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I llrHaTOBIPI B.K. P4 - 9007 II 

BnHHHHe 3epKallbHOCTH oTpa;KeHHH Ha apeMH yaep;!<aHHH , 

ynbTpaXOliOilHWX HeATpOHOB B 3BMKHYTWX COCJABX 

noKB38HO, 'iTO apeMH yaepiK8HHH ynbTp8XOliOilHblX He([tpOHOB B COCy.JaX 

Bblp811<aeTCH OAHH8KOBbiM o6pa30M 'iepe3 cpeAH!O!O BenlPH!H)' K03(qJI!UileHTQ 

DOr'liOWeHHH BO BCeX Clly'iaHX, KOr'Aa llOliH He3epKBllbHOr'O OTpa~eH~A 3HB'ii!

TellbHO npeBOCXOAHT DOr'liOWeHHe npH OAHOKpaTHOM coy;JapeHllll CO CTellKOii. 

p a6oTa Bb!DOl!HeHa B Jla5opaTOpl!H HeftTpOHHO(I r>n31IKII 0!!5J!J. 

C006UleHHe 06-be)lHHeHHOrO HHCTHTyTa H.UepHbiX HCCJie)lOBaHH~ 

,ll,y6Ha 1975 

Ignatovich V.K. P4 - 9007 

The Influence of the Specular Reflection on 
the Storage Time of Ultracold Neutrons in 
Closed Vessels 

It is shown that the storage time of ultracold neut
rons is expressed identically in terms of the mean value 
of the absorption coefficient in all the cases when the 
part of nonspecular reflection exceeds considerably the 
absorption at a single collision with the wall. 

The investigation has been performed at the Neutron 
Physics Laboratory, JINR. 
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©1975 06beOUHeHHbiU UHCIIIUmym JIOepHbiX UCC/Ie006QHUU }Jy6Ha 

B 3I<cnepuMeHTax no y.nep)l(aHBIO ynLTpaxono.nuhlx ueiiT

pouoa /YXH/ B noayWJ<ax I 1 7 o6'Lei<TOM BJy'leHBJI JIBll.lleTcJI 

I<03<W!BUBeHT nornoll{eHBJI npB O.D.HOM coy.napeHBB CO CTeHI<OH 
f1 ( fl) ,r .ne n o- ( 0, (p) - yrllhl B CBCTeMe I<OOp.IJ.BHa T C no

ll.llpHOH OCLIO B.li.OllL HOpMallB I< CTeHI<e- Ko3<W!BUHeHT nor no

ll{eHBJI CBJI3hiBaeTCJI C BpeMeHeM y.nep)l(aHHJI tO npH OOMOU{H 
COOTHOllieHBJI: 

I' 

N(t) ~N(O)p 
_ =vt -tlto 

P N(O)p /1/ 

r.ne N (0) - qucno ueiiTpouoa B noaywi<e B MOMeHT t -- () 

N ( t) - qucno YXH, ocTaawuxcJI B noaywi<e no HcTe'leuuu 

apeMeuu l , V - cpe.n.HJIJI .nnuua npo6era Me)l(.ny CTOlli<Ho
aeHBJIMB CO CTeHI<aMH: 

l' -- 1\ 
s 

/2/ 

\ - 06'LeM llOBYUII<H, S - OllOll{a.D.L noaepXHOCTB CTeHO.K, 

if - I<o34J<t>uuueuT nornomeuuJI, ycpe.nueHHLJH no yrnaM na-
.neuuH: 

I' .-: 1 1,(0) ·('o,_o. dn _ /3/ 

ueiiTpOHhl npe.nnonaralOTCJI BMelOIUBMB O.D.HY H TY )l(e CI<O

pOCTL \ , pacnpe.neneHhl B llOBYWI<e O.IJ.HOPO.D.HO H H30TpOOHO 

H OTpa)l(alOTCJI OT CTeHOI< .D.H~Y3HO. H3 COOTHOUieHHJI /1/ 
BhiTei<aeT, 'ITO 

t -0 
f 

-
JL \ 

/4/ 
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CooTHomeuue /1/ nonyqaeTc.R 3JieMeHTapuo nyTeM no~cqeTa 
qscna ueiiTpouoa, Bbl6b1BaJOil{HX H3 cocy~a 3a apeM.R d t : 

dN(t) = dt·vfd..."fcosa·!L(D) ·n(D,~t) df', /5/ 

r~e n(D, ;, t) - nnoTHOCTb YXH B MOMeHT t B e~HHHUe 
o6'beMa H e~HHHUe Tenecublx yrnoa. Ilpe~nonara.11 pacnpe~e
neuse H30TponHbiM BO ace apeMeHa, nonyqaeM H3 /5/: 

dN( t) N(t) 
--=V·S·JcosrJ.IL(Q) df!. --, 

dt 4rrV 
/6/ 

OTKy~a H CJie~yiOT Bblpa>KeHHJI /1/ H /4/. Tpe6oBaHHe ~Hell· 
cllY3HOCTH OTpa>KeHHJI XOTJI H He cllsrypHpOBaJIO JIBHO npH Bbl· 
ao~e /6/, TeM ue Meuee He.RBHO co~ep>Kanocb B npe~nono
>KeHHH O~H;OpO~HOCTH H H30TponHOCTH n( Q, ~ t) npH BCeX 
apeMenax: 

n(D, ~ t) 
N( t) 

4rrV 
/7/ 

ECJIH 6bl OTpa>KeHHe OT CTeHOK 6b1JIO qHCTO 3epKaJibHbiM, TO 
nepaouaqaJibHa.R H30TponHB co apeMeHeM 6bl uapywanacb 

H BMeCTO /1/ cne~oaano 6bl 
IL(D) 

--vt 

N( t) = f N( D, t) dQ = f N( 0) e f([)) dD, /8/ 

r~e e<m - JJ.JIHHa npo6era ueiiTpoua c uanpaaneuHeM noneTa 
n. B cnyqae /8/ pacn~ YXH B JIOBywxax He JIBJI.ReTCJI 3KC
noueuusaJibHbiM, H H3Bneqeuue nornomeuu.R B cTenxax H3 
ua6mo~aeMoro npu 3KcnepHMeHTe apeMeHH y~ep>KaHHJJ. Tpe-
6yeT HHoro anaJIH3a, ue>Kenu 3TO ~enaeTCJJ. o6blquo. B ua
CTOJJ.IQeii rnaae 6y~eT paccMOTpeu cnyqa:ii, npoMe:lKyToqubl:ii 
Me>K~Y qHCTO JJ.HtiMliY3HbiM H qHCTO 3epKaJibHbiM OTpa>KeHHeM 
OT CTeHKH. IlpHMeM, qTO 3aKOH OTpa:lKeHHJJ. HMeeT BH~: 

W(n
0

, D)= ( 1- G· A( D))o(f!-D 0)+c· GA( D 0 ). A(Q). cosa /9/ 

cf A(Q). cos(JdQ = 1. 

r.D.e \\ ( QO, 11) • BepO.RTHOCTb HeBTpOHy, na~aromeMy H3 Ha • 
npaaneHHJI n ' OTpa3HTbCJI B HanpaaneHHH n ' G - napaMeTp 
3epxaJibHOCTH MeHbWe e~HHBllbl, A( n) - cllYHKUH.R, y6blaal0-

4 

IQa.R OT e~HHBllbl K uymo no Mepe yaenuqeHH.R yrna 0 OT 
0 ~0 2 , C • nOCTOJIHHa.R, onpe_~eJI.ReMa.R yKa3aHHbiM 
uopMupoaoqHbiM cooTHoweuueM. Bblpa>KeHHe /9 I y ~oaneT
BOp.ReT Tpe60BaHHJIM TeopeMbl 0 ~eTaJibHOM paBHOBeCHH H 
OTpa>KaeT TOT peaJibHO Ha6mo~aeMbiB cllaKT, qTo C yBeJIH
qeuueM yrna na~eHH.R ~on.11 3epxanLuoro oTpa>KeHHJI B03pac
TaeT. HH>Ke ~JIB 60JibWeii KOHKpeTHOCTH 6y~eT npHH.IITO, qTo 

A( Q) oc cosO . c = _1__ 
27i 

/10/ 

3aKOH OTpa>KeHHJI /9/ MO>KeT npHBeCTH K TOMY, qTo ueiiTpo
Hbl, JieT.RIQHe no CKOJib3.111UHM TpaeKTOpH.RM, 6YAYT AOJirO 
yAep>KHBaTbCJI Ha 3THX TpaeKTOpHRX, H nOTOMy BpeM.R YAep
>KaHHJI OKa>KeTCJI 3aBHCJIIUBM OT cllopMbl YAep>KHBaiOmero 
COCy~a: B KOpOTKHX COCy~aX OHO 6y~eT ~aBaTbCJI Bblpa>Ke
HHeM /4/, a B ~JIHHHbiX - ApyrHM Bblpa>KeHHeM. ,[\nR uccne~o
BaHHJI 3TOrO BOnpoca y~o6HO paCCMOTpeTb ABa npeAeJibHbiX 
cnyqag: a/ cocyA npeACTaBn.ReT co6oii ccllepy eAHHHquoro 
paAHyca; 6/ cocy~ npe~cTaBnReT H3 ce6R 6ecxouequblu 
UHJIHH~p e~HHHquoro paAHyca. 

§1. fl>opMyAupoeKa Memooa 

llpeACTaBHM ce6e, qTO COCYA 3anonHeH B006pa>KaeMbiMH 
npRMOJIHHeBHbiMH nyqeBbiMH Tpy6KaMH, COeAHHJIIOIUHMH pa3-
nuquble yqacTKH noaepxuocTH. Ilonepequoe·ceqeuue Tpy6-
KH, ODHpaiOIQeHCJI ua 3JieMeHT nooepXHOCTH d~ H BbiTJIHYTOB 
B. HanpaBJieHHH 0 , paBHO d~ · eo,.;ll. IloCKOJibKY ~JIHHa 

Tpy6KH paBHa f' s 1 ~') - AJIHHe npo6era B HanpaBJieHHH Q , 
TO o6'beM Tpy6KH paBeH p ~/01 · d~· ('OS(). liyAeM xapaK· 
TepH 30Ba Tb pacnpeAeJieHHe HeiiTpOHOB cllYHKUHeii ns ( f1, t) , 
KOTopag npeACTaQJIJieT co6oii nJIOTHOCTb HeiiTpOHOB B nyqe 
f (f)). HCXOAJIIQHX H3 TOqKH =" Ha nooepXHOCTH JIOBYWKH. 

s 
IlOJIHOe qHCJIO ueiiTpOHOB B JIOBYWKe paBHO 

~(t) =JdSicosOdf1· r 'fl).n •Q .t). s s 
/11/ 
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flpH HaJIHqHH nornoi.QeHHJI B CTeHKaX JIOBYWKH qHCJIO HeHTpO

HOB B nyqe f 8 (D), JleTJII.QHX OT TOqKH S , MeHJieTCJI CO 

BpeMeHeM. 3a BpeMJI dt qacno HeHTpOHOB H3MeHHTCJI Ha 

BenaqHHy: 

d[P 5 (n)dS·cus8n8 (il,t) J = -n
8

(il,t) dScQse · vdt + 

+ ( 1- G. A(n)) ( 1- J1 (O))n 5 ( n, t) dS· cosO· vdt + /12/ 

+ c· G. A(O) · cose f A(0 6 )( 1-11 (0 0 ))n s lfl 0 t). dS· cos8
0

dn 
0

dt· v. 

llepBoe cnaraeMoe B npaBoi qacTH OTBeqaeT TeM HeiTpoHaM, 

KOTOpWe .D.OCTHraiOT npOTHBOllOJIOlKHOrO_ KOHIJ;a Tpy6KH, H, 

y.napHBWHCb 06 3JieMeHT llOBepXHOCTH dS llO.IJ. yrm>M U, 
llOJIHOCTLIO BW6WBaiOT H3 Hee; BTOpoe CJiaraeMoe yqHTWBaeT 

Te HeHTpOHW, KOTOpWe UOCTynaroT B TOqKy s no 3epKaJibHOH 

Tpy6Ke H OTpa)l(aiOTCJI 3epKaJibHWM o6pa30M B paCCMaTpB

BaeMyiO Tpy6Ky; TpeTLe cnaraeMoe OTBeqaeT TeM HeHTpo

HaM, KOTOpWe llOCTynaiOT B paCCMaTpHBaeMyiO Tpy6Ky H3 

.npyrHx Tpy6oK nocne He3epKanLHoro oTpa)l(eHHJI. MHO)I(HTenL 

( 1- f1 (0)) npe,II.CTaBJIJieT C060H BepOJITHOCTL 0Tpa3BTLCJI, 

He norJIOTBBWBCL. llJIOTHOCTb HeHTpOHOB B nyqeBWX Tpy6KaX, 

,IJ,BB)I(YI.QHXCJI B HanpaBJieHBB K TOqKe S , paBHa, Bl C006pa

)l(eHBH CBMMeTpBB, llJIOTHOCTB HeHTpOHOB, ,IJ,BB)I(YI.QHXCJI OT 

s, B llJIOTHOCTB HeHTpOHOB B lepKaJibHOH Tpy6Ke. 0603HaqBM 

r=G·v·t, v (Q) = 11 (Q)/G /13/ 

H yqTeM, qTo dScose == dS· cosO, TOr,D,a ypaBHeHHe /12/ npa

Be,D,eTCJI K BH,II.y: 

e (0) dn s (0' T) == - [ A <m ( 1- 11 (W) + vW) ]n (0, T) + 
s dr s 

/14/ 
+ cAW) f AW 0 ) ( 1 - fL <n 0 )) cos00 n s W 0 r) dr' 0 . 

6 

YpaBHeHHe /14/ y.no6Ho pewa TL c noMOI.QLIO npeo6pa3oBaHHJI 

Jlannaca: 

oo -p T f + ioo p T d 
n

8
(0,p)=fn

5
(0,r)e dr,n

8
(0,r)= f n8 (0,p)e ~-/15/ 

O f-Ioo 2171 

llpOH3Be.D.JI 3TO npeo6pa30BaHHe Ha.D. o6eHMH qacTJIMH ypaB

HeHHJI /14/, nonyqaM: 

f 5 (0)[pn
8

({2,p)-n 5 (0,0)]=-a(Ol.i\ 5 W,p)+AW\.b 5 (p), /16/ 

r.ne 

a (0) ~ A (D)( 1 - IL (m) + ,, (0)' 

h (p) =cfAW)(l-fL(O))cosOn (H,p)d0. 
s s 

/17/ 

113 /16/ cne.nyeT 

1\ ( n) 
n (n,O) + b

5
(p) 

s p s(O) 
ns(iL p) /18/ 

P -t z s(n) 

r,D,e 

z
5 

(0) = a( 0) /19/ 
f' (0) 

s 
a .D.JIJI b

5
(p) HeTpy.IJ.Ho, acnonLlYJI onpe.neneHHe /17/, nony-

q&TL ypaBHeHHe: 

bs(p) = fls(p) + f2s (p) · bs {p)' /20/ 

r.ne 

. · dn 
f
1 
.. ( p) = c 1 \ rm( 1-ri\Ol) cosiJ n j D. 0) ------ . 
. ,.. p i z s {Q) /21/ 

f.-. ( p) = cl AU/) ( l-11 \0.))co:-;ll _\(fl!_ ____ j_B __ . /22/ 
2, f ,_(n) p ~- z s (0) 

7 



Pewa.11 ypaBHeHHe /20/, rronyqaeM: 

b ( p) 
s 

f ls ( P) 
/23/ 

1- f (p) 
2s 

IlpHMeHJIJI o6paTHOe npeo6pa3oBaHHe Jlarrnaca H Hcrronb3YJI 
B~p~eHHe /11/ ,D.nJI IIOnHOrO 'IHCna 'laCTHI.J;, HaXO,D.HM 

f +ioo _ pr 
L f N(p)edp, 

2rri f -ioo 
N ( r) = 

r.D.e 

N ( p) c J d S· N ( p) s 

a N
8
(p), cornacHo /18/, paBHO: 

Ns(p) = gls(p) 1 ~s(p) bs(p) 

rrpH'IeM 

g ls ( P) 
{ n8 (0,0) · es(n)cosOd!J 

. P + Zs (0) 

A(!J) fs(!J). cos&d!J 

g 2s ( p) = J f s (0) P + z s (0) 

lJO,D.CTaBHB /23/ B /26/, IIOny'IHM: 

Ns ( p) 
g ls ( p) ( 1 - f2s ( P) ) + g 2s ( p) f ls { P) 

1 - f 2s ( p) 

/24/ 

/25/ 

/26/ 

/27/ 

/28/ 

/29/ 

OTMeTHM, 'ITO ace ~YHKI.J;HH, BXO.ZJ.Jlli.J;He B rrpaayro 'laCTb 

/29/, rrpe,D.CTaBHM~ B BH,IJ,e: 

f( p) 

8 

z 
2s 

J 
zls 

·-
f( z) 

dz, /30/ 
p + z 

l 

r.D.e 

f(z) =Jf(0).8(z- z
8

(0))d0, 

/31/ 
z 

1 
= min z (0) , z.., = max z (0) . s s ~s s 

3HaMeHaTenb rrpaBOH 'laCTH B~pa~eHHJI /29/ MO~eT 6~Tb 
rrpe,D.cTaaneH HHa'le: 

1 -f2s(p) =C·p·g2s(p) +f3s(p), /32/ 

r,D.e f
38 

(0). COOTBeTCTB}'IOII.J;aJI f
38 

(p) ,paBHa: 

l/ (n) -
f

3 
(0) = c--A(D). cosH. 

s f (0) 
s 

/33/ 

B~pa~eHHe /32/ B HeKoTop~x cny'laJlx Mo~eT o6paii.J;aTbCJI 
B HOnb, H TOr,D.a /29/ HMeeT IIOillOC. B~JICHHM, B KaKHX cny
qaJIX 3TO B03MO~HO H HHTepeCHO. HHTerpan~ /30/ JIBnJIIOTCJI 
HHTerpanaMH THIIa KOWH H IIOTOMY, B006li.J;e rOBOpJI, HMeiOT 
TO'IKH BeTBneHHJI, COBIIa,D.aiOII.J;He C -Z18 H -Z28 . Te ~e caM~e 

TO'IKH BeTBneHHJI HMeeT H ~yHKI.J;HJI /29/. 06paTHOe IIpe
o6pa30BaHHe Jlarrnaca c ~YHKI.J;Hei /29/ rrpe.D.CTaBnJleT co6oi 
HHTerpan IIO KOHTypy L B KOMIIneKCHOH IInOCKOCTH, KOTOpbiH 
MO~O 3aMKHYTb neBOH 6eCKOHe'IHOH rronyoKpy~HOCTbiO. 

EcnH rrpaBee TO'IKH BeTBneHHJI -Z Is HeT HHKaKHX OC06eH
HOCTeH, TO aCHMIITOTH'IeCKOe IIOBe,D.eHHe HHTerpana IIPH 
60nbWHX T 6y,D.eT: 

N
8 

( r) -
-z ls' 

e /34/ 

EcnH z ls BenHKO, TO acHMIITOTH'IecKoe rroae,D.eHHe N s ( r) 
He MO~eT 6~Tb BH,D.& /34/, T.K. y6~BaHHe HeHTpOHOB B no
BYWKe .D.O~Ho orrpe,D.enJITbCJI K03~Hu;HeHTOM rrornoii.J;eHHJI~ 
a Z l'> OT It He 3aBHCHT. 3TO 3Ha'IHT, 'ITO IIpH ,D.OCTaTO'IHO 
6onbWOM Zls rrpaaee TO'IKH BeTBneHHJI -z L'> AO~eH 6b1Tb 
IIOillOC, KOTOp~H OTBe'laeT Hymo /32/. lJOCKOnbKY 3TOT 
rromoc .D.O~eH Haxo.D.HTbCJI 6nH3KO K Hymo, TO -ero rrono
~eHHe orrpe,D.enJieTCJI rrpH6n~eHHWM 3Ha'leHHeM: 

9 



L 

f 3s( 0) 
0. /35/ p - (0) ls C • g2s 

llpa 3TOM acBMDTOTB'Iecxoe Bblpa.>KeHae JJ.DJI Ns ( r) npa 
60DLWBX Z] 6yJJ.eT: 

s 
-pi r 

N s ( r) = ~ f 1._ ( 0) e s /36/ 

fipH OTCyTCTBBB nornouteHBJI !L c 0 , p l<> - 0 B B3 /19/ B 
/21/ cne)l,yeT: 

N(r) =JN
5
(r)dS -N(O) /37/ 

fipoaepBN CBOHCTBeHHhle npeo6pa30BaHBIO Jlannaca COOT· 
HOWeHBJI 

P im p. N ( p) c N ( 0 ) Pim pN(p) = N("'). /38/ 
p~>"" p ) 0 

llepaoe npoaepJteTCJI JJ.OCTaTO'IHO nerxo. H3 awpa:>KeHBJI 
/30/ BhiTeKaeT, 'ITO 

f( p) 

g( p) 

llo3TOMY 

p _,. ("'oo 

...!..J p 

f (n) 

g(!l) 
dD. 

eim pN(p) -J dSJg1s(!Hdn. 
P-->"" 

/39/ 

/40/ 

CpaaaeHae c /11/ noKaJwaaeT, 'ITO nepaoe cooTnoweuae 
/38/ JJ,eHCTBBTeDLHO BhiDODHJieTCJI. fipB IL = 0 )l,On:>KHO 6LITL 
N( (X)) =N(O).CooTBeTCTByiOutBe cPYHKUBB g(p) a f(p) npa p-·0. 
COr naCHO /30/ B /31/, MOryT 6LITL annpOKCBMBpOBaHhl • 
awpa.>KeHBJIMB: I 

10 

f( 0) 

g(O) 

r(m 
I " g(D) 

dO 

Zs ([!) 

I 

I 

/41/ 
~ 

npa'leM 

[1- f
2 

(p)] O = C·p·g
2 

(0). s p -> s /42/ 

OTCIOJJ.a cne)l,yeT: 

- 1 
Pirn pN(p) ~·JdS--f1s(O)=N(O) =N(oo). 
p->0 c 

/43/ 

E cna :>Ke 11 -1 0. TO 1 - f25 ( 0) =, f 35 ( 0) · · 0 .a N ( oo) =0 , xax a cne • 
AOBano O)K.BJJ.a TL. 

PaCCMOTpBM TenepL KOHICpeTHhle reoMeTpBB B 6y)l,eM 
nonaraTL 

A(!1) =cosO, c = 3/271, n ((!,0) = n0 , f1W)=f1· cosO. /44/ 

§2. YoepxaHue YXH e cfjepe eounu<~nozo paouyca 

B c4lepe £ (0) = 2· cosH 
z((!) JJ,aeTCJI awpa:>KeHBeM 

a ue JaBBCBT oT s . BeJI.B'IBHa 

1 z (0) = 2. ( 1 -It • cosO + f!) , v = 11! G . /45/ 

Haa6onee BHTepecHhlii cnyqaii cooTBeTcTayeT G « 1, npH 
3TOM v >> f1 , B BenB'IHHOH f1 • cos& B Bhlpa:>KeHBH /45/ 
MO:>KHO npeHe6pe'IL. B peJynLTaTe 

1 z (Q) = 2 ( 1 + v) = a, 

411n 0 1 211 1 n o 
gl(p) = -3- 'g2(p)= -3- ,fl{p)=--, 

p+a p+a p+a 

1 1 
f2 ( p) = -2 -- ' f 3 ( p) p + a 

v 

2 /46/ 

II 



B 

,, 11 
-'-r - --vt 

N ( p) 
( 177) ----

;~ 
N(r) ccN(O)e 2 =N(O)e 

2 
. /47/ "o 

I' 
p \- :r 

EcnB npJIMO BOCnOllb30BaTbCJI Bblpa:>KeHBeM /1/, TO nony

'IBTCJI 3aBHCHMOCTh, TO)K,IJ.eCTBeHHaJI c I 47 I, nocKonbKY 

2 
11 ~ ~11 v 1 

:~ 
11 if 

2 

§3. YoepJKaHue YXH e 6ecKoHe'lHOM l#UAuHope 
eouHU'lHozo paouyca 

B cny'lae 6ecKoHe'IHOro UHHHH.D.pa 

2co,;IJ 
l'(U) ~ 

l - ,.;in 2 '11 • ('O"' 
2 ~'. 

/48/ 

/49/ 

roaopHTb 0 nonHOM 'IHCne 'laCTHU B noaymKe 6eCCMbiCneHHO, 

HO MO:>KHO rOBOpBTb 0 'IHCne 'laCTHU, OTHeCeHHbiX K e,D.HHHUe 

noaepxHoCTH. BenH'IHHa z (0) pasHa 

z (n) ,= a ( l - ,jn 2 II . co,.; 2 ,',) • /50/ 

rAe TaK :>Ke KaK a a /45/, npeHe6pe:>KeHo I' ('o,.;!l no cpaaHe

HHIO c I' • a napaMeTp a paaeH no- npe:>KHeMy i (I _, ' ) . 
Y,IJ.o6Ho nepeonpe,D.enHTh nepeMeHHble 

z az', p ap' • = •'/a. n0 ~ 
2rr 

/51/ 

nocne 'lero, onycTBB mTpaxa, nony'IBM: 

N( p) c-

g 1 ( p ) ( a - f 2 ( p) ) + g 2( p) . f1 ( p) 
~-~---- /52/ 

a - f 2 (p) 

12 

t 

t 

-J 
i 

cl>yHKUBB; BXO,D.JIUUie B /52/, BCe npe,D.CTaBBMLI B BB,IJ.e: 

1 

f 
dz X (z) , /53/ x(P) 

0 p + z 

x < z > = f x W) s < z - 1 + sin 
2 e cos 

2 
¢ > d n , /54/ 

npa-'leM 

~ - cz = 20o -
f1 (z) = cn0 .;(z), f2 (z)= 2 .;-(z), g1 (z)= -z-.;(z), g2 (z)=~(z), 

((z) = f cos
2
tlo(z- 1 + sin2e cos 2¢) dQ = ; ---==z=== 

v 1 - z 

/55/ 

/56/ 

HcnonblYJI /55/ B /56/, MO:>KHO nony'IBTb cne,IJ.}'IOUUie COOT
HOWeHBJI Me)I(,IJ.y ,PyH~BJIMB f B g : 

f1(p) =en~ 2(p) ' /57/ 

g1(p)(a-f2(p))+ fl(p)· g2(p)=g1(p)(~ + c: g2(p)) + cn.,g~(p). 
/58/ 

1 ¢(z) 1 ¢(z) 
p·g 1(p)=2n 0(f z dz-J dz)=2no(77 -g 2(p)), /59/ 

0 0 p + z 

v c I ( "o v + c/2 ) - 3 1 3 
g1(p)· 2+ 2'g2(p)=J z(z+p) ¢(z)dz=4+4(v-2p)q(p), 

/60/ 
1 dz 

q (p) = ' v 1 - z ( z + p) 

1 1+y1+p 
--en --

y1+p yl+p-1 
/61/ 
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1 zdz 

g2(p) = ;t(p+ z)\1-z 

77p 
-2-. q(p), 

' 

1621 = 7T -

13 a2) 1 3 32 () a- f 2 (p) ~a- 2 + 4P- gP q(p =2(v + 2P- 4P · q P ) · 

B pe3ynLTaTe 

- I 
N (p) = 2 

:~ ~ (I' - ~ p) • q ( p) 

;~ ;~ 2 
I' I - p - -p • q ( p) 

2 1 

/63/ 

1641 

OTMeTBM, 'ITO <iJYHKU.BJI N (p) aHanBTB'IHa BCIOJJ.Y, KpoMe pa3-
pe3a (0,-1) , no3TOMY N(r), nonyqaeMoe o6paTHbiM npe
o6pa3oBaHBeM Jlannaca Bblpa)KeHBJI 1641, He CBO)J.BTCJI K 
npocToMy sa.n.y I 1 I. 3aMb1KaJI KOHTYP B 1241 6ecKoHe'IHoii 
nesoii nonyoKpy)KHOCThiO, nonyqaeM: 

1 -I I p T "' "' 1 I - p T 
N(r) = -.-. J dpe (N~(p)-N_(p))c--. I e 2lmN_(-p)dp,/65l 

27TI o 2;;-o 

r)J.e 3Ha'IKaMB ± OTMe'leHbl 3Ha'leHHJI Ha BepXHeM H HH)KHeM 
6eperax pa3pe 3a. Y'IBTbiBaH, 'ITO 

( ) 
'( ) • "( ) '( ) 1 0 I 1 \ I - p q -p c-q -p -Iq -p , q -p ~ --1 n ---====::: 1661 

q"(-p) = --

\ 1 - p 

HaXO)J.HM 

21mN_(-p)= 2;; 

2\ 1 - p 

,1-p 1-,1-p 

2 
I 

3 ;~ 2 , 2 7T 2 p -! 
(I - -p - -p q ( -p) ) " -- ---

2 .J 16 I - p 
llpa v << lBblpa)KeHae 167 I npe.n.cTaBnJieTCH B 6onee npocToM 
BII)J.e 

14 

_1_ 21m N _ ( -p) = 7T 

277 

I, 
---~-----

( P _ 2 1,) 2 + r 2 
a 

1681 

t 
I 
• 
I 
I 

r.n.e 

I' 2 7T 2 
--I! 3 . 1691 

llo.n.cTaHOBKa 1691 B 1651 noKa3blBaeT, 'ITO npa v « 1 Ko-
He'IHOe Bblpa)KeHHC 

2 , 
- -vr 

3 N(r) "'e 

1 
- -11 vt 

= e 3 ( r' = a· r == l..r) , 
2 1701 

COBna.n.aeT C 111, DOCKOnhKY B cnyqae 6eCKOHe'IHOrO IJ,H
nBH)J.pa 

f1 • cose = _'J_fl ' r = 2. 
a 1711 

llony'leHHhlii pe3ynLTaT MO)KHO 6blno O)KHJJ.aTb 3apaaee, 
UOCKOnhKY npa v << 1 Bblpa)KeHBe 1291 BMeeT OCTpblB pe30-
HaHC B TO 'IKe, onpe.n.e neHHOB Bblpa)KeHBeM 135/, KOTOpaJI 
eCTb He 'ITO BHOe KaK 11 I f. 3To cne.n.yeT H3 Bhlpa)KeHaii 
1191, 1281 B 1331. 

Ha npaKTBKe COOTHOWeHHe v << 1 MO)KHO C'IHTaTb BCer.n.a 
BblDOnHJIIOIIJ,BMCJI, O)J.HaKO BHTepe~CHO DOCMOTpeTb H)J.eanbHbiB 
cnyqaii G = 0 ,Kor.n.a N( t) .n.aeTCJI Bblpa)KeHHeM /8/. B cnyqae 
c<lJepbl f1 (n) I P (0) c ~ a N ( t) oKa3blBaeTCJI cosna.n.aro
llJ,HM C 11/, T.e. )J.a)Ke 'IHCTO 3epKanbHOe OTpa)KeHHe He Me
HJieT speMeHB y.n.ep)KaHBJI YXH B ManoM cocy.n.e; B cnyqae 
)Ke D.HnBH.n.pa 

f1 (n) = t_ ( 1 - sin2 e cos 2 <D ) 
£(0) 2 . ' /72/ 

H B npe.n.ene t --> oo 83 Bblpa)KeHBJI /8/ C y'leTOM /11/ 
cne.n.yeT: 

2ros 2e d!1 t11 v 
N(t) =Jn 0 exp(---(1-sin 2ecos 2 ¢));· 

1 . 2e 2,+, 2 - sm cos 'f' 

tf1 v 
z 2 d 3r 2 - -2- P 2 2 2 2 2 2 

= 2n0J- --o(r - 1)e (p =z +x ,r=p +y ), 
p2 r 

1 d tf1 v 
= 2 7Tn J P P - - 2 0 2 p 

o : e v 1- p2 
/73/ 

N( 0) 
"' t--.oo tfl V 
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r,IJ,e B COOTBeTCTBHH C /11/ 6wno nonO)I(eHO 

I. 2cos
2
8dfl _ 2 -N(O) n0 - 11n0 - • 

- sin2 e ros 2 ¢ 
/74/ 

TaKHM o6pa3oM, B cnyqae .D.nHHHoro cocy,IJ,a 3aBHCHMOCTL 
N( t) npH 3epKanLHOM OTpa)l(eHHH OT CTeHOK He JIBnJieTCJI 

3KCllOHeHUHanLHOH. 
ABTOp npHHOCHT CBOIO HCKpeHHIOIO 6naro,napHOCTL 

B.H.JIYUUIKOBy, IO.H.IIoxoTHnoacxoMy H A.B.CTpenxoay 3a 
HHTepec K pa6oTe H none3Hwe o6CY*.D.eHHJI. 
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