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1. _BBe~eHHe 

B rroc~e;H~e BpeMH aa6mo.n;aerc11, orrp~.n;eJieHHLiit nporpe~c ~ ~cc~e.n;oB_aHHHX pil:JJIHq

HLIX xapaRT~pRCTHR pacrra.n;aBLICOROB036yH<.n;eHHLIX KOMIIaJH.li;-H.ll;ep, BIJJIOTL ~0 CaMLIX 

TH>KeJibiX,. ITonaniieTCH ace . 6oJILllle ;n{cnepHMeHTaJILHLIX . .n;aaiiLix · o · .n;n:cp'q>epenriuanL

Hbl~ CIIeRTpax (-RBaHTOB,, HeitTpO~OB. H ,JierRix. 3ap~>KeHHLIX. qaCTHI{,, 0 Ma!:cOBLIX · H 

ypio'BLIX. pacrrpe.n;eneHHHX OCROJIROB ,.neJieH~H, ceqeHHHX ofipMoBaHHH, HCIIapHTeJILHLIX 

IIpO.IJ;YKTO~ •. IloJiyqaeMLie 3¥CIIepHMeHTaJILHble . .n;aHHLie. HCIJOJIL3YIOTCH ,KaK '6aJa, ,IJ0-

3~0JIHIOIUaH orrpe.n;eJIHTL Be-!IHt{HHbl MO.IJ;~HhiX rrapaMeTpOB .B paMRaJC; TOfO HJIR HHO~O 

TeopeTHqecRoro IIO.IJ;XO.I{a H 3aBRCHMOCTH 3THX rrapaMeTpOB OT ~MepHeMLIX B 3KCIJe

pHMeHTe XapaRTepHCTHR peaRD;RH, TaRHX RaR 3HeprHH B036yH<.n;elj:HH1 nepe.n;aHHblit HM-. 

IIJJILC1 MaCCOBa,H aCHMMeTpRH BOBXO.I{HOM H BhiXO.n;HOM RaHaJiaX H T • .ll; •. IlpH 3TOM JII06ol 

a_iiann:J B aaqa~LHoit cpa3e Tpe6ye~ BM<i~;~c~~HHH ~eqean:l o6pa3oBaHHH pa3JIHt{HLix H.n;ep 

~npOD;(!CCe n:crr~pHT~~bao-.nefiHTeJILHoro .,.Rac,&a.n~ .n;eBo36ym.n;eaHH. ROMIJaya.n-H.npa. · ·K 
nacToHmeMy BpeMeHIJ cyme~TByer pH.n; .cTaa.n;apTHLIX Mo.n;eJiel n: .rrporpaMM pacqera 

RaR CTaTHCTHqecRoro, TaR· R .IJ;HHaMn:qecRoro xapaRTepa,. KOTOp:ble HCIIOJIL3JIOTCJI: pa3-; 

HbiMH aBTopaMH. K comaJiean:ro, B HHX aepe.n;Ro n:cnoJIL3JIOTCJii .n;n:aMeTpaJILao· npo-· 

THBOIIOJIO>KHL!e IIO cpH3Ht{eCROMJ CMLICJIJ HafiopLI MO,lleJILHhiX rrapaMeTpoB, . BRJIIOt{aH 

COOTHOllleHHJI BpeMeH >KH3HH IIO pa:iJIHt{HbiM RaHaJiaM pacna.n;a; t{TO IlpHBO.n;RT _K fiOJIL-. 

lliOMY :pa:moo6pa3n:~ B. BLIBb.ztax ,Ii; 3aRJIIbiJeaiui.x; oco6eali:o: B 'i CJiy\iciJbc:~; R.Or~a" aHaJIH~ 
IIpOBO.IJ;HTCJI Ha orpaan:qeHHOM 3KCIIepHMeHTaJILHOM MaTepHaJI1 ('ta.a.npp:~~p,·i_lH_C!JIH3H
pyroTCJI TOJILKO ceqean:JI ·.neJieHHJI n:nn: cpe.n;aee qn:cJio iieii:TpoaoB _H T • .n;.'), B()Jiee Taro, 

C pa3pa6oTKOit B _IIOCJie.n;Hee BpeMJI .n;RCCHIIaTHBHLIX MO.IJ;eJiel ,CJIHHH~{i~ .n;eJieHHH:B JIH

TepaType .MO~HO .IJ;OCT~Toqllo :'JaC~O, BCTpeTHTL JTllepH<.n;emm, ~t{TO B CBJI3H c;60JILlliOI 

BJI3ROCTLI01 C'l,'aTl;ICTHt{e(;RaJI MO)\eJib B()06I~w.He,IIpHMeHH~a .IJ;JIH .OIIHCaH~H-ROJU<ypeH
I{HH pa3JIHt{Hbi)C K,aHaJIOB pacna.n;a . B036Y,HmeHHLIX 11.ll;ep.: ·, ;I:lce. 3TO . .JaCTaBMeT CHOBa 

BepHJTL<1i.R ai,IaJI_R3J ,peaJILHLIX B03~0>KH()CTelt CTaT:~H;Tn:qecR,OI MO.IJ;eJIK:.B :npHMeHe-· 

an:i x BoJ6yH<.zteaHLIM .. cocTaBHLIM H.n;pal>{ •. · O.n;aa.n:J ocaoBHLIX 3a.n;aq· .TaKoro.aaaJIHJa 

cocion:T B ToM, qTo6LI 'l~TRo BLI.n;eJIHTL .xy coBoRynaocTL sKcrrepn:MeaTaHLHLIX .naauLix, 

RoTopLie M:oryT6M,TL .n;ocT~~oqa~uomi~ H_ 11errpoTn:~opeqn:Bo onn:caaLI B. paAmax KJiaccn:

qecKoit CTaTHCTHt{eCKQit ,MO.IJ;eJIH C ee MHHHMaJILHLIM-Ha6opoM Tpe6oBaHKA K'npon;eccy, 

a ~MeHHO, t{To6i.x rrpon;ecc 6~IJI IIOJIHOCTLIO TepMclJIH3QBaH, H cooTa'omeffirn: •Me>K.n;y pa3-

JIH~~hiMH MO.li;~M·R pa~rr.:..na ~npe.n;eJIHJIHCL .TOJILKO HX CTaTHCTHt{eCRHMH BecaMH B $a"' 

30BOf>! rrpocTpaac~Be. IlpH:3TOM ·npe.n;q-~JIHeTCJI qpeJBj>I~<ia~o Ba>KH:biM n:cnoJIL3QBaTL 

II pH aHaJJH3e. KaK .MO>KH() 6oJiee · IIOJIH:bll. 6a3HC 3KCrrepn:M~HTaJILHLIX AaHHLIX,' TaR KaK 

Ha .BOIIpOC 9 peaJIHf1THt{H~CTH: napaMe-;rpoB 1 HCIIOJIL3JIOID;HXCH B. pac,qeTaX, MO>KHO OT

BeTHTL ,Tq_JILRO ua ocHoBe. aaaJI:H3a .6oJILmoro Maccn:Ba .n;aHHLIX. '; · ·.. '•: . • . '· • .:. ·• 

, . Hac~JIII~~ ,pa6oT~ · JIBJIJierCJI. npo.no~ean:eM aamn:x pa6oT . rro: n:ccJI~.n;~B~miro ce

qenn:A_, o6paJoBaH~ ·. n:crrapn:,TeJILHLix,; rrpo.n)rKTOB B.· peaKD;HHX . noJIHoro . CJIHJIHHH B .o6-

JiacT,H: H.nep. OT: Bi: .n;Q, p < 9&cnepn:MeHTH· · npoBo.n;H~HCL c n:cnoJIL30BaHHeM- RHHeMaTH c • 

qecRoro cenapaTopa BACMJIHGA Ha BLIBe.n;eHHhiX uyqKax HOHOB nn:RJIOTpOHa Y-400 
JIRP OHJIH. B npe.n;LI.n;ymn:x pa6oTax 6LIJIH H3MepeaLI H upoa~aJIH3HpoBaHLI cpya

KD;HH B036y»meHHH .IJ;JIH xn-, pxn- H QXll~KaHaJIOB .n;eB036yH<.n;eHHH .IJ;JIJI KOMnaya.n;-JI.n;ep 

f-;;;'~ .. -;;. ~ ~ ... ~; 
:, o:..-; c.,;·; .. ,;~ ... b.1i1 il ...... .,.-ryt \ ,, 
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·-· --



191,193,199 Bi, 200,202 Po, 199,205,207 At, 216,218,220 Ra, 212 Rn, 217,219 Ac, ~28!230ij B o6naCTH 

anepndt ao36ylR,l.J;e~1m()T, 40 JJ,O 160 MaB (eM. pa60TLI [1, _2] JLCCLIJIKH B nnx). B 
HilCTOHI!lei't pa6oTe npeJJ,CTilBJieHLI pe3JJihTilTLI 3KCUepHMeHTOB UO H3MepeHHio CetieHHH 

H ·!J>yn~mH:it~B036y~eHHH·:UIDr xn-, pxn-. ~· axn•RilHaJIO~ 'JJ,eB036ylR}J;eHHH KOMrrayHJI
HJJ,ep .221,223,225•?27Pa?o6p,aayrom;~XC~ B peaRnHHX CJIHHHHH 'C HOHilMH 20•22Ne H 24·26Mg. 

flonytJeHHLie JlclHHLie, HapH)zy C orry6JIHKOBilHHLIMH panee JlilHHLIMH 0 cetieHHHX o6pa

.30BilHRa HCUapiiTeJihHhiX npo.ziyRTOB B peaRnHH 51V +170Er [3], ll03BOJIHIOT JIOCTilTO'lHO 

noJJ,po6no np?cJieJJ,H1'h.H3MeH~HH~ ~e'IeHHtt'?6P,a3oaa~H~ HYKJIH~OB B o6JiaCT~.,Ac -Pa 

ipH:yMeHh'IIIeHHH lJHCJia Hei'tTpOHO~·OT·132 JJ,Ol22, T.e. ':8 o6JiaCTH nepeXOJlil OT HJiep 
• c. 6JIH3KOi't K 'nyiiiO o6~JIO'le.J'Hoa 'IIOiipaBK~tt-:~ c!J>epHtJeC~HM Hll,paM c O;HOCHTeJihHO 
6oJihmoa o6ono-le~noi rronpaBR~tt: · • · · · · · · · 

.· AnaJIH3•nony:tienHLix .aRcnepHMeHTilJihHLIX· i{anHLIX H'Hx· cpaanenHe c peayn~>ta-
- ,· ' .• • , , ; • • • ' • > -' ~ .- ' . -.;· .- - • ,"I i • ; ; ' ' ' -.- - · ~ 'I ·. . o. '· - , 

TaMH pacqeroB ~O:cra;niCTHlJeCROit MOJJ,eJIH JieB036JlKll,eHHH KOMIIilJHll,·HJJ,pa JiBJIHIOTc;JI 
rrpeJJ,MeroM nacroJimett · Uy'6n~lianHH; · YtiliiLIBM; .qTo alw~epnMentan~>nan MeroJlliKa' H 

OCHOBHi.Je'nonome:HiilieOp~ri~c~o~o. i).~aJIH~a yme neoJJ,HOKJ)ilT~O'OllliCLIBaJIHCh HilMH 

pan'ee, B :ilauao(pa6oie.Mil orpaH~~HMCH TOJihHO OllHCaHHeM JJ,eTaJiei, KOTOpLie neofi. 
xoJJ,HMLI P,]m n~HHMan:H.H: · · · · 

.. •: 

2 . chtcnepiiMeHTaJiiHEui 
' ., . - ·;, . ·. ' . 
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~eTO~HRa H p~3YJILTaTH 

.: '··· H3¥epeHHH 
·, 

,:::h~nepnr.idu~~ ~po~oJJ,HnHc:b na ar.raeJJ,enlloM nyqM nnRJioTpon~ Y~4oo JI.Hp OMJIM. 
Hcnonha~a~Ji~ch nytJK~ Honoa 22Ne c aaeprHeit.l45 MsB II ~4 •26Mg.caueprlint.tn.l76.H 
164 MaRcoi>TBerCTBeHHo. ·HnTencnanocTh nytJKa na MnllieHn 6r.rna paliuott 2·101 !c-:-1; · 

H3MeBeHHe j:HeprHH 6oM6apJJ,Hpyrom;HX HOHOB c•IIIafOM 3-6 MjB npOBOJIHJIOCh <: Ito~ I 
M<)JnMO anioMHH~eBhiX H. THTaHOBLIX llOrJIOTHTeJieA; " 9ueprHJt 6oM6apll,HpyiOlUHX~ tia- . 

CTHn .·HaMepnnacl, • ~onynpoBoJJ,HHRoBt.tM'· JJ,erei<~pqM, . pacnonomeii»LIM ·n<>cni norno'l'lf- ·· 

.fe.Ueit, • no 'alleprHn nouoa, ~ paccen»n~x. na ~o'uKoit ·3ono~a ·.!f>oni.re (250. MKr/cM~J Iia 

· yr<)Ji 30~;: Kann6poaKa :nereKTopa · ocy~ecTBJIHJiach 'c noMOll{hJ(} cTaHJJ,~pT»hix 
·a~HCTOl{HHKOB~ ~llonpaBKH; na<ueHoH~a~nHo~ui.ie~·UOTepH •H.-UOTepU "3Hepi'HH. B "Mep··· 

· .· 1:aoi.i" cnoe JJ,ereKTOpa ney'IHTt.tB~~u~i..Ta~an·M~oJ@K<t~JiaMepenHA.noaaoJIHer oripe-. 

·. • .neJIHTh a6~oniOT»Lie Btmli•muu 3~epr.ut(6oM6~pP,~pyrom~x nonoil c >rottuocThro ± ( 1 ,5)% 
· .. HJIH .± 2,oMaB .nmr ~llHCHBaeMLIX ..3KcnepHMeHT6B,: To:t~,HOCTh> onpetie~en:HJt. OTliOcif'\ 

.· ~ein.~~ ~~ri~~iina~eprHii nonoii·B 2--:3 pa3~ ~Y~IIIe H cocTaBJIHeT'±{0;7:·J,O}MaB. · . 
. .·. ~· B al<cnepHMCHTax icnom .. 3oBaJIHCh- Bpali1.aromiiecH MHIIICHH .. H3 paanenenuoro . HlJO.

Toii.,. ~0,5Tl ( ~·t:'eneiiL o6orame'HH1I .. • {99,6±0,1)% ·.) li }91A~ -co cpeJJ,HHMH ~Tonm:~maMii 
· {aso±sofi: ( 42g±5o), Mi<r /cM:2: cooTBeicT~aii?:,.l\11!:11I~nu ·6r.rnu~i131'0ToJinent.r ¥~oJJ,oM 
:uan~J1CHju(;Hi!: 1-in.IOMliHMeBylO q)omry TOJII!lHHoA:6 MKM;. JlJlll .B3MepeHHB. romnHH MH

~--~1!~.!\.~~~x~ o.ziHopomJOCTH :Htnon3~BaJI~ .MeTOJJ, peuTrenotl>Jiroopec~eiiTHOro ,aHaJIHaa. ~c 
- ~--~~----~·--,- :. ~-~ . ! .. ,- . - ... · .::;. • -~.:: ' ; . -, C' --~·~,.·~-~- • ;.;· •• -~·- __ · • • ->~:(~i;:(_~ ;<"::•,_·· . .-~-~ . . - ." 
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DpoizyKTLI peaKUHii rronnoro cnHnniw oTJJ,e]JHJIHch'oT npoJJ,y~ToB p~aKulin ~ny6oK0:: 
ueynpyrHx nepenatJ n nytJJ<a 60Jit6apP,Iipywilinx lf~uoa' c noMoiiil,ro'Jimi:eMaTH'lecK'oro 
cenapaTopa BACHJIHCA [4, 5]. 31f>!f>eKTiiBIIOCTb cemipaiopa ~iiJIH npoeyKTmi'xn~··n 
pxn- peal<UHii H3MepJJJiaCb3KCIIe(mMeHTaJihlio c HCllO~bSOBaHHeM"'KiinH6poBO'lHLIX pe
aKUHH 22Ne +ecr·W,Au ~ 24•26Mg + Ta. Dim H3Me.peHHniilcno~1i,3oila.icn cTaHnapTHLiil 

MeTQil H3MepeHHH OTIIOIIIeHHJJ o~aJ\THBHOCTeit· B (jloKaJihH~lt n1JocKOCTH cerraparopa H 

na c6opiiH~le, pacno.rimKeH~OM n'oc1Ie ~uuieii~. :Un~npo}~Y~TJ-ii axli-'pe~~u:Hil B~~H'IHH~ 
3lf>lf>eKTHBnocTH cenapaunH npn BLI'IH~nenn~ ~eti~nHtt. yM~iiLIIIanacbu 'me<_:Ti. P~.na-3a 
HX 6o.1ef> UIHpoKoro yrnoaoropacnpeJJ,eJieHHH. · KoaqiqiHUHeHT yMeHLIIIeHHH 'aq,~eKTH
BHocTH cenapanHH JIJIJJ axn~HaHaJia 6LJJI ~3M~pe'k:~a~~ P(l~e~ B,p,eaKUHH._20N~·+197Au 
[6]. . ·.. . "' .... ' ,. :•:_:: ; ' ·~· . ' 

PerHnpaul!n J.iJlep oT.iw1H H naMepeHHe anepr.HJ.t Hx ~ a'-pacnanoa ocyiu:ecTBJIHJIHCh 

a ipouan~>HoH nnocimcTn> cen~paTopa' .zfCTeKTiipyl<nneii cH·cie~~a '[i(il:l .iu{yx iuHpo

uoannepTypnhix upeMnnpone~itiux neTeKTopou c ape!'deit~-hl~· p~pemeli'HeM 0,5· nc n 

BOChMHCTpHIIOBOro IIOJiynj>oBQilHHiHJBOro nereinopa c non~~~~~· p~3M~po.M (50 X 70)MM 

H paapemeuHeM. 30; K3B. ilJIJI 0-'!acniu c. ~HepniHMH a' ilHll.IJa3o'ae ·~i 6-:-9 MaB: 'llnn 
npeJJ,uapnTcni.aolt KilJui6posim nonyiipouoJtimK~Boro JJ,eTeKiopa. ncnom:;oa~nci. BHe

IIIHHH O·HCTOlJHHK.- 22~Ra~ 0KOH'laTeJihH311 KilJIH6poima JJ,eTeKropa llpoBOJIHJiaCb C no

MOII~hiO .11MIIJia,UT»poB~~~LI~.B,fleT~.KTOp_ q·H3JIJ~ilT~Jielt ~·; llpOJlJKTO~ ·p~aKqHR •22 N e+ . 

w ;Au ". 24
•
26Mg; + Ta. 9neK'fPOU!IilJJ. annapaTypa ){eTeKTHPYIOIIIero. MOJJ,yJI~ o6ecne

<iHBaJia ~~imci. Bee~ ~~6LITHit; CBH:JaiJHNXC nimxoll,OM B ll,CTCH~~p;in~p 7~T~~.i~T(ER) 
II UOCJICJtYIOillHX a-pac;na~OB s ljJJH{callH~A 8peMeHH MalKJJ,Oro co6hiTH!J s MHKpo~eKYH: 
JJ,HOii TO'lHOCTbW. no~~eJzyiOmHH. BpeMHilMUJIHTYAHLIJ.i. KOppennniloH~.hlH 'aua.1H3. B~ero 
MaCCHBa. 3aperH~Tp»poaamiwx' co6hi-iH~ ll03BOJIHn. BhiJJ,CJIHTh: reueTH'ICCKI1 CBH~a~HLIC 

-· ·-:'- ;. ,' ·: . ::. ;· • ' '., .. _.. ' - • • ..• ··.-:: ; • ""' •' ; '.-· '.' '·: • .,· • ' .•• --' : . ; ;·:· • >..' f; ;_ ,(; ,; ' ' .... .,._ '·"·' .·} '.' '· • - ••. ·~ ! ' ,": :., ~ 1·: ; ~ :·· ' . ~ .. , . .._. ' .. 
neno•mH n•pacnaJJ,oB ·H MJJ,eHTH!f>nuilpoaaTt> nepBH'lHLiti nyKJJHJJ, no ero notJepHHM .npo-. 

JJ,yJnaM. ·. B ~ao;o oqepe~;, ~j aniln,ll:ia Jip~Me_s.lioro p~cnpeJJ,~~~nu~. E~~-at ~a2:Roppe- . 
JJHnHlt. MOJKHo 6r.rno onpeJJ,~JIHTh nep,HoJi nOnyp'acnilll,a MaiepHHCKoro iiJipa_:'.Ocno~HLie 
xapaHTepH<:TH,~H '():pacna):ia neiTpoJJon~<i>nuuTar.rx .lao:fono:B 213- 221 Pa ~ n'ccneJJ,OB,aJIHCh 

pauee a pa6oi~x (8, 9,,io;H}>IIonyq~nnut a·il~~Jix a'~CII~pHMJ.~.f~~ J.l~.~~~e o6 auei>: 
rHHX H ncpr:i!max d-pacnaha ony6imkouai;Li 8'pa6o:f'e: ~12]~ -~B '6oni.illiti!ciae'cnyqaeB 

OHH corn~cyioTCH c H3BeCTHidMH 'naiiHLIMH }l'ueciioni~o yl'o;IHJIIO'{ neplioiir.r 'nonypac

naJJ,a ;inn n:ioTonoa npoiaiiTHJIHn · c'.l.faccoshir.IJ 'l~cna~it ·217 ~.A $224;.' ': ·• . 
CTaTucintJecKan T~'liwcTL itaMcpenHit. Jir.rxo:iioa oT.IleiihnLix' 'nyK~~JioB' ~oi:TaB~nna s. 

aKcnepnidenTax ±(5~ 10)% .Ulnn · H:io:fonos Th n\<\c~olla, ~ ocltoaabM, ~npen~nnnac~ · 
TO'IHOCThlO. y_qera !J>oua. llOJJ,' BLI.zieJieHHLIM .. o~ilHKoM: . TotJiioqL onpenenemin .' B~ni1'1Hil 
cetieHHH o6pa30B~IIHB .. ;HCllilpHT~nbiiLIX.npoJJ,yKTOB onpeJJ,e"iJJI;;.}:cif TilK~CTO'liiOCThiO H3-
MepeHHH ~c}J!f>eKTHBI;OCTH cenapaUMH,'ToniUHHLI,_~~~eHH u'n~TO~~.HO;IoB, Iipomcnruero 

'Iepe3 'MHWellh.'' c:~.eTOM 3~HX tflaKT~po~ TOtiHbq~'o~pe.zl~JI~HHJi_a·6~6niOTii~X .BCJIH: 
'IHII· Ce'!CHHA 'COCTaBnHJia B ilaHHWX 3Kchepi!Ment~X; ±40%f TotJHOcT~ .. onpcJICJJeifH~ .• 
OTHOCHTeJihULI~: BenniiHH ~ cetiemilt; 6Liita~;B-JJ,~a;T~H~p-aa'a:.; ny•Jllle.":',. ~. "":-=':"_":'~-~.:'::.,_ ~.;·c~· ··-

flp11 BLI•IHCJ[ellint3u~pnni aoo6ylR}J;eHBH ROMnayuit~HJJ,pa iiiH.tH.HCilOJih30Ba~HCb 3KC

ncpHMCJITaJJbULIC anailenHB Macc.nyi<Jiit.lioa~ ~:uiTJ.Ie 1-i~ -i-a6nuu [13] • . .llnJi uhltiucneun.R 

IIOTeph. aucprHH 6oM6apll,HpyiomHM HOHO!If' B .• DOJlJIOlKKC MHIIICII'H HCIIOJih30BilJIHCh. Ta-

:J ' 



6mm~ (14] .. ,Upu. pac'!eTe. BeJIH'IHH ,ce:<IeHnfi o6pa3oBaHHil :.llJll! H3o.Torro.B Th u Ac 
311~qeHHil a~BHJIOH,6pa.JIHCh H3 pa6QThl (15] .. J>e3yJihTaTbl ~3MepeHHll npHae.neHbl B Ta-
6JIHuax 1-3. 

t 'r,. • ' .... ' 
........ 

·~ .. 

Ta6,1HUa t: CeqeHH/l o6pa3oa'~Hifll Hcnaput~JibllbiX npo.icy~TOB B peaKUHH 
.. : .... , .,. .··· ···'· .... 24Mg+1.97Au · .. ·. · ·· 

, ,E; . ,. .. ..; . ,. C,t;'le!f~e, MR6H 
M3B. : xn-RanaJI ... pxn-RanaJI. axn-RaHaJI 

4n 5n 6n p3n p4n p5n p(6-7)n a3n a(4-5)n a(6-7)n 
0,9 "· ', ' • 2.6. 0.4 ·'• 130 45 ,4Q.§ 
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52.0 
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; ·~· 3n . .4u .. 5n •. 6il ;p3n · p4n , p5n a2n ,; b3n ' a4n · 
.34.5 .. ,11 .· ••. 

1 
..... , .... , 1 40'·~·. .li 
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·f.;. ·.t:·~ '· 

·.;; !-· ,4,,, 

5;,.·• g .. ,. -··; \. --~_,' 

21: '12 
51···· . 16· : 24 
39 .. 18 22 . 28 : ~ l 

31· '· 7·· • 38. ·7 
9 i 122 6 . 32 ' .18 

·8· 19. '3 ' 34· 24· 

160 :700 180 
'120 .• •. ·~; . ' •. 
·28 ' 860 
26 . 440 
'' .• '330 

·'230 
.. 

1110· ,,, 
1050 
1040i 
'730· ,. ,. (~ 

. 440. • .. 

•; 

·61.5 
·---·---- 1:63:5-

'ld·67;0. 
·69.5· .. 

·--· "-·; .. , .. -., ... 17"1·.,, .. ~-~·.,..27"~-·26- '-. -.·~. •P•· .. -.-··530~~-··---'·'·-". ,. --~~ ~ . ' ' . : ~ ,;, ' . ; . . . •,• . -' ' 

4 15' < " ' ' 18 ·28· ' : .: ·.· ' '230; • '' 
2 · 9 .. . . n .. 29 ,,. ·. ·. ·,;,, •.. 185 · · · ...... ··, 

I ''}_,.. '.~t;.t :.-; .. ~ .. '· 

4 

l 
' I 
~ 

J 

Ta6Jmua 3. Ce'leHHil o6pa3oBaHHil licnapHTeJibHhiX npo.nyRTOB.·B peaRUHH 
26Mg+I97 Au , 

E* , Ce'leHHe, MR6H 
M3B xn-RaHaJI pxn-RaHaJI axn-RaHaJI 

5n 6n p5n p6n a3n a4n a5n a6n 
39.5 1.0 62 ~50 
45.0 2.0 

' 
60 230 

47.5 2.8 0.6 0.7 26 280 36 
51.0 2.4 0.7 1.5 22 270 72 
57.0 i.1 1.2 4.9 0.3 8 150 .270 8 I 
64.0 0.2 0.6 8.2 2.2 35. 240 66 .. 

1 68.5 0.2 3.9 6.4 12 100 'l90 ' 

3 . 06cym.l(eHHe pe3yJI:&TaTOB 

B Ha'laJie o6cym.neHHil npHBe.neM: RpaTRHll o63op BhiBO.llOB, c.neJiimimx HaMH B ripe
.llhiJlYJUHX pa6oTax H3 aHaJII13a 3RcrrepHMeHTaJihHhiX · .naHHMX ( c'cMmn;: cM.oipH ilo BB~
.nenHR), H o6cy.nHM ocHoBnhle rrapaMei'pni' pac'leTa. 3aieM: pa~cMoTpn~ pe~y~i.T~Thl 
cpaBneHHil pac'!eTHhiX ri 3RcnepRMenTaJihHhiX cetieHnll o6pa30B~mnirn3cnonoB Pa, Th 
H Ac npH .neBo36ym.neHHH ROMmiyii.n-H.nep np(ml.RT'HHII/l ll' noci.mTIHIM HacRbmlio' 3TH 
.nannhle YRJia;:ibiBaJOTC/l B oflmyJO cncie'MaTHI{y pe3yJibTaTOB. ' ' 

.lJ:JIH anaJIH3a 3RCnepHMeHTaJibHhlX ,llaHHhlX Mhl.llCllOJib30BaJIH XoponiO' anpo6ipo
BaHHble B Hanmx n Mnornx .npyrHx pa6oTax RoMi:rnJOTepnhle nporpaMM~ ALICE~MP 
[16]n HIVAP [17]: 06e nporpaMMMncnoJii.3yJOT npn Bhi~Hc.ri:eHHII . .neJIIIT~~h~hlx·~n
pHH RJiaccH'lecRyJO <PopMyJiy Bo'pa H Yn:)mepa. Pac'leT ~cnapnn!JinHhlX ill,Hpn~ 6a~ 
3npyeTcll na <PopMami3'Me Battc~on(pa H Smmra (Ro.zii.I nM:eJOTire~~T~phle pa3.rr'n~~ll 'B 
rrapaMeTpax IIOTemiHaJIOB, onpe,zieJIHIOJUHX ce'J'eHHil cmi:JIHHII/l,D;ep H. OpP~THbie ce.i~Hilli 
cJIII/lHH/l ,n:JIH HYRJioHoB il JierRnx 3apHmeHHhlx 'lacTHuax). llpn pac'!eTa:Jc!IJi(lTI!~cTn 
ypoBHefi Hcrrom3JIOTCII coorHo~emi.R: ,n:JIH <PepM:H-ra3a c <Pe:Ho~r'e~ciJior,~ti~i~HM 'y'leTO~I 
o6oJIO'le'IHhiX 3<l><l>eRTOB B napaMeTpe IIJIOTHOCTH' ypoBHeii no llrHaTIOKJ II o6merr{m
HIITO.ii BeJIH'IHnoii D=18,5 M3B iJ.JIH '' ,n:JIHHhl ocJia6fl~HRH. ,· o6oJio'le..!ar,lx a<P<Pe.RTOB 
[18]. 

av(E*) = av{1 + [1- eip(-E*/D)]~Wv(A,Z)/E*}; · (3.1) 

r,n:e E*- 3Heprnll B036ym,n:eHHil cocTaBHoro H,n:pa, a~ Wv(A, Z) -o6oJio'le'IHa/l rrorrpaBRa 
H :~<Htcce 11,n:pa, oqpa3oBaBmeroc/l nocJie HcnycRaHHil qacTHUhl v. (neitTpona,· rrpoToHa 
HJIH _a.- '13,(;TJ!,D;I>I)_,:~ l]~paM('!Tp :_I,I_JIOT_HOCTH-JpOBHefi · B · ,n:eJIHTeJibHOM-RaHaJie.Mhl.C.'IJITa;III 
IIOCTO/lHHbiM ll He3aBIICIIJUHM OT 3HeprRH B036ym,n:em:lll, a oiJiorueHHe aj/a~''iiorJiofihlTb 
CBOfiO,ZJ;HbiM napaMeTpOM. 
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3Ha'1eHHJI yrJIOBhlX MOMeHTOB, YHOCHMhle HCnapR!OIUHMHCJI '!aCTHnaMH, C'IIITaJIHCh 

pa!JHLIMH IIi, IIi n 4/i (3/i -B HIVAP) ,nJIR Heil:TpoHoa, npoTOHOB n o-'!aCTHll cooT

BeTCTBeHHO. B pac'!eTax ncnoJI:&3oaannc:& :mcnepnMeHTaJI:&HLie 3Ha'IeHnn ,nJIR 3Heprnil 

CBJI3H Heil:TpOHOB, npoTOHOB H a--.lacTHI1 c Y'IeTOM nonpaBOK Ha 31}JI}JeKThl cnapnBaHHJI. 

B npnHunne, npn· pactierax cetiemrfi ncnapnTeJI:&HhlX KaHanoa Heo6xo,nnMo 3HaTh 

cetierrne o6pa3oBaHHH cocTaarror~ H,npa,· CBR3a~Hoe c BeJIH'IHHaMn fxp n !1£. 3Tn 

BeJIH'1HHhl MoryT HeCKOJihKO OTJIH'IaT:&CJI B ,nayx HCnOJI:&3yeMLIX KO,nax, ocofieHHO B o6-

Ji:aCTH a6JIH3H 6ap:&epa CJIHRHHR n,nep. O.nHaKo. npn: 3Heprn:nx BLIIIIe 6apbepa B cny'Iae 

,neJIRIUHXCR n,nep Ce'IeHHC HCUapHTeJI:&HhlX peaKun:fi B MaKCHMyMe I}JyHKUHH B036ymne

HHJI npaKTH'IeCKH nOJIHOCT:&IO o6yCJIOBJieHO BKJia,noM napunaJihHLIX BOJIH C f s;30-;-4Q 

[I9, 20], TO eCTh. CYIU~CTBeHHO, MeH:&IIIHX, ''IeM fxp B paCCMaTpHBaeMLIX Ha.MH peaKUHJIX 

[2I J. llo3TOMycnoco6, BLI6opa fxp n:/1£ He BJIHHeT Ha BeJIH'IHHhl Ce'IeHnfi o6pa30BaHHJI 
n:cnapnTeJI:&HhlX· npoeyKTOB B MaKCHMyMax I}JyHRI1Hfi B036ym,neHHJI . 

lloJIHhlll 6ap:&ep l(eJieHHR Bhl'IHCJIRJICJI KaK cyMMa BeJIH'IHH .lliH,nKOKaiieJihHOrO H o6o
JI0'1e'1HOrO KOMnOHeHTOB fiap:&epa l(eJieHHR. 

B1(f) = CBJD(f) + Bjhe11 
(3_.2) 

Pa~ee, Ha OCHOBe aHaJIH3a 60JihiiiOll COBOKynHOCTH 3KCnepn:MeHTaJI:&HhlX l(aHHLIX, HaM 

ynanoc:& ycTaHOBHT:&, 'ITo npn n:cnon:&3oBaHmr 'IHCTO mn:,nKoKanen:&Horo aapn:anTa pac

'!eTa He y,naeTCJI XOpOIIIO onncaT:& KaK BCIO COBOKynHOCTh 3KCnepHMeHTaJihHLIX Ce'IeHHfi, 
,l. ', f 

TaK n: 3Kcnepn:MeHTaJI:&Ho H3MepeHHLie 3Ha'leHn:n llJIR npn:aeneHHLIX IIIn:pn:n pacnana 

[I, 22]. To ecT:&, onTn:MaJI:&noe l}lnTn:poaaHn:e B03MO.lliHo JIHIII:& npn y'IeTe o6ono'Ie'IHLIX 

31}JI}l.eKTOB KaK a napaMeTpe nnoTHOCTH ypoanefi, TaKu a 6apbepe ,nenenn:n nnep (eM. 
I}JopMyJILI 3.1 H 3.2). 

Benn'IHHLI .lliH,nKoKaneJI:&HLIX KoMnoHeHTOB 6ap:&epa ,neneHn:JI ( BfD) paccqn:TLIBa

Jin:c:& no Mo,nenn 3apnmeHnott mn:,nKofi Kannn: Koena -llJia3nJia -CBJITeuKoro [23} (n:3-

aecTrro, 'ITO .nnn TRmenMx n,nep c A~200 6ap:&epLI no Mo,nenn: Cn:pKa [24] cocTaBJIJIIOT 

0.85+0.90 OT 6ap:&epoa, pacctin:TaHHLIX no Mo,nenn Koena -llna~nna -CanTeuKoro n: 

II03ToMy nepexo,n K HX HCIIOJih30BaHHIO He MO.llieT CHJlhllO nOBJIHRTh Ha pe3yJI:&TaTLI). 

Bennwna o6onotieqrroro KoMnoneHTa 6ap:&epa .neneHHR - (Bjhe11 ) npn:nn:MaJiac:& pa

BHott pa31lOCTH Me.lli,ny KarreJI:&HOH (25} H 3KCnepn:MeHTaJI:&HO H3Mepennofi [13} MaccaMH 

HYKnn:,na, To ecT:& paaHott Mo.nynw aenn:qn:rrLI .l1W.,(A, Z). Ro31}JI}Jn:un:eHT C npn mn:.n

KoKanen:&noM KoMnoneHTe 6ap:&epa ,nenerrnn ncnon:&3oaancn Kail. cao6o,nHLiit napaMeTp. 

TaKnM o6pa3oM, B pactierax MO.lliHo 6Mno ncnoJI:&30BaT:& TOJihlm ,naa cao6o,nnLix napa

MeTpa: OTHomenn:e ii 1 Iii., n Ko31}JI}JnuneHT C. O,nrraKo a nccne.nyeMoil: o6nacTn n,nep 

Benif."'n:na·a1lii., .nocTaTo'Ino Hennoxo onpe,neneHa. B pa6oTe [lJ, H3 cpaaHeHnn 3Kcne

PliMellTaJihHLIX H pactieTHhlX 3Ha'IeHHH ,nJIR OTHOIIIeHHH IUHpHH f n If tot, fiLIJIO ycTaHo

BJieno; 'ITo, no Kpailnefi Mepe JJ.JIR 3Heprun B036ym,nenn:n ~40 M3B; OTHOIIIem1e ii 1 liiv 
paarro CJJ.liHHue. KpoMe Toro, 6LIJio noKa3ano, 'ITO no,naannwmee 6oJihiiiHHCTBo 3Kcne

pnMeHTaJihHLIX naHHLIX xopoiiio omicLiaaercn nMeHno npH aLI6ope OTHOIIIeHHH ii 1 Iii., 
paanLIM. e.nnnn:ue. 

06cy,nn.M eme o,nrry M:o.nen:&rryw neonpe.neneHnocTh, B03MOHmyw · np.H ncnoJih3oaa

HHH pa3JIH'IHLIX· KOJJ.OB· ,nJIR BJ>Pnrcnennfi no cTaTnqecKoi1 Mo,nenH. Ona can3ana c pa3-
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JII!'IHeM B cnoco6ax ytieTa BeJIU 1IIIHLI 3Hepnm cnapRBaHHH, pa3nn'Im:itt' ,nJIR 'leTHo

'leTIILIX, IIC'ICTHJ>IX H He'leTHO-HC'leT!IhlX n,nep ( cpeJJ.HHH BeJIH'Hli!a 3TOH nonpaBKH p~
BHa 11=121 VA). Bo3MO.lliHLI Tpn cnoco6a Y'<ieTa miprron non·paaKn a 31}JI}leKTnanofi 
3Heprnn ao36ym,ne11nn: . · . · · · · 

a) E=E*- JJ.nn He'leTHLIX n.nep, E= (E* - !1) -JJ.nn qenio-tieTHLixu E= (E* + .!1) -n~ 
He'leTrro-He'IeTHMX. TaKofi nonxo.n IicnoJih3yeicn a Ko,ne ALICE-MP; · · · · · · 

6) cMemenHan m~e1ma, Korona E=E* BLI6npaeTcn '.nnn 'IeTHo~'leTnMx n.Uep 'n 6epyrcn 

COOTBCTCTBCIIHhle rrorrpaBKH ,nnn IIC'ICTI!hlX H He'leTHO-IIC'ICTI!hlX H~ep_'. T~KO.H IIOll

XO)l. HCIIOJih3YeTCJI B nporpaMMe HIVAP, 'ITO yme B nepBOM npn6nnmeH_nn rrpii:ao.ziHT 

B 6apbepax .n.eneHnn K yaenwieHHOH na ::::::: 0,7-0,8 M3B o6ono'IC'IHOH nonpaBKe no 
cpaaneHHIO c nporpaMMofi ALICE-MP; · . 

B) H HaKoHeU, CMCIUCI!Han ouem<a; I<Or,na 3a TO'IKY OTC'IeTa IIpHH11Thl mi'lt;THO-He'leTHhle 

n.n.pa 11 .rwn HHX E= E*. 

1.0 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

c Bp)=CBrcrs(l)+B;bon 
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0.8 
liE ·Po 

• At 
~:· Rn 
HI Ra 

• Ac~ ' .. 
... ttt·········!•,·.·iii~~iiiiiiiiii liEliE ·-~~~~"' •• 

0.6 ••••.: ·,• ,. l' 

AAAA 

A~A~~ 
0.4' 

.J;, 

I I I I I I I I I I I I I I I I I I I I I·. ' I 0.2 'I I I I I I I I I I I I I I I I I I I I . . ' . 130: 
lOS 110 120 125 135 140 

N .. ' 

/, 

Puc. I. OnrnMaJihH.bie :ma11CHH'JI llJIJI K031}JqmuRen;a. C. B :o6nacrn. n.n.cp OT • Bi .n.o: U 

' 
B ~JIY'Iac, Imr;~a .orHoiiiei!He. ii 1 Iii., paauo e.n.nnnue, 3Ta Heonpe.n.ene;IHOCTb .B; ocno-

BHOM K~MIICHCIIpyeTCJI B I<a!laJiaX H~II~peHUJI qacTUU II )l.CJIHTCnbHOM H,aua:IC' ,13 .C,1}'~ 
qae IIc~oJI~3oBaHHn npn paC11CTax 3H~'IeHHfi a11ii., >l,O.neonpe;~cJJennocrh a aM6opP 

31}JI}JeKTUBHOfi 311eprl!H B036y}l{)l.CHJIJI MOJKeT CKa3aTbCJI Ha pe3yJihTaTaX paC'ICTa. flo-. 

3ToMy, · !1-cxo.nn U3 ac~ro cKasanno.ro Bhllll~, npu _cpnrnpoBaHHH 3KCiiepui.tei;raJihHOr? 

MaTepH~Jia. M¥ UCIIOJlh30BaJIH TOni.!<o O)l.HII CB060)l.HLIR napaMeTp -::. :K031}JqlHI111CIIT C 
~- -· ' ·. ·-.. ' ' ' ·'· . ·- . 
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,neJIJITbCJl He TOJibRO ,neJIHMOCTbiO HYKJIH,noo, HO H KOppeKTHOCTbiO patqeTa BCp011THOCTll 

ncnapeHHJI 3apiDKeHHhlX '!acTnu;. 

.Il:JIJI Toro, 'IT06hl nony'IHTb o,nHoopeMeHHoe: xoporuee cornacne pac'IeTHhlX II 3KC

nepHMCHTaJibHhlX CC'ICHH.it ,nJIJI Xll~~- pxn- H OXll·KaHaJia ( CM. pi1c.2) HaM npHIUJIOCb 8 

pac'!eTax no Ro.ny HIVAP yMeHbiUHTb BCJill'IHHhl RYJIOHOBCKHX 6apnepoo .nnn BbiJieTa 

npOTOHOB II 0-'IaCTIID; Ha 9% ll 18% COOTBeTCTBCHHO, no cpaBHCHIIIO C BCJill'IHHaMII, 

pacc'IHTbiBaeMbiMll co cTaH,napTHhlM Ha6opoM napaMeTpoo. _ Heo6xo,nnMo OTMCTHTb, 

'ITO cTaH,napTHhlil: Ha6op napaMeTpoo, n:cnoJib3YIOIUHHCJI B Ko,ne HIVAP, 6biJI B3JIT H3 

:ZJ:aHHbiX no 6apbepaM, noJiy'ICHHbiX B peaKD;II11X CJill11Hll11, a eme B pa6oTe [28] 6biJIO 
.J 

YKa3aHO Ha Heo6xo,nliMOCTb -IICnOJib30BaHliJl B 3TOM CJiy'Iae HOpMnpyiOIUllX MHOllillTC· 

ne.tt nopn,nKa 0,8_.0,9 ,nJIJI npaBHJibHoro. onn:caHIIn ncnapnTeJibHhlX cneRTpoo. Ilo3TOMY 

Mhl C'IHTaeM, 'ITO c,nenaHHoe HaMn yMeHbiUeHne pac'IeTHhlX RYJIOH08CKHX, 6apb<~po8 

B nporpaMMC 'HIVAP OTpamaeT o6myro Heo6xo,nnMOCTb ncnOJib30BaHHJl 8 nporpaMMC 

6onee peaJIHCTli'IHbiX OllTII'ICCRllX llOTCHD;HaJI08, a HC KaKllc·TO ocofieHHOCTll 8 ITOBC· 

,neHllll Cc'IcHllH ,nJIJI pxn- ll OXn-peaKD;llH 8 06JiaCTII HCHTpOHO,l\CqlllD;IITHbiX II30TOII08 

Th-U. Cne.nyeT cRa3aTL, 'ITO· npo8e,neHHhle II3MeHeHnn BCJIH'IIIH RYJIOHOBCKIIX 6apbe

poo cna6o noBJIII11JIII Ha 3Ha'IeHne no,nroHO'IHoro K03<}>$nu;neHTa C ( oH 8hlpoc AJIJJ 

H.n;ep-npo.n;yKTOB c N::;127 c 0,45 ,n;o 0,52 ), xoTn BCJIH'IHHhl pac'IeTHbiX ce'IeHnit ,n;JIJJ 

axn-peaRu;IIit yoeJIH'IHJIIICb npii 3TOM B 20-30 pa3: Ilpn- pacqeTax no nporpaMMe 

ALICE-MP, B KOTopoit ncnOJib3YIOTCJI 6onee coopeMeHHJ>Ie noTeHI~naJibi npn Bhl'IllCJie

HIIII ceqennit o6paTHhlX peaRu;II.tt [29], npo6neMhl' c neo6xo.n;nMoCTbiO oapbnpoBaHIIJI 

RYJIOHOBCRHX 6apbepoB .n;nH a-qacTIID; npaRTH'ICCRH OTCYTCT8YIOT II y.nooJieT8opnTeJih

Hoe corJiaCIIC paC'IcTHbiX II 3RCIICpi1McHTaJibHbiX BCJIII'Il!H CC'ICHIIH .IIJIJI Xll-, pxn- H 

axn-RaHaJIOB nonyqaeTcn npii o,n;noM II TOM llie 3Ha'IeHIIII R03<}J<}lnu;neHTa C. 
Ha piiCYHKe 2 IUTpiiXOBhlMII JIIIHHJIMII .naHhl pe3yJILTaThl pac'!eTa B cT<iH.n;apTHOM 

IIO.!IXO,ZJ;e. TaR llic, RaK II B cnyqae HCHTpOHO,llC<}JIID;IITHbiX COCTaBHbiX Jl.liCp ypana· [30], 

.n;JIJI n.nep c N::;126 _.n;nn onTIIMaJib!IOro .comacooaunn pe3yJILTaToB pac'IeTa c 3Kcne

p1IMenTaJibHhlMH .naHIIhlMH ripiirunocb· ·cRatiRoM yMeubiUIITb oemi'IIIHY C. B pac'!eTax 

ncrroJib30BaJIIICb 'IHCJicHIIhle 3Ha"qeHnn R03<}l<}>IIu;IIeHTOB C= 0,65 n 0,52 npii onnca

HHII ceqeJIIItt o6pa3oBaHIIJI IlcnapnTeJibHhlX npo.nyRToB B peaJ{IJ;IIJIX 22 N e +205 Tl II 
24

•
26 

J\,f g + Au COOTBCTCTBCHHO. Jf3 pncyrrKa Bll.liHOj'. q'To B 3TOM cnyqae MOlliHO IToJiy

'IIITb O'IcHb xoporuee cornaciie 3RcnepJIMCJITaJibHhlX II pacqeTHhlX ceqeJIIIit. O.nHarw HH 

C <}>H3II'ICCIWH, HH C MaTeMaTII~CCKOH .TO'ICR 3pCHllJl TilKott ITO,ZJ;~O,ZJ; HCJib3Jl pacCMaTpii· 

BaTh Rali peruemi:e npo6n~Mhl. . · . · · 

Auanorn'IHhlit pe3yJILTaT nonyqaeTCJI npn :ncnon~3oBaHnii .n;JIJI pac'!eToB nporpaMMhl 

ALICE-MP. Orr±IIM(\JI~Hhle 3Ha'Ierrnn .n;JIJI ~ricnerrm,ix 3Ha'ICHIIM Ro3<}lepi1u;nenToB C 
np:n sT<)M rron'yqaroTCJI paBHhlMII 0,73 II 0,6 ·cooTBeT<:'T~enii:o. Pa3JIII'IIIe qncneHHhlX. 

JHa:<iennit .nn~ Ro3<}l<}lnu;IIeHTOB Co riporpaMMax ALICE:CMP.II HIVAP: RaJ{ M~ ylia~ 
3hl:aan:n pait>nie, B03HHRaeT n3-3a pa3JIH'Init -B ou6ope ~noco6a yqeTa :~ii~pi·II·II c·rrapn-

---E.<l.!ll1JI>:~Bil3imno.tt·c::'ieTHO-He1teTHhlM 3<}J<}leKTOM. __ _ . - -_-: . _ . .. . . :: 

Tenep:b npoanaJ:nl3:npyeM neHoTopw! B03MOlliHhle II3Ment!HIIJI B Mo.nenii pa~'IeTa, HO~ 
TOphle no3BOJIJIIOT ·n36elliaTb cKa'IHoo6p'a3noro H3MeiremiJI Ro3<}JCpiinirenia ·C. · d.nnu 

l!3 B03MOlliHbiX BapnaHTO:ll 6biJ{ npe,n:no.ffier{HaMII panee np~ aHaJIII3c IWMrrayH,ZJ;-11,Uep , 
-r ' • ' i ' ' ~ ' 
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ypaHa [30]. r,n:e HOpMnpyiOIUHM MIIOllil!TCJib' C 'npH f{aiTCJibHOfi 'IaCTl! 6apbepa ,UCJIC· 

HU11 IICIIOJJb:IOBaJIC11 HaH MIIO}I{IITCJih IIpl! ITOJIHOM 6apbepe ,UeJieHUJI, BHJIIO'IaiOIUCM RaH 

Hane,1bllhlii, TaH II o60JIO'Ieiumii HOMITOHCHTbl. 
)1<·,:. 

B,(£) = C(Bj0 (£) + Bjh•11 ) (3.3) . 

Hooun oapnaHT pacqcTa, npe.ncTaB,1cHHI>lfi Ha piiCYHKe 2 cnnoiUHhlMII ,1l!HI111MII, xo

poruo OHHCbiBaeT BCJIII'Il!Hbi ceqeHnii npii o.nHoit BCJIII'IHHe napaMeTpa C =0,68. B 

npnuuune, TaKoe o6'be,n:nHeHne MmHHO pa~cMaTpiiBaTb HaH 'IHCTo 3MHHpi1'IecKoe. 0Ho 

ll03BOJIJICT, HC l!3MCHJIJI BCJIII'Il!llhl napaMCTpOB MO,UCJIH II He BBO.n;R HOBbiX, ITOJIY'IIITb 

Xopornee OHHCaHne B pal\tKaX CTaTl!CTII'ICCHOj.i MO,UCJIH 60JibiilOfi COBOKYITHOCTII ,UaHHbiX 

.nnn KoMnayu.n-n.npa ypaHa n npoTaKTIIHnn. 

K aHaJIOrn•IHh!M pe3yJihTaTaM npHBOAHT n IICITOJib30BaHne HOllXo.na, npe.nnollieHHoro 

B pa6oTax [31, 32]. CyTh no.nxo.na coCTOHT B TOM, 'ITO 3a C'ICT yMcHbiUCHH~ napal':le

Tpa D B <}lopMyne 3.2 .no 3Ha'ICIIHn ~6 M3B 3Ha'Il!TCJibHO ycnnnoaeTC11 o6?JIO'IC'IHhlii 

3<}J<}Jern B IIJIOTHOCTH ypooneii .IIJIJI HCilapHTCJibHOfO HaHaJia .IIJI11 11.llep C OTnH'IHOH OT 

HYJIJI o6oJIO'IC'IHOii noiipaBHofi. 8To npnBoJ~l!T K cymeCToennoMy yMeHbiilennro BepoJIT

ilocTn l!CIIapiiTCJ!biiOI'O KaUaJia, oco6euno IIpii HH3KHX 3Hepi'HJIX B036y}K~eHHJl. H, COOT· 

BCTCTBCI!l!O, !{ JMeHbiUCHHIO CC'ICilllfi o6pa:!OBaHHJl IICIIapHTCJlbHI>lX npo,n:yHTOB (6oJiee 

no.npo6no eM. B [30]). Pe3yJihTaTbi TaKoro pac'IeTa co 3IIa1ICHHeM D = ·10, 5 M3B 

noua3aHh! Ha pncym{e.2 TO'IC'!Hofi JIHIInel!. Bn.n;Ho, 'I'I:O n B 3TOM cny•1ae Mhl TaKmP 

MOllieM nony'IHTh xopornee corn acne, 3KcnepnMeHTaJib!IhlX n paC'IeTHLJX ce•reHIIfi npii 

I!OCTOJIHI!OM 3Ha'lJCHHH ~JIJI H03<}J<}JHUHCHTa C, paBHOM 0,65. JlaHI!blii HOJlXO,U TaK}I{e 

cne.nyeT paccl\faTpiiBaTb uau 'IHCTo 3MIII1pH'IccHnit, TaR uaK Haunx-Jm6o ocHoilaHnii 

,UJIJI llpCJliiOJIO}!{eHHii 0 TOM, 'ITO y HCiiTpOIIO,ZJ;C<}JHUHTHbiX JI,llep o6~JIO'IC'IHbiC 3<}J<}leKThl 

B ITJIOTHOCTH ypoBHCM BhlpalliCHhl ropa3,ZJ;O Cl!JihHee; qeM J nitepB6JIH3H ,nopOlliKH CTa-

6nJibllOCTH, nm<a ne nMeeTCJI. HaiioMHHM TaKllie, 'ITO 3Ha•IeHne· D ·=18,5 M3B 6biJio 

IIOJIY'ICHO U:l aHaJIH3a 60JibiUOrO MaCCHBa 3KCITepHMCHTaJibllbiX ,Ucli!HI>IX 0 HJIOTHOCT11X 

ypoBHeJi llJ>H :meprHJIX B036ylK.liClll!JI 06JIH3HHX H 3Heprnn C8JI:IH HCfiTpOHa, B TOM 'IHCJie 

n .UJIJI J!Jtep c qucnaMn npoTOH08 n neATpouoo 6nn3KHMH w N = 126 H Z=82. 

BepHeMCJI cHoBa J< 'CTaH.n;apTIIOMY aapnaHTY, Mo.nenn, • Hor.na H·a C yl\momaeTcn 

TOJibKO Hai!CJibllaR- 'IaCTb 6apbepa,; .liCJieUHJI ( <}JopMyJia 3.2), H IIOIIpo6yeM paCCMOTpeTb 

pa3JIH'IHhle oapnaHThl pacqeTa, HOI'.!Ia C <}>HI<cnpyeTCJ! no R.npaM c N~ 130 n He MeHJI· 

eTCH upn nepexo.l{e K N::; 126. CpaBHeHne nony'li"HHhlX aKcnepHMCHT~m.m>Ix .l{aUHbiX 

C pe3yJibTaTaMH IT0~06HhlX paC'ICTOB IT03BOJIJ!eT ,!l;OCTaTO'IIIO JierHOHOJIY11HTb KOJIH'IC· 

CTBeHHYIO OltCIIHJ CTCIICHH. BJIHJII!HJi 060JIO'Ie'IIILIX ·a<}JipeJ<TOB B . .liCJillTCJibiiOM KaHaJie 

na ·ceqeHHJI o6pa3oBaHHJ! ncuapHTCJibHhlX upo.nyKTOB. · 

Ha pHcyuHe 3 JIHHH11MH noHa3aJihl pe3yJibTaTbl pac'IeTOB, c.nenaHIILie JVJJI Tpex paa

JIH'IHI>IX· BapHaiiTOB J'ICTa 060JIO'IC'Illb!X 3<}J<}JeKTOB B IIJIOTHOCTH ypOBIICii H ,UCJil!Tt~,1b

liOM-HaUaJJC;:Bo3MQ}l\Hi,xX:a·c'faiiitapTiioM--:BapifaiiTC-CTaTHCT-HtieCHofi--MO.ItCJIH:-'---;·--=-:-:_:· 

1) 6ea y•IcTa o6ono'IC'IHhlX nonpaoon B nnoTIIOCTJi· ypo8uel! n a"enn'lnnax noJml>lx 
Sh II 6aphepoo Jl!!JieHHJ!, T.e. B npe.nnoJIO}I{eHHH; 'ITO .nnn acex JIJlC(> D. w .. = B J e .= 0 

(nyHKTHp); 
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rrpn lliHllRouarreJihHO!.I 6apbepc neJieHHJI. Mhl coJHaTeJihHO cTpeMHJil!Ch ncnoJib3oHan. H 

pacqeTaX MHIIHMaJibHOC ROJIH'ICCTBO !f>H3H'ICCHHX rrpel{ITOJIO}!{CIIHH H UapaMeTpoH, 'ITO. 

ecTeCTBeHHO, HeCROJlbHO orpy6JIJieT ~Ol{eJib, HO JaTO 1103BOJIJieT, Cl{eJiaTb 6o)Iee ofiiUHe 

H Ol{H03Ha'!Hble BbiBOl{bl. flo:noMy Mbl He BBO}lHJIH B !.!O}leJib KOJIJICHTHBHOI'O poTaUH

OHHOI'O ycnJieHHJI ypOBHeif (llofiaBO'IHbiC TpH rrapaMeTpa), BHfipaUHOHHOI'O (erne Tp11 

IIapaMCTpa) (26] , a TaRllie B03!.10JKHble 3HepreTH'ICCRYIO H CIIHHOBYIO 3aBHCHMOCTI1 ca

MOH BeJIH'IHHbl o6oJIO'Ie'IHOH rrorrpaBKH. 

Ha pnc.l rrpnBe)leHbl orrTnMaJibHhle 3Ha'IeHHJI R03!f>!f>nuneHTOB C, rrony'IeHHhle 11:1 

cpaBHeHHJI 3RCilepHMeHTaJibHbiX H pac'IeTHbiX .BCJIH'IHII Ce'ICHHH Xll·RaHaJIOB }lJlJI 6o,1ee 

'!eM 50 H.llep-npoJlYR'WB, o6pa3yrorunxcJI B 13' peai<UHJIX c TJillieJibiMH noHaMn c A$40. 

flpH pac'!eTax ncrroJib30Banacb rrporpaMMa HIVAP. Bn}lno, 'ITO JlJIJI 6o,1biiiHHCTHa 

Jl)lep BeJIH'IHHa rrapaMeTpa C rrpaRTH'ICCRH He MeHJieTCJI H HaXOllHTCJI H ROp11JlOpe 3Ha

'IeHntt 0,6±0,05 . J1 TOJILI<O )lJIJI O'Iellb HeHTpO!!O)le!f>HUHTI!biX JI}lep, o6pa3.}'10IU11XC11 

B uerro'!Rax )leBo36Yllillermii RoMnayHll-JI.llep U n Pa, )lJIJI cornacosaHHJI pe3yJihTaToH 

pac'!eTa 'n 3RcrrepliMeHTaJibHLrX naHHhiX 3TOT K03!f>!f>nuneHT Heo6xo)lnMo yMeHLlllaTb 

)lO ~0,45. 3Ty rrpo6JieMy .Mbl H o6cy)lHM HHllie, a flORa OTMeTHM, 'ITO IlOJiy'IaiOIUai!CJI 

HpH MO)leJIHpOBaHHH llOCTaTO'IHO CJIOlliHOI'O !f>H3H'IeCROI'O Ilpouecca lipOCTOTa MaTeMa

TH'IeCKOI'O OliHCaHHJI CBH}leTeJibCTByeT 0 IJOJIHOH a}leKBaTHOCTH CTaTHCTH'IeCHOH MO}lCJIH 

OliHCbiBaCMOMy rrpoueccy, XOTJI OT)leJibHble )leTaJIH B IIpOCTeitllleM ee BapnaiiTC MOI'YT 

6b1Tb HC -Y'ITCHbl. . 

Ha pnc.2 I<pylliHaMn, I<Ba)lpaTaMn, poM6aMH n TpeyroJihHHI<aMn rroHa3aHbl 3Hcrrepn

MCHTaJihHble 3Ha'IeHHJI Ce'!e!IHH o6pa3oBaHHJI KOHC'IHbiX JI)lep-lipOJlYRTOB B MaRCHMyMaX 

!f>YHRUH.I:! B036ylli)leHHJI )lJIJI Xll-, pXn- H axn-RaHaJIOB )lCB036YllilleH.I:!JI HCCJICJlOBaHHhiX 

ROMrrayH.it-H.llep Pa. Bhi6op )lJIH aHaJIH3a BeJIH'IHH cc.:u!rilln B MaRcHMyMax !f>YHKUnii 

ao36y}!{)leHn11 cai!3aH c TeM, 'ITo RpaH !f>yHRUHtt ao36YllilleHH11 qyacTBHTeJihHhl K aTopo

cTerreHHLIM )leTaJIJIM pacqeTa (HanpHMCp, /1( H (Kp, 6JIIl30CTb,RYJIO~OBCROI'O 6apLepa 

CJI.I:!HHHJI .1:1 T.ll.),He BJI.I:!JIIOIU.I:!X HaOCHOBHhle liOJIOlliCHHH CTaTHCTH'ICCKOH MO}lCJIH. 

OcHOBHyro 'IaCTh 3Rcrrep.I:!MCHTaJihHoro Maccnaa cocTaBJIJIIOT )laHHhle, rrony'leH

Hhle B HaCTOJIIUeit pa6oTe B peaRuH'~x 24
•
26Mg +Au .1:1 22Ne +205 Tl. ,L{JIJI Toro, 

'IT06bl HeMHoro pacumpHTh )l.l:!ana3oH )laHHhiX llJIJI HYRJIH.llOB c N$126, HCIJOJib3oBaHbl 

TaR}!{e )laHHble .1:13 · pa6ond (3], B ROTopLIX .1:!30TOITbl npoTaRTHHHH nony'IaJIHCb B peaR~ 
UHH 51 V +170 Er. J.hM'epeHHble B 3TOit peantiHH aeJIH'IHHhl ce'IeHntt OTHOpMnpoBaHbl 

Ha ceqeHne, noiJ:yqeHHoe B peanulm c HOHaMH 24Mg. HopMHpoana C)lenana no ceqe

HHIO o6pa30BaH.I:!I! H30TOila 217Pa .1:1 IJ03BOnHCT .I:!CUJIIO'IHTb B03MOllillble {;.I:!CTeMaTH'ICCKHe 

omH6nH B M3Mepeii.1:!11X, c)leJiaHHLIX 11a pa3.iiH'IiiLIX ycTaHOB.Kax. Ce'IeHHII o6pa3oaa

HH11 H)lep-npoJl.YHTOB l13 J(OMIIayHJl·ll,ll;ep npoTaUT.I:!H.I:!JI H3Mep.i!JI.I:!CL TaUllie B peaRU.I:!.I:! 
40 Ar +181 Ta (27], o)lHano nonyqeHHble B 3THX 3RcnepnMeHTax BeJIH'IHHhl ce'IeHJdt xo

pomo cosna.naroT c .naHHhiMH; nony'IeHHhiMH HaMH B 'peaRUHH 24M .ii+ Au H no3ToM:y 

na pncyHRe He npnae.neilhl. 

.[{JIH .I:!CRJilo'IeH.I:!JI XOpOUJO · .1:!3BeCTHOit 3aBHC.I:!MOCT.I:! cetieHHtt OT ,ll;Jl.I:!Hbl BOJIHbl BO 

Bxo.zuioM ·' Ka~aJie 3KcllepHMCHTaJihHLie BCJi.I:!'IHHLr CC'ICH.I:!tt · OTIIOpMHpOBaHbl Ha BeJIH

'IHHY 1r ..\ 
2 ~ TaRllie, · 'IT06LI He ycJIOlliHIITh · napTHHY Heo6xo)lH~IOCThiO yqeTa BJIHIIHHH 

Ha ceqeH.I:!II 6apbepHLIX 3!fl!fleRTOB B nanaJie CJI.I:!IIIIHII, Mbl orpaHli'IHJI.I:!Ch .I:!CIJOJlb30· 

8 

~· .. 

~ 
~ 

\1_~.
IJ 

sauneM )laHHhiX )lJIJI peanu.1:1it c · HcrrapeH~eM He MeHee 'ICTblpex uettTpoHOB. J.h ·pH

cyHROB BHJlHO, 'ITO, HecMoTpH ua c)leJiaHHhle orpaHH'IeHlf:JI, · B ·HarueM pacnop11}!{ell1m 

ocTaeTCJI )lOCTaTO'IHO UJHpORHH 11a6op )laHHhiX RaK B · o6JiacTH ~y~n.n;o~ c N~126, 
TaR n o6nacTH HyRJIHllOB c N $126. B noM CMblcJie 11a6op 3RcrrepiiMeHT?JibHhlx .n;au~ 
Hb!X )lJIJI KOMIIayH)l-JI)lep llpOTaUT.I:!H.I:!II Bbll'OllHO OTJI.I:!'IaCTCJI CBOCR IIOJIHOTOtt OT ami

JIOrH'IHbiX HafiopoB )laHHMX llJIJI KOMllayH)l-ll)lep TOp.HJI H ypaua, B J(OTOpbiX XOpoJi.ro 

npe.llCTaBJieHa TOJibKO O)lHa .1:13 o6nacT.ett : JIH6o c N$127- llJIJI.noMnayH.ll-llllCP To

pHil, nn6o c N~126 - llJIH ROMrrayH)l-H.n;ep ypami. O.lliiano, llallit! B 3;01\f cny-.iae, 

HCXOllll 113 O)lHOI'O BH)la 3KCIIepHMCHTaJibHbiX ·)laHHhiX, TpYJl!IO C)leJiaT_h 'o6oCHOBaHllbltt 

BbiBO)l o6 OTCYTCTBHH .I:!JIH HaJI.H'I.I:!H H3JIOMOB B 3aBHCHMOCT11X CC'ICHHR Xn-, pxn- HJI.I:! 

axn-peaKunn rrpn 'IHCJie HettTpOHOB B 11.llpe~npo.n;yKTe' N =:::: 126; · c noTOpbiMH o6hi'IHO 

H CB113biBaeTC11 3aRJIIO'ICHHe o6 HC'IC3HCJ:BCHHH HiJ:H coxpaHeHHH 'o6o~I<l'IC'IHhiX 3!f>ipeR

TOB a Bo36YllillCHHoM 11.llpe. Pe3yJihTaThl pac'IeTa llJIJI xn-, pxn- u a'xn-Rananon c nc

rroJib3oBaHneM pa3JIH'IHhlx napuaHTOB rro rrporpaMMe HIVAP rroRa.3aubl ua pncyuRe 2. 

.. « 
..!: 
b 

to' 

10' 
xn 

to'~ 

10"1 

to• 

t 10"1 

to• 

. 

to• .. 
•o••.j-,.....,.~..-"T"" ....... ~...-....... --1 

120 122 124 126 Ill 130 132 134 

to' 

axn 

;·~ ~ 

r .J;! /· -

1o·• 

to• 

to• .. to•'+-""T'"....,..__,._,_.T""""T'".-1 
120 121 · 124 126 Ill 130 132 134, , 120 121 124, 126 121 130 132 134.: 

N .. 

Puc.2. 3ncrrepHMCHTaJILHhleH pacqeTHLie 3Ha'IeHH11 llJIJI rrpune.n;eHHhiX ceqeantt o6-

pa3oBaHH11 ucrrapuTeJibHhiX rrpo.n;yKT~B B peaRUHIIX 24•26 M g'+~9,7 Au n. 20•22N e +205 T I 

flpe}!{)le qeM rrepeiiTH I< o6cy.H<,neani<l napnaiiTon'cTaT~cni:~ecKott MO)leJI~,.OTMCTHM 
ueRoTopble u3MeneHH11, • I{o~o]Jble na1d ripumnocb 'c.aen~Ti.-• B._ ~porpa~M~ HIVAP.llJIJI 

npannnbHoro orrncaHHII ceqeuun: pxn~ n ~xn-pea~itnn:~ : · . ' · _ _ · · __ · ' · 

H3 3KcrrepuMeinanh~hlx .n;auHI.ix, npnne.iieHii:ux a· i-q.6.ITuuax ·1 ~3 a ~~~~a3aimax ua 
, • '<. •• • • • .. • ' • • ·.- ' • -. ; ' ' ' • ' : t. ,· .. • ~ . • . - .. -

pncyane, CJICJlYCT, 'ITO xapaRTepaott oco6eHHOCTbiO HCCJIC)lOBaHHbiX peaiUlHfi IIBJIJICTCJI' 

)lOMHH.HpOBaHHC B HCllap.HTCJII>HOM KaHaJie HJUJIH)lOB, o6pa1ytOIUHXCJI .~ dxn-peam::uuix. 

,L{<lJKe IIpll OTHOCHTCJlbHO HefiOJibUJHX 3HeprruiX Bo~6ym)leHHH RO~IIayH)l·ll)lep . . 

(~35 M3B) C~'ICHHII axri-pea~nnti npeBOCXOlliiT ce'ICHHH xn~peaiW:na Ha nopll)lORBe

JIH'I.I:!Hbl. C pocToM IiettTpoauoro .lle!f>nnuTa ~~~ep~rrpo.z&RT~B pa3Jl.I:!'IH11 B BeJin'IHHax 

CC'ICHHtt yBeJIH'IHBaiOTCII 3a C'IeT 6LrCTporo yMeHbinCHHH ce~ei:iaa Xn~p~aiUlntt ll)lOCTH

raiOT .ilnyx nopsi.iJ;KOB BCJIH'IHiibl. Ilo3TOMY MO}!{HO IIJJCJliiOJiaraTh>iro B HCCJICJlYCMbiX 

peaRiiHIIX BeJIH'IHHbl ceqeuntt llJlH pa3Jm'IHhlX MOll ncnapn.feJrr.~oro KaHana 6yJlYT orrpe-
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2) 6e3 yqeTa o6oJioqeqHol!: nonpaBRH B .n:eJIHTeJibHOM RaHaJie (Bjhell = 0 u cTan

.n:apTHOM cnoco6e yqeTa o6oJioqeqnol!: nonpaBRH B _nJioTHOCTH ypoBuel!:.; (unpHxnyu

RTHpHaH JIHHHJI) j 

3) npH cTaH.n:apTHOM cnoco6e yqeTa o6oJioqeqHbiX nonpaBoR B .n:emneJibHOM If HC

rrapHTeJibHOM RaHaJiaX; OITHCaHHOM Bblllle (ciTJIOIIIHa.JI RpHBa.JI) •.. 

101 • fi 

100'' r 
.J 

1Q-1 r I if\ 
N 1Q-2 
« I I~ ~ " . ~ PHc.3. 8RcnepllMCHTaJib-
......... ,~, f ~I Hble n pacqeTHble 3HaqeHnJI 
t:) I 

~ I JJ.JIJI npnBe.n:eHHbiX ceqeHnll. 
1Q-4 I I o6pa30BaHllJI ll30TOITOB npo-

I 

I I TaRTllHllJI · C qHCJIOM Hell.Tpo-
1 o-s 1,- ~I 

I noR 6JIH3RllM R N= 126 rrpu 
I 

I 
Tpex pa3JillqHbiX cnoco6ax 

1(}6 "' yt~eTa o6oJiotietiHbiX .. 3cpcpeK-

I TOB B CTan.n:apTHOll CTaTH-

io-7 b- I cTntiecRofi Mo.n:eJiu 

,1()-8 I' f 
I 

120 124 128 132 136 . 

N 

Pact~eTbl c.n:eJiaHbl c .ncnoJib30BaHHeM nporpaMMbl. ALICE-MP .. Bo Bcex pacqeTax 

ncrroJib30BaJiocJ>. cjlnHcnpoBaHnoe 3HatieHne no.n:ronoq11oro J{03cpcpnuneH:ra C rrpu Hm

JJ:RORaiieJibHOM 6apbepe .n:eJieHnJi paBHoe 0. 73., rroJiytieHHoe ll3 ycJIOBUJI npaBUJibHQro 

OITHCaHHJI 3RCI1epHMeHTaJibllbiX .n:aHHbiX · 0, CetieHllJIX o6pa30BaHHJI JIJJ:ep-rrpo.n:yKTOB C 

N2;:130, T.e; • JI.n:ep; JJ:JIJI KOTOpbiX peaJibHble .o6oJiotietiHble rronpaBKH 6JIH3HU R nymo. 

·, HarroMHHM TaiOI{e, tiTO ao acex Halllux pactieTax Mbl ncrroJib3yeM 3RcrrepnMenTaJibiibie 

3HatieHHJI · .n:JIJI 'Mace HYRJIH.ll:OB n, cJie.n:oBaTeJibHo,• o6oJiotietiHble · 3cpcpeRTbl B 3HeprHJIX' 

CBJI3U llCIIapJieMbiX tiaCTllU JtiHTb!BaiOTCJI aBTOMaTUtieCHH BO BCeX Tpex BapUaiiTaX pac- . 

'leTa.' I1cXO)UI~U3·TOfO, 'ITO cymecTBOBaHne•CHJibllbiX o6oJiotieqHbiX 3tPcpeRTOB B ITJIOT

HOCTll JpOBHel!:. J MafU'leCRUX · JIJJ:ep JCTaHOBJieHO. 3RCIIepnMeHTaJibHO ll 'ITO 01111, RaJ{ 

:=::::.:".!Q.:~I>!!IO"H()Ka3aHO 'B ·pa60Te·[18];-.n:oCTaTO,'II!O ·xopOIIIO ·OITII~b!Ba!OTCJI tPOPMYJI_Ol!:' 3;1 I' 

MOJKHO CtiUTaTII, qto• Ha6iJIOJJ:aeMOe Ha pllCJHRe paCXOJKJJ:eHllC pe3JJibTaTOB BTOporo Ba

pHaHT<i pac~eTa H 3licnepnMeHTaJibHbiX .n:aHHbiX OTpaJKaeT CTa6UJill3UpJIOIUee BJIUJIHlle 

o6oJiotietiHbiX 3cp<l>eRTOB B .n:eJinTeJibHOM RaHaJie. KaR Bl!JJ:HO ll3 pncyHHa ( IIITpnxnyH" 
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! . 
HTnpHaH JIHHnn),' olio .n:ocTaTot~Ho BemiRo ..:: paciierHb!e' il: 3RdiepRMeHTaJibHLre' ae-

'JintinHbl cetieHHl!:• o6pa3oBaH:IIJI H30TOITOB · npoTiRTHHHir"'c 1N'5127 OTJlH'laiDTCJI ·Ha' I!Jaa

Top· OT. 10 .n:o 1000 pa3:. lloJiytieHHI.rl!:. H3 npoae.n:emioro cpaBHe.Iiii.n p'e:Jy.nbTaT MOJKHO 

paccMilTpHBaTb·RaH'ROJIHqecTBeHHYIO. OIJ,eHKY JieJIH'lHHbl CTa6HJIH:iJipyroJIJ,ero' Jin~H~ 
o6oJIOtietiHbiX i3cpcpeRTOB: Ha .n:eJIHTeJrbHJIO MO,izy pacmi.n:a H30Tori:OB npoTaRTHHHH B pe
aRUHHX "ropJitiero"· C:1Ii!:JIHHH. . .·· ·' :·· •· . . ~-

yiJr pucyHRa cJie.n:yeT, t~To noJIHQe HCRJIIO'IeHHe 'o6oixo-qe-qlli.J:x' 3<P<Pei<ToB' Ii ':riioT~ 
HOCTH ypoBHel!: H 6apLepe )J,eJieHHJI (rryHRTHpH<Ui Ji:lniiuif npHBOiiHT B 'cJiytiae H3bl'c;.. 

noa·npoTaRTnHHH R y.n:oBJieTBopn±em>Ii:oMy'cor.iracH!O paC'IeTHb!X B: 3RcrrepH:M~ihmiiM:~ 
3HaqeHnl!: ceqeHntt: Mb! ITOC'IllTarin: Iieo6xo.z:u{Mb1M ni:mBeCTH 3ToT BapHaHT pac.Jel-~. 
TaR RaR'oit·.n:ocTaTO'IHO '!aCTO HCIT01IblJeTCH B. JIHTepai-ype. O.n:mi.'xo, :KaR 6i.tJI<) noiub'ano 

B pa6oTax I [1, 22}, npu llCITOJib30BaHHH TaROfO rio.n:xo.n:a JJ:JIJI onnca:HiJI BCero MaCCRBa 

Ce'IeHllH B ·o6miCTH H.n:ep ol'Bi •.rio U" 3Ha'-IeilllH R03cpcpHrUieHTa' C rrpaxoAaT2Si: ciiat!ciJi:~ 
yBeJIU'IllBaTb OT 0;65 lJ.O' liOO H iaTeld CHOBa yM:eiiLiliaTb .n:o 0,7. Ho~T6My' Mbr cqaTae~, 
"'TO ·o6ocHbBaHii:OCTb''ero' il:crioJIL30BaliiDI He no.n:iBep>K,naeTcH 3I<cne_iiaMeHT<lM. ; ' " 

c .n:pyrofi ctopoHbi;' H3 ·pncytma .BllJUI!:i; 'ITO H cilm.n:apTHbltfctioco6 y'IeTa o6oJI~
tietiHb!X 3tPcpeRTOB B .n:eJinTeJibHOM H HCIIapHTCnbHOM Rli.HaJrax··;'acriOJib~JeMhlfi Jil C'fa
THCTH~E:CROH ,r.m.n:e_Jill, He -ITpHBO,lJ.llT R XOpOIIIHM pe3JJibTaTaM. · ·.B 3TOM• C1IJ'Iae CTerreHb 

cTa6.H.JibHOCT.H.' B<p~yJKJJ,eHHb!X .• H~E;P . c oJjoJioqe-qaol!: CTPYI<Typofi ·OTHOCHTeJibHo '.n:eJIH

TeJibHOl!:. ~OJJ:b! .Pl!-Gila,ll,q; HBHO. rrepeoiJ,eHHBiieTCH, .'ITO ·u: •ITPHBOJJ:llT R' 3aBb!illeHHb!M Ha 

<PaRTop 10..::20 3HatieHnHM pac'!eTHb!X cetieHnfi JJ:JIJI HlJ.ep npOTaRTHHHJI c N$127: Ho-

3ToMy, nplf HCUOJib30BaHllll 11 pac'IeTaX TOJibRO OJJ:HOro BapbHpyeMOfO napaMeTpll. -

Ro3¢tPHIJ,neHTa C·- JJ:JIJI corJiacoBaHnJI_ pe3yJibTaToB pac'!eTa c 3RcnepH:r..J;eH'faJ1bHJ>IMH 

.n:anllb!MH npnxo.n:nTcH cRat~Roo6pa3Ho yMeHbniaTb R03cp<l>niJ,neaT C ;~·.:...15::..20% ~pn 
rrepexo71.e R o6oJIO'_lt;tiHb!M H.n:paM-npo,ey"I<TaM. , .• . . ,;: .. " ..... , . ·, . . 

. 
1 I1, HltROHen, pacCMOTpnM, 'ITO 'MoJKeT .ziaTb B iiallleM. cJiyqae her :s<I><PeKT~ \{o.p:neR

THBHOro ycnJieHHH B IIJIOTHOCTH ypoBHefi, 'Ha ROTOpb!fi lJ.OCTaTO'IHO ·~aCTO cci.i:na!OTCJI 

B C'l'aTbHX, RaR Ha HaH6oJiee tPH3Htiecrui o60CI;IOBaH!IJIO rrplltiHHJ paCXOJKJJ:eHH.II 3RCrre-
.. . '' . i . ; . • . \- . ' ' :~.:- . t ' • ~ ' . ,. . ~·. ' • . • ' ' ' 

pHMeHTaJibHhrX pe3JJibTaTOB ll paC'ICTa ITO CTaa.n:apTHOfi CTaTHCTH'leCR~fi MOJJ:eJIU. 

Eme B pa6oTax Bopa n MoTTeJibCOHa6b!JIO noRaJaao, 'ITO rrJIOTHOCTb ypoBHel!: .n:on

JKHa BRJIIO'laTb ROJiJieRTHBHb!e ll BnyTpeaa:u:e Boa6ylliJJ:eiJnir, 'T.e:' p(Er=::K~~~j : Pin;r(E). 

.LJ:M .n:e<PopMIIpOBaHHbiX Hll.ep ROJIJIE:RTIIBHOe ycu:JieHJie CBH3aHO C HaJIH'IHeM. pOTaiJ,H

OHii'~ro yCHntmnH, a B ciiyt!ae' ccPepH'I~c-~ix''H,iJ,ep - Ji~6p~u~oiiiioro • .L(JIJI npose.zieH~H 
ROilRpeTHb!X pac'!eTOB CE:'ICHHl!: o6pa30BaHllJI ncmipnTeJibllb!X rrpOJJ:YRTOB Brr~pBb!~ 3Ta 

lllJ.(!H. 6b1Jia HCUOJib30BaHa B ·. p_a6oTe ~ (33}, a- :aan6onee 'IIOJIHO · 3TOT · BOIIpoc, paCCMOTpeH 

HelJ.~BHO B .pa6oTe (26] npn nccne.n:oBaHHH BbiXOlJ.a T.iiJKeJib!X 'H.n:ep c N~l26 :a •peaR

IJ,llH "2
38U(950 A M3B) + Cu. 0I<a3aJiocb, qTo B]lelJ.eHHe Ri>JIJieRTHBHoro ycHJieRII'~ 

rrpo6neMa 6oJiee CJimimciH, ·'!eM Moffillo. 6id:Jio OJKHlJ.aTb, TaR 'I<aR sip <PeRT R~)JI.iJ:eKTHBHoro 
JCllJieHU:H UJIOTHOCTH ypOBHefi Jl:01IJKeH UJiaBHO HC'Ie3aTb C JBeJIH'IeHll~~ 3tt~prHR · B03-

6y}l(,!l,eHHH; .'ITO, UOTpepoBaJIO .~BelJ.eHH.II, cpepMHeJ!CROfi, tPYHRil,HH:C :JJ,BJMH:rrapaMeTpaMir 

Eap 'ii: dap· 'KpoMe 3TOro B ciryqa~-p~TauB:ria'a~ro''ycHJieHHJI ~JIOTHOCTH ypoBHefi He

. o6XOJJ:HMO BBO.ll:lfTb napaMeTpb! RBa.n:pJIIOJibHOfi .n:ecpopMail,HH JJ:JIJI OCHOBHOfO COCTOJIHHJI 

({32 ~0.2+0.3, A~220+230) H .n:JIJI ce1i(JI0Bofi TO'IRH {{32 ~1.0); B cnyqae y'IeTa· BH- · 
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6pai{HOHHOfO ycHneHHH IIpHllinOCb .n;o6aBQ'lHO BBO.n;HTb eme TpH, IIapaMeTpa;; JlBa H3 
KcYrOpbi~ -~BH~aHM C ;<fJ<fJeK~H~H~it .ne<!JopMai{Heit ,JIJlpa. B BH6pal:lHOHHbiX COCTOJIHHJIX 
uo.n;HH- p:pocm H()PMHpoaoTJabltt,no34J<fJ~n;HeHT.: B, TaiwM IIOJlXOJle aBTopaM pa6or.LJ 
[26} y.n;anocb Y~Y'IlliliTb corna'cHe pe3ynLTaTOB. pay'l~a 'c :mcnepHMeHTanbHbiMH .n;aH
HLIMH~ Mi.I 'npoa~nu aaanorHTJHble pac'leTbl '.ztna aamux peaKI:lHit H ycTauoimnH. 'ITo 
a plwKax'~ami:o~o iio.nXo.n;~ MoJKao' rroiiyTJHT~ orrucaaue :mcrrepHMearanLHbiX .n;anHbiX 
C 6nH3KHM K IIOCTOJIHHOMJ 3Ha'leHHeM K03<fJ<fJHJ:lHeHTa C, C'IHTaH, 'IT~ C. yMeHbllieHHeM 
·N. RBaJlpynon~n~ .n;e<!Jop~aJ:lHH .cocTaBHbiX HJlep yMeHLlliaeTCH, a ,11.n;pa. ~. N $127 na
Jui}()TCJI c;pepuq~cKHMn. Hpo.n;enaa ace 3TH pacTJeTbl Mbl, -~ coJKaneuHw, rrpumnH R 

,BbiBO,I(J; tlTO IIpH cymecTBJIOlllHX H~ c~ro,zur'nmHHit )leHb BOIIpocax o 'IHcneHIIbiX 3Ha'Je
HHJIX BenH~HH ,l(nJI OCHOBHbiX napai.teTpOB MO,l(enH, KOTOpble H~o6XOJlHMO HCIIOnb30BaTb 
UpH a~anHaeKOHKpeTHbiX 3KcnepHM~~TanbHbiX <fJYHKJ:lHit B036ylK.l(eHHJI (3HaqeHHJI lKH
,l(KOK~IIe~bH~X 6a'p~epoa ~ene~un' « o6~no~eqaLix -nonpa.BoK .l(nH Ko~KpeTuLix n.n;ep ), 
'aae~eHH~ KoJineKTHBIIOro ycuneHHJI_ ypoa~ett. Tpe6yeT HCIIOnb30BaHHJI cnHlliKOM . 6onb~ 
~oro .Ju'c~a .n:ono~:H~i-~.:d~IiLI~ .~apa~eTp~a · u ~o3ToMy ae MoJKeT noKa noMo'ib a oTlleTe 
Ha BOUpOC ~.rpaHiUlax 'npH~eHHMOCTH CTaTHCrHtieCKOii MO,l(eJIU K OTIHCaHHJ() IIJ}OJ:lecca 
.n:eao36y~eu~- THmenblx Ko¥rrayHJl-H.n;ep. · · · ' 

· B 3aKJIIO'leHHe,aBTOpLI C'lHTaiOT CBOHM npHJITHbiM .n;onroM no6naro.n;apHTb rrpo<!Jec
copa IO;l.{.OrauecHHa 3a.nocronHHblit HHTepec H noMepJKKY uacronmett pa6orbl.' 
·. , .Pa6ol'a aLinonueua npH TJaCTH'lHoil: <!Juuaiicoaoil: noMeplliKe pq,q,J1/ rjiaiiT W9f~ 
02~ 17209. ., 
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Eor.llaHOB .n; . .n;. u .llp; 
Ce'leHllil o6pa:30BaHllil HJOTODOB Pa, Th " Ac ' . 

npH pacna,ue BbiCOKOB036~eHHbiX KOM~a)'H.ll-~~p 721:2 

o6pa3YJOIUHXC51 B peaKUlliiX C HOHaMH 20•22.Ne H 24•26Mg 

B peaKUlliiX 20,22Ne + 205Tl ." 24,Z6M~ + I,97Au HJ 
BaHIDI If. ¢yHKUHH B036y)f(JleHllil .ll1151 HeHTPOHOile¢HUHTH 
C 'IHCJiaMH HeHTpOHOB B .[lHan'a.JoHe OT 122 .[lO 132.1)p0Bf 
HbiX Ce'leHHH C peJynoTaTaMH pac'leTOB DO CTaTHCTH'IeCKI 
KOMDa)'H.ll-inpa. flOKaJaHO, 'ITO HH O.[lHH ·~3 WHpri~h"ul 
)"'eTa BnlliiHllil o6ono'le'IHbiX 3<fl¢eKTOB Ha BenH'IHHbl ce 
pHTenbHbiX npO.llYKTOB He D03BOn51eT HenpOTHBOpe'IHBO 
nepuMeHTanbHhiX .[laHHhiX. PaccMoTpeHLI non)'3MnHp1! 
o6ono'le'IHhiX s¢¢eKTOB, noJBOn5110IUHe onucaTb non)"'e 

Pa6oTa BbiDOnHeHa B na6opaTOpHH ~epHbiX peaKUHI 

npenpHHT Ofu.eJIHHeHHOfO HHCTHT)'I'a ll.llepHLIX HCCJlellOI 

flepeBO.ll aBTOpOB 

Bogdanov D.D. et al. 
Formation Cross Section of the Pa , Th and Ac Isotopes 

from Decay of the 221 ·223•225•227Pa Compound Nuclei Pl 

in the Reactions with the H~avy Ions 20·22Ne and 24•2~ 

• The production cross sections and excitation functio 

isotopes of Pa, Th ~and Ac were measured in the re: 

and 24·26Mg + 197 Au. The obtained experimental .p1 
of the Pa, Th and Ac ·isotopes with the neutron nurr 
compared with the values calculated using the statisti 
excitation. The semiempirical methods of accounting fm 
effects in the fission barriers of excited nuclei are cons: 
the cross sections for xn-, pxn- and run-evaporation re~c 

The investigation has been performed at the Flen 
Reactions, JINR. ' · 
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