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Abstract

Modern trends of technological development are characterized by
implementation of a wide range of high-performance devices. With the development
of individual machines and machine systems and the expansion of their application, it
IS more important to increase efficiency of labor productivity and all kinds of
activities, resources and labor tools.

In connection with the above mentioned the aim of work is the structural and
functional development of automated machine tool systems (automated machine tools,
machining lines and complexes) with taking into account the cutting tools production
maintenance scheme related with manufacturing processes, the development of these
systems capability and automated follow-up actuators dynamic modeling and
optimization research methods and methodologies to directed to a improvement of the
effectiveness on quality and design solutions for the scientifically justification.

To the achievement of the intended aim in the researches are implemented:

— Analyzing composition and structure of existing automated and automatic
technological machine systems, revealing the requirements and functional
assessment characteristics;

— Review of the works on designing and dynamic researches of mechanical and
drive systems of modern machine tools and machine tool complexes;

— The revealing of basic principles the productivity parameters of performed by
multi-tool machine tool systems and automatic lines and construction of
mathematical models related to reliability of operation of cutting tools,
mechanisms and equipment of functioning with taking into account the
development of technological as well as industrial-technical schemes of service;

— The revealing of basic mathematical dependencies of productivity for construction
of functioning models, developing with research methods and methodologies. For
being in functional relation systems with the characteristics of reliability of cutting
tools, mechanisms and devices, related for that are applied of prophylactic and for
mechanisms and equipment failure the maintenance scheme;

— Mathematical modeling and synthesis methodology of dynamics according to this
transitional process. Electro-mechanical follow-up drives containing the
mechanical component as elastic links;

— Mathematical modeling and research of drives follow-up electro mechanical
system with taking into account the elasticity in the drives mechanical part.

In the introduction section is substantiated the actuality of the dissertation
work, is carried out the review of the widely used in practice automation and
automatic machine tool systems, are analyzed their structural and functional
characteristics.

The design and research of technological machines and machine systems has
been conducted. In particular, are analyzing the basics of the productivity and
reliability theories, as well as the mechanisms, drives and machine systems design and
research issues are reviewed. Are analyzed a mechanical component, as well as issues
related to construction and research of drive systems and machine tools systems.

In the main part of the thesis is carried out the analysis of the laws of the
production and reliability of the machine tool systems and is developed the
methodology of calculating the probability of the failures of the automated lines and
the methodologies of the operation in running order.
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The readiness coefficients and productivity expressions have been obtained
related for machine tools and machine tools systems that carry out the organization of
multi-tool processing technological processes for service schemes in which are
performed the replace of instruments in prophylactic and mechanisms and devices in
their failure mode.

The obtained dependencies gives the possibility to make optimal selection of
technological parameters. In this regard, in the work also are carried out the specific
design researches.

The subsequent tasks are related to the problems of electromechanical systems
of follow-up drives that are widely used in kinematic chains of machine tool’s robotic
systems. The qualitative indicators of these systems have a significant impact on the
effectiveness of machine tool systems technologies.

Dynamic models of automated electro-mechanical systems are constructed
based on the individual elements of the models and their compatibility issues. In the
solving of the mechanical part of the mechanical component, in combination with the
structure of the whole system, the original methodology for switching to
approximation models is applied using modifies characteristics of the imaginary
frequencies.

The general stages and procedures of the structural-parameter synthesis
methodology are based on the transitional processes of the study systems in general.

In automated machine tool and robot technical systems widely are used
follow-up electro-mechanical systems. In terms of realization of synthesis
methodology: the intermediate coordinates of structural synthesis have been
developed, the expressions of the desired processes for systems were compiled,;
systems of conditional and normal equations have been received, with regards to the
desired parameters, the expressions of solutions of normal equations are stated.

Engineering research has been carried out with respect to a system with some
initial parameters for the development of the proposed procedures.

The conducted studies have demonstrated the practical effect of the theory
developed by the engineering synthesis of desired system and also in terms of
possibility of further improvement of their characteristics.
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53853905 9Mm PsebYY dgEo 899339mdom, dgodErgds Imbgl MMM
0568080930 Md0m, 51939 359I IMOE. 056808 Y3O IO HTTs39d0LSL
6.¢.3 8909905 9903539L LOMOIMOYM FoMM3909wl 5 (bob. 2, 3).
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1

a

—=<
>—
= fh = =y =
S S —

5) 5)
zl/[_
Ll r

= :

©)

/f
1

d)
Bsb. 2. 6.¢).3-0b BHodomo 3m335690900.
1 - Bo6b0; 3 — HOdME0; 3 — SIGHI0M0 TogMHM3989w0, 4 — 35cdmIEHZ0MMNO
053MM3909¢0, 5 — Lsmssmogm ogMm3909wo0, 6 — MOLSESE0sbo
306E5mOHO GMIMGO
Bob. 2 3mOEMOHO MmOLOGIE0500 HMOdMEG0 6 GALbYEMGds MM BoMBL 1,

00Ol Bodbol  BoaMmM390wobodsb 3, 59gbgdl o330 YEIWL
©593H3060m3 oMM 3909¢0d0 4.
3.5.b-0b LESHOYIBHOMEo Bggdol FogsWOMO 61.@).3.-0L BHO3MHO doBIBY

65639690005 BobaBByg 3 [31]. bobo F9agds Lsdo 6.¢3).3-396. 8353806MYdE0S
Lo@®obBoGH™  FoaMm3z9dgdom 3, SFMMZ0w0s  ©IIGHZ0OMO 4 o
39003MbOE300000 5 IM[YmdOMdgd0m.

030 LHMORS® 490050{ymds Abgoglo G gooL 45dmI39d0LSL. 6.¢).b-
d0b 306360930 Bs5omgdom d,my35b0¢0s Bodwmdsmgddo [14, 31-33].

Lbodmdomdo  d.0.b.  FM935¢F0BbMOMOZ0  BaObgdoLOYD [32]
3390983030005, Mmame3  LolEgds ©IGIXIOoL  bsHmgsbo  bszsoom.
053080 39150 gIMOGOOD  “Pbrm3zEgds  dmdboer  53EHMAdEHOBOMGOIM
Lob@gdsbs.
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Sa—

Bob. 3. 3.5.b. LAEYIAIOYEo Bdgds 6.3.3-0L bsbby
1 -Bs®bo; 2 — HMdIMGH0; 3 — LsGMsbBo@M Ts53MHM39d9gwr0;
4 - L53306000m dMfigMdOEMdS; 5 — 25IMBGHZ0MHMNO AmMfYmMdOEMDS
3.0.b-0b BsMM30L LoLEBYIs JoMOMOPIE  MOLIBGLMMOs60s.  J390d

LoggbmEo  M9oe0BYdMos 303MM3OMEILMOMEO  3MBGHOHMWOM®mYdom b
do3hm  9.9.08-0m, 0505396  BH9dbmmmaom®o s LoGEMmbLIMMEGHM
dfymdomdgdol ddomdsl. dsGm3zol LoLEgdol Bgdm Loggbwmemo  mHg3L
62560H905L  LOGHMBLIMOGHM s 3HYIbMWMA0M©mO Fobdsbgdol FTomdsls.
L0 IMOYM FMfymdo™dgdol Logbswgdol dobgwzom, sbm®mEogwgdl oo
0Em300M905L  96M0@OLIZ39d0  ImJdggdgo0LLRSD.  0Mbg3lL  MS30MbocH
dmgd9ggdsl, o) dgLsdegdgeE0s dMfymdomdgdol dmdsmdol 350006 do.
35050 LBORIHMOHOL MgoE0BSE300LIMZ0L Fgodergds AsdmYygbadmeo 0dbgls
©s3s@gd0mo  dogdm  9.2.0. bdoto g ®wMbJgogdo  bsfowrgds
AH9J5Mmyomcmo s  Lo@®mIbLEMOEGM dmfgmdowmdgdol dozMm — 9.8.0-9dL
dmcob [30].

d.5.b-d0b 1bJd3ombo®mgdols doM0mMS©O 3539690 gd0.:
30063 gdmOHMds, dmfiymdowmdol 3mdsmdol bLyodgEmmds, 3MHMYJ3o0L
39033900l  MHOMIMEOMDS. 3960LsBE3M9d0s6  3.5.b-0b  Fgbsdsdolo
dobolinsmgdEgdol sbsrmy0mMo.

dmgdboo  533MAsGH0BoMGOMEo  Mdsbo  (3.0.7) — G9gdbmermaomeo
3smIONMBHo  BMbJaombo®mgdoo  LEfoMImm  LobGgdss,  MHMIgEdos
390035¢0Ljobgdmwos  Imgmdowmdol  gsdmyggbgdol  s630893r™doL
393300l qLodegdemds [16, 34].

24



3.5.99-0b MROM 9B 2930EI0ME 15T dgdL 8093903690056
3™639090mwo  LobEgdgdo, @osbsamdo ©s 0bwdsomdo  WMo3900,
d¢odgegdo [32, 36].

0.9.99-d0  BHMBLIMOGHOL  B535JOOL  MEOYIBOB30S d3ocm
539300690905 259OHNINE05690mE BEHMMIEGHYIOLMB.

bodmdomdo  [32]  gobbomwos  LoG®obldm®OGHm  Js6IOHEHd0L
doM0mMO©o  (H0o3gdo, obobo  FoMdmygbowos  bsb.  4-%g.  MPg@EHgLo

393603993 9w0s Bs3gBH0wo 653500900.  0BM©Ids ©939MLYIo 653500900
5mEobmds. oo MmEMREboBYGos  LoFoMmms  LobiEgdgddo  0sbyM©O
M6M039000. JugOHo @S  J9BIGHMPDMEo 653500900  oTobslinsmMYOYE0S
Lol 9d9doLsm3z0L 0bwdiomMo MMozgdom [32, 36].

30600500 303700 3535¢00m900

POomeo C - )
49360 GO0 C )

249683 mgd Mo ( I I: t )

- < 1
Jeaem®o
4 ) i

bsBHma560 “ >
693900y

245633 Mq0vemo A—I—_Lt_;—‘:_"

B5b. 4. Lo@BsbL3MGEHM FoMAMEIOOL oMM GH03gd0
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Juome s 2968@M™dIE  LEAHOYIBHMOL FJMbgBg LoEGHMBLIMGOEHM
bsBgoby, FgLodErgdgos MEOO s M58MmEYHoTg LoEMIBL3MMEHM Bodwswgdols
9050ds. gl 5O GIL BHOIBLIMOEHOL FoMIMZ0L LOLEGIGOL. 9930 YGOIE0S
390035¢00L{0bgd Mo 0d6gL  BOGMBLIMOEGHM  1Tw9oegdgOol  BdEMIOMGOJOO
dmgd9gool Dmbgdo @, LodoxgmMmgdol LolEgdgdo [37, 38-41].

1.2. &9g5memaom®o 356456980l s 56465078 LolsEndgdols
360mggdBHoM9doLs s 3330l Ls30mbgdOL Jodmbogngs

1.2.1. 8(5(3mgdemEmdol s bdodgommdols mgmmools
Lod3¢gd0

APoBMmgdEOHMdOL 05009353036 b5313d39L 9950039696
396mbBMB0gMgdqdL, GMIwgdog 935300609096 dsbdsboms [oMTMYdLMGMB
dmfymdomdgdol 3MbLEGOWJz0Mw, LEAHOYIGHWOME QS Lbgo
953969093 msb.  A[oMBMgdMOHMOOL  MgMEool  8g0Mgdo LTS gdSL
0093056 293035 M M3MmEbMdM035 F9bdsbsms IFoTMmgdMOMdS o
do00 ©bgM30L 93Mbmdozmemo 9899AHMOMdS, 39359650 BMm
533™35GH0B0MYOME0 9mfiymdomdgdols Lbbgoslbgos 35600563 9%0.
39300B0Mm®» 0LgmO 3565393900, MHMIGdoE 2obLIDBWIM396 TogdLodormE
30063 gdEMOHMdL 9B6s MBoegl 93bMB03M6 9839JBb.

3PomIMGOMOHMBOL MJMOHOOL dOMHOMIO IO Gdgd0 25bbowrmEo
0d65 g. 85m80sbol dogh X9 30093 1932-1933 §f. 8909y gu LsTgbogOHM
909500910905 MHY39GHO© Z3005MEIOMS. 0GOS P630056GdSL Foerdmgdol
Lbbgoolibgos 6M90d0. bo3dsm QILOYGOMEO SI0I0TeleTe))
3PomIMGOMOHMOOL  MIMOHOOL JOMHOMIPO IO GdJd0  HomImybowos
6536039000 [6, 42].

3 05130sbol  Bogl  F9Immo35HgdMwo  dgompol  dobgzom
05093530305  MIMOMO  ©H35300M90bo 50056 BHgdbozmeo o
93mbm8ogmMo  05B39690wgdo s  9hHMdomdsdo  (omdmoynbgb
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53GMB53Hgool s 933MAsGHMM0  boBgdol  Fv09853H03me  FmEoEl
30063 gdmO@dOLS s 939dGHMO™dOL bGO3.

Po8MmgdEOH@MBOL  MIMEMO0L  IMIErgdol  Asdmygbgdom  Fgladerms
0ymb  go5bsoBoMmgdmwo  Mmam® 9mgdggdab 3H9dbozme  3MmaMgldy
A996mmao0lLs s 3MBLEHMMOMGdOL gls ) ols B0>MIM™MEGd9d0. TJodEgds
399359090 0dbsls 53EHMToEH0B300L 39ML39JEH0MEMdS.

05308 dbMog  BHgdbmemyon®o  3OMmEgLgdoL  AHoMmTMIICMOMDS
36535 Homo ©5353006090w05 15533930 LoLEGdgdol LTI MMBSLMSE.

D500 30yMm300 LoRIObM LolEgdgdol BoodgEMMdS FoBOLIBOZMYGOS
399ob0bagdol,  dmfymdomdgdol s  8FMHIo  05MOVgdOL  Lyodgm
ddsmdom.

50603696 53538060930 gobzobowmm Ly0dgEMMdOL MYMEOOOL
BM09MHN0 JOMOMSO ITIMI0EIOMGdqd0 [43, 44].

©3M8935m X —  s6ob  Mhy3gdHo  dgdmbgzgzomo  bLoog o
Pla<X <b)— X = 8603369mdsms 8mbggots ob@gmgswmdo (a,b). X

booEOL  23bsfoergdol  ogBIMBEosMOO  BMbJg0s  obolsBgMNdS
AMEMO0!

lim P(Xx < X <X+ AX)

Ax—0 AX

- f(x). (1)

R}9bdizos  f(X) s3Mgm3zg X  LOOEOL sdsMMOOL  bodFoEMmM3ZL.
305bMmgd0m 99230905 BoghgMHmo
P(x < X <X+ AX) = f(X)AX. (2)
Aol Y= f(X) (omdmddbol ggmdgB@omwo 3Mmaqbo dgLaderms
50bLbsL 9990 0m3om. gobgzobommo 0b@gemgzswo, GMmdwol gotgom X
LoEO0Yq00L 3603369 MdIMS HoMTMIMds  FgmdEgdgos.  gb 0bGHIMZ5w0
DoOGHogdom  Xo, X o X, AX L =X =X, ©939mm  Log®dol ;3069
9mbs 3393905, OmIwgddog P(X< X <X+AX) 00300000 bgdmsb,
Logggbmmmgsbo |, bsbom 9gambisbmzme goam®msls (bsb. 5).
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©53335m,  3MME9LO SMOL MLILEOYIWM. EO0BYMHIBEosTMMHO FGEO
ol 36905, H®MIGELsE ©Yobermzgds |, GmEglsg N —> .

7

- S

X0 XL-1 L Xn g

Bob. 5. 898mbggz00 LoEoEMs sbsfoamgdols gdudgGodgbdwo
8bJe0s

000l sEdsmmds P(a< X < f) ©6md dgdmbggzom X - boool
9600369emds dmbggds 0bGgezsdo (a, £), 39bolsbwzMgds FmEOIMom
(Bsb. 6)

P(a < X <ﬁ):ff(x)dx.

0v) X = bLoEOEOL Yzgws 3603369wMmd9d0 03ymxgd0sb 0bEgeM3zsedo
(@.p),

b
[ fdx=1.
@5 ®MEgLSE Fgboderm 360d3bgerMdsMS 0bEHIMZo0s (—o0,+x),

[ f(dx=1. 3)

AN

Bob. 6. oBgMIB6E0MGO gobsfoegdol gmbdsos

-

99dcamddo Bogomgoom, Mmd  f(X) gmbjgos gobolabrgmgds
0639350 BYg (—0,40) . MHMEYLsE 9593560l SOLOD 498MmIE0batg gmbdizos
f(X) 2960L5BPZMGdS B3O 0bEIMZ5ww DY (&, £) , 892300005 Bogmzowmom,
doLo 3obLEBEIMOEMBds (—0,4+00) 0b6GYMZ5¢DY. (a, F) 06EIMZ5c0l doMgo:
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f(x)=0.
390650 gdol oxrgMb30smO 316305 FE0sbs© gobloBzGmL3L
d90mbgqz0m LooIL.

39650900l 063980500 13mbdiEos 9Hmgds Lodm3oIdIEgdL

F(x) = ff(t)dt.

5360939 L MHmgdab 2obsHowgdol gmbdiosl s gobsfowrgdols
0639acoeome  356mbL. Bmbdios  F(X)—@ob 250mI@obotgmdl, ®md X-ob

3960339 9603369emdolLLl 49bsHoegdol BwWbizos HoEbmdMm035 MMOL
39b5foegdoll IOmom, sBL3OLMS VIMHJOD S AIBWSRJOMW FgdEGowdo X
393969390 MmOHEOBsEH0m 250M 339000 Fot3bgbs FboGqu.
boog F(X) — oMol 0dol sedsmmds, ®md X —ob ooy
4m39wm30L 6ol F(X)-ob Bsgargdo X -ob (a, ) 8mpgdne  0b@ghzgowdo
9dmbz90M0L 5edsMMdS J5dMOoLObgds :
Pla< X <pB)<F(f)-F(a).

©OxYMHIb30sMHo 2obsfoegdol  f(X) s 0bGHgadowmemo  F(X)
2bJd30900 5353306093905 M96IRIMOMI0M
F'(x) = f(x).
d90pamddo bdoMs guolfogero Fgdmbggzomo Loowol dodstro
%303)H0M90L MIBHYMBYdM 3MFomdol O, 5649 O™ 3MFomdOL IYgd0EIH
hymdm0b  godmligersdy, OMIgog  obolaBrzmgds (0,+0)
Bobg3MoMLalOmEm  0bFYM35cmbg  ©s 006G Moo Asbsfowgdol

1bJE0s MIgEHgLe BofigMowo 0dbgds slig

F(t) =jf(x)dx.
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50bodbmmo  dogmdom F(t) oMol dmfgmdowmdoll s 0s6Mspol
(96005 dsm0 LoLEBHYGO0L) IPYMIMOID Fodmbgerols sedsmmds ™ol (0, t)
069035 by.

R}96JE0sl

P@t)=1-F(t) =1—jf(x)dx (4)

MPm©gd9b  dm39dmwo L5039 MMdOL  gmbdizosl. boos,  H™I
P(t) dm393meo t 3603369 mdolsmzol Mol dmfymdowmdobs s 056500l
M3BHYw9oOH™Md0L 3MFoMmdOL SEd5MBSL OMOL t dmbs3390do.

o) P(t)-bL 99939md00 50360365300 Bo@bol dEHYwnbgdm d/Tomdsls
063H96M35¢bY (0, 1) s p,(t) -om (i=12,...,n) 30 i -MGO 05(500L ©dEHY1bgdm
9ddomdsL 59539 063350y (0, 1), bLysg IMPYMIOWMBJOO S 03MHPVIIO

56H0L 53300090930

PO = p.OP.®)...p, (). (5)

M93HYb9dm 8m85mdol EOHMOL AobsHowgdol 356mbgdo gobolisbrzcmgds
993960996¢30b.

Lo0b710bOM 2o0MM3wdTo B godmygbgds 33mzgl dgdmbzgzomo
3600836903900l 94b3MbgbE0sE MM BMMToeMTs, WMYPIMOMINWDs o
3900990l 4965(0qdol 306Mmbgdds [43-45, 114].

Bemdsqom®o  gobsfloamgds. ©OxYMHIB305w MO 536300
3960LsBE3MIdS BMOIMWom

(X_Tcp )2
- 2

e (6)

1

o2

f(x)=—

Loog: T, —89000b3930m0 Lo@OEOUL Lodyyserem 3603369 mdy; o —3gdmbgg-

30000 LOEOOUL BSTYSEOM JZ9OMSGHYIENO QOWIHGS.
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dmfigmdomdgdol, d94560Ddgd0l s JsMrm30l 9ergdgb@gdols ®mmols
905bEM390000 25dmbobgzolsmMz0l MMM fglo 094gbgdgb 9dudmbgbiose
39bofoegdsls  (bob. 7, o). 0go  2960LsBM3Mgds 0bFHIbLogMdOL gMmo A

3565393HM0m.
3) P() Tep
1 _..._.t ———
Pty =4t I ol
( ) [ Tcp
)
i 0.633
LS ST
0 T 2Tc cp
?)) cp p
P®)
P
Tep
~\\N 0 l .
0 Tep 2Tep 0 Tep 2Tep t

Bob. 7. 3565foergdols 9dbdmbgbgoser®o gmbdsogdo

A 5608 bmdomdol  0bFgblogmds  (Bsgooms,  md0gdEHOL
0905996560056Mmd0L 50965 Mds) MB0gdBHOL (M0, 0go  MOMOL
©OMoL  gohmgmdo  (omdmddboer  bmdowmdsms  Lodwmowm  Hosbgl.
bmdomdsms  d9dog  0bEHIbLoOMIOLIL  Food  FoMTMTMOIL o3l
9Ju3mbgbgoscrm®o  Lsbg s  99dGmbgdom  IBHYMbgdoms ™ol
99b30b9bzos NGO 25bsHowgdolsl Fomo 0bEGHIBLOgMds 30305, WYYEIM
ddYmbgdoms  9mdogo  0bFgblogmds 9L @ozool  3gMomdo
Dom0mgbl 353500  BodBHMEOL B9gdmddggdol 99gal “Y33WIE0 256
3061900l OHML. HMEILSE MdO0JJGOL s339egdoLY S 33900l IM3w9gbgdo
9306955 oMmbIBMWO @S FJR30d05 TS0 YA ME3GOJIYMAS.

06393650 M0 13bJ300L @ gds, T 25dmolabgds sy

P(t) = exp(—At) = exp(-t/T,) , (7)
boog: t—@molb  0bGHgMzomo,  OMIwolomgolsg  gobolsbniz®gds
B5099MMdOL Fohzgbgdgwo; A =1T, —asbsfowwgdol  3©dogz0 ©YId0MO
Looy; T, —Lodowm 8608369emds T 'gdmbgggomo 3603369emdobs.

31



99b30b9gbgos MO gobsfogdol 0b@EgaMow o 33bd30s BMOIMES
7-0b 565b3o 1Mol (bsb. 7, 5)
F(t) =1-exp(-At) =1-exp(-t/T,). (8)

99b3mbgb0s Mo gobsfowgdol  oxBgIMYbEgosGmO  BMbdisos  (8)
RMOINYoL 0565bTo Mol (bob. 8, ¢)

cp T

cp

f(t) = Aexp(-At) = Ti exp[— i] . 9)

bM3o®mdsms 06FHIBLOMOMDS 25dMolobgds Sbg

w10,

cp
99b30b9b3E0s MO0 A5BsHoEgdol OML, BEMBoEIMdsMs 0b3YBLOZMdS
560l 3903030 LoWOY.
d9dobgg30m0  LoEoOL  Lodmom 3609369 ™ds  (Bs9oEH0IMGO

@M©E0B0) 3960LsbOZMIVS BOOILIWom
Te =(T) = Itf (t)dt :J.tﬂ, exp(—At)dt = % )
0 0

M9BOO0 S IBIMIbMmdomo  3BYMbgdgdol ML MAEHYmbgdm
03500l 5dIMMdS T 39MH0MEOLLL,  SWBIDMBIMS  25TMISZEGOOL
09mMH9doL 09bsHT> YOO

P(t) =P, (OR ),

bosg P.(t)=e* s P,(t)=P,(T+t)/P (T)—89L58500b50Q 935600 5
0560m36Mmd0m0o EY690900L s5OYMFBEOL S¢d5MMdYdOS.

8090936M™d0mMO gargdgb@gdol 9990mgdsDg 52900 LoLEGHGIoLsmM30L
»3@YmBgOM 3MFotd0oL 5Ed5Mds t 39MHOMPA0 MOl

P,(T+t)

Pon (t) = €7 4TI
I:)ni (t)

, (10)
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Loog 6036900 2 s IT 50960865396 xo0b @ 3506030 qdsb.

Bob. 8 6583969005 09569bMdOMO 8BYbgdqd0L 939600 BEYMbgdgd0L
@5 M9GHYMbgdm  3MFomdoL  SEdIMMBdOL IGO0 MIBEIMIBMdOMO o
93900 93Ym690930L gOHmMdE 030 dmddggdolsl.

P(t)

Pm(t) :e-’“

P(t)

Bab. 8. m9g39®0 s 056056MBOMO IBYMbIdJdOL JHMDdEOZ0
3mgdggds, Logsg P(t) sLabsgl Mmgss®o dGYgmbgdgdol dermls

OMEOYLSE 00906MBMdoMO  IBHYMBgdgdol 06EBLOMOMBDS B0
X539960 3090 Tgglodsdgds P, (t) 96mb. 390amad 30 33907M5© 0330 9ds.

096@smbmdomo  8@yMbgdgdol  3gMomdo oo  0bEgblorHMdS,
MmO 3 §9L0 FMOZSER IO TOMVOWOY.

9939535300l 39MH0MEA0  5©A9bs©O ®309d3HoL  dBsymxnbs
D068 96L LoodgMMdOL 3MB3egdume F5B396909wWl, 00 SHILOSMGOL M

®30L905L:  MI3YbgdmMdOL 5 50A9bs0doL  M30l9dsL.  MdOgIEHOL
L5039EMMBOL  Fgxkolgds 96s OO  FMFsmbsM0IbMOOL  50YIbsMdOL
©OMOL  3dm35obfiobgdol as69dg.  LyodgEMMdoL  I60dzbgerMmgzs60
9539690905 50g650MdOL @OHMOL  gomzswolfjobgdom  Fbswymabols
309803096@&0 9699 8m85bsm0560 BYMIsMGMBOL 5¢EdIMDS [45].

M309dBHoL  335mbs0sbMdOL 5Bl MM ITMIOYINYWOS
dmdogzo  u  0bBHgbLbogmdom  gdudmbgbgosw®  obsfowgdsliorsb

0905996560560 8yMBs6gMds dEYbgdol 999 90YYds 339 Mbgdy.
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®009d3Hol  9aM3sMgMmdsms dMbodbmeo aGmsgo dmEgdeos bsb. 9,
Boog S, — 385796560560 @ S, — 50587)857165(0560 dEHMB>OYDS.

©OML 99b3mbgbzoswr®o 3oboffoemagds 9H9bgdsmd Qo
50A905@MBOL MMM TmMOL  0deg3s  BodUogdSL ™d09J@ob
3995916500560 5 565859500560 FEYMT>MYMOJIOL gobLDWIMS Fot3Mm30L
95399530360 53565E0L 259mygbgdom.

s, [K®

Bsb. 9. md0gdHOL AYMISMHYMBIMS JMSGRO

LoLEBHYIoL  BEYMBIMYMBIMS  SEIOIMMDJIO  [o®MBMoY)bgb LolEGHgdol
dmgdg9dol 3b0dzbganmgzsbgls oboliosmgdemqdl.

LobBHYIob FEYMTIMIMBSMS  SWBIMMOOL K50 MMl bgdolidogMo
9396¢&0Lsm30L YOOl gOHNL

PO +Pt)+-+PR )+ +P )+ + Pn(t)z_zn:Pi(t):l. (11)

LobGHYIob IEYMIIMIMDIMS SEBSMMOYGOOL AIB6EHMEdGBL [46] Dms©O

doamdom 593L Loby
B3 2,0P,0 RO 4,0 12
(=12-) (i=12-). a3
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1.2.2. 3994560B9d0U, 599653900l s 564965078 LoOLEYIGdOL
3699B0Mgd0Ls s 33em930L Lyzombgdo

994960B3gd0Ls s bbb LobEHIGOOL o905 0fygds MroEoMboEIMEO
306935303960 1dgdols 8dmbg 99dsboBaol GgmBgz0m.

9999603930l LEAOJEHOLMID  S39300MJPMWo  Bsgombgdo
3obbomos .3, SlEOL s 9. Foewodgzol  65dMMIgddo.  Fsmo
30oL0g035300L 890amdo 296300050905 SLOBNMP0S 3.3. EMIOMIMEEIOV,
0.0. 5OHMMdMg3L30L [47-53] s G. GOMB3IGL [54] BsdOMIgdT0.

36535056 9995603900l 33¢09390L  2obobogrogab  b.o.
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boog £=12,3,..., 350m3obstg ©sdm30090eqdg00sb

(N, <N, <(C+DN (167)
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X80830 =1 bggdosh gzgws A9Ibm@mpon®o  gowalgwydo,
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Iwgd03 bobosmYd0sb GOl MoMm©gbmdom, Mmdgwos 03ymzgds

b03Mg0do N, . -6 <N, min-0gyg.

X3ndo (=2 b3gds 39dbmemyom®mo  4osligergdo, MmMmIwgdo;
bob0smMYI0SD 3539 T5390900  YGHIWJOOL  MHOMEIbMdOm, MMIgEo3
-6 <3N, 0009 s 5.0.
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05650900 8933020l OMOL Bobom 3099bgdm M I0IOICGdSL
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Loo3 & —1-¢ro0 3¢5Lol 43z9es 05MWYdOL d9g33eoLsM30L  LyFoMMm MM,
a, —09-2-9 3€05L0L 05(50g00L F9(33E0LsMZ0L BdFOMOM O™ S 5.9.

99m6g  3slol  0565Mgdol  d933wobsm30L  LoFomm  M3E0Tow GO
@OMOoL 36533900 2oboLsBLIMGds Slig

a
a?=2(a+2 4.1 %| (169)
2 k
K 3amslolsmgol 30496980 s9m 3009099 9dsls
a a

099 15ddg 23993l 939539056 BoGb-53EMo@bY 49b6ALSBLIMgO
39653008 LoBJoMol 3608369 Mmd0EIL  29dMmBE0bsty  M535WB0SMSMM
LobGYdob AFoMHTMGOWIOHMBS obOLEDBZMdS MO GIOD

RTon

V RJj‘TV
- T R0
R(T, +a® 3

Q,

xP

s+l

(2X)-+-F(2%) -+ Ry (kv) P (kx)ax, (171)

boo@: S, I o g—3d9Ledsdolo 50bodbsgzgb 1-ewo, dgmeg s 5.9. kK 3ewsbiol
0565090.

88



2.3. m3&H030Bs30mM0o doymdgdols Bsdmygogodgds
LoBo®bM 3035¢mm35¢g 53dM33900L YOS

©5 3393380
2.3.1. 0693500630e190056 dgdsbozmMo bsfogrols
0065303760 3mgegdol 39349853905

LSBIObM  ggd@BHM™Igdsbozmemo  Jmmgzgowmgzgowg  98dM53900  o30L
LAHOMJGHMOSd0 BoOPME M0(353968995603M6  BHMIBLAOLOYIL  dgdsbozmMo
9099JAHMMJOOLS O FoH3JFMS BEOIBB0-FobF030 Lobom s FobLIboggwo
LobBHYIgOOL  ObSTO3OL  FoMTo390Io  IMPIWOMmYOOLIMZOL OO
96003690md5 5438 Y3500 30190900l A9M35¢oLfobYOIL B0 Fosd390
Gmergddo. [118-122]

33193990L5m30L JoDsbTgfHmboros 99dsbo3Me googgdsms Bgdgdgdol
Pom0mpabs  igzsb0o Lsbom, ®mIgewdog  ©@s 3J3gzol FoHBbosb
3900306569 Losbgsm0dm  dqdgdo Tgbosdems 8903930090 g Tobol 96 o
693500 9193963 Jd00 5353806090 sboms LoliEgdol 96 boforgdosb
9mb533900m5 39BLEBOZOI HBM3M9dT0.

AsLoms 9Y3560w0  Loog Fgodegds 0ogml  dvdogo 56 s sbY39
B3LOXO.

956496990l go6g 9330603908l 9693903690056 doegdo b dogwams
93963900, HMAg003 H0bso0Bgamdsls M§939b 8s64sbsms gargdgb@gdb.

099 39630bowsgm 994ob60BAL, oML dMOZ5LS O 29306,
LogoE3, M dMoegol  ddMYbsgo dmdgb@o o I, II, o III dgrogggdols dog®
5LSAY30 IHZOMZIV0s Mic, Mac, Mac; i, iz, is 39005398505  FoGEOMBYB0S
@S 71, N2 5 113 3560 J999gd0L 3m9R03096EGHY00s. owgol III dotibgbs
dbsM9H9 05943956000 IMIGbE0 obolsBE3MIdS SbY:

M: =Maiy i2 71 72— Miciagz— Moc, (172)
borgnm do6rx 3965 bty
M2 =Mac/ i3 73. (173)
3b65@MY0MMo© owrgzoLbmgzol II dogowmgdm
M1 =M,i1 71 - Mg, (174)
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Mz =Mosc / izisnans + Maoc [ iono. (175)

0v) 5036036530, H™I M1, M2, M3 dmgddgo  9egdnb@gdol dsbigdos o

9500 8dOMdOMO LoBJs099d05 V1, V2, V3. @5 351900 59453 Vo boBdsr00
dmd653 9ol FgmEHowgddo, 35306 BsofjgMgds:

mnvZ _ mM mavZ . mav?
n0:1+22+33+m,

2 2 2 2

59956

2 2 2
V. V V
m,= m1—12+ mz_g+ ms_g+""

Vo Vo Vo
LoQS(3 Mn —5Y39560¢ Foloms 3608369 MdsS.
079 3530m35¢0obfiobgdm, HMI
Vi_. Vo Vs

_zllv _=i2a _:iga---a
Vo Vo Vo

d5dob
My = Mais + mai;+ mais -
o) boddg 2359436 MBS Aobgdmsb, dsdob 0bgMEools dmIgbEgdOL
05943565 bead 309 @gds sbg:
L= i + oo+ s+
Logos 1, —8949560B3ol doboms 0bgeEools 3mdgb@ol ayzsbol 360336gemdsy;
I, 1,, 1, —=899560%dol 9engdgbEms doloms 0bgmEools dmdgbEgdo;
51y, 13— 250003995000 F9L50530LO EOTMIOEIOMEGDS.
535bm9b 9O 3949603M0 GHEMIBLAOLOYOOL BBl WS LobmgBol
3MM(390M030  BoMonm  o8mygbgds  33m39L8 065303 Mmo  LolEgdgdol
39056M30390ds  ImEgEgdds - 99 9dds 530U gdOL
3993060900 bsdolbgdom.  sbgmo  4oabgwol 369G Emdsls
Pom8moagbl  2obLbsbowgge  LobdoMgms  ©0s35HMmbdo  LobdoMgms s
H935m5 ZMOHIGIOL bo®olbMOM0Z30 s MOEbMdM030 JosberMmgds.
36535¢00510560  ©065803MO BMYEdOL A55EME03900L FgMEIO0SH,
©OgoLYM30L  Fgodergds  50bodbmb 9. 603060l s . d3Bsbol doge
09999853900 dgomegdo [119-122] .
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33600gL0d530Wo dMmEYEgool d98ds3900L by300bgdo AobboEIMEos
336M9gm39 BodMmdgodo [120-122].

39b30bowmm 9360 JLodsgoeo MY gdOL 539008 J390mom
9my3560¢0 MmOH0y0bsermHo MgMmGHor)eo doymas.

399560360 FH®sbldolools obEMEgdsms LobEgds dgodergds BsofigMmb
399990 Loboon:

A.(P)e(t) + T, (1), (176)
BoQS3:
A.(p)=1.p*+B.p+C, (177)
P — ©0396963060900L ™m3965EHMm®0;
I* — 0696300 FoE®039;
B* — 3¢096@0 §0bsemdols ds¢®os;
A* — 25b6bsboergqgmo LobGgdob oGO EY;
o), q(t) o fu(t) - 3oobned  30mOEObs@Gms, T9ds3sew o
0909509300909 99009 9gd5ms 39JGH™MMJd0.
OIS (177)-96  go8mdobstyg 1533w930  30MOEObsGHMsM30L
3900593990 35G35 35dMOoLobgds 99890 Lsbood:

D(s) = A (s) = ﬁ A(s), (178)

Loo@g ;&(S):[Aik]T 0905960009090 do@GM0o3ds, 8, 9w9996G0L 5¢ygdMXo
53539059, S — 3dLOL ForsTJbol M3gMOBHME0..
3Bomyom@o 0lsBE3Mgds D(S) 4993900 ToBHEOEdS  398MToZ5wO

3MMO0bsEMom30L
090 353M0bsbgds SbY:
Wi (s) Wi,(s) . W, (s)
o (s) = W,,(s) W,,(s) . W, () . (179)

Wnl(s) Wn2 (S) ' Wnn (S)
5Boema0mM Bs0fgm9ds 35093930 do@eog P (S).

BMYQOWI:
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Wi (s) = g‘ ((SS)) , (180)

W, (s) = % (181)

boog, 1 =1,2,..n, k=1,2,..., r =1,2,..m.

3939 3mMOHEObsGms  FobsbosmMGdgdOL  253M33930L5m30L

30949590 5330009099 gd90U.

@ (8) =W (8)- Gy (5), (182)
boQS3
_ A).
Wi (5) = 5 o (183)
A (s)= Zaik (s); (184)
Bi (s)= zbik (s)- (185)

bomeem 3, (S) s by (s)— m3gGs@omwo 36og5w9309d0s.
Mm390sBHmeMgdo A (S) s  By(S) 990md6mbgdmwo  gmGdom
d9L5d 53905 Bs0fgOHMb SUg:

B.(s)=b s™+b ,s"+..+b,s*+b,s+b,;
Ik() m m-1 . 22 1 0 (186)
A (s)=a,s"+a,,8" +..+a,5  +a,5+a,;

dMogoew  Jgdmbggzsdo  Lafiyolo 193096, oM EH0390wbBY
3905130 LsmM30L 094969096 961509I3B0MYdS LosbYIMOTM 1sdgagodl.
sbgm  99dobggzsdo  MY39-0bgmHEowo  LolEgdol  dm@gEo
500(jg09ds Laboo:
lp+Cp=0, (187)
Loo3 C @ | = M935000 s 0bxMEF0MEP0ToGHMOEJd0S.
AMEmds (187) d90degds bsofgMml sby:

p+ANp=0, (188)
boQS3

92



A =1"C. (189)
(393G 3MMOOObsGHMS ©0b5303m60 3sbsllosmgdEgdoL
39bLOBE3MOLIM30L, 3049690 HFM 0O gdSL:
P =W (8)0buc (). (190)
BoOG Oy (S) — 09053500 s @, — K -m60 458035350 3NMOObsEHGd0S.

5650939306090 Bdgdobsb 339969ds:

W, (s) = gg; . (191)
K
bOQS3:
B, (s)=h,, s*" +b, ,5"" +...+b,s* +hy; (192)
A (S) =a,,s™" +a,, ,8" " +..+a,8" +a,. (193)
m=1,2,...
n=1,2,.

50Lsb0dbs305, OMI MM ObsT03MEOO LoLEGHYdgdol dosbermgdomo
53900LsM30L  gOM-9OMO 9B9IBHMMO doEMTss  Fomdmbsbgzom LobdoMgms
3obsloomgdEgdOL godmygbgds [68].

9t3535¢08d0 300396060900 3bJ309000:

B(s?)
(%)= : 194
(Dk ( ) A(SZ) ( )
3obbogsdo =52 m3gOo@mmol  Fgdm@sbom,  3fgem
dmO0x0(306090w 25dmboboengdsls:
B(s.)
«(8.) = , 195
P () AGs.) (195)

GIgog 00306 dbMog d0939m3690s 9JudmbgbiEoscm@Mo dyqbgwrgdosbo
3900593990 36MH™m39L9d0L IJmbg LoliE 9ol gowsd39d0 Bb300L sbsgmyls.

3900359d3L BHM@mds S* = §, 2593003500 HoMdmlsbgzom LobdoMgoms
dmO0x0(306090w FobslosmMYdWgdBY s 98I0 33MMJLoTs300LIMZ0L
30b9wddm356grm@©  (omdmbsbgom  LobdoGmgms  IMEOROEOMYIMWO
dobsolinsmgdEgdol 0bEHYAMIHO Josbermzgdom.
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2.3.2. m3#000B53049M0 30Mdgdo LaBsGbm dmmgz5¢mzoeg
509653900l 33¢g30L5¢d0

BodmMmagodo  [136,137,138,139,140]  GomImpqbowos  fo@dmbabgom
LobdoMgms FobollosmgdgdbBg 93900 LobmgHBol dgomo dmEgdwmwo
396005353500 3MM399d0L dobgz0m.

om0 259myqbgdols Log3w9dz39emls o63moygbl  ol, MmI

dsboliosmgdEgdol Bo3dom@ Fo®oo  Esdmbggls LobdoMgms 360d369wm356
56930 999L58509d5 MOOY0BIWdOL ITNb393L [136, 137, 138, 139, 140].

) mOH0Q0bsols f(t) godmbsbmergdol F(p)=f(t) sMymdgbdl, bowss
P — ©0xIM963060900L Mm3geMs¢MEm0s, 9m35603gdm Moy Logbmd®og p =75
960093690 ™d90L 30300930 Hocmdmlisbgzom LobdoMmgms Jobolosmgdgwls.

BMo©0 30300 B5530MMmJlodocmgdgo FoMdmlsbgzom Lobdotmgms
3sbolosmMYOEIGOO 50390056  gobMlsbmzMgwo &, ©s b, 3mgxzoE0gbEgdol

39900990 Lobol godmbobyergdoo

3

Fo(p) = b°+b1p+b23p = (196)
ay+a,p+a,p’+p

Fe(p) = b +bip (197)

a, +a,p+a,p’’

boo3 8 s b 2oBLElBE3Mgo 3mgn303096¢)d0s.

306039  MH0oado,  doboboomgdengdo by  0m3z5¢olobgdwbyb
b3 F°(0) s F°(~) 8608369wmmdgdL.

LobmgBob 3gMom©do 3mgxn03E0gbGHd0 & s b s60sb Imgdmwbo s
L5d0gdgdl  F093mm369g006  Llsfyobo  LolEgdol  MHgamEoMgdSO
30MmOEObsEOL  godmlobwegdsdo F(p)  Fo®dmoagboo 3mgzosogb®gdo.
D900 30300 300MMO0BEJOIOL 2odmbobryargdqdo Bsofgemgdosh sby:
M(p)+Y.,M,(p)

F(p,o))= = = x(t) (198)
N(p)"';Uij(p)
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Fo(p) = “,g'((;’)) - x°(t), (199)

Loog M, N° , M N-— pl 350339090 30¢0bmdgoos, o; —bsdogdgeo

309303096@9005 (356509EHM9d05).
06936500 805bMmgds bme30900q0s Sb9
(p.o;)=F(p) . (200)

OIol 25800 bobgs
Me(p)3 ;N ()~ N°(P)Y ;M (p) = N°(P)M (P)M(p)N(p).  (201)
= j=1

90000l Mobsbds s p=0J PBsbdoo 0fgMgds  306HMBOMO
296@M@gd9d0  53MMJLodsgosms | 3356d9dd0.

Bsddmddo [137] 693md9boGmqdmeos bLobdoMOgms O,  3obmogligds
39039EHM0Mo 3OHMaMglool

0,=0,9", v=0,---,k—1.
0565b3o, HmIgedo 36093690 q=2 .

0999000 30000 6EMEgdgd0 3930 gd0s6 A, (5,) bs363w By,
IOl gobloBzmolomzol  LsFoMm  mgmeMomeo  dsbogms  dmygzsbowos
6596mddo [137].

Domdmlobgoom  LobdoMgms  ©sxdbgdmwo  Lbobmgbol  dgommeol
©53LOMEgdg 933l [omMoygbl  IEMOMBdOL 30MHMdOL  FgdmE)sbs
390069050 350539EHMOL 350053006 89839Md0m.

0565b3o 65dOMTobs [130-136] gL 35605305 beM309@ds LELYIMHZ9E
30m3gbgddo  dgdm@sbowwo  Z, —@@Omol  FsLIBHVdMOHO 398030 9GOL
d9039mdom @5  BLmsb 3930060930  LoLBHYIOL  3MMOHOBIEJOL
39b30bosgm Lsbom
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bmyo©o doamdom  MHgMEoMmgdol LoliBgdol LEMMJGHMOS 89033V
937 OGHMOLS 5 MJRM0MgOol MdOYIAL,  290MToz5¢  3MMOHObsG M
9095Mm0 5OLYdME 993393006093l s Fo 0T SOLYdME Fgdox 590G
fymdoemdsls [130-134]

0535300609000 50b0dbmemols Bob. 15-Bg dmyzsboros 3353806900
LobmgbBocmgdoo L) (=L--n) 3098303096(¢gd0L  d9dz9mdom
M330doeO0 JoOM30L  MgoeoBsEgool  derm3-bidgds. o 9399393006900l
50mobMds  MOMoL  ©obsdozmemo LobGgdolb  Gogl. 33533060900
boaboargdo 30  mogol  ABMOZ  FomdmMoygbgb  LoLBHYIol  QoBMIZS©
3MMOH0bsEJOU.

LobmgBol sBYMABs Bx0IMEDBs, F0OMM FMPIEIYOO FoMZ0L LB
[133-134].

305559900 » 36Mm3gbo F——ﬂf—-h—

f | X, (t)... X, (t)...

Bob. 15. Ggameo®gdol Mm3G0dsemo Loliggdol biggds

B®om® 256 MEqdsms LobiEgds s0Lobgds slig:

X = AX +G(t), (203)
boQS3
X (t) 0, (t) a,; a, -,
t t ...
X (t) — X2:( ) 1 G(t) — gzz( ) ’ A =_ _ail_ _a_22 _____ a iﬂ ’ (204)
X, (t) g, (t) a, a, - a,

G(t) —go6m9 B90mdd9gd900L Bw9bd30mbsgrm®mo o@®mos.
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9ONEBMI0gd056 LobEHYGIOLIMZOL BHMMds (204) BogfhigMgds Sby:

X = AX +G(t); (205)

Y =CX, (206)

5 Y = bobGgdolb 459m8s35¢00 30MmOEO0bEH05;
C=[0,0....1].
o
9:(t)
G(t) = 0 . (207)
0

@O3EolOL  godmlvb3gddo  AMYZoWABDMBoEgd0sbo  LolEgdgdolosmzol
3396995 [149-150].
(SE— A)X(s) =G(s),
Lo E — ghongmeo 3s@6mogs.
9OEBMI0gd056 LoLEHYIGdOLIM30L 30093 339J069d5
N(s)x(s) =M(s)g(s),
Loooz:  q(s) o X(S)— 890mdsgoemo o godmdsgzoo  3mmM0bodgdol
2odmlobggdo;  N(S) @d M(S)—S  ™3gMms@GmMol  dodsmon 4563399900
95350 936M9d0.
0dobomzol, M™Ad LolEGdsdo  33dmbgl LolvMzgEo MHYAMEPOMGOSLO
X,.[1)  3mmeobs@o  d90sxedgdger dmfiymdogomdsdo vbos 99dm@om@ql
©90mddg9ds
g (1) =0, (O —9(1). (208)
boog g, (1) — ©95¢00Bs3oolbsmgol LobmMgger 393806030  Igmgzo
©90093909d5; g(t) — 399mTogowo Bgdmddngds.
59:

1
ch (S)

9,.(s) = X, (8)=9(9), (209)

boQS3
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M ke (S) — @
N (s) q(s)

5653694306930 LobEgdob 3osdEg0o BwWbJEoss.
505900 g, (S) Dg8cg8gg0s 3360l BOZMYdS.

ch (S) =

ggm(s) zZ:ﬂixi (S) +gig (S)noc' (210)
ob
Ko (0= 2 AW ()X, () WO[0.. KX, 0] (211)

o) M) — 9900593990 gbd30s  9653mEM9]EH0MGdMEo  LolEgdobsmgob,
Omdgwdos X, (t) —Lsbvezgwo  3mmOEObsGHo; g, (S) . — 9000093OMdOO
M0l g58tm353500 30MmMHO0bsEO.

59 LabM39e0 3MMOEObsEJd0 X, (1) 3960LSBOZMYd0b slsg [140]:

X = AX +G(t)+G,,(t); (212)
Vo= CX,
BSSE:
Gex(£)=[(9x(t) 00...0)] ™; (213)

Oe(t) =281 Xioe();
Xize —BOLE9I0L LOLIMZ90 3MMOOBsE 0.
d9L50530L  MOOYOBIWGOMI6  J0TsMINYdSTO LobmgBol  STM356s
950D Y0s 89090 B6J30Mmbswgdol dobodobsgoom:

o, {[ggm(t)—zﬂixim(t)Tdt (214)

ob
cDg=ﬂxgma)—zﬁixﬂmtwxbo(t)Tdt, 215)
bo@dg Xl - Lobrgdgomo  3s8m8535m0  30mG06sG0;  Xelt)

56530693000 wo LobBdol -0 fi Xix(t) 9ybgargdol  godmdsgsero
300600653900; Xso(t) - LobEgdol sdmbsblbo
[9(5) — koc Xene(D)];

98



Koc - 80090569Md0L 3006 BEo v39935380600L 3009530309630.
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b 500b0dbML, M LssbAIMOTM bsfools godstEHozgdol dobbom
dMogoew  d9dmbggzsdo  gmbdzombocrgdols (261) o (262) dobodoBsiool
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396GMgdsm5 53)F539050.
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D9OGHomgddo s oo MI30MgL  335MSGHMS  FJNMEO”  ©TMT3900L
0909290 300900  bmMTome  AsBbGHMgdsms  LoliEgdol  Lodogdger S,
3M9%303096@ 900l dodsMo.

2.4. LsBsMbM 33EMBdEHOBOMYO™ME0 FMMZIEMZIEY
993BH®M3gdoboz Mo 53930l ©0bsdozwmGo
390Mgdd> M9350MIOL 45m35¢olfobgdom
399o603m6 bsfogmdo

653Gmddo  [140] gobbowrmwos  d9dobozm®  Bsffoerdo  Mg3s0
393006M900L dJmbg 53dM0z3ms 9ergdB©MMdgdoboz®mo LobBgdol 3s6sdg@cmeo
LobMgHBOL M 3565, MM LobMYHOMYdsEMIOL Loboo Fomdmoagbowo
56056 35MowWwgwMo  353Mm6M9JBH0MIOI0 MM gdol  35689GHMIO0 o
39909MH930L 395303096G0 LoLEJIoL 30MI306 353806 0.

Dom3magboer Bs3HMITo 8gdsMmgMdIOL MIYaIEsEMMO F53MmMgE0MJdW
bsBdo Fomdmygboo s6MHOL, OMmAMOE 35dwogmgdgeo, do0bEgaMoMgdgeo
@5 350008gMHg630M9d9wo  Mymgdol  xsdo, OHMIgWwms  39653xEHMYO0
15d09dgbo 5C1056.

Bob. 16 dmygzsb0o0s Bs33930 LOLEAOL gOHM-9Mm LBEHOYIEGHWOHMEO
Udgds, MMIgEdoi 90bodbe  MYAMWIGHMOMD ghmo FoMdmoygbowbo

50056 ©gboll 3mbEHMMOL @S LOBJSMOL MY MEEIGMMYd0. LEOWJEHOHVI

UgdgdsBy: W, W, s W, —8950530b5@ 3gdo®gemdol, Lobdseols s @gbols
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93 GMMgd0s; W, ©s W, —Gomob@mOmmmo  a56M©sdddbgemmol o
390L6MH 9090 dMs30L 253900 BbJzogdo; Wy, , Wy, s W, —53d6s30L
3999603160 bsffoerols mEmBsliosbo obsdozmMo dm@guom 2sblsbmnzmwo
2593900 BbJ30900; U, U, i, U, 1, ¢, @ — LobBgdol Bgbsdsdobo
00 900b 453535¢00 300MM0bsEHJdO.

Bob. 16 56 560056 {omBmqboebo 35Moegum@mo d53m6M9dE0Mgd9w0
X533900, 353603 o0 5MLGOMdS 0LEMOMYOME0s d9damdo dglsdsdolo
9539953031600 593009090900l d9dmEoboo.

3obbogs  sdm3sbsdo, Mmymes BsdOmddo [140], 3mzom, H®I
©960Ls @5  LoRdo®ol  Bszgdowo  3mbGHMGmgdo 9056  JgMbgengdo
©5939900935M90M0  MHJAoMgdol 3bmdowo mgmMool mebsbdo [140],
05650 5939 9036036530, T 300630305¢ MO Lobom, slig39 G90dEgds 0gdbsls
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Bob. 16. LobEgdol LGGIEMGMEO biggds




3953M0o  dsmo  dgdamdo  3mEgdaos.  dgLodsdobs  foMdmeygbogr
B5d6™ddo B00Mq0ME0 356539EHMJd0L TgLsdsdobo.
390000 300 33593L [141]:

1+T,s
pr = Kpt = pt = uT ; (2].6)
TptS upc - Kti
14T, Uy
Wpc = Kpc = T = ; (217)
pcS €
K,+Ksi K, K
W =K. = pn dif __pn tumr UC ’ (218)

TgS+1 S

S — Q53LOL FoMOJAbOL M3gemsEMEo.
3obborgso  LobGgdol  (Bsb. 16)  ©obs3ozs 395G MEO

1399353806900l gom35¢0L0bgd00 500(jg09gds 4obEGHMMgdsms LobEgdoo:

TyUp +U =85, &y H80E0 + 806 ; (219)

Enp = Uz =Ky (220)

&p =U, — K. —q(t); (221)

Tl =K, T, &, —K &, (222)

£, =u, —Ki; (223)

T, =K, Tué, +Kpeys (224)

Tu+u=K u,; (225)

T OIi”+i. =iu——¢1_K.u—ch¢l; (226)
d ' R, J. :

¢, + b¢1¢1 +C,0, =Ci, +b,0, +C,0; (227)

|2¢+b¢2¢2 +C,0, =—M, +b,¢ +Cp0, (228)

Loo: q(t) — 3569w gew®o 933538009000 B3MYs0ddIO T5EHIOOMO
b90mgddggds [140-142];
T, Ry oo 1y, 1, b, b5, by, € —89b50580L5 98O gdgeo dMogol s

53d6530L  994ob03meo  bofools  3900dgBH™gdo  [141]; M, —q969

©99mJdd99d5 LoLEHsbY.
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0¥ ©9bol Bs3g@o 3mbGHWOL  935Fymdm  3H9dbozM®  ™m3EH0dwmdIby
392309005 b3(gOmon [141]

W ()~ L 1 _ 1509
« K, 1+255 u

b

pel
LoO3 7 —MHMOL 3©T035  BHOMOLEHMOMWO  JoMEsdJdbgrols ©obsdozols
25b6@GMgdsdo.

990p™d 2590309496900 M5 Bgdmm dmyzsbow ©sdMm300 009l
06530308 gobBMmgdsms  LobEgds  Aoalb30Egdmwo  godmlobyyergdgdols
3°035¢0{0bgd0m 89330dc0s B3(gHmm Lsboo:

d
% vy, (229)
d
% vy (230)
dY1 C. b12 Cp b(pl Cp
Loy Ry Py 24, (231)
dt 1o o
d M, b c b c
%=_I_+%y1+%¢1_lizyz_%(pz; (232)
2 2 2 2 2
di. 1. 1 K,. K
iU, -t -t 233
dt 2¢) 2c ™ 20 2¢ P (233)
dd&:_&¢cs+bt_2>71++bt_2yl’ (234)
t arZ arl afl
du, , . d
— P —a | U, — Ky, ——a(t) [+a,,[u, — K.y, —a)] - (235)
dt dt
) a a a
duc - _ 1 UC + pn2 é;np + pnl énp + pno gnp' (236)
dt T T Tt T
59:
A = Kpn (Tdif + Ky )
Apy = Knp[KintTdif +1];
a‘pn2 = KnpKint ;

P — 09060l B539G0WO 3mbEHMMHOL Tgboligargandg dmEgdo 349353060

3MMM0bsE0 9e9dBHOHMISTMAM3909e0 doeol X 0F30090.
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B935BHMJO G5 A9Mogdbgdl, 939300090l ASBEHMEGdIMS
LobGYIoLMb (229-236) dolo 306M39co Mool 2obEMEGdIMS LobEHYIsBY
59435608 ®35LsBOOLom @S sbogro  godlbgowgdmwo  50bodzbgdol
390m@sbom, 356536900 Mm@bo  gobBHMgds  gobbozs  LoLEGHYFowLb
d90dgds BsfgMowbo 0gbgls 98cqy0:

di. .

d_tJ =gl + anpcu pc AsPes —8y2Y, —8p Y, + awlqo; (237)

d¢cs * * * > >

T =85 P Tt ay2 Yo + a(/)Z(/)Z - aylyl - at/’l(pl ’ (238)

du .

dtpc - _auilj + any2 Y, — au@l(ﬂz P, + anyl Yo+ auwoz i apmuc -F (t) ; (239)

W1 e,
dt T

5d:

a,, diu. A,y . 8,0 «
pn2 B+ pnlu + pno .

E(t) =
© Ty O Ty i Ty

a pcl

F(t)=-——E(t) -a,,a(t) —a,,d(t) ;

dif
Ug =Ug — K 0y
4(V) = i@y + PoPre + BaAPe + Pl o + Pl s
Py — 0950DBOE00LIMZ0L BolivyM39e0 LoLEGIOL gods35¢0 3MMmOmObSE0;
P> AP =@ —@y; i, U —bobGgdol aobsbgwgmbg ¢, LolyGdzggero
30MmO©o0bsGOoL Joegdol 306MHMB0EL Fomzmowo LsbvM3zguo FwoegEwGO

30m6H0bsE9d0;
®s,5 Apnzs> Apnrs Apngs Bri- - P —bobBHY3ol LobmgHoMYdSEO 356(1589GHEYdO.

4m39c03g HD9dmoebodbmeols 4sm35cobfjobgdom ©og3ozsmm bbgs
M3bMd0s6 8 256¢3)MgdsDYg oGm0 bLobom dgodwgds Bsofgmgds sbig:

dx
i =AX+Gy TK,G,0); (240)

Y =CX (241)

4 72
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booi - 3603369crmds  49BoLIBEO3MYdS  Lsdogdgo  3MIRBOE0IEEJOOL
®ogbgom; K, —bsd0gdgero 35659930900l 30603000 50bodgbs.
39605Jdbowo gm®dom 3Hgho:
E(t) =a,,A (1) +a, A)+a,,A();
E(t) = 8,0, A5 (1) + a5, A (1) + 8,0 A (1)
—ALO+L,LO-LLO-LLO-ELO).
396553690 0b Qomz5eolfobgdoo:
G=[0 00000 ADAD:
G,=[pooooo AW-AO;
G,=[o o000 o0 A0 AD:
G,=[oo0oo0o00 0-LO;
G.=oooooo0o o0 -L®O;
G,=[0 00 00O 0 -L®];
G,=booooo0oo0o 0 -L®O;
G,=[0 00000 0 -LW®O;
X=lo, v, & v i 0 U, ul

M

GM={OOO—”OOO}

353M0EMwo  gobGHmegdgdol 2@() 3500 doXMOs© X obLOBOZOE
86003bgamdoms  asdmygbgdom 3009000  30OMBOM  IbGHMEWgdIMS
3990bObEgdqOL.

090pmd  [140, 142] 6596)3900L  0obobBo 399300356

339000530 BbJE0mbsgrols 3obodobBsE0sby

t=t

=3[y t) -t o, 42)

—

Loo3 1 —MoEbmd®mogzo dmbozgdgool dgBobol (oM BHowgdo. 303500

B®3om®  29bEMEdImS 50O LobGgdoby, MmIgwog 99ygds 8
396&™M930@6 s 35651369wb0 dmo35396 8 3bMdL.
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Loliy®zgaro  3GMEgLYdOL  356M05305L  LobmgBoMmgdso  LoliEgdol
&9dbozmeo s  93mbmdozmemo 8539690 gdol  Mm3GH00BsE0IOO
390035¢00L{0bgdol MZ35eLIBOOLOM FM3990I0 F9M3535¢0 3MM(39LYdOL
dobgzom  Lobmgbol  3MME3gMgdTo  ZsbmOE0gWwdm  LELMMZgWwo
36MHm3qLgdoL dm3g0000 GBMb0mboc® 35300030 35MOMIdI®  Z, OMOL
dobdBHod® 3m9n303095GH™SD [142, 143].

Bo®ogdmeo  290m33w93900L  Loxmd3zgbBg  BMOHTINOoMHGIME0s
b533eng30  LobBgdol  Lobogbols  dgommeErmyos  LobmyBoMgdswo
356599@ 900l Jobsbsliabryamo dg@Bgmeo 4obbmemEogergdolsmgol.

2.5. 53¢M05¢0Dgd90 I35 35¢g 9e9dEMMBgdsbozm®o
5096530l 065303 330930l JOMOMSEO

396mbBMTogMHgdgd0ls 99949953905

Bob. 17-%g dmyzs60¢05 d94sbozmé bsfoerdo Mm939500 3938069d0l
dJmbg  9w9dBHm™dgdobozmemo  dmmzswmzowg  LobEgdol  geo-gmoo
bog9Msm bd9gds. 030 HoMmBmbowos 3EGdsMgMdOL IT-MH9gaMWsBHMOO ©
39456037960 LobiBgds 30093 o308 FbMO3 336HMJlLoToMYdME0s MMTSBOSBO
06580360 dmEyEom.

30b0WH3m o335 3OHMEILOL baMOLbMdMOZ30 sb3z9690gdOL
LEOMWYMGoL  sTmEsbsl  LoLEgAOL  LEHOYIGHMESTo  35MVEYIOO
353mM994GH06M909w0 MHMEgdol 9dmEHsbom dmEoEmMo BsGHmM30L MgMMool
05bobdoco [139].

6590l [141] 0sbobds ©@gbols  3mbEHMEMOL 490933900 RBMbIE0s
39230905 §o6MHIM30003060m 5360HMJLods304IE0 MO0’

_ K _1(8)
S 25+1 u (s)’

W...,(5)

bogoog: K, = Ki’ 7 —0oMoLEGHMO0 256 sdJdbgerol MmOl dwdogs.

T

13965536900l gom3zswolobgdom s 0bwy0mMo 33538060
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Bob. 17. Lolgdol bE®HwEweyeo Liggds




ME3909WYMBom  20ad3gdo  gbdgos U (1)  4ommsbbdmgdols o

399035350 30MmOEObsEHOL JmMolb M, =0 306HMmd0L 33000 T9R300¢0s

Bof9gm0o 0dbsls sby:
@(s)
Wnpl (S) = u, (s) :WKT (S)CWM (S) ’ (243)
boQS3:
W,, (s)W,, (s
Wy, (s) = wy MW, ) (244)
1-W,,, (S\Wy,, (Wi, (5)
W, (s) = ! (245)
My 1,2 +b,s+c,
b,s+c
W, (s)= 12 12 246
2 () 1,52 +b,s+C, (246)
W,,(s)=b,Ss+cC,,. (247)

503608600, H™MI ©sdM 3001 gdqddo (298-300): |, © I, —obgHEool
dmdgbGgdo, b, @5 €, —dgLsdsdols  OLO3SEo0Ls s LobobEol
3098030963900, @ ©S @, —379ObOO 3MMOEObIBHGO0 MGOAsL0SE Fgdsbozm®
Loli@gdsdo.

B90M50b03bmwo ©sIM30090vIEg3900L gom35eolobgdoo 2394b9ds:

b,S+C,,

W () = a,s* +a,s°+a,s%’ (248)
Wres(5) = As® —li ;fsgbstiliL) As?’ (249)
Logoog: a, = 1,15,
a; =b,(l,+1,);
a, =c,(l,+1,);
A =2m,;
A, =2, +a,;
A, =21, +a,;
A, =2a,.

903990 39ME3535¢0 3OHM3gLGdoL dobgz00 Lobmgbol @,.(t)
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3Mm3gboL  2o9MLabgds s dob Logdzgebg 3LsbBPZMmZ30 LalivyM3zgero
L), Ap.(t), @n(t) 3mmO©0bsEHgd0olL 459mbobmegdgdl ©o 3965L3bg9wms
3990my9gbgd00  35HMM309GO0  39MOWYIWNE  53MmEYJBH0MYOIE 35330690

[143].
39230905 B3(gOH™Mo:
) a,s* +a,s°+a,s’
L(9)= 2R o () (250)
12 12

l,s°

A, () = —2 ©,(S), (251)

l,8+¢Cp,

2

G0 () = I,s°+b,s+cC, 0,.(5). (252)

b,s+cy,
©53m3000909gdgool  (250)-(252)  299mygbgdom 3@ gdomO
353069J 309090 bgdmddggds q(s) [140], GmIgwoi 3os0aHs369ds gbols

B5393H0w0 3mbEWEmOL dgloligegubBg godmolobgds sdm30gdwEgdom

g(s) =0,(s) +0,(5), (253)
boQs3:
4 3 2 2 2
0.(5) =| K. a,s" +a,5° +a,s K, l,s LK l,s°+b,s+cCp, L (254)
b,s+¢C,, ’b,s+c, " b,s+cy,
9,(8) =K, 50, (255)

Ldwsg K, K, Ky, @ K, —3505mge@n®o 8530m09d¢H0Mg09wo (megdol

L5d0gdgO 393030963 Jd0.
390b30 900 Lsboo Fga30dw0s Bo3HgH™Mo:
9(8) =Wie (S)9, » (256)
boQS3:
Wiee (8) =W, (S)K; +W,, (S)K,, +W,;, K, + K, (s)K,, - (257)
d9L50530bo  LoLEJIoL  godlbgowgdmwo  LBEHMWMIGHMOMwo  bdgds
390d9ds §963M300806Mmm bsbs® 18-Bg dmyzsbowro Lsboom.

405 B53930w0 3:mbGHMMOL 450593990 364305 B00MgdL Lobyl:
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LS

u & u
—1>®—> Wpn —>®—> Wont

_— WK{)C <—|'

Kon

Bob. 18. godlbgowgdamo LAOMIEMGo bggds

W, (s) = ?,(8) _ Wnpl _ K;C(b,s+C;,)
! U(s) 1+W W, AS +AS +AS +As” +
= : 2
+K;C(b,s+c,)WK, +W,,K,, +W¢1K(/}l +SK¢2) (258)
5bd
S
Wu (S) = An( ) (259)

B, (s)+B,,K,,+B,K, +B, K, ’
bodg: A, (8) = K;C(b,s+Cp);
B,(s) = As® + A + As® + As?;
B (5) = AW (s);
By, = AV(SIW,,(3);
By, (5) = A (AW, (),
B,,(s)=A,(s)s.

d9L50580b5 FE0sbo LoLiEGIol Qosd3930 TMbI0s Bs0HgMYds Sbyg:

W, (S)W, _9(9)
T+W, W, K, U,(s)

Wo (S) =

569 godgoo Lsboo:

anAn

W (s) =
o(8) B, +W, A K, +BK;+B, K, +B,K, +B, K,

(260)

399mbsbagds  (260)-Bg  ©IYMHObMOdOM 203000350 15331930
LobEB9Aol  FMEgBWMWO  A9MEHTSZ50  3MM(39LYdoL  Jobgzom  LobmgBol
59m3565B9 Fodmbobgoom LobBoMgms BomgdsEH032IM0 535650l 259mygbgdoom.
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30639 Mogdo 99dma3sd3L LolwyGgagwo 3Gmaqbo ¢, (t) ©s 3FgOo
305bEMm39000 GHMEMBSL MY gds0 @, (1) ©s Labvmzgwo 3OMEqLL
dmeob [143-145]:

M.(z,S)
N.(z,S)

0,(8) = 0,,.(2,5) = U,(s), (261)

boog: M. @5 N. —8gLsd530Ls© 30MME06sEJd0 HotmBmowgbgb Loliv®maggwo
36m3gLoL IMoEbggels s 360dz69U;
Z,, — O™ sl EHsdM0 3:933030953)0;
S — 33 sLoL F9MoJdbOL M3gMoGHMEMO.
299mlobw®9d0L (260) 0sbsbds dga30dwos Boghgdmon:
M.(BK, +B,,K,, +B, K, +B,K, +M.AK, K )+M.B, =
“K AN.(2,9), (262)
Lo K, =W, .
565 296M5d3boo ZMEOI00):
D, (z,9)K; +@,(z,9)K,, +0;(2,9)K,, +®,(z,9)K,;, +

+®.(z,5)K, +D,(z,,5)=0. (263)

boQS3:
®, =M.B;;

®,=M.B,,;
®,=M.B,;
®, =M.B,;
O, =M. AK, —-N.A ;
®,=M.B, .

39M53003500m M5 HoMmdmbobgzom LobdoMggddg 3hgMm 3oHMdom
3906GMgdsm5 LoLBHYISL Fomdmbobgom LobdoMgms J; HgmEowgddo s dsmdo

3923943L fmbomo 3mgn03096@ 900 7, .
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2.6. 155330930 9egdGOMIgds603M6 Loldgdol obsdozm®o
L0609 BO s F9M5T935¢0 3OMEILOL sbseroBOo

900900 M 300098930l Mobsbds 3hgmm | 3396d9d0L O =0,

33608305 F0FIMM A96EHMEGdIMS 30OHMdOM LolEgdals

D, (8,)K; +D,(8,)K,, +Dy(8,)K,, + D, (5K, +Ds(S,)K, =Do(5,),  (264)

v=12,...,l.
6586Hmddo 6930996 0MOM0s  53MHMJLoTs300l 33960900l A9BEsRGdS
99900930 3939@®0ME0 36MAMLOOL Msbosbds

8,=8,q", v=0,...,1-1,

G0Iol ¢ 3dg MEOOL MmOL.
535bm9b  53MMJlodsgoolomzols  LoFoMm  gobdlobegtger  Boforls
Fo60m5p0bL dsbo 0< <5, bosg X°(5,) 8900wgds 0gml godmlsbwyeo

X2(8) e -0U Foams; X°(8,) =kX° () bosg k=0,7-08.

max ?

0900033 ym39w0o 306MMI0MO 2obBHmegds (264) dMegzargds fmboom
359653wbY 7, (,), ®mIgeos 39bolsbL3Mgd0 99990 BMMIMEGd0:

0
o,)=—3;
7.(0,) o

\Y

_ ®l(5v)+q)2(5v) +q)3(5v)+q)0(5v) .
v 4 ’
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Sbgmo 13O gd0m FoPGdIN JIBEBHMEGdsMS LoLE YL 35349To390m
2830M9L 339@OGHMS 3gM©om Lsdogdgwo 3s@edgdMgdolb K, , K, , K, ,

922

Ko K@ K, 80856m, 3o0gdom:

po?

I<uzy\/2q)l2 (§v) + KA(/)ZJ/\?(DZ (5\/)(1)1(5\,) + K%275®3(5V)(D1(5V) +

+K¢>2 ZVVZ(D4 (5V)CD1(5V) +any\/2q)5 (§v)®l(5v) 27/\/2(1)0 (5v)ch(5v) > (265)

+ Kpbz 7\/2q)4(5v)q)2(5v) +szy\/2q)5(5v)q)2(5v)+

R

+ K Y 7D (8,)P,(8,) =2 7i®,(5,)®,(5,) ; (266)

+K,, D 7ED,(8,)D4(8,) +K, D 7iD(8,)D4(8,) = 2 720, (5,)D4(5,) 5 (267)

~~~~~~~~~~~~~~~~~~ v

K|275®1(5v)®4(5v) + KAq'Jz }/\/2(132(5\/)(1)4(5\/) + K@275®3(§v)®4(5v) +

Ky, 20, (0) G 27 Ps(8))04(8,) =27, D(8,) P, (3,): (268)
Ki D 7i®,(5,)@4(5,) + K, > 720, (8,) D5 (8,) + K, D 7i®,(5,)D4(5,) +
+K¢2 27\/2@4(5v)q)5(5v) +I<nZ:7\/2(I)5(5\/) = 27\/2@0(5\,)@5(5\,) ; (269)

999m93593L 50b0d36900:

Dy =ZV:73<D12 (6,);

D, =D, = 2175@2(50@1(50;

D3 =Dy = ;yfq)s(&)q)l(&);

D, =D, = gﬁ%(&)@l(&);
D;s = Dy, = Zv:7v2®5(5v)®1(5v);

D,; =D;, 227/5@3(5\/)@2(5\/);

113



D, =D, :;7\,2‘134(@)@2(5&;
D,s = Dg, = Z,VVZCDE,@V)‘DZ(@);
Dy, =Dy =ZV:73‘D4(5V)(D3(5V);

Dy = Dg; = Zv:7v2q)5(5v)‘1)3(5v) ;

Dy =Ds, = ;73‘135(50‘134(5& ;
D, =;7v2‘1)§(5v);

D =§7v2q)§(5v);
D,, =Zv:7v2q’i(5v);
Dy =§,7VZ‘D§(5V);
Dss :;7\/2(D§(5v);
Do =Zvl7v2q)o(5v)®1(5v);

Doz =Zvl7v2q)o(5v)q)z(5v);

Dos :;75®0(5v)(b3(5v);

Dos =;y\/2q')0(5v)q)4(5v);

Dos =Zv:7v2q)o(5v)q)5(5v);

5 3bEGHM@GdsMS LoLEBHYTs (264-269) 0©gdL Lobgl:

DK + DK, + DK, + D, K, + DK, =Dy 5 (270)
D, K; + DyK,, + DK, + Dy Ky, + DK, =Dy (271)
Dy, K + DKy, + DK, + Dy Ky + Dy K, =Dy 5 (272)
DK +D,K,, +D;K, +D,K, + DK, =Dy, (273)
D;,K; + Dy, Ky, + DsgK, +Dg Ky, + DK = Dy - (274)

Lol gdoL (272)—(274) s53mblbooy v)36mdgd0ol dodstm 3009gdo:
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(275)
(276)
277)
(278)
(279)

DZ D3 D4 D5 Dl D2 D3 D4 D5 Dl D2 D3 D4 D5 Dm. DW D% DAO.. D%

D15

14

_AI... < < < < < < < = <t
—

o000 d dddod oo aaood

13
01
13

o000 oo 0o asasos &

01
12
2

o000 daoocod oo asasdss &

11

onoo0nd oo d oo a88a 8

boQS3
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Dll D12 D13 Dl4 D15
D21 D22 D23 D24 D25
D=D; D;, Dy Dy Dyl
D41 D42 D43 D44 D45
D51 D52 D53 D54 D55
3539000  doosbo  LoLGHGIol 203390 BbJEosls
9™ 3000989 0900¢5b:
an = Kn ;
W= a,s' +a,5° +a,s"
blZS + ClZ
2
W,, = LS
DS +Cyy
W, - 1,s* +b,s+C, .
blzs + ClZ
53056

BK; +B,,K,, +B,K, +B, K, =K c[ (a5’ +a;s° +a,s")K; +
+1,8°K,, +(1,5° +by,s +c12)K¢lJ+ K c(b,s+cC,)sKe,;
Wi A K = (KoK )Kre(bps +¢55) 5
B, =As’+As"+As’+ As’ + As’;
LodME MM
BK, + BM)KAW + B(/.)lK(/.)l + B(/.,2 ng,2 +B, +anA1KOn =

= KsC(a,s" +a;8° +2,5")K; + K ;- 1,8°K, , + K 1 (1,8° +b,8)K,, +

+K1Tc(b1282 +C;,8) K¢2 +B, +K, KTTCKOﬂ (b,s+c,) =

= K.(a,8" +a,5°+a,5°) + K, .8+ K, (1,5°+b,5+¢p,) +
—_— +H+ e

~~~~~ +++

+K,, +(0,8°+C,8) + AS® + As* + As’+ As? =
F+ _— +

~~~~~ ++

=A.S"+ A"+ AT+ A ST+ AS+A,..
boQS3
A=A

209m30bs6MY

(280)

(281)

(282)

(283)

(284)
(285)

(286)

(287)
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A.=K.a, +A;

Ay = Kiag + Ay

A=K, + K+ K, 1, + K(/.)Z*b12 +A;
A=K, .b, +K, Cy;

A=K K, K,C-Cp,;

K. =K KcC;

KM,* = K,TKA(/)C;

Ko =K1K, Cs

K =KaK,C.

WO(S) — KnKrTC(b128+C12)

ALS®+ALS + A+ AT HAS AL

Cs+C,

CASTHAS HAS FAS FASHA,

boQS3:

C =K K;b,c;

Co = KnKrTC'Clz-

(288)

06530329600 3M500Md0L 565¢00BoLYM30L F9a30dw0s 30LMYJOW M

390™M©0300m.

50bodbmeo  dgmmEogzol  msbobdo

35659990l 4, , HMmIwgdo3 399mobobgdosh ©sdm30wgdmwmgdgdom
ﬂ’l = Ai—1A+2/AAi+l , 1=1, n-2.

B396 89900b3935890 33996905
A =AA AN
2o =AAAA
A =PAA AN
Ay =AAAA .

3obobows3z9b

1093930  LEASEOMbIGMEo  LobEJdol EYMIEMIOL  sbserobol  3bmdowo

©53bdo6g

(289)
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390930035000 530G IO-BoHBYO FobolosMYOEGODBY, MOLMZ30LSS
®, 3mMO0bsEHOL godmbobgdsdo s Mm3gMoGMMOL boggwo Fgdma30d3L
56M3M396@0 jo, Losg @ — Moo Lobdo®g s j — FoMmMbobgzomo 9HM0sbos.

300900 53303 IEMM-BsBME doboliosmgdgenls

C,jo+C,
A(jo) + Ao’ - A(jo) + Ao’ + Ajo+ A
M 3965136900L 259mygbgdom 3589300 LoliEgdol LsgbmdMmog-LobdoMwyen

O(jw) =

(290)

dobollosmgdEgdL

)Rp(a))+ IB(a))IP(a))

R
U (@) = Relp(jo) -2

Ri@)+ 1) .
B55G:
R, (@) + A, — Ao + Ao (292)
(@) + Ao - Ao+ Aw (293)
R, (@) =C, —C,a?, (294)
() =Coo0. (295)

bo33wg30  LobGHgdol Lobomgbol  3MHMEIMMJOOL  Bo@oMgdobom3ol
LolmE3zgero 3OMEgLOL Loboo JgMBgmwo 0dbs BmMbJaos

a
Ao(“ Z,p +lj . .
2 0 g, _up,
0,0 =—— M) _p ae iae ™, (296)

a z p+a¢,lzm+1_ N°(p)

@2 M

LooE P — 39OLMbOL M3gMOEMEO, 7, —BsLIGHNOMEMO 309B03096G0.

_a-h
A=A =2

b533w930  LOLEBYAOL  LobgHol  FgdMmMs35HYOMEo  FgoMEOL
336MM05300BsM30L  35B9MYOm  3MB3MYBH M BosbaoM0dm  250m3319390b.
LoLEGYIoLIMZ30L S0GdMo 0dbs G98ga0 Lsfyolio 3s6sdgE®9dO:

R. =0,07md, L. =0,32-107 36; ¢ =0,34 6—8; K,=75, 7=33(3; =33 9/{0;
! ! o33 "
6d
; B =P, =0,01 o
o

O

I, =0,01330% 1, =0,0025390%C,, =250
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BoGo®madmmo  33c0g30L  0obobdoco,
3565393900l 3609369 mdgd0  BMbJ30MbsE  ©IM3I0IOIgdsdo  Z,

dsls9 30O 395030963 Sb.

19 9mEgdmos

do@gdwwo

LogbMOdMmO30 FobslinsMGdGOOL  253MYy9bgdom 35890  AIMOBSZOEO

360 399d0L IMEqdL [118].

Bob. 20 Bmygzsbogros  Logbmd®mogo LobdoMvero  dsboliosmgdergdo

(06900 1, 2 s 3), O®MIWgdog 999535393056 Z, -0l 3603369 mMdydL: 1,0;

0,6; 0,4.
K, A0 Kao k. a%d
Opo 1) Gow
50 - 50
[~ 1
“4-/___
. \\{n\ = 40
~
-\ \\\
30 b . -
; \ \ N
0,4 0,6 0,8 1,0 12 Zm
5) R
Ki
Kn = L
30 - =
1 2
25 4 \\
1 \
20 = \ \
6) 0,4 0,6 0,8 0 12 Zm

Bsb. 19. Lobomgbols 9ggas© FomgdwyEo M I0EHdMEIdIOO
8 1=K, (z)5 2= Kaglzm); 3- K, (2,)-

3) 1 - Kn(zm); 2 — Ki(zm).
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Bsb. 20. LoliEgdols Lsabmdmogo Lobdo®mvyeo Bobsliosmgdegdo:
1-Zn=0,4;,2-2n=0,6;3-Zn=1,0

P2

Do

10 //

1: 2
N3
0’5 Z
t 50
0,03 0,1 0,15 0,2

Bob. 21. g56059535¢00 3Bm39Lgdols AMEIdO:
].—Zm=0,4;2—Zm=0,6;3‘Zm=1,0

03000 39M53535¢00 3MHM399d0L MO0 30 IMmY3560e0s bsbsBY 21.

0653031600 daM5Mm30L 565¢0BMIb ©H393806M9000 Tglodsdobo
Bob. 21  Bmyzsboo 3OHMEgbobsmzol A - 3m958030963GHJd0  0Lobgdosb
9608369 mdqd0m.
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Geqbsg z,, =04
4,=036, 4,=031, 4,=038;
Geaqbsis Z,, =0,6

4, =032, 4,=028, 4 =0311;
Mqgbsg Z,, =10
4,=023, 1,=189, 4 =126, 1=032.
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