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C Tol!Ka A .n., C TpenKoa A.B. P3 - 11146 

npoXO>KileHHe YXH qepe3 TOHKHe llBHlKYWHeCl! CTeHKH 

npHBelleHbl peaynbT8Tbl pac'IeTa H 3KCnepHMeHT8llhHOr'O H86nJOileHHll 

a«J>«!>eKTa yaenB"'eHHll nponycKaHBll YXH qepea TOHKHe ro«!>pBpoaaHHble «t>onbrH 

H3 aniDMHHHll H MellH npH HX llBHlKeHHH B nepneHilHKynllpHOM HanpaaneHHH K 

pacnpocTpaHeHHID YXH. nponyCK8HHe T8KOI! «J>onbr'H H3 aniDMHHHll TOnWHHOll 

100 MKM ylKe npH CKOpOCTH ee llBHlKeHNll (5 - 8) MoC -1 llOCTHraeT - 0,9 
llnll YXH c 3HeprHell (50 - 150) o 10- aB. 

PaccwaTpBB8IDTCll HeKoTopbre npBMeHeHBll llBHlKYWHXCll «!>onbi' a aKcnepB

MeHTax c YXH. 

'p a6oT8 BblllOnHeHa B na6opaTOpHH Hel!TpOHHOl! $H3HKH 0);1 ~);I, 

llpeDpRRT 06i.eDReRROrO UCTRTYT& aJ(eplllolll RCCJieJlONRRI o Jly6aa 1977 

Stoica A.D., Strelkov A, V. P3 - 11146 

Ultracold Neutron (UCN) Transmission Through Thin 
Moving Foils 

Computing and experimental study of UCN increased trans
mission through thin goffered foils of Al and Cu moving perpen
dicularly to the UCN beam is ·presented. For Al foils 100 11m 
thick and with a translation velocity (5-+- 8) m/s, the UCN trans
mission was found to be about 0.9 in the neutron energy range 
(50-+- ·150) x 10-9 eV 0 Some methodical proposals are also 

discussed. 

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

Prepr1Dt of tbe Jo1Dt Institute for Nuclear Research. Dubaa 1177 

© 1977 06•ebuNeNHWI1 UNCR.,.JIII•bepNW%UCC..teboeaHU11,lb6NG 

BBED.EHI1E 

OpoXO;>K!leHrre HeilTpoHoB c 9HeprHSIMli 10-7<E<10-~9B 
qepe3 TOHKYJO <jlonbry 6bmo no.npo6Ho H3y"'eHo B pa-

6oTax /1,2/, D.nSI O!lHOpO!lHOT'O MaTepuana 9KCIIepRMeHT-

anbHO 6bin8 nony"'eHa !lOBOnbHO TO"'H8SI 38BRCRMOCTb 1/V 

Ce"'eHRSI OT V - CKOpOCTH HeilTpOHa BHyTpli BellleCTBa. 

D.nSI .nocTaTo"'no ToncToil <jJonbrH (3 >>A; 3 - TonmRHa 

¢onbrR, A - .nnnHa BOnHbJ HeilTpoHa) B npeHe6pe;>KeHRR 

RHTep<jJepeHUHOHHb!MR 9cflcpeKT8MH !lnSI K09<jJ<jJRUReHTa npo

nyCK8HRSI MO;>KHO HCTIOnb30B8Tb BNpa;>KeHRe 

- (1-k)2 
-----y 

1- )'2 k 2 ' 
T ( 1 ) 

V -V. 2 
r.ne y = exr>l -l (V. )3], k = ( _e _ _!_) (l =l +l * 

T 1 V + V. T a HY e 1 
Vi li V e -HopMallbHbie KOMIIOHeHTbl CKOpOCTR HeHTpOHa 

BHyTpR BeWeCTB8 R B BaKyyMe COOTBeTCTBeHHO). 

BBe.neM TaKRe o6o3Ha"'eHHSI:Ko9¢<jJRuReHT npo3p8"1HOCTH 

x = l T(V ) , r.ne V = mh v'BJbl - xapaKTepRCTR"'eCKaSI 
c c " 

CKOpOCTb '~* ( m - Macca HeilTpoHa, N - qacno smep 

* l a H l HY - MaKpOCKOIIR"'eCKHe ce"'eHHSI 38XB8Ta R 

Heynpyroro pacceBHRB COOTBeTCTBeHHO. 

** D.nSI BeWeCTB C b> 0 XapaKTepHCTH"'~CK89 CKOpOCTb 

COBII8)l8eT C rpaHH"'HOH CKOpOCTbiO V , X=.!!!. V 1//3/. 
rp Tl rp 
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B 1 CM 3, b - KOrepeHTHag .nnRHa paCC85IHR51) j 9<fl<fleKTRB-
Hag Tonmuua ¢onbrR L\ = xo. 

Ha puc.1 (a, 6) npeacTasneua aasRCRMOCTb Ko9¢<PR
uueHTa nponycKaHR51 OT CKOpOCTR HefiTpoua H 9<fl<fleKTRBHOH 

T T 
1.0 1.0 

0.5 0.5 

b<O 

0 IZ 'Yv. I I .c: 
~ c, 

1.0 1.5 2 0 0.5 1.0 

a 6 

P R c. 1. 3asucuMocTb Ko9¢¢uuueHTa nponycKaHH51 T OT 
CKOpOCTR HefiTpOHOB .nng HBKOTOphlX <fJHKCHpOB8HHhlX 3Ha
'leHHH 9<fl<fleKTRBHOH TonmRHhl \ semeCTBa C KorepeHTHOH 
.UnHHOH paCC851HR51: a) b>O H 6) b<O. t\=0COOTB8TC-

TByeT HaeanbHOMY cnyqmo: ~ T= 0 H b /= 0. 

TonmRHbi ¢onbrH, a a Ta6nuue npuse.ueH K09¢¢uuueHT npo
apa'!HOCTR .nng HBKOTOphlX BemeCTB 1 OTKy.Ua BH.llH0

1 
'ITO 

B o6naCTR YXH (V < 8 M. c - 1 ) see semecTBa cTaHOB51T
cg Mano npoapa'!HblMH nH6o aa C'!eT rronnoro oTpmKeHR51, 
nu6o aa cqeT cunhHO soapocmero nornomeHR51. 

O.uaaKo ecnu ¢onhry npusecTR s .llBR*BHRe aascTpeqy 
YXH, .To B Bbrpa*eHHe ( 1) 6y.ueT BXO.llHTb cyMMapHaSI 

cKopocTb ¢onbrH R YXH, TeM caMbiM cymecTseHHO yse
nH'!RBaeTcg npoapa'!HOCTb .llBR*ymeficg ¢onbrR .ung YXH. 

B npHHURne, npuse.ng nnocKyro ¢onbry B Kone6aTenbHoe 
.llBR*BHH8 1 MO*HO .ll06HTbC51 '!8CTR'!HOrO ysenH'!BHRSI npo-
nyCK8HH51 YXH /4/, o.uHaKo npu 9TOM B03HRKaiDT TeXHR-
'leCKHe Tpy.UHOCTH C03.ll8HH51 MeXaHR'!BCKOrO BR6paTopa

1 

4 

Ta6nuua 

vc 0
T, 10 

* ¥ X 
l\1 ·c -- 1 ) (6apn) ( C!\! -1 

Be 6,8 31 5,6 

c 6,1 30 5,f3 

Mg 3,'1 46 5,9 

Al 3,2 60 11 ,1 

Si 3,2 
56 8,8 

Ti 3,1 i 
1350 

250 

v 1,3' 
1400 

750 

Fe 8,3 
640 

87 

Ni 6,8 
1300 

168 

Cu 5,7 
900 

133 

Zr 3,8 
69 

7,7 

Mn 4,0 * 2500 
500 

Sn 3,3 
130 

14,5 

Ph 4,0 
49 

4,1 

Bi 3,4 
16 

1,3 

* 0TpHUaTeJlbHbie KOrepeHTHbie aMnnRTY.llbl paCC851HRSI. 

** flonHhle C8'!8HH51 .UnSI OTHOCHTenbHOH CKOpOCTH 
10 M·c-1. 
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o6ecne•umaiOruero cKopocTH 6onee 10 M. c-1 ( f _ to4ru 

np11 8MllJ1HTyae KOne6aHHH - 0,1 CM), H npHBO):la t:lBlf)f(8HHH 
TOHKOH ¢onbrn c 6onhrnofi nnoruaabiO. 

B HacToHruefi pa6oTe Hcnonb3yeTCH ro¢pHposaHHaH ¢onb
ra, t:lBlf)f(YIUBHCH nepneHAHKYJIHpHO K OCH pacnpocTpaHeHHH 

noToKa YXH. PaccMoTpeHbi npHHUHnuanbHbie sonpocbi, Ko

Topbie B03HHK8IOT llpH T8KHX 9KCll8pHM8HTaX, H OOCY)f(t:l8IOT

CH H8KOT0phle MeTOt:lHqecKHe perneHHH1 KOTOphle HCllOJlb3y

IOT TaKofi noaxoa. 

3KCTIEPHMEHT 

CxeMa 9KcnepHMeHTa npeacTasneHa Ha pH c. 2. YXH 
oT HCToqHHKa YXH, onHcaHHoro s/5/, npoxoaHnH no 

MeAHOMy 9Jl8KTpononHpOB8HHOMy HeHTpOHOBoay (1) H qe

pe3 ro¢puposaHHyiO ¢oJ1bry (2) nonaaanu Ha aeTeKTop 

YXH (3) c aocTaToqHo HH3KOH rpaHHqHofi aHeprHefi -

cnofi LiOH. H20, HaHeceHHbiH Ha CUHHTHnnHTop ZnS, 
BCllblWKH OT KOTOporo pePHCTpHpOB8JlHCb ¢oToyMH0)f(lfTeneM 

(4). f10JIH9THJ18H (6} TOJliUHHOH -50 MKM Ha CT8HK8X 

saKyyMHofi KaMepbi ( 5), nornoruaH YXH, a¢¢eKTHBHo 3a

IUHruan aeTeKTop oT nonaaaHHH B Hero YXH, npornearnHX 
B o6xoa ¢onhru. 

fo¢pHpoBaHHbie noa yrnoM 90° Ha cneuuaJibHbiX MaT

puuax ~OJlbf'H 113 8JliOMHHHH H MeaH MOHTHpOB8JlHCb Ha 

AHCK (7) 1 KOTOpbiH nocpeaCTBOM M8f'HHTHOH My¢Tbl (8) 
H CHCT8Mbl nepeMeHbl nepeaaq (9) llpHBOAHJlCH BO Bparue

Hl!e aneKTpoMoTopoM nocToHHHoro ToKa (10). MHorocnofi

HbiH nepMannoeBbiH 9KpaH ( 11) a¢¢eKTHBHO 38IUHIUan ¢3Y 
OT OCUHJlJlHUHH M8f'HHTHOPO llOJlH MY¢TLI. l13MepeHHe CKo

pOCTlf BparueHHH npOH3BOAHJ10Cb C llOMOIUbiO paCUOJ10)!(8H

HOf'O y Maf'HHTHOH My¢Tbl aaTqHKa ( 12) 1 HMnynbCbi OT 

KOToporo nonaaanH Ha HH3KoqacTOTHbiH ocuHnnorpa~. CKo

P'CTb sparueHHH perynHposanacb s npeaenax oT 0 ao 
50 M· C -1 CHCTeMOH nepeMeHhl nepeaaq H !i3M8H8HH8M 

HanpH)f(8HHH llHTBHHH MOTOpa OT CT80HJlH3HpOB8HHOf'O HC

ToqHHK81 o6ecneqHB8Jl8Cb CTBOHJlbHOCTb yCT8HOBJ18HHOH CKo
pocTa _ (3 c- 4)%. 

6 

::1 

.-

9 10 

r ____ ----,;:....--... 

~ 
5cM 

PH c. 2. CxeMa aKcnepHMeHTa. 1 - HeiiTpoHosoa YXH; 
2 - ro¢pHposaHHaH ¢onbra; 3 - aeTeKTop YXH ( Li0H + 
+ ZnS); 4 - <P3Y; 5 - saKyyMHaH KaMepa; 6 - nornoTH

Tenb YXH {nonHSTHneH); 7 - aacK anH KpenneHHH ro¢pH

poaaauoii ¢onbrH; 8 - MarHaTHaH My¢ra; 9 - CHCTeMa 

nepeMeHbi nepeaaq; 10 - aneKTpoMoTop; 11 - nepManno

eBbiA MBPHHTHbiH 9KpaH <P3Y; 12 - M8PHHTHbiH aaTqHK 

CKOpOCTH BparueHHH. 
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BayTpu Ko~yxa (5) noaaep~uaancg aaKyyM 

cucTeMoii OTKa'IKH aeiiTpoaoaoaa YXH. 

OECY~llEHHE PE3YflbTATOB 

-10 - 4 Top 

PaccMoTpHM MexaH113M npoxo~neHHH YXH qepea UBH
~ywyrocg ro¢pepoaaHHyro no nenoo6paaHoMy npo¢enro ¢onb
ry c 6ecKoHe'IHoii nn11aoii. Tipeae6peraeM aaaqane aaa-
6apbepHhiM oTpa~eHHeM. B CKopocTHOM npocTpaHCTBe B 
CHCTeMe OTC'IeTa, CBH38HHOH C aBH~ymeifcg ¢onhrofi 

(pH Co 3) 1 MO~HO Bhrae.TI11Tb H8CKOllbKO X8p8KTepHbiX 30H: 

vl 
II I II 

IV 

-Vs Vc,Yf 0 

~ 
/ 

/ 
Ill / 

/ 
/ 

// ~ 
/ 

Vc.Yf 

IV 

Ys 
P 11 c. 3, CxeMa aoa a npocTpaacTae CKopocTeii, cagaaaHoM 
C ¢Ollbr'OH, 

u aanpeTHag" 30Ha ( I ) 1 I'ae H8HTpOHhl OTpa~aiOTC g OT 

o6eux cTopoa ay6uoa; aoaa "oaHoKpaTHOI'o npoxo~aeaug" 
(II); "cMewaaaag" aoaa (III), I'ae aeiiTpoHhi MOI'yT oTpa
~aTbcg OT oaH0H H3 CTOpOH ay6ua; 30Ha MHOI'OKpaTHOI'O 
npoxo~aeaug (IV), TaKaH KapTHHa nocTpoeaa ang yl"'na 
90° Me~ay ll.TIOCKOCTHMH ay6UOB ¢Onbr'H 1 OaH8KO 8H8llOI'H'I
HyiO KapTHHy ll8I'KO MO~HO UOCTpOHTb tf ang apyr'HX 3Ha-
'18HHH yr'na a • B aoae IV npu V » V u V » V 

X Y X C 

8 

c. 

... 

.-

Kos¢¢uuueHT npoxo~aeHHH HMeeT T8KOH 8CHMUTOTH'I8CKHH 

aua: 

T :::: exp (-I. T(V y) si: a/2) · (2) 

H a pacnono~eaug CKopocTHhiX aoa ( cM, puc. 3) cneay-
V -

eT, 'ITO B OKpeCTHOCT11 3H8'18HHH V = __ _!<_ (V c y2 npu 
x cos a/2 

a = 90 ° ) aa~e npu Ma.TILIX aaa':leHHHX V Y nponycKaaue 
qepea I'o¢pupoaaaHyro ¢onhr'Y aocTaTo'IHO 6onbwoe 6na£'o
aapg oaHoKpaTHOMy npoxo~aeauro YXH qepea oaua ua 
ay6uoa ¢onbi'li 11 nocneayroweMy oTpa~eH!IIO oT npaner'aro
weii K HeMy cTopoHbi coceaHei'o ay6ua. 

Tip!I aBli~8HHH I'O¢papOB8HHOH ¢onbr'H KOMUOHeHTa V 
X 

YB8ll11'1HBa8TCH Ha B8llll'IHHY V0 - CKOpOCTb UBHlli8HHH 
¢onbr'H ( HanpaaneHue cnpaaa-Haneao Bhi6paHo aa no.TIOM!I
TenhHoe HanpaB.TI8HH8 CKOpOCTH V O ) , H a 9TOM OCHOBaH!IH 
MO~Ho npencKaaaTb, 'ITO Kos¢¢auueHT nponycKaH!IH YXH 

'lepe3 aBlllliYlllYIOC g I'O¢~mpoBaHHYIO ¢onhry 6yneT !IM8Tb 

c 
MaKC!IMYM npu V o= -~----, a Up!I 6o.TiblllHX CKOpOCTHX 

cos a/2 
6yneT UOCTOHHHhlM. 

Ha p 11 c. 4 noKa3aHhi nonyqeHHLie sKcnepaMeHTallbHLre 
pe3y.TibT8Tbl ang 3aBHC!IMOCTH Kos¢qHIU118HTa nponycKaH!IH 
OT CKOpOCT11 aBH~8HHH I'O¢pHpOB8HHhiX ¢onbr' H3 a.TIIOMHH!IH 
a Mena. Tipeahrwenae Kos¢¢auueHTOM nponycKaHHH enHH!I'I
Horo 3H8'18HHH (a.TIIOMHHHBaH ¢o.Tibi'a TO.TllllHHOH }()(} MKM) 1 

UO-BHUHMOMY 1 CBH3aHO C H3M8H8HH8M ClleKTpa HeHTpOHOB 1 

nanaronmx Ha neTeKTOp a peaynbTaTe oTpa~eHHH [(V x ,VY)-. 
-. (Vx- V 0 • V Y + V0 )] , 'ITo, B caoro oqepenh, anag-
eT Ha s¢¢eKT11BHOCTb perHCTpaUHH neTeKTOpOM 1 llOCKO.TlbKy 
OHa 38BHCHT OT 9Hepi'11li perHCTpupyeMhiX HeHTpOHOB, 

ilng llOHCH8HliH MexaHH3M8 llp0XO~U8H11H H8HTpOHaM11 
CMernaHHoii 30Hhi (Ill) 6hm nponenaa SKcnepaMeHT 

c noi'.TIOTHTeneM YXH (no.TI119TH.TieH TO.Tilll11HOfi 100 MKMl, 
H8H8C8HHhlM Ha pa3.TI!I'IHhl8 CTOpOHbl U.TIOCKOCTefi ay6UOB 
(puc.5). 

nng pacqeTa nponycKaHHH YXH qepea UBH~Ylll118CH 
I'o¢p11pOB8HHhie ¢o.Tlbr'H HCUO.Tlb30B8llHCb U8HHbl8 pa60Thl/ 1/ 
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1.0 
T f 

l
_f. tf f ~ 0!)-+-ttr!L Al 

!! -- f 

0.5 • 

Cu, 
• 

-----
0 10 20 v 

P II c. 4, 3asiiCHMOCTb nponycKaHHSI T rorppiiposaHHoi1 rponb
rH ( a =90 °, War 2,5 CM) H3 anJOMIIHHSI (100 MKM) II 

MeJllf ( 1 00 MKM) OT CKOpOCTU JlBIOKeHII SI rponbr'II V M. C - 1 • 

CnnowHhiMH nnHIISIMII noKa3aHhi pacT.JeTHhre 3aBIICIIMOCTII 

JlnSI HanpasneHHoro, a nyHKTIIpaMn - JlnSI II30Tponaoro 

noToKa YXH c MaKcsennot3CKIIM pacnpeJleneHIIeM CKopoc
Teii. 

JlnSI V c II aT (V). TiycTb T 1 II R 
1 

- cooTBeTCTBeHHO 

K09rprpiiUIIeHTh! npOXO)!(JleHIISI II OTpa)!{eHII SI JlnSI npasoii CTo

pOHhl 3y6ua, a T 2 II R 
2 

- JlnSI nesoi1. 

H3 oT.JeBIIJlHhiX reoMeTpH'ieCKHX coo6pa)!{eHIIli K09<jJ<jmuu
eHT UpOXO)!(JleHIISI 6yJleT paBeH: 

Y+f3 
npu f3 < 1, y <-(3, k ==Integer[- --J 

2(3 

T R2 [1-(T T )kj 
1 2 1 2' 
------]; 
1-T1 T 2 

k T == T 2 [1 +R2(T
1
T

2
) ] + 

10 

' 
' 

\ 
J 

npii (3<1, y>-(3, 1- y 
k = Integer[ --J 

T T 1 + 

2(3 

T 
2 

R ~ [ 1 - (T 
1 
T 

2 
) k ] 

1-T
1
T

2 

npii /1 > 1, k Integer [ Y - f3 J 
2 

'I T 1 [ ( T 1 T 2 ) k + R ! - (T 1 T 2 ) k 
2 1- T T-J, 

1 2 

(3) 

vx 
rJle f3 = I --I , y G- [ -1, lJ - napaMeTphr Ha'ianbHoii: TO'iKH 

vY 
nponeTa HeiiTpOHa BHyTpll OJlHOI'O 3y6ua, 

PacT.JeThi npon3BOJliiniiCb MeTOJlOM MoHTe-Kapno, sapbH-

posaniiCb 3Ha'ieHHSI y, Benll'iiiHh! CKOpOCTII II ee Hanpasne-

HllSI, Pe3ynhTaThr nony'ieHhi JlnSI MaKcsennoscKoro cneKTpa 

YXH B aanpasneHHOM II II30TponHOM cnyqagx II Il3o6pa)!{eHhi 

aa pH c. 4 II 5. BIIJlHO, 'iTo ny'iwee cornacue c 9KcnepnMeH

TOM nonyqunocb JlnSI aanpasneHHoro noToKa YXH. 0 Hanpas

neHHOCTH noToKa YXH CBIIJleTenbCTByiOT II pe3ynbTaThi npSI

MhiX II3MepeHIIi1 BhiCTpoeHHOCTII noToKa YXH Ha BhiXOJle 

H3 Heii:TpOHOBOJlOB /6/. 
TIOCKOnhKY 3aBIICIIMOCTb 9<jJ<jJeKTHBHOCTH Jl9T9KTOpa OT 

9Hepr'HII Heii:TpOHOB TO'iHO He 6hrna I13BeCTHa, OHa B pac

'ieTaX UpiiHHManaCb paBHOH 1, 

B npHHUIIne ponb npaBIInbHhiX 3y6uos - ro<jlp - MoryT 

Cbii'paTb 06bi'iHO npiiCYTCTBYIOWHe nosepXHOCTHhie wepoxosa

TOCTH, ecnii ux pa3Mephr npeshrwaiOT JlniiHY sonHhi YXH 
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J 
2.0 

1.0 

! 

0 

!(" e 
1 

~~ 
10 

v-----

~1 

~2· 

t t t 
<P 

20 v 
pH C. 5. 3aBHCHMOCTb HHTeHCHBHOCTH pel"'HCTp8UHH J C - 1 

OT CKOpOCTH llBHMeHH.SI V M·C - 1 MellHOH I"'OcppHpOB8HHOH 

¢onhrH {TonmHHOH 100 MKM) un.s:r uayx nono*eHHH norno

THTeneil YXH, pacnono*eHHbiX Ha 3y6uax, cornacHo cxe

Me, llOK838HHOH Ha pHCYHKe. ilHcppaMH 1 H 2 0003H8'1eHbl 

llB8 nonoMeHH.SI llOf'nOTHTen.s:r, B OCTanbHb!X llBYX B03MO*

Hb!X nono*eHHHX oH He nponycKaeT YXH. ¢ - Hanpaaneu

HbiH noToK YXH. CnnoruHbiMH nHHH.SIMH noKa3aHbi pac'leTHbie 

38BHCHMOCTH un.s:r Hanpaaneuuoro noToKa YXH. 

{ - 5 · 10 -G cM). OuHaKo 9KCnepHMeHT c nnocKoil ¢onbroil 

B BHlle llHCKa H3 amOMHHH.SI TOnlliHHOH 100 MKM He llOK83an 

38MeTHoro H3MeHeHH.SI nponycKaHH.SI YXH npH llBHMeHHH 

cponbf'H CO CKOpOCT.SIMH OT 0 llO 35 M·C-1, 'ITO MOMeT CBH

ueTenhCTBOB8Tb 06 OTCYTCTBHH Ha Bb!OpaHHOH cponbre OOnb-
-6 

lliOf'O KOnH'IeCTB8 ruepOXOB8TOCTeH, npeBbllli8IOlllHX 5 • 10 CMo 

CneuHanbHO HaHeceHHbie Ha 9TOT nnoCKHH llH:CK wepoxoaa-

12 

-2 
TOCTH C Bb!COTOH - 10 CM npH:BenH K He3H8'1HTenbHOMY 

yaenH'IeHHIO nponyCK8HH.SI llpH BpameHHH llHCKa. 

OPI1 ME HE HH.H 

a) D.BH:MymHec.s:r ueTeKTOphr, MHWeHH, KOHaepTopbi YXH. 
B 9KcnepHMeHTax c YXH qacTo Tpe6yeTc.s:r oTueneHHe 

B8KYYMHOI"'O llpOCTpaHCTBa HeHTpOHOBOll8 OT nonocTeH C 

I'830M, HanpHMep B f'830BbiX KOHBepTopax /7/, I'830BbiX 

MHllieHHX, f'830pa3p.SillHbiX lleTeKTopax /8/ H Tollo 06bi'IHO 

lln.SI 9TH X Uene:ii llpHMeH.s:reTC.SI TOHK8.SI { - 100 MKM H MeHb

rue) aniOMHHeBa.SI cponhra, nponyCKH8.SI CllOCOOHOCTh KOTopo:ii 

lln.SI MBKCBennOBCKOI"'O ClleKTpa COCTaBn.SieT TOnbKO - 0,35 
rnaBHbiM o6pa30M no npH'IHHe 'laCTH'IHoro oTpaMeHH.SI YXH 
OT llOTeHUH8nbHOf'O 6apbepa lln.SI aniOMHHH.SI { - 50 H98). 

B TaKo:ii CHTyauHH, Ka3anocb Obi, ecTeCTBeHHo npen

nOMHTh un.s:r nponycKaHH.SI YXH cnoH aemecTaa, He o6nauaiO

mero noTeHuHanhHbiM 6apbepoM ( I N . b. = 0), aanpHMep 
· I I 

¢onhrH H3 cnnaaa Zr- Ti nneHKH 1 non'i9THneaa H T.ll. 
' B neilCTBHTenhHOCTH cymecTaoaaHHe cpaBHHTenbHo 6onhwo-

ro Ce'leHH.SI 38XB8Ta y .Sillep C OTpHUaTenbHOH KorepeHTHOH 

8MilnHTyllOH pacce.SIHH.SI llpHBOllHT K TOMy, 'ITO llpHeMneMoe npo

nyCK8HHe YXH nonytJaeTcH TonbKo .llnH O'leHh TOHKHX cno

ea, lln.SI KOTOpb!X yMe HeB03MO>KHO Bb!llOnHHTh Tpe60B8HHe 

H8ll9MHOH repMeTH'IHOCTHo 3Ta CHTYBUH.SI HnniOCTpHpyeTC.SI 

pH c. 6, f',lle il0K838Hbl H3MepeHHhie 8BTOp8MH 9TOH pa60Tbl 

Cp8BHHTenbHhle HHTerpanbHhle 9HepreTH'IeCKHe 38BHCHMOC-

TH nponycKaHH.SI YXH '1epe3 ¢onhrH H3 Al TonmHHOH · 

20 MKM H cnnaaa Zr {48%) - Ti {52%) TonmHHOH 

20 MKM {6onee TOHKyiO ¢onhry 6onhwoH: nnomanH H3 

9Toro cnnasa H3f'OTOBHTh ae yuanocb). 

B pa6oTe /9/ noKa3aHo, 'ITO nponycKaHHe oxnaMneaHoH: 

.llO TeMnepaTypbi - 80 ° K repMeTH'IHoH: nonH9THneHoaoH: 

nneHKH TonmHHOH - 30 MKM cocraan.s:rer - 0,6 un.s:r YXH 
c 9HeprH.SIMH or 60 no 150 H9B. Cne.llyeT OMHllaTh, 'ITO 

.lln.s:r YXH c 9HeprH.SIMH MeHee 50 aaB nponycKaHHe aToli 

nneHKH HaMHoro yMeHhlliHTc.s:r. TaKHM o6pa3oM, .llOCTHI'HyTh 

ynoaneTBOpHTenhaoro nponycKaHH.SI, oco6eaHo nn.s:r HaqanhHo

ro y'laCTKa cneKrpa YXH, aepo.s:rTHo, B03MO>KHo TonbKo 
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P e c. 6. 3aaHCBMOCTb nponycKaHB H T oT E ( 10 aB) -

aaeprBH YXH (BbiCOTbi noa'beMa H (eM) aeTeKTopa Hall 

ypoBHeM aefiTpoaoaoaa) anH ¢onhrH H3 Al ( o =20 MKM) 

H cnnaaa Ti (52%) - Zr ( 48%) ( o =20 MKM). 

npHMeHHH JlBH)!(YlliHeCH rocppHpOB8HHbie cponhrH, H3rOTOBneH

Hhie H3 BerneCTB C ManhiMH ceqeHHHMH 38XB8T8 H Heynpy

roro pacceHHBH. Ha p B c. 7 noKa3aHbi pac'leTHhie 38BHCH

MOCTB KoacpcpHUBeHTa nponycKaHBH oT cKopocTe YXH anH 

HeKOTOpbiX cpHKCHpOB8HHbiX CKOpOCTefi llBH)!(eHBH rocppBpOB8H

HOH aiiiOMBHHeBofi ¢onhrH Tonnmaofi 100 MKM. Yrnoaoe 

pacnpeaeneaee YXH C'IHTanoch B30TponHhiM, 

DponopUHOHanhHbifi cqeT'IHK, B3roToaneHHhifi c uenBHllPH

'IeCKBM K8TOJ:{OM H3 rocppBpOB8HHOH cpOnhrB (p83Mep 3y6-

UOB H8MHOrO MeHmllie cpeaHero llHBMeTpa) B llOCTOHHHO 

Bp8lli810lliHHCH BOKpyr OCH UHnHHllpa, no KOTOpofi npOTHHy

T8 HHTh - aaoa, 6yaeT npaKTH'ieCKH o6naaaTh yaoBneTBo

pHTenhHofi acp¢eKTHBHOCThiO BllnOTh llO 9HeprHfi perHCTpB

pyeMbiX YXH -5 aaB ( -1 M -c -1 ) • 

Ha OCHOBe aToro )!(e llpHHUBlla MO)!(HO C03ll8Tb KOH

CTpyKUHIO MHrneHB anH H3Y'IElHHH B38HMoaeficTBHH YXH 
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T 
1.0 

0.5 

0 1 2 3 4 5 Yn 
p B C 0 7 0 3aBBCHMOCTb nponyCK8HHH T OT CKOpOCTB Vn M·c-1 

HefiTpOH8 ( H30TpOllHbiH llOTOK) JlnH HeKOTOpbiX 3Ha

'leHHH CKOpOCTH V llBH)!(eHHH rocppHpOB8HHOH cponhrH H3 

Al (a = 90 ° , o = 100 MKM) • 

1 - V = 0 M·c-1 ; 1 a - nnocKaH ¢onhra; 

2 - V =2 M'C - 1 j 3 - V = 4 M•C -1; 

4- V =6 M·C-1 j 5- V =}Q M·c-1; 

6 - nponycKaHHe anH ¢onhrH H3 Be ( oxna)!(JleHa ao 80° K 
V =20 M.c-1) HnH Bi (V =5 M·C-1 ), ' 

c ra3aMB, HanpHMep anH npoBepKH 3aKoHa 1/V npe o'leHh 

ManbiX 3Ha'leHBHX V- 0,20 M·c -1 (E- 2 ·10 -10 aB). Cne
ayeT 3aMeTHTh, 'ITO BbillieOllHC8HHbie KOHCTpyKUBB npeayc

M8TpBB8IOT llBH)!(eHHe H C8MOrO ra3a, 3aKniO'IeHHOrO B He

KOTOpOM o6'beMe CO CTeHK8MH H3 rocppHpOB8HHOH cponhrBo 

3To aononHHTenhHOe llBB)!(eHee ra3a He noBneHeT Ha H3y

'laeMoe npoXO)!(JleHHe 'lepe3 Hero YXH, llBB)!(YlliHXCH c ro

pa3ao MeHhlliHMH CKOpOCTHMH, llOCKOnhKY paCCMaTpBBaeMbie 

HanpaaneHHH llBH)!(eHHH ra3a H pacnpocTpaaeHBH YXH 
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B3BHMHO rreprreHAHKYllHpHhl (DpH 8TOM BpeMH rrpe6hlBBHHH 

YXH a cocyae c ra3oM He 3BBHCHT aT CKopocTH ABH>Ke

HHH cocyaa). 

f1pHB.'1eKBTellbHB H B03MO>KHOCTb DpHMeHeHHH BHBllOrH"i

HOrO MeTOAB B ra30BhlX KOHBepTopax, rae ceAqac HB 

amoMHHIIBBbiX OKHBX HMe!OTCH AOBOllbHO 60llblllHe ITOTBpH 

rroToKa YXH (a - 2-3 pa3a)/s/. Bpal!laiOl!lHt'IcH KOHBepTop, 

3BITOllHeHHb!H rrapaBOAOpOAOM DpH 830THOA TeMrrepaType, 

ITO cpaBHeHIIIO CO BCBMII HMB!OlllHMHCSI B HBCTOHIUBe BpBMSI 

rro3aonsreT O>KHABTb Haa6onhwero BbiXOAa YXH ( G(T ,T )-
-ls/7/ ). II k 

6) XpaHBHHe YXH B repMeTH"iHbiX cocyaax. tf MrrynhCHbiii 

3aTaop ansr YXH 

Ecnii aerrpephlBHoe Kone6aHae rrnocKoA ¢onbra anH 

nocTOSIHHoro nponycKaHusr YXH qepe3 Hee ocywe CTB!1Tb 

TBXHII"iBCKII CllO>KHO, TO OA!1HO"iHhlB LlOCTBTO~HO PBAKIIB 

6biCTpbie rrep!10LlH"iBCK!1e nepeMeWeH!1SI rrnocKoti IIJonhrH, 

aeposrTHo, pean!130BBTb HeTpyaHo. TaKHM o6pa::wM rrosrBnH

eTCH HMIIJ'llbCHoe rrponycKaHHe YXH, KOTopoe MO>KHO IIC

TIOllb30BBTb All51 C03LlBHI151 TIOllHOCTb!O repMBTI1"iHb!X cocy

LlOB, HanonHHH !1X ynbTpaxonoaHhlM!1 HeATpOHBMH a aw

nycKaH YXH H3 Hl1X rrocpeacTBOM pe3KHX acTpHXHBBHI1A 

acero cocyaa. HanpiiMep, !1CTiollb3YH yaapaoe TopMo>KeH!1e 

IIOCne CB060AHOrO naaeHIIH cocyaa, MO>KHO a¢¢eKT11BHO Ha

TIOllHIITb era YXH, nonyqaeMbiMH oT HMnynbCHbiX peaK a 

cpa6aTbiBBIOWHX peaKTopoal 10/. 
f1oapo6Hee OCTBHOBIIMC51 Ha TipHMBHBHHI1 8TOro Tipi1HU11-

Tia anSI co3ABHI151 3aTaopa ansr YXH Ha nynhCIIPYIOlllBM 

peaKTope TI1TI8 Y1EP /11.12/. 

3aTaop - caoeo6pa3Hbiii: Knarraa anSI ra3a 113 YXH -

OTKpb!BBBTCSI TOllbKO HB BpBMSI TIPOLl0ll>KHTBllbHOCTI1 IIMIIyllb

Ca peaKTopa anSI rrponycKaHI151 nnoTHhlx crycTKOB YXH 

OT KOHBBpTopa B HBKOII!1TBllbHhlH o6~eM. B rrpoMe>KyTKB 

MB>KLlY HMTIYllbCBMII 3BTBOp 38Kpb!T II npeTISITCTBYBT o6paTHO

MY nonaaaHI1IO YXH aa KOHBepTop, KOTOpbiii a aTo apeMsr 

srBnHeTCH y>Ke 11x a¢¢eKTI1BHbiM nornoTHTeneM. B rrpiiHUH

rre, MO>KHO "HaKB"iBTb" BBCb COCYA TBKIIMH cryCTKBMII 

ra3a II3 YXH ao 3Ha"ieHIISI rrnoTHOCTI1 ynbTpaxonoAHhiX 

aeii:Tpoaoa, cooTBeTCTByiOmero nnoTHOCTH YXH B KOHBepTo

pe BO BpBMSI 11MIIyllbCa peaKTOpa, "iTO HBMHOrO IIpBBbllll8-

16 

eT nnoTHOCTI1 YXH, rronyqaeMhie B HacTosrwee apeMH aa>Ke 

HB BhlCOKOIIOTO"iHWX CTBUI10HBpHhlX peaKTOpax. CymeCTByiO

lilBSI B HBCTOSIWBB BpeMSI BLlHHCTBBHHBSI pa60TB!Olil851 KOH

CTpyKUH51 3BTBOpa lllBllBBOro TI1ITB He o6ecneqi1BBBT AOCTa

TO"iHOH repMBTI1"iHOCTI1 11 IT03BOllSIBT 11CITOllb30BBTb TOllbKO 

MBHBB ITOllOBI1Hhl ITOllHOA ITllOlilBAH KOHBepTopa/10/. f1pea-

naraeMB51 KOHCTpyKUI15! CB060AHB OT 8THX HBAOCTBTKOB. 

f10SIBll5110WyiOC51 Ilp03pB"iHOCTb IlllOCKOi:i ¢onbrH, ITOCTy

TIBTBllbHO AB11ra10meticsr HaBCTpeqy YXH ao apeMH HMrrynb

ca peaKTOpa, MO>KHO HCITOllb30BBTb LlllSI C03ABHHSI 3BTBOpa 

YXH ". <Ponhra Bbi6upaeTC51 113 MaTepnana c rpaHI1"iHOII 

CKOpOCTbiO, He MBI!blllBH, 'IBM rpaHI1'lHB51 CKOpOCTb CTBHOK 

rroacoeanHHeMoro cocyaa, a ee pa3Mepbi aon>KHbi cooTaeT

cTaoaaTb rrnomaan KOHBepTopa. 

llorryCTIIM, "iTO ¢onbra IlpH6lli1>KBBTCSI K KOI!BBpTopy UO 

3aKoHy: x = x 0 (1 + cos(2rrt/t
0

)), rae t
0

<<Tp ( TP-
IIBpllOA ITOBTOpBIII!51 llMITYllbCOB peaKTOpa), t -,, \r ( '\r 

0 
LlllllTBllbHOCTb lll\triYllbCa). f1onaraeM .\r > 0. 

Koa¢¢HuneHT rrpoxo>KaeHHSI qepea aan>KymyiOCH ¢onbry 

6yaeT: 

T 

ti~ 

I 
tmin 

X X dV 
S(-·--)T(-- + V)-dt, 

t - T t - T dt , 
(4) 

dx 
rae V =- d' S(Vn ) - crreKTp YXH (a cnyqae u3oTponHo-

ro pacrrpeaetllBHH51 CKOpOCTeii: S(Vn) = _4_(Vc2 -V/{)V n); r 
y4 

c 
BpBMSI 38ABp>KKil HB"iana ABil>KBHIISI ¢onbf'H OTHOCHTBllbHO 

11MITynbCB peaKTopa; tmin - KOpeHb ypaBHBHI15! V (t . -r)= 
min 

X 
=X(t .) rrpn r·>-_£_ II t. =0 ITPilr< 

_!!!Ill Vc mm - Vc 

T -3BBI1CHT TOllbKO OT Vmax /V c (V max - MBKCI1MBllb-

HaSI CKOpOCTb ¢onbf'H), T H ~. CymeCTBYBT HBKOTOpoe 

X o 

T 0 ' IIpll KOTOpOM T HMeeT MBKCIIMYM• Ha pH c. 8 rrpea-

£T8BllBHbl pe3yllhT8Tbl "illCllBHHbiX p8C'IBTOB 38BI1CHMOCTH 

T ( ~) AllSI HBKOTOpbiX ¢IIKCI1pOB8HHbiX 3H8't{BHHA V /V 
max c 

Dpl1 OITTHMBllbHOM 3HB'lBHHI1 T =r
0

, 

*B ITB[JBbiB rrpeanO>KBHO 10 .H .f1 OKOTHllOBCKHM. 
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T 

0.5 

p H c. 8. 3aBHCHMOCTb OIITH

MBJihHOrO nponycKaHHSI T 
OT 3<fl<fleKTHBHOH TOJilllHHhl 

IIJIOCKOH <floJihrH aJISI HeKO

TOph!X 3Ha"'eHHH Vmax /V c · 

2 ~ 

3naSI T, HeTpyano oueHHTh 3<fl<fleKTHBHOCTh aeficTBHSI 

TaKoro 3aTBopa. TipeanoJIO)!(HM, "'To nnoTHOCTh YXH B 

HBKOIIHTeJihHOM cocyae He MeHSieTCSI BO BpeMSI B03BpaTa 

38TBopa B HCXOaHoe IIOJIO)!(eHHe B npoMe)!(yTKe Me)!(ay 

HMnynhCBMH peaKTopa, Toraa cpeaHSISI nnoTnocTb YXH 
B HBKOIIHTeJihHOM cocyae IIOCJie k HMIIYJihCOB peaKTOpa 

6yaeT 

n = 
k 

v-ov ( TP ) 1 vc T---- exp - - n + -. -- n , 
v T

0 
k-1 2 v o 

(5) 

rae V - 06'beM HBKOIIHTeJihHOro cocyaa; ()y - MBJlhiH 

06'heM, 38KJIJ0'1eHHbiH Me)!(ay aByMSI KpafiHHMH ITOJIO)!(eHHSI

MH aBH)!(ymeficSI <flonhrH; T0 - ~peMSI xpaHeHHSI YXH B 

HBKOIIHTeJihHOM of?'beMe; V c = S V n ~ T - 3<fl<fleK_!HBHhiH o6'h-

eM KOHBepTopa ( S_ - nnomaah KOHBepTopa, Vn - cpeaHSISI 

cKopocTh YXH); n 0 - cpeaHSISI nnoTHOCTh YXH B KOH

sepTope BO BpeMSI HMIIYJihCB. 

AcHMIITOTH"'ecKoe 3Ha'1eHHe nnoTHOCTH YXH B HaKOIIH-

TeJibHOM cocyae npH k .... oo HMeeT BHa: 

n 
00 
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1 v -
-· c T 
2 

-~· n 
~v o · 

(6) 

rne i\v = ov 
CHT OT OV, 

+ )1- exp(-T/T
0

)]v. TiocKOJibKY T 
To Bbrroano cnenaTb ov < lv. 

He 38BH-

To 
TipH OTCyTCTBHH y KOHBepTOpa 38TBOpa MO)!(HO HCIIOJih-

30B8Tb TBKOe )!(e BblpB)!(eHHe llJISI n IIOJimKHB B HeM 

_'w = [1- exp(-T/T )] v. rae T ""- BpeMH BhtTeKaHnSI 
s s 

YXH H3 HaKonnTeJihHOro cocyna B KOHBepTop, npencTaBJHl-

JOlllHii H3 ce6SI "qepHoe Teno" anH YXH. 
Bhmrphrru B nnoTHOCTII YXH B HaKonuTenhHhiX cocynax 

npu HCIIOJih30BBHHH 38TBOpa COCTBBJISieT 

To 
B > 2T 

- s 

B HaCTOSimee speMSI anH YXH c 3Hepruefi (0+165) H3B 

MBKCIIMBJibHO UOCTH)!(HMOe TO He npeBOCXOaHT 

- 50 c B cocyaax anaMeTpoM - 20 eM. llnSI TaKHX co

cyaoB UJIHHOH - 1 M T s - 0,5 C, II03TOMY CTOHT 0)!(HaaTb 

B - 50; onHaKo B cnyqae 6onee annHHoro cocyna, -10 M 

( cnyqafi HefiTpoHosona YXH), T s - 6yaeT cocTaBnSITb 

- 5 c, a B He npeBhiCHT 5. 
TipHBeaeHHhre paccy)!(neHHSI nnH oueHKH B crrpasennu

Bbl H anSI nonSipH3aUHOHHoro aaTBopa YXH Ha MarHHTHhiX 

IIJieHKBX/ 13/. TipHHHMBSI BO BHHMBHHe, "'TO B 3TOM 

cnyqae OV = 0 H 'ITO IIOJISipH38UHOHHhiH 38TB0p ITpHHUH

ITHBJihHO nponycKaeT TOJihKO nonoBHHY noToKa YXH, rro

nyqaeM anSI TaKoro 3aTBopa 

B = 
To 

2T 
8 

Bb!BOllbl 

Pe3yJibT8Thi, IIOJiy'leHHhie B HBCTOSilllefi pa6oTe, IIOKa-

3b!B8!0T, 'ITO CyllleCTBY!OlllHe IIOHSITHSI 0 B38HMoaefiCTBHH 

YXH c semecTBOM aaJOT xoporuee onucaHue na)j(e B TaKOM, 

cpaBHHTeJih HO CJIO)!(HOM, cnyqae, KaK npoxo)j(neHne YX H 
qepe3 aBH)!(y!llHeCSI ro<flpHpOB8HHNe CTeHKH. 

TipeanaraeMaSI MeTonuKa no3BOJISieT cnenaTh npaKTH-

qeCKH npoapa'lHbiMH .llJISI YXH cTeHKH H3 n106oro Mano-
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3axaaTbiB810IIIero HeffTpOHbJ MaTepuana, oco6eHHO B o6nac
TH MBllbiX 3HeprH"if YXH, a rrpHMeHeHHe llBH:>Kyiiiel1cs:r ro¢pR
poaaHHOli <flonbr'H' H'3 6epRllliH5! IT03BOJ1HT CB8CTH' HH'*Hl010 
3HepreTHqecKy10 rpaHHUY rrporrycKaHRH YXH ~o 3HaqeHHH 
- 0,1 H9B, qTQ H8MHOI'O HH*e npeaena 3KCIIepHM8HT8llbHbiX 
B03MO*HOCT8H B YCliOBHHX 38MHOT"O Ts:II'OT8HH5! ( Bb!COT8 
rroa~eMa B rrone TH*eCTH YXH c KHHeTHqecKou 3HeprHei1 
}Q-1 H3B COCT8Bli5!8T 10-l CM), 

ABTOPbi rrpH3HaTellbHbi B.K.YlrHaTOBHqy, B.~I.JlyUIHKOBy, 
n.n.PbJ6Ke, A.WTaliepny H M.XeruenbTY. C.B.3aopoauesy 
3a none3Hbie o6cy*ll8HIHI • .llaHHasr pa6ora rrposeaeHa rro 
HHHUH8THB8 ¢>,J1.WarrHpo. 
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