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KapaMRH C.A. p7-89-50 
Hoe~e B03MO*HOCTH onpeAeneHHR epeMeHH *H3HH 
B036Y*AeHH~X RAeP B peaK4HRX C TR*en~MH HOHaMH 

XapaKTePM3yeTCR coepeMeHHOe pa3BHTHe 3KCnepHMeHTanb~X MeTOAOB onPeAeneHHR 
BPeMeHH *H3HH B036Y*AeHH~X RAePH~X COCTORHHH B o6naCTH e~we nopora CMnbHOro 
pacnaAa. AHanM3HPYDTCR MMeD~HeCR AnR cpeAHMX H TR*en~x RAeP peaynbTaT~ M3Me
peHHR AnMTenbHOCTM B AMana30He 10-21 t10- 16 c. B o6~MX 4epTax Ha6op AaHH~X 
He nPOTMBOPe4HT OnHCaHHD B TePMHHax CTaTHCTH~eCKO~ 3BOn~4HH CHCTeM~ C 6onbWHM 
4MCnOM CTeneHeH CB060A~- npM 3KCTpeManbH~X ycnoBMRX /HanPMMep, 04eHb B~COKOM 
B036Y*AeHMM/ cTaTHCTM4eCKOe epeMR *M3HM OKa3~eaeTCR AOCTaT04HO Man~M, conocTa 
BHM~M C epeMeHeM KHHeTH4eCKHX n~peMe~eHHH 8 RAePHOH CHCTeMe, T8KHM, KaK nepH
OA epa~eHMR MnM AnMTenbHOCTb Ae¢opMaUMM npM AeneHMM. 3TO nono*eHMe npMBOAMT 
K Ha6nDAaeM~M Ha on~Te 3¢¢eKTaM, KOTOp~e paCCMOTpeH~ C T04KM 3peHMR nony4eHMR 
3KCnepMMeHTanbH~X CBeAeHHH O AeranRX npouecca. 06CY*AaDTCR peaynbTaT~ HOB~X 
pa6oT no MCnonb30BaHHD MeTOAOB, OCHOBaHH~X Ha MHTep¢epeHUMM TOPM03HOro MnM xa 
paKrepHCTM4eCKOro M3ny4eHMR, AnR onPeAeneHMR epeMeHH npoTeKaHHR peaKUMH. 

Pa6oTa e~nonHeHa e na6opaTOPHM RAePH~x peaKUMH OHRH. 

nepeBOA O.C.BHHOrPaAOBOH 

Karamyan S.A. 
New Possibilities of Lifetime Determination 
of Nuclei Excited in Heavy Ion Reactions 

P]-89-50 

The progress is characterized of experimental methods for lifetime measu
rements of nuclear states excited higher than the hard decay threshold. Mea
surement results on the duration time In the 10-21 ~10- 15 s range are analysed 
for mean and heavy nuclei. In a general way the data set does not contradict 
the description in terms of statistical evolution of the system with a high 
number of deg~ees of freedom. Under extreme conditions (for instance, at a 
very high excitation) the statistical lifetime proved to be sufficiently low 
as compared with the duration of kinetical motions in the nuclear system 
such as rotation period, and deformation time at fission. This situation 
leads to experimentally observable effects which are considered from the 
point of view of deriving the information on the process details. New papers 
on realization of the lifetime measurement methods based on bremsstrahlung 
and characteristic ray interference are discussed. 

The investigation has been performed at the Laboratory of Nuclear 
Reactions, JINR. 
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BI3~11U1E 

EoJiblIIOe MHoroo6pu311e B036y;1~eHHblX SJ,!\ep - npO,IzyKTOB peam:-tHA C Tst

)KeJiblMl1 110HaMl1 06pa3yeT IipOTlllKeHHOe MHOlKeCTBO D TOIIOJIOPl1ttecKOM npocT

pUHCTBe, 1wop;1111iaTUMl1 KOTOp_oru SIBJISIIOTCSI :meprM B03Cly1l\ll,eHl1st, yrJIOBOA 

MOMeHT, .1130Clll1H II ero 11poem.-tllll, nupa.MeTpLI ,L\eciopMUl.lllll ll THI! B036yll(,qe

HM. 3a,D,atta onpC,L\CJieHM cooACTD pacn~a 3TllX B036y~CHHblX COCTOSIHllA 

pe1IIeHa 1101ta TOJibICO ,L\Jlll HeCfoJibllloA ttacTH MHOlKecToa. Oco6eHHo orpaHHtte

ua 06JiaCTb SJ,!\epHblX B036y,¾eHHA, ,L\JISI lWTOpblX ll3Mepeuo apeMst lKll3Hll. Ha 
ceI'O,L\HSI orqyn1ae·rc11 H8,L\OCTUTOK, 3KcnepUMCHTaJ!bHblX MeTO,L\OB, aqiq:eKTllBHbllC 

B ,l\llanU30He DpeMeHll 'T = I0-2l_ IQ-JG C, l{poMe MCTO,L\0B R3MepeHHSI Bpe

M8Hll lKl13Hll COCTaBHOPO SJ,!\pa C IIOMOH!blO acfxI·eKTa TeHeA 11Jll1 K-X ll3JiytteHM 

BaKaHCHA, ,L\JISI onpe,L\eJieHll/1 ,L\JIHTeJibHOCTll pacml,I\U SJ,!\epuoA CllCT8Mbl MOlKHO 

llCIIOJib30BaTb yrJIOBOe pacnpe,L1eJieime ¢parMCHTOB (CM, o63op /I/). llpe,l\

CTUBJisteT llHTepec pacCMOTpeTb erqe ,L\Ba HOBbDC BUpHUHTa onpe,[\eJieHHst Bpe

Mel!ll lKll3Hll npO,IzyKTa peUKl.lllll C TmKeJiblMll HOHUMll, 

I. IJ.P11I,111Iilll1E 3•Ji•,1,J~tT11 TEl111l I{ llrYil.PYn1id Gl'tJllilllOBl!lillHM 
CJIOJi-'JiUX H,l.lEP 

ideTO,L\, OCHOBUHHblr:l Ha aq:q,eKTe TeHeA B peaKI.IIUIX HU MOHOKpHCTaJIJill

ttecuoA MllllJCHll, B npllHl.llllle ,L\OJilK8H 6b1Tb npUMeHHM He TOJibKO K· COCTaBHO

MY SV\PY, HO u K 0036y;l\l\eHHbIM npo,izyKTaM ,L\pyrmc pea1t1.111A. PaccMOTpllM 

peaKI.IHIO T111la: 

I + 2 ~ 3 + 4. (I) 

lU1HeMaT11tteCKlle orpaHHtteHllst fl03BOJI/IIOT OCYlll8CTBllTb B aKcnepllMeHTe OT6op 
TOJibKO Ml1l!IeHellO,L\OUHl,IX npO,IzyKTOB (4) ll JlllMllTHpoDaTb 3Hepr1110 perHCTpll

pyeMblX ttUCTlll.l, MaKCllMU/lbHl,I~ yroJI Bb111eTa CHUPSV\OIIO,L\06HOI'O npO,IzyKTa (3) 
He npeBbnuaeT 3HatteHUSI erax, onpe,L\eJISleMOPO 113 ycJIOBM sinemab X = o(-1 

(npu o<. = Ai/A2 > I). lumeT11ttecKust .aueprM SJ,!\pa OT~att11 (4 ynpyroro 

paccesttt11st AaeTca q~pMyJiuA E110 = 4 Elo((I +o()-2cos el. )inst npo,izyKTos 

ueynpyrmc CTOJIKHODeHHA yrOJI H Kl!H8Tli~8CK8H 3HeprM OPpaHll~eHH Hepa-

BeHCTBUMll: 93 < 9fQX ll E;1 < ERO, 
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Per11cTpai.-1»R MlillleHeno,1-106Horo nP,OfKTa no,1-1 yrJIOM el K ny1my HaKJia
,l-lblBaeT K11HeMaT11qec1coe orpc1u1111eH11e 12 csepxy Hu cy1.iMapHyio :mepr11JO aos-

6y1IV1,eHM IIpO)-IYKTOB: 

* = Elim 
EL 

A1 + A2 ( A2 -
A1 A4 sin2ell + Q ' 

A3 (2) 

r,1-1e Q. - 3HeproBb\D,eJie1111e peaJ<l\Hl1, TaKl1M o6pasoM, q,mccal\l!R yrJia 3M11c
c11» IIpO)-IYICTa Sl,I\epHol1 peal:l\l1ll fl03DOJISIOT 3U cqeT 1rnHeMaT11qecK11X orpa

Hl1qeHHA rapuHT11pOBUTb OT6op 'l'OJlblCO M111UeHe110,1-106Horo IIpO)-IYKTa " Jil1Ml1-

T11pOilUTb GHepr1110 B030Y111U,emrn: npO,I-IYl('l'OB _3HU1!eHl10M 'E"tim • CJ!e,I1,0BU';l'8JlbHO, 
nptt cp_aBHHTCJI~HO. upocTon HOCTUIIOBl(e Ollb!TU AOCT»raeTCR ,n.111fiqiepeH~l1pOBaH
HblA OT6op ll!)O)~l{'l'OO, q•ro HOOUXO)J,l1MO ,I-IJIR 11H'l'epnpeTal\l111 pe3yJibTaTOB.. . 

81cc11ep1iMell'l'WlbllO HOOaSI B03MOX:HOCTb onpo6omtl-la _,[\,'IR peaJCl\HA B3a

HMO)\eficT~l1R »0110s 27A1 (90 ,- 150 UoB) 11 40Ar (90 - 220 MaB} c MOHOKptt
CTaJIJIOM KpeMHl1R, B.1<uqecToe Ml1IUettel1 uc110Jih30BUJJH.Ch oTnOJittpoBaHHble · 

1macTHHbl optteHTUl\HH. (IIIho11111u~oh oKoJio 0,5 MM H3 MO~oKp11cT~m1Je~Ko;
ro. Il-TH!la 1cpeMHl1R ,D.e').'CltTOP.1101'0 l(UqecTBa. IktpaMeTpbl. ICOJIJI11Ml1pOBaHHOf'O -

nyq~a l\11I<JIOTpouu Y-300 JlHP uvlill1 cJ1e,1-1Y101ll11e: ,D.l1UMOTp IMM; 1rJioaoe pac
xo1IV1,ett»o He 6oJiee 0,5°, l1l!T811Cl1BHOCTb He 6oJiee 2 1010 c-. U6JiyqemJR 
1Ip0B0,JJ.l1JIHCb B WlllpaBJiemmx, He·· CODllll,!l,UIOUll1X C PJI[i!BHb!Ml1 l{pHCTaJIJIOrpaqil1-

ttecm-1M11 OC.f!Ml1 l1 _llJIOCKOCTRMl1, np11 ICOMHUTHOA TeMnepaType M111U8Hl1 11 OTHO
Cl1TeJibHO tto6oJihwon ,I:i03e, 11e DLI3brnuauien oaMeTttoro pa,J:\HUl\HOHHoro noa

pe~o,emi.fl Kp»cTUJIJia. I!po)-IYH'l'bl .ynpyroro 11 tteynpyroro soaHM6,1-1ericTB11n 
, ,, ., . 

R,[iep per11cTpl1pODUJIHCh CT81(JIRHHLIM TpeKOBblM ,[\eTeKTOpOM, l1Me!O!lll-lM nopor11 

per11cTpu1-1»»: no s11epr11» 01coJio 5 MsB 11 no aTOMHOMY HOMepy R,[ipa Z ~ IO. 
YroJI uu6;1K1,1-1eH1-1R npo,izy1cT0B pearcw-m OblJl Bb16puH paBHbJM ._ el = 64° 

OTHOCHTeJibHO nyqKa, qTQObl 06ec11eql1Tb orpaH»qeHlle 3Hepr11ll B036y1!Vl,eHl1R . 

p,ilE 11 _ KHH8TllqecKoll 3HOpP11l1 Ei OTHOCl1T8JlhHO He6oJihWl-lMl1 3HatteHHRMH. Ilpe
,[\8Jlbl E.* 11 E~,[\Ullbl B TU6JI. I. B pacCMOTpem1e BKJIIOlieHbl TOJibl{O HeKOTOpble 

tta1160Jiee sepoRTHble 11po;~1,·ru Heyupyr11X pea1c1-1»n. Per11cTpa1-1ua acex npo
,I-IYl<TOB _1-!HTerpanbHO ( CJiyttafi TpeKOBOf'O ,[\OTeKTopa} Il03BOJI.fleT npeHe6peq1, 

pOJiblO peaK(-IHA, 11MOl0Ull1X OTHOCl1TeJibl!O MaJIOe ceqeHl!e. 
1Ip11. yaeJil1lJeHl1l1 3Heprm1 60M6ap.n.11pyIOUll1X ttUCTl1[-1 CTeneHb HeynpyrocTl1 

pea1c1-111tt ·ecTecTBeH110 B03pUcTaeT, 11 ,D.OJIR KBas11ynpyr11X CTOJIKHOBeHl1A y6bl
aaeT. C,1-1a11r c11e1cTpa aos6y1IV1,em1tt anpirno np11 Ha.n11tt1111 orpaH11tteH11R p,ilE ~ 
Efim.I\O~lKeH 11p11ao,1-1»Th 1c y61,rna1111IO BhlXO,[\a peaicl\»11 Yel (EL) 11 K KoHqeHT
PU!-11111 cneKTpU B006y1IV1,eHl1H B Y3KOM 11HTepBMe B6Jil1311 Ef,m. To eCTb 'AJIR 

Bcero aHCaM()JIR npo,[iyKTOB p,ilE pacTeT C EL, a ,[\JI.fl Tex co6b!T11tt, B l(QTOpblX 

yroJI sM11cc1111 11po,1-1yKTa (4) paBeH el, cpe,[iHRR :mepr11R aos6y1IV1,eH11.11 p,ilE • · 
np116JI11:icaeTcsr K E"tim. TaHM KapTl-!Ha npoqe.cca, IlOJ\TBepiK,D.aeTcR 3Kcnep11-
MeHTMhHO, 
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Ta6JI. I. MaKCHMMbHM CTeneHh HeynpyroCTl1 peUKl\1111 ~m 11 

COOTBOTCTBYJOiqM KHHeT11tteCKa..fl 3Heprl1.ll npO)-IYKTa np11 
¢11Kca1-11111 yrJia 3Ml1CCl!l1 el= 64° 

I~ 27AtCI48 !.laB) + 28Si 40A,(225 MaB). + 28Si 

llpo,1-1yKT E.iim 
EK 

4 E."iim 
EK 

4 

285i 14,5 7,I 17,4 10,5 
27si 9,3 G,9 II,2 IO,I 
27A( 18,7 G,9 18,5 IO,I 

26Al IB,I 6,6 17,2 9,7 

26Mg 17,2 G,G 2.4,7 9,7 
24Mg 26,8 G,I 33,2 9,0 

EL, M3B 
110 130 15()_ 

Y, 
OTH.ea. 

t,5 

1,0 I \ a 

0,5 

0 

1,5 ~ ~ ~ P11c. I. 3as11c11MocT11 BbIXO,D.a 

npo.eyKTOB pealtl\111-f HU 

t,0 ~ \\ 6 ~ TOJICTolt M11Weu11SJ OT 
3HeBr1111 HOHOB 2 Al (a) 

J 
11 

4 
Ar (6), ttoMepeHH~e 

0: [ ~ np11 el= 64° (o) 11 
53° C. ) • CTpeJIHUMH OT-

I ! 
MeqeHbl sHatteH11.11 rpett-100 150 200 

EL, M3B 3HHP-3Hepr1111. 
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Ha p11c~ l n01m3aH 113i1epeHHbll1 a6cOJJIOTHh!A BbDC0,11, Y npo,IJ,YKTOB . l1C

nyCK1l,eI;lbDC no,11,· yrJJoM 64 l1JJl1 53°, B 3UBl1CllMOCTl1 OT 0tteprm1 HOHOB 27 Al 
11 

40Ar. CHJJbttoe y6h!BUHl1~ Y (EL) no,11,TBeplK,IJ,aeT yMeHbmemte ,IJ,OJJl1 1rna3u

ynpyrmc peaK411A c E?E 5 E'iirn . -' llirrepectto 04eHl1'l'h :meprHIO no06ylK,ll,eHWI 

3aperucTp11pOBilHHbJX WlllJel!eIIO,IJ,06HblX IIPO,IJ,YICTOB. IlpH HUJJl1tJHl1 CTaTl1CTl1tJec

KOPO pUBHOBeCH!l B ,Il,BOAHoti sr.iiepuoA CHCTCMe mm6oJJee nepO!iTHO pu0Aene

Hl1e 3H~pr1111 nponop4110HanhHO Macce: l!.~ .= E.'firn A4/CA3 + A4), ci.v,ttaKo 

cueKTp 3HU•leHl1A E.t MOlKeT 6LJ'l'l., ,Il,OCTUTOtJHO w11po1c. TeM He MCHee ·JICHO, . 

tJTO npo11CXO,IJ,11T OT6op OTHOCHTE:JJbllO CJJa6o B036ylK,ll,eHHLIX. npo,IJ,YICT~B C E.1 
MCHbllle l1JJl1 OICOJJO nopol'a Cl1JlbHOl'O pUCJltl,[ia. BpeMJI iK113Hl1 JI,IJ,ep no OTHO

lll8Hl1JO K · :meKTpo1v1uru11THOMY pacnajzy n~'.nmm 'r > ro-16 c. C pocTOM EL. 
cpe.v,11 3aper11cTp11ponaHmJX npO,IJ,YICTOD MO/KeT 11upacTll.Tb ,fiOJJJl SJ,D,ep·, nepBO-' 

HUtJUJJbHO 11CllYJ[jeHHhlX 110,IJ, YP?IOM 0 < 8l 11 l13M8Hl1BWl1X I-IallpaBJJeHl1C 11M

IIYJJb,,C/l. np11 11Cl1YCICUHl111 BTOp11tJJiOA _tJUCTl14bl. rrJI TUICl1X SI,l.\Cp Ta!C lKS, ICaIC 

l1 ,Il,J!Jl ,IJ,OJJPOiKl1BYJIJl1X' ,Il,OJJiKHO HU6JIIO,IJ,UT!.,CJI / ,j cyiqeCTBeHHoe ocna6irntt11e 

11HTeHCl1BHOCT.11 0q4,eKTU Tetter:!. 

· .t{p11cTWIJJorpuq;utJec1CaJI ocb <Ill> 6LLJ1a ttanpaBJJeHa no,11, yrJJoM 64° 
IC ny,my. PeqiJlelCChl 1Cpl1CTaJIJJOPpuq;111Jec1n1X HunpaBJJeH11A B ee 0Kpec_THOCTl1 

tta6JJIO,IJ,aJil1Cb B113YaJibHO 110CJJe Xl1Ml1tJ8CICOA o6pa60TICl1 CTeKJJJIHHOPO ,11,eTeK

TOpa. IlpOqJl1Jlb peljirre1cca 11:.JMepllJiCJl nyTeM CICUH11pODUHl1Jl 11 no.v,ctJeTa nJJOT

HOCTl1 Tpe!COB C noMOIIJblO OllTl1tJ8CKOPO M11!Cpoc1mna. 0THOCl1TeJJbHhlA awco,u; 

~ B 4eHTpe ocenoro Ml1Hl1MYMU OKU3[lJJCJI 3UBl1C.fi!ljl1M OT 3Heprl111 l10HOB 
27Al l1 

40Ar. Pe3yJJLTU'l'hl 1101m0utt1,1 Ha p11c. 2. , 
04eH11M TOJJ!ljl1HY d Ul(Tl1BHO!'O CJJOJI l\ll1W8Hl1, I( JCOTopoA OTHOCJITCJI pe-

3YJI:f,T8TH. Ha ocuoae 3HatJeH11A E~ HeTpy,11,110 r10nytJl1Tb, 'ITO d.,, I ,5-2 ,0 MICM 

(no ttanpannem110 ny•ma), CJJC,fiO!lUTeJJhHo, 1111TepnM ycpe.v,HeHWI 0ttepr1111 110-

Ha He npeaocxo.v,11T 5-10 ivl0B. Ilp11 yae11w1eHl1H EL TOJJ11111uu d He no0pacTa

eT l13-3a yaeJJl1tJeHl1Jl CTenem1 HeynpyrocTH pea!U\11l1 11 COOTBCTCTBYIO!J\8PO 

YM8Hblll8HWI .E~. TaKl1M o6pu30M, HeCMOTp~ Ha l1CnOJJb3013UHl1e MOHOJJl1THOPO 

MOHOKp11CTUJJJJU, C03,Il,UIOTCJI YCJIOBHJI TOlilCOA Ml11!16Hl1. 

,lv!JI Toro, tJT06hl 04eHl1Tb ,IJ,Jll1TeJJbHOCTb1:' pucna,r\a npO,IJ,YICTU Ha OCHO

ae l13MepeHHblX 3HutieHl1!\ DLIX0,11,U h B T8H8BOM MllHl1MYMe, 1rno6XO/il1MO puc

CMOTpeTb DJ!l1!1Hl10 l1cnyc1CUHHJI BTOPl1'!HLIX tJUCTl14 HU TCHeBoA MIIHl-iMyM. hAK 

OTMetJaJIOCb B /I/' 3TO BJ!llHHl1e MO~(eT 6h!Tb ,Il,BOJil(l1M. l!:cJil1 re B8JJl1KO' 

, TaK tJTO -,11,n11Ha nyTH )J,O pucrrn,11u 11 re >> a. (r,11,e a - Meif.aTOMHOe puc

cToiurne D,Il,OJ!b OCH Kp11CTUJJJia), TO T81-WBOA peqJiel(C cq:opM11pyeTCJl )J,O 11C

nyCKi.lHl1.FI BTOp11tJHOA. tJUCTl14hl. (;•r,11,atJa np11 purntl,[ie BHeceT yrnoao« pu3-

6poc61!J ' ICOTOphlA fJOB~MeT HU q;op111y TeHCBOPO Ml1HUMy,✓.u KUK ~ot'iaBOtJHhll\ 

.BICJ!a,f\ B YI'JJOBOe pU3pclileHHe. il ,11,pyroM CJIYtJLr.e (11'1:' $ a,} TeHCBOti peq;

Jl81CC qi0pM11pyeTCJI lIOCJJe 11cnyc1cUHl1Jl tJaCTl14bl •. Ilp11 3TOi,l JIOJIBJIJlt:lTCJI, O,Il,-

HU!(O, CMerqeH11e TOtJl(l1 l1CllYCKuHWI tJciCTl1~bl S OT. Kpl1CTWIJIOPpaq:11tJeCKOA 
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P11c. 2. 0THOCl1TeJJbHLIA BblXO,r:\ 

0.6 

i y y 0,8 .:X:o 13 'l'eHCDOM MIIH11MY-

1 
Me <III> Si , H3Me-

0,5 f- f ? 0,6 pcHHhlA npu el = G4° 

f .,,,,,..,....------ ~ ......... 
.,,,,,-------- ( 'l'Ot11(11), BICJIJ,Ii 3JJCIC-

o.i. i,._.,. / o.i. TpOMUI'Hl1'l'IIO¼acnu-

a 6 
,IJ,U D BLIXO,Il, O ( U1Tp11-

s. ~ 
xonaJI m11111a) 11. nony-

HM tJCHHLJe 3HUtJ8H11Jl CMe-

0.02 o,oi. lllCHl1Jl s 113JiytJaIOiljePO 

.H,n;pa 3a. CtJeT Cl1JlbHO-

0,01 Vi V, t ro puc1w,n;u (cilJ!olllHUJI 

,:!HIIM) ~JJJI pea1c411A , .::?Al + 0Si (a) l1 0 I 
40Ar + 28S i (6) • 90 110 130 110 150 190 230 

Et• M3B 

OCl1 l1JJl1 nJJOCICOCTl1. ECJil1 qipal'MeHT HUtJl111UCT ,Il,B11l'u'rbcJI B,11,0J!b OCl1 TOJ!bKO 

110CJie 11cnyc1rn.H/Jl BTOp11tJHOA tJaCTl14bl, TO GTO 3HU'411T, tJTO TQtll(U 11cnyc1Ca

HWI CMerqetta /I OT OCll Hll B8JIHtJl1HY: 

S = vrrsin 8, (3) 

r.v,e 6 - cpe,11,H11!\ yroJI OTKJJOHeH11JI q;plll'MCHTU 3a CtJeT l1CIIYCiillHl1iI BTOpHtJ

HOA tJUCTl14bl. CyiqeCTBeHHWI ~O!lq Ta1rnro CMe!lleHl1Jl 3Uql1l(Cl1pOBUHU np11 pe

I'l1CTpa41111 Ml1IlleHeno,11,06HbDC / ',:;/ /po,11,yKTOB pei:.1<411A HU MOHO!Cp11CTaJJJJe 

repMaHWI l1 CHapSI,D,ono.v,o6HbDC /
4 , 5 B CJiytJue Ml1llleHeA 113 ilJIMll31l. 11Ge. 

,lv!st peaK4HA c Si 11cnycKUHue BTopHtJHLCC tJaCTl14 npoJIDJJJieTCJI a 060-

mc Bapl1attTax: 3a CtJeT ti~ l1 3U ctJeT 5 • Bee B036ylK,ll,eHHble npO,IJ,YKTbl, l1C

nyc1cwoT °t -KBUHThl Ha KOHetJHoA CTyneH11 pacna,n;a. IIOcTO!lHHaJI rt; 3JJeKTpo

MllPH11THOI'O pacna,n;a BeJJl11Ca, TUK tJTO 'l('t: >> a.~ 0, 5 HM. YrnoaoA pa0-

6poc 3a CtJeT l1CflYCKUHWI t-KBaHTOB MOiKHO 04eHl1Tb: 

_ ti~ ~ Er \/Mr , (4) 
P,Il,e Mt 11 Er - MHOiK8CTB6HHOCTb l1 cpe,IJ,H.IIJI 3Hep!'l1ll KBaHTOB 3JI81CTpOMal'Hl1T

HO!'O KacKa,n;a. PactJeT nOICa3b!Bll8T, tJTO BeJJl1tJ11Hail~ cpaBHl1Ma ·c yrJJOBOA 

nonyml1pl1HOA Tetteaoro Ml1Hl1MYJvla lilv2~ 0, 4°. !Ia pHc. 2 np11ae.v,e11 Bblt111c

JieHHb1R BKJ!a,Ii 3JICICTpOMaPHl1THOI'O pucna,n;a JCo'( B TeHe~oR BbDC0,11, ;(o. Ilp11 

yBeJ111~eHl1l1 3Hepr11H B036ylK,ll,eHl1Jl npO,IJ,YKTa BeJil1tJ11Ha E1 CHUtJaJJa Boapac

TaeT, a 3UTeM )J,OCTl1l'aeT HaCblJl0Hl1Jl; COOTBeTCTBeHHO Be)J,eT ce6st l1 JC{. 
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BKJI~ 3JieKTpOMarm!THOro pacn~a He M01!1eT noJIHOCTblO o6'bSICHl1.Tb 

ttu6mo,n;aeMoe yaeJI11.t:Ie1111e JC0 (EL}. lb p11.c, 2 B11,11.HO, t:ITO 11.MeeTCR 3Hatm

TeJihHblH BKJI~ ,n;pyroro npo1..1ecca, KOTOpbrli MOlKHO 11.HTepnpeTHpOBaTb KUK 

BJIHJIHl1.8 CMerqeHHSl s ' B03HHICaIO!qero np11 C11JibHOM pacn~e B036yll\ll,eHHblX 

npo,n;y1cTOB. ,ne!1CTBl1.TeJibHO, 11cnycKUHl18 o{ -t:IUCTH'-1, npOTOHOB 11JIH HenTpO

HOB 113 Ilpo,n;yKTOD peaICl..11111 ).\OJilKHO I1p11B0,ll;HTb K 60Jibllll1M 3HUt:IeHHSlM 9 H 5 . 
Ila OCIIOl3e 3KCnep11M8HTUJibHbllC 3Hat:IeHHii J(.o 3a Bbltl8TOM BKJI~a 3JI8K

TpOMUI'HHTHOr'O pacn~a onpe,n;eJieHo cpe,n;uee CMeiqett11.e S 113Jiytta!Olitero SI,n;pa 

3a C48T Cl1JibHOro pacn~a. Ilp11 uepexo,n;e OT ~ K S /CIIOJib30BaHO Teo

peTHtl8Clrne cooTHOllletme nepexo,n;a /2 (S} 11.3 pa60Tbl /
5 • B KattecTBe 3Ta

JIOHHOJ;'O 3HatteHHSl J-o B3SlTU BeJil1.tll1HU, IIOJiytteHHaSI B MO,n;eJihHOM ::rncnepH

MeHTe Ha nyttKe HOHOB 129xe (122 M0B), B KOTopoM npo1..1ecc pe3epq;op,n;oa

cKoro pacceRHHR cJiymHT 11cTotIH11.KOM SI,n;ep 0T,n;at111Si c Ton me 0Hepr11en, 

t:ITO 11 13 OCHOBHOM 3Kcnep11Me11Te. 

Pe3yJihTUTbl ).\UHbl Ha p11c. 2, B8JIHtil1HU CMetqeHM ,n;ocT11raeT HUCbU1!8Hl1tt 

Ha ypoDHe 20-30 IIM. 0TCIO,!J,U C llOMOfJlbIO qJOPMYJibl (3} MOlKHO Hal1Tl1 3HUtl8HM 

't ~ 2, 3 ro-17 11 4, 7 10-17 
c ,n;JIR pea1t1..1.in 

27 Al + 2 E!si H 
40Ar + 28

S i 
COOTB8TCTB8HHO,IIPH MUKCHMaJ!bHb!X 3HeprIDtX: EL·· 3HatteHM 't" MOlKHO cpaB

HHTb C ).\aHHLIMH, HM8Kltlll1Ml1CSl B JIHTepaType, 8CJ111 c,n;enaTb npe,n;noJI0~8Hl1Sl 

O Cil8KTpe 3UCeJI8HM pe30HaHCOB ·ao36yn('AeHHOro npo,n;yKTa. l{aK OTMetia

JIOCb . Bblllle, KHHeMUTHtICCKOe orprurntteu11e E,ilE np11ao,n;11T K 3"aCeJI8Hl1IO, rJiaB

HLIM o6p8.30M, pe30HUHCOB B6JIH311 nopora Cl1JibHOr'O pacn~a. ,IJ,nR SI,n;pa 
28Si 

lll11p11H' P,acn~a 11 apeMR m113u11re peaoHattCOB B6Jil1311 nopora KOMI111JI11poaa

Hbl B 71 110 ,n;aHHblM 113ytteHl1Sl pe30HUHCOB COCTUBHOro SI,n;pa B Cl1CTeMax: 
1tt + 27 Al 11 4He + 24Mg • Ycpe,n;11ett11e 3HUtieHHn 'T c aecoM, nponop1..111-

ottMhHL1M B8TBH Cl1JibHOl'O pacn~a, 11pl1B0,D.11T K BeJIHtIHHe ~ = 3,8 10-!
7 

C1 

KOTOpM corJiacyeTCSl C 31ccnep11MeHTUJibHblMH pe3yJihTUTUMH. _nattttoe cono

CTUBJI8Hl18 HOCHT, KOH8tIHO, CX8MUTHtl8CKHA xapaKTep. ,IJ,nn noJiytteHM ,a.e

TUJibHblX pe3yJihTUTOB 6b1JIO 6bl B8CbMU 11HTepecHO Oil11CUHHblA 3,ll;8Cb 3KCil8-

p11M8HT BblIIOJIHHTb C 6oJiee COB8pllleHH0!1 T8XHl1K0!1 perHCTpU4Hl1, o6ecnettH-

Balltt8n Bhl,IJ,eJieHl18 npo,n;yKTU C onpe,n;eJieHHblMH 2 11 A • 
rJiaBHbll1 p83YJibTUT HUCTOS!lljero 3Kcnep11M8HTU COCTOHT B Bbl!lBJieHl111 

3iplieKTa, CBSl3aHHOro C ,ll;JIHTeJibHOCTh!O pacn~a B036~eHHblX npo,n;yKTOB 

HeynpyrHX cToJIKHoaeimn a c11cTeMax 
27 Al + Si 11 

4 '.Ar + Si , Ha ocHoBe 

TexHHKH 3q,¢eKTU TeHen. 

2. OI.{Elll{A AJilll'EJllliOCTH HCIJYCKAHIDI '!JACTHI.( ll3 
HECTABl1JlhHHX lWl'HHJC CHCTF.M 

3HaHH8 nep110,n;a BpatJl8HM ,n;aol1Hol1 SI,n;ep11on CHCT8Mbl Il03BOJIS18T HU oc-

110B8 H3MepeHHOro yrJIOBOl'O pacnpe,n;eneHM ¢parMeHTOB 01..1eHl1Tb ,11,1111TeJih

HOCTb CYfJ18CTBOBUHM KB8.311CTU4l10Hap11on CHCT8Mbl. YroJI noaopoTa ed CHC

TeMbl ea apeMJt't"d ,a.eqiopMa41111 OT MOMeHTa KOHTaKTa SI,n;ep K MOMeHTY pa3-

8 
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-~ 

"' 

pb1Ba Mo::uw 01..1e1111Tb 110 q,opMYJie: 
~ 

8d = C f fl +1/2)F 1(t)dt ~ C ( l + 1/2) <J>1 'rd (5} 
0 , 

P,n;e<J > - cpe,n;1111n MOMeHT 11Hep111111. CHCT8Mbl, H3BeCTHh!l1 C TOtIHOCTb!O )\0 

q;aKTopa I, 5. EcJIH 8d onpe,n;eJieHo 113 yP Jionoro pacnpe,n;eJieHHR ~paPMe'H

TOB, TO no q,opMyJie (5} MOlrJ-10 011ettHTb 'td . .fvi,epttb!e Cl1CTeMLl HeCTUOl1Jib

Hbl llO OTHDlllCH1110 K pa3ou.ny B Tpex CJiytJ..ulX: fl1Jl1 OtWHb 13b!COICOM 2 > 110 
(1cor,n;a KaIIeJibHblH 6apbep ,n;emitt»Sl paBeH HYJI!O)' np» Ot.ICHb Bb!COICHX ::rnep

rill!X B036y;~eHHJI 11 npH UOJiblllOM YI'JIOBOM MOMCHTe, COOTBeTCTByIOtqeM 06-
JiliCT l1 r Jiy6 01co11eynpyPJ,JX C'l'OJI KHO B8HHl1. 

MeTO)J,, OCHOBaHHblii HU Y?aOBOM pacnpe,n;eJieH11H q:parMeHTOB8 peaJil130-

BaH, D t!UCTHOCTl1, B pa60'l'e . 8 / /1,JlSl B3Ul1!,ID~encTBl1Sl HOHOB 23 u Cc 3Hep

ruen G Msl3/Hyl(JIOH} c Ml1lllCHRM11 OT 160 ,n;o 8 Y 11. c,1.1eJiaHa Ol.\eHJca apeMe

Hl1 ,1.1e¢o~Ma1..11111 't"d • 01ca3WJOCh, ttTO ,n;;m TmKeJJblX c11cTeM THflU 
238 U + 

58
Fe 11 

38u +64Ni3HatteHl1Sl 'C'cJ MeHSIIDTCSl OT IO )J,O 3-ro-21 C np11 yaeJJH

tteHHl1 nepe,11,attHoro yrJioaoro MoMeIITa L • Y6b!Batt11e "tct ( L} 06'bSICHReTcS1 

TeM, t:ITO pocT nepe,I.\UHHOl'O B CTOJIICHOBOHl111 MOM8HTU KOJil1tieCTBU )J,Bl1meHl1Sl 

lip np11B0).\11.T K napUJIJieJibHOMY yaeJIH'tleH11IO ICU!{ yrJIOBOI'O MOMeHTU L , Tai( 

l1 CKOpOCTl1 3BOJIIOl.\11H CHCTeMbl B KOJIJieKTl1BHb!X 1(00p,n;11HaTax. 

HelCOTOpb!e 01.ICHICH BpeM8Hl1 »rn3Hl1 SI,n;epHOtt Cl1CTeMbl HU OCHOBe H3Me

peHM yrJIOBOI'O pacnpe,11,eJiemm OC!(OJIICOB ,n;eJJeHHSl 11JIH npo,n;yKTOB rJiy60K0-

11eynpyP11X CTOJIKHOBCHl1!1 ,I\Ullbl D TU6JI. 2, I3 TeX CJJyttaJDC, KOI',L\U rettb 

11,11.eT O 11ecTa611JibHblX CHCTeMax, nonyt:Iellbl 3HUtieHl1SI -rd~ n 10-2 c. Ta-

1(11M o6pa30M, apeMSl ,n;eqiopMUl..11111 )J,BOliHOli 8,[J.Cptton CHCTeMbl MO~UiO Ct:IHT.UTb 

113BeCTHblM, OHO np110Jil13HTeJibHO COOTDeTCTByeT BCJIHtIHHe TBP/4 ( TBP -

nep110,n; BpatJleHl1Sl Cl1CTeMbI}. 

I3 o6rqeM CJiyttae cyMMapHaSl ,11,Jil1TeJibHOCTb er f peUIC'-11111 o6pa30BUHHJI 

qiparMeHTOB COCTOHT 113 BpeMeHH mtt3HH npoMemyTotIHot\ CHCTeMbl .rec, ,n;JIH

TeJibHOCTH ltoJIJJeKTl113HO!l ,n;eq:OpMUl..11111. IC pa3pb1BHO!l 4111.rype 't"d H apeMSHH 

ycKopeHl1Sl q;parMeHTOB 'La • ,/.vIR HecTa611JibH1,IX Cl1C'rCM "tc<< 'td + 'La 
11 ,11,1111TeJihHOCTb rt'f ~-rd+ 'ra • l!:CJIH BLltll1CJIHTb 3HUtieHM 'Ta H BOCilOJib-

30BUTbCSl 01..1eHKaMl1 rrd , TO MOlKHO onpe,11,eJIHTb upeMSl '"l:f • 
BpeMSI yc1copeHHH q,parMeHTOB B ICYJIOHODCl(OM noTeHI.\HaJie OT 11yneaon 

CKOpOCTH ,1.\0 1f=, 0 1ft ( r,n;e ! <I, 1ft - KOHetIHM CKOpDCTh) MOlKHO Han

TH no qJOPMYJie: 

_ 2 3 Z4 ~4 '( {¥-t+ °t -22 
'1:"a - 3;2 \f.A + A ( ~ + ln -

1 
_ l I I,04 IO c, (6} 

Ek 3 4 1 - l . 
r,n;e ~ - IIOJIHaJl 1{11HCTl1tleCKOJI 3HeprM npo,n;yKTOB (B MsB), 23,24, A3, 

A4 - aTOMHble HOMepa 11 MUCCOBbte tll1CJIU qipal'MlilHTOB. ~OPMYJIU (6) He yt.111.

TbIBUeT ,11,eq;opMU4H!O q1parMCHTOB 11 ,ll,11HaM11ttec1me 0ipl:e1CTbl KOJieCiaTeJibHOI'O 

,11,BHlKe111m. Bb1t.Il1CJIHB 'Ta, Haxo,n;HM re t· 
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Ta6JI. 2. PesyJibTUTbl 01..1eHKl1 ape111e1111 lKl13Hl1 ~epHon Cl1CTeMbl 

HU OCHOBe 113MepeHl1fl yrJIOBOPO pacnpe,l\eJieHM cpparMeHTOB 

3He8rM TeITJioaaa Cpe,l\H11n I 
C11cTeMa 6oM ap~. :meprM, yrJIOBon 'treop• 't":mcn• Ccumia 

110Ha, aB MaB MOMeHT,"tl C C 

3He + Uj 90 90 17 2,6 10-20 > 10-20 /9/ 

22N e + 23£\.J 125 58 23 1,2 ro-19 >9 ro-20 /IO/ 

50r; +208pb 250 30 23 2,2 ro-19 >9 ro-20 /II/ 

208Pb+ 58Fe 1227 GO 34 1,4 10-20 9 10-21 /12/ 

238u + 27Al 1428 66 33 2,8 10-20 >2 ro-20 /8/ 

48ca 71 - 7,o 10-21 

91 - 4,8 10-21 

64Ni 35 - 7,5 ro-21 

53 - 4,3 ro-21 

64 -· 3,1 10-21 

Ha :)Ton OCHOBe MOlKllO 11pe,l\JIO)K!,1Tb IIOBYKJ D03MO)!UiOCTb SKCIIep11MeH

TBJlbHOPO onpe,l\eJieHM ,l\Jlf,1TeJibHOCTl1 11cnycKaHM /aCT!,1~ 113 ~epHhlX Cl1C- · 

TeM. B IlOCJie,l\Hl,le PO,l\bl BblIIOJIHeHbl 3KCIIep11MeHTbl 13- 1 / no onpe,l\8JI8Hl1!0 

MHOlKeCTBeHHOCT!,1 HenTpOHOB, npOTOHOB 11 cJ..-qaCTl1'-I, 11CnYilleHHhlX ,1\0 paa

BBJia HeCTUCil1JlbHOn Cl1CT8Mbl. lfocTl1'-lbl per11cTp11pOBaJil1Cb B COBU~eHl111 C 

OCKOJIKB.Ml1 ,l\eJieHM 11Jil1 npO,l\YKTaMII rJiy6oKoHeynpyrmc CTOJIKHOBem1n~ 11 ' 

nYTeM aHaJil13a Yl'JIOBon KOppeJI.f_I'-11111 oupe,l\eJI8Ha MHOlKeCTBeHHOCTb Mlire· 

ECJI11 113BeCTHO 'IJHCJIO 'IJUCTH'-1 ~re' 11cny,~eHHhlX 3a 11SB8CTHOe BpeMa cy-

111ecTBOBUHM Cl1CT8Mbl 'Lf ,· TO . IIOflBJifleTca B03MOlKHOCTb onpe,qeJIHTb cpe,1\

Hee apeMa )Kl13Hl1 Cl1CTeM~l -r; IlO OTHOlll0HH!O K 11c11ycKaHl1!0 qacTl1'-lbl Tl1Ila i 

rr; M~re = 't'f ';:,f 'rd + 't'o. (?) 

lllopMYJia (7) 11cnoJihsyeTca B op11rHHMbHhlX paeioTax /l3-l7/, O,l\HUKo 

JIOPl1'1J8CKl1 B. oeipaTHOM nb~Ke. ,/vI11TeJibHOCTb 'Tj Bbl'IJl1CJifleTca no CTaTHC

Tl1'1JeCKl1M ~PMYJillM B MO,l\eJIH ~epM11-rasa, a saTeM no ~PMYJie {7) 01..1eH11-

aaeTca BpeMa CyuJeCTBOBaHllfl Cl1CT8Mbl "tf. 3TOT nyTb np11B0,l\11T K MO

,l\eJibHO-saa11cmq11M pesyJibTUTllM, TUK KUK pacqeTbl '!"j He CTOJib O,l\H03Ha'IJ

.Hbl, Ilpe,l\JiaraeMaa 3,l\8Cb cxeMa IlOJiyqeHM 3Kcnep11MeHTaJibHOPO 3HatJeHM 

'tj Menee tJYBCTBl1TeJibHa K saKJI~blBaeMblM npe,l\nOJIOlKemUIM. 01..1eHKa B03-

MOHtliOn Cl1CTeMaTl1'1J8CKOn uorpelllHOCTl1 Ciasoaoro 3HatJeHM rrt npHBO,[IHT K 

qrutTopy 1,5-2,0. 
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TaeiJI. 3. PesyJibTUTbl 01..1emm /~Jll,ITeJibllOCTl1 11cnycKrurna tJaCTl1'-I Ha 

OCHOBe 113MepeHM MHOlK8CTBeHHOCTH npe,1:1pa3BMbllhlX 

HYKJIOHOB, 3ttatJeHHfl "'C' ,l\UHbl B 8,l\11Hl1'-lax 10-21c 

3Hepr. CcblJI- TeI1J10- /fo.c-

M~re 

'LSKCn. 
CncTeMa HOHU, Ka BM PeuK- Tl1'-la 'tTeop· MsB auer•·· '-IHfl a) 6) Ms . 

2~8 + 165110 402 1113/ 255 ,LleJie- n 5 3 6,8 P'J, l :> 3,4 
11118 n:o> 

12c + 23¾, 720 /17/ 560 ~eJie- p 153 9,0 4,3 31 

86Kr + 166Er 
~me ( ) 

1020 /14/ 240 ~eynp. n <l 4,4 :4,6 -
CTOJIKH. 

58Fe + 197Au 485 1/15/ 165 µ{Me-1 p OfIB II0 61 260 
v.e 3) 

·150 ~eynp. p <0,04 240 )120 -
ICTOJIKH' - --· r 

Cl! 

B Ta6JI. 3 npHBe,l\eHbl pesyJibTaTbl aHUJUl3a HeCKOJibKHl{ 113yqeHHbJX peaK-

1..111n. Ilp11 pacqeTe apeMeH11 '1:0 yc1rnpe1111a q,parMaHTOB naprut.eTp i au611-

panca paBHh!M 0,5 - 0, 7 ,l\Jifl peal(1..111n ,l\eJie1111a 11 0 = 0,9 ,qJia rJiyeioKoHe

ynpyrmc CTOJll<HOBeH11n, 'IJTO CBfl3UHO C oco6eHHOCTflMH Kl1HeMaT11tJec1rnro . 

a11an11sa yrJioaon KoppeJia1..11111 cpparMeHTa 11 Jiemon qacTl1'-lbl a pa6oTa:/13- 17( 

lioJiytJeHHb!e 3HatJemm ,raJ~cn cpaBHHBUFJTCfl co CTUTHCTH'IJeCKHM pacqeTOM 

np11 Bb16ope ~epHon TeM1IepaTyp1,1 COPJIUCHO paeioTe /l/_ 

,L(aHHbl8 TaeiJI. 2, 3 npe,l\CTUBJifllOT C06oti HO Brr 11HcpOpMa'-ll1!0 0 MaJIOH3Y

'l!eHl!Of! o6JiaCTl1 KOpOTKOlKl1BJ~'ll-OC CHCTeM 'T ~ 10- l - 10-19 c. BMecTe c 

pesyJibTUTaMl1 Tpll,li11'-ll10HHblX MeTO,l\OD, OCHOBUHHblX Ha sq,q:eKTe TeHen Ii K-X 
l,13JIY'lleHl111 COC'fUBHOro UTOMu, IIOBI,Ie ,l\aJiHble Il03B0JiaIOT nocTpOHTb Cl1CT8Ma

THKY ,l\Jll1TeJibHOCTl1 pacnnu B030Y~iqeHHbllC ~ep. }IMe1or1111eca B JI»TepaType 

pesyJibTUTbl np11Me!ICHl1fl B, !9/ Me'l'O,l\a, OCHOBUHIIOI'O HU K-X H3JIY'IJBHl111 

Ba.ItaHCHti, npe).\CTUBJieHbl B TU6JI. 4. ~l/llh!O, flOJiytJeHHh!e Ha OCHOBe sq;qieKTa 
TeHen, nO,l\p06Ho OllliCUHbl B o6sope l . AHaJil13/l/ ,l\JIHTeJibHOCTen np11BeJI 

K Bb!BO,l\Y 06 YJ\OBJl8'l'BO!J»TCJibHOM OIIHCa.!11111 3HU'IJ8Hl1fl 'L CTUTHCTHllBCKHMH 

paC'IJEJTUMH I!p11 DhlOOpe TeMne~aTyphl 11 IIJIOTHOCTH ypOBHen ~pa B B~e: 

P (U) = C exp 0, 773 AI/_3 U 13; T(U) = 1,94 (U/A) 113 • Ha p11c. 3 pe

syJibTaTbI pactJeTa rrTeop C HCil0Jlb30BaHH8M 3TIDC !fOPMYJI cpaBH,ID.aJOTCa C 

3l(CII8pl1M8HTaJibHbl.MH 011pe,r\eJielll1flMl1 rrsKcn· KpoMe 06cyll\ll,UBlllIDCCfl,BKJIIO

qeHh1 TUK»(e pesyJibTUTbl HODhlX paeioT /20,21/. IlpH npe,qcTaBJI8Hl1H ~aHHhJX 

B JIOrapHcpMH'IJSCI(OM MUCWTaeie pOJib CTUTl1CTl1'1J8CI(l,1X Ollll1CiOK H3Mepe11»n He 

CTOJib cyiqecTBeHHa, XOTfl OHII, KaK npaD11JIO, He npeueopelKHMhl, 

ll 



Ta6;r. 4. Pe3yJibTaTLI l13MepemIB speMeHl1 ~\113Hl1 B036y11'.,u,em10ro 

MP:! nyTeM cpaBHeHU.ll C BpeMel!eM l!Ul3Hl1 K-BaKaHCl111. 

3HatieHl1.ll 'L ,11,am,1 B e,IJ.11Hl11.\ax IQ-l
7 

C 

3He8rl1.ll 
PeaKI.\M uoM ap,11,. 0He8r11a ri;Teop 'L3KCH Ccwrna 

tlcl CT 111.\LI , B03 y;K,IJ,., 
MaI3 MaB 

lH + IOGCd IO,O 13,6 2,7 5,0(2,5) /18/ 

12,0 15,5 l,l 6,5(5,0) 

ltt + II2sn IO,O 13,0 3,1 4,0(3,8) 
/19/ 

12,0 15,0 1,2 3,5(2,5) 

Np• 
-15 ~ 

Np~N~fU 
10 

't".3~cnl NP~ l'l,r'i,o_u As 

1f17 ~ C\" b 
•Pb 

Sn / 
f • Pb 

SJ i 
-19 ~ #.~u 10 

,a ,,as 
,0 uln 

1~oe I 
10-211/ A(m 

10
-21 1f19 10

-11 ,f,s 
'TTEOP• C 

P11c.3. ConOcTaBJieH11e aKcnep11MeHTaJibHbDC onpe,11,e;reH11R speMeH11 

lKl13Hl1 BOa6y1K,1J,eHHbDC Mep co CTaTl1CTl1tJeCKl1M paetieTOM ;!ll1 / 

B1,16ope TIJIOTHOCTli ypoBHeR no qiopMYJie: p =C expO, 773A
1 .:U2 ? 

TotiKl1 cooTBeTCTDYJOT ~Jie,IJ.YI01Jll1M aKcnep11MeHTaJibHb!M MeTo,11,aM: 

• - 0qiqieKT TeHeR, O - K-X l13JiytieHl1e COCTaBHOI'O aTOMa, 

0 - YI'JIOBOe pacnpe,11,eJ1eH11e iJiparMeHTOB, A - MHOlKeeTBeH

HOeTb "Tipe,11,pa3BllJibHbOC HYKJIOHOB. 
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j 

j 
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He,11,aBHO TIO.IIBl1Jlaeb pa6oTa 1221, B KOTopon aHMl13HpyroTe.ll 3HatieHl1.ll 
n 

~re• IlOJiytieHHl,le ,11,Jl.ll ,IJ.eJieHM coeTaBHbDC Mep C z = 70 - 99 np11 OTHOel1-

TeJibHO HeBl,ICOKOR 3HepI'l111 B036y1K,1J,eHl1.ll 50 - 80 MaB. AnTop1,111enoJ1b3YIDT 

aHaJIOPHID ):\eq:opMal\1111 ·Mep np11 ,11,eJ1eH1m C ,ll,llllil(eH11eM BII31Wfi )!(I-\I\KOeT11 B 

noTeHl.\l'.WJlhHOM llOJie. IIp11 3TOM B03Hl1KaeT ,11,0BOJlbHO ,ll,Jll1TeJibHa!I eTB,qHII 

cnycKa e11cTeM1,1 OT ee,11,JIOBOR TOtl,11' pasp1,1ay, tJTO, KUK 6y,11,To, He npOTH

Bopetil1T peayJibT/lTaM 113MepeHl18 22 • )J..'IR aHMl1311pyeMbDC HUMl1 pea!Cl\118 

,11,eJieHM MOl!UlO BICJIIOtll1Tb BpCIA!I euyeKa 'Ten D 't"ct - DpeMII ,11,eiJiopM~l1l1 e11e

T8M},I. 3HatieHl1.ll 'Ta1cen• noJiytieHH1,1e C ytieTOM 'Leu• TaK~(e )J,aH},I B Ta6JI.3, 

OHl1 3HatJl1T8JlbHO 60JibWe, tl6M IIOJiytieHHb!C 6ea ytieTa 'Ten· 0,11,Ha!(O He 

COBeeM IIeHO, enpaBe,IJ.Jil1BO Jll1 npC,U.110JIOHreHl1e O KBU311paBHOB8CHOM npol\eeca 

np11 OllilCamrn eTOJIKHOBeHM CJIOlKHbDC Mep C UOJlbWl1M OTHOCl1TCJibH},IM 11M

nyJibeoM? BosMOlKHO, B 3TOM CJiytiae npol\eee onpe,11,eJIIIeTeII 1111epl\110HHblM 

pa3Bl1Tl1eM el1CT8M},I e HatJa.JJblibIM KOJIJI8KTl1BHl,IM l1MIIYJibeOM. Tor,11,a HeT Mee

Ta ,11,JI!I ~Jll1T8JibHOA 3BOJIIDl.\1111 co eTaTHCTl1tl8CKl1M11 IJiJIIDKTYal\11IIMl1, THna 

6poyttOBCKOI'O ,ll,Bl1llteHM. 0KOHtlaTeJibHOR IIeHOeT11 B OTHOll!eHlm MexaHl13Ma 

KOJIJ18KTl1BHO!'O ,ll,Bl1lKem1Sl llOKa He ,IJ.OCTl1rHyTo. ECJI11 npe,11,notJTeHl18 OT,11,aHO 

(p11e. 3) peayJibTaTaM attan11sa 6ea ytieTa 'Len, TO attatieH11e 'C'aKen npe,11,-

cTaBJIIIeT eo6on Hl1lKHIDID rpaH11ey. · 

Ha p11c. 3 Bl-\1\HO' tJTO TOtJICl1 rpymmpyIDTCII OKOJIO flp.lIMOR 't 31CCTI = 
-,;Teop· Paa6poc OUMCHIIeTCII pasH006paa11eM MeT0,11,0B, np11CYJlll1Ml1 11M e11cTe

MUTl1tJeerw.M11 norpe111HOCTIIM11 11 11111poK11M ,11,11anaaoHOM 11aytieHHbDC Mep. Yeosep

weHeTBOBatt11e paetieTa MOlK8T yMe~bllll1'l'h paexo1K,1J,eH11e B HeKOTOpbDC CJIYtJMX, 

KpoMe Toro I He 11CICJIIDtJeHO I trro OTl(JIOHCHl1e OT,11,CJlbHbDC TOtleK y1cas1,1BaeT Ha 

HOBble oeo6eHHOCTl1 peaKl.\1111, He 11cqepI1b!DaIDflll18CII npocTUM CTaTl1CTl1tl8CICl1M 

Olll1CaHl1eM. Bee :l(C rpynn11pOBKU ::rncnep11MCHTaJibHbDC 3HatleHl1R OICOJIO Teope

Tl1tl6CICOI'O I103BOJI!IeT np113HU.Tb llbll10JIH€HH},Ifi P,aC/eT Y,IJ.OBJieTBOp11TeJibHl,IM. 

3,u.ecb yMeCTHO l-\0Il0JIHl1Tb Cl1CT8MUT111CY 723 TeMnepaTypb! Ha OCHOBe 

110IIDl1Bllll1XCII HOBbDC ,11,aJIHbDC, KaCUIDIJ111XCII o6;raeTl1 B1,1COICl1X Boa6y1K,1J,eH11R. B 

nepBYJO Otiepe,11,b CJie,IJ.YeT paCCMOTpeTb pe3yJibTUTbl pa3B11Tl1.ll MeTO,J:ia, OCHO

BaHHOI'O Ha 113MepeHl111 KoppeJIIIl.\:10H!-IOl1 ®'HICI.\Y.11. B pauoTax 124- 251 onpe

,l),eJieH BblXO,I\ J1er1C11X n,~ep B B036y11(,!J,eHHOM 11 OCHOBHOM COCTORHl1IIX B peaK

l\11RX Ha nyq1rnx 110Hoo c GHepr11en (II-35)· A MaB. MeTO,J:\ Koppe;rII4110HHon 

q:ymc~l111 TI03BOJI!IeT 113M8p11Tb BbDCO):\ peaoHal!COB Bblllle nopora paasa.na. B 
CTaTHCTl1tleCKOR MO):\eJ111 OTH01!18Hl18 CetleHuR o6paaODruI11II Jl8I'ICOI'O npo,u.yK

Ta BB OCHODHOM 11 uos6y1K,1J,eHHOM COCTO.lllllillX onpe,11,eJ1.ll8TCII·COOTH011!8Hl1eM: 

cl(B) _ (2S +1) .PIUI ~ (2S-1-1) ex AL, . 
<5(B, - (2S*+11P(U-~E) ,.., (25*+1) p T (8) 

!'):\e S 11 S JE - Clll1Hbl OCHOBHOI'O 11 BOa6y1K,1J,eHHOI'O COCTOIIHl1fi, ~ E - tlHeprM 

ypOBHII s )EI T - TeMnepaTypa 113J1ytm1miero 061>e1CTa. l13MepeHl18 OTHOll!eHM 
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<U/A>, M38/HYKt\. 

PHc. 4. 3al!IHCHMOCTb TeMllepaTypW ~pa OT Y,D.eJibHOft Temro•oft aHep
I'HH •036~emU1. CruromHu JIHHHJI - pactieT no qK>PMYJie (9), 
mTpKXo•Wl - no M0,11.eJIH ~pMH-raaa Ca= A/8. CB8TJIWe TOll

KH nomrw nyTeM aHWUl3& 3XcnepHM8HT8JlbHWX ,11.&HHWX •. pa-
60T8 3 ' TeMHWe - aHaJIH3 HO•WX 3KcnepHMeHTOl!I. 

G (B)/6(~) npHl!I0,11.HT K onp9A8HHHll C noMOl!lbll ilOPMYJIW (8) TeMIIepaTypW 

HCTOllHHlt& JI8I'XHX ll&CTHq. 
Bw6op CHJlbHO•oa6~•H}{l,IX COCTOJIHHJl JI8I'tiallmHX ~ep, THn& He, Li ' 

KX l!IWCOKU KHH8THll8CK&Jl 3HeprHJC H oqeHeHHwe • pa6oTax 3HatieHHJI: ~R
yea HCTO'IHHK& ,11.&llT OCHO•aHM Cll:HT&Tb rJia•Hw •KJia,u, nep•HtiHOA npe,11.

pa•HOl!leCHOA 3MHCCHH • .An• 3TOI'O HCTO'IHHK& Y.11.MbHU 3Hepr1Ul •oa6~•
HHJI u /A ,11.0JilltHa 6WTh 60Jibme, ll:IM AJfJI COCTa•HOI'O ~pa. 

Ha pHc. 4 ,11.a.wa CHCTIIM&'l'HK& TOJ /A)' SHatilHHJI: 'l'8MII8paTypw, Ha~•H
Hl,18 M8'1'0,II.OM xoppeJI~OHHOlt !WHXQHH, OTH8C8HW K 3HaqeHHJW U /A ,D.JIJI 
COCTallHOI'O ~pa. Cn8,D.OH'1'8JlbHO, oqeHK& U/A CKOpH 3aHHJteH&, HO C 
ytieTOM H8ffYJ1e11oro •KJia,u,a_Kacxa,u,HWX npoqecco• ,11.e11oa6~eHHJ1 nepl!IHtiHWX 
npo,D.YK'l'Ol!I MOEiO Cffla'l'b KOOMHHaTW ToqeK no OCH a6cqHCC 6JIH3KHMH l( 

p88Jlblil,IM. 0TM8ll8Ha, .O,l.\HaKO, H8M&JIU norpemHOCTb 3HaqeHHII u /A. BH,11.HO, 

ll:TO T8Mn8paTypa Ha.MHOI'O M8Hbme, qeM corJiaCHO M0,11.eJIH qiepMH-raaa C na
paM.1!1'l'p0M a=- A/8. Tpy,11.HO npHnHCaTb pacxo~eHHe IIKJla,11,Y KaCKa,11,HOI'O .D.•
•oa6~eHHJI npo,l.\YKTO •• 8TO 03HaqaJio 6w, tlTO aapneHHWe tiaC'l'Hql,I HC

nycx8.ll'l'~np•HMY111•cT••HHO H8 Ha nep•olt C'l'yIJ8HH peaKQHH. tlani• HCilOJib-

ayeTCJI o6paTHOI np8,11.llOJIOltlH,.. · 
En!• O.D.ffa HO•&Jl pa60'H, 27 / CU3aHa C H3M8peHHeM. '1'eMII8paTypw Me

T0,11.0M cneKTpOMl'l'pHH HeltTpoHo• • co•na,u,eHHH C aapneHHWM npO,l.\YKTOM, 
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HCilY1!18HHWM 11nepe,11.. TeMIIepaTypa paBH01!18CHOft qacTH cneKTpa OTHOCHTCJI K 
cpe,11.Heft no K&CK8,IU" Temro•oft 3H8pI'HH l!I036yir,qeHHJI. YqeT 3H8pI'HH, YH8-
ceHHOft aapneHHWM npo,D.YKTOM, C,D.eJiaH l!I opHrHHaJibHOft pa6oTe. Tewepa

TYPY onpe,11.~aeM KaK IlOJIO•HHY cpe,11.Heft aHeprHH HeltTpoHa (no B'ftcKonr>~ 
3HaqeHHe U / A 11 ,l.\aHHOM CJiyti&I He TaK l!leJIHKO, KaK • pa6oTax 24-26 , 
O,l.\HaKO TOllHOCTb aH&JIH3a 6oJiee l!IWCOKU. Ha pHC. 4 BHOBb •JVtHO CY1118CT-

1!18HH08 pacxoir,qeHHe C T~HqHOHHOft M0,11.eJibll ~epMH-raaa Ca= ½8• Ta
KHM o6paaow, Ho•we .D.aHHWe He npOTHBopeqaT paHee noJiy-qeHHoft I, 23/ 
noJiy3MIIHpHqecxolt CHCT8M&THKe ~epHolt TeM11epaTypw: . 

T(U) = 2,22 (U/A)I/3 npH · U SUKp = 3,3!· A _MaB; 

= T(UKp) + (U - Uxp)/(3A - 3) npH U > UKp· 
(9) 

HanoMHHM, trl'O aHaqeHHe u_Kp IlOJiytieHo Ha OCHOl!le orpaHHtt8HHJI TemroeM
KOCTH KJlaccv.tiecKHM npe,11.e.~oM, KOTOPOMY COOTlleTCTIIYeT p&3MOp8.llH.aHHe 
acex cTeneHaft c•o60.D.Y cHcTeMw. 

liHTepeCHO OTM8THTb, trl'O npa1111,1e ,11.aHHWC O TeMIIepaType (pHc. 4) co
oT•8TCTBYJlT peayJibTaTaM aH8JIH3& 1!1p8M8HH EH3HH 1!1036~8HHlalX ~ep 
(pHc. 3). B o6oHX CJiytiaJDC aa.HcmcocTb •ivta T ~ (U/A) / 3 oKaaw.aeTCJl 
npHI'O,l.\BOlt, a paaJIH'IH8 no a6COJillTHOlt l!leJIHqHHe He CTOJib 60Jibmoe ,;:::i !5%. 
IloCJie,11.Hee MOE8T o6UCHJITbCJI l!IKJla,D,OM KHH8THtieCKHX 3qxp8KTo• II 3HeprHll 
qacTHq, HanpHMep, Q8HTpo6eEiOlt 3H8pI'HH. 

3. PA3BHI'.HE MEI'O.l{OB, OOiOBAHHblX HA filII'EPiliEPEHl.tlfH 

8JIOOPOMAIBKI'HblX B03ro1W}{ID\ 

~l!lpHU peaKqHJI conpoaoir,qaeTCJI 06W1UiO KOMilJI8KTOM 3JieKTp0M&r'HHT

HWX: •aaHMO,l.\8flCTBHI H8JieTBllq81t H •WJie-ranqeft qacTHq C KYJIOHOBCKHM IlOJI8M 
aTOMa H C 3JI8KTpOHHOft o6oJI01lltOlt. ECJIH npOHCX0,11.HT Kl!laaeynpyroe HJIH 
ynpyroe ~epHoe paccem-iHe, TO 3JI8KTpOMaI'HHTHWe II036~eHHJI HM81lT 
Kl!la,D.paT &MIIJIHTy,11.w, OTJIHll8DIIHACJl OT KDa,u,paTa aMnJIHTY.D.W npH HC'l'HHHOM 
ynpyroM pacceJ!:HHH 1!1 KYJIOHOl!ICKOM noJie. IlpHlU!Ha COCTOHT l!I IlOJll!IJI8HHH 
C.D.•Hra tpa.31,1, Cl!IJl3aHHOI'O C ,D.JIHTeJibHOC'l'bll M8pHOI'O B3&HMO,l.\8ACT•M, 
H3-3a KOToporo KOrepeHTHOCTb l!I036~eHHJI nO,l.\ ,l.\8ftcT•H8M BXO.D.IUll8A H 
•wxo.D.Jlllll!llt UCTHq HeCKO~bKO HapymeHa. Bo3HHKa8T ,D.8CTpyKTHl!IHU HHTep
qieplHQHJ[, H&6Jill,ll.eHH8 KOTOpoft noa•OJilleT onpe,D.8JIHTb C,11.HI' tpa.3W H COOT
B8TCTl!l8HHO apeMII EH3HH npoMl!lll[j'TO'IHOI'O ~epHOI'O COCTOJIHHJI. 8Ta H,11.eJl 

0 l!IKJia,11,8 ~ Kl!la,u,paT &MIIJIHTY,11.W aTOMHJ,IX npoqeccol!I HHTepqiepeHQHOHHOI'O 

1UeHa, Cl!IJl3aHHOI'O C apeMeHHolt 3a,ll,8pltKOA M8~ norJI0~8HHIM H Hcn~c,a
HHl!IM qacTHqW, anep11we 6WJI& np8.D.JIOEeHa a nHOHepcKHX pa6oTax 128, 9 • 
K HaCTOJll!leyY •peM8HH M8TO,l.\ i\lt8ltHO npopa60T&H l!I H8CKOJlbKHlC •apH&H'l'&X 
nOCT&HO.KH onWT& no Hac5Jill,D.8HHll HHTepqiepeffI.\HOHHOft CTpyKTypw: B cneK'l'pl 
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TOpM03Horo H3nytieHlffl, B cneKTpe b-sneKTpoHOB HHH n03HTpoHoB, po1r,11,BJJ
~HXCS1 npH CTOHKHOBeHHH oqeHb TJll!CMLllC HOHOB, a Trutllte B ceqeHHH HOHH3a
QHH K-o60HOtlKH, TO eCTb B BLllCOAe K-X H3Hyti8HHJI aTOMOB, yqacTBYJ)[IIHX B 
peaKQHH. IToCJI9AHHA BapHaHT He COBna,o,aeT C BWeynoMJruyTma M8TOAOM, oc
HOBaHHNM Ha cpaBHeHHH BpeMeHH D3HH cocTaBHOI'O JJ,Iijla C nepHOAOM 3anon
HeHlffl K-BaKaHCHH COCTaBHOro aToMa. 

3KcnepHMeHTMbHOe OCYJlleCTBJieHHe MeTOAOB, OCHOBaHHbllC Ha HHTepqie
peHQHH sneKTpOMarHHTHLllC B036ylK,[\eHHA, ~HCaHO B pa6oTax HeCKOHbKHX 
rpynn (ccwrKH MOlltHO HaftTH B 063ope II). HeAaBHO noaBHHHCb Hoswe sKc
nepHMeHTMbHYe pa60TH B 3TOM HanpaBJieHHH, KOTOpYe HHTepeCHO paCCMO
TpeTb. 

B sKcnepHMeHTe / 3o/ H3ytieHa peaKQlffl 12c(p,p't) npH sHeprHH npo
TOHoa· B OKpeCTHOCTH pe30H8.liCOB ~ = I,686 H I,734 MaB. CneKTp TOpM03-
Horo H3nyqeHM 3anHCaH B coana,u.eHHH C paccemnil,IM npOTOHOM, B cneKTpe 
t-KBaHTOB BliaBJieHa CTpyKTypa, CBJl3aHHM C AeCTpyKTHBHOft HHTepqiepeH-

QHel npH Ei = Ei - ~• rAe Ej - sHeprM na,o,Bll!qero npoToHa, ~•Et -
3HeprM paccemrnoro npoToHa, coana,o,Bll!qaa c sHeprHeft pe30HaHca. 3To 
03HaqaeT, tn'O npH 3ace.neHHH pe30HaHCa COCTaBHOro JQJ,pa B03HHKaeT CABHr 
qia.3Y 'f B036~eHlffl TOpM03Horo H3Hyti9HM, CBJl3aHHHA C BpeMeHeM lltH3HH 
pe30HaHca. 06pa60TKa cneKTpOB Il03BOHHna onpeAeHHTb cos f H HaRTH ape
MS npoTeKaHlffl peaKQHH B saBHCHMOCTH OT 3HeprHH BWieTBll!qero npoTOHa. 

Ha pHc. 5 noKasaHa saBHCHMOCTb 'I (Ef), BH'AHO, 'llTO ,11.JIHTeJibHOCTb 
peaKQHH AOCTHraeT' MaKCffMYMOB npH 3HaqeHJiJIX Ef, 6nH3KHX K pe30HaHCHHM, 
TaKHM o6pasoM 3KCnepHMeHTMbHO onpeAM8HO BpeWI lltH3HH pe30H8.liCOB npH 
"ynpyroM" JQJ,epHOM pacceaHHH npOTOHOB Ha -,qpe 12c. 

,!u>yroR BapHaHT MeTOAa - C IlOMO!l{bD HHTepqiepeHQHH peHTI'eHOBCKoro 
HsnyqeHM, npHMeHeH TeMH lite aBTOpaMH ,11.JIS H3MepeHlffl BpeMeHH lltH3HH pe-
30HaHCOB ~ = I,!83 H I,365 MaB npH pacce.llHHH npoToHOB Ha JQJ,pe 27AI. 
B 3TOM CJiytiae H3MepeH BLllCOA xaprutTepHCTffq8CKoro peHTreHOBCKOI'O H3HY~ 
qeHM K-cepHH aTOMOB Al B coana,u.eHHH C ynpyro paCCeJIHHWMH npOTOHaMH. 

IlpH pe30H8.liCHbllC 3HeprHJDC BLllCOA K-X H3HytieHM 3aM8THO y6h!BM no 
cpaaHeHHD C Ei BHe pesoHaHCa. 0TCll,ll,a on~eAMeH CABHI' qia.3Y B036y1r,11,e
HHJI H Bpewi: lltH3HH pe30H8.liCOB 2+ B -,qpe 8 Si -12,720 H 12,901 MsB 
I"[= (!,2 ± 0,2) Io-!8 CH (0,9 ± 0,6) 10-18 C COOTBeTCTB8HHO, 

IloAo6HHA MeToJ ocHOBaHHHA Ha HHTeP4iepeHQHH aos6~eHHX K-X H3-
nytieHM, npHMeHeH 32/ HB,D,aBHO K HCCJieAOBaHHD peaKQHH Heynpyroro pac
CemiHJI u +U npH 3HeprHH HOHOB 7,5 M3B/eyKHOH, Sa,D,aqa H3MepeHHJI ,11.JIH
TeJibHOCTH peaKQHA Heyripyroro pacce.llHHJl CJIOlltHWX -,qep nocTaBJieHa AOCTa
To,mo AaBHO. K HaCTOJmleMY BpeMeHH MOlltHO CllHTaTb ycTaHOBJieHHWM, trrO 
ABa nerKHX -,qpa cnoco6Hli op6HTHpoBaT& Ha yron nopJQJ,Karyf. 3To CJieAYeT 
H3 yrnosoro pacnpeAeJieHM npOAYKTOB, a TWCllte H3 pe30Hicioft CTpyKTy
py WffKQHA sos6~eHM. HeKoTopwe ccWJIKH COAepeTCSI B I • CDAa lite 
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PHC, 5. 3aBHCHMOCTb BpeMeHH 
npoTeKaHHJI JfAepHOR 
peaxqHH 12c(p,p't> 
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PHc. 6. BpeMII JQJ,epHoro KOH
TB.KTa npH Heynpyrou 
p&CCemIHH -,qep U + LJ . 
(Et_= !790 M3B) B sa
BHCHMOCTH OT CTeneHH 

HeynpyrocTH P•~H, 
onpe,queHHoe 1321 c 
IlOMO!l{bD H3M8p8HHJI B8-
p0JITHOCTH HCnyCK&HHJI 
KBaHTOB K-X H3B)'ll:8HHJI 
npOAYKTOB, Cn.noDJHoR 
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npHMLIKa8'1' r~a 1a60T no "pa,IzylKHOMY" paccesnum T.llllteJibllC HOHOB. H~aBHO 

CSwna BHeceHa 
33 

SICHOCTb B BOnpoc O Pa3'AeJI8HHH MexaHH3MOB peaKqHH 

qepe3 COCTaBHOe MPO H qepe3 OpC>HTlfPYlllIIYJ) ABOlbiyll CHCTeMY Ha OCHOBe 

ceneKTHBHOCTH ao3C>Y31,1J.8HHJI COCTOJDfHI onp8Ae.JI8HHO' qeTHOCTH B MPBX

npo,izyl(Tax B3aHMOAelcTBM 12c + 24Mg. B paCSoTe 34/ pasBHT HOBwft cno

coCS oqeHKH ,IVIHTeJibHOCTH Heynpyrmc peaxqHI Ha OCHOBe ip,IllKTyaqHI, THila 

3~HKCOHOBCKHX, B qiyHKQHJIX B03ClYl!Q\8HM Heynpyrmc npO,IU'KTOB ,IVISI peaxqHH 
2 Si + 48.ri. 0TH paCSOTW M8TO'AHqecKH He CB.1138.HW C 06cY31,D.a8M1,1MH 3'A8Cb, 

nosTOMY He CSyAeM Ha HHX OCTaHaBJIHBaTbCR, a BepHeMca K B3aHMO,IJ,elCTBHD 

'AByx TJl!teJil,IX Mep U + U 1321. 
PasBHTHe ABOlrnol IQJ,epHOI CHCT8W HMeeT H8CKOnbKO CT~HA, KOTOpUM 

COOTBeTCTBYIJT COClCTBeHHwe HHTepsanw BpeMeHH. HanpHMep, MOlKHO B~eJIHTb 

CT~Hll KOMeKTHBHOI 'A8qi0pMaqHH CHCTeMW H YCKOpeHM ~rMeHTOB B Kyno

HOBCKOM none, KOTOpaa xapaKTepH3yeTCR AOCTaTO~O onpe'AeJI8HHWM HHTep

BaJIOM -rd + 'fa • OTCT HHTepBSJI' KaK 06CY31,D.aJIOCb B pa3'AeJI9 2' MOlKHO 

HCnOnb30BaTb Kax BpeMeHHYIJ mKany ,IVISI onpe,qeneHHJl ,IVIHTeJibHOCTH Hcnyc

KaHHJl qacTHq H3 ABOlbiol CHCTeMw. 

PasyMHO npeAnonaraTb, qTO CYil!8CTBYeT CT~HJI KBasHCTaQHOHapHOCTH 

ABOlrnol CHCTeMH, KOr'Aa ee /IJOpMa H noTeHqHBJI KaK CSw 3acTl:lllaJJT B nono

geHHH HeycToftqffBOrO paBHOB8Cr• oTa CT~HJI npe,IJ,llleCTByeT Aeqx:>pMaqHH H 

ycKopeHHll Mep. B pa6oTe 732 Bnepawe onpe'AeJI8H C nOMO~bll HHTepqiepeH

QHH peHTreHOBCKoro H3nyqeHHJI HHTepBSJI CTaqHOHapHOCTH ABOlrnWX IQJ,epm,ix 

CHCT8M U + Pb H U + LJ • 
oKcnepHMeHT COCTOM B perHcTpaqHH COBn~eHHI npO,IU'KTOB HeynpyrHX 

CTOJIKHOBeHHI IQJ,ep C K-X H3nyqeHHeM CTSJIKHB!WllHXCJl aTOMOB. Onpe'AeJI8Ha 

Bep0Jl'l'HOCTb PK HOHH3aqHH l{-oCSono~H npH CTOJIKHOBeHHJIX, 3aKaH11HB!WllHX

CJI HeynpyrHM M9PHJ,IM paccemtHeM. 06HapygeHo, lll'O C YBeJiffq8HHeM CTene

HH HeynpyrocTH peaxqHH (- Q) BepoJl'l'HOCTb HOHH3aqHH y6WBaeT B pe3yJib

T8.Te noJIU8HHJl C'ABHra <Jia:31,1 B036~eHHJl BO BXOAHOM H BbllCOAHOM KaHSJiax. 

HaxonneHHe ~w CBJ!3aHO C apeMeHHWM HHTepBaJIOM nocTOIIHCTBa KYJIOHOB

CKoro non•, AelcTayuqero Ha aToMHble sneKTPOHW. 

Ha pHC. 6 nOK&3aH HHTepBan CTaQHOHapHOCTH 'ABOlbiol CHCTeM!il U + U 
B 3aBHCHMOCTH OT CTeneHH HeynpyrocTH pacceJDIM. Bff'AHO, tn'O nOPMOK 

BUffqHHW 'C ~ 10-21 
C 3Wl8THO Ll9Hbme HHTepBua "rcJ + 'ra ' 'lffO H M8A0-

BUO OMlf,l\aTb. Ha.!eeT M'CTO TrMe KaqeCTB9HHOe COOTBeTCTBHe TeOpeTH

qecKHM npe,u.cKasaHHJIM 
35•36 

BpeM~H B3aHMOAeJICTBWI TOeJIWX: ~ep. 

lliITepeCHO OTMeTHTb, lll'O B paCSoTe 37/ npH aH8JIH38 AaHHbllC no MHOM8CT

B8HHOCTH t -KBIUi'l'OB, HcnycKaeMJ,DC npO,IU'KTaMH HeynpyrHX CTOJIKHOBeHHR 
86Kr +Ag, coBepneHHo HS ApyrHX cooCSpazeHHI 61i111a nonyqeHa oqeHxa 

,IVIHTUbHOCTH B3aHMOAeftCTBWI ~ep ~ 2 10-21 c. oTO COOTBeTCTByeT pac

q9TaM H HOaWM 3KCil8pHM8HTUbHWM ODJ>e'AU8Hffb. 
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3AlUlKl'4EllilE 

CoOTBeTCTBHe H3Mepemmx 3U:ltieHHi1 BpeMeHH 1KH3HH CHJibHOB036y~eH

HbilC JI,ll,ep pact.eTy B CTaTHCTHtICCJW!\ MO,IJ,eJIH npHBOAHT, C O,ll,HO!\ CTOpOHbl.,K 

Bbl6opy ,IJ,eTanc!\ H napaMeTpOB CTaTHCTH'l1eCitoI'O pact.eTa, c ,npyroil - no-

3BOnSieT C,{\enaTb Kat.eCTBeHHbJe Bb!BO'Ahl O xapaKTepe 3B0JIIOQHH JI,ll,epHotl 

CHCT8Mbl, CTaTHCTHt.ec1rnA THn 3BOJIIOI.\HH TTO,I\pMyMeBaeT ,ll,HCCHnaqHIO 3HepI'HH 

B036y~emm no BCeM CTCI!eH.fIM CBOC50,IJ,bl CHCTeMbl paBHOMepHO' ,ll,MbHenruee 

CJiyt.aAHoe 6Jiy~ruIHe CHCTeMbl no MHKpOCOCTOSIHHSIM H CJiyt1aAHb!A BblXO,ll, Ha 

MHKPOCOCTOSIHHe, CBSI3aHHOe C BblXO,IJ,HblM KaHaJIOM TOI'O HJil1 HHOI'O pacn~a. 

B Tpcl,IJ,111.\HOHHOM aapHa.HTe TeopH11 3TO npHBO,IJ,HT It 3KCnoHeHl\11aJibHOMY 3a

KOHY pacna.r1a, nOCTOSIHHa.11 BpeMeHH KOToporo onpe,D,eJISieTCSI TaKHMU Tep

MO,IJ,HHaMHt.eCKHMH BMHtIHHaMH,KaK tIHCJIO COCTOSIHHA (UJIOTHOCTb ypoBHeA) 

HJIH TeMnepaTypa CHCTeMbl, a TUl{1Ke 3H0pI'HSI UKTHB&QHH KallaJia pacna.r1a, 

B HeKOTOpb!X BapHruITai-TeOpHH E03HHKaeT BpeMeHH6e pacnpe,D,eJieHH8 

co6mHA C MaKCHMYMOM IIPH cpe,D,HeM BpeMeHH lKH3Hl1, TaK1Ke onpe.o.emooqet4CSI 

llJIOTHOCTblO COCTOSIHHA. lWaHTOBhlA 3UKOH pacna.r1a C MaitcHMYMOM M01KHO HH

TepnpeTHPOBaTb no alla.JIOI'HH C H::JBeCTHb!M B KJiaCCHtI8CKOA MexaHHKe npo

qeCCOM nepeitut.KH SHepI'HH IWJie6aHHA H3 O,IJ,HOA. MO,ll,bl B ,IJ,pyryto. EcJIH CHC

TeMa HMeeT MHOI'O cTeneHel1 CB060,I\bl, 11 B HeA HCXO,ll,HO B036y~emi. 0,1\Ha 

H3 MO,ll, ltOJie6aHHll, TO tiepe3 1-!eICOTOpoe apeMSI 3HepI'HSI nepexO,IJ,HT B /\PY

ry10 MO.n.y, Ilp»t1eM UMIIJIHTy,l\a BTOpoll MO)\Ll ItoneCJaHHA ,IJ,OCTHI'UeT MaltCHMY

MU t.epes Bf!OJIHe onpe,D.eJieHHOe BpeMSI, u 3UT8M CHOBa y6bIBUeT. TrutWl 

KJIUCCH'l18CKW1 HHTepnpe'l'Ul.\l!Sl HO npO'l'l1BOpet.HT BOJ!HOBO!l MeXUHHI<e, TO 

eCTb ItBUHTOBOMeXaHHtIBCKOMY OIIHCUIIHIO, 

1-'iHTepeCHaSI ocoueHHOCTh UHaJJH3HpyeMJ.llC 3,1\eCb 3KCIIepHMeHTaJibHblX 

,I\UHHbDC COCTOH'l' B TOM, 'qTQ HUC!JUu,u,eHw upoqeccu, ,I\JISI KOTOpbllC Bp0M.II CTa

THCTl1t1ec1coA OBOJ!KJQl-111 SI,!\8pHol1 CHC'l'8MLI OICU3L!BUUTCSI cpuBHHMblM no llOpH,ll,-

1cy BMHl!HHbl C XUJJUlCTe}Jl!blM BpeMcHeM ICHHeTHt.ec1mx nepcMerqeHHA B JI,I1,ep

HOl1 CHCTeMe, TaKHM, mm nepHO,I\ BPU.'lleHHSI HJIH ,IJ,JIUT8JibHOCTb anepHO,!J.HQeC

KOt1 ,u.eqiopMaQHII 11p11 ,IJ,eJI81ll1H, OTO IIOJIOl!Celllle npHBO,I\HT K 1m6mo,IJ,aeMblM mi. 
Ollb!Te 3M;CKTaM, ICOTOpble oucy~eHbl 3,D,eCb C TOQKH 3p0HHSI B03M01KHOCTH 

113BJiet.eHUSI cBe,IJ,ett11!1 o .o.eTMSIX npoqecca. 

l!O,D.Be,IJ,eM 1cpa.TKOe pe310Me. PaccMoTpeHbl COBpeMeHHble 3KCIIepHMeH

TaJibHble B03MOlKHOCTl1 onpe,IJ,OJieHHSI B£eMeHII l!Cll3Hl1 B036y~eHHblX JI,ll,epHbIX 

COCTOSIHH!\ B ·,u.uana30He 10-21 - 10- 6 c. 06cyir,,IJ,eHbl opHI'HHaJibHble MeTO,ll,bl 

oqeHlrn 'T Ha OCHOBe H3MepeHHSI YI'JIOBOI'O pacnpe,IJ,eJieHHSI q,paI'MeHTOB HJIU 

MH01KCCTDC~HOCTH npe,11pa3BWlbHbllC HYKJIOHOB, {Ipe,D,JIOlKeHO npHMeHeHHe MeT0-

,1\U TeHet1 ,D.JI.II npO,IU'ltTOB ueynpyI'HX CTOJIKHOB8HHil CJIOlKHblX JI,ll,ep H onHca

Hbl oco6eHHOCTH Tal{OI'O 3KCnep11MeHTU, IlpOallaJIH3Hp0Ballbl '11HCJieHHble 3HU

t.eHM '[ , noJiyt.eHHble pa3Hb!MH MeTO,IJ,!iMH ,IJ,nSI pH,ll,a peaKqHn, H nOCTpOeHa 

CHCTeMaTHKa ,D.JIHTMbHOCTH paCnlJ,l\a CHJibHOB036y~eHHb!X JI,ll,ep. OCScynv,,a

eMble MeTO,ll,bl HMeIOT nepcneKTHBY ,IJ,aJlbHeA111ero HCnOJib30B~HSI H pasBHTM. 
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