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I. OH!lAH XAPAKTEPIICTHKA PAF,OTll 

UeJI:E, pa60Tl1 8aKJIIO'JaJiac1, B liCCJie,Il;OBaH:llll MeTO,Il;aMli HeHTpOHHOH qiH-
3:llR:ll Tpex JIMemm, 06yCJioB1IeHH11X a~eKTPOMarH:llTHllMH CBOliCTBaMH Hefi
TpOHa (aHOM~HllM MarHHTHllM MOMeHTOM, a~eKTp:ll'IeCKOH IlOMpli3yeMOCT:E,ID 
H pacnpe,Il;e~eHHeM a~eKTpH~ecKoro sapJI,na BHYTPH HefiTpoHa): 

I)B38:llMO,Il;eficTB:llJI MarHHTHOro MOMeHTa ,Il;BIDKyll1erocJI HefiTpOHa C Ky
~OHOBCKIDll no~eM H,ll;pa (JIM~H:IIJI, H83BaHHoro HaMH lllBHHrepOBCKIDll pacceJI
HlieM), 

2)B3aHMO,IleficTB:llJI HaBe,Il;eHHoro a~eKTpHqecKoro ,Il;HilO~HOro MOMeHTa 
HeHTPOHa C KY~OHOBCKll.f no~eM H,ll;pa (a~eKTplf<IeCKOfi IlOMpll3YeMOCTli Hefi-
TPOHa), . 

3)B38:llMO,Il;eficTBHJl HefiTpOHa C s~eKTPOHaMH, BXO,ILIIlllHMH B COCTaB 
aTOMa (Ta:K H8311BaeMoro ( ne )-B3aIDllo,nefiCTB:llJI, 06JI3aHHOro CBOHM npoHG
XOllt,Il;eH:lleM Ka:K aHOM~HOMY MarHHTHOMY MOMeHTY HeMTpoHa, T~ li npOCT
paHCTBeHHOMY pacnpe,nMeH:llID s~eKTPH~ecKoro 3ap!I,na BHYTPH HeHTPOHa). 

AKTYM1>HOCT:E, npoelRer,111. HefiTpOH 6IDI OTKPllT B 1932 ro,Il;y H, nollta
~. B liCTOpllll HaY!(ll He 6IDIO OTKpllTHJl, OK83aB!llero 6o~mee MliJIHlie Ha 
lKll3H:E, ~MOBeqeCTBa. HsyqeHHe CBOMCTB HefiTpOHa Ka:K s~eMeHTapHOfi ~aCTli
Ull c caMoro Ha~an:a 6wro o,nHofi HS r~aBHefiurn:x sa.na~, CTO.fIIIUDC nepe,II; qiH-
3:llROM. K HaCTOJ!llleMY BpeMeH:ll ,Il;OCTaTOqHO xoporuo ll3y,IeHO B3aHMO,IleficTBHe 
HefiTpOHOB c Jl,Il;paMH, 6es STHX 3HaHHM He 6IDIH 6H IlOCTpoeHU H,ll;epHlle pe
aRTOpll. 3HaHHe xapaRTepHCT:IIR HeHTPOHa Il03BOJmeT liCil0~:E,30BaT:E, ero B 
Ka~eCTBe y,no6Hefunero HHCTPYMeHTa BO MHOrliX llCC~e,Il;OBaHIDIX. HefiTpOH Cll
rpan: HeMaJIOBalltHYID po~ B perueHirn MHOrllX npo6ReM COBpeMeHHOll qiH3mtli. 
IIo Mepe paSBHT:llJI HCCJie.140BaHHM CBOfiCTB HefiTpoHa Ra:K a~eMeHTapHofi ~ac
Tllllll Bee JlCHee CTaHOBHTCR, ~TO npmnurrrn:M1>Hlle npo6~eMll ero B3a:IIMO,Il;eil
CTBM C .JUJYI'liMli ~aCTHIJ;aMH H IlOJIBMli OTKpHBaIDT nepe,n ~li3HKOH BCe HOBHe 
ll HOBlle :IIHTepecHefiurne sa,na'IB,ll npo6~eMa :ll3y,IeH:llJI CBOHCTB HefiTpOHa, 
llO-BlI,ItllMOMY' .nomo He noTeplieT CBOefi a:KTYM1>HOCT:ll. 

EasoBUe ycTaHOBKll II MeTO,WIBll. 0CHOBHl1e liCCJie,IlOBaH:llJI npoBO,Illi
~C:E, Ha paMlf<IHllX ~ll.3~eCK:llX YCTaHOBKax CoBeTCKoro Corosa. HeKOTOplle 
ll3 HllX npo,ItMJKalOT OCTaB8T1,CR YHliKM:E,HllMH no cefi ,neHb. K HIDll OTHOCRT-. * CR: SKcnepID1IeHTaJI:E,H11e 6HCTpHe peaKTOpH EP-2 H EP-5 (~3M, 06HliHCK) , 
HMTIY~bCHllfi 6HCTpllM peaRTOp IIEP-30 B co~eTaH:llll c mrnefiHllM ycKOpllTMeM 

~AS, I956, T.Il, c.497; A3, I96I, II, c.498. 
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8JI0RTPOHOB JIY3-40 (OWIB, )Jy6Ha), CTB.IUIOHapmze TeWIOBHe peaRTOpU 
BBP-M (JIIDI<li, <:PXll HM.KapnoBa). KpoMa Toro, OT.ItaJI:bHHa n3Mapamur 
BHnOJIHeHhl B tICCP (Hff<li, PlKeJK) n B <l>Pr (peaRTop FR M , rapXIDll'-MmxeH) • 
llCITOJI:b80BaHne YHllRaJI:bHl:lX ycTaHOBOR Clll'paJIO orrpe,IteJI.lIKlllYIO pOJI:E, RaK B 
o6HapYJKeHnn, TaK n B ncCJie,ItOB3Hl!ll paHee He.ztOCTYITHHX WIJI aRcnepnMeHTa 
JIBJiemm. He MeHee BaJKHoe sHatieHne nMeJIO TaKJKe rrpm>1eHemrn onTnMaJI:bHIDC 
MeTO,ItllR nccJie,ItOBa.HIDI, 003,ItaHne B HeROTOpWC CJIY'l8.lDC cne[(llaJII,Hh!X ,IteTeR
TOpOB HeiiTPOHQB (HanpnMep' BO,Itopo~OH cneRTPOMeTpif'leCROii RaMepu C 
p~oTeXHll'!eCROii ROJIJIID.1a.IUieii rrpoTOHOB OT,Ita'Il!), a TaIOKe llCITOJU,30BaHne 
WIJI HeROTOPIDC llSMepemm o6pasnoB - MllllleHeiii ~8Jll,Hh!X ITO CBOllM R,D;ep-

HO--<pllSll'IeCRllM CBOiiCTBaM. (Hanpm11ep, .HyRJIII,IJ;a 8 w ) . 
Ha.Y;IHM HOBll3Ha pa60Tll. BoJI:bIIIHHCTBO BllHOCllMIDC Ha SruI!llTY 8RCITe

pHMeHTaJI:bHhlX n TeopeTHtiecKnx pesymTaToB ITOJiytieHhl Bnep~ue B ITponecce 
HaCTO.HJllHX llCCJie,ItOBaHHH, BllITOJIH0HHh!X ITO.It PYKOBO,IJ;CTBOM H ITPH HeITocpe.zt
CTBeHHOM YtJaCTllll aBTOpa. TaK,B 1955-60 rr. rrpn llCCJie,ItOBaHJm pacceRHHlI 
HeiiTpOHOB C 3Heprneii ITOpimKa HeCKOJI:bRHX MeraaJieKTPOHBOJI:bT Ha TRJK9JIIDC 
~ax 61:LJIO 06HapYJKeHO n HCCJie,ItOBaHO HOBOe RBJieHne - IIIBnHrepOBCKOe 
paccMHne, TeopeTll'!ecKn rrpe.ztcRasaHHoe lllmmrepoM B 1948 ro7JY. B 
1955-57 rr. BBe,IteHO ITpe,ItCTaBJieHHe 06 aJieKTpntieCKOii ITOJIRpnsyeMOCTll 
HeiiTpOHa rrpn pacceRHllll ero B KYJIOHOBCKOM ITOJie R'APa, C.IteJiaHH TeopeTn
tiecKne oneHRn KOaqqimmeHTa ITOJIRpnsyeMOCTH, IlOKaSaBIIIHe, 'IJTO 3TO JlllJie
Hne MOJKeT 6HTI, SaMetieHO aKcrrepnMeHTaJI:bHO, Bll'IllCJieHa B OOpHOBCKOM 
ITpn6JinJKeHnn aMIJJIBTy;rta pacceRHHlI, o6yCJioBJieHHoro ITOJIRpnsyeMOCTl>ro,n 
ITpe)i]IOJKeH BOSMOlKHHH OllllT WIJI·Ha6JIIO,IteHHlI aToro RBJieHHlI. B 1965-66 rr. 
ns OllllTOB ITO pacceRHHD HeiiTpOHOB_C 3Heprneii ITOpimKa HeCKOJI:bKllX KllJ.I0-
3JieKTpOHBOJU,T Ha CB~e ITOJiytieHa 8KCITepnMeHTaJI:bHaR oneHKa Koaqqiml:neH
Ta aJieKTpll'IeCKOii ITOJIRpnsyeMOCTll HeiiTpOHa. B 1980-82 rr. paspa60TaH 
MeTO,It ncCJie,ItOBa.HIDI ITOJIRpnsyeMOCTll B o6JiacTn 3HeprHH HeHTPOHOB OT ,ItO
Jieil ,IJ;O COTeH aJieKTPOHBOJI:&T ll ITOJiytieHH tIHCJieHHHe 3KCITepnMeHTaJII,Hl:le 
oneHKn BeJill'IIDW xoaqqiml:neHTa ITOJIRpnsyeMocTn, JIYtIIIIHe Ha cero,nRlilllliml: 
,IteH:b. B 1967 ro7JY·TeopeTll'!eCKll o60CHOBaHO, a SaTeM 8KCITepnMeHTaJI:bHO 
BITepmte ITO,ItTBep)!t,IteHO aHOMaJII,HO MaJIOe BHatieHne BeJill'IllHll aMWIHTY'A!l RO
repeHTHOro R,D;epHoro pacCeRHHlI TeWIOBWC HeHTPOHOB HYK7III,Il;OM 186 \,4/ n 
ITpewroJKeHO ITpnMeHHTI, ,ItaHHI:lH HYKJIII,D; WIJI ncCJie,ItOBaHll!I ( ne. )-BSaHMO,IteH
CTBH!I. B 1968-74 rr. 9TH ncCJie,ItOBal!Hll 6llJIH ITPOBe,IteHH, B ,ItaJI:bHeHIIIeM 
186w 61:lJI llCITOJI:&SOBaH WIJ1 Ha6JIIO,IteHHlI IIIBllHI'epOBCKOro paCCMHlllI ITpR 
.nnq>paK[(llll HeilTpOHOB, a TaIOKe WIJI HCCJI8,ItOBaHHll RBJieHH!I ITOJIRpnsyeMOCTH 
HeiTpOHa.(1977-80 rr.). 

HaytiHM n ITpaKTll'IeCRaR UeHHOCTI,. 06HapYJKeHne B 1955-56 rr. 
HOBoro RBJieHH!I npn B8aHMO,IteilcTBllH HeiiTpOHOB C R'APW/IH - IIIBHHI'epOBCKO
ro paCCeRHHll ITOJIOlKR710 HatiaJIO HanpaBJieHHm HCCJie,ItOBaHHH 3TOro RBJieHHR 
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RaK B Jia6opaTopHRX CCCP (iJi3ll,JIWI<li n 'AP·), TaK n sa rprurnneii (CIJJA, 
<iiPr, HTaJIHlI, KaHMa n 'AP->- lliBHHrepOBCKOe paCCeRHHe ITOJIRpHSOBaHHhlX 
HeiiTpOHOB ITOBBOJIReT OITpe,IteJIRTI, aMWIHTY'All paCCeRHH!I HeHTp0HOB R'APaMll 
HJill CTeITeH:b ITOJIRpnaannn ncxo~oro rrytIKa HeiiTpOHOB (npn llSBeCTHOii aM
WillTY.zte). llMeroTCR ITpe)i]IOJKeHHR 06 HCITOJI:&80BaHHH IIIBHHrepOBCRoro pacce
RHIDI WIR ITOJiytieHHlI .ztamrinc O MarHHTHhlX MOMeHTax rnrrepOHOB n aHTn6apn
OHOB, a TaKJKe O BeJill'IllHe ll SHaKe ,ItellCTBllTeJII,HOii tiaCTll aMWillTY'All 
R'AepHoro pacceRHllR Ha MaJille yrm B ~ll8nRe BllCOKllX aHeprnH. IlOJIRpnaa
rmoHHHH a@leKT IIIBHHI'epoBCKOro pacce.flHHR MOJKeT ITpnBeCTll K HeKOTOp0MY 
HSMeHeHnro KOS(lX1)HUlleHTa .nnq,qiysnn.HeHTPOHOB B cpe,Ite ll B OT,IteJII,HIDC CJIY
tiaRX ITpe,ItCTaBHT:b npaKTHtiecKnii HHTepec. 

TeopeTll'IeCKOe ITpe,ItCKaBaHne ll ITepBlle nccJie,ItOBa.HIDI ITOJIRpnayeMOC
TH HeiiTpOHa TaKJKe ITOJIOJKHJIH HatiaJIO HOBOMY HanpaBJieHnro. llcCJie,ItOBaHll!I 
61:LJIH HatiaTll B TO BpeM!I, KOr,Ita 8KCITepnMeHTaJII,HOll ~OpMannn,O CTPYK
TYPe H8llTPOHa He 61:lJIO B006me (ITepBlle pa60Tll XoqnITMTepa o HeHTpOHe 
IlORBHJIHCI, B 1957 ro7JY, a HMel!JllHeCR K TOMY BpeMeHH ,ItaHHHe O ( 11.e )
-BSanMO,IteHCTBJm ITOJIHOCT:bID 06'.bS!CHRJIHCI, BKJIMOM MarHHTHOrO PeJIRTllBllCT
CKOro BSaHMO,IteiiCTBHR, paCCMOTpeHHoro <liOJI'AH n He CBRSaHHOro HeITocpe,It
CTBeHHO co CTpy-KTypoii HellTPOHa). OHR 61:lJIH BHITOJIHeHH HeSaBHCllMO OT pa-
60T ITO KOMIITOH-a@)eKTY Ha HYK7IOHe (MeTO,It SKCnepHMeHTaJI:bHOro onpe,Ite~ 
JieHHR ITOJIRpnayeMOCTH ITPOTOHa), O~OBpeMeHHO c IIllMll (KneiiH, 1955 ro,It, 
Ea;mmI, 1957 n 1960 rr.) n BMecTe c HID/Ill RBHJillCI, cymecTBeHHHM maroM 
B ncCJie,ItOBaHllll CTPYKTYPll aJieMeHTapHhlX tiaCTHn, o6oraTHB npe,ItCTaBJieHH!I 
0 npnpo,Ite 3THX tiaCTHn, OKaBaBIIIHXCR CJIOJKHliMH 'AHHaMll'IeCKH ,It~OpMHpye
Mb!Mll npocTpaHCTBeHHO-ITPOTRJKeHHHMH cncTeMaMH. B HaCTORlllee BpeM!I nsy-, 
tieHne nOJIRpnsyeMOCTeii SJieMeHTapHWC tiaCTHn RBJIReTCR 6HCTpo paBBllBaJO
meiicR 06JiacT1,ro o~oro na Han60Jiee BaJKHWC HanpaBJieHHH coBpeMeHHoil ~n
SHKH - ncCJie,ItOBaHHR BHy-TpeHHero CTpOeHHlI SJieMeHTapHHX tiaCTHn-

HaKOHen, 06Ha~YJKeHHe aHOMaJII,HO MaJIOrO R'AepHoro pacceRHHll HeiiT
pOHOB Ha HYK7III,IJ;e I8 W , cpaBHHTeJil>HO TmlteJIOM R'APe, 06JIM8DlleM K TO
MY JKe OTpnnaTeJII,HOii )iJillHOH pacce.flHHR, OTRpHBaeT MeTO'All'!eCKHe B08MOJK
HOCTH WIJl ITpnMeHeHHR 3TOro HYKJIII,D;a B ncCJie,ItOBaHlll!X TOHKHX aq4leKTOB 
aJieKTpOMa.I'HHTHOro B3aHMO,IteiicTBHlI HeiiTpOHOB C BemecTBOM. TaK, Hanpn
Mep, npn:_•ficCJie.ztoBaHHH ( vi.e )-BBaHMO,IteiicTBIDI, peaymTaT Ko-roporo .!IB
JIReTcH ,O,ItHEM HS TeCTOB COB~eMeHHIDC KBapKOBllX MO,IteJieil HYKJIOHOB - MO
,IteJiell MelllitOB, ITpnMeHeHHe 1 6 'w noBBOJIHJIO y-B9J1H'lllTI, OTH(?CHTeJI!,HllH 
BKJIM naMepl!eMOro aq4leKTa B HeCKOJI:bKO ,IteC.!ITROB pas. YHHKaJI:bHHe Mep
HHe CBOHCTBa HYK7III,IJ;a 186 W IIOSBOJIHJ!ll HaM TaKJKe o6HapYJKHTI, cymeCTBOBa
HHe B BOJII,WpaMe reTepO(DaSHoro COCTO.flHllR (~eppoMarHRTHHe KJiacTepu B 
ITapaMarHHTHOii ~aae, o6yCJioBJieHHlle MarHHTHHMll M1mponp:1IMecm.m). 
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IlOJioxemm n pesy;u,TaTH, BHHecemrae Ha 3aI.ItHTy: 
l.8KcrrepID1IeHTam.Hoe·o6Hapy;iteH1Ie HOBoro JIBJiemm.- nIBHHI'epoBcKo

ro paccen:mm - npn paccen:mm Ha MaJIHe yrJIH HeilTpOHOB c aHeprHeft no
pimKa HeCKOJII,KliIX MeraaJieKTPOHBOJI:&T Ha smpax CB~a. HBJiemrn 6wro Te
opeTztiecmr rrpe'ACKasaHo lliBHHI'epoM n rrpe'ACTaBJIJieT co6oft B3aIDl!O'AeilcTBne 
MarHlITHoro MOMeHTa 'ABHJitYll1erocH HeilTpoHa C KYJIOHOBCKID/l rrOJieM smpa. 

2.Pa3pa6oTKa 8KCrrepIDl!eHT8JI:&HOH MeTO'ARKll llCCJie'AOBaHRR llIBHHI'epoB
CKOro pacceRimR HeilTpOHOB Ha smpax Me'All, OJIOBa, CB~a. BllCMy-Ta, 
ypaHa ll ITJiyTOIDm B 06JiaCTll 3Heprnft HeHTpOHOB OT 0,5 'AO 8,5 MaB Ha 
6HCTpHX peaKTopax BP-2 n BP-5 n ITpH 'Allll)paronm: Ha MOHOKpllCTaJIJI8X 
BOJI:&WPaMa HefiTpoHoB c aHeprneft rropimKa 0,5 - 1,0 aB Ha TeIJJIOBOM pe
aKTope. 

3.lfuMepeIDie C llOMOIIl:&10 mBRHrepOBCKoro paccen:mm llOJIRPll30BaHHHX 
HefiTpOHOB ,nmm KOrepeHTHOro ¥accen:mm 'AByx H30TOI1ll'IeCKliIX CMecen BOJII,
WPaMa, o6or8llleHHHX ll30TorroM 86 W (82% n 90, '7%) rrpn 'AlllllParonm: Heii
TpOHOB c 3HeprRfIM11 OT 0,05 'AO 0,25 aB Ha MOHOKPHCTaJIJiax. 

4.BBe'AeHRe rrpe'ACTaBJieHM o HOBOM HBJieHHH - aJieKTplif'IecKoft noJIR
pnsyeMocTH HeilTpoHa rrpn paccen:mm ero B.KYJIOHOBCKOM rrOJie smpa. HBJie

IDie 3aKJIID'!aeTCH B 'AewOpMa!Um Me30HHOH 060JIO'IIKH HeHTpOHa ITO'A 'AeHCTBH
eM KYJIOHOBCKoro rrOJIR smpa HBO B3aIDl!O'AeficTBIDI HaBe'AeHHoro npn 3TOM 
3JieKTpztieCKOro 'ARITOJI:&Horo MOMeHTa HeilTpOHa C 3TIDI! ITOJieM. IlepBHe oueH
KH KOa~eHTa 3JieKTplif'IeCKOH ITOJIRpnsyeMOCTH HeHTPOHa. 

5.~liCJieIDie B 6opHOBCKOM rrpn~eHHH aMITJIHTY'AH pacceRHM, o6y
CJIOBJieHHoro 3JieKTpli!1IeCKOH llOJIRpnsyeMOCT:&10 HeHTpOHa. 
\" 6.Paspa6oTKa MeTO'AHKH nsMepemm yrJIOBHX pacrrpe'AeJieHnil pacceH

HM KWIOaJieKTpOHBOJI:&THHX Hei1Tp0HOB R'APBl.m Ha IDl!ITYJI:&CHOM peaKTOpe 
l1EP-30 OWUI no MeTO.IJY BpeMeHR rrpOJieTa. 

7.lfuMepeHne yrJIOBHX pacrrpe'AeJieHnft pacceHHM HefiTpOHOB Ha fl'Apax 
CBHHUa Ha peaKTOpe l1EP-30 H·IT~eHne BepXl!ei1 aKcrrepHMeHTam.HOH oueH
KH K08@JHUHeHTa 3JieKTPll'!eCKOH llOJIRpli3yeMOCTH HeHTpOHa. 

8.B~nCJieHRe aMITJIHTY'AH pacceRHM Hei1TpOHOB Ha aTOM8X c ~eTOM 
rroTemni:am.Horo n pesOHaHCHoro R'AepHoro. paccen:mm, ·B3aliMO'Aei1cTBM 
MeJ!QlY HeHTPOHOM li 8JieKTPOH8l.m aTQMHOH o60JIOl!Kli li HBJiemm aJieKTPlif'Iec
ltOH IlOJIRpH3yeMOCTH Hei1TpOHa B KYJIOHOBCKOM noJie fl'Apa. 

9.3KcrrepHMeHTam.Hoe o6Hapy;iteHHe aHOMaJII,HO Man:oro R'AepHoro pac
CeJmR!l TeITJIOBHX HeHTpOHOB Ha smpax 186w H llCCJie'AOBaHHe H'AePH0-WH3H
'IeCKliIX CBOHCTB 'AByx nsoTo~ecKirIX cMeceil BOJI:&WPaMa, o6or8llleHHwc nso

TOITOM 186 W • 
· IO.IlpeunsnoHHHe H3MepeHM rrOJIHWC ce'IeHRH B3aHMO'AeilcTBM HeftTpO-:. 

HOB c·smpmm 186w ll BHCMy-TOM B 06JiaCTH 3Heprml: HeftTpOHOB 'AO COTHH 
3JieKTPOHBOJI:&T, ,W.CHHH KorepeHTHOro pacceRHM HeilTpOHOB Ha CMecn, 060-
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r8llleHHo! nsoTorroM 186w,n rr~eHne ~CJie:HHWC oueHOK B~ Koaip
wnuneHTa aJieKTpztieCKOH IlOJIRpH3yeMOCTll HeftTpOHa. 

11.SKcrrepHMeHTaJII,HOe o6Hapy;KeHRe HBJieHM reTepoipa3HOro COCTOH
Hllll BOJI:&WPaMa, co'AePlK811lero M8.I'lillTHHe MHKporrpIDllecn. HMeHRe s~a
eTCR B o6pa30BaHIDI B napaMarHHTHOH ~ase BOJI:&~paMa ~eppoMarHllTHHX KJia
CTepoB li3 aTOMOB BOJII,~paMa BOKpyr npHMeCHWC aTOMOB. 

12.lfuMepeHRe ,w.rRHH pacceRHM HeilTpoHa Ha aJieKTpoHe n onpe'AeJie
IDie CB!I3aHHoro c Heil cpe'AffeKB~aT~oro aJieKTpztiecKoro PMHYCa Heil
TPOHa. 

Anpo6amm pa60TH li rry6JIHKamm. PesyJI:&TaTH BKJIID'IeHHHX B 'Al{CCe_p.; 
TaUHID liCCJie'AOBaHRH HeO'AHOKpaTHO 'AOKJia'AHBMHC:& mi BceCOI03HHX H Mew-
HapO'AHWC COBemaHRliX, CHMil03nyM8X H KOHWepeHUIDIX, r'Ae 6HJIH C 60JI:&IIIHM 
RHTepeCOM BCTpe'leHH H~HOH o6mecTBeHHOCT:&IO. 

MaTepnaJIH, BKJil()qe~e B 'AHCCepTaUHID, ony6JIHKOBaHH B 35 rre'IaT
HHX pa6oTax, BKJIIO'IM 'ABe MOHOrpawIDI. CllHCOK 3THX pa60T IlpHBe'AeH B 
KOHne aBTopewepaTa. 

06~eM n CTPYJSTYPa ;zrn:ccepTamm. ,llliccepTaUHR cocTonT ns BBe'Ae
mm, Tpex rJiaB, IlO'APa3'AeJieHHHX Ha 14 rraparpar~OB li CO'AeplKaIJIIDC OCHOB
HHe MaTepnaJIH pa60TH, ~aKJIIO'IeHIDI n CITliCKa UHTHpOBaHHOH JIHTepazypH. 
Beere B 'Al{CCepTlmllll 144 CTpamru;!l UamHHOITllCHOro TeKCTa, BKJIIO'IM 29 
pnCYHKOB n 6n6JinorpaqiHID ns 143 HaHMeHOBaHnft. 

II.KPATKOE CO,uEPJKAIIBE ,ILHCCEPl'AI.Ufil 

Bo BBe8eHHH ITOKa3aHa aKTyaJII,HOCT:& ll3~eIDUI WYff'AaMeHTaJII,HWC 
CBOHCTB HeilTpOHa KaK aJieMeHTapHOH ~aCTlill;H ll C'AeJiaHH o6mne 3aMe~aHM 
06 H3~ern ero aJieKTPOMarHHTHWC CBOY.CTB. CipOpMyJIHpOBaHH ue;u, ll 3Ma
~ npoBO,ItID,lillC HCCJie'AOBaHllii. KpaTKO nepe~cJieHH n~eHHHe pesyJI:&TaTH, 
IlOKa3aHa Ha~M HOBH3Ha pa60TH, ee Ha~HM ll rrpaKTlif'IeCKM ueHHOCT:&, 
npHBe'AeHH ITOJIOXeHM H pesyJI:&TaTH, BHHeCeHHHe Ha 38l!IHTy. 

rJiaBa 1 ITOCBRmeHa WBRHrepOBCKOMY pacCeRHli!O HeMTpOHOB. lliBHHre
pOBCKOe pacceRHHe HefiTPOHOB o6ycJIOBJieHO CITRH-op6HTaJI:&HHM B38.HMO'Aeil
CTBHeM, BH3BaHHHM 'ABHllteIDieM MarHHTuoro MOMeHTa HeilTpoHa M~ B eyJio
HOBCKOM 1;lOJie smpa. HBJieHHe 6wro pacCMOTpeHO TeopeTlif'IeCKHlllBHHI'epoM B 
1948 rO'IJY·; Eiraro'Aapi! 'AaJll,HO'AeiiCTBYJOO!eMY xapaKTepy KYJIOHOBCKOrO ITOJIR 

,w.rR T.IIllteJIHX fl'Aep a@leKT CTaHOBHTCH cpaBHllMID~ C fl'AepHHM pacceRimeM B 
o6JiacTn MaJWX yrJioB ( N 2-3°). ~epemni:am,Hoe ·ce'!eHHe pacceRHM 
orrpe'AeJIReTcH BHpaxeHHeM: 

6(G)=6J0) +fdf ~ ~20JmfJ8)d~ ~ (it~).. 
(1) 

r'Ae6of0)nfo(e)- Ce~eHHe H aMITJIHTY'Aa H'AepHoro paCCeRHM, 

5 



.i ~'L ~ ➔ f = l ~-- %c2.. , P0 - BeKTOp IIOJIHp,!3~ rra.n;alOOlero rrytIKa, Vt, CBlI3aH c 
K Hl<o COOTHOmeJmeM l~><~="-l<:'1.Si11~, J<r- yrOJI paccesmmi:. 

B CJIY'lae HeIIOJIHpH30BaHHHX HeilTpOHOB TpeTmi -qJieH B BlipallteHRR 
(1) paBeH HYJIIO H . . 

~(G) =bo(e) + t"tdf" t . (2) 

Blraro.Itapil RHTep:Ilepe~ cIIRH 3aBHCRMoro mBRHrepoBcKoro paccea
Hll!I C R,D;epHHM pacceaHHHe HeftTpoHH OKa3HBalOTCH rra.im:pH30BaHHHMll, rrpn-

':J:eM: p:.~ 2rJtvi-taC~) d:3:-6/2. · 
1-fo{(l)\2 + !'2-di"t 8/i. · 

(3) 

3:EtcrrepRMeHTaJD,HOe o6HapyJKeJme n HCC~e.ItOBaJme mBRHrepOBCKOrO 
pacCeHHWI - TexmI'l:eCKH .ItOBOJII,HO MOlKHM ·sa,n;aqa. lLJilI ee pememm He06-
XO~.lli MOl!llllrli HCTO~RR HefiTpOHOB H xecTKM K~artmi.-KaR nepBl{qHO
ro rrytIRa, TaR n paccesmHHX HeHTPOHOB. "JJ,o 1956 ro.Ita 6WI llSBeCTeH pR,D; 

6esycnemHHX IIOIIHTOK 06HapyJKHTh a(jqleKT IllBRHrepa Ha OII!lTe. 
BeJm'IH!Ia ceqeHmt mBRHrepOBCKOro pacceHHRH Hee 3aBRCRMOCTh OT 

yr~a BIIepmrn 6wm 11cMe.ItoBaHH B Hamme pa6oTax 1955-5? rr. lfoToqHRRa
MH 6HCTplDC"HeHTpoHOB B STIDC pa6oTax CJiyJKHJIR aKcnepHMeHT8JihHHe peaR
TOpli Ha 6HcTpHX HefiTpOHax c lltl!,ItKOMeTaJIJIH'IeCKHM OXJI8ll!,I(eJmeM EP-2 n 
EP-5. JJ.iur. cneKTpOMeTpn:R peaRTOpHHX HefiTpOHOB npm.i:eH&lIRCh crremram;HHe 
.IteTeKTOpli, B qacTHOCTR, .IT,7IHHHM (nopR,D;Ra l M) rnrmm.zu>RqeCKM llOJmSa
!llIOHHM KaMepa, Harr~eHHM re.imeM R7llI BO.ItOp0.ItOM .ItO ,ItaBJieH:mi 
5-15 aTM. HaJIRtme y rMmt B ceqeHRR paccesmmr HefiTpOHOB peSOHaHCa 
rrp~ SHeprRH IIOpil.ItRa 1,2 MaB npRBO,ItRT K TOMY, qTO rMReBM KaMepa HB
MeTCH a(jqleKTRBHHM ,IteTeKTOpOM HefiTpOHOB B 06.naCTH 3Heprntt 1-2 MaB. 
Ilpn pa6oTe c BO,ItOpO,ItHOfi KaMepott llCIIOJII,SOB8JICfl MeTO,It pa,n;noTeXHK'!eCKOfi 
K~aium rrpOTOHOB OT,Itaqn. Ms BCeX RMIIYn~oB, BOSHRRaJmtllX Ha a~eK
TpO,Itax KaMepH, BH)leJI&nHCh TOJihKO Te, KOTOpHe COOTBeTCTBOB8JIR ~060BHM 
CT~HOBelillflM HefiTpOHO~ C npoTOHaMH. "]1.aJiee RMIIYnCH 8.HaJIRSllpO~Cb 

no 8MIIJIRTY,Ite. 
B npouecce ncMe.ItOBaH:mi H&m 6wrn orrpe,ItMeHH .u;nqxpepeHURam;HHe 

ceqemm pacceHmm HefiTpOHOB Ha H,Itp8X IJJIYTOHRH,_ypaHa, TOprur, BllCMYTa, 
CBRHUa, OJIOBa n Me,Itll rrpn pa3.IIWIHHX aHepr:wa: HefiTpOHOB OT 0,5 ,ItO 
8,5 MaB. B KaqecTBe npmiepa Ha pnc.l npne,IteHH rr~eHHHe B pesynTa~ 
Te npoBe,IteHHHX nsMepem ,ItR(jqlepeHURMbHHe ceqemm pacceHHRH HeiiTpOHOB 
C 8Heprnett ..,J 1,5 MaB Ha M8Jilie yrJW. Ha H,Itpax BHCMYTa, CBRHUa ll OJIOBa. 

OcHOBHM Tpy,ItHOC'N, npn RHTepnpeT~ 8KCII8pHMeHTaJD,HWC JtaHHHX 
SaltlID'IaeTCH B rrpaBWII,HOM yqeTe H,ItepHoro pacceamm. TaR KaR He c;vntec
TBY8T COOTBeTCT:syD!l8ll CTporott Teop:im, TO npn yqeTe a@leKTa R,D;8pHoro 
BS0l!MO,It8tiCTBHJI npHXO,ItllTCH npn6eraTh K pa3JIR'moro po,Ita MO,It~HHM 
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Pnc.l. PesynTaTH nsMepeH:mi 
yr~OBHX pacnpe,ItMeHRH HeilTpOHOB 
Ha BHCMYT8, CBRHUe ll OJIOBe. 

. l 6(eU = g~~~ 
KpyToll poCT ceqeHHH B 06.nacTR Ma
JW.X yr~OB o6yMOMeH mBRHrepOBCKRM 
paccellllleM. 

npe,ItCTaBJieHRHM. Hrui60Jiee a,n;aKBaTHO H,ItepHoe pacceHHRe HeilTpoHOB OllllCH
BaeT OIITHtieCKM MO,Iten. 0,ItHaRO, KaR ll3BeCTHO, e,ItllHHX rrpe,ItCTaBJiem 06 
aH8JIRTWiecKoM BHpruKeHRR orrTHtiecKoro R,D;epHoro rroTeH!llI8Jia Hero rrapa- · 
MeTpax HeT. IloaTOMY ,ItMaTh YBepeHHHe BHBO.Itbl o KaRRX-~60 SaKOHOMep
HOCTHX B pacxoJK,IJ;eHn:R Mel!QIY pacqeTHHMH H 3KCIIepmireHT8nHHMH ,ItaHHHMll 
,ItOBOJII,HO TPY.ItHO. B pR,D;e pa6oT HCMe,ItOB8JICH BOIIpoc O TOM, MOXeT ~ on
TWieCKM MO,Iten' ,ItOIIOJIHeHHM mBRHrepOBCKHM IIOTeH!llI8JIOM ll .ItaI!JllM y,ItOB
~eTBOPRTenHoe onncaJme pacceHmm Ha 60Jihmne yr~, onncaTh pacceaJme 
B 06.naCTll M8JIHX yr~oB. B!lBO,Itbl, C,ItMaHHHe B 3TllX pa60T8X, He .fIB1llIIOTCfl 
O)J;IIOSHalJl:lH!vlli. TmaTenHHe llCMe,ItOBalillH pacceHHRH Ha MaJIHe yrJW. 6wrn 
npoBe,IteHH B Hamme pa6oTax n pa6oTax ~3M ~06HRHCK) B 60-IT. McTO~OM 
HeHTpOHOB CJIYlKWI 6HCTpHH peaKTOp EP-5. IioJn,maa RHTeHCRBHOCTh HellTpoH
HOrO IIOTOKa 06ecrretJW1a BHCOKyKI CTaTHCTHqeCKyKJ TO~OCTh R3Mepemmx ce
~eH:mi - CTaTRCTWieCKM norpeIIIHOCTb B OCHOBHOM He rrpeBHlllaJia 1%. B pe
SYRhTaTe 6WIO IIOJiyqeHO, qTo HeCMOTp& Ha 60JII,moe qHMO BaphnpyeMWC rra
paMeTpOB _ OtimeCKOH MO,ItMH H,Itpa (,Ito 22), ,It06aBJieHRe K R,D;epHOMY R 
mBRHrepOBCKOMY IIOTeHURaJiaM He6onmoro ,ItaJD,HO,IteHCT:syD!lero IIOT8HlllI8Jia, 
SaBRCJilllero OT paCCTOfllillfl KaR ½.4 , SaMeTHO yJij"llllaeT TeopeTnqecKoe 
onncaJme SKcnepm.i:eHTaJD,HWC ,ItaHHHX no paCCellHlDD HeHTp0HOB Ha M8Jilie yr-, . 

JW.. 
MccRe,ItOBaHHH, npoBe,IteHHHe B IIOMe,eynitee ,IteCHTWieTHe, KaR C rro

MPR30B~, TaR ll C Herr~pRSOBaHHllMll HeilTpoHru.m, He ,ItaJIR OKoaqa
TenHoro OTBeTa Ha BOIIpoc: CIIOC06Ha ~ OIITHqeCKM MO,ItMb H.ItPa, ,ItOIIOJI-
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HeHHM JililllI, WB:irnrepOBCKHM IlOT8HUliaJIOM, OIIBCaTb paccesurn:e HeilTpOHOB 
Ha MaJIHe yrJW TruiteJIHMH RAPa.MII Mll xe cymecTByeT KaKoe-Jrn6o .n;orroJIHH
TeJibHoe ,Il;aJibHO,n;ellcTBYJClllee B3aHMO.n;ellcTBHe, npoJIBJif!RI[{eecR B paCCeJIHHli? 
B CBll3li C 3THM CJie.n;yeT 3aM8TliTb, tJTO rrpoBe.n;emnm B KOHUe ?O ro.n;oB 
B pa6oTax llTaJibHHCKIDC (J!ll3HKOB MO,Il;eJI1,HO He3aBHCllMl:ili aHaJill3 BKCilepHMeH
TaJibHHX ,Il;aHHHX, OIIBpaKIIUrlicR Ha onTHtJeCKYIO Teoperzy' He HCKJIIOtJaeT rm10-
Tesy 06 aHOMaJII,HOM paCCeHHllll HefiTpOHOB TJDlteJWMll R,I(paMll. 

B pH.n;e CJiytJaeB WBHHrepOBCKOe paCCeHHlle IlOJIJipll30BaHHIDC HeilTpOHOB 
Il03BOJIJieT orrpe.n;eJIRTb ~ KorepeHTHOro paCCeJIHIDI. B tJaCTHOCTll, HaMll 
npOBO,Il;R1.[llC1, H3MepeHIDI MllH KorepeHTHoro ~aCCeHHIDI .n;Byx ll30TOillltJ8CKIDC 
CMecett Bom,qipaMa, o6oramemmx nsoTorroM 1 6 W , B HHTepBaJie aHeprllil 
.HettTpOHOB OT 0, 05 . .n;o 0, 25 BB. llaMepeHIDI 6wrn BIDIOJIHeHH Ha crreKTpOMeT
pe noJIJipll30BaHHHX H8HTPOHOB ~CTHTYTa H.n;epHoll qJH3HKH ~CAR (PJKelK, 
~CCP). HeilTpoHH, BWCO)tlIDllle li3 CTB.UllOHapHoro T8IIJIO,Boro peaKTOpa, OT
pallt8.im:c1, OT IIJIOCKOCTll (III) noMe~eHHoro B MBnmTHoe rrOJie MOHOKpllCTaJI
~a Co(92%)-Pe(8%), CJ.IYJKall!ero MOHOXpOMaTOPOM H IlOJIIIpll3aTopOM HellTpo
HOB. CTerreHD nOJIJipll38.Ullll P .n;ocTnraJia 9?% •. IIoCJie rrpoxo:ameHIDI t1epes 
MarHHTHl:lli COJieHOll,Il; ll ycTpOilCTBO, Il03BOJIJnallee H3M8WIT1, HanpaMeHHe 
CilHHa HellTpOHa Ha npoTHBOilOJIOJKHOe (c a@leKTHBHOCT:E,10 ¢ PaBHOH 94%), 
HellTpOHH nona.n;aJill Ha o6pase~ - MOHOKpliCT~ BMbW!)aMa. ,lJ,ruI OTPaJK0HllH 
(IIO) ll3Mep&1Ioc1, nOJIJip1rnaunoHHoe OTHomeHHe R,= I✓1- , r.n;e I+ H L -
HHT8HCHBHOCTll 6parrOBCKllX OTpaJKeHllil HellTpOHOB c npoTHBOnO~OlKHllMH Ha
IlpaBIIeHIDIMH CilliHOB. R, CBll3aHO C MHHOll paCCeHHIDI ~1::or c~e,Il;YJClllllM 
o6pasoM: 

6 
. . z. 

. o'I. +(K~ +(~-r)PodqO,) R, _ b,.or 4'1f d' 

- t:c, +c~~~-(i-})P¢f~Gf°' 
r.n;e ,r - aToMHl:lli qiopMlJaKTOP, a G- - yrM Bparra, 
OTKY.n;a MOltHO orrpe.n;eJIHTb ~1<.or. • Pesy~TaTH npoBe.n;eHHilX llSMepem Ha
XOWITCR B cor~aCHll co 3HatJeHHHMH ~ pacceJIHIDI, IlOJiytJeHHHMH HaMH B 
3KCnepHMeHTax C npHMeH8Hli8M ql~TpOB KpllCTHaHCeHa (CM. HlllKe). 

B 38MlOtJeHHe OTM8THM, tJTO B ~HTepaTYpe paCCMaTpliBaJillC:E, Bonpocu, 
CBll38.HH1le C BJIIDilmeM mBHHrepOBCKOro paCCMHM Ha noJIJipll38.UHOHHHe 3(1)
qieKTH IlpR ynpyroM paCCeHHHH HJMOHOB R rHITepOHOB npR BHCOKllX 3H8PI'IDDC. 
06~Yl!i,ll;aIOTCH B03MOlKHOCTH onpe.n;eJieHIDI .n;eilcTBllTeJil,HOH tJaCTH H.n;epHott aM
IIJlllTY.n;H np:e: MaJIHX yr~ax paccMHIDI,cos.n;rum.ii ITYtJKOB rrOJIJip:e:soBaHHHX 6a
p:e:oHoB ll nOJiytJeHIDI ,Il;aHHHX O MaI'HHTHHX MOM8HT8X rnnepoHOB R aHTH6apn
OHOB. 

r~aBa 2 co.n;epJKHT OilllCaHHe RCCJie,n;oBaHlltt a~eKTpli'IeCKOH nOJIJip:e:sye
MOCTH HellTpOHa. 

lIOWITRe 06 3~8KTPHtJ8CKOil IlOJIJip:e:syeMOCTH HettTpOHa 6Wio BBe.n;eHo 
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HaMII B 1956 r. IlpH paCCMOTpeHliH BOilpOCOB pacCMHIDI H8HTp0HOB B ey~o
HOBCKOM IlOJI0 TID!teJWX H,n;ep. 0,n;HOBpeMeHHO H H83aBRCHMO rrpe.n;cTaB/IeHM 0 
IlOJIJipRsyeMOCTH HYKJIOHOB 6WIR BBe.n;eHH Kn:ellHOM (1955 r.) ll Ba.JuunmM 
(1957 H 1960 rr •. ) B CB/I3ll c OilllCaHHeM rrpo~eCCOB pacceHHM qlOTOHOB H 
qJOTopo:ameHM IIBOHOB Ha HYMOHax. Hapa.n;y C Maccon, sapH.n;OM, MarHHTHHM 
H B~eKTpHtJeCKllM MOMeHTaMH nOJIJipRsyeMOCT:E, (a~eKTpntJeCKaJl ll M8rHHTHM)
qJYH,IJ;aMeHTaJibH8Jl xapaKTepllCTHKa, He06XO.n;HMOCT1, BBe.n;eHIDI KOTopott ,n;HK
TY0TCR coo6paxeHHHMH IlO~OTH OilHCaHIDI B3aHMO,n;ellCTBHll a~eMeHTapHHX 
tJaCT~. 

8KcnepHMeHTaJibHOe onpe,n;eJieHHe nOJIJipR3Y8MOCTell HJMOHOB rrpe.n;
CTaBJIJieT codon ,Il;OBOJII,HO TPY.n;HYIO sa.n;atJY. 8.rreKTpntJeCKaJl nOJIJipHsyeMOCT:E, 
npoToHa BITep:BHe 6Wia orrpe,n;eJieHa rpynrron rM1>,n;aHcKoro (1960 r.) B aKc
rrepHMeHTax no ynpyrOMY pacCMHHIO qJOTOHOB Ha npoTOHax rrpH BHeprIDIX qio

TOHOB Hltllte nopora po:ameIIBJI M030HOB. OneHHT:E, nOJIJipnsyeMOCT:E, HettTpoHa 
3HatJHTeJI1,HO C~OJKHee, nocKom,ey H8B03MOJKHO Il~Tb rrpaMHe BKcnepR
M8HTaJibHHe .n;amme HR no paCCMHHIO qJOTOHOB H8HTPOHaMII, HR no qJOTOPOlK
.n:emno IIKOHOB Ha H8HTPOH8X. 

~CTB8HHHM Ha cero.n;H.filllllldi ,n;eHb nPHMUM HCTOtJHHKOM no~eHM 
HHWOPMB.Ullll o nOJIJipnsyeMOCTR HefiTpOHa RMReTCR RSytJeHne pacceHHIDI Hefi
TPOHOB MaJIHX H cpe,n;Hmc' 3Heprllil TID!te.m.lMH R,I(paMll • 

EcJllr HeilTpOH HMeeT rrpOTID!t8HHYJO CTpyKTYPY, B~aJClllYIO B ce6R sa
p.lI,n;li pa3HHX 3HaKOB, TO no.n; .n;eilCTBHeM B~eKTpHtJeCKOro IlO~R °E: R,I(pa, 
HMeI(Jl1ero 3apH.n; i: e_ , y HefiTpOHa IlORBJIJieTCR HaBe,n;eHHHH B~eKTpHtJeCKHH 
,n;mIOJII,Hl:lli MOM8HT ➔ 

- (? D == ct., E, \'t-), (4) 

r.n;e cl-, - K03@l~eHT 3~8KTpntJeCKOH'nOJIJipH3Y8MOCTR (cTaTli'IeCKOil) Heil
TPOHa. B r~1>TOHRaHe B3aHMO,n;efiCTBHR HefiTpOHa C MPOM noRBJIJieTCR 
,n;mIOJII,Hlill ~eH Bll,Il;a: 

_ ~I dv (r.eY· 
/')... '1,'f ( 5) 

AMwlRTY,Il;a nOJIJipH38.UllOHHOro pacceRHIDI HeilTpOHOB B KY~OHOBCKOM 
nOJie f!,lij)a 6Wia BWn!C~eHa H8MH B 60pHOBCKOM npR6~eHHH: 

. ± ( e) = MJ.("Ie.S-910 ~ s,l'l,~R- -t- c.o s g it -I" s L ( Q R. )1 
0 2. R, t,) . l _( ~Q,)?.. 9 Pv I , 

(6) 

r.n;e_ q='21CSini , R,- pa,n;Hyc R,I(pa, .{j- - yrOJI pacceRHIDI, M - npH
Be.n;eHHM Macca HeilTpOHa. 
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B BH,D;e o6wmoro pa8JIOJK8HUH no noJIIDIOMaM JieJKaH.IU)a 8MIIJIHTy,n;a (6) 
llM88T BH,ll;: 

r.ne 

H~) = ;t·r.. I (?.t+l) L <LX{)(2, ft)-1} Pt (Cos(}), 

7: = MJ..("It.\'2.. r k.. - 1[,,.'I.. . ·1 
Co t"J LR> 3" ....... 

~ - M ,(-:Z.e. \'2.. r11 IC'L R., '!. .] c,- (JJ ~) LIS' --rk: + ... "i; (-:ie..)'l..l' 'l. 1 C2. = Md,\ -t;, 105" K + ... 

H T .,n. 

(?) 

(8) 

IIepB!:le :mcnepllM8HTaJII,Hhl8 nOHCRII BJIIIHHHH a@leRTa nOJIBp:rrsyeMOCTII 
HeiiTpOHa Ha npouecc pacceHHIIH 6WIH TeCHO CBH3aHH c HCCJie,nOBaHIIHMII 
lliBIIHrepoBCROro B8allMO,neficTBIIH. ITOCROJIJ:,RY noJIHpII8aIUfOHHOe pacceHHIIe 
o6ycJIOBJieHO ,naJII,HO,neilCTBYJ(lllIIMH cwrm.m, ,TO nOHCRH BH3BaHHHX m.m aqi
~eRTOB npH SHeprim HeilTpOHOB nop,H,IJ;Ra HeCROJII,RllX MeraaJieRTPOHBOJII,T 
CJie.nyeT BeCTll B 06JiaCTII MaJIHX yr'JIOB paCCeHHHH nop,H,IJ;Ra HJIII MeHee ro0 • 
fu ripoBe,neHHHX OITHTOB C YB6P8HHOCTI,ID MOJKHO 6wro YTBepll(,ll;aTI,, 'ITO 

r:;)., 4 4•I0-I i.JJM3• 
3RcnepmJeHTH no pacceHHHID HeiiTpOHOB Ha TSDlteJIWC .H,npax B 06JiaCTH 

60Jiee HII3RHX 3HeprHii (MeHee 300 R3B) TaRJKe n08BOJLfI!OT IT~TI, IIHq]Op
MauHID 06 SJieRTp~eCROH ITOJIBp:rrsyeMOCTll HeiiTpOHa. EcJIH ITpe,ncTaBHTI, 
~epeHUHaJII,HOe ce'!eHIIe pacceHHHH B BH,D;e paSJIOJKeHHH B pH.n ITO nOJIH-
HOMaM JieJKaH.IU)a Pt (Cos(}): • . 

6( G-) ==- Go r ~ + f wt-Pi~e )1 . 
-4'ii L t=O j, 

(9) 

r.ne 60 - ITOJIHOe Ce'leHIIe noTeHUHaJII,HOro pacceHHHH, H BOCITOJIJ:,30BaTI,C.H 
lISBeCTHblM ITpll6JIHJKeHH8M ,IJ,7.1.H 1ias pacce.HHHH Ha ROpOTRO,neiicTBYJWleM no-
. T8HUHaJie .A:,npa - 8(, ~ (" R, )2f+I ' TO B CJiyqae ~CTO .H,nepHoro B3aIIMO,neiicTBIIH 
Roa@JHUIIeHT w1 eCTI, JIHHeiiHaH ciiYHRUIIH aHeprHII HefiTpOHOB E . IIpu 
yqeTe HHTepqiepeHUHH .H,nepHoro pacCeHHRH C ITOJIBpll3aIUfO~ B w~ ITOHB
JIHeTC.H 'i.JleH, ITPOITop:r.nroH8JIJ:,HHH ~ 

0 1 -=<t-E+i'-IE1, (IO) 
o -~,./,fa. e'L oL 7..1/ 'I 

r.ne tr= -2.)5,l0 n ::0 · /(/,/·, eCJIII aHepruro E B (IO) BHPaJKaTI, 
B RKII08JI8KTPOHBOJII,Tax. TaKOH aHaJIH3 6HJI npoBe,neH B pa6oTe TMepa ,IJ,7.1.H 

pacceHHHH HeiiTpOHOB c 8Hepr.IDIMII 50-300 RaB Ha .A:,npax ypaHa II IIPHBeJI R 
oueHRe ol ~ 2 • ro-2<li1113• EoJree y,no6Ha MH ucCJie,noBaHIIii o6JiaCTI, aHepoo 
H8HTPOHOB HHJKe 50 RaB, nocROJII,RY IIpII 8THX irneprIDIX HeJIHHeHHaH 3aBIICII
MOCTI, W4 OT E cRaSHBaeTCH C:WXI,Hee. 

IO 

B HaIIIeH pa6oTe Ha IIMIIYJIJ:,CHOM peaRTOpe HEP-30 0:rnlli MeT<>,nOM Bpe
MeHII IIpOJieTa 6HJIII ITPOBe,neHH OilllTH ITO H8Y'JeHll]) paccemnm HeilTpOHOB 
Ha yr;w OT 30° .no I50° B o6JiacTII anepnrli OT 0,6 .no 26 KaB. B Ita'leCT
Be pacceHBaTeJIH 6HJI BH6paH CBHHeU, KOTOplili y,n;o6eH TeM, 1JTO B HSyqae
MOH o6JiaCTH aneprm!: OH He HMeeT CMI,HllX HeilTpoHHHX peSOHaHCOB, CITO-

co6HHX BHeCTII ,nOITOJIHIIT8JIJ:,HHe Heonpe,neJieHHOCTH B pesy.m,TaTH.aHaJm8a. 
IIOJiyqeHHHe ,naHHHe 6HJIII o6pa60TaHH HaMII COBMeCTHO c .Ita.HH!lMH ,ItPyrHX 

pa6oT, ony6mmoBaHHHMII B JIHTepaType. 3Ta o6pa6oTKa np:ime.n:a K mmo.ny, 
'ITO c .nocTOBepHOCTI,ID !::!.. 68% 3Ha'leHIIe ~ JieJKIIT B npe.ne.n:ax: 

-3 -33 () -4, ?.IO ~ c:L ~ 6,I.IO <liM. II 
:Eme 60Jiee Y.It06HOH ,IJ,7.1.H llCCJie,nOBaHIIH HBJI.HeTC.H o6JiaCTI, SHeprHH 

HeHTPOHOB nop,H,IJ;Ra COTeH aJieRTPOHBOJIJ:,T H HIDKe. Bo8MOltHOCTI, COBMeCTHO
ro OIIIICaHHH .H,nepnoro H IIOJIHPlI8aIUfOHHOro pacceHHIIH B 3TOH o6JiaCTH 6u
Jia paCCMOTpeHa B HaIIIHX pa6oTax Ha OCHOBe qiopMaJIII3Ma, o6wmo np:HMemt
eMoro npII paCCMOTpeHHII sa,na'll! paccemnm: 'laCTH!Ui Ha CYMMe ROpoTRO,Itett
CTBYJOIIlero H J];8JIJ:,HO,IteffcTBYJW1ero IIOTeHUHaJIOB. CyMMapHyD 8MIJJllITY.ltY f-t 
pacceHHIIH neilTpOHOB MOJKHO BlipasHTI, '!epes qiasu S,., -H,Itepnoro, ~t. -
-HeHTpOH-SJieKTPOHHoro II ?r, -nOJIHpII3aIUfOHHOro pacceHHHil: 

\ = ~~(1t+O( s" t)(p\?-i-{\ttt")-{J P"c~e), cr2> 
r.ne S":.e.xp(iJe,)l{-Z:. 6 /~. q, (I3) 

• • L 2.. 

~\:_;:E-E: H E- L- Ti, - aHeprHH, neiTpOHHaH n nOJIHaH nmpHHa tro 
.. ... l,) "'") -

peSOHaHCa. 
PaCCMOTPHM CHa'laJia CJIY'laH ITOTeHUHaJI1,HOro paccemnm (des yqeTa 

peSOHaHCOB) npH HlI3RlIX 8Heprmoc HeHTPOHOB, KOr,Ita ,IJ,7.1.H .H,npa cymecTBeH
HO JilIIIII, 5 -pacceHHIIe. EcJIII ,IJ,7.1.H onpe,IteJieHHH ( n.e. ) H nOJI.HpII8artHOHHO
ro pacceHHIIH BOCIIOJIJ:,30BaTI,C.H nepBHM 6opHOBCRHM npH6.nmKeHIIeM,TO ml 
(I2) MOJKHO IIOJIY'IHTI,, 'ITO 

f ~=~ (~p(2.~0t)-Ofl.)(pl7-L(10-t-20)1 +.fJ~)+1f(~~~) Qllf, 7 
(I4) 

r.ne f( c;,;;~) 
: 

-:- ?TOMHHH rPMPaRTOP, Zo .naeTC.H BlipaJKeHIIeM (8), a 

. 10-= I<~"~) f(~;rt) Si .. ~d~ 
r.ne Q-~ - ,IJ,7.IHHa paccemi'mi aettTpoHa aa SJieRTpone. 

(I5) 

H3 (I4) CJie.nyeT 
0 . -A ~t ={:.5i1i80Cos(60+2(vz .. )]~H~)-1-lf(Si~!)ah,. = -(11<#1" Fi, 

~ . l o 
(IG) 

Jmt(o)-= ~ Sin00 Si11,l00 +2.(~0+z0)] = KG~{'u 
t /~' , 

(17) 

ll I 



I 

r.u;e ~""' - nOJIHaJI ,wuma RorepeHTHoro paccemnm, G.i.,t - nOJIHoe ce-qemre, 
-A - MaCCOBOe '!HCJIO. 

BlipaJKemUI (I6) li (I7) CO,IJ;ep;Ka.T HeH8BeCTHl1e 80 , a.,t M cl , RO
TOpHe MO:lKHO Haii:TH, no,u;cTaBliB B (IG) M (I7) 8RCnepID11eHTMJ:,HI1e ,u;aHHHe 
t.,, H 6-wb • nOJIY'IeHHH~ npn HeCROJII,RHX 8Ha'leHIDIX 8Heprnii. 

,1 C yqeTOM pe80HaHCOB H8 (I2) MOlKHO IlOJiyqllTI,: 
1::1 lE.'.) i. . .. i"" ~i< -[~r=0:(1.'l__21f)-20.Q.l:Gf('I-~)-f. -20.,3l-½fl\~,'R,Q,i::0r t -1-

-t ('Er'~')LQ~; Q(1.-F)-l4~ -+t(~S--½Z:.i'L' ... ¾z:: ..-6a,(E')/1t,r,: 
0 ~ , / 

n __ o .A. (l:,:-Q. z:. -=Z::. i·,1,.,-...t..E. s:;;-~~s,ri,..AE;, 
r.u;e'¼:c,- U1:crj\+I' 1,e, j ... ,rl... r,';t·)\L-. t.A(·e~ ff/)' 

"-lf-i=l. + 7'1 :._ .._ 1..6 • t- "/Ii 
'\I 

z 1 
ct_ ~.r~ . G (£'\=-TI s' r,i r:.. F:::. z. Lf (Si"e·) ~\\.(tJ.t 

(IS) 

2. i. "1'1.(AE~i,.. re_) (I, J k.'l. i. (AE!~ +r(1/) , 2 j ). ' 
\.' ' ... • '/'I 0 

E H E' - 3He~rHH HeiiTpOHOB, npn ROTOpWC H8MepeHH ~...,r li 6-4.t'' r;.~ -
-r -nmpHHa i;ro pe80HaHCa. 

IlepBHe rui:Tr, CJiaraeMWC B ~OPMYJie (IS) o6R8aHH CBOIDII nponcxolli,ll;e
HMeM R,u;epHOMY no'Tem:nm.7II,HOMY, noMpM8aIUIOHHOMY H ( ne. )-pacceRHIDO, 
BTOPM rurTepRa CJiaraer.rux o6ycJioBJieHa BJinmmeM pe80HaHCHoro R.u;epHoro 
pacce.lIHHR, npH'!eM noCJie.u;Hnii tJ.JieH npe.u;cTaMReT co6oii ce'!eHne saxBaTa. 
Ilpoue.u;ypa YlJeTa pe80HaHCHHX tJ.JieHOB no.u;po6HO paCCMOTpeHa B .u;nccepTaIUI
OHHOii pa6oTe. 0TMeTHM, 'ITO me ~a.u; B BMHl!HHY ~ COCTaBJIJIJI I0-15%. 

· ,Il,)m nMYlJeHIDI '!HCJieHHWC .oueHOR BMJrlllillll ._;... , a TaroKe HH19opMarurn 
0 BMH'!HHe Q~e. Ha HMnYJII,CHOM pekTope UEP-30 HaMH 6wrn npe.u;npHHRTH 
rrpeUH8HOHHHe H8UepeHHR nMHOro Ce'!eHU.lI B8aliMO,IJ;eiiCTBHR HeHTpOHOB C BII
CMYTOM. MsMepeHIDI nponycRaHIDI HeiiTpOHOB -qepe8 BHCI.ryT npoBO,IJ;UJIHCI, B 
HHTepBMe 3Heprnii OT I .no 90 3B no MeTo.u;y BpeMeHH npoJieTa Ha 60 - Me
TPOBOii npOJieTHOM 6ase, RaR C pacITJiaBJieHHHM, TaR H C TBep.u;HM o6pa3UOM 
TOJIIl1HHOfi IS MM, YpoBeHI, qJOHa, H8MepeHHoro C nOMO~I,ID noMe~emm B IlY'!JOR 
ITJiaCTHH po,u;IDI, cepe6pa li BMbQlpaMa (3HeprHH pe30HaHCOB I,26, 5,I9 H 
IS,83 aB), COCTaBJI.lIJI npH 3HeprHRX I-6 aB 0,3-0,4% H He npeBHII!M I,5% 
npn 8HeprHH N 20 3B. 3HepreTH'!8CRM 8aBIWIIMOCTI, nMHOrO Ce'!eHIDI E5-1-<,-c 

B3rurMO,IJ;eiiCTBIDI HeiiTpOHOB C Bl!CMYTOM, ITOJIY'!8Hli8.lI H3 3TUX l!3Mepemtii, 
npirne.u;eHa H~ pnc.2. Ha TOM JKe .pHcyin<e npHBe.u;eHH 3Ha'!eHIDI 0: 't', H3Mepe:.. 
HHlle B rapXHHrCROll Jia6opaTOplin ( qipr) ~). • 

,f-) HeROTOpoe pacxolli,ll;eHIIe MeE,Dy Hilllll!Mli ,naHHHMII H ,IJ;aHHl:lMII rapXI!HrcRoii 
Jia6opaTOPHH B paiioHe I,5 3B npaRTII'!eCRH He CRa3HBaeTC.lI Ha pesyJII,TaTax 
o6pa60TRH. 
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Pl!c.2. 3aBIICIIMOCTI, Gt,t (6apH) 
OT 3HeprliH E_ (3B). 
• - Ha.Illll_ ,IJ;aHHHe, O , ,C - ~aHHHe 
rapxmrrc1toi1 ;ra6opaTopmr. KpiraHe 
I II 2 - pac'!eTHHe (<p0pr.ry;ra (IS)) 
)J)I.lI .u;eyx rpynn napruAeTpoB: 
.I: a,.e. = -I,6.ro-16cM 

cJ.. = -4, 5. ro-3 <Dri, 
2: O.-e. = -I, 6. ro-16cM 

7 Io-3 - 3 
d- = • s!M. 

,IT,7!.!I nOJIY'IeHIUI HH(]!OpMaIUIII O BMH'!HHax d., II a, ... 3RCnepHMeHTMI,
Hli!e ,u;aHHHe o6pa6aTHBamrcr, no IDOPMYJie (IS). 3Ha'!eHHe g...,,. =8,5256(15) 
( }.~I5 A) 6HJio B3RTO H8 ~aHHHX rapXHHrc1toii ;ra6opaTopmr. B G •• t BBO,IJ;II
JIIIcr, nonpaBRli Ha IIIBHHrepOBCROe paCCeRHUe rr arperaTHOe COCTO.lIHHe Be
mecTBa. 0HII He npeBHIIlMH 0,8%. ,lJ,)m ,JJ,lII!HH pacceRHIDI HeilTpOHa Ha 3JieR
TPOHe nMyqeHO 8Ha'!emre: Q.e =(-I,55 ± O,II)Io-I6cM. OHO corJiacyeTCR 
C pesyJII,TaTOM Hanrnx HeiiTpOHHO-.u;HCJlPaRUIIOHHIDC OnHTOB CcM. HIDKe) C MO-

HORpHCTaJIJiaMH BOJII,~paMa ( Qoe=(-I,60 + 0,05)IO-I6cM).llcnMr,8oBaB npH 
. -

o6pa6oTRe 3TOT pesyJII,TaT, MO:lKHO IlOJIY'!I!TI,, 'ITO c ,IJ;OCTOBepHOCTI,ID N 90% 
BMH'!HHa K03(1XIllIUlieHTa 3JI8RTpH'!eCROii nOJI.lIPH8yeMOCTI! HeiiTpOHa 

, dv Z 5.I0-3cf?M3. . (19) 
XOT.lI nOJIY'IeHHaJI oueHRa no'!Tl! He OTJIH'!aeTC.lI OT Hameii 6Mee paH

Heii (II), OHa 6Mee Ha,u;e:lKHa. OueHRa (II) no;ryqeHa U3 aHMH8a ;vrJIOBWC 
pacnpe.u;MeHHii HeiiTpOHOB Ha ecTeCTBeHHOll CMeCI! li30TOnOB CBHHUa. K Hac
T_~eMY BpeMeHH H8BeCTHO, 'ITO II80TOIIH CBHHUa 204 pg H 207pg ID/leIDT 
CUJII,HHe pe30HaHCHHe YPOBHH C OTpnuaTeJibHOll 3HeprHei1, BJIIDII001Ue Ha no:.. 
Be~eHne ce'!eHIDI'B RUJIOBMI,THOii o6JiaCTH 3Heprllii. M XOT.lI nonuTRa YlJeTa 
pe80HaHCHIDC ypOBHeii 6HJia HaMH nos,u;Hee C,IJ;MaHa, OHa He .lIBJI.lieTC.lI 6es
ynpe'!HOi1 H8-3a H_e,nocTaTO'!HOll HHQJOpMaumr O pe30HaHCHIDC ypommx II30TO
I10B CBHHUa. 

', B 8aRJIID'!eHHe 8aM8TllM, 'ITO ITOMIIMO o6JiaRa BHPTYMI,HWC Me30HOB, 
ORPYJKaIC4IUIX HYRJIOH, HMeeTC.lI o6JiaRO BHPTYMI,HHX 3JieRTPOH-n08l!TPOHHIDC 
nap. ,IT,7!.lI ppoTOHa OHO npHBO,IJ;liT R nOJI.!IpII3yeMOCTH, no'!Tli Ha TPII nopR.u;Ra 
6Mr,mefi! tJeM-M830l!HaJI. Il7IOTHOCTI, aHMOrH'!HOro 06JiaRa B HeiiTpOHe H8-
sa OTCYTCTBIDI 3JieRTpH'leCRoro sapR,u;a 3Ha'!l!TMI,HO MeHr,rne. 0.u;HaRO, RaR 
OTM8'!MOCI, B pR.u;e pa60T, npn CTOJIRHOBeHmr HellTPOHa C R.u;pOM MOlKeT cy
mecTBOBaTr, CliJII,HaJI 3aBI!CID/IOCTI, 3JI8KTpO,IJ;HHaMI!'!eCRfilC aifx[JeRTOB OT 3Hep
i;im B o6JiaCTli nopor1{polli,ll;eHIDI 3JieRTpOH-n08IITpOHHHX nap. B08MOlKHO, 
'ITO .lIBJieHIDI TaRoro po.u;a r.mryT BH3BaTI, aHOMMJ:,HOe pacCeRHI!e HeiiTpOHOB 
T.lIJKMHMli R,npar.m Ha MMHe yrJIH npH 3Heprli.lIX HefiTPOHOB nopR.u;Ra Mera
aJieRTPOHBOJII,Ta H Bllllle. 
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B r~aBe 3 TIOMemeHl,l MaTepHaJIH, OTHOCJilllReCR R HCMe'AOBaHIIIO BSa
HMO'AeiiCTBHR Me,ItJieHHHX HeiiTpOHOB C a~eRTpOHaMH, BXO~ B COCTaB 
aToMa ( (ne)-BSam.tO'AeiicTBHR), 'Aamero HHWOPM81Ull0 06 a~eRTpoMarHHT
HOii CTPYRTYPe HellTpoHa. 

B 1947 r. <t>epMH o6paT~ BHHMaHHe Ha TO, '!JTO BOSMOJKeH BH,Jl; BSa
HMO'AellCTBHR MeJK,Dy HeiiTpOHOM H MeRTPOHOM, He SaBHCRmHH OT CTIHHa H 
CROpoCTH. HeiiTpOH ORpYJKeH MeSOHlIOii "my6oii" pas~epoM TIOpR.JUta il.-/ll\f 
H B Henocpe'ACTBeHHoii ~SOOTH OT HellTpOHa MOlKHO OlKH,ll;aT:r, HaJIH"llliI a~eR
TpH'leCROro TI~. IlpH 'AOCTaTO'tffiO C~HOM CMIDKeHHH HeilTpOHa c a~eRTp6-
HOM MeJK,Dy Hl!MH 'AO~lKH:bl BOSHHRaT:r, a~eRTPOCTaTH'!eCRHe cww BSBJ™O'AeiicT
BHR, OHH 'AMlKHH 6HTI, ROpOTRO'AeiiCTBYIW!HMH- IlOS'Affee \11~ 6~0 noxasa
HO, '!JTO TIOMHMO aqqieRTa, BOSHHR8l0lllero BMe'ACTBHe HaJIHlmlI y Hei1TpOHa 
OMaRa SapRJKeHlIWC BHPTYMI>HWC -qacT~, 'AMllteH cymecTBOBaTI, MarHHTHIIit 
pMRTRBHCTCRHH aqqieRT, ROTOPHH c~e'AYeT OlKH,ll;aT:r, Ha TOM OCHOBaHHH, '!JTO 
CB06o~ HellTpOH TIO'A'!JIDJJieTCR YPaBHeHIIIO .lLHpaRa H o6~a,n;aeT aHOMaJll,HHM 
MarHHTHHM MOMeHTOM. 06paSHO MOlKHO CRaSaT:r,, '!JTO CB060'AHM ~paROBCRM 
'!JaCT~a He 'ABIDKeTCR B.nMI> npRMoii, a "~OlKHT" co CKOPOCTI,10 CBeTa BOR
pyr TO'!JRH, ROTOPM nepeMemaeTCR paBHOMepHO co CROPOCTI,10 'ABDeHHR '!JaC
TJmll. Ilpn HaJIH'IHH y HeiiTpOHa BeyTpemieii a~eRTpOMarHHTHOii CTPYRTYPH 
RaJKYIIlMCR npOCTQaHCTBemIM npoTRJKeHHOCTI, SapR'Aa 6y,neT BOSHHRaTI> HS 
BffYTpeHHeii npOTRlltemIOCTH H 'AOITMHHT~Horo "pasMaSHBaHHR", CBRSaHHOro 
C "~OlltaHHeM". ,lIT06H TIMY'!JHTI, HS 3RcnepHMeHTaJII,HWC 'AaHHl:lX O ( lte) -
BSaIDl!O'AeHCTBHH HH(l)OpM81UllO O BeyTpeHHeii CTPYRTYPe HeHTPOHa, He06XO'AHMO 
Bl:l'AMHTI> STOT noc~e'AHHM aqqieRT. 

' .11sMepReMM B 3RCnepHMeHTe ,ItJIHHa paCCeRHHR HeiiTpOHa Ha a~eRTpO
He HMeeT BH,Jl;: ,._ 

Me-i~t-c-'-+M ~ 1 Qll.e. = t,;, L3' Eltl l"t,., 2.Wc.'l. , (20) 

r'Ae <~)N - cpe,znurlt RBa,n;paT a~eRTpH'!eCRoro pa,n;eyca HeHTPOHa. BTO
pon ttrreH B (20) o6yMOMeH BSBJ™O'AeHCTBHeM ~~H H BOSHHRaeT ~e'A
CTBHe ~OlKaHIDI '!JaCTJmll, HMemeii aHOMaJII,HI:rli MarHlITHHH MOMeHT {'Al\,. Co-
OTBeTCTBYJCIIIM 8TOMY aqqieRTY ,lt1Illlia paccemnm . 

12,'l... 
Q,F-= ~Iv 2 \,\c;-' (21) 

r'Ae M - Macca HeilTpoHa, ('A .... = ~, 9i • 
npRBO~T R -~ 

(lF=-1)4G&,,\O <t'M, 

IlO'ACTaHOBRa '!JHMeHlIWC SHa'!Jemrli: 
. ) 

(22) 

MOlKHO TIORasan TaIOlte' '!JTO ,Jt1mHa { \le. )-pacceRHHR CMSaHa C npo
HSBO'AffOil no KBa,IU)aTy nepe'AaHHOro HMITY~Ca q'l- OT :meRTpH'!JeCRoro (l)O,PM-
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qiaRTopa HeiiTpoHa Ge~ , xapaxTepHsyxmero pacnpe'AMeHHe sapR'Aa B Heil
TPOHe H HSMepReMoro B axcnepm~eHTax no paCCeRHHIO a~eRTpOHOB BHCORHX 
aHeprnn Ha ~oHax: 

( 
<lGE11\ t2" Q ('L~ ?w fv 'l. 'of )~'--:a=- 2.Me'I. ne. = ~ + {vt'rl, 4 M2.c1.. (23) 

TaRHM o6pasoM, I!3Y'!JeHHe (l'LQ )-BSaHMO'AeiiCTBHR noSBMReT llMY'!JHTI, HH
(l)OPM81Ull0 0 (aGew/0f)q';,o • 0CHOBHOt BMa,D; B STY BElJIH1IBHY 'AaeT ttrreH, CBR-
SaHHHii C 3qqleRTOM qi~: /J.11, 10/41,f\.i. = - 0,02II5 <Ilif'. . 

MTaR, B HCMe'AYeMoe Ha OilHTe ( V)e, )-BSBJ™O'AeiicTBHe 'Aa!OT BMa,D; 
'ABa aqqieRTa. O'AHH HS HHX o6yMOMeH BSBJ™O'AeilCTBHeM qi~ H MOllteT 
61:lTI, Bl:l'!JHMeH, BTOpoil, npe'ACTaBJim:nurlt 6M:r,nm:il HHTepec, BOSHHRaeT HS
sa-HaJintmR: y HeilTpoHa BHYTPeHHett MeRTpoMariinTHoil CTPYRTYPH H xapaR
TepHsyeTcR BMH'!JHHoil (--cEIN • Onpe'A~eMaR ns OilHTa aTa BMH'!JHHa 
CJiyJmT O'AHHM HS. TeCTOB COBpeMeHlIWC RBapROBWC MO'AMeii ~OHOB - MO
'AMeii MelllRoB. 

C y-qeToM (11.~)-Bsam.to'Aei1cTBWI .znnfxpepeHIUiaJII>Hoe ce'!JeHHe pacceR
HHR Me,ItJiemrax HeilTpOHOB Ha aTOMax: 

6((}) =IQ+ 1;f (Si~~) U11e. \ ~ (24) 

r'Ae C{ - ,ItJIHHa 1mrepeHTHoro R,ll;epHoro pacceRHWI, +(~&) - aToMHl:lil 
(l)O,PMPaRTOp. 01:(eHRH noRaSHBaJDT, '!JTO OTHOmeHHe°1-fa~•;Q.cocTaBJIHeT ~ 
TRJKMWC aTOMOB npH~SHT~HO 1%. 

no 70-x ro'AOB cymecTBOBan:o TPH axcnepHMeHTaJII>HHX MeTO'Aa nsy-qe
HHR ( ne)-BSBJ™O'AeHCTBWI. O'AHH HS HHX OCHOBHBaeTCR Ha Ha6Jno.IteHHH 
o'!JeHJ, He6MI>mo:ii (MeHee npo~eHTa) ac~eTpHH pacceRHIDI TeMoBWC Heil
TPOHOB Ha 6~aropO'AHWC rasax, o6yMOMeHHOil SaBRCHMOCTI,101(~_:&) OT 
yr~a paCCeRHWI. BTopoil Sa.KIIil'!JaeTCR B Ha6Jno.IteHHH CJia6ott saBRCHMOCTH 
OT ,ItJIHHl,l BMHH nomroro ce'!JeHWI pacceRHWI He:iiTpOHOB llrn,ll;l(HMH CBHimOM 
H BHCMj'TOM. HaROHe~. B OCHOBe TpeT:r,ero MeTO'Aa ~elKHT RMeHHe '!JaCTH'!J
HOil ROMITeHcarum 8MII.1IHTY'A R,ll;epHoro pacceRHHR npH OTpaJKeHHH He:iiTpOHOB 
OT rpaH:imu:Jieyx sepRaJI (lKH,Jl;RHil RRMOPO'A - BHCMj"T). 

Pesy~:r,TaTH HSMepeHHM ,ItJIHHH ( \'\.e.. )-pacceRHWI, npoBe'AeHlIHX sa ne
pHO'A c 1947 no 1976 rr., He npRBOMT R onpe'AMeHHOMY BHBO'AY OTHOCH
TMI,HO BMH'mHH (1.~ )N . IlOCROJU,Ry OCHOBHOH BMa,D; B Qne, BHOCHT 
ttrreH \1/~H. ~ onpe'AMeHW{ <1.~)tl Heo6XO'AHMO HMeT:r, norpemHOCTI, RS
MepeHHM Ha ypOBHe l - 2%. 0'AHaRO YJKe HSMepeHHR, BHnMHemme O onm6-
RO:ii 3% paMH'!JIWMH M8TO'A8MPI, npHBOMT K pesy~TaTaM, OT~H'laIW!HMCR 
'APyr OT 'APyra 6Mee, '!JeM Ha TpH OillH6RH. B CJIOlKIIBIIIeilcR CRTYartHH npe'A
CTaMHJIOCI, HaiiTR TaROil MeTO'A HCC~e'AOBaHWI, B ROTOpoM HSMepReMl:lii 3(ll
q>9RT 6WI 61,1 6Mee SHatJHTeJU,HHM. 
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C 3TOff neJII,D B 1966 r. Hru.m 6WI npe,ltIIpmtl!T IlOHCR HYM:Ima c 
60JII,111Hl,f ~ H MaJiliM SHatreHHeM ,It1IIDlll a,ItepHoro paccemnm: Q • Ilo,n
XO,ItRlltlIM ORaSaJICJI :HYMim 186 W , ~a paccesrnmi: HeilTpOHOB ROTOpHM B 
o6JiacTH T6IDIOBHX aHeprd Mana BCJie,nCTBHe HHTepf)epeHnHH peSOHaHCHOro 

. H IlOT6Hitl!I8JIJ,HOro pacceJIHHJJ: 

Q ~ R.- ~~\ ( 1 + ½), (25) 
0 " . 

r,ne rh, - HelTpoHHWI nmpHHa nepBoro _peSOHaHCa 186 w , Eo - 8H6PI'IDI 
HeiiTpOHOB, COOTBeTCTBynIIWI nepBOMY peSOHaHCy 186 W , ~ - co,nepxa
HHe HSOTOna ms W . B CM6CH. R, y-qHTHBaeT IlOT6HnHaJII,HOe paccemme 
H H6SHa'tlHTE!Jll,mlli BMa,n OCTaJII,HHX peSOH8HCOB BOJII>WPaMa. 

IlpenHSHOHHHe HSMepeHIDI MHHli paCCemIIDI HettTpOHOB CM6CI,D HSOTO
IlOB BOJII,wpmm, co,nepxame:li 90,?% 186 W , 6wrir mmOJIHeHH HaMH Ha IIY'I
Re xOJio]J;IU1X HeilTpoHoB ( }- ~ 15 A) peaRTopa FR,M (rapXl!lII', ~Pr) Me
To,noM WmII,TpoB KpHCTHaHCeHa. CxeMa OIIHTa npHBe,neHa Ha pHc.3. 

.J-~ 

®~~ 
\J.._~ u-~I 
~.-@ . 

PHc.3. CxeMa OIIHTa no onpe,ne.iremm MR
HU KorepeHTHOro paccea:mm HeHTPOHOB no
polllK006pasHHMH BemeCTBaMH. 

YCTaHOBRa COCTOHT HS SePRaJII,HOro 
HelTpoHOBO,na, ROJIJIHMHP~ me.irett, 
qMJII,Tpa KpHCTHaHCeHa, R0,Il;MHeBoro norJio

TRTeJIJI R CKaHHPYJ!lllHX llleJiefi:, CtreTtrHRa 
HettTpOH6B H MOHHTOpa. 

"Ha xopomo CKOJllmMKpoBaHHOM IIY'IKe HettTpoHOB (pacXO,Il;HMOCTI, B ropRSOH
T8Jll,HOtt IDIOCKOCTH He npeBOCXO,Il;Ma 2-3') ycTaHaBJIRBaJICH WWII,Tp KpHCTH
aHCeHa, npe,ncTaBJIJIJllllrli co6ott BepTHRam,JIYil nOJIOCTI>, Mellt,ey CTeR.IIJIHmlMH 
IDiaCTHHaMR ROTOpoii SaCWiaH nopomoR HCCJie,nyeMoro BemeCTBa. IIpocTpaHcT
BO Meir,tty xpynmmru.m: nopolllKa sanOJIHHeTCJI nootrepe,nHo pa~ u.n
ROCTJJMH C HSBeCTHI,IMR IlOKaSaTeJIJlMH npe.noM/leHIDI, H3Mepemm: SaKJ[]!)'q8JJTCH 
B Ha6.Jm.neHHH HHTeHCHBHOCTH MaJIOyrJIOBOrO pacceHmm HettTpOHOB WWII,TpoM 
npir HeCROJII,RHX SHatremm:x noRasaTeJIJI npeJIOM116HIDI ~OCTH. ManoyrJIOBOe 
pacceHHRe .nMZHo OTCYTCTBOBaTi,·xor.na noxasaTMI, npe.irowreHIDI U.IJ:KocTx 

11.L paBeH IlORaSaTMD npe.noM1IeHIDI BemecTBa nopolllKa 11.p ' H IlOHBJl!ITI,CH 
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npH HapymeHHH 8TOro YCJIOBRII. 0TCYTCTBHe MaJIOyrJIOBoro paccea:HHH OSHa
'!aeT, "'IITO ( 1-lt )L = ( N~ )p , OTRY.IJ:a onpe,neJIJieTCJI HeHSBeCTHOe SHatreHHO 

iP . B pesyJII,TaTe npoBe,neHHHX zsMepeHmi ~ ,IJ;JIHH!l xorepeHTHoro pac
ceHHHH nopolllKa BOJti,wpa.Ma (90, ?% 186w ) nOJIY:!eHo: 

t.or = (-0,0466 :I: 0,0006)•IO-l2cM. (26) 
IIos,nHee SHatreHHe (26) Il0,Il;TB6Ill!Qt6HO HaMH npH HCCJie,Il;OBamm mBHH

repoBCROro paCCElHHRII C IlOJIHPHSOBa.HlWMH Me,IJ;JieHJOO.m HefiTpOH8MH (CM. Bli-

me). - . 
HyRJm.n 186 W npHMeH&lICH HaMH ~ HCCJie,noBaHM ( rt.<1. )-BSaHMo,nett

CTBIDI nocpe,nCTBOM H3Y'J6HWI .IJ:HWPaRnHH Me,IJ;JieHHHX HettTpoHOB Ha MOHOKpH
CTaJIJlax-mapHRax ¢ 5 MM, npHI'OTOBJieHHHX HS CMecett HSOTOilOB BOJII,WPa.Ma, 

- o6orameHHHX 186w • 0.IJ:Ha cMecI> co,nepJKaJia 90, ?% 186 W (,IJ;JIHHa paccea:
HM tt (.. 0)' BTOPWI (,IJ;JIHHa paCCeHHRII ~2..'> 0) npHI'OT!lBJIHBaJiaCI, HS nepoott 
,no6aBJieHHeM (trepes paCTBOpli).14% ecTeCTBeHHoro BOJII,WpaMa. OcHoBHUe 
HettTpo~orpaWH'!eCKHe HSMepeHIDI npOBO.IJ:MHCI, B 1968-69 rr. Ha HecKOJII,KHX 
YCTaHOBRax, OTJIH'laJCIIUD(CJI .npyr OT ,npyra no pli.IJ:Y CBOHX napaMeTpOB (pas
HHe MOHOXpoMaTOpli, pasHHe CHCTeMli ROJIJIIDl.anHH H T.,n.), HO 6JIHSKHX no 
~e BOJIHH :e:cnOJII,syeMHX HeilTpOHOB ( ). ~ l, 15-l, 16 A). H3MepHJIHCI> HH
TerpaJII,HHe HHTeHCHBHOCTH T(1ucl) BOCI>MH OTpaJ!teHmi: (HO), (200), (220), 
(310), (400), (330), (420), (5I0) M6TO,Il;OM -0-?.~ ,lIOCKOJU,Ky BOJihqlp8M -
nap8Ma.I'H8TRR, TO 03W,Il;aJIOCI,, 'ITO MaI'HHTHOe paCCeHHHe He ,Il;OJDmO ,Il;aBaTI, 
BMa;n;a B 6psrrOBCRHe OTpruteHIDI,H nOBTOMY HHTerpaJII,HWI HHTeHCHBHOCTI, 
.nBflpaKnHOHHoro mma, cooTBeTcTByxmero 0TpaJ1teHHH tiettTpOHOB c ,IJ;JIHHOfl 
BOJIH!l >, oT ceMettcTBa IDiocxocTett ( h,~i), 6y,neT onpe,ne.irHT!>CH BHpal!te-

HHeM: f I 7.. } t \VJ -Itlll:t)=<\(Q+tf~e.) +(~-})l.~tcA-f-0- A e,<~~~-0- , <27) 

r.ne BTopoe CJiaraoMoe Y'JHTHBaeT He60JII>mott BMa;n; mBmJrepoBcRoro paccea~ 
HIDI, C - KOHCTaHTa, 0-- - yrM Bparra, A- - WBRTOP norJiomeHHH, 

e.)(p (-2'-tl) - WrutTop .Ue6aa-B8JIJiepa. 
H3 (2?) CJie,nyeT, 'IITO SaBHCHMOCTI, BeJIH'IHHli 

ticw1.Si1t (l)(p(2w) -o'l.~~2.0: (~-f )i.~'/i. == (l + ifa11e.= g~,2.. (28) 

_OT it ,n~a. 6liTI, JIHH6ilHOil, a He.RJIOR npm11off o6yCJIOBJI6H BeJIH'qHHOfl a,e.. , 
Ha pHc.4 npe,ncTaBJieHli :mcnepHMeHTaJII>H!le sHatremm ,IJ;JIHH pacceHHIDI &0 _ 

~ ,n:eyx HSOT0Illr'q6CRHX CMecen BOJII>WP8M8 KBR cpymamtt tf", n0.7IY'leHHHe 
no WoPMYJie (28) IlO,Il;CT8.HOBROtt B ~ee HSMepeHHliX HHTeHCHBHOCTett 1(1,,~tJ • 
H3 pHCYHKa CJie,nyeT, .'IITO OIDICBTI, 8KCnepHMeHTaJII,Hlie pesyJII>TaTH JIHHeftliott 
qiyHRIUlett. OT tt' C O,Il;HHM SH8'1{6HH6M Qhe., He npe,Il;CTaBJIHeTCH BOSMOlKHID/l, 
B CBIISH C 8THM HaMH paccMaTpHBWICH psm npll"OCI, cnocodHliX npmiecTH R 
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Pl'Ic.4.3aBIICHMOCTR SHa'lleHml: ,wnm 
KorepeHTHoro paccemum HeiTpoHOB .ItJIJI 
~Byx RSOTOn::e:tleCK:e:x CMecei BOJII,qlpaMa 
OT -zt , IIOJIY'IeHHHe B peSyJIJ,TaTe o6pa-
60TKH 3KCIIepJ!MeHTaJII,HliX ~rumwc IIO ~p
MYJie (28). 

rro~o6HOH CHTYaium (SKCTmnanuI, TeIIJIOBOe ~:mpllySHOe paCCeJllIHe :e: T.II.). 
IlOCKOJIJ,Ky He 6WIO H~eHO IIpoCTOH IIP:lflmHH, o6MCHm!lllei OTRJIOHeH:e:e 
SKCrrepl!MeHTaJII,HliX pesyJII,TaTOB OT TeopeTRtJeCKOH samrcHMOCTR, Hm.lR 6wra 
npewzoxeHa r:e:noTesa o ~orrOJIHIITeJII,HOM pacceJll!RH, ~axmeM BKJI~ B ,nHg>
pa.KIUiomme IIRKH. C yqeTOM STOi r:e:noTesu qiopMYJia (27) HMeeT mr,n;: 

Ic~i:~}=Cliu+If~e.)\(<-WJ\AfG-+p,_(~)}A e_~;};;J , (29) 

r'Ae p(9) - a.MllJIHTy~a ~OIIOJIHHTeJII,Horo paccerunra. 
MH rrpe~OJIOJKMH, 'IITO ~OITOJIHI!TeJII,HOe paccesrn:ire o6yCJIOB.1IeHO pac- . 

CeJIHHeM HettTpOHOB Ha o6JiaCTSIX ynOPll,D;O'lleHR!I MaI'HHTHWC MOMeHTOB, CYll!eC
TBYJCJnRX B :e:cCJie,Icy:eMOM BOJII,qlpaMe. F.cJI:e: 3TO TaK H eCJIH pasMepu Ta:K:e:X 
o6JiacTei (MarHIITHliX RJlaCTepoB) ~OCT8TO'IIHO BMHKR (rrOPll,D;Ka :wm: 60Jiee 

0 

~eCJITKOB A), TO ~OJIJKHO cymecTBOBaTI, pacce.HH:e:e HeiTpOHOB Ha Malllle yr-
JIH, corrpoBOllt,D;aKllleeCJI 'AeIIOJI.f!pHSBIUiett, eCJI:e: rr~axm:e:e Ha MOHOKp:e:CTaJIJI . 
HeiTpOHli nOJisp:e:soBaHH. IlOHCK MaJIOyrJioBOro pacceJIHM HettTpOHOB Ha MO
HOKPRCTaJIJiax BOJII,qlp8Ma 6wr npe~pHHSiT Hm.lR Ha MHOrOKaHaJII,HOi ycTa-. 
HOBKe MaJIOyrJIOBOro pacceJIHR!I IIOJIRp:e:SOBaHHliX HeiTpOHOB JIWI~ ((>.)~8,BA). 
Ha p:e:c.5 np:e:Be'AeHH xapaKTep:e:CTHKR I+ :e: I_ nOJIR¥RSOB81IHliX HettTpoHOB, 
npome.n;nmx -qepes o6pasen o6orameHHoro :e:soTorroM 86 W BOJir,qipaMa., :e: 
o~ :e:s o6pasnoB ecTeCTBeHHoro BOJII,qipaMa~ Hs p:e:cyHKa BHJJ;HO, 'IJTO Ha 
o6orameHHOM BOJII,qipaMe npo:e:cxo~T pacce.HH:e:e HeliTpoHoB BIIJIOTI, ~o ,;,3o, 
conpoBOllt,D;aKllleeCJI ~enOJIRpHSBIUiei HeiTpoHHoro ny-qKa. PacceJIHHe :e: 'Aeno
JIRp:irsan:im ny-qKa Ha6JnutaJIRcr, TaIO!te rrp:e: npoxollt,D;eHRH HeiTpOHOB -qepes 
o~ :e:s o6pasnoB ecTecTBeHHoro BOJII,qipaMa,:e: OTCYTCTBOBaJI:e: np:e: rrpox01t
'AeHRH HeiTpOHOB -qepes ~pyrott o6pasen ecTeCTBeHHoro BOJII,qipaMa 
(cM. p:irc.5). Ilpl!'llll!ott Ha6J!nltaeMWC RB.1Iem M01teT 6HTI, BSa:e:Mo~ettcTB:e:e 
HettTpOHOB c MaI'IillTHHMH RJlacTepaMH, o6paSYDJIHMl![CR rrp:e: Ha.7Jlf'llm B o6pas-
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Pl'Ic.5.MHTeHCHBHOCTH HeiTpOHOB, 
npome,ItlllHX -qepes o6pasr(Il, .ItJIJI 'ABYX npo
THBOnOJiol!OWX CimHOB, HarrpaBJieHHWC no 
(I+) H npoTHB (I_) MarHHTHOro IIOJIR. 
• - I+ :e: o - I_ - o6orameHHW1 BOJII,l!f-

PaM, A - I+ :e: a - I_ - ecTecTBeHHlitt 
BOJII,qipaM, He co~e,Pllt8llld Mal'lDITHHX MH
Kporrpwecei. Ilo oc:e: a6cn:e:cc OTJioxeH 
HOMep C'lleT'll:HKa H nepe~aHHHtt m.myJIJ,C 

q=411Si»O/>. • PaccTomme MeJOzy c1JeT-
1JHKaMH paBHO 4,I.I0-3p~. IJyHKTHpHaJJ 
KPHBM - qiopMa ny-qKa HeiTpOHOB, BliXO
,IVIIlllIX HS YCTaHOBKH, 

ne M8.I'HHTHHX npwecett. B CBR:SH C 3Tl!M npoBO,IUt]ICR aHaJIHS J!CCJie,IzyeMl:lX 
o6pasnoB Ha npHMeCH 'APyrmc SJieMeHTOB, B 'llaCTHOCTH, Ha MmtpollpHMeCH 
K06a7II,T8. Ilo:e:CR R06aJII,Ta ocymeCTBJlHJICR Ha YCTaHOBKe PEI'ATA peaKTOpa 
HEP-2 OWIH no CT~apTHOH HetiTpoH-aKTHBBIUIOHHOH MeTo~e. Ko6aJII,T 
(~OJIH rrpoueHTa) 6WI o6H8PYllteH RaK B o6orameHHOM, TaK :e: B 0,ItHOM RS 
o6pasuoB ecTeCTBeHHoro BOJir,qipa.Ma. Bo BTOpoM o6pasue ecTeCTBeHHoro 
BOJIJ,qlpaMa (CM, PHC.5) npHMepett K06aJII,Ta He 06HapYllteHO. HBJmlme KOppe
JIRr(HJ! MSlr,lzy paCCeJllIHeM HeffTpOHOB Ha BOJII,qlpaMe Ha MaJIHe yrJIH :e: co~ep
JWJIJ!eM B o6pasuax wmponpwecei K06aJII,Ta rro~TBel)lif,Jl;aeT rrpe~OJioxeHRe 
0 cymecTBOBaHHH B BOJII,qlpaMe MarHHTHliX KJiaCTepoB :e:s aTOMOB BOJII,qlpaMa, 
o6pasymnrxcs BOKpyr MarHHTHliX npm4ecett. Hmll.m CJIOB&m, BOJII,qlpaM MOllteT 
HaxO~TI,CJI B reTepoqiaSHOM COCTOJIIDm. Ente O,ItHHM 'AOKaSaTBJIJ,CTBOM reTe
poqlaSHOCTll BOJII,qlpaMa, CO'AePllt8.lllero MarHRTHlie rrpRMecn, HBJISieTCll: 06Hapy
EeHHOe HaMH llSMeHeHHe CTeneHH nOJIJlpRSanHH (Ha (2,9 ± 0,5)%) llplI 'AHq}
PaKn:e:H nOJIJipRSOBaHHHX HettTpOHOB Ha MOHOKPHCTaJIJie BOJIJ,qJpaMa, o6orameH
HOM :e:SOTOllOM 186 'I/./ • 3aMeTRM, 'IITO HalIR'IIKe MarHHTHliX npRMecett He HB

JIReTCR He06XO,IOIMHM YCJIOBJ!eM o6paSOBalmli reTepoq>asHoro COCTOmma:. Ba
lKHYJD POJll,.np:ir 8TOM lII'pa.m reTepoqiaSH!le 4l11YKTYanHH, cymecTBYJ)lllie B 
O'IIE!HI, mHp0XOH,06JiaCTH TeMIIepaTYP• MlmpOCROITH'lleCKOe OmICaH:e:e H HCCJie
'AOBaH:e:e reTepoqiasHWC COCTOmm:ll: H 41JiyKTYan:e:i CTaJI:e: B HaCTOJllllee Bpem 
O,ItHHM HS HarrpaBJiemnl: qiHSHR:e: KOH.ItBHCHpOBaHHHX cpe'A~ 

HTax, eCJm: BeJm'IJJ!Ha p HMeeT MB.I'IDITHOe npo:e:cXOllt,D;eHHe, TO npo6-
JieMa dnpe'AeJieHR!I BeJmtllIHH .o~t RS ~paK[(HOHHliX OIWTOB C MOHOKp:HCTaJJ:~ 
Jim.lR BOJII,qlp&ra. CBO~TCH K onpe~eJiemm SaBHCRMOCTH OT nepe'AaHHOro m.i:

nyJir,ca Ma?'HHTHOro ~pr,q>aKTOpa f M • OB/ISaHHOro . C BeJ.m1ll!HO! p OJielfY:-
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L 'l. (_'1. Q;l. /) 
ICIIlllM o6pasoM: p ,,.31M M , r.Ite u.,"' -aMII.7mTY.Ita MarHHTHoro paccemnm 
(Ha O,ItRH aTOM BOJILcppru.m). 3TY saBHCllMOCTI, MOlitHO orrpe,IteJIHTI, H8 llM8!0-
IIUIXCJI Halllll .Itli\PParonIOH!IHX ,ItrumHX BM8CT8 C HCKOMOil BeJilf!IHHOil Q~e• IIp0-
B8,IUI o6pa6oTKy TIO cpopi.1yJie (29). Ilpll 3TOM y,ItaeTCR OIIHCaTL 3KCII8pHMeH
Ta.JII,HHe ,Ita:HHHe C O,ItHHM 8Ha'!8HH8M Q.neIIPll J'l.. = I,25. IlMy'I8HHM IIPH 
3TOM 3aBHCllMOCTI, p'l. (:wm 1~ ) OT rrepe,ItaHHOro mmy~ca q IIOKammaeT, 
'ITO ~ mmaeT C POCTOM q 6HCTpee, '!8M KBa,ItpaT aTOMHOro.cpopr~aKTOpa 
BOJII,cppaMa, KaK R ,ItOJDKHO 6HTI, IIPH MaI'HHTHOM paCCeRHHH. BeJIH'!HHa QM 
OK~88JlaCL IIO.PJml(a IO-I4 CM. 

Ycpe,IUIHB Hanrn: ,ItaHHlie .ItH4lParonIOHHHX OIIHTOB C BOJILcppaMOM H OIIliTOB 
C BHCMYTOM (CM. rJI.2), M0'1tHO IIOJiy'!HTL: 

Qne. = (-I, 59 ± 0, 04). ro-IG CM, (30) 
n,nrna (n~)-paCCeRHHR H8IIOCp8,ItCTB8HHO CBR:8aHa CO cpe,IUieKBa,Itpa

Tli'IHHM pa,I(HyCOM pacrrpe,It8JI8HM M8KTPWI8CKOro sapima B HeilTpOHe: 

/, 'I..' -~\t . 
<....... 'LE./tl - \,\e,1.( O.~e, -a..). (31) 

Ilo,ItCTaBHB '!HMeHHHe 8Ha-qemm KOHCTaHT ll H8M8,P8HHOe 8Ha'!8Hll8 (30), 
M0'1tHO HailTII 

<_'t1.1:.)~ = (-0,II ± 0,02) .ro-I3 CM.•) (32) 

Ilo~eHHHil pe8yJILTaT RBJUI8TCJI O,ItHHM H3 BaJKHWC TeCTOB MO,IteJieil 
HYI<JIOHOB, B 'IaCTHOCTH, MO,IteJieil KBapKOBl:lX M8111KOB. 0,ItHOii H8 COBpeMeHHillC 
IIO,It06Hl:lX MO,IteJiett R~eTCR MO,IteJII, CBM ( Cloudy Bag 1-k:Jdei ) • CorJiaCHO 
3TOi1 MO.It~,~OH COCTOHT ll8 Tpex B8Jl8HTHl:lX KBapKOB, sanepTHX BHYTPII 
H8KOTOporo o6~eMa, ll B3allMO,IteiiOTJ3Yl(IUHX C IIHOHllllM IIOJI8M Ha IIOBepXHOCTll 
M8111Ka. ECJm orpaHWm:TLCR O,ItHOIIHOHHHM npn6JmlKeHHeM, TO, KaKIIOKa8HBalOT 
pac'!eTH, BepOHTHOCTI, HailTH HeiiTpOH B COCTORHll:ll IIOJIOlKHTeJILHO 8apmiteH
mdi KOp - MemoK wnoc OTptmaTeJII,Hliil IIROH,oKa8H~aeTCR IIO.PJml(a 20%. Ilo
JIOlmTeJII,HO sal)R!teHHI:tli Kop SaKJil!l'IeH BHYTP:H HeioToporo o6~eMa pa,I(llyca 

R,. IloBepXHOCTI, MemKa RBJUI8TCR RCTO'!Hll:KOM ImOHHOro IIOJIR, IIPOCTHpa
Dll8r0CJI Ha pacCTORHll:e IIOpsr,ItRa ; c., :;> R., • OTCJQna Me,ItyeT, 'ITO cpe,IUimi 
KBa,ItPaT pa,I(Hyca pacnpe,IteJieHM s~pima B Hei1TpoHe (t.\.111 = 51..1.f('t.._)dv , 
r,Ite ~~ - IIJIOTHOCTI, pacIIpe,ItMemm sap,ma, B, MO,IteJill CBM ,ItOJIJKeH 6HTI, 
O',l'ptmaTeJII,JrnM. Pac'!eTH IIOKa8HB8!lT, 'ITO (1,'l.E../~2.. ~ -0,35.ro-13 CM, 'ITO 
6.mraKO It IIOJiy-qeHHOMY H8Mll 3KCIIepllM8HT8JII,HOMY 8Ha'!eHm:>, (32). 

B 3aKJDO'l8HHH Ha OCHOBaHJm IIpHBe,IteHHHX B ,ItHCcepTamm MaTepHBJIOB 
IIO,ItliTOJlteHH OCHOBHHe pesyJILTaTH ll C,IteJiaHH Me.ItYDlllle BHBO,Itli: . 

I.3KcnepRMeHT8JII,HO 06HapyxeHO ll llCMe,ItOBaHO HOBOe RBJI8Hll8 -

*) 3HaK "-" COOTBeTCTBY8T 8Ha'!emm (t.~)tl ~ 0 (cM. (3I)). 
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- mBHHrepOBCKOe paccemme Hei1TpoHOB B o6JiaCTll 3HeprHii OT T8IDIOBOi1 .ItO 
HeCKOJILKHX MeraaJieKTPOHBOJII,T. 

2.BBe,IteHO IIOHHTHe O HOBOM RBJI8HIDI - 3JI8KTPWI8CKOii IIOJIRpHSyeMOC
Tll HeilTpOHa IIPH paccemnm ero 'B KYJIOHOBCKOM IIOJie R,Itpa. BwlHMeHa co
OTB8TCTBYDl!M aMIIJIRTy,Ita pacceRmm. Paspa60TaH M8TO,It onpe,ItMeHM aJieK
TpWieCKOii IIOJIRPll3Y8MOCTH HeilTpoHa H3 ,Ita.HHWC O B3allMO,IteiicTBHH HeiiTpo
HOB C T.IDKeJiliMH H,ItpaMll. IlMy'IeHH 3KCII8pllM8HT8JII,HHe oneHKH K03qqJHU,I8HTa 
M8KTpWieCKOtt IIOJIRPH3Y8MOCTH HeiiTpOHa, JIY'Jlllll8 Ha cero,ItHRmHHii ,IteHL. 
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6.3KcnepHM8HT8JILHO orrpe,It8JI8HO 3Ha'IeHHe cpe,ItHeKBa,ItpaTH'!HOro 
aJieKTp:iJliecKoro pa,I(llyca HeiiTpoHa, 
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