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103 sdds, ybt ftd tejh jddd bkicOolzjod@fe i)t cis@dz
2O f OtOdjlste. 1 0 wfdtse j f sMaple sddistets] da@ o asH P fridze
ftesyjHEZtcO tjh jddw LOHOYd iMmd.c [4']Ydmdzj dzgdw = O
lted 3jteOfymd3sisted 3 mdMmisj Bz o dHO (1) fted EkMmdtse d
e =% ©, 3, sing), a2
=% % ak 54 cost) OB TH ®)
tdhjddj LOHOYd 1 dO hmdsej ofoetsHO 1 Hddv i
fjedsrnduiMSses ©jhjddy d Moslse jlsMisekzs hd2 yd¢

= 3apanue cucteMbl X'=A(t)x+F(t)lambda+h(t) n kpaeBbIX yc10BHI

Beoa K03(HIIIEHTOB CHCTEMBI 1 KPAeBbIX YCIOBHIT
> Ar=matrix([[1,0],[-1,1]]): F:=matrix([[2,3],[4,5]1]): h:=matrix([[sin(t)],[cos(t)]]):
x O:=matrix([[2],[6]1]1): T:=2*Pi:
{Onpeneﬂemle: BEKTOpPa X (DA30BKIX MEPEMEHHEIX, BEKTOPA MAPAMETPOR, mparoit wacti U cuctemsr JTY, crcteMer JIY
[> x:=matrix([[x1(t)],[x2(t)]]): lambda:=matrix([[lambdal], [lambdaZ2]]):
> U:=evalm (multiply (A, x)+multiply (F,lambda)+h) : systema:=diff (x1(t),t)=U[1l,1], diff(x2(t),t)=U[2,1];

é a
systema == Exl(z) =x1(#)+2 A1 +3 A2 +sin(7), 5){2(1) =—=x1()+x2(7)+4 21+ 512 +cos(?)

= Tounoe peuaicHne uepuo;mllecxoii KpaeBoii 3aJadH

[Oﬁmee pemenne cucremst JIY

[> obr:=dsolve ({systema, x1(0)=x 0[1,1], x2(0)=x 0[2,1]}, {x1(t), x2(t)}):
[BBI‘IHCJ’IQHHE mapamMeTpa , pH KOTOpPOM pelieHne cucteMsl JIY yaorneteopser yeaornw X(0)=x(T)
[) p:=subs (t=T, rhs(obr[1l]))=x_0[2,1], subs(t=T, rhs(cbr[2]))=x 0[1,1]:

> lambda 0:=solve({p}, {lambdal,lambda2}) ;

-1 -1
lambda 0= {}2=—"A1=""}
2 2

[HOI[CT&HOBK& 3HAYEHIIL IIapaMeTpa B HCXOOHYIO CHCTEMY
> systema 0:=diff (x1(t),t)=subs(lambdal=rhs(lambda 0[1]), lambda2=rhs(lambda_ 0[2]), U[1,1]),
diff (x2(t) ,t)=subs(lambdal=rhs(lambda 0[1]) ,lambda2=rhs(lambda 0[2]), U[2,1]);

fé] é 9
systema 0 :=—x1(8)=x1(¢t) — —+sm(#), —x2(¢t) = —x1(¢) + x2(¢) — — + cos(¢
ystema_0 = —x1(#) =x1(r) ~ + sin(£). —x2(1) = =xl(1) +x2(1) ~ + cos(1)

TTocTpoeHHe HHTErPATEHOM KPHBOI MEPHOTHISCKOTO PEeMeHHs H ee TPaeKTOPHH

> DEplot3d({systema 0}, [x1(t),x2(t)],t=-10*T..T, x1=1..4, x2=5..10,[[x1(0)=x O[1,1],x2(0)=x 0[2,1]1],
stepsize=.05,orientation=[-30,70], linecolour=black,axes=normal) ;
DEplot3d({systema 0}, [x1(t),x2(t)],t=0..T,x1=1.5..3.5,x2=5.5..8.5, [[x1(0)=x_O[1,1],x2(0)=x 0[2,1]]]
,Stepsize=.05,orientation=[0,90], linecolour=black,axes=ncrmal) ;
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= Hpﬂﬁ.]'[ﬂ}l(eHHOB pelieHHe HEpHOHH‘leCKOﬁ KpaeBoii 3aJauH

[> restart: with(student): with(linalg): with(plots): with(DEtocols) :

Broax k03 QIIMIEHTOR CHCTEMET

> Ar=matrix([[-1,2],[-3,-1]1]): F:=matrix([[2,3],[4,5]]): h:=matrix([[sin(t)], [cos(t)]]):

OrmpeneneHne BeKTOpa X (a30BEIX IICpeMEHHBIX, BEKTOpa IIapaMeTpoB, npaeoii gacti U cuctemsr Y, cucremsr Y

[> x:=matrix([[x1(t)],[x2(t)]]): lambda:=matrix([[lambdal], [lambda2]]):

[> U:=evalm(multiply (&, x)+multiply (F,lambda)+h) : systema:=diff(x1(t),t)=U[1,1], diff(x2(t),t)=U[2,1]:

Brox xpaeBHIX yCTOBHI

> x O:=matrix([[1],[0]]): T:=2*%Pi:

Brox nproputeToB mTpad)oB, ypaBHEHIT KPIBOIT, COSAMHAIOMEI KpacBble TOUKH

> alphall:=1.0: alphal2:=l-alphall: alpha2l:=1.0: alpha22:=l-alphall: alpha31:=1.0: alpha32:=l-alphall:

phi:=matrix([[x 0[1,1]*cos(t)],[sin(t)+x 0[2,1]1]):

[Oﬁmee pemenne CJY

[> obr:=dsolve ({systema, x1(0)=x O0[1,1], x2(0)=x 0[2,1]}, {x1(t), x2(t)}):

Brmaucienne KpHATEPHA Ka4YeCTBa

> k:=simplify(alphall* (int((rhs(cbr[1])-phi[1,1])"2, t=0..T)+int((rhs(obx[2])-phi[2,1])"2, t=0..T))+
alphal2* (subs (t=T, rhs(obr[1]))-x 0[1,1])“2+alphal2* (subs(t=T, rhs(obr[2]))-x 0[2,1])"2+
alpha2l* (int ((rhs (obr[1])-phi[1,1]) "2, t=0..2*T)+int ((rhs(ocbr[2])-phi[2,1])"2, t=0..2*T))+
alpha22* (subs (t=2*T, rhs(obr[1]))-x 0[1,1])"2+alpha22* (subs(t=2*T, rhs(obr[2]))-x 0[2,1])"*2+
alpha31l* (int ((rhs (obr[1])-phi[1,1] ):2 , t=0..3*T)+int ((rhs (obr[2])-phi[2,1]) "2, t=0. . 3*T) )+
alpha32* (subs (t=3*T, rhs(obr[1l]))-x_0[1,1])"*2+alpha32* (subs(t=3*T, rhs(obr([2]))-x 0[2,1])"2):

Tlonck 3HaYeHHA [TapaMeTpa, IIPH KOTOPOM KPHTepHi KadecTBa MHHHMAICH

> lambda_1:=solve({diff(k, lambdal)=0, diff(k, lambda?)=0}, {lambdal, lambdaZ2}) ;

lambda 1= { L1 =.1553240865, L2 =-.1063502988 }

tdfm. 2. I1rydmdzjddj o §0OCjlsj Maple Hdv fjdfl
ftod Ctltsttsd HMisdeOjsmw Bddddzd Stdlsjtedw od
[Hocrpoe}me HHTeTpalbHOH KPHBOH H I1e/IeBOH TpaeKTOPHH
> spacecurve({[t, phi[1l,1],phi[2,1], color=red, style=point], [t,

subs ({lambdal=rhs (lambda 1[1]),lambda2=rhs(lambda 1[2])}, rhs(obr[1l])), |
subs ({lambdal=rhs (lambda 1[1]),lambda2=rhs(lambda 1[2])}, rhs(obr[2])), color=black]}, thickness=3,
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tdm. 3. L1wLOWdudmMcOY ddaisjwftjlsOoydy o f0LCjils]
Hav fmdfmisj i (8) ftd Ekfdssdvs (9)

1 OB sd g, ulkts MdMmlsj B30 A &)BJ kil Bsedesd | dzdgOls te
slsted yOlsj dzt dz@ d&3d o j M j Milse j dzdzr d&3d yOMmMlsw dzd) . 1 st Istsd
L OH Odzdz" d3 dzOyOdz! dz@ o5 L dzOyj ded j d@3 dzO EMmlsts2 ydoer 2
ROYOd detsj, LUONGEA]Y ) o Moty SyjtejH! sldduyjd sis
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1 d)dzj o Otclstsa ME sets EsfmMkzH OtcMmise j dedese s [z

{ Mdzd ® LOHOYJ 2 Hdw MmMdMmisjdsr (8) 90Oy dzO dzdh!
sCtej Misdetsmils! dzOyYOdz! dets?2 btsySd, Its tspdzdzd s o MO
ydqedziz. 1" Bgetcj dzo pmMBOWOs dz' s, ¢ tsdzzydds L dzOyj dad W

a,=0,a, 9, g & a2 13, ,,all3 ,, allc (10)

JteoV¥duyui mMeow ddzsjteftej sOydw L Issets fMdzEyow tjh |

1Hd M odHdes, yYlsts tihjdedy ) L OH Odzdz" d3 SdfQ@Ry O dz! dz" df3

VUV

tdm. 4. JwOoWdudmMcoOow dddsjtftejlsoOoydw o fOC
ey M jdedw LOHOYd 2 Hdv MmdMmlsj i (8) f§ted &M

sjfjte! o Stdkjtedqd (7) Gehkkddd oj MO, s dtsd
slsC dztsdzj dzgd2 Bls yjdzjos?2 kwOjSlsedd ofejjd ©Os d

allz:L' %l 4’ Q :t': 1? 0.’__ 22a 0;:32 ao (11)
b0 SChstedy d ddzsj cteOd dzOW Stedo OW tejh jdzdw
@O wdmbkdSj 5. 1HjfM', SOC d o MdEyOj] (9), odHj

dMmisj d3r (8) {(daaffHfjfind2, o dalFfds Bjde " k¥ ORBf dzdlskHlz).

o
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tdfm. 5. 1LOW¥dujmcov ddbsjtftejsoydy » fOC
i hjddvy LOHOYd 2 Hdv Mmdmisjdr (8) fted kM
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RIsOC, ® HOdzdets?2 tcOBBls] Htdo jHjdr tjLEzdz IsOIst
fjtedsHdyd MSdn CtcOj o A LOHOY 1 d 2. [ Odz! dzj 2
Yd dzj istsBteOL dzs Hdzv Ly ddy yds dzd uy H6deb Bd teishyg
fpdfmisg d3. axBi B8d dfted dgsy § dzd W = dBSH jdz2 L OYyOMmlskze ¢
SEteOdd uj dedzzs ftojH' Miststeds . I wilsshz d Hj2Mse dj
M3 Mdz dzO tetwOded yJ dedetsds Jtetsdzd Y 2IsC§ ot d3d dzd . )
I pdzj Hilso dj | bstctjdgizj NOEOROL s & Isksts? ydo d
HdWW Jjtej dzyd Odz! detsets RZteOodzj dzdv dzOB dz¥ HOJj Isfpw o B
ftesdzi Y lsCj otcjBided. o ftwOCIduyujmMeéts?2 IssysSd Ltcjo
zOB dzt HOj Isfpw IsOC Y j Y tedBdzdy j dzdets.

[ disjtcOlskzteO

1. dBtcOBSO 1 . 1. S LOHOyYyy BB BEMmkts2ydetmilsd c
ZOESCd d kjrddSd. wjttdw cutotej dij dzdzOW RBOIsj &3OIsd ¢
2018.v . 1471®. o . 3

2. 14ddBidltse ¢. ). 1jtedtsHdud MCisYdats@j " fdiAdlg j dsck
1 tod € dzOH dz2OVY d3OIsj BZOISd S © d ddaW sted3OIsd s O: Mo o d3d
d birnddudmMédn dzOEZSC: VHIOL byl GOOBH &6y da riaapt v
BsdzsH 7 EZyd dz' - -2(46 .0 futdgjddrww I210d2,1 2e2. ) I1BWB sdz! WiIslsd, z

3. stOfmdesmjdzz MSCd2 [.¢. [ JjtcOlstste MHode O 5 Kk
.. 1060, 1966.

4. [ dmMeddzO0 [ . MapleY #rfldgik & dfdnimdzj H s Oded &  dzd dzd dzj
sB" Cdztso jJdzdeg" » HOWW jtoj dzydOdz! dzf = EZtcOodiigfiadd® U o Qde
ddeW? sted3Oydtsdeder = Isjrdesdzsed?2 o dzOkz6Gdg, I tigj tac@Lintdpd@ ds
Oz Wde®O S Isd yud MEs2 € tsdeW § te f2d7y diglj dglsw. B t@Win Is2d001,90 de? ., ) .2 4
26i 30.

EddzOh Cddz 1. {., 0¢BtONBS
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vrs 533
rqd3distedd o © 1
wOdk plsjelztoceMS d2 csMmikzu Ot fr] 9 |
G. wlOfds JsteBlztcG i &

o1 rur fr YrtrewlrrrRIr1RL RO Jruvy[rso

] o tsdzdzj ydets?2 fmdMmisd did CGdzOo dzr @3 dMmissyded ¢ sd3 dBC
fesyd Mir MmewL Odzdz’ § M wBdzdyd 3. o dyd) , ¢ J G4y oty
fsCter 904 Ils oMms wtsdzdgj ydzz® Mdmlsd i3z, 1 tej d3v sls ot
ftesdmrtsHdIs o notfmlsj L j d@gdes? BOGdzdlssmW jter , yls
yofmilsdy, Csltster | oMEBtey tiedmistedtolzs Isfw delz@ | J ©
fjtej MsjHddzj dzgdw = OtOCIs] teds dzd stsdzt €5 Hd&zYW 1 j &
OfmMstesWdLdyd MSdr tBi jCIstse .

I oy dzsdB, BOcddsdetsy §itedMsijHddejdedd YtojHMISC
BOCGdzd Isdetsec s sz, tBEfdztse dzj dzdzlz dL 3 dePdEdtj dg sH tiz
ml jlsyjSsS BdOtekzydd MmEkzh jmsetse Odad j d3d H dzj dzdzts 2 o}
CsltsteOY o sBtcOL B 8 O ¢ 8 BP G ded ISloiglzt dztstodzf e cd ¢ o di
sL dZOy0Ojils, ybst ftsylmMh RBOcddlsdsets JjtjmMsjwdd dz
ftsdzj 2, Stlbtster j cjdzgjtedtolzs sfqw f dzOL dzj dzadz" s Isj UJ ¢
BOGdzd Isdetsects ftsdzv ftcdotsHWIs C orf MotsBtsYyHJjdd® dzOC s
mMtej H IZ. M . 1 jJbyyg € SO¢ Y J ¢ OL Odz, Yylsts o or mes¢
f to d fn sle iPdse stsdz! €65 o dgzlsted dzjBtsdz hts2 5B ZOMIs(,
ftoj] sSBtcOLtsoaOdadj { dzgjtecdd ftesdmMrsHdl o Mdaso detsdy
fjtojMsjHddsj dadj] dBOCcdedIlsdesets f sdzv dzOf oW Bz Mo wL O

I dzj MlsOydsdzOtedatstyj req dzjj dafl Qg dgOJj sfw o tjL Iz
Msf otslsd o dzj ded™ o tslsHjdz' dets?2 Issysj btsStsatsets Mdzsy
ksCsftesosHwh d2 Mds2 o fsotsHwh j2 MmejHj (1§ doL
fsdzj ) dgv jls dzOY tc ©olzjfoedQL. 3’} tofj t@ jlsts dis tfStsoty 2 fy dzts 2

slzh jfMmMsolzjls dagj MCtsdz! €5 oL sy der 7 MtsMtsBse Wist
sMdeseo Odz dz0 C s zdzOf-lg f Ezzzpd g2 BlySC fdtceh fmo sB SH dzs |
f sdzv  dzj 2 Istc O s diaP® figlstm E B lewndz] £ lsdsROu@da'tsdgdsd] . 1 5 &
dzj M2 ydotsilsd ftjHjd d j fMddaser j ddddd MRtsHw

) jteimMsjndds dadj dOUJ&Ojlkmw o 12 & Ood dts?
fesosHdBsMisd (8), GECEZHO o dfjtizizh f ROH &L MY S s
l sdzdzr BT flster 7 BsH dBe detso j dedets tcOMY tetsMistcOdaw & Is fpw
f dzOL d3r f 5 dzO fdm{@ladddj. dzd & € m
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1 ddzj o

tdm. 1. [ Ocdzdlsdz § MmMddztser j dzd dzesod ot dgcBL]d dzd 2 Is

I Oyd &5 8 dBsHjdd 1 jbfiseonyatsp ey EBE1c] Uk tedz .
(E) d BOcdedlsdzr = (B) ftdzi2 f dzOL BO o3 Misy M o d3t
Hicj 2Wkjls MBSz RsPdzy dats?2 dzddzedd. v HOtedz § o tsdzdzr
dzddedd, dzddedd dzO0yd dzO® Istsgj &M@Mpls d Hitedzdt! d©? HHefWGWOR Ldd
( ted2m. . ) sts Y4 otjdw fHowodwjlsipw HdMMdy Olsd o dzt
LOf EMC OJ Is Odz Wo Jjdzso MC Iz 9 5 dzdzlz . 1 &z0L 30  dz0uy d o
Odz: Wo jdesomMEs?2 MEtstesMmis! & | ® j dg tpdoas@jsls MWy j HREG M B Jj K
pfaY¥ , &Hj VOT-T RBOCG dad sdats ] Yy d Mozt Ofdzj ¥ detg dztsie fp®© Ow MC s
BOG dzd IsdzOWY ow L Ctsfls! . wdzjHEZjI BBjIsdls:, ybkt 4t
sBdZzOMIsd d cteOdeduyde" = EZMmdztse d 2. t OL d&3d &6 Yy J dzls tc O dz!
BOcdzdIsdzsec s yYydmdzO t j2desdz H MO ddzd MEstesMmisd 4 t6d

] HOdzdzts2 fls Ols ! ffjtc ts g B @) iy A3 txlisstad j j A Hdzw d&zkyh jet
fJteiMjHddd dzgdwVv dBwBOcdzdlsdztsets ftsdzv oBdzdL d HWWELC
1 jlbyd $O. disHy @@fdztMf sdz! L zjlsmMw fJtesMmisj 2 OwW Holzd3j
ColsslicmR0g 0 tOMmMmistsw dpdiy A JHzgAEEMdE Oy d s dzOtedets ] tej h j
Mils Oy d s dz0O tc dzts A3z .

1 Mmis!

1. E) T Odzs d3O0dz! dzts § Ldzj Clstedyd ME s i sdzj ) HdW
Bjdzwshdjmy Mt eote] i3j daj-BO C s hkFE? o ot 8 OJ 3sifbd

2. 1 &zBlsdzetsmilss } = const.

3. | JReDGBHSBEEMNS! ] el phdzjidhw) » SCtbky O

fnted Hd .
sCttefis! fjtiMjrndd Y MovwL OO f ftse kzOMBse
Ctsdzo jClsdodets? L tsdz




XXV fj etsmid2 M O Ml 2§ @AYS dig OM S @20 & &y eatz¥ |

1 d)dzj o Otclstsa ME sets EsfmMkzH OtcMmise j dedese s [z

oBnacTb BTEKAHWA

¢o
H{
o]

tdfm. 2. a
1. 1 zOL 3O o) H dzj dzdzts § SHIs
GOLIr 90  sMw. 1 &zOL BO &OUdd&Ojls EMStwis: fw

JBO fitejMmsjHddz dedv 1 jlsyy
jCOjls o BBd&OMi! §jt]ft]
H S |

bdzjHEjls Blsdjlsdls! Mdajrnbkshdj Shtej ddashlsd 1 Iss2

i 5B d&ZOMls! HdWWkLdd sy jlsdy B1Gls' yy dgOvedilsiidz &®©
4t MmsjHddz ddV;

iots odgjhdgj?2 BBA&ZOMIsd MHjtey Olsmw Hej  Otr Mmists

ifsdj o GB&OMsd oljC0ddY ftjHmsOsdvjls mMses
Cobstesj Wodwjlmw (§lsjdydod d dgdv s @& iEOfs ol g
fjtejfejHdd dedd EHOLROW ostBddkd EMSstYjls § oL &k
f OtcOdzdzj oz dgtsds Wietsdzslz HOdzs? o tsdzde ;

iftc] sBtcOLtso Odedj 1 dzgjtededd o thdtseodesds f totsd - tsH
BsH" (ZHOtdZOW t'EaAl0. f sL OHd t©OL

tdhjddj Hdv tB&OMISd o' lsjCOddY § d&zOL & dL HJW

o ™ 6 ML —, 6 -0 06 —hO T o —8

Il ®©BdkZOMIsd olsjCOddwY Ists¢ 0o jdz dzzdzs & dfode 1§ j t
weodzw jlsfw tjhjddins FwOgds ded jdzdj Hdzvw tsBdzOflsd o

» » - ~ " hh
0O O —h o —heHO —,

LH] Whkde€ y§ izORmssiwdsdy  dhyfsd L so Odedf jjds j € 5@ dzq
UjtjL CctOddyl o) Hdzj dds? otdd o tBd&OMs: orfljc
BijLodrRtcj o, mdf st Istdk

) sojHjdd) dddd?2 EOcddsdsct f§tsdv f§td dj Msoy
fetsH | Bsdhstedetss 0dz0 &0 tdmizdsj 3.

| HOdzdzts 21 diisHIg ey M ¢ w2 dADE dzjO Edsaiiiae dzC yd v f Slsts¢
pdzjh dzj 2 BB Z@MGBIPO @ 00 &, o o dekds o] @izjd8 i
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tdfm. 3. [BHjdkdiess Odd] djMmMsOydsdOtedsets f jtsj fsj H

10 tdmkzdtj 3 cotdLodsod &Zov tf!' x MhNoslsj
f dzsmC sisd, O o jicbd WQdetfde@Ht d Bptzy tedzsdz dzOff tc O o dzj d
SBtSL dzZOYj dzO o' Misls O ke O teFiztEzy dals 1o, drdd jtsdsitsoids@ vy Cfitc j H M ls O ¢
oL BCjEgjjydets? OB dzdlskzwr, ybts c¢jdzgjtedqtelzjlsmw df
fsdzv od&3jfMisj M EkEZHOtds?2 otdzdests?2 Hody kMW oftcOots
9dzj " dzv v B dZOMIs! ( dzZOH EZHOtdes?2 otsdzdzts? ), S toOMmde o
ftesdmMAgHdtsj Hddzj dadj BOGdedlsdz" = Mddztser 7 dzd ded 2 .

I i3s3 dels oo terjfdijtagdtsj Hddej dzdj dzj fJtsdmatsHdls
sHddzOC s 5, MdMmilsj 30 CtststcH d dzOIls 0dz@d 18 k5 ( Isofndzlz Is ¢ j didz
HdWWEL dtsdzdets?2 tsB dzOMisd ftesdmea tsH dls dedzded 2z mldzasts d fif J
tcOL ter 8, Ctlstster 2 dzOyddzOjls Hoe e Ols! Mw COC MO Ml
dLedBOs IsMw d Stttk Ot ls L OHdzt® YyOMmls! B &OMISd o
M EHOLdS?2 otdds?2 Btd "2 Ectd.

t OmMBsistej dedets§  f jicfy Tpfs9g @ d deOdedsy COUJ Mise j dzdzts§ ¢
f d&zOL di3r o tBd&OMId fJjtiMmMijHddsy dzgdw Hdzv OfMmistesW L C
ftotsH | BsdemMistcdtctso OdzO tcOL tcOB BIs OdzdzOWY isH j dz2 HodY J
B dzOMIsd HdzW dgj MsOYydow@E@sE s CPMs) § § Gegeded &3 1§
Msets?2 tHdd L d&dtsectsydmdzj dzdzr = ey dd@Z3se B MistesE ¢
Muils ftoj sBtcOL O OdgdW BOGdzdIlsdets?2 1 dzgjteeadd o € ddzgjl
dzd dzd d BOGdzd Isdzsc s ff tsdzWis dffifijs- et Jsd3jfdgitaty, s H § @ dzdf Jo
sB &zOMIsd  sdady J dedets?2 G tetso 5H dZsMmisd . ] BkzHEP jd3 H
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©OL©OBISSCd BBdjj COyYjMmsejdds? o&sHjdkd ftd ©OFf
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vrs 330. 4
1 S ddz0 . |
t sihid TisdH OtcMmise j dzdz" 2 e dHEsdR] Isj Stesd
G. wlOpdS JsteB ztce, [ &

141 VY {]J
14414 11 orR
SOYHT 2 H J dg sSBteOL 2] Ismw dgdztsy j Milsets detsor o W d
My j " des tc OLtBcpoOdsls ‘fifiyw, kM jetse d HMIsdecOls: f tsmls
stceOdzdL Oydd MmMfsmtsedzr MmMkh jMseatse Ols! B j ME tsdzj ydats
mMdsj oh dj OHOfIsdtese Ols! Mw ¢ Y oMmistsw dzdets d3j dgw s h j 2 M
sts 34 o tOdegd,¢ apfC so sHMisots Clstster 7 Slsdzd yo,jlsmw ¢
d OHjGCo9Olsdets toj Ocdtetso Ols* dzO odzj "dzdd dL o3 dzj dzd W
i tcOo dzj dzd W stec OdzdL OydJ 2 dzj HtsfMls Ols 5y dzts Zdzj Is
dzj 5B - BH d A3t L©OAs ! Mis @ d S Omo 5] ¢ 5 tcOLodIsdw 0z0 n
mMitsdzy) dzlstedtetso Ols? EMmMddzdw dz2O Isjm LOHOYOR, CBIstte

RURSR RJgJ Lt |
f{rteeuvlre

syjtej H! .
]l Mtseotej 3 dedz" » EMMdzsedwr yYyOMmksts §jtejH Wdtedzs2 o
Y J dzlz &ZzO0 sz YyPHOYw OMWisy dzs  toj h dlIs! dfirf sdz L

BOIj BOIsdyj MEsets dBtsH j dzdtetseo Odedwv, O tOMmyjlsr Ooalsts
O tod d&3j to, Bxcelflj 2 BC sstc

t OfMMdiislstedds lsOBdzdykz yjd dzO0 dzj W is: d o90dztso 52
dzOfgj dzdw o { sMMd2ME 22034 jecO®ONG]( Ot OLIA/ cl ck.
zzyh 2 + CMYf stelsdzlzy § sh dzddzz 2O dzj WIs', Cslststelzs |
BJtcsos? wr ds¢ LO HOdd 2 s yklsss otej d3gj ded [ 6

v OB d&zd yo
1 B8 ( 1iWlks, U 111 i@ 2 dzOfd dzj ded v ,
2010 80,2 11431,1
2011 110,9 14306,4
2012 109,5 15287,9
2013 108,8 15928,7
2014 99,5 14007,5
2015 53,7 9257,9
2016 41,9 8723,5
2017 53 10723,9
2018 70 11261,7
2019 63,6 11555,3
2020 41,73 10155,3
2021 69 12172,8

{ OmMdBsstedds OkSydsd, o SCtksttsd §tdddddos s
(fsbtejsdlsjd ), | (fesdrosHdljd ) d & (ftOodls
SOYHT 2 gL dzd ~ ZzOL 2Oy 0, Is WERSE yj ez ¢l ts
fcOodlsjd Misoek BRHjls o ¢sH dewlzlztt i O iadddiss :  off" j g |
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2011 110.9] 14306 B cpenHee 13164,7 2123,2 34,8 73899,9 4507862,4 1211,5
2012| 109.5| 15288 CyMMa npoussegenus pasl  642659,7 2764,0 34,1 94269,1 7639545,2 1163,2
2013| 108.8] 15929 cymma keagpara B 71358868,1 842,8 24,8 20906,1 710265,9 615,4
2014 99,5 14008 CyMMa KBajpaTta o 7551,9 -3906,8 -21,0 82018,5 15263299,3 440,7
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2016 41,9 87235 KO3 deLmeHT Kappenauum 0,8754 -2440,8 -21,7 52950,4 5957637,8 470,6
2017 53| 10724 -1903,0 -4,7 8932,1 3621512,8 22,0
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I 1 2 3 4 5 6 7 8 9 10 11
369 388 407 (424 |6,27 |693 |743 |742 | 741 |759 |7,92
0,13 (0,22 0,24 (0,20 |0,69 |0O,71 |0,83 |1,09 |094 |0,72 | 1,21
2,267 | 2,692 | 2,787 | 2,793 | 3,183 | 3,421 | 3,550 | 3,895 | 4,513 | 4,629 | 4,753
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I 1 2 3 4 5 6 7 8 9 10 11
O« 14,23 4,04 3,85 368 [165 |[0,99 0,49 0,5 0,51 |0,33 0
"O- . 11,08 1,09 1,07 1,01 |[052 |05 0,38 0,22 0,27 |0,49 0
O---12/486 | 2,061 |1966 |196 |1,57 |1,332 |1,203 |0,858 |0,24 (0,124 | O
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10(133)176.4. 173

5. sdetsBjdz ¢.5., wfOtksOS ¢.1., 1090 [.¢.,
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{ OBBO t©OLd&Juydy 7 fslstejBdlsjdj?2 §jtjdj detet Lk
Ho dceOlsj dzj 2, stcOdemMW stcd3Otstese d Is. . Msftotso sy H(
fslssC O o BOcddlstsftctso SH . lted dLd3jdzgjdedd §tsists
M oslxdje dzj fiasw o dzv j Isfpw  Cr v MOBSddzH 2SS yd d, Cslststo
fjtoj B3] dedetse s IssC O, yYbts ftcdotsHdls ¢ lsMmisOo Odeds o
MHo d ¢ W oL 3 Y HEz stsCtsd3 O oWy jdzdj 3 MoawL O
AnOtcOSsjtedL zV¥Od?2 dtSHmadgc o j Chstesdy KifSs@izizd d dzO tfz2@w 9 §
Ci WWduydj dals diish detsfylsd. st WWdydj dals d3tsh desflsd wo
sftcjHjdwves hdn 1 C sdets d3d ydzts s tcOB SIS 1 dzj Clstets
tcOMf osMisteOdzj dzdz" § ff SlstcjiB Hsg O ls jCdAS, Ao Aty dedd' j
LOGkzy Ot ls dzgjftecsdLotSHdIsj dz! dets G j dzj cOlsster MlsOdzyd
Yyofyls! f tslsj to OCldodes?2 1 dzgjteeadd MowL OdzO M fjls
fded X d ded™ fjtejlsslte By dshisghdad’ jy OCBWYE dfHOaq

ltesyj MM o] sBtcOL S0 Odaed W 1 dzj Slstedyd ME 2 1 dzd 6
BZOh d dzj , COC o dxBtds 1 dzj Clstedyj MStsds Hoade Olsj dzj ,
ftslstej BdzW j &30V Istej ~ W OL dz" d3 Ofd dzmr tetsdzdz" d3 Ho d G Ols§ dzj

P=V3U t dis
CHYT dzOftew y jdad j, fBSHotsHd®BS] & HodeOljdz® sls fjlsd
lissS HodgOIlsjdzv, ¢

CAi§SC L WWdydj dzls sh desfyls .

ssteslsj COs N d2 s ftesotsHOR Milkd d tBdislsC Od
Mtsslse j IsMise j dzdzs tcOo § da:

P
" V3Uc dis (2)

RL kEZtOQoedzjded?2 (1) d (2) MmdzjuHkjl, vyl Hd&v Mtsa
ktsC YslstejBdvjd 2 dL Milkd BEZHjlk kjd Bd hj, uj
fnd dz ss¢ 0O, 9 Moty tsyjtejH! ftedosHdls ¢ [zo j dzdn
fazj @Ospdz dzts, ¢ bHstetsy Odds Mmjld. [ Mmdd i Mjuj d
o jdduyuOkhnw §sljted KBsh dshisd, Stktter | fosfsteyds
9 MzkyOj, SCSBEHO k fbktejBdljdv jhj dd tlshmizlsMmise k
dPctelzt S o ®KOSMJKBOd desds tejydd3j BEZHjl §Cter o Ols
fsMisOoh Stsds + dzj Slsteduj MEB2 dzjtecdd. tOLCtkL SO
Lt slsfkkMsokjls d fslsjted OSlkdodts?, tj @gdsdo dzts
xpte Qo dz' [ 6, M. 55]:
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Piot &%,
aE{dz_-To%oE (3)
Pho# 85,
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dtojHdzj j LdOYjdd) SCSiWWdydjdsO dBsh deslsd st
OCIsdodes?2 d tj OCIsdodets?2 {dzgjteeadd o Isjujdedy tsfftedH
otej d3j dzd . ¢ € Is d PLeP s ligesih BddMilsdsOw OMd dzm totsdzdz @3 Ho d 6
sdetso detsdz d3tsh detsfis! ¢ HftosdL otsHMIse jdedeg" = dBOMddz d L
9 Iiuydddd Mkktst¢. {J0O0SCIsde dovw d&sh dsMis: weo dzw jIsfiyy
M smse dets s ! dzd dz@ 4 ls bk tzdp,i zdydgy dzv jIs ktetse j dz
COoyjMmot 1 dzj sy e hESS RL S MY ZZOOYydd B StekzH
ftojHftedwisd?2 d 1 dzjSlktedyjmMédr ftedetstetseo ftslstejBdls

t 4 OCIsdodaiz® Qesisd Yesfylsy B dzvisjjaBigiscy Hfad cfi@ Isd o  dats d&3q &
ftod desdsd dgOcdz! dets?2 L OctelzL € j, dmsydes tsftejHjdzdls: €O

Quotig! (5)
¢ HPi dgts d3d dzO dz' dzOW Btsh dgtsfls! , €1 Is;
disly HodcOlsjdv ftod §sdhds? LOcwkzLSj, O fwd d
Quoz Qo+ QA k., (6)
GHKj=Py§PT S st WW dydJ dzls L OctelzL € HodGeOlsj dzvw ;
QalBUgslgzT 6] OCIsd o dzOW Bsh desfyls! , f§Glstej B v j B5OW  H

(Ctlstste OV i) B B@EBEY jIs 60

RL dBj dzj dzd § tcj OCIsd o dats 2 Bsh dzsflsd o s fy dzts o dzts
sfMtse j dzdetslsw &3 Ho E O] ez®j s L B e OYPls j dz' detsj o dzd
OCIsdo dzOW Bsh dzsfls! , OB Sels, tejHjdvjlshmy L Og
Fojdaduyde Ojlsmw. 1 tsi Is€iditlz,y datsls 8FOC ftff SO dids! L O@delzL d

RL HJOGtO®RB (tdfits 1stsS 0)dzOigdEs dzdpdpifibgovdd o O
BOGdzdlsdz’ 2 YsbtsC (ftod dzj dJ) dzjsdedzts d ¢ de@ i €y jHdad{dE Ofis.
BOds. 1t sz jets By dts foddwis: f tsfls shy izt 3.
nsdzsfistsd RBHj daj o j dzd Cfipr P! CHOE s jsteaOd3ds i Heg) i g @ jj
FPesdz MHo dec O 3 yudlz Isds@ tfistaty yojdifsitis e 58 E @B Pdzv B t5 dz
Csl WWdydjdes Bsh dzsfylsd ROz, [ d&zv HeodGEOljdj?2 KO
ftejHjdOR3.0,NEd kojdzduyjddd dzOctelzL & d ko j dzduydoe Oj I
s i3 dz0dz! dets? L OGtkzL Cj Eketd { wifhdd@Esps duwpeed GO as
fodyuyd &8 d3j dz2 MjJ L dzOyj dedd wsldshdlshw € IsdntsntsHd
Btsdz "G jHO GO jdzw g Bisdz h 52 Bsh dzgsfylsd d B' Misteh St
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Bsh shEdslssE T HOY] ftod Slsdshdlsj d ds dasa o d

[3, fj. 128]. I1tilssBlz Hd HOM dzgj2h jets fsorhj
Eflstets? Misodfnd t B stk j t©j OCkdo dgzy Bsh desls! . s sy
fesdLosHdlsmY o C dey athd Fdg b jf &% & flsdizd | ZMOsse ) § O
2).

liktcOdMY o BOKEGIStcBH o § € BldzH zdzN OB ste; § b daCdsaffteaimmnvdzjfpisdig j
fjto] 50T Isdo des?2 Bsh dzsfls d dzOf 6 © oz} et o & PlssC O OCIsd

tdfm. 2. lwsyjmm Csdkfjdnoydd wj 0OCIsde das?

1 sor h jeadlf jfzlsj o5 §tsHC dzt yj dedWw CtsdeH j dzmMOlststeds n L
jBBCtsMisdzr 2 IS s jtoj y Of IsOds tsifH adeCdaitiss dfidislsdiateindids " jaiz G
ZOf oWy jdzdw d OSIkdodzs?2 MsMsOodweh j2 SO, u. j§
ZOBOGc dzd yd o Odedw d, Isjd&3 MOB &3, CdBfJdhdtezils (zd.
9 Cdzs yjdzdw Jj BEtsMisdzts? o8 IOt paff Wt ts j H j dzw j Isfyw

I=1f+1f, (7)
b=1+1L+1f (8)

st WWdydj dzls dstsh dzsfifistf s gz @Pp j BAgdzg Hls' 5B N
yjfd BkuHjl tSftejHjdvis! v Istsdz 5 OCIsdo dzs?2 Mmtsmls O
L dzj d3j dzlsse Mjlsd 5 toj OCIsdodets?2 Bsh detsfylsd, §jtejls
SOCY] bkdkjdz hOjlmw dz0 o j dzdyddzz ossh detsfilsd € tsdzH j d
d tjOCIsdodets?2 (4) dwshdsmsj2 o 1lssd MzEyoj tOs d
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