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System analysis of characteristics of modern pulse devices of information transmission lines
diagnostics is conducted. A list of modern pulse reflectometers and their main technical and
economic indexes based on heuristic method is made. Sign model of the choice of effective pulse
devices of information transmission lines diagnostics is offered, that will allow to optimize the
choice of the most effective pulse device of information transmission lines diagnostics for a
specific task on the basis of developed conditional similarity criteria.
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INTRODUCTION

Today, communications networks do not become slower — even faster,
aren’t made easier — even more complicated and constantly develop. Timely
diagnostics and rapid error recovery are important elements of reliable work
of communications networks, for this purpose pulse devices of information
transmission lines diagnostics — reflectometers, by which it is possible to
analyze the availability of defects and damages location, are used.

The basic principle of reflectometer’s work is analogical to that of radar.
It is connected to the cable under test from one side, pulses in it and fixes
the form of reflected signal — reflectogram. If the cable along the full length
has constant impedance and is correctly loaded, all energy is dissipated. Any
discontinuity of impedance, generated by defects, reflects its part or all of it
back to a device and the value of the reflected signal is proportional to the
deviation of impedance, i.e. the size of a defect. At the next stage, when the
results are analyzed, the device determines the distance to the discontinuity,
coming from the velocity of signal propagation in the cable and the time of
its passing to the discontinuity and back. The velocity is usually represented
as a coefficient, indicating how much the velocity of signal propagation in
the cable differs from the velocity of light, and is taken from tables or
empirically determined. In foreign devices a “coefficient of velocity”, shown
in percents (<100), is often used, in domestic ones it is a “coefficient of
shortening” (>1) [1-4].

It is possible to mention among well-known classical capabilities of
reflectometers:

— the search for breaks and short circuits in a cable;

— the detection of problems associated with excessive attenuation of
high-frequency signal in the information transmission line;

— length measuring and entrance control of a cable in coils;

— the detection of latent defects of a cable;

— finding of low-quality connections;

— the diagnostics of cores misconnections in connection points;

— the search for components included in the information transmission
line;

— the detection of the drenched places in a cable;

— the determination of an exact location of a cable fault during
excavation works;
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— the acceptance of the information transmission lines from contractors
after the installation;

— the search for undocumented connections;

— documentation recovery, lock-on of a cable run to a locality;

— the detection of taps, illegal connection points and “bugs” [5-7, 14].

The use of reflectometers allows to organize the complex of procedures,
directed at planned quality improvement of information transmission lines
and simplification of fault diagnostics:

— preliminary operations — the collection and storage of information in a
computer, mapping the run with lock-on to a locality by graphic editors;

— periodic maintenance — the collection and storage of information in a
computer, its comparison with an existing one, the search for changes and
determination of their numerical values, the analysis of defects and their
causes, planning of repair works based on objective data;

— fault diagnostics — the collection and storage of information in a
computer, its comparison with an existing one, the search for changes and
value determination, estimation of the most significant change and place of
repair on a run.

A number of papers [1-10] of such scientists as V. L. Aksenov,
I. G. Baklanov, A. V. Kocherov, V. E. Kravtsov, A. M. Luk’yanov,
N. F. Melnikova, N. I. Tarasov, S. G. Sharonin and others are devoted to the
diagnostics of information transmission lines, electrical supply networks and
their fault tracing. In those papers they consider various methods and
physical models for accurate positioning of fault location in information
transmission lines and electrical supply networks, and also for analysing
these lines concerning defects by means of pulse reflectometry. However, in
these papers a whole set of main parameters is scarcely represented; there is
no single viewpoint which would allow to optimize the choice of the most
effective pulse device of information transmission lines diagnostics.

PROBLEM STATEMENT

The goal of the work is a construction of a sign model of the choice of
the effective pulse devices of information transmission lines diagnostics for
choice optimization of the most effective pulse device of information
transmission lines diagnostics on the basis of developed conditional
similarity criteria.

To achieve this goal it is necessary to solve the following tasks:

— to make a list of modern pulse reflectometers and their main technical
and economic indexes;

— to develop conditional similarity criteria after appropriate technical
and economic indexes and to work out criterion equations;

— to construct sign model of dependences of main technical parameters
of modern pulse reflectometers in dimensionless coordinates;

— to determine the most effective pulse devices of information
transmission lines diagnostics.

RESULTS

To solve this task a list of main technical and economic indexes of
modern reflectometers (Table 1) is made. Conditional similarity criteria, in
which maximum measurement range, measuring inaccuracy, a coefficient of
shortening, a price of a device are main determining quantities, are
developed.

The coefficient of shortening shows how many times the velocity of
signals propagation in a line is less than the velocity of light in vacuum and
is determined by an expression
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g = 7’
where g — the coefficient of shortening;
C - velocity of light in vacuum (3-10% m/ec);
vV - velocity of pulse signal propagation in a line [10-12].

The coefficient of shortening and the coefficient of propagation (the
coefficient of propagation is specified in foreign reflectometers) are
connected by the following relation:

g:

b

1
Vop
where V, — the part of the velocity of light in vacuum [13].

Table 1 — Main technical and economic indexes
of modern pulse reflectometers

Ne | Type and model of | Maximum Measuring Coefficient of Price of
a device measurement | inaccuracy, shortening a device,

range, m % UAH

1 |Rejs-105M1 25 600 0,20 1.00...7.00 10 840

2 |Rejs-100 6 400 0,20 1.00...4.00 7 536
3 |RI-10M1 50 000 0,40 1.00...3.00 16 176
4 |RI-10M2 50 000 0,40 1.00...3.00 18 296

5 |RI-303T 4 800 0,21 1.00...3.00 8 376
6 |RI-307 64 000 0,20 1.00...3.00 22 488
7 |RI-307USB 64 000 0,20 1.00...3.00 12 080
8 |Tempo TS 90 10 000 0,01 300-1000 (1.00...3.00)| 19 800
9 |Tempo TS 100 15 000 0,03 300-1000 (1.00...3.00)| 45 960
10 |Riser Bond 3300 19 400 0,15 30-999 (1.00...3.00) | 15 416
11 |Riser Bond 1270A 19 400 0,01 30-999 (1.00...3.00) | 39 432
12 |Riser Bond 1550T 3 000 0,90 1.00...3.00 12 203

It is offered to use the theory of incomplete similarity and dimensions,
physical modeling and to create conditional similarity criteria based on
heuristic method.

Generalized description of conditional similarity criterion through
determining quontaties takes the following form:

K = Qmax _Qmin Q)
i ’
Qmax
where K, — dimensionless quantity, which characterizes the chosen

parameter, indexes max and min correspond to maximum and minimum
quantities from Table 1.

Criterion equation for pulse reflectometers according to determining
quantities will take the following form:

2 ’ 2

v (Lmax — Lmin . Pmax — Pmin . Qmax — Qmin . Cmax — Cmin) = 0.
Lmax Pmax Qmax Cmax
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L. —L.
Let’s denote K :M as the quantity which characterizes

Lmax

measurement range, it is better at K, — 1;

P P
K, =—%2%__Tl a5 the quantity which characterizes
Pmax
measuring inaccuracy, minimum one is preferable;
_ Qmax — Qmin : : s
K, = Q— as the quantity which characterizes
max

measuring range of cable types, it is better at Ko —1;

K, — Conax =~ Couin as the quantity which characterizes a
Cmax
price of a device.
These quantities will characterize appropriate technical and economic
indexes.
The results of the calculation of appropriate coefficients are

presented in the Table 2.

Table 2 — Conditional similarity criteria for modern pulse reflectometers

Conditiona ype | Rejs RI Tempo I};:)S;?é’

criterion 1 2 3 4
K. 0,75 0,925 0,333 0,845
Kp 0,5 0,5 0,98 0,98
Ko 0,857 0,667 0,667 0,667
Kc 0,305 0,628 0,569 0,691

Using the data of the Tables 1-2 and 7 -theorem, the dependences of main
technical parameters in dimensionless coordinates are constructed.

Comparative analysis, given in Fig. 1, shows that the devices of foreign
manufacturers have a larger measuring inaccuracy after four quadrants,
than those of domestic producers. Also reflectometers of domestic producers
have an advantage in the coefficient of propagation, that allows to test a
larger range of the variety of cables.

The results of the calculation of appropriate coefficients according to
formula (1) are shown in the Table 3.

On the example of pulse reflectometer of “RI" type the dependence of
pulse duration on measurements range in dimensionless coordinates, which
is presented in Fig. 2, is built.

Comparative analysis of +the dependence of pulse duration on
measurement range (Fig. 2) shows that measurement accuracy depends on
pulse duration in its range and at the choice of other duration, which
doesn’t correspond to the Table 3, of pulses in the range it will result in the
distortion of end result.

In addition, from the graph (Fig. 2) one can draw a conclusion that at
short measurement range the range of pulses is small and the farther
measurement range is, the wider pulses range becomes.
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Figure 1 — Sign model of dependences of main technical parameters of modern pulse
reflectometers in dimensionless coordinates
Note: numbers 1, 2, 3, 4 correspond to sequence number of pulse reflectometers,
shown in Table 3.

Table 3 — Recommended pulse duration for measurements subrange

Maximum
range of :
Ne meaiure- Variants of pulse duration K Dllj 1/72:1106,
ments mex
subrange
1 250 m 10 ns 20 ns 40 ns 60 ns |0,83] 0,01
2 500 m 10 ns | 20 ns 30 ns | 60 ns 90 ns |0,89 0,02
3 1000 m 20 ns 30 ns 50ns | 100 ns | 150 ns | 0,87 0,04
4 2500 m 50 ns | 100 ns | 200 ns | 400 ns | 600 ns | 0,92/ 0,1
5 5000 m 100 ns | 250 ns | 500 ns | 1 mese | 1,5 mes [ 0,93 0,2
6| 12500 m |500ns| 1 mes | 2 mes | 4 mes 6 mcs |0,92 0,5
71 25000 m 1 mes |2,5mes| Smes | 10 mes | 15 mes | 0,93 1
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Figure 2 — Sign model of pulse dependence on measurements range
in dimensionless coordinates
Note: numbers 1-7 correspond to sequence number of measurement ranges of pulse
reflectometers, shown in Table 3

CONCLUSIONS

1. On the basis of the heuristic method a list of modern pulse
reflectometers and their main technical and economic indexes, such as:
maximum measurement range, measuring inaccuracy, the coefficient of
shortening, the price of a device, which are determining quantities at the
use of the theory of incomplete similarity, is made.

2. Conditional similarity criteria are developed, multicriterion sign model
after four quadrants in dimensionless coordinates, which characterizes
current parameters of reflectometers, is built. Modern pulse reflectometers
of domestic production have an advantage of wide propagation coefficient at
a small price with average characteristics of measurement range. Foreign
devices have an advantage of low measuring inaccuracy, a disadvantage
consists in heavy weight of pulse reflectometer. Any type of modern pulse
reflectometers needs updating of its main parameters for entering the
reference model combining all the best features.

3. On the example of pulse reflectometer of “RI" type one can see the
limits of pulse change for every measurement subrange, as well as the
dependence and limitations of pulse duration on the distance.

PE3IOME

3HAKOBA MOJEJIb BUBOPY EGEKTHBHUX IMITYJIbCHUX IIPUCTPOIB
JIATHOCTHKM JITHIU ITEPEJAYI IHGOPMAIIII HA OCHOBI
YMOBHHUX KPHUTEPIIB IIOAIBHOCTI

T. I0. Ymkina,

Yepracvkuil 0epircasHUll mexHOL02iYHUIL YHi8epcumem,
Bya. Illesuenko, 460, m. Yepracu, 18006, Ykrpaina;
E-mail: utia_chdtu@yahoo.com

IIposedeno cucmemHUll aHAAI3 XAPAKMEPUCMUK CYHLACHUX IMNYJLbCHUX NPUCMpois
Odiaznocmuru ainiit nepedaui ingopmayii. Ha ocrosi espucmuyHozo memody CKIAOeHO nepesik
CYYACHUX IMNYJAbCHUX pediexmomempie ma ix OCHOBHUX MEeXHIKO-eKOHOMIYHUX NOKA3HUKIE.
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3anpononogana 3HaK08a Mmolesb 6UOOPY ePeKMUBHUX IMNYLbCHUX NPUCMPOI8 diazHOCMUKY JiHil
nepedaui ingopmauii, w0 003601UMb ONMUMI3y8amu 6ubip HAlOIALUL ePeKMUBHO20 IMNYLbCHOZ0
npucmpor diazHocmuku JRiHilL nepedaui iH@opmayil 0nL KOHKPEemH0z0 3a80AHHS HA OCHO8L
PO3pO6aeHUX YMOBHUX Kpumepiie nodibHocmi.

Knrowoei cnoéa: ingopmayilino-KomyHiKayilini mepeoci, Linii nepedaui ingopmayii, imnyavcHi
pedrexmomempu, mexHiK0-eKOHOMIYHI NOKASHUKU, YMOBHI Kpumepii nodi6Hocmi.

PE3IOME

3HAKOBAJSI MOJEJIb BbIBOPA 9®@EKTUBHBIX UMILY JILCHbIX YCTPOYICTB
JUATHOCTHUKH JIMWHUU IIEPEJAYHA HHOOPMAIIMHA HA OCHOBE
YCJIOBHBIX KPUTEPHUEB ITIOJOBHA

T. IO. Ymkuna,

Yepracckuil 20cy0apcmeeHHblil mexHoI02uYecKull yHugepcumem,
ya. Ilesuenko, 460, 2. Yepraccol, 18006, Yrpauna;

E-mail: utia_chdtu@yahoo.com

IIpogeden cucmemHblil GAHAAU3 XAPAKMEPUCMUK COBPEMEHHbLX UMNYJLbCHbLX YCMPOUcme
duaznHocmuku JauHuil nepedayu ungopmayuu. Ha ocrose sspucmuueckozo memoda cocmasjieH
nepeueHb COBDEMEHHBLX UMNYLbCHBLX PehILeKmomMempos U UX OCHOBHbLX MeXHUKO-IKOHOMULECKUX
nokasameaeil. IIpednoxncena 3Hako8as modesb 6bl60pa IPPHEKMUBHBLY UMNYJLbCHLLX YCMPOULCME
JuaznocmuKku AUHUL nepedaiu UHGOPMAUUUL, YO NO360JIUM ONMUMUUPOBAMb 8bl60p Haubo.lee
2pPhexmueHoz0 UMNYAbCHOZO Yycmpoiicmea OuazZHOCMUKU JUHUL nepedavu uH@opmayuu 0as
KOHKpemHOi 3a0aiu HA 0CHO8e Pa3pPabomaHHbLX YCLOBHbLX Kpumepuesd nododus.

Kniouweévie cnoea:  UHOOPMAUUOHHO-KOMMYHUKAUUOHHbLE  cemu, JUHUU  nepedaiu
UHGOpMAYUUL, UMNYLbLCHVLE DepleKmOoMempybl, MeXHUKO-IKOHOMUYeCKUe NnoKasamenu, Ycro6Hble
Kpumepuu nodobus.
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