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Bee.aeHHe 

Pa.aHaUHOHHblll aaxeaT srnnll0TCll OllHHM H3 OCHOBHblX BH.[lOB B3aHMO.aellcTBHH 

nel!TpoHOB c aTOMHbIMH H.apaMu e o6nacTH ManbtX anepr111!, v!ccne.aoeaHne aToro 

npouecca .ans Me.aneHHblX Hel!TpOHOB H Hel!TpOHOB npoMe>KyTO'IHblX aHeprull .o:aeT 

cee.aenHH KaK O caMOM npouecce B3aHMO.O:ellcTBHll H011TpOHOB C aTOMHblMH H.apaMH, 

TaK H 06 ypOBHSIX COCTaBHoro a.apa npH aHEiprHHX B036ym.aeHHH nopH.aKa aHeprHH 

cBH3H nocne.aHero HellTpoHa B H.ape, 

3TH CB8.[l8HHll npe.acTaB11HIOT 6om,woll HHT8pec .anH TeOpHH aToMuoro H.apa, 

.ang nocTp08HHll T00pHH B03HHKHOB0HHSI R pacnpocTpaH0HHOCTH H30TOnOB B npnpo.ae: 

Ha HHX i;iaaHpyIOTCll npH pacqeTaX peaKTOpOB, npH np08KTHpOBaHHH aa·wHTbl OT 11any

'10HHll, B .[l03HM0TpHII uel!TpOHOB, 

HaMH paapa6oTaH MeTO.O: H3MepeHHll C8'10HHII aaxeaTa H011Tp0HOB pa3UH'IHblMH 

sr.o:paMR Ha CU8KTpOM8Tpe n? Bp8M0HR aaMe.aneHHll uel!TpOHOB B CBHHUe, KOTOpblll 

noaeonaeT H3M8pl1Tb C8'10HHll 3aXBaTa B o6nacTH 8HeprHII HellTpOHOB OT .aonell 8B 

.ao 40-50 Kae. HopMHpOBKa KpHBblX C0'10HRII npOH3BO.aRnacb no napaMeTpaM peao

HaHCOB B o6nacTH 8B, Ha.aelKHO onpeii.eneHHblM B H3M0p0HHIIX nonHblX C8.'10HRII, 

K Ha'lany 8THX HCC118.0:0BaHHII, npOB8.Q0HHblX B na6opaTOpRH aTOMHOrO 11!\pa 

<l>H3H'l0CKOro RHCTRTyTa RM. n.H.ne6e.aeBa AH CCCP B 1855-1861 rr., npaKTR'lec

KR OTCYTCTBOBanR .o:aHHbl0 no auepreTH'l0CKOII 3aBHCRMOCTH C0'10HHll pa.anaUROHHOro 

aaxaaTa H011Tp0HOB. noaTOMy, IICXO.[lll 113 B03MOlKHOCT0A M0TO.aa /6onbwaa· CB0TO

CH11a u nnoxoe paapeweu11e/, 11aMepeu11H aenucb B .aeyx HanpaaneH11Hx: a/ u3yqeH11e 

a.aep c Manoi! nnOTHOCTbIO ypoaHell, r.ae paapeweHne cneKTpoMeTpa noaaonHno paa

.o:en11Tb OT.aenbHbl0 ypoBHH H, B03MOlKHO, o6uapy>K11Tb HOBble, a Tas:>Ke ·accne.aoeaTb 

xo.a C0'10HHll HRlK0 1-ro ypOBHll, npoBepllB Bbin011H0HH0 3aKOHa 1/ V ' 111111 no OT-

K110H0HIIIO OT aToro 3aKOHa onpe.aen11Tb 8Hepr1110 OTpHilaTenbHOrO ypOBHll; 6/ 113Me

p0HR8 ycpe.aHeHHblX no pe30HaHcaM C8'10HHII 3aXBaTa HeATpOHOB B H.apax C aTOM -

Hb!MII HOMepaMII A - 100, rae onTll'l0CKaH MO.aenb npe.acKa3b!BaeT ruraHTCKIIII pe-

30HaHC B 3aBHCHMOCTII c11noeoll cpyHKUHH .anH HellTpOHOB C op6HTanbHblM MOM0HTOM 

= 1 (S
1

) OT A. 

.KpoMe Toro, 6blno npoee.aeHo H3Mepenue ce'leHHH aaxaaTa .anH pH.aa aneMeu

Toe, npe.acTaBnHIOIUIIX HHTepec .anll peaKTOpOcTp00Hllll, 

0CHOBHb18 peaynbT.aTbl, 113nOlK8HHbl0 B HaCTOSIIU811 .a11ccepTaU11R, ony6n11KOBaHbl 

B pa6oTaX/t-9 /• 
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M eTOLlHKa HaMeJ?_eHHA 

B ueHTpe CBHHUOsoro Ky6a c pe6poM OKOno 2 M 1250 paa s C8K reHepHpyeT

C!I BCnhlllJKa HeATpOHOS C aHeprHea 14 Mas LlnHTenbHOCTbIO 0,5 - I MK ceK. K MO-

MeHTY speMeHH 

aHeprHH /s Kasi 

MKCeK nocne scnblllJKH HeATpOHhl aaMeLln!IIOTC!I LlO cpeL1Hea 

E 183 

(I + 0,3) 2 
Ill 

CpeL1HeKsaL1paTHqHhlA paa6poc aHeprHA HeATpoHos soKpyr cpeL1aero aHaqe~H!I 

COCTasmieT OKOno 15% npR E < 1 Kas H nocTeneHHO soapacTaeT C yeenHqeHHeM 

aHeprRH He8TpoHa LlO 35% npH E = 15 Kas. 

TOp 

lln!I HaMepeHH!I ceqeHH!I aaxBaTa SHyTpb CBHHUOBOro Ky6a noMeUlaIOTCll LleTeK

y -nyqel! H HCCneL1yeMh1A o6paaeu. C nOMOUlbIO MHOrOKaHanbHOro BoeMeHHO-

ro aHanRaaTOpa HSXOLlHTC!I HHTeHCHBHOCTb y -nyqel! OT aaxsaTa HeATpOHOS B 06-

paaue B cj:,yHKUHH BpeMeHH aaMeL1neHHll -ly (I) lyfl) nonyqaeTCll BhlqHTSHHeM 

ua HaMepeHHA C o6paaUOM cj:,oHa, HaMepHeMoro 6ea o6paaua; SSOLlHTCll T8K}Ke He -

6onhlll8ll nonpaBKa, yqHThlB8IOUl8ll 8KTHB8UHIO o6paaua Ii 38XB8T HeATpOHOS, OCTaB

llJHXCll OT npeLlhlLlYLUHX BCnhlllJeK. B TOA }Ke TQqKe Ky6a npOSOLl!ITCll HaMepeHHll C 

nponopuHOHanbHhlM cqeTqHKOM c TOHKHM cnoeM 6opa. YqaTblSSll, qTo B o6nacTH !IHe()'"' 

rHH E < 50 Kas ceqemre peaKUHH B'
11 

(n, a) nOLlqHHHeTcH, aaKOHy J/v, Llnll TOH

Kora o6paaua nonyqaeM 

.!.r.!.!.!._ m k u ( E ) E 
11 

18 (1) y 121 

rL1e ,onpe

L1enHeMasi sblpa}KeHHeM /1 I. B o6meM cnyqae /o6paaeu npo1raeonhHOA TonmHHhl, pe-

E - cpeLlRllll aHeprHH aeATpOHOS B MOMeHT speMeHH aaMeL1neHHR 

aOHSHChl/ HMeeT MeCTO COOTHOUleHHe 

'• I ~ 
'z IB(I) 

di Ak A 
2 ~ ; ~ (f) 

• t Eo, 
/3/ 

rL1e A -Maccoeoe qffcno aaMeL1nHTen11 / A = 207/, 

~ • - MaKpOCKOnHqecKOe ceqeHHe pacceSIHHll 38MeL1nHTeneM, 

n - qacno RLlep s eL1HHHue 061,eMa o6paaua, 

-cpeLlHHH LlnHHa nyTH HeATpoHa qepea o6paaeu, 

Eo - peaOH8HCH8SI aHeprHH, 

A pea. = ( ( 1 
pea. 

-nfU(l<) ) -2._ dE , 
e r 

cyMMHpOBSHRe B /3/ npoHaSOLlHTCSI no BCeM peaOHSHCSM, pacnonO}KeHHhlM s HHTep-

4 

-

sane aHeprHH E (12 ) - E (1
1

) • '-iepTa oaHaqaeT ycpeL1HeHHe no LlnHniiM nyTea 

HeATpOHOB qepea o6paaeu; cj:,aKTRqecKH npHHHManOCb 

CHT OWH6Ky, He npeSblWSIOUlYIO 3-5%. 

A7n = A(f) , qTO BHO-

Bb1p8}KeHHe /3/ He yqHTblMieT HanHqHll noTeHUHSnbHOro paccesiHRll H norno

meHRlt aeATpOHOB, HCnblTSSWHX peaoaaucuoe pacceHHHe. B OnHChlBSeMhlX HaMepe

HHSIX HCnOnbaosanRCb cpaSHHTenbHO TOHKHe o6paauhl, R aTH acj:,cj:,eKThl, KSK npasano, 

6blnR HecymecTseHHhl; B cnyqae aeo6XOLlHMOCTII BSOLlHnHCb COOTBeTCTBYIOI.UH8 no

npaSKH. 

npHMeHSISI COOTHOllleHHe /3 I K HaOnHpOBSHHOMY pe30H8HCY HnR rpynne peao

HSHCOB C xopomo H3SeCTHhlMH napaMeTpaMH Rnll npHMeHSUI /2/ K o6nacTH TennOBhlX 

aHeprHA, rL1e ceqeHHe aaxeaTa HaBeCTHO, MO}KHO onpeL1enHTb rpaL1yRpOBoqHhlA MHO· 

}KHTenh k • nocne aToro BhlpS}KeHHSI /2/ H /3 / MoryT 6h1Tb HCnOnbaosaHhl Llnll 

HSXO>KLleHH!I ceqeHHA aaxsaTa R pe30H8HCHhlX HHTerpanoB B OCTanbaoa o6naCTH 

aHeprHA. 

OnacaHHall npoueL1ypa npeL1nonaraeT, qTo acj:,cj:,eKTHBHOCTb perncTpaUHH y -ny

. qeA He 38BHCHT OT aaeprHH aaxsaThlSSeMblX He8Tp0HOB. npa HCnOnbaOSSHHH LleTeK-

TOpa C acj:,cj:,eKTHSHOCTbIO, nponopUHOHSnbHOA aHeprHH y -KBSHTa, eepOSITHOCTb pe-

rHcTpaUHR SKTS nornomeHRll MeL1neHHOro Hel!TpOHa 6yL18T nponopUHOHanbH8 aaep

rHH CBSlaH HeATpOHa: B aTOM cnyqae noCTOllHCTBO acj:,cj:,eKTHBHOCTH 6yL1eT BhlnOnHe

HO Llnll MOHOHaOTOnHoro BeIUeCTsa HnH Llnll cMecH H30TOnoe; Mano OTnaqaIOLUHXC!I 

no aHeprHH CBllaH. B KaqecTse LleTeKTOpa, YLlOSneTBOpllIOLU8rO aTOMY Tpe60BSHHIO, 

npHM8HllnCH TOnCTOCT8HHhlA npoaopUHOHanbHhlA cqeTqHK. llnH KOHTpOnH Rcnonb30-

Bancll TaK}K8 H CUHHTRnnHUHOHHhlA cqeTqRK C KpHCTannoM. 0, F, • ,LlnH BC8X 

aayqeHH~X aneMeHTOB,KpOMe MeLlB, nponopuROHSnbHhlA R CUHHTHnnHUHOHHhlA cqeT

qaKR L1ane cosnaL18IOUlHe B npeL1enax OllJHOKH H3MepeHHR peaynbTaThl. 

B LlRCCepTaUHH nOLlPOOHO paccMaTpHsaeTCR PRLl acj:,cj:,eKTOB, KOT0pb18 MoryT 

BHeCTR BKnaLl s OllJH6Ky HaMepeaaa. CyMMapHall OWROK8 aaMepeaaa ceqeana oueaa

eaeTCSI s: 10% LlnH aaepreA E < 10 Kae R + 15% Jln!I E > 10 Kas. 

PeaynbTaTbl aaMepeaeil 

B JlRccepT8llRR nonyqeabl HOBble .JlSHHble no pa,llH8UHOHHOM)I aaxBaTy HeATpOHOB 

LlnH 21 R.llpa ( Cl' 
3

~ Fe , Ni, Cu, Br, Rb
11

, Rb
11 

, Nb
93

, 
.. 

, Mo 
zoo Rh ZOJ' !Jo ' Mo . 

121 UJ 191 
Ag, In, Sb, J ' Cs . w ' 

Ir Au Pb ) H R3Mepea XO,ll 

ce'leHHH-peaKUHR 
JI 

Cl' (n, P ) .LlnH scex R.llep IKpoMe Pb / npRBO,llSITCR rpacj:,aKH 

Ce'leHRil aaxBaTa OT eneKTpOHOBOnbT JlO 20-50 Kee. 

1. · B R.llpax c pe.llKO pacaono}KeHHhlMR yposHHMR o6eapy}Keao 6onee 12 eo'shlx 

peaoaaacoe, KpOMe Toro YTO'IHeHbl aapaMeTphl aeKOTOphlX pe30H8HC0B aasecTHhlX pa-
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Hee /cM. Ta6nauy/ • .[lnsr »<eneaa H HHKensr noKaaaHo, 'ITO xoa ce'leHHSI zaxaaTa 

HH>Ke o6Hapy>KeHHblX HaMH ypoBHeil IIOLl'lHHSleTCSI 3aKOHy 1/v ' H 'ITO 3Ha'leHHSI 

pe30HaHCHblX HHTerpanoa aaxBaTa 38MeTHO OTnH'lalOTCSI OT peaynbTaTOB H3MepeHHll 

Ha peaKTOpax. 

O6Hapy>KeHHbl0 HaMH pe30H8HCbl o6naaaIOT, KaK npaBHno_, O'leHb Manoi! Hell

TpOHHOi! illHpHHOi!. 3To 061,SICHSieT TOT <paKT, 'ITO peaoHaHCbl He npOSIBn!IIOTCSI Ha 

KpHBblX nonHblX ce'leHHll. H3MepeHHblX co 3Ha'lHTenbHO ny'llllHM paapellleHHeM. npa

aeaeHHbie Hei!TpOHHble illHpHHbl, Bbl'lHCneHHble ansr 3THX peaoHaHCOB, B psr.,ie cny

qaea OKa3b!Ba!OTCSI Ha 2-3 nopsraxa MeHbllle, 'leM npHBeaeHHb1e illHpHHbl pe30HaH

COB, H3BeCTHbIX no nonHbIM cetteHHHM. 3To .ll80T OCHOBaHHe npe.o.rronO>KHTb, 'ITO 

TaKHe peaoHaHChl o6ycnoaneHbI aaxaaTOM p -Hei!TpOHOB. TTpHCYTCTBHe TaKHX 

peaOHaHCOB npH· 3HeprHSIX < 1 K3B He YLlHBHTenbHO, Tax KaK nnoTHOCTb ypOBHeil C 

paanH'lHOll qeTHOCTblO aon>KHa 6b!Tb O!lHOro nopsraKa. B TO >Ke BpeMSI OllTH'lecxasr 

Moaenb npeacxaabIBaeT ansr sraep c onpeaeneHHbIM 'lHcnoM HyxnoHOB "peaoHaHc 

pa3MepoB.' npHl>OLlSlillHH B aaHHOli o6nacTH A K MaKCHMYMY CHllOBOl! cpyHKUHH 

ansr s - HnH p - H T .a. HellTpOHOB. B 'laCTHOCTH, srapa Cf 36 
H Mo 98 Haxo-

LlSITCSI B o6nacTH MaKCHMYMOB canoaoll <pYHKUHH am1 p -HellTpOHOB H MHHHMy-

MOB ansr s -HellTpOHOB /cM. 

Mapronaca/lO/ /, T.e. ansr HHX 
½ 

COOTBeTCTBY!OlllHe KpHBble B pa6o-re K p!Orepa H 

0THOllleHHe coeaHHX 3Ha'leHHl! OT Hel!Tp0HHblX illH-

pHH, aeneHHblX Ha E LlllSI p - H S -Hei!Tp0H0B aon>KHO 3Ha'IHTeUbHO npeBbI-

lllaTb aenH'lHHY (k R) 2 
• npeacTaBnsreT HHTepec onpeaeneHHe• paaHaUHOHHblX illHPHH 

ansr Cu H Rb B CBSl3H C TeM, 'ITO H3MepeHHSI nonHb!X Ce'leHHll LlO HaCTOSIIUero 

apeMeHH ae aaaana ansr oxonoMarH'lecxHx H cpaBHHTenbHO nerxHx sraep ( A < 70) 

Haae>KHbIX aHa'leHHli paaaaUHOHHbIX lllHpHH,Tax xax aaecb rn ~ ry B TO >Ke 

apeMsr Taxae aaHHbre Heo6xoaHMbI xax ansr TeopHH, Tax H ansr peaxTopocTpoeHHsr. 

2. HaMepeHHe 3HepreTH'lecxol! aaBHCHMOCTH ycpeaHeHHblX ce'leHHil paaHauH

OHHOrO aaxaaTa ael!TpOHOB B o6nacTH 3HeprHll Bb!llle l K3B npoaeaeHO am1 sraep 

16 3neMeHTOB H HaoTonoa • .[lnsr sraep Cu , Rb •• , Mo Cs H It T8KH9 

H3MepeHHSI npoaenaHbl anepBble. Lln>1 OCTanbRbIX sraep H0Bbl0 aaHHble nony'leHbl B 

o6nacTH E :; 5-10 K3B, a B nepeKpb!BaIOlllellc;sr o6naCTH 9HeprHll HaillH peaynbTaTblt 

xax npaBHIIO, xopOill0 coanaaaIOT c aaHHblMH .opyrHx aBTOpOB /cM. pHc. 1,2/. Ha 

pHC. 1 npeacTaaneHa 3aBHCHMOCTb ycpeaHeHHWX ce'leHHll aaxaaTa HellTpOHOB ;; • . y 
OT aTOMHoro HOMepa srapa-MHllleHH am, sraep C He'leTHbIM z . 3.necb 'leTKO 

nposrBHllOCb anHSIHHe 3aMKHYTbIX aellTpOHHblX o6onoqex H 6onee cna6oe BnHSIHHe npo-

TOHHOl! o6onO'lKH c Z = 60. Kpaaasr coxpaaaeT CBOll BH!l H npH MeHbillHX 3Hep-

rH!!X HellTpOHOB, BnnOTb ao rpaHHUbl ycpeaHeHHSI 3 K3B. HaMepeHHSI c qeTao-

'leTHbIMH H30TonaMH Mo noxaaanH, 'ITO RX ce'leHHSI ne>KaT B 6 pa3 HH>Ke KpHBOll, 

npHaeaeHHOll Ha pHc. 1. 

6 

1 I, 

I Ji 

:J.) 
1, 
/, 

f 
l 

Xapa!tTepHCTmtH peaoHSHCOB. 

3neMeHT 
(R30TOII}. E

0
, se. qO py 5apH.9B. JO$r:, 9B. ry ,SB. 10 "r,, 8B. 

-
Cl 

,. 
-210;!:10"1' /1,dS;!:0,02/.10

8 
0,50;!:0,01 2,4;!:0,8 

_,_ 405.l( 120;!:10 2,5;!:0,2 - 70;!:22 

-1- 1100.:!;200 -8 ,.,1 - ~50 

-,- 4300.:!;300 

Fe 1180.:!_fl0 

Ni 2300;!:200 
., 

Cu -100;!:20 

cu'' ::i2r 

Cu
0 580"1' 

Rb
11

- 9,3 

_,_ 230;!:15 

Rb" 280;!:20 

_,_ 110;!:30 

Rb II Rb" 500-700 
J 

Mo" 12.;!:1 

Pb 1800;!:150 

-,- 2800;!:200 

80;!:27 

74;!:7 

20;!:7 

\13.:!;10 

100.;!:30 

85.;!:20 

8.:!;3 

35.;!:10 

1,08;!:0,15 

~40 

1,1;!:0,1 

1,3;!:4 

2,0.:!;0,8 

0,6;!:0,2 

0,65;!:0, 1 

0,44;!:0, 15 

35;!:15 

rp7nna HepaapeweHHblX ypoBHeff 

O,C2 

xi PeaoHSHCli OWi!( HSBeCTHli pSHee. Hallll Jll[Wb yrotraeHli 

napSl,leTpli. 
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AHanH3 I£.e,8aH8HHWX Ce'leHHII 38XBaTa 

AHanorH'lHO pa6oTaM/ll,l
2 / 6bln npoBeaeH TeopeTH'l8CKHil aHanH3 KpHBWX 

ycpeaHeHHblX ce'leHHII 38XB8Ta C uenblO nony'leHHll cpeaHHX xapaKTepHCTHK B3aH-

MOaellCTBHll 

rHII OT -

p -Hei!TpOHOB C aTOMHblMH 11apaMH, ilnll 9TOro 11 HHTepBane 9Hep-

ao 50 KsB HCnOnb30Banacb 38BHCHMOCTb (7y OT CHnOBWX cj:,yHKUHII 

SO H SI H BenH'IHH (f'y!D)o H (f'y/D) I, OTHOCllll.lHXCll COOTBeTCTB8HHO K s - H 

p -HellTpOHaM, 

nocKOnbKY xoa ce'leHHll unaBHblll /cM. pHc, 2/, a HCKOMblX napaMeTpOB MHO

ro, TO anH Ka>Kaoro sneMeHTa ·6bino npoBeaeHo TpH cepHH pac'leToa, B Ka>Kaoll 

.H3 KOTOpblX HCUOnb30BanHCb onpeaeneHHWe npH6nH>KeHHll, B nepBOi! cepHH So 

6panocb H3 pe3ynbTaTOB apyrHX aBTOpOB, a (f'y/D)o .llOnaranocb paBHblM (f' / D) ) 
' /11/ y I 

'!TO, no-BHaHMOMY, BbmOnHH8TCll an11 11aep C H8'18THblM Z , BO BTopoll 

cepHR S 0 aapbHpoaanocb, a a TpeTbell OHO CHOBa 3aKpenn11noCb, HO (f'Y ID) 0 

H (f'y/D)1 BapbRpOBanHCb OTaenbHO, ConocTaBne_HHe C 9KCnepHM8HTanbHblMH aaH

HWMH np0113BOaHnOCb no M8Toay HaHM8HbWHX KBaapaTOB C noMOlllblO sneKTpOHHOII 

BW'IRCnHTenbHOII MawHHW. Bee TpH cepHH OTC'leTa aanH 6nH3KHe 3H8'18HRll s I I 

XOTll so anll H8KOTOpwx Haep nonyqanocb oTnR'lalomHMCll OT 3H8'1eHHII, npHBO

aHMWX apyrHMH aBTOpaMII, TaK Ha pllc, 2 >KHpHall nyHKTHpHall KpHBall npeacTaB

nHeT pe3ynbTaT HaHnyqwero COBMemeHllll C 9KCnepHMeHTanbHWMH 3Ha'leHHllMII npH 

-4/12/ · · S
0 

=0,5,10 H (f'Y/D)
0

=<r;,ID)
1

• CnnowHall KpllBaH nony'leHa no pe3yn1,-

TaTaM BTOpoll H TpeTbell cepHII OOC'leTa. npHBeaeHw TaK>Ke napUHanbHW8 ce'leHHH, 

o6ycnoBneHHWe 3axaaTOM s- II p -aellTpOHOB, 

Ha PRC, 3 conocTaBnllJOTCll HaIUH peaynbTaTw no onpeaeneHHIO cHnoaoll cj:,yHK;-

UHH anll p -HellTpOHOB C aaHHWMH pa6oT
111 / H

1121
, npeacK838HHSIMH paanH'l-

/10/ /13/ 
HWX aapHaHTOB onTH'leCKOII MoaenH Hapa ' , BHaHo, 'ITO HMe8TCll xopoIUee 

/12/ /11/ 
cornacHe C aaHHWMH II nHllib Ka'leCTBeHHOe cornacHe C pe3ynbTaTaMH 

06mall 3aBIICHMOCTb HalllHX 3Ha'l8HHII s I OT aTOMHoro HOMepa B nepBOM 

npH6nH>KeHHH onHCblaaeTCll TeopeTH'leCKOII KpHBOII, paCC'IHTaHHOil no K09cj:,cj:,HUHeH

TaM npHnHnaHHH n.3. HeMHpoacKoro
1131• HaH6onee cymecTaeHHOe pacxo>KaeaHe 

Ha6nJOaaeTCll npH A = 100, rae 9KCnepHMeHTanbHb1e 3H8'18HHSI s I anH Mi 10
• 

II oco6eHHO an11 Mo 98 
H Mo IOO ne>KaT HH>Ke KpHBoll. 3TOT np'?Ban B 3HB'leHRSIX 

SI roBOpHT O 3aMeTHOM pacmenneHHH rHraHTCKOro pe30HaHca,- XOTSI KOnH'lecT-

/11 / 
aeHHoro cornacHH c pa6oToll, rae sTo OTMeqanocb paHbIUe I HeT. Heo6xoaHMo 

OTMeTHTb, 'ITO KpHBall 1611101 
HOpMHpOBanacb Ha pe3ynbTaTw

11 
I/. a 9TO npHaeno 

K TOMY, '!TO nony'leHHwe napaMeTphl OnTH'lecKoro noTeHuHana nnoxo o6~llCHlllOT 

-apyrHe 9KCnepHMeHTMbHWe pe3ynbT8TW, B qacTHOCTH, 38BHCHMOCTb 

Topal! 113B8CTHa co 3H8'1HT8nbHO nyqmei! TO'IHOCTblO, 

8 

S/A), KO-

PacmenneHHe rHrBHTCKoro pe30HaHca Mo>KeT 6b!Tb o6ycnoaneHo na6o cnHH-op

fiHTanbHblM B3aHMoaeilcTBH8M, nH6o aHH8MH'l8CKOi! aecj:,OpMaueei! Haep121 / ICT8TH

'18CK8ll aecj:,opMaUHll anll STOii o6nacTH A OTCYTCTayeT/, OaHBKO B nepBOM cny-

/10/ 'lae pacmenneHHe Tpe6yeT H8CKOnbKO 6onbmei! /no-BHaHMOMy
1 

aaaoe I aene'IH-

HW cnHH-op6HTanbHOro B3aHMOaellcTBHll, '18M 3TO Tpe6yeTCll anH o6ono'le'IHOII MO

aenH Hapa. Bo BTOpOM cnyqae B 38BHCHMOCTH SI (A) MoryT npOSIBHTbCll cneuHcj:,H· 

'leCKHe scj:,cj:,eKTW, CBSl3aHHble C xapaKT8pHCTHKBMH HH>KHHX KonneKTHBHWX ypOBHell, 

KOTOph1e H8B03MO>KHO ynOBHTb npH cymecTBYIOlU8M pa36poce 9KCnepHM8HTanbHhlX 

3Ha'l8HHII S 
1 

, 

TaKHM o6paaoM, 'lTo6w onpeaenHTb BKnaa Ka>Kaoro H3 npoueccoa B 3aBHCH-

MocTb S 
1 

( A) .Heo6xoaHMo aanbHellmee yTO'IHeHee 3HB'leHHII S 
1 

H H3MepeHHe 

s, anll qeTH0-'18THWX Haep. 

B 3aKnJO'leHHe MO>KHO OTMeTHTh, 'ITO H3MepeHirn Ha cneKTpoMeTpe no BpeMeHII 

3aMeaneHllll HellTpOHOB B CBHHUe noKa3anH, 'lTO Hap11ay C TaKHMII HeaocTaTKaMII 

K8K nnoxoe paapemeHHe H orpaHH'leHHe co CTOpOHW BWCOKHX 9HeprHil MeToa cneK

TpOM8Tp11H no apeMeHH 3aMeaneHHll o6naaaeT p11aoM npeHMymecTa: 

a/ W11pOKHII sHepreTH'leCKHII aHana3oH, B KoTopoM npo11cxoa11T 11aMepeH11e 

ceqeH11il 3axaaTa, no3BOnlleT np0113BOaHTb HOpMHpOBKY KPIIBOII C8'18HHSI no H113KO 

pacnono>KeHHblM P830HaHCaM, napaMeTpbl KOTOpblX XOpOillO H3B8CTHbl H3 H3MepeHHII 

nonHwx'°ce'leHHil, 11nH no ceqeHHJO aaxBaTa a Tennoaoi! o6nacTH, 3To n03Bons,eT He 

3aBHC8Tb OT a6conJOTHWX H3MepeHHi! ce'leHHII 38XBaTa B o6nacTH Ksa, npOH3BOaH

MWX apyrllMII aBTopaMH, nOCKOnbKY TO'lHOCTb TBKHX H3MepeHHII B HBCTOllll.lee ,.,BJJ_8Mll. 

He BenHKa. 

6/ MeToa. aaeT B03MO>KHOCTb H3M8pl1Tb Ce'18HHll B o6naCTH 3HeprHII 1-10 Ks •• 

Tpy aa.o aocTynHoll noKa an11 apyrHx cneKTpoMeTpoB, 

a/ OH n03BOnH8T npoaoaHTb H3M8peHHll ceqeaHII paaHaUHOHHoro 38XBaTa aell-

21 2 
TPOHOB C TOHKHMH o6pa3UaMH / II ~ 10 Haep/cM / UpH o6meM Bece o6pa3ua B 

H8CKOnbKO rpaMMOB /aec TOHKOro o6paaua Ir COcTaBnlln 0,3 r.l npeaenbHBll Be-

nH'IHHa noaaaiomerocH H3MepeHHJO c_eqeHHll orpaHH'leHa cj:,oHOM 

BaTa H8i!TpOHOa B CBHHue H COCTaBnH8T npHM8pHO 

11 > 0;2 E * y 6H upH E < l Ksa 

(7 > E ¾ OH npH E > 1 Ksa, 
y 

rae E -sHeprHH HellTpOHOB B 9B, 

y -nyqell oT aax-

r/ MeTo,!l xapaKT8pHayeTCll 6onbllJOII CB8TOCHnoll, flpH'18M BhlHrpwlli B HHTeH-

CHBHOCTH no cpaBHeHIIIO C M8TO.!l0M BpeMeH11 nponeTa COCTaBJllleT 3-4 nOpllaKa. 3TO 
31 

n031!0nHno npoaeCTH H3MepeH11e C8'18HHSI peaKUHH Cf (n, p ) C MHHHManbHbIM 

ceqeaueM 1 M11nnH6apHa, OTcJOaa cneayeT, 'ITO y>Ke np11 cymecTBYIOll.18M He-

9 



TO'IHIIK8 uel!TpOHOB Cil8KTpOM8Tp noaaom,eT IICCil8Ll0B8Tb T8Kll8 cna6ble arjJ<j:,8KTbl, 

KaK, Hanp11Mep, IlOLl68pb8pH08 Ll8/I8Hll8 LlilH H8KOTOpblX HLl8p. 

Lll C-neKTpOM8Tp np8LlCT8BilH8T H8COMH8HHb!l! IIHTepec Ll/IH peaKTOPOCTpOIIT0/I8l! 

nocKOilbKY n03B0/IH8T ll3M8pHTb B p83/Ill'IHblX Llll8Il830H8X auepr1111 p830H8HCHbl8 ,rn

Terpanbl nornomeHIIH K_aK LlilH OT!l8IlbHbIX aneM8HTOB, TSK II LlilH CilOlKHblX Cil/18B0B 

11 onp8Ll8IlHTb 38BIICIIMOCTb arj:,rj:,eKTIIBHbIX p830H8HCHblX IIHTerpalIOB OT TOilIUIIHbl 11 

reoM0Tp1111 o6paauoa larj:,rj:,eKT caM06noK11poaK11I. TTp11'1eM, orpan11'1eH11e no To:1m11He 

CBH38HO IlllWb C nornOIU8Hll8M y -nyqel! 38XBaTa B o6paaue. CneKTpOM8Tp MOlK8T 

6b!Tb IICil0Ilb30B8H LlilH 8Han11aa B8IU8CTB Ha np11Mec11, 061I8Ll8!01Ull8 p83KO Bblp8>K8R-

Hb!MH H301IHp0B8HHbIMH p830H8HC8MII IHanp11Mep, Co , Ag , Mn , Cu II LlP.I 

el Onb!T pa60Tbl IlOKa3an, 'ITO M8TOLl Bp8M8HII 38M8Llil8HHH npHM8HIIM LlnH 06-

HapylKeHHH H onp8Ll8Il8HIIH aaeprlll! 6n11anelKSIUIIX 0Tpllll8T0/IbHbIX ypOBHell. 

>Kl· H3M8pHT8IlbH8H ycTaHOBKa Ll8W8Ba II npocTa. 

B DpHilOlK8HIIH K LlllCC8pT8!lllll BblH8C8Hbl ! a/peaynbTSTbl IICCil8Ll0B8HIIH 3anH

p8HHH paanH'IHbIX THnOB rj:,oTOYMHOlKHTenel! MIIKDQC8KYHLlHblMH HMDYilbCSMH, 6/ pac-

'18T cne1tTpa rj:,oHosoro y -11any'leHHH a nornomea11a ero a o6paauax, a/ pac'leT 

nonpaBKH LlilH p830H8HCHOro HHTerpana 38 C'l8T IlOT8HllH8/IbHOro pacceHHHH Hel!Tpo

~~ 
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Pac. 1. 3aBHCHMOCTb cry npa E = SO Kaa OT A LllIH H!lep c 
H8'10THblM Z @ -!laHHb18, nony'leHHble Ha Cil8KTpOM8T-
pe no Bp8M0HH 38M0Ll/I0HIIH, /1,, -LlaHHb18 /11 /, X - /12/, 
1 - /141, • -/15/, , - /16/, \7 - /17/, 
a - /18/, + - /19/, •• - /20/. PesynbTSTbl H3Me-

p8HHll Ha cypbMHH06epannaeBOM HCTO'IHHKe Hel!TpOHOB 
/E = 24 Kaai a1tcTpanonapoaan11cb K E = 30 Kaa napannenb
HO 113MepeHHbIM KpHBb!M C0'18HH!I. 
< 

11 

--~ 



5~ 6• 
10 

(0 

--.:'p. &OAH<L 

In 

A 

&-8MHa 

0,1 ,__ __ ..._____..._.._.._L...L ............ __ ....__.._.....__ .............. L..L.L.J 

I 10 IOU 
£, .,! 

Piic. 2. ConocTasneeee a1tcnepHM8HTanbHbIX aeaqeeal! ce'leeal! aaxsaTa eel!

Tpoeos B ln C T80p8TH'l8CKHMH KpHBblMH /cM, B T8KCTe / 
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Pac. 3. 3aBHCHMOCTb CHnOBOl! <PYHKIIHH .llnll p - Hel!TpOHOB OT STOMHoro Beca 

. ll)lpa-MHW8HH. • -eawH .ll8HHbl8, !:i. -1121, □ - fl 1 /, Cnnoweaa KpH· 

BSSI llO.llC'IHTaHa no icoacpq:>H1IH8HTaM' npananaHHSI H3 /13/ /noTeHuHan C paa

MblTblM Kp88M H 06'.b8MHblM nornOLU8HH8Mf, nyHKTHpHb18 KpHBl,18 B3HTbl H3 

pa60Tbl /10/ I TO >Ke, HO nornomeHHe ll0B8pXHOCTH08 /, npH'18lill KPHBSSI 

/6/ COOTB8TCTBY8T B)lB08 6onbW8MY cnaH-Op6HT8nbHOMY B38HMO)l8llCTBHIO, 

'18M /a/ H /13 /, 
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