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unm
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=2.8,0,(5,)0,(3,). (13)
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Dy, = Z5v2q)12(5v) >

Dy, =;55®1<5v>®2(5v);
Dy = ;55@(5»@3(6»;
Dy = ;53%(&)@3(&);
Dy, =Y. 6/®5(8,);

Dy =3.5;®3(3,);

Dy =2 6,®(5,)P,(6,);
D02 = Zé‘vzq)O(é‘v)q)Z(é‘v);
Dy, = Z5v2q)o(5v)q)3(§v) >

Q5 396EMEgdsmd LobEGds (12) 0gdl Labgl:

DK, +D,K,,, +DsK,, =Dy; (14)
D,K,., +DyK,,, +DyK,,, =D (15)
D13K0ca +D23K1mm +D33K()u(j) = D03 . (16)

LoLEBHYIOL (15)-(16) 5dMBLBO® 3bMdGOOL BoToM F0Mqdm:
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D
Kuum_%’
DK()udJ
Komp: D
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Dy D, D,
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D\, Dy Dy
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Dy Dy Ds,
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69510980 356589@Oo LobmgHBol LygoMbgdo

9009005 3060MB00 J9BEBHMMGdsmMS LolEgds:
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Lo
_ Koca _ 1
" K, KK, .
B35 296@™MEgdsms LobEYds JooEgdL Labgls
DK\ + DK, + D13*K;mq) = Dyp;
DKy + Dy K, + Dy Ky = Dy (18)

D13*K1* +D22*KHHT +D33*szd) = D03*'

d9L58530Lo@ M35651369e0 LobiEGdol sdMmbsbLBO Boofgemgds sbig:

D,.
Kn.=—5;
*
KI/IHT = l)HHT ;
\
K . = D
mp D :

956936006 900L ©9:0080 35610609055 3060R300 3565dgBHMgoL K, ©d
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50 89000b393530 306MHMBO0 A5BBHMMGdsmMS LOLE s Bs0fgMgds sbig:
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Knc*®1* (5v) + K;Lmbq)3* (5\;) = (DO*(5V) >

Lo

B350 g96@MEgdsms LoliBgds Boomgdls Labgl:

bogsg:

D;l = ny[QO*(5v)_KI/IHT®2*(5V)].(DI*(§V);

D;3 :z}/vz[q)()*(é‘v)_KHHT(DZ*(é‘V)].q)T"(é‘V)'

39656369 0sb:

.
D,

K, .=—r;
D*

.
_Dy

K
ud D*

>

*

*

D, D

13*
*
D03 D33*

*

D, =

*

D, =

i

* ‘Dll*
3

D
D13* D
D

13*

D13* D33*

D, =

* ‘D“*

= D01D33*

= Dll*D33*

®0*(5v) = (I)O* (5v) + KI/IHT(DZ* (5\/) .

D, K, +D13*Km/1(1) = D;l;
DKy + D3y K = D,

03>

*

_D03D13* ’

01 _ * * .
« | = DDy — DDy 5
0

*

-D;.
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donwosbo ¥ LobGHYdob 2osd3g0o BMbJaos dgaz30dwos Bs3hgHMom

3990920 Loboon:

b,s* +b,s +b,

W, (s)=

7 6 5 4 3 2 '
a,s’ +ags’ +ags® +a,st +aysT +a,sT +a,s+a,

(23)

399mb33w93 W (s) LoLEYdsdo BEPMOEMIOL  30MMd0L  Fgdm@Eobols

3M(39009M0L ©950bo300LsMZ0L 2obgobowsgm LolGgdol dsbsliosmgdgen
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LEHOEOMbsOo LolEgdol E0b5303MMO FAMIO™IOL sBserobol 36mdoo
3900 M©O300m.

50bodbmwo  Ggom©o3zol  Mobobds  gobobogrsggh  ©sdbdsy
3565093HM9OL 4, , OMIgd03 godmolobgdosh sdm30gdmwgdgdom:

A =a,a.,/aa,, , i=2, n-2.
B396 890mbgg3z5d0 239969d0:
A =a,a;,/aa,;
A =aa,/a,a;; (24)
A =ayas/aa,; (25)
A, = asa,/a,a;; (26)
As =a,a,/asa, . (27)

1533930  LOLEQAOL  FEAGOOMOOBsM3OL  LH3TsMOLos,  M™I
LOHYYOIOIMEIL 30OMDOY:

A <A =0465, Vi=1,n—2;

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

A+, + 4

i+2

-~ <1, Vi=ln-4;
A <(U=A)10-4,), Vi=2,n-3.

390585350 3MM(39900L 52900L5MZ30L bs3zeg3 LoliGgdsdo 30ggbgdm
259005350 1 300mO0bSEHOL godmbobryengdsls, Gmdgeroa BsofgMgds Bgdmo
9y3560¢00 256058535000 B96J300L Logwmdzgwby.

3900530003500 5330EH™MOYIO-55HM TobolinsmgdegdbHg, MHoLm30LSS
Y 30060053 0L  459mbobergdsdo s m3gMoGmmol bszzmo 999magzod3L
30mB9b@0 j@, Lyss @ —[HMHomwo LobdoMmg s j-HoMIMBobgz0m0 JOHM0sbos.
3000900 5330 O BSHHYO JobsL0sMYOYL.

a-bobE 900l Lobmgbolsmzol 3049b9dm 2553398 BMbJE0L
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900900 gosd3900 BMbJaos [omBmowabl Mbgzso  Gymerols
29059399 8w96d305L. 190 LOLEBYIOL 356599EEMYOOL TPz 56 FoMTMoYgbl
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w-bobBgdol Lobmgbol 3MIMEFIIMGIOL BoEsMgdOLsM30L LolivyMzgwo
3639800 boboo FgMBgmo 0dbs BMbdizos

a
AO( xl z p+1j uy uy
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595Lb gMHMO 1533093 LOLEBYILD F0T>OMNYDSTO SOIMYYMEOMHGOSI®
35659930905 d9®Bgmwo odbs: K, =0,100 3, 7, =981 {9, 7,, =3,31 {0,
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Lol Lobmgbol Fgamms35H9do FJNMPOL 53OHMDSFOOLIMZ0L

353)5M90m 36309 LosbasMm0dM 58m33wg390L. SBolsm3z0L LolivyeMzgeo
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BoB9690o Losbyomodm 250m33¢93900L 99950 do®gdo 0gbs
LObMYHBOMYOsO 3565993 gdol 360d360wMdgd0 BMbdEombocrme 35300630
z,, OMOoL JoBIFHOMO 3M9530(3096E 5.
0300 25605353500 3MHM39bgd0L IMMEYdo 30 Jmygzsbowos bob. 3 o
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g0 LGSOl 0dEG3056 53030EMm 30dMMLORJIMYMS II3909E0
9603936903900, HMYMOE Fo0o, 530039 0 LobdoMgqdby.
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LodgBHMOoL 39bEGHOL. gMdo z, —39ME0ISWYMHOY;

2) LyyME9bo Bl s BTN BsJOMIYGOOL Foligdmsb bobEow
5353800900 dmdMsgo LobGgdgdoo ens, &mé, €,1,,5,, OMIJLODS
Loflgolgdo FMmIMHMdOL EOML  gmgzgwmzol 9dmbzg3096 gool Loddodol
395&OL, ©9MIgdoL B0FsOMMEgdgdo 30 T9gMHbgMEos obyg, MMI frbslfmermen
900MB56gmd5do 0lbobo Fglsdsdols g8mbzg3096 x,, v, ©s z, ©YMHIGOU.

3obLobogge  LolEgdsl  gosBbos  gd3bo  Ms30LvMBEgdol  boMolbo.
396BM0MmgdM  30mMmObsEJds© FgMBgMEos Loymgbo gogol, x, y, z
30MmO0653HJ00 s @, B s ¥ 50 Bowrol dmdOHbgdol 3Mmbggdo & L s &
399599%0L J0dsMrm. 3(1630lL Y00 F0TMIMNYWGdsE F0PIOI0s LysMOL
obEMOL LsHobssMBYYM IMAMI>MDS.

21



29Bbsboggo LobBgdol 3069@03MM0 9bgMa0s 39600l mgmMgdols
0565bTo A5dMoLEbYds slig
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0009056(9Md0L 9053FMEL 2 s 353MmM9dEH0MYdgE FMFYMdOEMdYGOL — ymdo
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mx +hx+k, x=k F (p,;p;e)—KpX,, (31)
Lo
F
K, =k, 71;
F (p,; p; &) — mombbgmgwosbo 9dsmmggmo 833900560l babatxm 3sbaliosmgdwoom
396LsBPZOMWO 5MHOHR030 M0 YOMWGdS;
F 5 Fi — 99b50580bs@ 30006Mm30000600609008 3 ©@s 11 ©adgdol d¢ds
B95306)900L B>OMNIOO;
k. — 3006mbobEgdol Loboli@ol syz960wo 3mgn03096@¢0;
m — 30060m30ob®dg 3 ©syzsbowo dmfgmdowmdols dmdems30
Bofoangdols dsbss;
h = dsbEo ©r33x06M9d0L 309x803096¢)0;
P — (693505 b35005 30MM30eobo®do 3;
&— 0056003900 333905656 80906567 25bLBoEMdY;
Pn — bobEYasLmsb doyggebocro (16939;
x1 — 3000MM300bMoL 11 ydol 3mMO0bsE0;
x — 30006HM300b®OL 3 Yol 3nMOObsEo.
365)M 53030 IM300090Mwgds F (p,; p;€) 89330de0s omdmzoyobmm
3900930390100 ZMOIoo
F(p;pe)~K, e-K, p;
ko,

bosoz K. = ;
@G Ve F

k
9
K, = -2,

ky: @5 kg, — 53602gdbodsgoreo dsbsbosmgdergdo.
30mOE0bsGHJool  x(f)  ©s  X(f)  FmAoLo YOO YHMI>3d0MOL
230BLsBEZOOLIMZ0L 3[ghm Fo3mEJBH0MJdgE Fmfymdomdol 11 mdby

9939 s s FbsbfierOmdol 4obEMmegdsls
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P =mi+hx+| P, | signx
N
Py = kgpfcl,
30300900
m %, + (2ky, + k)X, +k,,x, =mi+hx+| P, |signx. (32)
o mp — 300060H™m3E0wobool 11 ymdol Fm3bg ©igzsbowo dmdGs30
Bsfogdols obss;
knp — 0590565 LobobB;
kap — 06™BYgd0L 9 s 10 bsGxomo 3095803096¢)0;
ki — 3B G0 bobmbols 3mgi303096@0;
P, — 30006m30¢0b®ob 3 ©ydbg ©ogzo60eo babrbols dos;
Py, — 693505 Lbgomds ombgerdo.
3600369wmdol  my, hr ©s h o 9yMgmzg  bobwbol  dosewols

W ZILYIBOM ©HIMZOEIOIJ0d FJa30d@05 Bogfgmmo oy:

(Ts +1x,(5) = K7 - x(s), (33)
boo3
7 - 2k,, ;
knp
LS
k,,

§ —53@slol M3GOHSGHMOO.
3963 M@ gdsms (32)-0b 3o 3039d990 BMMIOL 25dmygbgdol Lsbom
(ms® +hs® +k, s)x(s)=k, K, &— k,.K,, (B,s” + B,s)x(s) — K .sx,(s) (34)
LoLEBHYIOL 3030 3M0 b5fowol 0bsT030L FobEMEgds 0LgdL Lobgls:
(Ays* + Ays” + 4,8 + A,9)x(s) =k, K, (T,s +1)e(s), (34)
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A, =mT,;
A, =m+a, T, +K, k K, ;
A, =a,+T,a,; a,=h;a =k
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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;

o 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 is in 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 the introductory 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 is 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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