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Abstract

Modern machine building is characterized by problem of improvement of
production efficiency and production quality that with development of having
increased technical characteristics individual machines and machine systems and
expansion of their scope, primarily is based on the intense factors of production:
increasing of efficiency of labor productivity and all kinds of activities, saving in
facilities, resources and labor tools.

In connection with this aim of the work is presented in the development of
automated machine tools systems (automated machine tools, machine tools lines
and complexes) functional and structural development, productivity optimization
calculation, dynamic modeling of these systems automated driving and
optimization of research methods and methodology, with a focus for improvement
of design solutions quality and effectiveness of scientific validity.

To achieve the intended purposes in the research objectives are included:

— The analysis of current automated and automatic technological machines
systems composition and structure, influence of raised requirements and
assessment of the functionality characteristics;

— Construction of functioning mathematical models related to revealing of main
objectives of laws and executed by multi-tool machine tools systems and
automatic lines manufacturing processes performance indicators and cutting
tools, machinery and equipment operational reliability;

— Development of technological parameters calculation methods and techniques
for maximum productivity condition for a system, in that are used the
maintenance scheme related to cutting tools, machinery, and equipment
breakdowns moments;

— Revealing of basic mathematical dependencies forexpression of productivity,
construction of the operation models, development of research methods and
techniques. For functionally relation of cutting tools, machinery, and
equipment reliability characteristics with systems, in which for cutting tools
are used parallel mechanisms and related to the devices failure maintenance
scheme;

— Mathematical modeling of the dynamics and development of the synthesis
methodology for the transition process according to the containing elastic-links
mechanical part working body for the stabilization of angular velocity in
electromechanical drive system;

— Mathematical modeling of drives electromechanical systems and research with
taking into account elasticity and clearances in the mechanical part of the drives.

In the introduction part of the thesis is justified actuality of dissertation
work, conducted review of widely used in a practice automated and automatic
machine tools systems.

Are considered related to the analysis of technology machine systems
(automated lines, flexible manufacturing modules, flexible automatic lines,
automatic sites, etc.) structural construction features issues. Are analyzed their
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application scopes and some of the principal approaches to their calculation and
design of systems widely used in machine tools drives automated systems
functional capabilities and characteristics further improvements have been carried
out review of issues of their modeling and research. In particular are analyzed the
modeling of mechanical part, as well as the whole drive systems design and
research methods and methodologies.

In the main part of work is analyzed the fundamentals of machine tools and
machine tools systems capability and reliability, the basic laws of the reliability
theory and their mathematical relations. It is shown that the calculation of
productivity in terms of reliability is based on probabilistic functioning laws. Are
analyzed automated lines failure and the running work probability calculation
methods.

Is studied the necessary approaches for describe the having machine tools
collectors lines productivity and reliability.

Is proposed rather required for first approximation researches methodology
for defining of mathematical relations construction of readiness coefficients.

Are developed methodological fundamentals for mathematical expressions
construction of automated machine tools productivity in functionally relation,
with tools and mechanisms reliability parameters, which in turn are represented
by implicit functional relation to the technological parameters of the studied
systems.

Were obtained expressions of readiness factor and productivity with respect
of automatic machine (in particular vertical gangspindle turning machines), as well
as automatic lines. In turn the mentioned machine tools systems perform the
organization of multi-tool processing technological process according to the
following schemes:

3. Change the tools and maintenance of mechanisms, according to their failure;
4. The parallel change of tools and maintenance of mechanisms according to their
failure.

The obtained mathematical dependencies makes it possible to achieve the
optimization selection of technological parameters. In the work also is carried out
in connection with the mentioned specific reporting studies.

Then are considered the related to widely used in electromechanical drive
systems of machine tools main movements and supply kinematical chains tasks.
The qualitative indicators of these systems make significant impact on efficiency of
operation of machine-tools technological systems.

With taking into account the models of individual elements are constructed
dynamic models of systems, dynamic structural schemes and transfer functions. At
dynamic modeling are considered systems options for the mechanical part with
taking into account the elasticity and existence of clearances.

Are obtained the original mathematical models:

Is considered with extended form accordingly of transfer processes of
systems under study the individual stages and procedures of the methodology of
synthesis.
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In the terms of methodology of synthesis: were selected the desired for
systems process expressions; were obtained conditional and inadequate systems of
equations, written down with respect to the desired parameters, are stated
expressions for the normal simultaneous equations solutions and required for the
dynamic analysis laws.

For the approbation of established research procedures were conducted
engineering studies respect to the having certain initial parameters system.

The conducted studies have shown the practical effectiveness of developed
engineering synthesis theory of systems under study in terms of the desired
processes proximity and also their characteristics in terms of their further
improvement.
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0

Kgu = - , (161)
(R, +7,v) [ Pt)dt + aR,
0

GO MOOMO QOMOLSMZ0L d9330d0s 30L56JO MM
©59M 3000939 9d00)
T - R +7,v, . (162)
Vl

0990p™d ym39e0 B99membodbreol msbsbds, 43996905

(R+7,V,) j P(t)dt
Q- i, 0 , (163)
+ 7.V
FTER (R 41w [Pt +aR,
0

LodMEMM:

vlT P(t)dt

Q= _ .
(R, +7,v,) [ P@)dt +aR,
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1 1
. 164
H tno a‘o« H T*laO(f KT*.l.a'OS ( )
a 1+7_|1q a7 1+T77+1+T7V7
1

06q 06y 06y

9ONBI0M0 05650900560 Bgddmemyom®o LolEGgdolsmzol 33946905
t n
P(t) = {1—] f (X)dx} ,
0

Loog T (X) — o390 056500l X53MM0 EOMOL Asbsfiorgdol Lod3zzmogy
MO 2505¢glZ505 JMEMOU.
359b30qdMEo Lsboo dga30deos bogfgmmom
\ 1 1
Q= 0 aR.H1 = H T (165)
(R+a)lg+— TR 14E, + Ear

1

boQS3

l,= [[05-®(2)]'dz,

D(z) — W53LoL BY6J3000

B(2)=——[e Zdx. (166)

T, —0890093™00bL LoEgbOOw M dmbsgdo;

0y —BJH™MOM030 39092M30L bL5TSWM 335MIEHWI0 25IbOS Tj—0sb.

2.4. m3&H030Bs30m6o doamdgdo Bshsmbm 3md3dargdlgdols
539033, LolBgdgdol 33eg3oLogdo

LoBOObM  533HMIdEG0DgoMEo  LoliBgdolb  ™m3GH080BsE0McO  33¢g30L
0900030 3600369c0m3560 5dMmEsbss 93¢MAdEH0DBYdIMo BasMbgdol dmsz5M0
dd65md0L s 0Hmgds@S 3069353036 % 5339030 FoOOM® 25dMygbgdo
9994 GH™™89d560396M0 LobEBgdgdol Mm3EH0obsE0wGmO E0bsdo3MMO 33wg3s. 50
LobGgdoms  boGolbmdMogo  dsB39690wgdo  860d3bgem3zsb  Bgdmddggdsls
53b9g696 LBoBIOBM F9gdbmermyom®mo LolEgdgdol d9dsmdol 9339dEIOHMdSBY.
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50bodber  53dM93ms  LoLEGIgool  33¢930LsL, OHmamOE gl oym
Bsh39b6g00  Bgzom, ULoddg 939J3L  d9debozme  BHOIBLIOLOYOdMIb [130-132].
39496037960 LolEBHdgd0lL BMmEIE0MdoLs EObsToIMEMO Bswobol s Fsmo
3360mJLoT>30o BMEIEdOL 53900l Bs3omMbgdo obboEMEos B5dMMIGdT0
[133-135], ®Hm3geoms godmygbgdom d9a30denos 99306HR0mm dme0sb obsdozw®
LobBYdsdo  M3G0TWMESE  FodMboygbgdgwo  dgdsbozmMo  boforols
0659032960 89 q00.

653 999b90s 58365305 LobEYdgddo gsdmygbgdmwro gsd5dE0gMHdEdOL,
3°53)m©gool s dgaLbOMIEgdgero  gengdgbGHadol smdhgMo  A9bEGHMEMgdgd0
RIOMMESS dm3gdero Bsdmmdgddo [129, 134, 136, 154] s ©@obsdozm®o
33093006 b530bgdME Meg0l ABOOZ 39380MGOME0S BIMMAgdo [137, 138].

6536039000 [137, 138] Ho03ma 96005 LobmgHols dgmmo dmgdwmwo
396535350 3MM39b900L dobgzom, MMIGWOE 939dYWos [o®mbobgzom
LobdoMgms Foboliosmgdgdols godmygbgdsby.

50 35bsbosmMYOJ™S 2odmyggbgdol  Logdzgwl  FoMdmoagbl ol
396M99Mmgds, I FoboslosmMgdgdol Ls3doMm© BMLEHO STNHZY39L LobdoMgms
36009369em356 56980 JqqLodsdnds mMOy0bscngdol sdmbgggs [138, 139, 140].

mMoaoboerols  f(t)  Fo®ImlLobgom  LobdoMgms  Fobslosmgdgels

90300900 oy F(p)= (1) go0mbobmagdol stpwydgb@l, boog p — @od3Esliol
M39M5GHMM05, Im3960F9dm M0y Logbmd®mog p =0, 36083690MdOL s &b
29630b0wsgm Fo®Imbsbgom bobdoMg @ =—jo .

Potdmlisbgoom Lobdomgoms Bsbslinsmgdegdol Losbewmgzol 306MHMdoLL
39908006569  MmM0yoboegdol  Losbwmgzol  3MH0b3o3Bg 9oL 53gdMo
602065900l d05bEMgdomOo goblsbEzmOL dgommo.

PotBmliobgom  LobdoGmgms  Bs536MHmJlodoMmgdgo  Fobslosmgdgdo
BMyo©0 J0yMIom 50890056 bMLsbwzMgwo a; s b, 3m98303096EJdOL
39933900 99900930 LBobob 458mLsbwgds 2odmyqbgdol dsBsby

b, +b,p+b,p°

Fo(p) = —
ay+ap+a,p’+p

(167)
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b, +b,p

N (168)
8 +tap+a,p

Fe(p) =

s 3obobos™MPIWgdO 306039  Mogdo by  omzswolfobgdwbgb
doboboomgdEqdol F°(0) s F°(~) Bogtwye 3603369cmdqdl.

Lobmgbol 3gMomdo &, s b 3M9B0E0YbEHIO0 905 Bmgdwwbo s
15d0gdgdL 3093293690056 LObMYHBOMYGBsO  LOLEHYIOL YA OMHGOSO
30mOEobs@oL  F(p) 350mbsboengdsdo  fomdmpgbowo  3mgzosogb@gdo.
Bmo0  doamdom LobmgHBoMgdso s LELIMZgWo  3MmMObsEHJdOL
3990bsbYEgdqd0 TgLodems Bsfgmowo 0dbsb sby:

M(p)+30,M, (P)

F(po,)= = = x(t) (169)
N(p)+Z:lGij(p)

M°(p) _ .
N(D) x°(t), (170)

Losg M°, M, N° @5 N —p, 35603390900 3me0bmdgdo, o; —bobmgbomgdswo

Fe(p) =

393030963700 (3565893$9d0).
360 m39L900L 063HJAOIW OO FoobEMgds
(p.oy) =F°(p) . (171)

39900 Lsboo doomgdl Labgls
M°(p>i_lajN,-(p)— N°(p)_i_la,-M,-(p) —N°(p)M(p)M(p)N(p).  (172)

900900 (172) 259mbobwmmqdol msbsbds Bs0(gMgds 3oMHmdomo
296@Mgdgd0 P=0 93MMmJLodsgosms | 33obdgdolsmgzol.
Bsddmddo [138] 693m3gbomgdmmos 5, LbobdoGmgoms  4obmogligds
9m3990 39™39GM00 3OMYMmgLooL
0,=6,9 ", v=0,---,k-1.
0565b3v, HMAols 360d3zbgwo =2 .
999000 30HMBI0MO J6EMEgdgd0 IM3w@gds 4, (,) Bsdmsgwby.

50 B33 qdolL  (fmbomo  3m958030gbEJO0L)  2oblsbLgmOLsMZ0L
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LoFoOM  MgMMOMEo  FoEYMIGO0 S Fom9IEH0IMNMO  45TMLIbMEdgdO
536939 dmyg35600005 BodO™ddo [138].

PotBmbiobgoom LobdoGmgms 459mygbgdsbg sxdbgdmwo Lobmgbol
3900m0L 9B3L oMo gbl gosbasm0dqdgdom LobmgBomgdswo LobEgdol
©065303M600  9aM@MdOL  ©5353054MmBOWYGdGE0  3060HMdOL  F9dm@ebs
bmM 30905 OO 3500609B50 356599BHMOL 35005300L 89339Md0m.

Boddmdgddo [137, 138] Ho®mdm@aqbowos M9gamomgdol GO g030
LobBH9dgdol Lobogbol Tgmmo IMmE3gdMEo  FoMITIZ5wo  3OHMEgLYdOL
dobgzom. 53 659OM™IGddo 59O R030 LOLEBHIIYOOL 3MIM(3gLYdOL LolmEMzge
303989396 0BG MHO  BosbMgdol  F509TGH03NMO  535M5GHOL
?MZOWLBOOLOM godmygbgdeos @ mbdzomboergdo sMfOBOZ0 Mymegdol

59mbsblbgdols dobggom [138]
D, = rfqoé[x ;&) fat, (173)

Loog &) o X(t) —bsbyy®gzgemo  3GmEglgdo, ¢, (t) = 0 —sGshergogo
©ORBINIBE0IWNO0 bEMEgd9d0, 7, — @OMOL 06GIMNZ5¢gd0, (B YdbBI©S3
950D 90056 06@gaMowmemo dosbermgdols 3Gm39Lgdo0.

50b0dbmew  658MMIgddo  Qobbogrmemos  s8mEsbgdo:  Lsbyzgwo
360Hm3qL9ooL dm39dobs, BMb0MbsYMHO MOHMOYGMHMNIS3F0MOL goblsDLzmOLs
LobmgBoMYds© 396589 BHMPOLS o LabMZgE  3OHMEgLgdMs  FmEOU,
LobmgboMgdo LoLEJIsdo BEYMIEMBOL 30MHMBOL Fgdm@obols.

LobMYBOMYds©O  BgAMoMdol  LoLEJIoL  I-MMo  sOHOF030
3mgdol Lolivy®gger d9dsgseo £(t) o o8mdsgowo X(t) 3mmMobs@gdols
39bLOBOZMOBOM30L  5M5HOR0Z  LolEgsbomsb  Tglsdsdobmdsdo  dgdmol
3m6309¢ Mo mmdo  godboMgdmwo  35M989@GMd0L 89933900
39bLBO3O™MEO LLOLO39w0 3OMELOL Bx030 LoLEYds®. slgo doymdolsls
&(t) oo X (t) §omdmoyqbgb ,Lobmezgaro 3MmiEgbol {Ox030 LobEgdol® i-
MO G0l 99935 s Q9TMToZ5¢0 3MMEObEHIOL.

3obbobogger  LobmgBoll JgmmmEdo  ™Mobsbdo  BsdOMAols  [131]
90aM5Md0L 30600l Fgam@Eobs  M9oe0BEYds  Loliemzgw  3Mm3gLgddo
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d90m@obowo  3md3egdumGo  Z, — Mmool FsLIEGHOMM0 398030 9GOL
356005300L  89939Mdom, BsLMIb 5393006090000 Fgogzoe @O RoTMTdZ5w
3MMO0bsEgOL ob30b0s300 Lobom

(x5
{24

PomOmopabowo  dgoomo  LyIMogdsl 0odergzs LobmgbBol

(174)

36MHM™E9MO0L  45BbMmME30ggdol 4903350  3MMEILYdOL Q963390
9539690930l ©53059M0EgdoL 306MMO0EIL godmdobstry dmgwo Goyo
©99Jd9090900L MMU.

gm0z 396539 BHOMwo  Lobomgbol  sdmEsbgdo oo FMHowos
999G 39d560396 LoliEgdgdmsb Jodsermgdsdo bsdmmdgddo [142-144].

99L50 8539990 LoLEG9g00L 9BIJBHIOMOOL Fg0EYMI0 5B gdOL
&96@09630900 MmoMbM396  M33H0F0BsE30IMH0  ©O0bsF03MMO  LobmgBolislzgh
9005000 ©0bsdogMemOo  33¢193900L  FgoOMEYOOLy @S FJNMPO3900L
9900033 LEOMEIYMBIL, 53909l LoLGHYIoms  BIMRMOEF  3565TgGHEM,
9309039 LOOTIOIOIL 3oM0530>DIG-

Bmyo©o JoymBom 533MB>EVIM0 M:YAIX0M9d0L LobEdob BEAMIIGH YOS
9m03ogL 399t 3535¢00 3MMM0bsEHOL J0dsmm 3993530009000 F9dm{izomdom
937 OGHMOLS O MJAMYOOHIOOL MO0GIBL. 5dobsb gPmo LoliEgdsdo
d9Loderms 5MLYdIMBdPOGL LolEgdol T9doxsdgdgee dmfiymdomdsdo 89d535¢0
1391393806900 ©535@JO0M0 3NMMO0bsEJdOL dodston [145, 148].

50b0dbMEmsb 5353806090000 Bob. 16-Bg dmyzs60o0s ©TsEHJd0O
Lobogbodgdso  Fi(t) (i=1---,n) ©39353806900L 8933900000 oGN30
33000 396mbol  Mgowobsgool 3bmdoo  dgom3z-Lidgds. o
3993530060900l 1 Gom©gbmds Mol LolEgds 2-ol MHopl. ©3m353806900L
Loaboergdo FoMdmowagb9gb LobEHYIoL HBMIZS© JMMOmPOLIEHIOL.

339 5036086530 sLbgmo Bggdom 0ggds B39EH0wo LobEgdob 45sdE90

2bd3osdo  3mligdol  dmEgdeo  gobsfogdols  asbdbmemiogwgdgwo
Lobgboll  dgomEo, OMIgWds3 93096  doowm  LEIBIOEGHMWO
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3M98303096¢ 9008 s d90amad 30 FMmEIMO FoOHM30L ILEbgErgds [146—
147].

begds@meo > Ipoduecc >

f - ...‘ Xi(t) Xi(t)---

Bob. 16. Mgy mMeEo®gd0l Mm3G0dsemo Loliggdol iggds

69329069008 LobBHGIoLb  BMOTSEMO  2obEMEGOIMS  LobG9ds
392309005 53( 9O ™Mo Labom

X = AX +G(t), (175)
bo@sE3
X (t) 9(t) a, a, - a,
X (t)= %0, G(t)= o). p_|B B2 v A, (176)
X, (t) g,(t) a, a, - a,

G(t) —d90mdsgz5¢00 Bgdmddggdgdol i3mbigombocrm®Mo dos@®mogs.
960256MF0gd0s6  LolEgdolmsb  FoTommgdsdo  Gmermds  (176)
39230905 B3( g™ sbg:
X = AX +G(t) ; (177)
Y =CX, (178)

LogS3 Y — LobiEgdol 259mao35¢0 300mMH0bs3)0;

C=[0,0....1].
>
g, (t)
0
W= . | (179)
0
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@53EolOL 2o8MLEH39dd0 JoBMOEMEO BMMT0m IMs35¢BBMTogd0sbo

LoL339d6 B0ToMgdsTo 2397690 [149-150].
(SE = A)X(5) =G(s),

Lo E — g0ongmemo ds@emogs.

96ObBMT0gd056 LobFHYIJOb oM Gdsdo 239690

N(s)x(s) =M (s)g(s),

booog: 4(S) s X(S) —LolLEgdol G99masgs¢0 s odmdsgseo 300MmMPOBEJOOL
299mbobggdo; N(s) s M(S) —996M339990 3M935¢0(930gd0 S Mm3gMsEGHMMOL
90056 00.

LobBHYIoL  BObMgBOLLL  FM3gIMWO  AIMSB535¢0  3MM(39LgdOL
dobg30m 306039 M0do Mbos 04656 Bgygboo MgyMEo®gdols LobEgdol

5653069JEH06M9d90 450593930 53bJ30s. 8908ama LobBHgdol LEGHM™MJEGSTo
39903593L 0d53H00m0 ©9393930069d0.

9.0. 090L5mM30L, ®MI LOLEHYIOL 4sdMLLLZgEdo y3dmbgl LsbvyMzgwo
X,. (1) 9300060905000 3020260006530 LolEgdol Ggdoxsdgdger Imfymdowrmdsdo
mbgs 999dm3009L Bgdmddggds

g (0 =0, O-9(). (180)

50 59mbobwegdsdo:

g,. () —bobyOzggeo  300mOHE0bsEHOL  MYoE0DoEoLME 39380630
296bowgo0 Bgdmddggds; g(t) —LbobEgdsdo 99dmadsgsco Bgdmgdggds.

59:

9,.(8) = X, (8)=9(s), (181)

ch (S)
boQS3
M ke (S) — @
Ni.(s) a(s)
Dom3mgbL 5653069 EH0MGdo LobBHGIoL 3509399 BbJzosL.
503603653, G LELMMZgEO 3OHMEILYIOL FodmbEbMEgdgdoL dgMBg3z00m

ch (S) =

3b9dd03569eMdm 3030M0 Fsbolinsmgdwgdo 49bEHMEgdgd0m.
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©53539d0m g, (S) Bg9mgddgwogdgdol dg8pmdo sdmisbs bo®Eogwgds

535390000 3530609dBH0MGOgo HAMgdol d9dmEsboo.
ggmc (S) ~ Zﬂ| Xi (S) +gig (S)noc' (182)

ob
X, (1) = 2ﬁiw (5) %, (t)+W () g, —koeX,. (0] (183)

sge: Ms) — 9653m69JGH06M9dwo LolEGgdol 9sd3gdo BwbJgos (LobEgds
3MmbGHMOWO 39939300000 goMs), LdSSE X,,. (1) —LOLMM39gE0 FodmBoz5¢o
30mO©0bsE0;  g,,.(S) 10 — 00000930Mdomo 35309 BH0MGdgo  BymeErol
3990353500 3MMOHOO0bSEO.

3963939096 (177-178) 30356090530 Lolivymz9w0 300mM0bsEHJd0
X, (1) 3560L5BO3M9¥0s6 9990 Lobom

X = AX +G(t)+G,,,(t); (184)
Vae= CX,
BoQS(3:
Gex()=[(gx(t) 0 0...0)]%; (185)

Gne(8) =221 Xiare(1);
Xize 5060906050500 LoliEgaol Lsbw)Mm39w0 3MMmOHObsE9d0.
d9L5d5dol  MMH0R0bswgdsb  B0FsMMYdsd0  3565FxBHMIo  LobmgbHol

50mobs  8godagds  0dbsl  ®goeoBgdemo  8999ga0  339MGO
937169 300b5¢gdol dobodoBso0m:

®, = j.{ggx(t) _Z:Bixiwc(t)} dt (186)
ob
?, = I{XW - Zﬂ. XB; (t) + Xy (t)} dt, (187)

Loo3: Xex(t) - LOLEYIOL LobyMZgeo A5TMISZ90  3MMOEObSE0; Xe(t) —
2obLboE  5M3mM9dBH0MGOMo  LoLEJIoL -9mo B Xie(t) 0agbgegdols
d9L50530LO odMToz5¢0 3NMMEO0bEJO0; Xeo(t) LOLEJIOL sTMBobLBO
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[9(t) — koc Xeac(D)];
©990J3909d0L gLsd5a0LO Koe - 30BGHWOM@O 39935380600l 3mgz30:3096EH0
(80350 m35¢0g LoLBHYIodo 8EYOIMGMIOL F0TOD ©939935300M0LY).

Rbgd30mboengdoll  3obodobsEzool  gobbmM09mgdol  doGroger o
353Mm6M97GH06M909w0 MM gd0L 3565393 9d0L JgMBg300m.

5939 Mbs  50360dbmm, M IMogzse  Jgdmnbgzg35d0  LoobAIMOTM
Boffocols  985mGH03900L  dobbom  BMbomboergdls  (186) o  (187)
906030300l 39303050  SbMOE09Wwgdgb  30HMd0m  QobGHMgdsMS
5998539058 ©9830MgL 3350MEHS FJOIMEO.

"MBOM  DMAso  Joymdom  3mOH0bsBHJB0  Xi(t) gLsBO3MS3m
296@Mm@gdsms (177-178) doxwemo sdmblbom M990 Vi(ty), Lowog tv—
HoEbmdcm030 5dmMbLBdOL doxo. MAOHM JoMEGH03 T9dmbzn390d0 T9A30d¢0s
30b69wadd03569wmo 565¢0BMEMmO LsbYIMOTM IMI0IOIENGdGOOm.

900900 Xi(t) 5930090 gdol  dobgz00  3583mMI0MIO”
3sBHM0(390L

Gigoc(t)=B:Gpi(tv)= S—Xin(tv) 0...0], (188)
IGO0 K9FMM® obloBOZM396 ToBHM0E00 Ge(t)

Geae(D)=2. Gigoe(t),

@5 39038 BoGHM0EIo 39BEBHMEYdIO0L godmynbadoom

X =AX; + Gi(t)+Ggpigo(ty)

Vi= C X,

boo3: A1 - 9615306090000 LobEBgdob 2503700l Fo@®mo3s 8EYdMIMdOL
8005600 306G M0 39935300600 Qom35¢olobgdol do6gdy:

Gi(ty) = [01 () — KoeVae(ty) 0 0...0]7, (190)

d0XIM5© ZLDOZMZM Veo(ly) s Xi(t)-b 36093690 mdgdL.
59 Veo(tv) — 899L0059905 89900920 LOLEHIIOL STMbUBL:

X, =AX, +G,(t,); (191)

Vi=CXi, (192)

5 30MmO0b53HGOL Xi(£) 300900 gob@megdgdols
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XizAx it Gﬁl'gafc(tv) ( 193)
Vi=C X; (194)
5dmblbom.

d0Mado 9999008  499mygbgdom 930350  306HMOOM
396393909 MobmdMm030 06EJAM0Mgd0L HgdEHowgddo.

3905935390 65 58 306MHMdOM J9BBHMWYdGOL MIF0MGL 335MOGHS
3900MEO® 3003500 bMmMT>eH 256E MM LoLBHYIoBg Lodogdgwr S, —
900l d0dsGr100.

3bmd0oo dmEdwo 4oM3535¢00 3OHMEgLYdoL dobggom bLobmgBol
39000l JgbodsdoLs© LOLMMZgE 3MMMOHPObIEL 30deg300 7MbJE0MbogmE
39300630 7., MH™ob doLIEMO 3093030906EH096, M3 0dergzs Lobmgbocmgdswo
36 396930L  LolOM39WgdME  OBsBHIB0  FooberMmgdol  BsdoEgdsl o
5369039 d9LsdEMs IMO35¢3IM0EHIM0ME0 STMEIBOL 25oFMs.

3965136900l 49630m5Mgd0m  39MPWgMEO 539G 0MJdI0
3meqgool  BLobmgBol  JodsMrmMgdsdo 30350  OHR03  bmOIseH
396G 9390%bg LYI0YdJ s 3mJBR0E096EJOMIb JodsMNgdsdo [151-152]:

B (Zoit, )+ BXo(Zat )+ B %o 1(Zot )= Yo Zinty )= Yio (Zat, )

59 296@Mgdsms  LoLEBHYIOL o3 Tsz900m  IF0MGL  3ZOOMSIGMS

3900m©ol  godmygbgdom  ©3035Mm  15A0YdJEY  356TgBHMYGOMIb B

908563090590 {05303 6O MM 256@MW9093byY.

2.5. bsBs@bem gemgdd®mdgdsbozm®o s336sg0L obsdozwymo

390MH9gdd S 3367939 MY35MIOL Z5035¢olifiobgdom
d9gdobogzmed bsfogndo

Bob. 17 Omygzsbowos d94sbozmé  bsfowdo M350  MHAMmgdol
8993390 9gdHO™IgFob032M0 LoLEIIL LAHOYIHUOVWo bYgds, Gmdgwoy
bsboomgds  odom, MH@I  LobEgdolb  LEHOYIGHMOsdo  FoMImEygboros
9090936M™d0mMO  853MmEH9JEH0M9dI0 MAMmgdo LoBJosMol 3mbEwmEmol II o
@960l  3mb6GMGo  II  GgymEsdm®mgdol  Losboom. w3565L369mbo  bsb. 17
50b0dbgdo 56056 W . 0o W Loddmemgdo [154, 158, 160].
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e Wa1

| Wee —»@—» Wor i Wa -»@-» Was o C -—®—> Wit :@-» Wiz -

Bob. 17. LolEgdol LEG®JGHGmeo lsggds

39630b0Mm go0M53535¢0 3MMEgLYOOL boMolbmdmoz0 sB3969dwgdOL
5050gdol  5dm390s  LoLEQIOL  LEGHMMIGHMOSFo  FmEIIHO  JSOHMZ0L
0900l JgLodsdolo©  39MogIMHo 3530609 GH0MGdgo 3493530609001
3990 @obols Logzdz9wByY.

5356096 3omgwom, M3 ©gbol Bs3gBH0wo 3MBGHMMOL 356539FBHMd0

Po60m9696 F9MHbgMgdl ©od399JdIMJOME0 MYA0MIdOL 36Mmdowo
0900l FgLs53oLOE @S Bod0YdMGdOL Lobom (o®dME300gd056 LoBJser0L

IT — 9309 s¢MMH0L (309803090G0 K ) 05 35M5wgw®o ¥91319353806M900l
Bi 350583990 3953030963900 [3].

5939 9036086530, ©®md K, —ULobds00ol  ©939935300600L  go059;39d0
3M9803096@00.

396bozs0 LoLEBYIOL OBs0ZS 356G MEO ©93353006Mgd0L
LoBdo®ol IT — Ggys@GMMol Aom3s¢obfiobgdol s500HgMgds AsbGHMEgdsms

LobiEgdoon:
u,=K,é&; (195)
e=u, - K., ~9(t); (196)
Tl =K Te —Krers (197)
& =u,—Ki; (198)
Tu+u=K u,; (199)
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di. . 1 C
T —24i =—u-——p=Ku-K co; 200
s TR U =K UKo (200)

A A

1, +0,,0, + 0 =Ci, +b,0, +Cpy0,; (201)
1o+ bw2¢2 +CLp, =—M , +b,0, +CL0,, (202)

booa: 9(H) = L@, + B0 + foCrop+ B, + BU+ SeUy .
9399990 2560535350 3MM(39b9d0L dobg30m LEbMGBOL STMF6OL
59mblbol godmliobwegds ¢, (1) s M3565L369wmsb Fglodsdobo 393w gbo

39950090 9M0 3MMmOO0bSEHIO0L BoliEmzge godmbiobwmegdgdl [156]:
@, 1, U @ U, ®©03engdbsg 890amddo 355304boMgdm «*» 0bgdlgdol

d9039mdoo [158]:

Broe (8) = "0, (5); (203)
@1, (5) = P (8) = A (S)@,(8) = A, () (204)
C2A0,.(8) =Cplpr.(s) — 9 (S)]; (205)
e (5) = Ay (S) () 5 (206)
U,.(s) = A (8)p(S) ; (207)
Ur, (8) = As(8)p (S) » (208)

LoOE3 @, O @, — 3NPHNYOO LoBJsM99d0.

(937)0Mmgd0lL  by3zeg3o  LoLEGIOL  FMm3gIMNO  FIMSTIZOWO
360396930l dobg3000 Lobmgbol  3MMEFIPMYMIOOL  MJsEoDsEoOLsM30L
Pom3mlobgzom LobdoMgms Foboliosmgdegdols s3sGs@ol [136] godmygbgdom
30639 H0d0 379M 3MmOOBsGHMS Lofyol BosbE™M39000 BHMEIMBSL

@, (S) = 0(S), (209)
boo3 @, (S) —M9a0MV©O  3MMOEObIGOL  3smbsbwangds, @, (S)—
39905350 3MMMOEOBIEOL LELMZgEo FoTMBObMEIGDdS.

39900 Lsboo 43593L:

@,(8) =[9,+(5) + &, (S)IK W, (5), (210)

Loog: &,(s)=u, —K.o, ;
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@, (S)

WK{U (S) = U (S)

— 3653060943000 aoblbogro  LoLEGgdol  gosdigdo

}964300.
W_, ()b 35BLsbrg®mobomgol dga30dcos 358m30949bmm  ©sdm3o©g—

I 90s
(s) =SW.(s),

K(U

Looig W, (S) 999m@sboos 6536mdosb [5].

39900 Lsboo 33946909
U.(s) =K & () + f,(Ks,s), (211)

BoQS(3:

fu (Kj.8) = K50, () + K 5,0 (5) + K 5,C A (8) +

fir
ﬂ4 ~(8)+ K 45U. (s)+ KmuT*(s)
Ku=K,.0;.

30m3qLgdol  @,(S) @S @.(S)  0bFIRGOGmo  dosbermgdol
3Om39YMIO0L  BoGHIMIOOM  ©OZPOZIOM  dwagdh K, s  f
309803096& 900l 808500 {OHR03 gob@MmEgds0ms brn®ds® LolEgdsby.

390339 d90mbgzg39ddo  LobEgdol  LEH®WIAHMOM  Bdgdsdo
3565990 Lobmgbols FglodwgdeMdYIOOL goRIMMNM3gd0LsM30L LoRJsGOL
93295 GHMM5 094969996 TN — H9gas@m®U. 496bogs d9dmbggzsdo 0y
LobMYHBOL 3OMEIPMML 49635DMO309gdm Bgdmo [o®dm®gbogro dgdom
3MmOEO0bsGMS LofYobo GHMeEMds (199) 35dmolsbgds sy

@, (8) = [9g+(8) + & (S)W , Wi (5) = @,.(8), (212)
boQS3:
S 6) = K T (9) 2K (9) K, 29 =0, (9);

pc

Koo @ T, —89bsds80bo@ TTH-6ggeo@emeol 3oderog®mgdols 3:m9303096¢0

5 OMOL 3Mdogs.
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395000 Loboo 3394690s:

Kan©)+K, 29+ K (0K L O W@ ~0p(), 213
boQS3:
9o+ (8) = BiS0,(S) + B, (S) + B:C1,0,.(S) + Byi . (S) +
+ BsU.(S) + BeUr.(S) -
35506509000 M5 ©IM30©YIMYgdsl (213) 8030035000 ©L3365DY,
MOmd  Lhgobo  FHMEMdOL  MJooBs3ool  Bogmdzgwbg  HoMdmbsbgom
LobdoGmgms  Bobollosmgdergdol  535M0EOL  25dmygbgdom  ©I3OZ5MHM
SWRIOON  23BGHMWIdYdbY, OMIgddog 35M5dgBHMgdo K ., K, ©s f;
Po6dmpqb0mbo 56056 L3850 M 50195303 IM TMI0YOMEG09dJ0,
o3 860036903650 9O gdL LodogdgO  39M0MGOSO  356r1539GHMYOOL
d96B 930l 59m3sbsL.
3OLSFMIo  59m39boL  39FoMEBH03900LsmM30L  LoBdstol  TIH-
937G MM0560  LoLEBIoLsM30L  FgBMME35DgOIos  B08Y3MMBOMO
53mblbgdol 3MHMEgEMEMs, MHMIGEoE ©sxwYdbgdmos TN — Ggymms@mmol
3565393900l 30639ws d9MbgzoDg IT — Mgamo@m®osbo LolEGgdolsmgzol
900900 35605393HMJd0L Losbmggdo. s8m3sbsL gblbom dzocg Bods@Hgddo
AK ., AK, @5 AB, 0obgdbom * s0bodbmero II-6M9aws@m®mosbo Loli@gdol

pc>
356599@®9d0L Losbermggdo.
Bo3d35800056 d0domrgdsdo gfhgtom

U.(5) =K et (5)+ K, Sen(9)+ 1, (K KL ,9). @14

(264)-0lL dg33wrom dolo ©0ad0 IO’ s IOl 3063900

09360900l s©gd0m 3394690s:

U (8) = U (K e, K‘E*,,Bi*,s)+%AKpc +

ou . oU .
CAK + ¢
e =

oK., = oK .

AB. . (215)

pe*
399mygbgdmwo  gobdwol  msbsbdo  Lodogdgwmo 369 EHMm9dOL
3600936903900 353m0olobgd0sb slsg:
Koo = Koo +AK 5

pc
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K, =K. +AK_;
B =P+ AL, .

659039000 [156, 158] 356boeryen0s dmyzs6000 Lobmgbol dgomemermyos
15330930 LoLEBHGIOLEMZ0L, MrEILSE BoLO JOMOMSO Fb305 FMMZHEOMZoenY
dmd65Mds. 5900 Lobob LOLEFHYFGOTs BoOMM 25dM0Ygbgds 33m39L BsMBYBdOL o
LoRs®bm LobEgdgdol dofimgdsms 306935¢ 03O bsBgddo.

50d653000  FMMZ5M3g  IM535¢abDMTowgdosbo  Lobgdgdols

©06530316M0  9mgero®gdols s 33¢0930L  Logombgdo  asbbogrmeos
Bode™dgddo [156, 159].

2.6. 9em9dGH™Igdobogmemo LoliEgdgdol obsdogm®mo dmgeotgds

©5 330935 EMYISOMBOOLS S WMIBMIBOL Jomgsemolifjobgdom
LolLEgdol dgdobozme bsfjogrdo

bg0mm dmyzsbowo odbs 999960376 Boflowdo ©M93500MYMEGd05H
53065300  gangdBHmmdgdsbozmemo  Lol@gdgdol  LEMMIGMOMwo  1dgdgdo,
GmIgddoi  d9dsbozm@o  Bsffoero (36) sofgMgds m®Asbosbo  dmegerols
99900920 Lobol OGIMIB305MMO FobEMmEgdgdom:
1., +b@, +b,Ap+c,Ap=Ci_, (216)
l,¢, +b,0, —b,Ap—-C,Ap=—M , (217)
bo@o3: A=, — @, A= — P, ;
@ © @,—obgmzool dmdgb@Hqdol I, s |,-ol BmdGsmdsms 3MHbMGdOo
30M6OH0bsEgd0 39456039600 bsfowol m&mBsliosh dmwgerdo.
3905gdboo Lsboo LobiEgds (216-217) Ggodergds Bsofgbml bLobood:
1, +b,¢, +b,A@, +C L =Ci_ +b,p, +C,0,; (218)
1,0, +b,0, +b,A@, +C 0, =b,p, +C, =M, . (219)
Md9gBHIL 9o E 9e9d@MMIgdebo3 e 5ddMmegz90d0 FoMImygboros
oLgmo  sOLBYOOMO  SMOBOZMDYI0, MMYMOIOOESS WREO s FIMSWO
bosbmbo, MHmIgdoi M350 33eg3ol  Mebsbds  sbgbgb  s®LYdOM
©99mgddg9gdsL LobEgdol E0bsdo3ME TobslosMYdgdDHY [85, 163, 164].
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M9bmb d99339w0 3979603960 Bsfoerol ddmbg 53dMm30L 965¢r0H0Ib,
OMdgog dmyzsbowos 659GMIdo [162], 459m30bsergmdl, Gmd dgdsbozm®o
Boffocrols  AmdGsmds,  OHMmEILSE  WYREO0  SVIMBHIMOE0s 5009
LbobEgdom (218-219) s RGOl FMTomdolsl 30 Loddg @39d69ds ™6
©59M)3000939 563Mg39dmMsb:

l,¢, +by@ =Ci; (220)
1,9, +b,0, =—M (221)

wIREGOL  29Mm3gBHO0Mwo  Ingwol  msbsbds  [163]  dmMygdol
3061900 obolBO3MGO0sb TMI0YdIMWYdgdOM

@, =@, —b, OdmEgbsg @, >0;
@, =@, +b, OHmogbsg ¢, <0,
L3 |¢)2 — gol| <b 2563 MmEgdgd0 (220) s (221) 0935690056 M 30009dCS
Q5 39m©g Fobol 0530LvR9W0 FMIOIMOS A9BOLEBWIMGDS @, b FoMmTIMgdmEgdol
Lofyolio 36033690 Mdgd0m. 5 b —s60Ob WwMzEHOL Lowo).
296@Mgd90msb (218, 219) 3s6HImbomro  4shMx03930L  MgmMool
L530bgdol  FoLoEORYdOL  M35eLIBOOLOm  BMOTsEMMO  Jomdol
0565b350, 5060860 49bGHMgd9d0 B0fgMH9d056 T93ga0 Labood:
1, +b,¢, +b,0, +CLp=Ci_+F (¢,,0,), (222)
1,0, +b,0, +F (0,,0,) =b@, +CLp, —M . (223)
5] F(9,,0,) —0ng@Gom  45bLsBogmhmo  smsfitrgogmdol  3060Mmdomo
50b0d3zbs.
053008 dbG03 99330d05 Boghgdmon:
F.(2,,0,) = F1(0:) + F2(9,),
s 090093 5MHOHR03md0L F (9,) ©5 F,(9,) 25560503905 9933000005

39635bmGE09wMmm Jgbsdsdolo 3bMBOE0 ITMI0YINgdgd0LS [162, 163]:

Fa(,) z[q(a)+ qf‘) p} s (224)
F ()~ [q(a) + q;fa) p} &y, (225)
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bogos 3

q(a) :1{£+arcsin (1—2—bj+2[1—2—bﬂ 9( —Z—b} (226)
| 2 a a a a
q'(a)= —4—b(1—2—bj , (227)
7a a

X, (t) = asin wt s P —oxgM9gbE0MIO0L M39MGMEO.
990pamdo  sbooBo  a30639bgdl, M3 dmyzsbowo  BMOIsermMO
doamdol  sbobds  BGHoL  FMFomdol  DBP3MdTo  I3OZ5OM

396@GMgdsms LobBdobY:
l.¢ +b,p, +b,0+C,Ap=Ci_; (228)
1,9, +0,0, =b,p—C,Ap, —M, . (229)

MO 5903000909  39bGHMgdsMs B33, Mo3 930000 gdL
dmy35600 45001039006 J0EAMIOL 56M1626BMI0MOMBSDY, MoYsbs3 FoLMIb

056563500 WMBEHOL BL3MGOT0 FIMSMO0S 3533060 56 0MW3935. 39BsL36gwo
392300005 530(30CMM, MY) F5WOIZIWD J9bEGHMMgd9dbY:
1,4 +biy =Ci, +H(Ap, Ap) ; (230)
1,4, +0,0, + H(Ap, Ap) =-M (231)

@ fOBogRIC  ©MIoEIEYWIRIPRL  (224) > (225)  pogfioge
95¢0D5305L J0sbMgd000 ©sIM330YOMEGOJOIO:

H,(Ap) ~ [q(a) L@ p}A o (233)
w,
H, (Ag,) {q(aﬂ 9@ p} A, (234)
w,

9@

0

OmIgddos 3M9B030gbGHgoo q(a) s 2900003090006 056sbTo

©59M 3000939 9d900Ls (228) s (229).
530035000 394960300  Boffoerols  3sGmAmbormo  gofit 0390w
3963 9390%bY:
(A,25° + A5+ A (s) =(B,,5° +B,15+B o), (s) +Ci, (s); (235)
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(A;azzsz + A(leS +A)p,(s) = (B(pZS + Bgols + B;ao)% (8)-M,, (236)

+@b

0

125

Loog: A =1,

'(a
A(pll =b, +b,,q(a) +cy, % ;
o

A, =B,, =¢,0(a);

(T

@2
0

'(a
B;ol =b,q(a)+cy, %§
o

a
A2 = Iz"‘Q( )blz;
Wy

'(a
A¢21 = bz + b12CI(a) +Cyp, % >
0

@5 S—H3dLOL Forsgddbols Mm3geMmsGMmEm0s.
296@Mgdoms (235) s (236), 9301900 0sbsbds 300gdm
(I + 1)@+ 1,A0+Db (¢ —A@) +bAp=Ci, =M,

5bd
I, + (b, +b,)p, = L, Ap+bAp+Ci —M (237)
396@™ 9306 (237) 300093 99330905 Bogfigmm
. . . ., J'(a . ‘@), .
1,(¢, —A@) +b, (¢ —Ap) - 11a) b, AP _(blzq(a) +Cp an )jA¢7_
0 0
—C,0(a)Ap=0. (238)
565 MBOM 3033590 Lobom
|y AD, +bAwA(p2 +CyAp = lL,o+be, (288)
boQS3:

'(a
IA(/)H:I2+an )blz;
0

'(a
bAgoH =b, +b,q(a) +c,, M ;
2

CA(pH =Cp, + q(a).
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396536900 ITM3Z0EIOGdGOOL  godmygbgdom  ©I3OZ5MM
Bsdemddo  [160], dmygzsbo  LAHO®MISHMOME  BJgdsDg, OMIYGMb;
5393006900 3600630305 Mo doamdom  d9dpamddo  499m 3393900
d9Loderms  9390bo 0943bgb 65dMM3do [160] dmyzsbowro dsdm 33193900l
d9Lsds30ls.

99900™3a 39230d0s 5¢36036Mmm, M3 89dsbo3mEo boforol 4sbbogrmero
06530308 MmMAsLosbo  ImEMo  @REHOL  FMdomdol  GoMywqgddo
390@Mgd9ddo  (220) o (221) 53®Iggd9b  ImJdggdsl  M9BMmgddo
3065306M900L gobliboemdol fobsdmMdgo M35 39380609030 EIRMMZOWO
0935000 ddgb3gd0.

535Lm9b 53930060930 MBOM FoBI6IGHMboos LsT s MOTSLoBO
9990l 259myqbgds, HM9gdoE 500(gMgd0b 49bEMEgdgdom:

L, + D,y +by, (91— @) +Co (1 — ) = Ci, 5 (239)
1200, +0,0, =D, (@1 = 0,) = Coo (1 = 9,) +D55 (P, = P3) +Coa(p, —5) =05 (240)
L33 + 0305 =05(0; = @,) +Cp (s —90,) =M, =0, (241)

HEYLE WYIREO 50MIOIROW0S, S FIbEMEGdgd0m:

16 + 0., +b, (9 —@7) + ¢, (1 —95)C 5 (242)

130 +0,0 + b1, (9 =) + ¢, (9% — ) = 0; (243)

120 + (@ + 35 (97 = P3) +Co (9 —3) =0 (244)

|35 +05005 + D35 (5 —5) +Co (0, 205) = M, (245)
HMEOYLGE WYIREO SOLYIMOL.

39658369 M 30 GO 9d9gdT0:
L,=1+1],

I, 5 1] —05y39600 Fslgdo m®mTslosbo s30Mmglodszomwo dmEgugdolsmzgol
d9L50530LOE  IMOZIL 03006  RBEBHAOL s WMBGH0ID  dMds
656009 3565536900l Bsmgaoom.

59369830000 0OIBMLIMZ0L @, =@, =@ .
BoGo®gdmmo  g98m33eg3900L  0obobdo  Jowgdmwos  Bs33wg30
LoBEBYFgd0L 3561539 BHMME0 565¢0BOLS s LObMYBOL sTMEFI6gdOL Fgdymdo

950D 5300LsMZ0L Lo FoMH™ LFYobo sTM 30O IOJO.
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2.7. 5533¢0930 LoLEgdoL Lobmgbo M3 J9MT535¢m0
36 3gLgdol dobgwgzom

0¥) 34930035¢0obobgdm ©Ibol B539G0MO 3MBGHOMML 356539EHMgd0L
396MB930L Lo30mbL ©5d399YOMYGOMO MYAI0MIBOOL LobBGdol MsBsbIs©
306390 dosbermgqdom jobs 3565330 dm39909o bEGHOYIGHMMEo Bgqds
39230905 §o6MHdMm300306Mmm bsb. 18 dmyzsboero Loboo.

E»@—» Wpc Ue | Wiko ﬁ» C [—=| Wwm = S 0)2‘
|

Kc -

Bob. 18. LGB MOMEO Liggds

39960379600 M3GH080Bs300L dobgz00m goHymdol d9dmbzgzsdo w@gbols
3Mb6EMOH0L 250583980 MBI AodMolabgds sbg:

1 1
WO >~ 5%
t

boo3 7 —@G0MOLEHMOMO oMsdJdbgerol ™oL dvydogss.

boggarg3zo  LobLEgdol LobmgBolsls 3oLsMYJI™m™m i(S) s Ae(s)
3MmOEO0bsGJdOL J0dsM00 3993530060900m, OHMIWgdoE LObMM39Eo @ (t)
30M6OH0bsE0L F0F9Mm godmolobgdosb slig

_a,st+ast+a,s

i+ (s) boS+C @5 (), (246)
12 12
Ap.(8)=—2° 4 (s) (247)
’ blZ + 12 z .

595bmab  gMmo 309gbqdm Sgzg Lobdool IIM - GgamEs@mmol
996B 930l Lozombl 25933930 BMbJzoom

1+T,s
ch (S) =K pc o+

TpCS
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dm399dMo  IM30EIOIgdgd0lL  asm3zsobfjobgdom  Lszgwrgzo
LobGgdol LEHOIEHMIOWO Bggds godlbzowgdmEo bLyboom ImEgdwmwos bsb. 19.
Bob. 19:

_ T 1,(0)
Wy (5) = 2551 U.(5) (248)

W,, W,,.
W,, () = . (249)
1-W,, Wy, W,

Uu uC

— — | Wpe | — Wi | C |—»| Wy = S

LIS

Wkoc <

Kc -

Bob. 19. godlbgowgdamo LAMMIE MmO bggds

39900 Lsboo 3394690s:

b,,S+Cy,
a,s'+a;s’+a,s’’

WM (S) =

boQS3:

a, :C12(Il + Iz)
®s30L dbMog:

U, (s)

Wioe () = KiBi () + Ky Ba, (5) = — ©)

: (250)

boQS3

l.s
B, (s)= 2 ;
30 (8) b,S+Cp,

a,s’ +a,s° +a,s
b,s+c,

Bi (5) =
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BoboBbg 19 Loddg 33938 MOIMEEWIOH056 LoLEHYILMSB. Jogs 3mbEHMMOL

3900593990 336305 2odMolobgds HIM3I0WYIYW GO0

W, .- (S
W, (s) = WrCWy S _ oo (8) _B, (s) _, (s) , 251)
1+WkT CWM S 'Wkoc 1+Wnp1* (S)Wkoc A| (S) u c (S)
boQS3:
W _ Kz’TC(b12S+C12) _ KrTC(blZS+012) .
npL* (s)= 3 2 - 4 3 2 ’
(2rs+1)(a,s” +a,8° +a,8) A,S +A S +A,S +A,S

An4 = 27&4;

A, =2m@, +a,;
A, =2m, +a,;
Ay =2ay;
KTT = i .

KT
5060360l om35¢0olobgdoom 43946900s:
W (S) — KrTc(blZS + C12) —
|
An4s4 + A13SB + AHZSZ + AnlS + KTTC(bIZS + ClZ)(Ki Bi (S) + KA(p BA(o (S))
_ KrTC(bIZS +Cyp) ’ (252)
A (8) + K Agi (8) + K, By, (5)
bogS3

K. c[K;(a,s° +a;5%) +a;5+ K, 1,5] = K .c[K; (a,5° +a;5” +a;5) + K, 1,5] -
bogS3
A (8)=A,s* +ALsP +A S +AS.
00560 LolEBYIOL o990 36305 B00MgdL Lobgls:
W, (s) - W, (5)

Wy (s) = , 253
0(®) 1+ KW, (5)W,, (3) (253)
boQS3:
K K s+K
WKC(S):KPC(L-F]-]:KPC_'— pCi:KpC"'KTpcl:pc—Tpc,
TPCS pc S S S

565 29659436900l 8909y
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KTTC(bIZS + Clz)(K pcs + KTpc)

W, (s) = .
[AL(8) + Ki Agi (8) + K, Ag,, (S)] + K c(byys + ¢, )(K pcSt KTpc)

(254)

253bbgogdmEo Loboor 9830d¢0s BogfgMmod:

DBl(S)Kpc + DBZ (S) KTpc —
A\NI (S)S + Ki ABi (S)S + KA¢ABH¢ (S)S + Kc DBl(S)K pc + KCDBZ (S)Knpc

Wo () =
_ () . (255)
U,(s)
Dg.(s) = Kc(b,s+cCpy)s,
Dg,(s) = Kc(b,s+cCp,).
05300 dbG0o3g
Dg,(s) =K ;cb,s+KcC,,.
sbgmo domdom

D, (S)Kpc +(K; CblZ)SKTpc +K;CC,K
A (8)8 + K Agi (5)s + Ky, Agyy, (5)S + K D (S)K o +

Tpc

Wo (S) =

KrT CClZKTpc (256)
+ Kc DBZ (S)Knpc .

309600 300mOHO0bsEHMS BoHYol GHMEMASL
0,(8) = ,(5).

39900 Lsboo 33946905
(Kc* DBl (S) K pc + Kc* DBZ (S) KTpc Xakz 2%52 + aklzms + 1) =

= Ay (8)s+ K Agi(s)s = K rpPeay (s)s= KCDBl(S)Kpc + K Dg, (S)Krpe - (257)

Tpc*

Lol®39e0 450593990 B96J305 930305 Boghgdmo Lsboo:

1 1

W (S)ch = >
° K. a,228° +a,,2,5+1

(258)

Z,—Om0L  FBIGHVOMMO  3m9B03090E0,  OGMIol  39339mdomS3

bmM 309905 Boli®39w0 3MMEgLOL 35MH0MYDdS.
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3933000005 503603bMmm, OMI 33530060900 TJR3000S  SZOAMD
Ud9gdom, OMIgdoa 3569 IEMM0 3M3953d0000 A Logbswols byzzmo
9035)mqdm Loabowl Ag.

50 890mbg935d0 34399690

U, (s)

W () = KB (9)+K 3By, (9=

(259)

bos3

l,s°
b,s+cCp,

BA¢ (S) =

dm39dNwo  A9Msdsgzoto  3MMEqLgdol  dobgzom  Lobamgbol
3MMEIOIOJOOL MYo0BE00LIMZ0L F9dymddo 258m309gbgdom FoMdmbobgom
LoboMmYMS FoboliosMYPIWGIOL 535MI5B.

AMMds (259) 89230d0s BoghgMmo boboo:

D, (S)K o + P, (5)Kepe + P, (S)K; + D, (5)K,, =Dy (), (260)

boo(:
D@, (s) = K;Dg; (8) = K. Dg () - A, (8) 5
D, (s) = K;Dg, () — KDg, (5)- A, (8) 5
D, () = Agi (s)s;
D, () = Ago, (5)s,

Dy(s) = Ay (s)s.

90093990 M 300 gd0L (260) 0565H3s 3H9M 536MHMJL0TS(305000
I 339609000 & =0, (5, 0090l EsEIO0m LoabmdMmog 3603369wMdJAL) JodsGr
306000 456EHMEgdsms LobEGgdal

(D1(5V)Kpc+q)2(5v)K +®3(5V)Ki +®4(5V)KA¢=(DO(5V)’ (261)

Tpc
v=12,..,1.
50053  306MHMdom  LobdoMgms  JobobosmMgdgdoL  bbgoobbgs
Boffoegdols 96003690 mds 600050l sfo®dmgds  LoBMLEOL
0350bsBOOLom  2oblbgeggdmos,  s30@M™I  s3MMJLodsgool  3396d9d0

396530056 56500653 (IgBHo  LobdoGom O —>0  s6Mgdo) o
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396GMEgdsms LoLEYIs FoEvRIds fmbomo 3mgz03096¢Jd0m. B5dOMAdo [107]
69339690 M0s  936MHMmJLoTo30900L  3396d9d0L  obamsggds  obgmo
39099300 3OHMPMIBO00L sbsbTo
0,=6,9", v=0,...,1-1,

G0dwol 39dg ¢ MO MmOL.

535Lmb  53MMgLods3oolOM30L  LoFomm  gobaLoBrgMge  bofoerls
FoBmsy9bL wdsbo 0< 5 <5, bosg X°(5,) 9900egds 0gml 3s9mbsbwyemo
X 2(8) yax ~0U Foms; X °(8,) =KX (8) mx » U053 k=0,7-0,8.

0900033 ym390 306MMI0MO 2obBHmegds (261) dMegargds fmboom
359653wbY 7, (0,), ®mIgeo3 3960LsDL3MYd0 9990 BMOIMEgdoo [107]:

0
0,)=—";
7.(6,) o,
Q =q)l(5v)+(I)2(5v)+q)3(5v)+¢)0(5v) .
v 4 ’
|
>Q,
0= v=1..,1l

Sbgmo 1P gd0m FoPGdIN JIBEBHMEGdsMS LoLE YISl 353w9do3900m
2930609L  3350MsGHs  FgomEom  bsdogdgwo K., Ky, K © K

Ap
356599@H 900l J035M100 S 30O

Kpc§l7v2®f(5v)+ KTpcgﬁq)l(&)CDz(&) + Ki;73®1(5v)®3(5v)+

+ KA,,,ZVZVVZ ,(5,)®,(5,) = ;75 D, (5,)P,(5,); (262)
Kpcg,nz@l(&)@z(@) + KTpc;%ZCDi(&H Ki;ﬁ@s(&)d)z@) +

+ KAQ,;%Z D,(5,)P,(5,) = gﬁ D, (5,)P,(9,); (263)
Kpc%lﬁ@l (6,)D4(8,) + KTpcglVf@z(&)@g(&) + Ki;75®§(5v)+

+ KA,,,ZVZ%Z D,(5,)0,(3,) Z%ZVVZ D, (5,)D;(,); (264)

Kpczyvzq)l (5v)CD4 (5v) + KTpcz}/\IZCDZ(é‘V)q)Al (5V) + I‘<i 27\/2CD3 (5V) +
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+ KA(pz}/\lchi(é‘v) = 27\/2(1)0 (5\/)(1)4(5\/) .

099m935943L 50bodzbgdo0:

D, =§,7v2®12(5v);
D, =;7v2®1(5v)‘132(5v);
D,; = ;7@2@1(50@3(50;
D, = %:75(191(50@4(50;
D,, =;7VZCD2(5V);
D, =§,5v2®3(5v)<1)2(5v);
D,, 22273@4(50@2(50;
Dy =;7v2q)§(5v);
D, =;7v2q)i(5v);
Dy, =;7\/ZCDO(§V)(D1(5V);
Dy, = %ZVVZCDO(&)CDZ(&) ;
Dys = ;7@2@0(50@3(50;
Doy = ;7@2@0(50‘1)4(5& :

5 39bGHMgdsMS LoLBHYTs (262-265) 0©gdL Lobgl:
D,K,. +D,K

Tpc

D, K, + DK

Tpc

D1sK o + DysKepe + DK + Dy K,

Tpc

DK, + DK

Tpc

LobG9dob (266)—(269) s3mblbom 1363900l d0ds6r0 F03009d0:

+ DK, + D14KA¢ =Dy

+ D23Ki + D24KA¢7 = Doz

=D
+ Dy K + DKy, = Dy,

(265)

(266)
(267)
(268)

(269)

(270)
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~
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N
w

D24

doosbo  LobBgdob  gosdiEgdo

iy
w

w
w

D ooo

D ooo

jeliclivlv

i
w

OU DD

w
~

=
IS

[
~

OoDoo

D oo

O
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o
-

OUODO

o
5

B0J30>  9ga30dwos

A, S +AS+A,

39990 Laboom
W, (s)=
boQS3:
Ab2 = Kpcblz;
Abl =C,K et KTpcblZ;
Abo = C12Tpc ;

a,s° +a,5" +a;s° +a,s° +a s+ K A,

(281)

(272)

(273)

Boghgtrmon

(274)
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*

>
-
~

a = KA,

A=K a,K +A;;

A, =A, +K aK;;

Ay =AL+K K +K LK, s

K, =T,.c.

5939 330605 5036086Mmm, M3 BsBHgMMs LOTIM(ZH030056 25dMIEObscY
d90dpmddo *  obgdbom  sMbodbMmo  3m9n03096EO0L b33
30b9wdd03569egdm o o698 dmyzsboo Bsbsfgmgdoom. d9-5-9 baGolbol
doboliosmgdgeo  ob@GHmmgdolomzgol Mo ™dOL  sbseroBolsmzol
39230005 359Mm30Ygbmm  09gbse-d03sMol  3M0GgM0Mdo,  MMIgEos
Bo0f96M90s 999009abs06M0:

a>0; a,>0; a,>0; a,>0; a;>0;
a(a)=aa,a, —a’—-a’a, +a,a; >0; (275)
a,(a;) = (a,8,8, —a; —a’a, +a,a;)a, — (a; —a,a, — 3,8, +a5)as > 0. (276)

5939 99330005 30L5MROM® Y390 LBEOE0MbIGMEo LobEgdol
06530360 3yM5MdOL 565¢0Bob (36Mmdoeo dgmmEo30m.

50bodbmo  IgmmEozol msbobds  Qobobowsggh  sdbdsmg
3565393090l 4, , ®MmIgdog 3odmolobgdosb sdm30wgdmwgdgdom:

A =a,3,,/88,, =2, n-2. (277)

B396 9900nbg935d0 2399690s:
A =a58;/a,3, ;
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A, =a,a,/a,a,;
A, =a,a;/a,a, .
15330930 LOLEBHYIOL FOYMIPMOOLIMZOL Bo3doMOLos LEOMMEPEIOMOIL
3060:
A, <A =0,465, Vi=1n-2;
390930035000 5330 EMIOYIO—35DM Foboliosmgdgd by, HGolmZ0LsS
@ 30mOEObIGHOL 25dmbobmgdsdo S m3gMoG™mMol bsgws g0ma30d3L
5M39996¢0 j@, bLySE W—FO0MEo LObBFoMmg s J-HoMTMLobgzomo 9MHMOsBos.
300900 5330GHEO BoBM Jobolioosmgdgwl [90-91]:
Qi) _ —A, 0" + A, jo+b,

P(jo) a0’ +a,0*+a0’-a,0°+ajo+a,

,(jo) = (278)

396583690l 25dmyqbgdom 358930 L33eg30 LobiEgdol LogbmdMHog—

LobdoM¥en Joboliosmgdgwl
Ry(@)R, (@) + 1, ()] (@)

U(o)R.[p(jw)] = , 279
(0)R.[p(jo)] R2(@)+12(@) (279)
bogS3
R,(»)=a,-a,0" +a,0", (280)
I, (0) =a,0—a,0° +a,0°, (281)
Ry (@) = A, — A, @, (282)
Iy (0)=A,0. (283)

bo33w930  LoLEBHYAL  LobmgHol  FgdMMsgz5HYOMEo  FgmMmEOL
336MHMB300L5M30L  35BHOMYd®  3MB3MYGHME  Bosbyomodm  4s8m33w9390U.
Lol 9oLEM30L 5gdMEo 0dbs 980 Lofigolio 3s6dgEMgdo:

R, =0,07m3, L, =0,32-10"° 36; ¢ = 0,34 gr; K, =75, =33 60; r=33 0/50;

I, =0,01330% 1, =0,0025 338% C,, = 250 %; B, = 3, =001 o

nmwir

=0,008
Prz rad

BoGo6gdmmo  Bosbo®odm  33e093990L  Jggyo  bob. 20 dmyzsbogros
LobmMxBoMYOMEO 356589EMgd0L 860d36gEMdgd0 BMbJ3ombogrmE 353806 do
Z, 95L9350MM 3098303096EH6

n
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Kape —— 0 Kpe
mMwr rad P 1

074 006 6,0 }0,04

064 004 >0 oo

05- 0,02 40 Lo0,02
04 06 08 1,0 12 Ze

Bob. 20. LobmyBoL ggaoE FowgdvIO M I0EYIMEGdGdO:
1 - KAq)(Zm), 2 —_ Kpc(Zm), 3 —_ K|(Zm)

Bob. 21  Omygzsboros  LosabmdMogo LobdoMmeo  dsbsliosmgdergdo
d6mgdo  (3OM©ado 2 s 3), MmIwgdos dggbedsdgdosh  Lobmgbol
36MHME9MOI0L, MLy Z, =04, 2, =0,6 ©s z,, =10.

0300 oM53535¢0 3MM399d0L IMMYdO 30 IMY35600s Bob. 22. 5
96900 1, 2 s 3 8991585990056 LT 3edIM0 3m9R0309bEOL 36083690 MdYOL:
0,4, 0,6, 1,0.

065303160  8aM5Mmd0L  9bsobmb  ©s393d06Mgd0m  bBob. 20
dmyzsbomo  3Mm3glgdolomzol, Mmogbss Z,=06 A4 3m9n03096E900L
056300009360 M09d0 gLsdsdolo 0Lobgd0sb 3b0dzbgEMdgdom:

A4,=031, 4,=038, 4, =0,454.
00 90mbgz935d0 30 OMmEILS3 Z, = 0,4 33593L 965808 g3MMBYOO
A,=0199, 4,=0,28, A4 =0,311.

900 M5Md0L 2oblsBZMOLLL 0gbse-d03gliols 3g0Mm©O J03009d0:

a(a;)=0,07 s «a,(a;) =0,031, Gmgbeg z, =0,6;

a(a;) =0,051 s «,(a;) =0,029, Gmgbog Z,, =0,4.
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P(o) N

v
7

\ N

100 S — o

150 200

Bab. 21. LobEgdol Logbmd®mogo Lobdomeymo FsbalinscgdEgdo:
1-2z,=10;2-2,=06;3-2,=04

S

1,0- /J%; %
/

0,5-

0,05 0,1 0,15 0,2 t, §o

Bob. 22. 900505350 3Gm39LgdOL IMMEYd0
1-z,=04;2-2,=06;3-12,=10.
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1.

3. s133b69%0

®56599060Mm39 LsBsObm  Egdbmemaommo LoliEgdgdols GHgdbmemyom®o
36MHm3qL9o0L MOR60DIE0OL Mo30l9dIMYdGOOL, BEHMYIIGHWIOMMEO 53900L5
@ 3500 999ma0 356305M900L 39bgb30gd0L F0TsMm BosMgdo
5b65¢0Bo 803300000906, OHMI om0 LAHOVYJGHMOVIEO  FMOZLIBYMOOL
dmgdbogrmdols bsGolbols RIOTUM UM RIGIONC) ROONMZOYOO
A99bmmaommo  9sb4obgdols Fgdoaqbermds — Fomdm0d390056 sboero
J39bobBH9d900 s  09MHMJool  LEHOMIGHOMo  ©MHYJd0, 0BOYdS
5 BHYMbSBH0M0o 3560055GHIO0L MoMm©IbMds FHgdbmemaom@mo dsbdsbgdols
360094 GH0Mgool gMHmosbo 3MHMEgLOL 258Mm3wgbsls galEbMNds LobEgdMMo
o Mas. oo EIHAMYO00 46OLEBWZMGB06 30MgdEBH0MGOOL 53M(3569d0
@5 89500 53mblbol dglsdwm dgmmEgdo. 3MHM9dE0Mmgdol 3MMEaLYdOL

933900 §o68tm300390056 0bGIMJEH0MWO 0GHIMEOO 3OM(300VIMJO0m,

(0Igddog  La3OHMYIBH™M  39sfY39GH0Wgogdol  9bsgroBol  BMbdosl
BOMWgdgh  Bom9gdo@03Mmo  IMIWgdo ©d  Fomo  godmygbgds

90050m0os  BLGHOMIGHMOMWO S 39M5TIGHOWO  M3EH0F0DSEO0L
59m 3969000 53mblibsbg OMymOE GHgdbmemaom®o 3OHMEqLYdOL, saM9m3Y
3obborgso A99bmEmao0me Lob39dgdols A99bmEmaome
dmfigmdomdgdmsb  30dsMrmMgdsdo. 53  Mm3IEGH00BsEoMO  5dM3EsbgdolL
53mblbs  ogMgm3g 393006093 W0s  M3BH0T0BS300L  3M0EHIM0MTGOOL
A996mma0mmo dmfymdomdgdol Egdbmemaom®o, 3mblEmwdsgomwo
@5 LOgJL3EMOESEOM B5B39693GIMD 353938069090 FoGoEH03YMO
3960mbDMB09MH90930L 9539dEHO 459Mmygbgdslimsb.

59 M33030Bs30)M0 5dM356900L 5dMbLbs 30093 306306 35380605
obgo B5m0935@03MM  356MmbBMT0gMH9d900L  99mYgbgdslicsh, MHMAwgdos
53933069996 ™33080bsgool 360G 9MH0IgoL 39dbmemmyomco
3mfgmdowmdgdol &9gdbmemyow®, 30bLEHMYIE0ME s 9B GGG
956396900 9305b.
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2. 98399GHMIOMdOL  360EJO0w9d900L (AHoMmIMGICMOMBOL s 93mbmdozm®o
95393GIO™IOL) bsobbmdM030 sbserobo 930639690L, MM ©35651369wbo
05308 dbMog  00ymx3gd0sb  8600369wm3s6  3930Gd0  FoE0sbMdsdo
A99bmmaomMo LoliEgdol LBoodgEMMILMSD, MMIgror ™ogol dbMog
3960LsBP3ZMNBS  BMgME3 39JoboBTgdol, s4GMgm39g FMIO  0ESMYOOL
L50dgEOMOGOOm,  FoMO  dSEBsMHMBOoMO  F5B3969dgdom  Loffomdmm
99L3MsESEo0L 3GM39Ld0.

3. 9899AHMIOMO0L 360G JO0IGOMB MOM0YOH35300d0 IYMBo JOMOMSWO
3960mb6DMB09MH70930L  9BseoBoL Fg9ao 930305 35133650, B0A
0¥)  BoOb-533HMA53HJOmob  @s  933MBsBHH  bsbgomsb  d08sm9dsd0
MOOOLOQ 59 BH oMo 96535 L505MSOM 005099853905L056
©539300690Mo  by30mbgdo,  93GMIGHODIOMo  BgdbmEmyom©o
9564969080L o 3sbgobsms LobBgdgdol gocmom B39gd@Mmmsb Jodsermgdsdo.
9OO—-9OHD0 OO 9GNS Bgdbmmmyommo  3OHmEgLgdoL
53GMASGHMO0 MR MEoMgdols s  FoMmM30L  LoLEGdsms  Fgdamdo
LAHONIHMNONWo S 3MBLGHOMIoMWo  M3G0T0BOEo0L  STMEI6gdO,
I 9d03 3060306 353006030 50056. 390yma F9msbfiymdsdo s3dMs3ms
53¢ ™M35GH0B0oMGdIMwOo 53d653900L 24596356Mm0d900l 9903
™3G0d0bso30ME 8900Mm©Yd0L 58myggbgdsliosh.

4. 533™A5GHMM0  Lobsebm  LobGHgdgdol Ls0dgEOMMOOLS S  9BIJBHIOMdOL
M3G0d0bo30MM0 4556256M0898900L BMYS@O MYMM0s 0g9ds 5b59EHO3ME
3913w Hg  LOsbYIMOTM  SBsWOBMMHO  FJNMPYI0EIL  3BIMEgLYdOL
390pamd 08035306  IMOIWOMYdsDY.  9bs0BMmO My gdols
3°dmygbgdom  bm®EogmwEgds 356599 GMgd0l  30M39weo  gMmBg3s.
3006905  Mm3GH00oOmmMb  sbarm  IymBo  3965TgBHEMGOOL Mg oo
99900amdo  IBMLEHJI0D  BEBHIGHOLEGH03MMO  FMEYgdol  godmyggbgdom.
m39boL3bgems  Godsm  Fglodms  4e8mygbgdmeo  0dbsl  (iHzgog0
3615350 R0dBHMOME0  5b5¢obBol FgmmEgdo Lsdogdgwo  3565dgGHMYdOL
065303 6s3o@ms s6M9do.
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5.

5b65¢0Bds  a30P3965, ®MI vy bobBo BsObmsdmGolo 3538060900560
533™B53H0B90ME0 LoBsGBM LobiEgdgdolomzol sbserobm@mo dmgugdol
529008 39OMMEMa0s  3M0b30300GO0  doymdom  Fgodergds
Boom3ommb  2500FM0ws©, dmdbogo  BsMbmsdm®olo 35380690056
LoLEBHYIGOMID  (MFPOM  FBIOOM Q53900 B39O0 BsBYdOLsMZO)
5MLgdMEo  oEamdgdo  sbseobMmo  ImEYwgdol  vpgdol  dbMog
399m0gs6gds  MdsMGHo39bo  LobEgdgdom @s IYBHOIE OOMOMWO
d90pamdo  m3E0d0BoE0oMcmo  godmmgzwgdol  dodsMom  dmmbgmbgdgwo
95393530300 ©93M300090MEg090000 FgmMgl FbM03 3H9gdbmermyor®o
35653939008 Mm3GH00Bs30MH0  dMd0gdol M35¢LsBOOLom Lobmgbols
3900MEMEMY0s  BIObO-53EHMToGHJO0LsRD  goblbgsggdol 93¢ ™MBdEHO
b5Hgdmsb  J0Fom»gd5d0 dmombmgl d90amd LOHYYYMALl LobmgBols
95399GO™IOL 5350 gd0L M35 LsbBOHOLOM.
399013096005, M8 Fbsymaz360l 3m95303096GIOOL s LOLEOL FTomdoms
3OIINLO  EOMOL  9Hd3900L LB IO 3MIBOGOIEAIBOL
3990y9gbgd00m dmdbowro Bs®bmsdm®molo 3538060930560 LolEgdgdolsmgol
39230005 303000 05bEMm390000 Bobolb sbserobm@mo  dmgergdols
53900LbsM30L  LyFoMOHM  356MBBMT0YM9d9gd0.  93EBMISGHO  bsBgdMb
80056090580 459396005 M3EH0T0DoE0Mo LobomgHBol 3MMEgEMYdOL
BoG96900L5mM30L LS FOOHM b MOOYODIWMEOHO 355MEBMT0gM9gdgd0.
396boegsdo Ggdm@ebowo dBsymxzbol 30m9530:3096(3)9d0l dm@ogo-
G060 25dmbobgdgdo, MMIWgdol 0o30L FbMog Fomdmoy9bgb
BoObm8MEMOLO 35403900930l 3293500 96306MMddI0 vBGYIBgdE™
30omdsmMS  oyzsbowro 3603369 mdgdol  BMbd309dL;  FogdmEos
dPomIMGOMM0d0L 553005  OHDME0EIb RO LEOWIGMOWE
M09 90HY 25030 LsM30L Lo FOMM M9379M96E 0 356mEBMTogMmgdgdO.
3999985390410005 53605300 FMEYE0MYOOL 35bMbBMB0gMd9gd0
Do0mo9696 Logmdzgerls dmdboero Bs®bmsdmMobo 353806Mgd0l IJmbg
LoBsMbM bsbgdol 30mgdEHoMmgdolsmgob.
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7. 365350L505650m BMHdOLM30L s boliBo Bs®bmsTmGmolo 3538060900560
LoBs®bm bsbgdolomgzol 999mmo35H9d9w0s 3HBsYmBbol 3095303096 0L
Qo GlyN ol lohtlerylolptelel 390000535H90ME05 050935@032960
©53Mm30090gdgd0  d9dmbggzgdolomzol: 1)  GmEgbsg  05MoMgdol,
399560D89d0L5 s IMymdoEmdgdo dodsMm 30 godmoggbgds AHymdMmosb
3990b3W LML 53538060900 BMALEBHYOGOOL BgqDs.

2) GmEbsE 3FOH9go 056M5gdol 80T A5TM0Yghgds 3569 MEO
@5 0994956039005 @5  IMfIyMmdOW™dgdIOL  Fodsmo 3o IfYMmdIMOIb
3900b3W LML 5353806900 9dbobmEqdoL Ld9do. 9L
©59M30009dWgdqgd0  4odmbobmwbo 9606 sbo  Fmbdombocm
39300630  ©59ds3900L 60950090056 s FoMdmopqbgb  d9dcymdo
M3G0d0Do30M0 2556500890900 Mg Logmdzgwb.

8. 933™MI5GH0BgdMw BsmbgdHg s LoBsMBM 3mA3gdlgdbg GH9dbmewmyor®o
360Hm3qLgool  9R9JGHMOMdOL  Jg8mdo 5850 gdol  53m35690m0b
053938060930 25565¢00BgdM0s 11533¢g30 93EHMTEH0BYOMO Fobdsboms
G9dbmwmyom®o  3md3wgdugdol 58dM0gms  93GMIdGH0DBOMYdIMWO

LoLGH9dgdoL LEAHOWIGHIOM s 3MBLEHOYIF0MEO 5F50EgdOL by300bdO,

065303160 33009308 3900MEYd0 S 8900ME03900.
3bsEoBo  930h39690L, O™MI  bsdgMmMzg  93EHMISGH0BOMYOME

Botbgddo o LoBoGbm  3m83¢gdugddo  FoGonm  go8myggbgds 33039l
53060300 365350 3MmbEHVM056Ts  gargdBHO™Igdobozm®ds Lol gdgdds,
O0dgwos  d90ymdo  LOMWYMES  Fmombmgl, OmameE  Lol@gdsms

3oW390  9gdghhgddo  dmgdgo  dmzargbgdol  IBO™  5©IIZGVO
3oM35obobgdsl,  s3Mgm3g  LEAHO®YIGHWOWWO s 356MFYGHOWO
LobmgBol M3EH0ToBs30MMO FgmmEado d90ymd LOMEYMALL.

9. gbmdowo 3393900l bsMOLLMIOO30 @O MBMEYbMdIMOZ0 bSO
330h39690L, ®m3  O0bsdozMMo  dmEYwoMmgdols s 33¢93900L
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