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BBEJ1EHHE 

H3y4 e HHe 3MHCCHH ne rKHX 3apR~e H H~X 4aCTH~ 8 peaK~HRX C TR~e
n~MH HOHaMH Cn Y*HT OAHHM H3 HCT0 4H HKOB HH~OpMa~HH 0 BSaHMOAe~CT

BHH ABYX CnO*H~X RAe p / l .5/. n pH 3HeprHRX CTOnKHOBeHHA AO 10 M3B 
Ha HYKnOH B 3KcnepHMeHTax HafinDAaDTCR ABe rpynn~ ner KHX sapA
~eHH~X 4aCT H~. B OAHOH H3 HHX 4aCTH~~ ofinaAa~T CHMMeTpH 4H~M 

B CHCTeMe ~ . M. yrnoB~M pacn peAeneHHeM H 3He preTH4eCKHM cneKTpOM 
Hc na pHTenbHoro xapaKTepa , eo BTOPOH - aC HMMeT pH4H~M yrnoB~M 

pac npeAeneHHe.M H fionee *eCTKo~ 3HeprHeH . nepBY~ r pynny CBRs~ ea
DT C 3MHC CHeH 4a cTH~ HS Bo s 6Y*Ae HHoro CO CT a s Horo AApa, BTOpyD 
OTHOCRT K pa 3nH 4Horo pOAa HepaBHOBeCH~M npo~eccaM . B Aan bHeHweM 
M~ fiYAe M paCCMaTpH Ba Tb TonbKO Hc napH TenbH~e a- 4acTHU~. 

PaC 4eT B~xOAa a- 4aCTH ~ B pa MKax CT aTHCTH4eCKOH MOAenH pac
naAa COCTaBHoro RApa B~AB Hn SHa4HTenbHoe paCXO~AeHHe Me*AY npeA
CKasaHHeM TeopHH H AaHH~MH 3 KcnepHMe HTa B cn Y4ae TR*en~x CO
CTa BH~X RAe p C HHSKHM noporOM AeneHHR. B peaKUHH 197Au + 40Ar 
/340 M3B/~ 237 Bk 3Kc nepHMe HTan bHO HSMepeHHoe ce4eHHe ofipa30Ba
HHR HcnapHTenbH~X a -4aCTH~ OKa sanOCb B AeCATKH pa3 60nbwe pac
4eTHoro / t/. 3 TO paCXO~AeHHe YKa 3~BaeT Ha TO, 4TO B~neT a-4aC TH4, 
nO-SHAHMOMY . npe Awe cTByeT AeneHHD, a He KOH KYPHPyeT C HHM, KaK 
3TO HMe e T MeC TO n pH pac naAe CO CTaeHoro AApa . AeTopaMH!6! 6~no 
B~pa*eHO Aa * e onpeAe neH Hoe COMHeHHe B n pHMe HHMOCTH KOHue n UHH 
COCTaBHoro AApa K 3MHCCHH paBHoee CH~X a - 4 aCTH ~. 

npeACTaBnReT HH Tepe c paCC MOTpeTb 3TY cHTyaUHD AnA e~e 60nee 
TA*en~x COCTaBH~x AAep. C 3 TOH uen bro Ha MH 6~nH B~nonHeH~ paC4e
T~ ce4eHHA 06pasoBaHHA Hc napH Tenb H~X a - 4a C TH~ B peaK~HH 
232Tb + 40Ar/240 M3B/ , AnA KOTOPOH HMenHCb 3Kc nepHMeH Tanb H~e 

AaHH we 17/ .KaK H B pa60Te /6 / ,6~no YC Ta Ho Bne HO pe SKoe OTnH4He 
pac 4e T H~x 3Ha 4eHHH ce4e HHR no cpa BHe HHD C AaHH~MH 3Kc nepHMe HTa. 
npe AnpH HHMae TCA no nWTKa OfibA CH HTb npH 4HHY SToro paCXO*Ae HHA Ha 
OCHoBe n peAC TaBne HHH 0 n p04ec ce nonHoro cnHRHHA RAep KaK CBoero 
pOAa npeAenb HOM cnY4a e rny6o KoHeynpyrHx nepeAa4 / 8 / . 

1 . 	 PAC4ET C E4EHH~ 06PA30BAH H~ 


HC nAPHTEnbH~X a-4ACTH~ 


B PEAK~HH 232 Tb + 40 Ar /240 M3B/ 


Ce4eHHe 06paso aaHHR Hc napHTenb HWX a-4aCTHU onpeAenAeTcR 
ABYMR ~aKTopaMH: c e4eHHeM ~pMHpOBaHHR COCTaBHoro AApa H KOH
KypeH~HeH Me*AY pasnH4H~MH KaHa~aMH ero pacnaAa. ,...... . 	 1 
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1. 1 . 	 Ce4eH~e 06pa 30BaHH~ COCTa SHoro RApa 

.Q,nfl B036YIKAeHHblx RAe p TpaHcc»epMlile Bblx 3Jle Me HTOB AOMHHHPYIOUII'IM 
KaHa nOM pacnaAa RSJlReTCR AeneHHe. Ao HeAaBHe ro Bpe MeH H C4 HTa
nOC b , 4 TO An fl 3THX RAep c e 4e HHe 06pa 30saHHfI COCT a SHoro RApa 
H ce 4eHl'le Aene HHfI npaKTM4eC KIiI COBnaAa~T. OTKpbl Tlile 6b1CTpOrO Ae
ne HHR /Ksa 3HAe n eH IiI A/ 191 3a CTa BHn o ne peCMOTpe Tb 3T Y T0 4KY 3pe 
HMfI. B HaCTOR~ee Bpe MR npH HflTO C4 HTa Tb. 4TO B ~OpMH poBaHHe co
CTa BHoro fl Apa Aav.lT BKn a A n l'lWb Te na pl.1 Ha n bHble BonHbl, AnR KOTOPblX 
6apbep Ae neH I1 f1 COCTaBHo r o RApa He 06pa~aeTCfI S Ho nb. ~ < fBr =0 . 

AnR flApa 272108 npeAenbHbI~ cnHH, paCC 4 I'1 Ta HHbI~ B paMKax IKI'IAKO Ka 
nen bHoJli MOAenl1 B pa~alo~e rocR RApa 1 101 , COCT a BnReT OKono 601'1 . OAHa
KO 3T H pa C4e Tbi OTHOCRTCfI K xonoAHblM Bpa~a~~~MCR flApaM. B HaweM 
cnY4ae 3 HeprHR B036YIKAeH~R COCTaSHoro AApa AOCTHraeT 77 M3B. 
B paC4e Tax 3He pr~ H B0 36YIKAeH I<1R Mbl Hcnonb30BanH AaHHbie 06 3Hep r l<1
fi X CBR3H flAe p H3 pa60T~ /l l~B HeAa BHO ony6n HKosa HHo Jli paBoTe / 121 

6b1 no n pOBeAeHO Hccn eAosa HHe Bn Hfl HHA 3HeprHH B0 36 YIKAeHHfI Ha 
6apbepbl AeneH HR RAep 102-108 3neMeHTOS, B TOM 4Hcne flApa 27 2 10& 
OKa3anocb, 4TO 6 apbep AeneHHfI 6~CTPO CH HIKaeTCfI C y senH4eHHeM 
TeMnepaTypbl flA pa , 1<1 npH 3Hepn1 H B036 YIKAe HI'I R ,..70 M3B COCTaBnfleT 
OKono 0,7 M3B. K COIKaneH~~, HeT 3Kc nepHMe HTanbHblX AaHHblX 0 6apbe
pax AeneHl'lfl so~6YIKAeHHbtX Bpa~a~~I'IXCR flAep S 3TO~ 06nacTI'I A 1'1 Z . 
HH¢OpMal1l'1~ 0 cpeAHe~ Sen~4l'1He cn~Ha flAep - 3MI'ITTepOS a- 4aCTI'II1. 
MOIKHO nonY41'1Tb H3 aH1'I30TpOn~1'I yrnosblX pacnpeAeneHI'I~ a -4aCTI'II1 
B 3aAHe~ nonyc¢epe / 13 / . XOTfI T04HOCTb 3KcnepHMeHTanbHblX AaHHblX 
S pa60Te / 71 HesenHKa . ¢opMa yrnosoro pa c npeAe IleHHA onpeAeneHHO 
YKa3blBaeT Ha OTCYTCT BHe 3aMeTHoro nOAbeM3 AH¢¢epeHl1l'1anbHOrO 
ce4eHHfI Ha 60nbWHX yrnax. Ol1eHKI'I cp~AHe~ BenH4HHbI cnHHa COCTaB
Horo flApa , KOTopble MOIKHO CAenaTb Ha OCHOBaHHH 3THX AaHHblx, no
Ka3b1Ba~T, 4TO OHa 3aBeAoMO HI'IIKe 40 ' . Anfl paC4eTOB 3aCeJleHHOCTI'I 
COCTaBHoro flApa Hc no nb30Ba n HCb OnTI'I4eCKl'le nOTeHI1 Ha nbl, napa MeTpbl 
KOTOPbl X 6b1nl'l B3f1TbI H3 aHan~3a yrnoB bix pacnpeAeneHH~ ynpyro pac 
ceflHHblX I'IOHOB 40 Ar Ha 238U npH 6nl'l3KMX 3Hepr~flx / 14/ . 

1.2. 	KOHKypeHI1I'1f1 MeIKAY pa3nl'l 4HblM I'I KaHanaMI'I pacnaAa 

Boa6YIKAeHHoro COCTaSHoro flApa 272108 


PaC4eT pacnaAa COC TaBHoro R,tI pa 272 108 npoBoAHnc fI S paMKa x 
cTaT HcT H 4ecKo~ MOAe n H XaY 3epa-$ew6 axa, B KOTOPO~ B~XOA 4a CTHl1 
H3 B036YIKAeHHoro COCT aB HOro RApa npo nOP l1 1'10H aneH cooTBe Tc T BYIO~HM 

cpa ao BblM 06beMaM C Y4e ToM OrpaHI'I 4eH~ Iii , Hana r aeMbiX 3 a KOH a MI-1 CO
xpaHeHH~ 3Hepr~H ~ y rnoBoro MO Me HTa. P ac 4eT~ npo soA~nHc b Ha OC
Hose npor paMMbl / 1 5~ B KOTOpolii Y4 1'1 TblBanaCb KOHKy peH41'1f1 Me IKAY Ka
HanaMI'I pac naAa COC TaBHoro flApa C Bwne TOM ne rKI'IX 4a CT I-1 l1 /H e I1 TpO
HOB, npOTOHOB, a - 4 aCT ~4/, y-KBaH TO B 1'1 Aene HI-1~ . Pe3ynb TaTbi 
paC4e TOB OKaaanl'lCb AOBonbHO 4YBCTB HTenbHblMH K B~6opy na pa MeTpOB 
MOAenl-1, n03TOMY Mbl OCTaHOB I-iM CfI Ha HIltX n0t1P06 He e . 

BBEAEHHE 

H3Y4eHHe 3MH CCHH ne r KHX 3apR*eHH~X 4aCTI'I l1 B peaK4HRX C TRIKe
n blMI'I HOHaM I1 cnYIKHT OAHHM H3 HCTD4HHKoe HH¢oPMallHH 0 s3aHMoAei1cT
BHH ABYX CnO)f(H~X R,tIe p 11-5/ • npH 3H eprHRX CTonKHOBeH~R ,tIO 10 M3S 
Ha HYKllOH B 3KcnepHMeHTax Ha6JllOAalOTCR Ase rpynnbl nerK~1X 3a pR 
*e HH~X 4aCTH 4 . B OAHOI1 H3 HHX 4aCTI-I4bl o6naAanT CHMMeTpl1 4HblM 
B CI'ICTeMe 1I.M. yrnoB~M pacn peAeneHHeM 1-1 3He preT1'I4e CKI-IM cneKTpOM 
HCnapl'ITenb HOr o x a p aK Te pa. BO BTOpo lii - aC HMMe Tpl'l4HblM yrnosbiM 
pacn peAeneHl'le M 1-1 6 0ne e IKeCTKOJ.1 3Hep r Helii. nepBYI() rpynny CSfl3b1Ba
lOT C 3MHCCHe lii 4aC TI'Il1 113 B0 36YIKAe HHoro COCTaSHOr O AApa, BTOPYIO 
OTH OCfl T K pa3nl-1 4HOr O pOAa He paBHOSe CHbiM n pOl1eCcaM. B AanbHeliiweM 
MbI 6YAeM pa CCMa Tp HBaTb TOn bKO I'ICnapHTe J1 bHble a -4aCTI-14b1. 

PaC4eT BblXOAa U-4aCTH 4 B paMKaX CTaTI'ICTH4eCK0 l1 MOAenH pac
naAa COCTaBHOrO RApa Bbl fl BHn 3Ha4H Te n bHOe paCXO*AeHHe Me*AY npeA
CKa 3aHHeM Te OpHH ~ Aa HHblMIIt 3KCnepl-1Me HTa B CnY4ae TRIKenbiX CO
C TaS HbiX RAe p C HH3KI'IM nopO r OM Ae n e HHR. B pe aK41'11-1 197Au + 40 Ar 
/340 M3B/ ... 237 Bk 3 Kc nepHMeHTa nbHo H3Me peHHOe ce4eHHe 06pa30Sa
HI'IR Io1 Cnapl'ITenbHblX a - 4a c TH I.\ OKa a a nO Cb B AeOITKH pas 60J1bWe pa c
4eTHoro 18 / . 3TO pacxoIKAeHl'le YKaS b4 Sae T Ha TO, 4TO Bblne T a -4aCTHI1. 
nO-BI-1A HMOMY, n peAwe c TByeT AeneHH~ , a He KOH Kypl'lpye T C HI'IM. KaK 
3TO I'I Mee T MeCTO npl-1 pacnaAe COCTaSHoro Rt1 pa. ABTo pa MH / 61 6~no 
Bbl pa*eHo Aa IKe onpeAeneHHoe COMHeHHe B n p HMeH HMDCTI'I KOHl.\enl1HI'I 
COCTa BHoro RApa K 3MI-1CC HH paBHoBeCH~X a - 4aCTI-I 4. 

npeAc TaBnfleT I-1 HTepec pac cMoT peT b 3TY cHTya4 1'1 ~ An fl e~e 60ne e 
TRIKenhiX COC TaBHblX RAep. C 3TO~ 4e n blo HaMH 6blnH BblnonHeHbI pac 4e 
Tbi ce4eHHA 06pa 30BaHHfI Hcna p~TenbHblx a -4acTH4 B peaKl.\l-11'1 
2S2 T h + 40 Ar /2 40 M3B / , An R KOTOpO~ I'I Me nl-lCb 3KcnepHMeHTa n bHbie 

Aa HH ble 171. Ka K H B pa 60Te !6/ ,6b1n o YCTaHOBneHO pe3Koe OTnH41'1e 
paC4eTH~ 3Ha 4eHHIii c e4eHH A no c pa SHe HHIO C Aa HHblMH 3KCnep1<1Me HTa. 
npeAn pl'IHHMaeTc~ nonbl TKa 0 6 bA CHH Tb npl-l4H HY 3 Toro pacxoIKAeHH~ Ha 
OCHos e npeAcTaBneHI-I ~ 0 n po l1eCce nonHo r o CflHRHI-1R R,tIe p KaK CBoe r o 
pOAa n peAe n bHOM c n Y4ae r ny6 oKoHeyn py r l'lx nepeAa4 / 81 

1. 	 PAC 4 ET CE4 EH HR 06PA3 0BAHHR 

HC nAPHTEIlbHblX a - 4ACTHU 

B PEAKUHH 282 Th + 40 Ar /24 0 H3S 


Ce4e Hl'le o6pa30BaHH~ Hc na pHTenbHblX a-4aC THI1 onpeAenReTCR 
ABYMR ~aK TopaMH: c e 4eHHe M ¢oPMl-1pOBa HHR CDCTaSHo r o ~Apa H KOH
Kype H4He lii MeIKAY pa3nl'l4HblMI'I Ka Hana MI'I e ro pac naAa. 
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1.1 . Ce4eH~e 06pa30BaH~~ COCTaBHoro ~Apa 

An~ B036Y~Ae HH~x ~Aep TpaHc~e pM~eB~x 3n e MeHTOB AOM~H~py~~~M 
Ka HanOM pacnaAa ~Bn~eTC~ AeneH~e. Ao HeAa BHero B peMeH ~ C 4~ Ta

nOCb, 4TO An~ 3T~X ~Aep ce 4e H ~e 06pa30BaH~~ COCTaBHoro ~Ap a 

~ ce4eH~e AeneH~A npa KT~4ecK~ COB naAa~T. OTKp~T~e 6~cTporo Ae 
neH~~ I KBa3~AeneH~~/ '91 3aCTaB~no nepeCMOTpe Tb 3TY T0 4KY 3pe
HH~. B HacToA~ee BpeMA np~H~To c4~TaTb, 4TO B $OpM~poBaH~e CO
CTaB Horo ~Apa AaKlT BKnaA m1Wb Te na pL\ ~ an b Hble BOI1 Hbl, AJ:l~ KOTOPblX 
6apbep AeneH~A COCTa BHor'O ~ .Qpa He 06pa~aeTC~ B Honb , f < fBr ~O . 

AnA ~Apa 272 108 npe AZl1bH bl ill cn~H , paC C 4~ TaH H~iII B pa MKa x ~HAKo Ka
nenbHo~ MOAen~ Bpa~aID~eroc~ ~Apa / lO / , COCTa BI1~eT OKono 60t . OAHa
KO 3T ~ paC4eT~ OTHOC~ TC~ K xonOAH~M Bpa~a~~HMC~ ~ApaM. B HaweM 
cnY4ae 3Hepr~A 80 36Y>KAeHH~ COCTaBHoro ~Apa AOCT~raeT 77 M3B. 
B pa C4eT ClX 3Hepr~H B036YlKAeH~~ Mbl ~cnonb30 Bal1~ Aa HHbie 06 3Hepr~
~x CB~3~ ~Aep ~3 pa6oT~ / 11~ B HeAa BHO ony6nH KoBaHHo~ pafioTe / 121 

6bino npoBeAeHo ~CCl1eAOBa l~~e Bm1~H~A 3Hepr~~ B036Y~AeH~A Ha 
6apbe pbl AeneH~~ ~Aep 102-108 3n e MeHTOB , B TOM 4~cne ~Apa 272 108. 
OKa3anocb, 4TO 6apbep AeneH~~ G~CTpO CH~>KaeTC~ C YBenH4eH~eM 
TeMnepaTYPbl ~Apa, ~ np~ 3Hepr~~ B036Y>KAeH~~ ~70 M3B COCTaBn~eT 
OKono 0,7 M3 B. K CO>KaneH~~, HeT 3Kcnep~MeHTal1bHblX Aa HHbl X 0 6apbe
pax AeneH~~ Bo~6Y~AeHHblx Bpa~a~~~xc~ ~Aep B 3TO~ 06nacT~ A ~ Z. 
~H$opMa L\~~ 0 cpeAHe~ Ben~4~He cn~Ha AAep - 3M~TTepoB a -4aCT~L\, 

MO>K HO nonY4~Tb ~3 aH~30Tpon~~ yrnoBblx pa cnpeAeneH~~ a-4aCT~L\ 

B 3aAHe~ nonyc$epe / 13 / . XOT~ T04HOCTb 3KcnepHMeHTanbHblX AaHHblX 
B pa60Te /7/ HeBen~Ka, ~opMa yrnoBoro pacnpeAel1eH HR onpe AeneHHO 
YKa3b1BaeT Ha OTCYTcTB~e 3aMeTHoro nOAbeMa A~$$epe H L\HanbHOro 

ce4eH~~ Ha 6onbw~x yrnax. OL\eHK~ cpcAHe~ BenH4~HbI cn~Ha COCTa B
Horo ~Apa , KOTo pble MOlKHO CAena Tb Ha OCHOBaH~~ 3 T~X AaHHbIX, no
Ka3blBaiOT, 4TO OHa 3aBeAoMO H~>Ke 40 1i. An~ paC4eTOB 3aceneHHOC: T~ 
COCTaBHoro ~Apa ~cn0l1b30Ban~Cb onTH4eCK~e nOTeHL\ Hanbl, napa MeT pbl 
KOTOPblX 6b1n~ B3~Tbl ~3 aHan~3a yrno BblX pacnpeAeneH~~ ynpyro pac 
ce~HHbiX ~OHOB 40 Ar Ha 238 U np H 6.rU13 KYlX 3Hepr~~x / 14/ . 

1.2. KOHKypeHL\ ~~ Me >KAY pa3n~4HblMYI KaHanaMYI pacnaAa 

B036Y>KAeHHOro COCTaBHoro ~Apa 272108 


PaC 4eT pacnaAa COCTaBHoro RApa 272 108 npOBOAYln CR B p aMKax 
cTaT~cT~4ecKoA MOAen~ XaY3epa-$ew6axa, B KOTOPO~ BblXOA 4 aC TYlL\ 
~3 B036Y>KAeHHOro COCTaBHoro ~Apa nponOp L\ YlOHaneH cooTBeTc TBY~~HM 
cpa30B blM 06beMaM C Y4eToM orpaH~4eH~~, Hana raeMblX 3aKOHaM~ CO
xpaHe HHR 3Hepr ~~ ~ yrnoBoro MOMeHTa. Pac4e TbI n poBoAYln HCb Ha OC
HOBe nporpaMMbI 1 15/ , B KOTOpoA Y4~TblBanaCb KOH KypeHL\~1R Me >KAY Ka 
HanaM~ pacnaAa COCTaBHoro ~Apa C B~ne TOM ner K~X 4aC T~L\ IHe iliT Po 
HO B, npOTOHOB, a - 4aC T~L\I , Y - KBaHTOB H Ael1eH~A . Pe3Y11b Ta Tbi 
paC4eTOB OKa 3al1~Cb AOBOl1bHO 4YBCTB~Tel1 b HblM~ K Bbl60 py napaMeTpOB 
MOllen~, n03TOMY Mbl OCTaHOB~MC R Ha HHX nOAP06Hee. 

1.2.1. n110THOCTb y p o BH e l1 

B paC4e Tax Hc n011b30Ba 110Cb Bblpa~eHHe AI1R nnOTHOCTH ypOBHe~ 
~3 pa 6 0 n .. 16 1 : 

p (E. J) "" c.J (E. M = J) - c.J (E. M ~ J + 1) , 

W lE , M) = ", (E - M 2/aR, 0) , 
I I I 

weE, 0) =K exp [2v' aU l!Rl / 2 a2 t 3 • U= E-8, 

rAe p( E . J) - hnoTHocTb ypoBHe~ C MOMe HTOM J ~ 3HeprYle ili B0 36 Y>KAe 
HHR B HHTe pBane E ~ E + dE • w(E, M) - nn OTH OC Tb COCTORH~A npH 
ToA >Ke c aMo A 3He prH~ C npOeKL\ HeA M BeKTo pa yr l1oBorO MOMe HTa 
Ha He KoTopy lO OCb KB aHToBa w1R , a YI R - napaMeTpbl, CBR 3 c1 HHble 
COOTB e TCT Be HHO co cpeAHe~ n110THOCTbll) ~ cpeAH ei1 n pOe Kl\ ~ei1 cm-tH a 
0 AHo4acTH4HblX ypoBHe~ B RApe, (aR/2 MO~HO pacCMaTPHBa Tb t<aK 
341C1>eKH1BHblA MOMeH T ~He pllHH AApa), K - I<OH CTaH Ta ( 0 6b14 HO K = 1/12), 
8 - nOn paBl<a Ha c na p~B aH ~e, t - RAe pHa R Te Mne pa Typa, o n peAe
nReMaA cneAY~~~M 0 6 pa30M : 

U = at 2 - !" t 	 /212 • 

. 17 , 
3TO n peACTaBl1eH~e p (E,J), KaK nOKa s aHO B ' ,Aa e T 6011ee aAe l<-


BaTHoe on~caH~e pean~CT~4eCKO~ nnOTHOCT ~ YPOBHeA np~ 6011 bW~X 


yrnoBbix MOMeHTax, 4eM <l>0PMYl1bl, B KOTOPblX 3aB~C~MOCTb OT MOMeH

B 1 18 1/.Ta J BblAe "eHa ABHO IHanp~Mep, KaK 


RAPO 272 108 3Kcnep~MeHTanbHO He ~3Y4eHO, n03TOMY AnR na pa

MeTpa a Hc n0l1 b 30Ban~Cb TeopeT~4ecK~e OlleH KH, nonY4eHH~e B / 19 / : 


__A_(l + A-1 / 3 F ) (Mae) - la 	 13 
14,81 2 

r Ae F 2 = 	 ~ du/4ITR2 • nl1o~aAb nOBepXHOCT H Ae$opM~pOBa '"1HO rO ~A pa, 

l 


OTHeceH HaA K nno~aA~ COOT BeTcTBy~~e ro C$ep~4eC I<OrO RApa. $op-
Myna 131 	 Y4~TblBae T H anH4~e A~<l>$Y3 HO~ rpaH ~4~ RAP a ~ XOPOWO o nH
CblBaeT 3MnHpH4eCKY~ 3a BYlC ~MOCT b a OT MaCCOBoro 4Hcna A B TO~ 
o finacTH sHa4eHHiil Z H A. rAe eCTb 3KcnepHMeH TaIl.bHb/e AaHHble . 

B pac 4eTax Mbi nOl1a ran~ a = a = a = a. na p aMe Tp a f ' onpe
¥ 	 • a n p. 6 

AenR~~HH 	nno THoc Tb ypoBHe H B ceAr~Bb~ T0 41<e, npH onbW~X 3Hep 
r ~RX B036Y~AeHHR He AonlKeH cy~ecTBe HHo OTn~4aTbCA OT a, n03
TOMY Mbi nona r a n l1 a t paBHblM a. B1201 6 b/no no nY4e Ho xopowee. o nH
caHHe 3Kcnep HMeHTan bHblX Aa HHblx no Ael1~MocTRM TAlKe nbiX RAe p co 
SHa4eHHAMH a t = Al8.o ~ at/ a = 1,08, 1<0 TO pble cornaCY~TCA C OL\e H
KoA 13/. 
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2. PE3YflbTA~ PAC4ETOB H HX 0 6CY~AEHHR 

Pe3ynb Ta T~ pac 4eToe ce4eHH~ e~XOAa a-4aCTH~ . He~TpoHoa ~ ce
4e HI'IR Aene H"' R 8 pe a Kl\111-1 282 Th + 40 At /2 40 M3B/ npeAC TaaneH~ B Ta6
nl1~e. TaM ~e YKa3aHa Ae nHMOCT b cocTa BHo r o RApa. B nepBo H CTPO
Ke Ta6nl1~~ np l1 eeAeH~ AaH H~e. KOTo pble 6~nl1 paCC4I1TaH~ AnA 3Ha
4eHI1H a 11 ar' nonY4eHH~X 113 CooTHOWeH I1H / 1/-/3/ AnR RApa 272 108. 
11 6a Pbepa AeneHI1R 3Toro RApa npl1 3He prl111 B036Y~AeH I1R 77 M3B 
H Hyne Bo M Cn11He/12~ Pac4eTHaR Benl1411H a Ce 4e HI1R o6 pa30BaH I1R v.c na 
p l1 TenbH~X a - 4acnl~ a a '" 0.5 1016 OKa3ana Cb Ha ABa nopAAKa MeHb
we 3KCne pI1Me HTallb HO 101 3Mepe HHo~ - 60 1016 . 

Ta6m w;a 

a a e Be o n or °a 
/~bB-1 / /M3r1/ /M3B/ /Mf5/ /M5/ /M6/ X 

30 30 0,7 0,55 18, I 81,6 0,82 

30 30 0,1 0,45 14,8 85,0 0,85 

34 34 0,7 0,30 12,2 87,7 0,88 

26 26 0,7 1,09 28 ,2 70,9 0,71 

30 34 0,7 0,002 0 ,05 100,2 1,0 

30 26 0,7 2,96 98,4 0,7 0,01 

30 30 7,0 2,75 89,8 7,5 0,07 

npHMe~aHHe K Ta6nH~e. QHcno nap~HanbHb~ BonH, ~aromHX BKna~ 

B o6pa30BaHHe COCTaBHor o R~pa, 5bmo orpaH~eHO 60. YMeHbweHHe 
3Toro 3Haq eHHR ~o 40 npHBO~HT K YMeHbweH~ Bb~o~a ~aCT~ Ha 
30-40%. 

CneAylOllla R CTpOKa Ta6nl1 l1 b1 AeMoHcTplo1pyeT an l1AHl1e Ha pe3YJlb
TaT bi paC4eTa CH~llKeH Io1R 6apbepa AeneH I1R C 0 ,7,1100,1 M3S . KOTO
poe MOIKHO Oll( lo1Aa Tb 3a c Lier Cnl1Ha COCTa eHoro A~,pa. BHAHO, 4TO n plo1 
CTonb HIo13KOM 6 a pbepe AeneHI-1R Baplo1a Ll"'11 ero Be nlo1 4"'Hbi y~e He elH1A
~T cYlllecTBeHHo Ha KOHKypeH~Io1~ Ka H3nOB 3MI1CCI111 43CTI1 L1 11 Aene HI1R. 
MHoro 4YBcTBIo1Tenb Hee OKa3anl1Cb pe3 ynbTaT~ pac 4e ToB K 1013MeHeHI11O 
napa MeTpoB nnOTHOCTIo1 ypOBHe~. tea K 3TO SHAHO 11 3 cneAylO14I1X Cli PO K 
Ta6nl1 l\bI. OAHaKO nplo1 Te x 1013MeHe HIo1AX a 101 ar ' KOTop~e npHBOAl'lT 

272 108K B03paCTaHIo1~ a AO HeCKOn bKI1X Il1lo1nm16apH, Ae n HMOCTb AApa
a 

OKa3~BaeTCl'l Henpa BAonoA06Ho MaJlO ~ . 
Bapl1a Ll lo1101 APyrlo1x napaMeTpoB pa C4eTa He O Ka 3~Ba~T 33MeT Hor o 

Bn lo1 RH l1l'l Ha Benl1411 HY Ce4eHI1l'l Io1cnaplo1TenbH~X a-4aCT I1 L1 B 113Y4ae 
MO~ 06nacTIo1 3Hepr l1 H B0 36ym,qe HHR '" yrnoB~x MOMeH TOB. 

4 

Ta KI1M 06 pa30M , B peaK~11 11 2 32Th + 40 Ar /240 M3 B/ 3MHCCI1l'l a 
4aC T I1~ 11 3 B036YlKAeHHOrO COC TaBHO r O l'lApa He MOlKeT 06bR CHI1Tb 
Ha6nlOAa e Mo e a 3 KCn epl1 MeHTe Ce4eHI1e 06pa30BaHI1A paBHoBecH~x 
a -4aCTI1~. BMecTe C TeM MOlKHO KOHCTaTl1pOBaTb xopowee co r nacl1e 
B nOnOlKeH l1 11 pa C4e THo rO 11 3KCnepl-1 Me HTanb Ho Ha6nlOAa e Moro MaKC I1
MYMOB 3Hepre T ~4eC KI1X c ne KT poB a -4acT ~4 Ha 60nbwHx y r nax 
/24 M3B / . 

06paT ~M cl'l K 06cY~AeHI1~ B0 3MO~H~X npH 4~ H paCXO~AeHI1R B 8~ 

xOAe a-4aCTH4 Me~AY npeAC Ka3a HI1RMH C TaTI1CTH4eCKO~ Te Op1111 co
CTaBHoro RAp a 11 AaH H~M I1 3KCne p11MeHTa. 

AononHI1Tenb H~MH I1 CT04HI1KaMI1 a - 4aCTI-1~ MOrnl1 6~ 6~T b OCKOnKI1 
AeneHI1R COCTa BHoro RApa I1nH KBa311Aene HI1R 11 npOAYKTbl rny6oKo
Heynpyrl1X nepeAa4. nepBblH I1CT04HI1K nOAP06Ho HccneAoBancl'l B pa
60Te / 8 1 AnR pea K41111 197 Au + 40 Ar / 340 M3B/. 6t"no nOKa3aHO, 4TO 
3Ha411TenbH~H BKnaA OT OC Ko nKO B Aene HI-1 l'l np HBen 6bl K CYllleCTBeH
HOMY I1C Ka~eHHIO (\>O PMbI 3HepreTI14eCKI1X c neKTpOB a -4aC TH~, no 
cpa BHeH H~ C I1CnapI1TenbH~M, 4TO He Ha6nlOAanocb B 3 KCnep 11 Me HTe. 
S peaK~1111 232 Th + 40Ar /240 M3B/ 3Heprl1l'l B036YlKAeHI1R COCTaBHoro 
l'lApa HI1~e Ha 110 M3B, a OCKOnKI1 AeneHl1l'l 06naAa~T ellle 60nbWl1M 
HeHTpoHHblM 10136bITKOM. 06a 3TI1 <paKTopa CHl1lKa~T BepOATHOCTb Bbl
neTa a-4aCTI14~ H3 OCKonKOB Aene HI-1 R. fle rKl1e npoAYKT~ r ny60 Ko
Heynpyr l1x ne peAa4 06naAa~T HanpaBneHH~M BnepeA y rnoB biM pa c 
npeAe ne Hl1eM 11 3Ha411TenbHoH nepeHocHoH CKOPOCTblO , 4TO I1CKn~4aeT 

BbineT B saAH1010 nonyc<pepy a-4aCTI1~ C 1130TpOnH~M yrnoB~M pac
npeAeneHl1eM 11 MaKCI1MYMOM 3HepreTI14eCKOro cneKTpa -24 M3B. KI1He
MaTH4eC KI1 OTnI14H~M 6b1no 6bl 11 nOBeAeH He a -4aCTI14, HcnYlI\e HHblX 
Tl'llKe n~MI1 <pparMeHTaMI1 rny60KoHeynpyrl1x nepeAa4. HeAoCTaT0 4HO 
11 ce4eH He rny60KoHeynpyr Hx nepeAa4 npH 3HeprHH 240 M3 B, 4T06~ 
06~RCHI1Tb 3KCnepl1MeHTanbHO Ha6n~AaeM~H B~XOA a-4aCTI-1~ B 3aAHe~ 
nonyc<pepe. 

ECTeCTBeHHoe 06bACHeHI1e nOBblweHHoro BblxoAa paBHOBeCH~X a
4aCTI1~ B pea K ~ I1RX C HOHaMI1 40Ar MO~HO AaTb, Ha Haw B3rnl'lA, Ha 
OCHOBe nOAxoAa K npo~eccy nonHoro CnHRHI1R RAep KaK CBoero pOAa 
npeAe nbHoMY cnY4a~ rny60KoHeynpyrl1x nepe Aa4 / 8/ . CornacHo 3TOMY 
nOAxoAY, B CTon KHOBeHl1l'lX C f < fKP Ha nepBO~ cTaA11 11 B3aHMO
AeHCTBI1 R npol1CXOAI1T nOnHal'l Al1cCl1na~l1 l'l KI1HeT~4ecKoH 3 He prl111 
H <popMHpyeTcl'l ABoHH a A RAepHa R CI1CTeMa /~C/ . 3Bon~4~R ARC 
B HanpaBneHlo111 nonHorO Cnl1RHl1l'l npOTeKaeT Ta K~M 06pa30M, 4TO HYK
nOHbI 60nee nerKoro RApa 060no4 Ka 3a 060n04KO~ nepeAa~TCR 60ne e 
Tl'l~enoMY l'lAPY. np~ 3TOM ~C C HeI136e~HOCTb~ n pOXOAHT 4epe3 CTa 
,111110 a -KnaCTepHOH KOH<pl1ry pa41111 /4 HYKnOHa i s 060n04 K~/ - "no
cneAHeH CTaH~I1I1" Ha nyTH K nonHOMY Cnl1l'lHI1~ RAep. fuol coKaR YCTOI:1 
411BOCTb l'lApa 4He MOlKeT cnoco6CTBOBaTb 3aAep~Ke 3Bon~~HH ~C 
B a - Knac Te pHoH KOH<pl1rypa4 HI1. B npo~ecce nepeAa4 J.1 HYKnoHOB OT 
RApa 40Ar Tl'llKenoMY RAPY MOMeHT I1Hep41111 ~C YMe HbwaeTcl'l, a CKO
POCTb BpallleHI1R, HanpoTHB, B03pacTaeT. KaK 113BeCTHo, Kp HTH4ec KHI:1 
yrnoBo H MOMe HT f Kp . YMeHbwaeTcR C YMe HbweHI-1eM Macc~ HaneTalOll\erO 
RApa. 3TO npl-1BoAHT K TOMY. 4TO I1CXOAHa R ARC, 6YAY411 YCTO H4 11BOH 
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K pacnaAY Ha ABa ¢parMeHTa , Teplle T CBOIO YCT0i1 4I1BOCTb npl>1 ne pe 

AaLie 3Ha41>1Te IlbHOro 41>1CIla HYKIlOHOB OT IlerKoro K TRlIIe l10MY RAPY · 

Pac naA Bpa~a~~e i1 c A AR C Ha ABa RApa-¢parMe HTa, B~3BaH H~~ ue HT po
6eIllH~MI1 CI1IlaMI>1, MOIllHO 6~IlO 6~ Ha3BaTb ueHTpofielllHOH ¢ parMeHTa

Ul>1ei1 . Ta l< ~IM 0f) pa30M, nOBblweHHblH BblXOA a -4aCTI-1U B pea Kl.Il-1RX 

C HOHa MH 40 Ar eCTb pe 3YIlbTaT pac naAa a -Kl1aCTepHOH 1<0H¢l>1rypa

UHH M C 3a c!.te T l,(eHTPo6elllHblX C...,1I AO ¢oPMl-1pOBaHI1R COCTaBHoro 

RApa. 


BblBO,llbl 

1. 8 paMKax CTaTI1CTI-14eCKOH MOAen l-1 pacnaAa COCTaBHoro RApa 
npOBeAeH paC4eT ce4eHHR 3MI-1CCHH a-4aCTHI,( "13 BosfiYlIIAeHHOrO RA
pa 27 2 108. KO Topoe 06 pasyeTcA B peaKUl1 11 2S2Th + 40 Ar /24 0 H3B/. 
Pac4e THbie Aa HHble OKasanHCb Ha ABa nOpRAl<a MeHbwe 3Kc ne pHMeH 
TaIlbHO H3MepeHHbiX B 17.1. HCnapeHl1eM 1113 COC TaBHoro RApa He B0 3MOIll
HO 06"RCHHTb Ha6JllOAaeMblH B 3TOH peaKul11>1 BblXOA paB HoBecHbiX a 
4aCn tl.l. 

2 . npeAIlo)t(eHa ...,HTepnpeTa U...,A Ha611KlAaeMoro pa3Ill1 41>1R Me lIIAY npeA
CKasaH...,eM TeopH..., ..., AaHHblM..., 3Kcnep...,MeHTa . OHa on...,paeTCR Ha npeA
CTaBIleH...,e 0 npouecce nOIlHoro CIlI1AH I1R ABYX CIlO)t(HbiX RAep KaK 
CBoero pOAa npeAeIlbHOM cnY4ae rIly6o KoHeynpyrl1x ne peAa4 , B KOTO 
POM HyK110H bl Iler Koro RA pa 060Il04Ka 3a 060Il04KOH nepeAaY.lTCA 6011ee 
TA lIIeIlOMY RAPY. B paMKax 3Toro nOAXOAa nOBblweH HblH BblXOA paBHo
BeCHbiX a - 4aCTI1U eCT b pe3YIlbTaT pacnaAa a- KIlaCTepHOH KOH¢l1ry
paUl111 ABOHHOH RAepHOH CI>1CTeMbi e~e AO ¢oPMl1pOBaH I>1 R COCTaB HOrO 
RApa. TaKa R KOH¢ l1 r ypa l,( l1A ¢OpMI1PyeTcA B npouecce 3B011IOUI1 H ABOH 
HO H RAepHO~ CI-1 CTeMbi Ha nYTH K nonHOMY CIl I1AHI1I·) 06pa 3YIO~I1X ee 
AAep. 
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