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BB, E .ll EH HE 

. B om1caHHH pa3~Hqm,1x crroco6oa pacrra;ia Bo36y'1C,neHHHX SI,nep, 

B.TOM qHcne rrpouecca .neneHHSI, Hccne.nyeMoro B HacToSime8 pa6o-

. Te, OCHOBHJ,IMH rrapaMeTpaMH, 

6~M6ap.nHpy10me8 qacTHUJ,I Alz, 
. I 

3aBHcSimHMH OT'. 3HeprHH E · H: THrra 
.. I * 

"SIBnSIIOTCSI 3HeprHSI B036y'1C.neHHSI E . 

. H yrnoao8 :MOM8HT J "'tl) Il03TOMY .nnH Bbl,neneHHSI 3cJ)cJ)eKTOB", 

o6ycnoaneHHJ,IX o.nHHM H3 HHX, HarrpHMep yrnOBJ,IM MOM8HTOM, Heo6-. 

xo.nHMO _yqHTblBaTb BnHSIHie HX·060HX, rrpH 3TOM'B03M0'1CHO cJ)HKCHpO~ 

BaTb BenHqHHY' o.nHoro H3 HHX, rro.n6HpaSI Alzl H El .. :-,,llnSI 'TaKHX 

3KcrrepHM8HTan&HbIX Hccne.n?BaHH8, y.no6Hbl peaKUHH C TSI'1CenHMH 

HOHaMH, .c ITOMOmb10 KOTOpbIX M0'1CHO ocymecTBHTb 3HaqHTenbHJ,18 H3-

M8H8HHSI paccMaTpHBaeMblX rrapaMeTpOB. 

IlpH H3 yqeHHH t-3aBHCHMOC_TH pa3nHqHI,IX xapaKTepHCTHK rrpo- ; 

uecca .neneHHSI rrpHXO~HTCSI HM8Tb .neno C ~orronHHTenbHJ,IM Ba'1CHI,IM 

cJ)aKTOpOM - 3HeprHe8 BpameHHSI SI,npa Erot, KOTOpaSI 3aBHCHT OT 1 
H .ne-~DpMaUHH a H < BKn10qaeTCSI 'B ITOT8HQHanbHYIO 3HeprHIO ',necpop

MaUHH: 

·cny'1Camy10 HaqanoM * .. 
Ea;t=E-V( a,t), r.ne E 

, Hl,IM cne.ncTBHeM ( 1) 

V(a,t)=V(a,o)+E (a,t) , 
rot 

(i) 

OTcqeTa .nnH 3HeprHH B036y'1C.neHHSI 

- rronHaSI 3HeprHH ao36yxc.neHHSI SI,npa. r naa.:. 

SIBnSieTCSI 3aBHCHMOCTb OT t Bl,ICQTI,I 6apbepa 

E ( t) H .necpopMaUHH B ce.nnoao8 Toq1<:e · a { t) [ 1], KOTopaSI cHnh-. 
f ' . ~ 

HO CKa·3I,IBa8TCSI Ha BepOSITHOCTH .neneHHSI; 3TO SIBHnOCb rrpe.nMeTOM 

M~<?rHX HCcne.noaaHH8 ( CM .'HarrpHMep, [ 2, 8]) ; Me Hee H3 yqeHa 

t-3a~HCHMOCTb MaCCOB0-3HepreTHqecKHX pacrrpe,neneHH8 (-M3P) OC

KOnKOB .neneHHSI. 

IlpH . o6cyxc.neli:HH pe3yn&TaTOB 3KCITepHM8HTanbHOro H3yqeHHSI 

l)M1,1·rrpeHe6peraeM 3,nec& pa3HHUe8 Me'1C,ny op6HTan&HI,IM t H rronHI,IM 

. J=l+s·+s yrnoBI,IMH MOM8HTaMH, T. e. BKna,nOM B J CITHHOB SI,npa
t I 

MHIII8HH st H 60M6ap.nHpy10me8 qacTHUI,I Si" 

l 
Ob\C:Rli~f1l11ll1l ,m;cii~ ,1 
ml~!J!it!.K r:ml1enoE!"ifl:1P 

GWSnfFIOTEKA -
~,;. <"-·-



M3P OCK~JIKOB ,lleJieHH.H B ·noJie 3 peHH.H. o6U'-!HO HaXO,ll.HTC.fl TOJib KO . . 
cpe,llHHe (,llJI.H COBOKYilHOCTH Mace M H 3HeprH8 E) xapaKTepcTHKH 

. . K . 

- nepBue-.nBa MoMeHTa pa~npe.neJieHH8: MaccoBoro (MP) H 3Hepre-

TH'-!·ecKoro .( gp) • B npoWJIOM BHHMaHHe qacTO cocpe.noTa'-IHBaJIOCb Ha 

l-3aBHCHMOCTH cpe.nHeA KHHeTH'-leCKOA 3HeprHH napu OCKOJIKOB EK. 

B O,llHO8 H3 nepBUX. pa6oT [9] C IlOMOlllblO noJiynpOBO,llHHKOBOro 

cneKTpOMeTpa 3HeprH8 H3y'-!aJIHCb M3P OCKOJIKOB ,lleJieHH.H .fl.npa 

. 
210

Pa npoTOHaMH, (X-'-!aCTHUaMH H HOHaMH 
12

c. Ha6JIIO,llaBWH8C.fl B 

[9] poc'i' EK c yBeJIH'-!eHHeM t· cpaBHHBaJic.H. c H3MeHeHHeM- cpe.nHeA 

3HeprHH BpameHH.fl .neJI.11meroc.fl .fl,llpa B ce.nJioBoA TO'-!Ke: 

E"P = h
2t2 /2J + 8/2 I 

rot i 
( 2) 

r.ne JL H 0 - COOTBeTCTBeHHO; MOMeHT HHepUHH OTHOCHTeJibHO OCH, 

nepneH,llHKYJI.HpHOA OCH CHMMeTpHH, .H TeMnepaTypa .11.npa ,llJI.fl a=a, 
sp 

~pH 3TOM npe.nnbJiaraJIOCb,. '-!TO 3HeprH.H BpameHH.fl• (2) coxpaH.HeTC.fl 

Ha CTa,llHH . cnycKa C. BepWHHI,I 6apbepa . H . BUpa:xcaeTC.H B KOHe'-!HOM 

c'-!eTe. B yseJIH'-!eHHH E •. oueHeHHa.fl B (9) H3 pe3yJihTaToB H3Mepe-
. K -

- · - 2 -2 
HHA EK npoH3BO.llH8:.fl d~K/dl"' 6 .K3B h _OKa3aJiacb npHMepHO 

BTpoe 60JibWe O:XCH,llaeMOA H3 (2): 

. dE /dl= h
2 
/2J • 

K .i 
( 3) 

)lJI.H · l-3aBHCHMOCTH ,llHCnepcHA .MP H 3P, rrj H . rr! CTaTHCTH'-!eCKH 

3Ha'-!HMI,IH 3$$eKT B [9] He 6UJI ycTaHOBJieH. IlO3:XCe, B pa6oTe (10], 

pe3yJibTaTI,I [9] _.llJI.fl '-IYBCTBHTeJibHOCTH (3) 6UJIH nocTaBJieHI,I no.n 
- 208 

COM!J8HHe. 3HatteHH.R EK OCKOJIKOB .neneHH.fl .fl,llpa Po I o6pa30BaH-

Horo B . peaKUH.HX C <X'.""'-laCTHUaMH; HOHaMH 
12c H 

16
0, OKa3aJIHCb 

O,llHHaKOBUMH. 

IlpHMepHO B TOH ,ice IlOCTaHOBKe 

[9, 10), M3P OCKOJIKOB .. .lleJieHH.H 
208

•
210

po 

peaKUHA c a-qacTHUaMH, HoHaMH 
3
He, 

· [12) . pe3yJibTaToB H3MepeHHA xca,li, 

3KCnepHMeHTa, '-!TO H B 

H3 y.'-!aJIHCb B [ 11 , 12] ,llJI.fl 
12c H . 

160. IlpH aHaJIH3e 

BI,IIlOJIHeHHI,IX B pa6oTe 

[ 11] '. HCilOJib3OBaJiaCb npocTeHWa.fl _JI_!1He8Ha.fl rHnOTe3a: 

z ax ·ax z 
xca,lJ = x+ -·-·a+,-= l· ,. 

0 aa at2 
( 4) 

r.ne xca,£2) - cpe,llHHe MOMeHTI,I MPH 3P KaK $YHKUHH TeMnepaTypu 

2 

j 

j 

I 

. . . 2 
.fl,llpa 0 H BHOCHMoro B Hero KOJIH'-!eCTBa ,nBH:XCeHH.H l. (B 8,llHHHUaX 

h
2
), X=X(O,O) • 

·- 0 

B [ 12] 6uno nony'-!eHo 3Ha'-!eHHe 

- 2 -2 
dE /dt =2. 9±0. 7K3Bh , 6JIH3Koe K oueHKe, noJiy'-leHHOA H3 ( 3) , 

K -- 2 · -2 
r.ne dE /dl =1.4+1.9 K3Bh ,llJI.H :XCH,llKOKaneJibHOA BeJIH'-IHHI,I J B 

K · ,• L 

ce,nJIOBOH TO'-!Ke [13, 14). 3TO corJiacHe Morna YJIY'-IWHTbC.fl, · ecJIH 
,, . -. 2 . . 

y'-leCTb yMeHbWeHHe J C poCTOM l . B [ 12) ,nJI.fl ,llHcnepcHH Mace .• 
. i -. · 2 2 2 -2 

npHBO,llHJIOCb· 3Ha'-!eHHe drr.J_dl<:<O.O2 (aT.e,ll.)_h 

no-npe:xcHeMy, He HaA.neHO BJIH.HHH.fl i Ha ,llHCnepCHIO rr!, 

H, 

176-186 · 
M3P OCKOJIKOB . .neneHH.fl 6oJiee nerKHX .11.nep . Pt 6UJIH 

aHaJIOrH'-IHO H3y'-leHI,I B peaKUH.fl~ 
144-154Sm+32s H . 170Yb+l60 •B 

[15). nonyqeHHI,le B [15) 3KCnepHMeHTaJibHI,le pe3yJibTaTI,1 pa3yMHO 

corJiaCOBI,IBaRHCb C npe.nu.nylllHMH, XOT.fl Ha6JIIO,llaB~8C.fl BEK 3$~eKT 
. . 2 . 

CB.f13I,1BaJIC.fl He C H3MeHeHHeM yrnoBoro MOMeHTa l, a C H3MeHeHH--. , . . * . . .. . - * 
eM 3HeprHH . B036ylC)leHH.fl E • EUJIH, nonyqeHU oueHKH dE /dE "'o. 06 

. - 'z .. K .... 
npH dE /dl "'o. nocJie.nHee B [15) onpaB,llI,IBaJIOCb MO,lleJiblO Bpame-

.. . K . . . . 

RH.fl .fl,llpa · B TO'-!~e pa3pUBa a=asc' r.ne, B OTJIH'-!He OT ( 2) H ( 3)', 

JIHWb cpaBHHTeJibHO He6oJibWa.fl -'-laCTb. IlOJIHOA_ 3HeprHH BpameHH.fl 

H,lleT B 3HeprHIO OTHOCHT8JibHOro ,llBH:XCeHH.fl OCKOJiiOB B HanpaBJieHHH 

~eJieHH.H~ T.e. BEK, a .npyra.fl nepeXO,llHT BO BHyTpeHHHe CTeneHH 

CB060)lI,I OC°KOJIKOB H pea.irn3ye
0

TC.fl B ,llaJibHeRweM B xo.ne HX pacna.na 

(CM. ,HanpHMep, [16-19)). B pa6oTe [20), a TaK:xce He,llaBHO B • 
· · 205 .. 

[18)_ npH H3Y'-!_eHHH M3P OCKOJIKOB .neneHH.H .fl,llpa At B peaKUH.HX 
nat 20 165 40 Re+ Ne H Ho+ Ar ea6JIIO,llaJIHCb 3$$eKTI,I ,llJI.H o6eHX ,llHCnep:- . 

:CHA · ct2 
H ct

2 
M E' 

Ta. 0,llHaKO 

KOTopue MO:XCHO CB.fl3aTb C BJIH.fIHHeM yrnoBoro MOMeH-

3Ha'-!eHHS! E .nn.11 o6eHx peaKUHH B npe.nenax norpew
K 

HOCTeA 3KCnepHMeHTa CoBnaJIH. 

Pac'-!eTI,I BJIH.fIHH.fl yrJIOB~O MOMeHTa Ha M3P H CO~TBeTCTBYIO-
. . . .. 2 . . ' 

lllHX '-IYBCTBHTeJibHOCTe~ ax/al M3P npoBO,llHJIHCb B paMKax $JIYK-

TyaUHOHHO-,llHCCHilaTHBHOH .nirnaMHKH (,nH~Y3HOHH08 Mo.nenif) c na-
'. . - - 2 

paMeTpaMH KaneJibHOH MO,lleJIH [21,22). )lJI.fl aEK/al · nonyqeHa 
. -2 . ... . 

oueeKa 1+2 K3B h [22), c_OOTBeTCTBYIOllla.fl MaKCH_MYMY J _{ B paRo-
. 2 . . . . . . 

He. Pb (Z/A<:<33+34) [13) H'MHHHMYMY (3). 'Eonee CJIO:Xl'.HI,18 xapaK-· 
. . 2 2 

Tep ___!!_MeeT npe,llCKa3aHHe [20, 21) ,llJI.H 3aBHCHMOCTH actM/al H 

act2 Jal OT· HYKJIOHH~ro cocTaBa .fl . .llpa~ · HMe10mHec.H 3KcnepHMeHTaJib-
. E ·• . ·• . '. ' 

nue .naHHI,le He,llOCTaTO'-IHH ,llJI.fl npoBepKH npe,llCTaBJieHHH H MO,llenea. 

/ [20-24]. 

3 



¢OpMHpOBaHHe M3P OCKonKOB B ,cymecTBeHHOH CTeneHH, KaK_ 

cne.nyeT: H3 TOH'· ,ice ,nmpcpy3HOHHOH MO,nemi, 3aBHCHT OT· npoTHlKeH

HOCTH cnycKa OT ce.nnoBOH TO'IKH <X=<X _.no TO'IKH pa3p1rna <X=<X , 
~ -~-

KOTOpa51, B CBOIO oqepe,nb, CHnbHO 3aBHCHT . OT napaMeTpa MO,nenH 

lKH.I{KOH KannH Z
2
/A. 3To CBOHCTBO y,no6Ho xapaKTepH3 □BaTb BenH~ 

'IHH08 3HeprHH, 

AV=V(a ,0)-V(<X ,0), 
Sp SC 

OCB060,ic,na10meHC51 Ha CTa,ll.HH 

npH t=o. B o6nacTH Kyp'IaTOBH51 

cnycKa 

□Ha ,rr.oc-

THraeT 0<50 M3B H 6h!CTpO na.naeT C, yMeHbllleHHeM, Z - n□'ITH ,rr.o 

HynH B o6nacTH cBHHUa [22,23,25). 

Il03TOMy . ,nn51. H3y'leHH51 t-3aBHCHMOCTH M3P. OCKOnKOB ,neneHH51 

Mhl 'Bhl6panH .nBa COCTaBHhlX 51,npa. npe.ncTaBnHIOmHx, .· 3TH Kpa8HH_e 

cny'IaH •. a HMeHHO ,· Ha 51,npax 
204

• 
20

_
6
Po. H 

26°Ku, ·. o6pa30BaHHhlX B 

peaKUH51X C T51lKeJihlMH, HOHar,m OT 
12

C ,rr.o 
48Ti H,. COOTBeTCTBeH,HO, 

· .. 176 244 , 
MHllleHHX· OT Yb .no . Cm. ·H3MepeHH51 M3P. OCKOnKOB .npOBO.I{HnHCb 

c noM□mh10 ,nByxnneqeBoro .BpeMHnponeTHoro cneKTpoMeTpa "B3MAC~ 

· [26 ]. H3Mep5151 CKOpOCTH OCKOnKOB; HeT , He06XO,llHMOCTH _ BBO,ll.HTb 

nonpaBKH Ha 3MHCCHIO H3 HHX HeHTpOHO~, KOTOphle Tp~6yIOTC51 ~pH 

H3Me,peHHHX M3P E.,..I;-cneKTpoMeTp□M so Bcex npe,n@,rr.ymHx pa6oTax 

no. o6cy,ic,naeM□Mf Bonpocy . [9, 1 o, 11, 12 ,_15 J ._ B 3TOM 3aKn10qaeTcH . · 

MeTO.I{H'IeCKOe npeHMymecTBO HaCT□Hme8 pa6oThl, . nocKOnbKY 3Kcne-:_ 

pHMeHTanbHO H3y'IaeMhle 3cpcpeKTbl C.DH3MepHM:11 no BenH'IHHe. C _ynoM51-

HYTOH nonpaBKOH. 

METOJ{HKA•H3MEPEHH0: H OBPABOTKH 

B H3MepeHH51X .nByxnne'IeBOH BpeMHnponeTHhlH cneKTpoMeTp 

"-B3MAC" .ycTaHaBnHBancH. Ha. KaHane BhlBe,ll.eHHOro ny'IKa UHKn□TpOHa' 

. y.,..460 Jl~P mum., CxeMaTH'leCKOe H3o6palKeHHecneKT~OMeTpa ':1PHBe

,neHO Ha pHC: 1. OH CbCT_OHT ff3 ,nByX .1m1p0KoanepTypH~ no3HUHOH~ 

HO--qyBCTBHTE!nhHblX naBHHHblX cqeTqHKOB (IlqJIC), H "cTapTOBoro", 

nn□CKOnapanne.JibHO~~. naBH~H~ro • C'IeT'IHKa. ( IlilJIC). 11□,n-po6Hoe O~H-: 
r • -- • ',, ,C 

caHHe _cneKTpOMeTpa ,llPHBe,neHO. B (26] •• a .era OCHOBHhle xapaKTe-

pHCTHKH npe,ncTaBneHhl B Ta6nHue 1. HaKonneHHe H_ o6pa6□TKa ::iKc.,.. 
' ' . -- ' ' ~ , . - ' , .. 

nepHMeHTanbHhlX ,naHH_hlX. ocymecTBnHnacb. c _ noMomhIO 3BM IBM PC/ AT._ 

0KOH'IaTenbHa51 qJH3H'IeCKa51 o6pa60TKa ,naHHhlX. np□ BO,ll.Hnac~ 

nocne 3aBeprneHH51 Ha6opa. H3 COBOKynHOCTH 3KcnepHM8HTanbHhlX 

4 

--~ 

PHc.1·. cxeMaTH'IeCKOe H30-

6palKeHHe ,nayxnneqeaoro ape

MHnponeTHoro cneKTpoMeTpa: 

1 - nj~OK HOHOB, 2- MH~eH~. 

3-"cTapTOBhlH" nnnc, 4-"CTO

n□ BhlH" nqJic, 5- Bx□,rr.Hoe ~K~ 

Ho, 6- M□HHTop· ( nn.n. si (Au) l, 

7- UHnHH,np ¢apa.rr.eH. 

4 

TABJIHUA 1 

OCHOBHhle x~pa~TepHCTHKH cneKTpOMeTpa 

npe,nenhl H3MepeHH51 yrnoa pa3neTa npo,nyKToB 

~ nnoCKOCTH peaKUHH a - OT 15° ~o 165° 

BHe nn□CKOCTH ~ 

TenecHhlH yron ,KalK,noro "nneqa" 

TO'IHOCTb H3MepeHH51 yrnoB oB, 0~ 

BpeMeHHoe pa3perneHHe ot 

MaccoBoe pa3perneHHe oM/M 

± 20°. 

± 7,0 

_1~5 MCp 

0.2° 

230.nc 

"' 2 7. 

napaMeTpoB ( t , t , At, X , X , Y , Y - BpeMeHa nponeTa 
, I 2 I , 2 I . 2 , 

cpparMeHTOB H HX pa3HOCTb, KOop.nHHaThl 3aperHcTpHpoBaHHhlX C06hl-

TH8 nqnc, COOTBeTCTBeHHO) Bhl'IHCnHnHCb Macchi, KHHeTH'IeCKHe 

3HeprHH H yrnhl BhlneTa KoppenHpoBaHHhlX npo,rr.yKTOB ~eaKUHit. 

o6pa6□TKa .rr.aHHhlX npoao,nHnacb no cne,ny10meMy anropHTMy: 

nocne no,rr.cTaHOBKH KanH6poBOqHhlX K03cpqJHUHeHTOB ,ll.fl51 KalK,noro 

H3MepHeMoro napaMeTpa nony'IanH Henocpe.rr.cTBeHHo: Bhl'IHcnHeM'hle 

,nn51 OT .nenbHoro C06h!TH51 BenH'IHHhl - t , t , 8 , e , · ~ , . ~ , r ,rr.e .·· 
I 2 I 2 I 2 . · 

t2 - BpeM51 nponeTa cpparMeHia 2. MeJK,rr.y "CTapTOBhlM" mine H "CTO-

n□ BhlM" nqnc2; t - B peM51 MeJK,ny "CTapTOBhlM" CHrHanoM OT' 2-ro 
I , 

cpparMeHTa C nnnc l H "cTon" -cHrHanoM □T nqnc1; 81, EJ2 H ~ , ~ 
I 2 

5 
, .. 



- .. yrm,1 'BirneTa cpparMeHTOB, B: H BHe ITJIOCKOCTH peaKUHH OTHOCH-
• 

TeJibHO OCH nyqKa- ,coOTBeTCTBeHHO. 

• Maccbl H. CKOpOCTH ' npo.nyKTOB ( M ' M I V I V ) Henocpe.ncT-
1 · 2 I . 2 · 

BeHHO nocJie peaKUHH BblqHcJISIJIHCb B 'npe.nnoJIOJKeHHH . .llB·yxTeJibHOCTH 

npouecca: M +M =M -=M +·M - coxpaHeHHe qHcJia HYKJIOHOB, 
I t CN I 2 

M v sine =M v sine . - coxpaHeHHe HMDYJI&ca nepneH.llHKYJIHpHo OCH 
II I 22 · 2 .· ·. · 

nyqKa, r.ne M. M ' - Maccbl HaJI.eTaIOIUero HOHa H SI,llpa-MHll!eHH 
I t · " 

COOTBeTCTBeHHO. llJISI BblqHcJieHHSI HaqaJibHb!X CKOpOCTeH cpparMeHTOB 

yqHTb!BaJIHCb HX 3HepreTHqecKHe noTe'p•H B BeIUeCTBe MHll!eHH, · no.n-
' . . , . . ~ 

JIOJKKe MHllleHH'' cpoJI&rax CTapTOBOro .ne_reKTOpa' BO B,XO,llHOM OK He 

_nqnf (IlOTBpH 3HeprHi B pa3JIHqHb!X cpenax paccqHTbl~aJIHCb C no

MOIUblO IlOJIY3MilHpHqecKOH cpopMyJibl H3 pa6oTU [27]). llJISI 3TOro 

HTepauHoHHHM cn~co6oM pell!aJiac& cHcTeMa ypaBHeHHH OTHOCHTeJibHO 

HeH3BeCTlib!X M ' M H V ' V . JlaJiee ycJIOBHeM ® +9 =180° ( cyMMa 
• · · I 2 I · 2 . I 2 

yrJIOB pa3JieTa B CHCTeMe ueHTpa Ma'cc) npoH3BO,llHJICSI OT6op co6u-

THH ,· H.llYIUHX C IlOJIHOH nepe.naqefi. HMny JibC8. ( .llB yx'reJibHUe npo

ueccb!) ., BeJIHqHH~ noJihoil: KHHeTHqec1<ofi 3HeprHH EK onpe.neJISIJiac& 
. . · · 2 · .2 

H3 · c,OOTHOllleHHSI EK = Mlvl /2 + Mlv2 /2. 
~3Mepe~HSI .llJISI pa3~ux .nHaria3oHo~ yrJio~ ocymecTBJISIJIH~b noc:

JieJlOBaTeJib~OH nepecTaHOBKOH cqeTqHKOB, 3aTeM aicihepHMe~TaJib-

Hble cneKTpb! cyMMHpOBaJIHCb. llJISI HaH6oJiee· JierKHX HOHbB 
12 16 I ( ,c, 0) ·H3MepeHHSI npOBOJlHJIHCb npH O,llHOM yrJie KOppeJISIUHH. 

MHllleHSIMH CJIYJKHJIH pa3,lleJieHHble H30TOilbl TOJIIUHHOH 30+100 

MKf'/CM
2

, 
' 2 : 

MKr/cM • 

·Hanb!JieHHUe Ha IlO,llJIOJKKH . HX Al O 
2 3 

2 .. PE3YRbTAT~ H3MEPEHH0 

TOJIIUHHOH 30+50 

. ; H3yqeHHble B .naHHOM 3KcnepHMeHTe peaKUHH H HeKOTOpue HX 

xapaKTepHCTHKH npHBe.neHbl B Ta6JI. 2, r.ne: Elab - 3Hepi'.HSI Jta~·e-
. . I • 

,TaIOiuero HOHa B Jia6opaTopH08 CHCTeMe, E* -3HeprHSI B036y)K;neHHSI 
~ - ' . . . ' 

cocTaBHoro H.npa, t H t - cpe.nHH8 KBa.npaT H cpe.nHee · 3HaqeHHe 

yrJioB~ro MciMeHTa .neJISIIUerocSI · 'SI.npa, EK - cpe.nHSISI KHHeTHqecKaSI 
. · 2 · 2 · · · 

3H~prHSI 'OCKOJIKOB .neJieHHSI erM, erE - ,llHCilepcHH MaCCOBUX H 3Hep-

reTHqecKHX pacnpe.neJieHHH OCKOJIKOB .neJieHHSI COOTBeTCTBeHHO. 'B 

6 

I 

l 
l 

.j 
··, ' . 

l 
I 
'! 

.4-08 KOJIOHKe' KpoMe 3HeprHH B036y)K,lleHHSI: 

* . E =Ecm+(AM+AM-AM) 
1. I .t CN 

( 5) 

,BblqHcJieHHOH c. 3KCnepHMeHTaJibHb!MH .necpeKTaMH Mace [ 41], npHBO

,llSITCSI Te )KE! BeJIHqHHbl, HO B MO,lleJIH BpamaIOme8CSI '1CHJlKOH KanJIH 

[(], Il03BOJISIIOIUeH yqeCTb BJIHSIHHe yrJIOBoro MOMeHTa: 

~* - ~ E ( l,) = Ecm + ( AM+ AM - AM ) - E ( ex ; l.) , ( 6) 
CN I · I t CN rot CN 

r.ne 3HaqKQM ""-' " ( THJib,lla) OTMeqeHbl )KH,llKOKaneJibHble 3HaqeHHSI, 
. . . . ' . . 

npHqeM OT l, TaK)Ke 3aBHCHT .necpopMaUHSI paBHOBeCHoro COCTOSIHHSI 
~ ' . 
o:rn. B OCTaJibHb!X KOJIOHKaX .naHbl napaMeTpb! .neJISIIUHXCSI SIJlep, He-

o6XOJlHMble ,llJISI ,llaJibHe8ll!ero aHaJIH3a pe3yJI&TaTOB 3KcnepHMeHTa. 
, . 

CMUCJI HX o6~SICHSieTCSI B pa3.n:3. 

HeKOTopue xapaKT~pHb!e pe3yJibT8.Tbl H3MepeHHH JlJISI Po H Ku, 

o6pa30BaHHb!X B peaKUHSIX C HOHaMH. HeoHa, KpeMHHSI H THTaHa' 

npH_Be.neHU Ha pHc. 2-5. 3TO 3aBHCHMOCTH B.b!XOJla npOJlYKTOB. peaK:- -

UHH OT HX Ma~cbl H IlOJIHOH KHHeTHqecKOH 3HeprHH Y(M,E~) 

( pHc. 2) , a TaK)Ke OT MaCCbl . H yr na pa3JieTa npoJlyKTOB peaKUHH 

OTHOCHTeJibHO HanpaBJieHHSI nyqKa B CHCTeMe ueHTpa Mace Y(M,ec~) 

(pHc.3). Ha JlBYX ~pyrHx pHcyHKax npe.ncTaBJieHbl KaK cpyHKUHH OT. 

MaCCbl M BUXO,llbl npo.nyKTOB peaKUHH Y(M), HOpMHpOBaHHble Ha 2007., 

( pHc. 4 l, cpeJlHSISI nonHaSI KHHeTHqecKaSI 3HeprHSI E ( Ml H JlHCnep-
. K . . 2 • .. 

CHSI ee pacnpe.neneHHSI er ( Ml ( pHc. 5 l •. nm1 aHaJIH3a pe3y JI&TaToB, 
. E 

H3MepeHHH cymecTBeHHb!M SIBJISieTCSI Bb!JleJieHHe H3 COBOKYilHOCTH 

. HCCJie.noBaHHb!X peaKUHH npouecca HCTHH~oro CJIHSIHHSI-JleJieHHSI. KaK 

CJieJlyeT H3 pa60T (24,28-31), B o6JiaCTH COCTaBHb!X SIJlep c napa

MeTpOM Z2 /A~42 npH' yMeHbll!eHHH aCHMMeTpHH BXOJlHOro KaHaJia 

( M/M1:s10) 3HaqHTeJibHb!M CTaHOBHTCSI BKJiaJl KBa3HJleJieltHSI, · npHBO

.llSIIUer6, B qacTHOCTH, k pe3KOMY yBeJIH~eHHIO JlHCilepcHH MaccoBoro 
. ' 2 
pa'cnpeJleJIBHHSI er · (28, 31 ] • KaK .. IlOKa3aHO B . (28-30], B KJIIOqeHHe 

M. 

npouecca ~Ba3HJleJieHHSI HarJISIJlHO BblyaJKaetc~ 

HeHHeM KOHTYPHb!X JlHarpaMM JlJISI 3aBHCHMOCTH 

poBKOH npo.nyKTOB peaKUHH B o6nacT~ Mace M
1 

qae · no.no6ilaSI 

(pHC,3). 

KapTHHa. Ha6JIIO,llaeTCSI B 

6neuHcpHqeCKH~ H3Me:

Y( M, 9cm) H ctJOKYCH:

H Mt. B HaweM cny~ 

peaKUHH 
208

Pb+ 
48

Ti 

B aHaJIH3e, ,KOTOpb18_ npHBO,llHTCSI B JlaJI&He8ll!eM, HapSIJlY c 

.naHHb!MH HacTo~mero 3KCnepHMeHTa paccMaTpHBalOTCSI pe3yJibTaTU 

7 



,... ____ . 
240 20 

Pu+ N•• ·= 28 Th+ SI· 
208 48 

Pb + Tl 

350 E 8.7 MaB/A 
na6 

E 6.75 MaB/A 
na6 

E 6.2 MaB/A 
na6 

2:50 

o:i 
(') 

:::S!1511 ~ ~ 
~ 
E-< 1511 ~=..;::::;:.._,_. 

350 E 7.1 MaB/A 
na6 

E 5.93 MaB/A 
na6 

E 5.5 MaB/A 
na6 _,,, 

= 
!:SO 

-~ ~L 
1511

0 ·:so~== 2:500 50 ~ = - 2:500 

250 

Cll 150 
(') 

:::s 

..:i 

186 20 , 176 28 
11' T Ne Yb + SI 

. E 8.7 MaB/li 
na6 

E 6.75 MaB/A 
na6 

C~Y 0 c:@?)~ 0 

50 100 150 - 2:SO 

~ ~ ~ 

E-< 50 ~==::=::::=:::==:::==:==::=:::::"-, ~=:::::::::::::==~::::::=~:::::::::: D7 + Ar 

-E 7.1 MaB/A 
250 na6 

150 

~-

-:so'--~-'---'---'----' 

E 5.93 MaB/A 
na6 

E -5,2 MoB/A 
na6 

l@ff~ 
o 50 100 1:so =o :so 100 150 =o ~0 100 150 -200 

Macca, a.e.M. 

PHC. 2.. KOHTypm,re .ztHarpaMMbl 3aBHCHMOCT
0

e8 BblXO.zta npo,nyKTOB 

peaKUH8 OT -HX Ma_CCJ,I M H IlOJIH0.8 KHHeTH'l:8CKO8 3HeprHH TKE; .· Ha· 

' ' 
nonHx npHBe.neHbl 3HaqeHHH '•3HeprHH HaneTaKJIUHX HOHOB B 

M3B/HyKnOH. 

8 

1 
l 
1 
l 
I 

I 
' I 
I 

I 

i \ 
i 

j 

J 
·-1 

l 

240 20 232 28 - 208 48 
• Pu T N• Th + SI Pb + . Tl 
1eo.--~--.--~-~~--.--~--, 

~ 

~ 

IZO 

~ eo 

e o 
CD 1e0 

IZO 

eo 

00 

180 

IZO 

:::[ 
~ eo 
:::!. 
c.. 

E 8 7 Mal:J/A E G.7!"", )..bl:i/A E 6.2 MaB/A 

l ~ ~If!\ II · ~~i/111\P 
t 7.1 MaB/A E 5.93 MaB/A E 5.5 "MaB/A 

I ;iii 11111 ~ )/11 /Ill ~NJJ 
1511 ~ = - 2500 1511 ~ = - 2500 1511 100 11511 - 250 

166' 20 176 28 
11' + Ne Yb+ SI 

E 8.7 M3B/A 
na6 

E nn/_75 Moll/ A 

111 &\ \I~ 1~ 
S , . 164 40 

© 18g~, :=::::=::::::::. ~~,~ D7 + Ar 

[ I,;' 7.1 .MaB/A j ! E 5.93 Moll1A E 52 MaB/A, 

a•• ~ l I ii Ii d!tl~f f IZO 

80 

', 11~ 
l 1l 

0 
o 1511 = = =o 1511 = = =o 1511 = ~ ~ 

Macca. a.e.M. -

j PHC.3. KOHTYPHble .nHarpaMMJ,I 3aBHCHMOCTe8 BblXO,na npo.nyKTOB ,Pe-

. -; aKUH8 OT HX MaCCJ,I M H yrna BblneTa Elem OTHOCHTenbHO, Hanpa,Bne-

1 -mm ny'l:Ka - B c11cTeMe ueHTpa Mace. Ha __ n~n~x. npHBe.neHbl 3Haq_eHHH 

3HeprHH HaneTaKJIUHX HOHOB_ B M3B/HYKROH. . ' , 

9 -



. , 
240 20 232 20 

Pu+ . Ne Th + Si 
4 

E 8.7 M:>B/A 
na6 

E 6.75 M>B/A 
na6 

H 
,. ........ 

. 
. ... 

_/ \_, 

_2 r , 
' . -, . ' 

tR .
1 t 

, 
' , 
' ,: ~ 

~ I 

0 
I ;...,,,r, --,...;~ 

·tR 
::,.-. 

·4 

3 

2 

00 

7 

6 

5 

4 

3 

2 

. 1 

0 
7 

6 

5 

4 

3 

2 

E 7.1,.M:>B/A 
,r;ia6 :-••. 

~ , ; .... 

40 80 120 160 200 240 0 
186 20 

W + Ne 

E 8.7 M:>B/A 
na6 

"' ~ .. 

~ 

.. 
J \.: 

. E 7.1 M:,B/A 
na6 

...... 

o I , ' 0 .,.• r-. I 
40 80 120 160 200 0 

E 5.93 M>B/A 
na6 

·.~"· 

.... .... .. .. 
' , 

. . - -
... .._.,:: 

40 . 80 120 160 200 240 0 
176 28 

Yb + Si 

E 6.75 MaB/A 
na6 

E 5.93 MaB/A 
na6 

. :"'"· .. 

! '. 

40 80 120 160 200 0 

Macca. a: e .. M. 

200 46 
Pb + Ti 

E 6.2 M,B/A 
na6 

_.,,..._ 

r• " , .. 

- : . •...,., 

E 5.5 M,B/A 
na6 

...-... .. _ .. _, 

:- ,. 

.. .. ...... 

~-...... . _..._. 
-.,. 

40 BO 120 160 200 240 

164 40 
Dy + Ar 

E 5.2 MaB/A 
na6 

·~J..·-· .-.I-~ 

40 110 120 160 200 

PHc.4: PacnpeaeneHHH~BHXO.llOB IlPO.llYKTOB peaKURR Y(M) ,!lJI51 coc

TaBHYX Haep · Po R Ku ( uopMHpoBairnue Ha· 2007.). -

10 

1-

J 
l .., 
1 
! 
I 

I ... 

l 
l 
I 
l 

·1 

' 

· 186 •• 
pa60TJ,1 [ 15], • OTHOC51IUR8C51 K ,!leJieHRIO COCTaBHOf'O 51,!lpa Pt B 

. . -~ n . 
peaKUR51X C ROHaMR O R s. HHcpopMaURSI O HRX npe,!lCTaBJieHa ,B 

T8.6JI. 3. KaK yJKe OTMetJaJIOCb, U8Jib o6eRX. pa6DT 0,!lHa . R Ta lKE!. 

Pa3JIRtJRe RX 3aKJIIOtJaeTC51 B MeTO.llRKaX, H80.llRHaKOBO tJYBCTBRTeJib

HhIX K 3MRCCRR HefiTpOHOB R3 OCKOJIKOB' ,!leJieHR51, C tJeM CB513aHhI, B 

tJacTHOCTR, He6□ JihmHe pa3JIRtJR51 B cTpoeHRH Ta6JI.2 H 3. 

3. HEKOTOPME XAPAKTEPHCTHKH PEAKUH8 

(I1051CH8HR51 K Ta6JI.2 R 3) 

3.1. nepe.llaBaeMhie 51,!lpaM yrJIOBhie MOM8HThI 

nJI51 OIIRCaHR51 RHTepecyIOIURX 3cpcpeKTOB Heo6XO.llRMO 3HaTb pac

npe,!leJieHRe .ll8JI51IURXC51 51,!lep no BHOCRMOMY yr JIOBOMY MOMeHTY t. 
l-3aBRCRMOCTb cetJeHR51 .ll8JI8HR51 onpe,!leJI518TC51 KaK: 

240 20 232 28 208 48 . 
Pu + Ne 

"'cg 400 t . . ___ .......::., __ ;.:.. . ] t ----------~------ ] t ..... _;__:.~: .... ---.->--·-··:~·--···. ] '. 
:;g_ . . . .~.-• 6.7 _M,8/-' •··•:-:-• ,.--·- 6.75 11>8/A -·-•• • •• 6.2 lfoB/A ·• '. ." • 

"'r:;40~ r .. _______ ._ ___ ·. . 1 f ., -~ ... -.-.-.-~·~·.-.-.-... -. ... i r ...... ---•:-.. -~.--.·---· l 
b 

0
· ••• --;- 'J'.1 ,c3e/A ·,-- ••• • ••• • :-.·, .. ~.s3,N3B/A .. , ••••• • ••• ~ •• • • - ~-~ 'f-3B/A. • • •• · 

30 BO 130 180 230 30 80 130_ !BO 230 30 80 130 180 

Th + Si Pb + Ti 

230 
186 20 176 28 

"' 
. W + . Ne Yb + Si 

/._ rg 20
0 t -·---·--·~~·--· j t · ... -·-.. --··-·-----.. ·-·•--. j 164 40 ::::E 
O 

• e.1 )1:>e ,. • . • 6.?6 M3B/A Dy + ~ Ar 

·. "'~ 
20

~ ~·- • ..-.. ·~-.-~~~---·---:·. . j [. :-~·-·-···-·~~;;7·-•:-.. j . ·. [ : : : ~:·:-~~~--~i~~;i.f?< : : : : j 
30 80 , 130 180 30 80 130 !BO 30 . 80 , 130 180 

240 20 232 28 208 48 
Pu + Ne Th + Si Pb + Ti 

O'.l 190 t -··--·- j (') ~ ....... ..- E 8.7 1138/A..---. ... 

:::g 140 --· ••• . . . --- . 

190 f · __ ..,............__ i 
"~ _ ..... E 7.1 11:>B/A. .. ...,_ . 

~ 140 -· • nad ' ;-
. 40 90 140 · 190 

t. . . -,'.--;-;;.-~:~----~---- j ... f .... - ••• . f 
·- . l r >---·--·--- · i 

••• -■•••- E 5.93 M:>B/A -•.·■-••• 

,, t n~ I I h 

40 90 140 190 

. . j --------■--.. .-•• E ..... 2 ll>B/A '-•-• .. 

j -------·---~-·----; 5.5 M:1-B/A . .. 
40 90 · 140 190 

186 20 176 28 
,---w +·· Ne· Yb + Si 

164 40 . 
Dy+ Ar ~ 140 t ·.---~~ .. j [-·--~---.- j :=ggo na6 • na6 • 

c.?1::f ... ~.-~---.. _' j f. ~--~- j t:::::~-~~:-~~~::::J· 
30 80 ·130 180 30 80 130 180 30 ·_BO 130 180 

..... Macca, a.e.M. 

PHC.5. Pacnpe,!leJieHR51 MOMeHTOB · 3HepreTRtJ8CKRX pacnpe,neJieHRfi: 

a - E/ M) ; 6 - ~;(M) . , . . . 

11 
.... ___ , 



t , t t 
cr=crP= 

f CN f. 

2 . t 
rr;\ ( 2t+ 1) T t Pr , ( 7) 

r.n;e · cr!N -- ceqemrn o6pa30BaHHH' COCTaBHoro 51.Upa ( CJIH51HH51) C 

,,IJ;aHHhIM yrJIOBhIM MOMeHTOM t, pt - ero .UeJIHMOCTb, T - npoHHUa-
f t 

eMOCTb 6apbepa ,Il;Jl51 6oM6ap.n;HpyIO[UHX HOHOB, Bee 3TH BeJIH'IHHhl 

51BJl51IOTC51 <t>YHKUH51MH 3HeprHH E . ,Q.rrn: KatreCTBeHHOro o6cy)K.UeHH51 . I 

y.n;o6Ha ynporueHHa51 Mo.nenh qepHoro 51.Upa,r.ue 

Tt = { 
1 

0 

.UJI51 tst 
max 

,Il;JI51 t>t 
max 

npHBO,Il;51[Ua51 K pacnpe.ueneHHIOt BO BXO.UHOM KaHaJie: 

{ 

2t/t
2 

q>( .t) = O max 
.UJI51 tst 

max 

.UJI51 t>t 
ma.x 

co cpe.UHHMH 3HatieHH51MH: 

- 2- ·l · l == 3 max ( 10); 

t2 
l= ~ = -2 cei 2 

2 8 

H3 ( 9) ..;.( 11) CJie.n;yeT, 'ITO B cnyqae T51)KeJiblX 51.Uep 

( 8) 

( 9) 

( 11 ) 

C Bh!COK08 .ne-

JIHMOCTblO pt"'l, K KOTopoMy OTHOCHTC51 
26°Ku, pacnpe.ueneHHe t 

f - ' 2 2 . 
6JIH3KO K TpeyroJibHOMY ( 9) H t =t /2. .llJI51 JierKHX 51,nep B CHJIY 

f, max 
Toro, 'ITO .neJIHMOCTH P « 1 H pacTyT C yBeJIH'leHHeM t, 3Ha'leHH51 
- f 

e2 CMe[UalOTC51 K t 2 
[ 12] . .lleJieHHe 

186
Pt H 

204
' 

206
Po 6JIH)K8 KO\ 

,_ , max , 

BTopoMy cnyqa10. 

H3JIO)KeHHOe noKa3blBaeT, 'ITO t-pacnpe.neneHHH .n;eJI511UHXC51 · 

51.Uep H COOTB.eTCTB YJOIUHe HM cpe.n;HHe 
' - 2 ' ' 

3HatieHH51 t H t B o6rueM 

cnyqae 3aBHC51T He TOJ!bKO OT CB08CTB BXO.UHOro KaHaJia, HOH OT 
t t ' 

. Bep051THOCTH .neJieHH51 Pr' TaK KaK ,Il;Jl51 onHcaHH51 tmax H Pf HC-

·noJib3 YJOTC51 pa3JIH'IHh!e cpeHOMeHOJIOrH'leCKHe no.uxo.nhl, TO cyruecTBy

eT 60Jihlli08 pa36poc ,BHYTPH HM8IO[Ue8C51 HHcpopMaUHH O xapaKTepHc

THKax t-pacnpe.ueneHH51 .UJI51 O.UHHX H Tex )Ke HJIH 6JIH3KHX peaKUHA 

.ueneHHH. 

HCCJie.UOBaHHe .ueneHH51 51.Uep Pt [15], 3KCnepHMeHTaJibHh!e 

pe3yJibTaTh! KOToporo paccMaTpHBaIOTC51 , B .uaHHOM aHaJIH3e 

(Ta6~~3), OTJ!HtiaeT B8CbMa o6cT051T8JlbHa51 HHcpppMaUH51 0 BeJIH'IH~ 
2 ·-

Hax t ( E ) H t( E ) • B qacTHOCTH, O.UHHM H3 ee TeCTOB CJIY)KHJIO 
I. I , . 

onHcaHHe cetieHHA d/ E
1 
l H crcN( E

1 
l . CBe.UeHHH 06 yr JIOBI,IX MOMeH- · · 

12 



TA6JH1U~ 2 . " 
E• .· eer cu' ) ~ cu' > 

CN · t, h _, sp pre er pre 
El ab 0 E q2 qz 

PeaKUH~ Ac N --- e ~ K, ' ' 
u e·' (u (2) t.2(u'(2) I E• ( l' sp lz I.I E pre 

.. ' 
sp p . e ef .·, P., e

1 CN 
, ,. . 2 2 ' 

M3B M3B M3B 1O
3

h 2 M3B ( aeM) M3B M3B 1O 3 h 2 

1 '2 3 l 4 5 6 7 I 8 9 [iQ-l 11 12 

99 76.6 1.72 33.1 146.5±0.8 165± 4 106± 3 2.8 1.18 0.84 

194Pt+ 12c 206 p O 64.3 1.21 
146 120.9 2.25 45.3 146.O 0.8 204± 5 137± 4 5.4 1.32 1.32 

104.2 2.26 , ' 

126 91.0 1.90 4O.O 146. 5±1. 0 192± 5 121± 4 3.6 1.22 1.18 

!900S+ I 6Q 206 p O 76.5 1.76 
168 129.7 2.33 51.7 146.6±1.0 238± 6 149±·5 5.9 1.33 1.7'6 

110.2 2,95 
-~ 

/' 

,\ 

' 142 96.9 1.96 43.6 147.1±1.0 210± 5 128± 4 4.0 1.23 1.41 

1e6w .20Ne 206 p O 80.9 2.10 
174 125.7 2.28 53.5 146. 6±1. 0 250± 6 151± 5 5.6 1.30 1.96 

105.5 3.15 

160 95;7 1.96 46.O 146.0±1.1 225± 5 132± 4 3.9 1.22 1.61 
' 

IBOHf+ 24Mg 204 p. O , 75.8 2.33 
177 110.9 2.13 52.5 146.4±1.1 253± 6 146± 5 4.8 1.26 2.04 

·91.1 3.04 

·· 166 .86. 6 1.85 43.O 146.7±1.1 222± 5 128± 4 3.4 1.18 1.47.,, 

176Yb•2.8Si 204 p O 70.8 2.06 
'\ -·· · 189 106.5 2.07 53.3 147.3±1.1 272±" 7 149± 5 . 4. 5 1.24 2 .17, 

86.3 3.14 " 

16 4 Dy• 4. o Ar 204 p O 208 . 84. 6 1.77 5O.O 147.5±1.3 289± 8 151± 6 - - -
66 .·2 2,70 - ·- - - - / 



.... 
ii:. 

( 

1 

244cm. 1 6 0 

' 
z40Pu+ zoNe 

236U • 24Mg 

' 

Z32Th+ 2 8 Si 

2oaPb+ 48Ti 

2 3 

126 
260 Ku 

179 

142 
~60 Ku 

174 

160 
260 Ku 

177 

166 
260.Ku 

189 

264 
256 Ku 

298 

4 5 

·n.o 1.61 
64.3 1.8 

121.7 2.10 
108.6 

74.2 1.63 
·. 65.8 
103.8 1.93 
91.5 

73.8 1.62 
64.3 
90.3 1. 77 
77. 3 

62.2 1.48 
54.0 
82.7 1.69 
70.4 

'49.6 1.33 
42.5 
77 .6 1.66 
66.5 

LJ 7 8 9· 10 11 12 

39.2 196±2 484±12 353±12 3.3 1.12 1.28 
1.84 1.39 1.55 

57.7 196±2 645±18 445±16 7.1 1.15 . 2 .30 
4.00 1.67 3.09 

42.1 195±2 506±12 372±13 3.5 . 1.11 1.50 
2.13 1.39 1.80 

55.2 196±2 620±17 424±15 5.7 1.13 2.30 
3.65 1.58 2.94 

46.0 196±2 548±13 392±13 3.4 1.11 1.84 
2.54 . ' 1.38 2.18 

54.4 197±2 615±17 460±16 4.6 1.11 2.45 
3.55 1.47 2.97 

41.3 197±2 557±15 384±22 2.5 1.08 1.58 
2.05 1.30 1.81 

55.2 196±2 702±19 462±25 4.1 1.08 2.65 
3.66 1.41 3:13 

38.0 196±3 - 365±20 - - -
1.60 

52.0 198±3 845±24 490±27 .- - -
3.20 



. . 
- -

• Tax B Ta6JI. 3 B3RThl U3 · [15], a B Ta6JI. 2 .llJIH ,npyr_Hx 51,nep ocHo-

BaHhl Ha 3MnHpH4eCKOM no.nxo:zie, _HcnOJih3YIOmeM - 3KCTpanOJI51UHIO an

po6HpoBaHHb!X B -- ,npyrHX pa6oTax 3aBHCHMOCTeH le Ell H l( Ell; 

·.nnH 
204 

• 
206

Po - .naHHhle [7, 8] , .llJIH -
26

°Ku - ,naHHhle [ 28, 33 J • no.n-
. ·. ··2-' - .. 

· qepKHeM, 4TO npHBe,lleHHble B Ta6JI. 2 H 3 3Ha4eHH51 l H l He 

CJie,nyIOT B_ T04HOCTH (10l-(11l, nocKOJihKY peaJihHble pacnpe,neJie

HH_51 Tl H <p(ll OTJIHtialOTC51, COOTBeTCTBe~HO, OT (8l H (9l 3HatIH

T8JlhHb!M pa3Mb!THeM BepxHeH rpaHHUhl (15,28,33]. 
- - . - . - 7 -

Ha pHC.6a npe.ncTaBJieHa B351Ta51 H3 [15] 3aBHCHMOCTh l OT 

E * ,llJl51 peaKUHH 
154

Sm+
32

S H 
170

Yb+
16

0, KOTopa51 cpaBHHBaeTC51 _ C 

pe3yJihTaTaMH pacqeTOB no Baccy [32]. conocTaBJieHHe o6Hapy~H

BaeT KatieCTBeHHOe CXO,llCTBO B noBe,lleHHH KpHBhIX, KOJIH48CTB8HHO 

pa3JIH4aIOmHXC51 K03qlqlHUH8HTOM "'1 • 25 ( 6onee HH3 KHe . 3HatieHH51 . no 

pacqeTaM · H3 [32] l. PyKOBO,llCTBY51Ch .,naHHb!M K03qlqlHUHeHTOM H 

pac4eTaMH corJiaCHO [32], Mb! noJiy4HJIH cnJIOll!Hhle KpHBble Ha PH,C. 66 

.llJl51 6JIH3KHX no A 51.Jiep _ 
204

'
206

Po, o6pa30BaHHb!X B p~aKUH51X C 

HOHaMH OT 
12

C .no 
28

S i ( Ta6JI. 2) • OTMetieHHhIH Bblllle pa36poc pe-

3 Y JihTaTOB pa3Hb!X aBTOpOB ,neMOHCTpHpyeTC51 Ha BCTaBKe K ,PHC. 66 

Ha npHMepe 0,llHOH H3 3THX peaKUHH - ~ H~HaMH ~c. 
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?. ti• 1••pt 
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PHc. 6. 3aBHCHMOCTH cpe.nHero KBa.npaTa yrnoBoro. MOMeHTa l .. OT 

* 3HeprHH B036y~.neHH51 E HatiaJihHblX COCTaBHb!X 51,llep ACN: a) ,llJI51 

IB
6
Pt cnJIOll!Hble JIHHHH - oueHKH ~3 (15]; nyHKTHpHble. ~ pactieT no 

Baccy [ 32] ; 6) ,llJI51 
204

' 
206

Po cnJIOll!Hble . JI~HHH - Ha111a. oueHKa; 

nyHKTHpHble pac4eT no_ Baccy. Ha BCTaBKe mTpHxnyHKTHP 

oueHKa H3 [ 7] • B) . .llJl51 
26

°Ku O - [ 33] , • - [ 28] , cnJIOll!Hble 

JIHHHH- Hall!a OU~HKa. 

15 



. • ' . . " 2 * 
Ha pHc. 6B rrpe.ucTaBneHa, 3aBHCHMOCTh f. OT E .um1 .ueneHH.51 

264 . ·. , 248 · 16 . 238' 26 ., 
Ku, o6pa30BaHHOro B· peaKUH51X Cm+ 0 [33) H U+ Mg 

[28), 6nH_3,KHX K ·H3y'!aeM.hIM HaMH 
244Cm+

16
0 H 

236
U+24

Mg KOM6HHa

UH.SIM. Mhl HrHopHpOBanH He6onhllJHe pa3nH'IH.SI B HHX H Bl,IIIOnHHnH 

3KCTparron.SIUHKJ .uiHHhIX (33~28), 'IT06hl IIOCTpOHTh aHanor~'!Hhle 

3aBHCHMOCTH .Un.SI .UBYX .upyrHx HCIIOnh30BaBWHXC51 HaMH peaKUHH 

·340Pu+20Ne; 232Th+28Si (Ta6n. 2)' .OCHOBh!Ba.SICh, KaK H B rrpe.uu

.UYW.HX cny'!a.Six, Ha pac'!eTax cornacHo [32). 

3.2. 3MHCCH51 rrpe.u.uenHTenhHhIX H8HTpOHOB H TeMnepaTypa .uen.SIW,HXC.51 

.SI.nep 

B 3TOM pa3)lene pe'Ih IIOH)l~T O Bhl'IHCneHHH BTOpOH nepeMeH

IIOH BenH'IHHhl, KOTOpa.51 onpe.uen51eT COCT051HHe 51.Upa, - 3HeprHH 

B636y)K.U8HH.SI E* HnH, 'ITO y.uo6Hee (pa3.zi.• 4.2), TeMnepaTypb! e. 
0.UHHM H3 Ba)KHh!X <JlaKTOpOB, KOTOphIH He06XO)lHMO Y'IHTh!BaTh B 

HCCJie.uyeMh!X p~ai<UH51X, HBmrnTcH sHepreTHtiecKaH B03MO)KHOCTh nc

nycKaHHH B036y)K)l8HHhIM 51,UpOM, .no Toro,KaK OHO rro.uenHTC5I, Hee-
. ' 

KOnhKHX H8HTpOHOB - TaK Ha3h!BaeMh!X rrpe.u.uenHT8nhHhIX H8HTpOHOB. 

o6o3Ha'!HM HX cpe.nHee '!Hcno ~ Ha aKT .ueneHH5I ; , OHO 5IBn51eTc51 
· pre 

'!aCThKJ cpe.uHero IIOnHoro '!Hcna H8HTpOHOB v, . conpoBO)K)laKJlIJ,HX 

rrpouecc .ueneHHR, .upyryKJ '!aCTh lJ COCTaBn51KJT H8HTpOHhl, 
post 

HC-

nycKaeMh!e H3 OCKOnKOB: 

~ v=v +v . 
pre post -

( 12) 

ITpH aHanH3e 3KCIIepHM8HTanhHhIX )laHHhIX HX xenaTenhHO 3HaTh 
' ,., 

rropo3Hh, TaK KaK lJ CB5I3aHo C peanhHhIMH cpe.UHHMH (3<fl<fleKTHB
pre 

Hh!MH) napaMeTpaMH .uen51lIJ,HXC5I 51,Uep. HcrrycKaHHe H8HTpOHOB H3 

.UBHXYW.HXC.51 OCKOnKOB (v i CHnhHO, CKoppenHpOBaHO B rrpoc-
post 

TpaHCTBe C HarrpaBneHHeM HX pa3neTa, a H3 npaKTk'!eCKH IIOK05IlIJ,e-

H.Upa 
,v 

o6cT05I-:-roc.51 .uenSim,eroc.51 (v ) - IIO'ITH H30TpOIIHO. 3TO 
pre 

TenbCTBO H, II03BOn51eT pa3,UenHTh nonHh!H Bh!XO)l Ha yKa3aHHhl~ coc-

TaBn51KJmHe, ecnH. H3M8pHTh yr nOBhle H :3HepreTH'!8CKHe pacrrpe.uene
~ 3)l8Ch 3Ha'!eHH51 V HH5I H8HTPOHOB '[ 34]. Hcrronh'3 Y,eMble 

pre 

IIp5IMhIX 3KCIIepHM8HTanhHhIX ocHoBairn Ha ·cHcTeMaTHKe 

,..,, 
H V 

post 

·.uaHHhIX 

[35,36) H .UOBOnhHO 6nH3KOH iKCTpirr~n5IUHH HX IIO 3HeprHH H HYK~ 

nOHHOMY COCTaBy .uen51lIJ,HXC51 H,Uep. 

IC, 



TASJJHUA 3 

E:N 
,.,, EK (15) 

2 (]'2 l h -. (j , , ,..,, 
V (15) M E 

__ ,_ 
e·' (u ) e2 ( ') Elab --- eo , 'V i2· PeaKUHH ACN. 

.J 'I 
u E ( aeM) 

2 M3B~ I sp pre ef.upr•· 
E• (l) sp pre ,.., K I 103 h.2 

C N ' V i 103 h 2 
M3B .. M3B' I M3 B p O S t M3B (15) (15) [15] M38 

148.0 61.9 1.58 1.7 4.24 132.1 157 61 31.5 1.15 0.87 
56.2 2.4 130.8 1.10 

160.5 72.3 1.74 2.2 5.10 133.0 189 . 64 39.2 1.22 1.29; 
63.9 2. 7 · .. 131.3 1.70 

170.4 80.5 1.86 2.6 5.90. 133.4 198. 64 44.5 1.28 1.66 
•. 69 .4 2.9 131.3 2.19 

1s4sm,32 8 . IB6Pt 182.1 90.2 1.99 3.1 6;69 134.1 218 · 76 49. 7. 1. 32 ·2 ~ 03 
-1 76.6 3.2 131. 7 2.74 " 

193.1 99.3 2.10 3.6 7.49 134.3 251 85 54 .1 , 1.37 2.39 
· 83. 5 3.4 131.5 3.24 

203.1 107.6 2.20 4.0 8.15 135.1 267· 95 57.6 1.40 2. 70 ;·. 
'89.5 . 3. 6 131.9 3.68 

230.1 129.9 2.45 5.1 9.90 136.9 286 118 66.3 1.48 3.48 
106.8 4.3 133.0 4.86 

98.9 62.7 1.60 1.7 4.30 132.6 146 56 30.2 1.17 o. 78 .. 
57.7 2.4 131.3 1.01 

110.3 . 73.1 1;77 2.3 5.26 132.9 161 . 62 39.5 1.25 1.06 

170Yb, l,60 
·. 69.5 2.7 .131.1 1.42 

1e6Pt 120.9 82.8 1.91 2.7 6.06 133.9 166 67 39. 7. 1.32 1.24 
74.0 3.0 131. 8 1'.74 

130:6 91.7 2.03 3.2 6.85' 134.1 18_2. 74 42. 4·, L36 '1.38 
82.0 .. 3.2 131.6 1.98 

139.8 100.1 2.18 3.6 .7.54 134.6 190 .81 44.6 r.4o 1.53 
:· 89.0 3.4 131.7 2.19 .. ·, 



B nocne.nHHe
1 

ro.nu npH· H3JtieHHH 

(HI;f)~peaKUHHX (CM., HanpHMep, o63op 

3MHCCHH HeR~pOHOB B 

[36)), ·6uno ycTaHoBne..., 
·Ho, 'ITO BeRH'IHHJ Vpre H ee 3aBHCHMOCTb * OT.·, E He y.naeTCH· 

o6'bHCHHTb B. paMKax . Tpa.nHUHOHHUX npe·.ncTaBneHHH .- . c noMOIUblO 

pactie_TOB KOHKypeHQHH npouecCOB HcnycKaHHH HeH_TpOHOB H .neneHHH 

no CTaTHCTH'IeCKOH TeOpHH. DpH 3TOM npeBUllieHHe ,3KCnepHMeHTanb-

* HUX 3HatieHHH Ha.n pactieTHUMH pacTe~ C E . YtieT .UHHaMHtieCKHX 

acneKTOB npouecca .neneHHH [36-40] B p~MKaX .UH¢~Y3HOHHOH Mo.ne

nH no3BOnHeT nOH51Tb B 06IUHX . qepTaX 3TO HBReHHe' .nonycKaH 

3MHCCHIO npe.n.nenHTenhHUX HeHTpOHOB He TORbKO B OCHOBHOM COCTO-

HHHH, KaK'.B CTaH.napTHOH HcnapHTeRhHOH Mo.nenH, HOH Ha npoTH-

. xeHHH BCeH 3BORIOUHH .nenHmerocH ~.npa .no TO'IKH pa3pUBa. nocne.n~ 

Hee b6CTOHTenbCTBO cymecTBeHHO .nnH iaHHoro aHanH3a, Hyx.na10me

rocH B HH~OpMaUHH C XOTH 6u B. oueHO'IHOH), · KaK pacnpe.neneHO BO 

-BpeMeHH HcnycKaHHe HeHTpOHOB B npouecce .neneHHH. 

B aBonIOUHH . .nenHmerocH H.npa, HaH6onee noirno onHcuBaeMoro 

B paMKax_- .UH¢¢Y3HOHH08 Mo.nenH [22], · HCKRIO'IW~enhHaH ponb npH

Ha,njexHT ce.nnoBOH TO'IKe H CTa,UHH cnycKa -~ Hee K TritIKe pa3pU

Ba. B ce.nnoBOH TOtIKe .UOCTHraeTCH MaKCHMaRhHOe oxnax.neHHe H.n

pa, H ee' MOXHci paccMaTpHBaTb B KatiecTBe 8,a.qana OTC'IeTa B npo

uecce BU.neneHHH 3HeprHH H ¢opMHpOBaHHH CBOHCTB 6y.nyIUHX OCKOn

KOB.,: TT03TOMY MU 6y.neM xapaKTepH30BaTh_ .nenHIUJIOCH CHCTeMy TeM-: 

nepaTypo8 B ce.nnoBOH TOtIKe 8° . TeMnepaTypa B( a.,l, ';/ ) H 
· sp · . pre 

Heo6xo.nHMaH * . -,v 
.URH ee BU'IHCReHHH 3HeprHH B036yx,neHH51 

E (a.,l,v ) 
pre 

.nenHmer.ocH H,Upa onpe.nenHIOTCH TpeMH. OCHOBHUMH 

napaMeTpaMH:_ .ne¢opMaQHeH a, cpe.nHHM yrnoBUM MOMeHTOM l H 

cpe.UHHM 'IHCROM HcnymeHHUX K .naHHOMY COCTOHHHIO HefiTpOHOB 
~ _, ' V 

V ( a, l) . .ne¢opMaUHH xapaKTepHUX TOtieK - OCHOBHOro COCTOHHH51 
pre...:.· · ·· · · , 

a.cN( l) , ce.nnoBofi TO'IKH a ( l) - caMH eCTh ¢YHKUHH yrnoBoro 
sp . . 

MOMeHTa (1). Mu ·npHBO.UHM B Ta6n. 2, H 3 3HatieHHH TeMnepaTypu B 

ce.nnoBOH TO'IKe ·0° I 

. sp 
KOTOpue COOTBe_TCTBJIOT 3Hep'rHH B036yx.neHHH 

HatianhHoro cocTaBHoro H.npa H He J'IHTUBaIOT 3~HCCHIO npe.n.nenH~ 

TenhHUX HeHTpOHOB, H eef - 3¢~eKTHBHUe 3Hatie.HH51 TeMn-epaTypu, 
. . . sp . . . 

npH Blil:'IHcneHHH KOTOpux npe.nnpHHHTa nonUTKa.· oueHHTh. 'IHCRO 

H~HTpoHOB, Hcnyme~HU~ H.npoM K aToR cTa.UHH,H,JtiecTh 3~eprH10, 

KOTO~JIO OHH JHO~HT. -~·----...-~~ 

rn 

·) 

i'J 

·,., 

EcnH HrHOpHpOBaTb ,HcnycKaHHe, HefiTpOHOB, .no .neneHHH, TO,tI

Hee, .no BeprnHHU 6apbepa, TO 3HeprHJ? B036yx.neHHH H TeMnepaTypy 

H.npa B ce.nnoBOH TOtIKe MOXHO,BU'IHCRHTh,Hcnonb3J51 (6), ~aK: 

* E 
sp,o 

N, * 
ECN 

,v 

Er , 

0 
[ * ,.,] 

112 

B - E a 
s p - s p,o . / 1 

(13) 

(14) 

r.ne E . - KaK 6apbep AeneH~H,TaK ~ 3Hepr~H B036Y~AeH~H B OCHOBHOM 
f * '. , . ' ' . '·. ·. ,./ 

COCTOHHHH E B Mo.nenH Bpama10me8cH KannH [1], a, a=0.093 
, _ 1 . CN. , . .. . . - , , : . . 

.AMaB - napaMeTp nnoTHOCTH ypoBHefi HarpeToro·H.npa (4~)-

Koppe~THci oueHHTh; HaCKORhKO Ha.no JM8HhlliHTh 3Hep~HIO,BOj-

6yx.neHHH H TeMriepaTypy' B · peanhHOM cnyqae, JtIHTUBaIOIUeM Hcnyc

Kairne HeHTpOHO.B B npouecce .ne~opMaUHH i,npa, TPY.UHO,· 'ncic:irnnh

Ky ;· KaK yxe OTMetiaROCh ,. cna6o H3JtieH Iionpoc 06 HX pacnpe,nene:... 

HHH B 3aBHCHMOCTH oT BpeMeHH (xoTH 6u rpy6o) no cTa.UHHM (B 

OCHOBHOM COCTOHHHH, .UO ce.nnoBOH TOqKH; Ha cnycKe) . B .UaHHOM 

aHanH3e. o6cyx.naeMu8 a¢~eKT paccMaTpHBaeTcH nHWh KaK nonpaBKa 

K ( 13) -( 14). C 3T_OH uenhIO 6irnH BBe.neHU 3~~eKTHBHUe BeRH'IHHU: 

,,.J sp - ,,, 
V -

pre { 
,.J . 

V .nnH Pt, Po. 
pre' 

N 

vpre'/2 
·.nnH Ku, 

(15) 

KOTOpUMH rpy6o YtITeHO pa3~HtIHe HCCne.nyeMUX H.nep no .ne~opMaUHH 

ce.nnoBOH TO,'IKH a ' npoTHXeHHOCTH . cnycKa, B oueHKax BpeMeHH . ' ~ . 
pa3Hlil:X CTa.UHH H T.n. B (15) npHHHMaeTCH BO BHHMaHHe, 'ITO! 

1) Pt, Po 6nH3KH K o6nacTR H.nep, y KoTopux .a ~a 
rv sp "' 2 ) · · · · .. sp SC 

(22,23), T.e. V ~ V . 
pre pre 

2) B cnyqae Ku, XOTH a· ~ a H HeBenHKa "cTaTHCTH'IeC-:-
,v , ~ rn . . 

Ka51" qacTb V , CB513aHHaH C HcnycKaHHeM. HeHTpOHOB B nepBOH 
pre < 

~Me,. 51,npo .nonro npoBO.UHT B OKpecTHOCTH ce.nnoBOH TO'IKH H 6onh-

wyio · tiacTh ·. cnycKa· a.sc 

ycKopeHHH (22], T. e. 

:- ex npoxo.nHT 'nHrnh · nocne · .nocTa TOtIHoro 
~. . ·. ' 

HMein MecTo. npoMe:iyTotIHa.H cHTyaUHH c 
-~. "'-

2) ' . 
3TO npe.nnonoxeHHe no,nTBepx.naeTCH TeopeTHtieCKHMH pac'IeTaMH 

' '' ' " . ·. . 200 '' . " · ':· .. . 
Blil:XO.Ua He8Tp0HOB (40) npH .neneHHH H.npa Pb, npe,ncTaBRHIOIUero 

TY :xce .no_aKTHHH.UHYIO rp,°n~y, r.ne IlOKa3aHO, 'ITO q~cno np~.n.nenH-:

TenhHUX He8Tp0HOB Ha CTa,UHH cnycKa 6nH3KO K Hyn10. 

ICJ 



O<~ sp <';; , KOTopoft · 6~mKe v •P "' 
pre pre pre 

-;; /2, 
,pre 

HeJKeJIH KpailHHe . cJiy-

qaH npHBeneHHoro HepaBeHcTBa. 

B. COOTBeTCTBHH C H3JIOJKeHHHM, 3ctJctJeKTHBHHe 3HaqeHHH 3Hep

rHH B036yJKneHHH. TeMnepa·Typ1,1 H Ma~COBoro 4HCJia neJIHIUHXCH Hnep 

IlpH <X "' <Xsc MOJKHO npencTaBHTb KaK 

E* = E* '."'p'sp E , aef=(E* /a) 1/~ A= A _j)'•P ,(16) 
sp,ef sp,o pre V sp sp,ef er pre 

. rne E =B +&' - cpenHHH 3HeprHH, YHOCHMaH HeilTpOHOM, B H &' 
V n n ,, n n 

era cpenHHe 3HeprHH CBH3H H KHHeTHqecKaH 3HeprHH. HeilTpOHM He 

'TOJlbKO y~eHbW8.DT 3HeprHD B036yJKneHHH, HOH YHOCHT qacTb yrJio

Boro MOMeHTa. KaK H B pa6oTax [6,43,44],MH-~pennoJiaraeM, qTo 

t yMeHhWaeTCH B cpenHeM Ha nh Ha KaJKnMil HcnycKaeMMH HeilTpOH. 

HaHJiyqwee·onHcaHHe aHaJIH3HpyeMMX naHHMX 6MJIO nocTHrHyi6 npH 

n=2, T.e. 

l = l - 2';;sp 
ef pre 

( 1 7) 

m L : I: : ; : ;, ~ :i:1 : : : :; j ~-~Ku I '--'--'--'--'-'[: : :-'-'-'--'--'-'-: i ; < !~:: : i : ;! ~t~u l 
m . (') 150 -201Po 2os.204Pci 

+H : 146 ~~H~~h~ t ♦ t ft+ t t 
I µ:i 14 2 ._.__,__,_-'-'--'--'-'-'-'-:-;._L_,_,__._L_,__,__,_J 

2os.204Po .. ] 
+t+1+tt* . 

201Po 

#~ 

'.:a rn'.Pl: :•>~ :• :•: < : :•: : : :I rOO~t~: ~ :; : < •: : ~: :•: : : : : :•1 
30 50 70 90 

· E*., M3B 
CN 

110 130 0 1000 2000 3000 4000 5000 
. f.. ti2 

PHC. 7. .3aBHCHMClCTH c~enHeil KHHeTHqecirnil 3HeprHH OCKOJIKOB EK 

* OT 3Hepr~H B036yJKne_HHH E CN (l) . H _cpenHero KBanpaTa yr JIOBoro 
' ' · 2 186 170 16 

MOMeHTa l HaqaJibHHX COCTaBHHX' Hnep. Pt: o - Yb+ 0, ■ ,+ 

1s4sm+J2s; 204Po·: , _ 116Yb+2asi, -'ii _ 164Dy+40Ar, fl 

180Hf+24Mg;: 206P.o: e _ 194Pt-i_l2c 
1 

• O _ 1·900~-~!60 
1 

£ 

1a6W+20N e;. · 201 P6: 0 _ 204Pb+ JHe ;· 260Ku: 0 _ 244 Cm+1 6 0, . £ _ 

240Pu+20Ne, fl _ 2J6U+24Mg, · , _ · 232Th+2asi; 2s6Ku: *. 

2oaPb+4aTi. 
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3HaqeHHH V H BH4HCJIHBWHeCH C HHMH 3ctJctJeKTHBHHe BeJIHqH-
- pre 

sp 2 -v 
HH a.Ht npencTaBJieHH B Ta6JI.2 H 3. naHHHe o v npHBO-ef ef · post 

nHTCH TOJlbKO B Ta6JI.3, IlOCKOJlhKY o6pa6oTKa pe3YJibTaTOB' H3Me~-

peHRH M3P OCKOJIKOB neJieHHH Hnep Pt c IlOMOIUbD noJiynpoBonHHKO

BOro E-E cneKTpOMeTpa, KaK yJKe OTMe4aJIOCh, HyJKnaeTCH B yqeTe 

HcnycKaHHH "OCKOJI04HHX" HeilTpOHOB. HanpHMep, pe3yJihTaTH npH-

MHX H3MepeHHH EK Hano nonpaBJIHTb (yBeJIH4HBaTb) corJiaCHO 

flE /E. = ~ /A 
K K post CN 

( 18) 

~, ~· 
B pa6oTe [ 15] Be Cb BMXOn HefiTpOHOB v OTOJKnecTBJIHJICH c. v , ·... . . .. rd 
H 3TO' KaK 6yneT noKa3.aHO HHJKe' 3aMeTHO HCKaJKaJIO 3HepreTH-

qecKyD 3aBHCHMOCTh EK( El), 

4. PE3YJibTATbl AHAJIH3A 

4.1. CpenHHH KHHeTHqecKaH 3HeprHH OCKOJIKOB 

nocTOHHCTBO E - CBOfiCTBO, KOTOpoe· cpa3y o6pamaeT Ha 
K 

ce6H BHHMaHHe B Ta6JI.2. CHCTeMaTH4ecKaH KapTHHa~ HJIJIDCTpHpyD-

maH era, naHa Ha pHc.?i rne 3KcnepHMeHTaJihHMe naHHMe o EK nJIH 

o6cyJKnaeMh!X Tpex rpynn peaKUHil .. H neJIHIUHXCH Hnep npencTaBJieHH 
. * -

B 3aBHCHMOCTH OT 3HeprHH B036yJKneHHH E (l) H cpenHero KBan-
- CN 

paTa yrJIOBoro MOMeHTa t HcxonHl,IX COCTaBHl,IX Hn~p. HHctJOpMaUHH 

0 neJieHHH Hnep Po nonoJIHeHa naHHJ,IMH, noJiy11eHHJ,IMH B peaKUHH 
204Pb( 3He, fl [ 45], nJIH KOTopoil xapaKTepHa f!epenaqa nem:imeMycH 

· 207 Hnpy Po He6oJibWoro yrJioBoro MOMeHTa - npHMepHo Ha nopHnoK 

MeHbWe, qeM B HCil0Jlb30BaHHJ,IX HaMH peaKUHHX C THJKeJIJ,IMH HOHaMH. 
- 207 186 

3HaqeHHH EK nJIH Po H Pt, npHBeneHHl,le Ha pHC.7, 

OTJIHqaDTCH OT•OpHrHHaJihHl,IX naHHJ,IX COOTBeTCTBeHHO [45] H [15] 

6oJiee. aKKypaTHJ,IM yqeTOM nonpaBOK Ha 3MHCCHD HeilTpOHOB H3 oc

KOJIKOB. POJih 3TOH KOpp~KUHH neMOHCTpHpyeT Ta6JI~3, rne npHBe 
,_, 

neHH npHHHTl,le B [15] H yToqHeHHJ,Ie 3HaqeHHH, V , a TaKJKe 
• •. , · post 

COOTBeTCTBYDIUHe HM, cor_JiaCHO ( 18), BeJIHqHHl,I, ~-. nepeCMOTp .. 

3TOH nonpaBKH cpaKTHqeCKH ycTpaHHeT 3aBHCHMOCTb.E OT 3HeprHH , . . . ,. . K . 

HOHOB KaK B _[15], TaK H B [45]. COBOKYilHOCTb naHHJ,IX! BKJIDqaD~ 
- 3 'IUaH 3HaqeHHH EK nJIH peaKUHH ( He,f) C 6JIH3KHMH K HYJID yrJIOBl,I-; 
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, - 2 
MH MOMeHTaMH, • no3bom1eT noJiytIHTb. BepxHyJOJO' oueHKY dE /di .,,0.3 

K 
~ : 

K3B h - Ha nopS!,llOK. MeHbllle, tieM npHHHMaJIOCb B [ 12, 23-25]. 

TeM caMblM B CHJIY 

c cii ;ae2J « dE ;ae2 
. K :uccn rot 

,· 

( 19) 

MO)KHO YTBep)K,llaTb, 'ITO 3HeprHSI BpameHHSI si.npa (2) He nepexo.nH~ 

B _KHHeTH'IeCKYIO 3HeprHIO OCKOJIKOB. 

Bu111e pe'Ib IIIJia O KHHeTH'IeCKOH 3HeprHH napbl OCKOJIKOB, yc

pe.llHS!eMOH no BCeM MaccaM OCKOJIKOB. ECJIH qJHKCHpoBaTb MaCCbl 
' . 

napHblX OCKOJIKOB M H A-M, TO M-3aBHCHMOCTb cpe.nHero 3HatieHHSI 

E ~Ml .llJIS! ~aKHX Bbl6opOK HMeeT BH.ll napa6oJibl (pHc.5a). TaKOH )Ke 
K 

pe3 yJihTaT 6un noJiytieH B paMKax )KH.llKOKaneJihHOH Mo.neirn [ 46] • 

9KcnepHMeHTaJibHble HCCJie,llOBaHHSI [12, 23) noKa3aJm, 'ITO IIIHpHHa 

napa60Jibl pacnpe.neJieHHSI E (Ml pacTeT C 3HeprHeH H, B03MO)KHO, C 
K 

yrJIOBblM MOMeHTOM: 9Ta 3aBHCHMOCTb napaMeTpH30BaJiacb COOTHOllle-

HHeM 

E (M) = E (A/2)(1-µ)(1+{3µ), /1 = [(M-A/2)/A/2]
2 

,. (20) 
K ·. K . . 

r.ne (3 - napaMeTp, onpe.neJISIIOmHH OTJIH'IHe IIIHpHHbl napa60JihI EK(M) 

. OT pe3yJibTaTa MO,lleJIH )KH,llKOH KanJIH ( {3=0). pro 3aBHCHMOCTb OT 

* ' 3HeprHH B036y)K,lleHHSI B ce,llJIOBOH TO'IKe E .llJISI si.nep B paHOHe 
· sp,o 

(3 0.6 

0.3 

0.0 

-0.3 

-0.6 
0 

r~1f1~~ + +Hi! +. + l ! ~· . 
~ 

20 40 60 80 JOO 120 
E:; . M3B .-

PHC~8. 3aBHCHMOCTb napaMeTpa (3 B (20) OT 3HeprHH B036y)K.lleHHR 

Ha.n 6apbepoM .neJieHHSI E
0 

(13) .llJISI si.nep B oKpecTHOCTH Pb. □ ~ 
~ . ' . 

.naHHhie -.llJISI .neJieHHSI si.nep JierKHMH 3apS1)KeHHblMH qaCTHUaMH '[45]; 

oc;~JlbHble 3'Ha'IKH -
204

• 
206

Po B COOTBeTCTBHH C o603HatieHH.eM 

(HI,f) - peaKUHH Ha pHc.7. 
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Pb .neMOHCTpHpyeTCSI Ha pil:c. 8, T.ne .naHHble .no 50 M3B OTBetiaIOT · 

peaKUHS!M C JierKHMH 3apmKeHHblMH qacTHUaMH, -a CBblllle 50 M3B -

peaKUHS!M C TSl)KeJiblMH . HOHaMH. PaHee. npe.nnonaraJIOCb ,· 'ITO npH 

nepexo.ne· OT 0,llHHX K .npyrHM "CKatIKOM" yBeJIH'IHBae·TcSI niHpHHa 

( BeJIH'IHHa napaMeTpa {3>0) . (12_), O,llHaKO pe3yJibTaTbl • HaCTOSIIUeH 

pa60Tbl CBH,lleTeJibCTBYIOT, .'ITO 3TO He TaK,H npH paccMaTpHBaeMblX 

3HeprHSIX MO)KeT H.llTH pe'lb JIHlllb O .llOCTaTO'IHO CJia6oH 3aBHCHMOCTH 

(3 OT paccMaTpHBaeMblX napaMeTpOB. 

HTaK~ Bee noJiytieHHble H pacc~aTpHBaeMbie 3,lleCb 3KCnepHMeH

TaJibHble .naHHble, KaK .llJISI cpe.nHeH noJIHOH KHHeTH'IeCKOH. 3HeprH'H 

EK, TaK H .llJISI 3aBHCHM?c:rn EK( M), CB_H.lleTeJibCTBYIOT, 'ITO yBeJiw1e-_ 

HHe ·3HeprHH BpameHHSI He npHBO.llHT, B npe.nenax 3KCnepHMeHTaJI6-

HhIX OIIIH60K, K H3MeHeHHIO . 3HeprHH OTHOCHTeJibHOro .ll_BH)KeHHSI oc

KOJIKOB. OTCYTCTBHe BJIHSIHHSI yrJIOBoro MOMeHTa Ha yKa3aHHble Be-
' .'. ' ; . . . , •' ' . 

JIH'IHHhI MO)KHO o6'bSICHHTb, OCHOBblBaS!Cb Ha pe3 y JlbTaTax _ [ 10, 18, 28] 

H npe.nnoJiara.sI, 'ITO CBSI3aHHaSI C yrJIOBblM MOMeHTOM 3HeprH.sI Bpa~ 

meHHSI si.npa peaJIH3yeTCSI npH' ,L{eB036y)K,lleHHH .nensimHXCSI CHCTeM, B 

OCHOBHOM, Ha n03.llHHX CTa,llHSIX nyTeM . 3MHCCHH OCKOJIKaMH 

o-KBaHTOB. C 3THM npe.nnoJIO)KeHHeM cornacyeTCSI H HMeIOmasicsi 3KC

nepHMeHTaJibHaSI HHqJOpMaUHS! 0 o-KBaHTaX, noJiytieHHaSI B '(p,f) 

[57) H (HI,f) [1~-19,58) peaKUHS!X. 

B T~6JI. 4 npHBe,lleHbl CBe,lleHHSI O cpe.nHeH MHO)KeCTBeHHOCTH 

o-KBaHTOB <M >, HcnycKaeMblX npH .neJieHHH si.nep B o6JiaCTH Po 
. 0264 

[ 16, 57, 58) H Ku [ 19]. ECJIH npHHS!Tb, cne.ny.sI [ 59], 'ITO Ka)K-

,llhIH I o-KBaHT YHOCHT B cpe.nHeM g =1 M3B, H cpaBHHBaTb H3MeHeHHSI . 
- - . . 0 
E '::g <M > H 3HeprHH BpameHHSI si.npa B ce,llJIOBOH TO'IKe Esp B · o o o ' - . · · · rot 
3aBHCHMOCTH OT e2, TO OKa)KeTCSI, 'ITO OHH ·-.nnsi si.nep Po, ·At 6JIH3-

264 -
KH no BeJIH'IHHe. .lIJIS! si.nep Ku pa3HHUa 3HatieHHH E' MeHbllle .o 
pa3HHUbl 3HatieHHH Esp , · XOTSI KOppeJISIUHS! Me)K.ny _HHMH Ot{eBH,llHa. 
, . . ., rot . . 

.. .lIJIS! Sl,llep B 66JiaCTH. Po ce,llJIOBaSI TO'IKa H TOtIKa pa3pb1Ba 6JIH3KH 

· no .neqiopMaUHH H Esc "'Esp , ,llJISI TSl)KeJiblX )Ke SI,llep .neqiopMaUHH B 
rot rot 
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,TAEJI11UA 4 

* l. 2 .. E s P PeaKUlHI A E 
CN 1 <M > 

CN e f 0 rot' 

M3B 1O
3

h
2 

M3B 

zo9'si+ P 210' 
Po 65 0.1 8.6 [57) 0.2 

197 AU+ 1 z'C 209At 76 0.9 11.6 [58) 2.2 

114 2.1 13.3 [16) 4.0 

z3sU +26Mg 264Ku '52 .5 0.8 17.2 [19) 1.9 

64.2 1.2 18.1 [19) 2.9 

101;7 2.5 19.6 [19) 6.4 

ce~JIOBOif TO'IKe H TO'IKe pa3p1,rna OTJIH'la!OTCH 3HatIHT8JlbHO, H no-
.•' ,. SC S . , 

3TOMY E <E P , · C tieM H CB5I3aHO OTJIH'IHe B pocTe <M > B 3aBH-
' ~~t' .!:~t . ' ' 264. ' ,0 

CHMOCTH OT l )lJIH ~.nep B o6JiaCTH Po H Ku 

~.2.· BHcnepCHH MPH 3P OCKOJIKOB. 

KaK yxe OT~eqa~OCh, npH aHaJIH3e 3KCnepHM~HTa~bHUX ,naHHUX 

0 ,nHcnepcHHX y,no6HO paccMaTpmiaTb TeMnepaTypHy10 3aBHCHMOCTb 

3THX BeJIH'IHH, onpaB,n1,iBaeMy10 ',nocTaTO'IHO o6niHMH pe3yJihTaTaMH 

CTaTHCTH'leCKOH MexaHHKH [47). 113 Hee, B tiaCTHOCTH, CJie,nyeT, 

'ITO ecJIH 3aBHCHMOCTh noTeHUHaJihHOH 3HeprHH ,netpopMaUHH · OT ·ne

peMeHHOH ·s ecTb V(~.s); TO ee pacnpe,neJieHHe OTHOCHTeJibHO 

cpe,nHero 3HatieHH5I SB COCTOHHHH C .n~tpopMaQHeH a MOXHO npe.nc~ 
o, 

TaBHTh KaK 

Pa ( Sl _exp[-, I s..:S1
2

] •· 

o , '. 2erz , . 
·s ,a 

0 

erz -
s,a 

0 

ea 
0 --- , 

K 
s ,a 

0 

d V S=S , 
[ 

2 l -. 
K = -~z .. a=a s,,a0 -dS-. · I o 

( 21) 

r,.ne ea - TeMnepaTypa, Ks, a - xecTKOCTb no OTHOIIIeHHIO K BapHa-
0 0 

UHHM s (o6e B TOtIKe a=a ). Eonee o6mee BUpaxeHHe ,nJIH TeMnepa-
o 

TYPHOH 3aBMCHMOCTH BeJIH'IHHU ,nHcnepCHH ~ MOXHO no~y'IHTh, ecJIH 

yqecTb :rneprHIO HyJieBUX KOne6aHHH. OnycKaH HH,neKC ao, _noJiy'IHM 

24 

2 
er = 

s 

hw 

2K 

s 
cth 

s 

··hw 

2B 

·{ B/K 

. hw/;K 
s 

.nJIH e » hw 
s ( 22) 

,nJIH e < hw 
s 

r.ne W=(K/µ,)
1
~

2
- t{aCTOTa 

. s s s 
KOJie6aHHH, µ_

5 
- npHBe.neHHaH Macca 

)lJIH KOJie6aHHH Mo.nus . 

3KcnepHMeHT. corJiacyeTCH C 3THM npe.ncKa3aHHeM, a HMeHHO: 

a) MPH 3P CJie,ny10T rayccOBOMY 3aKOHY (21); 

6) KaK BUTeKaeT H3 HCCJie,noBaHHH ,neJieHHH .noaKTHHH)lHUX 
' 3l 

51,nep npH HH3KHX TeMnepaTypax , BUnOJIHeHHUX C n0Momb10 ~erKHX 

3apHxeHHUX tiaCTHU [45], 3aBHCHMOCTH er~ H er! OT B CJie,ny10T 
2 ·-

( 221, npHtieM erE( Bl CKOpee COOTBeTCTByeT cnyqa10 B < hwE, a 

er
2

(Bl - JIHHeHHOMY npH6JIH~eHHIO e » hw, BBH.ny Toro, 'ITO 
M · M 

hwE/hWM"'5+1O, hWM"' 0,. 5 M3B [23). 

C nocne,nHHM pe3yJihTaTOM TaKxe HaXO)l5ITC5I B cornaCHH atta-
. . 2 

JIH3HpyeMue 3,necb ,naHHUe pa60TU [15): er cne.nyeT JIHH8HHOH 3a-

BHCHMOCTH. OT 0° , Tor .na KaK 3aBHCHMOCTb Mer2( Bl HMeeT BOrHyTOCTb 
, . E . 

B COOTBeTCTBHH c (22) H HenJIOXO annpoKCHMHpyeTCH KBa,npaTH'IHOH 

napa6oJIOH. Ha. 3THX tpaKTax MU H OCHOBUBaJIHCb npH aHaJIH3e p~-

3YJibTaTOB .H3MepeHHH: Ha pHc. 9 B 3'aBHCHMOCTH OT_"HatiaJibHOH" 

TeMnepaTypu 0° CBepxy BHH3 npHBe.neHU. BeJIH'IHHU t2, er
2 

H er . 
M E. 

3KcnepHMeHTaJibHUe 3HatieHH5I ,nByx nocne,nHHX xapaKTepHCTHK 

MaCCOBbH .nHcnepcHH H KBa,npaTHOro KOpHH H3 .nHcnepcHH 3HeprHH -

y,noBJieTBOpHTeJibHO onHCUBalOTCH,npHMUMH JIHHHHMH. 

Mex,ny TeMnepaTypHUMH 3aBHCHMOCT5IMH yKa3aHHUX XapaKTe-. 

pHCTHK )lJIH pa3HUX 60M6ap,nHp_y10mHx HO HOB ( PHC '. 9 l HMeeTCH OT'leT

JIHBaH KOppeJIHUHH: Bee OHH HMelOT qiopMy Beepa C TO'IKOH nepece

_'18HH5I npH 6JIH3K~X 3HatieHH5IX 0°"'1.2+1.4 M3B. B ,naHHUe ceMeHCT~ 

Ba KpHBUX )lJIH 51,nep Po pa3yMHO BilHCUBalOTCH 3KcnepHM8HTaJibHUe 

.naHHUe, noJiy'leHHUe B peaKUHH 
204

Pb( 
3
He, fl [ 45). , nepe,naBaeMUe 

B HeH yrJIOBU~ MOMeHTU kaMHOro MeHbIIIe, tieM B HCCJie,noBaBIIIHXCH 

31
3.necb H _HHXe B TeKCTe_H Ha pHCYHKax - Be3,ne, r.ne pe'lb H,neT 

0 TeMnepaType ,neJIHmHXCH 51,ne~ B ce,nJIOBOH TO'IKe, MU onycKaJIH 

HH,neKC "sp". 
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3,lleCb H B (15] pe~KUHHX C TH)KenJ,JMH HOHaMH. ·no3TOMY IlOJIO)KeHHe 

OTKPHTHXEa.npaTHKOB Ha pHc.9 npHMepHo cooTBeTcTByeT rpaHHUe 

ceMe8cTB f2,,,_o. 
2 . • 

PacrnHpeHHe .nHana30Ha e Ht B .naHHOM aHaJIH3e npH nepexo-

.ne OT peaKUH8 c nerKHMH 3ap5I)KeHHHMH qacTHUaMH K ~I-peaKUHHM B 

cpaBHeHHH C (12], yqeT 3HeprHH BpameHHH npH onpe.neneHHH 3Hep

rHH B036y)K.neHHH H TeMnepaTypu H.nep c9rnacHo (13)-(14) no6y

.llHJI ,Hae nepecMoTpeTb Bonpoc · o rHnoTe3e ( 4 l , Ha KOTopo8 paHee 
. 2 . . . 

CTpOHJIOCb OTIHCaHHe e- H l -3aBHCHMOCTe8 MOMeHTOB ,M3P OCKOJI-

KOB. cooTHorneHHe (4) ecTb pa3JIO)KeHHe X(e;l) B pH.ll Te8nopa; B 

KOTopoM O~TaBJieHH TOJibKO JIHHe8Hue qJieHH pa3JIO)KeHH5I. 3.necb ~H 

era ycJIO)KHHM, .no6aBHB KBa.npaTHqHue qneHu: 

a 6 B 
5000~ 

4000 l 

~ 3000 

1~..:-
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f 
o[ 
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N 

:ii ., 
$ 

200 

' -
Nb2 

100 

12 

Ill 
(') 

::. 10 

-
tt -8 

6 
1.0 

PHc;g_ 

', /■ . 

166Pl 

~ 
'· 206-•,,.:Ao, . , . . . 

: : 
. ' : . : : 

, ,.41:i 
' ; : : ' ii·/ :! 

1.5 2.0 2.5 1.0 1.5 2.0 

e:., M3B 
2.5 1.0 

··~·; .'~ 

~:. 
• 
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°Ku ·~ 

~. i i'i ! i i 
1.5 2.0 

KoppeJIHUHH TeMnepaTypHHX 3aBHCHMOCTe8 t2, CT2 
M 

. · · · 152 32 
0603HaqeHH5I peaKUH8, KaK Ha pHC.7, ■ - Sm+ S [15] . 

26. · 

900 

N 

"' 
600 ~ 

-'.':-
Nb2 

300 
27 

24 

21 Ill. 
(') 

18 ::. -
15 bw 

12 
2.5 

H CTE. 

xce,h =. x +ax0 +ax l+!. a
2
x8 2;+a

2
x~et2+.! a

2
x (l)2 

0 ae. at2 2 ae 2 aeat2 2 a(t2 
)·

2 
( 23) 

B .naJibHe8rneM H3JIO)KeHHe pe3yJibTaTOB aHaJIH3a .llHCnepcH8 MP 

H 3P OCKOJIKOB,uenecoo6pa3HO .naTb nop03Hb. 

4.2.1. nHcnepCHH MP OCKOJIKOB 

PHC. 10 H cpaBHeHHe era C pHC .. 9 HnnIOCTpHpyeT, Kaic BJIHHeT. 
. 2 • 

Ha TeMnepaTypHHe 3aBHCHMOCTH MaccoBHX .llHcnepcH8 (TM yqeT 3MHC-

CHH npe.n.neJIHTeJibHHX He8TpOHOB, , YHOCHmHx 3HaqHTeJibHYIO qacTb 

3HeprHH B036y)K.lleHH5I H He6oJiblliYIO,: HO BTIOJIHe· 3aMeTHYIO qacTb 

yrnoBoro MOMeHTa .nenHmerocH H.npa cornacHo (15)-(17). Ha 

pHc.1oa-B 3KCnepHMeHTaJibHHe .naHHHe npe.ncTaBJieHH B 3aBHCHMOCTH 

OT. ~cptpeKTHBHo8 TeMnepaTy pu eer, BuqHcJieHH08 no cpopMy Jie ( 16 l B ~ .,.., 
npe.nnoJio)KeHHH v ~ =v , Tor.na KaK Ha pHc.10r onpe.neneHHe 

pre pre 
ef · . · e H.nep Ku cne.nyeT (15), 

,...., sp ""' 
T.e. V =V /2. 

pre pre 

McnycKaHHe He8Tp0HOB npHBO,llHT K COKpameHHIO .llHana3oHa 

3HeprH8 B036y)K,lleHH5I H TeMnepaTyp .nenHmHXCH H,llep: Ha pHC.9 

· OTHOllieHHH HaH60Jibllie8 TeMnepaTypu K HaHMeHbllie8 COCTaBJIHeT y 
186

Pt, 
204

•
206

po H 
26

°Ku COOTBeTCTBeHHO 1·.55, 1.33 H 1.30, a 

Ha pHC. 10, T. e. nocne BHJieTa ·;; He8TpOHOB y TeX )Ke H,llep, 
pre . '-

1 ~ 29, 1.12 H 1.025 (CM. ·TaK)Ke Ta6n.2 H 3). B TH)KeJIOM H.llpe 

Q)KH,llaeTCH npaKTHqecKH noJIHOe BHpaBHHBaHHe TeMnepaTyp 

( pHc. 1 OB) , T. e. HaCKOJibKO yBeJIHqHBaeTCH 3HeprHH HO Ha H Ha

qaJibHaH 3HeprHH ~036y)K.neHHH ·cocTaBH.oro H.npa, noqTH HacToJibKO 

)Ke OHa H yMeHbrnaeTCH K pu3pHBY H3-3a HcnycKaHHH 60JiblliOro qffc~ 

Jia HeHTpOHOB. 

· ECJIH ,llJIH (tJHKCHpOBaHHHX 3HaqeHH8 TeMnepaTyp ( COOTBeTCT-·. 

BYIOIUHX TOqKaM nepece'leHHH lliTpHXOBHX JIHHH8 c 3KcnepHMeHTaJibHH-
. . . .. . . : . 2 
MH E.EHMHMH Ha pHc. 9 H PHC. 1 Oa, 6, r) nocTpOHTb 3aBHCHMOCTH er 

. . M 
OT t,2 c H 6e3 yqeTa HcnycKaHHH He8TpOHOB . car JiaCHO ( 1_ 5) , TO 

rronyqHM pHc.11.· cneBa (pHc.11a) Bee rrapaMeTpu oTBeqaIOT "Ha

qaJibHHM" 3HaqeHH5IM 0° H t2, crrpaBa ( PHC. 116) - 3(1J(tJeKTHBHHM 
ef 7 · · . '. z( 02 

0 H c. • Ha pHC. 11a 3aBHCHMOCTb CT c.) COCTOHT H3 pa3,lleJib-
ef .. . . . . M .. ,. 

HUX 0Tpe3KOB ,llJIH (tJHKCHpOBaHHHX 3HaqeHHH. 0, IIpHqeM Ha,. rrepe-
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200 
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PHC~10 3aBHCHMOCTb MaccoBoA ~HC

n_epCHH u
2 

OT 3¢¢eKTHBHOA TeM-M . 

nepaTypu aer B ce.unoBoA TO'!Ke: 
sp 

a-B 
·""'ef ,,v, 
V· =V ; r 

r--/ ef f'V 
V =V /2. 

pre pre 

pre pre-. 

0603Ha'leHHSI peaK-

QHA, KaK Ha pHc.7. 

KpUBaIOmHXCSI y'IaCTKaX, KaK.npaBH

JIO, B03H~KaeT npoTHBOpe'IHe - 'IeM 

MeH&111e a, ,TeM 6on&111e u2 
.unsi. 3a-

-. . M 

,llaHHUX £2, . a ,llOJIJKHO. 6UTb Hao6o,"'." 

poL Ha pHc.116 Bee TO'IKH BUC

TpaHBaIOTCSI B. e,llHHYIO r Jia.llKYIO _3a.,

BHCHMOCTb u2 
( p_2 ) • OTMeTHM, 'ITO 

M ef . . . 260 . 
H3 Hee BUIIa,llaIOT TO'IKH ,llJISI. _Ku, 

oTHocsimHec51 K , peaKQHSIM . c .uocTa-

TO'IHO TSIJKeJIUM HO HOM .28si' TeM 

6onee ,llJISI 
481i (He noKa3aHa). 

3TO. HeCOOTBeTCTBHe. MOJKHO CBSI3aTb 

C .yJKe cKa3UBaIOmHMCSI BKJia,llOM KBa-

3H.lleAeHHSI, npHBOnsimHM K yBeJIH

'IeHHIO u2 
H HapacTaIOmHM C MaccoA M . 

HOHa A
1

• 

nerKoA 

B TO JKe BpeMSI ,llJISI 6onee 

.uensimeAcSI CHCTeMH (Po) 

TO'!Ka, COOTBeTCTBYIOmasi peaKQHH 

,llaJKe C HOHOM 
40

Ar, Y.llOBJieTBOpH

TeJ!bHO BilHCb!BaeTCSI B o6mHe 3a-
' '' 

BHCHMOCTH Ha pHc.lOa. o6a pe-

3YJibTaTa He npo~HBOpe'IaT TOMY, 

'ITO yJKe H3BeCTHO O 3aBHCHMOCTH 

BKJia,lla KBa::mneneHHSI OT MaCCOBUX 
100

o.9 1.1 1.3 1.5 1.7 'IHCeJI HOHa H SI,llpa MHll!eHH, A H 
f · . · I 

0:P M3B A [28-31]. 
·t . . 

B Ta6~.5 H H~ pHc.12 npHBe,lleHU pe3yJI&TaTU perpeCCHOHHOro 

aHaJIH3a 3KCnepHMeHTaJibHUX ,llaHHUX O .llBY·MepHoA 3aBHCHMOCTH 
z•.· z · · · ·· · 

UM( a ,l ) H onHcaHHH HX no M~TO.llY HaHMeHbll!HX KBa.upaTOB C no-

28 

MOmbIO KO.Ila MINUIT [48). 6UJIH.BUIIOJIHeHU ·pac'IeTU ,llJ!Sl _pa3JIH'IHUX 

rHIIOTe3, pa3HUX onpe.ueneHHA nepeMeHHUX 0°, t2, a TaKJKe pa3HUX 

rpynn 3KCIIepHMeHTaJibHUX ,llaHHUX. · BHa'IaJie B Ka'IeCTBe OCHOBHUX 

rHIIOTe3 paccMaTpHBaJIHCb JIHHeAHaSI (4) H KBa.upaTH'IHaSI (23). KaK 

H OJKH,llaJIOCb, nepexo.u OT JIHHeAHoA rHnoTe3U K KBa.upaTH'IHOA H B 

6 
o-2-

0 OHX_cJiy'IaSIX OT Ha'IaJibHUX nepeMeHHUX 0 ,l K 3¢¢eKTHBHUM 
ei' . p_2 a. ef npHBO,llHT K cymecTBeHHOMY yMeHbllleHHIO CTaH.uapTHOA 

KBa.upaTH'IHOA cyMMU 'JC. 3Ha'IeHHSI ee ,llaIOTCSI B nocJie,llHeA. CT po Ke. 

Ta6JI. 5. 'IHCJia 3KcnepHMeHTaJibHUX TO'IeK m - B caMOM Bepxy .• 

BCJ!e,ll 3a CHMBOJiaMH .uensimHXCSI SI,llep. no.u'Iep~HeM, 'ITO Bee K03¢~· 

¢HQHeHTU B Ta6JI. 5 COOTBeTCTBYIOT o6pa6oTKe C 3¢¢eKTHBHUMH ne

peMeHHUMH. B Ka'IeCTBe IIpHMepa OIIHCaHHe 3KCIIepHMeHTaJibHUX ,llaH-
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PHC. 11. 3aBHCHMOCTH MaCCOBOA .II..HcnepCHH UM OT 

CTaHOBJ!eHU H3 . 3aBHCHMOCTeA u2 OT 0° ( p!ic .'9) H 
M sp 

cooTBeTcTBeHHo. UH¢pu ··- 3Ha'IeHHSI a Ha· pHc. 9 

t2 H t2. Boe-er 
0° (pHc. 10) , 

sp ., . . 
H. pHC.10,. npH 

·,. c. . . . . - . 2. 
K0.!9PUX HHTepnonHpoBaHu yKa3aHHUe.Ha 3TOM pHcyHKe 3Ha'IeHHSI UM 

H p_2. ( CM; TeKCT) .· 06o3Ha'IeHHSI peaKQHA Kai< 'iia 'PHC: 7. 
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HblX. no JIHHeHHOH .rHnoTe3e !lJISl Sl,nep 
186Pt noKa3aHo Ha pHC. 12 

IIITpHXnyHKTHpHblMH JIHHHSlMH. 

np11 aHaJIH3e 3KCnepHMeHTaJibHblX .naHHblX TOJihKO !lJISl 

HI-peaKUHH He!lOCTaToqHo HHCflOpMaUHH 06 l.2 
- H 8-3aBHCHMOCTSlX (1~

nop03Hb, T. e. 060 acex K03Cfl(flHUHeHTax B ( 4 i , .He rc:iaopH y)Ke o 

(23i~ no-BH!lHMOMY, 3TO o6ycJIOBJieHHO, CHJibHOH KOppeJISlUHeH Me)K

JJ.Y . nepeMeHHblMH. CHTyaUHSl y nyqrnaeTCSl C BKJIKJqeHHeM B on11caHHe 

3KCnepHM8HTaJibHblX !laHHblX .UJISl 
207

Pa 113 -peaKUHH -
204

Pb( 
3
He, ti 

[45), JJ.aKJIU8H noqTH :"qHCTble" CBe!l8HHSl O 8-3aBHCHMOCTH cr2 
B 

- M 
CHJIY _MaJIOCTH i. HMeHHO !lJISl 3TOH COBc:iKynHOCTH TQq~~ npHBOJJ.SlT-

CSl napaMeTpbl Po B Ta6n.5: DTMeTHMi qTQ riepeXOJJ. OT (4i i (23i 

JJ.aeT He TOJibKO ynyqrneHHe onHciaHHSl~ YBeJI11qeHHe q11cna qJI~Hoi B 

( 23i B cpaBHeHHH c ( 4i ae.neT K 60JihllleH, HHOrJJ.a qpe3M8pHOH, 

CB060JJ.8 . npH Bbl6ope napaMeTpOB H. KaK CJie!lCTBHe. B noB8lJ.8HHH 

KpHBblX. 3To no6yJJ.HJIO Hae np11 pacrnHpeHHH napaMeTpH3aUHH 3aBH

CHMOCTH cr2 
( 8. ii CflHKCHpOBaTb nepBble . .naa qJieHa - CB060JJ.HblH H 

M 

.TeMnepaTypHblH - B COOTBeTCTBHH C pe3jJibTaTaMH o6pa6oTKH 3Kci-. ' . 

nepHM8HTaJibHhIX JJ.aHHblX no JIHHeHHOH rHnOT838. no3TOMY 3HaqeHHSl 

nepBblX JJ.BYX K03Cfl(flHUH8HTOB B Ta6JI.5, nonyqeHHhl8 lJ.JISl (4i, noB

TOpSlKJTCSl B JJ.BYX JJ.py~HX KOJIOHKax. HMeHHO HMH Ha PH~.12 onpeJJ.e-
. . 2 

JISlKJTCSl JIHH8HHhl8 3aBHCHMOCTH C1 (0,oi, noKa3aHHhl8 TOHKHMH npSl-
. . • M 

Mh!MH JIHHHSlMH JJ.JISl 06011x onpeJJ.eJieHHH TeMnepaTypbl C8JJ.JIOBOH TQqKJ.I 
o ef · ·· ' 

- 8 H 8 corJiaCHO (14i H (16i; COOTB8TCTB8HHO. 

Pe3yJihTaTbl, ~onyqeHHble lJ.JISl Po no - JIHH8HHOH · rHnOT838, a 
2 2 ' 

. HMeHHO, 3HaqeHHH acr /88 .. H TO,. qTQ C1 ( 0, oi MaJIO no B8JIHqJ.IH8, 
- M · M . 

HaXOJJ.SlTCH .B xoporneM car JiaCHH C H3JIO)K8HHblMH Bb11118 TeopeT11qecKH-

MH npeJJ.cTaBJI8HHSlMH, B qacTHOCTH, COOTHOlll8HHSlMH c21i H (22i, a 

TaK')Ke C TeM, qTQ 6blJIO. paHee nonyqeHO B CHCTeMaTHqecKHX 3Kcne-
• . . . . . . 2 

pHM8HTaJibHblX HCCJI8JJ.O_BaHHSlX TeMrrepaTypHOH 3aBHCHMOCTH CTM( 0i 

[23,49-51). HinOMHHM, qTo B HHX B8JIHqHHa 

HMeJia CMblCJI_ o6paTHOH 

acr2 /88 = q-1 

M -
)K8CTKOCTH JJ.~JIHIUerocH 

(24i 

_ SlJJ.pa_ K. 

Macc;-aCHMM8TpHqHblM BapHaUHSlM CflOpMbl - Ba)KHOrO napaMeTpa MaKpO

CKOnHqecKoro OIIHCaHHSl,JJ.8JI8HHSl SlJJ.ep (KaneJibHOH MOJJ.8JIHi. OCHO

Bbl~aHCb Ha COBOKynH?CTH Te~peT11qecKHX H 3KCnepHM8HTaJibHblX 

pe3yJihTaTOB !lJISl C1
2
(8i, BKJIKJqaSl pe3YJibTaTbl Ta6JI.5 JJ.JIH Po, IIPH 

- M 

30-

--
. . 2 

aHaJIH38 !laHHblX JJ.JISl .nayx !lpyrHX SlJJ.ep Mbl npHHHMaJIH CTM(0, oi =0' 'H, 

KpOMe. Toro, npH nepexo!le - OT ( 4 i K ( 23 i , KaK H B npeJJ.b1lJ.YIU8M 
2 -· . 

cnyqae, CflHKCHpoBaJIH 3HaqeHHe acrM/88. OTMeTHM, qTQ CHSlTHe 3THX 

orpaHJ.lqeHHH B· Il0Jlh3Y CB060JJ.HOro noHCKa acex rneCTH napaMeTpOB 

(23i npHBO!lHT K HecymecTBeHHOMY ynyqrneHHKJ ti:. 
CJI8l1.YKJIUHH rnar COCTOSlJI B CHCTeMaTH3aUHH H opeJJ.eJieHHH 3a

BHCHMOCTH napaMeTpOB OIIHCaHHSl cr2 
( 8, ii OT HYKJIOHHoro COCTaBa 

M 

Sl!lep. qT06bl HM8Tb .nocTaToqHQ YHHBepcaJibHblH HHCTPYM.eHT JJ.JISl 

oueHKH BJIHSlHHSl yrnoaoro MOMeHTa. C 3TOH U8JibKJ )KeJiaTeJibHO co

KpaTHTh qJ.ICJIO napaMeTpOB B (23i. Mbl coxpaHHJIHB H8M caepx 14) 

O,UHH nepeKpeCTHhIH qJieH, qTQ npHB8JIO c yqeTOM (24i K, 

cr2 c 0 ii M • ~ + [ 

2 
acrM 
-+ ·2 
al 

a2e12 
M 

a0a? •Jt -1 25 > 

C noMOIUhKJ ( 25 i , KaK CJI8JJ.YeT H3 3HaqeHHH '}C B Ta6JI. 5, npH 3(fl-

d i o 7 -cpeKTHBHblX nepeMeHH!:lX 8 H ef B OTJIHqJ.le OT 8 H lJ.OCTHra-

8TCSl onHCaHHe, JIHlllb H8MHOro ycTyrraKJmee no KaqecTBY (23). no 

3TOH np11qHHe Ha pHC.12 3KcrrepHM8HTaJibH!:le ,naHH!:le CJieBa onHCbl

BaKJTCSl cornacHO (23i c napaMeTpaMH BO BTOpblX KOJIOHKax Ta6n.5 

(rryHKTHpHble KpHBble), a cnpaaa - corJiaCHO (25) c rrapaMeTpaMH B 

TpeThHi KOJIOHKaX (CIIJIOIIIH!:le KpHB!:le). . -;z . 
napaMeTpbl! onpe~eJISlKJIUHe <- -3aBHCHMOCTb. MaCCOBblX JJ.HCnep-

CHH B (25i, KaK CJieJJ.yeT H3 Ta6n.5, JJ.OCTaToqHQ 6JIH3KH B_ H3Y~ 

qeHHhIX cnyqaSlX. OHH npHBOlJ.SlT K MOHOTOHHOH 

qyacTBHT8JlbHOCTH er~ K H3M8H8H~KJ i: 
dcr2 acr2 

M M --- = --- + 
• dl 

2 a?° 
OT-napaMeTpa JJ.8JIHMOCTH: 

a2 2 
CTM 

at.2 88 

X 
C 
·3 

2a
2 

Z
2

• [ ·-[·· A-2Z - 1-K 
A -- : , A 

3aBHCHMOCTH IIOJIHOH 

8 ( 26) 

l 2 l-1 __ 
,- .._ I ( 21i 

xapaKTepH3YKJIUero HYKJIOHHblH COCTaB SlJJ.ep (rrapaMeTp - X BblqHCJIH

eTCH C KOHCTaHTaMH Cfl8HOM8HOJIOrHqecKoro OIIHCaHHH Mace B MOJJ.8JIH 

)KHJJ.KOH KanJIH_ [52Ji. Pe3yJihTaTbl Harnero aHaJIH3a (Te~Hl:le~3HaqK~~ 
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Jie:XCaT 3aM8THO Bblllle Ka·K TeopeTH'IeCKHX pactteTOB no i.Ui<tJ<IJY3HOHHOH 

MblleJIH (21,22) (pHC~13a CB8TJil,I~ 3HattKH); TaK H 3HatteH~H 
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PHC. 12. 

(cJieBa) 

e~p; M:3B e:~ ' M:3B. 

3aBHCHMOCTb MaCCOBOH llH~nepcHH a
2 

OT "HattaJibHOH" e0 

· · : · M sp . -· er• ,, ' ' . 
H 3'1J<tJ8KTHBHO8 0 • TeMnepaTyp ll8JIHUJ.HXCH Hll8P B C8llJIO-:-

' . ·. cp . . . 

BOH TOttKe. 0603HatteHHH TOtteK, KaK Ha pHc.7. KpHBble paccttHTaHbl 

cornacHo: lllTpHxnyHKTHpHble .- ( 4),, IIITpHXOBble - ( 23), cnJIOlllHble 

JIHHHH - , ( 25 l..:,_ IlpHMble JIHHHH non 3KcnepHM8HTaJibHblMH TOttKaMH co

OTBeTCTBYIOT ·l=o. · 
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TABJHIUA 5 

.fl 

186
Pt, m = 12 206,204Po ,207Po, m = 10+11 , 2 6 oKu , m = 6 

IJ 

(4l (23) (25) . (4) (23) " (25) (4) ' (23) (25) 

0 0 0 1.4±38 1.4 1.4 0 0 0 

92.1±1.1 92.1 92.1 105.7±2.1 105.7 105.7 283.1:!:8.2 283.1 283.1 

0.0469 0.130 0.0972 .0.0577 0.1488 0.122 0.062 0.149 .0;1250 

±0.0007 ±0.001 ,±0.0006 ±0.0009 ±0.0009 ±0.001 ±0.002 t0.002 ±0.0024 

0 0.2±0.5 0 
0 0.4±0.7 0 0 0.2±0.5 0 . 

0 -0.0685 -0.03810 -0.0855
1 

-0.0510 -0.0726 -0.0410 
0 0 ±0.0005 ±0~00004 ±0.0007 ±0.0007 ±0.0017 ±0.0016 

0 O·. 38E-5 0 0.95E-5 0.875E-5 
0 0 0 0 ±0.50E-6 ±0.80E-6 ±0.91E-6 

49.9 16.7 19.8 29.3 8.7 12.8 5.4 0.7 1.3 •. 

213.8 32.8 142.0 144:6 11.6 100.0 17.6 1.1 11.9 



dcr
2
/d£2=o.02 - (a.~.M. )

2
h-:

2 
.UJHI- ·

210
po· H3 [12]. .noKa3aHHoro 

M . ' 

lliTPHXOB08 nHHHeH. Mu npoBenH ~HanorHqHy~ [12) o6pa60TKY .naH-

HUX Hac'TO.IHile8 pa6oTU .nn.H 6nH3KHX H30TOTT~ Po. ( cornacHo. cpopMy-
0 2 · ne ( 4), .nn.SI HaqanbHUX napaMeTpOB 9 H l . H T . .n.) H nonyqHnH 

- 6nH3Koe· K [12) 3HaqeHHe dcr
2
/dr=0.027 (a.e.M. ) 2

• TaKHM o6pa-
M 

30M, pa3nHqHe pe3 y nbTaTOB -HaCTO.SIIUe8 pa6oTU H [ 12] B 3HaqH-

TenbH08 Mepe CB.SI3aHO C yToqHeHHeM o6pa60TKH .naHHUX' a caMH 

3KCnepHMeHTU He npOTHBOpeqaT .npyr .npyry. 

KOHKpeTHO, pa3HHUa COTTOCTaBn.SIBlliHXC.Sl oueHOK COCTOHT B pa3-

nHqHux 
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PHC. 13. . a) 3aBHCHMOCTb l - - qyBCTBHTenbHOCTH dcr!;at OT napa-

MeTpa .nenHMOCTH .SI,nep x. TeMHHe 3HaqKH - pe3ynbTaTH aHanH3a 

3KcnepHMeHTanbHI,IX . .naHHI,IX no cpop'Myne ( 26) C napa_MeTpaMH B 

TpeTbHX KonoriKax Ta6n.5 .Un.SI Tpex yKa3aHHHX TeMnepaTyp. CBeT-

n1,1e 3HaqKH - pacq~T [21). nyHKTHpHa.SI nHHHi - ~UeHKa [12). -
. 6 , . z 7"" 
· ) :ro xe; qTo H Ha pHc. 13a, Ho .nn.SI. dcrE/dl •. oueHKa cornacHo 

(23) .nn.SI TeMnepaTyp 1.0, 1.25, 1.5 MaB • 

34 

' 

,. / 

dcr
2 

/dt2. 'B 3TOH CB.Sl3H OTMeTHM, M . . . . qTo ecnH B cnyqae Ku H3MeHH.'fb 

npe.nnono)KeHHe ~ •P. =v /2 Ha v (CM, ( 15)), TO B KaqecT-
pre pre pre 

BeHHOM cornaCHH C npe.nwecTBYIOIUHM npHMepoM nonyqHM yBenHqeHHe 
2 z 2 -2 2 -z· 

dcr /dl=0.117 (a.e.M.) h npoTHB 0.065+0.085 (a.e.M.) h Ha. 
M . . 

pHC. 1.3a. 

06e 3aBHCHMOCTH dcr
2 
/dr OT HyKnOHHOro COCTaBa ,nen.SIIUHXC.Sl 

M . 

.SI.nep - 3KCnepHMeHTanbHa.SI H pacqeTHa.SI - HeCMOTp.SI Ha pa3HHU~ B_ 

a6c'onIOTHOH BenHqH_He . npOH3B0,UHI,IX' HMeIOT npHMepHO O.UHHaKOBYIO 

TeH.neHUHIO Ha pHC. 13a - na.neHHe c yMeHbllieHHeM x. IlpH 3TOM, 
z z · 

cornaCHO pacqeTy [21, 2~], _ dcrM/dl MeH.SleT 3HaK B pa8oHe P~. 
2 Z .. 

cneBa H cnpaBa OT Hee l -3aBHCHMOCTb crM HMeeT MOHOTOHHI,IH_· xa-

paKTep, COOTBeTCTBYIOIUHH_ 3aBHCHMOCTH K03Cfl!flHUHeHTa )KeCTKOCTH K 

Macc-acHMMeTpHqHI,IM BapHaUH.SIM'.CflOpMI,1 .SI,Upa q OT napaMeTpa .nenH

MOCTH x [23, 53) H BnH5rHHIO Ha_ nocne.UHHH yrnoBoro MOMeHTa B 

Mo.nenH B pama10me8c.SI .XCH.UK08 KannH [ 1, 54]. .Un.SI nepexo,nHoro Mex.ny 

3THMH cnyqa.SIMH .SI.Upa Pt - p~cqeT [21,22) npe.ncKa3HBaeT 6one~ 

cnoxrny10 l2-3aBHCHMOCTb cr
2

, H B CB.Sl3H C 3THM Ha· pHC. 13a yKa3aH 
M -

KOpH.nop 3HaqeHHH .nn.SI dcr
2 
;al, K0Top1,18 cooTBeTcTByeT .nHana30-

. - . M 

HY £2 B [15). 

6 . n M W 
.. B pa OTax . [24' 31] B ·p7aKUH.SIX C HOHaMH C, 0, . Ne 

HaMH 61,1nH 3KcnepHMeHTanbHO H3yqeHU M9P OCKOnKOB .neneHH.Sl lliHpo

KOH rpynn1,1 .SI.nep B ,nHana3oHe x~o.7+0.9 H npoBe.neH aHanH3 

x-3aBHCHMOCTH cr!ca,f) C oueHKOH dcr!/<H2=0.02 (a.e.M.)
2
h-

2
, H3 

[ 12). OHH HY)K,UalOTC.Sl B KOppeKTHpOBKe B CB.Sl3H C HOB OH OUeHK08 

3TOro CflaKTopa H .npyrHMH yToqHeHH.SIMH .naHHoroaHanH3a B cpaBHe

HHH C [24,31). C 3TOH u;eJiblO MO)KHO HCilOJib30BaTb annpOKCHMaLJ;HI0° 

dcr
2
/dl= 0.021 - 0~0409er + 0~117x, 

M ~ . 
( 28), 

nonyqeHHYIO no MeTo.ny HaHMeHblliHX KBa.npaTOB .nn.SI 0.65:::SX:S0.90. 

4:2.2 • .UHcnepCHH 9P OCKOnKOB 

IlpH paCCMOTpeHHH 3aBHCHMOCTH cr!(e,f) B03HHKaeT Kpyr 

BOilpOCOB, BO MHOrOM IlOBTOp.SIIOIUH8 TO, qTo H~naranocb BI,lllie npH 

o6cyJK,neHHH MaCCOB08 .UHCnepcHH. M1,1 6y.neM H36eraTb IlOBTOpOB H 

OCTaHOBHMC.Sl nHllib Ha cneUH!flHqecKHX oco6eHHOCT.SIX aHanH3a 3KCne~~ 
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pHM8HTanhHUX naHHUX O nHcnepcHH 3P. Bo-nepBUX; H8CKORhKO HHUM 
~ . . . 

. srnmieTCH xapaKTep 3aBHCHMOCTH- <r2( 0), HM8Kl!U8H B cpaBH8HHH C 
E 

<T
2 

( 0) 6onhWYKl BOrHyTOCTh' "!TO I KaK OTMeqanocb, CBH3aHO C Hepa-
M ' • 

: B8HCTBOM hwM«hwE B (22) H cornacyeTCH C npyrHMH 3K!;!!epHMeH-

TanhHUMH naHHUMH [23,25,50). Il03TOMY on11caH1ie <T
2
(0,t2) 3aBli-

. E 

CHMOCThKl (23) 6onee onpaB~aHHO, qeM (4). BO-BTopux, H3 on11ca-
2 2 . 

HHH _ <T EC e, l J nnH neneHHH · Hnep Ku He auna:naKlT, KaK Ha pHc. 12, 

3KCnepHM8HTanhHUe TOqKH nnH peaKUliH C HOHaMli Si. 3TO COOT

B8TCTBY8T' TOMY ~aKty, qto np!i KBa3HneneHlili, BKnan KOTOporo B 

naHHOM cnyqae 3aMeTeH, 3P MeHHKlTCH B cpaBHeHliH C "!iCTHHHlilM" • 

neneHHeM ropa3no cna6ee, qeM MP [28-31). 

Ha pHc.14 noKa3aH np!iMep TeMnepaTypHOH 3aBliCliMOCTH'nHc.;.. 

nepC!iH 3P, o6~enHHHKl!UHR 3Kcnep!iMeHTanhHUe naHHUe nnH li30TOnOB 
' . 207 - . 

Po, BKnKlqaH · Po H3 [45). B OTnliqHe OT pHC. 12, 3necb npH 

npencTaaneHHH o60HX aap!iaHTOB o6pa60TKH, CBH3aHHlilX C Haqanh-~ 

HlilMH H 3tlJ(JleKTliBHUMH nepeMeHHUMH 0° H 0er, HCnORh3Y8TCH enHHaH 

wKana TeMnepaTypu. Ha HeM oTqeTnHBO BHnHo coKpameHlie nHana30-

Ha TeMnepaTyp. npH yqeTe 3MliCCHli HeRTpOHOB. - aHanorH"!HOe no

Ka3aHHOMY Ha pHC.10. Ha pHC.14 B Tex lKe o603HaqeHHHX, qTo H· 

H~ pHC.12, npencTaaneHU pe3ynhTaTU onHcaH~H no (23). OTMeTHM, 
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• . ., .. - 2 . . . 
, . PHC.14. 3aBHCHMOCTh nHcnepCHli (TE OT 'i'eMnepaTypu B enHHOH 

·. . 0 • er· ' a-- · ' . · .' . 
WKane 0 H 0 • o6o3HaqeHHe ToqeK, KaK ·Ha p11c.7: KpHBlile pac-

Q Q . . 

C'l!HTaHlil cornacHo: WTpHlCOBlile.;,(23), cnnowHlile JIHHH!i COOTB8TCT
- " z BYKlT l=O. 
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qTo noaeneHHe i,c B 3aBHCliMOCTH OT THna rHnoTe3lil Ii onpeneneHHH 

napaMeTpoa a pac_cMaTpHaaeMOM cnyqae noqTH Ta Koe l!Ce, 

Ta6n.5. 

KaK B 

Ha pHc.136 npencTaaneHlil 3KcnepwMeHTanhHlile H TeopeTHqec

Klie [22) oueHKH d<T2 /df. KaK H nnH d<T
2
/df Ha pHc.13a, nepaue 

E M · -

B HeCKORhKO pa3 6onhwe, HO nnH o6eHX 3aBHCHMOCT8H OT napaMeT

pa x xapaKTepHa onHa TeHneHUHH - yaen11qeHHe c pocToM x. Ho .. 
2 ' 2 2 . 

nnH <T OHa BlilpallCeHa pe3qe: OT Hnep Pt-Po K KU d<T /dl yaenH-
E 2 2 E . . 

q11aaeTCH B 2-4 pa3a, a d<T /dl Ha 30-507.. ,Jlonroe BpeMH BRHH.;.. . M . 

HHe yrnoaoro MoMeHia Ha nHcne~cliKl 3P He ynaaanoch o6HapylKHTh~ 
\ . . . . 

BlinHMO, noTOMY qTQ H3MepeHHH BenHCh B o6nacTli noaKTHHHnoa, 

rne 3cJl(JleKT, cornacHo pHc.136, Man. 

IlpHMh!e Ha pHC. 136 · TaKlKe nonyqeHhl no MeTony HaHMeHbWHX 

KBanpaTOB annpoKCHMauHeH: 

d<T2 /dl= -0.326 + 0.1539er_+ 0.501X - 0.2789efx , (29) 
E sp sp 

-B o6naCTH 0.65SXS0.90. 

3AKJIKJqEHHE 

Eonee qeM B naanuaTH peaKUHHX C THlKeRh!Mli HOHaMli npoaeneHO 

c11cTeMaTHqecKoe HccnenoaaHHe anliHHliH yrnoaoro .MoMeHTa ·· Ha -- · 

cpenHKlKl aenHqHHY nonHOH'KHHeTliqecKOH 3HeprHH, a TaKlK8 Ha nHc

nepcHH MaCCOBhlX ·H 3HepreTHqecKHX pacnpeneneHHH OCKQRKOB nene~ 

HHH B036ylKneHHhlX. cocTaBHhlX Hnep 
204

'
206

Po . Ii . 
26

°Ku nyTeM H3Me:

H8HliH KOM6HHaUHH "HOH .- MHIIleHb•'H :3HeprHH HaneTaromero· HOHa~' B 

o6nacTH,THllCenhlX COCTaBHhlX Hnep (Ku) nono6Hlil8 CHCTeMaTHqecKHe 

H3MepeHHH npoaeneHlil anepaue. 

B pe3ynhTaTe npoaeneHHhlX li3MepeHHH ycTaHOBneHO: npaKT!i- -

qecKH nonHoe OTCYTCBlie BRHHHliH yrnoaoro MOM8HTa. H· 3HeprHH 

.· B036ylKneHHH Ha aenHqHHY cpenHeH nonHOH, KHH8THqecKOH 3Hepr!ili 

OCKORKOB neneHliH' nnH KOTOpoA nonyqeHlil aepXHHe oueHKH 

n11ana3oHe l=c 1+4) 10
3

h
2 

H - 2 -2 
dE /dl <O. 3 K3B h , 

*K 

- * dEK/dE <O. 01 B 

E =60+130 M:3B COOTBeTCTBeHHO. 

Pe3ynhTaTlil aunonHeHHlilX H3MepeHliH Ii aHaRli3 3KCnepliM8HTanh

HhlX naHHlilX cymecTBeHHO yToqHHKlT Ii CliCTeMaTli31iPYKlT npencTa,ne~ 
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HHH o BJIHHHHH yrnoBoro M0MeHTa Ha xapaKTepHCTHKH M3P ocKoJIKoB ' , . ·, .:z , . . .. :·, , .: '. ·. . . . , 
.neneHHH. t-qyBCTBdTeJibHOCTH M0MeHT0B 3P H MP npeTepneJIH.pa3~ 

. . ·,·,.·. ,· .- 2 
HUe•H3MeHeHHH: np0H3B0,UHaH dE /dt 3HaqHT8JlbH0 ynana no cpaB-

. K 2 2 2 'z · . · 
HeHHD C npexHHMH oueHKaMH, Hanp0THB, dcrM/dt H dcrE/dt BUpoc-

JIH . .lIJIH nocne.niiew B8JIHqHHU BnepB,UE: c.nenaHa K0JIHqecTBeHHaH 

oueHKa. _;_ 

IlpoBe.neH aHaJIH3. t2- H 0-3aBHCHM0CTeH MaCC0BUX H 3HepreTH

qecKHX: pacnpe.neneHHH 0CK0JIK0B .neneHHH, C yqeT0M HcnycKaHHH 

npe.n.nenHTeJI&HblX HeHTpoHoB. Hccne.noBamiue 3cpcpeKTU cymecTBeHHU 

npH _H3yqeHHH .nen_eHHH .nocTaToqHo CHJibH0 Harpen1,x. H.nep, aKTy

a~bHoro ·iHH T8CTHp0BaHHH MaKp0CK0nHqecKoro 0ilHCaHHH (Kanen&

'H0H M~.nen~) H 0CH0BaHHUX Ha HeM no.nxo,noB, HanpHMep, .UHqJqJY3~~ 

o,HH0H Mo.nenH (21 '. ?2). AHaJIH3 .naHHUX B_UHBHJI onpe.neneHHUe TPY .n-

H0CTH 3Toro ·HanpaBJieHHH HCCJie,noBaHHH. o6ycJIOBJie_HHUe HcnycKa

H~eM HeHTp0H0B B npouecce .neneHHH H CBH3aHHUM C HHM rny6oKHM. 

oxnax.neHHeM .neJIH[UHXCH Hnep (oco6eHHO B o6nacTH THienux H,nep). 

.llpyrHM HHTepeCHUM acneKT0M npo6neMU yrnoBoro M0M8HTa, 

3aTp0HYTHM B HaCTOH[UeH pa6oTe, HBJIHeTCH rionpoc 0 ero BJIHHHHH 

Ha M3P 0CK0JIK0B B o6JiaCTH MaJIUX 3HaqeHHH napaMeTpa ,neJIHM0CTH 

X ~o.4+0;6, r.ne H3 TeopeTHqecKHX pacqeT0B (21,22,54) OXH.naeT-
2 2 2 -

CH dcrM/dt :<O . ( T. e. ·,C yBeJIHqeHHeM t . .UHC~epCHH ~accoBoro pac-

npe.nene~HH .U0JIXHa yMeHblliaTbCH). B 3KCilepHMeHTaJibH0M nnaHe 

3T0T B0ilp0C·0CTaeTCH 0TKpUTUM, X0TH pe3yJI&TaTU HeK0Topux pa-

6oT (55, 56) K0CBeHH0 CBH,UeTeJibCTBYDT, qTo, Bep0HTH0, TaK0H. 

3cpcpeKT HMeeT MeCT0. 

ABT0pu npH3HaTeJibHU ID.U.OraHeCHHY 

ro UHKJia ,3KCnepHM8HT0B. Mu Ta.Kxe 

3a no.n.nepxKy HacToHme~ 

HCKpeHHe 6naro.napHU 

E.H.IlyCTHJibHHKY H ~ . .lI.A.neeBy, 3.M.K03YJIHHY, ID.A.My3uqKe, 

B. B. Ilail!KeBHqy 3a. nno.noTB0pHue o6cyx,neHHH pe3 y JI&TaToB · pa6oThl, 

a .. Tance cnyx6aM' 3K.cnnyaTaUHH UHKJI0TpoHa Y-400 3a Ha.nexHyD 

pa6oTy ycK0pHTeJIH B nepHo.n npoBe,neHHH 3KCnepHM8HT0B. 

38 

JIHTEPATYPA 

1. Cohens., Plasil F., swiatecki W.J., Ann. Phys., (N.Y.), 

1974, v.82, p.557. 

2. Sikkeland T., .Phys. Rev., 1964, v.B135, p.669. 

Sikkelan<:1, T., Clarkson J.E., . Steige_r-Shafrir N. H·., 

Viola V.E.· 1 Phys. Rev~, 1971, v.C3, p.329 .. 

3. Beckerman M., Blann M., Phys. Rev., 1978, v.Cl7.~ p.1615; 

Blann M., Komoto·T.A.·1 Phys. Rev., 1982, v.C26., p.472~ 

4. Vigdor S.E., Karwowski H.J., Phys •. Rev., 1982, v.C26, 

p.1068. ,, 

5. EeH3HH C . .ll .• HTKHC M.r .• My3uqKa ID.A. H .np .• 

H~, 198~, T.37, C~809. 

6. Hinde D.J., Leigh J.R., Newton J.O. et.al., 

Nucl. Phys., 1982, v.A385, p.109; 1983, v.A398, ,p.308. 

7. Van der Plicht J.,· Britt H.C., Fowler M.M. et.al., 

Phys. Rev., 1983, v.C28, p.2022. 

8. Charity R.J., Leigh J.R., Bokhorst J.J.M. et.al., 

Nucl. Phys., 1986, v.A457,.p.441. 

9.' Unik J.P., Cuninghame J,.G., Croall I.F., 

Phys. Chem Fission, IAEA, Vienna, 1969, p.717. 

10. Cuninghame J.G. ,· Goodall J·.A.B., Freeman J.E. et.al., 

Phys~ Chem Fission; IAEA, Vienna 1980,, 'v.1., p.551. 

11. HTKHC M.r .• KannaKqHeBa P.r .• OK0JI0BHq B.H. :li,,np .• 

H~. 1982, T.36, c.824. 

12. rpy3HHU8B E.H., HTKHC M.r., OK0JI0BHq B.H .. H ,np;, 

H~, ~984; T.40, c.616. 

13. Cohens., Swiatecki W.J., Ann. Phys. (N;Y.) 1963, v.22, 

p.406. 

14. CTpyTHHCKHH B~M., H~, 1965, T.1, C.821.-

15 •. Glagola B.G., Back B.B., Betts R.R;, 

Phys. Rev., 1984. y.C29, p.486. 

16.· Schmitt R.P., Mouchaty G., Haenni D.R., 

Nucl. Phys. 1984. v. A4271 p. 614. 

17. Moretto L.G., Peaslee G.F., Wozniak G.J., 

Nucl. Phys., 1989,· v.A502, p.453c. 

39 



18. El Masry Y., Hanappe F., Steckmeyer J.C. et.al., 

Nucl. Phys., 11990, v.A517, p.j4o. 

19. Back B.B., Bjornholm s., Dossiny T. et.al., 

Phys. Rev., 1990, v.C41, p.1495. 

20. Lebrun c:, Hanappe F., Lecolley J. F. et. al., 

Nucl. Phys., 1979, v.A321, p.207. 

21. A.neeB r . .n .• MaptJeHKO n.A., namKeBHtJ B.B., ITHCtJaCOB H.H., 

Coo6meHHe OHHH, P4-86-247, ,ny6Ha, 1986. 

22. A.neeB r . .n. , fOHtJap H. H., ITalliKE!BHtJ B.B. H ,llp. • 

3qAH, 1988, T. 19, c.1229. 

23. HTKHC M. f., OKOJIOBHtJ B.H., l'ycaHOB A.H., CMHpeHKHH 

3qAH, 1:988, T. 19, C. 701. 

24. HTKHC M. f., flyKh.HHOB C. M. , OKOJIOBH'I B.H. H ,llp. • 

Hll>, 1990, T. 52, c.23. 

25. rpy3HHUeB E.H., HTKHC M.r .• MyJihrHH C.H. H .np., 

Hll>·1988, T.48, c.312. 

26. qy6ap.HH r.r., ropmKOB B.A., ~YtJKO B.E. H .np., 

coo6meHHe OHHH, P13-92-18, ,ny6Ha, 1992 

27.-.. Benton E.V. and Henke R.P., Nucl. Instr. and Meth.·, 

1969, ·v.76, p.87. 

28. Shen W.Q., Albinski J., Gralla S. et.al.,. 

Phys. Rev., 1987, v.C36, p.115. 

29. Bock R. ,· Chu Y.T., Dakowski M. et.al., 

Nucl. Phys., .. 1982, .v.A388, p.334. 

30. Toke J., Bock R., Dai G.X. et.al., 

Nucl. Phys., 1985, v.A440. p.327. 

r.H., 

31. qy6ap.HH r.r., nyKh.HHOB C.M., ITeHHOHXKeBHtJ ID.3. H .np., 

Hll>, 1991, T.53, c.1195. 

32. Bass R., Nuci.· Phys., 1974, v.A231, p.45. 

33. Bacik B.B., Betts R.R., Gindler J.E. et.al., 

Phys. Rev., 1985, .. v.C32, p.195. 

34. Fraenkel z., Mayk I., Unik J.R. et.al., 

Phys. Re~., 1975, v.C12, p.1809. 

35. Newton J.O., Hinde D.J., Charity R.J. et'.al., 

Nucl. Phys., 1988, v.A483, p.126. 

36. HbDTOH .nx.o., 3qAH, 1990, T.21, c.821. 

40 

37. Hassani S., Grange P., z. Phys., 19861 v.A325, p.95. 

38. Grange.P., Hassani s., Weidenmuller H~A. et.al.·,·' 

Phys. Rev., 1986, v.C34, p.209. 

39. fOHtJap H.H., MaBJIHTOB H~.n., Hll>, 1991, T.53, c.1567. 

40. Mavlitov N.D., Frobrich P., Gonchar I.I., 

z. Phys, in press. 

41. Wapstra A.H.-, Audi G., Hoekstra R., Atomic masses -frorri 

(mainly) experimental data. At.Data,' Nucl. Data Tables, 

1988, v.39, p.281-287; 

42. HrHaTDK A.B., CMHpeHKHH r.H., HTKHC M.r. H .np., 

3qAH, 1~85, T.16, c.709. 

43. Plasil F., Fergusoh R.L., see [10), p~521. 

44. Strumberger E., Dietrich K., Pomorski K., 

Nucl. Phys., 1991, v.A529,_p.522. 

45. rpy3HHUeB E.H., HTKHC M.r., OKOJIOBH'I B.H., CMHpeHKHH r.H. 

Hll>, 1984, T.39, c.1336; npenpHHT HH«l> AH Ka3.CCP, 10-83, 

AJIMa-ATa, 1983. 

46. Nix J.R., Swiatecki W.J., Nucl. Phys. 1965. v.71. p.1~ 

47. naH.nay n . .n., nmpmHU E. M. CTaTHCTHtJeCKa.H q>H3HKa. M. Hay Ka, 

1964. 

48. CERN Computer 6600 series program library Long-Write

up.MINUIT; naHtJeHKO n.M. H .np., EH6JIHOTeKa nporpaMM Ha 

Cl>opTpaHe OHHH, P11-83~619, ,ny6Ha,1983, T.4, c.170. 

49. Gruzintsev Ye.N._, Itkis M.J., Kotlov J.V. et.al., 

Z. Phys., 1986, v.A323, p.307. 

50. rpy3HHUeB E.H., ·HTKHC M.r., MynhrHH C.H. H .np., 

Hll>, i987, T.46, c.1604. 

51. HTKHC_M.r:, KOH,ll~aTheB H.A., MynhrHH C.H. H .np., 

Hll>, 1991, T.53, c.1225. 

52. Myers W.D., swiatecki.W~J., Arkiv Fys., 1967, v.36, p.343. · 

53. CTpyTHHCKH8 B.M., ~3Tll>, 1963, T.45, c.1990. 

54. Sobotka L.G.,_Sarantites D.G., ze· Li. et.al., 

Nucl. Phys., 1987, v.A471, p.131c. 

55~ Boccaccio P.,,Vannucci L., Bettiolo M. et.al., 

Phys. Rev., 1988, v.C38, ·p.2108. 

4) 



~ --,"·~ 

56. -Nagame.Y., Ikezoe H., Ohtsuki T. et.al., 

Phys. Lett., 1990, v.B249, p.14. 

57. Nowicki L., Berlanger. M., Borderie B. et. al., 

Phys. Rev., 1982, v.C26, p.1114. 

58. Schmitt R.P.,. Mouchaty G., Haenni D.R., Tirion M. 

Z.Phys., 1985, v.A321, p.411. 

·59_ Hinde D.J., Charity R.J., Foote G.S. et.al., 

Nucl.Phys., 1986, v.A452, p~550. 

PyKonHCb nocTynHna B H3naTenbCKHH OT~en 
20 anrycTa 1992 rona. 

42 

/_ 

,,.-, 



Yy6apHH r.r. v1 AP. P7-92-36O 
Maccoso~3HepreTv1YecKv1e pacnpeAeneHv1H ocKonKoB 
v1 yrnoso~ MOMeHT np~ Aen~Hv1v1 B036ymAeHH~X. HAep, 

naHHaH pa6oTa noc~H~eHa Cv1CTeMaTv1YeCKO~Y v13yYeHv1~ 
. Bnv1HHv1H yrnosoro MOMeHTa v1 ~Heprn_v1 B036YmAeHv1H Ha cpeA
H~~ KltiHeTv1YeCKY~ 3Heprn~ (EK),. Av1Cnepcv1v1 MaCCOBblX v1 
3H~preTv1YeCKv1i pacnpeAeneHv1~ OCKOnKOB AeneHv1H (a~, a\) 
BO36YmAeHH~x:cocTaBH~x· RAep Po'v1 Ku, o6pa30BaHH~X B pa3 
nv1YH~X KOM6v1Ha~v1HX v1OH ,- Mv1WeHb v1 npv1 ABYX 3Heprv1~x 
HaneTa~ero v10Ha AnH KamAo~ KOM6v1Ha~v11t1. lt13MepeHv1H nposo
Av1nv1cb Ha AByxnneYeBOM speMHnponeTHOM cneKTPOMeTpe ycTa-
HOBKv1 "43MAC", ycTaHosneHHOM Ha KaHane · BblBeAeHHoro nyY-. 
Ka ~v1KflOTPOHa y:...4OO. na6opaTopv1v1 HAepHblX peaK~v1~ v1M. · 

, r. H. lllneposa Oltlflltl. · ·. · 

Pa6oTa B~n~nHeHa ~ na6opaTop~v1 HAepH~X peaK~v1~ 
v1M~ r. H. lllneposa Oltlflltl: 

. npcnpHHT Om.enm1eHHOro HHCTHT)'Ta s:iepllb!X ucc.1e;:ioea11m':i. lly6m! 1992 . 

nepeBOA aBTOpOB 

. Chubarian G.G. et' al~ . P7-92-36O 
Influ~nce of Angula~ Momentum on Fissi~n 
Fragment Mass ~nd Energy Distributions 

. The pre.sent paper is devoted to a systemati C study 
·of the~influence of the angular momentum and ~xcitation 
energy on the mean kinetic energy (~k), and on .the dis-. 
persions of the mass and energy distributions of the 
fission fragment~ (ai, a1) of the excited nuclei Po 

.. and Ku pioduced in various ~rojectile-target combin~
tions and at two energies of the incident.9on for each 
combination.' The.measurements were made with the double
arm time-of-flight spectrometer of the set-up DEMAS' 
installed at the'extract~d beam of the cyclotron U-4OO 

-of the Flerov Laboratory of Nuclear.Reactions (JINR): 
" ' . ~ . . 

. . The i nvesti gat, on has been performed at the· Fl erov • 
Laboratory of Nuclear Reactioni, JiNR. 
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