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Abstract

Georgia's integration into the Europe-Asia transport market is related to the
implementation of the Europe-Caucasus-Asia transport corridor raise on the
agenda to new requirements for reliable operation of trains safe traffic devices and
reducing costs for operational expanses on maintenance that led to the expansion
of researches in this direction.

According to the European Commission statistics, 66,1% of the total number
of technical means failures on railway transport are on railway tracks, 19,5% on
railway automation and telecommunication equipment, 5,3% of electrification and
power supply, 1,5% on management of direct transportation and 7,6% on other
objects and factors the information provision of work and reliability de is lower
than current.

Over the past several decades, control of the main part of the railway
infrastructure, railway span freeness and integrity of the rail is carried out by
discreet action transducers, where rails are used as information conductors.

In spite of many conducted research and implemented activities, practice
shows that in most cases, existing discreet action transducers in the majority of
cases does not fully meet the conditions of the corresponding operation modes.
Emergency situations are especially rising during the energy crisis, at weather's
sharp variation and decrease in the ballast isolation. As problem remains impact of
the change in the ballast resistance on the accuracy of the rail circuit operation,
are not eliminated the failures caused by isolated joints. Railway discretion action
transducers are not able to register the cracking or deterioration of rails, and at this
the length of the railway block-span does not exceed 2,5 km, i.e. the span is
divided into short block-spans equipped with appropriate stationary equipment
that leads to additional financial, material and energy expenses.

In order to improve the efficiency of the railway automation and
telemechanics systems, it is necessary to develop discrete action sensors that
significantly enhance the functional capabilities of these systems, so the
development of new type of optical —fiber discrete action transducers with
application of closely attached fiber-optical cable is a very important issue.

The goal and objectives of the presented research work is the development of
new type of optic-fiber discrete sensors with functional advanced functional
capabilities, as well as based on the optimization of the phase-sensitive receiving
discrete sensors parameters the development of universal circuits for various
electric traction, and their methods of calculation, where apparatus parameters are
considered not as a determinate values, but as random values.

The following tasks were raised and resolved to achieve the objective in the
completed work:

— The new discreet action transducer block scheme of decryption and indication
is developed, where based on the Fabry-Peraut interferometric method due
preliminary stated algorithm will be determined the relevant information;
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— In the calculation, due the application of the reliability theory is proposed the
methodology of synthesis of discreet action transducers that gives the
possibility to minimize the risk of failures;

— Are developed discrete action transducer’s circuits have been developed for
different electric traction under conditions of centralized arrangement of
equipment;

— The optimal parameters of phase-sensitive receiver discrete actions transducers
are stated;

— Are obtained criteria for performance of operational modes of discrete action
transducers for track as well as for locomotive receivers accordingly;

— Practical schemes of discrete action transducers are developed, the realization
of that increases the efficiency of the automatics and telemechanics systems
and gains the significant economic effect.

In the completed work, are applied the apparatus and methods of track
circuit theory and reliability theory, as well as the method of statistical modeling,
when due the system's mathematical model is carried out multiple reproduction of
system’s functioning and the research of its frequency characteristics parameters.

In the work is stated a block scheme of decoding and indication of
information of new discrete action transducers, where based on the Fabry-Peraut
interferometric method due preliminary stated algorithm will be determined the
relevant information.

In the calculations using reliability theory is proposed method of synthesis of
discrete action sensors.

Discrete action cycle circuits have been developed for various electric trction
under centralized arrangement of equipment.

The criteria for performance of discrete action transducers operational modes
are obtained according to the track as well as locomotive receivers.

The realization of practical schemes of discrete action transducers developed
in the work increases efficiency of the operation of railway automation and
telemechanics systems and gains a significant economic impact.
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3bGowo 4
Bs9be fHgol R, =R; =R fobswmdgdo
Lotgebm §OHgol R H9%obGm®mobs s R, bsGg@bm ool
690 dMEMb 39090l §obommdsms
30LGH06 TMMYdS X599960 fobspmdo, 9>gboda-ery®o bog™dy,
30 R +R ©> Ry +R 30
0+4,25 200 1,75
4,25+8,5 400 1,75
8,5+12,5 600 1,75

©OML. d90dqds IM3gE dgHDMEo [OHgom $9mddggl Bbgs LaGgwlicm
D690l Loerosbogm Mgwg. ©s33s MHMMB3gymazowos 6 Loerosbym
3M0gbowdo MoEbzomo 3mol aMmdgwo 0b@gmzswol 3ago Mmgagl BMAMwo
3MbGodBHoL  Bsdmzom. B Logrosbogm  Ggwgl  OMbEMEo  3mbEsd®o,
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Mmdgwog  BsMoos 330 O9gl  3m6@sg@ol 396 gemi®aco,
MBONB39YMRL  Logrosbogm  Mgugl  bm®ToermE  3/MFomdsls LoGgelic
P6900bL Lomsz0LBWOl POHMU.

LsOgbm  OHgol  doguodogrmMo  Log®dgs 2 30, 0BmWsE00L
90b0dse®o 39985 Hobowmds 0,5 mdo.30.

Lo®gerbem  §OHgool gagdgb@ms  3565393HMgd0  LaMgwlim  bsbols

335653 )MH0b sdmEM9gdol Jobgzoo Imyzsbowos sbMHowdo 5.

gb®owo 5
Lo®ganbim H6Mgol 9egdgb@ms 356589EM9d0 Latgwlics bsbols
335M5& M0
Lo®gEbe fOHgEob | GHOLLEMOHISE00L | R ¢ 5BObEHMGOLS ©s
690 3095303096900 R, 35390l x534360 LotgEbm
doreoerls fobswmmdagdo, IR
3L G0sb 0 N R'+R @ R, +R dogdbodoEr Mo
@53O)dS ! ? ! ¥ Loa®dy, 30
30 ®do
0+8,5 12,9 20,7 400 2,0
8,5+12,75 16 22,2 660 2,0

2.10. 85B53MIbMd0sGMY 3080900560 EOLIMYEMEOo 350safmEgdols
3505993 M900L M3E0d0Bo30s FgBHM3MmEmoEgbgdolismzgols

930003y MABMB0sMg  Loosbogm  300©0gdgdL  dmGol  odbsgdOL
A996mEmao0l LOTsMEH0305 S 93MmbMToMOMBO’ FodmMbgreros ACII-12
Go30L Mgaggd0, 5doGH™A Ls63oboaBMm Lotmgwlim {6Hggdol Loeosbsym
909090905 doM0MOOI® 5d G030l 699900 39800g9b99ds.
39GHOM3Mm0o@gbgdol  Lotgwlem  iM9gddo  Logrosbopm  80dmgdo
3990g9gbgdm0s 253009300 d30M5P0Mgdmeo [ACII-2 #Hodol Mgwggdo,
530@™M3  535M5GHMEMOL  F9OEIOMO  ETMMHGBOLS S 39BGOIX0BYdIMO
39b@oggool  306MMddd0  JgBO©  9JBHMOXME0s  obdBHMgdwo o
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396193 Mmgdgwo Lotgwbcm (6Hgogdol bdgdoms ©sdwdsggds ACIHI-12 Godob
9 gms  399Mmygbgdom. 53 5dMEbOL  25sfY39EOLIMZOL 930 GdYE0S
Logebm  [MHg9gdol  356539BHMJd0L Mm3GH0T0DsE0s, Goms ACHI-12 Eodol
Bog0sbogm  3030gdol  FMAbMOOIMMdS  ©s309Y35bmo  JICII-2  odols
Lo056OYM J0dMgdoL Mbgdy.

090l 250m, MHmd JCHI-12 Ggegl 99mddgogdolbs s dmdgz9dol dsdgs
Bozargdos ACHI-2 Hgargl sbseomaome 356589@Mm90bY bdgdsdo sds@gdmwos
1000 ™do fobspmdol R, MgbolGmeo, bmemem ACHI-12 &odob Ggergl
Bo056OYM 9e939bEHOL [obomds 600 mBo, Mo LodsEgdsls 335093l A ©d
B $96@0wmgddo 9000930l d3mdbmdosmmds 3615dGH03Mws®  gormabsdmOHmm
ACII-2 &9egl 936:3bMd0sOMASL.

59 Ugg8sdo Loosbogm 8080gdol Hobsmmdols oBM©s 49bs30MMd9dL
LogEbm iMHgool Lodgmgm dmml Jgbsgswo [obommdol goBOHIL, o
5M3x™dLgdL IMBGHMEMO Mg5000L FglOEgdsL, MMEgLss dMbEo LoGgwgm
MBS s 5O MJ9dL 32E0MGdOL M0l LEMYGM drIPMSE.

39GHOM3M0Gg6gd0LIM30L B BoBHTRMAIBMB0SMY  F0dMYO0sbo
Lotgebem  §Ogool  Lobmgbolomzol  godmygbgdmwos  Mm3EGH0sOO
360M9dBH0Mg00l 9m0-9Mmo dgmmEo. 890m{dgdmeo 0dbs LBatgwlbm {Ggool
356599GHOMo  m3GH0dobsgos  8gdaghmgdgwo  3908gwol  Hobsmmdols
95Jb0oEPOB300L  BoBbom  FgBHMM3MOoEgbol  Ladgwlm  [Mggdol
99985mdobodo  Hoggbgdmwo  89HM©3900L  306MHMdYdT0. oS STols 50
39000 259mygnb9gd50 Bodwmogds dma3i3e 390a39LsBIMS FMbd0mbocry®o
593000909 gdsbo  LaMgbem  [MHgEol  35MsdgBH®mgdL  TmeoL, 39OHIME
39090l obsemdsls s Lo®gwlm Mgool d/Fomdol Mg70093L ImEOU,
5369m39 B59MA3945¢0090065 InmbM36gd0 dolo 535M5¢ MOl 0TI,

Sbseo BoBsdOAbMO0s6] d03qd0sb0 LaMgwlicm (MHgool 9ugdgbdoms
356599900l goblsBezMolomzgol  Fgammegz5HgdIMos  MIEH0ToW MO
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369dGH0M900l dgomo, HMIgewog Ho@mdmoagbl 39BMmM©3900L 30MMddTOo
35393530360 36OHMyMH530Mgd0L 53M3565L.

353093530300 36MHMyM5306M9d0l 59m3960 39992650650
RMOHINWoMEIds. LyFoMOMs J390mon  dmygzsbowro JoBbmdM030  7mbdiools
95Jb0oEOBI305 (80B0TOBS309):

y=f(X, %, X%,). )

Xy Xy, ey X, ©50M9)3000999¢  3mbLAHONJ3oM 396 gEHO9dDY

99D0©03990L  9OBYOMOOLOLL gl TY)HWME3900 IOLELYDS  BHMEWMDGIOL 56
M EGHME™dGO0L Lobom;

gl(xl’XZ’“"Xn):gl

gz(Xl'Xzi'”'Xn)Sg;nax (10)

min

gm(X11X2""'Xn)>gm

f 90Bbmdmogz0 gmbjgools s 0;,0,,...,0, 99B0M©30L BY6J300L
JONMIWOMOSL  LI3OMYIBH0J0  Bs3gmMdOl  BomgdoBolzmdo  dMYWo
90™m@gds o  godmbodogl dsbdo  Y43z9gws  JOMOMOIE  ITMI0WOGOIYGOSL.
doBbMdM030 GFMbdi00ls s 9BM3gd0L b0l sMfMZ0ZMdOL
99900b393590 59m 3565 5094356905 5MHOB0Z0 3OMYMmHT0MGOOL 9M3s659Y.

©oL3OIGHMWOo  35sdfm©ol  (LaMgbem  [OHgool)  m3EG0TsOo
369dGH0Mmgdol 53m35650 M3EH0ToOHMBOL 3M0GHIMH0MB0s T9dogmmgdgeo
32090l fobspmds R, Gmymeg bmmds@® ®ggoddo Ladgwbm fiHgoob

9dds0md0obsL  obo  9egdgbBHgdol 35659 BHOMs BbJ30s. 93 FobbmdMO3

23bJ30sL 593 d9gy0 Loby:

Rd:F(Gmax Uger A By, C Dw&’cl'cz’cy

& RO TR TRb’

L, LRy, Zy 1) - (11)
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bosg G 8ogdlodoe®o@ @obodzgdo dsdgss 33900L fgodmby, 80dwgdo

0l 153509 bsHols Jglogoembyg 6 C; 30bgbLoEGHMOHDBY,

Mmdgwoy 3960LsBE3MIOS MBogMMbMgdol &94bo30L
dmmbmgbgdom;

A..B..C Dm(y)—@ﬁmbg@—@)ﬁm[ﬁb@m@ao@)m@ob GObLRMOs300L

Yoy ! Dty 00!
30980600003

U, — 95035 ®99Bg ben®dserm® G9:09d0;

Z,, 5 —boe0sbsgm Ggmaql Fobowmmds;

.., —LotgEgm bsbol boa®mdy.
56 G 89berEgs 8gol dobbmdemog  3rbJsosdo, 39dgEol

fobowmds R sbg gobobsbugmgde:
R =min[R, =f U, =G), R,=Ff,U,=G").
R, =f,(Ug, =G™), (12)

Ldsg Ui, U g, Ug —35030 339000 §igo®mBg, 83390030 dme@mb Logsdgee

&
bsBob Igbogodg s C; 30bgbLsGHMOByY.

f,, f,, f;  gmbdsool  8600369emdgd0  ©sdMm30©YdMYos  LaMgElim
P90l gargdgb@ol 3565993HMgdbg o HomBdmoygbl Jagdmm dmygzsbowro
3960930l Bogduodse® bsdgow Bglggdl (R ).

AR} +BR +CR’ +DR, +E =0, (13)
boQS(3:
A =[af's
B, = 24,/ |by|cos(e, —¢,);

C, = ‘bl‘z +203| ‘bl‘cos(goa1 -9.);

D, = Z‘bl‘ |C1|COS(¢1;l —§001) ;
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U &
U .

E =&/ —‘

Pas Po> P> A, by, € 3083wgdby®o Hogbggdol sGy8gbBgdos ©s
d9L5d530BO GHMEPOo:

1 : : .
a = fcmﬁ (ZDQ‘CS +C${’C§ + Zf”);

1. . . : . :
b1=E[2(Am(D +C o Zs)+By +C +

1<) O

+(Z+2L+Z4)(C,, +D,, +05C., -Z)];

@

C1=E[Assf)(28 +A Z@)+(AQ€).D!{’(?)+A C

b ©6 RO TR

Z, +
+B Coo (2 +ZL, +2)+C Z. (2D, +C Z,)x (Z+ZL,)]
AZR;‘1+BZR;+C2R;+D2RJZ+E2=O, (14)

bogS3

2

b

Az =|3.2

B, = 2|6'12| ‘bz‘cos(%lz _¢b2) ;

.12 .
C, =‘b2‘ +2|6'12Hb2‘COS((/)aZ —0,);
D, = 2‘62“C2|COS(¢bZ _¢C2)'

50 396@Mg09gd0L 5mMblbs Fglodegdgeos 3033099GHYMHOL LodOEGdO)
603Eb30000 9900MEJ00L A5dMYgbgdom.
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3. 513365

. 39963960089090d0 B0gEMMOOL MYJMEOOOL 253mYgbdo F90M:™O35HYd0s
©oL3OIEGMwo dmddggdol 45sdfm©gdol LobmgBol Fgmm©ogzs, o3
09935 93H9bgdsms 30603353y Y3560l FglodErgdEMdLL.

. Q538539005 sbowo  oL3MgGMo  dmddggdol  Qoadfmols
06335300l godogM30Ls s 06035300l derm3ol 1dgds, LySE FoOMO-
3960mb 0639 x396mIgE Mo 9gomEol bogdzgwbg Fobsbfs® dmgdmwo
500 2obolsBL3Mgds GgLodsdolo 0bxgm™MmPoios.

. 0509985390905  ©OoL3IMYAHYIEO 23Ol 1dgdgdo  535MOEHIMOL
3BIBGHOIMOO  A9bEsgdol  306MHMdddo  Lbgosolbgzs  gwrgdGHervwo
D930Lomgob.

. 0m3909wos BoBsdyMIbMd0s6mg d030gd0sbo ©oLIMYG o dmddggdols
390593(M900L M330TSEMOO 3565993HM9dO0.

. 0009dMwos  OLZMYGHWMWOo  godHmEadol  FMdomdol 69500900l
996900l 3O0EHIO09I900, OMYMOE LoEr0sBEIYM, 0Ly Logrm3MmIME0ZM
90990900l dobgzom.

. Q58353901005 OoLZMgEHIo 3mddggdol gosdfmgdol 36odd03rIwo
1d939%0, OMIJWDS  MJOE0DS30S  2obs30MMBIOL  53EMToGH030LS s

G9w9gd9dobozol  LobEgdsms  9RIJGHMIOMOOL 535 gdsL,  IEHYbgdsMS
53begdom 10% 993060905l s 3609369396 93mbmTo3MH 9339dBU.
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