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/1/
B pa60Te 6~no 06pa~eHO BH~MaH~e Ha TO, 4TO, KaK ~ B on

T~Ke, AJlR C~nbHblX nornoru reneã Hei1TpoHoB AOn>KHO Ha6mOAaTbCR 
YBen~4eH~e OTpa>KeH~R Hei1TpoHoB OT nOBepXHOCT~ pa3Aena BaKYYM 
nornouraourea cpen a, B OnT~KJi 310T 3<t><t>eKT ~3BeCTeH KaK 1"MeTan
n~4eCKOe" o rp axeuae CBeTa e.a . 3aMeTHoi1 Ben~4~Ha OTpa>KeH~R 
CTaHOB~TCR TOrAa, KorAa An~Ha npo6era ~3nY4eH~R B CpeAe CTa-
HOB~TCR nOpRAKa ~n~ MeHbWe An~Hbl eonuu. • 

KaK ~3BeCTHO, aMnn~TYAa OTpa>KeHHoi1 .OT nOBepXHOCT~ pa3Aena 
Hei1TpoHHOi1 BOnHbl aup axee r ca CneAYIO~~ M 06pa30M: 

P.L  p; 
/1/ 

P.L + P; 

rrie P.L ~ P.L' = VP: -2mO - COOTBeTCTBeHHO HopManbHble K no aepx
HOCTi'I paanena KOMnOHeHTbl ~Mnynbca Hei1TpoHa B eaKYYMe ~ aeuie
CTSe, 

p 2 p~ fl2 r . 1o == U, + íU i - l-- --47T~ N·b·
2m j J J /2/I2m 2m 

- nOTeH~~an B3a~MoAei1cTB~R Hei1TpoHa co cpeAoi1/4/ . 3AeCb Nj 

4~cno RAep copTa j B eA~H~~e o6~eMa cpeA~, b j - KOMnneKc~aR 

An~Ha pacceRH~R Hei1TpoHa Ha RApax cpeAbl, m - Macca Hei1TpOHa. 
H3 np~BeAeHH~x B~pa>KeH~i1 B~AHO, 4TO np~ 4~CTO MH~MOi1 b ~ 

P; _ 2 10 I.m K03<t><t>~~~eHT OTpa>KeH~R R == Ir 12 OTn~ 4eH OT HynR l-1' 

np~ p2 « 210 R -+ 1. nOCKonbKY no onru-re cxoã r eopene .Irnb =I m 
.L 

= ~~, rAe a - nonHoe ce4eH~e B3a~MoAei1cT~~R Hei1TpoHa co 

cpeAoi1, P - ~Mnynbc Hei1TpoHa B cpeAe, TO B npeAene Man~x 3Hep
r~i1 YBen~4eH~e norno~eH~R np~BOA~T K YBen~4eH~1O K03<t><t>~~~eHTa 

OTpa>KeH~R*. 

*OTMeTHM,qTO 3AeCb HeT rronHOH aHanorHH c onTHKOH, rAe npH Ma

rrsrx xac-ro-rax B THrrHqHblX MeTannax K03qxpHIJ;HeHT npenOMJIeHHH HMe

e-r BHA n=!\'exp(-i(1T/4» , B OnTHqeCKOM naarraaone n=Bi , a,lJ,JlH 

MeAneHHbIX HeHTpOHOB npn OqeHb õorrsmox nor-nomeaaa n == C exp( i (7T/4 )) 
/ A, B, C p;eHcTBHTenbHbI!. 

··............ ..W-.A-·-Ht1IrrY'-" '.-c-a-hll-t--1jIi- ... 1 
, 
11~~!lWI IKCleJaud 

F.;l--i~nJ..I~T!=f.(A 
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T04Hoe Bblpa>t<eHl-1e AJ1R K03$$I-1LV1eHTa OTpa>t<eHI-1R B 06114et-1 C11Y4ae 
COAep>t<IIITCR B 11eKUI-1RX 15/ : 

2 v2 P {(p2 _p2) + [(p2_ p 2)2+ p~] %1 1
/2 

R = 1 _; .l_........-....l_............ __ .~_l -.._~_r _.~_.l r 
/3/

2 
p: +[( P~ _:P: )2+Pi ]Y:r v'2"~.l {(p: - P: ) +[( P: - p~ ) + P4 ] Y2 1~ 

i 

B C11Y4ae 04eHb CI-111bHOrO nOr110114eH~R Pi» Pr 1-1 MallO~ 3Heprl-1H 
He~TpOHa P.l «P i $OpMY11a /3/ nae r Bblpa>t<eHl-1e AJlR K03$$l-1l,4l-1eHTa 
OTpa>t<eHI-1R: 

P.l 4P.l
R = 1'- 2v'2 = 1 - -- /4/ 

fiNaPi 
TO eCTb $OPMY11Y /13/ 1-13 pa60Tbl/1 / . nOC11eAHee paBeHCTBO B /4/ 
n011Y4aeTCR npl-1 Y4eTe /2/ 1-1 Toro, 4TO B YKa3aHHOM npeAe11e Rep'=

. .1 p. 
= _1_

-[2. 
AnR 311eMeHTOB c 6011bWI-1M Ce4eHI-1eM 3aXBaTa AJlI-1Hà paCCeRHI-1R 

3aMeTHO 1-13MeHReTCR Aa>t<e B AI-1ana30He 3Heprl-1~ Ten110B~X HeRTpo
HOB 1-13-3a Hal11-141-1R 6nl-13KI-1X ~e30HaHcoB. 3HepreTl-14eCKI-1~ XOA A1l1-1
H~ paCCeRHI-1R onpeAe11ReTCR 6/ $OPMY110R 

2 Çi (E - E ) g i • roi ri g i
b bo + ~ - i ~ /5/2 2 2 2' 

k i [ 4(E - E i ) +ri ] k i [ 4 (E - E i) + ri } 

rne bo - A11I-1Ha nOTeHUl-1a11bHOro paCCeRHI-1R, r i 1-1 roi - n011HaR 1-1 
HeRTpOHHaR Wl-1pl-1Hbl pe30HaHca npl-1 3Heprl-11-1 E i , g i -, CTaTI-1CTI-14eC
KI-1~ ~aKTOp, k i - B011HOBO~ BeKTOp A11R 3Heprl-11-1 E i . 

B Hawe~ pa60Te 3Kcnepl-1MeHTa11bHO I-1CC11eAOBaHa 3HepreTH4eCKaR 
3aBI-1CI-1MOCTb K03$$I-1Ul-1eHTa OTpa>t<eHI-1R Y11bTpaX0110AHbIX He~TpOHOB 
OT 'nOBepXHOCTI-1 uexoropux CI-111bHbIX nOr110TI-1TeJle~ He~TpOHOB: 113Cd, 
155 Gd , 

CxeMa YCTaHOBKI-1 nOKa3aHa Ha pl-1C. 1. He~TpoH~ nocTyna111-1 no 
BaKYYMl-1pOBaHHoMY He~TpoHoBOAY 1 1-1 -repes n.neH04HblR n0l1I-13TI-111e

HOBbl~ K01111I-1MaTOp 2 naAa111-1 nOA yr110M 450 Ha o rp ascaouree 3epKa
110 3, pa3Mell4eHHOe B BaKYYMHOM Ko>t<yxe 4. OTpa>t<eHH~e OT 3epKa11a 
Hej;1TpoHbl nonan ana B 3epKa11bHbl~ Hej;1TpoHoBOA 5 1-1. nanee Ha BXOA 
Koppe11RUI-10HHOrO BpeMRnp011eTHoro cnekrpoxerp a /7,S/ • ~HTeHCI-1B

HOCTb He~TpOHOB Ha BXOAe B YCTaHoBKY 1-13MepR11aCb c nOMOll4blO 
MOHI-1TOpa 6. OTpa>t<alO~ee 3epKano 6~110 1-13rOTOB11eHO 1-1~ XopOWO no
nl-1pOBaHHo~ Hap>t<aBelO~ej;1 CTalll-1, Ha ero nOBepXHOCTb Han~l1R11I-1Cb 

B BaKyYMe TOHKllle C1101-1 //3- 5/ .1 O3 A/ I-1CC11eAyeMblx 311eMeHTOB. 

BeCb pa6041-1j;1 06beM: nOABOAR~l-1e Hej;1TpoHoBOAbl, KaMepa OTpa>t<aTe
11R 1-1 cneKTpOMeTp, OTKa4I-1Ba11CR HeCKOllbKI-1MI-1 COp6UI-10HH~MI-1 1-1 Mar

2 

2 4 3 

PMC. 1. CxeMa YCTaHOBKH AnH Hccne~oBaHHH OTpa~eHHH YXH. 
llOHCHeHHH - B TeKCTe. 

HI-1TOpa3pRAH~MI-1 HaCOCaMI-1 AO AaB11eHHR < 10-4 To p • AnR I-1CnapeHI-1R 
1-130TonOB 1-1 1-130TOnH~X cMece~ Hcn011b30Banl-1Cb MI-1Hl-1aTlOpH~e TaHTa
1108~e 1-1 M0l1I-16AeHOB~e aMnY11~ 7 c Man~M /Al-1aMeTp -1 MM/oT8epc
THeM AJlR HcnapeHI-1R. 

TaKaR KOHCTPYKI,4HR 06eCne41-1Bana xopowee nepeMeWI-1BaHl-1e napa 
nepéA I-1CnapeHl-1eM Ha nOA110>t<KY H30TonH~X cMecej;1, YCTpo~CTBO 

I-1cnapeHI-1R AaBano B03MO>t<HOCTb np0l-13BOAHTb 6e3 HapyweHI-1R BaKYY
Ma AO weCTH noc11eAoBaTe11bH~x I-1cnapeHI-1R 1-130TOnOB Ha nOAllo>t<KY, 
~Me11cR TaK>t<e W11103 8 AJlR H38ne4eHI-1R 1-1 B80Aa WTaHr~ 9 c aMnY11a
MI-1 6e3 HanYCKa B03AYxa B YCTaHOBKY. 

OnpeAe11eHl-1e 3HepreT1-14eCKO~ 3aBHCI-1MOCTI-1 K03$$I-1I,4HeHTa OTpa
>t<eHI-1R HeRTpoHoB OT pa3nl-14H~X nOBepxHocTe~ np0I-13BOAH110Cb C11e
AYIO~I-1M oôpa30M. BHa4a11e 1-13MepR11CR cneKTp He~TpoHoB, OTpa>t<eH
H~X OT 4I-1CTO~ nOBepXHOCTI-1 3epKa11a H3 Hep>t<aBelO~ej;1 CTa11l-1, K03$
$l-1u~eHT OTpa>t<eHI-1R OT KOToPOj;1 B I-1cn011b30BaHHOM AI-1ana30He 3Hep
rl-1R He~TpOHOB npl-1HHManCR HaMI-1 3a eAI-1HI-1UY. nOc11eAHee 06CTOR

Te11bCT80 YCTaHOBneHO B pRAe 3KCnepl-1MeHTOB no XpaHeH1-11O Y11bTpa
X0110AH~X He~TpoHoB B COCYAax, rAe nOKa3aHO, 4TO K03$$I-1Ul-1eHT 
OTpa>t<eHI-1R OT Hep>t<aBelO~e~ CTa111-1 OTl11-14aeTCR OT eAI-1HI-1U~ He 6011ee 
4eM Ha 10- 3 / 9 / • 3aTeM 1-13MepR11CR cneKTp HeRTpOHOB, oTpa>t<eHH~x 
OT Han~neHHoro I-1cCneAyeMoro Be~ecTBa, Bnoc11eACTBI-1I-1 Han~l1eHH~R 

c110R c nOBepXHOCTI-1 3epKana YAa11R11cR 1-1 CHOBa 1-13MepR11CR I-1CXOA
HblR cnexrp AJlR KOHTponR He,I-13MeHHOCTI-1 I-1CXOAHOro cnexrpa , KpOMe 
Toro, A11R KOHTp011R nOCTORHCTBa CBOj;1CTB oTpa>t<a~eR nOBepXHOCTI-1 
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HenpepblBHO l-13MepRJlaC b l-1 HTerpaIl bHaR l-1HTeHCl-1 BHOCTb o rp axeaasrx 
He~TpOHOB. AJlR CMe~eHl-1R CneKTpa na.qa~~l-1X He~TpOHOB B 06JlaCTb 

60Ilee Hl-13Kl-1X 3Heprl-1~ BCe YCTPO~CTBO BMeCTe co CneKTpOMeTpOM 

B HeKOTOpblX l-13MepeHl-1RX nO.qHl-1ManOCb OTHOCl-1TeJl bHO TpaHCnOpTHOrO 

He~TpOHOBO.qa Ha BblCOTY H = 50 CM, 4TO npn aonano K rpaBl-1Tal4l-10H

HOMY 3aMeAJleHl-1~ He~TpOHOB Ha - 50 H3 B. 

Ha pl-1C. 2 nOKa3aH cneKTp na.qa~~l-1X ~e~TpoHoB npl-1 l-13MepeHl-1

RX Ha BblCOTe 50 CM l-1 HYJleBO~ BblCOTe, a Ha pa c , 3 npencraaneua 
pe3YIlbTaT~ l-13MepeHl-1R 3ijBl-1Cl-1MOCTl-1 K03$$l-1l4l-1eHTa OTpa)l{eHl-1R He~

TpOHOB OT HopMaIlbHo~ KOMnOHeHT~ C~OpOCTl-1 He~TpoHoB .qIlR pa3

Ill-14H~X Cl-1JlbHOnOrJlO~a~~l-1X Be~eCT~. 

-2 I ~ PHC. 2. CrreKTp HeH
n.10 H38 

TpOHOB, OTpa)KeHI-IbIX 

1.0 OT TIOBepXHOCTH Hep:>Ka

Bero~eH CTaITH rrpH: 

1/ pacrrOJlO:>KeHHH YCTa

HOBKH co crreKTpOMeT

pOM Ha BWCOTe H = 
0.5 

= 50 CM OTHOCHTeJlbHO 

KaHana YXH; 2/ H = O. 

O 

II ecm 01. 
.152 Sm O.4 

Sm 
O;6 

PHC. 3. 3KcrrepHMeHTanbHble AaH oI ~ t I '--', • I I 
HbIe H pacve-r-nue KpHBble Ma 8. 
K03~H~HeHTa oT~~eHHH HeHTpo 0,2 

HOB OT cooTBeTcTByro~Mx MaTepH

anoa , 1 - rrOTeHIJ;Han BbIqHCJlaeT 01 &.l0.4 
ca B COOTBeTCTBHH c aMrrJlHTYAa

MH, rrpHBeAeHHb~H B /6/; 2 - TO 
0.2 xe , HO Irnb = O; 3 - aMrrJlHTYgbI 

H3 /6/ rrpH 50 Â CJloe OKHCJla O' '..............
 I I I ~ 

COOTBeTcTByro~ero MeTanna. 2 4 vs. MC1 

AnR nOJlY4eHl-1R AOCTOBepHblX pe3YJ1b TaTOB npl-1Hl4l1nl-1aJlb HO Ba>K

HO 6b1IlO nepen Ka>KAbIM l-1CnapeHl-1eM l-1CCIleAyeMoro aeuec tea nOA

rOTOBl-1Tb aepscan sayo , HO He o rp axaouryc He~TpOHbl nOMO>t<KY. Ta

KaR nOAIlO>t<Ka C03AaBaIlaCb HanblJleHl-1eM CMeCl-1 l-130TOnOB CaMapl-1R 

/152 Sm 40% + ecrnSm 60%/. TaKo~ COCTaB nOA6l-1paJlCR l-13 rpeõo a a

Hl-1R ~ 4T06bl R eL N j b j = O, a MHl-1MaR 4aCTb no r euuaana õun a 6bl 

e~e He HaCTOJlbKO BeIll-1Ka, 4T06bl MorIlO npORBIltTbCR 3aMeTHoe " Me

r annavecxoe" o r p axe-ure ·He~TpoHoB. Ha pa c , 3 noxaaaau axcnepu
MeHTaIlbHaR l-1 paC4eTHaR 3aBl-1Cl-1MOCTl-1 OT HopManbHo~ K nOBepXHOC

Tl-1 KOMnOHeHTbl CKOpOCTl-1 K03~l-1l4l-1eHTa orpaxeuua OT TaKO~ CMeCl-1. 

Bl-1AHO, 4TO K03$$l-1l4l-1eHT OTpa>t<eHl-1R B AOCTynHOM Al-1ana30He 3Hep1: rl-1~ He npe aaurae r 3%, onuaxo Ha6Jl~.qaeTCR 3aMeTHoe OTIll-14l-1e OTI.. 

p acue r a , OHO MO>KeT 6blTb BbI3BaHO, ao-riep BbIX, HeKOTopblM OKl-1CJle

Hl-1eM MeTaIlIla B BaKYYMe, BO-BTOp~X, HenOIlHblM COOTBeTCTBl-1eM Ha

nbIIleHHO~ CMeCl-1 3a.qaH'Ho~ l-1CXOAHO npl-1 CMeWl-1Ba~l-1l-1 l-130TonOB. Ha 

pl-1C. 3 nOKa3aHbI TaK>t<e K03$$l-1l4l-1eHTbI OTpa>t<eHl-1R He~TpoHoB OT no

BepXHOCTl-1 sepxan l-13 113 Cd l-1 155 Gd , TaM >t<e npnaeneuu COOTseT

CTBY~~l-1e paC4eTH~e Kpl-1Bble, nOJlY4eHHble B pa3Jll-14HblX npeAnOIlO>t<e

Hl-1RX o Bl-1.qe no r euua ana HanblJleHHOrO CIlOR. npl-1 3TOM l-1 cnon b30Ba

Ill-1Cb BbI4l-1CIleHHble B COOTBeTCTBl-1l-1 c /5/ AIll-1Hbl paCCeRHl-1R AIlR l-1C

nOIlb30BaHHblX HaMl-1 l-130TOnHblX CMece~*: 

152 ecrn
Slllo,4 + Smo. 6 ' b = (0,06 - i 0,59 ) f , 

11 3Cd, b =(-6$8 -i4,13)f, /6/ 
155 Gd, b = (0.67 - i13,04) f • 

155 
AIlR Gd, KaK Bl-1AHO l-13 pl-1C. 3, Ha6Il~AaeTcR B 4l-1CTOM Bl-1.qe 

OTpa>t<eHl-1e He~TpoHoB, 06ycIloBIleHHoe MHl-1MO~ 4aCTb~ nOTeHl4l-1aJla. 

AIlR 113Cd Reb > Imb • l-1 BKIlaA Imb B otpa>t<eHl-1e HeBeIll-1K. TeM He 

MeHee 3KCnepl-1MeHTaJlbHble .qaHHble Hal-1IlY4Wl-1M 06pa30M corIlacY~TcR 

c KPl-1BO~ Ha pn c • 36 /X 2 .qJlR Kpl-1BbIX 1, 2 l-1 3,.cooTBeTcTBeHHo, 

paBHbI 6,5; 19,8 l-1 9,3/. 

Ha pl-1C. 4 npe.qCTaBJleH~ pe3YJlbTaTbI KOHTpOJlbHblX l-13MepeHl-1~ 

nOIlHO~ l-1HTeHCl-1BHOCTl-1 orp axeuaux He~TpoHoB, Ha4l-1HaeMb1X cp aay 

)I{e /B npenen ax O.qHO~ Ml-1HYTbl/ nocne OKOH4aHl-1R l-1CnapeHl-1R. ~3 

npa BeAeHHblX AaHHblX Bl-1AHO, 4TO B Te4eHl-1e l-13MepeHl-1~ K03$$l-1l4l-1eHT 

OTpameHl-1R He MeHRIlCR. 

* 113 113 110 111 OI
COCTaB Cd: Cd - 95,8%, • Cd - 0,12%, Cd - 0,12'0' 

~ 112Cd - 1,28%, 114Cd - 2,47%, l1'6Cd - 0,21%, 106Cd H: 10BCd

o.oiã, XHMHtleCKHe rrpHMecH<O,05%. COCTaB 155Gd: 155Gd 

J} 90,7%, 1 5 4Gd - 0,4%, 156Gd - 6,7%, 157Gd - 1,3%, 15BGd - 0,7%, 
160

Gd - 0,2%, XHMHqeCKHe rrpHMeCH, Fe - 0,4%, Ca - 0,15%, Cu 

0,07%, Si - 0,03%, AI - 0,03%. COCTaB 152Sm:152Sm - 98,4%, 

144Srn, - 0,03%, 147Sm - 0,16%, 148Sm - 0,21%, 149Sm - 0,23%,150Sm 
154 • 

0,24%, Sm - 0, 74%, XHM~eCKHe npnxeca < 0,2%. 
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PHC. 4. Korr rporrsnsre H3MepeHHfI10-2 C· 1 

,MOp030B S.~., naHIIIH IO.H., PorOB E.S. npenplIIHT ~A3-4410/2,152 Sm~~mSmO.68 rronHOH HHTeHCHBHOCTH OTpa~eH
M..: UH~~aToMIIIH$OPM, ~987. . t+rJ+........ · · ·
 HhIX HeHrrpoHoB. .• H =50t ronlllKoB 8.8., KynarlllH E.H., HIIIKIIITeHKo 10.8. KpaTKllle coo6~e


HIIIR O~~~ W9-85, Ay6Ha, 1985, c.26.
 
ronlllKoB 8.8., KynarlllH E.H., HMKIIITeHKo 10.8. Coo6~eHllle O~~~,
KpOMe ycnoBIIIR 1mb» Reb BTO
P3-86-767, Ay6Ha, 1986.poe ycno sae P.l«Pi ' r,qe õsma
 

6bl npMMeHIIIMa $opMyna /4/ /nplII
 
3TOM R 1/ AnR peanbHO cy~ecT
4 

BY~~IIIX B nplllpo,qe 11130TonOB 11I IIIX
 
B03MO>KHblX c Mecet:1 , aemonaae r ca
 
npu l/.l < 1 M/c. 3TO õsrno He,qo


155Gd cTynHo B ycnoBIIIRX onlllcaHH~X 

H =0 3KcneplIIMeHToB* .üH.H ••• • .+.t+
6 ..152Sm~~mSmO.6 B 3aKIl104eHllle aaropa esrpaxa

H=O 
~T	 np~3HaTenbHOCTb B.~.Mop030

10 20 10 t 
,LlOC BY, IO.H.naHIIIHY 11I E.B.PoroBY aa 

npe,qOCTaBneHllle B03MO>KHOC~ 

npOBe,qeHIIIR 1113MepeH~t:1 Ha KaHane ynbTpaXOnO,qHblX Het:1TpoHoB 101 ~ 
a TaK>Ke IO.B.HIIIKIIITeHKO 3a nOMO~b nplll no,qrOTOBKe 3KcneplIIMeHTanb
HOt:1 annap a rypu , 
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llepeao,n; O.C.BHHorpa,n;oaoH 

Novopoltsev M.I., Pokotilovskij Yu.N. P3-87-408 
Measurement of Ultracold Neutron Reflection 
from the Surface of Samples with Large 
Capture Cross Section 

The energy dependence of reflection coefficient of 
ultra-cold neutrons from 11 3cd and 155Gd strongly absor
bing element surface is measured. Samples were prepared 
by the method of thermal evaporation in vacuum directly 
in neutron beam. The spectra of reflected neutrons were 
measured with the correlation type of time-of-flight spec-' 
trometer. In the 155Gd case for which real part of the 
interaction potential is more less than the imaginary 
part the effect of "metallic" reflection of neutrons is 
observed. 

The investigation has been performed at the Laboratory 
of Neutrort Physics, JINR. 
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