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1. BBE.aEH~E 

B HacToR~e~ CTaTbe np~BOARTCR pe3ynbTaTw aHan~3a 3Kcnep~MeH

r ans aux AaHHblX no 06pa30BaH~1O <t>parMeHToB 6 He ~ 6,7,8Ll np~ B3a~
MOAe~cTB~~ 4He c RApaMj;1 Ag ~ Au. ~HKnI03~BHble ce4eH~R ~3MepeHbl 
nOA yrnaMI;1 45, 90 ~ 135 o B naõop aropuoá C~CTeMe ~ '8 3HepreT~4ec
KOM ~HTepBane 40-200 M3B. 

Pa60Ta RBnReTCR npOAon*eH~eM ~ccneAoBaH~R/ll no ~3Y4eH~1O I;1C
nYCKaH~R ne r xnx q,parMeHToB 3H• sHe ~ 4He. B oõeux paõor ax ~c
nons ayer ca 3Kcnep~MeHTanbHbl~ MaTep~an, nOIlY4eHHbl~ Ha C~Hxpo<t>a
30TpOHe O~rl~ /1, 2/. Taõnauu ce~eH~~ AnR ne r xax $parMeHTOB cpenuax 
Macc np~ BOARTCfI B /3/ ~ /4/ COOT BeTCTaeHHO. 

~cnYCKaHJ;1e <t>parMeHTOB Tflmenee 4He npH BWCOKJ;1X 3HeprJ;1RX CTan
K~BalO~~xcR RAep aKT~BHO ~3Y4aeTcR AIl~TenbHbl~ nepuon BpeMeH~ /5-91. 

06W~PHW~ cn~COK ccwnOK Ha CTapwe 3Mynbc~oHHwe AaHHwe Mo*eT 6WTb 
Ha~AeH B!O/.HeCMOTPR Ha 06~n~e 3Kcnep~MeHTanbHO~ ~H<t>opMal.\~~,He 
cy~ecTByeT eA~HO~ T04KJ;1 3peH~f1 Ha MexaH~3M pomAeH~R <t>parMeH!OB 
cpeAH~X Macc ICM., Hanp~Mep ,0630P 110 j .MHor~e aaropu np~XOART K Bbl
BOAY o TOM,4TO 3a 06pa30BaH~e nerK~X <t>parMeHTOB OTBeTCTBeHHW ABa 
MexaH~3Ma: <t>parMeHTbl c Kj;1HeT~4eCKO~ 3Hepr~e~ 60nbwe 50 M3B 06pa
3YlOTCR B pe3ynbTaTe pacnaAa 06naCT~ nepeKpWT~R CTanK~BalO~~XCfI 

RAep, a <t>parMeHTbl c MeHbW~Mj;1 K~HeT~4ecK~M~ 3Hepr~RM~ B OCHOBHOM 
~cnYCKaIOTCR B pe3ynbTaTe pacnaAa RApa-OCTaTKa. 

B nJ;1TepaT~pe 06cY~Aa~TCR ABa MexaH~3Ma pacnaAa RAep-OCTaTKOB. 
TaK, aBTopw 111 3aAalOTcR BonpocoM: pa36~BaeTCR nj;1 RAP; Ha MHoro 
OCKonKOB l<t>parMeHToBI np~ cOYAapeH~H c 8WCOK03HepreT~4eCKd~ Ha
ner aoneã 4aCT~4e~, ~m1 $parMeHTbl ~cnycKalO:rcR ~3 paaorpeToro RA
pa-OCTaTKa? B pa60Te /11/ npeAn04TeH~e oTAaeTCR nepBOMY cnY4alO, 
xorAa RAPO OCTaeTCR 8 xonOAHOM COCTORH~~. OAHaKO cy~eCTBYIOT ap
rYMeHTbl ~ B non s ay eroporo nOAXOAa /12/ . 

ECTb HeCKonbKO ~HTepeCHWX MOA~<t>~Kal.\~~ ~Cnapj;1TenbHO~ MOAenl;1, 
a ~MeHHO: npeAnonaraeTCR, 4TO B f1APO-RAepHWX cOYAapeH~f1X MoryT 

I B03H~KaTb ycnOB~f1, np~BoAfI~~e K HeCTa6~nbHOCT~ T~na mj;1AKOCTb -
r aa /8-13/ op a rMeHTbl cpenuax Macc B 3TOM cnyvae nos BnRIOTCFI KaK 
Kann~ RAepHO~ m~AKocT~. 5narOAapR 60nb~~M <t>nYKTyal.\j;1f1M nnOTHOCT~ 

RAepHO~ MaTepJ;1~ B oõnacr a oaaoaoro nepexona 8blXOA <t>parMéHTOB 
c~nbHO BoapacTaeT, ~ npeACKa3wBaeTcR 3aB~C~MOCTb Ce4eH~F1 OT Mac
Cbl <t>parMeHTOB KaK A T • rne T "" 2- 3. Peayns r a ru 3KcnepVl~eHTa /81 
6wn~ ycnewHo on~caHW B paMKax TaKoro nOAxoAa. OAHaKO 3Ta ~HTep

npeTal.\~R n03me 6wna nOABeprHYTa Kp~T~Ke B pa60Te /14~ B 4aCTHO

• CT~, noxaaauo , 4TO 3<t><t>eKTbl KOHe4Horo 4~cna HYKJ10HOB B C~CTeMe 

III ee 04eHb xopo r xoe BpeMR >K~aH~ "3aMa3bIBaIOT" np~3HaK~ lPa30Boro 
nepexoAa. OTMeT~M, 4TO pe3ynbTaTw, aHanor~4Hwe nonY4eHHwM B pa-
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60Te/8/, MOrYT 6WTb ycnewHO On~CaHW B paMKaX TpaA~4~OHHO~ ~cna

p~TeIlbHO~ MOAeIlW/12 , 15/ . 
UeIlb AaHHO~ pa60TW - npOBeCT~ aHaIl~a XapaKTe~~CT~K 06paaOBa

H~~ $parMeHTOB CpeAH~X Macc IA = 6,7,81 ~ cpaBH~Tb ~x c xapaKTe
p~CT~KaM~ o6paaoBaH~~ ne r xax I A = 1-41 $parMeHToB/

lI
. Hbl XOT~M 

OTBeT~Tb Ha Bonpoc: eCTb Il~ cy~ecTBeHHaR paaH~4a MemAY KapT~Ho~ 
~cnYCKaH~~ $parMeHTOB B ~HTepaaIle A = 1-8? 

2.	 KA4ECTBEHH~E OC06EHHOCTH CnEKTPOB $PArMEHTOB 

nopeH4-~HBap~aHTHble ce~eH~~ ~cnyc.<aH~~ $parMeHToB hp~ Baa~MO

Ae~cTB~~ 4He c' ~ApaM~-M~weH~M~ Ag ~ Au npeAcTaBIleHbl Ha p~'c. 1- 3. 
B~AHW cIleAy~~~e Ka~eCTBeHHwe oco6eHHOCT~ cneKTpoB: 

1. ~op~a aaB~C~MOCT~ ~HKIl~a~BHwx ce~eH~~ OT 3Hepr~~ BTOp~~HWX 

~acT~4 He3KcnoHeH4~aIlbHaR, T.e. cneKTpw He MoryT 6WTb on~caHW 
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ao 120 1GO 200 40 ao 120 T, M3B40	 ao 120 160 200 

PHC. 1. HHBapHaHTHble ce~eHHR 4,.6He H 6,7,8Li, HcnycKaeMbIX 

B pe axuan 4He + 19~u non yr-nox 45, 90 H 135 0, B 3aBHCH

MOCTH OT KHHeTH~ecKoH 3HeprHH ~parMeHToB. A6coJlWTHaR OillH6

Ka B orrpe,o;eJleHHH ce~eHHH 3,o;eCb He rrOKa3aHa H COCTaBJlReT 

~KOJlO 20%. Cnrroumsre .JlHHHH - pacxe r B Mo,o;eJlH q,aHepcTpHK, 

HOpMHpOBaHHblH K 3KcrrepHMeHTaJIbHblM ,o.aHHbIM rtpn T = 100 M3B. 

TIYHKTHpHble JlHHHH orrHCbIBaWT ncnapenae c To = 8 M3B H 3KC

nepHMeHTaJIbHOH BeJlHqHHOH napaMeTpa aHH30TponHH/2 7/ . Pac~eT 
HOpMHpOBaH rrpH T = 40 M3B no,o; yrJlOM 45°. 
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 PHc.2. I1HBapHaHTHble CeqeHHR ncnvc

KaHHR 7Li npn B3aHMO,l3;eHCTBHH 4He 
- ~. 4 19"A -"li+ X c Ag H Au. A6coJl/OTHaR OIIIHôKa B OfIt	 _4~·~~000\, ::))4:::lOBA~_\HX(')10 ', ~oo ". pe,o;eJleHHH ce~eHHR Ha pHCYHKe He 

10 nOKa3aHa H COCTaBJlHeT OKOJlO 20%. 
~ ~ -\~·:·0\. Cnrrournsn-cr JlHHHRMH ,o;aHbl rrpe,o;CKa3a~10-5 
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 HHH Mo,o;eJlH q,aRepcTpHK, OTHOpMHpO
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PHc.3. CpaBHeHHe HHBapHaHTHWX ce 0. 
qeHHH HCrrYCKaHHH 6Li fIO,o; yrnoM 

e = 90° BO B3aHMo,o;eHcTBHHX 8 
H"~ iH	 (5,5 f3B), 4He(3,33 f3B/A) lÕ f=- 1°') 4 J3LI+X, 6=900 

r "AI 1H +-AtargE'1 

H 20Ne (2, 1 f3B/A) c R,o;paMH Ag, Au 
__-Í- L I-.JH U. ,L(orrOJlHHTeJlbHble zranasre B3HTbl 

H3	 pa60T /5,6,29/ 40 80 120 lGO 200 240 T, M3B 

OAH~M paCnpeAeIleH~eM Ba~CKOn$a/1A/ ~Il~ MaKCSCnna - 60nb4MaHd 
ICM. plt1c.1/, 

2. A6cOIl~THaR BeIlIt1~It1Ha ce~eH~~ cy~ecTBeHHO BoapaCTaeT C po
CTOM aro-u-or-o HOMepa RApa-M~weH~ At • A t -3aBVlC~MOCT b ce~eH~~ 

~cnYCKaHIt1R $parMeHTOS cpeAH~X MaCC.CIt1IlbHee, ~eM AnR IlerKIt1X $par- I 

MeHTOB ICM, plt1c.2/. 
3. A6çOIl~THa~ BeIlIt1~It1Ha ce~eH~~ cy~ecTBeHHO BoapaCTaeT C yBe

Il~~eH~eM aTOMHoro HOMepa HaneTa~~e~ ~aCTIt14~, ~ 3TOT pOCTCTaHO
B~TC~ 60nee 3aMeTH~M np~ nepexOAe K 60nbW~M 3Hepr~~M $parMeH
TOB ICM.pVlc,3/. 

4.	 AH~30Tpon~~ cneKTpOB BoapaCTaeT C pOCTOM 3Hepr~~ $parMeH
TOB	 ICM. p~c. 1 ~ 2/, 

BAonOIlHeHI-1e K n , 2 cnenye r 3aMeTIt1Tb, ~TO noxaaarene a B napa

MeTp~3a41t1~ ce~eH~~ E da - A ~, np~6IlIt13It1TeIlbHO paBHbl~ 1,5 AJ1~ 
3d P 

4He, CTaH08~TCR paseH 2,3 AIlR 7Li. Taxaa CIt1IlbHa~ A t -3aB~C~MOCTb 
Y>Ke Ha6Il~AaIlacb pauee B /17/ 
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3.	 CKOPOCTH H TEMnEPATYP~ HCT04HHKOB,
 
HCnYCKA~mHX $PArMEHT~
 

ECTeCTBeHHO aHan~s~poBaTb $parMeHTa~~oHHwe AaHHwe B TepMOA~
HaM~4eCKOM nOAXOAe. B paMKax TaKoro nOAXOAa $parMeHTw ~c~ycKa~T
CR ~CT04H~KOM /Bos6ymAeHHwM OCTaT04HWM RAPOM, ropR4e~ Kanne~, 
$a~ep60noM ~ T.A./, AB~mY~~McR B HanpaBneH~~ nY4Ka B na6opaTop
HO~ C~CTeMe. Ben~4~Ha aH~SOTpon~~ ce4eH~R ~cnycKaH~R $parMeHToB 
MomeT cnym~Tb Mepo~ npoAonbHo~ cocTaBnR~~e~ CKOpOCT~ ~CT04H~Ka. 

5wn~ CAenaHW nonWTK~ on~caTb AaHHwe OAH~M /ABYMR B pa60Te 17// 
pacnpeAeneH~eM MaKcBenna - Donb~MaHa ~n~ Ba~CKon$a co CKOpOCTb~ 

~ TeMnepaTYPO~ B Ka4eCTBe CBo6oAHblX napaxer po a 15-7/. OAHaKO He
3KcnOHeH~~anbHW~ xapaKTep 3Kcnep~MeHTanbHwx cneKTpoB ~ pOCT aH~
sOTpon~~ C pOCTOM 3Hepr~~ $parMeHToB YKasblBaeT Ha TO, 4TO TaKoe 
onucaaue He MO>t<eT 6blTb YAOBneTBop~TenbHbIM B W~pOKOM ~HTepBane 

3Hepr~~ BTOp~4HWX 4aCT~~. B pa60Te / 11 6wno nOKasaHO, 4TO CKO
pOCTb ~ TeMnepaTypa ~CT04H~KOB B paCCMaTp~BaeMOM A~anasOHe 3Hep
r~~ BospaCTaeT C 3Hepr~e~ ~cnYCKaeMoro $parMeHTa. B AaHHO~ pa
60Te MW ~cnonbsOBan~ MeTOA / 11 AnR onpeAeneH~R CKOpOCT~ ~CT04H~~ 
Ka, npeAnonaraR, 4TO $parMeHTW C pasn~4HWM~ 3Hepr~RM~ ~cnYCKa

mTCR ~CT04H~KaM~ C pasn~4HWM~ CKOPOCTRM~.Pe3inbTaTW npeACTaBne-

Hbl Ha p~ c. 4.
 
B~AHO, 4TO CKOpOCTb ~CT04H~KOB BospaCTaeT C pOCTOM 3Hepr~~
 

~parMeHTOB, ~, nO-B~A~MOMY, He saB~C~T OT Maccw RApa-M~weH~.
 

3T~ oco6eHHOCT~ Ha6nlOAan~cb pauee AnR 'nerK~X $parMeHTOB 11/.
 
Ha6n~AaeTCR TaKme APyraR ~H


TepeCHaR saKOHOMepHOCTb. CKOPOCTb

? ~CT04H~Ka KaK $YHK~~R 3Hepr~~8~Li0.03 $parMeHTa, np~XOAR~e~CR Ha HYK

Au nOH, OKasWBaeTCR YH~BepcanbHO~ 
Ag0.01 AnR acex $parMeHTOB(1.3H, 3-6He, 

6-8 Li) ÇM. pu c , 5. TaKYI~ saKOHOMep
HOCTb TPYAHO nOHRTb B TepMOA~Ha

Au7~Lí0.03 M~4eCKOM nOAxoAe, TaK KaK B 3T~X 

MOAenR~ Kon~4ecTBeHHo~ xapaKTeAg
0.01 P~CT~KO~ 4aCT~~W RBnReTCR nonHaR 

K~HeT~4eCKaR 3Hepr~R. OAHaKo 3Ta 
6Lí 

PHc.4. CKOpOCTH /B eAHHHnax CKO
pOCTH cBeTa/ HCTOqHHKOB 6He, 

0.03 

6,7,8 Li AJUI HAep-MHIIIeHeH Ag H Au 
B 3aBHCHMOCTH OT KHHeTHqeCKOH 
3HeprHH ~parMeHToB B naôopaTop

0.01 

HOH CHCTeMe 9 = 90°. KpHBwe co
OTBeTcTBy~T cpeAHeMY 3HaqeHH~ $, 

0.03n 

BepTHKaITbHble nHHHH - p asno cr-s Me)K
AY CpeAHHMH 3HaqeHHHMH H MaKCH

30 50 70 90 

0.01 

110 T, M3B ManbHOH /MHHHMaITbHOH/ BenHq!1'HoH. 

4 

PHC.S. a - CKOpOCTH HCTOqHHKOB,r a) HCnYCKa~m;HX ~~arMeHTbI 1,2,3 H,4 He + Ag-F+X
0,08 3,4,6 He 'H 6,7, Li, AITH HApa-MHIIIeHH 

Ag B 3aBHCHMOCTH OT KHHeTHqeCKOH 
3HeprHH ~parMeHTa Ha HYKnOH B na

O,oG 

0,04 õop a-ropnoà cncretee non yrrrox () = 
= 90°; ô - TO )Ke, qTO H ai, HO AnH

0,02 
~HKCHpoBaHHOH 3HeprHH ~parMeHTOB. 

10 15 20 25~t,M3B/HYKn.
 

p .---.-----.---r------.----;,.---.--.--.-~) saKOHOMepHOCTb MomeT 6blTb npOCTO
 

004 ~ & ~ 06bRCHeHa Ha OCHOBe MOAen~ cnnn a-

I i--1-1--r---r-- -=--- H~R 1_~8/. B ~e~ op a rMeHTbl C ~M':1ynb
0,02' T/A rr - 20 M3B/HYKn. COM P r = A r: P $OpM~PYIOTCR õnaro
004 AapR B3a~MOAe~CTB~1O B KOHe4HOM CO

I 1 ~ T/A C = 10 M3B/HYKn. CTORH~~ HYKnOHOB C ~MnynbcaM~,r 
0,D2f--L-t--r+--i-+i-- ~ 6n~3'K~M~ K p. TorAa xapaxrepacru

~ K~ ~CT04H~Ka AonmHW 6WTb He3aB~C~
4 G 8 Atr MW OT copTa $parMeHTa, TaK KaK OH~ 

OTHOCRTCR K HYKnOHHOMY ~CT04H~KY. 

YH~BepcanbHW~ xapaKTep 3aB~C~MOCT~ CKOpOCT~ ~CT04H~Ka OT 3Hep
r~~ op arneur a Ha HYKI10H paHee yme Ha6nlOAanCR 119,201 , HO AnR He
CKonbKO APyr~x CKopOCTe~. ABTOPW pa60TW 1201 np~XOART K BWBOAY 
O TOM, 4TO 3Ta 3aKOHOMepHOCTb B03H~KaeT BcneACTB~e ~cnYCKaH~H 

BTOp~4HWX 4aCT~4 B np04ecce r~APoA~HaM~4eCKoro paA~anbHoro pac
w~peH~R cmaToro RApa OTAa4~. no HaweMY MHeH~IO, o6cymAaeMYIO 3a
KOHOMepHOCTb npo~e ~HTepnpeT~pOBaTb KaK aprYMeHT B nonb3Y o6pa
30BaH~R $parMeHToB ~3-3a cn~naH~R. B cny4ae MeAneHHWX $parMeH
TOB, paCCMaTp~BaeMWX B AaHHo~ CTaTbe, np~MeH~MOCTb MOAen~ cn~na

H~R He04eB~AHa, TaK KaK B He~ npeAnonaraeTCR npo~cxomAeH~e co
CTaBHWX 4aCT~4 C ~MnynbcaM~ Ha HyKnoH, MHoro 6onbw~M~, 4eM TaK 
Ha3WBaeMW~ paA~~C cn~naH~R P ~ 150 ~3B/c /cM.H~me/. nOnWTK~o 

np~MeH~Tb 3TY MOAenb AnR on~caH~R 

OTHOC~TenbHO MeAneHHWX ~parMeHToB 

yxe .nenarmc s B p aõor ax 21/. 

4T06w onpeAen~Tb TeMnepaTYPY~ 25 
~CT04H~KOB, MW ~cnonb30Ban~ MeTOA,:Õ15 on~caHHbl~ B c r ar s e 11/. Peayns r ar a 
npeACTaBneHW Ha p~c.6. KaK yme 6w
no o6HapymeHo AnR nerK~X $parMeH
TOB, TeMnepaTypa B03paCTaeT 

15 C auep r~e~ op a rMeHTa 11/. AnR 3H'ep

PHc.6. TeMnepaTYPW HCTOqHHKOB He 
H Li AnH MHIIIeHeH Ag H Au B 3aBH'15-

I I I -j

[ 

el' I

I 

~ ~
~----\f-

f- I I 7l i I 

-
I 

I I I 

25 t G~ _-:::::-_~
__ 

I 
Au 

25t~GHe_~
~- \A9 -

I I I I 
CHMOCTH OT KHHeTHqeCKOH 3HeprHH 
~parMeHToB, acnyme ànsrx nOA yr'rron

40 80 120 T, M3B () = 90°. 
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reT~4eCKoro, ~HTepBana 40-200 M3B TeMnepaTypa ~CT04H~Ka 6onbwe, 
4eM 10 M3B. TaK~M o6pa30M, cTaHAapTHw~ MexaH~3M ~cnapeH~R Ba~c

KOn$a/ 16 / He MomeT ~MeTb MeCTa, TaK KaK TeMnepaTypa npeBwwaeT 
E f 

3 f
d o 
- 3d P f 

= 
'f + 1. 

2"1' 
.. 

Ar ---- A2 f 
• 

1 

Z r ! . N f! 

d._ n 3 A,,-l 

t---=-) 
3mu o 

x 

3Hepr~~ CBR3~ HYKnOHa B RApe, T.e. RAPO, pa30rpeToe AO TaKo~ 

TeMnepaTYPw, He MomeT 6WTb 
CR B ~cnap~TenbHo~ MOAen~. 

MeTacTa6~nbHwM, KaK 3TO npeAnonaraeT
n03TOMY ~CT04H~K~, KOTopwe MW pac x (E d 3 P Z 

__u_) f (E 
d3 n Nr
_u_) /1/ 

CMaTp~BaeM, Henb3R oTomAecTB~Tb c COCTaBHWM RApOM. p 3 d P n d 3 P 
B 3aKn~4eH~e 3TO~ 4aCT~ OTMeT~M cneAy~~ee. YeM 60nbWY~ TeM

nepaTYPY ~ CKOpOCTb ~MeeT ~CT04H~K, TeM 60nee 3Hepr~4Hwe $parMeH

TW OH ~cnYCKaeT. TorAa np~ paCCMOTpeH~~ np04ecca $parMeHTa4~~
 

MW ~MeeM Aeno c Ha6opOM ~CT04H~KOB c W~pOK~M pacnpeAeneH~eM no
 
CKOpOCTRM ~ TeMnepaTypaM. Bce $parMeHTW, ~Me~~~e OAHY ~ TY me
 
3Hepr~~ Ha HYKnOH, ~cnYCKa~TCR ~CT04H~KaM~ c OA~HaKOBWM~ xapaK

Tep~CT~KaM~, 4TO, no HaweMY MHeH~~, rOBop~T B nonb3Y 06pa30Ba

H~R $parMeHTOB BcneAcTB~e cn~naH~R HYKnOHoB.
 

4. OTHOO1TEnbHbl~ BblXOJl 6He , 6 Li 7 Li 

Ha p~c.7 npeACT~BneHO OTHoweH~e ~HBap~aHTHWx cneKTpOB 6He 
~ aLi B 3HepreT~4eCKOM ~HTepBane 40~130 M3B AnR Tpex yrnoB 
~ ABYX RAep-M~weHeH: Ag ~ Au. . 

AHan~3 oTHoweH~H 6YAeM npOBOA~Tb B paMKax MOAen~ cn~naH~R /18~ 
B 3TOH MOAen~ ~HBap~aHTHoe ce4eH~e o6pa30BaH~R $parMeHTa 

e =45° e = 90° e = 135° 

R 

0,8 
197Au 

°f6 _!~il~IWUlfL-!j\~HH ~t--- -ml1l L 
0,4, I	 I I I I I I 

.,	 I I 

0,6 
108

Ag 
0,4 -ttlti411111-~l- -L -Hlt-litI11Iir -- -~~ t-f!ijtl-/·'· -
0,2 

40 80 120 40 80 120 40 80 120 
T, l-bB 

PHC. 7. O'rnomeaae HHBapHaHTHbIx Ce"lleHHH 6 He H 6 Li B 3aBH
OOMOCTH ot 3HeprHH ~parMeHToB, IToKa3aHHwe OlllH6KH BKnm
"llamT HeonpegeneHHoCTH B a6conmTHOH HOpMHpOBKe. ITYHKTHP
Hwe nHHHH nonY4eHW H3 MogenH cnHnaHHH B npegnono.eHHH, 
4TO cneKTpw HeATpOHOB H npOTOHOB ogHHaKOBW. 
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}
 r ae ~HAeKcaM~ f, n, P o603Ha4eHbl Ben~4~Hbl, OTHOCR~~eCfl K $parMeH

TY, He~TpoHY ~ npOTOHY COOTBeTCTBeHHO, A, N, Z - MaCCOBoe 4~cno,
 

w	 d 3 ukl 4~cno He~TpOHOB ~ npOTOHOB cooTBeTcTBeHHo, E -- - ~HBap~aHTHoe 
d3 p 

ce4eH~e, P f = A. f' p, P f - n~nHbl~ ~Mnyn bC op a rMeHTa, O' o - noru-oe 
ce4eH~e B3a~MoAe~cT8~R Hane~a~~e~ 4acT~4w ~ RApa-M~weH~, Sr 
cn~H $parMeHTa, P - paA~Yc cn~naH~R, fi - Macca HYKnoHa.o 

C4~TaR cnexrpu He~TpoHoB ~ nporouoa pa8HbIM~, .MomHo ~3 yp aane.
H~R /1/ Ha~T~ OTHoweH~e, npeAcTa8neHKoe Ha p~c.7 nYHKT~pHO~ n~

H~e~ /po npeAnonaraeTCR He 3aB~CR~~M OT copTa $parMeHTa/. B~AHO, 

4TO npeACKa3aH~R MOAen~ cn~naH~R AOCTaT04HO xopOWO cornaCY~TCR 

c 3Kcnep~MeHTanbHwM~ AaHHwM~. 

OTHoweH~e cneKTp08, 7 L i K 8 L i noka3aHo Ha p~c.8. B COOT8eTCT
B~~ c ypa8HeH~eM /1/ 3TO OTHoweH~e /ecn~ paCCMaTp~BaTb 3Hepr~~ 

nd 3 a
$pa r--eur a Ha HYKnoH/ pa8HO C, E ---, rAe C - HOpM~p0804HaR 

n d 3 p 
KOHCTaHTa, KOTopaR 8Kn~4aeT He~3BeCTHY~ Ben~4~HY po' HenpepwBHo~ 

n~H~eH Ha p~CYHKe npeACTaBneH He~TpoHHW~ cneKTp, pacc4~TaHHw~ 

. 8 TepMOA~HaM~4eCKO~ MOAen~, o6cymAaeMo~ H~me. npeACKa3aH~R MOAe
n~ HOpM~pOBaHW np~ T = 100 M3B AnR 9 = 135°, B~AHO, 4TO 3Kcnep~
MeHTanbHoe o r rtoure-ure XopOWO 80cnpO~3BOA~TCR r eooe r avecxa. 

::: 
'2 

,',0 
11	 O,,
 

O,G
 

}: 30 7.0 110' 150 190 230 30 70 110 150 190 230 30 70 110 150 190 

R I li \ 
T\ 

11 ti 
\~11 !Itl~ 

, I t, 
T, M3Bt 

PHC. 8. OTHOIIJeHHe cnexrpos 7Li H 6 Li nrra MHIIIeHH Au. 

CnnOIIJHOH nHHHeH npenc-rannensr TepMogHHaMH"lleCKHe p acaersr , 
OTHOpMHpOB aanue rtpa T = 100 M3B H () = 135 o. 
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5. CPABHEHHE C TEPMOA~HAM~4ECKOR MOAEnb~ 

AnR onHcaHHR cneKTpOB $parMeHTOB M~ npHMeHReM TepMO~HHaMH4e
CKH~ nOAxOA~ npeAnonaraR, 4TO MexaHH3M HcnapeHHR 1161 AaeT BKnaA 
B OCHOSHOM B MRrKYIO 4aCTb cnexr po a, a pacnaa $a~ep60na 1231 _ 
B meCTKYIO. Dbln Hcno.nb30BaH BapHaHT MOAenH $a~epCTpHK 124,251 AnR 
pac-re r a IlnepBH4Hb1X" HYKnOHHblX cnexrpoa . .QnR onpeaeneuaa cn ex'r po a 
$parMeHTOB npeAnonaranOCb, 4TO paÕOTaeT MexaHH3M cnHnaHHR. Pac
4eT~ HYKnOHH~X ce4eHH~ onHcaH~ B paÕOTe / 261, a npo~eAypa nony
4eHHR Cnel(TpOB $pa rMeHTOB - B 111 . . 

PaCC4HTaHH~e cneKTp~ npeACTaBneH~ Ha pHc.1 H 2 Henpep~BH~MH 
nHHVlFlMH. TaK KaK paAHYC cnHnaHVlR Po - CBOÕOAHbl~ rtapaae r p , npen
CKa3aHHR MOAenH HOPMHPYIOTCR Ha 3KcnepHMeHTanbH~e AaHH~e npH 
T= 100 M3B. BHAHO, 4TO AnR $parMeHToB c 3HeprHRMH õonbwe, 4eM 
50 M3B, MOAenb HaXOAHTCR B pa3YMHOM cornaCHH c AaHH~MH. AnR onH
caHVlR HH3K03HepreTH4ecKo~ 4aCTH cneKTpa HeoõxoAHMO AoõaBHTb APY
ro~ MexaHH3M oõpa30BaHHR $parMeHToB. npeAnOnaraeTCR, 4TO TaKHe 
$parMeHTbl oõpa3YIOTcA B pe3ynbTaTe HcnapeHHR H3 
Ce4eHHe HcnYCKaHHR MRrKHX $parMeHTOB B CHCTeMe 
Horo RApa e c r s : 

d 
3 
u '	 */

d 3 P ~	 e(T * - vC)(l - V c/ T *) T * e -T To, 

OCTaT04Horo RApa. 
nOKOR B03õymAeH

/2/ 

rne T *- ~HeprHR $parMeHTa B CHCTeMe ueurpa Macc, To H Vc - TeM
nepaTypa H KynoHoBcKH~ õapbep. M~ npHHRnH AnR TeMnepaTYP~ pa3YM
H~~ BepXHH~ npeAen To = 8 M3B, a AnR K~noHoBcKoro V - 3H~4eHHec 
nOTeH~Hana AnR ABYX 3apRmeHH~X TBepA~X RAep. CKOPOCTb HCT04HHKa, 
xoropaa Hcnonb3yeTcR AnR nepesona $opMynbl /2/ B naõoparop ayo CH
CTeMY, nony4eHa H3 AaHH~X 127~ cOAepma~HX VlH$opMa~V11O oõ aHH30
TponVlH HcnYCKaHHA $parMeHToB c 3HeprHRMH MeHbwe, 4eM 40 M3B 
B 4He - U - B3aHMoAe~cTBHVI npVl 3HeprHH 2, 1 f3B/HYKnoH. OTMeTHM, 
4TO Mbl ue MornH Vlcnonb30BaTb CKOpOCTVI, Ha~AeHHble B paanene 3 
AaHHo~ CTaTbH, TaK KaK VlcnapeHHe - HeeAHHCTBeHH~~ MexaHH3M oõpa
30BaHHR $parMeHTOB B HaweM 3HepreTH4eCKOM HHTepBane. Bbl4HcneHHble 
HcnapVlTenbHble cnexrpu np enc r aaneuu Ha pHc.1 nYHKTHpHblMH nHHHR
MVI. Pacve r aae cnexr pu OTHOpMHpoBaHbl npu 3HeprHVI T = 40 M3B AlÍR 
yrna 45°· KaK VI omHAanOCb, BKnaA HcnapHTenbHoro MexaHH3Ma YMeHb
waeTCA npVl nepeXOAe K õonbWVlM yrnaM HcnYCKaHHR $parMeHTOB. 

TaKHM oõpasOM, npHXOAHM K B~BOAY o TOM, 4TO 3KcnepHMeHTanb
H~e AaHH~e MorYT Õ~Tb ycnewHO onHcaH~ B npeAnonomeHVlH o cy~eCT

BosaHHH ABYX MexaHVl3MOB VlcnYCKaHVlR $parMeHTOB: pacnaA CHnbHO
B03õymAeHHoro OÕbeKTa THna $a~epõona H ~cnapeHHR H3 OCTaT04HO
ro RApa. no HaweMY MHeHHIO, BblCOKVle TeMnepaTypbl, nony-reaaae 
B pa3Aene 3 /T > la M3B/, eCTb pe3ynbTaT HanomeHHR B H~3K03Hep
reTH4eCKO~ 4aCTH cneKTpOB HcnapeHHR c ManeHbKHM To H pacnaAa 
$a~epõona, AalO~ero B~coK03HepreTH4ecKYIO KOMnoHeHTY. 3Ta nocneA
HRR KOMnOHeHTa AaeT MeHbw~~ /no cpaBHeHHIO c HcnapHTenbHO~ KOM
8 

I 

1 

nOHeHTO~/ BKnaA B nonHbl~ BblXOA $parMeHToB., HO ee BnVlRHHe Ha Ha

I· KJlOH cnexrpos OKa3blBaeTCR cy~ecTBeHHblM npH 3HeprHH T > 50 M3B.

I 
I no 3TO~ npH4HHe Mbl nonar aew, 4TO TeMnepaTypa To' Vl3BneKaeMaR H3 

o~HcaHHR cneKTpOB paccMaTpHBaeM~x $parMeHToB OAHO~ 3KcnoHeHTo~, 

He RBnReTCR Ae~cTBHTenbHo~ RAepHo~ TeMnepaTYPo~, KOTopaR MomeT 
ÕblT b Vlcnonb30BaHa, HanpHMep, npH nonsrr xax oÕHapymHTb n~H3HaKH 

lJ.	 $a30Boro nepeXOAa ra3 - mHAKOCTb B B036ymAeHH~x RApax 28/. 

6. BbIBO,Qbl 

'1
 B AaHHO~ paÕOTe paCCMaTpHBalOTCR HHKnI03HBH~e ce4eHHR 06pa30


"	 
BaHHR $parMeHTOB c A = 6,7,8 npH B3aHMoAe~cTBHH 4He c 3HeprHe~
 
3,33 f3B/HYKnoH c RApaMH Ag H Au,
 

i
,QnR onHcaHHR npo~ecca $parMeHTa~HH npHMeHReTCR TepMOAHHaMVI

4ecKH~ nOAXOA. B paMKax 3Toro nOAXOAa npeAnonaraeTcR, B 4aCTHO
CTH, cy~ecTBoBaHHe ABHmy~erocR B HanpaBneHHH nepBH4Horo ny4Ka 

. npoaexyro-n-o ro 06beKTa, KOTOpbl~ RBnReTCR HCT04HHKOM BTOpH4HblX ) 

I	 4aCTH~. ~cnonb3YR aHH30TponHIO HcnYCKaHHR $parMeHToB, MomHO on
peAenHTb npOAonbHYIO COCTaBnR~~YIO CKOpOCTH HCT04HHKa. B AaHHo~ 

pa60Te TaKHM 06pa30M onpeAenRIOTCR CKOpOCTH HCT04HHKOS, HcnYCKalO
~HX $parMeHTbl. ~3 nony-re-u-srx 3aBVlcHMocTe~ cxopocreã HCT04HHKOB 
OT 3HeprH~ $parMeHToB, a TaKme Ha OCHOBe pe3ynbTaToB paõoT~·/l1 
cneAyeT, 4TO CKOpOCTb HCT04HHKOB B03paCTaeT c pOCTOM 3HeprHH 
$parMeHTa, T.e. õonee õ~cTp~e $parMeHT~ HcnYCKalOTCR õonee Õ~CT
p~MH HCT04HHKaMH. 

Ilanee MeTOAOM, npeAnomeHHblM B paõor e /1/, onpeneneua TeMnepa
Typbl HCT04HHKOB H nOKa3aHO, 4TO 4eM õonbwe~ TeMnepaTYPO~ xapaK
TepH3yeTcR HCT04HHK, 7eM õonee 3HepreTH4H~e 4aCTH~~ OH HcnYCKa
eT. 

TaKHM oõpa30M, $parMeHT~ c A = 1-8 HcnYCKalOTCR ~en~M HaõopoM 
HCT04HHKOB c WVlpOK~M pacnpeAeneHHeM no CKOpOCTRM VI TeMnepaTypaM. 
npH 3TOM 4eM õonbwylO TeMnepaTYPY H CKOpOCTb HMeeT HCT04HHK, TeM 
õonee 3HeprH4Hble $parMeHTbl OH VlcnYCKaeT. 

I
 
3aBHCHMOCTb CKOpOCTH HCT04HHKOB OT 3HeprHH $parMeHTOB Ha HYK


nOH RBnReTCR YHHBepcanbHO~ $YHK~H~~ AnR Bcex paCCMOTpeHH~X $par

MeHTOB, T.e. Bce $parMeHTbl, HMelO~He 0AHHaKOBYIO 3HeprVllO Ha HyKnoH,
 
HcnYCK~IOTCR HCT04~HKaMH c OAHHaKOB~MH xapaKTepHCTHKaMH.3TOT $aKT 
HaXOAHT eCTeCTBeHHoe OÕbRCHeHVle B paMKax MOAenVl cnHnaH~R/18,21/, 
B KOTOpO~ COCTaBHble 4aCTH~bl oõpa3YIOTCR B peayns r ar e 06beAHHeHVlR 
BTOpH4H~X HYKnOHOB c õnH3KHMVI HMnynbcaMH.' KpOMe Toro, AononHH\I

I: 

:!
 
: ~ TenbH~M aprYMeHTOM B nonb3Y TaKoro MexaHH3Ma RBnRIOTCR XopOWO
 

npeACKa3~BaeM~e MOAenblO cnHnaHHR OTHOCHTenbH~e B~XOA~ $parMeH

TOB. TorAa HCT04HHKOM $parMeHTOB RBnReTCR Ha caMOM Aene HCT04
HHK BTOpH4H~X HYKnOHOB. ,QnR paC4eTa ero xapaKTepHCTVlK Hcnonb3Y-' 
eTCR MOAenb $a~epCTPHK/24, 25/, Cnexrpu $parMeHTOB nonY4alOTCR Vl3 
MOAenH cnHnaHHR. OAHaKO H3 cpaBHeHHR c 3KcnepVlMeHTanbH~MH cneKT
paMH BHAHO, 4TO TonbKO AnR $parMeHToB c 3HeprHRM~ õonbwe, 4eM 
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I50 M3~ npeAnomeHHW~ MeTOA paC4eTa HaxoA~TCR B cornac~~ c AaHHW
M~, T.e. MeAneHHwe $parMeHTW 06pa3Y~TcR 4epe3 HeKoTopw~ APyro~ I ~ 
MeX~H~3M. TaK~M np04eCCOM MomeT 6WTb ~cnapeH~e ~3 RApa-OCTaTKa. 
nOKa3aHo, 4TO y4eT 3T~X ABYX MexaH~3MOB BocnpO~3BOA~T 3Kcnep~

MeHTanbHwe ce4eH~R ~cnYCKaH~R $parMeHTOB. 
TaK~M 06pa30M, $parMeHTW c A = 1-8 06pa3Y~TcR 6naroAapR cocy

~eCTBOBaH~~ ABYX MexaH~3MOB: MeAneHHwe $parMeHTw /T < 50 M3B/ ~l· 
B OCHOBHOM ~cnapR~TCR ~3 RApa-OCTaTKa, a 6~cTpwe B03H~Ka~T B pe ~ > 

3ynbTaTe	 HYKnOHOB,cn~naH~R BTOp~4HWX ~cnYCKaeMWX AB~mY~~MCR ~c

T04H~KOM. np~ 3TOM He Ha6n~AaeTcR Ka4eCTBeHHO~ pa3H~4W MemAY 
np04eccaM~ $OpM~pOBaH~R ner4a~w~x $parMeHTOB /A= 1-4/ ~ $parMeH
TOB	 cpeAH~X Macc /A = 6-8/. \ 
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14. ~CCfleAOBaHHR TBepA~X Ten H *HAKOCTeH 
RAepH~MH MeTOAaMH 

15. 3KcnepHMeHTaflbHaR ~H3HKa RAepH~x peaK~HH 
npH HH3KHX 3HeprHAX 

16. Ao3HMeTpHR H ~H3HKa sa~HT~ 

17. TeOpHR KOHAeHCHpOBaHHOrO COCTORHHR 

18. HcnonbsoaaHHe pesynbTaToa H MeTOAOB 
~YHAaMeHTaflbH~X ~H3H4eCKHX HCCfleAOBaHHH 
8 CMe*H~X o6naCTRX HayKH H TeXHHKH 

19. 6H~H3HKa 

ABAei;'r4HKOB B.B. H AP· P1-86-664 
HcnycKaHHe cjlparMeHTOB 6 He, e. 7· 8 Li npH B3aHMOAei'iCTBHH 
4He c RApaMH cepe6pa 1-1 aonora npH 3HeprHH 3,33 r3a/HYKnOH 

npeACTaBneHbl HHKni03HBHble ceqeHHR HCnyCKaHHR 6 He H e, 7 •8 Li nOA yrnaMH 45, 
90 H 135° B na6opaTOpHoi'i CHCTeMe npH 83aHMOAei'icTBHH 4 He C RApaMH-MHWeHRMH 
Ag H Au npH KHHeTH4ecKoi'i 3HeprHH ny4Ka 3,33 138/HyKnoH. B npeAnono~eHHH cy
~eCTBOBaHHR npoMe~yT04HbiX 06oeKTOB, HCnyCKaiO~HX 8TOPH4Hble 4aCTH~bl, HaXOARTCR 
cKopocrH i1 reMneparypbl 3THX o6oeKroe AnR cjlparMeHroe paanH4HbiX 3HeprHi'i. Pac
CMaTpHaatOTCR OTHoweHHR cneKrpoe 6 He K 8 Li He Li K 7 Li .noKaaaHo, 4TO HHKntOaHa
HYe Ce4eHHR Moryr 6b1Tb ycnewHo onHcaHbl, ecnH AOnycTHTb cy~ecreoaaHHe ABYX 
MeXaHH3M08 HCnycKaHHR: HCnapeHHe MeAneHHbiX cjlparMeHTOB H3 RApa-OCTaTKa H pac
naA CHCTeMbl THna $ai'iep6ona. He Ha6ntOAaeTCR Ka4eCTBeHHOi'i pa3HH~bl Me~AY npo
~eccaMH $QpMHPOBaHHR ner4ai'iwHX cjlparMeHTOB /A = 1-4/ H cjlparMeHTOB cpeAHHX 
Mace /A= 6-8/. 

Pa6ora BblnOnHeHa B na6oparopHH BbiCOKHX 3HeprHi'i OH~H. 

· llperrpHHT Ofu.e,ll,lllle!Dioro HHCTHtyra JmepHblX nccne.c;oeaHHH. lly6Ha 1986 

nepeBOA n.H: 6apa6aw 

Avdeichikov V.V. et al. 
Emission of 6 He and 6·7·8 Li Fragments in4He Coli is ions 
with wsAg and 197 Au at 3.33 Gev/Nucleon 

P1-86-664 

Inclusive cross sections for the emission of 6 He and e,7,8Li at laboratory 
angles of 45°, 90° and 135° in 4 He coli is ions with Ag and Au targets at a 
beam kinetic energy of 3.33 GeV/nucleon are presented. Assuming the existence 
of an intermediate object emitting secondary particles, we have found its 
velocity and temperature for different fragment energies. The ratios of the 
spectra of eHe to eli and 7Li to eli are considered. It has been shown that 
the inclusive cross sections can be successfully described assuming the exis
tence of two mechanisms of fragment emission: the evaporation of slow frag
ments from the residual nucleus and the decay of fireball-! ike objects. No 
qualitative difference has been found between the production processes of the 
lightest (Ar = 1-4) and medium-mass (Ar = 6-8) fragments. 

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