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,UaHO OfiHCaHHe HOBOl'O HeihpOHHOl'O cneKTpOMeTpa, npe.uHa3HatJeHHOl'O 
.!lJ151 H3)'1JeHIDI Heynpyroro pacce51HIDI HeiiTpOHOB Ha fiOJIHKpHCTa.TIJIHtJeCKHX MHKpO
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A new neutron spectrometer for investigation of inelastic neutron scattering 
on polycrystal microsamples under high pressure in supphire and diamond anvils 
cells is described. The spectrometer is operating at the IBR-2 pulsed reactor in JINR. 
Parameters and methodical peculiarities of the spectrometer and the examples 
of experimental studies are given. 
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1. BBe,tJ;CHIIC 

B IIOCJIC.UH!Ie fO.Ubl B paccel!HIIII HCHTpOHOB caMOCTOSITeJibHOe 3Ha'leHHe 

rrp1Io6peTaeT II3)"1CH!Ie MIIKpOKOJIII'ICCTB BClllCCTBa, OTKpbIBal0[1lee IIOBblC B03MOlKIIOCTH 

B pacrrpocTpaHeHIIII ueiiTpOHH~IX MCTO.UOB IICCJIC.UOBa!lllll. OOJibUJHHCTBO pa6oT B 3TOM 

HarrpaBJieHIIII BbIIIOJIHCHO Ha CTa1..1no11apHb!X peaKTOpax rrpll II3)"1CHIIII H3MeHe1mii 

aTOMHOH. H MaflmTIIOH CTPYKTYPhl . rro.u B03.UCHCTBIICM ' Bb!COKIIX J.laBJICHllii . C IIOMOII!blO 

yrrpyroro paccel!HHll (.u11cppaK_ll,IIII) ueiiTpOHOB I 1,2 I. B IIOCJIC.UHCC BpeMll a11a.r10nt'lllb!C 

HCCJIC.UOBaHHll rrpoBe.UeHbl Ha HMIIYJibCl!blX IICTO'IIIHKax, nocrnimBKa 3KC11ep11Mel1TOB 11a 

KOTOpblX rrpe.uoCTaBJilleT xopOUIO H3BCCTllbie npenMy111ecrna BCJIC.UCTBIIC qmKC1!pOBa1111oii 

reoMCTpllll paccel!Hllll (CM., HanpHMep, (3)). 

,[vill IIOHHMaHlill rrp!IpO.Ubl · MelKaTOMHOfO B3aHMO.UeiiCTBHll ll KOIU!CIICl!po11a11111,1x 

cpe.uax Heo6xo.u11MO 3HaTb .· xapaKTepHCTHKII 3JICMCHTap11b1X nm6ylKJ1Cm1ii, KOTOpblC 

MOryT 6b1Tb IIOJl)"ICl!bl np!I 113)"1CIIHII 11eynpyroro paccellllllll 11cii'rpo11on. floCKOJlbKY 3TO 

paccei11111e llBJillCTCll ropa3.UO Me11ce BCpOllTllblM npoueccoM, 'ICM .uucpp.aKUHll, TO ).J.Jlll 

npoBC.UCHHll 3KCnepHMCHTa Tpc6ycTCll cpaBIIHTCJlbllO 6oJJblllOC KOJHl'ICCTllO BCll!CCTBa. 

TeM l!C Me11ce HC.UaBIIO IIOKa1a110, '!TO TCXIIHKa HaKOBaJICII, IIO'lBOJlll!Olllall HCIIOJll,10BaTI, 

MHKpOKOJIH'ICCTBa llClllCCTBa II 06cc1_JC'II1Ba10ll!all 6oncc BblCOKHii ypoBCIII, .uaBJJeHHii 110 

cpaBIICIIIIIO C ·c11CTCMaMH. n111a 11oprnc111, - [ll1JIH11.Up, MOlKCT 6L!Tb yc11c111110 llpHMCIICHa 

llJlll 11cc11e.uosa1111l1 qJOIIOllllblX. iim6ylK.LlClll1ii MCTO.UOM 11cy11pyrcJ1'() IICKOrcpc1mmro 14) II 

11cynpyroro irnrcpennmro paCCCllllllll 11ciiTpOIIOB I 5 I II MOlKCT .uanaTL IIOllYIO H 

cy1nccrnc1111y10 1111cpopMaUH10 OTIIOCIITCJll,i'IO MClKaT0~1111,IX 1ria11Mo.uciicrnnii II IIX 

111~1c11c11ilii IIIJII YMCllblllCIIIIII o6bCMa. 

Ha BhlC_ciKor'10TO'IIIO~i. HMIIYJlbCIIOM HCT()lll!IIKC 115P-2 IICJlaBIIO. co1.ua11 IIOBLiii 

11ciiTpo1111h1ii CIICKTpOMCTp llH-12 I 6 I, 11pc.u11a-i11a'lc11111,1ii J.Ulll u·1y•1c11Hll ynpyroro 1-1 

11cy11pyroro pacCCllllllll 11a IIOJll!KpllCTaJIJlll'ICCKIIX 06pa1nax 11p11 llb!COKHX .uaBJICHHllX B 

Ka~1cpax C camjrnpoBblMII IIJIII aJIMa111bl~;II 11a_KOBaJlbllllMII' 171, ·s llaCTOll[1leii pa6on: 

)lallO Olll1Ca1111c KO!Hjrn1ypan1111 )la1111oro Cll~KTp<lMCTp~. ·1:p~Jll(~]lla'ICIIIIOii llJISI H3)"1CHHll 

11cy11pyrnro pacccll11mi. 

2. CxeMa II KOIICTpy1n.{HH CilCKTpOMCTpa 

Ha p11c. I IIOKa1a11a CXCMa CIICKTpOMeTpa. HeiiTpoHbl, o6pa3ylOlllHCCll B aKTHBHOH 

1011C peaKrnpa (I), TepMaJIHJYIOTCll B 1aMC.LlJIIITeJie (2) H, npOHJUI Kattan B 

611onorn'leCKoii JalllHTe (5), nona)laIOT Ha npalllalOlllHHCll npepbmaTeJih (4), CJiy)Ka[1lHH · 

)Llll yCTpaHCllllll cpo11a 3ana1)lb1Bal01I(IIX 6blCTpb1X HeiiTpOHOB B rrpOMClKYTKe Me)K.L{y 

OCIIOBl!b!M H .UOflOJIIIHTCJJbHblMH IIMIIYJlbca~m peaKTOpa. lfaCTOTa BpalllCHHll 

npepbIBaTeJill COCTaBJlllCT 25 ru, pa3Mepbl OKHa 160xl60 MM
2

• PacCTOllHHe OT 

JaMeLUJHTeJill .uo npepbIBaTeJill COCTaBJil!eT 8,8 M . .Uanee HCHTpOHbl rrpOXO.L{llT BaKYYMHblH 

HCiiTpOHOBO.U (6) C KOJIJIIIMaTOpaMH (7), KOTOpbie orpaHII'IHBalOT II)"IOK .uo pa3MepOB 

30x30 MM
2

• MaTep11an KOJIJIHMarnpoB - 6op11pOBaHHblH IIOJIH3THJICH II CTaJib . .Uep)KaTeJib 

o6pa3ua ( 13) KperrHTCll Ha Koprryce IIOCJIC.UHeii CCKl..lllll KOJIJIHMaTopa. IloJIO)KCHIIe 



o6pa3ua OTHOCHTeJ!bHO OCH HeihpOHHOro rryqKa KOHTpon11pyeTC5! C IIOMOll(blO TeO,!lOJIHTa 
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Puc.I. O6Ufuu auo cneKmpoMempa J/,H~J2 Ha peaKmope HEP-2 ·(auo caepxy). I -
aKmUBHGJI 3011a, 2 - . 3ruteo1iumeJ1b HeumpoHoa, 3 - tuu6epHoe ycmpoucmao, 4 -
npepbt6ameJlb ny'IKa, 5 - 6UOJIO~U'leCKGJI, 3UUfUma, 6 .~ 6UK)!YM~~e HettmpOH0600bl, 7 -
K0JIJIUMamopbt ny'IKa, 7a - nooauJK1taJ1 1/acmb K0JIJIUMamopa, 8 ~ 3aUfuma IJeHmpMbHOu 
1/UC/ntl cneKmpoMempa, 9 - K0Jlblje6ble oem~KmOpbl, JO - . GHUJIU3amop U3 

nupoJ1umu'leCK0W _ _zpap11ma, 11 - qJUJlbmp U3 _ nupoJ1umu'le<;K0/0 zpapuma, 12 -

6epUJ1J1ueabtu qJUJlbmp, 13 - oepJKameJ1b o6pm1Ja 

Ilo,!lBIDl(Ha51 qacTb KOJIJiillrnTopa · (7a), H3fOTOBJieHHa51 m - Ka,!{MH51, ycTaHOBJieHa 

Herrocpe.acTBeHHO rrepe~ o6pa;tiOM 11 llBJI51eTC5! CMeHHOH. JJ:mw:eTp BhIXO,!lHOro OTBepCTH51 

M02KeT 6b!Th H3MeHeH OT ·o.s;·.ao 10.0 MM B 3ailHCHMOCTH OT pa3Mepa o6pa3[(a. C 

IIOMOll(blO MHKpOMeTpnqecKHX BHHTOB IIO,!lBlf)l(Ha51 qaCTh KOJIJIHMaTopa IOCTHpyeTC5! 

OTHOCHTeJlhHO o6pa3[(a C TOqHOCTblO 0.1 MM. ' 

3HeprernqecKHH aHaJIH3 pacceaHHhIX Ha o6pa3[(e HeihpoHOB ocyll(eCTBJI51eTcll .!lBYMll 
cnoco6aMu. B rrepBOM ,II.Jlll qJHKCa[(HlI KOHeqHoH 3Heprnu HeHTpOHOB HCIIOJih3YeTC5! 

KOJlh[(eBOH 6epHJIJIHeBhlll qJHJihTp, oXJia)K,!laeMbIH Jl(H,!lKHM a30TOM. If pacnOJIO)l(eHHhltt 

Me)K,!ly o6pa3[(0M H KOJih[(eBhlM .aeTeKTOpOM (puc.2). Kopnyc <pHJihTpa (1) HMeeT cpopMy 

_ Topoli,!la c IIp5IMOyroJihHhIM ceqeHHeM. BHenrnuii ,!{HaMeTp COCTaBJI51eT 760 MM, 

BHYTpeHHHH - 200 MM. BHYTPH Koprryca Ha TeIIJiomonnpyrolllHX orropax ycrnHoBJieH 

ofo,eM (2) ,II.Jlll )1(11,!{KOro a3oTa. Ha ero TOp[(eBoii IIOBepXHOCTH pa.!lHaJihHO paCIIOJIO)l(eHhI 

16 Be-6noKOB (7) MIIHOii 140 MM. Be-6JIOKH IIOKph!Thl Ka,!lMHeM, npu 3TOM Ha TOp[(ax 

6JIOKOB OCTaBJleHbl OKHa M5! rrponeTa HeihpoHOB OT o6pa3[(a (3) no ,!leTeKTopoB (4). 

BHYTPH Koprryca C03,!laeTC5! BaK)'}'M OKOJIO 10-3 MM pT.CT. C IIOMOll(hlO cpopBaKYYMHOro 

Hacoca, Ilocne 3aJIHBKH aJoTa Hacoc OTKJIIOqaeTCll n BaK))'M rroMep2KHBaeTC5! 3a cqeT 

IIOrJIOTHTeJI51 (a6cop6eHTa H3 aKTHBHpOBaHHOfO yrna) (5). Pacxon a30Ta COCTaBJilleT 
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25 mrrpoB B CYTKH. ,!])rn BbipaamrnaHml TeMrrepaTypbl 6JIOKOB HMeeTC5! TeIIJIOBOH 3KpaH 

( 6) 113 IIOJIHpOBaHHOfO Al. 
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Puc.2. KoJ1b1Jeaou 6eptruueabtu tjJuJtbmp. I - K<ipnyc ef1UJ1bmpa; 2 - 061,eM <>-~R ;rn<)KOW 

mama; 3 - o6pmelj; 4 - <le1neKmopb1; 5 ° · a6cop6e11111 u1 aKmua11po<iU11HOi!O yutJ1; 6 -
mellJIO<iOU 3Kpa11; 7 - 6eptlJIJIUe<Jbte 6110KU 

Bo BTopoM sap11aIne Wlll auanma 311epn111 paccell!mhlx 11ciiTpo110B ucrronb1yeTCll 

0Tpa2KCIIIIC OT Kpi1CT~OB 11HpOJIHTll'leCKOro rpacpHTa. .D:nll IIO)laBJieHHll OTpaJKe!IHH 

Bb!CWIIX nopll/lKOB 11p11MeHllCTCll qJIIJibTp H1 Toro ;KC MaTCpHaJ!a. Kopnyc a11anmaTopa 

(6) (puc.3) HMeCT cpopMy TapCJ!KH C I\CIITpaJibllblM orncpcTHCM m1aMeTpOM 200 MM )1Jl5! 

paJMClilC!Hlll KaMCpbl 06pa1ua. HciiTpOHbl, paCCCllllllblC 11a 06pa1ue (I), npoXO/lllT '!epe3 

qJIIJibTp (2) TOnlllHIIOii 50 MM, 11a6pa1111b1ii 111 IIJJacnm llHpOJIHTll'ICCKOro rpacpHTa. 

3aTCM uciiTpOllbl na.uatOT Ha a11a111narn'p (3) HJ mrpO!IHTH'ICCKOfO rpatpHTa pa3MepoM 

50x50 M~i2 11 TOJllllllllOii 2 MM, KOTOpbiii c _IIOMOlllblO . 4 MHKpoMeTpll'leCKHX BHHTOB 

11aCTpaImacTCll 11a OTpa;KCIIIIC 11eiiTpo110B C 311cprncii 14,2 M38. HeiiTpOHbl, OTpaJKeH!lhle 

a11a111narnpoM, pcrncTp11py10TCJ1 rc1rneBbIM C'ICT'IHKOM CHM- 16. Bcero uMeeicll 16 

qJIUlbTpOB, 16 a11an111aTopon H 16 C'leT11llKOB, KOTOpbre pacnOJIO)l(eHbl pa.!lHaJibHO, 

o6paJyll KOJibUeBylO CHCTeMy. B npoMe2KYTKaX Me)l()ly qJIIJihTpOM, aHanHJaTopoM u 

C'ICT'll1KOM IIOMemaIOTCll KOJIJIHMaTOpbl HJ Ka,!lMl15! .,,(5). <!JyHKUllll rrponycKamrn 

rpacpurnnoro cp11JibTpa noKaJa11a 11a pnc.4. IlponycKam1e Heihponon· c 3Heprnett 

14.2 M3B (A) cocTaBJ!lleT 80%, n TO 2Ke speMll Ml! :meprnH 56.8 M3B (')J2) u 127.8 ~rnB 

()J3) OHO COCTaBJilleT, 1 %. 0.aHaKO 6bmo, ycrnHoBJieHO, qTO B,. HeKOTOphIX CJij"Ial!X 

B03HUKaeT Heo6xo/11iMOCTb YBeJIH'leHllll TOJillll1Hhl rpacpHTOBOro <pHJibTpa ,II.Jlll 6onee 

IIOJIHOfO IIO)laBJieHllll OTpa2Ke11uii Bb!CWl1X nopll/lKOB. CurnaJihl C ,!leTeKTOpOB IIOCTyrraJOT 

Ha 32-KaHaJibHhiii BpeMeHHOii . aHaJIH3aTop, BhJIIOJIHeHHhIH B CUCTeMe KAMAK . 
.Il:anh11eiiwaa o6pa60TKa nonyqeHHhIX cneKTpOB OCyll(eCTBJI51eTC5! Ha PC-486 . 
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Puc.3. A11G.11u1amop u1 nupoJ1umuqecKozo zpa<J>uma. I - 06pa1e!J; 2 - </>UJ1bmp u3 

nupoJ1umu'lecK020 zpa<J>uma; 3 - a11G.11u1amop U3 nupoJ1umuqecK020 zpa<J>uma; 4 -
iJemeKmopbl; 5 - KaO.MUe6ble KOJIJIU.Mamopbt; 6 - Kopnyc 
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LLmrna BOJIHhI, A 
Puc. 4. <Py11KIJU11 nponycKaHUJI 2pa<J>umo6020 </>UJ1bmpa 

KoJibUt!Bbie qJHJibTp, aHaJIH3aTOp, K0JIJIHMaTop II )leTeKT0p 3aKpeTIJICHbI Ha 3aIUHTC H 

C. riOMOIUbIO MHKp0MeTpuqecKHX BHHT0B OT'i,IOCTHp0BaHbI C00CH0 II nepneH.l{HKYJil!PHO K 

HanpaBJieHIIIO Il)"IKa na,uaIOIUHX HempOHOB. CneKTpOMeTp CM0HTHp0BaH BHYTPII 

3aIUHTbl, KOTOpall npe)lCTaBJilleT co6oii: 3aMKHYTbIH UHJIIIIUlpHqecKHH 061,eM, 

pacnoJIO)KeHHblH C00CH0 C HanpaB.1IeHI1CM na,uaIOIUHX Hel!TpOHOB. .[{mi H3MeHeHI!ll 
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yCJIOBHH 3KCnepmteHTa cneKTpoMeTp BMeCTe C 3aIUHTOH MOJKeT nepeMemaTbCll B)lOJib 

Il)"IKa. 

3. '.3KcnepHMeHTa.JibHble B031\IOJKHOCTH YCT8HOBKH 

B Ta6JI.1 npnBe)leHbl OCHOBHbie napaMeTpbl cneKTpOMeTpa. Pa3perneHHe 

cneKTpOMeTpa npHMepuo TaKOe )Ke, KaK H y Jlpyrnx yCTaHOBOK Mll Heynpyroro 

paccellHHll c npllMb!M IIJIH o6paTHb!M 6epHJIJIHeBb!M qnIJibTpOM [8,9]. Pa3JIH'-1Hll 

o6ycJIOBJieHbl TOJibK0 reoMeTpw1eCKHMH <paKTOpaMH (npoJieTHbIMH paCCTOllHHllMH H 

IllHpHH0H Heii:Tp0HHOro lIMilYJibca). B Bapname C HCilOJib30BaHHeM nnpomITHqecK0ro 

rpaq:inrn (E=14.2 M3B, ~/Eo-13%) pa3pernem1e B IIHTepnaJie )lo 50 M3B npni.tepHo B 

)lBa pa3a JI)"Illie, qeM B CJI)"Iae 6ep1uumenoro_ <pHJibTpa, r)le OHO no pacqeTaM cocTaBJilleT 

OT 13 )lO 20% B )lilana30He 3Hepm{i OT 3 )lO 200 M3B. 

B03MO)KIIOCTH ycTaHOBKII npHMCHIITeJibH0 K IICCJIC)l0Banmo Heynpyroro 

HeKorepemuoro paccellHI!ll Heii:Tpouon Ha MHKpoo6pa3uax 6bIJIH H3)"IeHbl ua o6pa3uax 

pa3JiuqHoro 061,eMa uan6oJiee CHJibHbIX HeKorepeHTHbIX pacceI1BaTeJieii: - ril)lpHJlax 

UilpK0HI!ll ZrH1.93 (pnc.5) ·n aJIIOMHHilll AlH3 (pnc.6). obIJIH npHHllTbI MepbI Mll 

YMeHbllieHilll <poHa (JlOilOJIHHTeJibHall K0JIJIHMaUI!ll, 3aIUIITa, T0qHall IOCTHp0BKa 06pa3ua 

na TI)"IKe ~1 T.Jl.). 

Ta6J1U1Ja 1. Oc1106Hbte <J>u1uqecKue napa.Mempbt cneKmpo.Mempa 

Cpe)lHHH Il0T0K TeTIJI0BblX HCHTpOHOB Ha 06pa3ue _ripH MOIUH0CTH 1-106 HicM2/c 

oeaKTooa 2 MBT 

KoHeqHall 3Heprllll pemcTpnpyeMb!X Hei"rrpOHOB: 

6epHJIJIHt:BbIH aHaJIH3aTOp 4M3B 

mad:JHTOBbIH aHaJIH3aTOP 14,2 M3B 

HHTeDBaJI nepe)laq 3HePrHH 3 - 200 M3B 

3uepreTuqecKoe pa3perne1me Mll nepe)laq 3uepmI1 B nurepnaJie 

10 - 200 M3B: . 

6epHJIJIHeB!,IH aHaJIH3aTop 13 - 20% 

mad:JHTOBbIH aHaJIH3aT0P 5 - 12% 

Y roJI paccellHI!ll " 90° 

O6oeM 06pa3ua 2 - 80 MM3 

)lnana30H )laBJie1mii: 0-50 K6ap 

XapaKTepuoe npeMll H3MepeHI!ll cne~Tpoa 

IlPH MOIUHOCTH peaKTOpa 2 MBT 6 - 48 q 
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Puc. 5. CneKmp 11eynpyzozo pacce1111u11 11a 06pa11Je ZrH1.9J 
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Puc. 7. CneKmp 11ey11py20zr1 pacce1111u11 11a o6pm1Je MC/11(/J/J/U'lecKozo cmeKJW Zr7oBe10 

y CTaHoBJJeHO, 'ITO 3a BpeMJI OT 6 no 20 qacoB MOJKCT 6bITb nonyqeHa BITOJIHC 

npHCMJICMaJI KapTHHa CITCKTpOB Heynpyroro paCCCJIHHJI, cpaBHHMal! no OCHOB!lbU,f 

napaMeTpaM (pa3perneHHC, CBCTOCHJJa, COOTHOlllCHHC 3<pcpeKT/cpoH) C aHaJIOrH'IHblMH 

cneKTpaMH, ITOJly"ICHHblMH Ha cneKTpOMCTpax KJlCOfcM 181 B JIH<I> 0115111 11 Ha 

cneKTpoMeTpe c. HCTO'IHHKOM xononHhIX HciiTpoHoB (91 B JIHHTT PHU Kl1 Ha 

06pa31,1ax cymecrnem10. 6onbmero pa1Mepa. CpaBHe1me 11poseneHo Mll sapnaHTa c 

6epHJ1J1HCBblM <pHJJbTpoM. Ilpn COIIOCTaBJICHHH . pe,y1i~TaTOB rnenyeT y"IHTblBilTb, 'ITO 

IJOTO_K Ha BblXOne KaHana 12 pcaKTOpa 116P-2 npHMep,io 3 - 4 pa,a MCHbllle: 'ICM Ha 

npyrnx KaHanax. Ilo3TOMy IIOTCllllHaJlbllblC npcHMYIUCCTBa nammro CITCKTpOMCTpa, 

CBJl33Hllb1C C IICIJOJlbJOBaHHCM _KOJlbllCBOii CIICTCMbl pernCTpaUHII, no HCKOTOpoii CTCITCHH 

IIIIBCJlllpyiorcll IIIIJKIIM nciiTpOH)_lblM IIOTOKOM. TcM He ":'ence nonyqeHHblC pe3yJlbTaTbl 

noKaJblBalOT • BOJMOJKIIOCTb IICCJ1e_nosa1111J1 Heynpyroro HCKOrepeHTHOfO paccellHIIJI Ha 

o6pa,;rnx MaJlbIX pa,MepoB (.uo 2 - 3 MM
3
), no KpaiiHeii M,epe, ,Mll_ aonoponoconepJKamnx 

BCUlCCTB 11 ,;_npyrnx CIIJlbllblX IICKorcpenTHblX pacce11BaTeneii H Kor,epeHTHbIX 

paCCCHBaTCJICiL B IICKorepc11n10M np116n11JKCIIIIH. bbUJa .TaKJKe oueHeHa B03MOJKHOCTb 

pa6o:rbl C ~6p'a,ua1,m co' cp~m1eil paccenBaIOll(~ii cnoco6HOCTblO. Ha pnc. 7 no~;naH 

C.lleKTp . HeynpyropaCCCJlllllblX, HCHTpO;IOB Ha 06pa1ue ~e;a~UJH'ICC~OfO CTeKJla Zr70Be30 

BCCOl,L 0.5 rpaMM. BpeMJI ll3MepeHIIJI COCTaBHJJO 4. qaca·. IlonyqeHHOC 'IIICJlO OT'ICTOB B 
. ~ ~ , . . '. ' . ~· ' ' 

nep_BOM _ITHKe OKa3aJIOCb cpaBHIIMblM C 'IHCJlOM OT'ICTOB, nonyqeHHblM Ha CITCKTpOMerpe 

c H~TO'IHIIKOM xononHbIX Heiirpo~oB B JIH11TT PHU Kl1 Ha 06pa3ue aecoM 20 IpaMM. 

4. licCJieJJ;oBaHIDI Heynpyroro pacce.HHIDI Ha _MHKpooypa31.(ax 

Kpyr 3311aq, KOTOpblC Moryr . 6bITb perneHbl np11 HCCJlenoBaHHII neynpyroro 

HCKOrepemnoro paccel!HIIJI HCiiTpOHOB Ha MHKpoo6pa1uax npIIMepno TOT )Ke, 'ITO H rrpH 

113y"ICHHII LlH<ppaKUHII HeiiTpOHOB: 3TO nccnenoBaHIIJI rrpn Bb!COKIIX naBJJeHIIJIX B 
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11aK0BaJlbHllX, HCCJie.U0BaHllil o6pa3UOB, Il0JiyqeHHblX rrpn BblC0KHX .uaBJieHlli!X B 

MHKp0K0JIH'Iecrnax, HCCJie.U0BaHWI CHJibH0 I10fJIOIUaIOIUHX, pa.unoaKTHBHblX II 

o6nyqeHHblX 061,eKTOB, H30T0I1lfqecKHX o6pa3UOB H T.rr. B Ta6JI.2 rrpHBe.UeHbl .uaHHbie 06 

HCCJie.ll0BaHllilX, rrpoBe.ueHHb!X Ha 0I111CbIBaeM0M crreKTp0MeTpe K HaCT0l!IUeMy BpeMeHH. 

Ta6J1uqa 2 

BeIUeCTB0 ofaeM o6pa3ua, .uaBJie1rne, .u11arra3011 OCHOBHOH pe3yJibTaT 
MJ\13 K6ap :meomii, M3B 

NH4Cl 2.5 0 - 40 7 - 60 C.llBl!fH qacT0T. 

6ap11qecK11e 3aBHCIIJ\I0CTII 

NH4Br 2 0 - 42 7 - 60 C.llBHfH qacT0T, H3MeHeHllil 

rrpn dia30BOM rreoexo.lle 

c60 60 0 7 -200 rromBep)l(Jle1rne .UaHHblX 
.. 06 HHTepBaJie 0I1THqecKHX 

M0.ll 

C60F4s 70 0 7 - 200 · H3MeHeHllil qaCT0TH0fO 

crreKTpa, I10llBJie1111e 

HOBOH MO.Ubl . 

AIH3 40 0 - 35 20 - 200 C.llBHf omnqecKoii 
". qacT0Tbl ·. 

ZrH1.93 20' 0 20- 160 rro.uTBep)l(JleHHe .uaHHblX' 0 

I10JI0JKeHHH H rrrnp1111e 

omnqecKOll MO.Ubl 

Zr10Be30 80 0 10 - 100 rromiiep)l(Jle1111e .uan1Ib1x· o 

qmpMe KOJie6aTeJibHOro 

crreKTpa 

CoJib aMM0HHll NH4Cl 6hma nccJie.lloBaHa rro.u .uaBJie1111eM 0, 10, 16, 27 n 40 K6ap 

rrpn KOMHani:oii TeMrrepaType. CrreKTpbi 11eyrrpyroro paccellHHll 11efrrpo110B H3Mepettbl c 

Jic~oJib30BaH11eM neoxna)l(Jle1mor6 Be-qJHJibTpa. O6pa3eu ' rroMe~aJICll Me)l(Jly 

· c'~rrqin'poBblMII naKOBaJlbHllMH KaMepbl BblC0KOro .uaai,emui [10] • (pHc.8), crreiJ.HaJ.IbHO 

CKOHCTpyrrpoBan11oii .llJlll pa6oTbl Ha 3T0M rrpn6ope: O6ie~I o6pa3ua' 6bm 2.5 MM
3
. 

JJ:im,f~TP BblX0.llH0ro K0JIJIHMaTOpa C0CTaBJlllJI 2 l\fM. BpeMll '"3KCI103HUIIH .llJlll 

MaKc~MaJibttoro '.uaBJienllil cocTami~o 48 q_ CD011 mMepllJICll na Ka11epe 'Bb1c0Koro 

,!laRJie'iulll 6e3 06pa3u,a. I1J' crreKTp0B neyrrpyroro paCCe5IlIH51 HeiiTpOHOB .BOCCTaH0BJieHb1 

0606IUeHHb1e I1JI0T11ocrn Kone6aTeJibHblX coCTOl!Hnii; G(m) (pnc:9). Iln'K B pail.one 

20 M3B cooTBeTcrnyeT peweT04Hb1'i.i (TO) KOJie6a11llilM, a rrHK B paiio11e 40 M3B -

p0TaUH0Hl!bIM KOJie6aHllllM H0Ha NH4 +. IlonyqeHbl 6ap11qecKne 3aBHCHM0CTH 

IIOJIOJKe11nii 3THX 'IIHKOB. Ilpfi 10 'K6ap (.llaBJieHHH opneHTa~HOHHOro; yrropll.lloqe11llil) 

11a6n10.uaeTCll H3JI0M B II0Be,!{eHIIH poTaUHOHHOH MO.Ubl, HeaKTHBH0H B paMaHOBCK0H 

crreKTp0CK0IIHH. 
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1-xoprryc 

2-noprnem, 

3- BHHTbl, C 

Il0MOJUb!O K0TO

pb!X comaeTcll 

HarpY3Ka 

4- TBCpJl0ClIJlaBHl,le 

ClI10pbI 

5- BlfHTbl AJJll 

IOCTl!pOBKH 

6- HaK0B3JlbHlf 

7- I1p0KJia,\Ka 

8- o6pa3ell 

9, 10- rra.uaroIUHii 
H pacCCllllliblll 
rryqKlf HCllTp0HOB 

Puc.8. Ycmpoitcmao KaMepbl BblCOKOZO OGBJleHIU! c canpupOBbLMU HGKOBGJ!bf/JLMU 

7.0 ~---------'-------------

6.0 

5.0 

i:i: 4.0 
<U 

:ii 
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0 3.0 
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c:> 
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o.o 20.0 40.0 60.0 80.0 

E,M3B 
Puc.9. 0606UJeH11aJ1 nAOmHoCmb KOJ1e6ameJ1bHb1X cocmoJ111uit OJlll o6pmqa NH4Cl 
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AHaJIOrH'IHble .uaHHhie 61,mH II0JI}"leHbl H )lJill C0JIH Nf4Br. lfaMepeHHl! 61,mH 

Bb!IIOJIHeHbl rrpH oXJia)K)leHH0M Be-qmnbTpe, '!TO II03B0JIHJI0 C0KpaTHTb BpeMll 

3KCII03HI.1HH npHMepno B 2 pa3a. <l>a30Bble rrepeXO)lbl B Nf4Br CMe11.1eHbl B CTopony 

60JiblllHX )laRJieHHH, lI03T0MY HCCJie.uyeMbIH )lHaIIa30H )laRJieHHIT 61,m ynenlI'!eH )l0 

42 K6ap, npH o6beMe 06pa31.1a 2 MM
3

• Ha p11c.l0 IIOKa3aHbl IIOJI}"leHHbie crreKTpbl G_(ro). 

nono:i-e1me peil!CTO'IHOH (TO) H pOTalll!OHHOH MO.Ubl B 3aBHCHMOCTH OT )laRJICHHll 

HJMeHllCTCll JIIIHCHHblM o6pa30M. O.unaKo Il!Hpmra p0Tal.lllOHH0fO lIHKa B paiione 

25 - 27 K6ap (.uaRJICHHH op11e11TaI.1HOHHOfO yrropl!JlO'ICHHll) JMCHblllaCTCll. 

~ 
:r: 
I-< 
0 

,....:: 
w 
0 

0.3 

0.2 

0.1 

42 K6ap 

30 K6ap 

25 K6ap ~- .. );' l~ 

P. --~\JI '-..._-~-✓-·--· 
13 K6ap 

0 K6ap 
0.0 ~~-~-~-~-~-~~-~-~-~--'---'----' 

0 2.0 40 60 

E, J,rnB 

Puc. JO 060611/ellll{l}I 11J101mwc1111/~()J1e6w11eJ1hllhlX cocmoJ1H1111 1)J1J1 ofipm11a NH-1Br 

bbUHI Bb!IIOJIIICllbl:·mMepemlll. cneKTpOB ueynpyroro paccellllllll 11eiiTpo110B Ha 

qiyJIJiepeue II qiyJIJiepH)le C6o II 'c60F4/ Bee o6pa'll.(OB 11 BpeMll_ 3KCII03Hlll!H 6bU111, 

CO0TBeTCTBCHH0, 0.2768 11 0.3533 r, 20 11 15 _i:iacoB. lbMCpCHllll npOB0JULJlllCb llpll 

KOMHaTHOH TCMnepaType_ II _ nyneB0M ,UaRJie111111. TToKa3allO,. '!TO ll0JI0Ca 

BHJTpHM0JieKyJillpHbIX" KOJie6a11Hii 3a1mMaeT lll!TepBaJI 'OT 50 .uo ·200 M3B. Ha p11c.l I 
IIOKa3aHbl B0CCTaH0RJICHHble cneKTpbl KOJie6am1ii. Jlnll qiyJIJiepeua C6o llOJI}"leHHbl~ 

.ua11111,1e neIIJioxo cosna.uaIOT c ,uaHHhlMH pa6oTbI [ 11]. Kone6a11ID1 qirnpqiyJIJiepeua 

C60F4g HMeIOT rrp11Mep110 TOT )KC HHTepsan ::itteprnii, '!TO II y qiyJIJiepeua C6o, 110 

II0JIO)l(CHHe IIIIK0B y)l(e ,upyroe. lI.ueHTHqiHKal.lllll 3THX MO)l Tpe6yeT MO)leJibllblX_ 

pac'!CT0B .. Heo6xO)lHMO OTMeTHTb, '!TO B cneKTpe C60F4s lI0llBllJICll )lOII0JIHIITeJihHblH 
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IIIIK rrpu 20 M3B, K0TOpblii M0)l(eT lI0RJIHl!Tb Ha TeIIJI0CMK0CTb rrpH KOMHanmii 

TeMnepaType. 

0.16 .-----r---.----.---r----r---.----.---.-----r-, 

C6o 

0.12 

~ 
Q.) 

:ii 
I-< 
0 0.08 

,,-.,_ 
w 
'--" c., 

0.04 

0.00 ~-~~-~--~--~--~--~--~--~---
0 50 

PHc. . 1 I. O6o6UJell/t{lJI 1lJI0mll0Cmb 

qjyJ1J1epeua, C60 u pyJ1J1epuoa C60F4s 

5. 3aKmoqem1e 

100 150 200 

E,.M3B 

KOJle6ameJlbHblX cocmo.J!Huii OJIJ! 06pm1100 

IlOJI}"leHHbie pe3yJibTaTbl )l0Ka3b!BalOT B03M0)1(1!0CT!,. m~epenHl! . na ,ua1moii 

ycTaH0BKe cneKTpos Heynpyroro paccel!HHll HeiiTpoH0B · Ha '}1HKpoo6pa31.1ax - rrpH 

JMCp~HHOM pa3perneHHU. 3TO OTKpbIBaeT B03M0)KHilCTU llCCJie~oiianm1 He • TOJibK0 

KpHCT3JIJilI'!ecKoii u MarnHTH0ii CTpJKTYPhl, HO ~ pa3lllI'!Horo TH~a. B036y)K)leHm1: rrp11 

Bb!COKHX ,uaRJICHllllX, Ha pa,uH0aKTHBHblX H o6JI}"ICHHbIX o6pa3riax, Ha 06pa3i.{ax HOBblX 

MaTepHaJI0B, CHHTC3HpoBaHHblX B ne60JiblIIHX KOJIH'leCTBaX (B 'laCTHOCTH, 

H30TOillf'-ICCKHX), TO CCTb B Tex CJI}"lallX, KO[Jla · KOJIH'ICCTBO uccne.uyeMoro BCillCCTBa 

llBJilleTCll JIHMHTHPJIOillHM qiaKTOpOM. ConoCTaRJICHHe )laHHOH yCTaHOBKH C 

ycTaHOBKaMH, rrpe.UHa3Ha'ICHHbIMH )lJill H3}"1eHHll Heynpyroro HeKorepeHTHOro paccellHHll 

HeiiTpOHOB, lIOKa3bIBaeT, HeCM0Tpll Ha BCIO yCJI0BHOCTb TaKOro cpaBHeHHl!, 

o6ycnoBJieHHOro K0HKpeTHblMH 3KCrrepHMeHTaJibHbIMH qiaKTOpaMH, CYII.ICCTBCl!Hble 

npelIMYll.leCTBa .uammii: ycTaHOBKH n OTH0il!eHUH KOJIH'!eCTBa BCII.ICCTBa, Heo6xo.uHMoro 

)lllil IICCJIC,UOBaHIIH, rrpH cpaBHHMOM pa3peillCHIIH II CBCTOCHJie. B03M0)1(1!0CTH 

.uan1,neiirnero cosepilleHCTBoBaHHl! ycraHOBKH .uaneKo ne HC'!epnaHbl, npe)K)le scero 3a 

C'!CT ynenlI'!eHHl! anepTypbl )lCTCKTOpa, pacrrOJIO)l(Cl!Hll npepbIBaTeJill 6JIH)l(C K 
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HCT0'-IHHKY HeiiTpOHOB, HCTT0Jib30BaHllil qJHJibTpOB 6onee BbIC0K0ro Kal!eCTBa H T.)l. 
nocne peanmauttH ::JTHX ycoaepwettcTBoBaHHii myqetttte tteynpyroro paccel!Hllil 
HeiiTpOHOB Ha MHKpoo6pa3uax M0)KeT CTaTb PYTHHHblM MeT0)l0M HCCJie)loBaHllil. 

Pa6oTa Bhmonnena nptt noMep)KKe nporpaMMbI · P<l><l>H (npoeKT N 95-02-04690, 
npoeK: 97-02-17587, npoeKT N 97-02-16622), IBTTI "AKTyaJibHbie nanpaBJiemrn B 
qlll3HKe K0H).{eHCllp0BaHHbIX cpeil" HanpaBJieHHe: "<l>yJIJiepeHbl H aT0MHbie KJiaCTepbI" 
(npoeKT N 94032) H nporpaMMbl HHB. 

AarnpbI 6naroilapttbI B.Jl.AKcenoay 3a noMep)KKY H M.f.3eMJil!HOBY 3a noJie3Hbie 
06cylK.Lle111rn u npm11atenb11b1 H.<l>.KoKHHY H H.H.TTapwttny 3a noM0U\b B pa6oTe. 
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