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I • 3TaiTbi paaBHTHsr na6opaTopHH 

B 1970 roay ucrronHunocb 10 neT c Toro BpeMeHE, Koraa peaKTop 
11,2/ 

VIEP BrrepBbie aocTHr HMrrynbcHolt KpHTH'IHOCTH • 3 ro coobiTHe, orrpe-

aenHBwee p83BHTHe OCHOBHbiX Hay'IHbiX paooT naoopaTO pHH HeltTpOHHOlt lf>u-

3HKH OVIHVI, npoHaowno 23 HIOHsr 1960 r. llecsrTb neT - aTo He ManbiA cpoK. 

0H 38CT8BnsreT ornsrHyTbCSI Haaaa H ITOAYM8Tb 0 TOM 1 HBCKOnbKO ITllOAOTBOp

HbiM Ohin rryTb npuMeHeHHSI HMrrynbcHoro peaKTopa nepuonuqecKoro neltcTBHSI 

H ero MOAH!f>HKSUHH C ITpHMeHeHHeM HH)I(eKTOpa, K8KOBbl OCHOBHbie HTOrH 

rrpoltneHHOrO ITyTH H K8KOBbl nanbHeltmHe rrepcrreKTHBbl. 3Ta CT8TbSI - He 

I06uneAHasr H He MeMopHanbHasr, Ho, KaK BCSIKHA o6aop, oHa conepJKHT peaynh

TaTbi paoOT H HlllliOCTp8UHH p83llH'IHbiX neT, HeKOTOpbJe H3 KOTOpb!X HMeiOT 

necsrTHneTHHH noapacT. 

HecKonbKO cnoB o6 HCTOpHH peaKTopa VIEP H o eJ·o paaBHTHH. OpoeKT 

peaKTopa VIEP Ha'Ian paapa6aTbiB8TbCSI B <f>uauKo-aHepr ~TH'IeCKOM HHCTHTY

Te foCKOMHTeTa ITO aTOMHOH 9HeprHH CCCP ITO HHHUHB'IHBe n.H. EnoxHHile

Ba, ecnu He owu6aJOch, B 1955 r. C 1957 r. B aTy pao.JTY BKnJO'IHncsr OVIHI:1, 

naqanucb cTpOHTenhRhle pa6oThl n nonroToBKa K aKciTepiMeHTaM. CoanaHHe 

peaKTopa VIEP, eno rrycK u rrepBbie aTarrbi ocnoeHHsr npo:lonunucb na6opa

Topuelt HeltTpOHHOlt lf>H3HKH ( nH<f>) COBMeCTHO C <f>3Vf, 

Ha puc. 1 ITOKaaaHa cxeMa peaKTopa VIEP, aaHMC1'BOBaHHasr H3 nepno-
, ' 

ro ITocne rrycKa peaKTopa OT'IeTa na6opaTopHH Y'I~HoM:' coBeTy OVIHVI 
/2/ 

B HOSI:Ope 1960 r. o C rrpHHIIHITH8llbHOH CTOpOHbl CXeMa He H3MeHHll8Cb 1 
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H II08TOMY ero MO~HO BOCIIOnb30BaTbCH, B CTanbHO~ AHCK (1) BMOHTHpOBa

Hbl ABa BKnaAbillla ( n, DepBOHa'itinhHO OAHH BKnaAbllll 6bin H3 ypaHa-235, 

a BTOpO~, cny~HBllll:Jii IIpOTHBOBeCOM0 H3 ypaHa-238, Terrepb o6a BKnaAbillla 

CAenaHbi H3 ypaHa-:;:35, Bee Ka~Aoro H3 HHX oKono 4 Kif H HaroToBneHhi 

OHH C 6onhlll0H TO'iliOCTbiD OAHHaKOBblMH, Do o6eHM CTOpOHaM OT AHC:Ka 

pacrrono~eHhl ABe KllCCeTbl C rrnyTOHHeBbiMH CTep~HHMH ( 4) 0 oxna~AaeMbl

MH B03AYXOM, Bee lnyTOHHH OKOnO 20 Kr, 3neKTpOABHraTenb (16) qepe3 

rrepeAa'iy ( 13) IIpHB)AHT OCHOBHO~ AHCK BO Bpall!eHHe CO CKOpOCTbiD 3000 

o6opoTOB B MHHyTy, To ~e ycTpo~CTBo cny~HT H AnH rrepeAa~H spameHHH 

Ha BCIIOMOraTenhHbl 'i AHCK 0 TaK~e COAep~all!H~ ypaHOBbl~ BKna}lbilllo lJHCnO 

o6opOTOB BCIIOMOra1enbHOrO JlHCKa ITO OTHOllleHHID K OCHOBHOMy MO~HO Me-

HHTb H TeM CaMhiM MeHHTb 'iaCTOTy IIOBTOpeHHH HMIIynhCOB peaKTOpa, 

Ha pHc. 2 cxe~aTH'ieCKH Hao6pa~eH peaKTop H aan peaKTopa TaK, 

KaK eCnH 6bi 6bina y.naneHa 'iaCTb CTeH 6HonorH'ieCKO~ 3all!HTbl 0 OTAenHIDll!HX 

peaKTOp OT 8KCIIepH ~eHTanbHbiX IIOMemeHH~, CneBa OT peaKTOpa BHAHa Te

ne~Ka, Ha O}lHOM KC HUe KOTOpOii HaXOAHTCH CBHHUOBaH 3all!HTa, aaKpbiBaro

ll!aH IIpH OCTaHOBKe peaKTOpa aKTHBHyro 30Hy, Ha .npyroM KOHUe TO~ ~e 

Tene~KH pacrrono~eJibl KaCCeTbl C BOJlOpOJlOCOAep~all!HM BemeCTBOM, cny~a

ll!He JlnH rronyqeHHH TerrnOBhiX H pe30HaHCHbiX He~TpOHOB 0 OHH HaABHraroTCH 

Ha aKTHBHyro 30Hy repe}l IIyCKOM peaKTopa, 

~OTOrpa~HH 3 H 4 OTHOCHTCH K 1960 r, Ha IIepBO~ H3 HHX rpyrrrra 

yqacTHHKOB rrycKOBh x pa6oT, COTPYilHHKoB ~311 H 0115111, c~oTorpa~Hposa

nacb y peaKTOpa IIOCne OKOH'iaHHH MOHTa~a, Ha BTOpO~ - o6mH~ BHJl nynh-

Ta peaKTopa. 

PeaKTop HEP no npoeKTy npe.nHaaHa'ieH IWH pa6oTbi npH cpe.nHe~ 

MOll!HOCTH } KB 0 H :•TO BO MHOrOM onpe.nenHnO ero KOHCTpyKUHID, B KOHUe 

1960 r, OH 6bin AOEeAeH AD aTO~ npoeKTHOH MOll!HOCTH, H OJlHOBpeMeHHO 

Ha He~TpoHHhiX nyq1:ax Ha'ianHcb ~H3H'ieCKHe aKcnepHMeHTbi, OrrTHManhHO~ 

JlnH KOHCTpyKUHH peaKTOpa (a He JlnH ~H3HKOB, KOTOpbie BCerAa 3aHHTepe-
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COBaHbl B IIOBbllli9HHH IIOTOKa HeA:TpOHOB) OKaSanacb MO IIHOCTb 3 KBT1 

H aTa MOIIIHOCTb ObJna OCHOBHOA: Jlml 6onbiiiHHCTBa pa6oT, DpH 3TOM OObl'IHO 

peaKTOp pa6oTan B pe)KHMe 5 HMIIynbCOB B ceKyHilYt a HrHOB9HHaSI: MOIIIHOCTb 

peaKTOpa B HMIIynbCe COCTaBnRna OKOnO 15 M BT, llnHT ~nbHOCTb BCI!b!IIIKH 

peaKTopa ( H 3TO He ObinO H90)KHJlaHHb!M) paBHSI:naCb rrp ~MepHO 50 MKC9K, 

DpH rrponeTHOA 6ase 1000 M sTo JlaBano paspellleHHe 0,05 MKCeK/M, llnR 

Toro apeMeHH HEP 6hm aerrnoxHM, ao ae peKOPilHbiM rr J paspellleHHIO, 

crreKTpoMeTpoM rro apeMeHH rrponeTa. B ycnoBHSI:X ObiC rporo rrporpecca 

paspelllaJOIIIeA crroco6HoCTH aeA:TpOHHhlX crreKTpoMeTpoa sTo o6cToRTenbCTBo 

c caMoro *e aaqana cosJlaBano HeKoTopyJO osa6e'l:eHHOC:Tb, CTHMynHpoaaa

IIIYIO IIOHCKH rryTeA: IIOBbllli9HHSI: paspe111810IIIeA: CIIOCOOHOC rH CII9KTpoMeTpa, 

0HH B KOH9'1:HOM HTOre IIpHBenH K COSJlaHHIO yCKOpHTen~l aneKTpOHOB1 cny

)Kaiiiero HH)K9KTOpOM HeA:TpOHOB, DepBOH8'18nbHO 3TO Obn MHKpOTpOH Ha 

30 Mas. YpaaoBaR MHIII9Hb1 6oM6apllHpyeMaH sneKTpom MH, rroMemanacb 

BHYTPH aKTHBHOA: soHhi peaKTopa, H B aeA: reaepHpoaanHCb cPoToaeA:TpOHhi. 

PeaKTop pa6oTan rrpH aToM B IIOilKpHTH'I:ecKoM pe)KHMe - B pe*HMe 6ycTepe, 

yMHO)KaJOIIIero BCI!b!IIIKY HeA:TpOHOB B 100-200 pas, 8biOOp MHKpOTpOHa B Ka

'1:9CTBe HH)K9KTopa orrpeJlenHnCH TeM, 'ITO MHKpOTpOH M >r Ob!Tb pasMeiiieH 

B HM91011l9MCSI H81l sanoM peaKTOpa IIOMeiiieHHH H COSilBHHe HH)K9KTOpa -

MHKpoTpoaa Morno 6hiTb ocymecTaneao a KopoTKHA cp01:. 3Ta pa6oTa 6hma 

Bb!IIOnHeHa na6opaTOpHeA: HeA:TpOHHOA: ciJHSHKH COBM9CTH > C l1HCTHTyTOM 

ciJHSH'I:eCKHX rrpo6neM AH CCCP (na6opaTopHSI: c.n. KHIIHUbi), H B 1964r. 

/3/ 
HH)K9KTOp Obln BB9Jl9H B ll9ACTBHe , 06IIIHA: BHil MlfKJlOTpOHa IIOKaSaH Ha 

pHC, 5, llnHTenbHOCTb HMIIynbC8 peaKTOpa I!pH paooTe ~ HH)K9KTOpOM COKpa

THn8Cb 6onee '19M H8 I!OpHJlOK, DpH IISITHil9CSITH HMIIynbC8X B CeKyHilY 

JlnHTenbHOCTbiO 3-4 MHKpOCeKyHilbl Cp9JlH5151 MOIIIHOCTb peaKTOpa COCTaBnHna 

npHMepao 0,5 KHnoaaTTa, T,e, 6hma rrpHMepao B llleCTb pas MeHbllle, qeM 

6es HH)K9KTopa. neTOM 1968 r. peaKTOp HEP OCBOHn Ellie OllHY "'crreuHanb

HOCTb"' - T,H, pe)KHM p9JlKHX HMIIynbCOB: OllHH HMIIynbC B H9CKOnbKO CeKyHJl, 

5 



DpH aToM cpeaHsur ~!OIIIHOCTh 6bma 6 KBT, a MrHoBeHHasr aocTHrna MHnmwHa 

KHnoBaTT, Ha pnc. f rroKasaH o6mHll: BHt:l peaKTopa B 1968 r. Ms aToro 

pncyHKa BH.QHo, 'ITO san peaKTopa sarronHHncsr psraoM ycTpoll:cTB ansr BbiBoaa 

H rrony'IeHHSI HeHTpOIHblX ITy'IKOB. 3TO oco6eHHO SaMeTH0 1 ecnH cpaBHHTh 

tl>oTorpaqmn 6 H 3. B 1968 r. 6bina paspa6oTaHa HoBasr, 6onee coBepmeH-

Hasr KoHcTpyKuHsr pe lKTopa. B cBsrsn c 9THM peaKTop MEP 6bm B aBrycTe 

1968 r, OCTaHOBneH, a SaTeM H peaKTop, H MHKpOTpOH .QeMOHTHpOBaHb!, 

HOBb!H peaKTOp, CMI>HTHpoBaHHb!H Ha MeCTe CTaporo, rrony'!Hn HaSBaHHe 

MEP-30 H Bomen B aell:cTBHe 10 HIOHSI 1969 r/
41

, 

Ha pHc. 7 rroKasaH peaKTop MEP-30 B rrepHoa ero MOHTa)l(a, MaeT 

IOCTHpOBKa CTanhHOI'O .QHCKa, H B HeM eme HeT ypaHOBb!X BKna.Qbi!IleH, BHyT

pH MaCCH,BHOH CTaHiiHb! 1 HMeiOIIIeH BH.Q rrono)l(eHHOH Ha 6oK 6yKBb! D, CMOH

THpOBaHb! KaCCeTb! .QnSI rrnyTOHHeBbiX CTep)I(Hefi, 

~oTorpatl>nsr 8 rrpeacTaBnsreT peaKTop MEP-30 rrocne OKOH'IaHHsr MOH-

Ta)l(a, fleBee aneKTf'Ot:IBHraTensr BH.QHa CnO)I(HaSI KOp06Ka CKOpOCTefi, KOTOpasr 

ITOSBOnsreT MeHSITh <:KopOCTh BpameHHSI .QHCKa C BCITOMoraTenhHOH aKTHBHOH 

soHoll: .QHCTaHUHDHHc - c rrynhTa yrrpaBneHHsr. PeaKTop MEP-30 HMeeT cell:

'!ac cpe.QHIOIO MO!IIH >CTh 25 KB 1 T,e, B BOCeMb paS 6onhiiiyi0 0 'IeM ero rrpe.Q-

IIIeCTBeHHHK, 

24 MapTa 197) r, BCTyrrHn B CTpoll: HOB bill: HH)I(eKTOp - nHHefiHblfi 

ycKOpHTenh aneKTpliHOB Ha 40 M 9B, 3neKTpOHhi 6oM6apanpyiOT MHIIIeHh 

H3 Kap6H.Qa rrnyTOHJ!SI 1 H ITpH 100 HMrrynhCaX B CeKyH.Qy H paSMHO)I(eHHH 

B 100 pas, rrpH K01 OpOM JlnHTenbHOCTb BCITb!IIIKH OKOnO 3 MKCeK, MO!IIHOCTh 

peaKTopa oKono 3 J~B. 0Ha, cneaoBaTenbHo, TaKasr )l(e, KaK y rrepBoro 

peaKTopa 6es HH)I(E KTopa H B mecTh pas 6onhmasr, '!eM y peaKTopa c MH

KpoTpoHoM. DpH Tb.Csr'!eMeTpoBoll: rrponeTHoll: 6ase aTo aaeT paspeweHne 

3 HCeKIM, 

06IIIHH BH.[I HJ!)I(eKTOpa ITOKaSaH Ha pHC, 9, ero yCKOpHTenbHaSI Tpy6-

Ka BepTHKanhHa H ffaxoanTcsr Haa peaKTopoM, BHeWHHll: BH.Q saaHnsr peaKTopa 

BH.QeH HS pnc. 10. B 6awHe rroMemaeTcsr nHHell:Hbill: ycKopHTenh, HH)I(e Hee 
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BMJlHhl HOBbie IIOMeiUeHHSI SKCIIepHMeHTanbHOrO 3ana, f pHCTpOeHHb!e B 1969 ro

ilY rrpM C03Jl8HMM I1EPa-30. HaKoHeu, Ha <PoTo 11 rrpe,tcTaBneH BMJl c 6aiiiHM 

3JlaHMSI peaKTopa Ha ranepe10 ThicsrqeMeTpoBoro KaHana. B TpexaTa)I{HOM 

3JlaHMH, qepe3 KoTopoe rrpoXOJlMT ranepeSI, pacrrono)l{ei rrynhT yrrpaBneHHsr 

peaKTOpOM. 3a HHM BHJlHO 3JlaHHe na6opaTopHoro KOpliyca flH¢l C 6aiiiHel!:, 

B KOTopol!: HaXOJlMTCSI aneKTpocTaTHqecKHl!: reHepaTop Ha 4,5 M aB. 

B JlanbHel!:llleM TeKcTe rrpM paccMoTpeHMM OTJlerbHhiX pa6oT sr He 

6yJlyT rroJlpo6Ho M3naraTh aKcrrepMMeHTanbHhie MeTotur. OrpaHMqycb TeM, 

qTo rrpMBeJly B KaqecTBe MnniOcTpaUMH $oTorpa$MH o6Juero BMJla lieHTpanb

Horo M3MepMTenbHOrO UeHTpa na6opaTOpMM (pMC, 12 l 13), B KOTOpb!l!: IIO

CTyiiaeT MH$OpMaUMSI OT BCeX M3MepMTenbHhlX yCTaHO ~OK, pacrronO)I{eHHhiX 

Ha 8 Jlel!:CTByiOIUMX KaHanax peaKTOpa (JlnMHa ~X OT 1J M JlO 1000 M), 

AHanM3aTOpbl M3MepHTenbHOrO UeHTpa 3aiiOMMH l!OT M COpTMpyiOT MH

$opMaUHI01 KOTOpaSI MO)I{eT 3aTeM rrepe)laBaTbCSI JlnSI )6pa60TKH Ha BhJqMC

nMTenbHYIO MaiiiHHY E3CM-4. 0Ha pacrrono)l{eHa B coce)lHeM c H3MepHTenb

HhlM ueHTpOM IIOMeiUeHHH M OTJleneHa OT Hero CTeKnf.HHOl!: CTeHol!: (aTa 

CTeHa BHJlHa Ha $OTOrpa$MH 13), 

MexaHH3M pa6oTbi peaKTopa I1EP BechMa CBoec 6pa3eH. OH oTnHqeH 

OT 06biqHbiX CTaUHOHapHblX peaKTOpOB M OT TOI'01 qT( Ha3b!BaiOT MMIIynbC

HbiMM peaKTOpaMM, B KOTOpb!X Ka)I(Jlb!l!: cneJlyiOIUMl!: MMIIynbC He3aBMCMM 

oT rrpeJlhiJlyiUero. 

B I1EPe HMrrynhc H3nyqeHHsr 3a)I{MraeTcSI 3arra3.lbiBaiOIUHMH Hel!:TpoHa

MM, C03JlaHHh!MM B IIpeJlbiJlyiUMX HMIIynhCaX, I!pHqeM Jleo6XOJlHM01 qTo6bi B MM

nynbCe I!pOHCXOJlMnO CTOnbKO )leneHHl!:, qTo6b! BOCIIOnJISinaCb y6binb H3nyqaTe

nel!: 3aiia3JlbiBaiOIUHX Hel!:TpOHOB, llnsr STOro Tpe6yeTC ;I BIIOnHe onpe)leneHHaSI 

HaJlKpMTMqHOCTb IIO MrHOBeHHbiM Hel!:TpoHaM. Mb! 30B9M ee MMnynbCHOl!: 

K pMTMqHOCTbiO, 

TeopHSI peaKTopa I1EP 6bma BnepBbie pa3pa6o1·aHa EoHJlapeHKO H CTa

/5/ 
BHCCKHM • OcHoBHhie <PopMynhi aTo:l!: TeopHH npHBE·JleHhi B rrpHno)l{eHHH I, 

H 3JleCb SI oTMeqy TOnbKO, qTo oHa xopolllo onpaBJlaJ:acb. 
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HecKonbKO cnoE o rrapaMeTpax peaKTopa HEP-30. OH Mo>KeT pa6o

TaTh IIpH cpeaHefi MOWHOCTH 25 KHnOB8TT IIpH 100 HMIIynbcax B ceKyHAY 

H IIpH 4 HMIIynbCaX E CeKyH/lY ( rrepBbifi pe>KHM 06b!'IHO HCIIOnh3yeTCSI B CO

qeTaHHH C HH>KeKTOpCM). l1MeeTCSI B03MO>KHOCTb H JlpyrHX '18CTOT IIOBTOpe

HHH HMIIynhCOB, B TO 1.1 'IHCne H pe>KHM pe/lKHX HMIIynhCOB ( OAHH HMIIynhC 

B 4,7 ceKyH/lbl H 0/lHfi HMIIynhC B 7,6 CeK). MrHOBeHHaSI MOWHOCTb B pe

>KHMe penKHX HMIIynb:::OB He BbiXO/lHT 3a IIpenenbi 1 MHnnHOHa KHnOBaTT. 

B 06bi'IHOM pe)l HMe 4 HMIIynhCa B CeKyHny IIpH 25 KHnOBaTTaX cpenHeft 

15 
MOWHOCTH IIOnHbifi rno6anbHbiH IIOTOK HeitTpOHOB B 417 paBeH 1,2.10 HeitTp/ 

ceK , a MrHoBeHHaSI vtomHoCTh nocTHraeT BenH'IHHbi 100 MaT, xapaKTepHoA 

JlnSI peaKTOpOB C 60HbWOH IInOTHOCTb!O IIOTOK8o 

ilnSI MHOrHX 3al8'1 cymeCTBeHeH IIOTOK TeiinOBhlX HeftTpOHOB C KBan

paTHOrO caHTHMeTpa 3aMennHTenSI. OpH 25 KBT oH paBeH B cpenHeM 

10 2 
nth = 5.10 HeHTf ./eM CeK. TaKHM o6pa30M1 Cpe/lHHit IIOTOK HeitTpOHOB 

HeBenHK. 4To Kacae1CSI IIOTOKa HeATpOHOB B HMIIynbce 1 TO IIpH 4 HMrrynbCaX 

14 2 
B ceKyHny OH COCTainSieT IIpHMepHO nth= 10 HeitTp./cM (IIOTOK Terrno-

15 
Bb!X HeitTpOHOB BHYTJH 3aMe/lnHTenSI Ha IIOpSI/lOK Bb!We1 T.e. OKOnO 10 HeHTp./ 

2 
CM ). EcnH yqeCTb 1 'ITO B pa6oTaX ITO MeTo/ly BpeMeHH IIponeTa C IIOMOWb!O 

HEPa MO>KeT 6hiTh 1 crronh30BaHa BCSI pa6oqag rrnomanh 3aMennHTenSI1 paBHaSI 

3 2 
10 eM , To o'leBH/lllo, 'ITO peaKTop HEP nnSI aTHX pa6oT BechMa 8<jx!leK-

THBeH. HeKOTOpbie C 3e/leHHSI 06 HCTOpHH peaKTOpa H 0 IIepcrreKTHBaX ero 

pa3BHTHSI1 a TaK>Ke llaHHbie 0 JlnHTenbHOCTH BCIIbiiiiKH MOIIIHOCTH H T.rr. IIpH

BeneHbl B rrpHno>KeHP H II. 

ilnSI HCTOpHH p~3BHTHSI HeHTpOHHOA OIITHKH H CIIeKTpOCKOIIHH xapaKTep-

Ho rrponon>KaBIIIeecSI MHoro neT copeBHoBaHHe Me>Kny ycKopHTenSIMH H peaK

TopaMH. Terrepb noeonhHo O'leBH/lHbi rrpeHMymecTBa peaKTopoB B o6naCTH 

TerrnOBbiX H XOnO/lHliX HeATpOHOB H rrpeHMymeCTBa MHra!OIIIHX yCKOpHTeneA 1 

o6ecrre'!HB810IIIHX XO!IOIIIYIO pa3pellla!OIIIYIO CIIOC06HOCTb 
1 

B o6naCTH pe30HaHC

HbiX HeATpOHOB. 
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PeaKTOP HEP 5bin noeTpoeH t:tnH perneHHH epaBHHT•!nbHO y3Koro Kpyra 

38t:IB'io OaHaKo 38 HeTeKrnHe rot:tbi TeMaTHKa pa5oT Bee t>onee H 5onee pae

rnHpHnaebo LlnH 9TOI'O, K8K MHe npet:teTaBnHeTeH, HMeJOTC H no Kp8l!:Hel!: Me

pe aBe o5beKTHBHbie npH'iHHbi: npe)Kae Beero, noeTeneHH) Bee 5onbrnaH 

UOnH Heenet:tOB8HHI!: no Hei!:TpOHHOI!: ~H3HKe Tpe5yeT npHM~HeHHH eneKTpOeKO

nHqeeKHX MeTot:toB; no-BTOphiX, HEP H HEP e HH)KeKTOp)M t:tnH aTHX pa5oT 

eoqeT810T B ee5e ITpeHMyrneeTB8 K8K peaKTOpHbiX0 T8K H yeKOpHTenbHbiX 

yeTaHOBOKo 

HeaoeTyiTHhiMH t:tnH HEPa e HH)KeKTopoM HBnHJOTeH TOnbKO eiTeKTpoeKo-

ITHqeeKHe Heenet:tOB8HHH 0 Tpe5yJOIIlHe 9KeTpeManbHO-BbieOJ~OI'O pa3perneHHH 

B rnHpOKOI!: o5naeTH aHeprHH Hei!:TpOHOBo Bo3MO)KHO, B t:tEnbHel!:weM TaKHe 

38):18'iH eTaHyT 8KTyanbHbiMH 0 H8ITpHMep t:tnH H3y'ieHHH cjlc pMbl 5onbillOI'O 

'iHena pe30H8HeOBo 0t:tH8KO eei!:qae TeHt:teHUHH p83BHTHH Hei!:TpOHHOI!: cjJH3HKH 

Tpe5yJOT B ITepByJO oqepet:tb HeiTOnb30B8HHH Bee 5onee H 5onee HHTeHeHBHbiX 

ITy'iKOB npH ):IOeTaTO'iHO XOpOIIIeM p83perneHHH ITO 9HeprHHo 

Cy.meeTBYIOIIlHe eT8UHOH8pHbie peaKTOpbl e 5onbiiiOI!: ITnOTHOeTblO ITOTOK8 

o5eeiTe'iHB810T ITOTOKH TeiTnOBbiX Hei!:TpOHOB ITOpHt:IK8 n t\ = 10
15

Hei!:Tpo/eM2eeK 

ITpH MOIUHOeTH 50-100 MBTo TaKaH MOIUHOeTb 0 ITO-BF.t:IHMOMy, 5nH3K8 

K ee ITpaKTH'ieeKOMy ITpet:teny nnH eT8UHOH8pHbiX peaKTO~OBo 

PeaKTop HEP-30 aaeT HMITynbeHhJe ITnOTHOeTH TeiTJIOBhiX Hei!:TpoHoB 

TOI'O )Ke ITOpHt:IK8 ITpH epet:tHel!: MOIIlHOeTH Beero 25 KBTo 0t:tH8KO H MOIIl

HOeTb peaKTopa HEP-30 T8K)Ke He oqeHb aaneKa oT ITpa{TH'ieeKoro ITpeaena, 

BepOHTHO, paBHOI'O ITO ITOpHt:IKY BenH'iHHbl 100 KBT t:tnH poaKTOpOB THIT8 

HEPa e B03t:IYIIIHbiM oxnaMneHHeMo 3ToT ITpeaen MOIIlHOc:TH MO)KeT 5biTb 

eymeeTBeHHO ITpeB30I!:t:teH,eemr ITepei!:TH K eHeTeMaM e )KHJ]KOMeTannH'ieeKHM 

OXn8)K):IeHHeMo I1MITynbeHb!l!: ITOTOK Hei!:TpOHOB MO)KeT 5b!T:. ITpH 9TOM ITOBbl-

17 
IIIeH no Kpai!:Hel!: Mepe H8 t:IB8 ITOpHt:tK8 0 Toeo ITpHMepHO J:l) nth= 10 o CTpOH-

TenbeTBO TaKoro peaKTopa, ITony'iHBrnero H83B8HHe HEP--2, Ha epet:tHJOJO 

/6/ 
MOIUHOeTb 4 MBT Ha'iaTo B Ol1.HI1 B 1969 ro o Mbi Ha leeMeH, 'iTO peaK-

Top 5yt:teT BBet:teH B t:tel!:eTBHe B 5nH)K8i!:IIIHe 4 I'0):18, 3TCT peaKTOp He TOnbKO 
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pacwHpHT HMeiDWHeCH B03MO*HOCTH HCCneAOBBHHI, HO H1 HeCOMHeHH0 0 0TKpO

eT pHA HOBb!X B03MI>*HOCTel. D.nn Hero IIpOeKTHpyeTCH 11 HH*eKTOp - yCKO

pHTenb 8neKTpOHOB ~OOTBeTCTBeHHO 6onbwel MOlliHOCTH IIO CpaBHeHHID C HMe-

IDweAcH. 

ll. j'a3BHTHe ~113J1qeCKHX HCcneAOBBHHI C HCIIOnb30B8HHeM 

pe30HBHCHhlX HeATpOHOB 

D.anbHelwHA TeKCT conep•HT KpaTKHA o6aop oTnenbHhiX HarrpaaneHHA 

HCCnegOBBHHI 11 OC!•6eHHO Tex, AnH KOTOpb!X IInOAOTBOpHbiM OKB3BnOCb 

HCIIOnb30BBHHe MHr 3IDlliero HCToqHHKB HeATpOHOB - peaKTOpa J16P 11 J16Pa 

C HH*eKTOpOM, Pa~yMeeTCH, HeT B03MO*HOCTH paCCKB3BTb 0 KB*AOI OT

nenbHOI pa6oTe, TtK KBK qJ1Cno HX BenHKO, 

TeMaTHKy paeoT Mo•Ho paanenHTb Ha TpH paanena: HeATpoHHaH crreKTpo

CKOITHH Hnep, HCCn€,AOBBHHH CBOICTB HeiTpOHB, T,e, <f>H311KB 8neMeHTBpHbiX 

qacTHU, 11 Hccnenor.aHHH KoHneHcHpOBBHHhiX cpen. OnHaKo B pHAe cnyqaea 

8TH HBIIpBBneHHH II~penneTBIDTCH HBCTOnbKO TeCH0 0 qTo paagenHTb HX TpyAHO. 

B caoeM Hano•eHH~ H He 6yny rrpHnep•HaaTbCH 8Toro neneHHH 11 6yny 

roBOpHTb 06 HCCne [!OBBHHHX C pe30HBHCHbiMH 11 TeiinOBbiMH HeiTpOH8MH, 

a) HeATpot:HBH crreKTpocKOIIHH HenenHwHxcH Hnep 

HayqHbie HHT ~peCb! KonneKTHBB, HaqnHBBWero pa6oTy B flH<P B rrepHOA 

rryCKB peBKTOpa, BlOnHe ecTeCTBeHHbiM o6pB30M HarrpaBHnH HCCnenoBBHHH 

HB o6nBCTb HeiTpCHHOI CIIeKTpOCKOIIHH HAep. 3TO HBIIpaBneHHe pa6oT IIpO

non•aeT paaBHBaT.CH 11 celqac. C caMoro Haqana BHHMaHHe 6hlno o6pame

Ho HB HayqeHHe cr.oAcTB oTnenbHhiX peaoHaHcoa. Ewe no rrycKa peaKTopa 

171 
IO,C, fi3BHUKHM 11 np, 6brn IIOCTpoeH *HAKOCTHbiA CUHHTHnnHUHOHHbiA 

/8/ 
geTeKTOp AnH 113M~peHHH KpHBb!X rrponyCKBHHH ( pHC, 14 11 15) 11 fl.E, flH-

/:)/ 
KenbHepOM 11 np. UHnHHApHqecKHA *HAKOCTHbiA neTeKTOp, paaneneHHb!A 

H8 ABe ceKUHI1 0 A.IH perHCTpBUHH y -nyqel pBAHBUHOHHOrO 3BXBBTB ( OKOnO 
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450 nHTpOB Tonyona CO CUHHTHJIJIHpyrowHMH no6aBKaMf), Bo BHyTpeHHei1 

110JIOi1 '!aCTH neTeKTOpa, qepe3 KOTOpy!O 11pOXOnHT XOp )WO KOJIJIHMHpOBaHHbii1 

rryqoK Hei1TpoHoB, rroMemaeTCH rrccnenyeMhli1 o6paseu (~oTo 16 n 17; 

HJIJIIOCTpaUHH 3aHMCTBOBaHbl H3 OT'!eTa 1960 r,, T,e, C Hll poBeCHHKH peaKTOpa), 

3TH neTeKTOpbl C HeKOTOpoi1 MonepHH3aunei1 HCI10Jlh3Y DTCH H no CHX rrop, 

HanprrMep, neTeKTop panrraunoHHoro saxBaTa rrHa'!e ceKUHOHHpoBaH, rr B Hero 

no6aBneH MeTHJI6opaT, 'IT06bi CHH3HTh :lK8CTKHi1 raMMa -~OH OT Hei1TpOHOB1 

pacceHHHbiX o6pasuoM rr rrornomaeMbiX B neTeKTope. 

I 10/ 
HecKonhKo nos:lKe, B 1964 r., BaH Wrr-nrr, IO.B. PH60BbiM n np. 

6biJI ITOCTpOeH :lKHnKOCTHbii1 ueTeKTOp nnH HCCnenoBaHHII nenHillHXCH BeWeCTB1 

nosBonHromrri1 rrccnenoBaTh neneHrre B o6pasuax sHa'!HTenhHoro Beca - no 

200 rp. CxeMa ero rroKasaHa Ha prrc. 18, lleTeKTop c TnrrqaeT neneHrre 

oT pannaunoHHoro saxBaTa 6naronapH ToMy, '!To Hei1TpOHbi neneHHH, saMen-

nrrBwrrecH B neTeKTope rr rrornomeHHhle B conep:lKameM8H B HeM nporrrrHoBo-

KHCJIOM KanMHH 1 naroT saaep:lKaHHbie COBITa.[leHHH. 

foBOpH 0 pa3BHTHH pa6oT ITO Hei1TpOHHOi1 CIT8KTpoCKOITHH 1 He HY:lKHO 

3a6hlBaTh 1 'ITO K 1960 r, 8KCnepHMeHTaJihHOe o60CHO~lHHe TeopeTH'!eCKHX 

npe.[ICTaBneHHi1 0 Hei1TpOHHbiX pesoHaHCaX 6biJIO BeChMil 6e.[IHbiM. f1peACTaB

neHHH 0 CHJIOBOi1 ~yHKUHH 1 BhlTeKaBWHe H3 OITTH'I8CKOfi MO.[Ienn, orrnpanHCh 

Ha aaHHbie, OCHOBaHHbJe Ha MaJIOM 'IHCJie pe30HaHCOB 1 nprrqeM rronyqeHHbie, 

KaK rrpaBrrno, B pesynhTaTe ycpeaneHHH no pesonaHCal\1 c pasnrr'!HbiM crm

HOM. f1pH 8TOM CBeneHHH HM8JIHCh .[liTH cpaBHHT8JihHO re60JihWOrO 'IHCJIB 

Haep, a rnaBHoe, anH HepasneneHHbiX rrsoTorroB. CncTE MaTrr'leCKnx JlBHHblX 

0 paarraUHOHHbiX WHpHHax He 6biJI0 1 a CIIeKTpOCKOITHH ll8JIHlllHXCH 8JI8M8HTOB 

6bma orpaHn'leHa o6nacThJO ManbiX 8Heprrri1. Paspa6oT lHHbie neTeKTopbl no-

3Bonrrnrr orrpenenHTh ITOJIHhle H rrapurranhHhle WHpHHhl p!30HaHCOB r , ry 1 

21 +1 r I 1 g r n H B pHLI8 CJiyqaeB H CT8THCTH'I8CKI!i1 ~aK TOp g = ----- , 
2 (21 + 1) 

a OTCJOna H CITHH pe30HaHCa f ( f =I± 1/2 rae I - crrnH Hapa MrrweHH ) , 

T,e. ycTpanrrnn nMeBwrrecs HeoaHo3Ha'!HOCTn. TaKnM o5pasoM, c caMoro 

Hatrana 6brna ITOCTaBJieHa 3a.[laqa ITOJIY'IHTh Harr6onee lliJJIHbie CBe.[leHHH 

o pe3oHaHcax. 
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B na6opaTopnn nccneaoBaHo oKono 30 9neMeHTOB, npnqeM nocneaHne 

5 neT nccneaoBaHHH BeJyTcH Ha paaaeneHHwx naoTonax, B TOM qncne Ha 

MHOrOH30TOnHhlX 9neMeHT8X peaK03eMenbHOA o6naCTH. 

KonnqecTBo nayqE·HHbiX naoTonoB paBHo npnMepHo 60, CTaTHcTnqec

KHA MeTOA B TeOpHH HJ.pa onpeaennn CBOeo6pa3HhlA li B CyWHOCTli napa

AOKCanbHbiA noaxoa K ~Hannay peayn&TaTOB HeATpOHHOA cneKTpOMeTpllll, 

0H xapaKTepeH AnH He<) He TOnbKO B npornnOM 1 HO B 3HaqHTenbHOA Mepe 

n ceAqac. CneKTpOCKOIHeA nayqaiOTCH HHAHBnayan&Hbie napaMeTpbi peaoHaH

coB, Ho He anH Toro, 1To6w caenaT& aaKniOqeHne o6 nx npapoae, a anH 

TOrO, qT06bi Ha OCHOBE! JlaHHbiX 0 MHOrHX pe30HaHCaX Bb!BeCTH Te Hnli liHbl8 

CTaTHCTHqeCKHe 3aKOH•>MepHOCTH, 0pH TBKOM noaxoae ycnex aena B 3Haqn

TenbHOA Mepe pewaeT 06beM nonyqeHHOA HH¢opM8UHH 0 KOTOphlA B C8MOM 

aene BennK n aocTaToleH anH Toro, qTo6w caenaTb pHa BhlBO!lOB. KoHeqHo, 

aaec& 6yayT paccMoTpeHbi Ton&Ko HeKoTopbie H3 peayn&TaToB. Han6onee 

onpeaeneHHb!Mli HBnH!OfCH A8HHbie 0 nonHbiX p8AH8UHOHHbiX WHpliH8X r y 

BenHqHHbl KOTOpb!X Ha•:TOnbKO Mano ¢niOKTyHpyiOT OT ypOBHH K ypOBHIO, 

qTO no3BOnH!OT OCHOB! IB8Tb BbiBOAbl H8 Cp8BHHTenbHO H860nbWOM KOnaqecT

Be H3yqeHHbiX pe3oHaJ:COB oTaen&Horo Hapa. MeToaHKa H3MepeHnA n nx 

HHTepnpeT8UliH He oqEHb npoCThl 0 li 8TO noKa3hlB8eT cneayiOWHA npHMep, 

B cpaBHHTenLRO Heaa3HeA pa6oTe, ony6nnKoBaHHoA B 1968 r., fnacc 

Ill/ 
n apyrae B CWA npawnn K BbiBoay, qTo Bennqnaa paanaunoHHoA wnpn-

Hhl ry anH pe30H8HCJB U-238 HH8H, qeM nonyqanOCb B npe•HHX pa6o-

112,13/ 
TaX , 8 rnaBHO 2, qTO BenHqHHbl r y KaK ¢yHKUHH 8Heprlili H8ATpO-

HOB B HHTepBane ao 2 KBB nepnoanqecKH ¢niOKTyapyiOT no Bennqnae npn

MepHo BABOe. He Bceraa onp8BA8HHbTe noHCKH nepHOAHqecKHX 38KOHOM8pHO

CTeA B H3M8HeHHli HeATpOHHhlX napaMeTpOB ceAqac MOAHhl, H3BeCTHO, OAHa

KO, qTO y aenHWHXC> aneMeHTOB1 B C8MOM aene, H86niOaaiOTCH ¢niOKTy8UHli 

no KpaAaeA Mepe B ceqeaan aeneHHH. noaToMy pe3yn&TaT 3acny•nBan BHH

MaHHH. TmaTenbHbie HccneaoB8HliH 1970 r. X. Man8UKH, n.E. nnKen&Hepa, 

114/ 
H.M. CanaM8TliH8 li 3.H. lifapanoBa • OCHOBBHHbie HB li3MepeHHHX r y 
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AITH 30 pe30H8HCOB B o6naCTH HH*e 1,5 K8B 1 noK838ITH 1 ~TO noCTOHHCTBO 

p8JlH8UHOHHblX UIHpHH Bb!ITOITHHeTCH C TO~HOCTb!O AD He,;KOITbKHX npoueHTOB, 

Do-BHAHMOMy, 8TO 03Ha~aeT, ~TO H3MepeHHH C nepHO)]H~eCKHM HMnynhCHbiM 

HCTO~HHKOM HefiTpOHOB1 T8KHM 1 K8K l1EP C HH)KeKTOpO vi, no Kpafiaefi Mepe 

B HeKOTOphlX cny~8HX1 MO)KeT OK838TbCH npeano~THTenbHee, ~eM OAHOKpaT

Hbifi HMnyiTbC OT HAepHOrO B3pb!Ba, KOTOpb!M nonb30B8.1HCb fnacc H ero 

coaBTophl (xoTH paapewa10wag cnoco6aocTb B rrx onhlTe 6hlna aaaqrrTenhHO 

Bb!We), 

ConocTaBnearre Bcex aaHHbiX no paarraurroHHbiM wrrprraaM 6bino BLiflU'I

aeao X. Man8UKH, n.E. DrrKenbHepoM, H.M. CanaMaTH!lbiM H 3.l1. ll'apano-

115/ 
Bb!M B 1970 r. H nOK838HO H8 pHC, 19, BHAHO, ~1 (4 noM HMO CHCTeMaTH-

~eCKOfi 38BHCHMOCTH r y OT A , HMe!OTCH ewe cpn!OK1 yauHH OT Hapa 

K HApy, KOTOpbie He 5IBIT5110TC51 OWH6KaMH H3MepeHH5! ( 3KCnepHMeHT8ITbHbie 

A8HHbie - Kpy)KKH 1 a KpeCTHKH - 8TO pac~eTHbie A8HH<Ie 1 H HX paa6poc 

noK83biB8eT1 ~T0 1 B C8MOM aene, Henb351 0)KHA8Tb nna 3HOfi KpHBOfi), 

TeopeTH~eCKHe npeacKaaaHH5! MoryT 6biTb nony~<!Hbi B peaynhTaTe 

annpOKCHM8UHH TeopeTH~eCKHX COOTHOWeHHfi, nony~eH}hlX BaAcKoncpoM 

H AKceneM aa ocaoBaHHH CTaTHCTH~ecKofi Moaenrr. Ha prrc. 20 nprrBeaea 

peaynhTaT cpaBHeHHH TeopeTrr~ecKHX aaHHbiX c sKcneprrMeHTOM, Pac~eTHYJO 

BenH~HHY ry MO)KHO npeaCT8BHTb K8K npOH3BeaeHHe Tpex BenH~HH, B03-

BeaeHHbiX COOTBeTCTBeHHO B CTeneHH X y 1 Z 1 a HMeHHO: M8CCOBOrO 

HOCTH ypOBHefi az ,yMHO)KeHHbiX H8 nOCTOHHHbifi Kog¢:fmuHeHT, Prrc, 20a 
p 

coaep)KHT OTHOWeHH51 TeopeTH~eCKHX A8HHhlX r y ' pa,;c~HT8HHblX no AKce-
8 

n10, K 8KCnepHMeHT8nbHbiM rY , Ha prrc. 206 - To He no BaficKoncjly 

( r p 
8TH y oTnH~aJOTCH Benrr~rrHofi noKaaaTenefi cTeneHeA nepeMHO)KaeMbiX 

BenH~HH), TaK K8K TeOpHH He aaeT TO~Horo BHA8 cpop viyn, TO H8 pHC, 20B 

noKaaaTenH cTeneHrr noao6paHbi sMnrrprr~ecKH, KaK BHJ.HO, cornacrre o~eHb 

Hennoxoe H MO*eT 6biTb ewe yny~weHo, ecnrr npHHHTI: Bo BHHMaHrre cnrrHo-

Bblfi cpaKTOp, 
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BennqnHa rrapa~eTpa rrnoTHOCTH ypoBHefi a , KoTopaH ncrronbsoBaHa 

B 9TOM 8Hannse, pacc;qHTb!BaeTCH H3 Ha6mo.QaeMOH ITnOTHOCTH pe30H8HCOB, 

npH 3TOM paCCTOHHHE Me~.Qy pe30H8HC8MH ~niDKTyHpyeT qpe3BhlqaHHO CHnb

HO, Borrpoc 0 CT8THC:nqeCKOM 38KOHe 9THX ~nroKTyaUHA, 6eccrropHO, HH

TepeceH H B 3H8qHTaibHOH Mepe BhlHCHeH. HeKOTOp8H HeHCHOCTb BCe ~e 

OCTaeTCH B CBH3H C reM, qTo ITOKB HeT yBepeHHOCTH B TOM, qTo ITpH H8-

6nro.QeHHH CITeKTpa HE BbiiTB.QaeT KBKBH-TO .QOmi cna6biX pe30H8HCOB, OC0-

6eHHO 6nH3KHX K CHn~HhlM, C yqaToM 9TOrO MO~HO rOBOpHTb 0 cpe.QHeM 

paccTOHHHH Me~ny P"30HaHCaMH D , onHaKo .QnH pacqeTa rrapaMeTpa a 

3TO BpH.Q nH cymecTieHHO, ITOCKOnbKY a Mano qyBCTBHTenbHO K ue6onblliHM 

, AHanH3 BenHqHH a , OCHOBBHHb!H Ha 3KCrrepn-

MeHTanbHbiX .QaHHbiX o rrnoTHOCTH ypoBueR, 6bin rrpoBeneH A. norroBbiM 

116/ 
n B. <PypMaHoM , o6Hapy~HBWHMH cBoeo6pa3Hbie saBHCHMOCTH BenHqHHbi 

a OT qHcna HeATpCHOB, 

YfM ynanOCb ITO {838Tb 0 qTO 3KCrrepHMeHTanbHO Ha6nronaeMbiH OCTpb!H 

MaKCHMyM a .QnH SJAep c qncnoM HefiTpOHOB N , 6nH3KHM K 90 (eM. 

pHC, 21) 0 qeTKO KOppennpyeT C pacqeTHOH BenHqHHOfi rrnOTHOCTH OAHoqac

THqHbiX COCTOHHHfi Bf)nH3H ITOBepXHOCTH <l>epMH H MO~eT 6b!Tb 06'hHCHeH 

Ha OCHOBe CXeMhl O.Q~oqaCTHqHhlX COCTOHHHfi .Qe~opMHpOBBHHhlX H.Qep, Ta

KHM o6pa30M, 6bin8 ycTBHOBneHa CBH3b Me~.Qy ITnOTHOCTbiD O.QHoqaCTHqHbiX 

COCTOHHHfi H rrnOTHO•;TbiD ypOBHefi KOMITayH.Q-H.Qpa B o6naCTH 9HeprHH CB5!-

3H HefiTpOHa. 

6) l1ccnenoEaHH5! nenHmHxcg gnep 

B caMoCTOHTerbHyro rnaBy HefiTpoHHoA crreKTpocKoiTHH MO~Ho Bhl.QennTb 

HccneAOB8HH5! .Qengu HXC5! BeiUeCTB, 0HH rrpHBneKaiDT BHHMBHHe ~H3HKOB KBK 

CBoefi rrpaKTnqeCKOfi 3H8qHMOCTbiD 0 TaK ll He06hlqafiHOH CnO~HOCTbiD Mexa

Hll3Ma rrpouecca .Qen2HH5!, noKa, HeCMOTp5! Ha 06llnHe 9KCITepnMeHTBnbHOrO 

MaTepHana, KonHqecrBo KoToporo 6hlcTpo BospacTaeT, gnepaag ~H3HKa eme 

He .QOCTHrna pernaro UHX yciTeXOB B Bb!HCHeHHH ~H3HKH rrpoUeCCOB .QeneHHH, 

14 



HccnenoBaHHH no cjlnanKe neneHHH c peaKTopoM H6P rrpoBonnnncb rrpn 

MaKCHManbHOH rrponeTHOH oaae B 1000 M 1 T,e, C paapeueHHeM OKOnO 

0,05 MKCeKIM, LlnH rrpHMepa Ha pnc. 22 rrpHBeneHbi arrr-apaTypHbie KpHBbie 

nnH neneHH51 (HH*H5151 KpHB851) H p8llH8UHOHHOrO 38XB81~ (BepXH5151 KpHB851) 

Pu -239 B OOn8CTH OT HeCKOnhKHX aneKTpOHBOnbT no HeCKOnbKHX COT 

aneKTpoHBOnhT, (IO.B. PHOOB, BaH IOH-'IaH, E. LlepMeHL*HeB, Y•aH fla-wy
1171

) 

He OCTaHaBnHB851Cb H8 BCeX Bb!ITOnHeHHbiX paOOT8X 1 OT~Ie'Iy TOnhK0 1 'ITO 

COITOCTaBneHHe TaKHX KpHBhlX ITpH TO'IHOH HX KOnH'IeCTBBHHOH HOpMHpOBKe, 

naeT O'IeHb CyllieCTBeHHYID C TO'IKH 3peHH51 ~H3HKH pea~TOpOB BenH'IHHy 

a= ~ . BepoHTHo, oObi'IH851 MeTonnKa H3MepeHHH rrpHBonHT K ToMy, 
at 

'ITO B paC'!eTaX HCITDnh3yeTC51 HMeHHD BenH'IHH8 a, OllH8KO C TO'IKH 3peHH51 

qmaHKH oonee ecTecTBeHHbiM ObinO Obi ncrronbaoBaTb npyryro, KOHe'!HO, 8K

BHBaneHTHyro eA BenH'IHHY 1 KOTopyro MO*HO ObinO Obi HIL3BaTb Ce'!eHHeM BOCITpo-

118/ 
H3BOllCTBa H.el'\TpOHOB av , 0Ha aHanorH'IHa TOH 1 <TO BXOllHT B peao-

HaHCHb!H HHTerpan, a HMeHHO: 

av = (;:;- 1 ) a 
1

- ay= a 
1 
(;; -1 - a ) . 

a V , paBHO KaK H BenH'IHHbl a , nnH rrpaKTH'IeC-

KHX pacqeToB rrpenrronaraeT rrocToHHCTBO cpenHero '!Hc.w ncrrycKaeMhlX 

B aKTe neneHHH HeATpoHoB v . HaMepeHne v rrpencTaEnHeT H C8MOCT051-

TenbHhlH HHTepec K8K nnH rrpaKTHKH 1 TaK H llnH Bhl51CHe~H51 MeXaHH3Ma rrpo

uecca neneHHH. C ooenx To'!eK apeHHH HeooxonHMo aHarb aaBHCHMOCTh v 

KaK OT 8HeprHH HeATpOHOB 1 TaK H OT rrpHpOllhl pe30HaHca, BenH'IHHa V o 

neACTBHTenhH0 1 K8K OK83anOCb 1 OOnanaeT llOBOnhHO 3H8~HTenbHbiM ITOCTOHH-

CTBOM 1 onHaKO H3MepeHH51 yK83blB8IDT Ha T0 1 'ITO B03M )*Hbl HeOonhlliHe ee 

H3MeHeHH511 3aBHC51WHe OT CITHHa pe30H8HC8, LlnH U -2.15 OHH ne•aT B rrpe-

nenax Tpex rrpoueHTOB (nnH cocTOHHHA 4- oonbrne, '!eM nnH 3-), a nnH 

+ + 
Pu- 239 B rrpenenax 5% ( nnH cocTOHHHA 1 6onhwe, 'I ?M nnH 0 ) , eM, 

119/ 
pllc. 23. OnHaKo peaynhTaT, rrony'IeHHbiA 10. PHOOBbiM 11 np. , He cornacy-
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/20/ 
eTcH c H3MepeHHSlMH, BbiiTDJIHeHHbiMH Beti:HlllTeH:HoM , Bo3MO)!(HO, 'ITO sTo 

pacxo)!(AeHHe orrpenen~eTCSl pa3JIH'lHP.M B MeTO~HKe H3MepeHHH 1 H 8TOT B0-

/21/ 
rrpoc 6brn rrpoaHanH3HfOBaH B pa6oTe E. ilepMeHA)!(HeBa 11 U, DaHTeneeBa , 

0AH8KO B H8CTOSllUee : lpeMSl 3AeCb 1 ITO-BHAHMOMY 1 elUe HeT llOJifiOH SlCHOCTH, 

YTO KacaeTCSl llf8KTH'leCKHX ueneti, TO C y'leTOM TO'lHOCTH 1 C KOTOpOH 

CeH'l8C H3MepgeTCSl 1J , MO)!(!IO C'lHT8Tb IJ ITOCTOSlHHbiM, fing pacqeTa peaK

TOpOB oKa3anocb Heo6xoAHMbiM orrpenenHTb a AJIH Pu-239 B lllHpoKoti o6-

nacTH sHeprrrH:. Pellle!rre 8Toti 3anaqrr SlBHJIOCb pe3yJihTaToM pa6oT HeCKOJib

KHX na6opaTOpHH pa3JIH'lH~X CTpaH,H rrpH'leM CylUeCTBeHHOe 3H8'leHHe HMeJIH 

H3MepeHHSl 1 Bb!ITOJIHeHibie H8 peaK TOpe I16P, 

Ha puc. 24 rrp1n eneHbi pe3ynhT8Tbi H3MepeanH: ( IO. B. PH6oB, Co iloH 

' /22/ 
H. YrrKoB, M.A. KypoB ) a

1 
AJIH Pu-239 B o6nacTH oT 1 K8B 

AD HeCKOJlbKHX )leCSlTKOB K8B (HH)!(HHH rpa~HK) If BeJIH'lHH~ a (BepXHHH 

06palU8eT Ha CeJSl BHHM8Hlle TO, 'ITO Ce'leHHe )leJieHHSl MeHSleTCSl Kpati

He HeperynHpHO B TOi o6naCTH 1 rne pe30H8HCb! He pa3)leJISliDTCSl H r)le AOJI)!(HO 

6b!JIO 6bl rrpOHCXOAHTb 3H8'lHTeJibHOe CrJI8)!(!1B8HHe KpHBOH, Do-:BHAHMOMy 1 

8TO rrpOSlBJieHHe TOll Ke OC06eHHOCTH1 KOTopag BllepBb!e 6biJI8 o6Hapy)!(eHa 

AJISl llOAITOpOrOBOrO JlE•JieHHSl, fing HJIJIIDCTpaUHH H8 pHC, 25 ITOK838Hbl pe3yJib-

/23/ 
T8Tbl, rronyqeHHbie n. DHKeJibHepoM H AP· AJISl 38BHCHMOCTH rron6apbep-

Horo neneHHSl HerrTyHHH-237 oT sHeprHH, cornacyiDlUHecg c naHHbiMH, rrony-

/24/ 
qeHHbJMH paHee B Ca1:ne • B o6nacTH, rne OTAenbHbie pe3oHaHCbi y)!(e 

He pa3pe1UeHbl ( cpenHee paCCTOSlHHe Me)!(JlY HHMH BCero 0,65 8B), OT''leTJIHBO 

BHAHbl M8KCHMYMbl B CpeAHeM Ce'leHHH )leneHHSl llpH 40, 120,250 8B, QqeBHA-

HO, 'ITO CTOJib pe3KI1•) M8KCHMYMbl He MOryT 6b!Tb o6yCJIOBJieHbl CT8THCTH

'leCKHMH ~JIIDKTyaUHSlHH AeJIHTeJibHbiX lllHpHH pe30118HCOB, 3TO SlBJieHHe MO)!(eT 

6hlTb 06bSlCHeHO TeM )!(e rrpeAITOJIO)!(eHHeM, KOTOpOe ne)!(HT B OCHOBe llpHHSl-

x/ 
Toro cetiqac rrocne p~6oTbi CTpyTHHCKo~o o6bHCHeHHSl SlBJieHHSl crroHTaHHO 

x/ . 
V.M. Strutwsky. Nuclear Physics, A 95, 420 ( 1967). 
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aem!UIHXCSI H30MepOB 0 a HMeHHO, JlOIIyUieHHSI 0 B03MOlKHCCTH CyUieCTBOBaHHSI 

y soa6ylKJleHHoro SIJJpa asyx paanH'IHbiX BHJJOB ae~opMaUIH, Ha6HpaTenbHaSI 

BepOSITHOCTb rrepeXOJJa B COCTOSIHHe C 6onbWOl!: )le~OpMai.Hel!:, H3 KOTOpOrO 

o6ner'!eHo aeneaHe, MolKeT orrpeaenS!Tb aa6moaaeMbil!: a<j:~eKT, OaaaKo aTo 

o6~SICHeHHe, HeCMOTpSI Ha ero ~H3H'!eCKYID SICHOCTb H y6eJJHTenbHOCTb 0 eme 

Henb3SI C'IHTaTb OKOH'IaTenbHO 060CHOBaHHbiM, 

B) CHnOBaSI ~yHKUHS1 0 CIIHHbl pe30HaHCOB rronS!pH30BaHHbie 

Hel!:TpOHbl 

06HapylKeHHe ~niDKTyaUHl!: B Ce'!eHHH IIOJJ6apbepHOr) aeneHHSI 0 IIO-BHJJH

MOMy, 6btn0 cny'IaHHbiM, MelKJJY TeM JJnSI HeaenSIUIHXCSI aneMeHTOB rrepHOJJH'I

HOCTH B XOJJe a<j:$eKTHBHbiX Ce'!eHHH HUIYT pS!Jl neT, H 9TH IIOHCKH CTHMynH

poBaHbl rrpeJJIIOnOlKeHHeM 0 T,H, "BXOJJHbiX" COCTOSIHHSIX, EcnH He rrpeUH3HpO

BaTb IIpHpOJJY 9THX COCTOSIHHH, a IIOHHMaTb IIOJl HHMH Ha'!anbHb!l!: 9Taii B03-

6ylKJleHHSI, qepe3 KOTOpb!l!: IIpOXOJlHT COCTaBHOe S!JlpO IIpH peaoHaHCHOM 3a-

XBaTe Hel!:TpOHa, TO HanH'!He TaKHX BXOJlHbiX COCTOSIHHl!: IO'ITH O'IeBHJJHO, 

OnHaKo aenaeTCSI aorronHHTenbHaSI rHrroTeaa, KoTopyiD MClKHO o6ocHoBaTb 

TOnbKO OIIb!TOM, a HMeHHO, IIpeJJIIOnOlKeHHe 0 JlHCKpeTHOH xapaKTepe TaKHX 

BXOJlHbiX COCTOSIHHH, Mano rrepeKpbiBaiDUIF!XCSI Jlpyr C Jlp~TOM, 0TCIDJl8 IIOHCKH 

rrepHOJJH'IeCKHX H3MeHeHHl!: B Cp8JJHeH BenH'IHHe IIOnHblX I nH II8pUH8nbHbiX ceqe

HHl!:, CBSI3aHHblX C pe30HaHCaMH, HMeHHO 9TO Ha6niDJJ8eT,;SI B Ce'!eHHH IIOJl-

6apbepHoro H, BHJJHMO, Haa6apbepHoro )leneHHSI SIJJep, EcTeCTBeHHO HCKaTb 

aHanorH'IHbie S!BneHHSI B CBOl!:CTB8X pe30H8HCOB HeJJenSIUII XCSI SIJJep. DpH 

s -saaHMoael!:cTBHH ael!:TpOHOB c S!JJpoM, HMeiDUIHM crrHH I > 0 , B036ylKJJaiDT-

CSI pe3oHaHCbl CO CIIHHOM I +1/2 H I-1/2 . MolKHO OHHJJaTb, 'ITO TaKHe 

pe30HaHCbl B036ylKJJaiDTCSI 'Iepe3 pa3nH'IHble BXOJlHbie CO< TOSIHHSI, 3TO CTH

MynHpyeT IIOHCKH CIIHHOBOl!: 3aBHCHMOCTH CHnOBbiX ~yHKU 11!:, 0 KOTOpb!X IIOJl

/25/ 
po6aee paccKa38HO B pa6oTe n.B. DHKenbHepa 

H XOTen 6bi OTMeTHTb B CBSI3H C 9THM cneJJyiDUiee BenH'IHHbl Hel!:TpOHHbiX 

llllpHH KaK ITO JJaHHb!M JlpyrHX na6opaTOpHl!:, TaK H IIO )la.!HbiM, rrony'IeHHbiM H8 
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YIEPe, rro Kpai1aei1 M•lpe B rrepBoM rrpH6JIH)KeHHH rrot:PIHHHJOTCH cTaTHCTH

'!ecKoMy pacrrpeaeneH!l:JO nopTepa -ToMaCa, nosTOMy IIpH orpaHH'!eHHOM 

'IHCJie HCCJieayeMbiX f'e30H8HCOB BeJIH'IHHa Cll:JIOBOH cpyHKUHH He MO)KeT 6b!Th 

orrpeaeneaa Toqao. H1 pHc, 26 rroKasaaa saBHCHMOCTh cnnoBoi1 cpyHKUHH 

oT A B naTepBane )T A = 40 ao A = 90, ( 4epHbie Kpy)!{Kll - aaHHhie, 

/26/ 
rronyqeHHbie B na6opaTOpllll n.B. nnKeJihHepoM ll ap. ) • Ha pHC, 27 

cnnoBaH cpyHKUHH rroK 1saaa aa yqacTKe A oT A = 120 ao A = 200 ( qep-

Hhle KPY)!{Kll - aaHHhl? na6opaTopHn). KpnBaH sanMCTBOBaHa ns pa6oThl 

/27/ 
3.H. Kap)KBBHHOH, HryeH Hryea <Poara ll A.B. norroBa • Bnaao, qTo )lalKe 

TO'!HhiH xoa cnnoBoi1 cpyHKUHH B 3aBHCHMOCTn oT A orrpeaenHTh Tpyaao, 

H TeM 6onee TpyJlHO Ha OCHOB8Hllll JlBHHhlX 0 HeHTpOHHhlX llillpHHaX Cyt:IHTh 

o6 OC06eHHOCTHX rpyliiibl pe30H8HCOB. Yf BCe )Ke MO)KHO YTBeplK}:I8Th1 qTo 

CHJIOB8H cpyHKUllH - CpBBHHTeJibHO oqeHb CTa6HJihH8H xapaKTepHCTHKa H)lpa 

rro Kpai1aei1 Mepe B o6nacTHX A , rrpeacTaBneHHhiX aa pnc. 26 n 27. TaK, 

/27/ 
HarrpnMep, }:IJIH raaOllllHHH ( Z = 64 ) 1 ITO LIBHHb!M TOH )Ke pa60Tbl , , LIJIH 

aByx nsoTorroB, raaonnanH-155 n raaonHHBH-160,cpeaaee paccToHHne D 

MelKt:IY pe30H8HC8Mll OTJill'!BeTCH liO'!Tll Ha t:IB8 IIOpHt:IK8 (t:IJIH ra}:IOJIHHHH-155 

BeJill'IHH8 D= 1,8:!:_0,3 sB, a JlJIH raaonnanH-160 D = 170 :;m), YlcxoaHhie 

crrnHhi Haep sTnx nsoTorroB TaK)Ke saBeaoMo pasnnqHhi. TeM ae Meaee cn

JIOBbie cpyHKUllll 9THX ll30TOIIOB COOTBeTCTBeHHO S= (2,1:!:_0,3),10 
-4 

-4 
n S = ( 2,6:!:_1). 10 T,e, B rrpeaenax OWH60K OIIbiTa COBII8}:18JOT, 3TO COB-

IIa)leHne MO)KHO paCCM8TpllB8Tb K8K CJiet:ICTBHe TeOpHll 1 HO rrpaBHJihHee Ollll

paTbCH Ha Hero K8K H8 8KCIIepHMeHT8JibHhiH cpaKT 1 liOK83biB810llillH1 qTo CllJIO

BaH cpyHKUHH - cpet:IHHH xapaKTepHCTBKa, BeCbMa M8JIO qyBCTBllTeJihH8H 

K naanBnayanhHhiM cco6eHHOCTHM Hapa. B cny'!ae )Ke ecnn TaKaH 3aBHCHMOCTh 

IIpOHBllTCH 1 TO 8T0 1 f;eccrropHO, 6yaeT cpaKTOM, 38CJIYlKllB8JOllillM BHllMaHHH, 

/26/ 
Pa60Tbi n,E, nnKeJil aepa C CDTPYLIHHK8Mll IIOK83biB8JOT Ha rrpHMepe aaa-

JIH38 CIIHHOBOH 38Bll•:HMOCTH CHJIOBOH cpyHKUllH 1 qTo 06Hapy)KllTh ee BeChMa 

HeiipOCT0 1 H IIOK8 HE T Ha}:le)!{Hb!X LI8HHbiX1 }:10K83biB810lliHX ee cymeCTBOB8HHe, 

nosTOMy BHllM8Hlle eCTeCTBeHHO IIepeHeCTll Ha H3yqeaHe HH}:IllBllt:IYBJihHhiX 
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CBOICTB pe3DH8HCOB 1 TaK K8K He IICKnroqeH0 1 qTO IIMeiHO B HIIX ITpOHBIITCH 

ponb BXOAHbiX COCTOHHIIA, EbiTb MO:lKeT, pe30H8HCbi 1 AI :lKe 6nii3KIIe ITO 3Hep

rllll II IIMerowlle OAIIH8KOBbie CITIIH II qeTHOCTb 1 B036y:lK 18IDTCH rrpeiiMyweCT

BeHHO qepe3 pa3Hbie BXOAHbie COCTOHHIIH, 4To6b! ITOAOiiTII K peweHIIID 

BTDA rrpo6neMhl 1 He06XOAIIMO rrpe:lK):le BCero yMeTb H8A?:lKHO orrpenenHTb 

CITIIH pe30H8HCOB, BeCbMa cymecTBeHHO T8K:lKe 3H8Tb liX MarHIITHbie MOMeH-

Tb!, 

r ) n 0 n H p II 3 0 B a H H bl e H e A T p 0 H bl 

Aaanna HeATpoHocrreKTpocKorrnqecKHX naHHbiX c c6paauaMII paan11qaoA 

TOnliiHHbl IT03BOnHeT B psne cnyqaeB orrpeneniiTb CT8TlCTIIqeCKHA ~aKTOp g 

11 1 cnenoBaTenbH0 1 CITIIH pe30H8HCa, 0AH8KO 3TO BD3MC :lKHO naneKO He AnH 

BCeX pe30H8HCOB II ITpiiTOM AnH orpaHIIqeHHDrO qncna HAep 1 y KOTOphlX 

IICXDAHhlA CITIIH HeBenHK, npHMOA ITyTb K orrpeneneHIIffi CITIIH8 pe30H8HC8 

COCTOIIT B IICITDnb30B8HIIII ITDnHp113DB8HHOrO rryqKa HeArpoHOB 1 BD3AeiCTByro

liiiiX Ha MllweHb, conep:lKamyro rronHp1130BaHHbie snpa. :~TOT rryTb 11ccneno-

B8HIIH K8K C ITOnHp1130B8HHbiMII ITpOTOH8MII 1 T8K II C IT(•nHpii30B8HHbiMII HeAT

pOH8MII y:lKe pHA neT rrpiiBneKaeT BHIIMSHIIe ~11311KOB. B cnyqae HeATpoHoB, 

OAH8K0 1 IIMenaCb TpyAHOCTb, COCTOHlii8H B TOM 1 qTO 0)11 rronyqeHIIII ITDnHpii-

30B8HHOrO rryqKa HeATpOHOB OTpa:lKeHIIeM OT HaMarHIIq?HHDrO 3epKana 

~~eKTIIBHOCTb MeTOA8 6b!CTpO rranaeT ITpll rrepexone t•T TeiTnOBbiX HeATpO

HOB K peaoHaHCHbiM. MeTon, rrpenno:lKeHHbiA IO. TapaH )M 11 tP. UTarr11po 

B 1963 r,
1281

, CB06oneH OT 3TOro HeAOCT8TK8 1 OH IT03BOnHeT rronyqaTb 

rronsp1130B8HHhlA rryqoK HeATpOHOB C 3HeprlleA, OXB8TbBaroweA BCID pe3DH8HC-

Hyro o6naCTb, np11 3TOM rrnomanb rrorrepeqHoro ceqEHIIH 

ITOnHp1130B8HHbiX .aeATpOHOB MO:lKeT 6biTb He oqeHb Ma.IOA II oc,,a6neHIIe 

rryqKa ITOnHp1138TOpOM HeBeniiKO, 

MeTOA 1 K8K 113BeCTH01 COCTOIIT B TOM, qTO rryqcK HeATpOHOB ITpO

rrycKaeTCH qepe3 MIIWeHb C ITOnHp1130B8HHb!MII ITpOTOHfMII, npll 3TOM 

HeATpOHbl1 CITIIH KDTOpb!X 8HTIIITapanneneH CITIIHy ITpOTC HOB, pacceiiB8IDTCH 
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I 

l 

CllnbHee, qeM HeihpilHbl 1 llMeJOUilie CIUIH 1 napannenbHbiH cnnHy npOTOHOB 

(cxeMaTnqecKn BTO rrpeacTaaneHo Ha pnc. 28). B peaynbTaTe npoweaurni1 

nyqoK npno6peTaeT ronHpnaaunJO. B KaqecTBe TaKoro nonHpll3aTopa 6bin 

ncnonb30BaH KpncTa. 1n naHTaH-Manmeaoro HnTpaTa (La 
2
M g 

3 
( N 0 

3
) I 

2 
2·t H2 O) 

c rrapaMarRHTHOH rrpnMeCbJO I 
42 N d B KonnqecTB~ 0,4%, 3aMeuraJO-

urei1 La • MnureHb wMeuranacb B MarHnTHoe none 17 KB npn TeMnepaType 

0,9°K n rwnHpn3oBa web MeToaoM conna-scpcpeKTa ( paanoqacToToi1 64,3 rru, 

T,e, QllliHOH BOnHbl " 1 7 MM), nonHpll38Ull5l npOTOHOB QOCTnrana 70%, ll npn 

nOI111pll38Ullli HeHTpO iOB OKOnO 70% rrepanqHb!H rryqoK HeHTpOHOB ocna6mii1C5l 
2 

npnMepHO B 5 pa3, nonHpll38TOp llMeJI nnOUI8Qb 39x3} MM , 

ilnH uenei1 HetTpOHHOH CIIeKTpOCKOnnn MeTOQ 6hln ncnOJib30B8H npn 

nccneaoBaHnn crrnaa peaoHaHCOB Hapa ronbMll5l (crrnH Hapa I = 7/2
1291

). 

Bhl6op ronbMHH onpeaennncH TeM, qTo 6naroaap5l 6onburoMy BHyTpeHHeMy 

6 ) 0 non10 ( H BH. 8,8.10 9 npn TeMnepaType 0,3 K n Bo BHewHeM none 

20 K9 ero HQpa y~E llMeJOT nonHpll38Ull10 B HeCKOnbKO QeCHTKOB rrpoueH

TOB, CxeMa onbiTa maHa Ha pnc. 29 n peaynbTaTbi - Ha pnc. 30. Hn~HHH 

KpllB85l - 9TO KpllBB5l rrponyCK8Hll5l HeHTpOHOB qepe3 Hen0115lpli30B8HHYIO 

MnweHb ronhMHH, n)eacTaBneHHaH KaK cpyHKUliH BpeMeHn nponeTa. Ha Bepx

HeM rpacpnKe npnBeJ,eHbi OTHocnTenbHbie pa3HOCTn aennqna nporrycKaHnH 

I par -I anti 
(= -, rae I - llHTeHCllBHOCTll HeHTpOHOB 1 I 

anti par 
I + I 

PBT anti 

npOXOQHUiliX qepe3 MnureHb, Koraa CnHH HeHTpOHOB IIapanneneH llllli 8HTll-

rrapanneneH cnnay ~apa ronbMH5l, Bnaao, qTo nepeMeHa 3HaKa nonHpnaaunn 

aeATpOHOB npnaoan1a nn6o K yBennqeHnJO, nn6o K yMeHbWeHHJO nponycKaHnH. 

B TaKoM OIIbiTe y~·J KaqecTBeHHbiH scpcpeKT, a HMeHHo, 3HaK pa3HOCTn Be

nnqnH nponycKaHnH oaHo3HaqHo orrpeaenHeT crrnH peaoHaHCOB - 4 nnn 3. 

nonHpll30B8HH ole HeHTpOHbl 6biJill ycrreurHO ncnonb30B8Hbl ll QnH 

peweHHH npyroi1 HETepecHoi1 aaaaqn: anH onpeaeneHnH annH pacceHHHH 
1301 

Hei1Tpoaoa aei1Tepn3M • B Teqeane MHornx neT cyurecTBoBana aayaHaq-

HOCTb, COCT05lBlli85l B TOM, qTO llMenOCb QB8 Ha6opa QnllH pacceHHll5l (ay6-

neTHOH ll KBapTeTHiJH) 1 YAOBneTBOpHBllillX OIIbiTy: 
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a 
4

= 6,38 ± 0,6. 

2) a
2 

= 8,26 ±0,12; 

CnenaTb H8Jle)f(Hbllt Bb!60p Me)f(JlY HHMH H8 OCHOB8HHH Te)peTHqeCKHX 

coo6pa)f{eHHlt He ynaBanocb, Orrb!Tbi c rronHpH3DBBHHoif n~>ifTepHeBoif MHweHbJO 

IIOK838nH, qTQ 1Ip8BHneH rrepBhlH H860p JlnHH paCCeHHHH 1 8 HMeHHO: KBap

TeTH8H JlnHH8 6onbWe ny6neTHOH, nonHpH30B8HHhle HeHT)OHhl MDryT 

6b!Tb 1 oqeBHJlHO, HCIIOnb30B8Hbl H JlnH peweHHH JlpyrHX :IHTepeCHblX 38Jl8q 1 

H HX llpHMeHeHHe HMeeT 6onbWHe rrepcrreKTHBhl, CywecTEeHHhlM H81Ip8B-

neHHeM B T8KHX rrpHMeHeHHHX MO)f{eT CT8Tb orrpeneneHH~> MarHHTHblX MD-

MeHTOB pe30H8HCOB, 

HccnenoBaHHH c rronHpH30B8HHblMH HeifTpoHaMH ewe He rronyqHnH Ha 

peaKTope HEP non)f{HOro pa3BHTHH, HD oHo rrnaHHpyeTcH, H nnH Hero Be

JlYTCH MeTOJlHqecKHe pa3pa6oTKH. TaK, B qacTHOCTH, nnll rronyqeHHH rronH-

o 
pH3DB8HHblX HJlep pa3pa6oTaH KpHocTaT Ha TeMrrepaTypbl no 0,02 K, rrony-

qaeMble MeTOJlOM, KDTOpblH B OHHH pa3pa6oTan B.C. HeraHoB ( pacTBO

peHHe 
3 He B 

4He ), 

B HccnenoBBHHHX HHJlHBHJlyanbHblX cBoifcTB pe3oHaHcoB 6oraTbiM 

HCToqHHKOM HH<fJOpM8UHH 0 HX llpHpOJle MO)f{eT cny)f{HTb ll3y'IeHJre 

y -crreKTpOB 1 B036y)f(Jl8eMblX 1IpH pe30H8HCHOM 38XB8Te f eifTpOHOB, 3KCIIe

pHMeHTbi IIDK83b!B810T, qTo 3JleCb HHJlHBHJlyBnbHble CBOHC"B8 pe30H8HCOB 

/31/ 
rrpoHBnHJOTCH oqeHb cHnbHo. OrrbiTbl H. Yp6aaua c coTpyL HHKaMH rro-

Ka3anH, qTQ pe30H8HC, B036y)f(Jl8eMbiH HeifTpOH8MH C 3HeprHeif 24,5 3B 

B Ba-135, pe3KO OTnH'I8eTCH OT COCeJlHHX pe30H8HCOB (82 38' H 88 3B) 

TeM, qTQ JlnH Hero rrpeo6naJl810WHM HBnHeTCH y-rrepeXOL B OCHOBHOe COC

TOHHHe ( E y = 9, 2 M sB). Pa3nH'IHe B crreKTpax raMMa- nyqeif HaCTDnbKO 

pe3KOe, 'ITO ero TpyJlHO 06bHCHHTb CT8THCTH'IeCKHMH <fJn~JKTy8UHHMH 

B HHTeHCHBHOCTH, 8H8nDrHqHbiMH <fJnJOKTy8UHHM HeifTpOHt biX WHpHH r n , 
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OnHaKo pe3oHaHc c 3HeprHet!: 24,5 3B HJ\,lP.eT HHot!: crrHH, qeM pe30H8HCbi 

82 H 88 3B 1 nnSI Her) B03MO)K9H llpS!MOH MJ nepexon B OCHOBH09 COCTOSI-

HHe, 

CymecTB9HHYID aHoManHID o6Hapy)f(HnH Te )Ke BBTOphl nnSI pe3oHaH

/32/ 
COB U93HSI , Ocot 9HHOCTH y-crreKTpOB BHllHbl H8 pHC, 31, H8 KOTOpOM 

rrpencTaBn9Hhl H3MepeHHhl9 repM8HH9BhlM ll9T9KTOpOM Cll9KTphl 38XB8THhlX 

y -nyqetl: nnH Tpex f930HaHcoB ue3HH, H3 pHc, 31 BHnHo, 'ITO y pe3oHaHca 

c sHeprHet!: 47,8 sB rrpHCYTCTByeT rpyrrrra y-nHHHt!: B o6nacTH sHeprHt!: 

OT 4,5 no 4, 7 M 3B1 KOTOpb!X H9T B Cll9KTpe y -nyqeft, B03HHK8IDlUHX rrpH 

38XBaTe Het!:TpOHOB re3oHaHcaMH 22,6 H 5,90 sB, H3 rrpHBeneHHbiX rrpHMe-

pOB BHllHO, H8CKDnbKD CHnbHO CK83b!B8IDTCSI 3ll9Cb HHllHBHnyanbHbl9 CBDti:CT

B8 pe30H8HCDB, ilnSI HCCnenDB8HHt!: T8KHX CBOti:CTB p93DH8HCOB rrpencTaBnH

IDTCSI Cyill9CTB9HHbiM i llDHCKH pa3nH'IHDrD pona KDppenHUHti:, H8llpHMep 

Het!:TpOHHblX WHpHH H 118pUH8nbHblX y -WHpHH, f103TOMy D'I9Hb HHTepeCHbl 

o5ocHoBaHHbie B rrocnenHee BpeMSI OribiTBMH B EpyKxsBeHe KDppenHUHH 

M9)KllY BepOHTHDCTbiO HCITYCK8HHSI )K8CTKHX y -nyqetl: If Heti:TpDHHbiMH WHpH

H8MH pe3oHaHcoB. H·) ecTb nH 3TO aerrocpencTBeHaoe rrpoSIBneHHe BXOllHhiX 

CDCTOSIHHH? f1o-BHllH~OMy, Cefi:qac B 3TOH o6naCTH eme H9llOCT8TO'IHO 

sKcrrepHMeHTanbHbiX pe3ynbTaToB, Ho ee nanbaet!:wee pa3BHTHe rrpencTaB-

nHeTCSI O'I9Hb rrepcm·KTHBHbiM, 

ilpyroe H8llp8Bl9HH9 HCCnenDB8HHt!:, KOTOpoe MHOroe MO)K9T ll8Tb 

nnSI CY)Kll9HHSI 06 HH~HBHnyanbHOH llpHpone pe3DH8HCOB - 3TO HCCnenoBa

HHSI a-p8llH08KTHBHOI'O pacrrana p930H8HCOB 1 B036y)Kll89Mb!X H9HTpOH8MH, 

BepoSITHDCTb TaKoro pacrrana pe3oHaHcoB, o6Hapy)KeHHoro IO,f1, f1orroBbiM 

/331 
11 H. KBHTeKoM B 1866 rony nnH H30TorroB aeonHMa H caMapHH , coc-

TaBnHeT MeHee CTDT~!CSI'IHOfi DT B9pDS!THOCTH p8llH8UifOHHOro 38XB8T8, 

YcoBepweacTBDBaHHE MeTonHKH rro3BOnHno, onHaKo, He TonbKD orrpenenHTb 

riDnHyiD WHpHHY, COO rBeTCTByiDlUYID 3TOMy BlfllY pacrrana, HO If CJ19KTpb! 

a-qaCTHU, T,e, BepoS!THDCTH a-pacrrana H8 OCHOBHOe H HBKDTOphle B03-
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6y)KAeHHhle COCTUgHHg, npoCTOTa H H3yqeHHOCTb MeXEHH3M8 p8AH08KTHBHoro 

anbcp8-p8Cli8A8 AenaeT 8TOT MeTOA BeCbM8 liepclieKTHBHbiM HeCMOTpg H8 

T01 qTo OH lipHMeHHM AaneKO He Ang BCeX gAep, Bon?e liOAp06HoMy 8H8nH3y 

xl 
8TDrO BDlipDC8 liDCBgiUeHa CT8Tbg JO, n, nDliDB8 1 8 -IeKDTDpbie TeDpeTH-

/34/ 
qecKHe aclieKTbi aToll: lipo6neMbi 6binn paccMoTpeHbi H.r. CDnDBbeBbiM , 

Ill. HccneAoBaHHg c TelinOBbiMH H xonoLIHbiMI Hel!:TpoHaMH 

ilnHTen&HDCTb BClibiiiJKH Hel!:TpDHHDro H3nyqeHHg peaKTopa HBP, paB

Hag lipHMepHO 60 MKCeK, Cp8BHHM8 C BpeMeHeM HCliyCK8HHg 38MeAnHBIIJHXCg 

Hel!:TpOHOB BOAOpOAOCOAep)K81IUIM 38MeAmrTeneM ""1 )0 MKCeK), 3TO Cp83y 

liDLICK83biBaeT HClion&3DB8HHe peaKTopa HBP Ang pa6t>T liD BpeMeHH lipo

neTa TelinOBbiX H XOnDAHbiX Hel!:TpDHOB, 0liHpagcb H8 ifMeBIIJHecg K MDMeHTY 

liycKa peaKTopa HBP ( 1960 r.) cpaBHHTen&Ho 6eAHbie nHTepaTypHbie AaH

Hbie, 6bJn0 eCTeCTBeHHO HaqaTb HCCneADB8HHg C lip06JieMbl HeylipyrHX 

B38HMOAeHCTBHH XOnOAHbiX Hel!:TpOHDB1 BbiAengeMbiX C liDMD!UbiO 6epHnnHe

BDrD ¢nn&Tpa. Pa3pa6oTKa MeTOLIHKH TaKHX aKcliepHME!HTOB Haqanac& 

eme B 1960 r. DAHDBpeMeHHO C liYCKOBbiMH pa6oT8MH H lipOBDAHnacb rnaB

Hb!M o6pa30M B.B. fDnHKOBbiM H A. lilKaTynDl!:. B KaqE·CTBe liepBoro D6'beK

Ta HCCneAOB8HHg 6binO H36p8HO Heylipyroe paccegHHe HeHTpDHOB B BO]:le, 

3TD 6binO CTHMynHpOB8HO liDgBHBIIJel!:cg He38AOnro AD 3TDrO HHTepec-

/35/ 
HOM pa60TOH il, JOsa H ApyrHX , 0lihlT8 B T8KOrO roAa H3MepeHHHX B TO 

BpeMg 6binD eme HeAOCT8TDqHD 1 H He TDnbKD B JlHcfl, HD H B ApyrHX 

na6Dp8TDpHgX, H liDTpe6DBancg HeKDTDpbiH CpOK Ang lii)nyqeHHg AOCTDBep

Hb!X peGyn&TaToB. HeKOTDPYJO gcHoCTb B peGyn&TaTbi :•t:~anoc& BHeCTH, 

H OHH 6binH CYMMHpOBBHbl B AOKnaAe B,B, fDnHKDB8 1 ]1, )KyKOBCKOH1 cfl,JJ, llia

liHp01 A. lilKaTynhi H E • .HHHKa, lipeACTaBneHHOM Ha C 1MliD3HyM liD Heyrr-

/3U 
pyroMy paccegHHJO Hel!:TpoHoB B BoM6ee B 1964 r, , B ADKnaAe rrpH-

BeAeHbl ABHHbie HCCneAOB8HHH nbAB H BOAbi llpH p1t3nHqHbiX TeMrrepa-

Typax, a TBK)Ke HccnegDBaHHfi HeKOTOpbiX opraHHqecKllx )KHAKOCTel!:, MeTOA 

xl 
ny6nHKyeTCH B 3'YA.H, T, II, N4, 1971. 
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HccneJlOBaHHH1 0JlH9.K01 He 6bin aaeKBaTeH HCTO'lHHKy HeifTpOHOB1 KOTOpbiH 

HCIIDnh30BanCH ( C xeMa Oil biT a IIOKa3aHa Ha pHC, 3 2), I1ccneayeMbiH o6-

pa3eU rroMemancH B 3ane peaKTopa 3a 6epHnnHeBbiM ~HnhTpoM, rrpHJlBH

HYTbiM BIInDTHYIO < 3aMeanHTenJO Ha aKTHBHOH 30He, JlocTyii K o6pa3UY 

pacceHHHbiif rryqoK rrpHXOJlHnoch BbiBDJlHTh qepe3 HMeJO-

mHifcsr KaHan B 3BTUI!Te, H, cneaoBaTenhHo, H3MeHeHHe yrna paccesrHHsr 

6binO He IIpOCTO, 3rronHe ecTeCTBeHHO 6binO rrepeifTH K MeTOJly o6paTHOH 

reoMeTpHH ( pHC, 33) 1 KOTOpb!H B aanbHeftmeM IIOnHDCThiO BbiTeCHim IIepBO

HaqanhHYIO MeTOJll'KY. B 3TOM MeToae 3HeprHH HeftTpoHoB, rraaa10mHx Ha 

HccneayeMoe BemecTBo, rrpoH3BOnhHa H orrpeaensreTcsr no BpeMeHH rrponeTa 

OT peaKTopa ao o5pa3ua (To'lHee - ao aeTeKTopa, pacrrono*eHHoro 6nH3Ko 

K o6pa3UY ). KoH•~'lHasr 3HeprHsr HeifTpOHOB ~HKCHpyeTcsr 6naroaapg T-OMy, 

'lTD nepea LieTeKTOpOM IIOMemeH 6epHnnHeBblH ~HnhTp 1 IIpOIIyCKa!OillHH TOnh

KO xonoJlHhle HeftTJOHhl. YTo6hl o6ecrre'lHTh aocTaTO'lHYJO rrponeTHyJO 6a3~ 

o6pa3eu pacrronax·aJOT He O'leHh 6nH3KO oT peaKTopa ( "'20-30 M), T.e. 

3aBeaoMo BHe 3an l peaKTopa. DoaToMy H3MeHeHHe ycnoBHif OIIhiTa ( cMeHa 

o6pa3UOB, H3MeHemre HX TeMrrepaTyphi, H3MeHeHHe yrnoB paccesrHHsr H T,rr,) 

He rrpeacTaBnHeT :'•aTpyaHeHHif ansr aKcrrepHMeHTaTopa. MeToLI HMeeT ewe 

H To rrpeHMymecTEo, 'lTD HccneayeTcsr Heyrrpyroe paccesrHHe c rrepeaaqeH 

3HeprHH BerueCTBY T,e, CIIeKTp 'laCTOT He orpaHH'leH HanH'lHeM B036y*

JleHHH B BeruecTBe. MeTOJl o6paTHoft reoMeTpHH 6bm BrrepBbie Hcrronh30BaH 
/36/ 

B pa6oTe T,A. Mt'leXHHoft, 3.I1. Or*eBanbcKoro H ctJ.n. UJarrHpo B1962r. 

He3aBHCHM0 1 XOTSI H HeCKOnhKO II03*e1 'leM 3TO 6binO CJlenaHO B JlpyrHX 

na6opaTopHsrx ( B 1OM 'lHcne H P. CHHKnepoM, 1961 r,), Ha pHc, 34 noKa-

3aHa oaaa H3 cepl if aKcrrepHMeHTanhHbiX KpHBbiX 1 nony'leHHbiX ansr NH 4 Cl 

rrpH paanH'lHOif Te~mepaType, ( .lloKnaa Ha KoH~epeHuHH B EoM6ee A. Eaifo-
/37/ 

peKa, T. Ma'leXHHcif, K. napnHHhCKoro H ¢, illarrHpO ). Ha rpa~HKax 

C'leT JleTeKTopa II~eJlCTaBneH KaK ~yHKUHSI BpeMeHH rrponeTa, D03TOMY 

rrpaBOH 'laCTH rpa4 HKOB COOTBeTCTBYIOT HeifTpOHbl HaHMeHbilleif 3HeprHH1 

a HMeHH0 1 XOnOJlHbB aeifTpOHbl, ansr KOTOpb!X 6epHnnHeBblH ~HnhTp rrp03pa'leH, 
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3Ta qacTb crreKTpa orrpeaemieTCH KBaaHyrrpyrHM pacce· IHHeM HetiTpoHos, 

rrpH KOTOpOM B 8KT8 paCC851HHH 9HeprHH H8HTpOH8 M8W18TCH Mana, CrreKTp 

T8KiiX H8HTpOHOB CO CTOpOHbl 6onbUJHX 9HeprHti ( T,e, lv 8HbUJHX speMeH rrpo

neTa) orpanHqeH rrporryCKDHHeM 6epHnnHesoro ¢HnbTpa, cTaHOBHwerocH 

HerrpoapaqHb!M }lnH H8llTpOHOB C E > Erp.= 5,2 M9B, PeaKnti o6pbiB 

crreKTpa rrpn E = Erp, BHAeH Ha scex KpHBbiX, Jlesee H<' rpn¢nKax p11c, 33 

pacrrono~eH~ o6naCTb Heyrrpyroro paCC8HHHH H8HTpOHO!, 3TH H8HTpOHhl AD 

pacceHHHH HMenn 9HeprnJO, 6onhWYJO Erp,n, cooTBeTC"BeHHo, speMH rrpo-

neTa JlJlH HHX M8Hbill8, 

MccneaosaHHH MeTOADM o6paTHoti reoMeTpHH pHD neT paasnsaJOTCH 

non pyKoBOACTBOM 11 rrp11 yqacTHH rrpo¢eccopa E. BHHKa ( KpaKOB). }\~ eTOAHKa 

6wna ycosepweHCTBosana. B qacTHOCTH,AJlH ynyqweHHH paapeweHHH 6wno 

!iCITOJlb30B8HO coqeTaHHe 6epHJlJli18BOrO ¢HJlbTp8 C KpHCT8JlJll{qeCKHM CIT8KTpO

M8TpOM1 orpaHHqHsaswHM rrporrycKaHHe yaKoi1 o6nacTbJO oKono frp. M eTOAOM 

o6paTHOll reoMeTpHH BWITDJlH8H o6UJHPHWH Kpyr HCCJl8JlCB8HHll AHH8MHKH 

soa6y~aeHHti MoneKymipHblX KpncTannos, orrpeaeneHHe =tliHaMHKH soa6y~

aeHHti ABDITHb!X CITJl8BOB 11 pHD ApyrHX pa6DT1 B qaCTHD~TH orrpeneneHHe 

BJlHHHI!H nerKI!X IIpHM8CHblX 8TOMOB, 

B HBCTOHmee speMH cosMecTHo c ¢H3HKaMl! 1!3 KpaKoBa (Jla6opa

Topl!H rrpo¢, .HHI!Ka) MOHTI!pyeTCH CIT8KTpOM8Tp o6paTH<lll reoMeTplfl! 1 

IT03BOJlHIOWHll l!CCJl8JlOB8Tb yrrpyroe 11 Heyrrpyroe pacce~ !Hl!e M8AJI8HHblX 

H8HTpOHOB cpa3y AJIH BOCbMH yrnoB p8CC8HHI!H, 0H 6yLeT BB8Jl8H B Jl8IT

CTBH8 B 1971 r, 

Ma ApyrHX pa6oT1 Bb!ITOJlH8HHb!X C ITOMOWb!O M8TO ::(8 o6p8THOIT reo

MeTpHH, 51 xoqy TOJlbKO OTMeTHTb HHTepeCHOe HCCn8AOB8HHe 8,8, fOJIHK0-

/38/ 
sa 11 )K,A. Koanosa , Hayqaswnx pacceSIRl!e MeaneH.IhiX HeilTpoHOB Ha 

M8Jlbl8 yrJibl CBHHUOM rrpH p83JII1qHbiX T8MITepaTypax, MMH HCCJI8Jl0B8H 

H8HTpOHHb!H 8H8JIOr M8HJl8JibWT8M-6pHJIJII09HOBCKOrO pa•:C8S!HHH CBeTa 

JlJIS! 06JiaCTH qaCTOT ITOpS!AK8 10
12

1 H8}lOCTyiTHOIT OITTHq•~CKHM M8TO}l8M, 
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Eme OJlHHM lipl!MeHeHHeM MeTona o6paTHoll: reoMeTpHH 6bmo ero 

HCliOnb30B8HHe Jlml JICCne)lOB8HHSI O'!eHb HHTepeCHOJl: lipD6neMbJ: H3y'!eHHSI 

CDCTOSIHHSI BeiiieCTB8 B6nH3H KpHTH'!eCKDJl: TD'IKH, EbinH BhiiiDnHeHbl H3Me

peHHSI C8MDJlH~~y3HH ST8H8 OKDnO KpHTH'!eCKOJl: TD'IKH ~HJlKDCTb-li8p, B pa-

/39/ 
6DT8X rpylilibl 10, Oc TaHeBH'!a liDK838H0 1 'ITO lipH BpeMeHaX B38HMD-

-12 
neJl:CTBHSI liOpS!JlK8 10 CeK He Ha6niDJl8eTCSI 8HDM8nHJl: B KD~~HUHeHTe 

C8MOJlH~y3HH DKDnO KpHTH'!eCKOJl: TO'IKH ST8H8, 

3acny~HB8eT YliDMHH8HHSI H JlpyraSI pa60T8 1 CBSI38HH8SI C HCCneno-. 
B8HHeM BeiiieCTBa DI:OnO KpHTH'!eCKOJl: TO'IKH 1 XDTSI MeTDJlHK8 ee HH B KOeJl: 

Mepe He SIBnSieTcSI clieuH~HqecKoll: nnSI peaKTopa MEP. B CDBpeMeHHoll: 

TexHHKe CTanO 06bi" HblM H3MepeHHe linDTHDCTH HnH TDniUHHbl BeiiieCTBa 

liD DCna6neHHID Hell:1 pDHHDrO liY'!Ka, B pa6DT8X n.A. EynaBHHa, lO.M. OcTa

/40/ 
HeBH'Ia, A.IT. CHMKH:~oll: H A.B. CTpenKDBa STDT MeTon 6bm HCliDnb-

30BaH K8K O'!eHb 'IYBCTBHTenbHbiJl: H TDHKHJl: HHCTpyMeHT ~H3H'!eCKDro HC-

cne)lDB8HHSI, C ero riDMDIUbiD lipDBe)leHbl H3MepeHHSI linDTHDCTH ST8H8 DKDnO 

KpHTH'!eCKOJl: TO'IKH, 

ITpH H3y'!eHHH Heylipyroro B3aHMDJlell:cTBHSI Hell:TpOHOB D'!eHb liDne3HO 

HMeTb BD3MD~HDCTb B03)leJl:CTBOB8Tb H8 BeiiieCTBO MDHDSHepreTH'!eCKHM 

liY'IKDM HeJl:TpDHOB 1: OlipenenSITb lipH STOM JlnSI pa3nH'!HbiX yrnOB pacce

SIHHSI BeCb ClieKTp HeJl:TpOHOB 1 B03HHK8IDIIIHX liDCne HeylipyrDrO B38HMO)lell:

CTBHSI, 3Ta cno~Ha I 38Jl8'18 6bina pemeHa B pa6DTe, BbiiiDnHeHHOJl: B flH<f> 
/41/ 

CDBeTCKHMH ~ll3l!Kalm 113 4>3M • ITpliHUHli ycTaHOBKH cnenyiDIIIHll: 

( p11c, 35). f1y'IDK H ~ll:TpoHoB OT peaKTDpa MEP liepeKpbiBaeTCSI Ha paccTo

SIHllll ilpl!MepHO 10 J,f MeXaHH'!eCKHM ceneKTOpDM 1 Cl!HXpOHH3llpDB8HHblM liD 

BpeMeHH CD BClib!IURDJl: peaKTDpa, CJlBllr MOMeHT8 lipDliyCK8HliSI ceneKTDpa 

DTHDCl!TenbHO BClibUUKll peaKTDpa OlipenenSieT SHeprliiD lipDliYCKaeMhlX HeJl:T

pOHOB; TaKHM D6pa 30M, ceneKTDp BhiiiDnHSieT pDnb MOHDxpoMaTopa. ClieKTp 

HeJl:TpOHOB1 pacceSIHHb!X o6p83UOM 1 8HanH3llpyeTCSI liD BpeMeHH liponeTa 

cpa3y liOJl 11 yrnaHll C lipDneTHOJl: 6a30ll: DT 5,5 JlO 10,5 MeTpOB, Ha CHHM

Ke 36 liDK838H 06IU:!Jl: BHJl SKCliepl!MeHT8nbHOrO 3ana, H H8 38)lHeM linBHe 
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BllllHbl BOilHHbie 6aKH 1 38ll!Hlll810li!He OT ¢oHa p83JlH'!Hbie IIY'IKH pacceHHHbiX 

HeATpOHOB. C ITOMO!Ilh!O BTOA yCT8HOBKH 6hlJIO BhliiOJIH€EO o6wHpHOe HCCJieJJO

B8HHe Heyrrpyroro paCC€HHHH MeaneHHb!X Hei\TpOHOB f'HL: pHil OM UHpKOHHHo 

TpaJJHUHOHHhiM JJJIH aKcrrepnMeHTOB Ha aTOMHbiX p "aKTopax HBmreTcH 

MeTOA AH¢paKUH11 H€HTpOHOB, 3TOT M€TOil H3y'leHHH CTfYKTypbl KOHJl€HCH-

pDB8HHb!X Cpell yciieWHO pa3BHBaeTCH Ha IIy'lK8X CT8UHl>H8pHb!X peaKTOpOB 1 

11 38paHee He 6b!Jl0 O'l€BHJJH0 1 MO:>KeT JIH 6b!Th rrpH 9TO:A Cy!Il€CTB€HH8 

HMITyllhCHOCTh peaKTOpa HJIH :>Ke 3Jl€Ch HM€€T 3H8'leHHe TOJlhKO CpeJJRHH 

ITOTOK HeATpOHOB 1 KOTOpb!H y peaKTOpa Yf6P O'leHb HeB !JIHK, Y:>Ke C CBMOT'O 

HB'lana, rrpH o6cy:>KaeHHH pa6oT, rrnaHHpyeMbiX B na6oparop1m, 6brno oqeBHil

Ho, 'ITO B llH¢paKUHH DpH 38Jl8HHOM yrne OTpa:>KeHHR H8T Heo6XOilHMOCTH 

B MOHOXpOM8TH38UHH H€HTpOHOB 1 TBK KBK pa3JIH'!Hhl8 HEATpOHhl 1 YllDBJieTBO

pR!O!IlH€ YCJIOBHIO 6parf'OB 1 HMeJOT p83JIH'IHYIO CKOpOCTb H, CJl81lOB8TeJibH0 1 

paaaeneHbi no BpeMeHH rrponeTa. 

noa:>Ke MeTOil llH¢paKUHH H8HTpOHOB ITO BpeMeHH nponeTa 6hlJI 

9KCITepHMeHT8JlhHO H TeopeTH'leCKH o60CHOB8H B peaym.TaTe pa60T 

/42/ 
¢naHKDB H3 BapwaBhl rroa pyKOBDilCTBOM rrpo¢eccopa 6:paca H coBeT-

/43/ 
CKHX ¢naHKDB (B. HnTu, <fl. lliarrHpo H ap.) • CyTh I1eTorta xopowo H3-

BeCTH8 1 H R OCT8HOBJ110Ch H8 HeM JIHWh IIOCTOJlhKy 1 ITCCKOJlhKY 9TO Heo6-

XOJlHMO JlllR o6cy:>KJleHHR. npH 9TOM R JlllH DpOCTOTbl 6y llYT IIp€JliiOJI8f'8Th1 

'ITO HCCJieJJyeTCR ITOJIHKpHCT8JlJIH'leCKHA o6paaeu H, CJie}lOB8TeJihHO, DpH 

381l8HHOM H8Dp8BJieHHH Il8Jl8JO!Ilef'O H paCC€HHHOf'O IIy'lK1 BCerJJa HMeJOTCR 

COOTBeTCTByJO!IlHe HM OTp8:>K810!IlH€ IIJIOCKOCTH, llJIR KOT!>pb!X Bb!IIOJIHeHO 

paBeHcTBo yrna rraaeHHR yrny oTpa:>KeHHH, Toraa oc1aeTCR Ton&Ko 

YilDBJI€TBDpHTh yCJIOBHIO 6parf'OB 0 KOTOpoe, eCJIH 38IIHC9Th JlJIHHY BOJIHbl 

qepe3 CKOpOCTh 1 HM€€T BHJJ: 

2 d sin e = n ..\ = n 
h 

mv 

npH 38Jl8HHOM (3 KB:>K.UOe d H n OIIpeJJeJIHT CBOe V , npH ¢HKCHpOB8HHb!X 

rrponeTRhlX 6aaax oT peaKTopa ao o6paaua L, HoT o5paaua ao aeTeKTopa 
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L c H 3a)laHHOM 8 K£ :>KJlOMy d H n 6yl.lE?T 1 C/IBJlOBaTB/IbH0 1 COOTBBTCTBOB8Tb 

csoe speMH rrponeTa. CooTHorneHHe Epsrros, O'IBBHJlHO, MO:>KHO rreperrncaTb 

h 
v sin 8 · d = v d = n (--). 

z 2m 

3neCb V z- ITpOBKUHH CKOpOCTH HeiJ:TpoHa Ha HOpMa/Ib K OTpa:>K810IUBil: IT/IOC

x/ 
KOCTH , LfTO Kacae"CH BpBMBHH rrponeTa, TO OH0 1 O'IBBHJlH0 1 paBHO 

rne f H f 

=----, 
v z 

rrpoe;[UHH rrponeTHbiX 6aa L, H L c Ha HOpManb K oTpa:>KaJO-

nrei1 IT/IOCKOCTH ( CM, rrpHIIO:>KBHHe/1/) ,. 0TCJO)la cpa3y CIIBJlYBT 1 'ITO HBT 

Heo6XOJlHMOCTH B K0/1/IHMaUHH rryqKa ITaJlaiOIUHX H OTpa>KeHHbiX Heii:TpOHOB, 

Heo6XOJlHMO TO/IbK0 1 'IT06bi CyMMa ITpOBKUHil: f r H f c Ha HOpMa/Ib OCTa

Banacb 6bi HeH3MBHI oil, 3ToMy ycnoBHJO nerKo ynosneTBOpHTb. Mo>KHO 

ITOTpe6oBaTb H 60/II::lliBrO, a HMBHH0 1 'IT06bi CyMMa f, + f c OCTaBa/IaCb 

HBH3MBHHOA He Jl/IH OJlHOA KaKoA-TO OpHBHTaUHH 0Tpa>K810IUBA IT/IOCKOCTH 1 

HO Jl/IH BCBX OTpa>KBIOIUHX IT/IOCKOCTBA B HHTBpB8/IB yrnOB ~ 8. B CaMOM 

JlBIIB 1 rrpH HaK/IOHB oTpa>K810IUBA IT/IOCKOCTH f r MO:>KBT B03pacTaTb1 a f c 

y6biBaTb H/IH Ha060J: OT1 TaK 'ITO CyMMa HX OCTaHBTCH HBH3MBHHOA. B ITpH

/IO>KBHHH III B Kaqec TBB HIIIIJOCTpaUHH rrpnseneH rrpocTeAumA cnyqaA L, = Lc , 

KOTOphlli O'IBBHJlBH t 6e3 MaTeMaTH'IBCKOrO aHa/IH3a, 3TO qaCTHhlA cnyqal 

o6IUHX COOTHOIUBHHA 1 ITOIIY'IBHHbiX XonaCOM B pa6oTaX1 Ha'I8TbiX B 1966 r, 

/44/ 
H rrpOBBpBHHbiX SKCf epHMBHTa/IbHO ( CM, rrpHIIO>KBHHB 1/f ) , 

OTcyTCTBHe HEo6xonHMOCTH :>KBCTKOA KonnHMaUHH rryqKa, xapaKTBpHoA 

Jl/IH 06bi'IHOrO MBTO,(a JlH<fJpaKUHII 1 JlB/IaBT MBTOJl JlH<fJpaKUHII ITO BpBMBHH 

rrponeTa O'IBHb CBBTOCII/IbHbiM, MHe Ka>KBTCH TaK>KB CyiUBCTBBHHbiM H T0 1 

x/ 
EcnH yron .JaCCBHHHH 3a)laH TO'IH0 1 TO HOpMa/Ib K OTpa:>KSIOIUBA 

IT/IOCKOCTII COBITa)laET, O'IBBIIJlH0 1 C 6!ICCBKTpHCOA yrna MB>KJlY HCTO'IHHKOM 

H o6pa3UOM H JlBTB:[TOpOM H o6pa3UOM, 
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qTO B rronHKpHCTannHqeCKOM o5paaue BKnan B !1H~p8KUH:O BHOCHT OTpa

>KeHHe OT rrnOCKOCTelt, OpHeHT8UHH KOTOpb!X ne>KaT B KOJieqHOM HHTepBane 

yrnoB, qTO T8K>Ke cymecTBeHHO nnH CBeTOCHnhi MeTO!l8o nnH rrpHMepa Ha 

pHc. 37 rroxaaaaa oaaa H3 reoMeTpHA orrbiTa, paccqHTBHIIhiX rro Xonacy. 

MeTonoM nH~paKUHH aeltTpoHOB rro apeMeHH rrponeTa 5bin Bhmonaea pHn 

/45/ 
HccneaoaaaHlt (H. H E. CocaoBCKHMH H ap. aaTopaMH ) , noxaaaawHx 

H ero caeTocHnbHOCTb, H xopowy10 paapewaiOwyiO cnocotiHoCTb. H He 5yay 

noapo5aee roaopHTb o5 aTHX pa5oTax, ao oTMeqy aaa HanpaaneHHH, Bhixo

!IHIIlHX 38 paMKH KnaCCHqecKOlt TeMaTHKH HeltTpOHO!IH~paKUHOHHh!X HCCne

!IOB8HHlt, 

KopOTKHlt HHT9HCHBHb!lt HMnynbC HeltTpOHHOI"O Hany'leHHH J.1BPa no-

3BOnHeT HayqaTb He TOnbKO CTpyKTypy aemeCTB8 MeTO!lllM !IH~p8KUHH0 

HO H !1HH8MHKY H3MeHeHH51 CTpyKTypbl BO BpeMH HMnynb•:a, B nepBOlt H3 

pa5oT 3TOI"O HanpaaneHH51 5binO HCCnenOB8HO noBeneHHe !1H~p8KUHOHHOI"O 

nHK8 M8I"HHTHOI"O pacceHHH51 HeltTpOHOB B reMaTHTe 0 118 KOTOpb!lt H8Kna!lblB8-

nOCb 5onbwoe HMnynbcHoe MarHHTI!oe none. Y>t<e nepBbi•l axcnepHMeHThi 

noxaaanH, qTQ HM99TC51 8HOManHH B nOB9!19HHH M8I"HHTHIII"O paCCe51HH51 

B none OKOnO 50 K9pCT, Pa50T8 BbiiTOnHeHa 5onbWHM KOilneKTHBOM 8BT0-

/46/ 
poa (C. HHa~n, P. Oaepoa H ap. ) • Bonee aeTanbHOE HccneaoaaaHe 

9TOlt aHOManHH ceJtqac npOBO!IHTC51, 

npyroe HanpaBneHHe, B KOTOpOM HeO>KH!18HHO nepClleKTHBHbiM OK838-

nOCb HCnOnb30B8HHe MeTO!l8 !IH~p8KUHH HeltTpOIIOB - 9TC ~H3HK8 aneMeH

TapHblX qacTHU. HeltTpoa - oqeab yno5HbiA o5'heKT anH ~xcnepHMeHTOB 

B o5naCTH ~H3HKH aneMeHT8pHb!X qaCTHU 0 T8K K8K OTCY'~CTBHe y Hero 

aneKTpHqeCKOI"O 38p51!18 no3BOnHeT pa50T8Tb C nyqKaMH qaCTHU ManoA CKO

pOCTH, OaHolt Ha HHTepeCHhiX rrpo5neM HBnHeTCH HayqeaHe aaaHMoaeltcTBHH 

aeltTpoaa c anexTpOHOM, 3To aanpaaneaHe pa5oT paaBHf.aeTCH IO.A. Anex

caaapoBbiM H f,C, CaMOCB8TOM 0 H T8K K8K 9TOMy BOnpc Cy nOCBHIIleHa 

/47/ 
npapo5aaH cTaTbH IO.A. Anexcaaapoaa , To H cxa>Ky nH:Wb aecxonbKO 

enos o nocTaaoaxe aaaaqH. BaaHMoaeltcTBHe aeltTpoaa •: anexTpoaaolt 
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060nO'IKOft 8TOM8 O'leab Mano ITO Cp8SHeHHIO C HllepHblM S38HMOileftCTSHeM, 

HasecTHo, OllHSKO, 'ITO s pacceHHHH HeATpoHos HllPBMH HBilO y'IHTbiSBTb He 

TOnbKO llOTeHUHBnbHOE H pe30H8HCHOe pacceHHHe 0 HO H HX HHTepiPepeHUHIO, 

0Kaaanocb, 'ITO HMee·rcs HaoTon, y KOToporo s o6naCTH TennosbiX HeATpo

Hos S peaynbTBTe HH'repiPepeHUHH pe30H8HCHOrO H llOTeHUHBnbHOrO pacceHHHH 

aMrrnHTYilB HllepHoro .JBCCeHHHH 6nH3K8 K Hyni0,3TOT H30TOll -sonbiPpaM-186, 

PaccesHHe oKaaanocb HacTonbKO cna6biM 0 'ITO npHmnocb HcnonbaosaTb MOHO

KpHCTann SOnbiPpaMa-186 H Ha6nl01l8Tb llHIPpaKUHOHHbie llHKH1 o6H38HHbie 

KorepeHTHOMY cno)KeHHIO aMnnHTyll paccesHHH MHorHx aToMos, BbiHCHHnocb 

T8K)Ke 0 'ITO S rrpHHUHIIe Jln.SI KpHCTanna H3 SOnbiPpaMa-186 C Jl06asneHHeM 

He6onbmolt rrpHMeCH apyrHX ero H30TOllOS MO)KHO nony'IHTb 8MllnHTYilY 

HllepHOrO pacceHHHH, paSHYIO HyniO, Y TaKoro KpHCTanna SOnbiPpaMa llOn)KHB 

Ha6nlOJl8TbCH Ta )Ke ll~IPpaKUHOHHBH K8pTHH8 0 KBK H S cnyqae peHTreHOSCKHX 

ny11elt 0 TBK KBK see H38HMOJleftcTSHe 6yJleT onpeJlenHTbCH pacceHHHeM HB 

aneKTpOHHOA o6ono'IKE! aToMa. TaKHM o6paaoM, y'leT HllepHbiX csoltcTS 

W -186 H rrpHMeHeHH 3 MeTOilB llHIPpaKUHH HeftTpOHOS OK83BnHCb rrnOilOTSOpHbiMH 

llnH pemeHH.H HHTepec iDA 3BilB'IH IPHaHKH aneMeHTapHbiX 'IBCTHU, BbmonHeHHbie 

H3MepeHHH 0 S CBMOM Ilene, C nonHoli: HeCOMHeHHOCTblO ll03SOnHnH Ha6nl01l8Tb 

HHTepiPepeHUHIO aneKTpOHHOrO H HllepHOrO paCCeHHHH, 0JlH8KO S HHTepnpe

TBUHH peaynbTaTos so3MO)KHO eme He y'ITeH KaKoA-To IPaKTop. XoTH llnH 

aneKTpOHHoro pacceHJIHH H nony'IHnacb O)KHJlaeMoro nopHilKB senH'IHHa (oRa 

COOTSeTCTsyeT llOTeHHHany S38HMOileftCTSHH V o = -6500 as) t HO OH8 He

CKOnbKO rrpeSOCXOilHT senH'IHHbl1 nony'leHHbie HHbiMH MeTOilBMH ( V 0 = -3000-

5000 as). no-SHilHMoMy, sorrpoc o6 aToM pacxo)KJleHHH ewe Tpe6yeT nanb

Heltmero aHanHaa. 

TaKoe )Ke rreperneTeHHe aana11 H MeTonos Ha6niOJlaeTCH H s npyrHx 

rrpo6neMax, CSSI3BHHbJX c IPHSHKoA aneMeHTapHbiX qacTHU. TaK, H3y'leHHe yr

nosoro pacrrpeJleneHHI HeATpoHos KaK IPYHKUHH HX aHeprHH s o6nacTH 

1-40 Kas, SblliOnHeHH•>e s pa6oTax IO.A.AneKcaHnposa 
/48/ 

H r.c. CaMocsaTa 

HHTepecHo c nsyx TO IeK apeHHSI: H nnSI IPHaHKH aneMeHTapHbiX 'IBCTHU, 
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K llnS! SlllBpHOI% <j>H3HKHo l130TpOITHSI paCCBSIHHSI HeiiTpC•HOB1 COOTBBTCTBY!Olll8SI 

s -B3aHMOilBI%CTBHJO, npH BoapacTaHHH HX sHeprHH ll Jn)KHa HapyrnaTbCSI, Teo

peTH'IBCKoe paCCMOTpBHHB ITOK83b!B8BT1 'ITO rrpH HB5 JnbliiHX 9HBprHSIX OCHOB

HOI% BKn81l B 8HH30TpODHIO BHOCHT 'InBH1 rrponopUHOHt nhHbiJ.i KOCHHycy yrna, 

rrpH'IBM Kos<j><j>HUHBHT rrpH HBM llOn)KBH 5b!Tb rrponopUHOI aneH 9HeprHHo 3Ta 38BHCH-

/48/ 
MOCTb 5bma HccnelloBaHa IO. AneKCBHilpOBbiM H r. GlMOCBaToM H rrOilTBep)K-

IlBHa OITbiTOM llnS! pS!Il8 SlllBp, nony'IBHHbiB peaynhT81'bl OK83anOCb B03MO)K-

H~M COITOCT8BHTb C paC'IATH~MH ITO OITTH'IBCKOJ.i MOABnH, 0K838nOCb1 Oll-

H8K01 'ITO B HBKOTOpbiX S!llp8X Ha5n!Oil810TCSI 8HOM8n! H. TaK, BODpBKH O)KH-

ll8HH101 llnSI naHT8H8 HHK8K8SI nHHBI1:H8SI 38BHCHMOCTb HE HMBBT MBCTa, l1 9TH pe

aynhT8Tbi1 H OC05BHHO Ha5nJOil810Il{HBCSI 8HOM8nHH1 rrpBil•:TaBnSIJOTCSI HHTBpBCHbiMH 

llnSI SlllBpHOJ% <j>H3HKH, C llpyrofi CTOpOHbi 1 8H8nH3 yrJ'OBoro pacrrpBilBnBHHSI 

paCCBSIHHSI H ero 38BHCHMOCTH OT 9HBprHH IT03BOnHn CYlllBCTBBHHO CHH3HTb 

BBpXHHll rrpBilBn BenH'IHHbl snBKTpH'IBCKOll ITOnS!pH3ye v10CTH 1 KOTopy!O MO)KBT 

/471 
HMBTb HefiTpoH (eM, cTaThJO IO.A. A neKcaHilpoBa ) , 

nocnBilHHll BODpOC 1 KOTOporo Sl KOCHYCb BBCbMl Kp8TK0 1 - 9TO npo-

5neMa ynhTpaxonollHbiX Heil:TpOHOB. Ha'Iano 9TOMy HltnpaBneHHJO nonO)Kirno 

9KCDBpHMBHT8nbHOB o6Hapy)KBHHB T8KHX HBfiTpOHOB E 1968 r, rpynrroil: <j>H3H

/49/ 
KOB DOll pyKOBOilCTBOM rrpo<j>eccopa ~.fl. llJanHpO XOTSI CBOHCTBa 9THX 

/50/ 
HBHTpOHOB 5bJnH rrpellCK838Hbl f!,E. 3enbll0BH'IBM 5onee 'IBM ABCS!Tb neT 

TOMY H838A 1 OHM, TBM HB MBHee, DpB.QCTaBnSIIOTCSI y lHBHTBnbHbiMH C TO'IKH 

apeHHSI cno)KHBrnHxcH rrpellcTaBneHHJ.i o Hei!Tpoae. HE o5bi'IID To, 'ITO cHna 

TSI)KBCTH YABp)KHB8BT HX B cnoe, HB rrpBBbllii810IUBM IIBYX MBTpOB 1H TO, 'ITO 

OHM ITO'ITH H.QeanhHO ~810TCSI OT ITOBBpXHOCTeil ~lHOrHX BBIUBCTB H 009-

TOMY MoryT .QnHTenbHO XpaHHTbCSI B 38MKHyTOM o5~?MB, 

l1MrrynhCHOCTb peaKTopa YfEP OK83anach BBCb~Ia yao6Hoil AnSI HX o5Ha

py)KBHHSI, OrrbiT 6bm o5ner'IeH TeM, 'ITO HeilTpOHbi ~IO)KHO 5bmo Ha6nJOil8Tb 

B npoMB)KYTKB MB)KJlY HMITynhC8MH 1 KOr.Qa rrapa3HTHllH <j>oH H83H8'IHTeneH, 

npH 9TOM KOnH'IBCTBO ynbTpaxonOAH~X HBilTpOHOB 1 crrpeaenSIBMOB cpaBHH

TBnbHO M8nbiM cpe.QHHM ITOTOKOM TBITnOBbiX HBHTpOHC B OT l1EPa, 5binO, KOHB'I-
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HO, BeCbMa He3Ha'IHTellbHbiM ( perHCTpHpoBaiiCH 11pHMepHO 1 HeATpOH 3a 

100 CeKyHJl), 0JlHaKO B03MO)KHOCTb xpaHeHHH ynbTpaXOIIOJlHbiX HeATpOHOB 

B 1101IOCTH C OTpa)Ka~WHMH CTeHKaMH 1103BOIIHeT HaJleHTbCH B cnyqae nepHO-

JlH'IeCKOI'O HMI1yllbCHOI') HCTO'IHHKa 3Ha'IHTenbHO IlOBbiCHTb HX IliiOTHOCTb, 

B caMoM aene, ecnH H :nonbaoaaTb oTpa)Ka~wy~ aacnoHKy, KOTopaH oTKpbi

aaeTCH B MOMeHT HMI1)'1IbCa peaKTOpa H 3aKpbiTa B OCTallbHOe BpeMH 1 TO 

111IOTHOCTb HeATpOHOB E 1101IOCTH 0 ecnH OHH B Heft xpaHHTCH HJleanbH0 1 6yaeT 

110BbJWaTbCH llO TeX 110 ;> 1 IlOKa He JlOCTHI'HeT BenH'IHHbl1 onpeJlenseMoA He 

cpeJlHHM 1 a HMI1yllbCHbiM IlOTOKOM HeATpOHOB H3 peaKTOpa, noJli'OTOBKa 

K TaKHM aKcnepHMeHTa M Ha peaKTope HBP cell:qac Bell eTCH, Bonpoc o ape

MeHH xpaHeHHH ynbTpa:;OIIOJlHbiX Heli:TpOHOB B OTpa)Ka~weA 1101IOCTH H 0 HX 

cneKTpe 6bin B 110CneJlJiee BpeMH HCCIIeJlOBaH B COBMeCTHOA pa6oTe nH!II 
/51/ 

H l1HCTHTyTa aTOMHOll: 3HeprHH HM, KypqaTOBa Ha 6aae CT8UHOH8pHOI'O 

peaKTopa 3TOI'O HHCTH,'yTa, 3aTyXaHHe 111IOTHOCTH HeATpOHOB B 1101IOCTH CO 

CTeHK8MH H3 IlOIIHpOBaHHOll: MeJlH 11pOHCXOJlHT C JleKpeMeHTOM 1 paBHbiM 11pH

MepHO 30 ceK1 'ITO, KOHe'IH0 0 npeJlCT8BIIHeTCH 'lpe3Bbi'18AHO He06bi'IHbiM JliiH 

Hei!:TpOHHOA <j>H3HKH H C•'leHb HHTepeCHbiM, 8To BpeMH, 0JlHaK0 1 MeHbWe 110-

ny'leHHOI'O Ha OCHOBe paC'I~Ta0 Y'IHTbiB8~Wero O)KHJlaeMoe IlOI'IIOWeHHe TaKHX 

HeATpOHOB B MeJlH1 H IrpH'IHHa Jl01101IHHTenbHOI'O IlOI'IIOWeHHH ewe 110Jllle)KHT 

BbJHCHeHH~. QqeHb OC'I pOyMHbJe Ol1b!Tbi 0 B KOTOpbiX T8KHe HeATpOHbl 38CT8B

IIHIIH 11pOXOJlHTb qepe3 H30I'HyToe KOneH01 B KOTOpOM HM 11pHXOJlHIIOCb IIH60 

110JlHHM8TbCH Ha 38Jl8HiiY~ Bb!COTY HIIH 1 Hao6opOT1 naJlaTb BHH3 1 J103BOIIHIIH 

onpeaenHTb HX crreKTp, 0Ka3anOCb 0 ClleKTp COOTBeTCTByeT HH)KHeMy KOHUY 

MaKCBennOBCKOI'O H 11pJCTHpaeTCH JliiH MeJlH JlO MaKCHM81IbHOA CKOpOCTH 

V 51 7 M/ CeK1 'ITO COOTBeTCTByeT MaKCHMallbHOA BbiCOTe, KOTOpy~ 
MaKe 

OHH MOI'YT npeOJlOneTb! h = 165 CM, KoHe'IH0 1 B HCCIIeJlOBaHHHX ynbTpaXO-

IIOilHbiX HeATpOHOB IlOKB ewe 11pOAJleHbl TOIIbKO nepBbJe 3Tal1bl, TeM He Me

Hee y)Ke ceft'l:aC HanpaWHBaeTCH pHil HX 11pHMeHeHHA H B $H3HKe aneMeHTapHbiX 

qaCTHU1 H B H3y'leHHH 110BepXHOCTHbiX cnoeB BeWeCTBa, a B Jl81IbHeAmeM H B 

paaBHTHH onTHKH ynbT JaxonoJlHbiX HeATpoHOB. Mo)KHO Me'I:TaTb, KaK o aaJlaqe 

6yJlyWero, 0 C03Jl8HHH HeATpOHHOI'O MHKpOCKOJ1a, 
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IV. 3 a K n ID q e H n e 

B 3aKniDqeHne H xoqy rroaBecTH HeKoTophle HTorn cBoero coo6meHHH. 

ileCHTb neT 9KCrrnyaTBI.lllll peaKTopa YJEP ll peaKTOpa C llH)!(8KTOpOM ITOK838-

nn rrnoaoTBDpHOCTb aToro rryTH nccneaoBaHHH anH wnpcKoro Kpyra 3aaaq 

RDepHOH ¢H3llKll 1 ¢H3llKll aneMeHTapHhlX qaCTlll.l ll ¢H3ll~ll KOHD8HCllpOB8HHhlX 

cpea. B rrepcrreKTHBe aToT rryTb rro3BDnHeT rrpeoaoneTE rrpaKTHqecKHH rrpeaen 

DnOTHOCTll H8HTpOHHbiX ITOTOKOB DOpHDK8 10 lB a/ceK cr..?:..J xapaKTepHb!H DnH 

CT8l.lllOH8pHhlX peaKTOpOB. 

fOBOpH 0 B03M0)!(HOCTHX DBnbH8HWero pa3BllTllH p160T 1 xoqy rroaqepK

HYTb rrepcrreKTHBHOCTb HCCneDOBBHHH C ITOnHpH30B8HHbll\; H H8HTpOH8MH anH 

peweHHR MH0)!(8CTBa 3aaaq. MHe Ka)!(yTcH TaK)!(e oqeHb aKTyanbHbiMH nccneao

BaHne crreKTpOB raMMa-nyqeH DpH p830H8HCHOM 38XBaTe HeHTpOHOB H H3y

qeHHe a -pacrraaa HeiiTpoHHbiX pe3oaaacoB, rroaBOnHIDTJ:tHE rronyqnTb o6wnpayiD 

llH¢opM8l.lHID 06 llHDHBHDyanbHhlX CBOHCTBBX pe30H8HCOB 

YJcrronb30B8Hlle M8TODOB Heyrrpyroro B38HMOD8HCT:illH H8HTpOHOB H DH

¢paKI.lHH aeATpOHOB OTKphlBaeT WHpOKHe B03M0)!(H0CTH LnH peweHHH o6wnpaoro 

Kpyra 38Daq ¢H3HKH ll OC06eHHO ¢H3HKH KOHD8HCllpOB8HJ!hlX Cpea. 3aecb 

rrpeacTaBnHeTCR oco6o rrepcrreKTHBHbiM nccneaoBaHne 2 ~-~-~:r~poueccoB, 
B B8W8CTB8 1 DnH KOTOphlX llMITynbCHOCTb llCTOqHHKa aetTpOHOB oqeHb yao6Ha. 

BepoHTHO, rrepcrreKTllBHbiMll oKa)!(yTCH n nccneaoBaHHH c TPYKTYPbi MoneKyn( 

)!(llBoro BemecTBa. 

BecbMa o6wnpaa o6naCTb nccneaoBaHHA CBOHCTB caMoro aeHTpoaa. 

YTO KacaeTCH ynbTpBXOnODHhlX H8HTpOHOB 1 TO llHTepec C 9TOMy HarrpaBneHHID 

oqeBllD8H 1 a o6naCTH llX Dplln0)!(8HHH B 3HaqHT8nbHOH M~pe eme rrpeDCTOHT 

BhlHCHllTb B 6yaymeM. 

EonbWYID ITOMOWb DpH ITODrOTOBKe 9TOH pa60Thl K rreqaTH OK83an 

n.E. DnKenbHep. PHD ueHHbiX 3aMeqaaHH caenaH rrpll ee o6cy)!(D8HllH n.E. nn

KenbHepoM n <P.n. lliarrnpo, n aBTop BecbMa rrpnaaaTenei HM o6onM. 
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0ef pBHbie eooTHOlli8HIHI TeopHH J1EPa 

,llorryeTHM 0_ 'ITO II pH OIITHMBnhHOM IIOn0)!{8Hl'IH (X= 0) llBlf)!{yll!eroeH 

BKTHBHOrO BKnBllbllliB B nHeKe HnH Bp8ll!8ID!lleroeH OTp8)!{8TenH MaKeHM8nhH851 

peaKTHBHOeTh anH MrHOB8HHhlX HeATpOHOB paBHa 

K MilKe,= f= k MBKe,-J . ( 1) 

0pH rrepeMell!8HHH BKR8llhllll8 HnH OTpa)!{aTenH peaKTHBHOeTb M8HHeTeH KBan

paTH'IHO, T,e, II pH el\ 8ll!8HHH Ha X y6biB88T Ha BenH'IHHy a X 
2

. CKopoeTh 

rrepeM8ll!8HHH 0603H8 IHM V H 38 HB'IBnO OTe'!eTa t = 0 IIpHM8M MOM8HT 0 

Korna peaKTHBHOeTb, y6hlB8H rroene MSKeHMBnhHOrO 3H8'!8HHH, IIpOXOUHT 

'!epe3 Hynh (eM. pHc, 38), Torna 

( 1/2 

t 1= ~a1/2 ; 
( 2) 

2 2 1/2 1/2 
K(t)=-av t -2a f vt. ( 3) 

MaKeHMyM peaKTHBHJeTH IIpHXOllHTeH Ha MOM8HT t =-t 1 H peaKTHBHOeTh 

no t=O (eM, pHe, 38). O'!eBHll-

Ho, 'ITO B T8'!8HH8 Beero 3TOrO Bp8M8HH MOll!HOeTb peaKTOpa B03paeTaeT 

38 e'leT U8IIHOrO IIpilUeeea HB MrHOB8HHb!X HeATpOHSX H noeTHraeT MaKeH-

ManhHoi-i eenH'IHHhi r pH t = 0 , Korna MOll!HOeTh peaKTOpa no-

CTSTO'IHO BPnHKS, TC pa3BHTH8 HMIIynhea MOll!HOeTH Il0ll'IHHH8TCH ypaBH8HHID 

1 
n (t) 

.n---
t 

f~dt. (4) 
no T 
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3uecb r - cpeuHee BpeMH )I(H3HH ObiCTporo Heil:TpoHB B peaK Tope (eM. 

rrpHno)l(eHHe II ) • YpaBHeHHe ( 4) crrpaBeunH,Bo B rrpeLmono)l(eHHH, 'ITO uerrHoi1 

rrpouecc uenHKOM OCyiUeCTBnHeTCH Ha MrHOBeHHbiX HeifTpOHaX H 'ITO n Ha

CTOnbKO BenHKO, 'ITO MO)I(HO IIpeHe6pe"!b liOCTOHHHbiM HCTO"'HHKOM 3aiia3.[{b!BaiO

IUHX HeiiTpoHoB, KaK yKaGan E. llla5anHH, 9TD ycnoBH~ He BbiiiDnHHeTCH Ha 

HeKOTOpOM 0Tpe3Ke BpeMeHH BOnH3H t =-2 t1 , T,e, OK(•nO HH)I(Hero IIpeuena 

HHTerpHpoBaHHH t =-2 t1 . B peGynhTaTe unH rrony"'eH IH rrpaBHnbHOi1 aMrrnHTYAbi 

HMIIynbCa BOnH3H t = 0, KOTOpaH H 5ylleT HaC HHTepeo;oBaTb1 HY)I(HO IIOnO)I(HTb 

B ( 4) n 
0 

IIpHMepHO B.[{BOe OOnbiUHM ero HCTHHHOrO 3t a"!eHHH B MOMeHT t=-2tf 

DOllCTaBnHH B ypaBHeHHe (4) K ( t) H3 ( 3) H BbiiiOnH rl:H HHTerpHpOBaHHe, 

rrony"!aeM ocHOBHhle ~opMynhl TeopHH EoHAapeHKo H CTaBHCCKoro: 

4 t 2 
n(t)=n exp(-B----bt 3 ), 

0 3 E'J2 ( 5) 

rAe 

b= ( 6) 
3 T 

T 1/z 

a1/4 v1/z//4 
( 7) 

MaKCHMYM HHTeHCHBHOCTH rrpH t = 0, o"!eBHllHD, paBe.I 

4 n =n exp(-B). 
MaKe. o 3 ( 8) 

B5nH3H t = 0 GaBHCHMOCTb n( t) rrpeACTaBnHeTCH rrpHMepHo rayccoBoii KpHBoi!r, 

xapaKTepHGyeMoii IUHpHHoii ®. KaK BHllHD H3 ( 7), B rre_JBOM rrpH5nH)I(eHHH 

( 8
1

/
6 

=Canst) BenH"'HHa 8 OIIpe.[lenHeTCH KOHCTaHTaMH [eaKTOpa T
1

/
3 

0 a1
/ 3 

H CKOpOCTbiO v2f 3 
• KpoMe Toro, OHa cna6o 3aBHCHT !>T MaKCHManbHOM 
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HaaKpHTHqHOCTH f • ~pH 9TOM BenHqHHa E He rrpOH3BOnbHa. nnH TOr0 1 

qTo6bi peaKTOp pa6c Tan CT8UHOHapH0 1 T.e. cpeaHHH BMITnHTyaa HMrrynbCOB 

6bin8 6b! ITOCTOHHH8 1 Heo6xoaHMO f = f O, rae f O - TBK H83b!B8eMaH HM

rrynbCH8H KpHTHqHoCrb 1 0 KOTOpOH 6yaeT CK838HO B aanbHeHWeM TeKCTe. 

TaKHM o6paaoM, seaHqHHa El rrpH v=collst rroqTH He aaBHCHT OT MOUlHOCTH 

peaKTopa. cf>opMa H!I!ITynbC8 1 K8K BHaHO H3 ( 5), HeCKOnbKO OTnHqaeTCH OT 

rayccosofi Ha-aa HanHqHH qneHa- b t 3 
B sKcrroHeHTe (rroa~eM 6onee rrono

rHH, qeM crraa). Ha pHc. 39 rroKaaaHa sKcrrepHMeHTanbHO Ha6moaaeMaH 

<lJopMa HMrrynbca peaKTopa 11EP-30 H pacq~THaH <iJopMa no <iJopMynE!' ( 5) 

c rroacTaHOBKOH s Hee peanhHhiX 3HaqeHHH v , r H a . KaK sHaHo, s6nH3H 

MaKCHMyMa HMrrynbca, anH KoToporo TeopHH rrpasHnbHa, cornacHe aocTa-

ToqHo xopowee. 

YfcToqHHKOM H•lHTpOHOB, rroa>KHr810UlHX HMrrynbC 1 HBnHIOTCH 38ITa3abiB810-

UlHe HeHTpOHbl -11
2 

. BenHqHHa, KOTOpy!O cneayeT rrpHHHTb KBK HaqanbHyiO 

B ypaBHeHHH ( 5) 0 T, e. II 
0 

, ITpOITOpUHOH8nbH8 II , HMeHHO: II O = a O II 

rae a 0 - HeKOTOpb!i K09~HUHeHT0 rrporrOpUHOHanbHb!H YMHO>KeHHIO 38ITa3ahi

B810UlHX HeHTpOHOB :c Haqany HMITynbca. EcnH crraa HHTeHCHBHOCTH 38IT83ahiB810-

lliHX HeHTpOHOB 38 HpeMH T Me>Kay HMITynbC8MH Man, TO qHcno HX1 OTHe-

CeHHOe K oaHOMy H ~rrynhcy, paBHO 

( 9) 

YTO KacaeTCH MrHO BeHHb!X HeHTpOHOB0 pO>Ka810UlHXCH B HMrrynbce, TO qHcno 

HX rrpH6nH>KeHHO pal!HO ( pHC. 7) 

N ML'H': II max El = El a o II 
4 

exp -B. 
3 

( 10) 

npH CT8UHOH8pHOH :)a6oTe peaKTOpa, Koraa f = f 0 , aon>KHO 6b!Tb BbiiTOn

HeHO COOTHOllieHHe 
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( 11) 

rne {3- a!f>cpeKTHBHBSI JlOnSI 38IT83JlbiB810lUHX H8llTpOHOB H<l OJlHH MT'HOB8HHbill. 

noncTaBnSISI N H N H3 ( 9) H ( 10), rrony'It eM ypaBHeHHe nnSI 
3 MT'H 

orrpeneneHHSI B, a cnenoBaTenhHO (eM. 6), H HMrrynhCH)ll KpHTH'IHOCTH f
0

: 

T 4 
ln--- =- B 

a
0

{3® 3 

4 
=--

3 
( 12) 

BenH'IHHa f~/ 2 
rrpH sanaHHOM v 3aBHCHT, TaKHM o6pa3oM, oT 'IaCTOTbi 

rroBTopeHHSI BCIIhiiUeK rrprr6nH3HTenhHO KaK ln T . 

llnSI 9KCrrepHM8HTOB CyiUeCTBeHeH cpOH H8llTpOHOB H3 peaKTOpa B rrpo

Me)KyTKe Me)!(JlY HMIIynhC8MH. 0H, O'IeBHJlHO, paBeH 

( 13) 

rne k O - K03cpcpHUHeHT yMHO)KeHHSI 38Il83JlbiB810lUHX He liT JOHOB M8)!(Jly 

HMrrynhCBMH. llnSI I1EPa k o"" 14. nonh3YS!Cb ( 11) H (il), MO)KHO 38IIHC8Th 

ypaBHeHHe ( 13) TaK: 

( 14) 

TaKHM o6pa30M 0 BenH'IHH8 IIOTOK8 cpOHOBbiX HellTpOHOB I:O OTHOIIl8HHIO 

K N y6bJBaeT, K8K 1 I T . nprr pa6oTe c HH)K8KTOpllM peaKTOp HCIIOnh-
MT'H 

syeTCSI B pe)KHMe 6ycTepa, IIpH KOTOpOM M8KCHM8nhH8f peaKTHBHOCTh OT-

pHUBTenbHa: K max= ( k -1 )<0. I1H)K8KTHpOB8HHe H8llTpOHOB IIpOH3BOJlHTCSI 

B MOM8HT 1 KOT'Jl8 H ITpH 3TOM IIpOHCXOJlHT )MHO)KeHHe 'IHCna 

n 
H8llTpOHOB 0 CTpeMSIIUeeCSI K BenH'IHHe n = 

1 
_ uk-, rne n u- ITOTOK HeHTpOHOB 0 

reHepHpyeMblll HH)KeKTOpOM. Korna HMIIynbC reHepaUHH HeHTpOHOB HH)KeK

TOpOM 38KOH'IHnCSI 1 TO H8'IHH88TCH CII8Jl 0 ITpOHCXOJlH!UHll ITO 3KCIIOHeHUH8nhHOMy 
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38KOHY K8K exp (- --), rne r 1 = --1
-- . nonHaH nnHTenbiiOCTb BCITbilliKH 

T J- k 
cnaraeTCH, T8KHM C~p830M, H3 nnHTenbHOCTH BCITb!WKH yCKOpHTem'l TO 

H T 1 - nnHTenbHOCTH 38TYX8HH5l TeM 6onbUJeii, qeM 6onbllle yMHO}KeHHe 

HeHTpOHOB, Ha pHC, 40 ITOK838H8 !)JopMa HMITynbCa J.1EPa C llH}KeKTOpOM 

MHKpOTpOHOM ITpH pl3nHqHhlX K03¢tPHUHeHT8X yMHO*eHHH, finH pe8KTOp8 

J.1EP r = 1,2.10-~ I IT03TOMY rrpll yMHO*eHHH 100, T,e, Ilpll 1- k = 10-
2

, 

T 
1 

MKCeK, 06pi.!UaeT H8 ce65l BHHMi1HHe TO, qTo B TO BpeMil K8K y pe-

i1KTOpa 6e3 HH*eKTr·pa cnan HHTeucHBHOCTH onpenenHeTcll rjJOpMynoi1 faycca, 

3UeCb OH 3KC!lOHeHUH8.T1eH, 11 Il03TOMy !!pH 60.T1bllll1X p113MHO*eHHHX IlO.TlY"!Il-

-8 
eTCil MenneHHO Cli8L a!Olllllii 3KC!lOHeHUI!8.T1bllhlfi XBOCT, npl! T"' 10 CeK 

OllTllM8.T1bHI,IM L!.Tlll ~KCII0[JI!MeHT8 OKE13il.T10Cb pE13MHO*eHI!8 13 100-200 [1il3 1 

npH KOTOfJOM T 
1

"' 1-:!,5 MKC8K, npH 3TOM OITTI!M8.T16H81l H.Tli!TenbHOCTb !IMIT)".T16Ca 

TOK8 OT yCKOp!ITenH T 
0 

110JliKH8 Ob!Tb 1'01'0 }1(8 ITOpHL\Kil. 

Jlp!!JJOii\C'IIlfP !I 

lf = I !\LT. 

Ll.-!liT<·nL.l!~_)r '1 b U\.lfl':.rr,r':! 

c:,_)f-';l/1( 

YncT!JT'l il()J',T lj •l'l!HSJ JI(_'IJI,tJJ!C'f\: 
-·1 

I = 

( Cl-(:Jt)!JC'Tf) I 

J ~'l(l i-l!Jf):~ lT, KilT, 

1 nu·1 1', IJ =c 2-(i !\II T, 

lf = :} !\BT, 



0aHOBpeMeHHO CO CHH*8HH8M MOillHOCTH AO 3 KBT ~HClO o6paweHHH OCHOBHOrO 

AHCKB 6binO CHH*8HO llO 3000 B MHHyTy, 

npH 8TOM AnHTenbHOCTb HMITynbca OKa3anBCb p<tBHOif: 8 = 50 MKC8K, 

-1 -1 
4aCTOTbl ITOBTOpeHHH HMrrynbCOB 6binH: { = 3 1 3 C8K 1 5 C8K 

f = 50 ceK 
-1 

CpeAHHH rno6anbHb!H ITOTOK H8HTpOHOB B 4rr ITJ>H 3 KBT paBHHnCH: 

N 11 7,10
14 

a/ceK, 

npH { = 3,3 H W= 3 KBT M8KCHManbH8H MOillHOCTb w = 18 MBT, 
HMIT 

Pa3peweaHe aeifTpoaaoro crreKTpoMeTpa rrpH 6a3 3 L = 103 M cocTaBnH-

no: e r = y-= 0 105 MKCeK/M, 

B 1968 roay 6bin OCB08H pe*HM peAKHX HMITynbC'OB { = 1/5 C8K 
-1 

W = 10
6 

KBT, DnHTenbHOCTb HMrrynbca coKpaTHnltCb rrpH 8TOM ao 
HMIT 

8 = 36 MKCeK, I1H*8KTOp-MHKpOTpOH HB 30 M:;lB 6bin BB8A8H B aeifCTBHe 

-1 
B 1964 r. B H8M HMITynbCHb!H TOK 6bin 50 Ma, npH { = 50 CeK H yMHO*e-

HHH N IN 
0 

= 100 MowHDCTb 1 BhiAenHeMaH 6ycTepoM 1 ;ocTaBnHna W = 0 1 5 KBT, 

Pa3peweHH8 CIT8KTpOM8Tpa r = 3 HCeK/M HB 6a3e 10~0 M, 

peaK T 0 p I1 6 p- 3 0 6bin BBeaeH B aeifCTBHe 1(1 HIOHH 1969 r, C 1970 r, 

OH pa6oTaeT rrpH Cp8AH8H MOillHOCTH If' 
15 

rno6anbHbiif rroToK N = 11 3.10 a/ceK; 

25 KBT 1 KO"OpOH COOTB8TCTByeT 

-!\ 
r = 1 1 5,10 ceK, DnHTenbHDCTb 

BCITb!WKH 8 = 70 MKC8K 1 HMrrynbCHaH MOillHOCTb 

-1 
{ = 4 CeK ) , 0CHOBHb!8 ~aCTOTbl HMITynbCOB: 

-1 
BCITOMoraTenbHbl8 ~aCTOTbJ: { = 5 C8K { = 

W = 100 MBT (rrpH 
HMIT _

1 
_

1 f = WO ceK 1 f = 4 ceK ; 

-1 
10 CeK , noTOKH H8HTpO-

HOB rrpH MOillHOCTH W = 25 KBT xapaKTepH3yJOTCH cne lY!OillHMH B<?nH~HBaMH. 

CpeaaHif rroToK TerrnoBhlX H8HTpDHOB C ITOBepXHOCTH 3c MeAnHTenH nth= 

10 2 = 5,10 a/ceK CM 1 a B MaKCHMyMe HMITynbCa 
14 2 

(nth) = 10 a/eM ceK. 
HMIT, 

BayTpH 3aMeanHTenH HMITynbCHhlll ITOTOK HeATpOHOB ACCTHraeT B8nH~HHhl 

15 2 
10 a/eM ceK, 

noTOK pe30H8HCHbiX H8HTpOHOB xapaKT8pH3yeTCH cneayJOillHMH UH<ppaMH, 

Ha paccToHHHH oT peaKTopa 1 paBHOM 100M rrpn cpea1el MDwHOCTH peaKTopa 

W KHnOB8TT1 HB KB8Ap8THbii CBHTHMeTp A8T8KTOpa ITpHXOAHT B CeKyHilY 
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aenH'IHHa E - B sneJ:TpOHBOJibTax. 

PeaKTOp JIIEP-3) HCilOJib3yeTCSI H B pe:H<HMe peJlKHX HMilyJibCOB: f = 

-1 -1 6 
1/4, 75 CeK { = 1/7,6 CeK W ""10 KBT1 W "" 1,10 KBT, 

HMil, 

Jll H :H< e K T 0 p. nuueil:Hb!M yCKOpHTenb SJieKTpOHOB H8 40 M 3B, JIIH:H<eKTOp 

BBeJleH B JleftcTBHe ~4 MapTa 1970 r. Ou xapaKTepHayeTCSI cneJlyJO!IlHM: 
-1 

JI!MnynbCHbiA TOJ: I = 200 Ma, f = 100 ceK • 
HMil, 

MHUieHb - Kap6HJl nnyTOHHSI, 

npH N IN = 100 (} = 3 MKCeK. M OlllHOCTb 6ycTepa w = 3 KBT, 
0 

PeaK Top I1 E P- 2: CTpOHTenbCTBO peaKTopa JIIEP-2 Ha'laTo B KOH-

ue 1969 r. npeJlnona'aeMbill: nycK ero JlJISI sKcnepHMeHTa - 1974 r, OlKHJlaJOTCSI 

cneJlyJO!IlHe napaMeTpJ.I: W = 4 MaT, 0 = 90MKCeK, r = 4,2.10-
8 

ceK, 
- 17 

CpeJlHHll: rno6anbHbiA noToK ueti:TpoHoB N = 1, 75,10 u/ceK, cpeJlHHA noTOK 
12 2 

TennoBhiX ueli:TpoHOB ·~ noaepxuocTH aaMeJlnHTenSI nth= 5,8.10 u/cM ceK, 

JI!MnynbCHb!ll: IlOTOK TE•IlJIOBbiX Heli:TpOHOB C IlOBepXHOCTH 38MeJlJIHTeJISI 
16 2 17 2 

(n . = 10 u/cH ceK H BHyTpH Hero (nth) = 10 u/cM ceK, 
th HMil, HMil, 

<l>oKycHp0.3Ka no apeMeHH a MeToJle gH<bpaKuHH no apeMeHH 

nponeTa 

KaK rroKaaaHo a TeKcTe pa6oThJ• apeMSI nponeTa Heli:TpoHOB npH oTpa

:H<eHHH HX OT KpHCT8Jl, IH'IeCKHX IlJIOCKOCTeM YJlOBJieTBOpSieT yCJIOBHIO 

t= (1) 
v 

% 

3necb f r H f c - npOE KUHH IlpOJieTHbiX 683 OT HCTO'IHHK8 llO KpHCT8JIJI8 L r 
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N (E)= _!!!!__ W aeiiTpoaoB 

£ 0 • 9 CM 2 CeK 9B 

senH'IHaa E- B sneJ>TpoasonbTax. 

PeaKTop HEP-3) HcrronbayeTcsr H B pe>KHMe peJlKHX HMrrynbCOB : f = 

-1 -1 6 
1/4, 75 CeK f = 1/7,6 ceK W "'10 KBT1 W "' 1,10 KBT, 

HMil, 
J1 a >K e K Top. flHaeiiahiii ycKopHTenb sneKTpoaoB aa 40 M sa. Ha>KeKTop 

BBe}lea B JleiicTBHe ~4 MapTa 1970 r. Oa xapaKTepHayeTcsr cne}lyiOIUHM: 
-1 

J1Mrrynbcabdt TOJ: I = 200 Ma, f = 100 ceK • 
HMil, 

MHtueHb - Kap6HJl rrnyToaHsr. 

DpH N IN = 100 () = 3 MKCeK, MomaocTb 6ycTepa W = 3 KBT, 
0 

PeaK Top J1 E P- 2: CTpOHTenbCTBO peaKTOpa HEP-2 Ha'laTo B Koa-

ue 1969 r. OpeJlrrona 'aeMbiii rrycK ero JlnH sKcrrepHMeaTa - 1974 r. 0>KHllBIOTCH 

w () -8 cneJlyiOmHe rrapaMeTpJ,J: = 4 MaT, = 90MKCeK, r = 4, 2.10 ceK, 

CpeJlaHii rno6anbabiii rroToK aeiiTpoaoB N = 1, 75. 10
17 

a/ ceK, cpeJlHHii noT OK 
12 2 

TerrnoBbiX aeiiTpoaoB ~ rrosepxaocTH aaMeJlnHTensr nth= 5,8.10 a/eM ceK, 

J1MrrynbCabiil: IlOTOK T(>IlnOBbJX aeiiTpOaOB C 

(n tli I = 10
16 

a/cH
2

ceK H BHYTPH aero 
HMil, 

IlOBepXHOCTH 38Me}lnHTensr 
17 2 

(nth) = 10 a/eM ceK, 
HMil, 

OpHno>KeaHe Ill 

~OKyCHp03K8 110 BpeMeaH B MeTOJle JlHpp8KUHH 110 BpeMeaH 

rrponeTa 

KaK noKaaaao B TeKCTe pa6oTbJ• speMsr nponeTa aeil:Tpoaos rrpH oTpa

>KeHHH HX OT KpHCTan. IH'IeCKHX llnOCKOCTeil: YJlOBneTBOpHeT ycnoBHIO 

t= (1) 
v ,. 

3JleCb f r H f c - llpOE KUHH nponeTabJX 6a3 OT HCTO'IHHKa JlO KpHcTanna L r 
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H OT KpHCTanna LlD Ll8T8KTOpa £ c HB HOpManb K OTpMK3.JOIUHM rrnOCKOCTHM, 

npH 9TDM H3 ycnoBHH EpsrroB rrony~aeM, ~To BenH~Hra rrpoeKUHH CKopocTH 

z 
LlOnMHB 6hlTb paBHB H8HTpOHB HB Ty Me HOpMBnb v 

h 
v d=n(--). (2) 

z 2m 

3neCb d - paCCTOHHHe M8MLlY KpHCTBnnH~8CKHMH rrnoc KDCTHMH, h = 6,62,10-
27 

liOCTOHHHBH nnaHKB H m = 1,67,10-
24 

- M8CCB HeliTpOHB • 

0TCIOLlB rrony~aeM ..1.!!!_ = 505 , cnenoBaTen~:>Ho 
h 

t = e r + e c 505 d . 
n 

( BCe BenH~HHhl B CM H C8K), 

( 3) 

VIs (3) BHLlH0 1 ~TO CKOpOCTb Heii:TpOHB H yron liHLleHHH H8 OTpBMBJO

IUyJO ITnOCKOCTb B ypBBHeHH8 LlH~pBKUHH He BXOLlHT, HO lipH 9TOM 1 KOHe~HO, 

He06XOLlHMD, ~T06hl yron li8Ll8HHH 6hln pBB8H yrny OTpaMeHHH, 

B pesyn~:>TaTe HeTpynHo y6enHTbcs, ~To MOMHO LlDCTH~b rrpH LlH~paKUHH 

!jloKycHpDBKH rro BpeMeHH rrponeTa. PaccMoTpHM sTy BO:IMOMHOCTb Ha rrpo

CTeliiiJeM rrpHMepe, rroKa3BHHDM Ha pHc. 41. 3necb L, =Lc H rrnocKOCTH 

HCTO~HHKB HefiTpOHDB H Ll8T8KTOpa rrapannenbHbl Llpyr ,1pyry H rreprreHLlHKy

nspHbl K HOpManH h K OTp8M8JOIUeii: ITnDCKOCTH KpHCTE ,ma k. EyneM C~HT8Tb 

pa3Mepbi KpHCTanna TBKHMH ManeHbKHMH, ~TO HMH MOMf 0 11p8He6pe~b. l13 pR

cyHK8 BHLlHO, ~TO Heii:TpDH, BhineTeBIIJHH H3 KBKOii:-nH60 TO'IKH Dr liOB8pXHOCTH HC

TO~HHKB f!eihpOHOB H liOliBLlBIO!UHH HB KpHCTann, T.e. neTSJIUHH B HarrpaBneHHH £; 
liOCne DTp8M8HHSl ( yron li8Ll8HHH paBeH yrny OTpaMeHHSl), lipHLl8T BLlOnb £ ~ B TO~

KY D c. nocKonbKY rrnocKoCTH HCTO~HHKa Hetl:TpDHOB H neT•!KTopa rreprreHLlHKynSJpHhi 

h, TO rrpoeKUHH fr BeKTOpOB L' H L' 
r c He ~aBHCSlT OT ITOnOMe-

D' 
r 

H D 'c • TaKHM o6pasoM, BpeMSJ rrponE Ta rrpH LlH¢paKUHH Heii:T-

poHDB rrocTOSJHHO nnSJ Bcex To~eK D' 
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3aeCb noKa He ~cnOnb30BaHO Tpe6oBaHHe, ~T06bi nnOCKOCTH HCTO~HHKa 

H aeTeKTOpa 6brnH Ha OAHHBKOBOM paCCTOHHHH OT KpHCTanna. 0AHBKO 9TO 

nOTpe6yeTCH anH TOrO, ~T06hl ycnOBHe ~OKyCHpOBKH no BpeMeHH BhlnOnHH

nOCb He TOnbKO anH nnOCKOCTH k, HO H AnH nnOCKOCTH k', o6pa3yJO!lJeli 

c k He6onbmol1 yron 11¢ (HopManb KOTopoli h' ). Toraa HeliTpoH, Bbme-

TeBmHii, HanpHMep, H;l TO~KH B B HanpaBneHHH L" t , nocne oTpa)KeHHH 

noneTHT y)Ke He Baonb HanpaBneHHH L" c , a OTKnOHHTCH OT Hero Ha yron 

2 11¢ H Baonb L: no:raaeT B TO~KY D c. DpoeKIIHH L :- Ha HOpManb h ' 

yMeHhlliHTCH no cpaB! eHHJO c E, , a npoeKIIHH L' 
c 

Ha h' 

nH~HHy B03pacTeT. To~KHM o6pa3oM, cyMMa BenH~HH npoeKIIHii E ~ +E ~ = 

H0 Cneao 3aTenbH0 0 BpeMH nponeTa B ( 3) OCTaHyTCH HeH3MeHHbiMH. 

DpH 9TOM 0 OAHaKo, 8~eKTHBHaH nnomaab aeTeKTOpa H HCTO~HHKa yMeHb

lllaeTCH0 T.e. Ha6n10At eMaH HHTeHCHBHOCTb AH~paKIIHH 6yaeT OCna6neHa. 0Ha 

CTaHeT paBHOll HynJO, Koraa HaKnOH OTpa)KaJO!lJeil nnOCKOCTH B03paCTeT AO 

11¢=+118 (eM. p:rc. 32). 

HeTpyaHo y6eaHTbCH, ~To paccMoTpeHHbril cny~ali - sTo ~acTH~Hbrii 

cny~aii ~oKycHpOBKH ro BpeMeHH. B o6meM cny~ae MO)KHO Bbr6paTb anH 

L, H L c npoH3BOnb.Ibre BenH~HHbi. OaHaKo nnocKOCTH HCTO~HHKa H aeTeK-

Topa HY)KHO npH 9To~>.: pacnono)KHTb y)Ke He napannenbHo, a noa BnonHe 

onpeaeneHHbiMH yrnaHH (3, H (3 c K L H L c ( yrnbi 9TH noKa3aHbi Ha 

pHc. 41). Cor nacHo ;(onacy 9TH yrnbr onpeaenHJOTCH cooTHOllleHHHMH 

L, ctg (3, - ctg e = 0, (4) 

L' +L c 8 0 --'---"- c tg = . 
2 

( 5) 

3aecb 8 - yron Me)K lY L 

(eM. pHC. 41). 

HnH L 
c H OTpa)KaJO!lJeii nnOCKOCTb!O KpHCTanna 

B ~aCT HOM cny ~ae, Koraa L' = L c, To, o~eBHAHO, (3' = (3 c = e 
B cornacHH c TeM, ~ro npeacTaBneHo Ha pHc. 41. 
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Opu paccMoTpeHHH HaMH 6~no cnenaHo nonyweHHe, qTo nnowan& 

KpHcTanna oqeHb Mana, XonacoM noKaaaHo, qTo u oT )Toro orpaHuqeHHH 

MO~HO OTKa3aTbCH, 
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ae aa¢paKUHH no Bpe~eHH nponeTa. R- HCTO'-IHHK HBATpoHoB, C- aeTeKTop 

HBATpOHOB, a k - nno•:KOCTb KpHCTanna, OTpa)!(aJOUla51 HBATpOHbl, npa 

3epKanbHOM oTpa)!(BHH:I oT nnocKoCTH k an51 n106oA nponeTHoA 6a3bi L ~ 
H COOTBBTCTBYIOWBA B i [, : BBJ1H'-IIIHbl £ t = £ c =canst. npu HaKJ10HB 

oTpa)!(aJOmeA rrnocKocT H: no k ' , BenH'-IHHa £ , yMeHbwaeTc51 no E ~ , , 
a E c yBBJ1H'-IHB8BTC51 no e 'c 'cyMMa )!(B HX OCT8BTC51 HBH3MBHHOA. 
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