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AKTYanbHOCTb TeMbl.

HoBble TeXHONOTHH B IPOMBINUIEHHOCTH H MEHITHIE TPEOYIOT CO3AANHA HOBBIX MATC-
PHAJIOB, a TAKKE HCCIEIOBAHHS HX XApAKTEPHCTHK Ha MHKPO - H HAHOCKONHYECKOM YDPOBHSAX.
ITo Mepe pasBHTHA METONOB KOHCTPYMPOBAHHSA H CO3JAIUS 1€06X0MUMDIX MaTepHaNoB, H3yyae-
MBIe CTPYKTYPbl CTAHOBATCA Bce GOJee CI0KHBIMH, 2 pasMepbl IPHBITHXAIOTCS K aTOMIIBIM. JTO
OTHOCHTCH K MaTepHalaM U HX KOMOHHAIMAM H3 BCEX KJIACCOB — OT MeTameB, nonynponouui&-
KOB H KEPaMHK 10 OpraHMYeCKHX U GHONOrHYecKHX coeauHeHHH. [10aToMy ang toro 4ro6nl
YUIPaBATh MOJOOHBIMH CIIOXHBIMH cncTemaMu, HEeoOXOMHMO AETANbHO M3y4aThb MX XHMHue-
CKYIO, 3JIEKTPOHHYIO M MAarHHTHYIO CTPYKTypbl. OMHMM M3 3)EKTHBHEIX, a B pade clydacs
CIHHCTBEHHBIM IKCIICPHMEHTANILHBIM METOAOM ABNACTCA METOX PACCEAIHMs NEHTPOHOB MH3KUX
JHEpPrHil. ‘

B coBpeMeHHBIX HCTOYHHMKAX HEHTPOHOB, TAKHX KaK AAEPHDBIC PEAKTOPBI H HCTOYNHKM
HEHTPOHOB Ha OCHOBE yckopuTeneii (spallation), 06pasyloTca BHICOKO3HEPreTHIECKHE - "BLICT-
pbie" HCHTPOHE! ¢ 3Heprued ~ 2,5 MaB u oune. JJng nposenenus 3KcnepuMeuTob 110 H3yYeIHIo
KOHACHCHPOBAHHBIX Cpell, MOJIyYEHNbIE OT MEPBHYIIBIX PIClTO'-IHP[KOB HEHTpOIL 11e00X0UMO
IIPEABAPHTENBHO 3aMEJUIHTD, T.C. yMEHBIIUTD 3HEPTHIO Ia IIECKONEKO NOPANKOB - JI0 JIepriii
3B-auanazona ("rernosble” HedTpoHbI, ~0,025 3B, MIHIIZ BOJIDI - €IUHHIbI ANTCTpeM) 4 10
sHepruit <5 mMaB ("xonoxmbie" neitponsl, ¢ KON BonLl oT 4 0 30 A). Ciiwxenue JNEPrHH
GBICTPBIX HEHTPOHOB HCTOYHHKA BILIOTH 710 HX TEPMATHIAIMH OCYINECTBIAETCS B 3aMeUTHTENAX
HEHTPOHOB, KOTOpBIE SBJAIOTCS IPOMEXKYTOUIBIM 3BEHIOM Mvemuy HCTOYHHKOM HEHTPOHOB H
OKCTIEPHMEHTANBHBIMH ycTaoBKaMH. CO3JanHe NyXKIOro CHeKTpa HeHTPOHOB BO BHENIHHX
Ty"KaX BBIIONHSAETCS B TEIUIOBLIX U B XOJIOAHULIX 3aMEIHTENsX, PabOTAIONIMX NPH TEMIIEPATY-
pe 3amemnaromero marepuana 20K+100K. Coueranue TennoBoro H XonoAHOro 3ameanuTeneii
JI@eT BO3IMOXHOCTh GoJiee rHOKO TOIXOMHTE X TPOCKTHPOBAIIHIO, CO3JIAIHIO H MOAEPHH3ALHH
CIEKTPOMETPOB M 3¢ ()eKTHBHEE HCIIONB30BaTh HEHTPOIILL.

B 21-oM cronetn Bee Gonee BOCTPEGOBAIHLIMH ABAIOTCA XONMOAHbIE HelTpoub. IIpH-
MEHEHHE XONOIHBIX HEHTPOHOB 0cOBeHHO bdexTHBIIO a1 CTIEKTPOMETPOB MATOYTIIOBOTO pac-
CEAHHA, TMO3BOJAA M3y4aTh MHKPOCKONMHYECKHE CTPYKTYpHI, 0OIblIHe Monexynm, TONTUMEpDL,
GenKH, HaHOYACTHUEL XONOAHbIE HEHTPOHBI IPHMENSIOTCS MU IPOBEIEHHS IKCIIEPHMEITOB MO
HEHTPOHOrpaMu B PEaIbHOM BpeMeHH, HATIPUMEp, I H3YUEHHST XHMHUECKHX Peakiuil B
TBepIOH dase. [IpUMeHeHHE XONMOHBIX HEHTPONOB PH H3YYEHHH MarHHTHBIX CTPYKTYP, II)”TCM
pacceaHHs Ha GONbIINE YIIIbI, MI03BOJET YBENUYHTS Pa3spelalonylo ClocoGHOCTE AMGPaKTo-

MCTPOB. HcnonbpzosaHue XOMOMHBIX HCﬁTpOI{OB OTKPBIBACT HOBLIE BO3MOXXHOCTH U1 }[eﬁ'rpou- .
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Wccnenopatensckas spepuas ycraoska MEP-2 B JlaGoparopur neiftponnoil gu3nkn
M. .M. ®panka OWSIH ApniseTcs HCTOYIHKOM HEHTPONOB IS MPOBEACIHSA IKCNIEPHMEHTOB
110 M3ydEHHIO KOHIEHCHPOBAIIIILIX CPE/l 12 BLIBESHHBIX My TKaX. Exxeronno na nei npopoasrcs
coTHH 3K§nepnMem‘oa yuensiMd H3 Poccin u apyrux crpai. PaspabGoTka H ocnallleHHe I/IﬂY
WBP-2 COBpCl.V’I’t”.H’HLIM KOMOHWHHPOBaHHBIM 3aMEJUIHTENEM HEHTPOHOB ABJAETCA aKTYyaNbHOH H
qbeanbiqaﬁﬁo ‘Bamnoﬁ 3ajayeii, MOCKONBLKY obecreuuBaeT nonyuenue HEeOGXOIHMOTO CIIeKTpa
HCPITpOHOB Ha HeHTPOHIBIX cTIeKTpoMeTpax JlaGoparopun. - /

OnHoli H3 COCTABHBIX yacreit xomemponamIoro 321MC£UIHTCIIH uem-ponon ABIIAETCA
xonomn,m 3aMeJUIHTENs C TEMIepaTypoi 3aMe/ITIONIEro BCICCTBA 20K+100K. Pa3paboTka
3¢)¢)e1crmmoro H HaJIeXHOr0 XONOJIHOTO 3aMe/LTHTeNs HEHTPONOB Ul BLICOKOMIITEIICHBIBIX
’HCHTPOHHLIX HCTOYITHKOB ABJIAETCS CIOXKIIOH mm(enepno ¢)muqecxon 3anaqen Ona cBa3ana ¢
panoM TpeGoBaHHH X BOJOPOJCOAEPKALMM MaTepUaNaM IIpH UX MCMOJB30BallHK HA HMITYIhC-
HOM peakTope. B wacTHOCTH, MaTepHaILI NOJLKIIEL 06/1a/1aTh BLICOKOH pajaHaluHoHHOH cTolKo-
cnﬁé, LIMPOKMM [Mana3oHoM pabouux TeMIepaTyp, ‘BLICOKOI‘;Ib(})(bCl?THBHOCTLIO mo 3amejue-
HUIO HEHTPOHOB IO MHIUMONEKTPOHBOJILTHLIX JlEprHif, BLICOKHM ypOBHEM 0e301acHOCTH HC-
noﬁbaosaum, TEXHONOrHYNOCTEI0. JIg BLIGpanHore MatepHana Jomkunl OLTh paspaboTanbl 1
IIpHMEHEHB! TEXHOOTHYECKUE PelleH s 0 €T0 3arpy3ke B KaMepy 3aMeJUIMTENs, OXIXICHHIO
H M3BJICHCHHIO M3 KaMepBl.

Jna nocTwxenus nanGoanen HHTCNCHBIIOCTH HEHTPOHOB 113 BLIBEACHILIX Iy4Kax,
Tpeﬁosamm K CNEKTPY KOTOPBIX B OTHENBILIX CIy4asX B3aHMOHCKIIOYAIOUIHE, HeOGXOMHMEI
ZeTanbHas npopaGoTka KOHQHIypalHH TEIIOBOH M XONOHLIX YacTeH 3aMe[UINTeNs ¢ MnCHell-
HbiM Mdnenupona}mem TPAIICIIOPTa HEHTPOHOB M npumelleliﬁe CIICHHMATIEHBIX TEXHHHECKHX pe-
LUCHHI. C o

B Hacro;uuee BpeMs B Poccxm HET HH OJIHOro ;(encmyloulero HCTOYHHKA XOJOJHBIX
HCHTpOHOB (xpome OIHCAHIIOro B na}mon pabore), B TO BpeMﬂ KaK B MHpe paborarot Gonee 15
HCTOYHHKOB (4 - CIIA, 1- Bo ®panuuy, 3.~ B AHIIHH, 2 — B Slnouun, 1 B ABCTpaiuy, 2- B
I'epMamm, 1 - B Benrpun). Ina coxpaHenus ’nnnrpipqumerq:rlono;m:lrmﬂ‘I/I}IY HBP-2 cpenn
I_{MﬁynLCHLIX HeﬁTpoﬁme HCTOYHHMKOB, Ha - MOJEPHHU3HPYEMOIl MCCIENIOBATENLCKOM AfeplIoH
ycrz\momce‘ UBP-2 nianmpyetcs cosnaHMe M MPHMEHENHE TPEX XONOMHEIX 3aMEmIHTEleH
HEHTPOHOB, ciocoGHbBIX 06eceynTh BHICOKHI NOTOK HEHTPOIIOB ¢ JUTHHOR BoHb! Goltee 0,4 HM.
C xomnexkcom kombunupopannsix sameanutenet Ha MY MBP-2 nefiTponnsie criekTpoMeTphI
JIH® OUAH 6ynyt paboTaTh Ha OHOM U3 CaMBIX MIITCHCHBIIBIX B Enpqne:mmynbcnmx HCTOY-

HHUKOB HEHTPOHOB.

Llenn n 3apgaun paborbi.

Henu:

1. Pa3paGoTka HOBOro HalpaBNEHHs B CO3JAHHH XOJNOIHBIX 3aMeUTHTeNeH HeHTpoHOB Ha oc->
HOBC TBEPABIX JHCNIEPCHBIX BoOopoOACOAEPHKALIUX MATCpHaJIOB U1 BBICOKOHHTCHCHBHBIX
HCTOYHHKOB HCﬁTpOHOB.

2. Pa3pa60'r1<a METOAR MONYYCHHA MEIICHHBIX HCﬁTpOHOB B IMPOKOM AHANAa30HE JJIHH BOJIH
JUIA BBICOKOIMOTOYHBIX HCTOYHHKOB Heﬁ‘rpOHOB C MYJILTHAHCUHIUTHHAPDHBIM HaGOpOM JKC-

TNICPUMCHTATIBHBIX YCTaHOBOK I U3YyUCHHS KOHJEHCHPOBAHHBIX Cpell HAa BLIBEIEHHBIX ny4-
Kax.

3apauu:

JleTanenoe Heenea0BaHHE BOAOPOACOACPKAIIUX MATEPUATIOB [l HCIIONL30BAHMA B XOJOM-
HBIX 3aMEJUIMTENAX HEHTPOHOB (Ha CTEHJAX H SKCIEPHMEHTANBIBIX ycTaHoBKax: YPAM 2,
3 u 3M, JMH-2IU, OUSIH; JESSICA FZ-Juelich, Germany). Ananu3 moiyueHHBIX JaH-
HBIX H BBIOOp MaTepHalia, HanboJee MoAXOAALIEro 1 Xxonoqroro saMennurens USY UBP-
2 Mo COBOKYTHOCTH CHERYIOLIHX apamMeTpoB; 3aMeISIomasn cnocobHOCTH, paaHalHOHHas
CTOHKOCTB, BO3MOXXHOCTH paGErraTL B LIHPOKOM JAHaNa3oHe TeMIepaTyp, a Takxe Gezomac-
HOCTb H TEXHOJIOTHYHOCTE.

2. Pazpabotka criocoba M TEXIIONOIHH 3arpy3kH MpPeUIOKEHIIOro B AauHoH paboTe Marepuana
B KaMepy XOJNOJHOIO 3aMC/UIMTENS NPH HH3KHX TeMIepaTypax uepe3 GHONOTH4ecKyio 3a-
uHTy (Ha mpumepe USY UBP-2).

3. PaspaGorxa M cosjanHe BHE PamHAlLHOHHOMN 30HbI MOJHOMACLITAOHOTO SKCIEpHMENTAILHO-
o CTEH/a XOJIOAHOrO 3aME/JIMTENS ¢ TEXHOJIOTHYECKHMH CHCTEMaMH H CHCTEMOl KOHTPOJIS
OCHOBHBIX ﬁépaMeTpon ¢ LeNbio: ‘

a) 9KCIEPHMEHTANBHOrO HCCNE0BAHHS BO3MOXKHOCTH TEXHHUYECKOH pEATM3ALHH BEHI-

GpallHOro TEXHONOTHYECKOrO PELIENHS MO ﬁcnbnbaonaﬂmo Ma'repnéna U XOJIOAHBIX
" 3aMepnureneii UAY I/IEP-2;

6) pa3pabOTKH M CO3NAHHs TEXHONOTHUECKOH CHCTEMBI H CHCTEMBI KOHTPOJIS OCHOBHBIX

napaMeTpoB xXonogHoro samennurens USAY UBP-2. '

4. " PaspaGoTka Kombnrypauuouﬂoro PACIIONOKEHHS 1 uHENeHHoe MO/IETMPOBAHHE KOMOHHH-
pOBaHHoro 3amezu1menﬂ HCHTpOHOB nns ASTY UBP-2.

5. Cospanue H Hccnenonaﬂne”oc’}ioﬁumx CBOJicTB nﬁcnepcuoro BOJOPOJICOIEPIKAIIETO XOTIOA~
HOTO 3aMeJUTHTeNs U KOMOHHMPOBAHHOTO 3aMEUTHTENs! HEHTPOHOB [UIS BBIBEICHHBIX IyY-
ko USTY UBP-2.



6. Uccnenosatue 3¢ EKTHBHOCTH paGoThl KOMOHHHMPOBAHOrO 3aMEUTHTENA Ha IIPHMEpE He-
ckonbkHx cnextpoMerpos MY UBP-2.

I-Iaylman HOBU3Ha U NpakKrnyeckaa UeHHOCTL pa60'rb|.

e . PaspaGoTaHo HOBOE HAlpaBleHHe B CO3NAHHH XONOAHBIX 3aMCIUTHTeNeH HEHTpOHOB Ha
OCHOBE TBEPHBIX MHUCIEPCHBIX BONOPOCOAEPHKALIMX MATEPHANOB IUIA BHICOKOMHTEH-
CHBHBIX HCTOYHHUKOB HECHTPOHOB.

e DKCNEPHMEHTAIBHO ~HCCIENOBAHb!  BONOPOACONCPHKAIINE MATEPHANbl MEPCNIEKTHBHELIE

.. " IS HCTOJI30BAHHS B XOJOIHBIX 3aMe11nuTemf;( HelitpoHoB nmpH Hu3kux (20 - 30 K)
TeMIepaTypax: PajUalMOHHAs CTOMKOCTE M PanHallMOHHbIE 3G EKThI, BOMOXKHEIE pa-
Go4ne TeMneparypbl, 3 HEeKTHBHOCTD 3aMeLIelHs HeHTPOHOB.

e Brepsrle HCTIONB30BAHA HE B3PHIBOONIACHAS CMECh APOMATHYECKHX YIIICBONOPOJIOB B Ka-
YecTBe TBEPAOTO 3aMeUIAIOIEro MaTepHaa Uil XOJNOHOro 3aMeIHTeNs HeHTPOHOB,
no3BosIONias paGoTaTh B HPOKOM JHAanasone TeMneparyp ot 30 a0 150 K.

e "BrnepBble pa3paboTan H CO3IaH XONOQHBIA 3aMeUTHTENE s I/Iﬂy UBP-2 ¢ nucnepcHbM
14 trnoco6oM 3arpy3KH KaMmepbl XOJNOAHOTO 3aMe/UTHTeNs. 3aMeUITens cnocoben Henpe-
“peiHo paborate mo 10 ‘CyTok H obecredyWBaTh NOTOK XONOMMBIX NEHTPOHOB
2x10" 2 w/cm?/cex, UYTO mAaeT yBeqMueHHEe MOTOKA XONOAHGIX IefiTpoHoB fo 13 pa3s mo

CPaBHEHHIO C TIJIOCKHM BOJSHBIM 3aMCIUTHTCIICM KOMHAaTHOH TEMIICPATyPbI. ITokazana

* BO3MOKHOCTB OXJIAXIEHHS KaMephbl 3aMeIUIHTENA TeM K€ XOJIOOHBIM IeJMeM, [poXo-
" IAIIMM CKBO3b 3arpy’XeHHBIE B KaMepy 3aMeUIHTeNs IIapHKH, 10 Temneparypst 30 K
npu paboraromeM Ha MoumHOocTH 2 MBT peakrope. PaspaGoranbl cHCTEMbI KOHTPONA

3arpy31m KaMepbl X0JIOQHOI'O 3aMCUTHTEIIA.

. Brepsrie paszpaGoTan 1 co30aH KOMOHHHPOBAHHbIH 3aMe/THTENL HEHTPOHOB J7IA HCCe-

_ HoBatenbckolt AnepHoft yeranoky. Ero npumenenue naet Gonee ruGxui noaxon x uc-
_Tonb3oBaHHIo Heitrponos UAY HUBP-2. On poaﬁonﬂer IOy 4HTb HEOOXOIMBI CIIEKTP
HEHTPOHOB Ha BBHIBEICHHBIX My4KaX (TETUIOBBIX, XOJOANBIX HJIH CMEWIAHHBIX) [UIS HO-

BLIX M MOJCPHHM3HPYEMBIX CIICKTPOMETPOB B 3aBHCHMOCTH OT TpeGoBanuil skcnepH-
MenTaTopos. Cosfianue KOMGHHHPOBAHHOTO 3aMEUTHTENA C XOMOIHBIM 3aMEITHTENIeM

. ... Bero cocrase B JIH® OMSAHN priBomMT W1V WIBP-2 mo CBOMM XapakTEepHCTHKaM B
YHCJIO THAMPYIOUIMX HCTOYHHKOB MHMPA, MIPEHA3HAYCHIILIX JUTA HEHTPOHHBIX HCCIea0-

BaHHﬁ KOHJICHCHPOBAHHKIX Cpe/ Ha BBIBEICHHBIX My4Kax.

OCHOBHb!e BLIHOCUMBbIE Ha 3aLUTY NOJI0XKEHNA:

1. PaspaGoTka HOBOTO HanpaBneﬂm B CO3/IAHHH XONOJHBIX 3aMeu.nmeneu nemponoa Ha oc-
HOBE TBEPABIX AHCHEPCHBIX BOAOPOICOAEPKAINX Marepuanoa Juist BLICOKOHHTCHCHBHLIX
HCTOYHHKOB HEHTPOHOB. ) )

2. Pe3yanaTm HCCIIEIOBaHHH pamdauuommx 3 hexToB B TBEPABIX Bouopouconepx(amux
MaTepHanax MpH HH3KHX TeMHepaTypax (Menbure 35 K) KOTOpEIE ONpENENsIOT ycnoam
HX HMCIOIb30BAHHA B XOIONHBIX 3aMEUIHTENAX HHTEHCHBHBIX HCTOUYHHKOB Hempouon, B
YaCTHOCTH: ‘

- METOJIHKa orxpeueﬁeﬂm H BeMUMHBL BHIICIHABIIEHCS 3UEprHy B CIONTAHNBIX H HINTYIH-
poaaﬂﬂslx peakuusx pekoMOHHAlHH pajyKaloB B TBEPABIX BONOPOICONEPHKALIMX Be-
LecTBax nocye 061ydeHus GHICTPLIMH HEHTPOIIAMH;

- onpenenem«[é TpeenbHO BENMHUHBI IaBcHHs TBEPLOTO MeTalla Ha CTEIIKH KaMepsl IpH
o6nyueHuH GBICTPBIMH NIEHTPOHAMH. V '

3. O6oCHOBaHME MPHUMEHHMOCTH CMECH ME3HTHIICHNA H M-KCHJIONA B TBEPAOM COCTOAHHH B
KauecTBe 3aMEUIIOWEro HEHTPOIIbl MaTepHana XOJOMIOre 3aMCUMMTCIL B "IHPOKOM
nMana3sone Temieparyp ot 25 no 150K, A i

4, PazpaGoTka u cospanme 3¢)heKTHBHOrO U Ge30MaCHOT0 HCTOUHUKA XONOAHBIX NICHTPOHOB
Ha OCHOBE apOMATHUECKHMX YITEBOJOPOJOB [UTA HCCIENOBATCIBCKON ﬂnepﬂoﬁ YCTalIOBKH
HBP-2.

5. Paspa6oTka M co3faHHe KOMOHHHPOBAHIIOrO 3aME/UIHTCIIS (c Temnono#l U XoNomHOH ua-
CTAMH) - pemcHHe NpoGNeMbl MOJYdeHHs CINEKTpa. HEHTPONOB' B IIMPOKOM JHAra3soHe
JUTHH BONH JUTA HCTOYHHKA HEHTPOHOB ¢ MYJBTHAHCIHIUIHNAPHBIM HAGOPOM IKCIIEpHMEH-
TaNbHBIX METOMMK JUIA H3YydYeHMs KOHICHCHPOBAaHHBIX CpPeJl Ha BBIBEACHHLIX My4Kax

HEATPOHOB.

Anpo6amis guccepTamionnoii padoTsr
Pe3yNbTaThl AUCCEpTAUMH GLUTH TIPEACTABIIEIL! aBTOPOM 6osiee yem Ha 30 MexayHApoOn-
HBIX H HAIIHOHANBHBIX KOH(EPEHIMAX H COBELIAHHAX, B TOM YHCIIE:
e International workshop on Advanced cold moderators, ACoM VI, VI, (J uelich, Germany,
:2002; Bariloche, Argentina, 2006);
e 10th ‘Tihany’ Symposium on.Radiation Chemistry, Sopron, Hungary, 2002;
e XVI-XXI Meetings of the "International Collaboration on Advanced Neutron Sources" -
ICANS, - (Diisseldorf-Neuss,: Germany, 2003; New Mexico, USA, 2005; Dongguang,



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

2014);

e 4-th International Workshop “Ultra Cold & Cold Neutrons. Physics & Sources”,

S.Petersburg, 2003;
4\. 11th Physical Chemistry Conference, Timishoara, Romania, 2003;
o International Conference "Research Reactors in the 21st Century”, Moscow, Russia, 2006;
e The Research coordination meeting on Intense Neutrén Beams and their Applications,
1AEA, Hokkaido University, Hokkaido, Japan,~5007;
e 9-th International Balkan Workshop on Applied Physics, Constanta, Romania, 2008;
. International Conference on Neutron and X-ray Scattering, Kuala Lumpur, Malaysia,
2009
o  XXI-XXII Coseulanye 1o UCIONL30OBAHMIO paccestiiis HEHTPOIIOB B MCCNIEAOBAIHAX KOI-
neHcHposaHunoro cocrosuus — PHUKC (r. Mocksa, PHI] «Kyp;a'roncxuﬁ HHCTUTYT»,
2010 r; r. 'atanna, [TUSID, 2012);
e . 5th European Conference on Neutron Scattering, Czech Republic, 2011;
¢ 1AEA Technical Meeting on “Advanced Moderators to-Enhance Cold Neutron Beam Pro-
. duction for Materials Research and Applications” Tokait-mypa, SImonns, 2011;
.2 SANS-YuMO user meeting, JINR, Dubna, 2012;
¢ International Conference on Neutron Scattering, ICNS, Edinburgh, UK, 2013;
¢ .3-d CNS Workgroup meeting, I'atunna, [TUSI®D, 2015;
¢ Research Coordination Meeting on Improved Production and Utilization of Short Pulsed,
Cold-Neutrons at Low-Medium Energy -Spallation Neutron Sources. MATATD, Beua,
-2014,2016 w np.,
a TAKOKe Ha HAaY4HBIX ceMHHapax O6beuIennoro HHCTHTYTa AREPHLIX Hccnenonanmit (JlyGua),
FZJ, IKP, IOnnx, I'epmanns; JRC, IMerren, Tonnanmns; European spallation source, Jiyna,
Iipeuns; 1SIS, Jla6opatopun Pesepdopna-Annnrona, BennkoGpuranns; Hokkaido Univecrsity,

Hokkaido, Japan; Centro Atomico Bariloche, Argentina,

Bcero aBTopoM no Teme auccepTaumu omy6mikonaHs! 48 pa6ot, u3 KOTOpLIX 22 paGoThl
B M3MlaHnAX, pexoMenaoBanHelx BAK (19 crareit B xypuanax, 2 matenta. Ha H3oOpetenue, 1
CBHACTENLCTBO O rOCYJaPCTREHHOM perHeTpaluy nporpaMmsl 1 IBM).
Jlmunerii Bknaa astopa.
. Jluanoe yuactie asropa B pa6oTax, COCTABIMOMMX OCHOBY JIHCCEPTALMH, SBIACTCS
OTIpeneNOmuM. ABTOp IIPHHHMAJ HELIOCPEACTBEHHOE YHACTHE B pa3paboTKe H CO3NaHHH KOH-

-

LUENUHH H TEXHHYECKOro peIleHHs KOMIUleKca KOMOHHHPOBAHHBIX 3aMmeUIHTeNeil HelTpoHos
MonepHusuposanoil MSIY MBP-2 mns msyuenus Konnencnposam{mx cpel 1a BHIBEAEHHBIX
myukax. M nuuno nposeneno Monte-Kapno monenuposanye KOMOHHHPOBaHHEIX 3aMeJUTHTE-
neit HefitponoB MSIY UBP-2 v nponssenens pacyeTs! TENIOBOH HArpy3KH 1ia XOJIO4HbIE 3aMel-
nuTenn HeliTpoHoB. [TomyyeHnble pe3ynbTaThl JIETIH B OCHOBY TCXHHYECKOTO 3alaHHs Ha IIpo-
€KTHpoBaHHe KoMIulekca samemnuteneit MSIY WEP-2. Astop yuyacTBoBanm B 3KCHEPUMEHTAX,
YHUCIEHHOM MOJCIHPOBaHHH, 66pa60'rl<e H MITEPNPETAHA HKCIIEPUMENTANBIILIX AAHIIBIX MO HC-
CIIEZIOBAHHIO 3aMeIAIONIEH COCOGNIOCTH pa3IHYIBIX MaTepHalnoB IpH BapbHPOBAHAM TeMIIe-
paTyps! ¥ anpobaiuy CO3aHIBIX GHOIHOTEK ¢ ceveMAMH: paccesiiing IEHTPOHOB B BOXOPOACO-
JepXaluX MaTepHanax InpH HU3KUX TeMIepartypax na.ycranoske JESSICA (I'epManus); B no-
CTAHOBKE OKCTIEDHMEHTOB, pa3paGoTKe H COJANMH ABYX 3KCIEPHMEHTANLHBIX YCTAHOBOK
YPAM na peaxrope UBP-2 u ofnyuarensuoii ycranoskn Ha Mukpotpone MT-25; nposenennn
3KCIEPHUMEHTOB, 06paboTke H HHTEpNpeTalMH JallbIX 10 H3y4eHHIO paJHanioH1I0#i CTOMKOCTH
BOMOPOJACOAEPIKAIMX TBEPALIX MATCPUAJIOB, NCPCHCKTHBUBIX A8 XONOMNLIX 3aMeUTHTENEN
HeHTpoHOB. [IpH HEMOCPEACTBCHIOM Y4acTHH aTOpa OCYyLICCTRICIHO npoexmponaxme OCHOB-
HBIX y3/0B TOJHOMACHITaGHOTO HKCIEPHMEITANBIO0 CTelila XOJIOMIoro 3aMemmrens MSTY
HWBP-2; pa3paboTaHbl W CO3AANLI CHCTEMBI KOHTPOJIS napamMeTpoB M Iporecca 3arpy3KH Imapu-
KOBOTO XOJIOHOTO 3aMeUTHTeNs; Ha MSTY I/IBP-Q 3amyluen B om,l'mylo' axcnnyéTaumo KoMOn-
HHUPOBaHHBIit 3aMeUTHTeND Héﬁ'rbon—lon c ;(OHOL(HLIM mabﬂkOnmm 3aME/UTHTEIICM B €T0 COCTaBe H
HCCJIEIOBAHbI €r0 CBOHCTBA. An'rop npmmman aKTHBIIOE y4ACTHE B MC)KI(yIIapOI(IIOM cm‘pymm-
YecTse 1Mo npoex'raM co3nanms nepcnex'rnnnmx 3aMenATENe uemponon . 'BHLICOKOHIITEH-

CHBHBIX HCTOUHHKOB HCHTpOHOB.

CTpykTypa 1 0o6beM puccepraumn. Jlnccepraiis cocTouT U3 Boenenns, 4-x ras, 3akiio-
HEHHS H CIHCKA HCIONB3yeMLIX HCTOMHHKOB. "B Kouue Kakao# riasbl ctbopmynnponanbl oT-
nenbHble BblBOIlbI Monusiit 06nem IlHCCCpTaIlHH COCTaBIIsACT 208 CTpalmu H BKTIOYaeT B ce6ﬂ

124 pucynxa, 15 TaGJmu H CITHCOK U3 196 6u6nHorpadHiecknx HCTOYHMKOB.

Copaepxanue paborbl =~
Bo BBefeHHH PaCCMOTPEHO COBPEMEHIIOE COCTOSHHE TpoGJieM, CBA3ANNBIX C TEMOIi auccepTa-
uun. OG0CHOBaHa aKTyaIBHOCTh MOCTABACHION 3aj1aui, c(popMyTMPOBAHE Le/b W Hay4Has Ho-
BH3Ha npoﬁonnMHx‘- nccnenopannii. TIpupenen kpaTkuii 0630p cofepxanus TaB AUCCEPTALMH,
TIpe/ICTaBlieHbl NONOKENHS, BHIHOCHMBIE Ha 3AIUTY W Tepedelb NeYaTHEX paboT, B KOTOPHIX
OTpaXkeHbl OCHOBHBIE pe3yJIbTaThl IPOBEACHHBIX HCCIENOBAaHHA. BRI .



B nepBoii riaBe NpecTaBieH 0630p H aHANH3 3aMEIMIOMHX HCHTPOHBI MATEPUATIOB H TEXHO-
7IOrHit MX HCIOTB30OBAHHA B XOJOMHBIX 3aMeUTHTENAX HAa HCTOYHHKAX HEHTpOHOB B Mupe. [Ipu-
BeJIeHb! OCHOBHBIE (aKTOPH], BIHSIOMHUE Ha BBIXOA XOJNOAHBIX HEHTPOHOB B HCTOYHHMKAX H CBOH-
CTBa, KOTOPbIMH JODKHBI ofafate BOJOPOACOAEPKAIHE MATCPHANB! IIPH HU3KHX TEMICPATy-
pax [UTa HX HCTIONB30BAHMA B XOJIOMHBIX 3aMEUIHTEIIAX, Hanboiee BaXKHBIE H3 KOTOPBIX:

- BBICOKasI IUIOTHOCTH aTOMOB BOJIOPOAQ;

- CTOMKOCTD K AEKOMITO3HIMH NTOA ACHCTBHEM pafiMalivu;

- HanMuMe HU3KOJEKAIINX yPOBHEH BO3GYRIEHHS MONEKYT;

- 6OMBIIOE CEeYEeHHs PaccessHHs H MAIOe CeYEHHE MOTIOECHUA;

- KaK MOXHO GoJiee miHpokuii pabounit qUana3on TEMIEPATyp;

- TEXHOJIOTHYHOCTE;

~ JOCTATOYHAs TEMUIONMPOBOAHOCTDL IIPH HU3KHX TEMIICpATypax IjId ChEMa TCIIA,

BHOCHMOTO H3JIYHYCHHEM;
-

- B3pBIBO0E30MACHOCTD,

L IIpoBeneH aHAMH3 CYWECTBYIOMHMX JAHHLIX JUIS PANa MATEPHANOB XOJIOMHBIX 3aMeELIH-
Tt?J'!éif;{i MeTaHa, BOJOPOJIA, JIbJa U Me3UTH/IEHa. OHU ABIAIOTCS MEPCHEKTHBHEIMH MATCPHANIAMH,
npéme BCErO, JUIA XOJIOMHBIX 3aMeIuTeleH 11a HMITy TECHBIX HCTOYHHKAX HEHTPOHOB.

’ B [1aBe pacCMOTPEHEI TPH OCHOBHBIE CXEMBI IIOCTPOEHHS TEXHOJIOrHueckoro obecrneye-
mm wm pa6on=1 XOJIOAHBIX 3aMe/yIuTenell ¢ JaHHBIMH MaTepHaNaMH, & TAKXKE BBIABICHBL OC-
HOBHLIC npoﬁnemm, BO3HHKAIOLIHE NPH HCMOB30BAHKE KXXIOTO H3 JAHHBIX MAaTEPHANOB MpH
KpKOl‘eHHBIX TEMIIEpaTypax K B YCIOBHSAX CHIBHBIX PANHAHOHHBIX MOJICH.

[IpencrapneHnbIe TaHHBIE HCIIONB30BAHBI IIPH BHIOOpE 3aMEUIAIOMIETO HEUTPOHDL MaTe-
PHaa JUIs XOJTOAHBIX 3aMeUTHTENEH.

: PeaynLTarm, TpeACTaBJIEHHEIE B IJ1aBe, oIy 6JIHKOBAIIEL B [1 10].

Bo BTOpOH Ti1aBe NPUBEJICHbI PE3YJIbTATE! IKCNIEPHMEHTOB 110 H3YHEHHIO panuaunommx -
(bexcroa B TBEPIBIX BOLOPOACOJCPXAIIMX MAaTepHANaX JUId XONOAHBIX 3aMe[IHTEeH (MeTaHe,
Nbje, MEIUTHIIEHE ¥ €r0 CMECH C TOTYOIIOM, rnnpaTax MeTana M TeTparuapodypana) mpu Hu3-
KHX TeMreparypax rnpd obiyyeHHd ObICTPBIMH HEHTPOHAaMH, raMMa KBaHTAMH U 3JIEKTPOHAMH
Ha CO3MAHHBIX JUI 3THX HeNeil ofnydarensHpX ycTaHoBkax YPAM-2, 3, 3M na MY UBP-2
JIH® u muxpotpone B JlaGopatopuu sepHsIx peaxuuii OUAN [5, 6, 7, 9, 11-19].

- Yeranoska YPAM-2 [11, 17] u ee Moaudukauus YPAM-3M [6] pacnonaranuce Ha 3-M
Kanane peaxropa UBP-2 (pucyrox 1). YcTaHOBKH MOHTHPOBANHCH Ha MOABHXHOH miatgopme,
Ha KOTOpOH TOJIOBHYI0O YacTh Ha BpeMd OKCIICPHMEHTA YCTAHABIHBAIM BIUIOTIIYIO . K

3aMEUITENI0 peakTopa. [IOTOK GBLICTPHIX HEHTPOHOB B TO3HIMM OONy4EHHS COCTaBISI

-

2x1025/cM?/c. MOIIHOCTE MOTIOMEHHOH A035I B IO3HLMH OOIyYEHHS 3@ CYET raMMa-H3ITy ICHIA

~ 20 T'p/cex, m71st BOIBI 33 CUET HEHTPOHOB COCTABILAN ~ 90:Tp/éex.

Puc. 1. 061111414 cxemamqecmn BHJL yCTaHOBOK YPAM 2 H 3M
(1) pea.tcrop I/IBP—Z 2) rojioBHas HacTh yCTaHOBKH (3) TpaHCl'IopTHLIH KaHa, remm pr60npo-
Bozxm H 3ne1crpnqecme KOMMyHHKa.ImH G} ycrponcnao 3ar'py3Ku C ra3oBBIM l'Iym':TOM S 6no-
om'{ecxa.s 3amm‘a (6) cocyn I[L}oapa c )KPUIKI/IM I‘CIIKCM (7) razoBke 6annom>1 (8) HK c

KOMMYHKKauwlMu (9) pCIIBCOBBIK IyTh

Verazopka YPAM-2, FoNoBHas YacTs KOTOPOH IIpeACTaBNeHa Ha PUCYHKE 2, [O3BOJIAUIA
[POBOAUTE 3KCIIEPHMEHTEI C Bonoponconepmamnmu BelecTBaMH (METaH, BOAA, apOMaTHYECKHe
YITIEBOOPOIEL B AP.) 10 H3YHEHHIO POLIECCOB BBIIENEHHA SHEPTHH B PE3yIBTATE JK30TCPMHIIC-
CKHX pEaKiii peKOMOHHAIHY pam»xxémon H BHIXOJIa paJMOJIMTHIECKOTO BOTOPOAA IIPH TEMIIC-
parypax ot 20K jgo 100K. IlosocTs BHYTPH KarCyIbl HMela nonycgeprdeckyto dopMy. B Hee
3arpy’KaMch MaTepHalbl B BUIE NOXYCHEpS! ¢ 3aMOPOIKOH 13 xugxoit ¢apl, a TAKKE MOCpea-
CTBOM JIOCTABKH [MAPHKOB /TBJIA, IPHIOTOBIERHBIX 3apanee, 160 HAMOPAXKHUBAITHCH U3 Fa30BOH
cpaser Ha crenkd. CTEHKH Kamcy/bl GbUIH CHCTAHBL K3 tméroi»’x Secxucnoposoit Memu (M1 4u-
ctotsr o TOCT Poccuu, TemwronposogHocts 1000 Br/M/K npu 20K). Thnomans BHyTpeHHEH

MOBEPXHOCTH KaICyJIBl COCTaBsuIa 22 em?, o6 BeM MOJIOCTH KANCYIIL! paseH 12 o’



Puc. 2. TonosHas 9acts ycTaHoBKH: (1) xancyna; (2) noaeecka (TemwIoBoi Moct); (3) relmeBkle

TpyGKu; (4) TepMonapsl; (5) o6mydaTenbHas HOJIOCTb.

B mpoBeneHHBIX SKCIIEPHMEHTAX MOCPECTBOM PErHCTPAlMH TeMIIEPaTyp HaGIIOAANHCE
BHUIEJCHHS JHEPruM B Ppe3ynbTaTe 3K30TEPMHUECKHX peaxnm‘i pexoMGHHAIMH paTUKanoB.
Peaxumuy MHANMAPOBATHCE HE3HA'THTEILHEIM (Ha HeCKONBKO rpa;ycoB) MOJOTPEBOM BEIECTBA,
nnGo CTOHTAHHO, NPH HAKOIUIEHHH KPHUTHYECKOH Konnem'panml pamukanoB. CHoHTaHHEBIE

. peam.um GEUTH 3aperHCTPHPOBAHEI B METAHE, BO nb0e, B rnnparax MeTaHa Terpamnpo¢>ypaaa

np}meM B HCCIEJOBABIIMXCA MATEpPHaNaX, 3a HCKIOYCHHEM METaHa, OHH HaGmo,uanncr.
priepBele (pHCYHOK 3). [11-16]

N°50 - Spontaneous burp
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PHC. 3. Ilokasanus TEMIICPATYP M pacxona reausd BO BpEMA CIIOHTAHHOH PeaxKiu pCKOMGHHa—

OHH paJuKanoB B r'HApaTe METaHA (Tinput He - TEMIIEpATYpa Ieiifd Ha BXOAE B Teoo6-

MCHHHK KallCyJibl, TCu‘ TEMIIEpaTypa CTCHOK KaIlCyJIEl, Tinside' TEMIIEpaTypa BHYTPH

obpasna, Vy. — oTok remus). Bpems oGmygenns 1349.

10

- MuayuMpoBaHHbIE peaKiuuu peKoMOHHauui HaGMOJATHCh BO BCEX HMCCHEIOBABILMXCS
Marepuainax (pucyHok 4).
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Puc. 4. Tlokasauus TEMIEPATyp M Pacxoja FeiHs BO BPEMS HILIYLIMPOBAHIION PEaKUHMH PeKOM-
GMHAIMK PATMKAIOB BO Jbae (1-TeMIepaTypa Telns Ha BXOJIE B TEMIOOGMEHHHK Kaml-
CYNEL, 2- TEMIIEPATypa CTEHOK Karcyibl, 3- TeMIepaTypa BHYTpH obpasia). Bpems 06-

nydenns 10,5 vaca.

Panuanuonnsie 3¢ dexTh B apomém%cxnx yriesofiopoiax (ME3HTHIIENE B IIECKONLKHX
¢azoBrIx co_éro;muxx 1 CMeCH Mezumne;la c Toﬁyonom) TPOSBHIIHCE, 3HAYMTENBIO Crabee, dem
B JPYTHX H3y4YeHHBIX MaTepHanax, COHTAINLIE PEaKIHH pexomﬁm;}z;qm‘i ne nabmoaanicey HA B
omHoM W3 9JKcrepuMeHTOB. Ovueub  cnabas . 9K3OTEPMUUECKAT DEAKUUA pexoMOHHaLMK
3a¢mxcuponaﬂa ﬁocne 45 yacoB obnyyenus nozoﬁ ~20 MI‘;’>.,[1 l]‘ ;

OTCyTCTBHC CHOHTaHHBIX peaxulm peKOMGmIauHH Mb)KCT 3¢y oncHeHo
OTHOCHTENBHO Manoif BENMYMNON Hakorulemdol sueprud < 1 Jx/r (<0 02% mnornomeHIon
JIO3B1). [13] ¢

OCHOBLIBaS{CL Ha nonyqemlmx 3xcnepnmemanbnmx ,uanm,lx Gwm BLIpaGOTaHLI
PEKOMEH/IAHH o HOMYCTHMBIM paGodMM TeMIepaTypaM VIS pasHblX MATepHAIOB, YTOOHI
u36GexaTh CMOHTAHHGLIX peakunit pexomOuHAlWil, a TaKke TONYYEHLI MOPOTOBLIE  3HAMCHHA
TeMIIepaTyp, NPH KOTOPBIX BOACPO/| HAYMIIACT BEIXOAHTE H3 MaTepHana nocne 0o6yyeHus.

Veranoska YPAM-3M sBnsnachk Moaudukanued ycranoske YPAM-2 u npeanasnaua-
Nach JUIS OTIpefieNieHHs JaBlIeHHs METaHa HA CTEHKH KaMmeDbl, KOTOpOe BO3HHKAET TIPH €ro 0To-
rpese Tocne 06Tyuenus. MonuduuupoBaHHas TONOBHAS YacTb YCTaHOBKH (PHCYHOK 5) COCTOR-
712 M3 UHIHHAPHYECKOH KaMephl AMaMeTpoM 35 MM H TOJNLMHON 15 MM, 3alIOIHEHHOI aNMOMH-
HHeBoH «TyOKoi» ¢ OTKPHITHIMH MopaMH paiMepoM 2-4 MM. Jlge mitockue CTEHKH KaMephl TOfI-

mmHo# 1,5 MM H quameTpoM 50 MM ciy>KuiaH MeMOpallaMH, KOTOphIE IepeMelanich oA Aas-

11



negﬁem PAIHOJHTHIECKOTO BOXOPOX2 BO BPEMSA OTOTpeBa MOCTE OOMydeHHsA. HepeMeinem{e
¢HEKCHpOBANOCH 32panee OTKaMHOpOBaHHBIMA MHAYKITHOHHEIMHA XaTduKamu. Kamepa ¢ HHOYk-
[HOHHBIMHA JATYAKaMH JABICHAS H TEPMONApaMH HAXOMIIACE B BAKYYMHOM KOXYyXe. YCTaHOB-
Ka M03BO/IUIa HENPEPBIBHO paboTats npH TeMmeparype MeTaHa 25-35 K B TeueHHE JBYX CyTOK.

[6, 18]

a) . 6)

Puc. 5. TonoBHas 4acTh - KaMepa ¢ BaKyyMHEBIM KOXYXOM, (a)- cedeHHe B BEPTHKaTBHOH IToc-
KOCTH . IEPIIERIMKYISPHO OCH YCTAaHOBKH, (6) - CedeHHe B BEPTHKAIBHOM IUIOCKOCTH IO OCH
ycTaHoBkH. .(1- MATMHAPHYeCKHuit KOPITyc KOXyXa; 2 — KOAKCHATBHBIE KaBern [IaTIHKOB Iepe-
i\&énieﬂﬁﬁ,‘ 3 - HHAYKIHOHHEIE JaTIAKH IepeMemenHit; 4 — MeMOpaHbl KaMepHl; 5 — IHIHHAPH-
geckast 06on0uKa Kameps! ¢ o6pasioM; 6 — obpasen (amoMHHHeBad «IybKa» ¢ TBEPHEIM METa-
HOM); 7 - BUTKM MeJHOH TpyOku; 8 — cTanbHas TpyOka UL rasa METaHA H BEIX0Aa BOAOpoaa; 9 —
TaTIHKH Temnepatypsl; 10 — ctanpHas cTpyHa mid ¢uxcannn xamepsl; 11- Tpy6xu momawm re-
).

B pesyspTaTe 3KCIEpUMEHTOB MOXY4YeHO, UTO A Ao3sl > 20 MI'p npu Harpel'aamm -
\‘KOBOé’aaaqe}me OaBleHus Ha MeMOpaHBI, ¢ Y4eTOM IONPaBKH Ha JHAaMETpP, NOCTHIaeT MaKCH-
‘Mwa ~ 2,7 MIla (cMemenue MeM6pansl 0,4 MM COOTBETCTBEHHO), a 3aTeM IIaJaeT, IOCKONBKY
'Pe3K0 HAUMHAeT BEIXOMMTb HAKOIUIEHHE PaIHONUTHYECKHH BOROPOX, BHE 3aBHCHMOCTH OT

CKOPOCTH Harpesa (PHCYHOK 6). DTa BeJHIHHA JABICHHA ABJIACTCA PENETBHOMH. [6]

12
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Puc. 6. ITokasaHHe TapaMeTPOB SKCIEPHMEHTA B IPOIECCE HArpeBa MeTaHa:(JaBICHHE Ha CTEH-

KH KaMepH], TEMIIEPAaTypa KAMEDH], [IPOIEHT BEIMEIMEro B ra3oBEIi 06hem BOAOPOaa).

Jlapnenne Ha MeMOpaHy BCETia JOCTHraeT MTHKOBOIO 3HAYECHHS IIPK TEMIEpaType B JHa-
masone 72-79 K (mocme mmutenpHoro ofiy4eHHd), O ITOO MOMEHTA TOJBKO OKONO 20%
HAKOIUTIEHHOTO BOJIOPOJA BBIXOAUT B rasoBbrit 06seM. [18] V » o _

Ilensio 3KCHIEpHMEHTANBHBIX paboT ¢ ME3UTHICHOM M €ro CMeCHI0 C M-KCHIONOM Ha
yCTaHOBKe YPAM-3 [9], koTopas 651 ycTaHOBIEHA Ha MaKpoTpore MT-25 B JUIP, ABsaIoch
onpeuene}me JaBNeHHA Ha oGonoqu 3KcnepHMeH’1‘aanOH unmmnpmecxon KaMeps1 (TB2M)
npn ee omrpeBe mocie oGnyqemm npn Temneparypax XKHIKOTO asoTa (pucyHok 7 (a)). Hccie-
J:[yeMHMH oGpasua.MH Koropsnwn 3AMONHANCK TBOM, GEUIH !mcrsm ME3NTIUIEH H €ro cMech (B
OTHOIIEHMH 3: 1) ¢ M-KCHIONOM. llannemae Ha 060J1049Ky TBITA MOXKET CO3TaBaThCA KaK OT Tem-
IIepaTypHOTO PACIIEPeHHUs 3aMOPOXKEHHOTO 00pasiia, Tak H (4T0 U ABNAETCS TTaBHOR uenmo) oT
HAKOILIEHHOIO B TIPONecce 0GIydeHust BOZOpOA2. IIps TMOBBIMEHHMH TeMmmeparypsl B ofpasue
JaBNeHHE BOZOPOJA YBEIHUHBAETCA H .nepénaefrca Ha 060J109Ky TBIMa BCIEACTBHE «pacIryXxa-
HI» obpasna. Jing onpez(e;ieum BEJIMYHHE] na.énelmx Ha CTeHKH TBana (pucyHok 7 (6)) Oprm
YCTAHOBIEHH 4 KOBIEBEIX TeH30pe3ucTopa. JUst paBHOMEPHOTO OBy HEHHs NIHIMEIPHIECKOro
obpasna ¢ BricoTolt 105 MM ITY9KOM 3ne1crpononl'c i;H;MCTpoM ~ 15MM, TBIJI MepeMemaics

BBEPX ¥ BHH3 NEPIEHIUKYIIIPHO IMyIKY B KPHOCTATE C XHIKUM a30ToM (pucyrok 7 (6)).

DHeprHs 2NEKTPOHOB B Iyuke’ yckoputend «MT-25» — 9,5 M»B, a Tox mydxa 3JIEKTpO-

HOB H3MEHSUICH B KOKIOM IHKIE A3MEPEHHI 0T 2,5 o 6,2 MKA.



Puc. 7 (a). Cxema skcnepuMenTanbnoi ycra-  Puc. 7 (6). CxeMa 3KcnepHMENTAIBHOTO TB3-

HOBKH! . Ja:

i e
1 — akcnepuMenTanbHLIA TBANT; 2 — 1,2, 3 — BepXusd, CPEAHss H IIHKHAL

SHIKHIT a3oT; 3 — KpHOCTAaT; TepMonapsl; 4, 5 — BepX1Hi ¥ HI>KHHHE TEH-

30MeTpHUecKHii MocT; 6 —Mennas donbra; 7
4 — MexaHH3M BEPTHKAJILHOTO NEpe- eTp > anas ¢ >

— HeeneayeMulit obpasen.
MEUIEHHS, ny pasern

B pesynbTaTe 3KCNEPHMEHTOB MOMYy4eNnbl AANNLIC MO NABMENHIO Ha CTEHKH TBANAa H
IMHAMHKe BBHIXOZA BOXOpOAa mocie o6mydenns obpa3non NpH- BapbHPOBAIIMH TEMIIEPATYPHI,
MaTepHana obpasua u BpeMeHd obnyuenns (no3wl). OmMH M3 pe3ynbTaToB no 06JyYeHHIO

Me3HTHIIeHa B Tedenuu 7,72 Yaca NpH TOKE My4Ka 31€KTponos 4,4 - 4,6 MKA NpeiacTaBlen Ha

. pUCYHKe 8,
10cm’ meauTHnena.
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Puc. 8. DkcnepuMenTanbHple JaHHBIE TI0 H3IMEPEHHSM N2paMeTPOB IKCNECPHMEHTANBHOTO TBIJIA
TIpH OTOTpEBE Nocie 06ITyYeHHS Ha YCKOpHTENE 2IEKTPOHOB: TEMIEPaTypa Me3THIeHA (KPHBEIC
152, 1 3 no nokazanusaM BepXuell, cpenedi B wwxuelt Tepmonap (Tup, Tm, Tdown), K.; 4 —
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JAaBjieHue B ra30Boii nonoctu (P, M6ap); 5 ~ naenenue no noka3saHHAM TEN30METPHYECKOTO MO-

cra.

OCHOBHIBAfCH Ha PE3YLTAaTax JKCIEPHMENTOB, MOMYYEIILIX 1A ycTanoskax YPAM-2,
YPAM-3 n YPAM-3M, MOXHO peKoMEHI0BATE paboune TEMISPATYpPH IS HCIO/B30BaHKS BO-
JI0pOIOCONEPAAMMX MATEPHANIOB B KAaueCTRe 3aMeUTHTENel HEHTPOHOB, KOTOpHIE MO3BONAIOT
M36eXaTh BO3HHKHOBEHHS CIOHTAHHBIX peakiHii pekoMGunauuit paqukanos (Tabiuua 1). B Tofi
e TabIMIe TPMBEEHbI MOy YeHHbIE JAHHbIE O BeMHUHNe aKOIIENHS PATHONHTHIECKOTO BO-
JI0POZia M TeMIepaType, IpH KOTopoii OH crocoGeH BLIXOAMTH W3 MaTepuana B ra3oBblif 00beM,
CKOPOCTb HAaKOMJICHHs SHEPTHH OT NOTNIOWEHHOM 10351, MAKCUMANILHOE ZIaBNCIIHE Ha CTCHKH 06-

AydaTeNLHOM KaMephl, HAIMYKME HIIH OTCYTCTBHE CHIOHTAHHbBIX PEakuHil peKoMGHHauui panuka-’
noB: [5-7,9, 11-19] '

Tabnuna 1
" OcnoBuLie pe3ynbTarhl 3kcnepuMentos YPAM-2, YPAM-3, YPAM-3M
CKkopocThb “Makc. Cnon- PaGouas TeM-
HaKOIJICHHs | JAaBiicHHe i | rasnsie neparypa mis
. ) Hakomnenue po- - L
9HEPrHHU OT | I1a CTCHKH - peakuuu |- n3bexaHus
. o N JOpOJa H TeMIe- . ) i )
Marepuan nornotue- | obmyya- | pexoM- . |*"camopa3sorpe-
R . patypa ero BLIXO-
) HOH 10361 | TeNbHOMH OunHauwmii | BOB BemiecTBa
: . la M3 MaTtepqana 1 )
KaMepbl, T o panuka- | 3aMezIdTeENe,
MIIa* ' “ | "nos K-
1,6%20,2% 2,7 | 6107 Mmom/IIx, | Jla
MeTtan ) : i >28-30
T=70K
Jlen Boant 5,4%+0,4% - 3,{‘..10"8 - Monw/Jx Ia >40
<0,02% 2,65% 13,910%mons/Iix; | Her
Mesutnnen : o : >15
& T=130K
T'unpater Me- 2,4% S ’ Ha
TaHa u TeTpa- | - >35K
ruapodypaHa

*) — pe3yaIbTaT, N0y HeHHLIH NpH 00Ty YEHHH 3JTeKTPOHAMH

OTC)’TCTBHC CHOHTaHHbIX peal(umx pCKOMGHlIaHHH pa.um(anon Pl HH3](HPI ypOBeHL HaKOH-
neHud JHEpPIrHUH B MCEI'}‘I‘THHCHC H €ro CMCCH C M KCHJ‘[OIIOM, a TaK)Ke MaJ'la.ﬂ HO CpaBHeHPI}O C
TBCpALIM METAHOM CKOpPOCThH Haxonnemm Bonopona 1'103130]'151}0’1' paccma‘rpﬂna'rb CFO KaK
Hanbosee MOAXOAAUMA C TOUKH 3pCHHA pa.I[HaI.IHOHHOH cTolKoCcTH TBep}lblH BOAOpPOACOACPKa-
iiicot MaTepHall ANld XOMOAHBIX 3aMenIuTeneii HCﬁTpOIIOB. BmecTe ¢ TEM, CICOYET yqﬂmndn,
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YTO B ME3HTHICHE IPH [UTHTENEHOM OGIIydEeRHH BO3HHKAIOT CONIOCTABHMEIE C TBEPABIM METAHOM
‘maBIeHHA Ha CTEHKH KaMepEl, B KOTopoif on 06Iydaercs W HEOGXOMHMMO IPeXyCMOTPETh MH60
¢B0GOAHOE MPOCTPAHCTBO MEXTY CIOSMH/KYCOYKAMH ME3HWTHIIEHA JUI1 ero pacIuupeHHs, JuGo
JeNTaTh KAMEDBL 3aMe UTHTE e CIOCOGHEIMHU BHLIEPKATh COOTBETCTBYIONTHE AR IEHHA.

" TloNydeHHEe pe3yIBTATH IO NABNEHMIO METAHA HA CTEHKH KAMEpEL HALLTH CBOE npaMe-
HeHHe NpY DPOEKTHPOBAHUH XOJNOAHOrO 3aMeUTHTE/L JUIT HCTOTHHKA XOJMOAHEX HEHTPOHOB Ha
ocnose TBeproro Merana mrst TS-2 ISIS (Rutherford Appleton Laboratory, UK). [18]

o

B TpeTheil I1aBe MPHBOLATCS PE3YIBTATE SKCIEPUMEHTOB, B KOTOPIX CPABHHBATHCH HHTEH-
CHBHOCTH BBHIXOZa XOJIOXHBIX HEHTPOHOB M3 3aMeMNHTENEH Ha OCHOBE pa3sHBIX BOXOPOACOLEP-
JAIMAX MATEPHANIOB (JIe, METaH, THApaT METaHa, BOLOPOM, MESHTIIEH) IIPH HU3KHX TeMIepa-
Typax (20-30 K), a Taxoxe pe3ynbTaThl IPOBEPKH GHOTHOTEK ¢ CEUEHMAMM paccesHUs HEHTPOHOB
JUIL BOTOPOLCOMEPKALHX MATEPHAIOB IIPH HH3KHX TEMIIEpaTypaX, HEOGXOUMBIX UL MOLEH-
pOBaHWA CIIEKTPA XONOMHOTO 3aMEIUINTEA HEHTPOHOB. DKCHEPHMEHTE SEIIONHEHH Ha ycTa-
HéBKe JESSICA B FZJ (Juelich). [1-3, 20-22]

. Hammyummii pesyIsTaT IO BHIXOLY XONOTHEIX HEHTPOHOB NAT TBEpABLi MeTaH. Y3 aHa-
NH3a CHEKTPOB (PHCYHOK 9) BHAHO, yto MesuTHIEH (dasa III) mokasemaer cxoxuit clektp ¢
XHMIKEM BomopojoMm. B JMANA30HE srepruit ot 20 M5B 10 | 5B ME3UTHNEH IPEBOCXOIUT KHJI-
KHil BOZOPOL 10 BBIXOXY HEATPOHOB. JIOMOIHHTENBHOE YBEIHICHHE BLIX0AA HEMTPOHOB MOKET

GBITE JOCTHIHYTO ¢ Hcnonb3oBaHueM I-oi da3st Me3nTHNEHA. [22]
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E [ A ® Mesitylene
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-
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10 |4
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20l il el vl s
w0 w? w7 10?

1

encrgyin eV

ch. 9. MamepeHHEIe 9HEPreTHUECKUE CIEKTPBI UIL JIbAA, METAHA ME3HTANEHA H KHIKOTO BOLO-
pozta mpu T = 20 K. IIprBeneHHbIe JaHHbIe HOPMUPOBAHBI HA NI NPOTOHHBIA MyI0K U

CKOPPEXTHPOBAHB Ha (OH H 3(HEKTHBHOCTE NETEKTOPA. |
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C MOMOIIBIO GHEMHOTEK NAHHBIX HENATPOHHBIX CedeHUI U ME3UTH/IEHa H IPOrpaMMBl
MCNP (Monte Carlo N-particle Transport) 6sU1 cMOOen¥poBaH 3KCIEPHMEHT: HA. yCTAHOBKE
JESSICA. CpaBHeHUA IKCIIEPHMEHTABHBIX JAHHEIX C PACYSTHBIMH VLI HEHTPOHOB C SHEPrHeH
Hxe 10 M5B [aI0T yIOBNETBOPHTENLHEIE Pe3yNIBTaThl. PacyeTsl TakKe NMOKa3amH, 9T0 IPH HC-
noxs30BaEEA Me3uTHIeHa (¢asa II) MHTeHCHBHOCTE HEHTPOHOB ¢ 3Heprueit, 6muskoil k-1 MaB,
65Lra 651 BRITe NprMepHo Ha 30 - 40%. [22]

Pe3ynsTaTsl, nomydenHble. Ha cnextpomerpe HEPA STV MEBP-2, meMOHCTpHPYIOT
TpyaHocTy nmonydenns ¢asel II (amopdras ¢asa), koTopas He ABMAETCHA CTaGHABHOMA U CO Bpe-
menem nepexomut B ¢asy I u III. Jpyroii, HaHNEHHBI! H3 KCNEPHMEHTOB Ha CHEKTPOMETpE
HEPA, cnoco6 momydeHus aMopHON qu;x ~ 5TO HCHOJIB30BAHME CMECH ME3HTHICHA H M-
Kcrrona. [4] DKCIEPHMEHTEI Ha CIIEKTPOMETPE HEYIIPYTOTO PACCESHHA IIi/IH-Zl'II/I WY UBP-2
IO MCCNEJOBAHMIO BIHAHHMS TEMIIEPAaTYphl Ha BBIXOJ XOJONHBEIX HEHTPOHOB JIA ME3UTHIEH2
NONTBEPAMIM BO3MOXHOCTD YBEIHYEHHS BBIXONA XOJOKHBIX HEHTPOHOB: [IPH HOHMXECHUH TEM-
reparypel ¢ 30 K 10 20 K MOXHO yBETHYIUTE BRIXOM XOJIOMHEIX HeHTpoHOR Ha 20 - 25 %. [23]

[lpoBeneHHbIe pacyeTsl MANA OXHOrO H3 KOMOHHHMPOBAHHEIX 3AMEMIHTENCH MOXEPHU3U-
posamnoit USTY UBP-2 meronoM Moste-Kapno ¢ momouero nporpammsl MCNP npr onta-
MQIBHOM TOMIIMHE H KPHOrEHHBIX TEMIepaTypaX HECKOJNBLKMX BONOPOACOAEPKAIIHX MATEpHa-
JIOB [IOKA3aJIH, WTO BEIXOH XOMOOHBIX HEHTPOHOB M3 METaHa MO C]:;aBHCHHIO C ME3UTHIICHOM, BO-

JIOPOIOM H JIBAOM IIPH ONHHAKOBOH TeMn'epérype, BHILte (pucyHok 10). [24, 25]

S (L R —
/2/0,0:;\/.\\
e /ofO/":,Alt o
© 10107 A7 W
Paa) 1/33‘/‘ \\
= A4
Z10°
= 1
S 108 1 .
: 107 : — : .
0,001 0,01 0,1 1 -
"~ E,’B

Puc. 10. CreKTpH HEHTPOHOB XOJIOJHOTO 3aMeIHTEN u3 MeTana (1), MeauTwiena (2), BONOpo-
na (3), nmppa Bomsl (4) ¢ ONTHMHM3KMPOBAHHOM U1t MaKCHMAIBHOTO BBIXOMA TOIIHHOH 2, 2, 4, 3

CM, COOTBETCTBEHHO.
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BuecTe ¢ TeM, € Y4eTOM PaHANHOHHEIX dddeKToB B TBepoM METaHe, IPHBOAMIHX K
He0BXOABEMOCTH - YBEIMYEHHS - TONIMHHEE NPEA3aMEUIMTENS UL CHIDKCHHMS PpaTHaIlHOHHON
garpy3Kkd, B YBETHIeHHS TeMIlepaTypht o 60 K Bo n3bexanre COOHTaHHBIX peakitHil peomMOnu-
HaImi, Me3HTHICH, NPA ONTHMAIBHEIX OapaMeTpaXx, AacT Gonee veM B 2 paja Gobmui BEIXOA
x6:fommx HeifTpoRoB. [24]

JlanHEDt pe3yIsTaT, BMECTE € Pe3YJIbTAaTaMB HCCIEOBARNI paMaltioORHOH CTOHKOCTH B
HEYIIPYTOTO PacCesHNA HEHTPOHOB, O3BOMAI CAENATE BHIOOP B MOJB3y ME3UTHIEHA BO BTOPOM
ha3oBoM COCTOSHHMM (HIH CMECH ME3HTHIEHA € M-KGHITONIOM) B KadecTBE MaTepHala JUid Hc-
[OJMB30BAEMASI B XOJIOOHEIX MUCIEPCHBIX 3aMeIUTHTEIIX HEHTPOHOB KOMILTEKCa KOMOHHHpOBAH-
mpx 3amemmuTencit TV WBP-2. PaspaGoraHHas KOHIENIHA KOMIUIEKCA KOMOHHHPOBaHHEIX

< samemrreneit USTY UBP-2 (pucynok 11) COCTORT H3 TEMNOBBIX M XONOIHBIX JacTeH. [26-28;
30, 31,32)

Puc. 11. Topusorransaoe cevenne Mofaepausuposarnoii STY UBP-2 n ee oxpyeHHus Ha OT-
MeTke 6.0 M : I - xonomuste 3ameymreny; [I — aktuBHas 30Ha peaxropa, III - BogsHEE Npea3a-
MEJIMTENH H BOLIHOH rpeGeHyaTsIii 3aMeNTeNb; PEMCKIME ImbpaMi oGo3HaueHE! HOMepa

Iy4KOB.

Onpenenens! tapaMerps! Ay GOPMUPOBaHHA CNEKTPOB HEATPOHOB C 3aJaHHBIMH Tpe6o-
BaHHAMHA A4 mecTH cnekrpoMerpoB MUY WIBP-2, pacnionoXeHHBIX Ha BBIBEACHHBIX Mydxax 7,
8, 10 1 11 (pucysox 12). B nporecce onTHMH3auMH, GBUI0 IPHHATO PEIIEHHE Pa3MECTHTH XO-
_nomm 3aMeJUTHTENb B HIKHEH HaCTH aKTHBHOH 30HB! (BchTa alcmBHou 30HB! 44 CM) [0 OT-
MeTKH 6,0 (eRTp aKkTHBHOM 30HEI pealcropa), a BepXHHe 22 CM 3aHATH rpeGqua-rbm BOJITHBEIM
33M€1Um'reneM g cbopanosame TEIUIOBOTO CIEKTpa HCK’I’pOHOB TaquM 06pa30M OCH
HCHTPOHOBOI[OB CIIEKTPOMETPOB, KOTOPBIM HEOOXOMMM XONOJHEIA cnextp cmema}m‘cx HUOKE
OTMEeTKH 6,0, a JUIA CHEKTPOMETPOB € HEOGXOMAMBIM CMEINAHHEIM CIIEKTPOM HEeHTPOHOB ocTa-

10TCH Ha LOEHTpe AKTHBHOH 30HB! peaxropa, Toraa OHu TMOY4aroT H TCIJIOBEIC HCHTPOHBI OT Irpe-
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6enyaToro BOASHOIO 3aMEJUTHTENA H XOJIONHEIE HEHTPOHBI OT XOJIOAHOrO 3aMe/UTHTeNs. BMecte
€ TeM, MOCKOJIbKY MOACPHH3HPOBAHHAY aKTHBHAA 30Ha peakTopa ¢rana 6osee KOMIIaKTHO{, TO
11 myyok, nelTpoHOBOA KOTOpOro 6bIT HACTpOEN Ha NPEABLIYINYIO 301y, NPAKTHYECKH 1E T10-
nyyan 6rl HeHTponsl. IToatoMy s 11 kanana, B Bepxmeit 4acTH 3aMe/UTHTENS MPELYCMOTpEN
JIOTIONHHUTENBHbIA rpeGeryarsiii BOAAHON 3aMe/UIHTENh B FEOMETPHH KKPBUIO» OPTOrOHANLHO
ocH |1 myuka. [26-28, 31]

Jxparpylowinia

cnoit B,C

Mpensamegnurens

Samepnvrens rpeGendariv B
wanpasnerm 7, 10 v 11 my-kos

Boagskas nonocTs

MemBpaHa KpuoreHHoro
3aMegnurenna s

FENDSEITSA

7. 8 u 10 nyuxoe

Mocraamennurens
BOAAHON

Puc. 12. Tpexmepras Mojens 3amMennutens i 7, 8, 10 1 11 nmyyxos.

B kauecTBe npuMepa NpHBEACHD! PACCUHTAIIIbIE CIEKTPbI HEHTPOHOB [UlA HalpaBleHHs

7 myuxa Ha PaccTOSHHH 4,5 M OT IOBEPXHOCTH 3aMeuuTens (pucynok 13).

R34
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Puc. 13. .JludpdepeHunamsaple COEKTPE HEATPOHOB A 7-TO KaHana (KBamparkl — TOJBKO

npemmemm're:m, OKPYXHOCTH - ONTHMATbHAA KoH(QHTypauus 3aMmemmrencd (Xonona-
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‘H;1ﬁ¥fpe6eﬂanbxﬁ TEIUIOBOH), TPEYrONBHAKY — CITeKTp HEHTPONOB, MOMYYEHHbIH TONBKO ¢ XO-
‘ noﬁnbﬁ !iach € y4eTOM 4atTHYHOrO 3aTEHEHHs IPeCHAMU BOLAHOrO 3aMeUIHTeNs).

Kax BUJIHO W3 CHIEKTPOB, B 3aBHCHMOCTH OT ACTPOHKM HEHTPOHOBOAA 7-T0' MyHKa BO3-
Md)kl{0 ONHOBPEMEHHOE MOTYYEHHE H TEIUIOBHIX, H XONOMHBIX HEHTPOHOB (xOMGHHMPOBAHHEI
criekTp HelitpoHoB). [29] '

B pesynbTaTe MOJACHHPOBAHHA PACCUMTAH KOIDQUIMEHT yBETHIEHHS IIOTOKA XOIOTHBIX
HeHTPOHOB H3 XOJIOJHOTO 3aME/UTMTENA C ME3UTHIEHOM 10 OTHOIWIEHHIO K TUTOCKOMY 3aMe/UTH-
Temo ¢ BOAOH KOMHATHOH TEMIIEPAaTyphl B 3aBHCHMOCTH OT JUIMHBI BOJIHBI HEHTPOHOB (PHCYHOK

14). [25]

15

G, pas
AN

0 02 04 06 08 1

A, HM

Puc. 14. KosddunmenT yBenuuenus mIOTHOCTH OTOKA HEHTPOHOB B 3aBUCHMOCTH OT JUTHHEI
BOJIHBI HEATPOHOB U3 XONOJAHOTO 3aMEUTMTENA C MESUTHIICHOM IO OTHOLICHHIO K 3aMEUTHTENIIO

C BOJI0it KOMHATHOM TeMIIEpaTyphl.

B TpeTheii rnaBe IpHBENEHB TAKKE PE3YIHTAaTH PacueTOB H aHANH3a JOMOMHHTENLHEIX
BO3MOXHOCTEH MO ynemméﬂmo BBIXOJIa XOJOJHBIX HEHTPOHOB [UI1 ME3HTUIICHA, TIPH CO3JAaHUH
rpebeHYaToro XoloAHOro 3ame;1nménsl HA €T0 OCHOBE' H ONTHMH3HPOBaHA TOMIIKHHA OCHOBBI
rpebenok. JIOMOMHHTENbHBIN BHIXOI XONOMHBIX HEHTPOHOB MOXET JOCTHIaTh 2,5 pas. Ilpuso-
JATCS M AHANM3UPYIOTCS Pe3yNbTAaThl pacyera TEIIOBBIENEHHA B XOIOHBIX 3AMEUTHTENAX

nefttponoB USTY UBP-2 u3-3a Bo3neficTBHA H3MyYEeHHU.

YerBepTas riaBa NocBsinena o6CyKACHHIO PE3YLTATOB CO3IAHHA H IyCKa XOJIONHOro
JHCTIEPCHOTO 3aME/UIHTE/S Ha OCHOBE CMECH ME3HTHIICHA H M-KCHIIONA B COCTaBe KOMOGHHHPO-
BaHHOTO 3aMeamHTend Ha WSTY UBP-2 H HCCIIeNOBAHHIO €r0 OCHOBHHIX mapamerpon [33-37], a

TaIS)Ke rionyqeﬂm,m pe3ysisTaTaM Ha pa3paGoraHH0M H CO3JaHHOM MOJIHOMACIITaOHOM HCIBITa-
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TENLIIOM CTEHJE XOJOMIOro 3aMeIHTeNA MO HCCICAOBAIHIO MapaMCTPOB 3arpy3KH KaMmephl-
HMHTATOpa MIAPHKAMH M3 CMECH ME3HTHJICHA H M-KCHJIONA NMPH HHU3KKX TEMIIEPATYpax MoTOKOM
ra’oo6pa3HOro rejins Mo CJI0KHOMY TPaHCHOPTHOMY MyTH (pHcyHoK 15-17). [38 - 47]

Puc. 15. Tpexmepnniit 3cku3 nonnoMacmrabHoro ucneiTatensnoro:crenaa (1 - TpyGonponon
nojsona remus x KI'Y, 2 - tpy6onpoBox otsoza renus ot K[V, }3 - IBHraTenb ra3oayBKu, 4 -
KPHOCTAT, 5 - y3en ¢ TpyOkoit TuTo 1 MaHOBaKyyMeTpoM, 6 - HO3ULHS BBOJA LUAPHKOB B TPYGO-
poBoA, 7 — J03HpyOLIee YCTPOHCTBO nozauu miapMKon B nHesmoTtpaxT; 8.1, 8.2, 8.3, 8.4- Me-
CTa YCTaHOBKH TepMOMETpoB conpotusnenus TBO; 9.1, 9.2 - dmanun IS OTKAYKH BaKyyma;
10.1, 10.2 - BBIBOBI TpY6OX K MU depeHIHANBILIM JaTunkaM AaBnennus; 11 - kamepa-nMuTaTop
XONONHOrO 3aMeMUIHTeNd, 12 — pBon MOANMTKH  renmus; 13 - Tpalcnoprusiii Tpy6onposox,

NHEBMOTPAKT).

i £

Puc. 16. Tpexmepnas Moaens Kamepsl-umurtaropa (I - kapuesble cTekna TomumHo# 10 MM, 2-

CHCTEMa CJIUBa, 3 - peuieTka, 4 - 06seM Ui 3a0THEHHS IIAPHKAMH, 5 — BaKyyMHBIH KOXyX, 6 —
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KpHOMCHHEIC TpyGONpOBOALI BXOAA TENHA H WAPHKOB H BBIXOJA TeNnud, 7 — CTeKIAHHAas CTEHKa

KaMephl). -

Puc. 17. @oTorpadus MApHKOB B KaMepe-HMHTaTope KpHOTeHHoro 3ameuuTens. Temneparypa

wapukos 60 K, xonnyectso ~ 25000 wr.

e

Ha ocHOBe HCCIENOBAHHHA Ha HCMLITATENLIIOM CTECHIC OLura 3KCNEepHUMEHTANILHO TMOA-
TBEpXACHA BO3MOXHOCTH 3arpy3KH NnoTOKOM ra3006pa3uoro renys OONBIIOro KOMMYeCTBa 1ua-
PHKOB B KaMe€py 3aMEIUIMNTENA 10 CJIOKHOMY TPAHCINOPTHOMY MYTH, IOBTOPAIOLIEMY l(OH(i)HI'y-

PaliHIO THEBMOTPAHCIIOPTHOH JTHHUH Yepe3 GHONOrHYecKyIo 3aIuTy sy UBP-2.

Ipennoxennas u paspaGoTannas koH$Hrypauus KoMGHHIPOBANHOTO 3aMEUTHTENA JUIA
7, 8 10 H 11 My4KOB OGCCHC‘{HBaCT 1e06X0AHMbIE cnel(Tle Hel‘f'l'rponoB JUIA WECTH CIEKTPOMET-
pOB PACMIOTIONEHHEIX Ha ITHX IyKaX, 33 CHET MHCIICHHO TIPOMOZCTHPOBANHOTO ONTHMAITBHOrO

pacnonox(e}mﬂ xonounon H TerIoBoit yacrei 3aMe11nHTen;1 (pncyuol( 18) [33-35]

Puc. 18 ®ororpadus H3roTOBJIEHHOTO KbMGHHHponauHoro samemuTens s 7,8, 10 n:11 nyy-

KOB MoZiepHHu3npoBanHoii VISTY VIBP-2 nepen ycTanHoBKOH B LUTATHOE MOJJOKEHHE 1. :x - .ot
=~
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Ha ocuose JallHbIX, MTOJYYCHHBIX HA HCIBITATCJIEHOM CTCHOC Obna pa3pa60'raHa TEXHO-

JIOruyecKas CHCTEMa XONOAHOTO 3aMeuTHTeNs (pucyHok 19). [34]

1 12

Puc. 19. YnponieHHas TexHoIOrnyeckas cxema Iofayd MapyKoB K OXJIaXKAEHHS XONOAHOTIO 3a-
merens UAY UBP-2. (1, 2 — nnddepenumansusle natuuku aasnenns, 3- tpybka Iluro, 4 -
KPHOTeHHas TeNIMeBas YCTAHOBKA ¢ TpyGOINpoBoaaMu XOJIOAIOTO TeNHs BTOPOTO KONTYpa, 5 -
Tenno0OMEHHHK, 6 - KPHOTEHHBIH reNnueBsId Hacoc (ra3ofyBKa), 7 - pecHBep Jula oTpaboTaliHOro
MaTepHana 3aMejUIMTeNs ¢ IPEHaKHOH J';HHHei'{, 8 — npezaMeIHTEND C BOAOH, 9 — KPHOTEHHBII
3aMejUTHTEND ¢ apukamy, 10 — kpHoreHHsI# TpyGonpoBoa AN MHEBMOTPAHCIIOPTA IAPHKOB 1
roJayy XOJIOAHOTO renus NnepBoro KouTypa (k 3amemnurenio), 11 - nepsas 6uonoruyeckoit 3a-
nMTa peaxkropa, 12 — propas 6uonornyeckas 3aiura peaktopa, 13 - xproreHHbIH TpyGonpoBosa
00paTHOTO relHeBOTO MOTOKA NIEPBOrO KOHTYPa, 14 — rasronbaep ¢ renueM, 15 - sarpy3sounoe
YCTpO#CTBO, 16 — akTHBHAs 30Ha peakTopa MBP-2M ¢ moaBmxHBIM oTpaxateneM, 17 — tpy6o-

npoBoA cOpoca ra3a U3 CHCTEMBI). "

B ueTBepToii rIaBe TakxXe ONMMCHIBACTCA MPHHIMI paﬁoﬁl pa3paboTaHHOrO0 Mporpamm-
HO-annapaTHOTO KOMIUIEKCa [UIA KOHTPOJS MapamMeTpoB HCIIBITATENBHONO CTEHAA H XONOMHOTO
samemntens. [34, 39, 43 - 45] Ananu3upyrotcs pe3ynsTaThl NycKa XOJNIOAHOTO 3aMeIUTHTENS
(TeMmnepaTypbl, TEIUIONPHTOKH, CIIEKTPLI HCHTpOHOB, uerpa,uauml criexTpa, anan3 CIUTOH mO-
cne obayyenus cMeck u ap.). [puBonaTcs nsMepeHHble CHEKTPEI Heu'rponon Ha cnex'rpome'lpax
pacrnonoxeHHsIX Ha 7, 8, 10 n 11 myukax (pucyHok 20), Koa(b(bHuHeHT yBeanem«m ITOTOKA XO-
JIONHBIX HEHTPOHOB NpH paboTe KOMGHHHpOBaHHoro 3ame1:mmenﬂ C XONIOJHEIM 3aMEIITHTENEM B

€ro cocTtasec (pHCyHOK 21), a TaK)Ke HeKOTOpI:lC peaynb'ra'rb} IKCIIEPHMCHTOB l'IO H3y‘-leHHIO KOH-~
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JIEHCHPOBAHHBIX CPEJl HA CIEKTPOMETpax ¢ HOBBIM KOMOHHMpPOBaHHBIM 3aMesnmTeneM VY

VIBP-2. [33-37,48] -

A

< —water T=300K
T=100K

mesitylene T=30K
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Puc. 20. CrieKTpsl HEHTPOHOB, TIONYUYEHHBIE C BBUIENEHHOM obnacTH H300pasKeHHS XOJIOQHOIO

sameTATENS: 1- IpH mycTo#l kaMepe, 2 - NpH 3arpy3Ke IMapHKaMH IPH TEMIICPAType 100K 13-

IIpH TONHOCTBIO 3arPyXeHHOH KaMmepe NpH Temnepatype 30 K. ’
- VI3 IOy IeHHBIX CTIEKTPOB MOXKHO IOMYYHTE K0IQGHIMEHT BHIMIPHIIA B IOTOKE XOIO/-

HBIX HEHTPOHOB, KOTOPBIH JocTHraeT 13 pa3 ais oy BonH 8~ 10 A (pucyHoK 21). (33,34}

Pl e

Gain factor of CM at T=30K.

L/
'
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PHc 21 Bemmmia Koacbcbmmema Bum*pmma B TIOTOKE xonomimx HEUTPOHOB npn chonmo-
Bamm xonolmoro 3aMeUINTENS B COCTABE xomﬁmmpomm{oro 3aMC1mmem{ I/I}D’ I/IBP 2.

Haqano paGOTI:I KOMGHHKpOBaHHOI‘O BaMCIU'[ﬂTeHX HCH'I]DOHOB C XOJ'IOHHI;IM IHapH](OBHM

3a.MeIUIKTeJ'ICM B ero COCTaBC Ha MO}ICPH}BHPOB&HHOH Hccneuoaa'rem,cxon ;mepﬂou yCTaHOBKC

. UBP-2 ofecreunio HeoGxommMble CIIEKTPhI HEHTPOHOB UL INECTH AEHCTBYIOIMX HCCIEN0Ba-

24

TENBCKHX YCTAHOBOK (ITOJIOBHHA OT BCEX BBENIEHHBIX B 9KCIUIyaTalHio YCTAliOBOK JUIA H3yUEHHS
KOHJIeHCHpOBaHHBIX cpe Ha MSIY UBP-2): CKAT, 3TICUJIOH, HEPA, PEMYP, I'PEMHC,
OCJ, pacnonoxeHsbx Ha 7, 8, 10 1 11 myukax. Takxum ofpa3som, na ycranoskax CKAT, JI1-
CUIJIOH, HEPA, PEMYP - nosBunack BO3MOXIIOCTE OAHOBpPeMeHHo paboTaTh KakK ¢ TEIUIOBLI-
MH, TaK H C XOJIOJHBIMH NlefiTponamH, ycranoska ®CJ] obecnieyena TEMIOBLIMH HEHTPOHAMH, &
TPEMHC — xononuemvu Hefitponamu. [34, 37, 48, 49°, 50°]

B 3arutiouenns ¢chopmMyanpoBaNs] pe3yibTaThI:

1. Paspa6GoTaHo HOBOE IaNpaBieliHe B CO3/IalHH XONOMNBIX 3aMeluIHTeeii nefiTpolioB Ha oc-
HOBE TBEPHBIX AUCIEPCIBIX BOJOPOCOACPKAIINX MATEPUATIOB U BLICOKOMHTEHCHBHEBIX
HCTOYHHKOB HEHTPOHOB. i

2. JeranbHo MCCNENOBaHBl 3aMeIfoOmas cnocoOHOCTE, panHalroHHsie 3¢deKTsl, BO3MOK-
HOCTH paboTaTh B ITHPOKOM JHanasoue TeMIepaTyp TBEPALIX BOJIOPOACO/IEpKAIMX MaTe-
PHATIOB JUIS XONOMHBIX 3aMC/UIHTENEH MPH HH3KMX TEMIIEpaTypax (MeTaHa, Jbja, THpaTa
MeTaHa, ME3UTHIIENa H €r0 CMECH ¢ M-KCHIIOJIOM) Ila pa3paboTalIibiX H CO3JanHbIX 00my-
yaTenbHBIX ycTraHoBkax YPAM-2, 3 u 3M na peaxrope UBP-2 (JIH® OUSIH) v Mukpo-
tpore MT-25 (JISIP OUSIM) u B sxkcnepuMenTax na yCTaHOBKe JESSICA (FZ Juelich,
Germany) u JIMH-2ITK (JIH® OUAH).

3. VCTAaHOBJENO, UTO B CMECH ME3HTHIICHA M M-KCHIIONA CIOITAIINOH peakLul pekoMOHHa-
M pafHKaNoB 1e HabnionaeTcs, a CKOpocTh HAKOIUICHHA IEPrHH OT MOIJIOIIEHHOH 1035
HaWMEHBINas U3 BCeX HCCNeNoBalHbIX MaTepranon. Ompeaeseno, 4To JapjielHe Ha CTCHKH
06y4aTeNBHBIX KaMep 33 CYET HAaKOIUIEHHOTO PaJMOIMTHYECKOrO BOJOPO/a B METAHE H B
ME3UTWIeHe NoCTUraeT BenHdunsl 2,7 MITa.

4. PazpaGotan crocof JHCIIEPCHOI 3aTrPy3KH CMECH ME3NTHJIEHA H M-KCHII0a B BHJE INapH-
KoB (auameTpom 3,5 - 3,9 MM) B KaMepy XOJIOANOro 3aMCIUTHTEIS IPH HH3KHX TeMIepary-
pax MOTOKOM XoJojuoro razoo6pasnoro renus. Ha cosnanmom nosmroMacmrabioM sKcIe-
PHMENTAIBHOM CTEHJIE XOJOIHOTO 3aMC/UIHTEIA, TOBTOPAIOEM  CJIOXKIILIA TPaHCIOPTHLINA
TyTh yepe3 6uonoruueckyio 3amury UAY UBP-2, anpoGupopan H AeTansHO HCCIENOBaH
coco6 AucHepcHoi 3arpy3kH GOMBIIOro KOJIHYECTBa mapukos (~ 25000 urryk). Cospanst
TEXHONIOTHYECKAdA CHCTEMBI H CHUCTEMBI KOHTPOIA OCHOBHBIX MapaMeETPOB XOJIOAHOrO 3a-
memmurens VY UBP-2.

5. PaspaGoTaH u cO3[aH MEPBLI B MHpE XONOAULIA 3aME/UIMTENb Ha OCHOBE JHCIEPCIOH He
B3PBIBOOITACHOM CMECH ME3HUTHICHA H M-KCHIIONA C Komponbuo-mMepnfenwbm o6opyno-
BaHMEM H TIPOrpPaMMHLIM ofeclieyeHneM. DKCHEPHMEHTAILHO MOKA3aHO, YTO XOJNOAHEIH 3a-

MEIUTUTEIb:
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. - yBEIMHBAET NOTOK XOJIOHEIX HEHTPOHOB 1O 13 pa3; i
“*_ MOXKeT HempepbiBHo paGoTathk na VSTV MBP-2 1ipu moumocTu 2 MBT Ge3 3amMens! MaTe-

puana o 10 cyTox;

- - MoxeT paboTaTh B LIMPOKOM Janasole TeMNepaTyp oT 30 no 150 K.

6. PaspaGoTaH METOJ TOJyYeHHs MEJICHHBIX NCHTPOHOB B IIMPOKOM AMANasoHe JUTHH BOJH
U1 BHICOKOTIOTOYHEIX HCTOYIHKOB IIEHTPOHOB C MYJIBTHIMCUHIUTAHAPHBIM HaGopoM 3KC-
TIepUMEHTANIBHBIX YCTAlOBOK, NpeanasHaYenIbX Ul U3y4elns KOICHCHPOBAHHKIX Cpen
Ha BBIBENEHHBIX TMyuKaX. AnpoGaups MeToNa NMPOBCACHA 11a HCCIEA0BATENLCKOH ATepHOH

~ycranosku UBP-2 mna 7, 8, 10 u 11 ny4kos, a uMenno: paspaGorana kondurypauus, cie-
JiaHO NETANLHOE YHCIEHHIO0e MOLEIHPOBAHHE, CO3aH ¥ BHEAPEH KOMOUHUPOBAHHBIN 3aMeft-
. IATENb HEHTPOHOB C XONOINGLIM. TBCPAOKHCIIEPCHELIM 3aMe/UTeNeM B ero cocrase. Ilpu-
MeHeHHE XKOMOMHHPOBAHHOIO 3aMeUTUTENs PacLIHPUII0 BOIMOXHOCTH NPOBE/ICHHS SKCIIE-
- PHMEHTOB Ha IecTH criekTpomerpax MY MBP-2, pasmemennpix-na ykasamueIx myuxax, u
. TIOBHICKIIO 3((EKTHBHOCTb MCCIENOBANMH C XONOMHBIM M CMEaHbIM (XONOANBIM H Tem-

TIOBBIM) CTIEKTPOM HEHTPOHOB,

B 3axmo4eHHe aBTOp BhipaxkaeT G1aroqapuocTh KoJUIEraM, IIpH y4acTHH KOTOPELIX NMPOBO-
JWIHCh PACHEThI, CO3ABATHCH NMPHOOPLI, IPOBOMIKCE KcnepuMenTs! Ha MBP-2 1 ananuinpo-
Banuch ux pesynstarhl: E.I1. lla6amny, B.J. Anancesy, H.I. Asuynosy, M.B. Bynasuny,
A:A. Bensxony, A.E. Bepxornanosy, A:B. Jonrux, J1.B. Exynosy, B.I. Epmunosy, A.H. Ky-

croy, EH. Kynaruny, K.A. Myxuny, H. Hatkamuy, A.I'. Hobuxosy, A.IL. Cuporuny, AllL
| Merpenxo, T.B. Ietyxoroit, A.H. ®enoposy, A.H. Uepnuxosy, JL.E. 1a6anuny, B. K. Hlupo-
~_KOBY;
+-+...Bnaronapur 3a cozelictsye B paGoTe H MOMOUIL NP CO3MAHHH H 3KCTUTyaTallMH IKCIEPH-
MEHTANIBHBIX yCTaHoBoK pykoBozutened JIHO n coﬁ)ymmxon JlaGoparopuu M3 nojpasjene-
nuit: Peakrop UBP-2, MTO, OM, 3TO, HOOHHKC, HOOKC HEP-2, Kb, OHUPKC, cexropa
PC, npenﬁpmrmﬁ HITO «HUKUDT», HITIO «ATOM», HITO «TEJIMAMALL», a Taxxe co-
Tpynuuxos JISIP, orseualomux 3a paGoty. Muxporpona MT-25 u corpynuukos JI®BI 3a mo-
MOIIBb B paboTax ¢ KpHOTEHHOH TEXHUKOH.
» ABTOp BBIP@XaE€T PU3HATEILHOCTE HOKTOpaM (H3HKO-MaTeMaTHuecKux rayk: PpaHky
rOMeHGaYMy u Jletnady ®unrecy, xannupary dusako-matemaTudeckux nayk Kawo. Hioenuur-
XOBY 3a NPEeJIOCTABNIEHHYIO BO3MOYXKHOCTE Y4acTBOBaTh B paGoTax no npoekty JESSICA; a Tak-
xe HpbBOﬁHTL pacueTHble paGOTHI O TIPOEKTY co3aaHus KoMilekca samenmurenei MY MBP-2

B ‘PopmyHrIieHTpe Onnxa.
A
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ABTOp TaKKe CYHTAET CBOWM TIDHATHEIM JonroM nobnaroxaputs npodeccopos H. Ku-
auark u P. I'panany, a Taxxe Bclo MexAyHapouHyio konnaGopauuio ACoM 3a monesnsle nuc-

KYyCCHH IO BOIIpoCaM, CBA3AHHBIMH € 3aMEUTHTCI/ISIMH Heifrrpor{on.

Pesynbrarhl uccnenosanuii, NpesCcTapNeHIBIE B IMCCEPTAlHN, OMYGNHKOBANL B ClENy-
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