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:ccneAoauadl ,ny6Ha, 1990 

no COBpeMeHH~M npeacTaBneH~~M OCHOBH~e YepT~ C~nbH~X B3a~
MOae~CTB~~ on~c~sa~Tc~ KBaHToBo~ xpoMoa~HaM~Ko~. BMecTe c TeM 
yKa3aHHa~ Teop~~ BKn~YaeT B ce6~, KOHeYHO, npe~H~e pe3ynbTaT~, 

o6b~CH~~~~e, Hanp~Mep, KOPOTKoae~cTB~e ~aepHbiX c~n. KaK ~3-
secTHo, 3aecb B csoe speM~ sa~HY~ ponb Cbtrpana ~ae~ ~KaBbl 111, 
cornaCHO KOTOpO~ HyKnOHbl B3a~Moae~CTBY~T Me~ay C060~ C nOMO~b~ 
05MeHa rr-Me30HaM~. np~ 3TOM noTeH4~an ~K~B~ (CTa4~0HapHOrO 
Me30HHoro non~) ~MeeT B~a 

q; = _ g exp(""ILR) 
R--. ( 1) 

3aecb g- KOHCTaHTa B3a~Moae~CTB~~. aHanor~YHa~ 3ap~ay aneKT
poHa B aneKTpoa~HaM~Ke; ~ - Macca rr-Me30Ha; ft = C = 1. ~MeHHO 
Han~Y~e ~KaBCKO~ 3KCnOHeHTbl y cpyHK4~~ rf; np~BOA~T K TOMY, YTO 
11 paA~yc Ae~CTB~~~~ ~aepHbiX c~n -~-t (-1'<1>) ropa3AO MeHbWe 11 pa
a~yca ae~cTB~~ 11 aneKTpocTaT~YecK~x c~n, on~cbtsaeMbiX KynoHos-
cK~M noTeH4~anoM. , 

B~pa~eH~e (1) 5~no nonyYeHo KaK~eweH~e cTa4~0HapHoro ypas
HeH~~ An~ KBaHTOB ~aepHoro (Me30HHoro) non~. 

PEmlT~B~CTCK~C1 nOTEHU~An ~KABbl 

B o6~eM cnyyae oTMeYeHHOe ypasHeH~e an~ Me3oHHoro non~ 
(ypaBHeH~e Kne~Ha- ropaoHa c ~CTOYH~KOM) ~MeeT B~A (eM., Ha
np~Mep, 121

) : 

( D + ~ 2) ¢ = 4 rrg 8(R i ) , (2) 

rae An~ npOCTOT~ nonaraeTC~, YTO TOYeYH~~ ~CTOYH~K HaXOA~T~~ 
B HaYane Koopa~HaT; i = 0, a = 0, 1, 2, 3. OYeB~AHO, YTO np~ 
~ = 0 B~pa~eH~e (2) nepexoa~T B ~3BeCTHOe ypasHeH~e An~ 3a
na3abtBa~~X noTeH4~anos aneKTpoMarH~THoro non~.YYeT aToro cpaK
Ta ~ Toro, YTO peweH~eM cTa4~0HapHoro ypasHeH~~ ~Bn~eTc~ cpop
Myna ~KaBbl (1), no3son~eT cpa3y Han~caTb peweH~e ypasHeH~~ 
(2). 0HO ~MeeT B~A/3/ 
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3Ae~b u 1 - 4-CKOpOCTb HyKnoHa; R 1 (t, R) - 4-BeKTOP 11 3ana3Abl-
sa~ero paccTo~H~~~~. HenocpeACTBeHHO~ noAcTaHOBKO~ nerKo y5e
A~TbC~, ~To s~pa~eH~e (3} Ae~cTB~TenbHO YAOBneTsop~eT ypasHe
H~IO (2}. 

CneAyeT OTMeT~Tb, ~TO Ha OCHOBaH~~ (3) 3KB~noTeH~~anbH~e 
nosepxHOCT~ n~oHHoro non~ AB~~y~eroc~ HyKnoHa ~MeiOT ~opMy 
3nn~ncO~AOB Bpa~eH~~. B~T~HYT~X B HanpasneH~~ AB~~eH~~ 141

. 
np~~eM 11 CTeneHb BbiT~HyTOCT~ 11 onpeAen~eTC~ Ben~~~HO~ U 

0 
( 111n~ 

nopeH~-~aKTopoM). 3T~ xapaKTepH~e oco5eHHOCT~ noBeAeH~~ non~ 
pen~T~B~CTCK~x ~acT~~ no cy~ecTBY onpeAen~IOTC~ 11 CKan~poM 3a
na3A~BaH~~~~·s = u 1 R~. 
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CKOPOCTb PACnPOCTPAHEH~~ B3A~MO~E~CTB~~ 

Han~~~e B ypaBHeH~~ Kne~Ha - ropAOHa (no cpasHeH~IO c o5~~
H~M sonHoB~M ypasHeH~eM) ~neHa c Maceo~ o5ecne~l!1saeT An~ cso-
5oAHO~ ~aCT~~bl BblnOnHeH~e pen~T~B~CTCKOrO COOTHOWeH~~ Me~AY 
3Hepr~e~ ~ ~MnynbCOM. KaK 1113BeCTHO, ~3 3TOrO COOTHOWeH~~ cne
AYeT, ~TO ~aCT~~a C Maceo~ He MO~eT AB~raTbC~ CO CBeTOBO~ 
CKOpOCTbiO. Ho BepHeMC~ K Bblpa>KeH~IO An~ pen~T~B~CTCKOrO noTeH
~~ana IOKaBbl. 

~3 ~OpMynbl ( 3) C He05XOA~MOCTbiO BbiTeKaeT, ~TO An~ nOKO~~e

roc~ HyKnoHa ( u 0 = 1, u a = 0 111 u 1 R 1 = t ) BMecTo (1) Bblpa>KeH~e 
An~ noTeH~~ana Ha caMOM Aene ~MeeT BillA 

¢ = _ g _ exp(""IL ~.L 
t • 

(4} 

3Aecb t npeAcTasn~eT co6o10 speM~ pacnpocTpaHeH~~ n~oHHoro no
n~ (T.e. B3ai!1MOAe~CTB~~) ~3 Ha~ana KOOPA~HaT B AaHHYIO TO~Ky. 
KoHe~HO, Hanp~Mep, B cny~ae 3neKTPOMarH~THOrO non~, CKOpOCTb 
pacnpocTpaHeH~~ KOToporo c = 1, 3TOT ~aKT He ~MeeT np~H~~
n~anbHoro 3Ha~eH~~. nocKonbKY t= R. Ecn~. OAHaKo, cKopocTb 
pacnpOCTpaHeH~~ C~nbHOrO B3a~MOAe~CTB~~ V 8 3aMeTHO MeHbWe 
npeAenbHOrO 3Ha~eH~~. TO ycTaHOBneHHOe OTn~~~e CTaHOBII1TC~ 
BeCbMa cy~eCTBeHHbiM. 

no COBpeMeHHbiM npeACTaBneH~~M aApOHbl COCTO~T ~3 KBapKOB ~ 

rfliOOHOB. ~ XOT~ CaM~ 5e3MaCCOBble rfliOOHbl AB111~YTC~ CO CKOpOCTbiO 
CBeTa, ~3-3a B3a~MOAe~CTB~~ ~X Me~AY C050~ ~ KBapKaM~ ~ C y~e
TOM TOro, ~TO B pe3ynbTaTe aApOH~3a~~~ KBapKOB o5pa3yiOTC~ 
11 rpaHW-IHble 11 s~pTyanbH~e n~OHbl *, 3~eKT~BHa~ cKopocTb pacnpo-

*Tioae,o;eHHe KOTOPblX H onHCbiBaeT noTeH~Han IOKaBbl, 
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CTpaHeH~~ TaKOrO KBapK-rniOOHHOrO non~ B np~H~~ne MO>KeT 5~Tb 
MeHbWe C. 

Ha OCHOBaH~I/1 (4) C yYeTOM TOrO, YTO t = R/v , 5yAeM ~MeTb s 

exp(-JL v - 1 R) 
¢ = -gvs l.-, 

R ' .. 
( 4 ') 

no3TOMy, Hanp~Mep np~ v 8 = 0,5, y5~BaH~e ~AepHoro non~ 3a 
cYeT 3KcnoHeHTbl s e pa3 5yAeT npo~cxoA~Tb Tenepb Ha paccTo~
H~~, paBHOM nonOB~He KOMnTOHOBCKO~ An~Hbl BOnHbl nii10Ha 0, 5 JL -1 . 

3~eKT~BHO 3TO Bblrfl~Aeno 5bl KaK yMeHbWeH~e 11 paA~yca Ae~CTBI/1~ 11 

~AePH~x c~n (ysen~~eH~e Mace~ KBaHTa non~). TaK~M o5pa30M, 
y~e OTCIOAa cneAyeT, YTO CKOPOCTb pacnpOCTpaHeH~~ C~nbHOrO 
B3a~MOAe~CTB~~ AOn~Ha 5~Tb 5n~3Ka K CKOpOCT~ CBeTa. 

60nbWe TOrO, KaK HeTPYAHO B~AeTb, Bblpa~eH~e ( 4') y~e He 
5yAeT YAOBneTBOpHb COOTBeTCTBYIO~eMy CTa~II10HapHOMY ypaBHeH~IO. 
O~eB~AHO, ~T05bl BblnOnH~Tb yKa3aHHOe Tpe5oBaH~e, Mbl AOn~Hbl no
no~~Tb v

8 
= 1. Ho 3TO 03Ha~aeT, ~To cKopocTb pacnpocTpaHeH~~ 

C~nbHOrO B3a~MOAe~CTB~~ pasHa CBeTOBO~, T.e. COBnaAaeT CO 
CKOpOCTbiO pacnpOCTpaHeH~~ 3neKTpOMarH~THOrO B3a~MOAe~CTB~~. 
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