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nnuc IO.A., CopOKO II.M. P9 - 10312 
Oy'!oK nonHpuaoaaHHbiX aroMOB aoaopona 

Onucaua ycraHOBKa nnH ponyqeuuR ny'IKa nonHp1!3oaaHnbrx aroMoB 

BOilOpO.!lB, KOTOpaH HBRHBTC5J OilHHM lf3 Y3ROB HCTO'IIllfKa llORHpH30BBHHb!X 

rrporouoa nnH cunbHOTO'lHoro <PaaorpoHa. OpuBeneHbr peaynbTBTbr uccneno
BaHHii, BbinORHeHHbiX Ha 3TOii YCT8HOBKe, 

Hureucuauocrb rry'!Ka rronHpH30BBHHbiX aTOMOB BO.llopoaa cocraBnHeT 

4.}QIS 8TOMOB/c, 'ITO COrnacyeTCH C TeopeTif'lBCKOii OUeHKOii 3TOii Benu

'li!Hbl .ll/HI pa60'IHX yCROBUii H8 il8HHOii YCT8HOBKe, 06cy>r.;JafOTCH B03"0"<Hb!e 

rryru MO.ll!!cpHKBUHH anrraparypbl c uenbJO rrony'leHI!H 6onee HHTeHCHBHoro 
l1Y'IK8 llORHplf30B8HHb!X 8TOMOB, 

Pa6ora Bbmonuena B Jla6oparopur1 H!lepHt-rx npo6ne"' Oli5HI. 

Coo6meHHe 06be.QHHeHHOf'O HHCTHTyTa .H,nepHbiX HccJienoBaHHH 

,ll,y6Ha 1976 

Plis Yu.A., Soroka L.M. pg - 10312 

The Polarized ftrdrogen Atomic Beam 

The experimental set-up producing the polarized hydro
gen atoms and being one of the part of the polarized pro
ton source of the high current phasotron is described. The 
results of the experiments carried out on this set-up 
are given. 

The intensity of the polarized hydrogen atoms being 
equal to 4·10 15 atom/sec is in accordance with the theo
retical estimations for the working conditions. The possib
le ways of modification with the aim to increase the in
tensity of the polarized atoms are discussed. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research 

Dubna 1976 

c 1976 06l>eOUHeHHI>IU UHC•u•y• JIOepHWX UCC.IIe006QHUU,lly6Ha 

HcToqHHK nonHpH30BaHH~X HOHOB CTan HeOTbeMneMOH 

qaCTbiO COBpeMeHHblX yCKOpHTeneH 3apH)I{eHHbiX qacTHU /J/ . 
B TaKHX ucToqnuKax ucnonh3YIOTCH nyqKu nonxpH30BaHHhiX 

aTOMOB, B KOTOp~X nonHpH3aUHH JneKTpOHOB KOHBepTHpy

eTCH B nonHpH3aUI.:IIO H.D.pa, a CaMH HOHbl nony'!aiOTCH B 

JneKTpuqecKOM pa3px.ne npu B~COKOM BaKyyMe. B nacTox

mee BpeMH CyiUeCTBYJ()T HCTO'!HHKH nonxpH30BaHHbiX HOHOB 

nocToxnnoro u HMnynLcnoro .ne8cTBHH. HcTO'!HHKaMH no

CTOHHHoro ,neHCTBHH OCHaiUaiOTCH JneKTpOCTaTHqecKHe yc

KOpHTenu H TaH,neMbi, a TaK)I{e UHKllOTpOHhl, CHHXpOUHKllO

TpOHhi u Me30HH~e !l>a6pHKH. Ha KOnLueBLIX ycKopuTenxx 

H CHHXpOTpOHaX npHMeHHIOTCH HMnynhCHbie HCTO'{HHKH no

nHpH30BaHHblX HOHOB. 

B pa6oTe onucau HCTO'!HHK nonxpH30BaHHhiX aTOMOB 

BO.I{Opo,na, KOTOpblH HBnHeTCH O.ll.HHM H3 y3nOB HCTO'!HHKa 

nonHpH30BaHH~X npOTOHOB .ll.llH CHllbHOTO'!HOrO !l>a30TpOHa 

Jla6opaTopuu x,nepHLIX npo6neM OH.HH. Coo6maiOTCH pe-

3ynLTaTbl HCCne,noBaHHH, BblllOnHeHHbiX Ha JTOH ycTaHOBKe, 

H H3llO)I{eHa TeOpHH pa60Tbl JneMeHTOB YCTaHOBKH. llpOH3-

Be.neuo cpaBuenue pe3ynLTaToB JKcnepHMeHTOB c TeopeTu

qecKHMH OUeHKaMH, a TaK)I{e HCCne,noBaH~ B03MO)I{HOCTH 

nonyqeHHH B 6y,nymeM, nocne MO.ll.HlPHKaUHH YCTaHOBKH, 

CyiUeCTBeHHO 6onblllero llOTOKa llOnJlpH30BaHHbiX aTOMOB 

BO.I{Opo,na. 

1. OllHCAHHE YCTAHOBKH 

HcTO'!HHK nonxpu3oBaHHhiX npoTOHOB, na KOTopoM 6hlnH 

BblllOnHeHbl HCCne,noBaHHH, COCTOHT H3 CllC.ll.YIOIUHX ycT

pOHCTB I puc. 1/: 
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UJ"'"''UI". lioHu.Ja·l H + (nonr~puJ) 
mop 

--1------r_ 
'-----"'.1 = = f Mae Hum 

Puc. J. JiAOK- CXeMa UCIIIO'lHUKa nOAJipU308QHHbiX UOH08. 

- ,II,HCCOl{HaTopa, CHCTeMbl <!JopMHpOBaHHH CB060,IJ,HOrO 

aTOMHoro rryqKa, rnecTHrronwcHoro paJ,IJ,enHTenhHoro Mar

HHTa, CHCTeMbl HJMepeHHH HHTeHCHBHOCTH IT0nHpHJOBaHHOrO 

rryqKa aTOMOB, pa,IJ,HoqaCTOTHOrO ITOnHpHJaTopa H HOHH

JaTopa. 

)J;HCCOl{HaTOp COCTOHT HJ paJpH,II,HOH Tpy6KH, reHepaTopa 

BbiCOKOqacTOTHbiX KOne6aHHH, aHO,II,HOrO BblllpHMHTenH, CH

CTeMhl oxna:>K,IJ,eHHH H cucTeMhi rro,IJ,aqu BO.IJ.OPO.D.a I 21. PaJ

pH,IJ,HaH Tpy6Ka ,IJ,HccouuaTopa BhmonHeHa B BH,IJ,e L- o6paJ

HOB Kon6hi HJ cTeKna rrupeKc I puc. 2/. )J;uaMeTp Tpy6KH 

paBeH 12 MM B pa6oqeil. qacTH, 7 MM B CHCTeMe ITO,II,BO,IJ,a 

raJa H 31 MM B YTOnil{eHHHX, KOTOpbie OXBaqeHhl 3neKTpO

,IJ,aMH. ATOMhl BblXO,II,HT HJ paJp.H,II,a qepeJ OTBepCTHe, HMeffi

ll{ee <!JopMy corrna Jlaaanx 6eJ pacuiHpHffill{eiicH qacTH. 

B4 MOll{HOCTb ITO,II,BO,II,HTCH ITO Me,IJ,HbiM 3lleKTpO.lJ,aM, KOTOpbie 

BXO,II,HT B KOHTyp aBToreHepaTopa H OXBaThiBaffiT Tpy6KH 

,IJ,HccouuaTopa ,IJ,nH rro,IJ,BO,IJ,a raJa, KaK rroKaJaHo Ha puc. 3. 
YTOnll{eHHH CTeKna B KOn6e ,II,HCCOl{Ha TOpa yMeHbillaffiT Ha

rpeB B MeCTaX ITO,II,BO,IJ,a B4 MOll{HOCTH. JlaMITbl aBTOreHe

paTOpa H CTeKnHHHa.H KOn6a OXna:>K,IJ,affiTCH CHapy:>KH ITOTOKOM 

c:>KaToro BOJ,IJ,yxa. 4acToTa B4 Kone6aHHH aBToreHepaTopa 

paBHa f ~ 35 Mrij, aHO,II,HOe HarrpH:>KeHHe ()a"' 2 KB H aHO,II,HbiH 

TOK I a ~ 0,7 A. )J;OCTOHHCTBa paJpa6oTaHHOH KOHCTPYKUHH 

,II,HCCOl{HaTOpa COCTOHT B TOM, qTo CHCTeMa B uenOM He 

Tpe6yeT HHKaKOH ITO,II,CTpOHKH pe:>KHMa pa60Tbl aBTOreHe

paTopa rrpH HJMeHeHHH pacxo,IJ,a H ,IJ,aBneHHH BO,IJ,OpO,IJ,a B 

paJpH,II,HOH KOn6e, BbiCOKoqaCTOTHbiH paJpH,IJ, He rrpOHHKaeT 

B Tpy6KH ITO,II,BO,IJ,a raJa, CHMMeTpHJal{HH paJp.H,II,a rrpouc

XO,II,HT aBTOMaTuqeCKH B 060HX rrneqax paJpH,II,HOH KOn6hi. 
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Puc. 2. CxeMa pa3pRcmoii mpy6Ku ouccoijuamopa. 

~oiJopoiJ 

~ 
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Tp-p HOKaJiti 

~ 
Puc. 3. CxeMa ebzcoKo'lacmomHozo aemozeHepamopa. 
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llepe~ MOHTa*OM ycTaHOBKH BHyTpeHHHH TIOBepXHOCTb 

pa3pH~HOH Tpy6KH o6pa6aTbiBaeTCH B Te'leHHe 5 MUH 

KOHUeHTpHpOBaHHbiM paCTBOpOM nnaBHKOBOH KHCllOTbl, a 3a

TeM HeCKOllbKO pa3 npononaCKHBaeTCH ~HCTHllllHpOBaHHOH 
so~on. IiblnH onpo6osaHbi TaK*e ~pyrue MeTo~bl o6pa6oTKH 

CTeKna, HO OHH OKa3allHCb He~OCTaTO'IHO 3cixPeKTHBHbiMH. 

B 'laCTHOCTH, 6binH HCTIOllb30BaHbl pa3llH'IHbie noKpbiTHH 

BHyTpeHHHX CTeHOK KOll6bl. 

CucTeMa q,opMHpoBaHHH aTOMHoro nyqKa cxeMaTH'IeCKH 

u3o6pa*eHa Ha puc.4.0~HaKo npe*~e qeM 6bma npHHHTa 3Ta 

reoMeTpHH, HCnbiTbiBanaCb ~pyraH CHCTeMa, KOTOpaH HMena 

cenapaTop ny'IKa, pacnonarasrnuB:cH Ha paccTOHHHH 9 MM 

OT conna, npH 3TOM nepBbiH BaKyyMHbiH OTCeK OTKa'IHBanCH 

~ByXpOTOpHbiM MeXaHH'IeCKHM HaCOCOM ,[l,BH- 500, a BTOpOH 

oTceK - napoMacnHHbiM saKyyMHbiM arperaTOM BA-5-4 

c a30THOH nosyrnKOH. 3aTeM cenapaTop nyqKa 6bm y6paH, 

~Ba OTCeKa 06'be~HHeHbl B O~HH, KOTOpbiH OTKa'IHBallCH 

arperaTOM BA-5-4, HMeiOll\HM CKOpOCTb OTKa'IKH no BO~O

po~y 5000 A/C. 3Ta Mepa npHBena K nOBbiiDeHHIO HHTeH

CHBHOCTH nyqKa TIOllHpH30BaHHbiX aTOMOB. reoMeTpHH OnTH

MallbHOrO sapuaHTa xapaKTepu3yeTCH cne~YIOIUHMH pa3-

MepaMu: ~uaMeTp conna - 1,1 MM, ~uaMeTp ~ua<PparMbi -

2,5 MM, paCCTOHHHe Me*~Y COnllOM H ~ua4lparMOH - 37 MM, 
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Puc. 4. CucmeMa tfiopMupoaaHUJt amoMHozo nyt~Ka. 

paccTOHHHe oT conna ~o uaqana pa3~enuTenbHoro MarHHTa -

50 MM. 

llieCTHnOlliOCHbiH pa3~enHTellbHbiH MarHHT HMeeT nepe

MeHHYIO anepTypy: Ha nepBOM yqaCTKe ~llHHOH 290 MM 

anepTypa pacTeT llHHeHHO OT 3 ~0 12 MM, a Ha BTOpOM 

yqaCTKe ~llHHOH 260 MM OHa TIOCTOHHHa H COCTaBnHeT 12 MM. 

Ha BXO~e MarHHTa ycTaHOBlleH CTOnop ~HaMeTpOM 1 MM, 

KOTOpbiH npH nOMOIUH paCTHrHBaiOll\HX HHTeH 3acPHKCHpOBaH 

ua ocu MarHHTa. Bo36Y*~aiOmue KaTyiDKH Ka*~oro non10ca 

MarHHTa CO~ep*aT 6 BHTKOB Me~HOH Tpy6KH Hapy*HbiM 

~HaMeTpOM 8 MM H BHyTpeHHHM ~HaMeTpOM 6 MM, H30llH

poBaHHOH OT Kopnyca TecPnOHOBOH neHTOH. Tpu CeKUHH Ka

TyiDeK COe~HHeHbl nocne~OBaTellbHO no 3lleKTpH'IeCKOMY 

TOKY u napannenbHO ~nH oxna*~aiOIUeH ~ucTunnuposaHHOH 
BO~bl. MoTop- reHepaTop, HCnOllb3yeMbiH ~nH B036Y*~eHHH 
KaTyiDeK MarHHTa, ~aaan TOK ~0 500 A npH HanpH*eHHH 

~o 60 B. HaCbiiUeHue MarHHTHOH HH~YKUHH HacTynano npu 

ToKe so36Y*~eHHH 150-200 A. llpu 3TOM MarHHTHoe none 

y noniOCHbiX uaKoHe'IHHKOB Ha BbiXo~e MarHHTa paBHO 6 KFc. 

llOJIIOCa MarHHTa H HpMO H3rOTOBJieHbl H3 CTaJIH- 3. 
BaKyyMHbiH OTCeK IDeCTHnOJIIOCHOrO MarHHTa OTKaqu

BaJICH napoMacnHHbiM arperaToM BA-8-4 co CKopocTbiO 

OTKa'IKH no B03~yxy 2500 A/C. 

2. CHCTEMA 113MEPEHH.R 

HHTeHCHBHOCTb ny'IKa aTOMOB HllH MOlleKyn BO~opo~a 

Ha BbiXO~e rnecTunoniOcHoro MarHHTa onpe~enHnacb no 

npupoCTY ~aBJieHHH B CTeKJIHHHOH KOJI6e- llOBYIDKe, KOTOpaH 

coe~HHeHa C KOMnpeCCHOHHOH Tpy6KOH, 3aXBaTbiBaiOIUeH 

ny'IOK 'laCTHU, H HOHH3aUHOHHbiM ~aT'IHKOM ~aaneHHH 

llMH- 2. libiJIH H3roTosneHbi ~Be nosyrnKH. KoMnpeccuoHHaH 

Tpy6Ka nepsoB: nosyrnKu, pacnonarasrnaHCH ua paccToHHHH 

46 MM OT BbiXO~HOrO TOpUa MarHHTa, HMena ~HaMeTp 

10 MM H ~llHHY 82 MM. KoMnpeCCHOHHaH Tpy6Ka BTOpOH 

llOBYIDKH pacnonaranacb Ha paCCTOHHHH 200 MM OT MarHHTa 

H HMena ~HaMeTp 9 MM, a ~llHHY 110 MM. 

Kanu6pOBO'IHbiH Ko3<PcPuuueHT nosyrnKH, ycTaHaBnHBaiO

IUHH llHHeHHYIO CBH3b Me*~Y HHTeHCHBHOCTbiO TIY'IKa aTOMOB 
HllH MOlleKyn H npHpOCTOM ~aBneHHH B llOBYIDKe, HaXO~HllCH 
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no tl>opMyne Kuy,l],ceua / 3/ . Ilpu 3TOM npe,!],nonaranocb, 

qTO aTOMbi nonHOCTbiO peKOM6HHHpyiOT B ilOBYWKe H BbiXO
,l],HT H3 Hee B MOneKynHpHOM COCTOHHHH. 

)J.nH noByWKH H!!l KanH6poBoqubie Ko34>ti>H~HeHThl paBHhi: 
C<H

2
) =4. 10 20 MOAeKyA/c. Top, 

C<H 1) =8 ·10 20 amoMoe/c. Top. 
)J.ns noByWKH N!!2 cooTBeTCTBeuuo: 
C<H 2> =2 ,5 ·1 0 20 MOAe KYA/ c • Top, 
C<H 

1
) =5 .10 20 amoMoe/c. Top. 

Ilonepequbie pa3Mepbi nyqKa aTOMOB BO,!],opo,!],a ua pa3-
nHqHbiX paCCTOHHHHX OT WeCTHITOiliOCHOrO MarHHTa onpe,!],e
nsnHCb BH3yanhHO npH nOMOII.(H CTeKnHHHOH nnaCTHHKH, 
Ha KOTopyiO HaHOCHilCH cnoH OKHCna MOnH6,l],eHa MoO 3 . 
ATOMbl BO,!],OpO,!],a, nona,!J.aH Ha 6enbiH OKHCen MOnH6,!J.eHa, 
BOCCTaHaBnHBanH ero, npH,!J.aBaH eMy CHHHH OTTeHOK. AB
TOrpatP nyqKa aTOMOB HMeeT crna)l(eHHbie wecTHrpaHHbie 
oqepTaHHH H KpyrnhiH KepH. 

)J.aBneuue BO.LJ.OPO.LJ.a B .LJ.HCco~HaTope onpe.LJ.ensnoch no 
Benuquue pacxo.LJ.a ra3a. IlepecqeT HCXO.LJ.HhiX .LJ.aHHhiX npo
H3BO.LJ.Hncs B npe,!J.nOilO)l(eHHH, qTo CKOpOCTb nOTOKa MOneKyn 
B ropnOBHHe conna paBHa noKanbHOH CKOpOCTH 3ByKa. 

3. TEOPHJI 

CymecTBYIOT .LJ.Be B03MO)l(Hbie cucTeMhi tl>opMHpoBaHHH 
aTOMHOrO nyqKa: 34>ti>Y3HOHHbiH HCTOqHHK /3/ H conno 
JlaBan.H /4/ . H.LJ.eH c connoM JlaBanH 6hma nepeueceua 
H3 o6naCTH HOpManbHbiX ,!J.aBneHHH ra3a B o6naCTb ,!J.aBneHHH 
H pa3MepoB, r.LJ.e .LJ.nHHa cBo6o.LJ.Horo npo6era qacTH~ co
H3MepHMa c pa3MepaMH ropnoBHHhi conna JlaBanH. Ilo3TOMY 
npe.LJ.BapHTenhHbie o~eHKH napaMeTpoB nyqKa, BhiXO.LJ.Hmero 
H3 MHHHaTIOpHOrO COITna, OKa3anHCb HeTOqHbiMH, B qacT
HOCTH, 3TO KacaeTCH 3HaqeHHH qucna Maxa, ,!J.O KOTOporo 
ycKopHeTcH ra3 npu BhiXO.LJ.e H3 conna. HH)l(e npHBe.LJ.eHa 
TeopHH conna JlaBanH I 41 B npeue6pe)l(eHHH 34>ti>eKTaMH 
norpauuquoro cnoH. 
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Cornacuo KnaccuqecKoH Teopuu nonHhiH noToK qacTH~ 
H3 conna paBeH 

Fo 

y+ I 

( 
2 ZTY-o 

---) 
y + 1 

l1o Ao ao ' /1/ 

r.n.e y = c/ c v - noKa3aTenh a.LJ.Ha6aThl /.LJ.nH o.n.uoaTOMHoro 
ra3a y = 5/3, .LJ.nH .LJ.ByxaToMuoro - 7/5/, Ao - nnoma.LJ.b 

ykT0 
ropnoBHHhi conna, n

0 
H a 0 =v-m-- cooTBeTcTBeHHo nnoT-

HOCTb qaCTH~ H CKOpOCTb 3ByKa B ra3e npH TeMnepaType 
HCTOqHHKa '1'0 . IIOTOK qaCTH~, npowe,!J.WHX qepe3 cenapaTop, 
paBH.BeTCB 

Fl 
n aM A 

___ _:0::__0 l l 

(1 + 

l 
y-1 22+ 
--M ) 
2 l 

_l __ 
y- l 

/2/ 

r.LJ.e M 1 - qucno Maxa ,!J.il.H nOTOKa nepe.LJ.cenapaTopoM, 
onpe,!J.enHeMoe OTHOWeHHeM CKOpOCTH nOTOKa K noKailbHOH 
CKOpOCTH 3ByKa, H 1\] - nnowa.LJ.b OTBepCTH.H cenapaTOpa. 
3aBHCHMOCTH xapaKTepHCTHK ra3a npH ero H33HTpOnHqe
CKOM pacwHpeHHH ,!J.O qucna Maxa l\11 HMeiOT BH,!J.: 

To y-1 2 ao y-1 2 l/2 
-- =1 + --M -- = (1 + --M ) ' 
T 2 I' a 2 l 

l l 

l y 

no y-1 2 y-l Po y- 1 2 y- l 
(1 + -2-Ml) ' 

-- = (1 + --M) 
nl p 2 l 

l 

/3/ 
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IloTOK qacTH:U., npome.IJ,mux qepe3 cenapaTop u H.IJ.Yll.(HX 
B uanpaBneuuu ocu noToKa B e.IJ,uuu:u.e Tenecuoro yrna, 
paaeu 

r.IJ,e 

I = 
1 

A1 no ao 

2rr 

(1 + 

1 

1 1 -+ 
y-1 22 y-1 
--M1) 

2 

X 

/4/ 

M1 2 y 2 y 2 ') 2y 
x ly<3+ yM 1Herf(M 1 y 2") + 1 ] + exp(-M 12)[y rry -W1 v' -;-]I, 

2 X 2 -y 
erf(x}= --=- J e dy . 

v' 7T 0 

Ecnu M 1 > 3, TO c xopomuM npu6nu)l(euueM 

I = 
1 

2 
A1n 

0
a

0
M1 (3+ yM 1) 

l l 

2rr(1 y - 1 2 2+ Y- 1 
+ --M ) 2 1 

F 2 
= _l (3 + yM 1 ) · 

2rr 
/51 

34xi>eKTBBHaJI nnoll.(a.D.L nonepequoro noToKa A CBJI3aHa 
c MeHJIIOll.(BMCJI B.IJ,onL noToKa qucnoM Maxa M : 

A 1 
- = -- [ 
A0 M 

1+y-1 2 --M 
2 

2 

y+1 
---
2 (y - 1) 

] 
/6/ 

Ecnu pa3MepLI cenapaTopa coana.IJ,aJOT c 34KlleKTBBHLIM 

ceqeHHeM llOTOKa, TO 

10 

MaKe 
I1 

noaoA o 

2rr 

3 + yM 2 

~ 
y + 1 2(y-ll 
(--) 

2 

/7/ 

Ecnu X - paCCTOJIHHe OT TOqKH H3MepeHHJI .IJ,O BLIXO.IJ,
HOrO cpe3a MHHHanopuoro conna .IJ,HaMeTpOM do, TO npu 
M< 3 HMeeT MecTo cne.IJ,yJOll.(aJI nuueiiuaJI annpoKCHMa:u.uJI/S/: 

X 
M = 1 + 2d 

.D.nJI O.D.HOaTOM~oro ra3a u 

X 
M = 1 + 1,5-

do 
.IJ,n.ll .IJ,ByxaTOMHoro ra3a. 

/8/ 

/9/ 

IlpHBe.IJ,eHHLie COOTHOllieHHJI /8/ H /9/ BepHLI TOnbKO 
B TOM cnyqae, ecnu Teqeuue ra3a BMeeT rB.D.PO.D.BHaMuqe
CKHH xapaKTep annoTL .D.O ToqKB B3MepeHHJI. B peanLHLIX 
BCTOqHBKaX aTOMOB 3TO ycnOBBe npB .IJ,OCTaToquo 6onblliOM 
paCCTOJIHHB OT conna He BLlllOnHJieTCJI. ru.IJ,pO.IJ,BHaMBqeCKOe 
TeqeHHe nepeXO.IJ,BT B CB060.IJ,HLIH llOTOK. ij 06ll.(eM cnyqae 
MHOrOaTOMHOrO ra3a npOBCXO.IJ,BT nocne.IJ,OBaTenbHOe "'3aMo
pa)I(BBaHBe"cHaqana Kone6aTenLHLIX cTeneue8 cao6o.D.LI, 3a
TeM apall.(aTenLHLIX u, uaKoue:u., Tpaucn.ll:U.HOHHLIX. KpuTepuii 

""3aMOpa)I(BBaHBJI'MO)I(H0 3allBCaTb B BB.IJ,e /S/ 

2-y 

(y- l)M*2[1+ _!'_:_~M*2] y-1· 
2 

0
11o 

OIL 

dM 

d (__..!__) 

do 

do 
r o a o 

/10/ 

r.IJ,e M* - npe.IJ,enLHoe qucno Maxa, r0 - apeMJI penaKca:u.uu 
COOTBeTCTBYIOll.(eH CTeneHB CB060.IJ,Ll npu TeMnepaType To, 
KOTOpoe onpe.IJ,en.lleTCJI qucnoM CTOnKHOBeHBH, He06XO.IJ,BMLIX 

.IJ,n.ll penaKca:u.uu: 

8kTo 1/2 v'Zm52nllor.ono, N = ( - ) 
7TIIl 

/11/ 

r.IJ,e 0/1 - K034KiiH:U.HeHT, yqHTLIBaiOll.(BH 3aBHCHMOCTb 3cll4JeK
TBBHOrO BJI3KOCTHOrO ceqeHBJI CTOnKHOBeHHH rro2 Q fl OT 
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TeMnepaTypbi. EcnH aaecTH qHcno KHy,IJ;ceHa, OTHeceHHoe K 

yCJIOBHBM B HCTOqHHKe, 

Kn 
0 

Ao 

do 

r,IJ;e A0 - cpe,IJ;HBB AJIHHa cao6o,IJ;Horo npo6era, To 

d0 1 

r 
0 

a
0 

Kn
0 

)J;JIB O)];HOaTOMHOrO raJa H 

do 

r o ao 

0,25 

Kn 0 

,IJ;JIB ,IJ;ByxaTOMHoro raJa. 

/12/ 

/13/ 

/14/ 

ECJIH TeMnepaTypa raJa 6JIHJKa K KOMHaTHOH, TO KOJ$

cPHIJ;HeHT Q 
11 

.n;nH a TOMapHoro BO,D;opo,D;a paaeH I 6/ 

32 
0 "'(1 + --). /15/ 11 T 

YqHTbiBaH /8/, /10/, /13/ H /15/, Haxo.n;HM npe.n;enLHOe 

qHcno Maxa ,IJ;JIH noToKa aToMapHoro BO,IJ;opo,IJ;a: 

1,33M* 2 (1 M* 2 l/ 2 + ---) 
3 

ECJIH T 
0 

=400°K, TO 

12 

(1 + _;g_) 
To 

[1+~(1 
To 

M* 2 
+ --)] 

3 

1 

Kn 0 

/16/ 

I 

1 

11 
'l 

M* 2 M*2 -1 
1 44M* 2 <1 + --) 112[1+0 08(1 + --)] 

, 3 ' 3 
_1_. 

= Kn
0 

/17/ 

EcnH yqecTh JaBHCHMOCTh .n;nHHLI cao6o.n;Horo ripo6eraaTo

MOB oT TeMnepa TYPhl H .n;aaneHHH I 61, 

-5 
A(CM)=5,7·10 

T 

p(Top)(l + ~ ) 
T 

TO qHcno KHy.n;ceHa npH 1Q =400° K paBHO 

Kn
0 

-2 
2,1·10 

Po do 

/18/ 

/19/ 

l1J I 17 I BH.n;Ho, qTo qeM MeHLwe qHcno KHy.n;ceHa, TeM 

6onLwe npe.n;eJILHoe qHcno Maxa, a HJ 1191 cne,IJ;yeT, qTo 

npH Ja.n;aHHOM paJMepe conna yMeHLWeHHe qHcna KHy,IJ;ceHa 

,IJ;OCTHraeTCB TOJihKO nOBbiWeHHeM ,IJ;aBJieHHB raJa B HCToq

HHKe. 
Me:>K.n;y TeM yaenHqeHHe .n;aaneHHB raJa B ,IJ;Hccou;HaTope 

npHBO)];HT K pOCTY o6'heMHOH peKOM6HHaiJ;HH. qT06hi CKOM

neHCHpOBaTL yMeHLWeHHe CTeneHH )J;HCCOIJ;HaiJ;HH BO,IJ;OpO.n;a, 

yBeJIHqHBaiOT BbiCOKoqaCTOTHYIO MOIIJ;HOCTh, BBO)J;HMYIO B 

paJpB.n;. 3,IJ;ech orpaHHqeHHe ,IJ;aeT TeMnepaTypHoe paJMBr

qeHHe CTeKJIBHHOH Tpy6KH ,IJ;HCCOIJ;HaTopa. IJOBbiWeHHe TeM

nepa TYPLI raJa He:>Kena TeJILHO TaK:>Ke noToMy, qTo JTO yae

JIHqHBaeT CKOpOCTh aTOMOB, a CJie,IJ;OBaTeJihHO, yMeHLwaeT 

aKcenTaHC pa3)];eJIHTeJihHOrO MarHHTa, a TaK:>Ke JcPcPeKTHB

HOCTh HOHH3aiJ;HH aTOMOB B HOHH3aTOpe. Bee 3TH $aKTOpbi 

,IJ;aiOT npe,D;eJihHOe orpaHHqeHHe HHTeHCHBHOCTH nyqKa no

JIBpH30BaHHbiX aTOMOB. 

B wecTHnoniOCHOM pa3.n;enHTeJILHOM MarHHTe aTOMbl 

BO,IJ;OpO)];a pa3,IJ;eJIHIOTCH no COCTOBHHBM CBepXTOHKOH CTpyK

·'YPbl B MarHHTHOM none. ATOMbl, y KOTOpbiX npoeKIJ;HB 

CnHHa JJieKTpOHa Ha HanpaBJieHHe MarHHTHOrO nOJIB paBHa 
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m =+ 1, OTKllOHJIIOTCJI K OCH MarHHTa H liloKyCHPYIOTCJI, 

a aTOMbl C m=-1 OTKnOH.IIIOTCJI OT OCH H BbiXO,II,.IIT H3 DY'IKa 

DpH CTOllKHOBeHHJIX C DOlliOCaMH MarHHTa. 

AKcenTaHc pa3,IJ.enuTenbHOro MarHHTa onpe,IJ.en.lleTC.II 

CKOpOCTbiO aTOMOB V H HH,IJ.YKUHeB MarHHTHOrO DOll.ll Ha 

noniDCHbiX HaKoHe'IHHKax Bm. B npocTenweM cnyqae To

'le'IHoro HCTO'IHHKa aTOMOB, paCDOllO)KeHHOrO Ha OCH B Ca

MOM Ha'lane MarHHTa, KOTOpbiB HMeeT DOCTOJIHHYIO anep

Typy, aKcenTaHc MarHHTa paseH 

n = 0 

2 
rra 0 

2 /20/ 

Z,t, Bm 
r,IJ.e a 0 = y--?--, (l ,. - MarHeTOH Jiopa, fl" 

mv-
-20 I =0,927 ·10 3pz rc. EcnH HCTO'IHHK aTOMOB HMeeT pa-

.D.HYC a H pacnono>KeH Ha paccTO.IIHHH L oT Ha'lana Mar

HHTa C DOCTO.IIHHOB anepTypoB !~rm, TO 3414leKTHBHbiB 

aKcenTaHc paseH 

n 
2 L 

~__Q_K[(_t:_o __ ), (~)]' 
3 rm rm 

/21/ 

r,IJ.e 

a 0 L 2 -3/2 a 0 L 2 3/2 
K=[1 + (--) ] I [1+(--) l 

rm rm 
/22/ 

2 a 0 L 2 3/2 r 2 
- [1- (-a-) + (--) ] I(-~) 

rm rm a 

Ha puc. 5 npuse,IJ.eHa 3aBHCHMOCTb K OT (a/r m) ,II,ll.ll 

a 0 L 
pa3nH'IHbiX (--) 

r ' m 

14 

a 0L 
a TaK)Ke 3aBHCHMOCTb K oT (---) 

rm 

I 

• 

! 

-# 
I 

~ 

K 
1,5t----._ 

1 

3 

~5 2 

as 1.ll.. 
1.m 0 1 2 3¥ 

m 

a 0 L 
Puc. 5. 3aeucuMocmb K om (ra-) npu napaMempe (-r--) 

m m 

pa8HOM: 1/ - 2; 2/ - 1, 
a 0L 

/Aeeblii zpaf}juK/, u om (-r--) 
m 

5; 3/- 1; 4/- 0,5; 5/.:. 0 

npu (-r~), paeHoM: 1/- 1; 
m 

2/ - 0 /npaeblii zpaf}juK/. 

npu .IJ.BYX 3Ha'leHH.IIX ( ~-). Kpusa.11 3 Ha npasoM rpa4luKe 
rm 

COOTBeTCTByeT COOTHOWeHHIO 

K 
1,5 

ao L 2 
(---) 

rm 

cnpase,IJ.nHBOMY npH 

a
0

L 
(--)» 1. 

rm 

EcnH B = 6 KFC, v = 2,6· 10 
5 

m 
CM/C, 

-2 
a =0,055 CM, r m =0,15 CM, TO a 0 =3,15 .10 

/23/ 

L = 5 CM, 

aoL -(--.-) -
rm 
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=1,05, a/rm =0,37. BocnonL3oaaaruucL rpacilHKOM, HaXOAHM 
K =0,74 H n =7,7·10 -

4 
' npH 3TOM Do =1,56·10-3 . 

KaK noKa3aHo a 171 , pa3AenuTenLHLIH MarHJIT c npoc1Junu

poaaHH'OH no nuaeiiHoMy 3aKoHy anepTypoii, rm =az, 6onee 

3$<lleKTHBeH, qeM MarHHT C nOCTOjJHHOH anepTypOH. Hc

nonL3yeMLIH B YCTaHOBKe pa3AenHTenLHLIH MarHHT HMeeT 

a =1,8·10-
2

H 3c1Jc1JeKTHBHLIH aKcenTaHC f!,1,4·10-3 . 

4. PE3YJI.bTAThl 3KCIIEPHMEHTOB 

l..{enL 3KcnepHMeHTOB 3aKmoqanacL a HaxmKAeHHH ycno

BHH, npH KOTOphiX nOTOK noJIJlpH30BaHHLIX aTOMOB OKa3LI

BaeTCjJ MaKCHManLHLIM. H3MepgnucL cneAYIOwHe aenHqHHLI: 

HHTeHCHBHOCTL nyqKa aTOMOB HllH MOneKyn Ha BhiXOAe 

WeCTHnonJOCHOrO MarHHTa, CTeneHL AHCCOU.HaU.HH B nOTOKe, 

BLIXOAjJI.QeM H3 AHCCOU.HaTopa, a TaK)I(e BaKyyM B paJnHqHLIX 

OTCeKaX ycTaHOBKH B 3aBHCHMOCTH OT paCXOAa BOAOPOAa. 

reoMeTpHqecKHe c1JaKTOphl, KaK, HanpHMep, paCCTO.IIHHe 

Me)I(AY connoM H paJAenuTenLHLIM MarHHTOM, cllopMa conna, 
KOTOpLie HJyqanHCL B j(Jj , HaMH He aapLHpoaanHCL. JiLinO 

HJBeCTHO, qTo B WHpOKOM AHanaJOHe HJMeHeHHH 3THX 
napaMeTpOB OHH He .IIBlljJJOTC.II KpHTHqecKHMH. 

Ha puc. 6npuaeAeHa JaBHCHMOCTL HHTeHcHBHOCTH nyqKa 

MoneKyn, a TaK)I(e aaKyyMa B uacoce BA-5-4 oT AaaneHHjJ 

BOAOPOAa B AHCCOIJ.Ha TOpe. KpHBa.ll 1 nonyqeHa B ycnOBH.IIX, 

KOrAa B Hacoce HaXOAHllOCL BaKyyMHOe Macno, nOABeprHyToe 

npoAOll)I(HTenLHOMY BOJAeiicTBHJO aTOMHoro BOAOPOAa. Kpu

aag 2 nonyqeHa co cae)I(HM MacnoM B Hacoce. MaKCHManL

uag HHTeHCHBHOCTh /HaCLII.QeHHe/ nyqKa MOneKyn AOCTH

raeTc.ll npu AaaneHHH raJa B AHCcou.uaTope Po~ 2 Top H 
COCTaBn.lleT 1 ,3· 10

15 MO/IeKyA/C. 
Ha puc. 7 AaHLI peJynLTaTLI HJMepeHuii HHTeHCHBHOCTH 

MoneKyngpHoro nyqKa H pacxoAa raJa qepeJ conno B Ja

BHCHMOCTH OT BaKyyMa B Hacoce BA-5-4. BHAHO, qTo 

CKOpOCTL OTKaqKH nOCTO.IIHHa BllllOTL AO AaBneHH.II 
-4 -4 

3·10 Top no noKaJaHHJO aaKyyMMeTpa, T .e. 6 ·10 Top 
no BO~OPOAY· WOHOBOe AaBneHHe B KaMepe conna paBHO 

1 -6 2· 0 Top. 

16 

I 

t 
I • I 
I 

I 
1 

~ 

6P(H2) 

~~ j~pBA-s:lf
4

Top no&ywJ<u, l 
10-6Top 

3 

2 

0 Po, Top 2 

Puc. 6. HHmeHCU6Hocm& nomoKa MOAeKyA, U3MepeHHQJI Ao-
6YWKOU N!!l, u 6aKyyM 6 o6oeMe Hacoca BA- 5-4 6 3a6u
cuMocmu om Oa6AeHUJI za3a 6 ouccofluamope. 

HHTeHCHBHOCTL nyqKa nongpuJoaaHHLIX aTOMOB onpe

AenJinacL no paJHOCTH noKaJaHHH aaKyyMMeTpa npu ua

nuqHu H OTCYTCTBHH MarHHTHOrO nong B pa3AellHTenLHOM 

MarHHTe: 

FUI 1) = C(ll l )i\P noB <H 1). /24/ 

CTeneHL AHCCOIJ.HaU.HH BOAOPOAa a B nOTOKe raJa Ha BLIXOAe 

conna CB.IIJaHa C HenocpeACTBeHHO HJMep.lleMOH aenHqHHOH 

i\P noB (HI ) 
K /25/ 

.'\P noB ( .lllfCC.BKn., B = 0) 

COOTHOIIIeHHeM 
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Ql 
K-----' /26/ 

1(111) 
a = 

HH
1
)-t2HH

2
) Q -11 

2 I 

r.u,e Q l - reoMeTpuqecKHH TeneCHbiH yron, OXBaTbiBaeMbiH 
KOMnpeCCHOHHOH Tpy6KOH, 0 2 - aKcenTaHC paJ.u,enHTenbHOrO 
MarHHTa, 1(11

1
) , 1(11

2
) - HHTeHCHBHOCTH llOTOKOB aTOMOB 

u MoneKyn H3 conna B e.nuuuue Tenecuoro yrna. 
Ha puc. 8 .naubi Juaqeuu.R HHTencusuocTH nyqKOB aTo

MOB Ha paCCTO.RHHH 20 CM OT MarHHTa, a TaK:lKe BenHl.{HHbl 
"B JaBHCHMOCTH OT .nasneHH.R B.u,uccouuaTope. MaKCHManh
Ha.R HHTeHCHBHOCTb nyqKa llOn.RpH30BaHHbiX a TOMOB, paBHa.R 

Q. 

fJL _/ o_/ -11,5 
0 
~-

il 1/ H a..' 
<I 

2 
I:J 

Q. 

0,5 

0 2 3 

Puc. 7. HHmeHCU6HOCmb nomoKa MoAeKyA /1/, U3MepeHHa.R 
Ao6yruKoil N!!l, u pacxoo 6ooopooa /2/ 'lepe3 conAo 6 3a-
6ucuMocmu om Oa6AeHUJI 6 o6oeMe Hacoca BA- 5-4. 

18 

§" 
"' \;:2 

I 
~ 

a..f!. 
<] 

5 
!, 

3t ,' 
2 / 
1 I ,.-
0 

H,•H2 

0,5 
P., Top 

a. 
0 

~ 
b I ::::<. 
£ 
+ 

f 
';;;i 

a.. fl. 
<] 

,10 

0 0.5 
P., rap 

Puc. 8. 3a6UCUMocmu nomoKo6 amoMo6 u MOAeKyA, U3MepeH
H&ze A06YWKou N!!2, u 6eAu'IUHbZ " om oa6AeHiu 6 oucco
IJUamope. 

3,2-10
1
" amoMo6/c, .nocTuraeTc.R npu .u,aBneuuu Po = 

=0,5 Top. 3ToT peJynhTaT cornacyeTc.R c H3MepeHH.RMH 
Ha paCCTO.RHHH 5 CM OT MarHHTa, r.u,e llOTOK paBeH 

. l'i 
4· 10 · amoMo6/c. MaKCHManhHa.R cTeneub .nuccouuauuu 
nonyqaeTC.R npu .u,aBneuuu Po= 0,2 Top. I13MepeHH.R a npu 
MeHblllHX .u,asneHH.RX HMeiOT 6onblllYIO norpelllHOCTb /ua 
rpai!JuKe noKaJauo nynKTHpoM/. llpu .nasneuuu Po =0,5 Top 
CTeneHb )J,HCCOUHaUHH a o 0,5a MaKe. 

3dJI!JeKTHBHbiH )J,HaMeTp aBTOrpai!Ja nyqKa a TOMOB paseu 
0,8 CM Ha paCCTO.RHHH 5 CM OT MarHHTa H 1 CM Ha pac
CTO.RHHH 20 CM, OTKy.u,a yron paCXO)J,HMOCTH aTOMHOrO 
nyqKa paseu 7 · 10-3 . 

11HTeHCHBHOCTb nyqKa aTOMOB, H3Mepeuna.R llO llpHpOCTY 
ua.n I!JouoM TOKa uouos Hi B HOHHJaTope lleuuuura, B Ja-

19 
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I 

Puc. 9. HHmeHCU6HOCmb ny•H<a UOH06 eooopooa Ha 6blXOOe 
UOHU3amopa fleHHUHZO 6 306UCUMOCmU om moKa 6036yJKOe-

HUJI UleCmUnO/UOCHOZO MOZHUma. 

BHCHMOCTH OT TOKa B036y,K.IJ.CHHX lllCCTHllOJIIOCHOrO MarHHTa 
npuae.u.eua ua puc. 9. 

5. OECY)J(,[{EHHE PE3YJibTATOB 

0:>KH.IJ.aeMaJI HHTCHCHBHOCTb nyl.fKa MOJICKyJI BO.IJ.OPO.IJ.a 
paBHa 1,1·10 15 MO/IeKyA/C, a llOJIY"'CHHa.ll B peJyJibTaTe 

HJMCpCHHH BCJIH"'HHa COCTaBJIJICT 1 ,3· 10 l S MO/IeKyA/C.0IJ,eH
KH HHTCHCHBHOCTH 6hlJIH C.IJ.CJiaHhl C y"'CTOM COOTHOlllCHHJI 
MC:>K.IJ.Y .u.nuuoH: cao6o.u.uoro npo6era u .u.aaneuueM /6/ 

20 

I 

-2 Ap =1,1·10 Top·CM. /27/ 

llpe.u.eJibHOe "'HCJIO Maxa B noToKe MOJICKYJI, paclllup.IIIOIIJ,CMC.Il 
.u.o JaMopa:>KuBaHH.Il apaiiJ,aTeJibHbiX CTeneueH: cao6o.IJ.bi, paa
uo cornacuo /10/, /14/ u /27/ M*r=1,9 npu "'HCJie 
Kuy.u.ceua Kn 0=5·10 - 2

. llpu 3TOM raJ .oxna:>K.u.aeTc.ll .u.o TeM
nepa Typbl,B 1, 7 paJ MCHblllCH HCXO.IJ.HOH,llJIOTHOCTb MOJICKYJI 
COCTaBJIXCT 0,2 n 0 , a J«W!CKTHBHbiH nonepel.fHbiH paJMep -
1,5 A 0 • llocne JaMopa:>KuBaHH.Il apallJ,aTeJibHbiX cTeneueH: 
CB060.IJ.bl raJ npO.IJ.OJI:>KaCT paClllHp.IITbCJI

1 
KaK O.IJ.HOa TOMHbiH. 

llpe.u.enbuoe "'HCJIO Maxa .IJ.JI.Il 3Toro yqacTKa uaxo.u.uM HJ 
/10/ H /13/, a CpC.IJ.HHC CKOpOCTH llOTOKOB CKJia.IJ.hlBaiOTCX. 
Tenepb M~=1,7, TeMnepaTypa raJa paaua 0,3T

0 
/T

0
= 

=300 ° K/, nJIOTHOCTb - 0,07 no, nonepequoe cel.feuue -
2A 0 • Tor.u.a nnoTHOCTb noToKa B e.u.uuuuy TeJiecuoro yrna 

npu Po = 2 Top paaua 1,4·1020 MOAeKyA/c.cp, a uuTeu
cuauocTb DYl.fKa COCTaBJIXCT 2,8 • 1016 MO/IeKyA/C npu reo

-4 MCTpH"'CCKOM TCJICCHOM yrJie 0 1 =2 ·10 
Tenepb Y"'TCM pacce.lluue ij:a ocTaTO"'HOM raJe. Ecnu 

pacxo.u. raJa cocTaBJI.IleT 1,5 A·T~p/c, a .u.aaneuue ao.u.o
po.u.a B KaMepe CODJia "' 2 .}0 Top, TO, HCllOJibJYJI 
COOTHOlllCHHC /6/ .IJ.JIJI paCCCJIHHH Ha MaJiblC yrJibl 

Ap -.3 
3,1 ·10 ' /28/ 

.U.JIH A = 1 ,55 CM H f =5 CM llOJiyl.faCM K03«W!HIJ,HCHT OC
Jia6JICHHJI, paBHbiH 25. lf3 3THX OIJ,CHOK CJIC.IJ.YCT BbiBO.IJ. 
0 pelllaiOIIJ,CH pOJIH reOMCTpHH OTKal.fKH BO.IJ.OpO.IJ.a HJ o6JiaCTH 
COUJia. YBCJIH"'CHHC 3cPcPCKTHBHOH CKOpOCTH OTKal.fKH DO 
BO.IJ.OPO.IJ.Y B llJITb paJ, C 700 A/C .IJ.O 3500 A/C, npHBCJIO 
6bi K YMCHLlllCHHIO llOTCpL ua paCCCJIHHC B 10 paJ H K 
COOTBCTCTBYIOIIJ,CMY llOBLilllCHHIO llOTOKa MOJICKyJI. 0:>KH.IJ.ae
MaJI HHTCHCHBHOCTL Dyl.fKa llOJIHpUJOBaHHhlX aTOMOB npH 
.u.aaneuuu raJa B .u.uccouuaTope Po = 0,5 Top paaua 
101 6 amoMoejc, a HJMepeuua.ll - 4· 1015 amoMoe/c. llpe
.u.enLuoe "'HCJIO Maxa .IJ.JIH noToKa aTOMOB M* =1 ,3 npu 
l.fucne Kuy.u.ceua Kno=0,38. Cpe.IJ.HHH cKopocTb aTOMOB 
B DY"'KC paBHa 2,4· 10 5 CM/C, llJIOTHOCTL llOTOKa B C.IJ.H
HHIJ,C TeJiecuoro yrna I 1 =10 19 amoMoe/c. cp. CTeneuL 
.u.uccouuauuu npu p o =0,5 Top 6JIHJKa K 0,5. 
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Pac"'eTbi noKa3biBaiOT, "'TO yaenuqeuue Bq MOI.IUIOCTH, 

BBO,II.HMOH B pa3pH,II., HnH nepexo.u. B CBq ,II.Hana30H /S/ 
ll03BOnHT yaenH"'HTb ,II.aBneHHe B ,II.HCCOUHaTOpe H BMeCTe 

c HHM npe.u.enbHOe qucno Maxa M*. ,ll,nx .u.asneuux Po = 

= 2 Top H npH nonuoii .u.uccouuauuu uaxo.u.HM, "'TO M* = 
=2,3 H nnoTHOCTb noToKa aTOMOB 11 =10 20 omoMoe/c. cp. 

-3 
IlpH aKcenTaHCe MarHHTa, paBHOM 3 .10 
llOTOK llOnHpH30BaHHMX 

17 
aTOMOB 

, O:>KH,II.aeMbiH 

BO,II.OpO,II.a paBeH 

3· 10 01/IOM06/C. 

6. Bb/BO,ll,bl 

1. IlpH .u.asneHHH so.u.opo.u.a B .u.uccouHaTope 0,5 Top 
HHTeHCHBHOCTb ny"'Ka llOnHpH30BaHHblX aTOMOB COCTaBnHeT 

4·10 15 01/IOMOB/C npH nnOTHOCTH llOTOKa Ha BblXO,II.e pa3,1I.e

nHTenbHOrO MarHHTa 8· 10 15 01/IOM06/C •CM 2 H yrnOBOH 

paCXO,II.HMOCTH OKOnO 7 ·10-3 pOO. 
2. l1HTeHCHBHOCTb nyqKa MOneKyn pasHa 1 ,3· 10 15MO/l/C 

npu .u.asneHHH ra3a 2 Top. 
3. TeopeTH"'eCKHe oueHKH .u.nx pa6o"'HX ycnoBHH ua 

,II.aHHOH ycTaHOBKe cornacyiOTCH C 3KCllepHMeHTOM H yKa-

3biBaiOT nyTH MO.U.H$HKaUHH ycTaHOBKH C uenblO nonyqeHHH 

6onee HHTeHCHBHOrO llOTOKa llOnHpH30BaHHMX aTOMOB. 
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HeT RH rrpo6eRoB B BarneH 6H6RHOTeKe? 
8bl MOJKeTe llOJJY'lMTb no UO'!Te nepe'!MCJieHHble HMJKe KHHf'M, 

ecJJM OHM He 6b1JJK 31l!<a3aHbl paHee. 
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