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KparKue coot1114tHUJ1 OHJIH N'4[ 24] -8 7 
YAK 639.123.8 

JINR Rapid Communictltlonr No.4[ 24] -87 

YHHBEPCAJibHOCTh CBO:ACTB tJETbiPEXMEPHhiX 
BAPHOHHbiX KJIACTEPOB B A.nPOH-.R,llEPHbiX 
11 .R,llPO-.R,nEPHbiX B3AHMO,llE:ACTBH.RX 
B 11HTEPBAJIE 3HEPrH:A 4 + 40 r3B 

.n.ApMyTJIHncKn, A.M.Ban.nnH, B.r .rpnwnH, 
JI.A.,lluneHKo, A.A.Ky3H~oo, 3.B.MeTpeoenn* 

B HOBOM peJI.IITHBHCTCKH-HHB3pHaHTHOM UOAXOAC Hl)"WWTCJI CBOH· 
CTBa 6apHOHHhiX KJ13CTCpoB B pa3nH'IHhiX aApoH-QCpHhiX ii Q po-Qep
HhiX BlaHMOACHCTBH.IIX: pC, dC, CC, pTa, dTa, rr-C B UDipoKOM 
HHTepBane 3Hepl'Hii. AHanH3HpyiOTC.II pacnpeAeneHH.II KJiacrepoB H or
ACJihHhiX npoTOHOB B KJiaCTepax no K!J3Ap8TaM 4-MCpHbiX OT· 
HOCHTCJlhHhiX CKOpocTeii: bik •- (u1 -Uk )2. IlOK!q&HO, 'ITO B peJIJI
THBHCTCKHX JIACpHhiX B38HMOACHCTBHJIX CYIL'CCTByer ABC XlpaKTCp
HhiC o6nacTH: oAJ~a coomercmyer C1I}"WW KJiaCCJl11ecKoii QepHoii 
<I>H3HKH, bik - 10-2, BTOpa.ll - nepeXOAJfa.ll, rAe KB3pK·fJIIOOHHhle 
creneHH CB06oll.Jol Ha11HH8JOT Hrpan CYIL'eCTBeHHyiO pom., b 1k -10-1. 
B pa6ore noKa:J&Ho, 'ITO CBoiicma 4-MepHhlx 6apHoHHI>IX KJiaCTepoB 
B o6eHX o6naCTJIX He 31BHCJIT HH OT THna CTaJIKHB810lUCfOCR C 'QpoM 
o61.eKra, HH or ero 3HeprHH. 

Pa6on BhmonHeHa B Jla6opatopHH BhiOOJC:HX 3HeprHii OH.RH. 

Universality of 4-Dimensional Baryonic Clt¢er Properties 
in Hadron-Nuclear and Nucleus-Nuclear Interactions 
within the 4 + 40 GeV /c Energy Range 

D.Armutlijski et al. 

The properties of baryonic clusters in various hadron-n clear and 
nucleus-nuclear interactions: pC, dC, CC, pTa, dTa. rr-C, in a wide 
energy range of 4 + 40 GeV/c per nucleon are studied in a new relati
vistically-invariant approach. Distributions of clusters and individual 
protons in clusters are analysed over relative 4-velocities squared bik· 
It is shown that in relativistic nuclear interactions two characteristic' 
regions exist : one of them corresponds to the case of classical nuclear 
physics b1k -to-2, the second is intermediate where quark-gluon deg
rees of freedom begin to play an essential role b ik -to-1. It is also 
shown that the properties of 4-dimensional baryonic clusters in both 
regions do not depend neither on a type of a projectile nor its energy 
within the4 +lOGeV/crange . 

The investigation has been performed at the Laboratory of High 
Energies, JINR. 

* HHcruryr ¢U3uKu ewooKux 3Hepzuu TrY 
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B p eayn&TaTe CTOJIKHOBeHHif pen.RTHBHCTCKHX ~ep o6pa3yeTc.fl 

MHOrO 118~, H KapTHHa HOCHT OtleHb CJIO:>KHhiH XapaKTep. MHO)I(eCT

BeHHOe po~eHHe tlaCTHI.l OCJIO:>KHeHO CnellH!l>HtlecKHMH .fiAepHbiMH 

npottecCaMH, H OnHCaHHe HX B nOAaBJI.fiiOI.QeM 60JibWHHCTBe pa60T 

OCHOBilHO Ha HHKJII03HBHOM nOAXOAe. B 3TOH CB.fi3H AaJieKO He BCer

AR YAaeTC.fl pa3AeJIHn. pa3JIHtlHbie MexaHH3Mbi, onpeAeJIHTh, B KaKHx 

o6JiaCT.fiX npeo6JiaAaJOT aApoHHble CTeneHH CB060Abl, a B KaKHX -

KBapKOB&Ie. Han6on&wHe TPYAHOCTH Bbi3biBaeT HHTepnpeTanH.fl 

nponeccos o6pa30BaHH.fl KYMYJI.fiTHBHbiX 6apnoHos, s nepsy10 ot~e
peA& KyM yiJ.fiTHBHbiX npoTOHOB, no HHKJII03HBHOMY po~eHHIO KOTO

pbiX noJiy tleHbl MHOrotlHCJieHHble AllHHbie. C OAHOH CTOpoHbi, y)l(e 

B nepdbiX pa6oTax'/l, 2•1 no peJI.fiTHBHCTCKOH ~epHOH !l>H3HKe OTMe

tlaJIOCb, tlTO B ~pax Cyi.QeCTBYJOT ABR xapaKTepHbiX MRCWTa6a KHHe

MRTHtlecKHX nepeMeHHbiX: OAHH COOTBeTCTByeT HYKJIOHHbiM CTeneH.fiM 

cso6oA&I, a Apyroif- KBapKOBbiM. CornacHo 3TOMY noAXOAY KYMYJI.fi

THBH&te Hy KJIOHbl H KYMYJI.fiTHBHbie nHOHbl OTHOC.fiTC.fl K pa3HbiM .fiB

JieHH.fiM. C ApyrOH CTOpoHbi, HHKJII03HBHble cneKTpbl npoTOHOB H DH

OHOB HMeiOT llHaJIOrHtiHbie tlepTbl, tlTO 3RCTaBJI.fleT MHOrHX aBTOpoB 

OTHOCHTI> HX K OAHOMY THDY, CTpoHTb MOAeJIH KYMYJI.fiTHBHoro 34>ll>eK

Ta H AeJIRTh AaJieKo HAYI.QHe BbiBOAbi. CneAyeT, OAHaKo, OTMeTHTh, 

tlTO HenOJIHOTa HHKJII03HBHOrO nOAXOAR H ycpeAHeHHOCTb pacnpeAe

JieHHH ( COOTBeTCTBYJOI.QHX cneKTpoB) BeAeT K HeHaAe:>KHOCTH TaKHX 

s&mOAOB . Bon& woe tlHCJIO HCXOAH&Ix t~aCTo B3aHMOAeifcTBYJOI.QHX 

rHnoTe3 AReT 6JIH3KHe peaymTan.I H no3BOJI.fleT o6'b.fiCHHTh Ha6Ji10Aae

M&te HHKJII03HBHbie cneKTpbi. 

B .HaCTO.fii.QeH pa6oTe npHMeH.fleTC.fl MeTOA, KOTOpbiH B OTJIHtlHe 

OT HHKJII03HBHOrO nOAXOAa AaeT B03MO:>KHOCTb HCnOJib30BaTb BCIO 

AOCTYnHYIO 3KcnepHMeHTy HH!l>opMattHJO, B oco6eHHOCTH HH!l>opMa

I.tHJO, nonyt~eHHYJO Ha TpeKOBbiX npH6opax. MeTOA no3BOJI.fleT npose

CTH tleTKYIO KJIRCCH!l>HKattHJO ~epHbiX B3aHMOAeHCTBHH H ynop.RAO

tlHTb CJIO)I(Hbte KapTHHbl peJI.fiTHBHCTCKHX .RAepHbiX B3aHMOAeHCTBHH. 

B tl8CTHOCTH, KaK 6yAeT nOKa31lHO HH)I(e, B o6pa30BilHHH npoTOHOB 

npH peJI.fiTHBHCTCKHX .fiAepHbiX B3aHMOAeHCTBH.fiX 60JibWYIO pOJib 

HrpaiOT . 6apHOHH&Ie KJiacTep&I, aHanorHtlii&Ie KBapKOBbiM CTPY.fiM. 

Csoifc1'sa 6apHOHHbiX KJiaCTepos 6JIH3KH K csoifcTBaM KBapKOBbiX 

CTpyif, HO p acnOJIO)I(eHbi KJI&CTepbl COBCeM B Apyrpif o6JiaCTH KHHeMa

THtlecKHX n epeMeHHbiX no CpaBHeHHIO C DHOHHbiMH tleTblpeXMepHbiMH 

CTJ>¥.fiMH - KJiaCTepaMH. H3yqeHHe CBOHCTB 6apHOHHbiX KJiaCTepos 

H conoCTasJieHHe HX CBOHCTB c H3ytleHH&IMH paHee qen,xpexMepmiMH 

CTpy.fiMH I 7 + 9./ H .fiBJI.fleTC.fl I.teJibiO H&CTO.fii.QeH paOOTbi. 

KJiaccH!l>HKattHJO .fiA8pHI>IX 83aHMOAeHCTBHH B pa6oTax ·/3, 4:/ 

npeAJiaraeTC.fl npoBOAHTI> no napaMeTpaM bu, - KsRApaTaM paccToR

. HHH M~ T011KaMH 1 H k 8 ripocrpaHCTBe qeTbipexMepHbiX OTHOCH

TeJibHbiX CK OpoCTd: 

I 
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(1) 

3.n;ech u i = Pi /m i; Pi , Pk - 4-HMnynLChi qacTHll, m i, m k - HX Macca. 

,llnR peaKI.lHH 

1 '+ 11-+ 1 + 2+3+ •.• (2) 

Im.n;eKChi i H k MoryT npHHHMaTh 3Hat~eHHR i , k = 1,11, 1 ,2 ••• BenH

tlHHhi bik xapaKTepH3YJOT CHJIY B3aHMO.n;e8cmHR tlaCTHll i H k H, 

CJie.D;OBaTeJihHO, onpe.n;eJIRJOT ypoaeHb (HyKJIOHHbiH HJIH KB pKOBhiH), 

Ha KOTOpOM CJie.n;yeT paCCMaTpHBaTh CTpyKTypy B3aHMO.D;eHCmyJO~HX 

06'beKTOB i H k . 
KpHTepHH, no KOTOphiM npe.n;naraeTcR npoao.n;HTh KJiaccH!I>HKa

llHJO R.n;epHbiX B3aHMO.D;eHCmHH, COCTORT B CJie.n;yro~eM: 

1) 06JiaCTh b i k -1 o- 2 COOTBeTCTByeT B3aHMO.D;eHCm HJO R.D;ep 

KaK CJia60CBR3aHHbiX CHCTeM, COCTOR~X H3 HYKJIOHOB. 3 TO o6naCTh, 

r.n;e cnpaBe.n;JIHBa npOTOH-HeHTpOHHaR MO.D;eJih R.D;pa; 

2) o6nacTL 0,1 < bik < 1 RBJIReTCR npoMe)l(yTo'IHOH . B :noii 

06JiaCTH KBapKOBbie CTeneHH CB060.D;bl HrpaJOT cyiJ..tecTBeHHYJO pOJih 

B nepecTpOHKe a.n;pOHHhiX CHCTeM; 

3) B 06JiaCTH b ik » 1 a.n;pOHbl yTpatlHBaJOT 3HatleHHe KBa3H· 

tlaCTHll R.D;epHOH MaTepHH H B3aHMO.D;eHCTBHe npOHCXO.D;HT Ha KBapK

rJIJOOHHOM ypOBHe. 06JiaCTRM 1 H 3 , KaK CJie.n;yeT H3 pa6 oTd 3 + 6 !/ , 

.D;OmKHbl COOTBeTCTBOBaTh .D;Be npoMe)l(yTOtlHbJe aCHMmOTHKH121 ~B pa-

6oTax 17 + 8 ·/ HaMH 6biJIO nOKa3aHO, 'ITO B o6pa30BaHHH KBapKOBhiX 

cTpyii .n;eiicmHTeJihHO Ha6JIJO.n;aeTCR Bhixo.n; Ha acHMnTOTHtlecKHH pe

)I(HM . B UpOCTpaHCme tleTbipexMepHbiX OTHOCHTeJihHbiX CKOpOCTeH 

npH < bJ
1 

J
2 

> ~ 10, r.n;e bJ
1

J
2 

- paCCTORHHe Me)I(.D;y CTpyRMH. 

HH)I(e npHBO.D;HTCR aHaJIH3 caoHCTB 6apHOHHhiX KJiacTepoa , o6pa-

3YJO~xcR B a.n;pOH·R.D;epHbiX H R.D;pO-R.D;epHbiX CTOJIKHOBeHHRX B HH· 

Tepaane 7 S ~II _::; 570, THnhi B3aHMO.D;eHCmHH, 3HeprHR H CTaTHCTHKa 

npHBe.n;eHhi a Ta6n. 1. ,lJ;aHHhie nonyt~eHhi c noMO~hJO 2 -MeTpoaoii 

nponaHOBOH ny3blphKOBOH KaMephl, o6JiytleHHOH B nyt~Ke npOTOHOB 

H R.D;ep Ha CHHXpO!I>a30TpOHe JIB3 0J1fiJ1 H B nyt~Ke nHOHOB Ha ycKO· 

pHTeJie J1<l>B3 (llpOTBHHO). 3HatleHHR m1 H mu (eM. !l>opM yny (1)) 
.n;JIR cnyqaea npoTOHHoro H R.n;epHoro o6nyt~eHHH npHHHMaJIHCh paBHhi

MH m1 = mil = mN = 938 M3B; .n;nR "- C -B3aHMo.n;e8cmm~ m'1 = m 17 -

Macce nHoHa; P1 - tleThipexHMnynLc HaneTaro~ero o6'heK Ta, npHxo

.n;R~HCR Ha O.D;HH HyKJIOH (.n;JIR R.n;ep) • 

,lJ;JIR nonyt~eHHR B3aHMO.n;eiicmHH npoTOHOB H R.D;ep C R.n;paMH 

'fa B nponaHOBOH KaMepe yCTaHaBJIHBaJIHCb TaHTaJIOBbie n JiaCTHHKH. 

MeTo.n;HtleCKHe oco6eHHOCTH 3KcnepHMeHTOB onHCaHhi a pa6oTax1 1°+ 12/ . 

3.n;ecL Heo6xo.n;HMO OTMeTHTh cne.n;yro~ee. HH)I(HRR rpaHHI.la, Ha'IH

HaR C KOTOpOH B nponaHOBOH KaMepe perHCTpHpyJOTCR npOTOHbl: 
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Ta6nul.I(J 1 

THII B38HMQ- HMnym.c ny'IKO· CTaTH· 

AeHCTBHH BbiX 'IBCTHU, bill CTHKB 

r:1B/c 

p(Ca Hs) 4,2 7,16 4693 
pTa 4,2 7,16 849 
d(C3 Hs) 4,2·A 7,16 8263 
dTa - 4,2·A 7,16 1507 
C(C3 H8 ) 4,2·A 7,16 7060 
p(Ca Hs) 10 19,4 2706 
pTa 10 19,4 1589 
"-c 40 570 8791 

Pnao= 150 M3B/c. no npo6ery H HOHH38W!H npoTOHbl MO)f(HO OTnH· 

'llfTh OT ,. + ·Me30HOB .no 3Ha'leHHH HMnynhCOB Pna6 = 800 M3B/c. 

lloJIO)f(HTeJibHbie o.nuo3apR,nHbie 'laCTHUJ>I c Pnao > 800 M3B/c B npo

TOHHOM H R,nepHOM o6ny'leHHRX C'IHTaJJHCb npOTOHaMH, a B ,.-C-B3aH· 

Mo.neAcmuax "+ ·Me30HaMH. MaKCHManbHaa npuMecb "+ ·Me:JOHOB 

Cpe,nH nOJIO>KHTeJibHbiX 'laCTHQ B . npOTOHHOM H R,nepHOM o6nyqeHHRX 

COCT&BJIReT - 13%. )leHTpoHbl (d) H TpHTOHbl ( t) OTJIH'IaJIHCb no 

HOHH38W!H OT npoTOHOB B HHTepaane HMnyJibCOB 1 < P, 8 o < 2 r3B/c. 

B OCTaJibHhiX cnyqaax 3TH qacTHUJ>I C'IHTaJIHCb TaK*e npoToHaMH. 

llpHMecb ,nempoHOB H TpHTOHOB cpe,nu MeAJieHHbiX npoTOHOB C pnao< 
< 800 M3B/ c no p11311H'IHhiM oQeHKaM 10 7 15% I 18 + 15/ • llpuMecb 

d H t cpe.nu cTpHmHHroBhiX <t>parMeHTOB B CC-B3aHMo,neAcmuax 

COCT&BMa - 30 7 40%. Bonee no,npo6HO MeTOAH'IecKHe BOnpoCbl, 

CBR38HHbie C o6pa6oTKOit B3aHMO,neitCTBHH npoTOHOB H a,nep C npo· 

nauoM, onHC8Hbi B pa6oux 1 11, 12/, a c TaHTaJIOM - B 1 101 . Heo6xo

AHMO TOJibK O OTMeTHTb 3Aecb, 'ITO npH 8HaJIH3e B3aHMO,neHCTBHH C 

TaHTaJIOM BBO,nHJIHCb nonpaBKH Ha noTepH npoTOHOB no ll3HMYTaJib· 

HOMY yrny ~ H nonRpHOMy 0 , a TaK*e nonpaBKH Ha BeJIHIIHHY HM· 

nymca, B03HHKaJO~He H3·3a HOHH38WfOHHbiX noTepb B TaHTaJIOBOH 

nnacTHHKe. 

)lnR H3y'leHHR o6nacTH 1 , r,ne Mbl HMeeM AeJIO C K118CCH'IecKOH 

R,nepHOH <l>H3HKOA, OT6Hpa11HCb HenpoB3aHMOAeitCTBOB8BWHe ( cneKTa· 

TOpHhle) npOTOHbl KaK OT R,npa-MHWeHH, TltK H OT HaJieTIUOIQero R,npa, 

.nna cnyqaa y rnepo.nuoro o6ny'leHHR. 

K cneKTaTOpHbiM npoTOHaM OT R,npa•MHWeHH OTHOCHJIHCb npo

TOHbl C HMnyJibCOM 150 ~ PnaO ~ 300 M3B/c HJJH BeJIH'IHHOH b11 i B 

HHTepaane 0 ,025 s. b11 1 s. 0,1, r.ne 

~' pi 2 E 1 
bill = - ( ~ - - ) = 2- - 2; ( 3) 

mu ml ml 
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Ta6nu1.10 2 
CpeoHue 3HCJ'4eHUJl < b k > OJ1Jl npoToHoe e UHTepeane 

0,025 ~ bri 1 ~ 0,1 

'lim HMnym.c, 11Hcno MHO:liUlCTBeH· 

B38HMO• r3B/c co6t.zTHA aOCTtt, np < bk > < hri c > 
AeHCTBHH 

pC 4,2 394 2,31 ±0,03 0,029 ± 0,001 0,023 ± 0,001 
dC 4,2·A 763 2,35 ± 0,02 0,031 ± 0,001 0,023 ± 0,001 
cc 4,2·A 494 2,31 ± 0,03 0,033 ± 0,001 0,026 ± 0,001 
pC 10 249 2,34 ± 0,04 0,030 ± 0,001 0,022 ± 0,001 
"~c 40 1544 2,29 ± 0,01 0,031 ± 0,001 0,024 ± 0,001 

pTa 4,2 14 3,1 ± 0,3 0,048 ± 0,005 0,028 ± 0,005 
dTa 4,2·A 251 2,64 ± 0,06 0,049 ± 0,001 0,031 ± 0,001 
pTa 10 356 2,57 ± 0,04 0,048 ± 0,001 0,034 ± 0,001 

HJ:meKC II OTHOCHTCR K .fl.nPY•MHWeHH, i - KO BTOpH'IHOMy npoTO· 

HY. PaccMaTpHBanHcb KJJaCTep&I npoTOHOB c MHO:>KecTBeHHocnJO 

nP ~ 2. CpenHHe MHO:>KecTBeHHocTH a KJJacTepax. a pa3HhiX .THnax 

a3auMonelicmuii npencnsnem.r a n6n. 2. AHanom'IHo Haxo :>K,neHHJO 
OCH CTpyH I l& ~ ,D;nR 3THX KnaCTepoB onpe,nenRnCR HX QeHTp no 

<PopMyne 

V = I u1 ;J<I ui')2, 
I 1 

(4) 

cyMMHpoBaHHe npoH3BO,nHnOCb no BCeM OT06paHHLIM n poTOHaM. 

AHanH3Hposanncb pacnpeneneHHR npoTOHOB no aenHIIHHe b k: 

(6) 

3TH pacnpeneneHHR nna pa3HhiX THnos 83aHMoneAcmnii npen CTaBne

mr Ha pHC. 1 H 2, a CpeAHHe 3HaqeHWI < bk > npHBOARTCR 8 Ta6n. 2. 
3,necb H B ,D;anbHeHWeM 8 Ta6nHQaX npHBO,IVITCR CTaTHcTHqecKHe 

own6KH. CncTeMaTHqecKHe own6KH, CBR3aHHhle c UAeHTH~HK81UfeA 
npoToHos, COCTaBnRJOT - 10 + 15%. H3 pHCYHKOB H Ta~I BHAHO, 
uo nonyqeHH&Ie pacnpeneneHHII H Cpe.IUIHe 3HaqeHHR < b.t > MR 

npOTOHOB - !PparMeHTOB O,lUIOrO H TOrO :>Ke Jl)q)a·MHWeHH ( 0 HJIH 

Ta) O,D;HHaKOBhl 8 npenenax 3KcnepHMeHTanhHLIX . OWH6oJ<, T.e. He 

3aBHCRT HH OT THna 838HMO,neiCTBHR, HH OT 3Hepi'HH 8 HHTepBane 

bJ II = 7 + 570. C YJiemAeHHeM aTOMHOro HOMepa AAP8 BenHIIHHa 

< b k > PacTeT. 3ro MOliCeT 6wn. CB1131HO JCal< C YJiemAeHHeM MHo

:>KecTBeHHOCTH npoTOHOB 8 ICIIIICTepU, o6pi3YJOIQIIXC11 H& 6onee Til· 
:>KenoM ~~.npe, TaK a c norepeA MtWJeailwx nporoaoa (p ~ 300 M3B/c) 

I 9 



islli 
N d!K 

6 pc 10!;B...t 
• ,c 41- raB/c 

':P-+ - --de 4,2 r3B/c 
10~ • 

Puc. 1. Pacnpei>eJJeHue npoToHo6-

c1ieKraropo6 no 6eJJU'IUHe bk 6 

K/JQCTepax, 06pa3y10U4UXCJI 60 63QU

MOi>eUCT6WIX ai>poH06 U Jli>ep C Jli>

pa.MU yZilepoi>a npu pa31lU'IHblX 

3HepZWIX. 

-~,:~c%~s1 

l~ -~~~-
, e IJ!f 

• pTa 10 r3B/c 
o pTa 4,2 r3B/c 
A dTa 4~ 138/c 

0,1 

IJ _ __ ~05 OJ 0,01 0 q fiK 

Puc. 2. Pacnpe(}e;reHue npoTOH06-

cneKraropo6 no 6eJJU'IUHe bk 6 

K/lQCTepax, 0 6pa3YIOU4UXCJI 60 63QU· 

MooeucT6WIX nporoHoe u .11i>ep c Jli>

paMu TQHTtl.IIQ npu pa3/IU'IHbiX 3Hep

ZUJIX. 

~ 

100 

10 ?. •t• *yl +.J. 
t • •Tt 

"I~ 
1,0 

~U-------~--------~ 
0 0,05 0~ 

f>K 

B T8HT8JIOB OH nnaCTHHI<e. ,llnR I<JlacrepoB C 6onLWOH MHO)I(ecTBeHHO

CTLIO cpe~n senatmHa < bk > 6onLwe (Ta6n. 3). 
B Ta6n . 2 npHBe,D;eHLI Tal()l(e cpe,D;HHe 3Ha11eHHR senHIIHHbi <llj:10> 

I<Ba,D;paTa 4 -MepHOH CI<OpoCTH !CJiaCTepa OTHOCHTMLHO R,D;pa-MHWeHH : 

2 
-hue= -:-(uu - V) • (6) 

Ha pHc. 3 n oxaaaHo nose,D;eHHe HHBapHaHTHbiX <I>YHKUHH 
116 1 

s 3aBH

CHMOCTH OT BenHqaHbJ bll e ,D;nR pa3HLIX THDOB B3aHMO,D;eHCTBHH: 

1 1 2 f 2 
F(i}Ie ) .. --;: bl! . lbrre + hue I 4 

du 
d ~Ie dO dO ; (7) 

3,D;ect. · me - a<t><l>eKTHBHaR Macca I<JlaCTepa. BH.lUio, 11To H cpe,D;

HHe 3Ha11eHHII < b II e > , H DOBe,D;eHHe HHBapHaHTHbiX <I>YHKIJ;HH F ( b11 c) 

10 



Ta6nuija 3 
CpeaHue 3HalleHUJJ < b k > 6 3a6ucuMocTu 

OT MHOJKeCT6eHHOCTU npOTOH06 6 K/lQCTepe np 
6 pC- u pT&-63aUMoaezkT6UJJX npu P = 10 FaB/c 

TJm B3BH· n = 2 
. MOAeHCTBHH p 

3 4 

CneKTaTopHbie npoTOHbl 

0,025.::;; bll i ~ 0,1 

pC 0,026 ± 0,001 0,037 ± 0,002 0,047 ± 0,004 
pTa 0,038 ± 0,001 0,054 ± 0,002 0,059 ± 0,003 0,066 ± 0,004 

llpoB3aHMO,Il;eHCTBOBaBWHe npOTOHbl 

0,1 < ~I i ~ 0,63 

pC 0,113 ± 0,004 0,155 ± 0,008 0,14 ± 0,02 0,14 ± 0,02 
pTa 0,116 ± 0,004 0,141 ± 0,004 0,159 ± 0,004 . 0,182 ± 0,002 

AJHI npoTOHHbiX KnacTepos, o6pa3yromuxc.R H3 onHoro u Toro :>Ke 

.R,Il;pa, B npenenax own6oK 3KcnepnMeHTa He 3aBHC.RT HH oT rnna 

B3aHMO,Il;eHCTBH.R, HH OT ero 3Hepruu. BennqHHa < hue > 6JIH3Ka 

K pa3Mepy KJtaCTepa < b k > 
B npOCTpaHCTBe 4-MepHbiX 

OTHOCHTeJtbHblX CKOpOCTeH H 

HaMHOrO MeHbWe 3HaqeHHH 

.b111 M.R scex THnoB pac

cMaTpnsaeMbiX B3aHMO,Il;eH-

cmuii, T.e. 

< hue > - <~ > « ~II • 

TaKHM o6pa3oM, B an

poH·RnepHbiX H .R,Il;po·.R,Il;ep

HbiX CTOJIKHOBeHH.RX npOTO

Hbl, .RBJt.RIOil{HeCR <ll parMeHTa-

Puc. 3 . . HHaapuaH T11QJI tjjyHK~UJ/ 

F(~r c) d11.11 K11acrepoe nporoH08· 
cneKraropoe, o6pa3y/OU1 UXCR ao 
830LlMOdeiicT8UJ/X adp0/108 U JIOep 
c !ldpa.Mu yz11epooa npu pa31lU'l· 
HbiX 'Jitepi'UJIX. 

1000 

F(~oc) 

t 100 )t 

~'" l 
10 

1,0 -

0,1 0 

~t 
f( 

\ 

• pc 4,2 r3BA: 
• dC 4~ r38/c 
0 cc 4,2 r36/c 
.:~ pc 10 r3Btt 
- -JrC 40 r:~B/c 

~~ 

I!\ 
o,os 0,1 

t~c 

ll 



MH ~ep, npe,D;CT8.BJI.R10T COOOH B npocTpaHCTBe 4-MepHI:.IX OTHOCH· 

TeJII:.HLIX CKOpOCTeH CHCTeMy C O'JeHI:. MaJILIMH pa3MepaMH <bk > -
10 "2 « \>r II , KOTOp!UI ,li;JIR O,D;HOrO H TOrO )f(e R,D;pa xapaKTepH-

3yeTCR YHHBepCaJILHLIMH CBOHCTBaMH, He 3aBHCRUUIMH OT THOa HaJie

TaJOI.QeH qac TUW>I HJIH ~pa B HHTepsane b111 = 7 + 570. 

nocKOJibKY HH)f(HIIII rpannua perHCTpauHH npoTOHOB B npona

HOBOH KaM epe pasHa Pna!l = 150 M3B/c, nonyqeHHI:.Ie 3Ha'leHHR < bk > 
H < bnc > HecKOJibKO OTJIH'JaJOTCR OT HCTHHHLIX, T.K. ,lJ;JIR HX onpe

,D;eJieHHR HCnOJib3YeTCR orpaHH'JeHHLIH HHTepBaJI HMnyJibCOB npoTO

HOB. B CB113H c 3THM ananorH'IHI:.Ie pac'JeTLI 6~:.mn npoBe,D;eHLI ,li;JIR 

CTpHODHHrOBLIX npOTOHOB, o6pa3yJOUUIXCR B C C -B3aHMO,D;eHCTBHRX 

oT HaneTaroi.Qero R~a yrnepo,D;a. KpnTepHH oT6opa CC-coy,D;apeHHH 

ODHCaHLI B pa6oTe 12. /. K CTpHnnHHrOBLIM npoTOHaM OTHOCHJIHCb 

noJIO)f(HTeJibHI:.Ie O,D;H03apfiJUII:.Ie qacTHUbi c HMnyJibCOM 2,8 ~ Pna!l ~ 
~ 5,4 I'3B/ C H yrJIOM () ~ 4° no OTHOWeHHIO K HanpasJieHHIO ,li;BH)f(e

HHR HaJieTaroi.Qero R,D;pa. )l.nR OT06paHHLIX DpOTOHOB aHaJIOrH'IHLIM 

o6pa30M o npe,D;eJIRJIHCb BeJIH'JHHLI bk H blc no <t>opMyJiaM (6) H 

(7). lfH,D;eKC I 3,D;eCb OTHOCHTCR K HaJieTaiOI.QeMy ~py C • 3Ha'JeHHR 

3THX BeJIH'IHH CJie,D;yJOUUie: < b10 > = 0,026 ± 0,001 H <bk > = 
= 0,036'± 0 ,001. 

CooTBeTCTByJOI.QHe pacnpe,D;eneHHR npe,D;CTasJieHbi Ha puc. 4. 

BH,D;Ho, 'ITO o6a 3TH pacnpe,D;eneHHR no,D;o6HLI, pa3JIH'IaiOTCR OHH TOJib

KO B o6nacTH MaJILIX 3Ha'JeHHH bk n b 10 -0. TaKHM o6pa30M, n 

,ll;JIR CTpHn DHHrOBLIX npOTOHOB BeJIH'JHHLI < bk > H < b Ic > OK838· 

JIHCb MaJIOH BeJIH'IHHOH - 10-2 • 3,D;ecb Heo6XO,li;HMO OTMeTHTb, 'ITO 

npouecc po)f(,ll;eHHR CTpHnDHHrOBbiX 'laCTHU BLIXO,li;HT Ha aCHMnTOTH

KY y)f(e npn E ;:: 1 l'3B 117 I . 

Jl,nR H3y'JeHHR' 38KOHOMepHOCTeH MHO)f(eCTBeHHOrO po)f(,ll;eHHR 

B npoM~TO'JHOH o6JiaCTH 2) MLI TaK)f(e OT6HpaJIH BTOpH'IHI:.Ie npo

TOHLI, nOCK OJibKy OHH MoryT npoRBJIRTh Ce6R H K8K KBa3H'IaCTHW>I 

B KJI8CCH'JecKOM ~epHOM B3aH· 

MO,D;eftCTBHH, H KaK npo,D;yKT 

•111'4 
'Nfl'.acJ 

10 

0.1 

o.,. 
0 ~ 3. 

• 0~~ 

l 
tMt~1 \ 

lj t t t 

0 -61< 
• · 6tc 

~~o~--~~~5----~~10~--~~~5----~~~_J 

'k c'Itl 
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<l>parMeHTailHH KBapKOBLIX CH· 

CTeM, ecJIH B3aHMO,D;eHCTBHe 

npOHCXO,li;HT Ha KBapK-rJIIOOH· 

HOM ypoBHe. Ecnn B npe,D;LI-

Puc. 4. Pacnpec>e~~eHue crpunnuHzo-
6biX npoTOH06 OT HQ/Ie'l'tliOUfelO Jt(}pa 

yz~~epot)a no ee~~u'luHe bit ( o ) e 
CCe:JaUMot)eucrewu npu P-4,2 F)Bjc 
Ha HYK.IIOH. Pacnpet}etreHue K.llacre
poe crpunnuHzoewx nporoHOe no 
ee~~u'luHe b10 (e) e CC ~~t)eu
creUJJx. 



,nyi.QeM CJiyqae BOUpOC KJI8CTepH3anHH cneKTaTOpHbiX npoTOHOB 

B6JIH3H po.u;HTeJibCKHX .R,nep He OCTaBJI.fiJI COMHeHHH, DOCKOJibKY 

cpe,nHHe pa3Mep&I TaKoro KJiacTepa < bk > « bi 11 , TO ,nn.R npouec

coa B npoMe)I(}'T011HOH o6JiacTH OC06eHHOCTH DOBe,neHH.fl npOTOHOB 

B npOCTpaHCTBe 11eTbipeXMepHbiX OTHOCHTeJibHbiX CKOpoCTeH Tpe6YJOT 

6onee ,neTan&Horo aHaJIH3a. B 3TOM cny11ae pa3Mep&I 6 pHOHHhiX 

KJI8CTepoB MOryT 6biTb CpaBHHMbi C paCCTO.RHHeM Me)I(,!J;y HX QeHT

paMH. Bo3MO:>KHOCTb cyi.QecTBOBaHH.R npoTOHHbiX KJiacTepoB B nepe

xo,naou o6nacTH 6&ma Hccne.noaaaa Ha npHMepe CC -B3aHMo ,nencTBHH 

npH p = 4,2 r3B/c Ha HYKJIOH. 0T6HpaJIHCb co6biTH.fl c MHO)I(eCTBeH

HOCTbiO npOTOHOB np ~ 4. KOJIH11eCTBO T8KHX C06biTHH COCTaBHJIO 

2125. llpH 3TOM cneKT8TOpHbie npoTOHbi OT .R,npa•MHWeHH H HaJieTaiO

I.Qero .R.npa HCKJII011aJIHCb. llpe.nnonaranocb, 'ITO B OOJibWHHCTBe co6bi

THH, KaK DOKa3biBaiOT 3KcnepHMeHTaJibHbie ,naHHbie l12l, B 03MO:>KHO 

o6pa30BaHHe .nayx KJiacTepoa npoTOHOB, CB.fl3aHHbiX c <!>p arMeHTa

QHen .R,npa-MHWeHH H HaJieTaiOI.Qero .RApa. 

BLI,neneHHe ,nayx TaKHX KJiacTepoa npoao,nHJioc& nyTeM MHHH

MH3aUHH cyMMbi KBa,npaTOB 4-cKOpocTeH BTOpH11HbiX npoTOHOB OTHO

CHTeJI&HO QeHTpOB KJI8CTepoB, T.e. nyTeM MHHHMH3aQHH B eJIH11HHbi 

A= min[-I(Va-u1)2- I (V{J -ur)2]; 
k k 

(8) 

a H f3 o6o3Ha11810T .naa pll3JIH11HhiX KJiaCTepa. ,lln.R Haxo>K.neHH.R BenH-

11HHLI A a Ka)I(,!J;OM co6biTHH c MHO)I(ecTBeHHOCTblO npoTOHOB np pac

cMaTpHBaJIHC& BCe B03MO:>KHble pa36HeHH.R np npoTOHOB Ha .nae rpyn

Dbl (,naa KJiaCTepa). 0T6Hp8JIHCb TaKHe C06biTH.R,B KOTOpbiX paCCTO.fi

HH.fl Me)I(,!J;y ABYM.fl KJiaCTepaMH B npocTpaHcTae 4-cKOpoCTeH 11a{J 6hiJIH 

6on&we 1, T.e. 

(9) 

B npoTHBHOM cnyqae Mbl C11HTaeM, 11TO 3TH KJiaCTep&I He pa3,ne

JI.RIOTC.R B npoCTpaHCTBe 4·CKOpocTeif. ,Z:\OJI.fl OT06paHHbiX C06biTHH 

COCTaBHJia 86% OT BCeX aHaJIH3HpyeMbiX CC-coy,napeHHH C MHO)I(ecT

BeHHOCTbiO ~ ~ 4. PaccMaTpHBaJIHCb KJiaCTepbi C MHHHMaJibHOH MHO

)f(eCTBeHHOCTbiO np = 2. C UeJihiO onpe,neneHH.R o6nacTH o6pa3oBaHH.R 

3THX KJiaCTepoB HCDOJib30BaJIHCb nepeMeHHbie XIc H Xllc, OTOpbie 

nony11810Tc.R H3 ypaaHeHHA 3aKOHOB coxpaaeHH.R 3HeprHH - HMDYJihCOB 

xlc PI + x lie pll = mac Va + m~ V {3 • 

yMHO)f(eHHeM Ha PI HJIH P
11 

: 

m~(ui "{z ) m~(u I V{J) 
xllc = + 

mu (ui un) mu (u I un) 

(10) 

(11) 
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+ XIc -

fJ 
m0 (un Vp) 

mi (ui un) 
(12) 

3~ec& m~ H m~ - ~ct>eKTHBHble Ma~cbl KJiaCTepoB a H fJ ; mi =m 11 = 
= m N = 938 M3B H I i\ I = 4,2 r3B/c. B cnyqae po~eHHII KJiaCTepoB 

a HJIH {J B o6naCTIIX cl>parMeH~H CT8JIKHBaiO~CJI Mep cl>opMy
nbi (11), (12) MO:>KHO ynpomea:Ho samtcan. u cne~yromeM u~e: 

a {jJ) (V tR)ui) 
- m c av--xii - ~-...;.......,..-__ 

c mu (uiuii) (13) 

X - -Ie 

ma(fJ) 
e 

mi 

(~({J) ~I) 

(ui uu> 
(14) 

llepeMeHHbte xuc H xic B TaKOM npe.n;CTaBneHHH xapaKTepH3yiOT 
~omo 4-HMnymca ; Mpa-MHWeHH HJIH ~mero Mpa coomeTCTBeH
Ho, yHOCHMyiO KJiacrepoM a HnH {J • 06nacn. 6on&WHX 3Ha1JeHHH 
xne cooTueTcmyeT o6nacTH cl>parMe~~TaUHH MHWeHH, a 6on&wHx 
xI e - cl>par MeHTaiVUf saneTaiOmero Mpa. 

Ha pHc. 6 a,6 noKasaHbl .u;uyMepHble pacnpe~eneHH.II npoTOHHbiX 
KnaCTepoB DO nepeMeHHbiM X Jie H XIe (cl>opMynbl (13) H (14)) BO 
ucex CC -HeynpyrHX H B OC-MHoroHyKno~./111 B3aHMo~e:HcmH.Rx. 
KaK BH.D:HO ·Hs pHCyHKOBI, ~ua Bbi.D:eneHHbiX npoTolmblx KJiacTepa 

~Ic 

6 

2 

0 2 4 

CC•Mew,...rMe 

.. . . 

6 

'Xuc 

a 

a.-~~~----.------.-----. 

~Ic 

I 6 

2 

· .·.· .·: 
cc-... O&Otftii'IAONN.., 

~Oc 

Puc. 5. Pac,PeiJe.neHue nporoHHNX K/lacrepoe no Be.trU'IUHaM xI e u xu c : a- eo ecex 
CC-Heynpyzux e3aUMoiJeucreUJix; 6 - le OC-MHOZOHYKIIOHHwx B3aUMOiJeuCTBWIX. 
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Puc. 6. PacnpeoetJenue npoTOHHbiX 
Kllacrepoa no KaaopaTOM paccro
Rnuu ..wexoy nu..wu baf3 a npocr
paHcTBe 4-cKopocreu c CC.neynpy
zux 63aUMOOeUCT6UJIX. 

xopowo pa3.o;en.fUOTCH no Bbi-
6paHHbiM nepeMeHHbiM. B 
,ll,IUibHeHWeM C'IIHTaJIOCb, 'ITO, 
ecnu x 11c > x1c , npoTOHHbiH 
KJiacTep o6pa3yeTc.R a o6na
CTH <J>parMeHT~HH MHWeHH, 
a ecnu x Ic > x 11 c - - a o6-
nacTH <J>parMeHT~HH HaJie
TaiOI.Uero .R,ll,pa. Cpe.o;H.R.R MHo
~ecTaeHHoCTL npOTOHOB B 
KJiacTepax ao acex CX:: -He-
ynpyrux B3aHMO)l;eHCTBH.RX 
COCTaBHna 3,74 ± 0,04 H 
3,49:t 0,04 a o6eux o6nacT.RX 
COOTBeTCTBeHHO, a cpe,ll,HHe 
3Ha'lleHH.R BeJIH'IIHHbl < bk > 
OKa3aJIHCL paBHbiMH 0,324± 
± 0,004 u 0,343 :t 0,004. He-
6onLwue pa3nH'IIHH a nux 

1,0 

0,1 

0,01 

0,001 

• 

CC- H.eYnpwrue 

2 4 6 8 10 

'BoLj> 

BeJIH'IIHHaX o6yCJIOBJieHbl MeTO,ll,H'IIecKHMH OC06eHHOCT.RMH, 0 KOTO
pbiX ynOMHHaJIOCb paHee. 

Ha puc. 6 noKa3aHO pacnpe,IJ,eneHue ,IJ,ayx KnacTepoa n o paccTo
HHHIO baf3 (9) Me~y HHMH B npOCTpaHCTBe 4-cKOpOCTeH. Ilpe,IJ,CTaB· 
neHHoe pacnpe,IJ,eneHue a o6nacTH ba/3 > 2 onuchiBaeTC!J cTeneHHOH 
3aBHCHMOCTLIO THna 

dN - A 
(15) 

c napaMeTpOM m = 4,3 ± 0,3, 'ITO cornacyeTc.R c o~u.o;aeMbiM 118 1 no
ae,IJ,eHHeM 3Toro ce'lleHH.R. B o6nacTH ba/3 :?. 1 cpe.o;Hee 3Ha'lle"Hue aenu
'IIHHhi < ba{3 > paBHO 2,31 ± 0,03. 

TaKHM o6pa3oM, u a npoMe~yTo'IIHmi o6nacTu cpe.o;Hue pa3Mepbi 
npOTOHHbiX KnacTepoa B npocTpaHCTBe 4-cKOpOCTeH < bk > HaMHOrO 
MeHLWe paCCTO.RHH.R Me~,IJ,y HHMH < ba(3 > , T.e. < bk > « < a{3 > . 
3TOT <J>aKT rOBOpHT 0 TOM, 'ITO H B nepeXO,ll,HOH o6JiaCTH B pen.RTHBHCT
CKHX .R,ll,epHbiX CTOJIKHOBeHH.RX 'leTKO npO.RBJI.ReTC.R KJiaCTepH3~H.R 

HYKJIOHOB. 
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1,0 2,0 

fJuc 

Puc. 7. HneapuaHTHaJJ tPYHKIIUJI F(bk) 
c}IIJI nporonoe e KJJacrepax, o6pa:Jy10-
IJ4UXCJJ e c D-e3aW..oc>eucreURX e ofitla
cro tjpazMeHTQijUU MUUieHU. Cn.tJow

HaJI nunwr - pe:JynbTar annpoKCUMa
llUU 3KCnepUMeHTQ/IbHbiX c>aHHbiX 3Q6U· 

CUMOCTb10 ( ]7). 

An11 H3y'leHHII csoiiCTB ayK
noHHhrx KnacTepos, o6pa3YJO
~XCII B CC ·B3aHMO~eHCTBHIIX, 
6LinH DOCTpOeHLI HHBapHaHTHLie 
IPYHKIUIH F ( bk ) H F(b II (I) e ) • 
<l>yHKQHII F( bk ) xapaKTepH3yer 
pacnpe~~eHHe DpoT~HOB B Kn8· 
CTepe H 3anHCLIB8eTCII cne~JO

~Mo6pa30M: 

1 2 ~ 
F<~>"'"N~ f vbk+ b~/4 

N (16) 

dO. 

<l>YHKUHII F(bn(I)e ) («PopMyna 
( 7) ) onucLIBaeT pacnpe~eneHHe 
ayKnoHHLIX KnaCTepos oTHocH
Tem.Ho CT&nKHB810tnHXCII ~ep. 

3TH IPYHJCIVUI npHB~eHLI Ha 
puc. 7 U 8 COOTB8TCTBeHHO. 
H3 puc. 7 cne~er, 'ITO «PYHKUHIO 
F( bt ) MO)IQIO OpeACTaBH'I'h B 

BHAe cyMMLI AByx 3KCDoHe~u

am.HYx «PyaJCQHA: 

I Puc. 8. HH8f1PIIIIIff'IUIJI -J'HKfiUF(btie) 
diiJI npoTOHHblX 1CIUlCTql08, 06ppyi0-

IJ4WCCJI 8 OiSaiiCJU -ptiZMeHI'flffiUI MU· 
IUeHU 8 co ~dcrewa. C'MoiU
HIUI JJUNUA :: PQYII•7'tlf' f1111V'01CCIIMII-
14UU 31CcrtqJUMeH'MIItHtu daHHblX ~u

CUMOCftiO :(19). 



(17) 

CO cpe,li,HHMH 3Ha'leHHRMH < bk >1 = 0,154 ± 0,014 H < b k >2 = 
0,288::!: 0,028. lloJiy'leHH&Ie 3Ha'leHHR < b k > O,li,H03Ha'IHO CB.fl3aHbl 

C BeJIH'IHHOH cpe,li,HeH KHHeTH'IeCKOH 3HepraH npOTOHOB B CHCTeMe 

DOKOH KJiacTepa, KOTOpaR o6&I'IHO Ha3biBaeTCH TeMnepaTypOH: 

2<E1t > 
-2 (18) 

0TCIO,ll,a CJie,ll,yeT, 'ITO B CC -B3aHMO,ll,eHCTBHRX Ha6JIIO,ll,aeTCH 06pa3o

BaHHe ,li,BYX TUDOB HYKJIOHHbiX KJiaCTepOB: O,li,HH ( 0603Ha'IHM ero 

• I • ) xapaKTepn3yeTcH cpe,li,H~H TeMnepaTypou npoTOHOB < T 1 > = 72± 

:!: 7 (M3B),aBTopo8 ("II") <T 2 > = 135± 13 (M3B). 

llpe,li,CTaBJieHHaR Ha puc. 8 HHBapHaHTHWI cpyH~R F ( bile ) ,li,JIH 

KnacTepOB, o6pa3YIOUUIXCR B o6JiaCTH cpparMeHT~ MHW eHH, DOKa-

3biBaeT, 'ITO OHU pa3JIU'IHbiM o6pa30M pacnpe,ll,eJieHbi OTHOCHTeJihHO 

MHWeHH. tl>yHKL\HIO F( b lie) TaiOKe MO)f(HO annpoKCUMHpOBaTb Bbipa

>KeHueM, COCTOHUUIM H3 CYMMbl ,li,ByX 3KCDOHeHIVUUihHbiX cpyHKL\Hii: 

cocpe,li,HHMH3Ha'leHHRMH <bne >1 = 0,14± 0,02n <bne >2 =- 0,61± 

_: 0,05 . BeJIU'IHHbl KO~~eHTOB c 1 U c 2 paBHbl COOTBeTCTBeHHO 

c 1 = 2 ,1 .± 0,3 c2 = 0,32 .± 0,09, 'ITO oTpll)l(aeT BKJI!ln KJiacTepoe o6onx 

mnoe . HyKJIOHH&IH KJiaCTep n , xapaKTepH3yJOUUfHCR 6onee B&Icoxoa 

TeMnepaTypoa npOTOHOB, HMeeT 6oJI&WyJO BeJIH'IHHY 4~KOpocTH 
OTHOCHTeJihHO MUWeHH < b lie >2 = 0,51 ± 0,06. lloBe,ll,eHHe cpynK

UHH F( b Ie ) ,li,JIH KJiaCTepoB, o6pa3yJOUUIXCR B o6JiaCTH cpparMeH

TaUHH ny'IK8, UMeeT aH8110TH'IHbiH xapaKTep. 

11HTepecHo nccne,ll,oeaT& noee,ll,enue xapaKTepuCTHK yKJIOHHbiX 

K118CTepoB B 3aBHCUMOCTU OT THna U 3HeprHH CTOJIKHOBeHHR.AsiR o6ecne

'leHHH O,li,HHSKOBbiX MeTO,li,H'IecKUX yCJIOBHH npu CpaBHeHHH p 83JIH'IH&IX 

THDOB peaKUHH (Ta6JI.1) OT6up81IHCb OpoTOHbl C UMnyJI&COM 300~~-0~ 
~ 800 M3B/c. AHanH3npoeanuch co6&ITHR, B KOTOp&Ix IIHCJio TaKHX 

npOTOHOB COCTaBJIRJIO n p ~ 2, T .e. MHHUM81IhHWI MHO)I(ecTBeHHOCTb 

npOTOHOB B KJI8CTepe paBHRJiaCb 2. 0T06paHHbie TaKHM 06pa30M 

KnacTep&I DpUHa,li,Jie>KaT B OCHOBHOM K THDY . I. 
B Ta6n. 4 npHBeneHbl qucno oTo6paHH&IX co6&rrml e o ecex pac

CMaTpneaeM&Ix THnax B38HMO,lleHCTBHH U Cpe,li,HRR MHO)I(ecTBeHHOCTb 

npoTonoe e KJiacTepax. 3nec~> )l(e npe,li,CTaeneHbl cpe,li,Hue 3Ha'leHHR 

< bk > npoTOHOB B KJiaCTepax BO BCeX THnax B3aHMO,lleHCTBHH, . pac-

npe,ll,eneHHH DpoTOHOB no 3TOH nepeMeHHoa npHBO.llRTCR Ha puc. 9 8 
10. 113 Ta6JIHIU>I U pucyHKOB BH,lUIO, 'ITO BeJIH'IHH8 < b I > B npe

Aenax -10% O,llHH8KOB& n.iut BCeX DpOTOHHbiX KJI8CTepOB, 06pa3yJO-
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Ta61lui#D 4 
Cpec>Hue 3Ha'4eHwt < b ll > c>M npoToHOe 

e UHTep6alle 0,1 < b11 1 .,S 0,63 

THnB3aHMo-
'bm 

'lacno MRo~eeTII·· 
AeACTBHA co6wTHA aocn1 np <bk > 

-
pC 7,16 466 2,31 ± 0,03 0,126± 0,003 
dC 7,16 878 2,37 ± 0,02 0,129 ± 0,002 
cc ·7,16 993 2,68 ± 0,03 0,126 ± 0,002 
pC 19,4 271 2,38 ± 0,04 0,123 ± 0,004 
,-c 570 1148 2,21 ± 0,01 0,110 ± 0,002 

pTa 7,16 44 3,4 ± 0,2 0,16 ± 0,01 
crra 7,16 686 4,67 ±0,19 0,161 ± 0,002 
p'Th 19,4 941 4,89 ± 0,09 0,170 ± 0,002 

-ll~~l 
.n-c.~tar;~ .1.~ 
oCC,It,! raB/c : N d. I • pTa 10 1\B/e 
•pe ,4/. r3~ ' 
ApC,10 fU/c 

1or --etc, It~ 1'\S/c · 

"" 1,0r 1 » 
·~ 

O~f-
~) 
+ \ 

{til 
q01 

0 O,S w 
6K 

Puc. 9. l'rlcnpede.neHue lipo1'0H06 

c u.wnyii&COM 300 S. P na6 .S 
. .$ 800 M'JIJ/c no ee.nu'IUHe bt 6 
KlltiC'I'eptlX, 0 6pa3YIOU4WCCJJ 80 6~· 
MOt}eiiCJ"6UJIX tll}poH06 U Jtt}ep C 

. \. ' . JU}p(utcu ylllepot}a npu pa311UIIHWX 

. 3HtplUJIX. 

I 

18 I 
I 

. i 

o pTa 4,'1. r3~c 
• dTa lt/. r3B,ki 

10 

l~ 

Pfr, 
1 * 

• 

0,1 '*· + 
t 

++ 0,01 
0 (),5 

f,K 

Puc. 10. Pacnpede.ne~~ue nporoHOe c UM· 
nyJJbCOM 300 S Pnao .s. 800 M'JIJ/c 

· no ee.nu'IUHe b k e IC/fllCTepax, o6pasy10-
U4WCCJI 80 83(IUMO()eUCT6UJIX tll}poHQ6 

u 11tJep c Jtt}(JQMu TtiHTtllla npu pa311urr 
HWX 3HtplUJIX. 



Ta611Uija 5 
CpeoHue 3Ha'leHUJi ee/IU'lUHbl b ne u b Ie 

1JtnB3&HMO· 
bill < hue > 

AeHCTBHH 
< bre > 

pC 7,16 0,137 ± 0,005 5 ,7 ± 0,1 
dC 7,16 0,132 ± 0,003 5 ,64 ± 0,04 
cc 7,16 0,150 ± 0,003 5 ,61 ± 0,05 
pC 19,4 0,131 ± 0,006 16 ,8 ± 0,2 
17- c 570 0,113 ± 0,003 502 ± 2 

pTa 7,16 0,07 ± 6,01 6 ,0 ±0,2 
dTa 7,16 0,084 ± 0,003 5,72 ± 0,04 
pTa 19,4 0,078 ± 0,002 16 ,2 ± 0,1 

l.QHXCR H3 OAHOrO H TOrO )l(e J~Apa, He3aBHCHMO OT THna B3aHMOAeH
CTBHR u ero 3Hepruu a HHTepaane bur= 7 + 570. CpeAH.fl.fl aeJIH'IHHa 
< bk > AJIR npoTonoa, o6pa3yJOI.QHXCR a peaKQRRx ua Ta , 6onbme, 
'leM AJIR npoTOHOB, po)I(AeHHbiX Ha RApe C. 0AHaKO 3TO CBR3aHO 
B OCHOBHOM C yaeJIH'IeHHeM MHO)I(ecTBeHHOCTH npOTOHOB B peaKQHRX 
Ha 6oJiee TR)I(eJIOM RApe (Ta6JI. 3). 

B Ta6n. 5 npeACTaaneu&I cpeAHHe 3Ha'leHHR nepeMenn&Ix hue u 
ble - KBaApaTOB 4-cKOpoCTeH npoTOHHbiX KJIRCTepOB OTHOCHTeJibHO 
JIApa-MHmeuu u HaneTaJOI.Qero J~Apa HJIH qacTHUI>I. BUAHO, 'ITO aenu
'IHHa <bile > - < b k > , T.e. 4-cKOpOCTb npOTOHHOrO KJiaCTepa OTHO
CHTeJibHO pOAHTeJibCKoro RApa nop.RAKa pa3Mepa KJiacTepa. B TO 
)l(e apeMR < bne > « < b Ie > . CpeAUHe 3Ha'leHHR < b li e > AJIR 
OAUOrO H TOrO )l(e .RApa OAHURKOBbl B pa3JIH'IHbiX peaKUHRX H He 3a
BHC.fiT OT 3HeprHH B HHTepaane 4 + 10 r3B/c . 

}lJIR 77-C-B3aHMOAeHCTBHHnpH P77 = 40 r3B/c ua6JIJOAaeTCR OTKJIO
HeHHe 3TOH BeJIH'IHHbl Ha - 20%. 

Ha puc. 11 npeACTaBJieH&I HHBapHaHTH&Ie <PYHKUHH F( b11 e) a 
3aBHCHMOCTH OT nepeMeHHOH bne AJIR pa3JIH'IHbiX peaKQHH Ha RApe 
yrnepoAa a HHTepaane 3HeprHH: bm = 7 + 570. B peaKUHRX ua .RApe 
Ta HHBapHaHTHbie cpyHKUHH F( bne ) HMeJOT auanorH'IHoe noBeAeHHe. 
<l»yHKUHH F( b lie) xapaKTepH3YJOT npoQecc o6pa30BaHHR -npoTOHHbiX 
KJiaCTepoa ua HApax B pa3JIH11HhiX peaKUHRX. KRK MO)I(HO BHAeTh 
H3 pucynKa, HHBapuauTHble <PYHKI!HH F( bIle ) AJIR pa3JIH'IHbiX peaK
UHH coanaAaJOT a npeAenax 3KcnepHMeHTaJibHbiX omH6oK npu 3Hep
nm 4 + 10 r3B/c. 0TKJIOHeHHe npoTOHHbiX KJIRCTepOB OT ynHBepcam.
HOrO xapaKTepa noBeAeHHR no 3TOH nepeMeHHOH Ha6JIJOAReTCR npH 
P77 = 40 r3B/c, rAe KBapK-rJIIOOHHbie CTeneHH CB060.ZU,I Ha'IHHaiOT 
urpan ace 6onee cyi.QecTBeHHYJO pam •• 
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Ta61ZU!Ja 5 
CpeoHue aHalleHWi ee/lUilUHbl h n e u hI e 

THn B31lHMO· 
hm < hne > 

AeHCTBHH 
< hie > 

pC 7,16 0,137 ± 0,005 5 ,7 ± 0,1 
dC 7,16 0,132 ± 0,003 5 ,64 ± 0,04 
cc 7,16 0,150 ± 0,003 5 ,61 ± 0,05 
pC 19,4 0,131 ± 0,006 16,8 ± 0,2 
17- c 570 0,113 ± 0,003 502 ± 2 

pTa 7,16 0,07 ± 0,01 6 ,0 ± 0,2 
dTh. 7,16 0,084 ± 0,003 5 ,72 ± 0,04 
pTa 19,4 0,078 ± 0,002 16 ,2 ± 0,1 

IQHXCR: H3 O,ll;HOrO H TOrO )Ke R:.n;pa, He3aBHCHMO OT THOa B3aHMO,D;eH
CTBHR: u ero 3Hepruu B HHTepaaJie hm = 7 + 570. Cpe.n;HR:R: aeJIH'IHHa 
< hk > 11.11R: npoTOHOB, o6pa3yiOIQHXCR: B peaKunnx Ha Ta , 6onbme, 
qeM .n;nn npoToHoB, po)K,ll;eHHLIX Ha n.n;pe C. O.n;HaKo 3TO CBR:3aHo 
B OCHOBHOM C yaenuqeHHeM MHO)KecTBeHHOCTH DpOTOHOB B pea:KQHR:X 
Ha 6onee TR:)KenOM n.n;pe (Ta6n. 3) . 

B Ta6n. 5 npe.n;cTaaneHbi cpe.n;Hue 3HaqeHHR: nepeMeHHbiX hue u 
hie - KBa,D;paTOB 4-cKOpoCTeH npoTOHHbiX KnacTepOB OTHOCHTenbHO 
R:.n;pa-MumeHH H HaJieTaiOIQero R:.n;pa unit: qacTHQLI. BH.n;HO, ~o aenu
quHa < hue > - < h k > , T.e. 4-cKOpOCTb npOTOHHOrO KnaCTepa OTHO
CHTenbHO po.n;nTenbCKoro n.n;pa nopR:,D;Ka pa3Mepa KnacTepa. B To 
)Ke apeMR: <hue > « < hIe > . Cpe,D;Hue 3HaqeHHR: < h li e > .n;nn 
O.n;HOrO H TOrO )Ke R:,D;pa O,D;HHaKOBbl B pa3JIHqubiX peaKQHR:X H He 3a
BHCR:T OT 3HeprHH B HHTepBaJie 4 + 10 r3B/c. 

,UnR: 17-C-B3aHMO,D;eHCTBHHDpH PIT= 40 r3B/c Ha6niO.n;aeTCR: OTKnO
HeHHe 3TOH BenHqHHbi Ha- 20%. 

Ha puc. 11 npe.n;cTaaneHbi HHBapHaHTHbie Q>yHKQHH F( hue) B 
3aBHCHMOCTH OT nepeMeHHOH hue ,D;nR: pa3nHqubiX pea:KQHH Ha R:,D;pe 
yrnepo.n;a B HHTepaane 3HeprH8 hm = 7 + 570. B peaKQHR:X Ha R:.n;pe 
Ta HHBapHaHTHbie cllyHKQHH F( hue ) HMeiOT aHanoruquoe noae.n;eHHe. 
<l>yHKQHH F( b lie) xapaKTepH3YIOT npoQecc o6pa30BaHHR: -npoTOHHhiX 
Kn&CTepoa Ha R:.n;pax B pa3JIH11HbiX peaKQHR:X. KaK MO)KHO au.n;eTb 
H3 pucyuKa, HHBapHaHTHbie cllYHKQHH F( b lie ) .n;nn pa3JIHquhiX peaK
QHH COBOa,D;aiOT B npe.n;enax 3KCOepHMeHTanbHbiX OWH60K npH 3Hep
rHH 4 + 10 r3B/c. 0TKnOHeHHe DpoTOHHbiX KnaCTepOB OT }'HHBepCanb· 
Horo xapaKTepa noae.n;eHHR: no 3TOH nepeMeHHon Ha6mo.n;aeTcR: npH 
p" = 40 r3B/c, r.n;e KBapK-rniOOHHbie CTeneHH CB060.ZU,I Ha'IHHaiOT 
HrpaTb ace 6onee cyiQecmeHHYIO pom •. 
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•pC 4f r3sA: 
• cJC 4J. r3B/c 
o cc 42 r3Bk 
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0 0,1 
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t t !t 
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' ouc 
a BTopoA < T 2 > 

Puc. 11. HHeapuaHTHOJI ¢YHK14WI 
F(bnc ) 01111 KllaCTepoe npoToHoe 
c w.myllbCOM 300 .$ Pna6 .$ 
~ 800 M3B/c, o6pa3YIOIJ.IUXCJI eo 
630WioOeikT6UJIX aopoH06 U JIOep 
C JIOpaMU yZIIepooa npu pa311U'IHbiX 
3HepZWIX. 

113 CK&38HHOrO MO)I(HO CAe

JIRTI> CJieAytoi.UHe BbiBOAbl. 

t. B npoMe)l(yTO'IHOH o6na

CTH peJIRTHBHCTCKHX RAepHbiX 

CTOJIKHOBeHHH, corJiaCHO yKa-

38HHOH BbiWe KJlRCCH$HKillUIH, . 

'leTKO npoRBJIReTCR csoAcmo 

KJtacTepH3aiUIH npOTOHOB. Bnep

Bbie HaMH BbJAeJieHbl ABR THDa 

HYKJtOHHbiX KJtacTepos, xapaK

TepH3YJOI.UHXCR pa3JIH'IHblMH 

(:JJOHCTBaMH: OAHH H3 HHX HMe

eT cpeAHIOIO KHHeTifllecKyto 

3HeprHIO DpoTOHOB B CHCTeMe 

nOKOR ("TeMnepaTYpy") <T 1>= 
- 72~ 7 (M3B) H <bnc >1 
t35± t3 (M3B) H < bnc >2 = 

B npoc TpaHCTBe 4-cKopocTeH CBOHCTBa I KJtacTepa,, TalC )l(e KaK 

H B cnyqae DHOHHbiX·KJl&CTepOB ' !7,S:I, HMeiOT yHHBepcan&HblA xapaK

Tep, He 3aBHC.fl1lVIH HH OT THO& B3aHMOAeHCTBifA, HH OT ero 3HeprHH 

B HHTepsane 7 .$ b I II.$ 570. 3TOT pe3yJI&TaT cneAyeT paccMaTpHBan 

K&K npoJDmeHHe aBTOMOAeJII>HOCTH B o6JJaCTH M&nbiX OTHOCHTeJib· 

HbiX bik, Kale o6o6I.UeHHe RBJieHHR, H3BecTHoro DOA Ha3BaHHeM "RAep

HOro cJCeAJIHHra" •1t91 • RAepHbiH cKeAmmr - 3TO HHBapHaHTHOCn 

Ce'leHHH npH H3MeHeHHH 3HeprHH CTOJIKHOBeHHR, aBTOMOAeJII>HOCTI> 

)l(e DOApa3y MeB&eT He3aBHCHMOCTio TaJ()I(e OT nepeMeHHbiX bali , b fJ I , 

'lz{J H ApyrHX 6oJibwHx b ik • 
2. CpeAHHA pa3Mep npoToHHbiX KJtaCTepos < b k > = 3 · to-t 

a BeJIH11HH& < bile > B COOTBeTCTBHH C rtpeACKa3aHHeM.f6,8·/ 0Ka3&· 

nac& pasHo it < b lie > -to-t. Pa3JIH'IHJI c DHOHHldMH KJtaCTepaMH 

COCTaBJIRIOT DOp$1AOK BeJIH11HHbl. 

3. rHn OTe3a o6 06pa30B8HHH HYKJtOHHbiX KJtaCTepoB HCCJieAO~a
JI&Cb B pa6oTaX /20/, B KOTOpbiX 6biJIH CAenaHbl HHTepecHble BbiBO.tU>l 

06 HX CBOitCTBax. 0AH&KO npoBecTH C~HeHHe pe3YJibTaTOB HaCTOR· 

I.UeA paOOTbl C pe3ym.TaTaMH pa6oT 12 I He DpeACTaBJIJieTCR B03M0)1(· 

RblM, DOCKOJII>Ky B,/201 H3yqanHCI> TOJibKO HHKJli03HBRble CDeKTpbl 

npoTOHOB H HCOOJU,30BaJJOCb HepeanHCT1111HOe npe.nnOJIOlkeHHe, 'ITO 

KJI&CTepbl BblJieTaJOT CTporO DO OCH pea~. 
' 
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4. IIony11eHHbte pe3Ynt•TaTbi noAmep~aiOT cnpaseMHBOCTb 
ucnonr.3yeMbiX xpuTepues /6, 6 I AM xnaccu«t>nx&n~~u peniiTHBHCT
cKHx RAepHbiX B3aHMOAeHCTBHH. 

5. Yuusepcanr.uocn csoAcm 6apHOHHbiX xnacTepos cnpaseMHBa 
KaK B o6naCTH Kn8CCH11ecKOH RAepHOH «<>H3HKH, TaK H B nepeXOAUOH 
o6nacTH, rAe y~Ke npOIIBJIRJOTCII KBapx-rmooHHbte CTeneHH CBOOOAbi. 

B 3axmo11eHHe aBTOpbi BbipaiKaiOT 6naroAapHOCTb CoTPYAHH11e
cmy no o6pa6oTxe CHHMKOB c nponauosoA KaMepbi 3a y11acTHe B no
nyqeHHH 3KcnepHMenTan&HbiX AaHHbiX no RAPO-J~,nepHbiM B3aHMOAeA
CTBHIIM H none3Hble 06c)')ICAeHHII. 
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KP,TPCUI COOt1UieHUJI OHRH N'-4£ .U) ~ 7 
YAK 638.126.6.172 + 639.126.6.173 

JINR Rapid Comniunlctltio111 No.4( 24] -117 

BnHRHHE n or noll(AIOII(Ero no.ncnoR 
HA nonRPH3YIOII(YIO CllOCOBHOCTb 
MArHHTHbiX HEATPOHHbiX 3EPKAn 

E.B.,lloKyKHH, ,n.A.KopHees, B.ne6Hep, B.B.llacJOK, 
A.B.lle-rpeHKO, X.P)I(aHDI 

Bnepuhle 3KcnepHMeHram.Ho HCCJie~oaaHa cneKTpanioH8Jl 38BHCH
Mocn. MHHhi \ pacceJUUUl r~OJJHHHJI H ero CIUI&Ba c THTaHOM a reiUio
aoii ofinaCTH 3HeprHii HeiiTpoHOB. 06Hap)')KeHHoe HenOCTOJIHCTBO 
A1IHHhi pacce.IIHHJI Gd H, KaK CJie~CTBHe, HeB03MO)I(Jf0CTI> ee KOMIJeH
~ B lliHpoKOM HHTepaane ~ B01DI HeiiTpoHOB R03B01DI1DI OOOr 
JICHHTI> HaMIOIUJOIQeeCJI CHJJJ.Hoe n~eHHe noJIJlpH3)'10IQHX cuoiiCTB 
cileppoMarHHTHhiX 3epK81II>HI>IX HeiiTpoHOBO~OB B AJIHHHOBOnHOBOH 
118CTH cneKrpa. 06cy)I(A8eTCJI B03MO)I(Jf0CTI> C03AaHHJI HOBOfO norno
IQaiOIQero CIUI8BI ~ ROnJipH3yiOIQHX HeiirpoHOBO~OB C cyiQeCTBeHHO 
Memweii orpuauoiQeii cnoco&locniO a ofinacTH ~ B01DI Heiirpo-
HOB.oT 1 ~o :toA\. . 

Pa6oTa Bhiii01DieHa B 1Ia6oparopHH HeiirpoHHoii ci~H3HKH OIUIH. 

Influence of an Absorbing Sublayer 
on PolarizinglProperty 
of Magnetic Neutro~ Mirrors ; 

E.B.Dokukin et al . . I .· , , ,, . 
i. ~ ,- .• , . • • 

...,_ 

,, 
< · . .. , 

• I 

Spectral dellendence of the scattering length :of natural Gd and 
Gd'I'lalloy has been detennined for the first t~_e for the thennal neu
tron energy range. The scattering length of Gd was found to be unstab
le and COrtftQUently its compensation in a wide interval of neutron 

'
1 
wave-length\ was impossible. This is the reason of the strong ' decreas~g 
of the polarizing properties of neutron guides with ferromagnetic mir
rors. The possibility is discussed of producing a new absorbing sub
layer for polarizin& neutron guides with an important decrease of ref
lection in the neutron wave-length ~ange from 1 to to A. 

The investigation has .been perfonned at the Laboratory f f Neutron 
Physics, JINR. . 

BBEJlEHHE 

0AHHM H3 cnoco6ou nonylleHHII nyiiKOB TennoBLix HeHTpoHOB, 
DOJIIIpH30BaHHbiX B WHpoKOM HHTepBaJie AJIHH BOJIH, IIBJIIIeTCII MeTO~ 
sepKaJihHoro oT~eHHII oT nouepXHOCTH HaMarHH'IeHHoro q,eppoMar-
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HHTHOrO 3epKana. CyTb MeTO,na COCTOHT B OpOCTpaHCTBeHHOM pa3,ne
neHHH uenonapu3osauuoro ny11Ka ua nsa - c npoTHBonono:>KH&IMH 
nonapH3auHRMH. O,nHH H3 ny11KOB npu 3TOM RBnReTCR oTpWKeHH&IM, 
BTOpou - npowenwuM. PacnpocTpaueme nony11HnH non apH3yiOUVfe 
3epKaJia B BH,l.(e TOHKHX cpeppoMarHHTHbiX nneHOK, HanbineHHbiX 
ua nonuposauuble cTeKnRHH&Ie nnacTHHbi. O,nnaKo n ocnDKeHHIO 
BbiCOKHX nonRpH3YIOUVfX . CBOHCTB TaKHX 3epKaJI MewaeT CHnbHOe 
OTpWKeHHe npowenwero nyqKa OT rpauHQbi cpeppoMaruurnou nnenKH 
CO CTeKnOM. ABTOpaM paOOTbl 11 

I y,nanoCb B 3Ha11HTenbHOH CTeneHH 
npeononeTb 3TY TpynuocTb npuMeneuueM cna6ooTpWKaiOI.Qero non
cnoa H3 cun&uoro nornoTnTenR ueHTPOHOB cnnasa Gd Ti H o6ecne-
11HTb TeM caMbiM BbiCOKYIO (95-97%) . nonRpH3yiOLQYIO COOC06HOCTb 
FeCo nneHKH B cpenueM no TennosoMy cneKTPY ueuTponoB. O,nnaKo 
H3MepeHHR cneKTpaJibHOH 3aBHCHMOCTH non~H3JIOI.QeH COOC06HOCTH 
CHCTeM Ha OCHOBe TaKHX 3epKan OOKa3aJIH' 1• 2 , 'ITO Ha6niO,naeTCR 
3Ha11nTen&uoe naneuue nonapu3aUHH oTpWKenuoro ny11Ka c ysenu-
11eHHeM nnuubl aonn&I uenTpoHoB. B Ka11ecme HnniOCTpaQHH K cKa-
3aHHOMy Ha puc. 1, B3RTOM H3 pa60Thl/2:/, OOKa3aHa cneKTpaJibHaR 
3aBHCHMOCTb DOnRpH3yiOI.QeH COOC06HOCTH 3epKMbHOrO nonRpH3yiO
I.Qero ue8Tpouosona1S1 ,_ n3roTosneuuoro H3 FeCo 3ep K8fi c GdTi 
noncnoeM. 

2. 3 )., A 

Puc. 1. CneKTpllllbHQ.JI 3aeucu.MOCTb noiiRpU3YIOU4eii cnoco6 -

HOCTU 3epKllllbHOZO nOIIRpU3YIOU4eZO HeUTpOH080da, U3ZO

T08/IeHHQZO U3 FeCo 3epKOII c Gd Ti nodCIIoeM (e3RTO U3 

pa6or&r121j . 

flpaKTHKa HCDOnb30BaHHR TaKHX 3epKan B COCTaBC DOnRpH3YIO
lUHX HeHTpOHOBO.f.(OB Ha BpeMRnponeTHOM cneKTpOMeTpe nonRpH-
30BaHHblX neHTpouos peaKTopa HBP-2 OH.RH ,nHKTyeT ueo6xonu
MOCTb 3Ha11HTenbHOrO yny11WeHHR HX DOn.flpH3yiOIUeH C OC06HOCTH 
B MHHHOBOnHOBOH 11aCTH cneKTpa ( ,\ > 4A) . C 3TOH QenbiO HaMH 
6&ma H3y11eHa COeKTpaJibHaR 3aBHCHMOCTb K03«PcpHQHeHTa OTpll)KeHHR 
TennOBbiX HeHTpOHOB OT noBepXHOCTeH Gd H Gd Ti cnnasa, Hanbl
neHHblX ua cTeKnRHH&Ie nonnmKKH. Pe3yn&TaTbi H3MepeuHH noKa3bi-
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BaiOT, 1JTO WUI .D:OCTIDKeHHR BbiCOKOH nonHpH3YIOil{eH cnoco6HOCTH 

B .D;nHHHOBOnHOBOH qacTH cneKTpa cne.n;yeT C03.D;aB8Tb nornOI1{810Il{HH 

no.ncnou, o6n a.naiOmHH cymecToenno MeHbweu oTpa)l(aiOil{eH cnoco6-

HOCTbiO nenTponoa no cpaonenmo co cnnaoaMH Gd Ti . 

1. TEOPETH'IECKHA AHAJIH3 K03~HUHEHT A 

3EPKAJ1bHOf0 OTPAlKEHHR HEATPOHOB 

OT CHJlbHbiX llOfnOTHTEnEA 

flpHHHTO OnHCbiB8Tb cpe.n;y 3$$eKTHBHbiM noTe~anOM HeH

TpOHHO-H.D;epHOrO B3aHMO.D;eHCTBHH U, CBH3aHHbiM C .D;nHHaMH H.D;epHO· 

ro pacceRHHH KOMnOHeHTOB Cpe.D;bl b i, qHcnaMH H.D;ep OT.D;eJibHbiX KOM

noHeHTOB B e.n;HHHI.te o61>eMa N1 , nonHhiM qHcnoM R.D;ep B e.D;HHHI.te 

o61>eMa N cne.n;yiOil{HM o6pa30M: 

u 
b2 

4rr--
2m 

I n 1 b1 
i 

( n i ~). 
N (1) 

r.ne m - M acca nenTpona. Tor.na 3a.n;aqa o6 oTp8)1(eHHH nenTpona 

CBO.D;HTCH K O.D;HOMepHOH KBaHTOBOMexaHHqeci<:OH 3a.D;aqe OTp8)1(eHHH 

nnoCKOH BOJIHbl OT rpaHHL\bi noTeHI.tHanbHOrO 6apbepa BbiCOTOH U . 
Ko3$$HI.tHeHT oTp8)1(eHHR (.nnH npocToTbi noKa 6y.neM CqHTan, 1JTO 

cpe.na nony6ecKoneqnaJJ:) R.,.(k.l ), 3anHChiBaeTCH KaK 

R (k ) 
00 .l 

lk-k ' l2 
.l .l • 

(2) 
lk + k' 12 ' 

.l .l 

r.ne k .l - nopM anhHhiH K n ooep x noCTH cpe.D;br KOMnoneHT oonnoooro 

Bei<:Topa HeHTpoHa B BaKyyMe, k; - TOT )l(e KOMn OHeHT B cpe.n;e, CDR· 

3aHHbiH C k H U COOTHOWeHHeM 
.l 

k , = k j l 
.l .l' 

2m U 
-~ k2 (3) 

.l 

.lVJH cnnaoa, COCTOR~l{ero H3 .D:BYX KOMnOHeHTOB, O.D;HH 113 KOTOpblX 

( .D:nH onpe.n;eneHHOCTH BTOpOH). HBnHeTCH CHnbHblM nornOTHTeneM, 

cne.nyeT yqe<:Tb MHHMYIO qacTb .n;nHHbl paCCeRHHH BTOporo KOMnOHeH

T&, TO ecTb 6 y .n;eM cquTaTh, qyo 

b 2= b2- i b2, (4) 

r.ne b 2 > 0. Tor.na (2) c yqeToM (1) H (3) 3aiiHUJeTCH cne.tlYJOUUIM 

o6pa3oM : 
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(6) R .. (k.l) 

11- }t- *N(b -ib2".) 12 

j 411' - - 2 11 + 1- -
2
-N(b - ·1b2' )I 

kJ. 

r,n;e 6'2= n1 b 1 + n2 hi ; b 2 = n2 b 2; . H3 ( 6) cne,n;yer, wo Tpe008UUie 
R .. ( k .1. ) = 0 ,n;n11 scex k J. nponmope'IHBo s_ cMJ.Icne _noCTasneHHoA 

3a,ll;a11H, TaK KaK peanH3yeTCR TOJIJti<O npn: 1) b = 0 H 2) b" = 0. Ho 3TH 
ycnOBHR 03HaUJOT OTCyrcTBHe nornoTHTenR I<ai< Tai<OBOro . fi03TOM}' 
npn no,n;6ope cna6oOTpll)IC8JO~ero no,n;cnoR CT&palOTCR y,n;osneTBopnn. 
TOnhi<O nepBOMY H3 npHBe,n;eHHidX ycnosJdt, a HMeHHO b = 0. 3-ro 
,li;OCTHraeTCR CMeWHBaHH8M I<OMnOH8HTOB, HMeiOUlJIX p83HhiA 3HaK 
peanhHhiX 118CTeA ,n;nHH pacceRHHR (no 3THM npii'IHH8M HCnOnh3YJOT 
HMeHHO Ti, y KOTOporo b = -0,33 X 10-12 CM). 3&MeTHM, liTO )')1(8 
~3 sn,n;a R .. ( k.l ) .n;nR nony6ecxone'IHoro noTeHQHana Reno, liTO npn 
b" f. 0 ycnosne Roe ( 11J. ) = 0 npn mo6hiX k J. neB03MO)I(IIO. Tlli<HM o6-
p83oM, nOHCI< cnnasa C HaHMeHI»WHM 3HaqeHHeM R(k J.) H& nepBOM 
3Tane CBO,li;HTCR I< Teope'I'H'Ieci<OMy peweHHJO 3M&IIH Ha MHHHMH38• 
UHIO K03$1>HQHeHTa OTpDCeHHR R a ( k .1.) B Orpa.HH11eHHOM mrrepsane 
~ OT n~rnom&IO~ero 6ap1>epa I<OH8'1HoA TOnllOIHhl a c y'leTOM 3$1>ex
THBnoro noTeHQHana CTei<niiHHoA no,n;no)I(J<H. 

llpoanann3npyeM no,n;po6nee cneun~nxy · : nose.n;eHHR· MHHhl 
pacceRHHR Od B Tenno8oA o6naCTH 3Hepndl neATpono8. H30TODhl 
Od 166 H Gel 167 , 8XOARU018 8 COCT&B ecTeCTB-01 H30TOn-cMecH 
(14,8% H 16,7% COOTBeTCTBeHHO), HMeiOT ~nWe pe30HaHChl 8 ce

qeHHH norno~eHHR npH ,1 A(~II) · "' 2,261 H Aif6~) = 1,71 , TO ecn. 
nenocpe.n;CTBeHHo 8 o6naCTH M&I<CHMyMa TeM08oro cnei<Tpa HeA· 
TpOHOB. 3-ro, 8 CBOIO oqepe,n;., npHBO,li;HT I< CHJUaHOI cnel<1'p&nHOA 
3&BHCHMOCTH nx MHH pacCMHHJI, snnon. ,n;o H3MeHeHIIII 3HaKe pean•
H&Ix 118CTeA .n;nHHhl pacCUHIIII 8 o6naCTH pe3onanca. B :noM cnyqae 
oqesH,n;Ho, liTO YCJIOBHR b • 0 8CIO,ll;y 8 TeM080I o6naCTH 3HeprJdt 
neATpoHOB CMewHBUUI8M Od C Tl- IIJIH ,n;pyi'HM 3n8Metri'OM, HMeiOIIUIM 
nOCToRHHyiO OTpHUilTem.HYJO MHHY pacceRHHR, ,n;OCTHtllt neso3MO*HO. 
3HepreTHqecxu 3aBHCHMocn. ,li;JIHHhl pacceiiHHR 8 o6naCTH o,Z~;JQ~o•· 
noro pe3onanca 3anHChiBaeTCR · no ~pMyne BpeATa-Bnrnepa/41 8 

b = b0 +.!.. 
2k 

, 

r 
1 g~ 2 

- 1-- ------------~ 2t 2 r2 • ~ 
(E-Ea> + T 

(6) 

f't2t2 . 
r,n;e E - 3HeprHR neATpona ( E .. ""1§0, k - 8onHo8oA s exTop neA-
Tpona) , E R - 3HeprHR pe30HaHC8, r - nOJIH&R UUipHHa pe30HIHCa, 
r 0 - neATponHaR wnpnna j>e3onanca, g - cTaTHCTH11eci<HA seco8oA 
~aKTOpj sennquua b0 He 38BHCHT OT 3Hepi'HH H onpe,n;enReTCR cyMMOA 
sxna,n;os s .n;nHHy pacceRHHR OT 8cex ,nanexo n8*81101X pe3onancos 
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Puc. 2. CneKrpa.tl bHble 3Q6UCUMO

CTU petlllbHOU (2) U MHUMOU (1) 
pe30HQHCHblX 'UZCTeU 0/IUHbl paCCeJI

HUJI OA.R C.Mecu Gd 155 (50%) 
Gd157 (50%) . 

b 0
-42 

X~ CM 
3 

0 . 
~----2 

-3 

2 4 6 8 ;.,A 

u OT noTeHQHan&Horo pacceR

HHR. Ha p u c. 2 noKa3aHbi 

cneKTpaJibHbie 3aBHCHMOCTH 

peanbHOH ( KJ)HBaR 2) H MHH

MOH (KpHBaR 1) qacTeH AJIH

Hbl paCCeRHHR CMeCH H30TO-

nOB Qd 1 1>~( 50%) ' Qd157 (50%) , . 
paCCIIHTaHHbie C Hcnonb30BaHHeM TOnbKO pe30HaHCHOH qacTH !f>opM}'
n&I (6). llapaMeTp&I pe30HaHcos H30Tonos Gd 155 u Gd 157 6panHc& 

H3'151 • KpHBaR 2 nOATBep:lf<AaeT cno:>KH&IH xapaKTep noseAeHHR AJIHH&I 

pacceRHHR B TennOBOH o6nacTH 3HeprHH HeHTpOHOB H, KaK CJieACT

BHe, HeB03M O:>KHOCTb KOMneHC~H peanbHOH qaCTH AJIHHbl pacceRHHR 

Gds WHpOK OM HHTepsane AJIHH BOJIH HeHTpOHOB (..\ > 0,5A). 
,I:(nR HHTepnpeT~H 3KCnepHMeHTaJibHO nonyqeHHbiX 3HaqeHHH 

K03!f>!f>uuneHTa OTpiDI<eHHR Mbl HCnOJib30BaJIH !f>opM}'JIY AJIR R a. ( k J_), 
nonyqeHHyJO AnR nornoi.UaiOI.Uero cnoR KoHequqif TOJli.UHH&I a , HaHe

ceHHoro Ha n ony6ecKoHequyJO noAJIO:lKKy: 

-i"u. a ik2l. a ik U a 

R (k )= l<krku}[(k 1J.+~.Je +(ku-kiJe 1+2ku(ku-k2J.)e 1
2 

a J. iku & ik2.t ik u& 
.l(k~-kJ[(ku+k2J.)e +(ku-k2}e ]-at1J.(k 1J.-k2.Je 1

2 

(7) 
rAe k1J., k2J.- HOpManbHble KOMnoHeHTbl BOJIHOBOro BeKTOpa HeHTpO

Ha B cnoe H nOAJIO:lKKe COOTBeTCTBeHHO, CBR3aHHbie C HOpMaJibHbiM 

KOMnOHeHTOM kJ. n&AaiOI.Uero HeHTpOHa, nOTeHUHaJiaMH CJIOR U H nOA

JlO:lKKH V cn eAyJOIJ.lHM o6pa3oM: 

ku == kJ. J1 -~ U 
b2 k2 

J. 

J 2m V 
ksa = k J. 1 - -.:y- -;:r , 

b k 
J. 

(8) 

noTeHIVf8Jibl U H V onpeAenRnHCb no !f>oPMYJie (1). llpH pacqeTe 

HOTeHUHaJia U norJIOI.UaJOI.Uero nOAcnOR yqHTbiBaJIHCb KO~eHTP~ 
KOMUOHeHTOB CIIJ18B& D i , B TOM 1111cne Gd 155 H Gd 157 , AnR KOTOpbiX 

AJlHHbi paccMHHR pacc11HTbiBilJIHCb no 4>oPMYJie (6). 
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0TMeTHM B8)I(JIYIO oco6eHHOCTb <I>YHKIUfH R a ( k .L. ) AJIH paccMaT
pnaaeMoro cny11an. TaK KaK B onpeneneHne k 1.1. BXO.D.HT aeJIH11HHa 
U, 3aBHCHmaH, B CBOIO 011epeAb, OT 3HeprHH na,n:aiO~X HeihpOHOB 
(CM. <I>OPMYJibl (1) H (6)) , TO H3 3TOrO CJienyeT, 11TO R a (k.L.) HBJIHeT
CH <I>YHKIUfeH He TOJibKO HOpMaJibHOrO KOMnOHeHTa BOJIHOBOrO BeKTO· 
pa k.L., HO Hero Monynn k. B 6oJibWHHcme cny11aea, npn b= anst(E), 
R HBJIHeTcH <I>YHKIUfeH TOJibKO k .L. ( k .l = k . Bin ¢ , rne ¢ - yron 
CKOJib:lKeHHH). 

2. OBCY>K.UEHHE JKOIEPHMEHTAJibHbiX PE3YJibTATOB 

H3MepeHHH Ko3Q><PnuneHTa oTpiDKeHHH BbinOJIHeHbi Ha 8-M KaHa
ne peaKTopa HBP-2 (ycTaHOBKH CllH-1) 16· 7 1 • Y3KOKOJIJIHMHpOBaH· 
HbiH ny1IOK HeHTpOHOB, na,n:aiOmHH non MaJibiM yrJIOM tP Ha noaepx
HOCTb H3y11aeMOrO 3epKaJia, nOCJie OTpiDKeHHH perHCTpHpOBaJICH 
neTeKTopoM. MeTonoM apeMeHH nponeTa H3MepHJIHCb cneKTpbi na,n:aiO
mero N 1 (A ) H OTpiDKeHHOro N2 ( A) ny11KOB ( A- AJIHHa BOJIHbi HeHTpo
Ha, paaHan 211/k ) • 3KcnepnMeHTaJibHoe 3Ha11eHne Ko3<P<PnuneHTa 
oTpiDKeHHH R8 (A) onpenenHJIOCb no <PopMyne 

(9) 

rne N 1 (A) H N 2 (A) - cneKTpLI, nony11eHHLie H3 N 1 (A ) H N 2(A ) Bbi11H· 
TaHHeM <PoHa 3ana3AhiBaiOmHX HeHTpOHOB. Oco6eHHocm <PopMLI 
3KCnepHMeHTaJibHOrO cneKTpa peaKTOpa n03BOJIHJIH n poH3BO,ZJ,HTb 
KOppeKTHOe Bbi11HTaHHe <l>oHa B o6JiaCTH A~ 5A. 

HccnenoaaHHLie o6pa3Uhi npencraaJIHJIH co6oil ToHKHe nneHKH, 
noJiy11eHHbie BaKyyMHbiM HanLIJieHHeM Ha CTeKJIHHHbl e nJiaCTHHbl 
ncxonHLIX MaTepnanoa: ecTecTBeHHbiH Gd H Gd15 Ti85 Ha puc. 3 
noKa3aH R 8 ( A) nnn Gd 3epKana npn yrne CKOJib)f(eHHH ¢ = 4,1 x 

x 10-s pa.n: .. 3KcnepnMeHTanb

0,3 

0,2 

0,1 

HLie 3Ha11eHHH K03<I><I>HUHeHTa 
OTpiDKeHHH R a ( A ) nonroHH· 

Puc. 3. 3KcnepU~CeH TQ/IbHaJI U TeO
peTU'IeCKaJI ( ZllaOKaJI /IUHU.R) 
cneKT{XlllbHble 3Q8UCUMOCTU Ko'Jffi
ljjUf4UeHTa OrpaJICeHU.R OT Gd3epKa
/IQ, /lapaMerp&l reoperu'leCKoii 
Kpueou: ¢ = (4,137 ± 0,017) x 
x 1o-s pad, a = (1036 ± ll)A, 
b ~l\.. ( 1,853 ± 0,014)x1(T12cM. 
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b • 10-12 CM a 
3,0 I I 111111111 1 I 1111111 I II II I II I I I I I 

b•10-12 CM 6 
0,0 nl I I I II I II I Ill II I I II II II II II II 00 

2,5 -0,5 

2,0 
-1,0 

1,5 

1 0 I II I II I I I I I I I I I I II I I I I I I II I I I II I I 

I 0,0 2,0 4,0 6,0 ).,A 
2,0 4,0 6,0 J...,A 

Puc. 4. CneKrpMbllble 3aeucu.Mocru OIIUHbl pacCeRHUJI ecrecreeHHozo ad (nope-

3YIIbTOTa.M nOOi!OHKU no rjjopMy/le (7)) : a) peMbHQJI 'IQCTb, 6) MHUMQJI 'IQCTb. 

JlUCb no MeTOAY HaHMeHbWUX KBa.D.p8TOB TeopeTU'IeCKUM 3Ha'leHHeM 

R& (A ) , Bhi'IUCJlReMbiM C nOMOIUbJO <i>opMyJl ( 5)- ( 7) , C UCnOJlb30BaHU

eM paoeHCTn : k = 2rr I A , k .L = k · sin cf> • Coo60.nHhiMU napaMeTpaMu 

Teopuu 6hiJ1U yrOJl CKOJlb)!(eHUR cf> , TOJliUHHa CJlOR a , a TaJ<:)!(e He 

3aBUCRIUHH OT :mepruu 'IJleH B AJlUHe pacceRHUR b 0 (CM. <l>opMyny 

(6)). IlapaM eTphl pe30HaHCOB Gd 155 , Gd157 , KOHQeliTpa.uHU BCex 

U30TOnOB CM ecU, MUHa pacceRHUR nOAJlO)!(KU ( CTeKJlO) <i>UKCUpO

BaJlUCh. Pe3y nuaThl no.nroHKU noKa3aHhl Ha puc. 3 rna.nKoH Kpuooif. 

B no.nrmcu K pucyHKY npHBe,neHht 3Hat~eHHR napaMeTpoo no.nroHKU. 

Ha puc. 4 a ,6 noKa3aHO nooe.neHue .neifcTBUTeJlLHOH u MHUMOH qacyeif 

MUHhl pa.cceRHUR o6pa31..Ul, nony'leHHOrO HaDhiJleHUeM ecTeCTBeHHOrO 

Gd, nocTpoeHHhiX no <l>opMyJle (6) C UCnOJ1L30BaHHeM 3Ha'leHUR Be

JlU'IHHbl b 0 = 1,853 x 10-12 eM (nonyqenHoro B pe3yJ1LTaT.e no.n

roHKH). 

Ha puc . 5 npHBe.neHht 3Hat~eHuR R 3 (A), U3MepeHHhle MR GdTi 
CDJlaBa npu yrne CKOJlb)!(eHHR 1,6 X 10- 3 pa,n. C UCnOJlh30BaHUeM 

nony'leHHOrO H3MU 3Ha'leHHR b 0 MR ecTecTBeHHOH CMecU Gd ocy-

Puc. 5. 3KcnepU.MeHTMbHOJI u reo

peru'lecKa!l ( ZIIQOKQJI IIUHUJI) 

cneKTpQ/IbHble 3Q8UCUMOCTU K03rjj· 

rjjUijUeHTQ OTpaJICeHUJI OT GdTi 3ep· 

KMa. llapa.Merpbl reoperu'lecKou 

KpU80U: cp = ( 1,64 ± ~J)x 10·~ 
a- (7640 ± 50)A, b0 = 1,853x 
X J(r-12 CM - rjjwccupoeaHHbiU na

paMerp, b~i = (-0,005 ± O,OOI)x 
X JQ-12 CM. 
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0,25 
b. 10-12 CM a 

0,00 
b. 10-12 CM 6 

0,20 -0,05 

0,15 -0,10 

0,10 -0 15 
0,0 2,0 4,0 6,0 • op 2P 4,0 6,0 

Puc. 6. CneK1pQ/IbHbie 3Q8UCUMOCTU 0/JUHbi paCCeJIHWI GdTi CTI/JQ8Q (no pe3yJJb

TQTQM nOOZOHKU no rjJopMyJJe ( 7)): a) peO/IbHQJI 'IQCTb, 6) MHUMQJI 'IQCTb. 

ll.{eCTBJliiJlaCb DOArOHKa cPYH~ R 8 (A ) AJI.R cnnaaa. no cpaaHeHHIO 

C Gd BBO,IUUIC.R ,D.ODOJlHUTeJlbHblH CB060)J.HbiH napaMeTp - AJlHHQ 

pacce.RHU.R Ti . Teope-ruqecKa.a Kpuaa.a, y.n.oaneTBopuTeJibHO ODHCbi

BaJO!l.{a.R oTpll)l(eHue OT cnnaaa Gd Ti•, npHBe.n.eHa Ha puc. 5. Ha puc. 6 a,6 

DOKa3aHbl COeKTpaJibHble 3aBUCUMOCTU peanbHOH U MHUMOH 'IQCTeH 

AJIUHbi pacce.RHH.R cnnaaa, nonyqeHHbie B Pe3YJ1!>TaTe no.n.ro~;~Ku 3KC

nepuMeHTaJibHbiX 3Ha'leHHH R8 (A•). B pe3ynuaTe nowoHKH OKa3aJIOCb, 

'ITO OTpUI.UlTeJlbHa.R AJIUHa pacce.RHH.R Ti CHJlbHO llO,D.aBJleHa npUMeCbiO 

C DOJlO:>KHTeJlbHOH AJIHHOH pacce.RHH.R U pasHa b ~~ = -0,005 X 10-llt:M. 

Y11unma.a TO o6cTo.RTenbCTBO, uo Ti .RBJl.ReTC.R UCKJliO'IHTem.Ho 

CHJlbHblM a,D.COp6eHTOM nerKHX 3J1eMeHTOB, CJie,D.yeT DpeAOOJlO:>KHTb, 

'ITO UCCJie,D.OBaHHblH HaMU 06pa3en CO,D.ep)f(8Jl 3HQ'IHTem.Ho e KOJlH'Ie

CTBO KUCJIOpO,D.a. TaKoe DpeAOOJlO)I(eHUe BDOJ1He ODpaB,D.aHO TeM, 'ITO 

o6pa3eU UCDbiTbiBaJIC.R nocne AJIUTem.Horo npe6biBilHH.R Ha B03.D.yxe. 

TaKUM o6pa30M, TeopeTH'IecKoe ODUCaHHe OTpa>KaJO!l.{eH cnoco6-

HOCTU DOrJIOTUTeJieH, OCHOBaHHoe Ha cPOpMyJlax (1), (6), (8), 003BQ

J1.ReT ,D.eTMbHO ODHCQTb COeKTp8JII>HyiO 3aBHCHMOCTb K03CPcPUUHeHTa 

OTpll)l(eHH.R TeDJlOBblX HeHTpOHOB OT DOBepXHOCTH CHJlbHbiX DOrJlOTH

Teneii. Pe3ym.TaTbl 3KCnepnMeHTOB no oTpa>KeHHIO oT Od Ti cnnaaa 

y6e,D.HTeJ1bHO ,D.OKa3blB8.JOT, 'ITO Ha6JIIO,naeMoe CHJ1bHoe OTpll)l(eHHe 

HeHTpoHOB B AJIHHHOBOJ1HOBOH '18CTH cneKTpa AOJDKHO npHBO,D.HTb 

K yxy.n.weHHIO DOJ1.RpH3yiOuntX CBOHCTB J1106blX DOJ1.RpH3yiOuntX 3epKan 

c GdTI no.n.cnoeM. 

3. 06CYlKJlEHHE OTPdAI>IIIHX CBOACTB CIUlABOB 
HA OCHOBE KA.QMIDI 

KaK YK83hiBaJIOCb BWWe, OCHOBHoe Dperi.RTCTBHe B C03,n8HHH 

c.na6ooTpuauo~ero cnnasa aa OCHOBe Od B031111JCaeT H3-38 H81llf1IH.R 

pe30HaHCOB Henocpe,nCTBeHHO 8 M&KCHM)'Me TeiJJIOBOrO cneKTpa. 



3TOT H~OCTaTOK OTCYTCTByer y K~MHII, J)e3oHaHC KOTOporo H&XOAHT
CR a o6nacTH A = 0,36A, T .e. y)l(e 3a npe~enaMH Tennoaoro cneKTpa, 
a noae~eHHe AJIHHbl pacceRHHR K~MHR a Tennoaoit o6nacTH AJIHH 
BOnH A> 0,7A C xopoweit TO'IHOCThiO He 3aBHCHT OT AJIHHhl BOnHhl 
ueitTpoHa. 0TciO~ cne~yer, 11TO KOMneu:~ peam.uoit '18CTH AJIH
Hbl pacceRHHR Cd B03MO)I(Ha npaKTHt~ecKH so ace~ HHTepaane . AJIHH 
BOnH TennoBbiX Heifl:poHOB. 

C Hcnonh30B&HHeM Ta6nH'IHbiX 3Hat~eu:Hit AJIHH pacceRHHR Cd, Ti, V 
Ha ocHoae <IK>~Myni>I (7) 6wr npoae~eu: TeoperH'IecKHii &HanH3 cneKT
panhHbiX 3&BHCHMOCTeA K03CIMI>HQifeHTOB OTp8)1(eHHR HeitTpoHOB 
OT TOHKHX MeHOK H3 CMaBOB Cd V, . Cd'll Ha CTeKnRHHOit DOAJIO)I(Ke. 

Puc. 7. CneK'I'ptlllbHIJie 3a6UCUMOCTU K0- 1 
3¢¢u14ueHra 07p(IJICeHUJC Ra (}JVI onru- , 
MU3upoeaHHWX cMae06: 1 - Ha oCHoee I 
Cd.'u /V, 2 - Ha OCH06e Cd UTI, 3- Ha 
o~ee Od uTI ; 1', 2 ', 3'- noMpu- 1 
3YIOU4Ue cnoco6HOcru, cooreercreyro- '1 · 
U4Ue KpuewM 1 ,2,3. 

R P 
I c::::::::-==::: ;::::::] 1, o 

1 

0,15 

0,10 

0,05 

xl0-8 ~} I AJIR OIJTHMH3Hpo- 2 4 6 8 

0,8 

0,6 

0,4 

0,2 
Ha pHc. 7 n~CTaBneH&I pe3yn1>- 1 

T&Thl pacqera Ra ( .>. ) ( npH t/> .. 1 ,6x r· 

B8HHbiX no KOH~eHT~M H 
Ton~He cnnaaoa Cd \V (KpHB&R 1), CdTi r (KpHB&R 2) .. KpHB&R 3 
•COOTBercTByeT CDnaBY\ QdTl, \Hccn~OBaHHOMy 3KCnepHMeHT&nhHO npH 
TOM )l(e yrne. Ha 3TOM, )l(e pHCYHKe[ COOTBeJ'CTByiOJW{MH KpHBhiMH 
caepxy noK838Hbl noMpH3yiOuiHe cnoco6HOCTH, paCC'IHT&HHLie AJIR 
3THX cnnaaoa, c Hcnonh30B&HHeM ellyn~ Ra (A). 113 npoauanH-
3HpoB8HHbiX cnnailoa I H&H6onee nepcneKTHBHhiM, ua Haw a3rnR~, 
RBnRerCR Od20\V80, ionuumoA a; 1,6 MKM. 

B 3&KniO'IeHHe a&TOpbl 6naro~apRT coTpy ~Koa rpynn&I HeitTpo
HOBOAHoA Chyxrobl JIHH JIIUII!I AH CCCP 3a H3rOToaneHHe o6p83~oa . 
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APPROXIMATE DIFFERENTIAL FADDEEV-TYPE 
EQUATIONS FOR SYSTEMS OF ONE LIGHT AND TWO 
HEAVY PARTICLES 

V. V .Pupyshev 

Three-particle integra-differential equations are explored. The double
sum-represt:ntation of nonlocal operators is obtained. It is shown, 
that nonlocal operators may be approximate by the sum of local one, 
if the system consists of one light and two heavy particles. After such 
approximation original equations are reduced to approximate partial 
differential one. 

The investigation has been performed at the Laboratory of Theore
tical Physics , JINR. 

llpH6JIH)KeHHhie .u;mp<PepeHI.UtaJibHhie yprumeHH.fl 
<lJa,n;.u;eeBCKOrO THna .u;JI.fl CHCTeM 
H3 O,IJ,lfOH nerKOH H .Il.BYX T.fl)KeJihiX 'laCTHI..l 

B.B.IlynbWieB 

liCCJieii,}'lOTC.Il HHTerpoii,HcpcpepeHUHaJibHble ypaBHeHH.Il Il,JI.II CHCTe
Mbl TpeX IJ3CTHI..l . .IlJI.11 HeJIOKaJibHbiX onepaTOpOB nonytreHO n eii,CTaB
neHHe B BHII,e Il.BYXKpaTHbiX cyMM. IIOK333HO, IJTO Il,JI.Il CHCTeM H3 
OII,HOH JiefKOH H Il.BYX TJI)I(eJibiX 'laCTHU T3KHe onepaTOpbi MOfyY 6biTb 
annpOKCHMHpoBaHbl CYMMOH 110KaJibHblX onepaTOpoB. liCXO,ZJ;Hbie 
ypaBHeHH.Il fiOCJie TaKOH annpoKCHMaUHH CBOII,.IlTC.Il K llpH6JIH)I(eHHbiM 
Il,HcpcpepeHUHaJibHbiM ypaBHeHH.IIM B IJ3CTHbiX npoH3BO,ZJ;HbiX. 

Pa6opa BbiiiOJIHeHa B Jia6opaTOpHH TeopeTHtreCKoii cpH3HKH Ol1.Hl1. 

Now the theory of three nonrelativistic interacting particles is 
intensively developed in the framework of integra-differential equa
tions 

111
. They are obtained 12 1 from the system of equatio s 

(I-1 0 - E + V1- ) IJI . = - V. ~ IJik, i = 1,2,3 
I I k=/ i 

(1) 

by decomposing of searched Faddeev components 'Pi in a series 

over bispherical harmonics v; (y, ~). Here a =(8a ,¢a) are spheri-... s , ...... 
cal angles of vector a in a fixed Cartezian coordinate system = e 1• e 2 , 
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esl . Different sets (if. k) of relative Jacobi coordinates are connec
ted with each other by the unitary transformation 

-+ 
xk 1 

( -+ 
yk 

) = - COB yki 
(ki tgyki 

-(ki tgyki 

1 

-+ 
xi 

) ( -+ 
Yt 

) . (3) 

Kinematical angles Ykt ~ [ 0, 11/2] are determined only by the ra
tios of particle masses 

2 
tg yki == mj M/m 1mk= mJ/mi + m/mk +(m(/m 1 )(mJ!/mk), (4 ) 

and numbers tkl are such that ( ki = -t ik == 1, ( i k) == (12), (31), (23). 
Mter substitution of components (2) into equations (1) and projec
tion on the bispherical basis, the system (1) is reduced to a system 
of integra-differential equations for partial components ~fL. If the 
two-body potentials are central, then such a system is written in the 
following form I t , 2: / 

I t!a E I a L "L I - + VI ( 't I) ~I (X I , y I ) == vI (X I ) l: <X I, yl I h , I 
kf. i ,a' aa 

'L -+ -+ 
I ~a k ( X k , y k ) > • i == 1, 2, 3 , a == L\ , t ) ' a , == (,\ , 't , ) ' ,\ + e 

.. -+ .. 2 . 2 
== L == A' + t ', t!~ == a... + a1 - t< e + 1 > /x~ - A< A + 1 )/ 1f . 

. I I 

(6) 

Matrix elements of h -operators in the right-hand side of equations 
( 6) are determined as integrals 

"' ,.. L * .... ,.. L ,... ,.. a ' L 
xyfdxdy Ya {y,x)Ya~(y',x')~k (x ' ,y ' )/(x'y'). (6) 

Here and further, when it is possible, indices i and k are omitted 
and, inr,tead of the latter, the upper prime is used. Let us now obtain 
a representation more convenient for our investigation of system (5), 
and more compact than the known one nr, for h -operators. We de
note a plane going through three particles by symbol P and introduce 
the new coordinate system 

, , .... , .... , .... , I 
S == el • e2' e3 ' 

.... , ~, (1j .. , -:t 
e1 , e 2 ~ J , e 

8 
t t •. 

The original system S is obtained by rotation of the new system S '. 
This rotation is determined by Euler angles w"' lw 1 ,-0.., ;~.., L where 
w 1 is the angle of the first rotation around &; axis, upon which vector ~ -
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gets coincident with the normal to the P plane. The arguments mar
ked by primes in formulae (6) are functions (3) o{ independent variab
les p = ( x 2 + y2 ) 14 , rp = arctg ( y I x). u = cos ( i y). This allows us 
to express bispherical harmonics in integrals (6) by a linear combina
tion of DL(cu)-Wigner functions14'1 and bispherical harmonics written 
in the new system S ' to replace the variables did y = dcu du and to in
tegrate over Euler angles. As a final result, matrix element (6) is writ
ten as the one-dimensional integral 

L 'L 1 L ' < x,ylhaa'l~a (x',y')>=J duhaa'{rp,U,£y)~a L(x',y ' ), (7) 
• 1 

where 

[ ,\ ][ f ](,\ , y f, ] 
h L ( ,~,. ) J ( ,~,., .A. ') • L aa ' 'I' ' u ' £ Y = 'I' '1' 

2L + 1 

LN LN (,\ -N)I(,\'-m)t(f'-N +m)t ~ 
·l: c.\ foe>., f' I . I . 
m,N N m n (.\+N)I(>.'+m)t(f'+N- m)'l 

N m n 
·P,\,(u)P,\,(usy'>Pt' (uu'>• (8) 

here 
[ a ] = ( 2& + 1 ) ~ , J ( rp , rp' ) "" sin 2 rp I 2 sin 2 rp ' • 

and all arguments rp ', uab!!l cos(&~.;) are functions (3) of variables 
rp, u and parameter f y • The representation of b operators thus obtai
ned is more convenient and compact than that usually used'11

:1. The 
latter is written as a five-index-sum containing 6j and 9j -symbols. 

System ( 6) in the polar coordinates is written in the following form 

ft aL ~L a'L 
la 1 -E+V1 (x 1 )1~ 1 (p,rp 1 ),.V1 (x1 ) l: <rp 1 lh ,l~t (p,~ ll)>, (9) 

11::/i,a' aa 

a 2 ·1 ·2 2 f( t + 1) 
where ~i = ap +p ap + p <aq, 
= p oosrp 1 • Matrix elements 

1 
coe 

2 
r/J 1 

(10) 



where 

hL ,(l/l,¢>',ty ) =(2cosec2y/J)haaL ,(l/l,u(¢,<p',ty),ty), a a (11) 

and the integral limits are equal to 

c( 1/1, r > = I 1/1 - r I , d < 1/1 , r > = min I 1/1 + r , , - ¢ - r I , (12) 

are obtaine<l ~S/ by replacement u-+ ¢' in corresponding integrals 
(7). The presence of nonlocal operators (10-12) in the system (9) es
sentially complicates both ita numerical solution and the investigation 
of analytical properties of unknown partial components. Consequently, 
the study of these operators is an ac}ual problem. 

Let us show that operators h may be approximated by a sum 
of local operators if the particle masses and functions are subjected· 
to well-defined constraints. First, we explore the mapping (10-12) 
ip two limits y -+ 0, and y-+ rr/2 . The kernels (8), (11) of operators 
h are regular functions of parameter y ~ [ O,rr/2] according to defi
nition (6). Using equalities (3), (6) and known parity properties of 
bispherical harmonics' 14'1 , we obtain from formulae (6-8) limit forms 
of equalities (10) 

AL a 'L aa'L a'L 
<¢1haa'lell k (p,¢')> =go (1/l,ty)CIIk (p,~)' 

where . . 
aa 'L A+f 

~=¢,go (1/l,ty)=(-1) l>aa'• if y = 0, 

~ = rr/2- ¢ , 
aa'L A+ f 

go (¢,ty)=(-d [)Af'[)A,f' ify=rr/2. 

Consequently, if r= 0, or y=rr/2 ,thenoperators hare local. If y tends 
to zero, then both limits (12) of integral (10) tend uniformly to ¢, 
and the length of the integral interval is equal to O(y, ) • If a partial 
angular derivative of order m (w'e ! denote it by (m) ell~ ~p.¢ 1) is con
tinuous everywhere, then, decomposing the partial component in the 
integrand of (10), in a Taylor series at the centre ¢, we obtain the 
equality 

AL a'L m aa'L (Ill) a'L 
<¢1haa'lellk (p,¢')> =I g

0 
(f/l,fy) Cllk (p,¢)+rm. (13) 

n=o 
. , ""L 
Thefunctionsg~ L representmatrixelements <1/llhaa'l(¢'-¢) 0 >/nl, 
which can be easily calculated by equalities (8), (10-12). From the 
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latter equalities it follows that the g~'L function is f an order of 
O(yn/(n+1)1) ,andtheremainingterm r~-O(ym). 

AB an example, we cite functions gaa L in the case a =a'= (0,0), 
n 

( = 1, L = 0: 

{ 

n+l 
1-(1-2¢/y ·) , ¢ ~[O,y] 

aao n+ 1 
gn (¢,y) = y oosec2y/ (n+1)1 n 

1+(-1), ¢ ~ (y,IT/4]. 

These functions have parity (-1)n with respect to point ¢ = "/4. Odd 
functions are not equal to zero only on subintervals (0, y) and (IT/2 - y , 
17/2) . The lengths of the above intervals approach zero as O(y) when 
Y ... 0 . If the particle masses are such that f3 2 

= m tfm 2 « 1, m 2 - m 3, 

then kinematical angles are equal to Y23 = 0 + 0({3 ) , r 12 , y13 = IT/2 + 
0({3) according to definition (4). Therefore, approximation (13) of 
nonlocal operators h by a sum of local operators, i.e., by operators 
a~ with weght-multipliers g~ ~L - 0({3 n ) is kinematically feasible 
when a three-particle system consists of one light and two heavy pat
ticles. The class of such systems is sufficiently. wide; it includes meso
molecular ( dd~-t ) , atomic ( e± pp) systems, systems· consisting of one 
nucleon and two heavy nuclei, and so on. Equations (9) are reduced 
to _partial differential equations by approximation (13). It is necessary 
to point out, that approximation (13) does not change a free three
particle Hamiltonian in contrast to the well-known Born-Oppenhei
mer method'151 . Moreover, approximation (13) is a geometrical appro
ximation only over the angle variables. A small parameter f3 = (mlm2) ~ 
of approximation (13) has a kinematical nature and does not depend 
both an the total energy of a three-patricle system and on the shape 
of two-body interactions. The existence and uniqueness of the solu
tion of equations (9) have been provedJ1'

1 under the assumption V <1\L~ 
G- C 2, therefore the rank m of approximation (13) obeys in equality 
m~ 2. 

The determination of maximal possible rank m of approxima
tion (13) depending on the shape of potentials requires further investi
gations. The most interesting application of approximate equations, 
in my opinion, is an investigation of local anaiytic properties (first of all, 
the asymptotical behaviour in a vicinity of point P = 0) of partial compo
nents. Such investigations seem impossible in the framework of origi
nal exact integra-differential equations (9). 

In conclusion, we briefly summarize main results of the present 
work. On the basis of the obtained representation (8) for kernels of 
operators h it is shown that these operators are reduced to the local 
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ones in the limits y -+ 0, y -+ rr/2 . Such situation is realised for systems 
consisting of one light and two heavy particles. For such systems integ
ro~ifferential equations may · be replaced by approximate partial dif
ferential equations. 
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HEYIIPYI'OE PACCE.RHHE H CJIH.RHHE TIDKEnblX 
HOHOB llPH OKOnOBAPbEPHbiX H llO.llBAPbEPHbiX 
3HEPrH.RX 

A .B.TapaKaHos*, B.M.WHJios 

llOK83aHO, qyo MHOrOK8H8JlloHIII MOAem, C rp8Hif1DIWMII ycnOBHJI· 
MH B BRAe TO.JII>KO CXOAJ(tneiic• BOJIHhl BO BayrpeHHeii o6nacTH JIApa 
npaBHni>HO OIDIChiB&eT 3KCDepHMeHTIJll>lll>le AIHHI>Ie no ceqeHIIJIM 
CnHJIHM H Heynpyroro paccemuur An• nerKHX .IIAep npH OKOno6aplt• 
epHI>IX H fiOA6ap1tepHI>IX 3Hep111n, rne 101cn0 OTKpi>ITI>IX K8HinOB He· 
BeJlHKO. 

Pa6ora Bl>lnonaeaa B JWSoparopHH reoper1111eCKoii 4IH3HK OIDIH. 

Inelastic Scattering and Fusion of Heavy Ions 
at Near- and Subbarrier EneraPea 

A.V.Tarakanov, V.M.Shnov 

It is shown that the multichannel model with the ingoing-wave 
boundary conditions describes well experimental data on fu sion and 
inelastic cross sections of light nuclei at near- and sub barrier energies, 
where the number of open channels is 1111all. 

The investigation has been performed at · the Laboratory 
of Theoretical Physics, JINR. 

1. BBE.IlEHHE 

llon6aploepHoe CJIHRHHe TlbeeJIYX HOHOB B H&CTO.Rmee BpeMR 
XOpOWO OnHChJBaeTCR B paMICU MHOI'OIC8H8JIIoHOA MOAenH C rpaHJIII
HhiMH YCJIOBHRMH B BRAe TOJUtiCO CXOARIUekR BOJDihl BO BHy1peH
HeA o6naCTH RAP& /l·l/ .~pMIUDI3M Monena no3BOJJReT eAHHidM 
06pa30M OilHCWB&Th MHOrHe npoQecCY, npoHCXOARUUie B nepacl>epH
qecxoA o6naCTH CTaJIJCHBaJOIQIIXCR RAep. B nOCJienHee s peMR npose
ne~~~o~ 3KCOepHMeHTW npH DOA6apltepHWX 3H8pi'HJI][, B KOTOphlX HapR
AY c ceqesaeM cnHRHHR H3Mepeia.a ce-~eHHR Heynpyroro B036Yl~QleHHR 
xonneKTHBHWX HH3Konewaupnr yposaeA /,,ll,a TaJOKe ceqeHHR M&no
HYKnOHHWX nepenaq 181 • 

• CaparoacKJdl rocynapcTBeHHJ.ai YRJIBepcBTer 
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fipe.JJ,CTaBnlleT HecOMHeHHbiH HHTepec e.JJ,HHOe ODHCaHHe 3THX 

npoueccoa a p aMKax o.u.Hou Mo.u.enn. B pa6oTe 141 6bmH npe.u.npHHRThi 
nepabie nonbiTKH e.u.uHoro onncaHHII lnpyroro u Heynpyroro pacceR
HHII H CnHIIHHII .JJ,nll peaKUHH 18 0 + 1 0 • fipH 3TOM 6binH C.JJ,enaHbl 
ynpoutaJOI.UHe npe.u.nonO)I(eHHII 0 DOCTOIIHHOH CBII3H DO.JJ, KynoHOB· 
CKHM 6apbep oM, npe.JJ,nO)I(eHHbie B /2/ .B H&CTOIIuteH pa6oTe Mbl 
npoaenu ToqHbie pacqeTbi cec~eHnH acex Kauanoa peaKUHH npu CTOnK
HoaeHnn 11.u.ep 180 + uca u 180 + 18o. 

OCHOBHbiE WPMYflbl H .IlET AJIH PACQETOB 

Ha OCHOBe pe3ynhT&TOB lSI Mbl Kp&TKO BOCDpOH3Be.JJ,eM Bblp&)l(e
HHII .U.nll cec~eHHII Heynpyroro pacce.RHHII u ceqeHHII cnHIIHHII. Pa.u.nan~o
Hbie BOnHOBbi e 4>YHKUHH OTHOCHTenhHOrO .JJ,BH)I(eHHR .D.Byx R.JJ,ep B OC· 
HOBHOM (a= 0) H HeynpyrorOM (a i< 0) KaHanax ODHCbmaJOTCR CH· 
CTeMOH CBR3aHHbiX .JJ,H~epeHUHanbHbiX ypaaHeHHH 

_L (L.;.._+ _1) ] • R (r) • ~ I V Q(r) ·RQ(r). 
r 2 a b2 f3 afJ fJ 

(1) 

d 2 2,.t 
[ - + -(E - f - V (r)) -

dr2 fl2 a a 

3.u.ec~o fa - 3HeprH11 ao36~eHHII B KaHane a, L - op6nTanbHhiH 
yrnoaou MOMeHT, Va (r) - .u.uaroHanhHall qacTb noTeHunana B3aHMo
.u.eucmHII .JJ.BYX R.JJ,ep, V a{3 (r) - DOTeHUHM CBR3H Me)I(.JJ.y OCHOBHbiM 
H B036y)I(.JJ.eHHbiMH KaHanaMH, 1.t ~ DpHBe.JJ,eHHall M&CC& CHCTeMbl. 

Ha pa.D.H~hHbie BOnHO!~bie 4>YHKUHH RaL (r) Ha 6omwnx paccToRHH· 
RX Mbl HanaraeM o61>NHble rpauuqHble ycnoaHII 

La 
RaL (r)-[QL (x)-iFL (x)]B -S,, [OL (J:)+1FL (x)], (2) 

a a a ao -o a a 

r.u.e J: • kar• Ha p&CCTORHHH r •R t , COBD&.JJ,aJOuteM C MHHHMYMOM 
ueHTpiUibHOro noTeHUHMa, Mbl abl6npaeM rp&HHqHoe ycnoaue a au.u.e 

R (r) - A h <2> (k 1 r) , 
aLa . aLa L 4 a 

(3) 

r.u.e 

k 1 - [ ~ (E - - V (R ))] 112 • 
a b 2 fa a tp 

I'p&JIHIIHoe ycnoaHe ( 3) npeAIJonaraeT, qTo H& pacCTOIIHHH r • RtpMhi 
HMeeM TOnJ.KO CXOAIIIeyiOCII BOJJHY. fiOTOK UC'I'HQ, .JJ,OWe.U.WHX 
.u.o paccTOIIHHJI r ,.. R k , onpe.u.en~~eT ceqeHHe CJJHIIHHII I? I: 

t' p 
u on • ..L 

t• 
0 
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a ::meMeHTLI S -MaTpHIU>I a HeynpyroM KaHane onpeAemnoT celleHHe 
Heynpyroro pacceR:HH.R o6LIIIHLIM o6pa30M: 

q · 
Heynp. 

(5) 

Bo BCeX pacqeTaX AJI.R DOTeHI.UUlJla CB.R3H Me)I(Ay OCHOBHbiM H B036Y'f<
AeHHbiMH KaHaJiaMH Mbl 6yAeM HCDOnb30BaTh CTaHAapTHOe BblpruKe
HHe MaKpOCKODHileCKOH MOAenH 181: 

dV"A (r) 
V Q (r) "' 8 [ - + V (r) ] , 

a~-' a dr Kyn. ·1036, . 
(6) 

rAe 84 - Ae<l>opMilUHOHHa.R AnHHa. BTopoe cnaraeMoe a 3TOH <l>op
Myne OnHCbiBaeT KynOHOBCKOe B036y)I(AeHHe H Ha OOnhlllHX paCCTO
.RHH.RX aeAeT ce6.R KaK r -A-1 , rAe A - cnHH ao36y)I(AaeMoro 

ypoaH.R. 
,lln.R peaKQHH 18() + 44(:a 

a Ka11ecrae ,RAepHOH llaCTH no
TeHUHaJia Mbl HCDOnh3yeM napa
MeTpH31lUHJO noTe~ana, nony
lleHHoro B DpHMIDKeHHH BHe-
3aDHOrO YAapa a <l>opManH3Me 
"nnoTHOCTH 3HeprHH" /9/. B pa

CileTLI 6binH BKnJOileHbl ABa 
B036y)I(AeHHbiX ypOBH.R ,RApa 
44 Ca - 2 + H 4 + c ~HeprH
.RMH ao36Y:>KAeHH.R 1,16 M3B 
H 1/3 M3B H napaMeTpaMH 

AHHaMHilecKOH Ae<l>opMaUHH ~' 
paBHbl.MH 1,06 H 0,45 <I>M 
COOTBeTCTBeHHO, H ypOBeHb 2+ 
a .RApe 18() c 3HeprHeH 1 ,98 M3B 

H 8 2 = 1,01 <I>M. 

Puc. I. Pacet~UTOHHbJe ce11eHW1 CIIWI 

HWI U Heynpyzozo paCCeJIHWI C 803-

6yJICOeHUeM yp08HJI 2+ 8 110pe 

44 C~r- cnJJOUIHbJe IIUHuu. 3Kcnepu

MeHTtlllbHWe OaHHble 83/ITbJ u3!&!, 

U/T[JUX08QJI /IUHWI - npeiJCKQ3QHWI 

01111 Ce'leHWI 8036)'3/COeHUR ypo8H11 

2+ 8 110pe l8 o. To'IKtlMU noKQ3Q

HO Ce'leHUe C/IWIHWI f5e3 C8113U KQ· 

Htl/108. 

• 10 

/ 
/ 

I . 

.. 

E,M•B 
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Ha puc.l CWIOUIHbiMH nHHH.RMH nmca3aHbi ceqeHH.R cnH.RHH.fl 

H ceqeHHe a o 36}')K.D;eHH.R ypoaH.R 2+ a .R.D;pe 44 Ca B 3aBHCHMOCTH 

OT Ha.JleTaiOI.QeH 3HeprHH. 3KcnepHMeHTa.JlbHbie .D;aHHbie B3.f1Tbl H3 pa-

6oTbl / 5 / ·illTp HXOBOH nHHHeH OOKa3aHbl npe.D;CKa3aHH.fl .D;n.fl Ce'leHH.R 

ao36y)I(JJ;eHH.R ypoaH.R 2+ a .RApe 18o. Bn.D;Ho, 'ITO npu HH3KHX 3Hep

nmx HaneTaiOI.QHX HOHOB <lJyHI<:QHH B036y)l(,ll;eHH.fl .D;n.fl ABYX .R.D;ep 

3aMeTHO OTnH'laiOTC.fl .D;pyr OT .D;pyra H HMeiOT pa3HbiH HaKnOH, XOT.fl 

napaMeTpbi .D;HHaMH'leCKOH Ae<PopMaQHH .D;n.fl HHX DO'lTH O.D;HHaKOBbl. 

3TO OTnH'lHe CBR3aHO C 6onee BbiCOKOH 3HeprHeH B036y)l(,ll;eHH.R .D;n.fl 

.R.D;pa 180 H uct:~e3aeT npH 3HeprH.Rx BbiUie KynoHOBCKoro 6apbepa, 

KaK H cne.D;oB aJIO O)I(HJJ;aTb. Ha 3TOM )l(e pucyHKe TO'lKaMH noKa3aHo 

ce'leHHe cnH.RHH.R, pacc'lHTaHHoe 6e3 yt:~eTa CB.R3H KaHanoa. BH.D;HO, 

'ITO B 3TOM c n yqae Mbl HMeeM npeBbillleHHe 3KCnepHMeHTanbHbiX .D;aH

HbiX DO ceqeHHIO CnH.RHH.fl npH Ha.D;6apbepHbiX 3HeprH.RX H 3aHH)I(eHHe 

npH no.D;6apbepHbiX 3HeprHRX. · 

t0
1 

f 
10 

• tO 

_, 
tO 

- ) 

10 
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Ha pHc .2 An.R peaKUHH 
18 0 + 18 0 Mbi noKa3anH ce'le

HHe CnH.RHH.fl H CeiJeHHe B036y)l(

neHH.fl ypOBHR 2+ B .R.D;pe 18() 

COBMeCTHO C 3KCnepHMeHTa.Jlb

HbiMH .D;aHHbiMH 141. B pac'leTbi 

BKniOIJeH nHlllb O.D;HH ypoBeHb 

B .R.D;pe 180 C TeMH )l(e napa

MeTpaMH, 'ITO H B npe.D;blti.YI.QeM 

cnyqae . .R.D;epHa.R qacn noTeH

uuana .D;n.fl 3TOH peaKUHH ODUCbl· 

aanacb noTeHUHanoM aync-caK

conoacKoro THna c napaMeTpa

MH V0 =50 M3B, r 
0 

=1,29<l>M, 
a= 0,46 <lJM, B3.f1Tb!MH H3 / 4 / . 

Mbi BHAHM na o6oHx pH

cynKax, IJTO MO.D;enb rpaHHIJHbiX 

ycnOBHfl CO CB.fl3bl0 C KaHanaMH 

neynpyroro D036y)l(,ll;eHHR npa

BHnbHO OOIICbmaeT UIHpOKHH 

Kpyr :>KcnepHMeHTa.JlbllbiX ti.aH· 

HbiX. PaHee naMn TaK)I(e 6bUIO 

noKa3 aHo xopoUiee onncrume 

nmt><PepenuuanJ>HbiX ceiJetmH 

ynpyroro pacce.RHHH npu nan-

6 apbepHbiX 3Hepnmx1S/ M.R p e

a KUHH HI 0 ~ 27 Al. 

f'uc.2. Ce'l eHue ao36yx demm ypoaHJI 
lF 8 Rdp c 18 0 U n Oll HOe Ce'leHile 

CJI WIHWI 0/IJI p e.OI<l4UU 18 0 + 18 0 . 
]I<Cn epu.MeiiTMbHble d a HII t l e 83RTI>I 
U3 141. 



B pa6oTe noK.a38HO, no MOAem. rp8HH'lHLIX ycnosldi /S/6e3 npH· 
Bne1leHHR AODOnHHTeJJhHLIX DOArOH01lHLIX napaMeTpOB D03BOJIJieT 
eAHHbiM o6pa30M onHcbiBaTb ynpyroe, Heynpyroe pacceRHHe H non
Hoe CniUIHHe npH OKOno6apJ.epHLIX H DOA6&p1>epHLIX 3HeprH.RX. ::)To 
YK.a3bmaeT Ha pa3yMHOCTb CAen&HHLIX npeADono*emm o MeX8HH3Me 
npoTeK&HHR peaKUHH H D03BOn.ReT C 6onJ.WOA AOCTOBepHOCTbJO 3KC· 
TpanonuposaTb TeopeTH1lecKHe ceqeHHR AJIJI nerKHX .RAep B o6naCTb 
acypo<I>H3H1lecKHX 3HeprHA, HeAOCTynHbiX B H&CTO.RJnee BpeMII AJI.R 
3KcnepHMeHT8JD,HOrO H3yqeHH.R. Bhl3biB8eT HHTepec TIUOKe HCOOnJ.30· 
B&HHe MOAenH AJIJI OOHC&HH.R Ce'leHHA "xonOAHOrO" cnHRHHR T.fl)l(e· 
nbiX .RAep /lOI;rAe AHHaMH1lecKHe 3<1>$eKTbi s nepH<I>epH1lecKoA o6-
nacrH .RAep OK.a3bmaJOTC.R O'leHJ. B8)1CHbJMH /U, l2/. 

AsTopbi npH3HaTenJ.Hid B.B.Ben.Resy, B.Bnynblweny H B.,n.To
Heesy 3a none3Hbie o6~eHHR. 
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Kpancue C006UfeHUII OHRH N'4[ 24) ./J7 
YAK 639.183.3 + 639.184.6 

JINR Rapid Communications No.4[ 24) ./J7 

CllEKTPOMETP.IDI XAP AKTEPHCTWIECKOrO 
PEHTrEHOBCKOrO H3JIYliEHHH llPH HE:ATP AJIH3AUHH 
BO.[(OPO.[(OllO.[(OBHbiX HOHOB Kr +~6 

B.Barnep, E ..[(..[(oneQ, B.B ..[(ynnn, C .B.: KapTaW08 

C UOMOli.U>IO KpHCTaJin·,ll;Hij>paKUHOHHOrO MeTO,ll;a npoue,n;eH JKCne
pHMeHT no HCC1Je,ll;OBaHHIO peHTreHOBCKOrO H31I)"'eHHJl, B03HHKaiOll.lero 
npH HeHrpanHlaUHH Kr + S& · sa nouepXHocTH ruep.n;oro rena. 3aperH
crpHpouaso HanH'IHe CTpYJ<Typhi B cneKTpe xapaKTepHCTHllecKoro HliiY
qeHHJI, B KOTOpoM ,ll;OMHHHpyeT npouecc 3an01JHeHHJI K-0001JO~H npH 
K01IHllecTBe BaKaHCHH B L-0001JO~e 6 H 7, 

Pa6ora BhiU01JHeHa B Or,n;ene HOBhiX Mero.n;ou ycKopeHH.II OIUUI. 

Spectrometry of Characteristic X-Ray 
atHydrogen r-Like Ion Neutralization Kr+S5 

W.Wagner et al. 

By the crystall-diffraction method an experiment on the research of X
ray radiation, when Krt15 is neutralized on the solid body, was carried 
out. The presence of the structure in the spectrum of characteristic ra
diation, where the K -shell fill-up process is a dominating one for the 
number of vacancies in L-shell being 6 and 7 is registered. 

The investigation has been performed at the Department of New 
Acceleration Methods, JINR. 

1. BBE.IlEHHE 

3nat~HTenLHLIH nporpecc 8 pll38HTHH HCTO'IHHK08 8LICOK03ap.R.u;HLIX 
HOH08 /1/ -' 8 tlaCTHOCTH, nonyt~eHHe 80,ll;Opo,n;ono,n;o6HLIX HOH08 
nnepTHbiX r ll308 cepe.n;HH&I nepno,n;nqecKoH Ta6nHQLI Men,n;enee8a 121 , 
c,n;enan 893MO)f(Hb1M llOCTaH08KY H080rO KJiacca lf>H3HtlecKHX 3KCnepn
MeHT08 8 o6n aCTH aTOMHOH i lf>H3HKH. 

llpn 83aHMo.n;eifcTBHH not~TH nonnocTLJO o6o,n;pannoro Me.n;nennoro 
HOHa C ll08epXHOCTbiO T8ep,n;OTMbHOH MHWeHH npOHCXO,ll;HT npOQeCC 
HeHTpMH3aQHH HOHa, npH KOTOpOM MHOro3apR.u;HbiH HOH 3ax8aT&ma
eT 6onLwoe tiHcno :meKTpOH08 na 8biCOKone:>Kai.Qne op6nTanH. 06pa-
3YeTC.R C8epX8036y:>K,n;eHHLIH aTOM,- xapaKTepHOH oco6eHHOCTLIO Ko
TOporo .RBn.ReTC.R 6onLWOe KOnH'IecT80 8aKaHCHH Ha 8HyTpeHHHX 
yp08H.RX /S,4 / , 

3HeprH.R 8 036y:>K.n;eHH.R aT0"1a CHHMaeTC.R KaCKa,n;OM O:>Ke- H pa,n;Ha
QHOHHLIX nep exo,n;o8. llpn 3TOM na6nJO,n;aeTc.R cnnLHbiH 3HepreTnt~ec-

42 



KHH C~BHr xapaKTepHCTHIIecKHX peHTreHOBCKHX nHHHH OTHOCHTenbHO 
~HarpaMMHbiX B HeiiTpanbHbiX aTOMax 3a ClleT llaCTHIIHOrO CHRTHR 3K· 
pauupoaKH 3apa~a Mpa. 

KpoMe Toro, KaK 6bmo yKa3ano, uanpnMep a pa6oTe / 5/, nc
cne~oaanue aTOMOB C BaKaHCHRMH BO BHyTpeHHHX 060nOIIKaX RBnR· 
eTcH 3<PQ>eKTHBHhiM MeTo~oM npoaepKH HMeromuxca npe~cTaanenmi 
0 penRTHBHCTCKHX nonpaaKax H KOppenRUHOHHbiX 3cpcpeKTax ~ 
3HeprHH CBR3H BnyTpeHHHX 3neKTpOHOB. 

HmKe npuae~euo onucanue npnMeneuuoro ~ucppaKUHOHHoro Me
To~a cneKTJ)OMeTpHH peuueuoacKoro H3nylleHHR npu ueiiTpanH31i.I.\HH 
uonoa Kr 8'-+- H npe~cTaaneHbi pe3yn&TaTbl 3KcnepnMeHTa nocTaa
neuuoro ua 3neKTponno-nylleaoM uonu3aTope "Kpnon-II " 1~1 . ,llana 
HHTepnpeTanHR ua6nro~aeMoro cneKTpa na ocuoae npoae~eH~biX 
paCIIeTOB C nOMOmhiO penRTHBHCTCKOH nporpaMMbl M R 3neKTpOH· 
noif CTPYKTYPhi aTOMoa. 

2. METO.Il H3MEPEHHJI H DOCTAHOBKA 3KCDEPHMEHT A 

XapaKTepnCTHIIecKoe penTreuoacKoe H3nyllenue caepxao36Y*· 
~eHHbiX aTOMOB Ar H Kr panee ua6nro~anocb. c noMom&ro. nonynpo
ao~nnKoaoro ~eTeKTopa peuueuoacKoro H3nylleHHR na ocnoae 
caepxiiHCToro KpncTanna repMaHHR 18,41. Bbmn onpe~eneHbi cpe~nue 
3Hepruu nepexo~oa K-cepuu u ecTecTaennbre wnpHHbi ua6nro~aeMbiX 
nHHHH nyTeM nOArOHKH CYMMbl raycCOBCKHX pacnpe~eneHHH no~ 
H3MepaeMbiH cneKTp. Pe3yn&TaTbi noKa3anu, liTO nuuuu ~eHCTBHTen&-
80 CHnbHO C~HHYTLI B CTOpo,ny 6onbWHX 3HeprHH no OTHOWeHHIO 

K xapaKTepHCTHIIecKHM ~
arpaMMHbiM. C ~pyroif CTO· 
pOHbl, OHH He ~OXO~T ~0 
3Hepruu nHHmi a renueno-

35+ ., " K 6 /6/ ~------4-mh 
36

Kr +ne"-16Kr-36 r ~o HhiX uonax , liTO ro-
aopHT 0 TOM, liTO B MOMeHT 
H3MepeHHR peHTreHOBCKOrO 
KBaHTa HMeeT MeCTO HeKO· kPOOH-1 

Lif 

Puc.l 

TOpoe, nOKa HeH3BecTHOe 
pacnpe~eneuue 3neKTpouoa 
a L-, M-, N- u T ~. o6onoii· 
Kax. K TOMY *e uiHpHHbi 
nHHHH He o6'bRCHRIOTCR O~H
HOIIHbiMH nepexo~aMH Me)l(
~y cTporo onpe~eneuHbiMH 
KoncpurypanHRMH. Pa3pe
wenne nonynpoao~HHKoao-
ro ~eTeKTopa ue no3aonaeT 
ahmenun. CTPYKTYPY nHHmi. 



""' 

003TOMY cneKTp HCCJie.O:OBaJJCH C fiOMOmbJO KpHCTaJIJI-.O:HcPpaKQHOH
HOrO cneKTpOMeTpa. 

CxeMa 3KcnepnMeHTa H3o6pll)Keua ua pnc.l. Bo.n:opo,n:ono.n:o6-
HLie HOHbl Kr 9& + fiOJIY'IaJJHCb B 3JieKTpOHHO-JiyqeBOM HOHH3aT9~e 
"Kpuou-11", napaMeTpbi KOToporo no.n:po6uo onucaubi a pa6oTax12• '~ 
liOHbl BbffiO.O:HJIHCb Ha MaruHeByJO MHilleHb C qaCTOTOH 0,25 rQ, Bpe
MH BbffiO,n:a COCTaBJIHJIO 250 MKC. 

llnocKHH KpHcTann-auanu3aTop LiF (200) 6bm pacnoJIO)f(eH non 
MaJlbiM yrJIOM (1 ,9 °) K nJIOCKOCTH MHilleHH TaK, 'IT06bi 06JiaCTb H3-
JiyqeHHR HMerra pa3Mep O,lx3 MM H uecymecrneuuo BJIHRJia ua pa3-
pellleuue. 

CKaunpoaauneM 6bma uan.n:eua TaKaH no3HQHR KpHcTanJia, 
'IT06bi yrOJI OTpll)KeHHR peHTreHOBCKHX Jiyqeif OT KpHCTaJJJIHqeCKHX 
fiJIOCKOCTeH B cepe,n:HHe KpHCTaJJJia COCTaBJIHJI f) = 13,7 ° ,'ITO CO
OTBeTCTByeT 3HeprHH Kf·JIHHHH, 3aperHCTpHpOBaHHOH nonynpoao.n:
HHKOBhiM ,n:eTeKTOpOM I 1 . no 3aKOHY ByJILcPa- Bp3rra yroJI f) o.n:
H03H8'1HO CBH3aH C ,n:JIHHOH BOJIHbl H3JiyqeHHR A : 

ch 8 n- = n,\ = 2dsin , 
Ez 

r.n:e Ez - 3HeprHR H3Jiy'leHHH, n - nopH,n:OK oTpa)f(eHHR, o - cKo
pocTL caeTa, h - nocTOHHHaH llnauKa. B BLI6pauuou reoMeTpHH 
(puc.1) KpHcTanJI oxaaTbmae-r yrnoaou .n:uana30H MJ • 1,25°. 3To
MY COOTBeTCTBOBaJia 3HepreTH'IeCKaH o6JiaCTb B 1,1 K3B. 

CeneKTHBHO OTpll)Keuuoe oT KpHcTanna peuTrenoacKoe H3Jiyqe
HHe perHCTpHpOBaJIOCb n03HQHOHHD-'IyaCTBHTeJibHbiM ,n:eTeKTOpOM 
Ha OCHOBe 'nponopQHOHaJibHOro C'leT'IHKa C JIHHHeH 3a,n:ep)f(KH I 71 • JlH
ueitHaH KOOp,n:HHaTa C06biTHH onpe,n:eJIHeTCH nO pa3HOCTH BpeMeHHbiX 
CHrHaJIOB C 0 6oHX KOHQOB JIHHHH 3a,n:ep)f(KH, KOTOpbie no,naJOTCH 
ua apeMHaMnJIHTY.n:HhiH npeo6pa3oBaTenb. TaKHM o6pa3oM H3Me
peuuhiH apeMenuou cneKTp ecTL H3o6p8)f(euue npocTpaucTaeuuoro 
pacnpe,n:eJieHHH C06biTHH B nJIOCKOCTH H3MepeHHR . 

.[locTHraeMoe 3HepreTuqecKoe pa3pellleuue npHMeneuuoro MeTo
.n:a OrpauuquaaeTCH CJienyJOmHMH KOHKpeTHbiMH YCJIOBHRMH nocTa
HOBKH 3KCnepHMeHTa: 

- IllHpHHOH H CTa6HJibHOCTb10 nOJIO)f(eHHH 06JI8CTH H3Jiy'leHHR 
Ha MHilleHH; 

- Ka'leCTBOM (6noquou CTPYKTypou) KpHcTanJia-auanu3aTopa, 
3aBHCHmHM OT CBOHCTB MaTepuana; 

- npocTpaucTaennhiM ·pa3pellleHHeM Koop.n:unaTnoro .n:e-reKTopa, 
B '18CTHOCTH, BpeMeHHbiM pa3pellleHHeM aHaJIH3HpyJOmeH annapaTy-
pbi; 

- I - reoMeTpHeH H3MepeHHR, T .e. yrJIOM H yrJIOBbiM .n;Hana30HOM 
perHCTpaQHH H3JlyqeHHR. 
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60 

20 

Puc.2 

CHRTHe a n napazypHoii 

KpHBOH cneKTp OMeTpa He

nocpe,l\CTBeHHO BO BpeMR 

3KcnepHMeHTa 6 &mo HeB03-

MO:>KHO. CxeMa H3MepeHHR 

nonoMy cHMy nupoaanac& 

C noMOll.U>IO peHTreHOBCKOH 

Tpy6KH, KOTOpaR B036Y'K,l\a

Jia lPJIIOOpecueHTHOe H3JIY'Ie

HHe coce,l\Hero 3JieMeHTa Br • 
IllHpHHa 3aperHCTpHp0BaH-

HOrO pe$1JeKc a 6&ma 

.$ 50 3B H B OCH08HOM on

pe,l\eJI.RJiacb Ka'lecTBOM HMe-

JOI.I.terOCR KpHCTaJIJia H pea-

1IH30BaHHOH reOMeTpHeH H3-

MepeHHR. 

,llnR cpaaHeHHR K 4 · 
2 

-JIHHHH Br 6&mH CHRTbi Apyr HM KpHCTan

JioM SiO 2 (1011) (pHc~), rAe B TaKoH :>Ke reoMeTpHH 6 &mo nonyqe

Ho pa3perneHHe .. 40 3B. 

KpHcTanJI LiF (200) 6&m HcnoJib30BaH B HacToRm eM 3KcnepH

MeHTe AJIR noJiy'leHHR MaKCHMaJibHOH CBeTOCHJibl npH Heof>XO,l\HMOM 

YrJIOBOM ,l\Hana30He ~9, CBeTOCHJia COCTaBJI.RJla OKOJIO 10 -~ 3$

$eKTHBHOCTb perHCTpaQHH KOOp,l\HHaTHoro ,1:\eTeKTOpa, p a60TaJOI.I.tero 

na cMecH Xe + C0 2 (AaaneHHe 0,1 Mlla), npH61IH3HTeJibHO 80%. 

MnoroKaHaJibHbiH pe:>KHM perHcTpaUHH oTpa:>KeHHoro OT KpHcTanna 

peHTreHOBCKOrO H31Iy'leHHR yBeJIH'IHBaeT 3$$eKTHBHOCTb H3MepeHHR 

no cpaBHeHHIO C 0,1:\HOKaHaJibHbiM MeTO,l\OM Ha lPOKyCHp YIOI.UHX KpH

CTaJIII-AH$paKUHOHHbiX cneKTpoMeTpax ua $aKTop .. 102• HeAo

craTKOM HaCTORI.I.tero MeTO,l\a RBJIReTCR BblllleynOMRHYTOe orpaHH'Ie

HHe pa3perneHHR . 

3. PE3YJlbTATbl H3MEPEHH.R 

CneKTp peHTreuoacKoro Ka -H3JiyqeHHR, B03HHKa JOmero npH 

HeHTpaiiH3aQHH Kr lUi+, perHCTpHpOBaJICR BO BpeMeHHOM OKHe 1 MC 

OpH BbiBO,l\e HOHOB H3 JIOBYlllKH Ha MHllleHb. 3THM CHJibHO nO,l\aBJIRJI

CR C06CTBeHHbiH lPOH KOOp,l\HHaTHOrO ,1:\eTeKTOpa, KOTOpbiH Bblllle aM

niiHTY.t\HOro nopora COCTaBJIRJI 3+4 ru no BCeMy 'IYBCTBHTeJibHOMY 

,l\Hana30HY C'leT'IHKa. YAaJIOCb peaJIH30BaTb COOTHOllleHHe nOJie3HbiX 

co6biTHH K lPOHOBbiM os40. BbiCOKHH KOHTpacT MeTO,l\a HY:>KeH MR 

Bbi,l\eJieHHR 3$$eKTa B YCJIOBHRX HH3KOH CBeTOCHJlbl. 

Cpe,l\HRR HHTeHCHBHOCTb HOHOB 3a c6poc HCTO'IHHKa COCTaBJIRJia 

(2 -c- 5) • 10 
6

. I13MepeHHbiH ~neKTp H3o6pa:>KeH Ha pHc.3a . 3a 43 11aca 

a cneKTpe 3aperHcTpHpoaano 700 co6&ITHH. CneKTp xapaKTepH3yeTcR 

THnH'IHbiMH Bbi6pocaMH H3·3a Heo,l\HOpO,l\HOCTeH KpHCTaJIJIH'IecKOH 
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CTPYKTYPbi H Manoii cTaTHCTHKH. llonoMy OH 6but nonseprHyT npo
ue.u;ype crnll)KHBamm 112~ pe3ym.TaT KOTopoii H306pll)KeH Ha puc.36. 

B cneKTpe BbUIBJUieTC.R CTpyKTypa, yKa3bffiaiOIUa.R Ha TO, 'ITO OH 
COCTOHT H3 HecKOJlbKHX KOMDOHeHTOB. 

4. KAJIHBPOBKA 

B OTCYTCTBHe .u;ononHHTen&HbiX KanH6poBO'IHbiX JIHHHH H3-3a Y3· 
Koii yrnosoii anepTypbi KpHcTanna .u;n.a 3HepreTH'IecKoii Kana6posKH 
Hcnom.3osanoc& 3Ha'leHHe 3HeprHH ueHTpa T.R)f(ecTH Ka·JIHHHH, no
nyt~eHHOe Ha DOJiyDpOBO.u;HHKOBOM ,D;eTeKTope /4/ (12,934 K3B). 
KpoMe Toro , H3BecTHa o6paTHa.R yrnosa.a .u;ucnepcH.R KpHcTanna 
LiF (200) 
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6E I M = E . ctg8, 

KOTOpyiO MO)IQ{O nepec'!HTaTb B mmeifHyiO, 3HaR TO'IHYJO reoMeTpHIO 

3KCnepHMeHT8. 

TaKHM nyTeM onpe.n.emmacb nonuaa wHpHHa H3Mepeuuoro 

yqaCTKa cneKTpa "'550 3B C TO'IHOCTbiO OKono 15%. 3 TO 03Ha'laeT, 

'ITO B npOQecCe HeihpanH3aQHH HOHOB Kr 35+ ,n.eHCTBHTenbHO npOHC

XO,D.HT Ka -nepexO,D.bi H3 sceB03MO:lKHhiX npoMe:lKyTO'!Hhi X 3neKTpOH

HhiX KOHqmrypaQHH, OT KpaHHeH "renHeno,n.o6HoH" ( C HeKOTOpOH 

3aceneHHOCThiO 6onee BbiCOKHX M-, N-, 0-... o6onoqeK, K OTOpbie Ma

no BnHHIOT Ha 3HeprHIO BHyTpeHHHX nepexO,D.OB) BnnOTb ,D.O OCHOB

HOrO peurreHOBCKOrO COCTOHHHH HeHTpanbHOro aTOMa. 

3ueprHH HaH6onee cHnhHbiX peuTreuoscKHX nHHHH r emteno.n.o6-

uoro HOHa Kr 3 1>+ 6bmH onpe,n.eneHbi 3KcnepHMeHTanhHO 181 H pas

Hbi 13,114 K3B H 13,027 K3B. Pa3HHQa BbiCOK03HepreTH'IHOH nHHHH 
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I": 

1P1 -
1 S0 H AHarpaMMHOH nHHHH Kct

2 
(12,599 K3B) KpHmoua 

COCTaBnReT 485 3B, qro xopomo cornacyeTCR C KpaHHHMH CTpyK
TypaMH B ua6mo,naeMOM cneKTpe. 

C ,npyroH CTOpOHbl, HHTepnpeTHpYR KpaHHHe CTpyKTypbi KaK 
nepexo,n&I 1 P 1 - 1 So renHeno.no6uoro Hona Kr M + H Ka 112 ,no
nyqaeM 3HaqeHHe KaHana cneKTpa (pHC.4) 8,7 3B. C nOMOUU>IO 3TOH 
KMH6pOBKH nonyqeHO 3HaqeHHe 3HeprHH MaKCHMyMa . cneKTpa 
13,93 K3B, qyo cosna.naeT co 3HaqeuHeM 3HeprHH. H3 pa6oT&r/41. 
KpoMe Toro, 3HaR, qyo nHHHR nepexo.na 1p 1 - 1s 0 o,nHuoqua~~, 
MO:>KHO OUeHHTb nonymHpHHY annapaTypHOH KpHBOH B KOHKpeTHOM 
3KcnepHMeHTe: KOTOpaR pasua 60 3B. 3Ta senH~Ha cornacyeTcR 
C nonymHpHHOH, nonyqeHHOH H3 MO,nenLHOrO 3KCnepHMeHTa, ecnH 
yqeCTb, qyo TOqHble pa3Mepb1 $<>KYCa-H3nyqayenR H nOBTOpReMOCTb 
ero pacnono>KeHHR ua MHmenH ue MornH 6&ITb H3MepeH&I uenocpe,ncr
seuuo, no Mor nH ,naT& ,nononHHTenLnoe pacmHpeuHe nHHHH. 

5. KA4ECTBEHHA.R HHTEPnPETAUH.R PE3YflbTATOB 

nonLITKa o6"LncuenHR ua6nro,naeMoH cTpyKTyp&I B cneKTpe Ka
H3nyqeHHR CBepXB036y>~<,neHHhiX BTOMOB KpHnTOHa BCTpeqaeT cne
AYIOinHe Tpy,nuocTH: 

- B npouecce penaKcaQHH B03MO:>KHo 6onLmoe KonHqecTBO KOH
cPHrypauHH, H3 KOTOpbiX H3MepneTcR Ka -H3nyqenHe. 

- qaCTHqHOe CHRTHe 3KpaHHpOBKH 3apR,na aTOMHOrO R,npa KOHK
peTHbiM pacnpe,neneHHeM BHyrpeHHHX BaKaHCHH BO BpeMR nepexo,na 
Be,neT K 3HepreTHqecKOMY C,nBHry 3neKTpOHHbiX ypOBHeH H, TaKHM 
o6pa30M, 3HeprHH pa,nHaQHOHHbiX nepexo.nos. 

- BLpr;o.n oT,nenL~oA nHHHH, ,naromeu BKnaA B ua6nro,naeMLIH 
cneKTp, 3aBHCHT oT ycnosuon sepomuocTH W (pL /PK,M,N •.. ) Toro, 
qyo npH 3MaHHOM 3aceneHHH K-, M-, N-•.. o6onoqeK p K,M, N .• .PeanH-
3yeTcR onpe,neneuuoe 3acenenHe L-o6onoqKH pL , MR KoTopou pa3-
pemeu peuneuoscKHH nepexo.n. 

qyo6LI nonyqHTb npe,ncTasneuHe o MHoroo6pa3HH B03MO>KH&IX 
Ka·nHHHH, paccqHTau cneKTP K4 -nHHHH KpHnToua npH cne,nyromHx yc
noBHRX: B K -o6onoqKe Hona HMeeTcR oAHa saKaHcHR, aM- H N-o6o
noqKH 3aceneHbl K8K B HeHTpMbHOM a TOMe. llpOBOAHnHCb pacqeTbl 
c,nsHroB pem reuoscKHX Ka·nHt-JHH .nnn sceso3MO:>KH&IX 3aceneuHA 
p L no MeTo,ny caMocornacosauuoro nona .llHpaKa- Cl»oKa- Cn3Tepa 
B npH6nH>KeHHH 38MO~O>KeHHbiX op6HTMeH 181 (pHc.46). 

06o3uaqeHHR L , l 8 H T Jl. ua pHc .46 ua,no noHHMaTb KaK qHc
no BaKaHCHH B L -o6onoqKe. C,nsHrH nHHHH ~ x OTHeceHbi no OTHo
meHHIO K 3HeprHRM ,nHarpaMMH&IX nHHHH K a 1 H K a 1 KpHnToHa. 
BH.nHo, qyo nepexo,n&I o6pa3yiOT cno:>KHhlH cneKTp, xapaKTepH3YI0-
1UHACR rpynnoBOH CTpyKTypoA no qHcny L -BaKaHCHH. no op,nHHaTe 
oTHeceH&I sepoRTHOCTH P8AH8UHOHHbiX nepexo,nos, c xopomen yoq
HOCTbiO nponopUHOHan&Hbie CTaTHCYHqecKHM BecaM ypOBHeH Iii. 
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C.r:umru, pacc"IIHTaHHbie s npu6mOKeHHH 3aMOpmKeHHbiX op6HT8· 

neH:, no seJIH"IIHHe, o,lJ,HaKo, CJIHWKOM BeJIHKH. BhiCOKOH a6coJIIOTHOA 

TO"IIHOCTH T8KHX p8C"IIeTOB H He CJie.D;yeT O:>KH,Il;8Tb BBH.D;y TOrO, "liTO 

He Y"IIHTbiB8eTC.fl H3MeHeHHe BOJIHOBbiX <J>yH~HH npH n epexo.D;e 3JieK

TpOH8. A.D;Ha6aTH"IIecKHA no.D;Xo.D; BbNHCJieHH.fl 3HepreTH"IIecKHX C.D;BH· 

roB BHyTpeHHHX nepeXO,Il;OB B npHCyTCTBHH MHOrHX BHyTpeHHHX 88· 

KaHCHH no3TOMY C"IIHT&eTC.fl 6onee onpaB.D;aHHbiM. A eACTBHTeJibHO, 

KaK noKa3aJIH pac"lleThi, 3Ha"lleHHR 3HepreTH"IIecKHX C.D;BHI'OB Ka -mmHA 

s TaKoM cnyqae Memwe B cpe,ll,HeM Ha 50 -;t70 3B. 

Bonee peanHCTH"IIHble a.D;Ha6aTH"IIecKHe pacqeTbi n poso.D;HJIHCb 

,ll;JI.fl OT.D;eJibHbiX KOH<J>Hrypawdl C nOMO~IO nporp&MMbi no MeTO.D;Y 

AupaKa - cf)oKa B O,lJ,HOKOH<J>HrypaUHOHHOM npH6JIH:liCeHHH /10(.Y"IIH· 

TbiBaJIHCb KOppeKL\HH 3HeprHA CB.fi3H 3JieKTpoHOB OT M&rHHTHbiX 

B38HMO,IJ;eHCTBHH 3JieKTpoHOB 060JIO"IIeK H npOCTeAWHX KBaHTOBQ-

3JieKTpO,IJ;HH&MH"IIecKHX ,ll;H&rpaMM ,ll;JI.fl pa.D;Hal.\HOHHbiX nonpaBOK 

(co6CTBeHHa.fl 3HeprHR H noJI.flpH3&UH.fl B&KYYM8)111(3TH nOnpaBKH 

BeJIHKH ,IJ;JI.fl 1s -ypoBHR, "liTO Be,IJ;eT K ,ll;aJibHeAWeMy yMeHJ.WeHHIO pac· 

"lleTHbiX 3HaqeuHA 3HeprHA nepexo.D;a na 20+30 3B. Ypos em ToqHoCTH 

3THX pac"lleTOB nposep.fiJIC.fl H8 3KCnepHMeHTaJIJ.HO H3Mep eHHbiX JIHHH· 

RX renuenO,IJ;06HbiX HOHOB Kr 84+ /8/, 0H COCTaBJI.fiJI 1+4 3B. 

3uepreyuqecKH CABHHYTbie nono:lKeHH.fl ~p~nn KafJIHHHA YK&38· 

Hhi ua puc.4a ,IJ;JI.fl Koli<I>HrypanuH L.7, L~, · r. , L 4 • • 

CpasHHBaR pacnpe.D;eneHHe JIHHHA c na6JIJO.D;aeMbiM H s cneKTpe 

crpyKTypaMH, MO:>KHO C.D;enan CJie.D;yiOl.l.\He BbmO,r:tbi: 

- CTpyKyYpbi, o6ycnOBJieHHbie B OCHOBHOM pacnpe,IJ;eJieHHeM 

BRK8HCHH B L -o6oJioqKe BbiCOKOB036Y>KAetiHOro &TOM& Kr , He CHJIJ.· 

HO 38BHC.fiT OT PM, N, ... • 
- MaKCHMYM cneKTp& KOppenHpyeT C Ita l ·JIHHH.fiMH KOH<J>Hry. 

p&l.\HH L 7 H L e , uo yKa3biBaeT Ha BhiCOKY~ sepo.RT ocn pa.D;Ha-

1.\HOHHoro nepexo.D;a L -:meKTpoHa s K -o6onoqKY ua nepBbiX CTa· 

,IJ;H.fiX K8CK&,Il;& peJI&KC81\HH HeHTpanH30BllHHOrO HOHa. 

- Ha6JIJO,IJ;eHHe nHHHA renHeno,IJ;o6HbiX Hoilos n o .D;TBep)I(AaeT 

3TY rHnOTe3Y. 

Pa3peweHHe uacTO.fll.l.\ero 3KcnepHMeHTa He no3BOJI.fleT pa3.D;eJIHTJ. 

JIHHHH Apyrux KoH<I>HrypllUHA, pacnono:lKeHHbiX oqeHJ. 6JIH3KO .D;pyr 

K ,IJ;pyry. AJIR 3TOrO Heo6XO,Il;HMO nOBbiWeHHe pa3peWeHH.fl XOT.fl 6bi 

H8 nop.R,IJ;OK, "liTO B ycnOBH.fiX HCnOJib30BaHHOrO MHOrOK&H&JIJ.HOrO Me· 

TO.D;a H OTHOCHTeJIJ.HO HH3KOH HHTeHCHBHOCTH noKa HeB03M O:>KHO. 

fiepexo.D; K 6onee T.fl:liCeJibiM 3JieMeHTaM, O,ll;H&KO, M,P:liCeT OK&38TJ.· 

cR nepcneKTHBHbiM. 

6. 3AKJ110l1EHHE 

Hccne,IJ;OBaHHe CTpYKTyp cneKTpOB xapaKTepHCTHIIecKoro peHT· 

reHOBCKOrO H3JiyqeHH.fl npH HeATpanH3UlHH BbiCOJ<03ap.R,Il;HbiX HOHOB 

Ha nosepXHOCTH TBep.D;oro Tena MO•er A&'l'lo HOBYJO IDI<J>opMUUUO 
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o npoQecce penaKC!lQHH TaKHx HHTepecHbiX o6"LeKToB, KaK caepxao3-
6y:>K,~~;eHHLie aTOMbi. 

C pa3BHTHeM 6onee MOIQHbiX HCTOliHHKOB MHOr03ap.fi,!J,HbiX HO
HOB OTKpbillHCb HOBbie B03MO:>KHOCTH H ,ll;nR aTOMHOH <J>u3HKH. llo,~~;o6-
Hbie uccne,~~;oaauHR MOrYT HMeTb u uenocpe,~~;cmeuuoe npaKTmecKoe 
3HalleHHe, HaDpHMep,B CBR3H C npo6neMOH B3aHMO,ll;eHCTBHR nna3Mbl 
6y,~~;yi.QHX Tep MO.fi,!J,epHbiX peaKTOpOB CO CTeHOliHLIMH MaTepuanaMH. 

ABTOpbi BLipa:>KaiOT rny6oKYIO 6naro,~~;apHOCTb aKa,~~;eMHKY 
A.M.BanAHHy "'H npo<J>eccopy B.A.CaupH,ll;oay 3a acecTopoHHIOIO no,~~;
,~~;ep:>KKY HaCTORIUeH pa60TLI, a TaK:>Ke r .Kappawy, ,ll.KpeH3enepy 
H B.TeHQepy 3a OKa3aHHYIO DOMOIUb. 

ABTOpbi npH3HaTeJibHbl npo<J>.r .My3HOniO H r .IUopHaKY 3a no
CTORHHLIH HHTepec K pe3ynLTaTaM HaCTORIUeH pa60TLI, n.B.CMbiKO
BY, B.,ll.Tiewexouoay, C.A.Moaqauy 3a npe,~~;ocTaaneuue qepTe:>KeH 
H DOMOIUb B Hana,ll;Ke 003HQHOHHQ-liYBCTBHTenLHOrO ,ll;eTeKTOpa, 
M.Peiixe 3a npoae,~~;euue HeKOTOpLIX pacqeToB u B.B.Can&HHKOBY 
3a DOMOIUb B DO,ll;rOTOBKe 3KCnepHMeHTOB. 
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BJIH.RHHE MEXAHH3MA .R,UEPHO:A B.R3KOCTH 
HA fl>OPMHPOBAHHE PACllPE,UEJIEHHA 
OCKOJIKOB ,UEJIEHH.R 

r . .n.Meea•, B.B.llawKeBHII, O.H.Cep,Z:UOK * 
lbyqaeTCJI BJIHmute MeXaHH3Ma JmepHOH BJOKOCTH H xapaKTep 

Alfli8MHKH cnycKa ~enxmeroc.11 Jmpa c ceAJia K pa3pbiBY H Ha cl>opMH
poBaHHe pacnpe~eneHHH OCKOnKOB AeneHH.II. PacCMOTpeHHe npoBeAe
HO B paMKaX ANcl>cl>Y3HOHHOH MOAeJIH C HCUOnb30BaHHeM ABYX Mexa
HH3MOB J~AepHoii B.II3KOCTH: ABYXTen&Horo H "nosepXHoCTHoro" 
OANOTen&Horo AJI.II pac'leTa TeH3opa cl>pHKUHOHHbiX KoJ4>4JHUHeHTOB. 

Pa6oTa B&monHeHa B .1Ia6opaTOpHH TeopeTH'IeCKOH ct>u3HKH OH.HH. 

The Influence of Mechanism of Nuclear Viscosity 
on Fission Fragment Distribution Formation 

G .D .Adeev, V .V .Pashkevich, 0 .I .Serdyuk 

The influence of mechanism of nuclear viscosity on yniunics of 
the descent from saddle point to scission and on formation of frag· 
ment distributions is studied. The diffusion model based on the Fokker· 
Planck equation for the distribution function of collective variables 
for .. describing the dynamics of fission is used with the t \\ o-body and 
the surface one-body mechanisms of nuclear viscosity for calculating 
of the friction tensor. 

The investigation has been performed at the Laboratory of Theo
retical Physics, JINR. 

BbiHCHeHHe MeXaHH3Ma a~epHOH BH3KOCTH a ~eneHHH HBnaerca 
B HaCTOJIIQee·apeMH O~OH H3 rnaBHbiX npo6neM B pa3BHTHH ~HHaMH
IIecKHX Mo~eneif 3Toro npo~ecca. HcnonL3yeMbiH y)l(e a Telleaue ~on
roro BpeMeHH rH.r:q>O~HHaMHIIecKHH ~yxTenbHbiH MeXaHH3M I 1 • 2/ 
o6ecneiiHBaeT ~OCTaTOIIHO xopowee ODHCaHHe MHOrHX 3KCnepHMeH
TMbHbiX ~aHHbiX DO pacnpe~eneHHHM OCKOnKOB npH BapbHpOBaHHH 
o~oro cao6o~oro napaMeTpa - Ko3<P<Pn~eHTa ~.YXTenbHOH a~ep
HOH BJI3KOCTH 110 B HHTepaane (0,6 + 2,5). 10-28 M 3B. C· <t>M-8. 
TeopeTHIIecKHe o~eHKH o~oTenbHOro MexaHH3Ma ~epaoif BH3KO
CTH / S,oi/ npHBO~T K 11pe3MepHO 6onbWOH ee BenHIIHHe. ll03TOMY 
B He~aBHO npe~O)I(eHHOM /~/ MO~<I>H~poBaHHOM BapHaHTe 3TOrO 
Me~H3Ma, KOTOpbiH nonyiiHn Ha3BaHHe "noaepXHOCTHOro" 0~0-

• 0MCKUU zocyiJapCTBeHHbiU yHueepcuTeT 
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TeJibHoro, BKJia.D. B .n;nccnnaumo OT coy.n;apeunii uyKJiouos o nosepx
uocTb .II,D;pa 6bUI cymecmeuuo (notrrn s tJeTbipe paaa, Ko34>cJ>nQHeHT 
pe.n;yKQHH k 

8 
= 0,27) yMeH&Uieu. BeJintJHHa k8 nonyqeua H3 auann3a 

3KCnepnMeHTaJibHbiX .D;aHHbiX no UIHpHHaM rnraHTCKHX pe30HaHCOB. 
Bbmo noKa3auo 1&1 , trro ncnoJib3osaune 3Toro sapnauTa MexauH3Ma 
R.z:t;epHOH BR3KOCTH npHBO.D;HT K XOpOUieMy OllHCaHHlO 3aBHCHMOCTH 
C~e.D;HHX KHHeTHlJeCKHX 3HeprHH OCKOJIKOB .z:t;eJieHHR OT napaMeTpa 
z2 /A 113 . B u e.n;asueu pa6oTe I &. ! k 8 sapbnposanca, n H3 cpasueuna 
paCClJHTaHHbiX H 3KCnepHMeHTaJibHbiX 3HatJeHnH Cpe.D;HHX KHHeTHtJeCKHX 
3Heprnu ocKOJI!_<OB 6bUI onpe.n;eneu HHTepsan 3HatJeunii k8 = 0,2 .;.. 0,5 . 
llpe.n;cTaBJIReT HHTepec paccMoTpeune Mnornx .n;pyrnx seJIHtJHH, xapaK
TepH3YIOIUHX cnycK .n;enameroca .II,D;pa c ce.n;na K pa3phmy, a TaiOKe 
napaMeTpoB 3KcnepnMeHTanbuo ua6n10.n;aeMhiX pacnpe.n;eneunu ocKoJI
KOB .z:t;eJieHHR C HCllOJlb30BaHHeM "noBepXHOCTHOrO" O.D;HOTeJibHOrO 
MeXaHH3Ma R.z:t;epHOH BR3KOCTH. 3TO ll03BOJIHT BbiRCHHTb, KaK BJll.fReT 
MeXaHH3M .II,D;epHOH BR3KOCTH Ha cpopMHpOBaHHe pacnpe.n;eneHHH 
OCKOJIKOB, H BbiRBHTb napaMeTpbl pacnpe.n;eJieHHH, KpHTHlJHble K 
ucnoJI&3yeMoMy MexauH3MY. Cornacuo pesyJibTaTaM 17 / speMR 
cnycKa .n;enameroca .II,D;pa c ce.n;na K pa3phmy 3HatJHTeJI&Ho 6oJI&Uie 
BeJIHlJHHbl, xapaKTepHOH .D;JIR .D;BYXTeJibHOfO MeXaHH3M8, H JiylJUie 
cornacyeTCR c o~enKaMH, nonytJeHHbiMH .D;JIR "nosepxuocmoro" 
o.n;uoTenbuoro MexauH3Ma. B .n;auuou pa6oTe paccMOTpeuue npose.n;e
uo B paMKax .n;ncpcpy3HOHHOH MO.D;eJIH, OCHOBaHHOH Ha ypasHeHHH 
cl»OKKepa - llJiauKa (Ycl»ll) .D;JIR cpyHK~HH pacnpe.n;eJieHHR KOJIJieKTHB
HbiX nepeMeHHbiX, KOTOpaR no.n;po6HO OnHCaHa B HRUIHX pa6oTax /8· 1 0 ~ 

OcnoBHhie 3aKoHoMepuocTn .n;nnaMHKH cnycKa c ce.D;Jia K pa3pbi
sy npH HCllOJlb30BaHHH .D;BYXTeJibHOfO MeXaHH3M8 BR3KOCTH 6bUIH 
.n;oBOJibHO qo.n;po6uo o6cYJK.D;eHbi B l 8,lO / . THnHtJHhie T~aeKTopun 
cnycKa npn 3TOM Mexaun3Me noKaaaHbi ua npnMepe a.n;pa 23 U (pnc.1). 
B onpe.n;eneHHbiX s pa6oTe / 10 I I p, h I Koop.n;nuaTax TpaeKTopua ua 
CBOeM 60JibUIOM npoTJDKeHHH - BnJIOTb .D;O p ::1 ,0 - CJle.z:t;yeT MH3KO 
K .n;Hy .D;OJIHHbl .D;eJieHHR, JlHUib 38TeM UOCTORHHO OTKJIOHRRCb OT nero. 
C ysenntJeuneM Ko3<f>cj>nQHeHTa .n;syxTeJibHOH BR3KOCTH 11 0 pa3pbiB· 
Hhie cJ>opMbi crauosmca see 6onee BbiTRHYThiMH. llpn nepexo.n;e 
OT JierKHX K 6oJiee TJDICeJibiM .D;eJIRIUHMCR .II,D;paM cpopMa pa3pbiBHbiX 
KOHcj>nry~ TaiOKe CTaHOBHTCR cymecTBeHHO 6oJiee BbiTRHYTOH. 
3To 39.MerHO CKa3biB8eTCR Ha BeJIH'IHIIe KYJIOHOBCKOH 3HeprHH OT· 
TaJJKHBaHHR 6y.n;ymnx OCKOJIKOB B MOMeHT paapbiBa H Ha BeJIH1UUie 
HX npe.n;paapbiBHOH 3Hepnm. )lna .II,D;pa Fm npe.n;pa3pb1BH8R IOUfeTH· 

llecKaa 3Heprna B .n;syXTeJihHOM MeXaHH3Me MO)I(eT .n;OCTHran 20 M3B, 
T.e. OKOJIO 10% Et• 

llpH "noBepXHOCTHOM" O.n;HOTeJibHOM MeXaHH3Me .II,D;epuoA 8113· 
I<9CTH Tpaei<TOpHR CnyCI<a Ha BCeM CBOeM DpOTR)I(eJUIH "6yJCB8JibHO" 
CJie.n;yer AHY ,nOJIHHhl .nenenna, nosrop1111 ,na)l(e ero nosopor a cropo
uy 6omUIHX h He38.n;OJJro .n;o Toqxu paapYBa (eM. puc. 1). Bcnencr
aue Taxoro xapai<Tepa ,tUIHaMHI<H cnycKa paapbiBHble xonfi»III'}'Pa-
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p 
Puc. 1. JluHaMU'IeCKUe rptZeKTOpUU t}eJJJif14eZOCJI Jft}pa .. Ul Hll 3HepleTUIIeCKOU 

no6epxHOCTU 6 Kane.n&HOiJ Mot)e.nu c napaMeTptiMU Mailepctz-C611Tel4KOZO ( 66epxy) 

U MOt)e.nu Mil/lOU KtiNIU /11/ (6HU3y) 6 (p,ll) -MOCKOCTU. llyHKTUpHOU KpU60U 

U306ptZJKeHII rptZeKTOpUII t}.IIJI t)eyxre.tr&HOZO MexllHU3Ma Jft)epHOiJ 6Jf3KOCTU ( v 3 

= 1 ,.5 • w-ea M3ll· c. r}M-a), KPueoii c KTJecTUKtJMu - rpaeKropUII t}.IIJI ·~-
6epxHOCTHOzo" ot)HOre.n&HOzo MexaNU3Mtl. l.(urjpw Ha IIUHUJIX YflOBHII yKa3&16aJOT 

3HlllleHue 3Hepzuu 6 M3ll. To~teWUV~ KpuBtul noKtDW6aer t)HO t)cMuHw t)e.neHUJI, 

wrpuxnyHKTUpHaJI - zpetJeH& M~ 00/IUHOii t}eJieHUJI U 00/IUHOii pa3t}eJ1eHUJI 

OCKO/IKOB. 3HIIKtiMU + , e , • OTMtWHW, COOT6eTCT6eNHO, OCH06 HOe COCTOJIHUe, 

cet)II06aJI TOIIKQ U TOIIKa UCIIe3H06eHUJI zpe6HJI. JluHUU pa3pW8a 110/IYIIeHW U3 

YCII06UJI paseHCT6a CUll Ky/IOH06CKOZO OTTriiiKIUitDCWI u Jft)epHOzo npuTJUteHUJI 

6 MOMeHT pa3pb16a ($cW#on liM) U YCIIOBUJI OlJpaJ14eHUII pat}uyctz JUeiiKU 6 HYIIb 

(r DICk •O). 
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Puc. 2. 3aeUCUMOCTU cpeOHeU KU

HeTU'IeCKOU 3Hepzuu U KYIIOHOB

CKOU 3Hepzuu OTTa/IKueaHUJI oc

KOIIKOB ( eeepxy), npeopa3pblB

Hou KUHeTU'IeCKOU 3Hepzuu OCK0/1-

KOB ( 8HU3Y) OT napa.MeTpa Zo/ A1~3 
paCCC'IUTQHHble npu UCnO/Ib308Q

HUU Oeyx MexaHU3M08 JIOepHOU 

BJI3KOCTU. CnllowHble KPUBble co

oreercreywr Ek u Epa OIIJI oeyx

Te.tibHozo MexaHU3Ma ( v 0 = 1,5 
=10-23M31J.c.rj)M-s), wrpux

nyHKTUpHble - TeM JICe Be/IU'IU

Ha.M npu "no.eepxHocrHoM "ooHo

Te.tibHOM MeXQHU3Me. llyHKTUp

HQJJ KpU8aJJ U KpUBaJJ C Kpecru

Ka.MU nOKa3bl8Q/OT 3Q8UCUMOCTb 

KYIIOHOBCKOU 3Hepzuu OT z2 I Al/3 

npu oeyxre~~bHOM u "noeepxHocr

HOM" OOHOTe.tlbHOM MeXaHU3MaX 

cooreercreeHHO. Ccbl/IKU Ha 3KC-

nepUMeHTa/lbHble 

oaHbl e 111. 

3Ha'leHUJI Ek 

UHH scex n enRI.UHXC.fl .fi.D;ep oT Pt no Fm npaKmqecKH ocTaiOTC.fl 

O,ll;HHMH H TeMH :>Ke, KaK 3TO CJJe,D;OBaJIO H3 pacqeTOB B MO,D;enH 

)I(H,l],KOH KaruiH 6e3 B.fi3KOCTH 1111 • KynoHOBCKa.fl 3Heprn.fl OTTan

KHBaHH.fl 6ynyi.UHX OCKOJIKOB fi03TOMY nponOpUHOHaJILHa napa

MeTpy Z 2j A 1/ S H H3-3a 60JILWOH sennqoHbl .fl,ll;epHOH B.fi3KOCTH 

JY>H 3TOM M eXaHH3Me COCTaBJl.fleT npaKTHqecJ<H BCJO BenHqoHy 

Ek, TaK KaK npenpa3pbiBHa.fl KHHeTnqecJ<a.R 3Hepru.fl npeHe6pe

)I(HMO Mana ( eM. puc. 2). O.D;HaKo TmaTenLHbiH aHaJIH3 3Kcnern

MeHTaJILHbtx ,D;aHHbiX DO cpe,D;HHM KHHeTHqecKHM 3HeprH.fiM l / 

no3BOJI.fleT cnenaTL Bbmon o TOM, ~o 3aBHCHMOCTL Ek(Z l7' A11 3 ) 
He np.RMa.fl JIHHH.fl ( KaK 3Ta 3aBHCHMOCTL annpOKCHMHpoBaHa 

B CHCTeMaTHKax BHOJlbl I 121 ) , a OTKJIOH.fleTC.fl OT Hee B paHOHe 

.D;OaKTHHH,D;HbiX H aKTHHH,D;HbiX .I'I,II;ep. 3TO OTKJIOHeHHe OT JIHHeH

HOH 3aBHCHM OCTH E k (Z 2 I A 118 ) J<aqecrseHHO onucbiBaeTc.fl 

B TeOpeTHqecK HX pacqeTax C HCQOJlb30BaHH6M nBYXTenLHOrO 

MeXaHH3Ma .fl,ll;epHOH B.fi3KOCTH. llpH "nosepXHOCTHOM" O,ll;HOTenL

HOM MeXaHH3M e .fi,D;epHOH B.fi3KOCTH, KaK BH,ll;HO H3 puc. 2, 3Ta 

3aBHCHMOCTb - np.RMa.fl JIHHH.fl. Cne,nyeT 3aMenrrt., ~o 3TOT pe-
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3YJILTaT - 001lTU O,IUIHaKOBaR $opMa pa3pbiBHbiX KOH$UrypauuH 

AJIR wupoKoro .o;uana3oHa .o;enR~xcR ~~.o;ep ( OT Pt .o;o Fm) - He U3Me

HReTcR, ecJIU B Y<Illl B Ka1lecTBe MO.D;eJIU .D;JIR paC1leTa noTeH!UfaJibHOH 

3Hepruu UCDOJib30BaTL BMecTO MO.D;eJIU )I(H.IJ;KOH KanJIU M O.D;eJib MaJIOH 

Kannu 1 111• Ha6mo.o;aeTcR nuwL He6onLwoe pa3JIH1lue B 3Ha1leHHRX 

KOOp.D;UHaTbl P B TO liKe pa3phma: P 8 c "' 1 ,22 B MO.D;eJIU )I(H.IJ;KOH KanJIU 

u p 80 = 1,26 B Mo.o;enu ~anoii Kannu (eM. puc. 1 u Ta6nHULI). Heo6-

xo.o;HMO OTMeTHTb, liTO Ha puc. 2 npHBe.o;eHhl paCC1lHTaHHbie 3aBUCU· 

MOCTU Cpe.o;HeH KHHeTU1lecKOH 3HeprHH OCKO.JiKOB OT napaMeTpa 

z2jA118 npu .o;ayx UCDOJib30BaHHbiX B pac1leTax MeXaHU3MaX BR3KO· 

CTH, HO npu O.o;HOH U TOH )l(e JIUHHH pa3pbiBa. 113MeHUB JIUHHIO pa3pbl· 

Ba B paC1leTaX C O.D;HOTeJibHOH BR3KOCTLIO, MO)I(HO C.D;eJiaTb 6onee 

6JIH3KUMU TeopeTu1lecKHe u 3KcnepuMeHTaJILHhie 3Ha1leHHR E k , HO 

xapaKTepHoe noae.o;eHue 3aBUCUMOCTU Ek (Z 2 I A11!J) n p u 3TOM He 

U3MeHUTCR, 

PacC1lHTaHHLie .o;HcnepcHH Maccoaoro u ~ u 3Hep reTu1lecKoro 

ui pacnpe.o;eneHHii npu .o;ayx ucnoJIL30BaHHhix B pac11eTax MeXaHH3· 
k v 

Max ~~.o;epHou BR3KOCTu 3Ha1lUTeJILHO B03pacTaiOT c YTR*eneHueM 

.o;eJIR~erocR R.o;pa B xopoweM Ka1lecTBeHHOM cornacuu c 3Kcnepu

MeHTaJILHLIMH .D;aHHbiMU. llo.o;po6HOe o6cy)I(.IJ;eHUe 3aBUCUMOCTeH 

u~(Z 2/A) u u£ (Z 2/A) npoae.o;eHo B pa6oTe l ,al B cnyqae MexaHH3· 

Ma .o;BYXTeJibHOh R.D;epHOH BR3KOCTH • .rlJIR CJIYllaR "noaep XHOCTHOrO" 

O.o;HOTeJibHOrO MeXaHU3Ma .D;UCnepcHH u
2
Ek Ha 5 + 10%, a .o;HCnepCUU 

u~ Ha 10 + 20% OTJIUllaiOTCR OT 3Ha1leHHH .D;UCnepCUH .o;JIR COOTBeTCT· 

ayro~x ~~.o;ep npu .o;ayxTeJILHOM MeXaHH3Me BR3KOCTU. C paaHHTeJILHO 

He6onLwoe pa3JIU1lHe B 3Ha1leHHRX .o;ucnepcuii Maccoaoro u 3HepreTu-

1lecKoro pacnpe.o;eneHHii npu .o;ayx MeXaHU3Max BR3KOCTH o6ycnoane

HO cy~eCTBeHHO pa3JIU1lHbiMU $OpMaMU pa3pbiBHbiX K OH$uryplmHH 

acne.o;cmue xapaKTepa .zumaMUKH cnycKa, o6cy)I(.IJ;aawerocR BhiWe. 

3aBUCUMOCTb .o;HCnepcuii U 
2 U u~ OT $OpMbl pa3pbiBHbiX KOH$urypa

UHH o6cy)I(.D;eHa B pa6oTax M 1&1, .k 

,llnR HeKOTOpbiX .D;eJIR~XCR R.o;ep B Ta6JI. 1 U 2 npHBe.o;eHbl 

BeJIU1lHHhl, xapaKTepH3YIO~e .o;HHaMHKY cnycKa H .o;HCn epcHH 3apR· 

.D;OBOrO pacnpe.o;eneHHR OCKOJIKOB npH HCDOJib30BaHHH .D;BYXTeJILHOrO 

H "noBepXHOCTHOrO" O.D;HOTeJILHOrO MeXaHH3Ma BR3KOCTH. 

113 ananu3a .o;aHHbiX Mo:>Kno c.o;enaTL cne.o;yro~ue B hiBO.IJ:bi. Cy

~ecTayro~ee pa3JIH1lHe B $OpMax pa3pbiBHbiX KOH$Hr ypauuii .o;JIR 

.o;ayx MeXaHH3MOB BR3KOCTH MOrJIO 6hi npHBecTH K pa3JIH1lHbiM BeJIH· 

1lHHaM .o;Hcnepcuii 3ap~~.o;oaoro pacnpe.o;eneHHR u l, KoTo pLre onpene

JIRIOTCR 3Ha1leHHRMH 3Hepruii H30BeKTOpHbiX .D;HnOJibHbi X KOJie6aHHH 

DJIOTHOCTH B .D;eJIR~eMCR R.o;pe Henocpe.D;CTBeHHO nepe.o; pa3pbiBOM. 

3HeprHR H30BeKTOpHbiX .o;HDOJibHbiX KOJie6aHHH .D;OBOJibHO qyBCTBH· 

TeJILHa K $opMe .D;eJIR~erOCR R.o;pa /16/. ll03TOMy MO)I(HO 6biJIO 0)1(8· 

.D;aTL, liTO npH pa3JIH1lHbiX MeXaHH3Max BR3KOCTH 6y.o;eT C~ecTBeHHO 
pa3JIH1lHOH 3aBHCHMOCTb o 2 OT Maccoaoro 1lHCJia A .o;en~erocR R.o;pa. 

O.o;HaKo 3TO He TaK. z 
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Ta611U14a 1 
Be!IU'lUHbl, xapaKTepu3yHJ~ue ouHaMUKY cnycKa (3Ha'leHWl 
KO/IIIeKTU6HblX KoopouHaT 6 TO'lKe pa3pbl6a IPsc•hscl, pa3-
HUija :JHepzuu oeifjopMaijUU (M;) 6 ce0/1060U TO'lKe U pa3-
pbl6e U 3Ha'leHUJl OUCnepCUU 3apR006blX pacnpeOe!leHUU 
(a~ ) npu 06YXTe!lbHOM ( 66epxy OIIR KaJICoozo ROpa) u 
"no6ep xHOCTHOM" OOHOTe!lbHOM MexaHU3Max 6R3KOCTU 
npu ucno!lb3o6aHuu 6 Ka'leCT6e MaKpocKonu'lec~<:ou Mooe-
IIU - Mooe11u JKUOKou KaMu) 

H.n;po 
P sd had Psc 

21eRn 
1,316 

0 ,810 -0,041 
1,217 

2S0Th 
1,335 

0 ,720 -0,027 
1,220 

240pu 
1,380 

0 ,642 -0,016 
1,222 

247cm 
1,400 

0 ,613 -0,013 
1,226 

1,415 
252cr 0 ,583 -0,011 

1,231 

258Fm 
1,439 

,558 -0,010 
1,234 

hsc 

0'2 
z 

(3ap.e.n;)2 

-0,153 0,44 

-0,083 0,42 

-0,175 0,47 

-0,086 0,44 

-0,205 0,49 

-0,090 0,45 

-0,217 0,49 

-0,091 0,45 

-0,229 0,49 

-0,093 0,46 

-0 ,233 0 ,50 

-0,094 0,47 

L\E 
(M3B) 

6,8 

5,1 

11,6 

9,4 

19,5 

15,6 

23,6 

18,9 

28,3 

23 ,1 

33,5 

29,2 

B cnyq a e O.nHOTeJI&Horo MeXaHH3Ma, npH KoTopoM <t>opMa pa3-

pbiBHbiX K OH<t>HrypartHH nolfTH O.D;HHaKOBa )J;JIR acex .n;eJIRLUHXCR 

H.n;ep, o-~ c pocToM A o6Hapy)I(HBaeT cna6yto 3aBHCHMOCTb THna A 2 13
, 

OTpa)l(atolUYIO 3aBHCHMOCTb 3HeprHH H30BeKTOpHbiX .D;HnOJibHblX 

KOJie6aHHH H )l(eCTKOCTH .n;eJIHIUerocR H.n;pa OTHOCHTeJibHO 3THX KOJie-

6aHHH OT A. ,UJlR .D;BYXTeJibHOrO MeXaHH3Ma <t>opMa pa3pbiBHblX KOH<l>H

i'ypanHH cym eCTBeHHO MeHHeTCH C pOCTOM A , HO OHa MeHReTCR TRKHM 

o6p8.30M, lfTO H3MeHeHHe p H h B TO'IKe pa3pbiBa npHBO)lHT npHMep-
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Ta6nuija2 
To :HCe, liTO e Ta6/l.. 1, HO C ucnonbaoeanueM Mooenu Ma-

nou Kannu u ''noeepXHOCTHOZO '' oonoTenbHozo Mexanua-
Ma . 6JI3KOCTU 

~po 
a2 

.1E 
Pad h sd Psc h sc z 

(3ap.e,D; .)2 (M3B) 

218Rn 0,797 -0,045 1,238 -0,103 0,40 4,1 

280rrh 0,674 -0,024 1,249 -0,110 0,42 9,7 

240pu 0,597 -0,014 1,258 -0,116 0,44 16,0 

247cm 0,563 -0,012 1,262 -0,120 0,45 21,3 

262cr 0,535 -0,010 1,266 -0,123 0,46 25,6 

268Fm 0,502 -0,010 1,269 -0,126 0,46 30,5 

HO K TaKOH :>Ke CJiaOOH 3aBHCHMOCTH a~ OT A , • KaK H B CJiyqae O,Zl;HO

TeJI&HOrO MeXaHH3Ma. 

XapaKTepHCTHKaMH, OlleH& KpHTH'IHbiMH K HCnOJI&3 yeMCMY Me

XaHH3My B.R3KOCTH, .RBJI.RJOTC.R BeJIH'IHHbi, CB.R3aHHbie C ,Zl;HHaMHKOH 

cnycKa - npe,D;pa3pbiBHa.R KHHeTH'IecKa.a 3HeprH.R H a p eM.R cnycKa 

c ce,Zl;JIOBOH TO'IKH K pa3pbiBY (eM. pHc. 2). K co:>KaneHHJO, o6e 3TH 

BeJIH'IHHbl .RBJI.RJOTC.R JIHWb KOCBeHHO H3Mep.ReMbiMH • .AliaJIH3 3KCne

pHMeHTaJibHbiX ,Zl;aHHbiX no MHO:>KecTBeHHOCTH HeHTpOHOB, npoae

,D;eHHbiH a /7 I, npHBo,D;HT K aeJIH'IHHaM apeMeHH cnycKa t
8

c nop.R,D;Ka 

(20 + 30) · 10- 21 c. HawH paclleTbi npH O,D;HOTeJihHOM " noaepXHocT

HOM" MeXaHH3Me B.R3KOCTH npHBO,Zl;.RT K TaKHM :>Ke 3HalleHI'l.RM t sc ,Zl;JIH 

.R,Zl;ep TH:>KeJiee 280Th. 

TaKHM o6paaoM, npHBe,D;eHHbie a ,D;aHHOH pa6oTe pe3yJihTaTbi 

paC'IeTOB B ,D;HQ>Q>y3HOHHOH MO,Zl;eJIH ,D;eJieHHH BeJIH'IHH, xap aKTepH3YJO

I.I.UfX ,!l;HHaMHKY cnycKa, H napaMeTpOB 3KCnepHMeHTaJibHO Ha6JIJO,D;ae

MbiX pacnpe,D;eJieHHH OCKOJIKOB nOKa3biBaJOT, 'ITO 6 0JibWHHCTBO 

xapaKTepHCTHK HeKpHTH'IHO no OTHOWeHHJO K HCnOJib3yeMOMY Mexa

HH3My . .R,Zl;epHOH B.R3KOCTH H TOJibKO HeKOTOpbie H3 HHX. {Jr k, Eps' t sc) 
3aBHCHT OT BbiOOpa MeXaHH3Ma BH3KOCTH. ,lleTaJibHOe CpaBHeHHe 

pe3yJI&TaTOB ,Zl;HHaMH'IeCKHX paC'IeTOB C 3KCnepHMeHTaJibHbiMH ,Zl;aH

HbiMH MO:>KeT cnoco6CTBOBaTb BbiHCHeHHJO MeXaHH3Ma .R,Zl;epHOH BH3-. 

KOCTH B ,Zl;eJieHHH. 

ABTOpbl 6naro,D;ap.RT A.BJ1maTJOKa H r .H.CMHpeHKHHa 3a noJie3-

Hbie o6cy)f(,Zl;eHHH H B.r.CoJIOBheBa 3a nOCTOHHHbiH HHTepec H BHH

MaHHe K pa6oTe. 
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