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.@ 06DemmeHHLlH HHCTHTYT smepHLIX HCÇJle,ltOB8HHH lly6Ha, 1987 

I.Tononor~qeCK~e ·conHTOHW B Mo~en~ CK~pMa/I/ nocne nOflBneH~fl pa
60T/ 2/cTanH o6~eRToM ~HTeHCHBHoro Hccne~OBaHMfl (cM.,HanpHMep, OÕ30
PbJ/3, 4/) .Bo.nsmoá HHTepec B nocnermae ro~bI npaanexna BbICKB::JaHHafI eme 
~/I/ H~efl O TOM, qTO T~rrO~OrHqeCROMY HHBapHaHTY B 3TO~ Mo~enH COOTBeT

cTByeT 6apHOHHN~ 3apfl~, TaR qTO con~ToHN C e~~HHqH~ Tononor/qe~/HM
 

3apfl~OM ( Qtop. 1 ) eCTeCTBeHHO paccMaTpHBaTb RaR 6apv.oH~ 2, •
 
Cne~eT OTMeT~Tb, qTO ~BO~CTBa TononOrHqeCKllX nORanH30BaHHUX pellieHH~
 

B Mo~enH CKv'pMa He MorYT 6NTb ~3yqeHN ~OCTaTOqHO nORHO 6e3 HHTeHC~B


Horo v,cnonb30BaHv,fl 3BM. HaH60nee nepcrreKTHBH~ 3~eCh npe~CTaBRfleTCfl
 

MeTO~ HCCne~OBaH~fl, OCHOBaHH~n Ha MHHHMH3aUHH WyHK~~oHana 3Hepr~H E 
npH 3a~aHHOM Qtop . 3T~M MeTo~oM aBTopoM 6b~~ o6Hapy~eH~ Tpex
MepHwe Tononor~eCR/~ conHTOH~ B Mo~en,H weppOMarHeT~Ka C KOHKypHPyro~H~ 

MV. B3aHMo~e~CTBv'flMH 0/. ITO~06H~~ rro~xo~ npHMeHflnCfl~ní no~eHHfl 
HHCTaHTOHOB B pemeTOqHO~ KBaHTOBO~ XPQMO~HHaMHKe (CM. 6,7 ~ ~HT~pO
BaHHyro TaM. nHTepaT·YPY) H ~BYMepHO~ õ -MO,IJ,e.JIH Ha pemeTKe/8/ RaK 
MHH~MYMOB COOTBeTCTByro~HX WYHKÚv.OHanOB ~enCTBHfl. 

B HaCTo~e~ pa60Te npe~CTaBneHa MeTo~HKa qHCneHHOn MHHv'MH3~H~ 

pa3HOCTHoro aaanor-a WYHKL\HOHMa 3Heprmi B MO,IJ,M~ CK~pM8 B TpeXMepHOM 
npocTpaHcTBe. 

2. IlJIoTHOCTh narpaaxaaxa B Mo~enH CKHpMa sanacuaaerca B BV.;r:r,~ ~ 

La ib-FiTr( ~p ô}(u+ 1+ ~ Tr ,r ((Ô~ U)U+, (o~ U)u+ ] 21 (1) 
J2e ~ 

C7
3,rr,eCb U(X;c) - yHHTapHble 2x2 M8TpHUbI rpynnu SU(2) , ~. 'ô x 
~ = O~I,2,3, , • 186 Mev - nOCTOflHHafl pacna~a n~~a,Xo• t Frt 

e - 6e3pa3MepH~n napaMeTp. ~cnonb3Yfl Bb~aJKeHHe U qepé3' MaTp~~~ 

ITa.yn~ t[; a " a = I, 2, 3 

22' 
U • l.fo· E + 1 1:a tfa ' tf o + cfa • 1 , (2) 

MO*HO ITQnyqHTh 60nee Y,IJ,06Hyro ,IJ,Rfl ~ccne~OBaH~fl Ha 3BM 3anMCb/9/~ 

I r 1. 2 ]L. ~Fi 'OI' I.fo( • ()f4e; - t{e~L('o~ tf(~J (or tft) - (~ <to( •0v fo() (~tfr .ôylfr) , (3) 

f' ' v,ot. , .( = 0,1. , 2, 3 . 

1~'\CiU~ii~IHI1;Jill KHCT21'Y1 \ 
Uf.j+!1\dX Me c."J~l\OmUl~~ 

I'l1h ft~H""lTr=84Á· 



B ~cnonb3yeMoM no~xo~e AOCTaTO~HO paCCMaTp~BaTb CTa~~OHapHWe 

KOHlfJ~rypaq~~ : 'Ot Lfo< = 00Lfo( = O .)1,JIfl H~X 

HCT .. - Ler' 

Her ... ~ F~('ài~· 'Oi epO<) + 4~2 ~Oicfo(. 'à i~)2_(Oitfo{· 'O i LfO<)2] (4) 

i,j ... 1,2,3 • 

3. Ha TpeXMepHOv. penerxe ~HTerpan enepraa Ec.r" f H
CT 

d 3x annpox
c~M~pyeTcfl CYMMOV. no BceM Y3JlaM M(xc'yc' zc) , paccrcanae MeiK,IJ,Y 
KOTOp~~ h Bw6epeM o~~HaKoB~ no BceM OCflM Ox, Oy , Oz 
By~eM ~cnonb30BaTb ma6nOH ~3 24 To~eK, flBnflro~~xcfl COce~MH ueHTpanb
Horo ysna M • ITpoHYMepyeM 3T~X coce~e~ cne~o~~M 06pasoM: 

N(xC+h,yc'zC) a 2 , '11I 6N(xc+2h,yc' zc)
 

N(Xc-h,yc'zc) ... 4 , a 8 ,
N(Xc-2h,yo'zo)
 
N(xc,yc,zc+h) .. 15, N(Xc+h,yc,zo+h) ... 19
 

N(Xc-h,yc,zc+h) ... 20 , N(Xc,yc,zc+2h) • 16
 

N(Xc,yc,zc-h) = 14 , N(XC+h,yc'ZO-h) .18 , 

~(Xc-h,yc,zc-h) = 17 N(xc,yc,zc-2h) a 13 

~(Xc'Yc+h,zc) • 3 N(xc,yc+h,zc-h) a 22 ( fi) 

N(xc,yc+h,zc+h) ... 23 , N(xc'Yc+2h,zo) ... 7 

N(Xc,yc-h,zC) • 1 N(xc,yo-h,zc-h) • 21 

N(xc,yc-h,zc+h) • 24 , N(xc,yc-2h,zc) a 5 

N(Xc-h,yc+h,zc) • 11 N(xc+h,yc+h,zc) • 10 

N(xC*h,yc-h,zC) • 9 N(xc-h'Yc-h,zc) • 12 

3aweHHfl npO~SBo~~e B COOTHomeHHH (4) KOHeqHHMH pa3HOCTflNH H 
BHnOHHHH B 6eCKQHeqHO~ cy~e Hecn~e neperpYnnHpOBK~ qneHOB, nOHY
qHM ~nR 8HeprHH E nOKan~30BaHHOrO' pacnpe~eneHHfl nonfl CK~pMa BHpaKe
HHe B BH,n,e Cywbt no scex ysnaM li rpexaepaoã Ky6~ecKoti paneTKH (ae
TPY.lJ,HO noxaaars , qTO OHO naer ,IJ,HCKpeTHytO annpOKC~Ma~RD O(h2) HCXO,n,
soro aenpepssaoro raJIMJIbTOHHaHa E.SHd3x (CM. (4)), 

2 

E= h 3 L.H~iB; Hd~B = Fi [C + (Lf .V)] (6)2 cahM 

C ... 6 + 2 2
1 

2 (6 - -S-1 
D) ,

2h e F.1L 

D = cfZ(~23-~24)f7~cUY(~23-~24)~16-cbZ(~24-~21)~5-Cdy(Lf22-~21)~13 + 

+cr z (Lf'19-!.f1a)l{J6+cux(lf19- 1f20)!.f16-c.e z(!f20-'f17)fa- dx(lf1a-lf17) lf13 + c


+cry(Lf10- 'f9)lf6+cfx(lf10- lf11 )!.f7-cgy(f11-Lf12)fa-cbx(tf9-lf12)lf5
 

Cry = (Lf'10-lf9) (lf6- lfc ) , cf x = (lf10-<f11)(tf7-lfc) , 

0fy = (!.f12-!f11)(tf8-'fc) , cbx = (tf12-<f9)(tf5-lfc) , 

cr z ... (Lf19- 1f18)(l{'6-!fc) , C ... (Lf19- lf20) (tf16 - !fc ) , (7)ux 

clz ... (tf17-~20)(~a-lfc) , Cu = (Lf17- 4'1a ) ('f13- lfc ) 

cf z = (cf23-\f22)(Lf7-'fc) , Cuy = (~23-~24)(f16-lfc) 

cbz • (lf21- 'f24)(lf5- lfc) , cdy ;;: (tf21-lf22)(!.f13-lfc) 

V a V(2) - (lf 1+ lf 3 + 4>2 + lf4 + lf14 + 4115) , (8) 

V(2) ... c 5Lf5 + C6~6 + c7~7 + c8~a + c13~13 + c16Lf16 

1 
+ -S-( C9lf9 + C10lf10 + C111Lf11 + C12lf12 + C·174l17 + C18lf18 + 

C19lf19 + c20lf20 + C21~21 + c22tf22 + C23~23 + C24f24) , 

C5 ... (lf9 lf 12 +<f21lf24)·~- 2, 'c6" (Lf9 Lf'10 +t.P19lf18)·~- 2 

. 1 I () • 1 
c7 = (tf10lf11+lf22lf23)·~- 2, ca = (t.f'11'1'12 +tf 20 tf 17 ) ~- 2, 

= (tf21 tf22 +l.f17 1.f18)·i - 2 ,-c 16'" (lf23 lf 24 +tP19<.f20)·~- 2,c13 

3 



3p;eCb ~, v , V(2) - ~eTHpeXKOMnOHeHTHHe HSOTOn~eCKHe BeKTOp~, 
/«.fi 1 ... 1 , i = 1, ••• ,24, I tP I a 1, HX napnue nponaseneaaa no-c 

HHMalOTCfl KaK CKaJIHpHhle HHp;eKc'c' coorserceeyer "QeHTpaJIbHOMY" YSJIY 
d" ,

M . Ben~HHa H 1B HBJIHeTCfl nOJIHHOMOM BTOpO~ CTeneHH no KOMnOHeH-

TaM sexropa t.f ' IlOSTOMY P;JIH nocrpoeaaa a.JIrOpHTMa MHHHMHsaQHH aaepc 
rHH E 6hma BH6paHa cnenyiouraa nrepauaoaaaa npouenypa: p;nH BhItIt1CJIeHt1fl 

KosqxpHlT.HeHTOB	 Cry , cf'x' ••• ' cdy (<p0PMYJIbI (7)) HCnOJIbSOBaJIOCb 

saaveaae r.fc	 no 06HOBJIeHHfl. ~aJIee t1S JIt1Hel1Horo OTHOCt1TeJIhHO tf~ew 

Hdi s BblpaJKeHHH,IJ;JIH HaXO,lJ,HJIaCh BeJIt1trHHa 

v	 (IO)t.f new ... - TV'I	 ' c 

COOTBeTCTBYIDru.aH MHHHMaJIbHOMY sHatreHt110 
2 ' 

'Rd i B • F:Ji [CC e.p ) _ I V I ] <II)-~in ~ ~ 

npH <pHKCHpOBaHHbIX sHatreHHHX ~i' i. 1, ••• ,24 • ]OKaJIbHafl Mt1HH

MHsaQHfl BbInOJIHflnaCb nOCJIep;OBaTeJIhHO BO Bcex Y3JIaX pemeTKH (HTepaQt1fl). 

~fl ~HCJIeHHOrO Hax0*,Il;eHt1H MHHHMYMa ~YHKQHoHana CJIe,n;yeT BbInonHHTb He

06xop;HMoe ~HCJIO t1TepauHH. 

4. B xop;e BhItIt1CnHTeJIbHh~ SKCnepHMeHTOB c TOnOJIOrHtreCKt1Mt1 COJIHTO

HaMt1 Ha pemeTKe BaJKHO KOHTpOJIt1pOBaTb coxpaHeHHe TOnOJIOrHtreCKoro sapflp;a 

Qtop , KOT/Ejil, sooõme roaopa, 'B peaerouaax BhItrnCJIeHHflX MOJKeT He 

coxpaHHThCfl 0 • Bent1~HHa Qtop B MOp;eJIH CKt1pMa o~pep;eJIfleT CTeneHb 

'oTo6pa'KeHHfl na ep;HH~HYIO cóepy 83 rpexsepaoro npocrpaacraa R3 c 

YCJIOBt1eM lf <I r I • DO) =' tf00 consto Mbl HCnOJIbSOBaJIH ,IVIR BhltiHCneHHfl:li 

Qt MeTop;HKY pa60TbI/ I O/. Op;HaKo B HailleM cJIytrae Heo6xop;HMO nosa6o
IO/THT~~fl, ~To6bI 3HatreHt1e npo6Horo BeKTopa/ Ha c~epe 83 He cOBnap;aJIO 

co sHatreHHHMH BeKTopoB B YSJIax pemeTKH. TaKoe cOBn~eHt1e npOt1CXOp;t1T, 

HanpHMep,'eCJIH	 np06Hbltí: sexrop HMeeT BHP; ( Ri - ep;HHHmibIe° , -li ), 
OpTbI oce~ Ox,Oy,Oz ,HanFt1Mep, ( o O~O,1/1 2/ ), a Ha peweTKe
3a~aH c<pepH~ecK~-c~eTp~HhlHCOJIHTOH ~KHpMa ' ("CKHPMHOH"), CM.HH*e
(13)). 

5. 06cyp;mJI p;aJIee nOCTaHOBKY rpaHHtrHhIX YCJIOBHtí. "BHeIIIHt1e" rpamltrHhle 

YCJIOBt1H, annpOKCHMH~YIOru.He Ha pemeTKe KOHetrHOro pasMepa,lxl ,Iyl, Izl 
'" ~a.x ' YCJIOBYl:e aa npocepaaceaeanoã 6ecKOHetrHOCTYl:, t..P (00) = tp00 ~op

MYJIHpOB8JIOCh CJIeAY!Oru.Yl:M o6pasoM: B YSJIax, oKp~alOru.Yl:X KOHe~HYIO paCtreT

HyID pemeruy, lfJ( "" tp00 

BhItIt1CJIYl:TenhHbIe 3KCnepYl:MeHTbI c QeJIhlO 9KOHOMYl:t1 pecypcoB 3BM ~eJIe
coo6pasHo npOBOp;t1Th Ha treTBepTH pemeTKYl:, HaXO,IJ;Hru.ev,cR BHYTpYl: p;ByrpaH

nor-o yrna Me)l{,IJ,y nJIOCI<OCTHMYl: Oxz Yl: Oyz , npOXO,D;flru.HMYt uepes 
OCh CYl:MMeTpt1t1 OZ . IlpYl: STOM' Ha nJIOCKOCTHX oxz Yl: Oyz Sap;aIDTCfl 

"BHYTpeHHYl:e" rpaH~HbIe YCJIOBYl:fl, OTpaJKalOru.He npep;nOJIélraeMYID CYl:MMeTpmo
o 

Yl:CCne,n;yeMoro pemeHHfl OTHOCYl:TeJIhHO nOBopoTOB Ha)O BOKpyr OCYl: OZ 

Upt1 Yl:CCJIep;OBaHHYl: 60JIbmt1HCTBa sap;aq B MOp;eJIt1 CKYl:pMa cne~eT, KpOMe 

Toro, p;OnOJIHYl:TeJIbHO ~t1~bIBaTb CYl:MMeTpYl:1O OTHOCYl:TeJIbHO cpep;HHHoti TIJIOC

KOCTt1 Oxy ,trTO nOSBO~HeT ~e nOtrTH Bp;Boe COKpaTYl:Th trYl:CJIO paCtreT-

HbIX YSJIOB. 

6. Bsenex yp;o6HbIe ,IVIR ~t1CJIeHHbIX pacueros õespaanepaue nepeMeHHble 

xi'r "li , E ,	 Í\nax : 
, .... ,... ,..." F.1( r-" 

I:	 
(2)xi • eF.x xi ' r "" eF.:rc: r ., b eF" h , E = e-E 

!\nu I: eF9t í\nax • 
Ha OCHOBe OITHcaHHOro B n.n. 3-5 anrOpYl:TMa 6bm cosp;aH KOMnJIeKC 

nporpaMM ,Ha <popTpaHe Yl: npOBep;e~bI KOHTpOJIhHbIe paCtreThl. E~o npOBepeHO, 

~TO BaKYYMHoe COCTOflHYl:e,HanpYl:Mep. f. = (1,0,0,0) P;JIfl Bcex YSJIOB 

M , SanOJKeHHOe B KaqeCTBe HatraJIhHOrO pacnpe,n;eJIeHt1fl ,IVIH nOCJIe,IJ;ylOru.eM 

~t1CJIeHHot1 MYl:Ht1MYl:SaUt1t1, coxpaaaerca B t1Tepal!t10HHOM nponecce , ):laJree 

6hlJIO npoBepeHo? ~TO paSJI~Hhle npo6HUe pacnpep;eneHYl:fl C TOnOJIOr~eCKYl:

M~ sapH,IJ;aMt1 Qtop'" 0,1,2 , He flBnHIOIU.Yl:eCH MHHt1~~MaMt1 SHeprYl:Yl: ?PH 

sap;aHHOM Qtop' B npoL\ecce BbItlYl:CJIeHt1tí: MOHOTOHHO YMeHbmanT CBOIO 3Hep
rmo E ' 

Bonpoc o MHHHMaJIhHbIX p;onYCTt1MbIX pa3Mepax pemeTKt1 pemanc, Sap;aHYl:eM 

B KatreCTBe Ha~anhHoro pacnpep;eJIeHt1R CKHpMHoHa c Qtopc1 /1,2 . 

• exp [iF(r)i li ] I: cosF(r) + i f n sin F(r) ,Us o1	 (3) 
.... r 
n • m' F(O) ...1( F(OO) ... ° , 

2b (3p;eCh F(r) - npo<pYl:nbHap. ~YHKQt1R COnYl:TOH8, Ha~,n;eHHafl trt1CJIeHHO B/

~oKa3aHo/II/, trTO H~ pacnpep;eneH~H (13) ~OCTYl:r8eTCH a6co~IDTHbI« M~t1

J
 
~ 1 MYM ~YHKUYl:OHaJIa E B KJIaCCe ~yHK~t1n c Qtop = 1 • B Hamt1X pacqe


Tax t1CnOnbSoBa~aCh TpexMepHafl' Ky6Yl:treCKaH pemeTKa c ~Yl:CJIOM YSROB no
 

OCRM BYl:Aa \
 

Lx ... N+1, L	 • ~+1 , (14)
y Lz.'" 2N+1 
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(ecmt npennoxaraerca c.HMMeTp~HI OTHOCVlTeJIbHO l1JIOCKOCTVI Or:! ,TO 
L = N+1 ). OKaSaJIOCh, ~TO npVl R =5, N=12 COJlVlTOH (13)·z -m~ 

6bICTpO pa3pymaeTcff B VlTepauHoHHoM npo~ecce, np~~eM 3HeprVlR pacnpe,rr.e
JI~HVlR YMeHbillaeTCR, cTpeMRcb K HYJlID. ITpVl YBeJlvt~eHvtvt 4vtCJla N CKOpOCTb 1 
YMeHbilleHvtR 3Heprvtvt 6~CTpO na,rr.aeT: npvt N = 15 OTHOCVlTeJlbHOe Vl3MeHeHVle 

E aa ~eT~pe vtTepaI~VllJ: COCTaBvtJlO 0.007 • Ilpa Í\nax = 5 , N = 15 
B YSJlax BHeillHvtX rpaHVI~Hb~ nJlOCKOCTe~ pemeTKvt, HanpVlMep, x= ~ax = 5 

: J 

npri s~aHVlVI Hau.aJIbHOrO pacnpe,rr.eJleHvtR (13) B nepBOn vtTepaQvtVl B03HvtKaIDT 
SHau.eHVlR R~iS < O U.TO 06DRcHReTcHBosHvtKaID~vtM BCJle,rr.CTBvte MaJlOCt I
TVI	 H 60JlbmVlM_ pasp~BOM SHa~eHvtn ~ Ha rpaHvtQe. ~enCTBVlTeJIbHO, YBe-

{ 

-max _ 
JI~eHvte R max no ~ax "" 6,5 npa npelltHeM N = 15 cpaay õonee 

j !' 

u.eM Ha nopR,IJ.OK YMeHbillaeT 3TOT 3~eKT KOHe~Horo pasMepa pemeTKvt. 
~aJIee, paccMoTpHM SHa~eHvtH ,BbNvtCJlHeMble no Hau.~bHOMYEso1 

pacnpe,rr.eneHvtID (13) Ha peilleTKax Bvt,rr.a (14) npvt ~riKCVlpOBaHHoM N "" 15 c 
paSJlvtu.HblMvt í\nax : npn í\nax· 5 Eso1 " 35,7 , TIf)VI í\n~ == 6, 5 
Eso1 = 33,2 • CpaBHeHVle HX c BeJlVlu.vtHO~ Es o1 • 37 ,nOJlyqeH-

HO~ BwqvtCJleHvteM Ha 3lliJ o,rr.HoMepHoro vtHTerpana E no COJlvtTOHHO~ npO~Jlb : J 
HOM ~YHRQrivt F(r) (eM. (13)), nOKa3hIBaeT, U.TO mar pemerxa h =~ax/N 

!
BO	 BCRKOM CJIyqae He ,rr.OJlJKeH 6h1Tb 60JIbme, ~eM 3/15=1/3. 

tnpvtBe,rr.eHHhIe Bb~e oueHKvt nOSBOJIRIDT c,rr.e~aTh saRJlID~eHVle, U.TO ,IJ.JIH 

vtCCJIe,rr.OBaHvtR Ha 3B~í COJIvtTOHOB B Mo,rr.eJIvt CKVlpMa TpeXMepHhle pemeTKVI 
,rr.OJIlltHhI vtMeTb mar h ~ 1/3 VI nHHe~HhI~ paSMep no OCRM ~ax ~ 6,5 

f 

Kor,rr., 3TO co06~eHvte rOTOBvtJIOCb K ne~aTvt, aBTopy CTaJIO VlSBeCTHO, 
o pa60Tax 12,13/, TaK[e nOCB~eHHNX ~vtCJleHHoMY vtCCJIe,rr.OBaHvtID Mo,rr.eJIvt 'I 

!CRvtpMa, npVlMeHReMhle B Hvtx no,rr.xo,rr.bI c~ecTBeHHo OTJIvt~aIDTCR OT VlCnOJlb I 
30BaHHoro B HacTo~e~ pa60Te. ! 

ABTOp 6.lIaro,rr.apeH npoóeccopaa iv1.r •MelIlepRRoBY , E. IT.}Illi,rr.KOBY, 
B.r.MaxaHbRoBY sa VlHTepec K pa60Te, H.B.Maxan,rr.riaHvt, M.~ooJIJIep-ITpo~cKe I 
PY, B.A.HVlKoJIaeBY VI M.X.XaHxacaeBY S8 nOJIe3H~e 06c~eHVlH, A.A.Eoro
JIID6cRO~ S8 nOMO~b B u.VlCJIeHHb~ VlCCJIe,rr.OBaHriRX. 
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