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B AHCCepTaUHH H3naraIOTCH peayru,TaTbl uccneAOBaHHH H8H

TpOHHblX pe30HaHCOB peAK030MenbHblX HAep, BblllOnHeHHbl0. Ha HeH

TpOHHOM cneKTpoMeTpe · nH<i> OHHH. HcnonbaoaaHue MeTOAa ape

MeHH nponeTa ll03BOnHeT nonyqaTb TaKH0 napaMeTpbl pe30HaHCOB 1 

KaK SHeprHIO - E0 , H0HTpOHHyIO WHpHH_Y rn , nonHy10 wu-

PHHY r unu panHaUHOHHYIO irmpHHY r • HayqeHHe P0AK03e-. y 
MenbHbIX HAep npoBOAHTCH B nH<i> c MOMeHTa aanycKa HMnynbc-

Horo 6bICTporo p~aKTOpa (HEP) 
111

• HHTepec K STOH o6naCTH 

HAep 6hm o6ycnoaneH TeM, qTo B nuTepaType HMencH cymecTBeH

Hb1il npo6en B AaHHbl_X O napaMeTpax pe30HaHCOB p0AK030MenbHblX 

HAep, a TaKJKe OlKHAaHHeM, 'lTO c_neuli4JuqecKaH oco6eHHOCTb STHX 

HAep - Hanuque 6onbWHX ne$opMaUHH - MOJKeT KaKHM-nH6o o6pa-

30M llOBnHHTb Ha CBOHCTBa H0HTpOH~blX peaoHaHCOB. 

OnucaHue HeiiTpOHHOro cneKTpOMeTpa 

06maH cxeMa 8KCnepHM0HTanbHOH ycTaHOBKH AnH H0HTpoH

,HOCll0KTpOM0TpHqecKHX HCcneAOBaHHH npeACTaBneaa Ha p11c. I. 

YcTaHOBKa pacnonoJKeHa Ha 1000-MeTpoaoft nponeTHOil 6aae HEPa, 

LlnHTenbHOCTb H0HTpOHHOI'O HMnynbca HEPa COCTaBnHeT 40-60MKCeK. 
· · . n1 

Ilpu pa6oTe peaKTopa C MHKpOTpOHOM B KaqeCTBe HHlK0KTopa 

AnHTenbHOCTb H0HTpOHHO!'O HMnynbca COKpamanacb AO 4+- 5 MKCeK. 

Hcnonbaoaaaue nponeTHoro paccTOHHHH OT 250_AO 1000 M noa

BOnHeT HM0Tb paapeweHHe OT 80 AO 5 'HceKIM. OcHOBHaH qacTb. 

H3MepeHHH BbmonHeHa B MHKPOTpOHHOM pelKHMe. HeilTpOHHblH ny-
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'IOK o6opynoaaa llBYMSI neTeKTOpaMH HeliTpOHOB, )l{HJlKOCTHblM CllHH

THnnSIUHOHHblM (n, y) -neTeKTopoM 06'beMOM 500 n, (n ,y) -lleTeK-

TOPOM H3.4 KpHCTannoa Nal , MOHHTOpHblMH C'l8T'IHKSMH 

(CHM-5), aeo6xo.ciHMbIM Ha6opoM xonnHMaTopoa. HMeromyrocSI an

napaTypy MO)KHO B COOTBeTC_TBHH C aana11ea HCIIOnb30BaTb nnSI 

.H3MepeHHli IIponycKaHHSI, pallHSUHOHHOI'O aaxaaTa HnH CaMOHHllH

KSUHH. 

JlnSI H3MepeHHli nponycKaHHSI HCnonb30BanHCb )l{HJlKOCTHble 

/3 4/ CUHHTHnnS1UHOHHbl8 lleTeKTOpbl HeliTpOHOB C M8THn6opaTOM • 
. 2 · . 

nnomallbJO 800 CM KS)KJlbili. TaKoli ll8T8KTOp o6nanaeT BblCO-

KOli 91jl4leKTliBHOCTbJO K HeliTpoHaM (30% llnSI H8liTpOHOB C 9Hep

I'Heli 1 K9B), OTHOCHTenbHO HH3KOli a4i<lieKTHBHOCTbJO K y -KBaH

TSM (4% nnSI KBaHTOB c Ey = 1 Maa), ManbIM BpeMelieM peI'HCT

paUHH HeliTpOHOB ( < 2 MKcex). 

/3/ 
)KHllKOCTHblli (n,y) -neTeKTOp COCTOHT H3 llBYX 6axoa, 

HCnOnb30BSHH8 CX8Mbl COBIISll8HHfi cymeCTB0HHO CHH)KS8T <jJOH 118-

/5/ TeKTopa, atWieKTHBHOCTb peI'HCTpaUHH aKTOB aaxaaTa HeliTpOHOB 

COCTaBnsieT 30 .. 40%. , 

JleTeKTOP H3 KpHCTannoa Nal (paaMep xpacTannoa 

100 X 100 MM) HM88T TaK :H<e, KaK H )l{HJlKOCTHblli (n. y) -nereK-· 

Top, llBa pelKHMa: cyMMHPOBSHHSI H coananeHHli. OTO II03BOnSieT 

npoaepSl!b <jlnyKTYSllHH a<jJ<jJeKTHBHOCTH OT peaoHaHca K peaoaaacy. 

Taxoli nereKTop nparoneH nnSI HccnenoaaHHSI Manh1x o6paauoa. 

HMIIynbCbl OT ll8T8KTOp0B H. MOHHTOIJHblX C'18T'IHKOB nocTy

nanH B H3°M8pHTenbHblli ll8HTp nH<t>, OCHameHHblli Bpe~eHHblMH aiia

naaaropaMH H HMeJOmHli CBSl3b C aneKTpOHHOli Bbl'IHCnHT8nbHOli 

MSWHHOli (SBM). 

HaMepeHHSI H o6pa60TKa llaHHb!X 

nonHoe Ce'leHHe B3SHMOll8liCTBHSI ueliTpOHOB C SlllpaMH onHCbl

aaeTCSI <jlopMynoli BpaliTa-BarHepa 

5 



:I 

I 
r 

:~ 

rAe 

·1· 

ao 
a (x)= --- + 

t 1 + x2 

2a 
,\ 

a 0 x 

1 + X 
2 

ao = 4,r,\2 g rn -r-. 

+ 4rra 2 , 

( 1) 

ii - aMnnHTyAa noTeHuHanbHOI'O pacceSIHHSI, g - CTaTHCTH'leC-

KHA q>aKTOp, g = -2l.!2. , 3A0Cb J - cnHH peaoHaHca, I -
:a::21 + 1) 

. E-E0 cnHH srnpa-MHIII0HH, X = ---r ;2 
Pe30HaHCH00 C0'10HH0 paAHaUHOHHOI'O 3aXBaTa 

a (x)-= ~ .5:_ 
y 1 +x2 r . (2) 

Y'leT TennoBOI'O ABHlK0HHSI srnep npHBOAHT K H3M0H0HHIO Ce'leHHSI, 

H q>OpMyna (1) npeo6paayeTCSI K BHAY 

rAe 

a ( x) = a ,fr ({3, x) + a 
t O 0 

2 
~ cf,({3,x)+4rra, 
,\ 

·, 
(x-y) 

·'·( R ) 1 -t"" exp 1-[ ---12 I 
'I' ,-, ,x = -- f /3 

{3...j7,-"" .1 2 dy 

1 .+oo 
cf,({3,x) =-- f 

{3y11 ...00 

/3 = 2/\ r ------
/\ = 2 V . : 0 k T elf 

+y 

(x-y > 12 I 
exp I-[ --/3- ydy 

2 l+y 

(3) 

HaMepeHH0 'BpeMeHHbIX cneKTpOB C HCCneAy0MblM o6pa3UOM 

Ii 'cneKTpa OTKpbITOI'O 'ny'l'.Ka H0ltTpOHOB no3BOnsreT HaitTH nponyc

KaHH0, paBHOe OTHOIII0HHIO 3THX•CneKTPOB (c Y'l0TOM COOTBeTCTBYIO-. 
IIIHX q>OHOB). ITponycKaHH0 cneAyIOIIIHM o6pa30M CBSI3aHo C nonHblM 

. . .. . 2 
C0'10HH0M Ii TOnlIIHHOlt o6paaua n (B aTICM ): 

6· 

l 
I 

l 
. ~ 

J 

T =exp(-n at) 
N;-Nljil 

N '-Ncp" 
0 0 

I'Ae NI - cneKTP C o6pa3UOM, NO - cneKTp OTKpbITOI'O nruca, 

(4) 

N<1>i - q>OH C o6pa3UOM, Nqi_o. - q>OH OTKpbITOI'O ily'l'.Ka. <l>OHbl onpe-

AemmHCb M0TOAOM pe3OHaHCHblX q>HnbTpOB (Hcnonb30BanHCb Ag 1 

C<i J Mn· , Na ) • EcnH q>HnbTp TOHKHfi ( n a noT. < 1), a 

n ao :>> 1 , TO OTC'l0Tbl B pe3OHaHCHbIX npoBanax AaIOT 3Ha'l'.eHHe 

q>OHa. qaCTO q>OH AOCTaTO'IHO ObinO annpoKCHM!ipOBaTb KOHCTaHTolt, 

He 38BHCSIIII0A OT BpeMeHH. ITp!i ManoM Bp0M0HH nponeTa q>OH YAa-

Banocb onHCbIBaTb B BHAe N = 
<!> 

A -Bt • ITpH Bbl'IHCneHHH 

nponycKaHHSI no qiopMyne (4) Y'IHTbIBanHCb nonpaBKH Ha MOHHTOp, 

B H3MepeHHSIX C ~HKpOTp·oHOM nponycKaHHe Bbl'IHCnsrnocb 003 y'le"'.' 

Ta MOHHTOpOB AeneHHeM cneKTpa C o6pa3UOM Ha. cneKTp OTKpblTO

ro ny'l'.Ka, · IT pH 3TOM npOBOAHnacb HOpM!ipO~BKa cneKTpOB no y'laCT

KaM, AaneKHM OT pe3OHaHCOB, B peaynbTaTe Bbl'IHCnsrnacb TOnbKO 

pe3OH8HCHaSI '1'.aCTb nponycKaHHSI, nnsr npaBHnbHOI'O y'leTa qioHa B 

3TOM cny'l'.ae B ny'IK0 noCTOSIHHO HaXOAHnCSI KaKolt-nHOO peaoHaHc

Hbllt qiHnbTp, 

B H3MepeHHSIX HCnOnb3OBanHCb 2048- H 4096-KaHanbHble Bpe

M0HHble aHanH3aTopbI. lllHpHHbl KaHanoB MOJKHO ObinO BblopaTb OT 

1 AO 64 MKC0K, llaHHbl0 C aaanH3aTopa BbIBOAHnHCb Ha UHqipone

'laTb Ii nepeAaBanHCb Ha 3BM. nnsr YM0Hblll0HHSI qioHa OT peUHK

nH'l'.HbIX Heil:TpOHOB BO BC0X H3MepeHHSIX ny'IOK HeltTpOHOB nepeKpbl

B.ancsr 6opHb!M qiHnbTpOM, 

.Unsr BbI'l'.HcneHHSI nponycKaHHSI Ha 31i3M 6hma. paapa6oTaHa 

Heo6XOAHMaSI CHCTeMa nporpaMM BnnoTb AO Bbl~HcneHHSI nnomaAelt 

pe3OH8HCOB, B OTCyTCTBHe 3aMeTHOlt HHTepq>epeHUHH MeJKAY pe-

3OHaHCHbIM Ii noTeHUHanbHbIM paCC0SIHH0M, nnomaAb pe3OHaHCa Ha 

KpHBOll nponycKaHHSI paBHa 

+oo , 
A= L f [ 1- exp(-na ,fr(/3 ,x))]dx 

2 -oo 0 (5) 

Ii He 38BHCHT OT q>yHKUHH paapelll0HHSI cneKTpoMeTpa. 

·7 



I 

I 

Ma cneKTpOB BbIXOJla Y -nrieii, B03HiiKSIOIIUiX np!i peao-

HaHCHOM aaxBaTe HeiiTpOHOB, nony'IeHHblX B 1!3MepeH!iS!X C (n,y)

JleTeKTOpoM, MOJKHO HaiiTI! CYMMapHoe 'IRCno OTC'IeTOB B peao

HaHCHOM nRKe i N k , KOTOpoe CBS!38HO C napaMeTpaM!i peao-

HaHCa, nOTOKOM HeiiTpOHOB fl Ii a¢¢eKTliBHOCTblO )leTeKTOpa 

y 
cne)lyJOIIll!M o6paaoM: 

iN 
r 

= Il £ A -1:'. 
k y r 

TTpoBO)lS! KanR6poaKy KPiiBblX paJll!SU!iOHHOI'O aaxaaTa MeTo)laMR, 
/5/ 

onRCSHHblM!i a pa6oTe , MOJKHO nony'IliTb aenR'IliHY 

r. 

(6) 

C =A _Y_ 
r (7) 

Jlnsi KSJKJloro Ha6n10)laeMoro peaoHaHca. 

Ma Haii)leHHbIX 3Ha'IeHRii nnoma)leii peaoHaHC0B Ha Kp!iBbIX 

nponycKaHRSI (5) 11 paJlRaUR0HHoro aaxaaTa (7)" onpeJlensinncb 

napaMeTpb! g r , r lin!i r , IiH0I')la g • .Llnsi ST0I'O 
n Y /6/ 

ncaonbaoaanacb nporpaMMa MeTOJla irnomaJleii nnsi 3BM , nHor-

- /7/ 
Ila Bbl'Il!CneHliS! nenanRCb BPY'IHYIO C nOM0IIlblO. rpa¢1:fKOB IOaa • 

Ehma TaKJKe paapa6oTaHa nporpaMMa nony'IeHRSI napaMeTpoa pe-

/8/ 
30HaHC0B MeT0)l0M ¢opMbl • Ehmo ycTaHoane110, 'ITO oua MO-

JKeT ncnonbaoaaTbCS! a ycnoansix He 0'IeHb xopornero paaperneHRSI, 

ecnli o6pa60TKY Kp!iBbIX nponycKaHRS! npOB0)l!iTb 0/lH0BpeMeHH0 

JlnSI HeCK0nbKHX TOnlllRH o6paauoa. 

O6aop nony'IeHHhIX peaynbTaToa 

Ebinli IiCCne)l0BaHhl HeiiTpOHHhle peaoHaHCbl 20 peJlK03eMenb-

165 H /9/ 164 0 166, 167·. 168. 110 E /10/ Hb!X S!Jlep O ; r ; 

142 143 144 145 146 148 150 /11/. 152,154,155.156,157, 158.160 /12/ 
·• • • • • • Nd · , Gd 

Mcnonb30BanRcb paaJleneHHhie 1130Tonh1 foc¢oHJla CCCP. 

8 
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O6orameune OCH0BHbIM 1!30TOn0M 6binO 0K0no 90%. MaoTo

nn'IeCKaSI HJleHTll¢11KaUl!S! ua6n10neHHb!X pe30HaHC0B npoBOJll!nacb 

cpaBHeHl!eM pe30HaHCHOii CTpyKTYPbl Kp!iBb!X nponycKaHl!S! 11 pa/llia

UII0HH0I'0 aaxaaTa, nony'IeHHhlX JlnSI o6paauoa C pa3Hb!M 1!30T0nl!

'IeCKIIM COCTaBOM. B 6onbIIl!iHCTBe cny'Iaea Hanl!'Il!e pe30HSHC0B 

Ha Kp!!Bb!X nnsi 0/lHOI'0 o6paaua II OTCyTCTBlie !IX Ha npyrnx noa

aonsino nenaTb aaKnJO'IeHne 06 11aoTon11'IeCKOii npnHanneJKH0CTII. 

8 psine cny'Iaea, KOI'Jla SHepr-1111 pe3oHaHCHb!X n11KOB Ha Kpl!Bb!X 

pa3HbIX 1130T0nOB 0blnll 6n113Kii, 3aKn10'IeH11e O npRHanneJKHOCTII 

peaoHancoa nenanocb 113 cpaaHeHIISI nnomaJleii peaoHaHcoa c y'Ie

T0M TOnII111H o5pa3UOB no ii30TOnaM. 

TTony'IeHhl napaMeTpbl nnsi ~ 600 peaouaucoa, OT 10 Jl0 70 

Ha KSJK/lhlii 1130Ton. MH¢opMaUIIS! 0 napaMeTpax HeiiTpOHHb!X peao-· 

Hancoa noaaonsieT onpe)len11Tb cpenHee paccT0SIHRe MeJKJlY pe3or.o 
HaHCSMII O , c11noay10 ¢YHKUIIIO so ( S o= __ n_) , cpeJlHIOIO 

D 
pan11au110HHYIO Illllpliny. TaK KaK aHepreT!i'I~CKl!ii IIHTepaan, Ha K0-

T0p0M pacnon0JKC.Hbl HaonJO)leHHbie pe30HaHChI, MHOI'0 MeHbille 

aHepr-1111 aoaoyJKJleHnst sinpa, TO anonHe ecTecTaeHHo npennonaraTb, 

'ITO nn0TH0CTb ypoaHeii COCTaBH0I'O S!Jlpa B nccne)lyeM0M IIHTep

aane noCTOS!HHa. CnenoaaTenbHO, 38Bl!Cl!M0CTb 'IIICna STHX peao-

HaHCOB OT aHepI'IIH HeiiTpOHOB (n( E)) )l0nJKHa 0h!Tb nRHeiiHaSI. 

Mccnenysi Ha rpa¢nKe 38BIICHM0CTb n( E) , M0JKH0 BbI)lenRTb 

nnHeiiH.~Iii y'IaCTOK, I')le nponycK yp0BHeii He3Ha'Il!TeneH. H aKn0H 

n(E) Ha aTOM y'IaCTKe onpenensieT cpenHee paCCTOS!Hlle D. 

.LlaHHhie O cpenunx paccT0S!HIIS!X MelKJlY HeiiTpOHHblMII .Pe30HaHCSMI! 

npn cpaBHeHl!II !IX co CTSTIICTH'IeCKOii M0)lenbJO n03BOnSIIOT onpe-

nenllTb OCHOBHOii napaMeTp STOii MO)lenli a , CBS!38HHhiii C nnoT-

H0CTblO 0/lH0'IaCTll'IHblX COCTOS!HHii Bon11a11 noaepXH0CTII <l>epMH. 

HccnenoBaHne pacnpeneneH11ii paccTOS!HRii MeJKJlY ypoBHSIMI! 

JlnSI 'IeTH0-'IeTUb!X 1130T0n0B Er Nd Gd 00HapyJK11aaeT 

xopornee cornac11e c TeopeTn'IeCKIIM pacnpeneneH11eM B11r11epa. 

OnpeJleneHRe D no rpa¢11Ky n(E) He IiCKnJO'IaeT B03MOJK-

HOii OIIIH0KII 113-38 nponycKa cnaohIX ypoBHeii • .LlononHIITenbHblM 
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I, 

yKa3aHueM Ha BO3MO)l{Hy!O aenu'lnay nponycKa ypoBHeil smm1eTcS1 

npoaepKa · pacnpeAeneHHSI npnBe/leHHbIX HeilTpOHHbIX wupnH 

cr0 = r /yE,0). Ceilqac o6menpnHsiTo, '!To sTo pacnpeAeneHne-
n n 

IIO/l'IHHSieTCSI 3aKOHy TTopTepa-ToMaca. 3KcnepnMeHTanbHbie pa c- -

npe/leneHHSI npuBe/leHHblX HeilTpOHHbIX wupnH AnSI Ka)KJlOI'O H3OTO

na YllOBneTaopnTenbHO cornacyroTcsi c TeopeTH'leCKHM, ecna /lO

nycKaTb nponycK HeCKOllbKHX cna6bIX ypOBHeil. 

Cunoabie ljlyHKuuu S O onpeAensinucb TaK)Ke no peaoHaHcaM, 

pacnono)KeHHblM Ha nnHeil:HblX Y'ISCTKaX rpaljluKOB n( E) • ilnsi 

'leTHbIX H3OTOIIOB S O onpe/lensinucb MeTO/lOM' MSKCHManbHOI'O 
/13/ 

npaB/lOIIO/lo6usi • TTocKOnbKY npHHSITO npHBO/lHTb 3Ha'leHHSI 

~ r 0 
/14/ 

S0 = ---0 
, TO /lnSI acex uaoTonoa nony'leHbI u TaKne oueH-

~ E . 
KH So 3aMeTHM, 'ITO ecnu 'IHCno pe3OH8HCOB 6onhwe 10, TO 

3Ha'leHHSI so , nony'leHHhie /lBYMSI cnoco6aMu, He oTnu'laiOTCSI 

(pa3HSITCSI TOnbKO oueHKH norpeWHOCTeil) • 

ilnsi 6onbWHHCTBa uccne11OBaHHblX H3OTOIIOB nony'leHbl panua

UHOHHble WHPHHbl nnsi HeCKOnbKHX pe3OH8HCOB. 3To IIO3BOnSieT 

HailTu cpe11Hne 3Ha'leHnsi r y nnsi Ka)Knoro uaoTona. Owu6Ka on-

peneneHnsi r y a 6onhWHHCTBe cnyqaea - 15%, u o6ycnoaneHa TO'I

Hoc·Tbro Kann6poBKH 3q><}eKTHBHOCTH (n, y) -AeTeKTOpa " IIOTOKa 

HeilTpOHOB. 

KpoMe nepe'lucneHHblX BbIWe H3OTOIIOB, HaMH npoaeneHbl -TaK

)Ke H3MepeHHSI pa/lHSUHOHHOI'O aaxaaTa HeilTpOHOB Ha H3OTOIIax 

144.148,150,152, 154 
Sm , IIO3BOnuawue npoaeCTH H3OTOIIH'leCKYIO 

n11eHTH(jJHK8UHIO Ha6n1011eHHblX pe3OHaHCOB H, onpeAenuTb cpe11Hee 

paCCTOSIHHe Me)KJlY ypOBHSIMH nnsi acex H3OTOIIOB Sm • ilaHHbie 

06 ycpe11HeHHhIX napaMeTpax acex uccnenoaaHHbIX sinep np11ae11e

HhI B Ta61111ue 1. 
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1. 

06cy*neHae peayn&TaToB 

a) TT n OT H OCT b y p OB He li. 

B HaCTOllmee BP0Mll HM00TCll o6wapHasi HH<!>OpMaUHll O nnoT

HOCTH BblCOKOB036y*neHHblX COCTOllHHH smep. STH naHHbie aeon

HOKpaTHO nonBepranHCb aaanaay HS OCHOBe CTaTHCTHqeCKOH M0-

/15 16/ 
nenH (CM) gnpa ' , qTo Il03BOnano aayqHTb 38BHCHMOCTb 

napaMeTpOB 8TOH l',tonena OT aTOMHOro Beca. Peayn&TaTbl aHanH-
. . 

aa CBaneTen&CTBYIOT O TOM, qTo 38BHCHMOCTb napaMeTpa CM a 

OT A a nponopUHOHan&HO nnoTHOCTH onHoqaCTHqffblX coc-

TOllHHH B6nH3H IlOBepXHOCTH_ct>epMH) COOTB0TCTByeT npencTaBne

HHIO O smpe KSK o raae cna6o B3aHMoneiicTBYIOlllHX q,epMHOHOB 

( a nponopUHOHan&HO A ) , TaKOe npencTaBneHHe O iplPEl._; Il[!H-

BOnHT K cneny10meMy BblP8*0HHIO nnll nnOTHOCTH ypoBHeli: 
-. - (J +1/2) 2 

(2J + 1) exp(2yaU)exp [- --2 
p(U,J)= . a (8) 

24y2 a 1
/

4 U 5
/

4a! 

rne 

a2 
6 ~<m2 >(aU)1/2 , 

(9) 

<m 2 > -cpenHHH KBanp'aT nonHoro MOM0HTa ayKnOHOB B6nH3H no

BepXHOCTH ct>epMH, Sqx!,eKTHBH/lll 8HeprHll B036y~eHHll u nnll 

H0HTpOHHblX pe30HaHCOB paBHa 

{

I!!,. p+ l!!,.n ·,qeT.-qeT. ,COCT8BH00 

I!!,. P qeT.-aeqeT. 

U =B -
n /),. n HeqeT.-qeT. 

O aeqeT.-HeqeT. 

gnpo 

3necb B n -aHeprHll CBll3H H0HTpoHa, l!!,.p l!!,.n -aHeprHH cna-

PHBaHHll npoTOHOB H HeHTpOHOB, TTapaMeTp a CBll3aH C nno'I'-

HOCTblO onHoqaCTHqHblX COCTOllHHH g· 

MH cneny10mHM o6paaoM: 
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,I·/' /' 
'I 
Ir 

ii 
I 

' I 
I 

1/ 

7T 2 
a =6 g 

2 2/3 /16/ 
l1cnonh3YH ypaBHemrn (8), (9) u nonar'aH <m > = 0,24A , 

MOJKHO Bbl'iUCnUTb a 

C'iUT8eM, 'ITO 

u, cnenoBaTenbHo, g SKCil. 0 npu ,STOM ,,, 

J=l+t/2 

p =_l_=_L~ p(U,J). 
SKCIT. D 2 Jd -1/2 

Ha6n. 

Ha puc. 2 Il0K838H8 38BHCHMOCTb a OT A • To'iKH - naH-

/16/ . 
Hble H3 pa60Tbl ' KpeCTUKII - H8WH A8HHhle. noMUMO MHHH-

MYMOB npu A"' 90, 140, 210, o6pamaeT Ha ce6H BHHM8HUe MaKCH

MYM OKono A= 150. OH 'ieTKO npOHBnHeTCH " B 3aBUCHMOCTH a 

OT qucna HefiTpoHoB (puc. 3) npu N"' 90. Ecnu cymecTBOBaaue 

MHHHMYMOB B 38BHCUMOCTH a(A) 6hmo 061>HCHeHO a#eKTOM aa- -

nonHeHHH o6onoqeK c¢epu'ieCKHX 51Jlep, To Hanu'iue MaKCHMyMa 

npu A"' 150 ( N "' 90) He yKn8AbIB8eTCH B paMKH STOr'O 061>HCHe-· 

HUH. Ha puc._ 3 MOlKHO BUAeTb, 'ITO OTHOCUTenbHaH r'ny6uHa npo-

Bana npu N = 82 MeHbWe OTHOCUTenhHOH Benu'iUHbl M8KCHMYM8 

npu N = 90. 

npu paCCMOTpeHUH BOnpoca O B03MOlKHOH HHTepnpeTauuu 06-

cyJKnaeMOr'O M8KCHMyMa o6pamaeT Ha. ce6H, BHUMaHue KOppenHUHH 

3aBUCHMOCTH a(A) B penKoaeMenhHofi o6nacTu c o6ono'ie'iHOfi 

nonpaBKOfi 

/17 I 
51Jlep 

dU 

dU 

o6on. (A) 

o6on. (A) 

' Bbl'iHCneHHOH CTpyTHHCKHM AnH STHX 

' HBnmomaHCH ¢YHKUUefi nnOTHOCTH on-

HO'iaCTH'iHblX COCTOHHHH B6nuau IlOBepXHOCTH <l>epMH, TaKJKe UMeeT 

MaKCIIMYM npu A= 150. HaMU 6bmu npoBeAeHbl HenocpencTBeHH0 

/18/ 
oueHKH g o6on. C UCilOnb30BaHneM nnH KOHKpeTHblX HAep 

CXeMbl OAHO'i8CTH'iHblX COCTOHHHH B ne¢opMnpoBaHHOH noTeHuu

anbHOH HMe, paapa6oTaHHofi B nT<1> Ol1Hl1 6. KanuHKHHhIM u .np. 

Ha puc. 4 npuBeneHbl nony'ieHHb!e peaynhT8Thl, r'Ae IlOKa3aHO 

g o6on. (N) nnH pa3HhlX nHTepBanoB ycpennennH B6nuau no-

BepXHOCTH <l>epMu. Ha puc. 5 cpaBHHBaeTCH 38BHCIIMOCTb g (N) 
SKCn. 

C g 6 (N) o on. 
' nony'ieHHOH C HHTepaanoM ycpeAH8HHH 2y = 

14 

I 
I 
ii 
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.: ... . . . 
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.... 
-- v 

2l0 A 

Puc.2. 3aBHCHMOCTb napaMeTpa a (B eAl!HUUax MaB-1 ) OT 

aTOMHOr'O Beca. To'iKH U3 pa60Tbl 1161' KpeCTUKH - A8H

Hhle H8CTOH1Uefi pa60Thl. 
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= 1 Msa, KOTOpb!H COOTBeTCTByeT npnMepHO YllBOeHHOH smepHOH 

TeMnepaType B 3TOii o6naCTH smep. CnMaonaMH OTMe'leHbl ueno'I

KH H30Tonoa •. Bnt1HO, 'ITO HMeeT MeCTO KoppenHIIHH B 38BHCHMOCTH 

g o6on. H g SKCn. OT 'IHCna HeliTpOHOB, XOTH CHCT8M8TH'l8CKH 

g ·5 <g • TaKl{M o6pa30M HanH'IHe M8KCHMYM8 B 
o on. aKcn. 

g (N) npn N "' 
SKCil, 

90 MOlKHO IlOHllTb H3 38BHCHMOCTH g fi (N). 
· o on. 

MolKHO CK838Tb, 'ITO nom,eM g 
6 

a nepeXOllHOH o6naCTH 
o on. 

A .. 150 o6bHCHH8TCH yaenn'leHHeM 06on0'18'1HOH nnoTHOCTH B CBH-

3H C nepeMeWHBSHHeM nono6ono'1eK npn MBnbIX neqiopMSIIHHX 

( /3 -2/3 
"' A ) • Cnan e:

6 
nocne A> 155 n nanbHeliwnii ee xon 

"b on. -1 /3 
onpenenHJOTCH nepeXOllOM K 6onbWHM neqiopMSIIHHM ( 13 .. A )·, 

npHBOllHWHM K pa3pHlK8HHHM B cxeMe ypoaHeli nnH cepe.UHHbl Heii-

TpOHHOH o6ono'IKH. XoTH nony'leHHhle Oll8HKH g ooon • .UOBOnbHO 

rpy6blc. OHH K8'18CTB8HHO- xopowo 06bHCHll!OT Ha6n10.uaeMoe' yae

nn'leHne nnoTHOCTH 'HeliTpOHHbIX pe30H8HCOB, H, cne.uoaa TenbHO, 

napaMeTpa a y smep, pacnonolKeHHbIX a H8'1anbHOH
0 

o6naCTH 

.ueqiopMHpOBSHHbIX H.Uep npn- A,,,, 150. 

Cne.uyeT OTMeTHTb, 'ITO B Mo.uenn Bb!COK(lB036yJK.U8HHblX 

COCTOHHHii .ueqiopMHp0B8HHblX HAep 3pHKCOH8 ( nonHaSI nnOTHOCTb 

ypoaaeli AeqiopMHPOBSHHOI'O RAPS OK83bIB8eTCH Bb!We, '18M y COOT

B8TCTBY!Olll8I'O cqiepn'leCKOI'O HAPS, 6naI'OA8PR npnMecn' apamaTenb

HbIX COCTOSIHHH, llnOTHOCTb 'JKe TOnbKO OAHO'ISCTH'IHbIX COCTOSIHHH 

y 'AeqiopMHp0B8HHOI'O HAPS HHJKe, 'leM y cqiepn'leCKOI'O, 803MOlKHO, 

'ITO. OTMe'leHHblH HS pnc. 5 peaynhTST g 6 < g CBH38H 
0 on. SKCll, 

C STHM sqiqieKTOM, llOCKOnbKY onpeAeneHHe a ( g ) npOBOAH-
SKCll, 

nocb H3 nonHOH Ha6nJOA88MOH nnOTHOCTH ypOBHeli A8qJOpMHp0B8HHblX. 

smep. 

6) PaAHSUHOHHhie WHPHHbl. 

HaaeCTHhle llSHHble O paAHSIIHOHHblX ·wnpHHSX npeACTaaneHbl 

Ha pnc. 6 B 38BHCHMOCTH OT A. 3H8'18HHH" r y . nony'leHHbie HSMH, 

nao6paJKeHbl TpeyI'OnhHHKSMH, B llOBeAeHHH 9KCnepHM8HTanbHblX 

3H8'18HHH -r y TPYAHO ycMoTpeT& (aa ncKn10qeaneM o6nacTH 

A "'210) 'leTKOe nposraneHHe o6ono'le'IHbIX sqiqieKTOB, KOTOpbie MOJK-
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C HHTepaanoM ycpeAH8HHSI 2y = 1 Msa. 
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P11c,6. 3aBIICIIMOCTb pan11au110HHOH WllpllHhl OT aTOMHOI'O Beca 

{ TpeyronbHIIKII - naHHhle JIHC!>). nyHKTllpHaSI nllHIISI - pac

'leThl Manh1weaa, cnn6waasi n11H11si - pac'!eThI no cjiopMy

ne KyKn11aa, 
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HO 6hmo OlKIIA8Tb B paiioHe MaCCOBblX '!Ileen A~ 90,140,210, On

H8KO B o6naCTII penK03eMenbHbIX sinep B 38BIICIIMOCTII f' y OT 

A llMeeTCSI BnOnHe onpeneneHH8SI HeperynsipHOCTh: Ha6nIDA8IDTCSI 

npoaanhI npn A~ 150 11 A=l90, Han11'111e MaKCIIMyMa B f'y (A) 
/19/ • 

npn A= 160 OTMe'!anocb paHee .UeMIIAOBbIM , KOTOpblll yKa3an 

nae B03MOlKHhie npll'IIIHbl eI'o cymeCTBOB8HHSI: 

1) wnpoKnii MSKCHMYM B c11noaoii ,WHKUHH npn A= 160 co3-

naeT 6naronp11S1THhle ycnOBIISI nnsi npSIMOI'O 38XB8T8 HeiiTpOHOBi 

2) yaen11'1eH11e r y MQ)KeT 6b!Tb CBSl38HO C ywapeHHeM I'H

I'8HTCKOI'O nnnonhaoro pe3oHaHca a aToii o6nacTn 113-38 aecqie

pH'lecKoii cjiopMbI sinep, 

C npyroii CTOpOHbI, MOlKHO AYMSTb, '!TO Ha6nronaeMaSI 38B11-

CIIMOCTb Ty (A) B peAK03eM_enbH0H o6naCTII HMeeT 6onee npocTyID 

np11pony, o6ycnoBneHHYID peanhHblM 113MeHeHneM nnoTHOCTII YPOBHeii, 

BbmonHeHHbie ManblllleBhlM pac'!eTbl [' y B paMKaX CT8TllCTH'leC-

KOH MOAenH II 38BIICSIIUHe OT napaMeTpa a {nyHKTHpHaSI KPIIB8SI 

Ha p11c. 6) BilOnHe ynoBneTBOpHTenbHO BOCilp0113BOASIT xon r (A) 
. . y 

B o6naCTII penKo3eMenbHbIX sinep. Eonee npocTaSI 38BIICHMOCTb 

[' ~ OT nnOTHOCTII OAHO'l8CTH'IHblX COCTOSIHIIH nony'!eHa KyKnn-
/20/ • 

HbIM B paMKaX cjieHoMeH<;JnOI'H'leCKOII Monenn Mnrnana. OH 

Hawen, '!To 

4/3· 7/2 -5/2 [' = const A B a 
Y n 

Ecnn Bhl'IHC1IS!Tb f' y no 9TOH cjiopMyne C y'leT0M 38BllCllMOCTII 

, a( A) , naaaeMOH pnc. 2, n npHHS!Tb a Ka'!eCTBe B 
0 

ycpea-

HeHHblH xon Bn (A) no He'!eTHO-He'leTHblM sinpaM, TO nnsi const = 

-4 
=3,3 •10 nony'IHM peaynbTaT, n3o6palKeHHhlii Ha pnc. 6 cnnow-

HOH KpHBOH, B11n110, '!TO nalKe T8K8SI npOCTaSI oueHKa [' y npa-

BllnhHO ynaan11aaeT TeHne11un11 B 38BIICIIMOCTII 9KCilepnMeHT8nhHblX 

naHHhlX OT Maccoaoro '!11cna: npoaan np11 A "'150 n MaKCHMYM 

B paiioHe A= 160. KaK BHAHM, y'leT aeiiCTBHTenhHOH 38BIICHMOCTH 

a(A) naeT 3aa11c11M0CTh f' (A) y • Ka'IeCTBeHHO. 06bSICHSIIDIUYID 

9KCnep11Me11TanbHhle naHHhle B peAK03eMenbHOH 06nacT11. 3To non

TBeplKJ:l8eT, 'ITO r y ' KaK II paCCTOSIHHSI MelKAY HeiiTpOHHblMH 
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pe30HaHCaMH, qyBCTBHTenbHO K nnOTHOCTH onaoqacTHqHhlX coc

TOSIHHH BOnH3H noaepXHOCTH <l>epMH. 

B) CHnOBhI0 q>YHKUHH. 
.-'· 

3aBHCHM~CTb 8KCilepHM0HTanbHhlX 3HaqeHHH CHnOBOH q>yHKUHH 

oT A B penKoaeM·enbaoli oonaCTH npencTaaneHa Ha puc. 7, Tpe

/14/ 
yronbHHKH - H3 paoOTbl I TOqKH - HaWH naHHbie. Ilo-BHAHMO-

MY, HaHoonee 6nH3KHMH pacqeTaMH nnsi cpaBHeHHSI C aKcnepHMeH-

- - /21 / 
TanbHhlMH naHHhIMH SIBnSIIOTCSI pacqeTbl n)l{0HHa nnsi KOMnneKc-

HOI'O IlOT0HUHana C AHq>q>y3HOH rpaHnueli H noaepXHOCTHbIM norno

meHHeM C yqeTOM BHOpaUHOHHOI'O H BpamaTenblihlX ABH)K0HHli. 
. /22/ 

PacqeTHaSI KPHBaSI IlOKa3aHa Ha pucyHKe. B paooTe nuHHa 

OTMeqaeTCSI, qTO yqeT CilHH-OpOHTanbHOI'O B3aHMOAeliCTBHSI non

lK0H npHBOAHTb K IlOS!Bll0HHIO nononHHTenbHhlX IlHKOB B CTPYKType 

cunoaoli q>yHKUHH. TaK BM0CTO ABYX IlHKOB npH A= 140 H A= 180 

nonJKHO IlOSIBHTbCSI TPH MaKCHMyMa. 3KcnepHM0HTanbHbl0 naHHbie 

naIOT HaMeK Ha TpeTHH IlHK npH A= 165, HO cnenaTb OKOHqaTenb

HhlH BhlBOA O neliCTBHTenbHOM BnHSIHHH CilHH""OPOHTanbHOI'O B3aHMO-

nelicTBHSI Ha xon S 0 OT A TpyAHO, TaK KaK, C OAHOH CTOpOHhl, 

BenHKH OWHOKH 3HaqeHHH S o I qTOObl cnenaTb HaneJKHOe 3aKnIO-

qeHHe O cywecTBOBaHHH. MaKCHMyMa B So npH A= 165, c npyroli 

CTOpOHhl, HeT onpeneneHHhIX TeopeTHqeCKHX oueHOK B03MOJKHOH 

BenHqHHhl H nonOJK0HHSI nononHHTenbHOI'O MaKCHMyMa. 

3aKn10qeHHe 

1. Ha HeliTpOHHOM cneKTpOMeTpe nHci>, neliCTBy10meM Ha 

oaae HMnynbCHOI'O peaKTOpa 11EP c MHKpOTpOHOM a KaqecTBe 

HHJKeKTopa, c paapeweHHeM oKono 10 HCeKIM, npoaeneHhI uccne

AOBBHHSI HeliTpOHHhlX pe30H8HCOB 20 H30TOilOB pen~paeMenbHhlX 

• aneMeHTOB. Llnsi H3MepeHHH nponycKaHHSI Ohm C03A8H lKHAKOCTHhlH 

CUHHTHnnRUHOHHhlH neTeKTOp C MeTunoopaTOM, a nn~ H3MepeHHH 

pannaUHOHHOI'O 38XBaTa - neTeKTop· H3 KpllCTannoB Na l 11ccne-
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AOBaHHSI paAHaUHOHHOro 3axaaTa npOBOAHnHCb TaK*e Ha *HAKOCT

HOM AeTeKTOpe o6LeMOM /600 n. 

2, Pa3pa6oTaHbl nporpaMMbl o6pa60TKH aHanH3aTOpHbIX 'IHC-

nOBblX MaCCHBOB Ha 3BM M-20, UenbIO KOTOpb!X 6hmo Bbl'IHCneHHe 

nponycKaHHH H nnomaAeli pe3oHaHcoa, OnpeAeneHue napaMeTpoa 

pe30HaHCOB npoBOAHnOCb Ha 3BM M-20 C nOMOmbIO nporpaMM 

M8TOAa nnomaAeii H M8TOAa tpOpMbl, 

3, nony11eHbl napaMeTpbl OKono 600 pe30HaHCOB, TTpoBOASI 

cpaBH8HHe HaWHX AaHHbIX C AaHHblMH, nony'leHHblMH B nocneAHee 
· 163 

BpeMSI AnSI Ho B Xapyane H AnH Er H Gd B EpyKX8HBeH-

CKOli na6opaTOPHH, MO*HO OTM8THTb HX xopowee cornacue, Hawn 

AaHHbie AnH 
166 

H O I Er , Gd OXBaTb!BaIOT HeCKOnbKO 6onbWHH 

8HepreTH'l8CKHli AHana30H, napaMeTpbl pe30H8HCOB AnSI H30TOfiOB 

110 Er • 152 Gd • 154 Gd H 'leTHhIX ~3oTonoa l42,H4,l46,148 ,150 Nd 

nony11eHbl anepBbie, T,K, AaHHbIX 06 8THX H30Tonax B nHTepaType He 

HMeeTCSI, 

4, nony11eHHble 3Ha'leHHSI cpeAHHX paCCTOSIHHH M8*AY pe30-

--HaHCaMH npoaHanH3HpoaaHbl B paMKaX CTaTHCTH'I8CKOli MOAenH. 

YTO'IHeHa 3aBHCHMOC.Tb napaMeTpa a OT aToMHoro aeca a 06-

naCTH nepeXOAa OT ccpepH'leCKHX .II,Clep K AecpopMHpOBaHHbIM, YcTa

HOBneHO HanH'IH8 MaKCHMYMa B 3aBHCHMOCTH a(A) npH A"' 150, 

cymeCTBOBaHHe KOTOporo MO*eT 6b!Tb o6LSICH8HO 3aBHCHMOCTbIO 

nnoTHOCTH OAHO'IaCTH'IHblX COCTOSIHHH a6nH3H noaepxHOCTH <l>epMH 

OT CTeneHH 3anonHeHHSI 06ono11e11HbIX COCTOSIHHli A8tp0pMHpoaaHHbIX 

.II,Clep, 

5. 3aaHCHMOCTb H3B8CTHb!X H nony'IeHHb!X HaMH 3H,a'I8HHli OT 

aTOMHOro aeca B peAK03eMenbHO.ii o6nacTH TaKoBa, 'ITO fiOATB8P*-

' AaeTC~ HanH'IHe npoaana npH A~ 150 H MaKCHMyMa npH A .. 160 • 

TaKoe noaeAeHHe ry(A) Ka'IeCTB8HHO o6LSICHSl8TCSI peanbHOii 

3aBHCHMOCTblO napaMeTpa nn_OTHOCTH ypOBHeii a OT aTOMHOro 

aeca. TeM caMbIM fiOATB8P*AaeTCSI 'IYBCTBHTenbHOCTb xapaKTePHC

THK BbICOKOB036y*A8HHbIX COCTOSIHHli ( paCCTOSIHHH M8*AY pe3oHaH-

caMH, r y ) K . C'l'pYKType YJ>OBHeii a6nH3H OCHOBHOro COCTOSIHHSI 

.IJllep, 
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6. TT OB8A8HHe aKcnepHM8HTanbHblX 3Ha'IeHHli cunoaoii cpyHKUHH 

B iiaBHCHMOCTH OT A cornacye.TCSI C npeACKa3aHHSIMH OfiTH'18CKOli 

MOAenu AnH KOMnneKCHoro noTeHUHana C A!!qxp:f3Hb!M KpaeM H C 

y11eTOM KoimeKTHBHb!X ABH*eHHii. Bonpoc O cymecTBOBaHHH AOnon-, 
HHTenbHoro MaKCHMyMa B s O npH A = 165 H O ero B03MO*Holi 

CBS13H co cnHH-op6HTanbHbIM B3aHMOAeliCTBH8M OCTaeTCSI OTKpbI-

Tb!M, 
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