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B nHlfJ Ol1Hl1 npHHHT K pean113au1111 coBMBCTHhIA c nHHlfJ AH CCCP 
( faT'-IHHa) npoBKT CO3llaHHH Ha BhlCOKOnOTO'-IHOM HMnynbCHOM peaK

TOPB l16P-2 ~YPbB-llH~paKTOMBTpa BhlCOKOro pa3pBmBHHH (lfJnBP). 
IlpOBKT OCYWBCTBnHBTCH B paMKax COBBTCKO-~HHCKOA nporpaMMhl 
ClfJl1HKC ( CoBBTCK0-1Pl1HCKHA-HBATPOHHhIA-KoppenHUHOHHbIA-CneKTpo

MBTp), KOTOpaH BKnD'-!aBT pa3pa60TKY H CO3llaHHB HBATPOHHh~ llH~
paKTOMBTPOB BhICOKoro pa3pemBHHH Ha peaKTopax Ill1K ( faT'-IHHa) H 
l16P-2 Cn:t6Ha), H nOllllBPlKHBaBTCH Hay'-!Hh!M COBBTOM no npo6neMB 
BTCil. 

OnTHMH3aUHH llH~paKTOMBTPOB Ha peaKTOpax Ill1K H l16P-2 no na
paMBTpaM 6:tllBT nononHHTBnbHOA no OTHOWBHHD npyr K npyry: MaK
CHManbHaH CBBTOCHna Ha Ill1K, MaKCHManbHOB pa3pBmBHHB Ha l16P-2. 

Oco6eHHOCTbD YCTaHOBKH B n:t6HB HBnHBTCH TO, .'-ITO BnBpBblB B 

MHPOBOA npaKTHKB ~YPbB-llH~paKTOMBTP pacnonaraBTCH Ha HMnynbc

HOM HCTO'-IHHKB HBATpOHOB. KaK noKa3aHO nanee, 3TO no3BOnHBT 
CYWBCTBBHHO yny'-!mHTb OTHOWBHHB 3~~BKTa K ~OHY H pacmHpHTb 
llOCTynHhlA l!Hana3OH nnHH BOnH HBATPOHOB. 

B HaCTOHWBA pa6oTB naHo onHCaHHB npoeKTa, ~YPbB-llH~paKTO
MBTpa Ha l16P-2, npoBBllBHO cpaBHBHHB no napaMBTpaM c ny'-!mHMH 
llBACTBYIDWHMH YCTaHOBKaMH, pacCMOTPBHhl HOBhIB MOMBHTbl B KOHCT
PYKUHH, 3nBKTPOHHOM o6ecne'-IBHHH H aHanH3B naHHh~, CBH3aHHhlB C 
HMnYnbCHOCTbD HCTO'-IHHKa HBATPOHOB. 

1. MBTOllH'-IBCKOB o6ocHOBaHHB npoeKTa 

HeATPOHHaH ~YPbB-llH~paKTOMBTPHH OTHOCHTCH K KoppenHUHOHHhIM 
MBTOllaM aHan113a ynpyroro paCCBHHHH HBATpOHOB Ha KPHCTannax. 
Ee 6nHlKaAmHMH aHanoraMH HBnHDTCH o6hl'-1HhlA MBTOll BPBMBHH npone
Ta Ha HMnynbCHOM HCTO'-IHHKB HBATPOHOB HnH C ~BPMH-npepbIBaTBnBM 
Ha CTaUHOHapHOM peaKTOPB H MBTOll ncesnocny'-!aAHOA (cTaTHCTH

'-IBCKOA) MOllYnHUHH ny'-!Ka HBATPOHOB. no cpaBHBHHD C 3THMH MBTO

naMH, ~YPbB-llH~paKTOMBTPHH o6ecnB'-IHBaBT cymecTBBHHO 6onbWYD 
CBBTOCHnY npH ny'-lmBM pa3pemBHHH H no npasy C'-IHTaBTCH OllHHM 113 

nepcneKTHBHh~ MBTOllOB irnanH3a CTPYKTYPhl nonHKPHCTannH'-IBCKHX 
BBWBCTB. Oco6BHHO MHOroo6emaDmHM HBnHBTCH npHMBHBHHB ~YPbB
llH~paKTOMBTpHH Ha HMn:tnbCHOM HCTO'-IHHKB HBATpOHOB. nanee 6:tllBT 



noKa3aHO, qTo Ha peaKTOpe H6P-2 C noMomhKl WYPbe-nHwpaKTOMeTpa 
nocTHmHMO pa3pemeHHe no ~d/d ( d-MemnnOCKOCTHOe paccTOHHHe) 
,5-10-4 npH CBeToc11ne,cpaBHl1MOA C YPOBHeM, nocT11rHYTh!M B Hac
TOHmee speMH Ha nyqm11x 11cToqH11Kax HeATPOHOB. 

06m11e npl1HU11Ilhl HeATPOHHOA wypbe- n11wpaKTOMeTp1111 113BeCTHhl C 
1968 r/1/.· B nocnenH11e 10 neT 0H11 nonyq11n11 3Haq11TenhHoe pa3-
s11T11e 11 npaKT11qecKoe BOnnomeH11e B pa6oTaX Wl1HCKl1X Wl1311KOB/2/, 
c noMomhK> KOTOpha B 1984r. B IlHH~ AH CCCP Cr.faTq11Ha) 3anymeH 
wYpbe-n11wpaKTOMeTp Ml1HH-C~HHKc/3/, pa6oTaK>mHA no MeTony 06-
paTHoro aHan113a speMeHl1 nponeTa HeATpoHos141. HaKonneHHhIA B 
nHH~ onhIT pa6on1 noKa3an KaK npaB11nbHOCTb OCHOBHba 11neA, no
nomeHHba B OCHOBY np116opa, TaK 11 BblCOKOe KaqecTBO nonyqaeMha 
pe3ynbTaTOB. Ilp11MepoM CTPYKTYPHha pa6oT, BhmOnHeHHba Ha Ml1Hl1-
C~HHKCe, HBnHK>TCH HccnenosaH11H wopM11aT0B penK11x 3eMenh151 11 
BhlCOKO-:(eMnepaTYPHhlX CBepxnpOBOnHl1KOB/G/. . 

PacCMOTP11M (cHaqana KaqecTBeHHO) OCHOBHbre Hne11, nemam11e B 
OCHOBe n11wpaKUl10HHOro wypbe-aHan113a Ha 11MnYnhCHOM l1CTOqH11Ke 
HeATpOHOB. 

~YHKU110HanbHaH cxeMa YCTaHOBKl1 noKa3aHa Ha p11c.1. HeATpOHhl 
OT 11MnYnhCHOro HCToqHHKa (3aMennHTenb peaKTOpa H6P-2) npoxo
nHT wYPhe-npepbmaTenh, nonanaK>T Ha 06pa3eu, pacceHBaK>TCH Ha 
HeM H perHCTPHPYKlTCH neTeKTOPOM. IlepHon noBTopeHHH HMnYnhCOB 
MOmHOCTH peaKTopa 200 MC, mHPHHa BCnhimKH TennOBba HeATPOHOB 
OKOno 320 MKC. ~Ypbe-npepbmaTenh npencTaBnHeT co6oA 6b!CTPO 
spamaK>ml1ACH nHCK nHaMeTpOM ,50 CM, no nepHMeTPY KOToporo paB
HOMepHO pacnonomeHhI npo3paqHbie nnR HeATPOHOB menH, pa3neneH
Hhie Henpo3paqHh!MH npoMemyTKaMH. MaKCHManbHaH qacTOTa Qm Mony
nHUHH nyqKa WYPbe-npephmarnneM n(?CTHraeT 150 Kr4. EcnH 6b! Ha 
ripepbmarnne 6hma TonhKO onHa menh C sapHaHT wepMH-qonnepa), T.o 
npH COOTBeTCTBYK>meA CHHX POHH3aUHH qacTOThl spameHHH C HMnYnb
caM11 MOmHOCTH peaKTOpa npbHCX onHno 6b! COKpameHHe m11pHHhl HM- . 
nynbca npH onHoBpeMeHHOM pe3KOM YMeHbmeHHH noToKa HeATPOHOB. 
6onhmoe qHcno meneA wypbe-npepbmaTenH o6ecneqHsaeT nHmh He3-
HaqHTenbHOe YMeHbmeHHe nOTOKa, HO B03HHKaeT 3wweKT peUHKnHq
HOCTH, npHsonHmHA K nepeKpbITHKl perHCTpHpyeMba cneKTPOB. 
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HneR o6paTHOrO wYpbe-MeTona141 CRTOF, REVERSE T1 ME-OF-FLIGHT), 
no3BOnRIOil1ero pacmHwpOBhIBaTh nepeKpbmmHeCR nHwpaKUHOHHble cne
KTPhl, COCTOHT B cnenyK>meM. XOTR Henb3R cKa3aTb ToqHo, KaKaH 
CKOpOCTb 6hlna y 3aperHCTPHPOBaHHOro neTeKTOPOM HeATpoHa, Mom
HO yKa3aTh, KaKHe CKOPOCTH y Hero Morn11 6hITh, nposepHH 
COCTOHHHe npepb!BaTenR H peaKTopa B COOTBeTCTBYK>m11e MOMeHThl 
speMeHH TOMY Ha3an. 0Ka3bIBaeTCH, qTo BaphHPYH qaCTOTY. spame
HHH npephIBaTenH OT HyneBOA no HeKOTOpOA MaKCHManhHOA H HaKan
n11BaH 6onbmoe qHcno co6bITHA, OTCOPTHPOBaHHhlX YKa3aHHhlM cnoco-
6oM, MOmHO nonyqHTb 06b1qHbIA cneKTP ynpyro pacceHHHhlX HeATpo
HOB C pa3BepTKOA no speMeHH nponeTa. B03MOmHOCTh COPTHPOBKH 
06ecneq11BaeTCH ~OPMHPOBaHHeM onopHblX ("p1 cK-uP") CHrHanoB, 
COBnanaK>!1111X C MOMeHTaMH "OTKPhITOrO" COCTOHHHH peaKTopa H npe
pb!BaTenH, H ynpaBnHK>11111X ·pa60TOA 6bICTporo Cl1B11rOBOro perHCTpa, 
qepe3 KOTOPhlA 11lleT HaKonneHHe neTeKTOPHhlX CHrHanoB. 

IBP-2 
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PJCK·UP 

FOURIER 
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JI 'hP-~~v~v 
PHc.1. ~YHKUHOHanhHaH cxeMa ~ypbe-nHwpaKTOMeTpa Ha HMnYnhCHOM 
peaKTOpe 11 speMeHHbre n11arpaMMbl nnR HCTOqHHKa ( cnesa) H wypbe
npepbJBaTenH ( cnpaBa) BMecTe C COOTBeTCTBYKlmHMH 611HapHbIMl1 noc
nenosaTenbHOCTHM~ c11rHanoB. HeATPOHhl 113 aKTHBHOA 30Hhl peaKTO
pa H6P-2 npoxonHT ~ypbe-npephmaTenh, pacceHBaK>TCH Ha o6pa3ue 
H perHCTPHPYKlTCH neTeKTOPOM. Ha cxeMY KoppenHUHOHHoro aHan113a 
( RTOF-KoppenRTOP) nocTynaK>T C11HX POHl1311PYKl!11He CHr Hanh! OT HC
TQqH11Ka ( C nepJ,fOllOM T), npepb!BaTenH ( C nep11onoM, 38B1-1Cffll\"1M OT 

qacTon1 spameHHH <,) J 11 neTeKTOPHhre 11MnYnhcb1. 

3 



DTnHqHe TaKoro pell<HMa pa6oThl oT CHTYaUHH 6e3 ~ypbe-npepbma
TenH COCTOHT B cnenynmeM: 

- 3aperHCTPHPOBaHHhIA cneKTP HMeeT B qeTb~e pa3a MeHbWYD HH
TeHCHBHOCT~ (nponycKaHHe npepbIBaTenH COCTaBnHeT -..0.25), 

- WHPHHa nH~paKUHOHHba OHKOB npHMepHO paBHa o6paTHOA BenHqH
He MaKCHManbHOA qacTOThl MonynHUHH nyqKa, T.e .... 7 MKC, 

- B03HHKaeT 3~~eKT KoppenHpOBaHHOCTH nttcnepcHA cocenHHX TO
qeK cneKTpa Cnonpo6Hee HHll<eL 

Heo6xonHMO nonqepKHYTb, qTo TOnbKO ~ypbe-MeTon o6ecneqttea
eT cTonb panHKanbHoe ynyqmeHHe pa3pemeHHH C B ,40 pa3) npH 
H83HaqHTenbHOA noTepe B CBeTOCHne. neACTBHTenbHO, ecnH 6hl 
ynyqmeHHH pa3pemeHHH no6HBaTbCH 3a cqeT YBenttqeHHH nponeTHoro 
paCCTOHHHH HCToqHHK - o6pa3eu, TO CBeTOCHna ynana 6hl nponop
UHOHanbHO KBanpaTY paccTOHHHH, T.e. 6onee qeM B 102 pa3. 

MaTeMaTHqecKoe o6ocHoBaHHe pa60Tocnoco6HocTH MeTona naHo B 
HeCKOnbKHX ny6n11KaUHHx/ 2, 7,B~ 3necb Mhl TOnbKO KpaTKO C~OPMY-
nHPY8M OCHOBHble BbIBOnhl, cpaBHHBaH 
cnyqaHx o6h~Horo TOF-ntt~paKTOMeTpa H 

CHTYaUHH, B03HHKaDmHe B 
WYPbe-nH~paKTOMeTpa Ha 

CTaUHOHapHOM H Ha HMnynbCHOM HCTOqHHKaX HeATpOHOB. 
B o6meM cnyqae 3aBHCHMOCTb OT BpeMeHH perHcTpHpyeMOA ne

TeKTOPOM HHTeHCHBHOCTH ynpyro pacceHHHba Ha 06pa3ue HeATPOHOB 
( onHoMepHbIA epeMRnponeTHbli;\ cneKTP) MOll<HO 3aOHCaTb B BHne 
nBYX cnaraeMha: 

I(t) , JR(t-t)•u(Odt + B(t), (1) 

rne u - ceqe11He pacceHHHH C nnR nonHKpHcTanna - 3TO CYMMa 
6-o6pa3Hba pacnpeneneHHA, OTBeqaDmHX 6p3rrOBCKHM nH~paKUHOH
HhIM IlHKaM), R - WYHKUHH pa3pemeHHH YCTaHOBKH, B - wOHOBaH HH
TeHCHBHOCTb. Bo ecex Tpex npennonaraeMha K paccMoTpeHHD cny
qaHx R(t) HBnHeTCH CBepTKOA HeKOToporo Ha6opa pacnpeneneHHA, 
KOTOPhie yqHTbIBaDT ymHpeHHe nH~paKU_HOHHOro IlHKa~ CBH3aHHOe KaK 
C BPeMeHHbIMH, TaK H reoMeTpHqecKHMH (yrnoBhIMH) HeonpeneneH
HOCTHMH npouecca pacceHHHH. OnHaKo nnR HarnHnHOCTH cpaBHeHHH 
6yneM noKa npennonaraTb, qTo reoMeTpttqecKHA BKnan Man,H pac
CMOTPHM TOnbKO BpeMeHHYD qacTb WYHKUHH pa3pemeHHH. 
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nnR TOF-nH~paKTOMeTpa Ha HMDYnbCHOM HCToqHHKe R(t)=Rr(t) 
HBnHeTCH cBepTKOA ~YHKUHH, ODHCbIBaDmeA HMnynbC 6b!CTpba HeAT
pOHOB, C wYHKUHeA OTKnHKa 3aMennHTenH H nnR H6P-2 npencTaBnH-· 
eT co6oA 6nH3Koe K rayccHaHy cnerKa acHMMeTpHqHoe pacnpenene
HHe c mHpHHOA Ha nonOBHHe BbICOThl 320 MKC. nnR KorepeHTHO pac
ceHBaDmHX o6pa3UOB ~OHOM MOll<HO npeHe6peqb,H, TaKHM o6pa30M, 
wopMa nHwpaKUHOHHOro OHKa 6yneT 

I(t), Rr(t)-.. exp(-t2/2D), (2) 
rne D - nttcnepcHH (D1

/
2

~ 136 MKCL CTaTHCTHqecKaH omH6Ka cqe
Ta BO BpeMeHHOM KaHane nonHOCTbll onpenenHeTCH BenHqHHOA I(t) 
11 paBHa r 1 

/Z • 

nnR ~ypbe-nHwpaKTOMeTpa Ha cTaUHOHapHOM peaKTOpe B nepBOM 

np116nHll<eHm/2
/ 

Om 
R(t)=Rc(t) ... f g(6>)cos(6>t)d6>, (3) 

0 

rne g(6>) - ~YHKUHH pacnpeneneHHH qacToT, a om - MaKCHManbHaH 
qacToTa BpameHHH wYpbe-npeph~aTenH. OqeBHnHo, qTo m11pHHa Rc(t) 
B OCHOBHOM onpenenHeTCH 3HaqeHH8M Om11 nnR qacTOTHOro pacnpe
neneHHH no 6naKMaHY, KOTopoe HCDOnb3Y8TCH Ha nHlpaKTOMeTpe 
"MHHH- CiliHHKC II 

g(u) = l+p·cos(nu)+q·sin(nu), (4) 
rne U=6>/0m, p=l.03, q=0.08, H npH Om=150 KrU OHa COCTaBHT 
-..7 MKC, T.e. IDHPHHa nHwpaKUHOHHba OHKOB 6yneT e·,46 pa3 M8Hb
me, qeM B nepeoM cnyqae. 
YcnOll<HHDmHM CHTYaUHD 3WW8KTOM npHMeHeHHH wYpbe-npepbIBaTenH 
HBnHeTCH OOHBneHHe TaK Ha3bIBaeMoro KoppenHUHOHHoro IOHa, a 
HMeHHO B(t)~Stot' rne stot- nonHaH 3aperHCTPHPOBaHHaH neTeK
TOPOM HHT8HCHBHOCTb. B pe3ynbTaTe CTaTHCTHqecKaH omH6Ka cqeTa 
BO BpeMeHHOM KaHane npaKTHqecKH He 3aBHCHT OT t H COCTaBnHeT 

S
t /Z 

tot· 

CHTYflUHH nnR WYPbe-nHwpaKTOMeTpa Ha HMnynbCHOM 
HBnHBTCH KOM6HHaUHeA nBYX pacCMOTpeHHba cnyqaeB. 
MOlKHO HaOHCflTb: 

I(t) ... f Rr(t-t)•Rc(t-t)•u(Odt + f Rr(t-t)•u(Odt, 

5 

peaKTope 
nnR I (t) 
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r1te nepaoe cnaraeMoe onpe1tenHeT «1opMy-y3KHX (W~7 MKC) llH«i

paKUHOHHhll IlHKOB, a BTopoe "HBnHBTCH KoppenHUHOHHhlM «iOHOM, 

HMeDmHM «iOPMY mHpOKHX MaKCHMYMOB (~320 MKCL KaK noKa3aHO 

a171, BTopoe cnaraeMOe B (5) MOlleT 6bITb YCTpaHeHO H3 perHc

TPHPYBMoro cneKTpa, ecnH B npouecce HaKonneHHH 1taHHhll nepH

OllHqecKH MBHHTb HanpaaneHHe apameHHH npepbIB~TenH. KoppenHuH
OHHbifl pa36poc ToqeK npH 3TOM OCTaeTCH, . OllHaKo OH, B OTnHqHe 

OT cnyqaH Ha CTaUHOHapHOM peaKTope, onpe1tenHeTCH nHmb CYMMOA 

OTcqeTOB B npe1tenax mHpHHhl HMnYnbca HCTOqHHKa, T. e. 320 MKC. 

DnH cpaBHBHHH CHTYaUHH C KoppenHUHOHHblM «iOHOM B cnyqaHX 

CTaUHOHapHoro H HMnynbCHoro HCTOqHHKOB MOJIHO Bocnonb30BaTbCH 

cne1tYDmHM nonyKaqeCTBBHHhlM paCCYllllBHHBM. OpH MaKcBennOBCKOA 

~OpMe cneKTpa HeATPOHOB OT peaKTopa H OTCYTCTBHH KaKoA-nH6o 

llOnonHHTenbHOA ~HnbTpauHH Ha CTaUHOHapHOM peaKTope. KoppenH

UHOHHhifl ~OH 
4 

ID ID A 
Bcp=const-..stot"'"b t (A)dA=b 2t 0 ~B exp(-A:/A

2
)dA=t

0
, (6) 

r1te 1
0 

- IlOnHhifl IlOTOK HBATPOHOB, A
0

=1.8 A - xapaKTepHaH 1tnHHa 

BOnHbl. KoppenHUHOHHhifl «iOH Ha HMnynbCHOM peaKTope 

;,,.5 

BHp=B(A) "'-f t(A)dA = 21 -'!..5exp(-A 2/A 2 )• (llA/A), (7) 
llA 0

;,,. O · 

r1te HHTepaan HHTerpHpOBaHHH llA onpe1tenHeTCH mHpHHOA «iYHKUHH 

pa3pemeHHH Rr(t) H COCTaBnHeT OKOnO 0.02•Ao. OpH npoqHx paa

Hbll ycnoBHHX BenHqHHa 

G={B /B }1/2 = {!. (~ )5·exp(A2n..2)}1/2 
cp Hp 2 A

0 
<>"-- (8) 

onpe1tenHeT BbMrpblill B CTaTHCTHq~CKOA omH6Ke BcnellCTBHe HMilYnb

CHOCTH HCToqHHKa HeATPOHOB, oco6eHHO 3HaqHTenbHhifl npH A~2 A 

(p~c.2). Cne1tCTBHeM 3TOro «iaKTa HBnHeTCH B03MOJIHOCTb cymecT

BBHHoro pacmHpeHHH llHana3oHa 1tnHH BOnH B CTOPOHY 6onhmHX A Ha 

~ypbe-llH~paKTOMeTpe Ha H6P-2. 
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2. OnHcaHHe YCTaHOBKH 

3 

PHc.2. 0THOmeHHe BenHqHHhl 

KoppenHUHOHHoro «iOHa Ha 

CTaUHOHapHOM HCTOqHHKe K 

«iOHY Ha HMnynbCHOM HCToq

HHKe npH MaKcaennOBCKOA 

«iOpMe HCXOllHOrO cneKTpa. 

CxeMa ycTaHOBKH ~DBP noKa3aea ea pHc.3. DH«ipaKTOMeTp pac

nonaraeTcH Ha OllHOM H3 KaHanoB peaKTOpa H6P-2
191. B KOnbUBBOM 

9050 20000 

MODffiATDR \ FOURIER CHOPPER 
BACKGROUND 
CHOPPER 

PHc.3. KoH~HrypaUHH «iYPbB-llH«ipaKTOMeTpa ea peaKTope H6P-2. 

Ha1tnHCHMH BbllleneHbI: 3aMel(IlHTBilb, pacnonolleHHhifl pHllOM C- aK

THBHOA 30HOA peaKTopa, MexaeHqecKHA ~HilbTP «iOHOBbll HeATPOHOB, 

IYPbe-npepbIBaTenh, 3epKailbHbifl HeATpOHOBOll, OCHOBHOA llBTBKTOP, 

nononHHTBilbHbre neTeKTOPhl HH3KOro pa3pemeHHH H noMemeHHe llilH 

3neKTPOHHoro MOllYilH llH«ipaKTOMeTpa. PacCTOHHHH naHhl B MM. 
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KOPHnope 3ana peaKTOpa HaxonHTCH MexauHqecKHA ~HflbTP H nep
Bhlfl BCDOMoraTenbHhlfl ueATPOHOBon. HBflHlllllHACH Kopo6oM H3 ue_p
*aBe1>meA CTanH B BHne yceqeuuoA nHpaMHnhl c BXOnHhlM OKHOM 102x 
202 MM 2 H BhaonHhIM OKHOM 32x202 MM 2. MexaHHqecKHA ~HflbTp 
npenHa3HaqeH nnH nonaBnenHH ~oua TennoBhlX ueATpoHoB Mezny oc
HOBHhIMH BCllhlIIlKaMH peaKTOpa - 3ana3n1,ma1>1I01X H HeATPOHOB OT ca
TennHTHba BCllhlIIleK. HnYIIlHX c qacTOTOA 25 r4 (pHc.4). qepe3 
CTeHy KOnbuesoro KOpHnopa nyqoK HeATpOHOB npoBonHTCH C UOMO
mbll 3epKan&Horo ueATpoHosonuoro _Kauana. BcTaBneuuoro B rep
MeTHqHblA Komyx. HenocpencTBeHHO 3a CTeHOA 6HonorHqecKOA 3all01-
Thl peaKTopa pacnonaraeTcH y3en npepi,maTeneA. Ou BKn1>qaeT 

Ld 
Ls 

LM 
lmax 

100 200 
t.ps 

300 

PHc.4. BpeMeHHaH nHarpaMMa npOXOlllteHHH HeATpOHOB OT HCTQqffHKa 
no neTeKTopa. 0CHOBHhie HMDYflbChl MOIUHOCTH HnYT qepe3 200 MCeK. 
Memny HHMH - qeTb~e caTennHTHhlX HMilYflbCa. no BepTHKanbHOA OCH 
OTflO*eHhl paCCTOHHHH no ~exam,1qecKoro ~HflbTpa ( 1hc)• ;»yp&e

npepbIBaTenH C Lfc)• 06pa3ua CL
5

) H neTeKTopa C Ld). 
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~yp&e-npepi,maTenb H nononHHTen&Hhlfl MexauHqecKHA ~HnbTp. ~y
p&e-npephIBaTenb COCTOHT H3 nsyx nHCKOB (cTaTopa H poTopa) 
nHaMeTpOM 540 MM" 3neKTpHqecKoro npHBona. POTOP BpamaeTCH C 
nepeMeHHOA CKOPOCTbll OT 1 no 9000 06/MHH. llHKn pa3fOHa " 
c6poca CKOPOCTH Mo•eT 33HHM3Tb OT 15 MHH no HeCKOflbKHX qa
COB. Ha cTaTope H poTope HMellTCH npo3paqu1,1e H Henpo3paqHh!e 
nnH HeATpOHOB npoMeZYTKH, mHpHHa KOTOpba COCTaBnHeT OKono 0.6 
MM. qHcno npoMezyTKOB o60HX THUOB - 1024. TaKHM o6pa30M, npH 
CKOPOCTH BpameHHH 9000 06/MHH qacToTa MonynHUHH nyqKa ueATpo
HOB COCTaBnHeT 150 Kr4. qTo H onpenenHeT Manyll WHPHHY ~YHKUHH 
pa3pemeHHH. ~OKYCHPYlllllHA 3epKanbHhlfl HeATPOHOBOn ~OPMHpyeT ny
qoK ueATPOHOB Ha o6pa3ue " onuoBpeMeHHO BbmonHHeT ~YHKUHH 
~HflbTpa 6b!CTpba ueATPOHOB H ;r-nyqeA. DH HMeeT BXOnHoe H Bbao
nHoe ceqeffHH 30x200 MM~ H 10x100 MM 2, COOTBeTCTBeHHO, nnHHY 
18 M H panHYC KpHBH3Hhl OKOflO 2KM. Ilepen o6pa3UOM CTaBHTCH 
connepOBCKHA KonnHMaTOP. YMeHbma1>1I01A pacxonHMOCTb nyqKa. nsa 
neTeKTopa ua Manha yrnax pacceHHHH pacnonara1>TCH Ha nosopoT-
01,a nnaT~OpMax. 0CHOBHhIMH HBflHllTCH neTeKTOPhl Ha 6onbmHX 
(156°) yrnax pacceHHHH. □HH pacnonara1>TCH CHMMeTpHqHo c o6eHx 
CTOPOH nyqKa H npencTaBnHllT co6oA c6opKy H3 6L1 -cTeKon - 48 
WTYK nnomanbll 100x100 MM 2 H 16 lllTYK nnomanbll 100x150 MM 2 • KO
TOPhie HaKneHBaDTCH Ha CBeTOBOnhI, 06pa3y.1>1I01e noBepx HOC Tb. y nos
neTBOPHllmYll ycnoBHll BpeMeHHOA ~OKYCHPOBKH. IlonHhlfl TeneCHhlfl 
yron od o6oHX OCHOBHba neTeKTOPOB COCTaBHT OKono 0.16 cp. 
Ilonpo6Hoe OllHCaHHe neTeKTOPHOA CHCTeMhl nH~paKTOMeTpa H ee 
BnHHHHH ua pa3pema1>my1> cnoco6HocTb naHo B pa6oTe110/. IlponeT
uaH 6a3a Mezny ~yp&e-npepi,maTeneM" o6pa3UOM cocTaBHT 20 M. 

nnR ynpaBneHHH 3KCnepHMBHTOM, HaKonneHHH "nepsHqHoA o6pa-
6oTKH naHHba npennonaraeTCH HCnonb30BaTb nBYXMamHHHblA KOMn
neKC, COCTOHIIlHA H3 PC/AT H PS-2. nnH.OKOHqaTenbHOA o6pa6oTKH 
nauui,a no MeTony PHTBen&na ueo6xonHMO npHBneqeHHe 38M THna 
VAX. T. K. s1,1c0Koe pa3pemeuHe H 6on&moA pa6oqHA. nHana3ou nnHH 
BOnH npHBenyT K 6on&mOMY C ,32 K) qffcny onHoBpeMeHHO paccMaT
pHBaeMba KauanoB. ~OPMHPOBaHHe 3neKTPOHHOf0 MonynH nH~paKTO
MeTpa 6yneT nposeneHo B cospeMeHHOM cTaunapTe THna BITBUS HnH 
MIJL TI BUS-2. 
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3. OiurnaeMhie napaMBTPhI qiDBP 

KaqecTBO nttwpaKTOMeTpa nnR ttccnenoBaHHA nonttKpttcTannoe on

penenRDT HBCKOnhKO napaMBTPOB: 
. - nocTynHh~ nttana30H nnHH BOnH H MBlKnnOCKOCTHba paccTORHHA, 

- noTOK HBATPOHOB Ha o6pa3UB, 
- OTHOCHTBnbHaR H a6conDTHaR pa3pemanmaR cnoco6HOCTb,. 
- CBBTOCHna, onpenenReMaR npOH3BeneHHBM noToKa Ha. BO3MOlKHh~ 

06bBM 06pa3na l:f Ha TeneCHh~ yron neTBKTOPHOA CHCTBMbl. 

3.1. Dttana30H AH dhkl 
OrpaHttqeHHB CHH3Y no nnHHB BOnHhl (Amin) CBR3aHO C KOHTpac

THOCTbD npo3paqHba H Henpo3paqHba npOMBlKYTKOB nttcKOB WYPbB

npepbIBaTenR, a BBPXHRR rpaHHUa onpenenRBTCR BDHRHHBM KOHeqHoA 
TonmHHbl npepbIBaTenR. PacqeT H onhIT 3KcnnyaTaUHH ntt~paKTOMBTpa 

"MHHtt-CqittHKC" noKa3bIBaDT, qTo Amin=l A, A:max=12 A. Optt 3TOM 
aHanH3 cneKTPOB OCHOBHhlM neTBKTOPOM ( 29 =156°) 6yneT BBCTHCb 

0 

B nttana30HB d= 0. 5-6 A. B o6naCTH 6onhmHX d BhlCOKoro pa3peme-
HHR YlKB HB Tpe6yeTCR, n03TOMY HHTBpBan C <24 A (_BnnOTb no 
60 A) 6yneT aHanH3HPOBaTbCR B o6hNHOM pelKHMB neTBKTopaMH, 

pacnonolKBHHhIMH Ha Mama H cpenHHX yr nax pacceRHHR. 

3.2. DoTOK HBATPOHOB Ha o6pa3UB 
DoTOK TennOBba HBATPOHOB C noBepXHOCTH rpe6eHqaToro 3aMen

nHTBnR B 2n CTepanttaH Ha H6P-2 COCTaBnRBT ,8·10~2H/CM 2/c. C 
yqeTOM nnomantt 3aMennHTBnR (,400 CM 2 ) H pacCTORHHR OT 3aMen
nttTBnR no 06pa3na C ,30 Ml noToK Ha 06pa3ne Mor 6b1 6b1Th 
6·107H/CM 2/c. C yqeTOM nponycKaHHR ~ypbe-npepbIBaTBDR H noTepb 

B H"BATpOHOBone noTOK Ha o6pa3UB COCTaBHT OKono 1·107H/CM2/c . 

3.3. Pa3pemaDmaR cnoco6HocTb 

Pa3pemeHHB nttwpaKTOMBTpa no BPBMBHH nponeTa B OCHOBHOM 

onpenenReTcR nBYMR cnaraeMhIMH 
R = lld/d = [(llt/t) 2 +(:r-ctg9 ) 2

]
1

/
2 (9) 

0 , 

rne llt/t- OTHOCHTBnbHaR mHpHHa HBATPOHHOro HMnynbca no BPBMB
HH, 90 - cpenHHA yron 6p3rra, npH KOTOPOM pacnonOlKBH neTeKTOP, 
r - yqHThrnaeT reoMeTpttqecKtte HeonpeneneHHOCTH B nponecce pac
ceRHHR. DnR wYpbe-nttwpaKTOMBTpa llt noqTH ToqHo paBHO 0- 1 -m 

10 

o6paTHOA eenttqHHB MaKCHManbHOA qacTOThl MonynRUHH HBATPOHHoro 
nyqKa. OpennonaraeTcR, qTo npepbrnaTenh o6ecneqttT Om=150 Kr4 
(1024 menH c illHPHHOA 0.6 MM, MAX CKOPOCTb BpameHHR 9000 06/M), 
T.B. llt=7 MKC. Optt nponeTHOM paccTORHHH 3aMennHTBnh-nBTBKTOP 
22 M: llt/t = llt/(253·L·2d·sin 9)=6.6·10- 4/d, rne dB A. 

DeTBKTOpHaR CHCTBMa ~ypbe-ntt~paKTOMBTpa ynoeneTBOPRBT yc
noBHD BPBMBHHOA ~OKYCHPOBKH Hee BKnan B pa3pemeHHB BMBCTB C 
BKnanoM OT yrnoeoA pacxonHMOCTH nepBHqHoro nyqKa H KOHeqHhIM 
pa3MBPOM 06pa3na npHMBPHO paBBH nepBOMY cnaraeMOMY B (9). 
PacqeT noKa3bIBaeT, qTo nnR 3Toro 06pa3en npRMOYronhHOA WOPMhl 

He nonmeH HMBTb pa3MBPhl 6onhme qeM 0.5x1.0 CM B ceqeHHH H 
4 CM no BhICOTB. B 3TOM cnyqae pa3pemeHHB COCTaBHT OKOno 
5·10- 4 nnR d=2 A. · 

3.4. CBBTOCttna 

B pa6oTe1111 6hmo npennome~o ceeTocHnY nopomKOBha ntt~paK-

TOMeTpoe OllBHHBaTb napaMBTPOM ~=+
0

•V
5

•0d' rne •
0

- nOTOK HBA
TPOHOB Ha 06pa3ne, vs- B03MOlKHh~ o6bBM 06pa3na, od- TeneCHh~ 
yron neTBKTopa. OpaKTHKa pa6oThl MHHH-CqiHHKCa noKa3ana, qTo 

nnR cpaBHBHHR no 3TOMY napaMBTPY o6~Horo H ~ypbe-nttwpaKTOMBT-

6 
. s l 

DOB HBO xonttMO BBOBHTb nonpaBoqHh~ K03~~HllHBHT kcor ~ 0.01, 
yqHTbIBaDmHA KOppenRUHOHHYD npHpony H3MBPBHHA BO BTOPOM cnyqae. 

DnR ~ypbe-nH~paKTOMBTpa Ha HMnynbCHOM HCToqHHKB 3TOT K03WwH

llHBHT MOlKeT COCTaBDRTb B cpenHBM no cnBKTPY k~:: ~ 0.1. 0pH 
nOTOKB Ha o6pa3UB •

0
=107H/CM2/c, 06bBMB o6pa3Ua V

5
=2 CM 3, TB

DBCHOM yrne neTBKTopa od=0.16 cp napaMeTp J nnR qiDBP Cc yqe
TOM kimp) COCTaBHT ,3•105. 3Ta BBnHqHHa cpaBHHMa C COOTBBT-cor 
CTBYDmeA xapaKTBPHCTHKOA nyqmHX B HaCTORmee BPBMR nHwpaKTO-

MBTPOB D28 BILL H HRPD B RAL. 
CpaBHBHHe D2B, HRPD, MHHH-CqiHHKCa H tDBP no OCHOBHhIM napa

MeTpaM npoeeneHo B Ta6nHne 1. 

4. tH3HqecKHe 3anaqH nnR qiDBP 

C nORBDBHHBM a Haqane 80-x ronoB HBATPOHHba ntt~paKTOMBT
POB BhlCOKoro pa3pemeHHR CTano BO3MOZHhlM MHOrHe 3anaqH CTPYK

TYPHOro auanH3a KPHCTannoB BhmOnHRTb, Hcnonh3YR nonHKPHCTan-
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Ta6nHua 1. CpaBHeHHe nH~paKTOMeTpOB Bb~OKoro pa3pemeHHH no 
OCHOBHblM napaMeTpaM. 

A 

t 
D 

V 
s 

Od 

R 

t • V•O 
D s d 

BenHqHHa R nnH D2B naHA B min KPHBOA pa3pemeHHH, 
nnH OCTailbHba nH~paKTOMeTpOB - npH d=2 A. CBeTo
CHila nnH M-CcJ!HHKCa naHa C yqeTOM kcor=0.01, nnH 
cJ!RBP - kcor=0.1. 

02B 
ILL 

1.4-5. 7 

107 

5 

0.008 

0.0005 

4·105 

HRPD 
RAL 

M-CcJ!HHKC 
ffimcJ! 

cJ!RBP 
mum 

-----------------------------------
0.8-12 0.8-4 0.8-12 

106 1.2· 107 107 

2 4.5 2 

0.1 0.09 0.16 

0.0005 0.0020 0.0005 

2-105 5-104 3.5-105 

A, A - nHana30H nnHH BOilH HeATPOHOB, 
t, H/CM2 /C - nonHLIA noTOK Ha 06pa3ue, 

0 

V, CM3 
- CTaenapTHblA 06'beM o6pa3Ua, 

s 

oa. cp - TenecHLIA yron neTeKTopa, 
R=lld/d - OTHOCHTeilbHaH pa3pemaDmaH cnoco6HOCTb, 
t · V• O 

D s d - CBeTOCHila nH~paKTOMeTpa. 

nHqecKHe o6pa3ULL Y•e Ha nHfpaKTOMeTpax c lld/d = 3-10- 3 ner
Ko H3yqaDTCH CTPYKTYPhl C qffCilOM He3aBHCHMLa aTOMOB ,10 (qHcno 
CB06onHLa napaMeTpOB 30-50). Co3naHHe HeATPOHHLa nH~paKTOMeT
poB CBepXBhlCOKoro pa3pemeHHH ( lld/d = 5· 10- 4 ) no3BOilHilO cne
naTb eme onHH cymecTBeHHLIA mar B 3TOM HanpaeneHHH. HanpHMep, 
Ha D2B pacmH~poBaHa CTPYKTypa nonHKpHcTanna ca8AJ.12o24 (W04 ) 2, 

nnH qero 6hln H3MepeH nHfpaKUHOHHhlA cneKTP, COCTOHmHA H3 6100 
ToqeK H conep•amHA 1668 nHKOB. B npouenype yToqHeHHH naHHLa 
BapbHPOBailHCb 132 napaMeTpa. BLICOKHA ypoBeHb pa3pemeHHH D03-
BOilHeT YTOqHHTb He TOilbKO Il03HUHOHHLE H H30TpODHLE TennoBLE 

napaMeTphl, HOH BKnDqaTb 8 aHanH3 taKTOPhl 3aceneHHOCTH KPHC
TannorpafHqecKHX Il03HUHA H aHH30TPODHLE TennoBLE taKTOPLL 

12 

XopomHM npHMepoM npHMeHeHHH HeATPOHHba llH~paKTOMeTpOB B1,1-
COKOrO pa3pemeHHR RBnReTCR H3yqeHHe CTPYKTYPLI BblCOKOTeMnepa
TYPHb~ cBepxnposonHHKOB. HMBHHO Ha 3THX npH6opax 6Lma nonyqe
Ha OCHOBHaR CTPYKTYpHaR HH~OpMaUHR O BTCil/1211315/. 

IloMHMO qffCTO CTPYKTYPHLa HccnenoeaHHA, HeATPOHHblA nH~paK
TOMBTP BblCOKOro pa3pBmBHHR n03B0IlReT pemaTb MHOJKeCTBO cneuH
~HqecKHX 3anaq. HanpHMBP, B RAL Ha nH~paKTOMBTpe C /ld/d=5• 

10- 4 6blilH H3MBpBHbl aKYCTHqecKHe ~OHOHHLie H MarHOHHble BeTBH 
Kone6aHHA B BaF2, CaF2, Fe3Al H Ni/14

/_ 3~~BKTHBHblM RBnReTCR 
npHMeHeHHe nH~paKTOMBTPOB BblCOKOro pa3pemeHHR nnR aHailH3a pe
anbHOA CTPYKTYPhl KPHCTannoB: onpeneneHHR pa3Mepa 3epeH H Han
PR~eHHA B HHX, H3yqeffHR noMeHHL~ CTPYKTYP H T.n. 

Ta6nHua 2. OcHOBHble x apaKTepHCTHKH ~ypbe- nH~paKTOMeTpa 

ITyqoK 3epKailbHLIA 
Pa3MBP nyqKa Ha 06pa3ue 
PaccTORHHe 3aMennHTenb-o6pa3BU 

npep1,rnaTenb-06pa3eu 
cJ!ypbe-npepi,rnaTBnb CnHcK) 

nHaMeTp 
mHpHHa menH 
tJHcno meneA 
max CKOPOCTb BpameHHR 

HeATPOHOBon, DOKPLITLIA 58Ni 
10 MM X 100 MM 

30 M 

2000 CM 
T1 -ZR-cnnae 

540 MM 
0.6 MM, nepeMeHHaR 

1024 
9000 06/M 

IIIHpHHa 
max qacToTa MonynRUHH nyqKa 

HMDYilbCa TennoBL~ HeATPOHOB 
o6LNHLIA pe~HM 

150 Kru 

320 MKC 
7 MKC ~ypbe pelKHM 

lleTBKTop e1,1c0Koro pa3pemBHHR 
HH3Koro pa3pemeHHR 

AnepTypa neTeKTOpa BLICOKoro pa3pemBHHR 
HH3Koro pa3pemeHHR 

6L1, C~OKYCHPOBaHHLIA 
3Hr, Il03HUHOHHLIA 

0.16 cp 
:S 0.006 cp 

Yron pacceHHHR neTBKTopa BLICOKoro pa3pemeHHR 
HH3Koro pa3pemeHHR 

156° 
0 - 120° 

0.8 - 12 A 
0.5 - 6 A 

4 - 60 A 
107 H/CM2/c 

-..2 cM3 

0.0005 

HHTepean no nnHHe BOilHLI 
no d, BLICOKOe pa3pemeHHe 

HH3KOe pa3pemeHHB 
ITOTOK HeATpOHOB Ha 06pa3ue 
06'beM 06pa3ua 
Pa3pemeHHe no lld/d npH 29=156°, d=2 A 
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5. 3aKnIOtJ8Hl18 

8 Ta6n11ue 2 nepetJ11cneHbl ace OCHOBHblB X apaKTBPl1CTl1Kl1 lflflBP. 
ITpoaeneHl18 3KCil8Pl1M8HTOB Ha n11~paKTOM8Tpe B perynRpHOM pem11Me 
nnaHl1PYBTCR HatJaTb a 1992 r. 

8 np11HU11ne, IlOMl1MO reoMeTp1111 pacceRHl1R YCTaHOBKa c ~ypbe
npepbIBaTeneM Ha 11MilYnhCHOM 11CTO'IHl1K8 Il03B0flR8T pa6oTaTb B 
reOM8Tpl111 nponycKaHl1R/l5

/, B KOTOpOA B03MOmHO 3HatJl1TBnhH08 
B tJaCTHOCTl1, T8XHl1'18CK08 11 M8TOnl1tJ8CK08 npona11meHl18 anepen, 

pa3pemeH11e MomeT 6bITh noseneHo no 2.5•10- 4, T. e. 3HatJBHl1R, 
noKa nocTYilHOro TOflhKO Ha 11CTO'IHl1Kax Cl1HXPOTPOHHOro 113nyqe
Hl1R. PemeHl18 0 pa3Bl1Tl111 M8TOnl1Kl1 nponycKaHl1R B ~ypbe-pem11Me 
6yneT npl1HRTO nocne nposeneHl1R nononHl1T8flbHblX TBCTOBblX 3Kcne-
pl1M8HTOB. 
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· AKceHoB B .JI. H ,zw. 
_HettTpoHHbJH qiyp be-,o;Hqip a.KTOMeTp 
Ha pe aKTope HBP.-2 

P3-9 I-I 72 

.. .,l~aHo onHcaHHe npoeKTa HettTpoHHoro qiypi:;e-,o;HqipaKTOMeTpa 
Bhico1<oro pa3peweHHH /<I>~BP /, npHirnToro K pea.rm3au;HH Ha· . 
peaKTope HBP-2. IlpHBep;eHo MeTo,o;HqecKoe o6ocHoBaHHe 
qiypbe..:.,o;HqipaKToMeTPHH Ha HMnynbcHoM HcToqHHKe HettTpOHoB. 
0)1(Hp;aeMbie. napaMeTpbl <l>~BP paCCMOTpeHbl B cpaBHeHHH c na-. 

·paMeTpaMH nyqlliHX p;eHCTBYIOmHx YCTaHOBOK. OqepqeH Kpyr 
qJH3Ht.J:eCKHX 3ap;aq, KOTOpbie MoryT. :::lqJqJeKTHBHO pewaTbCH Ha 
p;Hippa.KT6MeTpe • l, 

. I 

Pa6oTa BhlnonHeHa B Jla6opaiopHH HeHTPOHHOH qJH3~KH 
.. ·. Olliltt. 

Coo6UleHHe 061,eAHHeHHoro HHCTHTyTa RAepHb;X HCCJleAOB~IHH. lly6lia 1991 . 
a • • j, ' ,- • 

· Aksenov 
· Neutron 
at the 

V.L. et .al., · 
Fourier Diffractometer 
IBR-2 Reactor 

P3-9J..:.J72. 

The project of neutron high re~olution Fourier dif~ 
fractometer/HRFD/ at the IBR-2 reactor is described • 

. A-comprehen~ive analysis of the diffractometer operation 
at pulsed source is given. The expected parameters of 
HRFD are considered together with parameters of the best 
present day facilities. The general outline of the phy
sical problems suitable for·HRFD are also given. 

The investigation has been performed -at the Labora
tory of Neutron Physics, J.INR. 
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