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Ka'leCTBeHHOe p8311H'IKe a xapaKTepe peaKUHA, B bl3breaeMblX nerKHMH '!8CTHU8MH 

H TSDKellh iMII H OH8MH, 38K1110'!8e TC51 8 TOM 1 'ITO B pe3yllbT8Te peaKUHH CllHSIHHSI 60M6ap

.aKpy10Wei"'O KOH8 C Si.QpOM MKWeHK 06p8 30B8BWeeCH COCT8BHOe st .apo KMee T BbiCOKHft 

yrnoooA MOMe HT. 

Ha11H'!H9 MOMeHTa y COCT8BHOI"'O SI.Qp8 CyUleCTBeHHO CK83biB89TCst H 8 MeX8HK3Me 

ero pacna.aa • 

.ilnR B036y)I(.QeHHOI"'O st.apa, H8XO.Qst Wei"'OCst B TepMO.QKH&MH'IeCKOM p8BHOBeCHK, 

a pa6oTax B.CTpyTHHCKoro ( 1 ) K l.liHK-nK'IaKa (2) 6brno noKa3aHo, <~TO a pe3ynbTa-

Te HC118peHHst HyKilOHOB H3 st.apa yHOCKTCst llO 'ITH BCst Te11110B8st 3 He pi"'Hst B036y>K.QeHKst 

H llK Wb HeKOTOp851 '18CTb yrnOBOl'O M OMeHT8, AeTOp8MH 6bl110 C.Q9118HO npe.anOilO)I(e

HHe , 'ITO nocne HCn8p9 HK51 onpe.aeneHHOI"'O 'IH C118 HYKilOHOB OCT8TO'iHbiA yrnOBOA MOM9HT 

MO)I(eT 6b1Tb yHeCeH H 3 1ly'leHKe M K8C K 8.Q8 r - K B8HTOB Cp8B HHT9 1lbHO HH3KOA 3 HeprHK. 

3 T 8 I"'HilOT e38 H8W118 K8'1eCTBeHHOe llO.QTBep)I(.QeHH e B Ollb1T8X 110 061ly'leHHIO 

Sn -MHw e HH HOHSMH yrnepo.aa c aHepr weA ~ 80 Maa(3). 

HacTostwast pa6oTa nocestweHa H3y'leHHIO cneKTpa r -nyt~eA , B03HHK810WHX 

np11 o6nyt~eHH K M e.aK 11 TSHTana ycKopeHHbiMH HOHSMH o
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H Ne20 e HeKoTopoM HH

Tepeane aHeprK A. 

l, Y CllOBHst 3KCn e pHM9HT8 

OnbJTbl npoao.aHilHCb tta BHyTpeHHeM nyt~Ke 300 CM UHKilOTpOH8 fla6opaTopHH 

st.aepHhlX pe8KUHA 06be.QHHeHH01"'0 HHCTHTYT8 st.aepHhlX HCC1le.QOB8HHA, 

+3 +4 u 
J.10Hbl 0

1 6 
H I'll€ 

20
, yCKOp9HHble BHyTpH K8Mepbl UHK 110Tp0 H8 1 60M68p.QKpOB811H 

Bb16p8HHYIO MHW9Hb1 yKpenneHHYIO H 8 CneUH81lbHOM np06HHKe, 

O n brTbl npoao.aKilKCb e a K epreTH'IeC KOM KHTepaane OT 6 0 .ao 140 Mas .anst HOHOB 

Ncz
20 

H 60-100 M o e .anst 0
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• 3 HeprKst HOHOB aapbHpoeanacb noMeweHHeM ~mweHK 

H 8 pa311H'IHble p a.aKyCbl yCKOp9HHst H Onpe.aellst118Cb 3KCnepnMeHT81lbHO 110 T a611HU8M 

npo6er-aHeprHst B 81110MHHHH (4,5 ) 1 TO'IHOCTb B onpe.aeneHHH 3H9pi"'HH COCT8Bilst118 """' 3!)6, 

8 Ka '!eCTB9 MHWeHH HC1101lb30B8118C b Me.aHast H T8HT8110B8st <t:Jonbi"'H, TOil W HHOA 

22 !" H 100 J"' COOTB9TCTB9 HHO, nollHbiA llOTOK '18CTHU) 60M6ap.aHpy10WHX MHWeH b) 

non a.aan H8 T OilCTYIO Ta - nn8CTHHy , paC110110)1(eKH YIO 38 MHW9Hbl0 0 C HI"'H811 C KOTOpoA 

no.aaBallCst Ha BXO.Q 'IYBCTBHT9 1lbHOl'O perKCTp8TOp8 Y1CT-1 (6). 
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VlHTCIICHBHOCTb ny'iK8 lfOHOD 6btfl8 1,5-5, 0 rA . 0 - K68HTLI 8 KHTepuane a uep

ndl o T 0 , 05 no 0 , 75 Mae perHcTpHpOEH:InHCb c!loToyMti O)tO!TeneM ¢>3Y-33 c KpHcTannoM 

Na. 3(Tt) (0•30x14 MM) , pucnono:»<eHHOM Ha paccTOSIHif lf 5 MoT MHWeHH sHe 

0 
K8M6pb! UH Kfl0TpOH8 non yrnOM "" 20 K H80p8llfl0HHIO nanlliOWero ny'IK8, K8K OOK8.38HO 

Ha pHc, I. VIMHynbCbi c cpoToyMHO:»<HTenR noLiasanHCb Ha uxon 100-KaHanL>Horo 8MHnH

TyLIHoro aHamt3aTopa Al-1- 100/ 1. 

rpanyHpOBK8 Q -cneKTpOMeTpa nposonHn8Cb C OOMOLUbiO HCTO'IHHKOB H ca 203 

( £3' =279 11 75 Kas) 11 c~ 137 < E<r -0, 662 Mas). 

cPOTOOHK8 ~~~ 203 

WHpHH8 K8Hana 6btna pasHoA 

E'. 0 =279 Kas) ~ 15%, 7,5 Kas; a H epreTH'IecKoo pa3pewe11He 

HHSI 

JlonH8SI aci:Jcj:loKTIIBHOCTb COOKTpOMeTpa B npeLinOnO:»<CHHH H.30TpOOHOf'O pacnpeLiene

-7 Q - KB8HTOB C MliWeHH npH naHUOH reOMeTpliH 6blfl8 ,..._, 2• 10 , 

2 , 3KCnepHMeHT8flbHWe pe3yflbT8TW 

npH TOKe HOIIOB 2 rA H 9 HeprHS!X '18CTHU, npOBbiW810IUHX KynOHOBCKHH 68pbep1 

CKOpOCTb C'IOT8 O -KB8HTOB COCT8DflS!fl8 ,..., 500 HMn./ceK, noaTOMY K8:»<L100 H3Mepe-

HHO C flOKTpa 8 Te'leHHO OL1HOA MIIHYTbl L18B8flO L10CT8TO'IHYIO CT8THCTH'ieCKy10 TO'IHOCTb, 

BsHLIY cpasHKTenbHO HH3KOA aci:JcpeKTHDJtocTH cneKTpoMeTpa s onbtTe perHCTpHpo-

B8flCS! np8KTH'IeCKH COOKTp OnHHO'IHhlX y - KB8HTOB pe8KUHH , 

CyuleCTDetmy•o ponb s H3MepeHHSix urp aeT ¢oH , o6y cnosncHHbiA q -KS8HT8MH 

TOpM03Horo H::lnyqenHSI aneKTpOHOB s pe30H8HCHOM KOHType ycKOPHTenR, B aHepreTH'Ie

cxoM pacnpeLieneHHH ¢oHos oro H3ny'IOHiiSI ( KpHB8s:t 3 11 a pHc, 2) Ha6niOLI8eTCSI pe3KHA 

C08L1 LlO 3HeprH A £ 0 -;:: €. Vo (rLie !l Yo - Sel!H'IHH8 yCKOpS!IOLUero H80pSI:»<OHHS! 

H8 L1Y8HT8X UHKnOTpOH8 ) , ¢>OH, o6ycnosneHHbiH 8KTHB8UHeA aneMeHTOB K8Mepb! yCKOpH

TenSI 3H8'1HTellbHO HH:»<e H86n10naeMOf'O acj:lcpe KT8, 

Ha puc , 2 H 3 npuaeLieHbt o6pa6oTaHHble CHeKTpbl (!' -KB8HTOB, OOny'leHHbiO 

npH o6ny'leHHH MeLl H HOH8MH KHCnOpOL18 H HeOH8 npH p83liH'IHhlX 9HOprHSIX 6oM68p.llHpy10-

LUHX '18CTHU, 

KpHBhlO HMOIOT BH.ll HenpepwBHOrO pacnpeLieneHHSI C M8KCHMYM8MH DpH 9HeprHSIX 

r - KBilHTOB ........ 160 Kao LlliSI KHCnopo.na 11 '" 200-240 Kas a cnyqae ueoHa, Ha 

pHCyHK8X He BOCOpOH3DO.llOH8 c!JopM8 COCKTpll B 06nacnt M8flb!X 3HeprHl! ( £
3 
< 130 KaB ) 

BBHLly p0.3K0f'O B 03p8CTllHHSI ci:Joua B 06l!OCTH HH.3WHX 3HOprHA, 
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Ha p HC, 4 LlllHbl pe3 y nbT ilTl•l 06.'1ytteHHSl 1'0.. MIIW8HH HOH8MH KHC110p0Ll 8 npH 

3 HeprHH 55, 65 H 75 ;v\aa . <P op\.18 Kpi!Bb!X 10.10C'T BliLl , flHilTJOrll'lllhiA KpHBbl\.1 B p<>aK 

liHSlX Cu• Ne.10 (l.l ~ 0 I& c n oJJo,,<c HH<"'M MOJ<CH'vlyMa o o5nacTri a HeprHii 300 Kaa. 

Ha pHc. 5 npoaoneHo cpaaiiOHHe onHoro H3 n o nytteHHbiX cneKTpoa peaKulHt 

( f To.. -+ D-t6 ) co cneKTpOM 3' - KBilHTon , HcnycKaeMbiX np11 panHilUHOHHOM 3axaaTe 

Tennosoro HeATpOH8 SlLlpOM T 0. • np1168Ll8HHOro e pa6oTe rpo weaa n.B. H np. (7 ). 
t&1 

CywecToe HHOe p83JII1'l.He a cneKTpax Bbi3B8HO, no- si1Lli1MOMy, TeM , ttTo nepexon 

51Llp8 B OCHOBHOC COCTOSlHI19 np011CXOLlHT C ypOBHSl C BblCOKI1M yrnOObiM MOM8HTOM,B peaK-

U11!1X Cu_ + N e.2.o np11 aHepr1111 HOHOB ""'"' 120 M as · cocTaaHoe Slnpo 11MeeT aHep-

rHJO s o36y>KneHHSl ,-..j 80 Mas 11 MllKCHMaJibHbiA yrnoaon MOMeHT (,.,,... ....... 601;... 
Bemt'l.HHa cpenHero yrnoaoro M OMeHTil MO>KeT 6blTb n o ny'l.eHa np11 ycpenHeHI111 no npH

uenbHOMy n8pllM8Tpy 11 no 3Hepf'11.H HOHOB 6 COOTBaTCTB.HH C TOJIWHHOA MHW9HI1 11 

p8BH8 35, .Hnpo, 06JI8Ll8JOWee CT01lb abJCOK OA a HeprHeR B036y>KneH11!1 6yneT HCnyCK8Tb 

HYKJI0Hhl 1 KOTOphle '1.8CTI1'l.HO yHeCyT nepaOH8'1.8JibHhlR MOMeHT, 

EcJIH npenno nO>KHTb, '!.TO ocTaTO'l.HilSl aHeprHH Rnpa MO>KeT 6 btTb CHSIT8 LlHnOilb

-;- .. 
J' - cpenHHR HbiM H3Jiy'l.e HH e M 1 TO 'lHCJIO Q -KB8HTOB 6y neT 

MOM8HT SlLlp8 rrOCJI8 HCfiYCK8HHSl HYKIIOHOB) , 

HaMH 6&tnH npOH3BeneHbl oueHKH cpenHero ttl1cna Q -KB8HTOB , 11CnyCK89MbiX 

np11 pacnane COCT8BHOf'O !1Llp8, K8K! 

'Y = 
rne Nr - nonnoe 'l.Hcno 0 - KB8HTOB, t - nOTOK HOHOB 1 <Oc - Ce'l. .3HH9 

06p830B8HH!I COCT8BHOf'O !1Llpll1 npHBeneHHOe B pa60T8 (8) , ycpenHeH HOe no T 011WHH9 

MI1WeHH 0 C - aqxp8KTHaHOCTb perHCTp8UHH CU11HTHJIJISlUHOHHOf'O CJI8 KTpOM8Tp8 B 

npenn ono>KeHHH H30TponHoro pacnpeneneHHH 0 - KaaHToa , N0 - '!.Keno pa6oTaJOwKx 

Slnep MHweHK, BenH'l.HHa \) a on&rTax ( c U + "'e .:2.0 ) COCT8BJISI8T - 40, ll 6 

pe8KUHI1 c I.( -f. 016 ) "'J 30, 

CnenyeT OTMeTI1Tb1 '!.TO T8K8!1 OU8HK8 !IBil!leTC!I BeCbM8 npH6t:K>KeHHOR 1 T8K K8K 

nnSI TO'l.Horo onpeneneHHx cpenHero ttH cna 7 -KB8 HTOB 6 K8CK8Lle He06XOLlHM O 

3H8Tb yrnoaoe pacnpeneneHHe 

C11nhHOe yMeHbWeHHe acp<jleKTa a peaKUHH 

a He prHH OT 75 no 55 Mas o6ycnoaneHo pe3KKM cnanoM cetteHHSI o6pa30B8HHSI cocTaa-

HOro Hnpa s6nK3 H KYilOHOBC K Oro 61lpb8po, 
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B .ae AcTBHTen bHOCTH yMeKbWeHHe Bbrxo.aa d - KSSHTOB 3H8'lHTenbHO c HnbHeeJ 

qeM npe.acTasneHO H8 pHC . 4 , TaK K8K B OnbiTe Ke3H8'lHT91lbH8SI 'l8CTb ny'lKll MOrna 

Bbl3BaTb n0.006HyiO peaKUHIO H8 Me.QHOM .aep:IK8Tene MHW9HK, 

Y eenn'leHHe c pe.aHeA aHeprHH cne KTpa 1 - nyqeA B o n brTax c TOl. - MKWeHbiO 

o6yC110B1l9H0
1 

K8K H8M K8>KeTCSI 0 Cp88H11T91lbKO MallblM yrllOBblM MOMeHTOM COCT88HOr O 

SI.Op8 npH 3TKX 3 HeprHSIX, 

AeTOpbl 6n8rO.a8pHbl npoct>eccopy r . H . <l>neposy , B.A. KapHayxosy H B.B. Sa6HKOSY 

38 none3Hbie .QHCKYCCHH H S , H , M8pKOBY 38 nOMOlllb B npose.aeHHH H3MepeHH A, 

fl H T e p a T Y p a 

l , B ,M,CTpyTHHCKHA 'TpeTbSI Bceco103HaSI KOHcl:>epeHUHSI no Sl.aepHbl M peaKuHSIM npH 
Manblx K cpe.aHHX aHeprHS!x' , MocKea, 1957 r. 522, 

2, r . A ,nHK- nH'laK, )f<3T<l> , T,38, 168 ( 1960) , 

3, B , A , KapH ayxoe, lO. U . OraHecstH, >K3T<l>, 38, 1339 ( 1960) , 

4. lO,U ,0r8HeCSIH, >K3T<l> , 36, 936 ( 1959) , 

S.L.C.Northcliffe. Phys.Rev., 120, 1744 ( 1960). 

6, A , A , Kypaw os , A , <l> , flHHee. nT3 2, 7 0, ( 1957). 

7 . n.B. rpowee, A.M • .lleMH.QOB H .ap. "AT1l8C cneKTPOB 
38xsaTa Tennos brx HeATpOHOB .. , MocKS81 1958r. 

8. T.D.Thomas. Phys.Rev., 116, 703(1959). 

ar -nyqeA p8.QK8UHOHHOrO 

PyKonHCb noc TynHna e H3ll8Te1lbCKHA oT.aen 
27 anpenst 196 1 ro.aa. 
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P11c. 1. CxcMO 3 KC n ep11 MeHTa. 
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P»c. 2, CneKTpbl ;r - KBAHTOB peaKuH» Cu. -t O•c., nony'leHHbJe Ha .. TontToA .. 

MelliiOA MHW eHit nplt ::meprKK KOHOB KHCnOpOLla: 1 KpHB aSI -77 Mae 
2 KPHBaR - 93 Maa a na6opaTopnoA CHCTeMe: , 3 KPKBaR - cneKTp 
tPOHa, 

11(1) 
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PHc. 3. CneKTpbl a - KB8HTOB peaKUHH c 14 + NelO. COOTSe TCTBYIOUlHe 

pa3HbiM aHeprH~M 6oM6ap.llHPY!OillHX '1 8CTHU: 1 KpHBaR - 60 M a s ; 

2 KPHB8~ - 100 Mas; 3 - 120 Ma~ ; 4 Kpwsa~ - } /tO Mas. 
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PHc. 4. CneKTpb! 4 -KB8HT08 p e &KUKH TOl. -+ o f(O . KpHBble COOTBe TCTBYJOT 

3HeprHRM HOHoa KHcnopo.aa. 1 - 75 M3a; 2 - 65 M3a; 3 - 55 M a a. 
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PHc. 5. CneKTpbi a - KB8HTOB B K OOPL1HH8T8X Na- E~ = J ( El ) 
npH o6ny<~eHHH T~ - MHW eHH HOHSMK 04o c sHeprHeA 75 Mss 

( 1 KpHB8R, yMeHbWeHO B 5 p83) H T e nnOBbiMK HeATpOH8MH ( 2 KpKB8R) • 


