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PaccMorpeHo BnH!IHHe non11 T!I)KeCTH aa apeMH y.aep)KSHH!I ynbrpaxo
no.aHbiX aeATpOHOB (YXH) a 38MKHYTbiX noaywKaX C 0Tp8)K8!0WHMH CTeHK8-
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Storage of Ultracold Neutrons in Nuclear Traps 

The effect of gravity on UCN storage time in closed 
traps and on the shape of integral spectrum curve has 
been considered. 
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1. BpeMH y)l.ep)l(aHHJI ynbTpaxoJIO)l.HbiX ueihpouoa /YXH/ 
B JIOBYlliKaX orrpe)l.eJIJleTCJI qacJIOM COy)l.apeHHH HeHTPOHOB 

CO CTeHKaMH B e)l,HHHIJ.Y BpeMeHH H 34>tjJeKTHBHbiM llOrJIOJ.QeHH

eM npu O)l.HoKpaTHOM coy)l.apeHHH. B o6~eM cnyqae ypaaueHHe 

6anauca HeHTpOHOB MO)I(eT 6biTb 3allHCaHO B CJie)l.yiOlll,eM 

BH)l.e: 

v!'p 

d I I n ( r, V', t) d
3 

r d 
3 

v = - I 
vrp 

I p(~)(~f:s)n(r'3,t) 
(V) 0 (S) 0 

:J 
dvdS.dt, /1/ 

r)l.e n(1, v, t ) - nnoTHOCTb YXH a e)l.HHHIJ,e o6'beMa H HH

Tepaane CKOpOCTeH V, V + d V ; V - 06'beM JI~BylliKH; S 
-> 

llJIOlll,a)l.b CTeHOK JIOBYlliKH; 11 s - BHelliHJIJI HOpMaJib B TQqKe 

f s Ha llOBepXHOCTH JIOBYlliKH; 11 ( V) - K03cWJHIJ.HeHT nor no

meHHJI YXH, HMeiO~HX CKOpOCTb v . 
)l.JIJI MOH03HepreTHqeCKHX HeHTpOHOB, pacnpe)l.eJieHHbiX 

O)l.HOpO)l.HO H H30TpOllHO B llpOCTpaHCTBe, B TOM CJiyqae, 

KOr)l.a rpaBHTaiJ,HOHHbiM llOJieM MO)I(HO rrpeHe6peqb, HMeeM: 

__, __, No(t) 
n ( r, v, t) = ---- o ( v- v0 ), 

4rr v~ V 
/2/ 

r )l.e N0 (t) - rronHoe que no qacTHIJ. a noayrnKe a MOMeHT t 
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fipH 3TOM ypaBHeHHe /1/ DpHBO,IJ;HTCJI K BH,n;y 

r.n;e 

dN0(t) 

dt 
=- ~!L il( VQ )N Q(t)' 

4V 

i1 < v) = .L I 11 < ~) cos e d n = 2 n ~..!__ 
7T ., 2 ' 

y 

/3/ 

/4/ 

0 - yroJI na)J,eHHJI HeHTpOHa; d !1 = sin 0 d 0 d ¢ ; T/ - OT

HOWeHHe MHHMOH '-laCTH DOTeH.QHaJia B3aHMO)J.eHCTBHJI K )J,eH

CTBHTeJibHOH; Y=V/ Vrp ;.vl'p - r....E_aHH'-IHaJI CKOpOCThMa

TepHaJia CTeHKH; K (y)=arcswy-yyil-~ PeweuHeM ypaB

HeHHJI /3/ JIBJIJleTCJI I}JyHK.QHJI 

N0( t) =No (O) e 

£ 
r)J,e r= ----

fi(v) v 

t 
r 

- BpeMJI y.n;ep~aHHJI YXH; f 
4V 
s 

/5/ 

- cpe.IJ.HHH npo6er YXH Me~.n;y CTOJIKHoBeHHJIMH co cTeHKOH 

JIOBYWKH. 

2. bOJihWOH HHTepec npe)J.CTaBJIJICT HCCJie)J,OBaHHe BJIHJI

HHJI rpaBHTa.QHOHHoro nonJI ua Y.IJ.ep~auue YXH B JIOByw

Kax. B 3TOM CJiyqae ypaBHeHHe /1/ COXpaHJleT CBOIO CHJiy, 

O)J,HaKO DJIOTHOCTh n (1 , V , t ) Tenepb He MO~eT 6h1Th O)J,HO

pO)J.HOH. llepBaJI 3a)J,a'-la, KOTOpaJI 3,IJ;eCb B03HHKaeT, - 3TO 

uaxo~)J,euue nnoTHOCTH YXH B MOH03HepreTH'-IeCKOM cnyqae. 

Ee MO~Ho pewHTh cne,n;yiOI.QHM o6pa3oM. llycTh JIOBYWKa 

npe.IJ.cTaBJIJleT co6oH: npJIMoyronhHhiH napannenenune.IJ. c 

3epKaJibHO OTpa~aiOI.QHMH CTeHKaMH. HanpaBHM OCh Z Bep

THKaJibHO BBepx aHTHnapaJIJieJibHO DOJIIO TJI~eCTH. HaJIH'-IHe 

DOJIJI TJI~eCTH DpHBe)J,eT K TOMY, 'ITO DJIOTHOCTh n( f', V, t) 
OKa)l(eTCJI 3aBHCJII.QeH OT Z • llyCTh y )J,Ha COCy)J.a HeHTpOHhl 

pacnpe)J,eJieHbl H30TpODHO, TO eCTh: 

n ( 0 v t) d 3v = _cltl_ o ( v 2 - v 2 ) d 3 v 
' ' 2 ·v o ' "vo 

/6/ 

4 

r.n;e c(t) - uopMupoBo•ma.ll KOHCTaHTa. C.n;enaHHhie npe.IJ.

nonmKeHHJI D03BOJIJIIOT Bhi'-IHCJIHTh DOTOK, HanpaBJieHHhiH 

BBepx B)J,OJih OCH Z . 

--> 3 
d J = v n (0, v) d · v. 

'7, z 

2 
BhiCOThl Z )J,OCTHrHyT Te HeHTpOHhi, y KOTOphiX V z '> 2 g Z 

/ g - ycKopeuue cBo6o.IJ.HOro na)J,eHH.Il/, TaK KaK npu CTOJIK

HOBeHHH C 60KOBhiMH CTeHKaMH, BCJie)J,CTBHe 3epKaJibHOrO 

OTpa~eHHJI, KOMDOHeHTa CKOpOCTH Vz He MeHJleTCJI. 0T

CIO)J,a CJie)J,yeT, 'ITO Ha BbiCOTe Z DOTOK,' HanpaBJieHHbiH 

BBepx, paBeH, C O)J.HOH CTOpOHbl, 

d J ' ( z, v' ') = v n (0, v) d :l v. 0 ( v 2 -2 g z), 
'7, z z /7/ 

r)J,e () (x) - CTyDeH'-IaTaJI I}JyHK.QHJI, paBHaJI 1 npH X • 0 H 

0 npu x < 0 , c .IJ.pyroH: cTopoHbi, cornacuo onpe)J.eJieHHIO 

DOTOKa, 

' 
d ' >' ' '' :> ' J (z,v )~ v n(z,v )d v, 

'Z z 

>, 
r)J.e V - CKOpOCTb Ha BbiCOTe Z . Y'-IHThiBa.ll, 'ITO 

' 2---v ~vv -2gz; 
z z 

2 2 v tv 
X y 

'2 '2 = V I· V 
X y 

nepenuweM Bblpa~euue /7 I B BH.IJ.e 

d J; l z , v .. ' ) = v; n ( 0 , v') d ;) v '. 

CpaBHHBa.ll /8/ H /9/, uaxo)J,HM, 'ITO 

n(z ,"V ') =n(O,v). 

fipHHHMaJI BO BHHMaHHe /6/, a TaK~e COOTHOWeHHe 

v' 2 = v 2 -2gz, 

DOJIY'-IHM: 

c(t) 2 2 n(z,v)= ---o (v
0 

-v -2gz). 
2rrv

0
V 

/8/ 

/9/ 

/10/ 

/II/ 
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B 6onee o6ll(eM cnyqae, ecnH pacnpe,D,eneHHe Ha awcoTe 
Z =0 HMeeT BH,D, 

-> 2 n(O,v)=p (v ), 
0 

TO Ha BhiCOTe Z 

n(z,v)=p (v 2 +2gz). 
0 

/12/ 

/13/ 

Bwpa)l(eHHe /13/ noKa3hiBaeT, 'ITO npH H3oTponHOM 
pacnpe,IJ,eneHHH He~TPOHOB y .D.Ha noayrnKH pacnpe,D,eneHHe 
no CKOpOCT11M fiy,D,eT H30TponHO H Ha ,D,pyrHX BhiCOTax. 3TO 
n03BOn11eT HCKnW'IHTh TpefioBaHHe 3epKanbHOrO OTpa)l(eHH11 
YXH oT CTeHoK napannenenHne,D,a, TaK KaK ,D,pyrHe 3aKOHhl 
OTpa)l(eHH11, CornaCHO Ofill(HM 3aKOHaM TepMO,D,HHaMHKH, He 
HapyrnaroT H30TponHoro pacnpe,D,eneHH11. lionee Toro, 3TO 
n03BOn11eT paCCMaTpHBaTb noBylliKH npOH3BOnbHO~ $opMhl, 
TaK KaK $opMa CTeHOK TO)I(e He HapyrnaeT H30TpOnHOrO 
pacnpe,IJ,eneHH11. 

B 3aKnro'leHue 3Toro nyHKTa 3aMeTHM, 'ITO Bhipa)l(eHHe 
/13/ MO)I(eT fihiTh $opManhHO nonyqeHo H3 perneHH11 ypaa
HeHH11 

dn(r, v) 
dt 

-> -> -·-> an (i', v) 
= v \7 n ( r , v) - g ------ = 0, 

av?. 
-> -> -> -> ) 2) HCXO,D,11 H3 ycnOBH11, 'ITO n ( r, v) =n( z, v) H n(O, V = p

0 
(v · 

3. PaccMoTpHM npe,D,enhHhl~ cnyqa~: nornomeHHe MOHo-
3HepreTH'IeCKHX YXH, y,D,ep)I(HBaeMwx B none T11)1(eCTH 
nnocKOCThro. Ilonh3Y11Ch Bhlpa)l(eHHeM I 11/, Haxo,D,HM nonHoe 
'IHCnO 'laCTHU: 

2 
_. 3 3 Sv 

N(t)= f n(r,V)d vd r =-_.Q_ c(t), 
3gV 

r,D,e S - noaepxHoCTh nnocKoCTH. 
Ilpaaa11 qacTh awpa)l(eHH11 /1/ pasHa: 

-t jl(v0 )Sc(t)v
0 

6 

113 ypa:BHeHH11 6anaHca I 1/ cne,D,yeT, 'ITO 

dN( t) 

dt 
3 ilCvo)g N(t), 

=- 4 
vo 

TO ecTh N( t) HMeeT BH.D. /5/, npH'IeM 

4 
T =-

3 
-~ 
g;1 (v o) 

/14/ 

./15/ 

IlpH v« v il (v) rp 
MO)I(HOannpOKCHMHpOBaTbBenH'IHHO~;Jj 

4 ~--ry 
3 v rp 

T 
max 

H, COOTBeTCTBeHHO 

v 
= ___Q>_. 

gry 
/16/ 

BenH'IHHa T rna X , onpe,D,eneHHa11 Bhlpa)l(eHHeM I 16/' npe,D,
CTaBn11eT C060~ MaKCHManhHO ,D,OCTH)I(HMOe BpeM11 y,D,ep)l(aHH11 
YXH a noayrnKe, Kor,D,a MO)I(HO npeHe6pe'Ih nornomeuueM 
npH COy,D,apeHH11X C fiOKOBhiMH H BepxHe~ CTeHKaMH noayrn
KH. 

4. PaCCMOTpHM cnyqa~, KOr,D,a MOH03HepreTH'IeCKHe 
YXH y,D,ep)I(HBaroTC11 B KyfiuqecKo~ noayrnKe. IlycTh none TJI· 

)l(eCTH HanpaaneHO napannenhHO OCH Z H HOpManhHO K O,D,HOi 
H3 rpaHe~ Ky6a. Tor,D,a, cornacuo /11/, nnoTHOCTh YXH 
MO)I(HO 3anHCaTb B BH,D,e: 

n(z,v)= c(t)o(v;-v 2 -2gz), /17/ 

r,D,e v 0 - cKopocTh YXH y .D.Ha Ky6a /To ecTh npH z =0 /. 
KoHcTaHTa c( t) onpe,D,en11eTC11 H3 ycnoBH11 

2 2 3 3 Nv (t)=c(t)fo(v
0
-v -2gz)d vd r /18/ 

0 
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3~ecL N ( t) - rronuoe qucno YXH B noBywKe B MoMeHT 
vo 

BpeMeHH t. BLIIIOnHHB HHTerpHpOBaHHe 'B 1181, rronyqHM: 

3gNv (t) 
c(t) = ______ __;_Q ______ ' 

2rra 2 [v 3 -(v 2-2gajl/2] 
0 0 

r~e a - pe6po Ky6a. 

1191 

McrronLJY.R 1171 H III, MO)I(HO orrpe~enHTL rrornoll{euue 
YXH ua HH)f{Heii rpauu Ky6a: 

Y I ( v 0 ) = rr a 
2 

c ( t) f o ( v ~- v2 ) ,1( v ) v 3 d v = 

7TTJ c(t) a 2 v 2 K(y ), 
rp o 

ua Bepxueii rpauu: 

2 2 y (v) =rr.,c(t)a v K(y ), 
2 0 I'p I 

H Ha 60KOBOH nOBepXHOCTH: 

y3 (v0 )=4rrac(t)fo (v~ -v 2 -2gz)ii (v) v 3 dv dz = 

=l_2rrac(t).,v4 [f (y )-f (y )], 
g rp I 0 I I 

r~e 
12-;; ~ 2 

y0 =v 0 /vr, YI=v'y 0 -a, a=2ga/vr. 
p p ---

1201 

1211 

1221 

f I ( Y ) = I K ( Y ) d Y = ~- [ ( y2 - --:}) K (y ) + ~ Y 3 v'l-y2 J. 
CKna~LIBa.R 1201, 1211 H 1221 H HCnOnLJY.R 1191, npHBe~eM 
cooTuoweuue I II K BH~y 

8 

dNv..Q...~ = -yk (v O)N vo ( t), 
dt 1231 

l 
~ 

\I 

' 

r~e 

3 4v2 
yk(vo)= 2 g; 3 [K(yo)+K(yi)+~(f/yo)-fi(yi))}-

2v [y -y ] ag 
rp o I 1241 

- Bepo.RTHOCTL rrornoll{eHH.R YXH, HMeiOII.{HX CKopocTL v 
0 

. 

Cne~yeT OTMeTHTL, qTo ypaBHeHH.R 131 H 1141 MoryT 
6LITL rronyqeHLI H3 1241 KaK qaCTHLie cnyqau IlpH g -> 0 H 
IIpH a-> oo COOTBeTCTBeHHO. PeweHHe ypaBHeHH.R 1231 HMeeT 
BH~: 

r~e 

N (t)=N (O)e 
vo vo 

t 

r 

N (0) - rronuoe qucno YXH B noBywKe B MOMenT 
vo 

BpeMeHH t = 0 , r = 1/ yk( v 0 ) - BpeM.R y~ep)l(aHH.R YXH B no
BYWKe. )J,n.R y~o6cTBa BBe~eM OTHOWeHHe r I r max I CM. 
I 161 I, KoTopoe rroKaJLIBaeT, uacKonLKo 6nHJKO BpeM.R 
y~ep)l(aHH.R MOH03HepreTHqecKHX YXH B Ky6uqecKoii no
BYWKe K MaKCHManLHO ~OCTH)f{HMOMY I puc. 11. 

Auanoruquo MO)f{HO uaiiTH BpeM.R y~ep)f{aHH.R YXH 
B I.J.HnHH~puqecKoii noBywKe pa~uycoM R H BLICOToii H , 
Kor~a none T.R)f{eCTH uanpaBneuo B~onL ocu uunuu~pa. llo~
cTaBn.R.R I 17 I B I II H npoBo~.R HHTerpupoBauue no o6oeMy 
H noBepXHOCTH I.J.HnHH~pa, HeTpy~HO nonyqHTL 

dNv (t) 
--..:..o ___ = -y (v ) N (t) 

dt q 0 vo , 

r~e 

3 2v2 
Y (vo) = -~---[K (yo)+ K(y I)+ -.JJ!.(f I(yo) -fi (y I))]-

I\ 2v [y3-y3] gR 
rp o I · 

1251 

- Bepo.RTHOCTL nornoll{eHH.R YXH co cKopocTLIO v 
0 

B uu
nuu~puqecKoii noBywKe. 

B 1251 nepBLIH qneu onHcLmaeT nornoll{euue YXH ua 
HH)f{HeM TOpi.J.e, BTOpOH - Ha BepxHeM, a TpeTHH •IneH -

9 



Tjr,_x 
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0,3 

0,2 

0,1 

0 0,1 Q2 0,3 0,4 0,5 0,6 0.7 0,8 0,9 

u 
lJ~p 

Puc. 1. 3aaucuMOC111b r I r max 
OA.JI Ky6u'ieCKOU A08YIUKU. 

nornomeHHe Ha 6oKo8oii no8epxHOCTH. Ha puc. 2 npe.n

cTa8neHa 3a8HCHMOCTL r I r OT OTHOCHTenLHOH CKO
max 

pocTH YXH H pa3MepoB uHnHH,npa. 

HecKonLKO 6onee cnmKHblM nonyqaeTcB 8blpa)l(eHHe .nnB 

8epoBTHOCTH nornmueHHJI YXH 8 I.I,HnHHAPHtfecKoii no8ywKe, 

KOr,na none TJI)I(eCTH Hanpa8neHO HOpManbHO K OCH I.I,HnHH,n

pa. C llOMOll(biD COOTHOWeHHJI /17/ ypa8HeHHe /1/ llpH80· 

,nHTCJI K 8HAY /23/. ,lJ.nB 8epoBTHOCTH nornomeHHJI YXH 

8 JTOM cnyqae nonytfHM 

r.ne 

10 

TJ v r'n 1 y(v ) =-:...t:. ----L---[RHJ (R,y )+2) (R,y )] 
o 2H J3(R,yo) I o 2 o , 

JI(R,y) J K ( v y 2 - 2 g R (1 -cos 1>) I v 2 ) d 1> rp 

t 
I 

f 
f 

Puc. 2. 3aauCUMOC111b r I r max OA.JI ijUAWlOpU'ieCKOU Ao-
8YIUKU. IloAe 111.JIJICeC111U HanpaaAeHO 800Ab OCU ijUAUHOpa. 

A 2 R 
R = _g-r- = 1) 10; 2) 0,5 ; ~ 0,2; 4) 0,05. 

v rp 

J (R,y)= f K ('I/ y 2 -2gz/v 2 )v 2Rz-z 2 dz 
2 rp 

J 
3 

( R , y) = J v y2 - 2 g z I v 2 v 2 R z - z2 d z . 
- rp 

Ha puc. 3 npHBe,neHa 3aBHCHMOCTb rlr max OT pa3-

Mepo8 I.I,HnHH,npa H OTHOCHTenLHOH CKOpOCTH YXH. 

5. 11HTerpanbHblH ClleKTpOMeTp /I/, KaK H3BeCTHO, HMe

eT KOHCTPYKUHIO, H3o6pa)l(eHHYIO Ha puc. 4. KoneHo 

ero MO)I(eT 8pall(aTbCJI BOKpyr OCH 00: fipHHI.I,Hll ,neiicT-

8HJI cneKTpOMeTpa OCH08aH Ha TOM, \fTO npH llO,n'beMe KOneHa 

Ha 8blCOTY Z B pyKa8 2 MOryT nonacTb HeHTpOHbl CO CKO

pOCTJIMH v 2 > 2gz. llpe,nCTa8HM ce6e, \fTO pyKaB 2 HMeeT 

11 



Puc. 3. 3aeueUMOC1/Ib r / rltHIX OAR f#UAUHOput~eCIWU A0-
6YUIKU. /IoAe 1/IRJKeC111U HanpaeAeHO HOpMOAbHO K OCU f#U
AUHOpa. 

-- A 

1 rlJ 2 

P-

0 l 
~ 

u - - - o' 
-D 

Puc. 4. HHmezpaAbHblil cneKmpoMemp YXH. 

12 

a6COJUOT~O 3epKaJibHble CTeHKH. Tor~a DOTOK Ha ~eTeKTOpe 
D ~OJI)I(eH paBH.HTLCJI noToKy B ce'ieHHH A/npoTO'iHbiH aa

puaHT/. 

llycTL cneKTp YXH p
0

(v 2 ), cooTBeTCTB}'lOIUHil/13/, HMe

eT BH~ 

( 2) c ( 2 2 2 2 p v = --- e v -v ) e (v -v ). 
0 4rr rp 0 /26/ 

Tor~a noToK B ceqeHHH A 6y~eT paBeH 

c 2 2 2 2 2 3 
JA = -f e (v -v -2gz)e(v +2gz-v0 )e(v )v d V= 4rr rp z 

c 4 4 4 2 2 - ( v - v - g ( v - v ) z) ; npu 
16 rp o rp 0 

c ( 4 16 v rp 

0 npu 

2 2 2 
-4gv z +4g z ), 

Ill 
2 

vrp 
z > --

2g 

npu 

2 

0<z<2.· 
2g ' 

v 2 2 0 v 
2-<z<~ 

g 2g ' 

/27/ 

fipH 3TOM 3aBHCHMOCTb C'ieTa Ha ~eTeKTOpe. OT BbiCOTbl 

DO~"beMa KOJieHa HMeeT BH~, H306pa)l(eHHbiH Ha puc. 5, B TO 

BpeM.H KaK 3KCDepHMeHTaJibHa.H KpHBa.H HMeeT BH~, H30-

6pa)l(eHHbiH Ha puc. 6. 3TOT 4JaKT MO)I(eT 06"b.HCH.HTbC.H TeM, 

'iTO DOTOK Ha ~eTeKTOpe C03~aeTC.H He DOTOKOM B Ce'ieHHH 

A, a ycTaHoBHBlliHMC.H pacnpe~eneHHeM nJIOTHOCTH YXH B 

pyKaBe 2, TO eCTb OTTOK 'iaCTHI.I, B ~eTeKTOp OKa3biBaeTC.H 

6onee Me~JieHHbiM, 'ieM CKOpOCTb HaDOJIHeHH.H pyKaBa 2. 
B JTOM cnyqae nnoTHOCTL YXH B pyKaae 2 y ~eTeKTopa 
6y~eT HMeTb BH~ 

2) c 2 2) 2 ? 2 p (v =-- e(v -v e(v -v:::o)e(v -2gz), 
o 4" rp /28/ 

13 



v: -2g 
V4 Z 
2g 

Puc. 5. HHmezpaA&HbiU nomoK. Jipomo~Hblu aapuaHm. 

H llOTOK Ha ,lJ.eTeKTOp 6y.n.eT paBeH 
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c 2 2 2 2 2 2 J =-f e(v -v )e(v -vo)8(v -2gz)v dv= 
D 4rr rp z 

c 4 
16 ( v rp 

-v4) 
0 

npu 

2 
v 0 . 

O<z< 2g' 

c 4 16( v rp -2 g2z2) 

v2 2 
npu _o_ < z < !_r.2 . 

2 g 2g , 

0, npH 

2 
v 

Z>~ 
2g 

J (z) 

t v,, 
29 

z 

Puc. 6. HHmezpaA&HbiU nomoK. HaKonumeA&H&ri1 aapuaHm. 

ABTOphi HCKpeuue 6naro.n.apuhl B.H.Mopo3oBy, IO.A.Kym
uupy, B.H.Jlyll.lHKOBY H A.B.CTpenKoBy 3a noJie3Hhle o6cy)l(
.n.eHH.R H HHTepec K pa6oTe. 
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