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Abstract

The ship's course and location control systems that perform the basic tasks of
navigation related to accurate and safe handling of vessel accordingly to stated task
and qualitative criteria, in turn, the among the ships automated drives represents most
complex multi-contour systems.

The review of related to the mentioned drives systems development and research
papers demonstrates the topicality of scientific and technological task to improve the
effectiveness of carried in them dynamic processes analysis and synthesis methods
and techniques that represents an integral part of complex multi-link, multi-contour
systems optimization calculation general problem.

The dynamic research methods and methodologies are requiring its further
development in terms purposeful search of adjustable parameters optimum matching
related to expansion of their functional capacity, as well as revealing new structural
schemes, proceeding from obtaining of necessary quality requirements in transition
processes of the structurally complex systems.

Thesis aims on the development of ship's course and location control
electromechanical systems (drives follow-up systems) models, new layouts, dynamic
synthesis methods and techniques accordingly of adjustable complex systems
preliminary stated transition processes grounded on synthesis a known method
application and directed to the improvement of quality and he effectiveness of systems
under study.

To achieve the aim in the research objectives are included:

e analysis of the current state of development of drive systems under study, their
dynamic analysis and synthesis methods and techniques and further research goals
formation;

e analysis of mathematical models of functional elements of multi-contour systems
under study and based on them development of dynamical models of the whole
systems developed in mechanical part with absolutely rigid, as well as taking into

account the models with elastic links;

e due the application of developed models construction of systems under study
dynamic structural schemes, transmission functions and adjustable co-ordinates
expressions as an integral part of the synthesis method under development;

e revealing main regularities of method under development and accordingly of
stated transition processes construction of synthesis algorithms;

e research of specific follow-up systems. Revealing of developed methods and
systems features and degree of efficiency.

The scientific novelty of work lies in:

e new methodological approaches for related to operating in vessels
electromechanical systems dynamics of mathematical models, according to the
stated transition processes in synthesis method formation of the desired processes
and construction of synthesized parameters search methods.

The practical value of work. The methods and methodologies of dynamic

analysis and synthesis of multi-mode drive systems under study and results of research
directed towards improving the quality and efficiency of the vessels drive
electromechanical systems.

In the introductory part is grounded the actuality of thesis, are conducted the
review of general functional and specific types electro-mechanical systems for ship's
course and location control systems, schemes and structural features.
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Is conducted a review of the considered dynamic systems modeling and survey
issues, in particular are analyzed the mechanical part modeling required for research
mathematical patterns as well as automated follow-up drive systems construction and
research basic method, and methodologies.

In the main part of the work are considered two different structures follow-up
electromechanical systems. Are analyzed separate functional elements and their
dynamic mathematical models.

By the taking into account separate elements models are constructed dynamic
models of systems, dynamic structural schemes and transmission functions. At
dynamic modeling are considered variants of systems mechanical part with absolutely
rigid, as well as with elastic links two-mass approximation models.

Are studied according the expanded form of the stated transition processes
system under study individual stages of the synthesis methodology and procedures.

Is stated original method of dynamic analysis of structural schemes with
elastic links matching with synthesis method according to the transition process. Are
constructed the dynamics transition models and strukturili schemes, based on that are
formulated analysis methods of vibrational parameters component in the transitional
process.

For the realization of synthesis methodology have been selected expressions
for the system desired processes; conditional and normal simultaneous equations
written down related to desired parameters. Are stated the expressions of the normal
equations solutions. Are stated the mathematical regularities for dynamic analysis.

For the approbation of procedures was conducted engineering studies related
for having some initial parameters systems.

The carried out report studies reveals the practical efficiency of developed
theory of engineering synthesis of the system under study. For proximity to the
desired processes, as well as for further improvement in terms of their characteristics.
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BoOG Oy (S) —898535¢00 3MMOHEObsE09,
@, —K -m60 35935350 3mM0bsG0.
365009953060900 b536YIM0TM ggdoLsb 4394690s:
W, (s) = Ak—(s) (109)
B, (5)

390md6Mbgdmeo  3m®dol 30MHMdgddo  5.L.L-0b EOML, MIgMHOGHMMO

(104) 300090l Lobgls:
B, (s)=h,, s*" +b,, ,5"" 7 +...+b,8* +h,; (110)
A (s)=a, s +a, ,8" +..+a,5" +a,. (111)
m=1,2,...
n=1,2,..

36000 959m 330939008 MBsbLAS, HMMO OBsT03MEMO LobEIgdOL
305bEMgdomo  53900L  53mblbolomzgol  geo-gho  9x39dGHe  doyMIs©
03905 Homdmliobgom LobdoMgms JobslosMGdgdOL godmygbgds [51].

o) 5 9(p) 3MmiEgbol Fomdmbobgom bobdoMmgms Bobsliosmgdegdl
fm©qd9b  BMbdiosl, OGMIgeoi doowgds o(t) sMyMTgbEHOLsMZ0L  MoYo
590000 36033690 mdgd0L P=6 doboFqdolb Iggas [51].

50539 [51] Bod®MITo bobggbgdos, ™I vy o(p) dodmbobwyergdol
dobg30m 306039005 obsLoomgdErol @(3) 9603369 Mds, sOLYdOMO©

68



5000 bobgz5M©gMHAol 3069 8mbs339000L yz9es HaMEHowdo, 3owlsbo
2960Lsb3MYds P(t) MmM0Y0bswo, GmEglsg 0 <t < .

50539 96MGmJgdd0  dgeobols 306030600  goMmoddbols  Asdmygbgdol
Lo93Md3zgeDg OPIBOE0s SBIWOEH0ZMNMO EITMIOEIOMEGDdS MEOHOYODIE
o(t) s 03 3603369 MdsMs GOHOMBEOMBIL FMEOOL, CHMICIO0E VIOIYE™MdIE
3900bObMgdsl P(8) OEIo0m bBobg35MWgMHdBg & (565 goblvgMamEgdrem
090G0wgdd0), Mg 2dmdobomgmdl doger do0x39bs BobgzsmLOdMEHYgDY,
3ol bsbo p=k+jo (k=const; -o < @ < ), gwbdsool F(8) sbscro@ozn®o
3930d9q00L 9HP056MBO0H. B3dMMITo [6] Fgeobols go0rsgdbol Laggrdzge By
d0Mados  9mHmIb0dzbgermgzsbo  sbowoGozmdo WMo gmH 3538060
MmM0y0bs  @(t)-Ls o F(8) 9603369wmdsms  gOHOMIOMdsL  FmMob,
HMIWgdoE YO0 bsHg35MHMgMHdBg & ©gIMWMI6 A5TMUBsbmeEgdsl. 9U
MOHM0YOH 3430060 35dM0oLabgds BMMINwom:

1 K+ joo | c+joo| o0 ept
f(t)=——— j { j [J-F(5)55‘1d5}p‘sds}—dt. (112)
p

4r* - i e o0
boOE3, S — 39e0bols oModdbgddo sdbTocg 3md3egdumMo 33wsos [51]

LogMomm dgdmbggzedo s0fgHoo dgmmEo 0dEg3s Lo gdsls sogmls
3360HmJbods30900 Mo LoLEBJIol STIMbLBOLIMZ0L, MMAMMOEss (11). 58539
©@OML  530MMmJbods300L  LOBMBEGH0IE  A9TMIEObsGY  SOLYIMIL  Bo3dom
3600836903560 99Brm3900.

Boddmddo [51] J0Egdmwos BMMINgdo, Homdmbobgom Lobdomgms
3obsloomgdEgdol MW GdIMs BwY6J3090d0 S 533EOEIOM-GsDBME
dobolinsmgdEgddo, MmM0y0bsEol 3MmIoEgdolsmgzol.

300900 YIM30YOMWgdgdol  9BooBds  g30B396s, G™I  0d

d9dobggzsdo  OH™MEo HS% (Aogho  Obgzsms  LobGHYDs), Loosg 0 -

3003w gdume  LodMEHYGDY Pobaroggdo  bsbgzsMmgmdgdol F(p) LggO™L
090039 3mobgs,  o®dmbobgom  Lobdomgms  s36MMJLodsgool

3MIOMGds 5330 EGHMONO-RsDMMo  LobdoMolb  JobolosmgdEgdoL
dobgzom, 1%-000 Tggbsdsdgds  mM0Q0bseol  gobloBezcsl, dm@veol
dobg30m 536MHMmJL0Ts300L 30 gds F00Mgds Brgmgddo 10-12%.
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d90pamdo 3393900 3533060905  9OMGM™m3zsb0  goMgysbo
©99mdd909d900LsL  d94sbo3zmMo  LolEgdol godmdsgso  3mmMEObsEJdOL

3990bSbYGdMS 5650 BOL 1L5KIZ9 DB LosbysMOTM gdols odo®EH0ggdsb.
5990056 259m80bstrg ImBog5¢do 30M39M06M9d0 b 309d00:

B(s?)
A(s?)

P (s”) = (113)

296bo@3s80  sbowo  m3gMmaBmeols s«=s° dgdm@sbom [73], 3Hgem
dmO0x0(306090w 25dmbobwyengdsls:

B(s.)
A(s.

P (Se) = , (114)

Omdgwog  mogolb  dbO03  HoMdmopabl  9dudmbgbgose®  Bogrgzs
900969930560 oMsds35¢w0 3MHMEgLYdoL dJmbg LoLEGIIOL FoMmTZ5WO
2BJd300L  9bocrmals. 9Fobmsb 393006 gd0 FgodErgds 9obodbml, ®mJ
Boddmddo [51] dmyzsbowro 33193990l sbsbdo, FgBOMMwo JMmbol
0dmbg 6 < 20° 3mEligdosbo  sdmbsbrymgdolsmzol, FoGdmbsbzom s
53303 MEOMO-BsHBMOHO0  LobdoGmwo  Fsboslosmgdgdom  MMOY0bseol
LOBMBEBHOL  gobloBEzcs  3M9JBH0IMNWO  ghmo  Gogobss  [51], bmeom
3m@Ld0560 LoLEHYIIOLIMZ0L, JgBEMEMWOo 3mboom 7/10, 53539 BsdGHMITo

[51] 3009305 STMI0WIOIYGDs:

(1) Siem, (115)
T

boog & —PoMIMbobgom  LobdoGmgoms  Bsbolosmgdegdol  (3omdogdol
dodLodsgrm@o 360dz6qwmdss.

AMEmdol  (114)  999mygbgdom 35930350 ®  [o®mdmbobgom
LobdoMgms dMmEOoTBoE0MdME JobsbosmMYdGdDY, MMIGLMSE 30IOMLOMO
S* 56896 EGH0LsmM30L Mogo sOLgdomo 360d369cmdgdol S* = & doboFqdom,
O0dwgdog o308 dBO03  Fomdmoygbgb  9Judmbab0ow&m-Bogglzswo
30395980560 LobEBHYIOL FobslsMYOEGOOL sBsemals [73].

Sbgmo  FsboliosmMgdEgdOLMZOL MO0l 2oblsbEgMOL LoBNMLEY

15305M@ 505, MOOYODIEIOLS s FobIBYMYdGdOL (3EMT0Egds MOMJdols

GHM0o.
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099 256Lsbozge 536MHMJLods30580, 53MMJLodoMgdoL Lobom 30949bgdm

3990bsbYEgdsls J0GIMEL STMI0WYIYGdGO06:
@+ Aapr p=0.

05906 A —8gLsderms  gd6olsBERZOML a3t  Hogbzms @ Lo3IMM
39JA@O®s 1 Losbwmzgol  LyxdzgBg,  SToLMIb  2obLIBLIH
3060653 JOBg  299mBobmegdol  m3gMoMgdolsl  (29sd3930  FsG®oEol
306360930 dyqb9egdol @ as6boengolisl) asdmbsmgumger s3Mmdlodsogdl
30093  Lofiyolo  Lobigdol  ®bgzsms FmOIGP0EB s  BogMms®o
LobJoM9780b, MMIdOE 04690056 803500 FM39899w0 3MOOBEOLIMZOL
(839990 b 353306H0L5M30L).

39230005 139365, O3 IMPOBOE0MGOMEo  HoMmBmlobgomo
doboliosmgdEgdol o335 3MM(39Lgd0L 0bE MO MMO Fosbermgdol
3MM390MO0do  4sdmygbgdsd  930B396s,  OHMI  MmMoyobosrols o
3360HMmJbodo30Y0 Foboliosmgdgdol AsblsBLZMmOL (3MToMds, VJOIYMBOL
0565056 360936900 ™mdgdL, Gog J0MP0mMGOL F9GIMO35HgdMwo  FgomEob
LAHOMIGHMONIE  OPMEO  5FdMOZMS  FMOZoeToLosbo  LobiEgdol
5360mgL0ds309wo IMPIOL 53930l 13050 FoLsE 9BIJGHIOMBdSDY.

099 356300093 M93500MdSL LoFol 9dsboBddo Bgdmm gobborwyaro
Lo ol domm30L Lol LEAMWMIEGWIOYOo bdgds odmolobgds sbg (bsb. 16)

50 Uggdsbg 06935060mgd0sbo  dgdsbobdo  s36MHMmJLodoMgdmEos
MO35L0sbo LEGOWJGHMOOm. S0b0TEMWMIE 3530060 gd0 TgaLEIMEgdgEO
d6530L 5 LyFol 39doboBdols 50BHgMO gobEMwgdqdo BoofigMndosb sbg [75-76]:

T, dl+ i, +K,U,, -K,«a
at '
l,&, +b,a, +Co =K, +b,a+cCa, (116)
l,d+b,,a+c,a=b,a +C,a,
boog: 1) o |, —m®3sbosbo LobEgdol syzsbowo 0bgdEools dmdgb@gdo,

b0, ©@> by, —@©ga3xzo®gdol 3mgn0E0gbGgoo, €, —3NMby®o LobolEol
3980309630, T, @5 K, —9wgddH®Hmdmogsl ©obsdozmémo gob@megdols
0905099690  35605993M9d0; € —9399dGHOMISTMIM5390geo  dsbiol

3MIBoEogdhGo:
—C-i

c p*
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d9L50530bo 1533w 930 ¥ LOLEBAOL LEHOWMIGMOWWwOo bdgds Foowgdl
Lobgl (Bob. 17).

Bob. 18 dmyzsbowos a —bobEGgdol gomsddbowo LE®WIGHMOYwo
bdqdo.
boQs(3:

ke’HWDW
W, (s) = oy : (117)
1+W, +W )k, W

aHcoc am emy

59 1g9dob godmygbgdoo dga30deos bgfgmmon:

W)= WEOW,()
@, (s)  1+W_ (S)W, (s)W,, (S)

(118)

boQs(3:
W, (S)W,, ()

WII(S): K s ;

1+W, (s)W,,(s) W ©)

W,wl (S) 'W.uz (5)

W)= () W (WL ()

W, ,(s) = < ;
i 1,87 +b, s +Cp,

b,S+Cy,
2 b
I,8° +b,,s+cCy,

W,wZ (3) =

W,,(s) =b,s+c,.

Bob. 19 9mygsboeros dgmeg Lsbol gargdE®mdgdebozm®o LobiEgdol
1bJE0mbsgrmMo Lidqds [1].

5J: BBY - @00m3mgzmgmo  dmfigmdowmdgdol derm3zo, 6mdgewos
o60moa9bl dmdogzo ©9bol  BsdEr0gMgdgdBg  MgoE0BYOMEO
95000839M963060909w,  2985dw0gmdgr o  350bFHIMm0MmdI  BrMEgdL
5390 TN - Ggauemsdm®l; 2 — 85x589090 dmfiymdowmds; CCYP —
(LobEds @) 3gdol LoFol FoOMZoL FMMZoMZoeg LobiBYds; YO — dmd®ms30
3990; Y — 35900969090 dmfymdomds; PC — Lobds@ol Mgamws@m®o; PT —
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K.

Woea

WMl

>~ W2 -

B65b. 18. g905gdd60go bEGHndEmGEo bdgds

@960l Ogamwsd™meo; VII — 85dw0g6mqdge-2560m@597ddbgero dmfymdommds;

NI — 890L6megdgero d6s39; P — LoFolb d9dsbobdo; ITPr o ITP. — qogbolis o

LoRJoMOL 3MBEMOHMS oMsdddbgwro mfYmdO™MdYd0; ¥ s o — Tglsdsdolo

3930L 3OOl 3Mobg @s LoFol goshymdol 3momby;

390m0535¢00 36093690mds U

a 3a0

Vo = ¥ 300bOL

— a Lol gdsdo F90MT535¢0 d5d3s.

ys v
— X | BBY —| CCYP - vO
]
5)
I11P, [
Y
Y| v = v 2 ™ PC | X ™| PT v e P
A ]
[P |—————@
0)
IIP.

65b. 19. gmbdiombscmm®o Lggdgdo

5 - 3MOLols dsMngols LoLEgds; d - LsFols JsGmzol Immgsemzog Lolidgds
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76

doosbo LobEgdol LEHOMIGHMOMEo bdgds LsFol d9dsboBdol MEsLosbo
06530360 Imgol 450m35¢olfjobgdoom dmyzsbogros bab. 20. Losg: W

nuo

w ,wW , W

P12 Wn’ Wnd ’ W.ul’ W.MZ ’ W

ocm ?

pm> Wpm> W, @ W, — 389bsdsdobs —

093MoGHMMOL,  ©I6oL  OgRMWIGHMOOL D gowBH®os,  GHoMOL
3960534dbgeol, 9galcrmgdgeo dMsgol, Logol dgdsbobdol (W ,, W, ,,

W

o )e 090308 mdogdBol  (30OHMMAmerol); K, —35dog®mgdeols
39909M9gd0L  3m9530309630; K.s o K S—3m353806900L 25d0096Mq00L
3093030963900 9e9d@GHOMIsdMIM53909e0 docnol s LoBJs®Ol 30mbEGOlL
903om0m; K; —9bol 308560 9939939300600L 99005933900 39303096305 o9:
W (s) =900l  (30@OHmbymeol) a5sd3gdo  8w96J30s  890503mm9dgero
B90mgddggdol JodsOro;

K K K,, —89Ls0d5d0ls 350009396096306090e0, 3506@ 93606090900 o

ough?

359099090 MRMJdoL 35de0gMdol 3m9BoEogbdgdo; K, ©s K ,, K,
s T,, K, @5 T, —89L50530b5@ @53c0gmg00L 30295303096(;H9d0 ©5 @OMOL
3990003900 d9aLOEgdgEro  dMs30L, Fow@GHmolL P11 s GHOMOLEHMOYO
39653436 geob.
S — Q53 oLOL M3GMSGHMOO.

35000 Laboo 435J3L:

K
Wnud (S) = Kdu(jzs + Kna + o >
S

W,,(s) = L - K ;
(T¢Zs+1)Kd)2 T,s+1
K K
W(/)l(s): . = 2 ;
(Td)ls +1K a  TpStl
K
W_(s) = n
(8 T.s+1
W, (s) = ! ; (119)
" 1,s? +(b, +by,)s+C,,
1
W,,(s)= (120)

1,87 +(b, + b, )s+C,, ;
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Ll

Wn 10

-

->®-> Wpc =, me

Wir

K.S |- ®
KS |je— ¢

=] W@ [ Wn —»@. Wut) CM *@’ WM1 =
KT - L Wumc

Bob. 20. 2990L 3OLOL FsBNZoL LoLEBHIOL bEHGKYIEMGYEOo Lgds
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WOCM (S) = blZS + C12 > (121)

ng(s): K23(1+T01<S)2 : (122)
S(1+T,s+T,,5)
W (s) = K”(1+T"’<S)2 : (123)
S(1+T,s+T,5s°)
1
Ky = K (124)

h2

Logol  89goboBdol  M93900 METsLosbo  FmEgErol  2sbbowgzolsls
d99LGrMeEgdgero  dMs30L s 39doboBdol  ©obsdogol  2sbEHMEgdgd0
Bo0f9690056 sUg [71-73]:

L, ¢, +b,¢, +b,0 +CLp, =M, +b,0, +CL0,; (125)
9, +b,0, +b,0, +CL0, =b,0 +b,0; (126)
M,, =C,i; (127)
U,=K,,1+T,)I, +E, (128)

LoQS3:
E=Ksa, T, = (Ld,2 + L(,g)/Rrﬁ2 +R,,;

Ky =R +Rus Ry @ R, - o@@®ol @2 @s d6sgsL sg&orco
foboemdgoo; L, s L, —30EHmobs @5 0535 0byydéon®mdgdo [77].

[, © |,-bsFol d9dobobdol ©Mg39000 MOTSLosbo  TmgErols
5935600  0bgMEool dmdgbBgdo; €, ©s b, —MY3500 TobomETMOOLO
393306M0L  LobobBOLs s BdEBEHO bobmbol 3mgxz030963gd0; b, ©s b, -
0sbGHo bobmbols 3m9n03096¢gd0  3dMNBg  Tglobldgdsdo; C,, —dxvdogs
_30C,i,

e b
T

9mdGsmdol  dmdgbGolb  dodstrom; K Ip — 300053990l MoEbgo

9996990 I35 LsFgIoL; 1, —dsd3zs MBoL xs3300; U, —dsdgs
©9bol x533d0; C, —3999009dGO™MB5dmIM539090 doerol 3m9n0309630; ¢,
S @, —3700bwe  IMIMMOSMS  30MmMO0bsEJd0; M, —89aLermEgdgeo
d6535L F0gM 35630619050 IMIgbG0.

693900 999960379600 bsfforols s®LGdMdST Tgbodgms  2sdmofjzoml
Mb93500 P67 gd0L sOBYOMBS 2oMSBs35¢ 3MM(3gLgdT0, BoaEed g9gdol
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36LoL  FoMM30L  dN0sb  LobBHgdsdo gl dYgbgrgdo, Gmymms §qbo
396030056 o EHMSE0sL INE0sbo LobiEgdol bEMmYdEmEmE 393306 9dd0.
Bob. 21 dmyz3560¢05 LoLEBYIOL osddboo LEHMEHwermeEo bidgds.

K, [ ‘
1 |- KS L

A

W oW, W, .
Wm2
U |
—%@-» Kn -»@-» W[w -»@-— me [~ ch [~ Wn ] W,,,) T?— Wor ] W, _‘.&
T KT - Wocm |——- @

K.S

B65b. 21. g965gdd60go bEBGHNJEMGEo bdgds

BoboBgdBg 20 s 21 Imyzs60005 LEHOYIEHMGMEro 1dgdgdol Mobsbds
3930L 3OOl  JommM30L  LoLEBIIoL (¥ LoLEBHYIOL) 9sd3gd0  Gmbdi0s

d9Lsderms HoMdmz00y0bmm Loboo:
w, W W

W s) = no” a3 , 129
V/( ) 1+Wnu0WaW33 ( )
5J
W, (s) = K\lN ©) ; (130)
1+ K, —W_ (5K,
WMZ
K. W
W, (s) = S ; (131)
1+ K5 =W W,
M2
W (s) z—w"fw”’e : (132)
1+ W

ace
M2

W, (s) @5 W, —8gLsds80bs@ ©9bol @s LoBdo®ol Bszg@owo 3mbEdgdool

29593990  gMbd30900; K. —3935300600L 3095303096305 W, (S) —ULoFol

3ommM30L IMMZoeM35¢g LobEGIob 3533930 BMbdaos.
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W, (s) g0bdsos 8gbsdarms Gomdmgoyobmm Lsbol:

W W K

nuo

WO(C (S)

n

W, (s) = (133)

(1—'— Koc xvlacj +Wnuo Kn\Noze 'We3

M2
Bodo®admmo  3393900L  0obobdsw  doegdmeos  Lafigolo
3960mbbmB0gMqdgdo d90ymdo ©0bsdolzmMo  331093930LOMZ0L, OMIgWmS
d0MO0MS©O 30063039805 2obboyemo 65dGMdqdd0 [78-79].

2.2. Bmy500 30aM3g00 LobmgBols s3mMEsboLIET0, oMsddbogro
199900l s LEbmMYBOL 3Mm3gEMMgdols 8gdwdsggds

§0bs 35655380 dmyz35600 0603 MMO MY gdol s 2593930
136930900L 565¢0Bo 230h39690L SBgm LoLEBIFsMs EObBsdo3MHo Lobmgbol
59m396900L 250 FMH0oLsmMz0L  JoBsbIgfimbogros dm3gdMo ot sds35¢0
36MHm39L9d0L Jobg300 LEbMYHBOL FgmmOl Asdmyqbgds.

2.2.1. 8m390Mme0 3505853500 3MM3gLYdol dobgzom
LobmgBoL BgomEOL SbsgErobo

653603900 [53, 55] Homdmagboeros Lobmgbol dgmmmo dmgdmeo
396005353500 3MM39b900L dobg30m, GMIJOE 9539dYWwos Ho®Bmbobgzom
LobdoMgoms Fsboliosmgdgdols godmyqbgdsty.

50 35bobos™MGOG ™S 2odmyggbgdols  Logwydzgwl  FoMdmoaqbl ol
39093Mmgds, I FobslosmMgdgdOL 15305Mm© BMLEHO ITMNbZg35L LobdoMgms
360083690356 56900 99L53599d5 MOOY0bsgdol sTNbZ93s [54-56, 80].

MmM0y0boeol  f(t)  Go@Imbobgom  LobdoGgms  Bobsboosmgdgeols

30300980 vy F(p)=f(t) godmbobwyargdol s6a9dgb@l, Lowog p — adsliols
M396M53HMOM05, 9m356039dm Moy LsgbmdMog p =0, 36083b9emdgdL s &L
29630b0sgm Fo@dmbsbgom bobdoMgo w=—jo .

0o63mbsbgzom LobdoGmgms Bsbsliosmgdegdols Losbermzgol 306HMd0ELL

399030065609  MmM0yobsergdol  Losbwmgzol  36M0b303Bg 9oL 53gdMo
6020650900l F05bEMgd0omOo FoblobzmOL dgmmeo.
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Do60mbsbgom  LobdoGmgms o530 MmJlodoMGdgo  JobobosmgdgdO
Dm0 J0yMmIom 50390006 2obMLsbLgmgmo a;, s b, 395303096 JdOL

39933900 99900930 Lobob 453mbsbwmgds 25dmyqbgdol 35BsbyY

3
Fo(p) = b°+b1p+b23p = (134)
ay +a,p+a,p +p
Fo(p)=— 0 T 0P (135)

8, tap+a,p’

b Bsbslosmgdergdo  3oM3zger  ®ogado  Mbs  0m3z5¢olfobydbyb
doboboomgdegdol F°(0) s F°(~) Bzt 3609369 mdgdb.

Lobmgbol 3gMomdo &, s b 3M9B0E0YbEHIO0 5M0sE Bm390wbo s
15d0gdgdL 3093993690056 LObMIHBOMYdIO  LOLEBHIIOL  MYAYLOMHIOSO
30mOEobs@oLb  F(p) 359mbsboengdsdo  fomdmpqbowo  3mgzosogb@gdo.
Dmao0  doamdom LobmgboMgdso s LELYMZgo  30MmMEOBsEJIOL
3990bsbMgdqd0 Jgbodems Bsfgmowo 0dbsb sby:

M(p)+ XM ()

F(p.o))= = = x(t) (136)
N(p)"'Z:‘IO'ij(p)

Fo(p) = “N"—((F‘j)) - x(), (137)

Loog M?, M, N° @s N —p, 3560339700 3m0obmdgdo, o; —LobmgboMgdswo

3098030963900 (356015993 900).
36MHm39L900L 06GHIAOIWMOO JoobErmgds
(p.o;)=F(p) . (138)

39900 Lsboo doomgdl babgls
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KD +K,.o Doy +K, o Day + K, Dyy = Dy (158)
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Koy @1 i 81+ Ko (21810 ) K @ s 8,) = By (206,0) s (167)
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