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Abstract

Automatic control of modern ships and their separate mechanisms and
devices working processes represents the mean to improve their structures and
operation properties.

In modern times, are automated and being automatizing marine ship
practically all equipment, machinery, electric power systems, support mechanisms,
navigation systems, anchoring, towing and other installations including to the
ship's technical facilities, are tasks of complex automation and management of
facilities complex systems.

Ship course and location control systems that perform the main task of
navigation, relating to according stated task and qualitative criteria for ship's
precision and safe control, in turn, the ships automated drives mostly represents
complex multi contour electro hydraulic and electro mechanical drive systems.

The same complex dynamic systems include: 1) equipped with the control
of direct and indirect action regulators ship Diesel installation with crank shafts
rotation frequency regulation as well as automation towel equipment automatic
control systems.

The objective of work is the development of ship's local automated course
and location control, power plants crank shafts rotational frequency regulation and
towing devices complex dynamic systems new schemes, dynamic analysis and
synthesis methods and techniques, directed towards improving the quality and
effectiveness of systems under study.

For achieving the objective of in tasks of research are included:

— Analysis of the current state of modeling, development of methods and
techniques of their dynamic analysis and synthesis of systems under study and
formulation of further research tasks;

— Formulation of required for the solution of further structural and parametric
optimization tasks of having complex electromechanical structure vessel's
location and course control systems basic scientific approaches;

— Due application of formulated approaches construction of dynamic structural
schemes of system under study, transmission functions and regulated coordinates
expressions, as an integral part of the synthesis method under study;

— Revealing of basic principles of structural and parametric synthesis and
accordingly of transition processes the establishment of synthesis procedures;

— Research of vessel's location and course control for specific types multicontour
systems, revealing of developed methods and systems features and quality of
effectiveness;

— Directed of aimed for the solution of further tasks vesssel's diesel power plant
crankshaft rotation frequency having complex systems of regulation parametric
synthesis development of new models;

— Construction of mathematical models of the dynamics and dynamic structural
schemes of vessel towing winch automated control electromechanical system

viii



with taking into account of elasticity in the mechanical part revealing of
regularities of required for solution of dynamic the analysis and synthesis
issues.

The scientific value of work includes:

— In relation with certain mathematical models, certain procedures and analysis
and construction of methods and in overall of the vessel's multicontour course
and location control drive follow-up systems synthesis developed optimization
synthesis method was applied new methodological approaches;

— Vessel Diesel power plant crankshaft rotational frequency regulation systems
and towing winch drive automatic control systems the new dynamical models
and required for their research methodological approaches.

Practical value of the work represent in the results of research of dynamic
analysis and synthesis methods for drive systems under study, aimed to improving
the quality and efficiency of the vessels electrohydraulic systems.

The authenticity of scientific provisions, conclusions and recommendations
is provided by application of mathematical modeling, scientifically justified
methods of structural and parametric synthesis of complex regulation systems.

In the introductory part is justified the urgency of dissertation work. An
overview of used in vessels equipment automated systems is carried out. Are
considered the applied in vessel’s course and location control systems used follow-
up systems, in particular, widely used electric-hydraulic or electromechanical
drives, vessel’s diesel plants crank shafts rotation stabilization dynamic systems and
these systems structural and constructive features.

Are analyzed related to vessel’s towing devices construction and operation
issues. It is noted that in this system are widely used automated electromechanical
systems.

Are conducted modeling and research issues of dynamical systems under
study.

In the consideration part of work are considered widely used in the vessel's
course and location control system drives. For the further improvement of
dynamic characteristics of the multi-contour system under study is proposed
parametric and structural synthesis with application of the additional corrective
links.

The electromechanical systems with taking into account the elasticity in
mechanical parts are considered.

Are proposed systems transformed structural schemes and mathematical
models that give the possibility to obtain the regulated coordinate expressions
related to desired parameters as linear dependencies.

Has been developed the methodology of synthesis according to the given
transition processes with respect of electro-hydraulic, as well as electromechanical
systems.

For the approbation of research formulated procedures were conducted
design studies of electro-hydraulic systems, which demonstrated the effectiveness
of practical engineering methodology developed for the synthesis of the desired



processes, as well as its proximity to the further improvement of facilities in terms
of their characteristics.

In the vessel’s Diesel plant crankshaft rotation stabilizing device dynamic
systems models with separate functional elements, in particular based on the
models of existing transmission from the crankshaft up to blade shaft, are
constructed mathematical models of the structurally complex indirect regulation
dynamic systems with respect to hydro-volumetric, as well as mechanical
transmissions. Is justified the advisability of application of accordingly of stated
transition process in systems under study for further dynamic studies.

For the further improvement dynamic mathematical models for applied in
vessel’s towing winch ships easy automatic electromechanical systems separate
functional elements and the whole system under study. Clearly are marked the
advisability of elastic characteristics of manual transmissions and towing cables.

Due taking into account the mentioned with consideration of constituent
elements modeling and issues of their linkage are constructed dynamic models of
whole system. In solution of mechanical part modeling issue is applied from multi-
mass system the original methodology of transition on two and three mass models,
based on the application of imaginary frequencies characteristics.

Are constructed transformed models and is proposed original methodology
of dynamic research, based on the separation of vibration component and original
approaches of analysis.
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BXNZoit, )+ BoXo(Zot, )+ BrsXos(Zot,)= Yo (Zot )= Vo (Zal,) . (69)

59 396G Mgdsms LobiEgdob (65) ©sdw)dsggdom MI30MIL 339OMIGMS

d900mEol  298mygbgd0m  ©O3®OZ35MO™  Bsd0gdgE  359M5TYBHMYOMD S

90856098590 05303 6O m® 456E M 9d90byY.
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2.2. 3990l 8009056 gMBdOLS S 3MMLOL FsMMZoL

99 OOM30@M3E0z M0 Lolidgdol LOHOYIGIHI-
-356589¢ Mo LobmgHBoL 53m3569d0L §osFMd

2.2.1. LobmgBols Igommol 99949353905 (sMrBmlisbgoom
LobdoMgoms 3sbsliosmgdangdols 3s8mygbgdom

B586m39ddo [65, 66] (omdmaqboeros LobmgBol dgmmeo dmigdwmeo
3960005353500 3MM39b9d0L dobgzom, MMIJOoE 93939wos Fomdmbobgzom
LobdoMgms Fsbsliosmgdgdols godmyqbgdsby.

50 35bobosmMGOG™MS 2odmyggbgdols  Logwdzgwl  FoMdmoaqbl ol
39093Mmgds, I FobslosmMgdgdOL 15335Mm© BMLEHO ITMbZzg3z5L LobdoMgms
360083690356 569d0 99L53539d5 MOOY0BIgdOL ITNb393s [65, 66, 69].

mM0y0boseol  f(t)  Go@dmbsbgom  Lobdomgms  sbsliosmgdgwls

30300980 vy F(p)= f(t) godmbobwyargdol 56309996, Loog p — Wodwrsbol
M396M53HMOM05, 9m3560F9dm Moy LogbmdMog p =0, 96093690wmdgdL s &L
3ob630bowszm Fo®dmbsbgom bobdoMgo w=—]jo .

fo60mbobgzom LobdoMgms Bobslosmgdwgdol Losbwm3zol 30MHMdOEIL
399080065609  MmM0yobsergdol  Losbwmgzol  3M0b303Bg  sMHOL  53gdMo
602065900l F05bEMgd0omOo FoblabEzmOL dgommeo.

Do60mbsobgom  LobdoGmgms  s936MHMmJlodoMgdgo  FobslosmMYdgdo
Dm0 J0yMdom 50390006 2obMLsbLzMgo a; s b 3m9B0E0gbEHIOOL
39933900 99900930 Lobob 453mbsbwgds 25dmyqbgdol 35BsbY

b, +b,p+b,p°

Fo(p) = :
(p) a, +a,p+a,p’+p’

(66)

b, +bp
a0+a1p+a2p2'

Fe(p) = (67)

b Bsbolosmgdergdo  3oM3zger  ®ogado  Mbs  0m3z5¢olfobydbyb
dobsboomgdegdol F°(0) s F°(~) Bzt 3609369 mdgdb.
Lobmgbol 3gMomdo &, s b 3M9B0E0YbEHIO0 5H0sb dmEgdwwbo s

15d0gdgdL 3093993690056 LOBbMIHBOMYdIO  LOLEHIIOL  MYAYLOMHIOSO
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30mM0bs@ol  F(p) 99mlsbmengdsdo  Fomdmagboero  3m9n030963900.
Dmao0  doamdom LobmgboMmgdso s LELMZgo  3mOEObsEJdOL
3990bsbyegdqd0 dgboderms Bsfgmowo 0dbsb sbg:
S
M(p)+2.o;M;(p)

F(p,o;)= = = X(t) (68)
N(p)“‘éUij(p)

Fo(p) = “,\’l'—((pp)) - x°(1), (69)

Logosi M°, M, N° s N —p, 2560339990 3meobmdgdo, of - BobmgBomgdso
3093030963900 (356599¢39d0).
36MHm39L900L 06GHIAOIWMOO JoobErmgds
(p.oj)=Fe(p) . (70)

39900 Lsboo doomgdl babgls
M°<p)i=1cer,-(p>— N°(p)i=la,-M,-(p> = N(p)M(P)M(PN(p).  (71)

300900 (65) godmbobegdoll msbsbds  BoofjgMgds  306HMdOMO
296@Mgd9d0 p=0J 93MMmJLodsgosms | 33o6dgdolsmgzol.

Bsddmddo  [53] 693md9boGmgdmEos 5, LobdoMgms  gobmagligds
9m3990 39™39GM0I0 3OMYMHgLOOL

0,=0,9", v=0,---,k-1.
0565b3v, HMIol 360dgzbgwo q=2 .

990000 30HMBI0MO 4bEMEgdgd0 IM3w@gds 4, (d,) BsdMmogwby.

50 659653900l (fmbomo  3m9830309639d0L)  oblaBO3MOLImMZOL
LoFoOMm  MgMMOMEo  FoEYMIGO0 @S FomM9TEH0IMMO  45FMLObEdgdO
5369039 dmyg3560¢005 BsdG™Ado [65].

Do60mbsbgom LobdoMgms 25dmygqbgds®g sxdbgdmo Lobmgbols
3900m©Oob 9AHO3L Fo6rdmoygbl 459695600898 9d00 LobmgHBoMmgdso LoliBgdol
©0b6580376M0  8yMOEMBOL  ©T5305Y4MB0gdgwo  306MHMdOL  Jgdm@obs
bmM 30995 MO0 35069350 356599BHMOL 35M05(300L 99939MdOm.
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Bodd™mdgddo [90-92] (HomIm@pqbowros Mg Momgdol  sMiMz0g0
LobB9dgdol  LobmgBol FgomEo  FMm(39IMNE0  QoMHEsTs35wo  3MM(39L9dOL
dobgzom. 58 659MM™I9dd0 sMHOR030 LoLEHIIGOOL 3MM(3gLgdOL LoliveMmzge
360Hm3qLg0mMsb  0bGJMOMEmo  dosbErmgdol 350935303 M0  535M5EOL
3oL BOHOLOM BodygbgdIEos @, Bbd3omboergdo sfOBOZ0 Mrmegdol

53mboblbgdols dobgzom [54]
= rf%z % @:2®at, (72)

Ldog &) @0 X (1) -bsbydggro  30mEglbgdo, ¢, (t) =0 - smsfmgogo
©OBIOIBE305@ MO obGHMERdIdO, 7, — MMl 0bEGHIOZwgd0, HMIWIdBIG
950D 0056 06@EgaMowmemo dosbermgdols 3Om9Lgdo.

50b0dbme  659OM™Igddo  Qobbormos  53m3969d0:  LobIM3gEo
36 399d30L dm39d0Ls, BMBIE0MbIMMHO MMM0YNHM3IS380MH0L 2oblEBOZGOLS
LobPYHBOMOIE 396539 BHEYOLS o LdbvEzgew  3BM3gLgdMs  TMEOU,
LobMYHBOMYOs LOLEYIsTo IEYMIPMBOL 30MHMBOL JgdmESbobs.

LobMgHBoMYOIO  BJYMWOMmgdoL  LobBHgdol GO sGfOR030
G3Mmgdol Lolivy®zgar 99dsgso E(t) o godmdsgseo X(t) 3mmMobs@gdols
39bLOBOZMOBOMZ0L  5GMHOR0Z  LoLEgIobomsb  TgLodsdobmdsdo  dgdmols
3m6309¢ Mo @mmdo  godbloMgdmwo  356MedgB™m9dol 993390
296LsBO3EMEO ,LOlM39w0 3OHMELOL iMz030 LoLEYIs“. slgo dJoymdolsals
&(t) oo X (1) §omdmoyqbgb ,Lobmezgaro 3MmiEgbol foxogo LobEgdob* i
MO GMEgd0L 99MTo35¢ O A9TMTS35¢0 3MMMPOBEHIOL.

3obloboggar  LobmgbBol  dgommEdo  ™Mobobds  6sdGMTAoLy  [92]
3aM5Md0L  306MHMd0L  FgIMESbS  ©9o0BEYds Loz  3Mm39L9dd0
d9dm@obowo  3m33egdum@o  Z, —M@ol  FsBIBHVMMO  309B0G0IGOL
356005300L  89039Mmdom, AobMb  ©9393006M9d00 o35 O AOTMTdZow
3MMM0bsEJOL gobgzobosgm bsbom

{29

(73)
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2.2.2. 35605336000 LG MHwMdGOHmo dga900U, 35003900 BMbJEogdol
©5 LobmyBol 3OMEIEMMIIOL 356MEBMT0YMHYOGOOL Y5390

3930L  399OLOL  FsmM30L  LoLEBHYIsMS  LEMEYMBOL  by30MbYdMb
30350 gd5do 9HO—gOH0 Mgl 9600369356 5TmEsbsl FoMdmoagbl
3500 LEAOWIGHMOMLO O 356M5FxGHOIO M3EGH0TobsEoMEO Lobmgbo [1].
3ob30bowmm 2930l 3OLOL  FsOMZOL 9 9JBHOHMI0WESZ 03O
LobBYIob M3EH0ToBs30MMmO LobmgHOL sdm3sbs, 53900 B0dI3OMBOMO
@5 35M5 g0 85306099GH0MJOI0 MRMEgdOL GOPNOOMNME godmynbgdsby
[ ] 8950909600 3000000653900l d96Bg30L M3zslsbMobom, GMmIwgdos
3990099690056 LObMYHOL 3OHMEFYPMMGOT0  35MOEGEMOO 3993530060900l
0350 L5BOOLOM, 30LMYJIW M 30EOMOAMOL B30l A96EHMWGdOm
(T P* + T p* + Py = K, (T P+ D, (74)
Bsf9m00 306390 Mool 2563MEgdsms Loliggdol baboom.
399m93593L sboeo (335900
_dv,
dt ’
Q5303500 A506EMEgdsms LobEgds

_%. _da

Y T T g

Y2

da
dt
aZ = KiceTm(al + Ke3a;

=al;

dy .
oy =y 75
at Yi=V¥ (75)

L7
dt
d 1
% = E(Tlx Y2+ V1= Toy).
099 5356 GOMNPOMMOE 2obgzobosgzm a — LobEgdsl g—2 Goyol

y2=lﬁ;

396@Mgdol Lsbom
(aaZ p2 + aal p +1)O( = Ka1(0 4 (76)

35806 29b6@Mmegd5ms LoLEYAs (75) Mbs 0gdbsls Bg3Lgd o 496EGHMEWgdom

K a
da, _K, p——ta -a. (77)
dt a,, a,,
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domado  (75)-(77) 35bGH™Mgdsms  LobBHgdob b5 D0Ib
39003@0bsMgMdL, MH™MI Lobmgbol Jgdamdo sdMEsbol MHYsEoBsEOOLIMZ0L
30bs6dgfimbowos ¥, ¥, & ©s a. 899509 OH0 3MMmOObIEOOL 4odmygbgds.
¥ — bobGgdol LGHOMIBHMEIo Bdgds Fo30M9]EHO0MYIGEO ©939935380HO0MO
M g00L 25m35¢olHobgdom Fglsderms Fo6dmz0y0bmo obg, MHmymes U
dm3gdmeos bob. 20-bg. 98 bsbsHBg W . (S) 93M3930060ms gosd;39d0

B0bJs0o-
e W, (| W, o W v
!
WKU(‘ -
B65b. 20. g96sgddbogro bGHNIEHMOo lsggds.
Bogfgmo W (S) 390593990 536300l godmbobwyamgds. sdoLomgol

306039  Mogdo gLsHE3MZ o s a 099500906 3mMOHOO0bEHIOL
RMbJzomboc® 353006030 ¥ 3mMmEOEOBSGHMB.  AobGHMgds  (74)-0b
399mygbgdoo:

T8 +T,5+5

S
a(s) K. (T.s+1)

(s)s (78)

T,8%+T,s% +5s?

A= T e

w(s). (79)

GMEmdq00L (78) o (79) 359mygbgdom 239469ds:
W,,.(s)=K,sy+ KV,SZI// + KW, v+ KW, w=

Koc

— (K, 8%+ K82+ KW, + KW, ). (80)
LoQS3:
3
W,a(s):TZKS +T1Ks+s;
V K., (T,:s+1)

T8t 4T, 8% +5?

W (s
vi ) K., (T p+1)
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©s 309

boQS3:

999093593L 50b0d3zbs:

W, (8) =W, (S)W.,, ()

o

WII (S)

5bqs

W, (s)

1+W, (S)W,,.(s)°

W, (s)

W, (s) =

39900 Lsboo 33946905

W| (S) =

1+W, (S)[K, s* + K5+ KW, () + KW, (s)]

K, K.,([,s+1)

aH5 = aaZTZK ;

a,, = a‘alTZK + a‘aZTl

K

a‘H3 = T2K + aalTlx + aaZ 4

a,=T,+a

boQs(3:

boQs(3:

al*

396553690 0b godmygbgdoo:

WII (S) =

a.s*+a,s'+a.s®+a,s°+s’

Kb,s+ K,

B, (s) =K, (T,s+1)s;

* 2.
Bw (s)=K_, (T, s+1)s";

B, () =W,, (8)K. (T, s +1);

B, () =W, (8)K. (T, s+1),

b,=K'T

23 oK *®

300560 LoBEBHYIOL gosd(39d0 BbJ305 F00MYdL Lobgls:

Wo (S) =

A(s)+K,B, (s)+K,B,;(s)+K,B,(s)+K,B,(s)’

Y(s) _ Wyy (S)Wu (S)

U

3

LW, ()W, (5)

(81)

(82)

(83)

(84)

(85)
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K,
W (S) K +—(/) uyml'
Thps+1 S

399mbsbyegdsdo (76) dMoEbzgwrols s 36033690l 99339:30L 8999y
(b;s+K’,)-%g 300900

obo () + K LK

UHmM y
W, (s) = S Ky, (86)
Al(s) + KV/ (52) + }<'//S3 + Ka al*(s) + Ka 0:1*(8) + Kéud)b (S) + ;Hm
boQs(3:
S
b, (s) = ;
o(9) TS +1

B, (s)=W,,(s),
Bdl* (S) = Wx/)a (S) .

dm390wo  49Ms3535¢0  3MHm3gLgdol  dobgzom  Lobomgbol
3MM(390MMS Mgoe0H300B5M30L 3FgMH Lofyol EGHmeEMdLl

S
W65 (9) <V (U, ) = 5 0, ). @)
boog: W, (8) —bolwydggero  a50d3gdo  g3vbdgos; U, (S) —Labydggaro
3MMO0bs@0.
B5309degdl 309371003690056 350009 BHEgd0: K., K. K, K,, K,

K, ©s K,.

AMEMds (87)-0L 3965b3s 3(9M0 3060HMB0m 256¢MEgdsms LoliEgdals:
399b300 900 BMOHI0” BHMEMdS (77) B50HgMgds sbyg:
[A.(5)+K,s* +K,s°+K_B,.(s)+K,

#Bar(8)+ Kauqbbo (s)+ K,s+K IMe(s) =

a ~al* unm

= [K()mi)bO (S) + Kys + Kunm]N O(s) .
39M5ddboo Lobom g39969ds:

d,(s)- K, +®d,(S)- Koug +®,(s)-K

UuHm

+®@,(s) +Ds(S)K; +

+(D6(S)Ka +(D7(S)Koz :q)o(s)- (88)
boQs(3:
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D, (s) =[M°(s) - N°(s)]s;

D, (s) =by (s)IM°(s) - N°(s)];
D,(s) =M*(s) - N°(s);

@, (s) = M°(s)s*;

D, (s) = M°(s)s’;

D4 (s) = B, (SIM(s) ,

®,(5) = B, (IM°(s).

2.3. 3990l 8¢gds6MYMBdOLS S 3Ll FsMMNZoL
999 &MM30©M53w03M0 LobGgdol obsdolzm®mo

LobmgBO s J9MP535¢0 3MM39LgdOL SbsEoBOo
fomImbobgom LobdoMgms doboliosmgdergdols [64, 65] @odmygbgdom
30900 306HMdom  gobEMmegdsms LoLEBHYIL LosdMmgbodsgom faMEGHowqddo
0 =0,

®1(5V)Ky +(D2(5V)K()u(f) +(D3(5V)K +(D4(5V)Kl[/ +®5(§V)Kz/7 +

+O,(0,)K, +D,(5,)K, =D,(5,), (89)
v=1..,l.

(o053  30MMmdom  Lobdomms  Foboslosmgdergdols  bbgoolbgs
Boffoergdols 86033690 mds 600050l so®dmgds  LoBYLEOL
0350bsBOOLom  2oblbgeggdos,  sFo@M™I  s3MMJlodsgool  3356dgd0
39653 g0056  5M00bsdMs©  (IgBHo  LobdoGom  F—>0  sMgdo) o
3963 Megdsms LoLEGds FoMvRIds fmbomo 3mgz03096EJd0m. BsdOMAdo [107]
69339690 M0s  336MHMmJLOTs30900L  3396d9d0L  gobaroggds obgmo
39029900 3OHMPMBOOL MsbobTo

o,=06,9", v=0,...,1-1,
G0Iwol 39dg ¢ OGO MmOb.

535Lmob  93MMmJLoTs3ooLOMZ0L  LyFoMmm  gobLoBMzMg  bsfowls

Fom8moaqbL Mdsbo 0< 5 <5, bosg X°(J,) 990dwgds ogml 3sdmbsbyyeo

X (8) e -0b Gowmoes X°(8,) =KX °(5)

max 2

boosg k=0,7-08.
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090pamd  gm39wo  306MHMdOMO  QobGHMWgds M3 gds  fmbom
359653wbY 7, (,), G903 3960LsbL3Mgd0 90930 BMOIMEgdoo [107]:
0.
Q b

\'

7,(8,) =

Q

v

— ®l(5v)+®2(5v) +CD3(5V) +CI)O(é‘v) .
4 >

|
2.,
0:%, v=1..,1I.
g0 13O gd0m FoPGIN obEHMEGdsMS LoLE YISl 3o3w9dog9d0m
2930OJL  335@OGHMS  dgompom K, K, ., K., K, K

. K, K

72k a? a

356599@ 900l J0F>MI00 S 30MJOM

Kyzyvz(bl2 (§v)+ K6u¢27\/2q)1(5v)q)2(5v) + Kunm Zy\lzq)l(é‘v)q)S(é‘v) +
+ KV) Zyvzq)l(é‘v)q)4(§v)+ KW Zyiq)l(av)q)S((Sv) +

+ Kaz}/\lzq)l(é‘v)q)ﬁ(é‘v) + Kaz}/vzq)l(é‘v)q)7(5v) = 275(D0(5V)®1(5V)’

KyZ?”vzq)f (6,)P,(5,)+ Koz¢¢27\/2q)2(5v)®7(5v) + Kuz;m275q)3(5v)q)7(5v) +
+ KW275®4(5V)®7 (§v) + szy\lzq)S(5v)(D7 (5v) +
+K, 27\?@6 (6,)®,(6,) + Kd27v2‘b7 (6,)= 27\/2(1)0 (6,)®,(4,)- (90)
Sboew 50b0dzbsms Lol s FooLdL Labgl:
DiKy +Dy,K,,4 + DK, + D14K.,'/ + D15Ky7 + DK, + Dy K; =Dy, 91)
DZle + D22K0u([1 + D23KuHm + D24K|/7 + D25K1/7 + DZGKa + D27K02 = D02 . (92)
Dy K, +DyK,,, + DK, + Dy K, + D35Ky7 +DyK,, + Dy K, = Dgs;

Uunm

D41Ky + D42K0ud] + DK, + D44KV, + D45Ky7 +D,gK, +D,,K, =Dy,
DSle + DSZKM) + Dg,K,,.. + D54KV, + DssK.,; + DK, + D, K, =Dgs;
D, K, + DK, + DK + Dey Ky + Dgs K + DK, + Dy Ky = Dy 5
D,,K, +D;,K,.5 + DK, + D3, K, + DK + DK, + Dy K, =Dy,

UHm
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boQS3:
D, = 27\/2(1)12 >

Dy, :ZVVZq)lq)z =D,

Z?’Zq)q) =Dy s

Dy, 227\3@1@4 =Dy

272(1)(1) =Dg 5

Z72<D @

D, = 27\/2(1)1@7

Z}/Z@Z

Dy; ZZ?’VZ(qu)s

D¢y 5

=D

=Dy ;

227\?@2@4 =D,

272®® = Ds, ;

27@2

Dy :ZVVZq)z(De = Dgy 5

:ZVVZ(Dz(D7 =Dy,

Dy, =27v2®3®4 =Dy3;

Z?’ZCD(D =Dgy 5

272(1) @,

D, 227\/2(D3q)7

Z}/Z@Z

Dy = 27\/2(1)4(1)5

Dgs 5

= Dy3;

=D, ;
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Dy = gych‘chB =D, ;
D,, :gyfquq% =D, ;
Dy, =;75<D§;

Dy, = ;yf(bSCDG =Dy ;
D., :§y5q>5q>7 =Dy
D =§7f¢>§:

Dy, = ;yfmsqy =Dy, ;
D, =;7f®§;

Dy, :Zv:yvzd)od)l;

Dy, :gyfq%cpz;

Dys :%:7/5(1)0(1)3;

Dy =§y5q>0®4;

Dys =;y5q>0c1>5;

Dy :gyjq%q%;

Dy, :;7/\,2@0(1)7;

30090 456GHMEgdsMs LoLEBHYIOL sdmblbom 3owgdo:

y.
“ 5
D
K — oug :
ough D
KuHm = D“”m >
D
D,
K, =—;
D
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D13 Dl4 D15 D16 D17

DlZ

D23 D24 D25 D26 D27

D22

D33 D34 D35 D36 D37

D32

D43 D44 D45 D46 D47

D,,

D53 D54 D55 D56 D57

D52

D63 D64 D65 D66 DG?

DGZ

D73 D74 D75 D76 D77

D72

allallaillalallalia)

D,

D02

D01

DO7

D77

D72

Dl7

DOl

Dll

D()uf])

D07 D77
D12 DOl Dl?

D71
Dll

DMHm

D77

D72 D07

D7l

D,

D12 D13 D01

Dll

D72 D73 DO7

D71

Dl7

D12 D13 DOl

Dll

D;

D77

D72 D73 D07

D71

D77

D07

Dy,
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Dy Dy - Dz Dy
A9d603m6H0  IBGHOEE  dglsdwms  godbgergl -0l dglsdsdolo

Lboaboerols  dogds.  3sdob 53 93m3sbol  Fgdmgzerolomgol  Jgladerms
399303 9bmm Logbowo, 3MM3MmMO 0o 45dmMBsbmEgdols
Ay =a-vy,
M3 396033999 oo ILdMMGIM0s bsIMMIgddo [69, 70]. 356513690l
LM YOOLIMZOL  Fg0dEgds  93MIMZg 30bgEddM3969WMmm  YobEHMgds
(90)—0b 565¢r0bo.
29M5ddboo Lobom gl A9b6EHMEgds 9a30de0s BsghgH™mo sbig:

(TZKp2+lep+1)'//:K T a+K33%’ (93)

Lo0sbo3

T, 0w =(K,T,)a+K, ~a—T,py. (94)
p

99dpmad 3fgcon:

23 OK

T, =[(K.T,)a -]+ Ka%a—nxwz(a—w>+(mﬁ D+

- lxl/)+KZ'3%a' (95)

13965836900 BHMEMBOEIB o8mIEobsdy oly, MM 3353006930l
LodMogdom  JogdMeo  9x39dBHOL Moo Bsgoolsm3zoL  Fga30de0s
30bgddz3s69wmm 313938060900L dgdm@Gsbom o, a, ¥ ©s Ap=a-y
3MMM0bsEgdol dobgzom.

sbgo dgdmbggzsdo a394b90s:

W, ()= {K.,-s S W, (5) 11+ KW, (5) 4 KW, (5) + KW, (s)%}w(s) . (96)

d9L50530b50 (92) EHMEMBdOL FgLsdSToLO BHMEMdS B50HgMgds Sbyg:

Oup L—i_ Klle 14_ Ky
Touq;s +1 S
Wos: S g
A(5)+ K, By, (5)+ K,y,Byyn (5)+ K, By (s) + K, By, (5)+ K,y RLTPS
Tduqbs +1 S
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K 1 -1
B.(s) = B(Fo,cst):[\gw(s) ]

3900bsbMgds (93) 9a30de0s BgfgOmm d9dgyo Loaboom

SZ

—+K,, +Ks+K,_
T,,s+1 ™ 7

WO (S) = 2

An(s)+ K, 52+ K,ys2 + KW s+ KW, +K,, o+ K s+K,,
T(Ws +1

A(s)s
l) S(3: «\S)=—"";
553 A (S) b5+ K.

A(s)=a,,s8° +a,,,8* +a,,8° +a,,5° +s.

56 9 MBFOM godEroo bLsbom

SZ

—+K,, +Ks+K
T,,s+1 ™ 7

, (97)

W, (s) =
0 T, s +T, 5% +s T2Ks4+Tle3+ss+

L+K.SZ+KNSZ+KQ +K,
bls+ K23 v . Kes (TOKS+1) K23 (TOKS+1)

— ALl (S)

> .
oud s +K,;s+K Bui(s)
TMS +1

+ K

UHmM

LodME MM 23996905

A,(s)=C 8" +C8°+C ,8*+C,s+C,.

B,(s)=d,,s" +ds®+ds°+d 8" +ds*+d,s°+d, s+d,.

boQS3
CLO = dLO = K83 Kul—tm;

ClLi=2a,3,;

Cls=a,,a, +a,3,;
C=K,a,+a,a,+a,K,;
Cu=K,a,+a,K,;
d,=K,a, +K;asy

de=K,a +K, a2 +K a5 +K,a;

(98)
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ds= K.ans + K, a5+ K, a5 +K;ay;;

dL4 = Ke‘xaA4 + Ke‘xaB4 + Kaa‘33 + Kda32 + K()m/)KegaélS;

d,=K,a,+K, a5 +K,a, +K,K, +K
d,=K,a,, +K_ as +K, K, + K()u(])ngs >
d,=K,(ay +ag);

a, =K, +KiTous

a, = Ky + Kuan()u(b;

Agg = K.ya23;

gy = Ku,a23 + Ky,azz;

ag, =K 8, +K,a, +K,a,;

gy =K, 8, + Kya22 + Ky,a21 + LWK23;

UH

ag, = K, 8, +K a, +K, K,

aBl = Kuua21 + KyK23 ;
ag, =K, K2
BO un’ “e3?

Apr = 8,585

Aps = Q48 8,585

Aps = 8,38, T8,,8; +a,5;
Apg = 8,58, +8,58; +8,,;
Aps =8 +8,,8;, 8,35

Ay, =8, +3,,.

ag, =Toby;
a41 = KZSTOK;
Ags = szTompbl;

Ay = Tleouq; b, +T,, (Kej'Tdud; +b);
Ay = T()ud)bl +Ty, (KggTomp +b)+ K, Ty

a32 = K 23T

dudzbl + KlK Kzs >

ough

K23 a41 >
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Ay = TOKT(M(/) b;;
a22 = (Tduqb +To;<)b1 + KstOKTz)ud) ’

a, = b1 + Kz3(T

ough + Tmc) .
3o0mbobmeadgdol  (97) s  (98)  godmygbgdom 43946905  w(t)
300650l 809600 350593990 BMbJ305 F00Mgdl Lobgls

C .8t +c.,8° +¢,87 +C  5+Cp,

W (s)= .
v ds’ +d,s®+ds°+d,s*+ds®+d ,s°+d  s+d,

(99)

3odmbodzeg3  w(s) LobGgdsdo ByMomdol 306>Mmdol  dgdm@obol
300 (390M0L Mgo0Ho300BsM30L obz0bowsgm LolBgdol dsbsliosmgdgen
396GHMgdsL.

0dol  250m, 6MHmI LyJdg 935J3L 9g-7-9 boMoLbol  FobsLosmgdgE
396@MgdsLbmsb  8YMoE™dOL  LObMYHBOLsMZ0L  ZLOMYJIWMdD  MFyz9@O
LEHOE0MbIMMEo LobEYIol E0b5d03MMHO BEYMIEMIOL sbserobol 3bmdowo
d900™M030m, 39Mdmq [116] LsdmPsmTdo Imyzsbooom.

50bodbmeo  9gmmEozol  mobobds  4obobowsgzgh  @sdbdsmy
356539390l 4, , ©mIgd03 259m0lobgd0sb sdm30gdgdgd0m:

ﬂ“i = ai—lai+2/aiai+l , 1=2,n-2.

B39b6 99000bg935d0 3399690s:
A= aoas/a1az :
Ay = a1a4/a2a3 :
A = a,85/3,3,; (100)
Ay = asas/a43-5 '
As = 8,8, /a5a,.

1533930 LoLEHJIOL  FEAMOIMBOLOMZOL  Lo3doMobos,  M™I
LOHMEXIOMEIB 30OHMD:

A <A =0,465, Vi=1n-2;

A +A, <A =089, Vi=1n-3;

i+1

A+Aq+A,<1l, Vi=ln-4;

i+1 i+2

A <@=2,)A-4,), Vi=2n-3.

84



390930035000 5330 EHMOO-TBoBMO FoboL0sMYOI DY, MOLMZ0LSS
¥ 30mO©0bsEH0L  o0mbobmegdsdo s Mm39Mo@mmol bozes d9dmy3o43L
53999630 j@, bLosE @ —FOHoMEro LobJoMg s J-FoMIMLabgzomo JMMOsbOs.
300900 53303 BoHBO FobsL0sMYdgU:

4 . 3 2 .
C,0 +CJw —C L, +C Jo+Cpyy
7 6 - 5 4 - 3 2 . .
-d,jo" +d @ +djo’+d 0" -d;jo’ -d 0" +d jo+d,

O(jow) =

m3965U36900lL 25dmyqbgdom 399930 L33eg30 LobiEgdol LogbmdMog—

LobdoMvyen Joboliosmgdgel

Ry (@)R, (@) + 15 ()], (@)
R>(0)+1}(w)

b

U(0)R[P(jo)]=

boQS3
Rp(a)) =d,, —dL2w2 + dL4a)4 —dLGa)e,
I, (@) =d 0-L 0’ +d 0" -d 0" ;
Ry (@) =c , —CL,0° +C 0%,
l,(®) =c,0—C0°.
¥ — LobiEgdol LobmgHBOL 3MIM3900IMGdOL BoEIMGOOLIMZ0L LOlMMZgEo
36MHm3qLoL Lsboo 99OBgmwo 0dbs BMbJgos

a‘xl
A"( 2 Zmp”J M)

0
t) = =
l// () axzzmp2+axlzm +1 No(p)

booE P-396MLMbOL M3gMoEMGMO, Z,, EOMOL dsldEHdwG0 30930309630,
A =0,5A,.
53596 9MHMOE 1533093 LOLEYILD B0TMIIYBSTO SO OGO

uz

= A - Ale_i + AR ™, (101)

356599@M9ds dgMBgmo odbs: K, =0100 §o, T, =981 {0, T, =331 {0,
T, =2,86 (0.

w-boLiBgdob Lobmgbols JgBMMHZ35HYOMWo FJNMPOL 533OMDIEGOOLIMZOL
3535690 306309B I LosbyoMOTM 25dm331939dL. 5doLsM30L LHLMZgEo

36MHm3qLol  Lofigol  3o65dgBHMgdo  0dbs  dgMbgmero  u, = 0,006 % QS

85



u, =0,012 i?] 595bm9b ghmo ™300 Lozzergg LolEgdobmsb dods®mgdsdo

30OMMHPMOL  5OMYYME0MGOI0  35659BHMgdol  360dzbgemdgdo  0dbs
990bgmeo: K, =0,104 §a1, T, =981 (3, T, =3,31 {3, T, = 2,86 (0.

BoGo690mo LosboModm sdm33wg3990L d9gas bob. 21 o 22
9my356005 LobMGBOMGOMWO 356599EMgd0L I60T369MdGd0 RMbJEoMbIEMH
39300630 z,, AsLIBHOMEO 3m9gB303095EGH0.

LN

N//

|
| .
|
|
'/
|
|
7

/
/

0,25 0,5\ O>E 10 ~ ]V

Bob. 21. LobEgdol LsgabmdM0Z30 LobJoMmvyEo TobolsMYdEGdO:
1-2,=10,2-2,=0,6, 3-2,=0,4

LogbMdMm030 FobolisMPIGBOL  25dMYqbgdom 39890 MB350
36 399d0L IMMYdL [97-99]

Bob. 23 8myzsboos  LsabmdMogo LobdoMmero  Bsboliosmgdargdo
(86900 1, 2 ©9d 3), ®MmIwgdog Z,—ob 3609369 mdgdL 1,0; 0,6; 0,4.

0300 356M59535¢0 3MM3909d0L IMYd0 30 dmyz560e0s bob. 23 o
399L505090056 oLIESOMMO 3M953030963 0L 360369 mdgdL z,, =10, z,, =0,6

s Z,=04.
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3o 3o
k, k.
K* > 3/65@ v ({)OQ’ v 6)05{)
5,0 50  }-2000
N /
4,0 40 |—1500
3
3,0 80 {1000
04 06 08 1,0 Zn
Bob. 22. Lobogbol 9990 FomgdIEo ©FMI0EIOMEYdgdO:
1 -k (zm), 2= K, (Zm), 3 = Ka(zm)
3Vo 1
Ky3-10° Kk, %) <
ﬁbg K, 6 Kanr %’8
1
2’0.1 5,0 12 ~ 0,04
/2
- 0,03
104 40 q 10
3
: L7 — R
| 4
0.4 0,6 08 1,0 z.

Bob. 23. LobogBob 890990 FoWIdMEO ©IMI0EYOINEGdgdO:
1- Ky(zm) ’ 2_ Kd (Zm) 4 3_ K()u(/)(zm) > 4- Kunm (Zm)

06530360 daM9Mmd0L 565¢r0Hmb 5353000900 Tglsdsdolo

Bob. 24 Omygzsbowo 3MMmEglgdolomzol, A-  30m9803096Egd0L

056580800 930M™d700 Fgbsd5doLO® 50LOHYd0sD 3603369 MdJdOm:

z, =04
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1
3

05 | /

250 500 750 1000 R
Bob. 24. 95600595350 3G 39L9d0L ArgdO:

1-2,=0,4 2-2,,=0,6, 3-2,=1,0

As=041, 14,=035, 4,=033, 1,=039, 4, =044
d9d0bg935L 30 OmqLsg z, =0,6
4;=098, 1,=030, 4,=0,27, 4,=0,25, 4, =0,38.
5 OMmEgbsg Z, =10.
4 =011, 4, =0,22, 4,=0189, 4,=0,215, 4, =0,32.

dmy3560e0 dmbs399980 3023000019096 LobEGdoms EYMIOMODY.

2.4. 9990 3¢RgdMYMIOLS S JMOLOL FsMMZoL gengdd®mIgdsbozmMo

LobGgdgdol LGOMIGHMOMO 1dgdgdol 5390 S
LobmgBols Igommmermaools Bsdmyserodgds

B9b. 25 8mygz5600s 53dMo30L F9dsbozM bofioero 9350039306 9d0s60
99dEHO™Agds60319M0 LobiEgdob gMm—gemod dgbsderm bEHOMJEMOMEo bdqds,
OMIgwog bsbosmgds 0dom, Gmd LoLEIIL LEHOWJGHMOSTo SOLYGdMOND
90093MMdomM0  353MmEM9JBH0MPdIo  Mamegdo  dE)dsMgmdgb  II -
093295 GHMMOL s IBoL 3mbEHMOL TTH — MHgaes@Gmmol Lsboo.

396513695 4500593990 B3bJ309d0 BMbd30900 bob. 24. s50bodbmwbo
56056 Loddm@wmgdom W, s W, [78, 91].
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39630b0Mm goM53535¢00 3MMEgLYBdOL boMolbmMdMm0z0 sB39690wdOL
3999xMOgLgdol  Lygombo  LoLEBHYIOL  BEAHOWMIGHMOSTo  35EOEYIMHO
353mM9JGH06M909w0  13M393000900L  Jgdm@Eobom  ImIMHo  JoMN30L
09mOHOo0L Jglsdsdols [3, 4].

5356096 3mzEom, HMI Lodsmol Bs3gBHowo 3mbEGHWOMOL 356539E MO0
339 90056 J9MBgmwbo ©sg3900q0sM9 M0 gdol 3bmdowo mgmMool
d9L50530b5 s LObMYHOMYOSO  356M539EMOOL Lobom FoMdmygbowbo
50056 909gdsMgmdol II — M9 sGHMmOmol  356539BHM9d0  (R9dw0gmgdols
3m98030g0bG0  K,,) @5 3sMo@g®o 1309353806900 B 3o@sd;3990

3M9803096@ 900 [84, 88].

Kr

| W _>®_> Wpr i’l; W, L Wy ol C _>®_— Wi wl‘@_» Wiz
I

CS |-

Kon g

Bob. 25. LobEgdol LEGHGMIGHHMEo biggds.

3obbogz5000 LoLEBHYIOL ObsT0Is 39O ©939935300609d0L o
09056gmdol  II -  GgaMo@mmol  4om35eobfjobgdom  so(igMgds
3963 Mgd9d0m

U, =K, &0 (102)

gnp =Uu, on ®, — (t)

Tooly =K, Thé —K e (103)

gT KTI}Z’

Tu+u=K. u,; (104)
di, . 1 c
T —2+i =—Uu-—¢p=K u-K,ce; 105
v =g U= KUK eh (105)

A A
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¢, + b(plgb1 +CLp, =Ci_ +b,0, +CL0,; (106)
1, +b,0, +Cp0, =—M, +b,0, +Cp0,, (107)
boog: g(t) = B,5¢, + £,5¢, + BsA@, + B, + fu+ [u; .
3m3990 2560535350 3MHME9Lgdol dobgzom Lobmgbols sdmEsbols
53mblbobom3zol 99dmagsdal LabMggwo 3Gmagbo @, (1) s 39650369096
39L50530b5 3LsBEOZMZ30 LELYYMZ9 T IPMOMOZ 3MMOEObIBHIOL [5]: ¢,
I,, U Qo U, ®03gdbog 89900930L50030L 35530JL06M9d00 06gdlgdom «i».
30639 030 3LsDBOZMIZM obEBMgdSL
b,o,. +ChLo,. = 1,0, + bm @y TCLPy
Omdgwog 8000905 3obGHMmgds  (107)-ob  asdmygbgdom s  Jgdyma
3LoBP3M300 QoFMLObYYEgdIL @ (1) .
09900p™a 2563 ™Meqdsl (105)—0b 259myqbgdom 3(gMm GHmemdsls:
Ci, =Lo, + b(pl(pm, +Cp@,. — 0L, . —CLp, .,
Q5 30090M

1P b¢1¢71m- +CoPre —P1@s, —C1oPs

|
P (1) = C

399009 3LsDBOZOZM Q9BEHME9dIOL

+K,co,.,., (108)

A SAdHC

K ~um=TﬂO“—"’”+i
dt

Tu, +u, =K.u

n-oe m " Toe 2

Q5 33MMEMOM
T}l e+ I}lofc + K}IC¢19K'
u, =—dt : (109)
Kﬂ
T.u, +u
=1 x o 110
o= (110)

900900 godmbobyergdgdol dsdmygbgdom
¢)29K’ 4 ¢lm ’ ¢19/C _¢29/c = Awm > i}lJIC > um > UTDIC’
D500 Loboo A5950ddOm

ggon(t) :ﬂl¢2m +ﬂ2¢1:ﬂc +ﬁ3A¢9IC +ﬁ4iﬂofc +ﬁ5 :uwc +ﬁ6uTWC'
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999 (102)-(107) 296¢)™e0gdsms godmygbgdoo:

dd%: Vs (111)
dd(/:2 —yis (112)
% =Ci, +by,Y, +C,0, = b, ¥, —C;; (113)
%:—MH +by,Y, +Cop = b, Y, —Cpy s (114)
- =_%i,, +T}ILREU—T”LREyl; (115)
du__1 Ky, (116)

da T T "

n n

396@GMegds (103)-0b Loggdz9wBy:

du . i, :
T d_tT: Ko Tor [uc - K; EJ-F Ko (U, —Kqiidy).
ob:
i K KK
dﬁ:KpTdi—KpTKT%Jr Py, ——2 T . (117)
dt dt dt T, T
d9d0p™d

u,= Kpn[u3 - Kongoz - g*(t)] >

3990g9gbg000 GHmemds (113) 0mgds Lobgl:

du d
dtT = KpTTpn a(up - Konqu - g*)_ KpT KT Kpn x
K. K K K
x iiﬂ + 1 u- CM yl + i P (ux_Kon(DZ_g*)_Liﬂ =
Tﬂ Tﬂ R}z Tﬂ R}l TpT TPT
K K KK
_ pT . pn T "N pT
- Kpn TpT €on (t)_ KpT‘gpn (t):|_Tlﬂo/c -
(KK K.:K.C
— K T Y pT u - K T YpT~M _
pn I Tﬂ Rﬂ ac pn Tﬂ Rﬂ yl?lc

T

pc

KoKy :
_{ p " (ﬂlq)ZJM +ﬂ2¢19/c +ﬁ3A¢M +IB4I;:9«' +/B5uw+ﬁ6u-r9"')+
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_{Kananypm(ﬁ1¢2w€ +ﬂ2¢191c +ﬂ2A¢_ﬂ4p8 +ﬁ5h+ﬂ6F>+

.. .. ) di, . .
+ K pn KPT Kon (ﬂl(DZom + ﬁZ ¢1o/c + ﬂ3A(p - ﬂ4 T—l_ ﬂSUOIC + ﬂGUTJIC )} =
=Ko, - {ﬂ1K pn (aﬁl¢2m + aﬁ'2¢2m’) +5,K (aﬂl¢19m + aﬁ2¢lofc) +

) i di;mc
+ K (@nA0, +8,,40,. )+ BK,, (aﬂl'm +tag, T] ’

+ ﬂSKnp (aﬁ’lu:»c + aﬂZUM) + ﬂG Knp (aﬂluT.wc + aﬁZUTM)}! . (118)
boQS3:
K K;K K;K K;K
pT . T " “pT - T pT T NpT .
ua)fc (t) = gpnolc (t) - K pTgpnofc (t) - T I;mc - T R - T R ylofc >

pn A a4 A A

Epne () = U, (1) = K22, (1) 5

aﬂz = KpT Kon >

AP = Prac = Page -
30035000 306039 Moado 7 g5bGHMmgd0sb LoLEGHYIsDY, GMIgEos
dmoi3ogL (111)-(116) 296@MEgdgdL s dosGHMoiEo gmMdom  Fgodergds
Bo0fgO ML 99990 29563 ™Mqd9gd0l bLsboom:

dx.
d_tJ:AX7+GM +G, + K, G,(t); (119)

Y. =CX

J Vs

(120)
Loo3 7 =1-+,7 @5 23560L5DL3ZMGds LodogdYE 356M539gBHOJOMS B, Loy Bar P
B, Bs, Kpn GHobgzom:

G,(t)=[o 0 0 0 0 0 u, (O;

G,t=[0 0 0000 o®;

G,(t)=[0 0 0 0 0 0 a,M®[;
G,(t)=[0 0 0 0 0 0 a,M®[;
G,t)=[0 0 0 0 0 0 a,(®)];

92



G,t=[0 0000 0 a®;
G(t)=[0 0 0 0 0 0 a®];
G,t)=[0 0 0 0 0 0 a,M)];
G=[t 1000 0 0

G,=[0 000 -Mm, 0 0.

X;/ = [¢1y (027 yly y27 iﬂ}’ u}’ UTV]T >
Kﬂl =Ko b Kﬁz =Kunhos Kﬁa = Konfss Kﬁ4 = Kb

Kﬁs = Kpnﬁs; Kﬂ6ﬁ6;

0 0 1 0 0 0 0
0 0 0 1 0 0 0
C, —Cp - b(pl blZ Cy 0 0
C, —Cp, b, b(p2 0 0 0
A=l 0 o v oo 1 1 4
Tﬂ Rﬂ A Tﬂ Rﬂ
0 0 0 0 —i K,
Tn Tn
KK
0 0 0 o -—424—T o0 o0
L T J
a,(t) = aﬂl(plm + aﬂ2¢2m ;
a,(t) = am(blm + aﬂngm ;
a,(t) = agAp, + a,BZA(pZ.wc ;
di
a,)=a +a,, —;
4 ( ) pl p}DK‘ £2 dt
as(t) =auu,, +aﬂhi'w ;
ag(t) = A pUr,. + aﬂZUT.wc'
2900530003500 356EHMgdsms LobEYdsby:
dx; .
F:AX},'FG},(':); (121)
Y, =cx,. (122)
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0900pmd  3506393Mm0M90m  Q9bGHM@gdsms  LobiGgdsl  (121-122) o
B5d0x DG gLobO3Mazm Y, (t;) 3608369c@mdIBL (396bowgs0 Loldgdobamgol

@, (), bdsi t, —8mbI30gd0L 3608369 mdsms Bm3gdol FaBBHowgdo.
0900amd  [84] 653GXMIOL  3sbsbTs©  F9IZOOEIZD  3Z39OMIEHWYEO

1bdzombsgrol
=3[y, -y, (123)

306030530099, GHmEomds (123)-do:
Y. ([t) =9, () -Lobogbomgdoo  LoLEBgIoL  LobmMzgEro  98MTogz5¢0
3MMM0bsG0; Y(t) — 50539 3mMmOH0bsEHOL dodobsdg 360d3bgermds.
3996H©bMdom M5 A9bGHMgdsms  (121-122)  53mbsblbL, dga30deros
Boghgrmo
YO =0, () =2K,y, 0. (124)
Bbdzombosgrol  (123)  306030Bs30sl  gobmME30ggdm 30609l
33900M5@MS 8900MPOM 5385390000 30MMBOM Rob6EHMEWGdsmS LolBgIols
Yo = 2Ky, (1), (125)
30090m ULsdogdgwo Ky 35M0893Mgodol 808sem §Ogog 7 bem®dserr®
396@Mgdsl s Jgdymd  domgdmewo 3600369 mdgdol  LyxdzgE by
3L5BM3M9300  LOLYIMZE 3OMEILMID M3EH0TODBIEOWEMO  FosbErmgdolsmzol
15330930 bobGgdol K, s B, 3560539EO9dL.

BoGo690m@0 250M330093900L 9900939 Bodmyswr0dgdv)emos LobmgBol
602005 MmHO  IJDMOMWMA0s @ dogdmwos  Lobmgbomgdswo
356599900l F0BsbEsLIbLMo  FgMhg3zolomzol  LoFoMOm  Lafiyobo
050995303600 ©59M30YOEgd9B0.

5009000 390MEMEMY0s Bodwsgdsl 0dwggzs BRogsdotmom bob. 17
dm399wo  9w9dBH®mdgdebozm®o o= LolEgdol Lobmgbo dm3gdwmeos
3905953500  36MHM39Lgd0L  Jobg3z0m, GMIOL ™sbsbds 3 LobEgdol

39M59535¢  3MHMEILL 0GOS obErmzgdm LolmMzge 3MMEILL
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250593990 BbJz00m W?O(s). 50 xmbdso0l gs9mbsbgs 8obsbdgfmboeros
d9mMg Mool 2obEMmEgdol 53mbsblbol dgdzgmdoom.

50b0db Mol Msbobds 9 9dBH®™Agdebozmo  LobEgIsLmb
90050090530, 0¥) 30b9wdd3569egdm (bsb. 26) dmyzsbowo gotsddbowro

LEAHOYIGHOMEo Bgdoo.

&y

L @—» Wyy _>®—> W 0 a: W23 4 -
a

|

KK{)C -

Bob. 26. 4560573600 LWy EHrOIero Ldqds.

303500 39029393 BBJ3090BY
lP(S) _ Wyy (S)Wu (5)

W, (s)= = ,
v U, 1+W, ()W, (s)
boQS3
W, (s)= W, (5) >
1+W, (W, (s)
Qo

W, () =W, (S)W_,(s) -

ymgzgo  50bodbmwo 3093  LYFMOWIGdIL  0dEg3s  BO3dEGHIOM™

15330930  LOLEBQAL  M3EG0ToBoEOWE  LEGHOMIEGHOMW—-35(5d9EHOIWO
LobmMgHo 2.2 5 2.3 3565365539330 IMY3560¢0 IgNMEMEMA00L 05bsbdsc.
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e=u,—-Kee=u,-K, a; (149)
&, =U,—U_; (150)
ToU, +1=K_ i, ; (151)
T U, =T +&,; (152)
T U+u=K_ u; (153)
T, O(l;t +i, :R%U; (154)
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Ix¢x+(bx+bxx)Ri¢x+C R _(X XBB)R +
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