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1. BBep;emi:e 

.ll:Jrn acTpoq:m:amm npep;cTaBJUieT HHTepec ce'leHHe peaKQHH 

35Cl(n,p)35S B o6JraCTH :mepnrn HetiTpOHOB En BbIIIIe TeIIJIOBbIX. Ho B pa6oTaX 

[1-3] :no ceqeHHe onpep;eJieHO C HCIIOJib30BaHHeM Ce'leHHR Ha TeIIJIOBbIX 

HeHTpoHax c En=0,0253 aB. B JIHTepaType me, IIOJiyqeHHOe pa3JIH'IHbIMH 

aBTopaMH, ceqeHHe 3TOH peaKQHH Ha TeIIJIOBbIX HeHTpOHaX UMeeT paa6poc 

3Ha'IHTeJibHO 6oJibllle yKa3aHHbIX norpellIIIOCTeH. RpoMe Toro, p;JIR 

HCCJiep;oBaHHH p-'leTHbIX n p-He'leTHbIX KoppeJIRQHH B peaKQHH 35Cl(n,p)35S 

Tpe6yeTCR [4,5) 3HaHne TO'IHbIX napaMeTpOB peaoHaHCOB 35Cl IIpH Eo=-180 aB 

H Eo=398 aB, IIOJiyqaeMoe IIO IIpHBR3Ke K BeJIH'IHHe ceqeHHR Ha TeIIJIOBbIX 

HeHTpoIIax. Il03TOMY npep;cTaBJIRJIOCb QeJiecoo6pa3HbIM eIQe paa H3MepHTb 

3TO ce'leIIHe, yp;eJIRR oco6oe BHHMaHHe Hap;e:i«HOCTH IIOJiyqaeMoro 

pe3yJibTaTa. 

2. MeTOp;HKa 3KCIIepHMeHTOB 

l13MepeIIHR IIpOBOp;HJIHCb Ha HetiTpOIIax OT HMIIYJibCIIOrO peaKTOpa 

MBP-30, pa6oTaBUiero COBMeCTHO C JIHHeHHbIM ycKOpHTeJieM 3JieKTpOIIOB. 

McIIOJib30BaJiaCb npoJieTHaR 6aaa 31 M. IIo BpeMeHH npoJieTa HeHTpOHOB 

Bbrp;eJIRJICR Bbrxop; H3 peaKQHH : 35Cl(n,p)35S, 6Li(n,t)4He H 14N(n,p)14C p;JIR 

HetiTpOIIOB C 3Heprneti EnSlaB . .ll:Be nocJiep;HHe peaKQHH HMeIOT Ce'leHHe, B 

3TOH o6JiaCTH 3HeprHH, IIOp;'IHIIRIOIQeeca: 3aKOHY 1/v, a ceqeHHe nepBOH 

peaKQHH corJiaCHO HallIHM pac'leTaM, a TaK:i«e pac'leTaM H H3MepeHHRM 

pa60TbI [2) OTKJIOHReTCR OT 3TOro 3aKOHa npn H3MeHeHHH aneprHH HeHTpOHOB 

OT O p;o 1 aB TOJibKO Ha 1%, IIoaToMy ceqem1e peaKQHH 35Cl(n,p) MO:i«no 

onpep;eJIHTb IIO cpaBHeHHIO BbIXOp;a H3 3TOH peaKQHH C BbIXOp;OM H3 peaKQHH 

Ha 6Li H 14N, Ce'leHHe KOTOpbIX H3BeCTHO, ecJIH HCIIOJib30BaTb HeHTpOHbI C En 

OT IIpHMepHO O aB p;o laB. IlpH 3TOM cpopMa cneKTpa HeHTpOHOB He BamHa, 

JIHlllb 6bI OH 6hIJI B npep;eJiaX 0-1 aB. B HallIHX H3MepeHHRX cneKTP COCTORJI 

H3 HetiTpciHOB OT En=0,12 aB p;o 1,0 aB, Bblp;eJieHHbIX no BpeMeHH npoJieTa H 

peQHKJIH'IHbIX netiTpOHOB c EnS0,033 aB. 

B Ka'leCTBe p;eTeKTOpa aapnmeHHbIX 'laCTHQ npHMeHRJiaCb 

p;ByxceKQHOHHaR HOHH3aQHOHHaSI IIJIOCKaR KaMepa C ceTKaMH (pHc.1), y 
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KOTOpo:tt: KaTO,!l; .IIBJI.fleTC.II o6m;HM ,!];JI.II o6e:nx ceKQHH [6]. .Il:Be MHIIIeHH -

co,n;epnmm;aa XJiop u BTopaa, co,n;epmam;aa JIHTHH HJIH a3oT, uMe10m;:ne 

O,!l;HHaKOBYIO IlJIOIIl;a,D;b H HaHeceHHble Ha aJIIOMHHHeBbie 110,!l;JIO:IKKH, 

ycTaHaBJIHBaJIHCb Ha KaTO,!l; KaMepbl. TaK KaK MHIIIeHH cKJia,D;bIBaJIHCb 

110,D;JIO:IKKaMH TaK, 'ITO HaHeceHHbie Ha HHX CJIOH Bem;ecTB, BXO,!l;.IIIIl;He B 

pa3JIH'IIIble cemJ;HH HOHH3all;HOIIHOH KaMepbl, pacnoJiaraJIHCb CTporo ,n;pyr 

npoTHB ,n;pyra, TO KOJIIt'leCTBO HeHTpOIIOB, nona,n;a10m;ee Ha MHIIIeim, 6bIJIO 

IlO'ITH O,!l;HHaKOllblM. He60Jibllla.lI nonpaBKa, OKOJIO 1 %, H3-3a pacceamrn 

He:i1TpOHOB Ha ,n;Byx aJIIOMHHHeBblX 110,IIJIO:iKKax TOJIIIl;HHOH 50 MKM, 

Bhl'IHCJIRJiacb C 60JiblllOH TO'IHOCTblO ,!];JI.II pa3JIH'IHblX H3MepeHHH. 

31M 

Pttc.1 CxeMa 3KCnepttMeHTa : 1 - aKTllBHalI 30Ha peaKTOpa C 3aMe,!IJIHTeJieM; 

2 - 3a~ttTa ll3 6eTOHa; 3 - cptIJibTp; 4 - ueihpOHOBO,!I; 5 - MOHllTOp Hei'rTpOHOB; 

6 - KOJIJil1MaTOpb1; 7 - ll0Hll3al.\l10HHalI KaMepa. 

3a HeCKOJlbKO MeTpOB nepe,n; HOHH3aIJ;HOIIHOH KaMepo:i1 

ycTaHaBJIHBaJIHCb KOJIJIHMaTOpbl (pHc.l), cpopM11pyrom;ue He:i1Tp01IHbll1 IlY'lJOK, 

na,n;a10m;:ntl: ua MHIIIeHH. B npe,n;BapHTeJibliblX 3KcnepnMeIITax OH 6bIJI 

pa3MepoM 2x4 CM, a B OCIIOBHbIX 3KCI1epm,1e1ITax pa3Mepo:M 2x8 CM. 

l13MepeHHH npoBO,!l;HJIMCb B reoMeTpHH, 1wr,n;a IIJIOCKOCTl1 J\!Mlliel!eH 

naxop;HJIHCb, B pa3JI}1'IHbIX 3KCnepMMeIITax, nop; yrJIOM OT 5 )J;O 7o K ny'IKY 

rm,n;a10m;Hx HeihpoHOB, 'ITO ycTpammo Tiona,n;a1me ny,ma Hetl:rpoHoB Ha ceTKH 

H 3JieKTpO,libl ImMepbl 6e3 MHllleIIe:ti. 
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3. IIpe,o;BapMTeJibHbie 3KcnepMMeHTbl 

B npe,n;Bap11TeJibHblX 3KCIIepHMeHTax 6bIJIO ycTaHOBJieHo, 'ITO np:n 

H3MepeHHH Ce'leHHH peaKIJ;HH 35Cl(n,p) 3aMeTHO JIY'lJIIIee BbI,D;eJieHHe IlHKa 

npOTOHOB OT (pOHOBOH IIO,!l;JIO:IKKH npOHCXO,!l;HT, Kor,o;a Ha IlYTH IlY'lJ:Ka 

Hel'l:TpOHOB IIOMem;eH (pHJibTp M3 aJIIOMHHH.11 TOJIIIl;HHOH 20 CM. B ,n;aJibHeihneM 

TaKOii (pHJibTp CTO.IIJI BO Bcex 3KCnepHMeHTax Ha paccTO.IIHHH npMMepHO 10 M 

OT peaKTopa (p:nc.1). IlpHMepHO a 20 M OT peaKTOpa, BHe He:i1TpOHHoro 

IIY'lJ:Ka, Haxo,n;HJIC.II MOHHTOp HeiiTpOHOB - 6opHbIH C'leT'IHK. 

B npe,n;BapHTeJibHhIX 3KCIIep:n~eHTax KaMepa HallOJIH.IIJiaCb CMeCbIO 

Ar + 4% CO2 ,o;o ,o;aBJieHMa 0,7 aTa. raabl 6paJIHCb 6ea ,n;onoJIHHTeJibHoii 

O'IHCTKH. 

C:nrnaJibl C KOJIJieKTOpOB o6enx CeKIJ;HH HOHH3aIJ;HOHHOH KaMepbI H 

3JICltTpo,n;a C MHllleH.IIMH (KaTo,n;a) ycHJIHBaJIHCb H no,n;aBaJIHCb Ha BXO,!J;bl AIJ;II 

H3MepnTeJibHO-HaKOIIHTeJibHOro MO,D;YJIH ,D;JIH MHorona paMeTpH'leCKHX 

H3MepeHHH [7]. C IlOMOIIl;bIO 3TOro Mo,o;yJia MO:IKHO npoBO,!l;HTb perHCTµaIJ;HlO 

CHrHaJIOB B pa3JIH'IHbIX pemuMaX • .Il:Jia YMeHbllleHH.11 cpoHa npe,o;BapHTeJibHble 

H3MepeHHH 6bIJIH BblllOJIHeHbl B pemHMe COBna,o;eHHR CHrHaJIOB OT 

KOJIJieKTopoB C CHrHaJiaMH OT KaTo,o;a KaMepbl. IlpHMeHHJIMCb MHllleHH : 

XJiopHaa Ha NaCl H JIHTHeBaH Ha LiF (Ta6JI.l). TaK KaK BbIX0,!1; H3 JIHTiieBoii 

MHllleHH 6bIJI 3Ha'IHTeJibHO 60Jibllle BblXO,n;a H3 XJIOpHOH MHllleHH, TO 

M3MepeHHH npoBO,!l;HJIHCb IlOO'Iepe,o;Ho, C JIHTHeBoii MHllleHblO B Te'leHHe 

3Ha'IHTeJibHO MeHblllero BpeMeHH. CHrHaJibl OT MOHHTOpa HeiiTpOHOB 

aanycKaJIH reHeparop TO'IHblX aMilJIHTYA,H MMnyJibCbl OT Hero. no,o;aBaJIHCb Ha 

BXO,!J;bl npe,n;ycHJIHTeJieii TaK me, KaK H CHrHaJibI C 3JieKTp0,!l;OB KaMepbl. :;)ro 

ycTpaH.IIJIO Heo6xo,n;HMOCTb Y'lJHTblBaTb pa3JIH'IHe npoc'leTOB CHrHaJIOB B 

TpaKTax OT CeKIJ;HH C XJIOpHoii H JIHTHeBoii MHllleHbIO. 

MttllleHH npHroTOBJIHJIHCb HanblJieHHeM Bem;ecTB B BaKYYMe Ha 

aJIIOMHHHeBble nO,D;JIO:IKKH. TOJIIIl;I1Ha HanbIJieHHblX CJIOeB 3TOH napbI 

MHllleHe:i1 onpe,o;eJI.IIJiaCb no B3BellIHBaHHIO C TO'IHOCTblO OKOJIO 3% (Ta6JI.l). 

Ce'IeH:ne peaKIJ;HH 35Cl(n,p) onpe,n;eJI.IIJIOcb no cpopMyJie 

<1(Cl) = n(Li) • N(p) • m(Li). K1 • <1(Li) (l) 

n(Cl) N(a) m(Cl) K
2 
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r,n;e n(Li) H n(Cl) - KOJIH'lecTBo R,n;ep 6Li H 35Cl Ha cM2 B MHIIIeHHRX LiF H 

NaCl; N(p) H N(cx) - 'IHCJIO npoTOHOB H CX-'laCTHQ,o6paayro~nxcR B peaKQHRX 

Ha 35CI H 6Li c Y'leToM acpcpeKTHBHOCTH pemcTpaQm1; m(Li) H m(Cl) -

OTC'leThl MOHHTopa HeHTpOHOB npH H3MepeHHRX C JIHTHeBOH H XJIOpHOH 

MHUieHRMH; K1 - nonpaBKa Ha npOTOHbl H3 peaKQHH 14N(n,p)14C OT aaoTa, 

npncyTcTByro~ero KaK npnMech B raae 1taMepb1. OHa Heo6xo,n;nMa, TaK KaK 

HMnyJihCbl OT npoTOHOB H3 peaKQHH Ha 35Cl H 14N, HMelO~HX 6JIH3KHe 

3HeprHH, Ha cneKTpax He paa,n;eJIRJIHCh, K 2 - nonpaBKa na-aa pacceRHHR 

HeHTpOHOB Ha no,n;JiomKaX MHUieHeH, cr(Li) - ce'leHHe peaKQHH 6Li(n,t)4He. 

.Il:JIR onpe,n;eJieHHR nonpaBKH K1 ItaMepa onycKaJiaCb TaK, 'ITO npRMOH 

HeHTpOHHhIH nY'loK He nona,n;aJI Ha MMIIIeHH, HO npoxo,n;HJI TaKoH me nyTh B 

raae KaMepbI, Kalt H npH o6JIY'leHHH MHIIIeHeH. BeJIH'IHHa K1 Bbl'IHCJIRJiaCh no 

cpopMyJie 
N (0) 

Kl= 1--p-, r,n;e Np(0) - 'IHCJIO aapemcTpHpOBaHHbIX npOTOHOB, 
NP 

Kor,n;a MHIIIeHb BHe npRMOro nY'IKa; Np - 'IHCJIO npOTOHOB, Kor,n;a MHIIIeHh B 

npRMOM HeHTpOHHOM IlY'IKe. 

3Ha'leHHR H3MepeHHbIX BeJIH'IHH, BXO,!l;R~X B cpopMyJiy (1), npHBe,n;eHhl 

B Ta6JI.2. BeJIH'IHHa cr(Li) npn En=0,0253 aB B3RTa Ha [8] paBHOH 941±3 6apH. 

Ce'leHHe HCCJie,n;yeMOH peaKQHH B 

3KcnepHMeHTaX OKaaaJIOCb paBHbIM ( 579±50) M6 

6oJibllIHHCTBa ony6JIHKOBaHHblX 3Ha'l'eHHH. 

3THX npe,n;Ba pHTeJibHbIX 

'ITO OTJIH'laeTCR OT 

Ma npe,n;BapHTeJibHbIX H3MepeHHH 6bIJIH c,n;eJiaHbl CJie,n;y10~ne BbIBO,!l;bl 

'AJIR ,n;aJibHeHIIIHX 3KCnepHMeHTOB : a) TaK Kalt nonpaBKa Ha BKJia,n; OT 

npoTOHOB H3 peaKQHH 14N(n,p) OKaaaJiaCb 6oJibllIOH (Ki=0,52), TO Heo6xo,n;HMO 

HanoJIHRTb KaMepy 6oJiee 'IHCTblMH raaaMH, 6) Heo6xo,n;HMO 6oJiee T~aTeJibHO 

onpe,n;eJIRTb TOJI~HHY MHIIIeHeti, Kalt Han6oJiee BepORTHbIH HCTO'IHHK 

B03MOmHhIX OUIH60K. 

4. MnIIIeHH 

Heo6xo,n;HMO no,n;po6Ho OCTaHOBHTbCSI Ha Ha,n;emHOCTH n TO'IHOCTH 

onpe,n;eJieHHR TOJI~HHbl MHIIIeHeii C noMO~blO B3BeIIIHBaHHR. 3TO Bamuo B 

CBeTe YTBep:m,n;eHHSI B pa6oTaX [3,9,10] o HeHa,n;emHOCTH onpe,n;eJieHJm 

TOJI~HHbl MHIIIeHeH TOJibKO MeTO,!l;OM ,n;HcpcpepeHQHaJibHOro B3BeIIIJ1BaHH_R, TO 
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eCTb CHa'laJia B3BeIIIJ1BaHHR IlO'AJIO:m1m, a 3aTeM IlO,!l;JIO:mKH C HailhIJieHHbIM 

CJIOeM. 

Bee MHIIIeHH B HaIIIHX 3KCnepHMeHTax npHroTaBJIHBaJIHCb Ha 

BaKyyMHOH pacnbIJIHTeJibHOH ycTaHOBKe BYII-5. PaaMep MHIIIeHe11 B 

npe,n;BapHTeJibHblX 3KCnepHMeHTax 6hIJI 30x120 MM, Ha IlO'AJ!OmKax H3 

aJIIOMHHHSI paaMepoM 60x150 MM, a B ~CHOBHbIX H3MepeHHRX 61x120 MM, Ha 

no,n;JIOmKaX H3 aJIIOMHHHSI 80x140 MM. PacnbIJISIJIHCb Be~eCTBa c BblCOKOH 

XHMH'leCKOH 'IHCTOTOH. PacnbIJieHHe npOH3B0,!l;HJIOCb H3 MOJIH6,n;eHOBblX 

JIO,!l;O'leK, HarpeBaeMbIX nponycKaHHeM 'Iepea HHX jJieKTpH'leCKOro TOKa. 

Ba1tyyM Bo Bcex pemnMax no,n;,n;epmnBaJicSI B npe,n;eJiax 3-10-5 - 3-lQ-3 Ila. 

JlHTHeBbie MHUieUH H3rQTOBJISIJIHCb H3 LiF. Co,n;epmaHHe JIHTHSI-6 B JIHTHH 

COCTaBJISIJIO ( 3,65 ± 0,02 %, 'ITO onpe~eJieHO C IlOMO~blO Mace-

cneKTpoMeTpH'leCKOro aHaJIH3a. reoMeTpHR, npn HanbIJieHHH napbl MHIIIeHeH, 

co,n;epma~eti: XJiop, H 3TaJIOHHoti:, co,n;epma~eti: JIHTHti: HJIH aaoT, 6b1Jia 

O,!l;HHaKOBOH. 

IlpHMeHSIJiaCb CJie,n;y10~aR npoQe,n;ypa HailbIJieHHR MHIIIeHeti:. CHa'laJia 

B KaMepy ycTaHOBKH naMe~aJIHCb nycTa.H JIO,!l;O'IKa H no,n;JIOmKa, BblMblTbie 

aQeTOHOM, 3aTeM JIO,!l;O'IKa nporpeBaJiaCh 
0

TOKOM npnMepHo B TOM me pemnMe 

CKOpOCTH yBeJIH'leHH.H CHJlbl TOKa H BbI,!l;epmKH no BpeMeHH, 'ITO 3aTeM 

npHMeH.HJICSI npH HanbIJieHHH. 3TOT pemHM onpe,n;eJI.HJIC.H no 6oJiee paHHeMy 

npo6HOMY HanbIJieHHIO. IlocJie OKOH'laUH.H nporpeBa ,n;eJiaJiaCb Bhl,n;epmKa, Ha 

OCTbIBaHHe ,n;eTaJieH BHYTPH KaMepbI, npHMepHo 3 Ml1HYTbI, n B KaMepy 

BnycKaJICSI Boa,n;yx. E~e 'Iepe3 3 MHHYTbl Ha'IHHaJIHCb H3Mepemrn Beca 

no,n;JI0:m1t11, KOTopaR 6bma nporpeTa H o6earameua np11 pa,n;11aQHOUHOM 

HarpeBe OT JIO,!l;O'IKH. CHa'laJia B3BeIIIHBam1e npoBO,!l;HJIOCb B Te'leHHe 

HeCROJibKHX MHHYT Ha Becax BJIP-200r, CTOR~HX p.H,!l;OM c HanbIJIHTeJibHOH 

ycTaHOBKOH, a 3aTeM, npnMepHo 'Iepea 11 MHHYT H ,n;o 20 MHHYT Ha Becax 

BJIP-20r, 6om,IIIeti TO'IHOCTH, Haxo,n;SI~HXCSI B ,n;pyroM noMe~eHHH. 

BaneIIIeHliaSI no,n;JiomKa noMe~aJiaCb B ycTaHOBKY H npoH3B0,!l;HJIOCb 

HanhIJieHne. 3aTeM no,n;JiomKa C HanbIJieHHbIM Be~eCTBOM B3BeIIIHBaJiaCb Ha 

,n;Byx Becax, Tait me' Kalt H 'IHCTaSI no,n;JIOmRa, H B Tex me BpeMeHHblX 

HHTepBaJiaX. 

Bb!JIH H3fOTOBJieHbl 6 MHIIIeHeii pa3JIH'IHOH TOJ!~HHbl H C pa3JIH'IHbIMH 

HanbIJieHHblMH Be~eCTBaMH BecoM OT 14 ,n;o 40 Mr. IlocJie conpHKOCHOBeHHR c 
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B03,n;yxoM Ka.K 'U1CTbie no,D;Jio:IKKH, TaK H no,n;JIO)KKH C HanbIJieHHbIMH 

BerqeCTBaMH YJ3eJIH'IHBaJIH CBOH Bee. CKopOCTb yBeJIH'IeHHH Beca, H3MepeHHaH 

B HHTepBaJie OT 3 ,n;o 20 MHHYT, nocJie conpHKOCHOBeHHH c Boa,n;yxoM, 6bIJia 

o.n;1rnaK0BoH Ka.K .n;JISI 'IHCTbIX no,n;JiomeK, TaK H no,n;JiomeK c NaCl, LiF, KCl H 

C5H5N5, He3aBHCHMO OT TOJIIqHHbl HanhlJieHHOro CJIOSI. Bee CJIOeB 

onpe,n;eJISIJIC.fI no H3MepeHH.fIM Ha 6oJiee TO'IHbIX Becax Ka.K pa3IIOCTb Beca 

HanblJieHHOH no,D;JIO)KKH H 'IHCTOH no,n;JiomKH B ,D;Hana30He OT 11 .n;o 20 MHHYT, 

noCJie conpHKOCHOBemrn HX C Boa.n;yxoM, qepe3 Kam.n;y10 MHHyTy. 

MaKCHMaJibHbIH paa6poc noJiyqeHHhlX 3Ha'IeHHH Beca OT cpe,n;Hero 3Ha'IeHH.fI 

6bIJI MeHbllle, 'IeM norpellIHOCTb BeCOB no nacnopTy, KOTOpaSI 6paJiaCb Ka.K 

norpellIHOCTb 3Ha'IeHH.fI HanbIJieHHOro CJIOSI. Bee CJIOeB, H3MepeHHbIH Ha 6oJiee 

rpy6bIX Becax B ,D;Hana30He OT 3 ,n;o 6 MHHYT, nocJie conpHKOCHOBeHH.fI C 

B03,D;yxOM, HCnOJib30BaJIC.fI ,D;JISI npoBepKH OTCYTCTBHSI rpy6bIX OllIH60K npH 

H3MepeHH.fIX Ha 6oJiee TO'IHbIX Becax. Bee HanbIJieHHbIX 6 MHllleHeH, KOTOpbie 

HCnOJib30BaJIHCb B OCHOBHbIX H3MepeHHSIX, onpe,n;eJieHHbIH Ha .!lBYX Becax, 

TOJibKO )];JI.fl O,!l;HOH MHllleHH pa3JIH'IaJIC.fI 6oJibllle 'IeM Ha 1 npoQeHT. 

YBeJIH'IeHHe Beca npH conpHK0CHOBeHHH MHllleHeH c Boa.n;yxoM o6ycJIOBJieHO B 

OCHOBHOM a,n;cop6QHeH BJiarH, TaK Ka.K npH noMerqeHHH MHllleHeH B 

3KCHKaTop OHH BOCCTaHaBJIHBaIOT CBOH Bee. 

BbIJia TaKme npoBe,n;eHa npoBepKa H3MepeHHbIX TOJIIqHH JIHTHeBbIX 

MHllleHeH no _ cpopMe nHK0B OT a.-qacTHQ npH o6JiyqeHHH MHllleHeH 

HeHTpoHaMH. KaK OHa npoBO,!lHJiaCb, OITHCaHO B pa3.!{eJie 5.1 rnaBbl "OcHOBHbie 

H3MepeHHSI". OKa.3aJIOCb, 'ITO TOJIIqHHa JIHTHeBbIX MHllleHeH, noJiyqeHHaSI no 

,D;HcpcpepeHQHaJibHOMY B3BellIHBaHHIO, onpe,n;eJieHa C TO'IHOCTblO Jiyqllle ,'IeM 

5%. Bee nepe'IHCJieHHOe BbJIIJe noKa3bIBaeT, 'ITO onpe,n;eJieHHe TOJIIqHH 

MHllleHeH, H3rOTOBJieHHbIX no npHMeHSieMOH npoQe.n;ype, npaBHJibHOe. 

IlpH paCCMOTpeHHH HanbIJieHHbIX MHllleHeH B MHKpOCKOn C 

YJ3eJIH'IeHHeM B 50 pa3 BH,D;HO, 'ITO OHH O,!l;HOpO,D;HbI; y 6oJiee TOHKHX qepe3 

HanbIJieHHbIH CJIOH BH,!l;Hbl noJIOCbl OT npoKaTKH aJIIOMHHHeBhlX no,n;JiomeK. 

Ha MHllleHSIX MeHbllleH TOJIIqHHbl 'IeTKO BH,D;HbI HHTepcpepeHQHOHHbie 

noJIOCbI, CBH,D;eTeJibCTBYIOiqHe O paBHOMepHOM YMeHbllleHHH CJIOSI BerqeCTBa 

OT QeHTpa K KpaSIM. 
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5. OcHOBHbie H3MepeHH.fI 

J1oHH3aQHOHHaSI KaMepa HanoJIHSIJiacb cMeCbIO Ar + CO2• AproH 

6paJIC.fI H3 6aJIJIOHOB 6e3 ,n;onoJIHHTeJibHOH O'IHCTKH, TaK KaK no nacnopTy B 

HeM aaoTa MeHbllle 0,006 %, a yrJieKHCJlbIH ra3 O'IHiqaJIC.fI C noMOiqblO 

mn,n;Koro aaoTa. 

l13MepeHH.fI 6bIJIH npoBe,n;eHbl Ha BTOpoH, TpeTbeH H 'IeTBepTOH napax 

pa3JIH'IHbIX no TOJIIqHHe MHllleHeH (Ta6JI.l). l1MnyJibChl C 3JieKTpO,D;OB KaMepbl 

perucTpHpoBaJIHCb 1024-KaHaJibHbIMH AUII. 3HepreTH'IecKaSI KaJIH6poBKa 

cneKTpoB aapSimeHHbIX qacTHQ npoBO,!J;HJiacb no a.-qacTHQaM c 3Heprne11 

4,18 H 4,76 M3B OT TOHKHX HCTO'IHHKOB ypaHa-238 H 234. 

5.1 B H3MepeHHSIX co BTOpm1 napoH MHllleHeH HCnOJib30BaJiaCb MHllleHb H3 

NaCl TOJIIqHHOH 0,216 Mr/cM2 H MHllleHb H3 LiF TOJIIqHHOH 0,451 Mr/cM2• 

BbIJIH npoBe,n;eHbl )];Ba H3MepeHH.fI O,!l;HOBpeMeHHO C ,D;Byx ceKQHH KaMepbl B 

Te'IeHHe npHMepHO 2,5 qaca H ,D;Ba TOJibKO c ceKQHeH c XJIOpHOH MHllleHblO 

( aarpy3Ka OT KOTOpOH MeHbllle ) B Te'IeHHe OKOJIO 1 7 'IaCOB. IlpH 3TOM 

npHMeHSIJIC.fI pemHM perHCTpaQHH co6bITHH 6e3 COBna,n;eHHH HMnyJibCOB C 

KOJIJieKTOpa H Ka.TO,D;a. O'IHCTK3. CO2, BXO,!J;SIJ:qero B CMeCb ra30B, HanoJIH.fIIOiqHX 

KaMepy, YMeHbllIHJia nonpaBKY Ha npHCYTCTBHe a30Ta B raae npHMepHO B 

5 pa3. IIpoBepeHo, 'ITO B BhlnOJIHeHHbIX 3KCnepHMeHTax BJIHSIHHe pacceSIHHbIX 

B noMerqeHHH HeHTpOHOB MaJIO. BKJia,n; OT pacceSIHHbIX HeHTpOHOB B BbIX0,!1; H3 

JIHTHeBOH MHllleHH, Kor,n;a OHa CTOSIJia BHe npSIMoro HeHTpOHHOro nyqKa, Bcero 

0,36% OT BbIXO,D;a H3 JIHTHeBOH MHIIIeHH,CTOSIIqeH B nyqKe. 

'9:aCTb cneKTpa 'IaCTHQ, BbIJieTaIOiqHX H3 MHllleHH NaCl, C nHKaMH. OT 

npoTOHOB H3 peaKQHH 35Cl(n,p) H 14N(n,p) npHBe,n;eHa Ha pHc.2. CneKTp 

npOTOHOB H3 peaKQHH Ha aaoTe, Kor,n;a XJIOpHaSI MHIIIeHb BbIBe,n;eHa H3 

npSIMOro nyqKa HeHTpOHOB, HOpMHpOBaH Ha TO me 'IHCJIO OTC'IeTOB MOHHTOpa, 

'ITO 6bIJIO npH H3MepeHHH C XJIOpHOH MHllleHblO B npSIMOM nyqKe. l1MnyJibChl 

OT MOHHTOpa BbIBO,!l;HJIHCb Ha nOJIHOM cneKTpe B HHTepBaJie 700-900 KaHaJIOB. 

IIpoQe.n;ypa onpe,n;eJieHHP. cpOHOBOH no,n;JIO)KKH 6hlJla CJie,D;YIQiqeH : CHa'IaJia Ha 

rJia3 npoBO,!l;HJiaCb no,n;JIO~tKa H HaXO,!J;HJIOCb noJIHOe 'IHCJIO npOTOHOB, 

06paay10rqHXC.fI B MHIIIeHH, no cpopMyJie (2), npHBe,n;eHHOH HHme. 3aTeM, 
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Pllc.2 ITllKll OT npOTOIIOB ll3 peaK~H : GI- 35Cl(n,p) + 14N(n,p); 0- TOJibKO 

14N(n,p); A - Bbl'D!CJieHl!bie TO'IKll cpOIIOBOH ITO,!IJIOlKKll; n - IIOMep KallaJia; 

E - :meprm'I np0To110B B MaB; N - <rncJio aaperHcTpnpoaa1111blx 'laCTHI'I; 

........ - 3KCTpanoJinposa1111aH ITO,!IJIOlKKa no Bbl'lHCJiellHblM TO'IKaM. 

11enOJib3YR 3TO 'IJ'.leJio, Bbl'lllemmn BKnaJJ: B l13MepeHHblH eneKTp B 

l1HTepBaJiax 60-70, 70-80 11 80-90 KaHaJIOB, OT "xBoeTa" npOTOHHOro nHKa, 

aaBJ1eR~J'.IH OT KOHe'IHOH TOJI~J'.!HbI Ml1llieHl1. OKOH'laTenbHO cpoHOBaR 

nOAJIOJKKa nOA JieBbIM KpaeM nHKa npoBOAHJiaeb no TO'IKaM, o603Ha'leHHbIM 

TpeyroJibHJ1'1KaMJ'.I Ha pHe.2, nonyqeHHbIM c yqeTOM BbI'IJ'.leJieHHOro BKJiaAa 

"XBOeTa" nHKa. HaAeJKHOeTb TaKoro MeTOAa npoBeAeHJ'.IR nOAJIOJKKJ1 

nOATBepmAaeTeR peayJibTaTaMH J'.13MepeHHH TOJibKO Ha aaoTe ( KpymKH Ha 
/ 

pHe.2 ).. Jl,JIR yMeHbllieHJ'.IR cpoHOBOH no~OJKKJ'.I paeeTORHJ'.le MJ'.IUieHb-eeTKa B 

KaMepe YMeHbllieHO OT 82 MM B npeABapHTeJibHbIX 3KenepHMeHTaX AO 60 MM. 

A llIHpHHa r.mllleHe:i1:, AJIR nOBbillleHJ'.IR BbIXOAa J'.13 XJIOpHOH MJ'.lllleHH, 

YBeJIIt'leHa OT 30 AO 61 MM. MJ:1lllem1·paenonaraJIJ:1eb HHme qeHTpa 3JieKTPOAa, 

tJT06bI npRMOH Heil:TpOHHbIH nyqoK BbI3bIBaJI peaKQJ'.IIO 14N(n,p), Ha npHMee11 

aaoTa B o6beMe, l13 KOToporo BbIJieTaIO~J'.le J'.13 peaKQJ'.IJ'.I npOTOHbI He 

BbIXOAHJIJ'.I J'.13 OAHOPOAHOro noJIR MeJKAY 3JieKTPOAaMH. Ilpl1 TaKOH IIIHpHHe 

MHllleHeJr, J'.IX noJIOJKeH_J'.IJ'.I H AaBJieHHJ'.I B KaMepe 1,15 aTa eMeeH Ar + 3% 

CO2, He Bee TpHTOHbI J'.13 JIHTJ'.leBOH MJtllleHJ'.I YKJiaAbIBaJIJteb B o6beMe e 

OAHOpOAHbIM 3JieKTpJt'leCKJ1M noJieM J1 HaAeJKHO pa3AeJIJtTb nHKJt OT (X-qaeTI'.IQ 

n TpllTOHOB 6blno HeB03MOXHO. 3TO noTpe6oBaJIO HaHTJt aaBHeHMOeTb 'IHeJia 
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a-qaenu~ l13 MHllieHH N(a) OT OTe'leTOB MOHHTOpa m(Li). TaKaR KaJIH6pOBKa 

MOHHTopa 6bIJia npoBeAeHa npl1 AaBJieHJ1l1 B KaMepe 2,0 aTa, KOrAa Bee 

Tpl1TOHbI YKJiaAbIBaJIJ1eb B OJ:tHOpO)lHOe :meKTpHqeeKoe none. OKaaaJIOeb, 'ITO 

N(a)=303·m(Li) e TO'IHOeTbIO 2%. OTeIOAa - BXOARI.I.~ee B cpopMyJiy (1) 

OTHOUiemte m(Li)/N(a)=0,00330(±2%). BbIAeJieH11e o6~ero n11Ka OT npOTOHOB 

l13 peaKQl1H Ha XJiope l1 aaoTe OT cpOHOBOH nOAJIOJKKl1 npOl13B0Al1JIOeb B Tpex 

AJ1anaa0Hax : 70-130, 80-130 H 90-130 KaHaJIOB (pl1e.2). !IOJIHOe 'IJ'.leJIO 

npOTOHOB, o6paayIO~l1XeR B peaKQl1l1 Ha XJiope, BbI'IJ1eJIRJIOeb no cpopMyJie 

NP 
N(p) =- I 

E 
(2) 

rAe Np - 'IHeJio OTe'leTOB B nHKe OT npoTOHOB H3 peaKQJ'.IH Ha XJIOpe, B 

AHanaaoHe BbIAeJieHHR nmia; E - acpcpeKTJ'.IBHOeTb pemeTpaqmt npoTOHOB AJIR 

AaHHOro AHanaaoHa. TaK KaK B HallIJ'.IX J'.13MepeHHRX perHeTpHpYIQTeR 

qaeTHQbI, BbIJieTaIO~He noA JII06bIMJ'.I yrnaMJ'.I H3 MHllleHH ( B 27t ), TO 

cpopMyJia AJIR 3cpcpeKTHBHOeTJ'.I pemeTpaQHJ'.1, aHaJIOrH'IHaR cpopMyJiaM J'.13 

[11, 12],HMeeT eJieAYIO~HH BHA: 

e = 
015 

_ 0,25 • t 
R0 -R. 

(3) 

rAe t - TOJI~HHa MHllleHH; Ro - nOJIHbIH npo6er npOTOHOB B Be~eeTBe 

MJ'.lllleHH; Rx - npo6er npH noporoBoil: 3HeprHH, eOOTBeTeTBYIQ~eil: Hl1JKHeMy 

KaHany BbIAeJineMoro AHanaaoHa. 

MenoJib30BaHHbie HaMJ'.I MHllleHH 6bIJIH AOeTaTO'IHO TOHKJ'.IMJ'.I, 'IT06bI 
") 

YAOBJieTBjl}lJ'.!Tb yeJIOBJ'.IIO t:s;Ro-Rx, He06XOAHMOMY AJIR Toro, 'IT06bI MOJKHO 
I 

6bIJIO npHMeHHTb cpopMyny (3). Ilpo6em npoTOH0B B NaCl B3RTbI J'.13 [13], OHJ'.1 

eoBnaAaIOT e AaHHbIMJ'.I, npHBeAeHHbIMH B [14]. Ilpo6em CX-tJaeTHQ n TPHTOHOB 

B MJ'.lllleHH J'.13 LiF, Heo6XOAHMbie ~R KaJin6pOBKH MOHJ'.!Topa, B3RTbI J'.13 [15]. 

PaaHOeTb Ro-Rx no 3THM AaHHbIM eoBnaAaeT, B Heo6XOAHMOH o6naent 

npo6er,cm, ·e pa3HOeTRMH,BbI'IJ'.leJieHHbIMH no [13, 14 H 16]. 

IIpoBepKa TOJI~J'.IH JIHTHeBbIX MHllleHeil:, l13MepeHHbIX no 

AHcpcpepeHQHaJibHOMY B3BellIHBaHHIO, 6bIJia npoBeAeHa no cpopMe nJtKOB OT 

(X-qaeTHQ, npH o6nyqeHJ'.IJ'.I MJ'.lllleHeH He:i1:TpoHaMH, eJieAyIO~J'.IM o6pa30M. 

BbI'IJ'.ICJIRJIOeb noJIHOe 'IJ'.leJIO CX-tJaeTHQ, 06paay10~nxen B peaKQl1l1 6Li(n,a)3H 

e aHepmeii 2,05 MaB, no cpopMyne 
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N - N, 
a--

e. 
(4) 

r,n;e Nx - qucJio OTcqeToB B nmce O'f a.-qacTHU, B ,n;uana3oHe :mepruti 

BhI,D;eJieHHR IlHKa; Ex- 3cpcpeKTHBHOCTh perncTpauuu a,-qacTHU AJIR ,n;aHHOro 

,n;uana30Ha. RaK BH,D;HO H3 cpopMyJihl (3), acpcpeKTHBHOCTh perncTpauuu 

3aBHCHT OT TOJIIQHHhl MHWeHH, a BhlqJ1cJieHHOe qucJIO a.-qacTHU Na He 

,D;OJimHO 33BHCCTb OT LIH3IJ330Ha, B KOTOpOM BhI,D;eJIReTCR IlHK, Il03TOMY eCJIH 

TOJIIQHHa onpe,n;eJieHa npaBHJihHO ( TaK JKe, KaK H BCJIH'IHHbi' Ro H Rx ), TO 

BeJiuquHa Na 6y,n;eT O,D;HHaKOBOH. He 3aBHCRIQeH OT ,n;uana30Ha Bbl,D;eJiemm. 

IIpone,n;eHbl BhlqHcJieHHR Na, KOr,n;a HHmHRR rpaHHUa BhI,D;eJieHHH IlHKa 

H3MeHRJiaCh B WHpOKHX npe,n;eJiaX 3Hepruii a,-qacTHU OT 0,4 ,n;o 1,3 MaB, ,D;JIR 

TOJIIQHHhl MHWeHH , noJiyqeHHOH no B3BeWHBaHmo, a TaKme npu 

npe,n;noJiomeHHHX, qTo TOJIIQHHa MHWeHH Ha 5% 6oJihWe u MeHbWe. 

!IOCTORHCTBO Na npu TaKHX npe,n;noJiomeHHRX 0 H3MeHeHHH TOJIIQHHhl 

MHWeHH ) OKa3aJIOCh 3HaquTeJibHO xyme, qeM ,D;JIR TOJIIQ11Hhl Ml1WeHH, 

OIIpeneneHHOH B3BCIIIHB3HHCM. 

TOJIIQl1Ha JI11Tl1eBhlX M11IlleHett, 

OTcIO,n;a MOmHo' c,n;eJiaTh BhIBO,D;, qTo 

IJOJI}"ICHHITTI. nmpcpepeHUHaJihHb!M 

B3BCIIIHB3HHCM, OIIpeneJieHa C TOqHOCThlO JiyqIIIe qeM 5%. 

3HaqeHl1R BeJI11q11H, BXO,D;HIQl1X n cpopMyJiy (1), noJiyqeHHhie B qeTbipex 

113MepeHl1RX co BTOpoii napoii M11IIIeHett, np11ne,n;eHhl B Ta6JI.2. B Hett me 

np11ne,n;eHhl H noJiyqeHHbie ceqeHl1R 11CCJie,n;yeMOH peaKU11H. 

5.2. I13MepeHl1R Ha TpeThett nape Ml1IIIeHett 6hIJIH npone,n;eHbl C Ml11lleHhIO 

KCI TOJIIQl1HOH 0,320 Mr/cM2 11 MHIIIeHhIO H3 C 5H 5N 5 ( a,n;eH11Ha ) TOJIIQl1HOH 

0,310 Mr/cM2• ,lJ;aBJieHHe n KaMepe 6bIJIO 1,15 11 0,46 aTa cMeCH 

Ar + 4,3 % CO2• 3HepruH npoToHOB 113 peaKUH11 Ha a3oTe, TaK me KaK H 113 

peaKUH11 Ha XJIOpe, MeHbllle 0,6 MaB, n03TOMY npoTOHhl noJIHOCThlO 

YKJia,D;hIBaJI11ch B o,n;Hopo,n;Hoe aJieKTp11qecKoe noJie Mem,n;y aJieKTpo,n;aMH, 

,n;ame npu ,n;aBJieHHl1 B KaMepe 0,46 aTa. 

IIpo,n;oJimHTeJibHOCTh 113MepeHHH O,D;HOBpeMeHHO C 06e11x ceKU11H 

KaMepbl COCTaBJIRJia OT 8 ,n;o 13 qacoB, AJIR ncex mecTH H3MepeHHH, Tpex C 

MHIIIeHRMH B nyqKe HettTpOHOB 11 Tpex C M11WeHRMH BHe nyqKa HettTpOHOB. 
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Ilpu 3TOM co6bITHR perHCTpHpoBaJIHCh B pemHMe conna,n;eHHH HMilYJihCOB OT 

KOJIJieKTOpoB C HMilYJihCaMH OT KaTO,n;a. 

0.3 o.s 0.7 E 0.9 
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50 90 130 170 n 

Pnc.3 CneKTJ) "laCTH~ H3 MHIIlemt KC! : 7Li(10B) - JIHTHH-7 na peaK~H 

10B(n,a)7Li; p(35Ci) - npoTOHbI H3 XJiopa; n - HoMep KaHaJia; E - :meprm1 

B . MaB; N - 'IHCJIO aaperHCTJ)HpOBaHHbIX 'laCTH~; ... - BbI'IHCJieHHbie TO'IKH
0 

!pOHOBOH IlO,llJIO»tKH. 

CneKTphI qacT11U .H3 M11weHett KCI 11 C 5H 5N 5 noKa3aHhI Ha p11CYHKax 

3 H 4. CTpeJIKH YKa3bIBaIOT MeCTa, r,n;e no pacqeTy ,D;OJimHhl 6bITh npoTOHhl 113 

peaKQHH 35CI(n,p) u 14N(n,p), a TaKme 11,n;pa 7Li H3 peaKu1111 10B(n,a.1)7Li. 

Ill1KH OT 11,n;ep 7Li H npoTOHOB 113 a30Ta C,D;BHHYThI BJieBO. OT Bhlq11cJieHHhIX 

IlOJiomeHl1H H3-3a KOHeqHott TOJIIQHHhl M~~weHett. TaKOro C,D;B11ra ,D;JIR n11Ka OT 

npOTOHOB 113 XJiopa He BH,D;HO, TaK KaK npo6eru npoTOHOB B KCI np11MepHO B 

,n;na pa3a 6oJihme, qeM B a,n;eH11He. II11K oT 11,n;ep 7Li H3 MHWeH11 KCI 

o6ycJIOBJieH peaKu11eii Ha MaJIOH np11Mec11 10B, HMeIOIQeH ceqeH11e Ha 'leTbipe 

nopR,D;Ka BeJIHq11Hhl 6oJibllle, 'leM Ha 35Cl. Ha cneKTpe qacTHU 113 a,n;eHHHOBOH 

MHWeHl1 He B11,D;eH n11K OT 11,n;ep 7Li, qTo 03HaqaeT 3Ha'lHTeJibHO MeHhIIIee 

KOJIHqecTBO np11MeCH 10B B a,n;eHHHe no cpaBHeHHIO C np11MeChlO lOB B KCI. 
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]ifa pHc.3 BHAHO, 'ITO nHK OT npOTOHOB H3 XJIOpa AOCTaTO'IHO xopOIIIO 

OTAeJUleTCH OT nHKa 7Li. 

N 

10' 

103 

0.3 0.5 0,7 E 0,9 

102 3300--to--;,;---:-:-:-----1-.- I 60 90 120 150 n 160 

PHc.4 CneKTJ) qa~ H3 MHIIIeHH C 5H 5N 5 : n - HOMep KaHaJia; E - 3Heprm1 

B MaB; N - 'IHCJIO aaperHCTpHpOBaHHbIX 'laCTHI~; ... - Bhl'IHCJieHHhle TO'IKH 

cpOHOBOH IlO,!IJIOlKKH. 

IIpoQeAypa onpeAeJieHHH cpoHOBOH nOAJIOmKH 6bIJia TaKOH me, KaK tt 

npH o6pa6oTKe pe3yJibTaTOB H3MepeilHH Ha BTOpOH nape MHiiieHeH. 

Ce'JeHHe peaKQHH 35Cl(n,p) onpeAeJIHJIOcb no cpopMyJie 

a(CI) = n(N) . a(N). NP(Cl). K 1(Cl) . ..!L , 
n(Cl) NP(N) K 1(N) K 2 

(5) 

rAe n(N) H n(Cl) - KOJIH'JeCTBO HAep a3oTa-14 Jf XJiopa-35 Ha cM2 B MHIIIeHHX 

H3 aAeHHHa H KC!; cr(N) - ce'IeHHe. peaKQHH 14N(n,p)14C; Np(Cl) H Np(N) -

'IHCJIO npOTOHOB, o6pa3yioIQHXCH B peaKQHHX Ha a3oTe H XJIOpe; K1(Cl) H 

K 1(N) - nonpaBKH BeJIH'IHH Np(Cl) H Np(N) H3-3a npttcyTcTBHH a30Ta B ra3e 

KaMepbI; Cj) - nonpaBKa Ha OTHOIIIeHHe K03cpcpHQeHTOB, Y'JHTbIBaIOIQHX 

npoc'IeTbI HMnyJibCOB OT ceRQHH C a30THOH H XJIOpHOH MHIIIeHHMH; 

K2 - nonpaBKa H3-3a pacceHHHH HeHTpOHOB Ha nOAJIO:lKKaX MHIIIeHeH, 

paBHaH 1,011. 
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IIpoc'JeTbI onpeAeJIHJIHCb no pa3JIH'IHIO OTC'IeTOB OT ypaHOBbIX 

HCTO'IHHKOB, KOrAa HOHH3aQHOHHaH KaMepa o6JiyqaJiaCb HeHTpOHaMH H KOrAa 

KaMepa He o6JiyqaJiacb. 

3Ha'IeHHe cr(N)=l,83 6 'lpH En=0,0253 3B B3HTO no HaIIIHM 

H3MepeHHHM (17], rAe cr(N)={l ,83±0,07) 6, H npHBeAeHHOMY B [18], rAe 

cr(N)=U,83±0,03)6 ., a norpeIIIHOCTb B_3HTa paBHOH 0,05 6. 

3HepruH npoTOHOB H3 peaRQHH Ha XJiope H a30Te ( 598 H 584 K3B ), a 

TaRme TOJIIQHHbI MHIIIeHeH ( 0,320 H 0,310 Mr/cM2 ) OTJIH'IaIOTCH MaJio, 

no3TOMY BepIIIHHbI nHROB OT 3THX npOTOHOB Ha noJiy'IeHHbIX cneKTpax 

( pHc. 3 H 4 ) HaXOAHTCH npHMepHo npH OAHOH 3HeprHH. J1 TaK RaR Ha o6oHx 

cneKTpax 1 KaHaJI COOTBeTCTBOBaJI npHMepHo 5,14 K3B, TO H npHMepHO B 

OAHHaKOBbIX KaHaJiax. 3To no3BOJIHJIO HaxoAHTb OTHOIIIeHHe Np(Cl)/Np(N) 

npH BbIAeJieHHH npoTOHHbIX nHKOB Ha o60HX cneRTpax B OAHHaROBbIX 

HHTepBaJiaX KaHaJIOB. B Ta6JIHQe 3 npHBeAeH cnoco6 BbI'IHCJieHHH 3TOro 

OTHOIIIeHHH, AJIH BTOporo H3MepeHHH Ha TpeTbeH nape MHIIIeHeH, cneKTpbI, 

noJiyqeHHbie B KOTOpoM, noRa3aHbI Ha puc. 3 H 4. B nepBOH ROJIOHRe 

npHBeAeHbI 5 HHTepBaJIOB BbIAeJieHHH nHROB. Bo BTOpotl: H nHTOH 'IHCJIO 

OTC'IeTOB B 

onpeAeJieHHOH 

3aAaHHOM HHTepBaJie C 

no onttcaHHOH BbIIIIe 

BbI'IeTOM q:>OHOBOH nOAJIO:lKKH, 

npoQeAype. 3cpcpeKTHBHOCTH 

perucTpaQHH npOTOHOB (€p) npHBeAeHbI B 3 u 6 ROJIOHRax. MHIIIeHH 6bIJIH 

TOHRHMH, u Ep(Cl) AJIH MHIIIeHH KC! BbI'IHCJieHbI no cpopMyJie (3) c 

HCnOJib30BaHHeM npo6erOB H3 [13]. OHH COBnaAaIOT C npHBeAeHHbIMH B [14]. 

,ll;JIH MHIIIeHH H3 aAeHHHa npo6eru B3HTbI H3 [15]. OHH COBnaAaIOT C 

npo6eraMH H3 [13]. B 4 H 7 KOJIOHRaX noMeIQeHbI BbI'IHCJieHHbie 3Ha'JeHHH 

Np(Cl) H Np(N), a B 8 ROJIOHKe HX OTHOIIIeHHe. BHAHO, 'ITO noJiyqeHHbie 

OTHOIIIeHJrn HMeIOT 3Ha'IHTeJibHO MeHbIIIHH pa36poc, 'IeM pa36poc OTAeJibHO 

3Ha'IeHHH Np(Cl) H Np(N). BepoaTHO, 3TO o6ycJioBJieHo coRpaIQeHHeM 

HeH3BeCTHOH CHCTeMaTH'IeCKOH OIIIH6KH, npHCYTCTBYIOIQeH npu 

ucnoJib30BaHHOH HaMH npoQeAype onpeAeJieHHH cpOHOBOH nOAJIO:lKRH AJIH 

o60HX cneKTpoB. CpeAHee 3Ha'IeHHe OTHOIIIeHHH npHBeAeHo B Ta6JI. 4 H 

HCnOJib30BaHO AJIH BbI'IMCJieHHH ceqeHHH HCCJieAyeMOH peaRQHM. B 3TOH 

Ta6JIHQe npHBeAeHbI H APyrHe BeJIH'IHHbl, BXOAHIQHe B cpopMyJiy (5) AJIH 3TOro 

H3Mepe11Ha H AJIH AByx APYrHX H3Mepem1tl: Ha TpeTbeti nape MHIIIeHeti. B Heti 

me npHBeAeHbl H noJiyqeHHbie ce'JeHHH HCCJleAyeMOH peaKQHH. 

13 



5.3. B U3MepeHli.HX C '!eTBepTOH napoii MUUieHeii ucnOJib30BaJiaCb MUUieHb 

ua KCI TOJI~uHoii 0,545 Mr/cM2 u MUUieHb ua a,D;eHuHa TOJI~UHoii 

0,188 Mr/cM2. ,lJ;aBJieHue B KaMepe 6bIJIO 1,15 u 0,46 aTa cMecu 

Ar + 3,1% CO2. JifaMepeHU.H npOBO,ll;l1JIHCb O,ll;HOBpeMeHHO c ,D;Byx ceKQUH 

KaMepbI npo,D;OJI,KUTeJibHOCTb}O OT 6 ,ll;O 18 qacon. Ilpu 3TOM npuMeH.HJIC.H 

pemuM perucTpaQUU co6bITUH c COBna,D;eHU.HMU UMnyJibCOB c KOJIJieKTOpa u 

KaTO,D;a. O6pa60TKa peayJibTaTOB, noJiyqeHHbIX B 3KCnepuMeHTax C '!eTBepTOH 

napoii MUUieHeii, npouaBo,D;uJiacb TaK JKe, KaK H Jl)lJI H3MepeHHH C TpeTbeH 

napoii MUUieHeii. Ce'leHue peaKQUH BbI'IUCJI.HJIOCb no qmpMyJie (5). BeJIU'IUHbI, 

BXO,ll;.H~Ue B cpopMyJiy, u BbI'IUCJieHHbie ceqeHU.H npuBe,D;eHbI n Ta6JI. 4. 

5.4. IloJiyqeHHbie HaMU cpe,D;HUe B3BeUieHHbie ce'leHH.H peaKQUU 35CI(n,p), 

no U3MepeHU.HM Ha ncex 4 napax MUUieHeii, npune,D;eHbI Ha puc. 5. Ha 

pucyHKe Ta:Kme noKaaaHbI cpe,D;HUe B3BeUieHHbie ce'!eHU.H 3TOH peaKQUU, 

BbI'IUCJieHHbie no ,D;aHHbIM, B3.HTbIM U3 Ta6JI. 1 pa60TbI [3]. B 3TOH Ta6JIUQe 

npuBe,D;eHO 13 3Ha'leHUH ceqeHU.H, noJiyqeHHbIX B 3KCnepuMeHTax npu 

8 pa3JIU'IHbIX TOJI~nHaX MUUieHeii. B HaUIUX BbI'IHCJieHJi.HX onpe,D;eJieHbI 

cpe,D;Hue B3BeUieHHbie ce'leHU.H Tpex rpynn npuae,ueHHbIX 3Ha'leHHii. Ha 

pUCYffKe 3TU ce'leHU.H noKa3aHbI npu TOJl~UHax MUUieHeii, cpe,D;HHX ,ll;Jl.H 

Ka,K,!J;OH rpynnbI. RpoMe Toro, B3BeUieHH0e cpe,D;Hee no BCeM MUUieH.HM, 

noJiyqeHHOe B (3], TaKme noKa3aHo Ha pucyHKe. Bu,D;Ha 3aBUCUMOCTb B [3] 

onpe,D;eJI.HeMoro ce'leHU.H OT TOJI~UHbI MHUieHU, qero He ,lJ;OJimHO 6bITb. TaKOH 

3aBUCUMOCTU He Ha6JIJO,D;aeTC.H B HaUIUX 3KCnepuMeHTax. Cpe,uttee 

B3BeUieHHOe ce'!eHue peaKQUM no BCeM HaUIMM U3MepeHU.HM paBHO 

(575±13) M6 . TaK KaK noJiyqeHHOe HaMU ceqemie BbIUie 6oJibllIUHCTBa 

M3BeCTHbIX U3 JIUTepaTypbI, ,D;eB.HTU U3 ,D;eC.HTU, npuBe,D;eHHbIX B Ta6JI. 2 (3], TO 

3TO 3acTaBMJIO Hae T~aTeJibHO nponepMTb, HeT JIU B HaUIMX U3MepeHM.HX 

CUCTeMa TM'leCKUX OUIU60K. 
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PHc.5 Ce'!eHHe peaK~H 35CJ(n,p) . 11,JISI TeIIJIOBbIX HeHTPOHOB : t - _TOJI~Ha 

MmIIeHeH, Mr/cM2 XJIOpa; a - Ce'leHHe, M6 cj,_ no 11,aHHbIM H3 [3]; 

♦- Hanm 11,aHHhle; [fl - B3BeweHHoe cpe11,Hee no 11,aHHbIM [3]; + -B3BeweHHoe 

cpe11,Hee no HaWHM 11,aHHbIM. 

6. RoHTpOJibHbie M3MepeHU.H u pac'!eTbI 

6.1. ,ll;JI.11 npoBepKn, ne aaBbillleHo JIU noJiyqennoe HaMu ce'!eHue peaKQUU 

,ll;JISI TenJIOBbIX HeiiTpOHOB, M3-3a BKJia,n;a OT HeiiTpOHOB C 3Heprneii BbIUie 

1 aB, 6bIJI npoBe,D;eH cneQUaJibHbIH KOHTpOJibHbIH 3KcnepuMeHT. BbinOJIHeHbI 

M3MepeHU.H BbIXO,D;a npOTOHOB M3 XJIOpHOH MUUieHU C q>UJibTpOM 6LiF 11 6ea 

Hero. OKa3aJIOCb, 'ITO BKJia,D;a OT HeHTpOHOB C 3Heprueii BbIUie 1 aB HeT, 

C TO'IHOCTb}O ,ll;O 3KcnepMMeHTaJibHbIX OUIU60K, COCTaBJI.HlO~UX MeHbllle 1 %-

6.2. Bo Bcex 3KCnepnMeHTax, KpOMe 0,lJ;HOro, HeiiTpOHHbIH nyqoK CHa'!aJia 

npOXO,lJ;MJI qepea. XJIOPHYJO MUUieHb, a 3aTeM qepe3 JIUTUeBYJO MJIU aaoTHylQ. B 

O,ll;HOM 3KCnepuMeHTe MUUieHU noMeH.HJIU MecTaMu M npn BbI'IUCJieHUU 

ce'leHu.11 peaKQMU no cpopMyJie (5), nonpaBKY K 2, Ha pacce.11Hue HeiiTpOHOB Ha 

no,D;JIO,KKaX MUUieHeii, 6paJIU n 'IUCJIUTeJie. IloJiyqeHHOe ce'leHue He BbIIla,D;aeT 

na ceqeHuii, noJiyqeHHbIX B ,D;pyrnx aKcnepuMeHTax. 

6.3. B cpopMyJiy (3), no KOTOpoii BbI'IUCJI.HeTC.H acpcpeKTMBHOCTb 

perncTpaQUM £ ' BXO,lJ;UT TOJllQHHa MUUieHU t. B HaUIMX BbI'lUCJieHM.HX OHa 

onpe,D;eJI.HJiacb no B3BeUiuBaHu10. Ho 3TO cpe,D;H.H.H TOJI~UHa, a npu 

ucnoJib30BaHHOH reoMeTpun HanbIJieHU.H TOJI~MHa MUUieHeii YMeHbUiaeTC.H OT 
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u;eHTpa K Kpa.HM corJiaCHO qmpMyJie ( ,ll;JI.H HcnapeHH.H C MaJIOH IIJIO~a,n;1rn Ha 

napaJIJieJibHYfO eft IIJIOCKYID IIOBepXHOCTb ) H3 [19]. II03TOMY 6bIJia npoBe,n;eHa 

ou;eHKa npaBHJibHOCTH J1CIIOJlb30BaHJ1.H 3HatJeHH.H cpe,n;HeH TOJl~HHbI ,D;JI.H 

BbI'IHCJieHH.H E. IIpoBepKa ,ll;JI.H Bcex Tpex nap .r.rnmeHeH IIOKa3aJia, 'ITO 

nonpaBKH K E Ha HepaBHOMepHOCTb TOJI~HH MHllleHeH MeHbllle 1 % tt 

IIpHBO,D;.HT K H3MeHeHmo cetJeHH.H HCCJie,n;yeMOH peaKD;HH H B CTopoHy ero 

YBeJIHtJeHH.H H B CTOpOHY ero yMeHbllleHH.H. KpoMe Toro, TO'IH0CTb BbI'IHCJieHJ1.H 

3THX IIOIIpaBOK, Bepo.HTHO, MeHbllle' tJeM HX a6coJIIOTHa.H BeJIH'IHHa. IIo3TOMy 

OHH He YtJHTbIBaJIHCb H HCIIOJib30BaJIOCb 3HatJeHHe TOJl~JIHbI, onpe,n;eJieHHOe 

IIO ,n;ncpcpepenu;naJibHOMY B3Belll.~1BaHHIO. 

7. 3aKJIIOtJeHHe 

J1faMepeHH.11, BhlIIOJIHeHHbie HaMn Ha MHllleH.HX H3 NaCl, KCI, LiF H 

C5H5N 5 pa3JIH'IIIOH TOJI~HllbI, IIpH pa3JIH'!HbIX ycJIOBH.HX B HOHH3aD;HOIIHOH 

KaMepe H B pa3JIH'!HbIX pemHMaX H3MepHTeJibHOro MO,ll;YJIH, ,n;aIOT 

COBIIa,n;aIOllIHe 3HatJeHH.H, B npe,n;eJiax OllIH60K, ,ll;JI.H HCCJie,n;yeMoro cetJeHH.H 

peaKD;HH. KoHTpOJibHbie pactJeTbI H H3MepeHH.H IIOKa3aJIH, 'ITO Te MeCTa, r,n;e y 

Hae B03HHKJIH MaJieHllIHe COMHeHH.H B Ha,n;emHOCTH HallIHX 3KCIIepHMeHTOB, He 

MoryT ,n;aBaTb OllIH6Ky 60Jibllle 1 o/o. II03TOMY MbI C'IHTaeM, 'ITO IIOJIYtJeHHOe 

HaMH cetJeHHe peaKD;HH 35Cl(n,p)35s ,ll;JI.H 11eJ1TpOHOB C 3Heprtteft 0,0253 3B' 

paBnoe (5 7 5±13) M6 ' ,n;ocTaTO'IHO Ha,n;emuoe, HeCMOTp.H Ha TO, 'ITO OHO Bbillle 

60JibllIHHCTBa IIOJIYtJeHHbIX panee 3HatJeHHH CetJeHH.H. 

HacTO.H~a.H pa6oTa BbIIIOJIHeHa 6Jiaro,n;ap.H tJaCTH'IHOMY <JlHHaH

CHpOBaHHIO Mem,n;yHapo,n;HhlM HaYtJHbIM cpoH,n;oM no rpaHTY N RFI300 H 

PoccHHCKH_M <JlOH,ll;OM cpya,n;aMeHTaJibHbIX HCCJie,n;oBaHHH, rpaHT 95-02-05212. 

Ta6JIHD;a 1 
MttllleHH H ycJIOBH.H B HOHJ13aD;HOHHOH KaMepe 

Ila pa MJtllleneii n(Cl), n(Li), n(N), PaccTORHHe ,ll;aaJieHHe 
R,llep H,llep SI,llep MJtllleHb- ra3a, aTa 

HOMep COCTaB Cl-35/cM2 Li-6/cM2 N-14/cM2 ceTKa, MM 
xl018 xlQ17 xlQIS 

1 NaCl 1,53±0,05 
Jt LiF 

2,34±0,07 ----- 82 0,7 

2 NaCl l,7H0,02 
nLiF 

3,78±0,04 ----- 60 1,15 

3 KC! 1,99±0,02 ----- 6,82±0,07 60 0,46 H 1,15 
H CsHsNs 

4 KC! 
n CsHsNs 

3,38±0,03 ----- 4,14±0.04 60 0,46 H 1,15 
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Ilapa 
MHWeHe:A 

1 

2 

2 

2 

2 

KaHaJibl 

50-140 
60-140 
70-140 
80-140 
90-140 

Ilapa 
MHIIIeHeii 

3 
3 
3 
4 
4 
4 

Ta6JIHD;a 2 

JfaMepeHHH c MHllleH.HMH NaCl H LiF 

N(p)('5CJ) N(a)(6Li) m(Li) m(Cl) K1 K2 
xl03 xl03 X 103 

5,07±0,15 181,6±1,8 8322± 29,7±0,3 0,520±0,034 1,008 
125 ±0,002 

30,8±0,9 ----- ----- • 33,28±0,20 0,905±0,008 1,009 
±0,002 

4,09±0,13 ----- ----- 4,365±0,065 0,905±0,008 1,009 
±0,002 

41,45±1,48 ----- ----- 43,70±0,22 0,905±0,008 1,009 
±0,002 

5,46±0,23 ----- ----- 5,990±0,078 0,905±0,008 1,009 
+0,002 

Ta6Jittu;a 3 

N (Cl) 
Onpe,n;eJieHHe OTHOllleHH.H _P __ 

Np (N) 

N0 '(Cl) r,,(Cl) N0 (Cl) 
xl03 

N0 '(N) r,,(N) N0 (N) 
x103 

10090 0,4364 23,12 90915 · 0,3967 229,2 
10003 0,4284 23,35 88802 0,3826 232,1 
9860 0,4166 23,67 85058 0,3616 235,2 
9630 0,3960 24,32 79349 0,3278 242,1 
9225 0,3595 25,66 69604 0,2652 262,5 

Ta6JIHa;a 4 

JfaMepeHHH c MHllleH.HMH KCI H C 5H 5N 5 

N.(Cl) K1(Cl) K1(N) q> 

N.(NJ 

0,0963±0,0014 0,929±0,011 0,996±0,001 1,005±0,010 
0,0994±0,0016 0,837±0,013 0,990±0,001 1,02±0,02 
0,1045±0,0054 0,834±0,012 0,969±0,001 1,04±0,01 
0,2566±0,0046 0,956±0,007 0,987±0,003 1,03±0,01 
0,2677±0,0040 0,966±0,005 0,991±0,002 1,03±0,01 
0,2784±0,0031 0,896+0,014 0,961±0,008 1,007±0,010 
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a(Cl), 
M6aon 
579±50 

570±23 

577±25 

584±26 

561±29 

N.(Cl) 

N.(NJ 
0,1009 
0,1006 
0,1006 
0,1005 
0,0978 

<rc1, 
M6apH 

561±21 
532±23 
595±37 
568±22 
595±21 
574±22 
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