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Abstract

The engineering processes that are characterized by significant difficulties in
terms of improving the degree of mechanization and automation, belongs to applied in
modern technology, particularly in the furniture industry, processing of details having
complex profile surfaces.

Trend to mechanization and automation of having complex profile surfaces
details of modern furniture leads to the necessity of development of specialized direct
action copy-milling and copy-planning machines for mechanical copying direct action
and full external load templet on surface of templet.

The analysis of developed and being under development copy machines shows
that:

— Despite the some variety of developed nowadays follow-up mechanisms and
machine tools system’s structural layouts and designs, they would be added by
more effective new schemes and constructive solutions;

— Applied in the machine tools follow-up mechanisms are belonging to complex
nonlinear dynamical non-stationary systems.

The review of considered follow-up mechanisms development and research
work shows on actuality of scientific and technical objectives of improving the
efficiency of analysis and synthesis methods and methodologies of ongoing in them
dynamic processes.

The objective of work is presented in terms of functional capabilities of
machine tools devices for processing of complex profile details to develop the new
structurally more perfect multidimensional hydro-mechanical follow-up mechanisms
schemes and models, development of dynamic research methods and methodologies
aimed at increasing the effectiveness of the considered equipment design and
operational parameters.

For the achievement of objective in the research tasks are including:

— existing and modified schemes of intended for complex profile details grinding
machine tools equipment, the analysis of their construction and dynamic research
methods and methodologies;

— comparative analysis of having direct copying modified schemes machine tools
equipment of containing an automatic pneumatic and hydraulic elements and
systems and formulationof research objectives;

— analysis of issues of functional and structural construction of application of hydro-
mechanical follow-up system in aimed for processing of complex profile details
on two-coordinate copying rotor - grinding machine tools;

— development of structural model of two-coordinate copying machine tool system\s
elements movements;

— definition of main kinematic regularities of pneumatic cylinder’s axes and contact
points at the processes surface, control link and machine tool’s rotor relative
movements in hydraulic rotor-grinding machine tools in interaction with link at
rotor circular motion and processed work-piece longitudinal movements;

— in the dynamics model of full system the consideration of structural issue of
involving of mathematical model of hydraulic part and construction of dynamics
mathematical model of follow-up systems;

— development of research methodologies for fixed as well as for rotational rotary
follow-up systems;
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the development of applied theory of considered nonlinear nonstationary hydro-

mechanical follow-up systems parametric synthesis, practical approbation of this

theory on initial uncontrolled systems and possibility of developed theory analysis.
The scientific novelty of work includes:

—  development of original scheme of equipped with follow-up hydro-mechanical
system two coordinate copying machine tool intended for grinding processing of
furniture wood details;

—  the original regularities of construction and the proposed machine tools hydro-
mechanical follow-up system dynamics in developed models;

—  Application of original methodological approaches in the dynamical studies and
obtained results of researches.

The practical value of work includes:

The offered original schemes of copying machine tool, the mathematical
models of considered nonlinear non-stationary control systems, research methods and
methodology, aimed for researched system’s parameters optimization selection.

In the introductory part are grounded the actuality of dissertational work, is
carried out the analysis of recent state of construction and research of machine tools
and machining lines for processing of multi-profile surface.

Are analyzed the applied mechanical processing methods for various purposes
complex profile details shape formation.

It is shown that in the terms of machine-tools and machining lines structure
widely are applied rotor - grinding copying machine tools and machining lines.
Applied in the existing machining systems working bodies the schemes of relative
movements in the terms of further functional improvement have been developed the
structural scheme of relative movements of two coordinate copying and grounded on
it equipped with hydro-mechanical follow-up system aimed for processing of
curvilinear - shaped surfaces copying rotor - grinding machine. The work-piece,
grinding pneumatic cylinders, follow-up link and copying machine rotor’s relative
movements kinematical analysis are accepted grinding pneumatic cylinders axes
positions non-linear functions, related to the machine rotor angular movement and the
supply in longitudinal direction of work-piece follow-up link and rotor’s relative
movement kinematical regularities.

Grounded on the analysis of relative movements of copying follow-up and
dynamical processes are revealed required for dynamic description generalized
coordinates. Are constructed the expressions of kinetic, potential energies, dissipative
function and the generalized forces. Is accepted the follow-up link’s dynamics
mathematical model.

For the description of considered system’s follow-up drive’s hydraulic part
dynamics are applied the known equations of balance of forces and fluid consumption
and was constructed the mathematical model of dynamics of follow-up system.

As the result of qualitative analysis of the developed mathematical models
dynamics is proposed the applied theory of synthesis of researched two-mode follow-
up hydro-mechanical system, is constructed a based on parametric synthesis of
stationary system in accordance with transition process and the introduction of
dynamic stability conditions in nonlinear non-stationary system.

In turn the basic procedures for the stationary system synthesis are the
following: “desired process linearized model” parametric synthesis and transition
processes approximation for nonlinear and linear systems.
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In accordance with transition processes in researched systems for the
realization of synthesis method’s procedures have been developed the following
methodologies: introduction of desired processes, selection of desired parameters and
condition of stability.

The conducted reporting study shows the practical effectiveness of
researched system’s engineering synthesis developed theory.
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‘d9230de005 googogm (47)-(49) 2ob@magdgdol godmom @m®@dsby,
OmIgenoi yodmolsabgds dgdpgao Lol gdom:
m, Y, +b,. —=y.,)+Cs ﬁ[@gl -x, )|sin ¢| + Rcosy, +r(x,d)—ym1 ]+

+Ch (v, =Y) =05 (52)

. ) ) 1 .
My Vs T 0,0 (Vi =)+ Cs m[(xgz _xp)|sm§0|+RCOS7z +r(xK2)_ym2]+
2

+C12(ym2 _yx) :QPZ; (53)
ij}l( +bml(y1< _yw1)+bm2(yx _ym2)+cll(yzc _yml)+cl2(yx _yw2)+
+C,(y, |sin(p|—xp)|singo|:O. (54)

wl

od gobRmangdgddo m, , m,, —3IsLgdo, OmIgagboi 2oblsbwg@ymos
Lobgbo 3b93dm@Eogobo@gdols doligdom ©S doonby oygoboao
JONMIED035© 25050 gds©0o dgoboggdo Gamengdols dsligdom.
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3odmls3ganggo dommgosmmgogng odd@sgol do@sgmogydo bafoaols
©0bsdogol gobBmeangdgdo [11, 30, 33] Lodydomgdol mobobdow dgodangds
50(9Oml dgdogabsodsg:

d . 1 . N
EFeu +k, x=k,k, \/1 ——F(Fm + B, + B, x)signe - ¢, (55)

bosi  p,— bombol  (bggs,  @mdgeroi  dJmygobognos  ddoGmggeno
oobos®osh  333gmo@sbmsb,  k,,  ©o  k,—dglodsdobow,  Loboli@ols

3098030963 gd0 s do@sgmogzy®o Lob@Ggdol ©oggobogro sd@og@gdols
30980309630  LohJo@ol  dobggom; B, — 3099830309630,  ®mIgano
s®oibogl  darsbBo  bobyybol  ©@obsgadal  bgmlowgbgddo, @mdgrgdog
5900 gols d339m @ 203565 0@ gdganls 30AME0E0bM0Nsb;
B, — 309950309630, GmMIgeoi se®oibogl @obsisdal 0bgdGools dognowsb,
2odmfg99el o038 bgolbowgbgddo  dJmmoglgdyero  Lombolbogeb; x  —
JoO030mobeGOl g dol  yowespomgdol  jom@Eobo@o;  F, —

2y
doOmEoeobe®ols 3mdbg Inogdygemo dogos.
mnogols dbGog:

. s SN o
Fm:k{mpxp+bpx0+—+f+Qmpr+F signx (56)

mpx
ox » ox »

bowoi k, —OmEMOOL @g@dbg ©o dogry@do 36g3dmEomobpdby dmwgdbymo

dogngdols aygabols 3mgxno0gbdo:

O = Sy Cs (8, + 8,)|cos plsignit 5 (57)
622“ =2C, sin’ ex, —2C, |sin go|yK +2C, sin* @x, —

-2C,sin” (/)|sin(pyK =2(C,sin* ¢+ C, sin* P)x, —

— 2(C1|sin (p| +C, sin’ (p|sin (p|)yK , (58)

Sop —3305@0  bobgboli  dogrols  jmggn030gbdo;  m, —hs@bol  BmEGM@OL
©ghdby  oygobomo  yosseyomagdoo  bofoagdols Aol b, —
©933g00gd0lL 3mgBo30gbHo; £, —bobybol dogns dop@m@omobeddo wo
hodbol 394ob0bdgddo, oggsbogo x, j0m@EbsGdg @ — wolodszog®o
Babdioo-
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2o dgoeo gm@dom 39]6g90s:
or,, aH(SZJ oI,

+

k
k(m X+b X )+—2%x +k,
(b, %, ) k, ‘(axp ox

e Vvl

=k k X/I—LF(FZM + B,X + B x)sign(y, —xp|sin go|singo)><

n

x(y, = x, |sing|)|sin g, (59)
bo@sQ

F, =k[(m,%, +b,%,)2C sin’ x, +2C,sin’ glx, +b,|sin g, +

+ £,,C5 (S, +6,)|cos g| - signi, —2C,[sin¢|y, 2C, sin” gy, —b, 7, | =

=k[(m,%, +b,%,)2(C, sin> x+ c,[sin’ pfx, +b,[sin [, -

=-2(C/[sing|~ C, sin® )y, —b, 3, + f,,Cs (5, +5,)|cos ¢|- signi , +

+m, i, +b,x, ]k, (60)

F —393L6ga gdgeno Jop@mEomobo®ols oadol go®ommdo
kvl = kplkv
kp1 —333900505bg dmdJdgo0, 3903960l aoeigdol Moibgo; k, —asde@og@gdols
30980309630 dow®sgmogg®o Lolgdol LobJs@om.
ao0©sJdboeno Lobom g39]bgdbs:

1

k
k.m, X, +kb,X, +f+ k, {—2[(x31 -x, )|sin go| +Rcosy, +

cos” ¥,
1
2 7,)

+Rcosy, +r3(xK2)+ym2]|sin(p|+kgbp5cp —cz(

+7,(x) = Vo ] fsin g])+ o) [(x,, - x, )sing]|+

sin gousin go| =

K

aHcTV

=k k \/I—LF(FZW + B,X + B, x)sign(y, —xp|sin(o|sin(p)><

X (yK —xp|sin (/)|)|sin go|. (61)

odgg  owgbodbogm,  @Omd  dowgdbymo  Jmpgamo  s@SF@R0g0

NONMHRETIOINGR T Lob@gdoLomgols 05359000 29bgs 0g4mb
AO5bL39b0gbR Y0 S gd@ Yo AobFmegdgdom:

Zy =Zpo H(R=0))siny,; (62)

Kl
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Zyy = Zu H(R—=0y)siny,, (63)
oo 0, wo 0,—bsbgbo 3b93dm0e00be@gdols 30d0bomg ©gnm®ds309b0s.
‘dgagodanos hog(g®mo:

k.m,X,+k,b,x, +k,,x, +kb,x, +C,x, |sm (o|+

. 1 1 .
+k2‘sm2 gp‘ —+——— |x, +kAx, + kAR |sin p| +
cos’y, cos’y,
) ) |sin ¢| |sin (o|
+7,Ax, + AR [sing|+ kAT [sing|—k, -y, +k,——5— Y, =
cos’ y, cos’ y,

=k k \/I—LF(FZW + B,X + B, x)sign(y, —xp|sin(p|sin(p)><

Hc TV
n

X (y]( —xp|sin (0|)|sin(0 , (64)

‘sin2 (0‘ - ‘sin2 go‘ ‘s 65

2 3l 2
Cos™ 7, cos™ 7,

AR;,ZR( L1 ]; (66)

CoSy, COSY,

ACHERACH
Ar, (x,) = =05 = 2202 (67)
cos”y, cos’y,

Jomgdyao  ©odmogdbyamgdgdol  asdmygbgdom  gobm@ 09 gdm
©0bsdogol gobodygomgdyga o gof®x0g9d9a dmEgmgdby aoslgmsl,
@53 [oddmopagbls dmge s@o{®g0g0 sOSLEASG0MbsGYeo LoliBgdgdols
183d69®0 YPLFsgarol Loggdzgarl.

930039agl - gogmobs  yobgobogrmm  godmbsggarggo  Lobigdol
do@sgmogy®o bosfomol o®sf@x0g0 s s@sLESEGombogr @0 ©obsdogols
23obBMEgdols 2o{@x03900L 3m30bs.

aodmboggenggo  LobEgdol  do@sgmogyg®o  bsfoemols  ©obsdogols
25b6HM@gdgdol dodxggbs bofogol, GmIgerai bobosmwgds 2oblsbmgdymo
B9bJombog@o  ©odmjorgdmgdgooesh  ggordedgmo  gabgom,
dogerm®gbols 7300300 ool o @sdaol 3odggeo ™o §gz@ols
5@Mggdol dgdpgy, aodeoao Lobom dgodangds woglgomo.

Jomgdymol  aodmygbgdom  asbbognygeno s jm30Mgdgeo  ho@bols
30©M53000 3700 dnmgsgrmngseg Lol gdol ©0ggMmgbiosamo yobBmengdgdols
bageo LobEgds, ao®sddbgdol dgogasw ©sofgmgos dgdwgao Rm@dom:
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My Pt + bV +(Ciy + C1 )Y = Cy, (x,, — x,lsing| + Cy, cos y, R+
+r(x,)+C,y, +b,V. +Qp1; (68)
Moy P + Bz Vs +(Ciy + C1y) Yy = Ciy(x,, —x,)|sing| — Cj, cos y, R —
—r(x)+Cy +b,,5, =0, (69)

ij}K + (bml + me)j}K + (C11 + Clz)yk + Czyk‘sinz (1

Ve =

; (70)

=C11 Y —CiVun +C2xp|3in¢

k.m, %, +kb, X, +lli—"”xp +b,()x,+C (t)x, +b,. ()X, +b, (D)x, +

r

+C, ()x, +k, k,sin> g x, +[k [, Cyslcosg|+F, ]%(Signfcp)z

o Vvl

= kgfckvl | Sin¢ | y/c + bxy (t)yK + ny (t)yl( - Cmpg (l‘)Slgl’lxp + Cy (t)yx + bKj}K +
+kAx, +k Ar,(x,)|sing|+k AR, |sing], (71)

boo(s

b (t)=2C, sin’ ¢ + 2C2‘sin3 ¢‘ +b, @;

7

C.(t)=2C,sin’ ¢ + 6cz\sm3 o

?;
C,(t)=2(C, sin> ¢+ Csin ]}

b, (1) = A,:6(t);

b (1) = A4,&(1) 5

C,.(0)= 4,(C sin o+ C Jsin (1)
b (t) = K,&(1);

C, (1) =2K,b,[C sin® o+ C,sin® o] (0);

kl‘ kJIC kV
2p F

n

C,. ()= f,,C, (8, + 8, cos g+ F,, (1)

A4,z = Kb(mp +Bz);
Ay =K, (B, +bp);

k. k Kk

roooe v

b= 5

2p F
e(t)= (y |sin ¢| —sin’ (pxp);
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C,(1)=2(C,sin’ p+C,[sin g

);
C,(t)= f,C;(5,, siny, + 3, siny, Jsing| = £,C,3,, |sin ¢
odol  Jgdgy  dogogodm  Loggerggo  LobEgdol  obsdogols

S@5LHS(0Mbs@Y@  dmgensdog, OMIGEoi SOSLESE0MbsGeo Lol gdgdols
obognobols 36mdogno dgommegodols 0obobdow omgoeolifobgol

3oL Iy g gdye ©0bsdogy® JmEgegdby dowsligansl.

aobodygogogdyge  JmEgegdby  gosbabgangemse  dgagodmos
2dmg099bmm dgdgyo sdmgowgdea gdgdo.
cos’ =0,5+0,5¢c0s2¢;
sing|~ a, —a,, cos2p;
|cosgo| XA, +a, cos2p;
sin’ g ~ a,,, —a,,, cos2¢pa,,, — cos4p;

sin’ (p|sin go| =0,375-0,5cos2¢+0,125cos4¢;

sin® g[sin” ¢ = (O,Sa(fn1 + O,Sawo)— (O,Sa(/,1 +0,5a,,, +0,25a,,, )cos 20—
-(0,5a,,, —0,5a_,,) cos 4p+0,25a,,, cos 6¢,

boga

0a,,, = O,Saw +0,25a,,,;

a,, =05, +a,);

a,, =0,5a,,.

hoBomgdygmo aomes]dbgdols Loggydggenby:

b,:(t)=4,a,y, —054,.x,—A4,a,, cos2gy, +0,54,, cos2gx ; (72)
b, (1) =A4ya,y, —054,x,—A,a, cos2¢+0,54,, cos2¢; (73)
Coo(O) = AoV = Ay COS29y, — A, 5 COSAQY, — A, 0X, +
+ A, c082¢x, — A, cosdex, — A, ,co86¢x,; (74)

b.(t)=a,, —a,, cos2¢—a,,cosdy; (75)

C,(1)=C,,—C, cos2g; (76)

C(t)=C,—-C_,cos2¢—C_,cos4p; (77)

by (t) = K b, (v Jsing|—sin® gx, )~ K bz, ; (78)
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Logo(s:

0930 3990300900 ©5d5Ggoom 25doMBH0ggdgol, ©ogfg®om:

boogs

C,0~K,e,2Ca, -C)+K,e,(C,—2C))cos2p;

6% cp 6“cp
<1 5 . ;
Cmpg (t) ~ EK(; fmpC5 Zaw + Fmpx cp?

C,()=C,—C, cos2p,

C,(0)=C,—C,cos2p,

C,, =2(0,5C, +a,C),

b,=C +Cya, +0,5C,a

(23

b, =05C,a,.;
AcxyO = Acx (ClangO + 0’375C2’
Acxyl = Acx (Clawl - O’SCZ )’

Ay = 4,[0375C, +C, (0,502, +0,5a,,,)];

exx0
ap =C +Ca, +0,5C,a,,+ba,p;
a,, =C +Cy(a, +a,)—ba,p;
ay, =0,5C,a,,;

C, =2(0,5C, +a,,C);
C,=C +3b(a, +05a,,)p;
C,=¢(C —[3aw +3aw1]bk¢;

C,, =L5a,,b.;

Acxxl = Acx |_075C1 + C2 (Oysa(pl + 0’5‘1@0 + 0,25aw2J;
A,n = 4,C[0,125-(05a,, -054%)];
A4.3=0254,Cya,,.

b,:(®) b,z = 4,56,

mx~cp?

b.(t)= by = Ay

cp?

C.0)=C_,-C_, —C_,cos2¢+C_,cos4p,

&

Coo =4.6,(05C, —a,,C,);

ex“cp

(79)

(80)

(81)
(82)

(83)
(84)

(85)
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ngl =A4,¢ (0,5C1 _a¢)31C2);

ex“cp

C&v3 = AcxgcpCZQ(psZ'

Lbodmgmme  gobsdygomgogdygemo  LobBgds dgodergds oo g@mbs
‘d99©gabs0@sw:

My Vi + 0,0V + Cyvn = Csi X, Sin¢|_cy1xp + Cpl(xkl)+

+r3(xxl)+cllyl(+bw1yl(+fpc(55l*|Sin(0|; (86)

mij}uﬂ +bm2j}m2 + C*ZylMZ = C;lx32 Sin ¢| - C;lxp - CpZ ('XKZ) -
_rx(xk2)+clly1<+bm1y;<_fpc§52* |S1n¢|’ (87)
ij}K +beK +CKyK :Cb(ﬂ +f;<)

Mpxp +bpxjép + knoxp + (CxO + O’Skyckvl - C&rO )xp +

sin |- C,x (88)

P

d, . . 1 L
+(krfmpC55Az%c +Fmpx )E(szgnxp)+5Kb (fmngé'Azaw +Fmpx )é‘cpSlgl’lxp =

= koK@ y, +Coop D3, (89)

e vl
boga
C, =2(Cs+C)+2Ca, ;

k

_ “oe
=—=+a,, .

n0 k

r

odgg  owgbodbogm,  OmI  ygges  Jowgdygmo  asbGm@gdoms
LobEgdgdo, @mam@E  Lofyobo, obggg gobsdgomgogdymo, Logo@ms
sdmblbogro  0dbsl  Fgdpgao  Lobol  A@sblzgbegb@dyco  seoagd@yen
23obBMEgd9dmab g msg:
Zy = Zy T(R=0))siny; (90)
Zy = Zyo T(R—=0,)siny,, 1)
@53 3obbobwgdyeo  bodolbboon oMY gdl domo  ©obsdogy@o
Sbo@obol sdm3obgdl.

23. ©06530300 350935303700 3MmEgE9d0 gOM GMMA©0bsE 0560
30300380L Gg50dT0

boggerggo @ 3mm®eobs@osbo gm3omgdols ho@bols Lol gds (bob. 17)
>0l m®@gg0d05bo.  dgygderos 039 doml  Amamai3 3Gy Fodygao-
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Qdobmby®o  g@omgdol  ©odYdoggdol Mm@ gMmm@obsGosb,  Sadgmgg
dygedogo  3ggmols  3Jmbg  aowybymo  gBoegdols  gHmgmm@OEobsGosbo
539 doggboll  @ggoddo.  9zobolgbger  dgdmbggzsdo  @dgmeno 4 bolew
dopaMgds bg@39Hbyg 9.

5bodbymseb  ogegdodgdom  Loggmrggo m@gmm@©obs@osbo
Lob@Bgdol  domgdoBogy® dmwgagdol  bo@obbmddogo  sbogrobolomgols
9O 3OMAE0bsE056 0 990dmsb 05 353'doMgoom dobobdgfmbogosw
doggohbos (3bmdogno [123, 125, 126] 65dO™3gddo dmygsbogno obsdogy®o
Jogmodgdols Logombgdol 3@o@oggeo gobboangs.

bobobbyg 17 dmygoboanos bodbowol wg@dymo gosswyogdgdols
39JBM@0L  Jo@mmdyen  Lod®Eygdo  3b693dmEomobo®gdol, dds@mnggeno
Aamol s OEAMOOL GoOmdono IJmdOsmdgdol  30bgds@ogzol  Lggds
hodbol  gOmgmm@obs@osbo  gm3o@gbols @ggoddo  Fydombdolimsb
05 353d0@go0m.

bob. 17. goB™dom ImdAsmdsmns 3obgdsdogol Lgds [126]
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bobobbg: 1 —  obodydoggdgero  bodbowo; 2 - Labgbo
3b939dm@Eo@obo@o; 3 — dJmmgogmgomg Gymeno; Op > Oy —®OmFmeb
©d bodbool  @g@Adgdol  dodwobs®yg  dpgdbodgmdgdo,  GmIggdo
JOMOEobsAmS  Oyx;¥,z, Lobpgdsdo bobosmgds jom@Eobs@gdon X,
> X33 O, Gam@ol ©g@dol dodpobsdyg Jpgds®gmds; @ — @mEM@ol
dGO9bgol  gom@obsGo;  a—-dbGgymgdols 6 gyobydo  dmd@domdols
30MObsGo, 3mbRodo K [gdGoaols gumbydo  asposeaomgds YV
©g®dols dods@mnygagdom godmolobgds wsdmgowgdyamgdom [125, 126]

V= xk|sin g0| .

3693dmEo@obodgdols d@9bgols 3963 ®gools dgdoMgmdgdo

2obolobmg®gdosh Slyg:

yml:x3ISin¢|+(R_5l)cosyl+r3; (92)

~ Vi =X, sin@|—(R=6,)cosy, —r,, (93)
oo 01 o & —dglododols@ 30Mg9eo s dgmeg 36933mEomobodgdols
dodobo®g ©gBm®Io30900; 1 S B —3mbRsd@ol Ki ws Kp §ga@oagddo
aodogoao  dbgdols  ob®ogrmdols  gymbggdo; X, s X, —bsdbowols
©g@dol  gomOwobsdgdo K s Ky (go@omgddo; v, @5 Y, —
3b93dm@omobp@gbols  d@ybgol  (396G®gd0l  jom@OEobs@gdo; R —
36939dm@Eo@obo@ol wosdg@®o.
dgm®gl dbMog gmm®obs@ms Lofyolo dbodgbgemdgdo:

Vun =R+, —A +, 5 (94)
Vuru =R+1, =80 = y,3 (95)

(94) s (95)-0b gomgogolifobgdbom
R=Ag+y,=x,

sin |+ (R—5,)cos 7,3 (96)

—R+A,+y,. =x,

sin (p| —(R-0,)cosy,, 97)
oo Ay —3bg3dm@zomobedgdol  Foboslfsdo  w©gnm@dsigool  Lowowy:
Ve —Oa0@0l bobmgobo gossaoagdol gmm@obs@o.

(96)-(97)-0L Iglododolow

0,08y, = x31|sin (p| +A, =y, —(R-cosy,)
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0,C08Y, = x32|sin go| -Ay—y +R(1—-cosy,).
935601 3bgero@sb:

6, = L [x31

singo| -y, +A, —R(l—cosyl)];
cosy,

1
COS Y,

0, = singo|—yK—A0+R(l—cos7/1)];

[x32

[, =01, +11,, = %cﬁsf + %Cﬁsj :

11, .

oIl :Cd%[xﬂsm(d—yx+AO—R(1—C0871];
oy, cos” 7,

oIl 1 .

—2=C —2[x3251n(/)|—yK—A0+R(1—cos7/2];

oy, ? cos Vs

1_Icl = Cl (xp|Sin (0| — Vi )2 5
oIl
ox

P

=2C, (xp|sin (p| -y, )Sin o

[

b

I1,=¢C, [(xp|sin (p| -V )singp

% = 2C2(xp sin’ ¢ + yk|sin (p|)sin2 Q;
x

P

Qy = Qpl + sz;

b

0, = f,Cs0,sin 7/1|sin7/

Q,, = f,Cs0,siny, |Sin 4
U .
0z, ’

Y
Oz

VY, = arctg( J R
k

b

V= arctg( |sin @

|sin o

(98)

99)

(100)

(101)

(102)

(103)

(104)

(105)

(106)

(107)

(108)

(109)

(110)

(111)

oo Cs —3b9gdmiogobo@ols Lobol@dg; €, — bodds@ols 10 Loboli@dg (bob.

15), C, — boddoGs 14 Loboligy.

Sbogmyoy®o
oIl
ox

P

=2C, (xp|sin go| - yk): 2C1|sin (o|xp =2C\y;s

(112)
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aH c2
ox

P

=2G, (x, sin” p - , sin g Jsin ¢| =

=2C,x, sin’ plsin ¢| - 2C, sin® gy, . (113)

xodyg@o Lobom 23946900
a =C ( x321 + j|sm ¥+ CsA ( 12 — 12 j—
ﬁyk cos” 7, cos? 72 cos™ y, COS” ¥,

{(l cosyl) (1- cosyz)} C{ 1 N 1 Jy+

cos’ 7, cos’ 7, cos’y, cos’y,

+ 2C1|sin (p|xp -2C,y, +2C, sin’ g0|sin (p|xp —2C,sin’ gy, . (114)
2obbmysMmgdyeo dogrgbols g)orﬂgmogqvo g)o?]mlsok‘;-]gma?)oo

Qpl = pr§5l Sln 71|Sln ¢| = pr§

cos cosy1
R(1-cos 1
= 1,Cs Rll-cosy) - 1,Cs Vs (115)
cos 7, Cos 7,
0,,=1,Cs0, sm;/2|sm¢)| fC x,+1,Cs +
cos ;/2
R(1—cos 1
+fpca(—72’—fpcﬁ Yoo (116)
COS ¥, COS ¥,

Lowoi f, —4®ol dognols 3mggoi0gbdo.
s ®obgols dgmdg Gogols 23obBmMagdols 3odmygbgdom
dJomgogmgogmg Gamaols gob@magds bmaswo Lobom hoofgdgds obig:

d(or.) or, ol o
e +0,,. 117
df(ay}j o, oy, oo, (4

boga

1 . 1 .
T:Emp(xp)z +me(yk)2;

1L [d . ’
(O} —be[g(xphmﬂ_)’x} .

30@53e0037M0 bofomol aob@magds

iFm +k x=k k, 1——(Fm + B,X + B\x)signe - & . (118)
dt p.F

‘dgag0denos hogl gomo:
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mpx
ox » ox f

F, :k{mp)'ép +b,%, +6—H+63+QWJ+F Signx, , (119)
bowo3  k, —@m@m@obs  ©s  dogrmgsbo  dop@mEomobo@ols  ®gmdgghy
JoEgdygao doagdols woygsbol 3mga03096@0;

Qmpx = fmpC5 (51 + 52 )|COS ¢|Slgnxpa (120)

oIl
6_2c =2C, sin’ gx, —2C,[sin ¢
X

p

Y, +2C,sin® gx, —

—2C, sin® plsin gy, = 2(C1 sin® ¢ + C, sin* go)xp —~
—~ 2(C1|sin |+ C, sin’ glsin g0|) .
Jop = 33G5@o0  bobyboli dognols  3mggo30gbdo;  m, —yosbss@yomgdgao
bofoagdol  dobo,  @oygobogno  hs@dbol  AMAMAOL  ©g@dby b, —
©93890900b  309g8030gbdo; F,, — x, 3000©0bsibg  ©oggsbogro bobygbols
dogns  JoAmEomobo®do o hodbol dgdobobdgddo; @ — wolbiodsiogy®o
B9bJGoo-
Ao dgoao gm®dol aob@mmgdoms LobEgds 0mgdl Labgl:

Ve =Cs(fo+ 122)

—2C, sin’ @x, - 2C1|sin ¢|xp — f,C5s0, sin 71|sin (o| + f,Cs0, sin 72|sin @

ij}K +b1<y)< +2(Cb +C1)y;< +2C2|Sin¢ Sin¢|—

. (12D

k,(m % +b %)+ %xp +k,(2C, sin” +2C,[sin’ | + b, Joos pl)x, +

r

+k,(2C, sin 2p¢ + 6C, sin’ p@)x , + {krfmpCﬁAz(cos (p)% (sign)'cp )+

mpx

+ %(F signxp} — 2k(C1|sin g0| +C, sin’ go|sin g0|)j/K —

-2k, (C1 |c0s (p|(p + C, sin 2(0|sin (p|(/') +C, sin® (p|c0s (p|)yk =

1 .. D\ . .
= kmkvl\/l _ﬁ( Wt ByX+ le)yzgn(yk - xp|sm (p"sm go| X

n

(122)

b

X (yK - xp|sin (pusin )
boogs

F, =k, l(mpjép +b,x,)2C, sin’ x,+ 2C2‘sin3 go‘xp +b,

sin g0|5c ,t
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y, —2C,sin® gy, —b,j, |=

+ £,,C5 (8, + 8,)|cos ¢| - signx, — 2C\[sin ¢

=k |(m,%, +b,%,)2(C, sin” x + Cfsin’ plx, +5,

sin (p|5cp —
—2(C1|sin ¢|-C, sin’ (o)yK —b.i+ [,,C5(S, + 8,)|cos |- signi, +

+m i, +b ik, (123)
P, —ombmgoams ddo@mgger d3390005bmsb dmyggobogro Lombols (bgge; F—
‘dgaber g gdgano JoOmEomobo®ol ©aydol go®mo:

kv = kplkv;

k, —33390005bg  bgdmdJdgoo  dgd39H0l  gosigdol  Godpmds; k-
do@sgmogy®o LobEgdol aodamog@gdol 3m9x0i3096@0 Lohds®ol dods@m.

3005@ox0l  dmgoml  dgygodegros  s5©@gbodbmm,  Gmd  [obs
35052M558do @ 3mm@Eobs@osb  LolEgdolmsb dodo®mgdsdo  domgdbyano

3obBMEgdgdo  aoM3399eo  dgbouoggdol dg@obols dgdwgy  dgagodenos
20903049600 gO® 3Mm@Eobs@osbo 3m3omgdols dgdmbgggsdog.

24. 30p®™dgJsbogy®o dodgmemo LolGgdol
065303700 3gerggs

24.1. ©0bsdogy®o LEOYJB oo LJgdgdo s ©obsdogy®o
330930 0ogoligdy@gdgdo

bgdmo  Jomgdbymo  domgdosBogy®o  dJmgergdo,  dggbodsdgds
Lbodygdom  @ggodl 3d@Ybsgo O®MGMEA0m. Igdomdols Ggg0ddo, OmEgbsg
AmEMO0 ©osxoJlo@gdygmos boddg 335J3L G gageodgdols LEsEombo® e
LolBgdobmob. o3  dobbolomgol  oyEoegdgeros  25dmygbgdyemo  0dbgl
9390  Lofgolbo  Fobsdm@dgo  o3mEebgdmsb  dgoos®gdom  go® 33ge

Voo Lobgigeomo asdmbobyamgdgdo

8H(>‘1 1
e [(x, —x,)+Reosy, =7, =y, 1Cs (124)
wl 1
oI, )
v,y cOS'y [-(x, =x,)+ Reosy, =1, =9, 1Cs (125)
w?2 2
=000 =x,)5
Yy b
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oIl

Gx: =—C,(x, —x,); (127)
chH
=C (Vo =) (128)
ayutl
chlz
=C Vw2 =20)- (129)
ayml
LobEgdol aobBmegdgddo (s®dmoddbgdosh §g3d9do
2(C, +C, ))'cp -2(C,+C)y,s (130)
2bk)'c'p -2b,3,; (131
k k k k
ﬁg(cl+cz)xp; ﬁ(cl"'cz)g Vi
k.?/(' kV b4 kJIC kV >
T,,I;(mp+32)gxl7 © —nlBlgxp. (132)

Fobogowdmgdyamol  gomgsmmolifobgdom  LEsEombs@ygao  Loli@gdol
©0bsdogol gobBmagdgdbo oo g@gds dgdwogabsodog:
My Vs 0,050+ Con Vi = Cszs _C;xp +Cs+Cy, +b,y, +pr5§1* 5 (133)
mij}mZ + bm2j}m2 + Czym2 = C;2x3 - C:;»pr + (CK _r32)C6 +

+C1yk +bmy1< +pr§51*; (134)

m, X, + (b, +2b)%, +[k

aHCX

.k k ..
+2(C, + Cz)]xp +;C—I;‘(mp +B,)&k, +

n

+—k'mkVI Bléxp + kyckvl'xp + k‘mk‘d (Cl + C2 )'x[27 +kwc—];;1(cl + C2 )ykxp *

p.F p.F D,
F

mpx o vl .

. k k
Slgnxp = ko«.'kvlyx + M—FVVI(CI + C2 )xpyk +

n n

mpx

d .
+F —(si +
% (signx,)

+"L’;“(cl +C)Y2 +2(C, +Cy)p, +2b,5, (135)

n

aobbogao asb@magdgdol gofMRx0ggdgm Rm@dsl ofgl dgdwgyo
Lobg:

My Vit T,V + C Vo = C;xgl _C;xp +(Cpy +1,)Cs =Cy, b,y (136)
mij}uﬂ +bm.)>m2 +C*1ym2 = C;xs’ _C;xp +(CR2 +r32)C(5 _C3y)< _but3.)>x; (137)

ij}K +bK.)>K +CKyK zcmyml _CmyWZ _CZXP _CZyK; (138)
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Cs
Wi |
i
R
- - e ‘

m, ¥, + (b, +2b)%, + [k, +2(C,+C, +k, k,x, =k, kv +

e v vl

+ 2(Cl + C2 ).).}I( + 2bl<j}l(‘ :

(139)

935b5L3bgemo  aobBmagds  godlbgoagdyemo  gm@doon  dgodargds

Fomdmeagboano 0dbgl obg:
m,X,+b, %, +k,x, +kkx, =kk,y +C,y +2by,,
[SNCNE
C,=2C +C));
b,=b,+2b;

k, =k, +t2(C +C,).

(140)

3oV M90390 90 LEs@ombs®yeo LolBgdol LE®YJB g6 bjgds

dmygobogoos bob. 18-by.

A

Y

G

\V/

|

me -

bob. 18. gof®x0g9d9mo LobEgdol LE®GYJG O Ymo bJgds

= Cox, +(Cpy +1,)Cs 5

6x1

FexZ = C;x32 _(CRI +r32)C5;

1
Wml (‘S) = 2 ’
m,s” +b,s+C,
1
WmZ (S) =

5
m, s> +b,,s+C.

w..(s)=b,s+C,.
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C
W (s)= “ ;
() m.s*+b,s+C,

W)=k, k,+Cg,s+ 2b,s°;

o vl

1
m s>+b sS+k s+k k.,
px PK §24 e vl

Wr.(s)=

Wo(s)=K +C, +2bs;

K' =k k +2]€”’C—IZVE[‘9()(C1+C2).

o vl
n

©0bsdogols  domgdsGogydo  IJmwgemgdols  bLEOYJHYOY@o  ©
3005dgHO gm0 dgoomgds  23ohggbgdl, MM  @ododbygamdols @
©0bsdogy®o  dpa®omdols  mgolsb@olom  LEsEombosdyao  Loli@gds
aobodygoa gdygaoblogsb aoblibgoggdom s@ol Y@M ©odsdgao.

5dobmob  @ogog3dodgdom  Jowgdygao  dmgmgdols  godmygbgdom
‘dgodangds  dgdmmsgobgdyao 0dbgl  dgdwgmdo  3gengzgool  LEOYJGH RGOS,
Omdgeoi3 083450 goYmos  35M5dgRAdgmo  Lobmgbol  3OmEgRY@0l
@go@0obo305bg  LEsEombos®yeo  dmwgagdol  godmygbgdom  Lobmgbols
d900mEols msbobdse Jmgdygmo goMEsdsgsmo 30m3glgbols Jobgogomn ©s
F9damdo ©oBYLHIo0m sOFOGog nwmgdby.

242. Loggeggzol LolEgdol ©obsdogy®o Lobmgbo
dm (3997900 AoMESISgoE0 30m3gLgdol
dobggom

F0bodwgdomyg aodmygangggdol @gbyam@odgdol sbogrobo [131, 132],
Lodygoagdsls  odgnggs  dgxodgdomo  Loboo  ao3900gl  ©slggbs, ®™3
doegdgmo dmwymgdol yodmygbgdom dgodargds bodmygsmodgdyeo ofbgl
0065303900 253m 33093960l 0603 gMmds, MMIgEro oy gdyeos:

L. aof@g039d 90 LEsEombsdyao Lol@gdol 3oM53g@® o Lobmgbby,
Amdgeroi omgoeolifobgdl o3 LobEgdol 0bFga@ommy® dosbermggdsls
»Uobg®ggeo 30migbol Lol gdol™ dmegemsb;

2. 30m39Lgool  0bFga®ogy@o  dJosbanmggds  o@o{@x0g  LoliEgdsdo

2oV M%50390 9 LEsEombs®yga Lol gdsdo;
3. 20dmbsgganggo LobEgdol dpa@smdbols sbogrobo [134].
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aodmbsgganggo  LobEgdol 300393 ® a0 Lobmgboli  sdmzsbols
@ gomoboi3oolosmgol  dobo  LEsEombsdgmo  asf®x039d a0 dmegenols
dododm  Lobmgbols  bmdogno  Imzgdyemo  godsdsgogno  3Mm3gLgdols
dgooeol godmygbgdol  Loggdggmby, gdmmogsbgdgmos yodmboggergso
domgogmngomg  LolFgdol dgbogoeby  boggbydgddogo  bgdmdgogdols
30693503900 Lgds, @mIgemoi  Ggomobgdygmos  bodbopol  a@dogo
©g®dols Lbogggby®gd®ogo OS50 gbols dgdggmdom aobogo
dodo@m e gdom, g.0. x-0g@dols golfg®og. aoboboagds do@sswyomgdguno
Lofgobo  dpgdodgmdgdols  dods®on  go@mbomo  dJmd@omdgdo.  oJ39
>0gbodbogm, M3  3M0bodosgy®o  dopamdom  dgodgrgds  ©5T3gdgeo
0Jbsbs

‘AF

6X]

:‘AF

68Xy

od  dgdmbggzsdo Lol gdol LEOYJA YO geo Ldgds o0wmgdl Lobgl,
Omdganog dmygsbognos bob. 19-by.

r me g Wk -
Wml
AF, W W X,
—>®— ._»@_» VV,( - yl - n -
A
WmZ
‘ G |-
w, Kuu VVK

A

|

bsb. 19. Loldgdol LEHOYIGYHYmo gds

dgdamdo  asdmyggergggdol  ho@o®gdobsmgol  3o®gger oy do
aodmgogan 9bom 3o0539d0L 396d(309000L LoFyols domgdo®ogy®
aodmbobyagdgdl, @mdamgdox  aof®x03gdg@o  LobEgdgdol  Lobmgbols
30390 Y0g6do  2sdmoygbgds  ImEgdymo  go@Msdsgso  3Mm3gLgdols
dobgogom.
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bob.  19-0l  mobobdo  aobbogngsdo  Dgdmygedgl  aowegdols
Babdiogdo:

C
W (s)= . ; 141
«(s) ms*+B,s+C,. (14
W.()=B,s+C,; (142)
W.(s)= Co (143)

ms>+bs+C,~
5d39 owbodbyaos, AMI  yggers dmygoboeo  @sdmowgdbya gdgdo,
Godagdoi dJogdgmos uy @ uy obHmmgdgdols gzegool Logygdgge by
9BOM  obOoEo FmAdom yosgrogodm bob. 20-bg dmygobogano
LAOYJA YO ge  LJgdoby, @mIganol dglodsdobow  ©ogfgtm  aowsigdols
G96diogol

C.,kK.+C, +2b.5)
WKz (S) = WKl ! WyIWK2 = 2 : 3 1 2 5 (144)
(ms +bs+C, )(mpxs + bpxS + kpxs +k k)
C
W (8) = —— e . (145)
(mgs”+B,s+C, . )ms" +bs+C)+C, (B, +C,)
C, |-
&» Wmm —>®—> sz XVi)
C, B
Cs |
bsb. 20. go@Esgdbogno LE®YIEOYmo bgds
ob 2o daogo gm@dom:
K.)+2 A
WKg (S) — : me (?Kl + kv . 1 )+ C;KWbKS — Ke (S) ; (146)
aSKes + a41<es + a3K8S + a21<2s + alices + aOKe BK2 (S)
OE 2 S (147)

4 3 2 = 5
a4mwS + a3mms + a2mws + almms + aOmw Bmm (S)
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as. =m,.m

pc 'k

a. =b,m +m,b

pxTK 2

a,, = bpxmk +bpbe +m C

px k2

a,,, = (k, km +k b +b C,);

Hco oV K px K

a,. =k kb +b C.);

ac vk px K

a,. =k, k.C

et L
b, =2C,(C,+k,K.);
Ay = Mz, 5
as,,, =B,m, +msm,_;
Ay = Com + B, m, +msC

a,.=Cu.b. +B,C +C_ B

w* Kut™~w ?

a,,, =C,.C.+C,C

nogols db@og hog9BHoeo 306G G0l aosd3gdo 396J3os
9394530000 ©s0{gMgds Sby:

W (S) — WK(’(S) —
RO (s)

Ke

BKZIS + bKeO

5 4 3 2
as. s’ +a,,s +a,.,s +a,.,s +a,,s+a,, +C,b _s+C,b

k20

— bKels + szO . (148)
5 4 3 2 s
aSKeS + a4K2S + a31<2S + aZKZS + (alkes + CZbKalS)S + (aOKe + CZbKZO)

aodmlsggarggo  Lob@Ggdol gowsgdol gybjios doowgdl dgdwgey
Lobgls:
Wmm (S)WK (S)Wke (S)O

T = e W I (5),

(149)

aodmbsggenggo  LobEgdol b@aygen aosi39d  ¢ybiosl, godaoao
gm®dom gJbgds dgdwgao Loby:

X,() W, () W () W (s)
Foy  14C, W, () W ()W (s)

68X

W,(s)=

&3



_ B,s+Bs+ B,

- 5 4 3 2 4 3 2
(aSKeS + a4K2S + a3K8S + a2KeS + alkzs + aOKz* )(a4rmus + a3mmS + aZmWS + almms + aOmm*) +

+C,Cyb_s+C,Cyb (150)

Keo ?

oo Cyp = % :
s

92093963 oMo 20M©sJdbgd0ls ho@o®gdols ‘d99© 90 (150)
aodmbobyagdols 360dgbgano sofgmgds Sby:

9 8 7 6 5 4 3 2
a,,s +ags +a,,s +a,s +a,s +a,s +ass +a,s +a,s+1=B(s), (151)

Lo

*

a

_ 729
ag9 ER
azo

£

a

_ 28
agg * 9
aeo

*

a

27
a37 - * 9
azo

*

a

_ 26
a26 9
azo

®

a

_ 25
aeS E
azo

£

a

24
az4 R
azo

£

a

_ 23
a23 * 9
aeo

*

a

22
agz - * 9
azo

£

azl
azl =%

a

az‘) = a5K2a4mm 5

£

azg = a41<2a4mm + aSKzaSmm 5
Ed
A7 = A3 Qg T Vo V3 T Ao Ay >

*
a26 = a2K2a4mm + a3K2a3mm + a4kza4mm + aSKzalmm 5

&4



kS

azS = alkea4mm + a2K2a3mw + a31<ea2mu¢ + a4x2almm + aSKaQOmm

*

a24 = aoKK*a4mm + ale*a?amm + aZKzame + a3K2a1mm + a4K2a0mm 5
*

a23 = aOKK*a3ﬂ1ut + alke*a2mm + aZKealmm + a3f<:a0mm >
*

azZ - aoKK*ame + ale*a2mm + aZKzaOth >
kS

ael - aozck*almw + alke*aOmw + aOice*aOmm >

*

azO = ake*aOmm + CkﬁcBbK(’a .
dgdamdo  sImEsbs s ogdoMgdyeos  3oMsdgBdgeo  Lobmgbmasb
aodmlobyagds (150)-mb  aodmygbgdom, Lowsi gododgdygaols Loboo £k,

©d b 30M539HMgdl,  Omdggdoi  [oMmImowagbgb  godemogdgdols

pr
30980309bHo  LobdoGom o> ©gdgo@gdol  j0980GoghHL  yodmbsggegso
LobEgdol Jop@egmogn@o bofomols gm@Inmsdo.

3oV Mx0390 90  LEsgombos®yeo LolEgdol ,,f®xgo0g0 Lobymggao
36m39b0L LobEgdols 3s@sdgd@amo bobogbolsmgol asdmygbgdae obsls
bobmgbols  36mdogno  dgmmeo  dmEgdgmo  goGEsdsgsmo  3GmEglgdols
dobgegom.

boliy@ggmo 3GmEgbol bsGolbbdo Fg@bggeo ofbs gu6dios

AO[ g p+1J " u

" M° . -t
N2 MAP) 4 g v de ™, (12)
axOZmZP +axlzm +1 N (p)

xp,)l(‘ (p) =

oo p — go@lmbol m3g@s@m@o, z, —o@mol dsldGodydo 3mgaoi3096@o,
A4, =0,54,.
slidyamo  s8m@Esbols  sdmloblbgeoe  3o@0dgBdygmo  Lobmgbols

‘dgdmbgggodo dmEgdygmo godesdsgsao 30m3glgdol Lobmgbol mobsbdow
30900 gomdobsdgools Lofyol Gmenmdsl

x,(p)=x,.(P).

Ao dgoao Loboom 239690
W i (I, (8)g = Co5X o () 2 X, (5) (153)
ool x,,.(5) = bobg@ggmo  30mdobsgols  godmlbsbygagds  x,(7),
aoOEsdogomo IO yYobomgol, @mdgeoi  Ggoobgdygmos  gOmngyeo
bogggby@gd®ogo dgdogoamo bgdmJdgogdols dgdmbgggsdo.

&5



Ameemds (153)-b gopsgfg®on dgdwgao Loboo:

KKVkV + AV (S)
B (s)+k B, (s)+b, B, (s)

vl ac™ px

w. .(s)= Cis5% poe (s)+ X e (s). (154)

5
B (s)=a,,s + mprbk +m_c

pxTK

B, (s)=k,ms’ +k, bs+k,C

B, (s)= ms*+(m, +b)s’+C.s*+C.s.
(154) @eagnmdol o sddbolsls dogowgdm:

KV "K mut

[Koke + A, ()W, (5) = (C5 + D, (S)[B, () + B, ()k, + B, (s)b,.]

o6
Kk (8)=(Cs +1x,.(8)B, (9)]k, = (Cs +Dx,, (5)B,, ()b, +
+[A, (W, ()= (Cs +Dx,,.(5)B,,(s)]=0. (155)
a08lbgomagdmmo baboo 3¢g@m:
D, (s)k, +D,(S)b, =Dy (s), (156)
Lo
D, (s)=(Cys + DB, (5)x,,.(s) =k W, (5); (157)
©,(s)=(Cys + DB, (5)x,,.(5); (158)
D, (s)=A,(s)W,.(5) = (Cy + DB (5)x,,.(5) - (159)

dgdmagodgl  gobbogngsdo  Fo@ddmbsbgomo  Lobdodggdo = jo,
Fmbomo  3mgxg03096¢gd0 A ©s gobognsgom  3o®mbomo  aob@mangdgdols
Lol@gds [96, 135, 136].
Ay ®,(0,,2,)k,, + 4, D,00,,2,)b,.=4,,D,0,,2,), (160)
v=123,-,0.
d60dgbgermdgdls 5, s  Aymgol  godmgomgmoon  [135] o [136]
1539 domgddo Jmygsbogro M0 oY gdgdols msbsbdsg.
slgmo  Lobom  dogdygemo  3o@mdomo  gobBmegdgdols  Lolidgdsls
53537353900 93009b ggorR@HMS Jgnmwon ©s Jogoegdm:
Db, + D}k, =Dy (161)

Db, +Dy’k, = D, (162)
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boogs
Dl(l) = é(ﬂ’qu)l)z’
i=1
/
D1(2) = Z(ﬂfnvq)Z(Dl);

i=1

/0

D =3 (2,®,,);

‘mv
i=1

@ _ po,
Dl _D2 4

D§2) = Zé:(/lqu)Z)z >

i=1
2 S (2
DY =zl(/1mvcp0q>2).

dJowgdygmo  bo@dogy®o  gobBmagdgdols  Losbps®odm Lol gdols
0obobdo@ 20bglobmg@magm Lodogdger 35@039B®9dL b, oo k. .

>d39 >gbodbogm, “md domgdyyao ©5dM o goya gdgdols
20dmygbgdolols go®omgdyagdols Lobom dgodangds swgdyeo 0dbgb slggyg
3005d9HMgd0 b, ©s b, ©obsdogy® Gameangddo.

aodmlsggergg  LobBgdsdo  Jwa®osmdols  3o®mbdgdol  dgdm@sbols
30390900l AgomobsiEoolsmgol gobgoboansgm LolGgdol dsbslosmgdge
23obBMEgd9dL.

0dol  godm, @md  ULsddg ag5Jgb g9 bodolbols dosbolosmgdgen
25bBMEgdolmsb Jpydsmdols Lobmgbolsmgol gobodagdbermm  9Fyg9@0
LEoEombosdyamo LobEgdol ©obsdogy®o Jpg@dsmdols sbogrobols (36mdogano
dgommeogom, 3g@dme [8] Lodydsmdo dJmygsbogom.

>bodbyemo  Igmmeogol  mobobdo  goboboansggh  ©@odbdomy
300539BM 9ol A,, ®mIegdoi 3odmolobgbdosb wsdmjowgdyangdgdom:

A=a_a,,laa, , i=2n-2. (163)
hggbo dgdmbgggolomgols 339J69ds:
A=aasjaa,;  A,=a,a,,/a,a;
Ay=a,0,5/0,450,,5  A=a,a,0a,40,;
As=a,40,/0,50,5 A =050,/

A = a26a29/a27az8 .
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boggemggo  LobEgdol  dpa®spmdbobomgols  Logdo®obios,  @md
O EgomEgl Grgmmds:

A, <A =0,465, Vi=ln-2; (164)
A+A, <A =089, Vi=l, n-3; (165)
A+A,+A, <1, Vi=1, n—4; (166)
A <(-A_)1A-A1,), Vi=2,n-3. (167)

3oMEsdogomo 30m3gLlgdol spgdolomgol aof®x0g9d9e Lol gdsdo
3049696, Aodmdogogno x(¢) 3MO©obs@ols bgdmm dowgdyeo
aodmlobymgdsls

b,s* +bs+1

x(s) =

(168)

ays’ +ast +a,s’ +as® vas’ +ast vags® rast vas+l
200530035 M 533 0@ YOYM-Boby® dobobosmgdgan by, @olbmgolss

(168) aodmbobyyagdsdo s m3gAs@maol bsiggensw dgdmagedgl oGadgbdo

Jjo, bopsa @ — F@ogmo Lobdodg s j — Fo@dmbobgomo gomosbos.
300960 5d3@0EYEYO-B>bY@ doboslosmgdganls

(o) =242 (169)
B(jw)

93565L3bgaols g5dmygbgdom goggdm Logganggo LobEgdol Lospbmd®og-
Lobdo@ e doboboomgdgenls
R (@)Ry(0)-1,(0)],;(w)

P(w) =Re[x(jw)] = R%(w)+ R (®)

; (170)

Los(s

R, (w)=1-b,0*;

Il (w)=bw;

R,(0)=1-a,0" +a,0" +a,0" +a,0°;

I,(0)=a,0+a,0 +a,0° +a,0" +a,0’
R, (@) o Ry(w)— (o®dmbsbgomo bsFoagdo.

dgdamdo  sdmzsbs — 0bFgadsmy@do  dosbanmggds 3@m3gLlgdobs

0Mo(Mx0g s 20803909 LolRgdgddo. >dol dobbolomgols goygbgdm

396J3ombognls dobboangso Lob@gdol  Jo@sgemosyco bofogools
©0bsdogol s@o{MR0g0 gobBmagdols 5dmbsblbologsb
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®=[p,[x, 0:e0). a7

0
boogs

o[, 0:e0)]=p,()=m %, +b %, +

+k, X, +H.()-k,F(p,;FX,,&); (172)
F(pn;F;)?p,E)zHFEEW;

k?/c 1 = = . —
H, :T{X/I—M—F( oy +Bzxp +B1xp)szgngxp ; (173)

X, @ &—-5M5{®xg030 LobEgdobomgol dg@hgyao ,,Lobyg@ggao 3GMEgLoL

»
Fogogo  LobEgdoL™  gmmeEobs@gdo; 7 —  dosbgomggdoms  @@Mols
063 g gomo.

oM ®030 #ubjaool H (1) gomgoolifobgdol ¢9bjiombogdo
2obbm@09emgds 65dMMm3To [138] Jmygsbogno Jgmemwo gom.

Lsgombols bmaswo sldom Lobmgbodgdosw 3505393 OL £, ggdgom
3obHmEgdowsb

oD

=20, 174
% (174)

9L 2obGmagds gobdemogro Lobom hoofgdgds olig

{[m,%, +b,%, + k%, +H,—H.z k., di =0. (175)
0

aodmbobygmgds  £(1)  gbodegBogm  Gmyme3 xf,(t)-b VOg03

©gBe@IsEosl. o  x)(1) @0l Lolbpgdol  boby@ggmo  godmdsgsmo

3MOAOE0bsEO.
50606 mob ©s3ogdoMgdom gowgdm FAmmdsls
g,t)=m, X +b % +k x+C, X, (176)

2>3MZE0m0 M39M5(30900L g5doMB0ggd0l dbMog ©sdmowgda gdols
(176) 5dmblbolomgol gF{gdm 3o0Gmbdon ob@magdsms Loli@gdsl

m % () +b,%, (1) +k,x, + Ho(t)E, k, =0; (177)

xp™tv

i=0,1,---,n1;
TgO,

n = ;
At

&9



o At 5ol @wAmol doxo Loobdg@3masiom §gh@domms dm@olbs.
300Mbom  a5bGmengdoms  LolLRgdols  godydoggdm  ¥dxo@gl
335053 M FGNMEOM S AoSgE035MM b®Iogny@ aobBmengdsby.
kvz{[HH(map BIEDS LGS (t,.>]2} -
i=1

ny+l

=3, ) 40,5, )+, (1) + ()], () H (). (178)

@mdenols sdmblbom gowgdm k-0l Loby@ggen 3b0dgbgenmdsl.

@o3  dggbgds @G sEombsdymo  LolBgdol  ©obsdogy@o
da®omdbol 33emg30L Logombgdl hggbol sb@om ygzgersby dobsobdgfmbogn
doamdsl To®dmomagbls sbogmobo dembxom@bml ds@@oiymo 3@odg@oydols
aodmygbgdom [139], @mdgaroi Lodgoggdsl agoderggl LobEgdobsmgols

D iy}= 4wy, (179)

oo A(f) = 3g®om@geo 30mgn03096@gool 33o00s@ Ym0 ds@G®o3os,

Y=3pamdodgmdols  g9JBm@os, dogommo Jpa®smdols  Lsgds@olo

300mdgdo.

dmbxom@bml  3@oRg@oydol  aodmygbgdolomgols  A() 3g@om@yen

do@B@oiol Fomdmowagbgb dgdogao Lobow
A(t) = A, + A1), (180)

bowai 4y o A1) =dapdogo s Ggaero Fydowpgbyagdos.

0dygegdomo  dmd@osmdgdols  3gemggolmgols dgodergds ©og9yM©bem
bodOmIgddo (164) Imygsboen mobsdodpggdgen dosbanmgdgdols dgmmwgdl.

05b5d0dg@Omdomo  dJosbeomgdols dgmmeol asdmygbgdols mdogd@ow
300hg30 >@o{Mx0g Inwgal, Gmdgeoi do@®oE o Bm@dom dgodagds
hogFghmm d9dwgabsoda:

A+ B+ (0} = {0} (181)
bowo  {x}= [(pb, ®, zkl]' —256bmasmgdyamo  3mm@obs@gdol  ggd@me-
Lgg@oo; {Q(x)} = [(pb, (DW,FO]T — 356bmysEmgdageno  dogngdols  gg@m®-ligg@os,

olggg oMo MmRogem sdm3ogdbya 45bbmyswgdye {x} 3MMO0bsBHgoby;
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B(x), c(x)—3obbmyopgdygen 3mm@o0bs@gdby os®sfMx0go0 ©0sdm owgdyeno
doB®o39000.
Lolidgdol (182) aobgobomsgm dgdwgao Laboom:

Afif+ B, 1+ Coab= {0} B(olx} - Cfa+ 0, (182)
bows Bys Cy o B, C—8gbsdsdobo dop@oggdol dnodogo o> (geme0
‘g3 9bgd0s.

30090m, @5 2oLsTYPomgdygemo  LobEgdol 5dmbosblbl, ®mamA;
3063960 Josbanmgdsl, g9mpmd Josbermgdongdls §9dgdm asbEma gdgdowsb
Al 4 B e b+ ¢ e b= {0} - B f+ ey s (183)

"o X = 9bodsdolow (i+1) s i-l dosbanmggdgdos.

Lo x
bgdmmdmygsboano  Fo@@oEymo  ©sdmoegdygegdgdols  ysdmygbgbdom
daMombols sbogrobo ‘dgodangds ogoamm Aolsdygomgdyemo dmwgagdols
2odmygbgdsby  3.b.gmemmglgol  30d@mIpyGsmdslmsb  dgmagligdom,
sbogrmaoyg@e, Amam@i 9l dmygsbogos bsI@mddo [123].
Lobmgboli dgdmmagsbgdygano Jgmmwols s3@mMbdsioolomgols go@o@gdbm
306309H e Loobyo®odm  godmgygergggdl.  sdolomgols  Laby®ggano

30m3gbol  Lofgol  3o@edgd@dgodo  ofbs  s@hgyeno u1:30% ©S
u2:40%. Sdobmob  gOmo mgom Loggangg LobEgdobomsb d0ds@mgdsdo

SM5M gAY 0M9do©o 35MdgBMmgdol dbodgbgemdgdem odbs dg@bgyeo

cé=4zoog, cl=21oo%, cz=21oog; bK:SIO%bk =108%, m= 12 g,

m, =200 ga.
o3 360dgbgermdoms aodmygbgdbom g yerodgdoo x(f) Jmem@obs@ols

aodmbobyagds 0wgdl Lobgl

1L,5-107%s% +2,01-107 s +1

X(s) =
(5) 0,001-107%s” +0,08-10°s% +-10s” +1,76-103s° +2,07-10°s° +

+556-107s* +48,6-107s +21,7-107 5> +2,47-10" s +1
aoVMg039d 90, bobyg@ggamo  3@migbol  Lolgdol®  Lobmgbols
boggydgganbyg dowgdygeo odbs Lobmgbodgdoswo k, k. 35@5d93Ogd0l

Vi px
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d60dgbgenmdgdo  asdmbobymbo  YOMogOmgogdo@do  3mI3agJbyd  z
3065d9BOMSb.

9L ©odm ogdygmgdgdo dmygsbognos bob. 21.

bowog: k,(2,) gabdgool wo 2 go b,(z,) Bbdgoob ~dbsbgguo
JO9g00. 53539 bobobbg IO gom 3 dmygobognos s@sFOG0g LolFGgdobomasb
d0do@mgdsdo hoBo®gdygmmo aosbys®odgdgdo.

257095039090 Lol gdol obsdogy®o dpg@smdols sbognobolomgols
30996g0m A, 309803096 gd0 [137].

RoOOMES M5b5d0dYgAMdsls

a,,/a,, a,s/a, . a, ,]a,, ~ a/as, ag.a,. (184)

h3gbls LoliBgdobmsb dodoMmmgdsdo, Gmgbsi z, =14 msbsdodwgg@mds
(183) solobgds og@gdom 710; 250; 100; 30; 10; 0,5; 0,1. @opysbsi gb
05b6530dg30mds e gdswos 308360 2-bg IgBAxgH >Gol bogergbdo Loli@gds
daMo0.

amEglsi z,=0,8 0sbsdodpggdmds (184) owgdls Labgl

312, 201, 110, 30, 15, 0,6, 0,48, 0,08

A= byglgo 3bodgbgermdgdos 4,=0,1; 0,2; 0,3; 0,5; 0,04, 0,8, 0,046. ygggeos
V9300 o@ ool 0465 bogergdo, sdo@md gbes aodmgmgsmmmn 4,-L m@o
dgbmdgamo 930950l xsdo.

300950 mobsdodwggdmosl: 0,85 0,79; 0,75; 0,54; 0,87, 0,246. gggens
xodo o@ol 0,89-bg bogemgdo, g.0. LolBgds Ja@oos.

AOWOZO0GoMM  AoMsdogoo  dOYEgool  o5p9d5bg,  Logydgmsw
300960 533 0@ YO YAO-B>bY@ Jobslosmgdganls

2,101-107 jo +1

X(uw) =
(ue) 0,001-107 jo’ +0,03-107 jo* —0,3-107 jo’ —1,76-107 jo® +

+2,07-107 jo® +55,6-107 jo' —48,6-107 jw’ —=21,7-107 jo’* +

+2,47-107 jo+1.
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ko —

100

b 10°

px

L0

0,6

0,8

1,0

1,2

3 - kVH (Zm )

14

6ob. 21. Lobmgbol grgase Jowmgdbgmo gybjEombsgmyg®o
©o0M 30 dymgdgdo: 1 — k (z,); 2 - bpx(zm);
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Lopbmd@ogo  dobobosmgdemols  (183)  aodmygbgdom 350,900
3oOEsdsgsmo 3Mm3gLgdol IGyogdls [78, 79, 140].

bob. 22-bg dmygobognos Logbmdmogo Lobdodyar dosboslosmgdangdols
dOgogoo  (dOgpgdo 1 s 2), @mdamgdoz  dggbodsdgdosb  z -ols
db0dgbgenmdgdl 0,6 wo 1,0.

0300 25@Eadogogo 30m3gLgools IO Yogdo go dmygsbogros bob. 23.
o 3Oywgdo 1 s 2 gglodsdgoosh @@dmol dsbIGsdydo 3mgnoiEogb@ols
z, =0,6 0o z, =10, 3 — Labydggero 30mEgLbol IO gos.

dmygobogo  as@sdsgogo  3@m3glgdol  IGYogdo  gdmols dbcog
230h3969696 o0 Loobgrmggl Loliy@ggermsb s dgm@gl dbdog 0dsl, G®I
Jomgdyao  Lobmgbo®gdoo  3oM53gBHMgdo  aoMsdsgsmo  3Mmi3gLgools
J0900g0m5b  dgmsb{ymdsdo  ggodangggb  Lobmgbodgdswo  3s@sdg@Mgools
‘dg@hggol Lodygoggdols godadsgogo 30Mm3gLgdol Lokodm dohggbgdangdols
domgdol 30MmdoEsb s3mdobs®y.

2.5. 0 Ye3OHmMmR00560 bgs300960L Lodgmm@Eobs@osbo
30300950L Lolidgds [129]

b5dO@ddo  gobbognygaro  dogm3o@gdgaro  Lohsdbm Lol gdgdols
gdgmdo  LAOYJHgOgo s ¥ybiombsgydo  gobgoms®gdols
ngoglbob@olbom  dgdygdoggoygeos  Lodgmem@obs@osbo 3530300 9dgen0
Lobo@bm  Lob@gds, @mdgenoi  odanggs @  Loddygdo  gowybyano
dOgefodgem-gobmbydo  ©gdommgdol  bgbgom  ©sdydoggools  3GM3gLols
@goeoboiools Lodygomgdsls [129].

bob.  24-by dmygebogos ho@bols 30693530390 LJgds
>JbmbmdgB@osdo, bmenem bob. 25-bg — hodbol LJgds Fobbgodo.

hodbo dgozoglh B@Mobl3dm®mBommgdl 1, dops 2 o aodg 4 hsjg@ oo
00bOameEgdl, OMIegddoi dogs mmbOamms db@gyegdomn 3 LobOgaow
©5353doMgoyamos  aoMg  mombOamemslnsb 4, @mdwmols dbOgymgdo 5
Lob®ygano 9308900 gdl  Loae@l.  dops  mob@gmasby  [@oge
d0ddodmggergddo 6 ©AMbGsggdgmos  GmFm®o 7, @mIganbgoss

nogobygme  s@ol  sldyano  gbogns  mgoao 8. jdogns  mgogmo 8
JoEgdygeos jdogns mgmgdmsb 9, @mIgeno sldygmos GmEm® by 7
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bob. 25. 353306990 hodbol 3obgds@ogndo Lgds
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©05949bgd@ @ogrgbg 10. @mEHMA0 dOYbgol WOML bowsgl @ Lobgb
Ggoobe®al 11 ©s 12, Gmdgmms gadgdbo ©sygbgdygmos dRsbygdol 13
Logol®gddo @o bowsggh dombg bolGow ©@odopa®gdym sbdogsbgdls 14.
‘IBobpgdo 13 dog@mgdyaos @oaggdols 15 ©g@dgdbmsb, @G@mdgams dJodo@m
Lobgbo  Gogobpdgdol 11 s 12 gobofmbslfm@dgomem  wodog@gdymos
Ago0Omgdo 16, @ogggdo 15 ©oygbgdygmos  dmgobsgg  hodhmgdby  17.
dBobpgdo 13 dgools  doddodmgger  dognolgddo 18 o  Lobl®ymow
PIOORYds  AOGEA)  ©aggbgdgm  dghggHodl 19, @mdagdoq
3o mbolblfm@dgdyemo  s@ols  Lodo®dTmbgmo  20.  sdsbmsb, dgd39Hg00 19
AOMEAMONS6  LoblOygmo oMol ©sgegdodgdymo  ©gdggmgools 21
Lo'dgoe gdoom.

ddodmggano  Gamo 22 3mbFs]Bdos OmFAMODy ©05d @O @,
M@0 gOmdsbgmol 39M39bwo s y@o  d0ds@m Y gbom  ©sdMb@oggde
Ib@ gy gdby 23 oygbgoym am@ymmokgbmsb 24. 3mb@od@o ddo@mggen
Gamels 22 s goGamemsdgdl 24 do@ol bo@Eogmmegds db® gy gomsb
23 Loblbogeop dogemgdye 3mdgdbg 25 hodmbdyamo LoGgaygeo®gdgao
bodooMgdol 26 @obdo@gdom. boddo@gdo 26 mogol dbMog  gydbemds
39039690l 19.

ddodmggao  Gamao 22 Lob®ygmoe os®ol ©sgo3dodgdygmo  dogo
oobAammsl  mnbogg  233900bg  ©Ygbgdymo  dm@Mobmb@om @ @
3900 0go@9@  dbOgymgdmsb 27, 28, 29 s 30. dbogyegdo 27, 28
& y@gomos LoMgy o gdgemo boddodgdom 31, 32, 33 s 34, 5dsbmosb,
M0 (9000 30@0bmbEogy@o 27 s ghHmo 39aB 0 o@y®o 28) 3mbEs]d dos
dops  mobOymmsby odog@gdym  Jo@sgmodyn® 3339005095050
doboFomgdbemgdmob 35 o 36. dodymeno d339m5Mgd0sbo  obof o gdargdo
35 o 36 do@sgmogy@do 3o3doMol obdo®gdom (Foa®sby bohggbgdo
>0 >Mol) ©s353doMgdyemos gabO e gdga Jo@mEomobe®gdmsb 37 ©o
38. gl dowOmEomobo®gdo  LoblOymop  ©oygbgdbymos  Lopaodby @
2509 mobOammsby s dmggdom 39 s 40 LoblOymow ¥gOmegods
Ygbodsdolbo@ godg mmnb@ymasl db@ggel 5 s dops mnb@dymasl 2.

Lobgbo  (3ogwobo@gdols 11 o 12 @oarggdby woygbgdyaos
30bglydo  googmsbgdo 14 Jmpgdsdos @ogrgbg 15 bolFow slidye
300gobgdmob 41, aooanggdby 15 opdgmgg,  ©obidymos  gmbyly@o
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3oogobgdo 42, dmIamgdoi Imegdsdos 3mbyly®@  gdogsbgdmsb 43. gl
935b0L3bgamgdo  bob@Goe  sbdygmos  @oaggdbg 44, @oenggdbg 44

530 gmgg, bobEo olidymos 3mbyly@o gbogrs mgegdo 45, @mdergdos
Joegdsdos @oaggdobg 10 @odog@gdym  gdoasbgdmsb 46. mommgye

dmobogg hodhols 17 oJgl Lododpgdangdo 47 dgbxom 48, @mdaol m@o
30®Mamasdo 49 dgdmamedegds dgd@ol 50 gg@lembg, GmIgeoi bol@ew
dogOmgdgmos AOMFHMOby 7T dO9bgol Lodygsamgdom  oygbgdym  gdogns
ngogmsb S 03 ¢3oboligbgaols  gbogoms @oigbgo 1 o6 2 gdogrom
bogergdos, gowdg gdoansbols 52, @mdganoi bobEow s®ol @odsy®gdymo
AmEAMObY. gdoans mgangdo 51 s 52 dmegdsdo s@ols gdoensbgdbmsb 53
> 54, HMdggdoi bobFowss wolidygmo dogs mmbOBm@sbg 2 woygbgdyeo
womgbg 55 gl g3obsligbgeno  b@ybgom  dmd@emdsdo  dmwols
30©OM>3dO5gom0  56. OMAMODy T ©sdsp®gdygmo  3oogs  mgosgno 57
Jmegdsdos gboans mgogmsb 58, Mmdgeroi wolidymos Jo®Msdd@sgsls 59
@wogbg.  obodydoggdgmo  gdoeo 60  Jmmsogbgdymmos  Lobgb
3oobeagdl 11 s 12 dm@ol. dopdmEomobe®gdol 37 ©s 38 aodEs
YOMogOmgogdodo  Jops  ©s  aodg  mmb@ymegdl 2, 4 deo@ol
bo®Gogegds 5309039, Jombg dmgmgdoon dogOmgdygmo  bsddo®gdom
63. obogrmgoydoe Ibdgymgdo 5 boddo®gdol 61 s 62 Lodysgngdom
9A00gOMES353d0Mgdgeos Loas@msb.

hodbo Iy domdl dgdegaboo@s: ©slisdydsggdgao wg@ogmols bmdgdols
dobggom  g(ymds  OSbLIMOFomAgdo 1. bsdboswo 60  dogfmegds
AObL3MOGH0m®gddo 1,  OmImgdo  powssaomgdl ol Lobgbo
Gogobe®gdols 11, 12 dmeol @@odmdo. Lobgbo Goaobo®gdo d@ybogl,
OmamA 3 mogobo  ©gAdgdol  goMdgdm, saMgmgg OMEMEOMSE GO moE
gBomol  ao®dgdm  olbgmo Lohfo®om, @md golbobgbo bmenols Logobyg
©5dmgogogeo  Lbobgbo  3693dmzomob®gdol  gBommsb  3mb@o]@ols
bmdgoby, 9bws  ogml  bsdboswols  gossaogdsby  dgBo  AmEM@ol
bobggo®o d@ybgolomgol Lokodm @@™To. Lobgbo Gogobp®gdo d@Oybgom
Jd@omdsll gdya@mdl m@o xodgol dobgwgom: o) do@md@egosb 59
xodgoo 58-57-8-9-46-45-43-42-41-14;

d) 30MMsddMogoeb 56 — gdogns aosigds 54-52, dm@Mm@o 7 @
3008056950 9 OMAMOMSb gOmo FgAMam@ W dosh gbogns mgsembg 8 wo
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dgdegy 0O 9bgom  JMd@sMbol  0gdymdl  xodgoom  9-46-45-43-42-41-14.
5dd@ogols aobbognygan Lijgdsdo gdoansbgdo 9 Fomdmowagbl wogg@mgbios-
@0 dgdobobdol  Lo@geo@gol,  @mdmgdbgosi bodEogeogds
(950Mo @0 3oogrs mgomoEsh 8 o @m@m@ol 7 Lo@omologeb —
OmEAMODbY odog@gdymo gdoans mgeomn 52 dofmwgdbymo dmd@omdgdols
‘dgxodgds.

Lobgbo (30e00b®gd0 bO9bgomo dmIAsMdgdols oM@, SO Y@gdls
939J3930m-F0bliggom ded®omdgols, G503 Y300 gdgE0s Lobgbo
3o@bodmbols  bgosdo@ols  dmerosbo s mobsds®o  godmygbgdolomgols.
50b0dbyeo bom@zogmegds ho@hmgdols 17 Lobgb 30@obo®gdmsb gomow
Jobomdom.  ho@hmgdols  Jobsmds  bmGEogemgds dgdBobmsb 50
Lododagdegdols 47  Lodygoagdom. 39d@Hol  3@mgoemo  §b@yYbggeygmayls
Lbododpgdegdols s Lobgbo o@obe@gdol mobods®  Jobomdsl. d9d@sl
93dbodgbgerm  Lohjo®om d@ybgs GmEm@ol dods@m dow(gyemos  gdogns
ngegdols 51 s 52 3dogoms @obggdl dm@ol 9dbodgbgam Lbgsmdoom (1
ob 2 gbdogom), O®IgdloE ofgm gomo sdd@sgo do@md@sgolsash 56
300gobgdol 53 Lo 54 @obdodgdom. @ddsgo Gm@m@ol odml Lsbgbo
(30 0be®gdo dOYbgom JdAsmdsls @gdymmdls dbmame xodgomn 58-57-8-
9-46-45-43-42-41-14. o3  Jgdmbggzodo  gdognsbs 54 gaogdBOmJyeml
osbdo®gdom (Fogydsby bohggbgdo o o@0l) aodmodmggds dMsgsl 56
goagobogob, ®@ol  Jgogaomsi  6O9bgomo  dmd@domds  d@sgopsb 56
200059(399> dbmerme I9IFsl 50.

Lobgbo  (30e0b®gdols  bodbobg  oyEoergdgeno  dokg@ols  dogns
9bO9bggerygmgzogos dJomdo woko@bbymo dog@ol (bgzol bodolbom o
Lbo@gageodgdgano  boddo@gdol 26 dogrom. Lobgbo o@obp®gdol  ©s
390390900L  sdogsblgds  bm@ogmegds  Ggo®mgdom 16 s 20.
09338390950l 21 Jgdsdo ho@mgs s dds@mggano Gamemol ©s3sogdodgos
‘dogo  mmb@ymeslbonsb dodo@myaos Lobgbo Gogobp@dgbols ©s mgom
ddo@mggeno Gamaol 22 @bgggools s bsdbowbg Lobgbo ogrobo@gdols
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d’ym dy
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2odmygbgdol Lodygomgdsls [141, 142].

bopswo dopyamdom  Loggemggo LobEgdol domgds@ogydo dmwgeno
‘dgodangds hofg@omo odbols dgdwgao Loboo [143].

x(t)=F(x,t), x(0)=x,, (191)

bogo
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X(0) = (3, (0,2, (1), (1))
() = (4, (1), 3, (0),..... %, (1) (192)
Fx,t)= ([0, (00,0 f, (1)
0d  Jgdmbggzsdo,  OmEs  GYbdaogdo  fi, frnf, SO 505
©5dM 30 oygmbo  AMbY, d5Tob  LolLEgdsl gfmegds  LEsEombs®ymo
(530 ™bmdoy®o), ws (192), (193) 53l Loby:
x(t)=F(x), x(0)=x,, (193)

SN CNE

x(t) = (x4, (0, %, (0., x, ()

x(t) = (%, (0, %, (0),... %, ()" (194)

F@) =0 fs(Dens £, ()
Fobooswdwgy  dgdmbgggsdo  LobEgdol  gfmegds  s@sbEGsE0mbsGyo
(5@0030mbmdoy@o)  [143].  m™@ogg  dgdmbgggsdo,  GOmas  gyubiogdo
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an(®) an(®) - a, ()

a, () ay@) - a,()

At) = , (196)

anl (t) an2 (t) T ann (t)

b(t) = (b,(1),b,(1),....b,(1))" . (197)
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x(t)=A(t)-x(t), x(0)=x,. (198)
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i(t)=A-x(t), x(0)=x,, (199)

boga
a,  dp a,
a a a
21 2 2
A= : o (200)
anl an2 ann
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x(t) = (G_Fj x(t)=A-x(1), (201)
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g [ .. [9
ox, ox, ox,
P (9] . [Da
A= ox, ox, ox, : (202)
Yo| |Yu]| ... | %
ox, Ox, Ox
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amd [Ox030, gomygomMmgobo (LHsEoMbsGY@o s s@obESE0MbsGE0)
LobEgdol  bygenmgsbo  5dmboblbols  dpa®omdols  oby  Pd@ogmE
doa®omdols 30Mmmbgdols  33amggol oo dbodgbgamds ofgl  Omyme3
Fogogo,  oslggg  o@sf@xg030  LolEgdgdol  dpg@dsmdbols  gbFogemols
Logombdo, sdodmd hggb o dodmgobognsgm do@omspsw, LYmege (a0,
9JOM3500M356  (LASEOMboOY s SOSLESEFOMbsG YY)  LobEgdgdl ©o
domo  dpadomdol  bsgombgdl.  swbodbye  LoliBgdgdl  dem@ols
dbodgbyenmygobo  sgogmo  glodagh  gacgm  Forgdgre  Jy@onegee
LobEgdgol, sby LolBgdgdl, GmIganms osB@oEs ogdoymaomgdl JoMmmosls:

A+T)+ A@t), (204)
bowoiz T ®o0dg dygedogo  ospgdomo  bsdwgogro  Goibgos,  9diodglls
sbgmms dm@ol gfmegds LolFgdol 3g@omo.

hogVgOmm  @o0dg  s@sb@oombodygmo,  Labmysmme  s@sf@xg0g0
P=(PsPyse-sP,) €EP" 35053980 ms 39JBMmODYg ©0odmgowgdgemo 3Gm3gLolb
3obGHO@ds

x(t)=F(x,p,t), x(0)=x,. (205)

Agomado  gobogy®o  LobEgdol, Aol  Josbermgdobiss
Fomdmoygbls (205) 30mi3glol gob@mengds, 35M53gB@gero, sLod3@m@Eg®o
doa®ombols oMy o@gbodbmm Dy-mo. hggbo sImEsbss gobglsbmg®mm
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Dc D, 35053500ms Logthiol Jggboddsgarg. @mdganbgosi bLOgmogds
3oOmbs: my peD, 3590b (206) sbod3Gm@GY@o doa@o@os @os37bmgols
Sb@om. sligm D Lod@ogegl gyfmeme 3s@sdg@dgdol dgdwgao abs [143],
530000  @05396m30L  gubdgos  @(x,t)=x" - L(x,t)-x(t), GmIgmoi (206)-
5b 20dmIobodyg og3dogmegoangdl 30Omdgdls

[o(x,1) > 0] A {% < 0} . (206)

(206) 25bLobrmgtsgl D, oMgl, @mdgaoi (206) sbod3@em@Eyy®ow
doa®opos.  OmEgbsi  L(x,f) 2500096l  yggews  dglosdanm  do@@oge-
G96Jzooms  Lboddsgmgl, 35Tob Jomo aog@mosbgds D=JD, dma3:399L

bodogodger  olsadggd  3b0dgbgermdoms  odgl. oy Lofyobo  sdmEebs
doamdo®gmdl  dbmeme  (205)  3GmEgbol  dpa®smdols  Lsgombols
3503393590, ©d o 235063 90gLgol  Jpg@smdol  s@ols goblobwgds,
d5dob  Logdo®olbos  godmgmm  bgdoldogdo  ghmo  w(x,t)  ¥ubjios,
Omdganoi  53dsgmgomgdls  (206)  300mdgol.  sligm  dgdmbgggsdoi o
@0o39bmgol  gybdiool  spgds  Lobmposwme  Lsgds@obs  Gmyeo  ©s
‘dOI5Fggo00 sdm3obss. MmEglsi bofyolo 3m@Eebs dpymdsdmgmdls (204)
30m3gbol gom o5b dBsgoe 3M0BJM073056 35M0dgBO Y ™m3E0dobszosdo,
dodob Loly®ggeros ogogmm dpa@smdols s@g @53 dgodengds LEY s,
30650056,  dogbgoogo  0dobs, @G®d D oMol Igbeygogs  5I3009dL
M330doboi3ool  oMgl, 0bOIds  Sewdbommds  0dols, M MIFodsgyg®o

39J8™@0 p* 5edmhbpgl Vgbouomgmo s®ol godgm s hggh godmgom
bogmop  ganmds@yg@ols,  @mdgmodg  @mgsmy@o  m3Godydo. I
dgdmnbgggsdo D s@0ls dogds s@fgdoemo 300©s3000 b0 mgmeoges©
byLHo, Jop®od 3MoJHogumo Mmyms Aoblabm®ogagdgao sdmssbss.
od  30mdengdols aowod@ol dobboo  dgJdbognos Bsgogro  3@0EgM0ydo,
OmdgEomsi 2odmdoboy 3mbiMg@ o Bodol 30miEglols gob@mangdowasb
odgm  gmbgdgd o boby ©o agodewgggh sdmobol 3sbybl dgos®gdom
do®d@ogo Lodyogdgdom, gopdg s g@ogo dgmmo.

Amam®3  bgdmm  omgbodbgm, (205)  3GmEglol  sLod3FmE YOS
Jog@omdaby dgodangds [o®dmwygbs goJmbomm dolo dglodsdolo (202)
Lobol dosbanmgdom, b9 dgdwgao 3obBmergdom
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x(@) = A(p,1)-x(1) ,  x(0) = x, (207)

SN CNE

LA I /I R Y

ox, ox, Oox,

% | [ 9 .

OF (x, p,t 2 a0 | 22

A(p,t){%j =\ax, ) \ox, ox, )| (208)

0 : : " :

Yo (Y] .. [Du

ox, ox, ox

n x=0

dgdmbgggoms 1939Hgbmosdo ds@@oizs A(p,t+T)=A(p,t), b9 s@ol

T-3gG0m@ygao.
3030,
x,(p,) xp(pst) - x,(ps0)
X(p.f) = x21(.p,t) Xzz(.p,t) x2n(.p’t) , (209)
X (p,t) x,(p,t) - x,(p.1)

@0l 5dmboblbms  B9bosdgb@y®o  JoG®ozs, @mIgmoi  dggbodsdgods
Lofygol 3o@mdsl X(p,0)=FE. (E-gomgyermgsbo do@®ois). dob gfmogds
(208) Lol gdol dos@®oisb@o [146]. do@®oEobBol 360dgbgermdsls MmOl
t=T 9dmIgb@ddo gfmwgds LolEgdol Jmbmo@mdool ds@®ois. Jmbmo®mdools
do@®os o@gbodbmm W (p)-mo, 359ob ogo Fmaos
W(p)=X(p.T). (210)
Jobmamdool  ds@@ozol  Logygms®d  360dgbgarmdgdl  gfmwgdom
LobEgdol Iy Bodaogs@m@gdo. (207) LolEgdol 3g@omeyemo dsG@oEom
Sbod3BmEGY®0 daMsEmdol 30Mmds JaMds®gmdls dgdwogp do:

[ o, <1, 211)
oby W(p) dmbmo®dmdool do@®oiol b3gd@®ogydo @owoygbo bsgagdos
9O by.

hog{gomm dmbmw®mdools do@@oiol doboslosmgdgeo aob@mangds.

o, (p)—u @, (p) oy, (p)
det[W (p) - u- E] = a)le(p) Wy, (p) —H : 602,1:([7) , 21)
@, (p) @,,(p) o, (p)—H

Lo
113



a)g/(p) :xg/(paT) , Lj=Ln. (213)
(212) dsboboomgdgero asbGmagdols gglggdo 0]bgdosb p ggd@mdol
296730900, 56y @B odgozo@magdolbomgol 239690

M= (pPyse-sD,y)s, i=Ln. (214)
(211) hoo(gmgde:

miax|/ui(plap23~-'apm)|<1' (215)

gHo@mds  (215)  goblobwgdogh  3o@odgddymo  sSbod3FmB®o
Joa@omdols D o9l (207) Lobi@gdobomgol T-3g@omeyeo  ds@G@oEom.
gbowos gl 0dbgds  SLoI3HmEYGo  pa@smdols  s@dg  (205)
LobEgdobomgolo@. 3 dgmmwols Lodmygerg dpamds@gmol o0dsdo, @®I
dobo godmygbgds Jmombmgl Loli@gdol doB@oiEsbBol mEbsL.

{Og0g0, 3g@0meygmmo  Lobgdgool sbod3dGm@Gyg®o  dpa®omdbols
Logombol  godmggemggolbomgol  dgddbognos  d@sgseo  3@M0o@gdoygdo, dom
dn@ol 305]B0g5T0 20303980 gds d3mgs dmbxom@bml  j@o@g@Moydds. oo
Joamds®gmdl  dgdpgado  [146, 147]:  Jm@gdygeo 353t FOgogo,
39M0m Yo, JOmago®mgsbo LolGgds, @mdgmoi hofgdogos dgdwgyo
Loboom

x(t)=A(t)-x(t), x(0)=x,, (216)
boogs
X() = [, (0,2, (0),-..,x, (O]

X(8) = [%,(0), %, (0),.... x, (O] (217)
A(x) = A+ 7).

(o@dmgowaobmm  LolEgdol ds@@oEs Igedogo s  3g@0omEYO
dw 969 gdol xsdols Loboo [148, 149]:
A(t) = 4, + A(1), (218)
Lo
17
A, == { A(t)dt, o)
A(r) = A(t) - A,.
dmbx0m®bml  3M0@gO0ydol  mobobdow [417], oy  gobodygsenmy-
dao Lolgds
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(&) =4,- (). (220)
Sbod3GmE YO Jpa®opos s LOYmEgds JoAMmds
max”Z(t)H-maxHAo—a)]'E)_l“<1, 221)
d5dob  LobEgds (216) oLod3BmAGe JEa@oEos. 3M5]B0g9eo  godmsb-
3oM0dgogdolamgols 3odmgoygberm 93380009l 3obbmysMmgdyeo
do@®oEyeo bo®ds. 35Tob (221) doowgdl Igdwgy Lobgls

maxHZ (t)HE -max

|4, —ayE)| <1 (222)
(222)-0L dod3bgbs Ibos@ol 30Mggeno  mobsdsd@aganols aodmmgans
Sgogose dgodergds dgdgao Bo@Igaols dsdmygbgdom:
1
max|4(0)], ma){z;zlﬁf (t)}2 “K. (223)
(222)-0  dgmméy moGoHoH(ﬁogjg:\;ols aodmbsmga gems  Loko®ms
530000 65039 babdumo 0b@Bg@gsmo @€ [0,Q], woggmm ogo h, doxom I
bofogose,  dowols Ymggen 3356dd0  aodmgomgsemm doB®03S
B, =(A4,—sh,jE)", s=0; h,; 2h,;...Jh,=Q @5 g03mgmn ds5Jlodxndo

2
b

max”(Bs )

(224)

ey

Loss ‘by(s)‘ stol By 3md3gglg@o  dsg@oiol by(s), bobmysome

N

3033 gJby@o gargdgbBol dmwyeoo.
bgdmo  dowgdymo  sdmogdymgdgdo  Lodygoangdsl  0dgrgzosb
hogo@o®m aogoo  LAOgddgool  s@sb@osombsdgamo Lol gdols

©0b5d039@0 Jpa@smdol sbognobo [143, 150, 151].
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