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BBE,llEHHE 

tl3y4eHJAe HHKJ1103HBHbiX CneKTpOB BTOPH4Hb1X 4aCTH~, ofipa·sy~HX
CR B penRTH8HCTCKHX hAepHbiX CTOflKHOBeHHRX, AaeT Ba~HYIO HH$op
Ma~HIO 0 MeXaHH3Me 3THX npo~eCCOB. nfH 3TOM HaH60flbWH~ HHTepec 
npeACTaBnRIOT KYMYflRTHBHble npo~eccbl 11, r.e. ~AepHwe peaKijHH c 
perHCTpa~HeH 4aCTH~ B TaKOM 3HepreT~-t4eCKOM H yrJtOBOM AHana30He, 
4TO lAX B03HHKHOeeHHe npH BSaHMOAeHCTSHH HYKnoHa H3 RApa-cHaPRAa 
aoSMOIKHO nHWb npH Y4aCTHH a peaK~HH rpynnw HyKnoHoa RAPa-MHWeHH; 
np~ot 3TOM B03HI.1KaeT B03MOIKHOCTb H3y4eHHR CBOHCTS RAepHbiX KJlaCTe
poa BHYTPH RApa. K HaCTOR~eMy epeMeHH OCHOBHble 3aKOHOMepHOCTH 
KYMYflRTHBHbiX npo~eCCOB H3yYeHbl AOCTaT04HO nOJtHO 8 RAepHbiX B3aH
MOAeHCTBHRX c nHOHaMH H npoTOHaMH I 1·21• nony4eHHaR. 8 3THX 3KCne
PHMeHTax HH$0PMa4HR noseonHna ecrecreeHHbiM o6pasoM saecTH no
HRTHe 0 KBapK-napTOHHOH CTPYKTypHOH $yHK~HH RAPa KaK 06 OCHOB
HOH xapaKTepHCTHKe RAepHwx peaK~HH c 6onbWHMH nepeAa4aMH HM
nynbcoa131. /ieHee noAPQ6HO H3y4eHbl RAPO-RAepHble BSaHMOAeHCTBHR 
a KYMYJtRTHBHOH o6nacTH~ 3KcnepHMeHTaJtbHble AaHHble o6 3THX npo
~.&eccax aeCbMa aalKHbl AJtR npoaepKH reopeTH4eCKHX MOAenel1, npeA
!1~H"'3!'J!!.t!"'!X O!''H1CaHt1e A~1H~t·~~~!{:.~ 03~H·1MQAC~CTar;;; i1APV .R~pv. 

8 HaCTOR~eH pa6oTe npoBeAeHO H3y4eHHe 3HepreTH4eCKHX cneKT
poe npOTOHOB, AeHTPOHOB, TpHTOHOB, o6pasy~HXCR BO B3aHMOAeHCT
BHRX 12C /3,6 f3B/HyKnoH/ c RAPaMH C, Al, Cu, Pb npH yrne pe
rH~TPa~HH BTOPH4Hb1X 4aCTHij 160°. 

3KCnEPHMEIH 

I13MepeHHR BblnOJtHeHbl Ha Bb1B6A6HHOM fiy4Ke HOHOB l~C CHHX~Q$a-
30TpOHa OHRH. ,llnwrenbHOCTb sweoAa ny4Ka Ha MHWeHb cocraanRna 
0,4 c, 4HCflO 4aCTHij - AO 2•10 6 HOH08/ijHKn. HHW6HH TO~HHOH 
I r/cM2 H AHaMeTpOM 1,5 CM KpenHJtHCb a $0Kyce ny4Ka. • 

,llnR perHCTp~ijlo!H 8TOp114HbiX 4aCTio1ij HCnoJtli30ffaJtCR cneKTPOMeTp 
~E-E · r~-tna, onwcat4Hbli1 a 1 41 • CneKTpoMeTp cOAOPIKKT ABa HAeHTH4HbiX 
TeneCKOna. CneKTPOMeTp~-t4eCKaR 4aGTb TeJteCKOM6 COCTOHT H3 4eTbl
pex CijHHTHflflRI.&HOHHbiX AeTeKropoe c Kp~o~crannaMK CsJ(Tl) ~ew 
TO~HHOH 41 r/cM2. 

CneKTpoweTpK4eCKaA HH$0pMa~.&HA o AaHHOM co6wTHH ncpeAaaanac• 
a 38M EC-1040 c~-tcreMol1 ynpaaneHHR cneKrpoMerpa 151 nPM WAnHWHH 
TJ)HI'"I'"epHOf'O I;KrHafliil, KOTOI)WH l.lt11PafiolTW8aJ'ICII npW QAHOBi)eMaHHGM 

cpa6iHW88HHH rpex 11fibiCTPb1X11 CijHHTH1111JIIijHOHHIIIX C4ctT4HK08 CO 
CijHHTHJlflJHOPaMH TO~MHQH. ? MM Ha OCHOBe nOJ114CTJ.1pofla npH OT-
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cyTCTBHH cpa6aTwea~HH c4eT4HKa aanpeTa, pacnonomeHHoro sa no
cneAHHM KpHcTannoM CsJ. AnepTypa KamAoro TenecKona onpeAenHnacb 
npoQ>HnHPYIOil\HM 11 6WCTPbiM11 C4eT4HKOM H 6blna pasHa 3 M cp. B KOHI.Ie 
KamAOrO I.IHKna BbiBOAa ny4Ka B 36M nepeAaBanHCb OTC4eTbl MOHHTOp
HOrO AeTeKTOpa, HHcj>OpMai.IHH CHCTeMbl H3MepeHHH MepTBOrO speMeHH 
yCTaHOBKH. 

MOHHTOpHpOBaHHe ny4Ka OCYil\eCTBnHnOCb ABYMH CI.IHHTHnnHI.I~OHHbi

MH TeneCKOnaMH, perHCTpHpOBaBWHMH BTOpH4Hble 4aCTHI.Ibl OT pa6o4e~ 
MHWeHH H OTrpaAYHPOBaHHWMH npH noHHmeHHO~ HHTeHCHBHOCTH. 0wH6-
Ka B onpeAeneHHH a6con~THbiX Ce4eHHH, no HaWHM Ol.leHKaM, He npe
BbiWaeT 15%. npo1.1eAypa rpaAYHPOBK~ cneKTpOMeTpa nOAp06HO OnHca
Ha-s141. Pac4eT 3cj>cj>eKTHBHOCTH perHcipai.IHH TenecKonoM c KpHcTan
naMH CsJ npoToHos, Ae~TpoHoa, TpHTOHOB npoBOAHncH 4HcneHHbiM 
MOAenHposaHHeM MeTOAOM MoHTe-Kapno npo1.1ecca npoxomAeHHH 4aCTH4 
H3 MHWeHH 4epea see C4eT4HKH TenecKena c y4eTOM norno111eHHH aa 
C4eT HAePHbiX peaK1.1•1~ 8 Bell\eCTBe AeTeKTOpa H Bbl6b1BaHHH 4aCTHI.I 
aa C4eT MHoroKpaTHoro pacceHHHH a AeTeKTope. 

06a TenecKona a 3KCnepHMeHTe 6wnH ycTaHosneHbl noA yrnoM 160° 
no pa3Hble CTOpOHbl ny4Ka. 06pa60TKa, peaynbTaTOB npOBOAHnaCb 
paaAenbHO AnH Ka>KAOro TenecKona. 0KOH4aTenbHble peaynbTaTbl no
ny4eHbl nyTeM cyMMHposaHHH AaHHbiX o6oHx TenecKonos. 3HepreTH4e
CKHe HHTepsanw perHCTpai.IHH p, d ,t COCTaBHnH /a M3B/ 50-200, 
65-250, 75~300 COOTBeTCTBeHHO. 

r~3JIDTA1Di VI3HEFEflYi~i 

Ha pHC. 1 npHBeAeHbl 3aBHCHMOCTH HHBapHaHTHbiX Ce4eHH~ o6pa30Ba
HHH p , d , t OT HX KHHeTH4eCKHX 3HeprH~. CnnOWHO~ nHHHe~ HaHe
CeHa annpoKCHMai.IHH ce4eHH~ aaBHCHMOCTbiO K. El1'P( -T /T0 ).3TH me HH
sapHaHTHble Ce4eHHH 6wnH npeACTasneHbl KaK cj>yHKI.IHH MaCWTa6HOH 
nepeMeHHOH (X- 8) , rAe X • mN =(EN • Er - PN • Pr • cos(}- mN • me )/ 
/(EN- Er- IDN+ me) HMeeT CMbiCn MHHHManbHOH ~aCCbl, He06XOAHMOH 
AnH Taro, 4T06bl B peaKI.IHH HyKnOH + HAPO nDA yrnoM (} nOHBHnacb 
4aCT!14a c MaccoH mr c nonHoH 3HeprHe&:1 Er H 6apHOHHWM 4HcnoM 8; 
mN, EN, PN -Macca, 3HeprHH, HMnynbc HYKnOHa, P r - HMnynbc 4aCTH
I.Ibl •. 3aBHCHMOCTb HHBapHaHTHbiX Ce4eHHH OT X MomeT 6b1Tb OnHCaHa 
(!JyHKI.IHe&:l exp (-X/<X>). 

B Ta6n. 1 H 2 npHBeAeHbl aHa4eHH.fl napaMeTpos K, T 0 , <X~ nony-
4eHHble MeTOAOM HaHMeHbWHX KBaApaTOB /MHK/, AnH cneKTpOB BCeX 
4aCTHI.I .Ha scex MHweHHX. 3Ha4eHHe x 2 Ha cTeneHb cso60Abl -1-1,5. 
,[lnH TPHTOHHbiX cneKTpos a pac4eTbl MHK BKnl04anHcb T04KH c 3Hep
rHe&:1 TpHTOHOB, 6onbwe~ 100 M3B. 

HaKnOHbl cneKTPOB /napaMeTp T0/ DAHHaKOBbl AnH scex npoTOHHbiX 
H scex AeHTpOHHbiX cneKTpos, npH 3TOM To AnH AeHTpoHos 6nH3KH K T0 
AnH npoTOHOB. WlH TpHTOHOB.'fo H3Bne4eHO C 6onbWeH OWH6K0~,4eM 
AnH P H d H3-3a MeHbweH cTaTHCTHKH.HmxHo OTMeTHTb cyllleCTBeHHO 
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Puc. I • ltHBapuaHTHbie cetJeHH.H o6pasoBaHHH p , d , t 
Ha MHmeHHx Pb, Cu, Al , C a sasHCHMOCTH oT KHHe

THtJecKoif 3HeprHH T • •- p , A - d , o - t • lloKasaHHble 

OWH6KH BKn~tJ~T CTaTHCTH'leCKYID OWH6Ky H 

OWH6Ky OflpeAeneHH.fl ~eKTHBHOCTH perHCTpa~H, 

JOO 

300 

6onee BbiCOKOe 3Ha4eHHe T0 ~R cneKTpOB t H3 Bcex MHWeHeH 3a HCK
Jll04eHHeM Pb • 

napaMeTpw <X>6mt3KH AnR scex npoToHHWX "" AeHTpoHHbiX cneKTpoa 
Ha acex MHweHRX. TpHTOHHble cneKTpw AaiOT c~ecTBeHHO 6onee Bblco
KHe aHa4eHio1R <X> • 
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06CYlx,QEHHE PE3YJlbTATOB 

nony4eHHble HaMill xapaKTepHCTHKH HHKI1103HBHbiX cneKTPOB P , d , t 
B peaKI.IHRX l2C +RApo HHTepeCHO cpaBHHTb C aHallOrH4HbiMH cneKT
paMH H3 peaKI.IHHnpoTOH + RAPO a KYMYilRTHBHOH otinacTH, H3y4eHH~MH 
a 12 • 6 - 91 npH HMnYilbCe npOTOHOB OT 4 AO 9 r38/c. 

3Ha4eHHR To H3 3THX pa6oT CYMMHpoaaHbl B Ta6n.J.nocKOilbKY 
B /S,7/3Ha4eHHR 'fo· He npHBeAeHbl, 3Ta BeJlH4HHa nony4eHa HaMH no 
3KCnepHMeHTallbHbiM cneKTpaM H3 3THX pa6oT B 3HepreTH4eCKHX HH

Tepeanax, 6JlH3KHX K HaWHM. 
CpaBHI1Ten&HbiH aHallH3 noKa3blaaeT: 
- Hai<JlOHbl npoTOHHbiX cneKTPOB T0 B o60HX THnax B3aHMOAeCTBHH 

a npeAenax owH6ok coanaAaiOT H He 3aSHCRT oT aTOMHoro aeca MH

weHH; 
- HaKJlOHbl AeHTpOHHbiX cneKTpOB B 060HX THnax B3aHMOAeHCTBHR 

He 3aBHCRT OT aTOMHOrO aeca MHWeHH. AJlR peaKI.IHH 12 C + RAPO napa
MeTpbl T0 AllR npoTOHHbiX H AeHTPOHHbiX cneKTpoa a npeAenax owH6oK 

Peracorpap • 
11U'n11Ul 

1' 

d 

t 

c 

MBmem. Jia'l'epa'1.')'P8. 

Pb I? I 
Pb. I? I 
0u I? I 
A1 I? I 
c 1?1 

Pb I 8 I 

Pb I? I 
Pb I? I 
Pb I 9 I 
Cu I? I 
Al I? I 
Pb I? I 
Cu I? I 
A1 I? I 

p 

(faB/cJ 

4,5 
8,9 
8,9 
8,9 
8,9 
?,5 

4,5 
8,9 

3 + ?,5 
8,9 
8,9 

8;9 
8,9 
8,9 

Ta6JIHI..\a 3 

YrOJI ,perllCTpa
lOUI 

'1600 
1680 
1aoo 
160° 
180o 
1600 

1680 
1680 
1600 
100° 
180° 

I68° 
I68° 
I68° 

To 
(MaB} 

38 
38 
41 
39 
40 
40 

2? 
32 

30 ± 5 
34 
32 

2? 
2? 
2? 
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cosnaAa~T. B npoToH-~AePH~x B3aHMOAel1cTsH~x 1Q An~ AewTpOHH~x 

cneKTpOB HHme, 4eM An~ npoTOHH~x; 
-· cneKTp~ TpHTOHOB B 12C ~AePH~X B3aHMOAeWCTBH~X HMe~T cy~ecT

BeHHO 6onee BbiCOKHe 3Ha4eHH~ T0 , 4eM B npOTOH-~AePHI:>IX peaK4H.RX. 
npH 3TOM An~ peaK4HH 12C + ~APO Ha6n~AaeTC~ 3aBHCHMOCTb napaMeT
pa To OT aTOMHOrO Beca MHWeHH, B OTnH4He OT pA -aaaHMf?AeWCTBHW; 

- 3Ha4eHHR napaMeTpa <X>, nony4eHH~e HaMH, aaMeTHo a~we senH-
4HHbl 0,14-0,15, npHBeAeHHOH s 16 •71 Aml BTOPH4H~X 4aCTH411, K, 
P, d , t , 3He , 4He a pA- saaHMOAel1cTBH~x. B peaK4HH 12c +RAPO 
3Ha4eHHR<X>6nH3KH An~ npoTOHH~x H AeHTPOHH~x cneKTpos H HMe~T 
6onee BbiCOKHe 3Ha4eHH~ An~ TPHTOHOB. 

CseAeHH~ o6 A-aaBHCHMOCTH ce4eHHW M~ 'nony4HnH, annpoKcHMHPYR 
Tmax , 

senH4HHY I= f (d
2 

u/df!dT)dT)dT !I>YHK4Hel1 BHAa An ;npeAen~ HHTerpHposa-
Tmin 

HH~ COOTBeTCTBOBanH perHCTpHpyeMOMy HaMH AHana30HY 3HeprHW An~ 
cooTBeTCTBY~~ew 4aCTH4~· Ha pHc.2 noKaaaH~ aaBHCHMOCTH IA/IPb 
OT A MHweHH. To4KH AnR MHWeHel1 AI, Cu , Pb YAOBneTBOPHTenbHO 
onHc~sa~Tc~ !I>YHK4Hel1 An, npH 3TOM senH4HHa n pasHa 0,90+0,10 
An~ npoToHos, 1 ,26+0,10- An~ Aei1TpoHos, 1,5+0,2- An~ TpHTOHOB. 

1101 - -
B H3Y4eHbl cneKTp~ npoToHos a peaK4HH 12c + ~APO npH Tol1 me 

3HeprHH 3,6 r3B/HyKnOH 6oM6apAHPY~HX 4aCTH4 B AHana30He yrnos 
OT 20° AO 140°. 8enH4HHa n, nony4eHHa~ B 3TOH pa6oTe, MeH~eTC~ 

JjJ~I 
10' 

<O" 

4d' 

J 

4<1"' 

6 

_)y //'0-1 

//' /-:!:. 

t~ y-

1 
c AL Cu 

fO fOO 

PO 

A 

OT - 1 AO -1 , 4, npH ysenH4eHHH 
yrna perHcTpa4HH. 3Ha4eHHe 1,4 
cy~ecTBeHHO s~we nony4eHHoro HaMH 
3Ha4eHH~ An~ 0 =160°. o191 noKa-
3aHo, 4TO a peaK4HH npoTOH + RAPO 
An~ Aei1TpoHos a AHanaaoHe 3HeprHI1 
100-200 r13B senH4HHa n MeHReTC~ 
c ysenH4eHHeM yrna per1o1cTpa4HH 
OT 30° AO 120° - OT 1,5 AO 1,8, 
4TO TaK>Ke BbiWe 3Ha4eHH~, nony4eH
HOrO HaMH. 

PHc.2. 3aBHCHMOCTb JA/JPb AnH 
p, d, t OT Maccosoro t~Hcna np;pa 

Tmax 2 ' 
MHWeHH A. J = f (d u/dTd{l)dT, 

T . mm 
rp;e HHTer),JHPOBaHHe npOBO.IJ;liTC_!f B 
perHcTpHpyeMoM p;HanasoHe 3HeprHH 
AnH K~Oro COpTa tlaCTH~. 

f \ 

1 
), 

TaKHM o6pa30M, MO>KHO KOHCTaTHpOBaTb, 4TO npH 3Ha4HTenbHOM 
CXOACTBe xapaKTepHCTHK sTOPH4H~x 4aCTH4 /p, d , t I a pA-H AA
B3aHMOAeHCTBH~X, HMe~TCR H Cy~eCTBeHH~e OTnH4H~: OTCYTCTBHe yHH
sepcanbHOrO 3Ha4eHH~ napaMeTpa <X>'H cy~ecTBeHHO 6onbwee 3Ha4e
HHe napaMeTpa T0 An~ TpHTOHH~x cneKTpos. 

06CYAHM nony4eHH~e 3KCnepHMeHTanbH~e AaHH~e c T04KH apeHH~ 
MOAenH KOanec4eH4HH. 3Ta MOAenb 111 - 131, 06D~CH.R~~a~ B03HHKHOBe
HHe !l>parMeHTOB C A> 1, HCXOAHT H3 npeAnOnomeHH~ 0 TOM, 4TO cnom
Ha~ 4aCTH4a C MaCCOBbiM 4HCnOM A o6paayeTCR, ecnH BHyTpH o6naCTH 
B3aHMOAeHCTBH~ OKameTCR A 4aCTH4 C Man~M OTHOCHTenbH~M HMnynb
COM, senH4HHa KOTOporo RBn~eTC~ napaMeTpOM MOAenH. MOAenb CB~3bl

saeT HHBapHaHTHOe Ce4eHHeo6pa3oBaHH~ cnomHOH 4aCTH4~ C HHBa
pHaHTH~M Ce4eHHeM o6pa30BaHH~ HyKnOHOB B TOH me peaK4HH COOTHO
weHHeM 

2 2 
1 d u 1 d up A 

p:- dT dO = CA (p- dT dO) 
A A P P 

np~o+ ycnoBHH TA = ATP , PA = APP , rAe C A- K03!1>¢lH4HeHT Koanec-
4eH4HH, 3aBHCR~eH OT KOM6HHa4HH CHap~A-MHWeHb, H OT JHna 4aCTH-
4~ A. B Ka4eCTse HHBapHaHTHoro te4eHHR o6paaosaHH~ HyKnoHOB HC
nonbayeTc~ ce4eHHe o6paaosaHHR npoToHoB, T.K. 4a~e scero a 3K
cnepHMeHTe H3MepReTCR HMeHHO 3Ta senH4HHa, a pa3nH4HeM Ce4eHHH 
o6paaosaHH~ npoTOHOB H Hei1TpoHos npeHe6peraeTc~, T.e. MOAenb 
KOanec4eH4HH MOmHO npHMeH~Tb K 4aCTHUaM C 3HeprHeW. CYWeCTBeHHO 
npes~wa~~el1 KynoHOBCKH~ 6apbep. 

EcnH HHsapHaHTHoe ce4eHHe An~ npoTOHOB MomeT 6b1Tb npeACTasne
HO B BHAe exp(-Tp/T0),TO B MOAenH KOanec4eH4HH HHBapHaHTHOe ce-
4~HHe o6paaoaaHHR cnO>KHO~ 4aCTH4bl H3 A HYKilOHos HMeeT aasHcH-
MOCTb (-ATp/T0)= exp(-TA/T0 ) , T.e, napaMeTp HaKJlOHa cneKTpa 
To Ail~ cnomHol1 4aCTH4bl AOil>KeH cosnaAaTb c napaMeTpoM HaKilOHa 
An~ cneKTpa npoTOHOB • 

.Qpyrol1 nOAXOA K np06JleMe B03HHKHOBeHHR CilO>KHbiX 4aCTH4 B peaK-
4H~X ~APO-RAPO HCnOJlb3yeTCR B TepMOAHHaMH4eCKOH MOAe11H 1141 , rAe 
npeAnonaraeTc~, 4TO cnmKHble 4acTH4~ HcnycKa~TcR s npo4ecce pac
WHpeHH~ !l>al1p6ona, o6paaosasweroc~ a peayilbTaTe CTOilKHOBeHH~ ~Aep. 
Ce4eHHe o6paaosaHH~ cnomHOH 4aCTH4~ a 3Tol1 MOAeilH ¢opManbHO HMe
eT TaKyiO me CB~3b C Ce4eHHeM o6pa30B,aHHR HyKnOHOB, KaK H B MQ
AenH KOa1leC4eH4HH. no3TOMy-MO>KHO nOily4HTb CB~3b MemAY K03<!><1>H-
4HeHTOM KOa11ec4eH4HH CA H o6DeMoM V o6nacTH o6paaosaHHR 4aCTH4~ 
A BHAa 1141 : 

1 

A(2SA + 1) NP +NT )y ( mu0 1 ) A-1 c - ( ---
A- 2 A Zp + ZT h3 V 

rAe SA - cnHH 4aCTH4~ c Maccol1 A; Z, N - 4Hcno npoToHos "' Hel1-
TpoHos B MHWeHH /T/ H RApe-cHapnAe /P/; y- 4HCnO HeHTpOHOB B 
1.1aCTH4e A; m - Macca HyKnoHai' u

0 
- nonHoe ce4eHHe peaK4HH RApo-
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' CA pA· dTA d{} 

3HeprHH, npHXOAH~eH:cH Ha OAHH HyKnoH cno~HoH: qacT~I A. 
MHo~TenH CA Bhl6HpanHCb H9 ycnoaHH coaMe~eHHH saaHcH
MOCTeH: AnH AeHTPOHOB H TPHTOHOB C npOTOHHhl~ cneKTpOM; 
C A AnH nPoToHoa paaHo I . 

RApO. 0TMeT~M, 4TO np~BeAeHHOe COOTHOWeH~e eepHO, ecn~ CKOPOCTb 
~CT04HHKa "laCTI-11.~ He Cm-1WKOM B<efl:1Ka, TaK 4TO COOTBeTCTBYIOlii~H 
nopeH4-~aKTOp - nOPRAKa eAHH~4~· 

CpaBHeH11e HaKnOHOB 3HepreT~4ecK~x cneKTpoe p, d , t , nony4eH
H~x HaM~ /cM.Ta6n.1/, noKa3~BaeT, 4TO MOAenb Koanec4eH4~~ co
rnacyeTCR c 3Kcnep~MeHTanbH~M~ AaHH~M~ no B~XOAY AeHTPOHOB Ha 
acex ~~weHRx, a AnR TPHTOHOB - TonbKO Ha Pb. HenocpeACTBeHHoe 
cpaaHeH~e cneKTpoa npeACTaaneHo Ha p~c.3, rAe noKa3aH~ ~Haa-
8 

p~aHTHble ce4eH~R o6pa3oBaH~R npoTOHOB, AeHTPOHOB, TP~TOHOB 

B CTeneH~. 1, 1/2, 1/3 COOTBeTCTBeHHO KaK ~yHK4~R K~HeT~4e
CKOH 3Hepr~H, npHXOARllleHCR Ha OAHH HYKnOH. CneKTP~ AnR AeHTpo
HOB ~ Tp~TOHOB COBMellleH~ CO cneKTpOM npOTOHOB. ~3 p~c.3 MO*HO 
3aKni04~Tb, 4To cneKTP~ npoToHoa H AeHTpoHoa YAOBneTaop~Tenb
Ho coanaAa~T, a AnR Tp~ToHpa TaKara coanaAeHHR He Ha6niOAaeTcR, 
3a ~cKnl04eHHeM cny4aR CP~a3aHMaAeHCTB~R. H3ane4eHH~e K03~
~~4~eHT~ Koanec4eH4~H CA npHBeAeH~ a Ta6n.4 /M~ 04eHHaaeM 
ow~6Ky onpeAeneHHR CA -30%/; a 3TOH me Ta6nH4e noMellleH~ 3Ha4e
H~R K03~H4~eHTOB KOanec4eH4~H, nony4eHH~e B pa6oTe 1101 a pe
aK4~~ 12c + RAPO np~ TOH *e 3Hepr~H 3,6 r3B/HyKnOH ~ B pa6o
Te1111 npH 3Hepr~RX 0,4; 0,8 ~ 2,1 r3B/HyKnoH. Ha6n10AaeTCR 
cornacHe Haw~x 3Ha4eH~w CA co 3Ha4eHHRMH, nony4eHH~MH e 1111 

AnR TaKHX *e Hn~ 6nH3KHX KOM6HHa4HH B3aHMOAeHCTBY~~X RAep. 
C AaHH~MH 1101 cornacHe eenH4HH Cd Ha6n10AaeTcR AnR MHweHeH C, 
Al, Cu, H HMeeTCR cHnbHoe pacxo*AeHHe AnR MHweHH Pb. 

~cnonb3YR CBR3b MemAY CA H 06DeMOM o6nacT~ o6pa30BaH~R 
cno*H~X 4aCTH4, Mbl ~3BneKnH paA~YC~ 3T~X o6nacTeH, 3Ha4eH~R 
KOTOp~X npHBeAeHbl B Ta6n. 4. J\IIR Ce4eHH.R peaK4HH HCnOnb30BaHa 

· annpOKCHMa4~.R a = 244 • A 0•47 M6 1151• BenH4HHbl paAHYCOB e npe
Aenax ow~6oK coanaAaiOT co 3Ha4eH~RMH, nony4eHH~MH e RAPO
RAepH~x B3aHMOAeHCTBHRX npH MeHbWHX 3HeprHRX 1111 , HO HH*e 
3Ha4eH~H 1101 , 

nttnl'\ntt 
UUJUVI-IIJI 

Pe3ynbTaT~ AaHHow pa6oT~ noKa3~BaiOT, 4TO e peaK4HH 12c+ 
RAPO HHKni03HBH~e cneKTP~ nOA yrnoM 160° HMeiOT cneAYIOlll~e ceow
CTBa: 

1. 3aBHCHMOCTb HHBapHaHTH~X ce4eHHH o6pa30BaH~R p, d , t 
aT KHHeTH4ecKo.:i 3HeprHH T HMeeT B~A exp( -T I T0 ) , xapaKTepH~H 

, AnR TaKHX me CneKTpOB B peaK4HRX HyKnoH-RApO. 
2. napaMeTphl HaKnoHa cneKTpoa T0 AnR npoToHoa 6nH3K~ K 

3Ha4eHH.RM, nony4eHH~M B peaK4HRX npOTOH + .RAPO; napaMeTp~ 

HaKnOHa AeWTpOHH~X cneKTpOB HeCKOnbKO 6onbwe, 4eM B pA, a na
paMeTp~ HaKnOHa cneKTpa TpHTOHOB Ha MHWeH.RX C, Al ,Cu CYllleCT
BeHHO a~we, 4eM T0 AnR npoToHoa ~ Ae.:iTpoHoB. 

3. B oTnH4~e aT peaK4~w npoToH + RAPO 3aB~CHMOCTb HHBap~
aHTH~x Ce4eH~H OT MaCWTa6HOH nepeMeHHOH X He HOCHT YH~Bepcanb
HOro xapaKTepa An.R p, d, t: napaMeTp <X> 3aBHCHT oT capT a 4ac.: 
TH4~• 

4. MoAenb Koanec4eH~HH YAOBneTeop~TenbHO onHc~aaeT o6pa3o
aaHHe AewTpoHoe ~3 _ecex ~ccneAoBaHH~x M~weHew; K03~~~4HeHTbl 

Koanec4eH4~H coanaAaiOT e npeAenax owH6oK co 3Ha4eHH.RMH, nony-
4eHH~MH B peaK4~RX RAPO-.RAPO npH MeHbWHX 3Hepr~.RX. 06pa30Ba
HHe Tp~T~.R OnHC~BaeTC.R 3TOH MOAenbiO TOnbKO AnR MHWeHH Pb. 
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PaAHYC~ o6nacTe~ o6pa3oBaHH~ Ae~TPOHOB xopowo cornacy~Tc~ 
· C COOTBeTCTBY~II\HMH 3Ha4eHH~MH, nony4eHHbiMH npH MeHbWHX 3Hep
rH~X. 

· AsTopbl 6narbAapHbl B. B. fapKyHy 3a o6ecne4eHHe pa6oTbl CHCTe
Mbl cs~3H c 3BH, a TaK>Ke H .. H.fpa¢osy 1-1 B.n.Ca,n,Hncsy 3a noMOII\b 
B nOArOTOBKe H nposeAeHHH 3KCnepHMeHTa, 
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0pHHHMaeTCR OOAnHCKa Ha npenpHHTW H Coo6~eHHR 06~eAHHeHHOrO HHCTHTyTa 
RAePHWX HCcneAOBaHHH . 

YcTaHoaneHa cneA~aR CTOHMOCTb noAnHCKH Ha 12 MeCR~ea Ha H3AaHHR OHRH. 
BKn~~aR nepecWnKy, 00 OTAenbHWM TeMaTH4eCKHM KaTeropHRM : 

HHfi~llr --··-~ "".11-.. - TEHAl'\IKA 

1. 

2. 

3. 

4. 

5 . 

6. 

7. 

8 . 

9. 

10. 

11. 

12 . 

13. 

14 . 

15 . 

16. 

17 . 

18. 

19. 

3KcnepHMeHTanbHaR ~H3HKa BWCOKHX 3HeprHH 

TeopeTH~ecKaR ~H3HKa awcoKHX 3HeprHH 

3KcnepHMeHTanbHaR HeHTPOHHaR ~H3HKa 

TeopeTH~ecKaR ~H3HKa HH3KHX 3HeprHH 

HaTeMaTHKa 

RAepHaR cneKTPOCKOnHR H paAHOXHMHR 

$H3HKa TR*enwx HOHOB 

KpHoreHHKa 

YcKOpHTenH 

AetoMaTH3a~HR o6pa6oTKH 3KcnepHMeHranbHWx 
AaHHWX 

8W4HCnHTenbHaA MaTeMaTHKa H TeXHHKa 

XH .... R 

TexHHKa ~H3H~ecKoro 3KcnepHMeHra 

HccneAOBaHHR TBepAWX T~n H *HAKOCTeH 
AAePHWMH HeTOAaMH 

JKcnepHMeHTanbHaA ~H3HKa ~AePHWX peaKUHH 
npH HH3KHX 3HeprMAX 

Do3MMeTpHA H ~H3HKa 3a~HTW 

TeopHA KOHAeHCHpo&aHHoro co~TO"HHA 

Hcnonb3oaaHMe pe3yn•TaTOB H MeTOAOB 
~YHAaHeHTaflbHWX ~3H4eCKHX HCCfleAOBaHHH 
8 CMe.HWX o6naCTRX HayKH H TeXHHKM 

6HOIIJH3HKa 

UeHa noAnHCKH 
Ha ro.a._ 

10 p. 80 KOn . 
--

17 p. 80 KOn . . 
---
4 p. 80 KOn. 
---
8 p. 80 KOn. 
--

4 p . 80 KOn. 

---
4 p. 80 KOn . 
--

2 p. 85 o<on. 
--

2 p . 85 KOn. 
--

7 p. 80 KOn. 

--
7 p. 80 Kon _ 
---
6 p . 80 KOn . 
--
p. 70 KOn , 
--

8 p. 80 Kon. 
---
1 p. 70 KOn. 

p, 50 KOn. 
---
p. 90 Kon . 
--

6 p. 80 KOn . 
--
2 p. 35 KOn . 

---
1 p. 20 KOn. 

OoAnHcKa MO*eT 6wTb OIIJopMneHa c nc6oro MeCR~a TeK~ero roAa . 

no aceM aonpocaM o¢opMneHHR noAnHCKH cneAyeT o6pawaTbCA e H3AaTenbCMH~ 
OTAen OHRH no aApecy : 101000 MocKaa, rnaan04TaMnT, n/R 79. 

AHHKHHa M.X. H AP• P1-85-208 
CneKTPW p.d.t B peax~1~/3,6 r3B/HYEnOH/ 
c HAPaMH DOA yrnoM 160° 

flpHBOAHTCft 3KcnepHMeHTan&HWe AaHHWe o6 3HepreTaqecKHX 
cneKTpaX npoTOHOB, AeATpOHOB H TpHTOHOB, HC~eHHWX OOA yrnoM 
160° BO B3aHMOAeAcTBHJIX 12(: /3,6 r3B/HYKJ10H/ c JIAl)aMH c, Al • 
Cu , Pb • XapaxTepHCTHKH nonyqeHHWX cneKTPOB cpasHHBaJOTCft c 
COOTBeTCTB~MH xapaxTepHCTHKaMH COeKTPOB p, d , t B aAPOH
HAepHhiX peaxUHHX. naeHble conocTaBmUOTCft c npep.cKaSaHHftMH 
MOAenH KOanecQeH~· flpHBOAHTCft OQeHKH PSAHYCOB o6nacTeA o6-
pasosaHHft AeATpOHOB, nonyqeHHble B paMKaX TepMOAHH~eCKOA 
MOAeJlH. 

Pa6oTa B~OJlHeHa B na6opaTdpHH BWCOKHX saeprHA OHHH. 

OpenpHHT OttloeAHHeHHOro HHCftiTYT& R.QepiiiiiX accneAoaamdt. ,(ly6Ha 1985 

llepeBOA n.H.Bapa6am 

Anikina u. Kh. et al. P1-85-208 
The Spectra of p, d, t Emitted at 160° 
in 3.6 Gev per Nucleon 12 c Collisions with Nuclei 

Experimental data on energetic spectra of protons, 
deuterons and tritons emitted at a 160° angles in collision 
of 3,6 GeV per nucleon 12 c nuclei with C,Al,Cu,Pb targets 
are presented.The characteristics of the spectra obtained are 
compared with corresponding characteristics of p,d,t spectra 
in hadron-nucleus reactions. The data are compar~d with co
alescence model predictions. The estimations of the radii 
of deuteron production regions, obtained in the framework 
of the thermodynamic model, are presented. 

The investigation has been performed at the Laboratory 
of High Energies, JINR 
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