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OHUAH XAPAKTEPMCTilliA PAEOTI1 

AK7'YaJII,HOCT1:, Tew. Ilpe,nM8TOM o6cy~emm ,miccepTa,umI RBJifilOTCR 
aJII,q>8.-111HpHHl:l HettTpoHHblX pe30HaHCOB, nQJIY'I8HHble B pe3yJII,TaTe HCCJie
,ItO:srumit peaKUIDJ ( n. , oe..) Ha peaoHaHcHblX HeilTPQHa.X B nmpoKoit oClJIB.CTH 
aTOMHHX R,Itep:60 ~ A ~ 150. )leTaJII,HOe H3YtJ8HlJ:8 8TOro HOBOro KaHaJI8. 

pacna,n;a HettTPQHHHX peSOHaHCOB (B ,ItonoJIHeHJrie K paHee xopomo HSytJeHHHM 
HettTpoHHOMy H pa,m!alJ,HOHHOMy KaHaJI8M) .l:IBJmeTCR aKTYaJII,HHM no PR.ItY . 
npHtJHH. Bo-nepBwc, cnoco6cTBY8T BWlCH8llltlO cnoJKHott CTpYKTYPH HettTpoH
HblX pe30HaHCOB, pacumpim B03M0'1tHOCTH HettTpoHHott cneKTPQCKOllHH. Ilony
tJeHHafl ,Ito CHX nop lll!qiopMaIUIJI KacaeTCR, KaK npaBMO, Jllllll1:, MaJ!Ott tiaCTH 
BOnHOBOtt ipymanm H8i1TpOHH6ro pesoHaHca: B OCHOBHOM ee MaJIOKBa3RtJac
Tll'IHblX KOMIIOH8HT; nporpecc 3,It8C1:, M0'1teT COCTOflTl> B pacroHpeHHH paCloT 
no IIaMepemno napUIJaJII,HWC pa,miatJ.HOHHblX filHPIJH 'A,1llJ raMMa-nepexo.1toB Ha 
BblCOKOBOSClylltll:eHHble COCT0.1:1:mm lJ am,qia-roHplJH HettTpOHHblX pesoHaHCOB. 
Bo-BTopmc, aJII,q>a-pacna,It BHCOKOBOSCly~eHHHX COCTO.l:lmrl! R,Itep,KaK HOBmt 
TlJll aJII,q>a-pacna,Ita,noneseH 'A,1llJ noHHMaHlJ.1:1 caMoro npo~ecca am,qia-pacna
.1ta, CTIJMYnlJPY8T nO.l:IBJl8HlJ:8·HOBHX T80peTIJtJeCKHX no,ItXO,ItOB. PeaKinIH 
( n , OC. ) Ha pesOHaHCHblX HeilTpOHax ll03BMH8T BOS6y~T1:, OTHOClJT8Jll,HO 
,ItonrOl!tlJBYl]llJ8 (no R,It8pHl:lM BpeMeHSM) COCTO.l:!HlJ.1:1 lJ IJCcne,ItOBaTl:, me aJII,

qia-pacna,It, M8xaHlJ3M KOTOporo IDA88T MHoro oelmero C M8XaHlJ3MOM KJI8.C
Cll'!8CKOro aJII,q>a-pacn~ OCHOBHHX COCTO.l:IHJritt. 0,u;HaKO ecD 8CT8CTB8H
Hml aJII,q>a-pacna,It xapaxTepeH Jllllll1:, 'A,1llJ cpaBHJrITSJII,HO Tilenux .1:1,1tep 

( HeCKOJihKO lJ30TOllOB pe,ItK038M8Jll,HblX eneMeHTOB, ClJJll,HO Hei1TpoHO,Iteg)H
UIJTHl:l8 R,ItPa nocne 6eTa-pacna,1ta c A ?-II0 n R,ItPa aneMeHTOB, pacnono
xeHHHX aa BlJCM;YTOM), TO B036y~eHJrie J:1,Itpa Ha 8Hepr:mo CMSlJ H8itTpOHa 
,ItaeT B03MOlltHOCT1>-IICCJI8,ItOBaT1:, am,qia-pacna,It Ha J:1,Itpax eneMeHTOB npaKTIJ
'!8CKli BC8X aTOMHHX B8COB. PaCWllp8Hll8 TaKIIX HCM8,ItOBa.IDlli 
npe,ItCTaBnfl8T ocoelmt lJHTepec lJ B CMSH C llO.l:IBHBIDIDAHC.1:1 yKasaHH.l:IMH Ha 
BOSMOlltH08 lJ3M8H8HlJ:8 M8xaHlJ3Ma am,cpa-pacna,Ita C pocTOM 8HeprlJlJ B036yx
,It8HlJ.l:I po,miTeJII,cKoro .1:1,Itpa. B-:rpeT1>mc, ,ItaHHHe no peaKUIDJ ( n , a,,) Ha 
R,Itpax aneMeHTOB c A< IOO J:IBJISnOTC.1:1 Heo6XO,mIMllMII 'A,1llJ o~eHKIJ HaKOM8HlJ.l:I 
B KOHCTPYKUHOHHHX MaTepIJaJIB.X aTOMHHX peaKTOp0B R,Itep renIJR, cymecTB8H
H0 BJ!Hfll!lll8rO Ha <plJ:3ll'I8CKHe lJ M8XaHJrI'l8CKH8 CBOitCTBa CTaJiett. 

Uen1:, pa60TH cocTOIJT B pacroHpeHlJlJ xpyra R,Itep, Ha KOTopmc HB.Clmo
.ItaJI8.C1> peaKinIH ( n. , ~ ) , B 0ClJIB.cT1:, .1:1,1tep 60 < A < IIO, r.1te aKcnepn
MSHTaJII,tme ,ItaHHbl8 npaKTH'l8CKH OTCYTCTBOBaJIIJ, H pacroHpeHlJlJ aKcnepH-
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MeHTaJII,HOfi 1mqiop1.mrnm 06 aJII,qla-IImpHHaX HefiTpOHirnX pesol!a.HCOB .It,JIJI 

nepexommx smep c A=I50, 'ITO Heo6xo,ItHMo .It,JIJI: 

- npoBepKH cnpaBe.n;JmBOCTH noJIOJJteHHfi CTaTHCTmecKofi TeopIDI; 
- oueHKH pa3JilltIHHX TeopeTmecltlDi Mo,n;eJiefi, HcnoJII,syeMIDC cefitrac 

npH onHcamm aJI:r,qia-pacna.zta BLICOKOBos6yli!,Itemmx cocTosrmm smep; 
- nOJiy'IeHHR KOJmtieCTBeI!HHX .n;aHHIDC O BJIIDIHHH pesoHaHCHllX H npo

MelltyTO'IHWC HefiTpoHOB Ha HaKOMeHHe re~ B KOHCTpyromommx MaTepna
Jiax sr,n;epHHX peaKTOpoB. 

Hay'IHM HOBHSHa. B ,Ita.HHOfi pa6oTe BnepBI:le y,n;aJioc:r, aKcnepHMeII
TaJII,HO Ha6Jn<UJ;aT:r, H HSYIIHTJ, HeKOTopue OCHOBIW:e 3aKOHOMepHOCTH peaKUHH 
( YI. , 0:. ) WJJI sr,n;ep HS HOBOfi 06Jra.CTH C A < IIO • .ll7JH HSOTOnOB ceJieHa
-77, pyTeHHR:-99, -IOI, rIMJia.ztHSJ-105 peamum ( n. , oc. ) Ha6Jn<UJ;anac:r, 
BnepBile; ;rµrsr HSOTonoB UHHKa-64, -67 H MOJIH6,ll;eHa-95, ;rµrsr KOTOpWC paHee 
HMeJIHCJ, TOJII,KQ npe~pHTeJII,irue ,llaHHHe, noJiy'Ieiru cymecTBeHHo YTO'IHeH
Hlle H 6Mee 06111Hpirue CBe.n;eHHSJ. IlOJiy'IeHH ,ItaHirue no 8.JII,qJa-IImpHHaM ,Iµlq 

HSOTOnOB Ca.MapHH-147 ,-I49 n H80~-I45 ;rµrsr B.n;Boe 60JII,mero It0Jmtl6CT
Ba peSOHaHCOB, HeJJteJIH B ony6JIHKOBaHiruX paHee pa6oTax. EJraro,Itapsr 8TO
My y~oc:r, npoBeCTH aHaJIHs aJII,(lla-lIIHpHH oT,n;eJII,HO .It,JIJI pesoHaHcon o6omc 
CllHHOB ( J = I :!: f /2). C noMOllll>!O IIOJiy'Iemrux pesyJII,TaToB y,n;aJioc:r, 
llpoBepHTJ, npe~OJIOJJtemm H BW30~ HeKOTOp!lX TeopeTmecrurx MO,ll;eJiefi 
8.JII,(lla-pacna,Ita. 

IlpaKTmecKaa: geHHOCTJ,. IlOJiy'IeHHHe ,ll;aHHUe MOryT CJiyllmTJ, !<pllTepn
eM ITpaBHJIJ,HOCTH npe.n;cKasaHHfi TeopeTmec:itmc MO,ll;eJiefi, CJie,ll;OBaTeJII,HO, 
H mc npHMeHHMocTH .It,JIJI omicaHHSJ npoueccoB THna peaKUHH ( n. , «. ) • 
YTo~eHHe napa.MeTpOB onTH1Iec1toro noTeHUHa.na, 1tcnoJII,syeMoro .It,JIJI onn
camm peaKUHH ( n, , oc,) B o6Jra.cTH MaJruX aHeprmt am.qs.-qacTnu noJies
Ho npH ouemte ceqeHHfi o6paTHofi pearomII ( ex:. , n. ) , Bec:r,Ma BruKHofi 
.It,JIJI acTpoqiRsmm. B pa6oTe npoBe,n;eHH oueHKII ceqeHHfi 6"n.a:. Ha peso
HaHCHllX H npoMeJiyTOIIHHX HefiTpOI-Iax, llCCJie,n;oBaHO BJmllHHe pesoHaHCHWC 
H npoMelltyTO'IHilX HeitTpOHOB Ha HaKOMeime reJIRR: B. I<OHCTpyKUHomrux 
MaTepHaJiax Jl'.,ll;epmnc peaKTOpoB. Paspa6oTamrufi HOBilit 6IlcTp~ .n;eTeitTOp 
IlOSBOJmeT SHB.IIHT8Jll,HO paCIIIHpllTJ, llCCJie,n;yel'.mit .n:nanasoH :meprmr HefiT
POHOB B noHcKax pe.n;KHX peruamtt THna ( n , oc. ) ; noKasrura BOSMO.lltHOcT:r, 
ero HcnoJII,SOBaHHSJ B HSMepemmx c xopomm,1 paspememreM no aHeprHH 
HefiTpOHOB (Ha HMnYJII,CHilX HefiTpomrux HCTO'IIDIKWC C KOpoTI<Ofi BCmzmKOfi 
C'j; = 50 HC). 

@ 38J.IUITil BimBHI'aIOTCSJ CJI8ltV!1IllHe OCHOBHHe peSVJII,TaTil, nQ:[l
'IeHHile B ,zmccepTa.J.llIH 

I. Cos,n;aH HOBilit MaJIOqJOHOBI:lit 6IlCTpuit ,n;eTeKTOp 8JII,qJa-1Iacnm,cno
co6Hlltt pa6oTaT:r, Ha llytJKax HefiTpOHOB OT HMnyJII,CHilX IlCTOtnmKOB c wm-

2 

\i 

TeJII,HOCTJ,!O BCllllmKH OT 50 HC H B!lme npn Ha.JilI'IlIH MOlllHllX HMnYJIJ,CHllX n 
nocTOSl'HHllX nOJiefi raMMa-KBaHTOB It HefiTpOHOB. 

2. YCTaHOBJieHo HaJmlme a.m,qia-pacna,n;a BllCOKOBOS6yllt,I(eHHHX COCTOJl'.
Hmt B HOBOfi o6JiacTn aTOMHHX sr,n;ep 60< A< IIO. BnepBile Ha6Jn<U);a.nac:r, pe
~ ( J'l , (A ) Ha pesoHaHCHilX HSHTpoHax npli HCCJie,n;OBaHHH HSOTOnOB 
CMSHa-77, pyTeHHJI-99,-IOl H ITMJia,u;mI-I05. CYll.18CTBOBaB!IIl1e npe,n;Bapu
TMJ,Hll8 ,ll;aHHil8 ,n;JIJl'. UHHKa-64,-67 H MOJm6,n;eua-95 CYll.18CTB8HHO YTOIIH8Hll 
u pacmHpeHil. 

3. B.n;Boe, no cpaBHemno c npe~JltHMll pa6oTaMH, pacmHpeHO 'IHCJIO 
HSMepeHHHX aJII,(lla-IImpHH peSOHaHCOB ;rµrsr HSOTOnOB caMapHH-I47,-I49 n 
Heo~-I45. :3TO nosBOJIMO npoBeCTH aHaJIHS cpe,n;HHX aJII,(lla-mnpnH H pao
npe,n;eJieHHfi nOJIHilX 8.JII,qla-IImpHH OT,ll;8JII,HO WI1? pe30HaHCOB C pasHilMH 
crumru,m. 

4. IlOKaSaHo, 'ITO ;rµrsr nccJie,n;oooHHHX smep, B TOM 'IHCJie n HS HOBOfi 
o6JiacTH, npu omrcamm o6ll.lllX saKoHoMepHocTefi peaKUHH ( n. , <X.) Ha peso
HaHCH!lJC HefiTpOHaX, llilllMH CJIOBaMH, aJII,qJa-pacna.zta BllCOKOBOS6yllt,JJ;eHirnX 
COCTORHHfi smep, B nepBOM npn6JIHJJtemm MOl!tHO nOJll,SOBaTJ,CR CTaTHCTmec
KOfi TeOpHefi, ITpaBHJU,HQ npe,n;c1tasu:samtefi SHa'IeHHR cpe,n;HHX aJII,qla-IImpHH, 
xapaKTep pacnpe,n;eJieHHfi aJIJ,qia-mnpHH, o6i>RCHR:l!lllefi OTCYTCTBHe 1toppeJm
wrii C ,IUlYI'H1fil llil'IpHHaMH. 0TM8'I8HO, 'ITO B 3KCn8pHM8HT8 ITpOJl'.BWIRCJ, ac}
~eKT"d, yKaSilBalOlltl'le Ha BOSMO.lltHile OTMOHemm OT npe,n;eJII,HOn CTaTHCTH
qecKott TeopHH. 

5. IIpoBe,n;eH aHaJIRS 8KCII8pHM8HTaJIJ,HWC aJII,qia.--l!llipHH B llil'IpOKOM 
,n;HanasoHe aTOMHilX BSCOB, I<OTOpllii no:itasllBaeT, 'ITO, no-BH,n;HMOMY, I'H:

raHTCKll:8 peSOHaHCil B aJIJ,(lla-'IaCTH'IHOH CMOBOH cpymw;wl: OTCYTCTByroT. 
':3TO 03HaqaeT, 'ITO 8CJIH aJIJ,qJa-MaCTepHil8 YPOBHH o6~eMHoii :wm IIOBepx
HOCTHOli IIpHpO,ll;Il H CYll.18CTBYIDT B smpe, TO OHH CWU,HO "paaM81JlaHil11 IIO 
06Mo1Ie'll!I:lM ypoBHRM. 

6. Ha OCHOBe HOBilX aKcnepHMeHT8.lll,HllX ,ll;aHHllX npoBe,ll;eHil oueHKH 
ceqeim;t 6"n.a. Ha paSOHaHCHilX H llpoMSlltyTO~ HenTpOHax, BllepBile nc
CJI8,ll;O:Ba.liO _ BJIHRHHe pesoHaHCHilX H npoMelltyTO'IHllX HenTpoHOB Ha HB.I<OMe
lIB9 re.lmiI B KOHCTpyKUHOHiruX MB.TepHa.JiaX smepHWC peaKTOpoB. 

, &lJ2268%'1 pa6oTH. OcHOBHile MaTepna.mi ,n;HCcepTaunn ,ll;OKJIEW:lBaJIHC!, 
na II,III,IY H Y BceCOIOSHilX KOitqiepeHURJDC no nettTpoHHott (pll3HK8 (!wen, 
1973, I975, 1977 n I980 r.r. cooTBeTcTneHHo), Mel!,eyHapo,mtofi KOHWS
pem.nra no :zs6pa:mwM BOllpoCaM CTpyKTYPll smpa (,IJ,y6Ha,I976); Mex,eyHa
po,n;HOli KOH~epe~ no B3aHMO~eficTBH!O He.iiTpOHOB C Sl',IlI)aMH 

(JioyaJIJ.I, CIIIA, 1976). Ha Pa601IeM COB8ll.la.HID! no npo6JieMBM 
a.m,qia-pac~ H MaCTepHoit CTpyit!i'ypll smpa ()fy6Ha, 1979), 
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lY cHMIIosicyMe no cneKTPaM rru,iMa-.eyTiefi Pa.IUI~OHHoro saxooTa HeiiTpo
HOB ll CM9.lKHl:lM BOllpOCaM (I'peH06Jr1,, <lip~, 1981). 

' 
Ily6J11IBa.I.1lUl:. Ilo MaTeplla.JlaM .I4RCcepTamm ony6Jrn:KOBaHO 22 HayTIHl:le 

pa6oru. 

06~eM n cTpyKzypa :u;nccepTamrn. lI,llccepTruum cocTOHT ns BBe~emm, 
IIRTH r~aB H saKJIIOTiemm. B Hett co~epl!tllTCH I46 CTJ)a.HHU MalllHHOllHCHOrO 
TeKcTa, BKJIIO'IIM 39 pncyHKOB, I? Ta6Jnm H cnHCOK DTepaTypl:l ll3 I59 
HaHMeHOBaHHH. 

KPATKOE CO.I{EPlKAlillE ,IUICCEPI'AIUfil 

Bo BBe,p;eHHH ~Ha xapaKTepHCTHKa l!CMe~oooHHfi pea:iaum ( n , «, ) , 
o6cyl!f,IteHl:l lIX aKTya.JII,HOCTI>, HaytJHoe lI llpmtJia,llHOe 3HaTieHHe, Cqx)pMYD
pOBaHl:l uell pa60Tl:l ll pesy~TaTl:l, Bl:lHOCHMl:le Ha 381!1lITy. 

IlepBM rmoo co~epl!tllT KPaTKHfi o6sop IICMe~oooHHfi aJI:E,(pa-pacna,zi;a. 
Ha.TI8JllIIHCI, C ll3yTiemm ecTeCTBeHHofi ~OaKTHBHOCTH R~ep, B TSTie:ime 
H8CKO~KllX ~eCRTMeTHfi lICMe~o~CR llpaKTl!tJ8CRl'I JmlIII, am,qia-pacna,zi; llX 

OCHOBHl:lX COCTOR:imfi. ITporpecc B 3TOtt o6JraCTll ncc~e~oBaHHfi HOCM 
CKatJKoo6paslil:ltt xapaKTep, npHtJeM noc~e,nimtt noneM HHTepeca K nsyTie
Hml am,cpa-pacn~ nponsome~ B noc~e~e ~ ~ecRTMeTIDJ. 3a. eTo 
Bpe.Mll Ha nytJKax 61:lcTpl:lX npoTOHOB ll TRXe~ llOHOB 61:lll CHHT83HpOBaHl:l 
HOBl:le ~a, y~aJiemme OT DHl!H 6eTa-cTa6~HOCTll, TITO cymecTBeHHO 
yBeDtJMo tJIIc~o am,cpa-IIs.eyTiaTe~en; .n;JIJI mHpOKoro Kpyra R~ep ncc~e~o
BaH c nOMOlllI>IO pea:iaum ( n , a-) ~-pacna.n Bl:lCOKOBOS6yl!f,IteHHl:lX 
KOMllayH,I(-COCTOR:imfi ~ep. B CBOIO OTiepe~. np0ll301WIO lI ~Hettmee 
paSBIITHe Teopl!l!. 

B nepBOM naparpaqie pacCMOTpeHl:l B0np0Cl:l am,cpa-pacn~ OCHOBHl:lX 
COCTOR:imfi aTOMHl:lX ~ep. Bo BTOPOM - llpOaHMH3HpOBaHa COBpeMeHHaR 
Cl!TyauIDJ (KaK B TeopeTHtJeCKOM, TaK ll 3KCnepHMeHTa.JII,HOM acneKTax), 
C~ODBmaRCR B II3yTieHHH aJI:E,(pa-pacna,zi;a Bl:lCOKOB036yl!f,IteHHl:lX COCTOR:imfi 
~ep; ooo6oe BHIIMaHne y~e~eHo aJI:E,(pa-pacn~ KOMnayH,I(-cocTORHHfi, 
B03HHKaiallIDC B pesy~I>TaTe SaxBaTa Me,iµIeHHl:lX HeilTpOHOB ~OM. 

B HaCTORmee BpeMR HeT o6mett (KOJm'ieCTBeHHott) TeOpHH, OllHCI:maIO
men CBOfiCTBa Bl:lCOKOB036yl!f,IteHHl:lX COCTORHIIH R~ep, KPQM8 CTaTHCTHtJec
KOii. IToaTOMY OllHCaHHe am,cpa-pacna,zi;a KOMllayH,I(-COCTOR:imfi llp0ll3BOJ4RTCR 
cetttJac C HCn0~80BaHH8M pa3Jm'iHl:lX MO~eJII,HJ:lX npe~cTaBJielillfi B PaMKax 
CTaTHCTHtJeCKOH Teopim, B OCHOB8 KOTOpoil ~exnT KOHUellUIDJ KOMllayH,I(
COCTO.IIlllIB H.Eopa. B CBR3lI c Ha6.mo,neHJieM Ha onl:lTe (Tiame B o6~aCTJif 
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cpaBHHTe~HO ~erKIIX R~ep c A< 100) sqxpeKTOB, He Y~KIIUDCC.fI B 
npocTy!O CX8MY npe~e~Hott CTaTHCTHtJeCKOfi TeOpllH, npe~CT~eTC.fI 
llHTepecHl:lM nocMOTpeTI>, HaCKO~KO xopomo OlliICl:lBaeT CTaTHCTHtJecKaR 
TeopIDJ 3aKOHOMepHOCTH HOBOro Kali~ pacna,zi;a HefiTPOHHl:lX peSOHaHCOB -
pea:iaum ( n , ~). 

Bo BTopoif r~aBe Hs~ol!teua MeTOJ4RKa npoBe~eHHl:lX ncMe~ooolillfi 
pea:iaum ( n , a:. ) Ha pesonaucHl:lX nef!TpoHax. HsyTieHHe yrmsaHHoii pe
aKUHH CBR3aHO co SHatJHTe~mmrn 3KCnepml!eHTa.Jll,Hill,rn TPY~OCTm.m, 
o6yc~oBJieHHl:lMn r~aBmmi o6pasoM HHtJToimon Bepo.fITHOCTI>IO am,cpa-pac
na,zi;a KOMnayH,I(-R~a no cpaBHeHillO C KOHKypnpyn:umn peruru;um.m (B OCHOB
HOM peaKUHefi ( n , i1' ) , ceTierum KoTopoii ,n;JIJI nsyTiaeMHX sr~ep B ~ 
ro6 pas 6~me) H neo6xo,rn1MocTI>10 npoBe~eHHR 1rnMepeHirfi ua qx:,ne MOIUHl:lX 
HMIIy~CHl:lX lI nocTO.fIHHl:lX Iio~eii rru.lll!a-KBaHTOB II HeiiT:pOHOB l!CTOTIHlIKa. 
B 3Tl!X YMOBRllX KPYr l!CC~e~er.rux R~ep l'r IIX pesOHaHCHl:lX COCTO.fIHmI, 
~OCTyIIHl:lX .,lµ!R perHCTPamm peaKUIIn ( n, , a, ) , C~HO 3aBIICHT OT Bl:l-
6opa TIIIIa ~eTeKTopa, ero ItOHCTIJYKUHl! u peiKIIMa pa60Thl, npH 3TOM 
~eTeKTOP ~OJDKBH y~oBJieTBOpRT:E, MS,llYI(lllHM Tpe60BaHl:t.fIM: 

- 60~maR M0Il18,IJ;I, Mlllll8H8H ( = I04 cif) , n08BOJIIIIOll1aR llp0BOJ4RT:E, 
IrnMepemm Ha 6o~moM KOJm'ieCTBe BemecTBa (~eCRTKU rpaMM llplI MaKCl!
MaJII,HOll To~e C~O.fI MHIIIeHII, onpe~eJIIIeMOii npo6eroM aJI:E,(pa-TiaCTl!U 
B BemecTBe, B uecKO~KO Ml!JIJillI'paMM Ha ~aTHl:lfi CaHTIDl!eTp); 

- Bl:lCOKaR aqq>eKTl!BHOCTI, (He xyxe 50%) perl!CTPamm a.JI:E,q>a-TiaCTl!U 
ll3 peaKUim ( n , 0(, ) llpl! KPafiHe HHSKOil aqxjleitTl!BHOCTl! perHCTpamm 
raMMa-KBaHToB ( €~ I E«, .:E ro-9 ); 

- HH3KHe qx)Hl:l (co6CTBeHHl:le l! Ha nytJKe neiiTpoHOB OT l!CTOtJHHKa) 
l! cTa6HJII,HaR pa6oTa B TeTieHHe HeCKQ~I,KllX COT TiacoB B yc~OBl!RX 06.ey
Tiemm, TITO noaBOJIIIeT Ha.ztelitHO B~eJIIITI, am,cpa-nepexo~ C HHTeHCHB
HOCTI,IO B HeCKO~I,KO ,n:ecJJTKOB TiaCTl!U sa IOO TiaCOB HaMepeHIIil; 

- Bl:lco1toe 61:lcTpo~eficTBHe, Heo6xo~oe KaK ,iµrR y~oBJieTBopemm 
Tpe6ooomm I..ra.JIOCTH qx)HOB, TaK ll ,lµ!R pa60TH Ha nyTIKax neilTPOHOB OT 
I!Mlly~I,CHl:lX HCTOtJHIIKOB C KOpOTitOH (BMOTI, )lO 50 HC) BCirnmltOfi ll 
o6ecneTieHIDJ 61:lcTporo BoccTaHoBJieHHR xapaKTepHCTHK noc~e HMny~1,ca 
MomuocTII, TITO ny,r.Ho ,iµrR pacmHpemm xrnc~e~eMoro ~anasoHa no 
aHeprHH HefiTpoHOB. 

IloMe~ee TPe6oooHHe RBJIIIeTcR onpe~eJIIIKl!lllM npn npo~IDKeHim 
lICC~e~OBaHlIH peaKUim (n, ex.) B HOBY!O o6~aCTI, R~ep:60<A<IIO, 
H3yTiaeMl:le ~a B KOTOpofi xapaKTepHsy!OTCR cpaBHHTe~HO He6o~mmm: aHep
r:run.m .,.,,..._,;,,,_TiaCTl!U E = 4 + 6 MaB n MOTHOCTI>IO ypoBHefi (~!::IOO aB).j 

cw~ ' I 

ITpOBe~eHHl:le HCMe)lOBaHHR pa3Jm'IHl:lX THllOB ~eTeKTOpOB Ha nytJKax 

uefiTpoHOB llpHB8Jil11 K C03~aHHIO HOBOro MaJIOq>OHOBOro CBeTOC~Horo ~e-
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TSKTOpa, BIDlOJllleHHoro Ha OCHOBe nponopI.UIO.HaJII,HHX Ra.Mep (ITK) ll YlI.OB
JieTBOpRiooiero YRa3aHHHM Bl,lllle Tpe6oBalm!IM /I, 2/. Uem. 6wra lI.OCTllI'HYTa 
nyTeM OIITHMll3!llUill KOHCTPYKIUm, llCilOJil,30BaHRII cneIUiaJII:,HOfi reOMSTPmI 
ll3M0pemtil: C IIOMOilll,JO Ill0JI0BIDC KOJIJIHMaTOpOB, HOB OCHOBHOM 6JiarolI,apR 
p93KOMY IIOBim10HIDO 6ucTpo,n;aftcTBIDI ,n;aTeKTOpa (pa6oTa Ha 6ucTpott KOM
IIOH0HTe m.myJI1,ea e IlK ll pa3pa60TRa HaHOe9KYHlJ.HOH M9KTPOHHOH annapa
Typu) • 

~eTeKTOp eOCTOllT ll3 BOebMll KOHeTPYKUllOHHO He3aBllCllMWC ClI,BOeHHHX 
ITK, IIOMSillSHHllX B o6meM Ba:KyYMllPOBaHHOM Kopnyce ll3 lI,!Opa.mi:r.mHRIJ. Mmne
Hll O.lleCJielI,yeMl:lM BemeeTBOM pa8M9ma,xlTCR B µpoeTPaHCTBe Melli,11,y KaMepa
Mll. KoHCTPYKI.UUl lI,aeT B08MOlKHOCT1, npn He06XOlI,llMOCTll JierKO M8HIIT1, 
KOJill'IeeTBO ll paeIIOJIOllteHlle KaMep ll Mm!leHefi ll cnoco6 llX 06JIY1!8HRII B 
COOTB9TCTBmI C TP960BaHMMll ::mcnepllMSHTa. Cnooo6 ll3rOTOBJI9HllR "ll KOH
CTPYKinIB KalK,ll;OH KaMepu He OTJill'IaIOTeR CllJI:&HO OT OIIHCaHHUX B JIHTepa.TYpe. 
BHco~OBOJll,THlle 8JI9KTPOlJ.ll H8.MOTaHll BOm.ipPaMOBOfi npOBOJIOKOfi __ lI,lla.MSTPOM 
50 MKM C lllal'OM 2 MM, ellrHaJihHll0 - IlpoBOJIOKOfi ll8.30JI01!9HOro BOnqipa
Ma, lI,llaMSTP KOTOpott IIOCJie pac'!eTOB pacnpelI,eJieHHR 8JISKTPil'JSCKOro no
JIH ll attcnepm,ieHTaJU,HOfi npoBepRH Ha ny'!Ke HBfiTPOHOB BU6paH. paBHHM 

100 MEM ll mar - 6 MM. Bee ellI'HaJihHll0 npOBOJIO'!Kll 06'I>0lI,llH9Hll BMeeTa ll 
eoeTaEJllllOT 06~ CllrHa.JI1,HllH 8JI0RTpo,n;, -qyBeTmITam.HaR IlJIOilla,IU, KaMap -
270X270 MNf'. PaeeTomm:a M0l!{,JJ;y ellI'HaJihHHM ll BlleOKOBQJD,THllM 8JI8KTpolI,a
Mll - 8 MM. MOK-CXeMa O,ItHoro KaHaJia 8JI0KTPOHHOH annapaTypll Will 
elI,BOSHHOH KaMepu npnBe,n;eHa Ha llll.Q.J. Ilpll lleIIOJI1,30BaHHOH exeMa 
OT6opa perneTpllpyroTeH m.myJI1,eu, B03ID!K8lO!llli0 O,ItHOBpeMeHHO 
(B npe,n;Max pa.apelII8.KIJlero Bp0M0Hll lI,0T9KTopa, KOTopoe Y Hae 
eoeTa.BJillJIO o6ll'!HO 60 + 90 He) B o6aruc IIOJIOBllHaJC elI,BOBHHOH 
KaMapu, eCJill llX eYMMapHaR aMIJJil1TYlI,a IIOIIalI,aeT B OKHO, 3alI,aBa-
9M00 lI,lleKpllMllHaTOpaMll HIDKHero ll B0pXHaro ypoBHeil ellrHa.JIOB. 

. /~-

~
lf · 
--, ---

7--. 
-f . 

Pllc, r. Enott-cxeMa aJieKTPQHHo:11 
annapaTypll ClI,B09HHO:lt 
KaMepu: I - npelI,ycllJill
Tem.; 2 - yellJIHTem.; 

6 

3 - ~PIJ!llPOBaTem.; 
4 - JillH8HHHH eJ'MM_aTop; 
5,6 - lI,llCKPH?vlllHaTOpH 
HmtHero n BepXHero 
ypoBHe:11 eOOTB8TCTB9H-
HO; 7 - JmHruI 3alI,9PJIOOij 
8 - cxeMa COBIIalI,eHllil H 
aHTlleOBilalI,eHH:11; 9 - MlllIIeHH. 

;, 

M 

~ 
·' 

!t 
l 

EueTpaa aJieKTPOHHaR annapaTypa BHIIOJIHeHa B eTaH,D;apTe KAUAK n no3Bo
JIHeT npOBOlJ,llT1, ll3M9p9HllH Ha MHOrOMepHOM aH8Jil13aTope llJill Ha JillHllll 
e SRA. 

,lJ.7m pa3JIR'IHH:x ra30BHX eMeceft onpelI,eJieHll 06JiaeT1, pa6otmX HanpR
xeHH:11 ll 3aBllCIDAOCT1, KOa~eHTa raaoBoro YCHJieHWI .foL OT HanpRxemm 
lJ.JIH lI,aBJ!eHH:11 pa6o-qero raaa OT 0,4 lI.O I,6 aTM. B Ra'!eCTBe pa6o'!ero 
raaa B ll3MepeHllHX lleIIOJll,30BaJiac1, CM.ec1, .Av + 20% CO2 npn lI,aBJISHWIX 
0,6 lIJm O,I aTM • .rr.,m onpelI,eJiemm BpeMeHHoro paapemeHWI lI,eTeKTopa 
llCCJielI,OBaJIOC1, BpeMeHHoe paenpelI,eJieHlle CllrHaJIOB ClI,BOeHHofi Kru,!epH. 
Th.myJI1>CH e O,ItHOtt IIOJIOBllHll elI,BOeHHofi Ka.Mepu IIOlI,aBaJillC1, Ha BXOlI, "CTapT" 
BpeMR:-aMIIJilITYlI,HOro KOHBepTopa, a co BTOpoft - -qepe3 .mmmo 3alI,8pxKU 
Ha BXOlI, "CTon". Sa HeKJIIO"tJ:eHlleM CJIY'!BJI HaIIOJIH9HllH 100% CH4, rlI,e IIOJIHM 
11!11pllHa Ha IIOJIOBllHe BlleOTH BpeMeHHoro paenpelI,eJI8HllH't°o" = 18 He . 
ll IIIl1pllHa no oeHOBaHllIO, BKJIIO'laIOO.laR 90% eo6UTHH, 'to,i ~ 60 He, Bpe
M9HH09 pa.apameHlla Will Beex oeTaJihHIDC CMaeeft eoeTamIJIO <Ct~ = 
= 30 + 60 He ll 'to,t. = 70 + 130 He I!pli ,ll;a.J3JI0Hllll O, 6 aTM. 

~eTaJihHO llCeJielI,OBaHO BpeMH BOeCTaHOBJieHRII aMIIJIHTYlJ.HHX xapaKTe
pllCTllK IIOCJie m,inym,ea MOillHOCTll peaKTOpa IIPlI ~ = IO (pne. 2), oco6oe 

Pllc, 2. 

N. ~----~---

m 

0 100 . 200 n 

AMIIJmTYlI,Hlle CIISKTPH :IDAnyJI1>COB OT aJI!4a-llCT01JJmRa: 
I - BHe ny-qra HeilTPOHOB; IT, Ill - B pemIMe 06JIY11emm 
Ha HefiTPQHHOM ny'!Ke BO "BpeMOHHOM OKHe" 60 + 80 MKC 
IIOCJie m,inym,ca MOillHOCTll peaKTOpa lI,JIH KBMep C CllI'HaJil,
HHMll npOBOJIO"iK8.Mll roo ll 50 MKM eOOTBOTCTBeHHo. Mx, -
0118T B KaHaJiax, n, - HOMOP KaHaJia aMIIJIHTylI,HOro rum.mrnaTopa. 
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BHHMrume y~eJieHo nsyqeHlllO pa8JIWIHIDC xapa.KTepncT:mt ~eTeKTopa Ha 
ITy'IBBX Hei!TPQHOB. 

OcHOBHl:le xapa.KTepliCTHKli ~eTeKTOpa:, 
- cyMMapHM IIJioma,Ill, MIDIIeHell - 10000 c~; 
- BpeMeHHoe paspemeime ~.S' ~ 20 He; 
- BpeM!I BOCCTaHOMemm aMIIJIHTY.nmDC xapa.KTepliCTliK nocJie liMllYJ!bCa 

MO~OCTli: a) pea.KTOpa npli ~Te~HOCTli m.my~ca q;- = 4 IVIKC - 45 IVIKC, 
6) YCKOpliTeJI.lI C '(/ = 50 HC - 15 IVIKC; 

- co6CTBeHHl:le qJOHl:l - MeHee I liMII./MllH. 

B TOeTben rrne npHBe~eHl:l pesy~TaTU HSMepemtlt no.mrux a.7Thipa-nm
pHH HettTPQHHl:lX pesoHaHCOB, onncaH MeTo~ me onpe~exemm HS aKcnepn
MeHT~HHX cneKTpOB li npoBe~eHO cpaBHeime ~aHHl:lX li3 pesOHaHCHOil 06-
xaCTli C pesy~TaTaMH, noxyqeHHID.lli B li3Mepemmx Ha TeIIJIOBHX HefiTpOHaX. 

HsMepemm npoBo~cb Ha pas~:imx npoJieTHHX 6asax ( L = 30, 85, 
240 M) Ha nyqKax HettTpoHOB liMlly~cHoro pea.KTOpa lffiP-30 Jilli:I) OWIB, 
pa60TaBlllero B KaqecTBe 6ycTepa c XHHellHl:lM ycKOPliTeJieM aJieKTpoHOB. 
B KaqecTBe MHmeHett ncno~soBB.Jilicb, KaK npamIJio, 06oraI11eHHl:le nsoTOIIl:,I. 
Mmneim npe~cTaBJIIIXH cooott cxon BemecTBa 6oxbmott IIJiom~. HaHeceHHHe 
Ha a.m<r.mimelllle no~Ol!tIGJ, lI liSrOTOBJiffXliCb MeTO~OM OCB.l!t,ll;emm li8 crmp
TOBOtt cycneHSlili co CBR3IIB8.IOOlllM Xa.KOM. OCHOBHl:le CBe~emm O MliilleHIDC li 
ycxommx nsMepeimn npHBe~eHH B Ta6.mm;e I. 

B pesy~TaTe nsMepemtit noxyqeHH BpeMeHHl:le cneKTpll BUXO~ ~qia
qacTHIJ; ,ll;)I.fl yKasaHHHX li30TOllOB, npHBe~eHHl:le ,n;Jill npliMepa ,n;Jill H30TOllOB 
95Mo H 99Ru Ha pIIc, 3. 4. 

"'" :m 200 ~ ~--7 "• 

~ 
'° E, 50 ... 

&nf \._ =~-,..-..~_.;,A.,,,,.,,,r< 
•· I 

~ /l mi"' -' .. ·'', Jc,~~,,,;:_~,. 
,00 

,.,, .,, ,00 ,00 

PHc. 3. Buxo~ ~if:a-qacTlIU IIs 
-- peru«nm 95Mo(n.,oc )92Zt 

B 3alllICID~OCTH OT BpeMeHH 
npoJieTa HettTpoHOB. 
En - 3Hep!'RII HeilTpoHOB 
B aB. 

8 

DJ 200 Dl SI 30 20 ,.,,----~---------.-, 

] 

HAuto,~J'°Mo 

~ ' . . ~,~, .•. ·,-~ A __ . ' 
---~ ... ~;.,'"'Nir.'1~ 

QI 200 DI 111D "t 

PHc. 4. Buxo~ BJI$.-qacTIIU 
IIS peru«nm 
99Ru (n. ,a,)96Mo B 
3alllICliMOCTH OT Bpe
Melm npoJieTa HettT
poHoB. En - :rneprm 
HefiTPQHOB B aB. 

,1 
'/, 

j 

,i 
VJ 

¥i 
I 

TaIGIM o6pa30M, y6e~TeJ!bHO IlOKa3aHO H~e ~-pgcn~a 
KOMnay~-COCTOJimtit B HOBOfi OOMCTli ~ep c A ;S no / + 7 / • cymecT-
BeHHO pacillHpeHO "CJ!O lISMeP,eHHHX M~-illHpHH pesOHaHCOB JI~ep B 
oOXaCTH A c::: 150 3• 6 + 87. ,If.rrJI a6cOJIIOTHOll HOpMlipoBKli pesy~Ta.TOB 
nap~e~Ho BllllOJIHHJlliCb IIsMepemm Ha ~6poooq:imx MIImerunc. 06wmo 
HOpMHpoBey npOBO~ no pesoHaHcaM 3,42 n 83,4 aB CaMapHJI-147. 

Ta~a I 

YCJIOBHJI 8KCnepHMeHTa 

MIDll6Hb o6ora- EMaKC. TO~ KOXH- llOXHaJI BpeMeH- BpeM!I 
meime, oc. ' • cJioJI qecT- IIJioma,Ill, Hoe lISMe-

% MaB coe~e- BO MmlleHett,paspe- peHllff, 
~•~ cxoeB c~ meime, qac 
Mr C HC/M 

64Zn.O 99,3 3,63 I,9 4 3600 45 230 
67z.n,o 87,9 4,59 3,8 2 1800 45 170 

4 3600 17 60 
775e 91,I 4,24 3,2 8 5000 120 200 
95Mo03 95,5 6,12 5,4 8 7200 35 270 
99Ru 94,6 6,55 2,7 I 900 45 I90 

90 90 

IOIRu 93,5 5,57 2,2 2 IBOO 45 80 
I20 60 

Ru ecT - 4,6 4 3600 45 190 
I05pJ. ecT 6,I3 12,I 4 1800 I20 IBO 

I45Nd.z.03 84,6 8,32 4,8 2 I350 I30 I70 
8 5000 45 IBO 

I475m Q 
2,. !, 96,4 9,8 9,0 II 9400 I7 I50 

I49Sm2,03 96,9 9,3 9,I 8 6800 45 300 

3Haqe:mm n~ am,cJ?a-lllllpm! noxyqeHH HCXO'A/l HS tmCJia OTO'l'8'fGB &:IU,(Ra
'IB.CTIDJ; Ntl B oT~8JlblWX pesoHaHcax c yqeTOM HSMeHemm c aHeprneii 
llOTOKa H8iiTpOHOB li BepOJiTHOCTH HX 3axBaTa no ~OPMYJI8 

r - K. £" i.>" -b" /II«.. r CI> 
lex, - E w i . .Jf cp 
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r.ne K = .Iii< · I«" · ~ - Ka.JmelpoBo<rHHfi KoatWim-meHT, a 
~ . Noc. 

e, - 8@8KTI!BHOCTI, ,neTSKTOpa K BJII,\fla-traCTIIUaM, W - reoMeTplI'!ec-

Kllfi 4)8.KTOp, t - BpeMH llSMepeHntt, J/; , - nJIOma,nI, pesoHruICa no.n !<pnBOtt 

rrponycKaHRll {IL7.IOJll8,IJ;I, Klsa), cp - nOTOK HSfiTpoHOB Ha oelpaseu, J , G_ -
nOJIHM ll aJII.4)8.--!!MpllHl,l pesoHaHCa. MH,neKC 11K11 yKaSl:lBaeT Ha !IpllH8,ll;

JISiKHOCTI, K Ka.JmelpOBO'!HOMY pesOHaHcy. <lioH orrpe,neJillJICSI no MSi!tp880HaHC

HOfi oelJiacTU; B OelJiaCTRX C nJIOXlIM 8HepreT?I'ISCimM paspeme:imeM ll8MSPHJI

csr B qJOHOBIDC OKHS.X nocJie MapraHUeBoro @1JII,Tpa. B pesyJII,TaTe llSMepe

Hllfi noJiytreHll suai:reHllSI 8JII,qla-IllllPllH ,Il;Jill 29 pesOHaHCOB sr,nep ll8 oelJiaCTH 

60~A~IIO n ,D;7IR ?O pesouaHcoB nepexo,IJ;HIDC sr,nep c A ~rso. 
IlpOB9,Il;SHII09 conoCTa.BJieHIIe aKcnepHMSHTaJII,HJ,IX .namwx no a.JII,\f/a

lllllIJliHaM peSOHaHCOB ll ll8Mepemn,rx K HaCTOSIJllSMY BpeMeim BSJili'!liH ce-qemrn: 

{ n. ' c<, )-pearoum Ha TSII.7.IOB!,!X HefiTpoHaX nosBOJilleT OTMSTllTI, CJIS,IJ;y1C111ee. 

B OCHOBHOM Hael.mo,naeTCSI y,noBJieTBOPllTSJII,HOe corJiaclle ,IJ;aHHllX, TO eCTI, 

BKJI8,ll; ll8BSCTHHX pesOHaHCOB B TSII.7.IOBOe cei:re1me He IlpoTI!BOPS'IllT 8KCne-
T , 

pllMSHTaJII,HOll BSJili'!liHS G'llc( ' sa llCl{Jll(JqSHIISM CJIY1Ia9B ll30TOnOB UllHRa-67 

ll HSO,Il;llMa-145, lJ)I.ff KOTOp!,!X llMSKYl'CJI 8Ha'lfilTSJII,HU9 pasnorJiaCHR OTHOCllTeJI:5· 

HO aJII,q>a-nepexo.noB B ocHOBHoe cocTOsrHHe ,noi:repHero JI,JU>a { ~o -nepexo

.nu). l}JecTO Bl:l'IllCJISHHOro no napaMeTpa.M TOJII,KO llSMepemmx pesoHaHCOB 
Tl~l)) ,-- T{,f'tl3) , ) 

UHHKa-6? 6'" l'l.cGo C: 0 '1,0(; ::= 200 MKCl * tISMepe-

HllH Ha TSII.7.IOBHX HeitTpoHaX ,na!OT OUSHKY G"'n.:o :G IO MKCl; ,Il;JIR ueo-
T" (p<l!)} T 

.nmm-145 s~o ~ 23 MKO, a On.o.-:.o & 0,? MKCl. B TO :iKe 

Bper~q cetreHllR ,Il;Jill <Xt -nepexo,noB corJiacy!OTCSI y,IJ;OBJI9TBOpllT9JII,HO. 9TO 

H) EcJIH C1'VSBOHaHCOB UHHKa-6?, ,ItalW1llX OCHOBH0:11 D1tJI8,ll; B fi'~~ B 

paCSoTe ll,Il;SHT~BaH HeBepHO {,Il;Jill peSOHaHCOB c Jgr = 2-
°"o -nepexo,IJ;H OTCYTCTBYIOT) , TO B 8TOM CJiytrae TpY,IJ;HO Oel'!JICHl'IT!, 

i:rpesBui:rattuo ClOJII,llll'lO llHTSHCI!BHOCTll oG( -nepexo,non ll OTCYTCTBl!e 

,no E,.., e:: 4 KaB pesoHaHcoB co CmIHOM 3-, ,IJ;JIR KoTopmc c;t;0 -nepexo
,IJ;ll BOS?llO::mH, 

IO 

pacXOllQtSHlle He y,naeTcsr Oel'!JICHllTb, ncnoJII,sysr oelwnrue MSTO,IJ;l,l OUSHKll 

, cetremm IIO qJOPMYJIS EpeitTa-Blll'Hep~. 0TCYTCTBll9 aio -nepexo,non ,Il;Jill 

YKa8aHHHX ll80TOIIOB npn T9IlJIOBHX aHeprnsrx HSfiTpoHOB YKa81:lBa9T Ha B08-

MOlKHOCTI, IlpoSIBJI9HllR 8,IJ;SCI, CRJII,HOft',IJ;8CTpyKTRBHOfi llHTepq>epeHimll M9l!rJCY 

ypoBH!IMll. 

B treTBepTOfi rJiaBe npoBe,IJ;eH aHaJill8 noJiytremmx 8Kcnep:llM91!TaJII,Hl:lX 

" ,nammx, llCCJIS,IJ;OBaH!i CBOfiCTBa BJI$-IllllPllH, 3Ha'!llT9JII,HOe MSCTO y,neJieHO 

, ll8Y'I9HIIIO B08MOlKHOCTefi Te~peTH'!SCKOrO OID!CaHllR, !IpOBe,neHa !IpC>BSpKa . 
c-raTncTlI'IecKott. Teop:im. · · · · 

,. IlOJiy'IeHHUe 8Ha~e~ am:,qia:.IllllPllH HHTepec1fo npoaHaJillSl'IpOBaTI, KaK 

C TO"OOI spemm me aOCOJIIOTHHX 8Hatte:mrll: ( cpe,inine IllllPlimil): TaK ll llX .. 

qJJIYKTYatmit QT pesoHaHca ~ pesoHaHcy~ IlpnBe~el!Hl,le a.in4a-IllllPllHl,l · 
, (,IJ;9.7I91!H1,19 Ha npoHIIUaer4ocTI,). OK8.38JillCl> B IO - I06 pas ( TO SCT!>: Ha 

BeJUNllHY ll0p!I.1$a £!):r / ce00°"""J. lIIDK9 BllrHSPOBCKOro rrpe,neJia, CJie,IJ;OBa-,. 

Te.in,Ho' ,Il;JIR OIIHCriHM :=mcnepnr.teHTBJII,lJHX a..7!$-IllllPllH CJie.nyeT :acnoJrr,-

80BaTI, CTaTHCTll'!SC:Ky!O T90pll!O. Tor.na 

.. < fa:, > = ~½Sl · .E PH (2) 
. . .. ' -5t ' 

r.ne P1t - rrpcmimaer.tOCTI, noTSHUliaJII,HOro ClapI,epa JJJJ;Pa ,D;7IR BJI$

'tJ:aCTHU . c opelnTBJII,milM MOMeHTOM l ; :f · - ypoBem, .noi:repHero sr,npa, 
Ha KOTOPHfi !IpOllCXO,Il;liT BJI$-pacna.n; $:r - cpe,IJ;Hee paccTOSIHlle Melli,lzy 

pesoHaHCaMll co CIIllHOM J • Ilpll 8TOM pactreTH npoBO,Il;llJillCI, no onTll'!SC

KOtt (OM) ll KJiaCT9pHOH (KM) MO,IJ;eJillM. CTenem, corJiaCllH TeopeTR'ISCKllX 

ll 8KcnepitM9HT8JII,HHX 8Hatr9Hllll cpe,Il;Hl'IX aJII.4)8.-!IMpllH ltlLlIIDCTpnpyeTCR 

lli!Q..r._§.. 

• L1 ~~~~-~~~-~~--~~-~~ 

t .,,, 

.. +~L-1&-t- '1~1-,: 
r1 I I . l I . . . ' . .l 
UI .,, 

I 

jl~-~--jf 1--,- -jrl '.'-
60 ., 100 f20 1't() 160 i80 A 

II 

Pnc.5. OTHomeHHe aKcnepHMeH~ 

TaJII,HHX cpe,Il;Hl'IX sHatre

Hllfi BJII,\fla-!IMpHH K T90-

peTll'!9CKllM, BBepxy -

- pactreT mmoJIHeH no 

OilTR'ISCKO:it M0~8Jili 1 

BHll8Y - no KJiaCTepHott 

MO,Il;SJili, 



<l>JIYKTYa.IU!ll IIOJIHHX a.m,qia.-nrnplIH corJiaCHO CTaTllCTWJeCKOH Teopim 
,ItOJilitlill IIO~ID!lITI,C.fI )(4-pacrrpe,Ite~emno,c a@)eKTllBHHM tffiMOM CTeIIeHett 
cBo6o,ItH( V3 ,p = ( ~ P~t,, )2/ ji P.sf ) , TO ecTI, 6HTI, .ItOBOnHo 6on
nrnMn (r.mJrne V3 q:,). 3To rrpnBo~T K 6onmott rrorpemHocTn BeJJH'IIBH!l 

r 3'<c:n 
< '°' > , o6yc~oBJiemmn ycpe,ItHeimeM rro W3.JJ.OMY 'IlICJIY pe80H8.HCOB. 

ITp:ime.zteHHI,Ie Ha pnc. 5 rrorpe!llHOCTll BKJIIO'laIOT KaK o6wnrue cTaTnCTWiec
:rme omn6:rm aKcrrepm.rnHTaJll,HIDC a.m,(pa-nmplrn, TaK n onm6Kn ycpe,ItHemm 

rT40p 
(rrorpemHOCTll ~ BeJJH'IIBH I ex. He Y"ITeH!l) • 

B u;e~oM Momro OTMeT:UTI, xopomee cor.rracne TeopeTWiecKHX cpe,ItHnX 
8Ha"!eHID1 a.m,qia.-nmpnH C IIOJIY"leHHLIMll B 8KCIIepm.!8HTe. HcitJIKl'IeHlleM 
.fI~IOTC.fI Ha IIO~OK 8aBHmeHHI,Ie pe8ynTaTH pac"leTa IIO OM~ u;nmta-67 

( 3SE"' = 37, XOTH B TO Jite BperMI KM .naeT COBIIa,D;a.KI!!llfi C 8KCIIepm,reHTOM 
pe8y~I,TaT. IlO-Bll~!MOMy, 8KCIIepm,!eHT He IIO,ItTBePJ!f,ItaeT H~'lIDI B 8TOli 
06.rracTn A n Eoe.. OIITifiecKoro MiIBcnMyMa B cHJioBOii q,yma.um aJII,(pa
tiacTnu;, Ana.rrorn"IHM cnTyau;M Ha6mo.naeTCH ~ a.m,(pa-rrepexo.noB c 
"leTiillMU (, ~ ll80TOIIOB cru,iapM n IlTTep6M-I7I. 

SKcrrepIDl!eHTaJll,H!le 8aIIDHOMepHOCTll pacrrpe.ne~emm aJll,(pa-lIIl!pilH 
Hall60~ee xopomo Il8y"leH!l ~ II80TOIIOB Ca.MapM-I47 n -I49, ~ KOTO-

. l 3/t.C/1. TTwn • pux: Y.Ita.JIOCI, IIOJIYtffiTI, 8HatieHM V ~tp • µ,JJJl IIO~ aJI:i:,qia-mnpllH pe-
80HaHCOB ca.MapM-!47 Ha~aeTcH y.ztoBJieTBopnTennoe cor.rracne Teope
TWiecKIDC pacrrpe.ne~eHUfi (~ 060:ux 8Ha"!eHllil CIIllHa) C 8KCIIepnMeHTaJII,
HLIMll, oco6eHHO 6e8 y"leTa pe80HaHca c f:0 = I85 aB, KOToplilfi nMeeT 
6o~my10 a.JII,qli- (n HefiTPOHHYJO) IIIl!pUHY n cymecTBeHHO BJIMeT HaqJJiyK
Tya.n;HOHH!le Il KOppe~OHHHe CBOfiCTBa aKcrrepnMeHTaJII,HIDC a.m,qia.-nrnpnH. 
B CJIY'l89 pe80HaHCOB caMapn.H-149 xopomee cor~acne pac"!eTHHX n aKcnepn
MSHTaJll,HIDC pacrrpe,IteJISHUii llM66TC.fI T~KO Will p680H8HCOB co CilllHOM 3-, 
~ pe80HaHCOB co CIIllHOM 4- Ha6.mo.n;aeTC.fI 8Ha'IlITe~Hoe pacxolK,IteHne.<I>n-
8ll"leCKylO !Ipll"IUHY cyllteHM pacrrpe.ne~eHM aJII,(pa-lIIl!pllH IIOKa YKa8aTI,Tpy,ItHo. 

06 8KCII9pllM9HTaJll,HIDC 8aKOHOMepHOCTHX pacrrpe.ne~eHitil aJII,(pa-mnpllH 
B o6~aCTll H,Itep c A< IIO roBOpllTI, IIOKa paHo, TaK RaK ;ItJI1J ~oro . 
ll8 H,Itep 8aperncTPnpOBaHO Boero IIO HSCRO~Ky a.7ll,(pa-mnpllH. 0,ItHaKO 
cpaBHeHHe pacrrpe.ne~emm a.m,(1?a-mnpllH u;nmta-67, ~ KoToporo n8MepeHo 
Han6o~mee tmc~o aJII,(pa-ml!pllH, C rrpe.ItIIOJiaraeMl:lM IIO CTaTllCTWieCKOfi 
Teopnn pacnpe.ne~eHneM IlopTepa-ToMaca ( v = I) CBH.IteTencTByeT, "ITO 
aTn pacrrpe.ne~emm He rrpoTnBope"!aT ,Iijlyr ,Iijlyry. 

,lJ.lm ll80TOIIOB Crul'!apM-I47 n -I49 BH"lllMeHl:l Koa@)nu;neHTH KOppeM
IJ;llll Mellt,lzy nefiTpoHHl:IMll ll a.m,qia.-nrnpllHrul'!ll. CTaTilCTH"l9CKa.fI TeOpllH pac
Cl.la,"TpHBaeT I;_ ll r,: KaK XapaKT9pllCTllKU H93aBilCilM!lX CIIOC060B 
pacna,u;a OT,It9~Horo YPOBHH H,Iijla, 4lJIYKTYllPYI<lllll9 He8aBllCllMO. Hamn pe-
8ynTaTH (rrpn llCKJilO'IeID!ll pe80HaHca Ca.MapM-I47 C Eo = 185 aB) COB-
MeCTllMH C rrpe,ItIIO~OllteHUeM O HY~eBOfi llCTllHHO:li KOppeMD;nH. 
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r~ WITM IIOCB.fillleHa llCMe,ItOBamno BJIHHID!.R peaRIJ;UH ( n , ct. ) Ha 
pe80H8.HCHl:IX ll IIpoMeleyTO"IHIDC H9:liTPOHax Ha naRo~eHlle H,Itep re~ B 
KOHCTPYKIJ;UOHHI,!X MaTepmura.:x: H,ItepH!lX peaKTOpoB 9 •IO/. 

B CM8Il C 008,ItaHlleM BHCOKOIIOTO"IHIDC peaKTOpOB ll peaKTOpOB Ha 
61:lCTpUX: HeHTpOHax B IIOMe,ItHee BpeMH 6o.ln.moe BHllMaHll9 Y.It~9TCH rrpo-
6J:reMe HaKOITJieHll.f! remm B CT~. IloBl:lill9Hll9 KOHIJ;eHTpa.u;m:t reJill.fI CHe B 
11!aT9pna.rrax 8a C"l9T peaKD;llll ( n , oG..) 8aM9THO ·BJIH.HeT Ha llX \Pll8llKO
M9xaHH"l9CKll9 CBOHCTBa ll COOTB9TCTB9HHO Ha 8KCIIJIYaTa.n;HOHHI,!9 xapaKTe
pHCTllKll peaKTopa. Ilpn pac"!eTa.:x: ~e 06lI"lHO llCIIO~I,8YIOT ,ItByxrpyIIIIOBOe 
rrpn6J:rmteHHe ll y"lllTHBalOT TOnKO T9ITJIOBH9 H9ilTPOHll ll 6HCTPH9 HettTpoHll 
c aHeprnen, rrpemnua.Klllefi rropor peaKD;llll ( n, , o(.. ) ~ paccMa.TpnnaeMHX 
a~eMeHTOB. 0,ItHaKO 8a C"l9T B~eTa riry60KOIIO.zt6ap1,epHHX: aJll,(pa-"laCTilll; 
orrpe.IteJI9HHHli BKJia,II; B CHeMOryT BHOCllTI, ll pe80HaHCHl:l6 ll !IpOMeJJtYTO"Illli9 
HeitTpoHH (E., ~ l MaB). :13 pa6oTe pacc"lllTaH aToT BKJia,u; rrpn YMOBHOM 
cp.lll09HC8 cp = ro23 H•CM-2 ~ OCHOBHHX a~eMeHTOB, a TaKllte CTaJie:tt 
(Ta6J:r. 2), llCIIOn8yeMHX B peaKTOpocTpoemm,rrpn llX 06JIY"l9Hllll B HefiT
~HHHX: no~ C paMll"IHl:lM 3Hepr9Tll"l9CKHM cneKTpoM (I - CII9KTP .ne~eHM 

35u , IT - crreKTP OT peattTopa ~FR , aKTllBHM 80Ha; III - oneKTp oT 
peaKTopa 5'l FR , OTpalltaTeJII,; lY - cneKTP oT peaKTopa Ha oro1cHoM TOII
~Be PFR. , aKTHBHruI 8oHa; Y - cneKTP i /E) . 

Ta6.:!!!fila 2 

Ko~eCTBO re~ B CTaJIJIX (appm ) 

Tm! CT8Jlll Tuy( HSfiTPOHHOro CII9KTPa 

I IT III IY y 

304 8,6•I0-3 I,06•I0-2 I,37 O,I64 550 

3I6 3,27•I0-2 5,22•rn-2 I,77 0,262 688 

I?-4PH 3,7•I0-3 3,43•I0-3 0,567 0,066 229 

OXI6HI5M3B 3,76•rn-2 5,93•rn-2 2,22 0,323 870 

XI8H9 I,?2•I0-2 2,34•I0-2 I,69 0,217 677 

Hlmorren 5,86•I0-2 5,47•rn-2 I0,9 I,27 4420 

/JzyHRIJ;UH B086ylK,IteHM .no I MaB Bl:l"lllM9Hl:l C llCIIO~I,80BaHlleM HaIDllX 
8KCIIepllMeHTaJll,HllX .namrux no a.m,qia.-mnpIIHaM pe80H8.HCOB IIO 06:wrno:tt qiop
MY~e ,nJIJI ycpe,ItHeHHHX: ce"!eHllit; rrpnMep TaKUX pacqeTOB ~ HHKeM-59 
rrp:ime.zteH Ha pnc. 6. Ou;eHHBaJiaCI, pon Heyrrpyrnx rrpou;eccoB. Pe8ynTaTH 

IIO,ItTB9PJ!f,ItaIOT BalltHOCTJ', .ItBYXCTYIIeH"laTOit peaRIJ;UH 58.vi ( n,t, 59f11, (n,ct.) 56fe. 
AHaJill8 IIOKa8aJI, "ITO CII9KTP HeitTpoHOB OKa8HBaeT cymecTB9HH09 BJIHHHll9 
Ha HaKOM9Hll9 re~. 
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F.a pHcJ_z lipllBe.n;eHa saBJIClIMOCT!, KOH!l;eH'l'paIUIB reJIK~ B HHKeJie ~ 

HepJKaBen)leil CTa.JilI OT qlJIK)eHCa T8IlJIOBHX, 6HCT:pIDC li npoMeJtyTO'CfllllX 

ne.iiTpoHOB. Hcxo,n;a 113 3TllX 3aBUCHMOCT9M MOJKHO OJ~eIDITI, IIO IlO!J.RAKY BSJLU

'lliHH KOHI~8HT~1 r9JJIDI, o6paaYl(IIlerocn: B MaTep:aana.x, co.n;eplK8.lllllX IDIKMI>. 

Bn,nHO, 'iTO B 38BlICilMOCTH OT snepreTH'IecKoro cneKTpa na.nalO!l!IDC 

HOi1TpoHOB H npu 6om,nmx qJJIJOOHCax (,Jt7IR HHKeJieco.n;ep;mmmc CTaJieit) OTHO

CHTOJII,Hllil BKJia,It He:ilTpOHOD lipOM8lKJTO'IHllX :meprllil B H8KOITJiemrn reJIY..1 

MOJKeT 6RTI> CY!l18CTD9HHUM,ll y'IeT 3Toro BKJia,na llteJiaTeJieH Ilpi,J pac'ieTruc 

MOII1HllX 3HOpreTH'IOCKllX peaRTOpoB. B CDH3H C 0TflM ,naJI:&He.iimee H3Y'i8Hl!e 

perumirn (n., C{,) Ha pe30H8HCHRX H npoMOlKJTO'iHRX HefiTpoHa.x npe,n;CTaBJm

eTCJJ aKTy~Hoit sa,nat1en. 

B 38.KJmliemm lipHBO'AJJTCJJ OCHOBHlle pesym,TaTH BHnOJIHeliliott pa6oTH. 

I. Cos,naH MM~HOBHff 6HC'l'plitt .n;eTeKTOp am,/fJa-'iaCTim, cnoco6HHtt 

pa6oTaTI, Ha IIy'iKaX Hefi'l'pOHOB OT lIMIIyJII,CHllX lICTO'iillIBOB c ,nJIJITOJII,HOCT:&lD 

BCIIHllllm OT 50 HC lI BllIIle liplI HB.JIJr<mlI MOll1HliX lIMIIyJII,CHUX ll IlOCTO!JHHHX 

IlOJiett raMMa-KBaHTOB lI HeffTpOHOB. 
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2. YcTaHOBJIOHO H8JII'.l'JHO am,c.l_ia-pacna.ria Dl1COKOB036yE,IJ;emrnx COCTOH

HIIM B HOBOil 06JiaCTII 8TOI.IHUX n,n;eu: 60< A< IIC. BnepnHe H86.Jm.na,Jiac:r, 

pe~m ( /'I. t oC ) Ha pesonaHCHUX HefiTpoHax npu HCCJie,ll;OBaHHH ll30TOilOB 

CeJieHa-77, pyTeIDIJ:J:-99, -IOI ll liaJJJI8,D;,IR-I05. CYII18CTBOBaB!lllle npe,n;nap:a

TeJII,HJ:Ie ,ll;aHHlle ,lVlH Il;0:HKa-64, -67 ll MOJilI6,n;eHa-95 CY!l18CTB81lli0 YTO'Ill8Hll 
u paclllilpeH!,1. 

3. B.n;noe, no cpaBHemno c npe.mmyrrim.m pa6oTru,m, pacnmpeHo 'IIICJIO 

1!3!,!epemrnx aJI:&(j_ia-IlJI!pIIH pe30H8HCOB ,nJilI II30TOIIOB cru.mpmr-I47' -I49 Ir 

Heo,n;r..n.m-I45. 8To rrosnomrJio nponecTn aHMII3 cpe,D;Hn:x am,(j_ia-mnprm u 

pacnpe,n;eJieHI!ft a.m;qia-mnpHH OT,D;eJI:&HO ,nJilI pesoHaHCOB C pa31ll.lMH CIIHHar,m. 

4. IIoKa38HO, "ITO ,nJilI I!CCJI8,ll;OB8HHHX JJ,n;ep B I~OJIJIX orrrrcaIDIR o6n(llX 

saitoHOMepHocTeil pea:rmnu (n.., <X-) ua pesoHaHC!lliX uei1TpoHax n nepnou 

npu6mmenmr MOlKHO IIOJII,30BaT:&CH CTaTHCTlfl!OCROfi Teopueil, npaBIIJII,HO 

rrpe,ItcKasmia!W{eil sHat1eHllfi cpe.n;HHX a.m,(j_ia-mnpHH, xapaRTep pacnpe,n;eJiemm 

aJ.ll,{ffel-illl!pIIH' 06'IJJCRII!W{e:ii OTCYTCTBne Koppe.rurum1 C .n;pyrHMII IlII!pllli8MH. 

0TM8'tJ8HO, 'ITO Ha 3Kcnepu.MeHTe lipORBMTIC:& a®eitTU, YR83UB8!0ll11I8 Ha 

B03MOJKHIJ:e OTIOIOHeHllff OT rrpe,n;eJI:&Hoii CTaTliCTH'iOCKO:ii Teopnn. 

5. AHaJius 8KCTiepHMOHTaJil>HllX aJII,(j_ia-Ill!!pl1H B nmpoKOM .n;11arras0He 

aTOM!lliX necon noKa3!rnaeT' 'ITO, IlO-Bif,ll;llMOMY' ruraHTCKl!e pesoHaHC!:l B 

a.m,qia-'iaCT!fl!HOfi CHJIOBOM qiy~UII OTCYTCTByIOT. OTO 03H8'iaeT, 'iTO ecmI 

M:&qJa-KJiacTepmrn ypoBIIH 06'10MHOi1 I'IJIII rronepXHOCTIIOU npupo.n;R U CY!l18CT

BY!OT B R.n;pe, TO OHli ClIJII,HO "pasMemaHH" no o60JIO'i8'!IillM ypOBHHM. 

6. Ha6.mo;r(aeTCJJ y.n;OBJI8TDOPIIT8JII,HOO COI'JiaCHe H8illl!X ,n;aHHHX no 

aJII>qia-mI!pHHaM pesonaHcOB c pesyJI:&TaTaMI'l II3MepeHn:ii ce'!eHnfi pearouur 

(n., oc,) Ha TOilJIOBllX Hei1Tpmrax, 38 IICKJI!O'lOHU8M .n;ammx WU! ll30TOilOB 

Il;0:HKa-67 ll Heo,n;HMa-I45. OTCy-TCTBlle .wm !IlIX oCo -rrepexo.n;oB npli T8IJJIO- · 

BHX aHeprllRX Heii:TpOHOB yicasHBaeT ua B03MOJKHOCTI, lipOJIBlI8!Il'IJI s.n;ec1, 

CllJII,HOH ,It8CTpy:KTliBHOii llHTepq>epeHil;llll M8lK,ll;Y YPOBHHMll. 

7. Ha OCHOBe HOBllX aKcnepIIMeHT~HllX .n;aH!lliX npone,n;eHll oueHKII 

cet1eHI!ft pearoum (n. , a,) ua pesoHaHcHHX n npoMeJltyTO'iHHX HeiiTponax; 

nnepnue HCCJie,n;onaHO BJIIUJHIIO p030H8HCHllX II rrpOM8JltyTO"lHHX HefiTpoHOB 

Ha HaICOITJieHlle re.mm B F.OHCTPYKU!IOHHlllC M8T8pl!aJiaX H.n;epHHX peaKTOpOB. 
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