbr cne.ayromHe .aBa o6bHCHe

HHH ,STOI"O o6CTOHTeJtbCTBa. Bo-'nepBhiX:,. ft -Me30Hbi MOI"yT 
11
CH,llHTbCH" B OCHOB

HOM Henocpe.acTBeHHO Ha 8TOMhl yrnepo.aa. STo o6bH6HeHHe He npoTHBope"'HT "3a

KOHY~" . ell epMrr-Tennepa. Bo-BTOphrx, B03~0:>KHo, "'TO npH. ocT_a~oBK~ M930HOB 

B T8KHX cpe.aax npODOpUHOH81lbHOCTb Me)!{.ay BepOHTHOCTbiO o6pa30B8HHH Me308TO-

MOB H 8TOMHbiM HOMepoM ~ He HMeeT MecTa. Tor.aa paBeHCTBO OCT8TOtiHOH D0-

11HpH38UHH Me30HOB B BhiWeyKB38HHbiX cpe.aax MO)!{eT 6biTb TOJtbKO B TOM .~~yqae, 

ecnH nepexBaT M~30HOB .. aToMaMH, yrnepo.aa !13 Bo.aopo.aa npoacxo.a.HT .3a BpeMH 

MeH&wee, qeM BpeM.H. nepexo.a~ Me3oHa B Me3orrpoToHe .ao .Tex op6HT, r.ae HMe-

eT MeCTO .aerronHpH38UHH. VfnH, HHbiMH C110B8MH I"PBOpH, BBH.llY 60JtbWOH KOHUeH

Tp8UHH 8TOMOB yrnepo.aa B T8KHX cpe.aax, nepexBaT DpOHCXO.llHT TOJtbKO C ypOBHeH 
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•7 1• Dei!:cTBHTeJibHO, ecnu , HanpuMep, BepoHT-

HOCTb 3aXBaTa Ha Me30aTOMHhle op6HThl 6wna nponOpUHOHaJibHa KOHUeHTpauHH 

aToMoB B cpeae, a nepexsaT npoucxoaun c ypoBHH 

cTeneHH nonHpH3auuu 6bma 6bi pasHa: 

-~ 

15 soaopoaa, To senH'iHHa 

rae ~ =- f!!,·f£~~(;+1/~J~ ;f;/!, .. cTeneHb nonHpH3auuu Me3oHa Ha K-

op6uTe Me3osoaopoaa, Pc:: f/o -cTeneHb nongpu3auuu Ha K-op6uTe Me3oaTo

MOB yrnepoaa, a. P 
0

- cTeneHb nonHpH3auuu ny'iKa / -Me30HOB, OaHaKo, pe-

3YJibTaTbi aaHHbiX OHbiTOB CBHaeTeJibCTByiOT B HOJib3Y TOT'O, 'iTO Me30Hbl B BOao-
. "" ' 

poaoconepmawux cpenax "caaHTcg" Ha yrnepoa TaKHM o6pa30M, 'iTO npu aToM 

HX HOJIHpH3aUHH He H3MeHHeTCH, Pe3yJibTaTbl OHb!TOB C nannaaHeM H /)~~ Henoc-: 

peacTBeHHO CBHlleTeJibCTByiOT 0 TOM, 'iTO ~apaMarHeTH3M Me30aTOMOB nannaaHH 

o6ycnonneH MarHHTHbiMH MoMeHTaMH aneKTpoHHOi!: o6onO'iKH H Me3oHa, B caMoM ae-

ne, HOHbi nepexoaHoro MeTanna nannanHH HMeiOT MarHHTHbii!: MoMeHT, o6ycnoBneH

Hbifi aneKTponaMH BHyTpeHHHX MarnuToaKTUBHbiX o6ono'ieK 4 ·a . B coeauHeHHH 

)'~b t KaK CBiflleT9JibCTBYIOT pe3yJibTaTbl U3MepeHHM B9JIU'iHH -{' ang rpaq:m-

Ta, napaqmna H nonHTeHa, BJIHHHne Boaopoaa Ha npouecc aenongpu3auuu Me3oHoB He 

CKa3biBaeTCH, 

H eo6xoauMo noatiepKHYTb oco6o, 'iTo, KaK noKa3biBaiOT pe3yJibTaTbi onhr

TOB C f7t¥ U ?~t,OTKpbiBaeTCH B03MO:>!<HOCTb HCHOJib30BaHHH HOJIHpll30BaHHbiX 

p- -Me30HOB B K8'!9CTBe CpeacTBa ang llCCJI9aOB8HI1H MaT'HUTHbiX CBOMCTB ruapn• 

aoB nepexoaHbiX MeTaJIJIOB, JlaHTaHIIaOB If 8KTifHifaOB, aTOMbl KOTOpbiX HM910T Hyne· 

Bbie HaepHbre cnHHbi, B cnyqae U , ~ If }'t/ KOHTponbHbifi onbiT Henocpea

CTBeHHO HOLlTBep:>KaaiOWiffi H8Jllf'llf9 8JI9KTpOHHOT'O napaM8T'H9TH3M8, K CO:>K8JI9HUIO 

BbiHOJIHHTb H9Jlb3H, nplf'llfH8 STOT'O C09TOifT. B TOM, 'ITO npll p8CTBOp9HUif BOaopona 

B STHx MeTannax, ruapuabr He o6pa3yiOTCH, 

f anH STHx nepexonnhrx MeTannon, a TaK)!{e 

lfX connaaenHe Memay co6oi'I ·Bo3MO:>KHO ~ anyx cnyqagx, ecnu: 

1 I HMeer MecTo nonnaH aenonHpH3auuH Mesonon B TaKUX newecTnax, 

2/ napaMarHeTU3M M9308TOMOB o6yCJIOBJI9H M8T'HUTHWMU MO~eHT8MU 
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8t!eKTpOHHOH o60.TIOl.fKI1 11 // -;-..te30Ha. 

p aCCM OTpHM BOIIpuc 0 .uerrOll Hp113aUHH .. / -Me30HOB B pa3JlH'-IHbiX Me-

/12 I 
30aTOMaX. YJ3MepeHHH CTeiTeHl! IT011Hp1138UHH /- -Me30.HOB B Me3oaToMax 

MeTaJIJlOB, rrpHHa.Un e/K d IHHX K rpyrrr.e .u HaM arHeTUKOB c nynes biMH .H nepH biMU err w 

HaMU1 ITOK83b!BaiOT, l.fTO BO BCeX CJly'-laHx, B rrpenenax OWH60K OIIbiTa, II011HpH3aUHH 

O.UHHaKOBa If cocTaB.TIHeT ~ 17%. CTerreHb rronHpH3auHH Me30HOB .anH rpacpuTa, rro

JlHTeHa If rrapacj:JHHa, ITOJiyl.feHHaH H3 H3Mepef!Hb!X Bell!PUIH -:fJ TaK>Ke OllHHLlKOBa IT 

no a6conJOTHOMy 3Hal.feHHJO pasHa 3Hal.feHHJO 111nH BbiWeyKa3aHHbix MeTannos. He3a

BHcuMOCTb OT 7 H3MepeHHOH UOl1HpH3aUHII .U.TI51 ,/(~ 6 ~ a TaK>Ke ee a6COH!OTHOe 

. . /6.7 I 
3Hal.feHHe HaXOLJ:HTCH B xopoweM cornacHH c TeopeTuqecKHMH pac'-leTaMH ,y•nr-

TbiBaiOlllHMH TOJlbKO MexaHH3M crruH-op6uTallbHOro B3aHMo.uefrcTBHH. Tpy .aHo ce6e ., 

rrpe,UCTaBHTb, l.fT06bJ B OTHOWei!HII ITpl>uecca .uerro.rrHpii3aUHI1 /' -Me30HOB MeTaftllhl 

/"'! 

? a H 1% l.feM -nii60 CYllleCTBeHHO OTJ1Hl.f8Jll!Cb OT BbiWerrepe'IHCJleHHbiX BemeCTB •. 

l]ei1CTBHTeJlbHO,. B rrpouecce TOpMO>Kei!H51 H 3aXBaTa Ha BepXHHe ypOBHH Me30aTOMOB. 

/14/ . . 
Me30Hbi, KaK rroKa3ano B pa6oTe , rrpaKTHl.feCKH He .uerronHpH3YIOTCH. KaK H3BecT-

HO, BepOHTHOCTb o6pa30BaH.I151 Me30aTOMOB paBHa e.nnHHUe. 3neMeHTbl U li /% 
TaK>Ke Ha 80-90% COCTOHT 113 ayoMOB, HMeiO UUHX HyJleBbie H,UepHbJe CITHHbl. 

5J.upa 3THX BTOMOB He 06Jia.UaiOT K8KHMU-JlH60 CBOHCTBaMH, KOTOpb!e MOT"lll! 6bJ 

rrosnel.fb 3a co6ofi rronny10 .uerronHpH3aUHJO Me30HOB. CnenosaTeJibHO, cyruecTBosa

HHe B Me30aTOMaX C •TaKHMH ~ HHb!X MeXaHH3MOB ,UeiTOl1Hp113aUHH, KpOMe CIIIIH

op6HTa.JJbHOf"O B3auMo.ueficTBUH, Mallo BepoHTHO. E~uHCTBeHHo, qeM U u /% 
OT.Tllll.f810TCH OT BbJWerrepel.fUCJieHHbiX Bell.{eCTB, TaK 8TO TeM, 'ITO aTOMbl !IX HMeiOT 

He,UOCTpOeHHb!e BHyTpeHHUe 8JieKTpOHHbie,..~o6oJlO'IKH. n 09TOMY, pe3yllbTaTbl OITb!TOB 

c /'d n /' ~C c 6onbwoi1 sepo.HTH~CTbiO cnu.ueTenbcTBYJOT o TOM, '-ITO H s 

cnyqae U, H /Yc, 1 HOHbi KOTOpb!X UMeiOT OTJIH'IHbiH OT HyJIH Maf"HUTHbiH MOMeHT, 

o6yCl10BlleHHbiH 9.'IeKTpoHaMH BHyTpeHHHX MarHHTOaKTHBHb!X o60JlO'-!eK 3 t:t' H 4~ 

COOTBeTCTBeHHO, M bl HMeeM .ueno CO CBepXTOHKOH CTpyKTypofi. 

Pe3yllbTaTbi OITbiTOB c BOnbcj::JpaMoM 3acny>KIIBaJOT oco6oro BHHMannSI, 

ITOCKOllhKY B OTJllll.fHe OT ~a 1 U II /o/o , BOllhcj::JpaM UMeeT Me3aTOMbl C .ue-

/15/ u 

cj::JopMrrposaHHbiMH H.upaMu. KaK rroKa3ano B pa6oTe 1 B3aHMoneucTBHe Me3ona c 

KBa.UpyiiOllhHOH · .uecj::JOpMa·uuefi H.Upa MO>KeT rrpHBO!lHTb K 3H8'IHTellbHOH .uerronHpH3a-

UHH ./f--Me30HOB. npoH3Be,UeM 

rrpe.UCK838HHb!M II TeopeTif'IeCKH 

cpasnenue 

3/~f'o/. 
H3MepeHHb!X BeJIU'IHH f~ c 

Ecnu rrpaBHJlbHO rrpenrrono>KeHHe o CBH-
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an Ha6mo..ciaeMoil: .a.enonSipnaaunn /- -Me30HOB c KBa.opynonbHOil: .oecpopMauneil: 

' ' /15/ /?_ 
S!.llpa, TO_, cornaCHO TeopeTH'IeCKHM npe.llCKa3aHHSIM , Me.>K.llY BenH'IHHaMR VU~ 

nnSI yrnepona n BOnbcppaMa .[lOn>KHO 6biTb cnenyromee · cooTHoweHne: /,t2,/H'.::: 
f1{ IJ,'//a)e. npn STOM 'IaCTOTa npeueccHH B MarHHTHOM none cnHHa Me3oaTo

MOB BOnhcppaMa .oon>KHa coBna.oaTb c qacToToil: npeueccnn cnnHa "cBo6o.oHoro" 

Me30Ha, I-fcnonb3YSI HOpManbHblil: 3aKOH pacnpe.oeneHRSI OWH60K 1 MO>KiiO fiOKa3aTb 1 

'ITO cnyqafi fh/t"~ ::" fv.JA" OTBepraeTCSI 1 TaK KaK .t'V.:J# ;L. Sre.-,/7 .C •BepOS!T

HOCTbiO 70%, ~)Tc) 06CTOS!TenbCTBQ CBH.lleTenbCTBye.T 0 TOM·, 'ITO Ha6nro.oaeMyiO Ha 

onbiTe "nonHyiO" .oenonSipH3aUHIO Me30HOB Tp'y.llHO 06'bSICHHTb TOnbKO B3aHMO.llefiCT~ 

BHeM MeaoHa c KBanpynonhHoii .oecpopMauHeil: Sinp,a. ;Dnn· aToro Heo6"'o.oHMo npu,;. 

Bne'Ih eme H npyroe o.6o~~~eHue. Pe3ynhT~T~l ~~loj!<?··~:.;~n~,/-'d ~ .{t . :.u . .'~·. · ··· 
C 6onbWOii BepOS!THOCTbiO CBH.lleTenbCTByJOt B no.i:bsy ;oro, ~TO B cny'lae lJ/ '· 
Mbl HMeeM .oe:_no TaK>Ke H CO CBepXTOHKOil: CTpyKTypoii, o6ycnoBneHHOii CllHHOBOit 

CBSI3biO Me30Ha H aneKTpOHaMH BHyTpeHHeil: He.llOCTpOeHHOil: o6onO'IKH 5 d. . 
~ 3necb He06XO.llHMO 3aMeTHTb 1 'ITO HeCMOTpS! Ha TO, 'ITO aTOMbl MeTa.'ma BOnbcppa-

Ma HMeiOT O'IeHh Manbiil: acpcpeKTHBHblfi MarHHTHbiil: MOMeHT 1 HanpHMep,. no OTHOWe-

HHIO K aTOMaM XpOMa 1 B STHX OnbiTaX OH MO>KeT npOS!BHThCSI BCne . .llCTBHe .llOCTa

TO'IHO Bbicoxoil: 'IYBCTBHTenbHOCTH MeTana uccne.aoBaHHSI, DeiicTB11TenbHO, 

Me30Hbl HMeiOT MarHHTHbiil: MOMeHT Ha nopS!.OOK 6onbWe Sl.llepHOrO MarHeTOHa, 

. . -10 
a BpeMSI nepeBopoTa cn11Ha Me30Ha B none o6ono'IKH MeaoaToMa /...., 10 ceK I 

11a MHOrO nopS!.OKOB MeHbWe era BpeMeH11 >K113H11, 0'1eBH.llH0 1 .OnH Taro, 'IT06bi Bbi

weyKa3aHHbie BbiBO.Obi cnenaTh 6onee onpeneneHHbiMH, Heo6xo.auMo Ha6nro.oaTb eme 

Henocpe.aCTBeHHO KpHBbie npeueC.CHH CnHHOB Me30aTOMOB ~~ 1 .1% 11 ft/, 

Ha ocHoBaHHH npoBe.aeHHhlX uccne.aoBaHHii B .oaHHOil: pa6oTe 11 pa-

6 
/1,11,12/ 

oTax , MO>KHO cnenaTb cnenyromne BbiBO.Obi o npouecce .oenonSipn3auuu 

fl- -Me30HOB: 

1/ B38HMO.Qeil:CTBHe M8rHHTHbiX MOMeHTOB Me30H8 H aneKTpOHHOii 

o6onO'IKH OK83biB8eT BnHSIHHe H8 nonSipH38UHIO Me30HOB TOnbKO B Me308TOM8X _ne

peXO.llHbiX aneMeHTOB 1 naHT8HH.QOB H 8KTHHH.ll0B 1 H 

2/ yMeHbWeHHe CTeneHn nonSipH38UHH ~~--Me30HOB 38 C'IeT CnHH-.. 
op6HTanbHOrO B3811MO.Qeil:CTBHSI npOHCXO.QHT B 6 pa3, 8TOT pe3ynhT8T H8XO.ll11TCSI 

/6 7 I 
B xopoweM cornacuu c TeopeTH'IeCK11MH pactieTaMu, c.oenaHHbiMH B pa6oTax ' • 

Ohe.JJ.HHCRIIWA BHCTHTJT 'I 
~J:tepHlU !CC.Ie.ll6MHW1 

~ '" 6H6JU10TEKA 
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ABTOpbi C'lliTlUOT CBOHM IIpHSITHbiM .llO:XCI'OM II06li8I'O.ll8pHTh rrpocp, 

B,n, .ll:m:enenoBa 38 IIOCTOSIHHbiH HHTepec K pa6oTe, 3a o6cy:m:.lleHHe nony'len-

HbiX peaylihT8TOB 8BTOpbi 6li8I'O,ll8pHbi C,C, repwTefiHy, .ll,¢>, 3apeuKoMy II 

B.M • HoBHKOBy, 

5 6 7 

Jl,~f:!_:. Me30Hbl K>«ss1 II 

p If c. 1 

BnOK-CXEMA YCTAHOBK Vf 

1 ,2,3,4-CUifHTHliliSIUHOHHbie C'leT'IIIKII, 5-Me,llHbiH cpHlihTp, 6-MHWeHh, 
7-napacpiiHOBbifi cpHTihTp, 8,8-cxeMbi anTHCOBIIa,llenufi, 10,11-yciirrH
Tenu, 12,13-cpopMHpyrowiie ycTpoficTsa, 14-aa.llep:m:Ka t,. 15-aa
.llepmKa t.L , 16- TP!fl'r'~J1, 18,21-cxeMbi nporrycKaHHSI /"BopoTa"/, 
J 9,22-.llUCKpHM HH8TOpb1 1 17 ,20,23-rrepecqeTHble JCTpOfiCTBa, 24-na
M8I'HH'IIIB810W8SI K8TYU!K8, 
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