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OH!lAH XAPAICTEPIICTI1KA. PAIDT!l 

Al<TYflJI!>.HOCTI, 

PeaKU11H ( 11. , <X ) .RBJIHeTC.fl 0.I{HilM .HS BH.n:OB B3aIDJIO,I(8HCTBIDI He'llTPQ
HOB C aTOMJillMll n,n;pru.m. Qua .n:aeT B03MOlKHOCTI, IIOJiy'IBTI, HOBHe CBe.I(eHwr 
0 BHCOKOB036ylli,ll;emrnx: COCTO!IHWIX JJ.IJ;ep, a T8Kl'.te O CaMOM M8X8Hll3Me 

o<. -pacna,n;a. licCJie.n:onrurrur .n:anuoil pearonrn ua TenJioBux: H8HTPOHaX Ha'!a
JI.HCL OKOJIO .n:na.ztnaT.H JieT ua3a,n;, a Ha,pesoHaHCHUX HeilTPOH8X OHH llpoBO
,ItffTC.fl B JIH~ OIDill yxe 6oJiee .n:ecJITU JieT. l{ H8CTO.flm8MY npeMeHH pearonur' 
(rt, CX) Ha pe30H8HCHWC HeitTpoJiax I'l3Y'laJiaCI, Wl.!J IlOJiyTOpa ,IteCJITKOB 
ll30TOllOB B ,ItHanasoue A~ 60 + I78, npn STOM RCCJie,ItoBaH (X -pacna.n:, 
np11Mepuo, I20 BUCOKOB036ylli,ll;eHHHX COCTOmrnil - HeliTpomttlX peSOimHCOB • 

Ha OCHOBamTH a,wnepJ(!MeHTaJII,HUX ,It8HHUX: IIO ex -nmpmraM 6HJI.H c.n:e
JI8HH cpaBireHrur C H8KOTOPHMR MO,IteJIRMH JJ.IJ;ep .H JJ,IJ;epnux peaxumt Wl.!J R3-
BJieqeHRII .HH<pOpMaJUm O CBOHCTBaX BHCOKOB036ylli,ll;eH!illX COCTO.RH.H:fi, 0 
MexaHIISMe o< -pacna.n:a B pearonm ( n , o< ) , u.n:ymeit qepes cTa.n;mo 
KOMIIayH.I(-JJ.IJ;pa. B 06ntIDC 'lepTax 60JILIIIIDICTBO IIOJiy'leHHUX ,I(aHHHX 06 yxa-
38HlIOil peaKUIIII MOXeT o6'bJICH.RTLC.R B paMKaX CTaTHCTR'l8CKOH Teopn, 
KOTOPaJI Y.ItOBJI8TBOPHT8JII,HO ,OllHCHBaeT pacnpe,IteJie1me ex. -lllllpl'lH .H IIOBBO
JIJieT oueJmTI, HX cpe.n:u.ae 3H8'!8HRII. 0,I{Haxo B ST.IIX .HcCJieJ:cOBaHMX ,naH
mie O Cpe.I{H.HX napaMeTpax HOCJIT IIOKa npe,ItBapllT8JII,HUll xap~KTep. neJIO B 
TOM, 'ITO ;nJ1lI 60JII,IIIHHCTBa H3y'leHHHX JJ,IJ;ep peaxmno ( n, CX) Y.Ita.BaJIOCI, 
ua6JIIO,ItaTI, B H8CKOJII,KRX peSOHaHcax, a B Jiy'lllleM CJIY'!ae ll ~ 30 (RBOTOIIH 
Sm -147). MaJioe '!HCJIO pesoHaHCOB IlpHBO,ItlIJIO K 60JII,WOi1 rrorpelllHOCTH B 

onpe.zteJieHIDI cpe.I{Heii ex. -nrnpmrn. KpoMe Toro, nccJie.n:yeMWi ,ItnarrasoH 
auepr.HH Bos6ylli,ll;eH.H.R ( aHeprH'll na.n:axmmc ueiiTPQHOB) cocTaBJIJIJI Bcero 
200-300 all, 'ITO ue nosBoJIIIJio npocJie,ItHTL rroBe.n;enne cpe.n:uen or.. -nrnpmrn 
B 38BHCHMOCT.H OT aneprl'll'l B036ylli,ll;eHRII, H T.,It. TeM cioJiee ST.H BOITpOCH 
npe.ztcTaBJIHIOT 6om,moii HHTepec WIH Jiy'llllero noJmMamm MexalllISMa ex -pac
rra.n:a ll cpanHeHRJI C HeKOTOpHMR pa3B.HB8Bllll1MRC.R B IIOCJie.I{Hee BpeMII Teo
peTH'!8CKllMH lIO,ItXO]CaMR: KJI8CTepuon MO,IteJII,JO o<. -pacna.n:a, IIOJiyMmq)OCKOilH
'!8CKOii Teopneit JJ.IJ;pa H ,Itp. 

PemeHHe STHX BOllpoCOB TPe6yeT pacumpeHM RCCJie.n:yeMOI'O ,ItnanasoHa 
anepr.1tii H8HTPOHOB B KMOaJieKTpoHBOJil>THYIO o6JiacTL, 3axll8TtlilalaeylO 
60J!I,IllOe 'lllCJIO pe30H8HCOB, T.~. Heo6XO,Itl1MO npOBO,ItHTI, .HSMepemur ce'!e
H.Hli peaKUIIII ( yt , ex ) , ycpe,ItHeHHHX IIO 60JII,WOMy '!HCJiy pesoHaHCOB. 

~a60TH 

JI.RccepTanrur nocrunneua nepBUM nccJie.n:onammM ycpe,ItHeHHUX (noJIHUX 
H napUHaJII,JruX) ce'!eHHfi pearonm ( n , o<. ) B KM08JI81tTPOHBOJII,THOi1 06-
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JiaCTil aHeprIDI HefiTPOHOB *) n no.7IYqeHR1IM 6oJiee TOqHWC cpe,nIIBX xapaKTe~ 
PHCTIIK CX. -pacrra..na Ko11mayH,lt-SI,D;ep. IlpHBO,nJITCJI M8TO'AJUIB U3Mepemm II 
aHaJmaa ycpe,IOieHIWX ceqeHHfi ,Ita.HHOfi perum;nn. UeJILIO pa6oTH JIBJIIL1IllCL 
Ta.rute cpaBHeHWl noJIYqemmx: 3KCnepEMeHTa.JII,HU:X: ,l(aHHUX C _peaynTaT8Mll 
pa8JllI'litUX Mo.zteJILHU:X: rrpe,n:cTaMenirii o ex -pacrra.n:e H perum;nu ( n , 0< 

Ha Me,n;.nemrux II8l1TPOHaX. 

HayqHoe n rrpHMa:n:HOe attaqe1rne 

UcCJie.Itonanne ycpe,IOieHHHX :x:apaKTepncTHK pearo.urn ( n , ex ) HMeeT 
6onmoe snaqeHHe ,n;JI.IJ Bru1tHellmero nonpoca .a.n:epHoii cpll3HKH - o CTPoeumt 
BHCOKOB036yli',ll;eHHUX COCTO.IJiilill SI,D;ep. Toqirue 3Haqemm aTHX :x:apaKTepuc
TID( B cpaBHUT8JILHO lllllpOKOM .n:uana30He aHepr1m HefiTPOHOB ( T. e. aHeprmr 
B036yx.n:emm) ll03B0Jl!IIOT JIY1IDl8 IIOHlfMaTL CBOHCTB8 COCTOJIHHll SI,D;ep, .IJ,l(ep
HUB npoueccu n T • .n:. 3TH .n:auHHe TalOlte eylKHll npu nayqemm no.zt6apLepHUX 
npoueccon, T8lillX KB.K peaKUIDf ( ex. , n ) Ha Me,n;JieHHUX cx -qacnma:x:, 
qTO MOJKeT OK8.88TLCSl IIOJI831lliM A1rJ! paapa60TKll 8.CTPQ<pH3ifq8ClillX KOimen-

unll. 
HcCJie,n:oBBHIDI ycpe.l(H8HHHX :x:apaKTepHCTlllt pearonm ( n , o<...) }lMBIOT 

H cymecTBe1rnoe npmwa,n:Hoe sttaqeHHe ,n;JI.IJ peaKTopocTpoeHWI. 3Kcnep11MeH
Ta.m,HHe .namme o cpe.n:im:x: 0<. -mirpmra:x: u ceqemm:x: Heo6xo.n;uMU .n;JIH oue
HOK pa,n:HauHOllllliX nonpel!t,ll;eHHll B KOHCTPYKUHOllllHX MaTepua.ira:x: SI,D;epHHX 
peaKTopon, B03HHR8lO!llllX B peaynTaTe HaKOITJiemm re.mm ns peaKUIDf 

(rt,cx). 

/µlpo6aµruI pa60TU 

Ma.Tepna.Jru, IIOJIOlKOHI!He B OCHOBY ,n:uccepTauHU. ,D;OKJia,n;uBaJ[HC.& Ha 
ceM.ima.pa:x: OWil1, ua. XXlX conema.mm no SI,D;epHoii cIIeKTPOCKOIUIH aTO~rnoro 
smpa (Pura, 1979), 11a. II Mex.n:yua.po,IOIOM mn.moanyMe no peaKUJmM, nuau
na.eMUM IIellTp01!8Mll ( CMOJl81llltU,. qcCP, 1979) Il JUl Y 13ceCOI03HOll KOH<pe

pemm no nel1TPQ1rnoii cpuanKe• (luren, 1980). 

06MM pa6oTU 

,urrccepTaunH COCTOilT Il3 BBe,n;el!Il.lJ, qeTHp8X rJia.B I! 38.KJIIOtiemm. B 
Heii co,n;ep,mTCJI 98 CTP8.HUU MlllllllllOIIllCHOro TeKCTa, BKJil(Jtl8.ll 13 Ta.6Jlnu, 
'Zl pncyHKOB Il CillICOK JIUTepa.-rypu ll3 72 11mn.reII0Bamtli. 

*) Jla.paJIJienHO C Har.Ill IlpoBO,nJITCJI UCCJI8.ItOBaIOOI ycpe,n;uermu:x: C0'1e1mll 
perutU1m ( n ,_ex) npu :mepr1rn ueUTpoHoB En~ 30 KaB (B.A.Bn:ip1m u 
.n:p. OIDfr'I, P.j-10733, ,lzy6Ha, 1977). 
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CO)tEPJKAHHE PAIDTU 

Bo BBenemrn J(aII rtpaTKrui o6aop llcCJie,n:onamm peaKUHH ( n , cx. ) Ha 
Me,n;.ne11HHX uefiTpo1iax, npe.n;cTaBJie1m aK-rya.m,HoCT1> n uem, pa.6oTu. 

B nepno.ii rJia.Be pa.ccMaTPUBa.IDTCJI Bonpocu o MexaHHsMe ex -pacna.n:a, 
0 CB0:11:CTB8.X BllCOKOB036yx.n:emmx COQTOHHH:11:, nO.IOIHTlle UCCJie,n:oBaHRIIMH 
cx.-pacna..na UH.ItllBH.ItYa.JII,llliX pe30H8.HCOB, U c,n:eJI8.HH cpa.BH8HM 8Kcnepn

MeHTa.JII,HHX .namrnx C pa3HUMH TeopeTuqecKm.m MO,IteJ.ISlMII CX -pacna.n:a KOM
na.yH,!t..JI,IJJla. B pe3yJ1I,TaTe nOKB.3aHo, ~TO CTaTllCTlfq8CK8.Sl MO,l(eJin ycnemHO 
OlllfCIIBaeT cpJiyKTYauHU <X -!llliplfH, HO OK8.38JIUCI:, OTRpllTHMil MHOI'lle BOnpo-
CH, crurnamme co cBoficTBaMU cpe,IOimc 0<. -mnp1rn, TaKHe, KaK me a.6co-
JIJOTHHe SHaqeHIDI H none.ztenne B 3aBllCUMOCTil OT 8Hepr:im B036yx.n:emm, 
BJllf.lJinfe CTPYKTYPII KOireqHUX COCTOHIDfit na npime.n:emme BepoJITHOCTil 

CX -pacrra.n:a BIICOKOB036y~emmx COCTommll. 

Bo BTOpo:11 rJiane IlplIBO.ItUTCJI cp8.BHllTeJI.&Hllll aH8JIU3 M8TO,D;OB ll3Mepe
Hl1JI ycpe,IOieHHHX ceqemni pearonrn ( n , o<. ) na. pa3lrux nefiTpommx nc
TO'IHID(a:x:. H3JIOXena MeTO.ItUKB. HCCJie.n:onaHH:11: Ilpll noMOII!ll M8TO.l(a BpeMeHU 
npoJieTa na l!MITYJI!,CHOM peaKTope HEP-30 Il KB8.3llMOHO:x:pOM8.TWl8CKUX 
(<fmJrr,TpoBaHHUX) ncTOqmrKoB He:11:TponoB, a T8.IO!te .zteJiaIDTCR onncamm nc
nonayeMoll 8.Ilnapa-rypII. 

M3MepeHRe ycpe.IOieHHHX ceqeHR:11:, oco6em10 napunM1>ImX, IIpe.n;MBJIR
eT OIIpe,n:eJieHHUe Tpe60B8.HlfSl K8.K K UCTO~ ue:11:TpoHOB, TaK Il K 
ex -CIIeKTpoMeTpy. IIOCKOJI!,Ky Olm,!(8.eMUe B8JrirqlfHU ceqeHUll COCT8.BJl.lJBJT B 

JIYtJlll8M CJIYqae COTHH MUKpo6a.pH, TO, llC:X:OM Il3 paayMHoro BpeMeHU Il3M8-
peHrui, npn ncnOJI1>30BaHUH B KB.qecTBe O< -cneKTpor,reTPa. ll0Hlf3auHOHHOtt 
Ka.Mepu, llMelll{e:11: 50% aqxlieKTHBHOCTI,, llHTerpaJILHH:11: noTOK H8:liTPOHOB Ha 
o6paseu ,Il;OJllKeH cocTaBJillTI, 106 - 107 n/c npu CpaBHlfT8Jl!,IlO MBJIOM qione 
.OT <J -Jiyqeif If 6UCTPIDC He:liTpoHOB. K H8.CTOHll18My 13P8M8Hll B IDI<li Olli'!M nc
noJin3YIDTCSl TPII M8TOJ(a nccJie,n:oBaHH:11:, B TOM q,HCJie M8TO.It BpeMellll npo.7IeTa. 
U M8TO.It ll3Mepemm Ha cpMI,TpOB8.HIIUX nytmaX HeHTPOHOB, KOTOpue HSJia.ra
BJTCJI B .n:uccepTauHU. 

C uenro IlCIIOn3o~iµm M8TOJ(a BpeMeIDI npoJieTa. Ha 6ase mmyJIT,CHOro ... \, ... 
pe8.ltTOpa HEP-30 6HJI Mo,n;epHlfaOBa.H ex -crreKTPOMeTp. On IIpe.n;cTaBJI.IJeT co-
6ott UR1.lliH,llJll:A8CKyD·llOmi3aUllOHHyBJ ItaMepy C CeTKOtt, KOHCTPYKUM If llOJIO
xeIDie KOTOpofi Ha nyi:rae llOKa.38.HH Ha pnc. 1. Uwnrn.iXI>uqecKB..IJ reOMBTPmI 
Ka.Mepu llOSBOJilieT llCllOJII,30B8.T!, KOJII,UeBott KOJI'JllfMaTOP, ROTOpuil: aamnmaeT 

OCHOBHyD qa.cTn Ita.Mepu OT I!pHMOI'O ny1ffi8. He:11:TpOHOB If ~ -JIYqefi H3 pea.K-
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TOpa, '!TO yMeHI,IIIHT neperpy3Ky yc:wmTeJII,HOro TJ)aKTa B MOMeHT BCIIUIIIIDI 

MOlllHOCTll perutTOpa. KpoMe Toro, Taxrul reoMeTJ)M llO3BOJIIIeT llCIIQJII,3OBaTb 
Mlllilem, c 6om,moii IIJioma,in,10, coxpamm MaJiylD m.mocT:& KaMepu, a cJieitoBa
Tem,Ho ll IIplleMJieMoe paspememi:e IIo aHeprllll ex -11acT:im. B pesym,TaTe, 
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Pirc. I. CxeMa RaMepu ll KO~ IIy1IKa HeiiTpoHOB. I - ROJIJm.MaTOp, 

2 - Ropeyc llOHl'l3aIUIOHHoii RaMepu, 3 - ceTRa, 4 - co61Iparanmi 
3JI8RTpo.D:, 5 - RaJm6pOBO1IHWl: llCTO'IJUIR, 6 - Ml!lileHI,. 

6Jiaroitapit HOBOH KaMepe y,n;aJIOCb ll3M8pJtTI, ycpe,n;HeHHUii CX. -CII8RTJ) peaR
mrn: ( n. ex ) .n:o :meprllll H8HTJ)OHOB ~ 14 RaB Ha perutTope MEP-30. IIapa
MeTpll Cll8RTpoMeTpa: IIOJI83HWI IIJIOil18,ltl, l4l!llleHll s ·~ 3000 c~. O6Jiy11ae

M8SI 11acTI> ofueMa ~ 15% n paspemeHIIe IIO aHeprllll 0(, -11ac_T:im L1 E""...,270 
RaB IIpn Ecx ~ 9 MaB Ha IIY'lKax llMIIYJII>CHOro perutTopa. 

B aToii ~e rJiaBe c,n;e.uaHo o6mee ollllcaHJie IIpmnnma ,n;eiicTBM peso
HaHCHUX qiRJIJ,TJ)OB, IIPHBON!TCJl napruA8TJ)ll llCIIOJII,3yeMHX qJIJJII,TpoB, ROTO
pue cos,n;aHU B lfHcTHTYTe smepHUX nccJie,n;ooomn!: AH YCCP, ll MeTo.n;nRa 
ll3MepeHRJI Ha rune ycpe]:tHemrax ce11emn!:. 3TH qJIJJII,TJJH .n;aJDT RBa3HMOHoxpo
MaTK'l:ecIOie IIYtJRH HeiiTpoHOB C .n;ocTaTO'IIIO BllCOROtt IIHTeHCHBHOCTI,10 
( ~ 7 • ID 7 H/ c lI,JII! Sc -<ImJJl,Tpa n ~ 7. ro6 H/ c lI,JII! Fe -<plIJ!l,TJ)a) , 'ITO 
IIpn Ha.JIH1llm CIIeQnaJII,HOli llOHll38101OHHOtt RaMepu IIO3BOJIJl8T ll3M8pJtTI, cpe.n:
Hlle ce11emm pe,n;lGDC peaimnii, RaR peaRmrn: ( n , O<. ) ll, B '!aCTHOCTll, 
.n:aeT B03MOlltHOCTI> IIOJIY'ISHIDI napQnaJI:&HWC ycpe.n;Hemmx ce11eHIDi perutmrn: 
( l't , CX ) C BUCOROH TO'tlHOCTI>ll. 

TpeTM rJiaBa .n;nccepTamrn: nocBml!eH.a nepBUM £esym,TaTa.M naMepeHl'lii 
ycpe]:tHemrux ce11eHl'lii perutmrn: ( n , ex ) Ha smpax 43Nd JI 

147Sm • 
B Heii Ilp8):tCTaBJieHO OIIHCaHIIe npoBe.n;eHHUX ll3MepeHl'lii Ha IIY'IKBX Il?,fiIYJII,C
HOro peaRTOpa ll Ha <pHJII,TpoBam!HX IIY'IRBX, a TaRll!:8 M8TO,ltllRH, o6pa60TRH. 

Ha mmyJII>CHOM perutTope MEP-30, pa6OTaJOlll8M B 6ycTepHOM pelltlIMe C 
.mme:lrnuM ycRopnTeJieM JIYS-40, llp0BO,n;nJIIICI, MHOroMepHUe (BpeMeHHoe ll 

8.MIIJmTY):tHOe) nsMepeimit perummi ( n , oc ) • B peayJI:&TaTe 6UJIH IIOJiy'leHU 
CIIeRTpll o<. -'IaCTHU B pasH!lX IlHTepBaJiax 3Heprmt H8HTp0HOB. _IlapaMeTpll 
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MlmteHeli ll ,n:amrue. OTIIOCJil!llleCSI K YCJIOBUflU llSMepeHUli. IIp:irne,n:eHU B Ta6JI. 

I. Ha puc. 2 ll 3 ilpe,n:CT8BJI8HU 3I<CII8pllM8UTaJU,l!H8 CX -CII8KTpllfJcpe,n;-
H8Hl!H8 B yrurnmnrux mrTepBaJiax aHeprmr uei1TJ)OHOB lI,JII! CJIY'IaeB Nd 
n 14?s'm , COOTBeTCTBeHIIO. Ycpe.n;HeHHUe cetJemm peaRQlllt ( n , ex ) HOp
MHpOBaJIBCb no ll3Mepsrnmer.iycSI O.n;HOBpeMeHHo pe3OH8IICy B 3JI8KTpOllBOJJl,T
HOli o6JiacTU, napru.teTpll KOTOporo U3B8CTHU. 

l,lmllem, O6orante- lIJIOII{8,ltl, 
Hll8 (%) Cl,t' 

I43Nd2, 03 83,5 3650 

~47Sm2 o., 95,3 ~150 

N.. 8 9 10 (;,raB) 

10' 

10
1 

10' 

101 

"'1 

I 

En• 
15,0+8,SltuB 

400 

"'o 

I 

440 480 520 
NK 

Puc. 2. 3Kcrrep:BMeHTaJILJIUe ex -cneRT
pu pearonrn 143Nd(n,oc)14Dce. 
IlyHKTHpHou murneii rrorurnan 
xo,n: <IJOna. 
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Ta6mnta I. 

To.mumra Bper.m IISMepemm 
Mr/cr..f' (11ac) 

0,67 140 

0,2 I90 

1000~---,-· •r-- -- ••• -r tn0,7-1,508 

N,. f En0,25•0,508 t 

100 j• j• 

.~~ 
En1,5•3,3 iuB 

., "'• 
't 

.. j• 

En 3,3+8,508 

i' j• 

~ ~ --~~~ L_ L _ _J __ ?_._!.i _ ~- 1~ l jJ E,. [MJBJ 
100 120 140 160 180 200 100 120 140 160 180 200 

PHc. 3. JKCIIepnMeHTaJI:&ffi1e 
o<. -cneKTJJU peamnrn 
I47sm (n I ex )I44Nd ~ 

"· 



lfaMepemm C 4lMI,TPO:arunmMlI nytIKaMII IIpOBO,l{MllCI, Ha .ItBYX <pRJII,T!)aX 

s C ll Fe • ROTOpue ycTaHaBmIBaJmCI, B ropnaOHTaJII,HOM RaHaJie peaKTOpa 
BBP-M lliICTllTyTa H,l.tepHHX llCCJie,ItOBB.mtii AH ycm/4/SCJIOBRH. axcnepllMeHTa 
IIpHBe,n;eHll B Ta6.mme II, a Ha pnc. 4,5 noxaaaHH TllIIlI'IHlle ex -cneKTPB 
peamnm ( n , ex ) JJ,Itpa 147 Sm Ha Sc -<p:WU,Tpe. HopMllJ)oBxa cetremm 
pearonm ( n , 0< ) npooo.u;wmcI> no peaKD;IDI 6 Li ( n , ex. ) T , cetremie · 
KOTOpott xopomo ll8BeCTHO, a ee 8HepreTntr8CK8Jt 88BllCllMOCTI, 6.Jmaxa 8Hep
reT:r.i:tieCKOH 3!UIBCHMOCTH ll3M8p!leMHX cetremm peamnm ( n , CX ) • IfuCJIO 
aapernCTPHPOBB.IIHHX ex -tracTKU n IIOJJ:ytremme na HlIX cetremm: npHBe,n;emz 
B Ta6Jr. m ll IY ~ CJIY1!88B 143Nd n 147sm ' COOTB8TCTB8HHO. 

MmneHI> 

143Nd2 03 

I47Sm2 0., 
6 Li F 

Ta6Jnma II. 

06or8.llle- ToJIJlllIBa RneMSl naMenemm ( trac) 
HlI8 (%) (Mr/crl-) Sc -<plIJII>TP 

<En> =2 KBB 

95 0,5o±o,05 IOI 

95,3 0,2z.to,OI II7 

3,65 O,Io±o,OI I 

5.D &o 1.0 ao 9.0 1o_o E .... (MJB) 
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.. 10D 15D 2DD 
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Frz -qi:wu,TP 
<En> =24,5 RBI 
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Pllc. 4. SRcnepHMeHTaJII,H!ie cx.-cnemp1:1 pearonm 147Sm (n. ,cx)144Nd, 
no.nytremme Ha Sc -qiHJIJ,Tpe. Bep:mmi: - 6ea Mn -<pWII>Tpa. 
HmmJm (qioHoBSJI) - c Mn -qiHJII,TPQM. 
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PRc. 5. CneKTP oc-tracrr1m na pearonm 147Sm (n,cx.)I44Nd npn sHeprmr 
H8ih'poHOB (2 ± 0,3) RaB. CTP8..71lt8MH yxaaaHH 9H8pI'lm ex -nepe
XO,I{OB B pasHHe KOHetrmze COCTOJnmli ,I{OtrepHero H].tpS. 

Ta6.mma Ill. 

lff,n;po- Ll En /Ao 'N«o < 6"n,or.o> <r.xo/D >J < lor.o> 
,-mmeHI> (KsB) (I0-66apH) (I0-8) (I0-6 aB) 

0 - I,2 I5 I3l=S 22:!:8 
I,2-2,9 I9 !45±30 I5o±35 Ir-:5 rs±7 
I, 7-2,3*) I3 2964±aI 42±4 3,5±!,4 5,7±2,3 
2,9-5,0 27 72±n I05±24 I4±5 23±8 

I43Nd 5",0-8,5 44 44±Io 65±2! r3±6 2:r±9 
8,5-13,7 66 28±15 45±24 !4.±9 23±!4 
22-27*> 27 I5±4 Ir±4 I9±7 
8-70 200 24±a 

JE} PesyJII,TaTH, TIOJIY'I8HH!le H8. !pRJII,T!)OBB.HH!DC JiytrKaX HeffT!)OHOB. 
3;D;ecI> lI B Ta6JI.IY B nepBOll: CT!)OR8 npe,ItCTaBJ18Hli ,n;amme, pacctrnTaHHHe 
H8TIOC~,I{CTB8HHHM ycpe,ItH8Hll8M CX-IIIHpllH OT,I{eJII,HliX peSOH8.HCOB. AB IIO
CJI8,I{H8il - peayJII,T8TH, no.nyqemme ~ SBTOp&m C 1ICTIOJII,80B8.Hll8M 
Heil:TPQHOB HS peaKUHH 7Li ( fl- 1 tt } Be. 
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B 'leTBepTOli rJiaBe paccMaTpliBaeTCJI MSTO.lt amumsa ycpeituemrux ce

'leHlili C ue~LID IlOJiy'lemm li3 HlIX JtaHHHX O cpe]tHIDC xapa.KTepllCTmtaX pea.K
Ullll ( n , 01. ) n o6cy~aDTCJI IlOJiylleHHl:le pesyJll>Tarn. Hcxo~ RS oco6eH
uocTeii pearoum ( rt , <X ) (~ofi BSJmlnrnH Ce1Ierum, CllJILHOil qJJ.IyKTyaD;Im 

0- -nmp.mi) ll yc~OBllfi SKCIISpllMSHTa IIplI pacCMOTpelilrn CBII3ll MSW ycpe,It
HSHllliM celleIDieM n napaMeTpru.ru pesoHancoB B pea.KUllll ( n , ex. ) y'IBTtma
JmCL MS,ItyKIIUIS ynpomaroume npe]tllO~OllteHWI: 
I. no 6t << I - o6paseu TOHI<nit ·( rt O - 'Illc~o anep o6pasua ll 

6"t - no~oe ce1IeIDie). 

2. Cpe,mum ex. -nmpnua < rcx. > nocTOJIHHa Ha llHTepBMe ycpe,ItHemm. 
3. .1 En » D;rfi - Ha llHTepBMe ycpeJtHemm naxo]tllTCJI itocTaTO'IHO 

MHoro pesouaucoB. aztecL D1n - cpeJtHee paccTOrume Me.xr,n;y peso-

uaucaMU co cnnuoM J 71 • 
4 • IlOTOK HeliTpOHOB 4> ( En ) JIMJI8TCJI IIJiaBHOli rpyHKUll8H :rneprllll, 
ueii:TpOHOB, T.e. MOlltHO pas6RTL IIHTepBM ycpeJtHemm ua yllacTKII .:1E::Z 
TaKIIe , 'ITO .ll En » L1 Eh > > DJn , II IIOTOK ua Ral!UtOM us HlIX 
CtJHTaTL llOCTOJIHHHM. 

Cpe]tHee napmi:~uoe cetJeHIIe }J,]IJI IIHTepBaJia sueprim ueiiTpoHOB 

.il En onpeiteMeTCJI B!lp8.l!t8HIIeM 

J 
· 2 <fn><En) 

cp(En) ;\ --- F<En) dEn 
~]'7[ /_ ~{l > A En ( r >(En) 

<un,o<.1> =7Jfi r ff ----------

Pr 2 j cj>(En) cLEn 

:y'ii .tJEn 
aztecL napaMeTp < 1cx1 / ])J" ) OT~aeTcJI OT cMoBoil: cpyHKUlllI }J,]IJI 

CX. -llaCTim TOJll>ltO MHOXIITe~eM Pcx -npommaeMOCTLB> IlOT8HD;Il:MLHOro 
6apLepa JIJtPa ,JµJI ex. -llaCTim, a F ( En ) - cJ)aKTOP ycpe,I(HeHIIJI }J,]IJI MY
tJaJI peaKUllll ( n , ex ) • 

Cpe.mum IIplIB8Jt8HHaJI <X -!!Wplllla pacnaita B COCTOJIHHe f MOllt8T 
6HTL BtI'llIMeua ua ocuoBe RsMepe1moro nap:rnram,noro cetJeIIM c~e.ltYIOOllIM 
o6pasoM: 

< t;.,> -
Jfi 

Dfii <CSn,0<1> 

tf1r. 2.. P,e,f 
(tJ'fiJ 

j <P(En) dEn 

Jq>(E,,).il.2 <rn>(En) f(En)cl.En 
<r >(En) 

Kalt lI3B8CTHO, BBlI.ltY ClIJll>HHX qJJ.IyKTyaUIIil: 0\. -IllliplIH, B norpenmocTll OI. -um

PlIR KpoMe norpeIIIHOCTeii :mcneplIM8HTa .ltaIDT saMeTHl:li1 BMa,I( norpelllHOCTll, 

o6yMOM8HHile KOHS'iH!lM 'illC~OM pesoHaHCOB Ha llUTep~e . Ll En ~ Kalt no-

Kasauo B ]tllCC8PTaillill, (JlJIYKTyaillilI, mmpm.iep, ·. ~8JIII'IllHll • < /0t.f ) Onpe-

.. 
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.nemnoTCR ,12 -pacrrpe,neJieHl!el\l, 3(lJl)8RTUB!!Oe 'll!CJIO C'l'eneHeii CB06o,nu RO-
Toporo fff nuprumeTCJJ TaR: 

(r__<;,Ju L P 1f 
f - I J1i lCJ1i) (, 

f - PH 2.,3-J!l. 2. P/ 
J'ff 1(J'ii) ,f 

[ £ <f>(E) ,\2 < rn) f (E }cl.£ Jz 
n <r> n n 

~ 

Jr q>(EnH2 <fn> F<En) 11. dEn 
AEn {f) 

a COOTBeTCTBYRII1M OTHOCllT8.7I1,IUlJl norpelllHOCTn 

,1/>'t (<rrxr>> = V2lft. 
PesyJinTaTu aHa.Jmsa rrp.lllle,neHH B Ta6JI. Ill 11 IY .iµm cJiytJaeB 143Nd n 
147Srn , cooTneTCTBeHHo, 

Ha OCHOBalilm IlOJiy'lemrux .namrux B 3TO:l1 rJiane rrpOBO,ItllTCR o6cyJK,Ite
mie ·o CBOiiCTBaX cpe,nIDIX CX --111up1m ueiiTpomru:x pe30llaHCOB ll O B.lililillllll 
pa3.7IH'Ulil CTpyitTypH ROHe'llillX COCTOHHim ua IX -pacna.n; ROMIIayu,n-cocTOJJ
Inrii: • 

,ll,Jm rrpoBepirn cnpaBe,ItJmBOCTll CTaTUCTH'JeCROli Teopllll 6HJlll: c,neJiaHH 
nonHTRR onucamm cpe,nimX cetJeuni1 pearomu ( n , cx ) c rnnoTesoli o 
llOCTOJJHCTBe napaMCTpa ( rcx. /]) >s , Ilo,nr01ma no RPUTepmo ./2 

JI,JUJ. Bcex noJiytJemrux n HacTORil{ee BpeMa ,namrux: o peaRI.J;lm ( n , ex ) ,T.tJm 

R,nep 143 Nd n 147Sm ,naJia J~in = 0,246 npu <fcx/D)'J = I3•I0-8, 
'ITO COOTB8TCTByeT YPOBI!10 ,ItOCTOBepHOCTU yKasaHHoii runOT83H p ( j.2 ) = 

143d ~ -8 = 0,99 B CJiytJae N u ,/,min= 4,0, <~1[))1 = I8,8·IO u 
p ( / 2

) = 0,8 B CJiytJae I47sm . MH ill)UMepa Ha pnc. 6 IlOKa3aHH 
ycpe,nHeHmrn cetJemm 143Nd( n , ex ) 140ce B saBncUMocTu OT 3Hepruu 
HettTpOHOB, 

B ueJioM Hanrn pesyJinTaru JI,JUJ. nccJie,nonamrux a,nep He o6HapylltltBaIOT 
3Halll'IMblX OTRJIOHeHUii OT rrpe,nnoJio~eHllli CTaTnCTH'JeCROH Teopl!ll O CBOli
CTBe cpe,nHUX ex. -urnpllH. 

CBolicTBa HettTpOHirux pe30HaHCOB U BJIIDUille CTpYRTypH ROH8'IHHX 
COCTORHllll Ha ex -pacna.n; ROl,UiayH,n-a,nep o6cyJK,ItaIOTCJJ c TO'lRI1 spemm 
IlOJiyM!llipOCROITH'IeCROH Teopllll. B Ta6JI. IY IlOKa3aHO OTHomeHlle cpe,mmx 
np.lllle,neHHIDC °' -mupnH nepexo,non B nepBoe oos6yJK,IteHHoe u ocHOBHoe 
cocToffHlle ,notJepHero JJ,npa 144Nd. A OTHomeHUe cpe,nHux nplllle,neHHHX 
0( --111UpHH nepexo,noB Ha BTOpoe BOs6yJK,Item1oe ll OCHOBHOe COCTomme 6HJIO 

IIO.lly'leHO TOJll,RO B l!3Mepemm Ha Sc -<llMnTpe. OHO COCTtiBJiaeT 
<0~2 >/<'6;,.o> = I,34 ± 0,4I. KaR mwio ll3 HamHX pesym,TaTOB, 

cpe,nHne rrpnBe.neHHHe mupmm ex -pacrra.n;a cocTaBHoro R,npa HS .5 m Ha 
ROHe'lH!:le COCTOSIHHH pa3JIU'lHOH rrpnpo,n;u (OCHOBHOe, O,nHOqJOHOHHOe, "JJ:BYX
qJOHOHHoe) giaKTH'lecRR COBIIa,n;aIOT B COOTBeTCTBllll C rrpe,nCKa3aHl'ISlMll CTa
Tll CTH"!eCKo:li T80pl'Ill ,Bo3MOJKHlle OTRJIOHeHIDI, npe,n;CRaSHBaBllilleCSI IIOJiyMimpo
CROlll!'leCKOii Teopneii, corJiaCHo HaIImM pesyJIJ,TaTaM,He npeBhlll!alOT JI.JIJI 

,naHHoro ~ girutTOpa I,5 + 2. • 

10 

3 ' ' ""• 10 , !ln.•l"•~l 
I ii ij 

102 

103 1o4 Enl>Bl 

Puc. 6. Ycpe,nuemrue cetrerum peamnm 143tvd ( n , 0< )
1,IDCe B sanucu

MOCTlt OT 3Heprnn HeiiTpOl!OB. CITJionma.rr JillIHll.lJ - pactJeTIIaff 38Bll-
CllMOCTn, COOTBeTCTDYIOlJ.lM MHHUMYMY .12 C ytieTOM BRJia,JJ;a TOJII,-
IW S -HefrTpOHOB, 

B saRJIIO'leHl!ll coneplmTCJI OCHOBI!lle pesy.llbTaTII BHITOJIII8HHOH pa60TH. 
I. Bne,nen B CTpOH MO,nepI!U3l'lpOB8HHUH ex -CTieRTpoMeTp, o6Jia,naIO-

IUllll 6oJinmott ITJIOI1la,Itb10 MnmeHn, rrpneMJieMW,I paspememreM no :meprllll 
0<. -'laCTHU ll llla.JillM cp<>HOM. 3To Il03BOJIUJIO !IpoBO,nllTn ll3Mepemm IIapI.U!aJin
Hl.lX cetJemrti peaitnllll ( n , ex ) B IillJIOaJieRTpoHBOJILTHofi o6JiacTn mreprm-1 
Hei1TpOHOB Ha l!MIJYJIMHOM peaRTOpe ill3P-30. 

2. Pa3BUBaJICJI M8TO,It l!CCJie,ItOBaHllSl peaKIUill ( n , O'- ) Ha (pl-!JlnTpo
BaHHl:lX Tiy'lJtax ue!iTpOHOB, 'ITO ,ItaJIO B031\10lltHOCTI, IIOJiy'lll:Tn napUIIam,HHe 
ycpe,ItHeHHHe cetreurur C BUCOROH TO'IHOCTI,10, 

3. Paspa60Ta11 r.reTo,n amumsa ycpe,nHemrnx cetJeHHi1 peaKIUm ( rt , ex ) 
c uem,ID ITOJIY'leHllll ns Hl!X cpe.nmnc rrapaMCTpOB peaRURn. 

4. Il!_)OBe,ne1ru rre@ue usMe~emm ycpe,nHeHHHX cetJe1m:ii pearo:urn: 
( n , ex ) JI,JUJ. JJ,IU)a I Nd u I 7sm .no aueprnll uei1TpOIIOB ~ 14 R3Il Ha 
m.myJII>CHOM peaRTope ll Ha .nnyx HeftTpOHHHX (pU.llbTpax: CRaII,nlieBOM ( En = 
= 2 ± 0,3 R3B) u JKCJie3HOM ( En = 24,5 ± I,O R3B). Ilpn 3TOM IlOJiy'leHH 
B CJiy'lae 11.npa 147Sm ycpe,nueHHHe cneRTpu ex -nepexo.non Ha pa3JIU'lHHe 
KOH0'lHHe COCTOJil!lIJI, 

5. Ila OCHOBaHim IIOJIY'I8HHHX ycpe,ItHeHlillX .ex -mupmt c,neJiaHH cpaB
H8HllR c rrpe,nnoJioJKenneM cTaTUCTH'IecRoii Teopmi. CrrpanenmmocTn aToro 
rrpe,nnoJio~euuJJ .iµm 143 Nd II 147 Sm ,noKasaua rrocTORHCTBOM ycpe.nue11HHX 
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ex -mnp1m n pa8rmx HHTepBaJiax uccJie,n;ona1moil: o6JiacTH anepriru nefiTPo
non. 

6. C uem,10 :rraDJie11emm miqJOpManmt o cnoUcTnax nucoRonoa6ylll'.,ltemrnx 
cocTOJIJI.IDi npone,n;euo o6cylK,ll;emie aRcrrepnMeHTaJII,IWX ,n;ammx o npHBe,n;e11:.. 
11ux nmpmra.x ex -pacrra,n;a cocTannoro JI,Jtpa 1.18 Sm n par.max rro.n:yr.m:RpO
cKonmecRoit TeopJru • .UeJiaeTcsr nuno,n; o TOM, 'lTO n ~ -pacna,n; ,n;rurnoro 
sr,n;pa na 1toue11uoe o,n;uo- H ,n;nyxipouomroe cocTosnma 11ernpex-, mecTH- n 
BOCI,MHRB83Ir'l8CTH1JHUe KotmoHeHTll DOJlllODllX cpymtrmit ROMIIayH,n;-COCTOJIHHit 
BHOCJIT, lIO-Bll.ItHMOMY, ne60J!J?WOit BRJia,n;. 
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