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0 B03MOmHOH nepecTpOHKe cneKTPOB Me30MOneKynRpH~X 
CHCTeM 

AaH Ka4ecTseHH~H aHanH3, yKa3~Ba~HH Ha B03MOmHOCTb 
nepecTpoHKH cneKTpa yposHeH s Me3oMOneKyne dTfL c L , 0 

3a C4eT CHnbHOro dT -s3aHMO,QeHCTBHR. 
HanH4He nepecTpOHKH npHBO.QHT K pe3KOMy B03pacTaHH~ 

WHPHH ypOBHeH CHCTeM~ dTfL , KOTOpOe npOCTO 06~RCHReT Ha6n~
,qaeMOe O~CyTCTBHe TeMnepaTypHOH 3aBHCHMOCTH B peaK4HH 
d + T1' -+ He + n ~ 11. 

Pa6oTa B~nonHeHa B na6opaTOPHH TeopeTH4eCKOH $H3HKH 
OH~H. 

npenpMHT 06~eAMHeHHOrO MHCTMTyTa RAePHWX HCCneAOBaHMM. ny6Ha 1980 

Belyaev V.B., Zubarev A.L., 
Kartavtsev 0.1. 
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1. H3BeCTH0 / 1/ , 4TO B KBaHTOBOMexaH~4eCKOH C~CTeMe ABYX 
Ten, B3a~MOAeHCTBY~~~X nocpeACTBOM AanbHOAeHCTBy~~~X c~n, 
BKn~4eH~e KOpOTKOAeHCTBY~~ero noTeH~~ana MOmeT np~BeCTH K cy
~eCTBeHHOH nepecTpOHKe cneKTpa B TOM cny4ae, KOrAa KOpOTKO
AeHCTBY~~~H noTeH~Han ~MeeT 6nH3K~H K Hyn~ ypoBeHb. npHMepOM 
c~cTeM~, rAe pean~ayeTCR TaKaR CHTya~HR, RenReTcR aToM pp 121 

npeACTaBnReT ~HTepec paCCMOTpeTb B03MOmHOCTb nepecTpOHK~ 
cneKTpa B 3-4aCT~4HOH C~CTeMe C KynOHOBCK~M B3a~MOAeHCTB~eM 
np~ BKn~4eH~~ KOpOTKOAeHCTBy~~ero RAepHOro noTeH~~ana MemAY 
napOH 4aCT~~. 0AH~M ~3 KaHA~AaTOB RBnReTCR Me3oMoneKynRpH~H 
~OH dTp, , on~caH~e KOTOporo e aA~a6aT~4eCKOM np~6n~meH~~ I S! 

~aKT~4eCK~ COOTBeTCTByeT 3~eKT~BHOH ABYX4aCT~4HOH TpaKTOBKe. 
B TO me epeMR c~nbHOe eaa~MOAeHCTB~e AeHTep~R ~ TP~T~R ~MeeT 

peaoHaHCHbiH xapaKTep I d ~ T o6paay~T ~e* np~ 3Hepr~~ 
- 70 K3B 141 I. 

KpoMe Toro, 3Kcnep~MeHTanbH~H ~aKT Heaas~c~MOCT~ B~XOAa 
HeHTpOHOB OT TeMnepaTyp~ B peaK~~~ dTIL--+ 4 He +D+IL / 5/HaXOA~T npo
CTOe OfiDRCHeH~e, ecn~ ~MeeT MeCTO nepecTpOHKa ypOBHeH Me30MO
neKynbl dTIL. 

2. nepeHAeM K KOHKpeTHOH o~eHKe ~3MeHeH~H KynOHOBCKOrO 
cneKTpa dTIL -MoneKynbl B COCTORH~~ C nOnH~M MOMeHTOM L = 0, 
KOTOp~e B03H~KHyT, ecn~ BKn~4~Tb C~nbHOe B3a~MOACHCTB~e MemAy 
d ~ T. 

faM~nbTOH~aH C~CTeMbl B aA~a6aT~4eCKOM np~fin~meH~~ ~MeeT B~A 

H ~ H 0 + v + v , 
C B 

/1/ 

rAe H0 -ceofioAH~H raM~nbTOH~aH; V c - CYMMMa KynOHOBCKOrO 
~ 3~eKT~BHOrO dT -noTeH~~ana, KOTOp~H B03H~KaeT 3a C4eT 
eaa~MOAe~cTB~R c IL--MeaoHoM; V 8 - KOpOTKOAeHCTBY~~~~ c~nbHbiH 
noTeH~~an MemAY d ~ T. YpaeHeH~e Ha co6cTBeHH~e 3Ha4eH~R e one
paTOPHOH ~OpMe ~MeeT B~A 

1 + ( G 0 (E) - G c (E) ) T = 0 , /2/ 

3AeCb 

G ( -1 -1 
0 E) = (E - H 0 ) , G c (E) = (E - H 0 - V c ) , 

a T - MaTp~~a YAOBneTBOpReT ypaeHeH~~ n~nnMaHa-We~Hrepa 

T = V 
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B HMny~bCHOM npe.QcTaaneHHH ypasHeHHe /2/ ~t~MeeT BHA 
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(E) -Gc(E) lq ... ><qiTip

2
>dq =0, /4/ 

p - OTHOCHTeJlbHblllt HMnynbc d IIi T • Eiy.QeM Ailfl O~eHKH C4HTaTb, 
4TO HHTerp~t~poaaHvte a /4/ o6peaaeTCfl Ha MMnynbcax q - 1/r 0 , 
r.Qe r 0 - npoTfl>KeHHOCTb c~t~nbHoro dT -noTeH~Mana. B cny4ae 
B3altiMO.QeiltCTBHR dT ra, -7 ¢lM. •r-MaTpHL\a <qiTip 2> B HHTe-
pecyJOI.lleM Hac >'IHTepsane 3HeprHIII 1-1 >'!Mnynbcos RBnfleTcfl nnasHoei 
<)lyHKL\HeC\ CBOHX apryMeHTOB, H Mbl AllR OL\eHI<I1 BOCnOJl b3yeMCfl riP)1-
6J1HlKeHHeM: /()/ 

h2a s 
<p IT (E) I p '> "' 

417 2 m ' 

r.Qe a 
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- CHJlbHaR AJ1HHa ynpyroro dT -pacceRHHR, a 
,qei-!HClfl Macca CMCTeMbl dT .· 

Hcnonb3YR cneKTpanbHoe npe.QcTasneHHe .Qilfl ¢YHKL\HC1 
G

0
(E) 11 G (E), H3 flff nony4aeM HCKOMoe ypasHeHHe * 
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... (277) -lt/Jk(O) I . 
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rp~t~Ha 

!6! 

BKnaA .OT .QHCKpeTHOrO cneKTpa MOlKeT 6b1Tb OL~eHeH Ha OCHOBe coo6-
pa>KeHHC1, H3nomeHHbiX e pa6oTe 171 , 3TO .QaeT senH4VIHY · lt/1 1 (0) I 2 -
-lt/J 2(0) 12-10-.

9 O~eHHM Tenepb BKJla.Q B /6/ OT HenpepbiBHOrO cneKTpa. 
CHaLiana npoee.QeM 01~eHKY, onycKafl BKilaA oT 3¢<)leKntsHoro noTeH
~Hana, a 3aTeM-· noKa>KeM, K 4eMy np!-!BO.QIIIT ero ylleT. B nepsoM 
cny4ae 

2 
1 t/1 co> I = 

k 
171 

H npH £ = 0 
kmax lt/Jk(0)'! 2 dk 
f "' 1/20 • !8! 
0 k 2/2 

B TO speMR KaK BKJla.Q OT CB060.QHOilt <)lyHK1.4HI4 rpHHa nps-t £ = 0 
COCTaBJlfleT 8eJ1H41-1HY .kmax "'3,5. f"py6biel y4eT aA!4a6aT!-14eCKOrO 
3<)lcpeKTHBHOrO noTeH~Hana MOlKHO OCYI.lleCTBI4Tb, 3aMeHflfl B Bblpa>KeHI4H 

---- k5 
/7 I k Ha y'k 2+ k~, r.Qe -

2
- = W0 , a W 0 - rny61-1Ha 3¢¢eKTI4BHoro 

noTeH4Hana. TaKa.fl annpOKC:14MaUHR npi-IBO.QHT K TOMY, 4TO BKJ1104eH14e 

*3.Qecb >1 .Qanee 3HeprHH onpe.QeneHbl e e.Q~1HH1.4aX 

= 54 K38, a e.QHHHL\ert AJ1111Hbl RBJ1.fl8TC.fl 
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aAHa6aTV14ecKoro noTeH~Hana He CHJ1bHO MeHfleT pe3ynbTaT, nony-
4eHHbiH C HCnOJ1b30BaHHeM /7/. BKna.Q OT CB060.QHOi1 ¢YHKL\HI-1 rpMHa 
OCTaeTCR .QOMHHI-1PYIOQHM. 

HTaK, Ann CHilbHollt AI11-1Hbl pacceflHHR a 
8 

, npH KOTopoi:i npoHaoJ';1~ 
.QeT n~pecTpolltKa cneKTpa, T.e. B03H~KHeT yposeHb c £ = 0, M3 
YCilOBMR /6/ nony4aeM: 

akP,-17 - "'1-+ 25<!JM. 
s k 

,m 
O~eHHM Tenepb c:>6nacT b M3MeHeHHR a 

8 
, s !<OTopollt npoHCXOAHT 

11 nOJ1HaR11 nepeCTPOHKa, T.e. 3Ha4eHMe B03HVIKWerO ypOBHH MeHReTCfl 
OT 0 AQ E 2 - 3HeprHH B036Y>KAeHHOro COCTORHI-1R MOneKyJlbl dTJl 
c L = 0. 

Ha /6/ np~-1 £ =I d nonyllaeM 

kmax 1 217 211/k -1 
a -- (e 1) · 

1--8-f k - k 2 dk=0. 
11- 0 £ 2 + k 2/2 

217 217/k -1 
Y4HTbiBafl, 4TO "!t"(e -1) =f(k)<<l,nonaraR .a

8 
... a

8
+L'.a

8
, HMe-

eM: 

L'.a s :::: 17 £2 
k v- ~ 10-2 

max 2 as 

Ham14He Heynpyroro KaHaha d + T ... 4He + n npHBOAMT K TOMY, 
4TO ynpyran AI1HHa pacceRHI-111 CTaHOBHTCR KOMrineKcHollt 1-1 yposHH 
CVICTeMbl np1-106peTaiOT l!H1PHHY. YpaBHeHMe /6/ OCTaeTCR cnpasegm1BbiM 
1-1 e 3TOM cny4ae. nonar·afl .QJ11-1HY paccef!HMfl pasHOH a 

8 
= 6'

8 
(1 + i y), 

6y.QeM HCKaTb co6cTBeHHoe aHa4eHHe e B~t~Ae E + ir. BBOAH o6o-
3Ha4eHVJe 

J(E, f') = f k
2
dk(1 - f (k)) 

E +if' -k 2j2 
ypaBHeHMe /6/ nepen11weM a BH.Qe 

bs (1 + iy) (ReJ(E, [') + ilmJ(E, f')) = ", 

OTKYAa AJlR WHPMHbl B MOMeHT nORBileHIItR YPOBHR nony4aeM 
-i{2 

f'-y--, 
- 2 
k - cpeAHMH V1MnyJ1bC B nogbiHTerpa!lbHOM SblpameHHH /9/. 

/9/ 

1-'13 pac4eTa pa60Tbl IS/ CJie.QyeT, 4TO y - : , OTKY.Qa Aill'l 

WHPI-!Hbl [' nony4aeM [' ~ ~ ·;, 30 K3B. 

0TCJO.Qa cne.QyeT, 4TO np1o1 napaMeTpax .A.QepHoro noTeHL\Hana 
d'f - esaHMOAelltcTBI-1R, o6ecne4V1Bal0t1.111X nepecTpolltKy cnei<Tpa, 6y.QeT 
Ha6JliOAaTbCR BbiXOA HelltTPOHOe·, nOCTO.AHHbl~ B UJHpOKOM I'IHTepeane 
TeMnepaTyp cpe.Qbl. Ecn~t~ napaMeTpbl c~t~nbHoro saav.Mo,qelltcTBVIR Ta-
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K08bl, 4TO nepecTpO~Ka cneKTpa OTCYTCT8YeT, TO 3Hepnf.R 1-1 Wl-fpi-1-
Ha yp08H.R C8.R3aHbl C AJli-IHO~ pacce.RHI-f.R 111-fHe~HO~ 3a81-fCI-IMOCTbiO, 
KOTOpa.R no11y4aeTC.R 1-13 /6/ np~-1 Y4eTe T011bKO n01110CHOrO 411eHa. 
An.R WI-IPI-IH~ n011y4aeM o6~4HYIO 04eHKY 

r:: 2rrb
8

yJI/J 
2

(0) J2 ~ 10-3 3B. 

TaKI-fM o6paaoM, np~-1 I-13MeHeHI-fl-f napaMeTpo8 Cl-111bHoro 83al-fMOAe~cT81-f.R 
WI-IPI-IHa r MOlKeT MeH.RTbC.R 8 WI-IPOKI-IX npeAe11aX OT 10 3 AO 10-3 3B. 

nocK011bKy napaMeTp~ Cl-111bHOro 83al-fMOAe~CT81-f.R d "' T l-138eCTH~ 
C fi011bWO~HeonpeAe11eHHOCTbiO /8!, lKe11aTe11bHO npOI-138eCTI-f 3KCne-
PI-1MeHTa11bH~e I-13MepeHI-f.R no11olKeH1-1~ ypoeHe~ dT~-M011eKy11~. Cpae-
HeHI-fe pe3y11bTaTOB TaKI-fX I-13MepeHI-f~ C T04H~M pac4eTOM /9/, I-IC-
0011b3yi0~1-1M T011bKO KY110HOBCKI-fe noTeH41-1a11~, AaCT OAH03Ha4H~~ OT
BeT Ha eonpoc: ecTb nepecTpo~Ka 1-1111-1 HeT. 

Apyra.R 803MOlKHOCTb cocTOI-IT e HenocpeACTBeHHOM l-13y4eHI-fl-f dT
eaal-fMOAe~cTBI-f.R np~-1 HI-13KI-IX 3Heprl-f.RX I E ~ 1 K3B/, Hanpl-fMep, 8 
peaK41-f.RX Tl-fna 

d + 
7 

Li .... d + T + 4He • 

T + 
6 

Li .... d + T + 4 He . 

An.R Me3oM011eKy11.RpH~x Cl-fcTeM pd~ 1-1 dd~ 1-1 AP· HeT 3Kcnepl-f
MeHTa11bH~x yKa3aHI-f~ Ha pe30HaHCHOe noBeAeHI-fe Cl-111bHOB3al-fMOAe~
CTBYIO~I-IX nOACI-ICTeM, T.e. pd, dd, np~-1 HI-13KI-IX 3Hepr1-f.RX, 4TO 
npi-IBOAI-IT K 3aK11104eHI-110 0 HeB03MOlKHOCTI-f nepeCTpO~KI-1 cneKTpa 
3TI-IX CI-ICTeM. 
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