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1. BBE,QEHHE 

Bonpoc O cnHHOBOH 3aBHCHMOCTH ce4eHHH B3aHMOAeHCTBHR HeHT
pOHOB C RApaMH B03HHK MHoro neT Ha3aA HAO CHX nop AaneK OT 
OKOH4aTenbHOro pa3peweH~R. 3TO o6ycnoeneHO 3Ha4HTenbH~MH TPYA
HOCTRMH B TeopeTH4eCKOM H 3KCnepHMeHTanbHOM H3y4eHHH 3TOro 
RBneHHR. B HaCTOR~eH pa6oTe 6yAeT HATH pe4b 06 3KCnepHMeHTanb
HblX HCCneAOBaHHRX cnHHOBOH 3aBHCHMOCTH nonH~X Ce4eHHH B3aHMO
AeHCTBHR pe30HaHCH~X /c 3HeprHRMH AO 100 K3B/ HeHTpOHOB C RA
paMH HeKOTOp~x peAK03eMenbH~X aneMeHTOB. H3MepeHHR npoBOAHnHCb 
C HCnonb30BaHHeM nonRpH30BaHH~X HeHTpOHOB H RAep. Pe3ynbTaT~ 
OTAenbH~X 3Tanoe HCcneAOBaHHH 6~nH 4aCTH4HO ony6nHKOBaH~ B pa-
6oTax 11·41 . 

2. non.RPH3AllHOHHblE 34>4>EKTbl B HEATPOHHblX CE4EHH.RX 

nonHoe Ce4eHHe B3aHMOAeHCTBHR MOmHO npeACTaBHTb B BHAe cyM
M~ ce4eHHR noTeH4HanbHoro pacceRHHR ap H ce4eHHR ac npo4ec
coe, HAY~HX 4epe3 o6pa30BaHHe KOMnayHA-RApa. 

Ce4eHHe ap MeAneHHO MeHReTCR C 3HeprHeH HeHTpOHOB H cna6o 
3aBHCHT OT _CnHHOB. Ce4eHHe ac npH He6onbWHX 3HeprHRX HeHTpo
HOB HMeeT pe3Ky~ 3HepreTH4eCKY~ 3aBHCHMOCTb /pe30HaHC~ B HeHT
pOHH~X Ce4eHHRX/ H B H30nHpoeaHH~X pe3oHaHcax CHnbHO 3aBHCHT 
OT cnHHOB, nocKOnbKy OTAenbH~e pe30HaHC~ COOTBeTCTBY~T o6pa-
30BaHH~ B036Y~AeHH~X COCTORHHH KOMnayHA-RAPa C onpeAeneHH~M 
CnHHOM. C POCTOM 3HeprHH HeHTPOHOB H3-3a HeAOCTaT04HOro 3Hep
reTH4eCKOro pa3peweHHR HeHTpOHH~X cneKTpOMeTpoe pe30HaHC~ Ha-
4HHa~T nepeKp~BaTbCR H pe3KaR 3HepreTH4eCKaR 3aBHCHMOCTb HeHT
pOHH~X ce4eHHH nponaAaeT. B 3TOH o6nacTH 3HeprHH, Ha3~eaeMoH 
o6~4HO o6naCTb~ ycpeAHeHH~X ce4eHHH, CBR3aHHaR C KOMnayHA-co
CTORHHeM COCTaenR~~aR < a c > OT cnHHOB 3aBHCHT cna6o, K TOMY 
me <a c > 3KCnepHMeHTanbHO TPYAHO OTAenHTb OT a p• 

B HaWeM cny4ae OCHOBHOH BKnaA BO B3aHMOAeHCTBHe BHOCRT s 
HeHTPOH~ /c op6HTanbH~M MOMeHTOM f = 0 /. AnR o6naCTH pa3pe
weHH~X pe30HaHCOB 3TO 04eBHAHO. B o6nacTH me ycpeAHeHH~X ce-
4eHHH BKnaA OT p-HeHTPOHOB XOTR H B03pacTaeT, HO ece e~e oc
TaeTCR He 04eHb 3Ha4HTenbH~M /cM. npHno~eHHe 1/. CnHHOBY~ 3a
BHCHMOCTb B3aHMOAeHCTBHR S -HeHTpOHOB C RApaMH MOmHO onHC~BaTb 
ce4eHHRMH n + H n_ AnR ABYX B03MOmH~X cnHHOB~X KaHanoe C cyM-



MapHblMH cnHHaMH J=l±t/2. B 0611acTH paapeweHHblX pe3oHaHCOB ,qo
CTaT04HO 3HaTb cnHHbl pe30HaHCOB H (ap ) ±, a B 0611aCTH ycpe,q
HeHHblX ce4eHH11 Heo6xo,qHMO onpe,qeJlHTb COOTBeTCTBYIOlllHe cpe,qHHe 
ce4eHHR <a c > ± • 

CnHHbl Hel1TpOHHblX pe3oHaHCOB MO>KHO onpe,qeJlRTb KaK KOCBeH
HblMH MeTo,qaMH /HanpHMep,,H3 H3MepeHHl1 pa3JlH4HblX nap41-1aJ1bHblX 
ce4eHHl1 HJlH cneKTPOB aaxBaTHblX y -11y4e11/' TaK H Henocpe,qcT
seHHO - B 3KCnepHMeHTax C nOJ1RpH30SaHHblMH Hel1TPOHaMH H R,qpa
MH, K Hac,:ORllleMy BpeMeHH nOJl,Y.4eHa o6wHpHaR HH¢opMa4HR O cn1-1-
HaX HeHTpO.HHblX pe3oHaHcos. 3To c,qe11aHo B OCHOBHOM c _1-1cno11bao
saHHeM · KOCBeHHblX MeTOAOB, B TeXHH4eCKOM OTHOWeHHH 6011ee npo
CTblX, 4eM 1-1cno11baosaH1-1e no11Rp1-1aosaHHblX HeHTPOHOB H R,qep. O,q-
HaKo 4eHHO~Tb HH¢OpMa4HH O CnHHaX HeHTpOHHblX pe30HaHCOB ,qIJR 

pa3BHTHR npe,qCTaBJleHHl1 0 np1-1po,qe B3aHMo,qeC1CTBHR Hel1TpOHOB C 
R,qpa~H noKa HeBblCOKa, noCKOJlbKY cospeMeHHaR TeopHR R,qpa He B 
COCTORHHH ,qaTb 3Ha4eHHR cnHHOB KOHKpeTHblX pe30HaHCOB, a, AJlR 
cpaBHeHHR C BblBOAaMH TeopHH O cnHHOBOl1 3aBHCHMOCTH ycpe,qHeH
HblX 'ce4eHHl1 Hy>KHO 3Ha4HTeJlbHO yBeJlH4HTb KOJlH4eCTBO H3MepeHHblX 
cnHHOB pe30HaHCOB 151• 6011ee 4eHHaR B 3TOM' OTHOWeHHH HH¢OpMa4HR 
0 cnHHOBOH 3aBHCHMOCTH ce4eH1-111<ac> H ap MO>KeT 6b1Tb no11y4eHa 
JlHWb npRMblM MeTOAOM - B 3~cnepHMeHTax C nOJlRPH30BaHHblMH He11T
pOHaMH H R,qpaMH, Pa60Tbl B 3TOM Hanpas11eHHH HaXOARTCR noKa B 
Ha4aJlbHOl1 CTa,qHH. ' 

npocTeHWHMH H3 3KcnepHMeHTOB C no11RpH30BaHHblMH 'Hel1TPOHaMH 
. { . 

H R,qpaMH RBJlRIOTCR H3MepeHHR nponycKaHHR, n03B0JlRIOlllHe HCCJle,qo-
BaTb CnHHOBble 3¢¢eKTbl B nOJlHblX ce4eHHRX B3aHMO,qeHCTBHR, 8 no11-
Hbte ce4eHHR ,qalOT BKJla,q ap H ac, TI03TOMY ~JlR noiiy4eHHR HX pa3-
,qeJ1bHblX cnHHOBblX 3aBHCHMOCTel1 He06XOAHMO 'npHBJle4eHHe ,qonOJlHH-

• TeJlbHOH HH¢OpMa4HH, 
:np1-1 HCCJle,qosaHHH cnHHOBOH 3aBHCHMOCTH nOJlHblX HeHTpOHHblX 

Ce4eHHH B 3KCnepHMeHTaX C nOJ1RpH30BaHHblMH HeHTpOHaMH H R,qpaMH 
06bl4HO H3MepRIOT 3¢¢eKT nponycKaHHR: 

Np-Na ( = ~- /1/ 
Np + Na 

r,qe N ·1-1 N - CKOPOCTH C4eTa ,qeTeKTOpa npH napa1111eJ1bHOH H aHTH-
p a V V 3 

napa1111eJ1bHOH op1-1eHTa4HRX no11Rp1-13a41-1H HeHTpOHOB H R,qep. <l><l>eKT 
nponycKaHHR MO>K~T 6b1Tb Bblpa>KeH B BH,qe 161 

c =-f th(nfNa ), n ss 
/2/ 

3,qecb fn H fN - HeHTPOHHaR H R,qepHaR nOI1RPH3a41-11-1; n - TOJllllHHa 
MHWeHH' a R,q./cM 2 ; 

2 

a 
SB 

I 
"---(a -a 
21 + 1 + 

/3/ 

- cn1-1H-cn1-1Hosoe ce4eHHe /HHa4e ero Ha3b1sa10T no11Rp1-1aa41-10HH~M 
Ce4eHHeM/, nocKOJlbKy B OT,qeJlbHOM pe30HaHce peaJlH3yeTCR JlHWb 
OAHO H3 B03MO>KHblX cnHHOBblX COCTORHHH, H3 COOTHOW8HHH '/2/ 1-1· 
/3/ c11e,qyeT, 4TO 3HaK 3¢¢eKTa nponycKaHHR OAH03Ha4HO CBR3aH 
co cnHHOM pe3oHaHca: £>0 AIJR J=I-1/2 H£<0 AJlR J=l+l/2. 

8 c11y4ae H3MepeHHH B 0611aCTH ycpe,qHeHHblX Ce4eHHH B 3¢¢eKT 
nponycKaHHR BMeCTO CKOpOCTeH C4eTa BXOART HX HHTerpa11bl no 
3HepreTH4eCKOH 0611aCTH ycpe,qHeHHR aE: 

fNpdE -f Na dE 
f = L'1E L'1E • 

f NpdE + f NadE 
L\E L'1E ifJ 

/4/ 

8blpa>KeHHe /4/ MO>KeT''6b1Tb npeo6pa3oBaHO K SHAY 
-na ) f N 0e °Bh(nfNass dE 

f = -f L'1E --------
n -na0 ) dE f N0 e ch(nfNass 

/5/ 

L'1E 
r,qe No - CKOpOCTb C4eTa ,qeTeKTopa 6e3 MHWeHH B ny4Ke, a ao -
C848HHe AJlR Heno11RpH30BaHHblX R,qep MHWeHH, 8 CBR3H C MaJlOCTblO 
cnHH-cnHHOBOro ce4eHHR HCnOJlb3yeMble MHWeHH scer,qa RBJlRIOTCR 

TOHKHMH no Uss, 1-1 Bblpa>KeHHe /5/ MO>KHO ynpOCTHTb: 

f N -na 
E=-f f n L'l'E oe oa dE n N ss 

f N e-nao 
L'1E • o dE /6/ 

TaKHM o6pa3oM, H3MepeHHe ycpe,qHeHHoro 3¢¢eKTa ~ponycKaHHR no~ 
3BOJ1ReT no11y4HTb saseweHHOe cpe,qHee 3Ha4eHHe ass c aecoM, 
onpe,qe11R~Mb1M ¢opMOH perncTp1-1pyeMoro cneKTpa. 06bl4Ho np1-1 1,13-
MepeHHRX ycpe,qHeHHblX Ce4eHHH HCnOJlb3YIOTCR MHWeHH, TOHKHe H no 
nOJlHOMy _Ce4eHHIO ao, EcnH npH 3TOM B 0611acTH ycpe,qHeHHR No cy
llleCTBeHHO He H3MeHReTCR, TO B3BeweHHOe cpe,qHee 3Ha4eHHe ass 
npeapalllaeTcR a o6bl4Hoe cpe,qHee <ass> no 0611acT1-1 L'1E H · 

c =-f fNn<a >. /7/ 
Il BB · 

• 
.QilR <a SB > a COOTBeTCTBHH c Bblpa>KeHHeM /3/ HMeeM 

I 
<a > ., ---[ <a+> - <a >] • 

SB 21 + 1 -
/8/ 

8 CJly4ae TOHKOH MHWeHH HHTep¢epeH4HR Me>K,qy pe3oHaHCHblM H noTeH-
41-1aJ1bHblM pacceRHHeM B ycpe,qHeHHble ce4eHH.A 'sK11a,qa I-le ,qaeT H MO>K-
HO aan1-1caTb :·. · 

<a+>= (a·>+ + <(a >+·> 
- p - C -

/9/ 

'3 



CpeAHHe B cnHHOBblX KaHa11ax ce4eHHR noTeH4HaJ1bHOrO pacceRHHR 

Bblpama~TCR 4epe3 COOTBeTCTBY~~He 3¢¢eKTHBHble paAHYCbl 1,13aecT

HblM COOTHOWeHHeM; 

(a P) ± = 477 R ) , /10/ 

Ce4eHHR <(a >+ >no11y4a~TCR ycpeAHeH11eM no pe30HaHCaM co cn11HaMH 
C -J =I± 1/2 11 Bbtpama~TCR 4epe3 s -BOJlHOBble Cl1110Bble ¢yHK41111 (So)±: 

<(a C )± > ~ 2172:(2 ./E(S 0) ±• /11/ 

rAe ;l( - AilHHa B011Hbl HeHTPOHa 11 E - era 3Hepn1R, cpeAHl1e no 

BbJ6paHHOMY 3HepreT114eCKOMY l1HTerpa11y. BblwenpHBe.QeHHble COOTHO

weHl1R n03B011R~T 3an11caTb BbIpameH11e A11R ycpeAHeHHOrO 3¢¢eKTa 

nponycKaHl1R B c11eAY~~eM B11Ae
171

: 

£ ~ -f f N n _!_ ( 477(R! -R:) + 277 2 11\ 2 }E[ (S 0 )+ -(S0 ) JI , /12/ 
n 21 + 1 

TaKHM o6pa30M, pe3y11b TaTbl 113MepeHHH nOJlHblX ce4eHHH C 11cnOJ1b3Q

BaHHeM no11RpH30BaHHblX HeHTPOHOB H RAeP B 0611aCTH ycpeAHeHHblX 

ce4eHl1H COAepmaT HH!POpMa411~ 0 cnl1HOBOH 3ae11c11MOCTl1 3¢1PeKT11BHblX 

paAl1YCOB noTeH41-1a11bHOro pacceRHHR 11 Cl1110B0H ¢YHK41111, nocKOJlbKY 

Cl1110Bble ¢YHK4Hl1 11 paAl1YCbl noTeH411a11bHOro pacceRHl1R MOryT 6b1Tb 

CBR3aHbl C napaMeTpaMl1 onTH4eCKOH MOAe1111 .RAPa, TaK11e 113MepeHl1R 

npeACTaBJlR~T HeCOMHeHHblH HHTepec A11R YT04HeHl1R 11 pa3BHTl1R on

Tl14eCKOH MOAe1111. 
np11 paccMOTpeHHH pe3Y11bTaTOB 3THX 113MepeHl1H CJleAyeT 11MeTb 

B BHAY 3Ha411Te11bHble ¢11yKTya41111 3KCnep11MeHTaJ1bHO onpeAeJleHHblX 

Cl1110BblX IPYHK4HH, B OCHOBHOM 06yc110BJ1eHHble x2 
-pacnpeAe11eH11eM 

C OAHOH cTeneHb~ CB060Abl AJ!R BXOAR~HX B CHJ10Bble ¢yHK411H np11-

BeAeHHblX HeHTPOHHblX w11p11H, CBR3aHHOe C 3Tl1Ml1 ¢11yKTya4HRMH OT

HOC11TeJ1bHOe cpeAHeKBaApaTH4HOe OTKJ10HeHl1e 113MepeHHOH Cl1110B0H 

¢YHK41111 OT ee HCT11HHOro cpeAHero 3Ha4eHl1R onpeAe11ReTCR KOJ1H-

4eCTBOM pe30HaHCOB n r, no KOTOpOMY npoBeAeHO ycpeAHeHHe, H Mo

lKeT 6b1Tb BblpameHO a BHAe 

~s =I 2 • 1131 
S nr 

3. 3KCnEPHMEHT 

nponycKaHHe no11Rpl130BaHHblX HeHTPOHOB 4epe3 no11Rpl130BaHHY~ 

Ml1WeHb 113MepR110Cb MeTOJ:IOM BpeMeHl1 nponeTa Ha HMny11bCHOM peaK

Tope H6P-30, pa6oTaeweM B 6ycTepHOM pelKHMe C yCKOpHTeJleM 311eKT

pOHOB RY3-40 181,Tiy4oK HeHTPOHOB n11o~aAb~~ 25 cM2 npoxoAl-111 4e-

4 

I 

PHc,J. CxeMa 3KCnepHMeHTaJlbHOH 
ycTaHOBKH: I - peaKTop; 2 -
HeHTPOHOBOAhJ; 3 - KOJIJlHMaTOphl; 
4 - nonHpHSOBaHHaH npOTOHHaH 
MHmeHb; 5 - nonHpHSOBaHHaH H~ep
HaH MHmeHb; 6 - ~eTeKTOp HeHT
POHOB, 

I 2 3 _, 

/ 
DD1 

32M I 3M. 

'~ 
.§. 

_85_ M 

pea MOHOKpHCTa1111 ABOHHoro 11aHTaH-MarH11eaoro HHTpaTa, B KOTO

poM npOTOHbl KpHcTanm,aoeaHHOH BOJ:lbl no11Rpl130Ba1111cb MeTOAOM 11co-

1111A-31P¢eKTa11 191 B Hanpae11eH1111, nepneHA11KY11RpHOM HanpaaneHH~ 

ny4Ka. HeHTpOHbl no11RpH30Ba11HCb 3a C4eT 60J1bWOrO pa311H411R B 

Ce4eHl1RX Cl1Hr11eTHoro H Tp11n11eTHciro pacc'eRHHR Ha BOAOPOAe /10/, 

np11 TOJl~HHe KpHCTa1111a OKOJ10 15 MM H npoTOHHOH no11Rp113a4111-1 

fp ., 0,6 no11Rp11aa411R npO(j)HJlbTpoeaHHOro ny4Ka COCTaB11ReT fn .. 0,5 
H HeCKOJlbKO yMeHbwaeTCR C pOCTOM 3Hepn11-1,, BblWe 30 K38. Hanpae

JleHHe no11Rp11aa41-111 HeHTpOHOB MOlKHO peaepcHpoeaTb, MeHRR 3HaK 

no11Rp11aa4111-1 npOTOHOB B MHWeHH, 4TO 3aHHMaeT 01(0]10 4aca, 1-1111-1 

noeopa4HBaR Ha 180° MarHHT BMecTe C KpHOCTaTOM 1-1 KpHCTaJ1J10M / lt~ 
8 nocneAHeM c11y4ae peeepc 6bl11 6blCTPblM, noeopoT ocy~ecTenR11cR 

np11MepHO 3a 10 c. CxeMa 3KcnepHMeHTaJ1bHOH YCTaHOBK11 np1-1BeAeHa 
Ha p1-1c.l. · -

~eCTBe l1CCJ1eAYeMblX MHWeHeH B 3KcnepHMeHTe 1-1cno11b30Ba

J1HCb o6pa34bl 113 MeTa11111-14eCKHX Tb, Ho, Er H HHTepMeTa11111-14e-

CKHX coeAHHeHHH PrAl 2 1-1 TmFe 2 • To11~11Ha acex MHWeHeH /no 

peAK03eMeJ1bHblM RApaM/ COCTaB11R11a /1+1,5/, 10
22

RA./CM
2 

' a n110-

~aAb - 01<0110 30 cM 2;no11Rp11aa41-1R RAeP e 3THX M11weHRX ocy~ecT

B11R11acb 3a C4eT HX oxnalKAeHHR AO CBepXHH3KHX TeMnepaTyp T = 
= /0,03+0,04/ K BO BHeWHeM MarHHTHOMnone H .. 15 1<3 1121• Hcno11b-

30BaHHble B Ka4eCTBe MHWeHeH Be~eCTBa npH yt<a3aHHOH BblWe TeM

nepaType RBJlR~TCR ¢eppoMarHeTHKaMH 113~ np1-14eM Ha . RApax peJ:1K0-

3eMeJ1bHblX aTOMOB 11Me~TCR CHJlbHble BHyTpHaTOMHble / 11cBepXTOHKHe 11/ 

MarHHTHble nonR H = 10 6 +10 73. 

np1-1 Ta1<11x TeMnepaTypax 11 nonRX HCCJleAOBaHHble,RAPa no11Rp11-

3y~TCR npaKTH4eCKl1 nOJlHOCTb~, a caepXTOHKl1e nonR npocTpaHcT

BeHHO op11eHTHPY~TCR aa C4eT HaMarHH4HBaHHR (j)eppoMarHeTl1Ka BO 

BHewHeM
0

MarHl1THOM none, ·nepneHAHKYilRPHOM ny4KY HeHTpOHOB. 

K COlKaJ1eHH~,peAK03eMeJ1bHble (j)eppoMarHeTHKH OKa3b1Ba~TCR MarHHTHO 

lKeCTKHMl-11131 H ,q.n.R no11Horo HX HaMarHl1411BaHHR HYlKHbl BblCOKHe nonR. 
8 11cnOJ1b30BaHH,OM B 3Kcnep11MeHTe MarHHTHOM none MarHHTHOro Ha

Cbl~eHHR AOCTH4b
0

He Y,qaJlOCb, npaKTH4eCKl1 AOCTHrHyTaR RJ:lepHaR 

no11Rp1-1aa4J.1R COCTilBJlRJla, f N=50t60%. ' ' 

HeHTPOHbl,· npowe~w1-1e 4epe~·M1-1weH11, per1-1cTp11poea1111cb c411HT1111-

J1R4HOHHblM AeTeKTopoi-id14{ HaXoA1-1.ew11McR Ha paccTORHHH _116 M OT 

peaKTopa. Ha1<on11eH1-1e cneKTPOB H ynpae11eH11e 6bl'cTpb1M peaepcoM 

' 5 
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PHC. 2. 3KcnepHMeHTa.JlbHble AaHHbie lI,JUI pe3oHaHCHdii 06-
nacTH sHeprnu. BHH3Y - annapaTypHbIH cneKTp OTC~~TOB 

AeTeKTopa N, nonytJeHHblll 3a 20 q npH umpHHe Kanana 

ana.1m3aTopa /t - HOMep Kanana/ I MKC. Umppbl HaA 
pesonaHCaMH yKa3bIBalOT HX 3Hepl'HIO B sneKTpoH-BOilbTax, 
BBepxy - 3aBHCHMOCTb sq><peKTa nponycKaHHli £ OT HO

Mepa KaHana aHa.JlH3aTopa. 

35 Tl.em !l27.9 SJ u 3.9 
LL.J 

Al 

2.6 

515~35455515 

,., 
6W PHc.3. AnnapaTYPHhlH;~neKTP B 

ycpe,qHeHHOH o6nacTH 3Hepl'HH: 
N - tJHCilO OTC'leTOB AeTeKTopa 

,.»• sa. 30 q npH aHTHnapannenbHOH 
OpHeHTaUHH CilHHOB HeflTpOHOB 

Hf 

H HAep; t - HOMep KaHana aHa
IlH3aTopa IIIHPHHOH 2,5 MKC, Pe
soHaHCHali CTp}'KTypa Bhl3BaHa 
KOHCTPYKUHOHHblMH MaTepHanaMH B 
nyt1Ke. l.{Hippbl BBepxy - :rnep I'Hli 

B KsB. 

I 

no11RpHaa4HH HeHTPOHOB BellOCb C noMO~b~ aBTOMaTH3HpOBaHHOH 
cHCTeMbl Ha 6aae Ma110A 3BM TPA IHV. 

8 xo,qe H3MepeHHH npH·(pHKCHPOBaHHOH no11RpHaa4HH npOTOHOB 
B naMRTH TPA HaKan11HBaI1HCb ,qea cneKTpa Np H Na C 6blCTpblM pe

BepcoM HeHTpOHHOH n011RPH3a4HH 4epe3 TPH MHHYTbl, nocne 24 4 
TaKHX H3MepeHHH MeHRilCR .3HaK npiJTOHHOH · no11RpHaa4HH /Me,qneHHblH 
peeepc/ H_ npOBO,qH11aCb c11e,qy~~aR 24-4aCOBaR cepHR. Bcero· 6bl110 
npoee,qeHo no 8+10 TaKHX cepHH ,qnR Kam,qoro 06paa4a. Y4acTKH 
cneKTpa, nony4eHHOro B o,qHOH H3 cep1111 H3MepeHHH C Tl);noKa3aHbl 

Ha PHC. 2 /0611ac:rb paapeweHHblX pe30HaHCOB/ H Ha PHC. 3 /.0611acTb 
ycp~HblX ce.ieHHH/. CTpyK:rypa Ha nocne,qHeM 06yc11oe11eHa KOH
CTPYK4HOHHblMH Mi!Tep1-1a11aMH /Me,qb~, a11~MHHHeM/, HaXO,qHBWHMHCR 
B HeHT pOHHOM riy4Ke. . . ,o 

4. PE3YflbTATbl 113MEPEH11tl 11 HX 06CYlKAEHl1E 

HH3K03HepreiH4eCKHe y4aCTKH cneKTPOB C pa3peWeHHblMH peao
HaHCaMH 06pa6aTb1Ba11HCb c 4e11b~ onpeAerieHHR .cnHHOB peaoHaHcoe. 
8 3TOH 0611aCTH 3HeprHl1, KaK 6bl110 noKa3aHO BblWe, 3HaK 3¢C!>eKTa 
nponycKaHHR Henocpe,qcTBettHo ,qaeT 3Ha4eHHR cnHHOB peam'.ial-icoe·. 

Bcero MR nRTH HCC11e,qoea'HHblX R,qep 6b111H H,qeHTHC!>Hl{HpOBaHbl 'cnHHbl 
np1-1MepH0·230 peaoHaHcoe, aHa4HTe11bHaR 4acTb H3 HHX onpe,qe11eHa 

BnepBble. Peay11b,:aTbl H3MepeHHH npHBe,qeHbl B Ta611. 1. 
KaK OTMe4a110Cb BblWe, 0611aCTb Hepa3peweHHblX pe30HaHCOB, KO

TopaR B ,qaHHbtX 3KCnepHMe,HTaX oxeaTbIBa11a 3HepreTH4eCK~~ ,q1:1ana-
30H OT HeCKOilbKHX K3B ,qo -100 K3B, HeceT 3Ha4HTe11bHO 9011ee 

HHTepeCHY~ HHC!>OpMa4H~ o cnHHOBOH aaB~CHMOCTH B3aHMO,qeHCTBHR 
HeihpottoB c R,qpaMH, 4eM 0611acTb paapeweHHbtX peaoHaHcoe; Bb1co

KaR CTaTHCTH4eCKaR T04HOCTb H3MepeHHblX cneKTPOB, a TaKme cne-
4HaI1bHble Mepbl,' ·npHHRTble A11R yc:rpaHeHHR CHCTeMaTH4eCKHX OWH60K 

B 3KCnepl1MeHTe, n03B011H11H no11y4HTb 3C!>C!>eKT nponycKaHHR C T04-
HOCTb~, 11Y4WeH 4eM 0, 1%, AllR Kam,qoro H3 y4acTKOB cneKTPOB, Ha 

KOTOPble 6bl11 pa36HT ,qHana30H o:sE::: 100 K3B. 
Pe3YllbTaTbl H3MepeHH11 B 0611acTH ycpe,qHeHHblX Ce4eHHH ,q11R HC

cne,qoeaHHblX R,qep npHBe,qeHbl Ha pHC. 4, r,qe ,qaHbl. cnHH-cnHHOBble 
ce4eHHR, no11y4eHHble H3 3¢¢eKTOB nponycKaHHR C HCn011b30BaHHeM 

COOTHOWeHHR /7/, , KaK BH,qH~ H3 3T.HX pe,3y11bT<;1TOB, ,' ass 
y ecex 1-1cc11e,qoeaHHblX R,qep 11e>KHT e npe;cie11ax .:t,600 M6, npH4eMy 
R,qep Pr , Tb , Er H Tm OHO 3aMeTHO H3MeHReicR B Hcc11e,qoeattHOH 

0611aCTH 3HeprHA HeHTPOHOB, , 
Ta,KHe H3MeHeHHR He Mory:r 9,b!Tb CBR3aHbl ,C ni:>TeH4HaI1bHblM pac

CeRHHeM, nocKOilbKY 3HepreTH4eCKHH HHTepBall AO 100 K3B CllHWKOM 
Mall ,QllR 3aMeTHOro H3MeHeHHR a¢¢)eKTHBHOrO pa,q1-1yca. 3TO no3B011ReT 

npe,qno11omHTb, 4TO no11y4eHttble e'3KcnepHMeH~e. ass HllH, no Kpa11-
tteA Mepe, HX H3MeHeHHR CBR3att~'c <ac>, TO eCTb C CHilOBblMH 
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Ta6nHQa I /npoAoJDKeHHe/ 
Ta6nn~ --

CnHHbl pesoHaHCOB l&U Tb 
,E,aB CIIHH E,aB CDHH E, aB CIIHH· E, aB CDHH ----- -------
44,8· l 1!6 l 214 ' l .. 288 o· 
50,? l 125, 0 224 0 295 ' 0 

E,aB CIIHH E, aB CDHH E, 3B CI1HH 59,2. l 132 l 22? l 29? I ------ ---- ------ ----------3,34 2 88,4 2 201 2 -------
4,98 l 90,3 l 210 (I) B CK06Kax npnBeAeHbl npegnoqTHTMbHble SHaqeHIUI CilHHOB 

II,l 2 90,? (2) 216 (I) AnH cna6b!X H nnoxo paspemeHHblX pesoHaHcoB. 

14,4 2 95,5 l 218 2 
21,2 l 9?,5 I 225 2 0 

24,6 2 108,9 2 232 I CnHHbl pesoHaHCOB 141 Pr 

2?,6 2 IIl,8 2 234 2 ----------------------
33,9 l II3,6 l 238 l E, aB ClIHH E, aB CIIKH E, aB CDHH 

II5,6 2 241 2 ---------- ------------40,7 l 85 2 845 3 2926 (3) 
43,7 2 II9,0 2 251 2 II2 2 956 2 2998 (3) 
46,I 2 128 l 254 2 218 3 lII9 3 .3479 ·2 
50,6 2 138 l 262 (2) 235 3 1363 2 3602. 2 
51,6 l 141 2 263 Ci> 359 3 1484 3 3?00 3 
54,0 2 143 l 268 2 3f1l 3· 17!5 3 3901 3 
5?,4 l 152 l 272 2 519 2 1800 (3) 4541 .3 
58,7. 2 155 2 281 I 635 3 2096 3, 4586 2 ,: 
65,0 2 167 l 284 I ?21 2 • 2452 3 5592 2 
66,8 I 169 l 289 l ----- --- ----,,; 

?3,8 2 172 2 300 2 
76,7 l 177 2 305 2 

CnHHbI pesottaHcoB 165Ho ?7,9 2 185 l 3II 2 
?8,9 2 19? 2 ---------

199 l -~i_sB C!!Hff E aB cIIHH E aB . Cl1HH I------------~---. ------- 3,92 4 101,9 4 202,3 , 4 
" 8,16 3 106,3 4 204,9 4 169Tm CnHHbl pesoHaHCOB 

12, 75 . 4' II?,? 4 214,? 3 
------------· 18,2 .3 120,6 4 220,? 4 E, eB CIIHH E, 3B CIIHH E, aB CDHH E, 3B CIIHH 

21,l 4 124,8 4 230,0 3 -- ------ ----------· 3,9 l 63,l l 136 l 238 l 35,5 3 126,8 3 232,? 3 
14,4 0 65,9 0 153 0 243 l 37,3 4 l28,4 3 239,5 4 
l?,5 ·o 83,5 l 160 l 251 l 39,6 4 139,0 4 254,9 
29,l l 94,l l 164 l 260 l 47~7 3 141,3 ,F 261,0 4 
34,8 l 95,6 0 208 l 274 l 51,6 3 149,3 3. ~72,6 (3) 
38,l l 102 l 209 0 283 I : 151,0- · 3 274,l 4 54,4 4 

8 
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Ta6Jim~a 1. /npolJ,OJIJY.eHHe/ 

------
-~..a.~B CDHH E~~aB_ CIIHH ___ E, aB Ctl!!!.:.. ___ 

64,0 4 152,4 3 ?77,0 (4) 
68,8 3· 164,3 3 280,9 .3 
71,8 4 169,7 3 28?,.6 (~) 
00,0, 3 174,6 4 291,6 4 
83,8 4 100,9 (3). 2<:17 3 
84,8 3 188,8 4 300 4 
85,8 3 192,6 3 306,6 4 
93,6 4 195,3 ·(3) -------------------------- -----------

· CnHHhI pe30HaHCOB 
167 Er 

-----E, aB cnHH E, aB -CIIHH E, aB CilHH --------- ---------
5,99 3 62,l 4 153,2 3 
7,92 4 ~.0 3 . 15?,8 3 
9,39 3 69,4 ·4 162,2 4 

20~2 4· 74,4 4 166,8 3 
22,0 3 _ 75,7 4 168,5 3 
26,2 3 79,3 3 176,8 4 
27,4 4 85,4 3 178,5 4 
32,8 4 91,2 4 184,7 4 
37,6 4 107,6 3 191,3 4 
39,4 3 II2,9 4 196 3 
42,2 3 II5,4 3 209,9 3 
50,l 4· 131,6 4 21?,2 .4 
53,5 (3,4) 142,3 4 228,7 3' 
59,9 3 150,5 4 

------------ ·------, -----------------

<l>YHK1.111RMl1 (So)± HCCJleAOBaHHblX RAep •. no3TOMy 3Ha4eHHR (So>+ -(So>-
6blI1H pacc4HTaHw C HCnOJ1b30BaHHeM· COOTHOWeHHR /12/ B npeA-

noJ10lKeH1111, 4To R!-R~= o. Ha p1-1c.S AaHbl 3Ha4eHHR (So)+ -(S0)_, 

10 · 

',. 
! 

ii 
I~ 
j :, 

\ 
! 

,:i 
·. :1 

I 

600 
14t Pr 9 

9 
300 

ol------------,,---vt-

-300 9 
-600 9 

300 

ol 9 
-JOO ❖ () I 

150
Tb 

? <> 

9 () 

300 
-11. '"i 

Ot-------------1-

0,4 

ol I I I t J.. b I 

,.,Pr 

-0,4 

0,4 1s9n, 

ol .1. x 9 9 ❖ 9 9 I 
:_Q.4 I 

" 
{ 0,4 

165110 

0 ·1 °1 · ? + ~ ❖ ? 9 ? I ri°-300 ❖ . ? ? ? 9 . ❖ 
{-600 ---❖ --------1--

2.-o,, 
... '° 300 167Er y ? 

0 t---±----r--i----___!_---l 

-300 f f 
- 600 

300_ tlSQTm 

or 
c:, () 

- 300 • , 9 9 9 9 ~ 
- 60G 

9 
2 4 6 8 10. 20 40 60 100 

[n ,K3B 

PHC. 4. 3HepreTH'leCK8R gaimcH

MOCTb CilHH-CilHHOBoro ceqeHHR 

RlJ.ep 141. Pr , 159Tb, 165Ho , 
167 Er , 169 Tm. 

0,4 167Er 

0 ❖ 9 

-0,4 

-:-+·-,6~~ . o,i.r 

-0,4 f 
0 t' 

2 4 6 8 10 20 

? 

40 60 100 
E.,K3B 

PHc,5, 0THOCHTeJibHaR pa3HOCTb 

cnHHOBbIX CHJIOBblX q>yHK~Hii Rll,ep 
141pr, 159Tb,165Ho,167Er, 
169Tm 'B o6JiaCTH. ycpell,HeHHoro 

ceqeHHR. 

OTHeCeHHble K cpeAHHM 3Ha4eHHRM · CHJlOBblX . 4>YHKLIH11 < So> ' 
B3RTblM H3 pa6oTbl 161• B OWJ.16K11 3Ha4eHHH [(So>+ -(So>- J/ <So> 3AeCb 

BKJ1~4eHbl TaKme OTKJlOHeHHR OT CpeAHero, o6ycnoeneHHble $11YKTya-

1.1HRMl1 CHJlOBblX 4>yHKL1HH "1 Bb14HCJ1eHHble C 11cnOJ1b30BaHHeM COOTHOWe

HHR /13/. 3TH OTKJlOHeHHR 3aMeTHO npeBOCXOART OWH6KH 

H3MepeHHH 11 npaKTH4eCK11 onpeAeJlR~T T04HOCTb HaHAeHHblX 3Ha4eHH11 

(So ),t -(So)_. nony4eHHe 6011ee T04HOH J.tH(!)OpMa'-IHH O cnHHOBOH 3a

Bl1CHMOCTH s -BOJlHOBblX' CHJlOBblX <l>YHK'-11111 HCCJleAOBaHHblX RAEiP "13 

3KcnepHMeHTOB C HeihpoHaMJ.t npH 3Hepr"1RX E ~ 100 K3B OKa3blBaeTCR 

HeB03MOlKHbJM. H3 pHC. 5 BHAHO, 4TO pa3J1H4HR B CJ.tJlOBblX <l>YHK~HRX 

BO ecex cny4aRX He npeBOCXOART 30%. 
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Ta6JIHii;a 2 

ffApo - Sa(I0-4) OCSJiacTb s+-s-
IOOlleHb ycpe~eHHJl 0 Q 

RB /!6/ K3B So -------- ---------------------
I59Tb I,6 .!00 - 2,I o,020±o,044 

I65iJo I,8 IOO - 2,I -O,II±o~04 

!69 · 
Tm I,3 !25 - 2,1 -0,030±o,05? 

I4Ip.,. I,9 !IO - 6,6 ·O,OIO±o,090 

I67Er I,8 . 90 - 2,I 0,005±o,039 

---------------------------------

B paMKax onTH4eCKOH MOAenH, HCnOnb3yeMOH AnR onHCaHHR B3aHMo
AeHCTBHR HeHTPOHOB c RApaMH e o6nacTH ycpeAHeHHblX ce4eHHH, cH
noBble ¢YHKL\HH He AOnlKHbl 3aMeTHO MeHRTbCR npH H3MeHeHHRX 3Hep
rHH HeHTPOHOB, ManblX e cpaeHeHHH c rny6HHOH ,onHCblBalOlijeH RAPO 
noTeHL1HanbHOH RMbl / .. 4o M3B/. nony4eHHbfe AnR Tb H Tm 3KCnepHMeH
TanbHble pe3ynbTaTbl nnoxo cornacylOTCR C 3THM cneACTBHeM onTH
~eCKOH MOAenH. no-BHAHMOMY, 3AeCb tta6nlOAaeTCR npoMelKyT04HaR 
CTPYKTypa B Ce4eHHRX o6pa3oBaHHR KOMnayHA-RAPa, CBR3aHHaR co 
cpaBHHTeflbHO KOpOT~OlKHBY~HMH,npOMelKYT04HblMH COCTORHHRMH RAPa 
C onpeAeneHHblM cnHHOM. 

AnR conocTaeneHHR nony4eHHOH HH¢opMal.\HH O cnHHOBOH 3aBHCH
MOCTH CHflOBblX ¢YHKL\HH co cneACTBHRMH H3 onTH4eCKOH MOAenH L1ene
coo6pa3HO nony4HTb 3r-ta4eHHR [(So)+ -(S 0 )_]/<S0 >, ycpeAHeHHble 
no e·ceH o6nacTH 3HeprHH H no BCeM HCCfleAOBaHHblM RAPaM. TaKoe 
ycpeAHe~1-1e nOBblWaeT T04HOCTb pe3ynbTaTOB H ocna6nReT HX 3aeH
CHMOCTb OT 3¢¢eKTOB npoMelKyT04HOH CTPYKTypbl. Pe3ynbTaTbl 3Hep-

_reTH4ecKoro'ycpeAHeHHR AflR OTA~nbHblX RAep npeACTaeneHbl B Ta6n.2, 
'a. cpeAHee no RAPaM 'oTHOCHTenbHOe pa31}H4He C::HflOBblX <l>YHKL\HH B 
HHTepsa.ne 3HeprnH 2+ 100 K3B OKa3bleaeTCR paBHblM' 

' ' ' 

(S ) -(S ) . 
< . o ~ _ o ->,;, -,0,035± 0,020 . 

0 

npoeeAeM conocTaeneH1-1e c-npocTeHWHM aap1-1aHTOM onTH4ecKOH MOAe
nH, KOrAa RAPO npeACTaBnReT.CR c:¢epH4eCKOH noTeHL\HanbHOH RMOH 
'c pe3KHM,CKa4KOM noTeH4Hana·Ha_ rpaHHL\e, YcnolKHeHHe onTH4eCKOH 
MOAen1-1 /y4ei Hec¢~PH4HOCTH RAep 1-1 .pa3MblTOCTl1, i-1x rpq_HHL\bl/ CHnb-

i12 

HO 3aTPYAHReT conocTaeneHHe, HO He AOfllKHO AaBaTb Ka4eCTBeHHO 
APYrHX pe3yflbTaTOB, B npOCTeHweM eapHaHTe onTH4ecKOH MOAenH/17/ 
B3aHMOA8HCTBHe HeHTpOHOB C RAPaMH on1-1cblsaeTCR noTeHL\HanoM U: 

U=O npH r>R, 

u~-(V+iW) np1-1_ r<R, /14/ 

rAe R - paAHYC RApa. CpeAHHe napaMeTpbl TaKoro noTeHL1Hana MMe-
IOT cneAYIO~He 3Ha4eHHR: 

V "' 40 M3B, 
3- -13 

W ""3 M3B, R = 1,45 yA•l0 CM, 

rAe A - Maccosoe ~Hcno RApa. B 3TOH MOAeflH B o6naCTH peAK03e
MenbHblX RAep cy~ecTByeT pe30HaH2" Cl1fl0B0H ¢YHK~l-1H, MOlKHO noKa-
3aTb /CM~ npHflOlKeHHe 2/, 4TO AflR RAeP, nelKa~HX B o6naCTH MaK
CHMyMa CHflOBOH <l>YHKL\1-11-1 So, CHflOBaR ¢YHKL\HR CBR3aHa a OCHoa
HOM C MHHMOH '-laCTblO onTH4eCKoro noTeHL\Hana, np1-14eM 3Ta CBR3b 
HMeeT BHA 

1 
(SO)± - W ± /15/ 

CneAY-R <l>ew6axy-' 18< 6yAeM onMCblBaTb cnHH-cnHHOBOe B3aHMOAeHCTBHe 
AOnOflHMT~flbHblMl-1 1.1neHaM1-1 B O~TH4eCKOM noTeHL\Hane. Bb16epeM HX B 

BHAe 

V [ y; ] 
ss -1- " w [ Ia ss -1-l, 

3AeCb I H a - onepaTOpbl cn1-1Ha RAPa H HeHTpoHa. TorAa, npeAno
naraR W98 ManblM no cpaeHeHHIO c W, H3 / 15/nony4HM 

(So)+ -(SoL ;· 16/ W =- ----W. 
ss So 

0TCIOAa npM HCnOflb30BaHHl-1 3KCnep1-1MeHTanbHOro 3Ha4eHHR 

<[(So)+ - (So)_]>/ So 

1-1 3Ha1.1eHHR W ., 3 M3B nony4aeTCR cneAYIO~aR OL\eHKa W ss 

W55 = /0,10.:!:_0,05/ M3B. 

tlnR OAHOro 1-13 1-1ccneAOBaHHblX RAep (Ho) 1-13 H3MepeHHH C HeHTpo
HaMH 6onee BblCOKHX 3HeprnH /oT O, 3 AO 8 M3B/ nony1.1etta OL\eH
Ka 1191 AeHCTBHTenbHOH 1.1acn1 cn1-1tt-cnHHOsoro noTeHL11-1ana l V 88 l < 

< 0,3 M38. TaK"1M o6pa30M, cn1-1H-cnHHOBOe B3aHMOAeHCTBHe HeHTpo
HOB C HCCfleAOBaHHblMl-1 RAPaMH OKa3blBaeTCR B paMKax onTH4eCKOH 
MOAen1-1 04eHb cnafiblM. 

CAenaHHOe BblWe npeAhOflOlKeH1-1e, '-ITO 3KCnep1-1MeHTanbHO Ha6nroAeH
HaR cn1-1HOBaR 3aB"1CHMOCTb CBR3aHa C o6pa3oBaHHeM KOMnayHA-RAPa, 
a He C nOT8HL\HaflbHblM pacceRHHeM, MOlKeT 6b(Tb 3Kcnep1-1MeHTanbHO 
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npoeepeHO, ,llnR BblAeJleHHR npOL\eCCOB, "1AY111"1X 4epe3 KOMnayHA-RA

po, MOlKHO 1,1ccneAOB.aTb n-y. peaK41,110l 221,Mo>KeT 6b1Tb TaK>Ke 1,1cno11b-

30BaH, TaK Ha3b1eaeMb1i1 MeTOA caMOl1HAHKa41,11,1, KOrAa a Kai'.iecTee Ae

TeKTopa, npoweAwero- 4epe3 MHWeHb ny4Ka, np11MeHReTcR r-AeTeK

Top C n-y KOHBepTOpOM, COAep>Kal!lHM "1CCJleAYeMbl~ RApa. Mo>KHO, 

Hao6opoT, noAaBHTb BKJlaA OT npo4eccoe, "1AYlll"1X 4epe3 KOMnayHA

RAPa, ec111,1 a o6bl4Hb1X ycnoBHRX "13MepeHHR nponycKaHHR AOno.ritt1,1-

_TeI1bHO 11np0$"1IlbTpOBaTb II ny40K 4epe3 .TOJlCTblH CJlOH .. ae111ecTBa C 

"1CCJleAyeMblM"1 RAPaMH. . 

CneAyeT OTMeTHTb, 4TO on1,1caHHble BblWe 3KCnep1,1MeHTbl xapaKTe

p"13YIOTCR Bb1c0Koi1 4yBCTBHTeJlbHOCTblO k npoRenett1,110·npoMe>KyT04HOi1 

cTpyKTYPbl, Aei1cTBHTenbHO, 06yc11aa111,1ea101111,1e TaKylO cTpyKTYPY 

npoMe>KyT04Hble COCTORHHR "1Meio-r' onpeAeJleHHblH cnHH H B 3KcnepHMeH

_Tax C nonRpH30Ba]'iHblMH, H~HTpoHaMH H RAPaMH AOJllKHbl npoRBilRTbCR 

4eT4e, 4eM B c11y4ae o6bl4~blX HeH~pOHOB "1 RAeP~ H3MepeH"1R npo

BOARTCR C _MHWeHblO np1,1 rionHOCTblO TO>KAeCTBeHHblX- YCJ10B"1RX, 3a 11c

KI1I04eHHeM OTHoci-1TenbHOi1. op1,1ettTa41,11,1 cnHHOB ttei1Tpottoe 1,1 RAep,4TO 

n03B0IlReT Ha6I110AaTb 3$$eKTbl cnHHOBOH 3aB"1C"1MOCT"1 B Ce4eH"1RX, 

BO MHoro pa3 MeHbWHe, 4eM caMa Be11"14"1Ha Ce4eH"1R. 

B 3aKJ1I04eHHe aBTOpbl C4"1TalOT CB0"1M AOilrOM no6narOAaP"1Tb 

H.M.IPpaHKa 1,1 B.H.Jly1111,1Koaa• 3a HHTepec 15 pa6oTe, a TaK>Ke 6.A.Po

AHOttoea, C;H.Heroaenoaa~ H.T.XaTbKo,LM.C.R3B11LIKYIO ~ T.C;Aipa

Hacbeey 3a noMOl!lb B H3MepeH"1RX. 

nPHJIO>'.{EHHE 1 

06111ee Bb1pa>Kett1,1e AilR cn1,1tt-cn1,1ttoeoro ce4eHHR ass a cny4ae s -
"1 p -pe30HaHCOB' 6b!Il0 nony4eHO B pa60Te12011-1 MO>KeT fib!Tb r,pe,QCTae

~~HO B BHAe 

(ass)J =aoJPJ' /1. 1/ 

r,QeaOJ - Ce4eH"1e B OTCYTCTB"1e no11Rp1,13a41,1i, a PJ - 3aBHCRl!l"1H OT 

CnHHOB MHOlKHTeJlb. C y4eTOM 3Toro Bblpa>KeHHR ,QilR cpe,QHero.cn1-1H

cn"1HOBOro ce4eH"1R MOlKHO nony411Tb 

<a > = 21r2R (2f + 1)0( Y) vE l: gJ PJ SJ" 
. ss J 

/1. 2/ 

3,QeCb O(f) - · npOHHLlaeMocT/
211 

,CBR3aHHaR c op6"1Tc3IlbHblM MOMeH-

TOM; g J - H3BeCTHble CTaT"1CTH4eCK"1e $aKTOpb1' 1-1 SJ - COOTBeTCTBylO

IIIHe C"1Il0Bble IPYHKL1"1H, Ec111,1 ace SJ 0,QHHaKOBbl /HeT cn1-1HOBOH 3ae1-1-

CHMOCTH B3a"1MO,QeHCTB"1R/. ·TO Bb1pa)l(eHHe /1. 2/ ,QaeT ,QilR<ass > HYilb. 

nocKOJlbKy }: gJ PJ = o. TaK KaK , - <ass>, AilR oTHo'-
· .. ; . J.· 

weHHR 3$$eKTOB nponycKaHHR OT p- 1-1 S :-f-!eHTPOHOB MO)l(HO 3armcaTb 

14 

i =3 0<1> 
( 

6 
0(0) 

}: (gJPi J)p 
J 

~ (g JP J SJ) B 

· /1.3/ 

, :}~t 

,llnR 04eHOK 6y,QeM •C4HTaTb (SJ) p,s CJly4aHHblMH BeJlH411Ha~H CO 

cpe,QHeKBa,QpaTH4Hb1"1!1 OTKJlOHeHHRMH OT cpeAl:iHX 3Ha4eHHH S p,s, 

paBHblMH~(SJ)p,e-=aSp,B' Tor,Qa AJlR OTHOWeHHR cpe,QHHX 3$<1leK-

TOB nponycKaHHR MO)l(HO nony4HTb Bblpa)l(eHHe 

-;;- 0(1) s; 1 (gJPJ)~ 
-- ,,,3 __ -- /t.4/ 
-( - 0(0) s }: (gJPJ)2 

B S J S 

8 CJly4ae pe,QK03eMeJlbHblX R,Qep /cA~t50/ H HeHTPOHOB C 3Hepr1,1ei1 

E e=lQO K3B e 

6 (l) ... 0,3 1,1 SP .. 0,3 
0(0) S 8 

/CM, pa6oTy 1161 I. Ec111-1 np1-1HRTb, 4TO cnHH RAPa paeeH 3, TO e1,1-

41,1cneHHR C HCnOJlb30BaH"1eM 3Ha4eH"1H PJ 1,13 pa60Tbl/20/ AalOT 

/ 1 (g.fJ)~ _.._ ____ ,,,o,7. 
}: (gf J); 
J 

.llnR~THOWeHHR cpe,QHHX 3$$eKTOB nponycKaHHR OTCIOAa nony4HM 

fp 
-==-"'0,2. 
's 

TaKHM o6pa30M,.np1,1 3Hepr1,11,1 100 K3B B paccMOTpeHHOM cny4ae BKJla,Q 

B 3$$eKT nponycKaHHR OT p-HeHTPOHOB COCTaBJlReT npHMepHO 20%. 

C yMeHbWeHHeM 3HeprHH Hei1Tp0HOB 3TOT BKJlaA JlHHeHHO yMeHbwaeTCR 

BCJle,QCTBHe 3aBHCHMOCTH 0(1) - E. 
'~ 

-~ 

nPHJlOIEHHE 2 

0nTH4eCKaR MOAeJlb C noTeH411a110M, 3aAaHHblM Bblpa)l(eHHeM /14/, 
AJlR HeHTpOHOB C 3Hepr"1RMH, MailblMH B cpaaHeHHl1 C rny6HHOH RMbl, 

,QaeT c11e,Qy10111ee Bblpa>KeHHe ce4eHHR peaK41,11,1
1171 : 

a 
r 

2 2xX(sh~ -t/X· sin2X) 
= 171( 

2 2 2 2 
(X +t )(cos X + sh () 

r Ae X = ko R ; X = kR ; e "' KR 
1 . 1/2 W 

K = -(2m} ~• 

/2. l/ 

H 
. 1 1/2 1 1/2 

ko = -(2mV) ; k = -(2mE) · 'fl 'fl • 

2fi (V) . 
H3 MaJlOCTH W B cpaBHeHHH C · V HMeeM X»t H 
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U =Tlir 
2x(sh2' - f/X ,·sin 2X) 

X( cos 2X +sh2f) ·• /2.2/ 

113 COOTHOWeHHR /2. 2/ BHAHO ~ 4TO B u r HMelOT MeCTO pe30HaHCbl, 
CBR3aHHble C pa3MepaMH RApa. MaKCHMYMbl 3THX pe30HaHCOB AOCT~
ralOTCR np1-1 cosX=0.06nacTH peAK03eMenbHblX RAeP cooTeeTcTeyeT 
pe30HaHC npH X = 7/2•TT. ,llnR Ur B MaKCHMyMe HMeeM 

..2 X 1 
U "' 4TT11:- - -- • /2 3/ 

r X thf • 

nocKOnbKY B cny4ae peAK03eMenbHblX RAep g "'0,5' Bblpa>KeHHe AnR 
u r" MO>KHO np1-16n1-1>KeHHO nepenHCaTb e BHAe 

..2 X 2 fiyE 
u "' 4TT fC - = STT,\ 

r Xf y'2mRW / 2,4/ 
To >Ke caMoe ce4eHHe MO>KeT fiblTb nony4eHo B pesynbTaTe ycpeAHe
HHR no pe30HaHCaM H CBR3aHo C c1-1noBOH <l>YHK4HeH cneAYIO~HM .cooT-
HOWeHHeM: 

ur = 2TT2~ 2iis0• /2,5/ 

np1-1paBHHBaR 3TH Ce4eHHR, AnR CHnOBOH <l>YHK4HH nony4aeM 

s· "' 4fl 
0 TTy'2mRW 
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