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BBEtlEHHE 

Ha HMnynbcHoM peaKTope ~6P-2/11 C03AaHa YCTaHOBKa tl~~PAH 
AnR H3Y4eHHR He~TpOHHo-onTH4eCKHX RBneHHH npH AH~paK4HH He~T

pOHOB Ha COBepweHH~X KpHCTannax. Hcnonb30BaHHe HMnynbcHoro HC
T04HHKa HeHTpOHOB 'B c04eTaHHH C MeTOAOM BpeMeHH nponera n03BO
nReT npOBOAHTb 3TH HCCneAOBaHHR OAHOBpeMeHHO Ha HeCKOnbKHX no
pRAKaX OTpa~eHHR npH $HKCHpOBaHHOH r~OMeTpHH 3KCnepHMeHTa.BBH
AY OC06eHHOCTH CneKTpa HeHTpO~OB,COAep~a~ero 60nbWOH BKnaA 3nH
TennOB~X HeHTpOHOB, C03Aa~TCR 6narOnpHRTH~e ycnoBHR AnR H3Y
4eHHR AHHaMH4eCKOH AH$paK4HH B WHPOKOH 06naCTH AnHH BOnH H ne
peAaBaeM~X HMnynbCOB. PaC4eTH~e XapaKTepHCTHKH YCTaHOBKH co06
uranacs paaee 12-41. npeABapHTenbHble 3KcrlepHMeHTbI no AHHaMH4ec
KO~ AH$paK'4HI1 HeHTpOHOB, npoaeneuaae Ha peaxrope H6P - 30 / 5 ,6 1 , 
nOKa3anH B03MO~HOCTb H3Y4eHHR 3THX RBneHHH Ha HMnynbcHoM HC
T04HHKe MeTOAOM BpeMeHH nponeTa H BWRBHnH HeKOTop~e MeTOAH4ec
KHe np06neM~, KOTop~e 6~nH peweH~ npH C03AaHHH YCTaHOBKH 
Ha H6P-2. YCTaHOBKa tlH~PAH C03AaHa Ha 6a3e nne4a cneKTpOMeTpa 
WK5N-300 11'1 . 

B HaCTOR~eH pa60Te onHcaHa KOHCTPYK4HR H AaH~ OCHOBH~e na
paMeTp~ YCTaHOBKH. 

KOHCTPYKUH~ YCTAHOBKH 

YCTaHOBKa tl~~PAH pacnono~eHa Ha TaHreH4HanbHOM KaHane ~ 1 
peaKTopa H6P-2. OCHoBHble ee Y3nbl H AeTanH cxeMaTH4HO H306pa~e
HbI Ha pHc.l. ~OpMHpoBaHHe cneKTpa nepBH4HblX HeHTpoHoB ocy~ecT
BnReTCR B 3aMeAnHTene. HeHTpoHbl, B~XOAR~He H3 3aMeAnHTenR 2, 
npOXOART 4epe3 KaHan B 6HonorH4ecKoH ~a~HTe H BaKYYMH~H He~T

pOHOBOA 3, Ha BXOAe H BblXOAe 
KOToporo YCTaHOBneH~ KonnHMa
TOpbl 4, H naAa~T Ha 06pa3e4 8, 
pacnono~eHHblH Ha nepBoH OCH 

1-1 cneKTpOMeTpa. CpeAHHH nOTOK 
.1 ;

TennOB~X He~TpoHoB Ha 06pa34e 
npH cpeAHeH MO~HOCTH peaKTopa 
H6P-2 2 MBT COCTaBnReT 
1,9,;0 6 H/CM 2C. 

PHC. 1. OÕJ1UiH B~ YCTaHOBKH 

/noHcHeHHH B TeFicTe/. 
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KonnHMaTOp~ 3anOnHeH~ rpaHynHpoBaHH~M nOnH3CTepOM H 60pHO~ 

KHCnOTO~. nnO~aAb OKHa nOCneAHerO nepeA 06pa3~OM KOnnHMaTOpa 
paBHa 24x24 MM2. rOpH30HTanbHaR KOnnHMa~HR nepBH4HOrO nY4Ka 
He~TpOHOB onpeAenReTCR reOMeTpHe~ KOnnHMaTOpOB H coCTaBnReT 
7 yrn.MHH, BepTHKanbHaR - 15 yrn.MHH. CpeAHee nponeTHoe pac
CTORHHe OT aaMeAnHTenR AO o6pa3~a paBHO 28,55 M. YCTaHOBKa 
OKpY>KeHa 6HonorH4eCKO~ 3a~HTo~ H3 6eTOHHblX 6nOKOB 5. 

MexaHH4eCKaR 4acTb YCTaHOBKH COCTOHT H3 MaCCHBHoro MeTannH
4eCKoro OCHOBaHHR 20 H nne4a cneKTpóMeTpa 17 /MoAepHH3HpoBaH
Hoe nne40 cneKTpOMeTpa WK5N-300/1~/~ OCb HenOABH>KHOrO OCHOBa
HHR 20 cnY>KHT OAHOBpeMeHHO OCbID no~opoTHoro CTona 6, BOKpyr 
KOTOPO~ Bpa~aeTCR nne40 cneKTpOMeTpa. 

nOBOpOTH~~ CTon npHcnoco6neH AnR paaMe~eHHR Ha HeM roHHO
MeTpH4eCKO~ ronOBKH GK5-100 10, KOTopaR HMeeT TpH B3aHMHO

° 6 onepneHAHKynRpH~x OCH Bpa~eHHR X, Y, /±20 / Z /Of3 O / H HC
nonb3yeTcR AnR KpenneHHR H IDCTHPOBKH o6pa3~a 8, HnH npe~H3HOH
Ho-nOBopOTHoro YCTpo~cTBa, no3BonRID~ero c T04HOCTbID 0,1" B npe
Aenax 5 yrn.MHH ocy~ecTBnRTb nOBopOT o6paa~a. 

Ha nneve cnexrpeaerpa 17 pacnonoxeuu: 
- CMeHH~~ connepoBcKH~ KonnHMaTOp 16 AnR ~OpMHpoBaHHR nY4Ka 
He~TpoHoB, pacceRHH~X nepB~M KpHCTannOM c rop~30HTanbHo~ Kon
nHMa~He~ 10', 25', 50'; 
- nOBopoTH~~ CTon 7, rOHHOMeTpH4eCKaR ronOBKa GK5-40 11 H BTO
po~ KpHGTann 9 HaxoARTCR Ha CTone 13 nne4a cneKTpOMeTpa; 
- AeTeKTOp 14 perHcTpHpyeT He~TpoH~, OTpa>KeHHWe OT BToporo 
Kp\l1CTanna, ~ noaopauaaaer'ca aoxpyr uex rpa Bpa~eH\I1R BToporo 
KpHCTanna Ha yron B npeAenax OT -78° AO 87~ 

~eleKTop 15 per\l1cip\l1pyeT He~TpoH~, KOTop~e nocne OTpa>KeHHR 
OT	 nepBoro KpHCTanna npownH 4epe3 aTopo~ Kp~CTann. 3TOT AeTeK
TOp YCTaHOBneH BHe OCHOBaHHR cneKTpOMeTpa. 

AeTeKTop~ AnHHo~ '140 MM H AHaMeTpoM 93 MM HanonHeHW CMeCbID . 8 . 
ra30B /3 qTM. He, 3 aTM. Ar H 60 TOp C02/ H perHCTpHpYIDT Ten-
noB~e He~TpOH~ c 3~~eKT~BHOCTbID 60nee 80%. 

~nR MOHHTopHpOBaHHR nepB\I14HOrO nY4Ka He~TpoHoB Hcnonb3yeTcR 
Manora6apHTH~~ C4~T~HK 3He 18. 

AononHHTenbHoe o6opYAoBaH~e 19 MO>KeT 6WTb YCTaHOBneHO 
Ha nn~~e cneKTpOMeTpa 17. 

OCHOBHble TeXHH4eCKHe napaMeTp~ YCTaHOBKH npHBeAeH~ B Ta6n.l. 

Ta6JIH~a 1 
TeXHHqeCKHe xapaKTepHcTHKH cneKTpOMeTpa 

.zm~PAH 

1. Cpe~Hee nponeTHoe paccToHHHe: 
- SaMeAnHTenb - ~eTeKTOp" 28,5 M 
- OCb nepBoro KpHcTanna - ~eTeKTOp 2,25 M 

2	 "
 

IIpo~oJlJKeHHe Ta6mu~1 1 

- OCb nepBoro KpHCTanna - OCb BToporo 
KPHCTaJlJ1a 

2.	 MaKCHManbHblH paaxep nyqKa aa ssrxone 
M3 HeHTpoHoBo~a 

3.	 KonnMMa~H~ na~aro~ero nyqKa: 
- ropMSOHTanbHaH 
- BepTMKanbHaH 

4.	 KonnHMa~MH pacceHHHoro nyqKa HeHTpoHoB 
nepBblM KPMCTaJlJ10M: 
- CMeHHbrn connepoBcKMH KonnHMaTOp 

5.	 Yron nOBopOTa nneqa cneKTpOMeTpa 
c marOM 

6.	 Yron noBopOTa ~eTeKTopa BOKpyr OCH 
Bp~eHHH 

BToporo KpHCTanna 
c marOM 

7."	 ~eTeKTopHaH CMCTeMa: 
- qHCnO HesaBHCHMNX ~eTeKTopOB 

- MaKCHManbHaH anepTypa ~eTeKTopa 

8.	 06opy~oBaHHe: 

- rOHHOMeTpHqeCKHe ronOBKH GKS-100 
H GKS-40 /IIHP/ c TpeMH BsaHMHO nepne~H
KynHPHblMH OCHMH X, Y, Z:
 

yron nOBopOTa BOKpyr OCH Z
 
mar nOBopOTa BOKpyr OCH Z
 
yron nOBopOTa BOKpyr OCH X, Y
 
mar nOBopOTa BOKpyr OCH X, Y
 

9.	 ~ononHHTenbHoe o60PY~OBaHHe - npe~H

SHoHHo-noBopoTHbIH c ron e 
- MaKCHManbHMH yron nOBopOTa BOKpyr 
OCH Z 
- MaKc~anbH~ mar nOBopOTa BOKpyr 
OCH Z 

~3MEP~TEJ1bHO-BbI4HCJ1~TEJ1bHbIA MOA,YJ1b 

6nOK-cxeMa HaMepHTenbHo-Bw4HcnHTenbHo~ 

npeACTaBneHa Ha pHc.2. 
3neKTpoHHaR annapaTypa YCTaHOBKH pewaeT 

~aAa4H: 

- HaKonne.HHe AaHH~X H HX BH3yanH3a~H~; 

- 1,76 M 

- 24x24 MM 2 

- 7' 
- 15 

- 10', 25' , 50' 
-5° s 2(} .$120° 

- 12' 

- -78°< 2fJ <87 0 

-2" - A

- 2 
10 

- 00-360 o 

2' 
- ±20 0 

- l' 

- 5,0' 

0,1'; 

CHCTeMW YCTaHoBKH 

cneAYID~He OCHOBHble 

- ynpaBneHHe 3KcnepHMeHTanbHOH annapaTYpo~; 

- xpaHeHHe HaKonneHH~X peaynbTaToB; 
- npeABapHTenbHaR o6pa6oTKa 3KcnepHMeHTanbHWX AaHH~X., 

~ ~ 3 
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PHc.2. EnOK-CXeMa H3MepHTenb
HO-Bhl"llHCnHTenbHOH CHCTeMbI 
YCTaHOBKH ~~PAH. GKS-40, 
GKS-IOO - rOHHOMeTpH"lIeCKHe ro
nOBKH; C - CneKTpOMeTp c "lIe
ThlpbMH mar'oasrxa gBHraTenHMH; 
~l, ~2 - geTeKTopW HeÜTpOHOB; 
M - MOHHTOp; HMU - HaKOnHTenb 
na MarHHTHhlX nncxax ; llY - ne
"lIaTaW~ee YCTPOHCTBO. 

~~a~4eCKaR ~H$opMa~~R' nocTynaeT OT ABYX AeTeKTopOB ~ MOH~

TOpa MeAneHH~X HeRTpOHOB. Ha $YHK~~OHanbHoR exeMe 3neKTpOHHoR 
armaparypu MO>KHO BblAen~Tb Tp~ npocrpaacr aeaao paaneneuuae 
4aen1. 

HenoepeACTBeHHO Ha nY4Ke HeRTpOHOB paenonara~TeR AeTeKTopbl 
HeRTpOHOB, rOH~OMeTp~4eCK~e ronOBK~ ~ nOBopOTH~e MexaH~aM~. 

3a 6~onor~4eeKoR aallt~ToR yc r aaoaxa 1-25 M OT cnexr poae'r 
pai B 3Kenep~MeHTanbHOM aane ~5P-2 HaXOA~TCR KpeRT KAMAK 
e PY4H~M Kpe~T-KoHTponnepOM ~ 6nOK ynpaBneH~R rOH~OMeTp~4eeK~

M~ ronOBKaM~, noaBOnR~Ilt~M~ A~eTaH~~OHHO ~eT~pOBaTb KpHeTann~. 

YnpaBneH~e eneKTpOMeTpOM npo~aBOA~TCR A~CTaH~~OHHO np~ no
MOIlt~ ene~~anbHO paapa6oTaHHoro 6nOKa. KOMaHA~ AnR nepeAB~>Ke
H~R nne4a cneKTpOMeTpa, AeTeKTopa ~ BpallteH~R BToporo CTona 
aanaor cs B JlpY4HOMII pe>K~Me ~n~ e nOMOlltb~ 3BM CM-1300. 

B ~aMep~TenbHOM ~eHTpe e nOMOlltb~ 3BM CM-1300 npOBOA~TCR. Ha
60p BpéMeHHblx eneKTpOB ~ ~x npeABap~TenbHaR o6pa6oTKa. BpeMeH
HoR aHanOro-~~$pOBOR npeo6paaoBaTenb eoeA~HeH c 03Y-7231 
no KaHanaM npRMoro AoeTyna, 4TO 06eene4~BaeT MepTBoe BpeMR 
per~CTpa~~~ cneKTpOB -1,0 MKe. C nOMolltb~ 3BM CM-1300 ~H~OP
Ma~~R MO>KeT 6~Tb npoeMOTpeHa Ha TepM~Hane, rpa$~4eeKoM A~e

nnee e nocneAy~Ilt~M B~BOAOM rpa$~Ka Ha ne4aTa~lltee yeTpoRcTBO, 
3an~eaHa Ha HaKon~Tenb Ha MarH~TH~X A~CKax IHMAI I~n~ Ha r~6
K~X A~CKax IrAII, n~60 BblBeAeHa Ha ne4aTb. ~H~opMa~~R, aan~

eaHHaR Ha HMA I~n~ Ha rA/, MO>KeT 6~Tb nepeAaHa Ha OCHOBHY~ 

3BM nH~ PDP-11/70. 

YCnOB~~ 3KCnEP~MEHTA 

9' 
XapaKTep~CT~K~ YCTaHOBK~ A~~PAH ~ peaynbTaT~ ~aMepeH~R, 

np~BeA~HH~e H~>Ke, nonY4eH~ np~ pa60Te peaKTopa ~5P-2 Ha 4aCTO
Te nOBTopeH~R ~MnynbcoB MOIltHOCT~ 5 r~, w~p~He ~Mnynbca Tenno
B~X HeRTpoHoB 240 MKC, cpeAHeR MOIltHOCT~ peaKTopa 2 MBT. 
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PHc.4. B03Mo~HNe cxeMW 3KcnepH- ~
 

MeHTOB Ha YCTaHoBKe ~H~PAH. ,
 

~aMepeH~e BpeMeHH~X cneKTpOB npo~asOAHnOCb npH nOCTORHHOR 
wHpHHe KaHana BpeMeHHoro KOAHpOBIltHKa âr = 32 MKC. B 3KenepH
MeHTax, B~nonHReM~X no MeTOAY BpeMeHH nponeTa, perHeTpHpyeTcR 
HHTeHeHBHOCTb HeRTpoHoB, paceeRHH~X o6paa~oM, KaK ~YHK~HR Bpe
MeHH N.Ór, rAe N - HOMep KaHana. 

Ha HeRTpoHorpaMMax, nonY4eHH~X no MeTOAY speMeHH nponeTa 
(J = const , pacnpeneneaue AH~paK~HoHHbIX OTpa>KeHHR COOTseTcTByeT 

, pacnpeAeneHH~ Me>KnnOCKOCTH~X paccToRHHR. Ha pHc.3 npHBeAeHO . 
ceMeRcTBO KpHB~X, RBnR~~HXCR peWeHHRMH ypasHeHHR 5p3rra-Bynb
~a AIlR KpHCTanna KpeMHHR. BepTHKanbHble nHHHH (J 1 = -8 ° H (J2 = 
= 45° onHC~Ba~T AH~paK~H~ no MeTOAY BpeMeHH nponeTa. ~a pHc.3 
BHAHO, 4TO 4eM 60nbwe hki. TeM'MeHbwe dhkf' TeM 4allte cneAY~T 
OTpa>KeHHR H K TOMY >Ke npH (Jl= 8° YMeHbwaeTeR paapeweHHe YCTa
HOBKH, «oropoe: npa À < 0,5 Â orpaHH4eHO WHPHHOR HeRTpoHHoro 
HMnynbca, nOA nYHKTHpHOR KPHBO~ A~~paK~HOHH~e OTpa>KeHHR HMe~T 

nnoxoe paapeweHHe. 
Ha YCTaHOBKe A~~PAH MO>KHO npOBOAHTb HaMepeHHR KaK no cxeMe 

AByxKpHCTanbHoro Ip~c.4, cxeMa li, TaK H OAHOKpHCTanbHoro 
cneKTpOMeTpa IpHc.4, cxeMa I li. 

HaH60nee pacnpOCTpaHeHH~M MeTOAoM 3KcnepHMeHTanbHoro onpe
AeneHHR cneKTpa He~TpOHOB ·~o(~ RBnReTCR HaMepeHHe pacceRHHR 
Ha nonHKpHCTannH4eCKOM BaHaAHH, pacceHBa~~eM Bce HeRTpOHbl 
npaKTH4eCKH HeKorepeHTHO; ce4eHHe KorepeHTHoro paeceRHHR npH 
3TOM HH4TO>KHO Mano /7/. CneKTp pacceRHH~x Ha saHaAHH He~TpoHoB 
~Ànocne B~4HTaHHR ~OHa H HcnpaBneHHR Ha nornOllteHHe H MHoro
KpaTHoe pacceRHHe o6pa6aTblBanCR no MeTOAY HaHMeHbWHX KBaApa
TOB c Hcnonb30BaHHeM ~YHK~HH /8/ : 

~Hc.3. CxeMa, RnITWCTpHPyro~aH 
nonY"lIeHHe AH~paK~HoHHOÜ KapTHHN 
Me~OAOM nOCTOHHHoro yrna paccen
HHH. 
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À r À T 2 <IJ 1 ----lA (A) , <1J (A) = { ~o -axp[ -(-) ] + 0, epi

O ,max À5 À -- À À 1 ]
ii 1 1 + 2y [ 1 + exp ( ---) /1 / 

À 1 À 
2 

rAe À r - An~Ha BonH~ B Tennoéo~ T04Ke; À i - AnHHa BonH~ He~T

pOHa, npHweAwero B i -~~ KaHan BpeMeHHbro aHanH3aTopa; À 1 , 
À 2 - BblCOTa H WHpHHa oacnoeneneuua COOTBeTCTBeHHO; <1>0 rnax " 

<tJ O, epi' y - napa-te r pa ; A(À) - <tJaKTOp, Y4HTbIBalO~H~ nOrn014eHHe 
~ paCceTlHHe He~TpOHOB Ha nYTH OT 3aMeAnHTenTl AO 06pa34a H OT 
o6pa34a AO AeTeKTopa. Ha p~c.5 nOKa3aHa <tJopMa cneKTpa He~Tpo
HOB <PA = <1>o(À) . E(À), naAalO14HX ua oõpaaeu BaHaAHfl /. T04KH/, 
rAe E(A) - 3<tJ<tJeKTHBHoCTb AeTeKTopa. 

nnfl onpeAeneH~fl <1JÀ 6~nH TaKme H3MepeHw HHTerpanbHwe HHTeH
CHBHOCTH A~<tJpaKLt~OHHOro OTpameHHfl (004) OT TOHKoro KpHCTanna 
KpeMHHTI /t = 0,5 MM/ B 3aBHCHMOCTH OT AnHH~ BonH~. TOHKH~ 

KpHCTann 6~n Bw6paH AnTI Toro,'4To6~ CBeCTH K MHHHMYMY nonpaB
KY Ha TennOBoe AH<tJ<tJY3Hoe paCCeTlHHe /Tnp/. ~HTerpanbHaTl HHTeH
CHBHOCTb AnTI cHMMeTpH4Horo oTpameHHTI no 6p3rry cOBepweHHoro 
HenOrn014alO14erO KpHcTanna, Korga nn014aAb nOBepxHocTH KpHcTanna 
fionsure nonepe-mor-o nY4Ka naAalO14HX He~TpoHoB S 19,10~ paaaa 

ÀI :c <1J \ • S. R /2/
n 1\ n 

À3 F e -w n
 
RÀ _ .1 n
 

rne À - An~Ha BonHbl He~TpoHa, F n - CTpYKn, -2' V sin2 ()o 
-w 

TYPHbl~ <tJaKTOp, Vo - o6beM 3neMeHTapHO~ Tl4e~KH, e n - <tJaKTOp 
ne6aTl-Bannepa, e - yron 5p3rra, S - nn014aAb o6nY4aeMO~ nOBepx
HOCTH 06pa3Lta. RA 3anHcaHO c Y4eTOM BceB03MomH~X 3<tJ<tJeKTOB MHO
rOKpaTHoro OTpameHHTI. 

np~ TOn14HHe KpHCTanna t = 6 MM BeCbMa CY14eCTBeHHO~ TlBnTleT-J 
n

Cfl nonpaBKa Ha Tnp, KOTopoe 3aBHCHT OT TeMnepaTYPbl, cpeAHe~ 

CKOPOCTH 3BYKa B KpHCTanne, ycnoB~~ 3KcnepHMeHTa: paCXOAHMOCT~ 

naAalO14HX He~TpoHoB, anepTYP~ AeTeKTopa H T.A. Ha pHc.6 npHBe
AeH~ KpHB~e oTpameHHTI Anfl nnOCKOCTe~ (220) ~ (440) H (660) co
BepweHHoro KpHCTanna KpeMH~fl /t = 6 MM/. B~AHa WHpOKaTl 
no cpaBHeHHIO c 6p3rroBcKHMH n~KaMH nOAnomKa, o6ycnoBneHHaTl 
Tnp, Anfl OTpameHHTI (220) OHa B~AeneHa nyHKT~pOM. KaK nOKa3a
n~ paC4eT~, npH 60nbwHx 3Ha4eHHTlX t nonpaBKa Ha Tnp AaeT 3a
MeTHbl~ BKnaA B Ha6nlOAaeMYIO ~HTerpanbHYIO ~HTeHC~BHOCTb AnTI OT
pameHH~ B~COK~X nopflAKOB H CY14eCTBeHHa np~ CKOpOCTH He~TpOHOB,
npeB~walO14e~ cpeAHlO1O CKOpOCTb 3BYKa B KpHCTanne, npH 06paTHOM 
COOTHoweHH~ CKopOCTe~ B nepBpM npH6nHmeHHH 3TO~ nonpaBKO~ Mom
HO npeHe6pe4b. ~3MepeHHaTl 3aBHCHMOCTb <1J A OT À npH TOn14HHe KPH
CTanna KpeMHHfl 0,5 ~M npHBeAeHa Ha pHc.5 /. - T04KH/. 06a Me
TOAa H3MepeHHfl 3<tJ<tJeKTHBHo~ cneKTpanbHo~ nnOTHocTH noTOKa He~T
pOHOB B MeCTe HaXOmAeHHTI ~ccneAyeMoro 06pa3Lta AalOT xopowee co
rnaCHe. 

Pa3peweHHe YCTaHOBKH xapaKTepH3yeTcTI pa36pocoM AnHH BonH 
~A B AH<tJparHpOBaHHOM nY4Ke H ero KOHe4HO~ yrnoBo~ WHPHHO~ ~8. 

OHO o6ycnoBneHO HeCOBepweHCTBOM MOHoxpOMaTH3aLtH~ He~TpOHHoro 

nY4Ka KpHCTannOM H 3aBHCHT OT CBO~CTB HccneAyeMoro 06pa3Lta 
/ero COBepweHCTBa, pa3MepOB/, Konn~Ma4~H. H reOMeTpHH YCTaHOB
KH. Ha pa3p~weHHe CY14eCTBeHHO BnHTleT KoppenTl4~TI Me~AY AnHHO~ 

BonH~ H HanpaBneHHeM AH<tJpar~pOBaHHóro nY4Ka, 03Ha4alO14afl no
TlBneHHe ~~cnepCHH ~À/~8. np~ C~MMeTpH4HO~ AH<tJpaKLt~~ He~TpOHOB 

J
 
li np~ OTpa~eH~~ no Op3rry OT COBepweHHoro Kp~CTanna /pHc.4,
 

cxeMa I 1/ Kp~B~e OTpa~eH~fl He npeB~walOT 06~4HO HeCKonbK~x yr

nOB~x ceKYHA. OAHaKO Ha6nlOAaTb Y3KHe KpHB~e OTpa~eH~TI CHnbHO
 
MewaeT HeMOHoxpOMaT~4HocYb paCCeTlHH~X 06pa340M He~TpOHOB!9.11!: 

~ 
-= ~8· ctgO , /3/ 

À 

rAe ~8. onpenenae-r cn MaKC~ManbHO~ ropaaoar ans aoã Konn~~a4~e~ 

He~TpOHHoro nY4Ka ~ n03TOMY w~pHHa Kp~B~X OTpameH~TI paBHa 
~O = 7' AnTI acex nOpTlAKOB /p~c. 6/. 

06~4HO MO~HO ynY4W~Tb pa3peweH~e 3Kcnep~MeHTanbHo~ YCTaHOB~ 
KH, np~ 3TOM npo~rp~BaTl B ~HTeHCHBHOCT~. napannenbHafl reOMeT

'1 7 

'rJ 
a> 

X 3 
g 

I;}<' 

PHc.5. 3aBHCHMOCTb cneKTpa 
HeHTpOHOB OT p,.rUUlbl BOJIHbl na

.... ga~~Hx HeATpOHOD. 

5 
28 ,..120'...... I/l 
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PHc.6. KpHBwe oTp~eHHH HeHT- ~ 

pOHOB OT ceMeHCTBa nnOCKOCTeH 
(hhO) 2(J = 120 0 KpHCTaJIJIa OI 

012201 

• 1660 I 

• 14401Si 

I

-60' -40' ~" I-~-20' 20' 40'88KpeMHHH B reOMeTpHH Bp3rra. .8
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~ 



..... _--_._-~ 

~ l710)p~R ABYXKp~CTanbHOrO CneKTpOMeTpa 06eCne4~BaeT HaMHOrO nY4Wee	 PHC. 7. 'uH<ppaKU;HOHHhIH cnexrp 
S, • SI 

pa3peWeH~e. CXeMa ABYXKp~CTanbHOrO CneKTpOMeTpa /p~c.l, cxe	 KpHCTanna KpeMHHH 28 = 60°:!,"- 'a(. ".. Jl\J1IMa 1 p~c.4/, AnR KOToporo XopOWO pa3B~Ta Teop~R 110/, OCHOBaHa ai yrrpyro H30rHYTble xpac r arrrna 
- 5~ :x I R 1 = 54,5 M H R 2 = 50,6 M;Ha ABYX OA~HaKOBWX COBepweHHwx KpHCTannax c C~MMeTp~4HWM OTpa

o, IBBOI leeOI 

>KeH~eM no 5p3rry B nOnO)f(eH~~ (n, - n). He~TpOHbl, naAalOU4~e 51 yrrpyro H30rHYTblH xpac-r ann 

i 
o~ 

SI 
Amo, 1 Rl = 54,5 M.Ha nepBW~ Kp~CTann, xapaKTep~3YIOTCR ABYMR 3Ha4eH~RM~ KonnHMa


~~~: ao - r opasoaransuea ~ t/J - aeprakane aaa , BTOPO~ Kp~CTann 8 '"1(" "i"' 1\ 51
 i 

YCTaHaBn~BaeTCR napannenbHO nepBOMY. nOKa4~BaR BTOPO~ Kp~cTann )1,


Ha yron ~ OTHOC~TenbHO BepT~KanbHO~ OC~, ne>KaU4e~ B OTpa>KalO~e~ ti' ~~ 
MSr

l 
~o, 

leeOl
 

• 110,10.01...	 / \ J .; , -, l/l 3nnOCKOCT~, HapywaeM ycnoB~R 6p3rrOBCKoro OTpa)f(eH~R OT BToporo o",===---'""'" v \" ' o50 100 150 100 150 450 o 
Kp~CTanJ'1a cpaay AnR acex An~H aona , ~ ~HTeHC~BHOCTb OTpa>KeHHbIX M
 

~........
HeHTpOHOB pe3KO naAaeT. K03~$H~~eHT OTpa>KeH~R ~AeanbHO	 CDIOCT~
~ 

pOBa~HWX B" BepT~KanbHOH nnOCKOCTH Kp~CTannOB /~o= 0/ AaH co .
)
 

oTHoweH~eM110/.
 
2

+00 •r &((1) R(a-~-)da 

R({j} = -00.	 /4/ 
+00

f R(a)da
 PHc.8. KpHBaH oTp~eHHH HeHTpo- ~ 

-00 

HOB OT KpHCTanna KpeMHHH, 28 =
 
rAe R(a) ,- K03$~~~~eHT OTpa>KeH~R HeHTpOHOB OT OTAenbHO B3RToro
 = 60° IpHc.4, cxeMa li. KPH-
KpHCTanna. AnR C~MMeTp~4Horo OTpa>KeH~R no 5p3rry OT COBepweH BaH 1 - yrrpyro H30rHYTwe KPH-

Horo Kp~CTanna KOHe4HOH Ton~~HW K03$$~~~eHT OTpa>KeH~R R~)
 c T annsr R 1 = 54, 5 M H R 2 = 5O, 6 M; 
~MeeT B~A: KpHBaH 2 - Me*AY KpHCTannaMH OI -] ,......, I I ...... '::V:=-O'J 

-2' -1' 8 l' 2' 3'KpeMHHH rrOMe~eH o5pa3eu; ~ene3a. SR(a) = 1 , lal ~ 5 n ' p

ynpyro Ae~opMHpYR nOAXOARU4HM 06pa30M Kp~CTannbl, MO>KHO nonY4~Tb
50 2

R(a) = 1 - 1 - (-) \a I > S n '	 CYU4eCTBeHHWH Bw~rpww B HHTeHC~BHOCTH HeHTpOHOB /p~c.7a/ np~j	 /5/a	 yrnoBoM pa3peweHHH OT yrnoBwx ceKYHA AO HeCKonbKHX yrnoBwx M~
HYT ./13/ /pHc.8/. ~3 pHc.8 /Kp~BaR 1/ BHAHO, 4TO pe3Koe naAeHHe

À2 F -w n 
n e ~HTeHCHBHOCT~ KPHBOH OTpa>KeHHR OT yrna nOBopOTa ~ BToporo Kp~

5 -= 
CTanna n03BonReT AaHHYIO cxeMY 3KcnepHMeHTa Hcnonb30BaTb AnRn 

,f,... rrVo sin2 t1 
~ccneAOBaHHR ManoyrnoBoro pacceRHHR Bn~~T~ ~o MHHHMaJlbHOrO 
3Ha4eH~R nepeAaHHoro HMnynbca Q = 2·10 A-. B Ka4eCTBeB 3Kcnep~MeHTe c ABYMR He3aB~C~MWM~ Kp~CTannaM~ ~HorAa TPYA ~ 

HO CDIOCT~pOBaTb Kp~CTannbl TaK, 4T06bl yron <P Me>KAY nnOCKOCTR ! I np~Mepa npHBeAeHa KpHBaR ManoyrnoBoro pacceRH~R Ha o6pa3~e >Ke
o	 ! I 

M~ pacceRH~R 6wn paBeH Hyn10 / 12/. He6onbw~e 3Ha4eH~R t/J	 ~p~BO ne3a TonU4HHoH 0,2 CM /pHc.8, KpHBaR 2/, ~ccneAyeMwH o6pa3e~ 
o
 

ART K pe3KOMY YMeHbweH~1O R(~) B MaKC~MYMe, np~ 3TOM w~pHHa ·1 HaXOAHnCR Me>KAY nepBWM H BTOPWM ~30rHYTWMH Kp~CTannaMH.
 

_w Kp~BbIX OTpa)f(eH~R onpeaenae TCR n~Wb reOMeTp~4eCK~M~ $aKTopa	 $H3~4eCKHe xapaKTepHCTHK~ YCTaHOBKH np~BeAeHbl B Ta6n.2. 

M~ ~ He 3aB~C~T OT 5 :	 ',",n Ta5nHIJ;a 2 
w:: ~~ O • /6/ ~H3HqeCKHe xapaKTepHCTHKH YCTaHOBKH AH~PAH 

'í
 
\jl> cos8 

O~HaKO c YBen~4eH~eM nopRAKa OTpa>KeH~R ~HTerpanbHaR ~HTeH ·1 1.	 CpegHHH rrOTOK TerrnOBb~ HeHTpoHoB
 
Ha o5pa3u;e rrpH cpegHeH MO~HOCTH
C~BHOCTb c~nbHO naAaeT ~3-3a YMeHbweH~R W~p~HW Kp~BOH OTpa>Ke

2	 " peaKTopa HEP-2 W= 2 MBT ITaHreHH~R, nponop~~Hanb~O~ À , ~"$aKTopa Ae6aR-Bannepa. n03TOMY, 
IJ;HanhHblH xanarr/ 11 ,9±0, 1I .10 6 H/cM2c 

" 8 ~ 9 



Pac , 10. n"<ppaK~"OHHbIH crrexrpnpogo~eH"e Ta6n"llPI 2 
~'l1CI 166W 

a/ xpacranna 186 w. 
2.	 HHTepBan "CnOnb3yeMNX gn"H BonH 
3.	 Paspemenae /).'A/À MH: 

À = 0,2 Â 
À > 1,0 Â 

4.	 CgB"r HynR BpeMeHHoro cneKTpa 
S.	 <f>OH npa VI = 2 MBT, /).r = 32 MKC: 

2 (J = 90 o À = I, I 1 Â
 
À= 1,67 Â
 
À == 3,34 Á
 

6.	 ill"p"Ha "Mnynbca HeHTpoHoB, 
"3MepeHHaR no BpeMeHHOMY cneKTpy 
npn À = 0,2-3Á 

7.	 lllapnaa BpeMeHHbIX KaHanOB /ir 
B 06meM cnY'llae 

8.	 KOn"'lIeCTBO ogHoBpeMeHHO H3MepReMb~ 

OTpaJKeHHH 

3KCnEPlttMEHTbl 

- 0,2 - 2,5 Â 

- 10% 
.~I% 

- 1120 MKC 

-3 -1 -13 , 8 ·10 HC KaHan 
- 5,4.10-3 Hc-1KaHan~1 
- O,6· 10-3 HC-1 KaHan-1 

240 MKC 

32 MKC 

- .... 5 

C ~enb~ Hnn~CTpa~HH a03MomHoCTeH YCTaHOBKH A~~PAH 6~na npo
aeAeHa cep'HR 3KcnepHMeHToa Ha pa3H~X KpHCTannax. 

npH HccneAoaaHHH HeHTpoHHo-onTH4ecKHx RBneHHH Hcnonb3Y~TCR 

coeepureaaae Henorn~alO~HE7 KpHCTann~ KpeMHHR. 8 Ka4eCTae npHMe
20 ~ 

o I IJ
lO 

15 

o
 
:: 10
 

·pa Ha pHc.9 npHaeAeHa 3aaHCH
Si 

28. S' MOCTb HHTeHCHBHOCTH pacceRHHR 
HeHTpoHoa OT BpeMeHH nponeTa 
AnR TaKoro KpHCTanna Ton~HHoH 

t = 6 MM AnR pa3H~X yrnoa 'J. () 
AnR CHMMeTpH4Horo OTpameHHR 
no 6p3rry IpHC.4, cxeMa I li.Si 

Si

100 200 300 400 500 800

16601 

:~' 
12201 

li 28.57' BpeMR H3MepeHHR COCTaanRno 
OT 5 MHH AO HeCKonbKHX 4acoa.~nR6 

cpaaHeHHR Ha pHc.7a npHaeAeHa,L 1440) 

3aaHCHMOCTb HHTeHCHBHOCTH pac
ceRHHR HeHTpoHoB OT apeMeHH npo
neTa AnR ABYXKpHCTanbHoro cneK

/" , 

PHc.9. nH~paK~HOHHMH cneKTp 
Kp"CTanna KpeMHHH npH pa3Hb~ 

N 
yrnax 28. 

, 

'I 
~ : 

'1
 

20·a' 

.~:~I;'ULruL,,, ,,1 

200 250 300 35050 1 

lB6 W 6/
.c 29.90' 

N~~ 

12201 

100 

TpOMeTpa IpHC.4, cxeMa li,
 
28 = 60 o, KpHCTannbl ynpyro H30

rHYTW c paAHycaMH KpHBH3HW
 
R I = 54,5 M, R 2 = 50,6 M.
 
Ha p~c.76 Ip~c.4, cxeMa I Ii
 
npHBeAeHa 3aB~C~MOCTb ~HTeHC~B


HOCTH OT BpeMeHH nponeTa, KPH

CTann KpeMH~R ynpyro H30rHYT
 
c RI = 54,5 M. M3 p~c.76 BHAHO,
 
4TO, nOA6Hpa~ COOTBeTCTBY~~~M
 

06pa30M KPHB~3HY Kp~CTanna,
 

MomHO nonY4~Tb cy~ecTBeHHWH
 

Bwwrpww B HHTeHC~BHOCTW HeHTpo

HOB 6e3 cy~ecTBeHHoro YXYAweHHR
 
pa3peweH~R. 

Ha pHc.10 nOKaaaHa 3aB~C~MOCTb ~HTeHc~aHOCT~ pacceRHHR He~
TPOHOB OT BpeMeH~ nponer a AnR M03a~4Horo I 'T1 = 40 'I KpHCTanna 
188 W, ~Me~~ero Many~ aMnn~TYAY xorepe-rr aor o pacceaaas HeHTpo
Hoa, KOTopaR Ha nopRAOK MeHbwe, 4eM y KpeMH~R. M3 p~c.10 BHA
HO, 4TO MomHO npOBOA~Tb wCCneAOBaH~R H B 3neKTpOHBonbTHO~ 06
naCTH, T.e. npa À < 0,5 Â. 

MHTeHC~BHOCTb naAa~~~x Ha 06paae~ He~TpOHOB nOA yrnoM 
2 (J = 60 o AOCTaT04Ha Am=i ~aY4eH~R Ipwc. 4, cxexa T! I A~<t>paK~~~ 
Ha COBepweHHOM norno~a~~eM Kp~CTanne Od3Qaf)012 Ip~c.11/, ape
MR HaMepeH~R - 17 4. 

KaK nOKa3an~ H3MepeHHR Ip~c.9-11/, Ha YCTaH08Ke 06eCne4H
SaeTCR xopowee COOTHOWeH~e 3<t><t>eKTa K <t>OHY. OCHOBHO~ BKnaA 
B <t>OH AaeT paCCeRHHe HeHTpOHOB Ha B03Ayxe B 06naCTH 06pa3~a. 

"{3
P"c.II. n"~paK~"OHHbrn cneKTp 
COBepmeHHoro nornomaromero 
Kp"CTanna Od3 0a60 12 . 

3AKnl04EHltt~ 

18661 

Gd,Ga,O"
 

29,60'
 
14441 

116.1a.161 

12Q211201 

500 

.. 

~ .... 
..~ 

t> 

~ 

OCHOBH~e napaMeTpw YCTaHOBKH AM<t>PAH np~BeAeHw B Ta6n.1 H 2. 
npoaeAeHH~e K HaCTOR~eMY BpeMeHH ~3MepeHHR nOKa3an~ ee 3<t><t>eK
T~aHOCTb. HaHnY4WHe 3Kcnep~MeHTanbHwe ycnoBHR ~Me~TCR B AHana

~ 

10 'Ir' 11 
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B aaxruoueuae aaropu õnaronapar xonnexraa nHcI> m'HU1 3a no
CTORHHblH ~HTepec ~ nOAAep)f(KY, «oropue cnocoõcreosana C03AaH~~ 

YCTaHOBKH; ~.BaBPY, n.MapeKa /H~~ 4CAH, P)f(e)f(/, A.A.nOwKapeBa, 
X.MaHpHKe fapc~R 3a nOMO~b B MOHTa)f(e MeXaH~4eCKOH 4aCT~ cneK
TpOMeTpa, B.M.Ha3apoBa 3a ~3MepeH~e cpeAHero nOTOKa HeHTpoHoB 
Ha 06pa3l4e. 

30He An~H BonH 0,5-2,5 Â, rAe o6ecne4~BaeTCR H~3K~H ypOBeHb 
~OHa ~ Hennoxoe pa3peweH~e. 

llnR An~H aoru-, MeHbW~X 0,5 Â, 3Kcnep~MeHTanbHble ycnoaua Me
Hee 6naronp~RTH~ ~3-3a YBen~4eH~R ~OHa ~ YMeHbweH~R pa3pewa~

~eH cnoco6HoCT~, KOTopaR AnR 3T~X An~H BonH orpaH~4eHa w~p~

HOH HeHTpoHHOH Bcn~WK~ p~aKTopa ~6P-2. 

lI,' 

/ 

P3-87-449 

Pafiora B~nonHeHa B flafiopaTopHH He~TpOHHOI1 ~H3HKH. O~R~. 

AneKcaHAPOD ~,A, H AP, 
He~TpoHH~~ enOKTpOMOTp AH~PAH Ha peaKTope ~6P-2. 

KOHCTPYKijHn H nopaMOTp~

"f Ha HMnynbcHoM pe~KTOpo ~6P-2 C03AaHa ycraHoBKa A~~PA~ AnR ~cc~eAOBaHHR 
He~TpOHHO-Onnt46CI<HX ADl1eHH~ npH AH~paK~HH He~TpOHOB Ha COBepweHHb1xt<pHctan
hax npH OAHOOPOMCHHOM Ha6~AeHHH HeCKonbKHX nopRAKOB OTpa*eHHR. BBHAY oco
6eHHOCTH cneKTpa HeHTpOHOB. COAep*a~ero 6onbWYO HHTeHCHBHOCTb 3nHTennOB~X 

He~TpOHOD. C03AaOTCR 6naronpHRTH~~ YCl10BHA AnR H3Y4eHHR AHHaMH4eCKOH AH~paK
~HH B WHPOKO~ o6naCTH AnHH BonH H nepeAaBaeM~x HMnynbCOB. OCHOBH~e Y3n~ YCTa
HOBKH: ABYXKpl-1CTanbHbU1 rcneKTPOMeTP. ,pacnonOllleHHbll1 Ha 25-MeT,popo~ npone raoã 
fia3e. CHCTeMa KonnHMa~HH nopRAKa ~O • rOHHOMeTp~ AnR KpHCTannOB IT04HQCTb 
1 'I. npe~H3HoHHo-noBopoTH~~ CTon Iwar nOBopora O.I"B npeAenax 5'/~ P~3pe

weHHe YCTaHOBKH npa À~ IÂ~/À ~ 1%. npH À= 0.2Â !i'A/'A = 10%. AH~paK~HoH
H~e cneKTp~ H3MepRoTcR B H~TepBane yrnoB 28 = 8of 120 o. npHBeAeH~ QCHOBH~e na
paMeTp~ YCTaHOBKH. naAa~H~ cneKTP. ~oHoB~e ycnoBHR. B Ka4e~TBe HnnocTpa~HH 
~peAcTaBneH~ pesynbTaT~ H3MepeHH~ c HeKo~op~MH KpHCTannaMH. 
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. AIexand rov Yu. A. e~ aI. P3-87- Ll49 

" OI FRAN Neut ron Spec t rometer a t the I BR-2 Reactor. 
,Deslgn an~ Paramefers 

" A brief descriptlon and some technical pararneters of the DIFRAN fac" ity ., 
designed for studies of neutron optical effetts by the TOF method are repor
tedv The l ns t rumen t j p l ac ed a t a 25 m fllght pa th at the IBR-2 pu l sed reac tor , 
consists qf a double axis spectrometer.various goniometer heads and some spe
cial ancillary equipment. Including e.g. high precislon (O. I'} turntables. 
It may be operated at sca t t er lnq angles '2'0 = 8 fl200 whlch together wlth 
a moderate wavelength resolution (1~% at 6.02 nm and 1% at 0.1 nm) make pos-' 
sible to utilize both the epithermal and Maxwellian f lux componcnts for work 
at a wide range of neutron energies ~nd rnomentum trànsfers. The measured ef
fectlve spectral dlstrlbutlon of the incident neutron flux 15 included. 

The Invcstlgqtlon hss been perf9rmed at the ~aboratory of Neutron Physlcs. 
JINR. 
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