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§I BB8Jl8Hllf8 

OIIHT O,llH03Ha"lHO YK8SITI!a8'1' Ha BEmlYll p0J11, 8Jl8KTJ)OHHOff CTPYK

'l'YPH IIPH B03HBKHOB8H:H:H CIIOHT8HHO IIOJIRJ)H30B8HHOI'O COCTOJilll!!SI cer

H8'l'OSJI8KTpima. CnenH'f)'l'l"leCKH8 CBOffC'l'Ba cerH8T09JI8KTpHROB: o6pffi'H

MOCTI, IIOJIRJ)H3an'l'l'H IIO,ll .nelCTBH8M BH8IDH8I'O IIOJIJI, H8JIH'IH8 TeMIIepa

TypHol TO'tKH nepexo.na- He u:oryr 6HTb npe,nCKaSBHH no KpHCTa.JinHqec

KOI crpyRType H YCT8H8BJ!mJ81l'l'CS! TOJll,KO Ha OCHOB8 ,llH8JI8KTPH'i8CKHX 

8RCII8PIDA8H'l'OB. IlpEM8J)OM JmJIJOO'?CS! C08JlHH8HRSI THIIa II8J)OBCinrra , 

JIHmb aexoropwe HS xoropwr o6aapyxHBaDT cerHerosneKTpHqeCKHe CBoR

crna, .xorn crpyxrypa pemerKH, BHyrpeHHHe nona H r.,n. y Bcex 

coe.nHHein1I IIPB.K'l'H'i8CRH 0,llHHaKOBH. 

CerH8TOSJI8RTpJIK MOl'lHO onpe.neJIBTb KBR CHCT8MY, B KOTopol! IIPH 

T <. TR cymeCTBY8'1' IIPOCTp8HCTB8HHO-Bp8M8HHM o6JIBCTI, ycp8JlH8HM, 

Jl8Jllll8Sl' OTJIH'iH08 OT HYJIJI cpe,nHee 3Ha11en:ee onep8'1'opa 8JI8RTPH'i8CKO

ro MOM8HTa B T8pMO,nHHaMH'iecROM RB83Hp8BHOB8CHOM CMHCJie. 06JIBC'l'I, 

.nomma HM8Tb JlOCTaTO'IHH8 pasMeps, 'IT06H HCKJID'lHTI, BJIRSIHH8 d'-opMH 

o6JiacTH Pl IIOJJY'IHTi.' MOM8HT KBR 'aRCT8HCRBH08 CBOICTBO. 

38.MeT ma, 'ITO ,nmIOJibHHI MOM8HT, '(pH3H'i8CKH o6HapylKHBa8Ml:lff JIOOD 

IIO IIOJID, cos,11anaeu:oyY CHCTeMoR, Jm6o IIO noBe.n;emm Cl'JCT8MH BO 

BH8mH8MIIOJI8,M0~8T npHHa,nJie~aTL TOJll,RO IIJ)OCTpaliCTB8HHO-KOHeimoa 
• 

CHCT8M8e MaT8MaT:e"I8CKH STO 3Ha'IHT, 'ITO IIJ)OCTp8HCTBO B8KTOJ)OB 
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COCTOmIHft, Ha ROTOPHX MJlKeT 6HTl> onpe,IJ;eJieH orrepaTop llmIOJIJ,IIQI'O 

MOMeHTa, He ecn BCe IIPDCTPBHCTBO rPIJll,6epTa, a TOJil,RO '<laCTI, ero, 

TaR R8R noMWl!O YCJIOBM nopMHJ)OBRH llOJmIIO BHIIOJIHJiTI,CJi eme YCJIO

BHe ~ .,_2. \ VI" JV <. C>O • 

K8ROB 6H HH 6HJI cnoco6 ycpe.IJ;HeHM, MH :HMeeM .IJ;eJIO c IIO.IJ;CECTe

MOit, COCTaBJIJmllleil. '<lacTL RPHCTaJIJia. IIoaTOMY COCTOJiHHJi TaROft IlO.IJ;

CHCTeMI:l .flllJimlTCH, BOo6me rOBOpH, cynepnosimzea COCTOHHd c 38,IlSH

HllM '<IHCJIOM '<laCTHU. Ilo)ICHCTeMa, Oili'ICHBaeMas yRa3aHHllM BOJIHOBHM 

IIaReTOM \ '\-') t MOlKeT B03HHRHYTL, Hanpmtep, B pesyJIJ,TaTe qlJlYRTY81UU!'. 

H HaJil'f'IIDI HeRoToporo C8MOCOrJiacOB8HHOI'O Roppe.rumHOHHOI'O IIOTeHnHa

JI8, HCRB.lKaIOl!lero 30HHYD CTPYRTypy. B noJIHpHSOBaHHOM cerHeTOaJieR

Tpmte IIO.IJ;06Hott RoppeJIHJ)OBaHHOft 06JiacTJ,D JiBJ!HeTCH no cymecTBy llO

MeH. 

§2. IIpe,IJ;CTaBJI8HHJi CilOHTaHHOI'O 8JI8RTPPI'<18CROI'O MOM8HTa 

3JI8RTPWI8CRHtt MOMeHT RoppeJIHJ)OB8HHOii o6JI8CTH RJ)PICTaJIJia on

peneJIHM o6H'<IHOi1 ®PMYJIO! 

~ ...,,, 
'-Jj = -e i 1t + Z'., e.,, Rj\l , (I) 

I, c)/11 ➔ 

rne 1 i. - RoopnHHaTH o6o6meeTBJI8HHHX aJieRTpoHoB, e~ :e Rj-J - sapa-

llll H ROOPllmla.TH 8(fxtleRTPIBHHX HOHOB. Koop.IJ;HHaTa neHTpa IIOJIOlKHTeJII,

HHX sapsnoB onpeneJIHeTCH cooT11ome11aeM 

➔ 

L. e" RJ~= e N'l+ , (.2) 
~-" 

ROTopoe cJie.IJ;YeT HS YCJIOBH.li He!TpaJIJ,HOCTH no.IJ;CHCTeMH. 3,nec1, N -
-", 

'<IPCJIO 3JI8RTpoHOB, x+ B .IJ;aJIJ,HefmeM C'<IHTaeu C-'<IHCJIOII. Tor.na one-

paTop 9JI8RTpH'<18eROI'O MOM8HTa MOll8'1' 6HTI, onpe.JJ;8JieH XaK onepa.Top, 

,IJ;eftcTBYDl!ld B IIPOCTP8HCTB8 ~Ra: 

4 

,4,. 

,. 

t, 

r 

i =--e. \ ~l){) (~-~t') '11().) !\. {3) 

Y.IJ;06Ho 38nHC8l'l, STOT onepa.Top B npe.IJ;CTaBJieHHH RBaSHHMlIYJIJ,Ca 

Ha noJIHoft croTeMe cocToSHd EJIOxa \l\~k) , T.e. cHcTeMe o.IJ;HoaJieR

TpOHHilX COCTOJiHd O.IJ;Hopo.IJ;Horo Rpl'!CTaJIJia (1 S CBH3:::. = 0) 

~ \ cf>= -e.. IL l~lt, ct!6(~) (i!-)(~ .. )i<,~~ a,,,bc~•). 
s ~~ . 

• 6 . 

(_4) 

OnepaTOpH!ie (fil'HRUPIH a,,l'<)IIO.IJ;tJHHJiDTCH o61f'IBHM nepecTaHOBO'<IHHM 

eooTBomeHMU, ilBT8rpHJ)OBaHH8 :e;n;eT no 30H8 EpJIIJJJil)aBa. 

OnepaTop ROOp.IJ;MHiTH B npe,1tCT8BJI8HHH RBaSHHMIIyJIJ,ca, RBK H8B8CT

HO, pa8,IJ;eJIH8TeH Ha ne '100TH, onHeHB8JllllH8 .ltB8 acneRTa IlOBe,IleHHJi 

9JI8RTpoHa B TBep.noM TeJie: "o6meRpHCT8JIJIH'<lecxd" H "JIOR8.1II,HO-aTOM-
➔ ..,, ➔ 

HHI" • HMeHHO, X = Xe + X , ll.vH'<l811 

1<: .,,,. (~.~,) = ~----' cl v~ + t, (~)') s- cir-~ J) 
➔ • " 4 

X.,.,, (~:'(~ := (1-b".,.,0 Y ..... (~) oc~-~'). 
(_5) 

CJie.IJ;oBaTeJII,Ho, MarpH'IHHe :rneMeHrH oeleHx qacreit oneparopa ~11aronanb-
➔ ~ 

HH no RBaSHHMIJJJIJ,ey t HO uo ilB.D:8Rey SOHH Xe .niiraroHaJieH, a· X -

eymeeTB8HHO HenmaroHaJieH. ~PMYJIH eo,I1;ep1t81' MaTpH'<IHHe 9JI8M8HTH 

_,,. 3 \ -", ~ Q<,) )'- "> • I ➔ ~ 
~._.,,('<-) =. U \..\.," \){) l "J~ u., "(y.) ~'\},, (6J 

lf 4- ' 
rne HHTerpHJ)OBaHHe JOteT no aJieMeHra:pHoA H'<lebe, npH'<leM "l.., "- d:,,, 
X
➔ ➔ . 

= ~ , npH n ~ n 1 • CoOTB8TCTBeHHo ,onepaTop nl'IIIOJII,HOI'O MO
""'' ~"" 

M8HTa TaR!(8 MOlKHO npeneTaBHTL B BP!Il8 cyMMH EHYTPHSOBHOff H MeJK.IJ;Y-
➔ . ➔ 

OOHHOft '<lac:Tel: ~ = Y)c. + oo. t r.IJ;e 

5 



I 

D· = -e 11\:~ ➔ 

a:&ll<) x'.,.,. t~) a.,1~ <\() (?) 

H 

t, ~ •' 1 \: i ~ ct~,,-{(• ~A. -\.)Cl.,(,} ~•t-t-x;ict.i,}t~~J 
~ 

Cpe,n:Hee 3H8'I8HJ.Ie orrepaTopa D"- B ocHoBHOM cocTosmmr .n:miJieRTpHRa 

p8BHO ,HyJilO. Hemi:aroHaJ11,HH8 'IJJI8HH orrpe,n:8JIJlD'l' P88RUlm CHCTeMH Ha 
-+ ➔ 

m emHee rroJie. rm.rnm,ToHHaH, co.n:epE811ld 'IJJieH - f D, He,n:HaroHBJieH rro 

30HBM, II03TOMY npoH3BO.IJ;Jl .IJ;HarOHB.Jill'.SaIUm, T.e. BH6HJ)8Jl rrpa:ewn,HHe 

ROM6l'IH8.IU!H COCTOJJHd \n6~) , H8XO.IJ;HM CJI8.D:YJ.)1!188 BHp8ll8HH8 .ItJUi orre

paTopa lIH.D:YOl'IPOBaHHOI'O MJMSHTa: 

i. "\'\ t- , X' ,J';> vv- ,1o1. 
- e. w ~~°'"'("')I " .. ,'f\..,, .... .,. /\..,..,, '"·'" 

"''" "'' (,., t ... ) - £.., l1<) 
e, 3' a ;.1,(1<). (9) 

. Ey,n:eM C'IH'l'8Tl, paccMaTpHBaeMYJ) Ropp8JIROB:lHHYll o6JI8CTJ, RBa3JIOJ1;

Hopo,n:HoA, TBR "ITO BC8 xapaxTepHCTHRH ee JlBJIJlll'l'CB M8.IJ;JI8HHO M8HJIDJ1H

MIDSl iPYHROHRMH ROop.n:miaT. Tor.na mJtHo BH6paTL TBR Ha3llBaeMHe "iPH

s~eCRHe" SOHH H Y"IETHB8'l'J, TOJll',KO .D:Har0HaJ11,Hyll no 30H8M ~8CTl, one-

"" paTopa be.. ➔ 
DC_,. . 

38M8TH8 8HBJIOrWI M83t.ny {It) H 06ll''!HHM BHpcllll HH8M .IJ;JIJJ ITJIOTHOC-
"' 

TH TOR8 B x-rrpocTp8HCTB8, rrpmeM poJII, "BeKTopHOI'O IIOT8llOHBJia" Hr-
➔ ➔ 

pa8T "cMemeHHe" (. (._K) , IIo.no6Ho rroTeHun:a,ry,rroJie CM81!18HM 7_ (x) 
/ "' \,"\ 

He SlBJISl8TCJJ rpa.n:»eHTHO-qJa30BO-HHBapHaHTH!lM,. · !IoCROJILicy qiyHRUHH 

EJIOXa orrpe,n:eJI8HH TO~RO C TO'!HOCTL~ .IJ;O (})830BOro MHOJ.'B'l'8JIJJ ii'\'.,(~ 
MH 1™eeM rpB,ItHSHTHoe rrpeo6pasoB8HH8 B x-rrpocTpaHCTBe: ·· 

~~('<:)::.t(¼)-\-~10.J¼~ .. (\(), ( IO) 

6 

-'-I 

i,, 

... 

l 
t' 

-rye ➔ . 
HO TBRoe, "ITo orrepaTop D ... (R) ocTaeTcJJ qiasoBo-mrnapHaHTHHM, H6o 

rrpoHCXO.D::nT O~OBP8M8HH08 rrpeo6p830B8HH8 orrepaTOpHHX <PYHRUH~ 

• } . i't_(1t.) 
Q,_G"\1<): e. a._,('<), (:n) 

BEllKHYll pom; B xapaRTepHCTHRe CTPYKTYPH 30HH l'!I'pa8T lf,asoBo-mi-
4 ➔ 

BapHaHTHM BeJiwuma i,\_, (h = 'l<>'C' -..L..,~) • IlocRoJII,Ry rroJIHHe orrepa-

TopH ~oop,nmraT, 8CT8CTB8HHO, ROMMYTHJlYllT! [x''°',x"] = 0, H8Tpy,n:HO 

lIOJIY'IHTL CJie.nyDmee BHpBllteHHe .D:JIR ROMMYTaTopa : 

'f.."' , - • "- I> ~ " - • -
\_

• J ' ~ ~ ~ '(~J 
c.,Xt. ,,(x) - L \1"'(-'\l,. l.,')-&\,(1c) E. • (r2) 

-CJI8.IJ:OB8T8Jll',HO, B8~IlHY lu...,\!C) MOlKHO orrpe,n:eJIHTl, doPMYJiaMII 

. ( ..... ~ ~ ol\ 
W.,l( ... )= ~ {\"'J ~ \ 'X ... _, '/,..~, .. -X ... ,.Y. ..... ) (1<) (rn) 

HJIH 

~ • <...,':J..-.")3 ( \_--;. .,_ · ➔ :\ I 
W"("') :::<'\, \S )\f 'v..,U,_"()l.),"'v..,·\.\.,..,<.,-,,.')JO..f. (r4) 

.... _,. 
OTCD.IJ:8 BiOJ:HM, "ITO IIOJI8 w.._~) BO BCSlROM CJIY'l88 o6parnaeTC.fl B HYJIL, 

eCJIH !PYHROlU! U,,..,~) MOlKHO BH6paTL ,n:el-iCTBl'!T8JThHHMH. B o6mel-i TO'IR8 

30Hll' EpR1!JIIJ!lH8 STO MOlKHO c,n:eJI8Tl,. eCJill' HST Marmrr~oro IlOJISl, a 

RpHCTaJIJI o6Jia,n:aeT CHMMeTpHeff mrnepcmr. HeTpy,nHo TaJOK8 Bime'l'L, "ITO 
~ ~ ~ ~ . 

W"~K) = -W ... (__it), a rrosToM.Y W,JO)= O • KpoMe Toro,'J"LR 06-

pamae-rcR B lfYJII, H B .npyrmc TO'!Rax Bll'CORO!-i Cl:lMMSTPHH 30HH, 

IlepeCT8HOBO'lHH8 COOTHomeHHe ,l{JISl orrepmopoB CTIOHTaHHOI'O MOM8H

T8 8CTL 

1 "" " ,. 1 , -_ ~-· 1 " , \ s·, :. 
\_ D~ '\-:)<. i==- i. t L ~~ f'v'._,1,_-.,_) W.,,t") t . 

"'S 6 

(!5') 

CJie,n:oBaTeJILHO, B OTCyTCTBHe BHPOE.!!8HR.fl 30H IDWIOH8HTH orrepaTOpoB 
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..... _,, 
M:>M8HTa ROMMYTHPYJJT TOJII,RO B TOM CJIY'lae, Ror.n;a (v,_(!t) = 0 no BCeM 

SOHaM. IlpH HaJIH'IHH mmn BHJ)Ollt,D;8Hlill B npaBOtt '180TH IlOfillJUI8TC.R 

'IJI8H i.ic< ~ laZ'<, D~ l'<)l I r.n;e 'HHT8rpl'lpOBaHH8 B8,D:8TC.R no no-

B8pXHOCTSIM, OKJlYlltBD!llHM JIHHHH BHJ)OlJ,IJ;8Hlm. Tax:llM o6pasoM,B STOM 

c;ry'l'.ae onepa.Top1:1 He ROMM1,1THPYJJT H npH W..(~)= o. B &TOM cMRcJie 

BJIH.RHH8 JIHHHH BHpOlK,!1;8HM H JilmHH "BHXP.R" W @) BHaJIOrH'IHo. 

" 
IIepeCTaHOBO'l'.Hl:18 COOTHomeH:im (!5) -ID 3BOJI.RllT c.n;eJiaTJ, 38KJill'l'.8Hl'e, 

➔ --> 
'l'.TO He cymecTBY8T COCTO.RHd, B ROTOPHX Cu Qt) -I O , HO CROJIJ, yro.n;-
. "' 

. ....,,. -:-7 

HO M8JIO IIO BCett 3OH8 EpMJI)')sHa. MeJt.n;Y COCTOmIH.RMH lu = 0 H w.-, 0 

H8T HenpepHBHOro nepexo.n;a, OHH .n;o.lll!tHH 6HTJ, pas.n;eJieHH ROH8'l'.HHM 

aHepreTH'l8CR'llM IDIT8PB8JIOM. 

Cpe.n;HH8 3Ha'l'.8HM onepaTopoB B i-npe.n;CT8BJI8HHH S8IIHm8M C IIO

MOlJlJ,D npHBe.n;eHHHX MaTpHn nJIOTHOCTH. IlycTJ, 

t ¥(1\'t, 'I~) 
f ("1t',,i)= 1 (\'\ O.t,l~•) Q.,~ (tc)\ \\' > ~ \('11~.,"~) e_ _ ; (I6) 

Tor.na .n;~g R-ITJIOTHOCTH 3JI8RTpH'l'.8CROro M)M8HTa no;rytraeM BHp0llt8HH8 

D(~)-=-~i (-~'\ l"(~'.~)
1 

+t,(i'<)-~ \ f.,(~). Q() 
" i ~lca't( -t-) 

3.n;ecy, npe.n;rroJiaraeTc.R, 'l'.TO MOlEHO BH6paTJ, 30HH Tax, 'l'.TO MaTpHna 

f._," ~) 8BJI.R8TC.R nn:arOHSJIJ,HOtt IIPlI RBl!'..n;OM it , 
<liasoBoe IIP006pasoBaan:e cocTo.RHd \n i} Be.n;eT R npeodpasoBa

HHD ~asu RoppeJIHnlIOHHOtt @YHRnHH 

~ln\~1,nZ<;') ~ \-("''t~n~')- 'f..,(ic•),,,'tc~). (!a) 

TBKEM o6pasoM, nOfillJI8HH8 "110TeHnHaJIJ,Horo" m.u1 ... <J) = i·w( 'fJ'<) 
8RBHB8JI8HTHO H8ROTOpOMy qla30BOyY IIP006pasoBSHJlll. IIoaTOyY noTeH

UHaJIJ,HM 'l'.OOTJ, 1"'{!\110X8T 6B'l'J, ycTpaHeH~ COOTB8TCTBJIJlll81 qiasoBOI 

RaJIH6pOBROA COCTO.RHHI \I'\~} • 

8 

_,J 

' ; 

~ 

n~.11 BH.RCH8Hm! CMHCJia OT,!1;8JIJ,HHX BRJI8,ll;OB B 3Ha'l'.8HH8 MOM8HTa 

noJieSHO nepettTH R npe.n;CT8BJI8HHD JIOR8JIH3OB8HHHX qlyHRnztt BaHHJ,e. 

~ .,. .,.> ➔ 
BH6l'lpa.R COCTOS'IHM \ I\R > = \ri, R+K , r.n;e K - B8RTOP o6pa.THOtt peme?-

RH, HM8eM 

\ "'\) = G2 ~ ~ ~ij I nj > ~i,tr . J 
rj 

Q:9) 

TBK 'WO 

'2t ""' r_,, 1"':i C ..... ~ 
. L.,.(~) = ~ L '><._.1"'<::> 9 ':> ")C..J) (20) 

J 
r.ne 

[~}:~=\It,( (.Y.-~) t W,(',\') ~~, ~I) 

'l'.TO ,naeT BOSMOEHOCTJ, npH6JIB8HHoro BH'l'.HCJI8HM ?.,, {___!() , Hcxo,ng HS 

ROHRP8THOtt KJ)l'!CTaJIJIH'l8Cmtt CTPYRTYPH no CTeneHHM HHTerpaJIOB nepe

KJ)HTM JIOR8JIH3OB8HHHX gJyHRnHtt BaHHJ,e 'N"' ('5c-~) • 3aM8Tl'lM, 'l'.TO, 

IIOJII,Sy.RCJ, q,asoBott Heo.n;HOSHS'l'.HOCTJ,D COCTO.RHH!t \"\ it) • BCer.na MOlK-
➔ ~ 

HO S8,ll;aTJ, "HCTO'l'.HHRH" noJI.R '1"' \l<J H BH6paTJ, R8JIH6poBey 

~2) 

\ ➔ • 4 
O.~\I"' 1"' (~) = 0 BHyTplI SOHH) 

~t\ = 0 Ha rpaHHne SOHH. 
£,b 

3Ta RSQH6poBRa, RSR nOR838HO B [r 1 , COOTB8TCTBY8T H8HJiy'l'.mett BOS-

MOlltHOtt JJJ)R8JilISanHlI QlYHRnHtt BaHHJ,8. 

IIpeHe6peras HHTerpMaMl'I nepeRPUTM B ~0-29,.n:ns aJieRTpH'l'.ec-

Roro MOM8HTa no;ry'l'.88M HlipallteHH8 

D =-e. L (><\-~;JLt"\-~L(~.)b i t'"'j) 
j \.l "' v "' .j 

(23)' 

rne 

({,).,"a;)'\;,(~) .l,;;_ C \ { \'/J"'-'.)\< ~t, 
(g9 
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KBR Bn.D:HO, nepBHfi tJJieH Bupl3lltaeT 88BHCIM>CT1, OT pacrrpe.ne.n:emm 

8JieKTPOHOB IIO COCTORHRRM \\'\~), T.e. no .lltJeimaM "iJ i 8TO MOllt

HO Ha8BaT1, KPYIIHOMaCIDTa6HIDII m!H crJIBllteHHilM pacnpe.ne.n:eHHeM. BTo

pon lite 'IJJieH onpe.neMeTC.ll (1...)1, , T.e. rro cymecTBY cpe,nHllM sHa- • 

tJ8Hll:eM Roop.nmtaTH B COCTORHHH BaHHbe IIPOH8BOJll,HOit .HtJehu. 3TOT 

~aRTOp 88Bll:Cl'IT OT "TOHROll CTPYKTYPll" sJieRTPOHHHX COCTORHd. 

MexaHH3Ml:l .nBYX BRJI8,llOB .noRlltlill 6HTb, BOo6me roBopR, paSJill:tJHll. 

BnonHe BosMolltHa cmyruum, Ror.na "crnaxeHHoe" pacrrpe.ne.n:emie 

8Jl8RTPOHOB CTporo RoppeJIBJ)OB8HO H YCTOfitJRBO H CJia6o 8aBHCM' OT 

MaJIHX H8MeHeHd noJieff BHYTPH 8Jl8M8HTapHHX meex. 

§3. CerHeTosJieRTpwtecK:ll:ff rrepexo.n 

IIoJIYtJ8HHHe paRee ®PMYJIH II08BOJIRJJT XOT.ll 6H RatJecTBeHHO OIIH

can M8XaHH8M cerHeTOSJieRTPHtJec:itoit IIOJISipHSauHH. IlpH HaJI'HtJll:H 

Il8HTpa HHBepcHH H ,cJie.noBaTeJll,HO, B OTCYTCTBHe CIIOHTaHHOit IIOJI.ll-
➔ 

pnsamrn R-IIJIOTHOCT1, .nnnom,aoro MOM8HTa paBHa HyJID. 3TO 8HatJffl', 

tJTO ~asa o.nHotJaCTll:tJHOit MaTpmm IIJIOTHOCTH B 0,nHOCB.ll8Hoff SoHe 

EpM.71Il3Ha m;reeT Bn.D: ~ 

"'' ' ¥ "tR~K) = (1<' - rt.'x+) - ) J--(~\ll~ . 
"' 

(25J 

JimreflHHfl HHTerpaJI B \_25) O,nH03Ha'leH B o-210CBR8HOit o6JiaCTH i
-rrpocTpaHCTBa B TOM c.nytJae, Ror.na IIOJie· t,,® IIOT8HUH8Jll,HO H 

ycTpaH.ll8TC.ll BH60poM ~aSOBOfi RaJIH6poBRH. 
➔ . . 

➔ 
IlonepetJHoe IIOJie W"(i5'\ MOllt8T IIORBR'rbC.ll B pesym,TaTe HeKoTopoa 

rrepecTJ)OfiRll KpHCTaJIJIH'teCROfi CTpyKTYPll H 8Jl8RTpoHHllX COCTORHHfl. 
➔ .,. 

0,nHaKO CaM) IIO cede IIORBJieHHe (0--~ '\ eme He Be,neT R CIIOHTaHHoff 

IIOJIRJ)HSauHH. nei1CTBHT8Jll,HO, HOBM KoppeJIRUll:OHHM ©YHRilll:R 
➔ 

MOllteT HM8Ih BH,ll; (?5) • r.ne 1--~-' yllte He IIOT8HilH8Jll,HHff 
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~\ + 
BeKTop. 4iaaa 88BHCHT OT IIYTH, CB.ll81lB8Dlllero TOtJKH R H R, O,nHEUro, 

➔ 
HHTepecynmmt Hae rpanHeHT B TOtJKe R paBeH 

;. V \ ➔ ➔ 
'Q..._ t" t-:\~) t..'~~ = (.._(~)- X;-. ~6) 

KBasmuraccmecRH STO CJie.nyeT H3 TOI'O, tJTO B HHTerpane 

) (._xc-X+) t (!c-~-0 ~~-i+) WHRilllH pacnpe,neJieHM .noJIXHa ClHn tJeT

HOff ~YHRUHett apryMeHTa. 
.... ➔ 

38Memnl, tJTO CTpyRTypa, B ROTOpoit lu,.,(_R),{ 0 B UeJioit 06JiacTl!l 

➔ 
R-npocTpaHCTBa .noJilltHa OTJIH'taTM.ll OT Cm.lM~Tpll:tJHoit cymecTBeHBoff 

nepecTpoboff Rpll:CTaJIJIH'teCROR H SJieRTpoHBoi1 CTPYRTYP· IloaTOMY ,n&
ze 8CJIH MH I! IIOJIYtJPIM IIOJIRPH30B8HH08 COCTO.llHHe B pesym,TaTe TaROfl 

nepecTpoimH, OHO He EMeeT OTHomeHM R cerHeT08JieRTpRtreCROMY ne

pexo.ny, ROTOpll! RaR paa xapaRTepnsyeTCR OtJ8Hb MaJillMH H3MeHeHlltlIMJII 

CTPYRTYPH pemeTRHe 

B TO a:e BP8MR MR HaBepHRRa IIOJIYtJllM IIOJIRpH08 COCTORHH8, 8CJIH 

~aaa Yn~~x) RoppMHpoBaHHoff MaTpml.B IIJIOTHocTH.OCTaeTCR "lltecT

mtt" no OTHOlll8HEll R TeM MBJIBM CTPYRTypHllM H3MeHeHRHM, ROTopue 
" ~ 

npllBO,nSIT R IIORBJI8HlilD nonepetJHoro IIOJIJt ~~~). TaRll:e H8M8H8HM, 

B006me roBops COOTBeTCTBYDT Mano! O,nHOpo,nHoff .n$pMauHH KpHCTSJr.lia. 

' B npe,ncTaBJI8HHH BaHHt.e aTO COOTB8TCTBY8'1' YCTOfitJHBOCTJl'. crJISJ[8HHO-

ro pacnpe,neJI8HM ~ ~.)- l"-0 ~ t"j = 0 • B 8TOM npe.I(IIOJ!Ollt8HHH IIOJIY-

tJaeM: j 

D =-e )i~ ! t (l) t, (t) '.:e- e 1 ('t'>s rr,j 
I, 

('ZIJ 

3To COOTB8TCTBYe'l' H3B8CTHOff J.«>~emr !OHJ!OHOB B T80pJIJII CBepxnpoBo

JUDECTJJ [21 • 3,necb 1«>,ne.m, ocHOBBHa ua JioKam,Ho! B ~-npocTJtBHcTBe 
~ . ~ ~ 

CBJISH M81t.ny R-IIJJOTHOCTLI) JlllIIOJll,HOI'O MOMeHTa H "CM81118HlleM" ""® • 

II 



TmrnM 06pasoM,SJieRTpH'1ec1td M'.)MeHT B03HHR8e'!' sa C'IJeT Tex 

aJieRTpOHOB, crJimteHHM ibYHRilPI.fl ROTOPHX OCTaeTC.fl 'l'Oi!: i,;e, 'IJTO ]I B 

CHMMeTpH'mOM COCTOJIHHH. B ClmY RorepeHTHOCTH RoppeJI!lrpOBaHHOI'O 

COCTO.HH'Wi IPYHRill'I.fl MOllteT MeH.ffTI,C.ff JIJlllll, M6.I{JI6HHO Ha ROHetJHoft ,n.,m-
...... .,, 

He RaR BR-, TBR H B x-npe,n:CTaBJieHHJ'IX. B .n:effCTBHTeJr»HOCTH,nO-BH-

,I{'l'JM)Mj', PJM66T M6CTO H8ROTopoe H6JIORanJ,HOe HHT6rpaJII,HOe COOTHome

mi:e, aBMeHfmnee ®PMYJIY <__v). 
KoppM.flUIDHHHe B3am.10,neflcTBWI B 8JI8RTpOHHOft CHCTeMe, ROHetJHo, 

O'IJeHD CJIOlKHH. B nepooM npH6JIPJ:tt8HHH M:>lKHO roBOpH'l'I, 0 COCTO.flHHH C 

RoppeJI!lrpOBaHHHMH rrapBMH 'IJ8CTJm. IlpHT.flllt6HHe M6E.IJ.Y 8JI6RTpoH8MllI, 

Heo6xo,nm.t:>e llJr.fl o6paaoBaHM rrap, M>llteT 6HTI, B rrpmm.me o6ycJioBJie

Ho JIJ>6HM rro.nxo.n:mnPIM B3aPJMo,neftCTBHeM. 3TOT BOnpoc HCCJie,nyeTC.fl B 

IIOCJI8,nyDl!lHX pa6oTax, 0.I{HaRO, C8MO cymecTBOB8HHe ROPPM.flllIDHHOJf 

o6JI8CTH, OOHCHBaeM:lft orpaHHtJeHHHM BOJIHOBHM naReTOM, nO-BH,D;MKOIIY, 

H606XO.I{'l'JM) yl!Ce llJI.fl CBMOro onpe.n:e.nemm .I{HOOJI»HOro MOM6HTa. 

§4. BmcpeBM CTPYRTypa 

Tpe60B8HH8 Mrurax, HO ROHe'IJHHX H3M6HeHd npocTJ)aHCTBa COCTO.fl

HHft O.I{H03H8'1JHO B8.IJ:8T R npe,nnoJIOllC6Hm> 0 no.lIBJ!eHHH OT.I{eJI»HHX"BHX-
4 

peBHX mrreff .. WV\<!'i • !Io CBOffCTBaM COJ16HOH,D;aJII,HOrO B6KTOpa BHX-

peBHe Jimnm .IJ:OJIXHH 6HTI, JIH6o 38MRHYTHMH, JIH6o YXO.I{HTI, B 6ecKoHetJ

HOCTI,, nepeceRM SOHY EpHJIJIJOaHa. BosMO;,cJIOe pacnoJIOllt6HH8 JIHHHft 
➔ 

orpaHR'!HIJaeTC.fl yKasaHHHMH BHme crottcTBBMH noJI.fl IN.,(!5). 
IlpHCYTCTBHe BHXJ)6BOff JIHHIIH WIH CHCT6MH JIHHHA ,neJiaeT o6JI8CTI, 

noTeHIUiaJII,HOCTII 1--~)- MHOI'OCB.fl3HoA. Jl:mieAHHff mtTerpaJI ) t{'<)it 
onpe,neJIReTc.fl c TotJHocun ,no cJiaraeMHX Z IT\, re , r.n:e r;: - Ul'IRJIFlec-

\ . 
RHe noCTORH!IHe, COOTBeTCTBYJ)IIIHe O,nHORPm'HOMY o6xo,ny l-Toff oco6off 

JIJIHl'Il'I, av-..~ - UeJIHe 'll!ICJia. 0'1J6Bm{HO, 'IJTO 

j , ,,. C ,,. ➔ 

l'= '1.,(.~)lt =- J -i. .. \t.'i-.c.«)1t. =-w~ , (28) 
I.. s 

T • e. pSBHO HHT8HCHBHOCTH Bmcp6BOft HHTH :::.. ROH6'1JHOff B6JIH'IJHHe. 
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EJIBrO.l!_8P.fl HaJIH'IJmo Bmcp6BHX JIHHHff H6JI»3.ff aHHYJillfPOBSTI, noJie BeR

Topa 'C, (ff, Bo Been o6JiaCTH cooTBeTCTBYJOIIIPJM BH6opoM <Iiaa. 3,n:ec1, _,. 
CHOBa MOlltHO BB8CTH noTeHUHaJI IlOJI.fl (.., lJt~ HO OH Y'/!8 He dy,neT 

O.I{H03H8'1JHHM. 

B C.nytJae .3aMKHyToro ROHTypa c, npoBO,n.ff COOTBeTCTBYillllml pas

pes, .I{6JI8illllHff o6JiaCTI, O.IJ:HOCB.fl3HOH, IlOJJY'IIHM 

't\\ \}) = - ,'llL~'I. ,t \1<) ) (2~) 
r,ne 

J r ~ · ? "'\ _i _ f_-51 . 
1,,,1<)-=~· ~r .. ,,v ... ,1 \i<-i<•\ ·• '-'i, -(.\.I{) 

C ~<. 
(30) 

npHtJeM Jl<.. ~) eCTI, T8JI8CHIIfi yroJI, no,n KOTOPHM ROHTYP C Btm;eH HS 

TO'IJRH 1. 0Tcn.n:a c,n:e.nye-r MHoro~Ha'IJHOCTI,, TaR RaR j1. ~\,_Kl= Jc 1_t+4-.11. 
CKS'IJOR noTeHnzan:a Ha noBepXHOCTH, H8T.flHyTofi Ha ROHTyp c,eCTI, 
,l(,-) ,Ll,,J 
I - , = r. F.cJm IIOTpe6oBa'l'I, Henpep!IBHOCTH qJyHRUHfi Ha noBepXHoc-

TH, J!M66M 

e.l t-) ~( r~ 1~ lj~~ ~ O , 
Il08TOMY 

" 
r., = 2Jirn,, l'\\n-neJioe. (3I) 

,;. 

He-rpy,nHo BH'IJHCJIHTI, l'I <:z-..)E : 

< ➔ I) \➔ I ' \f ~ J \ ➔ '\'.' \l- (.'<-.? (-lj17 1--'=--, \1.,i<..><)l~::::.-~~ , ... l~)6.\..,+_:.. '-V-l~ ~1 ... ~2D ·I,;; ,,.-v ,,,_, ,,..,~ ,, " 
s;!_ ... J ii ~J s ~J • 

b ~<. 

Ho HHTerpan: no rpamme SOHH HC'IJ63aeT BCJI6,nCTBH8 nepoo,n:H'Il!OCTll 

th~). IIoaTOPo(Y 

/'7\ \) \I~ '\) \I ➔ \)..,;,~;;;:. ~ \": J.\~ =:. 
1
-. il-\.,•V'\1.,, 

.. /"i. \3. .;l~)'· ., 
-.;::."J S<- ' ':>c.. 

Jlpyrol nplNmIOft H80,nH03Ha'IJHOOTH noTeHnJiaJia t .. mu&8TC.fl HMB-

(33) 

'IJJl8 JU!Hd BiipOZJ{6HHJi SOH, Hanpm.1ep, JimlPIH "c.nytJai!Horo• BWpOXA8HHH 
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B IIJIOCROCTH CHMM0TpHH 30HH [3} • B 8TOM CJIY~ae MOJOIO IIOKa3aTD; 

0CJIH aHeprmi: Bl:lpO!m0HHHX 30H pacXO,ll;.IITCSI JIHHeimo' r =21(1lJ +l/2) ' 
0CJIH aHepro pacXO,ll;.IITCSI Kll8,lijlaTH'IHO, r = 2Ji\-rt • 

TaKIDd o6pa30M, B CJIY~ae JIHHeimoro pacXO!r,D;0Hll'.ll 8Hepr0TH'i0CRHX: 30H 

Boo6me He cymecTBYeT cocTosi:H:att, npu RoTopsx Z., (K)= 0 Bo Bcett oo

He EpHJIJIDaHa. 

l1HTepecHo, i:n'O H reoMerpmecRasi: B0JIH'IHH8 H p8CIIOJIOJ!'.0HH8 "BllX

peBoro" ROJIJ,t(a (_wrn JIHHHH Bl:lp0l!U{0HHJI) BHYTPH 30HH H8 IIPOH3BOJIDHH, 

a O,llll03Ha'IHO onpe,ll;eJIJmTCSI napBM8TP8MH pemeTKH :KpHCTSJIJia. B CJIY~ae 

Ky6mecRoro KPHCTSJIJia Oh mm,rco KOHe'IHoro pSJ(eyca 00061110 HeBos

MO!CHo, OHO CTsi:rHBaeT.CSI B To~ •. B CJIY~ae TeTparOHaJlI,HOA <I.>ass C4u 

30Ha EpHJIJIDaHa CIIJID!IIHBa0TCSI B,ll;OJ!D OCH c. IlpH STOM :{M.e MOlDIO Y,ll;OP

JISTBOPHTD YCJIOB:llll <.g2). Ilo MeTO,IJ;Y H306paireHHff HaA.ll;eM 0,ll;HHCTB8H-. 

HO B03M)1KH00 IIOJIOllt0HH8 ROJ!Dt(8BOfi JIHHHH B IIJIOCROCTH CHMMeTpHll 90-

HH c pBJ{eycoM RC = 31' ( 1/a - I/c) • IloaToiay 

~ JI () \\~ 1 
( 'i.")E = -q- &c. \ o, - C:) rci., 1 J (_34') 

~ 

r,ll;e t -e,ll;HHH'IHHti B8RTOP B HaIIPaBJI8HHH OCH c, BM'l'HI IIO IIPaBRJIY · 

npaBoro BHHTa. Tor,ll;a ,ll;JIH IIOJIHpH3at(HH IIO rpoplfYJI8 (.Z7) IIOJIY~aeu 

p = -~~ (~- ~'fv ·£) (3s) 

r,ll;e w noJIOEHJIH Bee -rn., = l H r,ll;e V ecT:i, ~HcJio sJieKTpoaoB Ha 

9JI8M8HTapHyD H~efflty. 

CpaBH8HH8 C OIIHTOM MOll!HO C~m'aTl> IIP81':Jl8BJ)8M8HHHM BBlUQ' OTCYT

CTBHH TO'IHHX ,ll;8RHHX no TOHKOtt CTpyKType 8JI0RTpPHHHX COCTOSIHm!. B 

RpHCTaJIJiax. 0,ll;H8RO IIO,ll;CT8HOBK8 COOTBeTCTBYl>lllRX BeJimRH ,ll;JISI 

14 

BaTi.03 ,1J;a0T ~ 10-6 fut /cM
2, a ,ll;JIH ltTt03 ,-y ro-4 

Kn/cM
2 , T.e. 
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