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BBEAEHJ.1E \ 

nOnO>KeH~e ~ 4JopMa flAepHblX pe30HaHCOB '3aB~CíH, Bo06~e' rOBOpR , 
OT ycnoB~l7t Ha6nIOAeH~fl, T.e. OT ycnoBIo1l7t, B KOTOpblX HaXOA~TCfl 

AaHHOe RAPO. J.1ccneAYfl ~3MeHeHlo1e Ha6nlOAaeMblX flAepHblX pe30HaHCpB 
MO>KHO ~3Y4aTb KaK CaMO' RAPO ,. TaK ~ ero OKpY>Ket1lo1e. 3Tlo1 sonpocu 
~MeIOT HenocpeAC~BeHHO~ OTHoweH~e K Mecc6aY3pOBcKQl7t raMMa-pe30
HaHCHO~ cneK'rpOCKon~lo1, rAe 1013MepRIOTCfl ~30Mepi-lble li TeMnepaTypHble 
cAB~r~ pe30HaHCOB, CBepXTOHKlo1e pac~enneHlo1fl, Kp~cTann~4eCK~e 

nonR, xapaKTe~~CT~K~ 4Ja30Bblx nepeXOAOB ~ t.A. /CM., Hanp~~ 

Mep, /1.2/ /. Mecc6aY3pOBCK~e J1~H~~ 04eHb YAo6Hbl B 3TOM oraoure
H~Io1, nocKonbKY OH~ 4pe3Bbl4al7tHo Y3KIo1, ~ n03TOMY Âa>Ke He6onbw~e 

no a6conlOTHol7t Ben~4lo1He B03Ael7tCT-B~fl Ha ~APO np~BoART K 60nbWlo1M, 
no cRaBHeHlo1lO c W~Plo1HO~ caMo~ Mecc6aY3pOBcKol7t nlo1Hlo1lo1, lo13MeHeHlo1flM 
nOnO>KeHlo1fl lo1 <1>OPMbl raMMa-p,e30HaHca. Hanplo1Mep, TeMnepaTypHbll7t cABlo1r 
pe30HaHca B Kplo1CTannax paBeH /3/ 

.a = - (E / Me2 ) ~K • /1/
T y ~. I 

rAe ~K- pa~HocTb cpeAHlo1X Klo1HeTlo14eCKlo1X 3Heprlo1l7t atoMoB nOrnQTlo1- I 

Tenfl lo1 H3nY4aTenfl, COOTBeTCTBYIOU-'afl pa3HOCT~ TeMnepaTYP ~T:= T -T: 
a r 

- 3 00 

K = - r hvp(hv) etg (h~/2kBT) dv.	 .(2/
4 o 

M -	 lo1X Macca, a p (v) - Q>OHOHHbll7t cneKTp Kplo1CTanJ1a. nplo1 BblCOKlo1X 
TeMnepaTypax Bblpa>:<eHlo1e /1/ nplo1BOAlo1T K Blo1A'.Y 

I 

3 E ya '" - -'. -- . k ·~T.	 13/
T, 2 Me2 B 

OTCIOAa cneAyeT, 4TO nplo1 Wlo1plo1He nlo1Hlo1l7t 10-8 38 lo1 3Hepr~lo1 raMMa
KBaHTa Ey ",,10 K3B, 4TO xapaK,TepHo Anfl flAep mene3a" lo13MeHeH~e 
TeMnépaTYPbl Ha 100 K nplo1BOAlo1T K cAB~ry pe30HaHca Ha Q,l Wlo1Plo1H~ 

nlo1HHlo1", B cnY4ae me Ulo1HKa .HarpeBaHlo1e Be~eCTBa Ha 1 ~('nplo1BoAlo1T 

K cABHry pe30HaHca Ha uTnylO Wlo1Plo1HY. , 
He~TpoHHble pe30HaHCbI, lo1X nonomeHlo1e lo1 ~OPM3 TO>Ke 3aBlo1CflT OT 

BHeWHlo1X ycnoBlo1~. B/3/ 6b1nlo1 pacc4lo1TaHbI TeMnepaTYPHbI~ lo1 XIo1Mlo14ec
Klo1e CABlo1rlo1 Hel7tTpoHHblX pe30HaHCOB. 6b1no nOKa3aHO, 4TO cABlo1r~' 

MorYT ~octlo1raTb COTeH MK38, OAHaKO 3Tlo1 CABlo1rlo1 Ha AB~-T~lo1 nopflA~a 

MeHbwe co6cTBeHHo~ Wlo1plo1Hbl Hel7tTpoHHblX pe30HaHcoB, nplo14eM lo1MeeTCR 
e~e lo1 AononHlo1TenbHoe TeMnepaTypHge YWlo1peHlo1e, no3~OMY ~~MepeHlo1e 

--.......~.. -. 
D*~~ií.,.~. "'dW;'j UdCl~~yl , 

'.4~HCi:!X ~t::' J'f:~QnluBi I 
1 



I' 

Ma11blX CMeU4eH\fIC1 npeACTaS11ReT COGOH AOB011bHO TPYAHYIO 3KCnep~1l"'eH

TanbHY~ saAa4Y. TeM He MeHee ata saAa4a, KaK nOKas~BaeT ~sMepe

H\fIe X\fIM\fI~eCK\fIX CAB\fIrOB HeC1TpoHH~X peSOHaHCOB/ 4•5

/ . B HacTOAU4e~
 
BpeMA Bn011He paSpeW\fIMa.
 

B HacToAU4eC1 paõore cAe11aHa .nonur xa \fISMep\flTb TeMnepaTYPHblit
 
cAB\fIr HeC1TpOHHb!X pesOHaHcoB. nOCK011bKY CMeU4eH\fIe B AaHHoM cny4ae
 
cYU4ecTBeHHo MeHbwe W\flp\flH~ Ha611~AaeMoro pesoHaHca \fi TeMnepqTYP

Horo- YW\fIpeH\fIA/ G•7/ , TO sa n0110meHHe peSOHaHca np\flH\fIMaeTCA n0110

meH\fIe ~eHTpa TAmeCT\fI:
 
E E
 _ 2 2 .
 

E = [ r U (E) . EdE] / [ r d R( E) dE] ,! /41

R

. E	 E1. 1rAe u~ - peSOHaHCHaA 4acTb ~o11HorO Ce4eH\fIA, a npeAe11~ \fIHTerp\fl-
pOBaH\fIA'E B TexT04Kax, rAe ce.4eH\fIe O"R(E} c AOCT\fIr

1,E26epYTCAHYTOH 3KCnep\flMeHTé11bHOH ~04HOCTblO MomHO n011o*~Tb paBH~M HY11n: 

/5/
U

R 
( E1 ) "" uR(E2) "" O • 

_ PaSYMeeTCA, np\fl 3TOM He06xOA\fIMO \fIMeTb Ae110 T011bKO c \fIsq11\flpoeaH
H~M\fI peSOHaHCaM\fI. TeMnepaTypH~M CAB\fIrOM Has~BaeTcA Be11~4\f1Ha 

/61
L\E = E(T2) - E(T1 ) · .. 

T 

TeOpeT\fI4eCK\fIe paC4eTbl TeMnepaTypHoro CMeU4eH\fIA peSOHaHCOB 3AeCb 
npoaeneua saHOBO, nocK011bKY B/3/ Y4TeHa He BCA SaB\fICIt1MOCl'b ce
~eH\fIR OT 3Hepr\fl\fl. Pacue'tsr , npoaeneaaae SAe,Cb, AalOT Be11\fl4\f1HY 
TeMnepaiypHoro CMeU4eH\fIA A11R KP\fICTa11110B: 

/7/L\E
T 

= .!- ( 1 / 3A ) . ~K 

/ A - MacCOBoe. 4\f1C110 AApa/, np\fl YC.f10B\fI\fI, 4TO HettTpOHHaA W\fIp\flHa 
peaoueuca ln SHa4\f1T~11bHO 'MeHbwe n011H0C1 W~P\flHbl. CMell\eH\fIe /7/ 
B 3 pasa MeHbwe YKasaHHoro 8/S/~ HO \fIMeeT TOT me SHaK. 

1. 3KCt1EP~MEHT 

3KCnep\flMeHT COCTOR11 B \fISMepeH\fI\fI nponycKaH\fIA.06pn3~oB Dy,Rh ~ 
\1fg np\fl paS11\fl4HblX TeMnepaTypax B 0611aC'T\fI H\fISK011ex<all\\fIX peaouaucoe . 

OH npOBOA\fI11CA no MeTOAY BpeMeH~ np011eTa Ha \fIMnY11bCHOM 'peaKTope 
~6P-30, p.a60TalOll\eM B 6ycTepHoM peX<\fIMe c n\flHeC1HblM YCKop\flTel1eM 

311eKTpoHoB nY3-4o. 
CxeMa 3KCnep\flMeHTa aHa110r\fl4Ha TOC1, KOTopaA np\flMeHA11aCb A11A. 

\fISMepeHIIIA X\fIMIII4eCK\fIX CAB\fIrOB \fi 'noAP06HO onacaua B /4.5/ llponer> 
Han õaaa cocTá~J1A11a 60 M, A11\flTe11bHOCTb \fIt.mY11bca 6bl11a 4' M1<C. 
Per\flCTpall\flA HeIllTp'oH0B npo\flsBoA\fI11aCb CIl\flHT\fI1111A~\fIbHHbIM AeTeKT,opOM 
c 11\flT~eBbl~ CTeK110M \fi <1>oT,OYMHO>KIIITe11eM <!>3Y -49. 'np\fl \fISMepeH\fI-\II'ABa 
0A\fIHaKOBbIX oõpaaua I np\fl paS11\fl4HblX TeMnepaTypax TI \fi T2 BBOA\fI11\flCb 

2 

b~r' 

f 

, '; l	 b~~~---'-. - ----.- ..., ~ 

't 

1t. ~ \ § .fi' t 

.~!!!O loCO 60Il 

o ZIlO ~.co HI 

PHc.l. CrreKTp no BpeMe~H npo PHc.2. CneKTp no BpeMeHH npo
JIeTa AJIH Dy.IllHpHua B-peMeHHorp	 neTa ~nH·Rh H Ag.mHpHHa apeMeH
KaHana 4 MKC.	 Hora KaHana 8 MKC. 

11004epeAHO B nY401{ Ha 10. MJ.1H. 'qepes Ka>KAble 12 4 T.ef.mepaTypa 
ofipasl.\os MeHRnaCb Ha T2 J.1 T COOTBeTCTBeHHo; n011Hoe J.13MepeHl-tet 
npoAonmanOCb HeCK011bKO CYTOK. B CYMMapH~e cneKTp~ A11A 06e \fix' 
TeMnepaTYP BXOA~no OAJ.1HaKOBOe K011\fl4eCTBO' cneKTpOB OT 060\flx o6-~ 

paS40B. TeMnepaTypa 06paSijOB nOAAepm\flsanaCb cnellHa11bHWM\fI cTa6J.111H
aaropaxa /8/. A11R ynpaaneuas 3KCne'pJ.1MeHTOM \fi HaKOn11eHl-1fl cnexrpoa 
J.1Cn0J1b30BanaCb Ma11aR BbI4I-1C11HT·e11bHaA Maw'I-1Ha CM-3. 

Dy \fIMeeT 4 pe30HaHca B HJ.1~KOaHepreTJ.14eCK0C1 06naCTH 
0,5 $rEnS 5 38, rAe HSMepe~\fIe M~11~X CABJ.1rOB H~\fIMeHee TPy~oeM

KO. 06~a~u~ HMeJ1\f1 T011~HHY 0,6 MM \fi n110U4aAb 38 CM~ SHa4eH\fIR TeM
neparypu TI =:303~ 1 K, T2 =370.:!:3 IC A11R KOH"'(p011R HY11eaóro 3<tJltJeKTa 
e nY4Ke acerAa H~xoAH11acb M\fIWeHb \fI3 Sb. CYMMapH~C1 cneKTp A11R 
TeMnepaTYP~ Ti" nOKasaH Ha pJ.1c.1. 

flApa 103Rh \fi 109Ag RB11RIOTCR CaMblM\fI 11en<\fIM\fI J.13 rex , 4TO \fIMelO': 
Hio1SI<Ofleli{aUlH~ peaouaac , Pe30HaHcbI 10SRh IE =1 ,257 a81 1Il 109 Ag"l E = o	 o
=5,19 36/ MomHO 6~no Hcc11eAoBaTb oAHoepeMeHHo, nocKo11bKY OH\fI He 
nepexpuaacrca. 06paS4b1 Rh J.1Me111-1 T011U4J.1HY O, 1 MM, a Ag - B, 05 MM'. 

CM 2.HsMepeHJ.1Rn11oll\aAb \fi Te~ H APyr\flx COCTaS11fl11a 81 npOBOAI-111J.1Cb 
np\fl TeMnep~Typax TI =294.:t2 I{, T2 = 667.±.10 1< \fi 538.:t10 'IL A11R K0t1
fP011R J.1Crl011b.30S8nCR oõpaaeu 1-1;3 Pd ,Ha pac , Z npeACT8B11eH CYMMap:
HblC1 cneicrp AllR TeMnepaTYPbl TI • Heonpeneneuaoc r s S TeMnepaType 

•	 I
C8RsaHa. r11aSHblM o6pasoM, c BosMomHblM HeoAHopoAHblM pacnpeAe11e
HMeM TeMnep~TYP~ BA011b noaepXHOCT\fI 06pasua. 

3HepreT\fI4eCI<\fIH XOA cneKTpa-n9~a~U4ero nY4Ka J.1SMepRITCR B Aono~ 

.H\fI~e11bHblx aKcneplIlMeHTax npl-1 OTCYTCTBJ.1\f1 MS~4aeM~x M\fIWeHe~.·3H~P
reTH4e'CK\fIC1 )Ke XOA $oHa ànpeAe11R11cR c nOt"'olUb~ TOllCTblX peaouaucuux 
M\fIWeHeC1, KOTópble B peSOHaHce n011HOCTblO nor11oU4a~T·~naAa~J.1H nY40K. 

2. METO,l\bl 06PA60TK~1 CnEKTPOB . / 

TeMn~paTYPHble CABJ.1rH ~ET J.13 I-1SMepeHHblX cneKTpoa onp~Ae11R11Hcb . 
AaYMR HesaBHCHM~MJ.1 MeTOAaMI-1. B nepSOM MeroAe .(1) onpeAe11ReTcn 
paauocr s \fI3M~peHHblx peaoaaucuax Ce4eHI-1C1 LluR(É)=UR(T2,E)-uR(Tl,E). 

-;. 3 



- - -

np~ .npaB~nbHOM onpeAeneH~~ 3To~·pa3HOCT~ AOn~HO BblnOnHRT6CR 

E 2r 110 (E) dE = o , /8/
 
E R
 
ecn~1 E K E Bw6paHW B ~OOTBeTCTB~~ c y~noB~eM 15/. npaKT~4ecK~,
 

1 2OAHaKO, ycnoB~e /5/ CTporo He BwnonHReTCR ~ np~XOA~TCR pBOA~Tb
 
é CBR3~ C· 3T~M He6onbw~e nonpaaxa. 'Ha~60nbUJ~eowH6K~.B onpene

neH~~ pa3HoCT~ '~R B03H~~<aIOT TaM, rAe 3Ta pa3HOCTb Mana., a ~MeH

HO B6n~3~ MaKC~MYMa ce4eH~R ~ AaneKO OT MaKC~MYMa B 06nac~
 
E"" E ~n~ E • n03TOMY ow~6Ka nonY4eHHoro cAB~ra no MeToAY (I)
 

1 2onpeAenReTcR norpewHocTRM~ np~ onpeAeneH~~ $oHa, $YHK~~~ pa3pe
_weH~R ~ cneKTpa naAalO~ero nY4Ka.
 

'CYTb a roporo MeToAa (11) COCTOHT é cneAYIOLl.\~M. AnR onpe.AeneH~R
 
TeMnepaTypHoro cAB~ra pe30HaHca 6epeTc~ TeopeT~4ecKo~ BwpameH~e
 
AnR ce4eH~R uR(T,E), B KOTopoe BBOARTCfl AononH~TenbHwe napaMeT

pw, o K0TOpWX pe4b nO~AeT H~me. Aanee pacc4~TwBalOTcR TeopeT~

4eCK~e cnexrpu npOF1ycKaH~R Nth (T, t ) ~ nYTeM nOAroFn<~ paauocr

HOrO TeopeT~4ecKoro cnexrp'a ~Nth (t)=N th (T2,t)-N th (T1"t) K paa-,
 
HOCTHOMY 3KCnepl1MeHTanbHoMY cneKTPY I1N ( t) HaxoARTCfl napa..- 6!XP 
M~Tpbl. nocne 4ero no $opMynaM /5/ ~ I nonY4aeTC~ TeMnepaTYP-

Hbl~ CAB~r. 
Ce4eH~R paCC4~TWBan~c~ c nOMOLl.\blO $OPMan~3Mi :HenK~Ha-napK

ca/9 / . OH nOAP06HO oriacaa B/5,10/ • B Ka4eCTBe $OHOHHOro cnexrpa
 

np~H~ManaCb MOAenb 3~HWTe~Ha: 

/9/ 
o (v) ;= o(v - vo ) , 

..",	 npH4,eM "o Bbl6~panaCb TaK~M 06pa30M, 4T06bl npaB~I1bHO on~Cbl'BanCf,l 
XOA ~TennoeMKOCT~. np~ r e-meparvpe T2 BBOA~nCR AononH~TenbHbl~ 
CABHr B nonomeH~e pe30HaHca, T.e. B Ka4eCTBe ce4eH~R uR(T2 , E ) 

/ np~H~l1anocb ceveuue 0';( T2 ,E) " paaaoe 

u; (Te ,E), ='O'R(T2 ' E - K ) •	 
/10/ 

Ben~4\1Ha K .cnym~na noÁroH04HblM napaMeTpoM.
 
3Kcnep~MeHTaIlbHbl~ pa3HocTHbl~ Cl1eKTP I1Nexp( ti) onceaenancs
 

I I 

C Y4eToM He60nbw~X pa3n~4~0 ~HTeHc~~HoCT~ nY4Ka ~ ~oHa, •• e.
 
B Ka4eCTBe I1Nexp (t ) np~H~Manacb ~en~4~Ha /
 

!	 /fi"l
I1N = N;xp(T2 ,t) exp(t) Ne1'P.(T1 .t )", 

----..,rAe 
/12/

/N~;p.(T2 ,t)=A[Nexp(T2 ,t)-NB ] · 

a nal?aMeTpblAN rs (T ' t ) ~I N P (-T2 ,'t ) - ~3MepeHHble cnexrpu ,
ex 1 • ex. 

1-1 B onpeAenRIOTCR ~3 ycnoaan 
I 

4' .. \ 

2 
t 2 [N ,t)-N;xp(T2 ,t)lexp(T1 x 2 

= I -t Mín ; /13/ 
t= t N ( T 1 ,t) + Nexp ( T2 ,t)1 exp 

BTOPO~ MeTOA XopOW TeM, 4TO npf.1 ero ~cnonb30BaH~~ OW~6KH, CBR
3aH~we c ~3MepeH~e~ CneK!pa haAalO~ero nY4Ka ~ $OHa, CKa3WBa~T

CR Aa pe3ynbTaTax MeHbwe, 4eM B nepBOM MeTOAe. OCHOBHwe OW~6K~ 

3AeOb CBFl3aHbr c Bbl60pOM pe30HaHCHblX napaxe'rpoa ~ $OHOHHO,rO cnexr' 
pa . B 3TOM CMblcne HeTOAbl I ~ 11 He3aB~C~Mbl. 

3. PE3YnbTAT~ 3KCnEPHMEHTA 

Pe3Y.QbTaTbl axcnepaae-rre oseneau B ITa6n~~y. Teaneparypuue 
CAB~r~ pe30HaHCOB AiT~a~AeHHwe c nOMo~blO nepBO~O ~ BToporo Me
rona, cHa6meHbl BepXHIilM ~HAeKCOM I ~ 11. B CJlY4ae 109Ag~ 161 Dy 
ne.PBbl~ MeTóA He Aan peayns raroe ~3-3a TPYAHocTe~ onpeneneuan. cé
4eH~R BAan~ OT IMaKc~MYMa pe30HaHca ~ ~3-3a nepeKpwT~R pepoH8H
COB. B ocransuux cnY4aRX' peayns r aru , '. nonyueuaue pa3HWM~ MeTOAa'
MIi1~ Xopowo cornaCYIOTCR Me>tfAY -c060H. 

B ~ehoM, BO Bcex cnY4aR~ np~ nOBwm~H~~ TeMnepàTYpw B non~
K'p~cTann~4ecK~x 06pa311ax ~eHTp TRmeCT~ CMeLl.\aeTCR B CTOPOHY 60ne~ 

.:.~ I -' j .,.. i "0 i I P.HC. 3. 3aBHCHMOCTb T8MnepaTYP

i' Hb~ "c~BHróB pe30HaHCOB OT 

~K/A:KB~paTHbIe CHMBOnbI - ~ml~-------1t 
. . 

fih ,TpeyronÉHbIe - ~nH Ag , H ' 

xpyr'rrue - ~nH Dv , TeMHbIe CHMBO-211/ - f----[I-
JlbI ,COOTBeTCTByroT C~BHraM, 

IIonYtIeHHbIM nepasix MeTO~OM (I), 
-400" a	 CB~TnbIe - BTOpblM MeTO~OM l • 

8.1 0.2 u lL4 !! .... (11). llJTPHX. KpHBaH - ll>opM. /7 l: 
A 

H~3K~X 3Hepr~~. Ha pnc , 3 nOKa3aH~ 3aB~c~'MOCTb 8E T OT 8K / A • Co
rnac~e c Teopio1e~ MomHO C4~TaTb YAOBneTBop~TenbHblM. 

ÀnR' cpaBHeH~R Teop~~ c 3Kcnep~MeHTOM YA06~0 ~cnonb30BaTb 
TaKme Ben~4~HY 

~ 

sT = ~ET . A/~K •.	 /14/ 

Ben~4~Hw sT 7aKme np~seAeH~ B Ta6n~~e~ CpeAH~e 3Ha4eH~R sT,no
nY4eHHble 060~M~ MeT.oAaM~, P~BHbl 

.	 -I o1. sT = - 0,49 ± ,13. .n . s~= - 0,43 ±0,09.	 /15/ 

aen~4~~a sT AnR pa3n~4HWX pe30HaHCOB nOKa3aHa Ha p~c.4. B~AHO, 
4TO B onpeAenax~orpewHocTe~ 3Kcnep~MeHTa ee MomHO c4~TaTb 
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nOCTO~HHO~, Toe. H~KaK~X AononH~~enbHbIX 3aB~C~MOCTe~ OT napaMeT" 
pOB peaOHa~ca, 3Hepr~~ OTAa4~ ~n~ $OHOHHoro cneKTpa, KOTop~e 
Morn~ 6w '~M~T~pOBaTb TeMnepaTYPHW~ cAB~r, He ~MeeTcR. 

s, 

~~ 
IJ~ 

I . 

~. 

I : I 
------,- -----~----- ---- ----t----\ 

~ 

PHc.4. TeMrrepaTYPHwe CABHrH 
pe30HaHCOB~ OTHeceHHwe ~ ~R/A, 
AnH,pa3nHQ,HWX pe30H8HCOB. 
/0603HaQeHHH KaK Ha pH~. 3/.•. 0	 S (...8 - ) 

4 TEOPH'Ho 

\ 

" 

_. J 

=
 

rli'I~QI~~ ~Q 
~-

/, 

"
 

H C\J N t" 
C' o C) U\ 

H ~-l HÓ 
+1 

co *1 +I 1'+1I
H ~ N 
\.0 N' '-O I<). .. . 
o o o o 

1 I I + 

co 
C'J 

~< 

+1 

co 
~ 

o 
I 

o 
-:j

,c) 

+1 

C'

Lf\
 

0.) 

(\j 

+1 
(~) 

~,< 

(\j CJ
~~ I ~ 1./\ Q.) 

+1 +1 

~l C'

J"I'\ ~
 l-~ H'+1\.O "H s, 
I 1 1 + 

1/\ ~ .. 

\D 

+1 
l('\ 

ç,J
 
I
 

1""\+,
o 
C'
1""\ 

H 

+I = = 
1""\ 
(.-:J 
I<) 

~ 
o C\J I<) Ui 
o C) o CJ.. 
o O. o o 
+1 +1, +1 +1 
H
I<) 

N Q.) ~
 
t"- C'- \.0 1""\
.. 
H N I<) .;:t

.~ 

Ceue-ure aaxaara Hei1TpoHa, cornacao /7/ ,'MO}i{HO noenc'raaarv B 
B B~Ae o 

r; lo r I <: n I exp (ip7) I in> 12 fi 
O' (p) = I __._~	 

o 

--p_, /1 pl
i :	 n.m p2 [ (E +'E' _ E _ E ) 2 + r 2 ]
 

I m n o
 
~, ' 

'Ir·
f ,. 

I~' \ r ne r~ - Héi1-r:poHHaR UJlIIplllHa, r - nonuan l:I~P~1Hu aeaonauca , Eo -
} 3Hepr~R peaoaauca Ha aaxpenneuao» snpe , coe TORH~R m, n : ~ COOT

BeTcTBYIOl4~e ~M 3Hepr~~ Em~~ /En OTHOC.RTCfl K AB~>KeH~1O snpa AO
.f 

I. 
, 

~ nocne saxaara HeihpoHa c 3Hepr~eH E ~ '~MnynbcoM P', B 11,61
 
npO~3BOA~TCR CYMM~pOBaH~e no KOHe4HblM coeTORH~RM ~ yc'p~AHeH~e
 

no Ha4anb~~M c MaTp~~e~ nnOTHOCT~ 

Pro = €~.P (- E m / T ) / Z ;	 Z = I exp (..:. En/ T) • 1171 
m 

B AanbHeHweM Mbl 6YAeM rronarat s fi == tn ='kB =:: 1 • n
 
BbJnOnH~M cne~YIOl4~e npeoõpaaoaauaa :__
 

2 2'	 2 2 I
1 / [( x- ~..O) + I~ ] =:: (dE t o(E t - X ) / [( E t - Eo) + r J,	 It81"'/-' ;

:>i, ô(E)= r (dt/27T)exp(-'~Et), 1191 
-00 

\l Anfl nlO6oro onepaTopa o cnpaBeAn~BO COOTHoweH~e: 

! 
,.'	 " 

Sro == I 1<'n1Ô.I m> \2 exp ( it ( Em- En )] =
 
\ n


! = .<mIÔt exp ('- ilít)- Ôexp ( iHt) I fi >	 
120/ 

J"<; '.r 
I'	 7 
.t 



r 1 

; 

/31/Z = 2 exp ( - Beú) ) = 1 I (1-y) ; y = exp (-B W ) • 
raMHnbTOHHéHW H H H AO ~ nocne 3aXBaTa MO*HO npeAcT~BHTb B BH e . 

- I .. 
Ae Q K HOPnonb3y~cb MeTOAOM <1>.A. 6epe3HHa /11/ , npHBeAeM oneparop
 

~I ManbHOMY BH~Y }
H=k2 / 2A + v ( r ) ; H=k2 / 2 ( A+ 1) + V(r ) . /21/ 
Q== ~N = exp (fa 2) exp (Ha â+) tlXP rf( ~+ - ia) â] , /32/ 

áAec6 A - MaCCOBoe 4~Cno ~Apa AO 3aXBaTa He~TpoHa, nepaoe cn~-
Ir ae-ioe B raMHnbTOHHaHax OTBe4aeT KHHeTH4e~KO~ 3Hepq1H', a aropoe '  I

I I 
/33/

{,= exp ( - i Cu t) - 1 • 
t1oTeHL.tHan.bHo~. Ecnu B Ka4eCTBe oneparopa O B3~Tb exp (ipr),KaK
 
rpeõyercs B t-iaweM cny-rae , TO MO>KHO aocnons aoaar s ca CàO'THoweHHeM i. I
 

\ nOAcTa8HB. '/32/ 8 MaTpH4Hbl~' 3neMeHT /28/, n0J1Y4HM 
A +_ ~... _~. 4 4 .... 2 
O H ( k ) O = H ( k+ p) = (k + p') I 2 ( A:+- 1) + v (t) . /22/ /34/1<f\ Q\ f> = exp (fa2) <OI (â +iafl [( 1+0â+-iaf]f ·lO>/fl . 

Bocnonb30BaBwHéb COOTHoweHH~MH /17-22/, npeAcTaBHM ce4eHHe /16/ Ilpoaena CYMMHpoBaHHe no f, An~ S (t) nOJ1Y4HM Bblpa>«eHHe, ql1B BHAe 
/ r 

00 Sq (t)=(i_y)exp(fa2+i 8ú)t)<O[ exp [x(1+0(â+y)(â++~)]\ O>, -135/
dEt :)tn r/p 11 2 AU(p) = r --- ( ~ S(t) exp [.i(E-E

t 
)tl , /23/ ....... .
 

27T •r 2 
+ (E t - Eo)

2 
-00 

) rAe onepaTOP ~e>«AY BaKYYMHWMH 06KnaAKaMH 3anHcaH B aHTHHopManb
~OM BHAe, H BseAeHW 0603Ha4eHH~

rAe 6wna Y4TeHa 3HepreTH4écKa~ 3aBHCHMOCTb He~TpoHHO~ WHp~HW ./
 

rn. = Yn p H BBeAeHO 0603Ha4eHHe /36/

...., y =. i f a. ; i1 = - ifa I ( 1+ O . 

S(t} = 2 Pin <ml exp [-iH{k+p)ll in> exp (iEmt) • /24/ ~_ npHBeA~ aHTHHopManbHw~ onepaTOp K HopManbHoMY BHAY, Anfl Sqll(U 
fi ' , 

6YAeM HMeTb Bwpa>«eHHe--... ---- B rapMoHH4ecKo~ MoÁenH KpHCTanna I.1MeeM /'j71
Sql1 (t) =.-!..:-~ exp {i8w ti 2 + a 2 f [l+yf (l-YH 1+0]\ , 

k= 2 i J (;j (A + 1) / 2N (;~ll - ~ QU) ;qu' .- 1251 1 - y 
Q,ll Qll , /38/

y =- exp ( - (3 W -+- i 8 ú) t ) • 
n03TÇ)MY /22/ MO>«HO npeACTaBHTb B BHAe 

I 

_
A 

~ .... A+ A 
_ 

np9~3BeAeHHe /28/ Ténepb npHBoAHTC~ K BHAY
 
H ( k + p) = :I Wq11 [( aqII - i a q II )( aq11 + i a q11 ) + 1/2] , /26/


q,U , /'39/
" , S(-t) =.exp [F (t ) - p2 F2 (t)/21 ,

1
 
rAe ,/ 

~\
 

J:=Ae
 
a ={pe )/J'2(A +.1) N w;,,,
qll 'qll "V'" 

/271 /40/
~ Fl(t)~I ln] Sh(Bw,tI?)/sh(Bw,t/2-i8w,tt/2)]; ~ = q,«.• 

f" ' ' 
nOCKonbKY Kone6aHH~ pa3nH4Hblx MOA 11 , oõnanaouiae pa3nH4HblMH aon

HOBblt1H aexropaxa .q, 'He3aBHCYlMbt Me>«AY coõoü , TO "Bblp~)f(eHHe /24/
 \ 

I e~\\ 1 ChU3we!2-i8w~t/2)-ch(~w~/2-i8(Üet/2 -iêLlt) .(MO>«HO npeAcTa8HT~ B BHAe np0I.13BeAeHH~ 
2 

I,
'., 

F (t)= 2 . ...-- '- ---------------------------- · /4~ / 
2 

S(t)=q~ Sqll (t)= q?u 1.,:e\ Qqlll f>(x~ul Zql1) exp (i8wqU t). /28/ ~ 2(A+1)N63,: Sh(Bw~/2-}8w~t-!2) 

npH » =0 HMeeM XopOWO H3BeCTHoe Bblpa>KeldHeõ 

~~SAeCb BBeAeHW o603Ha4eHH~ IAn~ npOCTOTW HHA~KCW q,u onyçKaeM!: •
 

(p ê~ ) , "
 I f> = « a+ )eI y'f I) IO> ; Q= exp [ - i (;) t ( a+ - i a )( ar i a )] , /291 S(t)::::expt-I. __'_ [ctg(Bw~/2)-ch(8(()~/2-iw,tt)/sh(Bw~/2)],/42/ 
~ 2 ( A+ 1) Nw " ..' - ,:x = exp ( - liW + i W t) ; f3 = 1/T ; 8 W = (w -.(;) , /30/ 9 
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\	 " 
/'	 ~ 

I-.	 '" , ' 

a KOTOPOM nepaoe cnaraeMoe B 3KcnOHeHTe COOTBeTcTByeT $aKTOPY 
ne6aR-Bannepa.	 rAe 

nOACTaB~B f39/ a /23/, nonY4~M nocne ~HTerp~pOBaH~R' nO E
B~pameHHe AnR nonHoro ce4eH~R t I ~ = arctg ( I" I E ) • /53/

o 

y 00 J .' 
, AIlR Ky6H4ecKo,r0 Kp~c~aIlIla MomHO nOIlO>KHTb À

II
, .= À~~ TorAa np~
 

u(p)::: ~( dt exp[ -r (t)+ E (it-,F -(t)) - iEot+ FI (tn • ~«1 6YAeM ~MeTb
 
2 <, /43/
2v2E f - j -2 2 

E =' Eo + I" - K 13A • /54/ 

CYMM~ no ~ B /40/ ~ /41/ MomHO npeACTaB~Tb B a~Ae HHTerpanqa 
. np~ BbICOK~X T~MnepaTypax K == 3 T 12.6 cnyuae 'r aaoaoã MHweH~ MO);{HO 
nepeHT~ à C~CTeMY OTC4eTa, CBRaaHHY~_ c raaoBoH MoneKynoH,

..!..Jf(cue):::3fp(w)dwC(w).N , /44/	 ~ eCIlH MOIleKYIla OAHoaTOMHaR H AB~meTCR co CKOpOCTb~ U, TO .ce4e-, 
H~e pacceR~~R IHeH~pOHa 'MO>KeT 6~Tb ~anHcaHO B BHAe 

.!- I IefI I'i2 f (w ,t:) ::: 3 rP ( co ) dw f (w ) • 
N t '11 ' /45/ [y r I ~ e.: li I] g(u) d3 u 

'u(p)",,(/ n ; v=J2E-; v =J2E ,/55/ 
, " o o 

t.Qe R(W)s.., jl\' (CL» - cooTBeTCT8Y~~e cneKTpaJlbHble nIlOTHOCTI-1 $0f:10HOB. [( v_li) 2 _ v6 ]2 + r 2 (,A+ II /A2
 

BeIU'l4HHY '8w~ B nepaox ~pI46m-1»<eH~~ 'MO>l<Ho npeAcTa6~TbKaK
 

8wI! = wt 12AN ..	 rAe g(u) - MaKc~e~0~cKge pacnpeAeneH~e MOIlêKyn no CKOpOCTRM.
/LI6/ Y4~TbIBaR, 41"0 1.1 - U = P - ~A. H_ npo~aBOAR 3IleMeHTapHoe ~HTe

rpapoaaaae , nOIlY4aeM ~ET=+,1K/3A.nOCkOIlbKY WHpHHa pe30HaHcà r 06bl4HO npeB~waeT 3Hepr~~ $OHOHOB,
 
TO 06IlaCTb ~HTerp~pOBaH~R B /43/ orpaH~4eHa MaIlblM~ t: npH KOTQ

PbiX F1•2 (t) ~omHó paaJlOm~Tb no cTeneHRM,~' OrpaHH4HBaRcb 4ne


2	 - 3AKIl104HUEHaMH -t H -liA. a ra-ose npe,He6peraR aaB~c~MoCTb~ F ( t ) OT õ o , 
nOCKOIlbKY cooTBeTcTBYIO~He nonpaaxa -l/N "" O, nonY4aeM2 

6 aaKIl~4eH~e MomHO cxaaars, 41"0 TeMnepaTypHble CABHr~, HeCMOT
Fl(t)':dt.~À; À=~l/A. p~ Ha 'CBO~ MaIlOCTb, TeM He MeHee OKaabIBa~TCR ~aMepHM~M~. nOA06

/471 
H~e HaMepeH~R 6WIlH npOBeAeHbi, HaCKoIlbKq HaM ~aBe~THO, BnepB~e.• ' 2
 

Fe(t) ==..ita/(A+l) + 2t À ' ; Hx YAanOCb BblnOIlHHTb õnaronapa TOH Me-r-OAHKe, KOTopaR õuna
II À I1" ::: E111' IA; a = 3 (P11,(w)d w "" 1. /48/ " paapa60TaHa AIlR ~aMepeH~R X~MH4eCK~X CABHrOB. TaK~M 06paSOM,
",ti' 

rAe E1 - KI'!He]::"14eç:,Ka.R 3Hepr~R,	 3Ta MeTOA~Ka noaBOIlReT Ha6Il~AaTb Cp~BHHTeIlbHO cha6~e BHeWHHe nonpl'!XOÀRutaRcR Ha OAHY creneas . 
c B060AbI , T. e .E1 ::: K13 •	 IlR, BoaAeHCTBY~U\He Ha nOIlomeHHe .!t1 $OPMY HeHTpOHHblX peaOHaHCOB. 

E1 ::: (cth (wI2'!)p(w)wd-u14 ;	 ABTOP~ 6IlarOAapH~·ID.M.OCTaHeBH4Y~ Il.6.nHKeJlbHepy aa HHTepecE111,r= 3 (cth(w/2T)p" (w)~dw/4 • 149/ , K paõore ~ noneauue ~06cY>KAeH~R. 

C Y4eTOM /47/, /48/ ablpameHHe /431 MomHo aan~caTb B B~Ae 

r ojE) - ; E [ 1+ 3ÀdI dE+ 2Àj I"Ed 2/dE2 ] Co (E) ;	 /5O/ '/ IlHTEPATYPA ,
," 

- 2 2 -
/'	 

I 
1. 6apTxeHM r., 3$$eKT -Mecc6aY3pa" "H~p", M., 1966; 3$$eKT 

fo{E) :JO .2[' 1 [( E - E ).,' + [' i . ~Eo:::[l-al(A+l)] E •	 /51/o	 Mecc6aY3pa, c6. CTaTeH. AToM~aAaT, M~, 1969 . o	 .... ' 
2. Josephson ê.D. Phys.Rev.Lett.~ 1960, ,4, p. 341; 

-. ,	 -'OTc~Aa HeTPYAHO ·no $opMyne /4/ HaHTH n0I10meH~e ~eHTpa TRmeCTH Pound R., Rebka G.A:' Phys.Rev.Lett., 1-9:60,4, .p. 274.peaOHaHca	 .'~ 

3;-HrHaioB~4 B-.K., OCTaHeB~1l.l lO.tt., 4ep Jl , OH~H, P-7296, Ay6Ha, 
2 1973.E= /ig + r ., (312) ( À- À11)- (1I2)(3À'- À11) cos (301) /2) cos (oi> /2) • /52/ 4. AKonRH r.r. ~ Ap. ÕH~H, P3-11740, Ay6Ha, 1978. 

5. Meister A. et al. Nucl.Phys., 1981, A362, p , 18 . 
6. 6ethe"H. Rev.Mod.Phys., 19;37, '9, p. 1.40..· II .10 
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7. Lamb W.E. ·Phys.Rev., 1939, 55, p , 150. 
8. 3a~Aenb K., Ma~cTep A., na6cT A. OHHH, P13-81-598, ~y6Ha, 

"1981 • 
·9. Nel,kin M;S., Parks D.E. Phys.Re'{., 1969, 119/3, p , 1060. 

10.	 3a~Aenb K. ~ AP. OMHH, P3-11741, Ay6Ha, 1978. 
11.	 6epe3~H (J).A. t·1éTOA BTOp'~4Horo KBaHTOBaHVlR. IIHaYKal l 
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