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L 
l Heo6xoaHMOCTb orrhiTOB c rronsrpH30BaHHhiMH Heii.TpoHaMH H nonsrpH30BaH-

Hh!MH AeHTOH8MH 06ycnosneHa TeM, ~TO H3 8KCrrepHMeHTOB C HerronsrpH30BaH-

HhiMH ~aCTHUBMH HeB03MO;)KH0 0JlH03H8~HOe OrrpeaeneHHe Jly6neTHOM a 
2 

H KBapTeTHOM a 4 AnHH n -d pacceSIHHSI. ,Ueii.CTBHTenbHO, 8KCrrepHMeH-

Tbl /
1- 5 / JlBnH ABa anbTepHaTHBHh!X Ha6opa AnHH pacceSIHHSI, B OAHOM H3 

KOTOpbiX a 
4 

> a 
2 

t B ApyroM, Hao6opOT 1 a 
2 
> a 

4 
• 

Bh16op npasHnbHoro Ha6opa B03MOMeH nyTeM H3MepeHHH nonHoro ce~e-

HHSI a IIOnSipH30B8HHhiX HeHTpOHOB Ha IIOnSipH30BaHHhiX JleHTOH8X1 no-
tot 

CKOnbKY OHO ~yBCTBHTenbHO K 3HaKy pa3HOCTH JlnHH pacceSIHHSI a 
4 

-a ?. • 

,Unsr IIpOH3BOnbHOPO SIJlpa CO CIIHHOM J : 

rae 
0 

a 
tnt 

a 
tot 

= a 0 -a f f 0 
tot p N n ( 1 ) 

-1 -l 
a =4rrl(2i+ll (a2 -a2)+I(2I+Il (a -a l, (

2
) 

p + c_ o+ 

- ce~eHHe B OTCYTCTBHe rronsrpH38UHM 1 f N H f 0 
n - rronsrpH-

38UHSI MHllleHH H II8Jl8101UHX Heil:TpOHOB, a - IIOnSipH38UHOHHOe Ce~eHHe, 
p 

H 0 0 ± -JlnHHB paCCeSIHHSI H ce~eHHe 38XBaTa B COCTOSIHHH 

~+ ;, I+ 1.. • 
- 2 

ilOJlCTaBnSISI B (2) 3Ha~eHHSI 

ThlB8SI1 ~TO anSI JleHTOHa I= I 

38UHOHHOPO Ce~eHHSI aeil:TepHSI 

a 

H 

a 
p 

p 
+2,58 ~ 0,04 6 rrpH a 4 <a 2 

a 

:;a 
2 

H 

a .. 0 
c 

a =a 
+ 4 

H3 /5/ H Y~H-

, rrony~HM ansr rronsrpH-

=-1,58:!:_0,03 6 IIpH a 4 >a 2 H 

• CooTBeTCTseHHO, 8TH asa rrpea-

3 



nonOMeHHSl npHBOaBT K SKCnepHMeHTanbHO H3MepBeMOMY S~~eKTY nponycKa-

HHB, pa3nH"!8JOllleMyCB 3H8KOM: 

Tn-T A 1 (I ¢ ) 1° th f n a t ' 
£=----~-- n N p 

Trr+TA 2 (3) 

rae TIT H T A -l'IponyCK8HHSl MHilleHH npH napannenbHOH H aHTHITapannenbHOH 

OpHeH•raUHBX nonBpH38UHH HeiiTpOHOB H aeifTOHOB, </J - S~~eKTHBHOCTb ne-

peBOpOT8 HeifTpOHHOH nonSipH38UHH CllHHOBbiM pOT8TOp:>M, n - 'IHCno neil: To-

HOB B eaHHHUe OO'b9M8 MHilleHH, t - ee TOnlllHH8, nnSI MHl!IeHH, CoaepMa-

meif paanH"!Hbie Bapa1 B ( 3) BenH"!HHy f n a Haao 3aMeHHTb CYMMOH 
N P 

~ (I) ~ ( I) (I) (!) (I) 
,;., ( f N ,;., ) , rae f H k = n I a - ITOnBpH38UHSl H 
I P N p P 

M8KpOCKOITH'IeCKOe ITOnSipH38UHOHHOe Ce'leHHe Baep copTa, 

8To paccMoTpeHHe cnpaaeanHBO nnSI o5nacTH saeprHii, B KOTopoM: Sia

pa aeifTepHSI MOMHO C'IHT8Tb CBOOOllHbiMH, B '18CTHOCTH, nnSI pe30H8HCHbiX 

H9HTpOHOB, 0pH SHeprHH HeHTpOHOB HHMe 1 88 H8 paCCeSIHHe BnHBJOT XHMH

'IeCK8Sl CBSI3b 8TOMOB neifTepHSI H HHTep~epeHUHOHHbie S~~eKTbl Ha KpHCTan

nH"!eCKOH pel!IeTKe, 8HepreTH"!eCKHH XOll llOJISipH38UHOHHOrO Ce"!eHHSI B STOM 

cny"!ae onpeaenBeTCSI CTpyKTypoif KpHCTanna H HMeeT aOBOnbHO CJIOMHbiH 

xapaKTep. HHMe sHeprHH 5psrroacKoro o5peaaHHSI ocna5neHHe ny"!Ka onpe-

aenSieTCSI HeKOrepeHTHbiM pacceSIHHeM1 H llOJISipH38UHOHHOe Ce'leHHe oaHH8KO

BO nnSI OOOHX H800pOB llJlHH pacceSIHHSI H llJlSI llOJIHOCTbJO CBSI38HHOrO neifTO-

Ha paBHO a P =+ 1,12! 0,02 6, 

nepBbie H3MepeHHSI 3~~eKT8 rrponycKaHHSI f ObJnH BblllOnHeHbl H8MH 

B 1966 r. 161 aa ny"!Ke HeiiTpOHOB OT HMrrynbfHOro 6hiCTporo peaKTopa 

OYIHYI, nongpH30BaHHOM nponycKaHHeM "!epes nonSipH30BaHHYJO npoTOHHYIO 

MHlli9Hb 111 , C HCITOnb30B8HHeM aHH8MH"!eCKH llOJISipH30B8HHOH aeifTOHHOH 

MHllieHH H8 OCHOBe MOHOKpHCTanna aefiTepHpOB8HHOro naHT8H-M8rHH9BOrO 

HHTpaTa (Ndd_,~~:i. La
0139

!i l_2 Mg 3 (NOJ).ll4D 20 181, 
OaHaKo B sTOM sKcnepHMeHTe HapBay c aeiiTepHeM nonSipH3oaanHCb 

TBKMe Siapa aaoTa, naaTaHa H npHMecaoro aoaopona. AaanHa peaynbTaToB, 

npoaeneHHbiH B 16 I, llOK838Jl 0 'ITO H80Jl!Oll8BillHHCSI S~~eKT B OCHOBHOM o5yc-

noanea aeM:ToHaMH, Ha ocaosaHHH sToro H aaaKa e Ob!JlO' 38KJIJO"!eHo, 'ITO 

KBapTeTHaB nnHHa 6onbllle ay5neTaoM:, Y'IHThiBaSI aaMHOCTb aonpoca o nnHHax 

4 ; 

I
. lr ., ' 

·• I 

_.. 

I 

.i 

• 

n- d pacceBHHB anSI BaepHofi npo5neMhi Tpex Ten, Mh! pel!IF 

H3MepeHHSI C yny"!lll9HHOH MeTOaHKOH H B OTCYTCTBHe ll0JISIPH38UI 

Ta ( cornacHo l6 1, aaoT BHOCHT H8HOOJlblliYJO ll0llp8BKy B s¢¢eK1 

mea CTaTbe coo5maroTCB pesynbTaThi aToro noaTopaoro OllhiTa, 

8KCll9PHMeHT8JlbH8SI YCT8HOBKa, OITHC8HH8SI B 16 1, Obllia YC 

BaHa: 1 ) S~~eKTHB.HOCTb CllHHOBoro pOT8TOpa 8KKypaTHO H3Mep 

'leHa ao-0,91 : 0,01; 2) apeMB peaepca nongpHsauHH HeftTpoHc 

B 50 paa; COOTBeTCTB9HHO, COKpameHa llJ1HT9JlbHOCTb C"i9THOr 

llO 40 CeK, 'ITO ll03BOJIHJ10 CHJlbHO YM9HbU!HTb CHCT9M8TH'I9C 

3) yaenH"!eHa 'IYBCTBHTenbHOCTb cneKTpoMeTpa HMP aeM:ToHoa, 'l 

yBepeHHO HSOJIJOaSTb HeyCHJ19HHblH CHrHaJI aeftTOHOB; 4) C03aaH, 

nnB noaaaneHHSI nonBpH38UHH asoTa nyTeM HSChillleHHB HMP aao· 

HOft MoaynBUHefi HS rny5HHY OKOJIO 1 Mru; 5) coaaaHa ITOJIHOC 

TH3HpOB8HH8SI CHCTeMa H8KOilJ1eHHSI HH~OpM8UHH; 6) yny"!U!9H8 < 

nonBpHsoaaHHoii npoTOHHofi MHilleHH, HeiiTpOHhi perHcTpHpoaanHCE 

H3 44-x CTaHaapTHbiX o5oraUJeHHhiX 6opHbiX C'I9T'IHKOB, YCTSHC 

paCCTOBHHH 19,5 M OT 8KTHBHOH 30Hbl peaKTOpa, 

8KcnepHM9HT8JlhHb19 3H8'l9HHSl 8~~KT8 rrponyCK8HHSI f 

Hbl9 H8 a<P<fleKTHBHOCTb CllHHOBOro pOT8TOpa H HeftTpOHHYJO r 

( nocnenHBB 5hma paBHa 0,67 npH SHeprHH Bhillie l aa H yaenH 

0,98 npH 0,01 aa), npeacTaaneHhi Ha p~~:c, 1. To"!KH, H3ot5pa)KeHI 

MH KpyMK8MH, llOJiy"!eHhl B 0TCYTCTBH9 llOJ1SlpH38UHH Siaep 830T8 

MB Ha5opa CT8THCTHKH t =10 '18COB), T9MHhl9 TO'IKH nony'lell 

HHBX 5ea HSChlllleHHSl HMP asoTa ( t =5 'lacoa). Ha aToM Me 

npeaCT8BJ19Hbl 3H8'19HHSl a<j:J~eKT8 nponyCK8HHSl € w, llOJIY'I9HHbl 

MH 3H8'19HHSIMH llOJISlpH38UHH llpOTOHOB H aeftTOHOB, HO C rry'IKOI 

ll91lOJIBpH30B8HHhl!\i CT8JlbHhlM U!HMMOM TOJllllHHOft 4 MM, 8TOT I 

Ollh!T npoaeneH llJl51 neMOHCTp8UHH OTCyTCTBH51 38M9THO:i:t 

8CHMMeTpHH, 

aiJ 

Ha puc. 2 (KpHBaB 1) npeacTaaneHo MaKpOCKOrrH'IeCKoe no 
H 

aoe ce'l:eHHe :l P aoaopoaa, coaepMaBl!IerocB B KOJIH'IeCTBe 

B KpHCTanne aeftTOHHOft MHllieHH, 0onBpH38UHSI npOTOHOB B peMHI 

KH H8 MaKCII:MyM aeiiTOHHOft ITOnSipH38UHH He npeBbiillaeT 5-10%, nc 

aoaopoaa B s~~eKT nponycKaHHB B pesoHaHCHOH o5naCTH He c~ 
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T K 3KCilepRM8HT8JlbHO R3M8pH8MOMY 3~~8KTY rrporrycKa-

CH 3H8KOM! 

0 _!_ ( 1 _ ¢ ) f th f N n a t , 
2 n p (3) 

l'lponycKaHRH MRill8HH npa rrapannenhHOH a aHTarrapanneJibHOH 

H38URH HeHTpOHOB R A8HTOHOB 1 cp - 3~~eKTRBHOCTb rre-

OH ITOJIHpH38UHH CllHHOBbiM p0T8TOJX>M 1 n - 'IHCJIO A€HTO-

eMa Mllill€HH, t - ee TOJiillHHa, LlnH MHllieHH, coaep)l{a

pa1 B 

, rae 

( 3) 

f(l) 

N 

B€JIH'IHHY f n a 
N P 

H L (i) (I) 
P =n 1 aP 

IlOJIHpH38UHOHHOe Ce'leHae HAep 

HaAo 38M€HHTb CYMMOH 

- IlOJIHpH38UHH H 

copTa. 

peHH€ crrpaBeAJIRBO AJIH o6naCTH 3Heprai1:, B KOTOpOH HA-

0 C"'HT8Tb CB060AHbiMH 1 B '18CTHOCTH 1 AJIH pe30H8HCHb!X 

eprHH H€HTpOHOB HH)I{€ 1 3B H8 paCC€HHH8 BJIHSIIDT XHMH

OB A8HTepHH H RHTep~epeHUHOHHbJe 3~~eKTbl H8 KpHCTaJI-

3aepreTH'I€CKRH XOA IlOJISipR38UHOHHOrO C€'18HHH B 3TOM 

TCH CTpyKTypoi1: KpHCTanna H HMeeT AOBOJibHO CJIO)I{Hb!H 

aeprRR 6psrroBcKoro o6pe3aHHH ocna6neaae rry<~Ka orrpe

HTHbiM paCC8SIHHeM
1

H IlOJIS1pH38UROHHOe Ce'leHHe OAHH8KO-

poB AJIRH pacce.HHHH H AJISI IlOJIHOCTbiD CBSI38HHOrO AeHT0-

1 ,12: 0,02 6. 

peHRH 3~~8KT8 IlpOilYCK8HHH l 6bJJIH Bb!ITOJIH€Hbl H8MH 

Ily'IKe H8HTpOHOB OT HMITYJibCHOrO 6hiCTporo peaKTOpa 
1 

8HHOM rrporryCK8HH€M 'lepe3 IlOJISipH30B8HHyro IlpOTOHHyro 

IlOJib30B8HHeM AHH8MH'I€CKH IlOJIS!pH30B8HHOH AeHTOHHOH 

MOHOKpacTanna aeil:TepaposaHHOro naaTaH-Maraaesoro 

La0/l9-'i )2 Mg3 (N0,))1i4D20 /8/, 
OM 3KCrrepHMeHTe HapSIAY C AeHTepaeM IlOJ1SipH30B8J1HCb 

, naHTaaa R rrpaMecaoro BOAopoaa. AaanH3 peaynbTaToB, 

I, HOK838JI1 'ITO Ra6JIIDA8BillRHCSI 3~~eKT B OCHOBHOM o6yc-

• Ha OCHOBaHRH 3Toro H 3HaKa f 6bJJIO. 38KJIID'I€HO, 'ITO 

6onbllle ay6neTHoi1:, Y<~HTbiBaSI Ba)I{HOCTb sonpoca o AJIHHax 

4 

~ 

}~· 

.1
: .. ~ .~;~ !: 

"1?: ,;' 

·,:II 
,•· 
;; 

1
'1.., ... 

' \ ., 

•, II 

. '~-. 

n- d 
pacceSIHHSI JlJISI SIJlepHOH npo6neMhl Tpex Ten, Mbl pe1UHJ1H IlOBTOpHTb 

H3MepeHHSI C yny'llll9HHOH MeTOJlHKOll H B OTCyTCTBHe IlOJ1SipH38UHH S!Jlep 830-

Ta ( cornaCHO /
6 I, a30T BHOCHT HaH60JiblUYID norrpaBKY B 3QxpeKT), B H8CTOSI-

1Ueil: CTaTbe coo6ruaroTCSI peaynbTaThi 3Toro nosTopuoro onbiTa, 

3Kcrrep~M9HT8J1bH8SI YCT8HOBKa, OIIHC8HH8SI B / 6 /, 6biJI8 VCOBePllleHCTBO

B8H8! 1 ) 3~~eKTHBHOCTb CIIHHOBoro POT8TOpa 8KKypaTHO H3MepeHa H yBeJIH

'IeHa Jl0-0,91 + 0,01; 2) Bp9MSI pesepca IlOJ1S!pH3aUHII: H9HTpOHOB COKparueHO 

B 50 paa; COOTBeTCTBeHHO, COKpaiUeHa JlJIHT9JibHOCTb C'leTHOrO HHTepsana 

JlO 40 CeK, 'ITO II03BOJ1HJIO CHJibHO yMeHblUHTb CHCTeMaTH'IeCKHe OIUH6KH; 

3) yBeJIH'IeHa 'IYBCTBHTeJibHOCTb crreKTpOMeTpa fiMP JleHTOHOB, 'ITO II03BOJ1HJIO 

ysepeHHo aa6nroaaTb aeycaneHRhili c~~:raan aeii:ToHos; 4) coaaaaa arrrrapaTypa 

JlJISI rroaasneaag rrongpaaauHH aaoTa rryTeM HaCbilUeHHSI HMP aaoTa c qacToT

aoll: MOilYJISIUHeii Ha rny6aay OKOJIO 1 Mru; 5) C03Jl8Ha IIOJIHOCTbiD aBTOMa

TH3HpOB8HH8SI CHCTeMa H8KOITJieHHH HH~OpMaUHH; 6) yny'llUeHa CTa6HJibHOCTb 

nongpaaosaaaoii rrpoToaaofi MRilleHa, H eiiTpOHbi peracTpaposanacb aeTeKTopoM 

H3 44-X CTaHJlapTHbiX o6orarueHHbiX 6opHbiX C'I9T'IHKOB, yCT8HOBJ1eHHb!M Ha 

paCCTOSIHHH 19,5 M OT aKTHBHOH 30Hbl peaKTOpa, 

3KcrrepaMeHTanbHhie 3Ha<~eHHH s~~eKTa rrporrycKaHHSI £ , aopMaposaa-

Hbie Ha S¢cpeKTHBHOCTb CIIHHOBOI"O poTaTopa H H9llTpOHHyro IIOJ1SipH3aUHID 

( IIOCJ19JlHSISI 6hiJia pasHa 0,67 IIpH 3Hepi"HH Bblllle 1 SB H ysenH'IHBanaCb JlO 

0,98 rrpH 0,01 ss), rrpeacTasneHbi aa pac, 1. To'IKH, H3o6pa)l{eHHhie cseTnhi

MH Kpy)I{K8MH, IIOJ!y'leHhl B OTCYTCTBHe IIOJ1SipH38UHH Slll9p 830T8 ( 'IHCTOe spe

MSI Ha6opa CT8THCTHKH t =10 '18COB), TeMHbl9 TO'IKH IIony'leHbl B H3Mepe-

HHSIX 6e3 H8CbllU9HHSI fiMP 830Ta ( t =5 '18COB), Ha STOM )1{9 pHCyHKe 

rrpeacTasneHhi 3Ha'leHHSI s~<jleKTa rrporrycKaHHSI £ tu, rrony'leHHhie c pa60'IH

MH 3Ha'leHHSIMH IlOJISipH3aUHH rrpOTOHOB H ll9llTOHOB 1 HO C IIY"iKOM He~!:TpOHOB 1 
Jl91IOJIS!pH30BaHHbl:\1 CTaJ!bHbiM lllHMMOM TOJ11UHH0ll 4 MM, 3TOT KOHTpOJibHbiA 

O!Ib!T IIpOBeJleH JlJISI Jl9MOHCTpauHH OTCyTCTBHSI 3aMeTHOi% arrrrapaTypHOH 

aCHMM9TpHH, 

Ha puc, 2 (Kpasag 1) rrpeacTasneao MaKpOCKOIIH"iecKoe rronSipHaauaoa-
H 

HOe Ce"ieHHe I, p BOilOPOila, COJl9p)l{aBlU9I"OCH B KOJ1H"i9CTBe - 0,5% 

B KpHCTanne aeATOHHOH MH1U€HH, ITonHpH38UHH rrpOTOHOB B pe)I{HM9 HaCTpoA

KH Ha M8KCHMYM Jl€HTOHHOH IIOJ1SipH38UHH He !Ip9BbllU8eT 5-10%, Il03TOMy BKJ!all 

BOilOPOila B 3~~9KT rrporryCKaHHSI B pe30H8HCHOH o6naCTH He cymeqTBeHeH, 

• 5 
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PHc,l, 31j;llj;leKT nponycKaHHll nonllpH30BaHHbiX ( HH)I{KHll pHcyaoK) H aenonllpH

aoBaHHhiX HeliTpOHOB ( BepXKHli pHCyHOK) 'lepe3 nonllpH30B8HifYIO J]eii-

TOHJiYIO MHWeKb TOnWHKOll 8,85 CM, I 

6 

--

BKnan naaTaaa B a¢<PeKT rrporrycKaHH51 M01KeT ObiTb yTO'I.!I 

HeHHID C / 6 /, TaK K8K B aenaBHO II051BHBilleHC51 paooTe /9/ IIO~ 
rronaoe ce'leHHe naaTaHa no aaepPHU 40 aB IIO'ITH IIOliH< 

liOBlleHO OTpHUaTellbHhlM pe30H8HCOM IIpH aaepPHH E 0=-37 15 s 

HeH3BecTeH). Bbi'IHCneHHhie H3 rrapaMeTpOB a To Po peaoaaaca rro 

B8THOe MaKpOCKOIIH'IeCKOe II0.1151pH38UHOHHbie Ce'leHH51 .118HT8H8 ~ 

liH'IHblX rrpenii0.1I01KeHH51X OTHOCHTellbHO CIIHH8 YK838HHOPO peac 

CTaBlleHbl H8 PHC, 2 (KpHBbie 2,3,4), 
TaK KaK rron51puaaUH51 51nep naaTaHa He M01KeT rrpeBbiruaTb 

neAToaoB 5onee, 'I eM B (I +I l 1 (I + I l =2 ,25 paaa, To 51CHO 
La D 

a¢¢eKTa f B peaoaaacaoA oonacTH aaepPHH orrpenen51eTC51 rr1 

HbiM ce'leHHeM neATepu 51, H a5nronaBillHHC51 a¢¢eKT rrporrycKaHH51 

pHUB TellbHblM B pe30H8HCHOH 00.118CTH (puc, 1 ) , cnenoBaTellbH< 

a 
4 
>a 

2 
, 'ITO H8XOnHTC51 B IIOliHOM COP.118CHU C /6/, 

Xon aKcrrepuMeHTallbHOPO a<P¢eKTa rrponycKaHH51 (puc. 1 

.cnenaTb 38KliiD'IeHHe 0 3HaKe II0.115IpH38UHOHHOPO Ce'leHHR .118HTB 

IIPHBeneHO MBKpOCKOIIH'IeCKOe II0.1151pH38UHOHHOe Ce'leHHe )le 

nng Haoopa C a 
4
> a 

2 
, Xon KOTOpOPO HH1Ke 1 aB paCC'IHTbU 

liH'IHblX npe!lii0.1I01KeHH51X 0 3HaKe l ~a H BeliH'IHHe f ~a 

H3 pHcyaKa (KpHBa 51 6) 1 B cny'lae oTpHUaTellbHOPO "~.Ha'leHH51 

PH38UHOHHOe ce'leHHe neHTepH51 y1Ke IIPH aaepPHH 0 101 aB IIpHO 

K HeKorepeHTHOMY II0.115IpH38UHOHHOMY Ce'leHHID Ha CB5138HHOM l 

I 0 
1 

=+43,9.10-3 cM-1, 'ITO oaaa'lano Obi oTCYTCTBHe KOPep< 
p, ne 

aa B I 0 ( oa rrpoTHBorrono1KeH rro aaaKy HeKorepeHTHOMY 'lne 
p 

IllHe o6cTo51TellbCTBa rrpoTHBope'laT TaKOMY xony I~ • Bo-rre 

aarueM aKcrrepHMeHTe aa6nronanHCb CHllbHbie KorepeHTHbie a¢¢91 

T8.11.1IH'IeCKOH CTpyKType MHilleHH BII.110Tb no aHepPHH 0 1005 aB1 

PepeaTHbiH 'lnea B I~ OTHIDnh He Man. Bo-aTophiX, H3Mepel 

Ce'leHH5l Ha BOnooonoconeP1KBIIleM KPHCTanne /10/ IIOK838.1IH, 'I 

UHOHHOe Ce'leHHe )lOCTHraeT rrpenellbHOPO 3HB'IeHH51 HB CS5138f 

npH aaeprHH OK0.110 0,001 as, llo-BH)lHMOMy 1 K )leHCTSHTellbH< 
La 

KpHBa5l 7 1 rrony'leaaag B rrpenrrono1KeHHH !.P > o 1 OTKyua 

crrHH peaoaaaca naaTaaa rrpu E 
0 

=-37 15 as pasea ~ == 1-

7 
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OIIYCKBHHH IIOnHpH30B8HHblX (HH)I{HHll pHCyHOK) II H9IIOnHpii

HeliTpOHOB (sepXHI!ll PIICYHOK) ~epe3 IIOnHpi!30B8HHyro aeli

W9Hb TOnWI!HOll 3,35 CM, 

6 

..,.;-

.,·'/'* 
~· II 

'.1·'1~1 • 1'\ 
: I!· 
~. r~ 

:j 
:fL., 

., 

~: 

'{i' 

1
':~.~.~ 

• I 

:1 ') 

~ ... : ''&I ~ 
·~·i·l' 
·~~/~.! 

.;' 

}· 

'I 

BKnall naaTaHa s a!j!<peKT nponycKaHHSI M02KeT obiTb yTO'iHeH no cpas

HeHHID C 
161 , TBK K8K S H9Jl8SHO nOSISHSW9HCSI paooTe /9/ nOK838HO, 'ITO 

nonaoe ce'ieHHe naHTaHa JlO aaeprHH - 40 as no'ITH nonaocTbiD ooyc

nosneao oTpHuaTenbHbiM pe3oHaHCOM rrpH aaeprHH E
0
=-37 15 as (cnHH ero 

HeH3secTea)·. Bbi'iHcneHHhie H3 napaMeTpos aToro pe3oaaaca nonaoe H 3ax-

"' La S8TH09 MaKpOCKOnH'i9CK09 nonSipH38UHOHHb!9 C9'19HHSI naHT8H8 k S pa3-
p 

nH'iHhlX npeJlnOn02K9HHSIX OTHOCHTenbHO CnHHa YK838HHOI'O pe30H8HC8 npeJl-

CTasneHbl Ha PHC, 2 (KpHSbi9 2,3,4), 

TaK KBK nonSipH38UHSI SIJlep naHTaHa He M02KeT npeshlW8Tb nonSipH38UHID 

Jl9iiTOHOS 5onee, '19MB (I +1) /(I + 1) =2,25 pa3a, TO SICH01 'ITO 3H8K 
La D 

9~~9KT8 f S pe30H8HCHOH oonaCTH aaepi'HH Onpe)lenSieTCSI nonSipH38UHOH

HblM Ce'ieHHeM ll9HT9pHSI. H aoniDJl8SWHHCSI a~~eKT nponycKaHHSI SISnSieTCSI OT

PHU8TenbHblM s pe3oHaHCHOH o5nacTH (pHc, 1), cneJlosaTenbHo, u < o H 
p 

a 4 > a 2 , 'ITO H8XOJlHTCSI S nonHOM COI'naCHH C /6/, 

Xoll aKcnepHMeHTanbHoro a~~eKTa nponycKaHIHI (pnc. 1) no3sonSieT 

.c)lenaTb 3aKniD'leHHe o 3HaKe nonSipH38UHOHHOro ce'ieHHSI naHTaHa, Ha pHc,2 

npHB9Jl9HO MaKpOCKOnH'l9CKOe nonSipH38UHOHHOe C9'i9HH9 Jl9HT9pHH ~~ 

)lnSI H800p8 C a 
4
> a 

2 
, XOil KOTOpOI'O HH2K9 1 as paCC'iHTbiSSnCSI S pa3-

nH'iHb!X npe)lnono2KeHHSIX o 3HaKe ~~a H senH'iHHe f ~a , KaK SHllHO 

H3 pHCYHK8 (KpHS8 Sl 6) 1 S cny'iae OTpHU8T9nhHOI'O ~H8'19HHSI ~~a nong

PH38UHOHH09 ce'leHHe JleiiTepHSI Y*e npH aaeprHH 0,01 as npHonH2Kanocb Obi 

K HeKOI'epeHTHOMY nonSipH38UHOHHOMY C9'i9HHID Ha CSSI38HHOM Jl9HTOHe 

~D I =+43 19,10-
3 

CM-
1

1 'ITO 03H8'lano Obi OTCyTCTSH9 KOI'epeHTH6I'O 'lne-p, nc 

aa s ~ 0 ( oH npoTHsonono2KeH no 3HaKy HeKorepeHTHOMY 'ineHy). CneJlyiD-
P 

IIlHe oocToSITenhcTsa npOTHBope'iaT TaKoMy XOllY I~ • Bo-nepsbiX, s 

H8ill9M aKcnepHM9HTe Ha6niD)l8nHCb CHnbHb19 KOI'epeHTHbJe a~~KTbl Ha KpHC

TannH'i9CKOH CTpyKType MHW9HH snnOTb JlO aHepi'HH 0,005 as 1 noaTOMY KO-

repeHTHb!tl: 'lneH S ~ ~ OTHID)lb He Man, Bo-ST0pb!X1 H3MepeHHSI nonHOI'O 

Ce'ieHHSI H8 SOJlOPOJlOCOJleP2K81Il9M KPHCTanne /10/ nOK838nH, 'ITO nongpH38-

UHOHHOe C9'i9HH9 Jl0CTHI'89T npe)lenbHOI'O 3H8'i9HHSI H8 CSSI38HHOM npOTOHe 

npH aaepi'HH OKOnO 0 1001 as, ilo-SHJlHMOMy, K )l9HCTSHTenbHOCTH onH2K9 
La 

KpHsaSI 7 1 nony'leHHaH s npeJlnono2KeHHH ~P > o 1 OTKyJla cneJlyeT, 'ITO 

CnHH p930H8HC8 naHT8H8 npH 

I 
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E 
0 

=-37 ,5 as paaeH 
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PHc.2. MaxpocxonH'Iecxoe nongpH38UHOHHoe ce'leHHe ~ P .pa3nH'IHhJX H.Qep, 
COA!i!PlK8WHXCSJ B KpHCTanne AeliTOHHOll MHWeHH: 1 - BOAOPOA, llpH
MeCJ> B KOnH'IeCTBe 0,5%; 2 - naHTBH, IIOnH~e Ce'leHHe AnSI S a3 
6ea y'leTa KpHcTanna'lecxHX a~xTos; 3 - naHTaH, aaxsaT AnSI S=S; 
4 - naHTaH, nonHoe ce'leHHe AnSI S =4 6ea y'leTa KpHCTannH'IeCKHX 
a~KTos; 5 - AeliTepHA, nonHoe ce'leHHe AnSI a 4> a 

2 
; 6 - Aeli

TepHA, nony'leHo ua axcnepHMeHTan~>Horo a~~eKTa nponycxaHHSJ e npeA-

La 0 I f La 1 ( La I D nonolKeHBH ~ P < 0 B f N N • llpH f N. f N •2 ,25 

KPHBSSI HAeT ewe 6onee KpyTo); 7- Ael!TepHJ!, AO 9HeprHH 0,01 9B 
nony'leHo H3 axcnepHMeHTanbHoro a~~KTa f e npeanonolKeHHH 
~I;,·> o. H f ~a I f ~ =2 ,25 ( e &TOM npeanonolKeHHH f ~ =0, 181 + 

:!: 0,012), e HHTepeane aHeprHA O,Q01-0,01 ae KPHBaSI nony'leHa 
axcTpanonsnmeA K ~~,!no • 
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8<jJ<jleKT !1pOITYCK8HI:HI Ha ITOIIs:t:pH30B8HHbiX H.Opax 830T8
1 

ITOIIy"ieHHbl~ Bbi

"''UTaHHeM SKCITepuMeHT8JlhHbiX .08HHbiX1 H306pa)!(eHHbiX Ha puc, 1 "iepHbiMH 

u cseTJihiMU KPY)!(KaMu, ITOKaaaH Ha puc. 3, B peaoHaHcHoH: o6nacTH sHepruH: 

He Ha6nro.oaeTcs:t: aaMeTHoro s<jJ<jleKTa, o6ycnosneHHoro pacces:t:HHeM, "'!TO,Ka

aanoch 6bJ 1 YK83biBaeT Ha He3H8"'1HTellhHYID CTeiTeHh ITOII5!pH38UHU Mep 830Ta, 

O.oHaKo HaJIH"'!He s<jJ<jleKTa B TeiTnosoH: o6nacTH u Ha6nro.oeHHe curHena HMP 

830T8 ITpOTUBOpe"'!aT STOMy o6~s:!CHeHUID, 8 HeKOTOpOH Mepe s<jJ<jleKT B pe30-

H8HCHOH o6naCTU MOI' CKOMITeHCHpOB8ThCH paanu"'!UeM ITOns:t:pU38UU~ .QeHTOHOB 

u s:~.oep naHTaHa B H3MepeHus:~x c HaCbiiUeHueM u 6ea Hat.:hiiUeHus:~ HMP aaoTa, 

Ha6nro.oaBIIIHMCH B SKCITepuMeHTe, HaM ITpe.ocTasns:~eTcs:~, "''TO ITpOTHBope"'!He 

BCe )!(e OCTaeTcs:~, "iTO yKa3biBaeT Ha MeHhiiiee 3Ha"ieHHe ITOn5!pH3aUHOHHOI'O 

Ce"ieHUH a30Ta, "'!eM .QaiDT Bbi"'!HCIIeHHH Ha OCHOBe 3Ha"'!eHHH ITOIIHOI'O Ce"'!eHHH 

pacceHHHH 
1111 

u KorepeHTHoH: .onuHhi pacces:~HuH 1121• 

o<jJ<jleKT Ha a30Te B TeiTJIOBOJ:I o6naCTJ!l ITOnO)!(HTeneH H H3MeHs:!eTCH ITO 

3aKOHY 1 I v , "iTO cne.oyeT O)!(H.QaTh, ecnu OH o6ycnosneH peaKuueH: 

, u.oyrueH: ITpeuMyrueCTBeHHo ITo KaHany co CITUHOM ~ = 1-..!.. .. .!. • Dpu 
2 2 

(n 'p ) 

100%-M BKtra.oe STOI'O KaHana H3 BeJIU"''HHbl sdJdJeKTa .QnH ITOIIHPU38UUU 830Ta 

cne.oyeT paayMHaH oueHKa f ~ ::: 12%. 8ToT BhiBOLl ITpOTHBope"'!HT pa6o-

Te /13/, r.oe ITOKaaaHo, "''TO TeiTnosoe ce"'!eHHe peaKUUH (n ,p) 

OITpe.oenHeTCH peaoHaHCaMH CO CITUHOM 3/2, 

Ha 90% 

J13 OITHCaHHOI'O SKCITepHMeHTa Mbl .QenaeM OKOH"iaTe/IhHOe 3aKJIID"ieHHe, 

"iTO ITpaBH/IhHbiM HBIIHeTCs:! Ha6op .QJIHH pacceHHHH HeHTpOHa Ha .OeHTOHe, B 

KOTOpOM COI'IlaCHO /
5

,
6

/ a 4 =6,13:!: 0,04 H a
2 

=0,15:!:; 0,05 <jlepMH. 

8hiBO.Obl OTHOCUTe/IhHO CITUHOBOJ:! 3aBUCHMOCTH B3aUMO.QeHCTBUs:! HeHTpo-

Ha C H.OpaMH 830Ta H llaHTaHa HBJIHIDTCH ITpe.o~apHTenhHbiMH H Hy)!(.QaroTCH 

B ITposepKe. 
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aHH.II Ha non.HpH3oBaHHhiX HApax asoTa, nony'leHHhiit Bhi

HMeHTanbHhiX t:l8HHhiX 1 H306pa)l{eHHhiX Ha pHC, 1 'lepHblMH 

, noKasaH Ha puc. 3, B pesoHaHcHoft o6naCTH aHeprHH 

aMeTHoro 3¢¢eKTa, o6ycnoBneHHoro pacce.IIHHeM, 'ITO,Ka-

He3Ha'IHTenbHYID CTeneHb nOn.llpH38UI:IH .II.Qep 830Ta, 

B TennoBoft o6nacTu 1:1 Ha6nroaeHHe CHrHana .HMP 

T aToMy o6b.IICHeHHID, B HeKoTopoft Mepe a¢¢eKT B peso

CKOMneHCHpoBaTbC.II pa3nH'IHeM nOn.1Ip1:13aUHH .QeHTOHOB 

1:13MepeHH.IIX C H8CbiiUeHHeM H 6e3 H8CbiiUeHH.II .HMP 830Ta, 

aKcnepHMeHTe. HaM npeacTaBn.lleTc.II, 'ITO npoTHBopeq~:~:e 

'ITO yKa3biBaeT Ha M8HbiUee 3H8'1eHHe nOII.Ilp1:138UI:IOHHOrO 

M .QaiDT Bbl'IHCneHHH Ha OCHOBe 3Ha'leHHH nonHero Ce'leHH.II 

0 /12/ KOrepeHTHOH AnHHbl paCC8.1IHI:I.II , 

B TennOBOH o6naCTI:I nonO)!{l:ITeneH H H3M8H.II9TC.II no 

cneayeT O)I{I:I.QaTb, ecn1:1 oa o6ycnosneH peaKUHeH 

HMyiUeCTBeHHo no KaHany co cnuHOM 3 =I- 2.. =...!... • Dp1:1 
2 2 

KaHana 1:13 BenH'IHHhi a<b<beKTa nn.11 non.IIPH3aUHH asoTa 

f% ::: 12%, 3TOT Bb!BO.Q llpOTI:IBOpeqHT pa6o-

Tennosoe ce'leHHe peaKUHH (n,pl 

C8MI:I CO Cili:IHOM 3/2. 
Ha 90% 

8KCnepHMeHTa Mb! nenaeM OKOH'IaTenbHOe 3aKniD'IeHHe, 

Ha6op t:~nHH pacce.IIHH.II H9HTpOHa Ha t:l9HTOHe, B 
/5,6/ 

a 4 =6,13:!: 0,04 H 
a 2 =0,15! 0,05 ¢epMH. 

HTenbHO Cni:IHOBOH 3aBHCHMOCTH B38HMO.QeHCTBH.II HeHTpo

H naHTaHa .IIBn.IIIDTC.II npe.QBapHTenbHhlMH 1:1 Hy)I{.Q8~C.II 

flHTepaTypa 
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10 

... 

5. W.Bartolini et al. Phys. Rev., 1.74, 31.3 (1.968). 

6. V.P.Alfimenkov et al. Phys. Lett., 24B, 151. (1967). 
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