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Loliggdol beamo 0bgBognco 3656308 asdmomgmgds -
1 ., 1 ., 1 xX2+xy+y?
T=T+T,+T, =-mx*+-—m,y’+-m —7—— .28
1 2 k 2 1 2 Zy 2 k 3
3s30600L  3390m0b  gsssaomadol asdem gedmfggmmo  3m@gb-
(osgrno gbgégools (33.5(233.5me¢

L L
n, = mkgj'udz =mkg‘[(x _X [ y z)dz =mkg%, 2.9
0 0

353060b  EgRm@Is(300L  gedm  3sdm{zgnmo  Im@gbizosm®o
9696200 (338em90300mbds

H2=%c(x—y+fo)2. 2.10

Bagos(s fO 8dogsmmo  dagotols Gobslifsto bEsoznmo wsgodsy-
mdss.  doegdmos, Gmd [Fobslfed sgodnmemdst Myg  Zqé-

3ol Gebsbosh ghomse Jobols dsgotol Fmbals babggstro. sbg, Gm3
11
f, =E(Emk+m2)g 211

Lolbiggdol Lemmo 3m@gboseado gb9M30s, FaeZmol Fmbol

30033e0bffobgdom ofbgds
I1=1II,+11,+m,gy . 212
Loliggdsl msgobnmgdal méo basdolbbo asshbos s Lsgotems
msa@3bagl G0 gebmemgdol Fgogabs. 3sbglabmgtmm gsbEmeng-
33080 dgdsgsmo (g3tgdo —
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riﬂ=(m +1m ji&+1m y;

dt ox 3Y) e
iﬂ=(m +1m )'y+1m X;

dt oy 2 3 6

oIl 1
<a—x=§mkg+c(x—y)+5mkg+ng=
=(m +m,)g+c(x-y);

oIl 1
W=Emkg_c(x_y)_imkg_ng-l_ng=
=-c(x-y);

Q,=F, < Q=0.

Fo - dMsgsl 809 ey 3963008650 nmo damss;

13960b 3690 Lob)gdoesb dgadmgds dogommor 83w dsggdol sm-
790 ©aggadnbzosmm gsbdmgdsms Lalignds

{311x +a,y=F-Q-c(x-y);

.. .. 2.13
a,X + a5y =c(x-y),

1 1 1
bogagy - Ayy =m1+§mk; a,, =Emk; ay =m2+§mk;

1
a4 =€mk =a,; Q=(mk+mz)g-

Bsgfgmm 213 Loliggds o3gMs@gomem gmédsdo s gsbgLs-
Boghmo (33mseegdo bmemgsbo Lsfgobo 3oMmdgdobsmgals
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F,-Q a,,P’ +c
a,a,—aj, P(P’+o’)
F,-Q a,P’-c
a,a,—aj, P(P’+o’) .

x|
I

H

214

<|
I

R3g6mz0t N3t bsab@Bgagbems éﬁdéﬁ)gbgbobo © hoﬁdoéaa&oh
396Labogds. sdalsmgol 2.14 Lobggdol mmogzy gsbBmmadol oz

dbscrg 393596530000 p2 -9 @3 3363bsB@3tme sBhJstgdgdo, berme

Bgdgg 4o dsmo abggadgdoo - Lohdseggdo. Fgogasw,

oﬁdoéabgbo-
a, o’ —c
a, =a, [1 + 22Tcos(cot)};
) 215
a,,n" +c¢
a, =a, {1 —“—cos(mt)}.
c
Bmgmm Boﬁdoﬁagbo-
a,,n’—c
v, =a, {t + ch—sin(cot)};
®
) 2.16
a,,o°+c
v, =2, {t —“—sm(wt)}.
co
a,, +a,, +2a zm
by @ =—1—2 "Tl2c= 5C 1§82 - Lob-
a,@y — Ay, a,ay — Ay,

B9d0b Gbgzal gnobaydo Lobdomdgs, beamm

F,—-Q _F-Q
m,+m, +m, Zm

a, = , 9G3% -
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Bobiggdol LsBegsmem sBJsthgbols Lorows.

¢G5 0J8s bros, Ggomnt 306m3xdBo, Q demeommo B3o-
Gmo  3s3mongmads Q(sina t fcosa) gesdmlsbymadon, Lswess
o sFgg0l gbob @sbeob gpobgs, bomm o 8mdbsmdal Fobssmd-
@530l 303960, 608360 Imombo somgds sFgg0l O™, bewe
306 - BsBggdolsbs.

33630b0mmo szl Lobolgol  gmgenopogbiol  gsdmmgmols
dgmewo Romsddhol dgdobgggolbsmgols -

=

3§ 930l Lo Log®dol  AmL, dsgodol N Gsmegbmdol  dod-

dstmgamo  9gogob  sObgdmdaliol, gm0  9dbols  Loa@dg  ofbgds

L
|o =2 , bomen dobo  3Gmgdios Blgolsms @addby - l. 96m0
n

9360L  dsgoc0l Lobolol gmgxmaiogb@o gedmomgmads 2.4 asdmbs-
Bobggabom -

C= ES 217

252 :
il 14 q’l ESc3c>soc
12H
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Z0dnmmds H 3360LsBa9ds  dmemmgoEamo  BgoMmols
mbom, =Qsino. 8stods 0 SAMmMds  amMam-
6 6+ H=Q 3Jbodseo o ©3Bmegds  gmey

maggdl Fmeal, GmEs Gzotmo o6 Iggbgds Byosdodl

Io — \/8Hmin (h1 — hZ) , 2.18
qcosa

bogoss, Hmin 353060 0bodsgr@o  sodnmmdss, somgds (3360~
gm0 L3030l Fmbol drggbgmol Bemow -
H... =(m, +0.5m,)sina. 219
h,- 356dogmo Bgs30t0psb 3mBammsdby dpgdserg dsgoMsdeg;
bBobpotrggmo  Ledsbm  gmérgmmsggdobsmgols h1 =0.395 g;

hz' dsbdogmo  Bgrsdotoesb  dogocsdeg  dsemob  Fmsdo;  somgds

h, = 0.1a.
33060 Lo Lobobgg gedmomgemads, Gegméys
1 1 1 1 n
—_—=—t—+ . —=—, 2.20
c c, c, c, c,
bsdergmmee -
C
c=—2". 221
n

33630b0mmen  MAHdIMMmM0sbo  xsmsdddol  dndsmdol  Lhgswsls-
b3 Ggg0do. Bmgswse, 3s3séBoggdnm Lasbas®odm bgdsh sj3b bo-
by (6sb. 2.3).
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L1 L
m, m

bxh. 2.3

3

m,; sdbggzo eGz0mb ©s dob Bgosdadmby gggms ddGbsgo
9999680l dsbss  dMsgsbs s  gosdzgdo  dgdebobdols  Bsmgmom,;
m, - Rsdogogmo  Bgotmol bérgeo dobss; My - odsgemo  Bgomol
Lo dslss; C1- ©s C2 Bodagamo s 8dogsmn dsgo6gdals Lob-
obgol  jmggoogbdados; M, s My, - Bsdsgomo s 838350
dsgotigdol Asbs; X, Yoo Z - 3qlsdsdolboe My, M, ©s M,
3sbgdol gsssgamgdgdo; F0 - 36938l Bogh 33630056900 dogms,
sy3sbomo ©sdbggze meysbml bawsdomby.

301969030l agggMgbnsmrno asbBmmadgdo Bgbspagbse gol-
3358mmm Ggmgols s mea@sbggl dgmmegdoo.

Loliggdol Lemmo Jobgdosnto gbgéaos -

24



T- %m1)'(2 +%m2Y2 +%m322 +

. .. . . .. . 2.22
1 Y24 XZ+X® 1 Y2 + XY + 22
+-m,—-m,———.
2 3 2 3
3ernbzoseo o gbgdaos -
IT1=-m,gY + m,gZ + 1C1(Y - X)? +
2.23

+— C L(X— Z) m9(X+Y)+— mkzg(X+ Z).

Loliggdsl goshbos Lsdo osgolnnmgdol bsdobbo ©s Lsgodems

s3@369l Lado 336 mmgdols dawaqgbs

d oT 1 1 <1 o1 .

dt 6X (m1 +§mk1 +§m02)X+Emk1Y+Emk22;
, :t 2: ;mk1X+(m2 +%mk1)Y; 2.24
doT 1 s 1 s

aa—zzgmkzx+(m3 +§mk2)Z.

Bglsdsdoboe, dm@gbiondo 9bgMgoal (33emamagdgdo -

6H 1
6X -C(Y-X)+C,(X-Z)-—m,g+ Emkzg;
oIl
Yoy = -m,g+C,(Y-X)- Emmg; 225
oIl 1
8_2 =m,g-C,(X-2Z)+ Emkzg-
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3009300l sdbebggm agg@ab30sen® 3sbBmmgdsms Loligg-
dols adﬁabo babg -

[ 1 1 .1 1 .
(m1 +§mk1 +§mk2)X+6mk1Y+6mk22 =
1 1
= C1(Y_X)_ Cz(X_ Z)+Emk1g_5mkzg+ Fo;

%mk15(+[m2 +%mk1)V =m,g-C,(Y-X)+
1 2.26
+Emk1g;

%mk2X+ (m3 +%mk2j2 =-m,g+C,(X-2)-

_Emkzg-

a%6g0bome  gsmsdsgamo Mgg0d0 dsdzol gt BgFg3g80-
bsls (Bogogemmm, B3 s8bz93 6360l dgalioghse wsgom dnbe-
130 s dobo gomssegomgds sbgzg dgoboghse gsbos buymols Be-
o)

;mo1Y+;mk22 cY+C Z+;mk1g ;mkzg+F0;

A

m2+;mk1jY m,g— CY+;mk1g, 227

1 . 1
(ms + gmkzj =-m,;g— sz - Emkzg-
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33m3bLbsor asbGmemadsms Lobggds (2.27-0b dobgozom) -

V. 3C, _ 6m, +3m,,

3m, +m,, 6m, +2m,, 228
5. 3C, =_6m3+3mk2_

3m, +m,, 6m, +2m,,

Bgbsdadobo sdmbsblbgre Y(0)=Z(0) =V, Us§gobo Sobm-
3g0alismgol 33976909 (Vo bohgstrgs, Gmdgmomsy 3mdGsmdebb &3-
060900 g6 ©adnbermadsdey)

Y=Y,+ Lsin(o)mt);

o 229

Z=-Z,+ isin(o)(,zt).
®;

Bagos(s, Yo © Zo Fgbsdedoloe M, s M, Bzo0mgdol Fmbsl-

Foomdol Faodomagdas, sb+v) dsbdogngde, Gmdgmoms obobo dsgot-
90l Z0dsggb.

y -9 6m, +3m,, z .9 6m, +3m,, 230
" o 6m,+2m, ° o2, 6m,+2m,
'bmgmm -
3C 3C
g4 B T— @, =2, 231
m, +m,, 3m, + m,,

Fglodedobse M, s M, Bzotmgdol (dogotigdol  gsmzgsmalifobgd-

om) bsgmomsto Gbgzol LobBomggdos.
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Lobgdedo gosbmols dsdlodsgm@o Lowowggdo a394693s Bg-

T T
1)&2)030150;!\) (Do.lt = E (O O)OZt = 7

393m0bsbgdash -

<
Z. .. =-2, (1+ Vo J
©g,Z,

36093690mmdgd0l MMl ©s

-

Ymax = YO [1+ Vo Jy
©y, Y,

\

2963Lsb3Gmm  ©06s3030Mmdols  3mgxo3096dgdol  360Tz6qmm-

™mdsbo -

KdY — Ymax — 1+ VO ,
Yo [ £ 533
K, = Yonax =1+ Vo .
“ Z, ®pZ,

8360330, ©0653037M0mdol  3mgx03006@ 0L bopopg  Sotesdom-

3636 igonmos bafgolo LoBdstols ©s 3m36m3mG30mmos $3060-

0780l 3sLgdols.
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3. LoBsbm 83930 3s6Jsbol 0bsdognGo Ggg0dgdn

as6gobommma  gad@ogemamo  LadsbBm sdFg30 dsbgsbol  To-
37935 Ag7035080. Mmez0sh Fgze003006mm dmdMemdal sdLsbggmo ©o-

R9696(3080 G 3.55(5(*)(\/\‘)82).50)& Lobig)gds.
3993680398 nm  basbgsd0dm Lgdsl sbgmo Lsby 9d6gds

m,
ZT c,
Ho-Hx
m,,
Hx Ci g lY
m,
Ho m,
m,
6ab. 3.1

d9domdol  b3gog0g0m, 83fg30 3s6Jsbs  Abgsglos LaBobFm
Roms3dG0bs. 330l gemgsmolffobgdom, orgzo  Rsgbzsgm  Loliggdol
396930396, 3m@gbosmn® 969¢a098Ls s 3s6bmgsEgdnm demols
36033690353l ogMsbggls 356 memgd533a, dogomader -
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( 1 1 .1 1 .
(m1 +§mk1 +§mk2)X+Emk1Y+EmeZ =

1 1
=C,(Y-X)-C,(X- Z)+Emk1g—5mkzg+ F,;
3.1

—_—

1 .. 1 .. 1
Emk1X+ (mz +§mk1)Y =m,g— C1(Y—X)+Emk1g;

1 . 1 .. 1
Emkzx + (m3 +§mk2)2 =-m,g+C,(X-2) —Emkzg.

\

bapss - M, ©sdbgggzo mézsbml ©s dob bgosdodry gggms
3drmbago gmmgdnbdols dsbss dMsgsls s gemsd(zgdo dgdsbobdol Rs-
ogmon; M, - Bsdogsmmo  Baodmol bommo dobss; My, - sdsgsgmo
B3000L Légmo dsky; C - s €, Bsdogsmo s sdsgsmo dsgo-
6500 LobobBob gmgnoogbdgdo; M, ©s M, - Rsdsgsmo s
sdsgsemo dsgodgdol dsbs; X, Yo Z - gbsdsdobse M,, M,
©s M, dsbgdol gsrsseaommgdgdo; F0 - dMsgel dogh gebgzomatig-
o dsgms, aggsbogmo sdbzgzo mEzsbml Bgosdot .
8g60d36s: gnreol dogools dsbgdo gbsdoedolse M, s M, dsh-

90%g0 s gdnemo.
as630bomme sgstommo sdnbéndgdol Fgdmbgggs.

30d30m, Lobggds 398smdl bmdobsgrgéo Lobjstom, M,  dsbs

Fodmgeem Gomsz ©dG3mmgdsl s e 3sBgts. M, Bzo6mo

s 3363930 ™EAZbm, dogomol buddstrotgdol batg by, sacdgmadgb
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33609396 0bgH(30000 IdBsmBsL. Tgladsdolse gs0bOEds ©sgad-
qeomds  83mdsgem 3830630 s AmEglsg gl dams  asEssFsMdgdl
d6gol dogh  asbzomstigdaem  damsl, gls 93968l 36gm0  dsbsliosmgd-
ol dgcee FHmEb 3swsgs 9MdEaMsETn, 39 gsbagomstgdls
3698 0gmmse 360d3b69mmmzeb dmdgbl ©sdbzgy ™eabmby s Lob-
399 ©s0fggdl Gbgzsl asé33gmmo  3sbmboo. gsbzoboenmm gl dg-
dnbzgzs, IOMIsggeeo dsmgdsBogneo as6s]dbgdols megosb s3-
omgdols dobbom, dsgomol dsbgdols gsmmgsmolifobgdmae. Rsgmgsem-
00, Omd 33mdsgsmo Bzotmo Igobogee 3ohgmes s dobo gopss-
©z0mgds bymol Fmmo asbes. skgm dgdmbzgzsdo -
mX+(C,+C,)X-C,Y =0;
m,Y +C,Y —C X = m,g.

32

33 2363 mmgdsms Loliggdol sdmblbs m3g@ezonm xm@dsdo
odbgos (ob. 3.3).
bagos(s V0 Loliggdols dmdBomdol Lobdstrgs 3Gm3gliol @sbsfy-

obdo.
ds0gdsBogaeo RsGadol Lodsegogobsmgol dgdmmgdmmos  sm-

60'835360

C, m+m,

2C, @ B= 12

A= .
m, mm, m,m,
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X,P* + Ve 4 MK tM:Yo o g2
X = mm,

P(P*+AP’ +B)
+(A—CZJV0P+C19
m m

1 1

P(P*+AP’ +B) !

-

33
m1m2 1
P(P*+AP’ +B) -

+AVp 4+ G tCe

Y,P* + VP + [g LMo tmyYo o CZYOJPZ
Y-

1

~ P(P*+AP*+B)

\

as630b0gma dsbslosmgdgmo gsbBmengds
P‘+AP?+B=0.

030 Go68moggbl  d0j3s0Msd e 3sbdmemgdsl s dobo
33mbsblbgdo 0bgds

2
2 V4

G063 $0mbsblibgdol sbsmobo g30h39050L, Loliggdol 3o-
6sdgBegdol Ggemmndo 360d36gmmmdgdals MMl gglidzgds gedmbab-
008 Inesd agdomo bowawgs ©s Bgadmgds saffgGmls
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P,, =tin,; P;,=tin,. 3.5
83 93963L36gmms  asmgsmolbfobgdom, dsbsbosmgdgmo  gsb-
Bmegds Bgadmgds sbg FemB3mgsmaobmon:
P*+AP?+B =(P* - o} )(P* - 0}) 3.6
30089 ogmegdol msbsbdse,
A=—(mf+w§) s B=wlnl. 3.7
3.3 Lolggdol s3mbsblbo od6gds
2_G, 2_G,

0, — = 0 ——=

m, . m, .
L sin(w,t) - ——sin(o,t) |;
0, — O, @, 0,

1 0,

2 2
Y=n-—3L—Figm@n-ﬂsm@;4. 3.8
(0]

X0 Q3 Yo Fglsdmgdgmos  gedmomgsermb 3.3 Loligdoesb
P =0 Bskdoor (LBogogn® asb@mmgdsms Lobggdaesb)

_Cg _myg
° mB C,

Q‘)

Y _(C1+C2)9=C1+Cz

= m.,g. 3.9
T mB cc, 9

F9bsdadolio sBJscrgd930 0dbgds
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. Y/ C,) . C, |
X = —02|:(°1 ng _#Jsm((mt) -, (cof —#}snn(wzt)}

2
0; — O, 1 1

Y =%[w2 Sin(m1t)_m18in(m2t)]' 310
W, -0,

Goeash  dogodols  dsbs  ammgdgmggsgom, abgdzool  dsmms
3sdmomgmgds  Ibommmp  Bzotogdol  dsligdol  gemgsmmoliFobgdom,

3303
- Bsdagsemolsmgols
T,=m,Y, 3.11
- sdsgagolbsmgols
T,=m,Y+mJX. 3.12

bBegognco esgotmgol dbgogammdsdo domagdom

T,=m,g—m,Y;
T,=m,g— mZY — m1X.
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(30bstragdemge 08 Bmbsbegdom, @I GMIgmody oo 8o
sF0dnmmdol, 0bgdzools s bEedogn®o dsggdol xsdo boyemols
domos F,+J+T=0).

313 aedmbabrmadosb gsbobsbrmghgds @sFodnmemdals dsg-
bodsgon®o 360836gmmds s Lagotms ogo Bgestegl dsgatals gs8-

3O 93,
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4. gomo 3s3063B0L ©0bsdognGo Ggg0d9d0

63530606, MB1353016006,  Js6Jer0bgd G dmdMeg o
353063 B5L, 3G0b(3037msE, Fgadmgds sligmo Lsby 3Jmbegls -

6sb. 4.1

bss - 1- Bobgbol s3dGsgo B30300;

2 - 3033s6mggemo 3303900,
3 - ©sd30dsgo Bzgotmgdo;
4 - Lagsmo mc0g9d0;

5 - gsgmbgdo;

6 - 393f30 dsg060;

7 - 3boo dsgodgdo.

3:dGsmdol  sdlsbggmo ©0gg@gbosmm G 3sbgmmadsms Lob-

B990b ggabalisl domgdnmoas gedgggnmo bsbob ©sdzgdgdo, Gm-
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3o qM03900l Iboe dogomrby gessaamgdolsl, dnwdogos s Lo-
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335380658 mo s dobo GByzol LobBomol gsdmmgmobsl, gdz03e-
96816 Lobobgol gmagoogbdl 3s639603mdm, Gmames gs3mbol
Tmbol ggecmdsl dob Rsdm jowgdol Log@dglosb.

4. bgoz9mmmdsdo o6 0L domgdamo dsgotol Fobsgsbo bo-
bbols 869 obodsBoym@o degrgdo s 3Gm3gll gobogmsgm Gmgme(s
361335001,

5. 3sgmbols Mbg3sb, Lsgsmo Gozob dadstron, gobogmsgm Gemg-
o 9306y Gby3adL. Wb aesbeol O gnobol 360336gemdolbsls
379390m, 43 cosa =1 s Sina=0.

6. aoGpsdsgamo 3Gmglol  gsbbormgalisl  Ibgoggemmdsdo o6
3009080 as3(930 dsg060l LogMdals (338mgdsmdsl.

7. 3bgoggmmdsBo o6 doomgds Ibowo dsgomol Gbgzals asgm-
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baok. 42
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Bgdmm  dmygebogmo  dgmmeogom (Ggmgol dgomeobs ©s  s-
36369 3368 mmgdgdom) @soffgMgds dsaomabolsmgzols dmdBemdals
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a0  oggtgbosmmed  gsbBmmadsms  Lob)gds, (gogomgzsemal-
Joboo, Hed M,=M,; M,=M, s ¥l dobgogon -

my, + My, =my, +m,;.)

((m,+A)X, +BX, +B,X, =Q,;
(m, + A)X, +B,X, +BX; =Q,;
mX, = =Q,
{BX,+B,X, +(m,+A)X, =Q,; 4.1
B,X, +B.X, +(m; + A)X; = Q;
myX, = = Qg;
\m7X7 = =Q,.

1 1
bosg - A= g(mm +m,,)= g(mkz +My;) o

1 1 1 1
B, = Emm =Emk3; B, = Emkz =Emk4'

Q,=F,-C,(X,-X,)+C,(X; - X,);
Q,=C,(X, - X, -X;)-C, (X, —X; = X;);
Q; =C, (X, =X, —X;)+C;(X, - X; = X;);

Q, =C,(X,=X,)=C, (X, =X, =X, ) —C¢ (X, - X, ) +

+m,g-sina,

Q; =C,(X,-X;—X;)-C,(X; —X,)-C,(X; - X;) +

+m,g-sina,
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Q, =C,(X; - X;)+m,g-sina,.

m,,...m,, 3dsg0690l Loboligggdo (C1...C4) 293m0mgmads
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