bogodmgganmls ¢gdbogzm®mo Mmbogg@lodgdo

b9wbsfgmol mawgdom

095 ©Os1s30dY

2990L 3OLBOL FsMmMZ30L 53GMIsE0DYdIo LoliEgdoL
065303960 3mEaEoMgds s LobmgBo dmEgdmwo
2900059535¢m0 3Mm39Lgdol dobgpzom

©MJGHMO0L 535093099M0 bomobbol dmbsdm39dws
09M960w0 olgMEHs300l

533 ™M 9gx9gdsGHo

LoMJBHMOM 3OMYM5Ts: FobJobs0T3MbYMds, Bsbdsb500IbYdEMdS o
LoHo®mMM Fgdbmemaom®mo 3Gm3gLbgdo
dogeo 0408

0d0olo
2015 oo



LodmTocm GO gdE0s BodsMmz9wmlb 3H9dbozwme »boggdlo@g@do
Bo@®BL3MOEHM 5 356565 FT9BgdMBOL B39 BHYEO

Lofo®dmm Ggdbmermyow®mo 3s6496900L s dgds@®mbozol gdst@edgb@o

bgwddm3569wo: (¢).0.0., 3OMBILMOO 058D 8FgEEr0dz0¢r0

69395%963H900: (3).0.3. SLMs. 3OMg. gdBs® 39993009
&-0.3. 6Bt bryewsdsbody

5335 99009905 2015 ferol ” 16 ” 0gdgM3zoeml, 14%° Lssomby

Lodoomnggarml  39dbozmMo  9boggdlodg@ol  LoG®mobldm®dGm o
9564965003396 g0mdol B39 EgAHOL  LoolghEsgom  LsdFML  3megyo0l
bbMmdsBy, 30OH3MLo I, smodmeos 617 9

doLsds®mo: 0175, mdoolo, 3mbEegol 77.

©oLYOES300L 4o3bMds G90dwgds bGY)-b dodoMmmy3d0,

b ® 53GMOIBIOE0LS - B93NGHIGOL 3903390DY

LoOLgMESE0M LYdFML 803560
SbME0MYOMo 3OHMBILMOHO 5300 d3HM030dg



653®MI0L BMYs@O IBILOSCIGDS

3930L  3OLOLS S FEYOIMIMdOL FoGM30L  LobEGdgdo, OGMICIdOE3
SbmO309wgdgb  499mfog35b60l doMomo  sdm3sboll 53930600l
09996900 58mE3sbols s ImEgdmEo  bsMolbmdMogzo  30M0EHIM0mIgdol
d9L50530b5 49dol BYLE S MLIFOMBM FoOHMNZILMID, Mog0l TbGOZ 39gd9gdols
53¢MB5GH0D0MGO  53dMS3ms  FmMob  FoMdmoaqbgb MIgBHglo Mo
36535 3mbEGHM056 LobGHdgol.

53d65305  50b0dbmo  Lolidgdgdols d9dmdsggosls s  33935bmsb
0539300690  65dOMIms Jodmbogs 303300000908 dsmdo  Jodobay
©0b65303796M0  3OHMmEgLYdOL  sbsEroBols s  Lobmgbol  dgmmEadols @
390003900l 95399BH«O™MdOL 5350egdol Lsdgsbogmm—Egdbozm®o sdmEsbol
599 MdBY, M55 PoMdMoAIdL G IM535¢dFY0, 3MS35¢3MbEHWM0sbo
LoLBHYIGOOL  M3BHOT0BOEOMOO  AobYIMOTGIOL  BMYsEO  3OHMdgIol
0995009969 bsfoemb.

065303160 33093900L gl gNMEYd0 s FJPMPO3)d0 IMmombmzgb
05308 090003 2563000009058 MMIMOE  MYAMYWOOHIOIPO  35M589EMOOL
M3G005¢0O0 Jgmobfiymdol doBsbslisbwro dogdol m3selsbMolom dsmo
1bJ30Mmbser Mo FglodegdEmddoL QoBIOMMIdOL dbEMOZ, SxMgMNZg sbowo
LEAHOMIGHONMEo  BJgdgdol  4sdmM3wgbol  M35wLIBOOLOm,  A5dMIObscy
LEAHOMIGHMON© DM BoLEBIIYOA0 Po6MITIZ5WO 3OM39LYdOL LsFoMM
bs6obbol domgdol 306HMd0sH.

653GMAol FoDBIBL  FoMTMoabl 949dol  3MGLOL s FEYOIMYMOOL
domm30L  99dGMMIgdobozmmo  LobEHgdgdol  (53dMO3Ms  FMMZIEMZo0Y
LobB9dgdol)  JmEgErgdol, sbogro  1dgdgdol, ©obsdozmemo  LobmgBol
3900900l s 8900ME03900L 899853905 M9M0Mmgd0L GO LolEgdgdol
fobolifo®  Bm3gdmeo  4oMsds35¢o  3MMm3gLgdol  dobgzom  Lobmgbol
3bmdowo IgomEolL 2odmygbgdols Logwdzgerbg s F0dsMrmvo Bs3zerg3o
LoL39TgdoL baGolbobs s 92399EHWIOMIOL 585 GOdOLS39b.

@sbsbeyeo 3oBbol Joefgzolomgol 33ergzol s9m3sbgddo BsGomvymos:



— 50065300 Bs33egzo  LoliEgdgdol, oo 0bs303MMO  bsEOBOLS o
LobgHol  FgOMmPIdOLy S  FJOMPO3ZJdoL  Fgdmdogzqgdol  Lsgombols
056589000M39  9AMIsMgMdOL  SborobBo s Fgdamdo  33¢g30L
59m3956900L 3MOHI0MYDS;

— 15330930 365350 3mbEM0s60 LoLE GOl (3539010 Bb0Mmbsery®o
9w99963900L 350799530 3996M0 IMEEgooL sbs0Bo s Bsm Loxgdz9w By
doosbo LobEgdgdol obsdozm®o dmgurgdol dqgdmdsggds d9gdsdozm®
Boffocrdo MMmam®E 53LMEEHMMI®© boLE0, 93MgN39 MYI9PMYMGd06O
M990l qomgzscoliobgdom;

— 9909935390990 89 g30L godmygbgdom 1s33e93 LoLEgdsms 0bs303MGO
LAHONIOVOIO bJgdgdol, FosdEgdo BIBI30ool ©s HYIYNWOMYIOSQ
30MOE0bsGms  20dmlLsbmEgdgdols  s39ds Omgmeds LobmgBol
515893539090 Gg0MmEOL J9ds9bgeo Boffoerols;

—  99b589d53909w0 F90™MEOL JOMOMOEO  356MbDMT0gMH9dgd0L 49dm3wgbs
@5 9mEgdMwo  goMmodagzowo  3MmEqLgdol  dobgz00  Lobmgbol
5EMmM0mMIGOOL 539d9;

= 38309 wo  dmm3oozswg  LobEIIgool  33wgzs.  Fgdndsggdywo
d900™modoLs s LOLEHYIGOOL  M930L9dMGOgdOL S  9B9JBHIOMOOL
bo6obbob godmgergbs.

659GMAol bsdgzboghm Bosberg IaMIsMmgmAL:

390909  896J30mboMgds©  9w9d@®MIgdsbozme  LolLEgdgd™b
90050mm9gdsdo  ©0bsdozol  FomgdsBolzmMo  dmEgEgool,  dmEgdeo
3965353500 3MM39LgdoL dobgzom LobmgBol dgomdo  LobmM3zgEwo
36m3989d0L  BMOToMGIOLyY s LObMYHBOMmPIsEO  3565YEGHOMYOOL  dogdols
3900 900L 52900 sboo FGPHMPMEMAO0wE JoEAMIGOT0.

653O@Aol 3MoJBH03MEo PoMYdIErgds. 133930 FMIZMY0T 0
53965305 LoLEBHYIJOOL E0B03MOO sb5EODOLS WS LEOBMYHOL FgMPYdO o

390003900 s 33¢g30L 89093900, J0dsMMMEo goblobowggro aqdq00L
53d693m5  9agdGH®m™dqdobo3mmo  LolEgdgool bomMolbols s 9539dGHIOMdOL

505009305 39b.



B58MMoL 530MBS305. 65IOHMIOL JoMOMEO F9Ja00 dmbligbgdwyero

0d6s Logdommzgwmlb 946037960 Mmbogzglodgdol LEWwgbGms 33-80 ©os
LogOMITMMOLM 3MBRGMHI6305DY, MdoEroLo 2012 o s 3mbxgMHgb3z09d%bY:
»21-9 Lo 3MBobL 393609M900L S BHYIbMMA0gdOL 4563090l JoMHOMOEO
35650008900%, 2014 §. ,International Scientific Conference” Mechanics, 2014.
653O@Aml  LAHOGMIAHOS ©5 FmEMEMds. LoEobgOGI30M Bsdmmdo

9902905  d9Logaol,  WOoGYOIGHMOMEo  dodmbogol, sL336qd0Ls o
3obLxols @s LogMmm  ©oli33bgdoLssb. FoMdmygboos 128 9439MbY,

3903353L 31 BoboBL s o Mo@IMOol Losl 101 slisbgwgdom.

659G m8ols doMmomsEo Jobss®lo

Gglssgogr  boflowdo  ILLdNMMYIME0s  LdEOLYMEIEoM  653MMI0L
59 B9 HMBdS.

@03 9M5EMGHOL 303mbomgs RoGo®mgdwros 39990bg godmygbgdmwro
dmm35M35¢g  LoLEGYIGOoL  3MHMgJB0MIdOLS s  33¢g30L  Ly30mMbgdOL

9d0dmbogngs s ba®olbmd®mogo sbsgrobo.
50b0dbME0s, GMI ggdol 533MIsGH0BoMgOMwo LolEgdgdo — 9aMgo
fmgdmmo  gdbozmeo  Ls8ewgdgdol  Bbjsombswrm@mo  3mA3egdugdo
(BLRy3) ©@s 2990l  G9dbozMMo  LsdMowgdgdol  FsGmzol  3md3ergdumeo
LoLEHYTJOO 50 FYOZ300s BBZsILHZS Lobol ImMZsEM35¢g LoLBHYIGdOm.
933™B5GHE LolEGgdoms FmMOL sELIB0TBs305 49dol FEYdSMYMDOLS
3960LoL JoOP30L LobEgds, GMAYEOE SHMOEF0YEGAL F9domdols Ggdgy M19:50390L:
53¢™B5GHMM0 FoMM30L M9:10dl, MHMIgEroE dmoEsgL: BEsd0owobsgool
699008 —  2930L  93EGMI>GHMO  F9bs®BMBAdIL  3MOLDY, —  93BHMBsGHMMO
35693606930l 695086 — 49908  IMMNZOMNZog  FoOMZOL;  3OMYMSTNWO
3smm30L M9:00L — 3OLOL (33WsL Hobolifot dm3gdwo 356mbol dobgwzom;
LoFol dmm3z5ermM359¢g FoOM30L M9:10dl — LoFol IEJdSMIMBOL (33¢5L,
OmIgos bmM309e0©gds 3dsOHM39e MmMABMDBY (dEOH35¢0DYg) dm39deo
b90mddggdoom.



Lomgolm@ 2930L 3MOLOL  FoMr30lL LobEHYIgdo s390IEbo  5MH0SH
3909BMOL 3M0b303DY. 59 98mbzg3580 B35 brEE0GEIEYds JODNOOHMMEIS®
659096039 356589GM0m, 3mb3MgEMEs© 30: 39OLOL Fodocd 2980 FosbMOl

d(Ay)
dt

3Mobom Ay, 59 35bMOL 39mbols Fo®dmgdyerom Qo 50 3Mombols

063 93M5om j Aydt. 530@HM™mI Bmyoo Lsbom FsGrM30L 356mbo Fgodergds

Boofigdm Gregmbs
d(ay) }
=flAy, ———, |Aydt|.
a { Vi =g [Ayd

Bob. 1 8m39dmwos Bbjaomboww@mo bdqgds, MHmAgwog sbmEM309wgdl
o630l 396mbL Lsdo  3565dgBHMol  dobggom. bdgdsBg dgdm@oboros
99000930  30MMdomo  50bodzbgdo: Ay —dm3gdMmo 3OO  4gdol
39SHOOL 3Mmbg; g - 9900l 9egdgbEo; g - 350xIMHI6E0MYdIMWwO
993963 0; 09 - 8506390009090 ggdgbGo; 8 - 85dEr0gMgdgero; dm -
3560030l M309d3H0; 39 - 393690 9ergd9bBo (Lo I +Hyso+a9gdol 3MO3MLO).

Ut)u = kt)u_
Ay
de geq
F l l
(4 Ay U,
#—‘.J Se gesz m Sm [04 o
Y Ay
L——~ ie
Uunm = kuumJ.AWdt

B65b. 1. 3o 3565393l obgE3000 FsHMZOL HYSEODIFOOL
ambgombserMo lsgdgds

3990L  20bGOOLLL  dm3gdo  3MOLOL  Fodsom  Fgdoxs3gdgE0
9wgdgb@Hol 2 gLobgergwbg Fom8modzgds dsdgzs, 3MM3MmME30o  Lsdo
396599BHMOLY:



UW :kWAt// ;

d(Ay)
Um@ = ()ud)T;

U unm kuHm IA Wdt '

LoFol 4909 39d0LMD  JOHMOOMMEs© Tgdoxsdgdge  9egdgbd by
999m©ob 39935300608 Logbsro, 3OHM3MMEFOMWO  29dol YOO SYJIOL
3mobols

U, =k,a.

p p

1303°33000L U, Logbseo ygmggemgol sGol ds®mzol do®oms@o

Loaboeols dsd30L M3Me3sBsTo. Sgmo doamdoom ggdol 3GLOL dodsto
2oobMoL  3OMm3gbdo  xsdMGmo dsdzs U, 85dwoghgderol  dgbsligengedy,
MEOOOL

u,+U,,+tU..-U,.

dodgol U 600sbo 9O  5MOL  ITIMIOIIMWO  FSbOOL

uHm

9005 gdsHg ymz9ge 2903397 dmdgbBHdo o  3oboLyBMIMYdS
SL0FgEHOOEO JoIHOIOOL bolosmom.

0¥) HMIgEodg 99353mmgdol 99950 3930 0lg39 ©0fYgdL oL
©d 3J30L 37ObYYMO LoBsMY Fo0BOEIYds dsd35 U, 91939 350DOHEIDS, M3
39653060390l BoFol gMMIQ oI gIL. MMEIBSE 30 FOIWOIWSRJOIYO
Logob Bgdmddggdom s0fygdls ImEgdmee 3MOLBY EIdOMBIdSL, G90(33W9ds
U, bogboeo, U, bogbowo 30093 89030600905 Loomoo.

3930L  933HMI5BH0BYOME  58dM9390d0, Too  dmOol  ggdol  3MOLOL
o630l LobGYIMdT0, FsMM 2odmygbgds 33m39L  9egd@®™BgJobozm®ds
Lol 999d0s.

Bsde™ddo dmEgdmeos 2990l 3MOLOLS s EYOIMYIMIOL  JoGMZ30L

999dGH®™Igdsb0o3mm0 LobBHgIoL BMbIzombsgrm®o Ldgds, MHMIgEroE dosg®
39U3900d0 990393V 929G M6Jobw96 2595309 gdL. gergdBHO™MIMOZ9L
0995603290 351393, 305HMZ9E 3913580 30 YW IIHOVNL ©d JIIOOMEE
Amfymdommdgol.



3obbogs Mgy omgdols  LoliBgdgddo Mmam®E  d9dLOYIgdgwo
9099963900 FomonmE 09gbgd9b dwdozo ©gbol dMs390L. ITM)30YdJO
5Bbgd0m,  OHMIgEms  ¥3OB3zoL  LoBdeGg Mo Yds M HbY
dofimgdo ©gbols dsdg30m. Sbgmo IM939d0 9dM0MBY3056 Lo3gmglicm
LMY 9OIE0 O 0HST0IMEO FsbolinsmYdEGOOm.

Bob. 2. 2500533990 99ds60Bdo LgdEGHMHMEO 250539000

Logol  Imgmdomdols 4ssdagdo d9dsbobdo  gergdEH®™Bgdobozm®
53965300 sbmM309wgdL 393006L LyFqls s FgALEOEdgEro IMS3L FMMOU.
IOM-90M0 3060390 250593900 0ym bMHobbmwo a5sd3gdo dgdsbobdo,
090998539090 5. B9gMMY330L d0ge. gl d9JoboBdo Fmoblbgds GmamM3
»BIOMOHY330L bOSHEMO 53530 OFIMIB30sWOM*.

39005933990 3994960Bdol (bsb. 2) doMomso Fgdsaqbgwro bsfoergdos:

L9JGHMOMWO 300wsbMMHo MMA3gEo 4, F0sbMHbbMwo gows3gds 7, bgwol
dbOHMIol 2 FosbGmobbrmo dmMmdWOL mow3bg dgmxo Jdowsbs m3s¢o 6,



909dGH®MIM53s 8. mogolRws©  RsLdMwo  3doEsbmmo  LgdEHmOo
©535330690)05 d5egMHDg 1 3F0MHM© Bodm3dM 3060306 M¥Y339wmsb
3 5933930 5 BoddsMGOOL F9d39MmdOm. 396513690 25d0Bb0s IMEHYIOL
39600 g00LsM30UL.

BoGo®gdmmos  39d560bdgd0ls s LoLEGHYIIGdIOL  3OHMgdEH0MmdoLS s
065303160  30H™m3E9gLgdol 33009308  s®LYOdMO  FgMmgdol dodmbogngs,
OMIgwms  09939m300  dglodrms Mmoo IM35¢dTMNo  STIMIZMS
LoLEBHYIJOOL @S FEOBMdTo 15331930  FMfymdoEMdgdol  F9dymdo
LEOMEYMGS.

6586030l doMoms  bsfoem8o  ebbomamos 36935 3MbEME0sbo

3533930 9@9ddH®™Bgdobozn®o LobGgdgool Eow3gnwo grbjsombscrrmo

90999563900l ©0bs303MMO IMPIgd0 s Fom0  2odMmYgbgdom  939dO
doosbo LolEgdgdol Bomgdo@0lzmMo dm@ggdo. dmEYegdol  59d0LsL

3990my9gbgdmos 999ds60396M0 bsfool, OHmmOE SdLMWMEHMMs© boliGo
3369039 ©69350MME05b0 Fmgwgdo.

13330 LobBHYIOL  EdE3gnwo  Fgdspgbgwo  gargdybhgdol
3o(080300wo  dmEgEgdol  3edmygbgdol  Lsgmdzgwby  9gdwo
LAOIIGVOYO bgdgdoo.

3009005 MMM GBS0 3MMOPObIEHJOOL A9©sdEg00 BMbJizogdo.
399065¢0BgdMEos  ©0bsdozemo 33 g30L—sbocrobols s  Lobomgbol
Logombgdo. 899999539005 Lobomgbols 3OMmEqLgdol  MYsE0BsEoOLIMZOL
Lo F0OM B09oE03MM0 ITMI0YOIOIO.

Bob. 3 dmyzsb0¢os dgmEg Lobol gwgdB®mdgdsbozmeo  LoliEgdol
1bJ30mbscrmMo lidqds.

5J: BBY — @00m0mgwgeo  dmfiymdowmdgdol derm3o, 6mdgeos
o60moa9bl dmdogzo ©9bol  BsdEr0gMgdgdBg  M9oE0BYOMEO
35000839M963060909w,  2585dw0gMdgE o  350bFHIMm0MmdG  BrMEgdL
5390 TN - Ggauemsdm®l; 2 — 85x589090 dmfiymdowmds; CCYP —
(LobEds @) 3gdol LoFol FoMMZoL FMMZoMZoeg LobBYds; YO — dmd®ms30



G

3990; Y — 3o6molbEGotMmeo 95dogmgdgeo dmfigmdowmds; PC — bobdséob
09390 5G™M0; PT — ©gbols ®gaogcns@m®o; YII — 85der0g6m9d9e-256sdddbgero
dmfymdomds; NI — 899L6memgdgero dMsgs; P — bsFol d94sbodo; ITPr o
ITP: — @09b0Ls s Lobds®ol 3MbEMOH™s 2560sdJdbgero Imfiymdowrmdqdo; i s
a — 9gbsdsdols 4gdol 3MOLOL 3Mmbg s LsFol Qosfymdol 3mmby; v ., — v

3mobol 9gdmdsgocro d60dgbgermds U, — a Lbob@gdsdo 990mBsgoero dodgs.

a 3a0

V3
— X | BBY [—™| CCYP - vo

I1P, |

IIPr |(<+—¢@

Q)

I1P. -+

Bob. 3. gmbdombscom®o liggdgdo
5 - 3OLols dsMngols LolEgds; d - LsFols JsGmzol Immgsemzog Lolidgds

239900 Loboo a3593L:

an) (S) = KOu([)S + Kn3 + K;Km ; (1)
W, () = e @)

(T8 +DK,, T,s+1

K K

W, (s) = Y =— 3)

(Tus+DK,  Tys+1

K
W _(s) = n_. 4
2 () Ts+l (4)
1

WMl(S) = I (5)

s%+(b, +b,)s+C,, ;

10



1

W ,(s)= ; 6
«(8) 1,52 +(b, +by,)s+C,, (©)
W, (8) =bp,8 +Cpy5 (7)
K (1+T,s
W.,(s) = - )2 ; (8)
S(1+T,s+T,5)
, KLA+T)s
W s) = KolrTas) o)
S(L+T,s+T,5s")
1
Ky = (10)

doosbo LobEgdol LEHOIEHMOMEo bdgds LsFol d9dsboBdol mEOTsLosbo
06530360 Imgeol om3zs¢olobgdom dmyzsboos bab. 4. Lowsg: W

nuo >

w W , W, W, W, W, W, W

pm? pm? P12 n? ocm ?

W, s W, — dgbosdsdolbo —

oCm

M93WsGHMMOL,  ©Ibol Mg sGHMOoL D gowBHMos,  GHoMoL
396M534dbgeol, 9galcrmegdgo dMogol, Lsgol dgdsbobdol (W, W, ,,
W, ). 056m30b  ®d09dBHob  (300Mmbymeol); K, —85deogMgdeols
39909M9gd0L  3m9530309630; K.5 s K S—3m353806900L 25dw096mqd0L
3093030963900 9e9d@GHOmMIsdMIM53909e0 docnol s LoBJs®Ol 30mbEMGOlL
9005m0;  K; —@gbols 8035000  ©93939300600L 2500593930  309503096E0;
W (s)—2900L  (30@OH™mGOym@ol) 25003900  8w96J30s  89050mm9dgEr0
B90mgddggdol JodsOro;

Kogps K K, —39Lsdsdolo 5000939096300 90e0, 35063930060 5d9w0 o

359@0gH9BI0 (RGOl 35de0gMHgdOL 3mIBoEogbdgdo; K, ©s K,,, K,
©s T,, K, @5 T, =89L50530b5@ @53c0gmg00l 30195303096(;H9d0 ©5 @OMOL
3990003900 9O gdgEro  dMs30L, Fow@GHmoL P11 s GHOMOLEHMOYO
39059436 gerol.
S — Q53¢oLOL M39MSGHMOO.

Logol  d9gobobdol  M939500 MmOIsLosbo  FmEgErol  Asbbogrgolsls
d99LGMeEgdgero  dMs30L s 39doboBTol  ©obsdozol  2sbEHMEgdgd0
B50{9690056 sbg:

11



4

¥3

@-

Wnu()

-

N

KS |~ .
Kes 9

[ W@ = Wn -»@. Wuz) CM -—@» WMl - WMZ WzS
KT L Wmmc

Bsb. 4. 39dol 3MELOL IsMN30L LolEgdol LEGHGYIE Mo bidgds




L@ + b, + by, (0, — @,) +Cio (@ — 9,) =Ci (11)

1,0, +0,0, = b, (@, —@,) +Cpr (0, —@,) =M, ; (12)
di . )
L, dtﬂ +Ri, =U,-Cg,. (13)

396GHMgdsms LOLEBHYIIL oM s3Jdb0m Laboom
1o, +b@, +b,Ap, +C,Ap, =Ci_;
Lo —1L,Ap +b,0, —b,Ap—-b,Ap—-CLAp=-M,;

396553690 296 gdsms Tgx5FIO0M 2530003500 J5BEHME9ddDY

(I, +1,)¢, + (b, +b,)p, =Ci, + 1,Ap+b,Ap-M,, (14)
,LAp + (b, +b,)A@+CL,Ap = 1,0, + (b, +b,) A, + M ;. (15)

693500 39996039600 Boffoerols s®LGdMBd Tgbodgrms  2sdmofizomls
Mb93500 3969w gd0L sOBYOMBS PoMsBs35¢ 3MM(39LgdT0, BoaEed g9gdol
36LoL  FoMM30L  dE0sb  LobBHgdsdo gl dygbgrgdo, Gmymms §qbo
396030056 o G305l FNE0sbo LobiEgdol bGMYdEHmEmE 3953d06090d0.

D90mm»Imyz9600  obogrols  FgLsdsdobs  ggdol  3OLOL  Jsem3z0L
LobBHgdob LEHOMIGHMOWwo Ubdgds  Fga30dwwos  Ho®dMgzo0bmm bob. 5
dmyz560¢00 Lsboo.

50 BobsBBY Logdg 239d3L Fogs boliEEmRMeEgd0sb 3MbEHMO™M6, Mmdgwos
5393006909905 2569 6MG350MYMEGO050 3MBEHMOMIB.

Dmaoo gmddom  Foas  3mBbEGHMOOL  LobmgBo  LLbYMHZ9W0s
3ob3sbmeEogmmm  Bdgdoo:  ©@gbol  3mbGHMMOL  3565dgEH®MdL 306093
&99603Mm600 30330l 300GHIM0F00 45dmB0bscy ©od3990gdIMGOIEO
9329069008 IgMmEoEsb s 990amd  3sbmGmE0gwgdm  LoBdsols
8009056Mm9Md0oL 363Gl 356589GOgd0L GgMmbggsl [76, 83, 87].

3956553690 0L Jom35¢oLfobgdom dga30deros bogfgmmom
W, W, C W,

c' T km ™~ M
b
CW,

W, (s) =
(9) 1+ KW, W,,C,

(16)

W
Loog W), = ?I;

1+T,s
Wpc(s)zKpc T s >

pc

13



K.S

W W W,

KeS e — ]

U
_3>®-> Kn -»@-» Wpc [~ me [~ W<p -

Wuo

Cu

Kr |

Bsb. 5. LobEgdol LEGOMIGHHEo bdyds

4!

My

W,

WOI

-

Agp

14



1 1
W, (s)=—— ;
n (9) K 1+27S

m

W, (S) —09b0l B53930w0 30b6EmMMmoL 2500093990 53bJ30s;
K. — $omolGm®mvemo 3560sdgddbgerol oMmols 399¢0d03s.

39900 Lsboo 33946905
1+Tms
pc kaCMW|1

T

W () = . a7
1+ Kc K pc ~ kacmwll
pcS
K,l,s?

Wy, (8)s = Y , (18)

(1,87 +b,5 4+ €, ) (TS +1) + K, 52
oo K, —93993930060L 4500593900  30958303096G0  G90mmog5Dgd e
3360mdL0ds30 39630500.
M@ 259b30gdmwo bLsbom Jgaz30d0s BoghgMmon:

K,

3 ) , (19)
As®+AS +AS+A

WAgp (s)a =

Logooi: K, =K, 1,3
A =1,T;
A, =b,T, +1,;
A =c,T,+b,;
A =c, +K,,.
3900530035000 bobiEgdol LsabmdMogo s Hoedmlsbgzomo Lobdomwwo
dobolinsmgdEgd0 45dmbobwqdgdby:

Ry (@)R, (@) + 1, (@)1, (@) '

O Ry @) 2
V() SOR) 41, ORe (). o
RE(@) + 12(a)
155G
Ro(@) =K,

lo (@) =0;

15



Ry (@)= A - A0’

|, (0) = Ao— A’

300900 I 300090 gd0L MBsbTs F9az30de0s 30dlx g mo
Mb9g3000 dagbgeols 35639690 gdBg Lo33zwg3 LosdMHmJuodsgom Lol gdsdo.
6590380  Im3gdMos Gbggzomo  dygbgeol 536HmJlodsgoero
3900bObMgdqd0.

bolEo MHamegdosbo a; LobEgdol Lobmgbol sdmEsbsl dmEgdmeo
396053535000 36MHM39L930L doby300 30bOEIs3M, MrMAMEE gl 0ym 50bodbwmwro,
5939909056930 M9 0MGO0L §e9gdgbEHJdMD MOMogHm3s3d0MT0.

dm390wo  396Ms3535¢0  3MHmEgLlgdol  dobggzom  Lobogbols
39000l 965bTo 3H9M0 30MOOBsGMS LEFYoL BHrMEP MBS

M,,(z,S)
NOa (st) .

565 29300 Lsboom 0v) Bogm3wom, Mmd d9dmdsgowo Bgdmddggds

a,(s) ~

9ONGM™m35600
W M
051(8) — Kal c ~ O (st) . (22)
1+ K, W, Ny, (z,5)
53
MoulZad) _ 5 (9), 23)
NOa (st)

boOE . (S) — 195 0B300LIMZOL LEFOOM 3MMOPOBGHOL 2oTMLEbLYIgdY;
My, @5 Ny, —3m@0bmdgdo ™m3gMs@GmMo s—ob dodsmrm, O™Iwgdog
0960mo9696  LobMz9wo  3OHMEgLloL  godmbobwmegdol dMoEblgwls o
36009369wL.
©53M 3000939900 (22) 4o0oddboom Laboom

L+ KW )My, =Ky Ny, (24)

56
Kot (N, =Mg,) =M, .

sboew 5060336900 Fgaz30dw0s Boghgdmon:

16



DK, =D, (25)
boQS3:
®, =N, —M,;
D, =M,,.

30000 35dmbobmengdol  mobsbds g £ JoGmdom
3906@MWgdgdl £ 5360HmJuodsgool O =35, (6 00gdL Y0 LogbmdMog
360083690 ™d90L)

K D,(0,)+D,(5,); v=L1...,0. (26)

30090 306MHMO0m QobGHM@Wgdsms LolEgdol 358853900 MB306M9L
339000535 9gnmEom K, 356599@HM0L 8005600).

530035000 bMMToEME 49bGHMgdsbY

D,K, =Dy, (27)

boQs(3:
D, =27, ®(5,);

Dy =27/ ®,(5,)P,(5,).
396G™Mgds (27)—0ob sdmblbom 300gdm

K =—0, (28)

dgboderms  936M9m3g  gobbomo  0dbsls spMgm3g MBOM OO
50m3obs,  MMAgedoi  Lofiyolo 490993900  gMbdiool  Loboo  3094gbgdm
3590bsbyegdsls

At TS '
—+ K W, +K_ W e+ K W, +K W
Wpc pl1 pil 1+Wpcs acVVpl1l an'Vpll

m3565U369¢0lL 2odmygbgdom dgaz30dw0s BoghgMmm

Kaanll(NOa - MOa)_ KachllMOa = IVIO (29)

a

3930356000 306MHMDOM 25bEHMEg09dbY

17



K ®,(0,) + K, D(3,) =D, (5,), (30)
v=1...,/
boog:
®,(6,) =Wy1(6,)[No, (26,) = Mg, (2,615
D,(6,) =Wy (8,)My, (246,);
Dy (6,) = Mo, (2,8,) -
3060Mmd00  JobGHMmmgdsms  LoLEYIL  OmameE Bg300 3585652900
fmbomo 3m9803096@ 900 ¥, 890amad FoMadE LoLEGHYIL 35999853900
3069l 33500MGMS FJOOMPO S YIIZ035M BraMToeME A6EMgdGdBY:

DllKa + D12Kac = Doﬂ}

(31)
D21Ka + D22Kac = D021

boQS3:
Dy = 27\/2(1)12(5\/);

Dy, =D, = 27\/2(132(5\/)@1(5\/)'

396@GMgds (31)—0l 0sbsbds

Kan = Dan 4
D
« - Ds
D
boQS3:
D D
D,=[_" "% =D,D,—-D,D,;
D, D, i d?) 120
D D
D, = Di DZ =Dy;Dy; =Dy Dy s
D D
D= Dz DZ = D11D22 - D12 D21-

3930L  3MOLOL  FoMM30L  LobEgdol  LObmMgHBOLLL  oMOMIdS©
3565393905 30bowsgm TN — H9a9s@m®mol 356599GHM9dL s LobEgdol

a 3139300600 309530:30963).

18



309600 Lafigol GHmEomdsls

My, (s)
Ny, ()

Loog: WW (S) —Lobm™zgEo @osdEgdo gmbdzos s M 0w (S) o NOW (s)—

W, (s) =W, (s) = , (32)

Loliy®3z9o 3OMEqLOL IMoEblgwls s 3603369, MMdwgdo maegol dbMog
00600509696 s—ob 3obmdgdl.
350b309dmEo Lsbom
W, (W, ()N, (5) = Mg, ()= Koo, ()M, (5) = M, (). (33)

U

Loog: W, () =W, (S)K,W . (s);

W, (5) = e®).
WM]' (S)

[N I-693M@00G™MM0L 25800 45dmbobmadol  aodmygbgdom,
300900):

1
KnawrMZ (S) + T()ltd; SWFMZ (S) + Kuum EWFMZ (S) - KOCWH (S) M Oy = M Oy (S) > (34)

boQS3
W, (8) =W, (S)[Ny, (s) =My, (s)].

300900 BHMEMBS bOFoOMS 49dol 3OLOL FoMMZOL IMMZITMZog
LobBHgdolb 396999 BHBEo  LBobmgbol  Fgdamdo  3OHMEIYOHIOOL
6950Ds300LIMZ0U.

bolEo LobEgdolb Lobmgbolomzgol bgdmom  Imyzsbo  GHmeEmdsdo
3933000005 258tm3099bmm

W._(s) = 1 3277s(1—27s) (35)

|y 6472s% +327%s” +8rs+1

Lol®39eo 3MMEgLOL Lsboo 89dMy35d3L STMI0YOMEdS

a
12z .5+1
2

a(z S) — MOa(ZmS) — AO :'
" NOa (Zm p) ¢ aOaer‘lasz + alazmas +1 .
Ula Uza
- Ao o tme Poa o
= A, — g e ey na 36
=A, . (36)

B90m50b03bM0sb 459mB0batg ag5d3L:

19



a
7 s+1;

M, (z.5S)=
Oa(ma) 2

s’+a, z._s+1.

Oa ma la “ma

Ny, (Z,,8) =2

Loly®zgaro  IOMEOL  Lofgolo  356589GMgdol  IYIbolsm30L
(O0©bog 7, =1,0) 3bgerddegsbyewrmdo ©sg398@IBIMIONWO HYE0M)-
B0l LobMgHBOL IgNMEOM, HMIOL MSBIHTs IboL ITH - MG SEHMOOLS
@5 Lobdotol IINJ - 6gammos@m®ol  3605393HMmgdol  3603369crmdgdo
5090wbo  5M056  FgLodsdobo  ohymdom  FHgdbozMe  m3BH0dMIBy s
LodgBHOOIE Mm330dMTDY.

Sbgmo  JgoMmEPOom  FoYIMo  35M5dgBHMgdol 360369 mddbY
©YMHEbMOOm 39390  [oMImlobgom  LobdoMgms  FobsLosMYdIGdOL
3990g9gb9d00 456M53535¢ ML .

3565993Mgool K, T4 K. Ky 3094969000 000300900 qdsl (34).

Loliy®39wo 3Gm3gLoL Lobom, HMYMOE 5O F9MHBgMEo 235d3L BMb6J30s:

a1
ME(ZmS) 72 s+1 )
V0e(20,8)=——==A,, =
Nw(zms) aOWszs +a,2,,S"

Uy Uy
" AO(// _27 AOy/ _Tt
_ _ e my e my . 37
SR, e (37

5QMg 300900 IMI0IIGdgO0L ™MBsbds Asdbbgowgd o
Lobom d9330d0s Bogfigdmm

o, K, +D,,T.4+Ds,K,,.. +0, K, =0

2y " g 3y " Nunmc oc Oy 2

(38)

boQS3:
(Dly/ =WFM > (s) >

Dy, =SWpy 5 (8),

_ Wiy 5 (5)

® ;
3y S

CI)411/ = _Wu (S)M Oy (Z) ’

@,, =Woy,(s).

20



999mg35943L 9bbozsdo fo®mdmbobgzomo LobdoMggdo = jo, fimbomo
309303096@ 900 4, ©5 30b0ws300 30MMB0M 256EHMMgdsmS LobENdals

ﬂ‘ q)lx//( V! m)K +2’ cI)Zl//( v? m)TOud)+Z’ cI)3|//( v? m)KuHm

+ A @y, (0,,2,)Ky =2, @4(5,,2,) - (39)
Sbgmo  Lboboom  FoEgdMe  30MMB0m  gobGHmegdsms  LolEgdsl

535899953900 MI30M9L 3390MEGHMS FJOMPO s F03009d0:

Dy, Ky, + D1y, Touy + Dig, Ko + Dy, Koo = Dy, 5 (40)
Dy, Ky, + Dagy Tougp + Dag, Ko + Dag, Koo = Doy, 5 (41)
Day, Ky, + Day, Towy + Dag, K, + Dag, Koo = Dy, 5 (42)
Dy, Ko, + Dz, Toup + Dag, K + Dy, Koo = Doy, (43)

boQS3:

111// Zﬂ’z (Dfl// >

Dy, = zfq) o)

11//;

Dy, = 2/12613 ®

1y
14(,/ 2/12 o, CDly/;
Doy =Dy 5

221,/ 2/12 CD;,/ >

Dy, = 2/12q> ®

2y >
241// Z 2’2
31w le = Dl?:z// >
321,/ Z /12 = D23|// ;
Zﬁz ;
33|// 3y
411// le = D14.// ;

21



D42.,/ = Zﬂrznq)uq)zw = D24.;/ ;

D43.,/ = Zirznq)m,/q)sw =Dyv,

D441// = Z/lrznq)ézlw :
Vv

LobEYdol s3mblbom @sgwogstm K, K.\ T,

unm !

300900
356599@ 900l 3603369 Md9d%by.

D
K =7
D
D
T()ud) — oug :
D
Kunm = D””m 4
D
KOC :ﬁ'
D
Sd:
DOly/ DlZu/ D13|// D14|//
D _ DOZ:// D22|// D23|// D24|// .
" DOSl// D32|// D33|// D34|// ’
D04l// D42|// D43|// D44|//
Dlll// DOlz// D131// D14u/
D — D21y/ DOZ(// D23|// D241// .
o DSlu/ DO3|// D331// D34|// ’
D41y/ D04y/ D43|// D441//
Dlly/ D121// DOly/ Dl4y/
D — D21l// D22u/ DOZu/ D24l// .
o D31|// D32y/ DOBV/ D34u/
D41y/ D42|// D04|// D44l//
Dlll// DlZu/ D13l// DOlu/
D — DZlu/ D221// D231// DOZV/ .
* D31y/ D321// D33y/ DOSz//
D4l|// D421// D43l// D04u/

K

oc

22



D111,/ D12|// D131,/ D14.//
D= D21|// D22y/ D23|// D24y/
D31y/ Dsz.,/ D331// D34.,/
D41.,/ D42y/ D43.,/ D44y/

290535350 w(t)  3OmEgbol IOl 5agdoLsm3zol  30ygbgdm

30059399 BYbJzosL
W (S) — Wnuthlchz3 . (44)
. 1 + WnuOWaJ/CW23
Sd:
_ Kalwﬂ: .
21K W,
Wo— b,s+b, '
® a,s’+a,s’+a,s+l
647°
1l = ;
Iy
3272
70 = >
s
a_, =64r°;
a_, =32r°;
a,=8r
50b08b0sb godmdobaty:
K . (b.s+b
Wm al( 71 + rO) (45)

) aTSSS + aTZSZ + (arl + KOCKalb‘rl)S + (1+ KOCKaleO) ’

Wnuo (S) = Kn3 + Kbuz])s + K

unm 4

Kal(Kna + K()u(j)s + Kul—tm lj(brs + brO)
S

W W = X
nuo” "ac’ 23 3 2
a.,sS +a,S +a,,5S+a,,

Wn—3 = W

KZ? (1+T0KS) _ Ka’l(Knas + Kt)u([)sz + Kuu)(b‘rls + b‘rO)
SL+T,5+T,,5%)  5°(a,8° +a,,5" + ;S +8,0)(T, 8" +T,5+1)

390b309dmEo Lsbom

23



B,s* +B,s®+B,s* +B,s+B,
Wn 3

B AS +AST+HAST+HAS +AS +ASE

boQS3

B, =K_B,T,;
B, =K, (B,T, +B;);
B, =K, (B.T,. +B,);
B, =K, (BT, +B.);

By = K1Kmbeos

UHm

Bs; = K, K brl;

ousp
B,. =K_ (K, b, + Km@bro) ;
By = Ky (K, 0. + K, b0) 5
As=a,Tl, +a,T,;
A =a. T, +a,T +a,;

A =a. T, +a. T, +a,;
A =a. T, +a.;

A =a.,.

399p™d 300900:

W (S)= Wn—S(S) —
T LW (9)

_ B,s® +B,s* +B,s+B,
As+AST+AS +As + AT+ AT+ AS+B,

(46)

bogois: A=A, +By;
A.=A+B;; A.=A,+B,;
A.=A +B,.
300900 25dMmbobIgdd0L MobsbTo 39390, BMAMOE LogbmdMmog
LoboOmVYE FobolinsMYOMGOL, 53MIMNZY FoMTo35¢00 3MHME9LYdOL IHYEIOL.
390930035000 533W0GHMEO-BoHBNO FobolosMYOGODY, MOLMZOLS3
299mlobegdsdo s Mm39MsGHM®mol boz3ws 89dma3sd3l sGymdgbdo  jw,
Loog @ — Moo LobdoMg s | — Ho®dmbobgzomo gemosbo.

24



300900 533 0GHWEIMO-B5HO Tobolinsmgdganls

A, (jo)

FUor=g " Gay

356513690l 259mygbgdom 2539000 LobEGIoL LogbmdMOz-LobdoMwyem

doboliosmgdgel

Ra(@)Rg (@) — 1, (0) 15 (@) (47)
Ri(@)+Ri(@)

P(w) =Re[x(jw)] =

boQS3:
Ri(w) =1- bZV,a)2 ;
| (@) =b,®—b,,&°;
Rg (0) =1-a,,0° +a,,0" —a,,0°;
lg (0) =a,,0—a,,0° +a,,0° —a,,0;
R(w) s (@) —89b50530boq Logbmd®Mog0 s fo®dmbobgzomo bafforgdos.
LobgBOL FgaMmmo35H90Mo FgoMEOZOL S3MMBI300LSMZ0L 9EIMYIO™
3M6309@M@  LosbasModm  459m3309390L.  solomzol  a —LolLEGHgdobomzol

LolE3zgero  3OHMEgLOL Lofigol 356509 BHMgds© 0dbs FgdBgmwo U, =2 o

1

u, = yia,bmqﬁm ¥ —bobEgdobomgol U, = 0,02%, u,, = 0,04%,

535Lmb  ghmo LBo3zzargg LolEgdosbmeb 0T gdsdo  SMSMgYO-
90500 3560599¢3M9d0l 3603369 mdgds© 0465 Fg@Bgmaro.
l,=12-10"339% R, =258 md, L, =510%g; |, =2.1330% C, =0,219;
Cy =2,09; T, =2-107 §8; R,, =2000 m8; K, =14; i, =1240;
K,=75; |,=78339 p,=0,0163/6sc0 ()0, 7=06,700,

69
[ON

C,, =250 : T, =1,92-107 .

©59399009056M9do M0 9d0lL IgomEOL ™Mbsbds Fowgdwen

04bs:
Ko =01; T, =55708(0; K, =4325; T, =26,70(3; K,=57¢0".

25



¥ —LobLEB9dol 205635600 d9d0LsM30L 30 F9dmEbowro 0dbs sTsEgdomo
3565393 M9d0:

K =903 K, =0,020" K, =0104G3"% T, =9,81(3;

T, =331%0; T,, =286 {3, K, =3,64 3/6sc.
50 9600369 mdsms  2odmygbgdom Mgymeomgdoo  a(t) s w(t)
30MO0bsMEHIO0L  odmlobwmwgdgdo 08 FgdmbgglzoLomzol,  MHMEILSS

ma

Zing =2, =10 009096 Lobgl:

(s) = 0,256s° + 25,6s° + 5,825 +1 (48)
VA = 01257 +5,955° + 6,65° + 12,55 +1255° +59,595° + 3585 +1’
0,555 +1
s)= d ) 49
() = (0857 0,095 1 115 41 (49)

LoLEHYFomS LObMGHOL Loxgdz9w By Jowgdo 0gbs LobmgboMgdswo
3565393900l 3609369 MdGd0 S 939090 0465 ot s3s35¢0 3MME9LYdOL
d6M900.

a-bLobEBgdol  33w93900LSL  FoEgdwo  odbs  LobomgboMgdso
356599@ 900l 99090 3603369 mdgdo:

K, =57 §0; ®mqbsg Z,,, =10 s K, =125 {0, ®mgLss z,, =0,6.

s K, =K., K, bowsg K, =3,65 3/6500 s K, :%:16,01 %

BoboBbg 6 dm399990s a-LolEgol F9MTs35¢0 3MM39L9d0, LOSE3
1, 2 s 3 36 9gdo domgdmeo z, =10, z,, =0,8 s z,, =0,6 -0l glodsdolo

¥ - bobiGgdol 356599BHOIeo LobmgHol d9gagdo - LobmgBoMmgdswo
3565993HMgdol K

na,TM,, K 05 K. ©50030090mq0s Z, 356599BHM0b
390mbobos bob. 7.

LobGHYds Y-b OBF03MOO FEYMIMBOL SBsOBOLIMZ0L 3094gbgdm A
3095303096@g0L [66] 3L5BMZM300 BIOOMBSMS 156500FEIZOMOSL

an—2/an > an—S/an—l > an_4/an_2,...,a1/a4 ) ao/az .

3L0B3MOz3 A 39580309630l 60369 MdIOL,  SBRIM0TYds
330h3969L, ®md z, =12 ©s z, =08 yzgws 1 s6Hob 0,465-Bg bs3gdo, Mo

809300000090l 035%g, G LobiEgds 50b0TbME0 3561599EHMIO00) TEYMHOS.

26



a(t)

1,0

0,5

~
——
/ ) /
’ /
3
0,8 1,6 24 t, 50
Bob. 6. 396M59535¢0 3HM3glgdols IMEgdo a -loliEdsdo
3 Koc ({)OQ Koug 68 Kums L
Kot Gog 3 ta
25 A
- 0,02
20—
15 <+ 0,01
08 1,0 12 1,4 Zmy

Bob. 7. Lobomgbol G999 F0gdMEO TMI0IOYIdYDO:
1- Kdu(j;(zm) > 2- Kn (Zm); 3 - KuHm (Zm) ’4 - KOC (Zm)

27



39303500 Q9M9T935¢0  IOWMOIOOL  939d5DY,  Logwdzers
300900 5330 EH¥IEMO-35DME doboliosmgdgel

0,256(jw)® + 25,6( j)?5,82( jw) +1
012(jw)” +59(jw)® +6,6(jw)® +12,5(jw)*

Y(jo)=

(50)

+125(jw)* +5,95(jw)? +3,58(jw) +1
Bob. 8 300093 FmEgdwmos Q903350 3OHMEgLYdOL IMM©IdO. oY
36900 1, 2 s 3 J9gbodsdgdosh z -0l 360dzbgermdgdl z, =08, z,, =10 o

1,2; 4 - LubyOzgaro 3Gm39LboL dGwo.

! p%

e

L)
\

o N/

100 200 t, 0

Bob. 8. g9Ms9535¢00 3B 39LYdOL MY gdo Y - LoliEgdsdo

dmygzsb0o  2oMsdszsmo  3OHMEqLgdol  IMM©Ido, geool dbMog
330h3969096 s> Losbermggls Lolivy®z9wmsb s dgmMgl FbMHog 0dsl, G™I
300900 LObMYHOMGISEO  396M5TIBHOJO0 95350 3OHMEILOL
d6M©g0msb  Fgmobfiymdsdo  235dwg396  LobMgBOMGds©O  35615T9EHO OOl

28



99MB9g30L LT gdSL 2oMsds35w0  3MM39Lgdol LsFo®mm dsB39b9gdEgdOL
300q00L 306HMdOIL 45dMIE0bstg.

©0653031600  8yMoMmdol  9bsobmsb  ©s353006Mgd0m  bBob. 8
dmy35600 3MM39L9d0LsM30L 300gd 89dwgy 360369 MdYBL:

z,=08; 4, =029, 4,=0,26, 14,=0,23, 1, =0,29, 4, =0,31;

z,=10; 4, =0,23, 4,=0,21, 4,=0189, 4, =0,208, 4, =0,29,

z,=12; 4,=0,28, 1,=0184, 1,=0165, 1, =0182, 4, =0,249.

dmy3560¢0 dmbs399930 J0230000m90L LOLEGIsMS IEYMIOMDIDY.

513336900
1. 9999008  3QdsMgMdOLs @S  3MOLOL  FoOMZOL  MBITgEMM3Y
93&™35EH0BgOME0 LobEdgdol sBscroBo 3430h39690L, OMA 3565369900
R9M0M 2580Yggb90s 33039l Mo LGOI EHIOHOL AJmby AEMZ5¢EMG00s60s
365350 3mbBHWM056ds 9 9dBHO™MP9Jobo3M®ds  53dGsgzms  LolbE)dgdds.
Sbgmo LobBYIGOOL o9b256M0Tgd0Ly @S 3MMYIEH0MJdOL by3oMbgdo Fsmo
356599BHOMmo s BAHOWIGHOMwo  BobmgbBol  MZoEBEBOHOLOM

§960mo9696 59BHmom® LosdgEbogm—39dbozme STmEIbsL.
2. 533930 OOV M350 3MbGHMM0sbo  LolEgdgdol (39w 39Mwo

999963900l BLEAHOMIGHWOMEO  93gdol, oMo MH30LgdMMGIGOOU,
0653031600  dgero®gdol, sbserobols s LobmgbBol  Lbyzombgdol

3905FMH0L 96599M™M39 FAMISMGMBOL bserobo 230P39690L, HMAI 53
LolLEgdoms 3MM9]EHOMOOLS S 9GJU3YOESE0OL 9BGIGIOMIOL STo0Egdols
035 LOBOOLOM HOLYIMWO FomM9oEH03MMO FMPIWYd0, 5b5EOBOLS o
065303160 Lobmgbol JgommEado ©s FgOMPO3Jd0 IMoMbMm3zgh Jom
09900 ™a 2563000509050.

3. 3bmdowo 33939008 boMOLbLMOMO30 ©O MoMm©IbmdM0z0  SbsE0bBO
330639690, 8 ©0b5303IM0 IMPIE0MHGBOLS S 3300939006 9B39JGIOMOOL
50500900l M35¢BsBOOLOM LsFoMmMs LoLE ol MOz Asb0sb dgdsbo3M®
Bsfoerdo, sOLGdMWo M350 39380M9d0L FomN35olfobgds. 396513690

29



30 ™30l IbM03 ©39300609do0s 39456030 bsforls Imgwro®mgdols
@5 33930l 39nm©gdol s 990Mm©03900L Jgmobfiymdslomsb domerosbo
999 GHM™d9go60360 LobEgdol FmEgEoMgdoLs s 33¢930L L30MbYOMLb.
. 19331930 LOLEHYIOL (39¢39w9e0 JergdbEgdol 8s09dsE039MO dmEYergdols
539006 doMHOMo©o J0EAMIGdOL, 9349053900 IMEIGOOL s TS0
390960 gmdol  Ly30mbgdol  Asm35eobfiobgdom  9ggdos  domerosbo
LobG9Ydob 0bsdozMMo Imgwrgdo. d9dsbo3MMmo bofowrols dmoguomgdols
153000bOL 49O FM30 BE0sbo LOLEBHYIOL BEBMVIEHIMILD Fgmsbigmdsdo
399009496998105 53MgloTs30v9e IMEIGdHY FoILZEOL MGOYObsw MO
390MEMEMY09, 939000 [oMmdmbobgom bLobdoMgms IM©ORO0EOMYdIMO
dobolinsmgdEgdol 25dmynbgdsby.
. 090990853900 3500935303900 8Mm©geo®gdols s spMgm3g 3bmdowo
33093990l 565¢0Bo ©0bsd03Mmo LobmgHBol doMomswo 3MoEH MmO
356599900l 250m3w9bol M35 LEBEOOLOM  F0R30000093L 1533930
LolEgdob LobmgBol MgMEOOL F9dwdsgzgdsls 0BsbIghmbowmdsby 36mdoo
33990 396M93535¢0 3MM39LgdoL dobgwzom Lobmgbol Igmmob
3990yggbgdols  Logwydzgebg. ©oLYdYMIOIMWos Lobmgbol  s0bodbyo
3900m©obL godmyqbgds Jobo MsbsgBHe3mMo dolosagdom g9gdol LoFols o
d0056Md5d0 4930l 39OLOL FoMm30L LoLEGIgdoLsTo. F9dMMeg5DYd
LobMYHBOL  go8mygbgdomo MYMMOOL 58930l Bmyso bdgds, GMIgwos
903560791005 39960396-930mbmdo3ME0 3sB39690¢gd0L M3EH00BS300139b.
BodmMYyo0dgdmEos  LObMgHBOL  A5TMYgbgdomMmo  MIMEOOL  sagd0L
Dmao0 Bggds.
. @33sbol (96 39OLMBOL)  A9Mogdbgddo  BsfigMowo  HgamEogdso
3020600653900l A5dMLobmeg390l baolbmd®mogzo sbseroBols Logrdzqgw By
Q©3LOMMYOME0S 53900l TgLOdGOECOMDS S 53G0S MJAILOMHIOSQO
@S M95¢00D300L5m30L  LolvyMz39w0  300MmMEODBsEJOIOL  dosbermgdomo

AMEMdoL 350935303900 MY gdo 3o 3grIcro dqbgwgdol xsdol
Lobom, GmIegddos HH3030 85863900 (3958303095GJO0L) Homdmmyabowos

30



3oblaboggmo LolGgdol LobmyHBoMYdsO IMOGHIMOMWO 3565FYEHMYdO.
530L LorAz9wBY PobbMME0gGdMs BMSZHEI35M5xEOIo Lobomgbob
36OMEIMOsms  800g3MMO0mMO  M95e0Bs30s  d9dgao  bdgdoo:
153099 35659xEHMYOMB F0FsMgds80 iMx5030 306OHMBOMO s F9dyma
Bn®docm®o  49bGHMgdgd0olL  LoliEgdgdol  Fgagbs,  ©obsdozm®o
daM5mdol  89damdo  dgdm@sbom  LolM3zgo  3MMOEObEHIOOL
3990bObMgdq0do 5O TIbEHJOOL Lobom OLYOIMEO EOHMOL obdESdMO
309303096G0L 350053000m.

90aM5@MdOL 30MMmdOL F9dmEsBsLmsb ©s393806M9d0m MROM HBYLEGO
doamdom  ©obsdogme  3OMm3gLgdmsb  BsdMmddo  gobboyaros
©0653031600  daMo@Mdol  30MOMd00  LoLEGHYIIMS  356M589EHMYOOL
3M5LGHS30MBIOMEMIGOMIB ©539380609d0.
. 0033990 2960535350 3MM(399dol Jobgz00 Lobmgbol MgmGmool
09099053900 Dmgoo  UJgdol  ©@d  93MIM3g  ©JRMEL0MJISQO0
30mOH0bsMGd0L  Lolvy®zgugdmsb  0b@gaMowwmemo  Josberm3zgdols
99950099690 Fo3985@03296M0 IMIE9d0L s 3MIM(390Md0L A5dmygbgdom
00530060MMEo  dEYMmOEMdoL  30MMd0L  FgdmBGHobom  539d9os
356599@H M0 LobmYHOL 58M 356900l 58MbLBOL seEyMGomTgdo.

15330930 30535 3MbEHMM0s60 LolEgooL FM(399IO Q5MHTIZSWO
36MHm3qLgdol dobgz00 89849353900 LobMgHBOL Mmool 2o63399wo
3960mbDMB0gMH09gd0L @S MEYMIOMOOL  45dm3wgbolomzgol  bsdmmddo
950D gOM0s 15330930 99dGOMIGIs6039M0 LolEgdol Bosbasmodm
39903393900 35M339790 fiM.

399625000900l J90990ds 330h3969L, MM 9339399 IWO  MIME0S
Lo3Mogdsls  0dEg3s  BogoBHIMMm  LObMIBOMYdIO  39MTYBHMYdOL
d0BsbsLob Mo 89MBg3s, FJogdmwo F99gagdoL MomEgbmdMH030 ©o
bseolbMdM030  MZoLsBOOLOm 30 -  goMmsdsz5wo  3OHMEgLYdo
LobgHBoMGOM  LobBH)dsdo  1o30sm©  SbEMb  9M06  LobyMz9w
36MHm39LgOMsb.

31



©oLYOES300L  doMOMOEO  Fobss®lo  45dmd39YbgdmEos 9999y

d6O™3qdd0:

1.

Huacamupgze T.A., Pomanazgze U.P., Iluacamuzgze A.A., Iuacamuzaze M.P. K
HCCIeOBAHUIO ITUHAMMKU CyZOBOH  DJIE€KTPOMEXAaHUYECKOH CHCTEMbI
ynpasienus Kypcom / Tpancnopr m mMamuHOcTpoeHue, Tommucu, Ne 1(23),
2012, c. 100-105.

Huacamuaze T.A., Tasamse A.T., Pomamamse W.P., [Iumacamumse M.P.,
Muxkenanze 3.I' K Bompocy AuMHaMUKH CyZOBOII 5JIeKTPOMeXaHHYeCKOMH
CUCTEeMEI ympaBieHus pynem / TpaHcmopr u MamwHOCTpoeHue, TOmmucwy,
Ne 2(27), 2013. ¢.71-77.

Muemmuumsuau T.®., Pomananze M.A., Juacamupze T.A., Uxonapus H.H. K
BOIIPOCY OITHMMHU3AIMOHHOTO CHUHTE3a 3JIEKTPOMEXaHUYECKUX ClIefALIuX
IPUBOJOB IO 33JaHHBIM IlepexomHsiM 1poreccam / C6. TpyzmoB
MeXXTyHapo#HOU KoHdepeHuuu «Basic paradicms in science and mechology
development for 21t CEMINARY», Téunucu, 2012, c. 199-204.
Muegnumsuau T.9., Mapcarunumsunu B.T., Tuacamuzaze T.A., I'Bununausuin
3.M. K Bompocy OnTHMH3AIIMOHHOTO CHHTe3a 3JIE€KTPOTUPOMEXaHUIECKUX
CHUCTeM IIPUBOJOB IO 33JaHHBIM IepexofHbiM mpoueccam / C6. TpyzoB
MeXTyHapo#HoU KoHpepeHiuu. «Basic paradicms in science and mechology
development for 21 CEMINARY», T6unucu. Texn. yuusepcuret, 2012. c.
191-195.

Mchedlishvili T., Diasamidze T., Diasamidze R., Jobadze V., Nakaidze N. On
issue of Optimization sunthesis of electromechanical Follow — up Drives with
elastic Couplins in mechanical Part. // Problems of Mechanics, Tbilisi, N2
(55), 2014, p. 161-166.

32



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
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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.

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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