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Hay,ielllle paccea:BWI HeRTp0HOB Ba S,Jtpax ,JtaeT BaltHHe CB8.Jt8BH.H 
0 xapaxrepe B3aHMO.itelCTBHS qacrBn. MepoR B3a.HU0,JtelcTBH.H HeHrpo
Ha c .11xpou .HBJia:erca: aqxpeETBBHoe ceqeuze, BeJIH'IHBa xoroporo 
o0yCJIOBJieHa Kalt CB0ICTBaJm BelrpoBa, Ta.It H CB0RCTB&ll'I .HXPa-!31tc
nepneBTaJII,HHe peayxoTaTH no nomnm B .JtHqxpepeuuzaiioHHY ceqeu
su, ceqelfflml pea.EWII H T~.lt· npe,JtCTaBJISIDT amqHTeJioHHI HHTepec 
,JtJISI' 113yqemu1 CTpyETYPH aT0YHHX SJtep H npJtpO,lU,l .H,JtepBHX CHJI, a 
Trotze m.i:ellT CYll\8CTBeHH0e npHXJia,JtH0e auaqeHHe (xxa Te0pHH .HJteP
HHX perotTOpon). 

B 00!lllHHX 0IJHTax DO pacce.HHHll HelTp0H0B (npz HeD0JI.f!J)B30BaB
H0U nyqxe uelrpouoB H seopzeumpoBauH1Dl im:meuo) non:yqaetm.H HH
¢opuanz.11 HenoJIHa. B arou cn:yqae 0ou0ap.itHPYDBtHe uelTpOHH H.H.Jtpa 
B 1mmeKH HUellT xaontqeCEYll 0pHeHTanHll CnHB0B H 3ECnepHMeHTam.
HHe .JtllHHBe, aBT0Jra.Tllll8CEH ycpe,JtBeHHUe DO CDHH0BIDI COCT0S:HWI:1,1 
B3aJ!llo,JtelCTBYllll{HX qactzn, 0:ita3HBaDTC.H Be,Jt0CTaTotmmm ,JtJISI II0JJyqe
HHa: BcqepDHBaD•eH HB¢opuann 0 38BHCIDI0CTB .H,JtepHHX CHJI OT cnHHa. 
CDHB0Ba.H aaBHCJW0CTo a:xepumc CZJI - 0,lB0 H3.iflYBJt8l[8HTaJil>HBX CB0H
CTB .H,Jtpa H D03T0yY BCCJie,JtOBaBM.H C noupH30BaBHtnm HelTposru.m co
C'laBJUll)T 0.JtHY H3 BazHHX aa,xa.q sxepuoR iflH3HXH. 

Hecuorpa: Ba TO, qro nepBHe 0DHTH C II0.1ISIPH30BaBHmffl 0HCTPH
llll HelrpoHalffl naqaJDlco 0oxee xeca:TH JieT uaaa.n, xo czx nop Ha-aa 
Tpy,JtB0CTH HCCJI8,Jt0BaBHI DOJJyqeBHHe peay!oTaTH ,Jt0B0JII,B0 HeHHoro
OCJ18Hllll H ~apoaueHHo" 0,JtHaEO np0Be,JteHlle Tpy,11;oew11x ~0JIJlpHaa;.._. 
UZ0BBHX 3KCIIepHU8HT0B OnpaBJtaB0,neBH0CTI,I) HB¢0pllal{U,D0~HTo 
EOT0pYIJ 0oJiee npocnnm :omrraKH,. DO-BJIJtH)(OyY 7 H8B03M0D0. Trot, 
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HanpmLep, H3liepeH:wt nolfilpHsa)lBK p,.ccemnmx HelTpOBOB D03BOllHDT 
np01tOBTpOl!HpOBaTL H yTOqHHTL cfia30Bltlt aBamts yrJIOBBX pacnpexeJie
HHlt, UOCXOJILicy' JtHqxpepeBitHaJ{LBOe ceqeBHe H noJIHpH3YJ)~ cnocod
HOCTL SJtP,. 38.BHCHT OT cfia30BUX CJtBHrOB pasJDlllllml o6pasoK. 

IlOJIHpHsanHH qacTHq, B03mntaD~ npB pacceHHHH, oco6eHHO 
qyBCTBHT8Jll,Ba X BeJmqHBe CIIHH-op6HTaJILHOro B3alWOJtelCTBM. 3TO 
06CTOHTeJILCTBO HCDOJILsyeTCH JtJIS onpexeJieHBH CnBB-op6HT8.JII,BOI 
COCTaBJIHDmeH B onTHqeCKOK IlOT8HnKaJie. no COBpeM8HBm[ npexcTaB-· 
JieBHHM ODTHqeCKOI KOJt8.JIH axpa 3TOT qJieB nponopitJ(OBalleB rpa.JtBeBTY 
.a:xepuoro DOTeHUK8Jla. EcJm 3TO npe,1tCT8BJiene OTBeqaeT xelCTBH
T8Jll,ffOCTH, TO DOJIHPH38UKOHHHe H3KepeBJUI KOryT CJtyDTL qyBCTBH
TeJILHUM cpeJtCTBOK HCCJl8,l0BaHHS axepHolt· noBepXBOCTH. 

B eactoamel pa6oTe BalOI zsyqaJIOCL ynpyroe i:ecceeue noM
pHsoBaHHHX HellTpOHOB C 3Heprzel En = 4 13B (DOJI.YUBHUX Jl3 .U-.U 
peaxquu) B IIIHpOXOM HHTepBaJie yrJIOB (ro0-110°) Ha H,lpax Be9, 
cI2 co59 Ni6t SeB'o NC93 Cd11" :1n"s- 5n"8 ',Ji?: pg H Bi-209 : ) . ) ' ., ) (} ' 

PesyJILTam sxcnepHlleHTa COBKecTHO C HSKepeHHUMH UOJIHIDIH ceqe
HHSKH BsamroxelCTBWI Heth:poBOB C yxasaHHHIOI SJ(palffl JtaJIH Ball 
BO311OXBOCXL onpe,;u;eJmtL CJl8.lYJ)lllH8 BeDtmBJiJ: 

Gt. - noJIHoe ceqeoe B3aDOJtelCTBHH, 
0e. - ceqeHHe ynpyroro pacc&JlliHH, 
One - ceqeHHe Heynpyroro BsaHKoxelcTBWI, 

~~(e) - JtH<Ixf>epeHnzanuoe ce11eHze ynpyroro pacceHHu.a: H 

Pe.(0) - DOJUIPH3YDIIIYJ) cnoco6BOCTJ. .11.;Jtpa B <I>YHEUKH yrJia pacce.a:HBH. 
3TH pesynTa.TH cpaBBBBaJmCL c TeopeTIA8CKBMH pacqeTmm, 

npoBeJteHHmm Halm no onTzqecxon KOJteJIH sxpa. 

- .AIIIIAPATYPA H mo.nma H3MEPEBBB . 

HcToqHHXOK DOUpH3OBaHHHX HelTpOHOB CJiyDJia peaKUKH 
-:b(d,n)He3 • .llJIH ycxopeHHJI HOH!JB JtelTepus: zcnoJILsoBaJica 3JleKT

pocTaTzqecxnn ycxopxren, KOHCTPYXUBH xoToporo om1casa B pa6o
Te /I/. YcxopeHHmt oyqOK xelTOBOB BallpaBJIJIJICS Ba rasOBYJ) xel
repzeBYJ) omeHL, npneHeHHe xoTopoH B nameu sxcnepoeate npex
noqrmr.eJILHee 06HqBOI TBepxol omen /2/. KoBCTPYEUB.11 MHlll8BH 
D03BOJIJIJia DpOBO)tHTJ, H3Mepemm DpH TOKe ,;u;elTOBOB "'IO KXA, JU!BJie-
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BHH B rasoBOM 06'IieMe KHmeBH ~ 800 MM . pT .CT. R Dplt :3Heprmt 6o:u:-
6ap~HPYDl!\HX ~elTOBOB I,20 .:!:. 0,05 M3B. 

· HelTpOBH c sHeprzei 4,00 .:!:. Q,05 MsB, Hcoycxae1.me Hs raso
BO! KHmeHH IlOJt yrno~ 45°-x HaDP,.BJieHHD nyqxa ielTOBOB (:e CHCTe
Me neHTpa Mace), KOJIJimmpOBaJIHCL.KJIHBOBIDl napaqiHBO-CBHBUOBLIII 
•xoJIJIDaTopou n i:eccen:eaJlllcD ItHJIHHxpzqecxmm: o6pasn&m c ,llH8.KeT
pou 20 • 25 J.ll,[ H BliCOTOlt - 60 IOI (60JILmHe ,lH8ll8TPH Demi o6pas
UH, cnpeccoBaHHlie HS nopomxoB). BO.BLIIIBBCTBO HCC116JtOBaHHliX 3Jie
KeHTOB HMeJIH IlplKTHqec&H O,JUIOHSOTOfiHmt COCTaB; pax 3JieueHTOB 
HCnOJIL30BaJICH B BHJte o6pasuo:e, cymecTBeBHO o6ora~eHHmt OAHHll 
us HsoTono:s - N/'-(a6%), Se80(94~), Cd"" (94~) 11 5n119 (73~); 
JIHWL CBHHeu 6HJI npexcraBJieB ecTecTBeHBon CM6CDD H30TOfiOB. 

PacceaHHHe o6pasnou BettTpOHH Jt8T8KTHpOBallltCL meCTLI) CUKB
THJIJIHnHOHHJ:Dm cqeTqHKaMH (xpHCTaJIJW CTltJIL6eHa o ~3Y-88), pacn<r 
naraBmHMHCH Ba IlOBOpOTBOU Kpyre nonapHO CHIOleTpHqHO OTHOCHT8JI~
BO xo.nmnmpoBaHHoro nyqxa senrpoHoB. lbl:oyJILCH ~3Y asaJIHs11poBa
JmCL~ no aJ,{IJJIJIITj'~8ll meCTLD HHTerpaJILHIDm )tHCltpltMHHaTopaim, qTO 
nosBOJfflJIO OTX8JIHTL IDmyJILCH OT ynpyro pacceHBBUX BelTpOHOB OT 
mmyJILCOB, OM3aHHUX Heynpyro paccesHHJD( BelTpOH8ll. 

Ilp11:u:eaeHHe paspa6omBHon BaJm cxeim JtJm pas~eJieHH.11 uelT
poHHoro H '( -HsJIYqeBHI no q>OpMe rumyJILca B CUKHTHJIJISIItMOHHOM 
cqeTqHJte /3/, nosBOJIHJIO sqxpeETHBHO HCKJlllllHTa perHcTpaijHD rpOHO
BHX OTcqeTOB OT 1 -XBaHTOB. 

~OH HelTpOHOB, pacceHHBBX JteTaJmMH YCTaHOBKH z CT8BIDffl 
H3MepHTeJII,HOrO no:u:emeHHS; 6H~ CHDeH ycTpOICTBOU uaccHBHOI sa
JllHTH-HS 6JIOKOB napaqiHHa c 6ypoll. OcTaBmll!tlCH HelTpOBHml q>OB 6Ii11 
BeCLlla CTMHJieH.H D03TOMY cpaBHHTeJILBO Ma.JIO uemaJI H3MepeBHSlll. 
0THOCHT8JII,HaH BeJIHqH:na rpOBOBUX orcqeTOB 3aBHC8Jia OT BeJmqHBU 
H3MepHe~oro JtHqxpepeHUHaJILHOro ceqeBHSI H K6HliJiaCL~ OT 2~ noJIBO
ro qucna 0Tct1efo:e npH 118.JillX yrnax pacceHHHH xo 5~ :e MHBll!llyllax 
xz<fiqiepeHUBaJlLHHX ceqeHHtt. J!HmL B 06JJaCTH 60JII,11!HX yrJIOB Hs-sa 
6JIH30CTH ~eTeKTOpOB It BHXOJtHOMY OTBepCTHl>_KOJIJIHYeTopa HeliTpOB
BHI rpOB Jtll.S: HeKOTOpmt o6pasnoB nOBHmaJICli JtO ~ 8~. Tax xax 
net.tTpoBimlt <f>OH Be MOJtY1lHpOBaJIC.li o6pasnaim, noro1tm pacc'eailHHX 
o6pasnaKH BelTpOHOB onpe,leJIHJIHCJ, 1taK pa3HOCTL OTCtf8TOB leTeETO
pOB B HSMepeHHHX c pacceHBaDntmm o6pasnaJIH B IJOTOK8'HelTpOBOB 
H B msuepeHHax 6es i:ecceHBaDIIIBX o6pasuo:e. 
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EHJIR HsMepeHs ,JtHqxflepeH!lB8JU,HSe_ceqeID'Ia ynpyroro pacceaHHa 
B DJIOCKOCTH, nepneH,llHEYMPBOn BanpaBJieHHm BeKTOpa DOJfflpR:38.IlRH 
na.1taDlJll{X BelTpOHOB,B RHTepBaJie yrJIOB P,.CCeJIHHH 0 OT ro0 ltO 
110° "cJieBa" ( tp = O) z · "cnp,.Ba" ( If =Ji ) OT HanpaBJiemrn 
KOJIJimmpOBaBHOro nyqxa BelTpOBOB. HsuepeHHH npOH3BO,ltHJlll!Ch qepes 
ro0 c yrJio:sma: p,.spememi:eM, pa.Brom,.., 4°. -

B nponecce HsuepeHRI CHaqaJia onpe,neJIHJICH OTHOCHT8JlhBHI 
xo.n yrJioBoro pacnpe,neJieHM p,.cceimBHX HeirpoHoB, a sa.Teu ,nJIH 
yrJia e = 200 DpOBOlHID'ICI, HSKepeHHH a6COJIDTHOtt B8JIHqRBH ,nHifqle
peHIUmJII,BOrO ceqeHHH. CJie,llYeT saueTHTh, qro OTBOCHrem;BHn xo.n 
yrnoBoro pacnpe,neJieHHH onpe.neJieH smqzteJihBO JIYqme, qeH aelcoJIDT
HHe 3HaqeHHH ,ll;Htpq>epeHitRa.JII,HHX ceqeHHI, TaK lt81t Jl.llll yrJIOBOro' pac-

npe,neJieHHH He TpeelyeTCH TOqHoro 3HaHWl BeJIRqHH npm1oro DOTOKa 
uenrpOHOB H 3qlql8KTHBHOro pacCTOHBHH o6pasen-.neTeKTOP (OT 3THX 
napa.ueTpOB Tpe6yerca TOJIDKO HX DOCTOHBCTBO B nponecce Hsuepe1mn). 

IlpH onpe.neJieHHH BeJIHqHH ,JtHifqlepeHnHaJII,HHX ceqeHHR 6HJIO 

yqreHO BJIHHBHe TaKHX aqxpexroB, Ka.It OCJia6JieBHe DOTOKa BelTpOBOB 
B o6pasne, woroxpaTHOe pacceaBme, a taxze HsueueuHe aHeprHH 
uenrpoHoB npm ynpyrou pacceaHHH (rJJa.BHW o6pasou ,nJia xerxHx 
H,Jtep). YqeT 8THX aqxpeKTOB (H ,JtpyrHX MeHee cy111ec-TB8HHWC) ocy01e
CTBJIH1ICH B BH,ne nonpaBOK K axcnepHMeHTaJihHO no;nyqeHHIDI suaqe
HHIDl. A.HaJIHs YCJIOBHR 3KCDepHUeHTa D03BOJUIJI KOppeXTHO onpe.1teJIHTI, 
yxasaHHSe DOIIpaBKH H nocJie,JtOBaTeJIDHO yqeCTI, HX npH o6pa60TKe 
axcnepHMeHT8.JlhHHX ,11;8.HHHX. OTMeTHM, qro cpaBHHT8JII,HO BSCOitHe 
npospaqHocTH oelpasnoB (0,7 • o,a) nosBOID'IJIH .1toctaroquo npocro 
BBeCTH nonpaBXH ua Wioroxparuoe p,.cceaHme uenrpoaoB .B o6pasnax; 
3TH nonpaBKH OKaaa11HOD cy01ecTB8HHlillH JI~ B MHHHUYMax ,JtHq)qlepeH
naaJU,HWC ceqemtii, r,Jte OHR .JtOCTHram1 HHOr,Jta ~ IS%. B 60JII,WRHOTBe 
xe CJiyttaeB llODpaBita 6HJia cpaBmn,ia O OTHOCHT8JII,HOI norpelllHOCTDD 
HSKepeHHR yrJIOBOro pacnpe,JteJieHHH H He npeBH1118.Jia I• 5~. 

IloJIYqeHHse axcnepRKeHTaJihBO yrnoBse p,.cnpe.1teJieHHH ynpyro 
pacceaHHHX HelttpoHOB •cI_II8Ba• H "cneBa" OT noroxa ~aDIIIHX no
JIHpHso»auHsx HeltrpoHoB CJlYDJIH .JtJIH onpe.Jl;eJieHHH aszuyraJI1,aon 
acHwerp1111 E (0}': . · · . 

.. c(~=P.li(e) Ne,oo -#9,ii 
I No,oo +/vs/ii 
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r;n;e Ne o0 H Ne: ii - DOTOKM ynpyro pacceHHHSX HeRTpOHOB 
8 HaJieBo~ H 8 Hanpa,o", Pr - 0Tenea1, noJiapHsanmH ria.naDotero nyqxa 
HelTpOHOB H P2( 0 ) - DOJIHpR3YJ)otrul cnoco6HOCTh upa (noJ1HpHsa
IlRH HeltTpOHOB, B03HmtaD~ npH ynpyroM p,.cceaHHH H8DOlipH30BaH
HOro nyqxa Ha H.l!;pe). 

no nonyt1eHBml saaqeHHmt acmweTpHH onpe,neJIJ1xac1, noJIHpH3YD
ntast cnoco6HocTh uep: 

~(e)= c(eJ 
A 

B axcnepHlleHTa.JihHSX saaqeuzax noJ1HpmsanHH HeltpoaoB P1 H3 l-l 
peaxitRH, H311epeHHllX B pa3nqasx Jia6opaTOPHHX, Ha6JIIJ;D;aDTCH sa
K8THSe plCXO%,lt8HHH /4/. lI8J.m 6HJIH DpOBe;n;eHS HSHepeHHH DOlipltsa
ItRR Pr nyTeK J8CC8HBHH Ha MaJIHe yrJis HelTpOHOB HS peaKUHH 

'b(cl1h)He?> npz Ed = I ,2 M:rn /5/. IloJIYqeHHoe sHMeHRe 
P1(45°) = I5,8% !. I,6% corJiacyerca c HsMepeHHma: smqeaHeM no
JIHpHsaitRH (Pr= 14,o,g !. I,5), DOJIY'l8HBIDl rpynnolt IleBHHTOBa /6/. 
IlpR pacqere P2( 8) MS npHHHl!aJIK sHaqeHHe PI= 14,Si. -

no HSM'.epeHHW s11at1eHHo .1tHiW,epeHitRaJI1,HSX ceqem1rn "cxeBa" 
H "cnpaBa" OT DOTO:ita KOJIJIHMHpOBaHma: HelTpOHOB 6HJIH nonyqeHs 
;n;HtW>epeHitRaJII,HHe ceqeHHH ynpyroro pacceaHHH ;n;Jlll HenoxapzsoBaH
HYX HeRTpOBOB: 

I 

dor, )\ 1. [d6' o, d..6'( -J1l dQ.l0;-=- i a3i(~,Oj+ ciS2 B,,< J 

z cet1eHm:e ynpyroro • pacceaHHa j~o 
- 0e = 211 r1.2 (B)Szn0d.0 

0 

0,JtHOBpeMeHHo c HSKepeBHHMH yrJIOBSX p,.cnpe,JteJieHHlt npOBO,nH
JIHCL H3MepeHHH np03patlHOCTel HCCJI8JtY8lmX oelpa3UOB, 0 DOKOOU,D 
ce,n1,uoro OitRHTHJ[JfflW!OHHOro oqeTqHlta, KOTOpHI llOCTOllHHO Haxo
,ll;HJICH B xoJimompoBaHHOK nyqxe aenrpoHoB. rro HsuepeHHw npospaq
HOCTHM onpe,neJIJIJIHCI, DOJIHse ceqeHHH Bsaoo;n;elCTBHH HelTpOHOB C 
11ccxe.1tOBaHH~ a;n;prum ~. rro noJIYqeHm sHat1eHHo nonHoro 
ceqeHHH B3aHM0.1teRcTBHa H ceqeaza ynpyroro pacceaHHH ·onpeieM
JiaCh BeJIH'CIHHa ce~emia aeynpyroro Bsamuo.1teRoTBHa: 

One·= 6t-6e · , 
OcHOBHSe pesyJILTaTH, DOJIYqeHBHe B 3THX zsuepeHllHX, ony6JIH1tO-,' 
BaHH B paeloTe /7/. 
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PE3YJil,TATH H3MEPmml H RX OECY!,ll'EHHE 

lH!fxI>epeHitHaJihHHe ceqeHWI ynpyroro paccemras: senoJIJipH30BaH
HHX HelTpOBOB npHB8Jt8HH Ha pHc.I. YEa3aHime Ba PHCymte omH0EH 
BRJtl)qalJT Kalt CTaTHCTHqec:ityD 0IIIH0KY,Talt 'It omH0ey adC0JIDTHHX H3-
MepeBHI (omH0XH B OTHOCHT8JlhBOM xoxe yrJIOB0ro'pacnpeJteJieHHS: 
B dOJihmHHCTBe cnyqaeB COCT8.BJIJil)T I-2%). . . 

lH!fxI>epellIUtaJihHHe ceqeHHS: B 3aBHCDOCTH. OT yrJia pacces:HHS 
llll81>T THDHtlHHI ,lHtppaRilHOHHml xapaxTep H DJia.BHO MeHS:llTCB C l,13-

V8B8BH8V aTOWloro Beca; DOJI0SeHHe MaRCHVYJ,t0B H OHHVYJ,{0B ce
qeHHR peryJIJipBo cuemaeTCS B CTOpOHy Jl8Bh111HX yrJI0B npH JB8JIHqe
BHH atoworo Beca • .I{JIJI sxep C dD3XHJI aTOJUUDL B8C0JI X0l JtH(fxpe
peHI(llaJII,HHX ceqeBHlt D0lo68B (011. ,uanpoep, Cd,11// , 'jhll5" 'It 

511
118 ); umh xu co59 H Ni6~ oouapyseHa pa3BHi:ta » xo.ite yrJio

BHX pacnpexexeBHI B OdJiacTH d0Jn,IIIHX yrJI0B pacceHHHS:. HHTepecBO 
omeTHTJ, B03paCTaHHe JtH4xpepeHUHaJII,HliX cetieBHH pacces:BHa Ha 60JII,-
111He yr11u .itxs: s:xep Se80 ,. NC93 , pg H B;, 20!1. 

J1JIJI no,1taBJIJI1>Dtero qzcJia s:xep JtH!fxI>epeRUHMhHHe ceq~mrs:, H3-
uepeuuue Ha.MH, B npexexax ollll!dox zsuepeuzs: corJ1B.cy1>Tcs: c xau
umm, D0J1Yq8BH1Dffl B lPYI'lll Jia60patopH!X /7/ npH 3HeprHSX ueHTpo
HOB, 6D3EHX E 4 113B. JlH!fxpepemum.11hHHe ceqeHHll .l(JISI'. HH06Ka H 
HO,Jta II0JiyqeBH BIIepnue. 

IloJiyqeBHHe 3uaqeBHS IIOJIJipH3Ylll!IHX CIIOCOdROCTeH S:Jt8P 1IpHBe-
1xe1m Ba pHc.2. 0ntH6EH B 3BaqeHHSX D0.11SpH3Yl>D!HX cnocodHOCTel 
sxep odyCJI0BJieHU,B OCHOBBOll,IIOrpeBIBOCTJDIIl H3UepeBHB yrJIOBHX 
pacnpe;JteJieHHit "CJI8Ba" H."CIJP(J.Ba" OT nytnta EOJIJIJDlllpOBa.mmx HelT
pOHOB; BDSBHe HJl8HHO 3THX norpemHOCTel ycHJieB0 H3-3a HH3E0H' 
CTeneHH IIOXS:PllMUHH HCII0JII,30BaBHHX B axcnepoeBTe BelTpOBOB 
H3 peaxnHH -b( c:I, 11) He 3 

• 
3aBBCD0CTJ, noupH3Yl>ll!8R CIIOCOdBOCTJI S:)tep OT yrm pacces

HHB OdBapyDB8.8T CJI0Dsl xapanep: -II0.11Jlp'lt3Yl>IIJ!,R CIIOC06B0CTL 
s:xep R80JtH0XpaTB0 KeBaeT 3B8lt, .l(OCTBras: no adC0m:>TB0H BeJililqHRe 

. )tJIS 6onll'ltRcTBa 1xep 5~ H 0.oJiee. 3to noX&3HBaet, tiTo cmm-o~ 
6HtaJI1,Hoe B28.JU(o.1telcTBHe arpaet cy~ecTBeHRYm poXD B nponecce 
ynpyroro pacces:BHS RelTp0BOB npH.BCDOJIL30BaRBOI B axcnepHM8HTe 
SH8pI'JIH. . 
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3KcnepHMeHTanI>Hm1 ua.TepHan no nonapH3YDl!IIDl cnoco6nocTm.1 
H,Jtep, nonyqeHHHff B xpyrHX na6opaTopHHX npH 6nH3KHX 3HeprllHX 
HeltTpOHOB (3-3,5 M3B), BeCMm HeBemrn H He CllCT81'a.THtreH. Yue
DTCH H3MepeHHH xna HeKOTOpllX H,ll;ep_npH OT.1tenI>HUX yrnax paccea
HHH (B OCHOBHOM npH 0 = so0, 45°, 60° H 90°), KOTOpue nox
TB8PJC.ltaDT xaHHue, nonyqeHHue B Hameu sKcnepnueHTe (cu.,Hanpn
uep, /8/, /9/H /10/). 

B pa6oTe Po.1t6epra /II/ 6uno cxenaBo onpexeneHHoe npe,1Uiono
%eHne O xapasTepe COOTHomeH:wI M8JClY XO,JtOM JtHqxpepeHIUIMI>HOro 
ceqeHHH H nonipH3YD~elt cnoco6HOCTI>D 8.ltpa B <f:YHKUHH OT yrna 
pacceHHHH. IlpH 3TOM, B HaCTBOCTB 9 nonapH3YD~ Cll0C06HOCTI, H,ll;ep 
JtOJIXHa o6pame,TWH B eynI> B ua.KCHMYJ,{ax H WiHHMyuax XHqxpepeH
uHa.llI>HI,JX ceqeHHtt. llO-BlI.JtHMOMY ~ Ta.Koe COOTBOmeHHe He peanHsyeTC8 
6YKBanI>Ho, Tax KaK nyneBue sHaqeHHH noJIJipHsyD~en cnoco6Hocrn 
axep BO llHOrHX cnyqagx He COBIJa,ll;aDT TOqHO C 3KCTpeyYMaW1 ,ll;Hcp
q:epeHJlHMI>HHX CetieHHlt. 0.JtHaKO MHapyDBaeTCll onpe,ll;eneHHaH 
xoppeJIJIItHH MeJC,U JtHqxpepeHUHMI>Hmm: ceqeHHium H nonapH3YDJllHlCH 
cnoco6HOCTHW1 H,Jtep, XOTOpruI, 6bITI> MOJCeT, BHpaxa.eTCH 60.nee cna
dw yTBepx.1teHHeM: qncno npoxoxxeaHlt noJmpHSYDmen cnoco6HocTH 
8,ll;pa qepe3 Hy.Ill> paBHO qncny 3KCTpel4YllOB JtHcpq:epeHnHMI,HOrO ce
qeHHH pacceimst BenonapnsoBaHHia BeltrpoHoB. 

IlOnytieHHHe 3BaqeHHH IlOnHUX ceqeHHlt B3aID.!O.lt8ltCTBHH, ceqeHHH 
ynpyroro n Beynpyroro BsawoxeltcTBHH npHBe.lteBH B ra6nnue I. 
ltJIH cpaBHeHHH B ra6une I npHBe,JteHH :raxxe 3uaqeHHH 3THX BeJll'lqHH, 
H3MepeHHUe B .JJ;pyrnx na6oparopHHx npz 6JIJll3IWX smqeimax Heltrpo
HOB • .naHHHe no ynpyrouy H Heynpyrouy B3am.to,JteltcTBBD, C EOTOPH
!m IlpOH3BO.JtllTCH cpaBHeHHe, B3HTH,B OCHOBHOM,H3 cnpa»oqHHxa roP
xeeBa H.B. B .ltP• /12/, a ,JtaHHHe no IlOnHOMY ceqeBHD H3 aTnaca 
Dsa /13/ JtlUI'. 3HeprHH HellTpOHOB, paBBOtt 4 1GB. Cornacne Hamn 
JJ;aHHI:ilX C .JJ;aHllHlffl, ll0Jty"ll8HHmffl .D;pyrmm aBTOpa.w!, ,ll;OCTaTOqHo xo
pomee. 

.nna a.D;ep HH061m, BHXHH B qacrzqao JtnH :io.1ta YKasamme ce
qeHBH nonyqeHH BnepBHe. 

Ilo.nyqeHHlltt HaMH a~cnepoearan»Hml uaTepHan no HeltrpoHHHll 
ceqeHHml H noJUlpB3YDD!Hll cnoco6HOCTHJI HJJ;ep xaeT BO3MO:EHOCTI, npo
BeCTH CpaBH8BHe C TeopBel. 

II 
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Cne.i,;cTBHell onxzqecxon Teope1m aBJIJierca cootHomeHHe BHita 

::;_ (8) ~ (~f) ~ , xotopoe Ha.JiaraeT onpe.i,;eJieHHHe orpaHHqemrn 
Ha BeJIHqHHY noJIHoro ceqeHHS B3amlO,J,;elcTBIUI H B8JIHqHHY XH(fxpepeu
UHaJILBOro ce11eBHa no.JJ; HYJieii rpa;zycos. OnpexexeuHlile 110 3KCnepH~ 
KeHmJIJ,Hml ,J,;aBHlnl riyTeK.31tCTJ)allO.rutJVIij 3Haqeuu :f <o0) H 
3JtCllepoeHTaJIJ,Blile 3HaqeBHa ot YXOBJI8TBOPHDT B npe.i,;eJJaX OIIIK60Jt 
H311epeHHH yxaaaHHOMy HepaBeHCTBY xxa Bcex KCCJI8XOBaHHlll Hal[Jil 

a.1tep. 
Ilo.nyqeHJme 31tcnepo:eumx1aHHe 3HaqeBHa HeJtrpoBHsx ceqeBHJt 

H IIOJIHpH3YDll!HX cnoco6HOCTeR axep cpaBHBBaJDlCJ, c TeopeTHqecxmm 
pacqeT8JDI no OIITMqecJtoi MOJ{eJIR H,1tpa. PacqeTlil llpOH3BO,1tHJIHCJ, HaJm 

Ha 3JI8ltTpOHHO-CqeTHOH MamHHe no-nporpmme, COCTaBJleHHOH 
D.Il.EJiarHmDI. . 

B pacqeTax BCllOJIJ,3OBaJICH IIOT8Hil)l8.JI BH,J,;a: 

• 1.tiJ.2 1 d:f 1--) U(r):=-V,f(r)-1,\,_~(r)+V3v,1c r dr loe , 
rxe 

f(r)=[ 1 +eJlp(rf)J-i 
~(r)= exp[-(¥)1] ' 

R='toA~ J 

B nponecce no,1t6opa napa.MeTpoB noteHJVIaJia c neJIJ,11 HopopoB
JtH Teopetzqecux xpHBlilX·no axcnepHMeHTaJIDHW pesyn1,mTaM 6W10 
HccJie.1tosaHo BDHHHe napaKeTpoB ~ , V.t H V3 Ha pe3yn1a-
TaTH pacqera.- OJtoHqateJILHlile Blil1:IBCJieHHa 6su cxeJiam.i c napa.MeT
pmm• 

. . Vco = ~0 13B 
- . 11-"i. 

~ =Vo(:1-JA) 
V:t = 8,5 M3B 

v3~ 0,11 

'to= I,25.Io-13 
a= o,6s.ro-I3 
i, = o,9a.ro-I3 

CK 
CK 

CM 

Blil6paHBUe HaJm napaKeT_pH 6JDl3JtH x napaKeTI8)(, pexoxeuxo
BaHHHK H.K.ABepuHoBmr, :.:s.H.fµ0Bc1tn H B.A.capaeBmi: •. OTD'lffle 
HaDraX DapalletpOB OT npe~JI0Z8JUIBX mm 3aJtJIDqaeTca B TOM, qT0 
Im HCIIOJll,3yeK 6onee CJI8.6YD 38.BHCHll:OCTL ¼ OT H36HTJta HeHTpOHOB 
B S,1tpe H Blil6HJB8K Uap!.)(eTp V~ IlpD8pHO Ha 6i K8H»me. 3TH H3-
KeH8HHS DpHBeJIH Jt xy,me:uy corJiaCHD TeopeTB1:leCXJ!X pacqeT0B C Ha-

I3 



mmm 3xcnepoeBTaJ1aHWH .:itaBHIDlH Jl1lil cpe,1tHHX H TaxeJmX a,1tepx). 
CJie,lYeT onieTHTa, qTo pe3JJlaTaTH HamHX pacqeTOB 6JIH3KH xax K 
pesynu.aTru,:, nonyqeuuw .ABepuuoBIDl H JlP•, Tax H x pesynuaTru,: 
llepH H Baxa /14/, pacqeTH KOTOpllX 6HJIH npo,lleJiaHH c Be.lIOXaJIDHll)[ 
DOTeBitHaJIOK. 

Pesym,TaTH HalllHX pacqeTOB IlpHBe,lleHH B Ta6JIHD;e I H Ba pHc.I 
H 2. CDJIOBIBHe KpHBHe COOTBeTCTBYDT pacqeTaJl 6es.yqeTa ynpyroro 
pacceaHWI qepes EOMIIayHJt-HJlPO, a nyHKTHpBHe - C yqeTOM TaKOro 
pacceaBHS. 

CpaBHeHHe axcnepmi:eBTam,ma pesyJina TOB JtJIH Ot , Oe I One 
H ~(8) c. TeopeTHqecxH nonyqeHHIDlll BeJIHqHHaJm JlJIH 

Bcex HJtep noxassBaeT cornacHe B npe.1teJiax IO-I5%. Hs cpaBBemu1 
.axcnepHMeHTaJlaBBX JtH<W>epeHnHalIDHWC ceqeHHlt .D;JIH ~ J:l'f , Pt. H 

Bi209 c pacqeTHIDIH c.1teJiaHa on;emta BeJIH'IIHHH ce'll'.eHHa ynpyroro 
pacceaHHa qepes xo11nayB.1t-upo. ( Oce ~ I5 ~~:E:Jl ; 
0 ~6apH 60 tt6aps ) 8 TepaJl ; irepaJt COOTBeTCTBeBHO • 

CorJiacHe TeopeTHtlecKH paccqHTaHHHX BeJIHqHH DOJIHpH3YDDtHX 
CDOC06BOCTeR C 3KCDepHlleBTalIDHO no.nyqeuumm 3saqeBHmm, &ax 

DpaBHJIO, HM88'? TOJlhKO xaqecTBeHBlill xapaxTep, a npH BeXOTOpmc 
yr.nax pacceaBHa ,1;JIS OTJleJIDBHX a,llep na<SJim,1;aeTca pacxox.1teBHe xaxe 
no suaxy. He6oJiamHe BapHaitHK B napalleTpax ODTHtlecxoro noteBD;Ha
Jta, XOTOplle eme He npHBO,ltHT lt cy•ecTB8HHllll pacxox.iteBl'UDI KeX,lY 

pacqe~Hmm H 3KCDepmieBT8JlhBmnt 3BaqeBHHMH.JlJlll ceqeHHI, mue 
He y.nyqmamT XOJIHqeCTBeHHOro cor.nacza pacqeTBHX BeJIHlJBH C 3XCDe
pHKeBT8.JihHIDll! SHaqeBHHMH IIOJIHpH3Y1'1Ull CTIOC06BOCTel B,.nexoM JtJIH 
Bcex a,llep. TaJc, Hanpoep, ,1;,m YJIYqmesu corJ11.cHS TeopeTH11ecxol 
ltpHBOI DOJIHpH3YD•el CIIOC06HOCTH C 3KCDepoeHTaJiaB~ ssaqemi:mm 
Jl~H xa.ioma He06XOJl]IKO ygeBamHTa BeJIHqHBy CDHB-Op6HTaJiaHOrO qJie
Ha B ODTHqecKOK DOTeHD;HaJie, B TO Bpeu xax .ltJIH xo6a1U,Ta H CBHH
n;a, DO-BH,1!;JDIOMY, ero ByxBO yBeJIHqHTL. 

x) .Tax xax. ~J!JI 6ep11n.mia: 11 yr.1epo,1ta sHa'llemm rpaHHquol sueprHH, 
IIPH ltOTOpOI ·· DpQHCXOJtHT •Depexp.HBa.HHe 'ypOBHelt, HaXOJtHTCS: 
Blill!e IO 113B, TO TeopeTHqecxze pacqeTU npK E = 4 113B He OTBe
qamt · .1telctBHTe&HOCTK It Ha pHCYB~ He DpHBO,lJl'.TCa. 

I4 

B n;eJIOK CJieJ(yeT npHsHaTL, '11'.TO ODTHqecxaa KO)teJIL·HJtpa B.ee 
COBpeKeH~OK COCTOmHH OIDICHBaeT DOJiapH3aD;HOHBHe :$peKTH He CTOJID 
YJlOBJI8TBOpHT8JILHO, &ax npoq&e npo~eCCll B3aHKO,J;elcTBJIH·HelTpOHOB;> 
C Jl,llp8l0l. HecoMHeHHO, tlTO 3KCIIepDeHT8.JIJ,BH8 pa60TH DOBOJiapHsa
D;HH H .lflJll,Beloe TeopeTHqecue pa3pa60TXH BHecyT 60JII,JUYl).JICHOCT1, · 
B 3TOT BODpOC • .::~.:t-L 

3AKJIDtJEHHE 

B pesyJII,TaTe Ha.CToa~el pa60TU: 
I. Ha.nazeua KeTo.w;ima scnepDeBm no H3Kepeun ynpyroro 

pacceaHHa DOJUlpH30Ba.HHHX BelTpOBOB. KOHCTpyltD;HJI omeHH, EOJIJIH
KaTopa H 38.JIIJITH DOSBOJUleT llpOBO,lHTh H3KepelDlJ! .lH<W>epeHD;HanBHX 
ceqeoR •cieBa•. •cnpaBa• or l1Y1lX8 XOJLIJDIHpOBaHHHX BelrpOHOB 
B mHpOltOK HBTepB8.Jle yrJIOB (ro0 + r10°). . 

2. llpoeueBBe p!,3pa6omuuol cxeim n-'( pas.w;eJtemta: xu 
CD;HHTHJIJISitHOBHOro cqeTuxa DOSBOJIJIJIO DOJIBOCThD HCltJIJ)llHTD . i -
~OH B H3Kepeuux. 

3. H3Kepem XJl{p(JlepeBD;KanBHe ceti:eoa ynpyroro pacceJIHU 
4 1'3B HelTpOHOB Ba Jl.ll)aX BJ, c/2., ; Co59 , Nt,'2 , Sei0 , 

NC93, Cd 1111 , 'Jn110 , Sn 11" , 'J''-'f, · pg • Bi-209 B HHTepBaJie 
yrJIOB OT ro0 ,JtO 110° qepe3 ro° C yrJlOBHK paspe■eHHeK 4 o • IIOJIY
qeHBHe JtaBBHe IIO TOqHOCTll H3JlepelDUI H no JIBTepBaJIY yrJIOB npeBOCXO
~T pesynTa.TH aBaJIOrHl!HHX pa6oT, BmIOJIBeHBHX B ,;pyrHX Jia6opaTO
pux. JlH4xl>epeHD;118.JIJ,BHe ceqeBBa J;JIR mi:0611a II io,J;a noq,reHHBDeP-
BHe. · 

,;.·:. 

llo H3JlepeBHHK ,J;H~peBJ:tH8.JIJ,BWI ceqeHHo no~eus ceti:eHu 
ynpyroro pacceaHHa. 

4. ·1snpeua acHJO(eTJ)lUI p!,Ccemnra B JIJ1ocxocr11, nepneJUBitY
JtJ1puol KanpaBJleHHD BeltTOpa DOJIJlpHsaD;IIJI BelTpOBOB, J;:111 yita38.BBHX 
Sl,ll8p H B TOK X8 JIBTepBaJie yrJIOB. IlpoBe,J;eHBOe HSKepeHHe DOllpHsa
D;llH HelTpoHOB Hs peaxD;llH "b( d1 ~) He3, · · npl! yrJie BHJleTa 
45° (c.n;.H.) IIOSBOJIHJIO HS noiyiteRBOI acmeTpl'IH BliMICJIHTD DOll
pl[3JD!ltyJ) cnoco6HOCTI, a,iep B saBHCHKOCTJI OT yrs p!,CCeaHHJ:1~3a 

,,·:.p ' . 
HCXJIDqeHHeK·oT.w;enHHX H311epeHHH ,J;Jlll HeltOTOPHX yrJtOB ,l8BHH8 UOJIY-
qeBH BnepBHe. 

IS 



5. H31lepeHH noJmue ceqeBHH B3alDl0l81CTBHH ,llJm yxa3aBHHX 
ffl8P (noJ1Hue ceqeHHH lJlll IDIOOHH H HBXHH nOJIYtJeBH BnepBHe). 
IloJIYt1emme .llaHBHe no noJIBm1 c_eqeBHJDI H c~qeHHo ynpyroro pac
ceHHHa. no3BODJDI Bfl!IHCJIHTL ceqeHHH ueynpyroro B38JDl0l81CTBHH. 

6.,: IlpoBe.i,;em. pacqeTH no onTHtl'ec1tolt KO.JJ;eJDl S,llpa c .BHOpau
Bmffl {napaiierpao. TeopeTHqeCXH paCCtlHTaHHYe B8DtlHHH HaXO,llHTCS. 
B xopomeK cor.nacHH C 3B:CnepHM8HTaJILmnt:H 3uaqeHHHKH HelTpOBBHX. 
ceqeHHI. Cor.1a0ae reoperHqecxHx pacqeroB no~pH3YDDtel cnocoouo
cTH C 3XCnep11D,18BTOJ,( TOJILRO xaqeCTB8BBOe. 

0cHOBB08 C0,1J;8p:ra.BH8 ,llHCCepTaUHH H3JIOX8HO B paOorax /1,2, 
3,5,7 /. 
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