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C pa3BHTH€M YCKOPHTeJlbHOH TeXHHKH H $H3HKH B~COKHX 3HeprHH 

ao3pacraer KOJ1H4ecrao 3aAa4 KaK $YHAaMeHTanbHoro, raK "" npvt

KilaAHoro XapaKTepa, CBR3aHH~X C HCCJleAOBaHHeM noneH dAPOHHoro 
H3J1y4eHHfl, 3KcnepHMeHTaJ1bHOe H3Y4eHHe nPOCTpaHCTBeHH0-3HepreTH-

4eCK~X pacnp~AeneH~~ aAPOHOB AaeT BamHy~ HH¢QpMa4H~ AnR KOHCT
PYHPOBaHHfl 3aw,HTbt YCKOPHTeneH, KanopvtMeTpoa AJ1A $H3HKH Bbtco
KHX 3Heprvtil!, HHTeHCHBHbiX HeHTpOHH~X HCT04HHKOB, 3J1eKTpORAep

HbiX VI MIO-KaTaJ1HTvt4eCKHX YCTaHOBOK. 
PeweHHe 3THx aaAa4 o6bt4HO 6aavtpyercR Ha MaTeMaTH4eCKOM Mo

AenHpoaaHHH aAPOHHoro KacKaAa "" era pacnpocrpaHeHHA 4epe3 ae
w,ecrao/1-7/, raK KaK He cyw,ecrayer npocroro anbTepHaTHBHoro 

3KCnepvtMeHTaJlbHoro MeTOAa HCCJleAOBaHHR none~ BTOPH4HOrO aAPOH
HOrO H3flYI.I€HHfl B YCflOBHRX 11 n110XOH 11 reoMeTPHH. 0AHaKO TeCTio1PO

BaHHe pac4eTHbiX nporpaMM nQ p€3YI1bTaTaM H3MepeHHH MeTOAOM ape'":' 

MeHH nponera noKaaano, 4TO cyw,ecraytOT aHat.~HTeflbH~e pacxomAe
HHR M€mAY pe3yJlbTaTaMH pac4eTa H 3KcnepHM€HTa npvt onHCaHHH 

ABamAbl AH<I><t>epeH4HanbHbiX pacnp'eAeneHH~ aApOHOB/8,9/. na3TOMY 
HCnOflb30BaHH€ TOilbKO pac4eTHoro MeTOAa AflR aHaJ1H3a none~~! aA
pOHHoro H311Y4€HHA MomeT npHBeCTH K cepbe3H~M OWH6KaM H Henpa

BHJlbHbtM BbiBOAaM, 
HacTORW,afl pa6ora nocaRW,eHa pa3BHTHIO MeToAa noporoBbtX rpe

KOBbiX AeTeKropoa AeneHHR c u,enbiO npHMeHeHHA era AflR H3Y4€HHR 
npocrpaHCTBeHH0-3HepreTH4€CKHX pacnpeAeJleHvtH aAPOHOS B WHpO

KO~ o6nacTH 3Hepr~~ Or. 5 laB. B TPaAH4HOHHbl~ Ha6op noporOBbiX 
AeTeKTOPOB AeneHHR BXOART TOHKHe cno~ H3 ypaHa-235 /c <I>HnbTpa
M~ ~3 KaAM~R ~ 6opa/, HenTYH~R-237, ypaHa-238 ~ TOP~R-232. Paa
aHTbtil! a/ 10/ MeTOA dBTOMaTH4€CKOro HCKPOBOro C4eTa TpeKoa, Bbl-

3biBaeM~X ocKonKaMH AeneHvtR a nom1MepHbtX rpeKoa~x AeTeKTopax, 

cy~eCTBeHHO ynpoCTHJl VI YCKOPHfl o6pa60TKY 3KcnepvtMeHTaflbHOH 

HH$OPMau,HH. HcnoJlbaoaaHvte aaToMaTI.14ecKoro npocMoTpa rpeKoBbiX 

A€T€KTOPOB n03BOI1ReT onepaTHBHO npOBOAHTb nDAP06H~e HCCJ1€AOBa

HHR HeHTpOHHbiX noneH C nOMOW,biO 60I1bWOrO K011H4€CTBa AeTeKTOpOB, 

0CHOBHOH npo6neMoH, npenATCTBYtOUJ,eH peai1H3aLJ,HH 3TOro MeTOAa Allfl 
nPOBeA€HHA H3MepeHvtH 8 nDilRX C meCTKHM 3HepreTH4€CKHM cneKTPOM, 
RBI1R€TCR Mance 4HCJ10 pa311H4Hb1X noporOBbiX AeTeKTOPOB B c6opKe 

H HH3KHe 3Ha4€HHR HX noporoa. nosTOMY HaMH 6~11 npoBeAeH LJ,HKJl 

HCCJ1€AOBaHvti:1, nOCBR~eHHbiX paapa60TK€ AeTeKTOPOB C BbiCOKHMH 

3Ha4€HHRMH noporoa pervtcTpa~HH,Pe3YJ1bTaTOM CTaJlO C03AaHvte A€

T€KTOpa aApOHOB, nP€ACTaBI1RIOl1l,ero co6oH HOBbiH Ha6op noporOBbiX 

rpeKOBbiX AeTeKTopoa. 



XAPAKTEPWCTWKA A,llPOHHbiX nonE~ 

OcHOBH~M MeXaH~aMOM o6paaoeaHH.A eropH~Horo aApoHHoro Hany-
4eHH.A B MHWeHRX nOA AealiCTBirleM l.laCnHJ, BbiCOK\.1X 3Hepn1~ ABil.AeTC.A 

peaK4H.A rny6oKoro pac~enneHH.A AAep. B nepeH4HOM aKTe a3aHMO
Ael1creHA o6pa3YIOTC.A B cpaBHIIIMOM K011H4eCTBe KaCKaAHble HealirpOHbl 

H aap.A)f(eHHble aApoHbl. no Mepe pacnpocrpaHeHHR HX a ae~ecrae 

OTHOCHTellbHa.A AOJl.A Hei1TPOHOB 6b!CTpO B03pacTaeT H y}l(e MHWeHH 

TOJ11.414HOi1 6onee lQQ r/cM2 .AB!l.AIOTC.A XOpOllJI.1Ml-1 He~TPOHHbiMH HCT04-

HHKaMH, HH3K03HepreTH4eCKaR KOMnoHeHTa cneKTpa aAPOHHoro H3-

IlY4eHH.A npaKTH4eCKH nOilHOCTbiO onpeAen.AeTCFI HCnapvn.eilbHbiMllt Hea1-

TPOHaMH, ECJlH OTHOWeHitle BbiXOAOB KaCKaAHbiX HeihpOHOB H nporo

HOB All.A pa3m14Hb1X .AAep-MHWeHea:1 H 3Hepn1.::i HaneTa~lt1X 4aCTI-1LJ, 

6nH3KO K e,qHH!-1LJ,e/ II' lZ/, TO BbiXO,Q aapR)f(eHHbiX ni-10HOB CT aHOBVIT

CR cpaBH!-1MbiM C BbiXO,QOM HyK!lOHOB TOJ1bKO npl-1 3HeprVIRX BbJWe 

10 r3B. TaK, AnR B3aHMOAe~CTBHR npoTOHOB c 3HeprHe~ 12,9 r3B 

C TR)f(e!lb\MVI R,qpaMI-1 $0T03M,YJ1bCI<11-1 6bii1VI noily4eHbl Cile,qy~~;~e OTHOWe

HYIR BbiXOAOB pa3nH~HbiX ~aCTY1~/ 13/: rr± /p - 0, 7, d/p - 0, 11 , 
102, r------------,,----------~ 
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PHc. I . YrnoBbie 3 aBHCHMOCTH BbiXo,o;oB a,o;poHoB c 3HeprHei1 

oonee 2Q M36 H3 TOnCTWX MegHOH /¢ 10xJ3 CM/ H CBHHAOBOH 

/c/J I Ox 17 CM/ MIDUeHeH, o6nyt~aeMbiX npoToHaMH H H)J;paMH 

C-12 C 9Hepi"HeH 3,65 f:;,B/HyKnoH: TeMHbie CHMBOJlbl- HeHT

POHbi, cBeTJlbJe CHM;BOJlbl - 3apmKeHHbie ap,poHb/ 14' IS I . 

2 



j~ 

K~ /p ~ 0, 04. Ha PltiC. 1 npiiiB8A8Hbl YfllOBble pacnpeAe118HV1R KacKaA

HbiX H8ai!TpOHOB 1-1 3apR»<8HHb!X 4aCTJ.14, nOfiY4€HHbt8 8 3KCnepHM8HTaX 

C ToncT~M~ MB~HOA ~ CB~H~OBOA M~WeH~M~: p,C-12{3,65 r3B/H)+Cu 
!¢ 10x13 CM/ ~ p,C-12{3,65 r3B/H)+Pb /¢ 10x17 CM//14,15/, B~~
HO, 4TO AfiR acex Yrnoa BbiXOA Heal!rpoHoB 3Ha41-1TeJ1bHO npeeblwaer 

BbiXOA aapAmeHHbiX 4acH1U.. BKnaA aapRmeHHbiX n~ttoHoa A.Jl.A yrnoa 

20°, 70° VI 120° a noflHbll-1 BbiXOA aAPOHOB noA 3TIIIMH YrnaMitl cocra

BI-111 6,9%, 1,1%, 0,7% coorsercraeHHo. Ha pHc.2 noKaaaHbl aKa

l.lecrae nPIIIMepa 3HepreT14l.I8CKitl8 cneKTpbl H8!-1TpOHOB VI npOTOHOB, 

H3MepeHHbl8 HaMI/1 M8TOAOM epeMeHH npQJleTa nOA Yf110M 90° A11R CBIIIH-

4080~ MHW8HIII 0 20x20 CM, 06Jly4aBW8~CR npOTOHaMIII C 3Hepr~tteH 

2,55 raB. AHaJlH3HPYfl peayllbTaTbl I-13M8peHHH' MQ}I(HO CAellaTb Bbi

BOA, 4TO 3a npeAenaM~ cpaBHHTenbHO He6onbWO~ o6naCT~ M~WeHH, 

BHYTP~ KOTopo~ nP0~30WnO nepB~4HOe Heynpyroe B3a~MOAeHCTB~e 

HaJ1eTaKJ.Lielli 4aCTHL..Ibt ny4Ka, BbtXOA Heii!TpOHOB 3Ha4HT€J1bHO npeBbt

waeT BbiXOA 3apmKeHHbtX aAPOHOB npH TOll! me 3Hepr~H, TO eCTb no

ne BTOP~4Horo aApOHHOrO ~3J1y4eH~R B OCHOBHQM onpeAeJ1AeTCA 

npOCTpaHCTBeHHQ-3HepreT~4eCKHM pacnpeAeJ1eHHeM He~TpOHOBo 
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PHC o 2 o .3HepreTJ.flleCKHe CneKTpbl Hei1:TpOHOB H TIPOTOHOB 

H3 CBHH~OBOH MHllieHH ~ 2Qx20 CM p;nR yrna 90° H TIY~Ka 

npOTOHQB C 3HeprHei1 2, 55 f3B: CHMBOJ1bl - pe3YJ1bTaTbl 

H3MepeHHH MeTOAOM BpeMeHH nponeTa, KpHBaH - pe3YJ1b

TaTbl HHTei'paJlhHbiX H3MepeHHfi MeTO,[l;OM nOpOI'OBbiX TpeKo

BblX ,D;eTeKTOPOB o 
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KaK noKaaaHo a pa6orax1 16 • 17 /, ~opMa 3HepreT~4ecK~x cneKT
poa He~TpOHOB XOPOWO annpOKCHMltiPYETCA Tp8XKOMnOH8HTHbiM aHaJllti

T&.11.18CKHM Bblpa)f(8HH8M 

F(T) 
3 

~ Ci•T•exp(-T/T 0 i), 
i=1 

/I/ 

rAe T - ·KHHEn11.1ecKaR 3Hepn1R, 'Ci H T0 i - noArOH04Hble napaMeT
Pbl. nepaaR KOMnOHEHTa on~Cb!BaeT Hlti3K03Hepren148CKYIO H30Tpon

HYIO 4aCTb cneKTpa, AnA APYfHX KOMnOHEHT HM88TCR 3aBHCHMOCTb 
3Ha4eHHC1 napaMerpoe T oi or yrna Ha6moAEHJ.1A, oco6eHHO CltiilbHaA 
Allfl Bb!COK03Hepren148CKOC1 4aCTVI cneKTpa, Om1Cb1Bal00te~ Bb!XOA KaC

KaAHbiX Heai!TpOHOB, 8 Ka48CTB8 peam1CTVI48CKHX 3Ha48HV1i1 3TV1X na

paMeTpOB MOrYT 6b!Tb &.1CnOI1b30BaHbt: T01 .... 2 M3B, To2 ...... 10 M3B, 
To3 = 30+150 M3B a aae~c~Mocr~ or yrna Ha6n~eH~~. 3aMeT~M, 
4TO AflR YfllOB M8HbW8 30° cneKTpbt B 06JlaCTH BbiCOKVIX 3Hepr~t~C1 
MOfYT HM8Tb 6onee CJlQ)f(HYIO ¢OPMY H3-3a nP04eCCOB KBa3HCB06o,q
HOrO pacce~HH~, CTpHnnl'IHra l-1 nepeaapAAKH. B 3THX CJ1y4aAX B Bbl
pa~eHHe /1/ Mo~er 6~Tb eee,qeHa ,qononHHTeJlbHaR ¢YHK~HR ,qnR onH
caHHA HeperynRpHOCTeail B cneKTpe. CneKTp npOTOHOB 1-13 TOHKHX 
MHWeHeail TaK~e xopowo onHCbteaeTCR Bbtpa~eHHeM /1 I, Ho 6e3 nep
eoail KOMnOHeHTbl. 

MET Oil 

PacwHpeHHe Ha6opa noporoe~x ,qereKropoe 6~110 ocy~ecreneHo 
nyTeM ,qo6aeneHHA ,qeTeKTOPOB ,qeneHHR ~~ C TOHKHM CJlOeM BHCMyTa 
HJlH C TOJlCTbiMH CllORMH CBHH~a, a T8K~e ,qeTeKTOpOB HOBOrO tHna, 

B KOTOPbiX TBepAOTenbH .. e TpeKOBble AeTeKTOP'" TTl\ per~CTP~PYIOT 
6biCTpbte HOHbl, o6pa3YICli.IHeCR B peayJlbTaTe ¢parMeHTa4HH R,qep KOH
Beprepoe co cpe,qHHM MaccoBbiM 4VIcnoM A. ~ereKropbt nepeoro TVIna 

~MeiOr a~eKT~BHbl~ nopor per~crpa4~~ 70+90 MaB, a eroporo r~na, 
H83B8HHbte HaMVI ,qeTeKTOpaMVI ¢parMeHT 84HH ~~~ - HeCKOllbKO CQTeH 

M3B. 
aereKTOPbl ,qeneHHR VI ¢pa~MeHTa~HH HMe~T CJ1a6y~ 4YBCTBHTeJ1b

HOCTb K 48CTH~aM, He npHHaAJle~a~HM K KJlaccy a,qpoHOB H HX BKJla
AOM B c4eTHOCTb ,qereKTOpOB 06~4HO MO~HO npeHe6pe4b. 3¢$eKTHB
HOCTb perHcrpa~VIH a,qpoHoB onpe,qenReTCR ce4eHHRMH npo~eccoe ,qe
neHVIR H ¢1parMeHT a~ VI VI C o6pa30BaHHeM VIOHOB C He06XOAHMbl~lo1 AI1R 
per1o1crpa~V1H xapaKrepHCTVIKaMVI. HcxoAR H3 VIMe~VIXCA B llVITepary
pe ,qaHHbtX, cpeAHVIe · aHa4eHHR ce4eHHa:1 ,qeneHHR ,qnA KacKa,qHbtX HeV.

rpoHoe, nPOTOHOB VI nHOHOB COOTHOCRTCA KaK -1:2,5:1T2, a AI1A 
np04ecca ~parMeHTa4~~ 3TO COOTHOWeH~e ~MeeT B~A -1:1:2/3. 
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noaTOMY a~~eKT~BHocTb ~R AeTeKTopoa ~parMe~Ta4~~ cna6o aaa~

~HT OT THna HaneTa~ero BAPOHa, B 48CTHOCTH, OHa HMeeT npH6nH-

3HT8flbHO DAHHaKoBoe 3Ha4CHHe AflR He~TpoHoa H npoToHoe paaHoH 

aHepr~~. AnR AeTeKTopoa AeneH~R U-235, Np-237 ~ U-238 C4eT

HOCTb npaKTH4eCKH nOflHOCTb~ onpeAenAeTCA HeHTpOH8MH C 3H8p

r~e~ MeHbWe 50 MaB. B cny4ae AeTeKTopoa AeneH~R c BbiCOK~M~ no

poraMH AnA yMeHbweH14A 'norpewHOCTH OnPeAeneHHA BbiXOAOB KaCKaA

H~X BAPOHOB Heo6XOAHMO HCnOflb30B8Tb anpHopHy~ HH~OpM84H~ 0 CO

CTaBe BApOHHoro H3flY48HHA. 0AH8KO Aame npH OTCYTCTBHH TaKoH 

~H~OpMa4~~ norpeWHOCTb COCTaB~T He 6onee 25%. 

B aAPOHHoM AeTeKTope npHMeHA~TCA AenA~HecR cnoH rori~HHOH 

~1 Mr/cM2 , nno~aAb~ 1 CM2 H TOflCT~e KOHBepTepbl H3 CBHH~a, M8AH 

H KaAMHA. PerHcTPB4HA ocKonKoa AeneHHA H ~parMeHToa ocy~ecre

nAeTcA TT~ H3 nonH3THneHrepe~ranara ron~HHoH 6 MKM, pacnono

meHHbiMH annoTHY~ K noeepxHoCTH KOHeeprepoe. TpaeneHHe TTA ocy

~ecTBnReTCR B paCTBOpe KOH /nnOTHOCTb 1,252 r/cM3 npH 200C/ 

a Te4eH~e 60 M~H np~ TeMnepaType /60±0,1/0C, AnR TaKoro pem~

Ma rpasneHH~ H npocMorpa TT8 c noMO~b~ aeroMaTH4ecKoro HCKpo

aoro c4eT4~Ka TpeKoB AHCT/ 1 I a~eKT~BHOCTb per~cTpa4~~ ocKon

Koe AeneHH~ OT H30TPOOHOro HCT04HHKa paBH~eTC~ 51,5% nPH nnoT

HOCT~ ~CKPOBbiX npo6oeB He 6onee 4000 Ha 1 CM2 , noporoaoe 3Ha-

4eHHe 3apRAa ~oHa Znop, paBHReTcR 5. BpeMR npocMoTpa DAHoro 

TTA cocTaBnReT oKono 4 M~H. 
OnpeAeneHHe BbiXOAOB aAPOHos pasnH4HblX 3HepreTH4ecKHX rpynn 

npOBOAHTC~ nyTeM HaCTpOHKH 3HepreTH48CKOro pacnpeAeneHH~, sa

AaHHoro Ha OCHose HMe~eHcR anpHOPHOH HH~OpMa4HH /HanpHMep, 

HCnOnb308aHH8 B~PameHH~ /1/ C peanHCTH4eCKHMH 3Ha48HH~MH napa

M8TpOB/, c noMoutb~ pesynbTaroe HHTerpanbHbiX HSMepeHHH noporosbi

MH Tp8KOBbiMH A8T8KTOpaMH. MaTeMaTH48CKaR nP048AYPa BOCCTa

HOBn8HHR 3HepreTH48CKOrO cneKTpa, OCHOBaHHa~ Ha o6naAa~eM XO

poweH yCTOH4H:BOCTbiO HTepa4""0HHOM M8TOA8 MHHHMH3ali.HH HanpaBneH

HOrO pacxomAeH~R, pean~aoaaHa a nporpaMMe RESTOR. 

AAPOHHbl~ AETEKTOP 

KOHCTPYKLI.H~ C60PKH noporo~x A8T8KTOPOB C TOHKHMH Aen~utH

M~CR cnORM~ G~na paccMoTpeHa a pa6oTe/10/. 3~~eKTHBHOCTb AnR 

TaKHX A8T8KTOPOB MO>H8T 6b1Tb paCC4HTaHa C OOMOlqbiO npOCTOrO Bbl

pameHHR: 

E. = n 
/2/ 

rAe n - 4HCnO RA8p A8flRut8rOCR HyKnHAa B 1 CM2 , n - 3~8KTHB

HOCTb perHCTpali.HH ocKonKoe TTA, of - ce4eHHe AeneHHR. Ce4eHH~ 
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.qeneHHR Hei1TP,OHaMH XOPOWO H3y~eHbl B o6naCTH 3Hepn111 HHH<e 14 M38, H HX 04eHeHHble i3Ha4eHHR BXOART B COCTaB pa3/U14HbiX 61o1-6JlHOTeK RAepHbiX AaHHbiX, HanpHMep ENDF/B-V. A11R o611aCTH 6q11ee Bb1COKI-1X 3HeprHi:1 HaMH HCn01lb30Ba11HCb pe3yllbTaTbl H3MepeHa-u1/J8-2J~ Ce4eHHe .qe~eH~R BHCMyTa HeHTpOHaMH HCCileAOBaiiOCb TOilbKO 8 OAHOH pa6oTel 22 1. rpy6aR 04eHKa 3TOro Ce4eHHR, nPOBeAeHHaR Ha OCHOBe AaHH~X no AeJleHH~ H30TOnOB CBHH4a npOTOHaMH/ 23/ a npe.qnoJlo)f(eHHH, l4TO e oKononoporosoH o6nacn1 .qeneHHe HAer a ocHoBHOM 4epea o6paaoeaHHe cocraaHoro R.qpa, xopowo cornacyerCR c 3KcnepHMeHTaJlbHbiMH AaHHbiMH/22/. 04eHeHHoe cpegHee aHa4eHHe norpeWHOCTH ce4eHHA .qeneHHR BHCMYTa COCTaBilAeT ~20%. Ce4eHHA AeJleHHA BHCMYTa H CBHH4a HeHTpOHaMH H npOTOHaMH 6biCTPO HapaCTa~T a oKononoporoaoH o6nacTH, a .qanee a WHPOKOM 3HeprerH-4eCKOM HHTepsane npH.6JU13HTeTibHO COXpaHAIOT CBOH 3Ha4eHHA, 3ro o6crORTellbCTBO Aellaer 3TH peaKI..lHH 048Hb YA06HbiMH AllR onpeAeneHHR 4HCna aAPOHOB c 3HeprHel1 BbiWe ..... 50 M3B. HaMepeHHR noKaaanH, 4TO A8T8KTOP, COCTOR!I.IHa::i J.13 ABYX TOllCTbiX CJ1088 CBHH4a J.1 pacnoJlO>KeHHbiX Me>KAY HHMH TT.Q Pb-Pb, HMeer nPH6JlH31o1TenbHo a 4eTblpe paaa 6onee BbiCOKYIO s<J)<J)eKTI<tBHocrb perHCTpa41o11o1, 48M A8T8KTOp CO Cll08M BHCMYTa TOJl!I.IHHO~ 1 Mr/cM2 KaK AllR H8i1TPOHOB, raK H AnR nporoHoa. Ha PHc.3 np~<tBeAeHbl 3HepreTH4eCKHe aaaHcHMOCTH 40 

•4 ___ r_ _____ _ 
IO 

:mEPI'ill , MID 
PHc .3. 3¢KPeKTHBHOcTb p;·eTexTopoB ,o;eneHHH Bi-209 H Pb-Pb /nyHKTHP/ ,n;nH HeHTpOHOB H npOTOHOB. Kaap;paTHKH H TOqKH - pesynJ:>TaThl HaiDHX H3MepeHHH Ha npOTOHax gnH Bi H Pb-Pb COOTB8TCTB8HHO. 
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3~eKTHBHOCTH perHcrpa~HH He~rpoHoa H nporoHoa AeTeKTopa-

MH 060HX THnOB. 

H3y4eHHe an~AHHA yrnoeo~ acHMMeTpHH pa3nera ocKOnKoa Aene

HHR Ha eenH~HHY 3~$eKTHB
HOCTH perHcTP84Hir1 AeTeKTopoa AeneHHA 

nPOBOAHflOCb B He~TPOHHOM none TOilCTO~ CBHH~OBO~ MHWeHH 

¢ 20x60 CM, o6ny4aeMO~ nY4KOM npoTOHoe, Ha~6onbwee aHa4eH~e 

orHoweHHe 
11enepeA

11 /
11Ha3aA11 , a= 1 ,3, Gblno nony4eHo AilA BHCMY

ra noA ManbiMH yrnaMH K nYl.lKY. Y\..teCTb 3TOT HcKamaraqHH 3Cl>Cl>eKT 

MOmHO C OOMO~b~·BblpameHHA
 

/3/ 

rAe NB, NH - \..tHCilO OTC\..teTOB 
11 enepeA

11 lr1 
11H838A

11 COoT·aeTcT BeHHO. 

HccneAoBaHHe Cl>oHoaoro 3q><PeKT a, Bbi3BaHHoro perHcrpa~HeH HOHoB, 

BbiXOAR~Hx 1r13 nQAnomeK AeilR~HXCA cnoea noA Ae~craHeM 4aCTH4 

BbiCOK\I'IX 3Hepnta:1, noKaaano, 4TO AilA CJlOeB lr13 aKT\11Hir1AOB TOOU4HHO!o1 

OKano 1 Mr/cM2 113$Cl>eKTOM noAnomK\11
11 MOmHo npeHe6pe4b. B o6nacr1r1 

3HeprHa:1 BbiWe HeCKOilbKHX coreH M3B AilR AereKropa c BHC.MyToM 

B03MO>KeH 38MeTHbla:1 BK118A B 41r1CJ10 OTC4eTOB OT 3Toro 3$Cl>eKTa. 0A

H8KO 3THM 3$$eKTOM MOlKHO H B 3TOM C11Y4ae npeHe6pe4b, eCJlH HC-

00Ilb3088Tb OOAilO>KKH H3 MaTepHaJla C M811biM MaCCOBbiM 41r1C11DM, Ha-
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PHc.4. 3¢$eKTHBHoCTb AeTeKTopoB ~parMeHTa~HH Ti-Ti 

/o/, Cu-Cu /a/, Cd-Cd /•/. KpHBble npoBeAeHbl Ha rna3 
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npHMep dll~HHHR, H OpH8HTHpOBaTb A8T8KTOp A811R~HMCR Cll08M HaBCTpe~y naAd~HM ~dCTH4aM. 
HcnonbayR cna6y~ aaeHCHMOCTb npo4ecca ¢parMeHTd4HH or THna Hanera~e ro HYKJlOHd, H3y~8HH8 perHCTpa4HOHHb/X xapdKT8PHCTHK A8T8KTOpOB ¢parMeHTd4HH nPOBOAHJlH Ha nY~Ke npOTOHOB 8 WHpOKOM HHTepaane 3HeprH~ 0,2l-4 r38, Ha pHc,4 npHaeAeHbl H3MepeHH~e 3H8preTH48CKH8 3dBHCHMOCTH 3¢¢eKTHBHOCTeH .qereKTOPOB C KOHBeprepaMH H3 THTaHa /Ti-Ti/, MeAH /Cu-Cu/ H KaAMHR /Cd-Cd/, .Qea noCJleAHHX AeTeKTopa HMeiOT HaH6onee Bb/COKHe 3Ha~eHI-/R 3(f$8KTHBHbiX noporos perHCTPd4VIH, KOTOpb18 3Hd~HT8JlbHO npea~wa~r aHa~eHHR noporos AilR AereKropos .qeneHHR. C 48Jlb~ YM8HbW8HHR M8TOAH~8CK0~ H CTdTHCTH48CKO~ norpewHOCT8t1 8 noporoBbiX A8T8KTOpaX C TOJlCTbiMH KOHBeprepdMH HCnOJlb-30BaJlOCb no 7 TT.Q. 6blllH C03AaHb/ Aaa rHna KOHCTPYK4HH raKHX AereKropoa - c nocneAoaaTellbHb/M /1 THn/ H napannellbHbiM /2 THn/ paaMe~eHH8M TpeKoeblx AereKropoa. B nepsoM cny4ae noporosbiH AereKrop COCTOHT H3 48P8AY~HXCR AVICKOB-KOHBepTepoa H TT~ OAHHdKOBOrO A·HdMeTpa 19 MM, npH 3TOM BHYTp8HHH8 CJlOH 11pa60TdiOT 11 KdK Ha npeAwecrey~H~, raK H Ha nocneAY~H~ TT.Q. Bo eropoM cny4ae TT.Q pacnonaraiOTCR Me~AY ABYMR AHCKaMH-KOHBeprepaMH 6onbworo AHaMeTpa 65 MM. Ha PHC.5 noKa3aHb/ o6e KOHCTPYK4HH noporoaoro ,qeT8KTOpa C TOJlCTbiMH CilORMH-KOHB8pTepaMH, ~nR nonHoro Ha6opa noporoablx AereKropos, axo,qR!ijHX ·a coer as a,qpOHHOrO ,qeT8KTOpa, 3HepreTH48CKH8 3dBHCH.MOCTH 34>¢€KTHBHOCT8i1 perHcrpa4HH npeACTaaneHb/ Ha PHC.6 IAnR AeTeKropoa AeneHHR npH-

KOHBEPTEPbl 

n.o. 

I nm 1I nm 
PHC,5, ~Ba BapHaHTa KOHCTpyKUHH ~eTeKTOpa ~parMeHTaQHH: nocne~oBaTenoHaa /1 THn/ H napa.rmenoHa.R /2 THn/. 
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PHc. 6. 3Hepr·eTHG:eCKHe gaBHCHMOCTH p;JUI 3Q)clleKTHBHocTeH 

TpeKOBblX IIOpOI'OBblX )J,8T8KTOpOB, BXO,IJ,H~HX B COCTaB ap;

poHHOrO AeTeKTOpa: I - u-235, 2 - Np-237, 3 - U-238, 
4 - Th-232, 5 - Bi-209, 6 - Cu-Cu, 7 - Cd-Gd. 3Haqe

HHR ,JJ;Jifl KPHBhDC S-7 yaenH'lleHbl a p,ec.RTh pas. 

aeAeHbl 34xiJeKTI-1BHocTir1 AfiR HeHrpoHoe/. Ha ocHoee 3THX aaaHCHMO

creH, a T8K>K8 cneKTpoa, noJlY4eHHbiX B H3MepeHHAX MeTOAOM BpeMe

HH nponera AfiR TOJlCT~X CBI-1H40BWX MHWeHeH noA AeHCTBH8M nY4K8 

npOTOHOB, 6~11H paCC4HT8HW ~YHK4HH OTKJlHKa ·p83JlH4HWX noporOB~X 

AeTeKTOPOB Yl· COOTBeTCTBYKJ1%V18 HM 3Hepren148CKHe HHT8PB8Jlbl HaH-

6DJlbWeH 4YBCTBHTellbHOCTH, AHalll-13 noKaaan, 4TO AeTeKropbl xopo

wo AOnonHRIDT APYr APYra 1-1 o6ecne4HBaiDT nonHoe nepeKpbiTHe 048Hb 

WHPOKOH o6naCTH 3HeprHH OT HYJlR AD HecKOJlbKHX raB. 

norPEWHOCH1 

'0CHOBH~MH CQCTaBnR~HMH norpeWHOCTH 3KCnepHMeHTaflbH~X pe

aynbTaTOB RBnR·IQTCR MeTOAH4eCKaA H CTaTHCTH4eCKaR norpeWHOCTH, 

HeonpeAeneHHOCTb MOHHTOpHpOBaHHA nY4KB, a Ta~e norpeWHOCTb 

3[Jl(J>eKTHBHocTH nopOroabtX AeTeKTopoe. 
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MeTOAH4eCKaR norpeWHOCTb onpe.qenReTCR B OCHOBHOM HeonpeAeneHHOCTb~ /paa6pocoH/ Ton~HH~ naacaHoBoH nneHKH H norpewHOCTb~ HeToAa o6pa6oTKH H npocHOTpa TTA. AnA YHeHbWeHHA HeTo.q-H4ecKoH norpewHocTH o6ecne4HBanacb HA8HH14HOCTb npo4ecca o6-pa6oTKH paanH4HbiX ·napTHH TT.lt nYTeM ocytqecTeneHHR cTpororo KOHTpOilR TBKHX napaMeTpOB, KaK Bp8MR TPBBIJ8HHR, T8MnepaTypa H KOH-4eHTPa4HA pacTaopa KOH. 
8 peaynbTaTe MHOrHX H3MepeHHH 6btilH onpe.qeneHbl 3Ha48HHR M8-TOAH48CKOH norpewHocTH .qrlR paanH4HbiX noporoebfx AeTeKTopoe. B Ta6IJH4e npHee.qeHbl aHa48HHR MeTo.qH48cKoH norpewHocTH AIJR .qeTeKTopoe C OAHHM H C8Mb~ TT.£t H KOHB8pTepoB paanH4HOrO THna. 

,[{eTei<TOp 

,[{eJIRil~l:U1:CR CJIO:ti: 
(I Mr/cM2 ) 

Pb-Pb 

Cu-Cu 
Cd-Gd 

IJorpeWHOCTD, % 
rrn 7 rrn 

,[{eTei<TOPhl ~erreHHR 

8 

19 

50 
50 

7,4 

18 
18 

CHnbHoe paanH4He aHa48HHH MeTOAH48cKoH norpewHocTH AnR paaIlH4HbiX THnoa .qeTeKTOPOB 06bRCHR8TCR T8M, 4TO OCKOIJKH .qeneHHR · o6na.qa10T onTHManbHbiMH xapaKTePHCTHKaMH .qnR perHCTpa4HH nonHHepHbiHH TTA nPH HcnonbaoBaHI1H TOHKoro AenA~erocA cnoA. AnA ToncToro CIJOR 3Ha4HT8IlbHaR 4aCTb a·CKOIJKOB o6naAa8T .3H8prHeH HHH<8 nopora perHCTPa4HH, a B cny4ae A8T8KTOpa ~parMeHTa4HH BbtXO.qRtqHe H3 CIJOR ctJparMeHTbl HM810T .qa118KH8 OT OnTHMaflbHbiX Kat< aapR.q0-908, TaK H 3HepreTH4ect<oe pacnpe.qeneHHR. 
Heo6xo.qHMO oTMeTHTb, 4TO npH nnoTHocTH BbiRBileHHbiX TpeKoe B TTA, npeBblwa~I<X 4000 Ha 1 c~, aaHeTHo aoapacTaeT HeToAI14ecKaR norpeWHOCTb H3-3a npOC48Ta 4aCTH TP8KOB, 06bi4HO A8T8KTOpbl .qeneHHR .qaiOT 4HCilO oTc4eToe cy~qecTeeHHO 6onbwee, 4eM A8T8KTOPbl ~parMeHTaijHH. O.qHat<o, KaK npaeHno, MeTOAH4ecKaR norpewHoCTb aHa4HTenbHO npeBbtWaeT cTaTHCTH48CKYIO AilR ecex THnoe .qeTeKTopoe. norpeWHOCTb 3~eKTHBHOCTH AIJR A8T8KTOPOB .qeneHHR B o6nacTH 3Hepri1H H~<me 14 M38 He npes~waeT 10%, a AnA 6onee B~coKI<X 3Hep-

10 



r~~~ KaK ~ AllR AeTeKTopoe $parMeHTa4~~, OHa ~MeeT 3Ha~eH~e 

He 6onee 2 0%. 

AnP06HPOBAHHE METOAA 

JlnR BbiRCHeH~R B03MOH<HOCTe~ On14C8HHOrO MeTOAa onpeAeneH~R 

A~4XIJepeH4~anbHbiX pacnpeAeneH~~ BTOP~~Horo aApoHHoro ~any1..1eHHR 

6bllla npoBeAeHa Cep~R 3KCnepHM8HTOB C TO!lCTbiM~ CB~H40BbiM~ MH

weHAMH Ha ny4Ke npOTOHOB CHHXpo~a30TpOHa nB3 OHRH. MOHHTOPHPO
eaHI4e nY~Ka ocy~ecTBnRllOCb c noMo~b~ peaK4~~ Hapa6oTK14 Na-24 

e Al-27. BoccTaHoaneH14e npoeoA14nocb c noMOutbiO nporpaMMbl 

RESTOR nyTeM HcnonbaoeaHHA anpHopHo~ HH~OpMa4HH o cocTaee 
aAPOHHoro· ~any~eH~R ~ xapaKTepe era aHeprE!TH4ecKoro cneKTpa. 

PeaynbTaTOM pa6oTbl nporpaMMbl RBnRIOTCH BbiXOAbl aApoHoa c aHep

rHe~ 6onbwe HeKoToporo aaAaHHoro PRAa 3Ha4eHH~: 0, 0,1, 1, 6, 
20, 50, 100, 250, 500 H 1000 M3B, 

nporp8MMa n03BOI1AeT OCylQeCTBJ1ATb BH3YallbHbl~ KOHTpO!lb 38 XO

AOM aoccTaHoeneH~A. 0KOH4aH~e HTepa~HoHHoro npo4ecca npo~cxo

A~T 11H6o no menaHHIO onepaTopa, 111-16o aaT0MaT!-14ecKI-1, ec.n1-1 AJlA 

K8H<AOrO noporOBOrO AETeKTOpa OTKJlOHeHHe pac~eTHO~ C4eTHOCT\II 

OT 3KCnep~MeHTaJlbHO~ no a6C01110THO~ BEJ1~4\11He CT8HOBHTCA MeHbWe 

nonHo~ norpewHOCTI-1, BKI1104a~e~ a ce6A HeonpeAeneHHOCTb a~eK

THBHOCTH, MeTOA~4ECKYIO H CTaTHCTH4eCKYIO norpeWHOCT~. 

,llnR .\IIHTerpaJlbHbiX METOAOB OTBeTCTBEHHbiM MOMEHTOM ABJlAETCR 

Bbl6op xopowero pean~cT~~ecKoro Hyneaoro npH6nHmEH\IIA AllA 3Hep

reTH4eCKoro cneKTpa Fo (T). B nporpaMMe RESTO~ HMeeTCA HeCKonb
KO B03MOH<HOCTe~ 3aAaHHR Fo(T), TaKHX KaK 3aAaH~e cneKTpa B B~

Ae Ta6nlo1~bl ~nH a aHan~TH~ecKo~ $OpMe /1/. KocaeHHbiM npH3HaKOM 

xopowero Bbl6opa Fo(T) ABnAeTcA Manoe 4Hcno HTepa4H~ /<10/. Ec
llH 4~Cll0 ~Tepa4H~ Be!l\IIK0 1 TO 3TO rOBOp~T 0 TOM, 4TO J1~60 $OpMa 

cneKTpa Bbt6paHa HeyAa~Ho, n~6o a Ha6ope 3Kcnep~MeHTallbHbiX 

C4eTHOCTe~ HMeiOTCA Bbi6POCbl, 

04EHKa norpeWHOCTH 'Bb!XOAOB 8APOHOB, CBA38HHO~ C norpeWHO

CTbiO 3KCnepHMeHT81lbHbiX A8HHbiX H HeonpeAeneHHOCTe~ AeTeKTOpOB, 

ocy~ecTanAnacb nyTeM MHoroKpaTHoro cTaTHCT~yecKoro paa6poca 

C4eTHOCTe~ OKOJlO HX 3KCnepHMEHT81lbHb\X 3H84eH~H H nOC11EAY~EI"'O 

aoccTaHoaneHHA. HccneAoeaHHe noKaaano, 4To AflA HCnOilbayeMoro 

Ha6opa noporoabiX AeTeKTopoa 04eHeHHble norpewHocTH aApoHHbiX 

Bb\XOAOB 6JlH3KH no aen~'-IHHe K nOilHbiM norpEWHOCTRM pe3yJlbT8TOB 

H3MepeH~~. 

norpeWHOCTH, B03H~Ka~He npH BOCCT8HOBJleHHH BbiXOAOB, CBR-

3aHHbl8 C HeonpeAe!leHHOCTbiO 3HaHHA $OPMbl 3HepreTH4eCKOrO cneKT

pa, 04eHHBanHcb nocpeACTBOM eapHa4HH Fo(T) e npeAenax, ycTaHae
nHeaeMbiX Ha OCHOBE anpHOPHOH ~H$OPM84HH. B Ka4eCTBe np~Mepa 
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I
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PHc.7. Hynesoe npH6nH-
*eHHe AnR 3HepreTH~ec
xoro cneKTpa Fo(T) /•a
WTPHXoBaHa 06JiaCTb 116-

0npegeneHHOCTH Fo(T)/ 
H COOTB6TCTBY~HH eMy 
pesynbTaT eoccTaHoane
HHR BhlXOAOB aAPOHOB 
Y (T) c 3Heprwlli 6onbwe 
T nag YrnoM 10° H3 CBHH
~oaoA MHWeHH ~ 20x60 CM 
TIOA geHCTBHeM nY~Ka 
ITPOTOHOB C 3HeprneH 
3,65 f3B, KpHBaH npo-
BeAeHa ~epe3 TOqKH 

2,0 Ha rna3. 

1,5 

I,O 

0,5 

Ha PHC.] npHBeAeH~ 06-
llaCTb Bap~t~al.lHH <f>OpMbl HC
XOAHOrO 3HepreTH4eCKO-
ro cneKTpa H peayn.brar 
BOCCTaHOBJleHiriR BbiXOAOB 
B~COK03HepreTH4eCKHX 

aAPOHoB Y(T) c aHePrH
o 1-----'------''-----...L.----'eH T ,q.nR H3MepeHHIII, Bbl

ro4 nonHeHHbtx noA y rnoM 
10° CO CBHH40BOti MH-T, Y3B weHbiO 0 20x60 eM npH 

ro2 

3HeprHH npoTOHOB ny~Ka 3,65 raB. HecMOTPR Ha TO, ~TO aMnnHTYAa 
eapbHPoaaHHR Fo(T) AO'CTHrana HecKOnbKHX nOPRAKOB H3-aa nnoxo
ro 3HaHHR xapaKTepa 3HepreTH4ecKoro pacnpeAeneHHR, 3Ha4eHHR 
norpeWHOCTeH B~XOAOB aApOHOB nony4aJlHCb cpaeHHTeJlbHO He6ollb-
WHMH, 

TeCTHpoaaHHe MeTOAa npOBOAHnocb nyTeM conocTaBneHHA H3MepeHHOro He~TPOHHOrO cneKTpa nOA yrnoM 90° CBHH~OBO~ MHWeHH 0 20x20 CM H 3HepCHH npOTOHOB nY~Ka 2,55 raB C peaynbTaTaMH, 
nony4eHH~MH MeTOAOM apeMeHH nponeTa, KaK BHAHO H3 pHc.2, HMe
eTCA xopowee cornacHe MemAY pe3ynbTaTaMH H3MepeHH~. 

B Ka4eCT~ae npHMepa npHMeHeHHA MeToAa noporoab!x TPeKOBbiX 
AeTeKTOpoB Ha pHc.8 npHBeAeHbl pe3YnbTaTbl H3MepeHH~ yrnOBbiX 
pacnpeAeneHH~ aApQHOB pa3nH4HbiX 3HepreTH4eCKHX rpynn B 06naCTH 
3HeprH~ B~We 20 M38 AnR CBHH40BOH MHWeHH 0 20x60 CM, 06~y~ae
M0~ npOTOHaMH C 3HeprHeH 3,17 raB. 
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PHc. 8. Yrnoebxe pacnpep;e

neHaR aAPOHOB B 06naCTH 

3HeprH~ BbMe 20 M3B Ana 

CBHHQOBOH MHmeHH 

~ 20x60 eM ll 3Heprllll na

p;aiOlU,HX nPOTOHOB 3,17 f3B: 

• - T > 20 M3B, o - T > 

> 50 M3B, •- T > 100 M3B, 

o - T > 250 M3B, + - T > 

> 500 M3B ll o - T>lOOO M3B. 

KpHBbie npoaep,eHbi qepe3 

3KCrrepaMeHT8JlbHbJe TO'tJKH 

Ha rna3. 

B aaKiliOLieHVIe aaTOPbl Bblpall<,aiOT 6naroAapHoCTb p. r. Baca.1IlbKOBY' 

H.C.Mb13HHy, IO.M.4HPKHHy, B.r.nRnHHY, H.O.UaeTKOBY aa not<OUib 

B npoBeAeHVIVI V13MepeHVIH. 
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