
r):(Jof/1/ 

14-2006-35 

Ha npaBax pyKonHcH 

Y,[{K 539.125.516.22, 
539.125.523.348, 539.125.523.5, 

621.039.532, 539.12.04 

.. H,-goJ_ 

ft KYHHKOB 
Cepreii ArreKcaH.npoBHq 

OIITHMH3AQH.5I 3AME~HHTEHEH HEHTPOHOB 

~llil BhiCOKOIIOTOqHbiX HCTOqHHKOB 

Crrei(HaJibHocn: 01.04.07- cpH3HKa KOH.[{eHcHpoBaHHoro 
COCT05IHH51 

ABropecpepaT J(HCCepTaiUIH Ha COHCKaHHe yqeHOH CTeneHH 

KaH,nH,naTa cpH3HKO-MaTeMaT~eCKHX HayK 

'HCHHbllf -~~llC"1 tl'1"''i'1 

l ·~l,[~Rc;2;06( l•:;; ~~~lj:f .,l 'f"!ll_I.C.ii I 't., I '., 

- ... --·-·-~---~~-~ -~-~-· ... 

-



Pa6oTa BLIDOJIHeHa B fla6opaTOpHH HeHTpOHHOH cpH3IIKli 

HM. H.M. <l>paHKa 06'De,nHHeHHOrO HHCTHTYfa ji)J.epHLIX HCCJie}J.OBaHIIH 

HayquLiii pyKoBO,!J;HTeJIL: .ZJ.OKTop cpH3HKO-MaTeMaTHqecKHx Ha)'K 

E.II. liia6anHH 
.~ 

0r!>HUH3JILHLIC ODDOHCHTLI: }J.OKTOp cpii3HKO-MaTeMaTHqecKHX Ha)'K 

A.r. HoBHKoB 

Be,!J;YmaH opraHH3anuu: 

KaH}J.H}J.aT cpH3HKO-MaTeMaTHqecKIIX Ha)'K 

c. <1>. CH.ZJ.OpKHH 

<l>rYIJ HayqHQ-HCCJie}J.OBaTeJihCKHH II KOHCTp)'KTOpCKHH HHCTHTYT 

3HeproTeXHHKH MM. H.A. ,ll;onJie)l(aJijl, MocKBa 

3arn;HTa COCTOHTCjl <~» U/-()~ 2006 r. B 1 ~ qacOB 

Ha 3aCe}J.aHHH }J.HCCepTa.I.J;HOHHOrO COBeTa . ,ll;.720.001.06 IIpH 

na6opaTOpHH HeHTpOHHOH cpH3HKH liM. H.M. <l>paHKa II na6opaTOpHH 

ji)J.epHLIX peaK:UHH liM. r.H. <l>nepOBa 06'De}J.HHeHHOrO HHCTH'cyTa 

ji)J.epHLIX HCCJie}J.OBaHHH 

no a.npecy: 141980, yn. )l{onHo-Kiopn, 6, r. ,ll;y6Ha, MocKOBCK~ 
o6nacTL. 

C }J.liCCepTa:UHeH MO)l(HO 03HaKOMHTLCjl B 6II6JIHOTeKe 0115111. 

ABTOpecpepaT pa3ocnaH « l g » ~ 2006 r. 

YqeHLIH ceKpeTapb 

}J.HCCepTa:UHOHHOrO COBeTa A.r. IIorreKo 

Oo~aH xapa~crepHCTHKa paooTLI 

AKl)'anbHOCTb pa6oTbl 

Ten.nem~mr pa3BHTIDI Hccne.nosrumii B $H3HKe TBep.noro Tena B nacTmm~ee 

BpeMH HaiipaBJieHbl Ha HCllOJTh30BaHH;e B 3KCnepHMeHTaX HeHTpOHOB C MHHOH BOJIHbl 

6onee 4 A. CHH:>KeHHe 3Heprmr 6biCTpbiX HeiiTpOHOB HCTO'IHHKa BllliOTb .no HX 

TepMaJIH3auHH OCynJ;eCTBIDieTC.ll B 3ID.1eMHTeJI.liX HeHTpOHOB, KOTOpbie HBIDIIOTCH 

«llOCpe.nHHKaMH» Me:>K.Lzy HCTO'IHHKOM HeHTpOHOB (6y.ll:b TO HCCJie.ll:OBaTeJibCKHe 

x.nepHbie peaKTOpbi, HCTO'IHHKH Ha. OCHOBe peaK~HH «SpallatiOn>} HJIH .np.) H 

HHCTpYMeHTaMH $H3H'IeCKHX 3KcnepHMeHToB. Co3.naaue HJ:>KHOro cneKTpa BHeillHHX 

HeHTpOHHbiX llY'fKOB npOHCXO.ll:HT KaK B TellJIOBbiX TaK H B KPHOreHHbiX 3aMeMHTeiDIX 

pa6oTruo~ux npu TeMnepaType 3aMe.niDIIO~ero MaTepHana 20K+lOOK.Hcnonb30BaHHe 

KpHoreHHbiX 3aMe.ll:JIHTeJieii HeHTpOHOB .naeT llOBhlilleHHbiH BbiXO.ll: <<XOJIO.ll:Hb!X}} 

HeHTpOHOB, 'ITO B CBOIO O'Iepe.ll:b ll03BOIDieT COKpaTHTb BpeMH He06XO.ll:HMOe .niDI 

npose.neHHH o.nuoro 3KcnepHMeHTa, a TaK:>Ke nposo.nHTh Te 3KcnepHMeHTbi, 

llpOBe.neHHe KOTOpbiX 6bmO 6bi. HeB03MO:>KHO 6e3 TaKOro 3aMeMHTeiDI H3-3a HX 

npO.ll:OJI:>KHTeJibHOCTH. }:ij>yrnM, HO He MeHee Ba:>KHbiM aprJMeHTOM B ll01Ib3Y 

HCll01Ib30BaHHH KpHOreHHbiX 3aMe.ll:JIHTeJieH HBJIHeTCH 3KOHOMH'IeCKHH. IJOCKOJibKY 

HCll01Ib30BaHHe KpHoreHHbiX 3aMeMHTeJieii ll03BOIDieT llOJIY'faTb cpaBHHMbie 

HHTeHCHBHOCTH HeHTpOHOB Ha 6onee CJia6biX HCTO'IHHKax 6e3 CTpOHTeJibCTBa HOBbiX, 

Tpe6YIQ~HX OrpOMHbiX 3KOHOMH'IeCKHX 3aTpaT. 

IlpH C03.ll:aHHH KOMllJieKCa' 3aMeMHTeJieii .niDI HCTO'IHHKa HeHTpOHOB 

neo6xo.nnMo npose.neHue npe.nsapHTeJibHOH HCCJie.nosaTeJibCKOH pa60Tbl 

3aKJIIO'IaiO~eiicH B Bbi6ope MaTepHana, TOJimHHbl CaMHX XOJIO.ll:HbiX 3aMeMHTeJieii H 

npe.n3aMeMHTeJieii, OllTHMH3auHH pa3Me~eHHH H T • .n. Becb 3TOT KOMllJieKC 

HCCJie.ll:OBaHHH ll03BOIDieT 6onee 3!lJ$eKTHBHO HCll01Ib30BaTb HCTO'IHHK HeHTpOHOB. K 

TaKHM HCTO'IHHKaM, B 'laCTHOCTH, OTHOCHTCH uccne.noBaTeJibcKHii 

Mo.nepHH3HpOBaHHblii peaKTop 11EP-2M • 

.[Vrn 3aMe.nneHHH HeiiTpOHOB .ll:O TellJIOBbiX 3Heprnii KaK np~HJIO HCll01Ib3YeTCH 

o6bi'IHM so.na, ucnonb3osaaue :>Ke 6oJibillHHCTBa so.nopo.nco.nep:>Ka~ux MaTepuanos 

.niDI XOJIO.ll:HbiX 3aMe.ll:JIHTeJieii 3aTpy.ll:HHTe1IbHO B CBH3H C npo6JieMaMH PMHauHOHHOll 
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cToiiKOCTH. B m.rne ,neiiCTByromux 3aMe,nnnTe.IDIX n Ka'leCTBe 3aMe,nmnomero nemeCTBa 

ucnoJib3yroT o6hl'IHyro no.rzy, :>KH,!Uillii no,nopo,n, :>KH,!Uille yrneno,nopo,nhi (MeTaH; 
. ' _, ,-, ~ ., ' -

nponaH), TBep,nblli MeTaH [ 1-5]. Bo3MO:lKHO TaiOKe npHMenenue Jib.ZJ;~, noJIII,3THJieHa, 

iaMopo)KeHHblx CMeceii MeTaHa C IIHePTHhlM ra30M HJIII HeHaCbimeHHblMII 

yrneiio.D.opo,naMII, MeTana n ueoJIIITaX, rn)l;paToB, M'eTaHa; · aMMIIaKa;, apoMatii'lecKIIx 

yrneno,nopo,non (n '!aCTHOCTII, TPIIMeTHJI6e!f30Jia (Me3IITHJiena)) II )l;p. Ilo3TOMY npii 

npoeKTHponaHIIII KpiioreHHbiX 3aMe,nnii'feneii 'neiiTPOHOB, npii' )l;OCTaTo'lHO 6oraTOM 

Bbi6ope MaTepiiaJIOB, He06XO,ZJ;IIMO OT)l;l!Tb npe)l;IIO'!TeHIIe KaKOMY-TO O,ZJ;HOMy, KOTOpblli 

6bi naii6onee no,nxo.ii;IIJI ,niDI IICIIOJib30BaHIIH. 

Ha cymecTnyromHx na cero)l;HHillHIIii ,neHb HCTO'lHIIKax neiiTPOHOB 'lame ncero 

llpHMeHHeMbiM nemeCTBOM ,ZJ;JIH KpiiOreHHbiX 3aMe~HTegeii HBJIHeTCH )Kll,ZJ;KIIll 

no,nopo,n. fnannoe ero ,nocTOIIHCTBO - OTCYTCTBIIe pa,nHOJIII3a II pa,niianHoHHbiX 

34>4>eKTOB. O,nnaKo TepMaJIH3aUHH neiiTPOHOB B :>KH)l;Kono,nopo)l;HOM 3aMe,nnHTene 

IIp<_JHCXO)l;IIT He IIOJIHOCTbiO. 3TO 06'bHCHHeTCH OTCYTCTBHeM HII3KO Jie)KamHX ypOBHeii 

!3036~eHIIH y MOJieKyJibi no,nopo)l;a. K TOMY )Ke no,nopo)l; B3pbmoonaceH, 'ITO 

orpaHII'liiBaeT Kpyr ero IICIIOJib30BliHHH. 3TO oco6eHHO liKTYaJibHO .ZJ;illl IIMIIYJibCHOrO 

peaKTopa, IIOCKOJibKY OH - B 40 pa3 6onee 'lYBCTBIITeJieH K II3MeHeHHIO reOMeTPHII, 

'!eM peaKTOpbl CTliUHOHllpHOrO )l;eHCTBIIH 

MeTaH oKa3bffilleTCH 6onee 34>4>eKTHBHbiM .ZJ;JUI 3aMe,nneHHH neiiTPOHOB noTOMY 

'ITO ero MOJieKyJia IIMeeT Hll3KO Jie)Kamiie npamaTeJibHble(poTaniiOHHbie) ypOBHH. 3TO, 
• > ' • 

HapH)l;y, C 60JibillOH IIJIOTHOCTbiO H,nep BO)l;OpO)l;ll, )l;eJiaeT MeTaH IIO HeHTPOHHO-

<l>H3H'leCKHM CBOHCTBaM HaHJIY'JillllM ll3 BCeX )1;0 CHX IIOp ll3BeCTHbiX nemecTB. BI>IXO.ZJ; . •, ,, -. ' 

XOJIO.ZJ;HbiX HeHTPOHOB II3 TBep,noro MeTaHll rrpH TeMrrepaTYPe 20 K B 2-3 pa3a Bbiiiie, 

'!eM ll3 BO)l;Opo,na. MeTaH Tl!K)Ke y)l;o6eH TeM, 'ITO MO)KeT 6biTb HCIIOJib30BaH B 

CpaBHHTeJII>HO illllpOKOM llHTepnane TeMIIepaTYP. fJiaBHblli )Ke He)l;OCTliTOK MeTaHll -

Hll3KaH pa,nHa[(HOHHaH CTOHKOCTb. B npouecce pa60Tbl MeTaHOBOro 3aMe.IUIIITeilll Ha 

l1EP-2 ITO 2-3 pa3a B CYTKH He06XO)l;IIMO MeHHTh TeMnepaTYPHblli pe)KIIM (.ZJ;illl 

«~I>IrOHKll» HaKOIIIIBlleroCH BO.ZJ;OpO)l;a), 'ITO Bbl3bffilleT HeCTa6HJibHOCTb HeHTPOHHOrO 

crreKTPa [ 6] . KpoMe Toro, pecypc pa6oTbi MeTaHonoro 3aMe.IUIIITeilll neneJIHK II3-3a 

HaKOIIJieHHH B KaMepe CMOJI - TBep,nbiX IIpOJzyKTOB pa,niiOJIH3a. 
/ 
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IlpiiMeHeHHe aJibTepnaTHBHbiX MaTepiianon MO)KeT OKa3aThcx 6onee 

UeJieC006pa3HbiM He)KeJIII MeTaHa IIJIII BO.ZJ;Opo,na, HO 60JibilliiHCTBO II3 3THX 

MaTepHanon TaiOKe KaK II MeTaH CTPMaiOT cna6oii pa.nnauHonnoii CTOHKOCThiO. 

lh pa,niiauiiOHHbiX 3<l><l>eKTOB II pH 06Jiy'leHHII 3aMOpO)KeHHbiX 

BO.ZJ;OpO)l;CO,nep)KamHX ra30B II :>KH,li;KOCTell IIpii TeMIIepaTYPax 20-100 K HaH6onee 

cymeCTBeHHbi cne.nyromHe 'leThlpe: 

• 06pa30BaHHe PMIIOJIIITII'!ecKoro no,nopo)l;a; IIpii oTorpene 

pacmiipHIOIUIIHCH ra3 BO)l;OpO)l;a Bbl3bffilleT «pacnyxaHIIe» TBep)l;Oll 

MliTPHUbl BemecTBa 3aMe,ZUIHTeilll, KOTOpaH MO)KeT )l;e<l>opMHpOBliTb HJIH 

.ZJ;a)Ke pa3pymHTb MeTaJIJIII'leCKIIe cTeHKII KaMepbi 3aMe.ZJ;JIIITeilll [ 7 I 8] . 

• 06pa30BaHIIe <<3aMopo)KeHHbiX» pa,nHKanon; npii )l;OCTII)KeHIIII HX 

KpiiTII'leCKOll KOHUeHTPauiiH IIpOHCXO.ZJ;HT , peaK[(IIll peKOM6HHauHii: C 

Bbi.ZJ;eJieHIIeM: Tenrra, 'ITO II3MeHHeT crreKTP neiiTPOHOB [9 I 10]; 

• 

• 

06pa30BaHHe BbiCOKOMOJieKyJIHpHbiX, BbiCOKOKIIIIHmiiX rrpO.ZJ;YKTOB, 

KOTOpi>Ie TPY.ZJ;HO y)l;aJI~Tb H3 KaMepbi xono,nHI>IX 3aMe.IUIIITeneii: H KOTOpbie 

MOrYT HliKOIIIIThCH B 3Hll'liiTeJibHbiX KOJIII'leCTBax [ 2) . 

CHH)KeHire Terrnorrpono.nnocTII [ 11] . 

IJpHMeHeHHe HOBbiX BemecTB B XOJIO.ZJ;HblX 3l!Me,nniiTeJUIX HeHTPOHOB IIpiiBO,ZJ;llT 

K He06XO.ZJ;IIMOCTll C03)l;aHIIH 6II6JIHOTeK Ce'leHHH B3llllMO,ZJ;eHCTBIIH 3TIIX nemeCTB C 

HeHTPOHaMll llpll HII3KIIX TeMrrepaTYPax .ZJ;illl )l;aJibHeiimero HX IICIIOJib30BliHIIH B 

' 
MO,ZJ;eJIHpOBaHllll II pac'leTe IICTO-.ffi:IIKOB HeHTPOHOB C KpHoreHHbiMll 3aMe)l;JIHTeilliMII. B 

CBH3II CO CJIO)KHOCTbiO ,ZJ;IIHaMHKII B3aHMO)l;eHCTBIIH Me,nneHHbiX HeHTPOHOB C 

BemeCTBOM IIpii ,Hll3KHX TeMrrepaTYPax, rrpHrOTOBJieHIIe TaKIIX 6H6JIHOTeK HBillleTCH He 

TPHBllaJibHOH 3a,ZJ;ll'leii .ZJ;illl pemeHIIH KOTOpoii: cymecTBYeT HeCKOJibKO MeTO)l;IIK [ 12-

14). qT06bi 6biTb ysepeHHbiMll, 'ITO C03.ZJ;aHHble 6H6JIHOTeKII a,ZJ;eKBliTHO OIIllCbffiaiOT 

.ZJ;llllaMHKY B3aHMO,ZJ;eHCTBIIH MOJieeyJI semecTBa C HeHTPOHaMII, He06XO.ZJ;HMll llX 

nepmpiiKaniiH IIYTeM corroCTaBJieHIIH pe3yJII>TaTOB 3KcnepHMeHTOB c pe3yJII>TliTaMH 
•. 

paC'leTOB rrpii IICIIOJib30BaHllll MO,ZJ;eJIII 3KCIIepHMeHTaJibHOH YCTaHOBKH H 6II6JIHOTeK 

nepn<l>IIn:npyeMbiX MaTepHanon. 
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Uenlll 111 3aAa'llll MccneAOBaHMH :::~ · .: .:.; ; ' .-: i' :: ~ ,_, 

QeJihiO' .,o,nuccejnan:uoHHOH ·:' pafiOThl j{BJIJ:U:TCJI OIITUMU3an:ug,. KOMIIJICKCa 

3aMe,!UIHTeneil: neil:TPOHOB peaKTopa HliP-2M.:YKa3aHHM nen~>•.noCTn:raeTcg pemenueM 

CJIC.D;)'IOmHX OCHOBHhiX 3a.D;a'l: ... ,_; '·~, .~]}, c:;> 

'· IJepBM '3Ma'la ·.· COCTOHT • B 'TOM· 'lJT06h! B · pe3yJihTaTe 3KC11CpUMCHTaJihHOrO 

auanu3a nail:TH nau6onee pa.nuauuonnoCTo~KUe MaTepuanbi. cpe.nu .3cpcpeKTUBHhiX 

3aMC,!Uij{IOmHX HCHTPOHhl MaTepHaJIOB · (T.e •. · IIOJIYlJUTh 3HalJCHllj{ . HHTCHCHBHOCTH 

HaKOIIJICHHj{ pa.D;HKaJIOB ll BO.D;Opo,na B MaTepUaJiax . .n;rrg XOJIO.n;HhiX 3aMC,!UIHTCJICH 

HCHTPOHOB; TCMIIeparyp, 11pH KOTOphiX B03MOJKHa pa6om C MaTepHaJiaMU 6e3 

IIOjJBJICHllj{ CIIOHTaHHhiX peaKUHH peKOM6HHaiJ:HH; OUCHUTh TCMIIeparyphl llpH KOTOphiX 

BO,nopo,n Ha'IHHaeT BhiXO.n;HTh U3 MaTepuana IIOCJie 06JIYtJCHllj{). BTOpM 3a.D;alJa -. . . . . 
o11uca~,3D reoMeTPHIO pem<;opa HliP-2M u oKpyJKenug B cpopMaTe neo6xo.n;uMoM .n;rrg 

pac'lem TpancllopTa neil:TPOHOB . 11porpaMMOH MCNP (Monte Carlo N-particles . . . 
transport), cpaBHHTh nau6orree 3cpcpeKTHBHhie TonmHHhi .n;rrg pa3HhiX MaTepllaJIOB 11 

,naTh OTBCT 0 TOM, KaKOH MaTepHaJI HaU60JICC IIO.L\XOMIUHH )J;Jij{ IICIIOJih30BaHIIj{ B 

xorro.n;HhiX 3aMe,nrruTeAAx peaKTopa HliP-2M. c YlJeTOM pa.n;llaUIIOHHhiX 3cpcpeKToB. 

TpeThj{ 3a.D;a'la - paC'ICTHhiM IIYTCM 11p0BCCTII OIITHMH3aiJ:IIIO KOHcpUrypaiJ:IIII XOJIO.n;HhiX 

11 TCIIJIOBhiX 3aMC,!UIIITeneil: neil:TPOHOB peaKTopa HliP-2M c uenhiO y,noBJieTBopenllg 

TPCfiOBaHHH K CIICKTPaM HCHTPOHOB II IIOJIYlJCHIIj{ Ha116orree HHTCHCIIBHhiX IIOTOKOB 

neil:TPOHOB ,nrrg uccne,noBaTeJihCKIIX KaHaJIOB N!!N2 1, 2, 4-11. 

Hay'IHaH HOBIII3Ha pe3yJ1bTaTOB lllccrieAOBaHIIIM 

• BllepBhie IIOJIY'lCHhl pe3yJihTaThl UCCJie,noBaHHj{ CKOpOCTCH HaKOIIJICHllj{ 

3HeprHII H BCJIU'IUHhl HaKOIIJICHHOH 3Hepr1111 B 3aBIICHMOCTII OT IIOJIYtJCHHOH 

,L\03hl B Jih,ne H apoMaTU'ICCKUX yrJieBO,nopo,nax llpll H113KIIX TCMIIepaTYPaX IIO.D; 

o6nYtJeHIIeM raMMa KBaHTaMH 11 6hiCTPhiMU neil:TPOHaMII. 

• B11epB1>Ie o11pe,nenena 3aBIICIIMOCTh TeMIIepaTYPhl unuuuan:uu peaKUIIH 

peKOM6UHaUIIH pa.D;HKaJIOB B MeTaHC B 3aBUCIIMOCTH OT IIOJIYtJCHHOH ,L\031>1. 
. . ' 

• BllepBhiC IICCJie,noBaHhl CKOpOCTII HaKOIIJICHHj{ II TCMIICPliTYPhl BhiXO,na 

pa.nuoJIHTII'IecKoro Bo,nopo.na 113 Jih,na u apoMaTH'ICCKUX yrneBo,nopo,noB 11pu 
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HII3KUX TCMIIepaTYPax IIO.D; 06JIYtJCHIICM raMMa KBaHTaMII _II fihiCTPhiMII 

HCHTPOHaMII. 

• B11epB1>Ie IIOJIYtJeHa .nnHaMIIKa II3MeHeHllj{ TeiiJIOIIpOBO.n;HOCTH n~>.na 11p11 

HII3KUX TCMIIepaTYPax IIO.D; 06JIYtJCHIICM raMMa KBaHTaMU II 6h!CTPhiMH 

HeifTPOHaMII. 

• Pac'leTHhiM IIYTCM nail:,nena nau6orree 3cpcpeKTIIBHM Tonm11na .n;rrg necKOJihKUX 

? MaTepllaJIOB xono.n;HhiX 3aMCMIITeneil: MliP-2M. 

• ,[{OKa3aHa 3cpcpeKTHBHOCTh IICIIOJih30BaHIIj{ IIOCT-3aMC,!UIIITCAA B BU.D;e BO)J;j{HOrO 

OTPaJKaTeAA 011pe.nenennoil: KOHcp11rypan:1111. 

• • 011THMU311pOBaHa reoMCTPIIg 11 KOMII0311UIIg 3aMe.n;rruTeneil: peaKTopa MliP-2M 

y,noBJieTBopgiOmM TPC6oBaHIIJIM 3KC11epuMeHTOB na · BhiBe.n;eHHhiX llyqKax 110 

.UHTCHCIIBHOCTU II CIICKTPY HCHTPOHOB. 

0CHOBHbl9 nOJ10>K9HIIIH, BbiHOCIIIMbl9 Ha 3all\IIITY 

1. Y CJIOBUg 3cpcpeKTUBHOro UCIIOJih30BaHIIj{ pa3JIU'IHhiX MaTepllaJIOB )J;AA 

KpuoreHHhiX 3aMC,!UIUTCJieil: HCHTPOHOB ,L\AA UHTCHCIIBHhiX UCTO'IHUKOB. 

2. 060CHOBaHUC IICIIOJih30BaHIIj{ apoMaTII'ICCKIIX yrneBO,nOpO.D;OB )J;Jij{ 

KplloreHHhiX 3aMe,!UIUTeneil: peaKTopa HliP-2M. 

3. Pe3yJihTaThl OIITIIMII3aiJ:IIII reOMCTPIIU U KOMII0311Ullll 3aMC,!UIIITeJieil: ,!Uij{ 

ycnoBuil: peaKTopa HliP-2M. 

npaKTMli9CKaH 1.19HHOCTb 

Pe3yJihTaTbl OIITUMU3aUIIII KOHcpllrypaiJ:IIU KOMIIJICKCa 3aMC.D;JIUTCJICH peaKTopa 

fiJiP-2M IICIIOJih3)'IOTCj{ 11p11 11pOeKTHpOBaHIIU ,naHHOro KOMIIJICKCa, 'ITO 1103B0Jij{CT 

IIOJIYtJIITh Bhlllrphlm B llHTerpaJihHOH IIJIOTHOCTH IIOTOKa XOJIO,L\HhiX HCHTPOHOB .n;rrg 

HCKOTOphiX IICCJIC)J;OBaTCJihCKUX IIYlJKOB ,no 25 pa3 110 cpaBHCHUIO C IICIIOJih30BaHIICM 

IIJIOCKUX BOMHhiX 3aMCMIITCJieil: KOMHaTHOH TCMIIepaTYPh!. 
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Anpo6a4MH pa6oTbl · 

Pe3ynbTaThi uccne,IJ;OBaHHii ,IJ;oKJia.zu,manucb Ha 6-M Me)I(,II;yHapo,IJ;HOM 

coBem;aHHH no nepcneKTHBHLIM xono,IJ;HbiM 3aMe,II;JiliTeiDIM ACoM-6 (IOnHX, reMaHIDI, 

2002); 10-M: CllMrio3H:YMe no pa,zuiauuoHHoii XHMHH 'Tihany'· (ConpoH; .BeHrpiDI, 

2002}; Ha : CoBMeCTHoii nemeii mKone OIUIM - PYMbiHIDI · no· ucnoJib30BaHHIO 

HeiiT}JOHOB ( oxpaHa oKp)')KaiOmeii cpe,II;bi, 4J19iiKa KOH,IJ;eHcupoBaHHbiX cpe,IJ;; ·.smepHrui 

4Ju3HKa) (Erui Mape, PYMbmiDI, 2002), Ha 16-oM CoBem;aH:uu Me)I(,II;yHapo,IJ;Hoii 

Konna6opauuu no coBpeMeHHbiM HCTO'IHHKaM HeiiT})ClHOB ICANS~XVI (JVoccen,IJ;op$

Hoiic, repMaHIDI, 2003); Ha qeTBePTOM Me)I(,II;yHapO,II;HOM pa6oqeM COBeiD;aHHH 

«YnbT}Jaxono,IJ;Hbie u xono,IJ;Hbie HeiiT}JOHbl. <l>u3uKa & HCTO'IHHKH» (C.TieTep6ypr, 

Poccmr, 2003); Ha 11-oii KoH$epeH~HH no 4Ju3uqec_Koii., XHMHH (THMumoapa, 

PYMbiHIDI, 2003); IX-oii KoH!lJepeH~HH Mono,II;biX yqeHbiX u cne~uanHCTOB 0115IH 

()ly6Ha, 2005); Ha 17-oM CoBem;aHHH Me)I(,II;yHapo,IJ;Hoii Konna6opauuu no 

coBpeMeHHbiM HCTO'IHHKaM HeiiTpOHOB I CANS-XVII (Hblo MeKCHKO, CiliA, 2005); Ha 

X-oii KoH!lJepeH~HH MO»O,IJ;hlx yqeHbiX u cne~anHCTOB 0115IH ()ly6Ha, 2006), Ha 

ceMuHapax H30<l>KC JIH<l>, 0115IH; HHCTHTYTil .51,IJ;epHoii <l>H3HKH (IKP) r. IOnHX 

(repMaHH.sr), YHHBepcuTeTa XoKKaii,IJ;o, . r. Cannopo, ..HnoHIDI; na6opaTOpuu 

Pe3ep4Jop,IJ;-AnnmoH (0Kc$op,IJ;mup, BenuKo6pHTaHu.sr). 

06'beM M CTPYKTYPa AMccepTa4MM 

~CCepTa~H.II COCTOHT H3 BBe,IJ;eHIDI, qen,rpeX rllaB, 3aKIDOqeHH.II H CnHCKa 

nHTepaTYPbi. .n;uccepTauiDI u3noiKeHa Ha 97 CTpaHH~ax u BKmOqaeT 54 pucyHKa, 5 

Ta6nu~ H CnHCOK llHTepaTYPbi, CO,II;epiKam;HH 57 HaHMeHOBaHHH. 

ny6nMK34MM 

Pe3ynbTaThi pa6oT, BbmonHeHHbiX no TeMe ,IJ;HccePTauuu, ony6nuKOBaHbi B 9 

CTaTh.siX, CnHCOK KOTOpbiX npHBe,IJ;eH B KO~e aBTOpe!lJepaTa. 
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~ 

CoAep>KaHHe pa6oTbl 

Bo BBe,IJ;euuu o6ocHOBbffiaeTc.sr aKzyaJibHOCTh noCTaBneHHoii 3a,IJ;aqu, 

!lJopMynupyiOTC.II ~enb H HayqHrui HOBH3Ha npOBO,II;HMbiX HCCne,IJ;OBaHHH. TipHBe,IJ;eH 

KpaTKHii o63op co,IJ;epiKaHIDI rnaB ,IJ;uccepTauuu, npe,IJ;CTaBneHbi nonoiKeHmr, 

BbiHOCHMbie Ha 3aiD;HTY H nepeqeHb neti:aTHbiX pa6oT, B KOTOpbiX OTpaiKeHbl OCHOBHble 

pe3ynb TaTbi npoBe,IJ;eHHbiX uccne,IJ;OBaHHii. 

B nepBoii rnaBe H,IJ;eT pe% o npo6neMax, B03HHKarom;ux npu ucnonb30BaHnu 

BO,II;OpO,II;CO,II;epiKaiD;HX MaTepUaJIOB B BbiCOKOHHTeHCHBHbiX pa,IJ;Ua~HOHHbiX non.srx, a 

-TaKiKe 0 HeKOTOpbiX no»yqeHHbiX 3KCnepHMeHTaJibHbiM nYTeM BenuqnHaX, CB.II3aHHbiX 

C ,IJ;aHHbiMH npofineMaMH. rnaBa COCTOHT H3 TpeX qacTeii. 

B nepBoii qacTH npHBO,IJ;HTC.II onucaHue o6nyqaTenbHOii ycTaHOBKH YPAM-2, 

npe,II;Ha3HaqeHHOH ,IJ;n.II uccne,IJ;OBaHHH pa,ZI;HaJlHOHHbiX 3$$eKTOB B MaTepuanax 

xono,IJ;HbiX 3aMe,IJ;nHTeneii (puc. 1). YcTaHOBKa no3BOAACT npoBO,IJ;HTh 3KcnepuMeHTbi c 

BO,II;OpO,II;CO,IJ;epiKaiD;llMll Bem;eCTBaMll TaKHMll KaK MeTaH, BO,IJ;a, apoMaTuqecKUe 

yrneBO,II;OpO,II;bl II ,II;p. npu TeMnepazypax OT 20K ,II;O lOOK 3a cqeT CllCTeMbl OXna)J(,II;eHII.II 

opraHII30BaHHOH Ha OCHOBe renn.sr. 

Puc. 1. KoH~enzyanbHrui cxeMa o6nyqaTenbHOii ycTaHOBKH YPAM-2. ((1) peaKTop 

HEP-2; (2) o6nyqaTenbHrui Kancyna; (3) no,IJ;BHiKHrui qama c TeneiKKoii B 

n03ll~Hll o6nyqeHn.sr; (4) renneBbiH Tpy6onpOBO,II;; (5) BaKYYMIIPOBaHHblii 

TJlaHCnOpTHblii nyn,; (6) a30THblii KpllOCTaT; (7) nO,IJ;BlliKHrui qama C TeneiKKOH 

B n03H~Hll ,II;JI.II 3arpyJKH; (8) Tpy6Ka ,I1;JI.1I 3arpyJKH C npo6Koii; (9) BaKYYMHbiH 

mu6ep) 
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TioTOK 6biCTpbiX HeiiTpOHOBB.ll0311IUIII o6nyqeHIDI COCTaBIDleT 3 X 1012 WCM2/c 

MomnoCTb: nornomennoii .n;oJhi- B :llOJIIIUIII o6nyqen11a 3a C'IeT ,raMMa-113nyqeHIIH -

20rp/ceK; .n;IDl BOJ];bl 3a C'IeT HeHTPOHOB COCTaBIDleT - 90 ,rp/ceK. 

: r BTopaa qacTb nocsamena om1~anmo paJnH'IHbiX MeTOJJ;IIK, KOTOpbie fiblllll 

11CllO!lb30BaH~I ,WUI aHalliiJa .n;ai,IHbiX 3KCnepiiMeHTOB. -· ':}' .. {,• 

B TpeTheii qacTH npiiBOMTCH pe3ynhTaTbi 3Kcnep11MeHTOB npose.n;eHHb!X. na 
J - • 

- -· 
YPAM-2. B HIIX na6nro.n;aniiCb 3K30TepMII'IecKHe peaKUIIII peKoM6IIHauiiii pa.n;IIKanos, 

nocpe.D;CTBOM periiCTpaUIIII TeMnepazyp, B peJynbTaTe KaK IIHIIUIIIIpOBaHHOrO 

nocpe.n;CTBOM no.n;orpesa -semecTBa naqana 3THX peaKUIIii, TaK II cnoHTaHnoro IIX 

B03HIIKHOBeHIIH llpii HaKOn.iieHIIII KpiiTII'IeCKOll KOHUeHTPaullll pa.D;IIKallOB. 

CnOHTaHHbie peaKUIIII 3apernCTP11pOBaHbl B MeTaHe II B llb.D;e, npii'IeM B llb.D;e OHII 
fl 

na6nro.n;anllcb snepBbie (piic. 2). 
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PIIC.2. flOKaJaHIIH TeMnepaTyp II pacxo.n;a reniiH BO BpeMH CTIOHTaHHOll peaKIIIIII 

peKOM6IIHaUIIII pa.D;IIKallOB B llb.D;e (1-TeMneparypa reniiH Ha BXOJJ;e B 

Tennoo6MeHHIIK Kancynbl, 2- TeMneparypa CTeHOK Kancynbl, 3- TeMneparypa 

BHYTPII o6paJua 4- noKaJaHIIH pacxo.n;a reniix) 

O.n;HIIM II3 Ba)KHbiX peJynhTaTOB pa6oThi HBAAeTcH TOT 4laKT, ~o B MeJIITHnene 

II CMeCHX apOMaTII'IeCKIIX yrneBO.D;OpO.D;OB HII CllOHTaHHbiX HII IIH.n;yUIIpOBaHHbiX 

peaKUIIii peKoM611HaUIIii ne na6nro.n;anoch. OcHOBbiBMCb na nonyqeHHbiX 113 

peJynhTaTOB 3KCnepiiMeHTOB .n;aHHblX MO)KHO npiiBeCTII 
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peKOMeHJJ;OBaHHbie 

-" 

_, 

·" 

, 

TeMnepazypbl ,WUI pa60Tbl C pa3HblMII MaTepllallaMII ~06bi 1136e)KaTh CllOHTaHHbiX 

peaKIIIIii peKoM611HliUIIii, a TaK)Ke TeMneparypbi np11 KOTOpbiX so.n;opo.n; Ha'IIIHaeT 

BhiXOJJ;IITh 113 MaTepllana nocne o6nyqeHHH (Ta6n.1). 

Ta6n11ua 1_ 

MaTep11an 
HaKonneHIIe so.n;opo.n;a 11 'l'eMnepazypa ero 

Pa6oqaa TeMnepazypa, K 
BbiXo.n;a 113 MaTepiiana 

Mcran 6·10·
7 

MOnh/}J;)K, T=70K >28-30 

Bo.n;a 3.4· 10-H MOnhl}J;)K >40 

MeJIITIInen 3.9 ·l0-8Monb/}J;)K~T=l30K >15 
-

Bmpaa rnaBa nocsxmena BonpocaM TepManiiJaUIIII neiiTPOHOB. B neii 

npOBOJJ;IITCH ananiiJ MaKCIIMallbHO B03MO)KHOrO Bblllrpbiiiia B llOTOKe XOllO.n;HbiX 
l 

HeiiTPOHOB npii IICllOllb30BaHIIII KpiioreHHbiX JaMe.n;lliiTeneii HeiiTPOHOB BMeCTO 

JaMe.D;niiTeneii Ha OCHOBe BOJ];bl KOMHaTHOll TeMnepaTypbl. B II.n;eanbHOM cnyqae 

nonyqen Bblllrpbiiii paBHbiii - 60. TaK)Ke npe.n;cTaBJieHhi .n;aHHbie o TOM, ~o 

TeMneparypa cneKTPa HeiiTpOHOB OTllii'IaeTCH OT TeMnepaTypbl cpe.n;bi, llOCKOllbKY He 

npOIICXOJJ;IIT llOllHM TepManiiJauiiH II ll03TOMY Bblllrpbiiii OT IICllOllb30BaHIIH XOllOJ];HbiX 

JaMe.D;niiTeneii B peanbHbiX ycnOBIIHX 3KCnnyaTaUIIII 6y.n;eT HeCKOllbKO HII)Ke, 'IeM B 

II.n;eanbHOM cnyqae. 

Bo BTOpOii qacTII paccMaTPIIBaiOTCH TeopeTII'IeCKIIe MO.n;enll, KOTOpbie 6biiiii 

IICllOllb30BaHbl npii COJJJ;aHIIII J];OCTYfiHbiX J];AA IICllOllb30BaHIIH fiiifilliiOTeK ceqeHIIH 

B3aiiMo.n;eiicTBIIii neiiTponoB c B~mJcTBOM np~ 3HeprnHX neiiTPOHOB <43B. YqeT 

34>4leKTOB XIIMII'IeCKIIX CBHJeii B MOlleKynax BeiUeCTBa OC06eHHO Ba)KeH npii 

npoBe.n;eHIIII paC'IeTOB C MaTepiianaMII XOllOJ];HbiX 3aMe.D;niiTeneii llOCKOllbKY OKaJbiBaeT 

CIIllbHOe BlliiHHIIe Ha JaMe.n;neHIIe HeiiTPOHOB JJ;O 6onee HII3KHX 3Hepriiii. 

}J;anee npOBOJJ;IITCH cpaBHeHIIe peJyllbTaTOB paC'IeTOB nonyqeHHbiX MeTOJ];OM 

MonTe Kapno .n;nx MaTepiianos xono.n;HbiX JaMe.n;niiTeneii Bo.n;opo.n;a II MeTana. B 

pac'IeTax MeHHlliiCb TOllbKO BXOJJ;Hble napaMeTPbi OTHOCIITenbHO IICllOJlbJyeMOll 

fiiifilliiOTeKII Ce'IeHIIH ,WUI J];aHHOrO MaTepiiana, 6e3 113MeHeHIIH O_CTallbHOH BXOJ];HOH 

IIn!l>opMaUIIII: reoMeTpiiii, TeMnepazypbi 11 T . .n;. CpaBHeHIIe noKaJano .n;ocTaTO'IHO 
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xopomyK> cornacomrnnoCTh B pe3yJII.Tamx, no MO)KeT rosopnTh o na,ne)KHOCTH 

ncnOJII.JyeMI.IX 6n6nnoreK. 

TpCThH rnasa nocsxmena OIITHMH3<mHH KOMllJieKca 3aMe,wmTeneii peaKTopa 

MEP-2M. PacqeTHax pa6om BbmonHHJiaCb c noMOmi.IO nporpaMMbi MCNP n c yqeToM 

nonyqeHHbiX B 3KCnepnMeHTaX no pa,nna~HOHHOH CTOHKOCTH H npn CpaBHeHHH 

6n6nnOTeK ceqennii )J;aHHbiX. 
_,J 

B nepsoii qacTn npoBO)J;HTCH noncK HaH6onee 3<fl<fleKTHBHbiX TOJimlfH )J;JIH 

necKOJibKHX MaTepnanos O)J;Horo H3 xono)J;HbiX 3aMeMnTeneii peaKTopa MEP-2M. B 

pe3yJII.TaTe nonyqeHO, qTO XOTH MeTaH nyqme qeM Me3HTHJieH, BO)J;OpO)J; H Jie)J;, TeM He 

MeHee H3-3a pa,nna~HOHHbiX 3<fl<fleKTOB B MeTaHe, HaKJIR)J;biBaiOmnx PM OrpaHnqeHHH 

Ha ero HCnOJib30BaHHe, Me3HTHJieH CTaHOBHTCH <flasopHTOM )J;JIH HCnOJib30BaHHH B 

" KpnoreHHbiX 3aMe)J;JlnTeJIHx MEP-2M (pnc. 3). 

1E11~----r-----r----~----, 

~ i 1E10 

E 

,g ' "-l I E 1E9j(' I I " "l ... 
a; -. I 
$ I I """ "' :;: •eal I 
<1l 

~ 
1U4-~~~--~~~~--~~~~--~~~~ 

1E-3 0,01 

Energy,eV 

0,1 

Pnc. 3. Cpasnenne cneKTpOB neiiTPOHOB H3 3aMe)J;JlnTeneii na ocnose MeTana n 

Me3HTHnena npn MomnocTn peaKTopa MEP-2M pasnoii 2MBT c yqeToM 

pa,nn~noHHbiX 3<fl<fleKToB (1- Me3nTnnen npn T=20K n Tonmnne 

npe)1;3aMeMnTeJIH ScM, 2 - MeTaH npn 60K n TOJIIIIHHe npe)1;3aMe)J;JlnTeJIH 9cM) 

Bo BTopoii n TPeTI.eii qaCTHX npoBO)J;HTCH onTHMH3~HH KOMllJieKca 

3aMe)J;JIHTeneii )J;JIH KaHanos N!!N!! 1, 2, 4-11, c yqeTOM TPe6osannii no cneKTpaM 

HeiiTPonos )J;JIH 3THX Kananos: )J;JIH Kananos N!!N!! 1, 2, 4-6, 8 - cneKTp neiiTPOHOB 

10 

·) 

J 

.) 

') 

)J;OJI)KeJI 6b1Th KaK MO)KHO 6onee <<XOJIO)J;HbiM», )J;JIH 7-ro lf 10-ro KaHanOB -

cMemaHHbiM n )J;JIH 11-ro Kanana- TennOBbiM. 

,lVrn pemeHHH nocTasnennoii 3a)J;aqn ncnoJib30BanHcb TPH KpnoreHHbiX 

3aMeMnTeJIH pacnoJIO)KeHHble opToroHanbHO KaHanaM N!!N!! 2, 5, 8 n orrTHMH3~HH nx · 

pa3Me~eHHH no OTHOilleHHIO K nOCT3aMe)J;JIHTeJIH lf 3aMe)J;JIHTeJIHM )J;JIH COCe)J;HHX 

KaHanOB. ,lVrn 11-ro KaHana 6bm HCnOJib30BaH 3aMe)J;JIHTeJib B BH)J;e Kpbilla 

OpTOroHanbHbill )J;aHHOMY KaHany (pnc. 4). 

11 ···-·······----
Pnc. 4. ropn3oHTani.noe ceqenne 3D reoM~nx MEP-2M n oKpy)Kennx no OTMeTKe 

6.0M peaKTOpa. Qn<flpbl Ha pncynKe COOTBeTCTBYIQT 0603HaqeHHIO 

neiiTPOHHbiX Kananos. Il<?CTiaMeMHTenn noKaJaHbi ycnosuo. 

Ilpn OnTHMlf3~HH KOMnJieKCa 3aMe)J;JIHTeJieii 6bllll HCnOJib30BaHbl BCe 

H3BeCTHbie Ha )J;aHHbill MOMeHT BapnaHThl ysennqeHHH nJIOTHOCTlf noTOKa HeHTPOHOB: 

npe)1;3aMe)J;JIHTeJIH, KpnoreHHbie 3aMe)J;JIHTeJIH, nOCT3aMe)J;JIHTeJIH B BH)J;e XOJIO)J;HbiX 

rpe6enqaThiX 6epHJIJIHeBbiX <flHJibTPOB, 3<fl<fleKT HeHTPOHHOH HyuiKH. 

Bomrpbiiii, nonyqaeMblll npn ncnOJib30BaHlflf KpnoreHHbiX 3aMe)J;JIHTeJieii lf 

3<fl<fleKTa nocnaMe)J;JIHTeJieii no . OTHOilleHHIO K BO)J;e KOMHaTHOH TeMrreparypbl 6e3 

6epnJIJinesoro cpHJII.TPa, npnse)J;en na pncynKe 5. 
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10 

01 
1E-3 0.01 0.1 

Energy, eV 

Puc. 5. Bomrphllll OT HCnOllh30BaHIIH KpHoreHHOfO 3aMe,nJIHTenH no OTHOIIIeHIIIO K 

BO,!l;e KOMHaTHOll TeMnepaT)'phl B 3aBIICIIMOCTII OT :meprnll HeHTPOHOB. 

~ 

.[(nH BCeX IICCne,!l;OBaTellbCKIIX KaHanOB npHBO,!l;HTCH Bellli'IIIHhl Bblllrphiiiia B 

IIHTerpanhHOll nnOTHOCTII . nOTOKa HeHTPOHOB, npll IICnOllh30BaHIIII KOMnneKCa 

3aMe,!l;llliTeneil., .n;nH 3TIIX KaHanOB no cpaBHeHIIIO C IICnOllh30BaHHeM BO,!l;hl KOMHaTHOll 

TeMnepaTypor (Ta6n. 2). Hcnonh30BaHHe 6epnnnneBhiX cpnn~>TPOB npn TeMnepaType 

77K .n;aeT .n;onOllHIITellhHOe yBellH'IeHHe nnOTHOCTII nOTOKa XOllO.n;HhiX HeHTPOHOB - B 

1.5 pa3a, HO nOHBnHeTCH TaK Ha3blBaeMhlll «6epnnnlleBhlll Kpail.». 

Ta6nnu;a2 

N!!KaHana 1 2 4-6 7 

3HeprHH <5M3B <5M3B <5M3B <5M3B i<25M3B . 

B~>mro~>rrn 19.1 18.7 25.1 4.3 I 1.5 

N!! KaHana 8 9 10 11 

3HepmH <5M3B <5M3B <5M3B I <25M3B 25M3B 

Bomroonn 23.4 19.1 3.8 1 1.8 2.8 

.[(mpcpepeHIJ;llanhHbie cneKTPhl HeHTPOHOB nOllY'J:eHhl .n;nH KIDK,D;OfO ll3 KaHanOB C 

OTHOCIITellhHhiMII CTaTIICTII'IeCKIIMII OIIII16KaMII B paC'IeTaX MeHee 5%. 

CneKTPhl Heil:TPOHOB HMeiOT cxo.n;HyiO cpopMy .n;nH KaHanoB N!!N!! 1, 9, 4-6, 8, 

noCKOllhKY ,!J;llH HIIX 6hm He06XO,!l;IIM KaK MOIKHO 6onee XOllO,!J;Hblll cneKTP (Puc. 6), 

pa3HIIIJ;a 3aKlliO'IaeTCH lllllllh B a6COlliOTHOH IIHTeHCIIBHOCTII. ToJKe CaMOe MOIKHO 

CKa3aTh .n;nH KaHanoB N!!7 n N!!lO (Pnc.7) • .[(nH KaHana N!!ll npe.n;cTaBneH TennoBoil: 

,!l;llcpcpepeHu;llanhHhlll cneKTP Heil:TpOHOB (Pnc.8). 
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Puc. 6 . .[(ncpcpepeHIJ;llanhHble cneKTPhi Heil:TPOHOB .n;nH KaHana N!!2 npll MOIIIHOCTII 

peaKTOpa 2MBT C IICnOllh30BaHIIeM 3aMe,nJIIITenH Ha OCHOBe BO,!l;hl 

KOMHaTHoii TeMnepaTyphl - OKPYIKHOPTII II KpiioreHHoro 3aMe,nJIIITenH -
~ . 

KBa.n;paThi. Pa3Mephi II pacnonoJKeHIIe 3aMe,nJIIITeneil. o.n;IIHaKOBhle • 

!'! g 

1E11,--~-,-----,-----,-----, 

~ 1E10] o"L'f ~ h 7?1'A, "i ~ " I 

"' ~ 1E9l ::/' I a I ~I ,, ~ ' .,,. I 

~ ,E·r----i------~----~~~~"-'1! ' 

1E-3 O,Ql · 0,1 

Energy,eV 

:.~ 

PIIC. 7 • .[(IIcpcpepeHIJ;IIanhHble cneKTPhi Heil:TPOHOB .n;nH 7-ro KaHana npii MOIIIHOCTll 

peaKTopa 2MBT (KBa.n;paThl - TOllhKO npe,!l;3aMe,nJIIITellh, OKpyJKHOCTII -

OnTHManhHM KOHcpHrypaiJ;IIH 3aMe,nJIHTeneil: (XOllO,!l;Hhiii+rpe6eH'IaThlll 

TennoBoil:), TPeyrOllhHIIKII - cneKTP nOllY'J:eHHhlll TOllhKO C XOllO,!l;HOH 'IaCTII 

C Y'J:eTOM 'IaCTH'IHOfO 3aTeHeHIIH rpe6HHMII BO,!J;HHOfO 3aMe,nJIHTenH). 
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Puc. 8 . .[(mp<l>epeHunanhHble cneK1Jlbl Heil:TpoHoB rour 11-ro KaHana npn MO~Hocrn 
. .. 

peaKTopa 2MBT (KBa,npaTbl - TOJibKO IIpemaMe,[IJIIITeJib, OKp}')KHOCTll 

Hanwme OIITIIManbHOll KOH<l>nrypauiiii 3aMe,[IJIIITerreil:) 

B nocrre.z:~Heil: qacTII npiiBO.z:IIITCH pe3yJihTaTbi pacqeToB TenrronbmerreHIIH B 

KpiioreHHbiX 3aMe,[IJIIITeJIHX 3a cqeT raMMa KBaHTOB II Hell1JlOHOB MH HeCKOJibKIIX 

TOJI~IIH npe,L13aMe,[IJIIITeJieil:, KOTOpbie OKa3biBaiDT C~eCTBeHHOe BJIIIHHIIe Ha 3TH 

nerrnqnnbl. PeJyJibTaTbi pacqeToB ,[IJIH O,[IHoro II3 KpiioreHHbiX 3aMe,[IJIIITerreil: (KaHan 

N!!5) npnne.z:~eHbl n Ta6rrnue 3. 

Ta6rrnua 3 

Torr~IIHa BOMHoro npe,l:IJaMe,[IJIIITerrsr 3cM 4cM 5 CM 

Tenrronhmerrenne B Me3IITIIJieHe, Bbl3Bannoe Heil:1JlOHaMII 

[BT/r] 
0.105 0.08 0.062 

Tenrronbmerrenne B Me3IITIIrreHe, Bbl3BaHHOe raMMa 

KBaHTaMII [BT/r] 
0.059 0.058 0.056 

CYMMapnoe TenrronbmerreHIIe B Me3IITIIJieHe [BT/r] 0.164 0.138 0.118 

Tenrronhmerrenne B amoMIIHIIII, Bbl3BaHHoe Heil:'IJloHaMII 

[BT/r] 
0.003 0.002 0.002 

Tenrronhmerrenn:e n amoMIIHIIII, Bbi3BaHHoe raMMa 

KBaHTaMII [BT/r] 
0.05 0.049 0.048 
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CYMMapnoe TeiiJionl>merreHn:e B amoMIIHIIII [BT/r] . 0.053 0.051 0.05 

TenrronhmerreHne n xbrro,l:IHOM 3aMe,[IJillrerre·[BT] -218 -194. -176 

.. 
B JaKJim'leHHH no,l:IBe,[leHbi · • IITorn • ,[lllccepTaUIIOHHOH pa6o 

<l>opMyJIIIpOBaHbl OCHOBHbie pe3yJibTaThl. 

0CHOBHLie proyJILTaTLI, IIOJiyqeHHble B XO,[Ie, HCCJie,l:IOBaHIIll IIO TeMe 

,[IHCCepTaUIIOHHOll pa60Tbi: 

• 

• 

• 

• 

• 

flonyqeHbl ,[laHHbie 0 CKOpOCTHX · HaKOIIJieHIIH :meprnii H . BeJillqiiHax 

HaKOIIJieHHOll :meprnii . B 3aBIICIIMOCTll OT IIOJiyqeHHOll ,[103bl, a TaiOKe 0 

CKOpOCTHX HaKOIIJieHIIH II TeMnepaTYPbl BbiXO,[Ia pa,[IIIOJIIITIIqecKoro · BO,l:IOpO,l:la 

ll3 Jlb,[la H apOMaTIIqecKIIX yrJieBO,l:IOpO,l:IOB IIpii Hll3KIIX TeMIIepaTtrax IIO,[I 

o6nyqeHHeM raMMa KBaHTaMll H 6biC1JlbiMll Hell1JlOHaMll. 

BnepBbie onpe.z:~eneHa 3aBIICIIMOCTh Me)l(,ll.y TeMnepaTYPoii IIHHUIIruinn peaKuuil: 

peKOM6IIHauHil: pa,LIIIKanOB B MeTaHe. 3aBIICliMOCTb IIMeeT JIIIHeHHblll XapaKTep 

OT IIOJiyqeHHOll ,[103bl. I 

TionyqeHa ,l:IIIHaMIIKa II3MeHeHIIH TeiiJIOIIpOBO,[IHOCTll Jlb,[la IIpii . im3KIIX 

TeMIIepaTYpax IIO,[I o6nyqeHIIeM raMMa KBaHTaMll II 6biC1Jlb1Mll Heil:TpOHaMll 

(npn .z:I03e - 4Mfp Tenrronpono.z:~HoCTb Jib,[la II3MeiisreTcsr c 40 BTIMfK' .z:~o 0.4 

BTIMIK). 

PacqeTHbiM IIYTeM Hail:,[leHa HaH6onee 3<l><l>eKTIIBHaH TOJI~IIHa .LIJIH HecKOJibKIIX 

MaTepnanon xorro,l:IHbiX 3aMe,[IJIIITeneil: HEP-2M. C yqci'oM Heil:1JlOHHbiX 
!' 

xapaKTepiiCTliK H pa,niiaUIIOHHOll CTOHKOCTII, C,[leJiaH BbiBO,[I 0 TOM, ~0 

Me3IITIIJieH HBJIHeTCH HaH60Jiee 3<l><l>eKTIIBHbiM MaTepiianOM ,[IJIH IICIIOJib30BaHIIH 

n KpiioreHHhiX 3aMe.LIJIIITeJIHX perucropa HEP-2M. Ero ucnoJibJOBaHIIe .z:~aeT 

yneJIHqeHIIe llHTerpanbHOll IIJIOTHOCTll IIOTOKa XOJIO,[IHbiX Heil:'IJlOHOB Ha 

HeKOTOpbiX HaiipaBJieHIIHX ,[10 25 pa3 IIO CpaBHeHIIIO C llCIIOJib30BaHIIeM 

BO,[IHHbiX IIJIOCKIIX 3aMe,[IJIIITeJieil:. 

flOKa3aHa 3<l><l>eKTIIBHOCTh HCIIOJib30BaHIIH IIOCT-JaMe,[IJIIITeJIH B BII,[Ie BO,[IHHOrO 

01JliDKaTeJIH onpe.z:~enenHoil: KOH<l>nrypaunH. 
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• Ilpe.nno)KeHa n IIO.llTBep)K,ll;eHa pac'IeTHbiM rryreM Han6onee 3rprpeKTHBHM 

reOMeTpHH H KOHrpHryp<mHH pa3MeiU:eHHH 3aMe)lJIHTeneii peaKTopa J1IiP-2M, 

y.noBneTBOpHIOIU:M TPe6oBaHHHM 3KcrrepnMeHToB Ha BhlBe,lleHHbiX IIYlJKax no 

HHTeHCHBHOCTH ll cneKTPy HeHTPOHOB. 
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