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3<j)<j)eKTHBIIOCTb npHMeHeHHSI MeTOAa raMMa-cneKTpOCKOnHH OCKOJIKOBAJill H3ytJeHHSI <j)tt3HKH 
. AeJJeHHSI 3aBHCHT OT napaMeTpOB cneKTpOMeTpa H onpei1eJJS1eTCSI KatJeCTBOM H3MepS1eMOl'O cneKTpa. 
B03M0)KH0CTb ero ynyqrneHHSI nyTeM noi1aBJ1eHHSI KOMTTTOHOBCKOH IlOAJIO)KKJ,t cneKTpa C HCnOJJb30-
na11HeM «aKTHBHOH,. 3alll,HTbl Ge-AeTeKTOpa He O'leBHAHa BCJJeACTBHe He6naronpHllTHblX <j)OHOBblX 
YCJIOBHH Ha nytJKe HeHTpOHOB. TTpei1crnBJ1eHbl peayJJbTaTbl anpo6al\HH TaKOl'O nyTH. Ha MOAeJJH 
cneKTpOMeTpa C HenOJJHOH «aKTHBHOH,. 3a111,HTOH B CO'leTaHHH C KOM6HHHpoeamlOH nacCHBHOH 
3a111,HTOH KOJ<P<PHI\HeHT noi1aBJ1eHHSI e m1repeane JHeprnH 171-367 KJB cocraBJ,tJJ 
Kred= 2.6±0.2. TTpei1nonaraercS1 B03MO)KHOCTb noi1aBJ1eHHS1 nOAJIO)KKH 6onee tJeM Ha 90% e cnyqae 

OnTHMH3al\HH pa3Mepoe H KOHCTPYKI\HH cneKTpOMerpa. 3TO no3B0JIHT npH HCnOJJb30Bamm B 
MOAH<PHI\HpoeaHHOM cneKTpOMerpe BblCOKOKa'leCTBeHHOl'O n-HP Ge-i1ereKTopa" 6blCTpOH JJJeKT
pOHHKH yoeJJH'lHTb 'lHCJIO BblAeJJSleMblX raMMa-JJHIIHH H yMeHblllHTb norpernHOCTb onpei1ene11Hll HX 
HHTeHCHBIIOCTH AO l-3 % . TaKHM o6pa30M MO)KeT 6b1Tb cy111,eCTBeHHO nOBblllleHa J<j)<j)eKTHBHOCTb 
Merni1a raMMa-cneKTpOCKOnHH B HCCJJeAOBaHHSIX (j:m3HKH AeJJeHHSI S!Aep Ha nytJKe HeHTpOHOB 
HEP-30. 
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Efficiency of the gamma-spectroscopy method in investigating nuclear fission depends on the 
parameters of a spectrometer and the quality of a measured spectrum. Perfection of spectrum by 
reducing the Compton underlay with the help of an «active,. shielding of the Ge detector is doubtful 
due to unfavorable background conditions of the neutron beam. Nevertheless, that way of spectrum 
improvement was tested with the results reported in this paper. With a model spectrometer with 
incomplete «active,. and complex «passive,. shielding the reduction coefficient was measured in the 
energy region from 171 to 367 keV to be Kred = 2.6±0.2. With the spectrometer's size and 

construction being optimized the reduction could be over 90%. Modification of the spectrometer by 
using a high quality n-HP Ge detector and a fast electronic system, will allow measurement of much 
more gamma-lines with the intensity precision of 1-3 % . Thus the efficiency of gamma-spectroscopy 
method will be increased essentially. 

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR. 
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1.BBep;emrn 

Oµ;HHM l:ltl acpcpeKTl:IBHhlX cpeµ;cTB l:ltly'IeHIUI Ilpl:lpoµ;hl .Hµ;epHhlX Btlal:IMoµ;eii

CTBHM .HBJI.HeTc.H raMMa - cneKTpocKonH.H conyTcTByrorn;ero HM Hnrry'IeHH.H. Hc

crreµ;oBaHH.H cneKTpa raMMa - KBaHT0B, C0IIYTCTBYIOII.J;HX µ;erreHHIO, He T0JibK0 II0-

tlB0JI.HIOT orrpeµ;eJI1ITb HHTerpaJibHhle xapaKTepIICTIIKII raMMa - IItlJIY'IeHH.H, Ta

KHe KaK MH0:lKeCTBeHH0CTb l:l cpeµ;H.H.H aHepruii, HO µ;aIOT B0tlM0:lKH0CTb TaK:lKe 

rrorry'IaTh µ;aHHhle o CTPYKType Bon6y2Kµ;eHHhlX cocTo.HHIIM o 6panyrorn;IIXC.H .Hµ;ep-

ocK0JIK0B. AHaJIIItlIIpy.H rrpen;IItlH0HH0 IItlMepeHHhlll crreKTp raMMa - lIJ'leH IItl 

0CK0JIK0B yµ;aeTC.H orrpeµ;eJI1ITb HetlaBHCHMhlll BhlX0)l; TeX IItl mIX; )l;JI1I K0T0phlX 

HtlBeCTHhl cxeMa pacrraµ;a II ·nacerreHH0CTb BOtl6y2Kµ;eHHhlX ypoBHeii [1, 2, 3]. 
Ycrrex TaKoro aHaJIHtla B tlHa'IIITeJibHOM Mepe tlaBHCIIT OT TexHII'IeCKIIX B0tl

MO:lKHOCTeM cneKTp0MeTpa II Ka'!eCTBa IItlMepeHHoro crreKTpa. 

Ka'!eCTBO crreKTpa orrpeµ;eJI1IeTc1I B rrepByro 0'!epeµ;h rrapaMeTpaMH Ge-µ;e

TeKTopa, rrpIIMeH.HeMoro B CIIeKTp0MeTpe )l;JI1I perJ:IcTpaD;IIII raMMa - KBaHT0B. 

OcHOBHhle Tpe60BaHII1I, npeµ;'b.HBJI1IeMhle K HeMy, - MaKCIIMaJibHa.R panpernaro-

' rn;rur crroco6HOCTb II acpcpeKTHBHOCTb. B HaCTO.Hrn;ee BpeM.H lliIIpOKO rrpIIMeH.H

IOTC.H Ge-µ;eTeKTop1,1 c aHepreTII'!eCKIIM panperneHIIeM D..E = (1.8-1.9) KaB no 

Jil:IHIIH 1332 KaB 6°Co, c OTHOCIITeJII,HOM acpcpeKTIIBHOCTbIO K~j~ = (30 - 40)% 
H 6orree, npOIItlBO)l;HMhle p.H)l;0M cpHpM Htl CBepX'IHCToro repMaHII1I n-Tlrna. 8TH 

µ;eTeKTOphl He Tpe6yioT rrocTo.HHHoro ,oxrra:lKµ;eHH.H II ~TJIH'!aIOTC.H rroBhllIJeHHon: 

paµ;IIaD;HOHHOII CTOIIKOCTbIO K Bonµ;eIICTBHIO 6hlcTphlx HeIITpoHoB. IlocKOJibKY 

'IHCJIO raMMa - Jll:IHl:IM patlJIII'IHhlX tlHeprIIn:, corryTCTBJIOII.J;IIX µ;erreHIIIO, IIC'IH

CJI1IeTC.H ThlC.H'IaMII, OT panperneHH.H II acpcpeKTIIBHOCTl:l µ;eTeKTOpa Herrocpeµ;

CTBeHHO tlaBHCl:IT KOJIII'IeCTBO Bhlµ;eJI1IeMhlX JIIIHIIH B cneKTpe II, TeM CaMhlM, 

HHcpopMaTIIBHOCTb tlKCIIepIIMeHTa. 
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• 
B pa6oTax ITO raMMa - crreKTpOCKOilIIII OCKOlIKOB Ha IIMIIYllhCHOM IIY"'!Ke Heii-

TpOHOB MBP - 30 [4] ncrrorrh3YIOTCJI Ge(Li) µ;eTeKTOphI c 6orree cKpOMHhIMn 

rrapa:1,,rnTpaMn. XapaKTepIIcTIIKII oµ;noro II3 HHX rrpeµ;cTanrreHhI B Ta6mu1c 1. 

Ta6rrm:~a 1. XapaKTepncTIIKa repMaHneBoro ,1eTeKTopa 

IIapaMeTp ,Ur,IJ)< - 110 

0THOCUTellhHaJI 

0<p<peKTUBHOCTh 12 

% 

3nepreTn"'!ecKoe 

pa3peweHnc 

122 K0B 1.4 

(K0B FWHM) 

1332 K0B 2.3 

(K0B FWHM) 

IlIIK/KoMIITOH 24 

Paµ;.cTOHKOCTh 

CDJII00HC 1Q9 [5] 

(HeiiTp./ CM2) 

CToIIMOCTh(Ha 1989r.) 30 T.py6. 

OcHOBHhle TpygHOCTll raMMa - CIICKTpOCKOITIIII na IIY"'IKC HCHTpOHOB, CBJI-

3aHHhie C 6oJII,lIIIIM KOlIII"'ICCTBOM raMMa - rrepexoµ;oB B OCKOJIKax, !pOHOBhIM 

raMMa - II3lIY"'leHIIeM OT HeIITpOHHO - JIµ;epHhIX ImanMoµ;eIICTBIIH II ecTeCTBCH

HOII paµ;noaKTIIBHOCThIO JIµ;pa - MIIlIIeHII, ycyry6rrJIIOTCJI JIBlleHHeM KOMIITOHO

BCKOl'O rrepepacceJIHIIJI raMMa - KBaHTOB KaK B caMOM Ge-µ;eTCKTOpe, TaK II Il 

OKpy:amI01IIIIX KOHCTPYKTIIBHhIX MaTepnarrax. IloTepJIBlIIHC rrpu pacceJIHIUI "'!a

CTh CBOeH 0Hepruu raMMa - KBaHThl perIICTpnpyIOTCJI B 6orree MJII'KOH 'IaCTII 

crreKTpa n o6panyIOT n HeM CIIlIOlIIHYIO IIO)l;lIO)I<Ky. B crreKTpe c BhlCOKOH rroµ;

JIO)KKOH IIMeHHO OHa orrpeµ;errJieT CTaTIICTII"'!eCKYIO rrorpelIIHOCTh .rrpu orrpeµ;e

rreHIIU BI,Ixoµ;a raMMa'- lllIHUU II orpaHII"'IIIBaeT TO'IHOCTh 0KCIIepnMeHTallhHhIX 

µ;aHHhIX. YpoBeHh rroµ;rro:iKKII HapJIµ;y c 0nepreTII"'ICCKHM pa3peweHneM xapaK

Tepn3yeT Ka"'!eCTBO CIICKTpa, Cl'O IIH!pOpMaTIIBHOCTh. CooTHOlIIeHIIe Me:iKµ;y "'III

ClIOM 3aperncTpnponaHHhIX Il !pOTOIIUKe IIOlIHOI'O IIOI'lI01IIeHUJI II KOMIITOHOBCKII 

pacceJIHHhIX .B .µ;eTeKTOpe raMMa - KBaHTOB, COCTaBJIJIIOlllIIX rroµ;rro:iKKy, Il cy1IIe

CTBeHHOH CTeIIeHII orrpeµ;elIJieTCJI µ;eTCKTOpOM II JIBlIJICTCJI ero xapaKTepIICTII

"'ICCKIIM rrapaMCTROM (IInK/KoMnToH). ,UrrJI BhlCOKOKa"'!ecTneHnhlx µ;eTeKTopon 

OH MO:iKeT cy1IIeCTBCHHO'IIPeBhl1IIaTh rrpIIBeµ;eHHOe Il Ta6rrn:u;e 1 3Ha"'!CHIIC. TeM 

He MeHee, 3aµ;a"'!a rroµ;anrreHUJI KOMIITOHOBCKOH IIO)l;lIO:iKKII ncerµ;a aKTyarrhHa rrpn 

raMMa - CIIeKTpOCKOIIIIll OCKOlIKOil u Tpe6yeT cnoero peweHIIJI. 
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2. Crroco 6bl rrop;am1emu1 KOMIITOHOBCKOH rrop;JIO)KKI! 

0µ;1rn II3 Il03MO:iKHhlX crroco6oB rroµ;anrreHIIJI KOMIITOHOBCKOil IlO)l;lIO:iKKII OCHO

BhIBaeTCJI Ha arirrapaTHOM OT6ope llMIIYllhCOB, IIOCTYIIaIOlllllX c Ge-µ;eTeKTopa, 

no q>opMe IIlIII BpeMeHII HapacTaHIIJI [6]. OH II03BOlIJieT YMeHhlIIIITh rroµ;rro:iKKy 

Ha 25-50% rrpu He3Ha"'!IITellhHOH ITO Tepe IIHTeHCllBHOCTII B !pOTOIIIIKe ( 5-20%) 

[7]. 3TOT crroco6 rrpnMeHeIDIJICJI n pa6oTe [8] rrpu raMMa - · crreKTpOCKOilIIII 

OCKOlIKOil µ;erremrn 235U pe30HaHCHhlMll Herr·rpoHaMII Ha MBP - 30. Ha pncyHKe 1 

IIOKa3aHhl cxeMa crreKTpoMeTpa II crreKTp raMMa - KBaHTOB OCKOJIKOB, II3MepeH

HhIII B 0TOII pa6oTe. IIrro1IIaµ;h cpoToIIIIKOB rrorrHoro rrorrro1IIeHIIJI )l;lIJI Han6orree 

JipKIIX raMMa - lIHHIIH He rrpeBhIWaeT Il HeM 15% OT IIlI01IIaµ;u IIO)l;JIO)KKJI. 
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,Upyr011 crroco6, III~poKo rrpnMeHJieMhlll B raMMa-crreKTpoMeTpax, rrpei];II0-

naraeT. llCII0llh30BaHIIe TaK Ha3bIBaeMOII "aKTIIBHOll" 3aW:IITbI. On CB0i];llTC.lI 

K 0Kpy2KeHIIIO Ge i];pyrIIM i];eTeKTopoM, 3cpcpeKTIIBHO perucTpllpYJOW:IIM raMMa

KBaHThI, lICIIbITaBIIIlle K0MIIT0H0BCK0e pacce.lIHIIe. -riaw:e BCero i];ll.lI 3TOH u;erru 

upnMeH.lIIOT i];eTeKT0phI Ha ocnoBe KpncTarrrroB Nal(Tl) nmr BGO, 2KIIAKIIX nrrn 

rrnaCTII'IeCKIIX CD;IlHTilllll.lITOpOB. BKlIIO'IeHHbIH B cxeMy aHTIICOBIIai];eHIIII, Ta

KOH i];eTeKTOp Il03BOll.lieT IICKlIIO'IIITb 113 crreKTpa IIMIIYllbChI, COOTBeTCTBYIO

w:ne nerrorrnoMy rrorrrow:eHIIIO 3Heprim raMMa-KBaHTa B Ge-):l;eTeKTope. TaKIIM 

o6pa30M KOMIITOHOBCKa.lI IIOi];ll02KKa M02KeT 6bITb IIO):l;aBneHa D 10-15 pa3 rrpaK-

TII'IeCKII 6e3 IIOTepb i];ll.lI q>OTOIIHKOB II0JIH0rO II0fJI0ll.\eHm1· [9, 10]. 

CrreKTpoMeTpbI c TaKo:ii 3aW:IITOH '!aCT0 Ha3bIBaIOT anrnKOMIITOHOBCKHMH. 

3Ha'IIITelibHOe yrry'IllleHlle nx xapaKTepIICTIIK n IIODhillleHne Ka'IeCTBa crreKTpO

CKOIIIlll i];OCTIIraeTc.lI rrpn 3ToM IIeHoi'r yc1102KHeHH.lI crreKTpoMeTpa. YnerrnTrnmre 

'IIIClla i];eTeKTOpon Tpe6yeT BBei];eHII.lI ;a;orrolIHIITelibHhIX KaHalIOB perncTpau;1rn D 

II3MepIITCllhHYIO CIICTeMy. YnerrwnrnaIOTC.lI TaK2K~ pa3Mepbl cneKTpOMCTpa II 

KO_lill'!eCTBO IICITOllb3YeMhlX D HeM KOHCTpyKIIIIOHHbIX MaTepuarroB. Ilpn rrpone

i];eHIIII 3KcrrepnMeHTOB Ha rry'!Ke HeIITpOHOB crreKTpm,reTp HaXO):l;IITC.lI B rrorre rre

pepacce.lIHHhIX ue11Tpouon. HcTO'IHIIKOM ueiiTpoHoB i];elleHII.lI .lIBll.lieTC.lI TaK2Ke 

1rnHII3aIIIIOHHa.lI KaMepa c i];ell.lIW:e:o:c.lI MiirneHbIO. Ilo3TOMY ynerrn'!euue MaTe

pnarroeMKOCTII aHTIIKOMIITOHOB_CKoro c;:rreKTpoMeTpa rrpIIBOi];IIT K B03pacTaHIIIO 

IlHTeHCIIBHOCTII HeHTpOHHO - .lii];epHbIX B3aIIMOi];eHCTBIIH KaK B MaTepnarrax KOH

CTPYKIIIIII, TaK II B caMIIX CIIIIHTIIllll.lITOpax. Ilpn 3TOM ynemI'IIIBaeTC.lI BKrra;a; 

q>OHOBhIX raMMa - lllIHIIH B II3Mep.lieMOM crreKTpe. Hx IIHTeHCIIDHOCTh MmKeT 

6hITb IIO):l;aBlleHa aHarrorII'IHO IIO):l;anrreHIIIO KOMIITOHODCKOH IIOi];lIO)KKII,CCllll He:ii-

• TpOHhI, llCilhITaBllllle Heyrrpyroe pacce.lIHIIe B Ge-i];eTeKTope, perIICTpnpyIOTC.lI 

"3aW:UTHhlM" ):l;eTCKTOpOM. TeM He MeHee rrpn TaKOM ycrrmKHeHIIIl KOHCTpyKIIlIII 

crreKTpOMCTpa M02KeT B03HIIKHYTb Heo6XO/J;llMOCTh B i];OIIOlIHIITellhHOH 3aW:IITe 

ero OT HCHTpouon. 

Ilpn rrpoBei];eHim 3KCIIepnMeHTOB Ha IIHTeHCIIDHhIX HeIITpOHHhIX IIY'IKaX He 

y):l;aeTC.lI, KaK rrpamrno, i];06IITbC.lI IIOlIHOro 'IIOi];aBlieHII.lI cpona ue:iiTpOHOB II HH

TeHCIIBHOCTb He:iiTpOHHO - .lii];epHbIX B3aIIMOi];eHCTBIIII ocTaeTC.lI BhICOKOII. TaK 

KaK i];eTeKTOphI, COCTaBll.lIIOW:IIe "aKTIIDHYIO" 3aW:IITY, IIMeIOT BbICOKYIO 3cpcpeK

TIIBHOCTb perIICTpaIIIIll raMMa - 1m11y'!eHII.lI, 3TO rrpIIBOi];IIT K 3Ha'IIITellhHOH 

HHTeHCIIBHOCTil C'IeTa B i];OIIOlIHIITellbHbIX KaHa_rrax crreKTpOMeTpa. Ilpn 3TOM 

'!aCTh IIHcpopMaIIIIll MO)KeT 6hITh rroTep.lIHa BCJie~CTBHe ; crry'IaIIHhlX COBIIai];eHIIII 

Ill\lIIYllhCOB OT 3Toro i];eTeKTOpa II Ge-i];eTeKTOpa D OKHe aHTIICOBIIai];eHIIH. 

B CB.lI3II C YIIOM.lIHYTbIMll o6CTO.lITellhCTDaMn u;errecoo6pa3HOCTb rrpIIMeHe

HII.lI TaKoro MCTO):l;a ITO):l;aBneHII.lI IIOIJ;ll02KKH i];lI.lI' yrry'IrneHII.lI Ka'ICCTBa raMMa -

CIIeKTpOMeTpOCKOIIIIII OCKOlIKOD HC .lIBlI.lieTC.lI O'IeBIIi];HOH n Tpe6yeTC.lI IIponepKa 

ero 3q)q)eKTIIBHOCTil Ull.lI KOHKPeTHhIX YClIOBIIII 3KcrrepIIMCHTa. 
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I 

3.Ou;eHKa 8<p<peKTIIBHOCTII "aKTIIBHOH" 3arn;IIThl crreKTp0MeT2_c1 

8cpcpeKTIIBHOCTh IIpm1euemrn 3Toro crroco6a n raMMa - crreKTpoMeTpe Ha 

HEP - 30 rrp.onep.lirrach B MO):l;ellhHOM 3KcrrepmrnHTe. B Ka'!eCTBe "aKTilBHoi'r" 

3aW:IIThl Go-i];eTeKTOpa IICIIOllh30BalIIICh Tpn 6110Ka rr11aCTII'!ec1-oro CTIIHIIIIllll.lI

TOpa c pa3MepaMn 20 x 20 x 40cM n raMMa - i];eTeKTOp Ha ocHone Nal(Tl) -

CIIIIHTIIllll.lITOpa C pa3MepaMII ¢ 1sx1s CM . BhrnII rrpoBei];CHbl cpaBHIITellhHhie 

II3Mepemrn raMMa - crreKTpa OCKOlIKOB /l;erremrn 239Pu HeIITpOHaMII i];ll.lI Tpex 

KoHqmrypau;ni'r crreKTpoMeTpa : 6e3 3aW:IIThI - "C", c "aKTIIBHoi'r" 3aW:nTo:ii -

" D" II i];OIIOlIHIITerrhHOII 3aw;uToi'1 OT HCIITponon - "E". 
Ha pucyHKax 2-4 CXeMaTII'!eCKII IIOKa3aHbI Ka2Ki];a.lI II3 HUX DMeCTe C IICIIOllb-

3yeMbIM i];ll.lI cpanneHII.lI y<IaCTKOM raMMa - CIIeKTpa. 
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B OTlllI'ImI OT ncnorrh3yeMon n npe)KHHX pa6oTax cxeMhI "A" (pnc. 1) pac

CTo.irnne Me)Kµ;y Ka:r,,,rnpo:a: µ;erremrn H Ge-µ;eTeKTopoM ynemr'IeHo c 9cM µ;o 28cM. 

Ilpn 3TOM He TOllhKO B03HIIKaeT B3MO)KHOCTh pa3Mew.eHIUI µ;oIIOlIHIITellhHhIX 

µ;eTeKTopon nepepacce.lIHHoro raMMa - II3ITy'IeHIUI, HO yµ;aeTc.lI TaK)Ke no npe

MeHII nporreTa pa3p;elIIITh raMMa - KBaHThI II3 OCKOlIKOB OT po)Kµ;eHHhIX B µ;eTeK

Tope noµ; µ;e:a:CTBIIeM HeHTpOHOB µ;erremrn II, KpoMe Toro, cyw.ecTneHHO yMeHh

WIITh paµ;nan;IIOHHyro Harpy3KY Ha Hero. 
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Puc.3 KomJmryp~lllI cneKTpoMeTpa c "aKTllBHOH" ::JalllllTOH n '!aCTb C00TBeTCTBYW-

ll.lero cneKTpa 

"AKTIIBHaJ:I" 3aIJ.J.I1Ta PLAST II Nal, IIOKa3aHHaJ:I n pa3pe3e Ha pI1cyHKax 

3 II 4, .lIBll.lieTC.lI 'laCTil'IHOll, TaK KaK oxnaThIBaeT He 6orree (0.65 - 0.7) IIOll

Horq TerrecHoro yrrra. 8To CB.lI3aHO C IICIIOllh30BaHIIeM B Ka'IeCTBe "3aIJ.J.IITHhIX" 

IIMeIOW.IIXC.lI 6rrOKOB IIllaCTil'IeCKoro CD;IIHTilllll.lITOpa np.lIMoyrollhHOll q>OpMhI II 

CTaHµ;apTHoro NaI(Tl)-µ;eTeKTopa. 
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,Urr.lI OTBeTa Ha nonpoc o n;errecoo6pa3HOCTII npIIMeHeHII.ll aToro cnoco6a no

µ;anrremrn IIO)J;lIO)KKII II on;eHKII ero acpcpeKTIIBHOCTII TaKOll HeIIOlIHOll 3aW.IIThI, 

IIO-BIIp;IIMOMY, )J;OCTaTO'IHO. HeT Heo6xoµ;IIMOCTII TaK)Ke n OIITIIMII3aD;IIII reo

MeTpun, KOHCTPYKD;IIH CIICKTpOMeTpa II ero naCCIIBHOil 3aIJ.J.IIThI. B KOH<pilrypa

n;mr "D" naccnnHo:a: 3aW.IITo:a: OT raMMa - q>oHa crry)KIIT cmrnen; Pb TOITIJ.J.IIHOH 

5cM. 

KoHe'IHaJ:I KoHcpnrypan;Il.lI "E" (pnc.4} µ;onoITHeHa 3aIJ.J.IITOH cneKTpoMeTpa 

OT HellTpOHHoro q>oHa, COCTO.lIIJ.J.CII II3 nrraCTIIH 6opuponaHHoro IIOlIIl3TIIlleHa 

CH{B) TOITIJ.J.IIHOH 5cM. 
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Puc.4 Kompnryp~lllI cnexTpoMeTpa c µ;onorrHnTenhHOH oall.lHToii: oT Heii:TpoHoB n 

Y'!aCT0K C00TBeTCTBYIOll.lero raMMa - cneKTpa. 

IIpu cpanHeHIIII npnneµ;eHHhIX Ha pncyHKax y'IaCTKOB cneKTpa Ha6rrroµ;aeTc.lI 

HeKOTopoe II3MeHeHIIe ero q>OpMhI II YMCHhWeHne IIOp;JIO)Kl(II npn OTCYTCTBilil 

3aMeTHhIX IIOTeph B IIIIKax IIOJIHoro norrrow.eHII.lI p;lI.lI KOHq>nrypan;Illl cneKTpo

MeTpa c "aKTIIBHon:" 3aW.nTo:a:. 

7 



,Il;irn KOlIII'leCTBeHHJiI ou;eHKll aq>q>eKTa rrop;aBrremrn IIO)J;lIO)KKll rrorry'leHHbie B 
llt3Mepemrnx Ha IIY'lKe HeHTpOHOB crreKTpbI o6pa6aTbIBaIOTCJI c IIOMOIIJ;hIO rrpo
rpaMMhl UPEAK B IIHTepnarre aHeprIIH OT 170KaB µ;o 370KaB, rroKanaHHOM Ha 
pIICYHKaX. Ilorry'leHHOe ITO penyrrhTaTaM q>IITIIponamrn OTHOIIleHIJ:e rrrroiu;aµ;n 
IIIIKa K rrrroiu;aµ;n q>OHOBOH IIO)J;lIO)KKll Ha y'laCTKe, paBHOM yTpOeHHOII nerru
'lIIHe illIIpIIHhl rrnKa Ha rrorrynhlcoTe (FWHM), xapaKTep1myeT Ka•1ecTBO crreK
Tpa(P /B). Koaq>q>nu;neHT rroµ;anrremrn rroµ;rro2KKII Kr,d BhI'lHCITJieTCJI Ha ocHoBe 
cpaBHeHIIJI 3Ha'leHHH rrapaMeTpa (P /B) )J;lIJI pat3lIII'lHhIX KOHq>nrypau;uiI crreK
TpOMeTpa. 

B Ta6rruu;e 2 rrpIIBep;eHbI penyrrhTaTbI )J;lIJI 14 Han6orree 3Ha'lIIMhIX raMMa• 
lIIIHIIH aToro IIHTepnarra II ycpep;HeHHble no HUM 3Ha'leHIIJI KOaq>q>nu;neHTOB 

rroµ;anrreHIIJI. 

Ta6mrn;a 2. OTHOlllemre P /B n Koaq>q>m:i;neHTbI rro,iaBrremrn rro;irrolKKII Kred B raMMa - crreKTpe 

)'.1JI.H paoJIII'lHbIX KOHq>nrypan;nii: crreKTp0MeTpa 

KoHq>IIrypau;uJI crreKTpoMeTpa 
E, A C D E 

KaB P/B P/B Kl,'/A 
red P/B KU/l,' 

red P/B Kb/V 
red 

% % % % 

171 7 ±0.4 12 ± 0.4 1.7 ± 0.1 10±0.6 0.8 ±0.1 14±4 1.2 ± 0.3 
181 3±0.2 5±0.4 1.7 ± 0.2 4±0.6 0.8 ±0.1 14±4 2.8± 0.8 
192 15 ± 0.4 25 ±0.4 1.7±0.1 25 ±0.7 1 ±0.1 36±5 1.4 ± 0.2 
199 6±0.4 10 ±0.5 1.7 ± 0.1 13 ± 0.6 1.3 ± 0.1 20±4 2.0 ± 0.4 
204 6± 0.4 8±0.5 1.3 ± 0.1 10± 0.6 1.3 ± 0.1 17±4 2.1 ± 0.5 
212 10 ± 0.4 16±0.4 1.6 ± 0.1 19 ± 0.7 1.2 ± 0.1 31 ±4 1.9 ± 0.3 
217 5±0.4 4±0.5 0.8 ±0.1 6± 1.2 1.5 ± 0.4 14±4 3.5 ± 1.1 
219 1±0.4 4±0.5 4± 1.7 6±1.1 1.5 ± 0.3 14±4 3.5 ± 1.1 
329 5±0.4 7±0.6 1.4 ±0.2 9±0.6 1.3 ± 0.1 17 ±6 2.4 ± 0.9 
342 2±0.3 5±0.6 2.5 ±0.5 6±0.7 1.2 ±0.2 20±5 4.0 ± 1.1 
352 12±0.4 17 ± 0.6 1.4 ± 0.1 21 ± 0.5 1.2 ± 0.1 33±5 1.9 ± 0.3 
358 8±0.4 12 ± 0.6 1.5 ± 0.1 15 ± 0.7 1.3 ± 0.1 30±5 2.5 ± 0.4 
362 3±0.3 5±0.7 1.7 ± 0.3 8±0.7 1.6 ±0.3 19±5 3.8 ± 1.1 
367 10±0.4 13 ±0.6 1.3 ± 0.1 16 ±0.7 1.2 ± 0.1 33±5 2.5 ± 0.4 

Ycpep;HeHHhlH Koaq>q>nu;neHT 
rrop;aBrreHIIJI IIO)J;lIO)KKII 1.7 ± 0.1 1.2 ± 0.1 2.6 ± 0.2 
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B Ta6rrnu;y 2 BKlIIO'lCHhl p;aHHble 06 OTHOIIlCHIIII IIIIK/rroµ;rro2KKa )J;lIJI raMMa -
crreKTpa nn ocKorrKoB µ;erremrn 239Pu HCIITpoHaMu l1BP - 30, nnMepemwro crreK
TpoMeTpoM c KOHq>urypau;Hei'1 "A" [11] rrpH rroµ;anrreHmI rroµ;rro2KKII no q>opMe 
HMrryrrhca. B aTnx nnMepemrnx rrpIIMCHJIITCJI Ge(Li)-µ;eTCKTop MCHhillero o6'b
eMa, c xapaKTepncTII'lCCKIIM OTHOIIleHneM Il1IK/KoMTOH µ;rrJI crreKTpa 6°Co 17 -
19, 'ITO HCCKOlihKO MCHhillC, 'ICM )J;lIJI p;eTeKTopa, HCIIOliht30BaHHOro npn u::n,rnpe
HIIJIX B µ;pyrux KOHq>nrypau;1IJix, rrapaMeTphI KOToporo rrpnnep;eHhI B Ta6rrnu;e 1. 
Ho p;a2Ke c Y'ICTOM aToro o6cTOJITClihCTBa, rrorry'leHHhIH npu nepexoµ;e K KOH
q>nrypau;m1 "C" Koaq>q>nu;neHT rroµ;anrremrn K~f}=l.7 ± 0.1 cnnp;eTerrhcTnyeT 
0 ee rrpenMyiu;ecTBax, CBJI3aHHhIX, O'leBup;Ho, C yMeHbilleHIIeM BKrraµ;a q>oHa OT 
rrepepaccCJIHIIJI HCIITpOHOB Ha KOHCTPYKIJ;IIOHHhIX ;meMCHTax IIOHimau;noHHOII 
KaMephI II napaqmHOBOM 6rroKe CH, HCIIOllh30BaHHOM )J;lIJI CMJir'IeHII.lI cneKTpa 
HeIITpOHOB ;o;erreHIIJI II CHIDKeHIIJI, TeM CaMhIM, pa;o;uau;noHHOII Harpy3KII Ha ;o;e
TeKTOp. YMeHhillCHHe TerrecHoro yrrra npn y;o;arremm ;o;eTeKTOpa OT KaMepbI CHII
)KaeT 'lllClIO HeIITpOHOB ;o;erreiurn, rrorra;o;a10iu;ux B )J;CTCKTOp, II TaK)KC crroco6-
CTByeT CHII2KeHIIIO IIO)];lIO)KKll. 

BerrII'lIIHa Koaq>q>nu;neHTa rro;o;anrremrn ;o;rrJI KOHq>nrypau;m1 "D", rrpn ncrrorrh-
30Bamrn "aKTHBHOII" 3aIIJ;IIThI crreKTpOMeTpa, COCTamrna lIIIIIlh K~/,?=1.2±0.1. 
8To ronopHT 06 o6ocHOBaHHOCTII orracemuI, CBJI3aHHhlX C He6rrarorrpIIJITHhIMII 
q>OHOBhIMH ycrromrnMn, II cepbe3HOCTH COMHeHIIfl B u;errecoo6pa3HOCTII rrpm,re
HeHIIJI 3Toro MeTo;o;a upn crreKTpOMCTpnn OCKOlIKOB Ha IIY'IKC Hei'ITpOHOB. 

TeM ue Meuee, rrpIIMenemre ;o;onorrHHTerrhHOII 3aIIJ;UThI cneKTpoMeTpa oT Hei'r
TpOHOB 6opnponaHHhIM IlOlIII3TIIlieHOM B KOHq>nrypau;m1 "E" npuno;o;nT K cy
iu;ecTBCHHOMY yBelIH'leHIIIO Koaq>q>nu;neHTa rrop;aBlICHH.II: Kf!.P=2.6 ± 0.2. 8To 
03Ha'IaeT, 'ITO O)KII)];aeMhIC Tpyp;HOCTII ne HOCJIT rrpirnu;unuarrbHOro xapaKTepa 
H MoryT 6b1Th rrpeo;o;orreHbl MCTo;o;aMII nacCIIBHOII 3aIIJ;IIThI CilCKTpOMCTpa. 

Ecrrn r-reCTh, 'ITO IICIIOlih3Ye~IalI B rrpone;o;eHHOU MO)];ClihHOM 3KCrrepIIMCHTC 
"aKTIIBHalI" 3aIIJ;IITa 6brna 'laCTII'IHOII II OXBaTblBarra He 6orree "(0.65-0.7) OT 
IIOlIHOro Terrecnoro yrrra, MO)KHO O.lim;o;aTh, 'ITO rrpn IIOCTpoemm II<)lIHOii: 3a
Iu;IIThI Koaq>qiuu;neHT rroµ;anrremrn 0Ka2KCTCJI He MeHee 10 -12, 'ITO corrracyeTCJI 
c ;o;aHHhIMH pa6oT [9, 10] 

Pememre )];OlI)KHbIM o6pa3?M 3a;o;a•1 OIITIIMimau;nu KOHCTpyKIJ;IIII CIICKTpo
MCTpa, ero reoMeTpirn, KOM6IrnnponaHHOII 3aIIJ;HThl ,OT raMMa - Ilt3ll)"'ICHIIJI II 
HCIITpOHOB, a TaK.lI(C Db16op Han6orree aq>q>CKTIIBHhIX CIJ;IIHTIIlilIJITOJ>OB )];lIJI 
HCIIOlih30BaHIIJI B Ka'ICCTBC "aKTIIBHOi'I" 3aIIJ;HThI, IlO-BII)];IIMOMY, rrpIIBC'/J:)'T K 
YBClill'IeHIIIO KOaq>q>nu;neHTa rroµ;am1emrn IIO)J;lIO.lI(KlI. 
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4.3aKJIIO-ciemi:e 

Pe3yllhTaTbl rrpoBeµ;eHHhIX B pa6oTe II3MepeHIIII crreKTpa raMMa - KBaHTOB 
II3 OCKOJIKOB ;ri;erreHII.lI 239Pu He:U:Tp0Ha1m /J;ll.lI patimPIHhlX KOH<pIIrypau;ui'I crreK
TpOMeTpa Ha ny'iKe peaKTopa llBP- 30 II cpaBHeHII.lI Ka'ieCTBa rrorry'iaeMbIX 
cneKTpOB Il03BOJI.lIIOT c;ri;erraTb crre;ri;y10rnue BbIBO/J;hl. 

1. IlpIIMeH.lieMa.lI B rrpe)KHIIX IIccrre)J;oBaHII.lIX crreKTpa raMMa - rry'iei'r )J;erre
HII.lI KOHq>IIrypan1rn crreKTpOMeTpa HeOUTHMaJ!bHa C TO'iKH 3peHII.lI Ka'ieCTBa 
norry'iaeMoro cneKTpa, ero IIHq>OpMaTIIBHOCTII n Tpe6yeT MO/J;IIqJIIKan;IIII. 

2. B CB.lI3II C He6rraronpII.lITHbIMII qJOHOBbIMII ycrroBIIHMII IICIIOllh30BaHIIe 
"aKTIIBHo:ii" 3all.\IIThl cneKTpoMeTpa B oTCYTCTBIUI ;ri;onorrHIITeJihHOH 3all.\IIThI 
OT HeHTpOHOB He ;ri;aeT O)KIIµ;aeMoro rroµ;aBJieHII.lI KOMIITOHOBCKOH IIO/J;JIO)KKII. 

3. IlpIIMeHeHIIe norrHo:ii "aKTIIBHoi'1" 3aJ1.\HThl B co'ieTamrn c KOMfornnpo
BaHHOH rraccnBHOH oarn11To:ii OT raMMa - 1mrry'ieHHH II HeHTpottoB - Han6orree 
aqiqieKTIIBHbIH crroco6 IIOBhIIIJeHIIH Ka'ieCTBa crreKTpa, o6ecrre'iIIBaIOJ1.\IIII rro;ri;a
BJiemre KOMIITOHOBCKOH nop;JIO)KKII B HeM 6orree 'ieM Ha 90%. 

TaKHM o6paooM B Moµ;errbHOM 3KCIIepnMeHTe IIO/J;TBep)K;ri;aeTCH BhICOKa.lI aqi
q>eKTIIBHOCTh npHMeHeHlllI "aKTIIBHOII" 3all.\IIThl II u;errecoo6paoHOCTh ee lIC
nOJlb0OBaHII.lI npn raMMa - crreKTpOCKOIIIIII OCKOJIKOB ;ri;erreHIIH Ha ny'iKe HellTpo
HOB. 

IIocKOllhKY norpelllHOCTh 3KCIIepnMeHTallbHbIX µ;aHHbIX O He0aBIICIIMOM BbI
xo;ri;e OCKOITKOB ;ri;erreHlllI penoHaHCHhIMII HeHTpOHa1m, rrorry'iaeMbIX ;ri;o HaCTOH
rnero npeMeHII Ha llBP - 30 c ncrrorrbooBaHireM MeToµ;a raMMa - cneKTpocKo
nIIn, COCTaBJIHeT {5 - 25)%, a Kpyr nµ;eHTIIqJIIIJ;IIpyeMhIX OCKOJIKOB orpaHII'ieH 
nerrII'ilIHOil IIX BhIXOµ;a He MeHee 1 %, 3Ta MeTO/J;IIKa no CBOIIM BO0MO)KHOCTHM 
ycTynaeT crreKTpoMeTpy no npeMeHII - nporreTa OCKOITKOB [12] IIJIII /J;BOHHOil IIO
HIIOaIJ;IIOHHOH KaMepe [13], 06ecrre'iIIBa10rnux orrpe;ri;erremre Bhixo;ri;a IIJIIpoKoro 
Kpyra OCK0JIKOB c norpeIIJHOCThIO (1 - 2)%. 

CyrnecTBeHHOro paCIIJIIpeHIIH B03MO)KH0CTeH MeTO/J;IIKII :,rn)KHO ;ri;o6IITbCH 
rryTeM MO/J;IIqJIIKan;IIII crreKTpOMeTpa : ncnOJib0OBaHIIeM lICIIbITaHHoro B pa6oTe 
MeToµ;a "aKTIIBHOH" oaru;IIThl, npHMeHeHHeM BbICOKOKa'ieCTBeHHOro Ge-;ri;eTeK
Topa II IIOBbIIIJeHIIeM 6bICTpo;ri;e:iicTBII.lI crreKTpOMeTpII'ieCKoro KaHarra. ,UocTII
rHyToe npII 3TOM yBelIII'ieHire 'iIICJia IIp;eHTIIqJIIIJ;IIpyeMhIX OCKOJIKOB II yMeHh
IIJeHIIe norpeIIJHOCTII orrpe;ri;erreHII.lI ux Bhixo;ri;a ;ri;o (1 - 3)% cyrnecTBeHHO pacIIJII
pIIT nepcneKTIIBhl IICIIOllb0OBaHlllI MeToµ;a raMMa - crreKTpOCKOnIIII OCKOJIKOB II 
noµ;HIIMeT ero KOiIKypeHTHOCnoco6HOCTb. • 

ABTop norrhnyeTcH nplllITHOH B03MO)KHOCThIO rro6rraro;ri;apIITh A.B. CTperr
KOBa 3a coµ;eHCTBIIe rrpII IICIIOllb30BaHIIII rrrraCTII'ieCKIIX CD;IIHTIIJIJIHTOpoB, 
JI.6.IlttKe.nhHepa 3a noJie3Hble 06cy~eHHS1 II IO.ll.KorrrnHa oa noMOIIJ;h B pa6oTe. 
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