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SUPPLEMENTARY LABORATORY INVESTIGATIONS OF MODERN
PLASTIC-POLYMER FISHPLATES FOR RAIL JOINTS

Purpose. The authors’ goal is to determine the behavior of insulated rail joints with polymer-composite fish-
plates without glueing in the consideration of dynamic loadings regarding to own laboratory tests. In this paper they
introduce the applied measurement opportunities. Methodology. Dynamic (fatigue) bending tests were performed
by insulated rail joints assembled with plastic-polymer fishplates. The special laboratory measurements are related
to digital picture/video measurement technique and assessment method executed by GOM hardware and software,
as well as computer tomography according to laboratory bending tests. Findings. In previous papers the authors
published the results of glued-insulated rail joints, in this period they continued their research with the investigation
of rail joints with plastic-polymer fishplates without glueing. They tested two different types of rail fishplates made
of plastic-polymer material. For the rail joints with fishplates but without glueing, the authors applied special meas-
urement techniques by GOM products (Tritop, Aramis) that enable high precision digital measurement techniques
with spectacular visualization results. The computer tomography records ensure the opportunity to be able to receive
information about inner crackings and faults of plastic-polymer fishplates, with also high precision measurements.
The assessment method has to be developed for these specific measurement methodologies to be able to compare
the results and define scientific statements. Originality. Up to now any researcher and research group have been
dealing with insulated rail joints with special plastic-polymer fishplates without glueing applied mentioned special
techniques, no one determined the exact deterioration process of these joints, as well as the crack growing phenom-
enon in the cross section of the fishplates. Practical value. The research team of the authors had the possibility to
see into the details of glass-fibre reinforced resin bonded plastic fishplates during laboratory tests, as well as they
publish timely information in the consideration of their laboratory tests’ results. This result can be applied in railway
engineering at all stages: design, construction, maintenance&operation in the future.

Keywords: laboratory tests; glass-fibre reinforced plastic; fishplate; rail joint; glue

Composite materials or composites are useful
Purpose materials produced from two or more components
with very different physical and chemical
characteristics. New material can be made with
compound of these parts. Therefore individual
characteristics are able to be guaranteed by
combination of these components [30]. From other
viewpoint: composite material can be given as
a combination of a matrix and a reinforcement,
which when mixed enable properties better to the
properties of the individual parts. In the case of
a composite, the reinforcement is the so called
fibres and is applied to strenghten the matrix in
terms of strength and stiffness [49].

The authors’ aim is to define the behavior of
insulated rail joints with glass-fibre reinforced
plastic fishplates, as well as with and without glue
material (between rails and fishplates) regarding to
static and dynamic loadings in the consideration of
own laboratory tests.

In the authors’ previous article [43] the purpose
and working mechanism of glued-insulated rail
joints were determined.

Now the special information related to plastic-
polymer material and structures is shortly
summarized.
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In the aspect of composite materials several
structures can be differentiated [33]:

o particle-reinforced,

olarge particle,
o dispersion-strengthened,

o fibre-reinforced

o continuous (aligned),
odiscontinuous (short),
= aligned,
= random oriented,
e structural
o laminates,
osandwich panels.
Fibre material can be the followings [19, 31]:
oglass,
ocarbon,
oaramid,
o basalt,
oetc.

In case of the authors’ research the material of
railway fishplates is glass-fibre reinforced resin-
bonded plastic, in that the reinforcement is glass-
fibre, the matrix is resin.

The advantages of glass-fibre reinforced plastic
are the followings (compared to other materials):

¢ high strength [11, 26],

¢ high specific modulus of elasticity [11, 33],

o low weight [10, 11, 26, 33],

¢ high strength to weight ratio [19, 28],

¢ high stiffness to weight ratio [28],

e better impact characteristics [28],

¢ high damping [12],

¢ low thermal expansion [12],

e good corrosion resistance [13, 19, 28, 33],

e good moisture resistance [19],

e good resistance to heat and cold [19],

e good electrical insulation [15, 19, 21],

e nonmagnetic [21],

e good thermal insulation [15, 19],

e resistance to chemical and microbiological
attacks [10],

e good dimensional stability [12, 19],

o design flexibility [28],

o recyclable [45, 46],

o cost-effectiveness [10, 18, 19, 26].

There are some disadvantages:

e more expensive than traditional materials
[13],

e weakness (in case of unidirectional glass-
fibre reinforced plastic) [21],

e anisotropic and non-homogeneous direction-
al qualities [47],

o brittle behaviour [47],

e it needs special machining technology [10,
19, 26, 30] and special tools because of e.g. lami-
nating problems during boring, milling, grinding
and cutting:

oCVD (chemical vapor deposition) dia-
mond coated tools and milling tools [32],

owater jet cutting, CO2 jet cutting [32],

ohigh speed cutting [32],

olaser cutting [19], carbon dioxide (CO2)
laser, neodymium-doped yttrium aluminium
garnet (Nd:YAG) laser fibre and disk lasers for

cutting [19],

o CNC milling [52],

oHSS and carbide drill bit [52],

oPCD (poly crystalline diamond) [33],
omaking holes with fine blanking proce-

dure instead of boring [12],

oultrasonic drilling, laser drilling and wa-
ter-jet drilling [12],

ogrinding with CBN wheel in dry condi-
tion, and with synthetic and emulsion coolants

[18].

Glass-fibre reinforced plastic materials can be
applied in many fields:

e car (vehicle) industry [13],
aircraft industry [13, 30],
aerospace industry [13, 15, 32],
marine application [15, 52], naval industries

[9],
machine industry [30, 47],
oil industries [33]
defense indusrty [15],
electrical industry [15],
electronic industry [15],
e in seawater and sea sand concrete environ-
ment [31],
e subsea and offshore application [29],
e transport sector [15],
e agriculture and food industries [15],
e medical devices [13],
e sport goods [33], sport equipments [12],
e public health [15],
¢ housing [15],
e pipes [23],
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e surveillance equipment [21],
e other special structures:

o lightweight footbridge [21],

omilitary footbridge [22],

oasphalt pavements [25],

o orthotropic steel bridge surfacings [25],

o composite floor system [14],

orotor blades of wind turbine [16],

owind power plant [52],

orailway bogies [27],

omany civil engineering applications [8,
13],

oetc.
Here are some methods applied during research

related to glass-fibre materials:
e laboratory tests (mechanical tests
with/without accelerated corrosion tests, etc.):

oaccelerated corrosion tests, different pH
and temperatures, different durations [31] to
test the long-term durability of basalt- and
glass-fibre reinforced polymer bars in seawater
and sea sand concrete (SWSSC) environment,

oscanning electron microscope [31],

o X-ray tests [31],

oenergy dispersive X-ray spectroscopy
(EDS) [31],

otensile and Differential Scanning Calo-
rimetry (DSC) testing [8],

otension, shear tests [24, 38, 42, 43, ]

o ‘fracture’ tests [51, 54],

omicrographic fracture analysis [54],

oelectrical conductivity tests [11],

oacoustic emission tests, Active NDT (non-
destructive testing) methods, like ultrasonic or
radiographic testing, need an active external
source, which introduces energy into the sys-
tem in the form of an acoustic wave [17],

o Cooper fatigue tests (asphalt pavements)
[25],

otests with riveted joints [47],

o ultrasonic C scan testing and image analy-
sis [12],

obending and hygrothermal aging [20],

omoisture absorption (Fickian diffusion
stage) [20],

obending tests of composite slab [14],

e FEM modelling [27],

e FEM: predict the anisotropy and non-linear
behaviour of glass fibre reinforced plastics [9],

e FEM and Digital Image Correlation (DIC)
and strain maps in the test samples [47],

In previous research period the authors pub-
lished their results related to the areas below [24,
38, 39, 40, 41, 42, 43, 44]:

e laboratory tests:

ostatic shearing tests of glue material,

ostatic 3-point bending tests of glued-
insulated rail joints with steel and polymer-
composite fishplates, as well as with plastic
fishplates but without glueing,

odynamic (fatigue) tests of glued-insulated
rail joints with steel and polymer-composite
fishplates,

oaxial pulling tests of glued insulated rail
joints with polymer-composite fishplates,

o field tests in real railway tracks:

oevaluation of diagrams of track geometry
recording car,
o straightness tests executed by

STRAIGHT-EDGE tool.

In this new research period the authors deal
with only plastic-polymer fishplates in insulated
rail joints, i.e. without glueing. There will be tests
related to not only fishplates, but material tests
with the cut specimens from the fishplates.

Two types of glass-fibre reinforced fishplates
(fit to 54E1 rail profile) are available for laboratory
tests:

e type I: structural, laminated polymer (Fig. 1),

e type II: combination of fibre-reinforced pol-
ymer with continuous (aligned) and discontinuous,
random oriented structure (Fig. 2).

In this paper the authors summarize the up-to-
date laboratory measurement possibilities and their
initial results of plastic-polymer fishplates that are
detailed in following sections. Material tests have
not been introduced, yet, only in the following
publications in 2020.

This paper is the continuation of the authors
previous papers [24, 38, 39, 40, 41, 42, 43, 44].
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Fig. 2. Laboratory test assembly with fishplate type Il

Methodology

Dynamic (fatigue) bending tests were per-
formed by insulated rail joints assembled with
plastic-polymer fishplates. The auhors applied spe-
cial laboratory measurements that are related to
digital picture/video measurement technique and
assessment method executed by GOM hardwares
and softwares, as well as computer tomography ac-
cording to laboratory bending tests.

In the following the details of used methodolo-
gies and connecting characteristics, parameters are
described.

The parameters of investigated fishplates
(where type I and Il are not specified the data are
related to both):

¢ length: 900 mm,

¢ height 108 mm,

e width: 40 mm,

o number of holes: 6,

e geometrical patterns of bolt (screw) holes:
according to the Hungarian regulations (40-190-
150-140-150-190-40 mm from the end of the fish-
plate),
diameter of holes: 28 mm,
reinforce material: glass-fibre,
matrix material: resin,
material structure:

otype I: structural, laminated polymer,

otype II: combination of fibre-reinforced
polymer with continuous (aligned) and discon-
tinuous, random oriented structure.

e bolt (screw) characteristics:

odiameter: 27 mm (for fishplate type 1), 24

mm (for fishplate type II),

omaterial property: 8.8 (i.e. tensile strength

is min. 800 MPa, yield strength is min. 640

MPa).

Properties of endpost material:

e thickness: 4 mm,

o material: glass-fibre reinforced plastic,

e for rail profile: 54E1 (UIC54).

Properties of applied rails:

o profile: 54E1 (UIC54),

e length: approx. 2x750 mm,

o steel grade: R260 (900A),

e hardness: 260 HBW.

Characteristics of 3-point dynamic bending
tests:

e actuator type: BiSS 300 kN,

e bay length: 1200 mm,

e supports: 2 inelastic steel supports with
knuckles,
rail fasteners: Vossloh Ski24 type,

Fmin: 10 kN,
Fmax: 136 kN,
loading frequency: 2 Hz,
registered values:
oelapsed time in sec unit,
oforce in kN unit,
odeformation in vertical plane in mm unit,
onumber of loading cycles.

As mentioned earlier, special modern meas-
urement techniques were applied:

e digital picture/video recording and connect-
ing data processing methods:

o GOM Tritop,
o GOM Aramis,
e computer tomograpgy.
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The authors planned test series with the follow-
ing steps:
i) initial state recordings (i.e. before fatigue),

a. make 3D computer tomography (Fig. 3)
models of the middle section of fishplates
(between two middle holes),
b. assemble the rail joints,
c. record the force vs. vertical displacement
(or deformation, stress, strain, etc.) functions
with load cell and LVDT, GOM Tritop
(Fig. 4), GOM Aramis (Fig. 5) with static
and short dynamic tests,

ii) fatigue test with 500,000 loading cycles (or
until failure),

iii) state recordings after fatigue,
a. disassemble the rail joint,
b. make 3D computer tomography models of
the middle section of fishplates (between
two middle holes),
c. reassemble the rail joints,
d. record the force vs. vertical displacement
(or deformation, stress, strain, etc.) functions
with load cell and LVDT, GOM Tritop,
GOM Aramis with static and short dynamic
tests,

iv) fatigue test with 500,000 loading cycles (or
until failure),

V) etc.

Fig. 3. Computer tomography machine (type: Yxilon
Modular) and the measured fishplates

The steps ‘iii’..."1v’ should be repeated until al-
together 3.5 million loading cycles (plan) for 3-3
pieces of rail joints (i.e. 3 specimens with fishplate
type | and other 3 with type II).

The results from the initial stage (before fa-
tigue), as well as after each 500,000 loading cycles

(after fatigue stages) can be compared together. In
this way the crack/failure growing processes are
able to be determined and recorded related to the
two different fishplates as a function of loading cy-
cles.

In the Findings chapter the authors detail their
relevant results.

»
‘)L: “‘n \ “
: “»

Fig. 5. Test assembly, measurement with GOM Aramis

Findings

In previous papers [24, 38, 39, 40, 41, 42, 43,
44] the authors published the results of glued-
insulated rail joints, in this period they continued
their research with the investigation of rail joints
with plastic-polymer fishplates without glueing.

They tested two different types of rail fishplates
made of plastic-polymer material. For the rail
joints with fishplates but without glueing, the au-
thors applied special measurement techniques by
GOM products (Tritop, Aramis) that enable high
precision digital measurement techniques with
spectacular visualization results. The computer to-
mography records ensure the opportunity to be
able to receive information about inner crackings
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and faults of plastic-polymer fishplates, with also
high precision measurements. The assessment
method has to be developed for these specific
measurement methodologies to be able to compare
the results and define scientific statements.

By this time the following results were
obtained with 1-1 pieces of rail joints:

e a pre-fatigue tests, i.e. step ’i’,

e post-fatigue tests, i.e. step ’ii’...’
approximately 10,000 loading cycles.

The reason of only approx. 10,000 loading
cycles were applied the fact the fishplates partly or
full failured:

o fishplate type I: partly failure after 10,000
cycles (one of the fishplate pair is damaged in the
middle cross section at the top line),

o fishplate type II: failure after 7,331 cycles.

Figures 6-7 illustrate the rail joints after 1st
loading period.

iii’, until

Fig. 6. Insulated rail joint with fishplate type | after
10,000 loading cycles (the seeable failure was only
one fishplate, in the other not)

7. -

LHE

Fig. 7. Insulated rail joint with fishplate type Il after
7,331 loading cycles (both fishplates damaged)

In Figures 8-9 the typical loading curves
(hysteresis) can be seen recorded by original
software of BiSS hydraulic actuator.

Vertical displacement [mm]
PR PR
ONDOOONDMNOO®

0 50 100
Vertical force [kN]
= After 2,000 loading cycles
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After 8,000 loading cycles

Fig. 8. Typical hysteresis curves of insulated rail
joint with fishplate type |
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Fig. 9. Typical vertical displacement curves
of insulated rail joint with fishplate type I
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Fig. 10. Typical hysteresis curves of insulated
rail joint with fishplate type 1l
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Fig. 11. Typical vertical displacement curves
of insulated rail joint with fishplate type Il

Figures 8-11 show that the higher the number
of (elapsed) loading cycles, the higher the
measurable vertical displacement. It is a very
trivial behaviour of engineering structures during

(and/or after) fatigue test.

The authors demonstrate some of the special
measurement results obtained by GOM technology

and computer tomography (Fig. 12-15).

Force [mm]
DIM +10000.000 N 0.874
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d ,

-
<
0.720
X

-Z-‘—Y 0.700
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S 0.800

0.780
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Fig. 12. Measured displacement (in vertical plane)
of insulated rail joint’s middle with fishplate type |
before fatigue at 10 kN vertical loading — recorded

by GOM Aramis (the picture is upside down)
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Fig. 13. Measured displacement (in vertical plane)
of insulated rail joint’s middle with fishplate type |
before fatigue at 136 kN vertical loading — recorded

by GOM Aramis (the picture is upside down)
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Fig. 14. Measured Mises strain (in vertical plane)
of insulated rail joint’s middle with fishplate type |
before fatigue at 10 kN vertical loading — recorded

by GOM Aramis (the picture is upside down)
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Fig. 15. Measured Mises strain (in vertical plane) of in-
sulated rail joint’s middle with fishplate type | before
fatigue at 136 kN vertical loading — recorded by GOM
Aramis (the picture is upside down)

It can be stated — regarding Fig. 12-15 — that
measurement technique ensured by GOM Aramis
is adequate to determine e.g. displacement and
strain values very high precision compared to
a reference status (so called 0’ stage, i.e. non-
loaded stage). Every diagram recorded by this
method shows the differences. The measurements
were executed by 10 Hz sampling while the short
dynamic loading was 0.1 Hz. It means that in
10 seconds there was only one full sinus loading
cycle, during which 100 pictures were taken. The
apparatus of applied, assembled GOM Aramis
hardwares and software were able to offer approx.
900 shoots. Because of this fact one measurement
took approx. 90 seconds. Fig. 12-15 are typical
pictures from the 900 ones. In the future the after
fatigue’ stages have to be recorded to be able to
compare the results. (Next to the showed values,
the software is able to give not only the vertical,
but the horizontal measurements, as well as
Epsilon X and Y parameters — so called specific
strain values.)

Figures 16-17 demonstrate  some
recordings of computer tomography tests.

3-D

Fig. 16. Inner failures of fishplate type II (sign ‘a’) in
the middle part before fatigue (yellow surfaces), as well
as after 7,331 loading cycles (red surfaces) — recorded
by computer tomography

Fig. 17. Inner failures of fishplate type Il (sign ‘b’ in the
middle part before fatigue (yellow surfaces), as well as
after 7,331 loading cycles (red surfaces) — recorded by

computer tomography

Referring Fig. 16-17 the authors state that 3-D
computer tomography is also adequate for
definition inner faults (e.g. crackings, inclusions,
etc.) with very high accuracy. The recordings are
able to be compared to each other and the
deterioration process can be determined by this
methodology.

Originality and practical value

Up to now any researcher and research group
have been dealing with insulated rail joints with
special plastic-polymer fishplates without glueing
applied mentioned special techniques, no one de-
termined the exact deterioration process of these
joints, as well as the crack growing phenomenon in
the cross section of the fishplates. The research
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team of the authors had the possibility to see into
the details of glass-fibre reinforced resin bonded
plastic fishplates during laboratory tests, as well as
they publish timely information in the considera-
tion of their laboratory tests’ results. This result
can be applied in railway engineering at all stages:
design, construction, maintenance&operation in
the future.

Up to now the laboratory measurements with
GOM Tritop procedure and the data from those
have not been processed yet, but the authors would
like to execute it in the future, as well as publish
these results.

The authors think that the largest challenge will
be the development the data processing and
evaluation procedure for both techniques (GOM
techniques: Tritop and Aramis, as well as computer
tomography).

E.g. in case of GOM Aramis some special
points have to be marked before the short dynamic
loading during this kind of measurements, after
that data have to be filtered/determined from the
database and diagrams, figures should be drawn. It
means that the change of the behaviour of the
fishplated joints can be assessed by usage of the
trend functions related to the results from the
measurements at different time, i.e. steps (from i)
to v), see Section ’Methodology’). These special
marked points can be the following on the
fishplates:

e one point (or more points) from the above
zone of the fishplate,

e one point (or more points) from the middle
zone of the fishplate,

e one point (or more points) from the below
zone of the fishplate.

The authors have to mention that in case of
GOM Aramis the *points’ can be ranges (see Fig. 7
and Figures 12-15). The only requirement to have
to be fulfilled: these points or ranges should be
able to localized/seen in every recorded picture to
be able to define the changes of the parameters
related to them.

The second possibility is the GOM Tritop (see
Fig. 4). It is a technique with usage of reference
points (i.e. without movements/displacements
during the measurements), as well as measured
points (i.e. they have movements/displacements
during the measurements compared to reference

points). GOM Tritop gives the opportunity to be
able to define the displacement vectors without
usage of e.g. Matlab programming. As the authors
mentioned, up to now the data processing and
assessment have not been performed.

The third possibility is the computer
tomography. The recorded 3-D models from
computer tomography measurements, the evolution
of the crackings or any irregularities inside (or
naturally on the surfaces) of the fishplates can be
localised and determined. It means that e.g. the
length values or maybe the volume (in mm?3 unit)
of the faults (i.e. air inside the fishplates), or the
number and location of the broken glass fibres are
able to be defined. It should be mentioned that
computer tomography machine at Széchenyi Istvan
University is able to make recordings with limited
dimensions, it is the reason the authors focus on
the middle part of the fishplates (remark: the
highest stress and strain values are in this zone due
to the static model and the supports of the "beam’).
The authors have an initial result with this
procedure. The volume of the faults (air) related to
the Figures 16-17 are the followings:

e at the initial stage (i.e. before fatigue test):
3,000 mm3,

o after
18,000 mmé.

It means that the volume of the faults increased
the sixfold of the initial after 7,331 loading cycles
(after this quantity of loading cycles the fishplates
—type Il —went broke).

There are some aspects the authors have to
consider in the continuation of their research:

¢ specimens should be cut from the fishplates
and bending, tensile tests have to be executed (ac-
cording to the European standards),

e from these measurements the material char-
acteristics can be defined,

¢ the performed bending tests with full scale
fishplates (see steps in the Methodology chapter)
are able to ensure the change of the vertical dis-
placement (deformation) of the rail joints as
a function of loading cycles, the elasticity parame-
ters can be calculated (maybe EXI and/or GxA
values, Poisson ratio, sigma-epsylon — stress-strain
—, etc.),

e the results will be adequate to compare the
behaviour of insulated rail joints with and without
glueing, as well as the insulated rail joints with

7,331 loading cycles: approx.

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2019/1952121

94

© A. Nemeth, I. Fekete, S. Szalai, S. Fischer, 2019


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2019/158471

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec TpaHcnopTy. Bicaux J{HIIponeTpoBCEKOro

HalliOHAJBHOTO YHIBEPCHTETY 3alli3HHYHOTO TpaHcnopTy, 2019, Ne 6 (84)

3AJIIBHUYHA KOJIISI TA ABTOMOBUIBHI JOPOT'

glass-fibre reinforced fishplates and traditional
steel fishplates,

In the following research — mainly in the
preparation of PhD thesis of Attila Németh — the
below techniques, methodologies and aspects, have
to be considered related to insulated and glued
insulated rail joints with glass-fibre reinforced
fishplates:

e evaluation of geometrical deterioration of
ballasted railway tracks [34, 35, 36, 37],

o dynamic effects of the railway track (and e.g.
turnouts) and vehicles, as well as irregular move-

e calculation method of stress-strain rate in the
railway layer structures [1, 2].

e This paper is the continuation of the authors
previous papers [24, 38, 39, 40, 41, 42, 43, 44].
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JTIOJIATKOBI JIABOPATOPHI JIOCJIJIKEHHSI CYUACHUMX
IJIACTUKOBO-MOJIIMEPHUX HAKJIAJOK JJISI PEHKOBHX
3’CAHAHD

Merta. V wmiif crtarti mepembadeHO BHU3HAYMTH IIOBEHIHKY 130bOBaHUX PEUKOBUX 3 €IHAHb 13 MOIIMep-
KOMITO3UTHHMH HaKJIaJKkaMy 0e3 CKJICIOBAHHS IMiJ] 4ac pO3IJIIAy JUHAMIYHMX HaBaHTa)KEHb MO0 BIACHHX Jlabopa-
TOpHUX BUNPOOYBaHb. ABTOPM TPEACTABISIOTH MPUKIATHI MOXKIMBOCTI BHMiproBaHHA. Mertoauka. [lwmHamiuHi
(BTOMHI) BHIIpOOYBaHHS Ha BUTHH OyJIO TPOBEICHO 3a JOMOMOTOI0 i30JIbOBAaHUX PEHKOBUX 3’€IHAaHb, 310paHHX
13 MIACTUKOBHX MOJIMEPHHUX peiikoBHX Hakiaaaok. CremianbHi JabopaTopHi BUIPOOYBAaHHS MOB’S3aHI 3 TEXHIKOIO
BU-MIPIOBaHHSI Ta METOJOM OI[HKMA LU(POBOro 300paKeHHs/Bieo, 110 BUKOHAHI anapaTHUMU 1 HPOrpaMHUMH
3acoba-mu GOM, a TakoXk 3 KOMII'IOTEpHOIO ToMOrpadi€eio BiIIOBIAHO A0 Ja00paTOPHUX BHIPOOYBaHb Ha BUTHH.
Pe3yab-tatn. Y nonepenHix podorax aBTOpH MyOJiKyBaJIM Pe3yJIbTaTH AOCIIKEHHS KIEHOBUX PEHKOBHX CTHKIB,
3apa3 BOHHM IPOJOBXKYIOTh JOCTIDKEHHS PEHKOBHUX CTHKIB 13 IUIACTUKOBO-TIOJIMEPHHUMH Hakiaakamu 0e3
ckietoBaHHs. byiio BunpoOyBaHo JBa pi3HUX THIHN PEHKOBUX HAKJIAJOK, BUTOTOBJICHHX 13 MOJIMEPHO-TIACTHKOBOTO
Mmarepiany. [ns pedKOBHX CTHKIB 13 HakiaJgkaMu Oe3 CKJICIOBAaHHS aBTOPU BUKOPHCTAIM CHELIaJbHI METOAN
BUMipIoBaHHs, po-3pobOneHi GOM (Tritop, Aramis), sIKi JO3BOJISIIOTH 3aCTOCOBYBAaTH BHCOKOTOYHI IM(pPOBI
BAMIPIOBaHHS 3 BpaXXalo-4MMH pe3yJIbTaTaMH Bi3yamizamii. 3amucw KoM toTepHoi Tomorpadii 3abe3medyroTs
MOJKJIMBICTH OTPUMYBATH iH(QOPMAII0 MPO BHYTPIMIHI TPIIMHN Ta MOMIKOPKEHHS IUIACTHKOBO-TIONIMEPHIX
PEHKOBHX HAKIIAIOK, a TAKOX PO BUMIPIOBAHHS 3 BUCOKOIO TOYHICTIO. METO/ OIiHKM MOBHHEH OyTH PO3pOOIICHIA
IS IIUX KOHKPETHUX METOAMK BHUMIPIOBaHHS, MO0 MaTH MOXJIMBICTH TOPIBHIOBATH pe3yJbTaTH 1 BHU3HAYATH
HaykoBi TBepkeHHs. HaykoBa HoBH3HA. J[0 1IbOTO dYacy IOCHITHUKKA W JOCHITHUIBKI TPYNH 3aiMaiucs
BUBYCHHSAM  130JIbOBAaHMX pEHKO-BUX CTHKIB 31 CICIiaIbHUMH  IUIACTHKOBO-TIONIMEPHUMH  HAaKIaJAKaMH
0e3 CKJICIOBaHHsI, 3aCTOCOBYIOUH 3rajiaHi Clie-1ialbHi METO/IM; HIXTO HEe BU3HAYaB TOUYHMH NpolleC pyHHYBaHHS [UX
3’€IHaHb, a TaKOX sBHUIIE 30UIBIICHHS TPI-IIMH Yy TONEPEYHOMY Tepepi3l peHKOBUX  HaKJIaJIOK.
MpakTnyna 3HaunMicTs. JlocnigHubKka rpyna aBTopiB Maja MOXJIMBICTh O3HAaHOMHTHCS 3 JETAISIMHU PEHKOBUX
HaKJIQJIOK, TOCHJIEHUX CKJIOBOJIOKHOM, CKJIEEHMX CMOJIOIO TIIiJi 4Yac JabOpaTOpHUX BHUIPOOYBaHb, a TaKOX
omyOJikyBaTH CBO€4YacHy IH(OpMAIiI0 TMpo pe3yiabTaTH JabopaTOpHUX BuNpoOyBaHb. ILli  pesyibrarn
B MalOyTHROMY MOJKHAa 3aCTOCOBYBAaTH B 3aJIi3HUYHOMY MAIIMHOOYIyBaHHI Ha BCIX €Tamax: NPOEKTYBaHHS,
OyHiBHUIITBO, TEXHIYHE OOCITyTOBYBaHHS i €KCILTyaTaIlisl.

Kniouosi crosa: nabopatopHi BUIIPOOYBaHHS; apMOBaHMH CKJIOIUIACTHK; PEHKOBI HaKJIaJKW; PEHKOBHH CTHK;
Kien
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JAOINOJIHUTEJIBHBIE TABOPATOPHBIE UCCJIEJOBAHUA
COBPEMEHHBIX INTACTUKOBO-IIOJIMMEPHBIX HAKJIAJTOK JJI51
PEJIbCOBBIX COEMHEHNHU

Ieas. B naHHOI cTaThe MpeayCMOTPEHO OIPEAEIHUTh MOBEIECHHE W30JMPOBAHHBIX PENIbCOBBIX COEAUHEHUN
C TIOJTUMEP-KOMIIO3UTHBIMU HaKJIaJKaMu Oe3 CKJICUBAHUS MPU PACCMOTPEHUU JMHAMUYECKUX HArPY30K B OTHOIIIE-
HUH COOCTBEHHBIX JIa0OPATOPHBIX HCIBITAHWUN. ABTOPBI MPEICTABISAIOT MPUKIAJHBIC BO3MOXKHOCTH H3MEPCHHUS.
Metoauka. /lunamudeckue (YCTaJOCTHBIC) MCIIBITAHUS HA W3rHO OBLIM MPOBEJCHBI C TIOMOIIBIO H30JMPOBAHHBIX
PEITbCOBBIX COSAMHEHHH, COOPAHHBIX W3 TUIACTHKOBBIX IMOJIMMEPHBIX PENbCOBHIX HakIanok. CrennanbHbe Tabopa-
TOpPHBIC HCIIBITAHUA CBS3aHBI C TEXHUKOI W3MEPEHUSI U METOJOM OICHKH IH(POBOTO M300paXKEHHS/BUIEO, BHITION-
HSEMBIMH alMapaTHBIMU U IporpaMMHBIME cpeactBamu GOM, a Takxke ¢ KOMIBIOTEPHOH ToMorpadueii B COOTBeT-
CTBHUH C JIAOOpaTOPHBIMH HCTIBITAHUAMHA Ha W3ru0. Pedyaprarhl. B mpenpimymmx pabotax aBTOpPHI IMyOIUKOBAIN
Pe3yIBTATHI HCCIEIOBAHUS KICCBBIX PEIECOBBIX CTHIKOB, CEHYac OHM MPOIOIDKAIOT UCCIICTOBAHHS PEIIECOBBIX CTHI-
KOB C IUTACTHKOBO-TIOIMMEPHBIMU HaKJTaJKaMH 0e3 CKIICUBaHWA. BBUTH HCIIBITAaHBI ABa PA3IMYHBIX THMA PEIbCOBBIX
HAKJIaJI0K, M3TOTOBJICHHBIX M3 MOJMMEPHO-TIACTUKOBOrO Marepuania. [l pebCOBBIX CTHIKOB C HakKIagKaMu 0e3
CKJIEMBAHUS aBTOPBI UCIIOJIB30BAJIM CIIEMAbHBIE METOIBI H3MepeHus, paspaboranusie GOM (Tritop, Aramis), ko-
TOPBIC MMO3BOJISIFOT MPUMEHATH BBICOKOTOUYHBIC IH(DPOBBIC H3MEPEHHUS C BIICUATIISIONUMH PEe3yIbTaTaMH BH3YaJln3a-
UM, 3alUCH KOMIIBIOTEPHON ToMorpaduu 00eCreYrBarOT BO3MOXKHOCTD MOJIYYaTh MH(POPMAIUIO O BHYTPEHHHX
TPEIIMHAX U TMOBPEXKICHUIX MJIACTUKOBO-TIOJUMEPHBIX PENbCOBBIX HAKIIAIOK, & TaKXKe 00 M3MEPEHUSX C BBICOKOM
TOYHOCTBIO. METOJ| OIEHKH JTOJDKEH OBITH pa3paboTaH IUIA STHX KOHKPETHBIX METOAWK H3MEPEHHUs, YTOOBI UMETh
BO3MOKHOCTh CPAaBHHBATH PE3yJbTATHI H ONPEACITh HaAydHbIe yTBepKIeHus. Hayunas HoBu3Ha. J[o HacTosmero
BPEMEHH HCCIICIOBATEIN U HCCIIEIOBATEIIECKUE TPYIITHI 3aHUMAJIICh U3yYCHHEM H30JIHPOBAHHBIX PEIbCOBBIX CTHI-
KOB CO CICIHAaTbHBIMH TUTACTUKOBO-TIOIMMEPHBIMU HAaKJIaJKaMH Oe3 CKICHBAaHUS, MIPUMCHSS YIIOMSHYTHIC CIICIHU-
aJbHBIC METOIBI; HUKTO HE ONPEIEIIT TOYHBIH MpoIiece pa3pyIIeHUs 3TUX COCTUHCHUH, a TaKXKe SBIICHUE YBEIINIe-
HUS TPEIIMH B TOMEPEYHOM CEUCHHH PENbCOBHIX Hakianok. IlpakTmyeckasi 3HaumMocTh. VccrenoBaTenbekas
rpymnmna aBTOpoB UMella BO3MOKHOCTh 03HAKOMUTHCS C JETANSIMU PEITbCOBBIX HAKIIAJOK, YCHIIEHHBIX CTEKJIOBOJIOK-
HOM, CKJIEEHHBIX CMOJIOH BO BpeMs 1ab0paTOPHBIX UCIIBITAHUMN, & TAaK)Ke OMyOJMKOBaTh CBOEBPEMEHHYIO HHPOpMa-
LIUIO O pe3yJbTaTax JabopaTOPHBIX UCIIBITAHUNA. DTHU PE3YNBTAThl B OYAYIIIEM MOXKHO PUMEHSTH B KEJIE3HOJOPOK-
HOM MAaIIMHOCTPOSHHUH Ha BCEX dTamax: MPOSKTHUPOBAHKE, CTPOUTENBCTBO, TEXHIUUECKOE 00CTYKUBAHUE U DKCILTya-
Talusl.

Knioueswvie cnosa. nabopaTopHble HCIIBITAHUS; APMHUPOBAHHBIN CTEKJIOIIIACTHK, PEIIbCOBBIE HAKIIAJKH, PEIhCO-
BBIM CTBIK; KJIEH
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