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BBE,[lEHI1E 

npo6neMa xpaHeH~H YXH B 3aMKHYTWX COCYAax 1 V 3aKn~4aeTCH 
B TOM, 4TO TeopeT~4eCK~ paCC4~TaHHOe BpeMH xpaHeH~H HaMHOrO 
6onbwe aKcnep~MeHTanbHO Ha6n~AaeMoro. 3ToT $aKT, ~3Y4asw~~CH 
s MHoro4~cneHHWX 3Kcnep~MeHTax /Hanp~Mep,/ 2- 4 1;, AD c~x nop He 
nony4~n e111e YADBneTsop~TenbHOro o6oHCHeH~H. Eiblno noKaaaHo, 4To 
YXH noK~Aa~T COCYAbt s peaynbTaTe Harpesa np~ cTonKHoseH~~ c ~x 
CTeHKaM~ AD 3Hepr~~ nOPHAKa 3Hepr~~ TenJ10BWX He~TPOHOB/S~/. 
3TOT peaynbTaT npoT~Bope4~T TOMy 06CTOHTenbCTBy, 4TO BpeMH xpa
HeH~H YXH, KaK 6wno noKaaaHo s /7,8/,cna6o aas~c~T oT TeMnepaTypw. 

B HacTOHlt1e~ pa6oTe npoTo4HWM cnoco6oM DAHospeMeHHO ~aMepHeT
CH speMH xpaHeH~H YXH ~ noToK Tennoswx He~TpoHos, o6paay~ll1~XCH 
np~ CTOnKHOBeH~~ YXH co cTeHKaM~ COCYAOB. 

3KCnEPI1MEHTAnbHAH YCTAHOBKA 

CocyA 1 /p~c.l/, s KoTopoM ~3Y4anocb xpaHeH~e YXH, npeA
cTaBnHeT co6o~ oTpe3oK MeAHO~ Tpy6w IAn~Ha 1,5 M, sHyTpeHH~~ 
A~aMeTp 7,5 CM, TOnlt1~Ha CTeHK~ 1,25 MM/ C 3neKTponon~posaHHWM~ 
BHyTpeHH~M~ CTeHKaM~. BHyTpeHH~~ 06oeM COCYAa C TOP40B repMeT~4-
HO OTAeneH OT OCTanbHOrO BaKyyMHOrO 06oeMa $OnbraM~ ~3 4~CTOrO 
/99,999%/ an~M~H~H TOJ1111~HO~ 100 MKM. 3T~ $OJ1br~ AOCTaT04HO npo-
3pa4HW ~ cnymaT OKHaM~ AnH BXOAa 2 ~ swxoAa 3 YXH ~3 cocyAa. 
CHapymM cocyA o6s~T 3neKTpoHarpesaTenbHWM~ 3neMeHTaM~ 4 ~ MeA
HWM~ Tpy6KaM~ AnH npoKa4K~ •~AKOro a3oTa 5, 4TO no3sonHeT sapb~
posaTb TeMnepaTypy cocyAa s npeAenax /80-850/K, ~3MepHeMy~ TepMo
napaM~ s 4eHTpe ~ no KpaHM. CocyA AnH xpaHeH~H YXH noMelt1eH s Tpy-
6y ~3 Hepmase~111e~ cTan~ 6 IA~aMeTp 10 CM, TDnll1~Ha cTeHK~ 1 MM/, 
Ha KOTopy~ C 3a30POM 0, 2 MM HaAeT C4eT4~K nOAOrpeTbiX He~T POHOB 
/CnH/ 7. 4yBCTB~TenbHbli1 K Hei1TpOHaM 06"beM CnH - npOCTpaHCTBO 
MemAY ABYMH an~M~H~esbtM~ u~n~HApaM~ I A~aMeTpaM~ 1 0, 6 eM ~ 23 eM, 
An~HO~ 63 CM/, pa3AeneHHOe C~MMeTpH4HWM o6pa30M BAOnb OC~ TQH
K~M~ neperopOAKaM~ Ha 6 4aCTe~, B KamAO~ ~3 KOTOpWX npOTHHyTa 
BOnb¢paMOBaH H~Tb - aHOA /TOnlt1~HO~ 20 MKM/. CnH 3anonHeH ra3Q
BO~ CMecb~: 3

He - 1,5 aTM, 'Ar - 1,5 aTM, C02- 40 Topp. 
11MnynbCW OT CnH per~cTp~py~TCH aMnn~TYAHWM aHan~3aTOPOM 

~ napannenbHO nocTyna~T 4epe3 A~¢¢epeHu~anbHW~ A~CKp~M~HaTop Ha 
nepec4eTHoe ycTpo~cTso, np~4eM 111enb A~CKP~M~HaTopa /0,5-1 MaB/ 
HaCTpa~BaeTCH Ha n~K B aMnn~TYAHOM cneKTpe, COOTBeTCTBY~Il1~~ 3Hep
r~~, BbtAenHeMo~ 3apHmeHHbtM~ 4acT~LjaM~ T + p np~ aaxsaTe He~TPOHa 
3He /0,764 M3B/. 
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Pnc.I. CxeMa 3KcnepHMeHTallhHOH ycTaHOBKH: I - cocyg gnH 
xpaHeHHR YXH; 2 - sxogHoe, 3 - Bb~ogHoe OKHa; ~ - Tpy6KH 
gnH oxn~eHHH cocyga ~KHM asoToM, 5 - 3lleKTpoHarpesa
Tenh; 6 - BaKyyMHhlH KO~yx; 7 - cqeTqHK nogorpeTb~ HeHTpo
HOB; 8 - sxogHaH, 9 - Bb~ogHaR gHa~parMw; 10 - cqeTqHK YXH; 
II- TpaHcnopTHhlH HeHTpoHosog YXH; I2 H I3- sacnoHKH 
YXH; I4 - Tpy6Ka gnH oTKaqKH; 15 - sa~HTa. 

CnH pacnono)l{eH Ha HeKOTOpOM y,qaneHt-11-1 OT :Al -<!Jon'br - OKOH AHA 
TOro, 4T06bl npenATCTBOBaTb nona,qaH~~ B C4eT4~K He~TPOHOB, Harpes
W~~CA Ha an~M~H~eB~X OKHaX ~ CTeHKaX He~TpOHOBO,qa. BHyTp~ COCy,qa 
,qnA xpaHeH~A YXH Henocpe,qcTBeHHO y sxo,qHoro' ~ BbiXOgHoro OKOH 
pacnono)l{eHbl cMeHHbre ,q~a¢parMbl 8, 9 ~3 Me,q~, noasonA~ll\~e onT~M~a~
poaaTb BXOAAll\~e ~ a~XOAAll\~e noToK~ YXH. 3a a~xo,qH~M OKHOM pacno
no)l{eH c4eT4~K YXH 10. 3ToT c4eT4~K pa6oTaeT B nponop~~oHanbHOM 
pe)I{~Me, HanonHeH cMeCb~ raaoa 3 He- 5 Topp', Ar - 750 Topp·, C0 2-
25 Topp cAl -oKHOM Tonli\~Ho~ 60 MKM ~ nnoll\aAb~ 60 cM 2.nocKonbKY 
nnolllaAb ~cnonbayeMoro oTsepcT~A ~3 cocy,qa /~noll\aAb pa6o4e~ ,q~a
¢parMbl -1,7 CMo/ HaMHOrO MeHbWe nnOll\aA~ OKHa C4eT4~Ka, MO)I{HO no
naraTb, 4TO OTpa)l{eH~e OT •Al -oKHa C4eT4~Ka He Bn~AeT Ha ero 3<IJ
¢leKT~BHOCTb. B TaKo~ nocTaHoaKe 3¢¢eKT~BHOCTb c4eT4~Ka oTn~4aeT
CA oT e,q~H~~~ TOnbKO Ha HeKoTopy~ ,qon~ YXH, aaxaaT~Bw~xcA B Al
oKHe ~ Harpesw~xcA Ha 6annacTHOM rase - Ar. 

OT ~CT04H~Ka /9/ no TpaHcnopTHOMY He~TpoHoso,qy 11 ynbTpaxono,q
H~e He~TpOH~ nocTynaOT B COCYA 1 , np~4eM 3TOT n6TOK 3a BpeMA 
-0,3 c MO)I{HO npepbrBaTb c,qsoeHHO~ I ,qnA yMeHbweH~A npoca4~BaH~A 
4epea lllen~/ aacnoHKO~ 12: 3acnoHKa 13 OTKp~aaeT ,qocTyn YXH K 3¢l
¢eKT~BHOMY nornOT~Ten~ /non~3T~neH nnOll\aAb~ 60 CM 2/ ~ cny)I{~T AnA 
onpe,qeneH~A speMeH~ BbiTeKaH~A YXH ~3 cocy,qa np~ c~HxpoHHOM aaKpbr
BaH~~ 3aCnOHK~ 12 ~ OTKp~BaH~~ 38CnOHK~ 13. 
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nocne OKOH4aTenbHoro MOHTa)l{a 38li\~T~, co,qep)l{all\e~ cno~ B 4C 
-5 CM ~ 6op~poaaHH~~ non~3T~neH 25 cM, ¢oH /aacnoHKa 12 3aKp~
Ta/ COCTaB~n cnH - N"' 0 '25 c -l , a C4eT4~Ka YXH - J "'0, 02 c - 1. 
np~ Hepa6oTaOll\eM peaKTope N ... 0,1 c-1, J"' 0,003 c- 1 , np~4eM 
3TOT OCTaT04Hbl~ <IJOH He Bbi3BaH He~TpOHaM~, nOCKOnbKY B aMnil~Ty,q
H~X cneKTpax ,qeTeKTopoa He Ha~n~,qanocb s~pa)l{eHHoro n~Ka c 3Hep
r~e~ 0,764 M3B, xapaKTepHo~ ,qnA per~cTpa~~~ He~TpoHoB c4eT4~KOM 
C 3 He /Ha 3TO 06CTOATeJ1bCTBO yKa3~BaeT ~ nOCTOAHCTBO 3Ha4eH~A 
OCTaT04HOro <IJOHa np~ YM~~bWeH~~ B 4 pa3a ,qasneH~A 3He B CnH/. 

3acnOHKa 12 ~3rOTOBJ1eHa ~3 Me,[IHO~ <IJOI1br~ TOilli\~HO~ 7 MKM. 
SaMeHa 3To~ ¢onbr~ Ha Hep)l{ase~li\Y~ cTanb TOI1li\~Ho~ 1 MM He ~3MeH~
ria pe3ynbTaTa ,qnA N ~ J np~ 3aKpbiTo~ 3acnoHKe. 3To yKa3brsaeT 
Ha OTCYTCTB~e 3aMeTHO~ npvrMeCI-1 B N 1-1 J He~TpOHOB CO CKOpOCTH
t4~- 6 +1 0 Mc- 1, HecKonbKO npeBbiWaOli\~Mvr cKopocT~ YXH. 

0TK84Ka BHyTpeHHe~ nonOCTVI COCy,qa OCYll\eCTBnAeTCA 4epe3 Me,q
Hy~ Tpy6Ky 14 BHyTpeHH~M ,q~aMeTpOM 6 MM ~ ,qn~HO~ 1,5 M, KOTOpaA 
COe,q~HAeT COCYA C BaKyyMHO~ C~CTeMO~ He~TpOHOBO,qa, r,qe no,q,qep)l{~

saeTCA aaKyyM .10-3 
- 10-4 c noMOll\b~ A~<ll<llY3~0HH~x Hacocos. AnA 

ysen~4eH~A CKOpOCT~ OTKa4K~ COCYAa np~MeHAnacb nepHOA~4eCKaA 
npOMbiBKa 4~CTbiM 4 He /HanonHeH~e COCYAa 4 He ,qo ,qasneH~A -0,5 aTM 
C nocne,qy~ll\e~ OTKa4KO~ B BA3KOCTHOM pe)I{~Me/8/j, 

noaepXHOCT~ BaKYYMHO~ KaMepbl, cnH ~ C4eT4~Ka YXH oxna)l{,qa~TCA 
npoT04HO~ aogo~, npV14eM ao,qa npoxo,qVIT no 3a3opy /-0,2 MM/ ~e)l{,qy 

KaMepo~ ~ cnH. AnA yny4weHVIA Tenno~30nA~VIVI cocy,qa OH OKpy)l{eH 
3KpaHOM 15. ~3 Hep)l{aBe~ll\e~ CTan~ TOnli\VIHO~ 0, 1 MM. 

HarpeT~e He~TPOH~ AO nona,qaH~A B CnH npOXOAAT 4epe3 1 ,5 MM 
CJlO~ Me,q~, 1 , 1' MM CJ10~ Hep)l{aBe~ll\e~ CTan~, 0, 2 MM CJ10~ 80,[\bi/TOnb
Ko B VI3MepeH~Ax np~ T= 300 K/ ~ 2 MM cno~ an~MVIH~A, 4TO orpaH~-
41-laaeT H~)I{H~~ 3HepreH14eCK~~ npe,qen per~cTpa~~~ CnH 3H84eH~eM 
1 o- 4 3B. 

METOA~KA 3KCnEP~MEHTA 

B npe,qnono)l{eH~~ nocToAHCTBa nnoTHOCTVI VI ~3oTponHocT~ noToKa 
YXH no aceMy o6beMy cocy,qa VIHTeHc~BHOCTb per~cTpa~VI~ Ha Bbrxo,qe 
113 cocy,qa YXH ( J) VI TennoBbiX He~TpoHoa, o6pa3YlDli\~XCA np~ Heynpy
r~x coy,qapeH~AX YXH co cTeHKaM~ cocy,qa (N), onpe,qenAeTcA a~pa)l{e
H~AM~: 

r t 
J .. K--Jo, 

rz 

r t 
N .. <--J, 

Tie 

r,qe K ~ c - COOTBeTCTBeHHO ~~ip<IJeKT~BHOCTb, per~CTpal.l~~ C4eT41-1Ka 
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YXH M cnH, r - speMA npe6~BaHMA YXH B COCYAe; ~~-·~ 1+r;1 +r~!. 
r 1 M r 2 - speMA BbrTeKaHMA YXH M3 BXOAHoro M BbiXOAHoro OTsepcTMH 
COOTBeTCTBeHHO, rex-- BpeMA YfepmaHMA r ~! = r ; 1 + •i! + r- \ r 

8 
- ' 

speMA xpaHeHMA AO saxsaTa r-;; ~p. av, •ie- speMA xpaHe~MA AO Ha-
-l - - ~ rpesa r ie -!lie v , v- cpeAHAA '-laC TOT a CTOJlKHoseHMM YXH co cTeHKaMM 

cocyAa, /laM /lie- cooTBeTCTBeHHO Ko3¢¢M~MeHT~ noTepb YXH sa 
C4eT saxsaTa M Harpesa npM OAHOKpaTHOM YAape YXH o cTeHKM, r~

BpeMA AO ~. -pacnaAa CB~60AHOrO HeHTpOHa /-900 c/, J 0 - nOTOK 
YXH, sxoAAmHA s cocyA. 

nnA onpeAeneHHA Ta H Tie M3MepAeTCA COOTBeTCTBeHHO 3aBHCH
MOCTb MHTeHCMBHOCTH perMCTpa~HH J H N OT PHc -AaBneHHA 4He 
B COCYAe: 

1 '2 1 PHc 
--= --(- + ---). 

J K J 0 r t · (p r) H e 

N E 1 PHe) 
- = -·•z (-- + -- • 

J K r i e (p r) H e 

kT rAe (pr)He- nocTOAHHaA senH4HHa, (pr)He"' _ . 3AeCb kT- Ten-
UHeVHe 

~ ~ 4 He JlOBOH ¢aKTOp, UHe- Ce4eHHe pacCeAHHA HeHTPOHa Ha aTOMaX , 
vHe- cpeAHAA CKOpOCTb aTOMOB 4 He.Pac4eTHoe 3Ha4eHHe (pr) He = 
= 31f3 Topp. c xopowo cornacyeTCfl c 3KcnepHMeHTanbHbiM sHa4eHHeM 
350+25 Topp·c/10/. 

BenH4HHY •t MomHo onpeAenHTb H s HecTa~HoHapHoM pemMMe, Mc
nonb3YA 3aBMCHMOCTb J OT BpeMeHM C MOMeHTa CMHXPOHHOrO 3aKp~-
TMfl M OTKp~TMfl 3aCJlOHOK 12 H 13 COOTBeTCTBeHHO. . \ 

nnR ycTaHOBJleHMfl CBfl3M nnomaAeH BXOAHOro ('s 1) M BbiXOAHOro 
('s 2 ) oTsepcTMH c speMeHeM s~TeKaHMfl YXH s 3TH oTsepcTMfl npoMsse
AeH~ M3MepeHMfl 3aBMCMMOCTM J OT nnomaAM B~XOAHOrO OTBepCTM~. 

Ha6n~AaeMaA nMHer:iHafl sasMCMMOCTb /eM. pMc.2/: 

1 
J 

1 s r+ sll 
~ -- (1+ ), 

KJ o s 2 

rAe S l "'-1-H S o: _l.:_,AaeT B03MO}f(HOCTb onpeAeJlHTb CYMMapHy~ nno
'1 ll •ex 

maAb BbiTeKaHMfl - S t "" S 1+ S z+ 1,t, M3MepeHHY~ B KBaApaTHbiX CaHTMMeT
pax OKHa, saKp~Toro an~MMHMesoA ¢onbror:1. 3Hafl rt /Ms MsMepeHMA 

4 I 
c He,nM6o M3 HecTa~MoHapHoro 3KcnepMMeHTa no B~TeKaHM~/, MOmHo 
B~4MCJlMTb KOHCTaHTY A11fl Hawer:1 YCTaHOBKM St ~ -s~ KOTOpaA 3aBMCMT 
TOJlbKO oT v -cpeAHeA cKopocTM YXH: 

k 
sr = 

;;c :vr~ cV> 
/4 

rAe k - reoMeTpM4eCKaR nnomaAb BHyTpeHHeH nosepXHOCTM JlOBYWKM, 
~ (v) .. 1-R(V), R(v)- Ko3¢¢H~MeHT oTpameHHA YXH oT Al -oKHa c ,Y4e

TOM saxeaTa H ycpeAHeHHbtH no yr ny naAeHMA. 

J-1 
[s] ----- ---

0 Cl.2 Qol Q.6 Q8 1.0 u S~1[ en\~ 

PHc.3. 3aBHCHMOCTb 4JaKTopa sr 
I CM 2

- cl H v -qacTOTbi CTOJIKHose-
1 -1 I HHH c oT v -cKopocTH YXH 

IM· c- 1 I. 

Pnc.2.3aBHCHMOCTb J -HHTeHCMBHo
CTH perHcTpa~HH cqeTqHKa YXH OT 
DJIOli\a,r::t;H Bb!XO,r::t;HOH ,r::t;HaliJparMbl 'S 2 • 

I - ,r:t;JIH Heo6esr~eHHoro Me,r::t;Horo 
cocyp;a npH s I = 4, 91 CM 2; 2 - ,r:t;JIH 

o6esr~eHHoro Me,r::t;Horo cocyp;a npH 
·s 1 = I , 7 7 eM 2• IIIpH HSMepeHHH I 
HHTeHcHBHoCTb YXH B HeliTpoHosop;e 
6hma B 3 pasa MeHbwe, qeM so scex 
OCTaJibHhlX HSMepeHHHXI. 

S'C 
[cm~s] r---------~ 

.y 
[s·'] 

200 I-_./ 100 

150 75 

100 so 

50 25 

4.0 4.5 5.0 S.5 lf [M·~-1 ] 

Ha P,Mc. 3 noKasaH pesynbTaT pac4eTa eenH4MHbt sr no 3TOMY Bbr
pameHH~. 3Ha4eHHe, nony4eHHoe a HaweM 3KcnepMMeHTe, strt =Sr= 
= 78,8+5,1 /cM 2·c/ /'St - H3 H3MepeHMr:1 1/J (Sz), a Tt - H3 M3Me-

- 1 -peHHr:i 1/J (pile) I cooTaeTcTeyeT v = 5,40_::0, 14 M·c- H v = 
= 72+2 c-1. 

BosHMKaeT Bon poe: B KaKOH Mepe HeBblnOJlHeHMe YCJ10Bio1fl nOCTOAH
CTBa nnoTHOCTH H H30TponHoCTM noToKa YXH BHYTPM cocyAa noenHHeT 
Ha nony4eHH~e TaKHM o6pasoM pesynbTaT~? HeHsoTponHOCTb noToKa 
YXH He CMomeT eHeCTM CMcTeMaTH4ecKor:1 owH6KM a pesyJlbTaTbl M3Mepe
HMA rex M rie, nocKOJlbKY eepoATHOCTb Harpeea YXH Ha 4He He sa
BMCMT oT HanpaeneHHOCTM noToKa YXH, Ho MomeT nosnHHTb Ha e~4Mc-' -· nHeM~e senH4HH~ v M ll· 0AHaKo HeMsoTponHoCTb noToKa YXH a HaweM 
cny4ae HesHa4MTenbHa, nocKonbKy speMR /1-2 c/ AO nepeoro AM¢¢ys
Horo CTOJlKHOBeHHfl YXH co CTeHKaMM HaMHoro MeHbWe rt • nnfl 6onee 
T04HOrO y4eTa 3TOro 06CTORTeJlbCTBa He06XOAMMO 3HaTb 3aBMCMMOCTb 
4Mcna CTOJlKHoeeHMH AO e~neTa YXH s oTsepcTMfl s 1 M s 2 ,oT yrna na-
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AeH!-1R. lloeTORHeTso nnoTHOeTI-1 YXH B eoeyAe noATBepmAaeTeR 111-1He~
H~M xapaKTepOM 3Kenep!-1MeHTaJlbHO Ha61l~AaeM~X 3aBMei-1MOeTe~ J-l 
I s;1 M pHe I 1-1 N/J(pHe), Aame np1-1 3KeTpeMa1lbHOM 3Ha4eHI-11-1 3TI-1X 
apryMeHTOB. 

PE3YJlbTATbl 

a.~ 

~3MepRR eOOTBeTeTBeHHO 3aBI-1ei-1MOeTb 1/J 1-1 N/J OT AaB~eHI-1R 4~e 
B eoeyAe H npOI-13BOAR o6pa6oTKY 3THX AaHH~X no paHee onHeaHHOMY 
enoeo6y, nony4aeM 3Ha4eHMR napaMeTpos YAepmaHHR YXH B MeAHOM eo
eyAe /eM. Ta6n./. 

Cu. o~ee1r. 

Cu, o&eu.I 

CIL o6e".ll 

Be o6e3r. 

N 
[s·'J 

0.8 

n• 

re-t 'C'ex. 

12.2 :1.'2 27.0:!:6.0 

11.8 :!:1.3 25.1 :!:6.0 

12.9 :!:0.3 30.7:!:2.2. 

- -

"V'/' 
//A 

,/~ 

/// '-'~ 
/ " 

-4 -2 / 0 2 4 6 

'C"a.. 

40.0±1:?. 

27.0±7.0 

35.0:!o2.7 

-

_;---~--

2 

8 10 

Pw,[tm) 

Ta6J1HIJ;a 

'C";.e .f-t164 
.fl-a.>t: 10

4 
,f-(e10-

4 

83.7±7.0 5.0 -:!:1,1 3.5 :!:1.1 1.68 :!:::0.15" 

410 ±140 5.4 :!:1.3 - -

371 ±60 4.4 ±0.3 4.2 ±0.3 0.37:!:0.05 

93 ±20 - - ~.5 ±0.3 

PHc.4. 3aBHCHMOCTb N -HHTeHCHB
HocTH perHCTpaiJ;HH HarpeTb~ HeHT
pOHOB I c -I I OT pH e -p;aBJ1eHmi 
reJIHfl B cocyp;e IToppl p;JIR: 1 -
Heo6esr~eHHoro H 2 - o6esr~eH

Horo Mep;Horo cocyp;a. 

Ha pHe.4 noKaaaHa sasHeHMOeTb HHTeHeHBHOeTM perMeTpa4HH Ha
rpeT~x YXH OT AasneHI-1R 4He s eoeyAe. lloT~K HarpeT~x YXH Ha eTeH
Kax Heo6esrameHHO~ MeAHO~ nosepXHOCTM 3KBI-1BaJleHTeH nOTOKY Harpe
TbiX YXH Ha 4 He npM AasneHHH -5 Topp. 

noene Aame nerKoro nporpesa /T= 450 K B Te4eHMe AeeRTKa MM
HyT/ HHTeHeMBHoeTb HarpeT~x YXH Ha eTeHKax MeAHoro eocyAa yMeHb
WHJlaeb B 5 pas. 

() 

,: 

il 
~} 

I 
~ 

.!~, ,.l 
I 

1 

~ 
I • 
~ 

PHc.S. TeMnepaTypHafl saBHCHMOCTb N 
~ 

N -HHTeHCHBHOCTH perHcTpai~HH 
HarpeTb~ YXH I c -l I ,IJ;Jlfl 1 - He
o6esrru~celiHoro H 2 - o6esr~eH- ~ 
Horo Mep;noro cocyp;a. 

~-· 
[s) 

• Q 

'·' 
'·' 

0.2 

01 

2 I _..-' 
! __..A I /,/1 

y; 
t 

200 ,,. 600 eoo T[K) 

~ PHc.6. 3aBHCHMOCTb J-
1
1c I H Nr-1 

~ OT p -p;aBJ1eHHfl reJ1Hfl B Me,IJ;HOM 
0.0'2 Q,O.. 0.01'1 O,OCI iJ. 10 0,1'0: P,{P~) [s~J 

"' "T"T""'Tl cocyp;e IB ep;HHHu;ax 
p 

(p r) H:" lc-111. 
4.0 ... 
'·' ... 
'·' ..• 

2 

o.o~ o,o1 o.oe o.oe 0.10 0.12 o., .. 

o/IP•J., [s'J 
Pnc. 7. 3aBHCHMOCTb n -'t!HcJia aa
perncTpnpoBaHHbiX c't!eT't!HKOM YXH 
OT BpeMeHH lei. B MOMeHT Bpe
MeHH t • 0 OTKpbJBaeTCfl BXO,IJ;Hafl 
sacJIOHJCa 12 lnpH saKpbiTOH I 31, 
npH t = 12 c sacJioHJCa 1 2 saKpbi-11. 
BaeTCR, a 13 - OT!CphlBaeTCfl. ' 

n 
20 

10 

/ . 
" 10 

15 20 t [ s l 

AanbHe~wee o6esramHsaHI-1e s ABYX pemHMax: I - T = 570 K, t = 
= 30 MHH; II - T"' 850 K, t = 10 4 He M3MeHH1lO noToKa HarpeTbiX 
YXH. 

HanyeK aTMoe¢epHoro B03AYXa Ha ABe HeAeJlM B o6es~ameHH~~ eo
eyA, HaXOAR~H~eR npH T = 300 K, npHBOAI-1T K nonHo~ noTepe 3¢¢eKTa 
o6esramHBaHHR IN sospaeTana AO 3Ha4eHMR -0,25 e-

1 
/. Ha pHe.5 

noKaaaHa sasHeHMOeTb noToKa HarpeT~X YXH oT TeMnepaTYP~ eooTseT
eTBeHHO o6esrameHH~X H Heo6esrameHH~X eTeHOK MeAHOro eoeyAa. Ha 
pHe.6 npHBeAeHa sasMeMMOCTb 1/J(PHe) 1-1 N/J(PHe} ,HaMepeHHaR A11R 
eocyAa, o6esrameHHoro s pem1-1Me II. 

~3MepeHHOe no B~TeKaHM~ B HeeTa~MOHapHOM pemMMe 3Ha4eHMe r 1 

= 13.::!:.4 e /eM. pMe.7/ eornaeyeTeH e pesynbTaToM r 1 , onpeAeneHHbiM 
H3 H3MepeHH~ c 4 He. 

6. 6ep1-111nM~ 

~enonbaosaneR 111-1eToso~ 6epMn11K~ - ropR~I-1~ npoKaT 1-13 nony4eH
H~x MeTOAOM npeee-nopOWKOBO~ MeTaJ1Jlypr1-1H aarOTOBOK A1-1eTHJ111MPOBaH-
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PHc.8. TeMrrepaTypHaH saBHCHMOCTb 
N -HHTeHCHBHOCTH perHcTpau;HH Ha

~ rpeTbiX YXH I c -l I aT o6esrCUiceHHOH 
~ Be-rroBepxuocTH. 

:r' 
[S] :;n 

D.llll IJ.IOP, 0.12 

, , ~P~J~, r•-1 N·J·' 

PHc.9. 3aBHCHMOCTb J-1 1cl H N~I 
OT p -p;aBJIBHHH reJIHH B Me,D;HOM 
cocyp;e c rroMe~eHHbW B Hero 6e
PHJIJIHBBhW JIHCTOM IB ep;HHHIJ;ax 

3.0 2 

"P.tfp~;)::·[,-·J 

p 
I c- 1 /. ~ (p r) He 

Horo 6ep~nn~R c 4~CTOTo~ 99,79% /ocHOBH~e np~Mec~ /a %//: Fe -
7, 1 · 1 0 -z , Al - 5, 6 · 1 0 -z , Cu - 2, 1 ·1 0 -z, Cr , Mn-1 0 -z, B ~ 
Cd - MeHee 2· 1 0 -S. n~cT Be TOJlll\lo1HOi1 0' 15 MM' npe,qsap~~tTeJlbHO 

npoTpaBJlBHHbli1 B paCTBOpe NaQH ~ npOMbiTbli1 ,Qio1CTio1JlJllo1POBaHHOi1 BO,Qoi1, 
csopa4~BancR no cn~pan~ Apx~~tMe,qa c waroM no pa,q~~tycy 1 eM ~ no
Mell\ancR BHyTpb Me,QHOrO COCy,Qa Ha paBHOM y,qaneH~Io1 OT BXO,QHOrO 
~ BbiXO,QHOro OTBepCTio1i1, np1o1 S 1 = 23 CM z, S 2 = 1 , 77 CM 2 , T = 3 00 K 
,QJlR Me,QHoro cocy,Qa 6ea Be -cn~pan~~t: J = /2, 27+0, 08/ c - 1, N = 
= /0,301.:_0,04/ c-1, a c Be-cn~~tpanbiO /c nonHoi1 nno~a,QbiO 3780 cMz, 
,qn~Hoi1 37 CM BAOJlb oc~ cocy,qa/ J = /0,573+0,017/ c-·, N = 
= !8,59+0, 12/ c- 1.nocne o6earam~~tBaH~~tR /npH T= 775 K B Te4eH~~te 
1 , 5 u.j 6b1Jla lo13MepeHa TeMnepaTypHaR 3aBio1C~MOCTb nOTOKa HarpeTbiX 
YXH Ha nosepxHocT~~t Be /p~c.8/. 

nocKOJlbKY lo1CnOJlb3yeMaR Be-nosepXHOCTb /nJlOU\a,QbiO 3780- CM z; 
CYU\eCTBeHHO yMeHbW~~tna nnoTHOCTb YXH B cocy,Qe /~Ha 30% nocne o6ea
ram~~tsaH~R/, B ,qanbHei1w~~tx lo13MepeH~~tRX aas~~tc~MOCT~ J (PRe) ~ N(PHJ, 
nJlOU\a,Qb Be-cn~~tpan~~t 6~na YMBHbWeHa ,QO 846 CM 2 np~ ,QJllo1He 9 CM 
B,QOJlb oc1o1 cocy,qa. Ha p~~tc.9 npe,qcTasneHa aas~c~MOCTb cboTseTCTBeH
Ho NJ- 1 (pHcCPr)i{~) 11 J-l(pHe(pr)ij1e) AJlR o6earameHHoi1 Be-nosepx
HOCT~~t /np~~t T =bOOK B Te4eH~~te 40 .M~~tH./. Ha 3T~x aas~c~~tMOc~ei1 
s~4~~tcneH~ napaMeTp~ y,QepmaH~~tR YXH Ha o6earameHHoi1 Be-nosepxHo
CT~~t /eM. Ta6n./. 
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fBe 
np~~t- ~TOM 11CnOJlb30BaHO paC4BTHOe 3Ha4BHio1e ~-0,51, r,Qe fBe 

11 fCu- 3¢¢eKTio1BHOCTI1 perlo1CTpa~lo1~ HarpeT~X Hei1TpOHOB Ha 6eplo1JlJl~e
BOi1 lo1 Me,QH~X nosepXHOCTRX COOTBeTCTBeHHO. 

B. Bo,qa 

nplo1CYTCTBio1e BOAOPO,QCO,Qepmall\lo1X Bell\eCTB Ha nosepXHOCTio1 COCy,Qa 
RBJlReTCR BepORTHOi1 np~41o1HOi1 aHOMaJlbHOro 11C4e3HOBeH~R 1.13 Hero 
YXH. Ha~~t6onee pacnpocTpaHeHH~M TaK~~tM Bell\eCTBOM RBJlReTCR HzO. 
B pa6oTe /10/ no xpaHeHI110 11 nponycKaH~~tiO YXH 6b1no o6HapymeHo, 4TO 
(pr)H Q tonee 4BM Ha nopR,QOK MBHbWB 3Ha4eH~R 3TOi1 BeJllo14~H~ ,QJlR 
raaoo~paaHoro so,qopo,qa_. B Hawei1 nocTaHOBKe 3Kcnep~~tMeHTa, cpaBH~~t
saR ~~tHTeHc~~tsHocTb HarpeTbiX Hei1TpoHos Ha 4 He 11 Ha H 20, MOmHo He
nocpe,QCTBeHHO onpe,qen~~tTb ce4eH~~te Harpesa YXH Ha HzO. 
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PHc.IO. 3aBHCHMOCTh N -HHTeu
CHBHOCTH perHCTpaiJ;HH HarpeTbiX 
YXH o~ p -p;aBJieHHH ITopp/ cMe
cH: I - /He+0,4% H2 0 I, 2 -
/He+l% HzOI, 3- /He+ 
+I 0% Hz 0 I B Me.n;HoM cocyp;e. 

Tpe6yeM~e cpasH~TeJlbHO Ma
Jlble Kon~~t4eCTBa napos H zO Bbl
a~saiOT onpe,qeneHH~e TPY.QHOCTI1 
~~taMepeH~~tR ,QasneH~~tR 1o1 no,Qa411 11x 
8 COCY,Q, n03TOMY ~CnOJlb30BaJlaCb 

cMecb napos H20'c npeo6na,Qal011\lo1M 
KOJllo14eCTBOM 4 He, nocTORHHaR pr 
,QJlR KOTOporo XOpOWO lo13BBCTHa. 
3apaHee np~~trOTOBJleHHaR CMeCb 
HzO ~ He no,qasanacb s cocy,Q ,qo 
,QasneHI1R p = 1 0 Topp, aaTeM no 
Mepe OTKa4KI1 CMBCio1 np1o1 ¢~~tKCio1pO

Bai::I-HbiX ,QasneHI1RX ~~taMepRnat;:b aa
B~~tctlo1MOCTb N(p) /p~c. 1 0/. XapaKTep 
aas~~tc~~tMOCTio1 N (p) AJlR cMec~~t Hz 0+ 
+He noKaa~saeT, 4TO 1.13 cocy,Qa 
CHa4ana OTKa41o1BaeTCR TOJlbKO 41o1C
Tbli1 He, a nocne p..., 2 Topp Ha4~~tHa

IOT OTKa4~BaTbCR lo1 nap~ Hz0. 
B npe,qnonomeH~~t~~t pasHoMepHoi1 KoH~ 

,QeHca~~~tl1 napos BOA~ no scei1 no
sepxHOCTI1 COCY,Qa, pac4eTHaR TOJl-
11\~Ha nneHKio1 COCTaBJlReT: 2,5; 6 
lo1 60 MOHOCJlOeB Hz0 COOTBeTCTBeH
HO ,QJlR Tpex KOH~eHTpa~~~ti1 Hz 0 

.sHe: 0,41, 1,10% /o6beMHbiX/.np~~t 
,QasneH~Rx cMec~~t 6onee 2-Topp 
,QJlR KOH~eHTpa~lo1i1 0,41 lo1 1% no
,QaBJlRIOU\ee KOJllo14eCTBO H20 B cocy
,qe HaXO,Q~TCR B KOH,QeHC~posaHHOM 
COCTORH~Io1 Ha CTeHKaX, a ,QJlR KOH
~eHTpa~lo11o1 10% s raaosoi1 ¢aae Ha-
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XO.QI1TC.fl TOnbKO "'20% OT o6ll\ero KOnl14eCT8a H20 8 cocy,Qe. Ol.leHKa 
pr ,Qn.fl napo8 H20 ,QaeT sHaYeHI1e 5 Topp·c. 

no-811,Q11MOMy, 04eHb H11SKOe SHa4eH11e (pr)Hz0*0,276 Topp·c, nony
l.leHHOe 8 pa6oTe/W~8WS8aHO HeKOHTpOnMpyeMO~ KOH,QeHCal.IHe~ napoB 
H;o Ha noaepxHocTH cocy,Qa 8 3TOM 3KcnepHMeHTe. no 3To~ me npi1-

4MHe He cne,QyeT npi1.QaaaTb 6onbworo sHal.leHM.fl M nonyl.leHHOMY HaMH 
pesynbTaTy .Qnfl (pr)H2 0• nocKonbKY 4aCTb napoa HzO, no,qaaaeMbiX no \ 
,QnMHHO~ Tpy6Ke, MOrna OCe,QaTb Ha ee CTeHKaX. BepO.flTHO, H TOflll\H-
Ha cnoes H 20 8 ,Qe~cTBHTenbHOCTH HecKonbKO MeHbwe Ol.leHoK, npMae
,QeHHbiX BbiWe. 

nocKonbKY 80 scex cnyl.la.flx /pHc.10/ npH nonHo~ OTKaYKe raaoao~ 
CMeCH H~ COCY,Qa SHal.leHHe N(p=Q) BOSBpall\anOCb K CTapoMy 3Ha4eHH~, 
COOTBeTCTBY~ll\eMy nOTOKy HarpeTWX He~TpOHOB OT o6earameHHO~ CTeH
KH, MOmHo C.QenaTb npe.QnonomeHHe, LITO ,Qecop6HpyeMwe MoneKynw c no-
8epxHoCTH npH ee o6esramH8aHHH He .flBnR~TCH MoneKynaMH Hz0,nH6o 
xapaKTepHoe apeMR nornoll\eHHR napoa HzO noaepxHoCTb~ o6esrameHHO~ 
MeAH npe8wwaeT 3 4aca. 

BbiBO,[lbl 

1 . B o6esrameHHOM Me.QHOM cocy,Qe apeMH xpaHeHHH YXH onpe,qenHeT
CR 8 OCH08HOM TOflbKO npOL.IeCCOM saxaaTa HX R,QpaMH Me,QH. nony4eH
HOe sHal.leHHe f1 a 8 n'pe.Qenax owH6KH coana,QaeT c pacl.leTHbiM sHal.leHH
eM :no~ 8enH4HHbl Ill< a sHa4eHHe 11; e IT= 300 K/ Ha nopHAOK MeHbwe 
f1 ". 

2. 06esramHBaHHe nosepxHOCTH CHnbHO yMeHbwaeT sHa4eHHe /lie 

/.QnH Cu 8 3 pasa, a .QnR Be- 6onee l.leM a 10 pas/. ,[\nR Cu 3¢¢eKT 
o6esramHaaHH.fl .QOCTHraeTcR ,qame npH "T -450 I{ /,qanbHe~wee yaenHl.le-
HHe TeMneRaTypbl H BpeMeHH o6esramHBaHfll.fl He YMeHbWaeT nOTOKa Ha
rpeTwX He~TpoHoa/. 3To nosaonHeT 6onee npocTWM cnoco6oM npoHsao
AHTb 04HCTKY cocy,Qoa .QnH xpaHeHHH YXH, 4eM MeTO.QHKOH Tne~ll\ero pas
DRAa, npHMeHeHHO~ B /12/, C nOMOll\b~ KOTOPO~ 6blnH nonyl.leHbl aHanorH4-
Hble pesynbTaTbl. 

3. 0cTaT04HW~ Herpes YXH Ha Me.QHO~ noaepxHoCTH /nocne ee o6es
ra>KfiiBaHHH/ COOTBeTCT8yeT HX Harpeay Ha noaepXHOCTVI H 20 TOJlll\HHO~ 
M.eHee O,QHOrO MOHOCnOH. 

4. HacTOHll\flle. pesynbTaTw He cornacy~TCH c peaynbTaTaMH pa6o
Tw/B/,s KOTopo~ ,QnH Cu H Be nony4eHo cpa8H~TenbHO 6onbwoe aHal.le
HHe B flt ,QOnH, He SaBI1C.flll\eH OT TeMnepaTypw. 3To pasnH4He MomeT 
6WTb BW~BaHO BnHHHflleM Ha rex noaepXHOCTH CHflb$OHa, HaXO,QRll\erOCH 
B.HYTPH cocyga, n03TOMY pa3HHL1a Mem,Qy 3KCnepHMeHTanbHbiM VI· pac4eT
HbiM SHa4eHHRMH T ex , sepO.flTHO, Onpe,QenRnacb B OCH08HOM TOnbKO npo
l.leCCOM SaXBaTa Ha noaepXHOCTH CHnb$OHa. 

5. npHMeHeHHa.fl MeTO,QHKa C perfiiCTpal.IHe~ Harpefwx HeHTPOHOB no
S80nHeT ,QOCTaT04HO T04HO HSMepHTb Tie· npH HCnOnbsyeMO~ B HaCTOH-
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-2 -1 
ll\e~ pa6oTe nnoTHOCTH noToKa YXH -1 eM · c a Tel.leHHe 10 MHH. 
MOmHO Ha6paTb CTaTHCTI14eCKY~ T04HOCTb, Heo6XO,QHMY~ ,QnH 06Hapyme
HH.fl -0,1 MOHOCnO.fl 80,QO~O,QCO,Qepmall\HX MOneKyn Ha noeepXHOCTH CO
cyga gn.fl xpaHeHI1.fl YXH. Yeen114eH11e 11ccnegyeMo~ nnoll\aA11 noaepxHo
CTI1 H 11cnonbaoaaHHe 6onee HHTeHcHeHoro noToKa YXH 
I go 1 0 3 eM -2. c -l /13/ I nosaomn geTanbHO H3Y4HTb npolleCcbl agcop6-
LIHH Ha noeepXHOCT.flX. 

6. 8 HaCTOHll\e~ pa6oTe npHMeHeHo MOHOCKOpOCTHOe npH6nHmeHI1e 
gnH cneKTpa HcnonbsyeMbiX YXH. Y4eT peanbHOH ¢opMbl cneKTpa YXH 
MomeT HeKoTopwM o6pasoM noanHHTb Ha peaynbTaTfla· TaKme npe,Qno
naranacb O,QHHaKOBaH 3$$eKTMBHOCTb perMCTpal.IMI1 HarpeTbiX He~TpOHOB 
Ha cTeHKax cocyga M Ha HanonHH~ll\eM ero rase. B npi1HL.1Mne, OHI1 Mo
ryT OTnM4aTbCR, nOCKOnbKY MoryT 6WTb pa3nM4HW cneKTpanbHWe 11 yr
noawe pacnpe~eneHH.fl o6paay~ll\MXC.fl Tenno8wx HeATpoHoe. 

7 .. npoT04Hbl~ BapMaHT nOCTaHOBKM 3KcnepMMeHTa no MSyl.leHHIO xpa
HeHHH YXH aecbMa npocT. OH He Tpe6yeT cos,QaHMH Kal.leCTBeHHwx sa
cnoHoK YXH, aaToMaTMKM ynpa8neHM.fl sacnoHKaMM, apeMeHHwx aHanHsa
Topoe. 0gHaKO CYll\eCTBeHHOro BWMrpwwa 8 CTaTMCTM4eCKOH T04HOCTH 
Sa C4eT nOCTORHHO pa6oTaiOll\MX geTeKTOp08 8 npOT04HOM aap11aHTe He 
npOHCXO,QI1T, nOCKOnbKY 8 OnTMManbHOM aapHaHTe C nOMOll\biO ,QHa¢parM 
npHXOAMTC.fl cyll\eCTBeHHo noHHmaTb nnoTHOCTb YXH a cocyge. 

AaTopw npMsHaTenbHW B.H.Mopososy, ~.~.KocBI1Hl.leBy, ~.A.Ky~HH
py, ~.H.noKOTHflOBCKOMY M r.H.Tepexoay sa o6cymgeHH.fl M nOMOll\b npH 
npoaegeHMH 3Kcnepi1MeHTa. 
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'IEMATH'IECKHE KATErOPHH nYBJJHKAUMA 
OB'hE,llHHEHHOrO HHClWI'YTA s,nEPHHX 

MCCJIE.nOBAHHA 

Muse T8M8TIIK8 

1. 3KcnepMMeHTan~Ha~ ~SMKa BWCOKMX 3HeprM~ 

2. TeopeTM~cKa~ ~3MKa awcoKMx 3HeprM~ 

3. 3KcnepMMeHT8n~Ha~ He~TpoHH8ft ~SMK8 

4. TeopeTM~CKa~ ~3MKa HMSKMX 3HeprM~ 

5. HaTeMaTMKa 

6. RAepHa~ cneKTpOCKOnM~ M paAMOXMMMft 

7. ~SMK8 Tft*enYX MOHOB 

8. KPMoreHMKa 

9. YcKoPMTenM 

10. AaTOMaTMaa~M~ o6pa6oTKM 3KcnepHMeHTan~HWX 
A8HHWX 

11. Bw~cnMTen~Ha~ MaTeMaTMKa H TexHMKa 

12. XMMMft 

13. TexHMKa ~3M4ecKoro 3KcnepMMeHTa 

14. HccneAo&aHM~ TBePAWX Ten M *MAKOCTe~ 
~AePHWMM MeTOA8MM 

15. 3KcnepMMeHTan~H8ft ~3HKa ~AePHWX pea~H~ 
npM HM3KMX 3HeprM~X 

16. Ao3MMeTPM~ M ~3MK8 38~TW 

17. TeopMft KOHAeHcMpoaaHHoro cocTOftHM~ 

18. Hcnon~aoaaHMe ~eayn~TaToa M MeTOAOB 
tyHA8MeHTan~HWX ~3M~CKMX MccneAO&aHM~ 
8 CMe*HWX o6nacT~X H8YKM M TeXHMKM 

19. 6M~M3HK8 

... 

HrHaToaH4 B.K. H AP· PJ-82-811 
3KcnepHMeHTW no xpaHeHH~ YXH B cocyAaX a npoTo4HOM pe*HMe 

npoT04HWM cnoco60M H3MepeHo nap~HanbHOe apeMR xpaHeHHR YXH AO Harpeaa 
H 3axaaTa HX CTeHKaMH o6e3ra*eHHOrO MeAHOrO H 6epHnnHeaoro COCYAOa. H3Me
peHHoe 3Ha4eHHe KO~H~HeHTa 3axaaTa YXH AnR MeAH coanaAaeT c pac4eTHWM. 
AnR 6epHnnHR 3Ha4eHHe KO~H~HeHTa Harpeaa YXH npeawwaeT cooTaeTcTay~~ 
aenH4HHY AnR MeAH· noKa3aHO, 4TO nOTOK HarpeTWX Ha noaepXHOCTH o6e3ra*eHHOH 
MeAH YXH COOTaeTCTayeT nOTOKY HX OT aOAOpQACOAeP*~ero a~eCTaa TO~HHOH 
MeHee OAHOrO MOHOCnoR. npHaeAeHW pe3ynbTaTW H3MepeHHH TeMnepaTypHOH 3aaHCH-
MOCTH noToKa HarpeTwx YXH. 

Pa6oTa awnonHeHa a fla6opaTOPHH HeHTPOHHOH ~H3HKH OH~H. 

C~eHMe 06~HeHHoro HHCTMTyTa RAePHWX HccneAoaaHMH. AY6Ha 1982 

lgnatovlch V.K. et al. PJ-82-811 
Experiments on UCN Storage in Bottles in the Channel Mode 

Pa~tial storage times of UCN in bottles are measured independently 
before their capture and heating up by the method of UCN flow through 
a bottle with two holes. The UCN loss coefficient measured for copper, is 
In agreement with its theoretical value, while for beryllium the coefficient 
of UCN heating up exceeds the calculated one by a factor of 20. It is shown 
that thermal outgasing improves much the UCN storage and reduces the flux 
of heated UCN from the walls. Thermal dependence of the flux of heated UCN 
from the outgassed copper and beryllium surfaces are measured. The effect 
of water condensation of the outgassed copper surface under pressure much 
less that thP. water vapour pressure of corresponding dew point is observed. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1982 

nepeBOA O.C.BHHOrpaAOaOH . 


