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l. BBeJeHMe 

Bo MHOrllX ~asepHHX CllCTeMax, KaK pesoHaToPH1~/I/, TaK ~ oespe
sOHaToPHux/2- 6/ , HaO~ID~anOCb c~e~IDmee ~eHlle: ~yq ~a3epa pàcrra~an
CH Ha rryqOK TOHK~X lIllTeR, XOpOillO saMeTHHX Ha WOTorpaWllRX. Pacrrpe~e~e

HHe HllTefi B rrpOCTpaHCTBe ORnO XaOTllqeCKMM II OT 3HcrrepllMeHTa K 8Kcrrepll
MeHTY c~yqaftHb~. YKasHBanocb/7/ , qTO 8TO ~eHlle MO*HO bO~HCHMTb 
8HepreTllqeCKOH BMrO~OCTbID HllTeBM~HOM CTPYKTypH ~yqa rro cpaBHeHMID 
c o~OPO~OH, II qTO waanaMeHTaunH aHanorMqHa wa30BoMY rrepexo~ Tllrra 
pacc~oeHMH/81. 

B ~aHHofi paOOTe rrpe~araeTCH rroc~e~OBaTe~bHaH T80pMH, TpaRTYID
maR waKnaMeHTar~ID B030Y~8HllH B ~asepHofi cp8~e KaR HepaBHOBeCHHH Wa
SOBNM rrepexo~. Orrpe~e~eTcH rrapaMeTp rrop~Ka, orrMCHBaIDmnR CT8rreHb 
Heo~HopO~OCTll MHBepcoHHUX II rro~HpllTOHHb~ B030Y~8HHft, KaK WYHKD»R 
xapaKTepHcTHKll HaKaqKH. HafineHa llHTeH~llBHOCTb Hs~y~eHRH H rrOKa3aHO, 
qTO cymeCTByeT pe~M cTaunoHapHoro CTHMY~HpOBaHHoro CB8pXH3~yq8HRH. 

Bes~e HHxe KonCTaHTa finaHKa 11 =l. 

2. 1IBYXypoBH8Bhle aTOMbl 

rrYCTb paccMaTpllBaeMaR CllCT8Ma O~HHaKOBHX MHOroypOBH8BUX aTOMOB 
co~ep~T B~e~eHHYID rrapy aTOMHHX ypoBHeft c pa3HocTbID ~HeprllH ê 

O~ll3KOft K qaCTOTe 00 YCRrrllBaeMoft ~asepHoH MO~H. KaK OOhl~O, rOBO
pR o ~ByxypoBHeBux aToMax, MM88M B BM~~', qTO paccTpoMKa b y~o~eT

BopReT YC~OB~ KBa3llpe30Ha~ca 

\f11::1W-E.1 «E.. (I) 

OqeBll,IUW, qTO npocrpan CTBeHHhle CTpyI<TYpht BO 30YJK,IJ;eHHH MorYT 
B03HMKHYTb, eMH TO~bKO ~:n1Ha BO~Hbl 8~eKTpOMarHHTHoro nona " ro
pas~o MeHbille xapaKTepHblX pa3MepOB CHCTeMhl. ITPll 8TOM qllMO M3~yqaTe
~eH, HaxO,IJ;.ffi.UIDCCH B 6~llXHeM: SOHe OTHOCllTe~bHO I<8JK,Uoro M3 aTO,MOB, rrpe
He6peJKHMOMMO no cpaBH8HHID c rrO~HWv1 qHCJIOM aTOMOB: CJIe~oBaTe~bHO, 

8HeprMID B3aHMo~eHCTBMH aTOMOB qepes rro~~ nepeM3~yqeHHH MO~O rrpe~CTa

BMrb B rrpMO~M*eHHH BO~HOBOP 30Hbl /9/. 
r~bToHllaH TaKoH CHCTeMH aTOMOB MMeeT Bll~ 

H= ~ LL1+0; 1 (t~ - kL [r;+(tlÊ:(t) +Ê,"m ~ (t~ 
(2)

L L 
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· - -!;- '\ [f+(f)E. 0·)1- E.~ Cf) ~ (t.)]ot.!- L ~~ LL • ., 
t 1-"j d 

B ROTOpOM OrrepaTOp ~nO~hHOrO MOMeRTa 

F(t) = ecÁo Gi - (+) (l ê l ::. 1) ~ 
L (3) 

ôi .J 
,rrpH Y = '): , <J ~ , MaT pm.J;bI ITa'YJIH ; G'. ± =1- (õ, x ± i (J, ti) ; 

~ a c. irIMe 'YCH~BaeIy1o:i.1 aasepaoã MO,w,r . 

.E (t) '-= ê E e i (l i! i <-co f ) (1e:1'::1) ~=~);
l o o . ( 4) 

rro~e rrepeH3~y~eHHH 

f - [- .::. JE (-I:) ::: ~ n., x n.. )(' 
.:~ 

:l ~ "d LJ P.. (t,) (5)c ~ d q 

rIpR~eM 

_ ~ -. -. _ '~" - ~. J _ ~ 
t'J··=J~·-~,1 11., = , t,,9 r c: 

~ J.) 'd ~. . V 
•• It 'J
r(t..) -= - ú.l~ p. (I:) e i ~&lJ'
 
~ Ld ' J
 

B raMRnhTOHHaHe (2) Y~OOHO B RBHott ~pMe B~O~XT~ nXO~HO n Hera 
MaTpHI.Ui IIa'Y~. )J,JrR aToro rro,n:cT8BHM B (2) oneps'1'o,p ,ItRnOJI.LHOrO MOMeHTa 
(3) H TIMe rrepeH3xy~eHHR (5), npeoOp830BaHHOe K Dnny 

E.. (t) =E.. s: -(-I:) , (6)
'J I.J ~ 

anecs . k~ 

- I ~ J [- - J L 'ti- k til o -; )( e x n.. eE'. --- 'dO '<J
LJ "l ..
 

'J
 
B pe3Y~hT8Te rroxy~aeM rrCéB~OCITHHOBOe rIpe~CTaBneHHe 

H = ~ t[1+~~(t~ ~ ~D 2; ê[S.+(ilEi w +Êi-(fHÇC+D

ri \" -f. - - ] (7)
- ~o L €lôi+(t-} ().-a·)E ..+ E.~ 6"~+(f)5j-(t) 

i t-i d I.J Ld J J 

2 

B KOTDpOM B3aKMOAeRCTBHe aTOMOB ~epe3 OOMeR WOTOH8jR RMeeT CTpYK
TYPY OOuqHOro ~rrO~h-~rIO~l>HOro B3aHMOAeRCTBMR lIa . 

SarrMCaBaR reH3eHoeprOBCKHe ypaBHeHHR ~~eHHR, 'Y~TeM HanH~e 

KoRe~oit lliMpMHU aTOMHUX 'YpOBHeit, xapaRTepM3yeMoe KOHCTaHT8MH pe
xaxcanaa ,lJ,Jl.H paSHOCTM Hace~eHHOCTeR - ri M .If,JIR noaapaaamra - r2. . 
EYAeM rro~araTh, ~TO CMCTeMa HaxO~TCH B 'Y~OBRRX CTaUMOHapHO~ BHeill
HeR HaKa~1m c xapaKTepMCTMKOH 

~ z: ~ r Di , (8) 
t 

KM8Iomeíl: plVlliC~ cpe,IUIeH pa3HOCTM nacexenaocrea, sananaeaoâ rrOJIeM Ha
Ka~KH. Tor~a rro~y~aeM c~e~yromHe ypaBHeHRff ,n:BM~eHHH ~R orrepaTop8 
pa3HOCTM Hace~eHHocTeíl:: 

i L õ:'l(t) - 01 -err*(f)b:-C-l-) -s-:+u-)·E.U:J) 
clt i. - c ~ L ' to (. 'j 

_ ~d ê I ~Ê. r~+U)()J-(i) -OJ t-U ){).- U-0 - iY1 f5i,tU ) - Dl ( 9) 
o . LJ L' ' . L I 1 0.1 LU, 

d 

M AJIR JIeCTHM~HOrO orrepaTopa: 

i1. 6".-0-)
d« L 

'= é..lJ -(to) + do Q'Ê (t-) 6'.1 (f) + 
t ;l L ~ 

.+ d. -; 'Ç Re f .. ():7(t) (J".-(i-) 
o Z: td I. d 

- 1.' y' Q.- (+)
(J.1 L • 

(IO) 

J 

OrrepaTOp 
pMTOHHue. 

r
6:. 

~ 
OllHCUBaeT MHBepCOHHue B030y~eHRff, a õ. 

e 
- rrO~H

3. CpemuIJI 8Heprna 

CTa~apTHue 'Y~OBMH paooTu ~a3epHux CMCTeM COOTBeTCTBYIDT ROM
HaTHUM TeMllepaT'YpaM e ~ Io-14 apr, ropa3,n:o MeHblliHM,He~eJlH Me~
ypoBHeBoe paCCTORHMe ê ~ 10-12 apr. CJle,n:oBaTe~hHO, TeMITepaT'YP
Hue B03o'Y~ueHHR MO~O He rrpMHMMaTl> BO BHMMaHMe, a flaAo C~MT8Th, ~TO 

CMCTeMa HaxO~TCR B cTan»oHapHoM COCTORHRM c HaRMeHbilleit BHYTpeHHeit 
saepraeã, coanananueã npa @ = O co CBoCíO.D:HoH aaepraeã. 3TO OTHO
CHTCR Ta~e H R KBaSHc~aUMOHapHUM COCTOHHHRM rrpH ~MTe~l>HOCTM M3
,,'I'YttaKXUero HMIIY~hca T >'> 1; lu) ....... 10- I5 c.p 

P8sAenRR BXO~me B raMRJIDTOHMaH ITepeMeHHue Ha OUCTpue H MeA
~eHHue, 3aITMilleM CpeAHMe OT HHX B wopMe 

3 



1: .~

<G' {l.» = D. < Gi -\-t) >== D.±. e:t iwt 
l. ~ j 

I. 

(II) 

PaCCMOTpHM cRTyaunro, Kor~a ~a3epHoe rro~e cymecTBeHHO CRllEHee cpe~
Hero nO~H ~no~, 

h fl3 k'\Jo «:« (n =- N IV ) 
)

IEol	 ( 12) 

\T - oó~eM CHCTeMH. 
IIPli aTOM Jl)IH. napH!iX Koppe~RTopOB MOJKHO I1:CrrO~I,3pBaTI, paCu;eIL1IeHRe 

< õ+ (i-) G"-{t-) > =< 6"".+ (l-) '> < (}.'-(i-) '> (i =:ti) • 
L J l. 11 

Tor~a cpe~ee OT raMMnI,TOHHaHa (7) npe~CTaBRH.eTCR CYMMOn 

<H> ::::w +W 
o (13) 

COCTORmen	 H3 aHeprRR O~HO~WC aTOMOB .... 
~ == ~ L (1 +VL~) -do e~ R~ (E/,r D~ -) 

i t 

M 8HeprHH B3aHMO~eHCTBllH 

w= <d; ê L R. (~. V/Ir) . 
L rJ 

YcpenHRH ypaBHeHHff (9) R <Ia) npH y~e~e (II) n (I2), Haxo~ 
:) :l

D"l'::: A + ((:l D.
 
.. A~+ r: L.'
 

D.- = (e e) 0/0 Eo (L1- l <r~) L' k~ . 
(I4) 

De'I.	 o 
~(6~+r~)·: -' 

r~e ~eRTHBH8H illRpHHa pacn~a 

Ido Eol 
a 

r = Oa [1+ (ee.) a ri: 
r. r~ 

4 

McrrO~b3YR	 (14), yóe~aeMcR, ~TO 3HeprRR O~HOqfl!iX aTOMOB 

'.T == J{ rE + ~ ó:J.+r/ · ré -(êêc)~ JdoEo\:lf" J1 
V"o ~ 1 ll:l + O':l LI A:2 + r/ J 

He saBHCHT OT Toro, o~opo~o H~H HeT pacrrpe~e~eHU Bos6y~eHRR B 
rrpOCTpaHCTBe. O~aKO qTOrO He~I,SR CR8SaTI, anpHopH Oó 3HeprHH Bsa
HMo~eRCTBIDI 

'.r ~ - '\ J D. D.VV	 L. ú' L d (15) 
i=fJ (J 

c a~eKTRBHUM nOTeHua~OM 

J~J = J J'J / L'<'J 
I.t ~ :zk

3 
010 (6 +Ó:l )J =.Cé êa ) ~ ~ Eo l ~ -4 (A:2+<í~)~ 

J.. = [1 -(êti..);lJ c-os k (~ .. - 1. ,,) ( 'l'i == ci - ~.) . 
LJ Ld 'J 'J 

~HCTBeHHoe, ~TO oTcro~a cpasy JKe BanHO, aTo TO,~TO CHCTeMe aHep
reTH~eCKM	 BHrO~O yrro~O~TI, aTOMHHe ~rro~ B~O~I, Hanp~eHHR rro
~pH3auaR	 ~a3epHoro nOM, TaK, ~TOÓhI e \I e • B ~MI,He:fuIIeM 8TOTo 
~aKT óy~eT y~ThIBaTI,CR. 

ITyCTb paCCMaTpI1:Bae~ oópa38U; HMeeT OÓhI~YID ~ ~a3epoB WoP
MY :o:wn:IH~pa panayca R H JJ,JIIDlhI L. Ilpa Bl:ffifOJIeHHH cpenaeã 
8Heprnn y~OÓHO nepeMTH K HerrpephIBHOMY rrpe~CTa~eHHID c nOMomnID 3a
MeHli 

N 
D -- D (;.) "\.-..!!.. rdZ' 

L ') L V J L"
 

L'=1
 

HHTerpHpOBaHHe 3~eCI, Be~eTCH no BceMY oó~eMY oópa3~. 

Oó~o nnOTHOCTI, HHBepCHH 1)(~) C~TaeTcR nOCTOHHHO~ 
Be3~e BHYTPR pa6o~ero oó~eMa. O~aKO MoxeT OKa3àTI,CH, ~TO Heo~

Hopo~oe pacnpe~e~eHHe B03óy~eHH~ c 3HepreTR~eCKOH TO~KR 3péHHH 
BhII'O~ee onaoponaoro, Il08ToM,Y B OÓmeM OJIy~ae -O (tt) HeoÓxo,lOiMo 

.	 paCCM8TpKBaTh K8K WYHRIJ;mO soopnzaar . Hanpaanaa OCI, ~ B-~O~I, OCR 
:mtrr:mI,1Wa , rrO~OJKHM 

D ril) == D (')()~) ( 16) 

5 



Tor~a	 ~ XapaKTepRCTHKH HaKa~Kll (8) HMeeM 

~ =.!v SD (i) dif =;R ~ JD c'XJ 8) ti~ d8 
(17) 

OCH ; II -; nonepnex TaK, tITOÓll zaaroaaas MeJK,ICy ImMR' COBna
~aJIa c BeKTOpOM nO~pRSaUllR ~aSepHOrO rro~ e . llPR 3TOM 

...., ...	 ;l :.l.t ) / ~ 
( e n'J) :; ('~\r +;j ~J' :l 'z'i . 

8HepI'IDI BSaRMO~ei!cTBIDI (15) rrpRHHMa8T BH,D; 

v. T =_ n N 1 Jco< J') 1)("K. w) T>:»: Ui) dx d!ld'X. I df/I
~ NkR~ 1 )cr Ja q a J (18) 

r~e 

h =.!{ , y.2 == C'x -v ") ~ ~ (/1-/:1') J -' 
V 

"'SL	 .f a ]_	 CQsk(~-t) (f-.l!l)[f-- 0/2.r(j')- y;j J' L 0.(i~-t- ~J)-L f T l 

CT~apTHaH qopMa ~asepoB COOTB8TcTByeT 

R <<.·L •. 
(19) 

aTo HepaBeHCTBO rrOSBo~eT ynpoCTHT:b BllpamSHH8 (I8). HCUan:bSYH SaMe
HY nepeM8HHllX 

U :::: k ( Vf.2.,. e.? - z) , 

rrpeoõpasyaa qJyHRUHlO 'f (.) R HHTerpaJrY 

~ k,~ f :J ~ ~ [ (k 1u ):1.1JJ' 

Cf( j1) '= J etJ:1.~ (1-} u~: k I I) 1-,9. ua+ 1~ f ~ j riu . 
k~~/~L 

r~aBHHA B~a~ ~ STOT HHTerpaJI BHOCHT OÓ~aCT:b HaHMeHDmHX SHatIeHR~ 
rrep8MeHHoA U . Pas~araR BllpameHHe B ~YPHHX CKOÓl~ DÓ~SR 

" ::: kf t2/ ó1 L II OrpaHFmBaHC:b nepBllM lJJIeHOM paS~OJKeHIDI, rrOJIYtlaeM 

6. 

~ _ (~. (li-),... r
c:P 

CP. úlf(J)	 --i LI, ~L ., Li ('k)= - J-u.- du 
';'c 

JDm cpe,IUleít SHBprIDI (18) HaxO,II,HM 

k:l-V:=	 hl N c'~ (_! ) D(')()u)1)(7/I.~i) dxclH CúJt'cI'(j' . (20)
~., k R:l J 'L 

4. cI?aMJ.raMeHTa:rm.g BoséYAAeIDIit 

,WyHKllM,H V CXJ<~) onacaaaer pacnpeneaenae BosÓY]K,IJ;eHHH B npocr
paHcTBe. TInoTHocTM HHBepCOHHHX H rro~pRTOHHHX B03óy~~eHR~, cor~ac

HO (II) 11 (I4), nponopnaoaaasnu npyr ~Pyry VI <PYHRIJ;Im D (?f) (J). CJIe
~OBaTe~bHO, ITROTHOCTH OÓORX THITOB Bos6y~eHRH JIRéo O~OBpeMeHHO O~

HOpO~H, ~HÓO ReT. Bo BTOpOM CJIytIae I1HBepCOHlI~e R rrruLHpI1TOHHlle B03
óy~eHH.H oépasyroT B rrpOCTpaHCTBe O~Y 11 TY ~e CTpYKTYPY. 

Hcc~e~eM CHa~ana crrYtIaH O~OPOnHOM nnOTHOCTI1 B03éy~eHRH: 

-p (~k1) :: ~ • (21) 

Tor~a Bllp~eHRe (20) ~aeT cpe~IDID 8HeprI1ID O~HOpO~HO~ CI1CTeMH, 
a ;)R a 

W :: n J N ~ S C' (~) 'fi (f J R) t dJ , 
uni íl k ~ L (22)

O 

B ROTOpoH -t \ +oS :Hi 

~i!, I) = lT: ' J01" fdJ rd., e u~,-');" -,y) e(b'- x') '1-J) • 

-5 -~ o 

)t	 K@{ s - .f(~1f +'X) e (-Si" fC~'f-X) 

)I e( fI!. 2_ o-s C.~lf)~ '- fh.nlf' -t/j) e (J~ J._('x- J(~If)" '.,. flrl--;' r-(f) 

7 



H 

) :x ) O ) 
6) ('X) .=. 

O)~<O. ~ 
llPH YMeHbilleHHH aprYMeHTa ~O HY~H HHTerp~bHuR KOCHHYC paCXO~TCH: 

C ('Jl) ~ C -+ fn X - ~ 2 (;X e:1.> C == 0, 5:''1) . 

ITpl'I ·dO~bIIIJ.iX aprYMeHTax d: ('}:) CRlIbHO oClum~HPyeT l'I CTpeMHTC.fI R 
HymO: 

Li ('x) ~ ~ ( ;x '>') 1)
x 

3Ha~T, OCHOBHOH BKna~ B l'IHTerp~ (22) BHOCHT od~acTb rrepeMeHHoH
 
! BÓ~H3H HYJUI. YtIHTlffiaJI. 'ITO
 

~ ( j'J 8) z: ~ T • ( f.« S) , 

HMeeM 

]N:J.tg 2. . (a.~ R~)v: 4~~ RJ 8 L , (23) 

rne x 

8{-r1 ,,-f C,(~} 0/ s = $<'." -:> Cc",) . 
o 

rrepe~eM Tenepb K Heo~opo~OMY C~Y'IaID, Ror~a HHBepCOH-rro~

pHTOHHHe B03áy~eHHH CTJIrl'IBaIDTCH B HHTH p~yca R ' 'IR~O ROTO
psx Nf ' Tax 'ITO t 

BHYTPH HHTea,
D('X~~) ::- (24){ ~1 

BHe HHTea: • 

Y~OBHe (I7) ~aeT ~.fI 'IHC~a HHTel: 

M :::.! (~) a (25)t ~ R • 
.., ., 

rr~HaJI 8HeprRR B3aHMo~eHCTBHJI paBHa rrpOH3Be~eHHID 8HeprHH o~oa: HHTH 
aa 'IRC~O HI:lTeif: 

W nln ~ \tJ~' N.,. . 
. 3Hep~JI onaoã HHTH onpeneaaerca aRa.nOI'H'lHO (22), oTKy~a 

8 

~Rf

T. T _ nJ N R.\ t: .:I.
w-f. _ ~. 5ç J Cc (~) ~ ts, Ri) f cI S • 

o 

,IleJlaH Te JK8 yrrpomeHHH, 'ITO H ~JI (23), HaxO~M 

}N21</~/ (RkR:).-w: 
i Ltlt:J. R4 9 L 

O'IeBH~O, 'ITO eC~H anecs rrpOBeCTH ~o~cTaHoBRY ~f -+ S ' Rl-'J R , ror
na Nf ..... 1 , H Mbl B03BPaInaeMCJI K (2.3). 

TaKHM odpa30M, 9HeprRa B3aHMo~e~cTBHH rrpH Heo~opo~oM pacrrpe~e

~eHHH B030y~eHHM paBHa 
~-w;.", =; J li' tê, SI' 3 ( ~ k:, •. (26) 

_ 

4// R~ 

CHCTeMa, HaXO~aJICJI B CTa~OHapHWC YC~OBHJIX, CTpeMHTCJI rrepeHTH B 
COCTOHHHe c HaHMeHbilleH CBOOO~OH aHeprHeH. KaK YKa3lffi~OCb BHllie, B 
~aHHOM ~Y'Iae ~HJIHHe TennoBoro TepMOCTaTa rrpeHeope~MO M~O,'H CBO
OO~aJI 8HepI'HJI rrpaKTH'IeCKH COBrra~aeT c BHYTpeHHeM. Bup~eHHe (26) co
~e.PJKHT .n;Ba rrapaae rpa, RI II ~-I xcropae nano BuopaTb TaK, 'ITOOUI 

odeCnetIHTb H8HMeHbillee 3Ha'IeHHe aHepraz B3aHMO~enCTBH.fI. 

Panayc HHTH 3~aeTCJI ypaBHeHHeM 

(?tWrao", = O ( ()óI.·~'11 ? O) . 
~R-f ~R.I 

rrO~CTa~ CID~a (26), HM88M 

C: ( .Q ~Rf' ) = O • 

M3 MHOJKeCTBa Hy~eM asrerpaasaoro xocaayca Ct: ('X) H~O BuopaTb TOT, 
KOTOp~ rrpHBO~T R aOCOYiIDTHOMY MEHHMYMY aHeprRH (26). TaKHM HBHJIeTCJI 
rrepBHM HY~b~1 = 0,62, 'ITO ~JI p~yca HHTH ~aeT. 

A =: o,S"6' 1L / kj -= 0,:1 ~ r;;L . (27)
f 

Hy~ HHTerpanbHoro KocHHyca HaxO~Cb 3~eCb c rrOMOmbID 'IH~OBuX Tad
~n. Pa~yc HHTH MOJKHO HanTH H aH~TH'IeCKH, HcrrO~b3YH pa3~OJKeHHe 

,JJ"lI.H Cc ('X) npa ;x '-11 , xro rrpHBO~T K rrpH.O~H]KeHHOMY BHp8JKeHHID 

fJ(~)!::!.(f-é)'X.--zeh'X. +'X3/1~ ('X <..V)'. 

OTCID~a . 
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TO eCTb 06pasyeTCH rJIy60.Kaa rrOTeHIJ;I!:aJIbHaa SIMa. B KOTopoA BOs6Yl1me_C; )I/'J.. 
HHa H JIO.KaJIHSYlOTC.Fl, CTJU'HBMC:b B HHTH. Pacnpe;r(eJIeHHe HHTeA B npOCT

paHCTBe XaOTHt{HO, nOCKOJI:bKY ~YHKIJ;I!:.Fl ~i(~) ~RTH'leCKH SaHyJISleTCSl 
KaR BH,nHO, 3TO npH6JmJKeHHoe SHa'lemre R, O'leH:b xopomo corJIacyeT- npH :x. >"k R; /L ,TO eCTl:> HHTH Mew c060.ll: He BS8HMo;r(eAcTBYlOT. 
CH C (27). 

R,.:::. p. L e 4, -:::: o,:u (M' . 

~ BOSHHKHOBeHHH Jlte yno~o"IeRHo.ll: pemeTKH HS »HTel He06xo;r(HMO, 'lTO
OOTaJI:bHlie Heqe~Hlie H$JIH C~c ('k) OTBet,lruJT JIO.KaJI:bHHM ~HHM,YMaM 6H MeX;r(y HHMH cymecT~)BaJIO ;r(OCTaTOt{HO CHJl:bHOe BS8HMo;r(e.ll:cTBHe. 

3Hepnm; (26), TO eC~':b MeTaCTa6HJlpHHM COCTO.f;lHi'Lf[M. HanpHMf;lp, TpeTH:Ii IIpm,e):leM 'iRCJleHH.\ie O~HKH, COOTBeTC?YlOOlHB XapaKTepHHM Be,1IH'iR
Hym. ~3 = 6,4 ,naeT Pa.n:Ryc H,HTH HaM. ~rypHpYlOO.\HM B 3.1(cnepHMeHTax /2-4,6 • BOSI',MeM " =(5.;. 6HO-5CM, 

, R = 0.1"" 0,3 CM, L = '20 f 50 CM. IIPH t'lTOM HepaBeHcTBo (19),
P.f = 0, 7I ...jTl! HCrrOJI:bSO~jaBmeeCH IIpHpaO'leTax, BWTIOJIHSleTC.Fl. R /L "'. ro-2• KpHTepHA 

O,nHaRO Bl1ro,nHOCTH I'WTeBH,nHol 	CTPYRTYPIi Bos6YZ;r(eHHI BIDlOJIflHeTC.Fl .!taR CHJ[:bHOe 
I 2. a 

~('.Lf) O. (4- <,<. g (O,G3.) '= 1.1 • 	 HepaBeHCTBO, TaK.!taR ~ It / L IV (0 ,OTKY;r(a 8 (fec) (.L 1 • Pa.Il,lfYc 

I'WTH R, ::: (I.;. 2)·ro-2CM. lJ:I!:CJlO HHTel HaxO;r(HTC.Fl no ~PM,YJI~3 (25), 
lJ:I!:CJlO HYJIe:li HHTerpaJIbHoro ROc1!1fyca 6eC.KOHe\lHO, HO 'iRCJlO Mt'lTaCTa61:!JI:b HS ROTop(}1 N, N ro2 .;. lOs. Haane~HH~ SH8'I8HIDl.ll.lI,S: R., Jot N, OT-
HIiX COcTO.!IHH:Ii ROH,e'mO, TaR .!taR pa.n;Ityc HHTH He MOJlteT 6HT1> 60JI:r:.me R. 

~"IHO corRaCYlOTC.Fl C S~CuepHMeHTaJI:bHHMH ;r(aHHHMH, 

TaKHM 06paSOM, :meprWl BsaHMo;r(elcTBWl B CJlY'lae HHTeBlf.l];Ho:li CTPYR


TYPIi BOs6YZ;r(eHHI paBHa 	 5. IIapaMeTp 1I0pgnKa 

!/N:l E, ;., ~ rrOCJle;r(OBaTem.Horo OITHCBHIDl I1HBepCOH-nOJlRpI1TOHHOH ~aA.1la-v;./HI = - k2 fJ.. 1 (28)0,:18 	 MeHTaIJ;I!:H KaK ~SOBOro rrepexo;r(a MeZ;r(y O;r(HoPO;r(HIiM H HeO;r(Hopo;r(Hl1M coc

TO.FlHHeM Bos6YE;r(eHHI He06xo~o onpe;r(8JIHTb napaMeTp nopR;r(Ra. 3TOT lIe

Hs CpaBHeHHa (28) C (23) BHTeRaeT, 'lTO HHTeBH,nHaa CTPYRTYpa BHrO,nHee pexo;r( HaITOMHHaeT rrepexo;r(H THTla KPRCT8JIJ[HSaIJ;I!:H HJIH paccRoeliWi"8/, 

o,nH0po,nHol, eCJlH HO TOJI:bRO B ;r(aHHOM CJIY'Ia8 HeO,nHopo;r(HOCT:b BOSHHRaeT B nO~CHCTeMe BOS-

6YZ;r(eHHft, Tor~a RaK npocTpaHcTBeHHoe pacnp8;r(eJIeHHe C8MHX aTOMOB He 

1; 8(".I. ?) < ~I 8(7..) (V,.... <~I'I..) ) (29) MeHHeTM. 
R Q 

, I 
IIapaMeTp no~a, IIOKasHB8lOO.\H1 CTerreH:b HeO;r(HOpo.n;HOCTH, MOJltHO 

onpe~e~T:r, .!taR OTKJIOHel'We JIOKaJI:bHOI HHBepCHH < G/ (1:1> OT ee 3Ha'le
r;r(e 'X, == 0.62. IIoCKOJI:bKY 

HWl if ( ~ ) ,nOJIY"IeHHOrO B peSYR:bTaTe ycpe;r(HeHH.Fl rro CHCTeMe. Hs

? ('x,) ::= a.ls m~')( 8(1:) : 1,1 ) 	 (II), (14) Jot (8) HaxO~M 
:I .1 

nOCTOJIbKY HepaBeHcTBO (29) CnpaBe~HBO Bcer;r(a npH BWTIOJIHeHHH eCTeCTBeH < 6'" ~ (t) '> -= i1 + ~ D.; == ~ on > 
HIiX YCJloBHA L 6 2 + d" 

:l (3I)
.o.:lt.r~ 1;;.Rfl < R , Sp '> 5: . (30) 	 lfOU= ~r~{~),:: 
A~ + r~,

IIpH ;r(OCTaTOt{HO Mo~ol HaKa4Ke ~I CTpeMHTCSl K Ma.KCHMaJI:bHOM,Y SHS'le-
Y;r(06HO orrpe;r(8JIHTb npHB8;r(eHHl1l napaMeTp rrOpR;r(Ra; 

rum ~~ = r. 
HTa.K, CHCTeMe BHro,nHee HaxO~TbCSl B COCTOSlHHH C HHTeBH,nHHM pac- f/:lffi""" ('5) - if (!f.) 

npe;r(eJIeHHBM HHBepcoHHIiX H rrOJISlpHTOHHIiX Bos6YZ;r(eHHA, HeJlteJIH B 0,nH0- G:=' =~-~. 
, ...-IAI -I 	 (32) 

PO.n;HOM. ifmsH"IeCKHe npH'iHH1i 3TOro MOllHO nOSlCHHTl:> CJle;r(yDIU!M 06paSOM. t 
4lopM,YJIa (20) nO.!taSl:lBaeT. 'ITO a<PPeKTHBHWt nOTeHIJ;I!:aJI BsaHMO;r(elcTBWl BCJle;r(CTBHe TOro, 'ITO ITJIOTHOCT:b HHBepCHH rrponOpUROHaJI:bH8 ITJIOTHOOTH 

Bos6Y:II,IleHHft rrpolIopIJ;I!:OHaJIeH 
 l rrOJISlpHS8IJ;I!:H, TaKol Jlte napaMeTp no~a MOXHO nOCTpoHT:b HS JIORaJIbHOI 

C (k f ~I~L ) - - 00 (1 .... 0 ) J 1I00000pHsaIJ;I!:H. GorJIaCHO (3), (II) H (14) HMeeM 

10 II 

http:ycpe;r(HeHH.Fl
http:corRaCYlOTC.Fl
http:60JI:r:.me
http:HaxO;r(HTC.Fl
http:BIDlOJIflHeTC.Fl
http:BWTIOJIHSleTC.Fl
http:yno~o"IeRHo.ll
http:YHKIJ;I!:.Fl
http:JIO.KaJIHSYlOTC.Fl


. ! 
'5

0 
= 0,15 No / F (37)

d'J. . HHTH Ha~HaIDT BsaMMo~eHcTBoBaTn Me~ C060H, H nnOTHOCTn B036y~e< P.(t) '>= ê E o (ô- t" rd.) D t' ( ~ ~ . - co.t- )
Lo (1 e L HHH paCllXHBaeTCR, paBHOMepHO SarrO~HRR BeCD 06~eM. TaKHM 06paSOM,

:(A2+r 2) i I npa 15 ='3. rrpOHCXO,IJ;IlIT nepexon B onaoponaoe COCTORRMe. IIpH nocne
\: 

/~IOIIteM YBe~H~eHHH XapaKTepHCTHKH HaKa~KH '5 OT ~ o ~O e~HHIJ;b[ 

-p (~)= tiL I p.O:') p.(t) ~ 1< ~({r> I ;l cacrexa OCTaeTCR O~OpO~OH: ~.,. = ~ ,N.,. = O. CYMMHPYR CKaSaH
• c, ) L I (. -I . (33) tI HOe, HMeeMt. i ~ s. ~ o L ~ ~ ~c: ,,I 

l~ -f = i, ~c. ~ ~ !: ~o , (38)
BBO~ 6espaSMepHaH rrapaMeTp rrop~Ka ; \ 

I ~, ~o Lo ~ !: 1. •
 
g~tr fi (~} - p o~,)
 

f); = '= ~p - ~ .:> 
! B rrpoMeiKYTKe ~c. ~ ~ ~ ~o , sorna 5.p = 1, Be~~Ha Np osnaxaer 

i p (.1) (34) aqxpeKTHBHoe. cpezuree xacxo HHTeH, rroaToMY Nf- ue oõaaareasao nenoeI xacno : 
y6e~aeMCR, ~TO OH COBrra~aeT c (32). Ponn TepMO~HaMH~eCKOH rrepe f , 0- L ~ ~ s, , I

MeHHoH s~eCn HrpaeT xapaKTepHcTHKa HaKa~KH ~. 

llcc~e~eM rrpoueccH, rrpoHcxo~e B CHCTeMe rrpH rrOCTerreHHOM 
BKnID~eHHH HaKa~Kn. ~E aToro y~o6HO BHpaSHTn ~C~O HHTeH (25) li HX 
pa~c (27) ~epes ~HC~O ~peHe~R: 

R 1iR~

N =. Ô ss F ~ R =O,3g 'fF (p=U)
I - (35)P f

~f 
IToKa MOmHOCTn BHeillHeH HaKa~KH HaCTO~nKO MaHa, ~TO ee He~OCTaTO~O 

~ rro~Horo B036y~eHHR ~aEe O~OH HHTH, B CHCTeMe o6pasyeTcR e~H
CTBeHHaR'HerrO~HO B036y~eHHaR HHTn c pa~ycoM Rf H nnOTHOCTnID 
mmePCHli ;-f. ' orrpe~eM.eMoK HS (35) npz Np. = 1: 

5" :: 6,!i'8 F ~ ( ~ <. ~c) . . 

KaK TQnnKO xapaKTepHCTHKa HaKa~KE ~OCTRraeT KpHTH~ecKoro sHa~eHRff 

S = ~ , e,IJ;IlIHCTBeHHaR C'ymeCTBYIDIllaR B cacrexe HHTn Bos6Ylll'JlaeTC.fI 

rrOJlHOCT;ID, TaK ~TO ~f = 1, oTKy~a 

~ = O," fi / F • (36)
e, 

TIpH ~ '> Se Ha,I(O noaararr, ~ I- = 1, a cpenaee 'llHCJlO IDITett Ha
XO~Tn rro ~oPMY~e 

= ~/~c. , ~c b ~ 6. €.o ~Nf (39) 
O ') 'fL~f 1.t o 

B Ka~eCTBe rrapaMeTpa rrop~Ka (32) H~H (34) rro~y~aeM 

( ~ I te ) ( 1- ~c) • O L ; ~ ~ c ) 
s:- '*" "-\of- - -( - ~ ) ".ic. ~ ~ - ~ D ~ (40){ 

O , l;o L ~ ~ i . 
KpHTH~eCKaR HaKa~Ka (36), Heo6xo,IJ;IlIMaR ~R rrO~Horo Bos6y~eHHR 

O~OH HHTH, H rrOpOrOBaH HaKa~Ka (37), rrpH KOrOpOH rrp'OMCXO~T rrepexa~ 

Me~ O~OpO,nHHM H HeO~OpO,nHHM COCTORHHRMH Bos6y~eHHH, SaBHCRT OT 
~Ma ~peHeM. TaK KaK R~ L. R , TO, COr~aCHO (3~), F '> 0,15 . Ilpa 
~c~ax <l>peHeM B HHTepBM8 O ~ F 6 0,i5 1>aíiJIaMeHTaJJ;IDi B CHCTeMe He
BOSMOiKHa, No = O. Ilpz 60JlnDrnX ~c~ax ~peHeM, sorna 

O s L !t L. i· O~ -(~ L F L O) 6 ,) R ~ 

B paooxex 06':b8Me MOlKeT tIOMeCTHTnCR TO~nKO O~Ha HHTh, No = 1, rrpH~eM' 

o.s« L ~c = ~o L i . 

IIpH eiuê ooasnax 'lRc.1Iax WpeHeJI.fI, xcrna 
/ 

, 
) .B.t '-.0,5"O 35" L ; 0,6 L FL 1,:J. J, I ( ~ '> gc) . ) P#, = {',àS F ~ 

f'l B CaCTeMe Moryrp noze CTHTnCR )tBa- HliTH, No = 2, npa aTOM 
YCRneHHe HaKa~KR rrpHBO,IJ;IlIT K YBe~nqeHHID ~c~a HHTett c O~aKOBHMH
 

Pa.n;KYCaMH. O,nHaKo N., ae MoxeT 6HTn õonsme No ,MaKCliMaJInHOro O)1~ L.. ~c: LO)~5" L ~o L O) S.
li,i~ana HHTeH, rrpH KOTOpOM ocymecTBHReTCR nxoTHaa yrraKOBKa pa6o~ero 

06~eMa. ITpH ~OCTHXeHHH HaKa~KOH Be~H~H 
I.
 
I'
: .
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~eM dO~bille ~C~O ~peHe~R, TeM ner~e rrpOMCXO~T ~aRnaMeHTa~ B03

ó~eHMH, 

( F .... ~) . 
~c. - o ) ~" - 0,1

rrepexo~ T~rra wa~aMeHTaunM ~M ~e~aRnaMeHTa~ OTHOCMTCR K Wa
30BHM rrepexo~aM rrepBOPO po~a co CKa~KOM rrapaMeTpa rrop~Ka 

b():(-~o <O,'r-!).• 

rrO~~epKHeM eme pa3, ~TO rrpM TaKOM HepaBHOBeCHOM wa30BOM rrepexo~e 

rrpOCTpaHCTBeHHoe pacrrpe~e~eHMe caMHX aTOMOB He MeHReTCR. B cny~ae 
ra30B M ~~KOCTeH OHO OCTaeTCH O~OpO~HM, B cny~ae KpMCTannDB - ne
p~O~~eCKMM c rrepMO~OM COOTBeTCTBYIDmeH perneTKM. rrpM aTOM Ha~ HeM3
MeHHOR óa3~CHOR eTPYKTYPOH aTOMO~ oópa3yeTcR CBepXCTPYKTypa B03
óy~eHllH. B03HMKHOBeH~e TaKMX CBepXCTpYKTYP, MH~UHpOBaHHHX BHeill
HHMll B03~eRCTBMRMM, B03MO*HO II rrpM ~PyrMx HepaBHOBeCHHX rrepexo~ax. 

HarrpMMep, rro~ ~efiCTBlleM rrepeMeHHoro a~eKTpOMarHMTHOro rro~ B rrapa
MarHllTHHX MeT8nnax M9rYT rrOR~RTbCR rrY~HOCTH Bosóy~eHMH, MMeIDmMe 
WoPMY ~epe~romHXCR nnocKllX c;oeB c rrepHO~OM,ropas~o ÓO~blliMM, ~eM 
cpe~ee MeXaTOMHOe paccTofillHe 11-13/. 3TM B03óy~eHRH rrpe~cTa~HIDT 
COÓOR re~MKOHH rrpM HM3KHX ~aCToTax H MarHOHH rrpM CBepXBHCOKHX 
p~o~acToTax, TO eCTb HH~URPYIDTCR rrpH re~MKOHHOM M crrMH-BO~HOBOM 

pe30HaHcax COOTBeTCTBeHHO. renllKOH-MaraOHHaR CTpaTll~HKa~ li MH
BepCOH-nonflpMTOHHafl waRnaMeHTaURR c~y~aT rrpMMepaMH peSOHaHCHHX 
~aSOBHX rrepexo~oB 114/. 

6. MflTeHcMBHoCTb Ms~y~eHRH 

rrO~HaR rro~pll3a~H CllCTeMH rrpe~cTa~ReT COÓOH cYMMY 

( 41)-:p(t-) = ~ < p:(t) > , 
L 

COCTOíIll(JID MS O~OaTOMHHX rrOMpliSaI.UiR (-33). ,I(llqq1epeHllllaJIbHaR llHTeH

CMBHOCTb. Ms~y~eHllR 

ti I = a~ ! IP(t-) \ Q. -h'h 3 J ~ J = f I lt n3 J ~ J ~. (42) 

B KOTOpOH J - yro~ Me~y rrO~pllSaIJ;HeR (41) II Hanpa~eHlleM HaÓ
~ID~eHHR, llMeeT xapaKTepHYID Mr~ooópasHYID WOPMY. rronHaR HHTeHCllBHOCTb 

HS~Y'leHHR 

I := ~ j'-w (T1 + I s ') (43) 

B KOTOpOR 

lI' 

d t,( ~ tl 
'1.. =~H 3 1E I~ o h +o~ ) 

~J o À'!(1l2+K~):l (44) 
COCTOMT MS ~BYX cnaraeMHX. rrepBoe, rrporropunoHaJIbHOe 

N ~;}./ 'gc ~ o L ~ ~ ~ c. , 

=N't-~ = N~' ~ f:.~ ~~ (45)I ~ 55.,. .J c., o.,
{ 

N ~ .:2 .:> 50 Lo ~ ~ t , 

orraCHBaeT OÓ~Hoe Ms~y~eHMe, corrpOBo~aromee crróHTaHHHH pacrra~. BTO
poe cnaraeMoe, rrporrOplUiOHaJIbHOe 

2~~A~ .aJiLI = N ~ tLn - » (46)
S tt·L· II 

cooTBeTcTByeT cBepXHs~~aTe~bHoMY rrponeccy. CHCTeMa HaxO~T?R B 
cBepXHs~y~aTe~bHoM peXllMe rrpM BHITO~HeHHll HepaBeHCTBa 

N ~ I~ ~. st. I~ 
~., 1f1.,. n ~ »» 1 . ( 47) 

aTo HepaBeHCTBO Mo~eT MMeTb MeCTO rrpM ~OCTaTO~HO ÓO~brnOM IV ,~a

JKe ec~ i' « L . YrrpomeHHl:dt BapHaHT (47) npz ycnOBMH "(I.. L 
~orrYCTHMO rrpe~CTaBllTb B WoPMe 

-L ./ À' --:< 1.
iN ,< T '" . (48) 

rrepexo~ K cocpe~oTo~eHHOa CMCTeMe OSHaqaeT WOpMaJIbHYID SaMeHY ~.~oo • 

Tor~a BMeCTO (47) MMeeM 

N!- '» i . ( 49) 
~., 

TaKHM oópasoM, rrpM crrpaBe~RBOCTll KpliTepMR (47) B CMCTeMe ocy
meCT~eTCR cTaunoHapHoe CTMMY~MpoBaHHoe CBepxMsxy~eHHe c HHTeHCHB

. HOCTbID 
2 

I&..... ~ iLI~ N3J W 3l;'il 
t 1\ (50) 

BOSHMKHOBeHMe aTora CBepXHsxy~eHHR OóRsaHO BsaMMo~e~CTBMID aTOMOB. ! 
~epes rro~e rrepeMs~y~eHMR (5)', B pesY~~TaTe ~ero CMCT8Me oKasHBaeTcR 
aHepreTMqeCKH BHra~o rrepeaTM B yrro~o~eHHoe COCTORHHe, rrpM KOTO
pOM rro~pHsaUKZ OT~e~bHHX aTOMOB (3) opMeHTllPYIDTCR nap8nne~bHO rro~

pHsauaH,~asepHoro ~O~ (4) .. rrO~eHHe TaKoro opMeHTaunoHHoro rràp~K8 

14 ~ i 15 
, I
I, 

•. I. 



BnO~He eCTeCTBeHHO ~R BCRKOH C11CTeMH, B KOTDPOH OTCYTCTBYIDT ~O
nO.JHll1Te~:DHlIe pa3ynOpíI~0'illBaIDm11e <I>aKTOplI. Pa3B11T11e KOJWeKT11BHhIX npo
ueCCOB, np11BO~l1X.K 113~y~eH11ID c 11HTeHCllBHOCT:DID (50),OhW0 011 3aTPY~
H8HQ HnH ~~8 HeB03MO~0, HanpllMep, ~ C11CTeM, COCTOHmHX M3 
~nO~bHO aH1130TpOllHhIX ~aCTepOB, HinoMllHaIDInRX aH1130TpOnHYID Kane~b
HYID CTPYKTYPY HeKOTOphIX HeMa'r11KOB 15/ ll~l1 ,TI)lR .n;Py:rn:x C11CTeM c 3a
Mopo~eHH~1 ~l1no~bH~,oecno~KoM, aH~lo:rn:~H~ cn11HoBoMY /16,17/. 

XapaKTepMcT11Ka Ha.Ka~K11 ~ MoxeT paccMaTp11BaTbcR KaK He3aB11C11
Maff nepeMeHHaR, eC~ll'Ha C11CT8MY, KpoMe ~a3epHoro nO~R (4), .n;eHcTBYIDT 
.n;pyr11e H8MOHoxpOMaT11QeCK11e no~R, c nOMOmbID KOTOpax 11 KOHTpo~l1pyeTcR 

Be~l1~l1Ha ~. .IlonycT11Mo Ta~e npe~cTaB11Tb c11TyaIUIID, xorna e~H
CTBeHHO,e aaemaee. none , ~eficTBYIDmee na cllCTeMY, - aTO..naaepaoe no
ne {4), 11 Hl1KaKIDC 11HhIX BHeIllHIDC nO.Jl8R HeT. Tor.n;a xapasrepacraxa na
Ka~Kll ~ CBR3aHa c a~l1TY~OH xasepnoro nO~R E, 3aKOHOM coxpa-

HeHM	 8Hepnm
 

E I" - t :;)íi I
\ o	 _ C õ f) -f1\ - 
-- - Ç.." ~:=> wV:>
 

~1i
 

cor~acHO KOTOpOMY BcR Ho.n;Bo~MaR K C11CTeMe 8HeprM TpaTHTcH Ha 
e03~aH11e cpe.n;HeH pa3HocT11 3ace~eHHocTefi 11 Ha M3ny~eHMe.rrO~CTaBnRR 
CID.n;a 6" ( ~) 113 (31), I 113 (50) 11 J 113 (44) H B;SO,IT,fl 0003

Ha~eHYlR _3 d {oa /1 n o N _ lE ,.1 (A:l+r ~) 3	 h'n ~ íiL 
o	 ~B 

) SÃ (f:,.;).t~~)L:l T
d. =.	 4 i" E- . n (b:l +- r~ 'J.. ) 

rro.Jly~aeM CBR31>
 
~ = (1+ ~ rJ g ) 1/'- - f
 

~g 

Terreph ~ MOJKHO TpaRToBaTb KaK ~YHKIUIID H83aBHc11MofinepeMeHHoR "o( • 

11:3 npe.nH.1XYIUero CJIe,n;yIDT aCIDJIIITOT11~eCKlle Bl:lp~eHHR 

~~	 o( (0( 4 0 ) 

~~~:::..1- (oI~<P) 
5 In fF	 . 

IIapaMeTp nopansa (40) MO~O TOJKe paccW;'i'plf.BaTh KaK WYHR1.lliKl OT oL. 
IIpn aTOM .u;orrYCTIDIlli .n;Be C11T'Yamm. üepnaa, sorna ~ 1Wl '> ~ o ' rorna BGR 
nOCJIe~OBaTe~bHOCTb <l>M311~ecKHX C06l:lTH~, npOHCXO.n;HIUa.H: rrpn YBe~HqeHKll 

.~, , Ta JKe, ~TO H orrxoanaaa paaee npa ·YBeJillIlJeHID1 ~. EC~R 
.e ~Jn ~ ~o' TO IIJIOTHOH YIIaKOBIm HHTetí H11Kor.n;a ae rrpoHCXO,IJ;KT; 
cymecTByeT MaKCHMaJIbHoe ql{C~O ImTetí, pasaoe Srn I gc. , ~eeCR 
aCHMIITOTH~eCKHM npeneaoa npa o/. -+ 00 ,rrpK~eM ~ In / ~ c L No· 

7. KOMMeHTaptlJ:ll 

B TOM c~y~ae, Kor.n;a ,IJ;llnonbHlIe nepexo.n;lI 3arrpemeHlI, Bce 113~OJKeH

Hoe BHllie coxpaHReT CM1IC~ ,TI)lR MarH11To-.n;l1nO.Jl:DHhIX nepexO~OB. nOCTaTO~

HO ~111ll:D ~3~e 3aMeHll'l'b no~p113aIUIID ~~) Ha M~H11TO-,IJ;llnO~bHhIH 
MOMeHT m· (i) , a8~eKTp11~ecKlle nO~R E.(f) 11 E.. (-f) - na COOT

<o	 ..... _ • 'J 
BeTCTBYIDm11e MarHllTHhIe nO~R H, (f) H H,j' (+) • B cacrexax c Mar
HliTo-~no~bH~ rrepexo.n;aMll ~o~a B03HYlKaTb ~aRnaMeHTa~R B030y~e

HYlH, KOTOPYID no aHaJIOI'lll1 c YlHB&pCOH-no~p11TOHHOn MOJKHO HaSBaTb 11H
BepCOH-MarHeTOHHOH <I>aRnaM8HTaIUIefi. B TaKHX G11CTeMax B03MOJKeH peJKHM 
CTa~OHapHoro CT11MY~l1pOBaHHoro MarH11To-.n;l1nO~bHor~ CBepxll3ny~eHkff. 

rrpOBe~eHHoe paCCMOTpeHl1e crrpaBe,TI)lYlBO )VIR .JlIDOUX 'Yl3~y~eH11H c 
~l1HaMll BO.JlH, ropa3.n;0 MeHblllHMll pa3MepOB C11CTeM1I. OHO rO.n;MTCR KaK ,TI)lR 
OnTYl~ecKOro, TaK 11 ,TI)lR peHTreHOBCKoro 11 raMMa -~l1ana30HOB. Eo~ee 

Toro, ~eM MeHbllie ,TI)ll1Ha. BO.JlHlI, TeM oo~ee TO~HlI npnO~Yl~eHllR, ohpe.n;e
~mHe <PoPMY raMR.JlbTOHllaHa (2). TaK,,TI)lR raMMa-~Mana30Ha, Kor~a 

,TI)ll1Ha BO~HlI rOpa3,IJ;0 MeHbllle Me~aTOMHOrO paCCTOHHMR, Iffi~aã aTOM 
HaxO~TCR crpcro B BO~HOBOH30He OTHOCllTe.JlbHO .JlIDOOrO npyroro aTO

Ma. Pa3YMeeTC.H:, rOBOp,fI O raMMa-nepexo~ax, sano MMeTh B BM):(y /nepe-/ 
Xo.n;lI Me~ R,IJ;epH~, a He a~eKTpOHH~ ypOBHRMll. KaK H3BeCTHO 18,19, 
CHCTeM1I, 113~y~aromMe Ha p8HTreHoBcKllx 11 raMMa-qaCToTax, on11chIBaIDTCR 
TaK ~8,KaR li Te, ~TO 113.Jly~aIDT Ha onTH~eclrnx ~acToTax. O.n;HaKO Bcne.n;
CTB11e pa3Hll~ B xapaKTepHhIX ~C~OBhIX KOHcTaHTax B03HHKHOBeHHe CBepx
H3.Jly~eHHR B peHTreHOBCKOM 11 raMMa-.n;Hana30Hax 3~a~Te~bHO 3aTpY.n;HeHO 
113-3a cxaOOH Koppe~R~l1, 00R3aHHOH <I>OTOHHOMY oOMeHY. Boxee rro~poOH06 

oocy~eHlle aToro Bonpoca MOJKHO HafiT11 B 0030pe AH.n;pee8Ba, EMeXbRHOBa 
H ~b11HCKoro/20/. 

Koppe~RURH Me~ aTOMaM11 (R.n;paMll) cymecTBeHHO YCR.JlRBaeTCfl riPli' 
Ha.JIH~ .n;onanHHTe~bHoro ~a3epHoro rrO~R, KBK aTO 11 oano npo.n;eMOHCTpHpO
BaH~ BHllie. Cne.n;OBaTe~bHO, B aHa.JIH3e Mo.n;8~H c raMR.JlbTOHHaHOM (2) no 
CYTli .n;ena co.n;e~Tca 0lll1CaH11e HOBOro MexaHH3Ma, n03Bo~ero yrrpoc
THTb C03.n;aHH8 CBepXH3.Jly~aIDmHX cHCTeM B peHTreHOBCROM II raMMa-~anp
30Hax	 c rrOMOmbID BHeillHHx no~p113YromllX rro~en. 

ABTOp	 np113HaTe~eH B.M. EMe~bHHoBY 3a nO~e3HlIe .n;HCKYCChi1. 
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IOKa.rrOB B.H. 
HHBepcoa-rronapHTOHHaH ¢aAnaMeHTaQHH 
B nagepHhiX cpe,o;ax 

Pll-87-341 

flpou;ecc o6pa3oBaHHH HHTeBH)J;HOA CTPYKTYPhl HHBepcoH
ITOflHPHTOHHbiX B03DYJK,D;eHHA B CHCTeMe )J;ByxypOBHeBb!X aTOMOB 
OITHChiBaeTCH KaK HepaBHOBeCHb!If ¢a30BbiA rrepexo,o;, Orrpe,o;eneH 
rrapaMeTp ITOpH,o;Ka, COOTBeTCTBYW~A 3TOMY rrepexo,o;y, B 3a
BHCHMOCTH OT xapaKTepHCTHKH HaKaqKH. floKa3aHa B03MO~HOCTb 
CTaQHOHapHoro CTHMynHpOBaHHOro CBepXH3flyqeHHH. 

PaooTa swrronHeHa B flaoopaTopaH TeopeTHqecKoA ¢H3HKH 
OHHH. 

11penpHHT 06'beAHHeHHOro HHCTHTyTa RAepHbiX HCCJieAOBaHHH . .LJ;y6Ha 1987 

ITepeBo,o; T.IO.~yM6paAc 

Yukalov V.I. 
Inverson-Polariton Filamentation 
in Laser Media 

Pl7-87-341 

The formation of a filamentary structure of inverson
polariton excitations in a system of two-level atoms is 
treated as a nonequilibrium phase transition. The order 
parameter corresponding to this transition is defined 
depending on the characteristic of pumping. It is shown 
that a stationary stimulated superradiance is possible. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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