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1. BBE,llEHHE 

EeJIH He yqIIThIBaTL i!;OBOJILHO eOMHIITeJII,m.m (eM.(1-4)) peayJII,TaT 

[5], 0JieKTpI1qeeKrur llOllJlpilayeMOeTL HeiiTpOHa O'n,-HeeMOTp.11 Ha MHoro

qileJieHHhle llOllhITKII, p;o eIIX nop He Ilt3MepeHa. Ilo2Karrye:, Bee, qTo Ha-·· 

BeeTHO - O'n lle2KIIT BHYTPII IIHTepBarra ~ (0 + 2) . 10-3 q>M3. Bee HOBhie 

on;eHKII O'n oeHOBaHhI Ha Ilt3MepeHHII llOJIHoro HeiiTpOHHoro eeqeHllJI, KO

Topoe IIMeeT erra6:blii OTpIID;aTeJILHhill BKllap; OT O'n, nponopD;HOHaJILm.rii 

../E (E-aHeprll.ll Heii:TpoHa). 

Me2Kp;y TeM, m:meeTeH p;pyroii, IleTop~eeKII nepBhiii MeTop; IlllBJieqe

HII.II an, OH Tpe6yeT Ilt3MepeHII.II yrrroBoii aaBI1eI1MoeTI1 ynpyroro pac

ee11HI1.11, q1,11 aeIIMMeTpll.ll Bnepep;-Haaap; TaK2Ke IIMeeT MaJihill BKllap; OT 

norr11pI1:JyeMoeTI1 an, nponopD;IIOHaJII,HhIH ../E. 3TOT MeTop; p;B_a2KiJ;hI p;a

BaJI rryqume on;eHKII an eBoero BpeMeHH: an < 20 • 10-3 q>M3 B 1959 r. (6] 

II O'n < 6 · 10-3 q>M3 B 1966 r. [7]. )KerraHIIe Boapop;IITI, MeTop; 6hIJIO BhI

pa2KeHO B 1983 r. [8], peweHile noeTpOIITI, eoOTBeTeTByrouzyro yeTaHOBKY 

eoo6m;eHo B 1990 r. [9], II Tenep1, eneKTpoMeTp YrPA ( eoKpam;eHI1e erroB 

"yrrroBhle paenpeµ;erreHII.II") npaKTI1qeeKI1 roToB. 

2. METO,ll 

ThaBHruI npo6rreMa, KOHeqHo, B t3HaqI1Telll,HOM yrryqweHHII TOqHoeTII 

Ilt3MepeHII.II K00q>q>IID;IleHTa W1 B p;Ilq>q>epeHD;IlaJII,HOM eeqeHIIII paeee.s:HH.11 

(1) 

no epaBHeHIIIO e ~W1 ~ 2. 10-2 [6] II ~W1 ~ 3. 10-3 [7]. Op;HaKO B 0TOM 

erryqae, KpoMe rrraBHoro .s:p;epHoro qrreHa, nponopD;IIOHaJII,Horo E, Heo6-

xop;IIMo yqeeTL MaJihIH qJieH OT peaoHaHeoB, KOTophiii nponopD;HOHaJieH 

E 3/ 2 II JIBJIJ[eTC.11 errep;eTBileM yepep;HeHHoro aq>q>eKTa s- II p-peaOHaHeOB. 



ArrropIITM II3Blie'leHRir CYn II3 ycpe;a;neHHoro a( 0) ;a;rur T.lDKerroro .a;a;pa pa3-

pa6oTaH B [9]. On cocTonT n no;a;roHKe Tpex rrrap;KIIX :i.:pnin,1x K 0Kc

ne~1IMeHTam.HhlM 3Ha'leHII.lIM a~, W1 II W2 B_ 0HepreTII'leCKOH o6rraCTII 

~ 0, 5 + 60 K0B. Ka,)K;a;aJI KpIIBaJI onpe;a;erureTc.lI BOChMhIO KOHCTaHTaMII, 
' . . ,. . l . . . 

BKlIIO'laJI CYn. OcTarr1,m,1e KOHCTaHThl - cpe;a;mrn HeIITpoHHhie napaMeTp1,1 

;a;rur s_- ni p-B(?lIH: pa;a;ny~~ n0Ten~arr1,n~ro pacce.amrn Rb II R1 ,; H-~ii'.;p~~~-
.1. - -, 

Hhl~ CIIlIOBhle q>y~KIJ;IIII So II ~1, pa;a;IIaIJ;IIOHIIhle CillIOBl,Ie q>yHKD;IIII SJ II 

Sl II, KpOMe Toro,· B Bbipa2KeHIIe W2 BMeCTO Si 'oi;a;errbHO BXO;D;.lIT ee cnIIH-
- ' . . 1/2 3/2 . 

op6IITalibHhle KOMnoHeHThl corrracHO onpe;a;erreHIIIO ~l = (S1 + 281 )/3. 

CoOTBeTCTBYIOII(ee MaTeMaTII'leCKOe MOp;errIIponaHIIe noKa3bIBaeT, 'ITO 

IIMeeTC.lI B03M02KHOCTI, norry'IIITI, TO'IHOCTI, CYn ~ (0, 1 - o, 3) . 10-3 q>M3 

npII ornII6Kax w1 II w2 ~ (2 - 3) .10-4, oco6enno, ecrrII npIIBrre'lh HeK0To

p1,1e ;a;a_HHhle no cpep;HIIM HeHTpOHHhlM napaMeTpaM, a Tauie nolIHhlM II 

pa;a;IIaD;IIOHHbIM Ce'leHII.lIM_ II3 ;a;pyrIIX 0KCnepIIMeHTOB. 

Bec1,Ma cyin;eCTBeHHO, 'ITO B TO npeM.lI KaK ·MeTo;a; norrHoro ce'leHIUI 

npHMeHHM npaKTII'leCKII TOlihKO K .a;a;py 208 Pb, rr106oe T.ll2Kerroe .a;a;po c 

xopornIIM ycpe;a;HeHIIeM no pe3oHancaM II ;a;ocTynHoe ;a;rr.a npIIroTonrreHil.ll 

MaccIInHoro 0rreMeHTapHoro pacceIIBaTerur rop;IITC.ll ;a;rr.a IIccrreµ;onaHIIJI no

rr.apII3yeMOCTII 06cy2Kµ;aeMhlM MeTO/J;OM. 

3. CIIEKTPOMETP 

CneKTpoMeTp YrPA [10,11] npeµ;cTanrureT co6on arr10MIIHIIeny10 Ka

Mepy p;IIaMeTpOM II BhlCOTOH ~ 3 M, ~OTOpaJI IIMeeT 061Il;IIH BaKyyMHblli 

ofrI,eM co nxoµ;Hon II BhlXop;HOH Tpy6aMH-HeIITpcmonoµ;aMII p;IIaMeTpoM 

0,4M(cM.pIIc.l).02KII)J;aeTC.lI, 'ITO n HeM 6y;a;yT pa6oTaTb µ;o rneCTHaµ;n;aTII 

rreIITpOHHhlX ;a;eTeKTopon, noMein;eHHI,IX B 3alll;IITHhle 6aKn C napaq>IIHOM 

Il B4C, KOTop1,1e paccTanrreHhl ua nonopoTHOH nrraTq>opMe. Ka2Kp;hlli ;a;e

TeKTop - 6aTape.a rrpoMi.irnrreuHhlx nponop~ouarr1,u1,1x c'leT'IIIKOB nirn 

6orr1,riion C'leT'IIIK CO' MHOPllMII HIITJIMII ....:. coµ;ep2KIIT ~ 7 lI 3 He npll µ;a-
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BlICHlilI 7-10 aTM. IlrraT<pOpMa M02KCT ycTaHaBlllIBaTbC.11 B mo6oil m:f rne

CTHaµ;I{aTH no3HI{HH -qepe3 22, 5°, H Ka2K;D;hlH µ;eTeKTop Mo2KeT m:lMep.s:Tb 

cnoe co6cTnennoe yrrronoe pacnpe;a;errenHe µ;rur yrrron pacce.s:HlI.11 OT 25° ;a;o 

155°. 

9 .0;2,0;4
1
0;6,D;B, \H 

Pnc.1. YcTpoiicTBo cnexTpoMeTpa YrPA 

1 -µ;Ho KaMepbij 2 -cpeµ;HruI ceKD;IDij 3,4 -naTpy6KH c qmaHD;aMl!: µ;rui CTbI

KOBKH c HeiiTpOHOBOp;OMj 5 -Cl!:llbq>OHj 6 ---TeMnepaTypHbill KOMneHcaTop; 7 -
Bepxmrn ceKD;l!:.llj 8-::mrnyrnKaj 9 -HHlKH.11.11 CeKD;IDI;lO -nOBOpOTHa.11 nnaTq>OpMaj 

11 -KaTKl!: nnaTq>OpMbij 12 -µ;eTeKTOpj 13 -uamn:THhill 6noK µ;eTeKTOpa; 14 -
n;eHTpnpy10mnii y:3en; 15 -BepTHKallhHaJI IIITaHra; 16 -paMKa 

Hen:TpOHHhlH ny'loK nMeeT np.11Moyrorr1,noe ce'leHIIe 12 ( no nepTnKarrn) x 

X 22 (no ropII30HTalllI)cM2. IlonopoT nrraT<popMhl, ycTaHOBKa oµ;Horo II3 

Tpex pacceIIBaTelleH II ero yrrra OTHOCIITCllbHO ny'IKa, Haxonrrenne cneK

TpOB II lIX npe;a;napIITelibHaJI o6pa6oTKa BhlnOlIH.lIIOTC.lI nepcoHallbHhlM 

KOMnbIOTepoM corrracHO rH6KOH nporpaMMe. 
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lIHc:r·pyMeHT pa6oTaeT Ha 250-MeTponon: BpeMHnporreTHOH 6aae µ;y6-

HeHcKoro 6ycTepa·,:(IBP-30 JI JIMeeT crreµ;yrorn;Jie•.ocHOBHhle xapaKTepJI

CTJI:irn. Ero- cneTocJirra ·onpep;eillleTc.lI µ;nyM.lI napaMeTpaMJI : ·TerreCHhlM 

yrrroM OT pacceHBaTeilll Ha µ;eTeKTop-6aTapero c'leT'IIIKOB 0,014 cTepa

µ;JiaH JI a6COlIIOTHOli :J<p<peKTJIBHOCThIO perJicTpan;JIJI ~ 0, 6E-0,2 (E-n K:JB). 

lfo-aa nepepacce.lIHH.lI n naI.Q~Te :J<p<peKTJIBHOCTh naµ;aeT c :JHeprJieli ro

panµ;o Meµ;rreHHee, 'leM_.1/~. · IIlJipHHa <pyHKD;HH npeMeHH6ro panpeIIIeHJI.lI 

Ha IIOlIOBJIHe BhICOThl ~ 6 MKC, 'ITO COOTBeTcTnyeT :JHepreTH'leCKOMY pan

peIIIeHJIIO !:::..E ~ 0, 02E3/ 2 (!:::..E JI E-B K:JB). 

4. CIIEKTP 

Oµ;JIH JI:J cneKTpOB Hen:TpOHOB, pacce.lIHHhlX nrracTJIHOli JI:J MeTamm

'leCKOro 238 U TOlll.lJ;JIHOli 3 MM, IIOKa:JaH Ha pJic.2. 8xcnepHMeHTallhHhle 

TO'IKJI - panHocT1, µ;nyx cneKTpon, norry'leHHhlX c pacceJinaTerreM n ny-qxe 

JI BHe ny-qxa. Ilocrreµ;HJIH crreKTp cocTanrr.lie_T TOllhKO 0, 1 % JI 1, 4 % OT nep

noro B pan:oHax 140-ro (~ 23 K:JB) JI 700-ro (~ 0, 7 K:JB) _KaHarron JI .lIBilll

eTC.lI npaKTJI'leCKJI IIOlIHOCTI,IO co6cTBeHHhlM qJOHOM µ;eTeKTOpa ~ 0, 2 c-1, 

IIOCTO.lIHHhlM BO npeMeHJI. 

Thy6oKJie MJIHJIMYMhl n cneK'.l'pe COOTBeTCTBYIOT "-qepHhlM" penoHaH

caM 6 CM arrroMJIHH.lI JI 2,2 cM nopoIIIKa MnO, Haxoµ;JIBIIIHXC.lI B ny-qxe. 

OHJI onpeµ;eilllIOT <poH OT HeHTpoHon "HenepHhlX" :JHeprJIH rnaµ;xon: KpJI

non:, noµ;orHaHHOH x MJIHJIMyMaM IIO)];XO)];.lil.lJ;JIM IIOlIJIHOMOM. 8To_T. !pOH n 

mo6oM KaHarre JIMeeT µ;ne 'KoMIIOHeHThl: OT HeHTpOHOB ncex :meprri, no

po2Kµ;eHHhlX nananp;bIBaIOI.QJIMJI HeHTpOHaMJI n 6ycTepe,JI OT HeliTpOHOB 

6orree BhlC0KJIX :JHeprri, pacce.lIHHhlX Jiccrreµ;yeMhlM o6pann;oM'paHhIIIe JI 

norraBIIIJIX n µ;eTeKTop nocrre pacce.lIHHH n KOMHaTe. O6e · xoMrioHeHThl 

nonpacTaIOT K MarrhlM npeMeHaM nporreTa 6rraroµ;ap.lI nonpacTaHmo pan

MH02KellIDI 6ycTepa JI npeMeHHon: nrroTHOCTJI HeHTpoHoB. 

lf T06hl IIOlIY'IJITI, nelIJI'IJIHhl W1 JI W2 ce-qeHJI.lI· (1 ), µ;ocTaTO'IHO JI:JMe-
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pJITh cireKT'phl, noµ;o6Hhle Jino6pa)KeHHOMY Ha>pJic.'2·, p;illl Tpex panmPIHhlX 

yrrron 0. IIorrHoe ce'leHJie pacce.lIHH.lI as M02KHO norry-qJITh, ecrrJI nponec:TJI 

noµ;o6Hhle JI:JMepeHH.lI p;illl pacceHBaTeilll c JinnecTHhlM as ( CM. noµ;po 6Ho

CTJI n [101). lf To xacaeTC.lI ourn6ox l:lw1 JI l:lw2, o6e oHH nop.lip;Ka D.N/N, 

T.e. OTHOCJITellhHOli OIIIJI6KJI 'IJIClla OTC'leTOB n Bhl6paHHOM HHTepBarre 

crreKTpa (npJI ycrrOBJIJI, 'ITO D.N/N )];illl Tpex 0 IIpHMepHO panHbI). ,Il;lll 

crreKTpa Ha pJic.2 !:::..N/N MoryT 6hlTh 0,013.:...0,047, ecrrJI OH panµ;erreH Ha 

14 JIHTepnarron Me2Kµ;y 0,4 JI 60 K:JB, a )];lIJIHa HHTepnarra COCTaBillleT 15-

150 KaHalIOB n :JaBJICJIMOCTJI OT :JHeprJIJI. 
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Pnc.2. CneKTp HeiiTpOHOB, IlOJij"IeHHblli OAHHM Im AeTeKTOpOB B Te'IeHHe 15,5 'Ia

ca • IDnpnHa KaHaJia 1 MKc, yroJI pacceJIHWI 90°, yroJI Me:lKAY nJiaCTHHoii 

ypaHa n HanpaBJieHHeM ny'IKa 45° 

B HacTo.lirn;ee npeM.lI cneKTpoMeTp HMeeT µ;na µ;eTeKTopa JI n 6rrJI)Kan:

IIIee npeM.lI 6yµ;eT ocHarn;eH ern;e µ;nyMH. 
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Pa6oTa BLIII0JIHeHa npH noµ;µ;ep)KKe 4>0:e:µ;a P<l><l>II, rpaHT N97-02-

16213. 
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