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BBFJJ.ElU1E 

B~COKaH BepORTHOCTb HCnYCKaHHH o(-~aCTH~ npH B3aHMO~e~CTBHH cio~

HblX anep snepsue ÔblJIa YCTaHOBJIeHa ÔOJIee ~Ba,rr,~aT" nRTH JIeT aaaan /1 . 
K HaCTOHmeMY BpeMeHH onYÔJIHKOBaHo ÔOJIblliOe ~HCJIO paôoT no H3y~eHHro 3MHC

CHH o(-~acTH~(o630p 3TRX pa60T He BXO~HT B 3a,rr,aqy ~aHHo~ cTaTb~). BMec

Te c TeM ~eTaJIbHaH H Ha,rr,e~aH HH~opMa~HH o BKJIa,rr,e pa3JIH~bOC MeXaHH3MOB 

peaxuaa ~O CHX nop orpaaaxeaa. Y1HKJII03HBHhle H3MepeHHH criexrpos H yrJIO

BhOC pacnpeneneaaã ri.-~aCTH~ He n03BOJIRIOT BhVJ,eJIHTb pa3JIH~hle HCTOtlHHKH 

3MHCCHH. KOppeJI~HOHH~e 3KcnepHMeHT~ ÔOJIee HH~opMaTHBH~, O~HaKO nOJIHO~ 

HCHOCTH nOKa TaK~e He ~OCTHrHYTO, HMeIOTCH, B qaCTHOCTH, pacxo~eHHH B 

peayasraeax pa3HhOC rpynn npa H3y~eHHH ÔJIH3KHX peaxnaã. B HaCTOHme~ pa

C>OTe cnenana nomrrxa YCTaHOBHTb BKJIa,rr, pa3JIHtiHbOC l1CT.o~HKOB 3Ml1CCHH 0(

~aCTH~ c HCnOJIb30BaHH8M MeTo~a, OCHOBaHHoro Ha 3~~eKTe TeHeR. KaK H3

BeCTHO, TeHeBO~ MHHHMYM Bhoco~a ~aCTH~ B HMlpaBJIeHHH KpHCTaJIJIOrp~H~ec

KO~ OCH HJIH nJIOCKOCTH (npH HCnOJIb3DBaHHH MOHOKpHCTaJIJIH~eCKOR M~eHH) 

qyBCTBHT8JIeH K BpeMeHH npOTeKaHHH peaK~HH. 3TOT npHH~Hn nOJIO~eH B OC

HOBY o~eHKH MexaHH3Ma peaK~HH HcnYCKaHHH o(-~aCTH~. 

I. MErO,D,illffi 3KCf1EPl1MElITA 11 PE3YJIbTAThl 

MOHOKpHCTaJIJIH~eCKHe M~eHH repMaHHH OÓJIy~eH~ HOHaMH 20Ne H 40Ar 

c 3HeprHe~ 5,5 M3B/HYKJIOH H HH~e Ha ~HKJIOTpOHe Y-300 JIHP 0l1flll. rrY~OK 

nOCJIe npoxo~eHHH KOJIJIHMaTOpa HM8JI HHTeHCHBHOCTb OKOJIO 1010 c-I, ~Ha
xerp I MM, yrJIoBoA paaõpoc <± 10. Mru.ueHH TO.n~HHOR OKOJIO I MM, zaro

TOBJIeHHhle H3 ,Il,eTeKTOpHor'o MOHOKpHCTaJIJIH~eCKOro repMaHHH MeTO~OM MeXaHO

XHMR'tIeCKOR nonHpoBKH, HaKJIeHBaJIHCb cepeópHHoA naCTO~ Ha MeTaJIJIH~eC

KH~ nepxarens , ~TO oõecnevaaano 3qxpeKTHBHbltl OTBO,Il, r enna H3 OÓJIaCTYI 

3HeprOBImMeHIDI ny-qKa (MOIIUIOCT:D < 0,4 BT). B 8KCrrepHMeHTe .lIlClIOJIb30BaRO 

HeCKOJIbKO KpHCTaJIJIOB, HMe~qHX nJIOCKOCTb nOBepxHocTH (100) HJIH (111). 
Pa3JIHtlHhle BapHaHThI opHeHTa~HH KpHCTaJIJIOB OTHOCHTeJIbHO nyuxa nOKa3aHhI 

Ha pHC. I. BapHaHT pHC: Ia n03BOJIH8T B CJIy~ae KpHCTaJIJIa (100) H3MepHTb 

resesue MHHHMYMbI ~JIH ,Il,BYX nap KpHCTaJIJIOrpa!Í!Y1~eCKHX oceã THna <II O> H 

@ Om.e.tUWfIIIIIWA IDICTHTyT JlAepHWX RccneAOBUOIA .lly6Ha, 1987 
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PHC. I. Pa3nHtn-iHe BapHaHTH 0PH
eHTaQHH KpHcTannoB OTHOCHTenbHO 
nY~Ka. n - nY~OK, K - KpHCTann. 

M~eHH B ~eHTpe KaMepH, a ~eTeKTopOB 

yrnoBaH nonymHpHHa anrrapaTypHo~ nHHHH 
~eTY· 

<111> o~HoBpeMeHHo, ~o nOBHllia
eT s~eKTHBHoCTb HcnO~b30BaHHH 

nyqKa. ~H KpHcTanna 0pHeHTaQHH 
(111) no~06HaH BHcTpoeHHocTb He
OC~eCTBKMa, nOSTOM,Y BH6paHa 
cxeMa, nOKaSaHHaH Ha pHC. 16. 
TaKoro *e THna cxeMa HcnonbSO
BaHa H B cnyqae KpHcTanna (100) 
(BapHaHT opHeHTa~HH r) npH BH
nonHeHHH HSMepeHH~ ~nH napH oce~ 

THna <II O>~06aBOtn-i0 K reoMeTpHH 
pHC. Ia. Bo Bcex nepe~HcneHHHX 

I 
KpHcTancny~aHX ~Be ~eHTHtn-iHe 

norpa~H~ecKHe OCH, HcnonbsyeMHe 
~nH HSMepeHHH TeHeBbOC MHHHMYMOB, 
06pasyroT O~HHaKOBHe yrn~ c no
BepxHocTbID KpHcTanna. ÔTO c~eCT

, BeHHO ~nH 06ecne~eHHH ~eHTHtn-iHX 

ycnoBH~ rrpH B~HBneHHH paSHOCTH 
saxona B TeHeBbOC MHHHMyMax 61-. = 
1(82) -)«(81)' rne 8 2 H 8 1 

yrnH Me~y KpHcTannorpa~H~ecKo~ 

OCbID H nyqKOM. BenH~HHa 6}Ccny
~HT ~nH OQeHKH BpeMeHH npOTeKa
HHH peaKQHH /2/. CxeMa opHeHTa
QHH, rrOKaSaHHaH Ha pHC. IB, co
oTBeTcTByeT KOHTponbHoMY SKcne
pHMeHTY no B~CHeHHID BnHHHHH yr
nOBoro paspemeHHH onHTa Ha TeHe
BO~ MHHHMJM. B nocne~HeM cny~ae 

MHilleHb H ~eTeKTOp pacnono~eHH no 
~HaMeTpy KaMepH pacceHHHH, .TaKHM 
06paSOM nO~H B ~Ba pasa YBenH
~eHO paCCTOHHHe Me~ HHMH H, 
COOTBeTCTBeHHO, yn~eHo yrno
Boe paspemeHHe. ITpH pacnono~eHHH 

Ha paccToHHHH 116 MM OT MHllieHH 
COCTaBnHeT 0,160, cornac~o pac

B Ka~eCTBe nosH~HqHHo-~BcTBHTenbHoro ~eTeKTopa ~-~acTHQ Hcnonb
30BaH HHTpaT QennIDn03H cN-85 ~HpMH KodaK, 06n~~H~ sHepreTH~ecKHM 

OKHOM perncrpauna OT 0,I no 7 MsB /3/. ITpOTOHH ~aIDT MenKHe TpeKH, ripa

2 

~eM TonbKO npH sHeprHH <0,3 MsB. ~H norno~eHHH ~aCTHQ cZ> 2 Hcnonb
30BaHH A( ~Hn'bTpH, pacnonaraBlliHecH BnnoTHyro K ~eTeKTOpaM. Ton~HHa Ai 
<flonbr 6~a Bbl6paHa TaKHM 06pasOM, qT06bI oõecneuars o~HHaKoByro HH~IDID 

rpaHHQY SHeprHH peracrpxpyeasx o<. -~aCTHQ B C.Q.,H. ~nH nerexropoa, pac
nono~eHHHX no~ pa3Hb~H yrnaMH K nyqKY B n.c. ITpH aTOM HHTepBan SHep
rHH ~aCTHQ COOTBeTCTBOBan CKnOHY o(-cneKTpa OT MaKCHMJMa BnpaBO. 
CneKTp ~ yrnoBoe pacrrpe~eneHHe ~aCTHQ,nonyqeH~ Ha OCHOBe H3MepeHH~ /4/ 
~nH 6nH3KO~ peaKQHH. BbOCO~ o(-qaCTHQ y6~Ban no Mepe yrny6neHHH B KpHC
Tann sa c~eT ~HK~H~ Bos6~eHHH H cn~a o(-cneKTpa.'B Ta6n. I npHBe
~eHH HeKoTopHe ~HcneHHHe napaM8TpH, xapaKTepHsYID~He aKcnepHMeHT, H pe
synbTaTH B~HcneHHH B KOHKpeTHO~ reOMeTpHH cpe~He~ rny6HH~ B~o~a ~ 
~aCTHQ HS TonCTO~ MHllieHH, a TaK~e cpe~He~ 3HeprHH n~~HX H perHCT
pHpyeMboc qaCTHQ. )J.aHH raxae SHa~eHHH yr-na JIH~ap~a ~ I' xapaKTepHsy-. 
~ero nonymHpHHY TeHeBoro MHHHMJMa. Pe3ynbTaTH Bb~HcneHH~ nO~TBep~a

IDT c06nID~eHHe cHMMeTpHtn-iOCTH ycnoBH~ 3KcnepHMeHTa ~nH nap~ oce~. Kpo
Me Toro, B~HO, ~O cpe~HH~ nYTb of...... -~aCTH~ B KpHCTannH~eCKO~ cpene 
COCTaBnHeT Manyro ~onID nonHoro np06era, npH~eM HaH60nbmH~ BKn~ ~aIDT 

~aCTHQH, B~O~RlItHe HS nOBepxHOCTHbIX cncea. B ~aHHbIX ycnOBHHK M01lUi0 6H
no o~~aTb, ~TO yrnoBoe pa3ynop~o~eHHe ~BH~eHHH ~aCTHQ (~eKaHanHpO

BaHHe) He CHnbHO nORnHHeT Ha TeHeBO~ MHHHMJM, a BTOpHtn-iOe KaHanHpOBa~ 

HHe /5/ TaK~e He npoHBHTcH. ÔTO nO~TBep~HnOCb Ha onblTe, pe~eKC~ KpH
CTannOrpa~HqeCKHX HanpaBneHH~ Ha6nID~aIDTCH BH3yanbHo H npe~CTaBnRIDT CO
60A TeHeBHe MHHHMJMH. YrnOBaH nonymHpHHa .MHHHM,yMOB oKasanacb He60nb
llioA, B COOTBeTCTBHH c paC~eTHHMH SHaqeHHHMH (CM. Ta6n. I), ~o rOBO
pHT 06 OTCyTCTBHH MOsaHtn-iOCTH MOHoKpHcTanna, KaK HCXO~HO~, TaK H 
3BeHTyanbHo B03HRKamme~ no~ ~eICTBReM ny~a T~QnHX nOHOB. 

Pe3ynbTaTH npOCMOTpa TeHeB~ MHHHMYMOB npHBe~eHH Ha pHC. 2. TeM
~He H CBeTnHe OTBeqaIDT ~BYM BapHaHTaM CKaHHpOBaHHH MHHHMYMa:TO~KH 

~HaMeTpanbHOMY nepece~eHHID ~ KonbQeBOMY CKaHHpOBaHHID BOKpyr QeHTpa. 
B~HO Herrnoxoe COOTBeTCTBHe pesynbTaTOB. C~eCTBeHHO YB8nHqHTb CTa
THCTHqeCKYID TOtn-iOCTb saTpY~HHTenbHO HS-3a nOHBneHHH Hanp~eHH~ TpeKOB 
npH ~ 60nbmoA rrnOTHOCTH. )J.aHHHe pHC. 2 npe~cTaBnHIDT c060~ cyMMY pe
synbTaTOB ~BYX nOBTopHbOC ú6ny~eHHA ~nH Ka~oro MHHHMyMa, C~enaHH non
paBKH Ha HSMeHeHHe T8neCHOrO yrna nonH 3peHHH H ~BO~He Hano~eHHH Tpe
KOB. CpaBHeHHe pHC. 2r H 2~ nOKasHBaeT saBHCHMOCTb napaMeTpOB MHHHMY
Ma OT yrnoBoro pasperneHHH. B Ta6n. 2 ~nH Bcero KOMnneKTa HSMepeHH~ 

npaseneau 3Ha~eHHH auxona B MHHHMyMe j:. c nonpasxojt na BKn~ yrnoaor-o 
paaperneHHH onb~a, KOTopaH BbltiHCneHa c yqeToM HSMeHeHHH reoMeTpH~ecKHX 

ycnoBHft H Ha6~ID~aeMO~ yrnoBon nonyrnHpHHbI ~H Ka~oR TeHH. BenH~HHa}C 

H ee nor.pelliHOCTb onpe~eneH~ c HcnOnb30BaHHeM O~Hoft QeHTpanbHO~ TOqKH 
KonbQeB9ro CK8HHpOBaHHH. llpH 3TOM nony~eHHble SHa~eHHH pasHOCTH BbiXO
~OB B MHHHMYMax ~nH napbl oceR oKasHBaroTcH MeHbrne norpemHOCTH HSMepe

3' 
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4 

HHR. ECnH' rro BceMY Ha60py To~eK rrOCTpOHTh saBHCHMOCTh}C(~), TO rro
rpemHOCTh orrpe,IJ;eneHHR ;eCO) MO*HO, rrO-B~HMOMY, YMeHhmHTb. TaKMM 06
paaoa nonyvenu cpenaae SHa~eHHR 1'1 X= 0,031 ± 0,023 ,n.nSJ peaKQHH 2CNe 
(104 MsB) + Ge H 1'1J\. = 0,026 ± 0,033 B cnyuae 40Ar (220 MsB) + Ge, 
ITpH MeHhille~ SHeprHH HOHOB CTaTHCTH~eCKaSJ rrorpemHocTh HaCTonhKO BenHKa, 
trro 3Ha~eHHR 1'11- He, rrpHBo,n.RTCR. .Iloxaaanaae BblliIe SHa'lJeHHSJ I'1JC nce xe 
He y,n.osneTBOpstIDT KpHTepH~ ,n.Bo~Horo CTaH,IJ.apTHoro O~KnOHeHHSJ, MOlKHO CKa
ears rcnsxo , trrO HaH60nee aeponrao noaoxarem.aoe SHa~eHHe lJ. j(.t;::;. 2-3 % 
,n.nR 06eHK peaKQH~. HecMoTpR Ha OTHOCHTenhHO He60nhmoe SHa'lJeHHe Ha6n~
,n.aeMo~ pa3HocTHI'1]C, paccMoTpMM'MeTo,n.HKY 06pa60TKH ,n.aHHbOC c Qenh~ orr
pe,n.MeHHR MeXaHHSMa peaKQHH. ITpH YTo~eHHH sKcrrepMMeHTMhHbOC ,n.aHHbOC 
TaKaR MeTo,n.HKa OKalKeTCR He06xo,n.I1M0~ ,IJ;nR.nony~eHHR <pH3H~ecKo~ HH!fx:>pMa
QHH. 

2. MEI'O,nMl{A OBPABOTKl1 PE3YJIbTATOB 
Haônnnaenoe B excnepaaeare SHa~eHHe ;(sKcrr conepsorr BKJIa,rr, HeCKonh

KHK KOMITOHeHTOB cornaCHO ~pMyne: 4 
;(~Kcn = 1 •- n (1 - ]Ci ) . 

i=O (I) 
BenHqHHbI JCi COOTBeTCTB~T BKJIa,rr,aM: Hcxo,n.Horo HecoBepmeHcTBa KpHCTM
nH~eCKO~ pemeTKH ~, pa,rr,HaQHOHHoro nOBpe~eHHR ee B rrpoQecce 06ny~e
HHSJ JCpa,rr,' KOHe~oro yrnoBoro paspemeHHR orrb~a ~rn' ,n.eKaHMHpOBaHHSJ 
rrpH rrpoxo~eHHH cnoSJ HeMano~ Ton~HHbI )\,n.eK' CM~eHHR TO'qRH HcrrYCKaHHSJ 
~aCTHQ aa cuer BpeMellH6R ,n.nHTenhHOCTH peaKQHH ;<:.."'[. BenH'lJHHa J<yrn yxe 
ytrreHa npa rrony~eHHH 3Ha'lJeHH~ JC B Ta6n. 2. }1cxo,n.Hoe Ka~eCTBO MOHOKpH
CTMnOB ,n.OCTaTO~O sucoxoe, c TeMH lKe 06pasQaMH Ha6n~,n.McSJ BblXn X = o 
0,20 - 0~25 npH perHCTpaQHH ~ep OT,n.aqH, HMe~HK MMbI~ rrp06er I. 
Y~eT BKna,rr,a p~HaQHoHHoro rroB~e~eHHSJ MO&HO c,n.enaTh rrpH6nHlKeHHo Ha oc
HOBe HSBeCTHO~ CHCTeMaTHKH 17 noapeananuero BOSPie~CT,BHSJ TSDKMbIX HOHOB 
Ha MOHOKpHcTMnbl. 3a BbI'lJeTOM BKn8,IJ,OB ~rn H ;<Pa,rr, MOlKHO rron~HTh SHa
~eHKR;\He MeHbmHe 0,5, T.e. SHaqHTMhHO BbIDIe BenH~KHbl ;(0~0,25. ÔTO 
p8.3HH~He OTHOCHTCSJ K BKna,rr,8M ,n.eKaHMHpOBaHHR H BpeMeHH npOTeKaHHSJ,pe
aKQHH ler' Bep0Sl'l'HO, nensaa npeaeõpevs HH TeM, HH ,n.pyrI1M. ~enH~HHY J\,n.eK 
BOSMO~O paCC~HTaTh, o,n.HaKO SKCTpaK~HSJ BbI'lJHcneHHbIX c HeKOTOpo~ norpem
HOCThlO SHa~eHH~ }yrjy, J<Pa,rr,' ;(,n.eK HS Ha6nlO,n.aeMO~ BenH~HHbI ~SKcrr 
rrpHBe,n.eT K orrpe,n.eneHH~)C~C HMSKO~ TO~OCTh~. Banee Ha,rr,e~YD HH!fx:>pMaQHID 

PHC. 2.	 ITpO<lJMH TeHeBbIX MHHHMyMOB ,n.ng c/... -'tIó,CTHI..I;, 06pas~HXCSJ B peaK
~Hmc 40Ar (220 MsB) + Ge (a-s) H 2~e (I04 MsB) + Ge (r-3). 
~eKCbI oce~, yron opHeHTa~HM OTHCCy.TeYJhHO rr~a MHOMep orrbl-.4 
Ta pasau: a) - <110>, 1520, };5; 6) -<110::::; 950, tiJ5; B) -<IIP, 
1280, Jfl5; r) - <IIl>, 1650, Jfl3; n) - <IlO>, 158°, 1fl; e) 
.<II0~ IlOo, }fI; )1';) - <IIl>, 152°, 'fi; 3) - <111~, 990 , fI. 
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, 2~e + 105 63 95,5 82,9 5,5 0,36 0,32 
104 

1J,8 
Ge 155 40 95,9 83,3 5,6 0,409,6 0,36 

40Ar + . 101 95 54 185 10,7 0,384, I 0,34 
220 3,2Ge 152 14 190 104 5,8 0,51 0,46 

Tà6JI1..n~a I. Pe3YJlbTaThI BhItH1CJleHHR TOJlIl.\HHbI pa60TaiOII.\erO CJlOR	 o BeJlHtlHHe }CrrMOiKHO rrOJlYtlHTb rrYTeM o6pa6oTKH H3MepeHHhoc 3Hal.JeHH~ fi j:... 
MHrneHH H CBR3aHHbOC rrapaMeTpOB	 ,neJlo B TOM, trrO BCe nepeuacneaxue BKJIa,n;bIJCi ' H:pOMe Ire' cnaõo 3aBHCHT 

OT yrJla perHCTpa~HH tlaCTH~ rro OTHOilleHH~ K rrytlKY H ~OJl~~ ~aBaTb pe

3YJlbTHpYlOII.\ee 3HatleHHe fi:;:"', 6J1H3KOe K HYJI~. OTJlHtlHe OT HYJlSI CBSl3aHO c 

a~eKTOM BpeMeHH rrpOTeKaHHSI peaK~HH. 

MO~eJlHpOBaHHe axnana JCreB TeHeBO~ MHHHMYM H paSHOCTHfij: rrpOH3BO

~HJlOCb CJIe~~~HM 06paSOM. PaCCMOTpeH~ TpH B03MO~HbOC HCTOl.JHHKa Hcrryc

KaHHR c/: -l.JaCTH~, xoropue, Boo6I1.\e r oaopa, ~a~T COCTaBJlíOOII.\He B;Crr: ~	 3 
JCrr:: ?= GJ' ;!Cf[ j	 (2) 

1=1 ' 
r~e j =1 cooTBeTcTByeT oé-l.JaCTH~aM, HcrrYIl.\eHHb~ COCTaBHO~ cHcTeMo~; j = 

2 - JlerKHM (cHap~orro~o6Hb~~ rrpo~YKTOM Heyrrpyro~ peaK~HH; j =3 - MH

illeHerro~o6Hb~ rrpo~YKTOM. K03~H~HeHThI 0j I1pe~CTaBJlíOOT co6ott saBHc~~ 

OT yrJla ~OJl~ o(-l.JaCTH~ Ka~oro HCTOtIHHKa H Bh~HCJlíOOTCSI rro ~opMYJle: 
Ta6J1H~a 2. Pe3YJlbTaTH H3MepeHH~ R d.. d....o/... 
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0,637(31)
 

0,6?I(32)
 

0,658(28)
 

0,693(31)
 

0,034(63)
 

0,035(59)
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 <110>
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0,628(45)
 

O,69I(63)
 0, ffi3(I08)
 

IIO
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 B)
 <III>
 165
 0,615(27)
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<IIO>
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lIO
 

152
 

99
 

0,619(60)
 

0,673(85)
 

0,615 (65)
 

0,658(83)
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<IIl>
 

<110>
 

128
 

152
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0,755(26)
 

0,764(25)
 

0,777(34)
 0,013(59)
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152
 

95
 

0,690(83)
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Uj = CPj Pj Kj(8 L,E L), (3)
 

r,II,e C ocecnevaaaer YCJloBHe HOpMHpOBKH 2::::: Oj = I, pf - ~OJlSl Cel.JeHHSI pe


aK~HH THrra j B rrOJlHOM CetleH~ peaK~HH, rj- ~epoSITHocTb HcrrycKaHHSI ~

l.JaCTH~ B036y~eHi-I~ ~pOM THrra j , KJ' - KHHeMaTHtleCKH~ qaKTop ,II,JlR aa-


Q) 
cJ... ri...:s: 6J1~,II,eHHR o/-. -tlaCTHIJ,bI c aHeprHe~ EL non yrJloM 8 L K nyuxy, KHHeMaTHtlec-ÇQ 

I:-< 
o KH~ qaKTOp Kl pasea: d... o/.... WL 

K1 ::W(8c )W(E c) E 
.( • (4) 

HOpMHpOBaHHble K e~HHH~e crreKTH~bHoe H yrnosoe pacnpeneneaxa cl-l.Jac

THIJ, B C.IJ,.H. B3RTH H3 pa60TbI 74 npa COOTBeTCTBY~ll\IDC 3HeprHRX B036y~
,II,eHHR COCTaBHoro ~pa. B cJlytlae HcrrYCKaHHR ~-l.JaCTH~ rrpO,II,YKTOM Heyrr

pyI'O~ peaxnaa pacuer HeCKOJlbKO CJlOiKHee. Koop~HHaThl ~, 'f' aaripaaneaaa 

,II,BH~eHHR HCTOtIHHKa B IJ,HJIH~pHtleCKO~ CHcTeMe c OCb~ B~OJlb HarrpaBJleHHR 

perHCTpaIJ,HHol-tlaCTHIJ,H npeoõpaayorca B 8 , I.f OTHOCHTeJlbHO nyuxa. Vic
2~e + 

rrOJlbsyroTCR ~~K~HH c)(Q) - HOpMHpOBaHHoe yrJloBoe pacrrpe~eJleHHe H3J1Y
Ge tla~HX anep, W (E~) - cnexrp ri.. -l.JaCTH~ B CHCTeMe HSJlYl.JalO~ero 1UI.pa, 

W (I.{) - yrJIOBaR ~o~eJl~HR HcrrYCKaHHSI ri.. -tlaCTHIJ, B rrJlOCKOCTH - BHe rrfo

CKOCTH peaK~HH, V~ - SIKo6HaH, CBR3~BaroIl.\Htf ~BO~HO~ ~H~epeHIJ,HaJI d~dE 
B JI.C. H B CHCTeMe À3JIYl.IaIOII.\erO 1UI.pa. ~H rrpo~eCCOB j = 2;3 KHHeMaTH

l.JeCKHtf qaKTOp K Bh~HCJISleTCR no CJIe,II,yroIl.\HM ~OPMYJlaM: 

cos 8:: si n gt si n'\J- cos \fI + (OS etcos IJ. , (5)
40Ar + 

sín'f:: sinlJ. sin'flsin-18 ; (6)
Ge 

11'" \W 

~ 
K2; 3(et, Et):: 2 ~ si n11-d1J~5(8) W(E? )\.j (If) V~ d 'fI. (7) 

Bce nepel.JHCJIeHHHe yrJIH'- B JI.C. <1?opMYJla (7) RBJIReTCSI TOl.JHO~ B c,MbICJIe 

I 
~ 
Q) 
I::t: o 
::E 
:s: 
lU 
C') 

CO 

KHHeMaTHl.JeCKHX npeoõpaaosanaã. ~YHKIJ,HH VI (Et) H W('f) B3RTH xa OCHOBe
 

CTaTHCTHl.JeCKHX paCl.JeTOB, ytlHTHBaIDII.\HX 3KcnepHMeHTaJIbHHe ~aHHHe. YrJlo
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Ta6JI~u~a 3. Ilapaaerpa 11 pesYJIbTaTbI pacuera BeJIl1'tll1H Qj 11 D. j:.. j 

\ 2~e + Ge 40Ar + 5e 

pR
J 

p~ 
J 

Q'(Id50 
Q' 

(15to) 6jj pR
J. 

'p~ 
J 

Oj(950~ Qj (1520) tij j 

I 
2 
3 

0,6 
0,4 

0,4 

0,7 

0,3 

0,3 

O,SI 

0,04 
0,16 

0,S9 

0, OI 

0,10 

° 0,008 

0,0I5 

0,5 
0,5 

0,5 

O,S 
0,2 

0,4 

0,72 
o,re 
0,22 

O,SO 
0,02 

O,IS 

° 0,007 

0, ore 

sue pacnpeneneaaa cHap~ono,lJ,06HblX npO,lJ,YKTOB 11 aaep OT,lJ,a'tll1 b (8) B JI. c. 

BbI'tll1CJIeHbI Ha OCHOBe l1MeID~l1XC,R 3Mnl1pl1'tleCKl1X CBe,lJ,eHl1R. Oc06eHHOCTb CJIY
'tla,R j = 3 COCTOl1T B TOM, trrO <fJyHK~l1,R e5 (8) CTaHOBl1TCSI ,lJ,BysHa'tlHoft. Bce 

Tpl1 ~K~l1l1, BXO,lJ,~l1e B <fJ0PMYJIY (7), Bo06~e rOBOp,R, saBl1CSIT OT CTene
Hl1 HeynpyroCTl1 peaK~l1l1. ~,R ynpo~eHl1,R paC'tleTa ,lJ,aHHa,R saBl1Cl1MOCTb yc

pe,lJ,HgnaCb, 11 npo~ecc HeynPyro~ peaK~l1l1 xapaKTepl1S0BaJIC,R e,lJ,l1HbIM 06pasOM. 
no 3TO~ npl1'tlHHe paC'tleT CJIe,lJ,yeT paCCMaTpl1BaTb KaK CXeMaTl1'tleCKl1R, CTa

Bl1TC,R ~eJIb npOBepHTb BOSMO~OCTb Onl1caHH,R SKCnepl1MeHTaJIbHbIX pesYJIbTa

TOB c TO'tlHOCTbID,lJ,O <fJaKTopa 2-3. ÔTOT <fJaKTOP BKJIID'tlaeT B ce6S1TaK~e He
KOTopbIe' ynpo~eHH,R B 'tlaCTl1 paC'tleTa, CBH3aHHO~ c BpeMeHeM pacn~a BOs

6Y1K,IJ,eHHoro nponyxra 11 cooTBeTcTByro~l1M sHa'tleHl1eM JCrr· 
npo~ecc j = I BKJIID'tlaeT B ce6,R l1CnYCKaHl1e o(-'tlaCTl1~ COCTaBHbIM ~

pOM 11 ,lJ,BO~O~ ~epHo~ CHCTeMoR. Kl1HeMaTl1'tleCKl1 3Tl1 npoQeccbI nO,lJ,06HbI. 

BpeM,R ~acn~a BbICOKoBos6y~eHHoro COCTaBHoro ~~a, COrJIaCHO Cl1CTeMa
Tl1Ke / /, ,lJ,OJI~O 6bITb npeaeõpexaao MaJIbIM < 10- c~i,R ,lJ,aHHblX peaK~l1R. 
TaKlKe MaJIa, COrJIaCHO c~eCTB~l1M npe,lJ,CTaBJIeHl1HM , 11 ,lJ,JIl1TeJIbHOCTb 
npOTeKaHl1,R npHMoft peaK~l1l1, ~eft 'tlepes CT~l1ID 06paSOBaHl1S1 ,lJ,BOftHOR' 

Cl1CTeMbI. il03ToMY COCTaBJI.RID~aSljC~1 npHHHMaJIaCb paBHoR HYJID. B npoQec

cax j = 2 11 3 06~ryeTcSI Ha60p ~ep, l1Me~l1X Bos6Y1K,IJ,eHl1e OT 0,lJ,0 (aRc· 
TIo Cl1CTeMaTl1Ke I 6bIJIl1 -BbI'tll1CJIeHbI saBl1CRMOCTl1 rr(~) ,lJ,JISI pacn~a BOS
6y~eHHoro CHap~o- 11 Ml1illeHenO,lJ,06HOrO npO,lJ,YKTa. C,lJ,eJIaH' Kl1HeMaTl1'tleCKl1R 

paC'tleT Cpe,lJ,Hea CKOpOCTl1Y~ l1SJIY'tl~ero ~pa no HOpMaJIl1 K Kpl1CTaJIJIOrpa
<fJH'tleCKOA OCl1. SaTeM nOJIy-qeHHbIe SHa'tle,l1, v~1C(~) l1CnOnbSO~aHbI,lJ,JISI pac
'tleTa )(rd no <fJüPMYJIaM, npl1Be,lJ,eHHhIM B 2. OC~eCTBJIeHO l1HTerpl1pOBaHl1e 

\JJ,. (E.*) .7<'1:" j (~) no d E.* OT nopora l1CnycKaHHSI o( -'tlaCTl1~ Bo(,lJ,o (aRc· 

nOJIY'tleHHb~e SHa'tleHl1S1f.rrj,lJ,JISI Ka~oro yrna Ha6JIID,lJ,eHl1ft 9I K 92 c y-qeTOM 
Ha6JIID,lJ,aeMOro B 3KCnepl1MeHTe 3Ha'tleHl1S1' ]CMeT ,lJ,aBaJIl1 BOsMO~OCTb HaRTl1 
61- j 11 cpaBHl1Tb L:../1X j c 3KCnepHMeHTaJIbHbIM SHa'tleHl1eMb]c. Ilapaaerps 11 

pesYJIbTaTbI paC'tleTa npl1Be,lJ,eHbI B Ta6JI. 3. OTHOCl1TeJIbHbIA BKJIaA npoQeccoB 
j= 2;3 B l1CnycKaHl1e o(-'tlaCTl1~ OKasbIBaeTcSI HeMaJIbIM. ~OJISI 'tlaCTl1Q pac

na,IJ,a JIerKOrO npO,lJ,YKTa YBeJIl1'tlHBaeTCSI c YMeHbmeHl1eM yrJIa; BOSMO~~ 3TMM 

06nSlCH,ReTC,R YBeJIl1'tleHl1e 6;( B onbITe ~2, Ha6JIID,lJ,aeMOe no ,lJ,aHHb~ Ta6JI. 2, 
eCJIl1 npeHe6pe'tlb norpernHocTbID l1SMepeHHA. CYMMapHbIe SHa'tleHl1,R 2Ç6)Cj , 
nOJIy'tleHHbIe B paC'tleTe (CM. Ta6JI. 3), paBHbI OROJIO 2,5-1,5 %11 He npOTl1

BOpe'tlaT pesYJIbTaTaM onbITOB ~1 11 ~5. BOJIee TO'tlHOe conOCTaBJIeHHe JIl1Ml1, 
Tl1pOBaHO CTaTl1CTl1'tleCKO~ norpemHocTbID HSMepeHl1«. RCHO, trrO lKeJIaTeJIbHb~ 

,RBJI,ReTC,R He' TOJIbKO YBeJIl1'tleHl1e Ha6paHHO~ CTaTHCTl1KH TpeKoB, HO 11 YMeHb
" i l menae MeTO,lJ,l1'tleCKme KOMnoHeHToB, ,lJ,aIO~me BKJIa,IJ, B TeHeBO~ BbIXO,lJ, 1" . TIpH 
~ nOJIY'tleHl1l1 60JIee TO'tlHblX 3KCnept1MeHTaJIbHblX pesYJIbTaTOB cpaBHeHHe me, c 

pacueroe nOSBOJIHJIO 6bl onpenenars ,lJ,OCTaTO'tlHO Ha,IJ,e~O BKJIa,n; paamraaux 
HCTO'tlHl1KOB 3MHCCl1l1 d- -'tlaCTl1~ B SaBl1CliMOCTH OT yr'na Ha6JIID,lJ,eHH,R. OTCID

,lJ,a CJIe,lJ,yeT HH<fJopMa~H.R o BepoSITHocTH paSJIl1'tlHblX MexaHl1SMOB peaK~~H. TIa
paaerpu pf 11 pj , npaseneiiaue B Ta6JI. ~, BbI6paHbI. xa OCHOBe 3Mnl1pM'tleC
xor'o MaTepl1aJIa. l-13BecTHo, 'tlTO aeporrraocrs HcnycKaHH.R o( -'tlaCTH~ JIerKH
Ml1' ~paMl1, THna 20Ne, 6JIHSKa K e,lJ,l1HH~e npH E*> B~. O,lJ,HaKO CneKTpaJIb

Ha.R ,lJ,OJI,R TaKl1X Bos6y~eHH~ O~eHl1BaeTC.R paBHo~ OKOJIO .0,3. ~,R 4°Ar cp e,lJ, 
HH,R 3Heprl1,R Bos6y~eHl1R BospacTaeT, HO YMeHbrnaeTCH rrpoHH~aeMocTb KY

JIOHOBCKoro 6apbepa. HaKoHe~, ,lJ,JI,R TRlKeJIblX npO,lJ,YKTOB He,lJ,ocTaTKa ~ He 
o<

t1MeeTC,R, KYJIOHOBCKHR 6apbep c~ecTBeHHo nOHHlKaeT BepoSITHocTb P , O,lJ,-

HaKO 3Ha'tl~eJIbHbI~ yrJIoBoR MOMeHT ~pa H O<-'tlaCTH~bI cnocoõçraynr YBe
JIl1'tleHl1ID P • 

TaKl1M 06pasOM, B pa60Te BbmOJIHeH 3KCnepl1MeHT no Ha6JIID,lJ,eHHID 3~eK

Ta TeHe~ ,lJ,JI,R peaxuna l1CnYCKaHl1,R o<. -uacrnu non ,lJ,e~CTBHeM T.RlKeJIblX HOHOB 
11 06c~eHa MeTO,lJ,HKa aHaJI113a pe3YJIbTaTOB ,lJ,JIR onpe,lJ,eJIeHH,R BKJIa,n;a pas
JIl1'tlHblX l1CTO'tlHHKOB 3MHCCHH o<. -vacrau. 

ABTopbI 6JIarO,lJ,apHbI C.IT.TpeTbSIKOBO~ H ].B.~lKOJIOC sa npe,lJ,OCTaBJIeHl1e 
,lJ,eTeKTOpOB 113 Hl1TpaTa qeJIJIIDJI03bI. 

] ~ T E P AT YP A 
I.Knox w.J., Quinton A.R., Anderson C.E. Phys. Rev. , 1960, v.120, 

p.2120. . 
2.	 KapaMoHH C.A. ôqAfl, 1986, T.17, c.753. 
3.	 Enge W. Nucl. Tracks, 1980, v.4, p.283. 
4.	 Galin J., Gatty B., Guerreau D. et aI. Phys. Rev., 1974, v.C9, 

p.111). 

I 5. KapaM,HH C.A. MaB. AH CCCP, cepo <fJH3., 19S7, T.51, ~5. 

< I 6. KapaMoHH C. A. ITpenpHHT O~ , P7-S6-727, ~6Ha, 19S6. 

n.
 
7. Byr'poB B. H. , KapaM,HH C.A. M3B. AH CCC?, cepo ~113., 1986, T.50,
 

c.1009.
 

S'. Schroder •• U., Huizenga J.R. In: Treatise on Heavy-Ion Science.n. 
Plenum, N.Y., 1984, v.2, p.115. 

PyKOill1CD rrocTYITHJIa B M3AaT~1DcKMll OTÀeJI 
16 arrparrH 1987 ro~a. 

9
8 


