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AKl)'anbHOCTb TeMbl. 

HOBbie TeXHOJIOfiiii B npOMbiiiiJieHHOCTII II MeJ{IIL{IIlle Tpe6yiOT C03J{aHIIll IIOBbiX MaTe

p1IaJIOB, a TaKlKe IICCJieJ{OBaHIIll IIX xapaKTepiiCTllK Ha MIIKpO - II Hai!OCKOllll'IeCKOM ypOBHliX. 

Ilo Mepe pa3BIITIIll MeTOJ{OB KOHCTpyiipOBaHIIll II C03J{aHIIll neo6XOJ{IIMbiX MaTepiiaJIOB, IIJyqae

Mbie CTpYKTYPbl CTaHOBliTCll BCe 6onee CJIOlKHbiMH, a pa3Mepbl np1I6JIIIlKaiOTCll K aTOMHbiM. 3TO 

OTHOCIITCll K MaTepiianaM II IIX KOM61IHaL{IIliM II3 BCeX KJiaCCOB - OT MeTaJIJIOB, IIOJIYilPOBOJ{IIH

KOB II KepaMIIK J{O OpraiiH'!eCKIIX II 6HOJIOfii'ICCKIIX COCJ{HIICHIIH. Il03TOMY J{Jill TOI'O 'IT06b! 

ynpaBJiliTb llOJ{06HblMII CJIOlKHbiMII CIICTCMaMH, HC06XOJ{IIMO J{eTaJibHO II3Y'IaTb HX XHMll'IC

CKYIO, 3JICKTpOHHYIO II MarHHTHYIO CTPYKTYPbi. 0J{HHM H3 3cp(pCKTHBHbiX~ a B pllt\C cnyqacB 

eJ{IIHCTBeHHbiM 3KCI1Cp1IMeHTaJibllbiM MeTOJ{OM liBJiliCTCll MCTOJ{ paCCCllllllll IIcihpoiiOB IIH3KllX 

3Hepmli. 

B COBpCMCHHb!X HCTO'!IIHKaX HCHTpOHOB, TaKIIX KaK liJ{Cpiib!C peaKTOpb! H HCTO'!IIHKH 

HCHTpOHOB Ha OCHOBC YCKOpHTCJICll (spallation), o6pa3yiOTCll Bb!COK03HepreTH'ICCKHC - "6h!CT

pb!e" ueliTpOHbi c 3Hepmeli - 2,5 M3B n Bbiiiie. ,n:nll npoBeJ{eHHll 3KcnepHMCIITOB no n3y'!eiiHIO 

KOHJ{CHCIIpOBaHHbiX cpeJ{, nOJIY'ICHI!biC OT nepBH'IIIbiX IICTO'IHIIKOB IICHTpOIIhl IIC06XOJ{IIMO 

npeJ{BapiiTeJibHO 3aMeJ{JIIITb, T.e. YMCHbiiiiiTb 311eprll!O IIa IICCKOJibKO nopl!J{KOB - J{O 311Cpf1Ill 

3B-J{IIanaJOI!a ("TcnJIOBbiC" HeHTpOHbl, -0;025 3B, J{JIIII!a BOJI!Ihl - eJ{HIIIIL{hl AnrcTpcM) H J{O 

3Hepmli <5 M3B ("xoJIOJ{IIbie" ueiiTponbi, c J{JIHIIOH BOJII!hl OT 4 J{O 30 A). CnmKenne 1nepm11 

6hiCTpb!X HCllTpOHOB IICTO'!HHKa BIIJIOTh J{O HX TCpMaJIH3aL{HII OCYIL{CCTBJiliCTCll B 3aMCJ{JIHTCJiliX 

HCHTpOHOB, KOTOpbiC liBJiliiOTCll npoMe)KYTO'IIIbiM 3BCIIOM MClKJ\Y HCTO'IHHKOM IICHTpOHOB II 

3KcnepnMeHTaJibHbiMH ycTanonKaMH. CoJJ{aiiiie IIY)I<Uoro cnei<Tpa neliTponoB BO BHCIIIHHX 

nyqKaX BbiilOJIHliCTCll B TCnJIOBb!X II B XOJIOJ{Hb!X 3aMCJ{JIIITCJiliX, pa6oTaiOII{IIX npH TCMnepary

pe 3aMCJ\llli!OIL{ero MaTepnana 20K+ I OOK. CoL[eTmme TennoBoro n xoJIOJ{IIoro 3aMeJ{JIHTeneli 

. r 
J{aCT B03MOlKHOCTb 6onee m6KO nOJ{XOJ{~Tb I< npOCKTHpOBal!liiO, C03J{aliHIO H MOJ{Cp11113al{HH 

Cnei<TpOMCTpOB II 3cpcpeKTIIBHCC HCnOJib30BaTb HCHTpOHbl. 

B 21-0M CTOJICTIIII BCC 6onee BOCTpC60BaHHblMH liBJI»!OTCll XOJIOJ{IIb!C HCHTpOIIbl. Ilpn

MCHCHIIC XOJIOJ{Hb!X HCHTpOHOB oco6eHHO 3cpcpeKTHBIIO J{Jill cneKTpOMCTpOB MaJIOYfJIOBOfO pac

CC»HH», noJBOJill» IIJy'!aTb MIIKpOci<Onll'!ecKIIe CTPYKTYPbi, 6oJihllllle MoJieKyJibi, nonnMephi, 

6eJIKII, nanoqacTIIUbl. XonoJ{Hbie neliTpOHbi npnMeHl!IOTCll Jlllll npoBeJ{eHIIll 3Kcnep11MenToB no 

HCHTpOHOrpaipiiii B pCaJibHOM BpeMCHH, nanpHMep, J{Jill H3y'leHHll XHMH'!CCKHX peaKL{Hll B 

TBCpJ{Oll cpa3e. IIpHMCHCHHe XOJIO,D;Hb!X HCHTpOIIOB np11 IIJyqeinm MarHHTHbiX CTpYKTYP, nyTeM 

paccel!HIIll na 6oJibllllle ymbi, noJBOJilleT yBeJIII'IHTb pa3pe11IaJOIL{YIO cnoco6nocTb .nncppaK-ro

MCTpOB. J1cnOJib30BaHHe XOJIO,D;Hb!X HeHTpOHOB OTI<pbmaeT HOBbie B03MOlKHOCTII J{JI}( HCHTpOII

HOH pa,n1Iorpacp1IH II TOMOrpacpfi.~TJ03BOllllll );.liY.'IIIIII'f\~~.,2SIIICIIHC nontqaeMb!X KapTIIH. 

nAYqHu-TEXtHl 'iECKAJI 
BMEJiHOTEKA .. · Olil5IM __ ,_, 
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11ccne~oBaTeJibCKall l!~epnal! ycTaHOBKa 11EP-2 B Jia6opaTOpnn nei\Tpmmoil 4Ju3HKH 

HM. 11.M. <I>paHKa OI15111 l!BJiliCTCll HCTO'IIIHKOM neiiTpOIIOB ~ll npoBe~enul! :JKcnepHMCHTOB 

no 113yqeHmo KOH~eHci!poBannbiX cpe~ na BbiBe~eUHbiX ny'!Kax. Ell<ero~no na neil npoBO~liTCll 

coTHII :JKcnepnMCHTOB yqenhiMII ll3 Poccul! II ~pymx CTpan. Pa:Jpa6oTKa II ocnameHue 115IY 

11EP-2 coBpeMeHHbiM KOM6nHnpoBaHHbiM 3aMe~nTeneM nei!TponoB l!BJilleTCll aKTYaJibHoil II 

qpe3Bbi'JaHHO Ba)I(HOH 3a~aqeii, IIOCKOJibKY o6ecnC'IllBaeT noJiy'ICIIIIC IIC06XO~H~IOrO cneKTpa 

HCHTpOHOB Ha I!CHTpOIIJib!X cneKTpOMCTpax Jla6opaTOpi1I1. 

O~Hoii n3 cocTaBHbiX qacTeil KOM6mmposannoro 3aMC~llTCJill neiiTpOHOB l!BJilleTcll 

xono~Hbiii 3~1e~I!TCJib c TCMneparypoii 3aMe~JiliiOmero Bcmecma 20K;. I OOK. Pa:Jpa6oTKa 

3!fl!lJeKTllBHOrO II H~C)I(I!OrO XOJIO~I!Oro 3aMC~IITCJill IICHTpOIIOB ~ll Bb!COKOlliiTCIICHBIIb!X 

HeiiTpOHHbiX I!CTO'IHIIKOB l!BJil!CTCH CJIO)I(HOii HII)I(CIIepno-!lJmli'ICCKoii 3a~aqeii. Ona CBl!3ana c 

pli~OM Tpe6osmmii K so~opo~co~ep)Kaml!M MaTepi!anaM npll ux ncnoJib30Bannu na u~;myrrbc

HOM peaKTope. B 'JaCTIIOCTII, MaTCpllaJibl ~OJI)I(I!bl o6n~aTb Bb!COKOH p~naUI!OIIHOH CTOHK0-
1.1' 

CTb!O, IIIllpOKIIM ~llana:JOHOM pa60'IIIX TCMnepaTyp, Bb!COKOH 31~lPCKTIIBI!OCTb!O 110 3aMC~Jie-

Hli!O HCHTpOHOB ~0 MIIJIJIII3JICKTpOIIBOJibTI!biX 311Cpruii, Bb!COKIIM ypOBIICM 6e3onaCHOCTII llC

nOJib30BaHIIH, TCXIIOJIOrli'IIIOCTb!O • .ll:rrll Bb!6paiiHOrO MaT~pi!aJia ~OJI)I(IIbl 6b!Tb pa3pa6oTallbl II 

npHMCI!CHbl TCXHOJIOrli'ICCKHC pCIIICIIIIH no ero 3arpy3KC B KaMepy 3aMC~JIIITCJill, OXJia~CI!HIO 

II li3BJIC'ICIIHIO ll3 KaMCpbl. 

.ll:JIH ~OCTI!li<CHI!ll Hal!60JiblllCH HIITCIICIIBIIOCTII HCiiTpOHOB na Bb!BC~CH!Ib!X TIY'!Kax, 

TpC60BaHI!H K CTICKTpy KOTOpb!X B OT~CJibllbiX CJiy'IaHX B3al!MOIICKJIIO'IaiOmlle, IIC06XO~I!Mbl 

~CTaJibHM npopa60TKa KOIIlPI!rypaUI!ll TCTIJIOBOH. H XOJIO~IIb!X 'JaCTCH 3aMC~IITCJill C 'IIICJICII

IIb!M MO~CJII!pOBallllCM Tpa!ICTIOpTa IICHTpOI!OB ll npl!MCIIC!IIIC CTICUllaJibllb!X TCXHH'-ICCKIIX pe

IIICHHH. 

B HacToHmee speMH B Poccl!ll HCT ,nil , o~uoro ~eiicmyiOmero IICTO'IHI!Ka xorro~HbiX 

HCHTpOI!OB (KpOMC OTII!Cai!UOrO B ~ai!HOH pa60TC ), B TO BpC~IH KaK B MHpC pa60Ta!OT 60JICC J5 

IICTO'IHIIKOB ( 4 - B CiliA, 1- so <l>paHUIIII, 3,- B Anrrrm1, 2 - B 5InoHI!ll, 1- B ABCTpaJIIIII, 2- B 

fepMaHnll, I - B BeHrpllll). ,n:nH coxpaHeHI!ll JIII~I!pyiOmero norro,li<CHIIH H5IY HEP-2 cpe~n 

IIMnyJibCHb!X HCHTpOHHb!X IICTO'IIIIIKOB 11a MO~epH113HpyeMOH IICCJIC~OBaTCJibCKOH ll~epnoii 

ycTaHOBKe. 11EP-2 nrraiinpyeTCH cm~aHI!C II npiiMCHemie TpCX xono~HbiX 3aMe~JIIITerrei\ 

HCHTpOHOB, CTIOC06Hb!X o6eCTIC'IIITb Bb!COKIIH IIOTOK HCHTpOIIO~ C ~IIHOH BOJII!bl 6orree 0,4 liM. 

C KOMIIJICKCOM KOM6IIunposamibiX 3aMC~HT~rreii ua H5IY 11EP-2 neiiTpOHHbie cneKTpOMCTpbi 

JIH<l> 0115111 6y,zzyT pa6oTaTb ua OJ.tHOM Il3 caMbiX IIHTCHCIIBHbiX B Espone,II~myrrhCHbiX IICTO'I

HHKOB HCHTpOHOB. 

.. 
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Ltemt 11 3aAa<~H pa6oTbl. 

L.ten11: 

I. Pa:Jpa6oTKa uosoro uanpasrrennH B co3naunn xorroJ.tHbiX 3aMe~nTerreii HeiiTpOHOB ua oc-' 

HOBC TBCpJ.tb!X ].lliCIICpCHb!X BOJ.tOpOJ.tCOJ.tCpll<amliX MaTCpiiaJIOB ~ll BbiCOKOIIHTCHCIIBHb!X 

HCTO'IHIIKOB HCHTpOHOB. 

2. Pa:Jpa60TKa MCTO].la norry'ICHIIH MC~CHHb!X HCHTpOHOB B IIIIIpOKOM ].liiaiia:JOHC ~IIH BOJIH 

~H Bb!COKOnOTO'IHbiX HCTO'IHHKOB HCHTpOHOB C MYJibTII].lliCUIITIJIIIHapHb!M Ha6opOM 3KC

nepi1MCHTaJibHbiX ycTaHOBOK ~H II3Y'ICHHH KOH].lCHCIIpOBaHHbiX CpCJ.t Ha BbiBC~CHHbiX nyq

Kax. 

3aAa<~H: 

J. .ll:eTaJibHOC IICCJIC].lOBaHIIC BOJ.tOpOJ.tCOJ.tCp)Kamnx MaTCpiianOB ~ll HCTIOJib30BaHI!ll B XOJIO].l

HbiX 3aMC~IITCJil!X ueiiTpOHOB (na cTennax II :JKcnepnMeHTaJibHbiX ycTaHOBKax: YPAM 2, 

3 II 3M, ,n:HH-2n11, OH5IH; JESSICA FZ-Juelich, Germany). AHani13 norryqenHbiX nau

HbiX n Bbi6op MaTepnana, uau6orree no~XOJ.tllmero J.tllll xorronHoro 3aMe~uTerrl! H5IY HEP-

2 no COBOKynHOCTII CJICJ.tyiOmiiX rrapaMeTpOB: 3aMC~l!IOmall CTIOC06HOCTb, p~HaUHOH!Ial! 

CTOHKOCTb, B03M0)1(H0CTb pa6oTaTb B IIIHpOKOM ].lHana:JOHC TCMneparyp, a TaK)KC 6e30HaC

HOCTb II TCXIIOJIOrH'IIIOCTb. 

2. Pa:Jpa6oTKa cnoco6a II Texnorromii 3arpy3KII npe~mKenuoro B ~am10ii pa6oTe MaTepnana 

B KaMCpy XOJIO].lHOrO 3aMC~HTCJIH npn IIII3KHX TCMneparypax 'ICpC3 6HOJIOrli'ICCKYIO 3a

miiTY (ua npiiMepe I15IY HEP-2). 

3. Pa:Jpa60TKa ll C03].laHIIC BHC paniiaUIIOHHOH 301Ibl nOJIHOMaCIIITa6HOrO 3KCIICpHMCI!TaJibHO

ro CTCH~a XOJIO].lHOrO 3aMC~HTCJIH C TCXHOJIOrH'ICCKHMH CIICTCMaMII H CIICTCMOH KOIITpOJill 

OCHOBHbiX IIapaMCTpOB C UCJib!O: 

a) 3KCnepm.!CHTaJibHOrO IICCJIC].lOBaHHll B03M0)1(!10CTH TCXIIH'ICCKOH pCaJill3ai.(IIH Bbl-

6pa!IHOrO TCXIIOJIOrli'ICCKOrO pCIIICIIHH no HCnOJib30BaHHIO MaTepnana ~ll XOJIO].lHbiX 

3aMe~I!Terreii H5IY 11EP-2; 

6) pa3pa60TKH II C03].laHHH TCXHOJIOrli'ICCKOH CIICTCMhl H CIICTCMbl KOHTpOJill OCHOBI!b!X 

IIapaMCTpOB xorronHoro 3ilMe~IITCJill H5IY HEP-2. 

4 .. Pa:Jpa60TKa KOH!lJIIrypaunOHHOrO pacmiJIO)I(CHllll ll 'IllCJICHHOC MO].lCJillpOBaHHC KOM6llHH

poBaHHOro 3aMe~u~errH Hefi,PoHOB nrrii 115IY 11EP-2. 

5. C03].laHIIC H IICCJIC].lOBaHIIC ~~~~~Hb!X ~BOHCT~ J.liiCnepcHoro BOJ.tOpOJ.tCOJ.tCp)Kamero XOJIO].l

HOrO 3aMC~IITCJIH II KOM6HHI1pOBaHHOrO 3aMC~HTCJIH HCHTpOHOB ~H BbiBC].lCHHb!X IIY'I-

KOB 115IY 11EP-2 • 
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6. 11ccne.nonaune 3<jJ<jJeKTHBHOCTH pa6oThi KOM6nunponaunoro 3aMeWIHTenll na npnMepe ue

CKOJihKHX cneK-rpoMeTPOB IUIY 11BP-2. 

Hay•tHaH HOBIII3Ha 111 npaKTIII'lecKaH LleHHOCTb pa60Tbl. 

• ~ Pa:1pa6orauo uonoe uanpasrreune a cm.naunii xorro.nnhiX 3aMeWIIITerreii ueii-rponon ua 

OCUOBC TBep.ll:hlX .ll:IICTiepCUhiX BO.ll:OpO.ll:CO.ll:epl!\alliHX MaTepHaJIOB .ll:Jlll Bh!COKOHIITCII

CHBHhiX HCTO'IHHKOB ueii.-rpOHOB. 

• 3KcnepnMeHTaJihHO nccrre.nonaHhl no.nopo.nco.nepl!\aiiiHe MaTepnanhi nepcneKTHBHhie 

,!(Jill HCTIOJih30BaHIIll B XOJIO.ll:HhiX 3aMe.ll:JIHTeJili~ ueii.-rpOHOB npH HII3KHX (20 - 30 K) 

TeMneparypax: pa.nnaiJHOIIHal! CTOHKOCTh H pa.nnaiJHOHHhie 3<jJ<jJeKThl, B03MOJKHhie pa-

6o'IHe TeMneparyphl, 3<jJ<jJeKTIIBIIOCTh 3aMe.nJieHHll uefiTpOHOB. 

• BnepBhiC HCTIOJih30BaHa He B3phiBOOTiaCHal! CMeCh apoMaTH'IeCKHX yrJieBO.ll:OpO.ll:OB B l<a

'IeCTBe TBep.noro 3aMe.I(JlliiOillero MaTepnana .nrrll xorro.nnoro 3aMeWIHTerrll ueiiTPouos, 

TI03BOJiliiOillall pa6oTaTh B lllllpOKOM .ll:HaTia:JOHe TeMneparyp OT. 30 ~0 150 K. 

• BnepBhie pa3pa6oTan II cm.nau xorro.nnhlii 3aMe.nrruTerrh .nrrll 115IY 11EP-2 c .nucnepcnhiM 

cnoco6oM 3arpy3KH KaMephl xorro.nuoro 3aMe.I(JIIITeJill. 3aMe.nrriiTenh cnoco6eu nenpe-

. 'phiBHO pa60TaTh .!1:0 J 0 cyTOK ll o6ecne'IliBaTh TIOTOK XOJIO.ll:llh!X ueii.TpOHOB 

2x10 12u/cM2/ceK, 'ITO .naeT yserrwreuue noToKa xorro.nnhiX ueii-rpouon .no 13 pa3 no 

cpaBHeHH!O C TIJIOCKliM BO.ll:liHhiM 3aMe.ll:JIHTeJieM KOMHaTIIOH TeMneparyphi. f10Ka3ana 

B03MOlKHOCTh oxrraJK.nennll KaMephi 3aMeWIHTenll TeM l!(e xorro.nnhiM renneM, upoxo

MillliM CKB03h 3arpy)!(eHHble B KaMepy 3aMe.I(JlliTeJill IIIapiiKH, .!1:0 TeMneparyphi 30 K 

npu pa6oTaiOilleM ua MOillHOCTll 2 MBT peaKTope. Pa3pa6oTanhl cncTeMhi Kon-rporrll 

3arpy3KH KaMephl xorro.nuoro JaMe.nrrnTeJill. 

• BnepBhie pa3pa60TaH H C03.ll:aH KOM6HHHpOBaHHhlll 3aMe.I(JIHTeJih Heii-rpOHOB ,!(Jill HCCJIC

.ll:OBaTeJihCKOHll.ll:CpHOH ycTanoBKH. Ero npnMeneune .naeT 6orree m6Knii no.nxo.n K nc-

, noJih30Banmo ueiiTPOHOB IUIY 11BP-2. On ?03BOJilleT norry'IHTh neo6xo.nHMhiH cneK-rp 

HeHTpOHOB Ha BhiBe.neHHhiX ny'IKax (TeTIJIOBhiX, XOJIO.ll:Hh!X HJIH CMeiiiaHHhiX) ,!(Jill 110-

BhiX H MO.ll:epHH3HpyeMhiX cneK-rpOMe-rpOB B 3aBHCHMOCTH OT TPe6oBaHHH 3KCTiepH

MeHTaTOpOB. Co3.naune KoM6nunponauuoro 3aMe.I(JIHTeJill c xorro.nnhiM 3aMe.nrrnTerreM 

B ero COCTaBe B JIHCl> 0115111 BhiBO.ll:HT 115IY. 11l)P~2 _no CBOHM xapaKTepHCTHKaM B 

'IHCJIO JlH.ll:Hpy!OillHX HCTO'IHHKOB MHpa, npe.ll:Ua3Ha'IeHHhiX ,!(Jill Heii-rpOHHhiX HCCrre.no

BaHHH KOH.ll:eHCHpOBaUUhiX cpe.n Ha BhiBe.neHHhiX nyqKax. 
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OcHOBHble BbiHOCIIIMble Ha 3aiJ.IIIITY nono>KeHIIIH: 

1. Pa3pa60TKa HOBOfO HanpaBJieHHll B C03.ll:aHliii XOJIO.ll:Hh!X 3aMe.I(JIHTeJieH neii.TPOHOB na OC

HOBe TBCp.ll:hlX .ll:HCnepCHhiX BO.ll:OpO.ll:CO.ll:ep)KaiiiliX MaTepllaJIOB ,!(Jill BhiCOKOHHTeHCHBHhiX 

IICTO'IHIIKOB neii.TpOHOB. 

2. Pe3yJihTaThl IICCJie.ll:OBaHHH pa.ll:Haiii!OHHhiX 3<jJ<jJeKTOB B TBCp.ll:hiX BO.ll:OPO.ll:CO.ll:epJKaillHX 

MaTepiianax Tipii HH3KHX TeMneparypax (~ieiihllle 35 K'), KOTOphie onpe.neJiliiOT yCJIOBIIll 

IIX HCTIOJih30BaHHll B XOJIO.ll:Hh!X 3aMe.ll:JIIITeJiliX HHTeHCI!BHhiX IICTO'IHHKOB ueii.TpOHOB, B 

'IaCTHOCTll: 

- MeTO.ll:IIKa onpe.nerreHI!ll H BeJIH'IIIHhl Bhl.ll:CJlliBIIICHCll 3I1CpriiH B CTIOIITaliiihiX H HII.ll:YIIII

poBaHHbiX peaKIJHliX peKOM6IIHaiJIIH pa.ll:HKaJIOB B TBep.ll:hiX BO.ll:OpO.ll:CO.ll:epJKaiiiHX BC

llleCTBaX nocne o6rryqeuiill 6hiCTJ'hiMH ueiiTponaMn; 

- onpe.neneune npe.nerrhnoii nenu'IIIHhl .nanrreHllll TBep.noro MeTana ua cTeiiKH KaMephi npn 

o6rry'IeHHH 6hiCTJ'hiMH ueii.TpOHaMH. 

3. 060CHOBaHIIe UpiiMeHHMOCTII CMCCH MC3liTIIJieua H M·KCIIJIOJia B TBCp.ll:OM COCTOliHHll B 

Ka'IeCTBe JaMe.ll:JiliiOIIIero ueii-rponhi MaTepuana xorro.nuoro 3aMC.ll:JlliTCJill n IIIIIpOKOM 

.ll:IIaTia:JOHC TeMnepaTyp OT 25 .!1:0) 50K. 

4. Pa3pa6oTKa II C03.ll:aHlle 3<jJ<jJeKTliBHOf0 II 6e30TiaCIIOf0 HCTO'IHIIKa XOJIO.ll:Hh!X ueii.TpOHOB 

ua ocuone apoMaTn'IeCKIIX yrrreso.nopo.non .ll:Jlll IIccrre.nonaTeJihCKoii ll.nepuoii ycTanosKII 

11BP-2. 

5. Pa3pa60TKa H C03.!1:aiiHe KOM6HHHpOBaUIIOfO 3aMe.ll:JIHTCJill (c TeTIJIOBOH H XOJIO.ll:HOH qa

CTliMII) - peiiieHIIe npo6rreMhi norryqeunll cneKTpa neii-rponon· B nmpoKOM .nnana:Jone 

.I(JIIIII BOJIH .ll:Jlll HCTO'IHHKa HeHTJ'OIIOB C MYJihTH.ll:HCIJHTIJIHIIapHhiM Ha6opOM 3KCnepHMCII

TaJihllhiX MeTO.ll:HK .ll:Jlll H3y'IeHHll KOII.ll:CHCHpOBaHHhiX cpe.n ua BhiBe.neHHhiX TIY'IKaX 

HeH-rpOHOB . 
lc 

Anpo6au.IIH .nuccepTau.uomioii pa6oTLI 

Pe3yn~>TaThi .niiccepraunn 6hiJIII npe.ncranrrenhi anTopoM 6onee qeM ua 30 MelK.ll:ynapo.n

HhiX II HarriiOHaJihHhiX KOH<jJepeHIJllliX II COBelllaHHliX, B TOM 'IIICJie: 

• International workshop on Advanced cold moderators, ACoM VI, VIII, (Juelich, Germany, 

· 2002; Bariloche, Argentina, 2006); 

• 
• 

lOth 'Tihany' Symposium on. Radiation Chemistry, Sopron, Hungary, 2002; 

XVI- XXI Meetings of the "International Collaboration on Advanced Neutron Sources"

!CANS, (Diisseldorf-Neuss, Germany, 2003; New Mexico, USA, 2005; Dongguang, 

5 



China, 2007; Greendelvald, Switzerland, 2010; Bariloche, Argentina, 2012; Mito, Japan, 

2014); 

• 4-th International Workshop "Ultra Cold & Cold Neutrons. Physics & Sources", 

S.Petersburg, 2003; 

• lith Physical Chemistry Conference, Timishoara, Romania, 2003; 

• International Conference "Research Reactors in the 21st Century", Moscow, Russia, 2006; 

• The Research coordination meeting on Intense Neutron Beams and their Applications, 

IAEA, Hokkaido University, Hokkaido, Japan,~2007; 

• 9-th International Balkan Workshop on Applied Physics, Constanta, Romania, 2008; 

• International Conference on Neutron and X-ray Scattering, Kuala Lumpur, Malaysia, 

2009; 

• XXI-XXII ConemaHIIe no HCIIOJJb30BaHmo pacceJIIIHJI neilTponon B Hccne,lloBaiiHJIX Kon

.llCHCHponaHnoro cocTOJIHIIJI - PI-II1KC (r. MocKna, PH~ «KYIJ'IaToBCKHH HHCTHTYT», 
. "' 

• 
• 

• 
• 
• 
• 

2010 r; r. raT'Irma, HIDI<l>, 2012); 

5th European Conference on Neutron Scattering, Czech Republic, 20 II; 

IAEA Technical Meeting on "Advanced Moderators to Enhance Cold Neutron Beam Pro

duction for Materials Research and Applications" ToKail-Mypa, .5IrroHHJI, 2011; 

SANS-YuMO user meeting, JINR, Dubna, 2012; 

International Conference on Neutron Scattering, ICNS, Edinburgh, UK, 2013; 

3-d CNS Workgroup meeting, raT'IIfiJa, TIIUI<l>, 2015; 

Research Coordination Meeting on Improved Production and Utilization of Short Pulsed, 

Cold Neutrons at Low-Medium Energy Spallation Neutron Sources. MArAT3, Bena, 

2014, 20J6H ,llp., 

a TaKJKe Ha Hay'!HbiX CeMHHapax 06'be,llHIICIIIIOrO lfHCTHTYTa JI,llepiibiX IICCJJe,llOBatJIIH (}{y611a), 

FZJ, IKP, IOmiX, repMaHHJI; JRC, nerreH, ronnaH,llHll; European spallation source, Jlynn, 

l.L(BeliHJI; ISIS, Jla6opaTopHH Pe3ep4Jop,lla-Arrrrmoiia, BennKo6pHTaHHJI; Hokkaido University, 

Hokkaido, Japan; Centro Atomico Bariloche, Argentina. 

Bcero aBTOpOM ITO TCMe ,lliiCCCpTaliiiH orry6JJHKOBaHbl 48 pa60T, Il3 KOTOpblX 22 pa60Tbl 

B Il3.llaHHJIX, peKoMeH,llOBaHHbiX BAK ( 19 cTaTeil B JKYpiianax, · 2 rraTeJJTa Ha mo6pcrenHe, 

CBH,lleTCJJbCTBO 0 rocy,llapCTBCHHOii: pCrHCTpa~IIIf rrporpaMMbl ,llJJll 3BM). 

JIH'!HbJH BKJI:U. 3BTOp3. 

JIII'IHOe y'laCTHe aBTOpa B pa60Tax, COCTaBJJlllOlliiiX OCHOBY ,llHCCepTalllflf, l!BJJlleTCll 

orrpe,llCJil!IOmiiM. ABTOp 1IpHHHMaJJ HCIIOCpC,llCTBeHHOe yqacTHe B pa3pa60TKC If C03,llaHIIII KOH-

6 

~eii~Iflf If TeXHH'IeCKOfO pemeHHll KOMIIJieKCa KOM6HHHpOBaHHbiX 3aMe,ll!IHTeJICH HCHTpOHOB 

MO.llepHH3HpoBaHHoil H.5IY HEP-2 .llJill H3y'leiiHJI KOII,llencHpoBaHHbiX cpe.ll na BhiBe,lleHHbiX 

rry'!Kax. HM JIH'IHO rrpoBe,lleno MmiTe-Kapno MO,llenHpomume KOM6mmpoBaHIIbiX 3aMe,ll!IHTe

neil HeilTpOHOB H.5IY HEP-2 H rrpoH3Be,llCHbi paC'IeTbi TerrnoBoil Harpy3KH Ha xoJJO.llllbie 3aMe,ll

JIHTeJJH HeHTpOHOB. Tiony'leHHbJe pe3yJibTaTbJ JJerJIH B OCIIOBY TeXHH'IeCKOrO 3a,naHHll Ha IIpO

eKTHpOBaHHC KOMIIJieKca 3aMC.llJIHTeneil H.5IY HEP-2. ABTOp yqacTBOBaJJ B 3KcrrepHMCHTax, 

'llfCJieHHOM MO,llC!IHpOBaHHH, 06pa60TKe If lfJITCprrpeTalllflf 3KCTiepHMCHTaJJbllbiX ,llaHHbiX no lfC

CJIC,llOBaHifJO 3aMC,llJIJIJor~eil CTIOC06HOCT!f pa3!1H'IIIbiX MaTepHaJJOB npH BapbHpOBaJ{Iflf TeMIIC

parypbl If anpo6alllflf C03,llaHJJbiX 6H6JIHOTeK C CC'ICIIIfliMif paCCeJIIJifll IJCHTpOHOB B BO,llOpO,llCO

,llepJKamHX MaTepHanax IIpH Hlf3KHX TeMneparypax na ycTaiiOBKC·JESSICA (rcpMaiiHll); B IIO

CTaHOBKe 3KCIIepHMeHTOB, pa3pa60TKe If C~3,llalllflf .llBYX 3KCIICpHMCHTaJJbllbiX ycTaHOBOK 

YPAM ua peaKTope HEP-2 If o6ny'laTeJibHoil ycTanoBKH Ha MHKpoTpOHe MT-25; npoBe,lleHHH 

3KCIICpHMeHTOB, o6pa60TKe If lfliTCprrpeTalllflf ,llaiiiibiX IIO H3Y'ICIIHIO pa,llaa~HOJUJOH CTOHKOCTH 

BO,llOpO,llCO,lleplKamHX TBCp,llb!X MaTepHaJIOB, IICpCIICKTHBHbiX ,ll!lll XOJJO,llllbiX 3aMe,ll!IHTeJJCH 

HCHTpOHOB. TipH Henocpe,llCTBCHHOM yqacTHH aBTOpa OCYliiCCTBJieiiO 1IpOCKTHpOBaiJHC OCHOB

HbiX y3nOB IIOJIHOMaCliiTa6Horo 3KCIICpHMCIITaJJbiiOrO CTCII,lla XOJIO,lli!OrO 3aMC,ll!IHTCJJll H.5IY 

HEP-2; pa3pa6oTaHbi If co3,llaiibi ciicTCMbi KOHTponJI rrapaMeTpo~ H rrpo11ecca 3arpy3KH mapa

KOBoro xono,llHoro 3aMC.llJIHTCJIJI; Ha IUIY HEP-2 3arrymen B orrhrrnyio 3KCIJJiyaTalllfiO KOM6H

HHponaHHbiH 3aMe,llJIIITeJib HCHTpOHOB C XOJJO,llHbiM mapiiKOBbiM 3aMC,ll!llfTCJICM B ero COCTaBe If 

HCCJJC.llOBaHbi ero cBoilcma. ABTOp rrpHIIHMaJJ aKTHnnoc yqacTHC n MClK.llynapO.lliiOM coTpyJUIII-

'ICCTBC ITO rrpOeKTaM C03,llaHHll rrepCIICKTHBIIbiX 3aMe,LIJJHTCJJCH IICHTpOIIOB ,llllll BbiCOKOHHTeH

CHBHbiX HCTO'IHHKOB HCHTpOHOB. 

CTPYKTYP3 11 o6beM ,qHccepT31.11111 • .[(HccepTaiiHll cocTOHT H3 BBe,lleiiHJI, 4-x rnaB, 3aKJJJO-

'!eH!fll If CIIHCKa lfCIIOJJb3YCMbiX HCTO'IHIIK?B. B KOHlle KaiKJioil rriaBbl cqlOpMyJJHpOBallbl OT

,lleJJbllbiC BblB~,llbl. TioJJJJblll 06'beM ,lllfCCCpTallllll COCTaBJJl!CT 208 CTpaHIIll II ~KJJIO'!ae~ .B ce6JI 

124 pHCYHKa, i5Ta6JJH~ If CIIHCOK lf3 196 6H6JJif(lrpatlJH'leCKHX lfCTO'I;IIfKOB. 

Co.nepJKaimc pa6oTbJ 

Bo BBC)lCIIHII paCCMOTpCIIO COBpeMeHJJOe COCTOJIH!fe 1Ip06JJCM, CBJI3aiiiJbiX C TeMOH ,lllfCCepTa

~lflf. 060CHOBaiia aKryMbHOCTb IIOCTaBJieHHOH 3a.Lia'III, ctlJopMyJIHpOBaHbl ~C!Ib If Hay'!Hal! HO

Bii3Ha rrpoBO.lliiMblX ilccne,lloBaHIIii. TipiiBe)len KpaTKIIH o63op c·o,llepJKaHHJI man ,lliiccepTa~IIH, 

rrpe,llCTaBJiCHbl IIOJICJlKCHHll, BbiHOCHMbiC Ha 3amiiTY II nepe'ICHb IIC'IaTHbiX. pa6oT, B KOTOpbiX 

OTpaJKCHbl OCHOBHble pe3yJJbTaTbl IIpOBe,llCHHbiX lfCCJJC,llOBaHHH. 
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B nepsoii rJiaBe npe,ncTaBneu o63op u auaJiu3 3aMe.wrnwmux neiiTpoHbi MaTepuaJioB u Texno

noruii HX UCnOJib30BaHIDI B XOJIO,llHbiX 3aMeMUTeJil!X Ha HCTOqHuKaX HeiirpOHOB B MHpe. flpu

Be,neHbl OCHOBHbie <lJaKTOpbl, BJillliiOmue Ha BbiXO,ll XOJIO,llHbiX HeiirpOHOB B HCToqnuKaX II CBOH

CTBa, KOTOpbiMH ,noJDKHbi o6na.n;aTb so.nopo.nco.nepJKamue MaTepuaJihi npu HH3KHX TeMnepazy

pax JUill HX HCnOJib30BaHHll B XOJIO,llHbiX 3aMeMHTeJiliX, Han6oJiee BaJKHbie H3 KOTOpbiX: 

- BbiCOKall nJIOTHOCTb aTOMOB BO,nopo,na; 

- CTOHKOCTb K ,neKOMn0311Jlllll no,n ,neHCTBHeM pa,nuaqnn; 

- uaJinqne HH3KOJieJKamux yposueil: B036yJK.ne!lHll MOJieKyn; 

- 6oJibrnoe ceqeunll pacceJIHHll n MaJioe ceqeune nornomeunll; 

- KaK MOJKHO 6onee rnnpoKnii pa6oqnif .nnana3oH TeMnepazyp; 

- TeXHOJIOrnqHOCTb; 

- ,nocTaToquaJI Tennonposo.nuocTb npn IU13KHX TeMnepazypax ,nJIJI CbeMa Tenna, 

BHOCHMOrO H3JiyqeuneM; 
~ 

- B3pbiB06e3onaCHOCTb. 

flpose.neu auaJIH3 cymecmywmnx ,naiHibiX Mll pll,na MaTepnaJIOB xono,nHbiX 3aMe,nnn

Teneii: MeTaua, Bo,nopo,na, Jib,na u Me3nTuneua. Oun liBJiliiOTCll nepcneKTHBHbiMH MaTepuaJiaMn, 

npeJK,ne Bcero, Mll XOJIO,llHbiX 3aMeJUIUTeJieii Ua HMnyJibCHbiX HCTQqfiUKax HeiiTpOHOB. 

B rnase paccMorpeHbi TpH ocHOBHbie cxeMbi nocTpoenuJI TexnonornqecKoro o6ecneqe

HIDI. Mll pa60Tbl XOJIO,llllb!X 3aMe,nJIHTeJieH C ,naHHbiMH MaTepnaJiaMH, a TaKJKe BblliBJiel!bl OC

HOBI!ble npo6JieMbl, B0311HKaiOmne npn HCnOJib30BaHHH KaJK,norO H3 ,naHHbiX MaTepUaJIOB npn 

KpnoreHHbiX TeMnepazypax n B ycnosnl!x cuJibHbiX pa.nnaqnonHbiX noneii. 

ITpe.ncTasneunbie ,naHHbie ucnoJib30BaHbi npn Bbi6ope 3aMe,nJIJIIOmero ueiiTpOHbi MaTe

pnaJia Mll XOJIO,lll!b!X 3aMeMHTeJieii. 

. Pe3yJibTaTbl, npe,ncTaBJieHHbie B mase, ony6nuKosaHbi B [ 1-1 0]. 

B~ .. BTopoii rJiaBe npuse.neHbi pe3yJibTaTbi 3KcnepuMeHTOB no n3yqeumo pa,nllaJll!OHHbiX 3<)l

$eKToB B TBep,nbiX Bo,nopo.nco.nepJKamux MaTepllaJiax Mll xono,nHbiX 3aMeMuTeneii (MeTaue, 

Jib,ne, Me3llTHJieue n ero cMecll c TonyonoM, ru.npaTax MeTaHa u TeTpam.npo<!JypaHa) npll 111!3-

KHX TeMnepazypax npu o6nyqeHI!ll 6biCTpbiMH HeHrpOHaMH, raMMa KBaHTaMH II 3JieKTpOHaMI! 

na co3,naHHbiX .wrn nnx ueneii o6nyqaTeJibHbiX ycTanosKax YPAM-2, 3, 3M 11a 1151Y 11.6P-2 

nHil> H MHKporpoue B na6opaTOpHH JI,nepHbiX peaK!lllll 0115111 [5, 6, 7, 9, 11-19). 

YCTauoBKa YPAM-2 [11, 17] nee Mo,nn<!JuKa!lllll YPAM-3M [6] pacnonaraJIHCb na 3-M 

Kau~e peaKTopa 11.6P-2 (pncyuoK 1). YcTaHOBKH MOHTHpOBaJIHCb ua no.nBnJKuoii nnaT<!JopMe, 

Ha KOTOpOii rOJIOBHYIO qaCTb ua BpeMl! 3KCnepnMeHTa ycTaHaBJIHBaJIH BnJIOTHYIO K 

33MeMHTeJIIO peaKTopa. flOTOK 6biCTpbiX HeHrpOHOB B TI03ll!lllll o6nyqeHHll COCTaBJiliJI 
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2xl 012HicM2/c. MomuocTb nomomeuuoii ,no3bi B no3H!lHH o6nyqeullll3a cqeT raMMa-H3nyqeuiDI 

- 20 rp/ceK, ,Will BO,nbl 3a cqeT ueiirpoHOB COCTaBJiliJI- 90 TrlceK. 

0 
Pnc. 1. 06mnil: cxeMamqecKHil: sn.n ycTauosoK YP AM 2 n 3M: 

(1) peaKTop I1.6P-2; (2) ronoBHM qacTb ycTaHOBKH; (3) rpaucnopTHblli Kauarr, renuil: Tpy6onpo

so,nhi II 3JieKTpuqecKHe KOMMYHIIKariuu; ( 4) ycTpoil:CTBO 3arpy3KII c ra30BbiM nJllbTOM; (5) 6uo

nomqecKaJI 3amHTa; (6) cocy.n AbiOapa c JKII.nKHM renueM; (7) raJoBbie 6aJIJIOHhi; (8) ITK c 

KOMMYUIIK3JliiliMII; (9). pellbCOBbill nyTb 

Y CTaHOBKa YP AM-2, roJIOBHall qacTb KOTopoil: npeJJ.CTasneua ua pucyuKe 2, no3BOJiliJia 

npoBO,nHTb 3KcnepuMeHTbi c Bo,nopo)J.co.nepJKamiiMH BemecmaMII (MeTal!, so,na, apoMaTnqecKHe 

ymeBo,nopo,nbi n ,np.) no InyqeuiiiO npoueccos Bbi,neneniDI :Jueprun B pe3yrrbTaTe 3K30TepMuqe

cKHX peaKqnil: peKoM611H3Jliiii pa,ni!KaJIOB n BbiXo,na pa,nuorrnTuqecKoro Bo,nopo.na npu TeMne

pazypax OT 20K .no lOOK. IlonocTb BHYTPII ,Kancyrrhi I!Merra nonyc<!JepuqecKyiO <!JopMy. B uee 

3arpyJKaJII!Cb MaTepl!aJibi B su,ne nonyc<!Jepbi c 3aMopo3KOH II3 JKH.n;Koii <lJa3bi, a TaKJKe nocpe.n

cmoM ,nocTasKH rnapi!KOB Jib,na,' npi!roTOBJieHHbiX 3apauee, rrl!6o uaMopaJKI!BaJII!Cb 113 raJosoil: 
. '• -

<lJa3bl ua CTeHKH. CTeHKH KaiiCYJibl 6biJIH c,neJiaHbl II3 quCTOH 6eCKHCl!Opo,nuoii Me,nii (Ml qu-

CTOTbl no rocT PocCI!II, TenrronpOBO,llHOCTb 1000 BT/MIK npn 20K). flnoma.n;b BuyTpeHHeil: 

nosepXHOCTII KaiiCYJibiCOCTaBJiliJia 22 CM2
, o6oeM nOJIOCTH KallCYJibl paseH 12 CM

3
• 
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Pnc. 2. forroBHall qacn ycTaHOBKn: (1) Kancyrra; (2) rro]JBecKa (Termosoii MOCT); (3) reJIHeBhie 

rpy6KH; (4) TCpMOrraph!; (5) o6rry'iaTCJJhHall IlOJJOCTh. 

B npose]JeHmiX JKcrrepnMeHTax rrocpe.!ICTBOM perncrpaunn :_reMnepazyp Ha6mo]JaJJHCh 

Bhi]JCJJCHIDI JHCprnH B pe3yJJhTaTe JK30TepMH'iCCKHX peaKUHii peKOM6HHauHH pa]JHKaJJOB. 

PeaKUHH HHHI{IIHpOBaJIHCh HC3Ha'iHTCJihHhiM (Ha HCCKOJJhKO rpa]JyCOB) IlO.liOrpCBOM BCIUCCTBa, 

JIH60 CllOHTaHHO, IIpH HaKOilJJCHHH KpHTH'iCCKOH KOHUCHTpai.IHH pa]JHKaJJOB. CrrOHTaHHh!C 

peaKUHH 6hJJIH 3apernCrpHp0BaHhl B MeTaHe, BO Jlh]JC, B rHJIPaTax MeTaHa H TCTparn]JpocpypaHa, 

IlpH'iCM B HCCJJC]JOBaBUIHXCJI MaTepHaJJax, 3a HCKJJJO'iCHHCM MeTaHa, OHH Ha6JllOJlaJIHCh 

BrrepBh!C {pHCYHOK 3). [11-16] 

t-150 • Spontaneous bll'p 

--TinputHe 

~ :j:J_Lrt~it 
·--~~---·-·-·---~----1-=~ ··-+=---=-4----i-------·-·-

120 :uo 2«~ :zso :zoo no 210 210 300 310 3:0 330 3..0 350 360 

~·"" 

Pnc. 3. ilOKa3aHHJI TCMIIepazyp H paCXO]Ja reJIHJI BO BpCMll CIIOHTaHHOH peaKUHH peKOM6HHa

UHH pa]JHKaJIOB B rn]JpaTe MCTaHa (Tinput He - TCMileparypa reJIHJI Ha BXO]JC B TCilJJ006-

MCHHmC KaTICYJihi, Tcu- TCMrrepazypa CTCHOK KaTICYJihi, Tinside- TCMrreparypa BHYTpH 

o6pa3ua, V11e- rroToK reJIHJI). BpeMll o6rryqeHHJI 13'i. 
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l1H.liYI.IHpOBaHHh!C peaKUHH peKOM6HHaUHH Ha6JJJO]JaJ!llCh BO BCCX. HCC.IIe]JOBaBll!HXCll 

MaTepnaJJax (pncyHoK 4). 

~ 

~ 

m -m 

--rn 
m -~ 
M 

n 
w 
~ . 
~ 

tl 

310 320 330 340 350 360 370 380 390 400 410 420 

t, COK 

PHC. 4. TloKa3aHHll TCMIIeparyp H p'~CXO]Ja reJJHll BO BpCMll HIIJlYUHpOBaiJUOH peaKUHH peKOM-

6HHai.IHII pa]JHKaJIOB BO ilh]JC ( 1-TCMIIepazypa reJIHll ua BXO]JC B TCIIJI006MCHIIHK KaiJ

cyJihi, 2- TCMIIepazypa CTCHOK KaiiCYJihi, 3- TCMHepaTypa BHYTpH o6pa3Ua). BpeMll o6-

rry'iCHHll 10,5 qaca. 

Pa]JHaUHOHIIh!C 3cpcpCKThl B apoMaTnqecKHX yrrreBO]JOpO]JaX (MC31ITHJICIIC B IICCKOJ!hKHX 

cpa30Bh!X COCTOliH!IliX H CMCCH MC3HTJIJICHa C TOJIYOJIOM) IIpOHBHJIHCh 3~mqHTCJ!hiiO crra6ee, qeM 

B .11pyrnx InyqeuHhiX MaTep~aJJax. CrrouTaunhie peaKUHH peKoM6nnaunii ue ua6mo]JaJJUCh un B 
. ' ·-#'•' ' 

O]JHOM ll3 JKCIICpHMCHTOB. QqeiJh CJia6aH JK30TCpMnqeCKall peaKUHll , peK?M6HHaUHH 

3acpnKcnposaua rrocrre 45 qacos o6rryqeniiH .!I03oii - 20 Mfp. ,[11] 

0TCYTCTBIIC CIIOHTaiiiJhiX peaKUHH peKOM6HHaUHH MOlKCT 6biTh .. \J6'hliCHCHO 

OTHOCHTCJ!hHO MaJJOH BCJIJiqlJJIOH HaKOIIJICHHOH JIICprH!I < 1 ,l(ll<fr ( <0,02% IIOrJIOII.ICIIIIOH 

]J03hl). [13] . ;,-

OcHOBhiBal!Ch 11a rrorryqemihiX: JKcrrepnMeiiTlllih~IhiX ]Jai.mhiX, 6wm . Bhipa6oTaHhi 

peKOMCH]laUHH ITO ]JOIIYCTIIMh!M pa6oqJIM TCMIIepaTypaM ]JJill pa3Hh!X MaTepHaJJOB, qT06hi 

H36elKaTh CIIOHTaHHh!X peaKUIIH peKOM6HHaUHH, a TaKlKC IIOJiyqeHh! HOpOrOBh!C ,3HaqeHHll 

TCMIIeparyp, IIpH KOTOph!X BO]JOpO.ll naqmiaeT Bh!XO]JHTh H3 MaTepHaJJ?I IIOCJIC o6rryqeHHJI. 

YcTaHOBKa YPAM-3M HBJIHJiach MO.liHqmKauneii ycTanosKJI YPAM-2 n rrpe.l1Ha3Haqa-

JiaCh ]JJill OIIpC.liCJICHHJI ]JaBJICHIIH MCTaHa Ha CTCHKH KaMCphi, KOTOpOe B03HJIKaCT IIpH ero OTO

rpeBe IIOCJIC o6rryqeJIHll. MO]JHcpHUHpOBaHHall rOJIOBHall qaCTh ycTaHOBKH (p!ICYHOK 5) COCTO»

rra H3 UHJIHH]JpHqeCKOH KaMCphl ]JHaMCTpOM 35 MM H TOJIIUIIHOH 15 MM, 3aiiOJIHCHHOH aJIIOMH

HHCBOH «ry6KOH» C OTKphiTh!MH IIOpaM!I pa3MCpOM 2-4 MM • .l(Be IIJIOCKHC CTeHKII KaMCphl TOJI

IUHHOH 1,5 MM II ]JHa1.1CTp0M 50 MM CJIY>KHJIH MCM6paiiaMJI, KOTOph!C rrepeMC!UaJIIICh IIO.ll ]JaB-
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neiffieM pa,nHoJIHTif'lecKoro BO.D:opo.D:a so speMX OTorpesa rrocne o6.rryqeHIDI. IlepeMew;eHHe 

cpm<cnposanocr. :JapaHee oTKann6posamn,IMH HH.!l)'KilHOHHI.IMH .D:aT'lliKa.MH. KaMepa c HH.llYK

unoHHI.IMH JJ:aT'lliKaMH .D:aBJieHIDI H TepMorrapaMH HaxO.D:HJiaCI. B Bru<yyMHOM KO)!(j'Xe. Y CTaHOB

Ka IJO:lBOJIJ!Jia Herrpepi.mHO pa60TaTh IIpH TeMIIepazype MeTaHa 25-35 K B TeqeHHe .D:Byx C}'TOK. 

[6, 18] 

~Ctl. 

a) 6) 

PHC. 5. foJIOBHaJI: qacTh- KaMepa C Bru<yyMHI.IM KO)!(}'XOM, (a)- ceqeHHe B BepTm<ani.HOH IIJIOC

KOcTn rreprreH.D:HKYflHPHO OCH YCTaHOBKH, (6) - ceqeHHe B BepTHKaJII.HOH IIJIOCKOCTH ITO OCH 

YCTaHOBKH. (1- J:lHJIHHJJ:PnqeCKHH KOpiJYC KO»cyXa; 2 - KOaKCHaJII.HI.Ie Ka6eriH JJ:aTqHKOB rrepe

Meri(eHHH; 3 - HHJJ:YKUHOHHI.Ie JJ:aTqHKH rrepeMew;eHHil:; 4 - MeM6paHI.I KaMepbi; 5 - UHJIHH.D:pH

qecKaJI: 060JIOqKa KaMepi.I C o6pa:JJ:lOM; 6- o6pa:Je!l (aJIIOMHHHeBaJI: «ry6Ka» C TBep.D:I.IM M.eTa

HOM); 7 - BHTKH Me.D:HOH TPY6KH; 8 - CTaJII.HaJI: TPY6Ka )lJUI ra:Ja MeTaHa H BbiXO.D:a BO.D:OpO.D:a; 9 -

JJ:aTqHKH TeMrrepazypr.I; 10 - CTaJII.HaJI: CTPYHa )lJUI cjJHKCa!lHH KaMepi.I; 11- TPY6KH rro.D:aqn re-

illur). 

B pe:JyJII.TaTe JKcrrepHMeHToB rronyqeHo, ~o )lJUI JJ:O:li.I > 20 Mfp rrpH HarpesaHHH rrn

Kosoe · :lHaqeHHe .nasneHIDI Ha MeM6pami, c yqeToM rrorrpaBKH Ha .D:HaMeTp, JJ:OCTHraeT MaKeR

. MyMa- 2,7 Mila (cMe!I(eHHe MeM6paHI.I 0,4 MM COOTBeTCTBeHHO), a 3aTeM IIaJJ:aeT, IIOCKOJII.KY 

pe3KO HaqnHaeT BI.IXOJJ:HTh HaKOIIJieHHI.Iil: pa.D:HOJIHTHqecKHH BO.D:OpO.D:, BHe 3aBHCHMOCTH OT 

CKOpOCTH HarpeBa {pHCYHOK 6). 3Ta BeJinqnHa JJ:aBJieHIDI HBJll!eTCH npe.D:eJII.HOH. [6] 
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Pnc. 6. IloKa:JaHHe rrapaMeTpOB JKcnepnMeHTil B rrpoqecce Harpesa MeTaHa.(.D:aBJieHHe Ha CTeH

KH KaMepi.I, TeMrrepazypa KaMepi.I, rrpo!leHT sr.nne,[(IIlero B ra:Josr.Iii o6oeM BO.D:opo.D:a). 

,[(asneHne Ha MeM6pauy scer.D:a JJ:OCTHraeT IIHKOBoro 3HaqeHIDI rrpH TeMnepazype B .D:Ha

rra:JoHe 72-79 K (rrocne JlliHTeJII.Horo o6.rryqeHIDI), no noro MOMeHTa TOJII.Ko oKono 20% 

HaKOIIJieHHOrO BO.D:Opona BI.IXO.D:HT B ra:JOBb!il: o6oeM. [18] 

IJ;eJlbiO 3KCIIepHMeHTaJII.HbiX pa60T C Me3HTHJieHOM H ero CMeCbiO C ffi-KCHJIOJIOM Ha 

yCTaHOBKe YPAM-3 [9], KOTopru~ 6I>ma ycTaHOBJieHa Ha MHKpOTPOHe MT-25 B JUIP, HBJll!JIOCI. 

orrpe}J;enerme .D:aBJieHIDI Ha o6ono'liy 3KCrrepnMeHTaJII.HOH ~HJIHH.D:pnqecKOH KaMepi.I (TB3JI) 

IIpH ee OTOrpeBe IIOCJie o6nyqe~IDI nPH. Te~.mepazypax' lKH.D:KOrO a:JOTa (pncyHOK 7 (a)). 11ccJie

nye~~ o6pa:JJ:laMH; KOTOpbiMii 3a~OJIHHJICH TB3fl, 6I.IJIH qncTI.Iil: Me:iHTHJieH H ero CMeCb (B 

oTHmrreHHH 3:1) c M-KCHJIOJIOM. ,[(asneime Ha o6onoqKY TBJJia MOJKeT c03nasancaKaK OT TeM

nepazypHoro pacrrmpeHIDI 3aMOpOlKeHHOrO o6pa:JJ:la, TaK H (~0 H HBJll!eTCH rJiaBHOH qeJlbiO) OT 

HaKOIIJieHHOrO B IIpOJ:leCCe o6nyqeHIDI BO.!l:OpOJJ:a. IlpH IIOBI.IIIIeHHH TeMrrepazypi.I B o6pa:J!le 
F 

.D:aBJierme sonopo.D:a yseJinqnBaeTca H nepenaeTca Ha o6onoqKY TBJJia scnencTBHe «pacrryxa-

HIDI» o6pa:JJ:la. ,[(Jill orrpeneneHIDI seJIHqnHI.I .D:aBJieHIDI Ha cTeHKH TBJJia (pncyHoK 7 (6)) 6r.IJIH 

YCTaHOBJieHI.I 4 KOJII.J:leBI.IX TeH30pe3HCTOpa. ,[(Jig paBHOMepHOrO o6.rryqeHIDI J:lHliHH.D:pHqecKOrO 

o6pa:JJ:la C BI.ICOTOH 105 MM ~OM 3JieKTPOHOB ·c _AnaMeTpOM - 15MM, TB3JI nepeMe!I(aJICH 

BBepx H BHH3 rrepneHJJ:HKYRHpHO rry~ B KpHOCTaTe C lKH.D:KHM a:JOTOM {pHCYHOK 7 (6)). 

3HepriDI JJieKTPOHOB B ~e·ycKOpHTelil! «MT-25»- 9,5 MJB, a TOK ~a JJieKTPO

HOB H3MeHHJICH B KaJK.ll:OM UHKJie H3Mepemuf OT 2,5 .D:O 6,2 MICA. 
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~~ 

Puc. 7 (a). CxeMa JKcnepuMenTaJibJIOH ycm- Puc. 7 (6). CxeMa JKcnepnMenTanbnoro TB3-

HOBKH: na: 

1 - 3KC11CpHMCIITaJihiibJH TBJJI; 2 - 1, 2, 3 - BepXIIllll,f(;pe.n;mill II IllllKI!llll 

lKH.AKHH li30T; 3 - KpHOCTaT; TepMOIIaphl; 4, 5 - nepXIIHH II IIH>KllllH TCH-

30MeTpH'ICCKHH MOCT; 6 - MC.n;Hal! QJOJihra; 7 

- uccne.n;yeMblil o6pa3eu. 

4 - MCXaHH3M BCpTHKaJibi!OfO 11epe-

Memennll. 

B pe3yJibTaTe 3KCIICpHMCIITOB IIOJIY'lCIIbl .n;aiiiibiC 110 .AaBJICIIHIO Ha CTCHKH TBJJia II 

.AHHaMHKe Bhixo.n;a no.n;opo.n;a 11ocne o6nyqenHll o6pa3uon 11p11 napbuponanull TCMIIeparypbl, 

MaTepnana o6pa3ua n npeMenn o6nyqennll (A03hl). O.n;nn H3 pe3yJihTaTon 110 o6nyqenmo 

MC3HTHJICHa B TC'lCIIllll 7,72 qaca 11p11 TOKe IIY'lKa 3JICKTpOIIOB 4,4 - 4,6 MKA llpC.ACTaBJICII Ha 

. pncynKe 8. 

10cm' MC3MntneHa. 
06n)"fC:IIMe 7 '4aCOD 43 MMII. TOII-f'IY'IJ:S 4 5-4.6 MlA. N23 
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Pnc. 8. 3KcllepnMenTanbHbie .n;aHHbJe 110 H3MepeHHl!M napaMeTpon JKCIIepnMeHTanhnoro TBJJia 

npn OTOrpene 11ocne o6nyqeunl! ua ycKopuTene JJieKTponon: TeM11epazypa Me3nTnnena (KpHBbJe 

1;2, n 3 no TIOKll3annl!M nepxneH, cpe.n;neH n nHJKneH TepMOIIap (Tup, Tm, Tdown), K.; 4 -

14 

.n;aBJICHHe B rli30BOH IIOJIOCTH (P, M6ap);·5- .n;aBJICIIHC 110 IIOKll3aHJil!M TCII30MeTpll'lCCKOfO.MO

CTa. 

OcHOBhiBal!Ch Ha pe3yJihTaTax 3KcnepuM:eHTOB, nonyqenHhiX na ycianonKax YPAM-2, 

YPAM-3 11 YPAM-3M, MOJKmi peKoMeH.ziona'Th pa6oq11e TeMIIepazyphi .AJill nciiOJih30BaHHll no

.n;oj:>O.n;oco.n;epJKamHX MaTepuanon n Kaqecrne · 3aMC.AJIHTeneil ueiiTpomin; KOTOpbie II03BOJil!JOT 

I136eJKaTh B03HllKHOBCHllll CIIOHniHHbiX peaKI,lllll peKOM6HHaUHH pa.n;HKaJIOB (Ta6nuua l ). B TOH 

JKe Ta6JIHUC IIpHne.n;e~bl IIOJIY'lCHHble .AaiiHbJe 0 BCJIH'IHHC naKOllJICIIllll pa.n;HOJIHTH'lCCKOfO BO

.n;opo.n;a II TCMIIeparype, IIpH KOTOpOH OH CIIOCo6eH BbiXO.AHTb 113 MaTepHana B ni30BbiH o6beM, 

CKOpOCTb HaKOIIJICHllll 3Hepnm OT IIOfJIOJllCHiJOH .A03bl, MaKCHMaJibHOC .n;aBJICIIHC Ha CTCHKH 06-

Jiy'laTCJibHOH KaMepbl, HaJill'lllC HJIH OTCYTCTBHe CIIOHTaHHbiX peaKUHH peKOM6HHaUHH pa.n;HKa

JIOB. (5-7, 9, ll-19] 

MaTepnan 

MemH 

Jle.n; BO.Abl 

Me3HTHnen 

fn.n;paThi Me-

Tana 11 TeTpa-

rn.n;poljlypana 

Ta6nuua 1 

· Ocnonnhie pe3yni.mTM3KcnepuMeHTOB YPAM-2, YPAM-3, YPAM-3M 

CKopcicTb MaKe. C11on- Pa6o'lal! TeM- I 

HaKOIIJICHHll .n;annenne TaHHble 11eparypa .AJill I 
HaKollneHHe. no-

Jneprnn OT HaCTCHKH peaKUHH ·u36e)i(anHll 

norncitueii- 'o6nyqa-
.n;opo.n;a 11 TCMIIe-

peKOM- · caMOpa3orpe-

noli: .A03hi TCJihHOH 
pazypa ero BhiXo-

6nnauuj:i non nemeci'na 
.n;a 113 MaTepuana 

3aMe.AJIIITeneH, KaMepbl, pa.n;HKa-

Mila • 'JIOB K· 

1,6%±0,2% 2,7 6 10· MOJibf,[(lK, ,[(a 
>28-30 

T=70K 

5,4%±0,4% - 3,4.10'8 _MOJihf,[(JK ,[(a >40 

<0,02% 2,65 *) 3,9 1 o·• MOJihf,[(JK; HeT 
>15 

:· T=130K 

2,4% -- ,[(a 

,. . - >35K 

*)- pe3yJihTaT, llonyqeJUJhJH npn o6nyqenun JJICKTpOHaMH 

OtcyTCTBHe CIIOHTllHHhiX peaKUHH peKoM6unaUHH pa.n;uKanon n HH3K~H yponeili naKOII-
;i •.••• ' • - . ; • .· -~ ' : ~. 

JICHHll 3Heprnn B MC3HTHJieHe H ero CMCCH C M-KCHJIOJIOM, a TaKlKC MaJial! 110 cpaBHCHHJO C 

TBCp.AbiM MeTaHOM CKOpOCTh HaKOIIJICHllll BO.AOpo.n;a, II03BOJiliJOT paCCMaTpHBaTh ero KaK 

Han6onee IIO.AXO.Al!JllHH C TO'IKH 3peHHll pa.AH3UHOHHOH CTOHKOCTH TBCp.AbiH no.n;opo.n;co.n;epJKa

mnii MaTepnan .AJili xono.n;HhiX 3aMC.AJinTeneii neiiTponon. BMecTe c TeM, cne.n;yeT yqnTbJBaTh, 
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'ITO B Me3!ITHJieHe IIpii ,WIIITeJThHOM o6nyqeHHH B03H!IKaJOT COnOCTaBHM:&Ie C TBep){:&IM MeTaHOM 

)laBJieHIDl Ha CTeHKH KaMep:&I, B KOTOpo:il: OH o6rry"<IaeTCJI II He06XOJmMO rrperryCMOTpeT:& JIH60 

cBo6o)lHoe rrpocTpaHCTBO Meli<JlY crroJIMH!r<yco'!KaMH Me31IrnrreHa .IVIJI ero pacrrrnpeHID!, JIH6o 

)lerraTh KaMep:&I 3aMe,wrnTerre:il: cnoco6miMII B:&IJlepJKaTh cooTBeTCTByrolJlHe JlaBJieHID!. 

ITonyqeHH:&Ie pe3yJI:&TaThr no )laBrreHino MeTaHa Ha CTeHKH KaMep:&I HamJIH CBOe npHMe

HeH!Ie IIpll rrpOeKrnpOBaHHH XOJIO)lHOfO 3aMe,wrHTeJIJI .IVIJI HCTO'IHHKa XOJIO)lHbiX He:il:TpOHOB Ha 

ocHoBe TBep)loro MeTaHa .IVIJI TS-2 ISIS (Rutherford Appleton Laboratory, UK). [18) 

.• J 

B TJleT:&eH rJiaBe IIpHBO)lJITCJI pe3yJI:&TaThi 3KCnepHMeHTOB, B KOTOp:&IX cpaBHHBaJIHC:& HHTeH

CHBHOCTH B:&IXO)la XOJIO)lH:&IX HeHTpOHOB H3 3aMe)lJIIITene:il: Ha OCHOBe pa3H:&IX BOJlOpOJlCO)lep

lKalJlHX MaTepiiaJIOB (Jie)l, MeTaH, rHJlPaT MeTaHa, BO)lOpO)l, Me3HTHJieH) npii HII3KHX TeMnepa

zypax (20-30 K), a TaKJKe pe3yJI:&TaThr npoBepKH 61I6JIHoTeK c ce"<IeHIIJIMII pacceJIHUJI Heii:TpoHoB 

.IVIJI BOJlOpOJlCO)leplKalllHX MaTepUaJIOB npu Hll3KHX TeMnepazypax, He06XO)lHM:&IX .IVIJI MO)leJIU

pOBaHHJI cneKTpa XOJIOI{HOfO 3aMe,wrnTeJIJI HeHTpOHOB. 3KcnepHMeHThi f:&monHeH:&I Ha ycTa

HOBKe JESSICA B FZJ (Juelich). [1-3, 20-22] 

Haurry'III!nH pe3yJI:&TaT no B:&IXO.!lY XOJIO)lH:&IX HeHTpOHOB )laJI TBep){b!H MeTaH. fu aHa

JIH3a cneKTpOB (pucyHoK 9) BHJlHO, 'ITO Me3UTHJieH ( ljla3a III) noKa3:&maeT cxol!Cll:il: cneKTp c 

lKIIJlKHM BOJlOpOJlOM. B )lHana30He 3Hepruii OT 20 M3B JlO 1 3B Me3UTUJieH npeBOCXOJliiT lKII)l

KHH BOJlOpOJl no B:&IXO.!lY He:il:TpOHOB . .[(onoJIHUTeJI:&HOe yBeJIH'IeHUe B:&IXO)la HeHTpOHOB MOJKeT 

6:&IT:& JlOCTHfHYTO C UCnOJI:&30BaHUeM 11-o:il: ljla3:&I Me3UTUJieHa. (22) 
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Pnc. 9. lliMepeHmre 3HepreTU'IecKHe cneKTp:&I Jllili JI:&Jla, MeTaHa Me3HTHJieHa u JKII)lKoro BOJlO

po)la IIpii T = 20 K IlpuBe)leHH:&Ie JlaHH:&Ie HOpMupoBaH:&I Ha na)lruom;uii npoTOHH:&lli ny"<IoK u 

CKOppei<TllpOBaH:&I Ha ljlOH II 31jllj_JeKTHBHOCTh )leTeKTOpa. 
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C nOMOm::&IO 6U6JIHOTeK JlaHH:&IX He:il:TpOHH:&IX Ce'IeH!IH .IVIJI Me3UTUJieHa H nporpaMMbi 

MCNP (Monte Carlo N-particle Transport) 6:&m CMO)lenupoBaH 3KcnepuMeUT na ycTaHOBKe 

JESSICA. CpasHeHID! 3KcnepHMeUTam.mrx JlaHH:&IX c pac"<IeTH:&IMU .IVIJI He:il:TpOHOB c 3Heprueii: 

HHJKe 10 M3B JlaJOT YJlOBJieTBOpiiTeJI:&H:&Ie pe3yn:&TaT:&I. Pac"<IeThi TaKJKe noKa3aJIH,· 'ITO rrpu uc

rrom.30BaHHH Me31ITHJieHa (ljla3a II) uUTeHCHBHOCT:& ne:il:TpOHOB c 3Heprne:il:, 6JIII3KO:il: K 1 M3B, 

6wia 6:&r B:&rrrre npHMepno Ha 30 - 40%. [22) 

Pe3yJI:&TaThr, rrorry"<IeHH:&re Ha crreKTpoMeTpe HEPA H5IY lffiP-2, )leMOHCTpupyJOT 

TpYJlHOCTH IIOJIY'IeHUJI ljla3:&! II (aMop$HaJI ljla3a), KOTOpaJI He JIBJIJieTCJI CTa6UJI:&HOH II CO Bpe

MeHeM nepexo)lllT B ljlaJy I u III. .[(pyro:il:, Ha:il:JleHmi:il: II3 3KcnepHMeUTOB Ha crreKTpoMeTpe 

REP A, crroco6 norry"<IeHUJI aMopljlHo:il: ljla3hi - 3TO ucnon:&30BaHUe cMecu Me3UTUJieHa II M

KCUJIOJia. [ 4) 3KcnepHMeUT:&I Ha cneKTpOMeTpe Heynpyroro pacceJIHIDI .[(l1H-2TIH IUrY .HEP-2 

no UCCJie)lOBaHIIIO BJIIIJIHIIJI TeMnepazyp:&I Ha B:&IXO)l XOJIO)lH:&IX He:il:TpOHOB .lVIli Me3UTUJieHa 

nO)lTBep)lllJill B03MOlKUOCT:& yBeJIU'IeHUJI B:&IXO)la XOJIO)lH:&IX HeHTpOHOB: npll nOHUJKeHIIll TeM

nepazyp:&I c 30 K JlO 20 K MOJKHO yBeJIH'IHT:& B:&IXOJl xonoJlH:&IX He:il:TpOHOB Ha 20- 25 %. [23) 

llpoBe)leHH:&Ie pac"<IeT:&I )lJIJI O)lHOfO ll3 KOM6UH1IpOBaHH:&IX 3aMe)lJIUTeneii: MO)lepHU3ll

pOBaHHOH H5IY lffiP-2 MeTOJlOM MoHTe-Kapno c noMO!Il:&IO nporpaMM:&I MCNP npu omu

MaJThHOH TOJim;llHe II KpuoreHH:&IX"TeMnepaTypax HeCKOJI:&KllX BOJlOpOJlCO)leplKaW:UX MaTepua

JIOB nOKa3aJill, 'ITO B:&IXO)l XOJIO)lH:&IX He:il:·rpoHOB ll3 MeTaHa no CpaBHeHIIIO C Me3UTUJieHOM, BO

)lOpOJlOM II Jib)lOM npii O)lUHaKOBOH TeMn'epazype, B:&IIIIe (pucyHOK 1 0). [24, 25) 

loll 1 .-·-~~ A 
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Puc. 10. CneKTp:&I He:il:TpOHOB xono)lHoro 3aMe.wrnTeJIJI H3 MeTaHa (1), Me3unmeHa (2), BO)lopo

)la (3), JI:&)la BO){:&I (4) C OnTHMII3UpOBaHHOH .lVIli MaKCHMaJI:&HOfO B:&IXO)la TOJim;llHOH 2, 2, 4, 3 

CM, COOTBeTCTBeHHO. 
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BMCCTC C TeM, C y<IeTOM pa,miawiOHHLIX 3<fl<lJeiCI:OB B TBep.D;OM MeTaHe, IIpHBO,!VIII(HX K 

neo6XO)lHMOCTII. )'BCJIH'ICHIDI TO.JIIIIHHI>I IIpC.D;3aMC.lOI1ITCJill: .D;Jill: CHIDKCHIDI pa,m!aw!OHHOH 

narpy3KH, H )'BCJIH'ICHIDI TCMIIepazypLI .D;O 60 K BO H36elKaHHC CTIOHTaHHLIX pe~ii peKoM6H-: 

HaunH, Me3HTIUICH, IIpH OnTHMaJII,HLIX. napaMeTpax, ,D;aeT 6oJiee 'lCM B 2 pa3a 60JThiiiHii: BLIXO.D; 

XCJJIO.D;HLIX HCHTpOHOB. [24) 

)l;aHHLiii pe3y!ThTaT, BMecre c pe3y!ThrnTaMH nccne.D;oBaHHii pamiawiOHHoii croiiKoc:rn H 

Heyrrpyroro paCCCHHIDI HCHTpOHOB, Il03BOJIHJI C,!ICJiaTb BLI60p B IlOJTh3Y MC3HTHJICHa BO BTOpOM 

<!Ja30BOM COCTOmiHH (HJIH CMCCH MC3HTHJieHa C M-K,CHJIOJIOM) B Ka'lCCTBC MaTepnana .D;Jill: HC

TIOJTh30BaHIDI B XOJIO.D;HLIX .D;HCnepCHLIX 3aMC.lOI1ITCJili:X HCHTpOHOB KOMTIJICKCa KOM6HHHpOBaH

HLIX 3aMC.D;JlllTCJICH J15IY lffiP-2. Pa3pa60TaHHaJI KOHUC!IWUI KOMIIJICKCa KOM6HHHp0BaHHLIX 

3aMe,zlmrreJICH J15IY lffiP-2 (pHCYHOK 11) COCTOHT H3 TCTIJIOBbiX ll XOJIO.D;HLIX qacreii. [26-28; 

30, 31, 32) 

Jl 

Pnc. 11. ropH30HTaJII,HOC Ce'leHHe MO,D;epHH3Hp0BaHHOH I15IY MEP-2 H ee OKpYlKCHHJI na OT

MeTKe 6.0 M : I - xono.D;HLie 3aMe.umrreJIH; II - aKTHBHaJI 30Ha peaicropa, III - BO.D;l!HJ>Ie upe,!13a

Me.umrreJIH H BO.D;l!HOH rpe6eH'!aTbiH 3aMC,!IJillTCJib; pHMCKHMH lllltPPaMH 0603Ha'lCHLI HOMepa 

nyqKOB, 

Orrpe.!(enemi hapaMeTpLI .D;JUI <!JopMnpOBaHIDI cneKTpOB neiiTPOHOB c 3a,!laHHLIMH Tpe6o

BaHIDIMH .D;Jill: illCCTH CTICKTpOMeTpOB J15IY lffiP-2, paCITOJIOlKCHHbiX Ha BbiDC,!ICHHLIX ny'!Kax 7, 

8, 10 H 11 (pncynoK 12). B npouecce OTITHMH3a.J.IHH, 6LIJio rrpnHJITo pemerrne pa3MeCTHTJ> xo

. JIO.D;IIbiii 3~C,WiliTCJTh B HHlKHCH qacrn aKTHBHOH 30Hbi (BbiCOTa aKTHBHOH 30Hbi 44 CM) ,!10 OT

MeTKll 6,0 (UCHTP aKTHBHOH 30HLI peaicropa), a BCpXHHC 22 CM 3a:IU!Th rpe6eH'la-ri,IM BO.D;l!HbiM 

3aMe.umrreneM .D;JUI <!JopMHpOBaHIDI reiTJiosoro cneKTpa HeiiTpoHoB. TaKHM o6pa30M, ocn 

HCHTpOHOBO.D;OB CTICKTpOMeTpOB, KOTOpbiM HC06XO.D;HM XOJIO.D;llLIH CllCKTp C~erriaiOTC'a HH~e 
OTMeTKll 6,0, a .D;Jill: CTICKTpOMeTpOB C HC06XO.D;HMbiM CMCillaHHLIM CTICKTpOM HCHTpOHOB OCTa

KlTCJI Ha JlCHTPC aKTHBHOH 30Hbi peaKTopa, TOr,D;a OHH llOJIY'laiOT H TCTIJIOBLie HCHTpOHbi OT rpe-
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6eH'laToro BO.D;l!IIOTO 3aMC,!IJil!TCJill ll XOJIO.!(Hb!C HCHTpOHbl OT XOJIO,!IHOrO 3aMC.D;JiliTCJISI. BMeCTC 

C TCM, ITOCKOJibKY M0,!1CpHll3llpOBaHHaJI aKTl!BIIaJI 3011a peaKTOpa CTana 6onee KOMIIaKTHOH, TO 

11 IIY'IOK, HCHTpOHOBO.D; KOTOporo 6J>IJI llaCTpOCII na rrpe,!lbiJlYIIIYIO 30IIY, rrpaKTll'lCCKII ne IIO

Jiyqan 61>1 neiiTpOHJ>I. TionoMy .liJlll 11 Kanana, B nepxueii qacrn 3aMC.liJIIITCJIJI rrpenycMOTPen 

.liOIIOJIHllTCJibllb!H rpe6eH'laTb!H BO.D;lll!OH 3aMC,liJIIITCJib B reOMCTPIIll «KpbiJIO» opTOrOHanbHO 

OCII 11 IIY'!Ka. [26-28, 31) 

nocT3aMe,Qfllo1TeJlb 

.::.::._-::.::.:.:.:::::,~:::~ 

Pnc. 12. TpexMepnall MO.liCJih 3aMCHJIIITCJIJI .liJIJI 7, 8, 10 n 11 ny'IKOB. 

B Ka'!ecme rrpnMepa rrpnsenenh! paccqnrmmi>Ie cneKTp~>I neiirponon ,liJIJI narrpannennll 

7 IIY'!Ka Ha paCCTOSIHllll 4,5 M OT IIOBCpXHOCTII 3aMe,liJIIITCJ!ll (pncynoK 13). 
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Pnc. 13 .. )l;n<!J<!JepeHJlllaJil,HLIC CIICKTpLI HCHTpOHOB .D;Jill: 7-ro KaHana (KBa,!lpaTbi - TOJThKO 

rrpe.D;3aMC.lOI1ITCJTh, OKpYlKHOCTH- - onTHMaJII,HaJ! KOHtPHryPaJ.IIDI 3aMe.zvnrreneii (XOJIO.D;-
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"Hhlii+rpe6eH'IaThlll TCllJIOBOH), 1peyrOJihHHKII- cneKip HCH1pOI!OB, nOJIY'ICHHhiii. TOJibKO C XO

JIO,Z:{HOH qacm c yqeToM 'laCTH'IHOro 3aTeHeHHJ! rpe6HJ!MH BO,Z:{J!Horo 3aMe,Z:{JluTeJIJ!). · 

KaK BH,Z:\HO H3 CllCKlpOB, B 3aBHCHMOCTH OT HaC1pOHKH HCH1pOHOBOAa 7-ro Iiy'IKa B03-

MO)J(ll0 O,Z:{HOBpeMeHHOC nonyqenue H TenJIOBhiX, H xonO,Z:\HhiX HCH1pOHOB (KOM61t!mpOBaHHhlii 

cneKip ueii1pot1on). [29] 

B pe3yJihTaTe MO,Z:{enuponaHHJ! pacc'IHTaH Ko:J$$uuuenT ynenu'leHHJ! noToKa xoJIO.z:\HhiX 

HCH1p0HOB H3 XOJIO,Z:{HOrO 3aMC,Z:{JIHTCJIJ! C MC3HTHJieHcfM no OTHOUICHHIO K ruiOCKOMY 3aMC,Z:{JIH

TCJIIO C BO,Z:{Oll KOMHaTHOH TCMnepazyphl B 3aBHCHMOCTH OT ,Z:{JIHHhl BOJIHhl HCH1pOHOB (pucyHOK 

14). [25] 

M 
~ 
0. 

d 

15 ~ 

10 

5 

0 
•• w .............. 

./· 

0,2 

// ________ _ 

,-' . 

./ 
I 

0,4 0,6 

~' HM 

0,8 

fl. 

Puc. 14. Ko:J$$iluueuT yaenuqeniiJ! rrnoTnocTu rroToKa neiiTpOHOB n 3anucuMOCTH oT ):IJIHHhl 

BOJIHbl HCH1p0HOB H3 XOJIO,Z:{I!OrO 3aMe,Z:{JIHTCJIJ! C MC3HTHJICHOM IIO OTHOUICHHIO"K 3aMC,Z:\JIHTCJIIO 

c' Bo.r~oii KOMHaTHoii TeMnepaTyphi. 

B 1JlCTheii. mane rrpune.r~eHhi TaKlKe pe3yJihTaThi pacqemn u auanu3a ):IOIIOJIHHTCJihHhiX 

B03MO)J(li0CTCH no YBCJIH'ICHHIO BhiXO,Z:{a XOJIO,Z:\HhiX HCH1pOHOB ,Z:{JIJ! MC3HTHJICHa, IIpii C03):1aHHH 

rpefieuqaTOI"O XOJIO,Z:\HOrO 3aMC,Z:{JIHTCJIJ! Ha ero OCHOBC" II OIITHMH3HpOBaHa TOJIIIlHHa OCHOBhl 

rpe6eHOK • .lJ:OIIOJIHHTCJihHhiH Bh!XO,Z:{ XOJIO,Z:\Hh!X HCH1p0HOB MOlKCT ,Z:\OCTHraTh 2,5 pa3. flpHBO

,Z:{J!TCJ! II aHaJIII3HpyiOTCJ! pC3YJihTaThl pacqeTa TCIIJIOBhl):ICJICHHJ! B XOJIO):IHhiX 3aMC,Z:{JIHTCJIJ!X 

Heii1pouon lUIY HEP-2 H3-3a B03):{eii.crnuJ! H3JIY'ICHHJ!. 

lJeTBepTaH rJJaBa IIOCBJ!UICHa o6CylK.z:\CHHIO pe3yJihTaTOB C03,Z:{aHIIJ! II nycKa XOJIO,Z:\1101"0 

,Z:\HCnepCHOro 3aMC,Z:{JIIITeJIJ! Ha OCHOBC CMCCH MC3HTHJICHa II M-KCIIJIOJia B COCTaBe KOM6HHHp0-

BaHHOro 3aMC,Z:{JIIITeJIJ! ua IU!Y HEP-2 II IIccne.z:~onaumo ero ocuonHhiX rrapaM,C1JlOB [33-37], a 

Tal()KC IlOJiyqCHHhiM pe3yJihTaTaM Ha pa3pa6oTaHHOM H C03,Z:{aHHOM IIOJIHOMaCUITa6HOM HCnhiTll-
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TCJII.IIOM CTCII,Z:{C X0,10,Z:\IIOI"O 3Ul\IC,Z:{JIHTCJill IIO HCCJIC,Z:\OBaHHIO rrapaMC1pOB 3arpy3KH KaMephl

HMHTaTOpa UiapHKaMH H3 CMCCH MC3HTHJICHa II M-KCHJIOJia IIpii HH3KHX TCMIIepazypax IIOTOKOM 

nnoo6pa3Horo reJIHJ! IIO CJIO)J(HOMY 1paHCIIOpTHOMY IIYTH (piiCYHOK 15-17). [38 - 4 7] 

10M 

Puc. 15. TpexMepHhiii 3CKH3 rroJIHOMaCUITa6uoro ucni.ITaTeJihnoro CTen.r~a (I - Tpy6orrpono.r~ 

IIO,Z:\BO,Z:{a reJIHJ! K KfY, 2 - 1py6orr'poBO,Z:\ OTBO,Z:\a rem!J! OT KfY, 3 - ,Z:\BHraTCJII. ra30.z:\YBKH, 4 -

KpuocTaT, 5 - yJeJI c 1py6Koii ITum u MaHoBaKyyMeTpoM, 6 - II03HUHJ! nno.r~a UiapuKOB n 1py6o

rrpono.r~, 7- ,Z:\03HpyiOIIlCC YC1JlOHCTBO rr()):la'IU UiapHKOB B IIIICBMOTpaKT; 8.1, 8.2, 8.3, 8.4- MC

CTa ycTaHOBKII TepMoMeTpon corrpoTHBJICHHJ! TBO; 9.1, 9.2 - !!JnaHUbi .z:IJIJ! OTKa'IKH naKyyMa; 

1 0.1, 10.2 - Bb!BO,Z:{bl Tpy60K K .z:\H$$epeHUllaJibllbiM ,Z:\aT'IUKaM ,Z:\aBJICIIHJ!; 11 - KaMepa-UMUTaTOp 

XOJIO,Z:\HOrO 3aMC,Z:{JIHTCJIJ!, 12 - BBO,Z:\ IIO,Z:{llliTKll I"CJIHJ!; 13 - TpancnopTIII.IH Tpy6onpOBO,Z:{, 

IIHCBM01paKT). 

Puc. 16. TpeXMepnall MO.z:ICJib KaMepbi-HMHTaTopa (I"- Knapuenhle creKJia TOJIIIlHHOii. 10 MM, 2-

cucTeMa CJIHBa, 3 - pCUieTKa, 4 - 06"bCM ,Z:{JIJ! 3aiiOJIHCIIHJ! UiapuKaMH, 5 - BaKYYMHhlll KOlKYX, 6 -
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KpiiOfCHHblC 'Ipy6onpOBO.Ilbl BXO,na fCJ!IIll ll WapiiKOB II Bb!XO,na fCJlllll, 7 - CTCKHliHH3ll CTCHKa 

K!IMCpbl). 

P 11c. 17. <l>oTOrpaqmllrnapiiKOB B KaMepe-IIMHTaTope KpHoremw~o 3!1MC.nJIHTeJ!ll. TeMnepa'rypa 

rnapHKOB 60 K, KOJIH'IeCTBO - 25000 mT. 
. ,' "; ~ 

'·:,,, 

Ha OCHOBC llCCJICJlOB!IllllH II!I llCllbiT!ITCJ!biiOM CTCIIJlC 6biJTa 3K~nepHMCI!TaJibHO llOk 

TBCplK,ZICH!I B03M0)!(1!0CTb 3arpy3Kil llOTOKOM ra3006p!13II0f0 fCJI!lll 60JiblliOf0 KOJI!l'JCCTB!I lli!I

pllKOB B KaMepy 3!1MC,nJIIlTCJ!ll HO CJIO)!(IIOMY Tp!IIICHOpTHOMY nyn1, IIOBTOpli!OIUCMY KOHqmry

p!l!llliO rrneBMOTpancrropmoii JIHHHH qepe3 6HonomqecKyio 3!1IIIHTY JUlY HEP-2. 

IJpe,nnO)!(Cllll!lll ll ~a3pa60T!IHH!Ill KOHqmrypaUHll KOM61l1111pOB!IIIHOfO 3!1MC,nJIIlTCJill ,nJill 

7, 8, 1 ~ ll 11 llY'IKOB o6CCllC'IIli)!ICT HC06XO.IlllMbiC CllCKTpbl HCH'IpOHOB ,nJill ~CCT!l CHCKTpOMCT-

pOB, p~CllOHO)!(CllllbiX Il!l 3TllX llY'IK!IX, 3!1 C'JCT 'IIlCHCIIHO npOMO.IlCJIIlpOB!IHHOfO OllTilM!IJlbHOfO 

paCIIOJIO)!(Cllllll XOHO,nHOH ll TCllHOBOH.,'J!ICTCH 3!1MC.IlJ!IlTCJI.ll (pHCYIIOK 18). [33 - 35] 

PHcc · 18 <l>oTOrpa$Hll H3roToBneHnoro KOM6H~~pOBaJIHoro 3aMe,nJIHTCHll .nJill .7; · 8, 10. H :11 nyq-

KOB Mo.nepHil3HpoBanHoii lUIY HEP-2 nepe.n ycTaHOBKOH B lliT!ITIIOe nono>KCHHC.u. 
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Ha OCHOBC Jl!IHHblX, llOJiy'IeHHbiX 11!1 llCllb!T!ITCJ!bHOM CTCH,ne 6biD!I p!13pa60T!IH!I TCXHO

HOrll'ICCK!Ill CllCTCM!I XOJIO.IlHOrO 3aMC,nJIIlTCJ!ll (pHCYHOK 19). (34] 
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Pile. 19. YnpOIUCHH!Ill TCXHOJ!Orll'ICCK!Ill CXCM!I llOJl!I'IIllli!IpllKOB ll OXJI!I)I<JlCHllll XOJIOJliiOfO 3!1-

MC,nJI!lTCJ!ll lUIY HEP-2. ( 1, 2 - ,nH<iJ<lJepeH!lllaJibHbie .naT'IHKH .naBJICHHll, 3- Tpy6Ka I1HTO, 4 -

KpHorennall ren11eB!Ill ycTanoBKa ·c 'Ipy6orrpoBo,naMH xonow1oro renllll BToporo Koiirypa, 5 -

TCIIH006MCHHHK, 6 - KpllOfCIIHblH fCJ!IlCBbiH H!ICOC (r!130JlYBK!I), 7 - peCHBep ,nJill OTpa60T!IIIHOfO 

M!ITCpHana 3!1MC,nJIIlTCJIJI C ,npell!I)!(HOH JlllllllCH, 8 - 11pC,n3!1MC,nJI!lTCJ!b C BO,noii, 9 - KpllOfCHHbiH 

3aMC,nJIIlTCJ!b C lli!IpiiK!IMil, 10 - KpllOfCHHblH Tpy6orrpOBO,n JlJIJI IIHCBMO'Ip!IHCIIOpTa rnapHKOB II 

llO.Il!I'IIl XOJIOJlHOfO fCJ!IlJI IICpBOrO KOHrypa (K 3!1MC,nJIIlTCJIIO ), 11 - IICpB!Ill 6HOJ!Orll'JCCKOH 3!1-

!UilT!I peaKTOpa, 12- BTOp!lll 6HOJ!Orll'ICCK!Ill 3!1IUHT!I peaKTopa, 13 - KpllOfCHHbiH Tpy6orrpOBO,n 

o6paTnoro renHeBoro rroToKa nepBoro Konrypa, 14 - r!l3ronb.nep c renHeM, 15 - 3arpy3oquoe 

ycTpOHCTBO, 16- !IKTHBH!Ill 30H!I peaKTopa HoP-2M C IIO.IlBil)!(llblM OTp!I)!(!ITCJICM, 17- Tpy6o-

rrpoBo.n c6poca r!l3a H3 CHCTCMbi). ,. 

B 'ICTBepToii rnaBe T!IK)!(e orrHCbiBaeTCll rrpHIIUHII pa6oTbi p!13pa6oTannoro rrporpaMM

Ho-arrrraparnoro KOMIIJieKca .nJill KOH'fPOJill rrapaMCTJlOB HCilbiTaTeJibnoro cTen.na 11 xono.nnoro 

3!1MC.nJIHTCJill. [34, 39, 43 - 45] AnanH3HpyiOTCJI pe3yJibTaTbl rrycKa xono.nuoro 3aMe.nJIHTCJIJI 

(TeMrreparypbl, TCIIJ!OilpllTOKll, CIICKTpbl HCHTpOHOB, ,nerpa,naQHll CIICKTpa, !lllaJIIl3 CJ!IlTOH 110-

CJIC 06JIY'ICJUIJI CMCC!l H ,np.). IJpHBO,nJITCJIIl3MCpeHHbiC CIICKTpbl HCH'IpOIIOB Ha CIICKTpOMC'Ip!IX, 

pacrroJIO)!(CHHbiX Ha 7, 8, 10 n 11 rryqKax (pHcynoK 20), K03tPtPH!lllCHT yBeJIH'ICHHllllOTOKa xo

no.nnb!X HCH'IpOHOB llpll pa60TC KOM6HHllpOB!IHHOrO 3aMC,nJillTCJIJI C XOJIOJlHb!M 3!1MC,nJIIlTCJICM B 

ero COCTaBC (pHCYHOK 21 ), a T!IK)!(C HCKOTOpb!C pC3YJibT!ITbl 3KC11CpHMCHTOB .110 U3Y'ICHHIO KOH-
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.n;eHCHpOBllHHI>lX cpe.n; H3 CIICKTpOMerpax C HOBI>IM KOM6HHHpOBaHHbiM 3aMCJJ:.lUITCJICM I15fY 

HEiP-2. [33~37, 48] 

tooo.J~ I I I I I I I I 

100 +--t ""L ~L I I 

110~ I I I !='-...~'"-.:. I I I 
<= 

o.1 I I I I I I : I I 1 • !1 
5 

).,A 
10 

. .. 
Puc. 20. CrreKTpi>I HeihpoHoB, rrorry"leHHI>re c BI>I.n;enenno:li o6nacTH H306pruKeHUJ! xono.n:Horo 

3aMC.n;nHTCJIJ!: }- rrpH rrycTOH KaMepe, 2- IIpH 3arpy3KC mapHKaMH rrpH TCMrreparype lOOK ll 3-

IIpll IIOJIHOCThlO 3arpylKCHHOH KaMepe IIpH TCMIIeparype 30 K. 

fu IIOny"'CHHI>IX CIICKTpOB MOlKHO IIOJIY"'HTh K03<l>qmiiHCHT BI>Illrpi>rma B IIOTOKC XOJIOJJ:

HI>IX HCHTpOHOB, KOTOpbiH JJ:OCTHraeT }3 pa3 ,!VIJ! JJ:JIHH BOJIH 8'" 10 A (pncyHOK 21). [33; 34) 
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Puc. 21. Bellli'lHHa K03<i><i>HIIHCHT3 BI>rnrpi>IIDa B IIOTOKC XOJ:i~~I>IX HCHTpOHOB IIpH HCIIOJII>3o

B:imi:n xono.n;Horo 3aMCWIHTCJIJ! n cocTaBe KoM6nnrrponannoro 3aMCWIHTeJIJ! IUIY llEP-2. 

Ha"!ano pa6onr KOM6HHHpOBaHHOro 3aMCWIHTCIDr HCHTpOHOB c xom:i.D:H~ 'mapHKOB·~ 
3aMCWIHTCJICM B ero COCTaBC Ha MO.n;epHH3HpOBaHHOH HCCJICJJ:O~aTCJlbCKOH J!.D:CpHOH ycT~HOBKC 
MEP-2 o6ecrre"lllno Heo6xo.n;HMI>Ie crreKTpi>I HeHTpOHOB .D:JIJ! mecTH .n:e:licTByiOrrrnx uccrre.n:ona-
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TCJII>CKHX ycTaHOBOK (IIOJIOBHII3 OT BCCX BBCJ:(CHIII>IX B 3KCHnyaT3IlHIO YCT3IIOBOK W!J! H3Y'ICIIHJ! 

KOHJ:!CHcnponaHHI>IX cpen Ha lUIY HEP-2): CKAT, 3ITCHJIOH, HEPA, PEMYP, fPEHHC, 

<l>C,[{, pacrronoJKCHHI>IX Ha 7, 8, 10 n 11 rry'IKax. TaKHM o6pa3oM, na ycTarronKax CKAT, 3IT

CHJIOH, HEPA, PEMYP- IIOJ!BHJiaci> BOJMOlKIIOCTb onHonpeMenno pa6oTaTb KaK c TCIIJIOBbi

MH, T3K H C XOJIOJ:(HbiMH IICHTpOH3MH, YCT3HOBK3 <l>C,[{ o6eCIIC'ICII3 TCIIJIOBbiMH IICHTpOHaMH, a 

fPEHHC- XOJIOJ:(HI>IMH Heil:rponaMH. [34, 3?, 48, 49*, 50*) 

B JaKJIIO'ICIIIIH clflopMymrponanbi pcJyJILTaTM: 

1. Pa3pa6oTaHo nonoe narrpannenne n coJnannn xononnbrx JaMewrnTeneil: neil:Tponon na oc

Hone TBCpJ:(biX J:(llCIICpCiibiX BOJ:(Op0J:(COJ:(Cp)K3ll(HX M3TCpllaJIOB W!J! BbiCOKOHHTCHCHBIIbiX 

HCTO'IHHKOB HCHTpOHOB. • 

2. ,[{CTaJII>HO HCCJICJ:(OB3Ilbl 33MCJ:(JIJ!IO!li3J! CIIOC06IIOCTb, p3J:lll3IIHOIIHbiC 3<l>(pCKTbl, B03MOlK

HOCTb pa60T3Tb B lliHpOKOM J:(ll31Ia30IIC TCMIIeparyp TBCpJ:(biX BOJ:(OpOJ:(CO)~Cp)K3!liHX MaTe

pHanOB J:(JIJ! XOJIOJ:(HbiX 33MCJ:(JIHTCJICH IIpH Illl3KllX TCMIIepaTypax (MeTaHa, Jlbl(a, rnnpaTa 

MCT3H3, MC3HTllJICIIa ll ero CMCCH C M-KCHJIOJIOM) 113 pa3pa60T3IIIlblX H C03J:(3IIllbiX o6ny

"l3TCJibHbiX ycTaHOBKax YPAM-2, 3 n 3M na pcaKTope HEP-2 (JIH<l> OH51H) n MHKpo

TpoHe MT-25 (JI51P OH51H) n n 3KcrrepnMemax Ha ycT.aHonKe JESSICA (FZ Juelich, 

Germany) H ,[{HH-2ITH (JIH<l> OH51H). 

3. YCT3HOBJICHO, 'ITO B CMCCH MC3HTHJICII3 H M-KCHJIOJia CIIOIIT3IIIIOH peaKUHH pCKOM6HII3-

IIHH pannKanon ne na6monaeTcll, a cKopocTb naKorrnennll 3IIeprnn oT uornomermoil: J:!03bi 

HaHMCHbllial! H3 ncex nccrrenonaiiiibiX MaTepnanon. Orrpeneneno; "'TO nannerme na CTCIIKH 

o6ny"laTCJlbHbiX K3MCp 33 C'ICT HaKOIIJICllHOrO panHOJIHTH'ICCKOrO BOJ:(Opona B MCT3HC H B 

MC3HTnneHe nocTnraeT nenH'IHHbi 2, 7 MIT a. 

4. Pa3pa60TaH CIIOC06 J:(HCIICpCHOH 3arpYJKH CMCCH MC3HTHJICH3 H M-KCHJIOJia B BHJ:(C mapn

KOB (J:lll3MCTpOM 3,5 - 3,9 MM) B KaM~py XOJIOJ:(IIOrO 33MCWIHTCJIJ! IIpH Illl3KHX TCMIICpary

pax IIOTOKOM XOJIOJ:(HOrO ra3006pa3110rO reJIHll. I-la C03J:(aiiiiOM·IIOJIIIOMaCIIlTa6noM 3KCIIC

pHMCIITaJibHOM CTCIIJ:(C XOJIOJ:(HOrO 33MCWIHTC!Ill, IIOBTOplllO!liCM CJIQ)Kllb!H TpaiiCIIOpTHbiH 

IIYTb qepe3 6nonornqecKyro JamnTy H51Y HEP-2, arrpo6nponaH n neTanbHO nccnenonaH 

crroco6 nncrrepcHoil: Jarpy3KH 6onbmoro KOJIH'ICCTBa mapHKOB (- 25000 mryK). Co3J:(aHbi 

TCXHOJIOrii'ICCKal! CHCTCMbl H CHCTCMbi KOHTpO!Ill OCHOBHbiX IIapaMCTpOB XOJIOJ:(HOrO 33-

MCW:IHTCJIJI H51Y HEP-2. 

5. Pa3pa6oTaH ll C03J:(3H rrepBbiH B MHpe XOJIOJ:(IIbiH 3aMCJ:(JIHTCJib na OCIIOBC J:(llCIICpCHOH IIC 

B3pbiBOOIIaCHOH CMCCH MC3HTiiJICHa ll M-KCIIJIOJia C KOIITpO!IbiiO-H3MCpHTCJibllbiM o6opyno

B3HHCM H rrporpaMMHbiM o6eCIIC"'CHHCM. 3KCI!CpHMCI!TaJibiiO IIOKa33HO; "'TO XOJIOJ:(HbiH 3a

MCW!HTCJII>: 
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- ysenuqusaeT llOTOK XOllOJlHblX neliTpOHOB JlO 13 pa3; 

-- MOlKeT nenpepr,mno pa6oTaTb na l15IY HEP-2 npu MOII\HOCTH 2 MBT 6e3 3aMeHhi MaTe-

puana no 10 cyToK; 

- MOlKeT pa60TaTb B IIIHpOKOM nuana30IIe TeMneparyp OT 30 JlO 150 K. 

6. Pa3pa6oTaH MeTOJl nonyqenHll MenneHHb!X neliTpOIIOB B IIIHpOKOM JlHalla30He MUll BOnii 

Jlllll Bb!COKOllOTOqHbiX HCTOqiiHKOB neliTpOHOB C MYllbTHJlHCI\HllllHHapHbiM na6opOM 3KC

nepuMeHTanbHblX ycTaHOBOK, npeJliia3HaqeiiiibiX _.IVIll H3yqeiiHll KOIIJleHCHpOBaHHblX cpen 

ua sr,meneHHbiX nyqKax. Anpo6auull MeTOna nponcneua na uccnenosaTenr,cKoli llnepuoli 

ycranoBKH HEP-2 nnll 7, 8, 10 u 11 nyqKon, a HMeimo: pa3pa6oTana Koncpurypauull, cne

nauo neTanbnoe qucneunoe Monennponanuc, cOJnau u nuenpeu KOM6unuponaHIIhili 3aMen-

' - nuTenb HeliTpOIIOB C XOllOJlllblM TBepnOliHCnepCIIbiM 3aMennHTeneM B ero COCTaBe. fipu

MeHeHHe KOM6UHHpOBaHHOrO 3aMeMHTenll paCIIIHpHnO B03MOlKHOCTH nponeneHHll 3KCne

pHMeHTOB na IlleCTH cneKTpoMeTpax l15IY HEP-2, pa3Memeniibix·na YKaJaHHbiX nyqKax, u 

nOBblCHnO 3cpcpeKTUBHOCTb HCCnenonanuli C XOHOJlllb!M H CMeillaiiHbiM (XOllOJlllbiM H Ten

nOBbiM) cneKTpOM HeHTpOHOB. 

B 3aKmoqenne anTop Bbipa)KaeT 6naronapnocTb KonneraM, npu yqacTHH KOTOpbiX npono

nnnucr, pacqeTbi, C03nasanncr, npu6opr,1, npononunucr, 3KCnepuMenTbi na HEP-2 n ananH3upo

nanucr, ux pe3ynr,TaTbi: E.TI. llla6anuny, B.,[(. Ananr,eny, H.TI. AHuynony, M.B. Eynasnny, 

A.A. Eenl!Kosy, A.E. BepxornllliOBy, A.B. ,[(onmx, Jl.B. Enynosy, B.r. EpMunony, A.H. Ky

CTOBy, KH. Kynamuy, K.A. Myxnny, l1. HaTKanuy, A.r. HonuKosy, A.TI. CnpoTnny, A.TI. 

TICTpenKo, T.E. Tieryxosoli, A.H. <l>ellopony, A.H. l!epHHKosy, ,[(.E. llla6anuuy, B .. K. lllupo-

KOBy; 

Enaro11apuT 3a conelicmue B pa6oTe n noMOII\b npn c03nanuu u ::JKcnnyaTaunn ::JKcnepu

MenTanbHbiX ycTaHOBOK pyKOBOliHTeneli JIH<l> H COTpYJliiHKOB J1a6opaTOpHH H3 nonpa3nene

HHli: PeaKTop HEP-2, MTO, 3M, 3TO, H30Hl1KC, H30KC HEP-2, KE, OHI1PKC, ceKTopa 

PC, npennpnl!Tuli HTIO «Hl1Kl13T)>, HITO «ATOM», HTIO «rEJII1HMAIII», a TaKlKe co

TPYAHHKOB J15IP, omeqaiomux 3a pa6ory MHKpOTpona MT-25 u coTpyJlHHKOB J1<l>B3 3a no

MOII\b B pa60TaX C KpuoreHHOll TeXHHKOH. 

ABTOp BbipalKaeT npu3HaTenr,nocTb noKTopaM cpu3HKo-MaTeMaTuqecJ(ux IIayK <l>pauey 

ronnen6ayMy .H .[(eTnacpy <l>unrecy, KallliHnary $H3HKO-MaTeMaTuqecKHX nayK KaiO HIOeHiiHr_• 

XOBY 3a npenocTasneHH)'IO B03MOlKIIOCTb yqaCTBOBaTb B pa60TaX no npoeKry JESSICA, a TaK

lKe npoBOliHTh pacqeTHbie pa6oTbi no npoeKry C03llaHHll KOMnneKca 3aMellnHTeneii l15IY HEP-2 

B <l>opiiiYnruenTpe IOnuxa. 
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