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1, K HBCTOH!lleMy apeMeHH sKcnepHMeHTBJibHO o6Hapy>KeHo y>Ke HecKOJibKO npoTOHHbiX 
/1-5/ 

H3JIY'IBTenel! (eM,, HBnpHMep I TBM >Ke YKB38Hbl CCbiJIKH HB 6onee paHHHe pa60Tbi), 

Bo BCex CJiy'IBliX HB6JIIOJl8JIOCb npOTOHHOe H3Jiy'leHHe, KOTOpOe 3BJlep>KBHO HB 3HB'IHTeJibHOe 

apeMH ( > 0,01 ceK ) OTHOCHTeJibHO MOMeHTB HllepHol! peaKUHH, Han6onee aepoHTHo, 'ITO 

3Bllep>KKa Bbi3BBHa npellblllYlllHM nosHTpoHHbiM pacnallOM, Bee nony'leHHbie a STHX pa6oTax 

HllpB HMeiOT Z <50, 

lOJlbllBHCKHM/
6

/ (ibiJIB Bb!CK838H8 MbiCJib, 'ITO B CBli3H C KOHKypeHUHeJ! CO CTOpOHbl 

a -pacna,lla LlJIH Hllep c Z > 50 aoo6me He LlOJI>KHo HB6JIIOJlBTbCH npoTOHHbiX Hsny'!aTenel!. 
171 

B 6biJI ClleJiaH HHol! BbiBOJl: no oueHKBM,o6naCTb npoTOHHoro pacna,lla npocTHpaeTCH 

npBKTH'IeCKH qepe3 BCIO TB6JIHUY H30TOllOB, Bonee TOro, o6nacTb l!Jlep C Z > 5Q npe,llCTBE

Jll!eTCll HaH60Jiee nepcneKTHBHOJ! LlJlll HCCJie,llOBaHHll STOrO liBJieHHll, 

HacTOlllllBll pa6oTa 6blna npe.llnpHHHTB a KB'IecTae nepaoro wara no nsy'!eHHIO p -

pacna,lla Hllep sa onoaoM. 

2. Ylcnonb3oaancH BHyTpeHHHl! ny'IOK 3!0-cM UHKJIOTpoHa OY!.HY!. YloHaMH +3o16 

(70-90 Msa) o6nyqanacb MMilleHb Hs Ru (MeTBJIJIH'IeCKHl! enol!, uony'leHHhili sneKTponnsoM
1 

2,2-!:!.!2- ), npHMeHHJICll cneuHaJibHbiJ! npo6HHK, OllHCaHHbiJ! paHee111, 
CM , 

PerHCTpauHH npoTOHHoro pacna,lla npoHsBOLlHnacb TenecKonoM Hs nponopuHoHanbHOro 

c'!eT'!HKa (JlnH onpe.lleneHHH y.lleJlbHoll HoHnsaunn) H noaepxHOCTHo-6apbepHoro c'!eT'IHKa 

(J1Jlll H3MepeHHll SHeprHH '!aCTHU), l1cnOJib30BaHHe TaKoro TenecKona no3BOJlliJIO Ha)1eJKHO Bbi

)1ei!HTb npOTOHbl, PaAHOTeXHH'IeCKall '!aCTb annapaTypbl OTJIH'IaJlaCb OT OUHCBHHO!! B/ 11 TeM, 

'ITO B Hell HCUOJib30BaJIHCb Tp8H3HCTOpHbie npeAyCHJIHTeJIH1 a TaKJKe J10UOIIHHTeJibH8ll CXeMa 

COBUB,lleHHJ!, YlMUYJibC COBna,lleHHJ! OTKpblBBJI JIHHeJ!Hbie "BOpOTB", KOTOpbie nponycKanH HM

nyJibC rasoaoro C'!eT'I.HKB Ha LlHcpcpepeHuHaJibHbil! LlHCKpHMHHBTop, BbiXOLl nocne.llHero ynpaa

JIHJI BTOpOJ! CXeMOJ! nponycKaHHH, '!epes KOTOpyiO UpOXOLlHJl HMUyJibC UOJiynpOBOLlHHKOBOI'O 

JleTeKTOpa Ha aMUJIHTy LlHblll aHaJlH38TOp, 

~. H pesyJibTaTe H3MepeHHll cneKTpoa npoToHoa H nepHOLlOB nonypacna.lla npoTOHHol! 

aKTHBHOCTH 6binO YCTBHOBJieHo o6p830BaHHe LlBYX. H3Jiy'!aTenel! B peaKUHH Ru + 0 16• 

nepHOLl nonypacna.lla LlJlll nepaoro H3 HHX paaeH (60t._IO) ceK, LlJlll BTOporo T y,= (!1:!;;!)ceK, 

PesyJlbTaTbi COOTBeTCTBYIOlllHX H3MepeHHll npe.llcTaaneHbi Ha pHc, 1 H 2. HbiXOLl nep

aoro H30Tona OTaeqaeT nonepe'IHOMY ce'!eHHIO 10-31 
cM

2 , LlJill aTop oro- ceqeHHe npHMepHo 

a 10 pas 6onbwe. 

Ha pHc. 3 npe.llcTaaneHo pacnpe.lleneHHe npoToHoa no sHeprHH, nonyqeHHoe a onbiTe, 

B KOTOpOM BpeMeHa SKCll03HUHH C60pHHKB llllep OTLlB'IH OKOJIO MHilleHH H y TeJleCKOUB 
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COCTBBnHnH 40 ceK. KapTHH8 OIIp8.ll8nSI8TCH 1B OCHOBHOM 1BTOpbiM HanyttaTeneM IIpOTOHOB 

(II ceK). BIIllHo, 'ITO crreKTp IIM88T cno>KHYIO CTpyKTypy. 1:3 lliiarra3oHe oT 2 ao 4 Maa 

H8C'IIITbJB8eTC!I HeCKOITbKO IIepeKpbiB810WIIXC!! rpynrr IIpOTOHOB, <POH OT f:j- II y -II3ITy'leHHl! 

(oH H3MepsinC!I IIpH IIOMeWeHHH Me>KllY c60pHHKDM H TeneCKDliOM 250ft 8ITIOMHHHSI) ll8eT 

cywecTaeHHbii! BKnaa TDnhKD lliTH aHeprHil < :l Maa. 

CrreKTp IIpDTOHOB lliT!! II8pBOf'O H3ITy'I8TeiT!I T8K>Ke HMeeT CITO>KHyiO CTpyKTypy H 38HH-

M88T IIpHM8pHO TOT )1{8 ::mepreTHtt8CKHi{ HHTepaan. 

'I • .[liTH rrpoaeaeHH!! IIpellB8pHTeiTbHOH HlleHTHcpRKBURR IIpOBDllRITOCb o6nyqeHRe KRCITo

pOJlOM MHW8HH H3 Mo .. HaoTOIIhi sToro sneMeHTa oTnHttaiOTCH OT HaoTonoa Ru Ha oaay 

a -qacTRuy. EcnR o6Hapy}!(eHHbie rrpoTOHHbie H3ny'laTenH rrpHHaane}!(aT Te HnH Sb , TO 

npii o6nyqeHRH A!o He llOIT}!(HO 6biTh acpcpeKTa. EcnH }!(e 3TH H3ITy'IBTenii HMeiOT Z ~ 50 " 

rronyqaiOTCH 38 cqeT p88KUHif qacTI-PlHOro CnHHHHSI, TO OHH 6yJlyT aa6niOJl8ThCH B STOM Ollbi

T8. npuqeM, IIO H8lliHM OU8HK8M, BbiXOJl He .UOn)KeH 6biTb M8HbUI8 10% OT TOrO, KOTOphifi• 
16 

Ha6n10naeTC!I a peaKUIIH Ru + 0 

npH o6ny'leHHlf Mo KHCnDpDllOM Ha6ITIOll8IT8Cb cna6a!l IIpOTDHHB!! 8KTlfBHOCTb c 

T y, > 40 ceK. AKTIIBHDCTb c T y, =II · ceK Ha ypoaHe ~ I ,2% OT Bhixoaa ee a peaKuHII 

16 
Ru + 0 He o6Hapy}!(eHa. He IICKITIO'I8Ho, 'ITO IIany'laTenh c T. y, = 60 ceK o6pa3yeTCH 

rrpH o6nyqeHHH Mo c ceqeHH8M rrpHMepHo a 4 pa3a MeHbUJHM, '18M a DllbiTBX c Ru • VIa 

3THX pe3ynbTaTDB cneayeT caenaTb BhiBDll, 'ITO, rro Kpal!Hel! Mdpe, rranyqaTenh c Ty, =!leeK 

HBnHeTCH nerKHM H3DTOIIOM Te HnH Sb 

5. HaH6onee aepDHTHO, qTo HMeeT MecTo aayxcTyneaqaThi:A: MexaHH3M pacna.na: aaaqa

ne IIpoHCXOJlHT II03HTpOHHhllf nepexO.ll, 38T8M H3 B036y)K.Q8HH0r'O COCTOSIHHSI HJlp8 HCIIyCKa-

8TC!I rroa6apbepHhiil rrpOTDH, npoxollHUJHll cKBD3b 6apbep ( ~ 10 N\3a) nyTeM TyHHenbHoro 

acj:JcpeKTa. nepBhii! sTarr onpeaenHeT H3MepeHHhii! rrepHoa rronypacriaaa. Ha prrc. 3 yKa3BHbi 

pactteTHhre aaatteHHH T P -co6cTaeaaoro apeMeHH rrpoTDHHoro pacna.a.a ( cpe.naee apeMs:r Me.m:-

.lly Bblll8TOM II03HTpOH8 

H8nhHOf'D acpcpeKT8 r P " 

II rrpoTOHa). PacqeTbi 

~ exp (2G), rae 
D 

( 1 Maa). 1:3HaHo, 'ITO a rrpeaenax cneKTpa rP 

BbiiTOnH8Hbl IIO R3BeCTHOJI cpOpMyne llnH TyH

D -cpeaHee paccTOSIHHe M8}!(llY ypOBHSIMH 
-13 -18 

M8H!I8TCSI DT !0 llO 10 C8K. 

TBKHM o6p830M 1 K8pTHH8 pacrra.n.a aaanorHqHa TOif, KOTopaH HM88T ~eCTO IIpH HCIIyCKa

HJtr! .o.nHHHonpo6e.>KHhiX a -qacTHU TSI)K91IbiMH SI.llpBMH. KoaeqHo, ~aKoR aapaBHT pacna.a.a 

HaH6onee 6naronpHSITeH .o.nH 'lleTHbiX no Z s.n.ep. Eonee Taro, ecna .ocHoBhiB8ThCH Ha pac

cqHTBHHhiX KaMepoHOM 3HaqeHHHX Mace SI.O.ep, TO cne.a.yeT 38KJIIOqHTh, 'ITO a HaLUHX ycno

BHHX 8Hepr8THq9CKH H9B03MO.>KHO o6pB30B8HHe H3nyqaTeneH llpOTOHOB Cp9JlH H30TOIIOB Sb • 

Cne.o.oaaTenbHO, HaH6onee aepoHTHO, ttTO 11 ceK-npOTOHHhii:t nanyqaTenb sansteTCH H30TOIIOM 

Te • no noaony Maccosoro 'IHcna MDMHo cKa3BTb cne.nyromee. HaUIH naHHhie no Bbrxo.n.y 

11 ceK - H30Tona npn paanHttHbiX sHeprns:rx KHcnopo.o.a yKa3biBBIOT Ha TO, lJTO M8CCOB09 
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qncno n3nyqaTenH He MO}!(eT 6bJTh M8HbWe 109. VIa 6onee TSI>Kenwx HaoTorros B03MD}!(eH 

TonbKO Te Ill • .[lpyrHe S!llpa He MDf'YT llBTb aana3llhiBaiOLUHe rrpoToHbi c aHepriiel! ao 

4 Maa, ecnn aosepS!Th pacqeTaM KaMepoHa. 

OnHaKo cne.n.yeT aaMeTHTb, qTo K TBKOMY cnoco6y ycTaHoaneHHH Maccoaoro qacna 

cne.o.yeT ITO,llXOLlHTb C OCTOpO:>KHO?ThiO, TBK KBK OH CylU9CTB9HHO HCI101Ib3yeT .QaJl9KH8 nony-

8MIIHpHq8CKHe 8KCTp81101ISIIUIH H ITOSTOMy MQ)K9T IIpHB9CTH K HeTOl:J:HOCTHM. 3T0 1 K IIpHMepy, 

cny'IIInocb s pa6oTe 1onbllaHcKoro
181

, rrocBHLU8HHoi! IIHTepnpeTaUHR HBUIIIX rrpellhillyLUnx 

peaynbTBTos
1 11 • 3aahiUIBSI TO'IHOCTh rronyaMrrHpn'lecKRX oueHDK, as Top pa60Tb/

81 
rrpHmen 

K ps:r.o.y own6ottHhiX BhiBOLlOB. TaK, aanpHMep, HM yTaep)K.o.anocb, ttTO HanyqaTenb c T Yl = 
21 17 /4/ 

0,085 ceK SIBnHeTCSI Mg • OllHBKO Terrepb H8COMH8HHD, 'ITO 3TO Ne • Ha ocHosaHnH 

8KCnep1IMeHT8nbHhiX ll8HHbJX B pa60T8/(/ Mbl llenann BhiBOll, 'ITO 23 C8K - !IpDTOHHhil! H3-

ny'IBT8nh - OllHH H3 1130Torroa ( Br, Kr ) 
70

-
72

• AaTop pa6oTh/
81 

cHoaa, aBBhiWBSI Toq

HOCTb rronyaMrrnpH'I8CKHX oueHOK, aenan KBTeropHqecKnl! BbiBDll, 'lTD 3TO Kr 
70

• OaHaKo 

HBWH .llOII01IHHT9llbHbl9 .ll8HHhi9 ITO Q:lyHKUHHM BOa6yR<.ll8HHH llOK8381IH, lJTO TaKBH H.ll8HTHcj:JH

K8UHSI IICKniO'IBeTCSI, 8 pa6oTe/
8

/ IIMe8TCSI ueiJbll! p!!ll ll llpyf'RX DUJH60'!Hh1X 38Kni0'!8HHi!, 

KOTOpbl8 KBCBlOTCH KBK cylll,eCTBB .oena, T8K H BOllpOCOB TepMHHOnOrHH. Eonee IIO.Upo6Ho 

3Ta pa6oTa npoaHannarrpoaaHa a 
191 

AaTOpbl Bbip8JK810T IICKp8HHIOIO 6Jiaf'O!IapHOCTb npocjl. f.H. <PnepoBy 38 ITOCTO!IHHbiH HH

TepeC K pa6oTe H none3Hhi8 o6cylK!IeHIIH. 
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Puc. 3. CrreKTp rrpOTOHOB. nyHKTHpH8ll l!HHHll - ¢oa, Crrpaaa 

llOK838H8 RHHHH OT K8JUt6pOBOqHhiX a-q8CTHU. H1UK8 

- -·-----·---- -

OCH 80CUHCC - pacqeTHhle 3HaqeHHll COOCTB9HHOrO BpeMe

Hli lllill Bbili9T8 IIpOTOH8 COOTB9TCTBYIOI.llel! 9HeprHH, 


