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Jl:e,11on11q T.r., Jl:11,11eHKO JI.A., KyaHe~on A.A. Pl-94-98 
Cnoiicrna HYKJIOHHi.IX KJiaCTepon, 06paayw~mcc.11 n (p,d)+ Ta-
11 (p,d)+ C-CTOJIKHOBeHHllX B HHTepna.ne HMnyJI&COB (4,2-10) ·A• rsB/c 

Cnoiicrna HYKJIOHHblX KJiaCTepon, o6pa3ylOll\illCCll BO B3aHM0,!1eHCTBHllX (p,d)+ Ta H 
(p,d)+ C n HHTepna.ne HMIIYJibCOB 4,2-10 rsB/ c Ha HYKJIOH, H3yqalQTCll c IIOMO~b!O PeJillTHBHCT
CKH-miiiap11aHTHOl'O IIOJ1X0,!1a, B KOTOPOM IIpo~eCCbl MHO)KeCTBeHHOro pO)K)'.leHHll qaCTH~ aHa.JJH3H
PYIOTCll B IIpOCTpaHCTBe, TOqKaMH KOTOpOro llBJil!IOTCll 4-MepH&Ie ,CKOpOCTH U; = p/m;, a 

OCHOBHhIMHIIepeMeHHhIMH-003pa3MepHbieBeJnl'llllibl bile= -(u; - u,i = [(U;Uk - 1)1, r,11e P1 H 

mi llBJllllOTCll COOTBeTCTBeHHO 4-HMnyJI&CaMH H MaccaMH qaCTH~, yqaCTBYIO~illC B peaK~HH. O6Ha

py)KeHO, qTQ HYKJIOHHhle KJiacTep&I, o6pa3y10~Hec.11 B 3TillC B3aHM0,!1eHCTBHllX, xapaKTepH3YIOTCll 
YHHBepCa.JJhHblMH CBOHCTBaMH IIO J1BYM IIapaMeTpaM II0,!100Hll bk H xk, T.e. OHH He 3aBHCllT HH OTTHIIa 

CTa.JJKHBalO~HXCll o!h.eKTOB, HH OT illC 3Hepm11. Pe3yJI&TaTbl cpaBHHila!OTCll C ,11aHHblMH, IIOJIYqeH
HblMH HaMH pauee J1Jlll HYKJIOHHblX KJiaCTepon H KBapKOBblX CTpyii, o6pa3ylO~illCCll COOTBeTCTBeHHO 

n (4He, 12C)+ C- IIPH 4,2 ·A· rsB/ c 11 B ;r - + (p,C), pp, pp, i?N-CTOJIKHOBeHHllX B HHTepna.ne HM
nyJI&COB 22,4-205 fsB/c. 

Pa6om BblIIOJIHeHa B Jia6opaTOpHH Bb!COKHX 3Heprnii 01:BIM. 

IlpenpHHT O!h.e,1111He1111oro HHCTHTYTa .11,11epHblX HCCJie,11onaHHH. J:J:y6Ha 1994 

IlepeBo~ aBTopoB 

Dedovich T.G., Didenko L.A., Kuznetsov A.A. 
The Properties of Nucleon Clusters Production in (p,d)+ Ta and (p,d)+ C 
Interactions over Energy Range from 4.2 to 10 Ge V / c per Nucleon 

Pl-94-98 

The properties of nucleon clusters have been investigated in (p,d)+ Ta and (p,d)+ C 
interactions over an energy range from 4.2 to 10 GeV /C per nucleon. These processes are considered 
in a space the points of which are 4-velocities u1 = p/m;, where p1 and m; are the 4-momenta and 

masses of particles involved in the reaction respectively, and bik = -(u; - uk)2 = [(uiuk - l)] are 

basic variables describing the relative particle motion in this space. It has been observed that the 
properties of nucleon clusters in (p,d)+ Ta and (p,d)+ C interactions are universal on the two 
similarity parameters bk and xk, i.e. they depend on neither the type of the colliding objects nor its 

energy. The results are compared with our early obtained data about nucleon cluster and hadron jet 
production in different hadron and nuclear reactions over an energy range from 4 to 205 GeV. 

The investigation has been performed at the Laboratory of High Energies, JINR. 
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1. _BBEJJ:EH0:E 

HacroSim;aSI pa6om SIBJISieTCSI npoii;omKeHHeM ~HKJia HCCJieii;oBaHHH [l--,-3] 
no nOHCKY H H3y1leHHIO CBOHCTB aii;pOHHhlX KJiacTepoB, o6pa3yIOm;HXCSI B, peJISI- , 
'rHBHCTCKHX 51AepHhlX CTOJIKHOBeHHSIX C HCnOJih30BaHHeM HOBOro peJISITHBHCT
CKH-HHBapHaHTHOro MeTOii;a [ 4] aHaJIH3a B3aHMoii;e:ucTBHH 11acTH~ H SIAep npH 
BhlCOKHX 3Hepr1rnx. 

B 3TOM MeTOl);e npo~eCChl MHO)KeCTBeHHOro o6pa30BaHHSI 'laCTH~ paCCMaT
pHBaIOTCSI B npocTpaHCTBe, TO'lKaMH K0TOporo SIBJISIIOTCSI 4-MepHhle CKOpOCTH 
u. = p ./ m ., rii;e p. H m. - COOTBeTCTBeHHO 4-HMnyJihChl H MaCChl 'laCTH~, BOBJie-

1 I I I I 

11eHHhlX B peaK~HIO I + II ➔ 1 + 2 + ... , a OCHOBHhlMH nepeMeHHhIMH, onHChl
Barom;HMH OTHOCHTeJihHOe ll;BH)KeHHe 11aCTH~, SIBJISIIOTCSI HHBapHaHTHhle 6e3_-

pa3MepHhle BeJIH'lHHhl bik = -(ui - uk)2 = 2[(upk)-: 1 ], HMeIOID;He CMhlCJI 

KBaii;paTOB paCCTOSIHHH B 3TOM npocTpaHCTBe. 3ii;ech (uiuk) = 
,= [E1Ek - lPf k) ]/(mimk), rii;e pi, pk - 3-MepHhle HMnyJihChl 11acTH~, a Ei, Ek 

- HX 3HeprnH B KaKOH-JIH6o (minpHMep, B Jia6opaTOpHOH) CHCTeMe KOopii;uuaT. 
IIoii; KJiaCTepoM B npOCTpaHCTBe OTHOCHTeJihHhlX 4-cKopocTeH nOHHMaeTCSI 

rpynna TO'leK (Ka)Kll;aSI TO'lKa COOTBeTCTByer 11aCTH~e), paCCTOSIHHe MeX<ii;y KO
TOphIMH (bik) MHoro MeHhIIIe, 11eM cpeii;uee pacCTOSIHHe Me)Kll;y BCeMH TO'lKaMJ:I 

MHO)KeCTBa HJIH Me)Kll;y 11acTu~aMH no BCeMy cpa3oBoMy o6t.eMy peaK~HH. Ha:-
2 , 

XO)Kll;eHHe ~eHTpa KJiaCTepa (V = L ui I L v(u) ) 'BOKpyr KOTOporo rpynnu-

PYIOTCSI TO'lKH, BXOl);SIID;He B KJiaCTep, a Ta_K)Ke aJiropHTM Bhll);eJieHHSI KJiaCTepoB 
HeOll;HOKpaTHO onucaHhl B HaIIIHX pa60Thl [ 1-4 ]. 

B npeii;hllJ;ym;Hx pa6oTax [ 1,2] npH HCCJieii;oBaHHH npo~eCCOB MHO)KeCTBeH-

H0ro o6pa3oBaHH~ 11aCTH~ B (:n: - , p, d, 4He, 12C) + C-CTOJIKHoBeHHSIX npu HM
nyJihcax OT 4 AO 40 f3B/c 6h1Jrn o6uapy)KeHhl ii;Ba Tuna HYKJIOHHhlX KJiaCTepoB, 
xapaKTepu3yeMhlX 0TJIH'lHhlMH ii;pyr OT ii;pyra ,CBOHCTBaMH. TaK, HYKJIOHHhle 
KJiaCTephl THna 1 HMeIOT 3Ha1IeHHSI (bk>= 0,14 ± 0,01 H TeMnepaTypy 

( i' k \ = (70 ± 7) M3B H o6Jiaii;aroT yuuBepCaJihHhlMH CBOHCTBaMH, ue 3aBHCSI

ID;HMH HH OT THna B3aHMOll;eHCTBHH, HH OT '3HeprnH BO BCeM HCCJieii;yeMOM HH
TepBaJie. K.n:acrephl. )Ke THna 2 HMeIOT 3Ha11eHHSI ( bk >2 = 0,28 £ 0,05 H 
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, (!k >2 = (130:± 13) MsB. I3eJIH1IH~a bk= :....(l:~ uk)2 SIBJI~~SI ~aCCTO~HeM _c,-· 

i M~~y iif!HTpOMKn'acrep~ ii T~lJKq~uk-M~O)K~CTBa. ~ , , '. ~ / < < , -, ~ . 
. 06HapyxeHHaSI ~HHBepcaJihHOCTb CBOHCTB HyKJIOHHhIX KJiaCTepoB THna 1 

yKa3hIBaer mi T0,'1ITO npo~ecc HX oopa30BaHHSI xapaKTepH3)'eT q>yHii;aMeHTaJib-, 
Hhle,cBOHCTBa aii;poHHoii: MaTepHH, u nomMy BbIAeJieHHe KJiacrepoB ecrecrBeH- -. 
HO CBSI3aTbC nOHCKaMH C0CTOSIHHH CHJihHO B036y~eHHOH SilJ;epiioii: Maiepmi; B 

• 13Toii: CBSI3H 6oJii,nio:u HHTepec npeACTaBJISIIOT HCCJieii;oiaimSI, ii KOTOphlx' cBo:uci:
Ba aii;poHHhIX i<JiaCTepoB H3y'lalO'I'C51. ):(Jl51 , OOJiee, IIIHpoKOro, Ha6opa CTaJIKHBa~;,; 

. ID;HXCSI CHCTeM ciiap5IA - MHllleHh H 3Hepm:u HX B3amioAeHC'rBHSI. . . . , ~· .' , 
HH)Ke npuBoi::iSITcSI / pe3y.llhTaT&t noucKa .. :tiyKJioHHhlX, KJiacrepoB·11< . 

·'d +Ta (4;2Af::,B/c)-Hp + Ta (4,2A faB/c~ 10faB/c).:Ji3aHMoii;eHCTBHSIXH 1 

· OnHciBaIOTCSI HX OOHapy)KeHHhle CBOii~Ba. KpoMe Toro, :e A<lHHOH pa60Te ii;e.na:. 
eicSI c:paBHeHHe,CB0HCTB H)'KJIOHHhIX KJiacrepoB, o6pa3yio~HXCSI B (p,-d) + C-
H. (p,_ ~) + Ta;;ci:omcHoBeHHSix~ · · · · , · · 

2:· METOJJ:0:KA 3KCIIEJ>0:MEHT A 
' .. - ' ,,, ' ·:~ ; / 

,,- ".-

, . B aHaJIH3e . HCnOJib30BaJiaCb'. SKCnepHM'eHTaJihHc!SI <Hllq>opMaU:HSI,' nony11eH:. 
HaSI • C noMOID;hIO- 2M .- nponaHOBOH IIY3hlphKOBOii -KaMep&I 'JIB3 0 0:.sIH; _· OOJIY::
'leHHOH ny11KaMH npoTOHOB (4,2 Hi 10' f3B/ C •Ha Hy~oH)" H, ii;eiiTpoHOB •. . . I . - ', . , . . - . . . . ,._, - - " 

(4;2 faB/c Ha e:yKJioH) CHHxpoq>a3oTpoHa O0:.sIH. B Ka11C!CTe MHIIIeHH CJIYX<H-
: JIH TPH IIJiaCTHHhl H3 TaHTaJia TOJIID;HHOii 1 MM, KOTOphle pacno.n:araJIHCh BHYTPH,. 
' pa6o11'ero'o6t.eMa KaMephl Ha pa<:CTOSIHHH 93 MM ii;pyr OT ii;pyra. . - ', ~ .· :, ; • , 
. _.· ; MerOAH'leCKHe oco6eHH0CTH 3KCnepHMeHTa noii;po6Ho paCCMOTpeHbl H 06::
'cyXCAeHhl B pa60Tax rs...:.. 7 ]. 3ii;eci:. xe Mhl OTif~HMTOJibKO HeKciTOphle H3-HHX, 
KOTOphle CBSI3aHhl C HAeHTHq>HKai:i11eii BTOJ)H'lHhlX 11acrii~ B nporiaH0B.OH KaMe-, 
·p'e. B 1l3CTHOCTH,rpaHH~a no"HMnyJihC)/, 1fa1n1ilasic ~OTO,POH pemcrpHp)'IOTC51 . 

, : ripOTOHhl B 'nponaiIOBOH KaMepe; COCTawuier p Jia6' 5! 150 ;M3B/c •. ,IJo ,nJiOOery H ' 

. HOHH3~~HH
1 

npoT~Hhl MOXHO 6hIJIO ~JI~'lHTf ~ ~+,~~e30HOB ;:to 3Ha1IeHHH HM:-
nyJih~ Pna6.5! 909 M3B/c •. B 'iian:ieM CJiy11ae noJioxcHTeJihHhle o~H03apSilJ;Hhle 

'11aCTH~hl c H~YJihCOMfo.rri,IIIe 900 M3B/c C'lHTaJIHCh npoic>HaMH; • . . : · 
\ ', , Ilo pa3JIH1IHhlM o~e~KaM [8 ], npHMeCh ii;eiiTpc>HOB, H, TPHTOHOB _cpdi:H' Meii;..: 
iieilHhIX: llpoTOHOB .He:,npeBhlIIIaJia 15%, a, B. HHTepsaJie HMnyJibC0B, 

i 1,<-pJia~"':-2,r~B/cii;eiiT~:8hIH TPHTOH1:'1 _<>TAeJI~Ch OT ~~H0BIT,O_HO~H3af. 

IiHH.•._:,.,.•.\': u,.'-;_•,;,' ••: -, ·,·,:,•_.,'_,•,.,/·,, U· •_; ·,, 'u 

. 0:3-3a YCJIOBHH 3KCIIepHMeHTa, CBSI3aHHhlX C KOHCTPY~HeH ny3hlpbKOBOH 
-KaMephi H 

O 

Ha.lIH1IHeM' TclHTaJIOBhlX rr.n~cnm B pa6o11eM o6t.eMe KaMephI, 11acrb' ' 
, -: , BTOPH1IHhlX 3a pSIXeHHhlX tiacmu; Tep.Maci. ll;Jl51 aHaJIH33~, B CB.sI3H ~.· 3THM B SKC-' '_ , I 

nepHMeHTaJihHhle pac:npeii;eneHiui -BBOl);MHCh, COOTBeTCTByIOri:'iHe nonpaBKH , Ha 
,, , ', _' ' ,, , " , .. , , ·' , .---- , ' '· , ', ,, ,, 

r-'-------::::-"·, ,._, 
">-' l If-, -~ • •; ,.~ --'~ i..:o F\:'';"' , .. 

l ~ U .;,tell> ~Wb\. ""•~ ~ .1:~4\. ,.,.,,4·"" . .!<. ~ _; 

J. o.;~tt: fti' uc·c· i!IWP~f:"J:'.,-:,p ·< J - .,,.-.:,:,../\ ii •••,J~_;;;;,;l•;·"''' , 

1 .. ~SJlHOT~H1\ ................ ' /~"'-·· 



, . ....: 

, 

0 

IIOTepro s-mx:q~CTH~rio yKa3aH~blM ~hl~e npHqH~aM. B q;~'rHOCTH; ~Olll)~BK~' ', 
BBOAHJIHCh Ha 'nOTepro qaCTH~' H3:.:3a HepaBHOMepHoro OCBe~eHH51 pa6oqero 
OObeMa K.iMepbl no rJI}'6HHe,' H3.:.3a Bwie-ra tiaCTH~ IIOA OOJihmin.i yrJIOM K rum- .. ' 
CKOCTH q>OTorpaqmpoBaHH51 H'H3-3a_norJio~eHH51 «MfAJieH,HhIX»-qacTH~, .BhIJie
TaIO~HX no~ YrJIOM OKOJIO 90~ K Ha11paBJieHHIO nepliHqHoro 11yqKa, B TaHTaJi:oC.: 
Bhl:X ii.naCTHHax. ,lJ,JI.sI npoTOHOB (nepeA onpeAeJieHHeM. iI011paBOK no yrJiaM· 'P.' H. 

· __ :.,i)? BBOAHJIHCb no_11paBKH K HMnyJI1>ca~, KOTOphle yqHThlBaJIH nOTepro' 3HepmH 
'npoToHaMH npH npoxo~eHHH TaHTaJIOBhlX IlJiaCTmt . ' . ~.'.. ,,~-

• • '' • . ·• ~ • , - I '·,_ ·. '. -,- ' , _. 
,..__ ~; 

3.' PE3YJihTAThJ. 3KCIIEPl1MEHTA: · ... " 
·-·'·· 

r .IlOJIH()~qHCJI0~06hITHHi;:+ (C,Ta)'.-~d + (C,Ta}-B3aHMOAeHCTBHii(;MHO.:.'. 
. :>KeCTBeHHOCTbio ri:poTOHOB ',i ~.· 4/ oro6paHHhlX AJISI · ·aHaJIH3a, npeACTai3:n:eHO'' 
' ·. '_·..,..:· ': ' ' '' ' p ., . ' . '" . ; " . " . _. ·, •, 
.· B Ta6JIH~e L · . 

.. -
Ta6JIH~a L THU B38HMO~eiirnHit H. qHCJIO 8H8JIH3Hpye~hIX COOblTHH 
, I • ' ,' • '\ .~ • ,, ~•- ,, ' • --,- ' • ,' •~ .: -,-

· T~n saam.ioJieiicT~Hll I d + Ta 

4,2_.~ 

,-

·p+C 

4,2:. 
441 

113_ .aHaJIH3ct 6~H HCKRK?qeHhl ~«c11eKTaToptthle>> (c pJI~6 · s ,25~ M3B/~) 

«cip~~IIHHI'O~hle>;. (c'·jJJia~ ~ 3T3B/c111J~a6·s4°) npOTOHhi;· f!P~··Bl,l~eA~~H1.f•· 

KJiaci'epoB . paccMaTpHBaJIHC~' BCe ' 1303~0:lKHhle ,' paa6Heim~ . npOTOHOB ·.•·Ha.· 'A13e 
(Ha~p: ;-<«x~> H "«{3>~) rpynnhi C ~Hcn:o,n:i.:ioBaHHe~ iip11MeH51!3We£"9C51 HaMH pae:ee a,{- , 

' • .... ~ ' , ' • 0 ,...... • ! 

-~ ,. 

A;·=·min [-±: 'cv ·,~ uk)2-- r~cvp ~ ~l]. 
'· , .. ·:· _ ;--, ,. J<;·- ,a··• . •:· _i , ; >:1,_. . .. 
CqiiTa.n:ocb; qro B ·co6hITHH. o6pasyIOTc.sI ·ABa KJiacr'epa, ( <<ABYXKJiaCTepHhle». co- .• 
6hITH51) ~u OAHH 'iqiacrep ,H' 3ap.sI:lKeHHa51. qaCTmia '(~<OAHOKJiaCT.epm,ie>> co6hl-:- .-
TH51);;' ec.n:H 'paCCTO.siiiife Me:lKAy HX ~eHTpaMH . B npoCTpaicTBe 4-cKopoCTeii: 

ba'/t=r.--(V~~-vpl YAOBJI~BOp51eTx~o~HIO (b~/3) ~~ (_b~{' ~,,_B ~yqae:· 

(p,d)_ + .c- H'.(p,'cl). + Tc1.-'B3a,HMO~eHCTBHH '3TO )'CJIOB-~~ BhIIIOJIH51e'rCsi~ KOrAa:· 

~~H:111~a' b ~ p > 1.~ .. -~CJI.~ ~a~~HHOe BhiDie yc.n:o~~e He B.bl~?:1HS~JmCb, '~o CqH: 
TaJIOCb;:qTo KJiaCTephl B C06hlrHH Heo6pa3yIOTC51; Ko.nHqeCTBO.TclKHX~«6ecKJia-

- crepHhIX»; co6hITHii COCTaBJI51JIO 27 H 58 ,3 % . CC>OTBeTCTBeHHO. · B. ciiyqae pC- ,H / 
' __ , : "-· -:- : .. ..-, _,:. ' ' .. - - ,.,· . ,_ ,•·' . ' -.. ·.' 

1· 
i .··, 

-1 

d· 

-
, pTa-B3aH~oiieiiCTBHH npH HMIIYJibCe 10 f3B/c ico.1rnqeCTB0 6ecK.1Ia~epHhIX,CO-- / 
, 6~niri cocra1mAAo COOTBe-rCTBeHHO 19,6 H 45%:· .. , ·. · , · 

. C ~eJibID OIIJ)eAeJieHH51 11pirnaMe:lKHOCTH KJiaCTepoB K ~AHOH H3 ABYX o6JI~
CTeH q>parMeHTai:iHH (CHap.sIAa IDIH MHme1m) 'BbJAeJieHHhle 110 OIIHCaHHOii Bhlllle ''. 

, • • • • - • - C - 0 • • •.- , , / •, 

11po~eAype KJia~ephl aHaJIH3HpOBaJIHCb 110. 11epeMeHHhIM xst ~ xsp' xapaKTepH-: ' 

3YIO~HM AOJIIO 4-HMIIYJibCa cooTBeTCTBeHHO ·.siApa-MumeHH H SIA. pa:.:cHap.sIAa;; · 
_ ·· yHOCH_Moro: KJiafTepoM. CqHTaJIOCh, qro'e<;JI~ xst > xsp' TO Kn:aCTep~ 11pHHaAJie.: · · 

:lKaT .~.:o6JiaCTH q>pa~eHTa~ii·smpa.:.MHWeHH,· a ec.nH isp '> xst' ;o ::_ i'o6JiaCTH · 

'. q>parMeHTa~HH SIApa-:-CHap5IA.a. . _/ '. 
. \,' . IloCKOJibKY KOJIHqeCTBO B3aHMOAeiiciByIO~HX HYKJI(?~OB 51Apa-MHmeim 'H , 
AApa-cHap51Aa MOr.110 ~_blTb OOJih~e eAHH~ll;hl, T? Jie.Ji~tiHH~ xst HXsp Ta~:lKe Mor-: 

· JIH 11pHHHMaTh 3HaqeHH.sI 6oJibwe eAHHH~hl.' B AaJihHeiimeM Bo Bcex paccMaTpn-
:' ~ae!-u,1x ·B;aH~OAeiiCTBH.sI~ aHaJIH3HpoBan:~ch KJiaCTepi:.i,. o6pa3yK>~Hec.sI :s; 06~ ·_ 

.riacTH q>parMeHTa~HH.SIApa-MHmeim, T.e. paccMa-rpHBaJIHCh KJiaCTephl, HMero'.: 
· ~HeiH~qe~H51. Xst >, l,5. 1 < , ,'(-~; ... '/>'~ , , . , ' . . , ' ; ' , ,' ,<\ 

' ' 

·. T~6JIHl\8 2. Cpe~~~e xapacipHCTHKH IlpoTOHOB H3 ~~CTepoB 
. . .· ' . - •- ·-"~-· - .. :;·,. ., - ·. -- . 

. 4,9±0,2· · 
> -.:.· / ,,,, - ., 

3,r±o,of 0,62±0,01 0,46±0,01. . 0,24±0;qj 
__ ;..,..·.·1, 

,t --: 

5,5±0,1, .. . 0,19±0,01 <; 0,53±0,01 •· 0,30±0,0L 0,14±0,01 ' 
/,, 

3, l ±0,04 ·. :: 0,37 ±0,01 0,69±0,01 ' . 0;50±0,01 0,29±0,01 . . ,, ' ' .~ . . , 

:0,16±0,02 .... , 1 0,47±0,02 . 0,33±0,01 . 0,10±0,01 

· 0:23;0,01: o,53±0,01 : .: 0;~9±0,02 · · 0;15:fo.01 

, '_,-· "· - '-'- ,1 ·', ' ,. - • - - "' - ,_ ,_ : ., -·,,<•' "-._ --- ' 

'B :ra6JIH~e: 2npeACTaBJieHhl'CPeAHHe 3HaqeHH51 OCHOBHhIX xapaKTepHCTHK'' 
npOtOHOB H3 IrnaCTepcrn AJISI BCex paccMaTpHBa,eMbl:X-CTOJIKHOBeH'it:ii: . , • ' -

B' 'Ta6iiii~e 2 nepeM~HHa.sI 'i, it = -(V ~ ~1l ~~~aqa~ p~~CTOSIHHe Me.~Y . 

~eHTJ>OMKJiaCTepa Ii ~~~"'M_H_meHbIO cip, a BeJilf1I,HHa';u1I'si:B.n.sie-rc.sI 4;.cKopo- ·, 
', CTbI051Apa-MHWeHH;' ' . ' .. ' ' .. ' ::· '. ,: '' .· , . ," ·,. '., ' 

' 113 Ta6JIH~hl 2 ~O)KH() B~eTb,. 'ITO cpeAH5151 MHO:lKeCTBf!HHOCTb HYKJIOHHhIX: <: 
KJiaCTepoB B pTa~ .H dTa.:B3ain.fOAeih::T~irnx 3aMeTHO Bhlme, ;eM B: pc:. H dC._ 0 

'' - ' • .. , ' , , ' ., " , - ,/' - • ' ;· ,' -, • ~- r , - \ 

.-
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PHC; 1. Pacripei1eiieHHe npo~OHOB no 6bICTp<>te AJlll KJiaCTe~S:o6-
. paaylO~HXCll e',df(C +Ta)~B38HMOACHCTBHSIX. npH HMnyJib::~ 

. ce4,i•A; r3B/c. · ..... • . . .... 
. ',, 

.. ·r·. 

1, 
I 

! 

i 

" 

- .\., 

\ 

. I 

·-'. 

:r'il 
.0 ---. 
IJ. 

·err a 

4,2 ·A; ~B/c< 

,· 
62~ 10 M3B 

·o.eo·• ti!'6o ·. 
. . .. · ,. : . . • . ... . k . 

. • PHc.3a;HHsapHaHTHble <l>YHK~HH F(b1) AJ!ll npOToHOB H3 KJia-, 
', ,, ' ' • ,"_ '",_ • • : , •• • , ,:.· < -.; C ·' , 'r ·: ·.. . _..J.}' :•·(_'I .. ·." ' 

CTepos, o6pa3ylO~HXCll B d + Ta-s38HMOAeHCTBHllX npH HMriyJibCe ' '. 
· 4i;A:r' il/ . . · · .. ' .. •· ·. '> ., •·. ·· .. 

, . , 3 C ·- . ~ , , , , 
1 

. ----. . ,, , -, • 

' - --,·I.,.: 

_.,,.~,.,., 

. - ·v~~-~~ , , ··-· , '~·_\ , , .. /··"··'. 

•. CTOJIKHOBeirnSIX. npH O,IJ;HHaKOBhIX • 3Ha'leHHSIX 3HeprHH; MHHHMaJihHa.si .MHO)Ke-. 
.· ·; CTBeIIHOCTh np~TOHOB'~ KJiaCTepa:icOCTaBJI~eT 11. .·.=,2

1 
' '.::, .. 

.. ·· ' . ; ·. --,,. :_ ', ·- :1 : - . ·- . : ' - ',• ·. ~ : ,, ·. ,. ·-('• .. - . \ • 

HyKJIOHHhle Kiracrephl, 06pa3y10~11ecSI B SI,IJ;epHhIX peaKn;HSIX Ha Ta, xapaK-
- • "· .. .. :--~ " -. . ~ - . . , ,. . - -,,· :._ ~ • . , '.'_ .. . , . . -- . . I ,, , 

. TepH3yIOTCSI MeHhWHMH cpe,n;HHMH 3Ha11eHHSIMH yrJia BhIJieTa npOTOHOB B KJia-
crepax H 6hlCTpbT, a TaK)Ke MeHh~HMH cpeJ:VIHMH 3HalleHHSIMH 4~MepHbIX OTHO- ': 
CHTeJl~HhIX. CKOpocreii: KJiaCTepc>B OI'HO~}lTeJlhHO POAHTeJihCKOro 51):(pa:. irnmeHH. ., 
- ·, . Ha pHc.1 H 2 noKa3aHhl pacripeAeJieHHSI ripoTOHOB H3 KJiaCTepcrn no 6blc~po
Te y. ,zi;iI.si/ (d + '.fa)'-,:,H (d + C)~B3aHMO;Aeii:CTBHH npH HMriy.ri&ce 4,2-A; faB/c 

: .l. . . . . . . . , , ' ... ' . . . . , . : .': . , . . . . - .. : • 

(pHc.1) H ,IJ;JISI:(p + Ta}=- H (p+C)-B3aHMo,zi;eii:CTBHii·ripH HMIIYJihCe 10-faB/c 
-(pHc:;2); Mo°xcHo BH,IJ;el'h; ,qTO pacnpe,zi;eJiemrn IIJ)OTOHOB no 6hi:crpoTe H3 KIIaCTe
poB·, 'o6pa3yIO~HXCSI B (p,d) .+ Ta-::B3aHMO;AeiiCTBiikx, 6oiiee «y3_KHe». no cpaB- ,· 

. HeH~IO C aHaJIOrllllHhIM~ pacripe,zi;eJieHHSIMH ,zi;~.si (p,d) +·C-B3aHMoii;eii:CTBHH H 
' 'CM~~eHhl B o6JiaCTb <YrpHD;aTeJihHhIX 3Ha11eHHH y.. . '' ' ' '\ ' ·: ' . ' .· ' ' / •· 

, . , , . -, ·. -· -- ., ~-· \. , , . -· '. _,, . . l _,,/ '.t- - , .. ·~ ;· . -._ -•... , 

·Hap11c,3a,6114a,6noKil3aHbl HHB<ipHaHTHhl~F(b,t):PaCppe,zi;eJieiIHSI npoTO-' 

:HOB. 113 ic.n:acrepoB. ,IJ;JI~ ci -t,(C,'Ta)-B3aHMO,IJ;eHCTB~ii npH 4;2·A-r;B/c 
(pHc.3a,6) ~H .,IJ;JI.SI p + (C, Ta)'-ii3aHMO,IJ;eiicrBHH npii '. m,mym,ce ,10 'I'sB/~ .. -

·, <im~:4a,6): M~ap~aH'iHhle q>yH~D;HH,F(bk),:~apaKTep113yi6ui11e H~~apHa~TH~ 

7 ,.,......, 

\. 
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.dC 

4,2,i·raB/c -

<T>;_. 68! 2 

PH~.36. M1rnap~aHTHhie IPYII~l\H~'F(bStll ilp<JWH~B H3 ~a~. 

~epo~. o6pa3y10uiliicS1iid+c>iiaaH~~~eHCTB~ri ~pH ~i,myni:~e 
. 4,2ArsB/c . . . . . . . .. . . . 

· ,ce11eiimr' E( da/ ap), Bhlp~)KeH~hle B riepeMeHHhlXb ikH: ~pcmJTe 

; yrmiM, :m,ieIOT CJieAyIOm;~ii' _B}U(: . . . 

.. ~· ,,., ~cl ·. ·. <1/ ·· .· dN . . 
Jl(bk) 7-,N f < 2 . • . -• dQ . 

. . .... >'• :V.bk+}/4-dbkdQ 

., 

. '.·. : B CHCTel'd~,~0~051 ~acrepa·(v '~ 0) ipe~H~-~ B e.nH~~Ha (bk. >;ri~nyqf (i~a51 . 
:~ '_. -,- .. , ,·-·· .. : .,;' :·-· .. .- .·~-.: .. ·.'.a. ·. ·: '·.-: , . _. ~ · .. • : . . ::.- .. ::: :· -

. H3 pacripeAene1;1Hii p( bk), OAH03Ha11Ho ~B513aHa ·co cpeAHeii KHHeTi111ecKoii s~ep-:-,· 

'F ~eii IlpoTOHOB B< i:c.rr~CTepe ( ee 11aCTo Ha3hl~aIOT · «TeMrrepaTypoii») : ; . . . 

··. · >'.'2E · ... ·. · .. ·· 
'( b~) == (~ ... j,f= 2( Tk} 

mk . - . . .:_ "!k . 
,< __ . 

- ~ . . . \ ,' ._ '· . -, , . . . . , · .. - - . -· ' , -! ·-.. .. < .• -
Cn<!AOBaT~bHo; amtJ!H3HPY51 pacnpeAeJieHH51 F(b k), MO)KHO onpeAeJIHTb ,<<feM-·. 

~epaTy~y»'HyKJIOH~orci ~aCTep~; • . /, -'.> .. · .. ' . ' .. . . ._ .::, : ' 
KaK B}U(HO H3,pHc'.3~,6-H ~a,6;:liHB~pHaHT~hle pac~pe~eJieHl~51 F(bA).AJIH. 

paccMaTpH:eaeMhIX- peai<~HH xopomo aniipoKCHMHPYIOTC51 3~Cn~iieiin;H~b~OH 
, ~.: ' . , .. . '< " ., " • >;. t . ' : ·~ 

:lti _ 
.. 
,. le 

.. / /C 

..,..----------------------, 
.10 1'3B/c 

;......x 
, .e,~ 

u. .<T>= 70 ~- 2 M:JB 

-P~c.4~.J1~B~pHaHTH~je;<l>YHKi\H~- F(b/~ll- npo~OHOB:H~ KJI~~ 

.¼ ~Tepos: o6paay~~H~Cll ~ p+ T~~-~3aH~~i\eH~TBH~~ ·~p~ ~May Jlh~e ' 
: 10riin'!t' . · ... ,.-~- -~<!'·· . . ' . :., ' ;. '. 

\ 

I 
l 

b 
. ... '· .. , ·. , . . .. · .. ·. . .. . '. :, , .• ' . . k ·-
PHc.46. liHBapHaHTHhie <pyHI~l\11H I;(bk) )'.VIS! npoio11o(~a KJia~ '. 

1

CTepoB, t>6paayIO~HXCSI II p+C~B;aHMO'Aefo:-rini~x npH HM~)'JlhCe -
· lOrsB/c· >, • • . . . ' 

/·,9(, 

\ .'j 

,/ -· 



cpyHKl"(He~ s~i:f(b~) ~ A~, e~p (-b/( bk )1). PeayJI~TaThI. ~n~poKCHMal"(HH 

. npHBeAeHbl s Ta6JIHl"(e 3.,. ~ 

Ta6JI!fl{a 3. 3Ha•Hm~ napaMeTJ)OB 

Tim ~3UIMOJ{eri~Bl1!1 
(r:1B/c) 

. ( b.t )1 ( T.t)t (M3!3) ),3 :S. /Jnao ~ 0,8 r3B/ c 
t 

1 ,. d+Ta. 
·(4,2·A) 

d+C . 
(4J.:-~) 

p+Ta 
(10) ' 

p+C. 
• 0!)) 

p +Ta 
'(4,2·A) 

.. · p+ C. 
. (4,2·A) 

r. ( bk LI 
. 0,122±0,003 . ~ 62±2 ·0,099±0,004 

' ' I - •• : • ' 

'· 

0;135±0,003 · '68±2 . · 0,093±0;004 

0,139±0,003 . · . 70±2 .. . _ . 0,104±0,003 . . ~ . . . 

0;150±0,003 . 

· 0, l l6±0,009 

75±2 
'\ . 

58±2 .. ·,, 0,094±0,003 

'< TA: )t (l>!:J!l) 
,50±2 

. 47±2. 

52±2 

. 51±2·. 

47±2 

. ' 

via Ta6JIHl"(hI Blf.liHo;. qTQ cpeAH~e 3HaqeHHSI TeMirepaTyphI rip~T6HOB ·~ K.Jia..: ... 
. CTepax AJISI eceX pacc:MaTJ)HBaeMhIX B3aHMOAe'HCTBHH itsmiprnH CTOJIKHOBeHHSI 
·. 6JIH3KH Apyr K Apyry:B r,:tpeAe;ax ·CTaTHCTHqeCKHX OIIIU601c; . r •·· ':~ ./ .. : , . . , 
. -\•Jl:JISI-o6ecrieti:eHHSI OAHHaKOBhIX MeTOAHt.iecKHx:yCJio:sHH npu' cpaB:neirnu > 

·~ paamr,HhIX TH~OB pe.tKl"(HH <?T6HpaJIHCb IIP01:0Hbl ~ ur;myilhcaMH 0,3 f1\1~~ :S_ . 
.. · ', !5 0,8 TsB/ c. A-Ha.ii~3HpOBaJIHCh co6blTHSitB KofopbIX q~c.n:o TaKHX ripOTO~OB ... . . 

'c:oCTaBJISIJIO n :~'i, T.e. MHHHMaJihHaSIM~O)KeCTBeHHOCTb :irpoTOHOB. B Kn~CTep~ 
. . . :, ... ··. p . : ··, .. •. . . .., ·'.' . • .. . . . . .· . 

:paBHSIJiach AByM •. Pegy JihTaThI. annpo_KCHMal"(HH. ,;>To6paHHhIX • T<lKJ!M o6paaoJIM 
COObITHH (p,d)+ Ta:. H (p;d)+ ~~B3aHMOAeHCTBHH npHB.eAeHhI B-AByXnoCJieA

. HHX KOJIOHKaX Ta6JIHl"(hI'3. 'MO)KHO BUAeT&, qTQ -~ nJ)eA~ax 3KCriepaMeHTaJib.;. · 
HhIX ·. owu6oK cpeAHHe · 3Ha~eHHSI xapaK,."epHCTHK HYKJIOHHhIX. ~aCTf:JJOB AJISI • . 

· paccMaTpHBaeMbIX peaKl"(HH H 3HepmH .COBilaAalriT APYI' C ApyroM:,' T.e. YHHBCP~ .. 
ca.irhHhI. , . \ . . ' . .. . . ·. . . , . . . . 

. . ·. Ha puc:5- IlOK333HO ,noB~A~HHe mrnapHa~T.HhI,C,E(xk) pacnpe~eJieH~H npo-:, ... 

•. T()HOB B KJiaCTepax no MaCWTa6~o-HHBapHaH;HOMY napaMeTpy IlOA06mtxk, ~e ' .. 
-::. , ..: ' - . . - . . : . -···· - '·:-. . ' . ·~ ~ . ' ' . ' •- ' 

. xk, HanpmdeJ), AJISI IIpoTOHOB H3 KJI<lCT~pc:1 <<~·» onpeAeJISI~~SI oTHoweHHeM, 
• ' -"c. - ,'~ ' : 

· .. -d ,·. · ·' ..... • • , _..,..,-,.:'-· .... -·-2 • 
•~ x1c__.=;=.:bpklbaj/s_xk; b{Jk = -(Vp- ~;) .·:.- ,· 

. ' ; . . . --- , 

, ,• . ~,-

i_.\i' 
- "). ··:t, 
'! 

r 
'-·! • .. ' 
~ 't 
,f 
I 

;--

' '):': '· .-

. 1. 

--7 

' :,,--1 ~- ' 

,,-_:, 

. ,....:JC 

-~ 

. I 

'!--:: ·'·• ! _, - , . . t 

i_··. //t~l 
·-"-,__.,1 

AO·-- dC •, .. '. 
. • . - dTo : 4.a·A- l'eB/c . 

-~. ;'. ~¥a ~(4,2..;fo)-J'aB/~ 

0.0001 I , , ·, , , -, ; , , , ,·, , , , , , , , , '·, , , •., , , , , , , i, , , , , , I 
. · - 0.00 - · ,;; 1.00 ' •- · .. '. 2.00 ., . ·,, 

. :.·, ,' '. ;· ":':' •-:\ ....... ' ' , , 

P11c.5. IIHsap11aHTHhle q>yiIKI\HH 'f(bk) WI_ll npoTOH~B 113 KJiaCTe:- .-

,- · pou, ~6pa3y!O~~CSI. u (p,d) + ra, H (p,d)+ C~B3a~MO,{eHCTBHllX 
- ripHHMnyJI&Cax c4;2..:.::.1of: A· ThB/c . ' .·, •' ,· -· . 

. ' , . . . ~ . 

, ··: ~.' ' 

., -n• r• 

•· 

• - .••. ,- .. ·. :·,··-: . ./ ' ~- •. l . • • . •. , . 

H-r11y10 cf>:r,11~~HI<?f(xk) MO)KHO npeACTaBlfTh B CJieAyrom;eM BffAe: 

1,' f :• ., 1 _-. __ 

?·~a{J· ·vxi~p.'+ (xiap)2/4._i;kd~ 

Mri)KH() ~o~a3aTb; ~TO B CH~eMe IIci~o; ~aciepa «a» (V = 0) rie:peMeHHaSI 
. .·. . ... ·· ... · .. ··•· . . .· ... -.·."·:a,,, .. , • .. · .,· 

.. X le nepexOAHT'. B:;·H3B~~yro .~~epeMe~ayIO CB,eTOBOr<). '<t>~~a np~. A~~TOqJIO 

6oJib~JC.b~p--~~ ~•~~ ~-U~z~ 3AeCb ,cich z'.onpe~~~ .. ~a,~~aBJieHHf: ~~Im, 
co~AHHSIJPrrt;~H- ~eHTphl KJitlCTepoB 'V~ H · Vp ~ fM~p~o~. npocrpaHCTBe: 0TCIOAa. •· 

CJH!A)fr; ~TO ·aaBHCHMOCTh. HHBapHaHTHOH. <t,yH~~HH~p(xii rrepeM:eHHOH.; k -
•• -, • .- • - • •• ~-·". '· • • •· , • • ' • -, < • .' 

IJ3Haqaei: 3aBHCH:MOCTb OT. HanpaBJieHHSI OTpe3Ka, COeAHHSIIOrrt;ero l"(eHTpbI yno-. 
-:MSIHYThIX KJiacrepoB: 3To, B.Cl30!() otiepeAh, 03Haqae-r; qTQ H30.7IHpoBaHHaSI CHC- .·. ' ,, 
' TeMa (HanpHMep, KJiaCTep) AOJI)Kffa pacnaAaT~CSI 's CHCTeMe IlOKOSI KJiacfepa 

aHH30TPOIIHO rio OTHOWeHHIO-K yKa3aHHOMY HimpaBJieHHIO. Ha'pic.S·Mo:irrno. · 
BffAeTb, qTO IlOBeAeHHe HHBapHaHTHhIX cpyHKl"(~ F(xk) '~l15I (p,d)+ T,a-: 'H.' 

: , (j,,d) +·. C-:saaHMOAeiiCT~Hii: OAHHa~~:Q~ .• B ~peAeJia~ · oriiH60K. s~cnep~MeHTa, B. 
---. ,-\ J .' ' . ' ' '•· '. ·:. ', ' '· -,-·- ·-: i - '.'.·' ,:, ,' _- • 
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d+(O,To), r 
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' . ' . ·- . ·. . '-, . \· ,; . .-.. --
. P11c.6 .. YrJIOBhie pacrrpe,ieJieHl1ll rrpoTOHOB 113 KJiaCTepoB B Cl1CTe~, 
,Me l1X fIOKOll,-06pa3ylOII\11XCll: (a) B d+(C,Ta)~ 11 (6) B p+(C,Ta) 
Ln:ia11Mo,1eH~_BH~IIpi1HMnyJihCax (4'-;-2-.:.10)-A;r:iB/c ' .. ' 

\·. 

-· 

_i-✓- -.,: 

"zr-.ii'.-"C "O 

! __ 

:; 

Pm:.7. Pacnpe,ieJieHHll n 

-o6paay~II\HX~ll: (~)\id~ 
• '<. - •• 

dTo-, .. -
' - 4,2 ;A, f:JB/c·· 

(
-·. •- 2 . . ... 

_ Pt ) -. 0.125 ::o.ooa 
1 

. 2 . 
( Pt ) . = 0.6 . + 

_- ... ·2 . 



-

I 

j- /' 

-l 

,;~-:~-·".: ~1 ,% 
- z ,-:~.' - . 

- ~ 

:;, r· 

\ 

-pTa 

lO·I?B/c · 
.. 2 

.( pt ) -~ 0.123 !0.007 ... -: 2 1 .. .· ; . ':: 

( pt ) · · .. = ., 0.55 :o:os ,' 
.. 2-. 

" 2 ' :""''·'!,: ,/ < p~ > ·-~:. .· o.oi9 · :o.oos -· 
. :·. 2 ) . ' ·.::. - ; ' 
. (Pt · ) 7 ,cj.35 :0:04 2 . . . . 

\ ' -,._ 
. ' \ :_ 

.. \' . \ 
·. o.~o · 

> . . . , .· .:: .· I, c .. · .·,2 , ' 

PHc.8. Pacnp~Ae_n,eHHSI np0T0H0_B no BeJIH'IHHe p .1. a KJiaCTepax,. •. 

o6pa3y!O~MXCSI: (a) e"p+Ta-, H (6) ep+C~e3aHMOAeiicTBH~ n~ii ., 
11i.tnyJ1hCax 1or;B/c' , >·: ,; . ':; : ,·. J , ·, , ' : ~· 

. .. 

/ 

<''/ 

HHTepB~e ::mepmii 4,2-io A fsB/c, ~Jiec& CHOBa B
0

aHaJI~3e HCIIOJib30B~~~b 
co6bITHSI c_ rrpoTOHaMH, . HMCIO~HM~ - :m.fIIY.JibChl , B, •. '11HTepiiane 
. 0,3 :S p J1a6 it 0,8 fall/ c H MHO)Ke~BeHHOCT& np ~ 2., · 

· Cy~ecr~oaaHHe · KJiaCTepoB • · icaK Hao11HpoBaHHhlx ' CHCTeM . rrpeAIIOJiaraeT 
. /~ aHH30TpoIIHOe ~ yrJIOBOe · pacnpetieJieHHt! 11acr~ 0'!' HX pacrr~a OTHOCHTeJibH~ 

,, • • ~ - ' • -, ; ' - I < 

; , HarrpaBJieHHSI. OTpe3Ka,. COeAHHSIIO~ero a;efITPbl KJiaCTepoB, B. CHCTeM~ 'rroKOSI 
KJiaCTepa. MO)KH() BHAeTb H3 pHc.6a,6: <pOpMa.yr.n:OBhIX pacrrpeAe.rieH~H nporo:.. 

. HOB H3 KJiaCTepoB 'B ·cHCTeMe HX IIOKOSI AJISI BCex H3y11aeMbIX THIIOB B3aHMO)J;eH
CTBHH H SHepmii He IIJ)OTHBOpe~T STOMYYTBep~ettu:io·, T.e. CBOHCTBa yrJIOBblX . 
pacrrpeA(!JieHHH rrpoTOHOB 113 KJiaCTepoB B HX CHCTeMe IIOKOSI' '. }'HHBepca.lI&Hhl •.. 

PacripeAe.rie~~~-IlpOTO~O~ II~. KBaAtni_TY 11o~epe11HOl'O ff.MIIYJI~c~·(P ;) oTiio:; .• 

CHTeJI&HO ~c~ peaKD;HH B i<Jiacrepax, o6pa3y10~~XCSI B d ·+cc:T~)~B3aHMOAeH-' 
CTI!HSIX IIpH HMII)'JlhCe 4,2· A ·TsB/c (CM. jmc:7a,6);· B p +(C; Ta)-'BaaHldOAeif.::~ 
CTBH~xrrpH HMrryJii.cax 10 rsB/c H 4,2·A·f3B/c (cM. pH~.8a,6), arrrrpoKCHMH.: 
poBMHCb SKCII~HeHD;HallbHOH 3aBHCHM~CTbIO_l31f'Acl . < ;,, ·.·• : . . . ·. , . 

" l /-- ,. ' - ' , 

t divf 1E} =ii~ exP(~P;/(i>;>1 ::Ai e,~P (-p i1< p; h··· 
~ j '· ·,.. . • ' ' • ·, • • -. 

(6)'; 

Pe3yJI:T~;~-~~IIJ)OKCHMa~HH AJI~ ~cex paccMaTpH1meMbIX B3aHMOAeHCTBHH 
rrpHBeJ(eHbIBTa6JIHD;e4.. / .. ' , .. : . ,_;' < ·. :' :,<_';· · "' ,- -

·p+Ta 
,(10)'. 

p+C. 
(10) ..• 

· p+Ta 
(4,2·A), 

,0,094±0:008 '.O,lJ°±o:o_2 0,37±0,03 

o,91±0,oi , 0,123±0,oof · o;o3±o,oi o,ss±o,08-
- • --.: •• • - ' ~ • ' • C O e 

·.•. ·.· 0,81'.±0,06 0,099±0'.006 0;18±0,02 . 0,36±(!,04 

\ ,-"· --· 
l·,0±0,l 0,114±0,010 

.. · 0,108±0,020 : 0;1±0,02 



i 
' 

/ 

· HHeM )~.1151 jrnaciepciB, ;~op~:iyro~Hx~i QJ,d) + C-B3a~~OAe~CT:a~.srx, H, ~TO'He . 
• 3aBHCHT OT :meprnH CTaJIKHBaIOW,HXC51 o6i.eicTOB. , .. . , . ' .; :• 1

• • • •• -, , 
..---- • / '' < ' •• - - \ 

--· T~6JI~lla 5. _CpeAHHe ~H~'ICH~ BCJIH'IHHhl { pf} AJIB npdroaou HJ KJiacrepou 
.~ ', .-C '~ ' ' • • ' • • • • <' '.,.c , • • - ,'. •• • • ~' • • • ~ •, • • • '), \ 

· T11ri 1138HMO~eikrimll 
(r3B/cf . . . . 

d+;Ta 
<4,L\> 
I, ~' 

· -· .cf•+ c~ -
1• _· (4,2·A) 

.i+T~ 
(10) 

p+'Ta 
(4,2) ~· 

, ,_ 'p+ C • _. 
, (4,2) 

. 2' , , 

. { p.1 } ~r3B/c)2 

0,178±0,006 -
_,· 

(pl}, (r3B/c)2: 1 
o,3 s· JJ,ik~ o,8 r;Ii;c: / 

0,135±0,003: . 

_ _ •-•• B, -rao~~~',t~ rr~ifBe~eiI~ AaHHhle o -3;a11eH1151x ( p; )_11p0To~o~ lis 1bfa~e- .:. 

poii, ~opa3yro~~XC51.BO-~cex paccimTpirnaeMhIXpeaK~H~X oe3 arinpoK~~;ai;1i1C 
CH~Ba A.1151 06ecne11eHH.HOAHHaKOBhIX MeTOAH11ec1mx yCJIOBHii npH cpaBHeHHH 
~T0Hp~.1n';Ch npoTOHhl c HMnyJihCaMH 390 -~ p Jia6 s 800 M3B/ c:IlpH 3TO~ am1a. 

, .1IH3HJ)OBa.JIHCh COOhITH51; B KOTOphIX 'IHC.11~ TaK~X npOTOHOB coc;;aBJISIJIO n ~ .2;-
, ·,:. '. .. _i ·:., •. :-·-.- ,·. ·,, -._..,. -'_\ , •.• : .•• -.- ;:, ..• ~-:_·. -. : ._ .•• p ·. 

,/ 

T;e; MHHHMa.JlhHa51 MHO)Ke_CTBeHHOCTh npOTOHOB B KJiaCTepe paBH51.1IaCh 2. 
''' KaK MOXHO BffACTh H3 Ta6.TIH~hl; CJ>t!AHHe 3HalleHH51 KBaApaTa rronepe·;uioro 

HMiiyn~ca_ npoTOHOB :H3 KJiaCTepoB OT~OCHTMhHO -··OCH peaKIJ;HI/ O~HHaKOBhl --~ ',: -
npeAeJiax OIIIHOOK 3KcnepHMeHTa ~.1151 BCex paccMaTpHBae~hIX CTOJIKHOBeH~H.H 

! ' •. •, ' "h • ••• ,,- ••• ·,-. " - " '-.. -.!. ~--· I 

·. 3Hepmii:. · . -:;. · 

4. 3AKJnoqEHME ,\ 

. ,· ; .· ' '> .·, ' • ·. :-.-· , .- • , • ; .. -·.- -. ' ·. ·- •• , .- ."< ·· .. 
· . J,fay11eHHe CBOHCTB HYKJIOHHhIX KJiaCTepoB, oopaayro~HXCSI B (p,d) · + -Ta.: H 

(p + C)-:-, (p+·T~)~CTOJIKHOBeHH51X npH HMIT)'Jihcax 4,2-J\_-f'3B/f H-J~faB/c · 
. COOTBeTCTBeHHO,H HX cpaBHeHHe C TeM, 'ITO OhIJIO noiiy11eHO'npH: H3y1JeHHH B 
(p,a) + ~-:-B3aHMO~eHCTBH51X npH)·ex ?Ke 3H~pm51X, _ n03B0.1ISleT che.naTh ,CJieAy_-

: IO~e BhIBO):{hl: · _ ,_ \ . . . \ , < : c: . _. i, • "-'· , , . . . _ , _ .. 

LOoHapy)KeHo, 11To B (p +Ta)- H (d+Ta)-B3aHMOAeiicyBH51x npH yKa.:. 
3aHHhl:X' Bhlllle 3Hepm51X oopa3yro~C51 HYKJIOHHhle KJiacrepbl, CBOHCTBa KOTOphIX ' 

; nOAOOHhi H H,e 3aBHC~T OT CH<:TeMhl SIApo:CHap.SJA H-3Hep~~rn HJC CTOJIK;~BeH:irn; .:.:. . 
• ·~ • 0 • - • •'. ' ' • ' 
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2;, CpaBHHTeJihHhIH aHaJIH3. ociioBHhIX xapaKTepHCTHK HYKJIOHH1>1x-~acre.:. 
poB, KOTOpble·oopa3yroTCsi B' (p;df+ Ta::.'. H (p,d) +. C-B3aHMOAeHCTBHSI°x-npH 

,- HMnyJihcax 4;2 ·A; f3B/ c H IO faB/ c; noica3hIBaeT ~-11;0 ux CBOHCTBa He 3aBHCSIT: -·_ · 
HH OT.COpTa CTMKHBaIO~HJCC51 ofueKTOB, 'mi OT HX 3Hepnrn no ABYM napaMeT-

·paM ITOAOOH51: Mac1fr:raoHo-aei-nrnapHaHTH°,MY bkH Macur:r:atfao.:.HHBapHaHTHOMY .. 

xk, T.e._HX CBOHCTBa _)'HHBepCaJibH~. X~TSI, Ka~ MO)KIIO BHAeTb. 113 ~aOJIHri~_ 2,' 

HYKJIO~Hhle KJiaCTephl,, o6pa30BaB~IIHeCSI B (p,-d) .+ Ta-CTOJIKHOBeHHSIX, xa"paic
TepH3YIOTC51 MeiihIIIHMH cpeAHHMH 3Ha11eHHSIMH 4'-ci<opocTeii OTHOCHTeJihHO YA- : 
pa-MHIIIemi {(: bst )), 11eM B CJiyqae (p,d) .+ C-B3aH~OAeiig-1;1HH • .[(pymMH CJIO- · 

, BaMH,B npO~TpaHCTBe 4;.c~opocTeH HyKJIOHHhle KJiaCTephl,-Oopa30BaBIIIHeC~ B 
. CTOJIKHOBeHH51X (p,d) + Ta, pacnOJIO)KeHhl-6.JimKe K POAHTeJihCKOMY smpy, 11eM

0 

•• 

B c.11y11ae (p,d) + C-B3aHMOAeH~BHH. ,, , - ; . ', • . ' 
/. ... ' - ' . ' 

· . 3. YcTaHOBJieHO, 'ITO yrJIOBhle pacnpeAeJieHHSI npOTOHOB OT_pacnaAa HYK---
_.,, . , . ' ' . ' - / ,, ' ', . - " . . , ... ' 

JIOHHhIX KJiaCTepoB B CHCTeMe HX nOKOSI aHH30TpOnHhl, H Hx·noBe):{eHHe He 3aBH-. · 
CHT HH OTTHIIa CTa.JIKHBaIOIIJ;H:l(CSI o~eKTOB, HH OT HX ~lHepmH.' ••. , . '. ) .. 

~-- · 4~ . Oouapy~eHHaSI YHHBepcanhHOCTh CBOHCT;_ OCHOBHhIX : xapaKTepHCTHK · 
. HY~OHHblX KJiaci-epoB; oopasyro~HXCSI BO B3aHMOAeHCTBHSIX)J H d 2 SIApaMH Y~-:- _ 

·,. nepoAa »· TmiTan:a. B HHTepBaJie HMny JihCOB 4...::_ 10 r3B/c Ha HYKJIOH~ IIOA06Ha '. 
TOMY, 'ITO HaOJIIOAaJIOCb H3MH' AJISI' HYKJIOHHhIX KJiaCT~pOB [1,2 J H KBapKOBbIX 

crpyii: [3,9{ l?6pa3yro~Hxc~ .c~-oTBeTcrBeHHO B CTOJIKH~me;,.~six(4H_e, 12C)+C · 

(npH H~ny.11~~~-4;2·A•f3B/c) ~ B Jr~'+ (p;q:, PP-:-, pp:.;_,1'N-B3aHMOAeftc~BH-:
SIX · (npH HMny.ni,cax 22, 4~ 205 _ ri3B/ c) / 3TO no~TBep)KJ(aeT. ~A~aHHhIH pauee 
BhIBOA ., [ 1 Lf O' cy~eCTBOBamiii: ABYX npoMeicyTO'IHhIX' aCHMnTOTHtiecKix 06.Jia; .· 
CTeH no\;, p~3~~eH11f>!~ Me#~ co6o,ii K~HeMaTuqecKH If ~apaK~epH3)'~~~~: 

CSI pa3RH'l~hIMH ypcmmi:MH Bo:i6y~eHH51'SIAepuoii: MaTepHH -'-. H)'KJIOHHhIM '11 
KBapKOBhl_M.:B_nepBC;~- H3 3Tit:~ ·oo~acTeH (0!01' s bi~·s _l) H~eeT ~eCTonpe:-

irny~ecrBeHHOe oopa~miaHHe HYKJI(_)HHhIX KJiaCTepoB, a BO_ BTOpoii (bik ;>, 1) -~ -<. 

. oopa3oBaHHe MPOH~~x CTpyii. . .. . •· .. 
,,·. ' . ..,, ·'-
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