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I. BBe,ltem~e 

~YXMepHHM aTOMOM BO,ltOpo,lta /~/ npHHHTO Ha3HBaTb cMcTeMY, CTa
uaonapaae COCTO.ffHMTI ROTOpoYi OTIHCbIBaJOTCTI ypaI3HeHHeM llIpe.n;ffiIrepa /"Ir: = r :»: 1 I: 

- 1... aZ;tJ - L L:t' - _1_"fI = E'-fJ 
2 dX 2 a~~ VX~yZ 

MaBecTHo·(II, ~TO nAB H~e~eH cRpHTon CMMMeTpMeYi H qTO nepeMeHHHe 
B STOM ypaBHeHMM pas.n;e~HIDTC.ff B nO~TIpHHX M.n;BYX rrapa60~~eCKMX CMCTe
Max soopnaaar , I{aJK,IJ;oe MS' nO~alO~MXC.ff pelIJemil1 /WH.n;aMeHTMbHhTe oaaa
C~ ~/ .ffBH.ffeTCTI co6CTEeHHoYi ~YHR:qMe~ o.n;~oron M3 reHepaTopOB rpynnH 
CKpbITO~ CHMMeTpMHiI B paõore /2/ '6~M nOJIYLIeHH npeocpaaoaanaa, CB.ffSbI
Baro~e ~H.n;aMeHTaHbHHe 6asMcH B .n;McRpeTHoM cneRTpe. 3aMeTHM, qTO MC
c~e,ltOBaHMe TaKOrO THTIa npeo6pasoBaHMM COCTa~.ffeT o.n;HY MS B~HHX sa
,lta~ TeopHH RBaHTOBHX cnCTeM CO CRpbITOYi CHMMeTpMeM ,13/. He.n;aBHo HaMH 
B pacore /4/ 6WIH nozyvems paanoxenaa nOJI.ffpHOrO 6a.3HCa MB no napa
60JI~eCKMM E HenpepbIBHÓM cneKTpe. ~.ff nO~Horo perneHHTI Bonpoca o rrpe
o6pasoBaHKaX B (~aMeHTanbH@X 6asHCax DAB OCTaBMOCb HaYiTM npH 
E> O paanoxenna ozmoro napaoomrcecxoro õaanca no .IWyroMY. UeJIb aac
To~e~ paóoTH - BOCnOJIHMTb STOT npo6en. 

2. ~H.n;aMeHTMbHHe 6asMChI )lAB B aenpepasnoa cnexrpe 
Koop.n;HHaTH, o ROTOpUX uma peqb BMme, IDJeIDT BHA 

x = ~ C01~, O~'"z:<oo, 

'::J = ~ ~n. 'f, O!f:~<:21f', 

2.X = U~ - u Z , o~ U< 00, 

y :=& UV', -c:::><J< V"< C>c:;), 

'., OIli.eiillit·~H~n KlkmrYr , 
I II(~BWI iCC3eaDBltUfl \ 
., 611&f1irIOTEHA _~ 



X=iifi, OG:.V<oo, 

21;;1 =ur.-iJ\ -oo<iJ<oo. 

COrJIaCHO paoore / 4/ npa E> O(K = ti2E) (PYH.D;8.MeHTaJIhHhIe 6a311ChI 

~ orrpe.n;e~HIDTCH c~e.n;yID~MMM BhIp~eHI1HMI1: 

LtJIC ('t,lf) = C (-2.; k:"7:) /h1.1 ik'Z 
m k.m e /1/(21mlJI 

• ) l'/'n1J' 

JC F 
( 
~ + /m/-K/ 21tn./ +1/-2./kz ~ 

1 1 ~ J 

11) c+) (+);1<:. -ue.+ ul. 
TL ('!.(,'U') = C e 2. /2/

l<:.~ k.~ 

F (a . -1-. -/k-f-{2.) F ia . .1.... -a'1J~))t 

1 -( l ~ !» e ! / -f 1 ( c -/J I 2 J , 

(-) (-) ik 'UZ.+1Tz' 
"\ \) (-to{ u) - C e 2. 
T I<: F> ' - k.F' 2 k 'lA 'tf >( 

/3/ 

• 4 ~ (~ + api ~ j -ik-uyJ;(-~ + (L,ú i ;-ik1J} . 
(+) (-) 

dTopOn rrapa60~Y1lIeCKl1ti 68.311C '4'1c/-4' '4'1CP. rrOJlJ'1.meTCR 113 /2/ 11 /3/ 
3éiMeHaMM ~ -- f'A , (1..4, u) - (1:i ,1r) • !{aK B11.D;HO, HéDK~H H3 napaõommec

. KMX 6a311COB pas611BaeTcH na .n;Ba rro,n;6B.311Ca, HMel0~IDC onpe.n;eJIeHHYJO qeT

HOCTb OTHOCI1TeJIbHO 3aMeHh! Y -- -!;;/ 11 X - - X COOTBeTCTBeHHO +. 
Bsnae rrpHHiITb! cnenyionnre o603HalIemm: fl 11)4 - STO HOHCTaHThI paaneae-

HIDI B napa6om1lIeCH!1X Hoop,n;11HaTax (-UI ir) 11 (-ti, u), npo6erél.I?lql1e aerrpe

phIBHbH'1 cnexrp Be~ecTBeHHbIX 3HalIeH11H (- 00 <f3 < 00 J -.00 < IA- c:: c>o) • 

+
 
B .n;BXXMepHHX cl1cTeMax TaRoe o&16MeHl1e HOCl1T rrpl1~l1rrH~bHNH xapaH


Tep. 3TOT Borrpoc ):\eTaJIhHO oCBemeE B paCíoTax /1,5/.
 

2 

BeJIwuma all> orrpeneaeaa rpoPMY~O'i1 

Q6 
.( 

- 2~ (1+ 6) . /4/4 

ECJIM rrpM.n;ep~MBaTbCH YC~OBI1M HOpMMPOBRH 

(X) z.'1f 

('7:cir-c, C,t <f li j >N:" (7. ,Y1) lU ('l, YJ) =- 2.'\r d(kl-K) dm ml , 
) ) T k.Jm' T KV\'l 
o o 

co o<:) 

'*(±) (±) 

dÂ Jw (~2.+W2) 1 \J ('A .w) 1 \ f (,À ,w)= 21fJ(kJ-k:)d~'-6), 
'\çJb IK6 ~ ~ 

o -00 

(±) 
TO ROHCTaIlThI C 11 C MMelOT BM,IJ,k m IC6 

Ck: m = i rn e !c V2 k / rt'i + Im/ - ~) / 

C (+) 
= e -f.o / r(a" ) r (a _z; ) I, kb 27T ~/z. 

C (-) JL 
e 2.1(, (")/ 

ICi, = "Ir'" / r U. +il..) r "2 + a-Z. . 

'.:Qa:30BUH MHO)KI{TeJIb i" B C:m npl1HRT Pa,Il,11 y,lJ,06CTBa. 

3. Ilpeoõpasoaanaa, CB.H3h1B8JOrqMe ,n;Ba napa60~l1tIeCRHX 6aS11ca 

CBOHCTBOM IlOJIHOThl B HerrpepbIBHOM crreRTpe 06JIa,IJ;aeT CI1CTeMa BOJIHO

BHX ~HK~I1~, BKn1OlIaID~a.H B ce6H napa60~l1tIeCKl1e 6a:311Cb[ 06eHX lIeTHOCTeH. 

J13 CK8.3aHHOrD CJIeA'leT, lITO HHTepecy}()[ql1e nac paanoxeaza MOI'YT 6hlTb sa

nacans CJIe.lJYlO~HM 06pa.30M: 

0'0 

(+) ~ (+ +) c-: (+-) (-) 

1/J Cil,U) = ['P t lr ('tA,u) -t- ~ 1\1 C'L(.tr)ld.~ t /5/ 
-O<>T k p.. \q... ~ I K~ kl-'~ T\(t> ~ 

3 



B ROTOpbIX ~eRC~ (7.) H (t) rrpHHYlMaKlT 3HaqeHHH (+) H f-j • [)oPMYna 
/9/ COCTaBnHeT OCHOBY ,n;anbHetílliMX B~Hc~eHHH. 

OQ 

(-) ) [ e--t) e+) (--) (-) 
ll! (17,if) = P 1 \r (tU.l\f) + 'P 'u{, (<<,'\1)1 cAR. /6/
T~ k~ ~~ ~~ ~4 'J r 

-00 

/9/it: = ~ imW("t) W~(t) 
1Cp.~ ~ k.,..,m )(;",-/'\'1 

ex) C>O jm li: W(±) 

"t.\51<.[-' (iA ,ií) = L e 2. \c.t'-m 1{J1ç,.}7.,\:!,). /8/ 
m=-00'0 

3aMeTfiM, ~TO pasnOJKeHHe /8/ rronyqaeTcH MS /7/, ecnH yqecTb, qTO 
aaaena (-u.'lf) - ('Ü. fi) SRBHBMeHTHa npeoõpaeosameo x -. v , Ms 
/5-8/ ner-xo rroxaaaa s , qTO Rosq,qmLI;HeHTlI Pie,...,. CBíl3~ c Ros~~~HeH
TaMH W,t,aM cneAYIO~MMH COOTHorneHIDIMH: 

M3.~OPMYn /2-3/ B~HO, ~TO Me~6asHcHHe HHTerpanH rrepeRp~TMR cno~ 

~nR npsnor-o B~tUrCneHHR. IloSToMY rvlhI Hcrronb3yeM RocBeH~tí MeTo~, ona
paro[~HHCíl na YCTaHOBneH~e B paõo're /4/ paanoxenna napa60nI1tIeCRIDC rron
6asHCOB rro rrOnRpHHM: 

(±) I • c>o (±) 

11r (-u,tr) =~ W. i rr (7,~) 
T k:~ L- k~rn Tk:,m , /7/

r'\1.=-oo 

rronyqHM c~e~O~He HHTerpMbHHe 
p 

M=-<>o 

00 ~

L eirtl'P =,errr L J(l-J> -2CJ1M.) , 

()<-+) (-+) ( B * b ~ \ 
Jkpl' ~ ~ At-'I' kt'1' + .f\.",_; 1<.1",-1>  151<,-1"-1' J' 

0(+-) 1f fi (+-) ( B· B ~* B')
JlC.fAf> == 2i kl'4~ 'IC ~.-t" lCr~ + .uK,-~-t'\ k:~,-~ ~ 

J? c++) 11'" (+1") (B* B#) 
. IçI"I" = 2. Alcl'~ E>l<:.t-'f'T Ic\'>d' + Blt.I"'-1'+ Ic.-l',-~' 

'íÍ 

W(-) = fi 2-k C~~ r (t +1""1 +~) )C~-ce\.p )a~( 1+ ~'ffQ ...'l; n "'CP J'f . 
Kbm Cte m r(~+(,\1)r(1:+a.:) o 

Ilo,n;cTaB~H 3TH ~OPMYn1I B /9/ H HcnonbSYH To~eCTBO 

""'=-00 
rroc~e ~OBonbHO ,n;onrHX B~cneH~ 

rrpe,n;CTaB~eHRfl ,n;nR Koa~~HeHTOB 

. (+) ') 'li" 
(+ l .!.+lntl+.L -Clb _Q ~W )= 2«i" C..J(2 IC ~(~ -col<j» (~+COl<J) -CoI"''lol<j'. 

k6t\1 Ck M r(Q:)r(Q~) o 

4. HHTerpanb~e rrpe,n;CTaBneHHH ~ Roa~~HeHToB. 

~íl ROa~Hu;HeHTOB VV! HHTerpanb~e rrpe,n;cTaBneHHH 6anH rronyqe
EU B pa60Te /4/: 

I •• 

f)~ s~aeTCH HHTerpanOM
"'rf> 

~ 
1f/ 2. ..,.. tt 

-o -a -Q -a,.[) = (~-Jrin\f) -~( ~+-\-\r1l:f) tA(i_~~) -f>(~-+~\f) d':fl' 
KfA~ 

o 

0<--) = 11 A(--) (B -.I)>\< -\ 13/" - B ).
r\C fA\h 2 tc~i? K.\4~ tep.-t" lC'-~-f-'\ kJ-' I~ 

3~eCb BeJI~HHa 

a ITOCTORHHHe ~ orrpe~e~ffIOTCn B1Ip~eHHHM~ 

4 t S 



(+) (+) - 1T/(1 (+ +) 1G 
_ 21f CICt-' CI<.e> e
 

Jt K.t'~
 - k r(a~)r(Q~~Jr(QF»r(a-f") 

(+-) (+) (-) -1f//Ç
1r Ct<:tA Cte.\? e
 

Ak\'f> 
k: r(arJr(atJr(~ +af»r(~ +a-j!» 

(- -t) (- ) (+) _ lTl\<::J - 1\ ,CK~ C \cf? e 
kp~ -. k, r{~+at)r(~+a_~)r(aF»)r(i~) 

(__) (-) (-) - 11"/1e.A - 11 Ck:)J. CKf? e 
k.r~ 2K r(~+at)r(i~a-t)r(~+J,l~)r(~+a-r) 

HaHOHe~, coaepnnra 3~eHY nepeaenaoa Aincj = illl) B Bkf'1!> li 4".-/!J 
li Crlll= t/flJ B B! li l!:>...* ~ BBeAJI tPYHI{~IDO 

7 ":/>,-1-' ~,-"'-JA 

9,JV) ~ (chV -.fi i?_'t;( c1rv+-fF Cl
I'!fc , 

npHXO~ K cne~O~HM IiHTerpanhHUM rrpeACTaBneHIiRM: 

00 

• (++) ~ (++> (

9l<.l'-~ = -r Jlkt-'t' ) co (~)[~t'( v) + 8-,,("~ ,Iv, /10/ 
o 

(+ -) n(+-)~ ) J \~ 
~ =-lfJt 

e>O

~y\(p.~ l3~(v)+8- (v~Jv, 
)cr~ k-p ~ ~ III/ 

o 

~. 

I 

f 
i·
f . 
t: 

t 0'0
 

n C
 
- + ) (-+) J J J 

}Kpf> = -(1) Ak~F=> ·~()t~)t ~r-/V)-~_j!>Cv) civ, /12/ 
o 

II 
t>O

J J?~~-) = .rJ~-;~ )4in (I.'~)[ ~F'(") - ~ -I'(V;J Jv . /131 

. o 

ITonyqeHHHe ~PMYnH n03BonmOT HerrocpeAcTBeHHO rrpOBepliTh pR~ 06~HX 

coornoneaaã, KC?TOph1M AOJDKHH rro,n;qIiHRThCR IwacIxlmIJ,VieHTbI RJAF>; c HX 
nOMo~bro MO~HO COBeplliliTb aHanliT~eCKoe rrpOAo~eHlie Me~6aslicHbIX npeo6
pasosaaaã /5/ li /6/ B 06naCTb ,uViCKpe'l'HOrO cnexrpa li BOCCTaHOBIiTb pe
3ynbTana, rronyqeHHhIe B paõore ,/5/ . MbI ne 6YAeM DCTa.kaBJU1BaTbCR na 
STIiX Borrpocax H nepettAeM K BUQlicneHIiID IiHTerpanOB /10-13/. 

('r, f) 

5. Hinmtt BIi)J, KoacIxP~liéHTOB Pie!,,/> 
~R HaxOlKAeHIiR asaoro Bk~a KosrppmJ;HeHToB .P socnonsayeaca 

1i3BeCTHh1MH ~OpMYnaMVi /6/: 

( l!. II) .: I JI)-?if r /i« 1. !P. r . I/, ~ JI. )
C8J K: == {Ch z zr:t ( 7C) 2 +. K j 2:) e / ' /141 

o 

.?in(PlJ) =?H /1 J!. Ic4J2 )~F IJ-t il!K' .L, « s. MZJ!) /15/
IC k;"[hZ. t' z) e ..-f{/!. )2. 70 2) Z) . 

I 

I 

I 

L
 
llo,uCTaBHB /14/ Vi /15/ B IiHTerpanbHble rrpeAcTaBneHIiH /10-13/, pas


nO~~B ~HK~1i 2~ B PRA li yqTR COOTHoweHHe /6)
 

00~l J(-1-/v)c;. (d,vrlf,;v = .« rf4-1r(d"zol.)
~J

2 .. 

ít o 

6 7 
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cnpaBe,IpUmoe npa Re ~ > - .:1. ,Re (01. - rr) » () , 
npI1XO~HM OlCOH

qaTeRbHO R C~e~ID~HM B~p~eHRffM ~RE j)~~~ : 

R(++) ~ -TIA:: (+) (+) r(1'-a)
 
/CI'I' = 2 P 

)ç e c;. ~ r(Afz- a:) "
 
/16/ 

I
~ F p) ~ -p,a-~
.(- J-1 ) 
, rCal")r(4-p-a,,)' 2 A/2J~-p-af> 4 + (~~-t') , 

.R (+-)=- - ip~ e-1T/ IC C (-t)Cc-) r (A - Qp. ') 
P )( /17/

1'1" k 2 1Ct" k.~ r(4/z.-ap.) 

{ f .(tz.-p)4- PJ ,,~ +a~ ) . ] 
)l. • ~ z . ~ + (?__ ~) ,

[ r("/2.+a~)r(.3~ -p-a_~) "2>/20 I~,z -p-a_r-

p (- +) = - i W e -1TfK C~) CC+) r(J/z. - a_tA) /18/ 
Kt'1" '<1< zP ,.. kl" r (1- Clt') 

x lr(af>~r( 1-p--QI") 3~({~:~;~~ \~)+ (~--~) }, 
1)(--) P' ~ 1:::. H c(-) r(;(/- - )a
h- = - - V1r- e -

1f/
C K 2- -tA x /19/k

1Ct-'1" 2~?P I' l" riA-a...) 

f~'..!....-1--- ~~ (A/Z PJ~-p) t2.+a~ \~\+C~--f>}'-

"lre/z+ai")r("/~-p-~) "/2, 3~ - P-<1-1'> ') J 

r,n;e BBe,n;eHO 0603Ha-qem1e - i}A1< = p . rrp~me.I\eM ME cpasneaaa Ta.roKe JiB... 

HbI~ B~ R03#HQHeHTOB W . COrJIaCHo. /4/ ' 

~) ~) )W =- V21r CkJ? r( ~ - (1-,... )( 
k~m C ) /20/ 

ktl'\ r(~- a_".-Im/ 

. 
(' x F (- Iml , 0/2 - 1»11) a~ 
I 

~ z.. 1 ) 112 ) ,;f -Im \ - CL~ 

(-) C:;) r(A/z-a_r:-) )< 

/21/Wkf'm = rn J2:Tr CI<m rC"~-a-I'-lmi) 
A/Z - Iml) A-Im\) 11z -Ta~ )

)( c ~ . 
.3 r 2. 

( ~/z) 2>/z _ 1Yl't\ - a-~ 

M3 ~PMYR /9/ ~ /16-21/ ~erRO BUBO,n;JiTCE cRe~ID~He MaTeMaTJ1qeCKHe co- • 

OTHorneHRH: 

Elrn F(-/t11l l lt'Y1" fCl.) f(In,/I/rn/J ~-t~~-
.3 2 ,I, J '1..3 2. ~ . 4 • 

m :Z, Iff-vI( ~I ~-f ~. 

r ( ,1- (l-/-4) fi3 
-----~ 

2 
Pri"I.z - 0/UJ cI1f 

I I 2. -I , Vf-pj. . o tÚ, D /) /) 

r ! I 
3 

F(; 1
,.. I(~)r(4-p--()_,,) 2 fi) -I-p_Cl,., .{ +(í ---f) , 

t'
 

H 
9 



L r: rn F(-Irn/l)m/~a~/J) f(A-/rn~ 1+/m/,1-Cl!=,/".J_
 
'" .. ~, 12 -'fie 'l3 .3~,.3--:2 + Y,t / j;2.	 a Rn = Pc!,? · 

_ t"p (~z+ lik ) tfi3r(/~.o_~) TIOSTOMY aHMOrH'4:HhIe aspaseaaa cnpasennasa H -.IJ,JIH l:faCTHOro CJIYl:fM f3= o • 
" 

P
2	 oh:;rlfz -Clp ) 

x 

! I	 Ft-PJ~ -pj ~ -I- (l-'l~ ~ ~ 3 2 ,( -f f;B~-ftJ 
r("/z+Cl/>}r(o/z-p-Cl,J 3~J - P -"Clft 'b/z 

zL ,.mtn F(--I-/tnIJ ,-(+
l tn0 ~+f1~).Ff:-/m14+1":~-f-4'A~I)~ 

rn .:3.2 3/ ~L:/ './ 3 2 % 3~ + ~ 
/2,	 O 2 - '/k, I 2 k 

=-- p I!F('tt + likz) ri1z - (211) x
 

er:'o/, ~ r/I-a
fl

)
 

'-(~-fJ~-P; !2+t1-~1 1x I .sr;,	 ;/ -+(8-7'-;)
rl"2+()f)r!~-p-r;8) 8,i, 3~_p_C(,8 '. •f 

p3a.MeTl1M, tITO B tIaCTHOM cnyvae fI=O I{Osqxp~l1eHTbl 3aMeTHO 

yrrpOlI\aJOTCR: 

(+-) - v(--J "'" 
PicO/> - J!co/" o, 
1) (++) _77/2 f<.
 

fko e cJ, 11. G (+)
 
F> 

zx; 

/(, ZK kf>
 
f) (-+) tJ-~21Ç (+)
 

;---:- - - ~ -.J Y r
 
kop; - ~ ~ ~IC '-k~
 

BB~ BelI\eCTBeHHOCTI1 K09~~l1eHTOB VVI 113 /9/ cRe~eT CBO~CTBO 

CIDAMeTpllli 

HaI{OHe~, npa r =p= o 
(+-) (--) (-+)

PICO o =- P/CQO = .P = o, IC O O 

R(++)= /rf"/4 + i,(zk)/Z 
Koo 2k{ij3 

f.:1bl rrpH3HaTeJIbHbI C.M.B~KOMY, M.B.JIy~eHI{O, JI.f .j':\ap,n;OílI-lY 11 

JI. M.flOHOMapeBY aa nOJI8.3HbIe o6c;yJK.n;emm. 
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HET Jut nPOBEJIOB B BAlliEt:\ 6H6JU10TEKE? 

8bl MOlKeTe nO.IIY'IHTb nO nO'ITe nepe'IHC.IIeHHble HHlKe KHHrH, 

eCJIH OHH He 6bi.IIH 38K838Hbl paHee. 
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H3naTenbCKHH OTnen 06benHHeHHOrO HHCTHTYTa HnepHMX HCCnenoeaHHP 

AasTHH n.c. H AP· P2-86-392 
IIpeo6pasosaHHH, CBH3bJBaJOIIUfe napa6onH'IeCKHe 6asHCbJ 
p;ByxMepHOrO aTOMa :S.OAOPOAa B HenpepbffiHOM cneKTpe 

Hccnep;osaH sonpoc o pasno~eHHHX B ~YHAaMeHTanbHhlX napa-
6onH'IeCKHX 6asHcax AByxMepHoro aTOMa sop;opop;a B HenpephlBHOM 
cneKTpe. IIonytJeH~ HHTerpanbH~e npep;cTasneHHH AnH_K03~H~eH
TOB, onpep;enHIDIIUfX TaKHe pasno~eHHH. AoKasaHo, 'ITO 3TH Kos~ 
~H~HeHT~ s~p~aiDTCH tJepes o6o6~eHHble rHnepreoMeTpH'IeCKHe 
~yHK~HH 
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OT ep;HHH'IHOrO aprYMeHTa. 

Pa6oTa BhlnOnHeHa B na6opaTOPHH TeopeTH'IeCKOH ~H3HKH 
OHRH. 
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Davtyan L.S. et al. P2-86-392 
Transformations between Parabolic Bases of 
a Two-?imensional Hydrogen Atom in the Continuous Spectrum 

Expansions are studied for a two-dimensional hydrogen 
atom over fundamental parabolic bases in the continuous 
spectrum. Integral representations are found for expansion 
coefficients. It is proved that these coefficients are ex
press~d through generalized hypergeometrical functions 
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The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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