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npHBO/ll!TCSI MeTO/l H pe3y/lbT8Tbl paC'IeTOB Bb!XO/l8 ynbTpaxonOJlHb!X 

HeltTpOHOB (YXH) H3 HeKOTOpb!X f'830Bb!X H HSMOpmKeHHbiX KOHBepTOpOB. 

3KcnepHMeHTa/lbHO rrony'leHHhie BbiXO/lbi YXH aa aoaopoaa, aellrepHSI, renHSI, 

B03JlyXa IlpH p83nH'IHb!X TeMrrepaTypaX H H3 PS!Il8 H8MOpOlKeHHb!X BeiUeCTB 

(BO/lbi, THJKenolt BO/lbi, crrHpToa) rrpH TeMrreparype SOOK yaoaneraopHTenbHO 

cornacyiOTCSI c pac'leTHbiMH aHa'leHHHMH. BbiXO/l YXH aa aoaopoaa rrpa 

KOMHSTHOH TeMrreparype npaKTH'IeCKH He ornH'IaeTcSI or BbiXO/la YXH H3 I 
BO/lbi. BbiXO/l YXH H3 HaMopolKeHHOH BO/lbi B 25 paa rrpeBbiiUaeT BbiXO/l YXHI 
H3 8IIIOMHHHS!o 

Coo6uleuMe 06i.e.llJIHeHHOro MHCTMTyTa H.aepablx MCCJie.aosaaMI 

,I:ly6ua, 1974 

Akhmetov E.Z., Golikov V.V., Kaipov D.K., 
Konks V.A., Strelkov A.V. 
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Gas and Frozen Converters as the Sources of 
Ultracold Neutrons 

The technique and the results of calculations of 
ultracols neutrons (UCN) yielding from some gas and frozen 
converters are presented. The experimentally obtained UCN 
yields from hydrogen, deuterium, helium, air at different 
temperatures and from a number of frozen matters (water, I 
heavy water, alcohols) at room temperature doesn't practi
cally differ from that of water, while the UCN yield from 
frozen water exceeds by about 25 times the yield from 
aluminium. 

Communieatione of the Joint Institute for Nudear Reeeareh. 
Dubna, 1974 

B;1 I .nau o63op ucnonL3yeMhiX B 3KcnepuMeHTanLuoii 
npaKTHKe cnoco6oB nonyqeuuB ynLTpaxono,nuhlx ueiiTpouoB 
/YXH/. Hau6onLwee pacnpocTpaueuue nonyqunu cnoco6bl 
uenocpe,ncTBeuuoro H3BneqeuuB YXH H3 3aMe,nnuTenB peaK
Topa H ,nanhHeiiwaB HX TpaucnopTHpOBKa K 3KCnepHMeHTanh
uoii ycTaHOBKe c noMO~hiO ropH30HTanLHoro ana BepTH
KanbHOrO HeHTpOHOBO,Aa. IlOCKOnhKY 83 3aMe,nnHTenB MOryT 
BbiXOAHTh npaKTaqecKH TonhKO YXH, o6pa3oBaBwaecB B 
flOBepXHOCTHOM cnoe TOn~HOH nopJI,nKa cpe,nueii ,nnHHbl 
cBo6o.nuoro npo6era YXH, TO 3TOT cnoii 3aMe,nnaTenB /TaK 
ua3biBaeMhiH KOHBepTop YXH/ o6blquo oT,nenJieTcB oT oc
HOBHoii MaCChi 3aMe,nnHTenB. K MaTepaany ,IJ,nB KOHBepTopa 
npe,IJ,bBBnBeTcB pB.IJ. cneua~uqecKHX Tpe6ouauaii: a/ B cny
qae acnonh30BaHHB ropH30HTanLuoro TpaucnopTuoro ueiiT
pououo.na rpauaquag cKopocTh KOHBepTopa./una ero o6o
noqKa/ V rKp ,IJ,OmKHa 6b1Th MeHbWe rpauHqHOH CKOpOCTH 
ueiiTpououo.na v ~ I v - ueKoTopaJI KPHTaqecKaB 

'P rp ~ ~ 
CKOpOCTh ,IJ,nB ,IJ,allHOrO MaTe])Hana, HH)I(e KOTOpOH HeHTpOH 
npa nro6oM yrne na.neHHB oTpa)l(aeTcB oT rpaHHUhl pa3,11,ena 
BaKyyM - cpe.na/; 6/ ,11,m1 yuenaqeuHB Bblxo.na YXH H3 Kou
uepTopa npa ero oxna)I(,IJ,eHHH ,11,0 HH3KHX TeMnepaTyp ceqe
uue norno~eHHJJ. YXH a c .non)I(HO 6b1Th MHoro MeHhWe 
ceqeuHJI uarpeua YXH aHy ;a/ nocKonLKY KOHBepTop uaxo
.IJ.HTCJI 6nH3KO K aKTHBHOH 30He peaKTOpa, OH ,IJ,On)l(eH o6na
,IJ,8Th BbiCOKOH pa,nHaUHOHHOH CTOHKOCThiO H HH3KHM ra3o
Bbl,neneHHeM B BaKyyMuyro nonocTh ueiiTpouoBo,na. 

Ilpe,nbJIBnJieMhle Tpe6oBaHHJI 3HaqaTenhHO cy)l(aiOT Kpyr 
no.nxo,nJI~Hx MaTepuanou ,nnB KOHBepTopoB. HanpaMep, TaKHe 
ue~ecTBa, KaK 6epunnuii, rpa~HT, TJI)I(enaB Bo,na, y,noBneT
BOpJI~He nocne,IJ,HHM ,IJ,BYM ycnOBHBM, H3- 3a CBOeii BhiCOKOH 
rpauaquoii CKOpOCTH He MOryT 6b1Th 3~eKTHBHO HCflOnh-
30BaHbl B ropH30HTanhHhiX HeHTpOHOBO,IJ,aX. 

3 



B TO >Ke BpeMa no npB'IBHe HB3KOH pa,!I;BaUBOHHOH CToii

KOCTH He MOryT 6b1Tb BCnOJib30BaHbl B Ka'leCTBe KOHBepTo

pa nOJIB3THJieH B ,!l;pyrBe TBep,!J;ble opraHB'IeCKBe BeiUeCTBa. 

IIpBMeHeHBe B Ka'leCTBe KOHBepTopa UBPKYJIBPYIOIUBX no 

3aMKHYTOMy KOHTypy OXJia)J(,!J;eHHOrO nponaHa, neHTaHa, 

B30neHTaHa H T .,!1;. OCJIO>KHeHO Tpy,!J;HOCTRMB, CBR3aHHbiMH 

C 'laCTbiMB 3aKynopKaMB Tpy6onpOBO,!J;OB KOHTypa, Bb13BaH

HbiMB OT JIO>KeHBRMB TR>KeJibiX BbiCOKOMOJieKyJiapHbiX nO JIB

MepOB, o6pa3y10IUBXCR no,!J; ,!J;eHCTBHeM BHTeHCBBHOrO peaK

TOpHoro o6Jiy'leHBR. 

B pa6orax 12 ,31 6blno noKa3aHo, ,'ITO rH,!I;pB,!J; UBPKOHBH 

11BJIReTCR XOpOWBM KOHBepTOpOM, Bbi,!I;ep>KBBaiOIUBM npH KOM

HaTHOH TeMnepaType B BaKyyMe 6e3 3Ha'IBTeJibHOH noTepB 

BO,!I;OpO,!J;a 60JibWBe ,!J;03bl 06Jiy'leHHH B6JIB3H aKTHBHOH 30Hbl 

peaKTOpa. lf3MepeHHH noKa3aJIB 
13•41 , 'ITO npHMeHeHBe 

oxna>K,!J;eHH.ll rH,!I;pB,!J;a UBPKOHBR .!J;O TeMneparypbl - 80° K 

He 34l4leKTBBHO, TaK KaK iro yseJIB'IBBaer BbiXO,!J; YXH 
scero B /1,572/ pa3a. 

B ,!J;aHHoii pa6ore paccMaTpBBarorca B03MO:WHOCTB uc

noJib30BaHBa ra3oo6pa3Horo BO,!I;opo,!J;a, ,!J;eiirepBa H HaMopo

>KeHHbiX BO,!I;OpO,!J;CO,!I;ep>KaiUBX >KH,!J;KOCTeH B Ka'leCTBe KOH

BepTOpOB YXH. IIpose,!J;eHhl pac'leTbl BbiXO.!J;OB YXH H3 yKa-

3aHHblx Bewecrs B JaBHCHMOCTH or ux TeMneparypbl TK 
npH 06Jiy'leHHH KOHBepTOpOB H30TpOnHbiM nOTOKOM TenJIOBbiX 

HeHTpOHOB C MaKCBeJI)IOBCKHM cneKTpOM C TeMnepaTypoii 

T H • qaCTH'IHaa 3KcnepHMeHTaJILHaa nposepKa npoBe.D.eHHbiX 

pacqeros 6blna BblnonHeHa Ha KaHane YXH, ycraHOBJieHHOM 

ua peaKTOpe BBP-K HHCTHT~Ta a,!l;epHoii !IIH3HKH AH Ka-

3axcKoii CCP /r. AnMa-ATa;/ I. 

§1. TeopuR 

,D.na pacqera BbiXO,!J;a YXH H3 raJoo6pa3HhlX KOHBep

ropoB 6bln ucnoJib30BaH MeTO.LJ., onucaHHhlii B 141. CornacHo 

3TOii pa6oTe noJIHbiH noroK YXH <fJ B HHTepsane 3HeprBii 

OT 0 ,!1;0 E ;p , BbiXO,!J;RIUBH C 1 c..w2 KOHBepTopa, MO>KHO 

npe.LJ.CTaBHTb B CJie,!J;yiOIUeM BH,!J;e: 

H 2 
<fJ = . <flo(Erp) 

8 
G (T H' TK ), /1/ 

4 

H 
r,!J;e <flo - nonHblii noroK rennosblx HeiirpoHOB, Erp - rpa-

HH'IHaB 3HeprHB HeHTpOHOBO,!J;a, a !PYHKUHB 

l 0 f E '[a (E '__.E)· E-1.;2]exp ( -E' /T~dE' 
G(T H• TK )= -:::::2 X . - 00 /2/ 

TH ~ac(E 0)E
1:2 h J[a (E _, E ')E 1.;2]dE' 

0 

He JaBHCHT OT 3Hepruu E BbiXO,!J;BIUBX H3 KOHBepropa YXH 
H onpe,!l;eJIReTCB TOJibKO xapaKTepHCTHKaMB KOHBepTopa. 

3.!J;eCL E ' - 3HeprHB TennoBbiX HeiiTpOHOB, na,!J;aiOIUHX Ha 

KOHBeprop; a(E '__. E )dE - ce'leHHe Heynpyroro paccea

HHB ,HeiiTpOHOB c 3Heprueii E ' B HHTepsan 3Hepruii E , 
E + dE I ce'leHue oxna>K,!J;eHB.ll rennoBbiX HeiirpoHoB/; 

a(E--> E' )dE' - ce'leHue Heynpyroro pacceaHHR YXH ·c 

3Heprueii E B HHTepsan 3Hepruii E ' , E '+dE' /ce'leHHe 

uarpesa YXH/; ac(Eo) - ce'leHHe nornoiUeHHB HeiirpoHOB 

c HeKoropoii lbuKcHposaHHoii :meprueii Eo . 
B HaCTOBIUee BpeMB OTCYTCTBYIOT 3KCnepHMeHTaJibHble 

,!J;aHHble o ce'leHBBX Heynpyroro pacceBHBB Me,!J;JieHHbiX 

HeiiTpOHOB B WHpOKOM HHTepBaJie 3HeprHH H TeMnepaTyp 

ra3oo6pa3HOrO BO,!I;OpO,!I;a H ,!J;eHTepHB. B CBB3H C 3THM ,!J;JIB 

pac'leTa G (TH , 1K ) ucnoJiblOBaJIHCb reopeTH'IeCKHe 

Bblpa>KeHHB .D.JIR ce'leHHii Heynpyroro pacceBHH.ll Me,!J;JieHHbiX 

HeHTpOHOB MOJieKyJIBpHbiM BO,!J;OpO,!I;OM H ,!J;eHTepBeM, nony

'leHHbiX IS I npu onucaHHH ,!J;BH>KeHHB MOJieKyJihl MO,!J;eJILIO 

TBep,!I;OrO poTaTOpa C y'leTOM CnHHOBbiX KoppeJIBUHH Me>K,!J;Y 

aTOMaMH MOJieKyJibl. 

KaK H3BecrHo, npu BhlCOKHX TeMneparypax raJa, KOr,!J;a 

3HeprHB Tennosoro B036y>K,!J;eHHB MHoro 6onLwe, 'leM pac

CTOBHHe Me>K.D.Y BpaiUaTeJibHbiMH ypOBHBMH MOJieKyJibi-BO,!J;O

po,!l;a, COOTHOWeHBe Me>K,!J;Y napa- B opTOMO,!J;B!PBKai(BRMB 

. onpe,!l;eJIBeTCB CTaTBCTB'IeCKBMB BeCaMB COCTOBHBH CO CnB-

HaMH S = 0 B S= 1, 'ITO coorsercTByeT 3/4 oproso,!J;opo,!l;a 

B 1/4 napaso,!l;opo,!l;a. B o6hlKHOBeHHOM BO,!J;opo,!l;e TaKoe 

COOTHOWeHBe Me>K,!J;y napa- B OpTOKOMnOHeHTaMB npaKTB

qecKH ,!J;OCTBraeTcB npB KOMHaTHoii TeMneparype. IIpB no

HH>KeHBB TeMneparypw see MoJieKynw nocreneHHO nepexo,!J;BT 

B 6onee HB3KOe COCTORHBe, T.e. B napaCOCTORHBe. O,!J;HaKO 

He06XO,!J;BMO OTMeTBTb, 'ITO B OTCYTCTBBe KaTaJIB3aTopa 

COOTHOWeHBe Me>K,!J;y KOHUeHTpaUBBMB napaBO,!I;OpO,!I;a B OpTo-
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BO~Opo~a DpH DOHH*eHHH TeMnepaTyphl He MeHIIeTell ~nH
TenLHOe apeMII. EenH, HanpHMep, o6hlKHOBeHHhlii ao~opo~ 
oxna~HTL ~o HH3Koii TeMnepaTyphl, TO see MoneKynhl napa
ao~opo~a nepexo~IIT Ha eaMhlii HH3KHii apa~QaTenLHhlii napa
ypoaeHL J "' 0, a see MoneKynLI opTOBO.D;opo~a - Ha eaMblii 
HH3KHii opToypoBeHL 1 = 1 . B Ta6n. 1 npe~eTaaneHbl 
nponeHTHhle eo.D;ep*aHHII MoneKyn BO.D;opo~a npH pa3nH"'Hhlx 
Bpa(UaTenbHbiX YPOBHIIX J B Tpex ra30BhlX eMeeiiX B 3a
BHeHMOeTH OT TeMnepaTypbl: B paBHOBeeHOH CMeCH, B napa

BO~Opo~e H B 06biKHOBeHHOM BO~Opo~e /paBHOBeeHall CMeeb 
npH KOMHaTHOH TeMnepaType/ / 6/. 

B OTnH"'He OT BO~Opo~a y ~eiiTepHII /DOCKOnbKY .D;eiiTpOH 
HMeeT CDHH 1/ YCTOH"'HBOH cllopMOH npH HH3KHX TeMnepaTy
pax IIBnlleTCII OpTOMO~H«<!HKaUHII J =0, T.K. HH*HHHBpa~Qa
TenbHbiH ypoaeHL IIBnlleTcll opTococTOJIHHeM .. TaKHM o6-
pa3oM, HOpManbHbiH ~eiiTepHH IIBnlleTCII eMeCbiO 2/3 OpTo
~eiiTepHII H 1/3 napa~eiiTepHII. B Ta6n. 2 np&ae~eHo nponeHT
Hoe co~ep*aHHe MoneKyn ~eiiTepHII npH pa3nH"'HhlX apa~Qa
TenbHbiX YPOBHIIX B paBHOBeeHOH CMeCH. 

llocKonLKY ocHoBHoii BKna~ B o6pa3oBaHHe YXH BHOCIIT 
Tennoshle HeiiTpOHbl e 3Hepr&eii E' < 0,2 3B, TO cornacHo 1~1 
npeHe6pera11 paccMoTpeHHeM Kone6a TenLHbiX ~BH*eHHii /ace 
MOneKynhl HaXO~IITCII B OCHOBHOM KOne6aTenbHOM COCTOII
HHH/, nony"'HM cne~yiOIQHe Bblpa*eHHII ~nil Ce"'eHHH Heynpy
roro pacceiiHHII: 

a/ B cnyqae napaao~opo~a H opTo.D;eiiTepHII 

[a(E' ... E)E-I/2 ]=4rr(~)I/2 -1-xl I P
1

x 

rr \ rn E' J=0,2,4 .. 

/3/ 

x I W (J ... J ')exp I - M x [E '- _rn_E '-(E J' -E
1 

)] 2 11; 
J'~J 2rnE'TK 2M 

[ a(E_, E' )EI/2 ]= 4rr( SM )I;\ I I P
1 rrrn T K J=0,2,4 

X 
. /4/ 

6 

x ~ W(J->J ')expi-_M--[E'+ ..!!!..__E'+(E
1

, -E
1
)fll; 

J'<J 2rnE'T 2M 
- K 

6/ B cnyqae opToao~opo~a H napa~eiiTepHII 

M 

[a(E '_, E)E-I/2 ]= 417 ·<~~)I/2 
rrMTK 

1+-rn 1 
---xl~ Px 

3 E ' J= I ,3,5 .. J 

/5/ 

x ~ W(J-> J')expl 
J ~ J 

M [ , rn , 2 
2rnE 'T K E -2M E -(E J, -E1 )] ll; 

M 
[a(E->E' )EI/2 ]= 4rr( 2m l12 1

+ rn x l ~ P J x 
rrMTK 3 J=I,3,5, .. 

/6/ 

x ! W(J->J ')expl- M [E'+ __!!l_E'+(E -E )]
2

11, 
J s J 2rnE' T K 2M J' J 

r~e PJ - paeeMoTpeHHhlii Bhlwe eTaTHeTH"'eeKHH sec 
MOneKynLI B eoCTOIIHHH J ; E J - 3HeprHH spaanaTenLHOrO 
ypoBHH /~nH BO~opo~a E J = 0,015 [J(J + 1)/2] 3B; ~nH 
~eiiTepuH E 

1 
= 0,0071 [ J (J + 1)/2] 3B/; EJ -E1 - 3Hep

rHH nepeXO,IJ.a Me*.D.Y .D.BYMH Bpa(UaTenbHhlMH ypOBHHMH 
J' u J ; W(J .... J ') - JasueHanaH OT 3HeprHH HeiiTpona 

sepoHTHOCTb nepexo.n.a MoneKynLI H3 spaanaTenLuoro eo
CTOHHHH J B eOCTOJIHHe J ', KOHKpeTHhlH BH~ KOTOpOH ~nil 
pg~a nepexo~os npuse.n.eu s -'5i ; rn - Macca HeiiTpoHa; 
M - Macea npoToHa uno ~eiiTpoHa eooTBeTeTBeHHO. 

llpH paeqeTe BbiXO~OB YXH H3 ra3oo6pa3noro KOHBep
Topa, eo~ep*aanero cMeeL opTo- H napaMo~H«<!HKanHii so~opo
~a H ~eiiTepHJI, ce"'eHHII Heynpyroro paceeiiHHII HeiiTpoHOB 

onpe~enJinHeb KaK 
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a(E .... E' )= Nrrapa a (E->E')+ Nomo a (E-+E), 
N N napa N N opTo napa + opTo napa+ opTo 

/7/ 

r.D;e Nnapa H N0 pTo - 'IHcno napa- H opToMoneKyn cooT
BeTCTBeHHO. Ha puc. 1 noKa3aHo nose.D;eHue paccquTaHHhlx 
3Ha'leHHH Ce'leHHH Heynpyroro pacceHHHH Me,D;neHHhiX HeHT
POHOB a£ l/

2 
, CBH3aHHoro C HarpeBOM HeHTpoHa, ,II;JIH PH,IJ;a 

KOHBepTOpOB. 

Pe3ynLTaThl pacqeTos G(TH, T K) .D;nH HeKoTophlx co-
CTOHHHH ra3oo6pa3HOro BO,D;OpO,IJ;a H .D;eHTepHH npHBe,D;eHhl 

B Ta6nuu;ax 3-6 /s u;enHx e,IJ;HHoo6pa3HH npe,IJ;cTasneHHH 
,IJ;aHHhiX 3a "1" npHHHTo 3Ha'leH~/ G (TH , TK ) .D;JIH nonu-
3THJieHa npu T H = TK = 300°K 4. /. Bu.n;Ho, 'ITO B nonHoM 
COrJiaCHH C .D;pyrHMH ,IJ;aHHhiMH no BO,D;OpO,IJ;CO.D;ep)l(allUIM 
MaTepuanaM 141 BhiXO.D; YXH .D;nH ra3oo6pa3Horo Bo.D;opo,IJ;a 

H ,IJ;eHTepHH npH l}>HKCHpOBaHHOH TeMnepaType HeHTpOHHOro 
cneKTpa 3aMeTHo B03pacTaeT npu oxna)I(,IJ;eHHH KOHBepTopa. 
HapJI.D;y c 3THM npu l}>HKCHposaHHOH TeMnepaType KOHBepTopa 
Ha6mo,IJ;aeTcH TaK)I(e B03pacTaHue BhiXO.D;a YXH npu yMeHL
weHHH TeMnepaTyphl HeiiTpOHOB T H /HcKmoqaJI cnyqa:R na
paso,D;opo,IJ;a/. O,'leBH.D;Ho, 'ITO npu yMeHLWeHHH T H ce'leHHH 

OXJia)I(,IJ;eHHJI HeHTpOHOB TaK)I(e YMeHLWaiOTCJI B cnyqae 

pacceHHHJI KaK Ha OpTo-, TaK H Ha napaMO,IJ;Hl}>HKaiJ;HJIX 
BO,D;OpO,IJ;a H ,IJ;eHTepHJI /H3- 3a COKpall{eHHH HCnOJIL3yeMOH 
,II;OJIH ,II;BH)I(eHHH MOJieKyn/. 0,IJ;HaKo B cnyqae OpTGBC)~OpO,I(a 
H napa,IJ;eHTepHH Ce'leHHH OXJia)I(,IJ;eHHJI yMeHhillaiOT C H 3Hal.JH
TenLHO Me.D;neHHee, 'leM y napaso,D;opo,IJ;a H opTo.n;eiiTepHH, 
H H3- 3a HanH'lHH l}>aKTopa Ti!2 B /2/ O)I(H.D;aeTcH ysenH'IeHue 
Bhlxo.n;a YXH npu noHH)I(eHHH TeMnepaTyphl HeiiTpoHoB. 

Bo H36e)l(aHHe noTepL YXH npu ux OTpa)l(eHHH OT cTeH
KH KOHTeRH~pa, 'lepe3 KOTOpyiO OHH npOHHKaiOT B BaKyyMHYIO 
nOJIOCTL HeHTPOHOBO.D;a, npe,IJ;CTaBnHeT OC06hiH HHTepec HC
CJie,IJ;OBaTL B03MO)I(HOCTL HCnOJIL30BaHHJI HeKOTOphiX BO,IJ;O
pO,IJ;CO,D;ep)l(all{HX MaTepuanos B Ka'lecTse KOHBepTopos YXH 
nyTeM HX HaMopa)I(HBaHHJI Ha KaKyiO-nH6o OXJia)I(,IJ;eHHYIO 
nosepxHOCTL. B Ta6n. 7 H 8 npuse,IJ;eHhl pe3ynLTaThl 
pacl.JeToB G (T , T ) .n;nH .D;Byx BO.D;opo.n;co.n;ep)f(allUix 

v H K .1, B 
)I(H,IJ;KOCTeH: ,II;JIJI BO,IJ;hl H ,II;Hq.reHHJia. 3TOM CJiyqae ,II;JIJI pac-

'leTa BXO.D;Hll{HX B G ( T H , TK ) ceqeHHH Heynpyroro pac-
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l6apH. M3B l/2 I oAR MeoAeHHbiX HeumpoHo6 IE < 1 'M3BI. 
1 - pa6H06ecHaR KOHfleH111paf1UJI opmo- napa6ooopooa; 2 -
06biKH06eHHbiU 6000p00 lpa6H06eCHQJI KOHlleH11JpaijUJI npu 
KOMHa111HOU meMnepamypel; 3 - napaeooopoo; 4 - pa6Hoeec
Ha.R KOHfleHmpafiUJI opmo- napaoeumepu.R; 5 - 6ooa. 

CeHHHJI cornaCHO i 4 / HCllOJIL30Ba1IOCh 

repeHTHOe npu6nu)f(eHHe, a cneKTPhl 

pa6oT 17•8/ 

O,IJ;Hol}>OHOHHOe HeKO
'laCTOT 6paJIHCh H3 
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§2. 3KcnepuMeH1!1 

ra30BLI:ii KOHBepTop YXH /pHc. 2/ npe,I\CTaBnJieT co6oii 

repMeTH'IHbiH amoMHHHeBbiH IJ;HnHH.I\PH'IeCKHH COCY.I\ /1/ 

,I\HaMeTpOM 17,5 CM, ,l\nHHOH - 9 CM. 0H llOMeiiJ;ancR B CKB03 • 

HOM Kaca TenLHOM KaHane peaKTopa B B P- K a6nH3H aKTHBHo:ii 

30HLI, r,I\e llOTOK TennOBLIX HeiiTpOHOB COCTaBnRn 

-5.1012 c,w-2 ce~e-1 npH MOIIJ;HOCTH peaKTopa -10 MB111/2/. 
flo Tpy6Ke /2/ OT CHCTeMLI HanonHeHHR BHyTpL KOHBep

TOpa flO,!\ pa3nH'IHLIM ,I\aaneHHeM llO,I\aBancR BO,I\OpO,I\, ,I\eHTe

pHii H T • .z\. YXH, o6pa3oBaHHLie B HanonHRIOIIJ;eM KOHBepTop 

ra3e, llpOXO,I\HnH B BaKyyMHYIO llOnOCTL He:iiTpOHOBO,I\a 'lepe3 

TOHKYIO aniOMHHHeByiO CTeHKY /3/ TOniiJ;HHOH 0,25 • 0,3 MM. 

fipHMeHeHHeM cneu;uanLHbiX BHyTpeHHHX CTep)f(He:ii /4/ )\O· 

CTHranacL ,I\OCTaTO'IHaR MeXaHH'IeCKaR npO'IHOCTL TOHKOH 

nepe,I\HeH CTeHKH /KOHBepTOp BLI,I\ep)f(HBan ,I\aaneHHe ,I\0 

5 QliiM/ H OCYIIJ;eCTBnRnCR OTBO)\ pa,I\HaiJ;HOHHOro Tenna OT 
3TOH CTeHKH. 

BnHRHHe BHyTpeHHHX aniOMHHHeBLIX cTeHoK Ha pe3ynL

TaTLI H3MepeHHH HCKniO'IanOCL llYTeM llOKpLITHR BCeH BHyT

peHHeH llOBepXHOCTH KOHBepTopa, KPOMe nepe,I\HeH CTeHKH 

/3/, Me)\HOH $onLro:ii /5/ TOniiJ;HHOH -50 MKM. )J,nR OXna)f(

,I\eHHR KOHBepTopa flO Tpy6KaM /6/ llO,I\aBanCR )f(H,I\KHH a30T 

nu6o npoTO'IHaR BO,I\a. TeMnepaTypa H3MepRnacL TepMonapoii 
Me.l{L- KOHCTaHTaH /7 I. 

C llOMOIIJ;LIO llpOBOnO'IHLIX npy)f(HH H3 Hep)f(aBeiOID;eH 

CTanH /8/ llpOH3BO,I\HnacL IJ;eHTpOBKa KOHBepTopa B KaHane, 

'leM npe,I\OTBpaliJ;ancR TennonpHTOK K KOHBepTopy OT CTeHOK 

He:iiTpOHOBO,I\a llpH OXna)f(,l{eHHH KOHBepTopa )f(H,I\KHM a30TOM. 

BLIXO.I\RIIJ;He H3 KOHBepTopa YXH no 3neKTpononHpoaaH

HOMy Me,I\HOMY HeHTPOHOBO.I\Y /9/ ,I\HaMeTpOM 17,5 CM H 

o6IQe:ii ,I\nHHOH -6 M nona,I\anH a ,I\eTeKTop YXH. HeiiTpOHOBO.I\ 

HMen ,I\Ba npRMoyronLHLIX noaopoTa, no3aonRIOIIJ;Hx pacno

nO)f(HTL ,I\eTeKTop BHe BH.I\HMOCTH npRMoro ny'IKa. YXH 

perHCTpHpoaanHCL napo:ii $OTOYMHO)f(HTene:ii ci>3Y- 52 CO 

CIJ;HHTHnnRTopaMH Zn S(Ag) ,I\HaMeTpoM 6 CM, Ha noaepx

HOCTL KOTOpbiX HaHOCHnHCL CnOH rH.I\POOKHCH 6 ·Li. 3TH cnoH 

llOO'Iepe,l{Ho 3aKpb1BanHCL Me,I\HOH WTOpKOH TOniiJ;HHO:ii 

-10 MKM. Pa3HHIJ;a B HHTeHCHBHOCTH perHcTpau;HH OTKPLITbiM 

H 3aKpbiTLIM ,I\eTeKTOPOM H COCTaBnRna HHTeHCHBHOCTL pe • 
rHcTpau;HH YXH. 
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Ha puc. 3 noKa3aHbi 3aBHCHMOCTH C'leTa YXH OT ~aa
neuug HeKoTopbiX ra30B B KOHBepTope. Bhlxo~ YXH npu 
OTKal.faHHOH TIOJIOCTH KOHBepH>pa COCTaBJIJIJI - 5 CeK-I. 

fiocne~yiOJ.QHe H3MepeHHg TIOKa3aJIH, 'ITO TaKa.ll )l(e HHTeH· 
CHBHOCTb perucTpauuu YXH ua6JIIO~anacb H a cnyqae aJIIO
MHHHeaoro ~CKa ¢ 17,5 CM H TOJIJ.QHHOH 5 MM. 3TO yKa-
3biBaeT ua To, 'ITO HHTeHCHBHOCTb perucTpauuu YXH npu 
P= 0 nonuocTbiO onpe~en.11eTc.11 YXH, BbiXO~.III.QHMH H3 rou
Koii nepe~ue8 cTeHKH aniOMHHHeaoro Kopnyca KOHBepTopa. 
llpH HaJIH'IHH BHyTpeHHeH OTpa)l(aiOJ.QeH Me~HOH CTeHKH B 
Kouaeprope H H30Tponuoro pacnpe~eneuug o6pa3yiOJ.QHxcg 
YXH 3<lxtleKTHBuag TOJIJ.QHHa nepe~ue8 aniOMHHHeaoii cTeHKH 
COCTaangeT 1 MM; 3Ta TOJIJ.QHHa COBna~aeT C BeJIH'IHHOH 
pacqeruoro npo6era YXH B aniOMHHHH, TO eCTb ganJieTC.II 
y)l(e BnOJIHe ~OCTaTO'IHOH ~Jig nonyqeuug HaCbiJ.QeHHg BbiXO~a 
YXH B 3aBHCHMOCTH or TOJIJ.QHHbi aniOMHHug. 

HacbiJ.Qeuue a Bhlxo~e YXH H3 ao~opo~a. oxna)l(~euuoro 
~o TeMneparypbi - 80°K, uacTynaeT npu ~aaneuuu B~Boe 
MeHbllleM, 'leM ~Jig BO~opo~a npu 300°K. 3To XOpOllJO 
cornacyercg c pacqeTHbiMH 3Hal.feHHgMu A -rny6HHbl Bhixo~a 
YXH H3 ao~opo~a: A 300oK - 5,5 eM, A 80oK - 3,3 eM 
npu ~aaneuuu 1 amM /H3MeHeuue A or TeMneparypbi 
npoucxo~HT no npuquue H3Meueuug Kouneurpauuu MO~H~H
KaUHH BO~Opo~a C TeMnepaTypoH npH ~HKCHpOBaHHOM ~aB
neHHH u TeMnepaTypuoro H3Meueuug ceqeuu8 ueynpyroro 
pacceguug ua ao~opo~e/. 

Ha6niO~aeMoe yaenuqeuue - a 3,2 pa3a Bhixo~a YXH 
npu oxna)l(~euuu ao~opo~a OT 300° K ~o 800 K uaxo~urcg 
B npe~enax pacqeTHbiX 3Haqeuuii yaenuqeuug Bhixo~a YXH 
npH TaKOM nOHH)I(eHHH TeMnepaTypbi: ~aKTOp 2,6 ~Jig 06biK
HOBeHHOrO ao~opo~a /paauoaecuag KouueHTpauug opro- napa 
npu KOMHaTHOH TeMnepaType/ /Ta6n. 4/ H ~aKTOp 3,3 ~Jig 
paauoaecuo8 Kouueurpauuu npu 80° K /ra6n. 3/, 'ITO yKa-
3biBaeT Ha BepogTHYIO B03MO)I(HOCTb 6biCTporo o6pa30BaHHg 
B ao~opo~e paauoaecuo8 Kouueurpauuu npu 80° K no~ anug
HHeM B03~eHCTBHg HHTeHCHBHOrO peaKTOpHOrO o6ny'leHHg. 

,ll.n.11 ~eiiTepug /Kpu&ble 3 u 4 ua puc. 3/ ~aaneuue uacbl
J.Qeuug Bhlxo~a YXH 3aMeTHO npeBbilllaer ~aaneuue uacblJ.Qe
HHJI ~Jig BO~Opo~a, 'ITO 06'bgcugeTCg MeHblllHMH 3Ha'leHHJIMH 
ueynpyroro ceqeuug pacceguug H ceqeuug 3axaaTa ~ng ~eii-
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TepHJI. HeeKonLKO HeO)I(HJJ.aHHLIM HBnHeTeJI To, 'ITO BLIXOJJ. 

YXH H3 .D;eihepHH He3Ha'IHTenLHo oTnHqaeTeH oT BLIXOJJ.a 

YXH H3 BOJJ.OPOJJ.a, HeeMoTpH Ha To, 'ITO ee'leHHe 3axBaTa 

Ha BOJ].OpOJ].e- B 600 pa3 fionLWe, 'JeM Ha J].eHTepHH. 06'hJie· 

HeHHe 3TOMY cPaKTY ,lJ,aeT pHe. 1, r.D;e BHJ].HO, 'ITO B enyqae 

J].eHTepHH OeHOBHhiM npou;eeeOM, IIPHBOJ].JIIUHM K IIOTepe 

YXH, HBnHeTeH Heynpyroe paeeeJIHHe, eBJI3aHHoe e Harpe

BOM YXH, KoTopoe TaKoro *e nopHJJ.Ka BenH'IHHLI, KaK 

H B enyqae BOJ].OpOJ].a /B paeeMaTpHBaeMOM HHTepBane TeM

nepaTyp/. 

KpHBaJI 5 Ha pHe. 3 IIOKa3LIBaeT, 'ITO HafiniOJ].aeTeJI He-

3Ha'IHTenLHoe KonH'IeeTBO YXH, o6pa3YIOIUHXeJI Ha B03JJ.yxe, 

3anonHJIIOIUeM nonoeTL KOHBepTopa. llpaKTH'IeeKoe OTeyT

eTBHe BLIXO.D.a YXH H3 4 He /KpHBaJI 6/ o6'hJieHJieTeH epaB-

HHTenLHO Manoii: BepoHTHOeTLIO PO*.D.eHHJI YXH B renHH 

npH TaKHX J].aBneHHJIX Bene,lJ,eTBHe OTHOeHTenLHOH ManoeTH 

ee'leHHH Heynpyroro paeeeJIHHH YXH Ha HJJ.pax 4 He. 
llpH nonHoM 3anonHeHHH BHyTpeHHeii: nonoeTH ra30Boro 

KOHBepTOpa J].HeTHnnHpOBaHHOH BOJ].OH nony'leHO 3Ha'JeHHe 

eKopoeTH eqeTa -12,5 CeK-1, 'ITO IIOJ].TBep)I(J].aeT TeopeTH

qeeKH paee'IHTaHHhiH pe3ynhTaT 0 He3Ha'IHTenLHOH pa3HHU:e 

B BLIXO.D.e YXH H3 ra3oo6pa3Horo BoJJ.opoJJ.a H BOJJ.LI /eM. 

Ta6n. 7/. 

Bo H36e)l(aHHe noTepL YXH npH HX oTpa*eHHH oT amo

MHHHeBoro OKHa KOHTeHHepa rrpeJ].eTaBnJieT oeo6LIH HHTepec 

HeiiOnh30BaHHe OTKphiThiX IIOBepXHOeTeH HeKOTOphiX BOJ].O· 

po.D;eo,ZJ;ep*aiUHX BemeeTB B KaqeeTBe KOHBepTopoB YXH 

llyTeM HX HaMOpa)I(HBaHHJI Ha KaKyiO-nHfiO oxna)I(J].eHHYID 

IIOBepXHOeTL. lloMeiUeHHe 3Ha'IHTenLHhiX KOnHqeeTB TaKHX 

BemeeTB BHYTPL aaKyyMHoro o6'heMa Heii:TpOHOBOJJ.a rrpHao

.D.HT K paJ].HaUHOHHOMY pa3RO)I(eHHIO BemeeTBa KOHBepTopa 

H HHTeHeHBHOMy ra30BLI,lJ,eneHHIO /BOJ].OpOJ]., MeTaH H T.JJ../ 

B o6'heM Heii:TpoHoBo.D.a/9/. ManaJI rny6HHa BLIXOJJ.a YXH H3 

BOJ].OpOJ].eOJ].ep)l(aJUHX MaTepHanOB /MeHee 1 MM/1103BOnHeT 

HerronL30BaTL B Ka'leeTBe KOHBepTOpa TOHKHe enOH HaMopo

)l(eHHhiX neTy'IHX BOJ].OpOJ].eOJ].ep)l(aJUHX BemeeTB. llpH 3TOM 

3Ha'IHTenLHO yMeHLWaeTeH KOnH'IeeTBO BhiJ].enJieMoro BO

J].OpOJ].a, a fionLWHHeTBO HerrapHBWHXeJI OT H3ny'leHHH peaK

TOpa OTJJ.enLHLIX MoneKyn BemeeTBa KOHBepTopa rroene 

HeKOTOporo KOnH'IeeTBa yJ].apOB 0 eTeHKH HeHTpOHOBOJ].a 
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eHOBa KOHJ].eHeHpyeTeJI Ha oxna)I(J].eHHOH IIOBepXHOeTH, H 

nHWh He3Ha'IHTenLHaJI HX J].OnJI YXOJ].HT B BaKyyMHhle KOM· 

MYHHKaUHH OTKa'IHOH eHeTeMLI. 

HaMopa)I(HBaHH~ neTy'IHX BOJJ.OPOJJ.eo.D;ep)l(aJUHx semeerB 

npoHeXOJ].HnO Ha IIOBepXHOeTL IIOMeiUeHHOrO Ha MeeTO yera

HOBKH KOHBepTopa aniOMHHHeBOrO J].HeKa /¢175 MM H TORJUH· 

HOB 5 MM/, oxna*.D.aeMoro )I(HJJ.KHM a30TOM. 

)J;03HPOBaHHOe KOnH'IeeTBO BOJ].hl, errHpTa H T .J].. BBOJ].H

nOeL /npH 3aKphiTOM BeHTHRe BaKyyMHOH OTKa'IKH/ B rro

nOeTL HeHTpOHOBOJ].a Ha paeeTOJIHHH - 6 M OT KOHBepTopa. 

Ha6mo.D;anoeL yxy.D;weHHe BaKyyMa e 1o-4 Top JJ.O- 1Q-2Top, 
OJ].HaKO qepe3 HeeKOnhKO MHHYT OH BOeeTaHaBnBBaneH J].O 

rrpe*Hero 3Ha'leHHH, rroene qero OTKpLIBanHeL HaeoeLI J].nJI 

IIOJ].J].ep)l(aHHJI BaKyyMa. 

Ha pHe. 4 rrpe.D;eTaBneHhl 3aBHeHMoeTH HHTeHeHBHoerH 

perHeTpau;HH YXH OT TORIUHHLI HaMopo*eHHoro enoH BOJJ.hl, 

3THnoBoro H 6yTHnoaoro errHpTa. BLIXO.D. YXH H3 HaMopo

*eHHOH BO.D.LI /KpHBaH 1/rrpeBLieHn BLIXOJJ. YXH H3 aniOMH

HHJI - B 23 pa3a. HaeLIIUeHHe BLIXO.D.a JJ.OeTHranoeL rrpH 

TOniUHHax KOHBepTopa - 0,05 z/cM 2 . BLIXOJJ.hl YXH H3 

3THnOBOrO H fiyTHnOBOrO errHpTOB OKa3anHeh HeeKORhKO 

MeHLWHMH, 'JeM H3 BOJ].hl /KpHBaJI 2/. 

llpHHHB OTHOWeHHe BhiXOJJ.OB YXH H3 BOJJ.hl H amo

MHHHJI /rrpH 300° K/ 1 : 0,14 /Ta6n. 3141 , a TaK*e 

Ta6n. 7 3TOH pa6oTLI/, rronyqaeM yBenH'IeHHe BhiXOJJ.a YXH 

H3 BOJJ.hl rrpH oxna)I(J].eHHH OT 300~ JJ.O 80°K- B 3,4 pa3a, 

'ITO eOCTaBnHeT - 0,6 OT TeopeTH'JeeKOrO 3Ha'leHHJI. )J;nH 
IIOnH3THneHa H rHJ].pHJ].a UHPKOHHJI llpH HX oxna)l(,lJ;eHHH paHee 

TaK*e Ha6niO.D;aneH TonLKo -60o/o-HLIH poeT BhiXO.D.a YXH 

110 OTHOWeHHIO K TeopeTH'IeeKH rrpe.D;CKa3aHHOMY / 4/. 

0J].HOH H3 B03MO)I(HLIX llpH'IHH TaKoro paeXO)I(J].eHHJI MO

)I(eT HBRHTheH HerrpaBHnhHOe rrpeJ].IIORO)I(eHHe 0 IIOBeJ].eHHH 

erreKTpa KOnefiaHHH yKa3aHHhiX BemeeTB B ofinaeTH HH3KHX 

qaeTOT /rrpH 3HeprHH cPOHOHOB < 1 M~B/. llpH pac'leTe 

ee'leHHH Heyrrpyroro paeeeHHHJI HeHTpOHOB KaK B /4j TaK 

H B J].aHHOH pafioTe HeiiORh30BanHeh 3KerrepHMeHTanLHO 

rronyqeHHhle erreKTphl qaeTOT llpH 3HeprHH cPOHOHOB > 1 M3B; 
B o6naeTH )l(e HH3KHX 'laCTOT erreKTP cPOHOHHWX COCTOJIHHH 

OIIHehiBaneJI .D;efiaeBeKOH MOJ].enLIO. 0J].HaKO 3KerrepHMeH· 

TanLHhle J].aHHLie 0 IIOBCJ].CHHH TerrnoeMKOeTH PBJJ.a BemeeTB 
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I cTeKno, IIOJIH3THJieu, rronHCTHpon H T .JJ../ rroKa3wBaiOT, 'ITO 

rrpH HH3KHX TeMrrepaTypax /:!:: 1° K/ oeJIH'IHHa TerrnoeMKOCTH 

CHJILHO rrpeBbiWaeT 3Ha'IeHHH, paCC'IHTaHHLie C IIOMOI.QLIO 

JJ.e6aeocKoil MOJJ.eJIH /eM., uarrpHMep, /IO, II/ I, 'ITO coH

JJ.eTeJILCToyeT 0 TOM, 'ITO B 3THX Bel.QeCTBaX IIJIOTHOCTL cilo

HOHHbiX COCTOHHHH B HeCKOJILKO pa3 rrpeBLIWaeT IIJIOTHOCTL 

cilOHOHHbiX COCTOHHHH IIPH HH3KHX 3HeprHHX, rrpeJJ.CKa3biBae

MYIO JJ.e6aeBCKOH MOJJ.eJILIO. )J.OJIH HH3KO'IaCTOTHbiX cilOHOHHLIX 

COCTOHHHH C 3HeprHeH < 1 M3B, paCC'IHTaHHaH ITO JJ.e6aeB

CKOH MOJJ.enH, HarrpHMep, B BOJJ.e H rHJJ.PHJJ.e UHPKOHHH, 

cocTaBnHeT ocero - 0,03o/o oT o6l.Qero qucna. llpu T "'300'K 
K 

OHH BHOCHT TOJILKO 2o/o B BeJIH'IHHy CetJeHHH Heyrrpyroro 

pacceHHHH HeHTpOHOB, H TaKHM o6pa30M HeTO'IHOCTL JJ.aHHbiX 

0 cilOHOHHOM CIIeKTpe 3THX Bel.QeCTB IIpH HH3KHX tJaCTOTaX He 

OKa3biBaeT Cyl.QeCTBeHHOrO BJIHHHHH Ha pactJeTbl BLIXOJJ.a 

YXH. 0JJ.HaKo rrpH IIOHH)I(eHHH TeMrrepaTypLI KOHBepTopa JJ.O 

TK= 80 'K Hx BKnaJJ. B oenH'IHHY cetJeHHH uarpeoa YXH 

B03pacTae·T JJ.O 20o/o, H B 3TOM cnyqae OTKJIOHeHHe peanLHOrO 

crreKTpa rrpH HH3KHX tJaCTOTaX OT JJ.e6aeBCKOH MOJJ.eJIH JJ.OJI)I(HO 

npHBOJJ.HTL K yoenuqeuuiO ceqeuuH uarpeoa YXH u, cneJJ.ooa

TenLHO, K 6onee MeJJ.neuuoMy yoenutJeHHIO BLIXOJJ.a YXH 

npH IIOHH)I(eHHH TeMnepa TypLI KOHBepTopa. 

HaMopa)I(HBauue TH)I(enou BOJJ.LI ocyl.QeCTBnHnocL ua 

IIOJJ.JIO)I(KY H3 rHJJ.PHJJ.a UHPKOHHH. Ha puc. 5noKa3aHa 3aBHCH

MOCTb HHTeucuouocTH perucTpauuu YXH oT TOJil.QHHbi ua

Mopo)l(euuou D2 0. 0THOCHTenLHO ManLIH BbiXOl1. YXH 

ITO CpaBHeHHIO C rH,ll,pHJJ.OM UHPKOHHH H HaMOpO)I(eHHOH BO,ll,OH 

06bHCHHeTCH TeM, 'ITO OT TaKoro KOHBepTOpa IIOJiy'IaiOTCH 

YXH TOJILKO o Y3KOM ,ll,HanaJoue cKopocTeu: oT- 5,5 M/ceK -
rpaHH'-lHOH CKOpOCTH ,ll,JIH TH)I(enoro JlbJJ.a, JJ.O - 5,7 M/CeK -
rpaHH'IHOH CKOpOCTH Me,ll,H - MaTepuana CTeHOK HeHTpOHOBO

JJ.a. Pe3Koe na,11,euue HHTeucuouocTH perucTpauuu YXH npH 

MaJILIX TOJil.QHHaX HaMOpO)I(eHHOH TH)I(eJIOH BOJJ.bl HarnHJJ.HO 

HJIJIIOCTpHpyeT IIpOHBJieHHe OTpa)l(eHHH BbiXOJJ.Hl.QHX H3 rHJJ.pH

JJ.a UHPKOHHH YXH OT TOHKHX CJIOeB TH)I(enoro JILJJ.a. 

HecMoTpH ua ManLie cetJeHHH 3axoaTa H ueyrrpyroro 

pacceHHHH JJ.JIH ll.!O , Ha6JIIOJJ.aeTCH JJ.OBOJILHO paHO ua

CTyiiaiOl.Qee uacLil.QeHHe BLIXOJJ.a YXH, 'ITO MO)I(eT 6wTL 

o6bHcueuo 3HatJHTenLHbiM onHHHHeM pacceHHHH YXH ua 

MHKpOKpHCTannax TH)I(enoro JlbJJ.a H npHMeCLIO 06LI'IHOH BOJJ.LI • 
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Puc. 5. 3aaucUMOC111b UH111eHcuaHoc111u pezuc111pa14uu YXH 
J leeK -I I 0111 d -111oAIJIUHbl /z.cM-2/ HaMopoJICeHHou 111.11-

JICeAou aoobz Ha noaepxHoC111b zuopuoa !4UPKOHUJI npu 111eMne
pa111ype 80° K. 

llpu TeMnepaType )t(H;:J;Koro a3oTa .naaneHue napoa BOJJ:hl 
HaMHoro HH)t(e 3Ha'ieHHB npe.nenbHoro aaKyyMa /-Io-5 Top/, 

nonyqaeMoro OTKa'IHbiMB HacocaMB, a ao apeMJI 
HaMopa)t(HBaHHJI H B03rOHKH BO)J;bl /B Te'ieHHe HeCKOnbKHX 
MHHYT/ .naaneHHe napoa BOJJ:bi He npeBbliiiano - Io-2 Top. 

llo 3TOH llpB'IHHe B Te'ieHHe HeCKOnbKHX MeCJIUeB llpH pa-
60Te C HaMopa)t(BBaeMbiMH KOHBepTopaMH He 6blnO 3aMe'ieHO 
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yMeHbllleHBB Bblxo.na YXH B3 HeuTpoHoao.na 
KOpp03BeH CTeHOK Me,IUioro HeHTpOHOBO.D;a. 

§3. Bbtaoobz 

B CBJ13B C 

KoHaepTop B3 ra3oo6pa3Horo ao.nopo.na BBnJieTcJI npaK
TB'ieCKB y.no6HLIM BCTO'IHHKOM YXH npu HcnonbJOBaHHH 
ero Ha BbiCOKOITOTO'iHOM peaKTOpe, TaK KaK TaKOH KOHBepTop 
He ITO;:J;Bep)t(eH pa;:J;HaUHOHHOMy pa3nO)t(eHBID ITO)]; ;:J;eHCTBHeM 
B3ny'leHHJI peaKTOpa.B OTnB'IBe OT rB;:J;pH;:J;a UBPKOHHJI, no
nH3TBneHa H BOJJ:LI, r.ne 3cWJeKT yaenB'leHHB BLixo.na YXH 
npu oxna)t(;:J;eHHH He .nocTuraeT pac'leTHOH aenB'IHHhl, .nnJI 
ra3oo6pa3Horo KOHBepTopa 3cWJeKT oxna)t(;:J;eHBB cooTaeT
cTayeT paC'leTHOMy 3Ha'ieHHID. 

lloTepu a pe3ynbTaTe oTpa)t(eHHB YXH oT cTeHKH anw
MHHHeaoro OKHa KOHBepTopa He IT03BOnRIDT nony'IHTb BblXO)J; 
YXH H3 o6bi'iHoro ao.nopo.na, cyiUeCTBeHHo npeBbliiiaiOIUHH 
Bhlxo.n YXH c OTKPhiTOH noaepxHoCTH ru.npu.na UHPKOHHB. 
CornacHo pacqeTy /Ta6n. 5/ Bhlxo.n YXH H3 raJoo6pa3Horo 
napaao.nopo.na npu TeMnepaType --:20°K no'ITH a 30 pa3 
.non)t(eH npeBLIIIIaTb Bhlxo.n YXH H3 o6bl'IHoro ao.nopo.na 
npH KOMHaTHOH TeMnepaType. 3TOT 4JaKT eiUe Tpe6yeT 
3KcnepuMeHTanbHOH npoaepKH. B TO )t(e apeMs cornacHo 
nony'leHHhiM 3KcnepuMeHTanbHhiM .naHHhiM HaMopo)t(eHHas 
ao.na npu TeMnepaType )t(B;:J;Koro a3oTa o6na.naeT MaKCHManb
HhiM Bhlxo.noM YXH. llpaKTH'iecKoe y.no6cTao, pereHepauuB, 
OTCYTCTBHe ;:J;OITOnHHTenbHOH KOpp03HH CTeHOK HeHTpOHOBO
,Aa OT napoa BO,Abl, Ji03MO)t(HOCTb nerKoro H3MeHeHHR TOn
IUHHbl KOHBepTopa ;:J;enaiDT HaMopa)t(HBaeMLIH BO.D;JIHOH KOH
BepTop B HaCTOJIIUee BpeMJI HaH6onee nepcneKTBBHbiM BC
TO'IHHKOM YXH. 

B 3aKniD'leHHe aBTOpbl 6naro.napJIT B.H.JiyiUHKOBa B 
B.K.HrHaTOBH'ia Ja · none3Hhle o6cy)t(.D;eHHJI B 3aMe'iaHHJI, 
H.M.«<»paHKa 3a BHTepec K 3Toupa6oTe,KonneKTBBBBP-K/2; 
3a o6ecne'ieHBe·6ecnepe6ouHoi pa6oYbl peaKTopa. 
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'T':y;t(K 
50 

IOO 
200 

300 

600 

Y(cr J..(,'l\ .. );rum rasoodpasBoro BO.Jtopo,na (paBBo
BecHoe COOTHOmeHBe M~ KOBUeHrpaUBRMH napa
BO.JlOpo,na B OpTOBO,llOpo~) 

20 50 100 200 300 

18,9 27,9 17,9 10,4 7,5 

28,9 !4,9 8,3 4,7 3,4 

33,3 9,3 3,9 2,1 !,5 

27,8 6,7 2,5 !,3 0,94: 

!4 3,4 I,I 0,6 0,4 

T&OJD!Il8 4 

g (1'-, 'l' .. ) AlUI odiiKIIOBeBBoro rasoodpaSRoro 
BO,ll0po.ll8 (paBBOB8CHU K0Hil8H'l'p8IUJSI npB 3000x) 

7~ 20 50 IOO 200 300 

50 60 3! !8,2 !0,4 7,4 
IOO 24 13,6 8,2 4,8 3,4 
200 8,9 5,9 3,7 2,2 1,5 
300 5,6 3,5 2,2 1,3 0,94 
600 2,2 '• !,4 I,O 0,6 0,4 



~ 

Ta6.muxa 5 

~ (1 t-4 
1 
'1' ~ J .ztJJJl rasoo6pasHoro uapaBO,n;opo,Ita 

~ 20 50 IOO 200 300 

50 !8,3 12,8 6,6 !,2 0,56 

IOO 28,3 !9,8 9,9 !,6 0,63 

200 33 23,3 II,8 !,9 0,77 

300 27,4 20,3 !0,6 !,8 0,76 

600 !3,7 !2,7 6,6 !,2 0,56 

. Ta6xaua 6 

y (C'J1 H Cf J() ,llJiji r&SOOC:Sp83HOrO .n;el'l'epu (paBHo

B8CBOe COOTHOmeHHe M~ KOKij8H'l'p8QBSMH Op'l'o.n;el
'1'8pU 11 nap8,1leb'epu) 

1'~0 )( 20 50 IOO 

50 60 37,2 22,4 
IOO 20,! !3,7 9,! 

200 6,8 4,9 3,4 
300 3,5 2,5 !,8 
600 !,2 0,8 0,6 

200 

!3,5 
5,8 
2,3 
!,2 
0,43 

300 

!0,2 
4,5 
!,8 
I,O 
0,36 



~ TaCS~ 7 

Y (rrr ~. cr iL) )J.JUI H !tJ o 

~ 4 20 40 ao !50 220 300 

20 8,2 9,0 9,6 8,0 5,2 3,7 2,7 

40 13,2 13,3 12,7 9,5 5,7 3,9 2,9 

70 14,5 14,3 12,8 8,8 5,0 3,3 '2,4 

IOO 14,2 13,9 12,0 7,8 4,2 2,8 2,0 

!50 13,7 13,3 II,3 6,9 3,5 2,2 !,5 

200 13,5 13,0 10,9 6,4 3,1 1,8 !,3 

250 13,3 !2,8 10,7 6,! 2,8 1,7 I,I 

300 13,0 12,5 10,3 5,8 2,6 1,5 I 

Ta6JIBlla 8 

ef ( cr '~' ) .. H I j( ,D;JIJI CIS" H 16 

~ fjtHvl( 
4 20 40 80 !50 220 300 

20 38,5 40,0 35,0 24,4 !6,1 12,8 10,5 

40 37,8 35,5 28,3 !8,3 1!,7 8,9 7,2 

70 32,8 28,9 2I,I 12,8 7,5 5,6 4,? 

IOO 28,3 25,0 1?,2 9,4 5,6 4,1 3,3 

!50 23,9 20,0 13,3 7,2 3,8 2,7 2,2 

200 20,5 1?,2 II,! ·5,6 2,8 2,0 1,5 

250. 1?,8 15,0 9,4 4,7 2,3 !,6 1,2 

300 16,0 !3,3 8,3 3,9 !,9 1,3 I 
~ 
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PyKonuc& nocmynu.11a 8 u36ame.II&CKuu omoe.11 
23 oe Ka6pll 19 74 zooa. 

Y CJIOBJUI o6MeHa 

IlpenpHHTbl H C0061lleHHJI 011.JUI paCCbiJialOTCJI 6ecnJiaTHO, Ha OCHOBe 

B3aHMHOrO 06MeHa, YHHBepCHTeTeM, HHCTHTyTaM, Jia6opaTOpHJIM, 

6H6JIHOTeKaM, Hay'IHbiM rpynnaM H OT.IJ;eJibHblM Y'leHbiM 6onee 50 CTpaH. 

Mhl O)KH.IJ;aeM, 'ITO nony'la.TeJIH H3.IJ;aHHii OHJIH 6y.n;yT caMH npoJIB

JUITb HHHIJ;Ha THBY B 6ecnna THOU nOCbiJIKe ny6JIHKaiJ;HH B )J;y6Hy. B nopJI.IJ;Ke 

06MeHa npHHHMalOTCJI Hay'IHble KHHrH, )KypHaJibl, npenpHHTbl H HHOrO 

su.n;a ny6JIHKaiJ;HH no TeMaTHKe OHJIH. 
E.n;HHCTBeHHbiH BH.IJ; ny6JIHKaiJ;HH,KOTOpbiH HaM npHChiJiaTb He CJie.n;y

eT,-3TO penpHHTbl /OTTHCKH CTaTeii, y)Ke ony6JIHKOBaHHblX B Hay'IHbiX 
)KypHanax/. 

B p11.n;e CJiy'laeB Mhl CaMH o6palllaeMCJI K noJiy'la TeJIJIM HaWHX H3.IJ;a

HHH C npOCb60ii 6ecnJiaTHO npHCJiaTb HaM KaKHe·JIH60 KHHrH HJIH 

BhlnHCaTb .IJ;JIJI Haweii 6H6JIHOTeKH Hay'IHbie )KypHaJibl, H3.IJ;alOillHeCJI B HX 
cTpaHax. 

0TAeJibHhle 3anpOCM 

li3.IJ;aTeJibCKHH OT.IJ;eJI e)Kero.n;HO BbinOJIHJieT OKOJIO 3 000 OT.IJ;eJibHhiX 

3anpocos Ha BhiCLIJIKY npenpHHTOB H coo61lleHHii OHJIH. B TaKHX 3a

npocax cne.n;yeT o6JI3aTeJILHO yKa3LIBaTL HH.n;exc 3anpawHBaeMoro 
H3.IJ;aHHJI. 

AApeca 

IlHCLMa no seeM sonpocaM o6MeHa ny6JIHKaiJ;HJIMH, a TaK)Ke 3anpo-

CLI Ha oT.n;eJILHLie H3.IJ;aHHJI cne.n;yeT HanpaBJIJITb no a.n;pecy: 

101000 MOCIC6a, 
Tlla6Hbli1 no'lmaMm, n/R 79. 
H30a111ellbCKUU 01110e11 
06oeOUHeHHOZO UHC111U111Y111a 
JlOepHbiX UCCIIe006QHUU. 

A.n;pec .IJ;JIJI nocbiJIKH scex ny6JIHKau;uii B nopJI.n;Ke o6MeHa, a TaK)Ke 

.IJ;JIJI 6ecnnaTHoii no.n;nHCKH Ha Hay'IHhle )KypHaJihl: 

101000 MocKaa, 
Tlla6Hbli1 nO'IIIIaMm, n/R 79. 
Jlay'IHO·IIIeXHU'IeCKaJl 6U611U0111eKa 
06oeOUHeHHOZO UHC111UIIIyllla 
JlOepHbiX UCCIIeOoaaHUU. 


