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IlpH npoBS'ASHHH rawa-cneKTpOMSTpHtl:eCKHX HCCJIS'AOBaHHR B o6JiaCTH 

3HeprHH rB.MMa-KBaHTOB O,I-IO,O M3B·Ha 6opTy HCKyCCTBSHHblX CnyTHHKOB 

3eMRH Hap.li,lzy C 'Affqq>y3Hh!M KOCMHtleCKHM q>DHOM H aTMOCq>epm,tMH aJib6e)J,HblMH 

raMMa-KBaHTaMH Heo6xo~ ytlHThtBaTh q>oH, o6ycJIOMSHHbtR (-H3JiyqeHH

eM aKTHBHPOBaHHblX IJ'Aep, o~paaoBaBIIIHXCH npH B38HMO'AeAcTBHH BhtCOKO~ 

3HepreTHtl:eCKHX npoTOHOB nep~Htl:Horo 'KocMHqecKoro H3JiytleHHH (mm) H 

npOTOHOB Pa'Affa.trnOHHblX IlOHCOB 3eMRH C MaTepHWiaMH 'AeTeKTOpa H KOHCT

PYKUHOHHb!MH MaTepHWiaMH CIIyTHHKa, faMMa--<poH HB.Be'AeHHOA aiTHB,OCTH 
HMHeTCH onpe'AM.fDDlllHM B cneKTpOMeTpHtleCKHX HCCJIS'AOBaHHHX r-4 ' Il03TOMY 

ero nporH03HpOBaHHe H IlOHCKH nyTeR YMeHhWSHHH HBJI.R!lTCH BSCbMa aKTYWib

HOA 38AaqeR. 
B pa6oTe/I/ nporH03HpyeTCH BTOp~htA r--if>oH, B03HHKa!llilHA B pe-

3YJibTaTe aKTHBa.trnH KpHCTaJIJIOB NaJ, · CsJ H Ge npOTOHaMH mm H BHyT

peHHero Pa'AffaQHOHHOro IlOHCa 3eMRH. 0'AHaKo npH 3TOM ytlHThtBaJICH T.OJibKO 

<pOH OT HMyqeHHH MSP, o6pa30BSHHhtX B peayJihTaTe B3aHMO'AeHCTBHR nepBHtl:

HblX npoTOHOB ·c MaTepHMB.MH 'ASTeKTOpa, H He paccMaTpHBaJIOCb (-H3Jiyqe

HHe aKTHBHpOBaHHblX MSP, o6paaonaBIIIHXCff B peayJihTaTe B3SHMO'AeAcTBHH 

BTOpHqHblX HyMOHOB H X-Me30HOB C MaTepHB.JIOM 'ASTSKTOpa. 

PacqeT H3JiyqeHHH MI'HOBSHHblX (-KBSHTOB, HCIIyCKaeMblX npH nepeXO'Ae 

B OCHOBHOe COCTOHHHe MSP, B036~eHHhtX,B 'ASTeKTOpe Ha OCHOBS noJIHCTH
poJia npoToHaMH mm C yqeTOM BTOpHtl:HblX HyMOHOB H !/[-Me30HOB,BhtnOJIHeH 

B pa60Te/2/, CJl:e'AYST,O'AHaKO,HMeTb 'B BH'AY, qTo T8KOrO PO'AS qx)HHeo6xo

'AffMO yqHThtB8Tb JIHWb B 'ASTSKTHPYJ'.llllHX CHCTSMaX,He HMenmHx'B.HTHCOBil~

TSJibHOR (aKTHBHOR) 3811lHTht
11

(AC3) OT aap.lD!teHHblX qacTHU, IlpH npoxolK,l{e

HHH npOTOHOB KOCMHtleCKOro H3JiylleHHff qepea 'AeTeKTOp H AC3 B IlOCJIS'AHe« 

B03HHK8ST CHrHWI aanpeTa, H MrHOBeHHhte (-KBaHTht B pexrnMe aHTHCOBna

'AeHHR C CHrHaJIOM 'ASTeKTOpa He perHCTPHPYJ'.lTCH, BMeCTe C TeM 3HaqHTeJib

Haff 'AMR <pOHa o6yCJIOMSHa f -KBaHTaMH, COilpOBOJK,l{aDmHMH B -paCil8A 

HeCTa6HJibHblX Mep, HaKanJIHBaDl!lHXCH B MaTepHWiax 'ASTeKTHPYDmeR CHCTe

Mht BO apeMH noJieTa cnyTHHKa, 

PeayJihTaTht pacqeTa (-qioHa KOCMHqecKHX Kopa6JieR MHoroueneaoro/ 
'Ha3HaqeHHH ( MMS ) H THna Space Shattle npHBS'AeHht B pa6oTe/3 ' 
a KoTopoR 6HnH paccMoTpeHht npoueccht aKTHBaQHH npoToHaMH mm H Hanyqe-

2 

_,) 

mm Illlmo-Bpa3lfnbCKOA aHOMMHH (IOBA). YtrHTblBBJIHCb Bee HSCTa6HJihHble 
H30TOnht c nepHO'AaMH noJiypacn8Aa OT 2 MHHYT 'AO ro'Aa, o6paayeMble npoTo
HaMH C 3HeprHeR,6oJihmeR 24 MaB, H BTOpHtrHblMH HeRTpOHaMH B CTSHKaX 
Kopa6m1. floKaaaHO, tJTO r -qJOH HaBe~eHHOA 8KTHBHOCTH B KOHCTpyKQHOHHblX 

MaTepHMax CIJYTHHKa B HSCKOJibKO paa npeab11JlaeT ypoBSHb AHqq>y3Horo KOC-
MHtJSCKOro ( --<poHa H aJih6S'AHblX t -KBiJTOB. . 

B aKcnepHMSHTax Ha Apollo-1 s 4/ ,· r'Ae 'ASTSKTop IlOABepraJicR 
B03'ASACTBHn TOJibKO npoTOHOB rnfil, OTMStJSHO, tJTO,XOTR HHTSHCHBHOCTb 
npOTOHHOA KOMilOHSHTbl He TaKaR BblCOKaR, KaK B6JIH3H 3eMJm (,JµR op6HT, 

npoxo~HX trepe3 30HY DBA), aKTHBBQHR ASTSKTopa ace ~e 'ABST 3H8tJHTSJib
Hb!R BKJI8A, 

HH B O'AffOA H3 pa60T/I-5/, noca~eHHblX OUSHKaM HaBeASHHOA aKTHB
HOCTH B MaTepHanax 'ASTeKTOpa, He paccMaTpHBMHCb IIyTH YMeHbWeHHR 

I --<poHa, 

Hama pa6oTa _noca~eHa H3YtJSHHD B03MO~HOCTeR aamHTbl AeTSKTOPOB 
Ha OCHOB8 •NaJ OT (--<poHa nyTeM npHMeHeHHR KOJIJIHMaTopoB. TaKaR B03-

MO~OCTb He RBJIRSTCR OtJSBH'AHOR, IlOCKOJibKy,aamH~aR OT HaBe'ASHHOA aKTHB
HOCTH B KOHCTPYKUHOHHblX MaTepHaJiax cnyTHHKa, KOJIJIHMaTopbl caMH CJI~aT 
HCTOtJHHKOM ~OHOBoro f-H3JiytrSHHR BCJie'ACTBHe HX aKTHBaUHH B~COK0-
3HepreTHtJHb!MH npOTOHaMH, B pa6oTe noJiyqeHbl OUSHKH aKTHB8UHOHHoro qx>Ha 
'A8TSKTOPOB B 38BHCHMOCTH OT BH'Aa aamHTbl (aKTHBHOA HJIH naccHBHoR), 
MaTepHMOB 3~Tht Hee reOMSTpHtreCKHX napaMeTpOB. PactreTbl BblilOJIHMHCb 

,JµR op6HT cnyTHHKa, npoXO'A~HX B OKOJI03eMHOM npocTpaHCTBe C nep!fOAH-
•,treCKHM nepecetreHHSM 30Hbl DBA,H AJIR noJieTa cnyTHHKa B MS~IlJiaHSTHOM 

npocTpaHCTB8. ~CCJISAOBaHbl aasHCHMOCTH ~OHOBLIX xapaKTepHCTHK OT•BpeMe
HH noJieTa CIJYTHHKa. floJiytrSHHble peayJibTaTbl MOryT 6b!Tb HCilOJib30BaHbl npH 
Bbt6ope KOJIJIHMaTopa ASTSKTHpyn~eR CHCTSMbl, Il03B0JIRD~ero B onpeASJI8HHOff 
Mepe CHH3HTb co6CTBSHHbtR yposeHb aKTHBBUHOHHoro Y-<fx>Ha A8TSKTOpa. 

MeTOAOM MoHTe-Kapno MO'AeJIHpoBMCR SAPOHHbtR KaCK8A, Hff'AYUHpOBaHHblA 
npoTOHaMH rnfil H DBA B B8~8CTBS A8T8KTOpa H aamHTbt, HaKOilJI8HHe H COil
pOBOJtAIUJlqHACR r-H3Jiytr8HH8M paCn8A OCTaTOtmblX ( IlOCJieKaCK8AHblX) fiASp; 
&itrHCJIRJIQCb HHT8HCHBHOCTb H Cil8KTpaJibHblH COCTaB (-H3Jiytr8HHR, perHCT
pHpyeMoro A8T8KTOpOM. 

B KQtJSCTBS ASTSKTopa r-H3JiyqeHHR pacCMaTpHBMHCb KpHCTMJibl 

NaJ, HaH6oJiee traCTO HCnOJib3yeMb18 B Cil8KTPOMeTpHH KOCMHtJ8CKHX H3Jiy
tJ8HHA, B A8T8KTHp~HX CHCT8MaX C 6oJibWOA IlJI0~8Abll perHCTpaUHH. KpH
CTMJibt HMSJIH BHA UHJIHHApOB c AHaMeTpoM 20 H BblCOToA IO CM. B KatrecT
ae AC3 paCCMaTpHBMHCb KpHCTaJIJibl nJiaCTHtJSCKoro CUHHTHJIJIRTOpa Ha OCHO
se IlOJIHCTHpona H KpHCTMJibl NaJ • B o60HX CJiytraRX KpHCTaJIJibl HMeJIH BH'A 
napMJI8JI8IlHil8Aa C OCHOBaHH8M 50x50 CM H BblCOTOR, H3MeHRnmeRCR B npe-
AeJiaX OT O,I AO 50 CM. B KatreCTBe naCCHBHOA 3~Tbl AeTSKTOpa OT 
aapRll8HHblX traCTHU H .r-KBBHTOB 6b!JI Bb16paH CBHHSU, o6JiaAaD~HA BblCOKHM 
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K03ipplillHeHTOM OCJia6JieHHH. Ero reo
MeTpHqecKHe napaMeTpbl TaKHe ~e,KaK 
y KpHCTaJIJia ruraCTHKa H NaJ 
CxeMa AeTeKTHPYJOllleA CHCTeMbl npeA
cTaaneHa Ha pHc.I. 

MOA6JIHpoaaHHe IlOTOKa npoTOHOB 
HHTerpanbHoro cneKTpa. l1ID1 MH nepHo
Aa cnoKoAHoro C~a B AHanaaoHe 
aHeprHA 0,015-IOO raB BblnoJIHHJIOCb PHc.I. CxeMa AeTeKTHp~en 
C noioib!O noJiy3MnHpHqecKOH ¢op-
MYJibl 7 : 

CHCTeMbl, 

N ( > El = 2. 104 [-1-- - _3 __ ] npoTOH 
p (2+E) 

2 
(2+E) 5 M2 • c•cp 

ITpH nepeceqeHHH yilyTHHKOM HH~HeA rpaHHllbl BHyTpeHHero Pa,I\Ha.I1HOHHOro 
nonca 3eMJIH Y-if>oH B03pacTaeT BCJieACTBHe aKTHBaQHH MaTepHaJIOB AeTeK
Topa H CnYTHHKa H3JiyqeHHeM IDEA. A~oHHaH KOMnOHeHTa B aHOMaJIHH 06ora
I11eHa HH3K03HeP.reTHqHblMH npOTOHaMH,H ee AHqxpepeHUHaJibHblA cneKTp HMeeT 
BHA 

dN /d -E / p E = K p E p p•e o TIOOTOH 
cM2 • c,cp•MaB 

rAe K - K03qxpHUHeHT HOpMHpoBKH, E0 = 250 MaB. MK H a pa6oTl3(npeA-
P .. 

nonaranocb, ,qTo a cnyqae. nepeceqeHHH aHoMaJIHH cnyTHHK a TeqeHHe 20 
MHHYT noiaepraeTcH aoaAeAcTBH!O noToKa npoTo~oa IDEA, paBHoMy 780 npo
TOH/cM2. C , . a TtOCJI~,eyI0111118 70 MHHYT noJieTa no op6HTe Ha Hero 'AeACT-
BYJOT JIHmb npoTOHbl 11ID1. · · 
" . Mo~eJIHpOBaHHe BHYTPHH'Aep~oro KaCKa'Aa, I1pOQ9CCOB 11HcnapeHHH11 B03-
6~eH~blX Mep·, WC paCIT¥0B C HCTTYCKaHHeM .. f -KBaHTOB H pacIIpOCTpaI:19HIDI 
JiaBHHbl qacTHU B. aeuiecTBe . BblITOJIHRJIOCb C nOMO.lllb!O nporpaMMHoro KOMruieKc·a 
"McKa'A"/S/ .' YqHTblBaJIHCb. ace a.IIPOHbl B. ~HanaaoHe 3HeprHA IO, 5 MaB-
IOO raB, 3apJD1teHHble. qacT~llbl M8HbIIJH£1 3HeprHA cqHTaJIHCb OCTaHOBHBmHMHCH 
H3-3a HOHH3aUHOHHblX noTepb, a TIOBe'AeHHe HeATpOHOB npocJie~HBaJIOCb Ha 
OCHOBe 26-rpyrrnoaon CHCTeMbl KOHCTaHT MH pacqeTa H'AepHblX peaKTOpOB. 

B pe3yHbTaTe npOB8'A0HHblX pacqeTOB 6blJIH nonyqeHbl 'AaHHble O CKO
pOCTH o6pa30BaHHH OCTaTOtniblX ll,l\ep B 'AeTeKTHpy10111en CHCTeMe, HX 3HeprHH 
B036~eHHH H pacnpe'AeJieHHe no rny6HH9 B 'i.iaTepHaJie 3ruqHTbl H AeTeKTOpa. 

Ha pHC .2 npeACT8BJieHbl pacnpeAeJieHHH qHcJia OCTa'WqttblX TIOCJI9KaC
Ka,iv{blX Mep no rny6HHe CHCTeMbl TIJiaCTHK+'AeTeKTOp NaJ MH cnyqan o6ny
qeHHH npoTOHaMH !1ID1. MK BHAHO, 60JibmaH qacTb 3THX H'Aep 06pa3yeTCH B 
aepXHHX CJIOHX 38111HTbl H A9TeKTopa, MH NaJ q,yHKUHH pacnpe'AeJI9HHH 
Cna,I\aeT 6onee KpyTo, qTo o6'bHCHH9TCH pa3HOA TIJIOTHOCTb!O NaJ H C~H-

4 

THJIJI.RTopa. AHanorHqHl,le pacnpe'AeJie
HHH MH CJiyqaH o6nyqeHHH CHCTeM 
ruI8CTHK+'A9T9KTOp NaJ npoToHaMH 
cneKTpa DEA npHBe'AeHbl Ha pHc.3. 
BH'AHO, qTo npaKTuqecKH BCe OCTa
ToqHble H~a o6pa3YJOTCR B noaepXHO-_ 
CTHblX CJIOHX nJiaCTHKa HJIH NaJ , H 
q,ytt~HH pacnpe'AeJieHHR HX no rny6H
He HMeeT qeTKO Blij)8l!t8HHH14 3KCnoHeH
UHaJibHO y6W3aXI1td xapaKTep, 3TO 
corJiacyeTCH C AaHHblMH pa60Tbl131. 
THilHqHoe ·pacnpeAeJieHHe OCTaToqHblX 
M8P no rny6HHe AeTeKTHPYJOllleA 
CHCT9Mbl C nacCHBHOA 3a!IIHTOA H3 
CBHHUa npH o6nyqeHHH ee· npOTOHaMH 
mm TIOK83aHO Ha pHc.4. 

OnpeAeJIHM aqxpeKTHBHOCTb 06-
paaoBaHHR OCTaToqHblX M8P B A9-
T9KTope 

q=~ 
NnpOT, 

rAe NA8T. - KOJiffq8CTBO o6paaoBaB
IIIHXCR OCT8TOqHblX Mep,N npoT. -
KOJIHqecTBO nonaamHx B CHCT9MY npo
TOHOB. rpa~HKH 38BHCHMOCTH B8JIHqHHbl 

q OT TOJllllHHbl SalllHTbl npH o6nyqe
HHH npOTOHaMH i1ID1 npe'ACT8BJI8Hbl Ha 
pHc.5. ,lvrn AeTeKTopa co CBHHUoeon 
3a!IIHTOA K03qxpHUHeHT q B03pacTaeT 
OT O,<n AO 3,74 npH yBeJIHqeHHH 
TOJllllHHbl CBHHUa OTO AO 0,9-l CM, 
H npH AaJibHeAmeM YBeJIHqeHHH TOJI
IIIHHbl 3a!IIHTbl MOHOTOHHO y6blBaeT. 
01'0 CBR38HO C TeM, qTO TOHKHA 
CJIOA CBHHUa HrpaeT pOJib CBoeo6-
paaHoro "reHepaTopa" BTOpHqm,1x 
qacTHU, nonaAaDIIIHX B AeTeKTop, 
H yeeJIHqHBaeT B HeM qHCJIO OCTa
TOqHblX Mep, TaK KaK cpeAHHH 
MH0~8CTB8HHOCTb BTOpffqHblX qacTHU 
Ha OAffH aKT B3aHMOA8ACTBHH nep-
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BHqHoro n,poToHa C T.flllt8Rb!M ~pOM OTIHCHBaeTCH nony3MnttpaqecKOH 3aBHCH
MOCTbD/91 

ncp(T) z 3·T1/4 T - 3HeprHH npoTOHa B raB. 

C yaenaqeHH8M TOJIIIIHHH CBHHUOBOH nnacTHHKH B03pacTaeT BepOHTHOCTb 

B3aHMOA8HCTBHH nepaaqHHx npoTOHOB C H~MH Pb H BCRBACTBHe 3Toro
qacno BTOpHqHHX qacTHU. DAHaKo npH 3TOM B03paCTaDT HOHH3aUHOHHHe no
T8pH BTOpHqHHX 3ap.flllt8HHHX qaCTHU H pacceHHHe BTOpHqHHX HeATpOHOB. 01'0 

npHBOAHT K TOMY, qTQ AMeKo He ace o6paaoaaaurnecH BTOPHqHHe qacTHUH 
nonaAaDT B ABTeKTOp H B3aMo,qei,icTBYDT C ~paMH Na H J • l-iHaqe POBOpH, 
C yaenaqeHH8M TOJIIIIHHH CBHHUa B03pacTaeT acfxfleKT 113KpaHHpOBaHHH11 BTO
paqHHX qacTHU CBHHUOM. ITpa onpeAeneHHOH TOJIIIIHHe 3811lHThl KonaqecTBO no
naBIUHX B A8T8KTOp BTOpHqHHX qacTHU onpeAenHeTCH AByMH KOHKypHpYJOOIHMH 
npoueccaMH: reHepauaen BTopaqHHX qacTHU, KonaqecTBO KOTopHX pacTeT c 
yaenaqeHHeM Ton~HHH 3811lHThl, H npoueccoM paAHaUHOHHOPO TOpMo~eHHH H 
pacceHHHH 3THX qacTHU Ha nyTH K AeTeKTopy. Ha pHCyHKa 5 BHAHO, qTo npH 
yaenHqeHHH TOn~HHH CBHHUOBOH 3811lHThl OTO AO 9 MM npeo6naA11D~en HBnHeT
CH reHepaUHH BTOpHqHhlX qacTHU. PaBHOBeCHe npoueccoB reHepauHH H 3Kpa
HHpOBaHHH HaCTynaeT npH TOn~HHe > 9,5~II MM. ITpH 6onbmei,i TOJIIIIHHe 
(annoTb AO IO CM) npeo6naAaDT npoueccH p~aUHOHHOPO TOpMO~eHHH H 
pacceaHHH qacTHU. 
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Pac.5. 3aBHCHMOCTb acfxfleKTHBHOCTH o6paaOBaHHH OCTaTQqHHX 
HAep B ABTeKTope NaJ OT TOn~HHH'3811lHThl. 

TaKHe Me ~H3HqecKHe npouecchl HMeDT MeCTO H ,IVIH AeTeKTHPYD~ei,i 
CHCTeMH C AC3 H3 NaJ • PaanaqHe K03cf¢HUHeHTOB B A8T8KTOpax C 3811lHTOA 
H3 Pb H NaJ o6oHCHHeTCH 6onbmen flJIOTHOCTbD CBHHUa, H,KpOMe TOPO, 

6 

cpeAHHH MHOMeCTBeHHOCTb BTopaqHb!X qacTHU B CBHHUe npHMepHo B nonTopa 
paaa awe, qeM B NaJ • 

ITpH HCTIOnb30BaHHH B KaqecTBe AC3 TIJiaCTHqecKoro CUHHTHnnHTOpa 
BKna'A acfxfleKTa reHepaUHH BTOpHqHl,IJC qacTHU He3HaqHTeneH, po~aD~Heca 
BTOpHqHHe qacTHUH (B OCHOBHOM HeATpoHH) pacceHBaDTCH, 38Me,IVImoTCH H 

norno~aIDTCH B BOAOPO'AOCO'Ae~811leM MaTepHane nnaCTHKa. BenHqHHa ,q B 
'AeTeKTOpe C 3811lHTOR H3 IO CM nnaCTHKa B'ABOe MeHbme, qeM B 'AeTeKTOpe 
C 3811lHTon H3 IO CM NaJ. 

Ha PHC.5 npHBe'AeHY TaKJKe pe3ynbTaTH MO'AMHpOBaHHH K03cf¢HuHeHTa 
q B 'AeTeKTope . C aKTHBHOA 38~HTOA H3 TIJiaCTHKa H NaJ . npH o6nyqeHHH 

npOTOHaMH cneKTpa KlBA. MK BHAHO, KpHCTannH TIJiaCTHKa H NaJ • HCnonb-
3yewe B KaqecTBe AC3 npH o6nyqeHHH HH3K03HepreTHqecKHMH npOTOHaMH 
KlBA,HrpaDT ponb nornoTHTena H c~eCTBeHHO CH~DT qHcno o6pa3YD~HXCH 
aKTHBHpoeaHHHX ~ep, oco6eRHO ,IVIH MaTepHanoB c 6onbmon TinOTHOCTbD. 

BYnH npOMO'A8nHpOB8HH t-~OHOBYe xapaKTepHCTHKH 'AeTeKTHPYD~HX 
CHCT8M.H HCCne'AOBaHO MHHHHe Ha HHX MaTepHana H reoMeTpaqecKHX napa
MeTpOB 3811lHTH, BH'Aa op6HTH cnyTHHKa H BpeMeHH noneTa. ITpH pacqeTaX 
~OHOBb!X xapaKTepHCTHK yqHTUBMHCb Bee B -aKTHBHUe OCT8TOtmhle azj,a c' 

nepHO'AaMH nonypacria'Aa OT 0,I C 'AO 5 neT, .n,tHTenbHOCTb noneTa'cnyTHH
Ka BY6Hpanacb B HHTepBane OT cyTOK 'AO PO'Aa, 0T'AenbHO paccMOTpeHU cny
qal( 'ABHMeHHH B MSMnnaHeTHOM npocTpaHCTBe, P'Ae Ha CrJYTHHK 'AeAcTBYDT 
TOnbKO npoTOHH mm, H op6HTY, nepHO'AffqecKH nepeceKaD~He 30Hy KlEA. 
B nepBOM cnyqae CKopOCTb o6pa30BaHHH H'Aep TIOCTOHHHa a· HX 8KTHBHOCTH 

-J. • tnruera 
A. = R. (I-e J 

J J 

PAe R. - CKOpOCTb o6pa30BfilfHH j - H30Tona, ,l. - era TIOCTOHHH8H 
J -J . 

pacnaAa. B cnyqae nepeceqeHHH cnyTHHKOM 30HU KlBA CKOpOCTb o6pa30B8HHH 
OCTaToqHHX HAep B TeqeHHe noneTa H3MeHHeTCH H HX aKTHBHOCTH K KOHUY 
noneTa 'AnHTenbHOCTbD t noneTa 

~ -,,l.At1 -Aj (tn 0 ,1era. -t1 ) 
AJ. =L._R.

1 
(1-e J )e 

1=1 J 

P'Ae Ati- HHTepBan BpeMeHH, B npe'Aenax KOToporo CKOpDCTb o6pa30Ba
HHH j-ro H30Tona R. npHHHMMaCb TIOCTOHHHon, ti- BpeMH OKO~aHHH 

J . 
i -ro HHTepaana. PacqeT npoBO'AHnCH B npeAnonoMeHHH, qTo CnyTHHK 

TpH~H B T8~8HH8 CyTOK nepeceKaeT 30HY aHOMMHH. CqaTanocb, qTo BpeMH 
npoxo~eHHH 30HY 8HOMMHH - 20 MHHyT, OCTanbHHe 70 MHHyT noneTa no 
op6HTe Ha cnyTHHK 'AeACTBYDT TORbKO npOTOHY mm. BpeMeHHaH 'AHarpaMMa 
Haxo~eHHH cnyTHHKa B 30Hax mm H KlBA npe'ACTaBneHa Ha pHc.6. 
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C'.1rT7/CU 

PHc.6 

cl>ott B .11.eTeKTOpe coa.11.aeTC.R 6-H3JIYT.WHHeM 8KTHBHp0B8HHblX .11.11.ep B 

C8MOM .IJ.STeKTope H B M8TSpHaJie 38lllHTl,I. Ha OCHOBS .IJ.8HHl,IX O pacnpe.11.eJieHHH 

OCT8TOqffHX .11.IJ.ep TIO rJiy6HHS 38lllHTl,I yqTeHa .IJ.OJI.R r-KBaHTOB, TTOTT8.IJ.8~111HX 

H3 3~Tl,I B .11.eTeKTop, C r;eTOM 
HH.R B MaTepHaJie 38lllHffl/I /_ 

B KaqecTBe xapaKTepHCTHK 

lpOHOBblX ycJIOBH« paccqHTllB8JIHCb 

CJMM8pH8.R HHTeHCHBHOCTb f -
H3JiyqeHH.R B .11.eTeKTope NaJ , 

OTHOmeHHe HHTeHCHBHOCTe« H3-

JiyqeHH.R ,n;eTeKTopa H 38~Tll, 

r-cneKTpll. ITpH CpaBHeHHH <}Jo
HOBblX YCJIOBHR .IJ.JI.R pa3JIHqHo« 

3~Tl,I s<WieKra CYMMHp0B8HH.R 

K8CKS.IJ.HHX 5 -KB8HTOB H 3Hep

ronoTepH aap.RJteHHHX qacTHU B 

M8TepH8Jie .11.eTeKTOpa npH B -

p8C!18..IJ.e .11.IJ.ep He yqHTNB8JIHCb, 

K8K nponopUHOH8JlbHl,le HHTeH

CHBHOCTH r-H3JiyqeHH.R. 

Ha pHc.7 npHae,n;ettu rpa~H

KH 38BHCHMOCTH CJMM8pHoR HH

TeHCHBHOCTH r-H3JiyqeHH.R 

.11,n;ep .11.eTeKTopa H 38lllHTll H3 

ruI8CTHKa, NaJ H CBHHUa OT 

apeMeHH o6JiyqeHH.R npOTOHaMH 

lllfil. ITpH paBHblX speMeHaX 

3KCTI03HUHH H TO~HHli 3a1I1HTl,I 

H8HMeHbmHR yposeHb Haae,n;eH

Horo r -<fxma· - B ,Il;8T8ItTOpax 1 

38lllHIIISHJraX ruiaCTHKOM. ~OH B 

reoMeTpHH CHCTSMli (pHc.I) H HX norJI0111e-

~ f t 
§ ~ ! ~1 q>o,pu1e a ~ 1 rpo,pv,c J '\" 

5)0 r>AOr:,.,ut<-lt'a:1800 No:,-A&:, 800. 
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PHc.7. 3aBHCHMOCTb cyMMapHo« HHTeHCHB

HOCTH o-H3JiyqeHH.R .11,n;ep ,n;eTeK

TOpa H 38lllHTll OT apeMeHH o6Jiy

qeHHH npoTOHaMH lllfil. To~HHa 

38lllHTl,I YK83aHa C npaaon CTOpOHl,I 
KpHBblX, 

.IJ.eTeKTopax C aa111HT0« H3 NaJ npH6JIH3HTeJibHO Ha qeTaepTb Bllme. ttcnoJib-

30B8HHe nacCHBHOR 38~Tl,I H3 CBHHU8 B cpe,n;tteM yBeJIIBIHBaeT lp(JH B 3-4 
paaa. ,!\JI.11 acex paCCMOTpeHHblX M8TepHaJIOB 38lllHTl,I yBeJIHqeHHe BpeMeHH 
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TTOJIST8 OT CYTOK .IJ.O ro,n;a TTOBHm8eT ypoBeHb CJMM8pHOrO r-~OH8 B TIOJI

TOpa p838, CyMMapH8H 11HTSHCHBHOCTb r-H3JiyqeHl1H B .IJ.STSKTOpe 

Nn;=N,rgern. +Nr Ja.u,. 
r,n;e Nr.IJ.eT. - H3.JiyqSHHS OCT8TOqHl,IX .11.IJ.Sp .IJ.STSKTopa, N ( 38111 • - H3JiyqSHHe 
38lllHTl,I, 

0THOCHTSJlbH8H BeJI}lq}IH8 qioua, C03.IJ.8B88Moro· 8KTHBHllMH .11,n;paMH ,n;eTeK
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PHc.8. 3aBHCHMOCTb BSJl}lq}IHl,I K OT apeMeHH o6JiyqenHH 

npOTOH8MH lllfil. TOJIIIIHHa 38lllHTll yKaaaHa C npaao« 

CTOpOHl,I KpHBl,IX, 

3aBHCHMOCTb BSJIIBIHHl,I K OT BpeMSH11 06JIYqeHHH npOTOHaMH lllfil noKa38Ha 

Ha pHc.B. MK BH.IJ.HO, 11HTeHCHBHOCTl1 113JiyqeHHH ,n;oJirO~HBJIIIHX H30TOTIOB 

B M8Tep1-1aJie 381111-!Tbl 1-1 B C8MOM ,n;eTSKTOpe .11.JIH CHCTeM NaJ - NaJ H Pb -NaJ 
npaKTIBISCKH 0.IJ.HH8KOBl,I, T8K KaK 3HaqeHHe K C pOCTOM BpeMeHH 3KCTT03Hl1HH 

npaKTHqecKH He MSH.RSTC.R. ,!\JI.11 38lllHTl,I H3 TIJiaCTHKa .IJ.OJI.R H3JiyqeHH.R ,n;oJiro

~HBJIIIHX H30TOTIOB B HeM MeHbme, qeM B caMoM ,n;eTeKTOpe NaJ , Pa3Jil1~e 

B 3HaqeHHHX K .IJ.JI.R aa111HTl,I 113 ITJl8CTHKa, CBHHUa H NaJ OTpaJKaeT TOT 

~KT, qTo npH npoqHx paBHllX ycJIOBHHX CJIIISCTBSHH~ pOJib HrpaeT norJIO

IIISHHe t-KB8HTOB M8TepH8JIOM 38~TH. 

Ha pHc.9 cpaBHHB8~TCH rpa~HKH 38BHC11MOCTl1 cyMMapHo« HHTeHCHBHOC

Tl-1 [-H3JiyqeHH.R OT TOJIIIIHHbl 38lllHTl,I ,IJ,.)I.R BpeMeH 3KCIT03HUH11 IOO cy""TOR 

1-1 ro.11.. 06pa111aeT Ha ce6.11 BHHMaHHe no,n;o611e rpa~HKOB Ha pHc.9 H 5,ItoTopoe 
BMSCTS C ,n;aHHblMH p11c.8 no,n;TBep~,n;aeT TOT <pa.KT, qTQ ~OH B ,n;eTeKTOpe 

o6yCJIOBJISH B OCHOBHOM o-H3JiyqeHHeM R,n;ep, o6paaoBaHHblX B C8MOM .IJ.STSK

Tope, B TO BpSMR K8K CKOpOCTb HX o6paaoBaHl1.R 3aBHCHT npe*,n;e acero OT 
MaTepHaJia 38111HT1,1, 
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CneKTpbI qJOHOBOI'O r-1rn-
11yqeHHH B ,n;eTeKTope C 3atl1HTOtl 

H3 nJiaCTHKa, NaJ TOJil!1HHon 

I,5,IO CM H CBHHQa TOJIIqHHotl 

I H b CM ,IJ;JIH cnyqaa 0611yqe
HHH npOTOHaMH ffiru B TeqeHHe 

IOO cyToK npe,n;cTaBneHbl Ha 

pHc.IO. Cne,n;yeT OTMeTHTb,qTo 

6011bmon BKJia,n; B ¥ -qJOH ,n;eTeK

Topa HapH~ C aHHHI'HJ!Hl]HOHHbl

MH 4 -KBaHTaMH BHOCHT H3llytie
HHe H30TOnOB 11 c, 21

Na , 
22

Mg, 
124

J, 
126

J, 
127xe H oco6eHHO 

24 128 
Na H J • fiyHKTHpHOt\ 

KpHBOtl HaHeceH paccqHTaHHbltl 

ypoBeHb ,n;mfxpy3HOI'O Y -gJOHa/II~ 

YpoBSHb HaBe,n;eHHoii 
aKTHBHOCTH no BCeMY cneKTPY 
,n;na IO-cyToqHoro 0611yqeHHH 

tM! B ,n;eTeKTOpe NaJ 6e3 

3aiqHTbl, C saiqHTOtl H3 nnac-
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Pttc.9. 3aBHCHMOCTb cyMMapHOtl HHTeHCHB

HOCTH (-H3JlytieHHH H,n;ep ,n;eTeKTO

pa H 3aiqHTbl OT TOJII!1HHbl 3~HTbl. 

THKa HJIH NaJ H C 3atl1HTOtl H3 

CBHHl]a COCTaBJIHeT COOTBeTCT

BeHHO 0,8, 0,7 H 3,5 ypoBHH 

,IJ;Hqxpy3HOI'O qJOHa B TOM JKe 

aHepreTHqecKoM ,n;HanasoHe. 

HamH· ,!l;~HHble cornacyioTCH C H3MepeHHHMH Ha Apollo-15 / 4/, r.n;e HaBe

,n;eHH8H aKTHBHOCTb B ,n;eTeKTope NaJ. no BCeMY cneKTpy COCTaBJIHJla 0,67 

YPOBHH .n;mfxpy3HOI'O qJOHa npH BpeMeH_H noJieTa cnyTHHKa OKOJIO ,n;Byx He,n;enb. 

~aHHble, npe,n;CT8BJieHHble Ha pHc.7-IO,CBH,D;eTellbCTBJlOT O He11e11ecoo6-

pa3HOCTH npHMeHeHHH CBHHl]a H ~YI'HX T.f!Jl'.eJiblX MaTepHaJIOB B KaqecTBe 

naCCHBHOtl 3~HTbl ,n;eTeKTHPYIDiqHX ycTpotlCTB BBH~ Bb!COKOI'O YPOBHH HaBe

,n;eHHOtl B HHX aKTHBHOCTH no cpaBHeHHID C ,n;eTeKTopaMH C aKTHBHOtl _3~HTOtl 

H3 TIJl8CTHKa H NaJ • KpoMe TOI'O, aKTHBH8H 3~HTa ,n;eTeKTOpa, pa60T8IDiqaH 

B peJKHMe aHTHCOBna,n;eHHtl' 06.na,n;aeT eiqe O,I\HHM npeHMyiqeCTBOM nepe.n; nac

CHBHOtl 3aiqHTotl: ec11H npH pacna,n;e OCTaTOqttblX a.n;ep, o6pa30BaHHblX B Ma

TepHMe 8.KTHBHOtl 3~HTbl, 3Heprm,1 HcnycKaeMblX B -qacTHU npeBblillaDr nopor 

cpa6aTb1B8HHH AC3, TO Ha Bb!XO,n;e CHCTeMbl TIOHMHeTCH CHI'HaJI aanpeTa, H 

{-KBaHTbl, conpoBO*A8IDiqHe TaKon B-pacna.n;, He peI'HCTpHpyDTCH ,n;eTeK
TOPOM. AC3 OTCeKaeT qaCTb qJOHOBblX f-KB8HTOB. 

B Hanrnx pacqeTax nopor cpa6aThlBaHHH AC3 6b!R npHHHT paBHblM ?OORaB. 
llcnonbayH cnpaaoqHble ,n;aHHble no cxeMaM pacna.n;a H a-cneKTpaM/I2 ,n;nH 
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Pttc.IO. CneKTpbl ~oHOBoro (-HsnyqeHHH B ,n;eTeKTope. 

0611yqeHHe npoTOHaMH rnru B TeqeHHe IO cyTOK. 

a-aKTHBHblX H,n;ep, o6pa3Jl0ll\HXCH B MaTepHaJiaX 3~HTbl npH 0611yqemrn HX 

npoTOH8MH rnru,MOJKHO onpe,D;SJlliTb OTHOCHTSJIMIYIO ,l.l;OJIIO B -qacnu1, 3HeprHH 

KOTOpbIX ~eJKaT HHJKe nopora cpa6aTb1B8HHH AC3. CoOTBeTCTByioiqaH qacTb 

f-KB8HTOB 1 COnpOBO*,D;8IDil\8H 3TH B-paCn8,D;bl, nona,n;aH B ,n;eTeKTOp,He 

6y,n;eT OTCeKB.TbCH AC3 H ,n;o.JIJKHa paccMaTpHB8TbCH KaK qaCTb rfx>Ha HapH~ 

c co6cTBeHHblM qJOHOM ,n;eTeKTOpa. 3aBHCHMOCTb CJMMapHotl HHTeHCHBHOCTH 

t -H3JlytieHHH B ,n;eTeKTOpax C BKJIIDqeHHOtl AC3 H3 noJIHCTHpOll!i H NaJ OT 

TOJIIqHHbl aa111HTbl ,!l;JIH IOO-cyToqHotl 3KCn03HllHH npoToHaMH ffiru HaHeceHbl 

nyHKTHpHb!MH KpHBblMH Ha pHc.9. B1t11meHHe AC3 YM8HbmaeT tpoH B ,n;eTeKTOpe 

B saBHCHMOCTH OT TOllll\HHbl H MaTepHaJia ·3~HTbl B cpe,n;HeM Ha I0-25%, TO 

ecTb npaKT~eCKH noJIHOCTbID (cM. pHc.8) OTCeKaeT qJOHOBYID COCTaBJIHIDlllJlO 

N r 3aiq. • 
ITpH ,I\BHJKeHHH cnyTHHKa no op6HTe o6HTaeMbIX op6HTaJibHblX CTaHl]Htl OH 

nepHo,n;HqeCKH nepeceKaeT 30HY IDEA, r,n;e HHTeHCHBHOCTb npoTOHHOtl KOMno

H8HTbl B03paCTaeT Ha HeCKOJlbKO nopH,D;KOB. 3aBHCHMOCTb HaKOTIJieHHH H cna,n;a 

cyMMapHotl HHT8HCHBHOCTH f-H3JlytieHHH B ,n;eTeKTope C 3all\HTOtl H3 nJiaCTH

Ka H NaJ 'OT BpeMeHH npH O,!l;HOKpaTHOM npOXO*AeHHH aHoMaJIHH npe,n;cTaBJie

Ha Ha pHc.II. ~OH OT HaBe,n;eHHotl aKTHBHOCTH B ,n;eTeKTOpe C 3~HTOtl H3 

nJiacTHKa H NaJ B03paCTaeT H y6b!BaeT ,I\OBOJlbHO 6blcTpo (,n;JIH ,n;eTeKTopa 

NaJ cpe,n;Hee BpeMH cna.n;a aKTHBHOCTH ,n;o YPOBHH ,IJ;Hqxpy3HOI'O ~oHa 6e3 sa

IqHTbl cocTaBJIHeT 30-40 MHHyT). fuo 061>HCHHeTCH T8M, qTo OCHOBHOtl BK.Jia,n; 

B ¢oHoBoe· H3JlytieHHe BHOCHT KOPOTKOJKHByiqHe H30TOnbl. ITpH O,I\HOKpaTHOM 

0611yqeHHH ~OJII'OlKHByiqHe H30TOnhl He ycneBaIDT HaKonHTbCH B 3HaqHTMbHOM 
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KORHqecTBe. 0AHaKo C TeqeHH
eM BpeMeHH noReTa cnyTHHKa H 
nepeceqeHHR 30H DBA BKR!l,1:1 
HX 6yAeT B03pacTaTb, 

Ha pHc.12 noKa3aHLI pac
qeTHLle 3aBHCHMOCTH cyMMapHon 
HHTeHCHBHOCTH ¥ -H3RyqeHHR B 
A8T8KTOpe C 38!11HTon H3 nRaCTH
Ka H NaJ OT BpeMeHH noReTa 
cnyTHHKa, nepHOAHqecKH nepe
CeKaKllllero 30HY DBA (cM.pHc.6). 
06p8!11aeT Ha ce6R BHHMaHHe TOT 
ifiaKT,· qTo B AeTeKTope 6e3 3a
mHTLI npH YBMHqeHHH BpeMeHH 
noReTa OT cyTOK AO roAa ~OH 
B03paCTaeT B 2,3 pa3a, B TO 
BpeMR KaK ARR A8T8KTOpOB C 
3a~Ton H3 IO CM nRaCTHKa HRH 

NaJ OH yBeRHqHBaeTCfl RHIDb B 
I,4 pa3a, &ro 03HaqaeT; qTo 

~ 
§ 

~ 

B AeTeKTOpe 6e3 38!11HTLI AORfl 
r -H3RyqeHHR AORrOlltHBYJIIHX 

H3oTonoB B I,5-I,7 pa3a BHme, 

PHc.II. 3aBHCHMOCTb HaKonneHHfl ff cnaAa 
CYMMapHon HHT8HCHBHOCTH .(-H3ny~ 
qeHHfl B AeTeKTope OT BpeMeHH. 

qeM B A8T8KTopax C 38!11HTon H3 5-IO CM nnaCTHKa H NaJ • YBeimqHBafl 
38!11HTY,MH JM8HbmaeM AORro r-H3nyqeHHfl AORrO~HBYJIIHX ff30TOnoB, qTo OC0-
6eHHO BalltHO npH ARHTMbHblX noReTax. M3 cpaBH8HHfl pHc.7 H pHc.12 BHAHO, 
qTo ypoBeHb <fioHa B cnyqae Illfil+KJBA (pHc.7) B AeTeKTopax C 38!11HTon H3 
IO CM nRaCTHKa H NaJ npeBbllllaeT ql()H B cnyqae B03AencTBHR TORbKO npo
TOHOB Illfil B cpeAHeM Ha 5-10%. }Vrfl A8TeKTOpOB 6e3 38!11HTLI YBMHqeHHe 
COCTaBRR8T 100%. 

BnHRHHe TO~HLI AC3 H3 nnacTHKa H NaJ Ha cyMMapH~ HHTeHCHBHOCTb 
( -ff3RyqeHHR B AeTeKTope rrpH o6nyqeHHH rrpoToHaMH Illfil+DBA HnnrocTpHpy-

8TCR AaHHHMH pHc,13. 
THnHqHUe rHCTOrpaMMLI f-cneKTpOB HaBeAeHHOij aKTHBHOCTH B AeTeK

TOpaX C 38!11HTon H3 nnacTHKa H NaJ B none Illfil+IDBA npHBeA8HLI Ha pHc.14. 
CneKTpLI npHB8A8HLI ~fl A8T8KTopa 6e3 3a~TL1 H C I,5,IO CM 38!11HTon H3 
nnaCTHKa H NaJ • HaH6onee HHTeHCHBHLle nHHHH o6ycnoBR8HLI H3nyqeHHeM 
H30TonoB 24

Na - 1368,5 KaB, 2754,I KaB, 126J - 388,6 KaB, 128J 

442,9 KaB, 
21

Na - 5II KaB H aHHHrHnRUHOHHLIMH ~-KBaHTaMH. CJMMapHafl 
HaBeAeHHafl 8KTHBHOCTb no BCeMy cneKTpy ~fl AeTeKTopa 6e3 3amHTLI 38 

IO-cyToqHun noneT B I,9 paaa BHme ypoBHfl AHqxpy3Horo ~OHa,a ~fl A8T8KTO-
POB C TO~HHon 38!11HTLI H3 nnacTHKa H NaJ I,5,IO CM - COOTBeTCTBeHHO 

12 

B l,35, 0,95, 0,65 pa3. H3 pHc.13 
BHAHO, qTo BKnroqeHHe AC3 yMeHbma
eT ~OH B AeTeKTOpe C 38!11HTOn H3 
nRaCTHKa npH IOO-cyToqHoM noneTe 
B cpeAHeM Ha 15-20%, a c AC3 H3 
NaJ - Ha 25%. 

H3 npHB8AeHHblX AaHHblX cne.zzy
eT, qTo HSHM8HbIDHM ypoaHeM HaBeAeH
Hon SKTHBHOCTH 06na.r1aroT A~TeKTOpLI 
C aamHTon HS OCHOBe nnacTHqecKHX 
CllHHTHRRRTOPOB, C yBen11qeHHeM ee 
TO~HHLI HSB8A8HHaR aKTffBHOCTb CHff
lltaeTCR, XapaKTepHCTHKH CHCTeMLI C 
3amffTOA Ha OCHOBe NaJ Ha I0-20% 
xyxte. 
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PHc. 13. To lite, qTo H Ha pHc. 9. 
06nyqeHHe nooToHaMW Illfil+DBA 
n Te~eHHe IOO cyTOK li roAa, 

PHc,14. CneKTp ~OHOBoro 
t-H3nytleHHfl B AeTeKTope. 

I 06nyqeHHe npoToHaMH Illfil+IDBA 
B TeqeHH6 MeCflUa, 100 cyTOK 

ff roAa, 
► 
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PHc.12. 3aBHCHMOCTb CJMMapHOA HH
TeHCHBHOCTH f-HanyqeHHR B AeTeK
Tope OT ~peMeHH o6nyqeHHR npOTOHa
Mff Illfil+DEA. Ton~HHa aa~TLI yKaaa
Ha Ha KpHBLIX. 
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Pac11eT xapaKTepHCTHK raMMa-Hsn}"leHHH, 
B03HHKaro~ero B geTeKTHPYIO~ CHCTeMax Ha OCHOBe NaJ 
nog geHCTBHeM npOTOHOB KOCMH'lecKoro Hsny11eHHH 

IlonyqeHbJ oqeHKH aKTHBaqHOHHoro y-~oHa geTeKTOpOB Ha OCHOBe 
NaJ, OKpy,iceHHbIX aKTHBHOH H naCCHBHOH sam,HTOH B saBHCHMOCTH ~T 
ee MaTepHana H TOnm,HHbl. Pac11eTbl Bb!llOnHeHbl AnH Me)KflnaHeTHoro 
npocTpaHCTBa H ,o;nH op6HT B OKOnoseMHOM npOCTpaHCTBe, nepHOAH
qecKH nepeceKaro~ 30HY IOlKHo-Bpa3HnbCKOH aHoManHH. PesynbTaTbl 
BblllHcneHHH MOryT . OblTb HCnonb30BaHbl AnH Bbloopa Ko.iumMaTopa 
geTeKTHpyro~eH CHCTeMbl, CHIDKaro~ero ~OH raMMa-HsnyqeHHH. 

PaooTa.BblllOnHeHa B naoopaTOpHH Bbl'IHcnHTenbHOH TeXHHKH 
H aBToMaTHsaqHH OIDIH. 

· · IlpenpHHT 06'beAHHClillOro HHCTHTyra JIJlCpHblX HCCneAOBaHHH. Jly6Ha 1986 
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Barashenkov V.S. et al. 
Calculation of the Features of y-Radiation, 
Produced in.the Detecting Systems, Based on NaJ, 
under the Cosmic Proton Irradiation 

P2-86-226 

Estimations of they-ray background of detectors, based on 
NaJ, surrounded by passive or active shield, have been obtain
ed depending on its material and thickness. Calculations have 
been performed for the space radiation conditions and for 
the close-to-Earth orbits, crossing the South-Brasil anomaly. 
The results of the calculations could be used during the choi
ce of the detector system collimator, which decreases the 
background of the ·Y-rays. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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