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Kocaq)l (5v) + Kuumq)Z (5v) + Kduqbq)3 (5\1) = cI)O (5\1) > (12)

v=1,...,1.
30090 A563HMgdsms LoliEgdsl 3984853900 MB30609L 339MSGMS
dgom@om bydogdgwo K, ., K., K,,, 350589¢6gdol 308560 s 300gd0:

K0 26,®7(3,)+K,,, 2.0,®,(5,)P,(5,)+K,,, > 6,®,(5,)P;(5,) =
=§Vl5f®o(5v)®1(5v);

Koo 2.0,®,(6,)0,(5,)+K,,, 2. 6;@3(5,)" + K,,, 2.6,®,(5,)P,(3,) =
=Zvl5f‘1>o(5v)®2(5v);

Kocazgvzcblz(gv)q)3(5v) +Kunm 25\?®2(5v)q)3(5\/)+K01t¢253q)§(§v) =

12



=z5f®o(5v)®3(5v)- (13)

099m235943L 50bodzbgdo:
Dy, =2.6,®(3,);

Dy, =Zv:5f®1(5v)®2(5v);
D ZZV:55®1(5V)CD3(5V);
Dy, =Zv:5f®z(5v)®3(5v);
D,, =Z5VZ‘D§(5V);

D, = 253®§(5v);

DOl = Zé‘vzq)O(é‘v)(Dl(é‘v) ;
Dy, =3.6/®(5,)P,(3,);
D03 = 253(1)0(5\))®3(5\)) >

5 296GHMgd5m LobBHYTs (12) 0gdL Labgls:

DK, +D,K,, +D13K0u([) =D,,; (14)
D,K,.,+D,K,, +DyK,, =Dy; (15)
D;K,., +DyK,,, +D33Kom/; =D,;. (16)

LobG9gdol (15)-(16) s3mbLlbom MEbmdgdol J0dsGron 30Mqdm:

D
Koo ==

D

KuHm = IBHM ’

Kdu([z = [;Wﬁ >

bogS3

Dy, Dy, Dy

DKM =Dy, Dy Dyls
Dy, Dy Dy

13



S
S
o

Ky Dy, Dy Dy;
D,y Dy Dy
D\, D, D,

Koup Dy, D,, Dyl|;
Di; D,y Dy
D, D, D,
D=\D,, D, D,
Dy D, D

B9dmom dmyzs60¢0 890092980L F9dmdo goa®dgegdols mgzswlisbMoboom
336M9m39  obbowwos  Bs3zegzo LolLEGdol @gdol 3MOLDY 393900l
69510980 35653930 LObmgHBOL Lszombgdo

300909905 306MHMBI0M FobBHMEgdsms Lol ds:

K1*®l*(6v)+KMHT(D2*(6V)+KAM(1)®3*(5V) = ®O*(5v) » V= 17"'71 > (17)
boQS3
Koca _ 1
. Kl KlKa '

B35 O 3563Mgdsms LobiEgds Boomgdl Lobgls
Dy oKy + Dy Ky + Dy Ky = Do

HUHT

Dy Kys + DK + Dy Ky = Do (18)

HUHT

DK + D,y K +D33*Kanq) = Dy

UHT

99L50530b5 3965L3690 LoLEHYIoL 5dMbIBLBO BsOHYMGdS Sbsg:

356936006930l M9:0dd0 35Mm0MYOs© 30MBY3m 3561509 BHMGOL K, ©d

g *

50 89000b3935d0 30OMB0M QobEHMMgdsMs LoLEBHYIS BS0HYMHGdS Sbg:
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Kor®1:(9,) + K,y @5.(6,) =@ (6,)

boQS3

B63sc0® 2563Mgdsms LobiEgds Boomgdl Lobgl:

boQS(3:

D;l = Zy5[®0*(5v)_KHHTq)Z*(é‘v)].q)l*(é‘v);

D;3 = ZVf[q)o* (0,) =K, @ (0,)] ©(9,).

396553690 005b:
K,.= D ;
oc D:

Dll*
D13* D33*

1 _ *
- Dn*Do3 _Dls*

13*
- Dll*DSS* - D13-

cI)O*(év) = q)O*(é‘v) +KI/IHT®2* (5v) .

01>

D, K, +D13*Kump =D,
DK, + Dy K o = Dy,

* k3

= D01D33* - D03D13* )

*

01>

*

(19)

(20)

(21)

(22)

dowosbo ¥ LobEgdol 5sd3gdo gmbdizos ga30dwos BoghgMmo

399090 Loboon:

b,s* +bs+b,

W, (s) =

7 6 5 4 3 2 :
a,s’ +ags’ +ass’ +a,s” +a,s +a,sT +a,s+a,

(23)

390mby33w93 ¥ (s) LobGgdsdo dEYMIMdOL 30MMdOL  FgdmEsbol

36MHMEIOMOO0L M9oe0BI300L5mM30L F9B30bowsgm LoliEgdol Fobsliosmgdge

390@™MgdsL.

0dol  a0dm, Mmd ULSJdg 239J3L Tg-7-9 boolbols TsbsLosMYdg

396@MgdsLmsb  dEYMmO™MdOL  LObmMgHBOLsmM3zoL  ZLsMYJOWMd®  MHY39G0
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LEHOE0MbIOMEo LobEYIol E0bsT03MMO FEYHIEMIOL sBserobols 36mdowo
390 M0300m.

50bodbmeo  dgmmEozol  mobobdo  obobowsggh  ©sdbdsmg
3565393M90L A, , ®MmIwgdog godmolobgdosh sdm30wgdwgdgdom:

1

B39b6 990nbg935d0 2399690s:

A =a,a, /alaz ;

A=aa,,/aa,, i=2,n-2.

A =aa,/aa;; (24)
A =a,as/asa,; (25)
Ay = asaqfa,a;; (26)
As =a,a, /asa, . (27)

15330930  LoLEHJIOL  FEAMOIMOOLOMZOL  Lo3doMobos,  M™I
LOHMEXIOMEIB 30OMDS:

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

A+, <A =089, Vi=ln-3;

i+1

A+ A, +A,,<1l, Vi=LLn—-4;

i+1 i+2

A <-4 )1-24,), Vi=2,n-3.

i1

396005353500 3MM39L900L 53900L5M30L Bo3zzergg LoliEgdsdo 30ygbgdo
390035350 ¥ 30MOHO0bsEOL godmbobragdsl, Mmdgwog bsofighgds bgdmom
9dy3560¢0 go653535¢0 3964300l bgmdzgaby.

39530035000 533W0EOMO-FBSBO Boboboomgdgdby, Molm3oLsE
¥V 30006530l go8mbobegdsdo s Mm3gMo@Gmmol bszlzwmo d90ma3od3L
30mA9bBHo jw, Loog @ —fMomwo LobdoMg s j-HoMdmbobgzomo gemosbos.
3009080 5330 GO BoBG FoboLOSMYIGWU.

a-bobgdol LobmgBOLIMZ30L 30Ygbgdm 253390 MBIl
1 _a(s)

a,,s’ +a,s+1 - o(s)
900900 35593900 BMbJaos HoMImoagbl Mbgzso  MMmEoL
390059390 BbJ30sL. sLgmo LoLEgdol 35615993 MGdOL FgMBg3s 56 HoMTmMoqbL

W (s)= (28)
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LoMglL.  gobbowrgso LoLEJIoL  356M1599BHMYAL  30MBgzm  LoliyMzgero
36mEgbolb  dobgzom,  OHMIgwms 396599 BHEMGOL  dooBbosm 8990
96009369wmd900

T, =3a,, =0135c;

—%e 07 @ K, =1.
2 2T @ oc

w-bobBgdol Lobmgbol 3BrM(39MIOOL BoBsMgdoLEM30L LElvEM39wo
36MHm3qLoL Loboo dgeBgmwo 0dbs gmbJsos

5 22 = MO (p) = AO —Ale “m + A2€ “m , (29)
axZZmp +alem +1 N (p)

w' (1) =

Boo3  P-39Mbmbol  m3gMoG™meo,  z,, @MMOL  dsLIEdMOO 3930309630,
A4, =0,54,.

5356 gMHMs 1533193 LOLEYILB F0TMIMIGdSTO SIMYAYIOMYOS®
35653939050 Jgmbgmo odbs: K, =0,100 (o', 7, =981 9, 7, =3,31 {0,
T, =2,86 {0.

w-LobiBgdol Lobmgbol gMm:™ogz5BYOWWo F9gMPOL 53MIMBS300LSMZOL
35350900 3m6309G M LosbgoMmOdM 259M3310939dL. 5dolom30L LHLIMZgEo

36MHmEqgLoL  LSHYol  396dgBHOgds©  odbs  JgMBgmeo  u, = 0,006 % Q9

u, =0,012%. 535Lmb 9O ™300 UBs3zergg LoLEgdsbomsb dods®mmgdsdo

30OMOYMOL  5MMYYME0MGII0  356599EBHMgdol  360d3bgamdgdo  0dbs
d96Bgmwo: K, =0,104 a1, 7, =981 {0, T, =3,31 {49, T, = 2,86 ().
Bo®o6900 Losbao®m0dm 25dm33193990L d99ad© do®gdo odbs
LobMYHOMGOIO 3565993 Mgdol 3603369eMdgd0 BWbJ30Mmbocrme 35380630
z,, M®oL JoBIBHOMO 3095303096E 6.
0300 35053535000 3O 39L9dOL IMYd0 30 dMmY3z5600s bsb. 3 o

4. Bsb. 3 999053905 1 3560056F0L LsbYIOOTM bdgdol Bob. 4 30 — Fgmerg Ldqdsbs.
Bob. 3 9mgdo 1, 2 ©@d 3 FggLlodsdgdosh ToldEHsdMMO 30953030963 0L
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36003690md90L:  0,8; 1,0; 1,2. Bobobbg 17 sbsgompomee IOmoo 1
399L50599%s z,, = 0,8 s OO 2—-30 z, =12.

74

Vo

1,0f /_\ { EA?.—c

| /T
al

250 500 750 1000 t, o

Bob. 3. 49Ms8535¢0 3MM39L9doL dMIdO

/%
Vb

0653031600 daM5Mmd0L 565¢0Bmb 93938009000 Tglsdsdolo

1,0

\

500 750 1000 t, o

Bob. 4. 49Mms3535¢00 3MHM39LYdoL AMIdO

Bob. 4 5 5 8myz5600 3OHM39L9d0LIMZ0L, MHMEILL3 z,, = 0,6 3Mmg803E096EIOOL

A; 96500000936003900. 99L58530b5g 5006 360369 Mdgd0M:
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A, =039, 1, =034, 2, =031, A, =038, A, =0,454

As =041, 1, =036, 1, =0,29, 4, =031, 4, =0,429.
00 8990mbgz930L5m30L 30 OMELSE z,, = 1,0, 33543V 1965800 )3"MdJdO:
A, =021, 4,=0,23, 4, =0,199, 4, =0,218, 4, =0,311
>
A;=029, 4, =0,26, 4, =0,23, 1, =0,265, 4, =0,298.
dmy3560¢0 3mby399930 3023000009096 LObEGIsms EYMIOMBIDY.

BoB96M9d9o 0465 298900l 300653010 33¢0939, BTG dog 23063965,
6md 2999008 Ubgoolbgs  3Mbdombocm®  bsfowgddo  Loddg  a35d3L
300605300 Hg9mgddggdoms Fomomm  139dBHedmMb,  MMIEgddo;
3990339000005 HMAMM3 FoIE0, 53MJMZg BodwsErm @S Vo LobJoMob
300653090 3tdMH5MJdO.

0909853900 0465 30060HM@I3930  dmMfgmdowmdgdol  dgdgdo,
99303 LYFMOEGISL 033056 53030 M 300MMBORJIMYMS IMB390go
360036900Md900, MMAMM3 T, 5MJN3g O LObJ0MYdDY.

Bob. 5 dmygz96005 300MHMBEODMWS30Mm FMgmdowrmdol biggds.

3

1

Bob. 5. 30d0MHMLI0BMESE0M Fmfiymdogrmdols ggds

9l 300MHMLEODBMWSE0Mm  IM{YMdOWMdS FgoEegt Loyhgb gowsl 1,
dobby 999690 WEMY39 30OOMODBMEGHMMGOL 2 s F0IOMLSODBMESFOM
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05gobl 3. d5dbol 439MYdL 39MH0TYEHOBY 5d3L 5dMbormgdo, HG™MIwolL J3gws
0560MDBY, 396GHM06 19650560 ITMOJI0D ITMBE959d90S HTSEHJO0MO
300000DMoGMMHJdBY 4 9969005 30dOM—BsIbIMdO Fows 5. LoyHgbo
RO S 3000MBS0OBMEISEFOM  057obo  9HTBYNMB 5393806900
33956000, 6.

mfymdomds 39935mdL 99dgabso®ma:

30000ML50DMEsE30M  05Jobbg 3 5sT0sboL EAMIOL OML  Bdodsbo
BOWISPPOWY0S 390G M5, M3 0(393L 300MHMOBMEsGHMMHGdOL 2
393999335, bmem ©3s3gd0m 30dOMODBMWIEHMMGODY 4 ©9Y)bgdo Gogrs
5 0fygdl mogolmnocm Gbg3oL, M3 96x0GMIWgdL 39O E03owME MHbg39dL.
05460l 39bmog30LREGOOL T99g2 303MMODMWIEHMOJO0 dMIMBEIds Lofyol
3mD030590 255 A09d0L gIDLI30 3350 gdOL Bodwoegdom.

B99mombodbmemsb  ghmo 993 deggdyemos —  ©o0bsdozmemo
B39 0930560 3006MHMd (3530 05760l Fgdymdo Bggds (bsb. 7).

50 bobsHBg dmyzsbowos  LogmEomo  FmIMHIMdGOOL  ©obsdozol
509353030600 dmEgerol  52900L5m30L  BsFoMmm  Losbys®modm  Ldgdol
909996390 993900 Bs33eg30 300MMPSFES30 d5dbol  3M0bE03Mwo
LAOUIOYONO Lgds.

59 1 = Loy®mgh gosls s BoymIb HBgs30ML Mol ©sygbgdIEo
693500 2 9098963H00m 50 FMM300 LBoyMgbo ows 1 (bsb. 6, 5); 3 s 3’ —
693500 4 s 4 (bob. 6, d); m, —Loymgboll ool Asbs; M — ™m3gMSGHMOOL
asLo; m; @s m; — m®Bs3JHMB0s60 LJgdol Bs3JOHMBYBOL Fobsdo.

m; 9560l gemo Bs3JOMdOL FmbEoz0L Fgdmbggzolols gl dsbs 0dbgds
3900943mo bogMEgb Bowsbsb HghGHowdo O, g.0. 33996905 BsdGMdOL
339600l 39300600 LogMEIb FBoEIslMb sbsEMmaoMGmo b5dMMITo dmygzsbor
bJgdoLb.

300053000  IMIM5MdJOOL 3500985303 9M0 IMYOL  52900L5m30L
356bo3580 999mEHsboos 3MmmMHObsEHMS MmMo Lol gds:
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Bob. 6. 300MMLIODMESE0M Jmfigmdoermdols iggds

1) ¢dGsgo LobBgds Ox,y,z,, M®Iol Lsfigobo FodGHowo gdmbggzs
Logdgbo gowol Loddodol 3gbBHOL  dmnerosbo  LoLEGAoL  LESGH0INO
daMdoMmgmdsdo s Ox,z LOdOEY) 30093 9dmbgzg3zs LoygHgbo Goob
LodgEHOOoL 396GHOL. gMJo z, —39MOEH0IIWMO0;

2) LyYMHYbo Fool s OBF03MMO BITIMHMDJIOL Toligdmsb boliEs
5353806090710 ImdMszo LobEGJIgdo &N, &M&E s €,7,5,, MBI
LoHgolgdo dMIMSMOOL MML gmgzgwm3zol 9dmbzgz096 gowol Loddodol
395&OL, ©9MAgd0L J0TsOMNdJd0 30 F9OBIME0s 0ly, HMI [mbslfmmHye
9MdoMm9mMd5do o0lobo Jglisdsdols g8mbgzgz096 x,, ¥, @S z, WIMIGRL.

3obLsbogger  LobEgdsl  goshbos gdglo  mMegolwrEgdol  bodolbo.
356BMA90MGIM  3mMOHO0bsE O T9MbgMos Loghgbo gowool, x, v, z
3MMO0b53Jd0 o @, B s ¥ 59 Fowrol dMdOHMbgdol 3Mmbggdo & B s &
3959900l 80dsMm. 0630l IEIO0m F0TsMMYIGdS© FOPIIYWOS BssmOl
obEMOL Bofobsomdgym dmdMmoMds.
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39bbsboggero LobiEgdol 30b69¢03MM0 gbghaos 39600l mgmMgdols
0565b35 25dMm0olobgds sbg

T=Lmpor y Lygpon Lypon  Lympon
2 0 2 2 1 2 11
1 =~ 1 = 1 =~
+5{1M }QJZVI +5{1ml}Qanl +5{1m11}{Qm11}2' (30)

boag PO, 7O, 7

my 2

17,,(,10]) — d9Lsdsdobo FsLBoms (396GHGJOOL SBLMEMEHWE

LoBJsMgmS 399E™MOM-13939d0; Q.,Q,, le Qo 52”111—313006@60 LoBJo09900L

399301393980  3nMOEObBsGHmS  ImAMS3  Lgg®Hgddo; {1, }, {I,.} ©d
{1} —0Bgd3ool  8mdgbBHgdol  Bos@®oggdo; {1, }-bsybogbo ool
069m300L 3mdgbo Mm39EMms@m®mol dslolmsb gemo.

399G™M9d0 Yo

mo

v, 17,,(,10) Qo 17,5?1) 3960L5B3MG0056  Tglsdsdolo
dolgdol  3mmOEObsGms  OLMEYMEMEG  LoLEYIsdo  BEYOIMYMDIMS

SBALOBEIMHIO  MOOL— mGadol A FO 5O s 7O cH™do
6 Q8 8@ @ :fj 38 @ 8 mo M m @ myy @

0x9MH9b30MH900m.

dm3999o  3M30I0Igdgd0L  45dmygbgdom  FqdmTs390v)C0s
300000593530 dMHYmdoEMdGOol ©0bs3030lL Fomgdoozmemo dm@gergdo,
OMIgwms  399mygbgdom  bmO0gm©gds 3904935390 LobBgdoms
M33H030B30IM0 455bg0009ds.

6596330  50b0dbos  9EgdBHMM30MOZ03MIM0  FMMZI MO
50965390000  S©0FMMZ00  5JBHOM0 30dOMPT3930 LOLEBHYIJIOL  Fooo
98399 BHOMdS 3¢ LOHBAOMOL MHY3900L BsbIMDILMID 0>MIgdsT0.

AmMZoWMZoeng 9996539906 o B0W0sBbMdIT0  3006MMSFFS30
LoLE3900L 9939dGHwIOMdS 36083690396 foers ©s39380M9dMos 50bodbyo
539653900l 8gM5MdLMB, IAMIBMO0sOMILML s LHM93JI9IOSBMSb.

SBgmo  BMMZIWM3oerg  53d6539008  ©0bsTo3MMo  ™M30LgdgdOL
LEOMYMas G90dwgds 3oeHgrewo 04bsl 3®ms®dol boGolbol sdswwgdoo
3056390 8339090900l 3069 25bLBoMdOLLL. 53 JoBbom 30EMgE 3OO
Bofocols bLEH®WYJEHMMsdo Jgladerms 2sdmyqbgdemo 0gbsl sddMogols Lggds
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doOmmM30L  5MHOR030  39bMbom, GMIgeroi FmoEegl MmO  Mmmbbgzmgwosb
9330005658 53539000 30OMbIBL s Foldo mE F0dEI3OMdOM RO
OMLYL.

50b0dbmo  53m35boL  53mblbol  dgmEg  Joamdsl 8093936905
3o3mM9JBH0M9090  X9F3I0L M990 Bs30s 300M3¢03MM0  [obsmmdol s
93500 Yol Lobom, OHMIgeros M BOMBlgwymal LsFomm ©EII3B0MYOSL
0056000390 933900565l I3069 2oblbo™MdgdOLSL.

Bsb. 7 83g3560¢005 3086MHMHE30L FsMmM30L GEgdGHMM30MH3¢03MM0
LoLB9ds, HMIOL 30030346 Bofoedo F9dmEsboEr0s Fo3mMm9dEH0Mgdgeo
X9330. 9U X93F30 9Mo33L: BMdgbg 1 TeaMgd 30OM300bML 3;
99JOOM30©M3w03)H  3dw0gOHIBIL-yO©sFJbgl 8 gegdHOY
35d09©m909e—390ox 58909l 7; 39603589 4 ©oygbgdme 5gugegH™mPgGHOL 6;
30 905M9MdOL 350sdfm©L 2 s 353MmM9JE0M9dgE IMHYMdOEMIJOL — ydo
11, ®mbgegdo 9, 10 s Dsddsds 12, 4zges gl 9ergdgb@gdo dogMmgdvIeros
d99L6MEgdg  300OME0obEOMB 3 ©IdsBHJdomo  30OHMDsbgdOL
89939Md0m. 35603589 4 256053193905 30dOMPH330L MO0 5.

5
\
4 N
: \\ - IJ:I/ 'IS /7 UJJ
9 3 & Uy
|| <
D[C 5
] =
) I
2 < | N
10 It -
7777 //||_Jr////
1

Bsb. 7. sd@Bom®mo 30060m©sd(3530 dmfiymdogmds

3006530316 bBofloedo bmemgzsbo Lsfgyobo goblbowmdols ddmbg

mmbbggwosbo 933909609008 99933390  9egdBHOMI0OESZ03)M0
A m35mM35¢g LoLEBHGIOL OHsT0Is 5OHGMHGdS Q9BGHMMgdom:
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mx +hi+k x=k, F(p,;p;€)—Kpx,, (31)
boQS3
F
K.=k, ?1;
(F(p,; D; €) — mobbzmgmosbo 93560390 933907565 Lobatxm Bsbalinsogdeom
39bLOBEZOMEO MO B030 TMZ0EIOIENGDY;
F 5 Fi — 39b50530bs0 30000M3000060Mg00L 3 s 11 ydgdools dwds
B9930M530 BoOMYO0;
k.. — 30006HmLoLE 990l LobobEob oy3z560w0 3Mm9x0(3096¢3)0;
m — 300OMm30wob®bg 3 ©syzsbowo  dmfymdogrmdol  dmd®s30
Bsfoangdol dsbos;
h — d@sb@o ©9Yd3x0MHGdOL 39530309605
P — (693505 Lbgomds 300MH™mEowobo®do 3;
&— 80500390 93390960l I0d0bsMY oblboMdy;
Pn—bobEgdaboseb doyzsbogro (i693s;
x1 — 300060H™m30w0b®ob 11 ydol 3mmMobs@o;
x — 30006OM300b®OoL 3 Mol 3mMmOHObsEO.
55(MR030 IM300090Iqds (F(p,; Ps€) 0933000005 Fo0dmgzoy0bmm
3906020398900 ZMOHI0M
(F(pspie)~K,e-K, p;

b K, = ko
5O ;
G K r

k
_%o
K, = Fp’

ky: @9 kg, — 93600gdbo85300)@00 35bolosmgdEgdo.
3mmMOE0bsGJdol  x(f) o  x(f)  FmMobo  MOPOYOHMNIS3d0MOL
35bLsBEZMOLIMZ0L 3hgMm o3mEgdE0Mmgdge dmfiygmdowmdol 11 ymdby

9939 d5md [fMbolfmOHMdOL 4obEHMgdsL
F{(P=2p,)=mX +hx +k,x.

300035¢00bf0bgdm B 45dMLsbMEgdgdL:
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P =mX+hx+| P, | signx
5
Dy = kgp)'c1 ,
do30090m
m, X, + (Zk@ +k, )X + k”px1 = mX + hx+ | P, | signx . (32)
) mp — 30Om30ob®ol 11 ymdol Fm3abg ©oyzsboeo dmdGms30
Boffogngdols Asbss;
kinp — ©53dGSL Loboli®)g;
kop — 06HMBYEg00L 9 s 10 bosbrxomo 391030963 0;
ki — 3560 bobmbol 3mgn0309630;
P, — 3000030@w0ob®ob 3 ©)dbg @sgzeobowo bsbybol doens;
Py, — 693505 bbgomds odmbigerdo.
d600369wmdols  my, A @5 h @5 9369m39  bobmbol  dsewols

293IC3ILYMGOD ©IMZ0IINJdS 89330005 BogHgO™mm sUY:

(Tes+1)x,(5) = K87 - x(s), (33)
boQS3
7 - 2k,, ;
k,,
K =
k}l

P
5 —53dLOL M39MOEHMMO.
396@Mgdsms (32)-0b 250633039890 FmMToL 459mygbgdol Loboom
(ms® +hs* +k, s)x(s) =k, K, &— k,.K, (B,s” + B,s)x(s) — K ;.sx,(s) (34)
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Abstract

Vessel course and location control systems that perform a main objective of
navigation, connected with given task qualitative criteria for precise and safe
navigation, in turn among the vessels automated drives most represents complex
multi-contour systems.

The review of drives mentioned systems development and related to this
research works demonstrates the urgency of carrying in them analysis and synthesis
methods and methodologies of dynamic processes to improve the efficiency of
scientific - technical tasks.

On the other hand the vessel movements control processes certainly are
defined due effective actions of participating in control personnel. The quality of these
activities, in turn was in the functional relation with external impacts on person.

Extremely high is the vibration effects on working on marine vessels people.
Therefore, the protection of working on the ship person - operator from detrimental
effect of vibration represents an important and urgent problem.

The article aims the development of vessel’s course and location control
electro-hydraulic systems (drive follow-up systems) models, new layouts, dynamic
synthesis methods and methodologies for adjusting complex systems accordingly of
preliminary given transition processes based on the application of synthesis known
methods and are directed to the studied systems of quality and efficiency. The
development of vibroprotective equipment new efficient layouts, structures, and their
dynamic research methods to ensure increasing in the quality of protection of working
on the vessel person - operator.

To achieve these objectives in the research tasks are included:

e The analysis of current state of drive systems under study, development of their
dynamic analysis and synthesis of methods and methodologies and formation of
further research aims;

e The construction of studied multi-contour systems mathematical models as a
component of synthesis developed method;

e Revealing of developed method main regularities and construction of synthesis
algorithms accordingly of given transition processes;

e The research of specific follow-up systems, the revealing of quality and efficiency
of developed methods and systems;

e The review of related to vibroprotective equipment design principles and their
dynamic research methods;

e The analysis on vessels Georgian of Maritime Navigation vessels measured
vibration spectrum;

e The revealing of known vibration insulation devices features and accordingly of
vibration measured parameters the development of new effective schemes,
structures and research methods.

The scientific novelty of work isin the following:

e new methodological approaches for constructing of operating on vessels electro-
hydraulic systems the dynamical mathematical models, according to the given
transition process in synthesis the method the formation of the desired process
parameters and synthesis parameters search methods;

e The required methodological approaches and mathematical regularities for
developed vibroprotective devices schemes and structures construction and
calculation.
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The practical value of work consists in the study of multi-linked multi-mode
drive systems dynamic analysis and synthesis methods and methodologies and
research results, directed towards improving the quality and efficiency of the drive

electro-hydraulic systems;

— The results of necessary for development of original vibroprotective
equipment researches.

In theintroductory part is grounded the actuality of thesis, is carried out the
qualitative analysis of used in the naval vessels follow-up systems.

The necessary for analysis of vibrational impact regularities and results of
theoretical researches, scientific approaches and principles for designing of
vibroprotective devices are considered.

In the main part of the work are considered dynamic models of vessel course
control two different structures follow-up electro-hydraulic systems separate
functional elements.

AS the result of study are constructed the considered system’s dynamic models
and dynamic structural layouts.

Are analyzed the separate stages and procedures of studied system’s given
transition processes according to the general methodology for the synthesis of
functional scheme.

Are obtained approximation equality equations and due their application the
mathematical regularities of parametric synthesis implementation. For the approbation
of obtained results were carried out the calculation researches related to having certain
initial parameters systems. The desired values of adjustable parameters were obtained.
As result of research has shown the proximity of synthesized processes to the desired
ones.

In this work are stated the carried out on marine vessels the vibrational studies.

In the direction of vibrational insulation of arise in vessels wide-band vibration
impacts 1s formulated the feasibility and are offered constructed on passive and
dynamic damping schemes original vibrational insulation equipment.

Are constructed based on the steady oscillating motions the mathematical
models of dynamics, are comprehended further research tasks.

It is shown that for the obtaining of high level of the operator vibrational
protection the effective way related to low - frequency disturbing impacts is presented
of the equipped with electro-hydraulic follow-up systems vibroprotection devices. In
order to further improve the dynamic characteristics is proposed an original containing
follow-up system scheme of vibroprotective device. Due the study is obtained a
mathematical model of developed system, in the general form are formulated the
directions of further studies.
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