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In today's rapidly changing world, the range of manufacturers of various optical materials, which are
currently used in the production of optical fibers (OFs), and later optical cables, has significantly
expanded in the Russian Federation. Identifying the different types of single-mode optical fibers in
previously laid and currently being laid cables and determining their characteristics is a pressing
issue. Based on the identified Mandelstam - Brillouin scattering parameters, it is possible to identi-
fy sections of the light wave-guides that have differences in the strain parameters. This is the basis
of the Brillouin reflectometry method, which is used for early detection of potentially unreliable sec-
tions in fiber light wave-guides. At the same time, a particularly important problem is to identify
specific types of fibers from different manufacturers that have the same type and common purpose.
The data of experimental testing of the frequency parameters of the Mandelstam - Brillouin back
scatter in light wave-guides which were contained from different sections of various fiber kinds (with
various temperature factors and longitudinal strain) using the Brillouin optical time-domain reflec-
tometer (BOTDR) are analyzed in this work. The special attention was paid to the types of the
G.654-fibers (G.654 is a recommendation by ITU-T which determine parameters of single-mode
shifted cut-off wavelength fibers), which was developed for high-speed long-distance optical
telecommunication systems. Based on experimental researches using BOTDR reflectograms, the
values of Brillouin frequency shift (BFS) under normal conditions were calculated for all tested types
of G.654 type fibers, and their frequency parameters were determined. The obtained in experi-
mental researches of Brillouin reflectograms (including temperature changes) are presented.
Frequency characteristics for each tested type of optical fibers are given in this work. Combining the
tested sections of various types of single-mode OF into a common light guide significantly reduces
the time to remove frequency and other characteristics of the spectrum. BOTDR reflectograms for
the entire light guide are determined simultaneously, and then the frequency parameters (including
the spectrum characteristics) for each section are analyzed. The differences between graphs of dif-
ferent fiber types are clearly visible. The differences in the frequency characteristics of the Brillouin
backscatter and the values of the BFS can be used to automate the processing of BOTDR reflec-
tograms and the classification of varieties of OFs.
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In today's rapidly changing world, the list of producers of the
optical substances (such as “blanks”, “preforms”), using in the
manufacturing of optical fibers considerably is expanded in
Russia.

Identifying the various kinds of optical fibers in laid and cur-
rently being laid cables and detecting their characteristics is the
pressing issue [1-6].

Mandelstam — Brillouin scattering is the fundamental nonlin-
ear optical phenomenon which appears when light interacts with
acoustic waves in a material environment. Based on the identi-
fied Mandelstam — Brillouin back-scattering (MBB) parameters
(such as the changes in the power level of the back-reflected sig-
nal, the frequency graphs of Mandelstam — Brillouin back scat-
ter, the Brillouin frequency shift (BFS), etc.) it is possible to
identify sections of the light wave-guides that have differences in
the strain parameters of optical fibers [6-15]. This is the basis of
the Brillouin reflectometry method, which is used for early de-
tection of potentially unreliable sections in fiber light wave-
guides [3-6]. The frequency of the main maximum (“peak™) of
the MBB spectrum characteristic is determined as the Brillouin
frequency shift (BFS).

The linear dependence of BFS on temperature influence is
used in distributed temperature sensors. And linear dependence
of BFS on longitudinal tension is used in strain sensors for moni-
toring bridges (pipelines, etc.) and for monitoring of physical
state of optical fibers. The power of the Brillouin back-scatter
light-wave signal depends on the electrostriction coefficient of
the material and the acoustic-optical interaction.

It should also be noted that some methods of forming infor-
mation leakage channels from optical fiber, based on tempera-
ture, mechanical and acoustic actions on the fiber, can be detect-
ed using the analysis of Brillouin backscatter parameters [5, 6].

The methods for determining BFS are as follows: a coherent
detection, a time-domain correlation analysis, and a heterodyne
detection. A coherent detection method that provide a sub-
centimeter spatial resolution, which is critical for monitoring
microstructural changes. A time-domain correlation analysis,
which allows high-resolution measurements up to 100 km. A
heterodyne detection is used for accurate BFS measurement with
a high spatial resolution of up to 0.1 MHz. This method is based
on mixing probing and Stokes propagated light signals with sub-
sequent spectral signal analysis, and is used in the Brillouin opti-
cal time-domain reflectometer (BOTDR) [3-6], which experi-
mental results for various kinds of optical fibers (OFs) are ana-
lyzed in this work.

At the same time, a particularly important problem is to iden-
tify specific types of fibers from different manufacturers that
have the same type and common purpose.

The physical properties of the optical fiber core material play
a crucial role for resulting spectrum parameters of the Mandel-
stam — Brillouin scattering. Doping the optical fiber core with
various alloying additives we can a significant change of the
parameters of the speed of hyper-acoustic waves, MBB frequen-
cy characteristics and Brillouin frequency shift.

The experimental research data of the frequency parameters
of the Mandelstam — Brillouin back scatter in light wave-guides
which were contained from different sections of various fiber
kinds (with various temperature factors and longitudinal strain)
using the Brillouin optical time-domain reflectometer (BOTDR)
are analyzed in this work.

The special attention was paid to the types of the G.654-
fibers (G.654 is a recommendation by ITU-T which determine
parameters of single-mode shifted cut-off wavelength fibers),
which was developed for high-speed long-distance optical tele-
communication systems. This type of fibers has low losses. The
lower values of specific attenuation were obtained (up to 0.168
dB/km at the wavelength () of 1.55 pum) in later versions of
G.654-fibers [4].

Since noticeable changes in the MBB characteristics can be
detected in various kinds of the G.654-fibers, it is necessary to
measure Brillouin reflectograms at various conditions and influ-
ences on G.654-fibers, etc.

The results of the author's earlier studies of OF-G.654 and
other single-mode OF are presented in [3-6, 13, 14].

With the assistance of CJISC “Moskabel-Fujikura” (Moscow),
using BOTDR “Ando AQ 8603 experimental researches were
carried out for all testing types of fibers.

The type G.654-E of fibers with cut-off wavelength has been
thoroughly tested. This fiber type is characterized by ultra-low
attenuation, low macrobending losses, and a large effective area.

The G.654 fibers of various producers were made available
for the experimental researches in collaboration with CJSC
“Moskabel-Fujikura” company and the JSC “Optic Fiber Sys-
tems” company employees.

The light wave-guide was formed from normalizing coil (the
first OF (the recommendation by ITU-T is G.652), which length
is 1 km approximately) and the sections of the testing fiber varie-
ties, which were connected in series.

The main experiments assume that the test material is at room
temperature and is not subjected to any mechanical stress (the so-
called — “normal conditions”).

The spatial distribution of the MBB spectrum (BOTDR 3D-
reflectogram) for the light wave-guide, which was made up of
OF-G.652 and OF-G.654-E-Sar (The fiber of the JSC “Optical
Fiber Systems” — Saransk), is presented in Fig. 1. In the right
lower corner, the MBB frequency characteristic and Brillouin
frequency shift value (fz) of this (G.654-E-Sar) fiber in Fig. 1 are
shown.

In all reflectograms presented below, in the lower left corners
of the graphs, the lower frequency value of the scan range is pre-
sented as “Start” (in the case in Fig. 1, the initial frequency is
10.900 GHz), the finish (upper) frequency value of the scan
range is indicated as “Stop” (in this example for Fig. 1, the fre-
quency is 11.145 GHz), and the scan frequency step (“Sweep”)
in this example for Fig. 1 is 5 MHz.
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Fig. 1. The BOTDR 3D-reflectogram of the MBB frequency
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The corresponding BOTDR-multireflectogram of the G.654-
E-Sar fiber in Fig. 2 is presented.
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Fig. 2. The Brillouin multi-reflectogram of the of the G.654-E-Sar fiber

In Fig. 2 we can observe “Strain” — the dependence of tension
on the length of the light wave-guide. “Brillouin Spectrum” in
Fig. 2 is the MBB frequency characteristic, “B.S. Width” is the
width of the MBB frequency characteristic, and “Loss” is the
back-reflected MBB signal level along the light wave-guide.

Fig.3 shows a 3D BOTDR reflectogram (in the section of the
light wave-guide after OF-G.652, the following varieties of
G.654 fibers are connected together:

“Fujikura nature” (abbreviated designation is “FujN” — the
attenuation coefficient at the wavelength of 1.55 pum was
0.167 dB/km),

“Corning ULL” fiber (abbreviated designation is as “Cor” —
the attenuation coefficient at the wavelength of 1.55 um was
0.187 dB/km), and fiber “Fujikura guide TM” (abbreviated as
“OF-FujT” — “HTC-110” was the attenuation coefficient 0.167
dB/km at the wavelength of 1.55 pum, and the attenuation coefficient
of “HTC-125” was 0.164 dB/km at the wavelength of 1.55 um).

It should be noted that the “Strain” dependences in the
BOTDR “Ando AQ 8603 is calculated by the formula:

“Strain” [%] = (fs [GHz] — /o [GHz]) / 0.493[GHz /%] o (fs—16) / i, (1)

where the reference frequency value (fy) is typically set (by de-
fault) for G.652 fiber under the normal conditions (f; is 10.85
GHz), and coefficient “0.493 [GHz /%]” is determined by the
light source’s wavelength of 1.55 microns.

Therefore, it is advisable to interpret this graph in this case as
the relative change in BFS along the light wave-guide.
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Fig. 4. Brillouin multireflectogram for the light wave-guide with G.654
of different types

The MBB frequency characteristic and Brillouin frequency
shift value of the G.654-E-FujN fiber in the right lower corner of
this figure are shown. The value of the BFS under normal condi-
tions for OF-FujN was 11.16 GHz, for OF-Cor was 11.03 GHz,
and for OF-FujT was 11.14 GHz. The differences in the character-
istics of MBB frequency characteristic and BFS are clearly visible.

Characteristic “spikes” oftentimes are observed on multire-
flectograms in the of MBB spectral width dependencies (“B.S.
Width”) along the light wave-guide length at the junctions of
different fiber types (and also under varying temperatures along
the single fiber section). This is mainly due to the fact that such
locations (e.g., fiber splice points) have a length much smaller than
the spatial resolution of BOTDR. Consequently, this leads to the
“overlap” of the MBB spectrums in these locations, resulting in
spectral broadening and, accordingly, a “spike” on the graphs.
Changes in “Loss” graphs can also be observed when there are
differences in the optical properties of the fibers being joined.

When splicing sections of the single fiber under identical
conditions, such an effect is not observed on the spectral width
(“B.S. Width”) graphs along the optical wave-guide. Only small
“step-like” changes, related to the quality of the spliced joint,
may be observed on the “Loss” graphs.

Figure 5 shows the 3D BOTDR reflectogram of the MBB
frequency characteristic along the light wave-guide (G.652 is a
normalizing coil; the remaining G.654 are: “Fujikura guide H”
(G.654-E, abbreviated designation is “FujH” — the attenuation
coefficient at the wavelength of 1.55 um was 0.167 dB/km),
“Fujikura Pure Advance 80 (G.654-C, abbreviated designation
is “FujP80” — the attenuation coefficient at the wavelength of
1.55 ym was 0.166 dB/km), “Fujikura Pure Advance 110~
(G.654-E, abbreviated designation is “FujP110” — the attenuation
coefficient at the wavelength of 1.55 um was 0.165 dB/km), and

erbium doped optical fiber — (abbreviated designation is
“ErDF”).
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Fig. 3. The reflectogram of the MBB frequency characteristic
of the light wave-guide with G.654 fiber sections of various kinds

Fig. 4 the corresponding multireflectogram indicating the
characteristic areas is presented.
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The MBB frequency characteristic and Brillouin frequency
shift value of the “FujP80” fiber in the right lower corner of this
figure are shown. The corresponding Brillouin multireflectogram
is presented in Fig. 6.
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Fig. 6. Brillouin multireflectogram of the light wave-guide with G.654
sections of different types

The MBB frequency characteristic and Brillouin frequency
shift value of the “FujP110” fiber in the right lower corner of this
figure are shown. The value of the BFS under normal conditions
for the “FujH” fiber was 11.17 GHz, for the “FujP80” fiber is
11.01 GHz, and for the “FujP110” fiber is 11.02 GHz.

ErDF was used as an “absorber” of the residual signal. The
“outlier” on the graph of the level of the back-reflected signal of
ErDF in the end of the light wave-guide is distinguished.

The sections of the light wave-guide containing locations
with various fiber types have different MBB frequency charac-
teristics and BFS values, allowing the researcher to distinguish
between sections with different fiber types.

It is possible to set the initial value for each variety (under
normal conditions) BFS (f39) of G.654 fibers, according to the
researched 3D-reflectograms of the MBB spectrum of the
BOTDR.

The values of the “peaks” (“maximums” of the spectrum pa-
rameters) of the MBB frequency characteristics for all tested
types of G.654 fibers recommendations from different manufac-
turers are shown in Table 1. Results of some other G.654 fiber
kinds researched earlier [4, 5] are presented too.

Table 1 shows that all the researched fibers have the frequen-
cy shift greater than 11 GHz, and that different types of fibers
have different in the MBB frequency characteristics and BFS
values. For example, under normal conditions, the Brillouin fre-
quency shift value of the conventional G.652 fiber (a cut-off
wavelength is 1.26 um, as well as for fiber G.657) is approxi-
mately 10.4 GHz, for the G.652 fiber with a cutoff wavelength of
1.35 um (provided by the Saransk “Optical Fiber Systems”), it is
10.78 GHz, and the BFS of the G.652 fiber with a cutoff wave-
length of 1.23 pum (provided by the JSC “Optical Fiber Sys-
tems”) is 10.81 GHz.

Table 1

Types of G.654-fibers Average values

(a cut-off wavelength is at least 1.53 microns) of the fz9, GHz
G.654-E-FujH 11.17
G.654-E-FujN 11.16
G.654-E-FuyjT 11.15
G.654 Corning ULL 11.04
G.654-E-FujP110 11.03
G.654-C-FujP80 11.02
G.654-E-Sar 11.02

The differences between the fiber varieties in their MBB
characteristics and BFS values are related to the difference in the
structure of the core layers (albeit insignificant) in thickness,
composition, and the degree of concentration of the substances
used in them [3-14].

Experimental Brillouin reflectograms were also measured
when heating the light wave-guide composed of the tested types
of fibers (including G.654 fibers) to the temperature of +70°C.

Figure 7 shows the 3D BOTDR reflectogram of the MBB
frequency characteristic along the light wave-guide (with heated
sections) composed of the following fibers: G.652, “FujN”,
“Cor”, and “ErDF”. Heated regions stand out on the graphs ow-
ing to substantial alterations in spectral characteristics. The dis-
placement of the frequency characteristics of MBB (and respec-
tively the BFS values) is observed in the positive direction of the
frequency axis on the reflectograms.
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Fig. 7. The BOTDR 3D-reflectogram of the MBB frequency
characteristic of the light wave-guide with heated sections of the “FujN”
and “Cor” fibers

Figure 8 shows the 3D BOTDR reflectogram of the MBB
frequency characteristic along the light wave-guide (with heated
sections) composed of the following fibers: G.652, “FujN”,
“FujP80”, “FujP110” and “ErDF”.
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Fig. 8. The BOTDR 3D-reflectogram of the MBB frequency
characteristic of the light wave-guide with heated sections
of the “FujN”, “FujP80” and “FujP110” fibers
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The corresponding Brillouin multireflectogram is presented
in Fig. 9.

The “Strain” dependencies of the multireflectograms was ob-
served an increase of the tension in heated sectors. At the same
time, the “Loss” graphs of the multireflectograms clearly visible
an increase in the level of the back-reflected MBB signal in
heated sectors.
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Fig. 9. The Brillouin multireflectogram of the light wave-guide
with heated sections of the “FujN”, “FujP80” and “FujP110” fibers

The dependence of the BFS displacement on temperature (¢°)
is described by the following formula:

1° — 1% [°C] = (fs [GHz] — f0 [GHz]) / 1.07[GHz /°C] o« (f3 — f30) / fzo, (2)

where #° is the temperature of the unheated section, f30 = f3 (#°0).

The average value of the BFS displacements for all tested fi-
bers was approximately 0.05 GHz. For the “FujN” fiber BFS was
observed at the frequency of 11.20 GHz (at fzo = 11.16 GHz).
For the fiber “Cor” it was 11.09 GHz (fzo is 11.04 GHz), for the
“FujP80” fiber it was 11.07 GHz (at fz = 11.02 GHz), for the
“FujP110” fiber it was 11.08 GHz (fz is 11.03 GHz).

The Brillouin frequency shift fz in the optical fiber is the fun-
damental parameter in distributed sensing and telecommunica-
tion systems. It is determined by the acoustic-optical interaction
between the incident light and thermally induced acoustic waves
propagating along the fiber core. This interaction produces the
frequency-shifted back signal (MBB), the characteristics of
which depend on the optical and mechanical properties of the
medium. F(r) is of the main optical mode amplitude distribution
of the fiber [7].

The main light mode behavior L(r) is defined by next formula:

O L(r) aL(r) o) (.
&—2+W+ n(r) c_L _(IBL) L(r)=0. 3)

where f; is the phase coefficient, w, =2xf; =27c/ A, (A is the

laser wavelength), n(r) is the refractive index as function of the
fiber radius, c is the velocity of light.

In case of several fiber layers, the optical properties of which
are different, F(r) should be found by formulas:

Ao (wr)
AyJy (ujr) +4,N, (ujr)

,if rSal;

Fr)= Jif a, <r<a; 4)

J A

ANJO(aN—Wj)Ko(W)/Ko(aN—lW) Jf ay <r<ay=b;

where u; =, [njza)f /¢* — g%, n; is the optical refractive factor of

the jin layer with the radius from a; ; to a;, w=+/f* - éwf /e,

ne s the optical cladding refractive factor, Jy and N, are respec-

—
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tively Bessel functions of the first and second types (an order is
“0”), Aj are values, which are determined based on the optical
boundary conditions.

There are many acoustic modes in the optical fiber.

The overlap factor of the acousto-optic interaction (Z4om) is
determined as the ratio of the light effective area (4;) to the
acoustic-optical interaction area (A44»,) of the acoustic mode of
the my, order by next formulas:

Liom =4, 1 Ay s Ay =

ro} V.
(20)¢, ()] (&)

RECH
A, = W ) (5)

where is an, and &,(7) is the amplitude distribution over the cross
section of the fiber of the acoustic mode of the m-th order in the
case of axial symmetry [7, 8]. All values are averaged over the
fiber cross-section [9, 11].

The strength of the acoustic-optical interplay is determined
by the spatial distribution of the acousto-optic interaction area
over the fiber’s cross-section. This factor is important for de-
scribing the MBB characteristics of the given fiber structure.
Only one optical mode is propagated in single-mode optical fi-
bers.

When describing the MBB phenomenon, it is important to
consider the spatial interaction of the single optical mode with
multiple lower-order acoustical modes [6-11].

The acoustic modes &,.(r) behavior (my, is the acoustic mode
order) in the case of axial symmetry of the fiber structure is de-
fined from the solution of wave equations (similar to (3), but for
acoustic waves):

2 2
0 fm(r)Jrafm(l’)J{ Dy —ki]ﬁm(r)=0- (6)

or? ror vi(r)

where @, ~k,\/vi—io,l is the acoustic cyclic frequency,
k, ~ D, il’

vy 2 Akfl
acoustic wave velocity. If certain characteristics differ for vari-
ous modes, the index (m) is added in their designations when
solving equation (6).

The longitudinal velocity (v4;) and the radial (transversal) ve-
locity (v4r;) of the hyper-acoustic wave [6-11], which can be dif-
fer in each layer with various acoustic properties in the fiber
structure, are determined by the next formula (“z” is the longitu-
dinal axis of the propagating signal):

, I' is damping factor [7], and v, is the hyper-

VazsVann  HiE rsa
VarsVar =VazoVay -1 a; <r<a;; @)
VnsVYan Hif ay_ <r<b;

The v4.; and v4,; related the coefficients of Lame in the ji, lay-
er[12].
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The acoustic boundary conditions link these components at
the boundaries of each pair of layers [8, 9, 12]. The acoustical
factor (n4) at the ju and (j+1)a fiber layers is determined as ratio
VAj/ Vazj+1 -

If the velocity of the acoustic wave in the fiber cladding is
higher than in the fiber core (v4-; < v4 < v4;), then acoustic waves
are concentrated predominantly in the fiber core in this case
[7-12].

The displacement vector components (U and (U,) in the case
V41 <V4 <V4y... (and respectively var < v < vay...) are found

by the following system of expressions:

AnJo(hlr)*'BuJo(k]V), Jif r<a,
AZIIO( r)+A22K0(1§2r) +ByyJy (ko) + BNy (kyr), i @ <r<ay,
110(5 r)+Aj2K0(iljr) +leJ0(kjr)+Bj2N0(kjr), if a;,<r<a,

i
(l; )+AN2KO(I'~1Nr) +BMJ0(kNr)+BN2N0(kNr), if ay<r<ay,

®)
,if rSa
r)+ Bk Ny (kyr)  if
Bk Jy )+ Bok Ny (kyr) it

Allhl‘]O( )+B”k.]0(k]r)
A21h210( )‘*’Azzth' r)

() +Boiko i (Ko
Ayh, Io(h r)+A by KO( hyr) +

a <r<a,

A
a; <r<a;,

Ayl (yr )+ Ayah K () + Byl Jo (r) + Buok Ny (kyr) it ay_y <r<ay,

€

where [y and Kj are respectively modified Bessel functions of the
= o5 /v -k,
=R NE K hy =ik, b=\ -ak VL U (@) = U
/o) [5, 8, 13], and J; (hr) = aJy(hr)/o(hr), K (hr)=
OJo(hr)/O(hr), I (hr) = Oly(hr)/o(hr), N (kr) = ONo(kr)/O(kr)
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first and second types (an order is “0”), &;

are the first derivatives of the corresponding Bessel functions,
=+/—1) is “imaginary unit”.

The Ajx and Bj; coefficients are determined from ratios of the
acoustic indicators k4 and &; , and the acoustic boundary condi-
tions of neighboring layers [8, 9].

If acoustic velocities in layers are higher (v4; > vy), it is nec-
essary to perform the following replacement in (8) and (9):

Jo(hr) > I (hyr). No(hr)—>Ko(hyr). by > hy. (10)
If the velocity of the acoustic wave in the core is higher than

in the cladding (v4z; > v4 > v4z), then acoustic waves penetrate
from the fiber core into the fiber cladding [6-8]. The arguments

(h;) of the modified Bessel functions for the corresponding lay-

ers in this case (v4 > vy4;) become “imaginary”. This corresponds
to the transition in some relevant lines of the system of equations
(8) and (9) to ordinary Bessel functions of the real argument (%;).

It is necessary in this case to perform the reverse replacement
in (8) and (9):

h; > h;,

Io(izjr)—uo(hjr), Ko(ﬁjr)aNo(hjr). (11)

The factors (g4n) of the acoustical-optical scattering in the
optical fiber for each acoustic modes (which order is “m”) are

calculated using the next formula:
b
8am = p]2wL:BmJ.L2 (MU (r)rk 4, dr or
0

b
= P10 By [ P (r2)rE, (r) P (M)ar (12)
0

where p;> = 0.27, S, — is the acoustical mode (which order is
“m”) coefficient of the phase; p.(r, z) is the longitudinal medium
density function along optical wave-guide of the acoustical mode
(which order is “m”) [6-8].

Every acoustical mode parameters are calculated by the next
expressions:

L r,

7 (w-o +o, )2 +0.25-T,°
2
— IAOm 1—‘m

4 (f—fi—fu)+025.T,7

Ay (@)= or

(13)

The concluding MBB spectrum characteristic is achieved by
merging the frequency dependencies from each mode. It is as-
sumed that the contribution from each acoustic modes are inde-
pendent [6-12].

Combining the tested sections of various types of single-
mode fibers into a common light wave-guide significantly reduc-
es the time to remove frequency and other characteristics of the
MBB. BOTDR reflectograms for the entire light wave-guide are
determined simultaneously, and then the MBB parameters (in-
cluding the MBB frequency characteristics) for each section are
analyzed.

The differences between the OF-G.654 graphs of different
types are clearly visible (Fig. 1-6, Table 1).

The values of BFS under different temperature conditions
were calculated for all tested types of G.654 fibers, and their
MBB parameters were determined (Table 1), based on experi-
mental BOTDR reflectograms.

Analyzing the MBB frequency characteristics for all studied
types of G.654 fibers, it can be noted that in all cases there is a
single pronounced maximum, which was also observed in the
various types of G.652 and G.657 fibers.

For example, the fibers G.653 (a cut-off wavelength is 1.31
microns), G.655 (a cut-off wavelength is 1.48 microns) and
ErDF have from one to three additional (side) “peaks” of differ-
ent levels [4-6].

The differences in the MBB frequency characteristics and the
BES values (Table 1) can be used to automate the processing of
BOTDR reflectograms and the classification of varieties of fi-
bers.

Incorporating of fiber segments of various types in the light
wave-guides when using the BOTDR allows them to be used as a
“label” (“marker”), including in passive optical networks (PONs)
to identify optical channels after optical splitters.
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BbIABJIEHUE PASHOBUAHOCTEM O4HOMOAOBbIX ONTUYECKUX BOJTOKOH CO
CMELLIEHHOM AJTMHOW BOJIHbl OTCEYKM HA OCHOBE AHAJIM3A XAPAKTEPUCTUK
PACCEAHNA MAHAEJIbLUTAMA - BPUJIJTIOOHA

Bozauykoe Uzopb Bukmopoeuy, Omckuii 2ocydapcmeeHHblii mexHudeckull yHueepcumem (OmITY), Omck, Poccus, bogachkov@mail.ru

AHHOTauMA

B coBpeMeHHOM 6bICTPO M3MEHSAIOLLEMCA MUPE CyLLECTBEHHO PaCLUMPWIICA COCTAaB MPOW3BOAMUTENEN PasfMYHbIX OMTUYECKUX MaTepuanos ('3aroToBok',
"npedopmM"), KOTOpble ABAAIOTCA OCHOBOM MpW MpoM3BOACTBE onTudecknx kabenen (OK) m BonokoH (OB) Ha Tepputopumn Poccuitckoit Pepepauyu B
HacToslee BpeMs. K BaXHbIM 33a4aM oTHOcUTCA knaccudumkaums pasHosuaHocten OB B OK u onpegenenme nx ¢usmyeckunx napamerpos. Ha ocHoBaHum
HaNAeHHbIX NapaMeTpoB paccesHus Mangensbiitama - bpunntosta (PMB) MOXHO BbIABUTL YHaCTKM BOMIOKOHHbIX CBETOBOAOB, KOTOPbIE MMEIOT OT/IMYMUA B
NPOAObHBIX PaCTAXKEHUAX. DTO SABMAETCA OCHOBOW MeTOAa GpWUIIIOSHOBCKOW pecdrieKTOMETPpUM, KOTOPbIA WUCMOJMb3yeTcA AjA PaHHEeNW AWMAarHOCTUKM
MOTEHLMANbHO HEHaA&XKHbIX Y4aCTKOB B BOJIOKOHHbIX CBeTOBOAaX. [1py 3ToM 0cob6o BakHOM NpoGneMoi ABMAETCA BbIAB/IEHWE KOHKPETHbIX BUAOB
BOJIOKOH Pas/iMyHbIX M3rOTOBWUTENEN, KOTOpblE MPU 3TOM WMMEIOT OAWMHAKOBbLIA TWUM M UMEOT obllyto obnacTb HasHaueHus. B gaHHOM cratbe Gbinn
NpOaHaNM3npoBaHbl AaHHbIE SKCMIEPUMEHTANIbHBIX UCCIEA0BaHUI HaCTOTHBIX (CreKTparbHbIX) xapaktepuctuk PMB B cBeToBOAax, coaepxallmx pasnunyHble
y4actn u3 ogHoMozoBbix OB pasHbiX TUMOB MpM pasHbiX YCIOBUAX (YHKLIMOHUPOBaHWA (Pas3fiM4HbIX TEMMEPaTYPHbIX M MPOAOSbHbLIX PacTArMBAIOLLIMX
BO3JENCTBUAX) C MOMOLLBIO OpPUIIIIOSHOBCKOTO pedieKTOMeTpa C 30HAWPOBaHMEM BO BpeMeHHon obnactv (BOTDR). OB pasnuyHbix TWUMOB M
M3roTOBWUTENEN, ANA KOTOPbIX ObLIM MpOBeAEHbI SKCMEPUMEHTAsIbHble WCCIEAOBaHUA W MOCTPOEHbI GpunntosHOBCKME pedrekTorpaMmbl, KOTOpble
MO3BONWAN ONPeAENUTL HEOBXOAMMbIE XapaKTepucTUKK pusmnyeckoro coctosHus OB, 6bin npegoctasneHbl 3A0 "Mockabens - Pymkukypa (r. Mocksa)
1 AO "OntukoBonokoHHble Cucrembl” (r. Capanck). Ocobbit uHtepec npeacrasnaer OB pekomengaummn G.654, kotopoe otnyaerca ot o6bidHbIX OB
(pexomeHpaummn G.652 v T. n. ana ogHomogoebix OB) cMelleHWeM AnvHoM BonHbI oTcedkn. OfHOBpeMeHHOE MUccnefoBaHne Xapaktepuctuk PMbB yvactkos
OB pasHbIx TUNOB, O6BbEAUHEHHBIX B €AUHbIA CBETOBOZ, MO3BOJIAET 3HAYMTENILHO YCKOPUTb BbISIBIEHWE 4aCTOTHbIX Xapaktepuctuk PMB, a panee u
pacnpeAeneHus HaTSXKEHWs, 3aTyXaHUA U T.4. NO BCEM A/IMHE CBETOBOAA. TakkKe HEO6XOAMMO OMpefenuTb YacToTHble Xapaktepuctuku PMB ans kaxgon
oTnMyatoLLenca cekumn ceetoBoga. peacTaBneHbl UTOroBble pesynbTaTbl 06paboTKM pesynbTaToB M3MepeHuit (B TOM 4MCie MPU TeMMepaTrypHbIX
n3MeHeHusX). Ha nx ocHOBaHMM BO3MOXKHO BbIABUTb KOHKPETHbI TN ogHoMogoeoro OB, a Takke aBTOMaTM3MpoBaTb 06pabOTKy AaHHbIX U OnpefeneHue
HeobxoauMbIx xapaktepuctuk PMb u ¢usmyeckoro coctoanua OB.

Knioyeebie cnoea: o00HomM00080e onmuueckoe 60/10KHO, paccesHue Mandenbwmama — bpunnosna, 6punntosHosckas pegnekmozpamma, npogusb

6punnto3HO8CKO20 cnekmpa, onmu4eckoe 60510KHO pekomeHdauuu G.654, obHapyxeHue onmu4eckozo KaHana ymeyku uHgopmauuu, uHpOpMAuUOHHAS
6e30NaCHOCMB 80JIOKOHHO-ONMUYECKOU CUCMEMbI C8A3U
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