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I. Bnc,l\eH!'le 

norenrumnw nma "Maqxtmn nm" ( I.lT-norenu~mnw) ClHJJI'l aac,l\enw 

B CBOe BpeMR ,ll.J!Il BW'lHCJ!e!ll'lll 30!1!101\ CTpyKTypbl 3J!eKTpOHOB B MCTannax 

C TIOMOmbD MeTO)l.a npHCOe,l\l'lliC!IllbiX TIJIOCKHX BOJ!ll ( ililB) I'! MeTO)l.a 

KoppHHrH, Kana I'! PocroKepa ( KKP) /l/, l3 nocJie.n.uee apeMR oelJiacn 

npi'!Meneni'!R MT-noreHl\HanoB cymccrnenno pacml1pi'!Jiacb, OHH 

yCTIClU!IO Tipi'!MeHRDTCII ,ll.J!Il Bbl'li1CJ!e!ll'lll TIOBepXHOCTHhiX COCTOili111H 

3JI8KTpOHOB H 0!1!/!Ca!ll'!ll paccei!HHII 3JieKTpOHOB Hli!3KHX :mcprl'!il Jlll 

!10BepXHOCTH MCTaJIJ!0'
2/, ::JJICKTpOIIHhiX I!BJ!C!Illll nepCIIOCU ll ~::l'l,IUWX 

MeTaJIJia/3/, riJIOTHOCTH COCTOIIHIIH B Cn!laBaX,At/1'! aMopcjJHb!X !10!ly

!1pOBO,I\HHKaX/5/, 3JICKTpOH-¢OHOHHOrO B3ali!MO,I\ellcTBI'lii/G/, CTICKTpa 

3JI8KTpOHOB B KOMTIJieKcaX I'! MOJ!eKyJia~?/, 3TO CBR3aHO C TCM, 'ITO 

BBC,ll.CHHe lv!T-nOTCHUiilllJ!OB cymecTBeHHO ynpomaeT pemeHHe COOTBeTCTBYD

men O,ll.HO'laCTll!'lHOn 3a,ll.a'll'l, npH'leM BO J.&HOrMX CJiy4ai!X TIOTCilUMaJ! 

OTili!CHBaeTCII ,ll.OBOJ!hHO TO'lHO C HX UOMOIJII>Il, 

BBe.n.enHI! MT-notenuHaJIOB 04CBli!.I\HO, ecJIM MH onMCHBaeM .I\RM11Cllli!C 

sJieKTpona KaK MHoroKparuoe pacceRnMe Ha HHX, ]{ H6li!ClO-

nee cymecTBeHHHM npeHMymecrnaM ynou:RHyToro u:eTO.I\a 

CJIC.liYillllll!e: 

OTHOCS!TCH 

I, B 3T0).! MeTO,llC CTICKTp 3JieKTpOHOB OTipC,I\CJIS!CTCil C,I\BMraJ~M ¢a3 

pacceRHHR H nonoxenmRMH MT-noTeHUHanoB B npoctpanctae. 

s- 'p-
Ill d- <!Ja3bl pacceRHll!ll, DOCKOJ!bKY BCC OCTaJ!b!lbiC cpa3bl IIBJIIllJTCll 

npeneelpeXHMO MllJ!biMH, 

2, TaK Ha3hiBaeMWe CTpyKTypnHe KOHCTaHTH, KOTOpble npe,l\CTUBJ!IlllT 

co6ol\ xapaKTCpli!CTI'!Kll! npocTpaHCTBeHHOn CTpyKTyphl, HC CO,I\Cp~~T 

IIT-noteaumanoB, 
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3. B rrpOCT~X MeTannax ~3ll pacceHHHH HBHHDTCII OTHOCHTenbHO 

Manh!MH, Tor.n:a KaK a rrepexo.n:aux MeTannax c.n:awr d-<Pa31>~ HMeeT 

pe30!laHC. 3TO OdCTOIITeJibCTBO CHJibHO OdJierqaeT KaqeCTBeHHOe 

ITOHHMamre 30HHOll CTPYKTJpb! If p11.n;a ,llpyrHX CBOi1CTB MeTaHJIOB. 

Cne.n;yeT OTMeTI1Tb, 4TO B pn.n;e CJiyqaeB B03HHKaeT 3a,n:aqa 

OITHCaHHII yrrpyroro paccei!HHH Ha KOHeqHon COBOKJITHOCT!f aTOMOB. 

JTOT ITO,ll;XO,ll OKa3llBaeTCH BeCbMa ITOHe3Hb!M .ll:JIH OITHCaH!fH CITeKTpa 

3JieKTpOHOB B Be~eCTBaX , y KOTOp~X OTCJTCTByeT ,ll;aJibHHi1 ITOpil,ll;OK, 

HO COXpaHHeTCH dJIHXHH~. HarrpHMep, a reopHH a~o~opPHux 

nonynpOBO,ll,HHKOB lfCITOHb3JCTCH KJiaCTepHblll ITO,ll,XO,ll; .ll:Hl! Bll4!fCJieHHH 

TIJIOTHOCTH COCTOHHHH 3HeKTpOHOB/5( • Knacrep, COCTOH.Hll H3 He

CKOHbKHX 1IT-TIOTe!lU!faJIOB,yCTieJlJHO rrpHMeHHCTCH H Mil H3y4eHHH 

3HCKTpOHHOH CTpyKTypu .l{e¢eKTO/S,g/, KOMITHeKCOB If MOHeKJJI/7/ • 

KpoMe TOro,H Mil Bll4!fCHeHHH 30HHOll CTpyKTypbl C TIOMO~hD Mero.n;a 

KKP a cnomi!H crpyKrypax rrpHMeHeHHe Knacrepoa TaKl!l:e Moxer dhlu 

rrone3HUM t10/. 

I\nacrep, COCTOHli{HH lf3 HeCKOflhK!fX aTOMOB, rrpe)(CTaBHl!CT COdal! 

HecrpepH4CCKl1H paccewaaTeJih. IT03TOMY Odbl4Hiilt MCTO.l{ napUHaJihHblX 

BO.'IH HenpHMeHHM. Bo3HHKaeT BOITpOC, KaK MOltHO y.n;odHblM Odpa30M 

xapaKTCpH30BaTb yrrpyroe paCCCHHHC Ha HeccpepH4CCKOM ITOTCHUHaJie. 

13 pad ore Ail Bhl4HCJIHnach aMTil!HTY .n:a paccel!HHH Ha HeccpepH4ecKoM 

pacceHBaTene C ITOI.!OI!lhll pa3JIOlll:eHHH TIO cipepH4eCKHM rapMOHIDtaM. 

.i3 HaCTOl!li{CH padoTe Mbl dy.n;eM HCITOHh30BaU pa3HOll:eHH6 ITO COdCTBeH-

HIHI <PYHKUHHM S- uarpRuu, KoTopoe HB»Hercn odo6U~enHeM uero.n:a 

rrapUHannnux Bonn. 
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2. OdodiUeHHbiH MeTO,ll napUHaJib!IblX BOHH 

B MeTo.n:e oelodll(eHHUX napUHB.IlbHhlX aon11 ynpyroe paccenmw omr

cuaaercH codcraeHH~MH aMII»Hry.n:aMH H odod~eHHhlMH cpa3aMH. Caollcraa 

ododmeHHllX cpa3 o~:~,.H odcylE,II,eRU Jl.eMKOBb!M H Py .n;aKOBb!M/I
21. Bb!qHcne

HHe oc5oc5meHHllX cpa3 Mil Hec<jJepwqecKOfO ITOTCHU!fana HBJIHeTCl! CliOmiOii 

npodJieMoll. 0)(HaKo Ha.Mlf duno ,ll,OKa3aH/IJ/, qro a cnyqae, Kor.:~a 
pacCe!fBaTeJib COCTOlfT H3 HerrepeKpUBalll!IHXCi! MT-llOTCI!UHaHOB 1 3Ta 

3a,n:aqa CBO)(HTCl! K CHCTeMe O,ll,HOpO,ll,I!blX ypaBHCI!Hit, a ododmemme 

cpa3U OTipC,ll,CflilllTCH CCKJHi!pllllM ypaBHeHHCM. Ani! qacTHOfO CJiyqaH 

ITOTCHUHaJIOB HJJICBOfO pa,D,Hyca 3TOT pe3yJibTaT dllJI yJT.e TIOliJ4CH B 

padore II2/. ITpe.n;cTaBJil!eTCl! HHTepecHUI.! npoaHaJII13Hpoaau rroae,D,e

mre OdOdll!CHHblX cpa3 4lfCJieHHllM MCTO.ll:OM. ll )l.aHHOlt pad ore 3TO r:iuno 

npo,D,enaHo ,D,JIH cnyqan ,D,ayxaroMHoro Knacrepa. 

KaK duno ,ll,OKa3aHo, o<lodmeHHb!e ipa3b! 7,_ onpe.n:enmncn 

cne.nyllll!HM odpa3oM. EyAeM npeArronarau, qro noreHUHaJI rrpe.ncraanaer 

codoil coaoKyrrHocu N IJT-norenUHB.I!OB 

N 

V<r) = 2. trCit!-R.,I), 
n 

(I) 

n-1 

r .l{e MT-norenui.ranu V'n HMeDT c,JJ;BHrH cpa3 pacceHHHH '7~ 

BOJIHOBaSI cpyHKUHl! CBH3aHa C COdCTBeHHOH tPYHKUHelt S- MaTpHIJ;bl 

lf RMCeT CJieAJDIURlt aCHMTITOTH4eCKHlt Blf)(t 

ctAC;)-- _1_ {A c-) -i.(l(r+?)) A .. - -4.(1(r+'?l.)l ...... ~ (2) 
lt.Kr Ane - >-Cn>e J,n"'r' 
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n.e A>-fn)-codcTBeHHhle aMnJIHTY.l\hl 11 K= fE . 
AHTIJII1TY ,1\U pac ceRHJIIR f (Yi, Yl') BhlpallaeTCR qepe3 COdCTBeHHhle 

m.mJIHTY ,1\hl 11 ododuteHHhl e cpa3hl : 

It~ . .2.1. ...... A .... f(n n') = z: 2. C e ?)._1) A:\<n) ).(n), 
' ').. -

(3) 

r.n;e n H n..' - e,l\JIIHH'IH!Je BeKTOphl, xapaKTepH3YDIJIHe HanpaBJieHHR 

na.n;an~J~en 11 pacceHBUDIJie~ BOJIH. Odod~J~eHHhle ~a3hl onpe,n;eJIRDTCR ce-

KYJIRpHNM ypaaHeHHeM 

i) ~l r c- "I clet I N '-L -cob;\ ]'-~ + o,.1 o~..~ cohlt = 0 
(4) 

~i t.j 
CTpyKTypHhle MaTpi1Uhl N 11 J MoryT dhiTb 3an11cmm B 

Lt: LL' 

Bl1,lle: 

N1.j "'=' t-.t.'+t." y ..... ( ) 
• = ( 1- &,J lt'IT L.. C .• 1.. Ylc(l( R,..) .(!~H). 5 

LL: • I! L L L: • I: t ' 

]1.1 
L~ 

r- .(-..t'+£". y -
4-H L_ [ i -t (IC R .. ) (R.J 

~ L L L' a t• "') ~· "• , 
( 6) 

r .ne ai. ) Y\..(. - c~epl1'leCKHe ~YHKUHJII I>_:cceJIR _!i He~aHa, ~ -

ne~J~eCTBeHHLie ccpepH'IecKHe <jlyHKUHH, R~i = R"-- R1 . L 

Od03Ha'IUBT KBaHTOl!H e 'IHCJia MOMeHTa KOJIH'IeCTBa )(BJI!ll:eHHR .£, m. 

Ko3$11HUHeHTLl KJiedm-rop.noHa eLL L' onpe.n;eJIRIJTCR ypaBHeHI1eM 

C~.. ...• = ( cJ.n Y(n) Y<Y1> Y<ri> 
'- '- ) L !.! L" . 

(7) 

il CJie.!(yiOllleM pa3)(eJie ypaBHeHHe ( 4) aHaJIJt3HpyeTC1! 'IJIICJieHHblM MetO,II;OM. 

& 

'1 

\ 

] 
J 

3. qHCJieHHble pe3YJibTUThl 

MLI paCCMaTpHBaeM KJiaCTep, COCTORIJII1ll 113 )(BYX O)(HHaKOBb!X 

aToMoB. ~JIR 'IJIICJieHHhiX pac'leTOB dhiJI B3RT MT-noTeHU11aJI yrJiepo.na, 

KOTOphl~ TaKXe 11Cl10Jib30BaJICR B padoTaxf
5/ )(JIR Bhi'II1CJieHI1R ITJIOTHOCTI1 

COCTORHHH 3JieKTpOHOB aMOp¢Horo yrJiepo)(a. CoOTBeTCTBY~He cpa3LI 

pacceRHHR noKa3a.Hhl Ha pHc. I. C.lllmr d- ~a3bl oKa3biBa eTcH rrpeHedpeJI(Il

Mo MaJihiM. TaK KaK paHr orrpe.n;eJII1TeJIR (4) 3aBHCHT oT '111CJia 

MT-cf!a3 ( 1 s- H 3 -r-<Pa3hl )(JIR Kal!:,n;Oro llOTeHUHaJia), MlJ rroJiy'laeM 

8 OdOdllleHHhiX ~a3. qHCJieHHble pe3yJibTaThl npe)(CTaBJICHbl Ha p11c.2, 

rrpH'IeM paCCTORHHe Mel!l:)(y RMaMH paBHO paCCTORHHD MelK.JlY dJII1liia~UIH!.!I1 

COCe)(RMH B pellleTKC aJIMU3a • liOCKOJibKY )(ByJCaTOMHbl~ KJiaCTCp IIBJIIIeTC II 

OCeCHMMeTpi1'1HhiM,OdOdiJieHHLie cpa3bl XapaKTepH3YDTCR MOMeHTOM KOJ!ll'ICCTBU 

)(BJIIXeHHII 'm B)(OJ!b OCH 11 'leTHOCTbiO. B rrpe)(eJie )(JII111HhiX BOJIII JlC

C(pepH'IHOCTb TIOTeHUHaJia He HMeeT 3Ha'leHllR,I1 OdOdiJieHHhle ¢a3bl 

MOXHO KJIUCCJII~Hl\HpOBaTb TIO KBUHTOBOMy 'IHCJIY to TaK 'ITO 

2( +1 
np11 ~<.- o 7~ dy )(eT nponopUHoHaJibHa ~ o , r .1\e 

-to= O,I ,2 •••• Ho3TOMY ododJneHHhle ~a3hl MOlltHO odo3Ha'laTb 

aHaJIOfH'IHO ($epH'IeCKOMJ CJiy'lall B Bl1,l\e ( -f.o, m) ~ qeTHOCTb 

Y'IHTiniaeTcR,KaK odhi'IHO, c noMO!Ilbll <}laKTOpa (-1) to. !f3-3a 

CHMMCTpHll OTpal!:eHI1R Bee cpa3hl
0 

KpOMe 1'YI. ~ 0, RBJII!IOTCR ,1\ByXKpUT 110 

Bupolit~eHRLIMH. IIp11 E > 0 odJiaCTb H3MeHCHI111 ododmeHHUX <Pa3 paBna 

0 <. 7 ...:..'IT • KaK dhiJio noKa3aHO B Jndore 
13 , 1. nptf E > 0 

). ., ), 

He Mol!l:eT npHHMMaTb 3HaqeHJUI nTL j ( Y\. = 0, l, 2 - ·) • I1p11 E = 0 

.ILBe lpa3hl (0,0) l~ (I,O) oclpamaiOTCR B HYJib. CorJiaCHO Teopel.le 

TieBlfHCOHU Jlb.HHU~ KJiaCT€p HMeeT .!(Ba CBI!3aHRhiX COCTOIIH1111. J13 TeopeMhl 
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1r 

lV2. 
p 

s 

o.s 1.0 E/Ry 

P:cc. [. w:n~ pocc,JHlUH JT.,.JUI i iT-rroTcm;:rp:ra yr.T~;JO.'W 

'I' 

11k 

o.s 1.0 E/Ry 

P:rc.,~. OCioc'utemuL) ._:a3H pacc:;mum )f,Jm .D;ByxaTm.moro IomcTcpa 
yr.JI,][>OA3 

• 

Heltuaaa-B~raepa cne~er, qro o6o6meaHNe ¢a3N, oTHocam~ecH K o~

HOMY H TOMJ xe HellpHBO~~MOMJ rrpe~CTaBneHJ.no, He MoryT nepeceKaTbCH 

~pyr C ~pyrOM /12/ • JTO BH~HO H3 pHc.2, B '!aCT!lOCT~,MH rrapN 

¢a3 (0,0) H (2.0) , a raue ~nH rrapu (I,O) H (3.0), Koropue 

IlpHHa~neJB:aT O~HHaKOBUM Hellp~BO~!.!h!M IlpB,I\CTaBnBHHR!.!, 0606ll{BH!lbl8 

¢a3U (I, I) H (2' I) He 3aBHCHT OT s- ¢a3U MT-noreamranon. 

MHoroKparHoe pacceHHHe Melle~ r,IT-TIOTBHl\HMaMH cno~HTCH K pacmerrne

H!Ul cnacloro p-pe3oHaaca Ha ,II;Ba pe3oHaHca ~nH o6o6meHHLIX <Pa3 

( I, I) H (2, I). 

Pac'!eT o6o6meHaux <Pa3 c TIOMombD ypanHeHHH (J) rroxo~ Ha 

BU'!HCneHHB CBH3aHHNX COC TO.RHHi1 ~.R IlOTBHUHana (I) • lillK clblnO 

rroRa3aao B pacloTe/IJ/, ypaaneHMe M.R pac'!era ypoaaei1 3HeprMM 

CBH3aHHbiX COCTO.RHHi1 llOHy'!aBTCH HBilOCpe,II;CTBBHHO H3 (4). ecnM Mb1 

rrepexo~MM K E < 0 H 3aMeH.Reu cot '1>.-- 1. . 

Cne~eT OTMBT~Tb, '!TO pa3BHTblll HaMH MeTO~ MOlitHO 0606ll{HTb Ha cnyqai1, 

KOr~a COBOJ\YllHOCTb MIT-IlOTeH~HanOB OKpyxeHa ~pepH'!eCKHM ITOTBHUHa

HOM. J!y MO~enb MOXHO TaKJB:B IlpMMBHHTb M.R OllHCaHH.R yrrpyroro 

pacce.RHHR 3neKTpOHOB HH3KHX 3HeprHR Ha MOHBKYnax. ITpHMBHHMOCTb 

MT-llOTBHUHanOB B TeopHH lfi.CCe.RHHJt Ha MOneKynax OCTaeTC.R eme He

BblRCHeHHOll. :liU:ellTCJt BCe OCHOBaHIU C'!HTaTb, '!T.O 3TOT llO~XO~ cly~eT 

BeCbMa ~eKTHBHUM B 3TOll o6naCTH, TaK KaK paCCMaTpHBaeMa.R MO~enb 

ycrremHO HCilOHb30Banacb ~R Bbl'!HCneHHR CBR3aHHUX COCTOHHHi1 

3HBKTpOHOB B MoneKynaxf7/. 

• 
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HeT ~H npo6e~oB B BameH 6H6~HoTeKe? 
8bl MOJKeTe UOJIY'IHTb no UO'ITe nepe'IHCJieHHble HHJKe KHHrH, 
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