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OBlll;A.H XAPAKTEPI1CTI1KA PABOTbl 

AKTYaJihHOCTh TeMhi nccJie,n;oaanuii:. 

Heii:Tpuno, 6y.n;yqii OTKphrToii: o.n;noii: II3 nepBhiX 3JieMeHTapHhiX qacTu~, (1, 2) na upo

Ta)!(eHim 6oJiee qeM BOChMII,n;ecaTn JICT ne nepecTaeT y.n;ep)!(HBaTh BHIIMaHIIe nayqnoro 

C006~eCTBa. HecMOTpa Ha liHTeHCIIBHeii:ume IICCJie)l;OBa!III}l, MHOrne ero CBOHCTBa )l;O Cl!X 

nop OCTaiOTC}l Hel!3BeCTnhiMII. Cpe,n;H HHX He TOJihKO TaKHe <lJyn,n;aMeHTaJihHhie, KaK MaC

ca HJIII HaJIHqne yrJIOBhiX MOMeHTOB, HO ,n;~e caMa npupo,n;a qacTH~hi: Maii:opaHOBCKM 

UJIII )l;HpaKOBCKaa II CBa3aHHhiH C 3TIIM BOTipOC 0 ee KllpaJihHOCTH( CTIHpaJihHOCTll). 

5IaJiaach Maccllanoii: qacTu~eii:, nei\;rpuno c neo6xo,n;uMOCThiO o6Jia,n;aeT MYJihTHIIOJih

nhiMII MOMenTaMn u necoxpanaro~eii:ca cnupaJihnocThiO. B TO )!(e apeMa B paMKax CTan

.n;apTnoii: Mo.n;emr 3TH 3¢¢eKThi ncqe3aro~e MaJihi. TaK MarnnTnhrii: MOMenT 3JieKTpon

noro neii:Tpuno, caa3annhrii: c MaccOBhiM qJienoM, onpe,n;eJiaeTca Bhrpa)!(enueM [3): 

_ 19 ( m..,) 
/.Lv ~ 3 X 10 /.LB leV (I) 

9TO 06CTOaTeJihCTBO Upll COBpeMennoM COCTOanHH 3KCTiep!IMenTaJihnOii: TeXnl!Kll ,n;eJiaeT 

neB03MO)!(HhiM ero 3KcnepuMenTaJihnoe o6napy)!(enue (yqnThiBaa TeKy~ee orpanuqenue . 
na Macey neii:Tpnno). TeM ne Menee, B pa.n;e pa6oT(4, 5) YKa3aH .n;pyroii: MexaHH3M renepa

~uu MarHIITHOrO MOMenTa npu HaJIIIqnu y neii:TpHnO MaJIOH MaCChi, OTIHpaiO~!Iii:Ca Ha B03-

MO)!(HOCTh cy~eCTBOBan!Ia <<HOBOH tPH3liKll>> npn 3Hepruax MenhiiiiiX TIOpOrOBOH 3neprllll 

napyiiienna 3JieKTpo-cJia6oii CHMMeTpnn. CaM Mexanu3M npu 3TOM ocTaeTca neH3BecT-

HhiM, no )l;JI}l Bhi'IIICJienua 3Haqenna MarnHTIIOrO MOMenTa OH 0Ka3hiBaeTCa HeHy)!(HhiM, 

eCJill BBeCTll TaK Ha3hiBaeMhiH MaCIIITa6HhiH <iJaKTOp, onpe,n;eJiaeMhiii: 3HaqenneM 3Hep

rHH, npu KOTopoii: B03HHKaeT <<H?Baa tPII3HKa>>. B 3TOM cJiyqae MHHIIMaJihHOe 3naqe11ne 

MarHIITHOrO MOMeHTa )l;Jl}l MaiiopaHOBCKOrO neii:TpliHO OKa3hiBaeTC}l ,n;~e MeHhiiiiiM cy

~eCTBYIO~l!X 3KcnepnMeHTaJihHhiX orpanuqenuii:. TaKIIM o6pa3oM, naxo)!()l;enne MarnnT-

HOrO MOMenTa TI03BOJIUT yBepeHHO rOBOp!ITh 0 TOM, qTo, BD-TiepBhiX: Heii:Tp!IHO Maii:opa

HOBCKOe, II, BO-BTOphiX: cy~eCTByeT Heii3BeCTnaa HaM tPII31IKa npll 3Hepruax MeHhiiiiiX, 

qeM Tnnuqnhre ,n;Jia BeJIIIKOro 06be,n;unenua (rvl T3B). 

qTO )!(e KacaeTC}l CTIHpaJihHOCTll Heii:Tp!IHO, - CHTya~!I}l 3)l;eCh BO MHOrOM CXO)!(a C 

onucannoii. 9¢¢eKTIIBHoe 3naqenne cmrpaJihHOCTII B CTan.n;apTnoii: Mo,n;eJin MO)!(nO o~e

HHTh H3 cooTHOIIIenna MaCChi n 3neprmr neiiTpnno. ,ll,Jia npo~ecca 6eTa-pacna.n;a 6°Co 

. < '·iO~~:ItXtHISJ3CKA), 
i~Jlti OT:EifA 
.r' ·;:-~ r.TTT 
$'~"- ~ }(} ,.....~i J!J.._ ··----· 
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3TOT napaMeTp 6y)l;eT COCTaBJUITh ;::, lQ-7, 'ITO, KaK If B CJiyqae MarHUTHOrO MOMeHTa, 

npe)l;cTaBJI51eT na cero)l;H51IIIHnii )l;eHb ne)l;OCTH2KnMyiO M51 U3Mepenuii nennquuy. Ho u n 

3TOM CJiyqae B p51)l;e Teopnii B03HUKaeT B03M02KHOCTh o6oiiTn 3TO orpanuqenue, nne)J;enu

eM HOBbiX 'laCTU~ UJIU «HOBOM <J>n3l!KU>> [6, 7]. 0)l;HOM !13 TaKUX B03M02KHOCTeii 51BJI51eTC51 

nepenopoT emma B cnJihHOM MarnnTHOM none npu nannqnn y neiiTprmo 3aMeTnoro Mar-

HHTHOrO MOMenTa. 

)J:JI51 IIOHl!MaHH51 ):\aJihHeiiiiiero He06XO)l;liMO OTMeTUTh, 'ITO li3Mep51eMOM B 3KCIIepu

MeHTax nemi'lnnoii 51BJI51eTC51 ne ca~m 3Heprn51 neiiTpuno, a 3Heprn51 nTopn'IHhiX qacTn~. 

B cnyqae H3Mepenn51 crrupanbHOCTn 3To 3neprn51 OT)l;a'ln 51)l;pa, a n cnyqae H3Mepenn51 

MarnnTnoro MOMenTa - 3Heprn51 OT)l;a'ln 3JieKTponon KpncTanJia n rrpo~ecce yrrpyroro 

pacce51HII51 neiiTpnno. B )l;aJihHeiiiiieM, ronop51 o6 3Heprnn, Mhi 6y)l;eM IIO)l;pa3yMenaTb 

nMenno 3neprn10 OT)l;a'ln - ER. 

TaKnM o6pa30M, H3 BhiiiieCKa3annoro BhiTeKaeT aKTJMhliOCTh pa6oTbi no nccne)l;o

nanniO 3JieKTpOCJia6biX If CIIHpaJibHbiX (KnpanbnhiX) CBOMCTB HeiiTpHHO. 

Uenh pa6oTbi. Orrpe)l;enenne MarnnTJIOro MOMenTa u cnnpanhnocTH neiiTpmw, no

BhiMn, OCHOBaHiihiMH ua rrpe~U3HOHHOM 51):\epnoii CIIeKTpOCKOIIHU, MeTO)l;aMH. 

IlocTannenHhie 3a)l;a'IH. 

• Pa3pa6oTKa nonoro MeTO)l;a n ycTanonKn )l;JI51 H3Mepenn51 cnnpanbHOCTH neiiTpnno c 

0):\HOBpeMeHnhiM OIIpe)l;eJieHHeM g<J><J>eKTHBnOCTll IIOJI51pHMeTpa ll IIOJiyqenne orpa-

Hl!'lei!H51 Ha OTKJIOHeHne CIIHpaJibHOCTll 3JieKTpOHHOrO HeiiTpliHO OT TeopeTH'leCKOrO 

3naqeHH51. 

• Pa3pa6oTKa MeTO)l;a H ycTanonKn )l;JI51 H3Mepemm MarnnTnoro MOMenTa neiiTpnno H 

ceqenn51 KorepenTnoro pacce51HH51 3JieKTponnoro neiiTpnno c ne~ecTBOM rrpn Hll3KHX 

3Heprn51x ER (;::, 3- 20 K3B) n ycnonn51x rrpOMhiiiiJiennoro 51)l;epnoro peaKTopa. 

e IloJiy'leHHe Orpann'leHH51 Ha BeJIH'll!HJ MarHIITHOrO MOMei!Ta 3JieKTpOHHOrO HeiiTpll-

110. 

Hayqna51 HOBH3Ha. 

• Ilony•reno JIY'IIIIee Mnponoe orpamrqeuue na MarnnTnhrii MOMenT 3JieKTponnoro an

THHeJ"iTpnuo- 3.2 X IQ-llfLB 
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• Pa3pa6oTan HOBhiii MeTO)l;, no3BOJI51IO~nii cy~ecrneuno yny'IIIIHTh pe3JJibTaT H3Me

penn51 cnnpanhuocrn 3JieKTpounoro neiiTpnno. MeTO)l; 6a3npyeTC51 na ll3Mepennn 

3<J><J>eKTliBIIOCTH KOMnTOHOBCKOrO nOJI51pUMeTpa Henocpe)l;CTBeHHO B 3KCIIepHMeHTe 

If liCIIOJib30BaHHII 2KH)l;KOrO liCTO'IHHKa /-H3JIJ'leHH51 C peKOp)l;HO Bh!COKOii liHTeHCUB

HOCTbiO )l;JI51 CHU2KeHl!51 3<J><J>eKTOB! CB513aHHb!X C TOpM02KeHHeM 51):\pa B KpHCTaJIJIH

qecKOii peiiieTKe. MeTo)l; )l;OKa3an cno10 3<P<PeKTnnnocTh n M02KeT 6hiTh ncrroJih30Ban 

B )l;aJihneiiiiieM )l;JI51 l!CCJie)l;OBaHnii IIO)l;06Horo pO)l;a. )J:OCTII2Kl!Ma51 TO'IHOCTb ;::,3% 

e Pa3pa6oTaH HOBb!M KOMnJieKCHbiM MeTO)l;, 1103BOJI51IO~llii 3<J><J>eKTliBHO cnn2KaTb <J>on 

n ycnonn51x pa6oTaiO~eii aToMnoii.. cTan~nn u 6nn3Kopacrrono2Kennoro peaKTopa. 

IlOKa3ano, 'ITO MeTO)l; 1103BOJI51eT JMeHbiiil!Tb <J>on B liCCJie)l;YeMOM )l;Hana30He 3Hep

rnii na 6 nop51)l;KOB. 

• Pa3pa6oTaH MeTO)l; o6pa6oTKH nMnynhcon repMannenhiX )l;eTeKTopon, II03BOJI51IO~nii 

CHH3l!Tb nopor perHCTpa~Hll C06b!Tl!M ):10 peKOp)l;HOrO Hli3KOro B JCJIOBH51X IIpOMbiiii

Jiennoro aToMnoro peaKTopa 3Ha'leHH51 3 K3B. 

Hayqna51 n rrpaKTH'leCKa51 3Ha'IHMOCTh pa6oTbi 

IloJiy'leHHhie pe3JJibTaTbl 1103B<JJI51IOT HCKJIIO'll!Tb ll3 paCCMOTpeHH51 Teopnn, )l;JI51 KO

TOpblX MarHHTHbiM MOMeHT 3JieKTpOHHOrO HeiiTpHnO OKa3hiBaeTC51 60Jihiiie 3KCIIepHMeH-

TaJihHoro ycTanonnennoro rrpe)l;ena. 

OrpaHH'lenne na crrHpaJihHOCTh rronyqeuo rrpn O)l;HonpeMennoM H3Mepennn 3<P<PeK

THBHOCTH IIOJI51pHMeTpa, 'ITO )l;eJiaeT IIOJiyqenHbie pe3JJihTaTbl cy~eCTBeHHO 6onee Ha

)l;e2KHbiMH n cpannennn c rrpe)l;hi)l;Y~HMH pa6oTaMn. 

IJoJiy'leHHbie pe3JJihTaTbl liCIIOJib30BaHbl )l;JI51 C03):\aHH51 Hli3KO<J>OH0Bb!X JCTaHOBOK 

)l;JI51 nccne)l;onann51 3JieKTpocna6hr;_ H 51)l;epnbiX ~po~eccon na A9C. Ecnn n rrpo~ecce 

)l;aJihHeiiiiinx HCCJie)l;onannii 6y)l;eT rronyqeuo nenynenoe 3naqenne MarnnTnoro MOMenTa, 

3TO 6y)l;eT )l;OCTaTO'lnhiM JKa3aHHeM Ha TO, 'ITO neiiTpHHO HMeeT MaiiopaHOBCKJIO rrpnpo-

)J;Y. 

Pa3pa6oTan MeTO)l; rrpone)l;enn51 peKop)l;no Hll3Ko<PononhiX 3KcrrepnMeHTOB na aToM

HhiX CTaH~I151X B6JIII3ll ~eHTpa aKTHBHOii 30Hbl peaKTOpa C J'IeTOM CIIe~n<J>nqecKHX )l;JI51 

TaKIIX ycnonuii ncTO'IHHKOB pa)l;HOaKTnnnoro <J>ona ()l;onroamny~ue npO)l;YKThi )l;eJiemm, 

pa)l;noaKTHBHhie 6naropO)l;Hbie ra3bi). 

Ha 3a~IITY BhiHOC51TC51 cne)J;YIO~ue rrono2KeHn51 n pe3yJihTaThi 
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• Pa3pa6oTaH MeTo,n; .n;mr II3Mepenna crmpa.ribHOCTn 3JICKTponnoro neil:TpiiHO c He3a

BIICIIMhiM II3MCpCHIICM 3¢¢eKTIIBHOCTII II X<II,ll;KIIM IICTO'IHIIKOM II3JIJ'ICHIIH. 

• Pa3pa6oTaH MeTo,n; 9KcnepnMeHTaJibHOi1: periicTpaiJ,IIII n nocJie.n;yroiiJ,eil: o6pa6oTKII 

IIMnJJibCOB repMaHIICBbiX ,ll;CTCKTOpOB, n03BOJIHIOIII,IIll CHII3IITb nopor periiCTpaiJ,UII 

C06biTIIH,ll;O 3 K3B, 'ITO HBJIHCTCH KpliTII'ICCKII BaX<HblM npii lf3MCpeHIIll MarHIITHOrO 

MOMCHTa Ha aTOMHbiX peaKTOpax 

e fiOJIJ'ICHO OrpaHII'ICHIIC Ha BCJIII'IIIHJ MarHIITHOrO MOMCHTa HCHTpiiHO Ha nepBOH 

¢a3e 9KCnepiiMCHTa GEMMA - /-Lv < 5, 8 X w-n/-LB 

e fiOJIJ'ICHO orpaHII'ICHlfC Ha BCJilf'lliHJ MarHIITHOrO MOMCHTa HCHTpiiHO Ha BTOpoiJ: 

¢a3e 3KCnepiiMCHTa GEMMA- 1-Lv < 3, 2 X w-n/-LB 

Anpo6aiJ,IIH pa6oTbi II ny6JinKaiJ,UII Pe3yJibTaTbi nccJie,n;oBaHJ!il:, noJioX<eHHhre B ocno- · 

BJ ,ll;IICCCpTaiJ,lfii, npe,n;cTaBJIHJIIICb If ,ll;OKJia,lJ;b!BaJilfCb Ha MCX<,ll;yHapO,ll;HbiX KOH¢epeHIJ,II

HX: no a.n;epnoil: cneKTpocKonuii u CTPYKType aTOMHoro a.n;pa ('-Ie6oKcapbr-2009, CanKT

ITeTep6ypr--2010), Kon¢epeHIJ,IIII no neycKopiiTCJihHOil: ¢II3IIKe NANP2005 (,Izy6na-2005), 

MeX<.n;ynapo.n;noil Kon¢epeHIJ,IIII HeiiTpiino-lllaMnanb (Peil:Mc-2008), III MeX<.n;ynapo.n;

noil: JieTneil: !IlKOJie no ¢II3uKe neiiTpiiHO naMHTII B.ITonTeKopBo (AJiy!IlTa-2007), IX II 

X MeX<.n;ynapo.n;noil: nay'!HOil: Kon¢epeniJ,IIII MOJIO,ll;biX y'!eHhiX II cneiJ,uaJIUCTOB (,Izy6na-

2007, ,Izy6na-2009), ceMIIHapax Jia6opaTOPIIII a.n;epHbiX npo6JieM OIUIM. MaTepiia.Tihi, 

HBJIHIOIIJ,IICCII OCHOBOH ,lJ;lfCCCpTaiJ,IIII, II3JIOX<CHbi B 6 pa6oTax. 

CTpyKTypa II o6'heM pa6oTbi 

,lJ,IICCCpTaiJ,IIH COCTOIIT II3 BBC,ll;CHIIH, Tpex rJiaB II 3aKJIIO'ICHIIH. ,lJ,IICCepTaiJ,IIH CO,ll;Cp

)KIIT 79 CTpaHIIIJ, ne'IaTHOrO TCKCTa, 31 piiCJHOK, 6 Ta6JIIIII, II CnliCOK JIIITCpaTypb! II3 80 

nanMeHoBaHIIil:. IToJIHbiil: o6'beM - 86 CTpaHIIIJ,. 

CO,IJ;EP:/KAHI1E PABOTbi 

Bo BBC,ll;CHllll ,n;aeTCH KpaTKOC onncanne COBpCMCHHOrO COCTOHHIIH 3KCnep1IMCHTaJib

Hl;fi ¢II3IIKII 3JICKTponnoro neiiTpnno( anTJmeil:TpiiHO). ITo,n;qepKIIBaeTca B03MOX<HOCTb 

3KCnepHMCHTOB, npOBC,ll;CHIIC KOTOpb!X HC Tpe6yeT pa60Tbl 60JiblliiiX nayqHbiX rpynn II 

.C03,ll;aHUH MCX<,ll;yHapO,ll;HbiX KOJIJia6opaiJ,IIH, npu 3TOM l!X IIOTCHIJ,UaJibHbiC pC3JJibTaTbi 
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MOryT 6biTb BnOJIHC COnOCTaBIIMbiMII C TaKOBbiMII B CJIJ'lae _ KpynHbiX 3KCnepiiMCHTOB. 

PaccMaTpiiBaroTca ,n;Ba BII,n;a TaKIIX 3KcnepiiMCHTOB: IICCJie,n;osanne peaKTopubiX aUTII

nefiTpiiHO npii 6JIII3KOM pacnOJIOX<CHIIII ,ll;eTCKTOpa II KOppeJIHIJ,IIOIIllbiC 3KCnepiiMCHTbi. 

B nepBoil: rJiaBe npuBO,ll;IITCa TeopeTII'!ecKoe o6ocnoBaHIIH BhiiiOJIHeHHhrx IICCJie,n;oBa

HIIil. Oniicauhr 3JieKTpoMarHIITHbie cBofrcTBa ueil:TpiiHO. XoTa ¢opMa.ribHO cniin, a BMecre. 

C UIIM II Cniipa.TlbHOCTb, HBJIHCTCH JIII!Ilb imaHTOBQ-MCXaHII'ICCKOH xapaKTCpiiCTIIKOH, TCM 

HC MCRee, OHII O'!CHb '!aCTO CBH3aHbi C 3JICKTpOMarHIITHbiMII (,n;OCTaTO'IHO BCnOMHIITb 

XOTH 6bi rnpoMarHIITHOC COOTUO!IlCHIIe), 'ITO n03BOJIHCT paccMaTpiiBaTb IIX COBMCCTHO. 

MarUIITH~ril: MOMenT ,n;Jia MacciiBHoro neil:TpiiHO B paMKax CTan.n;apTHoil Mo,n;eJin csa3an 

C MaCCOll COOTHO!IlCHIICM ( 1), n03TOMJ Jiro6oe JKa3aHIIC Ha BCJIII'IIIHJ, npCBbiiiiaiOIIJ,Ylo 

3TO 3Ha'!CHIIC, 6y,n;eT O,ll;HOBpCMCHHO II yKa3aHIICM Ha 3¢¢eKTbi, BbiXO,ll;HIII,IIC 3a ee paMKII. 

B cJiy'!ae MailopanoBCKoro neiiTpnno, Kor.n;a neiiTpiiHO aBJiaeTca co6cTBennoi1 aHTII'la

CTIIIJ,eil:, ero C06CTBCHHbiH MarHIITUbiH MOMCHT TOX<,ll;CCTBCHHO paBCH HJJIIO, KaK II JII060e 

KBaHTOBOC 'IIICJIO, IIMCIOIIJ,CC 3HaK. TeM He MCHCC, II ,ll;JIH Hero B03MOX<HO nOHBJICHIIC TaK 

Ha3h!BaCMb!X nepexoau'btX .MO.Me1tmOB [8]. B 3TOM CJIJ'laC MarHIITHblll MOMCHT HCHTpiiHO 

B03HIIKaCT npii II3MCHCHIIII apOMaTa B npOIJ,CCCC aKTa B3aiiMO,ll;CHCTBIIH
1

• 9TO 03Ha'laCT, 

'ITO B MaTpiiiJ,C, OniiCb!BaiOIIJ,CH OCIJ,II{IJIHIJ,IIII HCHTpnno: 

l 
Ve 1-l Ue, Ue

2 

Ue
3 1l Vr 1 

Vp.. - up., UJ1.2 UJ1.3 v2 

vT UT, UT2 UT3 v3 

(2) 

,ll;IIarOHaJibHb!C 3JICMCHTbi npO,ll;OJIX<aiOT OCTaBaTbCH paBHbiMH HJJIIO B TO BpCMH, KaK 3Jie

MCHTbi, JICX<aiiJ,IIC B CTOpOHC OT ,ll;IIarOHaJIII, TaKIIMII 6b!Tb JX<C HC o6a3aHbl. MoX<HO no

Ka3aTb, 'ITO npn 3TOM 3Ha'!CHIIC MarHIITHOro MOMCHTa 60JibiiiCC, 'ICM 10-13 /-LB, B03MOX<HO 

TOJibKO B CJIJ'lae MaiJ:opaHOBCKOro• HCHTpiiHO [9]," li 3TO ,n;aeT CIII,C O,ll;HJ B03MOX<HOCTb 

IICCJIC,ll;OBaTb npiipO,ll;y 3TOH '!aCTIIIJ,bi. ,LI,o CIIX nop C,ll;IIHCTBCHHbiM OCJIII,CCTBIIMbiM 3KCne

piiMCHTOM no,n;o6noro po,n;a C'IIITaJICH ,ll;BOHHOH 6e3HCHTpiiHHbiH 6eTa-pacna,n;. 

ITepBoe II3Mepenne cnnpa.ribHOCTII neil:TpiiHO 6hiJIO ocyiiJ,eCTBJieHo B onbrTe foJib,ll;

xa6epa-fpo,n;3eHca-Cynbapa [10]. B CIIJIY oco6ennocTeil 3KcnepnMeHTa, o6ycJIOBJiennhrx 

rJiaBHb!M o6pa30M TCM, 'ITO HCUTpiiHO C'IIITaJIOCb 6e3MaCCOBOH '!aCTliii,CH, COXpaHHIOIIJ,CH 

cnnpaJibHOCTb, TOqHOCTb ero no COBpCMCHHb!M MCpKaM HCBCJIIIKa II COCTaBJIHCT OKOJIO 

1To•mee- B rrpou;ecce, IIpli KOTOpOM IIpO&BJI>IIOTC& CBOllCTBa apoMaTa, TO eCTb yqacrByeT He O,LIHO 

ITOKOJieHIIe MaCCIIBHhlX HeiiTpliHO. 
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30%. llpn 3TOM CaMHM BKJia,IJ,OM B CIIHpaJibHOCTb, CBR3aHHbiM C HaJIH'UieM y HefiTpHHO 

MaCChi, MO:lKHO rrpene6pe'Ih, TaK KaK ero 3Ha'!eHHe B paCCMaTpnnaeMOM rrpou;ecce < 10-7 

(,n,ecRTbre ,D,OJIH aB K MaB). B TO :lKe npeMR cyru;ecTnyroT ,n,pyrne Mexann3Mhi, rrp11 Ko

TOpbrX OTKJIOHeHne CITllpaJibHOCTII HefiTpiiHO OT e,IJ,IIHII'IHOrO 3Ha'leHIIR MO:lKeT CTaTb cy

m;eCTBeHHbiM. Cpe,n,n nnx n pa6oTe rrp11ne,n,eHbi TaKne, KaK npanhre TOKII, cym;ecTnonanne 

JieiTTOKnapKOB 11 nepenopoT crr11na neiiTpiiHO n CHJibHbiX rroJIRX. 

BTopaa rJiana rrocnaru;ena co3,n,anmo ycTanonKn II MeTO,IJ,HKII ,IJ,JIR 113MepeHIIR crrn-

paJibHOCTII 3JieKTpOHHOrO ne.ii.TpiiHO C IIOMOIIJ;biO KOMIITOHOBCKOrO ITOJIRpiiMeTpa. 

Ta6Jnru;a 1: Pe3JJibTaTbi 3Kcnep11MeHTOB no 113Mepennro crrnpaJibHOCTII ne.ii.Tpnno n a,n,-

pax. 

5I,ll;p0 I TIUI v rrpou;ecc TIIrr rrepexo,I~;a Crriipa.JibHOCTb .. JliiT. 

19Ne, Ve (3+ .!+-+.!+ 
2 2 -0.90 ± 0.13 [11] 

152mEu, Ve EC o--+ 1- -0.72 ± 0.11 *) 

-0.86 ± 0.32 *) 

-0.66 ± 0.13 *) 

-0.93 ± 0.10 [12] 

56Co, Ve EC 4+-+ 3+ -0.84 ± 0.15 [13] 

120 v 
' J1 

(JL-' VJl) o+-+ 1+ -1.06 ± 0.11 [14] 

-*) B opiiriiHaJihHbiX pa6oTax rrpiiBe,IJ,eHa JIHIIIh H3MepeHHa>l BeJIII'IIIHa u;npKyJI>!pHoil IIOJI>!pii3au;nii 

')'-II3Jiy'leHII>I; cooTneTCTnyroiiJ,ee )Ke eil 3Ha'leHIIe B Bhi'IIICJieHo B pa6oTe [12]. 

llocJie,n,yroru;ne 3KcrrepnMeHTbi II03BOJIIIJUI YJIY'IIIIIITb 3Ha'lenne, rroJiy'lennoe rpyrr

rro.ii. foJib,n,xa6epa. ,Il;JIR aJieKTponnoro ne.ii.Tpnno TaKrre onhiTbi MO:lKHO pa3,n,emiTb na ,n,na 

TIIrra: 3KcrrepnMeHThi c a,n,paMn n aKcrrepnMeHThi co cno6o,IJ,HbiMII ne.ii.TponaMn, npn'IeM 

o;·panuqenrm, noJiyqennhre n rroCJie,D;HIIX, cyru;ecTnenno JIY'IIIIe (,D;o e,D;nnnu; rrpou;enTon). K 

HIIM UMeeTCR IJ;eJiblll pR,[I BOIIpOCOB, B OC06eHHOCTII KaCaiOIIJ;IIXCR CliCTel\!aTII'IeCKIIX OIIIII-

60K IIpii IIpOBe,D;eHIIll IIO,[I06Hb!X IICCJie,[IOBaHIIH. B CJiyqae R,D;ep II3MepeHIIe CIIIIpaJibHOCTII 

ocnonano na ee «rrepe,D;a'!e~ BTOPII'IHhiM qacTiru;aM, narrpnMep, <PoTonaM. ,Il;JIR H3MepeHIIR 
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IIX ITOJIRpH3aiJ;IIH y,n,o6HO IICIIOJ!b30BaTb KOMITTOHOBCKIIH IIOJIRpiiMeTp, npe,D,CTaBJIRIOIIJ;IIH 

C060fi <PeppOMarHeTIIK, B KOTOpOM CKB03HOe ITpOXO:lK,IJ,eHHe raMI\Ia-KBaHTOB OITpe,n,eJIReTCR 

B3aiiMHOH OplleHTaiJ;Hefi CIIIIHOB 3JieKTpOHOB :lKeJie3a ll CIIIIHOB CaMHX <PoTOHOB. B TaKOM 

CJiyqae K03<P<PIIIJ;IIeHT a<P<PeKTIIBHOCTll ITOJIRpHMeTpa 06b!'IHO onpe,n,e.JiReTCR paC'IeTHbiM 

rryTeM, 'ITO CTanonnTCR cJia6brM MeCTOM ,n,annoro cnoco6a 113Mepennii. HaMn pa3pa6oTan

nonhrii MeTO,IJ,, KOTOpblll CITOC06en rrpeO)J,C)JieTb JITOMRHJTble CJIO:lKHOCTII. 

JI,n,eR MeTO,IJ,a COCTOIIT B O,Il,HOBpeMeHHOM II3MepeHIIII KOJIII'IeCTBa {-KBaHTOB, HCITJC

KaeMbiX rrpn HaJIII'Illll IIOJIR pa3HbiX 3HaKOB II ITOJIHOM ero OTCJTCTBliii. Jix COOTHOIIIeHUe 

orrpe,n,eJIReTcR ypannenneM: 

• TJ2 4 s+ + s_ = ch(TJ) = 1 + 2 + o(TJ ) , (3) 

r,n,e TJ -Koa<P<Pnu;nenT a<P<PeKTHBHOCTII rroJiapnMeTpa. CaMy :lKe rroJiapu3au;mo 1-

KBaHTOB MO:lKHO IIOJIJ'IIITb 113 OTHOIIIeHIIR: 

S+- s_ = p th(TJ) = PTJ + o(TJ3);. 
'++S-

(4) 

3a ocnony 113Mepenn.ii. B3RT rrpou;ecc K-3axnaTa n 56 Co, npn'IeM TOJibKO cJiy'lall, Kor,n,a 

IIOCJie 3axBaTa K-3JieKTpOHa 113 OCHQBHOrO COCTORHIIR 4+ R,D,pa 56 Co II BbiJieTa HefiTpiiHO 

o6pa3yeTCR R,D,pO 56 Fe B 3+ -COCTORHIIII. li3MeHeHIIe CIIIIHOB B paCCMaTpliBaeMOM rrpou;ecce 

rro3BOJIReT C'IIITaTh ero rrpaKTII'IecKn qncTo faMon-TeJIJieponcKnM, c B03MO:lKHo.ii. Manoii 

(::; 3%) rrpiiMechro 3arrperu;enHhiX rrpou;eccon BbiCIIIIIX rropa,n,Kon. TaK KaK, o6pa3onaniiie

eca R,IJ,pO HaxO,IJ,IITCR B B036J:lK,IJ,eHHOM COCTORHIIII, OHO qepe3 HeKOTOpoe BpeMR IICIIJCKaeT 

raMMa-KBaHT, KOTOpbiH, eCJIII 3TO npeMR )J,OCTaTO'IHO MaJIO, 6y,n,eT ,IJ,OIIJiepOBCKII C,Il,BIIHJT 

Il3-3a OT,IJ,a'III ,n,oqepnero a,n,pa ( rrpn'IeM IIMIIJJibC OT,IJ,a'III n, cJie,n,onaTeJibHo, neJIII'IIIHa 

c,n,nnra 8E7 o,n,no3naqno orrpe,n,eJIRIOTCR nanpanJieHIIeM BbiJieTa ne.ii.Tpiino). B pa6oTe rro

Ka3ano, 'ITO rrpii Jiro6oM narrpanJienrm crrnna aJieKTpona II 3Ha'!ennn crriipaJibHOCTII ne.ii.

Tpnno IJ;IIpKJJIRpHaR IIOJIRpi13aiJ;IIR <PoTOHa, IICnyru;ennoro B,Il,OJ!b IIMIIJJibCa R,n,pa COBIIa

,n,aeT CO CIIIIpaJibHOCTbiO HefiTpliHO. 

TaKIIM o6pa3oM, II3Mepaa rroJiapu3au;nro <PoTona II 3Haa neJUI'IIIHY a<P<PeKTIIBHo

cTn rroJiapuMeTpa, Mbi TeM caMbiM II3MepaeM II crrnpaJibHOCTb ne.ii.Tprmo. B peaJibHbiX 

II3MepeHIIRX, neo6XO,Il,IIMO J'IeCTb ,IJ,OIIOJIHIITeJibHbie <PaKTOpbi: KOppeJIRIJ;IIIO Me:lK,D,y Ha

npaBJieHIIeM BbiJieTa {-KBaHTa II nanpaBJieHIIeM emma R,n,pa, <i>JHKIJ;IIIO OTKJIIIKa )J,eTeKTD

pa. TaK KaK II3Mepemm npono,n,RTCR ,IJ,JIHTeJibHoe npeMR, neo6xo,n,nMo TaK:lKe o6ecrre'IHTb 
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PIIc. 1: l13Mepen1Ie cniipaJihHOCTII netiTpiiHO c ncnoJih30BanneM KOMITTOHOBCKoro rroJI}!

p1IMeTpa (II.n.ea aKcnepiiMeHTa). 

.n.oJiroBpeMennyro cTa61IJihHOCTh 6a3oBhiX narrpa)Kennti anrrapaTyphr ( oco6enno BhiCOKo

BOJihTHoti 'laCTII), TeMrrepaTypnyro II BpeMeHHYIO CTa6UJihHOCTh,•OTCy;cTBI!e 3aBIICIIMOCTII 

CIIrHaJIOB OT IIOCTORHHO II3MeHaiO~eroca IIHTeHCIIBHOrO MarHIITHOrO IIOJIR. 

C03)l.aHHaa ycTaHOBKa COCTOaJia ll3 KOMITTOHOBCKOrO IIOJIRpiiMeTpa, rrpe)l.CTaBJI}!IO~e

ro C060ti <PeppOMarHIITHYIO CIICTeMy C yrrpaBJI}!eMbiM 6JIOKOM IIIITaHI!H 3JieKTpOMarHIITOB 

II B03M0)KH0CThiO IIX rrepeiiOJIIOCOBKII, )l.BYX llOJiyiipOBO)l.HIIKOBhiX repMaHIIeBbiX )l.eTeK

TOpOB, H3Mep1ITeJihHOti II yrrpaBJiaro~eti aJieKTponnKn B CTan.n.apTax CAMAC II NIM, 

KOMllhiOTepa. 

BhrJin rrcrroJih30BaHhi )KII)l.Kne ncTO'IHIIKII 56Co c peKop.n.noti aKTIIBHOCThiO lf6K, 'ITO 

ll03BOJIIIJIO II36e)KaTh CJIO)KHOCTeti, CBa3aHHhiX C y'leTOM )l.Bli)KeHUR R)l.pa OT)l.a'lll B Kpli

CTaJIJIII'leCKOH peiiieTKe. B pa6oTe IIOKa3aHO, 'ITO )l.JIR rrepexo.n.a 2598 K3B Cpe)l.H}!R )l.JII!Ha 

npo6era a.n.pa .n.o ncnycKaHIIa /'-KBaHTa cocTaBJiaeT 1,7A, a paccTOHHIIe Me)K.n.y coce.n.

HIIMH MOJieKyJiaMU BO)l.hi - 3,1A, TaK 'ITO 3cPcPeKT TOpMO)KeHII}! }!)l.pa OT)l.a'IH MO)KHO 

C'IIITaTb MaJihiM. B.n.o6aBOK, IICTO'IHHK II3Jiy'IeHIIH B OTJIH'IHII OT TBep)l.OrO TeJia He naxo

)l.IITC}! B Y3Jie KpncTaJIJIII'lecKoti peiiieTKn, 'ITO n36aBJiaeT OT ueo6xo)l.IIMOCTII y'InThiBaTh 

ero CB}!3h c coce.n.nHMII aTOMaMII. TaK)Ke, yqeT TOpMO)KenHa a.n.pa B naiiieM cJiyqae crroco-

6eu npnBecnr JIHIIIh K yMenbiiienuro II3Mepeuuoro .n.onJiepoBcKoro C)l.BHra, TO ecTh TOJihKO 

YJIY'IIIIIITh rroJiyqeuuoe orpamr'!enHe. 

Marmnna}! cncTeMa,npe.n.cTaBJiaJia co6oti }!pMo n3 CTaJIII MapKII ArmCO (pnc.2), ua 

OCII KOTOporo paCIIOJIO)KeH CTaJihHOH CTep)KeHb )l.IIaMeTpOM 70 MM II )l.JIIIHOH 700 MM. Ha 

CTep)KHe, CIIMMeTpll'lHO OTHOCI!TeJibHO cpe)l.HHHOrO ceqeuna paCITOJIO)KeHhi 8 MarHIITHhiX 
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KaTyiiieK. KaryiiiKII coe)l.IIneHhi nocJie)l.oBaTeJihno II uaxo)l.}!TC}! no.n. nanp}!)KeniieM U ~ 5, 

'ITO COOTBeTCTBYeT TOKY I = 20A. 

210 

Oce ... 

700 

PIIc. 2: KoMrrTOHOBCKIIH rroJiapnMeTp 

YrrpaBJieHHe IIHTaHHeM MarHIITa OCy~eCTBJI}!JIOCh OT KOMIIhiOTepa C HCIIOJib30BaHUeM 

crreiJ,HaJihHO pa3pa6oTanuoro 6JioKa B cTan.n.apTe CAMAC, 'ITO II03BOJIRJIO II3MenaTh rra

paMeTphr lliiTaHIIa B IIIHpOKHX rrpe)l.eJiaX, BKJIIO'laa II3Meneuue IIOJIRpHOCTII H ocy~eCTB-

' 
Jieniie crreiJ,IIaJihnoro pe)KIIMa pa3MarnH'IIIBanHa rrorJIOTHTeJia. 

KoaKCIIaJihHhie HPGe )l.eTeKTOphr 6oJihiiioro o6'heMa pacrroJiaraJinch no ocu rroJiaprr

MeTpa C o6eHX ero CTOpOH. B KOHCTpyKIJ,HIO )l.eTeKTOpOB 6biJIII BHeCeHhi KOHCTpyKTHBHhie 

II3MeHeHH}! )l.JIR MIIHIIMH3aiJ,UII B03)l.eHCTBU}!. Ha IIX CIIeKTpOMeTpii'IeCKUe xapaKTepHCTII

KH pacceauuoro MarnnTnoro IIOJI}! rroJiapHMeTpa. CTO}!~a}! B cTan.n.apTHOM rrpe.n.ycnJIII

TeJie KaTyiiiKa HH)l.yKTIIBHOCTII 6hiJia 3aMeneua na )l.Be, ycTaHOBJieHHhie rreprreH)l.HKyJiap

HO BHeiiineMy IIOJIIO, 'IT06hi rrprr rrepeMarHII'IHBaHUII HJIII pa3MarHII'IIIBaHIIII CYMMapuaa . . 
HH)l.yKTIIBHOCTh OCTaBaJiaCh rrpe)!(Heti. ,Ll,oiiOJIHIITeJihHO K 3TOMY 6hiJIH ycTaHOBJieHbl <Pep-

piiTOBbie MarHIITHbie 3KpaHbi. 

Pa6o'IIIil o6'heM .n.eTeKTopoB 6hiJI aKpauupoBan )l.BOHHhiMII cPHJihTpaMH II3 nepMaJIJIO}! 

)l.JIR CHII)KeHIIR BJIII}!Hll}! MarHHTHOrO ITOJIR II KOM61IH1IpOBaHHOrO /'-cPIIJibTpa )l.JIR 3a~IIThl 

oT BHeiiinero II3Jiy'IeHIIa n noHII)KeHH}! cyMMapnoil 3arpY3KII. IloCJie.n.uee 6biJIO cBa3ano c 

TeM, 'ITO B pe3yJihTaTe IICITOJib30BaHIIR IICTO'IHIIKa 60JihiiiOH aKTIIBHOCTII raMMa-KBaHThi 

OT pacrra.n.a 56Co pacceUBaJIHCh Ha 6JIII3Jie)Ka~IIX KOHCTpyKTHBHhiX 3JieMeHTax II 60Jih

IIIM IIX 'laCTh TIOTia)l.aJia B 'IYBCTBIITeJihHhlli 06'heM )l.eTeKTOpa. ,Ll,Jia yMeHbiiieHJm 'll!CJia 
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<PoHOBbiX raMMa-KBaHTOB Ha ):\Ba nopR):\Ka, MarHHT 6biJI OKpy:lKeH CBHHIJ;OBOH 3aiiiHTOH 

TOJIIIIHHOH :::::::20 CM, a Ha ):\eTeKTOpax 6biJIH JCTaHOBJieHbi /-<PHJibTpbi. 

B R):(pe 
56

Co HMeiOTCR necKOJibKO raMMa-nepexo):(OB c Tpe6yeMoti MYJihTHnOJibHOCThro 

(.6.1 = ±1). Hau6oJiee nepcneKTHBHbiM ):(JIR n3yqenna: OKa3aJICR nepexo):( 2598 K3B. B 

3TOM CJiyqae o6ecne'IHBaeTCR 0):\HOBpeMeHHO ):\OCTaTO'!HO MaJIOe BpeMR :lKII3Hll ypOBHR H 

3Ha'!UTeJibHaR pa3HHIJ;a B 3HeprHH /-ITHKa npH pa3HbiX HanpaBJieHHRX MarHHTHOrO no

JIR, II HaH60Jiee BbiCOKaR 3<P<PeKTIIBHOCTb ITOJIRpHMeTpa. )l,JIR <PnTHpOBaHUR nHKa 6biJIII 

Bbi6paHbl 'IaCOBbie 3KCn03HIJ;IIII, nOCKOJibKJ 3a 3TO Bpe~m He npOIICXO):\IIT CJIIIeCTBeHHOrO 

II3MeHeHnR napaMeTpon ycTaHOBKH. IIepnO):(hi, B KOTOphre 3TH ycJionua: He BbiiiOJIHRJIIIcb, 

6hiJIH HCKJIIO'IeHbl H3 o6pa60TKH. IJoJiy'IeHHbie ):\aHHbie 3aTeM ycpe):(HRJIIICb. )l,JIR 3TOro 

6biJIO HCnOJib30BaHO COBMeCTHOe <PnTHpOBaHIIe ITHKOB npii pa3HOM HanpaBJieHHII nOJIR, 

):(JIR yMeHbiiieHIIR qucJia ne3aBHCIIMhix napaMeTpon npn o6pa6oTKe mMMa-nepexo):(a. IIpn 

3TOM napaMeTphr, cooTneTCTBYIDIIIIIe annpOKCHMau;uu <PoHa, a "raK:lKe pa3peiiiennro ):(eTeK

Topa II HHTeHCHBHOCTII niiKOB ):\OJI:lKHbl 6biTb 0):\IIHaKOBbiMII, 'ITO n03BOJIReT JMeHbiiiiiTb 

HX 'IIICJIO ):\0 7 H TeM CaMbiM YJIJ'IIIIIITb TO'!HOCTb II3MepeniiR. 

1.5 

mo'5~ C'l . 
¥ 

&.: :s: 0 
m 
C( 
0 .{)_5 

-1 

-1.5 -r---,...---.,----,-----,----,------, 
1000 2000 3000 

;PIIC. 3: )l,onJiepOBCKIIH C):\Bllr IJ;eHTpa TR:lKeCTH IH!Ka 3202 K3B B 3aBUCIIMOCTII OT Bpe-
i; . 
Menun3Mepemm. Bn):(no, 'ITO norpeiiinOCTb pacTeT no Mepe pacna):(a ncTO'IHIIKa. 

8KcnepnMenTaJihno II3Mepennoe 3Ha'!eHIIe ):(OnJieponcKoro C):(nnra ):(JIR JIHHHII 2598 

K3B panna 6.12 ± 1.23 3B, 'ITO npl!BO):\l!T K CJie):\JIOIIIeMy 3naqennro cniipaJibnOCTll 3JieK-

12 

1 
·l 

i 

} 

) 

Tponnoro nefiTpuno: K = -1.01 ± 0.20 B cooTBeTcTnnu c.<PopMyJioti: 

2M= 7] X DMAX X (1 - K) = 7] X DMAX X K, (5) 

r):(e M- II3MepeHHhrti, a DMAX - MaKCI!MaJihHo· B03MO:lKnhrti ):(OnJieponcKnti C):(Bnr, a 71-

3<P<PeKTHBHOCTb nOJIRpiiMeTpa. 

Onm6Ka 3Toti neJIH'll!Hhr OKa3aJIOCb 6oJibiiie O:lKII):(aeMoti, npn'IeM BKJia):( n ee yne

JIH'IeHIIe ):(aJIO KaK Menhiiiee, no cpannenuro c IIJianupyeMbrM,. 3Haqenue 3<P<PeKTnnnocTn 

KOMnTOHOBCKOro nOJIRpiiMeTpa, TaK H OTCJTCTBIIe 6oJiee MOIIInOrO HCTO'IHIIKa II3Jiyqe

HHR. BMeCTe C TeM, CJie,L\yeT OTMeTHTb, 'ITO MeTO):\ ):\0Ka3aJI CBOIO COCTORTeJibHOCTb II npii 

YJIY'!IIIenuu xapaKTepncTIIK noJia:piiMeTpa, yneJinqenun npeMenu 3KCIT03uu;un n aKTIIBHo

CTII HCTO'!HHKa n03BOJIReT nOJIJ'IIITb 3Ha'!enne CniipaJibnOCTII 3JieKTpOHHOrO netiTpiinO C 

OIIIII6Koti ne npenhriiiaroiiieti 3%. TaK:lKe npe):(CTaBJIReTcR noJie3nhiM yqeT ·nonpaBKII na 

3<P<PeKTIIBnOCTb nOJIRpiiMeTpa pe3JJibTaTOB npe):(bl):\JIIIIIX 3KCnepnMenTOB. 

B TpeTbeti rJiane oniicanhr pa3pa6oTaHnhrti MeTO,L\ II ycTanonKa no H3Mepennro Mar-

niiTHOro MOMenTa 3JieKTpOHHOrO aHTIIHeHTpiiHO C IICnOJib30BaHIIeM B Ka'!eCTBe HCTO'IHIIKa 

qacTIIu; npOMbiiiiJiennoro R):(epnoro peaKTopa2• Bo3MO:lKHOCTb no):(o6noro po):(a uccJie,iJ;o

nannti 6a3npyeTca: na ):(Byx <PaKTopax. Bo-nepnhrx, peaKTop RBJIReTca: cnepxMoiiinhrM 

IICTO'IHIIKOM aHTIIHeHTpiiHO C IIHTerpaJibHbiM nOTOKOM 3 X 102° C-l, a, BO-BTOpbiX, C no

Be):\eniieM Ce'IeHIIR B3aiiMO):\eHCTBIIR HeHTpiiHO B 06JiaCTII MaJib!X (1 - 100 K3B) 3Heprnti. 

Ha piiCJHKe 4 npnBe):\eHO COOTI!OIIIenne ,L\BJX OCI!OBHbiX COCTaBJIRIOIIIIIX ero KOMnOHenTOB. 

Bn):(HO, 'ITO B o6JiacTn IICcJie,L\yeMbiX 3neprnti nKJia):( 3JieKTpoMarHIITHOH qacTn B o6IIIee 

Ce'!eHIIe CTaHOBIITCR 3na'!HTeJibHbiM, a, B03MO:lKHO, II npeo6Jia):(aiOIIIIIM (3TO 3aBIICIIT OT 

3naqenna: MarnnTHoroMoMenTa). TaKnM o6pa3oM, cpanHnnaa: <Pon npn pa6oTaroiiieM II 

3arJiyiiieHHOM peaKTOpe, MO:lKnO OIJ;eniiTb BKJia):\ ·netiTpiinO B o6IIIIIH pa):\IIOaKTIIBnbiH <Pon. 

IIpii 3TOM caMo ceqenne OCTaeTCR MaJibiM (::::::: 10-45 CM2 M3B-1 3JI-n-1 .), nOTOMy 

BOnpoc nonn:lKeniiR <Pona CTaHOBHTCR KpHTH'IeCKII Ba:lKHbiM ):\JI~ 3KCnepnMeHTa. HaMH 

6biJI pa3pa60TaH MeTO):\ peiiieHUR ):\aHHOH npo6JieMbi, BKJIIO'IaiOIIIllll HeCKOJlbKO 3TanoB. 

Bna'!aJie HPGe-):(eTeKTop, Bbr6pannhrti H3 coo6pa:lKennti BbiCOKoro 3HepreTn'IeCKoro pa3-

peiiienua: B ynOMRHJTOM Bbiiiie ):\UaiTa30He, 6biJI OKpy:lKeH aKTIIBHOH 3aiiiiiTOH - CIJ;IIHTIIJI-

2
B ,n;aHHOM CJiyqae He COBCeM BepHO rOBOpiiTh o6 li3MepeHHII MOMeHTB 3JieKTp01IHOrD HeliTpHHO, TBK 

KBK Onpe,n;MeHHhle MYJihTJIHOJih!Ihle MOMeHThl cy~eCTBYIOT TOJlhKO y MBCCOBhiX COCTO>IHHli HeliTpiiHO. 

3,n;ech Mhl CJie,n;yeM o6~enpnmnoli TepMHHOJiornn. 
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100 

10 100 

PHc. 4: Ce'!emie B3aHMO,ll.eiicTBIHI anTnneii.Tpnno c 3JieKTponaMn. IloKa3aHo rroBe,ll.e

HIIe CJia6oro ll 3JieKTpOMarHHTHOrO Ce'!eHIIll B 3aBIICIIMOCTH OT "l303MO)KHOrO 3Ha'leHIHI 

MarHHTHOrO MOMeHTa aHTHHeii.TpHHO [15]. 

JI.HIJ;HOHHhiM ,ll.eTeKTopoM H3 Nal B BH,ll.e rrepeBepnyToro KOJIO,!J.IJ;a, 3aTeM necKOJihKIIMII 

CJIO.HMH rraCCIIBHOll 3aiiJ;HThl H3 Me,!J.n( B CHJIY pa,!J.IIaiJ;HOHHOH 'IHCTOTbl Haii60Jiee 6JIH3-

KO paCIIOJIO)KeHHOH K ,ll.eTeKTOpy) II CBliHIJ;a. B XO,!J.e 3KCIIepnMeHTa 6hiJIO ycTaHOBJieH0 1 

'ITO HeiiTpO~Hhlll <PoH B6JIH3II peaKTOpa 6biJI CyiiJ;eCTBeHHO Mel!hiiie 0)KH,!J.aeMOrO ll paBeH 

eCTeCTBeJ.IHOMY·, cho II03BOJIIIJIO o6oii.TIICh 6e3 06bi'!HOrO B TaKIIX CJiy'!a.HX CJIO.H 6opnpo

BaHHOrO IIOJIII3TIIJieHa ll C,!J.eJiaJIO 3aiiJ;HTY 6oJiee KOMIIaKTHOH. Jf3-3a y,ll.a'!HOrO paCIIOJIO

)KeHII.H ,!J.eTeKTOpa noJ peaKTOpOM, IIOCJie,!J.HIIll CaM .HBHJIC.H XOpOIIIeii. 3aiiJ;HTOH OT a,!J.pOH

HOrO KOMIIOHeHTa KOCMH'!eCKOrO II3Jiy'leHH.H. IJoKa3aHO, 'ITO IIOTOK BTOpH'IHbiX '!aCTHIJ; (B 

OCHOBHOM Heii.TpOHOB) COCTaBJI.HeT ,!1.0 20% OT 06IIJ;ero <Pona, ll ,ll.Jl.H ero yMeHhiiieHH.H 6hi-

JIO C03,ll.aHO aKTHBHOe M!OOHHOe BeTO B BII,!J.e IIJiaCTIIH CIJ;HHTIIJIJI.HTOpa, paCIIOJIO)KeHHh!X 

CBepxy II C TOpiJ;OB ycTaHOBKII. COBMeCTHOe IICIIOJib30BaHne IIaCCHBHOH II aKTIIBHOH 3aiiJ;H

Thl II03BOJII!JIO yMeHbiiiHTh <PoH ,!1.0 ~ 2 C06 K3B-1 Kr-1 ,ll.eHb - 1 B l!CCJie,ll.yeMOll o6JiaCTH 

3-.50 K3B. 

, · Ha BTOpoM 3Tarre ycTaHOBKa 6bma pa3MeiiJ;eHa IIOA BTOphiM 6JioKoM KannnnncKoii. 
{\ 

aT(nmoii. 3JieKTpOCTaHIJ;llll Ha paCCTO.HHHII 14M OT IJ;eHTpa aKTIIBHOll 30Hhl peaKTOpa, 'ITO 

II03BOJIHJIO IIOJIY'lliTh IIOTOK Heii.TpHHO ~ 2. 7 X 1013 V CM-2C-I. 

IloJiy'laeMblll OT ,ll.eTeKTOpa HMIIYJihC 6hiJI pacrrapaJIJieJieH Ha II.HTh CIIrHaJIOB: Tp!I C 
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pa3Hb!M BpeMeHeM <Popl\mpOBaHII.H (2, 4 II 12 MKC), '!eTBepTblll C MeHhiiiiiM ycnJieHIIeM 

n 6oJihiiiHM 3HepreTn'leCKHM ,ll.narra30HOM (paciiinpeHHhiM AO 2.8 M3B), II.HThiii cnrnan 

11CIIOJlh30BaJIC.H ,ll.Jl.H IIO,ll.aBJieHII.H Bhi6pOCOB o6paTHOll IIOJI.HpHOCTII npn yTe'!Ke Bh!COKOrO 

Hanp.H)Kelllm. I1CIIOJib30BaHIIe Tpex CHrHaJIOB C pa3HOll <PopMHpOBKOll II03BOJI11JIO rrpn

MeHl!Th npOCTeii.nmii. <1Jyphe-aHaJI1!3 ,!J.Jl.H IIO,ll.aBJieHII.H Bh!COKO'!aCTOTHh!X HaBO,!J.OK CeTH 

nnTaHH.H (50 Hz) II HH3KO'!aCTOTHhiX MIIKpo<PonHhiX IIIYMOB. ECJIII nocTpOHTh rpa<PIIK, 

ITO OC.HM KOTOporo OTJIO)KliTh 3HeprHI01 OU:H<PpoBaHHYIO C YCliJIIITeJieii. C pa3Hb!M BpeMeHeM 

<PopMnpoBamm ciirHaJia, To HCTIIHHhie co6biTII.H 6y,!J.YT pacnoJio)KeHhi B,ll.OJih ,ll.naroHaJih

HOii. IIOJIOCbl C IIIIIpliHOll, COOTBeTCTBYIOIIJ;eii. pa3peiiieHHIO ,ll.eTeKTOpa, a JIO)KHbie C06b!Tli.H 

6y,ll.yT Jie)KaTb BO OCHOBHOM BHe 3TOH IIOJIOCbl (puc. 5). 

PHc. 5: IlpnMep aHaJIII3a c rroMOIIJ;hiO 'laCTOTHOii. o6pa6oTKH ciirHana. BpeM.H <PopMn

pOBKH cnrHaJia ,ll.JI.H ABYX ycnmiTeJieii., pa3JIH'laiOIIJ;II~C.H BpeMeHeM <PopMIIpOBKH ciirHana 

- COOTBeTCTBeHHO 4 ll 12 MKC. fpa<PnK (a) C,ll.eJiaH ,!1.0, a (b) IIOCJie pa,ll.liO'laCTOTHOll KOp-

peKIJ;IIII. 

Han60JihiiiHH BKJia,ll. B COCTaB Ha6JIIO,ll.aeMoro <Pona ,!J.a!OT ,!J.OJirO)KHBYIIJ;IIe npO,!J.YKThl 

,ll.eJieHII.H (137
Cs, 

134
Cs II 

6
°Co), ecTeCTBeHHa.H pa,ll.noaKTHBHOCTh ypanoBoro II TOpiieaoro 

p.H,!J.OB, a TaK)Ke 4°K. B cneKTpe TaK)Ke npncyTCTBYIOT JIHHHH oT aKTimau;IIn repMamm 

6biCTpblMH ll Me,ll.JieHHhiMH Heii.TpOHaMII, cpe,!J.II KOTOpb!X OC06eHHO Bhi,!J.eJI.HeTC.H JIIIHH.H 

10.367 K3B, Jie)KaiiJ;a.H B o6JiaCTII, HCIIOJih3YeMOll ,ll.Jl.H IIOCJie,ll.yiOIIJ;ero aHaJIII3a. 

CrreKTp, n3MepeHHhrii rrpn BKJIIO'!eHHOM peaKTope, rrpe,ll.cTaBJI.HeT co6oii. cyMMY <Po

noaoro crreKTpa c ,ll.06aBJiemieM co6biTIIii OT CJia6oro II 3JieKTpoMarHHTHoro B3aiiMO,ll.efi

CTBH.H HefiTpnHo: SoN(E) = SoFF(E) + Sw(E) + SeM(E, X), r,ll.e X = (JLnu/10-10JLB)· 
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,ll.JUI y.n;o6CTBa o6pa60TKIIIICCJie.n;yeMblll )J;llaTI030H (3-61 K3B) 6biJI pa36HT Ha Tp1111HTep

BaJia: 3.Q-9.2, 11.2-44.0 II 48.Q-61.3 K3B )J;Jia TOro, '-IT06bi IICKJIIO'-IIITb 113 paCCMOTpemm 

ITIIKII 10.37 n46.5 K3B (puc. 6).lliar pa3611eHIIa 6biJI paBeH 0.1 K3B, '-ITO .n;aBaJIO 526 3Ha

qeHIIll seJIII'-IIIHhi X. lloJiyqeHHbie 3Ha'-leHna npe.n;cTaBJiaiOT co6ofi rayccoao pacnpe.n;eJie-

Hlle BeJIH'-IIIHbl MarHIITHOrO MOMeHTa CO cpe)J;HIIM 3Ha'-leHIIeM, Jie:lKalll,IIM B OTpHIJ;aTeJihHOH 

(HeqJII3ll'-leCKOfi) o6JiaCTH. ,ll.Jia TOrO, '-IT06bi TIOJIY'-IIITb orpaHH'-IeHHe na BeJIII'-IIIHY Mar

HIITHOrO MOMenTa, B cooTBeTCTBIIH c peKoMen.n;au;IIaMH Particle Data Group (16] naM 

HY:lKHO OrpaHH'-IIITCa Jlllllib TOR o6JiaCTbiO, KOTOpaa Jie:lKIIT JieBee TO'-IKU, r.n;e UHTerpaJI 

TIO,!l; TIOJIO:lKHTeJibHOH ee '-laCTbiO CTaHOBIITCa paBHbiM 90%. 

Number of countsft).l ke V /kg/d 
4 

0 60 E,keV 

PHc. 6: Pacnpe.n;eJieniie cpe.n;Hero 3Ha'-leHna X, cooTBeTCTBYIOIIl,ero KBa.n;paTy MarHIIT

Horo MoMenTa, Bbipa:lKennoro B e.n;IIHnu;ax MarneToHa Bopa, B .n;nana3oHe 3-61.3 KaB 

B Pe3YJibTaTe o6pa6oTKH 6biJia noJiyqena BeJIII'-IIIHa MarHIITHOro MOMenTa HefiTpiiHO 

J-tv < 5.8 X 10-ll!J,B, YJIY'-IIIIeHHaa BTIOCJie)J;CTBIIII ,11;0 J-tv < 3.2 X 10-llJ-LB 3a C'-leT yaeJIH'-Ie

Hlla HaKOTIJieHHOH CTaTIICTIIKII II UCTIOJib30BaHHa annpOKCIIMaiJ;IIII <f>oHa B BII)J;e rJia)J;KOll . . 

KpliBQll, '-ITO Ha MOMeHT TipOBe)J;eHIIa 3KCTiepnMeHTa aBJiaJIOCb peKOp)J;HbiM orpaHII'-IeHII-

eM. TaKIIM o6pa30M, 6b!JI C03)J;aH MeTO)J;, )J;OKa3aBIIIIIli CBOIO COCTOaTeJibHOCTb II IICTIOJib-

30BaHHhiil B ,!l;aJihHefiiiieM .n;Jia noJiyqemm elll,e 6oJiee cTpororo orpaHn'-leHna na 3naqenne 

YKa3aHHOli. BeJIH'-IliHbi, a TaK:lKe B u;eJIOM )J;ml pa.n;a 3KCTiepnMeHTOB na TipOMb!IIIJieHHbiX 

16 

aTOMHbiX peaKTOpax. 

B 3aKJIIO'-!eHIIII c<f>opMyJIIIpOBaHbl OCHOBHbJe Bb!BO,!l;bl II pe3yJibTaTbl IICCJie)J;OBaHIIfi, 

060CHOBaHhl nepcneKTIIBbl )J;aJibHeHIIIIIX 3KCTiepiiMeHTOB. 
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OCHOBHbiE PE3YJ1bTATbl PABOTbl 

• Propa6oTan noBhifi MeTO,!I; 11 co3,n;ana yCTanOBKa )J;JIH ne::mBIICIIMoro OT pacqeros " 

:;JcpcpeKTl!BnOCTII IIOJIHpl!MeTpa OIIpe,n;eneniiH CIIIIpaJibnOCTll 3JieKTpOnHOrO nefiTpii

no. 11ciiOJib30Bai!lle :lKli)J;KOrO IICTO'Inl!Ka 1103BOJIIIJIO II36e:lKaTb CJIO:lKnOCTefl y'IeTa 

3cpcpeKTOB ,n;Bu:lKenna a,n;pa oT,n;aqn B KpncTanJin'IecKofl pemeTKe. YcTanoBKa, BKJIIO

qaiD!ll,a» B ce6a IIOJIHpiiMeTp, CliCTeMy yrrpaBJienl!H Marnl!TnhiM IIOJieM II liCTO'InliK 

. II3Jiyqen11H, 1103BOJIHeT ,LJ;OCTII'Ib TO'InOCTll II3MepeniiH CIII!panbnOCTll nefiTpllnO ~ 3% 

e IloJiyqeno ne3aBIICIIMOe OT TeOpeTII'IeCKIIX pac'IeTOB 3naqenlle CIII!paJibnOCTll 3JieK

TponnorO nefiTpHno -1.01 ± 0.20. 

e Pa3pa6oTan nOBhlfl KOMIIJieKCnhifi nOBhifi MeTO,LJ; II C03,LJ;ana ycTanOBKa ,LJ;JIH OIIpe

,n;eJieniiH MarniiTnOrO MOMenTa nefiTpllnO. Ilp11 3TOM 60Jihiii<;!e Bnl!Maniie y,n;eneno 

IIOnl!:lKenii!O cpona II cpiiJibTpaiJ;IIll IIOMeX, C03,LJ;aBaeMhiX h11IKpocponnhiM II BbiCOKO

'IaCTOTnhiMll myMaMll. 9TO II03BOJIIIJIO Cnll3l!Tb 110p0r periicTpaiJ;l!II co6b!Tllfl ,Ll;O 3 

K3B, 'ITO HBJIHeTCH peKOp)J;nhiM 3naqenlleM ,LJ;JIH repManlleBOrO ,n;eTeKTOpa B IIO,LJ;06-

llb!X ycJIOBIIHX. 

• Ilonyqeno orpanH'Iemie na BeJIH'IIIny MarHHTnoro MOMenTa na ypoBne J.Lv < 3.2 x 

10~11 /LB· 

OcnoBnhJe pe3yJihTaThi, rrpe,n;cTaBJiennhle B ,n;HccepTaiJ;IIll, orry6JIHKOBaHhi 

B cne,n;yiD!ll,liX pa6oTax: 

1 Bpy,n;amm B.B., ... lllllp'IeHKO M.B. II ,n;p.<<I13Mepeniie cniipanbnocTll nef!Tpnno c 

IIOMO!ll,h!O KOMIITOnOBCKOrO IIOJIHpl!MeTpa. IlpoeKT 3KcnepiiMenTa.>> IlpenpllnT 011-

5!11 

2 Bpy,n;anHn B.B., ... lllnp'IeHKO M.B. II ,n;p. «I13Mepeniie cnHpanbnocTII nefiTpHno 

C IIOMO!ll,b!O KOMIITOnOBCKOrO IIOJIHpiiMeTpa.» Te3IICbl Me:lK,n;ynapo,n;noro KOncpepen-

IJ;IIII 5I,ll;P0~2010. 

3 Be)J;a A.r., ... llliip'IeHKO M.B. n ,n;p. <<IlepBhifi pe3yJihTaT no II3Mepenn!O MarnnT

noro MOMenTa nefiTpHno na ycTanoBKe GEMMA» I I 5I,n;epnaa cpn3nKa, 2007 T. 70. 

c 1925-1935 
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