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I. OHI!AH XAPARTEPHCTIIBA PAEOTH 

AKTyam.HocT:E> rrpo6JieMH. Ycrreumoe pasBaTae aToMHoil: :rnepreTRKR cTa
JIO B03MOl!tHblM 6.rraro.nap.rr HaKOIIJieHmo 3KcrrepRMeHTaJI:E>Hoil: RHqiopMarll~R o Bsa
RMo.nettc TBRR H8il:TpOHOB C JmpaMR R CO~.ltaHIDO T80p8TR'l8CKIDC:M0,!!;8JI81t, OII.ll~ 
CHBru::lll{RX ST.I! BSaRMo.neil:CTBM. Heil:TpOHHHe .naHHHe RrpaJIR R npo,nOJilKa!OT ' 
11I'paTI, orpOMHylO. pOJII, B CTaHOBJI8HRR -q)R3R'l8CKRX rrpe.ncTaBJiemtil: 0 -CBOil:CT
BaX smep. He,nocTaTOK B Heil:TPOHHHX ,naHHHX .ltJI.fI MHOrRX a~~M8HTOB .I! RX 
.H30TOIIOB orrpe.neJIRJI aKTyam.HOCT:E, RCCJI8,ltOBaHRil: Ha peaKTopax fil,p H8il:T
pOHHHX C8'!8HRlt .H rrapaMeTpOB Ha6.mo,naeMHX B HRX pe30HaHCOB. K_ MOMeHcy 
HaqaJia H8il:TpOHHOCII8KTpOM8TpaqecKRX RCCJI8,ltOBaHRfi Ha peaKTope fil,p-I 

oco6emro sHaqneJII,HH 6wm rrpo6eJIH B ,naHHHX o napaMeTpax HeltTPOHHHX 
pesoHaacoB pe,!!;KoseMeJI:bHHX smep • .Uo c.Hxrrop rrpo~ecc HaKorrJieHRH 11enr
po11HHX .naaHHX He RC'!eprraJI ce6.rr, HaXO.IUITc.rr MaJioasyqemme nsoTom,1, · pac
nmpmoTc.rr suepreTaqecKRe RHTepBaJIH, Bospacrru::ir rpe6oBaHa.rr K TO'!Hocrz· 
3KCII8pRMeHTaJIJ,HHX ,naHHHX, ax IIOJIHOT8. 

OcHOBHM qeJI:b Hacro.flll1efi pa6oTH cocromra B accJie,noBaHRff Ha RMIIYH:bc
HWC peaKTOpllX IIEP M8TO,ltaMR H8ltTpOHHOit CIIeKTpOCKOIIJ111 RH.nRBl1,UyaJI:E>HHX rra
paMeTpOB s-BoJIHoBWC HettrpoHHHX pesoHaHcpB a ax ycpe.naeHHHX xapaKrepac
TRK - 15 {cpe.nHero paccroJIHM Meimy pesoHaHcaMR), ~ (cpe.naen rroJIHott 
pa.nH~ZOHHOlt mapRHH), s 0 (ueil:TpOHHOH CRJIOBOM ~YHKURR), RX saBRCRMOC~ 
TR OT crraaa -".ltJIJI Ma.JIORSyqeHHWC RSOTOIIOB B mapokoit o6JiaCTR-aTOMHHX Be
COB (48 ~ A ~ 238)' a TaIOKe B IIORCKe rRIIOT8TR'l8CKRX cBepXIIJIOTH!DC .rr.nep 
B rrpouecce ,neJieHaR HettrpoHaMR 235 u H 239 Pu • · 

IIaytrnM HOBRSHa R IIpaKTHtr8CKaJI Il8HHOCT:E,. B .l{Rccepr~aa rrpe.ncraBHe
HH pesyJII,TaTH RCCJI8.l{OBaHRil: CBOHCTB aroMHHX smep ua RMITYJI:bCHHX 6HCTpWC 
peaKropax m;p C rrpRMeHeHR8M BpeMJIIIpOJI8THOH M8TO.l{RKR. BHCOKM RHTeHCRB
HOCT:E, HBfiTpOHHblX RMIIYJI:bCOB peaKTOpOB m;p rrpa HaJIR'IRR ,ltJIRHHHX rrpoJieT
HHX 6as rrosBoJIRJia rrpoBo.1tRTl> c xopomRM paspemeHReM Ha o6pas~x !.laJioro .. 
Beca (B TOM qacJie as pas,neJieHHHX RSOTOIIOB) RSMepeua.rr nponycKaHM, BH
xo.na raMMa~KBaHTOB H Bapa~alt ax MH0~8CTB8HHOCTR, yrJIOBHX pacrrpe,neJie-. 
H.Hil: pacceJIHHHX ueitTpOHOB R IIOJIY'!aTl> HOBYJO arnfiopM~lUO O rrapaMeTpax Hett
TpOHHHX pesoHaHCOB a ax ycpe.nHeHHHX xapaKrepRCTRKaX, IIOJIHHX ceqeHRJIX 
R ,n.Hqxpepeimaa.m,HHX C8'!8HRJIX ynpyroro pacceJIHM HBfiTpOHOB. BrrepBHe. B 
CCCP pa3BRTH M8TO.IJ;RKH orrpe,neJieHM CIIRHOB IIO MHOJKecrBeHHOCTR raMMa
KBaHTOB H IIOJIHHX pa.ItRauaoHHHX nmpRH R3 aHaJIRsa q,clpMH pesoHaHCOB B yc
JIOBRJIX xopomero paspemeHa.rr. BrrepBHe npe,nJio~eHH a BHIIOJIHBHH sxcrrepRMeH
TH IIO_Ha6JIIO.Jt8HIDO ~8CTKµ raMMa-KBaHTOB a 6HCTPHX HettrpOHOB, KOTOpHe 
MOrJIR 6H corrpOBOli\naT:b rrpouecc p0li\n8HRJI CBepXIIJIOTHHX smep B 30He 
lffiP-30. 06mRpH!lii sKcrrepRMeHTaJII,HHil: MaTepaaJI RCIIOJII,SOBaH ,nJIJI rrpoBepKH , 
paSJIR'IHHX TeoperaqecKRX rrpe.ncraBJieH.Hil: 0 CBOUCTBax pesoHaHcHHX rrapaMeT-
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poB a ax ycpe,IUieHHHX xaprucTepacTRK. Onacamrne B .llRccepTauHH RCCJie.llo
Ba.HIDI KBa.lIB(pRilRPOBa.Hbl Ra.K HOBOe HayqHoe HanpaB~e~Re: pesoHaHcHruI Helt
TpOHHruI cneKTpOCKOilIDI c IlOMO!lll,JO RMITY~bCHHX 6HCTPHX peaKTOpOB. 

IlpaKTRqecKruI ueHHOCTb COCTORT B TOM, ~TO 6om,ma.JI tta.CTb IlOJIY'I8HHHX 
pesy~bTaTOB BKJllO'IeHa B MRpOBOH 68.HK ,lla.HHHX "Neutron cross sections" 
(Academic Presa, v. l, part A; 1981; part B, 1984), .KOTOpHH RBJIReTCR 

Ba.lKHNM cnpaBO'IHHM noco611eM .llM qiRsRKo~. pa6oTa.IOIIU1X :KaK'B rrp.lilKM,llHOM~ 
TaK R ·B cpyH,llaMeHTaJI1,HOM HanpaMeHru:rx. ·· 

Ha samRTY BblHOCRTCH 

I. ·cos,llaHRe Ha RMrrym,cnHX peaKTopax HEP arrapaTypu .llM cneK'rpoMeT
pwrecKHX, RCC~e,llOBaH.lltt B3aRMo,llel1cTBRJI HeltTpOHOB C JmpaM.ll .ll pasBRTRe 
MeTO,llOB .llSMepeHRJI a aHa~sa SKCilBpliMeHTMbHllX ,llamrux: 

- Paspa60TRa BblCOKOSip:peKTRBHOro '1tR,llKOCTHoro CURHTWIJIRnROHHOro ,lle
T8KTOpa Hel1TPOHOB .ll 4-Kp.llCTaJII,HOro raMMa-,lleTeKTOpa ~M RSMepeHatt 
cneKTpOB nporryCRa.HIDI .ll BHXO,lla raMMa-KBa.HTOB, Bap.aauRtt ~~ MHOllieCTBeH
HOCTR. 

- Paspa6oTRa rrporpaMMHoro o6ecnetJeHIDI wm: nepBR'IHott o6pa6oTK.ll 
aKcnepRMeHTaJII,HHX cneKTpOB, .llM Bbl'I.llC~e~ru:r napruAeTpOB pesoHaHCOB R 
aira.,msa .llRip:pep8HU.llMbHHX CetJelilltt ynpyroro paCC8RHRJI HettTpOHOB. 

- IlpRM~HeH.lle "MeTO,lla ~pMH" .llM HeCKOJll,KaX TOJllllRH o6pasuoB B yc
~OBRJIX He otJeHb BHCOKoro paspemeHRR .llM no~ott aBTOMaTasaun.a aHa;rnsa 
cneKTpOB nporrycRa.HIDI C uem,ro .ll3B~e'IeHRJI TaKRX napaMeTpOB pesoHaHCOB,. 
KaK RX SHepr.11.11 .ll HettTpOHHHe m.apaHH. ' 

- IIpHMeHeH.ae"MeTo.lla WCPMH" B yc~oBru:rx xopomero paspemeHru:r .llM rro
~eHru:r no~HX pa,ll.aauaoHHHX m.apRH pesoHaHCOB c TO'IHOCTb!O 5-10%. 

- Paspa60TICa MeTO,lla onpe,lle~eHIDI CllRHOB HettTpOHHHX pes~Ha~COB 
'IeTHO-He'IeTHHX smep no MHOlKeCTBeHHOCT.ll raMMa-KBaHTOB. . 

2. IIo~eHHble aBTOpOM pesym,raTH: 
- 3KcnepHMeHTaJII,HHe .llamme o rro~HX ce'IeH.ruix, .llRip:pepeHURMbHHX 

ceqeHru:rx ynpyroro paccesrHru:r HettTpOHOB R napaMerpax pesoHaHcoB - RX 
SHeprasrx, ·HettTpOHHHX R PMRauROHHHX mapRHax .11 cnRHax - .llM .... so smep 
B o6~aCT.ll 48~A ~ 238. . 

- BWIBJieHHHe· 3aKOHOM8p~OCTR B IIJIOT~OCTR HettTpOHHHX peSOHaHCOB , 
RSoTonoB pe,llKoseMem,Hott o6mcTa R nx o6~srcHeHRe oco6eHHOCTJJMR sano~-
HeHru:r o6o~o'Ie'IHHX COCTORHntt ,lletpopMRpOBa.HHHX smep. . 

- AHBJIR3 a,lleKBa.THOCTR rrpe,llCKa3aHRtt CTaT.llCTR'IeCKOtt, OllT.ll'IeCKOlt n, 
no~pOCKOllR'IeCKOtt MO,lle~ett :rncnepRMeHTMbHHM ,llaHHHM. . 

- 0TCYTCTBRe CllRHOBOtt saBllCRMOCTR B S-HettTpOHHHX CMOBHX tpyHKURRX 
a J>a,nRanROHHHX mRpRHax. 
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- Pesy~bTaTl:l. CRCTeMaTRK.ll no~HHX Pa.llRau.lloHHHX mnp.llH R cpaBneHIUI 
s1tcnepHMeHTam,HHX sHaqeH.an f'll' c pasm,1M.ll ;eopeT.aqecKRMR oue1rnai.rn~ · 

- Heo6HapyiKeH.lle o6pasoBa.HllR CBepXMOTHHX smep B ,lle~eHnn. 

Arrp'66artHR pa60TH n ny6.mmaun.11. Pesym,raTH, .llS~OlKeHHble B .llHCcepTa
UH.ll, ,llOKm,llHB~CI,° Ha MHOr.llX BCeCOIOSHHX ll MeJ!O];yHapO.llHHX KOHwepeHUllRX. 
B c6opHRKe "Neutron cross sections" co,lleplKllTCR 25 cc~oK Ha pa6oTH, 
B~'IeHHble B ,llHCC°eprau.aro. MaTep.11~ ~HccepTaunn orry6~KOBaHH B 45 rre
'IaT_HHX pa6oTaX, OCHOBH!Ie .113 KOTOpHX npnBe,lleHbl B KOHUe aBTOpewepaTa. 

06~eM .ll CTpyKTypa .URCCepTartllll. n.accepTaUHH CO,lleplKllT 230 CTpaHRil 
MaillllHOilRCHOrO TeKCTa, B~'IruI 23 Ta6~Rllbl H 47 pHCYIIKOB, H COCTOllT R3 
BBe,lleHRR, ceMR r~aB n sa~qeHM. CnncoK URTHpoBaHHOtt ~HTepaTypH co
,lleplKHT 188 HaRMeHOBaHRtt. 

II. KPA'rKoE conEPJWIBE ;Il.MCCEPTAIDIB 

Bo BBe.nemrn o6cyJK,naexcsr coBpeMeHHoe cocTosrnne nei1Tpo1mott crreKrpo
CKonan R oqep'!eH Kpyr Sa,llaq, pemaeMHtt ee MeTO~aMR. DTMeqeHa RX aKTY
MbHOCTL RaK ,ll)m pa3BRTM (pHSH'IeCKRX rrpe,;cTaB~eHntt, TaK R .llM npH
Km,llHHX ue~ett, IlORa.SaHO M8CTO RMrrym,c11HX 6HCTpblX peaKTOpOB cpe,llR 
.llel1CTBYIDIIU1X HettTpOHHHX cneKTPOMeTpOB. 

IIepBa.fI rJIB.Ba IlOCBR111eHa omtcaH.llID arrnapaTypbl, BXO,llR111ett B COCTaB 
HettTpOHHOro cneKTpoMeTpa Ha 6ase RMrry~bCHoro peaKTopa. IlpHBO,llRTCR xa
paKTepRCTRKR peaKTOpOB HEP•KaK OCHOBHOro s~eMeHTa cneKrpoMeTpa. TnnH
'IHble rrapaMeTp!I m.apoKO HCllO~bsyeMoro B OITHCL!BaeMh!X .llCC~e,llOBaHRJIX 6yc
repHoro.peJKRMa TaKOBbl: MOmHOCTb 4-8 KBT, traCTOTa 100 ru. ,ll~rem,
HOCTb HettTpOHHOro HMrry~nca Ha IlO~OBRHe BblCOTII ~3 MKC, 3a,llHRtt ero 
qipoHT - 3KcrroireHURMLHHfi e,--"'h: , r,lle 1::~5,0 H~n 2,-5 MKC B saBRCRMO-
crn OT pasMHOJKeHllH. B nsMepeHIDIX nponycKaHRH .llCilO~bSO~RCb lK.ll,llKQCT
HHe CU.llHT.llJLIDIU.llOHHHe ,lle TeKTOpbl MOllla,llb!O 5-00-800 cM2 , HMeIOmRe 3ip:peK
T.llBHOC Tb ~30% rrp.ll 3Heprnn HettTpOHOB IO K3B, ~TReBHe ere~ n~ 6a
Tapesr 3ne-ctreT'IllKOB, KoTOpaH npRMeHRmCb TaKlKe .D:M llSMepen.aft ,llHip:pe
peHU.llMbHblX ce'IeHHtt ynpyroro pacceRHllH HefiTpOHOB. B .llCC~e,llOBa.RHRX pa
.llRauaonHoro saXBa.Ta RCilO~b30~Cb lKll,llKOCTHlltt cnRHTHJLIDIUllOHHHtt ,lleTeK-

·rop 6o~nmoro o6~eMa a .n:ereKTOP R3 4-x Kp.llcTaMoB Na~ E~R paspa6oTa
HH BCilOMOrare~bHble ycrpofiCTBa. ,llJUI qiopMnpoBaHll-fl HefiTpOHHHX rrytrKOB n 
,llRCTaHUROHHoro nepeMemeHRJI o6pasuoB. Bo3M'll!tHOCTb nettTpOHHOCileKTpOM8"l'
pnqecKHX 11-cc~e,n;oBaHHft Ha nMIIYJibCHblX peaKTopax 6~a o6ecnetJeHa ocname
HReM 11-SMepHTeJibHO-BH'IllCJI.llTe~bHOrO USHTpa MHOrORa.Ha~bHblMli BpeMeHHIIMll 
aHaJIRSaTOpaMH .ll Bbltrl1-C~HT8~bHOft TeXH.llKOft, IT03BO~llBmen B HaCTOsrmee Bpe
MH no~OCTb!O aBTOMaT.ll3RpOBaTb HSMepeHHR. Eo~bmyIO pom, Cblrp~ BH'I.llC
~nTe~bHHe cpe,n;crBa - M-20, E3CM--4, CD~500, PDB-11/70 - B rrepB.ll'IHOfi 
o6pa60TK8 3Kcnep.llMeHTaJibHHX ,n;aHHHX R RX aHaAASe • 
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Bo BTOpott rJia.Be orrncHBaIDTC.II MeTO,llllKR ll3MepeHll.lI rrponyCKaHll.lI, pa,nna
UllOHHOro aaXBaTa, nepBll'IHOH o6pa60TKll BpeMeHHHX cneKTpOB, a TaKJKe cno
co6u onpe,lleJieHIDI rrapaMeTpOB HeltTpOHHllX pe30HaHCOB. EUJio 003,llaHO_,.He
CKOJII,KO BapnaHTOB rrporpa.MM BuqncJieHIDI peaoHaHCHllX napaMeTpOB MeTO,llOM 
llJIOllla.I\ett ,llJI.II 3BM M-20, E3CM-4 n CDC-6500. C llCllOJil>30BaHlleM MeTO,lla Han
MeHl>lllllX ~paTOB pe1IJaJiac1, CllCTeMa ypaBIIeHllti, CB.II3HBa!OlllllX llJIOllla.I\11 pe-
30HaHCOB ll3 pa3HHX 3KcnepRMeHTOB (nponycKaHlle, 3aXBaT, CaMOll~nKaUIDI) 
c TOJilllllHaMn o6paauoB n napaMeTpaMn peaoHaHca E0, r, 'arn, rir. EoJI1,ruoe 
npRMeneHne HalIJJia coa,llanHa.A: nporpaMMa ,llJIR amurnaa cneKTpoB nponycKaHIDI 
MeTO,llOM (l)OpMu, KOTopaR rroaBoJinJia noBHCllTl> roqHoCTl> oueHnBaeMUX peao
naHcnux napaMerpOB ll IlOJIHOCTl>ID aBTOMaTll3!1pOBaTI,06pa60TKY

0

3KCll8pRMeH
TaJil>HllX ,llaHHUX. Ilpn BU6ope o6pa3UOB ,llJI.II H8HTpOHHOCll8KTpOCKOllllqecKllX 
llCCJie,llOBaHllfi MU !1CXO,llllJIR ll3 coo6paxeHntt noJIHoro OTCYTCTBll.A'. CBe,lleHnti 
0 HeltTpOHHUX peaoHaHcax !1Jill_llX orpaHnqeHHOCTI1, crpeMJI8Hll.A'. llOJIYqllTl, 
cncTeMaTnqecKyro HH(l)OpMaunro o peaoHaHCHHX napaMeTpax ,llJI.II onpe,lleJieHHott 
rpynrrII Mep, HanpRMep ,llJI.II ll30TOTIOB pe,llK03eMeJil>HOtt o6JiaCTll. EOJII,rua.A: 
qacTl> ll3MepeHnlt BIITIOJIHeHa C llCTIOJII,30BaHJ18M o6paauoB ll3 pa3,ll8JI8HHUX 
naoTonoB. EUJin nccie,lloBaHII napaMe rpII nettrpoHHHX peaonancoB pyTeHR.A: -
99,IOl; TiaJIJia.I\ll.A:-I05; lto,lla; uean.A:; He·o,llllMa - 142,143,144,145·,146,148, 
150; caMapn.A: - 144,145,146,147,148,150,152,154; ra,noJillHM - 152,154,· 
155,156,157,158,160; rep6n.A:; ,llncnpoan.A: -·161,163; roJil>Mll.A:, ap6M -
164,166,167,168,1?0; peHll.A'. - 185,187; OCMM - 187,189; llPMM - 191, 
193. ,llJm Ka.JmOro ll30TOTia no~eHH cBe,ll8Hll.A'. o pe30H.aHCHUX 3Heprn.A:X -
E0, neffTpOHHUX lllllpllHax - earn.. (B H8KOTOpUX C~RJC O TIOJIHHX pa.nnaunoH-:
HUX runpruiax - I't) ,llJI.II ,lleC.A:TKOB peaonaHcoB- B anepreuqecKoM nHTepBaJie 
OT 1-5 3B ,llO HeCKOJII,KllX COT8I! aB. ,llJm 60JII,IIJJ1HCTBa llCCJI8,llOBaHHUX Mep 
no~eHHHe ,llaHHHe 6UJill HOBHMll, B ,llaJII,IIettrueM OHll 6UJin.qacTll'IHO TIO,ll~ 
TBeplK,ll;e1m naMepeHn.A:Mn B ,llpyrnx Jia6opaTopl1.A'.X .11.Jill ,!lo cnx nop ocTaroTc.lI 
e,ll!1HCTBeHHHMll. Ha OCHOBe ll~llBMYaJil>HUX napaMeTpOB peaoHaHCOB ,llJI.II 
na~eHHUX Mep no~eHII TaKne ycpe,llHeHHHe xapaKTepncTnKn,KaK cpe,llHlle. 

- '£tr.:• paCCTO.IIHM MelK,ll;y peaoHaHCaMll D, CMOB!le qJJHKUllll 5°::. ... .., I1 cpe,ll-
- Aca 

Hll8 IlOJIHIIe pa.nnaunoHHHe lllllpllHil r¥. 
B Tpe.uett rJiaBe npe,llcTaBJieHH peayJil>TaThl naMepeHntt noJIHUX ceqeHnlt 

n ceqeHnlt ,llnqigiepenunaJil>Horo ynpyroro pacce.A:Hll.A'. nettTpoHoB. B aHepreTn
-qecKott 06.,racrn Billlle 100 KaB paaperueHne HettTpoHHoro cneKrpciMeTpa JJH~ 
OIDM peaKo yxy,zunaeTc.A:, no.A:BJIRIDTi::.A: Tpy,ll11ocTn B ~ere i[lona noMemeHM; 
peu.0KJill.qHUX ll 3aTia3,llHBarolllHX I!8HTpOHOB. ,Il)m: ll3M8peHllff °t B 06JiaCTll 
COT8H KaB 6IIJia npe,llJIOlKeIIa HOBafl MeTO,llllKa ~ qJllJII,TpOBaI!lle n~ Hettrpo:.. 
HOB C llOMOllll>ID JKeJieaa llJil'I aJI!OMJ1Hll.lI B coqeTannn C M8TO,llOM BpeMeHll npo
JieTa. EIIJIH naMepenII noJIHHe ceqennR ,llJI.II Cci. n Mo ,llJIR 20 anepreTn
qecKnx ToqeK B o6JiaCTll OT 24 _,!lo 1000 KaB, KOTOpM COBepruenno He,llo-
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. -
CTynHa npn llCTIOJII,30BaHllll Ha llliP-30 cneKTpOMeTpllll no BpeMeHn npoJieTa. 
3ut aKcnepnMeHTil npo,lleMOHCTpllpOBaJill noJie3HOCTI, npllMeneH!1.A'. qlllJII,TpOB 
,llJIR ,llpyrnx aa,na-q, B KoTopux nccJie,llyIDTC.A'. ycpe,llnennIIe no anepreTnqecKllM 
HHTepBaJiaM xapaKTepllCTllKll B3allMO,lleilcTBM neltTpOHOB C MpaMn. 6'~ ,llJIR 

Cd n Mo 61IJill BalKHII ,llJI.II npoBepKn npaBllJil,HOCTll KaJill6poBKll IlOJIHIIX ce~ 
qeHntt pacce.A:Hll.lI, naBJieKaeMHX na naMepeHntt yrJioBhlX pacnpe,lleJieHntt ynpy
ro pacce.lIHHUX HettTpOHOB. 

113Mepemm TIOJIHoro ce-qeHM 186w ~ o6JiaCTll HlllKe IO aB z B llHTepBa-
Jie nepBoro peaoHaHca npn 18,8 aB 6IIJIH HaueJieHII Ha ToqHoe orrpe,lleJieHne 
pa,nnyca noTe.HURaJil>Horo pacce.lIHM R' n rrapaMeTpoB peaoHanca IB,8 aB, 
-qepe3 KOTOplle OllllCHBaeTC.II <S't B HI13K03HepreTn'!ecKott o6JiaCTll 

2. 
2 7f ~po 

6t. (E):: 41rR' + Kz [(E-Eot+f"¾] 
pe?. "/2 

"1T ~pe?> ~ ( t) 
-\- k2 rcE-Eo)2+r3/4J pe.-; lJ 

+ 41ThiP~R
1

(E-Eo) + 
Kpe~L(E-EoY2+ r1/1i] 

(1) 

3,lleCI, Br ~TeHa 3aBllCnMOCTl, HettTpOHHott·runpllHil OT 3Heprnn 
:!n=I'npe/E/E0)112• Hatt,lleHHa:e sHa'!eHM Eo, ~, r;;pe~, R' 6UJin nc-
noJII,aoBaHH coBMecrno c nsBeCTHHM ·'sHa'!eHneM ~or ,llJI.II no~emm oueHKn 
BeJillqllHH llOJI.1IpnayeMOCTll HeffTpOHa. 186w o6Jia,naeT YHnKaJil>HOtt oco6eH~ 
HOCTI,lO;B6Jill3ll TellJIOBOtt TO'!Kll ns-aa llHT8pqi8peHUllll peaoHaHCHoro ll no
TeHUllaJil>Horo paCC8.IIHM ce-qeHne paCCe.lIHll.A'. HllqTolKHO, noa TOMY 6"t npn 
E !::. o, 025 aB IlOJIHOC Tl>IO o6ycJIOBJI8HO 3axBaTOM. 

HaMepeHne noJIHoro ce'!eHM-209ai B nHTepBaJie 0,3-100 aB TaKllte 
CTRMJJinpoBaHo B03MOlKHOCTl>IO oueHKll IlOJI.IIpll3Y8MOCTll HettrpoHa ns COBOKyn
HOCTll npeunsnOHHIIX ,llaHHIIX O ITOJIHOM ce-qeHllll ll aMITJillTy,lle RorepeHTHOro 
pacce.lIHM. 

BTopa.A: qacn 3-il: rJIB.BII rrocB.A'.llleHa onncaHnro Me TO,llllKil naMepeHll.A'. 
ycpe,llHSHHIIX ,llllqiqJepeHUHaJII,HllX ce-qeHnlt ynpyroro pacce.lIHil.lI HeftT~OHOB C 
3Heprnett I-400 KaB, KOTOp!le Ha,n8lKHO OllllCHBaroTC.A'. B 3TOM 3Hepr8T!lqecKOM 
llHTepBaJie pa3JIOJKeHll8M no llOJIIDIOMaM ]eJKa~pa, ~llTIIBarol!lllM BKJia,ll TOJil>KO 
s- il p-BMHOBUX H8ttTpOHOB . . 

6' 11 6(0):: "Ii; (1 + w1 ~ (Co$0) + w?. ~ (cos0}J c2) 

IlapaMeTpII ce-qeHM <Ss , W-1 n u.>2 6UJin naBJie'!eHII ns nsMepeHntt yrJI.o
BIIX pacnpe,lleJieHntt pacce.lIHHIIX HeffTpOHOB ,llJIR 18-2I 8HepreTn'!eCRllX rpynn 
,llJI!I CJie,llymuu: o6pasuoB: Ti, Fe, Ni, cu, Zn, Ge, Se, Y, Zr, Nb, Mo, 
92 94 106 108 110 112 116 Mo, Mo, Ru, Rh, Pd, Ag, Cd, Cd, Cd, Cd, Cd, Cd, 
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116 . 117 118 119 120 122 124 In, Sn, Sn, Sn, Sn, Sn, Sn, Sn, .Sb, Te, Nd, Dy, 
Er, Ta, w, Re, 

238
u. IToJ!y'IeHHlle HaMH /popMYJrn, BllpalKa!OmHe saBHCHMOCTH 

Gs(E), Wl(E) H 0J2(E) qepes s- H P-Hettrpomrne CHJIOBlle qiyHKUli.lt 

H qiasu rroT8HUita.JII>Horo paccemum H paspa6oTaHHlle rrporpaMMll aHamrna · 

3KcrrepHMeHTaJII,Hl1X .na1rnwc, rrosBoJlliJlll orrpe,neJIB.TI> ,nJUI Bcex rrepe'!HCJiemmx 

roi;ep 3Ha'!eHH.R: s 0
, Si12• s~/2' R~, Ri <s.necI, 1/2 H 3/2 - IIOJI!luft MO

MeHT HellTpoHa). 

B '!eTBepTott rJiaBe o6Cy,K.IJ:8.!0TC.R: H3MepeHH.R: IIOJIHllX pa.nHauHOHHUX nmpHH. 

H.a,neJKHoe · orrpe,neJieune pa,n.11aun01m11x nmpHH .R:BJUieTc.R: cyuiecTBeHHOii: rrpo6Jie

Moll C TO'IKH speHH.R: pa3B.ltBa!OmHXCR rrpe.ncTaBJieHH!l O MexaHH3Me pa.nHauHOH

HOro saXBaTa HellTpoua il rrpaKTH'leCKoro HCIIOJII,30BaHH.R: B Mo,neJIHpoBaHHH 

HensBeCTHllX ce'!eHH!l saxBara. B rJI. 2 6hlJia pacct10TpeHa B03MOlKHOCTI> orr

pe,neJieHM ~ H3 H3MepeHHtt rrporrycKamur -C HCIIOJII,30BaHHeM MeTo.na IIJIO

ma.nen il ,naHHllX IIO pa.nHaUilOHHDMY saxBacy. O.nmmo ilCTIOJII,30BaHHe ,naHHllX 

ITO pa,nHaUilOHHOMY 3aXBaTy corrpRlKeHO C Heo6xo.ziHMOCTI>ID Ka.1rn6poBKil 3qipeK

THBHOCTH raMMa-.neTeKTOpa H IIOTOKa HefiTpOHOB, 'ITO rrpnBo.nHT K .norroJIHH

TeJII,HllM CHCTeMaTH'leCKHM O!Ilil6IW.M. B Hamett rrporpaMMe "MeTo.n /popMll" 

BapI,HpyeMllM, HCKOMllM rrapaMeTpOM BMeCTO IIOJIHOH !IlHpHHll r rrpHH.R:Ta pa.nna

UHOHHa.R: mnpmia rg. 3Ta sarvteHa MaTeMa:rnqecKn cTpora, ecJIH Mil, 3HM 

crrHH pesoHaHca·, B /popMyJIY .nJIJi ct no.ncTaBJUieM r=r1 -+<j1'1.J~- ITpn TaKofl: 

rrapaMeTpnsauHH H3 aHaJIH3a /popMll pesoHaHCOB B Kp.ltBoft rrporrycKaHil.R: MOlKHO 

onpe,neJUITI> pa.n.1tauno1rnue nmpmm, rrpH'IeM, KaK rroKasaJI orr11T o6pa6oTKH 

3KcrrepIDAeHTaJII>Hl1X ,nammx, crarncTH'!ecmrn onm6KH r11 MoryT 611TI> MeHI>me 

IO%. E11JI0 rrpoBepeHo BJillJIHHe neorrpe,neJieHHOCTH HCIIOJII,3yeMh!X rrapru.ieTpOB 

iflYHRUHH paspemeIIH.R: Ha O!IlH6KH 3Ha"!eHHft rir, orrpe,neJUieMllX H3 aHaJIH3a 

crreKTpOB rrporrycKaHH.R:. 0Ka3aJIOCI,, "ITO omH6KH ri ,nJUI pesoHaHCOB HHllte 

25 3B ,na.llte C y-qeTOM B03MOlltlll1X CHCTeMaTH'leCK.ltX O!IlH60K He rrpeBI,llllaJOT 5%, 
a B HHTepBaJie .no 50 3B COCTaBJI.R:IDT OKOJIO IO%. OnHcllBaeMllM MeTo.noM 611JIH 

onpe,neJieHll 3Ha'!eHHR rl'... ,nJUI pe30!IaHCOB 
99Rui IOlRui 105Pai 1271, 

133c 147sm 149., 161D 163D 1870 890 911 931 s, , :,m, y, y, a, s, r, r. 

B IIJITO!i rJiaBe OIIHCaII!l H3MepeHHJI CIIHHOB HellTpOHHllX pesoHaHCOB Me

TO.nOM MHOllteCTBeHHOCTH raMMa-KBaHTOB. CIIHH·.nO CHX rrop OCTaerc.R: HaH60-

Jiee Tpy,nHo orrpe,neJUieMOfl: xapaKTepHCTHKOfi KOMIIaYH.n-COCTOmtHft roi;ep. 3TO 

06~.R:CHReTCJI TeM, 'ITO He cymecTByeT rrpocToro H Ha,nelltHoro crroco6a H3Me

peHM CIIHHOB. Onpe,neJieHHe CIIHHOB npm.lllM MeTo.noM C HCIIOJII,30BaHHeM rro

JIJipH30BaHHl1X ueftTpOHOB il Jl,II;ep O'l8HI, Tpy.noeMKO R3-3a ueo6xo,nHMOCTR 

rrpHMeHeHM CJIOl!tHoro o6opy,noBaHHR ,nJUI IIOJIY'leHil.R: rry'lKa llOJI.R:pR30BaHHl1X 

H8ttTpOHOB R ocymecTBJieHM ,nocTaTO'IHOff IIOJUipHsauHH roi;ep MHmeHR. Onpe

,neJieHHe CIIHHOB H3 KOM6HHaunn pesyJII>T8.TOB H3MepeHilff IIOJIHOro H rrapuRaJII,

HllX ceti:eHHtt TaKllte .R:BJUieTCR H8IIpOCTOtt sa,na-qett. llru.m 611JI pa3BRT MeTo.n, 

OCHOB8.HHlltt Ha rrpe,nrroJiollteHHH, 'ITO cpe,nuee 'IHCJIO i-KB8.HTOB B KaCKa,ne 
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(MHOJKeCTB8HHOCTI, V ) 38.BHCHT OT CIIHHa pe30HaHca. Jl)m MHOroKpncTaJII>HO

ro NaI -.neTeKTopa, pa60Truomero 1l pelKHMax o.nnuo111toro c11eTa H cOBrra,ne

HH!l, ,nJUI Ka~oro pesouaHca MOlKHO IIOJ!y'IHTI, OTHome11ne IIJIOU{a,Il;H B pelKHMe 

o,nHHO'IHoro CtfeTa S:z. K IIJioma.nn B pelKHMe COBrra,neHHit Sc :R=Sr/Sc. 

3/pipeKTHBHM MHOJKeCTBeHHOCTL 6y:neT 3aBHCeTI, OT rropora .neTeKTHPOBaHHR 

'tf-KB8.HTOB, II03TOMY 

Rz n ~t: Yr . 
(n-1) \'c(V,-1)~~ 

r,ne n - '1HCJIO KpHCTaJIJIOB, Yr , Ye. - .ilM8IDT CMl1CJI cpe,nHilX 'IHCeJI ~ - . 

KBaHTOB B perHCTpHpyeMllX KacKa,naX rrpn HCIIOJII,3yeMl1X rroporax B KaHaJiaX· 

o.nHHO'IHOro C"l8Ta H COBJia,neHHfi, a ~~ H ~c - COOTBeTCTBy-IDmHe 3<lqleK

THBHOCTH. Bo3MOlKHOCTI, orrpe,neJieHHR CIIHHOB pesoHaHCOB saKJI!OqaeTc.R: B 

TOM, 'ITO coBoKyrrHocTI> OTHomeantt R pacrra.naeTc.R: Ha ,nBe rpyrrrru B saBn

CHMOCTil OT CIIHHa 3aXBaTuoro COCTOmtM. PaC'18TJll18 oueHKH CIIHHOBoro 3cf>-

ql8KTa, orrpe,neJieHHOro KaK . K = < fl.i~1/z)' , 611JIH IIOJiy-qeHH C IIOMOll{I,10 

<R1+1/i> 
rrporpaMMll Bll'IHCJI8HHR crreKTpOB g-KBaHTOB, B03HHKa10mnx rrpH saXBaTe 

uettTpOHOB, B KOTopoff Y'1HTl1BaJIHCI, rrepexo,nll" Ha IIOJiocy npoMel!tyTO'lllllX 

ypOBHefl: H Ha il3lleCTIIl18 HHlll'.HHe COCTO.R:HM, HcrrO.JII,3YR pac'!eTHYID ipopMy 

raMMa-CJI8KTpa ,nJUI ,nByx CIIHHOB 3ruCBaTHOro COCTORHH.f!, MOlll'.HO IIOJ!y'IHTi, 

OU8HKH olltH)XaeMoro CililHOBOro 3(!XpeKTa B 3aB>'lCHMOCTH OT BH6npae!,111X rropo

roB. Tatme. pac11eru H8,I\8lll'.HO yKa3llBa!OT "3Ha.K11 BeJIH'lilHll K, a HMeHHo, 

"ITO R1_112> RI+l/2 • CpaBHeHRe pacti:erHllX n 3KcrrepIDAeHTaJII>Hl1X 3Ha"!e-

HHlt k ,naeT y.noBJieTBopnTeJII>Hoe cor;racne, rrpa :-iroM rr0,nTB8pll\IlaeTcJI 1IaJIH

'l:He 3aM8THl1X CllHHOBllX 3iflpeKTOB y' '!eTHo-He'!eT!lllX Jl,II;ep H OTCYTCTBl'i8 y 

H8'leTHO-'leTHl1X ( 121 • 122sb, 165Ho, 185 , rn7 Re). 

.Ii.JUI oueuKH ,Il;OCTOBepHOCTH orrpe,neJUieMllX 3Ha11eunif CllilHOB pe3oHaHCOB 

RCIIOJII,30BaJICJI MeTo.n MaKCIDAYMa rrpaB,norro.no6M, B KOTOpOM B8p0.R:THOCTH 

3Ha'!eHHH CIIHHOB l+l/2 H 1-1/2 ,Il;.JI.f! ~Oro pe3onanca Bll"IHCJIJI!OTC.fi IIO 

Bceii COBOKYITHOCTH OTHO!UeHHlt R C orrpe,neJieHHeM cpe.nHHX sna11enl'ilt RJ M 

y-qeTOM nopTep-TOMaCOBCKliX qJJI'JI<Tyaunn. CIIHH!l oripe,neJieHll B 66JiaCTil ,no 

HeCKOJII,KllX COTeH 3B :rtJUI pe30H8.HCOB CJie,ny!OlllHX roi;ep: 
147 

Sm, 
149sm, 

157ca, 161Dy, 163Dy, 167Er, I73Yb. 

mecTM r.m=iBa ,nHccepTaum1 rrocBJimeua rrpo6JieMe cBepXIIJIOTHllX roi;ep 

(CIDI) •. B PM8 TeopeTH'leCKHX pa60T 611Jil'i BllCKa3aHll rrpe.nrroJIOl!teHM O B03-

MOl!UIOM cymecTBOBaHHll MaTepRH C IIJIOTHOCTI,10 HaMHoro 6oJII>me8, '!eM B 

o6ll'IHl1X MpaX. I{ COllta.JI8HIDO, TeopnR· He CMOrJia O,Il;H03Ha'IHO OTBeTHTI, na 

Bonpoc O BeJIB.'lillte 3Heprilll CBR3ll HYKJIOHOB B CBepXIIJIOTHOM COCTORHHH: 

,nd.JD!tHa JIB OHa 611ri, Bil!Ile ilJIB. HHl!te 0611'!HOlt. ITepB!le 3KCII8pUMeHTaJII,H!1e. 

IIOIIHTKH 06HapyJKHTL ClliI 611JIH HarrpaiiJI8Hl1 Ha IIOHCKH HX B rrpnpo.nHllX 06-
pa3uax ilJIH B CTOJIKHOBemurx '!aCTHU BllCOKHX 3Heprnn. A.E.Mnr,n:aJI YKa3a.JI 
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Ha ueJiecoodpa3HOCTb IlORCROB CIIfl cpe,nR OCRO~OB ,neJieHRR. ll.neR HalltRX 
3RcnepRM8HTOB COCTOJIJia B TOM, 'ITO npR odpasoBamm CBep~oTHoro oc
RO~ C IlOBlllil8HHOfi 3Heprnett CBR3ll ,noJIJKHa Bll,ll;SJIRTbCR CBepx odwrn,wc 
200 MaB H36HTO'!HaR 3HeprM. TaRotl: aRT ,neJISHM MOlKHO ITHTaTbCR saperz
CTpRpOBa.Tb dJiaro,napR npRBJieHRIO -qacTRUH, H8CBOtl:CTB8HHOtt o6!1'!HOMY ,neJie
HRIO: 11 lK8CTRRX", BHC0R03HepreTll'I8CKRX }( -RBaHTOB RJIR HeiiTpOHOB. 

IloHCK lK8CTRRX ~-RBa.HTOB ll3 30Hll peaRTOpa lffiP~30 npOBO,nMCR npn 
MOUUIOC Tll N 20 RBT H Il0JIYlllRPRHe ero BCIIlilll8K "'80 · MRC c llOMOlllblO ~yx 
KpRCT~OB NaI, ycTaHOBJI8Hl!llX B 70 M OT peaRTOpa. Ewr B116paH nopor 
perRCTpaunz 30 MaB, a ,nM no,naBJISHIDI HM0lK8HRR RMTIYJibCOB OT MRrRHX 
i-Jiy'Iett B Ilyt!OK IlOM8UlMCR BO.nRHOfi,WHJibTp TO~HOll 275 CM. CrreKTP 

HSfiTpOH0B ,neJISHRR RCCJie,nOBMCR Ha dase · 1000 M npn MOUUIOCTR ,., 6 RBT z 
no.JiyumpnHe HettTpO!IHllX RMITYnC0B .,.3 MRC c ll0MOlllb!O IlJraCTR'!ecRoro CURH
THJIJllITOpa. OueHKa Bwco,na '!aCTHUH Ha aRT ,neJieHM & no~aeTCR H3 COOT-
HOfil8HRR ,~ , c.,J 

A:::. ?>·10 WT6 K€ 411 . ' 
r.ne A - C'IeT ,neTeRTopa, W - MomHocu peaRTOpa B RBT, K - nponycitaHne 
BemecTB, pas,neJIRJOmHX TO'IRY po,imeHM -qacTHUl1 ll ,neTeKTOp, ,: (>J n. €. - . 
T8JI8CHHti yroJI R 3cp:p8KTRBHOCT:& ,neTeKTOpa, T -· BpeMR HSMepeHM B C8KYH
,nax. Ms no~eHHllX pesyJibTaTOB 6~ c,neJraHl1 CJie,nyJOmze OUSHKR • .UJIJI· 
MrHoBeHHllX g -RBa.HTOB Or< 3· 10-8, a cpe,nHRfi BHXo.n Hetl:TpoHoB c anep
rnett 40-200 MaB ~ < 9· 10-7• PesynTaT~ STHX nsMepeHRii nosBOJIRJIR oue
HHTb. TaKlKe npe,neJII,H0e co,neplKa.HRe CIIfl B MaTepnaJraX 30Hll lffiP-30, ecJIR 
,nonycTRTl, B03MOlKH0CTb Ha HHX (n, }f )-peaKUrui.. 

B nocJie,nyiomeM dwro ,nOCTRrHYTO CHRlKSHHe B 50 _pas BepXHett oueHKR 
_BHXO,na 0'!8Hb dHCTpllX HettTp0HOB sa C'I8T ITO,naBJieHM q>oHa K0CMH'ISCKRX 
'!aCTHU MSTO,nOM aHTRC0Bna,neHRtt • .UM 3TOtt ue~n dwr• ncnonsoBaH ,neTeK
TOP R3 ,nByx IlJraCTR'I8CKRX CURHTHJIJllITOpoB: OCHOBHOro ll 3alllHTHOro • .llJIR 

BHXO,na HettTpOHOB c 3Hepraen 40-200 MaB Ha aRT ,neJieHRR peaKTOpHoro 
TOTIJIRBa no~eHa oueHKa . bn< 2• 10-8. 

.llJIR ,na.m,Hefimero RCCJie,nOBaHilR BHCOR.03HepreTR'!ecKott -qacTR cneKTpa· 
HettTpOHOB ,neJISHM 6HJI npRMeHeH MeTo.n pa,nnoaKTRBHHX RH,nRKaTOpOB c nc
nonsoBaHHSM noporoBHX peaKUd (n, xn) Ha odpasue 209si. IlocJie 06.7IY
'18HHR B T8'!8HR8 4-x CYTOK n 2I-,nHeBHOtt Bll,ll;eplKR.H 611JI R3MepeH ~-cneKTp 
odpasua 209si c IlOMOUlb!O Ge(Li)-,neTeKTOpa. Ms aHaJIR3a RHTSHCRBHOCTetl: 
~ -IlRKOB, npRHa,nJieJKalllRX pa3Hl:lM R30TQilaM · Bi C yqeTOM nep110,noB llOJIY-

rocna.na, R OTIRpaRCb Ha 3Ha'!eHRe cpe,nHero C8'!8HM (n, i)-pearuiRR,Ha 
09si, Mll IlOJIY'IHJIR oueHRR C8'!8Hd peaKURfi ( n,xn ) • .UM peaKURtt ' 

(n, 3n), (n, 4n), (ri, 5n) Hamn ,naHHHe RBJIBIOTCR nepBHM 3Rcnep.11MeHTaJib
HNM pesynTaTOM. Ewro c,neJraHO TaKJKe SaKJIJO'I8HRe. 0 BllC0K03HepreT.ll'I8CKOM 
"XBocTe" cneKTpa ,neJieHIDI: npn ,ne;reHan smep peaRTopHoro TonJIRBa poiima.:. 
lllTCR HSfiTpOHll c 3Heprnett BTIJIOTI, ,no 30 MaB, a cneKTP nx omiCHBaeTCR 
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pacnpe,neJieHneM Ma.RCB8JIJra C T8Mll8paTypott I,4 ~bB. Tio~eHHHti BepXHRfi 
npe,neJI cpe,nHero C8'!8HRR peaKURR (n, 5n) npRBo,nHT K_OU8HK8 BllXo,na Hett
TPOHOB Ha aRT ,neJieHM Sn<4• 10-10 B RHTepBMe aHeprd 40-60 MaB. 

B cen1>Mott rJra.Be ,nnccepTaurui. ~dcyiimruoTcR ~nsn-qecKHe pesynTaT11 
H8fiTpOHHOCil8RTp0M8Tpll'l8CKRX llCCJie,nOBa.Hllll. EOJibIIIRHCTBO T80p8TR'I8CRHX 
npe,nCTaBJISHd 0 CB0fiCTBax HSfiTpOHHllX pesoHaHCOB llOJIY'!8HH Ha 0CHOBe 
M8TO,noB,· HaTipaBJISHHllX JIRdo Ha onncaHRe ycpe,nneHHllX xapaR.TepRCTRK, JIR-
60 Ha o60CHOBa.HR8 cpyHKURfi pacnpe,neJISHM pesonaHCHllX napaMeTpOB. Ha 
ua'!Ml,HOM 3Tane HSY'ISHM H8i1TpOHHllX pesonaHCOB y,neJIRJIOCI, BHRMaHRe sa
KOHaM pacnpe,neJISHllR npnBe,neHHllX H8i1Tp0Hl!llX mRpHH, pacCTORIIRfi MeJK,ny 
pe30HaHCaMR. CTaTRCTR'IecRRtt no,nxo,n dwr llCilOJibSOBaH .nM R3Y'I8HRR 3aK0-
HOM8pHOCTett B TIJIOTHOCTR ypoBHett. Pa3Hll8 Mo,neJibHHe npe,ncTaBJI8HilR npn
BJI8KaJIRCl, K anuasy IlOJIHllX pa,nRauROHHllX lllRpilH. Bcer,na Bll3HBMil RHT8-
pec npoRBJieHM B CBOttCTBaX H8i1TpOHH!1X peaoHa!lCOB 060JI0'I8'1l!WC 3cp:p8R
TOB, q>opMH smep. Hapsmy co CTaTRCTil'ISCROfi H OllTR'I8CROtt Mo.neJIRMn paa
BRBaJICR MrutpOCROTIH'I8CKHi1 no,nxo,n .nM onncaHHR CRJI0BllX q,yHKUnfi R IlJIOT

H0CTR ypOBHeil, OCHOBaHHHti Ha ~parMeHTaunn K0Mnaytt,n-COCTORHd no MaJIO-· 
RBaaa-qacTH'IHHM KOMnoueHTaM BOJIHOBHX WYHKUllfi. BaJKHo:t npodJieMofi Bcer.na 
OCTaBa~OCI, nsy'!eHne CilRH-CllRH0B!1X Il Cll~H-opdnTaJII,HllX 3cp:p8RT0B BO BSa
HMo,nettCTBRR HefiTpOHOB C smpa.MH, TIORCK npoMeJKYTO'Il!llX CTpyKTyp .ll H8CTaTR-

CTll'I8CKRX 3cp:p8R.TOB. Mcc;re,noBaHne CRCT8MaTRK CRJIOBHX WYHKURil, pa,naycoB 
pacceRHRR, TIOJIHHX pa,nRaullOHHllX lllRpHH, llJI0TH0CTR nefiTp0HHllX peaonaH
COB Il03BOM8T BWIBRTI, ocodeHHOCTR llOBe,neHM 3THX xapaKTepncTRK B sa
BRCHMOCTR OT aTOMHOro Beca, 3Heprnn BOsdyJK,neHRR R COilOCTaBRTb C paa
Hl:lMR wnan-qecKRMn Mo.neJIRMR. 

fio~egH§JI_Rli(!)QPM8.!!H:ff ! ~e_M~C!O_B_M!PQBQM_6~Hli8_,n~HliJl! 
Mcc;re,noBa.HO doJiee 80 o6pa3UOB, B TOM 'IRCJie OK0JIO 40 llSOTOllH'ISCKR 

odorameHHHX. · .ll.M 40 smep B odJracTR 99 ~ A ~I93 onpe,neJieHH napaMeTpH 
"'1500 peaonancoB, B TOM -qnc;re .nM 360 pesoHaHCOB onpe,ne;ren11 cnmm, 
,nJIR 2(50 - IlOJIHHe pa,nnauROHHl18 lllRpRHH. 3TH pesyJibTaTH BOmJIR B MllpOBOtl: 
danK nefiTpOHHWC ,naHHHX ("Neutron cross sections").!! npe,ncTaBJIJllOT cyme
CTBSHHYJO ,noJIJO OT odmero BRJia.na CCCP B ncc;re,noBa.HIDI peaonancnwc napa
MeTpoB. BnepBHe no~eHH ,naHHHe o .naqxpepenunM1>HoM ce-qenan ynpyroro 
pacceRHHR nettTpOH0B C 3HeprRefi I-400 K3B ,nM 40 SI,D;ep B RHT8pBaJie 
48 ~A-~ 238, ll.3 KOTOpllX oueHeHH HefiTpOHHHe CllJIOBHe 4>YHKURR n pa,nnycH 
pacceRHHR. 

~Olill~C!!P.!V@.JI~H~tt_p~3QHaHQH,!!X_Ilfill§!vl~TQO~ 
HaKon~enHHe 3KCil8pHM8HTaJil,llll8 .naHHHe, B TOM 'IRCJie ll peayJibTaTH 

,nll.ccepTauRll, no,nTBepJK,naIOT, 'ITO paCCTORHIDI D Meiimy pe30HaHCaMH no,n'!R
HRIOTCR pacnpe,neJieHRlll, Hafi,neHHOMY Bll.I'HepoM: 

9 



P(D)cl.D=- 1iD Q.Xp(- ir.D2 ) 
.• 2<D> l\ <.P;,2 ' (3) 

KOTopoe rrpe,ncKa81:IBa8T MaJIYIO BepORTHOCTb 6JIR8Koro pacrrOJIOJKeHll.fI ypoB
Hett. XoTR rrpe.n.nara.rroc1, n ,npyroe pacrrpe,neJieHne (nancoH-MeTa), ~eKBaT
Hoe BHI'H8p0BCKOMY, HO HM8IO!ll88 cymecTB8HHO M8HbmyJO ,nncrrepcmo, llM8HHO 
IlOCJI8,D;Hee llCilOJib8Y8TC.fI ,D;JIJI IlpaKTnqecKIDC ueJiefi (oueHOK 8KcrrepRMeHTaJib
HHX omn6oK <.I>>, qmyKTyannfi B HefiTPOHHHX ceqemmx). B ,nnccepTaunn 
,neMoHcTpnpyeTcR cor.nacne pacrrpe,neJieHntt rrpnBe,neHHHX HettTpOHHHX mnpnH 
c pacrrpe,neJieHneM IIopTepa-ToMaca ( f2._ pacrrpe,neJieHne c V= 1. ) , KOTopoe 
CTaJIO HaCTOJibKO o6merrpll8HaHHb!M, qTO OTMOH8HM 3KCil8pm.18HTaJibHUX ,naH
HUX OT aToro pacrrpe,neJieHnR ncrroJib8yJOT ,nJIJI oueHKn rrporrycKa c.na6ux pe
aoHaHCOB ~ rrpm.1ecn p-BOJIIIOBHX peaoHaHCOB. 

P~llOHHlift pacrr~ HeliTpOHHUX p880HaHCOB rrponcxo,nnT qepea 6oJib
woe qncJio BHXO,D;HllX KaHaJIOB, Il03TOMY CJie,nyeT OJKR.naTb, qTo qmyKTyaunn 
rrommx pa.nnaunoHHHX mnpRn 6y,nyT orrpe,neJIJITbCR j'-pacrrpe,neJieHneM c 
6om,WHM qRCJIOM CTerreHett CB06o.nu, KOTOpoe C pOCTOM V rrepexo,nnT B HOp
MaJibHOe pacrrpe,neJieHRe. )KcrrepRM8HTaJ!l,HH8 ,naHHhle .nettCTBllT8JibHO COOT
B8TCTByJOT 3TO:t1 rnrroT888~ 

.§.-~O:!!}IQ.Bli8_H!l,.fi!J)Q.H!ill!l_ £"1:1!0~H!l_ ~YR,!!,!! Q8,!!.ll,Y.Cli QaQC!l_Jf!illE 
HettTpOHHaR CMOBa.fI IJ)YHKU.11.fI RBJIJI8TC.fI rrapaMeTpOM, JCapaKT8pll8yJOlllRM 

rrpoHnuaeMOCTb IIOBepXHOCTR R.npa. B R-MaTpn~on Teopnn ycTaHaBJillBa8TC.fI 
O,D;H08Ha~ CB.fI8b rrpOHRuaeMOCTfl C ycpe,nneHHhlMR peaoHaHCHhlM.11 rrapaMeT-

paM.11 2ir < r;/1 'e. = <Di'> . 
EOJibmRHCTBO TeopeTnqecKRX oueuoK 

go:. <. \";.o) 

<Do> 
IlpOBO,D;MOCb B paM-

KaX OITTnqecKott Mo,neJm n'6wro HaueJieHO Ha Bhl6op IlOT8HUflaJIOB n RX rrapa
M8TpOB. PaCCMaTpRBaJillCb paauue (ll()pMhl IlOTBHUflaJIOB, pa3!!H8 BR.nhl rrorJio
!ll8HM, ~llTh!BaJIOCb BJI.11.fIHRe KOJIJI8KTRBllhlX B080YJIOl8Hflli. Hamn ,naHHhle ,D;JIJI 
,neipopMRpOBaHHhlX pe,nK038M8Jll,l!hlX ll80TOTIOB B o6JiaCTll lis-o,nHoqacTll'IltOrO 
peaonaHca xopomo orrnch!BaIOTC.fI pacqeTaMn ,nJIJI KOMIIJieKcHoro·rroTeHnna.na c 
,nnqxfuraHott rpaHnuett .a rroBepXHOCTHHM rror;romeHneM c ~eToM Bn6paunouHo
ro .11 BpamaT8Jll,HOro ,D;BfllK8Hllli. Ilo.,ryqeHHhle Ha.MR IIOBh!e .nanuue O S0 .118 yc
pe,nH8HHWC ,nnqxpepeHUJ,laJibHUX ceqeHntt yrrpyroro pacceRHR.fI ,naJOT B03MOlK
IIOCTb COTIOCTaBRTb namn 3HaqeHR.fI S° C JmTeparypHHM.11 .naHIIHM.I! B o6JraCTfl 
?O < A <240 n C COBp8M8HHh!Mll TeopeTnqecKRMll pacqeTaM.11. CJie,nyeT OTMe
i'llTb CJie.nyJOmae pesym,TaTH: xopomee cor.nacne uamnx S0 c ,npyrm.1n aKcrre
PRM8HTaJibHHMn ,naHHHMll ll y;nOBJI8TBOpllT8JibH08 OIIRCaH118 s;KCTI(A) B yKa-

3aHHOi!: 06.nacrn ba ncKJIIOqeuneM MRHRMyr,ia rrpR .A ::::.120) OIITRqecKRMn pac
qeTaMR C ~8i'OM KOJIJI8KTRBHhlX B036YJl!,n8Hd n ,D;llHaMRqecKRX (rrpn A~ 1 oo), 

IO 

\~ 

;l 
( 
I, 

I 
h 

'1 
11 

f: 

I 
I 
' 

n cTaTnqecKRX (rrpn A ... 150) .neif>opMaurui. HR o.nnH rue BapnaHTOB. orrTnqec
Kott Mo,neJm He orrncimaeT rroBe.rieHne s~Kcrr B MRHID.iYMe rrpn A-.:: 120. IIpa
BMbHoe orrncaHR8 s 0 B o6JraCTll 53 < A <126 ,naeT KBasnqacTWIHO-(ll()IIOHHa.fI 
MO,D;8JII, smpa, pa3BllTM rpyrrrrott B.r.CoJIOBbeBa •. 

0JKn,naJIOCb, qTQ crrnH-op6llTaJibH08 B3aID.io,nettcTBR8 ,D;OJIJKHO rrpRBO,D;llTb 
K IIORBJI8Hll!O .norroJIHRT8JibHHX IIRKOB B CTpyKType r.aral!TCKRX peaouaucoB 
S-BOJIHOBOtt CllJIOBOli qiyl!KU.11.11. K COlKaJI8Hll!O,C,neJiaTb OKQHqaT8JibHRfi Bh!BO,D;, 
Harrpm.1ep, o rrpe.n;cKa3h!BaeMoM ,norroJIHRTBJibHOM rrnKe B s 0 rrpn -A:ff65 ,no cruc 
rrop He'y;uaJiocb as-aa Bee eme 3Haqnre~HUX rrorpernHocTefi s~Kcrr· 

Ilpn OTCYTCTB.11.11 pesoHaHCOB IIOJIH08 ceqeHne MOlK8T 6HTb BHpalKElHO qe-
pe3 <pa30Bhle c,iuinrn, Tor,na rrpn Hll8KllX aneprMX 0-t:.=. Lt~ '3i.Yr8°o • 3TO 

. K 
,na.rro OCHOBaHne BBec TR BeJmq;rny, Ha3BaHHyJO ,D;JillHOlt flJifl pa.n.aycoM pacceR-

HM R': _ lim _ ( ~) 
I K➔O K 

BeJIRtrl1HY ~ RCIIOJib3yJOT TaKlK8 ,ll;JIJI rrapaMe Tpnsau.an TIOJIHUX ceqen.ait B 06-
JraCTll paspemeHHHX pesoHaHCOB (l). 3naqeHM R' HaXO,ll;.fIT R3 IIOJIHhlX ceqe
HRli, cetrend pacceRHM rrpn Hn8KRX aHeprRHX·RJill ll3 anaJmaa qJOpMhl H8ttT
pOHHhlX peaonaHCOB. B R.:.r.iaTpWIHOM rrpe,n;cTaBJI8HM R'=R(l-Rg° ) , r.ne 
R - pa.nnyc smpa (KaHaJia), a R: ._ BK~ B•R-Ma.TpflUY ,n;aJieKnx ypoBnen .;. 
rrapaMeTp, KOTopun Mll orrpe,n;eJIJieM ns an~aa ,n;nqxpepenuna.rrbHhlX ceqeHntt 
pacceRHRR. IlocKOJibKY R' B HameM CJIYqae orrpe,n;e;renu no mnpoKoMy anepre
TnqecKoMY RHT8pBaJIY, TO OHR ,ll;OJilKHhl 6h!Tb Menee IlO,ll;B8plK8Hhl qmyKTyanRRM, 
'ISM JIOKaJibl!hl8 3HaqeHM R', ,ll;JIJI KOTOphlX MOJKHO OJKR.naTb snaqnTSJibHhlX 
qmyKTy~ R3-8a CTaTRCTllKR H8fiTpOHHJDC pesonancoB. 0,n;HaKO cpaBnenne 
HamllX 3Haqen.an R' C R3B8CTHHM.11 R' no Hll3K03HepreTnqecKm.l ,n;aHHHM rroKa~ 
aUBaeT, qTo o6a na6opa suaqeu.an R • B rrpe,n;e;rax oum6oK coBrra,naIOT n .11Me-
10mnecR paCXOl!l,!(8HM ne rrpeBI:nIIalOT 15%. CoBoKyrrHOCTb Bcex ll8B8CTHhlX 8Ha
qennn R' xopomo cor.nacyeTC.fI C OTITRKO-MO,ll;8JibHHMfl pacqeTaMR ,D;JIJI T8X lK8 
BapRaHTOB rr0Te1mna.rra, KOTOplle ,IJ;aJIR y,n;oBJI8TBOpllT8JibH08 orrncaHne 

S~KCTI(A) • 

!lJIQT!iOQT~ !SOMil~=CQ.cioEff_!!tl:_B_p~o~eMS~b!iOft Q.6:1¥1QT,!! 
EJI.fI ana;rnsa rro.,ryqef!Hh!X ,nannux O TIJIOTHOCTR H8:t1TpOHHhlX pe30HaHCOB .. 

pe,D;K038M8Jll,lth!X smep 6wra llCTIOJib30BaHa CTaTllCTRqecKa.fI Mo,nem, (CM), KO
TOPM rrpRBO.D;llT K CJI8,D;yJO!ll8MY BllpaJKeHRIO ,ll;JIJI IlJIOTHOCTll ypOBHe:tl 

.r:..) ('J+-1/2)2] 
o(U :J)= c2J+1) 12.Xt:,(2~a.u e.xpt-~ 
\ I 24'-12 C(_1/'I US'/-'! C)~ 

r.ne 62.::: !z. < rn2;>(a.Uflz , 

, 

<.rn2) - cpe,n;Hrui KBa,n;paT rrp~eKUnn rroJIHoro MoMeHTa o6o;roqe'flIHX 
COCTORHRfi B6JIR3R IIOB8pXHOCTll <liepMfl, . 

u - 3qxp8KTRBHM aueprM B036YJl!,n8Hllfl smpa. 

II 

(4) 



B IIoBe,nemrn IIOJIY'IeHil!,IX 3HatJeml.it rrapaMeTpa IIJIOTHOCTli ypoBHeif B B 3a
BllCMMOCTli OT A IIOMllMO MliHllMYMOB rrpa A~90,I40,2IO, K6TopHe o6'h.!ICHRJOT
CSI a@leKTaMli 3aIIOJIHeHaSI o6oJIOtJeK cipepnqecKRX smep, Ha6.mo.neH n MaKCR
MYM rrpa A~I50, cymecTBoBamte Koroporo He yKJra.lJ;HBaeTCR B paMRn storo 
o6'h.lICHeml.fl, IlpliHl:l.MruI BO BHllMaHll.e, 'ITO B MO.n;eJill. iJ)epMR-rasa a.= ~ ~ 
( ~ - IIJIOTHOCTb o,n;HOtJaCTll.tJHWC COCTORHR3 B6JIR3ll IIOBepXHOCTli ~epMa), MH 
IIOIIHTaJll!Cb o6'h.lICHliTb xo,n; a3KCII (N) saBRCllMOCTblO go60JI (N). liCIIOJib3YR 
,n;JIR KOHKpeTH!DC smep cxeMy o.n;HotJaCTli'IHHX ypOBHeil B ,n;e~opr.1apoBaHHOM no
TeHUlia.Jie. Ilpe,n;noJiara.JIOCb, 'ITO smpo COCTOliT ll3 .n;Byx He3aBliCllM!DC CliCTeM 
- npoTOHHOit a HeitTpOHHOH, Ra.llO];aSI c co6CTBeHHHM o.n;HotJaCTll'!HhlM cneKTpOM 
R CBOeit pa.BHOBeCHOit ,n;e~pMaUReit. B IIpOTOHHOit CRCTeMe.B o6JiaCTR pe,nKo
seMeJ!bHHX smep a.neT sanoJIHenne cepe.n;aHH o6oJiotJRH, nosTorey ctJliTaJiocb, 
'ITO npoTOHHM ,n;e~pMaullR Be.MM (f>"'D,3) R Ma.JIO MeHSieTCSI .n;M mumoro 
ceMeitCTBa ll30TOilOB, IlpllHll.Ma.JIOCb TaKJKe, 'ITO ,n;eiJ)opMaullSI neitTpOHHOit cac
TeMH, B_ KOTOpott B paitoHe ll30TOilOB Nd,Sm Ha'!aHaeTCSI sarroJIHenne CJie,n;y-
10melt nocJie N =82 o6oJIO'IK11, COOTBeTCTByeT 3Kcnepl!MeHTaJibHOit. Ilpa 3TllX 
YCJIOBllSIX 6HJIR IlOJiytJeHH Eio6oJI B6JI.1!3li noBepXHOCTli ~epM.1! rrpa mapnne liH
TepBaJia ycpe,n;HeHM I MaB. 0Ka38.JIOCb. 'ITO 3HaqemtSI go60JI (N) IlOBTOPRIOT 
Ka'IeCTBeHHO 3aB.l!CliMOCTb g3KCil (N), TaKllM o6pa.30M, HaJilltJlle MaKCMMYMa B. 
a(N) npa N=90 (B a(h) npn A=I50) MOlltHO o6MCHRTb yBeJilltJemteM o60JIOtJe
'IHOit IlJIOTHOCTll 1rn-3a nepeMellll!.BaHM o,n;HO'IaCTll'IH!DC ypoBHeit rrpa Ma.JillX 
,n;e~pMauMx, a cna.u rrocJie A~I55 a ,n;a.JibHettmnit xo,n; - nepexo,n;oM K 6oJib
mllM ,n;e~pMaUllRM, npnBo.n;RIIU!M K pa.3pelKeHllSIM B CXeMe ypOBHerr .n;M cepe,n;n
HH neitTpOHHOIT o60JIO'IK11, OnncaHHHrr no,n;xo,n; 6;raro,n;apSI nplll!.fl.THM ,n;orrymeHll
RM He OT.M'!aeTCR CTporoCTbID, 0.n;HaKo KatJeCTBeHHO ~R3.l!tJeCKaSI KapTRHa 
YBe.M'Ieml.fl nJIOTHOCTli KOMrrayim-cocTOSIHllti B o6JiacTR A~I50, no-BH,nllMOMY, 
.n;aHa npaBllJ!bHO, 0 '!eM CBH,neTeJibCTByIOT pe3yJibTaTH, IlOJIY'!eHHlle Il03lKe B 
pa.6oTaX ,n;pyrnx aBTOPOB. 

Cil.illiOBHe 3gxpEtKTH B Heit.!JlOHHWC ~e30HaHcax 
Borrpoc O 3aBllCllMOCTli CllJI B3al!Mo.n;ettcTBllSI HettTpOHOB C .fUJ;paMll OT 

B38.llMHOit opneHTaunn CilliHOB Ii nx BeJIRtJllH CBSI38.H C R3ytJeHReM CilllHOBWC 
3@)eKTOB B HettTpOIIHWC CllJIOB!DC <.PYHKUR.IIX, no Mepe HaKOIIJiemrn liH~pMauaa 
0 CilRHaX pa.3HHMli 8.BTOpaMR ,n;eJia.JIRCb Kalt IIOJ!OllUl.TeJibHHe, TaK R .OTpliUa-, 
TeJ!bHlle yTBeplQI:eHM O HaJill'Illli CilRHOBllX 3@)eKTOB B s 0 • CymecTBeHHHH .. 
BKJ!a,u B rrpOSICHeHRe 3Toro BOIIpoca BHeCJIR H8.lllR .n;aHHHe O CII~HaX R HeitT
pOHHHX mapaHax pesOHa.HCOB pe,n;K03eMeJibHllX smep. Ona OTBeprJIR Ha ypoB-. 
He BHCOKOit CTaTllCTlltJeCKOit ,n;ocTOBepHOCTli ,n;eJiaBmaecR pa.nee BHBO,D;li O Ha
Jlli'!lill 3aBRCllMOCTli s 0 OT J y 3TliX R.IJ;ep. Ham BHBO.n; COCTORJI B TOM, 'ITO. 
ecJIR CIIliHOBHe 3@)eKTH a CYllleCTByIOT, TO OHR MaJra Ii He rrpeBlill!B10T I0-20%. 
Ilo3llte npRMHe R3Mepelfli.R crraHoBoit 3aBRCllMOCTR ycpe,n;HeHHUX noJ!HllX ce'!e
Hd Ha IlOJIRpli30B8.HH!DC HeitTpOH8.X Ii smpa.x no,n;TBep,n;RJIR Ham pesyJ!bT8.T. 
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lfa KapTRHH MHOrOKaHaJibHoro pa.uaa.unoHHOro pacna.,na. HeitTpOHHHX peso
HaHCOB -qepe3 IIOJIOCY rrpoMeJKyTO'IHllX COCTOS!Hllll C BHCOKOit IlJIOTIIOCTblO MOl!t
HO npe,n;noJiara.Tb, 'ITO ycpe.n;HeHHHe BepoSITHOCTli pacrra,ua Ha 3TY IlOJIOCy 
6ylJYT CJia6o 3aBRCeTb OT cnnaa. pe30Ha.Hca. MMeHHO 3TR·nepBll'!HHe nepexo
.n;H ~a.I!JT OCHOBHOit BKJ!a,u B IIOJIHylO pa.unauROII!IyIO mapm1y Ii II03TOMY CJie,n;yeT 
Ollta,naTb c;ra6~ 3aBllCRMOCTb Ii' OT· J • Ha.WR 3KcnepllMeHT8.JlbHlle .n;aHHlie . 
,nJIR 

147 
Sm, I 

9
sm, ISIDy ,n;eitCTB.l!TeJibH() .n;eMOIICTplipyIOT COBilaJJ;elilie I'~ 

,n;JIR J=I±I/2 B npe,n;e;rax 5%. Cn.illiOBaSI He3aB.l'l\)llMOCTb rv IIO.n;TBeplQI;aeTCSI 
Ta.ruKe MlipOBh!M 6aHKOM .n;aHHllX, 

CM npe,n;cKa31IBaeT BilOJIHe orrpe.n;eJieHHyIO 3aB.l!CllMOCTb nJIOTHOCTli ypoB
Hett OT cnana, KoTopyro corJiacHo (4) rrpe.n;cTaBl1M KaK 

('J+1/2)2] . 
~(:>) ~ fo (2:J+1)'2-xp(- 2 oz (5) 

AHaJI!l.3 IIJ!OTII.OCT.I! HettTpOIIH~ pe3ouaucoB B pa.MKaX CM npMBo.n;aT K B3al'!Mo
CBSI3aHHhlM rrapaMe Tpa.M a J1 0 , C YBeJIR'IeHll6M liH~OpMauan O cnanax IIOSI-. 
BHJiaCb B03MOlKIIOCTb npSIMott oueHKH 5 B npe.n;IIOJIOJKeHl'lli (5) 113 Ha6.mo.nae
MOH IIJ!OTHOCTH p830H8.HCOB C pa.31IHMll CilllHaMR. Hamn .naHHHe ,n;;m He'!eTHllX 
H3oTonoB sm a Dy no3BOJIR.M noJiy:'IRTb HIDKHIOIO ouenKy 6'~3+4. OueHKa 
6 .n;.im smep B HHTepBaJie A=I70-I80, RM810!11llX CilllHll OT O ,n;o 7, c,n;e;iaaa. 

Ha.MR TaKJKe ua OCHOB8.Hllli qiopMy;ru (4) B npe,n;noJIOJKeHHJt, 'ITO y Bcex smep 
3TOit rpyrrnH rrapaMeTpH ct a (5 O,Il;liHa.KOBH, IlOJiy'IeHHM oueHKa (5"~6 rro,n;
TBeplQI:aeT crrpa.Be.n;JI.1IB0CTb npanRMaeMHX B CM cooTnomeHnit MelQI:y 6' u· ,n;py
rRMa napaMeTpa.MH, a TaKJKe xopomo corJiacyeTCR c pacqeTaMH B paMKax no
JIYMI!KpocKona'IecKorr Mo.n;eJIR, 

Ilo:!!Hl!e _p~!:!agnongH~ filllll.li!fil 
MH npoBeJIR BH'!RcJienae cpe,n;uax sna'!e1rnl1 r/Kcn n ax cpaBnenae c 

TeopeTaqecKllMll oueHKaMR, ocHoBaHHh!MH aa. onncannn S~(Et) .qepe3 cpe,n;
nee ceqenae ~oTonorJiomeHM aero Mo,n;eJ!bHoM rrpe.n;cTaB~enaa. 0Ka3a.n:ocb 
B0.3MOJKHHM cBecTa rieop K Blipal!teHRRM, 3aBRC.fl.lllllM oT MaccoBoro 'IRCJia A, 
3@)eKTHBHOrr 3Hepraa B036yiimeHM U Ii napaMeTpa IlJIOTHOCTli ypoBHef! ct, 
EcJ!li .n;JIR cetJeHM ~OTOIIOrJiomelIRR ~E1(Ei) liCil0Jlb30BaTb~pa.3Hlie 
oueHKa (o.n;HO'IaCTil'I!IyIO, JiopeHUeBCKyIO 3aBHCllMOCTb C 3KcnepRMeHTaJibHHMli, 
MR Mo.n;eJibHHMR napa.MeTpaMR rnraHTCKoro ,n;anoJ!bnoro pe30HaHca), TO npn
.n;eM K TaKOMY o6meMY npe.n;cTaBJieHHIO 

. t;Teop=- CAd-U~a_t, 
r,n;e C- HOpM.l'lpoBO'IHHit K03qxpRUaenT, ol1f3 1 't - £!_eneHHHe noKa3a.TeJIR, 
saBRCRll!Re OT BH6paHnoro Mo.n;eJ!bnoro onncaHRR <:i:e1(Er) • Ilpa cpaBHe
HRa C,3KCnepllMeHT8.JlbHHMll .n;aHHHMll Ml'!HliM1'!3llp0BaJiaCb C-yMMa 

r "Teop r- ~iccn)z :J2- ~ ( '.)'L - l,YL 

,c_ . 4r;t'W\ 
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IlporpaMMa no3BOJmJia np0Bo.n.11u pac"1eT11 ~ mo6oii KOM61rnau:m1 qi.11Kc.11po-

Bamm.x .11 CBo6o.nimx napaMeTpOB c, ~, f.,, 2{ , a TaKllte B rrpe.nnoJiollteHll.11, 

'{TO a nponopU:llOHaJII,HO A, T.e. llCKJI!0"1aJiac1, 3aBllCliMOCTI, r~eop OT li!U(li

B.n.nyaJII,HliX 3Ha"18Hlltt a• Ilo.11y'IeHO 3a.KJJJ0"18H;!e O Ka'l{8CTBe COOTB8TCTB.11JI .· 

pa3HHX on;eHOK r~eop 3KCnepHMeHTaJIDHl:lM .naHHl:lM R· c,neJiaHH CJie.nyioUU1e BH

Bo.n11. I) Ilp11 rRnOT838 a rvA ~ Bcex BapRaHTOB COOTB8TCTBRe pac"1eT- • 

HHX 3Ha"1eH11tt r~ 3KCII8pliM8HTaJII,HblM CTaHOBRTCJI no .12 B 2-3 paaa Jiytrllle·. 

2) H1l. O~HOMY .113 Mo,neJII,HHX Bap11aHTOB H8JII,3JI OTMTI, npe.nno"1T8Hl18 no co

OTB8TCTBlllO BO BceM .IIHTepBaJie A r:eop 3KcnepnMeHTaJII,HblM 3Ha"18H.liRM, 

KpoMe Toro, H.11 o.n.11H .113 Mo,neJII,IIHX no.nxo,noB ne cnoco6eH .neTaJIDHo on.11-

caTl> ~Ken: .11MeeTCfl Bcer.na HeperyJIJipHHft paa6poc OTHomeH11tt 

~Kcn;r;eop ~ coce.ntt.11x roi:ep. 3) ToJil>KO B no.nxo.ne Eott,napeHKo-Yp.1ma 

y.naeTCJI n0.11y'IRTI, npaB.11JII,HHtt MacmTa6 TeopeTR"1eCK.11X 3Ha"1eH.11ff rt. 

B nocJie,nttee Bpewr B pa60Tax rpynrr11 I{a;nMBHcKoro~ypMaHa npe,nJiollteH 

HOBHft MeTo.n paC"1eTa pa.n11an:.110HHHX CRJIOBHX qiyHKI.l;.11H, OCHOBaHHHft Ha KOp

peKTHOM Y"18Te qiparMeHTaU:1111 KBa3.11"1aCT.11IJ; 11 ,naRJUU1fi: B OTJI.11"1.lle OT .npyr11x 

Mo,neJieff St (El)=. Const B o6JiaCTli Es~ 2 MsB. llam.11 pac"1eTH rf80P c y"1e,.,. 

TOM ~TOff pa.nMit.110HHOff CHJIOBOft: qiyHKI.l;H11 R C Y"1eTOM BKJia,na B rK MI-rrepe

XO;JJ;OB ,naJI.11 xopomee c0rJiacne (B npe.neJiax !25%) c 3Kcnep.11MeHTOM~ 

C!pepR"1eCKUX Mep B o6JiaCTR 78 ( A ~200, HO R B paMKaX 3TOro no.nxo.na 

He y.naeTcJI nJiaBHoe onacamrn r/f .nM coce.nHRX roi:ep. 

HecTaT.11CTR"18CKRe 3gxpEtKTH 

IlpoJIBJieHRe HecTaT.11CT.11qecKUX 3qxp8KTOB B CBOffCTBaX HefiTpOHH!lX peso

HaHCOB B03MOl!CHO 6Jiaro.napH BJ!RflHillll MaJI0"1aCTR"1HHX BXO,nHHX COCTOJIHRH. 

3KcnepRMBHTa.Jil,HO 3TH aqipeKTH MoryT npOflBJIJIT:&Cfl KaK KoppeJIJIIJ;,rn napn;R

aJIDHHX l!IRPWI pa3HHX KaHaJIOB, .Kalt rpynnRpoBaHRe pe30HaHCOB c 6oJIDl!IRMll 

l!IRpRHaMR .l1JIR KaK ycRJieHHe llteCTK.11X t-nepexo.noB. I-laJIR"111e Bap11an:11ii Heff

TPOHHHX CRJIOBHX qlyHKn;liii B 3aBl1CIIMOCTll OT 3HepreTRqecKoro RHTepBa.Jia' 

OTM8traJIOCI, He pas. 0,nHaKO CTaTRCTR"1eCKaJI .nocToBepHOCTI, Ta:irnx /paKTOB 

6wia HeBeJIRKa RC YB8JIH"1eH.11eM o6'E>eMa .naHHHX MeHJUillCI, Ca?AR on;eHKR 

s0
(El TeM He MeHee, B Hamnx .naHHHX .11MeeTCJI .nBa npRMe.Pli!

8 
.n8.KJil.i1X noBo.n 

rOBOpliTI, o rpynnRpOBaHHR pe30HaHCOB, TaK, .nJIJI 149sm RI 5 Re on;eHKR 

CRJIOBHX qiyHKu;.ru\ no pa3Hl:lM RHTepBaJiaM npRBo.nJIT K CJie.nyiom.11M peayJII,Ta
TaM! 

.11HTepBaJI S 0 •104 

I49sm 0-IOO ~B 8,2!I,9 

I00-200 sB 3,I!o,7 

I85Re 0-230 sB I,58!o,29 

230-510 sB 3,57!□ ,65 
BepOJITHOCTI, CJIY"1attHoro Ha6mo.neHRJI 3T.11X nap 3Ha"1eHRfi s0 {B npe.nnoJiollte,

HRH, "1TO s0
(E)=const) - 0,2% ,nJIJI 149sm 11 0,5% ~ 185Re, Ham pesyJID-
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TaT ~ 149
sm 6HJI no.nTBepJK,neH mroncKnii rpynnoii. 0TMe"1eHnyio CTPYKTYPY 

c l!IRpliHOH I00-200 3B HeJID3JI o6'E>JICHliTI, BJ!liflHUeM BXO,nl!HX COCTOJIHRfi, 

TaK KaK TpeXKBa3R"1aCTR'lHOe COCTOJIHRe .11MeeT xapaKTepnyio mnpRHY 

N IOO K3B. KpoMe Toro, nocJie H3MepenRJI HaM.11 cn.11110B pe3oHancoB 149sm 

CTaJIO 0"1eB.11,nHO, '{TO rpynn.11poBaHHe C.i1JII,HHX pesoHaHCOB 149sm B liHTepBa

Jie 0-IOO 3B He CBJI3aHo C .KaK.11M-TO o,nH.llM cnRHOM. Y.Ka3aHHHe npHMepH 

CTpyKTYP ~ 149sm R 185Re, HeCMOTpfl Ha BHCOKYID CTaTl1CTR"1ecKyio .nocTO

BepHOCTI,, He HamJIH qlli3R"1eCKOii liHTepnpeTan:1111. MolltHO OCTaHOBl1TI,Cfl 11 Ha 

npocToM 06'E>JICHeu1111 - 11rpe CJiy"1a,r: B 60JI1,moM o6'E>eMe .namrnx .nM 60JI1,mo

ro "111CJia .1130TonoB B03MOlKHO noJIBJieH11e MaJIOBepOflTIIHX co6HTl1fi (.nJIJI OT

,neJII>l!HX liHTe~BaJIOB Y ueKOTOPHX JI,nep), .Il.JIJI YT0"1HeH.11fl BHBo.na O HaJI.11"11111 

CTPYKTYPH y 49
sm R 

185Re 6wra. 611 noJie3Ha .l1Hl'{lOpMan;11JI O KOppeJIJIIJ;l1JIX 

llteCTKRX ~ -nepexo.noB li npl1Be,nel!HHX HeiiTpOHHHX mRp.111!, 

Co~pBMeHHOe COCTOflHl1e gpo6JieMH CBeQXIIJIOTHb!X gu.§.,Q 

IloJIY"1eHHHe HaM.11 ou;emm· BHXo.na JKeCTKRX raMMa-KBaHTOB 11 6HCTpHX 

HefiTPOHOB ua _aKT .neJiemrn HapJI.nY C pesyJil>TaTa.M.11 nonCKOB aHOMaJil>l!HX ll3-

JIY"1aTeJiefi B npnpo.nnHX o6pasu:ax 11 B JI,nepnHX peaKn;11JIX nocTaBRJI.11 .nocra,.. 

T0"1HO Hl13Kl1H npe.neJI BepoflTl!OCTl1 o6pa30BaHM RJil1 cymecTBOBaHRfl CBepx

nJIOTHHX JI,nep (CIIH) C 60JII,IJIOJ1 3Hepraeit CBff311. Teopl1.fI rro-npelKHeMy CKO

pee craBl1T Bonpoc rrepe.n 3Kcnep.11MeuTaTopaM.11, 'WM .naer rrpe,ncKasa1rne o 
cymeCTBOBall.1111 CmI. Tenep1, Ha,neJK,nH Ha o6HapyJKeHRe CIUI CB.fI3HBa!OT C pe-. 

a.KURJIMR C TmteJil:lMR ROHaMil R no11CKOM CTI.fl co "cKpOMHl:lMli" 3Heprll.RMl1 CBSI-

311. 06mnit lite nor Bcex ::rncnepHMeHTOB cJie,nyeT Bocnp11nm.1au raK, "1TO 

rro.nTBepJK,neH11l1 cymecTBoBaHllfl .IIJ!ll o6pasoBamm CII.fI B rrp11po.ne He uatt.neno. 

B 3aKJD0"1eHll.11 co.neplKB.TC.fI OCHOBHHe ilTorii ll3JIOJKeHHHX B .n11ccepTan;11.11 

ilCCJie,noBaHnit, Kopo TKO CJ'MMl!lpOBaHHHe llillK.e. 

- Cos.naH KOMIIJieKc arrrrapaTypH, II03BOJ!ilBilll!IM pea.rr~30BaTI, cneKTPOMeT

pmo HeitrpOHOB no BpeMen11 npoJieTa Ha llMIIYJil>CHHX 6HCTp!,!X peaKTOpax HEP. 

;- Paspa6oraHH Mero.nhl 11 cos,naH KOMIIJieKc rrporpaMM ,nJIJI o6pa6oTKR 3K

cnep.11MeHTaJII,HOit RH1x:>pMaU:1111 Ha 3BM BilJIOTI, .no BH"1RCJI81!lifl napaMeTpOB pe-

30HaHCOB, IIOJIHHX ce'!eHRlt, .n11qiqiepeHIJ;J1aJII,I1!1X ce"1eHllti ynpyroro pacceSIHM 

HefiTpOHOB ll. U3BJie'l{eH.IIH 113 HRX 3Ha"1eHllti sf 11 R' , -' . 
- Ilp0Be.ne1m ll3MepeHM rrporryc.KaHll.fI, BUXO,na raMMa-KBaHTOB ,ll;JIJI 

40 Mep B liHTepBaJie 99 ~A ~ 193. 

- Pa3B.11TH MeTO.nl1Kl1 orrpe,neJieHM cnl1HOB peso11ancoB IIO MHOllteCTBeH

HOCTli raMMa.-ltBaHTOB .It IIOJIHHX pa,Il.llau;.IIOHHHX U111p1111 113 aHaJI.113a qiopMH pe,-

30Hal!COB B crreKrpax rrporrycKamrn, ll.3MepeHHHX B ycJIOBliflX xopomero pas

pemeHll.JI. 

- IloJiy"1eHa 06m.11pHM RHqiopMan;RII o rrapaMerpax pesottaHcoB 11ccJie.no- .. 

BaHHl:lX Mep, KOTOpM BKJIIO'leHa B Ml1pOBOit 6mm HetiTPOHHHX .naHHHX, .11MeRl

mRH BaJKHoe npnKJia.nHoe R HaJ'l{Hoe sHa"1ett11e, 
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- IlpoBe,neHll 113MepeHruI ycpe,nHSHHllX ,n11qipepeHI.J;aa.JibHllX ceqeHntt ynpy~ 
roro pacceJIHll.fI HSttTpOHOB c 3Heprnett I-400 RaB ,nJUt 40 smep B aHTepBa
Jie 48 S:.A ~238 n no~eHbl 3HaqeHnR &.BoJIHOBllX HettTpOHHllX CMOBllX,. qJYHR
untt 11 p~aycoB pacceRHrur. 

- Ilo,nTBSplK,IleHo, qTo COBORynHOCTb pesoHaHcHllX ,naHHllX xo¥oruo corJia
c~eTC.fI co CTaTllCTnqec1wtt Mo,neJII,IO. Ho llMSSTC.fI ,nBa CJIYqaR - 49sm 11 .. 
I 5Re, Ror,na no qiopMa.JibHl:lM CTaTllCTaqecKnM TSCTaM MOlKHO ROHCTaTapoBaTb 
Ha.JI11q11e CTpyKTYPll B ~ ~ • 

- IlOKa3aHO, qTo B USJIOM 3HaqeH11.fI s0 11 R' B o6JiaCTli 50 <A< 240 
y,noBJISTBOpllTSJ!bHO onllCllBaJOTC.fI pacqeTaMll no onTnqecKOH MO,neJill C yqeTOM 
,nllHaMnqecRllX 11 CTaT11qecRnX ,neqiopMa,Uatt, ROJIJISRTllBHllX Mo,n B036ylK,IleHruI. 
OnTaqecR11e pacqeTu He ,naJOT corJiacrur B MllHnMYMe s0 (A) np11 A-::: 120. Ilo
Be,neHae s 0

(A) B 3TOtt o6JJ:aCT11 xoporuo OilllCllBaSTC.fI nOJIYM11Kp'ocRon11qecRott 
MO,n6Jlb!O. 

- YcTaHOBJISHO cymecTBOBaHlle MaKCllM~ B saBllCllMOCTll napaMeTpa 
IlJIOTHOCTll ypoBHett a OT MaccoBoro qacJia npa A ~I50, ROTOpoe 061:.JICHe
HO 3aBllC11MOCTb!O nJIOTIIOCTll o,n11oqacT11q11llX COCTOJIHaif B6JI11311 noBepXHOCTll 
~epMll OT CTeneHH sanoJIHSHM o6oJioqeqHUX COCTORHlltt ,neqiopMnpoBaHHllX 
smep. 

- Ilo~eHHHe ,naHHlle O s 0 ,n.im pa3llllX cnllHOB B o6JiaCT11 pe,nK038M8Jib-,. 
HllX smep npo,neMOIICTpllpOBaJill OTCYTCTBae BJI11RH.1UI·cn11Ha Ha CllJIOBHe qlYffR
U.IIB 11 sacTaBllJill OTKa3aTbC.fI OT BllBO,nOB psma aBTOpOB O cnnHOBllX 3qip8R
Tax B s 0 .n.,m aTnx smep. 

- Ms aI1aJI118a nJIOTHOCTll HSttTpOHHllX pe30HaHCOB C pa3Hl:lM11 cnllHaMll 11 
113 COBORYIIHOCTll ,naHHllX O nJIOTHOCTa pesoHaHCOB rpynnH smep C 
A =I70-I80 no~eHu npRMHe oue11K11 cmmoBoro ~Topa (S, onnmma.romero 
saBllCllMOCTb. IlJIOTHOCTll B036ylK,IleHHllX COCTORHlltt OT cn11Ha, ROTOplle COOT
BSTCi'BYIOT npe,ncKasaHRRM CTaTllCT11qecRofi a nOJIYMJ.1KpocKon11qecKott MO,ne
Jiefi. 

- IlpoBe,neHH ouemta cpe,nHllX ~aaullOIIHllX runpllH HSfiTpOHHllX pe3oHaH
COB 11 rue cpaBHeHne c pasJI11qHHMa reopeT11qecR11Mll pacqeTaMll. YcTaHoBJie
Ho, qTo HH o,n11H as paccMorpeHHllX Teoper11qecKnx no,nxo,noB He cnoco6eH 
,naTb. ,nei'aJ!bHOe on11caH11e 3Kcnep11M8HTaJ!bHllX 3HaqeHatt r~, 60Jibru11HCTBO 
113 HWC He ,naJOT 11 IlpaBllJlbHlltt MaCIDTa6 r~eop_ TOJ!bRO B HS,naBHllX pa6oTaX 
EoH,IJ;apeHKo-YpIDia 11 Ka.nMeHCROrO~MaHa no~eHH MO'ASJ!bHHe ~HaUHOH
HHe CMOBHe <pyHKlUla, npHBo,n.fll!U1e R corJiaCIDO r~eop 11 1Rcn B npe,neJiax 

25%. 
- Ilpe~o~eHH 11 B!IlIOJIHSHli 3Rcnep11MeHTll no no11cKy rHilOTSTHqecKWC 

cBepXTIJiorHHX smep B soHe peaKTopa HEP-30. IloJIYqeHH Han6oJiee H113Rlle 
OU8HK11 BepOJITHOCi'a o6pa30BaH.IUI ClliI Ha aKT ,neJieHM. 
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