
91- !JJ./J 

COOtilllBHMR 
OtibBAMHBHHOrO 

MHCTMTYTa 
RAB PHbiX 

MCCJIBAOBaHMM 

AYtiHa 

P14-91-529 

A.M.6anarypos, A.A.H~K~T~H*, B.E.Hosom~nos, 
A.~.OcTposHo~, 6 . H.CaseHKo, A.n.c~poT~H, 
n.C . CM~pHoB*, IO.B. TapaH 

HE~TPOHH~~ A~~PAKTOMETP 

no BPEMEH~ nPOnETA 

HA ~MnY nbC HOM 6YCTEPE ~6P-30 

*~HCT~TYT TeopeT~YeCKO~ ~ 3KCnep~MeHTanbHO~ 
!j>~3~K~, MocKBa 

1991 

II 



·)_~ 

!U 

Ba.narypoB A. .M. 
1.1. . 

p.ucppaKTO-

i:029. 

IIH~T. RAepHbiX 'Hccnt)AOBaHHH Jly6Ha, 1991' 

';<•J, · . ., .. " -. 

He~TpoHH~e A~¢paKTOMeTp~ no speMeHH riponeTa Ha ~MnynbCH~x 
~cTo4H~Kax He~TpoHos ycnewHo np~MeHRIOTC.A AslR. pa3Hoo6pa3HbJX 
A~¢paK4~0HH~~ 3KCne~~MeHTOB. np~KT~Ka noKa3ana, 4To'noTOK He~
TPOHOB Ha o6pa3e4 ~ 5'10 5 CM-2 c- 1 ~ pa3peweH~e no ~d/d Ha 
yposHe 0,5% RBflRIOTCR AOCTaT04HbJM~ AfiR BbmonHeHHR CTPYKTYPHbJX 
HCCfleAOBaHH~ Ha B~COKOM ypoeHe,' e'en~ AH¢paKTOMeTp o6opyAOBaH 
cospeMeHHO~ AeTeKTOPHO~ CHCTeMO~ ~ HCnOflb3yeTCR AOCTaT04HOW~
poKH~ A~ana30H Afi~H soilH AflR Ha6niOAeHHR A'H¢paK4HH. 

~-. npHMepaM~ AH¢paKTOMeTpOB' YAOBnel-sopfiiOU\~X 3T~M Tpe6osaHH
R~; RBflR~T~R ycTaHOBKH Ha HMnYflbCH~X He~TPOHH~X HCT04HHKaX 
lPNS CWA'(A~¢paKTOMeTp~/ 1 / SEPD ~ GPPD; ~x npoTOTHn -
HRPD) 2 /) ~ KENS, SlnoHHR (A~¢paKTOMeTp HRP/

3 
/}, seeAeHHble B 

3KcnnyaTa4~10 enocneAHee epeMR; 
B nH¢ OHSIH TaKme HMeeTCR HMnynbCH~~ He~TpOHH~~ HCT04HHK -

6bJCTpbl~ 6ycTep H5P-30+11Y3-40. Ha OAHOM ~3 nY4KOB 3Toro 6ycTe
pa ycTaHoeneH He~TpOHHbl~ AH¢paKTOMeTp no· epeMeHH nponeTa AH-3' 
npeAHa3Ha4eHHbl~ npelliAe ecero AflR npoeeAeHHR 3KCnepHMeHTOB B 
o6nacTH MaflbiX Memnnoc~oci"J-i~){' pacCTO~H~~ dhkl = O';}.;.f,5 a. B 
3TO~ o6nacn1 dhkl HeHTpOHH_bJe AH¢paKT~MeTPb,l_ nH~, pa6oTaiOU\He 
Ha HMnynbCHOM peaKTope· HoP-2 (ocHOBHaR 6a3osaR ycT~HOBKa nH¢}, 
He o6naAaiOT Heo6XOA~MblM pa3peweHHeM H3-3a 6onbWO~ 1 WHp~Hbl ~M
nynbca Tennoe~x He~TpoHoe: 

0 KOHCTPYK4~~ ~ npeABap~TeflbHbiX. pe3yflb'TaTaX ~3y4eH~R xapa-
KTepHCTHK A~¢paKToMeTpa AH-3 Ha 6ycTepe HoP-30 coo611\aeTcR e 

HacToRU!e~ .. pa6oTe. 

HcT04HHK HEt\TPOHOB 
~ I'. >"' ' -~ 

o~cTpbl~ 6ycTep ~HoP-30 pa6oTaeT C 4aCTOTO~ V = 25f1 00' r4 Ha 
MOU\HOCTH w = 2, 5+1 o i<BT·::· OcHos.Ho~ pemHM 'oTse4ae1-· MaKcHManbHbiM 
3Ha4e·H~RM 3TH X napaMeTpo'e. Anl-11-enbHocTb·. HMnynbca· 6bicTPbJX He~·
TpoHoe np~ pa3MHomeH~~ 200 pasHa 4;5 MKC~ Temioe~e· He~TpoHbl 
reHep~pyiOTCR B :•n -o6pa3HOM BOAR HOM 3aMeAfl~Tene .TOflli\~HO~ 30 MM, 
KOH¢11rypa411R' H. pa3MelJ\eH~e KOToporo OTHOCHTenbHo' ai<il-1'eHo~ '3oHbl 
6ycTepa noKaS~IIibJ H-'a' p11c: 1 (no'3H4~.A 13) , no OTHowei-J~'.Q k reo~ 
·MeTPI14eci<o~ oci-1··. riy4Ka · AH(ppaKToMei-pa AH-3 · noeepxHoCTb. 3aMeA
n~TenR noeepHyTa"TaK, 4TO yrori ex MemAY 'ocbiO H nepneHAHKYiiRpoM 
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K no8epxHoCTH·cocTasnReT_27. 0 WI1P11He HMn~hbca Tennoe~x ~e~~ 
TpoHOB 6yP,ei' cKa3aHo:;H~me. . ' ' . ' "" ·•.. . . . . 
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. PHc,1. CxeMa p;mppaKToMeTpa ,[lH-3 Ha 6ycTepe l1BP-30: 
1 - aKTHBHaH go.iia, · .i ~ BaKyy;.;Ha~ Tpy6a, 3. -o: o6pa3eQ, 
4 - roimoMeTp,. '5 .:::. cTon, 6 ~. penbc, 7 - KonnHMaTop, 
8,11 ..l 'p;eTeKTOPbi, f- ncmyw~~ rrytiKa, 1 0 - H3MepH
TeJibHbiH MO,lJ;YJib ,· I z' ··~· CM~HHbiH KOJIJIHMa TO.p, )3 - BO-
.' , . , -· 
,ll;HHOH 3aMe,D;JIHTeJib. ,, 

~OPMHPOBAHHE nY4KA-HE~TPOHOB 

KonnHMHpy~aR CHCTeMa AH-3 cocToHT H3 MexaHH4ecKoro CMeHHo-
ro KOnnHMaTopa (n03H4HR 12 Ha PHC.1) H BaKYYMHOrO HeHTPOHOBO-
Aa (no3H4HR 2). OTeepcTHe e KonnHMaTope MO>KeT ·HMeTb ~Ehbrpe 
pa3nH4HbiX pa3Mepa, HaH60nbwee H3 HHX ~ AHaMeTpOM. 21 CM, 8bi-

.. XOAHOe oTeepcTHe HeHTPoHoeoAa r-1MeeT -AHaMeTp 3,6 eM.,, PasMepbr 
BbiXOAirl!lero ny4Ka TerinoBbiX HeHTPOHoe MOrYT 6b1Tb yMeHbWeHbl AO 
Heo6XOAHMbiX 3Ha4eHHH c noMOl!lbiO. peryilHpyeMOH l!lenH. . . 

.. npH' AHaMeTpe OTBepcn1R i1 CM B Konn~MaTope, ,paccT<)RHHe. OT 
3aMeAnHTenR AO o6pa34a' (no3H.4HR )) .PaBHO L1 = 11 , 44 M. n~m, .· 
3TOM npocMaTpHeaeTCR BCR noeepXHOCTb CTOpOHbl 3aMeAmtTenR·, ·. KO
TopaR'o~HeH~HpoeaHa Ha AH~3 (e~ p~sMebw: wHpHHa 268-~M~ ~w~o~ 
Ta' 265 MM) , H 4aCTb ~ (wHpHHO~' OKOIJO 80 MM) nepneHAHKynRpHo~ ·. 
CTOPOHbl, ny4oK TaKaH· reoMe-r:pHH ~MeeT Ha .. MeCTe pacnono>KeH~R. 
o6pa34a MaKCHManbHYIO nnOTHOCTb'noTOKa T~nnOBWX-HeHTpOHOB 
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cM-2 c- 1
, npH 3TOM · Ha OKPY>KHOCTH AHaMeTpoM 3 CM ~ neiKall\eH. 

• 1 ..• ·., f t •I . . . 

B nonepe4HOM Ce4eHHH ny4Ka, noTOK BABOe MeHbWe, 

KOHCTPYKUHR AH~PAKTOMETPA 

npHH4HnHanbHaR cxeMa AH~PaKToMeTpa AH...;3 npHeeAeHa tia pHc.1. 
Ha MaCCHBHOM CTone 5 AH~paKTOMeTpa MO>KeT pacnonaraTbCR pa3L' . 

· nH4Hoe o6opyAoBaHHe: roHHoMeTp 4 c' o6pa340M 3, npecc. AnR npo
eeAeHHR HccneAOBaHHH B ycnoBHRX BCeCTOpOHHero C>KaTHR H T•A• 
BoKpyr cTona no KpyroeoMy penbcy 6 nepeMel!laiOTCR ABe.noeopoT-

" \ . . ,, .,, . ' ' 

Hble nnaT~opMbl, Ha KoTopbrx ycTaHoeneHbl Ha Te.rie>KKax, nepeMel!lae-
MbiX paAHanbHO, KonnHMaTopbr 7 H AeTeKTOPbl 8 H 11. AHanasoH yr
noe pacceRHHR 28 COCTaenReT OT 0 AO 160°. cneaa OT ny4Ka HeH
TpOHOB (~cnH cMoipeTb Ha saMeAnHTenb), H

0
0T 0 AO 140° cnpaea: 

PaccToRHHe L oT o6pa34a AO AeTeKTopa MO~eT H3MeHRTbCR e npe-
Aenax 0,5+1,~2 M. ' · 1 

· 

npoTOTHnOM KOHCTPYK4HH AH-3 nocny>KHn AH~paKTOMeTp AH-2/qf, 
AeHCTBYIOlliHH Ha peaKTope HoP-2 c 1984 r. obrnH nosaHMCTBoeaHbl 
YCTPOHCTBa nep~Mel!leHHR H perHCTPa4HH.nono>K~HHR AeTeKTOpa, ero 
sal!IHTa H T.A. 0TnH4HTenbHoH oco6eHHocTbiO AH~paKToMeTpa AH-3 . 

PHc. 2. CTOJI p;mppaKTOMeTpa ,[lH-3: , 1 - rroBopoTHaH rrrraT!lJop
Ma, 2 - IIPHBO,D; BepTHKaJibHOro rrepeMe~eHHH, 3·- IIO,D;~~OH 
KJIHH, 4 - KpbiWKa, 5 - 'Ban, 6 ~ o6oi1Ma, · 7 - :,o;aT~mK:yrno..;. 
Boro rrepeMe~eHHH, 
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RanReTCR ero 4eHTpanbHaR 4aCTb, npeACTasneHHaR Ha pHc.2. BoK~ 
pyr. sana 5 AH(ppaKTOMeTpa spalllaiOTCR A~e .nosopoTHble 'nJ1aTCIJOPMbl 1, 
coeAHHeHHble c sanoM nocpeACTSOM o60HM 6; YrnOSble nono>KeHHR no
sopoTHbiX nnan!JOPM onpeAenRIOTCR c noMOl!lbiO AaT4HKOS 7. CTon AH<IJ
paKTOMeTpa, YCTaHasnHsaeMbiH Ha sany 5 > COCTOHT H3, ~epxHeH . H 
HH>KHeH KPbiWeK 4 C pacnono>KeHHbiM Me>KAY HHMH noASH>KHbiM KnHHOM 3, 
C. nOMOl!lbiO KOToporo H. npHSOAa 2 sepxHRR KpbiWKa CTona MO>KeT ne
p~Me~aTbCR ~-sepTHKanbHOM HanpasneHHH. CTon.AH¢paKTOMeTpa noa
sonReT paaMel!laH o6,opyAOSaHHe .MaCCOH AO 2 T. 

;J' .. . 
. ,LIETEKTOP 11 113MEPI1TEflbHbl~ MO.LIYflb 

,[lnR perHCTPa4HH pacceRHHOrO Ha o6pa34e ny4Ka HeHTPOHOS Ha 
,[IH:_3 HCnOnbayeTCR OAHOKOOPAHHaTHbiH rl03H4HOHH0-4YSCTSHTenbH.biH 
AeTeKTOP (n4,[1)/4/ c 3 He. npH nonHoH AnHHe 40 CM C4eT4HKa n4,[1 
(~~~Me~p 4 CM) p~6o4aR o6naCTb sw6paHa ~aSHOH I = 17 CM, npH 
KoTopoH paapewaiOl!laR cnoco6HocTb cocTasnReT· L\ I =. ,0, 6 CM no AnH-
He HHTH. . 

.11aMepHTenbHbiH 'MoAym npaKTH4ecKH ~osTopReT MOAYnb AH-2. OH 
nOAP06Ho onHcaH s/ 5

/. CHcTeMa HaKonneHHR Aa,HHbix. H asToMaTHaa-
4HH~;K~nepHMe~ios Ha ~~-j C03AaHa Ha 6~ae n~B~ PC/AT H ~nnapa
TYPbl KAMAK. nporpaMMHoe o6ecne4eHHe cHcTeMbl noasonReT Sblnon
HRTb ynpasneHHe annapaTypOH H np04eAYPOH nposeAeHHR 3KCnepH
MeHTa, nposepKy pa6oTocnoco6HoCTH annapaTypw~ SHayanH3a4HIO H 
onepaTHSHbiH aHanH3 cneKTPpMeTpH4eCK.OH HH<IJOPMa4HH. 

nEPBI14HW~ nY40K HE~T~5HOB 

. ,[I~R .onpeAeneHHR 3¢¢eKTHSHOrO CneKTpa naAaiOUlHX,HeHTpOHOS 
o6bi4Ho H·cnonbayeTcR' pacceRHHe Ha • o6paa4e nonHKPHCTannH4ecKoro 
saHaA~R. HaMH'Hcnonbaosanacb nnacTHHa·MeTannH4ecKoro saHaAHR 
C pa3MepaMH 5 X 2 X 0,5 CM. 3KcnepHMeHTanbHbiH CneKTp pacceRHHbiX 
HeHTpoHos, H3MepeHHbiH 's HHTepsane AJ1HH sonH f.. ,; 0, 2 .;.2 , 5 .K, 
npHseAeH Ha pHc.3. 

:TaK KaK nepsH4HbiH cneKTp: HeHTpoHos H3 aaMeAnHTenR 6biCTporo 
6ycTepa HH>K~e. 3HeprHH E ··= 1. ~BHsnReTCR ·co4eTaHHeM ¢epMHescKo-
ro H MaKcsennoscKoro eneKTpos, To AnR ynpol!leHHR npo4eAYPbl onpe
AeneHHR napaMeTpos Tennosoro cneKTpa onHcaHHe era AnHHHosonHo
soH 4aCTH (npH 'J = 1 00 r4 MaKCHManbHa.fl AnHHa sonHbl f.., AOCTyn
HaR AnR H3MepeHHH, pasHa 3 X) ocyl!leCTsnRnocb TOnbKO c noMOl!lbiO 
PatnpeAem~HHR .MaKe senna I ~f.. -;-a ·exp ( -f..~/f.. 2 ), rAe AnR pasHosec
Horo cneKTpa a·= 5 H /l.m = 1,8 X. 
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PHc.3. 3KcnepHMeHTanhHbill 
cneKTp pacceHHHb~ BaHa~HeM 
HeHTpOHOB, H3MepeHHbiH Ha ~Htp
paKTOMeTpe ~H-3.~nHTenhHOCTh 
H3MepeHHH OKOno )3 qacOB. ~OH 
(cqeT ~eTeKTopa 6e3 o6pag~a) 
BbJqTeH. Ilo OCH a6C~HCC - ~nH

Ha BOnHbl HeHTPOHa f.. (ft) . 
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'A 

PHc.4. CneK~P nepB~qHoro nyq
Ka HeliTPDHOB. T~qK~.~ qa~Th 

. ' ''; 

3KCnepHMeHTanhHoro cneKTpa 
~H-3. KPHBble : I - !l>HT c no-' . . . 
MDl!lhiD MaKcBennoBcKoro pac-
npe~~neHHH; 2 ·_: ~KcneP.Ii~eH
TanhHbiH cneKTP HRPD/ 2 7. Ilb 
OCH a6C~HCC. - ~nHHa BOnHbl 
H"eH:TpOHa f.. . on • . 

PeaynbTaT o6~a6oTKH 3KcnepHMeHTanbHwx AaHHwx n6 M~ioAY~Ha~ 
HMeHbWHX KSaApaTos AnR HHTepsana Ani-IH sonH ·f.. ,;, 1 , 3 -i-2 ~ 8 R noKa
aaH Ha pHc. 4. nony4eH napaMeTp a = , 5, 7-i-0, 1 , .1-. e. 11xeocT 11 ~na
AaeT HecKonb KO ObiCTpee, 4eM AnR pasHosecHoro · MaKcsennoscKoro 
pacnpeAeneHHR. B aHa4HTenbHOH Mepe 3To o6ycnosneHo nornol!leHH.: 

' ~ " ' , ' • . ' ' . • I. • 

eM S S03AYXe Ha 4eTblpexMeTpOSOM Y4aCTKe Me>KAY 3aMeAnHTeneM H . 
saKyyMHWM HeHTPOHOSOAOM. TeMnepaTypa cneKTpa, Ka~ cne~~eT H3 
nony4eHHoro napaMeTpa /l.m = 1 ,42±0, 06 R, AOSOnbHO SbiCOKa: 
T = 470 K. . . 

,[lnR cpasHeHHR Ha PHC. 4 npHSeAeH 3KcnepHMeHTaJibHbiH nepSH4HblH 
cneKTp Tennoswx HeHTpoHos Ha HRPD/ 2

/. B AnHHHosonHosoA ~acTH 
OH 6onee M.flrKHA~·4eM Ha ,[IH-3. . . 

<!JoHOSble ycnOSHR 'Ha ,LIH-3 xapakTePH3YIOTCR .cneAYIOl!leA sem14HHoA: 
0, 04 c-1 X- 1 . Ha n4.a AnHHOA 1 = 17 CM npH f.. ,; • 2 R. 3To 3Ha4e
HHe conocTasHMo c ¢oHoM Ha ,LIH-2 AnR aHanorH4Horon4,[1: 
0,05 c-1R-1 npH f..= 3 R H 1 = 40 eM. 0AHaKo'HHTeHCHSHOCTb ny4-
Ka Ha ,LIH-3 s 25 pa3 HHme, 4eM Ha ,[IH-2, no3TOMY AnR nony4eHHR 
Ka4ecTseHHbiX cneKTpos ¢oH Ha ,LIH-3 AOn>KeH 6b1Tb cyl!leCTSeHHO 
yMeHbWeH. 

5 



PA3PEWAIDmAR cnoC06HOCTb-
" l 

. . ,Qm'l xapaKTep!-1CTI-1K11 pa3pewa10~ec:i cnoco6HocTI1 Al1tPpaKTOMeTpos 
o6~4HO 11Cnonb3yeTc~:tPYHK~I1~ f(d) = ~d/d, rAe ~d- nonHa~ WI1P11-
Ha Ha nonOSI1He SbiCOTbl A11tPPaK1..1110HHbiX ni1KOS OT noni-1KPI1CTannos. 

H3MepeH11~ b.d/ d An~ AH-3 6bln11 nposeAeHbl Ha o6pa31..1e noni1KPI-1C
Tannl14eC~OrO ~ene3a A11aMeTpOM 1,5 CM 11 S~COTOc:i 4 CM np11 napa
MeTpaX 6ycTepa \} = 100 rll 11 w = 10 KBT. PacCTO~HI-ie OT o6pa3l.la 
AO AeTeKTopa 6blno pasHa L2 = 1 !.J62 M. B cMeHHoM Konni1MaTope 11c
nonb3osanocb oTsepcTI1e Al1aMeTpoM 21 eM, np1-1 3TOM nonHoe npo
neT~oe paccTo~HI1e 6~no pasHa L = 13,06 M. H3MepeHI1~ 6wn11 CAe

'naHbl s Al-1ana3oHe yrnos pacce~HI1~ 28 aT 60° AO 160° cnesa aT 
ny4Ka Hec:iTpOHOS. 

Ha p11c. 5 noKa3aH OA11H 113 A11tPPaKL1110HHbiX cneKTpos Fe, 113Me-
, . . 0 

peHH~c:i np11 28 = 112,8 3a·5 4acos. npaKTI14eCKI1 see OTpameHI1~, 
. _. ' :' ' 

nonomeH11~ KOTOpbiX Ha PI-1CyHKe noKa3aHbl sepTI1KanbHbiM11 4epT04Ka-
Ml1, s A11ana3oHe M~mnnocKoCTHbiX paccTo~H11~ d = 0,27t1 ,5 R pa3-
peweHbl. ·· · 
-4a~T~ nony4~H~~x pe3ynbTaTos no tPYHK1..11111 pa3peweHI1~ npeAC

Takne~~ ~a p11c.6, 113 Koioporo S11AHO, 4To b.d/d cna6o 3as11c11T OT 
" . . . . ·. 0 

yrna pacce~H11~ 'np11 28 > 90 . 3To o6ycno8neHo HaKnoHoM 3aMeAn11-
Ten~,' 4TO corhacHo/

6
/npi180AI1T K n0~8neH1110 tPOKYCI-1PYIO~I1X C80c:iCT8 

y A11tPPaKTOMeTpa cne8a OT ny4Ka (An~ Hawec:i reoMeTpl111) , 11 AetPo
KYCI1PYIO~I1X ~ cnpa8a. 
. 3TOT.3tPtPeKTlPaKYCI1P08K11.6onee Harn~AHO SI1AeH Ha p11c.], Ha 
KOTOPOM.AP~ACTaeneH~ ~~811C~MOCTb oTHOCI1TenbHoC1 speMeHHoA AI1C
~~~CI111 6~~ (b.d/d)~A11tPP~KLI110HHoro n11Ka (321) mene3a c d=0,767 ft 

> ' ) .. , ' ' -

OT.X = Ct10. . . 
. · CneAY~ 6 ~, nony4~~ 'Ani~' D cneAYIO~ee Sblp~meHI1e c y4eToM Ha

KnoHa 3aMeAn11Ten~, npocTpaHCT8eHHOrO pa3peweH11~ [).] n4,Q 11 none
pe4H~ro pa~Mepa o6~a~4a b.L~ 

,', '" 
2 

D = A,+ Bx + Cx. , ( 1 ) 

2 . 2 . 2 2 
·rAe A= Dt + ((L1 /L)y

1
tga), B = +2tl

1
/L)y

1
tga, C = Y

1 
+ 1 2 , 

1i -.AI1~nepci1R yr~oe _8wne~a HeC1TpgHo8
2

113 3aMeAn!-1Ten~, nonas
WI1X Ha o6p~3e1..1, 1 2 =((b.l). + (b.L) )/L 2 , Dt - A11Cnepcl1~ speMeH 
8blneTa HeC1TpoHo8 113 3aMeAni1Ten~, 8blpameHHa~ 8 eA11H~1..1ax nonHo
ro, 8peMeHI1 nponeTa, 3HaKI1 - 11 + 8 8blpameHI111 Ail~ K03tPtPI11..111eHTa 
B oTHoc~Tc~ K.cny4a~M pacnonomeH11~ AeTeKTopa 8 QlOKyc11py10~el1 11 
AetPoKYCI1PYIOIJteH o6nacT~X COOTSeTCT8eHHO. np11 y2 «1

1 
OTHOWeH!-1e 

B/C onpeAen~eTc~ TOilbKO reoMeTpl1el1 A11tPPaKTOMeTpa 11 He 3a811CI1T 
OT KOiln11Mall1111 ny4Ka. 
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PHc. 5 . .QHI!JpaKQHOHHbiH cneKTp Fe, 

H3MepeHHbiH Ha AHI!JpaKTOMeTpe .QH-3 
0 

TIPH 28 = 112,8 . ITo OCH a6c-

QHCC - MemnnOCKOCTHOe paCCTO

HHHe d (~) • 

-.£ln~_tPOKYCI1PYIO~eC1 o6naCTI1 
M~HHMa.rlbHa.A:-A11cnepcH'fi _ AOCTI1-
raeTc~ np~ ~rne 6p3rr~ 
8

0 
= arcctg(-B/(2C)), a ee 

3Ha4eHI1e-·D
0 

~ A~B2/(4C) pa8-
Ho OTHOCI1TenbHOC1 A11CnepCI111 
Dt 11Mnynbca Ten.JlOSbiX HeA-ipo
Hos C AI111HOH 80nHbl "A. 

0
. = ' 

= 2d·sinB . B HaweM cny4ae 0 .. 
tPOKYCI1PYIO~a~ o6nacTb An~ oc-
HosHoA CTOPOHbl 3aMe~n~Ten~ 
(a

1 
= 27°) pacnonomeHa cne-

8a oT ny4Ka. 
TaK KaK np11 11CnOilb308aH

HOM 8 AaHHoA cep1111 113Mepe
H11C1 OT8ePCTI111 8 CMeHHOM KOn
ni1MaTope·_ sKnaA 8 ny4oK AaeT 
11 4aCTb nepneHA11Kyn~pHoC1 

CTOPOHbl 3aMeAn11Ten~ (d =64°) , . . -- ,, 2 .. 
To cne8a OT n~4Ka no~8Il~IOT-
c~ AetPoKyCI1py10~11e 3tPtPeKTbl 11 
K03tPtP~1..111eHTbl A, B 11 c-'s.yp. 
( 1) npl1o6peTaiOT 6onee ,en om

HYIO CTPYKTypy. no3TOMY MI-1H11-
ManbHa~ A11Cnepcl1~ D0 MomeT 
paccMaTPI18aTbC~ TOnbKO KaK 
·sepxH~R rpaH11ya-8eni1411Hbl Dt. 

3Kcnepi-1MaHianbHble T04KI-1 
Ha PI1C.] Oni1Cb18ani1Cb yp.(1) • 
nony4eHo OTHoweHI1e B/C=-0,88, 
4TO 6Ili13KO K paC4eTHOMY 
(6e3 y4eTa AetPOKYCI-1PYIO~I1X 
3tPtPeKTo8) 3HayeH1110 -0~89. 
M11HI1MYM Al1cnepci111·Ha6ni0Aan
c~ np11 yrne-6p3'rra 80 =:66,36. 
npl-1 3TOM 113 3~cnepi1MiHTanb-

1f2 , . 
Horo 3Ha4eHI1~ (D 0 ) =0,0091 cneAyeT, 4TO w11p11Ha ~MnYilbca Ten-
noBbiX HeHTPOH08 b.t 0 <42 MKC An~ An!-1Hbl_ 80nHbl __ "A.0=1 ,4.,ft. ; 

AHanor114Ha~ o6pa6oTKa 6blna cAenaHa An~ APYrl1x ni1K08 8 Al1tP
paKL1110HHOM cneKTpe Fe. nony4eHHble .3Ha4eHI-1R Do 8 3a811CI1MOCTI1 OT 
"A. npeAcTa8~eHbl Ha p11c.B~ .3Kcnepi1MeHTanbH~e T04~11 xopowo onl1-o . ~ ~ .. ' ---·. . .. .. .. . ~.. ... .. . .. 
CbiSaiOTC~ n11He1-1HOI-1 3a81-1CI1MOCTbiO,' nonb3Y~Cb KOTOPOI1, nOilY411M np11 
"A. = 1 ,28 R (E = 0, 05 3B) 8epxHIOIO rpaHI11..1Y wl1pi1Hbl 11Mnynbca Ten
nosbiX HeC1TpoHo8 6ycTepa b. t 0 < 39 MKC. AHanor114Ha~ 8ei111411Ha An~ . 
HRPD/ 2

/ np11 Tol1 me An1-1He 80nHbl Hei1TpdHa (noni13TI1neH08~H 3aMeA-
7 
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Pnc.7. 3aBMCHMOCTb OTHOCH~ 
TenbHOH BpeMeHHOH ~HcnepCMH 
D (B e~. I0-4

) ~M~paKIJ;HOHHo
ro nHKa (32I) Fe OT x = ctg8. 
ToqKM - 3KcnepHMeHTanbHbJe 
~aHHbJe; KpMBa.H - ~MT no yp, 
(I) npH A= I,OI4; B = -0,85; 
C ,; 0,97 (K03~~HIJ;HeHTbl B e~. 
I0-4 ). 

PHc.8. 3aBHCHMOCTb MMHHManb
HOH ~HcnepcMH D0 (~ e~.I0-4 ) 
OT ~nHHbl BOnHbl. ]1. 0 (A) , 

IU1Tellb C · pa3MepaMI1 100 X ·1 00 . X 50 MM, BHYTPI1 KOTOporo Ha rny-
611He 25 MM 6!.111 npono>KeH n11cT Cd T0111J111HOH 0,5 .MM) pasHa ~t = 
= 19 MKC, T. e, CyiJieCTBeHHO MeHbWe, 4eM .qiiR .QH-3, , 0 

no KPaHHeH Mepe ,qse npi1411Hbl MOrYT. o6ycJlOBI1Tb fiOJlbiiJOe• 3Ha-
4eH11e Be1111411Hbl D • nepBaR 113 H11X CBR3aHa C T01l1J111HOH 3aMe,qnH
Te11R. Ecm1 Y4eCT~ ero HaKilOH, TO AllR OCHOBHOH 4aCTI1 3aMe.qiiHTe--
11R n011Y411M 3$$eKTI1BHY~ TOI11J111HY 33,7 MM. no?~JYRCb 3aBI1~11MOCTb~ 
WI1P11Hbl 11Mnynbca TennoBbiX HeHTpoHos Ha HRPD OT T011IJII1Hbl 3a-
Me,qnHTenR, nony4HM ,qono11H11Te11bHoe yw11peH11e Tennosoro 11Mnynbca 
Ha HRPD Ha 5 MKc np11 ysenH4eHI111 T0111J111Hbl 3aMe,qni1TellR ,qo 33,7 MM, · 

T.e. 3$$eKT AO~OJlbHO Mall. 

BTopaR 'npi1~11Ha CBR3aHa.c ,qpyroH 4aCTb~ 3aMe,q1111TenR. KonH-
4eCTBeHHo ee BKna,q o~eHI1Tb 3aTpy,qHHTenbHo. O,qHaKo Ka4ecTseHHo 
RcHo, 4To ysen~4eH11e M11H11MallbHOH ,q11cnepc1111 D

0 
np6113oH,qeT KaK 

3a C4eT Ae$OKYCI1PY~1!111X 3$i)leKTOB, TaK 11 3a C4eT yse11114eHI1R 3$
$eKTI1BHOH T0111J111Hbl 3TOH 4aCTI1 aaMeA1111TellR. B ,qanbHeHwe·M 6y,qyT 
npoBeAeH~ 11CC11eAOB~HI1R 3$$eKTO~ $OKYCI1POBKI1 np11 MeHbiiJ~X OT
sepCTHRX B,~MeHHOM K0111111MaTOpe. 

nPO<I>HilbHbltl AHAill-13 

TecTOBble 113~epeH11R 6bl1111 nposeAeHbl c ABYOKI1Cb~ ~11PKOH11R .. Zr0
2 

(npocTpaHcTseH~aR rpynna P2I /m; z = 1 ~ · napaMeTpbl geweTKH: 
0 

a = 5,169 .H.; b = 5,233 .H.; c = 5,341 A; a = y = 90 ; 13 = 99,2 ; 
KOOp,qHHaTbl aTOMOB: Zr'- 0,2758; 0;0404;• 0,2089; 01- 0;0690; 
0,3420; 0,3450; 02 -0,4510; 0,7580; 0,4790), K6Topa.A Hcrionb-
ayeTCR B Ka4eCTBe CTaHAapTa HapR,qy C Al

2
0

3
• 

nopOWOK Zr0 2 noMeiJiallCR B TOHKOCTeHHY~ aMnYilY 113 .. MeTa1111114eC
Koro saHaAI1R Al1aMeTpOM 1 ,5 CM 11 BbiCOTOH 5 CM. Yron pacce.AHI1R 
6~11 paseH 2e·= 110°. 6ycTep 11Men MOIJIHOCTb W = 2,5 KBT 11 4ac: 
TOTY v = 25. r~ . .Qni1TeJlbHOCTb 113MepeHH.Fi' o,qHoro cneKTpa ., OKoiio 
30 4acos. HopMI1posKa cne~Tpos ocyiJieCTsn.Rnac~ c~noMdl!lb~ nap~~ 
MeTpl14eCKOH $YHK~1111, Oni1CbiBa~IJieH BaHa,ql1eBbiH cneKTP pai:CeRHI1R. 
(pH C. 4) . ''' • > 

npo¢1111bHbiH aHa1111a AH¢paK~11ciHHoro cneKTpa no' Meio,qy 'PHTsenb ;.;' 
,qa 6bl11 BblnonHeH c 11cnoilb3oBaHI1eM nporpaMMbl MRIA/ 7

/ npH,:qli1KCI1-·· ~ 
posaHHbiX cTpyKTYPHbiX napaMeTpax ZrO • 3KcnepHMeHTanbHbiH cneKTp 
Zr02 , bac4eTHaR 11 pa3HOCTHaR Kp~s~e2npHrieAeH~:-Ha pHc:9~~~Ka-
4ecTso ¢11Ta xapaKTePI13YeTcR cTaTI1CTI14eCKI1M 11 np'0$1111bHbiM ·· R
QJaKTopaMI-1 :, paBHbiMI1 4 ~ 8 11 9, 8% COOTBeTCTBeHHO, ' 

0 

p 
""1 ·~: :' : 

9 
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PHc. 9 •. ,n:mppaKn;HoHHbiH cneKTP ZrO , H3MepeHHbJH Ha ,n:H-3 . . 0 2 c . 

llPH 26 = 110 • IloKa3aHbl 3KCnepHMeHTanbHbJe TO'lKH, pac:-
~eTHhiH_ npo¢JHJib H pagHOCTHaH KPHBaH. Ilo OCH a6CI.J;HCC -
.Me~nnocKOCTHOe paccTOHHHe d(R). 

' ; ', ~ 

: 3AKI1!04EH11 E 

napaMeTpbl AH<!>paKTOMeTpa ,QH-3 npHBeAeHbl B Ta611114e. 
,Qanb~ei1wl'ie Mepbl no era ycoaepweHcTeoeaHI110 MoryT BKI1J04aTb 

CileAYIO~ee: 

1) ycTaH~BKy Ha OCHOBHOH BOARHOH 3aMeAI1HTeilb 6ycTepa AOnOil
HHTeilbHOro. coeMHoro 3aMeAI1HTei1R H3 opraHH4eCKoro cTeKna c pa3-

MepaMH 280 X 264 X 18 MM C IlHCTOM Cd TOI1~11HOi1 0,5 MM Me>KAY 

HHMH; · ·· · 
· 2) C03AaHHe 6onee 3(j>(j>eKT111BHoi1 3a~I1Tbl AI1<!>PaKTOMeTpa AilR cy

~ecTeeHHoro noHH>KeHHR <t>oHa; 
3) HCCileAOBaH11e (j>oKyCHPYIO~HX ~BOi1CTB ,QH-3 B 3aBHCHMOCTI1 OT_ 

YrilOBOi1 paCXOAHMOCTI1 nepeH4HOrO ny4Ka Hei1TpOHOB; 
4) H3rOTOBileHII1e AeTeKTOpHoi1 CHCTeMbl C 111CnOilb30BaH11eM 11T0-

4e4Hb1X11 C4eT4HKOB C Cy~eCTBeHHO 60ilbW11M TeileCHbiM yrnoM/S/; 

/ 5) H3rO~O~IleHHe ABYXKOOPAHHaTHOi1 n031141110HH0-4YBCTBI1TeilbHOi1 
KaMepbl Ha He. 10 

Ta611114a 
OcHOBHble napaMeTPI;>I Al1<lJpaKToMeTpa AH-3 

HeiiTPOHHbiH HCTO'lHHK .. HMnynhCHbiH 6y~Tep' 
,HBP..;30+.riY3..:40 < -· 

3aMe,o;miTenh, 3 eM .. · . . . so,o;a . • . . ..• 
qaCTOTa v' HMnynbCOB 6ycTep~, 'ru;. 25 7- 100' 
MoJJUiocTh w 6ycTepa ~ ·KBT · · ·· .. : ; · 2, 5 + 10 
Heii1'poHos6,o; · · BaKyyMHaH Tpy6~ 
BXO,D;HaH H BbiXO,!l;HaH 
anepTypw Tpy6w, CM 

'" KonnHMau;HH: ' .. 

a)'nepep; Tpy60H, CM 

6) nocne TPY6bi, · CM · 

·,o;HaMeTp 2 I H' 3, 6 

nepeMeHHaH·, . MaKCHM • 
. ' ,o;HaMeTp 2 I 

nepeMeHHaH, MaKCHM. 

' ·~ 

,D;HaMeTp,;3,6 ··. " 
PaccTOHHHe L1 ,saMe,o;nHTenh-:-: 
o6pa3eu;, M · 
PaccTOHHH_e L 2 o6paseu;:-

,,o;eTeKTOP, M , 
.fiOT,OK TellnOBblX HeATpOHOB Ha 
o6paseu;, .cM-2 ,c-1 

.rtHanasofi AnHH sonli A:· 
a) ;v = '100 ru;, R 
6),v =50 ru;, K · 
.ll:HanasoH yrnos pacceHHHH 
2a B ¢loKYCHpyro~eM pe~e 
AHanasoH MeEnnocKocTHbiX 
paCCTOHHHH dhkl: 
a) .v = 100 ru;, K · 
6) v =:5o ru;,.K· 
illHpHHa HMnynhca 6WCTpbJX 
HeHTpOHOB 6ycTepa, MKC ; . ; 
illHpHHa _HMnynhca 1'ennosbiX ~
HeliTPOHOB npH A ..; I ;.28. K, ; MKc 
PaspemaJO~aH crioco6HoCTh lld/d: 
a) d •I R, .a·= 70°,,% 
6) i ~ 2 R, a ..; 40°, % 
AeTeKTOp 

~oH Ha rrq,n: ~ I = 17 eM npH 
A= 2 K, c- -K-1 

06opy,o;osaHHe ,D;nH·06pasu;a 

CHcTeMa KOHTponH H HaKonneHHH. 
p;aHHbiX 

11 

i.0,3 + :2,5< 
'0,3!+ 5! 

: 4,5 .. 

.·~ 39 

0,8 
0,9 t::'·" 
3He nq,n:, 

): 

paspemeHHe 

0,04 

= 40 CM, 
0,6 CM 

lj>4 CM, 

TpeXOCHbiH .rOHHOMeTp, KpHOCTaT 
4,2 7- 3QQ K~ KaMepa BWCOKOrO 
,o;asneHHH ,o;o IO.K6ap 

PC/AT-:286 



~f. 

; . ) t ~:. . 
. "BblnOilHeHHe 3TJ.1.iCMeponpHRnH1"na3·8·ani.1T y8eillti4111Tb. C8eTocHriY Ill 

YilY4WIIITb paspewaiO~yiO·:cn'oco6HOCTb JlH-3 Ill nocTa8HT era B PRA 
AH()lpaKTOMeTp08 ,''Ae.:ici'ey~HX Ha He.:iTpOHHbiX ltiCT04HHKaX C ltiC.
nOilb308aHHeM ycKopHTene~ 3aPR>KeHHbiX 4a91111..1 (spa,lla~ ion s~ur
ces/1 , 3 /). Ba>KHbiM o6cTORTenbcTBoM R8I1Re.Tc·R AOnc>JiHHTen!.Hocl-b 
xapaKTepHCTHK AH()lpaKTC:>MeTp08 JlH-2 Ill JlH:_3 Ill HX ()lyHKLII:IOHHposaHHe 
8 paMKaX OAHO~'na6opaTOPHH, 8 4aCTHOCTH, 803MO>KHOC!b_H3M~pe
HIIIR HeHTpOHOrpaMM 8 yHHKailbHO WHPOKOM AHana30He AI1HH.-8QI1H,OT 
0 •3- (JlH-3) 'AO 20 ~· (JlH-2) ·• CaMOCTORTeilbHbiH HHTep_ec .AH~J~ npeA-
cl'a8IlReT npe>KAe 8cero AilR, AH()lpaKLIHOHHbiX .· HccneAo8aHHH: MOHOKPH
cTaiJIJ08 8 ycno8HRX 8cecTopoHHero C>KaTHR. Co4eTaHHe 8PeMeHH 
nponeTa H-IlltiHeHHOrO n4JlAaeT 803MO>KHOCTb 3()l()leKTH8HO·PerHCT
pltlp08aTb AaHHble 8 6oilbWoM·o6beMe o6paTHoro npocTpaHCT8a KpHc
Tanna, a pa6oTa Ha MailbiX AilHHaX 80IlH n0380IlReT pe3KO. YilY4W.HTb 
ycno8HR pa6oTbl c KaMepaMH 18biCOKoro Aa8IleHHR.· 

A8TOpbl 8blpa>KaiOT 6naroAapHOCTb 4IleHy.:.Kopp. AH CCCP 10. r·; A6o8y 
H AOKTOPY ()JH3HKo-MaTeM~T~4eCKHX HayK B.M.ny~HK08Y 3~-~~Te~ec 
K npo8eAeHHOH pa6oTe H . nOAAep>KKY. .. . . . "' 

Pa6oTa 8blnOIJHeHa npH ()JHHaHco8oH noAAeP>KKe Toc'yAapcT8el:iHoH 
. ,. I 0 . """ 0. 

nporpaMMbl no BTCn 8 cooT8eTcT8HH c npoeKT~MH N 769 ~ N,90287 
rKHT CCCP. 

•" '): 
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BanarypoB "A.M. H AP·· 
He:HTpoHHbiH AH$paKTOMeTp no BPeM 
Ha HMHYJibCHOM 6ycTepe HBP-30· 

·Ha HMnyJibCHOM HeHTPOHHOM 6yc 
He:HTpOHHo:H $H3HKH Ol1Hl1, pa6otaw 

. Ha · MO~HOCTH · AO I 0 KBT, C03ActH 
no BpeMeHH nponeTa ~H-3. TennoB 
CH B BOAHHOM 3aMeAJIHTene TOJI~H 
HMnyJibCa 39 MKC (npH 3HeprHH 0,• 
6a3bi Me)!(,Qy_ 3aMeAJIHTeneM H o6pa3: 
HOCTb nOT OK a , TenJIOBbiX He:HTpOHOB 
8 105 -2 -1 p • . CM C· ·, a3pemaw~aH CnOC4 
AJIH M~>KllJIOCKOCTHoro. paccTo~HHH 

Pa~oTa BhlnonHeHa B fla6opaTopi 

Coo6~a1He 06'be.o;HHeHHoro HHCTHTVTa R.o;e· . . I . . . '" . 

IlepeBOA aBTOPOB 

Balagurov A.M. et al. 
Time-of-Flight Neutrom Diffracto 
at the I~R~3o Booster 

The.time-:-of-flig~t neutron.di 
installed at the pulsed neutron 
Laboratory of Neut~on Phy~ics,J 
tes~at a repetition rate of 25 f 

power of up to 10 kW. The 3 em t 
produces thermal neutrons in pul 
at.the· ~n~rgy of 0.05 eV. The fl 
to sample is 11.44 m. The therma 

1 . 8 lOs -2 1 on the.samp e1.s · ·em _s- .• ' 
. the diffracto~eter for interplan1 
0.008. 

The iiwestigation has ·been pe; 
tory of Neutron Physics, JINR. 
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