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1. B B e JJ. e H H e 

no HeJJ.aBHero BpeMeHH He cymeCTBOBano 9~~eKTHBHOrO MeTOJJ.8 ITOnH

pH3811HH .He:il:TpoHoB B HHTepBane aHepru.:il: 10-105 
aB. TaKo:il: MeTOJJ. 6hrn 

/1/ 
ITpenno:lKeH HecKonbKO neT Haaan B OIUII1 , Korna o6oaHa'Innucb ITepBhie 

. /2/ . . 
cepbe3Hhie yciTeXH B JJ.HHaMH'IeCKo:il: ITOnHpH38UHH ITpOTOHOB • MeTOJJ. oc-

HOBaH Ha HCITOnb30B8HHH CHnbHO:il: CITHHOBO:il: 38BHCHMOCTH B38HMOJJ.e:il:CTBHR 

He:il:TpOH8 C ITpOTOHOM. ne:il:CTBHTenbHO, JJ.ng MeJJ.neHHbiX He:il:TpOHOB CHHrneT

HOe Ce'IeHHe pacCeHHHR B 20 pa3 ITpeBOCXOJJ.HT TpHITneTHoe •. BcneJJ.CTBHe • 

9TOrO (eM. pHC. l) HeiTOnRpH30B8HHblll ITY'IOK He:il:TpOHOB CTaHeT ITOnRpH30-:

B_8Hl{biM1 ecnH npoiTyCTHTb ero 'Iepea ITOnHpH30B8HHYIO ITpOTOHHyiO MHWeHb 

(ITITM). BbrcoKan cTeiTeHb ITonnpHaauHH He:il:rpoH-oB--MOMeT-oh'ITii-npu aToM

IJ.OCTHrHyTa ITpH yMepeHHO:il: ITOTepe HHTeHCHBHOCTH. TaK KBK CHHrneTHOe 

H TpHITneTHOe Ce'IeHHH ITp8KTH'IeCKH ITOCTORHHhl B HHTepBane 9HeprH:il: OT 

9B IJ.O HeCKOnbKHX JJ.eCRTKOB K9B1 TO H ITQnHpH38UHR ITpo'meJJ.lllero ITY'IK8 

He:il:TpOHOB 6yJJ.eT ITOCTORHHa B YK838HHOM HHTepBane. MeTOJJ. 9~~eKTHBeH 

H: nnn o6nacTH aHepru:il: 0-1 aB, B KOTopo:il: MO:lKHO ITony'IHTb 3Ha'IHTenbHhi:il: 

Bb!Hrpb!W B HHTeHCHBHOCTH ITOnHpH30B8HHOrO ITY'IKa ITO Cp8BHeHHIO ·c Knac

CH'IeCKHMH MeTO/J.8MH OTpa:lKeHHR OT H8M8f'HH'IeHHbiX aepKan H MOHOKpHC-
•' 

TannOB. 06 9KCITepHMeHTanbHOM ITOJJ.TBep:lKJJ.eHHH MeTOJJ.a C006manOCb B pa-· 
/3/ 

6oTe i OH 6bin-HCITOnb30B8H 38TeM B 9KCITEipHMeHT8X ITO H3MepeH!IIO 

- /4/ 
CITHHOB 

1 
HeHTpOHHbiX pe30H8HCOB ronbMHR. H B OITbiTaX ITO OITpeneneHHIO 

3 



n. p 

t f o= ot 
n, p 

l t 5 = i ( 6's + _~t1 » ()t 

n, 

- Puc.1. TiongpuaaUHH aeilTpOHOB rrpu rrpoxo*~eHHH ~epea rrongpuaoBaHHYID 

rrpOTOHHYID MH!ll8Hb~ a,. • at - Ce~eHHH CHHI'neTHOI'O H TpHrrneTHO-

I'O n- p pacceHHHH. TionHoe ce~eHHe pacceHHHH paBHO at _, ecnu 
crrHHbi HeilTpoHa II rrpoTOHa napannenbHbi, II ~ (a +a ) , ecnu 
OHH aHTHITapannenhHblo 

2- " t 

HCTHHHOI'O Ha6opa ~nHH pacceHHHH H8llTpOH8 H8 ~ellTOHe /
5

/ (CM~- TBK*e 

/6/ 
o6aopbi · ). 

B HaCTOH!lleli pa6oTe 6onee rro~po6ao ~eM B rrpe~bi~YlllHX KpaTKHX co-

6 
/1,3/ ' 

0 !ll8HHHX paCCM8TpHB8IDTCH XapaKTepHCTHKH ITOnHpH30B8HHOll ITpOTOH-

HOH MH!ll8HH K8K ITOnHpH38TOpa HellTpOHOB. naeTCH OITHC8HH8 ITOnHpli30BaH

HOll rrpoTOHHOli MH!lleHH, aarrymeHHOli B Jia6opaTopuu HeliTpoHnoli ¢naHKH B 
/4 7/ 

1966 I'., KOTOpaH 3H8'1HTenbHO rrpeBOCXO~HT MH!ll8Hb, OITHC8HHYID B ' • 

TipHBO~HTCH peaynhT8Tbl H3MepeHHll Iiorrepe~Hb!X Ce~eHHll, OITpe~enHIDIUHX 

~ellCTBlie H8llTpOHHOI'O ITOnHpH38TOpa. 

4 

J 

1 
r 
1 

l 
' ~ 

J 
; 

2. Teopug 

3¢¢eKTHBHbie ce~eHu 

SaaHMO~ellCTBHe Me~neHHOI'O H8llTpOHa 

CITHHOM I ~ 0 rrpoucxo~HT no ~BYM KaHanaM 

cooTBeTCTBenno cyMMapHbiM -cnuHoM J+ .=I+ J 

noli pacceHHHH a+ - , a_ , nonHbiM ce~ea 

Bbi~ucneaug Ha6nronaeMbiX ce~enuli ucnonbaye 

Hbl paCC8HHHH 

A 

a 
I +l 

2I + l 

/8/ 
(eM., HanpuMep, ; 

I 2(a 
a +-a +---± 

+ · 21 + l - 2 I , 

A " 
H S - orrepaTopbi c 

pe~HMM ( 1) ITO Ha~anbHbiM CllliHOBblM COCTOH 

IU8Hli H llpMM8HHM OITTli~eCKy.JO TeopeMy a == - -

• ( /9/) B Boe ~ucno HeHTpoaa eM., nanpiiMep, • 

~8HHH B38HMO~ellCTBHH rrony~HM: 

a == a 
0 a f f 

P n N' 

I'~e fn H fN - Ha~anbHble rronHpli38UHM Hei 

nonHpnaauuu npe~nonar-aroTCH napann~nbHhlMH) 

OTCYTCTB~e ITOnHpli38UMH: 

aP 

a == 
0 

I+ l. 

21+ l 
a .+ 
+ 

a 
21 + l 

- TaK HaSbiBaeMoe J;IOnHpuaaunoHHoe ce~eJ 

a 
p 

I 

2I + 1 
( a a+) • 

5 
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t 

t 
o= ot 

6- i ( ffs + _o't)_ » 6't 

npOXO*AeHHH ~epe3 nonHpH30B8HHYID 
-ce~eHHH CHHrneTHOrO H TpnnneTHO

ce~eHHe pacceHHHH paBHO at _, ecnn 
napannenhHbi, · n ~ (a +a ) , ecnn 

2- " t . 

Ha AeiiToHe 
/5/ 

(eM. TaK*e 

nOAp06HO ~eM B npeANAYWHX KpaTKHX CO

XapaKTepHCTHKH nonHpll30B8HHOii npOTOH

a HeiiTpOHOB. naeTCH onncaHne nongpH30BaH

B na6opaTOpllH HeiiTpOHHOii ¢n3llKll B 
/4,7/ 

ce~eHnii, onpeAenHromnx 

4 

J 
i 
j 

r 
'j 

2. TeopnSI 

3¢¢eKTHBHbie Ce~eHHSI 

BaanMOAeiiCTBne MeAneHHoro HeiiTpoHa ( S -HeiiTpoHa) c HAP OM co 

cnnHOM I .f, 0 nponcxOAHT no· ABYM KaHanaM, KOTOpoie xapaKTepaayroTcSI 

cooTBeTCTBeHHO cyMMapHbiM ·cnaHoM J+ .= I+ 1/ 2 L ,I-l/2 , Ann-

HOii paCCeHHHSI a+ ' a_ , nonHbiM ce~eHHeM a+ a nnSI . 
Bbi~ncneHHH Ha6nroAaeMbiX ce~eHnii acnonbayeM H3BeCTHbiii onepaTop Jlnn-

Hbl pacceHHHH 

" a 
+l 

2I + l 
a +---a 

+ 2I + l 

" " 

· 2(a +-a_) 
+ 

2 I + l 

"" 
IS ( 1 ) 

/8/ 
(eM., HanpnMep, n S - onepaTopbi cnnHa SIApa H HeiiTpoHa). Yc-

peAHllM ( 1) no Ha~anbHbiM CnHHOBbiM COCTOHHHHM HeiiTpOHa H HApa-MH-
. 4rr. 

meHn n npiiMeHIIM onTII~ecKy.JO TeopeMy a "'- ---r-- Im a , rJle k -BonHo-

- ( /9/) B . Boe ~IIcno HeHTpoHa CM., HanpiiMep, • peaynhTaTe AnSI nomwro ce-

~eHIISI B381IMOAeiiCTBIIH nony~IIM: 

a=a -a££ 
0 p n N' (2) 

rae fn II fN - Ha~anhHbie nonHpii38UIIII HeiiTpOHa II HApa-MnllleHH ( OCII 

nongpnaauiiii npeAnonaraiDTCH napannenhHbiMII), 

OTCYTCTBIIe nonHpH38UIIII: 

a "' 0 

I+ l. 

21+ l 
a .+ 
+ 2I + l 

a 

a 0 - nonHoe ce~eniie B 

(3) 

a p. - T8K H83biBaeMoe nonHpH38UIIOHHOe ce~eHIIe: 

a 
p 

I 

2 I + l 
(a a+}. 

{4) 

5 



llonHp11:3aUII:OHHOe Ce"JeHII:e HeTpyAHO Bbipa3HTb "'epe3 Ce"'eHHH 3aXBaTa a c+ 

H ac_ 
. . . ao 

.nnn KaHanoB J + H J _ . H 06hi"'Hhie Ce"'eHHH KOI'epeHTHOI'O co!J 
. 0 

"H HeKOI'epeHTHOI'O a Inc pacceHHHH Ha CBH3aHHOM n.npe: 

A 2 t/2 . -t/':; t/2 -t I 
a ,(--)I +2I (1+1) \a 0 h a

1
° ) +U+1) a

1
° 1+-·-· (a -a ), (5) 

p A+1 - co nc nc 2I+1 c_ c+ 

I'Ae A - Maccoiioe '!ncno n.npa-MnllleHH. 3HaK nepe.n nepBbiM qneHOM B <Pn

I'YPHhiX CK06Kax coana.naeT co 3Ha~oM pa3HOCTH I a_ I -I ~+I. 
Bbipa)KeHHH (2 )-(5) nony"'eHhi .nnn asonnpoBaHHOI'o cao6o.nHoi'o sr.npa, 

T.e. OHII npii:I'OAHhi .nnn HeiiTpOHOB c aHepP~~:eii E. , 6onhliiOii no cpaaHe

HHIO C 9Hepi'II:eii Me)KaTO~HbiX CBH3eii ( E ~ 1 96) • llpOCTbie <iJopMynhi MO)K

HO nony"'II:Tb T8K)Ke .nnn rrpOTII:BOITOnO)KHOI'O cnyqag 9Hepi'IIH, MeHhliiHX I'pa-

HH"'HOH 9Hepi'HH E 6p9I'I'OBCKOI'O paccenHHH, KOI'Aa ocna6neHne Heii-. 
I'p. 

TpOHHOI'O nyqKa xono.nHhlM KpHCTannn"'eCKHM oopasuoM ooycnoaneHo npaK

TH"'eCKH TOnbKO ITOI'nomeHHeM H yrrpyi'IIM HeKOI'epeHTHbiM pacceHHHeM Ha 

C 
. m1 

nonHOCThiO cansaHHhiX nnpax. e"'eHne nocne.nHei'o .naeTCH Bbipa)KeHneM 

a Inc 477 ( 
A +1 2 A 2 A A 

-)[<a >-<a
1
a,>], (6) 

I'Ae HHlleKCbl li j OTMe"'aiOT onnHaKOBhie nnpa, pacnono)KeHHhie a nayx 

pa3HbiX TO"'KaX Kpii:CTanna; npennonai'aeTCH, "'TO CUHHbl 9THX gnep opneH-

THpyiOTCSI He3aBHCII:MO llPYI' OT npyi'a. 

l1cnonh3ysr ( 1) H (6) H y"'HTbiBaH saxaaT, HaXOAHM a¢¢eKTHBHOe ce

"'eHHe, onpenensriOmee ocna6neHne ny"'Ka npn E < E Tp. 

2 . 
a "' a -a f -a f f, 

0 I N p n N 
(7) 

Pne 0 
ao "'a Inc +a c 

6 

. I 
0 . I a,_ a. 

a· 
p 

1 I+ 1 Inc 

__ I_ a o + ____,_._I __ (a 
I+ 1 Inc 2I + 1 °-

B (8) a c- ceqeHHe 3axaaTa a OTCYTCTBH~ nonnp1 

HanbHbiMII Ce"'eHHSIMH 3aXBaTa a li a - Bblpl c+ c _ 
( 3) • ll pHMeHSISI ( 7), ( 8) li ( 3), H8XOAHM

0 
"1;0 Up!i 

KaK H .non)KHO ObiTh, rrocKonhKy a aToM cnyqae pE 

·KaHan J + , If paCCeHHHe nonHOCThiO KOI'epeHTH 

B npoMe)KyTO"'HOH oonaCT!i 9Hepi'HH TeopeTH 

Ce"'eHHSI BeChMa CnO)KHO H3-3a a¢¢eKTOB liHTep<iJer 

CeSIHHH. Mbi ITOITbiTaeMCH OITHCaTh 9KCnepHMeHTam: 

(7), paccMaTpHBasr ao, al H a ,p KaK 9MUHpr 

cpaBHeHnsr c (2) cnenyeT, "'TO a
1

-+0 rrpH E ~1 

llnsr ao.nopo.na, Hcnonhayn ~~:aaecTHhie .naHHhie 

a 
+ paccenHHH (eM., HarrpH a H TpHnneTHOI'O 

I'aH 3aXBaTOM, nnsr nonsrp11:38Uii0HHOI'O Ce"'eHHSI B 

nony"'HTh: 

-1 -1 
16,7 ( 1 + E /133) (1+E/4150) (l a 

p 

I'ne E - BHepi'Hsr ReiiTpoHa B KaB. 

llpn E«133 Kaa (qTo 6naaKo K ynBoeHRoii 

CHHI'neTHOI'O COCTOSIHHSI nefiTOHa) ITOnSip11:3aUHOHHOe 

Ha, COCTaBnHH 82% ITOnHOI'O Ce"'eHHSI paCCeSIHHSI C 

T.e. B oonaCTH npHMeHHMOCTH Bhlpa)KeHHH (7) H (: 

ao "'79,7 +1,58 E-112 c 

'7" 



ue aeTpyl!HO B~Ipa3HTb 'lep~3 ce'!eHHR 3axsaTa a c+ 
0 

n o6hi'I.IIbie Ce'!e.IIHR KOI'epeHTHOI'O aco!> 
J+ ll J

pacce5!Hll5! Ha CB5!3aHHOM 5!l!pe: 

-th~ 0 
\ coh 

a o 
Inc 

1/2 -1 0 I 
) +0+1) alnc 1+--· (a -a ), (5) 

2I+1 °- 0
+ 

Rl!pa-MnrneHn. 3HaK nepel! nepBbiM '!neHOM B 4Jn

co 3Ha~OM pa3HOCTH I a_ I -I a+ I . 
nony'!eHbi ltn5! H30mlpOBaHHOI'O CB060l!HOI'O stllpa, 

Heii:TpOHOB c ::meprneii: E , 6onhrnoii: no cpaBHe-

ll-fHbiX CBR3eii: ( E ~ 1 aB). llpocThie 4JopMynhi MO)K

npoTnBonono)KHOI'O cny'!aR aHeprnii:, MeHblliHX rpa-

6parroBCKoro pacceRHHR, KOI'l!a ocna6neHne aeii:-. 

KpncTannn'!eCKHM o6pa3UOM o6ycnonneHo npaK

M n yrrpyrnM HeKorepeHTHbiM pacceRHHeM aa 
. ' /8/ 

Ce'!eHne rrocnel!Hero l!aeTCR Bbipa)KeHneM 

.. A +1 2 " 2 A A 

-) [<a > - < a a > ] , 
A · 1 

(6) 

OTMe'!aiOT Ol!H.IIaKOBbie 5!JJ:pa, pacrronO)KeHHhie B l!BYX 

rrpennonaraeTcR, 'ITO cnnHhi 3THX stUep opneH-

n y'IHThiBaR 3aXBaT, HaXOAHM a¢¢eKTHBHOe ce

~cnafineHIIe ny'!Ka rrpn E < E 
rp. 

ao a £
2 

-a f f, 
I N p n N 

(7) 

0 
=a +a Inc c 

6 

'i 

I 
~ 

0 

at = I+ 1 
a 

Inc 

l o I 
a· = --- a + -::-::-=-:::-- (a - a · ) • 

P I+ 1 Inc 2I + 1 c_ c + 
(8) 

B {8) a c -ce'!eHne 3axaaTa B OTCyTcTnne nons:~pn3aunn, CB5!3aHHoe c Ka-

HanbHhiMH ce'!eHHRMH aaxsaTa a ll 
c+ a - Bbipa)KeHneM, aaanorn'!HbiM c-

(3). llpl!MeH5!5! (7),(8) ll (3),, HaXOilllM 1 'ITO llpH f
0

=fN=1 a= a· , 
C+ 

KaK ll JlOn)KHO 6hiTb 1 IIOCKOnbKY B 3TOM cny'!ae peann3yeTC5! TOnbKO OAIIH 

·KaHan J + 1 ll pacCe5!HHe nonHOCTbiO KOI'epeHTHo. 

B npoMe)KyTO'IHOii: o6nacTn aHepruii: TeopeTn'!eCKoe npeJ:tcTaaneHne 

ce'!eHnR BeCbMa cno)K.IIO H3-aa a4J¢eKTOB HHTep¢epeHunn n Heynpyroro pac

ceRHHR. Mbi nonbiTaeMcR onncaTb aKcnepnMeHTanb.IIbie ):laHHhie Bbipa)KeHneM 

(7), paccMaTpuaaR ao, at n O:P KaK 3MITHpH'IeCKHe KO.IICTaHTbl; ll3 

cpaBHe.IInR c (2) cneJ:tyeT, 'ITO a 
1 

-+ 0 npH E ~1 as. 

llnR B01l0p0Jl8 1 llCIIOnb3YSI H3BeCT.IIbie J:taH.IIble 0 Ce'!eHUSIX CllHI'neTHOI'O 

a H TpnnneTHoro a+ 1101 
pacceSI.IIHst (eM., HarrpnMep, ) n npeae6pe-

' I'aSI 38XB8TOM 1 AnSI ITOnSipH38UHOHHOI'O Ce'!eHHSI B o6naCTil E > 1 3B MQ)K.IIO 

rrony'!HTb: 

-1 -1 

16,7 ( l+ E/133) (l+E/4150) (1 +E/6300) 6ap.II, a 
p (9) 

I'Ae E - a.IIeprnR .IIeii:Tpo.IIa B Kan. 

llpu E « 133 K3B ('ITO 6nn3KO K YABOeHHO:ii: a.IIeprnn anpTyanbHoro 

CHHI'neTHOI'O COCTOSIHH5! ):le:ii:TOHa) ITOnSipH3aUHOHHOe Ce'!eHne paBHO 16,76ap-

Ha, cocTaBnRSI 82% non.IIoro ce'!eHnSI pacceRHHst a 0 

T.e. B o6nacTn.npnMeHnMocTn Bbipa)Ke.IInii: (7} n (8), 

-1/2 
a 0 =79,7+1,58E 6apH 

'7 

• llpn E« 1 aB, 



a 1 = 26,5 6apH, 
(10) 

a 
p 

-1/2 
= 53,1 + 1,58 E . 6apH, 

I'lle 9Hepi'RSI .HeHTpOHa Bbipa)!{eHa B M9Bi y'!TeHO, '!TO 38XB8T HeliTpOH8 

npOTOHOM RlleT npaKTR'leCKR Haueno no CRHI'neTHOMY KaHany. 

npoXO)!(JleHRe HeHTpOHHOI'O ny'!Ka qepe3 

c-' 
nonSipR30BaHHYIO MRWeHb 

HeiiTpOHHbiH ny<toK, HenonSipR30BaHHhiH RnR <taCTR'lHO nonSipR30BaH-

HbiH' BllOnb HeKOTOpOH OCR Z 
, MO)!{HO npellCTaBRTb KaK cyMMY llBYX ny'l-

KOB C nonSipR3aUHSIMH BllOnb 9TOR OCR f n = 1 lifn=-1 npH npoXO)!(JleHRii 

ny'!KOB qepea nonSipR30BaHHYl<? B TOM )!{e HanpaBneHHR MHWeHb nonSipH3aURSI. 

Ka)!(JlOI'O H3 HliX COXpaHSieTCSI, a liHTeHC!iBHOCTb yMeHbWaeTCSI B COOTBeTCT

Biili C nonHbiM Ce'leHReM, onpe)lenSieMbiM Bbipa)!{eHReM ( 7) • 06'bellHHSISI CHO

Ba ny<tKH, npowellWRe MHWeHb, HeTpyllHO HaHTR peaynbTRpyiOwee nponyc-

R nonSipRaaURIO cyMMapHOI'O npowellwero ny<tKa f n 
KaHRe MRWeHR T 

llnSt HElnOnSI3HpOBaHHOI'O na)laiOWei'O nyqKa H MHWeHH TOniURHOH 

c SIJlepHoii nonSipRaauneii fN R nnOTHOCTb.IO SI)lep n HMeeM: 

fn=thfNnaPt, ( 11) 

T = T exp [ f 
2 

n a 1 t ] ch fN n a t , 
0 N P (12) 

I'lle T 0 = exp(-n a 0 t 
- nponycKaHRe HenonSipH30B8HHOH MHWeHH. npR 

yBenn<teHHH TS>nlllHHbi MHWeHH nponycKaHRe T na)laeT, a nonSipRaaURSI. f n 

pacTeT, cTpeMSICb K 1. B o6hi'!HbiX 9'KcnepnMeHTax c ncnont>30BaHHeM nonSI

pR3oBaHHOI'O ny'!KS, B KOTOpbiX Ha6niOJlaeMbiH ·a¢¢eKT nponopUUOHaneH f n ·, 

BpeMSI H3MepeRRSI, Tpe6yeMOe )lnSI nony<teHRSI 3allaHHOH CT8TRCTH'leCKOH 
. 2 

TO'!HOCTU, o6paTHO nponopUROHanhHO nponaBelleHRIO f n T · • ~l1cnonh3YSI 

8 

( 11 ) H ( 12), MO)!{HO HaHTH OnTRManhHYIO 

ne'lHBaiOlllYIO MaKCRMYM napaMeTpa f T : 
n 

TOnll 

-1 2 2 
=(2v) &d(l+p/v)/[(8+/L /v ) t 

2 
rae v=fNnaP , IL =n<a0 -£Na 1 ) . n: 
¢opMyna ynpomaeTcSI: 

-1 
2fL 

Ha pHc. 2 npRBelleHhi onTRManbHhie aHa~eHHSI 

HhlX HeHTpOHOB H nonSipH30B8HHOH npoTOHHOH I 

TaH-Mai'HReBOI'O imTpaTa ( nMH), onHCaHHOH I 

npHBelleHbi B Ta6n. 1 .n 2. B ocna6neHHe HeiiT 

BSHHOH MRWeHbiO HapSIIlY C npOTOHaMR BHOCSIT 

Slllpa, B CBSI3H C '!eM B Bhlpa)!{eHRSIX (12) H .( 

n a0 nollCTaBnSinacb cyMMa no BCeM SlllpaM : 

HbiX a¢¢eKT8X1 HanpOTRB, BnRSIHHeM J::ipyi'RX Sill 

HO npeHe6pe'lb 1 nOCKOnbKy, KSK 6yJleT nOK838f 

I'Op831l0 cna6ee npoTOHOB H, KpOMe TOI'O, HX 

nSipH38UROHHbie Ce'!eHn:SI HX cpaBHHTenbHO Mam 

2 
llPYI'HX B~Ipa)!{eHHSIX BenH'lRHbl fN n a P , fN I 

KaK BRllHO R3 pRc •. '2, OnTHManbHaSI Tonu 

OT f N 1 T,e, Bbipa)!{eHRe ( 14) 1\laKTR'leCKR 

)!{eHReM npR ni06biX f N • npR npoTOHHOH nor 

raeTCSI 65%-HaSI nonSipR3aURSI npowe)lwero Hei 

HOH noTepe RHTeHCn:BHOC.TR ( T . = 0,2), · '!TO c 

UeHOH, 
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a1 = 26 15 oapHI 

-1/2 
1158 E oapHI 

( 10) 

B M9B; yttTeHOI '!TO 3aXBaT HefiTpOHa 

Haueno no cnHrneTHOMY KaHany. 

HefiTpOHHOrO nyttKa ttepe3 

HHY!O MHUieHb 
,.-< 

lnon51pH30BaHHblll HnH ttaCTH'lHO non51pH30BaH

MO~HO npe~cTaBHTb KaK CYMMY ~ByX nytt

H fn=-1 ; npH npoxo~~eHHH 

B TOM ~e HanpaBneHHH MHUieHb non51pH3aUHSI. 

1 
a HHTeHCIIBHOCTb yMeHbUiaeTC51 B COOTBeTCT

~en51eMbiM Bbipa~eHHeM ( 7) o 0o'be~HH5151 CH0-

1 HeTpy~Ho Ha:iiTH peaynhTHpyromee nponyc

cyMMapHoro npome~mero nyttKa f n 

MHilleHH TOnillHHOll 

H nnOTHOCTbiO 51~ep n HMeeM: 

a t , 
p 

[f~na 1 t]chfNnaPt, 

( 11) 

(12) 

- nponycKaHne Henon51pH3bBaHHOii MHUieHH. Tipn 

nponycKaHne T na~aeT1 a nongpnaaUH51. f n 

~cnepHMeHTax c Hcnon~aoBaHneM nong

nponopuHoHaneH fn 

nonytteHH51 3a~aHHOll CTSTIICTHtteCKOll 
2 

npoH3Be~eHniO f n T • 11cnonh3YSI 

8 

( 11) ll ( 12) 1 MO~HO HaHTII OnTHManbHYIO 

netinBaromyro MaKCHMYM napaMeTpa f T : 
n 

TOniU.RHy MHilleHH 

-1 2 2 1/2 
=(2v) fn{(l+fL/v)/[(8+fL /v ) -3]1, 

2 
I fL = n( ao - f N a 1 r~e v =fNn a P 

¢opMyna ynpomaeTcg: 

-1 
2fL 

• .TipH f N« l 

t OnTo I OOeC-

·c 1a > 

1 T.e. vlfL« l, 

( 14) 

Ha pHc. 2 npHBe~eHbi onTHManbHbie 3Ha'!eHHSI 
1 f n H T ~nSI peaoHaHc-

HbiX He:iiTpOHOB H non51pH30BaHHOll npOTOHHOll MHilleHH '·.c. KpHCTannOM naH

TaH-MarHHeBoro JIHTpaTa ( flMH), onHcaHHo:ii HH~e. XapaKTepHC'I'HKH flMH 

npHBe~eHbi B Taon. 1 .>i 2. B ocnaoneHH:e He:iiTpOHHoro nytiKa HenongpHao

BaHHO:ii MHIIIeHbiO Hapg~y C npOTOHaMH BHOCSIT HeKOTOpblll BKna~ H ~pyrHe 

SI~pa, B CBSI3H C '!eM B Bbipa~eHHSIX (12) H -(13) B T 0 H fL BMeCTO 

n a0 no~cTaBnSinacb cyMMa no BCeM SI~paM f n 
1 

a 
01 

• B nonSipHaauHoH-

. ' 14 139 
HbiX a¢¢eKTax, HanpoTHB, BnHSIHHeM ~pyrHX SI~ep ( N , La H ~p~} MO~-

HO npeHeope'Ib 1 nOCKOnbKY1 KaK oy~eT noKa3aHO HH*e, OHH nonSipH3YIOTCSI 

ropaa~o cnaoee npoToHOB n, KpoMe Toro, HX MeHbille B KpncTanne, H no-

nSipH3aUHOHHbie Ce'IeHHSI HX CpaBHHTenbHO Manbi, BBH~Y 8TOro B ( 11) H 
2 

~pyrHX Bbipa~eHHSIX BenH'IHHbl fN n a P 1 fN na I OTHOCSITCSI K npOTOHaM, 

KaK BH~HO H3 pnc, '2, OnTHManbHaSI TOnillHHa MHIIIeHH cnaoo 3aBUCHT 

OT f N , T,e, Bbipa~eHne ( 14) «J!aKTH'IeCKH SIBnSieTCSI HennOXHM npHonH-

~eHHeM npH niOOb!X f N • TipH npOTOHHOll nonSipH3aUHH f N= 70% ~OCTH-

raeTCSI 65%-HaSI nonSipnaaunSI npoiiie~IIIero He:iiTpOHHoro ny'!Ka npn 5-KpaT

Ho:ii noTepe HHTeHCHBHOCTll ( T = 0,2), ttTo cne~yeT npH3HaTb yMepeHHo:ii • 

ueHoii. 
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fn (O 

0,8 

0,6 

qlt 

0,2 

0 

tom: 
(35 

1,10 

1-----.....,.J I . 1.,.c · I /I {75 
I 

I I - /f'' I A I _1(70 

I A ........-=I I 
:;;;> """' I 1/.05 I . 

qz qlf q6 f/J (O(oO 

f/'1 

T 
0.35 I 

0,30 

0,25 

0,20 

015 7 . 

0,10 

Puc.2. OnTHManhHbl€ 3Ha'JeHHSI nonSipusauuu Heii:TpOHOB fn • nponycKa-

HHSI T u TonmBHl>I t onT (eM) .l:tnSI pesoHaHCHI>IX Heii:TpOHOB B 

3aBHCHMOCTH OT nonsq)usauxm ·rrrrM •II3 KpHCTanna nMH. 

10 

113 ( 12) cne.nyeT, 'ITO HHT€HC 

HOI'O MHW€HhiO, B03pacTaeT llpJI BK 

xapaKTepJICTHKH 3TOI'O B03pacTaHJIS 

= T/T0 -1 , Ha3I>IBaeMoii: a¢¢eK'rOM 

cny'Jae 

. .[ 2 
c 1 =exp fNn a

1
t 

l13MepeHHSI £ 
1 B pe30HaHCHOii: 0 

IT03BOnSIIOT onpe.nenJITh llpOTOHHyiO 

nJI'JHH€ fN H3MepeHHSI £ 1 B C 

Me:>K.lly a 1 :u a P • L{ng pas,llenhJ 

:U3Mep€HHSI acpcpeKTa .llByKpaTHOI'() ITJ: 

KpaTHOMY nponycKaH:UIO HefiTpOHHbiii: 

nepBoii: ITOnSipH30BaHHOii: M:UW€HH llOl 

BTOpyro M:UW€Hh C ITpOTOHHOii: ITOnSip 

f N2 :U t2 • IlponycKaH:Ue .llBYX 

T€HCHBHOCTh Heii:TpOHOB nocne HHX) 

ro poTaTopa peBepcupyeM HanpaBne 

MHW€HhiO; nyCTh nonSipH3aUHSI ITY'JK, 

CTaHOBHTCSI paBHOll cp f n , I'!{€ cp 

poTaTopa. I1HT€HCHBHOCTh Heii:TpOHOI 

poTaTopa 0503Ha'JJIM T r • 3¢cpeKT 

CHT€fihHO€ H3M€H€HH€ HHT€HCHBHOCT 

Bepce Heii:TpOHHOii: .nonSipJI3aUHH M€)11 

. c =(T-T 
2 r 

KaK HeTpyAHO rroKasaTh, 



tonr: 
1,35 

·' 

(!0 

I - 74'-< I /? I .1(70 

• .,-1 :7 I '-......, I I /.05 ' . 

qlt ({6 (/J (O(oO 

if/ 

T 
"0,35 

at5 7 

0,{0 

3Ha~eHHH ITOnHpH3aUHH HeHTpOHOB fn , nponycKa-

t OITT {eM) JJ.nH pe30HaHCHbiX HeHTpOHOB B 

OT rronsq}u3aUHH ·nnM •H3 KpHCTanna JIMH. 

10 

,. 

Ha {12) cneJJ.yeT, ~To HHTeHCHBHOCTb HeHTpOHHoro nyqKa, nponymeH

Horo MuweHbiD, B03pacTaeT npu BKniDqeHHH HJJ.epHoil nonHpuaauun. ~nH 

xapaKTepuCTHKH aToro BoapacTaHHH oobi~Ho rionb3YIDTCH BennquHoil c 1:= 

= T /T0 """1 , Ha3biBaeMoil aciJ<PeKTOM OllHOKpaTHoro nponycKaHHH. B JJ.aHHOM 

cny~ae 

£ 
1
=exp[f

2
nu

1
t )chf nu t-1. 

N N P {15) 

HaMepeHHH c 
1 B pe30HaHCHOH oonaCTH SHeprHH ( u 1 "" 0 , U·P =16,76apH) 

IT03BOnHIDT onpeJJ.enHTb UpOTOHHYID ITOnHpH3aUHID f N • llpH H3BeCTHOH Be-

nH~HHe fN H3MepeHHH £ t B OonaCTH TerrnOBbiX SHeprHH /l8IDT_ CBSI3b 

M9)KJlY u 1 u u • ~nH pa3JJ.enbHoro onpeJJ.eneHHSI 
p 

H3MepeHHH a<lJ<lJeKTa llByKpaTHOro nporryCKaHHH £ 
2 

u 
p 

_MoryT cny)I{UTb 

• B OITbiTe no llBY~ 

KpaTHOMY nponycKaHHID HelfTpOHHbiH nyqoK, nonyqHBWUH nocne ITpOXO)I{Jl9HHH 

nepBOH nonHpU30BaHHOH MHllieHH. ITOnSipH3aUHID f n , nponycKae'I'CH ~epe3 

u u '\ u 

BTOpyiD MHllieHb C ITpOTOHHOH nonSipH3aUHeH H TOnlliHHOH COOTB9TCTB9HHO 

f N2 H t 2 • llponycKaHue llBYX nocneJJ.OBaTenbHbiX Muweaeil ( unH HH-

T9HCHBHOCTb HeHTpOHOB nocne HHX) 0003HaqHM T • C ITOMOllibiD CITHHOBO

ro pOTaTOpa peBepcHpyeM HarrpaBneHHe HeHTpOHHOro CITHHa nepe/l BTOpOH 

MHlli9HbiD; rryCTb ITOnHpH3aUHSI rryqKa ITOCne /leHCTBHSI CITHHOBOrO poTaTOpa 

CTaHOBHTCSI paBHOH cp f n , rJJ.e cp ;:;-1- TaK Ha3biBaeMaSI a<lJ<lJeKTHBHOCTb 

poTaTOpa. HHTeHCHBHOCTb HeHTpOHOB nocne BTOpOH MHlli9HH ITpH paoOTe 

poTaTopa o6o3HaquM T r • 34J4JeKT JJ.ByKpaTaoro nponycKaHIISI - aTo OTHO

CHTenhHOe H3MeHeHHe HHTeHCHBHOCTH rryqKa nocne llBYX MHlli9HeH npH pe

Bepce HeHTpOHHOH .nonHpH3aUHH Me)KJJ.Y HHMH, T.e. 

c :(T-T )/(T+T ). 
2 r r .( 16) 

KaK HeTpyJJ.HO rroKa3aTb, 
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c ,(1-</>H thf nat /[2--(l+</>Hthf na t 21. 
2 · n N2 p 2 . · n N2 P {17) 

Ecn11, KaK nomKHO 6biTb, 0+ ¢ ) << l 1 TO BTOpbiM 'lneHOM B 3HaMe-

HaTene MO*HO npeHe6pe'lb; noncTaBnSISI nnSI f n Bbipa*eHHe ( 11 ) , nony'la-

eM ( f Nl 1 t I - ~pOTOHHBSI nonSipH38.IIIISI II TOniiiHHa nepsoii MIIIIIeHH): 

l 
£ ,_(1-<f>)thf nat thf na 

2 2 Nt p I N2 p 2 (18) 

8¢¢eKTHBHOCTb CIIIIHOBOrO pOTaTOpa onpenenSieTCSI 113 H3MepeHHii HHTeHCHB-

HOCTeii T• H T' 
• 

llpH BBene'HIIll Me*JlY JlBYMSI MHIIIeHSIMH *ene3HOro 

IIIIIMMa, 'laCTII'IHO HnH nonaocTbiO nenonsrpH3YIOIIIero aeii_TpoHHbiii ny'loK. KaK

aeTpynao y6enHTbcsr, 

</> (T-:-T:)/(T, -T;) •. 
(19) 

3. AnnapaTypa 

B Ka'leCTBe nonSipH38TOpa HCIIOnb30Banacb nnM ll3 JlBYX MOHOKpHC-
142 . 

Tannos naaTaH-MarHHesoro HIITpaTa c rrpHMeCbiO aeonHMa (No ,oo 4 La o,996 

Mg 
3 

(NO 3 ) 12 • 24H 2 0 
3 

(o6'beM 27 CM ), 

3 
C IIOnHf,IMH pa3MepaMH 1,835 X3,4 x4,3 CM 

I 

KpHCTannbi IIOMeiiiaiOTCSI B HaCTpaHBaeMbiii npSIMOyronbHbiii MeJlHbiii 
. 3 • 

pe30H8T0p 06'beMOM OKOnO 60 CM , .lJ,o6pOTHOCTb Harpy)!{eHHOrO pe30H8TOpa 

IIpH renlleBOii TeMnepaType pa~Ha HeCKOnbKHM TbiCSI'IaM, 

Oxna*JleHHe MIIIIIeHH IIpOH3BOJlHTCSI B KpHOCTaTe C IIOMOIII~IO OTKB'IKH 

napOB *HJlKOrO renHSI-4, npensapHTenbH8SI OTK8'1K8 JlO JlSBneHHSI 0,3 MM 

pT. cT. npoH3BOJlHTCSI ¢opBaKYYMHbiM aacocoM BH-6 co cKopocTbiO OTKa'IKII 

12 

\I 

I 

/ 

150 n/CeK, .lJ,anbHeiimee IIOHH*eHHe TeMnepaTyp£ 

6ycTepaoro napaMacnsrHoro aacoca BH-1500-2 c 

no 2500 n/ceK npH nasneHHH 0,01 MM pT, CT, n 
0 . 

nepaTypa 0,9 K B OTCyTCTBHe MHKpOBOnHOBOii M 

HOCTbiO OKOnO 200 MBT, Co6CTBeHHbiii pacxon rE 

nsreT 1 n *HJlKOCTH 3a 12 'lacos, npH nonsone ~ 

B03paCTaeT BTpoe, np11 CTapTOBOM 06'beMe *HJl~ 

MHIIIeHb ·Herrpepb!BHO onepHpyeT B pa6o'leM pe*H 

nonSipH38UHSI npOTOHOB KpiiCTannH38UHOHHOi 
. . n; 

JlHH8MII'IeCKHM MeTOJlOM ( COnHn-a$$eKT) Ha 

BOnHbl 4,7 MM) B MarHHTHOM none 17 KS, nonsc 

TH K pe3oHaTopy ocymecTsnsreTCSI no KpyrnoMy 

aa Bxone KOTop~ro ycTaHosneH rrpeo6pa30BaTen~ 
/15/ 

npsrMoyronbHoro ce'leHHSI B Kpyrnoe • Ha BJ 

Hoe npeo6pa30BaHHe, 11 pe30HaTop B036y*naeTC5 

paBHOe Ce'leHHIO OCHOBHOrO BOnHOBOJla 4-MHnniiN 

Hbie IIOTepH B BOnHOBOJlHOM TpaKTe ·cocTaBnSIIOT 

MarHHTHOe none rrony'laeTCR c noMOIIIbiO c 

Ta en-to c B03JlYIIIHbiM oxna*neHHeM, y ,KOTOpc 

nH 3aMeHeHbi Ha noniOca H3 cTanH "ApMKo" • .lJ,11 

30p - 6,5 eM. HarrpSI*eHHOCTb MarHIITHoro nonsr 

TOKe 70 a. 0THOCHTenbH8SI CT8611nbHOCTb nonSI 1 

cocTasnsreT oKono 3-4 a no o6pa3UY c pa3Mepa~o. 

.lJ,eTeKTHpOBaHHe CHrHana .HMP . rrpoTOHOB II 

poM no cxeMe PonnHHa, BHTKH ·KOHTypa crreKTpc 

pe3oHaTopa, HMeiOmero pa3pe3bJ snonb mHpOKHX 

MeTp Hcnonb3osancsr TOnbKO nnsr npH6nH3HTenbH< 

pa60'IHii pe*HM, npH nonSipH3aUHH 6onee 20% Ha 

M8KCHManbHOii HHTeHCHBHOCTH HeiiTpOHHOrO ny'IK· 

13 



nat /[2-(1+cf>H thf na t 2 l. 2 p 2 n· N2 P (17) 

1 + cf>) << 1 1 TO BTOpblM 'l:neHOM B 3H8Me-

no.ncTaansm .nnSI f n Bbipa:lKeHne ( 11 ) , nony'la-
. ..J 

nonSipH38UHSI H TOnlliHHa nepBOH MHllieHn): ' 

nat thf na 
p 1 N2 p 2 ( 18) 

poTaTOpa onpe.nenSieTCSI H3 H3MepeHHH HHTeHCHB

Me:lKttY ltBYMSI MHllieHSIMH :lKene3HOPO 

.nenonSipnayroruero Heil_TpoHHhiii ny'l:oK. KaK-

-:-T.' ) I ( T, - T ,' ) • 
( 19) 

3. AnnapaTypa 

Topa ncnonbaoaanacb TITIM na .nayx MOHOKpHc-

(N 142 La . 
HHTpaTa C npHMeCblO HeOttHMa 0 ,004 0,996 

3 
nonHI~IMH pa3MepaMH 1 ,835 X 3,4 X 4,3 CM 

B H8CTpaHBaeMbiH npSIMOyronbHbiH MettHbiH 
3 4 

CM • Ao5poTHOCTb Harpy:lKeHHoro peaoHaTopa . 

KpHOCTaTe C nOMOllilblO OTK8'1KH 

OTKa'IKa ltO ttaBneHHSI 0,3 MM 

M HacocoM BH-6 co CKopocTbro OTKa'IKH 

12 

! 

I 
ij 

I 
l 
I 

150 n/ceK • .QanbHefiruee nOHH:lKeHHe TeMnepaTypbl npOH3BOltHTCSI C nOMOlliblO 

5ycTepHoro napaMacnSIHoro Hacoca BH-1500-2 co cKopocTblO OTKa'IKH oKo

no 2500 n/ceK npH ttaBneHHH 0,01 MM pT. CT. TipH 8TOM ltOCTHPaeTCSI TeM-
0 0 

nepaTypa 0,9 K B OTCYTCTBHe MHKpoaonHoaoil MOlliHOCTH H 0,95 K - c Mom-

HOCTblO OKOno 200 MBT. Co6CTBeHHbiH paCXOlt renHSI H3 KpHOCTaTa COCTaB

nSieT 1 n :lKHltKOCTH 38 12 '18COB 1 npH no.nao.ne MOlliHOCTH 200 MBT paCXOlt 
. 0 

aoapacTaeT BTpoe. Tipn CTapTOBOM o5'beMe :lKHttKoro renHSI npH 4,2 K "'13n 

MHllieHb Henpepb!BHO onepHpyeT B pa5o'l:eM pe:lKHMe OKOnO CyTOKo 

TionSipH38UHSI npOTOHOB KpHCTannH38UHOHHOH BOltbl flMH npOH3BOltHTCSI 
. . . /2/ . 
.nHHaMH'IeCKH.M MeTo.noM ( conH.n-a!J>!J>eKT) Ha 'laC TOTe 64,3 Tru ( .nnHHa 

BOnHbi 4,7 MM) B MarHHTHOM none 17 Ka. Tio.nao.n MHKpoaonHoaoil MOlliHoc

TH K pe30H8Topy OCyllieCTBnSieTCSI no Kpy'rnoMy BOnHOBOltY ttHaMeTpOM 10MM
1 

Ha axone KOTop_oro ycTaHoaneH npeo6paaoaaTenb aonHbi THna H 01 H3 
/15/ . 

npSIMoyronhHoro ce'l:eHHSI B Kpyrnoe • Ha BbiXO.ne npOH3BOttHTCSI o5paT-

HOe npeo5pa30B8HHe, H pe30H8TOp B035y:lKaaeTCSI 'lepe3 OTBepCTHe CBSI3H
1 

paaHoe ce'leHHro oCHOBHoro aonHoaoaa 4-MnnnHMeTpoaoro .nnanaaoHa. Tion

Hbie llOTepH B BOTiHOBOltHO.M TpaKTe COCTaBnSIIOT 1,3-1 ,4 AeUH6enna. 

MarHHTHoe· none nony'l:aeTcSI: c noMolllblO cTaH.napTHoro aneKTpoMarHH

Ta CTI-10 c :BoaayiDHbiM oxna:lKaeH:neM, y 'KOToporo 3aBOltCKHe nonroca 5bi

nH aaMeHeHbi Ha nonroca na CTanH "ApMKo" • .UHaMeTp nonrocoa 25 eM, aa

aop - 6,5 cM. HanpSI:lKeHHOCTb MarHHTHoro nonSI a 17 Ka aocTHraeTCSI npn 

-4 ToKe 70 a. 0THOCHTenbHaSI cTa5HnbHOCTb nonSI 10 • HeoaHopoaHoCTb nonSI 

cocTaBnSieT oKono 3-4 a no o5paauy c paaMepaMH 5 cM. 

.QeTeKTHpOB8HHe CHPHana .HMP npOTOHOB npOH3BOltHTCSI cneKTpOMeT-
' 

poM no cxeMe P~nnHHa. BHTKH ·KOHTypa cneKTpoMeTpa HaMoTaHbi noaepx 

peaoHaTopa, nMeromero paapeabi aaonb IDHpOKHX cTeHoK. 05~>I'IHo cneKTpo

MeTp HCnOnh30Bancg TOnbKO anSI npH6nH3HTenbHOH H8CTpOHKH CHCTeMbl B . 

pa50'IHH pe:lKHMo TipH nonSipH38UHH 5onee 20% H8CTpOHKa npOH3BOttHnacb no 

MaKCHManbHOH HHTeHCHBHOCTH aeilTpoaaoro ny'IKa, nporueJiruero 'lepea TITIM. 
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llpn HacTpo:ii:Ke Ha MaKCHMYM rrpoTOHHOH rro~Rpnaaunn rronRpnaaunR ~pyrnx 

cyiUeCTBeHHbiX KOMIIOHeHTOB flMH (a30T, naHTaH) OKa3biBaeTCR H93Ha'lH-

TenbHOfi, TaK KaK na-aa MeHbmero 'leM y rrpoTOHa R~epHoro MarHHTHoro 

MOM9HTa HY>KHble snP- nnHHH ~pyrnx smep He HaCbiiUaiOTCR. TaK, B ycno

BHRX ~aHHOH pa60Tbl mnpnHa nnHHH . ollP paBHa 6 s, a paCCTORHHe Me>K~Y 

"aarrpeiUeHHbiMH., ollP - rrepexo~aMH aaoTa H BO~OpO~a· 17,6 S, naHTaHa 

n Bo~opo~a - 16 s. ~ 

B naMepeHHRX a¢¢eKTa ~ByKpaTHoro rrporrycKa~HR B Ka'leCTBe aHann-

aaTopa rronRp~aaunn He:ii:TpoHoB ncrronbaosanacb BTopaR nnM, B ~ymecTBeH

HhiX 'lepTaX aHanorH'lHaR rrepBOH~ ,UIIHaMH'l9CKaR HaKa'lKa o6eHX MHllieHeH 

rrpon3BO~nnacb oT o~Horo HCTO'lHIIKa CBl..J:-MOIUHOCTH no cxeMe, rrpeAcTaB

neHHOH Ha puc. 3. B aTOM ~apuaaTe o6ecrre'lHBanocb rrocTyrrneHue B Ka>K

~y!o MHlli9Hb MOIUHOCTH ~0 200 MBT1 AOCTaTO'lHOH AnR A0CTH>K9HHR BbiCOKOH 

rrongpn3aUHH. B Ka'leCTBe MHllieHn-aaanuaaTopa ucrronb30BancR MOHOKpuc-
. . 3 

Tann flMH paaMepaMH 1,09x3,5x5,2 CM • 

l1CTO'lHHKOM HefiTpOHOB RBnMCR HMrrynbCHbiH _peaKTOp Ha 5biCTpbiX Hefi-

TpOHaX ( HEP) fla6opaTopiiH HefiTpoHHOH ¢H3HKlt OH.HH, p~6oTaBmH:ii:. co 

cpeAHefi MOlliHOCTbiO 3-6 KBT H 'laCTOTOH 5 ru rrpu AnHTenbHOCTH.HMrrynbca 

/16/ u 60 MKCeK • B Ka'leCTBe aaMeAnHTenen ucrronb30Banucb o6hi'lHbi:ii: BOAR.., 

HOH H KOMOHHIIpOBaHHbiH 113 rronH9TI!neHa H 6epunnHR, oxna>KA89MbiH AO 830T-

HOH TeMrrepaTyp_bi. 

06e MHlliSHH 6hinli ycTaHOB!!eHhi B aKcrrepHMeHTanbHOM 3ane HEP Ha 

paCCTORHHH 11 H 13,5 M OT 8KTHBHOH 30Hbl peaKTOpa (rrnaH _pa3M9lli9HHR 

arrrrapaTypbi IIOKa3aH. Ha p!iC. 4) • Me >KAY MHlli9HRMH pacrrono>KeH. CIIIiHOBbiH 
• u • u /17/ H u 

poTaTOp AnR H3M9H9HHR HarrpaBneHHR HeHTpOHHOH rrongpH~aUHH • en-

Tp0Hbl1 Bbllli9Allilie H3 rrepBOH Mlilli9HH_ C rop!i30HTanbHbiM HarrpaBn9Hli9M 

. rronRpH3aUHli, BXOART B MarHHTHbiH KaHan, B KOTOpOM BSKTOp MarHHTHOro 

ITOnR, a C · HHM H BSKTOp rronRpH3aUHH H9HTpOHa IIOBOpa'lli~8IOTCR Ha 90° 

(~~ BepTHKanbHoro.rrono>KeHliR). 3aTeM 5. 3aBliCHMOCTli oT Tpe6yeMofi opu-
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npOTOHHOll llO~RpH3aUHH UOnRpH3aUHR apyrnx 

naHTaH) OKa3hlBaeTCH He3Ha~H~ 
MarHHTHOro 

HHH apyrHX Haep He HaCbi!IlaiOTCH. TaK, B ycno

HHS nnHHH SllP paBHa 6 a, a paccTOHHHe Me:a<ay 

nepexoaaMH asoTa n Boaopoaa 17,6 a, naHTaHa 

--' 

aByKpaTHoro nponycKa~HH B Ka~eCTBe aHann-

ncnonb30Banacb BTOpaH llllM, B ~y!IleCTBeH

nepBOll. .UnHaMn~ecKaH HaKa~Ka o6enx MHIIIeHefi 

CBt.I-MO!IlHOCTH no cxeMe, npeacTaB

ooecne~nBanocb nocTynneHne B Ka:a<-

200 MBT, aocTaTO~HOH anH abCTH:a<eHHH BbiCOKOll 

MnmeHn-aHannsaTopa ncnonb30BancH MOHOKpnc-
3 

x3,5 x5,2 eM • 

HBnMCH HMnynbCHbill _peaKTOp Ha 5biCTpbiX Hefi

HefiTpOHHOH ¢nsnKH 011 HH, pa6oTaBmnfi co 

ru npn annTenbHOCTH.HMnynbca 

saMeannTenefi ncnonb30Banncb o6hi~Hbifi BoaH-, 

nonnaTnneHa H 6epnnnnH, oxna:a<aae-Mbifi ao asoT-

TaHoB~eHbi B aKcnepnMeHTanbHOM sane HBP Ha · 

OT -l!KTHBHOH 30Hbi peaKTOpa ( nnaH pa3MeUieHHH 

nc. 4). Me:a<ay MnmeHHMH pacnono:a<eH cnnHOBhifi 

~ ~ /17/ H ~ 
HeHTpOHHOH nonHpH~SUHH • en-

C ropn30HTanbHbiM HanpaBneHneM 

HHTHbiH KaHan, B KOTOpOM BeKTOp MarHHTHOro 

nonHpnsaunn aefiTpoaa noBopa~nBaiOTCR Ha 90° 

• 3aTeM B. 38BHCHMOCTH OT Tpe6yeMOH opn-
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Puc.4. CxeMa aKcnepuMeHTallbHOfi ycTaHosK~: 1 - peaKTOp 11 aaMeJlllHTellb; 

2 - saKyyMHpOS8HHhifi HefiTpOHOSOJl, 3 - IIIH6ep, 4 - KOllllliM8TOpbi 0 

5 - nepShifi MOHliTOp, 6 . - napoMaCllSIHhlfi HSCOC 0 7.- MSI'HHT nepsofi 

TITIM, 8·- nepsast TITIM, 9 - TOKosast <jlollbi'a, 10 - cnuHOShifi po

TaTop, 11 - sTopofi MoHuTop, 12 - KonnuMaTop, 13 - sTopast TITIM, 
14 - M8I'HliT, 15 - saKyyMHposaHHhlfi HefiTpOHOSOJl, 16 - H8COCH8SI 

I'pynna, 17 - nyllb'l1'hl ynpaS119HliSI M8I'HliT8Mli H H8COC-8MH, 18 - KOMn

peccop, 19 - ::meKTPOHHasi annapaTypa, 20 - I'a3I'OllbJlephi, 21 - aa

InHTa Jl9T9KTOpa, 22 - ·JleTeKTOp, 23 - SaKyyMHpOSSHHbifi HefiTpOHQ

SOJl, 24 11 25 - MecTa pacnono*eHHSI JleTeKTopos Ha 6aae nponeTa 

60 li 120 M, COOTS9TCTS9HHO, 26 - 110SYIIIK8 HefiTpOHOSo 
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9HT8UliH CnHHa HefiTpOH npOXOJlliT ~epea M8I'H 

B9KT0p n011SipH38Ullli S liCXOJlHOe n0110:lK9HH9 0 I 
. 0 . < •• 

JlOBopa~usaiOIIIHfi ei'o JlO 180 • B aTOM nocne, 

o6ecne~HTb peaKHfi pesepc Mai'HHTHOI'O nonst 

OCYIU9CTS11SI9TCSI SK11IO'l9HH9M noCTOSIHHOI'O TO: 

81110MHHHEmofi nnaCTHHe TOlllllliHOfi 1,5 MM. H n 

2 . 
25 x 50 eM • CMeHa soaspamaiOmei'o 11 Aosopt 

llOB npOH3SOJlliTCSI M9X8HU~9CKHM CnOC060,M 3, 

3.t!Jt!JeKTHBHOCTb CnliHOBOI'O pOT8T<?pa cp 
aKCnepHM9HT8 no JlByKpaTHOMY nponyCKSHliiO. 

BOJlli118Cb CT81lbHOfi nnaCTliHOfi .TOlllllliHOfi 4 M~ 

TOKOSOfi tjJOllbi'li 0 I'Jl9 HanpSI:lK9HHOCTb MSI'HliTH 

3ToT IIJHMM o6ecnequsan nomiy10 Aenonstpuaat 

JlO 5 as. 3KcnepuMeHTallbHhie peaynbTaThi ua 

cTasneHhi aa ·p11c. 5. Benu~uaa cp c.i:Ia6o. aa: 

. H9CKOllbKO ysellH~liS8SICb Bhiiile 1 as, 3Ha'le . 

aoae aaepi'Hfi 0,01-10 as, OKaaanocb pasHhlM 

H a nyTH HefiTpOHHOI'O ny'IKa (eM. puc. · 

JleTeKTOphi: 1) 6opHhifi c~eT'lliK nepeJl nonSipH 

Tli peaKTOpa, 38Jl810IUHfi .. JlllliT91lbHOCTb C'l9THO 

Hb!fi 6opHhifi C'l9T~liK - MOHliTOp .nonSipli38Ulili 

H9CKOllbKliX Jl9CSITKOS 060I'81Il9HHhiX 6opHbiX c· 

ycTaHosne~ Ha nponeTHOfi 6aae 19,5; 60 H 1~ 
11 MnyllbChl C MOHHTOpa nonSipli38Ulili npo 

CXeMy C Bp9M9HHhlMH BOpOT8Mli 0 KOTOpaSI ShU 

HefiTpOHb! 0 06118Jl810IIIH9 JlOSOllbHO 6ollblliliM no 

TaK KaK HHTeHCHBHOCTb npoiileJllliei'o ny'iKa n: .. 
~TO JlllSI M81lhiX nonSipli38UHfi Jl89T llHHefiHyiO : 

6onbiiiHX IN - aKcnoHeHuuanbHYIO aaBHCHMOC' 

17 
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fi YCTaHOBK~: 1 - peaKTOp H 3aMeanHTenb; 

HefiTpOHOBoa, 3 - nm6ep, 4 - KonmtMaTOpbi1 

Top, 6 ·- napoMacnSIHhifi Hacoc, 7 - Mal'HHT nepsofi 

flflM, 9 - TOKOBaSI ¢onbl'a 1 10 - CUHHOBbifi po

ofi MOHHTOp, 12 - KOnnnMaTop, 13 - BTOpaSI flflM, 
- BaKYYMHpOBaHHbifi HefiTpOHOBOa, 16 - HaCOCHaSI 

'l"bl ynpasneHHSI Mai'HHTaMH H HaCOCaMH, 18 - KOMU~ 
TPOHHasi annapaTypa, 20 - raaronhaepbi, 21 - aa-

22 - ·aeTeKTOp, 23 - BaKyyMHpOBaHHbifi HefiTpOHo

MeCTa pacnono*eHHSI aeTeKTopoB Ha 6aae nponeTa 

'"'"'"'-~TBeHHO, 26 - nosyiiiKa HefiTpOHOBo 
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eJiTaUHH CnHHa HefiTpOH npoxoaHT 'Iepe3 '·Mai'HHTHbifi KaHan, B03BpaiiiaJOIIIHfi 

BeKTOp nonSipH3aUtiH B HCXOaHoe nonmKeHHe, HnH ·'Iepe3 Mai'HHTHblfi KaHan, 

aosopa'IHBaiOIIIHfi ero ao 180°. B STOM riocneaHeM cny'Iae Heo6xoaHMO 

u • /17/ 
o6ecne'IHTb pe3KHH pesepc Mal'HHTHOI'O nonSI M~*ay KaHanaMH 

1 
'ITO 

OCyiiieCTBnSieTCSI BKnJO'IeHHeM nOCTOSIHHOI'O TOKa 1 ,5 Ka 1 npoTeKaJOIUei'O no 

anJOMHHHE!BOfi nnaCTHHe TOniUHHOfi 1 ,5 MM. H nonepe'IHbiMH pa3MepaMH 
2 

25 X 50 CM • CMeHa B03BpamaJOIUei'O H aoBopa'IHBaJOIUei'O Mai'HHTHbiX KaHa-

noB npOH3BOaHTCSI MeXaHH'IeCKHM cnoco6o.M 3a HeCKOnbKO CeKyHa~ 
. . 

3¢¢eKTHBHOCTb CnHHOBOI'O poTaTopa cp 6bJna H3MepeHa BO BpeMSI 

SKCnepHMeHTa no aByKpaTHOMy nponycKaHHIO. nenonSipH3aUHSI ITY'IKa npOH3-

Boannacb CTanbHOfi nnaCTHHOfi TOniUHHOfi 4 MM 1 ycTaHaBnHBaeMOfi B6nH3H 

TOKOBOfi ¢onbl'H 1 rae HanpSI*eHHOCTb Mal'HHTHOI'O ITOnSI 6hma MHHHManbHOfi. 

3TOT I.IJHMM o6ecne'IHBan nonHyJO aenonSipH3aUHIO HefiTpOHOB C .SHepruefi 

ao 5 SB. 8KcnepHMeHTanbHbie peaynbTaTbl H3MepeHHSI s¢¢eKTHBHOCTH npea

CTaBneHbl Ha ·puc, 5, BenH'IHHa cp cna6o 38BHCHT OT SHepl'HH HefiTpOHOB
1 

HeCKOnhKO ysenH'IHB8SICb Bbiiiie 1 SB. 3Ha'IeHne cp 1 ycpeaHeHHoe B anana-

30He SHepi'Hfi 0,01-10 SB 1 OK83anOCb paBHbiM - 0,91 :!: 0,01. 

Ha nyTH HefiTpo.HHoro ny'!Ka (eM. puc. 4). ycTaHOBJleHbi cneayJOmne 

aeTeKTOpbi: 1) 6opHblfi C'IeT'IHK nepea ITOnHpH38TOpOM - MOHHTOp MOIUHOC

TH peaKTOpa, aaaaJOIUHfi anHTenbHOCTb C'IeTHOI'O HHTepB·ana; 2) o6oi'aiUeH

Hbifi 6opHbifi C'IeT'IHK - MOHHTOp .nonSipH38UHH; 3) 60JlbiiiOfi AeTeKTOp H3 

HeCKOJlbKHX AeCSITKOB o6oi'aiUeHHbiX 6opHbiX C'IeT'IHKOB 1 KOTOpblfi MOl' 6biTb 

YCTSHOBJle~ Ha nponeTHOfi 6aae 19,5; 60 H 120 M. 

11 MITynbCbl C MOHHTOpa ITOJ1SipH3aUHH nponycKaJlHCb 'Iepe3 . sneKTpOHHYIO 

CXeMy C BpeMeHHbiMH BOpoTaMH 1 KOTOpaSI Bbi):leJlSIJla TennOBbie H XOnoaHble 

HefiTpOHbl 1 o6naaaJOIUHe AOBOJlbHO 60JlbiiiHM ITOnSipH3aUHOHHbiM Ce'IeHHeM. 

TaK KaK HHTeHCHBHOCTb npoiiieaiiiero ITY'iKa nponopunoHanbHa ch fNna P t 

'ITO anSI MaJlbiX ITOllSipH38UHfi AaeT nnHefiHyJO 3aBH~HMOCTb. OT f ~ 
1 

a anSI 

60JlblliHX fN - SKCUOHeHUHallbHyiO 3BBHCHMOCTb OT f N 
1 TO C'IeT MOHHTQ-
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Pac,5. 8~~eKTHBHOCTb CITHHOBOJ:'O pOT8TOp ¢ KaK ~YHKUHH SHeprHH HeilTpo

HOB E 
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pa o6nanaeT oqeHb xopomeil qyBCTBHTenbHOCTbro 

UHH. HarrpnMep, rrpu cpenHeil rronHpnaauHH oKono 

B89T H3~9H9HH9 ~qeTa MOHHTOpa Ha 3%, 

l1Mrrynbcbi c 6onbmoro neTeKTopa perHCTPHP 

KaHanbHbiMH aHanHaaTopaMH c npoMe>KyToqHoil· na1 

rraMHTH STHX aHanH38TOpOB MO>KeT 6biTb pa36HT E 

H BpeMeHHOll KOnHpOBlliHK MO>KeT ITO oqepenH rronH 

HHX. 8TO 06CTOHTenbCTBO 6binO HCITOnb30B8HO rrpH 

HeiTOflHpH30B8HHOJ:'O KpHCTanna H S~~eKTa,nByKpaT 

lli9M KpaTKO B KaqeCTBe rrpnMepa rrpouenypy H3ME 

ITocne nocTn>KeHHH pa6oqero pe>KHMa o6eHX 

MepeHHH HHT9HCHBHOCTH T ( CM, ( 16) ) 6e:: 

crrHHa. ITocne Ha6opa rrepBbiM MOHHTopoM aanaHHC 
4 . 

(o6biqHo 10 , rrpn STOM nnHTenbHOCTb cqeTHoro. E 

"' 40 ceK) cqeT rrpepbiBancH. 3a 3 ceK opHeHTa . 
MeHHnacb Ha ITpOTHBOITOnO>KHyro, MOHHTOpbl rrepe6~ 

pecqeTHbie cxeMbi, K 6onbmOMY neTeKTopy· rroncoe 

rraMHTH aHannaaTopa. ITocne aa6opa aanaaHoil CTc 

OpH9HT8UHH CITHH8 BOCCTaHa~nRBanacb, H UHKn ITOI 

1"0 qucna T8KHX ~HKnOB HH~OpMa~HH C MOHHTOpOB 

lliHM ycTpOHCTBOM H B rryqoK BBOnHnCH nerronHpH3 

MeHHO y6npanCH HneHTHqHblll lliHMM 1 CTOHBlliHll no 

rrepen rron·srpaaaTopoM nnsr KOMrreHcaunn ·ocna6nea; 

nerronHpH3YIDWHM lliHMMOM); B STHX ycnOBHHX rrp< 

qecTBo unKnoB H3Mepe_HHH T' n T; • IT pH sTm 

neTeKTOpa perHCTpHpOBanacb B HOBblX qaCTHX IT81 

paHeHHeM B CTapb!X qacTHX HaKorrneHHOll paHee H 

M8TH38UHH per'RCTpHpyromefi CHCT9Mbl IT03BOnsrna 

qeHHe MHOJ:'HX qacOB 6e3 BMelliaTenbCTB8 SKCITepH 
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POTaTop ¢ KaK ¢yHKUHH SHeprHH HeHTpO-
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pa o6nanaeT oqeab xoporueil qyBCTBHTenbHOCTb~ K H3MeHeHHro nonHpHaa

UHH. HanpHMep, npH cpenaeil nonsqmaauHH OKono 80% ee yxon aa 1% Bbi3bi

saeT H3MeHeHHe cqeTa MOHHTopa Ha 3%. 

11MnynbCbi c 6onbruoro neTeKTopa perHCTpHposanHcb 2048- HnH 4098-· 

KaHanbHbiMH aHanH3aTopaMH C npoMe>KyToqHOH naMHTbiDo 0CHOBHOH .6noK 

naMHTH 9_THX aHanH3aTOpOB MO>KeT 6biTb pa36HT Ha nse "HnH qeTbipe qaCTH
1 

H BpeMeHHOH KOnHpOBlliHK MO>KeT no oqepenH nonKnroqaTbCH K nro6oil H3 

HHX. 3To 06CTOHTenbCTBO 6binO HCll0nb30BaHO npH H3MepeHHH nponycKaHHH 

HenonHPH30BaHHoro KpHcTanna H s¢¢eKTa,nsyKpaTHoro nponycKaHHH. OnH

meM KpaTKo B KaqecTse npHMepa npouenypy H3MepeHHH · £ 2 • 

Ilocne nocTH>KeHHH pa6oqero pe>KHMa o6eHX MHWeHeil aaqHHanHcb H3-

MepeHHH HHTeHCHBHOCTH T (eM. (18) ) 6ea nosopoTa HeilTpOHHoro 

cnHHa. Ilocne Ha6opa nepBbiM MOHHTopoM aanaHHoro qHcna HMnynbcos 
4 

(o6biqHo 10 1 npH 9TOM nnHTenbHOCTb cqeTHOrO.HHTepsana paBHHnaCb 

"" 40 CeK) cqeT npepb!BanCH. 3a 3 CeK OpHeHTaUHH cnHHa aeilTpoaos . 
MeHHnacb Ha npOTHBOnonO>KHyro, MOHHTOpbl nepe6paCbiBanHCb Ha npyrHe ne-

peCqeTHbie cxeMbi, K 6onbruoMy neTeKTopy" noncoenHHHnacb npyraH qacTb 

naMHTH aaanHaaTopa. Ilocne aa6opa aanaaaoil ciaTHCTHKH B H3MepeHHH T r 

OpHeHTaUHH CllHHa BOCCTaHaBnHBanacb, H UHKn llOBTOpHnCHo flocne aanaHHO

ro qHcna T~KHX UHKnOB HH¢OpMaUHH C MOHHTOpOB 3allHCbiBanacEi neqaTaro

lliHM ycTpOHCTBOM H B nyqoK BBOnHnCH nenonHPH3YIDlliHll lliHMM ( onHOBpe

MeHHO y6HpancH HneHTHqHblll lliHMM 1 CTOHBlliHH no 9TOrO Ha nyTH HeilTpOHOB 

nepen nonsqmaaTopoM nnH KoMneacauHH ocna6neHHH nyqKa, Bbi3biBaeMoro 

nenonHPH3yiDlliHM lliHMMOM) j B 9THX ycnOBHHX npOBOnHnOCb HY>KHOe KOnH

qeCTBO UHKnos H3Mepe_HHH T' H T; . IlpH aToM HH¢opMaUHH c 6onbruoro 

neTeKTopa perHcTpHposanacb B HOBbiX qacTHX naMHTH aaanHaaTopa c cox

paaeHHeM B CTapb!X, qaCTHX HaKonneHHOH paHee HH¢opMaUHH. flonHaH aBTo-. 

MaTHaauHH perHcTpHpyromeil CHCTeMbi noasonHna HaKannHBaTb naHHbie B Te

qeHHe MHOrHX qaCOB 6e3 BMelliaTenbCTBa SKCnepHMeHTaTOpa. nnH 6onbrueil 
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Halle:lKHOCTH oobi'lHO ncnonbsonanncb llBa aHannsaTopa, BKniO'leHHhiX na-
peraeM 6onee BhiCOKHMH cTeneHSIMH pasno:lKeH¥. 

pannenbHO. l u 
8
(E) /u 

8 
= 1 +K/ 3AE, 

4. 3KcnepHMSHT~nhHhie pe3ynhT8Tbl 

. \ 
HH:lKe OYilYT onncaHhl H3MepeHHSI nponycKaHHSI KpHCTanna n~H npH 

OTCyTCTBHH nonSipH3a~hH npOTOHOB H H3MepeHHSI a¢¢eKTOB OJlHQ- H JlByKpaT

HOI'O nponycKaHHSI, npoBelleHHhle c uenbiO onpeJleneHHSI nnHeHHoro Koa¢¢n-

UHeHTa ocna6neHHSI HeHTpOHOB k n I u o I 
I . , nonSipH38UHOHHOI'O Ce'leHH£ npo-

TOHOB U P H BBeJleHHOI'O B. §2 Ce'leHHSI U 1 B lliHpOKOM 8Hepi'eTH'leCKOM 

JlHanasoHe. 3TH ll8HHhie Hy:lKHhl~ Bo-nepBb!X~ JlnSI CpaBHeHHSI C TeOpHeH, H3-

nO:lKeHHOH Bhlllie, BO-BTOpbiX, JlnSI· Bhl'lHCneHHSI HHTeHCHBHOCTH H nonSipH38UHH 

HeHTpOHOB; npOllielllliHX qepe3 flfl~, H ee onTHManbHOH TOnlliHHhi npH pas-

nH'lHhiX 8Hepi'HSIXo 

11sMepeHHSI qponycKaHHSI T 0 

JllsMepeHHSI To npoBOJlHnHCb c KpHcTannaM~ TonruHHOH 0,375!0,002 · 
. 0 0 0 0 

H 0,53 ~ 0,005 CM npn TeMnepaTypax 1,1 ; 4,2 ; 77 H 295 K. B oonaCTH 

8Hepi'HH 0;005-50 8B H3MepeHHSI ITpOH3BOJlHnHCb Ha oa3e nponeTa 60 Mo 

Hn:lKe 0,005 8B ncrronb30Banacb 6asa 19 M. B rrocneJlHeM cny'lae rry'loK 

HeHTpOHOB OT oxna:lKll:aeMOI'O 38MeJlnHTenSI O'lHllianCSI OT OhiCTpb!X HeHTpo

HOB oepnnnHeBh!M ¢HnbTpOM TOniilHHOH 38 CM HnH KOMOHHHpOB8HHhiM ¢HnbT

pOM H3 oepnnnHSI ( 16 CM) H rpa¢HTa• (8 CM), OXna:lKJleHHhiX llO 830THOH 

TeMnepaTypht. 

ITporrycKaHHe KpHCTanna B pe30H8HCHOH oonaCTH HeCKOnbKO yBenH'lHBa-
0 . 

eTCSI ITpH OXn8:lKJleHHH llO 77 K ·n OCTaeTCSI nOCTOSIHHh!M npH ll8JlliH9HllieM 
0 . • ' 

oxna:lKJleHHH llO 1 K. I13MeHeHHe rrponycKaHHSI Bhi3BaHo TepMH'leCKHM C:lKa-

THeM KpHCTanna H TeMITepaTypHOH 38BHCHMOCTblO rronHOI'O Ce'leHHSI pacceSI-
. /18/· . . ' . 

HHSI~ CornacHo BnKy , nocnellHSISI onpeJlenSieTCSI Bbipa:lKeHHeM (npene6-

20 
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I'll~ U 8 - Ce'leHHe pacceSIHHSI Ha CBOOOJlHOM S!Jlpe, 

S!llpa, K - cpellHSISI. KHHeTH'lecKaSI aHepi'HSI) ~TOMa 

oT TeMnepaTyphi. CyMMHPYSI no BCeM sneMeHTaM, I 

qaeM ce'leHHe pacceSIHHSI MoneKynhi: 

UM=0+K'/'3E) r N,u8i' 

I'lle 

K
1

N
1

u
81

."-· 

K ' = k -----! k N u , 
I A, I I 81 

N1-'lncno SIJlep copTa B MoneKyne. 

JllcrrpaBnSISI H3MepeHHhie nporrycKaHHSI Ha 38XB 

rronnpySI 'norapH:¢M rrporrycKaHHSI K 1/E ==0 no nnH 

HaXOJlHM JlnSI OTHOllieHHSI nOrapH¢MOB rrporryCK8HHSI I 

OTHOllieHHSI nnOTHOCTeH n~H rrpH T = 77°K H T ·, 

p(77°K) 
---.,0-- = 1,024 + 0,007 • 

p (295 K) -

ITepeXOilSI Jlanee K ce'leHHIO pacceSIHHSI .Ha MoneKyJJ 

TepBane 8Hepi'HH 0,5~50 8B OHO paBHO: 

UM == (1350 t.lO)[ l+K, I 3E] t 

I'lle 
K·, 0,078 +0,015 8B rrpH a30THOH H K' 
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llBa aHanH38TOpa, BKniO"l9HHI>IX na-

peaynhTaTni 

\ 
H3MepeHH.II nponycKaHH.II KpHcTanna nMH npn 

__ ,..~,. 

If H3MepeHH.II alf>!fleKTOB O.QHQ- If .QByKpaT-

uenhiD onpeaeneHn.H nnHefiHoro Koa¢¢n-

ce"leHH.II u 1 

non.HpnaaunoHHoro ce"!eHH.II npo-

B illHpOKOM 9HepreTH"l9CKOM 

anSI cpaBHeHH.II c Teopnefi, na-

.Qn.II BI>I"lHCneHH.II HHT~HCHBHOCTH If IIOJI.1IpH38UHH 

ee OIITHManbHOH TOnUIHHI>I npn pa3-

nponycKaHH.II To 

npoBO.QHnUCb C KpHCTannaM~ TOnUIHHOH 0,375!0,002 · 
. 0 0 0 0 

TeMnepaTypax 1,1 ; 4,2 ; 77 If 295 K. B oonaCTH 

MepeHH.II nponaBo.Qnnnch Ha 6aae nponeTa 60 M. 

OBanacb 6aaa 19 M. B rrocne.QHeM cny"lae ny"loK 

aaMe.QnnTen.H O"lHUianc.H OT 6niCTpnrx HefiTpo

TonurnHofi 36 CM nnn KOMOHHHpOB8HHI>IM lf>nnhT

CM) If rpa!fJHTa· (8 CM), oxna:lK.Q9HHI>IX .QO 830THOH 

CTanna B pe3oHaHCHOH oonaCTH HeCKOJibKO yBenH"lHBa-

770K ·n OCT~eTC.II IIOCTO.IIHHI>IM npH .QaJlliHefimeM 

3Me~eHne nponycKaHH.II BI>I3BaHO TepMH"leCKHM C:lKa

nepaTypHofi 38BHCHMOCTbiD IIOnHoro Ce"leHH.II pacce·.II-
8~ . . 

• rrocne.QH.IISI onpeaen.HeTCSI Bnrpa:lKeHneM ( npeHeo-

20' 

d 

) 
;:; 

l 
! / 
I 
I 

~ j 

I 

I 

peraeM oonee BI>ICOKHMH CT9II9H.IIMH pa3JIO:lK9HH.II IIO 1/E · .. )_ 

u 8(E)/u
8 

= 1+K/3AE, 
(20) 

ra~ u 8 - ce"!eHne pacce.HHH.II Ha CBooo.QHOM .H.Qpe, A - MaccoBoe "lncno 

.II.Qpa, K - cpe.QH.II.II KHHeTn"leCKa.H aHeprn.H aToMa B KpncTanne, 3aBHCSIUia.II 

OT TeMnepaTypvr. CyMMHpy.II IIO BCeM aneMeHTaM, BXO.Q.IIIUHM B nMH, rrony

"laeM ce"leHne pacce.HHHSI MoneKynvr: 

uM=O+K'/ 3E) f N 1 u 8 1' 
(21) 

rae 

K, = ~ 
I 

N u . 
Kl I SI'~N uBI' 

I I I AI (22) 

N 1-"lncno SI.Qep copTa i B MoneKyne. 

I1cnpaBn.II.II H3MepeHHI>Ie nponyCKaHH.II Ha 3aXB8T H9HTpOHOB If 9KCTpa-

rronnpy.H norapn¢M nponycKaHH.II K 1 /E = 0 no nnHeHHOMy 38KOHy (2_1 ), 

Haxo.QHM anSI OTHomeHn.H norapn¢MoB nponycKaHH.II npn E ... oo .. T.e. anSI 
0 0 ·. 

OTHOilleHH.II nnOTHOCTefi nMH npn T = 77 K If T = 295 K 3Ha"leHne: 

p(77°K) 

p (295o K) = 1,024 ::_ 0,007 • 

ilepeXO.Q.II .Qanee K Ce"leHHID paCC9.1IHH.II .Ha MOJieKyny, HaXO.QHM, "'TO B HH

TepBane 9Heprnfi 0,5~50 9B OHO paBHO: 

UM =0350 -t_10H1+K'/3E] t 

(23) 

rae 
K·, 

0,078 + 0,015 9B npn a30THOH If K' 0,087 + 0,015 aB npn 
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KOMHaTHOll TeMIIepaType, Ecnn BKnaA Apyrnx atiep, IIOMHMO IIpoTbHOB, B 

cetteane paccesmnSI aa MoneKyny fN1 a 
81 

cocTaBnSieT 28% , T_O BKnaAOM TSI

)KenniX SIAep B ttncnnTenb (22) MO)KHO rrpeaeopettb, rrpnanMaSI BO BHHMaane <jlaK-
. - ?. . ---- -

TOpni K1 I A 1"" 1 I A~ « 1 , B aToM rrpn6nnJKef!HII cpeAHSISI KnHeTnttecKaSI 

aaeprnSI aTOMa BOAOPOAa B nMH paBHa 1,38 K , , T,e, paBHa·0,11+0,02aB 

ll 0,12:!: 0,02 8B COOTB9TCTB9HHO IIpll a30THOll. ll KOMHaTHOll T9MIIepaTypax, 

TioBeAeane rronaoro c:etteHnSI BaanMoAeil:CTBHSI aa MoneKyny nMH B 
~ 

mnpoKoM aaepreTnttecKoM Anarraaoae rrpeACTaBneao aa pnc. 

aoil: (cBeTnbJe TO'lKH), n ycpeAHeaaoil: rro Anarraaoay 1-77°K 

6 Ilpll KOMHaT

( T9MH:bl9 TO'l-

Kn) TeMrrepaTypax KpncTanna. XapaKTepHo, 'ITO rrpn.KoMHaTHOil: TeMrrepaTy

pe rrpn yMeHbmeann aaeprnn aeil:TpoaoB cetteane pacTeT aaattnTenhHO OhlCT

pee, tteM rrpn HH3Koil:, 8To o6.cToSITenbCTBO oohi'lHO CI\SI3niBaiOT c rrepexoAOM 

Ilpll B03pacTaHHH T9MIIepaTypn! OT 3STOpMO)K9HHOI"O Bpalli9HHSI MOneKynSip-
/19/ 

Hh!X rpyrrrr ( B AaHHOM cnyttae H 20 ) K CBOOOAHOMY . , 
/20/ 

Hcrronb~YSI AaHH~>Ie puc. 6 n nnTepaTypHnie AaHHnie o cetteHnSIX 

TSI)KenniX Mep, BXOASIIUHX B nMH, MO)KHO orrp~AennTb Ce'leHne pacceSIHllSI 

Ha BOAOpOAe nMH B 3aBHCllMOCTll OT 8Heprnn. 0AHaKO AnSI TerrnoBoil:. oo

naCTll 8Heprnil: Heil:TpOHOB, B KOTOpoil: y'leT KOI"epeHTHhlX a<jJ<jleKTOB CnO)K9H, 

OAH03Hattaoe orrpeAeneane aaTpyAHHTenbHO. Ha pnc. 7 rrpeACTaaneao rrony-
o 

tteaaoe cetteanepacceSIHHSI aa BOAopone AnSI oonacTn TeMnepaTyp 1-77 K. 

Tipn aaeprnn BI>Illie 0,05 aB na aKcnepnMeHTanbHoro cetteHHSI MoneKynni 

. B:bl'lHTanaCb CyMMa IIOnHn!X C9'l9Hllll TSI)K9nniX M9p ( T9MH:bl9 TO'lKll) • . CBeT

nnJe TO'lKH rronytteH~>I B:bi'lnTaHiieM TOnbKO cetteHnil: aaxBaTa n HeKorepeHT-

HO~O paCC9SIHHSI, 'ITO CTpOI"O CIIpaBe)lnllBO IIpH COBC9M Hll3KHX 8H9pi"llSIX 

aeil:Tpoaa, Korna KorepeHTHOe yrrpyroe n Heyrrpyroe pacceSIHHSI He rrpoSIB

nSIIOTCSI, Tipn oonbllillX 8HeprnSIX Ce'l9Hll9 n- p paCC9SIHHSI. B ~ nMH B:b!XOJlHT 

Ha ypoBeHb 20,35 + 0,23 5, 'ITO xopomo cornacyeTcSI c oomenpnHSITniM 
- /20/ -3 .. 

aaatteaneM 20,36 :!: 0,10 6 • Tipn aaeprnn 10 aB oao, KaK n cnenyeT 

0)KHJlaTb, onn3KO K C9'l9Hll!O H9KOI"epeHTHOI"O paCC9SIHllR Ha IIOnHOCTb!O CBSI-

22 
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• EcnH BKnaA APYI"HX 5IJiepl ITOMHMO npoT;OHOB1 B 

MoneKyny 'IN a cocTasnsreT 28% 1 To BKnaaoM Tsr-
1 I Sl · 

(22) MO)I{HO npeHe~pe'ibl ITpHHHMasr BO BHHM8HHe T_aK-

• B aTOM npH5nil)l{e~HH cpeaHsrsr KHHeTH'ieCKasr 

8 flMH pasHa 1138 K' 1 T.e. pasHa0111!0102ss 

TBeHHO ITpH tl30THO:ii. H KOMH8THO:il: TeMnepaTypax. 

ce'ieHH.II B38HMO!le:il:CTBH.II Ha MOne.Kyny flMH B 
..< 

M AH8IT830He npeACTaBneHO Ha pHC. 6 npn KOMHaT-
. 0 

ycpeaHeHHO:il: no AHanaaoHy 1-77 K ( TeMHbie TO'i-

-....,.,mnR •. XapaK';I'epH01 'iTO ITPH. KOMH8THO:il: TeMnepaTy

He:il:TpOHOB ce'ieHH~ pacTeT 3Ha'iHTenhHo 5biCT

cRsr3biBaiOT c nepexoaoM 

OT 38TOpMO)I{eHHOI"O BpameHH.II MoneKynsrp
/19/ 

H 20.) K CBOOOAHOMY • 

/20/ 6 H nHTepaTypHbie !l8HHbie 0 Ce'ieHHSIX 

MO)I{HO onpeaenHTb ce'ieHne paccesrHnsr 

oT aHeprHn. OaHaKo ansr Tennoso:il: o5-

1 B KOTOpo:il: Y,'ieT KorepeHTHb!X a!jl<iJeKTOB CnO)I{eH1 

aaTpyaHnTenbHo. Ha puc. 7 npeacTasneHo nony-

o sr Ha soaopoae ansr o5nacTn TeMnepaTyp 1-77 K. 

3B II3 3KCITepnMeHTanbHOI"O Ce'ieHII.II MOneKynb! 

ceqeHu:il: Tsr)l(enbiX sr.r:tep ( TeMHbie TO'iKU). CseT-

TaHHeM TOnbKO Ce'ieHn:il: 38XBaTa II HeKorepeHT

CITpaBe.r:tnHBO rrpu COBCeM HU3KUX 3Hepr'HSIX 

Heynpyroe paccesrHnsr He npoSIB

n- p paccesrHH.II B ~ flMH Bb!XO!{UT 

51 qTo xopomo cornacyeTcsr c oomenpnHsrTbiM 
/20/ -3 . 

ITpu SHeprun 10 as oHo1 KaK n cneayeT 

HeKorepenTnoro paccesrHng na rronnocTbiO cssr-
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3aHHOM IIpOTOHe, paBHOMY 
0 /20/ 

a Inc = 79,7 + 0,4 6 • BKnan Bonopona B 

rronHoe ce~eHne Ha MoneKyny cocTaBnHeT rrpn sTofi 3Heprnn ~5%. 

8 4J 4J e K T O_ll H 0 K paTH 0 r 0 II p 0 II y C K a H H H 

11aMepeHHH £ 1 . ohmn cnenaHhi c KpncTannoM TonmnHofi 0;915+0,002 · . 
Ha oaae IIponeTa 19 M H C llBYMH KpHCTannaMH oomefi 'l'OnlliHHOH 

1 ,835 : 0,003 CM HB 6aaax 19 n 60 M. 

B 3KcrrepnMeHTe H3MepHnncb · crreKTphi HefiTp~HOB, rrpornenrnnx ~epea 

flflM, B OTCyTCTBHe IlpOTOHHOH IIOnHpnaaUHH H IlpH paann~Hh!X ee 3Ha~eHH

gx. Ha pnc. 8 IIOKa3aHhl CIIeKTpbl nnH TOnCTOH MHlli9HH 1 rrony~eHHble Ha 

6aae 19 M c ncrronbaoBaHHeM oxna)!(naeMoro aaMennaTenH. Cno)!(HaH 4Jop

Ma crreKTpa ooycnoBneHa lflan~Tpaunefi H oTpa)!(eHHeM HefiTpOHOB cnoeM 

6epannug, KOTOphiH rrpHMhiKan K rronusTuneHOBOMY aaMennnTemo. Ha puc. 9 

IIpHB9ll9Hhl 9KCIIepuMeHTanbHhle 3Ha~eHHH 3~4JeKTa OllHOKpaTHOrO nporrycKa~ 

HHH, rrony~eHHhie o5pa5oTKofi yKaaaHHhiX crreKTpoB. Bena~nHa s<PlfleKTa no

BOnbRO 3Ha~uTenbHa: B xononHofi o5nacTH Ha5nronaeTCH 6onee ~eM necH-

THKpaTHOe yBenn~eHHe HHT9HCHBHOCTH IlpH BKnro~eHHH IIpOTOHHOll rrongpnaa

UHH. flpouenypa Haxo)!(neHHH npoTOHHOfi non£pn3aunn cocToHna B orrpenene-

HliH 3Ha~eHHll fN n aPt ·ITO 3Ha~eHHHM £ 1 
rrpn 5onbrnnx sHeprn-

HX HefiTpOHOB1 H;orna B ( 15) MO)!(HO IIOnO)!(HTb a 1 "'0 H B 3KCTparrong-

Ulili HX c, IIOMOlllbiD COOTHOlli9HHH (20) K E=oo • Ha pac. 10 rrpencTaBneHhi 

llB9 cepHH 3KCIIepHM9HTanbHbiX 3Ha~eHHll fN na Pt nn£ Mlilli9HH TOniDHHOH 

1,835 CMo flpHMa£ nHHH£1 IIpOB9ll9HH8£ ~epe3 T9MHhl9 TO~KH 1 OIIHCbiBaeTCH 

ypaBH9HHeM: 

3ua~eHne na t 
p 

f na t 
-N P 

( o,. so -t. 0,01) [ 1 + (0,16 :t 0,03) I 3E 1 • (24) 

STOll MHlli9HH nnH CBOOOllHhiX IlpOTOHOB ·( a "' 16, 76) 1 p 

ncrrpaBneuHoe Ha TepMu~ecKoe C)!(aTne, paBHO 1,23 : 0,01. 0Tcrona rrony-

I 24 

SO 6s!Od.p~t-

60 

40 

20 

0 
10-3 10-2 to ... .1 

Pnc.7. Ce~eHae pacceHHH£ HefiTpoua Ha npoToue 
Tanne nMH. CBeTnbie TO~KH rrony~eHhl Bl 

ro H 3aXBaTHOrO C~~eHHll T£)!(9nhiX Hnep I 

ceqeHHH MOneKynhi ,fiMH i T9MHbl9 TOqKH • 
qeHHH. 



0 /20/ 
a Inc = 79,7 ~ 0,4 6 • BKna.n ao.nopo.na B 

COCTaBnReT npH STOH SHeprHH ~5%. 

Q.[lHOKpaTHOrO nponyCKSHHR 

6binH c.nenaHbl C KpHCTannoM TOnlllHHOH 0;915+0,002 

H C llBYMR KpHCTannaMH o6mefi 'l'OnlllH~OH 

19 H 60 Mo ,,~ 

HaMepRnHCb · cneKTpbl HeHTP!JHOB, npome.nlllHX 'Iepe3 

npoTOHHOH nonRpH38UHH H ITpH pa3nH'IHbiX ee 3Ha'IeHH

cneKTpbl .nng TOnCTOH MHIIJeHH, nony'IeHHbie Ha 

RJoaaHHeM oxnam.naeMoro aaMe.nnHTeng. Cnomnag !f>op

!f>HnhTpauHefi H OTpameHHeM HeHTpOHOB cnoe~ 

HMbiKan K nonHSTHneHoBoMy aaMe.nnHTemo. Ha pHc. 9 

HTanhHble 3HS'IeHHR s~lf>eKTa OllHOKpaTHoro nponycKa~ 

6oTKofi yKaaaHHbiX cneKTpoa. Benn'IHHa alf>!f>eKTa .no

B xono.nnofi o6nacTH na6nro.naeTCR 6onee '!eM .necg-

BKniD'IeHHH npOTOHHOH nongpH3a

•m.neHHR npoToHiwfi nonRpHaauHH cocTogna B onpe.nene-

·no 3Ha'IeHHRM ( I ITpH 6onbliJHX SHeprH-

Momno rronomHTb a 1 = 0 H B SKCTparrong-

OTHOIIJeHHR (20} K E,oo • Ha pHc. 10 npe.ncTaaneHbi 

HTanbHbiX 3HS'1eHHH fN na Pt .nng MHIIJeHH TOnlllHHOH 

HHR, npoae.neHHaR 'Iepe3 TeMHbie TO'IKH, OITHCbiBaeTCR 

( o,. so -:!:. 0,01 )[ 1 + (0,16 :!::. 0,03) I 3E]. 
(24) 

MHliieHH Jlng CB060JlHbiX npOTOHOB ·( a P = 16, 76} 1 . 

.MH'IA<"'J<"na C)KSTHe, paBHO 1,23 ! 0,01. 0TCIDJla nony-

24 

so 6s. oa.pM. 

60 

40 

20 

' 

0 10-3 10-2 

. 

10""* 1 10 

. 

102 

E,3B 

PHc.7. Ce'!eHHe pacceRHHi HeHTpona Ha npoTOHe a 8 , CBR3aHHOM B KpHc-

Tanne nMH. CaeTnbiS TO'IKH nony'IeHbl Bbi'IHTaHHeM HeKorepeHTHO
ro H _3aXBSTHOro Ce'IeHHH TRmenbiX g.nep H3 SKCITepHMeHTanbHOro 
Ce'IeHHR MOneKynbJ nMH; TeMHbie TO'IKH - Bbi'IHTanHCb nonHble ce
'IeHHR.-
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0 -100 200 900 

PHc.8. BpeMeHHbie cneKTpbl HeihpOHOB, npoweJllllHX nnM TOnlllHHOfi 
1,835 CM: 1 - B OTCYTCTB!le npOTOHoHOfi nonSipH3aUHH 1 2-nonSipH3a-
UiiSI 65%. I 1l - C'leT neTeKTopa Ha 6aae nponeTa 19,4 M aa 
10 MHH, N K - HO~ep KaHana apeMeHHOI"O aHanH3aTopa, lllHPHHa 
KaHana 64 MKCeK, aaneplKKa 192 MKCeK. 
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PHc.9. 3!jl!jleKT OAHOKpaTHoro nponycKaHHSI c 1 B aaBHCHMOCTH oT HoMe-

pa KaHana N k aHanHaaTopa H :3HE!PI'HH HefiTpoHa E • MHlliElHI> 

TonmHHofi 1,835 eM, npoTOHHaSI nonsrpHaauHSI 65%. BepTHKanbHbte 

'IE!pTO'iKH llOKa3biBalOT OIIIH6Ky H3MepeHHS11 I'OpH30HTanbHbiEl - HHTep

Ban ycpetJ.HE!HHSI. 
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Pnc.10. 3KcnepnMeHTaJibHhie SHa'ieHHSI fNnu Pt AnSI TITIM 1,835 CM 'AnSI 
ABYX cepnil: H3MepeHHil: ( 6aabi nponeTa: ~-19,4 Mi 2-60 M). 
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Pl:lc.ll. nonaoe nonHp1:13aUI:IOHHOe Ce'JeHI:Ie ap (Kpi:IBaH n 1:1 Ce'JeHI:Ie al 

( Kpi:IBaSI 2) • 3Kcnepi:IM9HTanbHbl9 TO'JKI:I COOTB.eTC~BYIOT cneAyiOIUI:IM 

ycnOBI:IBM! . a) AnH. Kpi:IBOii 1· - 6onbWI:Ie CBeTnbie KPY>KKH JI3 1:13Me..:. 

peaJifi £ 
2

. ; 'l'eMHbie 1:1 ManeahKI:Ie CBeTnhie Kpy>KKH "na JI3Mepeal:lii 

£ 1 nony'leHbi B npeAnono>KeHI:IHX a 1 = .Q 1:1 a 1 = ~ .a P , cooT-

Be'l'CTBeaao; 6) AnH Kpi:IBOii 2 - aanonOBI:IHY 3aTeMHeHHb!e TO'JKI:I 

1:1 TpeyronhHI:IKI:I An~ nnM TOniUI:IHOii 1,835 CM np1:1 nonHp1:13aUI:IHX 

npOTOHOB 0,65 1:1 0,42; COOTBe'l'CTBeHHO; I<BaApaTI:IKI:I AnSI nnM TOn

illi:IHOii 0,915 CM 1:1 nonHpH3aUHI:I 0,60. 

r 
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· 'laeM nonHpH3aUHIO npoTo~oB f N = 0,65 : 0,015. CpeJlHSISI KHHeTH'IecKaSI 

aHeprHSI aToMa · :BoJlopoJla B flMH, T.e. Koa<iJ<iJHUHeHT npH qneHe 1/3 E 

oKa3anacb paBHOH (c y'leTOM llPYI'HX cepHil U3MepeHI1il) K =0,16+ Q,02 aB. - . 
B npeJlenax JlBOHHOH om116K11 aTo 3Ha'leHue cornacyeTCSI c oueHeHHhlM Bhlme 

113 113MepeHUH nponycKaHUSI. 

Ha p11c. 11 np11BeJleHbi ycpellHeHHbie no BCeM onhiTaM 3Ha'leHI1SI nonSI-

, nony'leHHbie 113 c 1 C nOMOllibiO \POpMynhi 
p1138UI10HHOI'O Ce'leHHSI a P 

( 15). ITp11 ManhiX aHepi'11SIX HeilTpOHOB npHHI1Manocb a 1= ; a P , KaK cneJly-

eT 113 (8), ecnH npeHe6pe'lb 3aXBaToM. ITpH 6onblli11X aHepi'11SIX npHHHMa-

nocb a
1 

= 0 • B npoMe)!{yTO'IHOH o6naCTH, I'Jle Hl1 OJlHO 113 8T11X )lonyme-

HHH He np11I'OJlHO, )lnSI onpe)leneHI1SI a P 
Hcnonb30Bani1Cb 11SMepeHHSI llBY-

KpaTHOI'O nponycKaHHSI, Oni1C8HHbie HH)!{e. l1X pe3ynbT8Tbl 0 TitK)!{e npi1Be)leH-

Hbie 113 pHC. 11, CMbiKaiOTCSI C JiaHHbl_MH H3 £ I ; cn.nomHaSI Kpi1B8SI 

(npoBe)leHHSSI OT pyKI1) npeJlCTaBnSieT 3aB.I1CHMOCTb a (E) BO BCeH o6nac-
P 

" " 10-
3 

10
2 y " Tl1 8Hepi'11H HeHTpOHOB OT JlO 8Bo BepXHeH I'p8HI1Ubl KpHB8SI 

<iJaKTH'IeCKH HOpMI1pOBaHa K 3Ha'leHHIO a p = 16,7 6; y HI1)!{HeH I'p8HHUbl OH8 

yJloBneTBOpHTenbuo cornacyeTcSI c TeopeTI1'1eCKI1M npeJlCKa3aHI1eM ( 10). 

IT pH H3BeCTHhiX 3Ha'leHHSIX a P · · H3 JlBHHbiX o6 £ t" c noMOIDbiO ( 12) MO)!{HO 

113Bne'lb 3Ha'leHHSI a 
1 

• Pe3ynbT8Tbi, npeJlCTaBneHHbte Ha p11c. 11", JlaiOT 

nnaBHOe yMeHbllieHI1e a 1 OT 3Ha'lell~SI + a P np11 ManhiX SHepi'HSIX 

JlO HynSI - npH 6onblliHX. 

nByKpaTHOe nponyCK8HI1e 

ITpoueJlypa H3MepeHHSI 

TpH cepHH 113MepeH11H £ 2 

c 2 onHcaua B pa3)lene 3. ohtnl1 npoBeJleHhi 

CO 3Ha'leHI1SIMH nonSipH38UHH BTOpOH Ml1llieHH 

f N
2 

= 0,23, 0,33 11 0,37. Pe3ynbTaThi oriHoil H3 cep11il noKa3aHhi Ha p11c.12. 

0TcyTcTBI1e 3aMeTHOH annapaTypuoil ~CHMMeTp11H JleMOHCTpHpyeTcsi ua 

pi1C. 13, I'Jle npocyMMI1pOB8Hbl BCe cepi1H 113MepeH11H C )lenonSipR3YIOIDHM 

lliRMMOM. KaK BHJlHO, 11CnOnb30B8HHblll HSMR llii1MM TOniD11HOii 4 MM non-

30 

HOCTbiO )lenonSip113yeT HefiTpOHbl C aHeprnefi JlO 4 aB; np11 601 

8Hepi'I1H ero )lenonstpH3YIOIDHe CBOHCTBa H8'1HH8IOT YXYJllli8TbCH 

KSK OTMe'leHO B pa3aene 2, aTO OOCTOSITenbCTBO He MelliaeT < 

a4J4JeKT11BHOCTH CnHHOBOI'O pOTSTOpa npH Bb!COKH.X 8Hepi'HSIX0 X' 

KO yMeHbmaeTCSI TO'IHOCTb T8KOI'O . onpeJleneHUSI. 

nnSI HaXO)!{)leHHSI nonSipH38UHH ooe:HX MRllieHeil nocne Ka~ 

H3MepstnHCb a<iJ<iJeKTbi OJlHOKpaTHOI'O nponycKaHHSI MHllieHeil. BH 

TO)!{anacb nonHpu3auust BTopoil MnmeHH; nonSipu3aUHSI nepBoil 

TaBanaCb H9H3MeHHOH. 0THOlli9HUe HHTeHCHBHOCTeH B pe30H8HC 

nony'leHHOH pauee C nonHOCTbiO )lenonHpH30B8HHhlM ny'IKOM B 

peHHii £2 .R H3MepeHHOH nocne BbiKniO'I9HHSI BTOpOH MHlli9Hl 

H nonSipH38UHIO fN2 

H HSXOJlHnacb fNi 

• 3aTeM YHH'ITO)!{anacb nonSipH3aUHSI ne 

B pe3ynbT8Tbi aTHX H3MepeHHH BBOJlHm 

. Ha HeKOTOpyiO H9CTa6HnbHOCTb nonstpH38UHH nepBOH MHlli9HH; 

HCnOnb30BanHCb nOK838HHSI BTOpOI'O: MOHHTOpa, T.e. MOHHTOpa 

(eM. pa3Jlen 3) • 

nnSI KOHTponSI HSXOJlHnCSI T8K)!{9 a<iJ<iJeKT OJlHOKpaTHOI'O n] 

)lnSI o6i:mx MHlli9H9H cpa3y: OTHOllietme C'leTa 6e3 noBOpOTa Cl 

MepeHHH £2 K C'leTy, KOI'Jla o6e MHlli9HH BbiKniO'IeHhi. 

Bo Bcex Tpex cepHSIX Ha6nro)lanocb xopomee nepeKpbiTHE 

HanpHMep, B OJlHOH H3 cepHii 6hmn nony'leHhi cneJlyromHe ana' 

X
10 

= fNI naP (E --. oo )t
1

: 1) JlnH nepBOH MHlli9HR H3 c1' X1 

2) JlnSI BTopoil MHmenH· HS · c '; X 20 = 0,28 + 0,03; 3) JlnSI o6eH 

BMeCTe· H3 E ;" X
10

+X
20 

= 1,022 : 0,010o 3Ha'leHH9 nOllHfJH38UH: 

llieHH HaXO)lHnOCb KSK pa3HOCTb Jl8HHbiX 1{3 c; . ,,, 
H £ l , TaK• 

cny'lae o6ecne'IHBanacb_6onee BhiCOKaSI TO'IHOCTb. 

ITony'leHHbte 3Ha'leHHSI X 10 , X 20 H ¢ 6htnH Hcnonb3 

HaXO)KJleHRSI aP (E) no <iJopMyne ( 18) no aKcnepHMeHTanbHio 

( 2 (E) • Pe3ynbT8Tbl BCeX Tpex cepriil. cornacyiOTCSI Me)KJlY 
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£ N == 0 165 ~- 0 1015. CpenHsHI KHHeTH'IeCKaSI 

iiMH1 T.e. Kos¢¢nuneHT rrpn 

npyrnx cepnfi naMepeHnfi) 

qneHe 1/3 E 

K ==0 1 16~Q 102 SBo 

aHa'leHne cornacyeTCSI c oueHeHHhiM BbtUie 

ycpenHeHHble IIO BCeM OilbiTSM 3HS'IeHHSI IIOnSI-

1 rrony'leHHble H3 i t C IIOMOIIlhiO giopMynht 
. . 

• a 1 HeHTpOHOB IIpHHHMSnOCb 1= 2a p 1 KSK cneny-

'lb aaxsaTOM. Tipn 6onbiiiHX SHeprHSIX IIpHHHMa

TO'IHOH o6naCTH1 rne HH onHO H3 STHX norryme

HCIIOnb30BanHCb aaMepeHHR nsy-

11x peaynbTaThi1 TaK:lKe rrpnseneH-

SI C JiaHHbi_MH H3 i 1 
crr_nomHaSI KpnsaSI 

pencTaBnSieT 38BHCHMOCTb ap (E) BO BCeH o6nac-

-3 2 10 no 10 SB. Y sepXHefi rpaHHUbi KpHBSSI 

a P = 1617 6; y HH:llmefi rpaHHUhi 'oHa 

R c TeopeTn'IeCKHM rrpencKaaaHneM ( 10). 

a P H3 naHHbiX 06 i 1· C IIOMOUiblO ( 12) MO:lKHO 

PeaynbTSThi1 rrpencTasneHHbie Ha pnc. ·11·1 naroT 

OT 3Ha'leH~SI + a P IIpH ManbiX SHeprHSIX 

yKpaTHOe rrporrycKaHne 

HHSI i 2 orrncaHa B paanene 3. ohtnH rrposeneHhi 

2 CO 3HS'IeHHSIMH IIOnSipH3aUHH BTOpOH MHUieHH 

7. PeaynbTaTbi oriHofi na cepnfi rroKa3aHhi Ha pnc.l2. 

apaTypHOH ~lCHMMeTpHH neMOHCTpnpyeTCSI HS 

cepnn naMepeHnfi c nerronRpnayromHM 

HSMH UlHMM TOnmHHOH 4 MM non-

30' 

HOCTbiO nerronSipH3yeT HefiTpOHbi C SHeprnefi no 4 SB t IlpH 6onee BbiCOKOH 

aneprnn ero nerronSipnayromne csoficTsa Ha'lnHaroT yxynmaTbCR •. 0nHaK01 

KSK OTMe'leHO B paanene 2 1 STO o6CTOSITenbCTBO He MeUiaeT orrpeneneHHIO 

a4J4JeKTHBHOCTH CIIHHOBOrO pOTSTOpa IIpH BhlCOK~X SHeprHSIX1 XOTSI HeCKOnb

KO yMeHbUiaeTCSI TO'IHOCTb TaKoro orrpeneneHHSI. 
-----------

nng Haxo:lKneHHSI rrongpnaaunfi o6enx Mnmeiiefi rrocne Ka:lKnofi cepnn 

naMepSinHCb s¢¢eKThi onHoKpaTHoro rrporrycKaHnSI MHUieHefi. BHa'Iane yHlf'I

TO:lKanacb rronSipnaaunSI BTopofi MHUieHH; rrongpnaaunSI rrepsofi MnUieHH oc

Tasanacb HeH3MeHHOH. 0THOUleHHe HHTeHCHBHOCTefi B pe30HaHCHOH o6naCTH 1 

rrony'IeHHOH_paBee C IIOnHOCTbiO nerronRpH30BaHHbiM IIY'IKOM B xone H3Me-

peHHH £2 H H3MepeHHOH rrocne BbiKniO'IeHHSI BTOpOfi MHUieHH1 :naeT i 1 

H IIOnSipH3ai(HIO £N2 

H Haxonnnacb fNi 

• 3aTeM YHH'ITO:lKanaCb rrongpH38UHSI rrepsofi MHllleHH 

B peaynbTaThi 3THX H3MepeHHH ssonnnacb rrorrpaBKa 

. Ha HeKOTOpyiO HeCTa6HnbHOCTb IIOnRpH38UHH rrepBOH MHIIJeHH t nnSI sToro 

HCIIOnb30BBnHCb IIOK838HHR BTOporo MOHHTOpa1 T.e. MOHHTOpa rrongpH38UHH 

(eM. paanen 3). 

nng KOHTpOnSI HaXonnncSI TaK:lKe a¢¢eKT onHOKpaTHOrO rrporryCKBHHSI 

nnSI o6enx MHUieHefi cpaay: oTHomeBne cqeTa 6ea rrosopoTa crrnBa rrpn na-

MepeHHH i 2 K C'IeTy 1 KOrna o6e MHUleHH BbiKntO'IeHhi. 

Bo scex Tpex cepHSIX Ha6nronanocb xopomee rrepeKpbiTHe pe3ynbTaTOB. 

HarrpuMep1 B onHofi us cepnfi 6hmH rrony'IeHhi cnenyromne 3Ha'I~HHR nnSI 

X
10 

= fNI naP (E -.oo )t
1

: 1) nng rrepsofi MHUieHH H3 £1' X100 1756~0 1010; 

2) nnSI BTopofi MHUieHu· na · £ '; X 20 = 0 128 ~ 0103; 3) nn.11 o6enx MHUI.eHefi 

BMeCTe· H3 E ;" X
10

+X
20 

= 11022 ~ 01010.· 3Ha'IeHHe rroimpH3aUHH BTOpOfi MH-

UieHH HaXOnHnOCb KSK pa3HOCTb naHHbiX H3 i; Hi~' 1 TaK~KaK B 3TOM 

cnyqae o6ecrre'Insanacb _ 6onee BhiCOKaR .To'IHOCTb. 

TionyqeHHbie 3Ha'leHHR X 10 1 X 20 H cp 6htnH ncrronbaosaHhi nnSI 

HaXO:lKneHHSI ap (E) IIO 4JopMyne (18) IIO SKCIIepHMeHTanbHbiM 3Ha'leHHSIM 

£ 
2 

(E) • PeaynbTaTbi BCeX Tpex cepnfi. cornacyroTCSI Me:lKny co6ofi B rrpe-

31 



l' 

O,Gl--,--...:...__.----

·G\1 
w 

..... 

0,41·' ~. I . I I 

·0:2,1 1 , 

0 -
1 10"' 

'"" I . I 

.1 
E,:ta 10 

PHc.12. 3HepreTH'IecKa51 aaBHCHMOCTb :a¢¢eKTa llBYKpaTHoro nponycKB.HJ!51 

(2 

32 

• 
--u ,..-

. 

-

lo ~ 

' 

-o-

1-o-

~ 
I 

r-o--
-;- p.-:. 

--c r 
-o-

" 
" .... 

I"" ,. 
" -..... 

~ -. 
~· 

-
-o-

fo-
.-< .... 

ro-
< 
--4 ~ 

-c 1-

-o 
-<>-
--<:: 1--

.-. --
I 

I'C) G\1 ~ 0 --I 
-%'.!3 

33 

C)· 
.~ 

dl .._ .. 
w 

-

...,.. 
c::::> -

C::> --· 

::; 
:c 
li: 
I') 
(J) 
1::;: 
(J) 

iE 

0 

0:::: 
:c 
li: 
li: 
QJ 
c 
QJ 

:::E 
I') 
::s: 

~ 
::s: 
li: 
<tl 
:<: 
0 
> 
t:: 
0 

·C 
t:: 

0 
t. 
0 
li: 
Eo 
<tl 
c 
:<: 
> 
Ill 
1:1 

Eo 
:<: 

·QJ 
-e -e 
(I) . 
"' . 
0 
::;: 

.a. 



·C.O 
~ 

5 

4 ' 

~ 
·3 .. 

~~ 2 '-\) 

c.o 1 c.o 

0 - .. 

--1 
. 10 2, 

G) 
ll> 

"til 
:s: 
0 -:s: 9.. :: 
0 
0 
-3 
t1' 
(I) 

>& 
>& 
<D 
::>: 
-3 
ll> 

1:1 
tl! .-: 

"-<: 
::>: 
'0 
ll> 
-3 
::r: 
0 
'":1 
0 

::I rn 
'0 .. \.. 
0 Ill 
::I CP "-<: 
0 -::>: C) Jll ::r: ,:s; 
l:Q 

-

. . ~:> ~ ) 
ll l 9bbJ.6 ,1, 9 . .., ~ -1 

I T 9 T c;>• ? C) ( ~I I y ? 
) 

1 

Pnc,l3. 34JciJeKT asyKpaTHoro nponycKaHnsr, nsMepeHHhiil; c :lKeJie3HhiM 
.IUHMMOM TOJIIUnHofi 4 MM Me:lKllY nonsrpnsaTopoM n aHamisaTopoM, 

,·',! 

. 
J 
I 

·~ 

~ 

. ~10. 



-=====--~--,-,_·---~ 

nenax sKcnepiiMeHTanbHhiX omii6oK. Y cpenHeHHbie 3HaqeHIISI a P npiiBene

Hhi Ha piiC. 11 COBMeCTHO C uaHHbiMII, nonyqeHHbiMII Il3 II3MepeHIISI £ 1 

llpii sHepriiii oKono 0,01 sB o6a MeTona naiOT 6ni13KIIe pe3ynbTaThi. K co-

~aneHIIIO, Il3-3a HeUOCTaTKa IIHTeHCHBHOCTII He yuanOCb npoBeCTII_II3Mepe

HIISI £ 2 HII~e STOll SHepriiH. 

.... 
AHoManiiii B onHoKpaTHOM nponycKaHIIH , 

Bi>xpa~eHIISI (7) II (8) 6hinii nonyqeHbi B npeunono~eHIIII OTCyTCTBIISI 

KOppenSIUIIll Me~UY MepHblMII CITIIHaMII. CyllleCTBOBaHIIe opTO- ll .napaco_c

TOSIHIIll MoneKyn H20 B nMH npii BpeMeHaX nepexona Me~UY HIIMII CBbillle 

uec:SITll. MHHYT npiiBeno 6bi, KaK MO~HO. n.oKa38Tb 1 K 3aMeTHO 6onee 6biCT-

C yMeHbllleHIIeM 9Hepriiii HefiTpOHa, no cpaBHeHIIIO C O~II-
poMy pocTy c 1 

naeMhiM no Teopiiii, Il3no~eHHO:it B pa3nene 2. CoBoKynHoCTb aKcnepiiMeH-

TanbHbiX naHHblX no E 
1 

, BKniOqaSI II3MepeHIISI, npOJlBIIHYTble UO 9Hepriiii 

-4 . 5•10 3B, yKa3biBaeT Ha OTCYTCTBHe KOppenSIUIIII CniiHOB OTMeqeHHOrO xa-

paKTepa. B XOJle SKCnepiiMeHTOB, B KOTOpbiX yron 3peHIISI H3 

0 
MHllleHH Ha ne:reKTOp COCTaBnSin 1 , 6bin0 o6Hapy~eHO B HeCKOnbKIIX 

cnyqaSIX o6paTHoe noBeneHHe c 
1 

- 3aMenneHHe pocTa II na~e naneHIIe 

c
1 

B o6nacTII ManhiX aHeprH:it HefiTpOHOB. OTHOllleHHe (c 1 + l) . B "aHo-

B HOpManbHOH cepiiH B ~yHKllliH 
ManbHOfi" cepllll II3MepeHIIH K ( £ 1 + l) 
JlniiHbl BOnHbl HefiTpOHa npHBeJleHO Ha pHC. 14. l13-3a or'paHIIqeHHOCTH Bpe

MeHH HaM He ynanOCb Bb!SICHHTb ycnOBIISI nOSIBneHIISI aHOMdnHH II HayqHT~CSI 
ee BOCITpOH3BOJlliTb, B TO ~e BpeMSI aHanH3 OTBepr BCe B03MO~Hble MeTO

JlllqeCKIIe npiiqHHbl aHOManiiii, KOTOpbie 6binH BhiJlBHHYThl ( ~OHbi, npOC'ieTbl 

II T,n,). 

Bo3MO~HhiM o6'hSICHeHHeM anoManiiii SIBnSieTCSI B03HIIKHOB~HHe npii He

KOTOphlX ycnOBIISIX MIIKpOHeOJlHOPOJlHOCTefi nonSipH3aUIIII npoTOHOB B KpiiC~ 
paccesiHHe nefiTpOHOB Ha Manbre yrnh},· 

npeBhi-

Tanne, Bbi3biBaiOllliiX 

34 

. 0 
lllaiOlllHe, OUHaKo, 0,5-1 , .Ha piiC, 14 nrmBeUeHbl pe3ynbTaTbl pac· 

l • • 

TaKOI"'O pacceSIHHSI Ha £ 1 • MHllleHb paCCMaTpiiBanaCb KaK COB 

ccpep pannyca R , 3aHIIMaiOlllliX 1 /2 06'beMa M~llleHH C nongpJ 

TOHOB, OTKnOHSIIOiue:itCSI OT nongpH3aUIIII B OCTanbHOM 06'beMe H 

HyiO BenHqHHy ~£ N • C 3KCnepHMel!TanbHbiMII TOqKaMH HaHny 
. • 0 ) 

CIIe naeT KPHBaSI, OTBeqaiOlllaSI R = 30 A , T,e. npnMepno no; 

3HaqeHHIO IMNI' Hero paCCTOSIHHSI Me~JlY IIOHaMII HeOJlHMa, H 

llpeJlCTaBnSieTCSI HHTepeCHbiM npoBeCTH CHCTeMaTHqeCKHe 

HHSI pacceSIHHSI HefiTpOHa Ha Manbie yrnbt . n'nM. EcnH OHO Jl 

cymeCTByeT npH HeKOTOpbiX ycnOBHSIX1 H3MepeHHSI Jla)lyT JlOnonJ 

HHcpOpMaUHIO 0 MeXaHH3Me JlHHaMHqeCKOH nonSipH3aUHH, CITHHOBC 

H penaKCaUHH nonSipH3aUHH, 

l13MepeHne BpeMeHH 

penaKCaUHH 

en H H-p e meT. oq H ofi 

npOTOHOB 

nocne ,BbiKniOqeHHSI CBLI-MOlllHOCTH 6hinO npocne)!<eHO H3~ 

nyqKa HefiTpOHOB1 npOllleJllllii?' qepe3 ll BpeMeHH HHTeHCHBHOCTH 

KpHCTannoB. Ha pnc. 15 noKa3aHa BpeMeHHaSI- 38BHCHMOCTb Arc· . . 
ycpenHeHHaSI no HHTepBany aHeprn:it 0,5-1 aB,npH TeMnepaType 

MaSI, npQBeJleHHaSI qepe3 9KCnepHMeHTanbHhie ToqKH ·MeTOJlOM · l 

KBanpaTOB, OnHCbiBaeT 3aTyXaHIIe nonSipH3aUHH npOTOHQJ3. C HOC 

naKCaUHH 196 ! 4 MHH. AnanorHqHbie H3MepeHHSI npH TeMnepa1 

nann 3Haqeane 127 + 5 MHH. 

5, 06cy~JleHHe pe3ynbTaTOB 

OnHcaHHhie Bhruie. H3MepeHHSI a_cpcpeKTOB onnoKpaTaoro H Ill 

nponycKaHHSI1 BbinOnHeHHhie C KpHCTannaMH_ nMH pa3nH~,HOfi TO 

npH paannqHbiX_ 3HaqeHHSIX nongpH3aUHH IxpOTOHOB, 06Hapy~HnH_ 
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Jlenax axcnepHMeHTanbHhiX OlllH60K. Y cpellHeHHbie 3Ha'ieHHSI a P npHBeJle

Hbi Ha pHC, 11 COBMeCTHO C Jl8HHblMH 1 nony'ieHHbiMH H3 H3MepeHHSt € t 

DpH aHeprHH oxono 0,01 aB o6a MeToJla JlaiOT 6nH3KHe pe3ynbTaThi. K co-

)l{aneHHI0
1 

113-38 HeJlOCTaTKa HHTeHCHBHOCTH He yJlanOCb npoBeCTH. II3Mepe

HHSI € 2 HH)I{e 3TOH 3HeprHH. 

"' 
AHoManau B OJlHOKpaTHOM nponycxaHHH, 

BI,xpa*eHHSI (7) H (8) 6hmH nonyqeHbl B npellnono*eHHII oTcyTCTBHSI 

xoppenSIUHH Me*llY MepHbiMH cnHHaMH. CyllleCTBOBaHue opTo- H .napaco.c

TOSIHHH Monexyn H20 B nMH npH BpeMeHaX nepeXOJl8 Me)KJlY HHMH CBbillle 

JleC:SITli. MHHYT npHBeno 6bi
1 

KaK MO)I{HO. n_oKa38Tb 1 K 3aMeTHO 6onee 6biCT-

C yMeHbllleHHeM 3HeprHH HefiTpOHa 1 no cpaBHeHHIO C O)l{li-
poMy pOCTY € 1 

)laeMbiM no TeopHH, a3no)l{eHHOH B pa3Jlene 2. CosoxynHOCTb axcnepaMeH-

TanbHbiX Jl8HHbiX no € I , BKniO'i8SI H3MepeHHSI, npOJlBHHYTble JlO 3Hepi"HH 

-4 . 5•10 3B
1 

yxa3biBaeT H8 OTCYTCTBHe KOppenSIUHH CnHHOB OTMe'ieHHOI"O Xa-

paKTepa. B XOJle 3KCnepHMeHTOB, B KOTOpblX yron 3peHHSI H3 

0 
MullleHH H8 )le:reKTOp COCTaBnSin 1 1 6bin0 06Hapy)l{eHO B HeCKOnbKHX 

cnyqagx o6paTHOe noseJleHHe £ 
1 

- saMeJlneHHe pocTa H Jla*e naJleHRe 

c
1 

B o6nacTII ManbiX aHeprHfi HefiTpOHOB. OTHOllleHHe (c 1 + l) - B "aHo-

ManbHOll" cepHH H3MepeHHH K ( € l + l) 
B HOpManbHOll cepHH B ¢yHKUHH 

JlnHHbl BOnHbl HefiTpOHa npHBeJleHO Ha pHC, 14, l13-38 or'paHH'ieHHOCTH Bpe

MeHH HaM He yJlanoCb Bb!SICHHTb ycnOBHSI riOSIBneHHSI aHoM.anHH H Hay'iHTbCSI 

ee BOCllpOH3BOJlHTb, B TO )l{e BpeMSI aHanu3 OTBepr BCe B03MO)I{Hble MeTo

JlH'ieCKHe npH'iHHbl aHOManHH, KOTOpbie 6binli BbiJlBllHYTbl ( ¢oHbl, npOC'ieTbl 

H T.n.). 
Bo3MO)I{HbiM o6bSICHeHHeM aHoManHH SIBnSieTCSI B03HHKHOBeHHe npu He

KOTOpbiX ycnOBHSIX MHKpOHeOJlHOpOJlHOCTe:fi nonSipH38UHH npOTOHOB B KpHC~ 

Tanne, Bbi3biBaiOlllHX 
pacceSIHHe HefiTpOHOB Ha Manhxe yrnh}~' npeBbi-

34 

0 .. 
lllaiOlllHe, OllH~Ko, 0,_5-1 •. Ha pac. 14 npHBeJleHhi pesynbTaTbi pac 

TaKOI"O pacceSIHHSI Ha € 1 • MHllleHb paccMaTpHBanacb KaK COB 

c¢ep paJluyca R , 3aHHMaiOlllHX 1 /2 o6beMa M~llleHH c nongp: 

TOHOB, OTKnOHSIIOi:nefiCSI OT nongpH38UHH B OCTanbHOM 06beMe H 

HylO BenH'iHHY ~f N , C 9KCnepHMer!TanbHbiMH TO'IK8MH HaHny 
. . 0 

CHe JlaeT KPHBaSI, OTBe'laiOlllaSI R = 30 A , T,e. npHMepHo no; 

3Ha'leHHIO IMNI' Hero paCCTOSIHHSI Me)!(JlY HOH8MH HeOJlHMa, H 

DpeJlCTaBnSieTCSI HHTepeCHbiM npoBeCTH CHCTeMaTH'leCKHe 

HHSI pacceSIHHSI HefiTpOHa Ha Manbie yrnbt . DDM • Ecmr OHO Jl 

CyllleCTByeT npH HeKOTOpbiX ycnOBHSIX, H3MepeHHSI JlaJlyT JlOnonJ 

HH¢opMaUHIO 0 MeXaHH3Me JlHHaMH'leCKOH nonSipH38UHH, CITHHOBC 

a penaxcauHH nonSipH3aUHH, 

l1sMepeHI:Ie BpeMeHH 

penaKCaUHH 

C n H H - p e lll e T. 0 'I H 0 :fi 

npOTOHOB 

nocne BbiKniO'leHHSI CB1.f-MOll1HOCTH 6binO npocne)l{eHO 

BpeMeHH HHTeHCHBHOCTH 

noxasaHa BpeMeHHaSI saBHCHMOCTb Arcl 
. . 

ycpeJlHeHHaSI no HHTepsany 9Hepru:fi 0,5-1 as,npu TeMnepaType 

M8S11 npQBeJleHHaSI 'lepe3 3KCnepHMeHTanbHbie TO'IKH ·MeTOJlOM · ll 

KB8Jlp8TOB 1 OnH.Cl>IBaeT 3aTyXaHHe nonSipH38UHH npoTOHQB C noc 

naxcauuH 196 ! 4 MHH. AHanorH'IHhie H3MepeHHSI npu TeMnepa'I 

)lanH 3Ha'leHHe 127 + 5 MHH, 

5, 06CY)KJleHHe pesynbTaTOB 

OnRcaHHbie Bbxnie. R3MepeHRSI a¢¢exToB oaHoxpaTHoro 11 lli 

nponycKaHHSI, BbinOnHeHHb!e C KpHCTannaMH nMH pa3nH~H0ll TO. 

npu pa3nR'IHbiX 3Ha'leHHSIX nongpli38UHH npOTOHOB, 06Hapy)KHnH. 
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HhiX oniH6oK. Y cpenHeHHbre aaaqeHIHI a P npnsene

._ .~,...,.HO C /l8HHhlMH, nonyqeHHhlMH H3 H3MepeHHSt l l 

o6a MeTona · naroT 6nnaKne peaynhTaThi. K co-

~-n,...,.ATKa HHTeHCHBHOCTH He ynanocb npoBeCTH. H3Mepe-

..-~ 

oMaJJHH B OJlHOKp8THOM nponycKaHHH 

7) H (8) 6hinH nonyqeHhl B npe/lllOJJO)I{eHHH OTCyTCTBHSI 

SIJlepHhiMH cmmaMH. CymecTBOBaHne opTo- n .napaco,c-

20 B flMH npn speMeHaX nepexona Me)l{/lY HHMH CBhlllle 

KaK MO)I{HO. noKa38Tb 1 K 3aMeTHO 6onee 6bi<::T

aHeprHH HeHTpOH8 1 no cpaBHeHHIO C O)I{H-

6hi, 

. yMeHbllleHHeM 

1 
uano)l{eHHOH B pa3nene 2. CosoKynHoCTb aKcnepnMeH-

1 BKmoqaSI H3MepeHHSI1 npO/lBHHYTbie /lO aHeprHH 

OTCYTCTBHe KOppeJJSIUHH CnHHOB OTMeqeHHOI"O Xa-

KOTOpbiX SKCnepnMeHTOBI B 

cocTasnSin 1 °1 6bmo 

yron apeHHSI H3 

o6Hapy)l{eHo B HeCKOJJbKHX 

noseneane ( 
1 

- aaMenneHHe pocTa H na)l{e 

aHeprnii HeiiTpOHOB. OTHOllleHne (( 1 + 1) 

naneHne 

· B vaHO-

aaMepeHHll K ( ( l + 1) B HOpManbHOll cepHH B <\JyHKUHH 

npnseneao aa puc. 14. I1a-aa orpaHHqeHHOCTH spe

BbiSICHHTb ycnOBHSI rtosmneHUSI aHOMaJJHH U HayqHTbCSI 

• .B TO )l{e BpeMSI aHaJJH3 OTBepr .see B03M0)1{Hble MeT0-

8HOM8JJHU1 KOTOpbie 6binli Bbl/lBHHYTbl ( tPOHbl1 rrpocqeTbl 

06bSICHeHHeM 8HOM8JJUU SIBJJSieTCSI B03HHKHOBeHHe llpU He

MHKpOHeO/lHOpO/lHOCTefi nonSipH38UHU rrpOTOHOB B KpHC-

pacceSIHUe aeiiTpoHOB Ha Manbre yrn~I~· npesbr-

34 

lllaromHe, onHaH:ol 015-1° •. Ha puc. 14 rrpnseneHbi peaynbTBTbi pacqeTa BJJHSIHHSI 

T8KOI"O pacceSIHHSI Ha ( 1 • MHllleHb paCCMaTpHB~JJaCb K8K COBOKyiiHOCTb 

c¢ep panHyca R 
I 

1 aaHnMaromnx 1/2 o6'beMa MHllleHn c nonSipn_aauHeii npo-

TOHOB 1 OTKJJOHSIIOIUeHCSI OT nOJJSipH38UHH B OCT8J;lbHOM o6'heMe. Ha nOCTOSIH-

HYIO sennquHy l\f N • C aKcnepHMEH!TanbHbiMH ToqKaMn Hannyq111ee corna-, 
. 0 . 

cue naeT KPHBaSI, oTseqaromaSI R = 30 A , T.e. npHMepHo nonosnHe cpen-

Hero paccTOSIHHSI Me)l{ny noHaMn HeonHMa, II 3HaqeHnro I l\fN I = 0,20. 

ITpencTaBnSieTCSI HHTepeCHbiM nposeCTH cncTeMaTnqecKne nccnenosa

HHSI pacceSIHHSI HeiiTpoHa Ha MSJJbie yrnbt ' ITITM. Ecnu OHO neiiCTBHTenbHO 

CyiUeCTByeT npH HeKOTOpb!X yCJJOBHSIX1 H3MepeHHSI /l8/lYT JlOnOJJHHTeJJbHYIO 

HH<\JOpMaUHIO 0 MeXSHH3Me /lHHSMHqecKOll nonSipH3SUHH1 CITHHOBOH llH¢<\ly3HH 

n penaKcaunn nonSipnaaunn. 

I1aMepeHae speMeHn cnnH-pellle~oqHoii 

penaKCSUHH npOTOHOB 

ITocne BbiKnroqeHHSI CB4-MOIIIHOCTH 6hmo npocneJKeHo H3MeHeHne so 

speMeHH HHTeHCHBHOCTH nyqKa HeiiTpOHOB1 npollle/lliiUfC qepea ITITM H3 nsyx 

KpncTannos. Ha puc. 15 no:KaaaHa speMeHHaSI aasucnMOCTb Arch (c 1 + 1), 
. • ' 0 

ycpenHeHHaSI no HHTepsany aHeprnii 015-1 as,npu TeMnepaType 019.K. ITpSI-

MSSI, npQBe/leHHSSI qepe3 SKCnepHMeHTSJJbHbie TOqKII MeTO/lOM · H8HMeHbliiHX. 

KBS/lpaTOB, OnUCbiBaeT 3STyXaHHe nonSipH3SUHH npOTOHQB C IIOCTOSIHHO,ii pe-

0 naKcaunn 196 ! 4 MUH. AHanornqHbre H3MepeHHSI npu TeMnepaType 1 ,07 K 

nanH 3HaqeHne 127 + 5 MHH. 

5. 06Cy)l{/leHHe peaynbTSTOB 

OnncaaHbre Bbrlll.e. H3MepeHnSI a¢¢eKTOB onHoKpaTaoro n nsyKpaTHoro 

nponyCKSHHSI1· BblllOJJHeHHbie C KpHCTannaMH flMH paann~,Hoii TOniUHHbl li· 

npu paannqHbiX aaaqeHnSix nonSipHaaunn npoTOHOB, o6Hapy)l{nnn xopomee cor-
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Puc.14. AHoManug B o.uHoKpaTHOM nponycKaHHH. Kpy:lKK8Mii noKaaaHo OTHo

rneHHe 9KCnepHMeHT8nbHhiX 3H8'i9Hiill OTHOlUeHH51 ( E t + 1) {B ceplili 

!i3MepeHHll C 8HOM8nbHbiM 3Ha'ieHH9M E t · K 3H8'i9HHIO (E ~ + 1) B. 

cepHH c HopManbHhiM aHa'ie~meM E 1 • KpHBhie pacc'iHT8Hhi a 

npe.unono)ISeHH51X: o • 
1-R ,30~ , 1 fl. rN 1 .. 0,20; 2-R .,3oA.,. IM Nl = o,15; 
3-R=SOA, l!l.£Nl .. 0,15; 4-R .,SQA 'IMN! .. 0,10. 

llongp!i38UH51 H TOniilHH8 MlilU9Hii 65% H 0,915 CM COOTB9TCTBeHH00 
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Sl B OAHOKpaTHOM rrporrycKaHlm. Kpy:lKK8MH IIOKB38HO OTHQ

SKCIIepHMeHTanbHbiX 3Ha'!eHHfi OTHOIIIeHHSI ( € 1 + 1) {B CepHH 
. 0 

C aHOManbHblM 3Ha'!eHHeM £ 1 K 3Ha'!eHHIO (c 1 + 1) B. 

HopManhHbiM aHa'!eHHeM c 1 • KpHBbie pacc'!HTaHbi s 
lbno~~HHHX: . o 

0 'I ~ fN I = 0,20 ; 2-R = 30A.,. I M Nl = 0,15 ; 
SOA ' I L'1 f N I = 0,15 ; 4-R = SOA ' I MNI = 0,10. 

MHIIIeHH 65% H 0,915 CM COOTBeTCTBeHHOo 
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nacue C TeOpeTu'ieCKUMU rrpeACKa3aHUSIMU 0 , KOTOpble BIIOnHe OAH03ll8'!Hbl 

nnsr peaoHaHCHbiX n nnsr xonoJlHbiX HeiiTpoHoB. 0Tcrona, y'iuTbiBasr cunbHYIO 

3aBUCUMOCTb C 
n c 

2 
oT TonmuHbi o6pasua, rronsrpnsaunn rrpoTOHOB n 

::meprnn HeiiTpoHoB, Mo:am·o cnenaTb BbiBOA o rrpaKTu'ieCKoii c~paBennuBoc

Tu AOIIyllleHUH 06 OTCyTCTBUU HeOAHOpOJlHOCTeii rronsrpu3aUUU IIpOTOHOB IIO . ' 

rrnomaJln o6pasua n o6 oTcyTCTBun )lerronsrpnsyromnx a¢¢eKTOB rrpn rrpoxo*-

neHnn HefiTpOHOB qep~~ KpUCTann, HeSIBHO UCIIOnb30BaHHbiX rrpu rrony'ieHUU 

¢opMynbi ( 12). AHanorH'iHble coo6pa*eHHSI yKa3biB8IOT Ha aneKBaTHOCTb 

aToii ¢opMynbi nnsr' orrncaHHSI rrpoxo*AeHnsr qepes KpncTann nMH TerrnoBbiX 

HefiTpOHOB
0 

AnSI KOTOpbiX pac'ieTHbie AaHHbie 0 Ce'leHUSIX OTCyTCTBYIOT. OK

crrepuMeHTanbHbie 3Ha'!eHUSI Ce'leHHH, He06XOAUMbiX )lnSI UCIIOnb30BaHUSI 

(12). rrpnBeJleHbi Ha pnc. 6 n 11. Boo6me roBopsr, B TerrnoBoii o6nacTu - . 

aHeprufi Ce'ieHUSI MOryT 3aBHCeTb· OT opueHT8UUU KpUCTanna OTHOCuTenbHO 

HeHTpOHHOrO IIy'!Ka U ero yrna M03aU'iHOCTU, 0JlH8KO B HeHTpOHHOM rronsr

pu3aTope KpHCTann flMH AOn*eH ycTaHaBnuBaTbCSI CBOeii TpnroHanbHOH 

OCbiO CUM.MeTpUH BAOnb HeiiTpOHHOrO IIY'!Ka, HO B aTOM cnyqae IIOBOpOT 

KpHCTanna BOKpyr ·ocu IIy'!Ka He MO*eT CKa3aTbCSI Ha IIOnHblX Ce'ieHUSIX 

BsauMOJleiicTBusr. TaKoe pacrronO*eHne KpncTanna o6ycnoBneHo TeM, 'iTO oH 

BbipacTaeT TOHKOH rrnaCTHHKOH C TpuroHanbHOH OCbiO, HarrpaBneHHOH HOp-
. ' - /2/ 

ManbHO K ee IIOBepXHOCTU, a ycnoBUSI .AHH8MU'ieCKOH IIOnSipH38UUU Tpe-

6yiOT opneHT8UUU TpnroHanbHOH OCU rreprreHAHKynsrpHO Marl!UTHOMY rronro, 

KoTopoe yno6Hee HarrpaBnSITb rrorrepeK HeiiTpOHHOro rry'!Ka. 

l.{To KacaeTCSI M038U'iHOCTU, TO B OTnH'!He OT AefiTepupOB8HHOrO KpHC

Tanna, B cneKTpax rrporrycKaHnsr o6bi'!HhiX KpncTannoB He Ha6nroflanocb 

rrposrBneHnii 6parroBcKoro paccesrHnsr; naMepeHnsr c HeCKOnhKUMU o6pasua

MU nann,. KaK OTMe'!anOCb, COBII8Jl8IOIIIUe Ce'ieHUSI, MO*HO JlYM8Tb IIOaTOMYo 

'iTO HeKOTOphle BapnaUUU yrna M038U'iHOCTU K 3H8'iUTenbHOMY U3MeHeHUIO 

ce'!eHnft He rrpHBOASIT. Eonee rronpo6Ho aToT Borrpoc He nccneJloBancsr. 

38 

. B pes.oHaHCHoii o6nacTu, KaK OTMe'ianocb, non: 

BOAOPOAa COCTaBnsreT 82% OT IIOnHoro Ce'ieHuSI pace~ 

Hue AOn*HO· coxpaHSITbCSI n rrpn MeHbiiiUX aHeprnsrx:, 

Ka OIIpe)lensreTCR IIOnHbiM . Ce'JeHHeM B3aUMOJleHCTBUSI
1 

BennuBOCTu TaK Ha3biBaeMoro HeKorepeHTHoro rrpn6n 

HUSI HeiiTpOHOB, CpaBHeHne JlaHHbiX o a P. ; rronyqe 

*eHUU U3 U3MepeHUH £ I 0 C IIpSIMblMH A8HHbiMH H~ 

(puc. 11) YK83biBaeT, 'iTO AnSI IIpOTOHOB.B flMH HeKOrl 

rrpuroJlHO rrpn aHeprusrx HeiiTpoHoB, 

AaHHblX cneJlyeT, 'iTO COOTHOIIIeHUSI 

rrpeBbllll~iOIIIUX 0, 

( 8 ) 2 a 1 '= a = _1 
P E 

crrpaBennuBbie. npu E .... 0 

rufi HeHTpOHOB 7-10 MaBo 

, q>aKTU'ieCKU OIIp8BAbiBa 

OIIbiT ucrronb30B8HHSI nnM B Ka'!eCTBe rronsrpu~ 

llleii na6opaTopuu yKa3biBaeT Ha pa60TOCIIOC06HOCTb 

rrpnroAHO~Tb·nnsr a¢¢eKTUBHOii nonsrpnsauuu xonOAHI 

HaHCHbiX HeiiTpoHoB. CoBpeMeHHbi:ii ypoBeHb TexHuKu 

pnsauuu srnep o6ecrre'luBaeT rrony'leHne 60-70%-oii n 

rrpu UHTeHCUBHOCTH rronsrpu3pBaHHoro rry'!Ka OKOno 2( 

HerronsrpnsoBaHHoro. nnomaAb . nonsrpnsaTopa MO*eT I 
. . 2 

pSIJlOK IIO cpaBHeHUIO C IInOIII8AbiO 15 CM , peanH30BI 

11HTepeCHO 3aMeTUTb 0 'iTO Hauny'illl8SI MbiCnUMaSI ilil 

co 100%-oii rrttnsrpnsauue·n - nana 6hi Bbinrpbiiii B ¢.e 

TpOHHoro nonsrpnsaTopa · £
2 

T Bcero mi:lllb B 3,5 l 
. ,, , n ~ 

MUIIIeHbiO H3 flMH c nonsrpnsauneii 70%. OTO - 03H8'l 

HUSI He:iiTpOHHO:ii'¢H3UKU flMH He TaK Y* naneK 

TpOHHOro rronsrpu3aTopa c flMH· B pRAY Apyr_ux MeT< 

TpOHOB unniOCTpupyeTCSI puc, 16. ,Unsr o6naCTU aHep: 

aTOT MeTOJl IIOKa eme SIBnsreTCSI. eAUHCTBeHHbiM, ilpl! 

· B 'i8CTHOCTH,· B TerrnOBOH o6naCTH. OH JlOn*eH )laTb 
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npeJlCKa3aHH£1MH, KOTOpbie BnOnHe O)lH03lla'IHbl 

xonoJlHbiX ne:iiTpOHOB. OTCIO)la, Y'IHThiBS£1 cn:nbHYIO 

oT Tonmn:Hhi o6paaua, nongpn:aaun:n: npoTOHOB n: 

npaKTH'IeCKOft C~paBeJlnHBOC-

~~v~CTBHH geOJlHOpOJlHOCTe:ii nongpH3aUHH npoTOHOB no 

oTCYTCTBIIH )lenonSipii3YIOillHX. a!jl!jleKTOB npn: npOXO)l{

KpHCTann, neSIBHO HCnOnb30BaHHbiX .~PH nony'leHHII 

coo6pa)l{eHH£1 yKa3biBaiOT Ha a)leKBSTHOCTb 

npoXO)l{)leHH£1 qepe3 KpiiCTann nMH TennOBbiX 

pac'leTHble )lSHHbie 0 Ce'leHHSIX OTCYTCTByiOT. 3K

Ce'leHIIll1 He06XO)lHMhlX JlJl£1 HCnOJib30B8HH£1 

II 11. Boo6me roeopSI, B Tennoeo:ii o6nacTn: 

38BIICeTb•OT opn:eHTSUHH KpiiCTanna OTHOCHTeJibHO 

II ero yrna M03aH'IHOCTH. 0)lHaKO B He:fiTpOHHOM nOJI£1-

nMH )lOJI)l{eH ycTaHaBJIHBSTbC£1 CBOe:ii Tpn:roHaJibHO:ii 

onb He:iiTpOHHOrO ny'IKa, HO B aTOM cnyqae noBOpOT 

ny'IKS He MO)l{eT CKa3aTbCSI HS noJIHblX Ce'leHIISIX 

aKoe pacnonO)l{eHIIe Kpn:cTanna o6ycnoeneHo TeM, 'ITO oH 

nnaCTIIHKO:ii C Tpn:roHaJibHO:ii 0Cbl01 HanpaBJieHHOll HOp-
. . . - /2/ 

ycnOBH£1 ,JliiHaMII'IeCKOH nonSipH3aUHII Tpe-

n:roHaJibHOll OCH nepneHJlHKynSipHO Mar~HTHOMY nonro, 

non~peK ne:iiTponHoro nyqKa. 

M03aH'IHOCTH, TO B OTJIII'IHe OT )le:fiTepHpOBaHHOrO KpHC

nponyCKaHH£1 o6hi'IHhiX KpiiCTannoe ne na6nro)lanocb 

oro pacCeHHIISI; H3MepeHH£1 C HeCKOnbKHMH o6pa3Ua

•e'laJIOCb, COBnaJlaiOrUn:e. Ce'leHH£1. MO)l{HO JlYMSTb noaTOMY, 

yrna M03aH'IHOCTH K 3H8'11ITeJibHOMY H3MeHeHHIO 

Bonee noJlpo6no aToT eonpoc ne n:ccne)loeancH. 

. B peaonancno:ii o6nacTn:, ·KaK oTMe'lanocb, nonSipn:aaun:oniioe ceqenn:e 

BOJl0pOJl8 COCT8BJISieT 82% OT nonnoro Ce'leHII£1 pacceSIHH£1. 3TO COOTHOllle

nn:e JlOJI)l{HO coxpaHHTbC£1 n: npn: MeHblllHX aneprn:Six, noKa ocna6nenn:e ny'I

Ka onpe)leJISieTC£1' nOJIHbiM Ce'leHHeM B38HMO)leHCTBHSir T.e. B o6naCTH cnpa

eeJlJIIIBOCTH TBK Ha3hiBae·Moro HeKOrepeHTHOrO npn:6JIH)l{eHH.SI TeOpiiii pacceH-

HH£1 ne:iiTpOHOB. CpaeHeHIIe JlSHHhiX o a p 
, nony'leHHbiX B aTOM npn:6nn:-

)l{eHHH H3 H3MepeHHH £ I , C npHMblMH )laHHhlMII H3. H3Mepe~HH £2 

(piiC. 11) yKa3hiBaeT, 'ITO JlJl£1 npOTOHOB.B nMH H9KOrepeHTHOe npn:6mi)l{eHHe 

npn:roJlHO npii aneprn:Six ne:iiTponoe, npeBbilll~romn:x 0,1-0,2 ae. Ha aTHX )l{e 

)lSHHbiX CJieJlyeT1 'ITO COOTH0lll9HUSI (8) 2a1 = a P = +aln~ ,:::: + a0 , 

cnpaBeJlJIHBhre npn: E ... 0 1 !jlaKTII'IeCKH onpaB)lbiBaiOTC£1 BilJIOTb )lO aHep-

rn:ii HefiTpOHOB 7-10 MaBo 

OnhrT IICnonb30BaHHSI fH1M B Ka'leCTBe nonSipn:aaTopa He:iiTpoHoB B na

llle:ii na6opaTopn:n: yKaabreaeT Ha pa6oTocnoco6HOCTb aToro MeToJla, ero 

npn:rO)lHO~Tb · JlJIH a!jltlJeKTIIBHO:ii IlOJISipH38UHH XOJIOJlHhiX, TennOBbiX .n: peao

HaHCHbiX nefiTpOHOB. CoepeMeHHhr:ii ypoeeHb TeXHHKH JlHHaMH'IeCKO:ii non£1-

pn:aaun:n: SIJlep o6ecne'ln:eaeT nony'leHn:e 60-70%-o:ii nonSipn:aaun:n: He:iiTpoHOB 

npH HHTeHCHBHOCTH nonSipH3~BaHHOro ny'IKa OKOJIO 20% OT HHTeHCHBHOCTH 

HenonSipn:aoeaHHoro. nnomaJlb nonSipn:aaTopa MO)l{eT 6hiTb yeenn:'leHa Ha no

pSIJlOK no cpaBHeHn:ro c nnomaJlbiO 15 cM
2

, peann:aoeaHHO:ii B JlaHHO:ii pa6oTe. 

l1HTepeCHO 3aMeTHTb, 'ITO Han:ny'llllaSI MbiCJIHMSSI llllM - 'IHCTbiit 'BOJlOPO!l 

co 100%-ofi nO'nSipn:aaun:e·a - )lana 6hr Bhrn:rphilll B !jlaKTope Ka'leCTBa Hefi-

TpOHHoro nonSipn:aaTopa · £
2 

T ecero nHlllb B 3,5 paaa no cpaeHeHIIIO c 
, . n . 

MHllleHbiO H3 nMH C nonHpn:aaun:efi 70%. 3TO · 03Ha'laeT, 'ITO C TO'IKH ape-

HHSI HefiTpOHHOll'!jlH3HKH nMH He TaK y)l{ JlaneK OT H)leana. MeCTO neil-

TpOHHoro nonSipn:aaTopa c nMH B pSIJlY llPY,r,n:x MeTOJlOB nongpn:aaun:n: nefi

Tponoe n:nnrocTpn:pyeTCSI pn:c. 16 • .UnSI o6nacTH aneprlifi 50 se- 100 J{aB 

aTOT MeTOJl IlOKa eme SIBJISieTCSI. 9JlHHCTBeHHblMo llpH aHeprHSIX HH)l{~ 50 SBi 

· B '18CTHOCTH,· B TeUJIOBOll o6naCTH OH )lOJI)l{eH Jl8Tb aHa'IHTenbHblll .BbiHrpbllll 
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B HHTeHCHBHOCTH IIOnSipH30B8HHbiX HeHTpOJ 
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qeHHM HH Ha y~nOBOM paCTBOp rryqKa, HH I 
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B n:itTeHCHBHOCTH nonstpH30BaHHbiX HeiiTpOHOB', HOCKOnbKY B OTnH'!He OT. 

M8T0ll0B 3epKanhHOI'O II 6pai'I'OBCKOI'O OTpmKeHHll He ;HaKnallbiBaeT orpaHH

qeHilll HH Ha yrnOBOH paCTBOp nyqKa, Hll Ha lliHPHHY llCHOnb3Y8MOI'O HHTep-

Bana aHepruii. 
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· Ta6nuua 1 

HeKOTOpbre napaMeTpbi KpHcTa 

XIIMR"'IeCKaSI. cpopMyna 

flnOTHOCTb, I'•CM -3. 

MoneKyngpHbrH: sec 

3 Y:ucno MoneKyn a 1 CM 

Y:ucno 8TOMOB BOJlOPOJl8 B 1 CM 

Y:ucno aToMoa naHTaHa 6 1 3 
CM 

Y:ucno 8TOMOB M8I'HHSI B 1 3 
CM 

liHCno 8TOMOB 830T8 B 1 3 
CM 

3 

3 Y:ucno aToMoa KHcnopona 6 1 CM 

Konu~ecTao aonopona no aecy, % 

x) .8To aHa~eHne nony~eHo HaMn ycpenHeHneM 1 

KpHCTannax. 0Ho 3aMeTHO OTnn~aeTCSI OT 3Ha~e 
H xopomo cornacyeTCSI C0.3Ha~eHHeM EpOI'JleHa 
Bbi~HcneHH8SI RCXOJlSI H3 pa3MepOB aneMeHTapHOI 

Taonuua 2 

Ce~eHHSI cao6oJlHbiX' SIJlep aneM 

a flMH x) 

Ce~emre pacceSIHRSI, 
6apH 

ITonaoe 

ITonSipH3aUHOHHoe 

· Bonopon 

20,36 :!:·0,10 

16,7+ .0,1 

X) llnSI eCTeCTBeHHOi!: CMeCH H30TOllOB. 

/13/. 1 ) llaHHbie MenKOHSIHa 

2) /14/ BI>IBOJl o 3HaKe ·a P • c.nenyeT H3 

9,~ 

-3,4 

rne 

pacceSIHHSI a TennoaoH: o6nacTn onpenenSieTCSI pe 
+ . 

3/2 llpH aHepi'HH 39 KaB. 

3) llnSI .naHTaHa llpHBOllHTCSI Ce~eHHe, ycpenHeHJ 

1-10 9Bo 3HaK HeH3BeCTeH. 
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Ta6nHua 1 

HeKOTOpbie napaMeTpbi KPHCTanna- nMH 

XuMH'IeCKaSI_ ¢opMyna 
. -3 

ilnOTHOCTb 1 r•CM 

MoneKynSipHbiii: sec 

3 
4Hcno MoneKyn B_ 1 eM 

- 3 1.JHcno aTOMOB BOJlOpOJla B 1 CM 

' 3 1.JHcno aTOMOB naHTaHa B 1 CM 

- 3 
1.JHcno 8TOMOB MarHHSI B 1 CM 

YHcno aToMos aaoTa s 1 cM
3 

3 
1.JHcno 8TOMOB KHCnOp0Jl8 B 1 CM 

( ' - -

KonH'IeCTBO BOJlopoJla no secy, % 

l.a
2 

Mg 
3
(N0

3 
)
12

• 24H
2 

o· 
- - x) 
2,07 + 0,01 

1527,3 

(8,166 + 0,040)•1020 

(0,392: 0,002)•1023 

-1 6;3. 1021 
' ' 

2,45 .to21 

9,8 •1o21 

0,49·10
23 

3,17 

x) . -
3To 3H8'IeHHe nony'IeHO. H8MH ycpeJlHeHHeM H3MepeHHH Ha HeCK~~JKHX 

KpHCTannax. Qgo aaMeTHO OTnH'IaeTCSI OT 3Ha'IeHHSII Jl8BaeMoro B - H / 11 It 
H xopowo cornacyeTCSI co' 3.HatieHHeM EporJleHa 2 ,075±0,002 /12 I. nnoTHOCTb 
Bbi'IHCneHH8SI HCXOJlSI H3 pa3MepOB _ aneMeHTapHOH SI'IeHKH, paBHa -2,073. 

Ta6nHua 2 

Ce'!eHHSI cso60JlHbiX SIJlep aneMeHTOB, BXOJlSilliHX 

B nMH x) 

Ce'IeHue pacceSIHHSI, 

6apH 

ilonHOe 

ilonSipH3aUHOHHOe 

- Bogopog 

20,36 :·0,10 

16,7+ 0,1 

x) n . 
nSI 9CTeCTB9HHOll CMeCH H30TOllOB. 

113/-1 ) - naHHbie MenKOHSIHa • 

114/ 

AaoT 

9,96 + 0,1 1 ) 

-3,45 ; 0,492 ) 

- naHTaH 

9,3 + 0,7 ' 
- 3) 

+ 3,5:0,4 

2) B biBOJl . o a .HaKe ·a 
p c_negyeT H3 , rge noKaaaHo, 'ITO ce';leHHe 

p~CC9SIHHSI B Te~nOBOH o6naCTH onpe]lenSieTCSI pe30HaHCOM CO CllHHOM 
+ - - - -

3/2 npH 9HeprHH 39 K9B. 

3) nnSI .naHTaHa llpllBOJlUTCSI Ce'IeHHe, ycpeJlHeHHOe B HHTepsane 9HeprHii: 

1-1Q 9Bo 3HaK HeU3BecTeH. 
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