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1. BBE.IlEHHE 

np~ on~caH~~ npo~ecca xpaHeH~R ynbTpaxonO~H~X HeHTpoH08 !YXH/ 
8 3aMKHYT~X cocy~ax 880~~TCR 8~PORTHOCTb nOrnO~eH~R YXH np~ O~

HOM CTOnKHOBeH~H C n08epXHOCTb~ CTeHK~ ~ , np~ 3TOM no~ norno
~eH~eM nOH~MaeTCR He TonbKO 3aXBaT He~TPOHOB R~paMH. HO ~ ~X 
Harpe8 np~ HeynpyroM pacceRH~~ /1.2/ 
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v 
r~e x = .;-; V - HopManbHaR K n08epxHocT~ cpe~~ KOMnOHeHTa CKOz rp 
POCT~ HeHTpoHa; - CKOPOCTb, COOTBeTcTBy~aR rpaH~4HoH 3Hepvrp 
r~~ nonHoro OTpa*eHHR HeHTpOHOB OT ~aHHoro MaTep~ana cocy~a; 7J = 

Jmb k(a +a') ka ~ 
= -Rb 4 c 1>0 s '" _&- - OTHoweH~e MH~MO~ 4aCT~ ~nI1H~ pacceR

e fT 4fTbo /1/ 
HHR b i K ~eHCTBI1TenbHOI4 bo ; ac H a; - ce4eHHR 3aXBi:lTa 11 Hey
npyroro pacceRHHR HeHTpOHa C aonHOB~M BeKTopoM k: a & '" a c + a; 

npl1 oTpa*eHHI1 YXH (V < Vrp ) OT cna60nOrn~alOlII~X BellleCTB 
(bi«bo ) napaMeTp 7J Man, 11 ~nR 1130TpOnHoro nOTOKa HeHTpOHOB 
B~pa*eHl1e /1/ nocne ycpe~HeHHR no yrnaM na~eHHR npe06pa3yeTcR 
K cne~YlOllleMY BH~y 111 : 

~ '" 2 ~ [arcsin y _ y (1 _ y 2) Ii ] , 
y 

/2/ 

r~e y", V/V rp • 
XpaHeH~e YXH HeCKonbKO Hey~06Ho On11C~8aTb BenI14~HOH ~ , no

CKonbKY OHa 3aB~CI1T OT BTopOCTeneHHoro napaMeTpa - CKOPOCTI1 
HeHTpOHa. 11 B ~H3I1Ke YXH npl1HRTO xapaKTepH308aTb npo~ecc I1X xpa
HeHI1R napaMeTpOM 7J3Kcn ,~3BneKaR ero ~3 BpeMeH~ *113H~ YXH B 
3aMKHYTOM cocy~e. nonY4ae~e B Te4eH~e 15 neT 3Ha4eH~R 7J!!IKCn~nR 
caM~X pa3H~X cna60nornOlllalOlll~x MaTepl1anOB OKa3~BaIOTCR 3aMeTHO 
B~e, 4eM B~4~cneHH~e 113 ~aHH~X no Ce4eHI1RM 3aXBaTa 11 Heynpyro
ro pacceRHHR 131 • OTCIO~a c~enaH B~BO~ 0 TOM. 4TO OCHOBHaR YTe4
Ka YXH 113 COCy~OB npOI1CXO~I1T no KaKOMY-TO ~ononHI1TenbHOMY KaHa
ny, He npe~YCMOTpeHHOMY Teop~eH ~ C03~a~eMY 3~~eKT~BHoe yaen~

4eH~e napaMeTpa 7J !!I Ken Ha Ben~4l1Hy 1\ 7J 7J !!IKCn - 7J, np~4eM 3Ta ae
nH4HHa 1\ TJ Kone6anaCb B npe~enax ~aKT?pa 3 BOKpyr 10-3 • 3T~ ~aK
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TW CTanH OCHOBOH MHOr04HCneHHWX rHnOTe3, BWABHHYTWX AnR 06DRCHe
HHfI "aHOManHH It XpaHeHHR YXH. B nOCneAHee SpeMR nORBl-1nl-1Cb BeCKl-1e 
YKa3aHHR Ha TO, 4TO npH4I-1HO~ paCXOmAeHHR TeOpeTI-14eCKHX 1-1 3KCne
pHMeHTanbHWX 3Ha4eHH~ ~ RBnReTCR Hanl-14He npHMeCI-1 BOAOpOAa /l-1nl-1 
ero coeAHHeHH~/ Ha nOBepXHOCTI-1 n~wx.MaTepHanOB /3/ • 

B HaCTOR~ee BpeMR npfiMOe 1-13MepeHHe BepORTHOCTI-1 rl-16enH YXH npH 
OAHOM CTonKHOBeHHH /oc06eHHo AnR cna6onorn~a~l-1x MaTepHanOB/ 
npeACTaBnReTCR AOCTaT04HO cnomHO~ aaAa4eH. B AaHHOH pa60Te co06
~TCR peaynbTaT~ onpeAeneHHR ~ H ~ , BnepB~e B~nonHeHH~e MeTO
AOM H3MepeHHR Benl-14HHW K03~~I-1~HeHTa OTpameHI-1R /anb6eAo/ YXH OT 
CflOR nopOWKa. npH AH~Y3HH YXH B cnoe nopOWKa He~TpOH B ycnoBHRX 
nonHoro OTpameHHR HcnWTWBaeT 60nbwoe 4Hcno cTonKHOBeHHH C oTAenb
HWMH aepHaMH nopowKa, TeM caMWM yaenH4HsaR B COTHI-1 paa no cpaBHe
HHC C OAHoKpaTHwM oTpameHHeM BepORTHOCTb rl-16enH YXH. 

2. TEOPHR AH~Y3HH YXH 

PaCCMOTpHM OTpameHHe naAa~I-1X H3 BaKYYMa HeHTpoHoB OT cnOR 
nopOWKa TO~I-1HO~ f /Pl-1c. 1/. C4I-1TaeM, 4TO BepoRTHoCTb nornOweHI-1R 
HeHTpoHB npl-1 OAHOM CTOnKHOBeHHI-1 C aepHOM nopowKa ~ aHa4HTenbHO 
MeHbme BepofiTHOCTI-1 pacceRHHfI. TorAa ABHmeHHe HeHTpoHa B cnoe no
p~~a MomHO OnHCaTb 3neMeHTapHWM ypaBHeHl-1eM AI-1~~yaHI-1 /4.51 

d 2n(Z') n(z) 


'. 1111:2 - {:2- 0, /3/ 


t~ b(a) - n~OTHOCTb HeHTpoHoB, Z - KOOPAI-1HaTa no HanpaBneHHD 
HOPMaflH K nOBepXHOCTH pa3Aena BaKYYM-nopOWOK, L - AI-1~Y31-10HHaR 
AflHH'a HeHTl'>oHa B nopOWKe. 

'O'rrpeAenl-1M Ko~!I!HlIHeHT oTpameHIiIR OT cnOR nopOWKa R KaK OTHowe
~ 'nbToKa HeHTpOHO~, B~XOA,.~ero H$ nopOWKa, J ...- (0) , K nOTOKY, 
~A~eMY H9 rpaHmtY pa3Aena BaKYYM - nopowoK, J _ .. (0) • CnCAYR 
~e/61 , is KO-;OpoH npOBeAeHO pelDeHl4e /3/ C rpaHH4H~M ycnoBHeM, 
4TO iKOO<l)(flHlIHeHT oT'pameHHR Ha rpaHHlIe cnOR npH 'z ~ f paeeH v = 

~ 1 ..._ ( f) / J _+ (f). nonY41i1M AnR R il~pallleHHe: 

1-(0) 1-101 

1_10/ 

R =1-(0) 
 PHC. I. J -+ ~U) - nOTOK, na

Aaw~M Ha rpaHH~y pasAena BaKY
YM - nopomOK; J ~_ (0) - rrOTOK. 

I-It) 
y = I_It) 

BblXOAH~H HS rropomKa. I - sep
HD rropomRa. 2 - rrDATIO~Ka /oTpa
~aTenh HnH rrornoTHTenh/. 

2 

z 

(2 a - q /2a) sh U L + (q - 1) ch U L /4/R ---------, 
(1 + q) ch UL + (2a + q/2a) sh UL 

rAe q '" ~ ,a Lv, v - CKOPOCTb He~TpOHa, D - K03~H~liIeHT 
1 - v 

AH~~Y3HH. BWTeKa~He 1i13 /4/,npeAcTaenReT HHTepec nOnY4HTb ~OpMyn~, 
CTOHT OTpame,lTenb (v = 1)B 4aCTHWX cnY4aRx, KorAa 3a cnoeM nopowKa 

iii nornoTIiITenb (v 0): 

1-uthUL 
R (v 1) 

1 + u th elL 
/5/ 

(1 - a 2 th UL 
R(v = --_...._-

th UL + 2a{l - th UL ) 

1 2 A Au - TpaHcnopTHaR AnHHa HnH AnlilHa nepeHO
rAe u .,. 

2(1 3 
6ecKoHe4Ho TonCToro cnOA nopOWKa e/L -> "" ca HeHTpoHa. B cnY4ae 
B XopOWO H3BeCTHoe SbipameHlile 14.51

~OpMynw /5/ nepexoART 

Roo /6/ 

npeACTaBI-1M sepORTHOCTb nornOWeHI-1R He~TpOHa nplil OAHOM cTonKHo
BeHHH ~ 4epe3 MaKpOCKOnI-14eCKf.1e ce4eHHR nornoweHlilfi ~ a H paccefl 
HI-1R ~s fL ~ a/(~a + ~ s) • HCnOnb3YR H3seCTHbie 1i13 TeopHIiI AH~y-
31-11-1 HeHTpOHOB COOTHoweHHR A tr = [3(~tr + ~a )]-1 iii L = hj3~ a(~t~))-1 
H npeAnOnaraR, 4TO P. 1 , HMeeM 

1-{3v'~/(1 CoSO) 
Roo /7/ 

1 \- {3 

_ MaKpOCKonH4ecKoe TpaHcnopTHoe ce4eHHe; ~tr
rAe (3 ; ~ tr 
= ~sU ) ; - CpeAHf.1H KOCHHYC yrna pacceflHIiIR He~T~oHa. 

PaCCMOTPI-1M ABe rpynnbl HeHTpOHOB, pa3nH4a~HXCR CSOHM xa
paKTepOM AIiI~Y3HH. AnR nepSOH rpynn~, S KOTOPO~ CKOPOCTb HeHTpO
HOS 60nbwe rpaHH4HO~ CKOPOCTH MaTep!>1ana 3epHa nOPOWKa (v > v rp ) , 
HeHTPOHHaR BonHa npenOMnAeTCR Ha rpaHH~e saKyyM - 3epHo H pacnpo
CTpaH~eTCR S MaTepHane 3epHa. B pe3ynbTaTe nORsnReTcR 3aBHcliI
MOCTb BepORTHoCTH norno~eHHR fL H cos f) OT pa3Mepa 3epHa d • 

AnR STOPOI4 rpynnbl HeHTpOHOB, HMe~HX CKOPOCTb v < vrp H Anl-1HY 
sonHbI A < d , BenH41i1Ha fL RsnReTcR sepoRTHOCTb~ nornoweHHR YXH npl-1 
OTpameHHH OT rpaHIiI~bI saKYYM - 3epHo iii n03TOMY He 3asHCHT OT d. 

2 
3 
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ASH*eHHe *e HeHTpOHOS MemAY XaOTH4eCKH pacnOnOmeHH~MH 3epHaMH 
nOpOWKa 3KSHSaneHTHO paCnpOCTpaHeHH~ YXH no HeHTpOHOSOAY C AH~
~Y3HO OTpama~HMH CTeHKaMH, n03TOMY cosO = 0 H ~s ~tr • B Aanb
HeHweM 6YAeM nOApa3YMesaTb TonbKO AH~~Y3H~ YXH. 

KaK cneAyeT H3 17/, AnR onpeAeneHHR sepORTHOCTH norno~eHHR 
YXH npH OAHOM CTonKHoseHHH AOCTaT04HO 3HaTb senH4HHY K03~~H~HeH
Ta OTpa*eHHR OT o6pa3ua 6eCKOHe4HOH Ton~HH~ 

3(1-R",,): 
# "4 1 + Roo 18al 

EcnH me no nnOTHOCTH nopOWKa H pa3MepaM ero 3epHa IHnH APyrHM 
cnoco6oMI onpeAeneHO Atr , TO ~ MO*HO onpeAenHTb H npH H3Mepe
HHH K03~HUHeHTa OTpa*eHHR YXH R(f) OT CnOR 3aAaHHOH Ton~HH~ f : 

1 - R(O.r:-. - f v'3
V~ th(v'3~ . --) 1861Atr 2 1 + R( e) 

BseAeM ~aKTOp f , nOKa3~sa~HH ysenH4eHHe 4ysCTsHTenbHocTH 
H3MepeHHR ~ s nopowKax no cpasHeHH~ C TsePAblM cnnOWHblM TenOM, 
KaK OTHoweHHe sepORTHOCTH norno~eHHR nOTOKa YXH S 6ecKoHe4Ho 
TonCTOM cnoe nopOWKa 1 - Roo K sepORTHf)CTH norno~eHHR It S MaTepH
ane 3epHa 

1 - Roe 2f3 
191~ v'1i (l + f3 v'1i) 

H3 191 cneAyeT, 4TO C YMeHbweHHeM It ysenH4eHHe 4YBCTSHTenbHOCTH 
K ee H3MepeHH~ B03paCTaeT. TaK, ecnH AnR ~ = 5.10-4 t = 100, TO 
AnR ~ = 5'10-6 ( 1000. MOmHO TaKme TpaKTOBaTb KaK 4Hcno 
cTonKHoBeHHH YXH C 3epHaMH AO BblxoAa H3 cnOR nopOWKa. 

3. METOAHKA 3KcnEPHMEHTA 

CxeMa 3KcnepHMeHTanbHoH YCTaHOSKH nOKa3aHa Ha pHC. 2. K BbIXO
AY KaHana YXH peaKTopa H6P-2 /71 , no KOTOPOMY nocTyna~T HeHTpo-
Hbl S HHTepsane CKopocTeH 107 5,671 M. , 4epe3 S-06pa3Hoe Kone-
HO nOAcoeAHHeH OAHHM H3 CSOHX OTBOAOS TPOHHHK 1, H3roToBneHHblH 
H3 MeAHblX 3neKTpononHposaHHblx Tpy6. S-06pa3Hoe KoneHO MomeT 
spa~aTbCR BOKPyr OCH KaHana H n03S0nReT YCiaHasnHsaTb TPOHHHK 
HaA OCb~ KaHana Ha SblCOTe HI' nOCKonbKY 3HeprHR B3aHMoAeHcTsHR 
YXH C rpasHTaUHoHH~M noneM W= mgH~ TO AOCTH4b TpOHHHKa MorYT 
TonbKO HeHTpOHbl, Y KOTOPblX CKOPOCTb V J2gH I I g - YCKopeHHe 
cBo6oAHoro naAeHHRI. Hcnonb30BaHHe 3aMeAneHHR YXH S rpaBHTa~HOH
HOM none n03S0nReT H3MeHRTb cneKTp YXH S TpoHHHKe nYTeM H3MeHe
HHR SblCOTbl ero nOAoeMp. B AaHHOM 3KcnepHMeHTe MaKCHManbHaR BblCO
Ta nOAoeMa TpoHHHKa COCTasnRna Hi = 125 CM. 06pa3e~ 2 nn~aAb~ 

4 

H1 

~/\ IV 

PHC. 2. CxeMa 3KcnepHMeHTanbHoH YCTaHoBKH. I - TPOHHilK, 
2 - o6pa3eQ, 3 - AeTeKTOp, 4 - KacceTa o6pa3Qa, 5 - Ha
rpeSaTeJIb o6pa3Qa, 6 - mrnalKAalOUl,HH BOAHH0l1 KOHTYp· 

So YCTaHasnHsaeTcR S sepTHKanbHo pacnono*eHHoM OTSOAe AnHHoH 

H2 34 CM OTHOCHTenbHO ueHTpa TpoHHHKa. OTBOA H3rOTOBneH H3 
HepmaBe~eH CTanH H nOAcoeAHHeH K TPOHHHKY 4epe3 ~naH~eBoe coe
AHHeHHe. B 60nbWHHCTBe 3KcnepHMeHTOB nopOWOK Ton~HHoH e 3aCblnan
CR B OTKpbjTY~ co CTOPOHbl 060eMa TpoHHHKa MeAHY~ ~HnHHAPH4eCKY~ 
KacceTY AHaMeTpoM 20 CM. B OTAenbHblX cnY4aRX Ha OTpalKa~eM YXH 
MeAHOM AHe KacceTbl nOMe~ancR nornOTHTenb HeHTpoHoB - nonH3THneH. 
06paaeu MomeT nporpeBaTbcR B BaKYYMe TpoHHHKa AO TeMnepaTypbl 
6000C. AnR HCKn~4eHHR HarpeBa TpoHHHKa ocy~ecTBnRnOCb ero oxnalK
AeHHe npoTo4HOH BOAOH. B Ka4eCTBe AeTeKTopa YXH HCnonbayeTcR 
nponoPUHoHanbH~H C4eT4HK 3 Ha OCHOBe SHe . 3~eKTHBHOCTb AeTeK
Topa K YXH onpeAenReTcR nponYCKaHHeM OKHa C4eT4HKa, HarOTOBneH
Horo H3 an~HHHeBoH ~onbrH Ton~HHoH 100 MKM. npH pa60Te C YXH, 
HMe~HMH CKOPOCTb MeHbwe rpaHH4HoH CKOPOCTH an~MHHHR (vrpAf 
= 3,21 M.c-I/, AnR HX perHcTpa~HH HCnOnbayeTcR YCKopeHHe YXH 
B rpaBHTa~HoHHOM none: AeTeKTOp pacnonaraeTcR HHme OCH TpoHHHKa 
Ha paccToRHHH Hs = 73 CM. BHYTPH TpOHHHKa CHCTeMOH 6eaMacnRHOH 
OTKa4KH nOAAepmHBaeTCR BaKYYM- 10-6 Top. HaKonneHHe H npeABapH
TenbHaR 06pa6oTKa HH~opMaUHH npoBOARTCR H3MepHTenbH~M MOAyncM 

Ha 6aae 3BM MERA-60. 
Y4HT~BaR, 4TO AnR YXH HHTerpanbH~H K03~H~HeHT OTpalKeHHR OT 

MeAH Rcu = 1 Ic T04HOCTb~ 0, 1%/, K03~~HUHeHT oTpalKeHHR YXH OT 
HccneAyeMoro o6paa~a Ton~HHoH e R( n MO*HO BblpaaHTb 4epea C4eTa 
AeTeKTopa npH nOCTaHOBKe BMeCTO nopOWKa MeAH (Jcu) H nonH3THneHa 

(J CH2) nn~aAb~ S CH2 IS! 

I,To - 1 !:CH~~H 110/
R(f) 1

JCu/JCH2-1 So 
5 



r~e Jo - C4eT ~eTeKTOpa np~ nOCTaHOBKe B TPO~H~K 06pa3~a nno
lIIa~btO SO, fl CH2 - K03<!><!>~~~eHT nOrnOll4eH~fI YXH nOn~3T~neHOM. 

YCnOB~fI ~3MepeH~H MOmHO XapaKTep~30BaTb Cn~Y~~M 06pa30M. 
np~ ~3MepeH~flX K03<!><!>~~~eHTOB OTpameH~fI YXH OT nOpOWKOB (R > 0,5) 
ow~6Ka B OCHOBHOM onpeAenfleTCfI T04HOCTbtO ~JCu , n03TOMY ~3Jo 
MepeH~fI C nornOT~TeneM COCTaBnfln~ Many to 4aCTb o6l11ero BpeMeH~. 
AnnapaTYPHoe B~~eneH~e YXH ~ ~CKnt04eH~e Bn~flH~fI ~3MeHeH~fI <!>oHa 
o6ecne4~Ban~cb ~cnonb30eal-j~eM Tpa~~~~oHHO~ MeTO~HKH "WTOP04HO~ 
pa3HocT~" ,0 . OTHoweH~e YXH K <!>OHY YMeHbwanoc~ C POCTOM B~COTW 
nO~beMa Tpo~H~Ka OT 3Ha\~el-j~fI 30: 1 npH HI = 36 CM ~o 6: 1 np>1 HI'"' 
= 125 CM. CKOPOCTb C4eTC) YXH Jcu COCTaBnflna 1,6 C-Ij 2,0 C-Ij 

4. PE3YnbTAT~ 3KcnEP~MEHTA ~ 06CY*.QEH~E 

OTpall(eHHW~ nOTOK He~TpoHoB J _ (0) OT cnofl nopOWKa TOI1lll~HO~ t 
MomHO npe~CTaB~Tb KaK CYMMY nOTOKOB jj pa3n~4HoH KpaTHOCT~ OT
pameH~fI i na~atOlIIero nOTOKa OT 3epHa nopOWKa co CBO~M BeCOM 
Wi J_(O) = ~ Wi j i • npIII :iTOM Bec OTpameHHoro nOTOKa i -Kpan-iOCT~ 

I 

J 

onpe~enfleTCfI Tonlll~Ho~ cnofl ~ K03<!><!>~~~eHTQM oTpalKeHHfI no~nolKK~. 


C YBen~4eH~eM Tonlll~Hw cnofl np~ oTpamalOlllei:j no~nolKKe / v = 1/ pac

TeT BKna~ nOTOKOB C MHorOKpaTHWM oTpameHHeM, 4TO np~BO~~T K 

YMeHbweH~tO K03<!><!>~~~eHTa OTpameH~fI. np~ Han~4~~ nornOlllalOllle~ no~

5 c-I ~ 8 c-I np~ ~CnOm~3QBaH~~ He~TpOHOB B ~HTepBanax CJ(opocTe~ 
/2,673,8/ M.C- I ; /2,674,2/ M.C- I ; /2,675,2/ M'C- I H /4,17 

fl CH SO 
75,65/ M'C- I COOTBeTCTB~~HI-jO. <ilaKToP 2 _1. OTHoweH~e C4e

S CH 2 
TOB J Cu I J CH2 ' onpe~emllOll\ee 4YBCTB~TenbHOCTb YCTaHOBK~ K ~3Me
peH~tO K03<!><!>~~~eHTa OTpa~el-j~fI, 3aB~C~T OT B~COT~ nO~beMa TpO~H~Ka 

~ COCTaBnflno 1,572,75. Ben~4~Ha Jcu/Jo ~nfl Bcex ~3MepeH~~ Ha
xo~~naCb B npe~enax 1,01 71,10 B 3aB~C~MOCT~ OT oTpamaTenbHo~ 
cnoco6HoCT~ o6pa3~a. T04HOCTb ~3Mepe~~fI JCu/Jo orpaH~4~Banacb 
~pe~<!>oM annapaTYp~ C .nep~o~oM B HeCKonbKO CYTOJ( . .Qpe~<!> annapaTY
p~ ~CKnt04anCfI npoBeAeH~eM nonepeMeHH~x ~3MepeH~~ C Me~btO ~ ~ccne
AyeM~M nopowKoM, a TaKme o6pa6oTKo~ o6e~x cep~~ C4eTOB Ha M~H~
MYM X2 C O~H~M napaMeTpOM CKOPOCT~ ~pe~<!>a. B 4aCTHOCT~, np~ >13-
MepeH~flx C rpa<!>~TOM, KorAa 6~no ~OCT~rHYTO 3Ha4eH~e Rrpa <!>. 
= 0,9936+0,0023, 4aCTOTa CMeHW o6pa3~oB COCTaBnflna 10 4 ~ nonHoe 
BpeMfI ~3MepeH~~ - 5 CYT. CTporo rOBopfl, onpe~enfleMoe COOTHoweH~
eM /10/ 3Ha4eH~e R(f) Tom~eCTBeHHO paBHO K03<!><!>~~~eHTY OTpameH~fI 
YXH Anfl cnY4afl MOH03HepreT~4eCK~x He~TpOHOB. B 06l11eM cnY4ae Ha
n~4~fI cneKTpa YXH R(C) C HeKOTOpo~ T04HOCTbtO OTom~eCTBnfleTCfI 
co cpe~H~M no cneKTPY 3Ha4eH~eM K03<!><!>~~~eHTa OTpameH~fI. CpaBHe
H~e paC4eTHWx 3Ha4eH~H R C 3Kcnep~MeHTanbHO ~3MepeHHWM~ R(f) 
~nfl Kan~6pOB04H~X 06pa3~OB nOKa3~BaeT, 4TO np~ R(f) > 0,9 ow~6

R(f)-R v

Ka B T04HOCT~ OTom~eCTBneH~fI a = MeHbwe CTaT~CT~4eCKO~. 
R(f)+ R 

np~ paC4eTax R ~ onpe~eneH~~'" ~3 3Kcnep~MeHTanbH~X Ben~4~H 

R(f) ~cnonb30BanOCb npeAnonomeH~e 0 Han~4~~ Ha B~xo~e KaHana 

YXH MaKCBennOBCKoro cneKTpa 171. nOCKonbKY ~3MepeH>1f1 npOBo~~n~Cb 

B AOBonbHO Y3K~X HHTepBanax CKopOCTe~ //l.v=v2 -v l = 1,272,6 M'C-Y, 

TO paC4eT~ nOKa3~BatOT, 4TO 3Ha4eH~fI ." cna60 3aB~CflT OT KOHKpeT

Horo B~Aa cneKTpa YXH ~ C AOCTaT04HO~ T04HOCTbtO COOTBeTCTBYtOT 

~X 3Ha4eH~flM np~ cpeAHe~ no cneKTpy CKOPOCT~ He~TpOHOB. B Kpa~


nomJ(~ / v = 0/ C POCTOM Tonlll~Hw cnofl nopQWKa npo~CXO~~T B OCHOB
HOM ~06aBneH~e nOTOKOB C B03paCTalOllle~ KPaTHOCTbtO OTpameH~R ~ 
COOTBeTCTBeHHO POCT K03<!><!>~~~eHTa OTpalKeHHfI. Ha p~c. 3 np~Be~eHW 

R 
1 

0,75 

0.5 

2 

L.LL------L------=-~--:-:-_;_;.~----;

PHC. 3. 3aBHCHMOCTb K03~HQH
eHTa OTpaJKeHHfI R OT TOJI~HbI 
MeAHoro nopomxa f /MM/. 1 - OT

paJKaIO~afl / MeAHafl/ nOAJIOEKa, 
2 - nOrJIO~aIO~afl /nOJIH3THneHO

Bafl/ nOAJIOJKKa. 

3Kcnep~MeHTanbH~e ~aHHwe 3aB~

C~MOCT~ K03<!><!>~~~eHTa OTpameH~R 

YXH OT Tonlll~HW HeOTommeHHoro 
Me~Horo nopOWKa ~nfl ~BYX no~

nomeK: 1 - OTpamaTenb /Me~b/j 
0,16 0,32 0,48 0,64 0.8 2 - nornOT~Tenb /non~3T~neH/.t 

Kp~B~e, on~cwBatOlII~e 3KCnepHMeH
TanbHwe ~aHH~e, pacc4~TaH~ no <!>opMynaM /5/ ~ ~atOT cne~ytOlII~e 3Ha
4eH~fI napaMeTpOB ~~<!><!>Y3~~ YXH: ~n~Ha ~~<!><!>Y3~~ L = 0,4 MMj A tr = 
= 60 MKM. OTMeT~M, 4TO Mem~y Atr , oTomAecTBnfleMo~ C ~n~Ho~ npo
6era YXH Mem~y 3epHaM~ t ~ pa3MepOM 3epHa nopOWKa, CYlIIecTByeT 
CBfl3b. 

Bocnonb3yeMc~ ra30K~HeT~4eCK~M COOTHoweH~eM Anfl ~n~HW np06e
4V 

ra t = -_, r~e V - 06beM npOCTpaHCTBa Me~y 3epHaM~, S - nno-
S 

lIIaAb nOBepXHOCT~ 3epeH . .Qnfl npOCTOT~ paccym~eH~~ Bw6epeM e~~H~4
H~~ 06beM nopOWKa. BBe~eM 4~cno 3epeH B e~~H~~e 06beMa n ~ 3a
nonHeH~e 06beMa nopOWKOM C = PI/ P , r~e P - nnuTHOCTb MaTep~ana 
3epHa, PI - nnOTHOCTb nopOWKa. Tor~a V = 1 - n V3 =1- C ~ S = nS3 = 

S3 c__ , r~e V3 ~ S3 - o6beM ~ nOBepxHocTb 3epHa COOTBeTCTBeHHO.t V3 
HeM r~nOTeT~4eCKOM cnY4ae, KorAa cneKTp He~TpOHOB ~MeeT B~~ 0- 8 pe3ynbTaTe ~MeeM 

<!>YHK~~~ co CKOPOCTbtO VI ~n~ /V 2 ~ VI - MaKC~ManbHafl >1 M~ I
V2 
1 - C VH~ManbHafl CKOpOCT~ YXH Ha 06pa3~e/, MaKC~ManbHoe OTKnOHeH~e OT _ 4_3 _ /11/,\ tr

np~BeAeHHblx B Ta6n~~e 3:ia4eH~~ "'3Kcn He npeBwwaeT 50%. C S3 
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4 1 - C 
Anfl CIIY4afl C$ep"'4eCK"'X aepeH \r 3" -c- r , rAe r - paA"'Yc aep-

Ha. 
KaK OTMe4eHO B~we, AIIfI onpeAeIleH"'fI ~ '" ~ AOCTaTo4Ho aHaTb Be-
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1 - R( f 2) tr 2 1+ R(f) th UL e~~~ 6dthUz/L) 1 + R( 1) 

'116'1 ,. 6 
00 .... 0 b .... 
~r-:~'i '7.:...--"d' __ ......
HaBIIeKaeM~e ",a HeHTpoHH~X ",aMepeH"'~ aHa4eH"'fI cpeAH"'x paaMepoB 
~ 0 "N a:;) ""aepeH nopOWKa cpaBH"'BaIl",cb C AaHH~M"', nOIlY4eHH~M'" APyr"'M'" MeTO ~ fi+i~i .tifl 
~ (\J N N: t-t C')AaM'" IB 4aCTHOCT"', np'" nOM~'" M"'KPocKona/. 
~id~ ~~ 

pOWKaM"', "'Me~~"'M'" cpeAH"'~ pasMep sepHa nopFlAKa HeCKOIlbK"'X MKM. 
np", pa60Te C 60Ilee KpynH~M'" rpaHYIIaM"', "'Me~"'M'" pasMep nopFlAKa 

OCHOBHafi 4aCTb 3Kcnep"'MeHTaIlbH~x peaYIIbTaToB nOIlY4eHa C no
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1 CM, AIIfI nOIlY4eH"'fI T04H~X peaYIIbTaTOB Heo6xoA"'M~ 60Ilbw",e TOIl~"'
 +1 '8 

@ <0 

npo"'CXOA"'T yCKopeH",e YXH B rpaB"'Ta14"'OHHOM nOIle 3eMII'" '" HapywaeT
H~ CIIoeB. B 3TOM CIIY4ae B ",cnOIlbSOBaHHOH reOMeTp"'''' 3Kcnep"'MeHTa 

'8CfI npeAnOIlomeH",e 0 TOM, 4TO B npo~ecce A"'$$YS"'''' CKOPOCTb YXH ~ '" OCTaeTCfI He"'SMeHHO~. 

B Ta6I1"'14e np"'BoA"'TCfI cBOAKa OCHOBH~X peaYIIbTaTOB, nOIlY4eHHbiX 


B AaHHO~ pa60Te. s 
J,MeAb. OT*",r B BaKYYMe np'" 500 a e KaK nopOWKa, T~K '" KpynH~x 

~ NrpaHYII, np"'BOA"'T K aaMeTHOMY YMeHbweH"'~ BepOfiTHoCTvt r",6eIlvt YXH ~ . 
<DHaBIIe4eHHoe ",a 3TvtX 3Kcnep"'MeHTaIlbH~X AaHH~X ycpeAHeHHoe SHa4e mlOH<.Da 	 H (y) (1) co <.D 

Hvte 1/ <lKCn = 11,1 +0,31' 10-4 corIlacyeTcfI B npeAeIlax OAHO~ OWvt6K'" 000'0 -iN 
H

C TeopeT"'4eCKo~ BeIlH4"'HoH. OA~aKO He "'CKII~4eHO, 4TO B MOMeHT OT I!) I!) 

H H t"') CO') (I') C') 
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I> ?m",ra Ha nOBepXHOCT'" MeA'" 06paaOBaIlCfI CIIOH aaK"'C'" CUzO • HaBeCTHO, ~u)";M ~..,;l!l 

4TO np'" BbiCOK"'X TeMnepaTypax OT)I(",ra MeAH B 11I10XOM aaKYYMe napa
~.., I!)5~ NN~~N.. ~llIo ......60Il"'4eCKafi KOHCTaHTa OK"'CIIeH"'fI MeA'" B CUzO flBIIFleTCfI I1"'He~HOH

9	 10I 0.~1
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4eM Y MeA"': np'" PCu 0 :: 6,09 r'CM-3 Vrp= 5,2 M·c-1; 1/Teop = 
CKOPOCTb '" TeopeT"'4eCKoe SHa4eH",e I7Teop CUzO HeCKOIlbKO MeHbwe, 

~~I~ ...... C\tNN (')N2 8-8'8 S. 
= 	 1,05-10-4, npvt npeAnoIlomeH"'''' o6pasoBaH"'fI Ha nOBepXHOCT'" MeA'" 

g 6 aCIIOfi CUz 0 paCC4"'TaHHoe ",a 3Kcnep"'MeHTaIlbH~X BeIl"'4HH ~ ycpeAHeH <l 	 :.: 
I 0 l'a '" Hoe aHa4eH",e ~ 3Kcn = 19, 25.!,.2, 3/·1 0-5 TaK*e corIlacyeTcfI C Teope

8 da d~
T"'4eCK"'M aHa4eHvteM. 
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! 
..t 

,.<.. 

3aMeT"'M, 4TO npe6~BaH",e Ha BoaAyxe np'" KOMHaTHOH TeMnepaType 
MeAHoro nopOWKa B Te4eH",e 15-30 M"'H nOCIIe OTm",ra He np"'BOAvtIlO 
IB npeAeIlax CTaT"'CT"'4eCKO~ T04HOCT'" ",sMepeH",~1 K vtaMeHeH"'~ BeIl"'
4"'Hbi ~, OAHaKO nOCIIe npe6~BaHvtfl Ha BoaAyxe B Te4eHHe 12 4 Ha5I1~
AanOCb aaMeTHoe 1- B 2 paaal YBeIlvt4eH",e BepofiTHoCTH r",6eIlvt YXH. 
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euo . e POCTOM TeMnepaTYp~ OT~Hra KaK nopOWKa, TaK H rpaHyn, 
OT ~AO soooe npoHcxoAHT saMeTHoe YMeHbweHHe BepORTHOCTH rH6e
nH YXH InpHMepHO BABoe/, npH 3TOM B cnY4ae nopOWKa HSBne4eHH~~ 
HS 3KcnepHMeHTanbH~X AaHH~X ycpeAHeHH~~ napaMeTp ~5Kcn = 19,8+
~2,0/' 10-5 cornacyeTCl'! C TeopeTH4ecKHM SHa4eHHeM. OAHaKo, B OT~ 

YCTaHOBKH, TaK H OT*Hr B BaKYYMe -S'10-6 TOP HenocpeACTBeHHO 

Ha YCTaHOBKe He npHBOAHnH K saMeTHOMY HSMeHeHH~ p. H ~ , npHMep

HO B 6-7 pas npeBblwa~HM ~~p . Hs-sa 60nbWO~ OWHOKH HSMepeHHH 

120+30%1 TPYAHO rOBopHTb 0 KaKoH-nH60 saBHCHMOCTH P. OT CKOPOCTH 

HeHTpoHoS. OnHcaHHble HSMepeHHR npOBOAHnHCb C nopOWKOM, HaXOAHB

WHMCA nocne OT*Hra npH KOMHaTHOH TeMnepaType. npH 3TOM 6~no sa


... Me4eHO, 4TO npH oxna~eHHH o6pas4a npOHCXOAHT HeKOTopoe ynY4we
nH~He OT MeAH, AnR KpynH~x rpaHyn, HMe~Hx C¢epH4ecKY~ ~OPMY 
cpeAHHM AHaMeTPOM 4 MM, ~3Kcn nocne OT~Hra npH soooe npHMepHO 
B 7+8 pas npeB~WaeTl1T'8op , npH4eM BepORTHOCTb rH6enH YXH p. npaK
TH4eCKH He saBHCHT HH OT CKOPOCTH He~TpOHOB V, HH OT ycnoBH~ 
OT~Hra IHa BOSAyxe HnH B BaKYYMe/. BMecTe C TeM, npH HSMenb4e
HHH rpaHyn euo AO MenKoro nopOWKa co cpeAHHM paSMepOM sepeH 
-16 MKM nocne OT~Hra npH soooe ~3Kcn cornaCOB~BanOCb C ~Tlmp . 

OAHO~ HS BOSMO~H~X npH4HH 3Toro pacxo~eHHR InoMHMO caMoro 
TpHBHanbHoro - 4TO He YAanOCb XopOWO 06esrasHTb rpaHyn~1 Mo~eT 
O~Tb TO, 4TO rpaHyn~ euo Hs-sa oc06eHHOCTe~ TeXHonorHH HX no
nY4eHHR lAnA HcnonbSOBaHHA B Ka4eCTBe aACOPoeHToBI ABnR~TCA 
CHnbHonopHCT~M MaTepHanOM InnOTHOCTb oTAenbHO~ rpaHyn~ COCTaB
nReT 0, SS OT TeopeTH4eCKO~ nnOTHOCTH euo I. npH 3TOM, ecnH 6bl 
AHaMeTp nop a H paCCTORHHe Me~y nopaMH b 6blnH MeHbwe AnHH~ Bon
Hbl He~TpOHa .\, TO AMI OTpa~eHHR YXH rpaHyna RBnRnacb 6~ nnoTHblM 
Be~ecTBOM, HO C nnOTHOCTb~, MeHbwe~ TeopeTH4eCKO~, H COOTBeTcT

BeHHO V rpaHynbl - ';0,55 vrp Cu 0 = 4,2 M' c- l . OAHaKo OTCYTCTBHe 


rpnpH HSMepeHHRX C rpaHynaMH H MenKHM nOPOWKOM peSKoro BospaCTaHHR 
p. 	 npH V > 4,2 M'C- 1 OTKnOHAeT 3TO npeAnono~eHHe. B npon1Bono
nO~HOM cnY4ae, KorAa AHaMeTp nop a H paccToAHHe Me~AY nopaMH b 
60nbwe .\, TO npH ycnOElHH ~ fa > 1 I ~ - AnHHa nop~1 B no pax rpaHY
nbl euo npoHcXOAHT AH$~YSHR YXH, xapaKTepHsy~aRCA napaMeTpaMH 
.\ tr H L , Boo6~e rOBopA, OT nH4HblMH OT aHanorH4HbiX napaMeTpoB, 
onHCbIBa~HMH AH$$YSH~ YXH Me~y rpaHynaMH. YBem14eHHe 4Hcna Coy
AapeHH~ YXH co CTeHKaMH MaTepHana Ha 3KcnepHMeHTe npoRBHTCR KaK 
BospacTaHHe BepoATHoCTH rH6enH YXH p. npH OAHOM cTonKHoBeHHH C 
rpaHyno~. Hs sHa4eHH~ K03~H~HeHToB norn~eHHR AnR rpaHyn H no
pOWKa nocne OT~Hra MaTepHanoB npH 2SifH soooe nonY4aeM o~eHKY 
cpeAHero 4Hcna cOYAapeHH~ BHYTPH nop n - 4 Inplo1 npeAnono~eHHH, 4TO 
Ha 	 rpaHyne cos!) 0/.

3aMeTHM, 4TO npeAcTaBneHHble B Ta6nH~e cpeAHHe pasMep~ sepeH 
nopowKOB, HSBne4eHHbie HS AH$~Y3HH YXH, B npeAenax 3KcnepHMeHTanb
HO~ T04HOCTH 120+30%1 cornacy~TCA c AaHH~MH, nony4eHH~MH APyrH
MH MeTOAaMH. HaH60nbwee paSHornaCHe - B 2 pasa - Ha6n~AaeTcA 
B cny4ae rpaHyn euo . 3TO pacxo~AeHHe OT4aCTH CBRsaHO C BnHAHH
eM AH~Y3HH YXH B nopax rpaHynbl, npHBoAR~HM K pacceRHH~ YXH Ha
saA. 8 pesynbTaTe cpeAHH~ KOCHHYC yrna pacceRHHR Mo~eT HMeTb 
oTpH~aTenbHoe SHa4eHHe, 4TO npHBoAHT K YBenH4eHHoMY SHa4eHH~ 
~tr H Ka~y~eMycA YMeHbweHH~ cpeAHero pasMepa rpaHynbl. 

rpa$HT. HeoTo~~eHHbl~ nopOWOK, nOnY4eHH~~ HS 6noKa peaKTopHoro 
rpa~HTa, cpasy ~e AaeT no cpaBHeHH~ C APyrHMH 06pas~aMH 04eHb 
Many~ BepoRTHOCTb rH6enH YXH p. = 3,7.10-5 , OAHaKo KaK OT~Hr BHe 

HHe BaKYYM8, 4TO M~ CBRSblsaeM C aAcoPo~HeH rpa~HTOM OcTaT04Horo 
rasa B BaKYYMHoH YCTaHOBKe. npH nOBblweHHH TeMnepaTYPbl nopOWKa 
AO 2000 e nocne OT*Hra HaOnDAanOCb YMeHbweHHe p. , H napaMeTp 
~5Kcn = 17,0+S,0/·10-6 cornacyeTcR C TeopeTH4eCKHM SHa4eHHeM 
~~op = 9'10~, paCC4HTaHH~M no H3BeCTH~M ce4eHHAM saXBaTa H 
Heynpyroro pacceRHHR HeHTpoHoB B rpa~HTe npH 478 K'lll, O~eHKH 
nOKaS~BaIOT, 4TO SHa4eHHe P. -3,7,1 0-5 BOSMO~HO OO"RCHHTb Ham14HeM 
Ha nOBepxHOCTH sepHa nopowKa cnol'! BOAbl Ton~HHOH -7A, aACOpOHPO
BaHHOH rpa$HToM HS aTMoc~epbl BosAyxa HnH HS OCTaT04HOrO rasa 
3KcnepHMeH'TanbHoH YCTaHOBKH npH oxna~AeHHH 06pas~a nocne ero 
OT*Hra AO KOMHaTHo~ TeMnepaTYp~. 3aMeTHM, 4TO B cnY4ae eu HeUO 
npHcyTcTBHe aHanorH4Horo KonH4ecTBa aAcOpOHpOBaHHOH BOA~ 6~no 
O~ TPYAHO saMeTHTb Hs-sa 60nbwe~ BenH4HHbl p. B 3THX Be~ecTBax. 

BblBOAbI 

1. Haon~AeH H HccneAOBaH np04ecc AH~YSHH YXH s nopOWKax Me
AH, OKHCH MeAH H rpa~HTa. B 4aCTI'IOCTH nOKasaHO,4TO~1:13.ne4eHH~e 
H3 3KcnepHMeHTan.HWX AaHHWX no BenH4~He anbOeAo r~~!i~ corna
CYIOTCR C AaHHblMH, nOJlY4eHHblMH APyrHMH MeTQAaMH. ' 

2. BnepBble 31<CnepHMeHTanbHO nOll:alSaHO,4TO H3 "~t,4ep'eHHH KOO$
</lYl~HeHTa OTpa~eHHJII lanboep.ol YXH OT cnoR' nOPOlllKa'B031<10lltHO oope~ 
AenflTb Ha YPoBHe'-10-5 BepoRTt'9CTt> rlo1oem YXH npl:I;OAHOM CTonKHO~ 
aeHHH C nOBepXHOCTb~ MaTepHana. 

3. npYl onpep.eneHH~X YCnoBH.AX OT)I[Hr a nopowKa AfU! cnar60norn~a
~HX MaTepHanOB leu ,euo , rpa~~1T I BnepBble nOnY4eHO, cornaCHe 
3KcnepHMeHTanbHblX AaHH~X no aepOATHOCTH rH6enH YXH CTeopeTH4ec
KHMH SHa4eHHRMH. paCC4HTaH~ no HsseCTHblM ce4eH~AM saXBaTa H 
Heynpyroro pacceRHHA He.::iTpoHoB, H, nO-BHAHMOMY, "aHOMsnHfI" xpa
HeHHR YXH CBAsaHa C HeAoCTaT04HOH 4HCTOTOH HcnonbSOBaHH~X MaTe
pHaJ10B. 

ABTOPbl Bblpa~alOT HCKpeHHlO1O npHSHaTenbHOCTb B.K.HrHaToBH4Y sa 
MHor04HcneHHble none3H~e oocY~AeHHfI BonpOCOB, Hsno~eHHblX B AaH
HO.::i pa60Te. 
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PyKonHcb nocTynHna B H3AaTenbCKHR OTAen 
20 RHBapR 1987 roAa. 

ronMKOB B.B., KynarMH £.H., HMKMTeHKO ID.B. 
QTpaMeHMe ynbTpaxonQA~X HeHTPOHOB OT noPOWKoo6pa3HYX 
MBTepManoa 

PJ-87-20 

Ha6nQA8H M MCcneAOBBH npo~ecc AH~Y3HH ynbTpaxonQAHYX HeHTPQHOB /YXH/ 
B nopOWKBX MeAM, OKHCH MeAH M rpa$HTa. Bnepawe 3KCnepHMeHTanbHO nOKa3aHO, 
4TO a peaynbTaTe M3MepeHHH Ko3~H~MeHTa oTpa*eHHR /anb6eAo/ YXH oT cnoR no
POWKB B03MO*HO onpeAenRTb Ha YPOBHe -10-5 aepORTHOCTb rH6enH YXH npH OAHOM 
CTOnKHOBeHMM C noaepXHOCTb~ MaTepHana. flpH onpeAeneHHWX ycnoBHRX OT*Mra no
PQWKa AnR PRAB cna6o norn~a~Hx a~ecTa /MeAb, OKHCb MeAH, rpa$HT/ anepawe 
nony4eHO cornacMe 3KcnepMMeHTanbH~x AaHHYx no aepoRTHocTH rM6enH YXH c Teo
peTM4ecKMMM 3Ha4eHMRMM, PBCC4HTaHHYMM no M3BeCTHYM Ce4eHMRM 3aXBaTa M Heynpy 
roro pacceRHMR HeliTpoHoe M, no-aMAMMOMY, "aHoManMR11 xpaHeHMR YXH caRaaHa 
C HeAOCTaT04HOH 4MCTOTOH MCnOnb30BaHHYX MaTepManoa. 

Pa6oTa awnonHeHa a na6opaTOPMM HeHTPOHHOH $M3MKM 0~~~. 

Cooliuletllte 061oe,~tHIU!IIHOrO IIHCTHT}'T8 ll,ll;epHWX HCCJie,JtOBliHHii. ,lzy6Ha 1987 

nepeBOA O.C.BMHOrpaAOBOH 

Golikov V.V., Kulagin E.N., Nikitenko Yu.V. PJ-87-20 
Reflection of Ultracold Neutrons from Powder Materials 

Diffusion of ultracold neutrons on powder copper, powder copper oxide 
and powder graphite has been observed and studied. It was the first experi
ment to show that it is possible on a level of ~to-5 to determine by mea
suring the reflection coefficient (albedo) the probability of UCN loss per 
a coli is ion. Under special conditions of the annealing of powders from weak
ly absorbing materials (copper, copper oxide, graphite) the authors managed 
to reach for the first time the agreement of experimental data on the pro
bability of UCN loss with those calculated with the help of the known cap
ture cross sections and neutron inelastic scattering cross sections. As 
a result, an UCN storage "anomaly" seems to be due to impurities in the 
storage materials. 

The investigation has been performed at the Laboratory of Neutron Phy
sics, JINR. 
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