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BBe,n:eFille 

~op OTHOCHTCR K qHC~ Bpe,n:HHX KOMITOHeHTOB H rrpM CEMraHMR yrReM C 
rrOB~illeHHHM ero co,n:ep~HHeM OImSUBaeT Bpe,n:Hoe B03,n:eMCTBHe Ha arrrrapa
TYPY Tôll 11 ORpyxailUYIl cpe.ny. "rI03TOMY IIpR T8XHOJIOrKlieCKOM KCrrOJIi.SO
BaIUUI yrJIaR aeoõxonaao onpeneaars conepzaaae B HKX xaopa, 

B ~óopaTopHOH rrpaKTHKe rrpHMeHRIDTCR .IJ:Ba BapHaHTa MeTO~KH orrpe,n:e
JIeHHR xnopa B y;rJLHX: eJKID'aIDIe B KaJIOp:m.1eTpmeCKoM· ÓOMÓe wm: co 
CMeCbID ôlliKa /11, HSBJle~eIDIe BO,n:OH c rrOCJIe~romm~ TMTpoBaHReM pacTBo
pOM aSOTHOKHCJIOM PTYTH (rOCT 9326-77). 

MeTo~KH íIBJIRIDTCR Tpy,n:oerVlIrnMR R He rrOSBOJIRIDT onpeztenars XJIOp Me
Hee 0,05% H3-3a ero ITpHCYTCTBHR B rrpHMeHReMHx peaKTHBax. IT08TOMY H 
CHCTeMa~~eCKHX ,n:aHHHX O pacnpe,n:eJIeHHll XJIopa B yrOJIbHOM BemeCTBe He 
HMeeTCR 12/. 

VÍHcTpyMeHTaJIbHHM aKTHBalJ,liOHHHH aHaJIH3 MeHee rpynoeaox rrpa J'vTaCCO
BHX onpe,n:eJIeHRRX KaKOrO-~óo 8ReMeHTa, oÓJIa,n:aeT ÓOJIbillOll ~CTBHTeJIb
HOCTbID H 8KcnpeCCHocTbID 3/. 

Onpeneneaae conepzaaaa xnopa MO.JKeT ÓblTb oCYllleCTBJIeHO .IJ:BYMfI cnoco
óaMll: I. MCnOJIbSOBaHlle peaKlJ,liH pa~aWloHHoro saXBaTa HeHTpoHa 
37Cl(n,~) c 06pasoBaHMeM ra~~-aKTHBHoro ll30Tona 38C1 (T1/ 2= 
=37,18 MKH),pacna,n: KOToporo CorrpoBO.JK.IJ:aeTCR HCrrYCKaHHeMt-KBaHToB c 
c 3Heprwe! 1642 (31%) B 2168 (47%) K8B. 

2. ITo~eHHe no pea~ 35C1 (0, n) Bos6~:~eHHoro HsoMepHoro 
COCTORHRH XJIopa 34m~1 (T1/ 2=32, 4 ~mH), rrpH rrepexo,n:e KOToporo B oc
HOBHoe COCTOJHrn:e HCrryCKaIDTCR Õ -RBaHTbI c 8HeprHeü 145,7 (45%); 
1177,5(12,5%); 2128,5(39%) H.3305(I2,5%) RaB. 
~ aKTHBaURH XJIopa MorYT ÓHTb HCnOJIbSOBaHH HefITpOHH H ra~~&l-113

1013H.CM-2C-1;~~Hlle: a) HeMTpOHbI R,UepHorO peaRTopa, nOTOK He~TpOHOB 
6) HeHTpoHH B TOpM03Hoe H3~eHHe, no~aeMHe Ha JIHHeHHbIx YCKopBTe~x 

3JIeKTpOHOB H MKKpOT~OHax (nOTORB raMMa-KBaHTOB 1013_1014 KBaHT CY-2C-1 
K ~OToHe~T~oHoB 10 -109 H.Cy-2C-1; B) pa,n:HoH30TorrHbIe HCTO~252 - . .. 
HHKR Cf, Sb + Be H ~. C BbIXO,n;OM H8MTpOHOB 109_1010 H.C-1• 
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PeSY~bTaTH H 06C~~eHHe
 

PeSY~bTaTH npOBe~eHHHX HCC~eÃ0BaHHM ~aHH B Tad~8 I.
 
Ta6JIHIta I
 

PesYJIbTaTH aHa.JIHSa xnopa B yr JI.HX C I!0MoIUbIO peaRIniÍÍ ( n , j') 11 (~, n )
 

no onpe~eJleHHro XJIopa B paCTeHHRX, re~Jlor~ecKHX 06~eRTax H T.~./4,5/. 
TIpHMeHeHH8 ~ 06~eHHR HefiTpOHHoro HCTO~HI\a Mo~eT 06~cne~Tb aHa
miS 96 06paSnoB B CYTKH npH pa60Te B ~e CMSHH no 8 ~aCOB KaX~R. 

J&J~ RnepHaH MCTO~HHR 3HepnuI, BpeMJI IIpe~eJI
n/n peaK.'URff HS.nyq.8HHH neTeRTop RsB RSMe- 00Hapy

peHHH, jKeHIDI,%
MHH 

252Ct:I ( n , ~ ) Na! (Tl)(80x80)	 1642 30 0,3
216825ZCt:2 ( n., 6 ) NaI (Tl)(47x40)	 1642 30 1,7
2168 1,2252Ct:3 (n,(j) NaI (TI) (75x2&) 1642 30 0',3 

252Cf 
2168 

4 (rr,~) BGO	 1642 3G 0,2 

5 ( n , i ) MT-22 Na! (T1)(75x25}	 1642 30 0,03
2168 

6 (~ , n) MT-22 Ge (Li)	 1177 30 10-3 
2127 10-3 

7 (~ ,n ) MT-22 Ga H.Jrn Ge(Li) 145,7 15 5.10-4 

HeMTpOHHhlH aRTHBaIUIOHHl:.ft1 aaanas 

).tJr.FI YCTpaH8HHH BJIWIHRH HSOTcma 28Al/TI/2=2,5 MEU/, HMemero raMMa
.JIHHHID 1779 R9B, ~OCTaTOtIHO I5-MHHyTHon B.bl.nePJKKH nocas 06JIY'IeHlul. 
56Mn(TI/2=2,58 ~ HMeIOT raMMa-.JIHHIDI 1811, 2110, H72G8 (TI/2=14,I ~) 
2201 R913 COOTB8TCTBeHHO B6.JIHSH raMMa-JIHHIDi 38C1 (1642, 2168 R9B). 
TaKHM 06pasoM, MapraHen H raJlJlHM - OCHOBHHe 9JIeM8HTH, onp8~eJIHIDmHe 

B~HY ~OHa npH aHa.JIHSe XJlopa B yrJIRX, li CJIe~OBaTeJIbHO, npe~e~ 06
HapyleHHR H OmH6RY HSMepeHHH npH H8MTpOHHo-aKTHBaUHOHHOM aHaJIRSe. 

TIpH npHMeHeHKH nnR aKTRBaUIDI 06paSnOB yrJIett He~TpOHHOrQ HCTO~HHRa 

252Ct: (5.I07H.c-I) H HSMepemU'I HaBe.ueHHoi! aKTRBHOCTH HSOTOna 38Cl 
C~HT~OHHHM .ueTeKTOpOM npe~eJI 06Hapy.HeHHR XJlopa paBeH 0,3%. A 
npe.rc.eJI 06HapY'KeHHH MapraHU8 npH YCJIOBIDIX 06.nyqeHIDI np06 MH aHa..Jmsa 
~OCTHr8eT 0,005%. 06H~HO co~epxaHHe Mapra~ B 6ypHX rrJlHX HaxO~TCR 

B .n;HarraSOHe 0,01-0,1 %f- n09ToMY raMMa-.JIHHHH KSQTona 5~n: acerna 6y
~T npHcYTCTBoBaTb B TOM ~anaSOHe 9HeprRtt, KOTOpHi! HSMepReTCR IIpH 
aHaJlHS8 XJlopa. To jKe OTHOCRTCH li K r~ID. ).tJr.FI Toro ~T06H YCTpaHHTb 
BJlHRIme HSOTonOB Mn H Ga, He06xo~0 npOBO~Tb HSMepeHHe HaBe~eHHOH 

aKTRBHOCTH C1 B yrJUIX C nOMOlI{bBJ Ge ( Li )-~eTeKTopa, npa 3TOM rrpe
~eJI 06HapYJKemm xnopa no E~ = 1642 K9B pasea 0,2%, a no Rt=2168 K3B 
- a,7%. ECJIH lIe HCnOJIbSOB8T:b ~ aKTKBaIJ;Im 252c t: c HHTeHCHBHOCT:bID 
Heft\p0HHoro nOTORa 5.10 9 H.C- , TO IIpe~eJI 06HaPYJKeHHH XJlope B yrJlHX 
6y:neT nop.fI):J;Ka2. 10-3%. TIo.nyqeHHHe pesYJI1:lTaTU He npOTHBOpe'G:aT ~HHHM 

raMMa-aKTHBa~OHHHM aH~3 

~ anp06aUHM ~a3pa6aTHBaeMoro MeTo~a rAA onpe~eJlHJlH BHXO~ ~OTOt H~epHOn peaRllHH 3 C1 ( ~ , n ) 34mc 1 npa HeROTopHX 3EiepnUIX TOpMOSHO
ro HS~eHHR MHKpOTpOHa.

J G aToM 
,I. onpe~e~ 

y 

ne~DID 06~aJlH 06pa3~ Sn Clt 2H20(~a) Maccofi 400 Mr II 

BHXO~ 34m Cl no WOPMY~e: 
_ A 

y - o , r~e
 
n·I·( I-exp(-Át) )
 

- BHXO~ lISOTona 34m Cl, pacna~.MoJIb-I.p-1, 
n - ~OJIO MO"JIei1 C1, 
I - HHTeHCHBHOCT1:l nOTORa raMMa-KBaHTOB, P.MHH-I, 

t - BpeMH 06~eHHH, MRH, 
l - nOCTORHHaR pa~oaKTKBHoro pacTIa~a 34m Cl, 0,0214 MHH-I• 

Pe3YJI1:lTam onpenezeaaa saxona peaKUHH 35C1( i, n)34m ci ~HhI B 
Ta6JlHne 2. J1,JrR cpaBHe~ aa p'IICYHKe I H8HeceHH aana peSYJI1:lTaTbI II 

~aHHHe .ru;>yrn a.BTO~OB ?, 8,97 aa 9MIIHpKtIeCROH KplIBO~ BHXO,u,a aToít 
peasnaa 1I3 pa60TH 10/. COrJIaCHe saurax pe3YJIbTaTOB c JlHTepaTY}JHHMH 
~HHHMH BnOJIHe y.uOBJIeTBOpHTeJlDHoe. 

Ta6.mma 2 
PesYJIDTaTH onpenezeaaa BllXOM peaKIJ;IDI 35C1( O,n )34m C1 

3HeprHR YCKopeHHHX 9~eKTpOHoB BHXO~ HSOTona 34m C1, 
(E ) ' MsB	 pacna~ MOJI~-I p-Io

14 3,0.10G 

18 4,3.104 

19 8,4.104 

21 1,2.105 

Co~ep~HHe XJlopa B HeCKOJI1:lKHX COTHffX 06pas~oB 6ypHX yrJIeít onpe~e
JIJI.1IH C rrOMOmI>lO raMMB....axraaanaoaaoro aaaaasa C npenezoa 06Hapyxtemm 
(1-5)10-4%. Co~epEaHRe ~opa B RCCJIe~eMHX oópasuax H9MeHflJlOC1:l OT 
10-2% no 5.10-4%. Ha pHCYHKe 2 nOKaSaH raMMa-Cn8KTp 6ypori> yr'.JIJ{, co
~ep!t8mero IO-~% XJIopa.~ 

AKTKB8nHID XJlopa B yr~ npOBO~ TOpMOSHHM 1I3~eHHeM C aHeprHe~ 

18 M3B. IIpH 9TOM YMeR1:lmaeTOH ~OH OT nOSHTpOHHoro pacnana H90Tona yrJ; nepona, 06pa9yDIterOCR no peaznaa 12C( (i , n )IIC C noporox 9HepI'IDI 
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PHC. I. BblXO.I\ !fJoTOJl,IJ,epHO~ peaKl\HH 35Cl(c5' , n) 34JIt 1 B 3aBHCHMOCTH
 
OT 3HeprMH YCKOpeHHNX 3~eKTpoHOB TOpM03HOrO H3nyqeHHS.
 

;{ 

18,72 MaB, R coxpaHReTCR ~OCTaTO~HO BHCOKHR BHXO~ H30Tona 34mC1 • 11 
MHTepwepRpymmRMH R~epHHMR pea~RMH rrpn onpe~aneHKH ~opa no raM I: 

Ma-~HRH c 8HeprRen 145,7 KaB RB~TCR I 

142 141Nd (~ , n) Nd, T1/2=2,6 ~, EeY = 145,4 KaB, q
142 141Ce( J , n) Ce, T1/2=32, 5 CYT, Eõ = 145,4 RaB. ~ I 
Co~epJK8.Hne HeO,I(RMa R ~epIDI B 6ypHX yI'JIRX ae npesaaaer B cpenaex ' 

. ! 10-4%,n n08T0M1 HX BKna~ npH aHa~3e co~epxaHH~ ~opa,paBHHX 
'~ l 

10-3_10-2%,6y~eT He3Ha~Te~bHHM. TIpH co~e~HHH ~opa nop~ 10-4% ! 
Heo6xo~o ~THBaTb Ko~ecTBeHH~ BKna~ B pe3~RbTaTH aHanKSa HH I, 
TepwepnpyKIItHX .Jl,ltepHHX peaKWI~ R ilpeJK,Ite scero 14 Nd ( o,n )141Nd• 11 
~ aToro ~OCTaTO~HO orrpe~aITHTb co~epmaHRe Heo~ no raMMa-RR l

I:HIDIM Kt:J,., KjJ OT pr (35,9; 40,7). B aHaRRsHpyewx rrpo6ax yrReA MC ! 
JIOpO~, ~TOaSOT II ,Iij>yrHe JIerMe 8ReMeHTH MemaM onpeneneaan xnopa , 
rrpKBO~T R ~eo6XO~OCTR 15-MHH o~eHRH o6pa3~oB nepe~ H3MepeHHeM. t: 
aTO CHH3W10 nopor onpeneaeaaa xnopa B yrJIJIX. Ilpenen o6HapyxeHRH 
pacç'lll'ITH~aJllI no RpRTepRlO 3 ~r;, r~e 1q,- nnonans q,oHa non aHaJIHTlNeC- I.1lliM q,oTommoM.' , ~ 
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TOpOB H906XO,ll;lfMO HCIIOJI:b30Ba T:b H9CKOJI:bKO CII9KTpOM9TPOB, HM9KJiliDC CBR3:b 

C MRKpo3BM. 3TO yCKOpHT H yrrpOCTHT IIpOBe~eHHe MaCCOBUX aHaJIH30B. 
C IIOMO~:b~ MHKpOTpOHa M~HO IIpOBO,ll;lfT:b aHaJIH3 XJIOpa B rrpo6aX IIOHC

KOBOrO xapaKTepa C Bapna~efi OT l.I0-2 ~0 l.I0-4%. 
~ aHaJIH3a co~ep~HHR x;ropa B aHepre~ecKHX yrJIHX, Kor~ ~oc

TaTo~eH rropor OIIpe~eJieHHR l.IO-l - l.I0-2%,MOXHO HCIIOJI:b30BaT:b aKTH
B~~ 06paanoB yr;rei{ H9iiTpoHa~m OT H30TOIIHUX HCTO~HHKOB (Harrp11!Mep, 
252C:r ) C H3MepeHH9M HaBe~eHHOii aKTHBHOCTH Ge ( Li )~~9T9KTOpOM. 

Bb!BO~bl 

I. Paapa6oTaHbl MeTo~KH HHcTpYMeHTaJibHoro aKTHBaqHOHHoro onpe

~eJieHHH XJIOpa B yrJIHX C npHMeHeHHeM raMMa-KBaHTOB, ~TOH9RTpOHOB 
MHKpoTpoHa K HeRTpoHOB 252c:r HCTO~Ka. 

2. Ilpe~eJI o6Hapy;.teHHH XJIOpa B yrJIHX npH PaMM8-aKTHBaqHOHHOM 
aH8.JIH3e p8BeH 5 I0-4 %, Ha HeRTpoHHOM HCTO~Ke 252c:r 
(5•107 H.c.-1)-G,2 %. 

ABTOpb! Bb!p~~T 6Jiaro~apHOCTb r.H. ~JiepoBy sa IIOCTaHOBKy sa
~atm H qeHHble yKasaHHH, B. P. 1\;repy, M. H. I.IIrnfpTy, a Ta101te M. 3Bape 

H K>.Il. raHrpcKOMY sa o6c~eHKe pesyJibTaTOB. 
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Co~HOM H. H ~p. 18-87-649 
HHCTpyMeHTanbHNH aKTHBa~HOHHNH MeTa~ aHanH3a 
xnopa B yrnHx 

OrrHcaHhl MeTo~HKH HHCTpyMeHTanbHoro aKTHBaqHOHHoro orrpe
~eneHHH xnopa B yrnHx c rrpHMeHeHHeM raMMa-KBaHToB, ~oTo

HeHTPOHOB MHKpOTpOHa H HeHTpOHOB 252 Cf HCTOqHHKa. Orrpe~e
neHbl BbiXOAf>I peaKu;HH 35 Cl ( y, n) 34mc1 rrpH 3HeprHHX ycKopeH- ' 
H:biX 3neKTpoHOB 14 + 21 M3B. Ilpe~en o6HapYJKeHHH xnopa B yr
nHx ITPH raMMa-aKTHBaiJ;HOHHOM aHanH3e ~OCTHraeT 5·10-4%, Ha 
HeHTpOHHOM HCTOQHHKe 252Cf (5·107 H·C- 1)- 0,2%. 

Pa6oTa Bb!ITOnHeHa B ITa6opaTOPHH H~epHb!X peaKIJ;HH omrn. 

flpenpHHT 06'be.llHHeHHOI'O HHCTHTYTa ll.llepHblX HCCJie.llOBIIHHH • .IJ:y6Ha 1987 

IlepeBO,!J; aBTOpOB 

Sodnom N. et al. 
Instrumental Activation Method for Determining 
the Chlorine Content of Coal 

18-87-649 

An instrumental activation method for determining the 
chlorine content of coal using bremsstrahlung and photo
neutrons from a microtron and a 252 cf source is described. 
Yields from the 35 Cl (y, n) 34m Cl reaction have been deter
mined in the range of electron energies of 14-21 MeV. The 
limit of detection for chlorine in coal has been found to 
be Sx!0-4% in gamma activation analysis and 0.2% in the 
case of 252cf source with a neutron flux of 5x107 ns- 1 • 

The investigation has been performed at the Laboratory 
of Nuclear Problem, JINR. 
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