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AKTyanbHOCTb TeMbl. 

HOBbie Tex1rnnonrn B npOMblWJJellHOCTH 11 Me.UHJ!HllC Tpc6y10T C03J(amrn llOBblX MaTC-

pmUIOB, a TaK)Ke HCCJle.!(OB3HHl! 11X xapaKTep11CTl1K 113 M11Kpo - 11 113JJOCKOCTW!CCKOM ypomrnx . 

Tio Mepe pa3BHTl1l! MeTO.llOB KOIICTpy11pol3a11ttll H C03.UaJJl1l! 11eo6XOJll1MblX M3Tep11aJJOll, tt3yciac­

Mble CTPYKTypbI ern110Bl!Tell Bee 6onee eJJOlK11b1M11, a pa3MepLI np116nmKaIOTCH K aTOMllbJM. JTO 

OTHOe11Tell K MaTepttaJJaM H HX KOM6tt113UHHM 113 13eex KJJaeeoB - OT MeTaJIJJOB, nony11pOI30J1JllI­

KOB H KepaMttK .no opraH11'1eeKttX 11 6ttOJJOrw1eeK11X eoe.n1111eH11H. llo3TOMY JlJlH Toro 'IT06bl 

ynpaBJJHTb no.no6Bb!MH eJJOlKllb!MH e11eTeMaM11, 11eo6XO.lll1MO JICTaJ!bllO 113Y'I3Tb !IX XHWl'IC­

eKy10, 3JleKTpo1rny10 11 Mafll!1TIIYIO eTpyKTypb!. 0Jllll1M 113 JC(HjJeKTl1BllblX, a 13 p>111e enyciacB 

e,[IHHeTBeJJHblM 3Kenep11MCHTaJJLHblM MeTO.UOM lllJJll!CTeH MCTO!\ paeeCll1111l! llCHT}JOllOB llH3Kl1X 

3Heprni1. 

B eospeMCHHblX tteTO'lll11Kax 11ei1TpOHOll, T3K11X KaK l!,[IC}Jllb!C peaKTOpbl II 11eTO'llll1KH 

HCHTpOHOB Ha oeHOIJe yeKopttTeJJeH (spallation), 06pa3y10Tel! llbJeOKOJHepreTWJCCKHe - "6i,1eT­

pb1e" 11ei1TpOHb1 c 3Heprnetl - 2,5 M38 11 BL1we. )],JJll np0Be11c1111H JKenep11MCHTOB 110 1nyc1e111110 

KOH,[ICHC11p0ll3HHblX cpe.n, CTOJ1Y4Cllllb!C OT nepBWlllb!X tteTO'llll1KOll llCHTpOllbl 11co6xon11Mo 

npe.nIJap11TeJJbHO 3aMeJlJJl1Tb, T.e. YMCllLUJHTb J11epr1110 11a 11eeKOJlbKO nopl!JlKOB - Jto J11cpr11tl 

::iB-n11an33011a ("TenJJOllble" HCHT}JOllLI , - 0,025 J B , LIJ111Ila llOJl!lbl - CJll11111L\bl A11reTpCM) H JlO 

3Hepr11tl <5 M3B ("xono.n11b1e" 11ei1Tpo111>1, c !IJ11111oi1 BOJJ111>1 OT 4 !IO 30 A). C111DKe11Hc J11cprn1-1 

6bieTpblX HeHTpOHOB 11eTO'IllHKa BlrnOTb !10 11X TepM3J1113a1111H oey111ceTIJJlHCTel! B 3aMC/.(JnrreJJllX 

HCHTpOHOB, KOTOpb!C HllJlH!OTCll npOMClKYTO'lllbJM 31JCllOM MClKl lY 11eT041111KOM llCHTpo110ll II 

3Kenep11MeHTaJJbllb!MH yeTalJOBKaMll. Co3.ua1111e llYlI<I!OfO eneKrpa HeHTpOllOll BO BIIC!lllll1X 

ny'IKaX BblnOJJHl!eTel! B TenJJOBblX H ll XOJJO,[lllb!X 3aMe!\J111TeJll!X, pa6oTaJOll!HX npH TeMncpaTy­

pe 3aMe.L1JJl!10Luero MaTep11ana 20K+ I OOK. Coc1ern1111c TenJJoBoro 11 xo110.u11oro 3aMCJ!JlHTCJJCH 

.uaeT B03MOlKHOCTb 6onee rtt6KO nO,[IXOJll1Tb K npoeKT11pO!lallHIO, eo3.na111110 H MOl !Cpl!H3a1111H 

eneKTpOMeTpOB 11 3cjic(ieKTHlll!ee 11enOJlb30BaTb 11ei1TpOllbl. 

B 21-0M eTOJJeT1111 Bee 6oJJee BOCTpe60IJa1IHblMl1 HBJll!IOTell XOJJO.!(llb!C HettTp011bl. Jlp11-

MeHeHtte XOJIO.!(Hb!X HeHTpOIIOll oeo6eHHO :icjlcjleKT11BllO ,[IJJH eneKTpOMeTpOB MaJioyrnoIJoro pae­

eeHHHl!, CT03BOJlllH 113Y'l3Tb MHKpOCKOCTH'!CeK11e eTpyKTY}Jbl, 60JJLW11e MOJJeKyJibl, !lOJ111MCpbl, 

6eJJKl1, HaHO'!aeT11UbI. XoJJOJlHbie 11ei1Tpo11L1 npttMe11HroTCH .UHH np0Be.ne1111H 3Kenep11Me11TOB no 

HettTpOHOrpacjJ1111 B peaJJbllOM BpeMCHl1, Hanp11Mep, .!(J!H H3y'leHttH X11M11'IeeK11X peaKU11H B 

TBep):IOH cjla3e. f1p11MeHeH11e XOJlO.!(HblX HettTpO!!Oll np11 H3Y'ICHl111 Maflll1Tllb1X eTpyKTyp, nyTeM 

paeeel!H11ll Ha 6onLwtte yrnL1, no3BOJJl!eT yseJJtt'lttTb pa3pewaroruy10 enoeo6HoeTb .u11cjipaKTO­

MeTpoB. l1enOJJb30BaHJ1e XOJlOJlHblX llCHTpOIIOB OTKpbmaeT HOBblC B03MOll<HOeTtt ):\Jll! 11ei1Tpo11-

HOH pa.u11orpacji111111 TOMorpac(rn11, CT031JOJll!H ynycIWl1Tb pa3peurc1I11C noJJy'laCMblX KapT11H. 



HccJle.uosaTeJlbCKall ll.Uepnall ycTa110BKa HGP-2 B Jla6oparnp1111 11ei1Tpo1111oi1 cjrn3HKH 

HM. H.M. <l>paHKa 0115IH llllJll!eTCll HCTO'-!llHKOM IICHTp011013 .!IJlll npOBC.UC!nlll JKCnepHMCIITOB 

no H3y'-!eHmo Kon.ueHc11ponaimbIX cpe.u 11a Bbme.ueHllbIX ny'-!Kax. EJKero.11110 11a 11ei1 upoBO.UllTCll 

COTHH 3Kcnep11Me11TOB yye11b1M11 113 Pocc1111 11 .upyrnx cTpa11. Pa3pa60TKa 11 oc11au1eH11e H5JY 

HEP-2 coBpeMeHHbIM KOM6mrnpoBaII11b1M 3aMe.UJlHTeJleM 11ei1Tpo110B l!BJllleTcll aKTyaJlbHOH 11 

Ype3BbI'-!aHHO BaJKIIOH 3a.UaYei1, nocKOJlbKY o6ecneYHBaeT n0Jly'-!e1me 11eo6xo.u11Moro cneKTpa 

HeHTpOllOB Ha HCHTpOIIIlblX cneKTpOMeTpax J1a6opaTop1111. 

Om1oi1 113 COCTallllbIX '-!aCTeH KOM6mmpona1111oro 3aMC.UJlHTCJill IICHTpOIIOB llllJll!CTCll 

XOJlO.UHbIH 3aMe.!IJlHTeJlb c TeMneparypoii 3aMe.UJil!IOUlero BCUlCCTBa 20K-c l OOK. Pa3pa60TKa 

3cjlcjieKTHBHOro 11 11a.uel1moro XOJIO.Ul!Oro 3aMe.UJlHTCJlll llCHTpOllOB .UJill IlblCOKOHllTellCHBIIbIX 

HeHTpOHHbIX HCTO'-!llHKOB llllJll!eTCll CJlOlKllOH l11llKCllCp110-cjJH3H'-!eCKOH 3a,!la'-!CH. 011a CBll3a11a c 

pl!.UOM Tpe6osa1rni1 K BO.UOpo.uco.ueplKaIUHM MaTep11aJiaM npH 11X 11CllOJib30BaIIHH Ila HMfIYJlbC­

HOM peaKTOpe. B '-!aCTJIOCTH, MaTepHa!lbl .UOJI)l(llbl o6Jla.uaTb IlbICOKOH pa.u11au110HHOH CTOHKO­

CTbIO, WHpOKHM .u11anaJOllOM pa60'IHX TCMnepaTyp, BbICOKOH 3cj1cj1eKTHBllOCThlO no 3aMe.une­

llHIO HeHTpOIIOB .uo M11JlJ1113JleKTp011BOJlbTHbIX 311eprni1, BblCOKHM ypoBIICM 6e3onac110CTH 11C­

ll0Jlb30BaHHll, TeXHOJlOrH'-!llOCTbIO. AJlll Bb16pamrnro MaTep11aJia .UOJilKllbJ 6bITb pa3pa60Ta1Ib1 11 

np11MeHeHbI TeXHOJlOrl1'1ecK11e pewe1111ll no ero 3arpy3Ke B KaMepy 3aMe.UJlHTCJill, oxJiaJK.ue111110 

11 H3BJie'-!e1m10 113 KaMepbI. 

AHll .uocTHl1<e1111ll 1ia1160JlbWCH 1111Tcuc11B11ocT11 11ei1Tpo110B ua IJbIBC.UCllHbIX nyc1Kax, 

Tpe6osaHHll K cneKTPY KOTOphIX B OT.UeJlblibIX CJly'-!al!X B3aHMOHCKJllO'JalOIU11e, He06XO.UHMbl 

.ueTaJlbHal! npopa6oTKa Ko11qrnrypau1111 TCllJIOBOH 11 XOJIO.UHbIX '-!aCTeH 3aMe.UJIHTeJill c '-!HCJie11-

HblM MO.UeJ111poBa1111eM Tpa11cnopTa llCHTpOllOil 11 np11Me11e1me cneu11aJlbHblX TCXllH'IeCKHX pe­

we1mi1. 

B HaCTOllwee 13pCMll B Pocc1111 HeT HH O.UHOro .ueHCTBYIOIUero HCTO'-!llHKa XOJIO.UllblX 

HeHTpOHOB (KpOMC on11ca11110ro Il .ua1moi1 pa6oTe), B TO BpCMll KaK Il MHpc pa6oTaIOT 6once 15 

HCTO'-!HHKOB ( 4 - B CWA, I- so <l>pa111.11111, 3 - B A11rn1111, 2 - B 5Jno111111, I- B ABcTpaJ11111, 2- B 

repMaHHH, I - Il Be11rp1111). Anll coxpa11e1mll JlH.UHpy1owcro flOJlOlI<CllHll H5JY HEP-2 cpeJlH 

HMnyJibCHbIX HeHTpOHHblX HCTO'-!HHKOB 11a MO.Uep1111311pyeMOH HCCJIC.UOilaTeJibCKOH ll.Uep11oi1 

ycTaHOBKe HEP-2 11JlaH11pyeTcll co3.uaH11e 11 np11Me11e1me -rpex xoJlO.UHblX 3aMe.11J111Tenei1 

HCHTpOHOB, cnoco6HbIX o6ecne'-!11Tb Bb!COI<HH IlOTOK 11ei1TpOIIOB c .!1Jll1110H BOJlllbl 6oJiee 0,4 IIM. 

C KOMllJlCKCOM KOM6111111poBaHHbIX 3aMe.UJlHTeJlei! 11a H5JY HEP-2 11ei!TpOH11b1e cneKTpoMcTp1>1 

JIH<I> OH51H 6y.uyT pa6oTaTb Ha o.u110M 113 caM&IX 1111Te11c11B11b1x B EBpone 11MnyJibCllbIX 11crn•1 

HHKOB HeHTpOHOB. 
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L!emt 11 JaAaY11 pa6oTbI. 

L1e11111: 

I. Pa3pa6oTKa HOBOro 11anpaBJieHHll B C03.UaHIIl1 XOJlO.UHblX 3aMe.UJ111TCJlCH HeHTpOllOB 11a oc­

IIOBe TBep.UblX .u11cnepCllbIX BO.UOpo.uco.ucplI<aw11x MaTep11anoB .UJlll IlbICOKOl111TeHCl1BllblX 

11CT0'-!1111KOB HeHTpOHOB. 

2. Propa60TKa MeTO.Ua fl0JIY'IeHl1ll MCllJlCllllblX HeHTpOHOB B W11pOKOM .1111ana301Ie )lJll1H BOJIII 

.!IJlll Bb1c0Kon0To'-!11b1x 11cTO'llll1KOB Hei1Tpo110B c MYJibT11n11cu11nn1111ap11b1M Ha6opoM :iKc­

nep11MeHTaJlbHb1x ycTaIIOBOK .UJill 113yc1e1111l1 K01I)le11c11poBaHllblX cpen Ha IlbIBC.UeIIHblX ny'-!­

Kax. 

3aA3Yl1: 

I. AeTanb11oe 11ccJle.uosaimc IJ0.uoponco.uepl1<a11l11x MaTep11anoR .um1 11cnOJlb30BaHHll B xoJio.u­

HbIX 3aMenn11TeJil!X 11eiiTpo110B (11a cTeH.uax 11 :JKcncpHMCIITaJlbllblX ycTa110BKax: YPAM 2, 

3 11 3M, AHII-20H, OJ/151];1; .JESSICA FZ-.Juclich, Germany). A1rnJ1113 nOJlY'-!CIIllbIX .uau­

llbIX 11 BbI6op MaTep11ana, 11a1160Jlee nonxo.uHwero .UJlll xo11on11oro 3aMe.umrreJill J/151Y VIEP-

2 no coBoKynHOCTH cne.uy1ow11x napaMeTpon: 3aMe)lJllliowall cnoco6HocTb. pa.u11au1101rnall 

CTOHKOCTb, B03MOlKIIOCTb pa6oTaTb B WHpOKOM .UHana3011e TeMnepaTyp, a TaKlI<e 6e3onac­

llOCTb 11 TeXl10Jl0fH'lllOCTb. 

2. Pa3pa60TKa cnoco6a 11 Tcx110Jiorn11 3arpy31<11 npe.UJIOlI<eH11oro B .ua1111oi1 pa6oTc MaTep11ana 

13 KaMepy XOJIO.UHOro 3aMC.UJIHTeJil! np11 IIH3Kl1X TeMnepaTypax '1Cpe3 6110JlOfl1'IecKy10 3a­

IUHTY (Ha np11Mepe Vl51Y VIEP-2) . 

3. Pa3pa6oTKa 11 cm.uaH11e Bile pa.u11a1.111ou11oi! 3011b1 noJIHOMacwTa6Horo 31<cnep11Me11Tanb110-

ro CTCH)la XOJlO)lllOrO 3aMC)lJil1TeJlll c TCXIIOJ10fH4CCKHMl1 CHCTeMaMH 11 CHCTeMOH KOHTpOJlll 

OCHOBHbIX napaMeTpOB c ueJibIO: 

a) 3KCnep11MeHTaJlbIIOro HCCJle.UOBaIIl1ll B03M0ll<IIOCTH TeXH11'-!CCKOH pean113a1.11111 Bbl-

6pa1moro TexnoJiorl1'1ecKoro pewe1111l! no 11cnOJlb30IJa1m10 MaTep11ana JlJill xono.u11b1x 

3aMe.UJ111TCJleH H51Y VIEP-2; 

6) propa60TK11 11 C03)laHl1ll TeXHOJIOfH'ICCKOH CHCTeMbl 11 Cl1CTeMbl KOHTpOJill OCHOBHbIX 

napaMeTpos xono.unoro 3aMe.UJ111TeJlll Vl5JY VIEP-2. 

4. Pa3pa60TKa KOHcjl11rypa1.1110H11oro pacnonoJKeimll 11 '-!HCJlennoe MO.Ue!111posaH11e KOM6m111-

posaHHoro 3aMe.UJ111Tenll HeHTpOHOB .unll Vl5JY HEP-2. 

5. Cm.uan11e 11 HCCJlC)lOBaHHe OCHOIJHblX CIJOHCTIJ )lHCnepcnoro 130.UOpo.uco.ueplKawero XOJlO)l­

HOro 3aMe.UJlHTeJlll 11 KOM611H11posa111rnro 3aMe.UJlHTeJlll HeHTpOHOIJ .!IJlll BbIBe.ueHHblX ny'-!­

KOB H5JY HEP-2. 

• 
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6. I1ccne.uosaH11e JcjlcjleKTllBHOCTll pa60TbI KOM611H11pona1rnoro 3aMe,un11TeJil! Ha np11Mepe He­

CKOJibKllX cneKTpOMeTpOB 1151Y 11EP-2. 

Hay'lHaH HOBl13Ha 11 npaKTl1'·tecKai:i 4eHHOCTb pa6oTbl. 

• Pa3pa6oTaHO HOBOe HanpasneH11e B C03.llaHllll XOJIO.llHblX 3aMe.llJll!Teneii HeHTpOHOB Ha 

OCHOBe TBep.UbIX .u11cnepCHbIX so.uopo.uco.uepli<allll1X MaTep11anoB .llJlll BbICOKOllHTell­

CllBHbIX llCTOqHllKOB HeHTpOHOB. 

• '.3Kcnep11MeHTanbHO llCCJie.UOBaHbl BO.llOpO.llCO.llepJKam11e MaTep11anbI nepcneKTllBHbie 

.um1 l!CnOJib30BaHl!l! B XOJIO,llHbIX 3aMe,UJil!TeJil!X HeHTPOHOB np11 Hll3KllX (20 - 30 K) 

TeMnepaTypax: pa.u11au110HHal! CTOHKOCTb II pa.u11au110HHbie 3cjlcjleKTbl, B03MOlKHble pa-

60'-rne TeMnepaTypbl, 3lpcjleKTllBHOCTb 3aMe):lne11m1 11eiiTpOllOB. 

• BnepBbie llCI10Jlb30BaHa 11e B3pbIBOonac11al! CMCCb apoMaTWJeCKllX yrneBO.llOPO.llOB B Ka­

qecrne Tsep.uoro 3aMe.um11omero MaTep11ana ,unl! XOJIO.lllIOro 3aMe,un11TeJ1l! neiiTpOHOB, 

n03BOmnomal! pa60TaTb B WllpOKOM .llllana30IIe Te~meparyp OT 30 .llO 150 K. 

• BrrepBb1e pa3pa6oTaH 11 co3,uaH xono.llHbIH 3aMe):IJ111TeJ1b .llJlll 1151Y 11EP-2 c .llllCrrepcHbIM 

cnoco6oM 3arpy3KH KaMepb1 xonomwro 3aMe.un11TeJ1l!. 3aMe.un11TenL cnoco6eH Henpe­

pbIBHO pa6oTaTb .uo I 0 cyToK 11 o6ecne•mnaTL noTOK xono,u11b1x 11eiiTponon 

2x I 0 12
H/CM

2
/ceK, '-ITO ):laeT ynenw1e1me noTOKa XOJIO.llHblX 11eH'rpoHOB .uo 13 pa3 no 

cpam1enmo c nnoCKHM BO.Ul!llbIM 3aMe.un11TeneM KOMHaTnoii TeMneparypL1. IToKa3aHa 

B03MOlKHOCTb oxnaJK,ueHHl! KaMepbI 3aMe.11n11TeJ1ll TeM JKe XOJIO.llHbIM ren11eM, npoxo­

.llllll\HM CKB03b 3arpyJKem1b1e B KaMepy 3aMe.un11TeJ1l! wap11K11, .uo TeMnepaTypbI 30 K 

np11 pa60Ta10ll\eM Ha MO!l\HOCTll 2 MBT peaKrnpe. Pa3pa6oTaHbI c11cTeMbI KOHTponll 

3arpy3Kll KaMepbl XOJIO.llHOro 3aMe,UJil!TeJil!. 

• BnepBbie pa3pa6oTaH II C03,UaH KOM611HHpOBaHHbIH 3aMe,UJll!TeJib HeHTpOHOB .llJlll HCCJie­

,llOBaTeJibCKOH l!.llep11oii ycTaHOBKll. Ero np11MeHeH11e .uaeT 6onee r116K11H no):lxo.u K 11c­

nOJ1b30BaH1110 HeHTPOHOB 1151Y 11EP-2. OH no3BOJil!eT nony'-IHTb 11eo6XO.llllMbIH cneKTp 

HeHTpOHOB Ha BbIBe):leHHbIX ny'-!Kax (TeBJIOBbIX, XOJIO.llHblX llJill CMewaHHblX) .llJlll 110-

BblX II MO,UepH11311pyeMbIX cneKTPOMeTpOB B 3aBl!CllMOCTll OT Tpe6osaHllH 3KCnep11-

MeHTaTopoB. Co3,uam1e KOM611m1posamwro 3aMe,un11TeJill c xono,uHbIM 3aMe.un11TeJ1eM 

B era COCTaBe B JIH<l> 0115111 BbIBO.llllT l151Y l1EP-2 110 CBOllM xapaKTepllCTl!KaM B 

q11cno Jlll.UllPYIO!l\llX llCTOqHllKOB Mllpa, npe,UHa3Ha'-!eHllbIX .UJil! HeHTpOHHbIX llCCJie,UO­

BaHllH KOH.lleHCllpOBaHHblX cpe.u Ha BbIBe):leHHbIX ny'-!Kax. 
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OcHOBHble BblHOCl1Mble Ha Jall\11TY no11o>KeH11i:i: 

I. Pa3pa60TKa HOBOro HanpasneHl!ll B C03):1aHllll XOJIO,llHbIX 3aMe,UJil!Teneii 11eHTpOHOB Ha oc­

HOBe TBep.llblX .u11cnepCHbIX no.uopo.uco.ueplKa!llHX MaTep11aJ10B .UJ!l! BbICOKOllHTellCHBHblX 

llCTOqHl!KOB HeHTpOHOB. 

2 . Pe3yJibTaTbI 11cCJie.uosaH11ii pa.u11au110Hnb1x J<jJqieKTOB B rnep.UbIX no.uopo.uco.llep)l<a!llllX 

MaTep11anax np11 Hll3KllX TeMnepaTypax (MenLwe 35 K), KOTOpL1e onpe.uenl!IoT ycnos11l! 

!IX 11cnoJib30BaHl!l! B XOJIO,llHbIX 3aMe,UJil!TeJil!X llHTellCllBHbIX llCTO'-II!llKOB HeHTpOHOB, B 

qaCTHOCTll: 

- MeTO,llllKa onpe):leJieHlll! II BeJill'-lllHbl BbI,lleJillBllleHCl! 311eprn11 B cnoirrallllb!X II Hllt !YLlll­

posaHHbIX peaKUlll!X peKOM611Hau11ii pa,u11KanOB B rnepJ.Ib!X BO.llOpo.uco.ueplKam11x Be­

mecTBaX nocne 06ny4e1ml! 6LICTPLIM11 HeiiTpo11aM11; 

- onpe.uene1111e npe.lleJlbHOH sen11q11Hbl .llaBneHl!l! TBep.llOfO MeTal!a Ha CTellKll KaMepbl np11 

o6nyqeHllll 6bICTpb!Mll ueHTpOHaMll. 

3. 060CHOBaH11e np11MeHl!MOCTll CMeCll Me311TllJJeua II M-KCllJIOJia B TBep,uoM COCTOl!Hllll B 

KaqecTBe 3aMe,UJlllIO!llero HeHTpOllbl MaTep11ana XOJIO.UI!Oro 3aMe.llJll!Tem1 B WllpOKOM 

.u11ana30He TeMnepaTyp OT 25 .llO !SOK. 

4. Pa3pa6oTKa 11 c03,uaime 3qiqieKTllBHoro 11 6e3onac11oro 11crn41111Ka xoJIO.llHLIX ueiiTpOHOB 

Ha OCHOBe apoMaTH'-!eCKllX yrneBO.llOPO.UOB ):\Jill llCCJie,UOBaTeJILCKOH l!,UepHOH yCTallOBKll 

11EP-2 . 

5. Pa3pa60TKa II C03.llaI111e KOM61!H11pOBaHIIOro 3aMe.un11TeJ1l1 (c TennoBOH II XOJIO.llHOH '-la­

CTllMll) - pewefrne npo6neMbI nonyqeHl!ll cneKTpa 11eiiTpo110B B w11poKOM .llHana3011e 

.un11H BOJIH .UJ!l! 11CTO'-!H11Ka HeiiTpOHOB c MYJibTll.UHCUHnn1111ap11LIM 1-ia6opoM JKcnep11MeH-

TanbHblX MeTO,llllK ,llJill H3Y4CHl!ll KOH,UeHCllpOBaUHblX cpe.u Ha BbIBe):leHHblX ny'-!Kax 

HeHTPOHOB. 

Arrpo6at111H .unccepTat1no1111ou pa6oThl 

Pe3ynbTaTbI .llllCCepTau1111 6b1JI11 npe.ucrnsne11b1 asrnpoM 6onee '-!eM ua 30 MeJK.llyHapo.ll­

HbIX II Hau110HanbHblX KOHcjlepeHUlll!X II COBell\aHJ.ll!X, B TOM q11cne: 

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

2002; Bariloche, Argentina, 2006); 

• 10th 'Tihany' Symposium on Radiation Chemistry, Sopron, Hungary, 2002; 

• XVI - XX! Meetings of the "International Collaboration on Advanced Neutron Sources" -

!CANS, (DUsseldorf-Neuss, Germany, 2003; New Mexico, USA, 2005; Dongguang, 
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China, 2007; Greendelvald, Switzerland, 2010; Bariloche, Argentina, 2012; Mito, Japan, 

2014); 

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

S.Petersburg, 2003; 

• I Ith 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 Cosemam1e TIO 11cnoJib3osa111110 paccemmll 11eii"rpo11os B 11ccnenosau11l!x KOH­

ne11c11poBaHJwro cocrn11H11ll - PI-IV!KC (r. MocKBa, PHU «Kyp'laTOBCKllii 11ucT11TyT», 

20 I 0 r; r. faT'-!1111a, TIV!5I<D, 2012); 

• 5th European Conference on Neutron Scattering, Czech Republic, 2011; 

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

duction for Materials Research and Applications" ToKaii-Mypa, 5Ino111111, 2011; 

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

• International Conference on Neutron Scattering, !CNS, Edinburgh, UK, 2013; 

• 3-d CNS Workgroup meeting, faT'lllHa, TIVl5I<D, 2015; 

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

Cold Neutrons at Low-Medium Energy Spallation Neutron Sources. MAr AT3, BeHa, 

2014, 2016 II Jtp., 

a TaKlKe Ha 11ay'lHbIX ceM11Hapax 06benm1e111wro 11HCTllTYTa 11nepub1x 11ccnenona1111ii (Jly611a), 

FZJ, !KP, 10n11x, fepMa1mll; JRC, TierreH, ronna11n11ll; European spallation source, Jly11n, 

ll(se1.1m1; ISIS, Jla6oparnp1111 Pe3epcpopna-ATITIJITOHa, Ben11Ko6p11Ta111111; Hokkaido University, 

Hokkaido, Japan; Centro Atomico Bariloche, Argentina. 

Bcero aBTOpOM TIO TeMe n11cceprnu1111 OTiy6JillKOBaHbl 48 pa6oT, 113 KOTOpblX 22 pa60Tbl 

B 113naH11J1x, peKOMeHnosaHHbIX BAK ( 19 CTaTeii n lKypHanax, 2 naTeHTa Ha 11306peTe1me, 

CBll,[leTCJibCTBO 0 rocynapCTBCHliOH pernCTpau1111 TiporpaMMbl JIJ!l! 3BM). 

Jl11'1HbIH BKJl3.l\ 3BTOpa. 

JI11q11oe y'laCTlle aBTopa B pa6oTax, COCTaBJil!IOll(llX OCHOBY n11ccepnu1m, l!BJll!CTCl! 

OTipeneJIJl!Oll(11M. ABTOp Tip11HllMaJI HenocpencTBCHHOe y'laCTl1e B pa3pa60TKe II C03,[laHllll KOH-

6 

l.{Clll.{1111 11 TCXHll'ICCKOro peweHlll! KOMilJICKCa KOM6mmpoBaHHbIX 3aMe,[IJillTCJieii HeiiTpOHOB 

MonepH11311pOBaHHOii l15IY V!EP-2 J{Jlll 113Y'ICHllJI KOIIJICIICllpOBaHHblX cpen Ha BbIBeneHHblX 

ny'IKax. l1M Jill'IHO nposeneno MoHTe-Kapno Monen11posai111e KOM6mmposa1111b1x 3aMenn11Te­

neii HeiiTpOHOB V!5IY l1EP-2 11 np0113BeneHbl paC'ICTbl TCilJIOBOH HarpYJKll Ha XOJIO,[IHbJe 3aMen­

JlllTeJill HCHTpOHOB. Tiony'ICHHbie pe3yJibTaTbl Jiem11 B OCIIOBY TeXHll'leCKOro 3a,[laHlll! Ha npo­

eKrnposa1111e KOMilJICKCa 3aMC.l\JillTCJieH l15IY V!EP-2. ABTOp y'laCTBOBaJI B 3KCnep11MCHTaX, 

'lllCJICHHOM MOJIC!IllpOBaHllll, o6pa60TKe II lllITepTipeTailllll 3KCnep11Me11TaJibHbIX naIIIlblX no llC­

CJIC,[IOBaHl!IO 3aMe,[IJil!IOll(eH cnoco6HOCTll pa3Jill'lllb!X MaTep11aJlOil np11 Bapb11posaim11 TeMne­

paTypbl II anpo6a1.11111 C03,[laHIIbIX 6116JillOTeK c Ce'-!Clllll!Mll pacce11111111 HeiiTpOHOil Il IlOJIOponco­

neplKall(llX MaTep11anax TIPll Hll3KllX TCMTiepaTypax 11a ycrnHOBKC JESSICA (fepMaIIlll!); B TIO­

CTaHOBKe 3KCTiep11MeHTOB, pa3pa60TKe II C03na111111 JIBYX 3KCnep11MCHTaJibllbIX ycrnHOBOK 

YPAM Ha peaKrnpe HEP-2 11 o6ny'laTeJibHOH ycrn110BKll 11a M11Kp0Tpo11e MT-25; nposene111111 

3KCTICp11MCHTOB, o6pa60TKe II 11I1TepTipernu1111 na1111hIX TIO 113y<leimIO pan11ai1110Hl!OH CTOHKOCTll 

sonoponconeplKam11x TBepni,1x MaTcp11anos, ncpcncKTllBBhIX JIJil! xono.zu1hlx 3aMe;1n11Tenei1 

HeiiTpOHOil. Tip11 HenocpencTBeHHOM y'laCTllll anTopa OCYlllCCTBJle110 TipOCKT11posa1111e OCHOB­

HhlX Y3JIOB 110JIHOMaCWTa6noro 3KCnep11Mel1TaJibHOro CTe11na XOJIO,[IHOl'O 3aMCJIJlllTCJll! V!5IY 

HEP-2; pa3pa6oTaHbI 11 co3na11i,1 c11cTeMhl KOHTpom1 napaMeTpos 11 npouecca 3arpy3Kll wap11-

Kosoro xononHoro 3aMenn11Ten11; Ha V!5IY HEP-2 3aTiyme11 B oni,rmyw 3KCnHyanumo KOM611-

u11poBaHHblH 3aMe,[IJillTCJib HeHTpOHOB c XOJIOJ{Hb!M mapHKOllhlM 3aMe.l{JillTCJICM B ero COCTaBe II 

11ccnenosani,1 ero cBoiicTBa. AsTop Tip11u11MaJI aKT11n11oe yyacT11c n MClKny11apon110M coTpymm­

'leCTBe no npoeKTaM C03,[laHllll nepcneKTllBllblX 3aMCWll!TeJieii llCHTpOllOil JIJlll BbICOKOllHTeJI­

CllllHbIX HCTO'lHllKOB HCHTpOHOB. 

CTpyKTypa M o6beM ,QMccepTal.IMM. ):(11cceprnu1111 cocT011T 113 Bsene111111, 4-x mall, 3aKJIIO­

'ICHllll II CllllCKa llCTIOJib3YCMblX llCTO'IHllKOB. B KO!ll.{C KalKJIOH maBbl cc]iopMyn11poBaHbl OT­

neJibHbie BbIBOJlbI. TioJIHbIH o6beM n11cceprn111111 cocrnnm1eT 208 cTpa1111u 11 BKJllO'-!aeT B ce6l! 

124 p11cyHKa, 15 Ta6JIHl.{ II Cl111COK 113 196 6116n11orpac]lll'ICCKllX llCTO'IHHKOB. 

ConcpJKanuc pa60Tb1 

Bo BBC.l\CllHH paccMOTpCHO COBpeMeHllOC COCTOl!Hlle npo6JieM, CBl!3aHHbIX c TCMOH n11ccepTa­

l.{llll. 06ocHOBaHa aKTYaJibHOCTb TIOCTaBJleHIIOH 3a.l{a'lll, ccpopMyJI11poBaHbl l.{eJib II Hay'-!HaJI HO­

Bll3Ha nposonHMbIX 11ccnenosaH11ii. Tip11nene11 KpaTKllH ofoop coneplKaHllll mas n11ccepn1.11111, 

TipencTaBJICHbr 110JIOlKeHlll!, BbIHOCllMbJe Ha 3all(llTY II nepe'ICHb ne'laTHbIX pa6oT, B KOTOpblX 

OTpalKCHbl OCHOBHbie pe3yJibTaTbl nponeneHHbIX 11ccnenosau11ii. 

• 
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B nepeoii rJiaee rrpe.ucTaBneH o63op H aHanHJ JaMeWU11omHx neiirpoHbI MaTepmtrIOB H TexHo­

nornii HX HCITOnbJOBaHIU! B xonO.UHbIX 3aMe,nnHTem1x Ha HCTO'-IHHKax HeiiTpOHOB B MHpe. I1pH­

se.ueHbl OCHOBHbJe <jJaKTOpbl, BnHlll01I1He Ha Bb!XO.U xonO.UHbIX HeiirpOHOB B HCTO'-IHHKax ll CBOii­

CTBa, KOTOpb!MH .uomKHbl o6na;iaTb BO.UOpo.uco.ueplKamHe MaTepHanbI rrpH HH3KHX TeMrrepaTy­

pax .unll HX HCIIOnbJOBaHHll B xonO.UHbIX JaMe,nnHTenl!X, HaH6onee BalKHbie HJ KOTOpbIX: 

- Bb!COKal! rrnoTHOCTb aTOMOB BO.UOpo.ua; 

- CTOHKOCTb K .ueKOMII03HllHH rro.u .ueiiCTBHeM pa.nHaUHH; 

- HanH'-!He HH3KOnelKall1HX ypOBHeii B036y)f(JleIIHll MOneKyn; 

- 6onhwoe ce'-leHHll paccellHHll H Manoe ce'-!e~me rrornome1mll; 

- KaK MOlKHO 6onee WHpOKHH pa60'-!HH .UHaIIaJOH TeMrrepa1yp; 

- TexHonorH'-IHOCTb; 

- .UOCTaTO'-IHal! TerrnorrpoBO.UHOCTb npH IIH3KHX TeMneparypax .unll CbeMa Terrna, 

BHOCHMOro HJny'!eHHeM; 

- B3pbIB06eJonacHOCTb. 

ITpose.ueH aHanHJ cymecTBy1omHx .uaHHbIX ,nnll pll.ua MaTepHanoB xono.UHbIX JaMe.unH­

Teneii: MeTaHa, so.uopo.ua, nb.ua ll Me3HTHneHa. 0HH l!BnllIOTCll rrepcneKTHBHblMH MaTepHanaMH, 

rrpelK,ne scero, .llnll xonO.UilbIX 3aMe.UnHTeneii na HMnynbCHbIX HCTO'-IHHKaX HeiiTpOHOB. 

B rnase paccMOTpeHbl TPH OCHOBHbie cxeMI.I nocTpoenHll TexHonorn'-!eCKOro o6ecrre'-!e­

HHll .unll pa60Tbl xonO.UHbIX 3aMe.UnHTeneii c .uaHHblMH MaTepHanaMH, a TaKlKe BbUIBneHbl oc­

HOBHbJe npo6neMbl, B03HHKaIOmHe npH HCIIOnbJOBaHHH KalK.uoro 1!3 .uaHHblX MaTepHanOB npH 

KpHoreHHbIX TeMrrepaTypax H B ycnOBllllX CHnbHblX pa.uHaQHOIIHbIX noneii. 

ITpe.ucTasneHHbJe .uaHHble HCIIOnbJOBaHbl npH BbI6ope JaMe,UnllI01I1ero HeiiTpOHbl MaTe­

pHana .unll xono.UHblX JaMe.UnHTeneii. 

PeJynbTaTi.1, npe.ucTasne1rnble B rnaBe, ony6nHKOBanbI B [ 1-1 OJ. 
Bo BTopoii rJiaee npHse.ueHbI peJynbTaTbI 3KcnepHMeHTOB no H3y<IeHmo pa.uHa1.1HoH11b1X JljJ­

<jJeKTos B TBep.UbIX so.uopo.uco.ueplKamHx MaTepHanax .um1 xono.UHbIX JaMe,nnHTenei1 (MeTane, 

nb.ue, MeJHTHneHe H ero CMeCH c TonyonoM, rH.upaTax MeTana H TeTparH.upo<J>ypaHa) rrpH HHJ­

KHX TeMneparypax rrpH o6ny'-leHHH 6bICTpb1Mll HeiiTpOHaMH, raMMa KBaHTaMH ll 3neKTpo11aMH 

Ha COJ.UaHHblX .unll 3THX 1.1eneii o6ny'-laTenbHbIX ycTaHOBKax YPAM-2, 3, 3M Ha V!.5JY V!EP-2 

JIH<l> H MHKpoTpoHe s Jla6opaTOpHH ll.UepHbIX peaKl.IHH OV!.5JV! (5, 6, 7, 9, 11-19]. 

YcTaHOBKa YPAM-2 (11 , 17] H ee MO.UH<jJHKaQHll YPAM-3M [6] pacrronaranHCb Ha 3-M 

KaHane peaKTopa HEP-2 (pHcyHOK I). YcTaHOBKH MOHrnposanHcb Ha no.UBHlKHoii rrnaT<jJopMe, 

Ha KOTopoii ronOBHYIO '13CTb Ha speMll 3KCnepHMeHTa ycTaHaBnHBanH Brrnon1y10 K 

JaMe,nnHTenIO peaKTopa. ITOTOK 6bICTPbIX HeiiTpOHOB B Il031lllllll o6ny'-leHllll COCTaBnlln 
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2xl0 12HicM2/c. MomnocTb nornomeHHoii .uoJbI s rroJHllHH o6ny'-leHHl! Ja C'leT raMMa-HJny'!eHHll 

- 20 fp/ceK, .UJUI BO.Ubl 3a C'!eT HeiirpOHOB COCTaBnlln - 90 fp/ceK. 

0 
P11c. I. 06m11ii cxeMaTH'!eCKHii BHll ycTaHOBOK YPAM 2 H 3M: 

(1) peaKTOp HEP-2; (2) ronoBHal! qacTb ycTaHOBKH; (3) TpaHcnopTHbIH KaHan, renHii Tpy6orrpo­

BO!lbl H 3neKrpH'!ecK:He KOMMYHllKaQHH; (4) ycTpOHCTBO 3arpy3Kll c faJOBblM rrynbTOM; (5) 6HO­

norH'!eCKal! 3am;11Ta; (6) cocy.u JJ:bmapa c lKH.UKHM renHeM; (7) rroosb1e 6annoHbT; (8) ITK c 

KOMMYHHKaQHl!MH; (9) penbCOBbIB rryTb 

YcTaHOBKa YPAM-2, ronoBHal! qacTb KOTopo:H npe!lCTasneHa Ha pHCYHKe 2, noJBOJUlna 

npoBO.UHTb 3KCnepHMeHTbl c BO)lOpo.uco.ueplKilll\llMll semecrnaMll (MeTaH, BO)la, apoMaTH'!eCKHe 

yrneBOllOPO.Ubl H )lp.) no 11Jy'!eHHIO rrpo1.1eccos BbI)leneHHll 3HeprnH s peJyJibTaTe 3K30TepMH'!e­

cKHX peaKUHH peKOM6HHaQHH pa,UHKanOB II Bb!XO)la pa.UHOJIHTH'!eCKOro BO!lOpOlla npH TeMne­

pazypax OT 20K llO lOOK. ITonocTb BHYTpH Kancynb1 11Mena nonyccpepl!'lecKyIO <jJopMy. B Hee 

3arpylKanHCb MaTepHanbl B BH!le nonyccpepy,1 c JaMopo3KOii HJ lKHllKOH cpa3bl, a TaKlKe nocpell­

cTBOM .UOCTaBKH wapHKOB Jlb.Ua, nplffOTOBJieHHblX 3apaHee, JIH6o HaMopalKHBanHCb 1!3 faJOBOH 

cpa3bl Ha CTeHKll . CTeHKH Kancyny,1 6brnH C)lenaHbl 113 'lllCTOH 6eCKHCHOpO)lHOii Me)lH (Ml '-111-

CTOTbl no rocT PocCHH, TennonpOBO.UHOCTb 1000 BTIMIK npll 20K). ITnoma,nb BHyrpeHHeii 

nosepXHOCTH KaIICYJlbl COCTaBJUIJia 22 CM
2

, o6beM IlOJIOCTH Kancyny,1 paBeH 12 CM
3
. 

• 
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Pttc. 2. foJJOBHal! qacTb ycTaHOBKH: (I) Karrcyrra; (2) IIO):(BeCKa (TeITJIOBOH MOCT); (3) reJIHeBble 

TPY6KH; (4) TepMorrapb1; (5) o6rryqaTeJJbHal! rrorrocTb. 

B npoBeneHH:bIX 3KcrrepHMeHTaX nocpencTBOM perncTPal.IHH TeMrreparyp Ha6monarrttc:b 

B:bl,1\eJJeHHll :meprHH B pe3y1IbrnTe 3K30TepMH'!eCKHX peaKUHii peKOM6HHaUHii pa,1\HKaJIOB. 

PeaKUHH HHHrurnpoBaJIHC:b HC3Ha'!HTeJI:bH:bIM (Ha HeCKOJI:bKO rpanycoB) rro.norpeBoM BemecTBa, 

JJH6o CIIOHTaHHO, IIpH HaKOIIJieHHH KpHTH'!eCKOH KOHI.ICHTPal.IHH panHKaJIOB. CrroHTaHH:bie 

peaKUHH 6bLJIH 3aperHCTPHPOBaH:bl B MeTaHe, BO JI:b,1\e, B rn.npaTax MCTaHa H TeTParn.npocpypaHa, 

IIpH'!eM B HCCJie,1\0BaBillHXCJ! MaTepnarrax, 3a HCKJilO'leHHeM MeTaHa, OHH Ha6monaJIHCb 

BrrepBb!e (pHCYHOK 3). (11-16] 

~~ IO 

l 
> .. 
!! 

"' ~ 

N".SO · Spontaneous burp 

=----m---=----­•-

Puc. 3. IloKa3aHHJ! TeMneparyp H pacxo.na reJIHJ! BO BpeMll CIIOHTaHHOH peaKUHH peKOM6HHa­

l.\HH pa,1\HKaJIOB B rttnpaTe MCTaHa (Tinput He - TeMrreparypa reJIHJ! Ha BXO):(e B Terrrroo6-

MeHHHK Kancyrr:i,1, T cu- TeMrreparypa cTeHOK Karrcy1Ib1, T;nsidc- TeMrreparypa BH)'TpH 

06pm11a, VHc - IIOTOK reJIHJ!). BpeMl! o6rry'!eHHJ! 13'1. 
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11HJ:lYllHPOBaHHble peaKllHH peKOM6ttHallHH Ha6mo):(aJIHCb BO BCex HCCJJe):(OBaBlUHXCJ! 

MaTepttanax (pttcyHoK 4). 
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Pttc. 4. IloKa3aHHJ! TeMrreparyp H pacxo):(a reJIHJ! BO BpeMJ! HIIJ:lYllHpOBamIOH peaKllHH peKOM-

6HHallHH pa):(HKaJIOB BO Jlb):(e ( 1-TeMrrepaTypa reJIHJ! Ha BXO):(C B Terrnoo6MCHHHK Kan­

cy JJbl, 2- TeMrreparypa CTCHOK KancynbI, 3- TeMrrepaTypa BHYTPH 06pm11a). BpeMl! 06-

rry'leHHl! I 0,5 qaca. 

Pa):(na11noHHb1e 3cjiqieKTb1 B apoMaTn'!ecKHx yrneBOJ:\Oponax (Me3ttTnnene B 11ecKOJibKMX 

cjiaJOBblX COCTOJ!HHJ!X H CMeCH Me3HTHJletia c TOJJYOJJOM) IIpOl!BMJJHCb 31Ia'IHTeJJbHO cna6ee, '!eM 

B J:lpyrnx H3Y'ICHHblX MaTepnarrax. CrroHTalltlbie peaKllHH peKOM6HIIallHH He Ha6monanttCb Im B 

OJ(HOM 113 3KCrrepHMCHTOB. 01.JeHb cna6al! 3K30TCpMWICCKal! peaKl.\Hl! peKOM6miauttH 

3acjinKcnposaHa rrocne 45 'IaCOB o6ny'leHHl! ):(030H - 20 Mfp. (11] 

0TCYTCTBHe CIIOIITallHblX peaKuHH peKOM6mrnutti1 MOlKCT 6b1Tb 06bl!CHCHO 

OTHOCHTCJlbHO MaJIOH BeJJH'IMHOH HaKOIIJICllHOH 311eprntt < I )J:ll<lr ( <0,02% IIOrJJOlllCHllOH 

,1\03bl). (13] 

OcHOBbIBal!Cb na nony'leHHbIX 3KcrrepttMCHTaJJbHbIX .na11HbIX, 6blJIH Bb1pa60TaHbI 

peKOMeH):(al.\HH no ,1\0IIYCTHMblM pa60'!HM TCMrrepaTypaM JlJll! pa3Hb!X MaTepttaJJOB, '!T06bl 

H36elKaTb CIIOHTaHHblX peaKuMH peKOM6HIIallHH, a TaKlKC nony'leHbl noporoBblC 3Ha'!eHHJ! 

TeMrreparyp, rrptt KOTOpblX B0.1\0POJ:l 11a'!H1IaeT BblX0,1\HTb H3 MaTepttarra IIOCJJe 06nr1eHHll. 

YcTaHOBKa YPAM-3M l!BJil!JJacb MOJlHQJHKa11ttei1 ycTaHOBKH YPAM-2 tt npe):(HaJHa'la-

JJaCb ):(Jlll onpe.neneHHJ! .nasneHHll MeTaHa Ha CTeHKH KaMepbl, KOTOpoe B03HHKaeT rrptt ero OTO­

rpese nocne o6ny'leHHll. Mo):(ttcjJ1111npoBaHHaJ1 ronost1all '!aCTb ycrnHOBKH (pttcyHOK 5) cocTOl!­

JJa H3 l.\HJJHH,1\pH'leCKOH KaMepbl n11aMeTpOM 35 MM H TOJllllHHOH 15 MM, 3anOJJHeHHOH aJitOMH­

HHeBOH «ry6KOH» c OTKpb!TbIMH nopaMH pa3MCpOM 2-4 MM. _nae IIJJOCKtte CTeHKM KaMepbl TOJl­

LllllHOH 1,5 MM H ,1\HaMeTpOM 50 MM CJJYlKHJlH MeM6paHaMH, KOTOpble nepeMemaJIHCb II0,1\ ):(aB-
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rreHHeM pa,wm.rnrnrqecKoro BOJlOpOJla BO BpeMll ororpesa rrocrre 06rryqeHHJ1. ITepeMemeHHe 

<lJHKcHpoBarrocr, 3apaHee OTKarrH6poBaHHhlMH HHJlYI<IIHOHHhIMH ]laT'IHKaMH. KaMepa c HHJlYK­

[{HOHHb!MH ]laT'IHKaMH ]laBJieHHJI H TepMorrapaMH HaxO]lHJiaCb B Blll<)')'MHOM KOlK)'Xe. YcTaHOB­

Ka II03BOJIJ!Jla HerrpepbIBHO pa60TaTh IIpH TeMrrepazype MeTaHa 25-35 KB TeqeHHe .!IBYX cyTOK. 

[6, 18] 
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PRC. 5. rorrOBHal! qacTb - KaMepa c BaK)'YMHbIM KOlKYXOM, (a)- ceqeHHe B sepTHKa1IbHOH rrrroc­

KOCTH rrepIIeHJlHKYJIJIPHO OCH YCTaHOBKH, (6) - ceqeHHe B sepTHKaJibHOR IIJIOCKOCTH rro OCH 

ycTaHOBKH. (!- !lH1IHHJlp~eCKHR Koprryc KOlK)'Xa; 2 - KOaKCHaJibHbie Ka6eJIH AaT'IHKOB rrepe­

MemeHHil; 3 - HHJl)'I<IIHOHHbJe ]laT'!HKH rrepeMe111eHHli; 4 - MeM6pattbl KaMepbI; 5 - llHJlHHApH­

qecKal! o6orro'fKa KaMepr,1 c o6prouoM; 6 - o6proeu (arrIOMHHHeBal! «ry6Ka» c rnepAbIM MeTa­

HOM); 7 - BHTKH Me]lHOR TPY6KH; 8 - CTaJibHaJI Tpy6Ka AJIJI rroa MeTaHa H BbIXO]la BOAOpOJla; 9 -

]laT'!HKH TeMrrepazypr,1; I 0 - cTarrbHal! CTpyHa AJIJI <iJHKCaQHH KaMepr,1; 11- TPY6KH rro11:aqfl re-

JIHJ!). 

B pe3yJibTaTe ::iKcrrepHMeHTOB rrorryqeHo, 'ITO AJIJ1 Jl03hl > 20 Mrp rrp11 HarpesaHHH rrH­

Kosoe 3HaqeHHe AaBJieHHJI Ha MeM6paHbl, c yqeTOM rrorrpaBKH Ha AHaMeTP, AOCTHraeT MaKCH­

MYMa - 2,7 MI1a (cMe111eHHe MeM6pattbl 0,4 MM COOTBeTCTBeHHO), a 3aTeM rranaeT, flOCKOJibKy 

pe3KO Ha~aeT BbIXOAHTb HaKorrrreHHbIB paAHOJIHTH'!eCKHR BOAOpOA, BHe 3aBHCHMOCTH OT 

CKOpOCTH Harpesa (pHCYHOK 6). 3Ta BeJIH'lHHa ,!laBJieHHJI l!BJIJleTCJI rrpeAeJibHOH. [6) 
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PHc. 6. IToKaJaHHe rrapaMeTpOB ::iKcrrepHMeHTa B rrpouecce Harpesa MeTaHa (JlaBrreHHe Ha cTeH­

KH KaMepr,r, TeMrrepazypa KaMepr,1, rrpoueHT BbIIIIeAJrrero B rroosr,rn ofrr,eM BOJlOpOJla). 

,[(asrreHHe Ha MeM6patty Bcer]la JlOCTHraeT flHKOBOro 3HaqeHHJI rrpH TeMrrepazype B AHa­

flaJOHe 72-79 K (rrocrre AJIHTeJibHOrO o6rryqeHHll), AO noro MOMeHTa TOJibKO OKOJIO 20% 

HaKOf!JieHHOro BOAOPOAa Bb!XOAHT B raJOBb!H ofrbeM. [ 18] 

IJ;eJibIO 3KCrrepHMeHTaJibHb!X pa6oT c Me3HTHJieHOM H ero CMeCb!O c m-KCHJIOJIOM Ha 

ycTaHOBKe YPAM-3 [9], KOTOpal! 6brna ycTaHOBJieHa Ha MHKpOTpOHe MT-25 B JUIP, l!BJIJIJIOCb 

orrpe11:erreHHe 11:asrreHHJ1 Ha o6orro~ ::iKcrrepHMeHTarrbHOH UHJIHHApflqeCKOH KaMepr,1 (rn::irr) 

rrpH ee oTorpese rrocrre o6rryqeHHll rrpH TeMrrepazypax lKHAKOro rooTa (pHcyHoK 7 (a)). Hccrre­

JlYeMbIMH o6pa3UaMH, KOTOpbIMH 3aIIOJIHJIJICJI TB3JI, 6bIJIH qflCTbIH Me3HTHJieH H ero CMeCb (B 

OTHOIIIeHHH 3: I) c M-KCHJIOJIOM. ,[(asrreHHe Ha o6orroqKy TB3Jla MOlKeT C03AaBaTbCJI KaK OT TeM­

rrepazypHoro paCIIIHpeHHJI 3aMopolKeHHOro 06pro11a, TaK H (qrn H l!BJIJleTCJI rJiaBHOH uerrb!O) OT 

HaKOIIJieHHOro B rrpouecce o6rryqeHHJI BOAOpo11:a. ITpH IIOBbIIIIeHHH TeMrrepazypbl B o6proue 

JlaBJieHHe BOAOPOJla yseJ!flqflsaeTcl! 11 rrepe11:aeTCJ1 Ha o6orroqKy rn::irra scrreACTBHe «pacrryxa­

HHJI» o6proua. ,[\JIJI orrpe]leJ!eHIDI seJIHqflHbl 11:asrreHHJ1 Ha CTeHKH TB::lJia (pHCYHOK 7 (6)) 6bIJIH 

YCTaHOBJieHbl 4 KOJlbl.\eBb!X TeH3ope3HCTOpa. ,[(JIJi paBHOMepHoro o6rryqeHHJI llHJIHHApHqecKoro 

06pro11a c Bb!COTOR 105 MM f!Y'IKOM ::irreKTPOHOB c AHaMeTPOM - 15MM, TB3Jl rrepeMe111arrcl! 

ssepx H BHH3 rreprreHAHKYJillpHO f!Y'IKY B KpHOCTaTe c lKHAKHM a30TOM (pHCYHOK 7 (6)). 

3HeprHJI ::irreKTpOHOB B rryqKe ycKOpHTeJIJI «MT-25» - 9,5 M::iB, a TOK rry'fKa ::irreKTpO­

HOB H3MeHJIJICl! B Ka)KJlOM llHKJie H3MepeHHR OT 2,5 JlO 6,2 MKA. 

• 
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lcA 

....!'.... 

PHc. 7 (a). CxeMa :iKcnepHMeirranh11oii ycrn- PHc. 7 (6). CxcMa :iKcnepHMe11Tarrh11oro rn:i-

HOBKH: na: 

1 - 3KcnepHMe11rnrrh1IblH rn::in ; 2 -

lKH):{KHH aJOT; 3 - KpHOCTaT; 

4 - MexaHH3M eepTHKaJ1h11oro nepe-

MemeHHll. 

1, 2. 3 - nepxrnrn, cpe.n11J1ll H JJHlKIIllll 

TepMonapbl ; 4, 5 - BepXllHH H HHlI<llHH Tell-

30MeTpHYeCKHH MOCT; 6 - Me):{Hal! cjJOJJbra; 7 

- 11ccne.nyeMhlH 06pa3eu. 

B pe3yJibTaTe 3Kcnep11Me11TOB nonyYeJJbJ .na1111h1e no 11a1lJle11mo 11a cTe11K11 TB:irra 11 

):{HHaMHKe Bb!XO):{a Bo.nopo.na nOCJle 06J1yYeJJllll o6pa3L[OB npH Bapb11pona1111H TeMnepaTypbl , 

MaTep11ana o6proua 11 BpeMe1m 06nr1e1111J1 (;103b1). O.n1111 HJ pe3yJibTaTOB no o6nyYeHmo 

Me311THJleHa B Te'leJmH 7,72 'JaCa npH TOKe nyYKa 3JleKTp0110ll 4,4 - 4,6 MKA npe.ncrnBne11 Ha 

pHCYHKe 8. 

1 Ocm, 1.1cl1nH11ctta 
Q(5 11y.,.0 1111e 7 '!acoo 43 1.nm To k nr 1ia 4 S-4 6 ult.A Nil 
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P1-1c. 8. 3KcnepHMeHTaJ1bHb1e .nannb1e no 11JMepe1mJ1M napaMeTpOB 3KcnepHMeHTaJJbnoro TB:irra 

npH OTOrpeBe nocrre o6rryYeHHll Ha ycKOpHTerre 3JleKTpOHOB: TeMnepaTypa Me3HTHJ!ella (KpHBble 

1, 2, H 3 no nOKaJaHHllM BepxHeH, cpe.nHeH H n11lK11eii TepMonap (Tup, Tm, Tdown), K. ; 4 -

14 

):{aBJ!eHHe B ra30BOH nOJIOCTH (P, M6ap); 5 - .naBJieJIHe no llOKaJalIHllM Tell30MeTpH'IeCKOro MO­

CTa. 

OcHOBbIBal!Cb Ha pe3yJibTaTax 3KCnepHMelITOB, norrr1e11HblX Ha YCTalIOBKax YPAM-2, 

YPAM-3 H YPAM-3M, MOlKHO peKOMeH.noBaTb pa6oYHe TeMnepaTypbl .nrrll HcnOJib30Ba1mll BO­

.nopo.noco.neplKalllHX MaTepHaJIOB B Ka'!ecrne 3aMe):{JIHTerreH HeHTpOHOB, KOTOpble ll03BOJ!ll!OT 

HJ6elKaTb B03HHKHOBeHHll cno11TaHHb1x peaKuHH peKoM6mrnuHH pa.nHKaJIOB (Ta6rrHua 1). B TOH 

lKe Ta6rrHue npHBe.neHbl norryYeHHble .na11HbJe 0 JJeJIH'IHIIe JJaKOJJJleJJHll pa.nHOJIHTH'leCKOro BO­

.nopo.na H TeMneparype, npH KOTOpOH OH cnoco6e11 BblXO):{HTb H3 MaTepHarra B faJOBblH o6beM, 

CKOpOCTb HaKonrreHHll 3HeprnH OT norrrome1moH ):{03bl, MaKCHMaJibJJOe .naBJ1e1me ua CTeJJKH 06-

IlYYaTeJ!bHOH KaMepbl, HaJIH'!He HJIH OTCYTCTBHe cno11TaHJJblX peaKuHH peKOM6HJJaUHH pa.nHKa­

JlOB. (5 - 7, 9, 11-19] 

MaTep1-1arr 

MernH 

fle.n BO):{bl 

MeJHTHJieH 

fH.npaTbl Me-

TaHa H TeTpa-

rn.npocj:JypaHa 

Ta6rr11ua 1 

Oc110B11h1e pe3yrrhTaTbJ ::iKc11epHMe11ToB YPJ\M-2, YPAM-3 , YPAM-3M 

CKopocTb MaKc. Cno11- Pa6o'iall TeM-

HaKOllJICIIHll ):{aBJICJJHC TaHHble 11epaTypa ):{Ill! 
HaKonrre1me BO-

311eprnH OT JJa CTCIIKH peaKu11H H36elKaJIHJI 

o6rryYa-
.nopo.na 11 TeMne-

norrromeH- peKOM- caMopaJorpe-

HOH ):{03bl TeJJ bHOH 
parypa ero Bh1xo-

6HH3UHH BOB BeLUeCTBa 
.na H3 Ma-repHarra 

KaMephI, pa):{llKa- JaMe):{JJHTeJleH. 

Mna JIOB K 

1,6%±0,2% 2,7 6 10- ' MOJ!b/)],lK, .[la 
>28-30 

T=70K 

5,4%±0,4% - 3,4 J0'8 MOJlb/)],lK .[la >40 

<0,02% 2,65 *) 3,9 1 o-· Morrb/,lJ,lK; HeT 
> 15 

T= l30K 

2,4% - )..(a 

- > 35K 

*) - pe3yrrbTaT, nonyye1111b1H np11 06rrr1eH1-111 :irreKTp01iaM11 

OTcyTCTBlle CTIOHTaHHblX peaKuHH peKOM6H11auHH pa.nHKaJIOB II HH3KHH ypoBeHb HaKon­

rreHllll 3HeprHH B Me311THJ!eHe II ero CMeCll c M-KCHJIOJIOM, a TaKlKe MaJial! no cpaBHeHHJO c 

TBep):{blM MeTaHOM CKOpOCTb HaKonneHHll Bo.nopo.na, n03BOJllllOT paccMaTpHBaTb ero KaK 

Ha1-160J1ee 110.[{XO.LllllllHH c TO'IKH 3peHHll pa.nHauHOHHOH CTOHKOCTH rnep):{b!H eo.nopo.nco.neplKa­

lllHH MaTepHarr ):{Jill XOJIO):{llb!X 3aMe):{Jll!TeJieH HeHTpOIIOB. BMeCTe c TeM, crre.nyeT YYHTbIBaTb, 
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'ITO B Me3HTHJieHe npH .l(JIHTeJThHOM o6JTY'IeHHH B03HHKaJOT conocTaBHMb!e c TBep.l(b!M MeTaHOM 

.l(aBJieHHJ! Ha CTeHKH KaMepbl, B KOTOpoli: OH o6eyqaeTCJ! H Heo6XO.l(HMO npe.zzycMOTpeTb JTH6o 

CB060.l(HOe npoCTpaHCTBO MelK.ll)' CJIOJ!MH/KycoqKaMH Me3HTHJieHa .l(JTJ! ero pacnrnpeHHJ!, mr6o 

.l(eJTaTb KaMepbl 3aMe.l(JIHTeJieli: cnoco6Hb!MH BbI.l(eplKaTb COOTBeTCTBYIOII{He .l(aBrreHHJ!. 

IloeyqeHHbie pe3yJibTaTbl no .l(aBJTeHHIO MeTaHa Ha CTeHKH KaMepbl HaIIIJIH CBOe npHMe­

HeHHe npH npoeKTHposaHHH XOJIO.l(HOro 3aMe.l(JIHTeJTJ! .l(JlJl HCTO~HKa XOJTO.l(Hb!X HeHTpOHOB Ha 

ocHoBe TBep.l(oro MeTaHa .l(JTJ! TS-2 ISIS (Rutherford Appleton Laboratory, UK). [18) 

B TpeTbeH rJJaBe npHBO.l(J!TCJ! pe3yJTbTaTbl 3KCnepHMeHTOB, B KOTOphrX cpaBHHBaJIHCb HHTeH­

CHBHOCTH Bb!XO.l(a XOJIO.l(Hb!X Heli:TpOHOB H3 3aMe.l(JIHTeJieli: Ha OCHOBe pa3Hb!X BO.ll;OpO.ll;CO.ll;ep­

lKal.I.(Hx MaTepHaJIOB (Jie.l(, MeTaH, fH.l(paT MeTaHa, BO.ll;OpO.ll;, Me3HTHJieH) IlpH HH3KHX TeMnepa­

rypax (20-30 K), a TaKlKe pe3yJihTaThI nposepKH 6H6JIHOTeK c ceqeHHJ!MH paccel!HHJ! Heli:TpOHOB 

.l(JTJ! BO.ll;OpO.ll;CO.l(eplKalilHX MaTepHaJIOB npH HH3KHX TeMneparypax, He06XO.l(HMb!X .l(JTJ! MO.l(eJTH­

poBaHHJ! cneKTpa XOJIO.l(HOro 3aMe.l(JIHTeJTJ! HeHTpOHOB. 3KcnepHMeHTbl BblllOJTHeHbl Ha ycTa­

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

HaHeyqrnHli: pe3yJThTaT no BblXO.llY XOJTO.l(Hb!X HeHTpOHOB .l(aJI TBep.ll;bIH MeTaH. lfa aHa­

JIH3a cneKTpOB (pHCYHOK 9) BH.l(HO, qTQ Me3HTHJieH (¢ia3a III) nOKa3bIBaeT CXOlKHH cneKTp c 

JKH.l(KHM BO.llOPO.llOM. B .l(HanaJOHe 3Heprnli: OT 20 M3B .l(O 1 3B Me3HTHJieH npeBOCXO.l(HT lKH.l(­

KHH BO.ll;OpO.ll; no Bb!XO.ll)' HeHTpOHOB. JJ:onoJIHHTeJibHOe yseJIHqeHHe Bb!XO.l(a HeliTpOHOB MOlKeT 

6hITb .llOCTHrHYTO c HCilOJih30BaHHeM II-oil: ¢ia3hI Me3HTHrreHa. [22) 
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PHc. 9. l13MepeHHbie 3HepreTHqecKHe cneKTpbl .l(JIJ! Jlb.l(a, MeTaHa Me3HTHJieHa H lKH.l(KOro BO.l(O­

pO.ll;a npH T = 20 K. ITpHBe.l(eHHhre .l(aHHhre HOpMHposaHbI Ha na.l(aIOrnHli npoTOHHhlli nyqoK H 

CKOppeKTHpOBaHbJ Ha cpoH H 3cpcpeKTHBHOCTb .l(eTeKTopa. 
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c nOM01Ilb!O 6H6JIHOTeK .l(aHHb!X HeHTpOHHb!X ceqeHHH .l(JTJ! Me3HTHJTeHa H nporpaMMbl 

MCNP (Monte Carlo N-particle Transport) 6bIJI CMO.ll;eJIHposaH 3KcnepHMeHT Ha ycTaHOBKe 

JESSICA. CpaBHeHHJ! 3KcnepHMeHTaJTbHhIX .l(aHHbIX c pacqeTHbIMH .l(JTJ! Heli:TpOHOB c 3Heprneli: 

HHlKe 10 M3B .l(aJOT Y.llOBJieTBOpHTeJTbHbJe pe3yJTbTaTbl. PacqeTbI TaKlKe nOKa3aJIH, qTQ npH HC­

nOJlb30BaHHH Me3HTHJieHa (¢ia3a II) HHTeHCHBHOCTb HeHTpOHOB c 3HeprneH:, 6JIH3KOH K l M38, 

6bIJia 6br Bblllle npHMepHo Ha 30 - 40%. [22) 

Pe3yrrhTaThI, noeyqeHHbie Ha cneKTpoMeTpe HEPA I15IY HEP-2, .l(eMOHCTpHpyIOT 

Tpy.ll;HOCTH noeyqeHHJ! ¢ia3bl II (aMop¢iHaJ! ¢ia3a), KOTOpal! He J!BJIJ!eTCJ! cTa6HJTbHOH H co Bpe­

MeHeM nepexo.ll;HT B ¢ia3Y I H III. JJ:pyroH:, Hali:.ll;eHHhIH H3 3KcnepHMeHTOB Ha cneKTpoMeTpe 

HEPA, cnoco6 noeyqeHHJ! aMop¢iHoli ¢ia3hI - 3TO ttcnoJih30BaHHe cMectt Me3HTHJTeHa H M­

KCHJiona. [4) 3KcnepHMeHThI Ha cneKTpoMeTpe Heynpyroro pacceJ!HHJ! JJ:HH-2!1I1 I15IY HEP-2 

no HCCJie.l(OBaHHIO BJIHJ!HHJ! TeMneparypbl Ha BbIXO.l( XOJTO.l(Hb!X Heli:TpOHOB .l(JTJ! Me3HTHJieHa 

IlO.l(TBep.l(HJIH B03MOlKHOCTb yseJIWieHHJ! Bb!XO.l(a XOJTO.l(Hb!X HeHTpOHOB: npH nOHHlKeHHH TeM­

nepaTypbl c 30 K .llO 20 K MOlKHO yserrHqHTh BhIXO.ll xorrO.llHhIX Heli:TpOHOB Ha 20 - 25 %. [23) 

ITposeneHHb!e pacqeTbl )lJIJ! O)lHOro H3 KOM6HHHpOBaHHb!X 3aMe)lJTHTeJieii MonepHH3H­

poBaHHOH I15IY HEP-2 MeTO.llOM MoHTe-Kaprro c noM01Ilh!O nporpaMMhI MCNP nptt omtt­

MaJTbHOH TOJllllHHe H KpHoreHHbIX TeMnepaTypax HeCKOJ!bKHX sonoponconeplKarnHX MaTeptta­

JIOB Il0Ka33JIH, qTo Bb!XO.ll XOJIO.l(Hb!X HeHTpOHOB H3 MeTaHa no cpaBHeHHIO c Me3HTHJieHOM, BO­

nopO.ll;OM H Jlb.l(OM npH O)lHHaKOBOH TeMneparype, Bblllle (pttcyHOK 10). [24, 25) 
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PHc. 10. CneKTphI HeliTpOHOB xoJIO.llHOro 3aMe.l(JTHTeJIJ! H3 MernHa (1), Me3HTHJieHa (2), sonopo­

na (3), Jlb)la BO)lbl (4) c onTHMH3HpOBaHHOH .llJTJ! MaKCHMaJibHOro Bb!XO)la TOJI1IlHHOH 2, 2, 4 , 3 

CM, COOTBeTCTBeHHO. 
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BMeCTe c TeM, c y<IeTOM pa,l.IHauHOHHbIX 3<P<PeKTOB B TBep,l.IOM MeTaHe, npHBO,l.llllI(HX K 

Heo6XO,l.IHMOCTH yaeJIH'leHHJI TOJIII(HHhl rrpe,1.13aMe,1.1nHTeJU1 J.IJUI CHHlKeHHll pa,1.1Ha1.1HOHHOH 

Hfil'PY3KH, H yaenH'leHID! TeMrrepazyphl J.IO 60 K BO H36elKaHHe CTIOHTaHHhIX pea.KIIHH peKOM6H­

HaQHH, Me3HTHJieH, IIpH OIITHManbHhIX rrapaMeTpaX, ,1.1aeT 6onee qeM B 2 pa3a 6oJibIIIHH Bh!XOJ.1 

XOJIOJ.IHblX HeHTpOHOB. (24) 

JJ:aHHhIH pe3yflbTaT, BMeCTe c pe3yJihTaTaMH HCCJieJ.IOBaHHH pa,11HaQHOHHOH CTOHKOCTH H 

Heyrrpyroro pacceJIHHll HeHTpOHOB, II03BOJIBJI c,11erraTb BbI6op B IIOJ!h3Y Me3HTHJieHa BO BTOpOM 

<Pa30BOM COCTOJ!HHH (HJIH CMeCH Me3HTHJieHa c M-KCHJIOJIOM) B KaqecTBe MaTepHarra J.lilll HC­

IIOJib30BaHHll B XOJIOJ.IHhIX J.IHCIIepCHhIX 3aMeJ.1JIHTeJIJ!X HeHTpOHOB KOMIIJieKCa KOM6HHHpoBaH­

HhIX 3aMe,l.lnHTerreil: l15IY HEP-2. Pa3pa6ornHHaJI KOH1.1err1.1Hll KOMTIJieKca KOM6HHHpOBaHHhIX 

3aMe,l.lnHTerreil: l15IY HEP-2 (pHCYHOK 11) COCTOHT H3 TeIIJIOBhIX H XOJIO,l.IHblX qacTeH. (26-28, 

30, 31, 32] 

II 

PHc. 11. ropH30HTanbHOe ceqeHHe MO,l.lepHH3Hp0BaHHOH l15!Y HEP-2 H ee OKpylKeHHll Ha OT­

MeTKe 6.0 M : I - xorro,11Hh1e 3aMeJ.IJIHTerrH; II - aKTHBHaJI 30Ha peaKTopa, III - BOJ.lllHhie rrpe,1.13a­

MeJ.1nHTeJIH H BOJ.lllHOH rpe6eH'!aTbIH 3aMeJ.1JIHTeJih; pHMCKHMH I.1H<PpaMH o603HaqeHbl HOMepa 

rry'IKOB. 

Orrpe,11erreHhI rrapaMeTphI J.lilll <PopMHpOBaHHll crreKTpOB HeHTpOHOB c 3a,11aHHhlMH Tpe6o­

BaHHl!MH J.lilll IIIeCTH crreKTpOMeTpOB l15IY HEP-2, pacrrorrolKeHHhIX Ha BhIBeJ.leHHhIX rry'!Kax 7, 

8, 10 H 11 (pHcyHoK 12). B rrpo1.1ecce onTHMH3aI.1HH, 6bmo rrpHHllTO peIIIeHHe pa3MeCTHTh xo­

JIOJ.IHhIH 3aMeJ.IJIHTeJib B HHlKHeH qacTH aKTHBHOH 30Hhl (BblCOTa aKTHBHOH 30Hhl 44 CM) J.10 OT­

MeTKH 6,0 (1.1eHTp aKTHBHOH 30Hhl peaKTopa), a BepXHHe 22 CM 3aHJ!Th rpe6eHqaThlM BOJ.ll!Hh!M 

3aMe,l.lnHTerreM J.lilll <PopMHpoBaHHll TerrnoBoro crreKTpa HeHTpOHOB. TaKHM o6prooM, ocH 

HeHTpOHOBOJ.IOB cneKTpOMeTpOB, KOTOpb!M Heo6XOJ.IHM XOJIOJ.IHhlH crreKTp CMemaIOTCll HHlKe 

OTMeTKH 6,0, a J.lilll crreKTpOMeTpOB c Heo6XOJ.1HMhlM CMernaHHh!M cneKTpOM HeHTpOHOB OCTa­

IOTCll Ha 1.1eHTpe aKTHBHOH 30Hhl peaKTopa, Tor,11a OHH norryqaJOT H TeIIJIOBbie HeHTpOHbl OT rpe-

18 

6eH'laToro BOJ.lllllOro 3aMeJ.IJil1TeJill 11 XOJIO,l.lllble HeHTpOIIhl OT XOJ!OJ.IHOro 3aMeJ.IJI11TeJill. BMeCTe 

c TeM, TIOCKOJibKY MOJ.1ep1rn311p0Ba1rnall aKTl1Bll3ll 30lla peaKTOpa CTaJia 60J1ee KOMflaKTHOH, TO 

11 nyqoK, Hei1TpOHOBOJ.1 KOToporo 6bIJI nacTpOCll na npe,l.lblJlYlllYIO 3011y, npaKTl1'lCCK11 ne fIO­

JIY'laJI 6bI HeHTpOHbl. CT03TOMY J.IJlll 11 Kanana, B BCpXllCH 'l3CTl1 3aMCJ.IJ111TeJill npe,11yCMOTpe11 

J.IOIIOJIIiHTeJibHhlH rpe6eHqaTbIH BOJilIHOH 3aMeJ.IJ111TCJ!h B reoMeTp1111 «KpbIJIQ)) opTOrOHaJibHO 

OCH 11 IIY'lKa. (26-28, 31] 

3Kpa~pyt<lll.("1t.4 
cnoi.1 8,C 

3aMe.AnITTenb rpe6e~arb1"1 a 
HanpaeneHMVI 7, 10 "1 11 ny4KOB 

8oARHaR nanOCTb 

MeM6paHa KpHOrBHHCYO 

33M e,Q!lMTeilR B 

7, 8 "10 ny"""" 
nocTlaMeA!lHTe!lb 
B~SIHOM 

- ·-
-

P11c. 12. TpexMep11all MOJ.ICJih 3aMCLV111TCJIH JlJlll 7, 8, 10 11 11 nyYKOB. 

B Ka•1ecTBe np11Mepa np11BeJieIIbI paccq11rn11111>1e cneKTp1>1 11ei1Tpo11on ;urn 11anpa0JieH11ll 

7 nyqKa Ha paCCTOlIHl111 4 ,5 MOT IlOBepxnocrn 3aMC.UJI11TeJ!ll (p11cy110K 13). 

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

o:,:.!;!::::~ .:~::i :..o,, 
1E10 °....- -;:;>· ,,•"" '- , !'~ 

,o./ / . / " ... , t~ 
~ :;.'/' ./ ·, \ 
5: / \ o~ 
i!J 1E'il • / \'• 

~ /'• .I.'\ o,:~, 

'· '-c. 
1E8 '-

1E-3 0,01 

Energy, eV 

0,1 

''• 

PHc. 13. JJ:H<P<PepeHJ.1HaJihHh1e cneKTphI HeHTpOHOB J.lilll 7-ro KaHarra (KBa,11paTbl - TOJihKO 

npe,1.13aMeJ.1JIHTeJih, OKpYlKHOCTH OTITHManbHall KOH<i>HrypauHll 3aMe,llJIHTeneil: (xono,1.1-
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HbiiHrpe6eH'.JaTbIH TenJJOBOH), TpeyronbHHKH - cneKTp HeihpOllOB, nonytJeHHblH TOJJbKO c xo­

JJOJ:(HOH tJaCTH c ytJeTOM qacTH'IHOro 3aTeHeHHll 1·pe6Hl!MH sommoro 3aMet1JJHTCJJll). 

KaK BHJ:(HO H3 cneKTpOB, B 3aBHCHMOCTH OT 11acTpOHKH llCHTpOllOBOJ:(a 7-ro nytJKa 803-

MOlKHO OJ:(HOBpeMeHHOe nonyqe1me H TenJJOBblX, H XOJJOJ:(llblX IICHTpOHOB (KOM6HI1HposaHHblH 

cneKTp HCHTpOHOB). [29] 

B pe3yJJbTaTe MOJ:(CJJHpOBaHHll paCC'IHTaH K03<jJcjJHl.lHCHT yseJJH'ICHHll noTOKa XOJJOJ:(HblX 

HCHTpOHOB H3 XOJJOJ:(HOfO 3aMeJ:(JJJffCJJll c MC3HTHJJCHOM no OTHOWeHHIO K nJJOCKOMY 3aMCJ:(JJH­

Temo c BOJ:(OH KOMHaTHOH TeMneparypbl B 3aBHCHMOCTH OT J:(JJHHbl BOJJHbl HCHTpOHOB (pHCYHOK 

14). [25] 

M 
c<S 
0.. 

cj 

15 

10 

5 

0 
' ......... 

0,2 

---~_...-·-. 
/ 

. ..... -... -

/ 
/ 

0,4 0,6 0,8 

:X.,m1 

PHc. 14. Ko3<jJ<jJ11u1IeHT yseJJH'leHHll nnoTHOCTH noToKa 11ettTpo11os B JaBHCHMOCTH OT t1JJHHb1 

BOJJHbl HeHTpOHOB 113 XOJJOJ:(IIOro 3aMeJ:(JJHTCJlll c MC3HTHJJellOM 110 OTllOWCllHIO K 3aMeJ:(JJHTeJJIO 

c BOJ:(OH KOMHaTHOH TeMnepaTypb!. 

B TpeTbeH rnase np11set1eHb1 TaKlKe pe3ynbTaTb1 pac'leToB H ananH3a t1onoJJHHTenbHbIX 

B03MOlKHOCTeH no yseJJH'ICHHIO BblXOJ:(a XOJJOJ:(HblX HCHTpOHOB J:(Jlll MC3HTHJJeHa, npH C03J:(allHH 

rpe6eHtJaToro XOJJOJ:(HOfO 3aMeJ:(JJHTCJJll Ha ero OCllOBe H onTHMH3HpOBaHa TOJJLl.lHHa OCllOBbl 

rpe6eHOK . .[(onOJJHHTeJJbHblH BblXOJ:( XOJJOJ:(HblX HCHTpOHOB MOlKeT J:(OCTHfaTb 2,5 pa3. npl1BO­

J:(llTCll H aHaJJH3Hpy!OTCll pe3yJJbTaTbl pactJeTa TenJJOBb!J:(eJJellHll B XOJJOJ:(HblX 3aMeJ:(JJHTeJJllX 

HCHTpOHOB I15IY 11EP-2 H3-3a B03J:(CHCTBHll H3JJy<IeHHll. 

qeTsepTaH rJlaBa nOCBlll.LlCHa o6cy)l(J:lelrnIO pe3yJJbTaTOB C03J:(a11Hll H nycKa XOJJOJ:(llOro 

J:(HCnepCHOfO 3aMeJ:(JJHTCJJll 11a OCHOBe CMCCH Me3HTHJJeHa H M-KCHJJOJJa B COCTaBe KOM6HI1Hp0-

BaHHOro 3aMeJ:(JJHTeJJll Ha I15IY HEP-2 H Hccnet1osaHmo ero oc11os11b!X napaMeTpOB [33-37], a 

TaKlKe nonytJeHHblM pe3yJJbTaTaM Ha pa3pa6oTaHHOM H C03J:(aHHOM noJJHOMacwrn6HOM HCnbITa-
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TCJJbHOM CTeHJ:(e XOJJOJ:(llOfO 3aMeJ:(JJHTeJJll no HCCJJeJ:(OBalIH!O napaMeTpOB 3arpy3KH KaMepbl­

HMHTaTopa wapHKaMH H3 CMCCH Me3HTHJJeHa H M-KCHJJOJla npH HH3KHX TeMnepaTypax HOTOKOM 

fa3006pa3HOro reJJHll no CJJOlKHOMY TpaHcnoprnoMy nyrn (pHCYHOK 15-17). [38 - 47] 

/---- lOM 

PHc. 15. TpexMepHbIH 3CKH3 nonH0Macwrn611oro HCllbITaTeJ1b11oro cTent1a (I - Tpy6onposot1 

HOJ:(BOJ:(a reJJHll K KfY, 2 - Tpy6onpOBOJ:( OTBOJ:(a reJIHl! OT KfY, 3 - J:(BHraTeJJb raJOJ:lYBKH, 4 -

KpHOCTaT, 5 - y3eJJ c Tpy6KOH TIHTO H MaHOBaKyyMeTpOM, 6 - rI03Hl.lHll BBOJ:(a rnapHKOB ll Tpy6o­

npoBOJ:(, 7 - J:(03Hpy10mee yc-rpoHCTBO not1a'IH wapHKOB B rillCBMOTpaKT; 8.1, 8.2, 8.3, 8.4- Me­

CTa ycrnHOBKH TepMoMe-rpos conporn1Jne11Hll. Tl30; 9.1, 9.2 - <jlna11ub1 tlJJll oTKa'IKH HaKyyMa; 

I 0.1, I 0.2 - BbIBOtlbl Tpy6oK K t111<jJ<jJepeHuHaJJbllbIM t1aT'IHKaM t1aHJJe11m1; 11 - KaMepa-HMHTaTOp 

XOJJOJ:(HOro 3aMeJ:(JJHTeJJll, 12 - BBOJ:( nOJ:(HHTKH fCJIHl!; 13 - Tpa11cnopT11blH Tpy6onpOBOJ:l, 

HHCBMOTpaKT). 

PHc. 16. TpexMepHal! MOJ:(eJJb KaMepbl-HMHTaTOpa (I - KBapuesb1e cTeKJia TOJJLl.lHHOH IO MM, 2-

CHCTeMa CJJHBa, 3 - peweTKa, 4 - o6beM J:(Jll! 3anOJ1He!mll wapHKaMH, 5 - BaKyyMHblH KOlKyx, 6 -
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KpttoreHHbie Tpy6onpOBO.!{bl BXO}.(a reJmll H urnpHKOJl H llb!XO.!{a reJJHll, 7 - CTeKJJllHHall CTe!·IKa 

KaMepb1). 

Pttc. 17. <l>ornrpa<jmll rnapHKOB B KaMepe-HMHTaTOpe Kptt01·eu11oro 3aMe.!{JmTeJJll. TeMnepaTypa 

rnapttKOB 60 K, KOJJH'-!ecTBo - 25000 mT. 

Ha OCHOBe HCCJle.!{OBaHHH ua HCilbITaTeJJhllOM CTel!).{C 6hIJJa 3KCnepttMe1rraJ1bHO IlO}.(­

TBepJK.UeHa B03MOlKHOCTb 3arpy3KH IlOTOKOM ra3006pa311oro reJmll 6oJJblllOr0 KOJIH'-!eCTBa rna­

pHKOB B KaMepy 3aMe}.(J]HTeJJll 110 CJIQ)K!lOMY TpaucnoprnoMy ny·rn, IlOBTOplllOllleMy KOH<jmry­

paumo m1eBMOTpattc11oprnoil JJHHHH qepe3 6ttonorn'1CcKy10 3a11tHTY I151Y MEP-2. 

Ope}.(J]oJKe1rnall H pa3pa6orn1111al! Komjmrypauttll KOM6mmposa1rnoro 3aMe.UJJHTeJJll }.(Jill 

7, 8, 10 H 11 ny'-IKOB o6ecne'-lttBaeT 11eo6xo}.(HMb1e c11eKrpb1 HeilTpOIIOB .!{Jill rnecTH cneKTpoMeT­

poB, pacnOJJOJKeHHblX Ha 3THX ny'-!Kax, 3a C'-!eT 'lHCJieHI-10 npoMO.!{eJJHpOBamIOro OilTHMaJJbHOro 

pacnoJJOlKeHHll XOJIO.!{HOH H TellJJOBOH '-!aCTett 3aMe.!{JJHTeJJll (pttcy110K 18). (33 - 35] 

~f ....._..-..I. . .< .,.ft..M 

~ 

Pttc. 18 <l>ornrpa<jlttll H3roTOBJJettttoro KOM6tt11ttp0Bauuoro 3aMe.UJJHTeJJll .!{Jill 7, 8, 10 H 11 ny'-1-

KOB MO}.(epm13HpoBaHHOtt I151Y MEP-2 nepe}.( ycTaHOBKOtt B mranwe nOJJO)KeHtte. 
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Ha OCHOBe .uaHHbIX, noJJy'-!eHHbIX ua HCilb!TaTeJibHOM CTen.ue 6b1Jla pa3pa6oTaHa TeXHO­

JIOrtt'-!eCKal! CHCTeMa XOJIO.!{HOro 3aMe}.(JIHTeJlll (pttcyHOK 19). (34] 

" 12 

16 ... 

"• 

Pttc. 19. YnpomeHHall Texttonortt'-!ecKall cxeMa no.ua'-IH rnapttKOB H oxnaJK.uenttll xono.uttoro 3a­

Me}.(J]HTeJJll I151Y MEP-2. (I, 2 - .utt<jl<jlepeHuHaJibHbie .uaT'-!HKH .uasneHHll, 3- Tpy6Ka Ottrn, 4 -

KpttoreHHal! reJJHeBal! ycTaHOBKa c Tpy6011pOBO}.(aMH XOJIO.!{IIOro reJIHll BTOporo KOIIrypa, 5 -

Tennoo6MeHHHK, 6 - Kpttorem1b1tt rentteBbIH Hacoc (ra30.UYBKa), 7 - pecttsep }.(Jill 0Tpa6orn1rnoro 

MaTepttana 3aMe.!{JIHTeJJll c .upettaJKHOH JIHHHeil, 8 - npe.u3aMe}.(J]HTeJib c BO.!{OH, 9 - KpttoreIIHblH 

3aMe}.(J]ttTeJJb c rnapttKaMH, I 0 - KpttoreHHhltt Tpy6onpOBO.U }.(Jill ntteBMOTpa11cnoprn rnapttKOB H 

no.ua'lH xono}.(Horo reJJHll nepBoro KoHrypa (K 3aMe.UJJHTemo), 11 - 11epsall 6ttonorncrecKoil 3a­

ll{HTa peaKropa, 12 - BTOpal! 6HOJIOrtt'-!eCKall 3all{HTa peaKTOpa, 13 - KpttoreHHblH Tpy6onpoBO}.( 

06pan1oro rentteBoro noToKa nepsoro KOHTypa, 14 - ra3ronb.uep c rentteM, 15 - 3arpy3o'-!Hoe 

ycTpOHCTBO, 16 - aKTHBHal! 30Ha peaKropa I1EP-2M c 110}.(BHlKHblM OTpaJKaTeJJeM, 17 - Tpy6o­

npoBO.!{ c6poca raJa H3 cttcTeM1>1). 

B '-!erneprnii rnase TaKJKe onttcbmaeTcll npttnuttn pa6oTbI pa3pa6oTaHHOro nporpaMM-

HO-annapaTHOro KOMllJJeKca .!{Jill KOHTpOJlll 11apaMeTpOB HCilb!TaTeJJbHOro CTeH.ua H XOJIO.!{HOro 

3aMe}.(J]ttTeJlll. (34, 39, 43 - 45] A11antt3ttpy10Tcll pe3yJJhTaThI nycKa xono}.(noro 3aMe}.(JIHTeJJll 

(TeMnepaTyphr, TennonpHTOKll, cneKrpbr Hei1Tpo1-10B, .uerpa.uauttll cneKTpa, ananH3 CJJHTOH no­

cne 06J1y'-!el1Hll CMeCH H }.(p.). OpHBO.!{JlTCll H3MepeHHble cneKTpbl HeHTpOHOB Ha cneKTpOMeTpax, 

pacnonoJKeHHhIX Ha 7, 8, 10 H 11 ny'-!Kax (pttcyHOK 20), KOJ<jl<jlttutteHT yseJJtt'-!eHHll nornKa xo­

JJO.UHbix HeHTpOHOB npll pa6oTe KOM6HHHp0BaIIHOro 3aMe}.(J]HTeJlll c XOJIO.!{HblM 3aMe}.(J]HTeJJeM B 

ero COCTaBe (pttcyHOK 21 ), a TaKJKe HeKOTOpble pe3y JlbTaTbl 3KCnepttMeHTOB no H3y'-leHH!O KOH-
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a;eHCHpOBaHHbIX cpe.11 Ha crreKTpOMeTpax c HOBbIM KOM6HHHp0BaHHbIM 3aMe,ll.JIHTeneM I15IY 

~P-2. [33-37, 48) 

100-l-+ ~L I 

~ 
N~ 

~ 10 

~ 

0 ,1 4--f-~~1--~-t-~--j~~-1-~--,~~+-~-+~~-;-~"'-1 

5 

).,A 
10 

PHc. 20. CrreKTpbI HeHTpOHOB, rrony'leHHhre c BhI,lleneHHOH o6nacTH H3o6p<l)l(eHHll xono.11Horo 

3aMe,ll.JIHTen5!: 1- rrpH rrycTOH KaMepe, 2 - rrpH 3arpy3Ke mapHKaMH rrpH TeMrreparype !OOK H 3 -

IIpH IIOnHOCTblO 3arpylKeHHOH KaMepe rrpH TeMrreparype 30 K. 

}fa rronyqeHHbIX cneKTpOB MOlKHO nony'Il!Tb K03$qmuHeHT BbllirpbIUia B IlOTOKe xono.11-

HbIX HeHTpOHOB, KOTOpb!H ,llOCTHraeT 13 pa3 .lln5! ,llnHH BOnH 8 - 10 A (pHCYHOK 21). (33, 34] 
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PHC. 21. BenH'!HHa K03$$HuHeHTa BbllirpbIUia B IIOTOKe xonO,l\Hb!X HeHTpOHOB rrpH HCIIOnh30-

BaHHH xono,l\Horo 3aMet1nHTen5! B cocTase KOM6HHHposaHHoro 3aMe,llnHTen5! I15IY HEP-2. 

Haqano pa6oThI KOM6HHHpOBaHHoro 3aMe,ll.JIHTen5! HeHTpOHOB c xonO.l\HhIM mapHKOBbIM 

3aMe,llnHTeneM B ero COCTaBe Ha MO,llepHH3HposaHHOH HCCne.11osaTeJThCKOH 11.11epHOH ycTaHOBKe 

MEP-2 o6ecrre'!Hno Heo6xot1HMhie crreKTphl HeHTpOHOB .lln5! mecTH .11eil:CTBY10!UHX Hccne.11osa-
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TenbCKHX ycTaHOBOK (nonOBHl1a OT Bcex BBe.lleHIIbIX B JKcnnyaTaumo ycTaHOBOK llnll H3y'leIIHll 

KOH,lleHcHpOBaHHbIX cpe.11 na H51Y HGP-2): CKAT, 3nCHJIOI-!, HEPA, PEMYP, fPEHHC, 

<l>C.lt pacnonolKeIIHbIX 11a 7, 8, 10 H 11 ny<IKax. TaKHM o6pa30M, Ha ycrnHonKax CKAT, 3 rI­

CHJIOH, HEPA, PEMYP - IlOlIBHnacb B03MOlKIIOCTb O.!\HOBpeMem10 pa6oTaTb KaK c TCnnoBhI­

MH, TaK H c xonO.llHhlMH uei1TpOHaMH, ycTaIIOIJKa <l>C,ll o6ccrre'leHa TennOBhIMH IICHTpOHaMH, a 

fPEHHC - xono,l\HbIMH nei1TpOHaMH. [34, 37, 48, 49' , 50'] 

B 3aKmo•1c11uu ccl>opMyJrnpona11b1 pc3yJ1bT3TbI: 

1. Pa3pa6oTaHO HOIJOe uanpaBne1rne B C03.[\aIIHH XOllO.l\IlbIX 3aMCllnHTenci1 IICHTpOIIOB 11a oc­

HOBe TBep,llbIX ,llHCrrepCHbIX BO.l\OpOL1COL1eplKanu1x MaTep11anoll .l\Jlll BblCOKOI111TCIICHI311hlX 

HCTO'IHHKOB Hei:fTpOHOB. 

2. ,lleTanhHO 11ccne.11osattb1 3aMe.11n11mma11 cnoco611ocTb, paL111au110HHbie 3(fHpeKTbI, B03MOlK­

ttocTb pa6oTaTb B urnpOKOM .l(HaIIaJOHe TeMnepaTyp TBep,llbIX 130.ll0p0).(COJ~eplKauu1x MaTe­

pHanOB .11n11 xonO,llllbIX 3aMe.[\nHTendi npH IIH3KHX TeMIIepaTypax (MCTaHa, Jlb).(a, rH).(paTa 

MeTana, Me3HTHne11a H ero CMeCH c M-KCHJIOnOM) Ha pa3pa6oTaIIIIbIX H C03.ll3IlllhlX 06J1y­

'l8TenbHbIX ycrnnoBKax YPAM-2, 3 H 3M 11a pcaKrnpe HEP-2 (JIHcl> OY15ll1) 11 MHKpo­

TpOHe MT-25 (JUIP OI15Il1) H B 3KcnepHMCIITaX 11a ycrn110BKe JESSICA (f.Z Juelich, 

Germany) H ,lll1H-2nl1 (JIH<l> Ol151H). 

3. YcTaHOBneuo, '!TO B CMeCH Me3HTHne11a H M-KCHnOJia CllOirraIIHOH peaKUHH pCKOM6mia­

UHH pa.llHKaJIOB Ile Ha6mo.[\aeTCll, a CKOpOCTb IIaKOIIJieIIHll 3I1eprnH OT rIOfJIOIIlCIIllOH ).(03bl 

HaHMeHbWall H3 BCex HCCJle.[\OBallllbIX MaTCpHanou. Onpc).(eJieIIO, '!TO .l(aBJICIIHC 11a CTCIIKH 

o6ny'laTeJlbHbIX KaMep 3a C'leT HaKonnemmro pa.llHOJlHTH'leCKOro BOLIOPO.lla Il MeTa11e H Il 

Me3HTHneHe .11ocT11raeT Bem-t'lHIIbI 2,7 Mria. 

4. Pa3pa6orn11 cnoco6 .1111cnepc1rni1 3arpy3KH cMecH Me3HTHne11a H M-KCHJiona B IJH.lle wapH­

KOB (.llHaMeTpOM 3,5 - 3,9 MM) B KaMepy XOJlO).(IIOro 3aMe.[\JIHTeJ111 npH IIH3KHX TeMncpaTy­

pax IIOTOKOM XOJlO.llHOrO ra3006pa311oro reJIHll. Ila C03.llaIIIIOM IlOJI!IOMaCI11Ta6IIOM JKCile-

pHMe1nanbHOM CTeH.[\e xonO.l(HOro 3aMe.[\JIHTeJlll, IIOIJT0p1110ll(CM cnolKIIbIH TpaIICilOpTIIbIH 

nyT& '!epe3 611onorn'!eCKYIO 3am11Ty l151Y HEP-2, anpo611poBaH H L1eTanb110 11ccneL10Ba11 

cnoco6 L1Hcnepc11oi1 3arpy3KH 6011i,woro KOnH'!ecrna wapHKOB (- 25000 WTYK). Co3.11aH&I 

TeXHOnorH'leCKall CHCTeMbl H CHCTeMbl KOHTpOJlll OCHOilHblX napaMeTpOB XOJlO.llHOro 3a-

Me.11n11Ten11 J.151Y HEP-2. 

5. Pa3pa6oTaH H C03.[\aH nepBhIH Il MHpe XOJlO.llllbIH 3aMe.llJ1HTeJ1b Ha OCIIOBe .llHCnepcHOH Ile 

B3pbIBOOrraCHOH CMeCH Me3HTHJleHa H M-KCHJlOJla c KOIITp0JlbIIO-H3MepHTeJlbllblM 06opyL10-

BaHHeM H nporpaMMHbIM o6ecne'leHHeM. 3KcnepHMeHTaJibIIO IlOKa3aHO, '!TO XOJIO.llHblH 3a-

MeMHTenb: 
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- yeeml''!HBaeT nOTOK XOJIO.llHblX ueihpOHOB .!10 13 pa3; 

- MOJKeT HenpephIBHO pa6oTaTb ua 115IY 11I>P-2 HpH MOlllHOCTH 2 Mih 6e3 3aMCHbl MaTe-

pHana .llO 10 cyTOK; 

- MOJKeT pa6oTaTb B WHpOKOM .!1Hanll30IIe TCMnepaTyp OT 30 t(O l so K. 

6. Pa3pa6oTaH MeTO.ll nonr1e11Hll Me.llnem1b1x 11ei1TpoHOB B wHpoKoM .!1Hana3oHe .llJIHH aonu 

.llRll BbICOKOnOTO'lHbIX HCTO'lIIHKOB uei1TpOIIOB c MYJibTH.llHCLlHnJIHIIapl!bIM Ha6opoM 3KC­

nepHMeHTaJlbHbIX ycTaIIOBOK, npe.llIIa3Jla'leIII!bIX t(Jlll H3Y'IeIIHll KOil.llCIICHpOBaHHbIX cpe.ll 

Ha BbIBe.lleH!ibIX ny'lKax. Anpo6aUHll MeTotta npOBC.llCIIa Ha HCCJie.llOBaTeJibCKOH ll.llepHOH 

ycTaHOBKH 11I>P-2 .llllll 7, 8, 10 H 11 IlY'lKOB, a HMe1mo: pa3pa6ornua KOI1qrnrypaUHll, C.lle­

JI3HO .lleTaJlbHOe 'lHCJie1moe MO.lleJIHpOBam1e, C03.llaH H BHe.llpe11 KOM6HHHpOBaHHblH 3aMe.ll­

JIHTeJih HeihpOIIOB c XOJIO.llllblM TBep.llO.llHCnepCIIbIM 3aMe/lJJHTeJieM B ero COCTaBe. CTpH­

MeHeHHe KOM6HHHpOBa1rnoro 3aMe.llJIHTeJill pacurnpHJIO B03M0)KIIOCTH npoBe.lleHHll 3KCne­

pHMeHTOB Ha rneCTH cneKTpOMeTpax 115IY 11I>P-2, pa3MemeIIl!blX 11a YKll3aHIIbIX ny'lKaX, H 

nOBblCHJIO 3cjlcjleKTHBIIOCTb HCCJie.llOBalIHH c XOJIO.llllb!M H CMeIJiaIIIIblM (XOJIO.llllb!M H Ten­

JIOBhIM) cneKTpoM 11ei1Tpo11oe. 

B 3aKmo'leHHe aBTop BbipaJKaeT 6naro.llap110CTb KonneraM, np11 y'laCTHH KOTOpbIX npoeo­

.llHJIHCh pac'leTbl, C03.llaBaJlHCb npH60pbl, npoBO.llHJIHCb 3KCnepHMeIITbl 11a 11I>P-2 H a11aJIH3HpO­

BaJlHCb Hx pe3ynhTaThI: E.n. llla6anm1y, B.,ll A11a11heey, H.n. AHuynoay, M.B. I>ynaem1y, 

A.A. oeJilIKOBy, A.E. Bepxornll.llOBy, A.B. ,ll,onrnx, Jl.B. E.llyIIoBy, B.r. EpMHJIOBy, A.H. Ky­

CTOBy, E.H. KynarnHy, K.A. Myx11Hy, 11. HaTKa11uy, A.r. I-loBHKoay, A.CT. CHpornHy, A.n. 

neTPeHKO, T.I>. nezyxOBOH, A.H. <l>e.llopoay, A.H. '-lepHHKOBy, ,[(.E. llla6anm1y, B. K. ll111po-

KOBy; 

I>naro.llapHT 3a CO.lleHCTBHe B pa6oTe H noMOLl..lb npH C03.ll3IIHH H 3KCnnyaTailHH 3KcnepH­

MeHTaJlbHb!X ycTaHOBOK pyKOBO.llHTenei1 JTH<l> H coTpY.lllIHKOB Jla6opaTOp1111 H3 no.llpa3.llene­

HHi1: PeaKTop 11I>P-2, MTO, 3M, 3TO, H30Hl1KC, H30KC 11I>P-2, KI>, OI-111PKC, ceKTopa 

PC, npe.llrIPHlITHH Hno «Hl1K113T», l-InO «ATOM», HnO «fEJTl1i1MAll1», a TaKJKe co­

TPY.llHHKOB Jl5IP, ome'laIOmHx 3a pa6ozy MHKpoTpo11a MT-25 11 coTpy.llIIHKOB Jl<l>B3 3a no­

MOLl..lh B pa6ornx c Kp11oreHHOH TeXHHKOH. 

AaTOp Bh1paJKaeT np11311aTeJibIIOCTb .llOKTOpaM qrn3HKO-MaTeMaTH'lCCKHX 11ayK <l>paHKY 

fon.lleH6ayMy H ,ll,ernacjly <l>11nrecy, KaH.llH.llaTy cjlH3HKO-MaTeMarn'leCKHX HayK Kam HmeHmir­

xosy 3a npe.llOCTaBJieHHy10 B03MOJKHOCTb y'lacrnoeaTh B pa6ornx no npoeKry JESSICA, a TaK­

JKe rrpoBO.llHTb pac'leTHble pa60Tbl IJO rrpoeKry C03.llaHHll KOMIJJieKca 3aMe.llJIHTenei1 l15IY l1I>P-2 

e <l>opwyHrueHTpe IOnHxa. 
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