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1. BBEAEHHE 

OTpameH~e ynbTpaxonOAHWX He~TpoHoB /YXH/ OT c~nbHO norno~a~

Ul~X cpen õuno r eope ruvecxa paCCMOTpeHO B 1961 r. /1/ . nOnY4eH
Hwe pe3ynbTaTw 4TO B cpeAe c nonHoe OTnOKa3WBan~,	 nornoUleH~eM 

pameH~e He~TpOHOB HeB03MomHO, OAHaKO AnR BeCbMa c~nbHWX norno
T~Tene~ K03~~~4~eHT OTpameH~R YXH R B npeAene Manwx CKopocTe~ 

He~TpoHoB (À» 1/Naa.) AonmeH ~MeTb 3aMeTHY~ Ben~4~HY 

4mvz
R( v z) 1  /1/iíNa a 

r ne v z - HopManbHaR K nOBepXHOCT~ cpena KOMnOHeHTa CKOPOCT~ 

He~TpoHa B BaKYYMe; N - 4~cno RAep cpeAw B eA~H~4e o6beMa;d a 
ce4eH~e nornOUleH~R He~TpoHoB; 1/Na - 3~~eKT~BHaR An~Ha npo6ea 
ra He~TpoHa B cpeAe, onpeAenReMa~ nornOUleH~eM; À ~ m - An~Ha 

aonuu ~ Macca He~TpoHa·. no aHanor~~ c OTpameHk1eM 3neKTpOMarH~T
HWX BonH OT nOBepxHocT~·MeTanna RBneH~e OTpameH~R YXH OT c~nbHO 

nor.nouaoumx cperi 6blnO Ha3BaHO IIMeTann~4ecK~MII OTpameH~eM He~Tpo

HOB /1, 2/ . 
AeTanbHoe conOCTaBneH~e pacnpocTpaHeH~R B cpeAax He~TpOHHoro 

~ 3neKTpOMarH~THoro ~3nY4eH~~ npOBeAeHO B pa60Tax 13,4/. 6wno no
Ka3aHO, 4TO ~cnon~30BaH~e npeAcTaBneH~R o KOMnneKCHOM nOKa3aTe
ne npenOMJleH~R n = n ' + in"AnR He~TpoHHbIX aorta npu aonur K cneAY
~UleMY BwpameH~~ AnR K03~~~4~eHTa oTpameH~R He~TpoHoB nornOUla~

Ule~ cpeAO~ /4/ : 
2 2 

(n'z - 1) + n '; 
R( v z) /2/, 1)2 ,,2(n z + + n z 

(1+j(1_v 2/v 2)2+ ·v~/V4) _ 12. ~1- V2/v2)+J(1_v2/v2)1-v~/v4 o	 Z J Z v~ v( o z o Z 1 Z 

, 

(1 + J(1 - ~ 2/v 2) 2 + v .4/v 4) + f2. 11 _ _ v 2/ v 2) 2+ v.4/v4 
o Z 1 Z yit. v( v o 2/ v z2) + }(1 o Z 1 Z 

rAe 
v2 2 4 

n,2 -
1 

[(1 ~)2 + __
v.

1_ l . 
r 

z = ~) + )(1
2	 4 /3/v 2 V _ _ ..... z Z z ...... ' 

I 



1 v 2 ~- 2 4,,2 Vo 2 Vi 
n = -[(~ - 1) + . (1 - -~ + - ]z 2 V 2 V V4 

z z z 

/4/2 2
2 h Nb o 2 h N b i 1i 

V = --- , V. = - = -- NUa (v j v v , o 2 1 217 17 rnm m 

bo 11I b i - Ae~cTBIIITe11bHaFl 11I MHIIIMaFl 4aCTIII KorepeHTHo~ A11IIIHbl pacce
FlHIIIFI He~TpoHa b = b 0- i b i • B <t>opMY11ax /3/ 11I /4/ npa 1113B11e4eHIIIIII 
KOpHFI 6epeTcA ero n011omlllTenbHoe 3Ha4eHllle. B~pameHllle /1/ B npe

2/v 2 )Ae11e Ma11blX cxopocr eã He~TpoHoB (v z « Vi) nplll (1 _ v 2 «
0 z 

« Vi
4 Iv z4 

FlB11FleTCFI 4aCTHblM C11Y4aeM <t>OPMY11bl /2/. 
3aMeTIIIM, 4TO B <t>1II3111Ke YXH VO nplllHFlTO Ha3~BaTb rpaHlII4Ho~ 

CKOpOCTb~, cooTBeTcTBy~~e~ rpaHlII4Ho~ 3Heprllllll n011Horo OTpa>KeHIIIFI 
He~TpoHoB OT AaHHoro MaTepllla11a / 5 1 Vo ~ v r p• 

B o611acTIII .YXH /nplII V z < Vo / A11Fl FlAep C n011omlllTe11bHo~ Ae~

cTBIIITeIlbHo~ 4aCTb~ A11IIIHbl pacceaaaa / v; > 0/ 11I C MaJ1blM ce4eHllleM 
nor11o~eHIIIFI (( 1 - v0 

2I v:) 2 > Vt I Vi ) MHIIIMaFl 4aCT b nOKa3aTe11Fl npe
110M11eHIIIFI A11Fl He~TpoHH~X B011H CTaHOBIIITCFI 6011bwe Ae~cTBIIITe11bHo~: 

n~~ > n'z • 3Ta ocoõeuuocr s xapaxrepua AIlFl OTpameHIIIFI 311eKTpOMar
HIIITHblX B011H onru-iecxoro Alllana30Ha OT nOBepxHocTIII MeTa11110B. B 
c11Y4ae He~TpoHH~X BOIlH Be11lll4111Ha n; OKa3~BaeTCFI nponop~lIIoHa11b

HO~ ce4eHIII~ nor11o~eHIIIFI G a , a n;' 3aBIIICIIIT T011bKO OT Yo 11I V • 
z 

n03TOMY, 4eM MeHbwe ce-reuae nor11o~eHIIIFI G a , TeM MeHbwe n; 11I 
TeM 6011bwe K03<t><t>III~lIIeHT OTpameH~FI YXH. 

2 2 2 
nplII OTpameHlII1II YXH OT C11I11 bHO nor11o~a~~IIIX cpen (( 1 - Vo I Vz) ,< 

< vi4/v:>" nplll vi Iv z :> 1 MHIIIMaFl 4aCTb, nOKa3aTe11Fl npe110M11eHIIIFI OKa3bl
BaeTCFI nopanxa Ae~ CTBIIITe11 bHO~: n'; _ n; , n plll4eM I n z I » 1 11 ( 

TaKoe nOB€AeHllle KO~<t><t>III~lIIeHTa npe110M11eH~FI xapaKTepHO A11Fl OTpame
HIIIA MeTaIl11aMIII paAIIIOB011H. nplII 3TOM TeoplllFl npeACKa3~BaeT B03paCTa
Hllle K03<t><t>III~lIIeHTa OTpameHIIIFI YXH C yee11lll4eHllleM ce4eHIIIFI nor11o~eHIIIR. 

B C11Y4ae FlAep C oTplII~aTe11bHo~ Ae~cTBIIITe11bHo~ 4aCTb~ A11IIIHbl 
pacceFlHIIIR /v~ < 0/, 11I C Ma11~M ce4eHllleM nor11o~eHIIIFI MHIIIMaFl 4aCTb 
nOKa3aTe11Fl npe110MIleHIIIFI AIlFl He~TpoHHbIX B011H OKa3blBaeTCFI MHoro 
MeHbwe Ae~cTBIIITe11bHo~: n~ «n~ • 3Ta oco6eHHocTb CBo~cTBeHHa 

OTpa>KeHIllIO 311eKTpOMarHIIITHblX aonx YfJbTpa<t>lIIo11eToBoro Alllana30Ha OT 
n08epxHocT~ MeTa11110B 11I1111I AIII311eKTplllKOB 11I 06~4HO xapaKTeplll3yeTcFI 
HIII3KIIIM 3Ha4eHllleM K03<t><t>1II4I11eHTa OTpameHIIIFI. C pOCTOM ce4eHIIIFI norrio
~eH~FI npOIllCXOAIIIT soapacr aaae n ~ , TaK 4TO n ~ - .n'z , nplll4eM 
Iri z I » 1; no CBOIIIM OTpa>KaTe11bHblM CBo~cTBaM XOPOWIII~ AIII311eKTplllK 

npeBpa~a~TcFI B n11oxo~. 
nepB~e 3KcneplllMeHTa11bH~e AaHH~e no OTpameHlll1O YXH OT ClII11bHO 

nor11o~alO~IIIX o6pa3~oB eCTeCTBeHHoro KaAMIIIFI 11I 11130Tona KaAMIIIFI
113 16/ xopouro cor11aCOBa11lIICb C TeopeTIII4eCKIIIMIII npeACKa3aHIII~MIII. 
B C11Y4ae eCTeCTBeHHO~ CMeCIII 11130TonOB KaAMIIIFI, IIIMe~~e~ n011omlllTe11b
HYIO A11IIIHY pacceFlHIIIFI, 3aXBaT He~TpOHOB KaAMllleM CHIII>Ka11 Be11lll4111HY 
K03<t><t>1II4I11eHTa OTpameHIIIFI YXH. npeACKa3~BaeM~~ 3<t><t>eKT YBe11lll4eHIIIFI 
K03<t><t>1II4I11eHTa OTpameHIIIR He~TpOHOB C pOCTOM ce4eHIIIFI nor11o~eHIII~ 

2 

113
6bl11 oõnapyxeu ripa OTpameHlII1II YXH OT Cd - ClII11bHO nor'noutaoare ro 
FlApa C OTp"lI.~aTe11bHO~ AIlIIIHO~ pacceFlHIIIFI. OAHaKO 3TOT 3<t><t>eKT 6bl11 
HeBenlllK: npa Vz = 2,9 M· c-I nornouteuae YBe11lll4111Ba110 K03<t><t>1II4I11eHT 
OTpameHIIIFI Bcero 11IIIWb Ha 40%. 

B HacToFl~e~ pa60Te coo6~a~TcFI 3KcneplllMeHTa11bH~e pe3Y11bTaT~ 

IIIccneAOBaHIIIFI OTpameHIIIR He~TpoHoB OT ClII11bHO nor11o~alO~IIIX o6pa34oB 
155Gd, 155Gd 203 , Gd, Gd 20 3 11I ca, a r aiose OT A e, Ti 11I V. OCHOB

HO~ L\e11blO paõoru FlB11Fl11aCb 6011ee· n011HaFl npoaepxa r eopua orpaxe
H11I FI YXH 141 , B 4aCTHOCTIII, IIICC11eAoBaHllle 3aBIIICIIIMOCTIII K03<t><t>III~lIIeHTa 
OTpameHIIIFI OT Be11lII 411I Hbl ce4eHIIIFI nor11o~eHIIIFI He~TpOHOB. 

2. METOAHKA 3KCnEPHMEHTA 

CxeMa 3KcneplIIMeHTa11bHo~ YCTaHOBKIII nOKa3aHa Ha plllC. 1. K, B~
XOAY KaHa11a YXH peaKTopa HoP-2 / 7 1 , no KOTOPOMY nocTynalOT He~
TpOH~ B IIIHTepBa11e CKopocTe~ /0+5,67/ M.C- I, 4epe3 S-06pa3Hoe 
K011eHO ~OAcoeAIIIHeH OAHIIIM 11I3 CBOIIIX OTBOAOB TPO~HIIIK 1,1II3roToB11eH
Hbl~ 11I3 MeAHblX 311eKTpon011lllpOBaHHblX TPy6. S -oõpaaaoe K011eHO MomeT 
Bpa~aTbCFI BOKpyr OCIII KaHa11a 11I n03B011FleT YCTaHaB11lIIBaTb TpOMHIIIK 
HaA OCb~ KaHa11a Ha B~COTe "I' nOCK011bKY 3HeprlllFl B3aIllMOAe~CTBIIIFI 

YXH c rpaBIIITa41110HH~M n011eM W = rngH I , TO AOCTIII4b TPO~~IIIKa MorYT 

T011bKO He~TpOHbl, Y KOTOPblX CKOPOCTb V > J2'i'Hl 
/ g - .. ycxopexae c aoõonucr o naAeHIIIFI/ • Hcn011b308aHllle 3aMeA

11eHIIIA YXH 8 rpaBIIITaUIIIOHHOM n011e n03B011FleT 1113MeHFlTb cneKTp 
YXH B TpO~HIIIKe nYTeM 1113MeHeHIIIFI 8blCOTbl ero norrse-ra . B AaHHOM 3KC

neplllMeHTe MaKCIIIMa11bHaFl 8blCOTa norrsesia TpO~HIIIKa COCTaB11Fl11a "1 = 
= 140 CM. 06pa3e4 2 nIlo~aAb~ SoYCTaHaB11lIIBaeTCFI 8 perY11lllpyeMoM 
no A11lIIHe H 2 11I Bpa~alO~eMcFI BOKPyr OCIII Tpo~HIIIKa OT80Ae. H 1113MeHe
HI-1e A11IIIHbl OTBOAa H 2 11I ero spalL\eHllle n03B,011FllOT AOn011HItITe11bHO 11I3

H3 

PHC. I. CxeMa 3KcnepHMeHTarrbHO~ YCTaHOBKH gnH H3MepeHBH 

K03~~H~HeHTa OTpa~eHHH ra3a YXH. I - TpOHHHK, 2' -"o6pa3e~, 

3 - ~eTeKTOp. 
3 



MeHRTb CneKTp YXH Ha o6paa4e. B Ka4eCTBe AeTeKTopa YXH 3 Mcnonb
ayeTcR nponOP4~OHanbHW~ C4eT4~K Ha OCHOBe sUe. 3~$eKT~BHoCTb 
AeTeKTopa K YXH onpeAenfleTCR nponYCKaH~eM OKHa C4eT4~Kat ~aro

TOBneHHoro ~a an~M~H~eBO~ $onbr~ Ton~~Ho~ 100 MKM. np~ pa60Te 
c YXH t ~Me~Ilt~M~ CKOPOCTb MeH'blue rpaH~4Ho~ CKOpOCT~ aJ1IOM~H~R 

I Yrp Ae = 3,21 M' c-li, Anft ~X perac rpauwa J,{cnonbsyeTcfl ycxope-: 
H~e YXH B rpaB~Ta~~OHHOM none: AeTeKTOp coeA~HReTCR c TPO~H~KOM , c nOMOU4blO OTBOAa An~Ho!ll H 3 = 73 CM. BHYTP~ TpO~H~Ka' C~CTeMO~ 

6eaMacnRHO~ OTKa4K~ nOAAepm~BaeTCfl BaKyYM _10-6 TOp. HaKonneH~e 

~ npeABap~TenbHaR o6pa6oTKa ~H~opMa4~~ npo~aBoARTcR ~aMep~Tenb

HWM MOAyneM Ha 6a3e 3BM MERA-60. 
Y4~T~BaR) 4TO AJ1R YXH \f1HTerpanbHw~ K03~~~~~eHT oTpameH~A OT 

MeA~ RCu = 1 I C T04HOCTb~ - o, 1%1, K03$ep~~~eHT OTpa}!(eHI-1R YXH OT 
~CcneAYeMOro oõpaau a R MomHO aupaaur b -repe a C4eTa AeTeKTopa np~ 

OTCyTCTB~~ (J cu ) ~ Han~4~~ (J 
C U2 

) B Tpo~H~Ke nornOT~TenR Inon~

aruneua/ nnouians«; S CH 18 ( 
2 

J Cu - 1I J o Il.CH2 SCH2 
R 1  151 

J Cu I J CH - 1 So
2 

rAe J o - C4eT AeTeKTopa np~ nOCTaHOBKe B TpO~H~K o6paa4a nno
U4aAblO So; /l. CH2= 1- R CH2-' K03$$~~~eHT nor.ll0~eH~R YXH nonaaraneaos . 

3Kcnep~MeHTanbHo ~3MepeHHafl Ben~4~Ha R RBnReTCR ycpeAHeHHblM 
no cneKTpy YXH K03$~~4~eHToM OTpameHHfl 

vr R (v z ) <1> (v z ) d v 
o z 

R ---- i61 
~r cI>(vz)dv z 
.o 

rAe ~(vz) - cneKTp YXH, naAalO~~X Ha o6paae4 ~ per~cTp~pyeMwx 

AeTeKTopoM; vM - MaKC~ManbHafl CKOpOCTb YXH Ha 06pa3~e. 

Ha p~Cw 2 npeAcTasneHw cneK
TpW ~(vz) , pacc4~TaHHwe np~ • 

4' (Vz

,/ \ 
\
\ 
\ 
\ 
\ 
\
\
\
\ 
\ 
\
\
\

o' , n f 

) npeAnOnOmeH\f1~ MaKCBennOBCKoro2 
cneKTpa CKopocTe~ Ha B~xOAe Ka1 "........
 

YXH / 7 1 Hana AnR HeKOTOpwX cnY4a
eB pacnonomeH~fl TpO~H~Ka OTHOC~

;'enbHo oca kauana. 3T~ cnexrpu 
6wnH ~cnonbaOBaHbl Anfl pacuer a 

0.5 
PHC. 2. Cnex'rpsr pacnpenerrenaa 
YXH ~(vz) no npoeKIJ;HH Cl<OPOCTH 

Vz IM'C-ll gJIJI P;BYX CJIy~aeB pac

nOJIO}KeHHJI TpoHHHKa. 1 - H 1 = 
140 CM, H 2 = O, "3 = 73 CM;

\, I 

2 3 4 2 - H 1 = 80 CM, "2 = O, H 3 = 5 VI' 
= 73 CM. 

4 

PHC. 3. 3aBHCHMOCTh ycpep;HeHHo= 
R M 

1.0 

PO K03~~HIJ;HeHTa OTpa}KeHHJI YXH R---~' 
01' cpep;Hefi HOpMaJIhHOfi KOMnOHeHQ6 
TW ~KOPOCTH HefiTpoHoB B BaKYYMe

Q4 
Vz/M' c- l r. 'I'eope-raxecxae KpHBbIe\..Q2

01 
I I ICIIJIOillHaJl JIHHHJlI H .3KcnepHMeH..............:---

I I 

r arrsnue p;aHHble npanenena p;JIJI: 

ai Ae; 6/Cd; BI Gd 2 °3 ; r/Gd • 
li~ 

O~ 
,[{JIJI A e nYHKTHpHofi JIHHHefi TaK}Ke

M 
nOKasaHa TeopeTH~eCKaJl saBHCH

~ MOCTh R(v z) •. 

0,2 ,! I I 
OI ' 

fi no $opMyne 161 K03$$~~~eHTOB0.8 
OTpameH~R OT oõpaauoa Ti ~ A e. 

0.6 
B npeAenax OW~6K~ ~a~epeH~~ pac

0.4 
C4~TaHHwe K03$$~~~eHTw corJ1~cy

I IOTCR c 3Kcnep~Me~TanbHo ~3MepeHI I T0.2O, ' , 
HWM~ aHa4eH~RM~ R np~ ~3MeHeH~~a0.8 
Ben~4~HW H1 B W~pOK~X npe~eJ1ax. ,0.6 
np~ 3TOM nOTeH4~anbHw~ 6apbep

0.4 
AJ1R He~TpoHa Ha rpaH~4e saKYYM

0.2 A e(Ti) npennonar ancs npRMoyronb
o' I I' I --.- I HblM 191 •2 Vz Ha p~c. 3a B Ka4eCTse np~Me

pa npeACTaBneHW AJ1R Ae peaYJ1bTa
TW ~aMepeHH~ aaBHCHMOCT~ K03$$H4HeHTa OTpameHHR YXH OT cpeAHe~ 

CKOpOCTH He~TpoHoB B BaKYYMe V
Z 

VM 

_ .r vz<1l(vz)dvz
(v z = --101.° -... _ ) . 

VM 

.r <I> (v,z ) d v z
 
o
 

/l. CH2(VZ) TaKme onpenenanocs no $opMyne 161 ripa HcnonbaOBaHHH 
YKaaaHHoro Bwwe B~Aa <1l(v z). 

3. PE3YflbTATW 3KCnEPHMEHTA H HX 06CymAEHHE 

Ko~epeHTHaR An~Ha pacceRHHR He~TpoHa , onpeAenR~~aR nobKb r 
KaaaTenb npenOMJ1eHHR He~TpoHHbIX BonH, B o6U4eM cny4ae RBJ1ReTCR 
KOMnneKCHO~ BeJ1H4HHO~ 

2rOj (E - E j) g i . r oj r j g i 
~or= bn + ~ 2 - II -------, 171 

J k j [ 4(E - E j) + r i2] j ki [4 (E - E j ) 2+ r f] 
rAe b n - AnHHa nOTeH4HanbHoro pacceRHHR; r oj ~ ri ~ He~TpoHHaR 

~ noru-aa W~pHHbl peaoaaucxoro ypOBHR np~ 3Hepr~H E j ; g J :.. c:ra-. 

5 
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T~CT~4eCK~~ DeCOBO~ $aKTOp; k j - BOnHOBO~ BeKTOp, COOTBeTCTBY~
2. CocTaB o6pa3u;a Gd: Gd > 99%. XHM. npHMeCH: Fe - 0,2%,

~K~ 3Hepr~~ E j ; CYMM~pOBaH~e npoBoA~TC~ no BceM peSOHaHcaM. 
Si - 0,2%, C - 0,2%, F - 0,1%, N - 0,1%; peAK03eM. < 0,1%.

Cor'nacuo onT~4eCKO~ r eopene , MH~MYIO 4aCTb An~Hbl ~acceffH~~ b i .3. COCTaB o6pa3u;a 113Cd: 113Cd -- 95,5%,110Cd- 0,11%, 11lCd
An~ YXH MomHO B~paS~Tb 4epes ce4eH~e norno~eHHff aa 51 - 0, I 1%, 112 Cd - 1,36%, 114 Cd - 2, 7%,116 Cd - 0,22%, 106 Cd H 108 Cd.< 

< 0,02%. XHM. npHMeCH: < 0,03%.ka	 k(a a + aHeynp. ), 
b

471 471 nOCKonbKY rny6~Ha npOH~~HOBeH~~ YXH B cpeAY np~ oTpameHlI1111 

;	 r ne aiieynp. - ceLleH~e ueynpy ror'o paCCeFlHI-1~ He~TpoHa B cpene , 
np~BOAFI~ero K HarpeBY YXH. An~ ~ccneAOBaHH~x B pa60Te c~nbHO no
r.nouiaouiax 06paS40B aHeynp.« aa , SHa4eH~e a onpenenser ca B OCHOB
HOM ce4eH~eM nornO~eH~F1. Ecn~ B 06nacT~ H~3K~X 3Hepr~~ 06a ce4e
H~~ Uá ~ aiieynp. nOA4~H~IOTC~ aaxouy l/v , TO b i He SaB~CII1T OT 
3Heprll1~ He~TpOHa. OAHaKO npll1 Han~4~~ H~SK03HepreTK4eCKII1X He~

TpOHHblX peSOHaHCOB, pacnonoxeuaux B6n~s~ TennOBO~ 3Heprll1~ IHSO

r onu 111 coeA~HeHII1~ Gd 111 Cd I, ce-reune nornouteaaa a a He nOA4~H~eT
C~ s axouy 1/v , 111 b i I a r a-ose ~ b I c~nbHO saBI-1C~T OT 3HeprVlll1 
He~TpOHa. B 06naCTII1 YXH (E «E.i ) Ben~4~Ha KOMnneKcHo~ Am'1Hbl pac
ce~H~~ An~ 1I130TonOB 111 COeAII1HeH~~ Gd ~ Cd pacc4~TwBanacb no $OP
Myne 171 npl-1 ~cnonb30BaH~~ Ta6n~4Hb1X 3Ha4eHI-1~ napaaerpoa pe30

3S / 1O•11(.HaHCOB ~1 Benll14111Hbl b o 111 b i npll1 E = 0,025 3B ~ ~ = 0,07 
B r aõn . 1 npencr aaneuu 3Ha4eH~~ b o ~ b i B oõnacra YXH 111 COOTDeT

2CTBYlOOtll1e ~M v0 ~ vi 
2 Anfl ~ccneAOBaHHblX B pa60Te 3neMeHTOB ~ se

~eCTB. 

06pa3e~ 

155
Gd
 
V
 

113Cd 
Ti 
Gd 
Gd203 

155Gd203 
Cd 
Ai 

npHMe~aHHe 

I. COCTaB 
- 0,4%, 156 Gd 
XHM. npHMecH: 

b b. 2 
v o 

<pM 
1. 

<PM 
2 0_ 2

M C 

-1 13,4 -1,53 
-0,41 0,0014 --1,44 
-7,4 4,3 -17,06 
-3,36 0,0017 -9,49 

1,65 10,25 2,46 
20,7 20,S 12,6 
15,4 26,8 9,49 
4,44 
3,45 

0,53 
8.10-5 

10,24 
10,3 

TABmU.(A 1 

v2 
2 1_ 2

M c 

20,25 
0,0049 
9,92 
0,0049 

15,37 
12,25 
16,56 

1,21 
2,25· 10-4 

K Ta6nH~e: ~ .105	 155 154
HccneAyeMoro 06pa3~a Gd : Gd - 90,7%, Gd 

- 6, 7%, 157 Gd 
Fe - 0,4%, Ca -

Af - 0,03%. C .yqeTOM COCTaBa 
u;'a 155 Gd ' b = -O 575 rl-M b'2 o , '±', i 
= 19,45 M.C- 2• 

1,3%, 158 Gd - 0, 7%, 160 Gd - 0,2%. 
0,15%, Cu - 0,07%, Si - 0,03%, 

COOTBeTCTBYJ{)~e 3HaqeHHH ~H 06pa3
= 1284 rl-M v2 = -o 875 M'C-2 v2=' '±', o' , i 

COCTaBnfleT Ben~4~HY - 100 ~, Anff II1HTepnpeTa4111111 3KcnepHMeHTanbH~X 
pesynbTaToB He06xoA~MO 3HaTb COCTOFlH~e nOBepXHOCTH ~ccneAyeMoro 

.~., 

tJ 
06pas4a. ~sBecTHo, 4TO sa ~CKnI04eH~eM sonOTa, H~ OAHH MeTann He 
06naAaeT CTO~KOCTblO npOT~B OK~CneHlI1fl Ha BosAyxe nplI1 KOMHaTHO~ 

r exneparype I 12/. B AaHHOM 3KcnepHMeHTe MeTaJln~4eCKlI1e oõpaauu 
nocne MexaH~4eCKO~ 06pa60TKH nOBepXHOCTII1 IYAaneHHe nOBepXHOCT
Horo cno~ Ton~II1HO~ - 104 ~I ~ 06~enp~H~To~ np04eAYP~ 04~CTKH 
nOBepxHocT~ MeTannOB OT sarp~sHeH~~/1S1 cpa3Y me nOMe~anHcb B 
BaKYYMHYIO KaMepy. nep~oAH4ecK~ npoaonaaue B Te4eHHe HeCKonbKHX 
CYTOK cepHH HSMepeH~~ K03$$H4~eHToB oTpameHII1A YXH OT xpaHfI~~xc~ 

e BaKYYMe 06pas40B He nOKasanH B npeAenax T04HO~TH HSMepeHH~ 

pasHHQ~ B Ben~4HHe ~ no cpaBHeH~1O co cBemenp~roToBneHH~MH 06pas
QaMII1. nOCKonbKY Y HccneAoBaHH~x MeTanJ10B Ha nOBepxHocT~ 06pasy
IOTC~ OK~cn~ c 60nbwe~ rpaH~4Ho~ CKOpOCTblO V , 4eM Y caMoro Meo 
Tanna, TO B COOTBeTCTBK~ c 181 3TOT ~aKT YKaS~BaeT Ha TO, 4TO 
BOSMO)l{Ha~ r omuaua OK~CHO~ nneHKH Ha nOBepXHOCTl;I HccneAo,eaHHblX 
06pas40B He npeB~wana 5~lD ~. 

. 06pas4~ OKHC~ raAonHH~~ 6~n~ np~roToBneH~ ABYM~ cnoc06aM~. 
Bo-nepB~x, npoBoA~nc~ OT)l{~r Ha BOSAyxe MeTann~4eCKoro raAon~H~~ 

np~ TeMnepaType 350°C. ~ccneAoBaH~R OTpa*eH~R YXH OT TaKoro 
cnOA OK~C~ nOKa3an~, 4TO YBen~4eHlI1e BpeMeH~ OT*Hra c 10 M~H AO 
2 4 He npHBOA~no K ~sMeHeH~~ K03$~~U~eHTa OTpa)l{eHH~ ~ , T.e. y*e 
a a 10 MHH orxura oõpaayerca IIToncTbl~" cnoü oxacna . BO-BTOPbIX, 
OI<HCb raAOJ1VlHH~ nony-ranac s nYTeM npoxanas aaua aaor aoxucnoü conn 
raAon~H~~ Ha HepmaBe~~e~ nOAJ10mKe B Te4eHII1e 2 4 np~ 500°C. ~3Me
peH\IIA K03$$~u~eHTOB OTpa)l{eH~R OT oôp aauoa Gd20 3 ' nony-re-u-ux 
ABYM~ cnoc06aM~, He nOSBOnll1DII1 IB npeAenax 2%-T04HOCT~ ~sMepeH~~1 

B~~B~Tb	 HHM~.pasnH4Vle Me)l{AY 
Ha pHC. 3 npencr asneua AJl~ HeKOTopbIX· Be~eCTB peayns r aru 1I13Me

peH~~ saB~C~MOCT~ K03$$~4I11eHTOB OTpameHHA YXH OT cpeAHe~ HopManb
1.HO~ KOMnOHeHTbl CKOpOCT~ He~TpOHOB 8 BaKYYMe 1 < v z < 4,2 M· c-

IBce HSMepeH~~ aunonaeuu c "roncruxu" 06paSQaM~, 4T06bl ~SÕe}KaTb 

;fJ He06xoA~MOCTH Y4eTa nocneAOBaTenbHblX oTpa*eH~~ He~TpoHHO~ BonH~ 

BHYTP~ 06pas4a OT ero nnBepXHOCTe~ 181 1 . BMAHO, 4TO B nonHOM 
COOTBeTCTBH~ c Teop~e~ Ha6nIDAaeTC~ pOCT K03$$~UHeHTa OTpameH~RI~\ 
c YMeHbweH~eM cpeAHe~ CKOPOCTH He~TpOHOB. 

~ccneAOBaHH~e coeA~HeH~R MomHO pas6~Tb Ha ABe rpynn~. K nep
BO~ OTHeceM 3neMeHT~ ~ coeAHHeHI-1F1, ~Me~~Vle nonomHTenbHYIO gn~HY 

pacceaaaa: Gd , Gd 20 3, 155 Gd 2 0 S' Cd H Ae, np~ 3TOM HaH60nee c~nb
Hoe en~RH~e MH~MO~ 4aCTH AJl~Hbl paCCeRH~F1 Ha K03$$Vl4V1eHT orpaxe
HVlR cneAyeT omVlAaTb oTGd, Y KOToporo Ha~60nbwee oTHo~eHHe ~~ K 
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r 
I 

v~ . ~aK cneAyeT ~3 B~pameH~fl /2/, np~ onpeAene~HOM 3Ha4eH~~
 
v~/vl Ben~4~Ha K03~~~4~eHTa OTpa*eH~R onpeAenReTCR n~Wb 3Ha4e

H~eM vtlv: ' T.e. Ben~4~Ho~ ce4eH~R norno~eH~R. n03TOMY, npo

BOAfl ~3MepeH~R np~ pa3n~4H~X 3Ha4eH~RX ~z, 4T06~ coxpaH~Tb OT

HoweH~e vo ~ z AnR paana 4HblX aeurec ra , MomHO nony-urr b ~H~opMa4~1O
 

o nOBeAeH~~ K03~~~4~eHTa OTpa~eH~R B 3aB~C~MOCT~ OT Ben~4~Hbl ce-
4eH~R norrlo~eH~R. 3Kcnep~MeHTanbH~e AaHH~e, np~BeAeHH~e Ha /
 

4,6/

p~C. 4" B nonaoa COOTBeTCTB~~ C TeopeT~4eCK~M~ npeACKa3aH~RM~ 

nOf(a3bIBaIOT, 4TO AnR RAep C nonoxarensuoã An~HO~ pacceauaa B ~C T 
çneAOBaHHoM ~HTepBane 0,845 < vo/v z < 1,54 K03~~~4~eHT OTpa~e
H~fl YXH /2/ C pOCTOM ce4eH~R norno~eH~R CHa4ana naAaeT, npoxo I 
A~T 4epe3 M~H~ManbHoe 3Ha4eH~e, ~ np~ AanbHe~weM YBen~4eH~~ ce li 
4eH~R norno~eH~R Ha4~HaeT B03paCTaTb. TaKoe nOBeAeH~e K03$~~4~


eHTa oTpameH~R Teop~R /6/ npenckaauaaer np~ ycnoaa« V Iv z > 0,816.
o 

PHC. 4. TeopeTH~ecKHe KpH~wet= 0.845 
z	 H 3K.crrepHMeHTaJIbHbIe p;aHHbIe 

3aBHCHMOCTH ycpep;HeHHoro K03~
~H~HeHTa OTpa~eHHH R OT aenH
tlHHbI cexenaa rrOrJIO~eHHH, BbI
p~eHHoro B 6e3pa3MepHWX ep;H
nmrax v i Iv z , P;JlH aeme c-ra C 
nOJIO~TeJIbHOH ,lJ;JIHHOH pacceH
HHH. Pe3YJIbTaTW npaaenensr npa 
3HatleHHHX Vo Iv z = 1,54; 1,1; 
0,845. 

0.4

R 

O.H "t-

~ ~ 

Vo 
V =t.1 
z 

Gd ---.--.. 
?=1.54 
z 

Ha6nlOAaeMble B axcnepaae-rre 
155Gd20J 

M~H~ManbHble 3Ha4eH~R R MHH 
01 1	 . 2 3 npaKT~4eck~ COBnaAalOT C Teo

4 Vi' Vz--	 peT~4eCK~M 3Ha4eH~eM 

Vo Iv z . f2 - 1
 
R =
 

M I1H 
Vo Iv z . J2 + 1 

~ AocT~raIOTCR np~ ce4eH~RX norno~eH~R, 6n~3K~x K Vi (3 Vo ,
2(v ~ I v 02 ) 1/4 • 

.~ 
I) 

Ko BTOPO~ rpynne OTHOCRTCR 3neMeHTbl, ~MelO~~e oTp~4aTenbHYIO d 
An~HY pa cceauaa : 155 Od , 113Cd, V ~ Ti • np~ 3TOM 3Ha4~TenbHbI~ 'L·I~HTepec B~3~BaeT cpa8HeH~e Me~AY co6o~ pe3ynbTaToB ~3MepeH~~ C ~! 

1550d ,~ V - 3neMeHToB, ~MelO~~X B o6nacT~ YXH npaKT~4ecK~ OA~Ha 'I 
KOB~e ~ 6n~3K~~ K HynlO 3Ha4eHHR v: ~ pa3n~4alO~~ecR Ha HeCKonbKO 
nopRAKoB Ben~4~H~ ce4eH~R norno~eH~R. B 3TOM cnY4ae 3~~eKT Bn~

\ RH~R MH~MO~ 4aCT~ An~Hbl pacceRH~R Ha Ben~4HHY K03~~~4HeHTa OT
pameH~R MomHO B~Aen~Tb B Ha~6onee RBHOM B~Ae. ,i 8 

3Kcnep~MeHTanbH~e pe3ynbTaT~ 

Ry = O,02':'0,02} 
np~ V z 2 M' c 1 

R 155a'd O,27~O, 03 

~ 

R y = O,05+0 , 03 } 
np~ V z = -1

M.C 

R155~d o,51~0 ,05 

nOKa3b1BaIOT, 4TO B nonHOM cornac~~ C Teop~e~ np~ YMeHbweH~H HOP
ManbHO~ KOMnoHeHTbl CKOpOCT~ He~TpOHa K03$~~4~eHT OTpameH~R YXH 
OT c~nbHoro nornOT~TenR ~MeeT 3aMeTHYlO Ben~4~HY. 

B CJ1Y4ae 113Cd Bn~RH~e MH~MO~ 4aCT~ An~Hbl paccenuaa Ha K03$
~~4~eHT OTpa~eH~R MacK~pyeTcR Ha ~OHe BKnaAa, 8HQc~Moro Han~4~

eM 3Ha4~TenbHO~ 8enH4~HbI v~ 
3Kcnep~MeHTanbHble AaHH~e np~ onpeAeneHHOM vo/v z /p~c. 5/ 

noxaaueaor , 4TO B COOTBeTCTBH~ C TeopeT~4eCK~M~ O)f(HAaH~RMI-1 AIlR 

R 

Vo =-0,6
155 Gd 

Vz 

'!.JJ.. =-1,1
Vz 

0,8 
155

Gd 0,6 

0,4 

°	 2 3 4 Vi /Vz 
PHC. 5. TeOpeTH1.Jec.KHe KpHBbIe H 3KcrrepHMeHTaJIbHbIe p;aHHbIe 3a
BHCHMOCTH ycpenaenaor'o K03cPcPH~HeH'l'a OTpa)KeHHH R. OT BeJIH"I;lHHbI 
ce~eHHH nOrJIO~eHHH, Bwp~~eHHoro B 6e3pa3MepHb~ ep;HHH~ax 

Vi Iv z, P;JIH· Be~ecTB C OTpH~aTeJIbHOH P;JIHHOH pacceHHHH. Pe3YJIb
TaTW npHBep;eHW rrpH 3HatleHHHX vo/v z = -1,1; -0,6 •• 
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~Aep c OTp~uaTenbHOR An~HOR paCCe~H~~ Ha6n~AaeTC~ nOCTeneHH~R 
pOCT K034>4>~u~eH:ra OTpa>KeH~~ c YBen~4eH~eM ce4eH~~ nOrnOll\eH~~'. 

~3 aHan~3a nOBeAeH~~ AeRcTB~TenbHOR ~ MH~MOR 4aCTeR nOKa3a
r ens npenoaneuaa B cnyuae 04eHb XOnOAHblX HeRTpOHOB (v z > Vo ) ~ 
YXH (v < v ) 6~no nOnY4eHO B~pa>KeH~e An~ CKOpOCT~ HeRTpOHa B z o 
cpene	 v cp npa Han~4~~ nornOll\eH~~ /4/ 

; )1	 7- 2 422	 22 

•
 Vcp vz·n z =: T[(V Z - Vo ) + y(V z - Vo ) -+- Vi l . /8/
 

KaK cneAyeT ~3 /8/, CKOpOCTb HeRTpOHa B cpeAe np~ Han~4~~ 

nornOll\eH~~ He CTpeM~TC~ K Hyn~ npl'l Vz < vo , a ~MeeT KOHe4Hoe 
3Ha4eH~e V Aa>Ke np~ Vz = O, T. e. Vcp MO>KeT 6blTb õonsure v z

M HH 

B 'BaKYYMe 

h)l N J 2 
V =: - -2 - [-b + b + b i 

2 
]M HH	 o om TT 

nOCKonbKY B cpeAe c nornOll\eH~eM HeRTpOH ~MeeT KOHe4Hoe 3Ha

4eH~e CKOpOCT~ F 0, TO ~ caMO ce4eH~e nOrnOll\eH~~ HeRTpo
VM H H
 

HOB B cpene ~MeeT TaK>Ke Ko~e 3Ha4eH~e aà M8KC =: a 8 (VM HH ). B
 
f8TTb. 

cnyuae b i » b o aa MaKC =: \./ 1. 
N 

B Ta6n. 2 np~BeAeH~ paCC4~TaHH~e np~ Vz = O 3Ha4eH~~ M~H~-

ManbHoR CKOpOCT~ HeRTpoHa ~ MaKC~ManbHoro ce4eH~~ nornOll\eH~~, 

a TaK>Ke B Ka4eCTBe np~Mepa - OTAenbHble cpeAH~e 3Ha4eH~~ HOpMaI1b
~~X KoMnOHeHT CKOpOCT~ HeRTpoHoB B BaKYYMe, AOCT~rHYT~e B AaH
HOM 3Kcnep~MeHTe, COOTBeTCTBY~ll\~e ~M CKOPOCT~ HeRTpoHoB B cpeAe 
~ ce4eH~R nornOll\eH~~. np~aeAeH~ TaK>Ke 3Ha4eH~~ MOAyn~, AeRcTB~

TenbHoR.~ MH~MOR 4acTeR nOKa3aTen~ npenoMneH~~ HeRTpoHH~X BonH. 

BblBOAbl 

1. 3Kcnep~MeHTanbH~e AaHH~e no OTpa>KeH~~ YXH OT c~nbHonorno
ll\alOll\~x 06pa3UOB 155 Gd, 155Gd 2°3' Gd, Gd 2°3' Cd ~ 113ca XOPOUJO 
on~CbIBa~T.C~ Teop~eR OTpa>KeH~~ HeRTpOHOB, ~CnOnb3y~eR npeACTaB
neH~e O KOMnneKcHOM noxaaar ene npenoxneuaa AI1~ HeRTpOHHblX aonu. 

2. An~ Bell\eCTB c nOnO>K~TenbHoR AI1~HoR paCCe~HI'I~ K03$4>~u~eHT 

OTpa>KeH~~ 'YXH B ~HTepBane 0,845 < Vo Iv z < 1,54 c pOCTOM ce4eH~~ 
nornOll\eH~~ B A~ana30He vi/vz =: O~4 CHa4ana naAaeT, npoXOA~T 
4epe3 M~H~ManbHoe 3Ha4eH~e, ~ np~ AanbHeRweM YBen~4eH~~ ce4eH~~ 

nornOll\eH~~ Ha4~HaeT B03paCTaTb.
3. An~ Bell\eCTB c oTp~uaTenbHo~ An~HoR pacce~H~~ np~ 3Ha4eH~

ax V /v» = -0,6 ~ -1, 1 B ~HTepBane v i /v« = o~4 Ha6n1OAaeTC~ 
o 

MOHOTOHH~R pOCT K034>4>~u~eHTa OTpa>KeH~~ c YBen~4eH~eM ce4eH~~
 

nornOll\eH~~. 3Kcnep~MeHTanbH~e pe3ynbTaT~ ~ nonHOM cornac~~ c
 
TeopeT~4eCK~M~ npeACKa3aH~~M~ nOKa3~Ba~T, 4TO np~ AOCTaTo4H0
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TABnI1UA 2 

v	 v aa x l O 7 6 n' n' , 
1 n I 

z_1 cEI	 z z 
Oõpa s en M" c 

M·C 

3,24 3,27155Gd	 °I , I 3,33 3,19 3,09 2,70 4,10 
2 3,58 2,96 1,79 1,36 2,25 

t 
1,20 0,00092

i6 v °I , I I ,61 0,00069 1,495 0,0.014 1,495 
2 2,33 0,00048 1, 17 0,0005 I , 17 

I

° 3,08 0,00044 
Ti I , 1 3,26 0,00041 3,02 0,0006 3,02 

2 3,68 0,00037 1,84 < 0,0005 1,84 

° 2,56 3, 17 
Gd I , I 2,66 3,05 2,46 2,68 3,64 

2 2,91 2,78 1,46 1,32 1,97 
4,2 4,29 1,89 1,02 0,43 I, II 

° 1,58 10,27 
I , I 1,63 9,96 1,51 3,48 3,79

Gd2~3 2 1,78 9,12 0,89 1,72 1,94 
4,2 3,02 5,37 0,72 0,48 0,87 

°2
155Gd203 2,8 

2, 12 
2,38 
2,68 

10,0 
8,91 
7,92 

1, 19 
0,96 

I ,67 
1,06 

2,05 
1,43 

Cd 

° 
1,1 
2 
4,1 

0,19 
0,20 
0,24 
2,5 

2,21 
2, 10 
1,75 
0, 17 

0,185 
0;12 
0,62 

2,80 
I ,25 
0,06 

2,81 
1 ,26 
0,62 

° 

1. 
AI 

< 0,001 
I, 1 < 0,001 
2 < 0,001 
4, I 2,48 

.< 0,001 
< 0,001 

0,61 

2,80 
1,26 

<0,001 

2,80 
1,26 
0,61 

ManoR CKOPOCT~ HeRTpoHa K034>4>~u~eHT OTpa>KeH~~ YXH OT c~nbHoro 

nornOT~Ten~ ~MeeT 3aMeTHYIO Ben~4~HY. np~ V- z - 1 M·C- 1R 
1550d 

= 0,51+0,05 ~ 3Ha4~TenbHO npeB~waeT Ben~4~HY K034>4>~u~eHTa OTpa
>KeH~~ YXH OT cna6oro nornOT~Ten~ - BaHaA~~ /R v = 0,051°,03/. 
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4.AnR Bcex HCCneAOBaHH~X CHnbHonornO~a~HX Be~eCTB C YMeHb
WeHHeM CKOPOCTH He~TpOHOB Ha6n~AaeTCR POCT K03~H~HeHTa OTpa~e
HHR YXH. 

ABTOPbl npH3HaTenbH~ ~.H.CToneToBo~ H E.B.K03eHKoBo~ 3a no
MO~b npH H3rOTOBneHHH 06pa3~oB H3 OKHCH raAonHHHR. 
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rQI'MICOB B.B•• KynantH E.H •• HMICMT8H1CO O.B. P3-86-767 
OrpaJleHMe yn..TpaxonoAHWX Hei4TpoHOB OT BeIIIeCTB 
C:6anwaMM CeqeHMeM saxBaTa 

nPMBOARTCA pea~n"TaTW MccneAQ8aHMR OTpaMeHMR YXH OT CHn"HOnor~aQqMX 
06paaLtOB IS.5cd. I SGd:z03' Gd, Gd203. Cd H 113Cd. 3KCnepMMeHTan.._ AaHHllle 
~ OI1MCY&aIOTCR TeopMett oTpalleHMR YXH. I4cnonba)'Dllett npeAcTaBneHHe 0 KOM
nneK~ nouaaTene npellOMlleHMR AnR HettTPOHHYX BOnH. lInR 8ellleCTB C nollOllH
Ten..HOit ~HOM paCCeRHMR ICO~LtMeHT OTpalleHMR R c POCTOM ce~eHMR nor~HHR 
CHa~ana naAaeT. npoXOAMT ~pe3 MMHI4ManbHoe aHa~eHMe. It nPM AanbHeilweM YBenM
~ ce~HMR nor~R ~MHaeT BoapaCTaTb. AnR BeIIIeCTB C OTpMLtaTeSlbHOtt 
~HOA paCC~HHR npoMCXOAHT MQHOTOHHlllII poeT K03~LtMeHTa OTpa.eHHR C YBeSlM
qe_ Ce~HMR nOrllOlllleHMR •. RPM YMeHbweHMM .CKQpocTM HeitTpoHa K03~LtMeHT OT
P_HM.R YXH OT TaKoro CHnbHOro norllOTMTenR. UK 15SGd, MMeeT aaMeTHYIl Be.riM
"'ffi SHa...Ten..HO npe_UIIIYII 3Ha~eHMe R OT cna60ro norllOTMTeSlR - BaHaAMR 
(R~ • O,SI~.OS;. By • O.O~,03). 

Pa60Ta BYnoJIHeHa B na60paTopMM HettTPOHHoiI $MaMICM OKA". 

c.wm...-~o -.mrryra QepIIWlt JM:CIlIIIlOIJUIIIi:.Jly&q 1986 

OepellOA T•••npoSAQBoiI 

Golikov V.V•• Kulagin LN.'. NJkltenko Yu.V. P3-86-767 

OCR ReflectIon from Matters with Absorption 

Large Cross Sect ion 


155The results on UCN reflectIon from s~rongly absorbing targets from Cd. 
ISSCd203' Cd, Cd203. Cd and 113Cd are reported. These data are well descrl 
bed In the frame of the, UeN reflection theory introducing a complex Index 
of refraction for the neutron waves. In the materials with a positive scat
tering wavelength the reflecUon index R first decreases with increasing 
absorption cross section. passes Its minimum and then starts Increasing 
again. In the materials with a negative scattering wavelength one observes 

, a IROOOtonouS growth of the reflection Index with Increasing absorption cross 
section. If the neutron velocity decreases the Index of UCN reflection from 
a strong absorber such as ISScd achieves a noticeable value much exceeding 

, that of UCIIreflectlon from a weak absorber such as vanad"ium (R~S • O.51!. 
. ~.OS; .. - O.O~.03). 

The investigation has been performed at the Laboratory of Neutron 

Physics, JINR. 
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