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THE USE OF THE EXPERIMENT PLANNING METHOD
TO EVALUATE THE ACCURACY
OF FLEXIBLE UNITS IDENTIFICATION

Purpose. The identification of rolling stock on the railroads is an integral part of many automation systems as
trains in general and cars separately. Various information management systems at sorting yards require the opera-
tional information about the object while performing the manufacturing operations. The improvement of the deter-
mination accuracy of different parameters characterizing the rolling stock, leads to the immediate quality progress in
the traffic volumes management. The aim of the paper is to develop a method to estimate the errors of determination
the interaxle distance of the flexible units in the control section using the point path-control transducer for future
identification of cars and locomotives. Methodology. To achieve this goal the simulation method and experiment
planning were used. The simulation model allowing determining the time intervals between the collisions of wheel-
set of movable units in point path-control transducer on the control section with variable characteristics of identifica-
tion devices was developed. The values of the time intervals obtained with using the simulation mode were applied
in the method of experiment planning to the final target. Findings. The calculated analytical values of the errors of
the interaxle distances do not have the significant differences from values obtained using the simulation model. It
makes possible to use the received functional dependence to estimate the possible errors in the identification of roll-
ing stock. The results of this work can be used to identify separate flexible units, and trains in general. Originality.
The functional dependence of the error of the interaxle distance error from the fixing point of the wheel path-control
transducer, the distance between the sensors and the measured distance was derived using a previously conducted
research of the factors influencing the error in determining the interaxle distance of the movable units, and devel-
oped simulation model to calculate the interaxle distance. Practical value. This functional dependence allows solv-
ing the following tasks: to calculate the maximum possible error of determining the interaxle distance of the mov-
able units at known parameters of control section and calculation of parameters of the control section, when the pos-
sible acceptable error of determining the interaxle distance of the flexible units is known.

Keywords: experiment planning method; rolling stock identification; control section; axle spacing; point track
transducer

information and management systems at sorting
Introduction yards, performing the manufacturing operations,
require the operational information about the
object [8-11, 16, 17]. Improving the determination
accuracy of different parameters characterizing the
rolling stock, leads to the immediate improvement

doi: 10.15802/stp2015/56998 © 0. Y. Yehorov, 2015

Identification of rolling stock on the railroads,
as trains in general and cars separately, is an inte-
gral part of many automation systems. Various
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quality progress of car traffic volumes management.
The increase in the accuracy of the information,
automatic acquisition and processing of signals in-
crease the capacity of the station due to the time
advantage when certain manufacturing operations is
amenable to automation. And this in turn the de-
crease in cost of transportation, increase of cars use
rationality, the liberation of human resources, im-
proving the traffic safety on the railways, etc.

To the range of such systems tasks the following
definition of the static characteristics of the rolling
stock that passed the control section relates: the
number of axes, number and number of axes of
movable units, movable units type (platform, cov-
ered car, etc.), etc. In this case, each of the systems
is presented in the form of implemented method to
identify the flexible units consisting of reset algo-
rithm, processing and analysis of data, and also the
constructive possibilities of the control section and
their means of railway automatics [1-3, 7, 14].

This paper considers a method of determining
axle base of the movable units; more precisely the
analysis of possible faults in determination of this
parameter identification is carried out. Determina-
tion of interaxle distance of the flexible unit is the
most often used to determine its type, which in
some systems will allow determining a few figures
of its item numbers. One of such systems is de-
scribed in the paper [7].

Purpose

The aim of this work is to develop a method to
estimate the determination errors of the interaxle
distances of movable units in the control section
using the point path-control transducer for future
identification of cars and locomotives.

Methodology

The simulation method and experiment plan-
ning were used to achieve this goal.

Simulation model for determination the
interaxle distance of the flexible units.

Definition of interaxle distance of the movable
units used in various automated control systems at
sorting yards and the adjacent railroad tracks. It is
the most relevant to the tasks of determination the
type of movable units, car base or cut, the axle
counting systems, etc. Various methods of identifi-
cation are applied, using special control sections,
which includes the point path-control transducer,
track circuits, photocells and other trackside assets
used at the railway transport. In this paper, a meth-
od for determining the type of the movable units
according to the calculated interaxle distances is
considered. This method uses a control section
which consists of three control points (point path-
control transducer). The error of determining the
interaxle distance arising from the use of such
methods are associated with the mismatch moment
of actuation of the track point detector with the
passage of car wheels over the geometric center of
the detector. This mismatch in the operation of the
detector is taken as a random variable, distributed
according to the normal law (Fig. 1).

The values taken in figure 1: & — error of the
detector, AL — the operating range of the detector,
S - the interaxle distance of the movable unit, L
— the distance between the control points CP1,
CP2, CP3 which include one or two coupled track
point detectors.

Fig. 1. The section structure of the identification phase of the rolling stock that
is implemented in the simulation model

doi: 10.15802/stp2015/56998
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To study the effect of various factors affecting
the identification process the simulation was cho-
sen. The description of the simulation model is
represented in the work [6]. It was suggested that
the following factors affected the error of identifi-
cation the most significantly:

— the initial speed of the wheel pair run over
on the control section

— the acceleration of motion at the control
section;

— the distance between the detectors;

— the value of the interaxle distance;

— accuracy of the point path-control trans-
ducer work (root mean square of the distance of
the fixing wheel of movable unit by the normal law
of distribution from the detector center, distributed
by the normal law of distribution [15]).

The researches have shown that the speed and
acceleration of flexible unit movement not have
effect on the error of the interaxle distance deter-
mination in compared with other factors signifi-
cantly.

The application of the experiment planning
method. The obtained results with using the simu-
lation model provide an opportunity to analyze
quantitatively and qualitatively the possible errors
of movable units identification, as well as their
dependence on a number of factors affecting the
identification process. However, this research does
not allow calculating an expected error of identifi-
cation definitely. To complete the task the method
of experiment planning was chosen. Using this
method, it is necessary to define the formula using
of which is possible to determine the expected er-
ror for selected control section, means of railway
automatics and identifiable rolling stock unambi-
guously.

All subsequent calculations in this chapter were
carried out according to the method of experiment
planning which was presented in the works [5, 13].

The control section on which was the determi-
nation of interaxle distance of the movable units
was chosen as the object of research. The factors
influencing on this process and described above
were selected as the effects on the process, namely:

— the initial speed of the wheel pair run over
on the control section, namely the first control
point CP1 (V,);

— the acceleration of motion at the control
section (a);

— distance between the detectors (L);

— the value of the measured interaxle dis-
tance (S);

— precision of point path-control transducer
work (o, ).

In this case the response is taken as the value of
the average quadratic deviation the error of deter-
mining the interaxle distance g .

In result the chosen research object is described
with five influences and one response, the study of
which is our task. The resulting model of the ex-
periment corresponds to a multifactorial experi-
ment with one response.

In the initial experiment was consisted of five
factors. The plan FFE 25 (five-factor two-level full
factorial experiment) was used. The following val-
ues of the factors were taken as levels:

— initial speed V; — 3 and 15 m/s;

— acceleration a —0.1 and 0.5 m/s?;

— distance between the detectors L — 3 and
6m;

— the value of the measured interaxle dis-
tance S —2 and 14 m;

— the accuracy of point path-control trans-
ducers o, —0.002 and 0.01 m.

The following results were obtained at process-
ing the conducted experiments:

— the above mentioned factor levels of the
simulation model did not meet the requirements of
uniformity and adequacy;

— to achieve uniformity and adequacy of the
model is possible only if reduce the intervals of
variation of factor levels, which in turn is unac-
ceptable for the description of the identification
process;

— the values of speed and acceleration were
not significant in compared with other factors as it
was in the analysis of simulation results, and at
processing the results of applying the method of
experiment planning.

It was decided to conduct a multi-level three-
factor experiment after analyzing the results of the
previous experiment. The following independent
variables were selected as factors:

— distance between the detectors L;

— the value of the measured interaxle dis-
tance S;

—  precision of point path-control transducer
work o, .

doi: 10.15802/stp2015/56998
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The variation of the factors was made as fol-
lows: the distance between the detectors was var-
ied at two levels (range 3-6 m), the levels values —
3 and 6; the accuracy of the detector work on three
levels (range 0,001-0,008 m), the levels values
0,002, 0,004 and 0.006; interaxle distance at four
levels (range 1.5-15 m), the levels values 2, 5,
8 and 11. The levels values of interaxle distance
factor were adopted according to the conducted
analysis of cars and locomotives of 1520 mm
gauge [4, 12].

As it was noted above, the aim of the study is
the analytical dependences obtaining the average
quadratic deviation of the determination errors of
the interaxle distance o, as a function of three
variables — L, S and o;. Preliminary analysis
showed that this dependence cannot be described
neither linear nor quadratic dependence. To deter-
mine the required dependence the device of or-
thogonal polynomials and planning of multi-level
experiments was adopted.

Control points used to construct the system of
orthogonal polynomials, will be varied with a con-
stant step, therefore, the polynomials can be ob-
tained using the recurrence formula [5]:

Pr+1(x) = Fi(X) Pr(x)_
—(r?-(N*=1)/4-(4-r* =1))-P_y(X), (1)

where X —some of the physical independent vari-
able or factor; N — number of experimental
points; r — degree of the corresponding polyno-
mial, r=-1,0,1,...,N —-1.

In our case, the maximum degree of used poly-
nomials is equal to 3. Therefore, the polynomials
will be calculated by the following formulas:

R(X)=1, )

R(X)=% X =X/d, 3)

P2<X)=x2-[[xde - 1}, (4)

Py (X) =Ry x

SRR

where A, — the multipliers, which depend on the
number of variation levels N and the degree of

polynomial r; X - average value of factor; d —
the step of varying.

It is necessary to make the transition from the
physical to the coded variables by the formulas for
the more compact forms of the orthogonal poly-
nomials:

x, =X, —X/d (6)
when N —odd number,
X, =X, - X/d/2 ©)

when N —even number.

In result the values of the polynomials for each
of the variables will be as follows:

— variable L ranges at two levels, it will fit
to a single polynomial of the first degree:

X=X
d,

=2-L-45B8=x=R(x) {11}  ®)

— variable o, ranges at three levels, it will

correspond to the polynomials of the first and sec-
ond degree:

R(X,) =7

X, —X,
R(X;)=2,- 2d 2= 0.002
5 .

o, —0.004 — %, =R(%,),

P(X,)=3-x; —2=P,(x) {-1,01};  (9)

— variable S ranges at four levels, it will cor-
respond to the polynomials of the first, second and
third degree:

X, S-6.5

X, —
R(Xg) =Ry 22 =2,
3

=X =R (%),

1 5
PZ(X3):Z-X§ _Z: P (X3),

5 , 41
—_— X3 R —
12 12

In addition to these polynomials the model will
include paired and triple products of different vari-
ables polynomials. Thus, for ease of notation the
polynomials the symbols of the received as follows
will be applied: P(x;)=Pr;. The experiment plan

Py (X;) = X3 = P3(X3) {-3,-1,1,3}. (10)

doi: 10.15802/stp2015/56998
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includes 24 control points, and therefore the same
number of coefficients. Numbers of experimental
points u, plan and results of the received response
are presented in the table. The 5 parallel experi-
ments were conducted for each selection.

The row mean values and dispersion were
computed using the formulas:

i=2mﬁ, (11)

i=1

s2=3"y2 —n-y,” /n-1, (12)
i=1

where n — the number of parallel experiments; y,;

— the value of i-th response for u-th selection

The Cochran criterion was chosen for the
checking of row dispersions uniformity. According
to this criterion, the coefficient G, =0,192 (for

n=5 and N=24) was obtained from the Cochran

distribution for the significance level of o =0,05.

The Cochran criterion for conducted experiments
was obtained by the formula

2

G,=S

umax

(13)

N
>S5
u=1

The value of the G, is equal to 0,165 that is
less than the value G , and then the uniformity of

the row dispersions estimates is evident.
The values of b-coefficients were calculated
according to the formula

b =Ze(xu>-9u/ZPﬁ(xu).

The obtained values of b-coefficients were in-
cluded in the resulting table of calculations. In the
resulting table the columns of only those model
members were taken into account, b-coefficients of
which were statistically significant. The statistical
significance of the b-coefficients was tested by the
formula

(14)

|bi|S bcr = Sbi “taple =

-1\ j=1
= . NJ' n 'ttable : (15)

1 N n ) —

The coefficient t, . = 2.06 was taken from the
tables of the Student distribution on significance
level o = 0,05 the number of freedom degrees is
equal to 24. The next step is to test the adequacy of
the model, which was performed by F -criteria.
According to this criterion the critical value
F., =1,94, taken from tables of F distribution for
significance level o =0,05 and number of degrees
of freedom f,,=8 and f, =96, must be less than

the calculated F

calc

N _ — 2
2%
Foae = sZ,

calc — N -1 y

calculated by formulase

(16)

where §u — the value of the response at the point;

| — the number of significant b-coefficients.
The value of F,, appeared to be equal to 0.49,

which is less than F_., and it shows the adequacy

cr?
of the model.
As a result of the experiments and processing
the data, it became possible to write the adequate
equation models

y, =0,00966 —0,00425- P11+0,00496- P12 +
+0,00227 - P13+ 0,00265- P23+ 0,00024 - P33 -
—-0,00228- P11- P12-0,00227 - P11- P13 -
—0,00293- P11-P23-0,00016- P11- P33+
+0,00123- P12-P13+0,00152- P12- P23+
+0,00018-P12-P33-0,00124 - P11- P12- P13 —
-0,0016-P11-P12-P23 -
—-0,00013- P11-P12- P13. @17

It is necessary to move from coded variables to
their physical variables to obtain the required ana-
Iytical dependences. Finally the required equation
will be as follows:

0,s(S,L,6,)=-0,0593-L-S 5, —0,0054 —
-0,0000132-L-S3 +
+0,000277-L-S*-0,6181-L-c, +

+0,00004-S°%+0,1344-S% -6, —1,5811-G, - S +

doi: 10.15802/stp2015/56998
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+0,0111-S%- 5, +0,4659- G, x
xL-$-0,0015-L-S +
+0,00548- S +0,00151x

L —0,001-S2 +3,4956 - G, (18)

Findings

In the result of research and calculations the
analytically valid values computation of the errors
of the inteaxle distances of the movable units de-
pending on the parameters of the control section,
means of railway automatics and object identifica-
tion became possible.

Originality and practical value

In the work the estimation mechanism of the
possible errors of determination the center distance
of the movable units was improved. That can im-
prove the accuracy of identifying methods work,
using the control section with defined point path-
control transducer. Using the previously conducted
studies of factors influencing on the errors of de-
termining the interaxle distances of the movable
units and developed simulation model to calculate
the interaxle distance, the functional dependence of
the error of the inteaxle distances from the error of
the fixing point with the wheel point path-control
transducer, the distances between the detectors and
the measured distance was derived.

This functional dependence allows solving the
following tasks: to calculate the maximum possible
errors of determining the interaxle distance of the
movable units at known parameters of control sec-
tion and the parameters computations of the con-
trol section, at the possible acceptable errors of
determining the inteaxle distance of movable units.

Conclusions

Results processing of the simulation process of
determining the interaxle distance of the movable
units on the control section allow drawing the fol-
lowing conclusions:

— values of speed and acceleration motion of
the movable units are not essential for the identifi-
cation process in comparison with other factors;

— the errors increase of the detector work
leads to the error increasing in determining the in-
teraxle distance;

— the increase of the measured interaxle dis-
tance increases the value of the identification error;

— increasing of the control section length
leads to a reduction of the identification error.

Applying the method of experiment planning
the analytical dependence of the interaxle distance
error determination was obtained as a function of
the following quantities:

— distance between the detectors L;

— the value of the measured interaxle dis-
tances S ;

— precision of the point path-control trans-
ducer o, .

These recommendations are relevant for build-
ing the various information systems which are used
as the input data of the movable units characteris-
tics, received using the measuring on the control
sections with applying the point path-control trans-
duce.
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BUKOPUCTAHHS METOJY INIAHYBAHHS EKCIIEPUMEHTY
JUISI OTHKYA TOYHOCTI IIEHTU®IKALIT PYXOMMX OJWHULD

Merta. Inenrudikariss pyXoMoro ckijialy Ha 3ajli3HHLSIX, K HOI3/IB y LIJIOMY, TaK i BaroHiB OKpeMo, 3aiiMae He-
BiJ’€MHY 4acTHHY 0araTbOX CHCTEeM aBToMaTH3auii. Pi3Hi iHpopManiiHO-KepyIO4l CUCTEMH Ha COPTYBAJILHHUX CTaH-
151X, BUKOHYIOYHM TEXHOJIOTIUHI orepalii, noTpedyroTh onepatuBHOI iHpopManii nmpo o0'ektn ynpasininas. [ligsu-
IIEHHS TOYHOCTI BU3HAYEHHS Pi3HHUX MapaMeTpiB, 10 XapaKTEepU3yI0Th PyXOMHH CKIIaj, IPU3BOIHUTE 10 Oe3nocepe-
JTHBOT'O TIOJIIMILICHHS SKOCTI YIpaBJiHHS BaroHONOTOKaMH. MeTa poOOTH moJisirae B po3pooOLi croco0y OLiHKH I0-
MHJIKH BH3HAYE€HHS MDKOCHOBHX BIJICTAHEH PYXOMHX OJMHMIL HAa KOHTPOJIBHIM JUISHII 3 BHKOPHCTaHHSIM
TOYKOBHUX KOJIIHHUX JATYHKIB U IPOBEICHHS MTONANBIIOI iIeHTH]iKamii BaroHiB Ta JOKOMOTHBIB. MeTtoanka. Jls
JOCSTHEHHS TI0CTaBJIEHOT MEeTH OyJIM BUKOPUCTAHI iMiTaliiiHe MOJICIIOBAHHS Ta METO/ IUTaHYBaHHS €KCIICPHMEHTY.
Byma po3pobneHa iMitariiina Mozenb, MO J03BOJISE BU3HAYATH TUMYACOBI iIHTEPBaJ M MiX HAi3I0M KOJICHHX Iap
PYXOMHUX OJMHMIF Ha TOYKOBI KONIHHI JaTYWKH, PO3TAIOBAaHI Ha KOHTPOJBHIN AUISHIN 3 BapiiiOBaHMMHU XapakTe-
pHUCTHKaMU TpUCTPOiB imeHTH(DiKamii. OTpuMaHi 3 BUKOPUCTAHHAM IMITaIlifHOT MOIeNi 3HAYCHHS YaCOBUX 1HTEPBa-
JiB OyJIM 3aCTOCOBaHI B METO/Ii IJIAHYBaHHA SKCIEPUMEHTY JJIS JOCATHEHHS KiHmeBoi MeTH. PedyiabTaTn. O6unc-
JICHI aHATITUYHO 3HAYCHHS MOXHMOOK BH3HAYEHHS MIKOCHOBHX BiJICTAaHEW HE MArOTh 3HAYYNIUX BIIMIHHOCTEH BiJ
3Ha4YeHb, OTPUMAHUX 13 BUKOPHCTaHHAM iMmiTaniiiHol Moze:xi. Lle B moBHiil Mipi J103BOJIIE BUKOPUCTOBYBATH OTPH-
MaHy (QYHKI[IOHAJIBHY 3aJICKHICTh JJISl OLIHKKA MOJJIMBUX MOXMOOK imeHTH(IKAIl pyxoMoro ckiamy. PesynbraTu
JaHoi pobOTH MOXKYTh OyTH BUKOPHCTaHI SIK JUIsl i1eHTH(IKaIii OKpEeMHX PYXOMHX OJUHHIb, TaK 1 Uil BCHOTO I0i3-
na B ninomy. HaykoBa HoBu3HA. BukopucToByroun nomnepentbo MpoBelieHi JOCHiKEeHHs (HaKTopiB, IO BILIMBA-
I0Th Ha NMOXMOKY BH3HAYEHHS MDKOCHOBHX BiJICTAaHEW PYXOMHX OAHMHUIL Ta pO3pOOJICHY IMITallifHYy MOACTh s
o0YHCIIeHHST MXKOCBOBHX BijficTaHel, Oynna BUBeZcHA (DyHKIIIOHATBHA 3aJIC)KHICTh TOXHOKHA BU3HAYECHHS MiKOCHO-
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BHX BiJICTaHE# BiJ MOMIIKH (ikcallii KojJeca TOUKOBUM KOJIHHUM JaTYMKOM, BiZICTaHI MK TaTYMKaAMHU Ta BUMIpIO-
BaHoi BiacTani. IIpakTHuHa 3HauuMicTh. JlaHa QyHKIIOHANbHA 3aJEKHICTH TO3BOJISE BHUPIMIUTH HACTYIHI 3a-
BIaHHA. OOYMCIICHHS I'PAaHUYHO MOX/IMBUX IIOMWJIOK BH3HAUEHHS MIXXKOCHOBHX BiJIICTaHEH PyXOMHX OIMHHULB IPH
BIZIOMHX NapaMmeTpax KOHTPOJBHOI AUISIHKMA Ta OOYHMCIICHHS NapaMeTpiB KOHTPOJIBHOI JUISHKU MPU BIIOMHX MOX-
JIMBO JOIMYCTUMUX NMOMUJIKAX BU3HAUCHHA Mi)KOCI)OBI/IX Bi}lCTaHeﬁ PYXOMHUX OAUHHUIIb.

Kntouosi cnosa: merox minaHyBaHHS €KCIEPHUMEHTY; iNEHTH(IKAISl PyXOMOTO CKJIaay; KOHTPOJIbHA MUISHKA;
MI>KOCBHOBI BIJICTAaHI, TOYKOBUH KOJIIMHUN 1aTUYUK
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KEJIC3HOOPOIKHOTO TPAHCIIOPTa UMCHH akanemuka B. JlasapsHa, yi. Jlazapsina, 2, lnenporneTpoBck, Ykpanna, 49010,
tei. +38 (056) 373 15 89, ai1. moura egoroffoleg@ukr.net, ORCID 0000-0002-8260-9463

UCIMOJb30BAHUE METOJIA IJIAHUPOBAHUSI DKCIIEPUMEHTA
JUIS1 OEHKU TOYHOCTU UJEHTUDPUKALIMUA
MOJABUKHBIX EJJUHULL

Hens. VUnenTudurkanus MoABMKHOTO COCTaBa Ha JKEJIE3HBIX JOpOraX, Kak IOE3I0B B IIEJIOM, TaK M BaroHOB
B OTICIBHOCTH, 3aHMMACT HEOTHEMIICMYIO YaCTh MHOTHX CHCTEM aBTOMATH3alWu. PasnmyHble WH(OPMAIIMOHHO-
YIPABISAIOIINE CUCTEMBI HA COPTUPOBOYHBIX CTAHIIUSX, BBITIOJHSS TEXHOJIOTHUECKHE ONEpalli, HYKIal0TCs B OIle-
patuBHO# mHOpMaIH 00 00BEKTax yIpaBieHHs. [10OBEIMICHIE TOYHOCTH ONPEACTCHUS PAa3IMYHBIX apaMeTpOB,
XapaKTePU3YIOMNX ITOABIKHON COCTaB, MPUBOINT K HEITOCPEICTBCHHOMY YIYUIICHHIO Ka4eCTBa YIIPABICHHUS Baro-
HomoTokamu. Llexp paboThl 3akimrodaeTcst B pa3paboTKe crmocoda OIEHKH OIIMOKH OIMpeeNieHHs MEXOCEBBIX pac-
CTOSIHUH TMOABIXHBIX €AMHUI] HA KOHTPOJIHFHOM y4YacTKe C UCIIOIb30BaHIEM TOUYCUHBIX IMyTEBBIX JAaTYHKOB JUIA MPO-
BEJICHHS TOCIEAYIOIIeH WAeHTU(HUKAIME BarOHOB M JIOKOMOTHBOB. MeToauka. J[jis TOCTIKEHUS] MOCTAaBICHHOMN
ey OBUTH MCTIOIB30BAHBI MMUTAIIMOHHOE MOZCTHPOBAHNE U METOJ INIAHWPOBAHUS dKcriepuMeHTa. bruta paspabo-
TaHa UMUTAIIMOHHAsA MOJACJIb, IIO3BOJISIOIIAA OHpe[leJISITI) BpeMeHHble I/IHTepBaJ'H)I Me>1<)1y Hae310M KOJICCHBIX nap
IIOABWXKHBIX €AWHUILL HA TOYCUYHBIC HyTeBble JaT4YUKHU, paCl'[OJ'IO)KeHH])Ie Ha KOHTpOJ’IbHOM y‘laCTKe C BapI)I/IpyeMbIMl/I
XapaKTEepUCTUKAMU yCTPOWUCTB HaeHTH(uKanmu. [lomydeHHble ¢ UCIONb30BaHHEM MMHUTAIMOHHOW MOJIENHN 3Have-
HUSl BPEMCHHBIX WHTCPBAIOB OBUTH MPUMCHEHBI B METOJIC IIAHUPOBAHUS SKCIICPUMEHTA JUIS JOCTIDKCHHS KOHEY-
Hol uenu. Pe3yabTaThl. BhluncieHHbIE aHATUTHUYECKA 3HAYEHHs MOTPEIIHOCTEN OMpeNeNeHns MEXOCEBbIX pac-
CTOSIHUI HE WMEIOT 3HAYMMBIX OTIMYHI OT 3HAUCHHH, ITOJyUYECHHBIX C MCIIOJF30BAaHHEM HMHUTAIIMOHHON MOJEIH.
OTO B TONHOH Mepe IO3BOJSECT HCIONB30BaTh IONYYCHHYIO (YHKIHOHAIBHYIO 3aBHCHMOCTH IS OICHKH
BO3MOJKHBIX ITOTPEITHOCTSH WACHTU(HUKAIIMKA TMOIBIYKHOTO COCTaBa. Pe3ympTaThl NaHHOH paOOTBI MOTYT OBITh
MCIIONIb30BaHbl KakK JUIl MICHTH(UKAIMK OTAENbHBIX MOJBHMXKHBIX €AMHMIl, TaK W JJIsI BCEro Moe3aa B LEIOM.
Hayunas HoBu3Ha. Mcronb3ys npeaBapuTelibHO MTPOBEICHHBIE NCCISI0BaHHS (PaKTOPOB, BIMSIONIMX HA ITOTPELI-
HOCTB OTIPE/ICIICHUST MEKOCEBBIX PACCTOSHIN MOABIKHBIX €IUHHI, W pa3pabOTaHHYI0 HMUTAIIMOHHYIO MOJIEINb IS
BBIYHUCJICHUS MCKOCCBBIX paCCTOﬂHHﬁ, 6bIJ'Ia BBIBCICHA (byHKLII/IOHa.H])HaH 3aBUCUMOCTH norpeumocn/l onpe,ueneﬂym
MECIKOCEBBIX paCCTOSIHI/Iﬁ oT OI_HI/I6KI/I (1)I/IKcaLlI/II/I KOJICCa TOYCUYHBIM HyTeBbIM JaTYUKOM, paCCTOSIHI/IH Memny JaaTt4yu-
KaMU U u3MepsieMoro pacctosuus. [IpakTnyeckasi 3HAUMMOCTD. [laHHas (yHKIMOHATBHAS 3aBUCUMOCTbD ITO3BOJIS-
€T PEIIUTh CICAYIONINE 33a4Yl: BEIYUCICHHE TPEACTHHO BO3MOXKHBIX OIMMOOK OMpPECIICHUS MEXKOCEBBIX PaCCTOs-
HUN TIOJBMKHBIX €IMHUL MPU M3BECTHBIX MapaMeTpax KOHTPOJIBHOTO Y4YacTKa M BBIYMCIIEHUE MapaMeTpoOB KOH-
TPOJIBHOTO YYaCTKa, IIPU U3BECTHBIX BO3MOXHO JOMYCTHMBIX OITUOKAX OMPEICIICHISI MEXKOCEBBIX PACCTOSHHMA ITOJI-
BWDKHBIX €IUHUII.

Kirouegvie cnosa: MeTON TUTAHUPOBAHHS SKCIICPUMEHTA; HICHTA(UKAIHS TTOJBHKHOTO COCTAaBa; KOHTPOJIBHBIN
Y4acTOK; MEXOCEBbIE PACCTOSHUS; TOUCUHBIN MyTEBON TaTUUK
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ENERGY EFFICIENCY OF DIESEL LOCOMOTIVE HYDRAULIC
TRANSMISSION TESTS AT LOCOMOTIVE REPAIR PLANT

Purpose. In difficult economic conditions, cost reduction of electricity consumption for the needs of production
is an urgent task for the country’s industrial enterprises. Technical specifications of enterprises, which repair diesel
locomotive hydraulic transmission, recommend conducting a certain amount of evaluation and regulatory tests to
monitor their condition after repair. Experience shows that a significant portion of hydraulic transmission defects is
revealed by bench tests. The advantages of bench tests include the ability to detect defects after repair, ease of main-
tenance of the hydraulic transmission and relatively low labour intensity for eliminating defects. The quality of these
tests results in the transmission resource and its efficiency. Improvement of the technology of plant post-repairs hy-
draulic tests in order to reduce electricity consumption while testing. Methodology. The possible options for hy-
draulic transmission test bench improvement were analysed. There was proposed an energy efficiency method for
diesel locomotive hydraulic transmission testing in locomotive repair plant environment. This is achieved by install-
ing additional drive motor which receives power from the load generator. Findings. Based on the conducted analy-
sis the necessity of improving the plant stand testing of hydraulic transmission was proved. The variants of the stand
modernization were examined. The test stand modernization analysis was conducted. Originality. The possibility of
using electric power load generator to power the stand electric drive motor or the additional drive motor was theo-
retically substantiated. Practical value. A variant of hydraulic transmission test stand based on the mutual load
method was proposed. Using this method increases the hydraulic transmission load range and power consumption
by stand remains unchanged. The additional drive motor will increase the speed of the input shaft that in its turn will
allow testing in closer to real conditions as a result of increased load on the hydraulic transmission. Increased load
on the hydraulic transmission will help to detect possible defects and hence will improve the quality of transmission
repairs.

Keywords: hydraulic transmission; hydraulic testing; test stand; drive motor; load generator; additional motor
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Introduction

Most locomotives with hydraulic power trans-
mission used in Ukraine require overall or over-
haul reconditioning. When performing the over-
haul one of the complex and responsible diesel
locomotive units is hydraulic transmission. After
overhauls the locomotive hydraulic transmission is
tested without load for the running-in purpose and
with load to check the basic settings. Technical
specifications of enterprises, which repair diesel
locomotive hydraulic transmission, recommend
conducting a certain amount of evaluation and
regulatory tests to monitor their condition after
repair. The quality of these tests results in the
transmission resource and its efficiency.

Problem statement. When conducting the over-
haul at the Dnipropetrovsk Diesel Locomotive Re-
pair Plant «Promteplovoz» the most energy-
consuming is the diesel locomotives hydraulic
transmission test stand. Testing of hydraulic
transmission in a wide power range is limited by
technical capabilities of equipment and existing
limits for energy consumption. In this connection
the important task is the development of energy-
efficient method for locomotive hydraulic trans-
mission testing in locomotive repair plant envi-
ronment.

Previous studies analysis. The problem of im-
proved testing of locomotives with hydraulic
transmission is researched in the works [6, 7, 9].
The research results can partly be used during
bench testing of hydrodynamic transmissions in
plant environment.

Industry research laboratory (IRL) «Technical
maintenance and diagnostics of locomotives» of
Dnepropetrovsk National University of Railway
Transport named after Academician V. Lazaryan
(DNURT) is working to improve testing of locomo-
tive hydraulic transmissions under the conditions of
Diesel Locomotive Repair Plant [5, 8, 11, 12].

In [3, 4] the author considered the mutual load
system of traction electric machines with direct
and pulsating current, which allows to use them
while bench testing the hydraulic transmission with
electric drive and load.

Purpose

Improvement of the technology of plant post-
repairs hydraulic tests in order to reduce electricity
consumption while testing.

Methodology

There was proposed an energy efficiency
method for diesel locomotive hydraulic transmis-
sion testing in locomotive repair plant environ-
ment.

Base material. The plant uses a typical stand
for testing. It consists of the frame on which there
is installed the hydraulic transmission, DC electric
drive, DC generator for power take-off, remote
control. For generator loading the water rheostat is
used.

Block diagram of the stand is shown in Fig. 1.

| |
U, b, | |
A |
Electric ] = :
dri t raln
rive motor  [411) |
a | I
| \ \ |
| 7 7 |
L n M, m ML
| |
I b Load
| i irl:?-‘ generator 7,
.". [}
I i), A7 I

Load
rheostat
|

255

Fig. 1. Block diagram of the diesel
locomotive hydraulic transmission
run-in test stand

The stand input parameters are voltage U, and
n, excitation winding tension
of the drive motor. The hydraulic transmis-

armature current |
U

m_e
sion input parameters are the rotary speed n, and
the moment M, on the electric drive motor shaft
that corresponds to the rotary speed n, and the
moment M, of the impeller. The hydraulic trans-
mission output parameters are the rotary speed n
and the moment M,of the impeller that corre-
sponds to the rotary speed n, and the moment

Mg

a moment of resistance during hydraulic transmis-
sion testing the water load rheostat is used; the
power consumed by rheostat is defined as
Py=1U,.

The stand monitors the following parameters:
the rotary speed of the electric drive motor
n,, and the load generator ng;

of the load generator armature. To create
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the armature current |1, and voltage U,

and excitation winding U, . of the drive motor

and the load generator U .

oil temperature at the inlet and outlet of the
hydraulic transmission;

pressure in lubrication system;

pressure of the hydraulic transmission feed

pump.

Hydraulic transmission of type UGP 750-1 200
is designed for joint operation with diesel engine
which develops power from 550 ... 880 kW. It is
not possible to check hydraulic transmission opera-
tion in full load range at the existing stand, as the
drive motor rated power is 270 kW. Besides, the
moment characteristics of the motor do not match
with those of the hydraulic transmission that does
not allow using full engine capacity. That is why
the post-overall bench tests of the hydraulic trans-
mission are carried out in a limited range of loads.

To improve the hydraulic transmission test
stand there are the following options of moderniza-
tion [5, 11].

Replacing of the electric drive motor with die-
sel engine. Installation of diesel significantly com-
plicates the design and dimensions of the stand.
Besides, consideration must be given to the fact
that when placing the diesel stand within the work-
shop the noise and exhaust emissions, which occur
during the diesel engine operation, will adversely
affect the employees. Given the high cost of diesel
fuel and other disadvantages, this method is not
rational.

Installing the drive motor, which has diesel
relevant nominal capacity, will require more pow-
erful motor control system. Along with the cost of
the electric motor, this option would require sig-
nificant capital investments.

One option for modernization is to install the
additional electric motor on the stand for more
power to the hydraulic transmission input shaft
drive. This option has its advantages if the addi-
tional electric motor is powered by the stand load
generator.

In terms of energy savings spent on drive motor
power, the rational option (Fig. 2) is energy return-
ing from the generator to the electric drive motor.
To do this, the power converter is switched on in-
stead of the water rheostat in order to regulate the
output voltage of the generator according to the
operation mode of the drive motor.

M, w,

U=

Rectifier

~gyvol—l Hydraulic

1

(RN | P

-

Power
converter

LA =
s B

|

Fig. 2. Modernization option with installation
of additional power converter

Since the load generator power depends on the
test mode, it is necessary to use a complex system
of energy transformation that will provide the op-
portunity to supply power to additional motor.

Let’s consider in more detail the option of in-
stallation of additional electric motor for more
power on the hydraulic transmission input shaft.

Block diagram of the updated stand for testing
hydraulic transmission is shown in Fig. 3. The mo-
tor M and the generator G are electric machines
designed for loading hydraulic transmission. The
motor M is connected to the hydraulic transmis-
sion input shaft directly, and the generator G — to
the hydraulic transmission output shaft through
reduction gear with angular velocity transmission
ratio k, .

o —

MY
g i
-#ive Rectifier  —{\f 5 )
& a

M, w,

N 1 g

=

L=
gL

"
I Rectifier Hydrautic

|
=
L/
R
RNIPRS

Fig. 3. Modernization option with installation
of additional electric drive motor

Additional drive motor M, , designed to

cover all losses in the mutual load stand, is con-
nected to the hydraulic transmission input shaft
through reduction gear with angular velocity
transmission ratio k; .

The electrical circuit of the test stand is shown
in Figure 4. The armatures of the electric motor
M and the generator G are connected electri-
cally, forming a loop. The excitation winding of
the motor M and the generator G are powered by
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separate voltage sources, VS1 and VS2 respec-
tively.

The armatures of the additional drive motor
M ,,4 1s connected to the power source VS3, and
its excitation winding to the voltage source VS4 .

The rotary speed of hydraulic transmission in-
put shaft is regulated by changing the armature
voltage and excitation current of the additional
drive motor M ., (VS3, VS4).

!

vs1 'E‘m 0 E vs2

T Iy +
Lo — ]
M :

! fagd T
v A

s

+
vs3 Moo M,

add V54

Fig. 4. Electric circuit of a stand

Adjusting the hydraulic transmission load mo-
ment is performed by changing the current 7 in
the circuit of the motor M and the generator G .

Voltage stabilization at the armature M,y Sta-

bilizes the angular velocity w,, of hydraulic trans-

mission input shaft. We assume that one of the
conditions of hydraulic transmission testing is as
follows

®;, = Const. (1)

The second condition, ensuring relative stabil-
ity of the hydraulic transmission load moment, is
armature current consistency M and G

I =const. 2

Voltage balance [4] in the main electrical cir-
cuit (M —G) has the form

E,-E,=1-DR, (3)
where Eg, E,, — emf of generator and engine, re-

spectively; ZR — total ohmic resistance of the
main electric circuit.

E,=c D, -0y @)

E,=c D, o, 5)

where ¢ — constant component, depending on the
design of the same type of electric motor M and
generator G; @ , @, — magnetic flows of genera-

tor and motor, respectively; Oy, O — angular ve-
locity of generator and motor, respectively.

Angular velocity o, o, are related in the form

Wy = khtr ’ KZ * O, (6)

where k., and k, — angular velocity transfer ra-

tios of hydraulic transmission and reduction gear,
respectively.

For normal mutual load of identical electric
machines M and G it is preferably to ensure the
following conditions

o )

khtr = k
htr av

where K o
ratio Ky, .

Balance of mechanical moments can be repre-
sented as

— average value of adjustable transfer

1
Mm+k_'Madd:Mg'khtr'k2+AMhtr! (8)
1

where M My - shaft moment of motor and

m?
generator; AM,, - hydraulic transmission mo-
ment losses, before the input shaft.

Shaft moment of the additional motor is re-

quired to compensate for all the losses in the test
stand

Madd :kl[Mg 'khtr 'k2 +AMhtr _M;[}' (9)

My=c @y -1+AM; (10)

g

M, =c-®@, -I-AM,, (11)

where AM, and AM, — moment losses caused by

no-load losses in generator and motor, respec-
tively.
Then the expression for M, takes the form

M,y =kl[c-1(cz>g e Ky =Dy )+

+ AM e + AM g Ky -k +AM, | (12)
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Current in the main circuit
I_CD%-MW«2—¢m}%
>R

Adjustment of the current and therefore the
load moment of the tested hydraulic transmission
can be performed by changing the magnetic flows
of motor M and generator G . For a given value
of current and angular velocity ratio the magnetic
flow ratio is as follows

(13)

D 'khtr 'kZ_CD

g (14)

m

I->°R
Cco,
Then the expression for M, takes the form:

3R
M4 =k —Z+AMhtr +

®p,

+AM Ky Ky +AM,, | (15)

Multiplying both parts of this expression by
o, /K, , we get the power balance equation in the

form
P ZZAPe+APhtr+

+APnIg'khtr'k2+AP

nlm?

(16)

where P, ,, — power of additional motor; ZAPe -

total electrical losses in motor and generator; AP,
— power losses in hydraulic transmission; APn,g,
AP, ., — no-load losses in generator and motor,

respectively.
Thus, an additional motor M, cover all the
losses in the test stand.

The power losses in the hydraulic transmission
APhtr :AMhtr " Wjn :Min O, (1_nhtr)1 (17)

where M;, and ®,, —moment and angular veloc-
ity at the hydraulic transmission input; n,, — hy-
draulic transmission efficiency.

1
Min :Mm +k_Madd'

1

(18)

Findings

Based on the conducted analysis the necessity
of improving the plant stand testing of hydraulic
transmission was proved. The variants of the stand
modernization were examined. The test stand
modernization analysis was conducted.

Originality and practical value

The possibility of using electric power load
generator to power the stand electric drive motor
was theoretically substantiated. A variant of hy-
draulic transmission test stand based on the mutual
load method was proposed.

Conclusions

The connection circuit of the testing station
electrical machinery was theoretically justified and
practically refined, the test procedure was im-
proved that enables full-range testing of hydraulic
transmission with minimal losses of electrical
power and existing restrictions thereof.
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INIABUINEHHA EHEPTOE®EKTUBHOCTI BUITPOBYBAHb
I'IAPABJITYHUX HHEPEJAY TEIIJIOBO3IB B YMOBAX
JIJOKOMOTHUBOPEMOHTHOTI'O 3ABOAY

MeTa. B ckiaJHUX €KOHOMIYHHMX YMOBaX CKOPOYCHHS BHTpAT €JIEKTPOSHEPTii, 0 CHOKMBAETHCS HA MOTPEOH
BUPOOHULTBA, € aKTyaJbHHM 3aBIAHHSAM UL TNPOMHUCIOBHX MIANPUEMCTB KpaiHU. TEXHIYHNMH YMOBaMH
MIIPUEMCTBAM, 1[0 PEMOHTYIOTH TiIpaBIivHi Iepeadi TeIIOBO31B, pEKOMEHAYETHCS MPOBEACHHS IEBHOTO 00CATY
OIIHOYHUX Ta PETYJIIOBAIGHUX BUIPOOYBaHb i3 METOI0 KOHTPONIO iX MICISIPEMOHTHOTO cTaHy. SIK Tokasye
MpaKTHKa, 3HAYHA YacTWHA Je(eKTiB TiApaBIiYHUX Tepenad BUSABISETHCS IiJ Yac CTEHAOBUX BUIpoOyBaHb. [0
repeBar CTEHIIOBUX BHUIPOOYBaHb MOXKHA TaKOX BiJHECTH: MOXIIUBICTh BHSIBICHHS MiCISPEMOHTHHX Ie(EKTiB,
3pY4HICTh 00CITyroByBaHHS TiIpaBIivuHOI Nepeiayi Ta BiJHOCHO HEBEJIMKA TPYAOMICTKICTh ycyHeHHs AedekTiB. Bin
SKOCTI TPOBEAEHHS LUX BHUIPOOYBaHb 3AlIKUTh pecypc mnepenadi Ta ii koediuieHT kopucHoi nii. Pobora
CHpsIMOBaHa Ha YJOCKOHAJICHHS TEXHOJIOTii 3aBOJICBKMX MHICISIPEMOHTHHX BHIIPOOyBaHb Tifporepenad i3 MeToro
3MEHILCHHS BUTPAT €JICKTPUYHOI €Hepril, 10 CII0KMBAEThCS Ha IIPOBEICHHS BUIIpoOyBans. MeToauka. [IposeneHo
aHalli3 MOJJIMBUX BapiaHTIB yOOCKOHAJICHHA CTCHAY BHIPOOYBaHb TiNPaBIiYHUAX Iepefad. 3alporiOHOBaHA
METOAMKA TIiJBUIICHHS €HEProe()eKTUBHOCTI BUNPOOYBaHp TiApPABIIYHUX TMepefad TEIUIOBO3iB B yMOBaxX
JOKOMOTHBOPEMOHTHOrO  3aBofy. lLle JocAraerbcs IUIIXOM BCTAQHOBICHHA  JOAATKOBOTO  IPHBIAHOTO
SNIEKTPOJBUI'YHA, SKUH OTPHMYE J>XHMBICHHS BiJ HaBaHTaXyBaJbHOro reHeparopa. PesyabraTtH. Ha mincrasi
MPOBEACHOTO aHali3y OOIPYHTOBAaHO HEOOXiAHICTh YIOCKOHAJIEHHA 3aBOACHKHX CTCHIOBHX BHIIPOOOBYBaHb
rizpaBmiyHuX Tepenad. Po3risHYTO BapiaHTH MOJEpHi3amii creHay. [IpoBeneHO aHami3  MoOJEpHi3amii
BUIIPOOYBaJIbHOTO cTeHAy. HaykoBa HOBM3HA. ABTOpaMH TEOPETHYHO OOIPYHTOBaHA MOXKJIHMBICTH BUKOPHCTaHHS
CJIEKTPUYHOI €Heprii HaBaHTa)KyBaJIBLHOTO T€HEepaTopa Ui >KUBJICHHS IPHBOAHOTO EJNEKTPOABHUIYHA CTEHAY abo
JOMATKOBOTO TPHUBIAHOTO  eJIEKTpoaBHryHa. I[IpakTHuna 3HauMMicTb. 3a pe3yinbTaTaMH  JOCIHIIKEHb
3allPOMOHOBAHO BapiaHT KOHCTPYKIIi CTEHAYy BHIIPOOYBaHb TiIpaBIiYHOI Tepenadi, SKAH 0a3yeThCs HAa METOMI
B32€EMHOI'0 HABAaHTXKCHHS. BHKOPHCTaHHS IIHOTO METOY MiIBHUIIYE Aialla30H HABAaHTaXXCHb TipaBIivyHOl mepenayi,
a CIIOKMBAHHS EJEKTPUYHOI CHeprii CTEHIOM 3aluIIaeThCs 6e3 3MiH. JlomaTKOBHH NMPHBOAHUN EIEKTPOIBUTYH
CIPUATHME MiABUINEHHIO YacTOTH OOEpTaHHA BXIJHOI'O Baly, II0, B CBOIO Yepry, MO3BOJIUTH MPOBOJHUTH
BUIIPOOYBaHHS B YMOBaX, OUTBII HAOIIKEHHUX JI0 peaIbHUX BHACTIIOK 301IBIICHAS HABAaHTAKEHHS HA T1IpaBIivHy
nepenady. 30UIbIICHHS] HABAHTAXXCHHS Ha TipaBIIivYHy Mepeaady CIpHUsTHME BUSBICHHIO MOXJIMBUX JeeKTiB, 110,
B CBOIO Yepry, MiJIBUIIUTH SKICTh PEMOHTY Iepeaui.

Kniouosi cnosa: rimpaBniuHa nepenada, BHIIPOOYBaHHS Tigporepenad; BUIPOOYBaTbHUNA CTEH; MPUBOTHHHA
JIBUTYH; HaBaHTa)XyBaJIbHUI IreHepaTop; 10JaTKOBHI IBUTYH
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MOBBIIIEHUE YSHEPT O ®®EKTUBHOCTH UCHIBITAHUN
I'MAPABJIMYECKHUX INIEPEJIAY TEIIJIOBO30B B YCJIOBUAX
JIJOKOMOTHUBOPEMOHTHOI'O 3ABOJIA

Lenas. B CIIOXKHBIX 3KOHOMHYECKHX YCIOBHSAX COKpALICHHE PAacXOJOB OJJICKTPOIHEPrHH, MOTpebiisieMoll Ha
HY>XKIbI IPOM3BOJICTBA, SBJISCTCS aKTyalbHOH 3aJadeil I MPOMBIIUICHHBIX MPEANPUATHIA cTpaHbl. TeXHHYeCKUMH
YCIOBHSAMH TPEINPUATHSAM, KOTOpPHIE PEMOHTHPYIOT THIPABIMYECKHE NepeAavyd TeIIOBO30B, PEKOMEHIYETCS
NPOBEJICHUE OIPENCICHHOr0 00beMa OLCHOYHBIX M PETYIUPYIOINX HCIBITAHUH C MEJIbl0 KOHTPOIS WX
HOCIIEPEMOHTHOTO CcOCTOSIHMA. Kak IOKa3bIBaeT NpPAaKTHKa, 3HAYUTENbHAs 4YacTb Ne(EeKTOB THAPABIMYECKHX
nepenay BBIABISCTCS IPH CTEHAOBBIX HMCIbITaHUAX. K mpenMyniecTBaM CTEHIOBBIX HCHBITAaHWI MOXKHO OTHECTH:
BO3MOXKHOCTh OOHApy)KEHHUSI MOCIEPEMOHTHBIX Ie(EeKTOB, YI00CTBO OOCIY)KMBaHMS T'MIPABINYECKON mNepenadn
W OTHOCHUTENILHO HEOOJIbIAs TPYA0EMKOCTh ycTpaHeHHs jaedekToB. OT KayecTBa MPOBEIEHMS ATUX HUCIBITAaHUH
3aBUCUT pecypc Inepenaud U ee kodduuueHT monesHoro aeiictBus. llenp paboTel — yCOBEpIIEHCTBOBaHUE
TEXHOJOTHUHM 3aBOJICKMX IIOCJIEPEMOHTHBIX HCIIBITAHWUI THIpONEpesady ¢ IeNbl0  yMEHBLICHUs pacxoja
JJIEKTPUYECKON 3HEPruH, MoTpedsieMoi Ha mpoBeieHHe ucnblTannii. Metonuka. [IpoBeeH aHamM3 BO3ZMOMKHBIX
BapHaHTOB YCOBEPLICHCTBOBAHUS CTCHAA WCIBITAHUM TuapaBiIudeckux nepenad. [IpeanoxkeHa MeTonuka
NOBBIILICHUST  DHEProd((GEKTHBHOCTH HUCIBITAHMH THAPABIMYECKHX Mepeldad  TEIUIOBO30B B YCIOBHAX
JIOKOMOTHBOPEMOHTHOIO ~ 3aBOJa. OTO JOCTHUTAeTCsl IYTEM YCTAHOBKH JOMOJHHUTENIBHOTO  MPUBOAHOIO
3NEKTPOJBHUIATEN, KOTOPHIH IIOJNy4aeT IHUTaHWE OT Harpy3oyHoro resepartopa. Pe3yiabsraTtsl. Ha ocHoBanum
NPOBEICHHOTO aHallM3a 00O0CHOBaHa HEOOXOIMMOCTh COBEPILCHCTBOBAHMS 3aBOJCKUX CTCHAOBBIX HCIBITAHUI
THAPABINYECKUX Iepenad. PaccMOTpeHBl BapHaHTHI MOJEPHHU3AaLMM CTeHIa. [IpoBeneH aHanmnM3 MOJIEpHU3ALUH
ucnblTaTenbHoro crenaa. Hayunas HoBu3Ha. ABTOpaMu TEOPETUYECKH 0OOCHOBaHA BO3MOXHOCTh MCIIOJIb30BaHUS
AIIEKTPUUYECKOM SHEPruM HaArpy304HOro TeHeparopa JUlsl IHUTaHWS MPHUBOJHOTO 3JIEKTPOJABUTATENsl CTEHIA WIIU
JIOTIOJTHUTEIBHOTO MPUBOIHOTO nekTpoasurarens. [lpakrnyeckas 3HaunMocthb. [1o pesynbraram uccienoBaHui
NPEATIOKEH BapHaHT KOHCTPYKIMM CTEHJA WCHBITAHMH THAPAaBIMYECKO Mepenadd, OCHOBAaHHBIM Ha MeEToJe
B3aMMHOW Harpy3ku. Mcroip30BaHKMe 3TOro METOAa MOBBIMIACT JHMANa3oH Harpy30K T'MIpaBIMYECKOl Iepenadu,
a ToTpeOiieHHe DIEKTPO’HEPIHMHM CTEHJOM oOcTaercst 0e3 M3MeHEeHWil. JlOMOJHHWTENBHBIM  NPHUBOIHOMN
UIEKTPOJBHUTraTeNlb OyJeT CII0COOCTBOBATH MOBBIICHUIO YAaCTOTHI BPAILICHHS BXOJHOTO Bajla, YTO B, CBOIO OYepenb,
NO3BOJIUT TPOBOAWTH HCIIBITAHUS B YCIOBHUSX, Ooiee NPHOIMKEHHBIX K PEabHBIM BCICICTBHE YBEIUYCHUS
HAarpy3kd Ha THIPABIMYECKYIO Iepernady. YBEJIMYCHHE HArpy3KH Ha THIPABIMYECKYIO Iepeaady Oyner
CIIOCOOCTBOBATH BBISBIICHHIO BO3MOXHBIX A€(EKTOB, YTO, B CBOIO OYEPEb, IOBBICHT KA4EeCTBO PEMOHTA IIePeiayu.

Knrwouesvle crnosa: ruapaBindeckas Iepeiaya; UCIBITAHUS TUAPOIepeay; UCTIBITATENbHBIN CTeH; PUBOIHON
JBHTaTEN b, HATPY304HBIA IT'eHEPaTOp; JOTIOJHUTENBHbINA IBUraTelb
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COMPLEX SIMULATION MODEL OF TRAIN BREAKING-UP
PROCESS AT THE HUMPS

Purpose. One of the priorities of station sorting complex functioning improvement is the breaking-up process
energy consumptions reduction, namely: fuel consumption for train pushing and electric energy consumption for cut
braking. In this regard, an effective solution of the problem of energy consumption reduction at breaking-up subsys-
tem requires a comprehensive handling of train pushing and cut rolling down processes. At the same time, the analy-
sis showed that the current task of pushing process improvement and cut rolling down effectiveness increase are
solved separately. To solve this problem it is necessary to develop the complex simulation model of train breaking-
up process at humps. Methodology. Pushing process simulation was done based on adapted under the shunting con-
ditions traction calculations. In addition, the features of shunting locomotives work at the humps were taken into
account. In order to realize the current pushing mode the special algorithm of hump locomotive controlling, which
along with the safety shunting operation requirements takes into account behavioral factors associated with engineer
control actions was applied. This algorithm provides train smooth acceleration and further movement with speed,
which is close to the set speed. Hump locomotive fuel consumptions were determined based on the amount of me-
chanical work performed by locomotive traction. Findings. The simulation model of train pushing process was de-
veloped and combined with existing cut rolling down model. Cut initial velocity is determined during simulation
process. The obtained initial velocity is used for further cut rolling process modeling. In addition, the modeling re-
sulted in sufficiently accurate determination of the fuel rates consumed for train breaking-up. Originality. The
simulation model of train breaking-up process at the humps, which in contrast to the existing models allows repro-
ducing complexly all the elements of this process in detail and evaluate accurately its quality, was improved by the
author. Practical value. The developed model can help to determine a rational processing mode of sorting complex.
For this purpose, it is appropriate to include the model into the decision support system of dispatching station staff.

Keywords: train pushing and breaking-up process; hump; hump locomotive; fuel consumption

while the movement of some cuts is modelled be-

Introduction fore their uncoupling at the hump apex (HA) with-

In modern conditions one of the priorities of
station sorting complex functioning improvement
is the breaking-up process energy consumptions
reduction.

Energy costs, which take place during the train
breaking-up at humps, consist of fuel consumption
for train pushing and electric energy consumption
for cut braking. In this regard, an effective solution
of the problem of energy consumption reduction at
breaking-up subsystem requires a comprehensive
handling of train pushing and cut rolling down pro-
cesses. At the same time, the analysis [6] showed
that the current task of pushing process improve-
ment and cut rolling down effectiveness increase
are solved separately.

Thus, the existing pushing models [13, 17] only
simulate the process of shunting train movement;

out their further rolling. As a result, these models
do not allow assessing the impact of the selected
breaking-up mode of a train on the conditions of
interval and target braking of its cuts. In addition,
the existing pushing models are based on traction
calculations for train operation [16], which do not
include features of shunting at the humps and do
not allow with sufficient accuracy to determine the
pushing and  breaking-up  process  fuel
consumption.

At the same time, both when optimizing the cut
braking modes with the help of the method [4, 14,
19], and when imitating their rolling down with the
help of the models [9, 21, 22] we take the constant
breaking-up velocity v,, the value of which is the

same for each cut. This approach does not corre-
spond to the real conditions of train humping and
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does not allow determining with sufficient accu-
racy the rational cut braking mode and calculating
the sorting process quality coefficients.

Purpose

The purpose of this work is to develop a com-
plex simulation model of train breaking-up process
at humps that will allow elaboration of the method
for resource saving controlling of train pushing and
breaking-up, aimed at high quality of sorting proc-
ess with minimum energy consumption for its im-
plementation

Methodology

To achieve the set purpose, the train humping
model was developed and combined with the exist-
ing cut rolling model [4], resulting in the complex
simulation model of train breaking-up process.

In the developed model the train pushed to the
hump is assumed as a set of cuts with certain pa-
rameters (number of cars, their type, length, mass
and basic specific movement resistance) and as
non-extendible flexible rod with uniform longwise
weight. This train model allows the best considera-
tion of its movement conditions when transferring
from one profile element to another and after fur-
ther cut breaking-up.

To solve the problem of pushing and breaking-
up modelling it is sufficient to consider the con-
trolled forward movement of a shunting train, so
during its simulation process it is necessary to take
into account only external forces that coincide with
the movement direction or are opposite to it. Ac-
cordingly, the following forces were taken into
account: F, — tangent locomotive power; W, —

train motion resistance force; B, - locomotive
braking force. In the shunting train motion equa-
tion the relevant specific forces are considered f,,
w,, b,; the total force f, depends on the hump
locomotive operation mode and equals f, =f, tw,
in traction mode, f,=xw, —in rundown mode and
fy =tw, —b, —inidling mode.

The work [3] developed the method of calculat-
ing the forces acting on the shunting train during

pushing and breaking-up. Thus, the tangent loco-
motive power f, in the model is determined by

partial (intermediate) traction characteristics that

can be realized in terms of grip, and then by the

following intermediate characteristics until reach-

ing the automatic (external) characteristics [12].
Specific movement resistance force w, is de-

termined as

) "
W, =W, + W +Wew+Wsc+Wg + W

M)

where w; — locomotive basic specific motion re-
sistance; w; — car basic specific motion resistance;
w,, — additional specific resistance due to envi-

ew

ronment and wind; w,, — additional specific resis-
tance due to switches and curves; A —additional

specific resistance due to track gradient; w, — ad-
ditional specific resistance due to starting.

The locomotive basic specific motion resis-
tance w; and additional specific resistance due to
starting w,, are determined by method [16]. The
car basic specific motion resistance w’ is calcu-
lated as a weighted average of the cut basic spe-
cific motion resistance and is adjusted after further
cut breaking-up; herewith the value w; for each
car is included in the train model structure. Addi-
tional motion resistance values due to environment
and windw,, , points and curves w,. are calcu-

ew !’

lated by the method [15].
Additional specific resistance due to track gra-
dient w; is taken numerically equal to the average

gradient i, where the shunting train is located;
while for pushing simulation in the longitudinal
profile model the gradient value i on the rise is
positive (i>0) and on the descent — negative
(i<0). Average gradient i, where there is a train,
when its first axis is at the point S;, is determined

by the difference in marks of the first h(S;) and
the last h(S; —1,) train axles:

h(S;)—~h(S; -1)
It

i(S;)= , ()

where |, —shunting train length, m.
Due to the fact that in the breaking-up process
at hump the train automatic brakes do not as a rule

actuate its velocity is reduced only by shunting
locomotive braking force, the specific value of

doi: 10.15802/stp2015/57003

26

© E. B. Demchenko, 2015



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

Hayxa ta nporpec Tpancnopty. Bicauk /{HinponeTpoBchKkoro

HAI[IOHATBHOTO YHIBEPCHTETY 3alli3HUYHOTO Tpancmopty, 2015, Ne 6 (60)

EKCIUTYATAIIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

which b, is calculated by the following formula
[16]:

b, =1000 64y , ®)

where 6, — design braking factor; ¢4 — brake pad

friction design factor.
The values 6, and ¢, are determined by the

method [7] based on the number of locomotive
axles and in case of brake actuation in the train —
on the number of car axles, where the automatic
brakes are actuated, as well. It should be noted that
the braking force b, from the brake position valve
switch moment gradually increases to its maximum
value. In addition, the shunting train braking mod-
elling should take into account the time required
for the driver’s reaction. In this regard, the design
braking factor 6, in (3) is considered as the brak-
ing duration function t,,, the value of which is ac-
cepted in accordance with [7].

The peculiarity of the train breaking-up process
modelling is the change of its settings at cut uncou-
pling. In this regard, during the train movement simu-
lation one must control the possible next cut uncou-
pling at every step At . After recording the cut uncou-
pling the model performs the appropriate train length
and weight reduction; herewith it changes the coordi-
nate of its first axis S; and re-calculates the basic spe-

cific resistance w; . This, in turn, causes corresponding
changes in the hump locomotive operation mode
aimed at maintaining the set breaking-up velocity v, .

Train motion in the model is described by second
order differential equation S"=f(t,S,S") in which
the independent variable is the time t:

2
o 45 _ g

W 1iy f,107°, 4

where g/1+y — accelerated gravity force with

consideration of rotating mass inertia.

The motion equation (4) allows performing
joint modelling of train breaking-up and cut rolling
down processes.

It is known that equation (4) has a unique solu-
tion if his right part f(S,V) is continuous and dif-

ferentiated. However, the nature of force change
f, in this equation does not always meet the

specified condition. Thus, in moments of controller
position switching the tangent power f, can

change stepwise. The braking power b, during

train deceleration also changes unevenly. The mo-
tion resistance in curves is a step function, the dis-
continuities of which occur at curved track section
enter and exit points by shunting train. In addition,
at the time of the next cut uncoupling at HA the
train parameters are changed. Therefore, the model
assumed that within the integration step At the
shunting train motion mode remains constant; to
this end there is chosen sufficiently small step At
(At=1sec).Controller position is not changed

within the traction mode At; while at the end of
the step the train velocity is analysed and if neces-
sary the locomotive operation mode is adjusted and
the simulation is repeated.

Similarly, the braking force b, at each step At

is taken constant and if the train velocity at the end
of the step became below the mark, then, depend-
ing on motion conditions, the transition to traction
or idling mode is performed.

Besides, within the integration step At both
ends of shunting train must not go beyond the be-
ginning or the end of the curve. If at some step this
condition is not met, then this step is divided into
separate parts with a certain length AS,, AS,,...,

AS, Herewith, at the modelling steps 1...(n-1)

the train is moved using the first-order differential
equation V'= f(S,V) with independent variable
S:
vi=®_ 9 By (5)
s 1+y V
At the last step n the train motion is simulated
with the help of equation (4) by the time
At'=At—At* that remained till the end of the ini-
tial step. The same algorithm is used for train mo-
tion simulation when the next cut is broken-up
from it at HA.
To ensure the continuity of functions i(S)and
f, (V) the model uses the method of spline ap-
proximation of track longitudinal profile [5] and
locomotive traction characteristics. Integration of

differential motion equations (4) and (5) are per-
formed by the Runge-Kutta fourth-order method

[1].
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When modelling, the train to undergo breaking-
up is considered as controlled system that operates
in terms of internal and external factors, as well as
control impacts [2]. Controlled movement of the
train is determined by the hump locomotive opera-
tion mode. Herewith the major controllable pa-
rameters are tangent power F, and braking force
B, of the shunting locomotive, depending on the
actuated controller position n, and the auxiliary
brake valve position.

The simulation must provide such a hump lo-
comotive control that allow the train velocity at the
pushing completion time t,. to be equal to the

specified breaking-up velocity v,, and the subse-
guent phase trajectory V(t) to meet for all

t,. <t<t, corresponded to the set breaking-up

mode, where t, is the traction motion end point.
The initial time t, is assumed to be O; the final
time t; is assumed as the last cut off-locomotive
uncoupling time.

The work [3] developed the algorithm of hump
locomotive controlling, which along with the safe-
ty shunting operation requirements takes into ac-
count behavioural factors associated with engineer
control actions. This algorithm provides train
smooth acceleration and further movement with
speed, which is close to the set breaking-up veloc-
ity v,. Herewith the actual velocity v, at every
step At may deviate from the specified velocity
Vo by the realization  error  value
S . v, =[v,—8;v,+3].

The shunting train simulation results in deter-
mination of fuel consumption G by shunting lo-
comotive during pushing and breaking-up proc-
esses. According to the research [8] the fuel con-
sumption G for train breaking-up at humps should
be determined based on the amount of mechanical
work performed by locomotive traction R, :

n
G=> KR, (6)
j=1
where kj — transition coefficient.
Mechanical traction work R_., t-km is deter-

mj !

mined as [11]:

R, =F; AS

mj tj (7)

j ]
where AS; — train motion in step, km.

The transition coefficient kj is a co-relation,

expressed in kilograms of fuel consumed to per-
form 1 t-km of mechanical work by locomotive,
and is determined as [10]:

-0,00002v > —0,0021v. + 0,969 — for TEM2,
k= i i (8)

0,00002vj2 —0,0030v; +0,920 - for Ch ME3.

Thus, at each simulation step j the tangent
power F; and average velocity v; are determined.

Then, using these values and the expressions (7)
and (8) there are calculated, respectively, the per-
formed mechanical work R ;and transition coeffi-

cient kj , based on which the fuel consumption G
is determined by formula (6).

Findings

The developed train breaking-up model based
on the shunting-adapted traction calculations al-
lows the detailed simulation of hump locomotive
operation mode and train motion process. This
makes it possible to determine the initial velocity
of each cut at its off-train uncoupling time at HA.
The obtained initial velocity is used for further cut
rolling process modeling. In addition, the modeling
resulted in sufficiently accurate determination of
the hump locomotive fuel consumption rates G,
the value of which is necessary to determine the
rational train breaking-up mode.

The developed model allows simulating various
train breaking-up modes. For example, Fig. 1
shows the results of simulation of 3869 ton train
breaking-up and pushing by TEM2 hump locomo-
tive. Herewith the mode implied the train accelera-
tion up to the set breaking-up velocity v, =

1.7 m/s, with the following breaking-up at a con-
stant speed. As shown in Fig. 1, a, the locomotive
control algorithm [3] provides smooth acceleration
of the train and its further movement with the ve-
locity v,, close to set breaking-up velocity v, (v,

€ [1.52; 1.74]). It should be noted that at the final
stage of breaking-up (Fig. 1, a, section B-C) when
the train length does not exceed 10 cars, its motion
mode changes abruptly. These changes are caused
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by train weight reduction at the end of the break-
ing-up process, resulting in inflated intensity of
acceleration even at the first controller positions.

In order to verify the model adequacy the ex-
perimental studies of sorting process at the
Nizhnedneprovsk station even system were per-
formed. Herewith for each breaking-up train the
following items were recorded: cut parameters; the

duration of pushing and breaking-up operations
and the dynamics of engineer controller switch
during their performance; cut uncoupling time at
the HA; hump locomotive fuel consumption (using
«BIS-R» system). In addition, the data were ob-
tained on the design of plan and longitudinal pro-
file of receiving yard tracks and the hump of the
station even system.

(F) 1o,
mis| A4 B C
15 .vf\
’ 18— Interchange 4 1s—— Section B-C'
12 4 -
17 17
08 44— 18 Wv \/\ -
15 15
04 4—— —
14 14
a0 8256 830 836 a40 2446 850 2100 2120 21490 2160 2180
D T T T T T T
800 1000 1200 1400 1600 1800 2000 Sim
6) SJ)m V, mis i Fe Mode R, tkm Rr, tkm Rb, tkm E/G
804.0 0.0000 0.0 A5l 0.00000 0.00000 0.00000 0.00000
504.0 0.0000 1.0 e 0.00000 0.00000 0.00000 000333
504.0 0.0000 2.0 P1  0.00000 0.00000 0.00000 0.00667
804.0 0.0000 3.0 P1  0.00000 0.00000 0.00000 0.01000
804.0 0.0053 4.0 Pz 0.00003 0.00001 0.00000 0.01317
804.0 0.0108 5.0 Pz 0 .00011 0.00004 0.00000 0.01633
1407.33 1.&5970 2760 IP3 538102 2.40666 0.00000 1.113804
Train on cut breaking Pl: s3=1392.71 L=789.38 Qg=3827.00 os=224
1394. 40 1.692¢6 37 Tl TP3 5.40268 2.41345 0.00000 1.12111
1405.70 1.5448 §32.0 1 9.2991%2 4.04806 0.00000 2.538332

Train on cut breaking

35:33=1351.78 L=16.45 Q=0.00 os=0

Fig. 1. The breaking-up and pushing process simulation results:
a — train speed diagram; b — simulation report

The above data combined with the developed
model allowed simulation of 17 real train break-
ing-up processes.

In accordance with the existing methods of sta-
tistical analysis [18], the adequacy of the devel-
oped train breaking-up model is proved by homo-
geneity of sampled data derived from experimental
studies and simulation.

The experimental research and simulation re-
sulted in two fuel consumption random variable
samples; wherein the above samples are depend-
ent. To test the hypothesis of homogeneity of these
samples Wilcoxon T -criterion [20] was used.

Checking by the specified criterion is per-
formed as follows. It is assumed that R(Z;) is the

rank |Z;| in the range from the smallest to the larg-

est values of differences|Z,|, |Z,|, ..., |Z,|, where

the value |Z;| is the difference of experimental

research data x; and simulation y; (Z;=x; —V;).
We define the counter variables Q(Z;) as:

1, where Z; >0,
0, where Z; <0.

Q<zi>={ ©
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Statistics of T -criterion is as follows:

T*:ZR(ZJ.)Q(ZJ.). (10)
i=1
When fulfilling the null hypothesis the statistics
of n observations
T+ n(n+1)
TH = 4 (11)

/n(n +1)(2n+1)
24

has asymptotic standard normal distribution with
expectation 0 and variance 1. Thus, the decision
rule at the 5% significance level is as follows: if

|T*"<1,96, then the dependent samples homoge-

neity hypothesis by Wilcoxon criterion is accepted,
otherwise — is rejected.
According to the check the T -criterion statis-

tics made: T"=67; T"" =-0,46. Thus, the con-
ducted statistical analysis of experimental results

and simulation demonstrates the adequacy of the
designed model train breaking-up process at hump.

Originality and practical value

The simulation model of train breaking-up pro-
cess at the humps, which in contrast to the existing
models allows reproducing complexly all the ele-
ments of this process in detail and evaluate accu-
rately its quality, was improved.

The developed simulation model can be used as
a decision support system to identify effective op-
eration modes of sorting complexes.

Conclusions

1. The fact was established that the initial ve-
locity of each cut at its off-train uncoupling time at
the hump apex is a random variable whose value is
different from the set breaking-up velocity v,. At

the same time the cut initial velocity value signifi-
cantly affects the regulating conditions of their ve-
locity during rolling down from the hump. There-
fore, the breaking-up modelling should consider
the train pushing and cut rolling operations as in-
terrelated processes that need joint simulation.

2. Detailed modelling of the shunting train
movement and the hump locomotive operation
mode is possible by performing traction calcula-

tions; while the existing method of traction calcu-
lations needs adapting to the shunting work condi-
tions.

3. Hump locomotive fuel consumptions for
train breaking-up should be determined based on
the amount of mechanical work performed by lo-
comotive traction. This approach in contrast to ex-
isting methods allows determination of impact of
breaking-up velocity, as well as of hump and train
design parameters, on the amount of fuel consump-
tion.

4. To ensure the specified humping mode the
model uses the hump locomotive control algorithm
that provides smooth train acceleration and its fur-
ther motion at the velocity close to the set one. At
the final breaking-up stage when the train length
does not exceed 10 cars, the train motion velocity
fluctuations are increasing sufficiently. These fluc-
tuations are caused by train weight reduction at the
end of the breaking-up process, resulting in in-
flated intensity of acceleration even at the first con-
troller positions

5. The statistical analysis of experimental
studies and simulation results, using Wilcoxon
T -criterion, proved adequacy of the developed
model of train breaking-up at the hump.

6. The developed train breaking-up model al-
lows a comprehensive assessment of the sorting
process quality that is needed to determine a ra-
tional processing mode of sorting complex. For
this purpose, it is appropriate to include the model
into the decision support system of dispatching
station staff.
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KOMILTEKCHA IMITALIITHA MOJEJB TPOLECY
PO3®OPMYBAHHSI COCTABIB HA COPTYBAJILHUX I'IPKAX

Meta. OfHUM 13 NPIOPUTETHUX HANPSMKIB MiJIBUILEHHS €()eKTUBHOCTI (PyHKLIOHYBaHHS COPTYBAJIBHHX KOM-
TUIEKCIB CTaHLi € CKOPOYEHHSI EHEePreTHYHHUX BUTpAT Ha po3(OpMyBaHHs COCTaBiB, a caMe. BUTPAT MajMBa Ha X
HacyB Ta €JIEKTPOeHEeprii Ha TaJlbMyBaHHs BiquemniB. Y 3B’s3Ky 3 IIMM e(EeKTUBHE BHUPIILICHHS MTPOOIEMH 3HIKEHHS
€HEeproBUTpar y mijgcucreMi po3opMyBaHHS BUMAarae KOMIUIEKCHOTO PO3TJISAY HPOLECiB HaCYBY Ta PO3IYCKY coc-
taBiB. [IpoTe, sik Moka3aB aHasi3, y TENEPIlIHINA Yac 3aJa4i yJOCKOHAJICHHS NPOLIECY HAcyBY Ta ITiJBHIICHHS edek-
THUBHOCTI TIPOIECY PO3IIYCKY BUPIIIYIOTBCS OKpeMo. [ BupileHHs BKa3aHOi mpoOiieMu B poO0Ti HEOOXITHO Po3-
poOUTH KOMIUTIEKCHY iMiTaIliifHy MoJens po3dopMyBaHHS cocTaBiB. MeToguka. MoeIoBaHHS MIPOIeCy HACYBY Ta
PO3IYCKY COCTaBiB BUKOHYBAJIOCH Ha OCHOBI a/IalITOBAHUX J0 YMOB MaHEBPOBOi POOOTH TATOBHX PO3PaxyHKIB; MpH
IpOMY OyJIH BpaxoBaHi 0cOOIHMBOCTI poOOTH MaHEBPOBHUX TEIUIOBO3IB HAa COPTYBaNbHIM ripmi. [nsa peamizarmii 3aaa-
HOTO PEeKUMY HAacyBy OYJIO 3aCTOCOBAHO CICIiaJIbHUN alITOPUTM YTIPABIIHHS TiPKOBUM TEIJIOBO30M, SKHH, OKpIM
BUMOT i3 0e3MeYHOro BUKOHAHHS MaHEBPOBOi pOOOTH Ta eKCIUTyartallii JIOKOMOTHBIB, BpPaxoBye i OixeBiopaibHi
(axTopH, 10 MOB’sA3aHI 3 KEPYIOYUMH IissMU MariuHicta. JlaHuid anroputm 3abesrneuye MIaBHUA PO3TiH Ta Hoja-
JBIIMHA PyX COCTaBy 3 OJM3BKOIO 0 BCTAHOBJICHOT IIBHIKICTIO. BUTpaTH manuBa ripkoBHM TEIUIOBO30M BHU3HAya-
JIUCh HA OCHOBI BEJIMYUHHM BHKOHAHOI MEXaHIUYHOI POOOTH CHJIM TATH JOKOMOTHBA. PesynbTaTn. Po3pobieHo mo-
JIeNTb HACYBY COCTaBiB, SIKy 0YyJ10 00’€THAHO 3 iCHYIOUYOI MOJICIUTIO CKOYYBaHHS BiUeIiB. Y MPOIECi MOJCITIOBAHHS
BH3HAYAETHCS TOYATKOBA IIBHUJIKICTH BITYEMIB Y MOMEHT iX BipuBY Bix coctaBy. OTpHMaHa OYaTKOBA MIBUAKICTh
BiZ[YEIiB BUKOPUCTOBYETHCS JIUISI OJAIBIIOTO MOJICITIOBAHHS MPOLIECY iX CKOUyBaHHS. Y pe3ysbTaTi MOJEIIOBaHHS
3 JIOCTaTHBOKO TOYHICTIO BM3HAUYAKOThCS BHTPATH IalMBA TIPKOBUM JIOKOMOTHBOM Ha pO3()OpPMYBaHHS COCTaBiB.
HaykoBa HOBH3Ha. ABTOPOM yJIOCKOHAJIEHa iMiTaliiiHa MOJIelb IpoLecy po3(hOopMyBaHHs COCTABIB HA COPTYBaIb-
HUX TipKaxX, 10, Ha BiIMIiHY BiJl iCHyFOUHX, JIO3BOJISIE KOMIUIEKCHO BiATBOPIOBATH BCi €IEMEHTH IBOTO IMPOIECy Ta
JIETaTbHO W JOCTOBIPHO OIIHIOBATH HOTO SKiCTh. IIpaKkTH4YHA 3HAYMMICTh. 3a IOMOMOTOI0 po3podieHoi Mozaemi
MOJKJIMBO BU3HAUYATH PaliOHAIBHUNA PEKUM (YHKI[IOHYBaHHS COPTYBAJIBHOTO KOMIUIEKCY. 3 II€I0 METOIO BKa3aHy
MOJIEJIb IOLUUIBHO BKJIFOYHUTH JI0 CKJIAJy CUCTEMH IIATPUMKH NPUHHATTS PillleHb JUCIEeTYSPCHKOro NepCcoHally CTa-
HITiT.

Knrouosi crosa: HacyB Ta pO3IYCK COCTaBiB; COPTyBajbHA IipKa; TiPKOBUI TEIUIOBO3; BUTPATH ITAJIUBA
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oi1. moura eugene_demchenko@mail.ru, ORCID 0000-0003-1411-6744

KOMIIVIEKCHASA UMUTALLMOHHAA MO/JEJIb TIPOLHECCA
PACO®OPMUPOBAHUA COCTABOB HA COPTUPOBOYHBIX I'OPKAX

Heabp. OmHUM M3 NPUOPHUTETHBIX HANpaBieHWH NOBbIMIeHHS 3(dekTHBHOCTH (YHKIMOHUPOBAHUS COP-
TUPOBOYHBIX KOMIIJIEKCOB CTaHIMH SIBJISETCS COKpAlLCHUE SHEPTeTHIECKUX 3aTpaT Ha pacopMHpOBaHHE COCTABOB,
a MMEHHO. pacxoja TOIUIMBA Ha MX HAJBUI M 3JCKTPOIHEPTMH HAa TOPMOXKEHHME OTIENoB. B cBs3um ¢ 3TuM
QQeKTUBHOE pelleHre NpOoOJIEMbl CHIDKCHHUS JHEpPro3arpaT B IHOACHUCTEME pacGopMHpOBaHHs TpeOyeT
KOMIUIEKCHOTO PAacCMOTPEHHUsI IMPOLECCOB HaABUTa M POCHycka cocTtaBoB. OJHAKO, Kak IIOKa3all aHAIN3,
B HacTosliee BpeMs 3aJayd COBEPIICHCTBOBAHHWS NpOIlecca HAJBHIAa W MOBBILCHUS 3(QGEKTHBHOCTH Hpolecca
pociycka pemaroTcsl pasfaenbHo. g pemieHMs ykazaHHOW mpobiemsl B pabore HeoOXoamMo pa3paboTaTh
KOMIUIEKCHYI0 MMHUTAI[MOHHYIO MOJENs pacGopMHpoBaHMs cocTaBoB. MeToamka. MozenupoBaHue mnporecca
HaJBUIa M POCIIYCKa COCTABOB BBINOJHSJIOCH HAa OCHOBE aJallTUPOBAHHBIX K YCJIOBUSM MaHEBPOBOH pPabOTHI
TSATOBBIX PacyeToB; MPH ITOM OBLIM YYTEHbI OCOOCHHOCTH pabOThl MaHEBPOBBIX TEIJIOBO30B Ha COPTUPOBOYHOMN
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ropke. [lng peanusanuu 3aJaHHOTO pEeXHMMa HAABUTAa OBUI NPUMEHEH CHELUAIbHBIA aJTOPUTM YIIPaBICHUS
TOPOYHBIM TEIUIOBO30M, KOTOPBIM Hapsily ¢ TpeOOBaHMSMH O€30MacCHOCTH BBINOJHEHHS MaHEBPOBOW pPabOTHI
W OKCIUTyaTallid JIOKOMOTHBOB YYHTBHIBAET W OWXEBHOpAIbHBIE (DAKTOPBI, CBS3aHHBIE C YIPABISIOLIMMHI
JIEUCTBUAMH MalIMHUCTA. J[aHHBIA anropuTM oOecrieurBacT IJIaBHBIA Pa3roH M JAJIbHEHIIee IBMXKCHUE COCTaBa
¢ ONMM3KOH K yCTaHOBJICHHOW CKOpOCTBIO. PacXospl TOIUIMBA TOPOYHBIM TEIUIOBO30M OIpPEICISUTICH HAa OCHOBE
BEJIMYMHBI BBINOJHEHHOM MEXaHMYECKOH paboThl cuiibl TATH JIOKOMOTHBA. Pe3yabTaThl. Paszpaborana
MMHTAlMOHHAs MOJENb HAJBHIAa COCTABOB, KOTOpas Obula OOBEIMHEHA C CYIIECTBYIOIIEH MOJENBIO CKATHIBAHUS
oTLENOB. B mponecce MoaeaMpoOBaHus ONPEENAETCS HadalbHas CKOPOCTh OTLENOB B MOMEHT UX OTpBIBA OT CO-
craBa. ITomydeHHas HayallbHasi CKOPOCTh OTLIENOB MCHOJB3YETCS I JAIBHEHIIET0 MOAEIMPOBAHUS MPOLECCa UX
cKaThlBaHUA. B pesynbrare MOIEIMPOBAHMSA C JOCTATOYHOHM TOYHOCTBIO OIPENEISIOTCS PacXolbl TOILIMBA
TOPOYHBIM JIOKOMOTHBOM Ha pacopMHpoBaHHE cocTaBoB. HayyHas HOBH3HA. ABTOPOM YyCOBEPILCHCTBOBaHA
MMHTAIMOHHAs MOJIENb Ipoliecca pacOpMUPOBAHHS COCTAaBOB Ha COPTUPOBOYHBIX TOPKaX, KOTOpas B OTIMYHE OT
CYIIECTBYIOIIUX, IIO3BOJIACT KOMIUIEKCHO BOCIPOM3BOAMTH BCE JJIEMEHTHl 3TOr0 Ipolecca U MOJPOOHO
U JIOCTOBEpHO OIICHHMBaTh ero kadecTBo. IIpakThmueckasi 3HaumMocTb. C moMolIbio pa3paboTaHHON Moaenu
BO3MOXKHO OIPENEISTh PALMOHAIBHBIN PeXXUM (DyHKIMOHHPOBAHHS COPTHPOBOYHOrO Komiuiekca. C 3TOH LeNbio
YKa3aHHYIO MOJIEJb 11eJIeCO00pa3HO BKIIOYUThH B COCTAB CHCTEMBI MOJJICP)KKH NPUHSTHUS PEIICHUH TUCTIETYEPCKOTO
HIEPCOHaA CTaHIUU.
Kniouesvie cnosa: HaABUT U POCITyCK COCTaBOB; COPTUPOBOYHAS TOPKA; TOPOUHBINA TEIIOBO3; PACXO] TOILIHBA
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JOCIIJIKEHHS BJACTUBOCTEA CTPYMO3HIMAJIbHUX
EJIEMEHTIB TA iX BILIUBY HA E®EKTUBHICTb POBOTH
TPUBOCUCTEMMU «KOHTAKTHHMU ITPOBIJI - BYT'TVIbHA BCTABKA»

Meta. HaykoBa po0oTa mpHCBSYeHA AETAII30BAHOMY aHAJIi3y B3a€MO3B’S3KiB Yy TOUIll KOHTAKTy IapH TEPTS
KOHTAaKTHHH MPOBiJ — CTPYMO3HIMalIbHA BCTaBKa». B po6oTi HeoOXimHo: 1) MOCTiMUTH SKICTh BUTOTOBICHHS HATY-
PHHX 3pa3KiB CTPYMO3HIMAIBHUX CIIEMEHTIB Pi3HUX BHPOOHMKIB; 2) 3BY3WTHU Jialla30H TBEPHOCTi [UIS BYTiNbHHX
BCTaBOK; 3) pO3pOOHTH METOJMKY COPTYBAHHS BYTiTBHUX CTPYMO3HIMANIbHHX BCTABOK 3a CTPYKTYpPHHM Mapamer-
pom. Metoauka. [IpoBeseHa poboTta rpyHTyeTbCsl HA BUKOPHUCTAHHI MOJIOKEHb TEOpil HaMiHHOCTI TEXHIYHUX CHC-
TEM Ta eJeKTpOMeXaHIuyHMX rporeciB. PesyabTaTn. Y poboTi gociikeHi B3a€EMO3B’SI3KM B TOYII KOHTAaKTy Mapu
TepTs «KOHTAKTHHHI MPOBiJ — CTPyMO3HIMaJlbHa BCTABKa», BCTAHOBIJICHUI 3B”S130K MiXK TBEPIICTIO Ta IIUTOMUM eJle-
KTPUYHHM OMOPOM. 3alpONOHOBAHO 3BY3UTH Jiana3oH TBEPIOCTI BYTiIBHUX BCTaBOK. Po3pobieHa MeToanka cop-
TYBaHHS BYTUIPHUX CTPYMO3HIMAJIEHIX BCTABOK 33 TBEPIICTIO, @ B XO[i JOCIIPKEHb BCTAHOBJICHA HEBiAMOBIIHICT
CTPYMO3HIMQJIFHUX BCTaBOK ICHYIOUMM HOPMAaTHBHMM BHMOTaM. 3alpoIlOHOBAHO EKiMipyBaTH MOJO3H CTPYMOI-
puiiMadiB CTPyMO3HIMAJIFHIMH €JIEMEHTAMH 32 CIENiaJIbHOI0 CXEMOIO Ta PO3POOUTH CIEIiaTi30BaHN AOCIiTHHIIb-
KA KOMITJIEKC, Ha SIKOMYy MO)KHa Oy/e MPOBOIWTH AOCHIKEHHS B3a€MOJIi Mapu TEePTS «KOHTAaKTHHHA MpPOBIA —
CTpyMO3HiMallbHa BCTaBka». HaykoBa HOBH3HA. B X0l IpoOBeAEHOrO AOCIIKEHHS CTPYMO3HIMAIBHUX BCTaBOK
BCTAHOBJICHA Pi3Ka CTPYKTypHA HEOJAHOPIIHICTh MaTepiaiy Ta KOJHWBAHHS MIUILHOCTI BCTABKH 110 JOBXHHI. BeTaHo-
BJICHA 3aJIC)KHICTh MIXK TBEPAICTIO BCTaBOK Ta IIMTOMHUM €JICKTPUYHUM oropoM. [IpoBenenuii anaii3 ta 3po0iieHui
BHCHOBOK ITpO HEOOXiJHICTh 3HIDKEHHSI HOPMAJILHOTO 1HTEpBaly 3HaYeHb MTOKa3HUKa TBepHocTi. basyrounck Ha pe-
3yJIbTaTax MPOBEJICHUX JOCIIJDKEHb, OTPUMaHi EKCIIEpUMEHTAIbHI 3aJIC)KHOCTI Ta 3alpOIOHOBaHa METOAWKA JUIS
COPTYBaHHsI BYTUIBHUX CTPYMO3HIMQJBHHX BCTaBOK 3a CTPYKTypHMM napameTpoM. IIpakTmdHa 3HAYHMMICTD.
OTtpuMaHi pe3yNnbTaTi JOCTIKCHb BYTUIBHAX CTPYMO3HIMAIBFHIX BCTABOK BH3HAYAIOTh HEOOXITHICTH BUKOPUCTAH-
Hsl METOIMKH JJIsl COPTYBaHHS BYTUIBHHX CTPYMO3HIMAJIBHUX BCTABOK Ta BUKOPUCTAHHS CIELIAIbHOI CXEMU HPH
eKimipoBLi 1003y cTpyMonpuiimMaya. Lle m03BOMUTE OonTHMI3yBaTh 1X poOOTY, 3HAFOYH OOMENKEHHS JUI MEX eKC-
TUTyaTarii Ta BUINIA IUTbOBOI (yHKII{, KO HEOOXiAHO JOCITTH. 3alpoIrIOHOBAaHI 3aXO0IH J03BOJISIOTh 3MEHIITUTH
IHTCHCHBHICTD €JIEKTPUIHOTO Ta MEXaHIYHOTO 3HOIIYBAHHS MaTepialliB Mapy TePTS «KOHTAKTHUH MPOBIJ — BCTaBKa
CTpyMonpuiiMada». A BUKOPUCTAHHS CIHENiali30BaHOTO KOMIUIEKCY s JOCHTIHKEHHS Mapy TePTS JO3BOJIUTH MPO-
BOJIUTH HayKOBI pOOOTH 1O BU3HAUEHHIO IHTEHCHBHOCTI 3HOUIYBAHHS KOHTAKTHHUX MOBEPXOHb MapH TEPTS Ta Koe-
¢ilieHTa TEPTS NPH Pi3HUX 30BHIMIHIX (haKTopax.

Kniouosi cnosa: cTpyMO3HIMalbHI €JIeMEHTH; rpadiT; TBEPIICTh; MUTOMUI EIEKTPUYHHUNA OIip; 3HOCOCTIHKICTH;
pecypc; MoJi03 cTpyMolpuiiMayda
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EJIEKTPUYHUIA TPAHCITIOPT

Beryn

[Iponiec mepenmadi eneKTPUYHOI MOTY>KHOCTI
MOBUHEH BiAOyBaTHCh NPU HAsIBHOCTI MOCTIHHOTO
MEXaHIYHOTO Ta EJIICKTPUIHOTO KOHTAKTy, TOOTO
Oe3nepepBHO 1 3 BHCOKOIO HajiiHiCcTIO. B TOM Ke
Yac, 3HOIIYBaHHS KOHTAaKTHOTO MPOBOAY Ta CTPY-
MO3HIMAJIFHAX BCTAaBOK IIOBHHHE OyTH MiHIMalb-
HUM. PoOoTa 1o mepenadi uepe3 KOB3HUH KOHTAKT
CJIIEKTPUYHOI SHEPrii CYMPOBOKYETHCS HATPiBOM
30HH KOHTAKTY, BUKJIMKAHOTO MPOTIKAHHIM CTPY-
My Ta TepTsM. Lle npu3BOaUTh 10 MEXaHIYHOTO Ta
CJICKTPUYHOTO 3HOIIYBAaHHS MPOBOJY i BYTiUIBHHUX
BcTaBOK. O0epHEHO TIPONOPIIiifHA 3a1eKHICTh MIXK
JIBOMa BHJIAMH 3HOCY JIO3BOJISIE XapaKTepH3yBaTH
MiHIMi3aIil0 3HOCY SIK OJIHY 3 HAOLIbII BaXKKUX Ta
B TOM K€ Yac aKTyalbHUX TEXHIYHUX MPOOIIEM.

Cwia TPUTHCHEHHS 3HAYHOI0 MIpPOIO 3aJIeXKUTh
BiJl HIBHJKOCTI PYyXy EJIEKTPOPYXOMOIO CKIamy,
a BEJIMYMHA KOHTAKTHOI IUIIMH MiXK B3a€MOJIiIO-
YUMH MOBEPXHSAMH MApU TEPTSA — BiJl CUIIM MPUTH-
cHeHHsl. OCKIJIBKY 1JIeaJIbHO TJIAJKUX TMOBEPXOHBb
HE iCHY€, KOHTAKT MK KOHTaKTHHM IPOBOJOM Ta
CTPYMO3HIMATIbHOIO BCTABKOKO Peai3yeThCs depes
Tak 3BaHi KoHTakTHI Mmictku [1, 8], B pesymbrari
4Ooro 3’sABJISIEThCA KOHTAKTHUMN OIIp, SKHM, SIK Bi-
JIOMO, 3aJIeKUTh BiJl TEMIEPAaTypu B KOHTAKTI.
B pe3ymbraTi MpoTiKaHHS BEIUKUX 3HAYCHb CTPY-
My Yepe3 TOUKY KOHTAKTY 3’ SBJISIEThCSI €IIeKTPHYHA
ckianoBa 3uocy [9] i, sIK HACHiMOK, KOHTAKTHI Mic-
TKU OIJIABIAIOTHCS, MaTepiall KOHTAKTHUX MPOBO-
IIiB 3HEMIIHIOETHCS, a MaTepiayl BYTUILHHX BCTa-
BOK BUTOPAE.

Juis po3B’s3aHHS MWTaHHS MiHIMi3amii 3HOCY
HEOOXITHO BUKOHATH JCTATi30BaHUI aHaTi3 IMpo-
IIECIB, K1 IPOTIKAIOTh B TOYI[I KOHTAKTY MIXX KOH-
TaKTHUM TIPOBOJIOM Ta CTPYMO3HIMAJILHOIO BCTaB-
KOIO.

MeTta

MeTtor 1i€i poOOTH € NeTani3oBaHHil aHai3
B32€MO3B’SI3KiB B TOYIII KOHTAKTy MApH TEPTS KO-
HTAaKTHHHA TIPOBIT — CTPYMO3HIMAajghbHA BCTaBKa».
B po06oTi HE0OXiMHO JOCTIIUTH SKICTh BUTOTOB-
JIEHHSI HATYPHHUX 3pPa3KiB CTPYMO3HIMANBHUX eje-
MEHTIB pI3HHX BUPOOHWKIB, 3BY3UTH JIialma3oH
TBEPJOCTI JUIsl BYT'UIbHHX BCTaBOK, pO3POOUTH Me-
TOJWKY COPTYBaHHS BYTUIbHHUX CTPYMO3HIMaJIbHHUX
BCTaBOK 32 CTPYKTYPHHM MapaMeTPOM.

MeTtoanka

TBepaicTh — OJWH i3 HAWBaXIIUBIIIMKA TOKAa3-
HUKIB U BCiX BHUPOOIB, fKi € €IeMEHTaMu Mapu
TepTs, B TOMY YHCII 1 JUIsl BYyTUTBHUX BCTaBOK. Bo-
Ha BUpIIIaJbHAM YMHOM BIUIMBA€ Ha iX CTIHKICTbH
CTOCOBHO MEXaHIYHOrO 3HOIIyBaHHA. TBepIiCTh
BYT'UTBHO-TPaiTOBUX MaTepialaiB BH3HAYAETHCA
PELENnTypOIO Ta TEXHOJIOTIEI BUTOTOBJICHHS, TICHO
OB’ s13aHA 3 MPOBIJHUKOBUMH BJIACTUBOCTSIMH, SIKi
JUTS BYTiJIBHUX BCTABOK TAKOXK MAIOTh TepIIoyep-
rose 3HaueHHsa [3, 12, 15]. Omke, AKIIO 3 THX YH
IHIIMX TMPUYUH HeOaKaHO BBOJUTH B CKJIAJ BCTa-
BOK METaJ, TO 3MEHIICHHS TUTOMOTO EIeKTPHYHO-
TO OMOPY JIOCATAETHCS 32 PAXyHOK IMEBHOI BTPATH
ix TBepmocti [10].

[loemqHanHs BHCOKOI TBEPJOCTi, MIITHOCTI Ta
HU3BKOTO MUTOMOTO EJIEKTPHUYHOTO OIopy 3abe3-
nedye BUCOKI eKCIUTyaTaliliHi MOKa3HUKH BCTaBOK
MpU 3HIMaHHI BEJIMKUX 3HAYCHb CTPYMY, OJIHAK
HEOOXITHO TIPH ILOMY PO3TIIAIATH AYTOCTIHKICTH
Mmarepiany. EnexTpoMexaHiuHi MOKa3HUKH BYT1Tb-
HUX BCTAaBOK BiZoOpakeHi y BiAMOBiAHIN HOpMa-
TUBHIH AoKyMeHTanii [7].

B pobGori [5] 3po6ieH0 BHCHOBOK Ha IiACTaBi
TPUBAIMX CSKCIUTyaTalliiHUX JOCHTIPKEHb, IO YHi-
BepcalbHA BYIJICIEBA BCTaBKa [MOBHHHA TOE€JIHYBaA-
T B c00l BHUCOKi (hi3MKO-MEXaHI9HI XapaKTepPUCTH-
KU BCTABOK THITy «A» Ta AyTrOCTIHKICTb, IIUIBHICT,
MUTOMU ENIEKTPUYHUHI OIip BCTABOK THITY «b».

Ha migcrasi mocmimkenb, BukoHanux B [10],
BCTAHOBJICHO, IO iCKPiHHA 30UTBITyETHCS 31 30i-
JBIICHHSAM BEIHYUHU CTPYMY, SIKUM 3HIMA€ETHCA.
[TosiBa 1BOTO SBWINA HE MOB’s3aHA 3 BiIPUBAMHU
MOJI03Y BiJl TIPOBOJY, BOHO MOSICHIOETHCS THM, IIIO
MOTY>KHICTh BTpAT, SKa BUIUISETHCS B KOHTAKTHIH
TOUYIll, TIPU BEIIMKHUX CTPYMax MOXKE NEPEBUIIUTU
JIOTTyCTUMY TOTYKHICTh PO3CiIFOBaHHS KOHTAKTHO-
ro MICTKa Ui [LOTO CTPYMO3HIMAaJIbHOTO MaTepi-
any [8, 13]. [Ipu ubOMY KOHTaKTHHI MICTOK py¥-
HY€ThCS, a HOro Martepial BUHOCHTHCS — e mpo-
T1eC TIPOSBIISETHCS y BUTIISAI iCKPIHHS.

BceraBku Ha rpadiToBiii OCHOBi, TOpPIBHSHO
3 BYT'UIBHUMH, MalOTh MiABUILEHY JYTOCTiHKICTh 3a
pPaxyHOK MEHIIOT TBEPJIOCTI Ta MEHIIOTO MUTOMO-
o EJEKTPUYHOTO OIOpYy MaTepialy, a TakoxX Oi-
JBIIOT CTIMKOCTI TpadiTy 10 OKHCHEHHS NOPIBHIHO
3 oro aMophHUM pi3HOBUAOM — ByrimisaMm [5, 9].
Opnak, BCcTaBKM Ha rpadiToBiii OCHOBI MalOTh Ha-
CTUTBKM HHU3bKY MeEXaHI4Hy MIIHICTh Ta 3HOCO-
CTIMKICTh, 110 HA €BPOMEHUCHKUX Ta AMEPHKAHCH-
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KAX 3aJi3HULSAX BOHH HE BUKOPHUCTOBYIOTBCS
1 B IEPCIIEKTHBI HE PO3TIIAJAI0THCS.

OpHi€ro 3 IPUYMH Pi3KOIO CKOPOYEHHS TepMi-
Hy eKCIUTyarallii ByTJIbHUX BCTaBOK € HEPiBHOMi-
pHE PO3MOMIICHHS TBEPAOCTI MO iX JOBXKHHI, 1€
CBIAYUTH MPO Pi3Ky CTPYKTYPHY HEOAHOPIAHICTH
MaTepialy TOTOBOTO BHPOOY Ta KOJWBAHHS IIiJTb-
HOCTI BCTaBKH 1O JOBXUHI. [Ipy 3HAYHUX CTPyMO-

BUX HABaHTAXXEHHSX TYCTOTa CTPyMYy B TOYIli KOH-
TaKTy CTPIMKO 3pOCTa€ i, SIK CKa3aHO BHILE, Pi3KO
301IBLIYEThCS €JIEKTPUYHA CKiIajgoBa 3Hocy. Pe-
3yJBTaTOM TaKOi B3a€EMOJIl € MiIIaiH, MOSBU Ka-
BEPH Ta KpaTepiB, SKi B MOJAIBIIOMY IIEPETBOPIO-
IOTBCSI B MPONMJIM Ta Pi3KO MOTIPIIYIOTH SIKICTh
CTPYMO3HIMAaHHS i MOXKYTh NPU3BECTH IO OOPHUBY
KOHTAaKTHOTO mpoBoay puc. 1 [14, 19, 20].

Puc. 1. XapakTepHi MOMIKOKEHHS CTPYMO3HIMaJIbHAX BCTABOK:
a, 6 — cxony Ha Habiraro4iil YacTHHI BCTABOK IIEPIIOTO PSY;
6, 2 — HiAMANK Ta Pe3yIbTaTH SAEKTPOAYTOBOrO BIUIMBY Ha BCTABKH TPETHOTO PSAY

Fig. 1. Typical damages of current collector inserts:
a, b — chips on oncoming part of the first row inserts;
¢, d — the results of burning and electric influence on the third row inserts

Sx BugHO 3 puc. 1, Ha HaOirarouili wacTuHi
BCTaBOK MEPIIOTO PSAY, 38 PYXOM JIOKOMOTHBA,
TPUPSITHOTO Ta TBOPSIHOIO II0JIO3Y IOMITHI CKO-
JI¥, @ BCTAaBKU OCTAaHHBOTO PSIIy MalOTh XapakTepHi
MOUIKOPKEHHS BiJl €JIEKTPUYHOIO 3HOCY.

Bigomo, 110 Ha KOB3HHHA KOHTAaKT BIUIMBAIOTH
Taki 30BHIIIHI (aKTOPU: CHJIa HATUCKY, IIBUKICTb
PYXyY, TPUBAIICTh IMITyJIbCiB 3MiHU CHJIM HATUCKY
Ta Temneparypa. Crujga HaTUCKY B KOHTaKTi, pa3oM
3 YaCTOTOIO BiJpWBIB € OCHOBHHUMH (aKTOpaMH
MpH OIHII B3aEMOJII KOHTAKTHOI MiIBiCKH 31
cTpymonpuiiMaueM. Kpim KoHCTpyKIii miaABICKH Ta
CTpyMonpHiiMada, Ha CHIIy HaTHCKY 3HAYHO BILIH-
BAIOTh TaKOX MIBUAKICTh pyxy [14], ¢isuuni Ta
XiMiuHi IpoecH, Mo MPOTIKaI0Th B KOB3HOMY KO-
HTakTi. [IpocmigkyBaTh XapakTep B3a€MO3B’S3KY
EJIEKTPUYHOT Ta MEXaHIYHOI CKJIaJ0BOI 3HOCY MO-
JKHA 3 PUC. 2.

!
Cuna HATHCKY eupkicTe pyxy
cTpyMonpHiiMada

| Tlonitypa

| | JliiicHa nnoia KOHTaKTy

| Onip nonitypu

Tenno Teprs

KonrakrHuii omip

Temno, mo 3’ ABnACTHCA
TIPH OpOTIKAHHi CTPyMY

EnexTtpuuna ayra Harpis 3011 KoHTaKTY
Enexrpytii 3ioc Mexaniunmii 350¢

Puc. 2. B3aeM03B’13KH B TOUIl KOHTaKTy Mapu TEPTs
KOHTaKTHHH MPOBiJ — CTPYMO3HIMaJIbHA BCTABKa»

Fig. 2. The relationship in the contact point of friction
pair «contact wire — current collector insert»
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B pesynbTari HarpiBy 30HH KOHTAKTy, HEpII 3a
BCE, MiABHLIYETHCSA TeMIlepaTypa KOHTAKTHOI IUIsi-
MH, SIKa € BJKJIMBHM IapaMeTpoM, IO BH3HAYae
¢i3UYHI Ta XIMIYHI TPOIECH, SKi MPOTIKAIOThH
B KOB3HOMY KOHTaKTi. KoHTakTHa misiMma — OCHOB-
HHU{ €JIEMEHT I/l Yac pOo3IJIsiay B3aeMOJil KOHTAK-
THOTO MPOBOJY 3i cTpymonpuiiMauem. [i cTpykTy-
pa BU3HAuYaeThCH (DI3MYHUMHU Ta XIMIYHUMH Bjac-
TUBOCTSIMH MatepiajiiB KOHTaKTHOI Mapu «KOHTaK-
THHUI TPOBII — CTPyMO3HIMaNbHa BcTaBkay [8, 16,
18]. Mo umx BIaCTHBOCTEW BIAHOCATH 3araibHi
XapaKTePUCTUKN KOHTAKTy, Taki SK 00’eM, IIiJb-
HICTB Ta CKJIaJ KOHTAKTYIOUYHX eneMeHTiB. [ToBep-
XHI, SIKI 3HAXOATHCSA B KOHTAKTI, XapaKTePU3yIOTh
pO3MipaMHu Ta Te€OMETPI€l0, a TAaKOXK KIIACOM YHC-
TOTH 0OpPOOKH, KpiM TOTO, BPaXOBYIOTh MEXaHIuHI
XapaKTEePUCTUKH KOHTAKTYIOUHX €JIEMEHTIB.

[Tpo BakJTUBICTH TaKOi XapaKTEPUCTHKH (i3u-
KO-MEXaHIYHUX  BJIACTUBOCTEH  Te€TEpOTreHHUX
CTPYKTYp, A0 SKHX BITHOCATH 1 BYTiUIbHI MaTepia-
T, SK TIOKa3HUK TBEPJOCTI, HAITUCAHO JOCTATHHO
[1, 13]. 3aranbHONPUAHATHM Ta LIIMPOKOPO3MOB-
CIOJDKEHUM Ui BUPOOIB 3 BYTUIBHHX MaTepiaiiB
€ BM3HAaYeHHS (BUMIPIOBAHHS) TBEPAOCTI METOIOM
BIABIIOBAHHS KyJIbKHM 3a MeToaoM bpinemms [6],
BUAO3MIHEHUM MeToaoM PokBemia Ta MeToaoM
[Ilopa. BuiieBkazaHUMH METOJIaMH KOPUCTYIOTHCA
yci  Begywi cBiTOBi BHpoOHMKM. Hampuknan,
B CPCP nisB TOCT 14692-78, B sKOMy TBEpIiCTh
BCTaBOK JUIS €JIEKTPOPYXOMOTO CKJIaay BUMIpIOBa-
Jach BHIO3MiHeHMM MeTomoM Poxeemma (HRc
10/150). Lle#t meTon mpakTHYHO O€3 3MiH BUKOPH-
cToByeThes y Beix mirounx TY kpain CH/I. Onnak,
0araTtopiuHA{ ITOCBiJ] BHKOPWUCTAHHS BYTIIHHHUX
BCcTaBOK HOBOYEPKACHEKOTO ENEKTPOJHOTO 3aBOJY
MOKa3aB, 110 HOPMOBAaHUH iHTEepBaJ 3HAUYEHb TBEp-
nocti B Mexax 64 — 93 HRC € neBunpaBmaHo mm-
pokuM. MakcuManbHe 3HaYeHHs TIEPEBHIIYE MiHi-
maneHe B 1,45 pasziB. Takuii 3HauHWI iHTEpBan
po3kuay +/- 145 oauHUIB Bifl cepemHbOrO 3HA-
yernns 78,5 HRC nmpu3BoauTh 110:

— TIOCTaBKa MapTid BCTABOK CYTTEBO MOXKeE
BiIpi3HATHCS 0/HA Bix oaHOI (Ha 30-45 %);

— B MeXax OJHI€l mapTii MOXKJIBa HAsIBHICTh
BCTaBOK 3 MiHIMaJIbHUMHU Ta MaKCUMaJIbHUMH 3Ha-
YEHHSIMH TBEPJOCTI;

—  cama BCTaBKa, IO JOBKHHI, MOX€ MaTH pi-
3HY TBEPHICTb, OCKUIBKM BHMIPIOBAHHS BHUKOHY-
I0Th B I SITH TOYKaX, 3 BIAXUICHHAM BiJl CEpeIHbO-
ro 3HaueHHs +/- 45 %. Hanpuknaj, BUMiproBaHHS

nmae pesynbrat: 57, 64, 75, 90, 93. Cepenne 3Ha-
YeHHs (6, 10 BiJNOBila€ HOPMATUBHOMY IIOKa3-
HUKY, IPOTE Pi3HUIA MK MiHIMAILHUM Ta MaKCH-
MaJIbHUM 3HAUeHHAM cKianae 63 %;

— B IpOLECi eKimipyBaHHA MOJI03y CTPyMOI-
puitmada 8 un 11 BcTaBOK MOXYTh OyTH BCTaHOB-
JIeH1 3 PI3HOIO TBEPICTIO;

—  HecTaOUIBHICTH MILNHICHMX BJIACTUBOCTEMN
BCTaBOK BiJi MapTii 0 mMapTii, a TaKOXK B Mexkax
onHi€l MapTii, MPU eKCIUTyaTallii 3yMOBIIOE IIiJI-
BUIIEHHS 1X BUTpPAT Ta 32 HECHPUSATIUBUX IMOTOJ-
HUX YMOB 30UIbIIY€THCS KiTBbKICTh MPOMUIIIB, CKO-
JIIB Ta 1HIIE,

—  JIOCJITHUM IUITXOM BCTaHOBJICHO, IO IPH
aHaJIi31 3HOIICHUX BCTABOK, BCTABKH 3 TBEPIICTIO
85 HRc Ta Bumie pi3ko 30UTBIIYIOTH BipOTiIHICTH
MTOSIBM Ha iX poOOUill MMOBEPXHI CIIIIB MiJli 3 KOH-
TaKTHOTO mpoBoay (puc. 3).

Puc. 3 Cnigu mizi Ha CTpyMO3HIMAaJIbHIN
YaCTHHI BCTABOK

Fig. 3. Traces of copper on the current
collector part of the inserts

TakyM YUHOM, BCTaBKM 3 TaKOK TBEPIICTIO
30MPAIOTh MOMITYPY 3 MPOBOAY, TOOTO 3aXMCHI BTO-
pUHHI CTPYKTYpH. A IIe Te, 3apaidl 4Oor0 BCTaBKHU
3 BYT'UJIBHOTO MaTepiady BUKOPHCTOBYIOTBCS SIK KO-
B3HI KOHTaKTHI €JIEMEHTH Ha eJIEKTPOTPaHCHOPTI.
Kpim Toro, BCTaBKH 3 MiJABHIIEHOI TBEPAICTIO Ma-
FOTb BHUCOKHH KOe(DIIli€HT TEePTs 3 BUILTHBAIOYHNMU
3BiJCH HaciiakamMy. HaBenenuii aHami3 Ta JOCIIIIHI
JIaHi JJO3BOJIIIOTH 3pOOUTH BHCHOBOK PO HEOOXif-
HICTh 3HKCHHS HOPMAJIBHOTO IHTEpBaIy 3HAYCHB
nokaszHuKa TBepaocTi. CTOCOBHO IO BKa3aHOT'O Me-
toxy HRc 10/150 mokHa JOCUTH OOIPYHTOBAHO ISt
BYT'JIbHMX BCTaBOK THITy «A» 3alpOIOHYBaTH iH-
tepBai 65-85 HRc, to6to 74,5 +/- 10,5.

B po6orti Oyyi0 BUKOHAHO JOCIHIJIKCHHS 3aJIeK-
HOCTI TBEPOCTI BiJl TUTOMOTO €IEKTPUYHOTO OTO-
Py VIS KOMIUIEKTY BYTUIBHHX CTPYMO3HIMAJIbHUX
BCTaBOK THITY «A4» Ta «b» Pi3HUX BUPOOHUKIB.
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BusHaueHHS MUTOMOIO EJICKTPUYHOIO OIOpY
Ha CTPYMO3HIMaJlbHil 9aCTHHI BCTAaBKU BHKOHAHO
BiMOBIAHO 10 [7] Ha cTeHai Ui MiarHOCTYBaHHS
BYTUIBHHX BCTaBOK, Ipu cTpyMi 30 A, TBepmicTh
CTPYMO3HIMAJIbHOI YACTHHH BCTaBKH BH3HAYallaCh
y 8 Toukax 1o ii JOBXHUHI BiANOBIAHO 10 [6].

Ha puc. 4 Ta 5 HaBeneHi pe3yiabTaTH IOCII-
JOKCHHST TBEPIOCTI CTPYMO3HIMAJIbHOI YaCTHHU
KOMIUICKTY BCTaBOK TUIY A Ta b BiJIIOBITHO.

Hp  Omummi
Bpinens

Homep To9xn

Puc. 4. Po3nozin TBepAOCTi CTPyMO3HIMAIBHO! YaCTHHH
BYT1JIBHUX BCTABOK TUITY A 110 11 JOBXKUHI

Fig. 4. Distribution of hardness of current collector in-
serts, type A in its length

6 7 8
HoMep To4RH

Puc. 5. Po3nozin TBepaoCTi CTpyMO3HIMAIBEHOT YaCTHHH
BYTUJIBHUX BCTAaBOK THITY b 110 ii JOBXHHI

Fig. 5. Distribution of hardness of current collector in-
serts, type B in its length

Sk BHIHO 3 OTPUMAaHUX PE3YNbTATiB IOCIi-
JDKEHb, OLIbIIa YacTHHA OOCIIIKEHHX BCTaBOK
TUTYy «A» He BiJIMOBiIa€ 3a MOKA3HUKOM TBEPOCTI
HOPMATHBHUM JOKYMEHTAaM I BCTaBOK TaKOTO
tumy (3a ymou HB 10/250/30, makcumaibHe duc-
70 TBEpAOCTi cTaHOBUTH S50 OAMHHUIG 32 IIKAIOIO
Bpinesns). BukoprucTaHHsS TaKMX KOB3HMX KOHTAK-
TiB B eKCIUTyaTamii Mmpu3Bene 0 Pi3Koro 301iib-
IICHHS MEXaHIYHOI Ta EeJICKTPUYHOI CKIIAJ0BO1

3HOCY KOHTAKTHOTO IMPOBOJAY Ta BYTUIbHUX BCTa-
BOK 1, SIK pe3yJbTar, 0 MapHOTPATHOTO BUKOPUC-
TaHHS PECYpPCY CTPYMO3HIMAIBHUX BCTABOK.

Pe3ynbraTti MOCIHiIKEHb BCTABOK THITY «b» T10-
Ka3ylOTb 3aHWKEHI MIIHICHI XapaKTepUCTHKH, 1€
MO3UTHUBHO BIJIMBA€ HA 3HOCOCTIHKICTH KOHTAKT-
HOTO MPOBOJY, CBITYUTH PO EIEKTPOIAYTOBY CTili-
KICTh MaTepiaiy, ajie i BOJHOYAC PO Pi3Ke CKOpo-
YeHHs TpoOIry TMON03iB, OOJIaJHAHUX TaKUMHU
CTPYMO3HIMAJIbHUMH €JIEMEHTAMHU.

[Ipu momanbiIOMy HOCITIIKEHHI Oyau Joaar-
KOBO BH3HAuUCHI 3HAYEHHS TBEPJOCTI Ta MUTOMOTO
EJNIEKTPUIHOTO OMOPY JUIs iHIIHX 3pa3KiB BCTABOK,
MoOyI0BaHI EKCIIEPUMEHTANBHI 3aJIeKHOCTI MiX
MU BennunHamu (puc. 6, 7).

B OnmHmLi
Bpinens

25 26 27 28 29 30 31 32 33 34 35 36 37
P MEOM'M

Puc. 6. ExcriepumenTanbha 3anexuicts HB Bix ITEO
BYTUJIBHUX CTPYMO3HIMAJIBHHX BCTABOK THUITY «A»

Fig. 6. Experimental dependence HB from PEO
of coal current collector inserts type «A»

Opymnmi
Bpinens

y = 10,208In(x) - 13,911

10 15 20 25 30 35 40 45 50
P, MEONM'M

Puc. 7. ExcniepumenTanpHa 3anexHicts HB Bix ITEO
BYTUIBHUX CTPYMO3HIMAJIbHHAX BCTABOK TUITY «5»

Fig. 7. Experimental dependence HB from PEO of coal
current collector inserts type «b»

B X011 BUKOHAHOT POOOTH 3 JOCTIIXKESHHS BYTi-
JBHUX CTPYMO3HIMAJILHUX BCTaBOK OyB BCTaHOB-
JICHWI 3B’ 130K MiXK IX TBEPMAICTIO Ta MUTOMUM eJIe-
KTPUIHUM OIIOPOM, Ha IMJICTaBi YOTO 3aIllPOIIOHO-
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BaHa METOAMKa COPTYBaHHS BCTaBOK 32 TBEPIICTIO.
brok-cxeMy MeTOAMKHM HaBeIeHO HIbK4Ye (puc. 8).

OcHoBHuUlt GlIOK Brok yTouHeHHs

|
||
!
| .
CopTyBaHHS BCTABOK | I .| mocnimxenns
3a [TIEO I I Excrutyarartiiini
: I JIOCTI IKeH Hs
||
||
|

I |

| |

Busnauennsa [IEO | I Bu3HaueHHs TBEPIOCTL |
BCTABOK | | BCTABOK |

AU-S | I =; |

= I =2 D —d |

I-1 I | 2 |

v ! |
Homorpama zanesxHocTi I |
ITEO Bin TBepaocTi BCTaBKH :
p = f(HB) |
Crennosi :

|

|

|

|

|

PosnonineHHs BCTABOK
Ha TI01031

Puc. 8. Metonuka copTyBaHHS ByTiIbHIX BCTABOK
3a TBEPIICTIO

Fig. 8. Method of coal inserts sorting by hardness

BukopucTaHHS METOIMKH COPTYyBaHHS BYTLIb-
HUX CTPYMO3HIMAJIBHUX BCTAaBOK 3a TBEPJICTIO Ta
3aCTOCYBaHHS CICIiajbHOT CXeMH IS iX PO3Mi-
IICHHS Ha I0JI031 CTPyMOINpHiiMaya HE MOXE BHU-
PIIIMNTH THUTAaHHS EKOHOMIYHOCTI Ta pecypco3oe-
peXeHHsI Mpu poOOTI BYTLIBHUX BCTaBOK, SIKICTh
BUTOTOBJIEHHS AKHX JaJ€KO HE 3aBXKIM BiIoBimac
TEXHIYHIN JOKyMeHTallii BUpOOHUKA 1, BIJIOBITHO,
icHytounM Hopmam [6]. BogHowyac BUKOpHCTaHHS
3aMpONOHOBAHOI METOJUKH MOXE ONTUMIi3yBaTH
po0OOTy BYTIIPHUX CTPYMO3HIMAJIBHHX BCTaBOK,
OCKUIBKH BiJIOMi OOMEKEHHS I MEXK iX eKCILTya-
Tamii Ta BUJ IUIbOBOI (YHKIII SKOTO HEOOXiTHO
JIOCATTH.

HaykoBa HOBM3HA Ta NPAKTUYHA
3HAYMMICTH

OTpumMaHi pe3yNbTaTH JOCTIKEHb BYTUTBHUX
CTPYMO3HIMaJIbHUX BCTABOK BH3HAYAIOTh HEOOXi[-
HICTb BHUKOPUCTAaHHS METOJUKH Ui COPTYBAaHHS
BYTUTBHUX CTPYMO3HIMaJbHHX BCTaBOK Ta BHKO-
PUCTaHHS CIICMIAIEHOT CXEMH MPH EKIIIPOBIIi IT0-
703y cTpymornpuiiMada. Lle 103BOMUTH ONTHMI3Y-
BaTH iX poOOTY, 3HAIOUHN OOMEXKEHHS ISl MEXK eKC-
TUIyaTallii Ta BETJISA ITH0BO1 (yHKII, K0T HEO0O-
XiIHO JocsArTH. 3ampornoHOBaHI 3aXxoId JI03BO-
JSIFOTH 3MEHLIUTH IHTEHCUBHICTH €IEKTPHYHOTO Ta
MEXaHIYHOTO 3HOIIYBAaHHS MarepialliB mapu TepTs
CKOHTAaKTHUH TIPOBIJA — BCTaBKa CTPyMOIpHiiMa-
4ya». A BUKOPHUCTaHHS CIENiali30BaHOTO KOMILIEK-

Cy JJIsl JIOCHIJIKSHHS TIapy TEPTs TO3BOJIUThH IPO-
BOJIUTH HAYKOBI POOOTH 1O BU3HAYCHHIO IHTCHCHU-
BHOCTI 3HOIIYBaHHS KOHTAKTHHX TMOBEPXOHb MapH
TepTs Ta KoedillieHTa TEPTSI MPU Pi3HUX 30BHIMTHIX
¢axTopax.

BucHoBxu

1. Pi3ka cTpyKkTypHA HEOTHOPIAHICTH MaTepi-
aly CTPYMO3HIMaJIbHUX BCTaBOK Ta KOJIMBaHHS
IIJIBHOCTI BCTaBKH MO JIOBXKHHI, NMPU 3HAYHHUX
CTPYMOBHX HaBaHTa)KEHHAX Y TOYL KOHTAKTy MK
KOHTAaKTHUM TPOBOJIOM Ta BYTUILHOIO BCTaBKOIO,
BUKJIMKAE Pi3Ke 30UIBIIEHHS €JIeKTPUYHOI CKIIAH0-
BOi 3HOCy (BHrOopae Marepian BCTaBOK, 3 sIB-
JISTFIOTHCSI TTIITATH, KaBEPHH, KPaTEepH 1, SIK pe3yiIb-
TaT, MPOIUIIN), Pe3yJbTaT Mii SKOT MOXe MpH3BeC-
TH J10 NIOSIBY aBapiliHUX CUTYaLil Ta 3yMUHKH PyXy
HOi31iB.

2. BiacyTHICTh €IUHOI METOIUKU IS Tepe-
BIPDKH $IKOCTI BHUTOTOBJICHHS CTPYMO3HIMalbHUX
€JIEMEeHTIB, IMUPOKI MeXi pO3KUAY iX MapaMeTpiB
M0 TBEPAOCTI Ta MUTOMOMY EJIEKTPUYHOMY OTIOpY,
HeoOpOCOBICHE CTAaBJICHHSI BUPOOHHKIB A0 SIKOCTI
CBO€1 MPOIYKLIi YHEMOXIHUBIIIOE pallioHaIbHE BU-
KOPUCTaHHS CTPYMO3HIMAJIEHHUX €JIEMEHTIB B €KC-
TTyaTanii.

3. BiamoBimHO [0 OTPUMAaHUX pE3yJbTATIB
TOCITIKEHDb TIPOTIOHYETHCS BYTUIBHI CTPYMO3Hi-
MaJibHI BCTaBKH TOIATH 332 3HAYCHHIM TBEPAOCTI
Ha TPYIH Ta PO3TAIIOBYBAaTH Ha IMOJIO31 CTPyMOII-
puiiMaya 3a CrieLiabHOI0 CXEMOIO.

4. Jlng yTOYHEHHS Ta MiATBEPHKEHHS 3aIpo-
MOHOBAaHOI METOJIUKH JOCHIPKEHHS XapaKTepuc-
TUK KOHTaKTHHX Tap TepTs MPHUCTPOIB CTPYMO3Hi-
MaHHS Ta iX TOPiBHJIBHOI OIIHKM HEOOXiTHO PO3-
poOUTH CIeIiali30BaHuil CTECH], Ha AKOMY MOJXXHA
Oysi0 6 BUKOHYBAaTH KOMIUICKCHI JOCIiIKEHHS PO-
00TH KOHTAKTHOI TMapW «KOHTaKTHUH MpPOBiL —
CTPYMO3HIMaJIbHA BCTABKa».

5.  CrpyMo3HiIMaJbHI €JIeMEHTH, SKi BUKOPHUC-
TOBYIOTH JUIS €NeKTPpU(PIKOBAHUX 3aTi3HUIb, OiTb-
MO0 MipOI0 HE BIMMOBITAIOTH TEXHIKO-CKC-
IUTyaTalifHAM BHMOTaM, IO BHUCYBAIOTBCS JIO
BCTABOK JUISA 3a0e3leYeHHs HAMIMHOCTI Ta JOBIO-
BIYHOCTI CHCTEMH «KOHTAKTHHUH TPOBIIl — CTPYMO-
3HIMajJbHa BCTaBKa». B xoni BHKOHaHOiI poOOTH
OyB BCTaHOBJICHHWH 3B’S30K MiX IX TBEpAICTIO Ta
MUTOMHMM €JIEKTpUYHUM omopoM. Ha mincrasi
OTPUMaHUX PE3yJIbTATIB JOCTIP)KEHb 1 BAKOHAHOTO
aHaJi3y MPONOHYETbCS B HOPMATHUBHIN JOKyMeEH-
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WCCJEIOBAHUE CBOMCTB TOKOCHEMHBIX 2JIEMEHTOB
N UX BJIUSHUS HA SOPEKTHBHOCTb PABOTbI TPHBOCHCTEMbI
«KOHTAKTHBIAU ITPOBO/I - YT'OJIBHAS BCTABKA»

Hens. Hayunas paboTta mocBsiiieHa AeTAIU3UPOBAHHOMY aHAJIM3Y B3aHMOCBS3EH B TOUKE KOHTAKTa Iaphl Tpe-
HHSI KKOHTAaKTHBIN IPOBOJ — TOKOChEMHas BcTaBka». B pabote HeoOxoaumo: 1) uccienoBaTs KayecTBO H3TOTOBIIC-
HUSL HATYPHBIX 00PA3IOB TOKOCHEMHBIX 3JIEMEHTOB Pa3HBIX MMPOU3BOJMTENEH; 2) Cy3UTh JAMANa30H TBEPAOCTH s
YrONBHBIX BCTABOK; 3) pa3paboTaTh METOAMKY COPTHPOBKH YTOJNBHBIX TOKOCHEMHBIX BCTABOK IO CTPYKTYPHOMY
napameTpy. Meroauka. IIpoBeieHHas paboTa OCHOBBIBAETCSl HA HCIIOJIb30BAHHUH ITOJIOXKEHUI TEOPUH HAJCKHOCTH
TEXHHUYECKHX CHUCTEM M DJIEKTPOMEXaHW4eCcKHX mpoueccoB. PesyabraThl. B paboTe nccienoBaHbl B3aMMOCBS3H
B TOYKE KOHTAKTa Iapbl TPEHHS «KOHTAKTHBIA INPOBOJ — TOKOCHEMHAs BCTaBKa», yCTaHOBICHA CBS3b MEXKIY
TBEPAOCTBHIO M YJEIbHBIM 3JIEKTPUYECKUM CONPOTUBIICHHEM. [Ipe/uioskeHo Cy3uTh qUana3oH TBEPAOCTH YTOJBHBIX
BCTAaBOK. Pa3pa0oTaHa MeTOOMKa COPTUPOBKH YTOJBHBIX TOKOCBEMHBIX BCTABOK IO TBEPIOCTH, a B XOIE
MCCIICIOBAHUI YCTAHOBIICHO HECOOTBETCTBUE TOKOCHEMHBIX BCTABOK CYIIECCTBYIOIIMM HOPMATHBHBIM TPEOOBAHMSM.
[IpemioxKeHO SKHIHUPOBATH IIOJIO3BI TOKONPUEMHHKOB TOKOCHEMHBIMH 3JEMEHTaMH [0 CHELHAIbHOH cXxeme
U pa3paboTaTh CIIELMATN3UPOBAHHBIA HCCIIENIOBATENbCKHI KOMIUIEKC, Ha KOTOPOM MOXKHO OyJeT HpOBOIMTDH
HCCIIEIOBAHUS B3aUMOICHCTBHUS Maphl TPEHHUS KKOHTAKTHBIH IIPOBOJ — TOKOChEMHAsl BcTaBka». HayuHast HOBH3HA.
B xone mpoBeneHHOTO HCCIEIOBaHMA TOKOCHEMHBIX BCTABOK YCTAHOBJICHA pe3Kas CTPYKTypHAas HEOZHOPOIHOCTb
Marepualia ¥ KojeOaHusl MIIOTHOCTH BCTaBKH IO JUIMHE. YCTAaHOBJIEHA 3aBUCHMOCTh MEX]Yy TBEPAOCTHIO BCTABOK
W YIEJBbHBIM DJIEKTPHYECKUM CONpOTHBIeHUEM. [IpoBenieH aHanu3 U cleflaH BBIBOJ O HEOOXOJMMOCTH CHIKEHUS
HOPMaJIFHOTO MHTEpBaja 3HAueHWH T1okaszareniss TBepAocTH. OCHOBBIBASCH Ha pe3yJibTaTax IPOBEICHHBIX
MCCJIEJIOBAaHNH, MOJyYEHBI AKCIIEPUMEHTAIbHbBIE 3aBUCHMOCTH U TPEUIOKEHA METOIUKA JUIsSi COPTUPOBKH YTOJBHBIX
TOKOCHEMHBIX BCTAaBOK II0 CTPYKTYpHOMY mapamerpy. IlpakTudeckasi 3Ha4MMOCTb. [loyydeHHBIE pe3yIbTaThl
WCCIIEIOBaHUI YTOJBHBIX TOKOCHEMHBIX BCTABOK OINPEACNSIOT HEOOXOAWMOCTh HCIIONB30BAHUS METOAMKH JUIS
COPTHPOBKH YTOJIBHBIX TOKOCHEMHBIX BCTAaBOK M HCIIOJI30BAHUS CIICLMAIBHONW CXEMbI IPU IKUITUPOBKE I0J03a
TOKOIIPUEMHHKA. DTO TO3BOJIUT ONITHMHU3UPOBATh X PAOOTY, 3HAs OrPAaHUYCHUS IS TPAHUI SKCIUIyaTalud U BHI
neeBol (GyHKIUH, KOTOPOH HE00X0auMO HocTHYb. [IpeioxkeHHbBIe Mephl II03BOJISIOT YMEHBIINTh HHTEHCUBHOCTD
JIEKTPUYECKOTO M MEXAaHWYECKOr0 M3HOCA MAaTepHalioB Iaphl TPEHUS «KOHTAKTHBIH IPOBOJX — BCTaBKa
TOKOIIPUEMHHKa». A HCIOJIL30BaHUE CIICLMATN3HPOBAHHOIO KOMITIEKCa ISl HCCIEAOBAHMS IIaphl TPEHUSI IO3BOIUT
MIPOBOUTH HAay4YHBIE PaOOTHI 10 ONPENENICHUI0 MHTEHCUBHOCTH U3HOCA KOHTAKTHBIX HMOBEPXHOCTEH Hapbl TPEHUS
1 K03QPHUIIEHTA TPEHHUS TP PA3IMYHBIX BHEIIHUX (pakTopax.

Knrouesvie cn06a. TOKOCHEMHBIE SJIEMEHTBI; TPa(UT; TBEPAOCTD; yIEIbHOE dIEKTPHUECKOE CONPOTHUBIICHUE; U3-
HOCOCTOHKOCTB; PeCypc; 0703 TOKOIPUEMHHKA
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INVESTIGATION OF PROPERTIES OF CURRENT COLLECTOR
ELEMENTS AND THEIR EFFECT ON THE PERFORMANCE

OF TRIBOSYSTEM «CONTACT WIRE - CURRENT
COLLECTOR ELEMENT»

Purpose. The paper is devoted to the detailed analysis of interrelations at the contact point of friction pair «con-
tact wire — current collector insert». In the work it is necessary: 1) to examine quality of manufacturing of specimens
of current collector elements from different manufacturers; 2) to narrow the range of hardness for carbon inserts;
3) to develop a technique of sorting carbon current collector inserts for the structural parameters. Methodology. The
executed work was based on the use of the theory of reliability of technical systems and electromechanical proc-
esses. Findings. The paper studies the interrelation at the contact point of friction pair «contact wire — current col-
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lector insert», the connection was established between the hardness and electrical resistivity. It is proposed to narrow
the range of carbon inserts hardness. The method of sorting coal collector inserts in hardness was developed, and the
research has revealed the discrepancy of current collector inserts with existing regulations. It was proposed to equip
the pantographs slide with current collector elements using special scheme and to develop a specialized research
facility, which will be possible to conduct studies of the interaction of the friction pair «contact wire — current col-
lector insert». Originality. In the course of the study the current collector inserts the sharp structural heterogeneity
and fluctuations of the density of the material along the length of the insert were established. The dependence be-
tween hardness of inserts and electrical resistivity was established. It was analyzed and concluded about the need to
reduce the values of the normal range of hardness. Based on the results of the research, the experimental depend-
ences were obtained and proposed the method for sorting carbon current collector inserts for the structural parame-
ters. Practical value. The obtained results of coal current collector inserts define the need to use method for sorting
the coal current collector inserts and the use of a special scheme for equipping pantograph slide. It will allow opti-
mizing their work, knowing the limitations for edges in exploitation and the type of the objective function that
should be achieved. The proposed measures can reduce the intensity of the electrical and mechanical wear of mate-
rials friction pair «contact wire — current collector inserts». The use of specialized research facility for the study of
the friction pair, will allow carrying out the studies to determine the intensity of wear of contact surfaces of the pair
of friction and the coefficient of friction at various external factors.
Keywords: current collector elements; graphite; hardness; electrical resistivity; wear; resource; pantograph
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OCOBJIMBOCTI JE®OPMATHUBHOI POBOTH
3AJIIBHUYHOI KOJIII

Mera. B mociimkenHi mepeadadaeTscsi BU3HAYCHHS 0COOIMBOCTI AeopMaTHBHOT POOOTH 3aIi3HHYHOI KOl 3a
PaxyHOK BCTaHOBJICHHs MEX CTIMKOCTI peiKOBOI KOJIii, Y 3aJIeKHOCTI BiJi KOHCTPYKIII{ Ta CTaHy CUCTEM BEPXHbOI Ta
HIKHBOT OyJI0B KOJIiT, IJIaHy JIiHIi A1 MOXKJIMBOCTI ()OpMYBaHHS HOPMATHBHOI 0a3u 3 HaAiHHOCTI Ta (QYHKIIOHATb-
HOi Oe3rexu 3anmizHUYHOI Komii Ykpainu. Mertoamka. J[is NOCSTHEHHS METH BHUKOPHCTaHO IIOBHY METOAUKY
C. Il. TepmuHa 100 BU3HAYEHHS KPUTUYHUX 3HAUCHb CTHCKalO4oi ciid. Pe3yabTaTH. ABTOPOM BCTaHOBIIEHO,
IO CIIiBBIJHOLIEHHsS MiHIMaJIbHUX 3HAY€Hb CTHUCKAIOYOi CHJIM INPU NEBHUX Ae(OpMallisiX BHUTHHY MOXYTh OyTH
3aCTOCOBaHI SIK OIIHOYHI YMOBH AeOpMaTHBHOI CTIHKOCTI KOuii Ta OCHOBH Jiisl (hopMyBaHHS 0a3M 3 HAAIHHOCTI Ta
(yHKIiOHATBEHOI Oe3mekn 3ai3Hu9HoI Komii Ykpainn. HaykoBa HOBU3HA. 3alIpOTIOHOBAHO TEOPETHUHI ITOJIOKEHHS
UIS  po3rsaay AeopMaTHBHOI CTiHKOCTI CHCTEMH KOHCTPYKIIH BEpXHBOI Ta HIDKHBOI OyJOB KOIii, IO
HOPYLIYIOThCSA PYXOMHM CKJIaioM. Lle 1o3Bonuth pocnianTu nporec aedhopMaTUBHOI poOOTH 3a3HAUYCHOI CUCTEMH,
IpH SKOMY BiZOyBarOTBbCA 3MIiHM Ii CTaHIB TPOTATOM BCTAHOBIEHOTO HampamfoBaHHA. OTxe, 1€ JT03BOJUTH
BU3HAYMTH TMapamMeTpy (QYHKIIIOHAIBHOI HAIIMHOCTI pyXy MOI3IIB SK CKJIQJ0BOI OE3MeKH MPOMYyCKY pPyXOMOTo
CKJaay TO AULIHII KOJNil i3 ypaxyBaHHsAM il TexHi4yHOro crany. IIpakTHuHa 3HAYMMicTh. 3a3BUyail ISt
0e31e4HOoro NpoIyCcKy PyXOMOTo CKJIaJy BU3HAYAIOThCS MapaMeTpH MPOLECy KOJIMBAaHb CUCTEMHU «EKiMaK — KOJIis».
L1i mapamerpyr HOPMOBAHO IHCTPYKILISIMH 3 yJaIITyBaHHsS Ta YTPUMaHHs peiikoBoi Koiii. AJjie 3MiHM HOpPMaTUBHOT
0a3M 3aJII3HUYHOTO TPAHCIOPTY 32 OCTaHHI POKH IepeadayaroTh JOTPUMaHHS ioro QyHKIiOHANBHOT Oe3nekH, sKi
B ICHYIOUMX HOpPMaTHBaxX CTOCOBHO 3aJIi3HWYHOI KOJIii HE BpaxoBaHi. ToMy HEOOXiTHO NUTaHHS IPO OLIHKY BIUIUBY
Ji1 pyXOMOTro CKJiaJly Ha KOJIiIO PO3IJISIaTH SK AMHAMIYHUH Mpolec, KpuTepii rpaHuYHUX CTaHIB SIKOT0 00YMOBIIEH]
Ha MJCTaBi ICHYIOUNX HOPMATHUBIB, CIIBBIIHECEHHMX 31 CTaHAMHU HAAIMHOCTI, a HA iX OCHOBI PO3pPOOHTH KpUTepil
0e3NeKU MPOTArOM BChOTO KHTTEBOTO IMKIY. [Ipy po3risi JHHAMIYHOTO MPOILECY KOJMBAHHS KOJII Ta pyXOoMOro
CKIIaly HEOOXiTHO BpaxoByBaTH AeOpMaTHBHY CTiHKicTh Koiii. Lle muTaHHS pO3rIIAIanoch TUTBKH 3 TOYKH 30PY
3MIHU TeMIlepaTypHUX aedopmartiii. laHe ToCiipKeHHs HaJae 3acai, P SIKUX MOXKHA BPaXxOBYBaTH il dOPCTKICHI
nedopmarii st MOXJIMBOCTI (OPMYyBaHHS HOpPMATHBHOI 0a3u 3 HamiiHOCTI Ta (YyHKIIOHATBHOT Oe3reKku
3aJI3HUYHOT KOJIii YKpaiHu.

Kniouosi crosa:nedopmatBHa podOTa KOJIT; CTIHKICTD KOJIT; HAAIHHICTh KOJMIT

Beryn CKJIaJ| 3aJTi3HHLL MOYE 3aCTOCOBYBATHUCS B NIEpPEBi-
3HOMY mporieci). Cno4aTKy MiJi KOHKPETHI yMOBH
o0epTaHHsS PyXOMOro CKiaay (BaHTa)KOHAIpPYKe-
HICTb 1 BCTAHOBJEHI IIBHAKOCTI PyXy) BH3Haua-
IOTBCSI XapaKTEPUCTHKH MiJCHCTEMH iH(pacTpykK-
TYpH 3aJi3HUYHOTO TPAHCIIOPTY, SIKa BKIIOYA€E
B ce0Oe BepxHIO OyI0BY KOuii, 3eMJIsIHE MOJIOTHO,
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YMOBH 00€pTaHHS PyXOMOTO CKIAay II€ yMO-
BH, 1110 3a0€3MeUyIOTh 0€3IeKy pyXy, TOTPUMAaHHS
MpaBUJ OOCIyTOBYBAaHHSA Ta YTPUMAaHHS, a TaKOX
JIOTTyCTUMHI BIUIMB Ha 3aTi3HUYHY KOJIifo (3a yMo-
BU OOOB’S3KOBOTO BHKOHAHHS SIKHX PYXOMHIA
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BOJOBIBiAHI, TpoTuachopMalliliHi, 3aXHCHI Ta
VKPIILTFOBAJIbHI CIIOPYH 3eMJISTHOTO MTOJIOTHA, PO3-
TaIIOBaHi B CMy3i BiBOAY, a TaKOX LITYy4YHi CIO-
pyIu. A Bxe B MPOILECi eKCIUTyaTalii KOPUTYIOTh-
¢ YMOBH 00€pTaHHS BiAMOBITHO A0 CTaHy ITiICHC-
TeMH 1HQPACTPYKTYpPH 3aTi3HUYHOTO TPAHCIOPTY.
I mpu He3aOBITEHOMY CTaHi MiACUCTEMH i PEKOH-
CTPYIOIOTH i HEOOXiTHI eKCIUTyaTaIliiiHi yMOBH.
Hukn 3MiHM yMOB 00EpTaHHS PYXOMOTO CKIIaTy
CKJIaJaeThCsl 3 IBOX omnepaiid. [Ipore B peanbHOCTI
el mporec HabaraTo CKJIaHIIINH.

Bci icHylo4i HOpMAaTUBHI METOJMKH PO3PaxyH-
KiB MOKa3HMKIB BIUIMBY Jii pyXOMOI0 CKJIany 3aji-
3HHIb Ha 3aJi3HUYHY KOJIiIO0 3aCHOBaHI Ha BUKO-
HaHHI BHUMOT MiIHOCTI 1 cTifikocTi. [lpm 1meomy
HE 3aBXKIM X BUKOHAHHS MPHUBOJAUTH IO IO3UTHB-
HOTO Pe3yJbTaTy, OCKIJIbKU BiJICYTHI YiTKi B3a€EMO-
3B’SI3KM MK PO3paxyHKaMH 3a PI3HUMH METOIH-
KamMu. Hanpukian, po3paXxyHOK CTIHKOCTI 3emiis-
HOT'O TOJIOTHA JKOJAHUM YHHOM HE IIOB’S3aHUM
3 pO3paxyHKOM 1oro mirHocTi. Kpim Toro, Bincyt-
HICTh KPUTEPIiB 3a nehOpMATHBHUMH XapaKTEpHC-
TUKAMU CKJIQJIOBUX YACTHH BEPXHBOI 1 HUKHBOI
OyIOB MPHU3BOAWUTH, MO-TIEpIle, 0 HEPiBHOMPYK-
HOCTI 3aJIi3HMYHOI KOJIii 110 JOBXKHHI, ITO-APYyTe, IO
HEMOXKJIMBOCTI 3a0e3ledyeHHs Ha BCIX IUIAHKAX
3ai3HUYHMUX JIHIA ICHYIOUMX HOPMATHUBHHX 3Ha-
YeHh IapaMeTpiB  HaIpyKeHOo-Ie(hopMOBaHOTO
CTaHy Ta pecypcy, BTpETe, 10 He3abe3NeueHHs BU-
Mor 0e3MevHoi eKCIuTyaTalii IpOTAroM KUTTEBOTO
nuKTy. Takum 9uHOM, ICHYFOYiI METOIHM 1 MEeTOMu-
KM OIIIHKH TTOKa3HWKIB BILTUBY PYXOMOTO CKIIAay
Ha KOJIi0 He 3a0e3MeuyI0Th CBOrO TOJIOBHOTO TpH-
3Ha4YeHHs. 3a0e3leYeHHs eKCIUTyaTalliifHOl Haii-
HOCTI mijgcucteM iHPpacTpyKTyp.

OCHOBHMM HamnpsIMKOM 3MiHH HOpPMaTHBHOI Oa-
31 3aJI3HUYHOTO TPAHCIIOPTY 3a OCTaHHI POKH CTa-
JI0 BpaxyBaHHS MHUTaHb 3 Oe3neku iHQpacTpyKTypu
3aJi3HUYHOTO TpaHCTIOPTy. Tak, MPUHHATI 1 TaKi 10
pospobisitoteest  ctangaptu: [OCT 32192-2013
«HanexHOCTh B K€IE3HOAOPOKHOU TexHuke. Oc-
HOBHBIE TIOHATHSA. TepMHUHBI W ONpEAETICHUSY,
T'OCT (mpoekr) «be30omacHOCTs (PyHKIIMOHATBHAS.
[lomutrka, mporpamma obecrieueHUs] 0e30IacHO-
ctu. JlokazaTenbCcTBO 0Ee30MacHOCTH 00BEKTOB JKe-
ne3noaoposkHoro  Tpancrmopra», I'OCT (mpoekr)
«bezomacHoCTs  (DyHKIMOHANBbHAs. YTpaBleHUE
pUCKaMHU Ha KeNe3HOJOPOKHOM TPAHCIIOPTE», 3Mi-
HH, II0 BHOCATKLCS B TEXHIYHUN perjiaMeHT MUTHO-
ro coro3y «O 0e30MacHOCTH WHPPACTPYKTYpHI XKe-
JIE3HOJOPOKHOTO TPAHCIIOPTAY.

OcHOBHa BUMOra 3 METOI0 3abe3nedeHHs 0e3-
MEKU 10 3aJII3HUYHOI KOJIiI 3BOAUTHCS 10 TOTO, 1110
BCl CKJIQJIOBI YaCTHHM 3aTi3HUYHOT KOl (3eMIIsHE
MOJIOTHO, BEpXHs Oy0Ba KOJIi Ta iH.) Ta €IEMEHTH
CKJIaJOBUX YaCTHH 3ali3HHYHOi Komii (peiiku,
CTPLIOYHI MEpEeBOU, PEHKOBI CKpITUICHHS, ITIAIH,
Oanact 1 iH.) MO MIIHOCTI, HECydYild 3JaTHOCTI
i crilikocTi TOBWHHI 3abe3medyBaTu Oe3meuHUi
PYX 3ali3HUYHOTO PYyXOMOTO CKJaay 3 HaiOiib-
IIMMHU IIBUAKOCTSIMA B MeXKax IOMyCTUMHX 3Ha-
YEeHb MPOTATOM YChOTO JKUTTEBOTO IUKIY. [Ipu
BOMY BEepXHsl OyZ0Ba KOJIii Ta 3eMIISTHE ITOJIOTHO
MOBHHHI 3a0e3MeduyBaTH CTaOUIBHICTD MOJOKEHHS
3aJi3HUYHOI KOJIii B IUIaHI 1 MO3A0BXKHBOMY IIPO-
¢bimi SK B HaBaHTAKEHOMY, TaK i B HCHaBaHTaXe-
HOMY CTaHI IPOTATOM BCHOTO IEPiONy eKCIUTyara-
uii. 'eomerpuyHi mapamMeTpu KpPUBUX IOBHUHHI
BCTAHOBJIIOBATHCA TaKUM YMHOM, 1100 3abe3nedy-
BaTU CTIMKICTh 3aJi3HUYHOTO PYXOMOTO CKJIaAY,
AKa MEePeLIKOKAE CXOly HOTO KOJIiC 3 peHoK i me-
PEKUAaHHIO. A KOHCTPYKIisl OE3CTHKOBOI KOJIii
MOBHHHA BHKIIOYATH BHUKHIU PEHKO-IIMAIBEHOT
PEIIITKY PU OJTHOYACHOMY BILIHMBI MOT3HUX 1 TEM-
nepaTypHUX HABAHTAXKCHb.

Breceno 3MiHy, ska monsrae B JOTPUMaHHI
(GyHKIIOHANBHOT O€3MeKH: BIACTHBOCTI 00’ €KTa
3a1i3HUYHOTO TPAHCIOPTY BUKOHYBAaTH HEOOXiIgHI
¢byHKIii 0e3meKu P BCiX MepeadadeHnx yMOoBax
MPOTATOM 33/IaHOTO Tepiofy Yacy. Y3aralbHIOI-
YUM TOKa3HUKOM O€3MeKH, SIKMi BHU3HAYa€ HEO0O-
XiTHU# CTYMiHb BINEBHEHOCTI B TOMY, IO 00’ €KT
Oylle BUKOHYBaTH 3aaaHi QYyHKINI Oe3lmeku, € pi-
BEHb NOBHOTH Oe3meku. lle kapauHaIbHO 3MIHIOE
MIPUHLINI, 3aKJIaIeHUI TpY OI[iHII BILTUBY Hii py-
XOMOTO CKJaay Ha KOJIif0, BiJl OIIHKKA PU3HKIB Ha
OCHOBI MPaBWJI J0 OL[IHKK PH3HMKIB HA OCHOBI Mip-
KyBaHb Oe3neku. Panime Oyno JOCTaTHRO mepeBi-
PUTH BiJIMOBIHICTh PO3Pi3HEHHX TOKA3HHKIB TIO
IUIOCKUX CTATMYHUX MOJENSAX (3a CBOEIO CYTTIO).
BHecena 3MiHa He perjJaMeHTye pO3TisiI HE MOMe-
HTY 4acy (pH sSKOMY BpaxOBaHi BCi HECTIPHUSITIIMBI
YMOBH JIJIsl OKPEMO PO3TJISIHYTOI TUIOIIMHHK), a JId-
HaMiYHOTO MPOIIECY 3MIHU CTaHy eKCIUTyaTaliiHoi
HaAiHOCTI 3ami3HuyHOi Komii. Lle#t mporec nmoBu-
HeH OyTH Ki1acu(iKOBaHWUM 32 KOMIUIEKCHOIO OITiH-
KOIO TMOJIOKEHHSI PEUKOBUX HUTOK B IUIAHI 1 Mpo-
¢ini, gedekTiB pelok, MO BIUIMBAIOTH Ha iX ¢op-
My, MPYXHUX BIACTMBOCTEH KOIii, MpH BijicTe-
KEHHI  TOPH3OHTAILHOTO 1  BEPTHKAIBHOTO
NepeMillieHb Kojeca MIOA0 PeHKH 1 MpOMIXKOK Ya-
Cy, IPOTATrOM SIKOro BiIOYBAIOTHCS Il IEepeMilIeH-
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Ha. Kputepii kmacudikarii TOBWHHI ITOBHICTIO
OLIHIOBATH CTaH 3alli3HUYHOI KOJII BIANOBIIHO
cTaHaM HaA1HHOCTI.

BpaxoBytoun BHIEBUKIIaIeHE, MOKHA KOHCTA-
TyBatH (HakT, M0 KOIHA 3 ICHYIOUNX HOPMATUBHUX
METO/IMK HE BIIOPAETHCS 3 MOCTABJICHUM 3aBJaH-
HAM. Y TO# ke 4ac mepexi Ha MU(PPOBHUIA 3aruc
eKCIepUMEHTATFHUX JOCTHiKeHb [4] ToBHICTIO
MiAroTyBaB ix 70 BepUdiKkallii Ta Bamigamii JaHux
UL TOKYMEHTOBAHOTO MiATBEPIKEHHS TOTO, IO
00’ €XT BUKOHYE BCi 3a/1aHi BUMOTH 10 (hyHKITIOHA-
JIBHOT 0O€e3IeKH K CKJIaX0BOI YaCTHHHU HAMIHHOCTI,
a Cy4acHi MeTOJH 3MOMKH MPOCTOPOBOI reoMeTpii
Koutii [14] 103BONSIOTH KOHTPOJIFOBATH I1i BAMOTH.

Haniitaicte 1 Oesmeka 00’e€KTa 3aJi3HUYHOTO
TPaHCIOPTY 3aJICKUTh BiJ TphoX (pakTopiB: uepes
JDKepena BiMOB, IO BimOYBarOThCS BCEpenuHi
00’exTta Ha OyAb-IKOMY €Tall JKUTTEBOTO ITUKITY
(cucteMHi ymoBHM), 4Yepe3 JUKepena BiIMOB, IO
BHHHKAIOTh M Yac excrutyararlii 00’exta (yMOBH
eKCIuTyararlii), yepe3 Jokepena BiIMOB, IO BHHH-
KaroTh B 00’€KTI IiJl Yac TEXHIYHOTO OOCIyTOBY-
BaHHs (YMOBM TeXHIYHOTO 00CIyroByBaHHs). [Ipu
pearizamii KOHKPETHOI 3aJi3HUYHOI CHCTEMHU He-
00XiTHO BU3HAYUTH (HAKTOPH, SKi MOXKYTh BIUIHBA-
TH Ha 11 HaIIAHICTH 1 O0e3MeKy, OI[IHUTH 1X BIUIMB i
3IiMICHIOBATH yNpaBiHHS NPUYMHOIO IIUX BIUIMBIB
MPOTSATOM YCBOTO >KHTTEBOTO ITUKIY 32 JOTIOMO-
TOK0 3aCTOCYBaHHS BIAMOBITHOIO CHUCTEMHOTO
YIpaBJIiHHS A1 ONTHMi3alii MOKa3HUKIB POOOTH
miei cucremMu. ToMmy HE0OXiHO MHUTaHHS PO OLi-
HKY BIUIMBY [ii pyXOMOTO CKJaay Ha KOJII Po3-
TISIaTH SIK JMHAMIYHUEA Tpolec, KpuTepii rpaHu-
YHHUX CTaHIB SKOTO 3yYMOBIIEHI Ha IiJICTaBi iCHYyIO-
YUX HOPMATHBIB, CIIBBIIHECEHHWX 31 CTaHAMHU Ha-
HOiffHOCTi, a Ha iX OCHOBI pO3pOOUTH KpUTEpil
0e3IeKr MPOTATOM BCHOTO YKUTTEBOTO ITUKITY.

JunamiuyHa neOpMaTUBHICTH KOJil — BUHUK-
HEHHsI MiJ BIUINBOM HABaHTa)XEHHS KOHCTPYKIiT
Koutii gAedopmaniid, BUKIUKAaHUX 3MiHAMH (HOpMH,
po3MipiB abo 00’eMy elleMEeHTIB 3a paxyHOK BiO-
partii exeMeHTiB KOHCTPYKIii Kojii 4 iXHiX dac-
THH, 3MiH BJIaCTHBOCTEH MaTepialliB eJIEMEHTIB Ta
3yMOBIIEHI BCiMa TiepeMiHaMu TIEpEeMIIlleHHs OKpe-
MHX TOYOK KOHCTpYKii koii. Ilix mporecom me-
¢dopmatuBHOi pobOTH KOJdiI OygemMo po3yMiTH
SIBUIIA JTWHAMIYHOI Je()OpMAaTUBHOCTI, 10 Bii0y-
BaIOTHCS i1 BIIMBOM PYXOMOTO CKIIaay.

PoGotu 3 BUBYEHHS AWHAMIYHHUX IIPOIIECIB Be-
IyThCsL B PI3HOMAHITHUX HampsMKax. TeopeTnyny
YacTHHY, 3a3BHYail, po3po0Jsdi0Th HAYKOBIU (i3u-

KO-MaTEMaTUIHOTO HAIPSIMKY, a HAyKOBIT TeXHIU-
HOT'O HANpSMKY MOLIMPIOIOTH PO3POOKH 3 Bpaxy-
BaHHSM OCOOJHMBOCTEW LBOTO Mmpolecy. Tak B po-
6oti [6], po3pobieHo anropuTM TOOYAOBH XBH-
JTHOBUX TIONIB, SIKI TEHEPYIOTHCS PYXOMHMH
OCLWIIOIOYMMY HABaHTAKEHHSMHU B T'€TEPOTCHHO-
My MIapyBaTOMY MIBIPOCTOPI i makeTi mapis. Bu-
KOHAHO HATYpHHWI EKCIIEPUMEHT peecTpailii XBHU-
JHOBUX TIOJIIB, SIKI TEHEPYIOThCS B OCHOBI Marict-
paJti IOI3HOTO HABAHTAXKEHHS, IO MiATBEPAUB BH-
CHOBKA  TECOPETHYHHX JOCITi/PKEHb. Ane
CKJIaJHICTh TIOJISATa€ B TOMY, IO 30yA’KyBaHi XBU-
JILOB1 TOJS HECYTh B CO0i iH(OpMAILito, 3 OJHOTO
00Ky, IIpo iHTErpaybHi MapaMeTpyu PyXOMOTO CKJIa-
Iy, a 3 HIIOTO — MPO MapaMeTpu OaracTHOI MpH-
3MH 1 IPYHTOBOI'O CEPENIOBHIIA, TOMY BOHH JIAIOTh
3MOTY aHai3yBaTH XapaKTePUCTHKH Ha OCHOBI
MOPIBHSIHHS, TOOTO BUKOHYBATH SIKICHUH aHaITi3.

B po6ori Bepuuesa C. H. [2], skuii npomoBkye
mkony BecHinbkoro A. I, mocmimkyeTrbcst CTild-
KiCTh KOJIMBaHb JTBOMACOBOTO OCLMJIATOPA, SKHUif
PIBHOMIPHO pyXaeTbes 1o Oammi monxeni beprymi-
Einepa, 1o 1exuth Ha B’SI3KO-MPYKHOMY MiBITPO-
ctopi. Hemomikom € Te, 1m0 BBOOUTHCA €KBiBaJICH-
THa >KOPCTKICTh TIBIPOCTOPY 1 3aBIaHHS 3BOIUTH-
csl 10 BUPILIEHHS 3a/adi PO KOJMBaHHs OalKu Ha
OIHOBUMIpHIN OCHOBI, OCKIJIBKH Je(pOpMaTHBHI
XapaKTEPUCTUKU KOJi € Iyke CIabKuM MicIeMm.
Xo4a MPUHIMIIOBO BaXKJIMBA BIJMIHHICTh MOJISATAE
B TOMY, IO €KBIBaJIECHTHA >KOPCTKICTh MiBIPOCTO-
Py HE € KOHCTAHTOI, a 3aJeXKHUTh BiJl YaCTOTH
1 XBHJILOBOTO YHCIIa B OaIIi.

Hdyxe GaraTo MOCHTiPKEHb NMPUCBSYEHI BIUIUBY
JUHAMIYHUX KOJHMBaHb KOJIii HA KOJIMBAHHS IPYH-
TIB Ta CHOPY/, IO 3HAXOJSThCS MOopyd. Bonwu, 3a-
3BUYai, 0a3yrOThCS Ha ekcrmepuMeHTax. [lpukia-
JOM 3 BH3HAUEHHsS HECY4Oi 3[JaTHOCTi IPYHTIB,
Moxe OyTH poboTta Adaykamunosa L. I1I. [5], ne
BUKOHAHI1 IMOJIbOBI, J1a0OpaTOpHI Ta TEOPETHYHI
nmociikeHHs. [1omboBI €KCIIEPUMEHTH BUKOHAHI
Ha minii HaBoi — Yukynyk — MuckeH 3ami3HUIL
V36ekucrtany. Pe3ynbTraTi MONBOBHX MOCIIKEHB
00pOOJISITUCS 3 BUKOPHCTAHHSIM METOJIIB MaTeMa-
TUYHOI ctatucTuku. JlabopaTopHi BHIIPOOYBaHHS
3 BUBUEHHS BIUTMBY BEJIMYHHH BiOPOIMHAMITHOTO
HaBaHTKEHHS Ha BJIACTHBOCTI MIITHOCTI OapxaH-
HHUX TICKIB BUKOHAHI Ha BiOpocTabiloMeTpHyHii
ycranoBii koHcTpykmii JIIDKTy. ¥V poboTti BuKko-
HaHI pO3paxyHKH, HA OCHOBI SKHUX PO3po0JIeHa Me-
TOJIUKA PO3pPaxyHKy Ta IMPOTHO3YBaHHS HeCydol
3IaTHOCTI 3€MJITHOTO TIOJIOTHA, BIJICHIIAHOTO Oap-

doi: 10.15802/stp2015/57012

© 1. O. bounapenko, 2015

47



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

Hayka ta nporpec Tpancnopty. BicHux J{HinponeTpoBCEKOro

HaLiOHAJIIBHOTO YHIBEPCHTETY 3aili3HH4HOro TpaHcnopty, 2015, Ne 6 (60)

3AJIIBHMYHA KOJIIA

XaHHUMH ITiCKaMH, IO CIIPUIAMAaIOTh BiOpoauHaAMI-
YHE HAaBaHTAXXCHHS. TakKoX MPHKIAIOM POOIT Ta-
KOTO HampsiMKy € pobota [9], ne posrisHyTO 1H-
HaMiYHI HaBaHTa)XEHHS MPOTSATOM CE30HIB Ta BCTa-
HOBJICHO PI3HUINIO XapaKTEPHCTHK BKA3aHOTO MPO-
Hmecy TpH pi3HUX craHax IpyHTIB. [lepeBaroro
Takux POOIT € PI3HOMAaHITHI JOCIiPKEHHS TTOBO-
JDKEHHST KOHKPETHHMX IPYHTIB, ajle OCHOBHHM He-
JOJTIKOM € HEMOXIHUBICTb  PO3MOBCIOKECHHS
OTPUMAHUX PE3yJbTAaTiB HA OCHOBH 3 iHIIUX IPYH-
TiB, 1HIII YMOBM €KCILTyaTallii Ta iHII KIiMaTHIHI
30HH.

VY 3B’s3Ky 3 MOCTiIHHOIO MOTPEOOI0 301bIIEHHS
Barv BaHTAXXHHUX TOI3/iB, MBUAKOCTEH Macaxup-
CHKHX TIOT3/iB Ta MPOITYCKHOI CIIPOMOKHOCTI 3aTi-
3HUYHMX JIiHIH, a TaKOX BIJCYTHOCTI BLIBHOTO
NPOCTOPY B HACENEHHUX MyHKTaX, MiJBHIICHHS 1H-
TEHCHBHOCTI 3aJII3HUYHOTO TPAHCIIOPTHOTO IIyMY
i BiOpamii MOXe CTaTd CIUIBHOK EKOJIOTIYHOO
npobiemoro B MaitOyTHeoMy. Tomy myxke Oararto
JIOCTIPKEHb BUKOHYETHCS B IbOMY HampsiMKy. Tak
B pobori [11] posrnsryTo 110 TIpo6IeEMy B paMKax
MICBKHAX XOPBaTChKUX TpaMBalHHX Ta 3aJIi3HHUY-
HUX JiHii. B po0oTi [7] onucano mocATrHEHHS MI0-
IO 3HIDKCHHS IIyMy Ta BiOpallii, 0 BUKOHYIOTHCS
3a nporpamoro B Himewunni mo 2020 p. B po6oTi
[12] omumcano mOCBiA TOHKOHTCHKUX 3ai3HUYHUX
MEPEXk, MPOTSHKHICTh SKUX csrae 211 kM 1momo
TUTaHYBaHHs Ta KOHTPOJIIO 3a HIYMOM Y BEJIHKHX
mictax. Lli po6oTn He AalOTh YOOCKOHANEHHS IS
PO3paxyHKy TOIIMPEHHS KOJMMBaHb BiJ Jii pyxo-
MOTO CKJIaay, ajie 3HAYHO PO3MIUPIOIOTH iH(popMa-
[iI0 CTOCOBHO IUX MPOIECIiB Ta iX BILUIUB Ha OTO-
gyyroue cepenosuiie. KpiMm Toro, Ha iX mijcTaBi
(hOpMYIOTBCSI KPUTEPIi ITyMy Ta BIOPO3aXHUCTY.

[Ipobnemy 3abesnedeHHst HaiitHOI poOOTH 3a-
J3HUYHOI KOJii 3 TOYKK 30py OOpOOKH iCHYIOYOT
iHdopMarii Ta TPOTHO3YBaHHA HA 1i MmiJACTaBi
IMOBIpHOCTI pW3HKIB po3MIsiHYyTO B poboti Kaci-
moBa b. P. [4]. 3anpomnoHOBaHO TMiABUINEHHS KOe-
¢ilieHTa TOTOBHOCTI KOJIii 32 paXyHOK 3HIKEHHS
PHU3HKIB, IO TPYHTYETHCS HA MiABUINCHHI 00i3HAa-
HOCTI Ta IATOTOBJIEHOCTI IO ITOAINH. AJle HE MOX-
Ha BpaxyBaTH BCi MalOyTHI pH3HMKOBaHI MOMil
TUTBKH 32 CIIOCTEPEKEHHSIM BHXONIY CIEMCHTIB
BEPXHBOI OYZI0BU KOJIIT Ta 3MIHU €KCILIyaTal[ltHUX
yMOB. [l mporHo3yBaHHS HEOOXITHO BpaxoByBa-
TH TOBO/KCHHS W HUKHBOI OYJOBH KOIii, amke
BOHA Ma€ HAWOUTBIIMI TEpMiH CIY>KOHM, HIK BCi
SIIEMEHTH 3aJi3HUYHOI Kouii. OTxe, MPOrHO3yBaH-
Hs Oyje MaTH MOXWOKH, SKIO He 3abe3redyBaTH

OJTHAKOBHUIl CTaH 3eMJITHOTO TOJIOTHA TPH IOJa-
TBIIH eKcIuTyaTalii, ajne HampsiM Cy4acHO PO3IIH-
PIOE TIOHSTTSI MPAIe3IaTHOTO CTaHy KOJIii.

[Ipn BUBYEHHI KOJHMBaHb CHCTEMH «EKimax-
KOJist» CcHOPMOBAHO JBa HANPSIMH JTOCTIIKEHB:
BUBYCHHSI KOJIMBaHb PYXOMOTO CKJIaJy Ta BHBYCH-
HSl KONMBaHb Komii. OOWJBa HANMPSIMKH BHBYAIOTh
KOJIMBAHHS JOCTIAHOTO 00’ €KTa 3a YMOBH, ITIO0 TIap-
THEp MO B3a€EMOIi 3a7a€ThCsl TEBHUM 30YKYyIO-
yuM KoJuBaHHsAM. OOujBa HANpSIMKH HE BpPaxo-
BYIOTh BiIKIIUK MTapTHEPA BiJl B3aEMO/IIi.

JlocikeHHsT KOJMMBaHb 3 KOHCTPYKIIIHA Bepx-
HBOI Ta HUXKHBOI OyJOBU KOJIl 3BOIATHCS IO BU-
BUYCHHSI KOJIMBaHb PEHKHU MPU MEBHUX BIUIMBAX PY-
XOMOTO CKJIaIy Ta MEBHUX XapaKTepUCTHKaxX ITiJI-
peiikoBoi, a 1HOAI MiAMIIANbHOI, OCHOBU. Pe3yiib-
TaTaMl TakWX JOCH/DKEHb €  HampyXeHO-
neopMOBaHHK CTaH, MO XapaKTEPHU3ye MIITHICTh
Ta BUTPHUBAIICTb.

KonuBaHHS pyXOMOTO CKJIaqy BHBYAIOThHCS
OUTBII IMPOKO. AJle TIpH iX JOCHIJKCHHI KOJHU-
BaHHS CHCTEMH KOHCTPYKIIIH BEpXHBOI Ta HIKHBOL
OyZOB 3aMi3HUYHOI KOJii MOAalOTh K Habip 30y-
JOKYIOUMX KonrBaHb. DyHKIN, MO OMHUCYIOTH IIi
KOJIMBAaHHS, HaBiTh HE MAlOTh YIiTKOi 3aJIEKHOCTI
BiJl XapaKTEPUCTUK €JIEMEHTIB CUCTEMH KOHCTPYK-
1iii BepXHbOI Ta HUKHBOI OyIOB 3ali3HMYHOI KO-
i,

ExcniepuMeHTaNbHI JOCHIIPKESHHSI 3BOASTHCS 10
BU3HAYCHHS CTaHIB PYyXOMOI'O CKIIaAy Ta KOJil
B KOHKDETHHX IepeTWHaX, Ta BiJMOBIIHOCTI IHX
CTaHiB HOpMaTHBaM. BUBYEHHS B3aeMoOii pyxo-
MOTO CKJIJIy Ta KOJIii 32 JOTIOMOI'OI0 TEH30METpH-
YHHX Map He HaOyJI0 PO3BUTKY 3 MPUYWUH HEOOXia-
HOCTI pO3pOOKH HOBHX ITiIXOJIB, METOMIB 1 Tapa-
METPIB OIIIHKK LLOTO MPOIIECY Ta BiACYTHOCTI 3a-
Jlad, M0 CIOHYKAITh JUIsi PO3POOKHM HOBHX
BIIPOBAJ[)KCHb.

VY BCiX BHIAHHSX, IO MPUCBAYCHI KOJUBAHHIM
CUCTEMHU «EKIIMaXX-KOJIisA», 3a3HAa4eHO, M0 KOJIU-
BaHHS PYXOMOTO CKJIaJy MPUHOCATH OaraTo 30uT-
KiB. BOoHM NpW3BOIATE IO poO3amiB KoOii, TOpy-
UIYIOTH TUIaBHICTh XOAY, 1HOJI MOXXYTh NMPU3BECTH
0 cXOny ekimaxka 3 peiiok. KonmBaHHsA ekimaxka
BHKJIMKAIOTHCS OararbMa IPUYMHAMH. HEPiBHOC-
TAMH KOJIii; HEPIBHONPYKHICTIO PEHKOBUX OIOP;
PEKUMOM TATH Ta ii CUIOI0; HEPIBHOCTSAMHU Ha KO-
JIecax pyXxoMOro CKIay.

Bumu ta po3max KOJMBaHB PYXOMOTO CKIIauay,
iX HapocTaHHs a0o 3racaHHs 3ajJekaTh SK BilI
KOHCTPYKTHBHHX OCOOJMBOCTEH PYyXOMOTO CKIIa-
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Iy, TaK 1 CHCTEeM KOHCTPYKIII BEPXHBOI Ta HIK-
HbOT Oy10B 3ai3HUYHOT Koumii. [Ipu 11bOMY 110 11bO-
TO Yacy JOCHIKYIOTbCS HEPIBHOCTI peHoK, sIK Ie-
PUIONPUYMHA [UX KOJHUBaHb, aje 3 TOYKU 30Dy
MOSIBY HEPIBHOCTEH sIK aOpa3WBHOTO, TAaK 1 aATe3u-
BHOI'O 3HOCY PEHOK.

BBakaeThcsl, MO pPE30HAHCHI SBUINA B peHIl
MK CYMDKHUMH KOJIECAMH Bi3KiB IPH JWHAMITHIMA
B3a€MOJIIi XOJOBUX YaCTHH 3 BEPXHBOIO OYI0BOIO
KOJIii BUHUKAIOTH 3aBKIH, T4 BOHU € JIMIIE HEOO-
XiZHOIO, alle He MOCTAaTHHOK YMOBOIO YTBOPEHHS
Ta TOAAJBIIOTO PO3BUTKY XBHJIEMOAIOHMX HEpiB-
HOCTeW Tpu ekciutyaranii. JlocTaTHBOI0 YMOBOIO
JUTSE YTBOPEHHSI XBWJIETIONIOHWX HEPIBHOCTEH pe-
HOK € eKCITTyaTallist Ha IJISHIT KOJil OTHOTHITHOTO
PYXOMOT'O CKJIay y BY3bKOMY Jiana30Hi MIBUIKO-
CTel pyxy, IO BKJIIOYAE PE30HAHCHI HIBHUAKOCTI
pyxy [1]. Metoau GOpoTEOH 3 UM SIBHIIEM IIPO-
MOHYIOTh 33 PaxyHOK 3aCTOCYBaHHS pO3paxyHKO-
BUX IHTEPBJIiB ONTHUMAIBHUX MIBUAKOCTEH PYyXy,
MpH SKUX BiJICYyTHI pe3oHaHCHI mBuakocti. [Ipu
IbOMYy HeMae OOTPYHTYBaHHsS, YOMY TaKi 3aXOIH
Mo 3MiHI eKCIUTyaTalidiHUX yYMOB CHCTEMH KOHC-
TPYKIii BEpXHBOI Ta HIKHBOI OYJOB 3aTi3HUYHOI
KOJIii HE MPHU3BEAYTh MO0 3MIHA XapaKTEPHCTHK Yy
3a3HauYCHIN cucTeMi 1 10 THX ke PolJieM, 3 TKUMU
MPOBOAMIACHE OOPOTHOA.

ToMmy HEOOXiTHO BUKOHATH JOCIIHKCHHS IIPO-
1ecy PO3MOBCIOKEHHS KOJIHMBaHb IpH Jedopma-
TUBHIM POOOTI CHCTEM KOHCTPYKLIH BEpPXHBOI Ta
HIDKHBOT OYyJTOB 3aJ1i3HWYHOI KoJii. [cHye nmekinbpka
OCHOBHUX TEOPETHYHUX MOJEIEH UTs TOCIiIKEH-
HSl 3a3HAYEHUX MpoOjeM: Oaimka Ha MIBIPOCTOPI,
Oarka Ha JBOMIAPOBINA OCHOBi, KOHCTPYKIIS KOJil
3a KaHOHAMH METOIy KIHIIEBUX a0o0 TpaHWIHUX
enemeHTiB. Tak B po6oti [8] posrmsiHyTo migmaT-
JIMBICTH 3II3HUYHUX JIIHIA 32 JOIIOMOIOK MOIEIL
0aKy Ha MIBIPOCTOPI Ta 3a JOTIOMOTOK) METOIY
KIHIIEBUX ejJeMeHTiB. Y pobori [16] mopiBHsHO
po3paxyHKH BiOpauiii y MeTpomoiiTeHi, BUKOHA-
HUX JUTsl MOJIENT, 10 OTMCaHa 32 METOJIOM TpaHY-
HUX €JIEMEHTIB, Ta 3a 3alPOIIOHOBAHUM METO/IOM
«Tpyba B TpyOi». Y 3alporoHOBAaHOMY METOIII TY-
HEJb CTIHU Ta 3eMJIsl, IO OTOYYE ii, MOIETIOIOThCS
y BUTJISIAI ABOX KOHIEHTPUYHHUX TPYO 3 BHKOPHC-
TaHHAM 3aca]l Teopii MPyKHOCTI KOHTHHYYMY. Po-
6otu [10, 15] € mpoOBKEHHSIM HANPSIMKY TBEpPIO-
TITBHHUX JTOCIIPKEHB, IO PO3BUHYTI 3aBISKH YJI0-
CKOHAJIEHHIO XapaKTePHUCTHK, OTPHMAaHUX 3a eKC-
NepUMEHTAaMH  Ta  BHUKOPUCTAHHSIM  METOXY
KIHIIEBHX ejleMeHTiB. B po0OTI HaYKOBIIB YHIBED-

curery Jlagp6opo (Benukobpuranis) [13] 3i6pamo
aHaji3 OTPUMAHUX EMITIPUYHUX JAHUX Ta HATAHO
OLIIHKY MOJENEH, 10 3aCTOCOBYIOTHCS TIPU po3pa-
XYHKY KOJIMBaHb B OCHOBI KOJii BiJl BIUIUBY PyXO-
MOT0O CKJIaly, Ta peKOMEHJALI] 100 MOJaIbIIOro
KOPUT'YBAaHHS MOJEJIEH.

Meta

Mera BHKOHAaHHMX JOCHIIPKCHb — BU3HAYUTH
0co0uBOCTI ehopMaTUBHOT POOOTH 3aTiI3HUIHOT
KOJIii 32 paXxyHOK BCTaHOBJICHHS MEX CTIMKOCTI
PEHKOBOI KOIii 3aJIeKHO Bifl KOHCTPYKINI 1 CTaHy
CHCTEM BEPXHBOI Ta HWXKHBOI OYJIOB KOIii, IUTaHy
JiHii A7 MOXIMBOCTI (OPMYBaHHS HOPMAaTHBHOI
0a3u 3 HagidHOCTI Ta (PYHKIIOHATBHOI Oe3reKu
3aTI3HUYHOT KOTi1 YKpaiHu.

MeTtoanka

31 30UIBIICHHAM IIOJOBXKHIX CTHCKAIOUMX CHJI
B pelikax BiOyBaeThCS 3O0LTBIICHHS 3aracy IMOTEH-
uiiiHoi eHeprii. [Ipy neBHil BeJMYMHI CTUCKaHHS T10-
TeHIIifiHa eHepris, sSKa HAKOIIMIYEThCS B peliKax, CTae
HACTUIBKU BEJHMKOIO, L0 PEHKO-INNAIbHA PELIiTKa
B 33J]aHOMY ITOJIOXKEHHI CcTae HecTiikoro. Hacimigkom
BOr0 MOKe OyTH BHKHJ KOJIii B CTOPOHY a00 BBEpX,
SKUA CYNPOBOIDKYETBCS 3BUIBHEHHSM «3aJIMIIKOBOD»
TTOTEHITIHOT eHeprii. 3a paxyHOK ITi€i eHeprii BinOy-
BA€THCS PI3KUI BUTMH PEHOK, MPH SIKOMY JOJAETHCS
Bara peHKO-IINANbHOI pPEeLITKY, omp Oamacty
1 iHOI (pakTOpH, 3aBASKA YOMY CHEpTiS CTHUCKAHHS
3MeHmIyeThes. 11 3amac B peifkax ocTatouHo aedop-
MOBaHOI KoJIii BiINOBila€ HOBOMY CTaHy CTiHKOi piB-
HOBark MiK (DaKTopamMy TPOTHUIil BUKPUBIICHHIO Ta
CTHCKAIOUMH CUJIi, IKa MA€ 3HAYHO MEHIIY BEJIMUKHY.

TakuMm YMHOM, PO3PaXyHOK CTIMKOCTI 3BOJMUTHCS
[0 BU3HAYEHHsSI YMOB PiBHOBark CTUCHYTOI IOZOBX-
HIMH CHJIaMH PEHKO-IIMAIBHOI PEITiTKH 1 BETHMIHHN
ocTaHHIX. Po3paxyHOK BUKOHAHO 3a TIOBHOI (hOpMYJIH
3 BHU3HAUCHHS KPUTHYHOI CHIIM, 3alpONOHOBAHOL
C. IL [epmmanm.

YMOBY pIiBHOBar# BCTaHOBIIIOIOTh BHUXOASYH
3 IPUHLUITY MOYJINBUX MEPEMillieHb, TPUPiBHIOIO-
9H JI0 HYIId CyMy €JeMEHTapHHX poOiT Ha OyIb-
SIKOMY MOKJTHBOMY TIEpEMIIICHHI:

20
dAf

2AA=AFAFA A,
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ne A, — pobota cTuckarouoi cuau P, Ha KiHIAX
BUKPHBJICHHS 3 XOpAOK0 |, MOYaTKOBOIO CTPiNIOKD
f, Ta mporuHom Af mnpu mocrifiHoMy KoedimieHTi

M, , KUl 3aneXuTh BiA NpUHHATOI (HOPMU BUKPU-
BJICHHSI.
Af % + 2Aff,

A |

=-Rn, ,
ne | — moBkuHA XOpAW BUKPUBJICHHS, KOO 3aMi-
HIOIOTh JIOBXHMHY BUKPHBIICHOT YaCTHHM IUTITI, KO-
nuBaeTbes B Mexkax 300—1 600 cm; Af — crpima
BiJl JOJATKOBOTO TPOTHHY, IO BHHUKAE TIiA dac
MOSIBM CTHUCKAIOYHMX CHJI, KOJIMBAETHCS B MeEXKax

0,054 cm; f, — cTpina MOYaTKOBOrO BHKPUBICH-

HS, IO XapakTepu3ye CTaH KOJii, KOJIMUBAETHCS
B Mexax 0,1-0,4 cm; 4, — poOoTa BUTHHY peiiok

ElAf?

Al :nu|—3’
ne E - momyne mpyxHOCTI perkoBOi craii,
2,1x10° MITa; | — MOMeHT iHepIii peiko-

IINAIbHOI PEIIITKH BiIHOCHO FOPU30OHTAIBHOL; 1,
— MOCTIMHUHN KOeQilieHT, SIKUA 3aJIeKUTh BiJ MpU-
HHATOI (OPMHU BUKPUBIEHHS, Ag,, — poboTa 10-
JIAaHHS CHJT OTIOpY 0ajacTy:
/ /NINY
Asan =N GoAFl +mcC AT,
ne né Ta né/ — MOCTiHHI KoediuwieHTH, sKi 3aie-

XKaTh BiJ NpPUItHATOI (POPMH BHKPHBICHHS, ¢ —

CHWJIa, 10 TIPUKJIa/IeHa 10 OJUHHMIII TOBKUHU OaIKu
Ta BHKJIMKAE TOTEPEYHE 3MIIMECHHS Ha OIWHUIIIO;
g, — cuia, IO NPUKIAJeHa 10 OJUHULI JOBKHHU
0aJKy Ta BUKIHKAE IMOJOBXKHE 3MIIICHHS HA OJIH-
HULIO; A, — poboTa JoNaHHS CHJI OTIOPY CKpil-

JIEHB.
2m  Af?
ACKp - a nl I '
Je @ — BIACTaHb MDX OCSAMH INMAJI. MPH Emopi
2 000 mr./km — 50 cMm, 1 840 mr./km — 54,30 cwm,

1600 mr./km —62,5 cM; M, — peakTHBHUHA MoO-

MEHT, KWl 3aJIe)KHO BIJl 3aTATYBaHHS KIEMH MPH
11 xrc¢ cranoButh 13200 xr/cMm, mpu 22 xr¢ —
19 600 kr/cm, mpu 33 krc 26100 kr/cwm;
Poss’s3anns piBHsHEA (1) Hamae 3ameKHOCTI
MK CHJIOBHMH Ta TEOMETPUYHUMH (DAKTOPAMHU.

Cruckaroua cuja CIodYaTKy 30UTBITYEThCS, H0-
CATal0Yd MaKCUMyMYy, a TOTIM CHaJae€, 1o BiArMo-
BiJIa€ BUKHTY.

I[Tincrasmsoun B Gopmyiy (1) Bupasu Bcix po-
0iT, oTpuMyeMo TIOBHY ¢dopmyiry. [ToBHa popmyira
JUTSI BU3HAUCHHS 3HAUCHHS CHJIM Ma€ BUTJIS

k
p—| 48,446 127 | 0, 07817 caf " + 2Mo g | (ﬂj
a

12 |
1
x B 1)
Af + 1, +0,O78E

C — MoayJb nedopMariii, TOOTO cuita, IO MPUKIA-
JICHa JI0 OJIMHUII JIOBXKMHU OAalKh Ta BHUKIIUKAE
3MIIIEHHS Ha OAWHMITIO, 3HAXOATE 33 (DOPMYJIOL0:
N — koe(ilieHT, 10 BUpaka€e BiHOIIECHHS I10-
BHOI JOBXXWHH J1e(hOPMOBAHOI TUITHKA 10 TOBYKH-
HU CKPHUBJICHOT YaCTUHH, KOJHUBAETHCI B MEXKax
1/2..1/8; k — koediuient, mo BpaxoBye (opmy
Npy*kKHOi Oaku, KOJIMBAaEThCS B Mexax 1/2..1/8;
&, &, — eMmipuuHi Koe]illieHTH, L0 3alIeKaTb
Bijil 3HaueHb N 1 K, 3HAYCHHS SKUX HABEICHO

B Tabm. 1; R — paniyc kpuBoi.
Tabnuns 1

3HayeHHs eMIipUYHUX Koe(ilieHTIB

Table 1
The values of empirical coefficients
Bem/;'vMHa 3HaueHHsI MOKA3HUKIB CTymeHs N ta K
TOCTIHHIX 12 13 1/4
&l 0,838 0,885 | 0,907
£2 0,594 0,505 | 0,463
3akindeHHs Tabm. 1
End of table 1
Bemﬁmﬂa 3Ha4YeHHs OKa3HUKIB cTyneHs N Ta K
froCTHHHIX 1/5 1/6 u7 18
£l 0,925 0,936 | 0,948 | 0,953
g2 0,444 0,432 | 0,421 | 0,413

CepenHiil YKJIOH IMOYaTKOBOI HEPIBHOCTI MOX-
Ha BU3HAYUTH 32 POPMYJIOIO:
fol

=0
2
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Js KO’KHOT KOHCTPYKINi Ta CTaHy KOJii BCl
3HAUYCHHS, 10 BXOAATh B Gopmyiy (1), € mocriii-
unmy, kpim |, Af, f,. Takum 4mHOM, HOIOBXKHS

cuna P e dynxuieto B, =@(Af, ;1) i moxe Gyrn

MOJIaHa K «CIJUTOBUHHA» TIOBEPXHSA, AKa 1 € Me-
JKEI0 CTIHKOCTI PEeHKOBOT KOJTii.

PesyabTaTtu

3a3Bu4all BUKOPUCTOBYIOTh 3HAYEHHS MOJOBXK-
HBOI CHJIM JJIi BHU3HAYEHHS TEMIIEPaTypHOTO iH-
TepBally 3aKpilieHHs peikoBoi Komii. Ane mo-
JOBXHSI CHJIa MOKe OyTH BHKJIMKaHa HE TiIBbKH
3MiHAMH TeMIIepaTypHUX nedopmariiii, a i 3miHa-

MU XOpCTKicHUX nmedopwmartiit. [Ipu neBaux nedo-
pMallisixX BUTHHY JOCATA€TbCS MaKCHUMyM CTHCKa-
040l CHJIM, L0 W XapaKTepu3y€e KPUTHUYHUN CTaH
HECTIMKOI piBHOBaru IMpH TMEBHIN TOBXWHI XOpPIU
BUKPHBJICHHS. AJie I KOXHOTO 3HadeHHs | ic-
HYIOTb CBOl 3HAYE€HHS MAaKCHUMAaJbHOI CTHCKAaK4oil
CHJIM Ta BIATIOBIMHI JO0 ITHOTO 3HAYCHHS IPOTHHH
Af, f,.

B Tabn. 2 HaBeneHO po3paxyHOK 3HAYEHb CTHC-
karo4oi cwm 3a merogukoro C.II. [lepmmra mps-
Moi minsHKE Kouii 3 peiikamu tumy UIC60 mpu
«CIIPaBHOMY» 3€MIITHOMY TOJOTHi, TOOTO TaKuM,
IO TIPAITIOE B TIPYXKHIHN CTamii.

Tabnuns 2
Table 2
3HaYeHHS CTHCKA040i cuiiH 32 NoBHOK MeToankoio C.I1. [lepmmna
The value of compressive strength according to the full method of S. P. Pershyn
Josxuna| Crpina Cruckaioua cuia KH B yMoBax piBHOBar IpH MporuHi, cM
xopau | mouarko-
e B:;:Ceﬁt' 0,05 01 0,25 0,5 0,75 1 125 | 15 | 175 2
CcM CM
200 0,2 6722 | 10079 | 15545 | 19382 | 21181 | 22224 | 22904 | 23383 | 23738 | 24 011
300 0,3 3513 4 696 6 764 8384 9202 9695 | 10023 | 10258 | 10433 | 10569
400 0,4 2922 3496 4441 5172 5541 5763 | 5910 | 6014 | 6092 | 6151
500 0,5 2913 3275 3762 4062 4185 | 4246 | 4279 | 4298 | 4309 | 4316
600 0,6 3093 | 3377 | 3660 | 3731 | 3704 | 3658 | 3611 | 3568 | 3529 | 3494
700 0,7 3348 | 3611 | 3807 | 3749 | 3624 | 3503 | 3396 | 3304 | 3225 | 3156
800 0,8 3638 | 3908 | 4074 | 4489 | 4242 | 4018 | 3825 | 3660 | 3519 | 3397
900 0,9 4589 | 4922 | 5099 | 4879 | 4584 | 4313 | 4077 | 3874 | 3700 | 3548
1000 1 4984 | 5353 | 5563 | 5331 | 5004 | 4696 | 4425 | 4189 | 3984 | 3804
1100 1,1 5385 5796 6 050 5822 5474 5138 | 4837 | 4572 | 4340 | 4135
1200 1,2 5790 6 245 6 552 6 341 5980 5622 5296 | 5006 | 4749 | 4521
1300 1,3 6198 6 700 7 065 6878 6512 6 137 5790 | 5477 | 5198 | 4948
1400 1,4 6 608 7157 7 586 7429 7063 6676 | 6311 | 5978 | 5679 | 5409
1500 1,5 7019 7618 8111 7991 7629 7233 | 6854 | 6504 | 6185 | 5897
1600 1,6 7432 8079 8 641 8 560 8 206 7805 | 7414 | 7048 | 6713 | 6408

OTxe, BU3HAYCHHS TaKHWX CIIIBBIJIHOIIEHb 3a
metogukoro C. I1. [lepmmaa Hagae mexi s dhop-
MyBaHHS HOpPMAaTHBHOI 0a3w 3 HaMIHMHOCTI KOl
3 ypaxyBaHHAM 1i ge(OpMaTUBHUX OCOOJIMBOCTEH.

Ta 32 yMOBH BUKOPUCTaHHS METOAUKU PO3PAXYHKY
napaMeTpiB J1eOpMATHBHOCTI KOJil 31 3acTocy-
BaHHAM Teopii PO3MOBCIOUKEHHS XBHJIBOBOTO
npolecy Mij yacy onucy B3aeMOAil KoJii Ta pyxo-
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3AJIIBHMYHA KOJIIA

MOTO CKJIQJly MO>KHA BU3HAYHUTH, IIPH SKHUX TeOMe-
TPUYHMX, CHJIOBHX Ta IIBUAKICHUX Napamerpax
pyXoMoro ckiany OyAyThb MaTh MicCIe OTpHUMaHi
CITIBBIIHOLIICHHS.

HaykoBa HOBU3HA Ta NPAKTHYHA
3HAYUMICTh

3amponoHOBAaHO TEOPETHYHI TONOXKEHHS IS
po3rismy  meopMaTHBHOI  CTIHKOCTI  CHCTEMH
KOHCTPYKIIili BEpXHBOI Ta HIDKHBOI OYJOB KOJIii,
IO MOPYLIYIOThCA PyXOoMuM ckiagoM. Lle nosBo-
JUTHh JOCHiAUTH mporec aedopmaTtuBHOI poOOTH
3a3HA4YEHOI CHUCTEMH, IpPH SKOMY BiJIOYBalOThCS
3MiHH ii CTaHiB MPOTATOM BCTaHOBIEHOT'O Hampa-
mioBaHHA. OTxe, 1€ A03BOJUTh BU3HAUUTH Mapa-
MeTpH (PYHKITIOHATBHOT HAMIHHOCTI PyXy IOI3MiB,
SK CKJIaJI0BOT O€3MEKH MPOIYCKY PYXOMOTO CKIIaxy
Mo MINSHIN KOMii 3 ypaxyBaHHSM iI TEXHIYHOTO
CTaHy.

3a3Bu4ail i 0€3MeYHOro MPOMYCKY PyXOMOTo
CKJIay BH3HAYaIOTHCS MapaMeTpH MPOLecy KO-
BaHb CHCTEMH «eKinaxx — komis». Lli mapamerpu
HOPMOBAaHO IHCTPYKIIISIMH 3 yJIaITyBaHHSI Ta
yTpUMaHHs PeHKOBOi KoOJii. Ajie 3MiHU HOpMAaTHB-
HOI 0a3u 3aJi3HMYHOTO TPAHCIIOPTY 3a OCTaHHI
pOKHU TIependavyaroTh JOTPUMAaHHS HOTO (DYHKINIO-
HambHOT Oe3rekH, SKi B ICHYIOUHMX HOpPMAaTHBax
CTOCOBHO 3aJi3HMYHOI KoJiii He BpaxoBaHi. Tomy
HEOOXITHO MHUTAHHS PO OIlIHKY BIUIUBY Hii pyXo-
MOTO CKJIaZly Ha KOJIiIO PO3TISIATH SIK JHHAMIYHUHA
npoliec, KpUTepii rpaHUYHUX CTaHiB SKOTO 3yMOB-
JIeHI Ha MiJICTaBi ICHYFOUWX HOPMATHBIB CITiBBiJI-
HECEHUX 31 CTaHaMM HAAIMHOCTI, a Ha iX OCHOBI
po3poOuTH KpuTepii Oe3NeKu MNPOTIArOM BCHOTO
JKUTTEBOTO LUKITy. llpum po3rnsai AMHAMIYHOTO
IpOLIECY KOJMBAaHHS KOJII Ta PyXOMOIO CKJIamxy
HEOOXiZIHO BpaxoBYyBaTH JeQOPMATHBHY CTIHKICTb
koutii. Lle muTaHHS pO3TNANanoch TIIBKH 3 TOYKH
30py 3MiHU TeMmreparypHux aedopmamii. Lle no-
CIIJDKEHHSI Haja€ 3acajd, Ha SIKUX MOXKHA BPaxo-
BYBATH U >KOPCTKICHI AedopManii sl MOXKIMBOCTI
(opMyBaHHS HOpPMATWUBHOI 0a3u 3 HAJIMHOCTI Ta
(GhyHKIIOHATBHOI O€3MEeKH 3aIi3HUYIHOI KoJIii YKpa-
THH.

BucnoBxku

OO0i3HaHICTh B TMpoIlecax B3aeEMOAIl KoOJii Ta
PYXOMOT'O CKJIaay NPU3BOAMTH 1O PO3IJISAaHHS
HOBUX 3ajgay. OOHHUM 3 HOBHMX AacCIIEKTIB ILILOIO
TIPOIECY € pO3B’sI3aHHA 3a/a4y HAMIHHOCTI KOJIii.

CriraioBoro HaAiMHOCTI KOJii € (QYHKIIIOHAJIHEHA
Oe3meka koiii. TakuM YHMHOM, HAMpPSIMOK JOCITi-
JUKCHb € aKTyallbHUM, aje¢ TakuM, 10 TOoTpedye
HOBOTO IIXOAY MPHU BUPIIIEHHI MOCTABJICHOI MPO-
omemu.

IMpu pocmimpkeHHi Tporecy JeOpMaTHBHOCTI
B €IIEMEHTaX CHUCTEeMH KOHCTPYKIIii BEpXHBOI Ta
HIDKHBOT OyIOB 3aTi3HMYHOI KOJIii HEoOXiaHO TOY-
HE BHM3HAYCHHS IIOTO TPOIECY SK B 4Yaci, Tak
i B mpoctopi. TakuM YUHOM HEOOXiTHO HE TiIbKH
MPaBHJIBHO OMHCATH TIPOIEC PO3MOBCIOKEHHS
30yKeHb BiJI PyXOMOIO CKJIaay, IO IPOTIKaEe
B 3a3HAYCHHX CJICMCHTaX, a i MaTH OIIHOYHI KpHU-
Tepii nporo npouecy. OCHOBHI TOJOXEHHS MO0
BCTAHOBJICHHSI 0COOMMBOCTEH medopmMaTHBHOI po-
00TH 3aTI3HUYHOT KOJIi MOJATAIOTh Y TAKOMY

—  OCHOBHUM HampsMKOM 3MiHU HOPMAaTHUBHOT
0a3u 3aI3HUYHOTO TPAHCIIOPTY 3a OCTaHHI POKH
CTaJlo BpaxyBaHHs MHUTaHb 3 Oe3neku iHdpacTpyk-
TypH 3alli3HUYHOTO TpaHCHoOpTy. BHecena 3MiHa
perIaMeHTye po3riisi] JUHAMIYHOTO TPOIECy 3Mi-
HU CTaHy eKCIUTyaTalliitHoi HaTiHHOCTI 3ai3HAY-
HOT KOJIiT Ta Ki1acuikailiro 1[bOro Mporecy 3a KOM-
TUIEKCHOIO OIIHKOIO TIOJIOKEHHSI PEHKOBHX HHUTOK
B IaHi i mpodisi, AedeKTiB peHoK, 0 BITTUBAIOTH
Ha iX (opMy, MPYKHUX BIIACTUBOCTEH KOuIii, mpH
BiJICTEX)KEHHI TOPHU30HTAILHOTO 1 BEPTUKAIBHOTO
MepeMIIIeHp Kojleca MO0 PEeWKH 1 MPOMIKOK Ya-
Cy, IPOTSIrOM SIKOTO BiIOYBArOTHCS 11i TIEPEMIIIICH-
Hs1. Kpurepii knacudikamii MOBMHHI THOBHICTIO
OLIIHIOBATHU CTaH 3AJI3HUYHOI KOJII BiAIIOBIAHO OO
CTaHiB HAIIITHOCTI,

—  BIJICYTHICTh KpUTEpIiiB 3a JgedopMaTHBHU-
MH XapaKTepUCTHKaMH CKIIQJOBUX YaCTHH BepX-
HBO1 1 HIKHBOI OYyI0B MPHU3BOIUTE, TO-TIEPIIIE, 0
HEPIBHOMPYKHOCTI 3aJII3HUYHOT KOJIT 10 MPOTs3i,
Mo-JpyTe, 10 HEMOXJIUBOCTI 3a0€3MeUeHHSI Ha BCiX
TMUTSTHKaX 3aTi3HUYHUX JIHIH ICHYFOUMX HOpMAaTH-
BHHUX 3HAUYCHb napaMeTpiB HanpyXeHO-
JIeOpPMOBAHOTO CTaHy Ta pecypcy, MO-TPETE, 0
He3a0e3nedeHHsT BUMOT Oe3NevyHOi eKcIuTyararii
MPOTATOM JKUTTEBOTO IUKIY. TakuM 9WHOM, iCHY-
FOYl METOAU 1 METOAUKH OLIIHKHU MOKA3HUKIB BILIN-
BY PYXOMOTO CKJIaJly Ha KOJIiI0 He 3a0e3MedyloTh
CBOTO TOJIOBHOTO TIpPU3HAYEHHS: 3a0e3rneueHHs
eKCIUTyaTalliifHOT HaJIMHOCTI MiJCUCTEM 1H(pa-
CTPYKTYD;

— BBEJCHHS OIIHKU Je(OpPMAaTHBHUX Tapa-
METpiB, SKi BpPaxOBYIOTh JKOPCTKICHY CTIHKIiCTb
KOJii Ha MijJCTaBl 3aCTOCYBaHHS CITiBBiJHOIICHB,
orpuManux 3a Meroamkor C. IlI. IlepmmHa, mo-
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1. A. BOHJIAPEHKO"

l*Ka(p. «]IyTp 1 myTE€BOE XO35HUCTBOY», JIHETPONIETPOBCKUI HALIMOHAJILHBIN YHUBEPCUTET JKEJIE€3HOA0POKHOTO TpaHCIIOpTa
UMeHH akaziemuka B. JlazapsiHa, yii. JIasapsHa, 2, lHenponerpoBck, Ykpauna, 49010, ten./dakc +38 (056) 373 15 42,
a11. moura irina_bondarenko@ua.fm, ORCID 0000-0003-4717-30

OCOBEHHOCTH JE®OPMATHUBHOMN PABOTHI
KEJE3HOAOPOKHOI'O ITYTH

Henb. B uccrnenoBanny TIaBHOW IENBIO SBISETCS ONpeNeeHne OCOOCHHOCTH AeQOopMaIioOHHOW pPaboThI
JKEJIE3HOJOPOKHOTO MYyTH 33 CUET YCTAHOBJIEHUS IPAHUL] YCTOMUMBOCTH PEILCOBOTO IIyTH, B 3aBUCUMOCTH OT KOH-
CTPYKIIMH U COCTOSIHUSI CUCTEM BEPXHETO U HIDKHETO CTPOSHHH ITyTH, TUIaHa JIMHUK JUI BO3MOXXHOCTH (pOpMHUpOBa-
HHSI HOPMaTHBHOW 0a3bl 10 HaJEKHOCTH U (QYHKIHMOHAIBHOW 0E30IacCHOCTH JKEJIE3HOAOPOKHOTO IyTH Y KpPauHBI.
Metoauka. [ 1OCTHXKEHUS 1IeTH UCHoIb30BaHa noiHasg meroauka C. I1. IlepmmHa no onpenesneHuo KpuTuye-
CKHX 3HAYeHMH CoKMMaromei cuibl. Pe3yjbTaTbl. ABTOPOM YCTaHOBJIEHO, YTO COOTHOIICHHUS MUHHMMANbHBIX 3Ha-
YEeHUI COKUMAIOIIEH CHIIBI TIPH ONpPEIeNICHHBIX Ae(hOopMaliax N3rnba MOoryT ObITh IPUMEHEHBI KaK OLIEHOYHBIE yC-
70BUs Ae(hOPMAIIIOHHOW YCTOMYMBOCTH ITYTH M OCHOBBI JUIS (POPMHUpPOBaHMS 0a3bl MO HAISKHOCTH M (QYHKIIHO-
HaJIbHOHM 0€301acHOCTH KEJIEe3HOIOpOKHOTO NyTH Ykpaunbl. Hay4unasi HoBu3Ha. [IpeluioskeHbl TeOopeTHYecKHe
MOJIOKECHUS ISl PACCMOTPEHUS Ie(pOpMarMOHHON YCTOMYMBOCTH CHUCTEMBI KOHCTPYKIIMI BEPXHETO W HIDKHETO
CTPOCHUH IyTH. ITO MO3BOJHT MCCICIOBATH TpoIecC NehOPMAMOHHON PadOTHl yKa3aHHOMN CHCTEMEI, TP KOTOPOM
MIPOUCXOIAT M3MCHEHUS €€ COCTOSHUN B TeUEHHE HEKOTOPOi HapaboTku. Tak 4To, 3TO MO3BOJMT ONPEACIHUTE Mapa-
MeTpHI QYHKIIMOHATBFHON HAaSKHOCTH JBIKCHHUS MOE3/I0B KaK COCTABIISAIONMIEH 0€30IacCHOCTH TPOITYCKa ITOIBHKHO-
IO COCTaBa IO YYaCTKy IMYTH C YUETOM €ro TeXHHYIEeCKOTo cocTostHus. IIpakTuyeckas 3HaYMMOCTh. OOBIYHO IS
6e30IacHOro MPOITyCcKa MOABMKHOTO COCTAaBa OMPENEIAIOTCS TapaMeTPhl Iporecca KojIeOaHHH CHCTEMBI «IKHITaX —
MyTh». DTH MapaMeTpbl HOPMUPOBAHBI HHCTPYKIUSAMH 110 YCTPOUCTBY M COJEPKAHHUIO PEILCOBOTO MyTu. M3meHe-
HUsI HOPMaTUBHOM 0a3bl )KENEe3HOJOPOKHOTO TPAHCIIOPTa 3a MOCIEeTHHE OBl PETyCMaTPUBAIOT COOJIIOICHHE €ro
(YHKIIMOHAJIBHOW 0€30MacCHOCTH, KOTOPBIE B CYIIECTBYIOIIMX HOPMAaTHBaX JKEJIE3HOMOPOXKHOTO MYTH HE yUYTEHBI.
[TosTomMy HE0OX0MMO BONpOC 00 OLICHKE BIMSHHS BO3ACHCTBUS ITOIBU)KHOTO COCTaBa HA MYTh pacCMaTpUBaTh Kak
JMHAMHUYECKUI Tpoliece, KPUTEPHH MPEAETbHBIX COCTOSIHUM KOTOPOTO OOYCIIOBJIEHBI HAa OCHOBAaHWH CYIECTBYIO-
MIMX HOPMATHUBOB, COOTHECEHHBIX C COCTOSHUSAMH HAJIS)KHOCTH, a Ha WX OCHOBE pa3paboTaTh KpUTEpHH 10 0e30-
MMACHOCTH B TEUCHHE BCETO JKU3HEHHOTO HWKJIA. [IpHM pacCMOTpeHMH NTWHAMHYECKOTO Ipoliecca KoleOaHUs MyTH
W TOOBIKHOTO COCTaBa HEOOXOAWMO VYUTHIBaTh JAe()OPMATHBHYIO YCTOWYHBOCTh IIyTH. OTOT BOMIPOC
paccMaTpuBaiCid TOJNBKO C TOYKH 3pEHHs HM3MEHEHHS TeMIlepaTypHbIX nedopmanuii. JlamHoe wmcciemoBanne
MPEIOCTABIISIET OCHOBBI, TMPH KOTOPBIX MOXHO YYUTHIBaTh U JKECTKOCTHBIE Jedopmanuu s BO3MOXKHOCTH
(hopMHpOBaHMST HOPMATHBHOM 0a3bl O HAZEKHOCTH U (YHKIIMOHAILHON 6€30MaCHOCTH JKENE3HOJOPOKHOTO MyTH
YkpauHsl.

Knioueswie cnosa: nepopmaruBHas paboTa MyTH; YCTOHYNBOCTG ITyTH; HAAEKHOCTD ITyTH

I. 0. BONDARENKO!

YDep. «Track and Track Facilities», Dnipropetrovsk National University of Railway Transport named
after Academician V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel./fax +38 (056) 373 15 42,
e-mail irina_bondarenko@ua.fm, ORCID 0000-0003-4717-30

FEATURES OF THE DEFORMATION WORK
OF THE RAILWAY TRACK

Purpose. The purpose of study is to identify the features of the railway track work deformation by establishing
the boundaries of the track sustainability depending on the design and condition of systems of the upper and lower
track structure, plan of a line for the possibility of forming a regulatory framework for reliability and functional safety
of railway track in Ukraine. Methodology. The complete method of S. P. Pershyn of determination the critical values
of compressive strength was used for the achievement of the purpose. Findings. The author found that the ratio of the
minimum values of compressive force under the certain bending deformation can be used as evaluation conditions of
the track deformation resistance and basis for formation the base of reliability and functional safety of the Ukrainian
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railway track. Originality. The theoretical position for the consideration the deformation stability of the upper and
lower track structure were proposed. It will allow studying the process of deformation work of the system, which
changes its state during a particular operating time. Thus, it allows determining the parameters of the functional
reliability of the train as a part of security pass of the rolling stock on the track, accounting its technical condition.
Practical value. Usually for the safe passage of rolling stock the parameters of the oscillations of the «vechicle —
track» are determined. These parameters are normalized with the instructions on design and maintenance of the railway
track. Changes in the regulatory framework of rail transport in recent years provide the observance of its functional
safety that are not included in the existing regulations of the railway track. Therefore it is nessesary the issue of effect
impact assessement of the rolling stock on the track to consider as a dynamic process, limit states criteria of which are
determined on the basis of existing norms, correlated with the reliability states, and to develop criteria for security
throughout the life cycle on their basis. At considering the dynamic process of track oscillation and rolling stock must
take into account the deformation resistance of the track. This issue was addressed only in terms of changes in tempera-
ture deformations. This study provides a basis at which it is possible to take into account the stiffness of deformation
for the ability of regulatory framework formation for reliability and functional safety of railway track in Ukraine.
Keywords: track deformation work; track sustainability; track reliability
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EKCIHEPUMEHTAJIbHI JJOCJIJKEHHS TOPU30HTAJIBHOI
MNONEPEYHOI ’)KOPCTKOCTI PEIiIJ(OBHX HUTOK
ITPU PI3HUX KOHCTPYKIIAX PEUKOBUX CKPIIIJIEHDb

Meta. Po3paxyHoK 3ai3HMYHOI KOJIT Ha MIIHICTh € OJJHUM 13 CKJIQJHUX PO3JUIIB 3arajib-HOI mpoliemMu A0citi-
JOKCHHS B3a€MO/IIT KOJIT Ta pyXOMOT0 CKJIaay. B cTarTi onucaHo eKCIIepUMEHTAIbHI JOCIIPKEHHS TOPU30HTATIBHOT
MOTIEPEYHOT )KOPCTKOCTI PEUKOBUX HUTOK IPU PI3HUX KOHCTPYKISAX pPEeHKOBUX CKpiluieHb. Martepianu aaHoi crarTi
MaroTh OyTH aKTyaJbHUMH 1 1a/lyTh MOMJIMBICTh BUKOHYBATH PO3paxyHKH 3aJII3HUYHOI KOJIiT Ha MILIHICTH i3 3aCTO-
CYBaHHSIM TIPaBHJIBHUX 1 BIIIKOPHUTOBAaHUX XapaKTEPUCTHK T'OPU3OHTAIILHOI MOIEPEYHOI )KOPCTKOCTI PEeHKOBUX HH-
Tok. MeToanka. BuzHaueHHS TOPH30HTAIBHOI ONIEPEYHOT )KOPCTKOCTI PEHKOBUX HUTOK IPH Pi3HUX KOHCTPYKIIISIX
PEHKOBUX CKpIIUIeHb OyJIO MPOBEICHO IUIAXOM BHUMIPIOBAaHb BEIUYHH IMONEPEYHUX MEPEMIICHb PO3PaxyHKOBHX
TOYOK pEeHKH, a caMe — TOJIOBKH i mizomBu. st mpoBeIeHHs JOCIIDKEHb OyJI0 CTBOPEHO creliaibHe o0iaTHaHHs,
sIKe CKJIAAAJIoCh 3 KomiitHoro momkpara JIK-20, oGmagranoro rigpaBimivHIM MaHOMETPOM JJIsl BUMIPIOBaHHS THCKY,
Ta XXOPCTKOI TOPU30HTAIBHOI IITAHTH U YIIOPY B PEHKOBY HHUTKY, MPOTHIICKHY BiJ AOMKpary. BokoBi mepemi-
IICHHS TOJOBKH 1 MiIOMBU PeWKH (PiKCYBaIHCh Ta BUMiPIOBAIUCH iHANKATOPAMH TOJUHHUKOBOTO THITY 3 TOYHICTIO
JI0 COTHX 4acTOK MiniMeTpa. ['opu3oHTaIbHE NONepeyHe HaBaHTAKEHHS Ha PEHKY CTBOPIOBAIOCH IOMKPATOM IILJIs-
XOM HarHiTaHHS TUCKY B poOOYOMY LWIIIH/PI, IO (iKCyBaJOCh MaHOMETPOM, BOY/IOBaHHUM Y TijI0 goMKpary. Hasa-
HT@XXCHHs PeKH MPOBOJMIIOCH CTYNEeHsMH 4Yepe3 2 T B iHTepBaii Bix O 1o 8 T. [lns oTpuMaHHS AOCTOBIpHUX pe-
3yJIbTATiB BUMIPIOBaHHS OOKOBOTO IEPEMIIIEHHS T'OJIOBKM Ta MiJIOUIBH PEHKH MPOBOAWIIOCH /ISl KOKHOTO THITY
CKpiIUIeHb HE MEHIIe, HiX B 3 nepepizax. BumiproBanHs npoBouirck 6€3 CTBOPEHHS BEPTHKAJILHOTO HaBaHTaXKEH-
H. Pe3yabTaTn. 3a 1onomMoror po3po0ieHoi MEeTOUKH OyJI0 3HAal/IEHO BEINYMHHM ITOIIEPEYHUX MEPEMILEHb PO3-
PaxyHKOBHX TOYOK PEHKH NMPU Pi3HUX KOHCTPYKLIAX PEHKOBUX CKpimsieHb. HaykoBa HoBHM3HA. 3a eKcIepUMEHTa-
JBHUMH JIOCHI/DKEHHSAMH BIeplIie OyiH 3HaWAeHI 3HAYCHHS TOPU3OHTAIBHOI MONEPEYHOI )KOPCTKOCTI PEHKOBHX
HUTOK II0 TOJOBII Ta MiAOMIBI JJIS Pi3HUX CyYaCHUX KOHCTPYKIIiH PEeHKOBUX CKpilUIeHb. [IpaKkTHYHA 3HAYMMICTD.
3HaiiieHi aBTOpaMH 3HAYCHHS XapaKTEPUCTUK TOPU30OHTAIBHOI OMEPEYHO] KOPCTKOCTI PEHKOBUX HHUTOK IO TOJIO-
BIIi 1 IMiTOMIBI IS PI3HUX CYYaCHUX KOHCTPYKLIN peHKOBHX CKPIIUIEHB JAalOTh MOXIIUBICTh BUKOHYBAaTH PO3PaxXyHKH
3aJIi3HMYHOI KOJTii Ha MIIIHICTP i3 BUKOPUCTAHHSAM HPABIWIIBHUX Ta BiIKOPUTOBAHHUX 3HAYCHD IIUX XaPAKTEPHCTHUK.

Knrouosi crosa: 3amizHudHA KOJIis; peiika; )KOPCTKICTh PeHKOBOI HUTKH; TEPEMIIICHHS

CIJIBHO PO3TJISAaTH BUHHUKAIOYi B PEHKOBIN HUTII
Beryn neopManii: BEpPTUKAIBHUA 1 TOPU3OHTANBHUM
BUTHH PEHKOBOT HUTKH 1 ii KpyUeHHS.

Jlo XapaKTepucTUK MPOCTOPOBOI KOPCTKOCTI
PEKOBOI HUTKH BiAHOCATBH KOPCTKOCTI y BEPTHU-
KaJbHiM 1 TOPU3OHTANBHINA TUIOMIMHI 1 KOPCTKOCTI
peHKOBOI HUTKH TIPU KPYUCHHI Ta OB’ A3aHi i3 HU-
MU (QYHKIIOHAIFHO MOJIYJi TPYXHOCTI BEpTH-
KalbHI 1 TOPU3OHTANBHIA IUIOMIMHI 1 MOIYIh
MIPY>KHOCTI TPH KPyUEHHI.

BpaxoByroun Te, 1m0 TOJOBHUMH 30BHIIIHIMH
JIIOYMMH CHJIAMH Ha PEHKOBY HUTKY € BEPTHUKAIIb-
Ha i ropusoHTanbHa AuHamiuli cumu (P, H

uH ' * 7 quH )!

HaiiBa>xnuBimmMMu po3paxyHKOBUMH TapaMeT-
paMy 3aJli3HUYHOI KOJIii € XapaKTepUCTUKU IpOC-
TOPOBOT IPYKHOCTI PEHKOBHUX, SKI XapaKTepH3y-
I0Th 31aTHICTh OTIOPY PEHKOBUX HUTOK 30BHILIHIM
CHJIOBUM BIUIMBaM. BHBUEHHS XapaKTepUCTUK
MIPOCTOPOBOI TPY>KHOCTI PEHKOBUX HHUTOK HEOO-
XiJTHe JJIs1 PO3B’sI3aHHS 3a/1a4 3 PO3PaxXyHKy pehok
Ha MIIHICTP B TOBHIA ITOCTAaHOBIN, TOOTO NpHU
CIIITBHIN Jii HA KOJII0 BEPTUKAIBHUX 1 TOPU30H-
TanbHUX cuia. [lpy  TOBHIH  MOCTaHOBI
AQHAIIITUYHOTO PO3B’S3aHHA 33134l  HEOOX1JTHO
3 JIOCTaTHBOIO TOYHICTIO BPaxOBYBAaTH JIil0 Ha peii- AKI TepeNlaloThesl BiJ Kojleca Ha peilKy, a Takox
KOBY HHTKY BCiX 3OBHIIHIX CHJ i mpH mboMy O€pPy4H 10 yBard Te, IO METOJMKA iHKEHEPHHX
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pO3paxyHKIB Ha MIITHICTh I Ti€I0 BEPTUKATLHUX
JUHAMIYHUX Cuyl P~ JOCTaTHBO JETANbHO PO3-

H
pobiieHa i omucaHa B JOBIAKOBHX BHUAAHHsX [6, 7],
B Iif CTATTI HTUMETHCS MPO BU3HAYCHHS XapaKTe-
PHUCTHK XOPCTKOCTI PEHKOBOI HUTKU By .

VY 3arBeprkeHiil METOANNI iHKEHEPHUX po3pa-
XYHKIB KOJii Ha MinHicts [/] BB Ha poboTy
PEHKU TOPU30HTAIEHUX IUHAMIYHUAX CHII BPaXOBY-
€TbCs He Oe3moceperHbo, a OMNOCEPEKOBAHO —
TIIBKH 4Yepe3 3aCTOCYBaHHS KOE(Iili€HTIB BILIHBY,
SKi B3ATI 13 EKCIEPUMEHTAILHUX TOCIIKCHB
1 B 0OaraTbOX BHIIAJKaX HE MAalTh TOYHOTO
MiATBEp/KEHHS U1 KOHKPETHHX PO3PaxyHKIB.
ToMy BUBYUEHHS XapakTEPUCTHK TOPU30HTAIbHOL
TONEPEYHOT KOPCTKOCTI B, € Haf3BMYAaHHO Bak-

JIMBUM.

MeTta

B crarti ommcaHo ekcriepu-MeHTaJIBHI JTOCITi-
JOKCHHSI TOPU30HTAIBHOI MOIE-PEYHOi KOPCTKOCTI
PEHKOBUX HUTOK IPH PI3HUX KOHCTPYKIISX peid-
KOBHX CKpirieHb. OTprMaHi 3Ha9€HHS JKOPCTKOCTI
PEHKOBUX HUTOK JaAyTh MOKJIHUBICTh BUKOHYBATH
PO3paxyHKH 3aJIi3HUYHOI KOJIi HAa MIIIHICTh 13 BH-
KOPUCTaHHSIM TPAaBHJIBHUX 1 BiIKOPUTOBaHMX Ja-
HUX.

MeTtoauka

Ormsizn 1 aHasi3 HAyKOBHX Ipamb, sIKi BUKOHaHI
BYCHUMH B Taily3l BUBUCHHS XapaKTEPHCTUK Bep-
THKAJIBHOI JKOPCTKOCTI 1 XapaKTEPUCTHK TOPHU30H-
TaJIBHOI TOMEPeYHOi Ta MO3I0BKHBOI JKOPCTKOCTI
PEHKOBOI HUTKH, CBITYHUThH NPO TE, IO IS BU3HA-
YeHHS WX XapaKTePUCTHK OYJIO TPHUIIICHO BEIH-
Ky yBary.

VY Benwkiil KiUTBKOCTI ICHYHOUUX JTOCITIIKEHBb
XapaKTePUCTUKH BEPTUKAJIBHOI JKOPCTKOCTI PO3-
IJISIAIACS OKPEMO BiJl XapaKTEPUCTUK I'OPU30HTA-
JBHOI TIOTIEPEYHOI Ta TMO3/I0BXKHBOI KOPCTKOCTI
peiikoBoi HuTkH [1, 2, 5]. V nesikux i3 mpaup Xxa-
PaKTEPUCTUKU TOPHU30HTAIBHOI 1 BEPTUKAIBHOI
YKOPCTKOCTI mmoani pasom [8].

B npoueci exkcnepuMEHTalbHUX OCITIUKEHB,
BUKOHAHHUX PI3HUMHU HAYKOBO-AOCIiIHUMH OpTaHi-
3allisIMH 1 By3aMU 3aJII3HHYHOTO TPAHCHOPTY, OyIIH
JOCITIIKEHI XapaKTEPUCTUKH KOPCTKOCTI peiko-
BUX HHUTOK, SKi HaBeleHI y CHemiaabHii
JOBIJIKOBIH JiTepaTypi i B HOpMaTUBHUX JOKYMEH-
tax [1, 3, 5, 6, 11, 12, 13, 14] (aus. Tabm. 1).

i nami BHKOPHCTOBYIOThCS B Halll 4ac BCiMa
OCITITHUKAMH 3 TIpo0IeM B3aeMOZIl Kouii i pyXo-
MOTO CKJIaJy, a TaKOX IPH po3paxyHKax Koiii Ha
MILHICTB 1 CTIHKICTS.

Tabnums 1
3HaveHHS ’KOPCTKOCTI PeiikOBOI HUTKHU By
JUISl Pi3HUX KOHCTPYKIIN KOJIil

Table 1

The value of the stiffness of the rail thread 3,
for different designs of a track

4= 5 " Topu3oHTasIbHA TTOTIepey-
g =| g5 5 Ha J)KOPCTKICTb PEHKOBOI
'E ’% E g E HuTKY, KH/MM
e & Ea| & .
o E|l g S 5} OTpUMaH1 3HAYECHHS
= = A = =
g = 2 g roin iz
:g . By(Cp) B y(ep)
= 37-58 [3
» ks | BB, [g]]
2= 18,7 [10] '
23 |, 64,9 [10]
35 |©| 1840
S K 25-40 [3]
= = 8-12[3]
2 Xb 31,6 [3]
8 12,0 [10]
4 19,5 [10]
1840 32-48 [3]
Lo 16-22 [3]
< © | 1920 | 10 35,0 [3]
g |~ 19,2 [10]
§ 2 000 43,5 [10]
=|
% 1600 12,6 [5] 25,2 [5]
=
1840 135[5 27,05
g 0 [5] [5
2 1920 13,8 [5] 27,6 [5]
= 2000 - -
g
=5 1600 10,9 [5] 21,8 [5]
=
§ @ 1840 10 11,8 [5] 23,6 [5]
A~ 1920 12,1[5] 24,2 [5]
2000 - -

OnHak, mo-nepiue, Tpeba 3a3HaYMTH, 10 HaBe-
IleHa JOBiAKOBa JjiTeparypa Oyma po3poOieHa
40-50 pokiB TOMy Ha MifcTaBi aHai3y CTapux
KOHCTPYKUill BepxHbOi OyZOBHM KOIii i KOHCT-
PYKLIH CKpIIJIeHb, IO 3aCTOCOBYBAJIMCH Ha TOW
gac, TOMY BHKOPHCTaHHS 3aCTapiINX TOBITKOBUX
JaHMUX JAJsl Cy4acHUX KOHCTPYKLIH Kouii i peiko-
BUX CKpIIJICHb HE € TPaBWIBHUM; TIO-JpyTe, aHaAII3
0araTbOX JOCITIDKEHbh 3 BH3HAUYCHHS IMPYKHO-
JUHAMIYHUX TapaMeTpiB KoJjii, 10 BUKOHAHI 3a
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ocranHi 50 poKiB, Ja€ AyXe BEIMKHHA 1 HEOJHO-
3HaYHWHA CIEKTp pe3yJbTaTiB IIOAO PI3HUX
aHaJII30BaHUX KOHCTPYKIIN 3aJli3HUYHOI KOJii; To-
TpeTe, SIK 3’sCYBaloCh, HAaTypHa YKOPCTKICTh peii-
KOBHX HHUTOK BiJPI3HAETHCS BiA PO3PaxXyHKOBHUX
3HAa4YeHb, SKI 3a3BMYall NPUUMAIOTBCA  JIJIS
PO3paxyHKIB KOJIi Ha MIITHICTh 1 CTIHKICTh. TakuMm
YIHOM, TIOCTA€ MUTAHHS MPO KOPEKTHICTh BUKOPH-
CTaHHS ICHYIOUHX 3acCTapiiiX pPO3paxyHKOBHUX Ja-
HUX JUIs peajibHOTO PO3PaxyHKy KOJIii Ha MIIHICTb
1 CTIHKICTb.

Ha xadenpi «3anxizHIIHA KOS Ta KOJNiHHE TO-
cnogapcteo» HAETYT aBTOpOoM mijJ KEpiBHUIITBOM
npod. E. 1. Janinenka 6yno po3poOiieHO METOIH-
Ky JOCTIDKEHb IJIi BH3HAUEHHS TOPH30HTAIBHOT
MOTIEPEYHOT KOPCTKOCTI PEHKOBUX HUTOK LUISXOM
BUMIPIOBAHb BEJIMYUH TIONEPEYHUX IEPEMilllcHb
PO3paxyHKOBHUX TOYOK PEHKH, a caaMe. TOJIOBKU
1 MIomBY perku. JlocmimkeHHs Oy BUKOHAHI Ha
IOUITHKAX 3 TPOMDKHUMU cKpimieHHsMH TumiB Kb,
KIIII-5, KIIII-1, CBb-3, 0. i BUKOHAHHS €K-
CIIEpUMEHTAILHAX ~ JOCTiPKeHb Oymm  oOpaHi
pEeHiKOBI IUITI B MitOYid KONl 13 HACTYIMHHUMH
TEXHIYHUMHU MTapaMeTPaMHU:

— tun petiku — P65, P50;

—  THII IIIAJIH — 3aJ11300€TOHHI 1 iepeB’ siHi;

—  THI IPOMIDKHOTO CKPIiIUIEHHS: MPH 3ai30-
6eronnux mmnainax — Kb, KIIII-5, KIIII-1, CB-3;
mpu aepes’ sHux mmangax — J0.

BumiproBanns BukonyBanuch B 2014—2015 pp.
MpoTsTOM 6 MICSIiB Ha NIJITHKAX KOJIii, SKi 3HaX0-
mareess Ha Teputopii ATT'O «IliBgerHo—3axigHa
3aJi3HMI», & caMe Ha TOJIOBHUX KOJISX B MeXax
cranuiii. ct. KuiB—BonuHcbkuii, cr. Bumibese; crT.
Kui—Ilacaxupcekuii; ct. Ilporacis fp; cr. Ku-
iB—MOCKOBCBKHIA.

IIpu mocnipkeHHAX BU3HAYAIM TONEPEYHY To-
PHU30HTAJIBHY XKOPCTKICTh PEHKOBUX HHUTOK IO TO-
JIOBIII 1 MiTOMIBI, JIS1 YOTO BiACIiAKOBYBAIH BEJH-
YUHY TONEPEYHUX MEPEMIIICHh KPOMOK TOJIOBKH
1 migomBH pedkun y (QIKCOBaHMX Iepepizax, e
MPHUKJIaJalIach TONepeyHa TOPU30HTAIbHA CHITA.

Jnisi BUKOHaHHSI JIOCHTIDKEHb OYJO CTBOPEHO
crneniajgbie o0JIagHanus, sIKe CKJIAaaaloch 3 KOIIN-
Horo nomkpara J[K-20, obnmamHaHOTO TimpaBmiy-
HAM MaHOMETPOM ISl BUMIPIOBaHHS THUCKY, 1 )KOp-
CTKOI TOPU30HTAJIBHOI IITAHTU JJIs YyIOPY B peit-
KOBY HUTKY, TPOTHJIEKHY BiJl OMKpaTa. bokoBi
MIePEMIIIICHHS TOJIOBKH 1 IMiIOMBY peiikn (ikcyBa-
JIUCh 1 BUMIPIOBAJIMCH 1HAWKATOPAMHU TOJIUHHHKO-

BOTO THITY 3 TOYHICTIO JI0 COTHUX YaCTOK MiJliMeTpa.

3araapbHUN BUTIIS PO3CTAHOBKHU TPHIIAIIB MIPH
BUKOHAHHI JIOCTIDKCHb 3 BUMIPIOBaHHS IIOIIE-
PEYHOT TOPU3OHTAIBHOT JKOPCTKOCTI peHKOBUX HH-

A

Puc. 1. 3aranpHuii BUTIISL
PO3CTaHOBKH NPHUIIAJIIB

Fig. 1. General view
of the devices alignment

oL Py, g it

Puc. 2. 3aranbHuil BUTIIL
PO3CTaHOBKH TIPHJIA/IiB
(B mepepi3i BUMipIOBaHb)

Fig. 2. General view
of the devices alignment
(a section measurements)

lopuzoHTanbHE TMONEpEeYHEe HABAHTaKEHHS Ha
peiliKy CTBOPIOBAJIOCH JOMKPATOM IUIIXOM HarHi-
TaHHA THUCKY B poOOYOMy LUIiHApI, mo ¢ikcyBa-
JI0OCh MaHOMETpPOM, BOyIOBaHMM B TiJIO JIOMKpara.
HaBanTakeHHsI peiikM BUKOHYBAJIOCH CTYIEHSMH
yepe3 2 T B inTepBaii Big 0 1o 8 1. s orpuMaHHs
JIOCTOBIPHUX PE3YyJbTATIiB BUMIPIOBAHHI OOKOBOTO
MepeMIllIEHHs TOJOBKH 1 MiZIONIBA PEUKHU BUKOHY-
BaJIOCh Uil KOXKHOTO THITy CKpiIUIEHb HE MEHLIE
HDK B TPHOX Iepepizax.
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BuMiproBaHHs BHKOHYBalnHuCh 0O€3 CTBOpPEHHS
BEPTUKAIBHOI'O HABAHTAXKCHHS.

Jo modatky AOCHTIIKEHb MaHOMETpP TOPHU30H-
TaJIbHOTO THCKY OyB MpoTapoBaHUil B JabopaTopii
IHCTUTYTY eNeKkTpo3BaproBanus iM. €. O. Ilatona
HauionanpHoi akagemii Hayk YKpaiHu.

Crin ckasaTd, 110 3aJeKHICTh TOPU30HTAIBHUX
MEepPEeMIIIeHb TOJIOBKHU 1 MiJIOIIBU PEHKH Bif TOpHU-
30HTAJILHOTO HABAaHTAXKEHHS € iCTOTHO HEINiHIiH-
HOIO, TOMY IO CITOYaTKy BigOyBaeThCs BHOiIpKa
MoQTIB B ACTANAX KPIIUIEHHS PEeWKd A0 IMINaiu
1 TUTBKY Ha Apyromy etami (MpUOIH3HO MiCIs MpH-
KiageHoro HaBantaxkenus H=40 xkH i 6inbmre) Big-
OyBaeTbcsi came OOKOBE MEpPEMILEHHS PEHKOBOL
HUATKH Bix nii ropu3oHTanmpHOI cwin. Tomy mipu
aHayi3i 1 00poOLi MaTepiaiB eKCIIepUMEHTaIbHUX
JIOCT/DKEHb TPH BU3HAYEHHI TOPH3OHTANBHOI 00-
KOBOI JKOPCTKOCTI PEWKOBHX HHTOK TNPUIMAIUCh
JIO CTaTHCTHYHOI OOpOOKHM TIIBKM pe3yJbTaTH 3a-
MipiB OOKOBUX IPOTHHIB TOJIOBKH 1 MiAOMIBU PEii-
KM ( Vyoy 3 Vyin)» AKiI Oysu oTpuMaHi npu nii Goko-

Bux cun H=40,60,80 kH. B pe3ynbprati B ocTarou-
Hy Tabmumio (Tabn. 2) 3aHOCHINCH CepenHi 3Ha-
YeHHsST OOKOBHX TEPEMIIICHb TOJIOBKU 1 ITiJONIBU

o . - cp . ..cp
peiiKku, OTpHMaHi o TphoX Tepepizax (Yo, 3 Vi )-

BokoBy mormnepeuHy >KOPCTKICTh PEHKOBUX HUTOK
3HAXOJWJIN MPH BiJICYTHOCTI BEPTUKAIBHOI cuin P
1 BU3HAYAIM BiJMOBIHO JIO ICHYHOUYOI METOIMKHU
[1, 9], sk BigHOIIECHHS TPUKIAAEHOI 0 PEHKH CH-
M H,,, /A0 HOIEPEevHOro NepeMillieHHs:

By =H/y>;
Bt =H/y®, . @)

Hwxye B Tabn. 2 HaBeneHi pe3yJbTaTH BUMI-
pIOBaHb NPYXHUX TOPH30HTAIBHUX MEPEeMIIleHb

TONOBKM i mimomBu peiiok P65 (y2 ;y> ) mpu

PI3HHX 3HAYEHHSX TOPU30HTAIBHOI OOKOBOI CHITH
H, a Takox mpu pI3HUX THUIAX PEUKOBHUX CKpiN-
JIeHb 1 PI3HUX BUAAX IIMAJ, YKIAJEHHUX i3 €MI0POI0
1 840 m/xm.

B Tili e Tabn. 2 HaBeJCHI 3HAYCHHS TOPU30-
HTAIBHOI ITONEPEYHOI JKOPCTKOCTI PEHKOBHUX HH-
TOK, siKi Bu3Ha4eHi 3a ¢opmynamu (1). Sk Hacmi-
JIOK, 3a pe3yJbTaTaMd BHUMIpPIOBaHb OOKOBHX
MEPEeMIIIeHh ~ PEMKOBUX HUTOK IO  TOJIOBII
1 mimomBi mpu naii 6okoBux cun H=40,60,80 xH
(Tro6To Ge3 ypaxyBaHHS aedopMalliii perok, o
BUTpPAYalOThCsl Ha BHUOIPKY IOQTIB B AETaIX
CKpIMJICHb) BU3HAYAIHMCh OCEPEIHECHI 3HAYCHHS

JKOPCTKOCTI PEHKOBHUX HUTOK IO TOJIOBIII 1 ITiJIOMIBI
( BFOH ;
y(cp)
BiJl 3aMipiB HE MEHIIIe Hi’K B TPHOX Mepepizax, mpu
Pi3HMX 3HAYEHHAX OOKOBHX CHII 3a (hopmyInoro (2).

o 2 Btr-aoy +Broso) + Byip-so)

B;Eilp))' K cepeaHe apudMeTHIHE 3HAYCHHS

By(cxr) -
| 3 | @
mna mJ i
mg Z(By(P=40) +B(r-s0) T By (p-s0))
BY(CP) - 3

Hianazon Goxosux cun H=40,60,80 xH npu
BHU3HAYEHHI OOKOBOI JKOPCTKOCTI pEHKOBUX HHUTOK
PO3TJIsIaBCs SIK HAMOIIbIN pealibHUM iara3oH X
CHWJI, IO PeaNi3yrThCs MPH JTUHAMIYHIN B3a€MOIiT
PYXOMOTO CKJIamy i KOJIii.

PesyabTaTtu

3a 10mOMOroK po3poOJIeHOT METOTUKH OYyIio
3HAW/IEHO BEJNWYMHM T[ONEPEUHHUX TMepeMillleHb
PO3paxyHKOBUX TOYOK PEHKU MpPH PI3HUX Cydac-
HUAX KOHCTPYKIISIX PEHKOBHUX CKpIIJICHh 1 BH3HA-
YEHO TOPU30HTAIILHY IMOMEPEUHY JKOPCTKICTh pei-
KOBHX HHUTOK 3a pPO3pOOJICHOK METOIHKO. Pe-
3yJIbTaTH HaBEJIeHI B Ta0II. 2.

HaykoBa HOBU3HA Ta MPAKTUYHA
3HAYNMICTDL

3a  eKCHepUMEHTAILHUMH  JOCIIKSHHIMH
BIlepiIe Oyin 3HaWICHI 3HAUCHHS TOPU30HTAIBHOT
HOIIEPEYHO] JKOPCTKOCTI PEHKOBHX HMUTOK IO TO-
JIOBLI 1 MiJOMIBI AJsl PI3HUX CY4YacHHX KOHCTPYK-
i peWKOBUX CKPIIUICHD. 3HAWICHI 3HAYCHHS TO-
PHU3OHTAIBHOT IMOMEPEYHOT1 JKOPCTKOCTI PEHKOBHX
HUTOK IO TOJIOBII 1 MiIOIIBI JUIA Pi3HUX KOHCTPY-
KIIiil peWKOBUX CKPIIJICHb JAIOTh MOYKIIUBICTH BH-
KOHYBaTH PO3PaxyHKH 3aJi3HMYHOI KOJii Ha Mil-
HICTh i3 BUKOPUCTAHHSM MPaBUIBHUX 1 BiTKOPUTO-
BaHHUX XapaKTEPUCTHUK.

BucHoBku

B mitomy 3a eKCHepHUMEHTATLHUMH JTOCTiIKe-
HHSMH BCTaHOBJICHO 3HA4Y€HHS TOPH30HTAIBHOL
TOMEPEYHOT YKOPCTKOCTI PEHKOBUX HUTOK MPH PI3HUX
THIAaX PEHKOBHX CKpiruieHb. Marepianu wiei crarri
€ aKTyaTbHUMH 1 JaIyTh MOXIIHBICTH BHUKOHYBAaTH
PO3PaxyHKH 3aTi3HUYHOI KOJIii Ha MIIHICTB 13 3aCTO-
CYBaHHSIM TPABWJIBHKX 1 BIIKOPUTOBAHUX XapaKTepH-
CTHK TIPOCTOPOBOT JKOPCTKOCTI.
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Tabnuus 2
PesynbTaTn BUMiproBaHb
Table 2
Measurement results
Tepenmimenis ro- T'opu30HTaIBEHA MONIEPEYHA JKOPCTKICTh
Twunn BBK JIOBKH 1 MiZOIIBU P o cp P
. peiikoBux HUTOK, KH/MM
< perKH, MM
5
-
Tun Z <
| — eHKOBHX Tun L% cp cp Bron Bron Bniu Bnill
pet peiiku Yron Vi y ¥(ep) y ¥(ep)
CKpIIJICHb
Kb P-65 0 0 0 0 0 0 0
40 2,04 1,01 19,41 39,71
60 3,54 154 16,93 17,71 38,84 38,92
80 477 2,09 16,78 38,21
KB P50 - - - 12,68 - 3141
\é KIIII-5 P-65 0 0 0 0 0 0 0
1= 20 1,04 0,25 19,29 80,01
o
- 40 2,14 0,51 18,68 77,80
5 18,80 72,44
g 60 3,17 0,90 18,91 66,60
E 80 4,37 1,23 18,32 65,26
T
g KIIII-1 P-65 0 0 0 0 0 0 0
[t
,8 20 1,09 0,28 18,30 70,90
CE 40 2,25 0,58 17,74 69,26
17,87 68,27
60 3,36 0,92 17,84 64,66
80 454 - 17,61 -
CB-3 P-65 0 0 0 0 0 0 0
60 4,49 1,39 13,35 43,19
14,20 51,00
80 531 1,36 15,06 57,87
J10 P-65 . -
= - - - - 19,20 - 35,73
g3
= - - - - 13,50 - 27,00
l-g g
5 P-43
S - - - - 11,80 - 23,60

* —3a manumu BHJ(I3T

** — 3a nanumu 11podh. O. TT. €puikosa [5]
— [0 TepepaxyHKy Bix xopcrkocti P50 npuiinsitoi 3a ranumu npod. O. IT. €pikosa [2, 5]

*kk
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Wayside system for wheel-rail contact forces

B. I1. BEJIUHEIT"

l*Ka(p. «KenezHo10poKHBIN MyTh U MyTEBOE X03UCTBO», ['0Cy 1apCcTBEHHBIN HIKOHOMHUKO-TEXHOJIOTUUECKUN
yHHBepcuTeT Tpancnoprta, yi. H. Jlykamesu4a, 19, Kues, Ykpauna, 03049, ten. +38 (044) 591 51 47,
a1 mouta Velinets@hotmail.com, ORCID 0000-0002-5438-5378

SKCIHNEPUMEHTAJIBHBIE UCCJIEJJOBAHUSI
T'OPU3OHTAJIbBHOM NONNEPEYHOMN )KECTKOCTH
PEJIbCOBBIX HUTEM ITPU PA3HBIX KOHCTPYKIIUAX
PEJIbCOBBIX CKPEILJIEHU

Hean. Pacuer xene3H010POKHOTO MyTH Ha MPOYHOCTH SIBISIETCS] OAHUM U3 CJIOKHBIX pa3zesioB obmiel mpooie-
MBI UCCIIEIOBAHUS B3aMMOACHCTBHS ITyTH U IOABHYKHOIO COCTaBa. B cTaThe OMMCaHBI SKCIIEPUMEHTAJIBHBIE HUCCIIE-
JIOBAHUS TOPU30HTAIBHOM MOMEPEYHOM KECTKOCTH PEIbCOBBIX HUTEH IPU PA3HBIX KOHCTPYKIHMAX PENbCOBBIX CKpe-
TUIeHU. MaTtepuabsl JaHHON CTaTbhU JOJIKHBI OBITh aKTYaJIbHBIMU U JTaAyT BO3MOXHOCTbH BBIIIOJHATH PacueThl XKe-
JIE3HOZIOPOKHOTO IMYTH Ha MPOYHOCTh C MPUMEHEHHEM MPABUIIBHBIX U OTKOPPEKTUPOBAHHBIX XapaKTEPUCTHK TOPHU-
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3AJIIBHMYHA KOJIIA

30HTAJIBFHON MOIMEPEYHOH KECTKOCTH PeIbCOBBIX HHUTeH. MeToauka. OmnpenereHrne TOPU30HTAIBHON HOMEpEeTHOM
JKECTKOCTH PETbCOBBIX HUTEH MPH Pa3HBIX KOHCTPYKIMAX PEIbCOBBIX CKPEIICHHH OBUIO MPOBEINECHO MyTeM H3Me-
PEHUIl BEIMYNH MONEPEUHBIX MEPEMEIIEHUN PACUETHBIX TOUEK PEIbCa, a UMEHHO — TOJIOBKU U TTOAOWIBHI. Jjist mpo-
BE/ICHHS UCCIIE0BaHMI OBIIIO CO3/1aHO CIIEMaIbHOE 000pYyJOBaHKE, KOTOPOE COCTOSIIO U3 IyTeBOTro AoMKpara JIK-
20, 000pyJOBaHHOTO I'MAPABINYECKUM MaHOMETPOM JUIsl H3MEPEHHUS 1aBJICHHS, U )KECTKOM rOpU30HTAIBHON IITaH-
I'M Ul yIopa B PEJIbCOBYHO HUTh, IIPOTUBOIIOJIONKHYIO OT JOMKpara. BOKOBBIE NEpEMEILEHUS TOJIOBKHY U IOJOLIBbL
peibca q)HKCMpOBaﬂl/ICb H UBMEPAJIMCh MHAUKATOPpaMM 4aCOBOI'0 THIla ¢ TOYHOCTBIO IO COTBIX I[Oﬂeﬁ MUWUIUMETpPA.
lopuzoHTaNbHAS TONEpEeYHast Harpy3Ka Ha PelibC CO3/1aBajlach JOMKPATOM IIyTeM HarHETaHUs JaBJICHHs B paboueM
LUIHHAPE, (PUKCHPOBAIIOCH MAHOMETPOM, BCTPOSHHBIM B TEJO JOMKpara. HarpyskeHue penbca mpOBOJIMIOCH CTY-
neHssMu yepe3 2 T B uHTepBaje ot 0 1o 8 T. /Iyt mosryyeHns: 10CTOBEPHBIX PE3YJIbTATOB U3MEPEHHE OOKOBOTO Tiepe-
MEIIEHHUS TOJIOBKH W MOJOIIBHI PENTbCca MPOBOAMIOCH JUTS KaX/IOTO THIA CKPEIUICHUH HE MEHee, YeM B 3 CEUCHUSIX.
W3mepenne npoBoauinck 0e3 co3maHus BEPTHKaIbHOW Harpys3ku. Pe3yasTaThl. C moMompio pa3paboTaHHONW Me-
TOJVKH OBUTM HAaWAEHBI BENMYMHBI ITOTIEPEYHBIX IIEPEMEICHNI pacyeTHBIX TOUYEK pelibca MPU Pa3IMIHBIX KOHCT-
PYKLUSIX penbcoBbIX ckperieHnil. HayyHasa HoBu3HA. Ilo SKCriepMMEHTANbHBIM HCCIEIOBAHHMAM BIIEPBBIE OBUIN
HalJieHbl 3HaY€HHsI TOPU30HTAIBHON MONEPEYHOM KECTKOCTH PEIBCOBBIX HUTEW 10 TOJIOBKE W MOAOLIBE AJIS pas-
JIMYHBIX COBPEMEHHBIX KOHCTPYKLMI PesbCcOBBIX cKperuieHui. IlpakTuyeckas 3HaunMocTth. Halinennsie aBTopom
3HAUCHUSA XapaKTCPUCTHUK FOpI/ISOHTaHbHOﬁ nonepeqﬂoﬁ KECTKOCTH PEJILCOBBIX HHUTEH MO TOJIOBKE U IIOJOMIBE JJIsA
Pa3IUYHBIX COBPEMEHHBIX KOHCTPYKLUN PEIbCOBBIX CKPEIJICHUH JAIOT BO3MOKHOCTH BBIIIOJIHATE PACUETHI XKEIIE3-
HOJOPOKHOTO IIYTHU HA IMPOYHOCTDH C UCIIOJIb30BAHUEM IMPABUJIILHBIX U OTKOPPEKTUPOBAHHBIX 3HAYCHUH ITUX Xapak-
TEPUCTHK.
Kntouegvie cnosa: xene3HONOPOKHBINA MyTh; PENIbC; JKECTKOCTh PEIbCOBOI HUTH; TEPEMELICHUS

V. P. VELINETSY

Dep. «Railroad and Track Facilities», State Economic and Technological University of Transport, Lukashevich St., 19, Kyiv,
Ukraine, 03049, tel. +38 (044) 591 51 47, e-mail velinets@hotmail.com, ORCID 0000-0002-5438-5378

EXPERIMENTAL INVESTIGATIONS OF HORIZONTAL
LATERAL STIFFNESS OF RAILS UNDER DIFFERENT DESIGNS
OF RAIL FASTENERS

Purpose. Calculation of a railway track on the strength is one of the sections of the overall complex research
problems of interaction track and rolling stock. This paper describes the experimental study of horizontal transverse
stiffness of railway rails with various strands of rail fasteners. Materials of this article should be relevant and will
make it possible to calculate the strength of railway track using the correct and corrected performance of horizontal
transverse stiffness of rail threads. Methodology. Determination of horizontal transverse rigidity of rail yarns with
different designs of rail fasteners was conducted by measuring the quantities of transverse displacement of rails cal-
culation points — namely the head and sole. For research the specialist equipment was created, made up of lineside
jack DC-20, equipped with a hydraulic pressure gauge to measure pressure and rigid rod for horizontal rail stop in
the thread, the opposite of the jack. Lateral movement of the head and sole of the track were recorded, and measured
with indicators of clock type within a few hundredths of a millimeter. The horizontal lateral load on the rail jack was
created by the injection pressure in the cylinder which was fixed with manometer into the jack. Load of rails was
conducted over 2 tons of degrees ranging from O to 8 tons. To obtain reliable measurement results of lateral move-
ment of the head and the base rails, its movement was conducted for each type fasteners not less than in 3 sections.
Measurements were carried out without the creation of vertical load. Findings. With the developed method was
found transverse displacement magnitude of rails calculation points at different designs of rail fasteners. Original-
ity. The experimental studies were first found the mentioned horizontal transverse stiffness of rail threads in the
head and sole of modern designs for different rail fasteners. Practical value. The values of horizontal transverse
stiffness of rail threads in the head and sole of modern designs for different rail fasteners that were found by the au-
thor make it possible to calculate the strength of railway track using correct and corrected values of these character-
istics.

Keywords: railway track; rail; rail stiffness thread; displacement

doi: 10.15802/stp2015/57018 © B. II. Beninens, 2015

63



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

Hayxka Ta nporpec tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHATBHOTO YHIBEPCHTETY 3alli3HUYHOTO Tpancmopty, 2015, Ne 6 (60)

3AJIIBHUYHA KOJILS
REFERENCES
1. Albrekht V.G., Bromberg Ye.M. Besstykovoy put [Continuous welded rail]. Moscow, Transport Publ., 1982.
204 p.
2. Bondarenko I.A. K voprosu ob opredelenii modulya uprugosti puti v vertikalnoy ploskosti [To the question of

10.

11.

12.

13.

14.

determining the elastic modulus of the track in the vertical plane]. K voprosu ob opredelenii modulya up-
rugosti puti v vertikalnoy ploskosti [Proc. of Kyiv University of Economy and Technologies of Transport. Se-
ries: Transport Systems and Technologies.]. Kyiv, 2004, vol. 5, pp. 14-25.

Verigo M.F., Kogan A.Ya. Vzaimodeystviye puti i podvizhnogo sostava [The interaction of track and rolling
stock]. Moscow, Transport Publ., 1984. 559 p.

Yershkov O.P. Raschet relsa na deystviye bokovykh sil v krivykh [Calculation of rail on the action of lateral
forces in curves]. Trudy Vserossiyskogo nauchno-issledovatelskogo instituta zheleznodorozhnogo transporta
[Proc. of All-Russian Research Institute of Railway Transport]. Moscow, 1940, vol. 192, pp. 5-59.

Yershkov O.P. Kharakteristiki prostranstvennoy uprugosti relsovoy niti [The characteristics of the spatial
elasticity of railway]. Trudy Vserossiyskogo nauchno-issledovatelskogo instituta zheleznodorozhnogo
transporta [Proc. of All-Russian Research Institute of Railway Transport]. Moscow, 1940, vol. 192, pp. 59-
101.

Danilenko E.l. Zaliznychna koliia. Ulashtuvannia, proektuvannia i rozrakhunky, vzaiemodiia z rukhomym
skladom [Railway track. Device, design and analysis, interaction with rolling stock]. Kyiv, Inpres Publ., 2010.
2 vol.

Danilenko E.I. Pravyla rozrakhunkiv zaliznychnoi kolii na mitsnist i stiikist [Rules of calculations of the rail-
way track strength and stability]. Kyiv, Transport Ukrainy Publ., 2004. 148 p.

Timoshenko S.P. Metod issledovaniy statisticheskikh i dinamicheskikh napryazheniy v relse [Research
method of statistical and dynamical stresses in rail]. Statisticheskiye i dinamicheskiye problemy teorii
uprugosti [Statistical and dynamic problems of the elasticity theory]. Kyiv, Naukova dumka Publ., 1975, pp.
209-220.

Timoshenko S.P. Napryazheniya v zheleznodorozhnom relse [Stresses in a railway rail]. Statisticheskiye i
dinamicheskiye problemy teorii uprugosti [Statistical and dynamic problems of the elasticity theory]. Kyiv,
Naukova dumka Publ., 1975, pp. 318-355.

Umanov M.1., Kovalev V.V., Sova S.N. Issledovaniya napryazhenno-deformirovannogo sostoyaniya puti so
skrepleniyem KPP [The study of stress-strain state of the road with a bond of checkpoint]. Visnyk Dnipropet-
rovskoho natsionalnoho universytetu zaliznychnoho transportu imeni akademika V. Lazariana [Bulletin of
Dnipropetrovsk National University of Railway Transport named after Academician V. Lazaryan], 2003, issue
2, pp- 101-105.

Liu C., Zeng Zh., Wu B., Yuan J., He X. Experimental study on the transverse stiffness of WJ-8 rail fastening.
Applied Mechanics and Materials, 2014, vol. 596, pp. 3-6. doi: 10.4028/www.scientific.net/amm.596.3.
Holder D.E., Williams B.A., Dersch M.S., Edwards J.R., Barkan C.P.L. Quantification of Lateral Forces in
Concrete Sleeper Fastening Systems Under Heavy Haul Freight Loads. 11th Intern. Heavy Haul Association
Conf. (21.06.-24.06.2015). Perth, Australia, 2015. Available at: http://railtec.illinois.edu/articles/Files/Confe-
rence%20Proceedings/2015/IHHA%202015%20Paper%20219%20Holder_Final.pdf (Accessed: 4 November
2015).

Koc W., Wilk A., Chrostowski P., Grulkowski S. Tests on lateral resistance in railway tracks during the opera-
tion of a tamping machine. Proc. of the Institution of Mechanical Engineers, Part F: Journal of Rail and Rapid
Transit. 2011. vol. 225, issue 3, pp. 325-340. doi: 10.1243/09544097]rrt324.

Milkovic™ D., Simic” G., Jakovljevic Z".,” Tanaskovi¢ J., Lu¢anin V. Wayside system for wheel-rail contact
forces measurements. Measurement, 2013, vol. 46, pp. 3308-3318. doi: 10.1016/j.measurement.2013.06.017.

Cmamms pexomenoosana 00 nyonikayii 0.m.u., npogh. B. JI. Ilempenxom (Vkpaina); naykosum xomi-

memom Midxchapoonoi nayxoso-npaxmuunoi xonpepenyii imeni 0.m.n. Coxona E. M. «Besnexa pyxy
i HayK06i 3acadu exCnepmHUx 00CTIONCeHb MPAHCHOPMHUX NPULOO MA THIICEHEPHUX CNOPYO»

Haniinna no penxosnerii 25.09.2015
[pwuitasra no apyky 19.11.2015

doi: 10.15802/stp2015/57018 © B. II. Beninens, 2015

64



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

Hayxka Ta nporpec tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHATBHOTO YHIBEPCHTETY 3alli3HUYHOTO Tpancmopty, 2015, Ne 6 (60)

3AJIIBHMYHA KOJIIA
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HOBITHI JOCJILJI)KEHHS BIYHOI IPYKHOCTI PEUKOBUX HUTOK
MPU COLJIBHIN I BEPTUKAJIbBHUX I TOPU30HTAJBHUX CUJI

MeTta. BuB4eHHs XapakTepUCTHK ITPOCTOPOBOI MPYIKHOCTI PEHKOBUX HUTOK HEOOXIiZHE Uil PO3B’sI3aHHS 3a1ad
M0 PO3PaxyHKy PEHOK Ha MILIHICTh y TIOBHIN MMOCTAHOBIII, TOOTO MPHU CHUIBHIN JiT HA KOJIKO BEPTUKAIBHUX 1 TOPH-
30HTAIBHUX CHJI T2 KDYTHOTO MOMEHTY. XapaKTepPHCTHKH F'OPU30HTAILHOT O14HOT MPY)KHOCTI Ta IPY>KHOCTI peiKo-
BUX HUTOK IPH KPYUCHHI € HAaliMEHIII BUBYCHUMH, OCOOJIMBO B YMOBAX CITUIBHOI ii Ha KOJIIIO BEPTUKAIBHUX 1 TOpH-
30HTAIBHUX CHIL. Y JiI04ili METOMII IH)KEHEPHUX PO3PaxyHKIB KOJii Ha MIIHICTh BIUIUB Ha pOOOTY peiiok ropu3o-
HTJIBHUX CHJI BPaXOBYETHCS TUIBKH OMOCEPEIKOBAHO, YEPE3 3aCTOCYBAHHS TaK 3BAHUX «KOC(IIIEHTIB BIUIMBY», sSIKi
HE TIOB’s13aHi 3 KOHKPETHUMH po3paxyHKaMu. To0To, Aitoua METOAMKa HE O3BOJISIE OTPUMYBATH TOUHI Jedopmarii
Ta HANPYXXCHHS B peiKax, B YMOBAX CHIBHOI [ii BEpTUKANBGHUX i TOPH30HTANFHIX JHHAMIYHUX CHI. METOIo CTaTTi
€ pIIIeHHS 3a/1a4i 3 BU3HAYECHHS PealbHOTO OIYHOT0 MOIYIS MPY)KHOCTI PeHKOBOi KOJIii B yMOBax CIHiIBHOI 1ii Ha
PEeHKHN BEpPTUKAIBHUX 1 TOPU3OHTANBHUX cHi. MeTtoanka. B poOoTi BUKOPHUCTaHO KOMIUIEKCHUN €KCIIEPHMEHTAIb-
HO-TEOPETUYHUI METO/ pilIeHHs 3afadi: 3a TOTIOMOT0I0 eKCIICPUMEHTAIBHUX METO/IIB Oy BUMIpSHI XapaKTepuc-
THUKH TOPU30HTAJIBHOI ITOTIEPEYHOT )KOPCTKOCTI PEUKOBUX HUTOK IPH Aii TIJIbKM FOPH30HTAIBHOI CHIIH; 33 JIOTIOMO-
TOI0 TEOPETHYHUX JIOCIIIDKEHb OYJIO BUPIIIEHO 33/auy BU3HAUYEHHS (PAKTUYHOTO IONEPEYHOr0 MOJYJIS MPYKHOCTI

o o T . cu e . .
perKoBoi KoJIii U§ ) (ipu crinbHI Aii BEPTUKAIBHHUX 1 TOPU3OHTATIBHUX Cuil). Pe3ynbraTu. V pe3ynbrari BUKOHA-

HUX JOCTIi/KeHb OTPUMaHi HOBI IaHi XapaKTepUCTHUK OIYHOI MPYKHOCTI peHKOBUX HUTOK JUISI CYJaCHUX KOHCTPYK-
il koiii Ha 3ay1i300€TOHHUX Ta AepeB’sHUX Innanax i3 peiikamu P65, UIC60, P50 1 P43 3i ckpimnennsmu KB,
KIIII-5, KIII1-1, /1I0. HaykoBa HoBu3Ha. Briepiie y BITYM3HSHHUX JOCIIDKEHHAX OTPUMAHO €KCIEPHUMEHTaIbHO-
TEOpEeTHYHEe pIIleHHS 337a4l 3 BU3HAYCHHS XapaKTEPUCTUK OIYHOT MPYXKHOCTI PEUKOBHX HHUTOK NPH CHUIBHINA il
BEPTHKAJIBHUX 1 TOPU30HTAIBHUX KOJIICHUX HAaBaHTaKEHb Ta 3 BCTAHOBJICHHS (DYHKI[IOHAJIBHOI 3aJIS)KHOCTI 3MiHHO-

TO MOMEPEYHOTO0 MOAYJIA IPYKHOCT1 U§ ) B1J CITIBBIJHOMICHHSA CYMICHO AIIOYHUX BEPTUKAIIbHUX 1 TOPU30HTAJIBHUX

JMIMHAMIYHHUX CHJI Pum{

IH s - TIPAKTHYHA 3HAYMMICTH. OTpUMaHi Pe3yIbTaTH JI03BOJISIOTh BUKOHYBATH PO3Paxy-
HKHU Ha MILHICTb PeHOK MpH CyMiCHIH /ii Ha HUX BEPTHKAIBHHUX i TOPHU30HTAIBHUX CHJI JUIS KOJIi Ha 3a1i300€TOH-
HUX Ta JIepeB’ THUX IITajiaX 31 3HAYHO BHIIOK TOYHICTIO, HIXK JIIF0Ya 3apa3 METOINKA PO3PaXyHKIB KOJIii.

Kniouosi crosa: 3anmizHUYHA KOJIisl; peliKa; JKOPCTKICTh peHKOBOT HUTKH; MOJYJIb NPYXKHOCTI

NpY CIUIBHINA Ail Ha KOJII0 BEPTUKANBHUX 1 TOpU-

Beryn 30HTAIBHUX CHJI 1 KDYTHOT'O MOMEHTY.

B noBinkoBiil TexHiuHi# niTeparypi HaBeneHUI
IyXe PI3HOMaHITHUH CHEKTp pe3yibTaTiB IIOMNO
XapaKTEPUCTUK )KOPCTKOCTI 1 MPY>KHOCTI peHKOBUX

Merta

MeTtoro crarti € CKCIICPUMCHTAJIbHO-TCOPEC-

HUTOK TIPU Pi3HUX KOHCTPYKIisAX Koiii. Kpim Toro,
HaBeNeHI pe3yJbTaTH BIAHOCATH JO aHaTi3y
3acTapiinx KOHCTpYKUid komii i BukonaHi 40—50
pPOKIB TOMy. AJle BHBYCHHS XapaKTEPHUCTHK
MPOCTOPOBOT MPYKHOCTI PEHKOBUX HUTOK (B TOMY
YHCITI TOPU3OHTAIBHOT GiUHOT MPYIKHOCTI) TS Cy-
YacCHUX KOHCTPYKUiM BepxHbOi OynoBW Kouii He-
o0OximHe mnsi po3B’si3aHHS 337ad 3 PO3PAXyHKIB
peiiok Ha MIIHICTh B MOBHIH MMOCTAHOBII, TOOTO

THUYHE PO3B’S3aHHS 3a/1adi 3 BU3HAUCHHS XapaKTe-
PUCTUK TOPU3OHTAIBHOI OIYHOI MIPY>KHOCTI perKo-
BUX HHUTOK 1 peajbHOTO OIYHOIO MOAYJS TPYXK-
HOCTI pPeWKOBOI KOJil Ha 3aii300€TOHHUX 1 Je-
peB’SHUX IIManax 3 CYYaCHUMH KOHCTPYKIIISIMH
pPEHKOBUX CKpIIUIEHb B YMOBax CIUIBHOI Hii Ha
pEeiiKU BEPTUKATBHUX | TOPU3OHTAIBHUX JUHAMIY-
HUX CHJI.
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3AJIIBHUYHA KOJILA
Ilocmanoexa  npobnemu.  Ilpm  TOBHIH YWMH Ha PEeHKOBY HHUTKY 30BHIIIHIMH CHJIAMH Bij
MMOCTAHOBII AHATITHYHOTO PO3B’SA3aHHA 3a7adi  KOJIC PyXOMOTO CKJIamy i BUHHKAIOYMMH Bil HUX

3 pO3paxyHKy 3aJi3HHYHOI KOJii Ha MIIHICTh
HEOOXITHO 3 JTOCTaTHHOIO TOYHICTIO BPAaXxOBYBaTH
N0 Ha peWKOBY HHUTKY BCiX 30BHIIIHIX CHJI 1 TIPH
IIOMY CHIJIEHO PO3TJISAaTH BUHUKAIOY1 B PEHKOBIH
HUTLI JedopMallii: BepTUKAIBHUNA 1 TOPU3OHTAIb-
HUU BWTMH pPEHUKOBOI HHUTKH 1 1i KPYyYeHHS.
Hedopmarii 1 HanpyXeHHS PEHKOBHUX HHUTOK IPH
AQHAJITHYHUX  pO3paxyHKax 3  JIOCTaTHBOIO
TOYHICTIO MOXHa BHU3HAYHTH TiJIbKH 32 yMOBH
3HAaHHS XapaKTEPHUCTUK IPOCTOPOBOI MPYKHOCTI
pPEHKOBUX HUTOK, BH3HAYCHHUX TaKOX 3 JOCTAaT-
HBOKO TOYHICTIO.

itoua MeToanKa IH)KCHEPHUX pPO3pPaxyHKiB
KOJIii Ha MILHICTh, SK BiJJOMO, JO3BOJISIE OTPUMY-
BaTU TUIbKH Pe3yJbTaTH HAOJIMIKEHI JI0 TOUHHX (SIK
1e 3azHaueHo B nepeaymoBi no «IIpaBuin po3spa-
XYHKIB 3aJ1i3HAYHOT KOJIil Ha MIITHICTE 1 CTIHKICTB»
[4]) 3 TouHicTIO JMILIE TOCTATHBOIO JJISI TIPAKTHY-
Hux 1ited. [Ipu Tomy, K BioMo, B Aif04ild METO-
IATI IHKCHEPHUX PO3paxyHKIB KOJii Ha MIITHICTh
BIUIUB Ha po0OOTy peKH rOPU3OHTAIHHHUX JHHAMI-
YHUX CHJI HE BpaxoBYEThCS Oe3MOCepeaHso,
a TUTBKH OIOCEPEKOBAaHO Yepe3 3aCTOCYBaHHS TaK
3BaHUX KOEQIII€HTIB BIUIMBY, 5IKi B 0araTh0ox BU-
najKkax He MaloThb TOYHOTO MiATBEPKEHHS I
KOHKPETHUX PO3PaxyHKiB.

TakuMm 9MHOM, BUBYCHHS XapaKTEPUCTHK MpPO-
CTOPOBOI MPYXHOCTI PEUKOBUX HHMTOK HEOOXIIHE
JUTST PO3B’SI3aHHS 3a/la4 3 PO3PaXxyHKy peHok Ha
MIITHICTh B TTOBHIN ITOCTAHOBII, TOOTO TIPH CIIiJIb-
Hill #ii Ha KOMNif0 BEPTHUKAIBHHUX i TOPH30HTAIBHUX
CHJI 1 KpyTHOTO MOMEHTY.

Jlo XapaKkTepuCTHK MPOCTOPOBOI MPYNKHOCTI
pEHKOBOI HUTKH BiHOCSTBH. KOPCTKOCTI Yy Bep-
TUKAJIBHI 1 TOPU3OHTANbHIA TUIOIIMHI 1 KOpPCT-
KiCTh peHKOBOI HUTKH IMpH KPYUYEHHI, a TAaKOX Qy-
HKITIOHAJLHO TIOB’sI3aH1 3 HUMHU MOIYJI1 TIPY>KHOCTI
y BEpTHKAaIbHIH 1 TOPU30HTANBHIH MIomuHI (Oiu-
HHI 1 TIO3I0BXKHIi) 1 MOIYJIb MPYKHOCTI TIPH KpY-
YeHHi. XapaKTePUCTUKH TOPU3OHTAIBHOI MPYKHO-
CTi peiKOBHX HHUTOK (O14HOT i MO3JOBXKHBOI), a Ta-
KOXX MIPY’KHOCTI MPH KPY4YeHHI — € HaliMEHII BUB-
YeHHMH, OCOOJIMBO B YMOBax CIIIJIbHOI il Ha
perKH BEPTUKAIBHHUX 1 TOPU30HTAIBLHUX CHII 1 KPY-
THOT'O MOMEHTY.

Oco0nMMBO BaXIIMBUM MJI1 BUKOHAHHS TOYHUX
aHATITUYHUX PO3PAXYHKIB € 3HAXOIKEHHS IIpa-
BWJIBHUX (DYHKI[IOHAILHUX 3aJIEKHOCTEH MIX JIit0-

negopMarisiMi 1 HaNpYXKCHHSMH B Wi PEeHKOBIH
HUTLI, 3 ypaXyBaHHSAM YCiX XapaKTE€pUCTHK IpOC-
TOPOBOI TPYKHOCTI PEHKOBOi HUTKH 1 OCOOJIHBO-
CTell KOHCTPYKTUBHOTO YJIAIITyBaHHS 3aJ1i3HUYHOT
KOJTii.

Oz2ns0 nonepedHix 00CaiOdHCeHb | nyoaikayiu.
OcHOBU Teopii po3paxyHKIB pEeUKOBOI HHUTKH Ha
CHIJIBHY [Jil0 BEPTUKAIBHUX 1 TOPU3OHTAIBHUX CHIT
3 ypaxyBaHHSM XapaKTEPUCTHK IPOCTOPOBOI
MIPY’KHOCTI Oynm po3poOJieHI Ie Ha IMOYaTKy
XX cr. mpod. C. I1. Tumorenkom [11, 12], ane B
Horo pilleHHSIX He BPaxOBYBAJIUCh CHIIU TEPTSA MiX
perKo0 1 MiAPEHKOBOIO OCHOBOIO, SIKi CYTTEBO
BIUIMBAIOTh Ha PE3yJIbTATH PillICHHS.

BumnpasneHHs 1[bOro HEMONIKY OyJI0 3amporo-
HoBare mpod. O. II. €pmkoBum B 1960-x pp.
y BHII3T (Pocist). Alte pe3ynsTaTd TEOPETHIHUX
pimens O. II. €pmkosa [6, 7] He Oynu noBeneHi
IO TIPAaKTUYHOTO BITPOBAKEHHS 1 He OyJIM BHECEHI
B TEOPiI0 PO3paxyHKIiB HAa MIIHICTh 3aI3HUIHOL
Kouii, sika KoperyBajgach B 1972 p. KOJIEKTHBOM
apropie  BH/I3T mig xkepiBHHULTBOM mpOd.
M. @. Bepiro [3].

Hamri ceromuimni gocnimkenns 2012—2015 pp.
[5] moka3anu, mo pe3ynbTaTH PO3PAaXyHKIB MPOQd.
O. II. €pmxoBa MOTPeOYIOTh CYTTEBOTO KOpPETy-
BaHHS, B TOMY YHCII 3 ypaxyBaHHIM OCOOJIHBO-
CTel XapaKTepUCTHK MPOCTOPOBOT MPYKHOCTI pei-
KOBUX HUTOK 3 Cy4YaCHUMH KOHCTPYKLISIMH PEUKO-
BHX CKPIIUICHB.

Cnixg  3a3HAYWTH, [0 AaHAI3 YUCIEHHUX
nocmimpkens [1, 2, 6, 7, 8, 9, 10, 13] 3 Bu3HaueHHs
MPYXHOAWHAMIYHUX  TapaMeTpiB  KOIii, IO

BHUKOHaHI 3a octanHi 50 pokiB, mae myke HEOTHO-
3HAQUHUM CIEKTp pe3yNbTaTiB LIOAO0 Pi3HUX
KOHCTPYKIIi#i 3amisauanoi koumii (tabn. 1). Ilo-
repIre, JOBIAKOBA JIiTepaTypa 3 MHUX JOCTiIKECHb
Oyna pospobnena 40—50 pokiB Tomy Ha MifCTaBi
aHaJi3y CcTapux KOHCTPYKLi BepxHbOi OynoBH
KOJii 1 KOHCTPYKIIifl CKpIiIJIeHb, IO 3aCTOCOBYBA-
JUCh Ha TOW dYac, TOOTO  GUKOPUCHAHHSL
sacmapinux 008i0KOBUX OAHUX Ol  CYYACHUX
KOHCMPYKYiti KON I pelikogux cKpinieHs He € npa-
BUNbHUM; TIO-TIpyTe, SK 3 ACyBaJIOCh, HATypHa
JKOPCTKICTh PEHKOBHX HHUTOK MNpHU CYMICHIM Aii
BEPTHKAIFHUX 1 TOPU3OHTAIBHUX CHII CYTTEBO
BIIPI3HAETHCS BiJl PO3PaXyHKOBUX 3HAYCHB, SKi
3a3BHYall MPUIMAIOTHCS JJIs1 PO3PaxyHKIB KOJii Ha
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3AJII3HUYHA KOJIIS
MIIHICTD 1 CTiliKicTh. TakuM YHMHOM, TOCTAa€ MH-  pearbHO20  PO3PAXYHKY — KOMIL  Ha  MIiyHicmb
TaHHS  TIPO  HEKOPEeKMHICMb  BUKOPUCMAHHA I CMIUKICM®b.
ICHYIOUUX 3ACMAPINUX PO3PAXYHKOBUX OAHUX OJifl
Taonums 1
JloBinKoBi 1aHi KoPCTKOCTI peiikoBoi HUTKH 1o rososui B¢ Ta mitomsi B;i(ip)
i FOPH30HTAILHOTO 110NEPEYHOT0 MO/LY.Ist PYKHOCTI NifpeiikoBoi ocnosn U
AJIs1 Pi3HUX KOHCTPYKUiii koJii (3a nanumu [1, 2, 6, 7, 9, 10, 13])
Table 1
Reference data on the stiffness of rail head B, and rail bottom B¢,
and horizontal lateral elasticity modulus of the railway base for various railway track
constructions (according to [1, 2, 6, 7, 9, 10, 13])
s 2 . T OpU3OHTANbHA MOTEPeUHa ropI/I30HTa:lII>HI/iﬁ no?epeqﬂuﬁ MOJIYJIb IIPY>KHOCTL 5
;) 2 s § JKOPCTKICTh PEHKOBOT HUTKH, nizpeiixosoi ocrosu U, MITa 5 .
§ i )i g KH/vm npu aii Tineku H (P =0) é =
= . o o<
g g = E OTpHUMAH! SHAICHHS PEKOMEHIOBAHI 3HAUCHHS E =
< g = Bl Bresy (mxeperno indgopmyBaHHs) ~
z P65 | KB | 17-23[1 | 37-58[1] 10,9 [13] - KIIIT-1 (1840 wrt/km)
H
8z 18,7 [2] 45,4 1] 19,7 [13] - KIIIT-1 (2000 mr/xm)
£ § 64,9 [2
5 < Kb | 8-12[1] 25-40 [1]
5 = 12,0 [2] 31,6 [1]
=
S 19,5 2]
P65 | 10 | 16-22[1] | 32-48[1] 22,09, 10] 1840
X 19,2 [2] 35,0 [1] 23,09, 10] 1920
E 43,5 [2] 24,09, 10] 2000
E P50 | [0 12,6 [6] 25,2 [6] 19,0 [9, 10], 19,4 [6] 1600
= 13,5 [6] 27,0 [6] 22,09, 10], 21,2 [6] 1840
B 13,8 [6] 27,6 [6] 23,09, 10], 23,2 [6] 1920
o) - - 24,09, 10] 2000
E P43 | JI0 10,9 [6] 21,8 [6] 19,0 [9, 10], 18, [6] 1600
= 11,8 [6] 23,6 [6] 22,0 [9, 10], 19,9 [6] 1840
~ 12,1 [6] 24,2 [6] 23,09, 10], 21,1 [6] 1920
- - 24,0 [9, 10] 2000
KOHCTPYKIIH pEHKOBUX CKpIIUIEHb 1 IS Pi3HUX
Metoauxa THIIB MiJPEHKOBOI OCHOBH (3ai1i300€TOHHI 1 Jie-

B po0oTi BHKOpUCTaHO KOMIUIEKCHHH METOX
pO3B’sI3aHHS 3aadyi, KU BKIOYAE CKCIIEPUMEH-
TaIbHY 1 TEOPETUYHY YaCTHHY. 3a JIOIIOMOTOIO €K-
CHEepUMEHTAILHUX METOJIB OyJId BHMIPsHI Xapak-
TEPUCTHKH TOPH30HTAIBHOI MOMEPEeYHOi >KOpCT-
KOCTI PEHKOBHUX HHUTOK IO TOJIOBIII 1 ITO IIiJOIIBi
npy Jii TUTBKK TOPU30HTAIBHOI CHIIM JUIS Pi3HUX

peB’sHi mmanu). 3a JONOMOTOK TEOPEeTHYHUX
JOCTIDKEHb OYyJI0 pO3B’sI3aHO 3a/1adyy 3 BCTaHOB-
JeHHs1 (QYyHKIIOHAJIBHOT 3aJeKHOCTI (haKTHYHOTO
HONEPEYHOr0 MOJYJISI MPYXKHOCTI PEeHKOBOi Kouil

U§T) (mpu cyMicHiii aii BepTHKaIbHUX 1 TOPU30H-

TaNbHUX CHJ) BiJl CHiBBiIHONICHHS CYMICHO
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JIIOYMX Ha peHKy BKa3aHMX IUHAMIYHHX CHII
Puw!H,,, 1 XapakTepuCTUK TepTs IO MiJOIIBi

JUH
peiiku, siki nepeadadaroTh NPYKHY XBHIIO TEPTS
0 MiOWIBI peiiKH MpH i TOPU3OHTATEHOMY 3THHI.

PesyabTaru

Sk Bigomo [6, 7], Momys TPY;KHOCTI Tigpeti-
KOBOI OCHOBM B IIONEPEYHIH TOPU3OHTANBHIN
wiomuHi (Mpy BiACYTHOCTI Jii BEPTHKAIBHOT CHIIH
P) BU3HaYa€THCS 3 BUPA3Y:

1 nin |2
Uy:3—[64E|Z'(By) : @

ne |, — MomeHT iHepuii pefiku BiJHOCHO BEpTHU-
KaJbHOI oci (IpH TOPH30HTAJIBHOMY BHTHHI), E —
ma
y
MOTMIEPEYHa JKOPCTKICTh PEHKOBOI HHUTKU  TIO
MiIOIIBI TIPH [IiT TUIBKK TOPU30HTAIBHOT e H.

OpHak 3ajaya CYTTEBO YCKIAIHIOETHCA IIPH
BHU3HAYEHHI MMOTIEPEYHOTO MOAYJISI MPYKHOCTI ITiJI-
pPEHKOBOI OCHOBH y BHITAIKy CILILHOI Jii CHJ TO-
pu3oHTanbHOT H 1 BepTHKanbHOI P. A came Taki
BUTAJKH 1 MalOTh MicIle B AIMCHOCTI TPU eKCILTya-
Tarii Kouii i miero pyxomoro ckiany [6, 4].

B uux Bunajgkax npuitHATO LI MOAYJIb MMO3HA-

MOJYJb TPYKHOCTI peiikoBoi ctami; PB)” — OokoBa

T o
JaTu Ui ), TOOTO SK TaKWH, L0 BpPaxoOBY€ CHUIIN

TEpTS 1O MiJOUIBI peHKH MpH il BEPTUKAIBHOI
cuu P. Ilpu npomy 3HaueHHs (pakTUUHOTO MoTIe-
PEYHOTO MOJTYJISl IPYKHOCTI TIPH CIIUIBHIH Hii Bep-

TUKaIBHOI 1 Topu3oHTanbHoi cun U }(,T ) cyrreBo

BiJIPi3HAETHCA BiJl MONEPEYHOTO MOJIYJIS TIPYIKHOC-
Ti U, AKni Bu3HaYeHHH 6e3 ypaxyBaHHs BEpTH-

KaIbHOI cvud P.
OpHuUM 13 TepIInX, XTO 3BEPHYB yBary Ha BKa-
3aHy pPO3ODKHICTP MK MOIYISIMH IOTEPEYHOT

npyxuocti U i U )()T), oyB npod. O. II. €pmkos

y BHAI3T (Pocis) me B 1960-x pokax MHHYJIOrO
cromitrsa. Hum >ke Oynmu Breprie BUKOHAHI JeTa-
JIbHI JIOCNIIJDKCHHST 3 IIbOTO IMUTaHHS B poOOTax
[6, 7], na mpuKkani BUBYCHHS MOBEIIHKH BEPXHBOI
OymoBH KOJil Ha JepeB’sSHUX MMajaxX 3 peidkaMu
tuniB P43 i P50, mio B Toit yac Oyjid po3MOBCHO-
JDKeH1 sik TunoBa KoHcTpyKuist BBK Ha BiTunsns-
HUX 3aTI3HULIAX.

B mocmimkenusax mpod. O. II. €pmkoBa Oyna
orpuMaHa (GopmyJa, 0 BCTAHOBIIOE 3B’SI30K MiXK

Momynem morepednoi npyxksocti U (mpu i

Tinbku ropusonTanbuoi cumu ( H #0) i BiacyTHO-
cti BeprukansHol cum (P=0)) i Moxysem nomnepe-
gHO1 TIpyXkHOCTI U ;T) TP HASBHOCTI CIIIBHOL

Oii  TOpU3OHTanbHOI 1  BEPTUKAIBHOI  CHI
(H=0,P=0) B TakomMy BUIIISIL:
"
(T — P
Uy - U ¥y H— ' (2)
- fl .a
P

ne f; — xoedilieHT TepTs MO MiIOUIBI pelKku mpu
ropuzoHTaidbHOMY 3ruHi. [Ipod. O. I1. €pmkoBum
6yuo npuitnsto f;=0,15 mst ckpimtens tumy J10 Ha
nepes’siHux mmanax. (B mificHocTi koedimieHnt f;
CIIiJI IPUIMATH PI3HUM IS PI3HUX CKPIIUICHB); a —
KoedillieHT, 10 BpaxOBY€  CIIiBBiIHOIIECHHS
TOPU30HTATILHOI 1 BEPTUKAIBLHOI KOPCTKOCTI pei-
koBoi HuTkH (O. I1. €pikoBUM /I ICHYIOUUX Ha
TOW Yac HaTYpHUX KOHCTPYKLIH KoJIii 3HA4YeHHS
IBOTO KoedilmieHTa OYyJI0 peKoMeHO08aHO Npuli-
mamu nocmitinum i pienum a=0,9).

Ls dopmyna Oyna 1OCHUTH BiZOMOIO i HIMPOKO
BUKOPHCTOBYBaJIach, mouyrHarouu 3 1960—1970 pp.
y BITYM3HSAHIA TIPaKTUINl TIPH  PO3paxyHKax
BEepXHKOI OyIOBM KOJii Ha MIIHICTh, OCOOJIUBO
y BUNAAKY BIICYTHOCTI €KCIEPUMEHTAJIbHUX Ja-
HHX I10 )KOPCTKOCTI KOHKPETHUX PEHKOBHX HUTOK.

Hanpukiaj, y mupoKoBioOMid JOBIIKOBIN Te-
XHIYHIM JiTepatypi «CrnpaBOYHHUKY HHXEHEpa-
nyreina» [9], Bumanomy y 1972 p., y Bumaaxy mii
JUHAMIYHUX CHJI PEKOMEH/IOBAHO 3aCTOCOBYBATH
dopmyay O. I1. €puikosa (2) y TakoMy BHIJISIL

H}mx—x
P
() _ UH
Uy _UyHH—’ (3)
e _09f,

JIMH

e H

JIMH !
THKaJIbHA CWIIH; KOS(DIIEHT @ TPHHHATO pPiBHUM
a=const=0,9; f; — pekoMeHIOBaHO I Tmiapeii-
KOBOi OCHOBHM Ha JIepeB’SHUX MIMaiax MpUMATH
f;=0,15. JIna 3ami300€TOHHHX INMAl B IEOMY
JIOBiTHHKY 3HaueHb f; He BKazaHo.

OpHak, K TIOKa3aly Halll CydacHI JTOCIiKeH-
us1, o6maBi popmyiu (2) i (3) He € aBCOMOTHO KO-
PEKTHUMH 1 TIOTPeOYIOTh KOPUTYBAaHHS B YaCTHHI

Pann — AVWHaM149H1 TOpHU30HTaJIbHA 1 BEpP-
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koediieHTiB a i f, Ak I peiKko-mmnansHoi perri-
TKH Ha 3aTi300€TOHHUX IIMajgax 3 CYYaCHUMH
CKpITUICHHSAMHU, TaK 1 JJI JepeB’ SHUX IImnal, 3 ypa-
XyBaHHSM CHiBBiHOLIEHs MiK cuiaamu P/H .
Cy4acHi 3aKOPIOHHI JOCIIIKEHHS 3 IIbOI'O MPHBO-
Iy TaKOX HE JAr0Th BiATOBiIi Ha IMOCTaBIIEHE ITH-
tanus [14, 15, 16].

B pe3yunbTaTi BAKOHAHUX HaMH JOCHIKEHb [5]
BCTaHOBJICHO, IO 6eIUYUHA Koepiyienma cym-
MEGO  3MIHIOEMbCA  3ANEIHCHO  BI0.
niopetiko8oi 0CHOBU, PelikOBUX CKPINieHb, CNniesio-
HOUWEeHHSI 8ePMUKANbHOI 1 20pPU3OHMANILHOL CUTL
P/H i dosocunu oinanku x; — npyscnoi niexeuni

mepms no nioowei peliku TPH TOPU3OHTAIEHOMY
3THHI PeWKH B yMOBax criibHOi fii cun P i H, To6-
10 a=f(k,, P/H,x).

3rifHO 3 BHKOHAaHHMMH  PO3paxyHKaMH
QHATITUYHUHA BHpa3 3aJEKHOCTI KoedillieHTa «
B (yHKIIi BiJ KoedillieHTa BIJHOCHOT KOPCTKOCTI
peiikoBOi HUTKM y BEpTHKaIbHIM mrommHi K,,
a TakoX y (QYHKIOI BiJ TOPU3OHTAIBHOI
JKOPCTKOCTI, 110 BHpakeHO y BimHomenuni P/H
1 IOBXKWHI NIPY>KHOI MIBXBUJII TEPTH X, IO IiJOMIBI

pPEHKU NP TOPU30HTAJILHOMY 3MIIICHHI Ma€ BH-
IS

K. X
. cosk, - X —1
. cosk, - % 1 4

e "-cost—-1

I'padix 3amexnocTi a 1 x;, B QyHKIIi Bif
P/ H wmae Burmsin, mo HaBeaeHuil Ha puc. 1.

Ha puc. 1 ans npuknamy HaBenmeHO Trpadik
a= f(%) Xp = f(%) st koHeTpykiii BBK
i3 TaKUMHU eJeMeHTaMH. peilika — P65, mmamm —
3aiizo0etonHi, emopa mman 1840 mr/kM, T
ckpimiens — Kb.

Junst cydacHHX KOHCTPYKLIH BEpXHBOI OyHOBH
Komii Koe(illieHT g MOXKe 3MIHIOBATUCh Y MeEXKax
Bix d, =0 mo a,, =100 i He moxe Oyrn
a>1,00, Tak 5K emopa CHUJI TEPTA MOXKE ICHYBaTH
TIIBKH B MEKaX JIOBXKHHU XBUJII TOPU30HTAIBHOTO
MOIIEPEYHOT0 3TuHy peiiku (puc. 2). [Ipuuomy mpu
ami, =0, mo Biamosigae P=0 Oyne matu Micue

piBHicTE: U ;T) =U,. Lle mnoBuicTio BiAmOBiNA€E

MaTeMaTH4HId JIOTilli TPUHHATUX OO PO3IIALY
¢i3nuHuX XapakTepucTuK. HaBmaku B icHyoUOMYy
TpakTyBanHi pimenHs npod. O. II. €pmkoBa

KOHCMPYKYIL

[6, 7] mpu P=0 i a#0 dopmymun (2) i (3)
HE BIAIIOB1AAIOTH MaTeMaTHYHIA JIOrim.
JIOBXWHU TMiBXBWJII TepTs IO TiJOMIBI peHKn
min

X; MOXYTh 3MiHIOBatuch Big x; =0 (mopu

P.in=0) mo x;® =114,573..156,491 cm (upu
Prax / Hiax =2,719...8,234) st pi3sHUX KOHCTPY-
KUiA BepXHBOi OyAOBM KOJIii MpH Pi3HUX CKpiN-
nennsx. (Haramaemo, mo B pimeHHSX npod.
O. II. €pmkoBa [6, 7] pekoMeHIOBAHO IS YCiX

BUNANKIB npuiimatn x; =120 cm, ske O6yino

ONM3BKUM 70  MPaBWJIBHOTO  PINIEHHS T
KOHCTPYKLill BepxHboi OyZoBM Koyii Ha Je-
peB’sHuX mmmanax 3 peiikamu P50, mo 3actocoBy-
BAJINCh Ha TOHM 4ac, ajie Taka BEIWYMHA HE € Tpa-
BUJIBHOIO IS CydacHUX KoHcTpykuiii BBK).

a Ky

099581480 5 147,440

0896233324 132,696 3 1 - Y L | -
a " /
0796651844 117,952 Pl

0,69707036 -4

103,208 - T—r

059748888 4 88464 5 —
o49m90740d 737203

0,39832592

0,19916296 4

0,09958 145

000000000 2

029574444 4 w22 3— 1~ |-
.

29,455 4

14,744

0,000

Puc. 1 I'padik 3anexHoCTi a i X7
B Qynkuii Bix PIH

Fig. 1 Graph of a and xr
as a function of P/H

B xiHneBomy BUIIISAI BU3HAUCHO, IO (opMy-
Jla, sKa BCTAaHOBIIOE 3B’S30K MK MOIyJIeM
nonepeyHoi mpyxHocti U, s KOHCTpYKUii
Komii, IO 3HAXOOWUTHCA IIiJ [JI€K0  TUIBKHU

ropu3oHTaaBHOI O0KkoBOI cumu H (npu P =0)
1 (akTHUHUM MOmyJeM TMOIepeYHOi NPYKHOCTI

U ﬁ ) s KOHCTPYKIIT KOJIii, 110 3HAXOAUTHCS i
CHUTBHOIO Ji€0 cuin  ropu3oHTanmpHOi H #0

1 BepTukanpHoi P # 0, NOBUHHA MaTW Takui BU-
AN

H

JIMH

P
(1) _ JIMH
e — ©)
—a-f;
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®opmyna (5) Bimpizuserscs Bix dopmyn (2)
i (3) TiM, 1m0 KOE(DIIliEHT @ He € BEIMYMHOK II0-
CTIHOIO 1 BU3HAYAETHCS 32 GopMyJIoio (4).

KoeoimienT ¢ mMoxe mpuiiMaTH 3HAYSHHS Bif
HalOIIbINX ¢, (Ipu HafOLIbII HECTIPUATINBO-

My chiBBirHomenHi cun P, /H, . ) 10 MiHiMa-

JBHUX @, (MpU BiACYTHOCTI BEPTHKAIBHOI CHIIM
P=0).

Ilpy 3HAYEHHSX BEPTHKAIBHOTO 1 TOPH30H-
TaJbHOTO HABAHTAKCHHS Ha PElKy, OJNM3BKUX 10
pearbHAX CHJI B3a€MOIl MiX KOJECOM i peHKOro
P .IH KOe(DII[iEHT a CliJl PEeKOMEHIyBaTH

JAH JAH !

NpUiAMaTH K HaWOIIbII HMOBIpHE 3HAYEHHS a,,

nMoB
T .

3a TabN. 2 pu X = X

Puc. 2. Cxema npocTopoBOTro BUTMHY PEHKHU MPH CHUIbHIN J1iT BEPTUKAIEHOTO
i TOpU30HTAIBHOTO (6OKOBOTO) HABAHTAKEHHS

Fig. 2. Figure of rail thread spatial bending under combined action
of vertical and horizontal lateral forces

KoeiuieHT Tepts mo mimomsi peiiku fi crifg
MpUAMATH 3aJIe)KHO BiJ| TUIIB PEHKOBUX CKPIIUICHB
1 pelikoBux omop. JlIsd CKpimieHb, HaBEACHUX
B Tabi. 2, mpuiimarotees fy Bimnosiamo pisaumMu: Kb
-0,3; KIIIT-5 - 0,32; KIIII-1 - 0,28; 10 - 0,15.

B Ttabn. 2 mpuBeneHi po3paxyHKOBI 3Hau€HHS
KoedilieHTa @ Ui Pi3HUX TUMIB KOHCTPYKIIT KOl
3 peiikamu tunis P65, UIC60, P50, P43 mus komii
Ha JiepeB’ssHuX mimanax 3i ckpimienasmu J{0 i s
KOJIii Ha 3aJ1I300€TOHHMX TIHaJIaX 31 CKPITUICHHSIMH
tury Kb, KIIII-5, KIIII-1 3amexxHO Bim CHiBBiI-
HomIeHHs mgifounx cun P/H Big #iMoBipHUX 10
MaKCUMAaJIbHUX 3HAYCHb.

B Tabn. 3 HaBeAeHO pe3yNbTaTH EKCIIEPUMEH-

TaJIBHUX I[OCJ'Ii,I[)KeHB TOPHU3OHTAJIBHUX JKOPCTKOC-

roa

Tel peHKOBUX HUTOK 110 TOJOBLI 1 migouwsi B ;

mig
p y(ep) ?

BaHb B KOJ'Ii)IX, 10 CKCIUTYaTYKOThCS Ha HiB,E[GHHO-

SKI OTPHUMaHi METOJIOM HATypHUX BUMIpIO-

3axiguiit 3amizamui y 2012-2015 pp. mis Haii-
OLIBIN MOMIMPEHUX CYYacCHUX KOHCTPYKIIN 3ami3-
HUYIHOI KOJIii TIPY BiJICYTHOCTI BEPTHUKAIBLHOI CHITH
P=0 i mnpuxmaneHol TOPU3OHTAIBHOI CHIIH
H=#0.

Takox B Tabn. 3 HazaHi PO3paxyHKOBI 3HAUYCH-
HSl MOJyJIsl TIPYXKHOCTI mijiperikoBoi ocHosu U,

ski Bu3HadeHi 3a Gopmynoro (1), i pospaxynxosi
sHauennss (HaKTHIHOTO MOOYI NPYHCHOCMI Nio-

. . T . .
pelikogoi ocHosu U§, ), axi eusnaueni 3a (opmy-

noto (5), npu cninvwiil Oii 2opuzonmanvhoi i eep-
muxanvroi cun P=0, H #0 (pu 4oMy 3HAUYEHHS
BEPTHKAJILHOI 1 TOPU30HTAIBHOI CHJ IPUHHSATO
piBHEUM HaiOiMbII HMOBIPHUM 3HAUYCHHSM, ILO
MaloTh Miclleé B JWHAMII MPH B3a€MOJii BaHTaX-
HOT'O YOTHPHBICHOTO BaroHa 3 PEeHKOBOIO KOIIEO
B kpuBii R~800M mnpu pyci 31 HIBHAKICTIO
V =90 km/rox).
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Tabnuus 2
3HaueHHs «a i X7 3aje:xxHo0 Bix aitlounx cua Pi H
Table 2
The values of a and xr depending on the operating forces P and H
E - BHAYCHHS ¢ 1 X7 3aJIeKHO Bif mirounx cui P i1 H
= =
;’; é Bropa Haii6inbm iiMOBipHI 3HAYECHHS
E &= ;m_ax A X, em =} N o
max 0 Jintos T
1680 3,345 0,9958 150,831 2,336 0,8791 105,870
§ P65 1840 3,345 0,9958 147,440 2,336 0,8791 103,492
2000 3,345 0,9958 144,398 2,336 0,8792 101,360
1680 3,187 0,9986 147,245 2,336 0,8989 106,874
£ UIC60 1840 3,187 0,9986 143,934 2,336 0,8989 104,474
2000 3,187 0,9986 140,965 2,336 0,8990 102,321
1680 2,807 1,0000 141,088 2,336 0,9539 112,028
£ P50 1840 2,807 1,0000 137,916 2,336 0,9539 109,514
2000 2,807 1,0000 135,071 2,336 0,9540 107,259
o 1680 2,917 0,9387 122,619 2,336 0,8311 94,584
E P65 1840 2,917 0,9388 119,861 2,336 0,8313 92,478
™ 2000 2,917 0,9389 117,389 2,336 0,8316 90,594
o 1680 2,719 0,9434 119,678 2,336 0,8618 97,450
E UIC60 1840 2,719 0,9436 116,987 2,336 0,8621 95,289
= 2000 2,719 0,9436 114,573 2,336 0,8623 93,348
< 1680 3,155 0,9586 125,066 2,336 0,8336 91,351
EI P65 1840 3,155 0,9587 122,254 2,336 0,8339 89,321
> 2000 3,155 0,9588 119,732 2,336 0,8340 87,483
10 P65 1840 8,234 0,9467 156,491 2,550 0,5576 66,787
J0 P50 1840 7,513 0,9671 145,046 2,550 0,6130 65,350
J0 P43 1840 7,103 0,9664 133,886 2,550 0,6281 62,414

*)

JIHH

— HaWOibl AMOBIpHI 3HAueHHs AuHaMiyHuMX cuin P npuiiHaTH 3a pesyibraraMd PO3PaxyHKIB Ui

YOTUPUBICHOTO BaHTAXHOTO BaroHa mpu pyci B kpusiii R ~800M 3i msuakictio V =90 km/rox ans kouii: na

P..=17850kr,

sanizoberonnnx mmamax P, =16350xkr, H,, =7000kr; wa nepes’sHux mmanax

H,. =7000kr.

JTMH

doi: 10.15802/stp2015/57021

© E. 1. Haninenko, 2015

71



3AJIIBHMYHA KOJIIA

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

Hayxka Ta nporpec tpancropty. BicHuk J[HIponeTpoBcbKoro
HALiOHAIBHOTO YHIBEPCHTETY 3ai3HHIHOr0 TpaHcnopty, 2015, Ne 6 (60)

3HaueHHs: MOLYJIB NPYKHOCTI miapeiikoBoi ocuosu U yo U

(T
y

JJISl Pi3HUX KOHCTPYKIIA Koii

for different designs of railway track

Taonums 3

i ’KopcTKOCTEH PellKOBUX HUTOK By

Table 3

The values of the elastic modules of rail base U, U §,T) and stiffness of rails 3,

= Fopmqmaﬂm{a norepetHa l'opuzoHTaNEHMUN TONEPEYHUI MOYJIb IPYKHOCTI MiIpeii-
P || et | s )
& | peticn | 0P _ U U
= By By ’ ’
& (mpu P=0, H#0) (mpu P=0, H#0)
1680 : : 283,043 740,020
B | pes | 1840 | 17,71 38,02 310,985 810,551
2 000 : : 338,027 881,082
1680 : : 282,488 763,830
B | UICe0 | 1840 | 16,82 37,80 300,392 836,631
2 000 i : 336,296 909,432
1680 : : 244,962 739,600
5 | pso | 1840 | 12,68 31,41 268,292 810,096
2 000 : : 291,622 880,501
. 1680 : : 650,087 1718,439
S | pes | 1840 | 1880 72,44 712,000 1883,198
> 2 000 : i 773,913 2047,958
. 1680 i : 647,304 1821,840
= |uiceo | 1840 | 1786 70,40 708,952 1996,543
™ 2 000 : : 770,600 2171,245
. 1680 : : 600,677 131,535
= | pes | 1840 | 17,87 68,27 657,884 1448,080
~ 2 000 i : 715,001 1574,145
J0 | P65 | 1840 | 1587 32,55 245,044 311,476
JO | P50 | 1840 | 1350 27,00 219,300 286,453
JO | P43 | 1840 | 11,80 23,60 207,662 273,368

3ami300€TOHHUX Imanax P

H

pit

JIMH

— 3HAYEHHs BEPTUKAIBHOI 1 TOPU3OHTAILHOI CHJI MPUHHATO PIBHUM HAiOLIbII WMOBIPHUM 3HAYCHHSIM: Ha

=16 350 xr, H,,.= 7000kr; na nepes’suumx mmamax P =17850«kr,

JUH

o =/ 000 Kr , mo MaroTh Miclie B JUHAMILi PU B3a€MOAIl BAHTAXKHOTO YOTUPUBICHOTO BaroHa 3 PEHKOBOIO

xomiero B kpuBili R ~800 M mpu pyci 3i meuaxictio V =90 xm/rox .
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Ha puc. 3 HaBenmeHo rpadik ¢yHKIiOHAITEHOT
3aJIe)KHOCTI TOPU3OHTAIBHOTO IIOTIEPEYHOTO MO-
IyJisl TIPYXKHOCTI KOJdii B (DYHKIIT BiJ| CITiBBiJTHO-

; M _
wIeHHs girounx cun Uy = f(%) JUISL KOHCTpY-

KIi#t Kodii 3 pefikamu P65 mipu CKpIMIeHHAX THIIIB
Kb i KIIII-5 (#a 3ami300€TOHHUX MINaiax) i mpu
ckpiiennsx tuny JIO (Ha nepeB’sHHX HINanax).
I'padik 1O03BOJSIOTH BU3HAYUTH BEIHUUHY TOpPHU-
30HTAJIBHOTO MOMEPEYHOTO MOJMYJISl TPY>KHOCTI
KOJIii U§T) Uit Oyb-SKAX (PaKTUYHUX CITiBBiTHO-
MIeHb TI0YNX HA PEHKY BEPTUKAIBHHUX i TOPU30H-
TaJIbHUX CHJI (%) .

L MiTa
1600 5

1400
KB J0
1200 +
1000 -

800

E00
400
200

Puc. 3. T'padik pyHKIIOHATBHOT 3a7I€KHOCTI

m —
ugP =14
Fig. 3. Graf of the functional dependence
(M _
U =104

Bapto 3a3HaunTH, 1110 pe3yIbTaTH HOBITHIX J0-
CIIJKEHb XapaKTEPUCTHK TOPHU3OHTAIBHOI MOlle-
peyHOi MpY>KHOCTI KOii, sIKi HaBeaeHi Ha puc. 1, 3
i B Tabn. 3 miei crarTi, MOJAIOTHCS BIIEpIIE
B HayKOBO-TEXHIYHIN BITIYM3HSAHIN JITEPATYi.

HaykoBa HOBM3HA Ta NPAKTUYHA
3HAYUMICTh

Bnepiie y BITYM3HSHAX TOCHTIDKEHHSAX OTpPH-
MaHO EKCIIEPHMEHTAIbHO-TEOPETUYHE PilICHHS
3a7a4yl 3 BU3HAUCHHS XapaKTEPUCTHK T'OPU3OHTa-
JBHOI O19HOT MPYXKHOCTI peHKOBUX HUTOK IIPH CY-
MICHIH Hii BEPTHKAIBHUX 1 TOPH3OHTAIBLHUX KOJIi-
CHUX HaBaHTA)XCHb 1 3 BCTAHOBJICHHS (DyHKIIOHA-
JIBHOT 3aJIEKHOCTI 3MIHHOTO MOMEPEYHOr0 MOIYJIsS

MPYKHOCTI PEeWKOBOI Koumii Uf,T) BiJl CIiBBiJTHO-

LIEHHS CyMICHO IIIOYMX Ha PEWKY BEPTHKAJIbHUX

i TOpU3OHTaNbHUX IWHaMiuHuX cun P [H .

OtpumaHi pe3yiabTaTH HO3BOJISIOTH BHKOHYBATH
PO3paxyHKH Ha MIIHICTh 1 CTIMKICTh PEHKOBHX
HUTOK 3 ypaxyBaHHSM CyMicHOI Aii Ha Koo Bep-
TUKaTbHUX 1 TOPU3OHTAIBHUX CHJI I Cy4acHHUX
KOHCTPYKITIH CKpITUIeHh Ha 3aJ1i300€TOHHUX 1 Je-
peBR’SHUX INajaXx 3i 3HAYHO BUIIOK TOYHICTIO,
HDK [e JIO03BOJIME Oi0Ya HAa ChLOJAHI METOIHNKA
MPaKTUIHUX 1HKCHEPHUX pO3paxyHKIB KOJIi Ha
MILHICTE.

BucnoBxu

Bukonani excrnepuMeHTaIbHO-TEOPETHIHI J0-
CIIIJDKEHHS 3 BU3HAUCHHS XapaKTEPUCTHK OOKOBOI
TOPU30HTAJBHOI MPY)KHOCTI PEHKOBUX HHUTOK
3 petikamu tunie P65, UIC60, P50, P43 i3 cyuac-
HAMH KOHCTPYKIIissMu ckpituienb tumiB Kb, KIIII-
5, KIIII-1 i J1I0. B pe3ynbTari BUKOHAHHX JIOCIHi-
JDKEHb OTPHMaHi HOBI JaHi XapaKTEepUCTUK Mpoc-
TOPOBOI IPY>KHOCTI PEeHKOBHX HHUTOK AJSI cydac-
HUX KOHCTPYKIIH 3ai3HWYHOI KoJIii Ha 3ajizo0e-
TOHHUX 1 JiepeB’AHMX INManax MpH CyMicHIM Aii
BEPTUKAIBHUX 1 TOPU3OHTAIBHUX CHUIL

BusiBiieHo, 1110 (QakTHUHUN TMONEPEYHUN MO-

Iy TIPY>KHOCTI Uf,” JUTE KOHCTPYKIiT Kouii, sika

3HAXOAWTHCS TIiJ CITUJIBHOIO €0 BEPTHUKATHLHUX
i ropusoHTaANRHUX cua P i H, no-nepuwe, € 3MinHO0O
BEIUYUHOIO T 3ANeCUMb IO CHIBBIOHOUIEHHS CUTL
P/ H , no-opyee, 6in cymmeceo 8iopisnsemvcs 6io
NOYAMK0B020 MOOYIS NPYAHCHOCMI NIOPetKo8oi
ocnosu petikosoi konii U, ompumanozo nio dicro

MiNbKYU 20pU30HMAanbHux nonepeunux cun H (3a
BiZICYTHOCTi BepTUKaIbHOI crit P =0).

3miiiCHEHO TEOpETHUYHE PO3B’SI3aHHA 3amadi
3 BH3HAYCHHS MOAyJs OiyHOT momnepedHol
NPYXHOCTI peiikoBOi KoJdii mpH chinbHiM nii Ha
peliKy BEpTHKaJIbHOTO 1 TOPU30HTAIBHOIO HaBaH-
TaXKEHHs, 3 YpPaxyBaHHSAM CHJI TEpPTS 1 JOBXKUHH
Npy>XHOI XBHJIl TEpTS MO MigomBi peiku. Ompu-
Mama ananimuyna @Gopmyna, wo 6CMAaHOBNIOE
@yHKYiOHANbHY  3anedcHicmb  MIdIC  (DakmuyHum

. . (T)
SHauUeHHAM MoOyas nonepeunoi npysjcrnocmi U,

Ol KOHCMpYKYii Konii, MO 3HAXOTUTHCS BIiX
CITBHOIO JII€I0 BEpPTHUKAIBHOT P, i ropu-

JIUH

30HTAJIbHOI H TUHAMIYHUX CHII [ NOYAMKOBUM

JIUH
MOOyeM nonepeunoi npyscHocmi niopetikosoi oc-
Hosu U 1ist KOHCTPYKLi KOJIi, IO 3HAXOAUTHCA
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MiJ] Ti€I0 TUTBKU TOPU3OHTAIBHOI ITOTIEPEYHOT CHITH
H (mpu P=0).
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HOBEMIIUE UCCJEJOBAHUA BOKOBOH YIIPYTOCTH
PEJIbCOBBIX HUTEM ITPU COBMECTHOM JEVCTBUU
BEPTUKAJIBHBIX U I'OPU30HTAJIBHBIX CHJI

Heas. V3yyenne xapakTepUCTUK MTPOCTPAHCTBEHHOM YIPYTOCTH PENIbCOBBIX HUTEH HEOOXOIUMO UISl pEeLICHUS
3aJa4 M0 pacyeTy pPeabCoB HA MPOYHOCTH B MOJHON MMOCTAHOBKE, TO €CTh IPU COBMECTHOM JEHCTBUU Ha IMyTh Bep-
TUKAJIBHBIX ¥ TOPU30HTAIBHBIX CHJI M KPYTSIIETO MOMEHTA. XapaKTePUCTHKHA TOPU30HTAIBHOW OOKOBOH yIIpyrocTu
U YIIPYTOCTH PEIIbCOBBIX HATEH MPU KPYUEHHUH SBIIIFOTCS HAMMEHEE M3Y4YEHHBIMH B YCJIOBUSIX COBMECTHOTO JICHCT-
BUS HA TyTh BEPTHKAJIBHBIX W TOPHU3OHTAIBHBIX CHII. B neHcTBYyIOIEH METONMKE WH)KEHEPHBIX pacyeToB IyTH Ha
MIPOYHOCTb BIMSHHUE Ha paboTy PEIbCOB TOPH30HTAIBHBIX CHJI YUUTHIBAETCS TOJIBKO OMOCPEI0BAHHO, Yepe3 MpuMe-
HEeHHUEe TaK Ha3bIBaeMBIX «KOI()(UINEHTOB BIMAHMA», KOTOPHIC HE NMPHUBA3aHBI K KOHKPETHBIM pacdyeTaM. To ecTs,
JICUCTBYIOIIAs] METOAMKA HE T03BOJISIET NOJIyYaTh TOYHbIE JeopMaluy U HaNpsDKEHUST B Peibcax MpU COBMECTHOM
JEHCTBUU BEPTUKAIBHBIX M TOPU30HTAIBHBIX TUHAMUYECKUX CUIL. Llenbro cTaThu sIBIsETCS pEIIeHUe 3aJauu ompe-
JIENIeHNs] PeaIbHOro OOKOBOTO MOJYJISI YIIPYTOCTH MYTH IPU COBMECTHOM AEHCTBUHM Ha PENbChl BEPTUKAIBHBIX U
TOPU3OHTANBHBIX cwil. Metoauka. B paboTe HMcIoiap30BaH KOMIUIEKCHBIM METOJl PEIICHHUS 3a/ad. C ITOMOIIBIO
9KCIEPUMEHTAIFHBIX METO/IOB OBUIN M3MEPEHBI XapaKTEPUCTUKH TOPH30HTAIBEHOHN TOTIEPEYHON KECTKOCTH PEITHCO-
BBIX HUTEH NPH AEHCTBUH TOJIBKO TOPHU30HTAIBHON CHIIBI; C TIOMOIIBIO TEOPETHUECKHUX HCCIIeIOBaHUH OblIa pelieHa

T
3aja4ya omnpezeneHus (pakTHUECKOro MOMEepeyHOro MOAYIS YIPYTOCTH PENIbCOBOTO MyTH Uf, ) (pu cOBMECTHOM

JICHCTBUH BEPTUKAIBHBIX U TOPU30OHTAIBHBIX cuil). Pe3yabTaThl. B pe3ynbrare BHIMOTHEHHBIX HCCIEAOBAHUH IMO-
JyYCHBI HOBBIC TAHHBIC XapaKTEPUCTUK OOKOBOW YIPYTrOCTH PEbCOBBIX HHUTEH UISI COBPEMEHHBIX KOHCTPYKIIUI
JKEIIE3HOTOPOKHOTO ITYTH Ha JKEJIe300€TOHHBIX W JIEPEeBSHHBIX mmanax ¢ pembcamu P65, UIC60, P50 u P43 co
ckpemieransmu Kb, KIIT1-5, KIIT1-1, JI0. Hayuynas HoBu3HA. BriepBbie B 0TEYECTBEHHBIX HCCIICIOBAHUAX MOTyYe-
HO SKCHEPUMEHTAIFHO-TEOPETUIECKOE PEIICHHE 3a/Jadd IO OIPENSICHUI0 XapaKTePHUCTHK OOKOBOHM YIPYTOCTH
PEITbCOBBIX HUTEW IPU COBMECTHOM JIEHCTBUM BEPTHUKAIBHBIX M TOPH3OHTAIBHBIX KOJECHBIX HArPY30K C yCTAHOB-

o T
JICHUEM (byHKLII/IOHaJ'ILHOI/I 3aBUCUMOCTU TIEPEMEHHOTO IMONEPEYHOI0 MOAYJA YIPYTroCTH IIYTH U§,) oT

IH,

IIpakTHyeckass 3HaYMMOCTb. [loy4eHHbIE Pe3yNbTaThl O3BOJSIOT BHITOIHATH PAacUEThl HA MPOYHOCTH PEIHCOB
IIPU COBMECTHOM JCHCTBMM Ha HUX BEPTUKAIBHBIX M TOPH3OHTAIBHBIX CHJI AJSI MYTH Ha KEJIE300€TOHHBIX U
JIEpeBAHHBIX MIMajaxX CO 3HAYUTEIHHO Oojiee BHICOKOW TOYHOCTHIO, HYEM IIPH JEHCTBYIOIIEH cefiuac MeTOIuKe
pacyeToB MyTH Ha MPOYHOCTb.

Kniouegvie cnoea: xene3HOAOPOKHBIN ITyTh; PENbC; JKECTKOCTh PEITBCOBOI HUTH; MOIYJIb YIIPYTOCTH

COOTHOIICHHUA COBMECTHO ﬂeﬁCTByIOLHHX BEPTUKAJIBHBIX W TOPU3OHTAIBHBIX AWHAMHUYCCKHUX CHII P()

un un "

E. . DANILENKOY

YDep. «Railway Track and Track Facilities», State Economic and Technological University of Transport, Lukashevich St., 19,
Kyiv, Ukraine, 03049, tel. +38 (044) 591 51 47, e-mail danilenko2010@mail.ru, ORCID 0000-0002-8518-5272

RECENT RESEARCHES OF THE LATERAL FLEXIBILITY
OF RAIL THREAD UNDER COMBINED ACTION OF VERTICAL
AND HORIZONTAL FORCES

Purpose. Studying the characteristics of spatial flexibility of rail thread is necessary for solving problems in cal-
culation rails durability in full formulation, namely under combined action of vertical and horizontal forces and
torque moment on the track. Characteristics of torsional lateral horizontal elasticity and rail thread are the least re-
searched under combined action of vertical and horizontal forces on the track. In the current method of engineering
calculation the track durability the impact on track horizontal forces are counted only indirectly through the use of
so-called «factors of influence», which are not connected with calculations. That is, the current method cannot let
obtain the exact strains and stresses of rails under combined action on the track vertical and horizontal forces. The
article purpose is solving the problem of calculation the real lateral modulus of railway track under combined action
of vertical and horizontal forces. Methodology. In this paper the complex method of solving the problem was used:
with the help of experimental method characteristics of rail horizontal transverse stiffness when exposed only hori-
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zontal force were measured; theoretical researches were used for calculation the actual lateral elastic modulus of
track U §,T) (when combined action of vertical and horizontal forces on track takes place). Findings. New data char-

acteristics of lateral flexibility of rail thread were obtained for modern designs of the railway track on concrete and
wooden sleepers with rails R65, UIC60, R50, R43 and with fastenings Kb, KIIII-5, KIII1-1, JI0. Originality. For
the first time in domestic researches, experimental and theoretical solution of characteristics of lateral flexibility of
rail threads under combined action of vertical and horizontal wheel loads with positioning the functional dependence

of variable transverse modulus of the rail elasticity U§T)from the ratio of co-operating vertical and horizontal dy-

namic forces Py, /H,,, . Practical value. The results allow calculating the strength of rail threads considering

combined action of vertical and horizontal forces on the track for concrete and wooden sleepers with significantly
higher accuracy than with the current method of calculation the track for strength.
Keywords: railway track; rail; rail thread stiffness; elastic modulus
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JOCJIIKEHHS 3AJIMIIKOBOI'O PECYPCY JE®EKTHUX PEMOK
THUITY P50 I3 BUITPOBYBAHHSAMMU HA HUKJITYHY BUTPUBAJIICTD

Meta. CtaTTs NpUCBAYCHA BUBYCHHIO Ta OLIHI[ 3QJIMIIKOBOTO PeCypCy sl 1e(EeKTHUX HETCPMO3MILHCHHUX pe-
rok Tumy P50, mo ekcrutyaryroThcst Ha Komisx KHIBCAKOTO METPOIONITEHY 1 BHIYYArOThCS 3 CKCIUTyaTallii uepes
HasiBHICTP JepexTiB Ty 11.1-2 Ha OOKOBiil BUKPYKIlI HOBEPXHI KOUCHHS TOJIBKH peiikn. Metoamka. Jlociimken-
HSl BUKOHaHI 3 3aCTOCYBaHHSM €KCIEPHUMEHTAIFHUX METOJIIB: BUNPOOYBaHHS 3pa3KiB Ie(PEKTHUX PEHOK Ha IUKJIIY-
HY BUTPUBAJIICTh Ha ITyJbCalliifHill MamIMHI Ta BUNPOOYBaHHS 3pa3KiB Je(QEKTHHX PEHOK HAa CTAaTH4YHE I'DaHUYHE
HaBaHTa)KCHHS Ha TiIpaBIivYHOMY BepTUKalbHOMY nipeci. PesyasTaTn. [IpoBe/ieHi eKCIIepUMEHTH CBITYATh MPO Te,
mo Ha 6asi BUMPOOYBaHb y 2 MITH. IIUKIIB BiOYBA€THCS JIMIIE HE3HAYHWI PO3BHUTOK (3GiMBIIEHHS pPOo3MipiB) Ha
0,5-0,7 MM HasiBHUX AedekTiB koay 11.2 y pe3ynbTaTi OCHIIAaHHS YaCTOK BUKPHUIIICHOTO METaITy Ha OOKOBIH poOodiit
BUKPYXKII TOJIOBKH JIOCHIHUX 3pPa3KiB peiiok. IHTEeHCHBHOrO, THM Oliblile KaTacTpo]iyHOro, po3BUTKY Je(eKTiB
tuny 11.2, abo neperBopeHHs nux gedektiB y nedexru tumy 21.2 a6o 30I.2 He BiOYNOCS B KOJHOMY BHIAJIKY.
HaykoBa HoBu3Ha. Briepme B Ykpaini TeopeTHYHIMH pO3paxyHKaMH OOTPYHTOBAaHO BEJHKY BIPOTiAHICTH yTBO-
peHHs nedeKTiB KOHTAaKTHO-BTOMHOT'O MOXO/KEHHsI y BUIIIAI BUKPUIIYBaHHS Ta BUILEPOJIIOBAHHS METaly Ha IO-
BEPXHI KOUCHHS peiikH, O Kparo rojoBku. Ile BiOyBaeThcs y pe3ysibTaTi CTBOPEHHS BUCOKOTO CTYICHIO HAIPY-
JKEHOTO HEpIBHOBa)KHOT'O CTHCKY B IIii 30Hi, 32 paxyHOK BHCOKMX 3HAU€Hb I'OJIOBHHX HOPMAaJbHUX HalpyXeHb —
TIOSIBU BEJIMKUX JIOTUYHHUX HANpy)XKeHb Yy Tiji TOJIOBKHM Ha rimmoOuHi 2,5-3,5 MM, sIKi IIepeBHUILYIOTh MEXY TEKy4OCTi
i BuTpHBanocti Metaiy. [IpoBeneHi CTEHIOBI eKCIIEpUMEHTaIbHI BUIPOOYBaHHS JOCTIJHHAX 3pa3KiB JIeQEKTHHX
peiiok Ha 6araToIMKIOBY BUTPHBATICTD (Ha 6a3i Ne=2,1x10 nukiiB) i3 mepiogudHuM 1e(HEKTOCKOTHIM KOHTPOJIEM.
I[pakTnyna 3HAYAMICTh. Y pe3yibTaTi eKCICPUMCEHTIB OTPUMaHi HOBI JIaHi PO CIIPOMOXKHICTH OMOPY PEeHoK i3
neeKTaMd BUKPHITYBAaHHS Ha MOBEPXHI KOYEHHSI TOJIBKH 32 KomoM 11.1-2 noBroTpuBanuM IMUKITIYHAM HaBaHTa-
JKSHHSIM BEJIMYMHOIO PIBHOIO €KCILTyaTalliiHOMY KOJIICHOMY HaBaHTa)KEHHIO Ha 0a3i BUMIPOOyBaHb y 2 MJIH LUKIIB.
ToOro, nedexTHi peiikn MOXKYTh MaTH 3aIHIIKOBHIA pecypc He meHIue 30 MITH. T. OpyTTO.

Knouosi crosa: 3anmizHudHA KOs, peiika; neeKTH; IUKIIYHI HaBaHTa)KEHHS

Beryn

Jir0unMHy TEXHIYHUMH YMOBAaMH Ha EKCILTyaTa-
Iil0 peHOK METPOIIONITEHIB PErIaMEeHTOBAaHO HOP-
MaTHUBHHHM CTPOK eKcCIuTyararii peiiok tumy P50
(HeTepMO3MIlIHEHHX) MO AE(PEKTHOCTI B MeEkKax

T =450 maH T OpyTTO MPOIYIIEHOTO TOHHAXKY.

HOpM

OpHak, K TMOKa3ye IOCBiM, NeheKTHI peiKH micis
BUSIBIICHHSI MOXKYTh JESKUI Yac eKCIUTyaTyBaTUCS B
Kouii 10 ix BuimydeHH i 3amian. ToOTO, Taki perku
MaloTh TIEBHHUU 3QJIMIIKOBHHM pecypc pobotu 6e3
3arpo3u Oesreni pyxy moizaiB. BuBueHHs AiiicHOTO
NPAKTUYHOTO 3aJTUIIKOBOTO PECypCy eKCIuTyara-
ifHOI poOoTH meeKTHUX peHOK CTAaHOBUTH 3HAY-
HUH TPaKTUYHUK 1HTEpec 1 3MOXe JaTH MOX-
JUBICTH 3aIPONOHYBATH MiJABUIICHHS (DaKTUIHOTO
pecypcy pobOTH peiiok B KOTii.

Merta

Mertoro cTaTTi € BUKJIA[ pe3yNbTaTiB AOCHi-
JDKeHb eKCHEPHMEHTAIbHUMH METOJaMH  3aJIUII-
KOBOro pecypcy nedekTHHuX pedok tumy P50
(HeTepMO3MIIIHEHHX), IO eKCIUTYaTYIOThCS Ha KO-
mistx KuiBChKOTO METPOTIONITEHY 1 BUITYy4YaroThCs 13
eKcIuTyaTarii dYepe3 HasABHICTh Me(EKTiB THUITY
11.1-2 Ha OOKOBIi BUKpPYXIi MOBEPXHI KOYECHHS
TOJIBKH PEHKH.

MeTtoaunka

Jlis BUpilIeHHS 3aBJaHHS 3 IMiIBUIICHHS SKC-
IUTyaTaliifHOro pecypcy perok HeoOXiJHO BHKO-
HYBaTH X JTOCTI/DKEHHS Mia 4ac poOOTH B KOJil
i TOi3aaMu, a TaKoX MOCHIMKEHHS IX poOOTH
MiJ] HABAHTKEHHSIM MIC/AS HAKOIMUUCHHS JeeKT-
HocTi 3a kogoMm 11.1-2, mo BuBuUaeThesa. BuBueHHs
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MOBENIHKA Je(PEeKTHUX PEHOK MiJ HaBaHTaKEHHIM
NPUAHITO BUKOHYBATH METOJIOM BHIPOOYBaHb Ha
BUTPUBAIIICTh Ha MyJbCAI[IHHUX MAalIMHAX B yMO-
BaX HAaBaHTa)XEHHs, ONM3BKUX A0 EKCIUTyaTawiii-
HUAX B KOJii. SIKImIO mocmimHi 3pa3ku ne(eKTHUX
peiiok 1o0pe BUTPUMYIOTH BUIPOOYBaHHS Ha BU-
TPUBAIICTh — € MiJCTaBa POOUTH BHUCHOBOK IIPO
MOXJIMBICTh MIiABHUILICHHS pecypcy ix poOoTH.
Kpim Toro, 11t BUBYCHHS IPaHUYHHUX YMOB 3aCTO-
COBYIOTH METOJ] BHIIPOOYBaHb IOCIITHHUX 3pPa3KiB
Ha TpaHW4YHe HaBaHTaxeHHs. Came Taki METOIU
eKCIIePUMEHTATBHUX  JOCHTIDKeHh  3aCTOCOBaHI
B Iiif poOOTI JJI1 BUBUCHHS 3aJIUIIKOBOTO PECYpCy
nedexTHUx petiok Tumy P50, mo excruryaTyroThes
Ha KoJisix KuiBChKOro MeTpomnosiTexy.

— = _ e
e e e —— — S —

e

Puc. 1. EkcniepiMeHTaNbHI 3pa3ku perok,

1110 OyJIM IPUHHSTI AJ1sl BUIIPOOYBaHb:
Ne 1-6

Fig. 1. Experimental sample rails
that were taken for testing:
No. 1-6

3araapbHOBIIOMO, MO MeheKTHI pPEeWKH TiCisI
BUSIBJIICHHSI MOXYTh JCAKHI 4ac, JI0 TUIAHOBOi 3a-
MiHH, €KCIUTyaTyBaTHUCs B KOdii. 3aJie’KHO BiJ BHIY
nedeKTy Ta yMOB eKcIUTyaTalil Taki peldKd MaloTh
MEBHUM, 4acTO JOBOJI 3HAYHWU, 3AJIUIIIKOBHHA pe-
cypc pobotu 0e3 3arpo3u Oesreri pyxy MOi3IiB.
B yMmoBax HecTaui KOIITIB Ha HOB1 Matepiaiu Bep-
XHBOI OyIOBHM KOJIii 3aJUINIKOBUN pecypc poOoTh
ne(eKTHUX PEHOK CTAaHOBUThH 3HAYHUHN MPaKTU4-
HUH iHTEepec, TOMY HOTO BUBYEHHIO i TPUCBSUCHE
1€ TOCIiKEeHHSI.

3rigHo 3 METOoI0 i€l poOOTH SIK OCHOBHY 3a/a-
yy OyJI0 BU3HAYEHO 3aBIaHHA 3pOOWTH OIIHKY 3a-
JIMIIKOBOTO pecypcy Al NeQeKTHUX PEeHOK THITY
P50 (HeTepMO3MillHEHHX), 10 SKCIUTYaTyIOThCS Ha
komsix KuiBcbkoro MeTpomoiiTeHy 1 BHITydeHi
3 eKcIulyaramii 4epe3 HasBHICTh IEPEKTiB THITY
11.1-2 Ha OOKOBi BUKpPYXXLi MOBEPXHI KOYECHHS
TOJIOBKH PEHKU.

Hedextn came Takoro TuMy, AK CBia4aTh pe-
3yJNbTaTl CTATUCTUYHOTO aHaNli3y, € HaiOuIbII
NOUIMPEHUMH Ul PEHOK, M0 eKCILTyaTyIOThCS
B KoJissx KHuiBChKOTO MeTporoiiTeHy. 3BiCHO, Me-
TOJIMKA OLIHKU 3aJIMIIKOBOTO PECypCy MOILIKOKe-
HUX PEHOK Ma€ BpaxOBYBaTH SIK YMOBH POOOTH
peHKu y KOoIlii METPOTOiTeHy, TaK 1 XapakTep Ha-
SBHUX Je(PEeKTIB Ta IX MOMXJIMBUH PO3BUTOK IPH
NOJaNbINii eKcIuTyaTawii peiKu.

Jnsi excriepuMEeHTaNnbHUX AOCIHiAKEHb IOBIO-
BIYHOCTI peHoK, B TOMY YHMCII 1 3aJHIIKOBOI JOB-
TOBIYHOCTI JAe(EKTHHX PEHOK, y BITUHU3HSIHIN
NPaKTULl NPUHHATO BUKOPHUCTOBYBAaTH BHIIPOOY-
BaHHS PEHOK Ha BUTPHUBAJICTh Ha MyJbCAIlITHUX
MaIllMHAaX, CTBOPIOIOYM MOTPiOHI YMOBH B3a€MOIi
KoJieca 1 peliku, 10 MOXKIMBOCTI HAMOIIbII OJIM3bKI
0 eKcruryartariitaux. JlocmimKkeHHsT BUTPUBAJIOCTI
peiiok 3 nmedekramu B mpolieci BUIPOOyBaHb Ha
MyJbCAiHHUX MaIllHaX JO03BOJISIOTH BUKOHYBATH
JeTalbHe BUBYCHHS MEXaHi3MiB YTBOPEHHS 1 PoO3-
BHATKY BKa3aHUX AE(EKTiB, i HA OCHOBI IHOTO, 32
PaxyHOK KOHKPETHHX IPOMO3HIIiH, IOCATTH pea-
JBHOTO TIPOrpecy y MiIBUINEHHI JIOBTOBIYHOCTI
3QTI3HUIHAX PEHOK.

st BUKOHAHHS JIOCIIJPKEHb 3aJTUIIKOBOTO pe-
cypcy nedeKTHUX peiioK Ha BUTPUBAIICTH HA TiJl-
paBIiYHOMY IyJbcaTOpi OyJIM BUKOPHCTaHI 3pa3Ku
peiiok Tumy P50 (mosxuuoro 1200 mm), siki Oyiu
HaJaHi ciIy>k0010 KOIii, TyHelIbHUX cropyn i Oymi-
Besb MeTponomiteHy. Bei mocmimHi 3pasku Oymnu
BUpi3aHi 3 ACPEKTHHX pEHOK, SIKi B TUIAHOBOMY
NOPSIIKY OyJM BHIIyYeHi 3 TOJIOBHUX KOJIH MeTpo-
NOJITEHY IMpH JOCSATHEHHI PO3MIpiB AedeKTy 3a
xomoM 11.2, mo BuMaraiy oOMeXEHHS IIBUIKOCTI
10 70 kM/rox — TOBXKHMHA HEPIBHOCTI MOHAT 25 MM,
rnubuHa — 10 4 MM BKiIo4HO (puc. 1).

ExcnepuMeHTanbHI BUNPOOYBaHHS Ha LIUKITiY-
HY BUTPHBAJIICTh JOCIITHUX 3pa3KiB pPEHOK BHUKO-
HYBAJIUCh Ul YMOB TPUTOYKOBOTO 3rHHY (puc. 2).
[Ipy upoMy €KCHEpHUMEHT BUKOHYBalHM 3a ABOMa
PI3HMMHU CX€MaMU HaBaHTAKCHHS!
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1 cxema — peiika BHIIPOOOBYBaNach y 3BHU-
JaifHOMY ITOJIOKEHHI «TOJIOBKOIO BBEPX», MPH SKIii
B TOJIOBI[I PEWKH MiJ HABAaHTAXCHHSM 3’ SBJISUTUCH
CTHCKArO4i Hampy>KeHHs, a y MiIOMIBI peKu — po-
3TATYIOUI HanpyxeHus ( puc. 2, a);

2 cxeMa — peiika BHUIIPOOOBYBaNach y mepe-
BEPHYTOMY IMOJIOXEHHI «TOJIOBKOIO BHHU3», MpH
SKiii B TOJIOBIII PEHKH CTBOPIOBANACH 30HA PO3TH-
TYIOUMX HANpy>kKeHb, a y IMIIOMIBI Perikn — 30HA
CTHUCKAIOYMX HampyxeHb (puc. 2, 6). Taka cxema
OlIbIN TpUAHATHA ISl TIEPEBIPKU BIUIMBY PO3TS-
TYIOUHMX Halpy>KeHb y BEPXHIX Iapax TOJIOBKH Ha
MpoIleC HAKOIMYEHHSI BTOMHHX TTOIKOKEHb.

a—a P
Y
,‘i,,,
R
M
| @) @]
. féﬁ-
| L |
6—b P
- _ o)
A

Puc. 2. Cxema TpUTOYKOBOTO 3TUHY
3pa3ka pedky Ipu BHNPOOYBaHHI
Ha IUKJI{YHY BUTPHUBATICTB!

a — 3a cxemoto Nel (rosoBKorO BBEpX);
6 — 3a cxeMor0 No2 (FOJIOBKOKO BHH3)

Fig. 2. Scheme of three-point bending sample
rails when tested on fatigue hardiness:
a —the scheme No. 1 (head up);
b — the scheme No. 2 (head down)

Jis HaBeIeHUX CXEM TEOPETUYHHM IIISTXOM
OyJI0 BCTAaHOBJICHO TaKi apaMeTpH, HeoOXiaHI IS
NOCTaHOBKH excriepuMenTy. st cxemu Ne 1 (mpu
HAaBaHTOKEHHI B 3BUYAHOMY IIOJIOKEHHI PEHKU
TOJIOBKOIO BBEPX) HPHUIHATA BiJICTaHb MiX OIIOpa-
mu — | =1 000 MM, TpH IbOMY BETHYHMHA BEPTHKA-
JTHHOT CHJIM MO’KE 3MIHIOBAaTHUCh ¥ MEKax BiJl cepe-
IHBOI AUHAMIYHOI 1O MaKCUMAJIbHOI JUHAMIYHOL

cumm, 10610 P = Pyt / Poy (Pyr=82,31 kH;

2% 290,0 KH).

Jnst cxemn HaBaHTaxeHHs Ne2 (rOJIOBKOIO

BHM3) IPHHHATA BIACTAHB MDK  ONOpamMu
=800 ™M, BeqMYMHA BEPTHKAIBHOI  CHIIH
P =3000 kr.

[ukiniyHe HaBaHTaXXCHHS PEUKH pPeai3yeThCs
Ha CHeliajJbHUX JOCHIAHUIBKUX YCTAHOBKaxX —
myJabcalliiinx MammHax (mynbcaropax). Ekcire-
PUMEHTH BHUKOHYBAJIHUCh 3a THIIOBOK METOJIUKOIO
BH/II3T mo BH3HAYEHHIO BTOMHOI I[UKJIIYHOI JOB-
TOBIYHOCTI HOBUX peHok Ha 0a3i BHIIPOOYBaHb

2-10° numkniB HaBaHT@KEHHSA 3 KoeQilieHTOM

acumetpii nukiay r =0,1 1 gacrororo 5 I'u. 3a wiero
METOJIMKOI) BU3HAYAIOTh MaKCHMalbHE HaBaHTa-
JKEHHS, 3a SKUM peiika y KOXKHiH 13 cepiit gocmin-
HUX 3pa3KiB BUTpUMY€E 0a30BY KUIBKICTh LUKIIB
HaBaHTaKEHHS 0e3 pylHHYBaHHS.

VYcraHoBka s BUNPOOYBaHb — CKJIaanach
3 came myiscatopa ZDM-10PuU i omopHOl miMTH,
Ha SIKifl po3MilyBaBCs TOCTITHUN 3pa30K perKu 3i
CreiaTbHUMK KpPIIUICHHSMH. [I711 BUKOHAHHS BU-
nmpoOyBaHb Ha ITyJbCAIliifHE HaBaHTAKCHHS, Bif-
MOBITHO /IO PO3pPOOJIEHOI METOIWKH, YCTaHOBKa
Oyna JOYyKOMILUICKTOBAaHA CIICLialbHUMH IIapHIip-
HUMH OTOPAMHM 1 POJTMKOM JUIsl Tiepeiadi HaBaHTa-
KGHHSl BiJ IyJIbcaropa Ha peiKy. 3aranbHuii
BUTJISA]] BUIPOOYBAIBHOT YCTAaHOBKH i3 BCTaHOBJIC-
HUM JOCTITHUM 3pa3koM peiKH HaBEJICHO Ha
puc. 3 a, 6.

3 4-0x pmocmigHUX 3pa3KiB peHoK JBa 3pa3zKu
(Ne 1 ta 4) naBaHTaxyBanmKMch 3a cxemoro Ne 1
(mwB. puc. 2, @) B miamasoni 3minu cuian P Bix
P =91 xH no P,,=20 xH 3 wacrororo 5 I'n,

(dbopMa MKy — CHHYyCOiJaJibHa. AMIUTITYJHA Be-
JTUYMHA CWJIM BIAIOBifanma po3paxoBaHill BHILE
MaKCHUMalbHIA JWHAMIYHIA cwimi. 3ycuiuis Tpu-
KJIQ/IajTy 3a JOMOMOTOr0 poiiuka gaiamerpoM 90 mm.
KoHTponb HampyxeHb 3IMCHIOBAIM 3a IOMOMO-
roro (OJIBrOBUX TEH30PE3UCTOPIB, IO HAKICIOBA-
JICh HA TOJIOBKY PEHKH CHMETPUYHO BiIHOCHO OCi
pornuka Ha BincTtani 50 mwm.

Jns peamizarii 3ammaHOBaHUX BUIIPOOYBaHb
KOXKHOTO 3pa3ka perok 0a30i0 BUIPOOYyBaHb
y 2 MJIH IIMKIIB i1 3 9actoToro 5 'y moTpibHO Oyio
Burpatutd 111 ronun Ge3nepepBHOI pOOOTH ITyIIb-
caropa. J[si KOHTPOIO MOXIUBOTO PO3BUTKY Jie-
(heKTiB y mpoleci MUKIIYHOTO HABAHTAXKECHHS OYJIIH
nependayeHi IJIaHOBI 3yMHHKH MynbcaTopa. s
[FOTO BUKOPHCTOBYBAIIM 3aCOOM YIbTPa3BYKOBOT
JarHOCTUKH. Takuil KOHTPOJIb 3IHCHIOBABCS IIe-
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PIOIUYHO MiCis peami3ariil 4.10°, 8-10°, 1,2-10°,
16-10° i 2-10° numkinie waBanTaxkeHHs. Takum

YUHOM MiHIMQJIBHHHA TEPMiH BUIIPOOYBaHL JIHIIIE
JUTSE OJTHOTO JIOCTIJTHOTO 3pa3ka CKIIajaB Maibke
1 micsupb.

a—da

Puc. 3. 3aranpHuii BUIIILA BUIIPOOYBAIBHOT
YCTaHOBKH 13 BCTAHOBJICHUM 3Pa3KOM PEHKH:
a — 3a cxemoro Nel; 6 — 3a cxemoro Ne2

Fig. 3. General view of the test setup
with established rails model:
a — the scheme No. 1; b — the scheme No. 2

[Ticas mpoBefeHHS BUNPOOYBaHb 32 CXEMOKO
Ne 1 (puc. 2, a) ans GiTBIT TOYHOT OIMIHKY 3aJTHII-
KOBOT'O pecypcy perok OyiM BHKOHaHI eKcIepu-
MEHTaJIbHI JTOCII/PKEHHS [UKJIIYHOTO 3THHY PEeHOK
3 peajti3ali€lo po3TATYIOUHUX HaMpy>KeHb Y TONOBII
peiiku 3a cxemoro Ne 2 (nuB. puc. 2, 6). 3 wiero Me-
TOIO Ha 3rajlaiii BUNPOOyBaNbHIN yCTaHOBII Oyna
JOCITi/KeHa TOBE/IiHKa BOX 3paskiB peiiku (Ne 3
i 4) 3 neexramu Tumy 11.1-2 B yMOBax HUKIIYHO-
ro HaBaHTaXEHHSI. AHAJOTIYHO IO TOMEpPeaHBOL
CXEMHU BHKOHYBABCS JIe)EKTOCKOIIYHUI KOHTPOJIb
3pasKiB peHKH.

Bincranep MK IIapHIpHUMH OIOpaMHU 3pa3Ka
peiiku | =800 MM i MakcHMallbHA BEMYMHA CHJIH
F =31kH BubOupanuch TakuM YHHOM, 1100 Ha I1O-
BEPXHI TOJIOBKM DPEWKM IisUId HANpyKEHHs, IO
BI/INOBIAIOTh €KCILTyaTaIliitHUM (TOOTO y HAIOMY
BHIIAZIKY Opay = Omax - 20%=102-0,2 = 20,4 MITa)
abo TPOXM MEepeBHIIYIOThH iX. BennmunHa nponsoTy
Ganku | BuOpaHa TPOXH OLITBIIOK, HiXK MiKIIIIA-
JIbHA BIJICTaHb 13 YMOB 3a0e3MeueHHs] pOo3paxyHKoO-
BUX PO3TATYIOUUX HANPYKEHb.

ExcnepumenTn Oynu 3aBepIUCHI MiCIs BHUKO-
HaHHS TTOBHOTO IUKITy BUMPOOYBaHb IS yCix 4-0X
JOCIITHUX 3pa3KiB PeroK.

PesynpTat eKclepuMEHTIB MOKa3ajd, IIO0 Ha
0a3i BUNpoOyBaHb y 2 MJIH IMKIIIB PO3BUTOK Jie-
¢exriB THmy 11.2 He BinOyBanuck, Takox He 3adi-
KCOBAaHO 1 TOSBY MONEpeuHux TpimuH (nedekt
tumy 21). 3a pesynbratamMu 1e()EKTOCKOMIYHOTO
YIBTPa3ByKOBOTO KOHTPOJIO HE BHUSBICHO IIOSIBU
nonepeyHux TpiwuH (To0TO nedekrtiB Tumy 21)
y JOCHiDKEHHUX 3pa3kax. IIpu npoMy He BHSBICHO
TaKO)X CYTTEBOTO 30UTBIIEHHS PO3MIpPIB HasBHUX
nedekrie Tamy 11.2. Ilpu cepenHpoMy HaBaHTa-
JKEHHI Ha OJIHY BiCh Bi3ka BaroHa metpo y 150 kH
Ta cepelHiil mpomyckHiid cripomoxkHocTi 311 mors-
TiB y JEHb 2:10° uukiiB HaBaHTaXKEHHS BiAMOBi-
JAIOTh NPOIYIIEHOMY TOHHaXyY y Maiike 30 MiIH m
opymmo (320 qHiB ekcruTyararii).

Takum yYuHOM, MOJCHA 68AdCAMU, WO HANDY-
JHCEHHSL 810 YUKIITYHO20 32UHY, PIBEHb AKUX 8I0N0GI-
0ae eKcniyamayiiHum, HeCymmeeo Gnaueaioms Ha
Ppo3sumox Oeghexmis ¢ petikax. BkazaHi BUCHOBKU
CTOCYIOTBCSI JIMIIE 33JaHUX YMOB IIMKIIIYHOTO Ha-
BaHTAXKCHHSI.

Bunpobysanns na 0ito epanuyno2o 6epmuKaib-
Ho20 Haganmadxcenus. OCKUIBKM T Yac eKcIe-
PUMEHTATBHUX JOCTiIKeHb perok tumy P50 Ha
rigpaBniuHoMy myisscaropi tuimy ZDM-10Pu 3a
2 MIH yuknie TyNbCAllifHUX HaBaHTAXECHb
He 3a(iKCOBAaHO MOSIBM IMONEPEYHHUX TPIIIMH 32
nedexramu xoxi 21.2 1 30I'.2, Tomy Oyino Bupi-
MIEHO TPOJOBXKUTH BUIPOOYBaHHS 3pa3KiB peHOK
METOJJOM PYHHIBHOI'O KOHTPOJIIO i3 BUKOPHCTaH-
HSIM BEPTHKAIBHUX CTaTUYHHX HaBaHTaXEHb [0
MOMEHTY 3yaMy abo rpaHu4Hoi apedopmarii
(ctpina Buruny Ginpire Hix 35 MM I pefiok TH-
ny P50) 3pa3ka 3 0gHOYACHUM JC(PEKTOCKOITHIM
KOHTPOJIEM 32 PO3BUTKOM J€(EKTIB.

BunpoOyBanHs 3pa3KiB peloK Ipy CTATHIHOMY
MONEPEYHOMY TPUTOYKOBOMY BHTHHI BHKOHY-
Banucsi Ha KuiBcbkoMy peiiko3BaproBaIbHOMY
miaIpueMcTBl  ramyseBoi cmyx6m xomi JTTO
«[liBneHHo-3axifHa 3ai3HULA», WO OCHAIIEHE
rigpaBiiyaum npecom tumy I1-500 (puc. 4) mns
BUNpoOyBaHb 3BapHUX CTHKIB peiiok. Llei rigpas-
JYHAHN TIpec 00paHo 3 ypaxyBaHHSAM iIEHTHYHOCTI
BUIIPOOYBaHb 3BApPHUX CTHUKIB PEHOK 1 CYLiJIHLHOTO
BiZ[pi3Ka perKu.
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Puc. 4. T'inpasniunnii npec tumy I1-500
Fig. 4. The hydraulic press-type P-500

BumnpoOyBaHHsI TOCTIIHUX 3pa3KiB perioK mpHu
CTaTUYHOMY HaBaHTa&KEHHI Ha TiApaBIIYHOMY
npeci tumy II-500 BukoHyBamucs 3a KijdbKa
1IEHTUYHHX LUKIIIB.

Y  nmepmomy 1wk (KUIBKICTH  IMKJIIB
BU3HAYAJOCS 3a XapaKTepOM IIOBEIIHKH 3paska
peliKku Mg dYac eKCIePUMEHTY) BHIIPOOYBaHb
BUKOHYBAJIUCS MPOIIEIYPH B TaKii MOCIIJOBHOCTI:

1 — mocTynoBe 3aBaHTaKCHHS 3pa3Ka pelKH 3a
BIITIOBIAHOIO CcXeMOK (IPUKIAJEHHS BEPTHKAIb-
HOI CTAaTMYHOI CWJIM IO TOJIOBKM a0o0 IIiJOIIBH
pe#iKy) CTAaTHMYHOI BEPTUKAIBHOKI CHJIOI 3 Bi-
3yaJlbHUM KOHTPOJIEM IO MaHOMETPY BEIUYMHU
HApOCTaHHS MPUKIIAJICHOTO HABAaHTAXKEHHS;

2 — mpH JOCATHEHHI BCTaHOBJICHOI yMOBaMu
eKCIIEPUMEHTY BEJIMYMHU CTaTUYHOIO HaBaHTa-
JKEHHSI (PIKCY€ThCSI BETUYMHA CTPLIA BUTHHY 3pa3-
Ka peiKH, MPHUKIIAJeHe HABAaHTAXKEHHs 3HIMA€ETHCS,
3pa30K PEHKU BUBOAUTHLCS 32 MEXI TiPaBIIigYHOTO
npeca i NpoBOAUTHCA A€()EKTOCKOMHUI KOHTPOIb
JTOCITITHOTO 3pa3Ka pPerKH;

3 — BCTaHOBJIEHHS 3pa3Ka pelku y mpec i mo-
BTOpeHHs npouenyp 11 2.

Y npyromy Ta IiHIIUX HUKIaX BUIPOOYBaHB
BKa3aHa IMOCJI0BHICTh HPOIEIYp MOBTOPIOBAIACs
JI0 IOCSITHEHHS 371aMy a0o KpUTHYHOI nedopmartii
JTOCITITHOTO 3pa3ka PehKH.

Hocnionuii spazox Ne 1. ['mnOuHa BUKPUIITYBaHHS
MeTany Ha OOKOBil poOOUill BUKPYKLI TOJOBKH peid-
KM B CepellvHI JocIiIHOrO 3pa3ka peiiku Ne 1 cknaga-
ma H = 1,4 mm. 3aBaHTa)KeHHS BEPTUKAJIBHUM CTaTH-
YHUM HAaBAaHTKEHHSM BHKOHYBAJIOCS HAa MiJOMIBY
peliku. Ilepimii UK CTATUYHOTO 3aBaHTAKEHHS BU-
koHyBaBcst 1o 40 tc, apyruii — o 80 tc. Y Tperhomy
LUK TIPY CTPLTI BUTUHY 7 MM 1 JOCATHEHHI CTaTHY-
Horo 3aBaHTakeHHs1 100 Tc BinOyBCs 371aM perkiL.

Ha puc. 5 HaBemeHO BUTIISA OTIEPEIHOTO TIepepi-
3y JOCHIAHOrO 3paska peiiku Ne 1 3 000X OOKIB 371amy.

Puc. 5. Burnsig 3namy gociigHoro 3paska peiiku Ne 1
Fig. 5. Type scrapped research sample rails No. 1

3a pe3yibpTaTaMd BHUKOHAHOTO EKCIIEPUMEHTY
371aM JA0CTiHOTO 3paska peiiku Ne 1 BinOyBcs mpu
HAaBaHTA)XEHHI, [0 MPAaKTHYHO Ha MOPAMOK Iepe-
BUIIYE pEaNbHI eKCIUTyaTaliliHi HaBaHTaKEHH:
B YMOBaX METpOIOJITeHY. SIk BUOHO i3 puc. 5, mo-
BEPXHsI KJIIACHYHOTO KPUCTAIIYHOIO 3JaMy MPOXO-
IUTH Yepe3 po3MapyBaHHSI MeTaay B poOodill BH-
KPYXKI[i TOJOBKH JOCITITHOTO 3pa3ka peiiku Ne 1
(Ha puc. 5 BUAHO TOPU3OHTANBHY MOJOYKY) i KOPO-
3iiHY UMY B TIOMBI 3 00Ky HEpoOOYOi TpaHi.

Hocnionuii 3paszox Ne 2. I'mnOuHa BHKpHIIY-
BaHHsS MeTaly Ha OOKOBiii poOOYid BHKpYXIi To-
JIOBKH PEUKH B CEpeIUHI MOCIITHOTO 3pa3ka peHKu
Ne 2 cknamana H = 1,9 mm. 3aBaHTakeHHS BepTHU-
KaJbHAM CTaTHYHMM HABaHTA)KEHHSIM BHKOHYBa-
JI0Cs Ha TOJNIOBKY peiiku. Ilepmmii nukn ctaTHuHO-
TO 3aBaHTAXEHHs BUKOHYBaBcs 110 40 tc, mpyruii —
1o 80 Tc. YV TpeThOMy IMKII MPH JOCATHEHHI CTa-
tuaHoro 3aBaHTaxkeHHs 100 Tc cTpima BurHHY
periKu JocsATIa KPUTHYIHOTO 3HAYECHHS 57 MM, IO
Yyepe3 TEXHIYHI MOXKIIMBOCTI Mpecy He Jalio 3MOTH
MPOJIOBXKUTH EKCIIEPUMEHT 110 3naMmy peiiku. [Ipu
bOMY BiAJIaMaBCSl KyCOK IiJIOLIBH PEHKH 3 OOKY
HepoOovoi TpaHi.

Ha puc. 6 naBeneHo BTN BUIYYEHOTO i3
Ipecy BUTHYTOrO IiAOIIBOIO BBEPX AOCIiAHOTO
3pa3ka peiiku Ne 2 3 BiJIOMJIICHUM KyCKOM MiJIOII-
BU 3 OOKYy HEpoOOYOi TpaHi peiKu.

Puc. 6. lepopmoBanuii 3pa3ok peiiku Ne 2

Fig. 6. Deformed sample rails No. 2
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3a pe3yibTaTaMd BUKOHAHOTO EKCIEPUMEHTY
CTpiJia BUTHHY JIOCIIIJTHOTO 3pa3ka peikn Ne 2 mpu
HaBanTaxenHi 100 tc cknana 57 MM, 1110 niepeBu-
LIy€ HOPMAaTUBHE 3HAYEHHS CTPIIM BUTHHY 35 MM
Ha 63 %. SIk BHIHO i3 puC. 7, TIOBEPXHS Bijjlamy-
BaHHs KycKa MiJOLIBH PEHKH MPOXOIUTH 4Yepes
BM’SITHHY Ha KPOMIII MiJOMIBH JOCHIIJHOTO 3pa3Ka
peiixku Ne 2, sika MMOBIpHilIE BCHOTO yTBOPHJIACS
B pe3yJbTaTi TPUBAJOi Aii €IeMEHTIB MPOMIKHHUX
CKpIILICHB.

Hocnionuii spasox Ne 3. I'mnOuna BuKpHIIY-
BaHHS MeTaly Ha OOKOBif poOOYii BUKPYXKII TO-
JIOBKU PEeHKH B CepellnHi TOCTITHOTO 3pa3Ka peiKu
Ne 3 cknamana H = 1,6 mM. 3aBaHTakeHHs BEpTHU-
KQUIPHAM CTaTHYHUM HaBAaHTA)KEHHSIM BUKOHYBa-
JIOCSl HAa rOJNIOBKY peiiku. [lepimumii UK cTaTUYHO-
r'o 3aBaHTaXCHHS BUKOHYBaBcs 10 40 Tc, apyruii —
1o 92 tc. Y TpeTbOMy LMKJi NP AOCSITHEHHI CTa-
TUYHOTO 3aBaHTaxeHHS 156 TC cTpina BHTHHY
peHiku ocsriia KpUTUYHOTO 3HA4YeHHS 62 MM, 110
yepe3 TeXHIYHI MOXIIMBOCTI IIpecy He Jajio 3MOTH
HPOJOBXXUTH EKCIICPUMEHT J0 371aMy PeHKH.

Ha puc. 7 HaBemeHO BHUIVIA[ BUJIYYCHOTO 13
Ipecy BUTHYTOTO IMiJOIIBOIO BBEPX JOCIiAHOTO
3paska peiiku Ne 3.

Puc. 7. lepopmoBanuii 3pa3ok peiiku Ne 3

Fig. 8. Deformed sample rails No. 3

3a pe3yibTaTaMd BUKOHAHOTO EKCIEPUMEHTY
CTpiJia BUTHHY JOCIIHOTO 3pa3ka peiku Ne 3 mpu
HaBaHTakeHH1 156 Tc ckiana 62 MM, 110 mepeBu-
NIy€e HOPMATUBHE 3HAYCHHS CTPIIM BUTHHY 35 MM
Ha 77 %.

Hocnionuii spasox Ne 4. I'mnOuHa BHKpHIIY-
BaHHs MeTally Ha OOKOBii poOOYii BHKpYXILI ro-
JIOBKH PEHKH B CEPEIUHI MOCIITHOTO 3pa3ka perKu
Ne 4 cxknamana H = 2,3 mM. 3aBaHTakeHHS BEpTHU-
KaJbHUM CTAaTHYHUM HaBaHT)XCHHSIM BHKOHYBa-
JIOCSl Ha TOJIOBKY peiiku. Ilepiuit UK cTaTUYHO-
r'0 3aBaHTAXXCHHSI BUKOHYBaBcs 10 60 Tc, apyruii —
10 95 tc. YV TpeTboMy LMK MPH AOCSATHEHHI CTa-
TUYHOro 3aBaHTakeHHA 140 Tc cTpima BuUrHHY
perKku Jocsria KpUTHIHOTO 3HA4YEeHHS 47 MM, IO

yepe3 TeXHIYHI MOXIIMBOCTI Ipecy He Jajio 3MOTH
HPOJOBXXUTH EKCIICPUMEHT 0 371aMy PEeHKH.

Ha puc. 8 HaBemeHO BHIVIA[ BUJIYYCHOTO 13
[pecy BUTHYTOTO MiOIIBOIO YHHU3 JOCIITHOTO 3pa-
3Ka peku Ne 4,

Puc. 8. JlepopmoBanuii 3pazok peiiku Ne 4

Fig. 8. Deformed sample rails No. 4

3a pe3yibpTaTaMd BUKOHAHOTO EKCIEPUMEHTY
CTpiia BUTHHY JOCIIAHOTO 3pa3ka peiiku Ne 4 mpu
HaBanTakenHi 140 tc cknana 47 mm, 1110 TIepeBU-
1Iy€ HOPMAaTUBHE 3HAYEHHS CTPIJIM BUTHHY 35 MM
Ha 34 %.
3a pesynmpTaramMu BUIPOOyBaHb Oyno molymo-
BaHO (auB. puc. 9) 3aNeKHICTh CTPLIN BUTHUHY Bil
NPUKIaJCHOTO 3aBaHTaKEHHS AJISl YCiX JOCTiAHUX
3pa3KiB PeHoK.
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Puc. 9. 3anexHicTh cTpijay BUTHHY BiJ ITpHU-
KJIaACHOI'O 3aBaHTAXXCHHSA IJIA Z[OCJIiI[HI/IX
3pa3KiB PEHOK:
a—Nel;6—NeNe2,3i4
Fig. 9. The dependence of applied boom bend-
ing
load rails prototypes:
a—No. 1;b—No.No. 2,3and 4

doi: 10.15802/stp2015/57027

©P. M. P'IOCMQJOBHH, 2015

83



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

Hayxka Ta nporpec tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHATBHOTO YHIBEPCHTETY 3alli3HUYHOTO Tpancmopty, 2015, Ne 6 (60)

3AJIIBHMYHA KOJIIA

PesysbTarn

Pe3ynbraTti eKkcIiepuMEHTIB CBigUaTh PO Te,
10 Ha 0a3i BUNIPOOyBaHb y 2 MJIH yuk1ie Bii0yBa-
€THCS JIMIIE HE3HAYHUH PO3BUTOK (30LIBIICHHS
posmipie) Ha 0,5-0,7 MM HasBHHX He(EKTIB KOIY
11.2 B pe3ynbTari OCHIaHHS YaCTOK BUKPHUIIIEHOTO
MeTaly Ha OOKOBiif poOOYid BUKPYXKLiI TOJOBKH
JIOCTITHUX 3pa3KiB periok. [HTeHcuBHOTO, THM Oi-
JIBITIE KaTacTPOQITHOTO, PO3BUTKY ACHEKTIB THUITY
11.2 abGo meperBopeHHs1 LUX IedeKTiB B AedekTu
tunry 21.2 a6o 300'.2 He BimOyiocs B KOIHOMY
BUTIAJIKY .

PesynpTaTtu BUNpoOyBaHb HA MUKIIIYHY BUTPH-
BaJiCTh Ha 0a3i 2 MJIH yuk/iie 3 HABAHTAKCHHSIM,
0 BIANOBIAA€ EKCIUIyaTalliiHUM JHHAMIYHAM
KOJIICHUM HAaBaHTa)XCHHSAM BiJ| BaroHiB METpPOIIO-
niteny Pjo =90,0 kH, nokasamu, mwo peiiku 3 je-
¢dexramu komy 11.2, siki BUIIyueHi 3 eKCIUTyaTamii
3riIHO 3 BUMOTraMu Jitounx TV, MOXYTh MaTH 3a-
JUTIIKOBUH pecypc eKCIuTyaTallii He MEHIIe HiX
N =2,0 MIH yukaie KONCHUX HaBaHTaKeHb (IO
Bignosinae npubimsno 25+30 miH T OpyTTO MpO-
MYIIEHOTO TOHHAXKY).

Pe3ynbTaT €KCIEPUMEHTY CBiq4aTh, L0 TPU
CTaTHYHOMY TIONIEPEYHOMY TPUTOYKOBOMY 3aBaH-
TaXeHHI JOCIITHUX 3pa3kiB peiiok Tumy P50 Bix-
OyBaeTbcst TpaHcopmMarliss medekTiB 3a KOIoM
11.2 B nedextn 3a kogom 30I'.2, ane mocsartu Ta-
KHUX HaBaHTA)XCHb B PEATbHUX YMOBAxX eKCILTyara-
ITii METPOTIOITCHY HEMOKITHBO.

HaykoBa HOBM3HA Ta NPAKTUYHA
3HAYUMICTh

Bnepmie B YkpaiHi TCOPETUIHHMH PO3PaXyH-
KaMd OOIPYHTOBaHO BEJHKY BIpOTiHICTH YTBO-
peHHsl Ne(eKTiB KOHTAaKTHO-BTOMHOTO TTOXOJKEH-
HS Yy BUIJISAI BUKPHUIIYBaHHS 1 BUINEPOIIOBAaHHS
MeTaJly Ha TIOBEpXHI KOYEHHS peiikd, Ol Kparo
TOJIOBKH, B Pe3yJbTaTi CTBOPEHHS BHCOKOTO CTY-
HIEHS HAaNPY>KEHOTO HEePIBHOBA)XHOTO CTHCKY B IIiH
30HI, 32 PaXyHOK BHCOKMX 3HAa4e€Hb T'OJIOBHUX
HOpPMaJIbHUX HANPY>KEHb 1 TIOSBU BETUKUX AOTHY-
HUX HampyXeHb B TUII TOJOBKM Ha TIHOMHI
2,5-3,5 MM, fKi TIEpEeBUIMYIOTh MEXY TEKYy4OCTi
1 BATPUBAJIOCTI METAITy.

BukoHaHi CTEHIOBI €KCIIEPUMEHTATbHI BUIPOOY-
BaHHS JOCHTIHUX 3pa3KiB neeKTHUX peiiok Ha Oara-
TOIMKIIOBY BHTpHBaIicTh (Ha 6a3i No=2,1x10 1ukiriB)
3 IEPI0MIHIM JE(PEKTOCKOITHIM KOHTPOJIEM.

Pe3ynbTaTi BHKOHAHHX CTEHIOBUX Jaboparto-
pHUX BHIPOOYBaHb AOCTITHUX 3pa3KiB ACPEKTHUX
peiiok 3 nedeKTaMM KOHTAKTHO-BTOMHOIO THILY,
mo Oyny BWIIyYEHI 3 eKCIUTyartallii 3rifHo 3 Jito-
YUMH HOPMATHUBAMH, JIO3BOJIMIN BHU3HAYUTHU 3aJIU-
HIKOBUH pecypc st nedektHux peiiok tumy P50
JUTSL YMOB €KCILTyaTallii MeTpPOIIOJIiTeHY.

Ha ocHOBi BUKOHaHHX IOCIiIKEHb pO3pOOIIEHi
HOBI HOPMATHBHI TEPMIiHH CIIyOHM pEHOK THIIIB
P50 i P65 mis pi3HuX KaTeropiil xomiil mjist yMoB
ekcruryatamii  KuiBCBKOTO MeETpOmNOJiTeHy, HOBI
HOPMHU 301JIBIIEHO BiIHOCHO icHyrounx Ha 33 %.

BucHoBku

1. Tlpu mnepiognuHoMy Ae(EKTOCKOMHOMY
KOHTPOJIi ITiJT 9ac EKCIIePUMEHTAIBHHUX ITyJIhCa-
MIHHUX JOCTiDKEeHh He 3a(iKCOBaHO MOsBY abo
PO3BHUTOK TMONEPEUHUX TPILIMH 3a AedeKTaMH KO-
nis 21.21 30I".2.

2. BumpoOyBaHHs 3pa3KiB  peHOK  IpH
CTaTUYHOMY MOINEPEYHOMY TPHUTOYKOBOMY BHUTHHI
nmokasanu, mo peiiku tunmy PS50 mMerpomomiTeny
BIJINIOBialOTh BCTAHOBJICHUM HalIMEHIINM 3Ha-
YEeHHSIM IIOKA3HHUKIB MINHOCTI ¥ INIACTHYHOCTI,
a caMe. pylHiBHE HaBaHTa)XEHHS MPH MIPHUKIIaIECHHI
BEPTHKAIBHOI CTATUYHOI CHJIM Ha TOJOBKY pPEHKH
1200 kH, na migomBy peiikun 1000 xH, crpina
BuruHy 35 mm. [Ipn oMy mpu npuKIageHHi 110
peiiku BepTukanpHOi cratnunoi cum 1 000 kH Ha
MITOMIBY PEWKH CTaBCs MONEPEUYHU 371aM pPEUKH,
a TpU TPUKIATCHHI J0 pPEeHKH BEPTUKAIBLHOI
crarnyHoi cuiu Oinbire Hixk 1 000 kH Ha romoBky
peliku BimOyBaBCsS BUTHH pedkm 0e3 3lIamy
3 MEepEeBUIICHHAM HAaWMEHIIOro 3HAYeHHS CTPLUIH
BurnHy Ha 34 % i Oinbie.

3. PosmapyBanHs MeTamy B poOodiii BHKpY-
XKITi TOJIOBKH JIOCITITHUX 3pa3KiB peHoK BigOyBajo-
CS TpU CTaTUYHOMY 3aBaHTAXEHHI OJHM3BKO
800 xH.

4, Tlpm excrnepuMEHTATBHUX HOCITIIKEHHIX
3pa3kiB peiiok tuny P50 He cnocrepiranacs TpaH-
chopmauis gedekriB 3a kogoMm 11.2 B yTBOpeHHS
nedektiB 3a kogoM 21.2. OgHUM i3 MOSICHEHb Ta-
KOTrO pe3ysibTaTy MOXKe OyTH He3HauyHa TiMOWHA
BUKPHILIYBaHHS METay Mo poOodili BUKPYXKLi To-
JIOBKM PEHOK B MiCIli NPUKJIAJCHHS BEPTHKAIBHOI
CTaTHYHOI CHJIM, SKa ITPHU BUKOHAHHI €KCIIEPHMEH-
Ty He nepeBulyBana 2,3 MM.
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NCCIEJOBAHHUE OCTATOYHOI'O PECYPCA
JAED®EKTHbBIX PEJbCOB THUIIA P 50 ITIO UCIIBITAHHUIO
HA HUKIMYECKYIO BBIHOCJINBOCTb

Henn. CtaThs NOCBSAIIEHA U3YYCHUIO U OLIEHKE OCTaTOYHOTIO pecypca s AeeKTHbIX penbcoB Tuma P50, ske-
IUTyaTHPYEMbIX Ha IMyTsX KHeBcKOro MeTpornosinTeHa, KOTOpbIe W3bIMAIOTCS M3 SKCIUTyaTallud M3-3a HAIWYMS Je-
¢exToB Thma 11.1-2 Ha GOKOBOW BBIKPY)KKE IMOBEPXHOCTH KaTaHWsS TOJIOBKH pesibca. Meroauka. VccnenoBanus
BBINOJIHEHB! C TPUMEHEHHEM DKCIIEPUMEHTAIBHBIX METO/IOB. UCIIBITAaHHUS 00pa3LoB JEe(EKTHBIX PEJILCOB Ha IIMKIIH-
YeCKyl0 MPOYHOCTh Ha MyJIbCALMOHHOIM MallWHe M UCIBITaHHsS OOpa3LoB Ie(EKTHBIX PENbCOB Ha CTATHYECKYIO
NpeleNbHYI0 HArpy3Ky Ha THAPABINYECKOM BEPTUKAJIBHOM Ipecce. PesyabTaThl. [IpoBeneHHBIE 3KCIIEPHMEHTHI
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CBHIETEIBCTBYIOT O TOM, YTO Ha 0a3e MCIBITAaHUH B 2 MJIH. LUKJIOB IIPOUCXOAUT JIMIIb HE3HAYHTEIBHOE Pa3BUTHE
(yBenuuenne pasmepos) Ha 0,5-0,7 MM umerormxcst nedextoB koma 11.2 B pesysbrare OCHITAHMS YaCTHI] BBIKPO-
IIEHHOTO MeTayIa Ha OOKOBOM paboueil BBIKpY>KKE TOJOBKH OMBITHBIX 00pa3loB peinbcoB. MHTEHCHBHOTO, TeM 00-
aee karacTporueckoro, pa3BuThs aedpexros tuna 11.2, unu npeobpaszoBanus 3Tux aAedexToB B qedektsl Thna 21.2
win 30I".2 He npou3onuio HU B KoeM ciydae. Hayunasi HoBu3Ha. BriepBbie B YKpanHe TEOPETHUECKHMH pacdeTa-
MH 00OCHOBAHO OOJIBIIIYIO BEPOSTHOCTh 00pa3oBaHUs JIePEKTOB KOHTAKTHO-YCTAIOCTHOTO MPOUCXOXK/ICHHS B BUJIE
BBIKpAIIMBaHKs W BBILEPOIMBAaHNS METalJla HA ITOBEPXHOCTH KAaTaHMs PENbCa, Y Kpas TOJIOBKH. DTO MPOUCXOAUT
B pe3yJibTaTe CO3/1aHHs BBICOKOW CTENEHHU HAIPSDKEHHOT'O HEPaBHOBECHOTO CXKATHUS B 3TOW 30HE, 32 CUET BHICOKHX
3HAYCHUI TVIABHBIX HOPMAaJBbHBIX HATPSDKCHHN M TOSBICHHS OOJBLINX KACATENbHBIX HAIMPSOKCHHUI! B Telle TOMOBKU
Ha Tiy6uHe 2,5-3,5 MM, MPEBBIMIAIOINX MPEAEN TEKYYeCTH W BBIHOCIHBOCTH MeTasuia. [IpoBeieHbI CTEHIOBBIC
9KCIEPUMEHTAIBHBIC UCIBITAHMS OIBITHBIX 00pa3oB Je()eKTHBIX PENBCOB HA MHOTOLMKIOBYIO BRIHOCIHBOCTG (Ha
6aze Ne = 2,1x10 1MKJIOB) C TIEPHOINICCKUM JIe(PEKTOCKOMHBIM KOHTposieM. IIpakTHyeckast 3HAYMMOCTh. B pe-
3yJbTATE HKCIICPHIMEHTOB TIOJy4EHbI HOBBIC JaHHBIE O CIIOCOOHOCTH CONPOTHBIICHHS PENBCOB C Jie(eKTaMu BHIKpa-
IIMBAaHUA HA MOBEPXHOCTH KAaTaHUs TOJOBKH MO Koxy 11.1-2 mnnTenbHBIM LUKIMYECKHMM Harpy3kKaM BeITHYHHOM
PaBHOM AKCILTyaTallMOHHOW KOJIECHOM Harpy3ke Ha 0a3e MCHbITaHHid B 2 MITH IIUKIOB. To ecTh, eeKTHbIE PEelibCh
MOT'YT UMETh OCTaTOuHbII pecypc He MeHee 30 MIIH T. OpyTTO.
Knrouesvle crnosa: xene3HONOPOKHBIN ITyTh; PENbC; AePEKTH; HUKIMISCKHE HATPY3KH
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RESIDUAL RESOURCE STUDY OF DEFECTIVE RAILS
FOR TYPE P 50 CYCLE TEST OF ENDURANCE

Purpose. The paper is devoted to the study and evaluation of residual life for defective rails P50 operated on the
roads of the Kyiv subway, which are taken out of service because of defects 11.1-2 on the side of the rolling surface
of the rail head. Methodology. The studies were performed with the use of experimental methods: testing of sam-
ples of defective rails in the cyclical strength of the pulse machine and testing of defective rails in the static load
limit on the hydraulic vertical press. Findings. The performed experiments indicate that on the tests basis in 2 mil-
lion cycles is only a small development (increase in size) 0.5-0.7 mm of existing code defects 11.2 as a result of
shedding the particles of crumble out metal on the side of the rails head of working prototypes. The intensity and the
catastrophic development of defects, such as 11.2, or transformation of these defects in defects such as 21.2 or
30G.2 did not happen in any case. Originality. For the first time in Ukraine with the theoretical calculations sub-
stantiated the greater possibility of defects formation of contact fatigue origin in the form of spall and jag of metal
on the surface of the rail, at the edge of the head. It is the result of the creation of a high degree of stress non-
equilibrium compression in this area, due to the high values of principal normal stresses and appearance of large
shear stresses in the body of the head at a depth of 2.5-3.5 mm, exceeding the yield strength and metal endurance.
The tests of experimental prototypes of defective rails on high cycle endurance (based Ne = 2,1h10 cycles) with pe-
riodic defectoscopic control were conducted. Practical value. In experiments, the new data of the resistance ability
to spall rail defects on the surface of the head of rolling on the code 11.1-2 long-term cyclic loading equal to opera-
tional magnitude at the wheel load test of 2 million cycles was obtained. That is, the defective rails can have residual
life of not less than 30 million. t. gross.

Keywords: railroad; rail; defects; cyclic loading
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PO3PAXYHOK EJIEMEHTIB 3’ € JHAHHS 35IPHOI'O
JAEPEB'SIHOI'O BPYCA JJIAA CTPUIOYHUX ITEPEBO/IIB

Mera. Jledinmt matepianiB st exeMeHTiB BepxHboi 6yaosu kouii (BBK) mpusBoauts 10 HEOOXiqHOCTI meper-
JISTy HOPM MTOBTOPHOTO BUKOPUCTAHHS CTapONPHIATHUX 00’ €KTiB Micis 1X 3aMiHM abo peMOHTY. Sk mpuxiaza, Mo-
JKHA TIPUBECTH HACTYITHUH ()aKT: Micist 3HOLICHH B MiIPeHKOBIN 30H1 iepeB’ sHUX ITaj i OpyciB abo iHImmMX nedek-
TiB, 5IKi 3a00POHSIOTH 1X MOAAJBINY EKCIUTyaTallil0, TOCTPO MOCTA€ MUTAHHS MO0 iX MJIAHOBOI 3aMiHU. 3a3BUYAH,
HEOOXIiHHMI MIHIMAJIFHUI 3aIac MINai 3aBKId € y PO3NOPSHKCHHI 00CTyroByrounx Koiito opuran. Illo crocyerbes
JiepeB’THUX OpYyCiB, JIOBXHHA SIKUX Ha CTPUIOYHOMY IIEPEBOJII JI0CsTae 5 M, — He 3aBXAHW B KOPOTKHH TEPMiH iCHYE
MOXJIUBICTB OIIEPAaTHBHO iX 3aMiHHUTH, 3Ba)Kar0OUM Ha BIACYTHICTH AaHOTO THIIOPO3Mipy. TomMy B po0oTi 3anmporoHo-
BaHI Ta OOTPYHTOBaHI T€OMETPHYHI pO3MIpH €JIEMEHTIB 3’€JHAHHS JBOX IMONyOpyciB abo mman B €IWHY XKOPCTKY
KOHCTPYKIIiO, KA 32 CBOIMH XapaKTePUCTUKAaMHU HE BiIpi3HSETHCS BiA CymipbHOTO Opyca. Mertoamka. ABTopamMu
PO3IISIHYTO alTOPHTM PO3PAXyHKY HOEJHAHHS JIepeB’THUX SJICMEHTIB Ta MaTeMaTH4Hi MOJEI, SKi ONHCYIOTh Npy-
JKHI BJIACTHBOCTI OCHOBH. Bu3HaueHO HalOiNbII aJeKBaTHY METOIUKY, SKa B MOBHIM Mipi XapaKTepu3ye IpoIecH
B3aeMoiii Opyca y BUTJIsIII Oanku KiHIIeBOT JOBXKHUHH Ha Oanacti. PesysabraTn. SIkicHa i kijbpkicHa Bepudikallis pe-
3yNbTaTIB MOKa3ana qyXe JoOpHid 30ir OTpUMaHWX 3HAYEHb 3TUHAJHHUX MOMEHTIB, HOMEPEYHUX CHJI i MPOTHHIB
MeToIoM KiHleBux pisHuib (MKP) Ta anamituuauM MetomoMm. Lle gae miacTaBu CTBEPIHKYBATH, IO OTPUMAHI T€0-
METPHYHI PO3MIpH HAreJbHOTO 3’€HAHHS MOXKHA PEKOMEHIyBaTH NpalliBHUKaM KOJIHHOIO rocrnoaapcTBa sl Mo-
€IHAHH JePCB’IHUX I y Opyc Ha CTPUIOYHMX MepeBoaax 1 HaBiTh 3°131ax. HaykoBa HoBH3HA. [locimiTHHKaMK
Oysin 0OTpyHTOBAHI T€OMETPUYHI PO3MIPH HAreJIbHOTO 3’€HAHHS JIBOX JEPEB’sIHUX IIMai y Opyc AJsl 3aCTOCyBaH-
HS Ha CTPUIOYHHX nepeBojax. [IpakTuyHa 3HAYMMIicTh. 3aPOITOHOBaHA KOHCTPYKILS 3’ €IHAHHS J]a€ MOXJIMBICTh
TIOBTOPHOTO 3aCTOCYBAHHS CTapONPHUIATHUX BIJPEMOHTOBAaHHMX JAEPEB’sIHMX wMman i OpyciB. JlaHy KOHCTpyKIito
MOJKHA 3aCTOCOBYBATH HE TUTBKH JUIS TOE€AHAHHS 3BUYAHHIX JepeB’ THUX IINAN y Opyc MOTPiOHOT TOBKUHH, a i I
CTBOPCHHS 3 TIOJYIIIAT €AMHOI KOHCTPYKIIIi U1 MaJIOHABAHTAXXCHUX UITHOK CTAHIIIMHUX 1 T i3HUX KOJIH.

KirouoBi croBa: mmasa; 6pyc; npy>KHa OCHOBA; HareslbHe 3’ €THAHH; METOJI KIHIIEBUX Pi3HHIb

CKOpOTUTH BHUTpaTH Ha MOTOYHE YTPUMAaHHA
1 peMOHT KOJii Ta CTPUTOYHHX MEePEBOJIIB MOXKHA 32
pPaxyHOK HOBHX ifiell IOJO0 YIOCKOHAJIEHHS iCHY-
I0YMX eNeMeHTiB 1 iX koHctpykiii [10]. Omaum
3 TakuxX HAOPSAMKIB € BIIPOBAKCHHSI pPECypco-
30epiraloynx TEXHOJIOTIH 3 PEMOHTY Ta yKJIaJaHHS
JiepeB’ tHuX OpyciB.

Bracnimok Benmmkoi BapTOCTI JACPEBHHH BUTO-
TOBJISITH CYIIJIbHI JIepeB’siHI OpycH, TOBKUHA SKHX
nocsirae 5,00 M, goctatHpO goporo. Jlo Toro x Te-
PMIH 3pOCTaHHS JIiCy, SIK CHPOBWHHM 1T BUPOOHU-
IITBA, IO HAJCKHUTH JO KATETOpii HEe MOBHICTIO II0-
HOBJIIOBAaHHUX PECypciB, ckianae npubdmmzno 20—25
POKiB, a BHMKOHAHHS IIOTOYHOTO YyTPHUMaHHSI

Beryn

OpHUM 3 TIPIOPHUTETIB PO3BUTKY 3aJIi3HUYHOTO
TPaHCIOPTY YKpaiHH BIPOJOBXK KiJIbKOX OCTaHHIX
POKIB € 3MEHIICHHS TUTOMHUX BUTPAT €HEPropecy-
pCiB Ta MaTepialroeMHOCTI OCHOBHMX (oHmiB [14].
Leit HanpsIMOK CTOCY€EThCS AK YKp3ali3HUI B Li-
JIOMY, TaK i poOOTH HOTO OKpEeMHUX TOCIOJIAPCTB.
Komiiine rocmomapcTBo, SK HEBII €MHA YacTHHA
3aI3HUYHOTO TPAHCIOPTY, 3a SIKUM 3aKpilieHa
¢yHKUisE 00CIyroByBaHHS Ta PEMOHTY KONIHHOI
iHpacTpykTypH, O6e3mocepeHhO0 MOXKE BINTHHYTH
Ha 3HOC OCHOBHUX (DOHJIB BCi€i ramysi. 3okpema
3aJTI3HUYHOT KOJIii, Ha JIOJIIO SIKOi MpHITaaae Oiibie

MOJIOBMHM 3arallbHOi BapTOCTI OCHOBHHX (OHJIIB
samizamii [11].

1 PEMOHTIB HEOOXiTHE BIPOIOBK BCHOTO TEPIOTy
ekcrutyatamii koiii. ToMy IpOmoHy€eThCSl 3MEHILH-
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TH BUTPATH ACPEBUHHU NPH BUTOTOBJICHHI OPYCiB 3a
PaxXyHOK MNO€IHAHHA HOBUX abo cTaponpugaTHux
BIJPEMOHTOBAaHUX Mman y Opyc 3a JOMOMOTOO
HAreJIbHOTO 3’€THAHHSA, IO CKIANAEThCS 3 JBOX
HaKJIaJOK Ta OOJITIB, SKi 00’ €IHYIOTh BCE B €TUHY
KoHCTpyKILito [4] (puc. 1).
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Puc. 1. [Topsimok po3TanryBaHHS HareliB:
a — TIpsAMe PO3TalllyBaHHS; 6 — PO3TALIyBaHHS
B IIaXOBOMY IIOPSIKY

Fig. 1. The order of the nog:
a — direct location; b — staggered location

Meta

YTpuMaHHS i PEMOHT KOJIii y CIIpaBHOMY CTaHi
— OJIHE 3 HAWTOJIOBHININX TPIOPUTETHUX 3aBIaHb
POOITHUKIB KOJIIHHOTO rocrnoaapcTsa. Big cBoeua-
CHUX Ta SKICHHX 3aXO[[iB 3 BiJTHOBJICHHS OCHOBHHX
GYHKINA 3aTi3HUYHOI KOJTii Oe3mocepelHhO 3alie-
JKUTh HE TUIBKM Oe3leka pyxXy, a W perjiaMeHT
BCTaHOBJICHOTO MEPEBI3HOTO Ta MPOIMYCKHOTO MPO-
necy. BpaxoByrouu BUIlle cka3aHe, HEOOXiAHO 3a-
MPOTIOHYBATH TaKy KOHCTPYKIIIO 3’ €IHAHHS TBOX
HamiBOpyciB abo mmai, sika 6 103BOJIHIIA HE TIBKH
3HU3UTH BUTPATH Yacy Ha PEMOHT Ta 3aMiHy,
a #f CKOpOTHUTH 3aTPaTH MaTepialbHIX PECYPCiB.

MeTtoanka

Po3paxyHOk HarenpbHUX 3’€JHaHb BUKOHYETHCS
32 YMOBOIO MIITHOCTI Ha:

—  3TUH Haremis,

—  3MUHAHHS €JEMEHTIB 3’ € IHAHHA.

Hecyva 37aTHICTD IMIIHAPUYHOTO HArens Ha
OIWH MIOB 3 €IHYBAJHLHUX C€JIEMEHTIB BH3HAYA-
€Tbes 3a opmyitoro [4]:

T’SF :Tj? V mn mBkU.kH ’

T,, =Tom mk k

B 0 H'

T =min

M)

0] 0o
T3r ’ T3M

e — poO3paxyHKOBa HeCyda 3AaTHICTh IIH-
JIHAPUYHOTO HArejs MpH 3TUHI Ta 3MUHAHHI Bij-
HOBiZHO; M, — Koeili€eHT, KUl BpaxoBye MOPO-
Ny JepeBHHH; M — Koe(illieHT, SKUHA 3aJICKUThH
BiJl TEMIIEPaTypHO-BOJIOTUX YMOB €KCILIyarTallii;
k,— kKoe(ilieHT HaNpsAMKy Aii HaBaHTaXeHHS; K,

— Koe(iieHT, KU 3aJIe)KUTh Bifl TUITYy Hares.
PospaxyHkoBa Hecyua 30aTHICTh  Harejs
B 3’€/IHAHHI MPUIMAETHCS HAWMEHIIIOI 31 3HAUYCHb

o : o] :
T, 1 T, . Jlnsa 3MeHIICHHs pO3TPiCKyBaHHS IIMa,
AKi TTOETHYIOThCA y Opyc, o0epeMo MaxoBHH Io-
PAIOK po3TalryBaHHs Harens (puc. 2).

5 5 & & &8 &

Puc. 2. Po3paxyHnkoBa cxema
HareJILHOTO 3’€THAHHS JIBOX IIITAJI HAKJIaJKaM1

Fig. 2. Connection nog design scheme
of two elements by plates

Kinpkicts Hareneii (6onTiB) B 3’€IHaHHI BHU-
3HAYa€ThCA 3a popmyiomno [4]:

n,=N/Tn, >2, )

ne N — po3paxyHKOBe 3yCWwuis; T — HaiiMeHIIa
pO3paxyHKOBa Hecyda 3JaTHICTh OJHOTO Harems
(6onrta) B 3’€mHaHHi; Ny — KUIbKICTh PO3paxyHKO-
BUX IIBIB OJTHOTO HAresl.

Yucno 2 B hopmyii (2) Bkasye Ha Te, IO KiJlb-
KicTh OONTIB He TOBHHHA OYTH MEHIIIE HiX BKa3aHe
3HAYCHHS.

Jlns cranbHUX NWTHAPUYHUX OonTiB S1=7d,
$,=3,5d, S;=3d [4]. Bimmosimao mo0 puc. 2
h=2S,+2S;=13d. Tlpu BucOTI 00pi3HOI IIMATH
tumy | h=18 cm niameTp OTBOpIB MOBUHEH CKJIa/ia-
1 d=14 mMm.
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Jani HeoOXiHO BHW3HAYUTH TOBIIMHY HAaKIa-
1ok by. IIpumyctumo, o B CTUKY 3’ €THAHHS TiJlb-
KM HaKJIaJKW YMHATH OMIp MPUKIAJCHOMY HaBaH-
TakeHHI0. Toi, BUKOPUCTOBYIOYM YMOBY MillHOC-
Ti MPH 3THHI 32 HAHOUTBIIMMU HOPMAJILHUMHU Ha-
npyxeHHsMu (Oepydd 10 yBaru, IO MOMEPEUHUit
mepepi3 HaKJIaIKd Ma€e TIPAMOKYTHY (GOpMy), OTpH-
Ma€eMO TOBIIUHY OJIHIET HAKIIAIKH:

b >3M,, /[c]h?, (3)

ae M. — MakCUMalbHHMI 3TMHAIBHHAI MOMEHT;,

[G] — JIONIYCTUMI HANpy>XKeHHs B Haknagkax. s

crani, Hanpukian, Mmapku Cr5 ckinamae 200 MITa [1].

MakcumanbHUid 3rUHAJIBHUA MOMEHT MOXKHA
BH3HAYHTH, PO3TIITHYBIIH OaaKy KiHIIEBOI TOBKH-
HH, SIKa JISKUTh Ha CYLIbHIHM MPY>KHIH OCHOBI.

Ha cporoasi icHye 6arato po3paxyHKOBHX MO-
JleNieit TpyHTOBOI OCHOBH, $Ki, Hanmpukiag B [12],
YiTKO KJjacu(ikoBaHi Ta KPUTHYHO MPOaHANII30Ba-
Hi. Aje I TMPaKTUIHOTO 3aCTOCYyBaHHS Haidac-
TillIe 3aCTOCOBYIOTH OJHOIAPa-METPUYHY MOJIEIb,
sika 3acHOBaHa Ha rimote3i Pycca-Binkiepa [3, 8,
13, 17] i Oinpln cKIagHy ABONAPAMETPUYHY MO-
nenb Biacosa i [Tacrepnaxka [6, 17, 18].

Sk moka3ye mOCBim, ISl 1HXEHEPHOTO po3pa-
XyHKY, goctaTHbo Mojeni PDycca-Binkmepa [2].
ITo’s13aHO 1ie, TepIr 3a BCe, 3 THM, 10 OalacTHU
1ap, Ha BIAMIHY BijJ 3BUYalHOrO IPYHTY, Ma€ Ha-
OaraTo OimbIIMN PO3MIP YACTHHOK, 1, BIAMOBIIHO,
IHIUH 3B'SI30K MK HUMH. TOMY IJIS TIOaJIBIIIOTO
aHaji3zy po3TJIIaEMO MOJENb NPYKHOI OCHOBH
®dycca-Binknepa.

Ob6epemo cuctemy Koopauaat Oamku (puc. 3),
JUISL SIKOT IIPUMMEMO HACTYIIHE:
pO3IIoJIIeHe HAaBaHTAXEHHS ( Ta 30cepe-
JokeHa cwia F joxatHi, SIKIIO BOHW HAIpaBlieHI

BLODY;

3TUHAJIBHUN  30Cepe/UKEHUH MOMEHT M
JTOJTATHHIA, SKIIO BiH HAINPABJICHUH 3a TOJUHHUKO-
BOIO CTPLIKO¥O.
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Puc. 3. Cucrema koopauHat Oaiku
Ha CYUUIBHIH NPYXHIA OCHOBI

Fig. 3. The coordinate system of the beam
on a continuous elastic foundation

3aranpHONPUHHATI AUQEpPEHIIiiHI CIiBBiIHO-
IICHHS U1 Oajiki IMOCTIMHOTO Tmepepily Ha Cy-
LIUIBHIA OCHOBI MaXOTh BUTJIS,

@z==f¥%é;); 4)
_!;:£%¥L ©
—%:%; (6)

ne ¢z, Qz, My, Q; — KyT IOBOpPOTY, MOMEPEYHa CUIIa,
3TUHAILHUN MOMEHT Ta 30BHIIIHE TMOMEPEYHE Ha-
BaHTakeHHs1; £l — momnepevHa >KOpCTKIiCTh Oankw;
I, — pEaKTUBHUH OTIip OCHOBH, SIKUH CKJIa/Ia€:

r=ky(z), (8)

Kk — koedirieHT nponopLiHHOCTI:
k=Kk,b, 9)
Ko — koedimient mocreni Oanku; b — mupuHa 6an-

KU TIOHU3Y.

st poss’sizanns piBasab (4)—(7) 3acrocyemo
HaOmwkeHuit unciosuii metoq — MKP. Iligreep-
JOKCHHST TIPaBUJIBHOCTI OTPUMAHUX PE3yJIbTATIB
BHKOHA€EMO 3a JIOMOMOTOI0 aHAIITUYHOTO METO.Y,
TaK 3BaHOTO METOJIy TPAHUYHUX MapaMeTpiB.

[lepmmii mMeTox 3acHOBaHWM Ha 3aMiHi auge-
PEHIIIHOTO PIBHSHHS 33J]la4i CHCTEMOIO JHINHMX
anreOpaidHuX pIBHSIHb Yepe3 PI3HHIO 3HAYCHD
¢yHkuii B koHKpeTHUX Toukax [9, 15]. Tobro 3Ha-
YeHHs MoXimHoi QyHkuii Y(z) B TO4YLi JOpiBHIOE
BIIHOIICHHIO Pi3HUII 3HAa4YeHb (YHKIIII B CYCITHIX
CYMDKHHUX BY3JIOBUX TOUYKAax JIO BiJICTaHI MiXK BKa-
3aHUMU BY3JIOBUMH TOUYKAMH:

[&)=(&)

ne S — Kpok (iHTepBait) MiXk By3JIOBUMH TOYKAMH.
BukopucroBytoun ¢opmyrny (10), 3amumemo
BHPA3M ISl OXiTHUX OLTBII BUCOKOTO TTOPSAIKY:

< Jisn ~Yia

25 (10)

dzy o Yiia —2Yi +VYia
dz? s2

; (11)
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d’y ~ Yieo =2Yia +2Yi1—Vio .

; 12

dz® 28° 12
dAZ/ Vi = 4Yin t 63[’: —4Yia Vi, . (13)
dz* ). S

BpaxoBytoun (7) ta (13), ocraTtouHo oTpu-

Ma€eMO pIBHAHHSA, sIKe O0e3rmocepenHbo OB’ SI3ye
MPOTHHHM 3 HABAHTAXKEHHSIM y BY3JIax:

Yiez = 4Yia 16y -4y, +

4
+Yis =% (i=0,1,2,..n). (14)

P03i6’emMo Ganiky Ha N piBHUX yacTHH (puc. 4).

-2 -l IO -1 i i+l HI n+ln+2
(\J T — o=
i M d FOH 7
CEFRNEEEREEEE
i H‘J/““ i A @L%i
28 [=nS 25 |

Puc. 4. luckperuzaris 6aaku
Ha CYLUIBHIH NPY>KHIA OCHOBI:
@ — 3arajibHa CXeMa MOXJIMBOI'O 3aBaHTA)KCHHSI KiHIIB;
0 — yMOBHA JIiHis IPOTHHIB ITiJ] HABAHTAKCHHIM

Fig. 4. The beam discretization
on a continuous elastic foundation:
a — general scheme of possible load on the beam ends;
b — conventional deflection line from the load

S0 3anmucaTy piBHSHHS JJIS KOXKHOI KOHTaK-
THOI TOYKH, TO OTprMaemMo N+1 niHiHHUX anreOpa-
TYHMX PiBHAHB 3 N+5 HEBITOMUMH.

3Ha4YeHHs MPOTHHIB 33 KIHIAMU OaiKu Y_p, Y-1,
Yn+1, Yn+2, BCTAHOBJIIOIOTHCSI HA ITiICTABI TPAHUIHUX
YMOB 3aKpiIUICHHsI OaJK¥ Ta BpaxyBaHHSIM BHIIC-
3raJIaHux BUPa3iB.

— s touku 0

(9 -1)S" .

Y, —4y, +6y, -4y +y,= El ,

— I Touku 1

q,-1)S*
y3_4Y2+6y1_4YO+Y1:%;

— I Touku n-1

Ong — T 84
Ynst _4yn + 6yn—l _4yn—2 +VYns :@;

El
- JIJIs1 TOUYKH N
q,-r,)s*
yn+2 - 4yn+1 + 6yn - 4yn—l + yn—2 :%'
HpI/I 7=0, M:Mo, Qon
M,S?
yi=- él +2Yo = Vs
282
Y, :E(QOS —Mg)+4y, -4y, +Y,. (15)
Ipu z=I, M=M,, Q=Q,
M S?
yn+l == Enl - yn—l + Zyn;
252

Yne2 = _E(Qns + Mn)+ Yn-2 _4yn—1 +4yn' (16)

VY Bunajaky, Koju KiHIli OalKy HeHaBaHTaXKEHI,
100T0 M=M¢=M,=0 Ta Q=0Q¢=Q,=0, 3HauYcHHSA
MIPOTHHIB MOXYTh OyTH BH3HAYCHI Y MAaTPUIHOMY
BUIJISLIL:

1S4

(= (A1 (a1,

e {y}={yo, Y1, ---, Yn} — BEKTOp HEBIIOMHUX IPO-
THHIB B KOXHiN KOHTaKTHi# Tourli; [A] — Marpuiis,
eJIEMEHTaMH SKOT BUCTYNAIOTh 3HAYCHHS TPHU He-
Bimomux nporunax Y; {q}={do, Q1, ..., On} — Bek-
TOP 30BHIIIIHBOTO HABAHTAXKCHHS B BY3JlaX OAJIKH;
{p}={po, P1, ---, Pn} — BEKTOp PEAKTHBHOI'O THUCKY
y BIINOBIJTHUX BY3J1aX OaJiku.

3a BU3HAYCHUMH 3HAYCHHSAMH BEJIMYMH MPOTH-
HIB B KOXXHII TOYIll BCTAHOBJIIOKTHCA BiAMOBIIHI
KYTH TIOBOPOTY, 3STUHAIBHI MOMEHTH Ta TOTIEPEUHi
CHITH.

Posrnssnemo ananitnunmii mMeton (AM). s
Oayiky, sIKa JISKWUTHh HA MPYKHINA OCHOBI, PIBHSIHHS
npyxHoi JiHiT Mae Bursiza [13]

(17)
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?
El,y, =ElL Yy, A +EIX?°BZ +

+%CZ +%DZ +ElL f(Bz), (18)

Je Y, — OpOrHH B JIIBOMY HIepepisi; ¢, — KyT Io-
BOpOTy JiBoro mepepizy; M., Q, — 3ruHambHHI
MOMEHT Ta TIOIepeYHa CHJIa JUIsi JIBOTO Hepepisy
BianoBiaHo; f(Bz) — BIUIMB HaBaHTaXCHHS, SKe

3HAXOJMThCS B Mexax Oanku (Tadu. 1).
Taonums 1

®ynknii f(#-2) Ta ix noxinHi

Table 1
Functions f(#-z) and their derivatives
3HaveHHs (QYHKIIT
Cxema 3a- . ., .
panraxenns | [(B-2) | F'(B-2) | £'(B-2)| £"(B-2)
FD FC
i F z-a z-a FB
e p’ B’ B FA, .
— ! -—
A,,B,,C,,D, — rinep6on-TpuroHOMeTpHYHI

¢yukmii (Gynkmii Kpuaosa), sSKi BU3HaYalOTHCH 34
dopmysamu [13]:

A, =ch(B2)cos(B2);

B, :%[ch(ﬁ 2)sin(Bz) +sh(Bz)cos(B2)];
C, =%sh([32)sin([32)?

D, = %[ch(ﬁ z)sin(Bz) —sh(Bz)cos(Bz)], (19)

Je f — OCHOBHA XapaKTEPUCTHKA PIBHSHHS 3THHY
Gpyca sk GaaKy Ha MPYKHil OCHOBI, CM

k

4E1 (20)

B=4

Jist oTpuMaHHs piBHSHHS KYTIiB IOBOPOTY TPOIH-
depentiroemo piBHsHH (18), BUKOPHCTOBYIOUH
nadi Taoi. 2.

Tabauus 2

®yukmii A;, B, C,, D, i ix noxiani 10 po3paxyHky
0aJI0K Ha CyNiNbHIl NPy KHiil 0cHOBI

Table 2

A, B,, C,, D, functions and their derivatives for
calculating continuous beams on elastic foundation

TToximui
OyHKii
Iepa Hpyra Tperst YerBepTa
A, -48D, | —46°C, | -48°B, —4B°A,
B, A, -46°D, | -45°C, -44'B,
C, /B, FPA, -48°D, -4p'C,
Dz ,BCZ ﬁsz ﬁsAz _4,[))4Dz

El,e, =-4El By,D, + El,L @ A, +

+ M, B, +%+ EILf'(B-2). (21)

PiBHSIHHS U1 3THHAIBHUX MOMEHTIB Ta IIOTIe-
PEYHUX CHJ OTPUMAEMO, MpoardepeHITiIOBABIITH
Bupa3 (18) aBiui i TpUUi BiAMOBINHO, a TAKOXK II0-
MHOXxwHBIIM Ha El (OCKiTBKH JKOPCTKICTh MPH 3TH-
HaHHI BXOJWTH M0 IU(EepeHIiHHOTO PIBHSHHA 3i-
THYTOI OCi OasKku):

Mz :_4E|xl32yocz _4EIXB(PODZ +

+M A, +%BZ +ELf"(B-2); (22)

Qz :_4EI><B3yoBz _4EIXB2(POCZ -
-4BM D, +Q,A, + EI, " (B-2).

bpyc 3aBaHTakeHHIl JBOMa 30CEPEHKCHUMH
cumamu Q; 1 Q, Ta peakuisiMH HEHAaBaHTAXCHUX
peiiok Ry i R, (puc. 5). TIpuiiMemo, 1o Ha 0OMABI
PEHKOBI HUTKH TEPEIar0ThCs OIHAKOBI HaBaHTa-
KEHHS

(23)

-
Q=Q,="lpn

) (24)

P! _ cuna, wo

CKB

ne |, — Bincrane Mix omopamu;
eKBIBaJICHTHA BiJ J1ii yCiX KoJic eKinaxa [2].
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0 R 0 R b P
I‘ * I 2 I‘ 2 . —-—r Elxyz:EIXyOAZJrEIXF"BZJr
= 1y
7 7 X +— FD, .;
,ai )
6 <2{ é 5/‘ y : Va;j<z b
a] Elx(pz :_4E|xByoDz +EIX(P0AZ+
- L > FC,.:
a3 ? Vaj<z A (27)
4 M, = —4EI B2y,C, —4El Bo,D, +
[
1
P ’ . = Z I:i Bz—ai;
uc. 5. Cxema aii cun Ha niepeB’ THU Opyc Va <z
Fig. 5. The action of forces on a wooden beam Q, =-4El XBS Y,B, - 4EIXB2(pOCZ +
Peakiiii HeHaBaHTaXXCHUX PEHOK MOYKHA Bpaxy- + Z FA, .,
BaTH TaKUM YHHOM [5]: Va<z '

R=-K, y,cbl, (25)

ae K, — xoedili€eHT, KUl BpaXoBy€e KOHCTPYKTHU-
BHI 3B’SI3KM HCHABaHTA)XCHOI PEMKOBOI HUTKU Ta
NpY>KHOi OCHOBH; Y, — HPOrHH Opyca B mepepisi
Tl HEHaBaHTa)KEHOI0 HUTKOIO BiJl BIUIMBY CHJI Ha
HaBaHTaKEHI peiku; C — koedimieHT mocrem Opy-
ca; | — noBxuna Gpyca.

Po3i6’emo Opyc Ha 5 mimsHOk (pmc. 5), 100
TPaHMII KOKHOI 3 HUX 3aKiHUyBaJINCh 3MIHOIO Ha-
BaHTaXeHHs (TOOTO BU3HAYAIMCH MPHUKIAICHUMHU
CHJIOBUMH (PaKTOpPaMH).

HeoOxigno 3amucaru piBHSHHA Y,,0,,M,,Q,
JUTST KOYKHOT OKpeMoi AUISHKK Opyca, TOOTO ist
mumstaoxk 0-1, 1-2, 2-3, 3—4 ta 4-5, ame Takui
3armc Oyne maTtu Oararo piBHAHB. OcKinbku Oanka
JISKUTH BUTBHO Ha NPYKHIM OCHOBi, TOMY TpaHHY-
Hi YMOBHU JIJISl IBOTO 3aKPITICHHS 3J1iBa:

Q,=Ql,, =0
M,=M| _ =0;

0, =9, _,#0;

Y, =Y _,#0. (26)

3anumeMo yHIBEpCcallbHI PIBHSIHHS I YCHOTO
opyca:

ne Fj — momepedHi cuiy, mo aitoTe Ha Opyc.

3anumeMo YaCTUHHUN Po3B’ 30K MudepeHITiii-
Horo piBHsHHA (18) mis BUmazky, 300paskeHOTO
Hapuc. 5, BpaxoByrouM BenuuuHu R; 1 Ry, 1 BKITIO-
YUMO B PIBHSHHS 1HAEGKCH XapaKTepHUX TepepisiB
«2», «3», «4» Ta «5», B MeXax SAKUX JIi€ MPHUKIIA-
JICHE HaBaHTaKCHHS:

2

El f (B.z)z—B—lg(QlDzal

- Rl Dz—a2 RZ Dz—a4

3 + QZ Dz—a3

- . 28
4 ) e

BuzHaunmo 1Bi iHIN TpaHUYHI YMOBHU JJIS ITi€l
pO3paxyHKOBOI  CXE€MH, Maw4d Ha  yBasi,
IO TIPaBHii KiHENb OAJIKM TaKOX HE 3aKPIillJICHH.

Orxe, Q, :Q|x=l =0, M,=M |x=| =0,

®, ¢(P|X=| #0 Ta y,# y|X=I #0 3 1BOX OCTaHHIX

pu

piBHSIHB cucTeMu  (27) oTpuMaeMo Yo 1 ¢o:

1y, |_[-4p°C, —4pD; |
B, [-4pB -4p°C,
_1 Z I:i BI—ai
x Vaj<z ) (29)
- Z I:i'Al—ai
Vaj<z

Sk mpUKIaz, PO3MUIIEMO JUIs KOXKHOT JTINTHKA
Opyca ocTaTOYHI PIiBHSHHS BU3HAYCHHS 3THHAJIb-
HUX MOMCHTIB!
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z e[0 a): M, =—-4El p%y,C, —4El Bo,D,
z e [a a,): M, =—4El p*y,C, —4El Bo,D, -
1

B

Z e [a2 a3) : I\/Iz :_4EIXBZyoCZ _4EIXB(PODZ -

Ql Dz—al

1
P
z € [a; a,): M, =—4EI $%y,C, —4El Bo,D, —

(QlDz—al1 - R1Dz—a2 )

1
P
Ze [a4 I) : Mz :_4EIXB2y0Cz _4EIXB(P0DZ -

(QlDz—a1 - RlDz—a2 + Q2 Dz—a3 )

1
P

Po3paxyHku Komii Ha MIIHICTb AJIs1 BU3HAYCHHS
MaKCHUMaJIbHO HMOBIPHUX CHJ, IO MEPEAAt0THCS Bill
peiiok Ha Opyc, B miif poOOTI BHKOHAHI A Haii-
OUIBIII PO3MOBCIOPKCHUX THITB PYyXOMOTO CKJIAIy
BI/INIOBITHO 10 3aTBEPIXKEHOT METOIMKH [2]:

—  BaHTaXHUH JToKoMoTHB BJIS;

—  macaxupcbkuit tokoMmoTuB YCY;

—  BaHTAXHHUA BaroH 3 YOTHUPUBICHUMH Bi3-
kamu [THUN-X3-O.

Po3paxynku mokazanm, mo Ha Opyc Bim mina-
KJIQJIKK 1T PYXOMHM CKJIaJIOM MPHU BEPTUKAIHHO-
My monayni mpyxsocti U=46 Mlla nepenmatotbcs
TaKi HaBaHTKEHHS

—  BJI8 — Q=55 kH, npu V=80 km/rog;

—  YC7 - Q=58 xH ,mpu V=140 xm/ro;

—  BaHTaXXHWH BaroH 3 Biskamu L|HUK-X3-
O - Q=61 xH mpn, V=90 xm/roz.

Bauumo, 1m0 HaHOUIBII CYyTTEBO BILTMBAE BaH-
TaxHMK BaroHn 3 Bikamm [THUHW-X3-0O, oTxke,
OCTaTOYHO y MOAATBIINAX PO3PAXyHKAX MPUHMAEMO
camMe L€l pyXoMu# CKIa/.

Ilig yac TeopeTHYHUX NOCTIKEHb OyJIO BUSB-
JIEHO, II[0 BEJIMYWHU HAWOUIBININX 3THHAIBHUX MO-
MEHTIB B MEXax CTPLJIOYHOrO MEPEBOAY BHUHHKA-
10Th TiJ Opycamu noexkuHOW 3,5 M. Pesynpratu
PO3paxyHKy 3THHAIBHUX MOMEHTIB Ul BKa3aHOl
nomxuHN Opyca MKP 1 aHamiTHIHAM METOIOM
HaBeJeHi B Taou. 3.

(QlDz—a1 - I:lez—az + QZ Dz—a3 - R2 Dz—a4 )

Tabauus 3

Pe3yabTaTi po3paxyHKy 3rHHAIbHUX
momMeHTiB MKP Ta anHajgiTHaYHEM MeTOIOM

Table 4

The calculation results of bending moments
by finite difference and analytical methods

z Magicp, KH-M M1z, KH-M | AM |, %
0,00 0,00 0,00 -
0,28 1,87 1,93 2,96
0,55 7,38 7,62 3,10
0,55 7,38 7,62 3,10
0,75 1,74 1,80 3,44
0,95 -2,19 -2,25 2,84
1,15 -4,59 -4,69 2,22
1,35 -5,43 -5,64 3,76
1,35 -5,43 -5,64 3,76
1,75 0,60 0,62 2,68
2,15 11,87 12,18 2,55
2,15 11,87 12,18 2,55
2,35 7,36 7,62 3,36
2,55 3,95 411 3,99
2,75 1,40 1,45 3,51
2,95 -0,61 -0,63 2,79
2,95 -0,61 -0,63 2,79
3,23 -0,26 -0,27 3,88
3,50 0,00 0,00 -

Bauumo, 1m0 pi3HUI pe3yNbTaTiB TBOX METO-
B cKJIagae He Oliblie HixX 5 %, 110 3HAXOOUTHCS
B Me&XaX MOXUOKHU TIPH IHKCHEPHOMY PO3PaAXyHKY.
UucnoBa Bepudikallis CBIIYUTh PO aJCKBATHICTh
BUKOHAHHX PO3PaxXyHKiB.

11 HAOYHOCTI OTpPUMaHHUX PE3YIbTATIB IS
AHANIITHYHOTO METOJYy MOOYIYy€EMO EMIOpH IMPOTH-
HiB, KyTIB IMOBOPOTY, 3THHAJIbHUX MOMEHTIB Ta
nonepeynux cui (puc. 6-9).
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1,00 -

0,00

Puc. 6. Emropa niporusis y(z)

Fig. 6. The diagram of deflections y(z)

E[
S
0.00 T T T T T T 1
0,00 0,50 1.00 1.50 2,00 2,50 3.00 3.50
Puc. 7. Entopa kyTiB moBOpoTy ¢(Z)
Fig. 7. The diagram of rotation angles ¢(z)

el -5.64

-6,00

3,00
E 0,00 : —
= 3,00
=

6,00
9,00 -
7,62
12,00 -
15,00 -
0,00 0,50 1,00 1.50 2,00 2,50 3.00 3.50
Puc. 8. Emtopa srunansHux MomeHTiB M(z)
Fig. 8. The diagram of bending moments M(z)
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Fig. 9. The diagram of shear forces Q(z)

Mpu M, =1218xH-M, [o]=200 MIla

i h=0,18 M ToBHIMHA HAKJIAAKU 3TiAHO 3 (Hopmy-
noto (3) mopiBHIOE:
3-12,18
bl =

W: 0,57 CM~ 0,6CM.

3rimHo 3 [4] Hecyua 3AaTHICTh OAHOTO IIBa 0O-
JATIB

—  3rum Gonra T2 =1,8d° +0,02a” < 2,5d°;

— 3MHHAHHS B CEpPEIHIX EJIEeMEHTaX KOHC-
tpykuii T2 P =0,5¢cd;c=b =25 cm;

— 3MHHaHHA B  KpaiHix
3’ennanns T, =0,8ad, a=b =0,6 cm. Ockinb-

3]

CICMCHTax

KM KpaifHi eJIeMEHTH By3ja CTaJieBi, TOMY Bpaxo-
BYBATH iX HeCydy 3/JaTHICTh HA 3MUHAHHS HE T0-
TpiOHO.

T2 =3,53 kH <4,90 xH;
TOwr 17,5 kH.

Po3paxyHKoBa Hecyda 37aTHICTb 3 BpaxyBaH-
HSIM TIOPOJM JCPEBUHH 1 TEMIIEPATYPHO-BOJIOTHX
YMOB:

—  3ruH Oouta

T, =3,53/1,1-0,85 = 3,41 kH;
- 3MHHAHHS B cepe/:LHix CJIEMCHTax
T =17,5-1,1-0,85=16,36 «H;
n,=1,868<2.

[puiimaemo nBa 6ontu niamerpom 14 mwm.

Juis GinbIoi sKOPCTKOCTI HAKIAAKH IIEHTPallb-
HU#l psg OontiB 30iabmMMO Ha 1. 3rigHO 3 puc. 2
OyJemMo MaT:

|« =6-S; =42d =588 mm.

B xoxi TeopeTHUHHMX IOCIiIHKEHH OyI0 Mpo-
aHaJ30BaHO BIUIMB MOJIYJIS MPYXKHOCTI MiApEeHKo-
BOI OCHOBM Ha TOBIUMHY HAaKIAAKH 3’ €JHAHHS,
SIKUH TT0Ka3aB, IO 3MiHa MPOXOJWTH 3a HEIIHIH-
HUM 3akoHOM (puc. 10). 30iabLICHHS MOIYJIs
NpPY>XHOCTI B YOTHPHU pa3d MPHU3BOAMUTH 1O 3MEH-
LICHHS] BEJMYMHM TOBIUMHM HAKIAIKH BCHOTO HA
1-1,5 mm. ToMy IPONIOHYETHCS OCTATOYHO MPUNH-
atn b =6 mm.

6.5 A

6

5 M

0 10 20 30 40 50 60 70
U, MITa
Puc. 10. BrutuB Motys1st Ipy»KHOCTI

MiAPEHKOBOT OCHOBY Ha TOBIIUHY HAKIIAJKH

Fig. 10. Influence of elastic modulus
of the rail foundation on the pad thickness
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Otxe, CIIMparOYNch Ha PE3yIbTaTH TEOPETHY-
HUX JOCJIKEHb B I CTATTI, AOIIIBHO HEperis-
HYTH J0aToK 5 [7], 1 BHECTH 3MiHHM LIO0 PO3Mi-
piB  HaKIaAKH JUIi TOETHAHHS JBOX [Tl
y Gpye.

PesyabTaTtu

[MopiBHSHHS PO3pPaxOBaHUX 3a OMOMOTOK)
aHaiiTuaaoro Mmeromy i MKP 3HaueHr mokasye
HE3HA4YHy aOCOJIIOTHY TOXHOKY, IO 3HAXOAUTHCS
B MeXax MOXMOKH iH)KEHEpHHUX pPo3paxyHKiB. Yuc-
noBa Bepuikalmis IBOX METONIB MiATBEPIKYE
NpPaBWIBHICTh OTpUMaHUX pe3ynbTariB.  OTixe,
3 KOHCTPYKTUBHUX MipKYBaHb Ha JIOITYCKU Y BHUTO-
TOBJICHHI, HarelpHe 3’ €AHaHHs Oy/1e MaTu BUTII,
300pakeHuit Ha puc. 11.

100 100 _50_

Puc. 11. OcraTo4Hi reoMeTpUYHi po3Mipu
HAareJIbHOTO 3’ €THAHHS

Fig. 11. The final geometrical sizes
of nog connection

TakuM 4MHOM, MOXXHa BBaXXaTH, IO 3aIpOIIO-
HOBaHAa KOHCTPYKIIisl HATeIbHOTO 3’€THAHHS JBOX
mrman y Opyc BiAINOBifae ymMoBaM MIITHOCTI s
MaKCHMAaJIbHOTO CKCIUTyaTalliiHOr0 HaBaHTa)KCH-
Hi.

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYNMICTDL

3ampornoHOBaHO KOHCTPYKIIO 3’€THAHHS JABOX
HOBHX a00 BiIpEMOHTOBaHUX IIIAN Y €IUHUIA KO-
pCTKHUi Opyc.

TeopeTnuni pe3yJbTaTH JOCHIHKCHHS 3acCBij-
YHUJIM, IO L0 KOHCTPYKIIIO 32 YMOBaMH MIITHOCTI
MOXKHA BUKOPHCTOBYBATH HE3aJICKHO BiJ MOJIYJIS
MPY>KHOCTI. 3a paxyHOK BIIPOBAKCHHS Ta BHKO-
pUCTaHHS TaKWX €JIEMEHTIB MOXKHA OCATTH 3HAU-
HUX (DIHAHCOBHX 1 MaTepiabHUX 3a0I1a)KEHb.

BucHoBku

Po3riissHyTO METOIUKY TO€IHAHHS JBOX Jie-
pPEB’SIHUX EJIEMCHTIB 3a JIOTIOMOTOI HarejIbHOTO
3’ € THAHHA.

1. JocmimkeHo ACKiIbKa BapiaHTIB PoO3paxy-
HKY BEJIMYMH TIIONEPEYHHX 3yCHJIb Ta Iepe-
MILIIEHb.

2. BuxoHaHO SKICHY 1 KUIbKICHY Bepu(ika-
mito. Pe3ynbraT 3acBiuMIM aJeKBaTHICTH po3pa-
xyHkiB MKP Ta aHanmiTHIHUM METOAOM.

3. 3anpomoHOBaHO OCTaTOYHI T€OMETPUYHI
PO3MIpH HAKJIAAKH IS 3’ €THAHHS.

4. Hanmano mpono3wuilii MO0 BHECEHHS 3MiH
Ta JIOMOBHEHb 0 A0AaTKy 5 [HcTpykmii 3 ynamTy-
BaHHs Ta YTPUMAaHHSA KOJIi 3aji3HuIe YKpainu [7].
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PACYET JIEMEHTOB COEJJUHEHHSI CEOPHOI'O
JAEPEBAHHOI'O BPYCA U CTPEJIOYHBIX ITIEPEBOJOB

Heaw. JehurmT MaTepraIoB i 31eMeHTOB BepxHero crpoerus myTd (BCIT) mpuBoauT K HEOOXOIMMOCTH Tie-
pecMoTpa HOPM HOBTOPHOTO HUCIOJIB30BAHUSI CTAPOTOJHBIX OOBEKTOB MOCHIE UX 3aMEHBI MJIM pEMOHTa. B kauecTBe
IpUMepa MOKHO IPUBECTH CIEAYIONIMHA (aKT: MOCIe W3HOCA B TOAPEIHCOBOI 30HE JEPEBSHHBIX ILINal U OpycheB
WU IPYruX Ae(eKTOB, KOTOPBIE 3alpeuialoT X JAIbHEHIIYI0 SKCILTyaTal{io, OCTPO CTOMT BOIPOC MX IUIAHOBON
3aMeHbl. OOBIYHO HEOOXOAMMBIA MHHHAMAIILHBIN 3arac IIMajl BCErJa HaXOMUTCS B PACIOPSHKCHHU OOCITYKHBArO-
muX myTh Opuraza. YUto kacaeTcs AepeBsSHHBIX OPYChEB, JUIMHA KOTOPBIX HA CTPEJIOYHOM IEPEBOJIE IOCTHraeT 5 M, —
He BCErJa B KOPOTKUI CPOK CYIECTBYET BO3MOXKHOCTb ONIEPATUBHO UX 3aMEHUTH BBy OTCYTCTBUS JAHHOTO TUIO-
pasmepa. [loatomy B paboTte mpeanoxeHsl 1 000CHOBAaHBI T€OMETPHUECKHE Pa3Mephl DJIEMEHTOB COSIMHEHHS IBYX
NoJTyOpyChEB WIIH LINaN B €AUHYIO XKECTKYI0 KOHCTPYKIIHIO, KOTOPasi IO CBOMM XapaKTepHCTHKaM HE OTIINYaeTCsl OT
crutonrHoro Opyca. MeToauka. ABTOPHI pacCMaTpHBAIN JITOPUTM pacdeTa COCIMHEHHUS ACPEBSHHBIX HIICMEHTOB
1 MaTeMaTHYECKHEe MOJIEIIH, ONMCHIBAIONINE YIIPyTue cBoiicTBa ocHOBaHMsA. OnpeneneHa HanOosee ajleKBaTHasT Me-
TOJIMKA, KOTOpast B MIOJTHOM Mepe XapaKTepH3yeT MPOIECCHl B3aUMOICHCTBHS Opyca B BHIE OaKi KOHEUHOH JUTHHBI
Ha Gayutacte. Pe3yabTatel. KadecTBeHHas 1 KOMMYECTBEHHAs BepuHUKaLUs Pe3yIbTaToOB MI0Ka3ajda OUYeHb XOpoIIee
COBIIA/ICHHE IMOTYYEHHBIX 3HAUCHMH M3rMOAOINX MOMEHTOB, MONEPEYHBIX CHI M IPOrHO0B METONOM KOHEUYHBIX
pasuocteit (MKP) 1 aHaIMTHYECKMM METOAOM. DTO JAeT OCHOBaHHS YTBEPXKIATh, UTO TONYUICHHBIC TeOMETpHIE-
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CKHE pa3Mepbl HareJIbHOIO COCIMHEHNSI MOXKHO PEKOMEHI0BAaTh paOOTHHKAM ITyTEBOTO XO3SHMCTBA Ul COSAMHEHUS
JEPEBSIHHBIX IITa] B Opyc Ha CTPEJIOYHBIX MEPEBOAAX U Aaxe che3nax. Hayuynass HoBu3Ha. OGOCHOBaHbBI T€OMET-
pHYECKHE pa3Mephl HAareJIbHOrO COEAMHEHHS ABYX AEPEBSHHBIX MINaJ B Opyc JUId MIPUMEHEHHS HA CTPEIOYHBIX Ie-
peBonax. IlpakTuyeckas 3HaYMMOCTb. [IpeaoxkeHHas KOHCTPYKLUS COSAMHEHHS 1aeT BO3MOKHOCTh TTIOBTOPHOTO
NPUMEHEHHUS] CTApPOTOJHBIX OTPEMOHTHPOBAHHBIX JIEPEBSHHBIX INan U OpycbeB. /IaHHYI0 KOHCTPYKLUIO MOXKHO
MPUMEHSTH HE TOJIBKO JJIsl COSMHEHNUS] OOBIUHBIX AEPEBSHHBIX ILIaJ B OpyC HY>KHOM JUIMHBI, HO U JIJIsl CO3JIaHUS U3
MOJTYIINAaJ €JUHON KOHCTPYKIMU AJISl MaJOHArpy KEHHBIX Y4aCTKOB CTAaHIIMOHHBIX U MObE3AHBIX TyTEH.
Kniouegvie cnosa: nimana; 6pyc; ynpyroe oCHOBaHHe; HareJbHOE COSIMHEHHNE; METO]] KOHEYHBIX pa3HOCTei
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THE COUPLING ELEMENT CALCULATION
OF COMBINED WOODEN BAR FOR TURNOUTS

Purpose. The deficit of permanent way (PW) material elements leads to a revision of the re-use of old service-
able object after their replacement or repair. As an example is the following fact, that after the wear in the under-rail
area of wooden sleepers and beams, or other defects that prevent their further exploitation, there is an acute issue of
their planned replacement. Usually, the required minimum margin of sleepers is always in the track service brigades.
As for the wooden beams the length of which in the turnouts is up to 5 m, there is not always possible quickly re-
place them due to the lack of size in the short term. Therefore, the geometric dimensions of the connect elements of
the two halves of the beams or sleepers in a single rigid structure were proposed and justified and its characteristics
do not differ from solid beam. Methodology. The authors considered the calculation algorithm of wooden elements
connection and mathematical models that describe the elastic properties of base. The most adequate technique that
fully characterizes the interactions beam in the form of a beam of finite length on the ballast was determined.
Findings. The qualitative and quantitative verification of the results showed a very good agreement between the
values of bending moments, shear forces and deflections that were obtained by the finite difference method (FDM)
and the analytical method. It gives the reason to believe that the received geometric dimensions of nag connection
can be recommended to employees of track facilities to connect the wooden sleepers on the switches and crossovers.
Originality. The nag connection geometrical sizes of two wooden sleepers in the beam for using on switches were
substantiated. Practical value. The proposed joint design allows re-using of renovated old wooden sleepers and
bars. This design can be applied not only for the connection of conventional wooden sleepers in the beam of desired
length, but also to create the halves of a single sleeper designs for lightly loaded sections of the station and access
routes.

Keywords: sleeper; beam; elastic foundation; nag connection; finite difference method
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3JHUKEHHS ITUHAMIYHOI HABAHTAKEHOCTI POBOTH
MEXAHI3MIB Y HEPEXI/ITHUX PEKUMAX

Merta. [{ns 3HMWKEHHS JMHAMIYHUX HaBaHTAXXEHb Y MeXaHi3Max HEOOXiIHO IMEBHHMM YMHOM BHKOHYBATH BHOIp
pexuMiB iX pyxy. Takuit BHOip MOBHHEH 3/1IHCHIOBATHCH HA ONTUMI3AIiiHIi OCHOBI. MeTOI0 poOOTH € JOCIIKSHHS
METOJIIB CHHTE3y PEeXHMMIB pPyXy MeXaHi3MiB Ta MallIWH, sKi 32a0€31eYyI0Th ONTHMAIBHI PEXUMHU PyXy 3a TepMiHa-
JHHUMHM Ta IHTErpajJbHUMH Kputepisimu. Meroanka. [ npoBeseHHs 10CTIDKEHb BUKOPUCTAHO OJJHOMACOBY M-
HaMiYHy MOJENb MeXaHi3My. Y SKOCTI ONTHMi3aliiHUX KPHUTEpiiB BUKOPHCTAHO TEPMIHAJIBHUN Ta KOMIUICKCHUH
iHTerpanbHui kpurepii. [locTaBnena onrumizauiiiHa 3amaua po3B’si3aHa 3a JIOIIOMOTOI0 JMHAMIYHOTO MPOTpamMy-
BaHHS Ta BapiamiiHOTO YncIeHHS. Takox OyJI0 BHKOPHCTAHO MPSIMHU BapiallifHAN METOM, SKUH TO3BOJHB 3HANUTH
nvIie HaOMKEeHUH po3B’SI30K BHUXIJHOI 3a/1adi ONTHMANBHOTO KepyBaHHA. Pe3yiabTaTu. {1 KOXKHOTO 3 METONIB
pO3B’sI3aHHSA 3a7adi BCTAHOBIEHO CIIOCOOW 3a0e3MeUeHHS aOCONOTHOTO MIHIMyMYy TEepMIHAIBHOTO KpPHUTEPIIO.
OTpuMaHi B pe3yJbTari pillieHb XapaKTePUCTUKHU TTOKa3yIOTh IUIABHICTh 3MIHM KiHeMaTHYHUX (DYHKIIH IpH rainbMy-
BaHHI MeXaHi3My Ta BKa3yIOTh Ha TOCATHEHHS aOCOMIOTHOTO MiHIMYMY NPHIHATOTO Y pO3paxyHKaX TEPMiHATBHOTO
kputepito. HaykoBa HoBu3Ha. [Ipu po3B’s3yBaHHI 3a7adi ONTHMAaIbHOTO KEPYBaHHS METOJIOM AMHAMIYHOTO TpPO-
rpaMmyBaHHs JUIsl JOCSITHEHHsI a0COJIIOTHOTO MiHIMYyMY TEPMiHaJIbHOTO KPUTEPIIO Y PIBHSHHS JUHAMIKH PyXy CHUCTe-
MU HEOOXiTHO BBOJUTH HOBI 3MiHHI. B 3arajibHOMy BHUIAIKy Ui TOCSATHEHHS MiHIMyMY TEPMiHAJIBHOTO KPUTEPIiO
N-ro TOPSIIKY PO3B’SI30K ONTHUMI3alliifHOI 3amaui HeoOXimHo mrykatd BimHOCHO (yHKkiii (N+1)-ro mopsaky. Ilpu
PO3B’s13aHHI ONTUMI3ALIIHUX 3a]lad4 METOJI0M BapialliiHOTO YHCIICHHS ISl TOTO, 00 3a0e3MeYnTH MIHIMYM TepMi-
HAJILHOTO KPUTEPIiI0 N-TO MOPSAKY, IUITXOM BHOOPY BIIIOBIAHUX KPaHOBHUX YyMOB, HEOOXITHO PO3B’sI3aTH PiBHIHHS
Eiinepa-Ilyaccona 2(n+1)-ro mopsaky (3a yMOBH CHMETPHYHOTO 3aaHHs KpaiioBuX yMoB). [laHe piBHSHHSI, B CBOIO
4yepry, € HeoOXiJHO YMOBOI eKCTpeMyMy OYHKIIOHATy 3 IMiTiHTerpaJbHAM BHpasoM (N+1)-ro mopsaky.
[pakTnyna 3HaunMicTh. MiHIMI3aIis TPUAHATOTO Y pO3paXxyHKaX TEPMIHATHHOTO KPUTEPIIO JTa€ 3MOTY YCYHYTH
yaapu y KiHEMAaTHYHHX 3aYeIUICHHSIX MEXaHi3MiB, IO, Y CBOIO 4epry, MiABHUINYE iX IOBToBiuHICTH. Kpim TOTO,
3HIDKCHHSI IHTCHCHBHOCTI HAPOCTAHHS IIPUCKOPEHHS BeAy4ol MacH cucTeMu (HampUKiIag, POTOpa €IeKTPOIBUTYHA)
JIa€ 3MOTY 3HH3UTH HeOa)kaHi eHepProBTPATH IPUBOLY.

Kniouosi cnosa: ontuManpHe KepyBaHHS, TePMiHAIBHIN KPUTEPil; JTUHAMIYHE [IpOrpaMyBaHHs; Bapialliiine 4u-
CJIEHHSI; KpalioBa 3aja4a
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Beryn

Hocmanosxka npobremu. CydacHi MexaHI3MHU
1 MallMHM XapaKTEepPHU3YETbCS 3HAYHOIO IHTEHCHUB-
HICTIO €KCIUTyaTallii, 0 OB’ sA3aH0 3 MparHeHHIM
M IBUAITATH MMPOAYKTUBHICTH iX poboTH. BomHouac
JI0 MEXaHI3MiB BUCYBAIOTh JKOPCTKI BUMOTH CTOCO-
BHO HaJIIHHOCTI, 3pyYHOCTI €KCIUTyaTaIlii Ta eHep-
roedexTuBHOCTI. BKazana CyKymHICTHP BHMOT Cy-
MEepeYnTh YMOBI BUCOKOT MPOAyKTUBHOCTI. L5 cy-
MEPEYHICTh BHPIIIYEThCS HA OCHOBI BHOOpPY pe-
JKUMIB pyXy MEXaHi3MiB Ta MaIllUH, SKHHA TI€K YA
HIIIOK0 MIpPOI0 JI03BOJISIE 3a/I0BOJLHUTH OCHOBHI
BUMOTH 10 pOOOTH MEXaHi3MiB.

HeoOxigHO BIAMITUTH, IO 3HAYHUN BIUIMB Ha
e(eKkTuBHICT, POOOTH MamuHU abo MeXaHi3My
MaroTh nepexigHi pexxumu. CaMe Imij| 4ac nepexij-
HUX PEXUMIB PyXy MEXaHi3MiB y iX eleMeHTax
BUHUKAIOTHh 3HAYHI JUHAMIYHI HABAHTAXECHHS, SKi
3HIDKYIOTH JIOBIOBIYHICTh MeXaHi3MiB. s 3HH-
JKEHHS AMHAMIYHMX HaBaHTaKEHb Yy MeEXaHi3Max
HEOOXiTHO TIeBHMM YWHOM BUOWpATH PEXKHUMHU iX
pyxy. Bubip pexumiB pyxy HEOOXiTHO BUKOHYyBa-
TH Ha ONTUMI3alliiiHili ocHoBi. lle o3Hayae, mIO
MIEPeXiHI PeKUMHU PyXy MAalOTh OYTH ONTHUMAIlb-
HAMH, TOOTO 3aIOBOJIGHATH OOpaHW Ha OCHOBI
pEeKOMEeH Al Ta aHaIi3y poOOTH MEXaHi3My OJMH
abo nexinbka KpUTepiiB omTumizamii. 3a3HauuMo,
[0 TAKUMH KPHUTEPISMHU € IHTeTpaJIbHI Ta TepMiHa-
npHI QyHKIioHam. OCHOBHI BUMOTH, SIKi BHCYBa-
IOTBCSI 10 POOOTH MEXaHi3MiB, Y MaTeMaTHYHOMY
BUTIISA BUPAXKAIOTHCS 4Yepe3 ONTHMi3alliifHi Kpu-
Tepil.

VY 1boMy IOCIHIIPKEHHI po3B’sI3aHO 3a/1a4y CHH-
Te3y PEeXUMIB pPyXy MeXaHi3My i3 Hamepen 3aja-
HOI0 BHMOTOIO. Ha IOYaTKy PYyXYy NPHCKOPEHHS
MeXaHi3My IMOBUHHO OyTH HyNboBHM. Lle nae 3mo-
Ty 3HU3UTH PiBE€Hb NTUHAMIYHUX HaBaHTAXCHb 3a
paxyHOK 3HIDKEHHS MIBUAKOCTI BUOOPY 3a30piB Ta
MPAaKTUYHO YCYHYTH HeOakaHi KOJHMBHI NpOLECH
y MexaHi3Max.

Ananiz docniodcenv ma nyonikayiu. 3anex-
HICTh MK PSKHMaMH PyXy MAaIllFH Ta TUHAMIIHH-
MU HaBaHTOKCHHSMHU B HHX JOCIikeHa y Oara-
ThOX mpansx [6, 11, 13, 15, 16]. V pobotax [2, 3,
5] BCcTaHOBIIEHO BILIMB HAsSBHOCTI 3a30py y Iepe-
Jadax Ha (opMyBaHHS KOJIMBHUX IPOIIECIB Y MPY-
JKHHUX €JIEMEHTaX MEXaHi3MiB, 30KpeMa Ha aMILIi-
TyIW 3yCWIIb i MOMeHTIB. [y 3HIKeHHS HeOaxa-
HUX IUHAMIYHVUX HABAHTAXXEHh HEOOXIOHO BUKO-
HYBaTH IUIaBHUHA BHOIp 3a30piB y KiHEMaTHYHUX

3aUeIIeHHAX MeXaHi3MiB [3, 4], skuii BUKOHAHMIA
Ha ONTHMIi3alliiHii ocHOBI. KpiM Toro, Takuii mij-
XiJl 1a€e 3MOry MiIBUIIUTH CHEPreTUYHI MOKA3HUKU
pobotu MamuH [1, 9].

MeTta

MeTtoro poOOTH € TOCIIIKSHHSI METO/IIB CHHTE-
3y PeKUMIB pyXy MeXaHi3MiB Ta MaIlIWH, SKi 3a-
0e3nedyoTh ONTUMAIBHUN PEKUM IX PYXYy 3a Tep-
MiHaJIbHUMH Ta IHTErpaATbHAMHU KPUTEPISIMH.

Metoauka

JlnHamika 3HAYHOI KiJIbKOCTI TEXHIYHHX CHC-
TEM, HANPHUKIa[, IiAHOMHO-TPAHCIIOPTHUX Ma-
IIMH, MOX€e OyTH ONHUCaHa y TIepIIOMY HaOIMKEH-
Hi 32 JIONOMOT 00 T (hepeHIiaTbHOTO PIBHAHHS:

mX=F W, 1)

Je M — 3BeJeHa 0 NOCTYNAJbHOIO PyXy Maca
CHCTEMH; X — y3araibHEHa KOOPIMHATA CHCTEMHU,
F - 3Bemene pymwiiine 3ycwmuis mpusomy; W —
3BElICHa CHJIa CTaTMYHOTO OINOPY PYXY CUCTEMH.
Kpamka Han cuMmBosioM oO3Hauae mud)epeHITiIoBaH-
HS 32 YaCOM.

Jns 3MEHIIeHHS JUHAMiYHUX HaBaHTaKEHb
y TIOYaTKOBHA MOMEHT PYyXy CHCTEMH HEOOXiIHO
3a0e3MeYnTH MiHIMYM TEPMIHAIBHOTO KPUTEPIIO!

Ter =(%(0))* — min. )

Kpim Toro, 6ynemo BuUMararty, mob pexxum py-
Xy cHUCTeMH 3a0e3ledyBaB MiHIMyM 1HTETPaJIbHOTO
(dhyHKIiOHATY:!

.
= [(8,% +8,%° +8,% +8,X°)dt > min, (3)

0

ne T — TpuBadicTh MepexigHoro MPoIecy; d; — KO-
e(dimieHTH, AKi BPaxOBYIOTh Bary BilITOBITHUX J0-
mankiB (i=1, 2, 3, 4) i cyMa SKHMX piBHA OJMHHII.
[epmmit Ta Apyruil TOAaHKH y MiTIHTETPATLHOMY
Bupasi (3) BCTAHOBIIOIOTH «IIIHY» TEPEXOay IH-
HAMIYHOT CHCTEMHU 3 MOYATKOBOIO y KIiHIIEBE IO-
noxeHHs. ToOTo «mTpadyrOThCI» Ti MOJOKESHHS
IUHaMigHOI chucTeMH y (a30BOMY IMPOCTOPI, SKi
XapaKTEpU3YIOThCS 3HAYHOIO BIIJAIICHICTIO Bif
Io4aTky KoopawHaT. TpeTidt JoJaHOK y MimiHTer-
pansHOMY BHpasi (3) BH3HAuYa€e «IiHy» KepyBaHHS
MUHAMIYHOIO cHCTeMOr. [l  eneKTponpuBoOay
MIHIMI3allis i€l CKIIa0BOT 3HIKYE €IICKTPOMAarHi-
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THAH MOMEHT i, SK HACIIIOK, 3MiHHI €JIEKTPUJHI
BTpatu y npuBozi [12], uro migsuirye eHeproedex-
TUBHICTH pOOOTH cucTeMH. YeTBepTuil A0maHOK
y migiHTerpansHOMy Bupasi (3) He gomyckae ii me-
pEeBaHTaXeHb, SIKI MOKYTh BHHHUKHYTH IIPH CIIPO-
0ax MBUAKOI 3MiHH PYLIIHHOTO 3YCHJUIS MPUBOIY
3a paxyHOK II0Jadi Ha EJIEKTPOJBHIYH 3HAYHOI
Hampyru kuBlieHHs. ONTUMAaIbHUN 3aKOH pPyXy
JIMHAMIYHOI cCUCTeMHU OyJIeMO IIyKaTH Ha TPAEKTO-
pisix, sIKi 3aJ0BOJILHSIOTH KPAOBUM yMOBaM:

{X(O) = s‘o, X(0) = vy; @
x(T)=x(T)=0,

e S, Ta V, — MOYaTKOBE MOJOKEHHS Ta IIBH[I-
KIiCTh PYXY CHCTEMH BiIIOBiTHO. UMCIIOBI 3HAYEH-
Hs IapaMeTpiB S, Ta V, BH3HA4YarOTh BH]J Iepexi-
JIHOTO pexxumy (Iyck abo TajIbMyBaHHS).

st po3p’sizanns 3a1a4i (1)—(4) Bukopucraemo
nuHaMivHe mporpamyBanHs [10]. @yHkuioHambHe
piBHsiHHS bennmana amst kpurepito (3) Mae Takuit
BUTJIS;

min[&,x7 +8,X5 +8,u” +8,0° +

+§x2+§u +§¢]=O, (5)
0% 0X, ou

ne S — ¢yskuis bemmana. Y Bupasi (5) i B mona-
JBIIIOMY BHUKJIAAI Marepialy BHKOPHCTaHI IO3Ha-

. . F-w .

YeHHSI. X=X, % =X,, X, =U, UzT, u=¢.
MiHiMyM mpaBoi yactuHH piBHSHHS (5) Oyaemo
UIyKaTH 3a TmapaMeTpoM ¢, Uil IbOTo npoaude-
pEHIIifoeEMO ii 3a ¢ Ta MPUPIBHIEMO OTPUMAaHE IO
HyJs. Y pe3ynbTaTi po3B’si3yBaHHS 3HAWIAEHOTO
piBHSHHS Oy1eMo MaTu:

165
-2 6
¢ 25, ou ©

IMizcraBuMo 3Haiinenuii Bupa3s (6) y piBHAHHS
(5) Ta oTprMaemMo HelniHiliHe AU(EpeHIliaTbHe PiB-
HSIHHSI TIEPIIOTO MOPSAKY Y YACTHHHUX TTOXiTHHX:

oS oS
8% +8,(8,%, +8_x1) +u(8,u +8_x2) -
1 65,
1 By 7
45, (8u) ()

Po3B’s130k HeMiHINHOTO AU(EPEHIIABEHOTO Pi-
BHSIHHS y YaCTUHHUX MOXiaHux (7) Oyzaemo mryka-
TH Y BUIJISII1 KBaJIpaTHYHOI (POPMH:

S=AX +AX5 + AU+
+A XX, + AU+ AgXoU . 8)

BizsMeMo wacTHHHI mOXigHi 3 Bupasy (8) 3a
mapameTpamu X, X, ta u:

0S/% = AU +2A % + A Xy, 9)
0S/ X, = AU + AX, + 2AX,, (10)
0S/ou =2Au + AX + AgX,.

[Migcrarnstoun Bupasu y dopmyny (7) ta Bu-
KOHYIOYH CIIPOIIECHHS OTPUMAHOro, OyaeMo MaTu
CUCTEMY PIBHSIHbB, 3 SKOi HEOOXIJHO 3HAWUTH HEBI-
Jomi koedimientn A;, A, ta A;. Bubip nux xoe-

(11)

(bImieHTIB 3yMOBJICHHA THM, IO ITyKaHa (QYHKITiS
¢, 3rigHo 3 Bupazamu (6) Ta (11), 3aneKuTh came

BiJl HAX. 3alUIIeMO CHCTEMY DPiBHSIHbB, Ky HE00-
X1JTHO pO3B’s3aTH:

As +8; 8,43 =0;
8,—0,258, 42 =0;
A, A8, +8,-0,258," 42 =0,

(12)

3HAWIIOBITN HEBiZIOMi KOe(illieHTH Ta BiJKH-
HYBIIM Ti 3 HUX, SKi CYINPOBO/DKYIOTBCS BTPATOIO
CTIHKOCTI pyXy IUHAMIYHOI CHCTEMH, MOXKEMO
BBaXKaTH, IO 3ajada PO3B’s3aHa, OCKUIbKUA 3HAM-
nena Qynkmis ¢=¢(U, X,, X)), sAKa MiHIMI3ye
Kpurepiii (3).

OpHak, JUId IPaKTHYHOI peai3allii OTpUMaHuX
pe3yibTaTiB HEOOXiTHO 3HAWTH (YHKINIO U, sKa
nponopuiiiHa pyuriiHoMy 3ycwuto F . Jist uporo
sanuiieMo piBHsHHS (6) i3 BpaxyBanuam (11)
y TAKOMY BUIJISII:

U+2A3U+A5X1+A“X2=0,

13
= (13)
Ipoiurerpyemo Bupas (13) Ta oTpuMaeMo:
A A A
Uu=—-——>|xdt——x-——x,+C,, (14
25 I 7%, X 5, 2 (14)

ne C, — nocriifHa inTerpyBaHHs. [l 3HaXOKEHHS

C, BukopucraeMo mo4aTkoBy ymoBy U(0)=u,.
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TakuM YUHOM, OTPUMAEMO!

2AV, + AgXy

_ 0
C=Uy+———— (15)
20,

Ilepexonsdau 10 MPUAHATHX HA MOYATKY TOCITI-
JKCHHA II03HA4YCHb 3MiHHI/IX, MOXEMO 3altucatu

Bupa3 (15) y Takomy BUTIISIII:

F =(—%J‘xdt+u0 +6i(vo -X)+

4

+i(x0 —X))m+W.

% (16)

3azHaunmo, 1o kputepiii Ter (2) nabysae ab-
COJIIOTHOTO MiHIMyMY, SKHH pIBHHH HyJI0, 3a
ymoBu X(0)=0. Buxomsuu 3 piBHsHHs (16), 1s
yMOBa BUKOHY€ThCS HpH U, =0. Takum dnHOM,
3a7aya MiHimizamii TepmiHaasHOro (2) Ta iHTErpa-
JBHOTO (3) KpUTEPIiB pO3B’sA3aHA.

3amaui (1)—(3) mMokHa po3B’sI3aTH TaKOXK 3a
JIOTTIOMOTOK0  TIPAMOTO Bapiamiiinoro meroxy [7].
s 11pOro  BiAIIYKAEMO PO3B’SI30K TPUTOYKOBOT
KpaioBoOi 3a/1a4i:
IX

x =0
X(0) = X,; X(0) =V,; X(0)=0;

(3wl
2) M 2) ®2) ™

x(T)=0; x(T)=0; X(T) =0,

ae §,, 0,, 0; — mapaMmeTpy, siKi HEOOXiJHO BH3HA-

YUTH. 3a3HAYMMO, L0 33/1al04M KPaioBI yMOBH
(17), Mu ampiopi BUMara€Mo HyJIbOBE ITOYATKOBE
Ta KIiHIEBE NPUCKOPEHHS, TOOTO 3abe3rnedyeMo
a0COMIOTHI MIHIMyMH TEpMiHAJBHUM KpUTEPisM

(2) Ta (X(T ))2 Hanani chopMyemo migiHTerpaisb-
Huil Bupa3 QyHkuioHany (3) Ta BUBHAYMMO iHTET-
pai (3). BiamiTumo, o Bu3HaveHuil inTerpan (3)
€ (yHKIII€I0 HEBIIOMHUX MapaMeTpiB 0, 0, Ta 0,

mig0opoM SKHUX MOXHA JOCATHYTH MiHiMi3arlii
kputepito (3). s 1boro HEOOXiqHO pPO3B’sA3aTH
CHCTEMY PiBHSIHE:

ol/og, =0, i=1,2,3 (18)

BIJIHOCHO HEBIIOMHMX HapaMmeTpiB ¢, (, Ta 0.
[TimcTaHoBKa 3HAWIEHUX TapaMeTPiB y PO3B’I30K

KpaitoBoi 3amaui (17) mae 3Mory orpumary HaOIId-
*KeHui po3B’ 30k BuxiaHoi 3axadi (1)—(3).
3amauy (1)—(3) po3B’sHKEMO TaKOX 3a JAOIIOMO-
roro BapiamiiHoro uucieHHs. s nporo 3amuiie-
MO HEOOXiTHYy yMOBY MIHIMyMy iHTETpaIbHOTO
KpuTepito — piBHsiHHS Efinepa-Ilyaccona:
\;—§¥+6—2X‘—ix=0.
4 4 4

(19)

Jnst pos3s’sizanns piBHaHHS (19) HeoOXimHO
3HANUTH KOPEHI XapaKTePUCTUIHOTO PIBHIHHSA, SIKE
€ anreOpaluHUM PIBHSIHHSIM IMOCTOTO CTEICHS.
3HAWTH KOPEHI PIBHSAHHS BHIIE YETBEPTOrO CTEIIe-
HS Y pajauKanax HeMoxiauBo [14]. st Toro mo6
3a0e3MeunT MIHIMI3aIll0 TEPMIHAILHOTO KpHUTE-
pito (2), mMoaudikyeMo iHTErpagbHUI KpUTEpIii:
noxyIanemMo 0;=0,=0. Y 1poMy BUNIaAKy TudepeH-

mianeHe piasgHEA  (19) Oyme MaTm  Takwuii
pO3B’S30K:
BB Yy
x=|e'%C, +e 64C2 |+
O3
+C, +C,t + Cit? + Cit®, (20)

ne C,,...C, — mocriiiHi iHTerpyBaHH, SKi BU3HA-

YalThCS BUXOMSUM 3 KpalOBUX YMOB PyXy JHMHA-
MiYHOI CHCTeMH. 3aal0uu OJHY 3 KPaOBHX YMOB
X(0)=0, orpumaemMo abCOMIOTHHI MIHIMYM Tep-

MiHaNbHOTO KpuTepito (2). ko 3a ymoBamu 3a-
Iadl He BHMAaracTbCcsl MiHIMI3aLisd CKJIaIOBUX BH-
COKOTO TIOPSIKY, SKi © JO3BOJMIIM 3a0e3NMednTH
MiHIMI3aIlif0 BiITOBIHOTO TEPMIHAIBHOTO (PYHK-
LIOHAJTY, TO HEOOXIAHO IIyKATH IHII MiIXOAU JJIs
BUpinIeHHs wiel npobnemu. OOUH 3 HUX MOJISTAE Y
BH3HAYEHHI TaKUX 3HAYEHb BAroBWX Koe(iIli€HTIB
Yy CTPYKTypi HTETpaJIbHOTO KPHUTEPiI0, MPH SKHX
3a0e3MmevyIoThCs a0CONMIOTHI MIHIMYMH TepMiHa-
JBHUX KpHUTEPiiB [8].

Pe3yabTarn

Pesynbrarty, siki OTpUMaHi Ipu po3B’sI3aHHI 3a-
nadi (1)—(3) MeroaoM THUHAMIYHOTO MpOrpamy-
BaHHS, MPOUTIOCTPYEMO 3a IONOMOTOI0 TpadikiB
(puc. 1). Ananoriuni rpadiku HaBeaeMO s pe-
3yJbTATIB PO3B’s3aHHS 3ajadi 3a JOTIOMOTOK0 Tps-
MOro Bapiamiiinoro meroxy (puc. 2) Ta Bapialriii-
Horo yncnerns (puc. 3).
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0.5 Puc. 2. I'padiku quHAMIKH pyXy CHCTEMHU
TIpH PO3B’sI3aHHI 3a1a4i
MIPSIMAM BapialliifHIM METO/IOM:
a — $a30Buil MOPTpET; 6 — NPUCKOPEHHS
i 5 ’5\%—5———6 he Fig. 2. Graphs of system motion while solving
the problem using the direct
variational method:
a — phase portrait; b — acceleration
. L X, arfe
0.5 a—da 1.0
~1.0¢
Puc. 1. I'padiku quHAMIKH pyXy CHCTEMHU
IIpH PO3B’sI3aHHI 3a/1a4i METOAOM
JMHAMIYHOT'O ITPOTrpaMyBaHH:
a — (azoBuii mOpTpPeT; 6 — MPUCKOPCHHS - x, &
Fig. 1. Graphs of system motion in solving 6—b % i
the problem using dynamic programming: 1 2 54 s b
a — phase portrait; b — acceleration
0.05
—0.10
Bci orpumani xapakrepuctiku (auB. puc. 1-3) .
BKa3yIOThb Ha IUIABHICTh 3MIHH KiHEMaTHIHHUX
(GYHKUIH Tpy rajdbMyBaHHI MEXaHi3My Ta JIOCST- 0.20
HEHHs aOCOJIIOTHOTO MIHIMyMY TEpMiHaJIbHOTO
KpuTEpito (2). Puc. 3. I'padiku TUHAMIKH PyXy CHCTEMH

IIpH PO3B’s3aHHI 3a/1a4i 332 JOIIOMOT OO
BapiaiiHOro YHCIICHHS:
a — (ha3oBHii MOPTpPET; 6 — MPUCKOPCHHS

Fig. 3. Graphs of system motion when solving
problems using variational calculation:
a — phase portrait; b — acceleration
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HaykoBa HOBH3HA Ta IPAKTUYHA
3HAYUMICTh

[pu po3p’s3anHi 3amayi (1)—(3) mMeromom muHa-
MIYHOTO TIPOrpaMyBaHHs IS TOCSATHEHHS aOCOIIOT-
HOTO MIHIMyMy TepMiHAIBHOIO KpHTepito (2)
y pIBHSHHSI JMHAMIKH pyXy cUCTeMH Oyjia BBeleHa
HOBa 3MiHHA — IIBWJKICTh 3MiHH TPUCKOPEHHS
(puBOK) ¢ 1 pO3B’A30K 3amavi 3HANICHO BiITHOCHO

i€t GbyHKil. Y3araipHIOI0UH, MOYKHa
BCTAHOBUTH TMPABUIO. JUISl JOCSTHEHHS MIiHIMyMY
TEePMIHATEHOTO KPHUTEPIIO n-ro TTOPSAKY

1 n
Ter,=f(T, X, X, ..., X,..., X) HEOOXiZHO PO3B’sI30K
ONITHMI3aliHOI 3a7avi IIyKaTH BiJHOCHO (YHKLII
n+l
X .

[Ipu po3B’si3aHHI ONTUMI3AMIMHNX 3a]1a4 METO-
JIOM BapialliiHOr0 YMCIICHHS JUIS TOTO, 11100 3a0e3-
NEYUTH  MIHIMyM  TEpMiHAJBHOTO  KPHUTEPIiIO
N-TO MOPAAKY, MUISXOM BHOOpY BIAOBITHUX Kpa-
HOBUX YMOB, HCOOXiTHO pO3B’s3aTH PiBHSIHHS Eii-
aepa-Ilyaccona 2(n+1)-ro nopsiaky (3a yMOBH cu-
METPHUYHOTO 3aJaHHS KpPaWOBHX YMOB), SKe,
y CBOIO YEpry, € HEOOXITHOIO YMOBOIO €KCTpEMY-
My (QYHKIIOHAITY 3 TiIiHTETpAILHUM BUPa30M
(n+1)-ro nopsaky.

BHKOpUCTaHHS TPSMOTO BapialiiHOro MeToxy
JTO3BOJISIE ampiopi 3a0e3meInTH a0CONMIOTHIN MiHi-
MYM TEPMIHAIBHOTO KPHUTEPIitO (2).

VY nmpakTHYHOMY IIJIaHi MiHIMi3alis TepMiHaIb-
HOro Kpurepito (2) ma€ 3MOry YCYHYTH yIapw
y KIHEMaTHYHUX 3a4CIUICHHSAX MEXaHi3MiB, IO,
Yy CBOIO uepry, MiIBUIIY€E iX IOBrOBiYHiCTh. Kpim
TOTO, 3HIKEHHS IHTCHCHBHOCTI HAapOCTaHHS IIPH-
CKOPEHHSI Bey4ol Macu cucTeMu (HampHkiaz, po-
TOpa eNeKTPOABUTYHA) Ja€ 3MOTY 3HU3HTH HeOa-
’aHi CHeProOBTPATH MPHUBO/TY.

BucHoBku

Y po6oTi po3po0sIeHO METOU JTOCITHEHHS a0-
CONIIOTHUX MIHIMYyMIB TEepMiHAIBHUX KPHUTEPIiB
MIpH PO3B’SI3aHHI 3a7a4 ONTHMAJIEHOTO KEPYBaHHS
pPyXoM AMHaMIYHMX cucTeM. HaBejeHO mpukianu
pO3B’s13aHHS 3a/1a4i 3a JOMOMOTOI0 METOJIIB Bapia-
[IITHOTO YMCJICHHS, AMHAMIYHOTO MPOrpamMyBaHHS
Ta TPAMOTO BapiamiiHoro meroxy. Po3pobreni y
poOOTI METOAM 3BOJSATHCS JO 3aJaHHS BIAMOBIN-
HHUX TIOYAaTKOBHX YMOB pyXy cuctemu. Kpim toro,
BUKOHAHO Yy3arajibHEHHS pO3POOJICHUX METOIIB
UL TepMiHAIBHUX KPHUTEpIiiB N-ro mopsaky. Bu-

KOPHUCTAHHS TIPH CHHTE31 PeKUMIB PyXy MAaIlIMH Ta
MEXaHI3MIB pO3pO0JICHHUX METOIIB JIa€ 3MOTY yCy-
HYTH yJapy y KiHEMaTHYHUX 3a4CTICHHSX Ta ITiJI-
BUIIMTH JTOBIOBIYHICTH MAIIIVH.
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CHUXXEHUE JUHAMUYECKOM HAT'PYKEHHOCTHU PABOTHI
MEXAHUM3MOB B IIEPEXO/HBIX PEXKUMAX

Hean. st cHIOKEHUS] JUHAMMYECKUX Harpy30K B MEXaHM3MaxX HE0OX0AMMO OnpeiesieHHbIM 00pa3oM BBIOUpaTh
PEKUMBI MX ABMKEHHS. Takoil BBIOOp JOJDKEH OCYIIECTBISATHCS HA ONTHMHU3AIIMOHHON ocHOBeE. Llenpio paboTh! sB-
JISIETCsl MCCIIeIOBAaHUE METOJIOB CHHTE3a PEKUMOB JIBIDKCHHSI MEXaHH3MOB M MallWH, KOTOpbIe 00ECIIeYnBaIOT OIl-
TUMAJIbHBIE PEXXHMMBI JBIJKEHHS [0 TEPMUHAIBHBIM M HUHTETpalbHbIM KpuTepusM. Meroauka. s mpoBeaeHus
WCCJIEIOBaHUH HCIIONB30BaHA OJHOMACCOBAsl JUHAMHUYECKas MOJENb MEXaHHW3Ma. B KadecTBe ONTHMU3AIIMOHHBIX
KPUTEPUEB MCIOIB30BaHbl TEPMUHAIBHBIN 1 KOMIIEKCHBIH MHTETPAIbHBIN KpuTepHd. [locTaBineHHas onTHMHU3aIm-
OHHasl 3ajlaya peIIeHa C MOMOIIbI0 JMHAMHUYECKOTO IPOrpaMMHPOBAHMS M BapHUAIllMOHHOTO HMCYMCICHHS. Taroke
OBLT MCTIONIF30BAH MPSAMON BapHAIlMOHHBIN METO/, KOTOPBIH MO3BOJIII HAWTH TOIBKO NMPHOIIMKEHHOE PEIIeHUE HC-
XOIHOW 3aJjaul ONTHMAJIBHOTO ympasieHus. Pe3yabTaThl. /s KaXI0r0 U3 METO/IOB PEIICHHUS 33aJaul YCTaHOBIE-
HBI crI0co0BI oOecrieueHns aOCONIOTHOI0O MHHUMYMa TEPMUHAIBHOTO KpuTepus. IlonmyueHHbIe B pe3ybTaTe pele-
HUH XapaKTCPUCTUKH IMMOKA3bIBAIOT IJIABHOCTH U3MCHCHUS KUHEMATUYCCKUX (1)yHKL[HI>1 IIpyU TOPMOKECHNU MCXaHN3Ma
U YyKa3blBAalOT Ha JIOCTH)KEHHE aOCOJIOTHOIO MHHHMMYyMa IPHUHATOIO B pacyeTax TEPMHHAIBHOTO KpPUTEpUS.
Hayynass wHoBm3Ha. Ilpum pemeHun 3a7aud  ONTUMAIBHOIO  YNpaBJIEHHS METOAOM  JHHAMHYECKOTO
MIPOTrPaMMHUPOBAHUS ISl IOCTIIKEHUST aOCOTIOTHOTO MUHUMYMa TEPMHHAIBHOTO KPUTEPHSI B YPaBHEHUS AUHAMUKHI
JIBIDKCHUSI CHCTEMBI HEOOXOJMMO BBOJMTH HOBBIE IEpeMeHHble. B o0meM ciyyae il TOCTHKEHUS MUHHMYyMa
TEPMHUHAIBHOTO KPUTEPHs N-TO MOpPs/IKa PElICHHE ONTHMH3alMOHHON 3aJaull HEOOXOAMMO HCKaTh OTHOCHTEIBLHO
¢bysakiun (N+1)-ro mopsiaka. Ilpy penieHnr ONTUMH3aIMOHHBIX 331a4 METOJOM BAPUALMOHHOTO MCUMCICHHS IS
TOTO, YTOOBI 00ECNEUYNTh MHUHUMYM TEPMHHAIBHOTO KPHUTEpUS N-TO TMOpSAAKa MyTeM BBIOOpA COOTBETCTBYIOIIMX
KpaeBbIX YCJIOBHi, HEOOXOOMMO peInuTh ypaBHeHue Oitnepa-Ilyaccona 2(n+l)-ro mopsaka (mpu ycnoBuu
CHMMETPUYHOTO  3aIaHWsl KpaeBbIX ycioBuii). JlaHHOe ypaBHEHHWe, B CBOIO  OdYepeldb, SBISICTCS
HEOOXOIMMBIM YCIIOBHEM JKCTpeMyMa (YHKIMOHANA C MOAMHTEIPAIbHBIM BbIpakeHueM (N+1)-ro mopsaka.
IIpakTnyeckass 3HAYMMOCTb. MUHMMH3AIUS TNPUHATOTO B pacueTax TEPMUHAJIBHOIO KPUTEPUS TO3BOJISET
YCTpaHUTh YyJdapbl B KHHEMATHYCCKUX 3alCIVICHUAX MCXaHU3MOB, UYTO, B CBOIO O0OY€pCAb, MOBBIIIACT HUX
JOJIrOBCYHOCTD. KpOMe TOTO0, CHMXCHHUEC HWHTCHCHUBHOCTU HapaCTaHUA YCKOPCHUA Be,uymeﬂ MacCCbl CHCTCMbI
(mampumep, poTopa 3IEKTPOIBUIATENIS) MO3BOJISIET CHU3UTH HEXKeNaTebHbIC YHEPronoTepH IPHBOIA.

Kniouesvie cnosa: ontuManbHOE yIpaBieHUE, TEPMUHAIBHBIN KPUTEPHUH; TUHAMUYECKOE MPOTPaMMUpPOBAHHUE;
BapUallMOHHOE UCUUCIICHNE; KpaeBas 3a/1a4a
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DECREASING OF MECHANISMS DYNAMIC LOADING
AT THE TRANSIENT STATE

Purpose. It is necessary to select modes of motion to reduce the dynamic loads in the mechanisms. This choice
should be made on optimization basis. The purpose of research is to study methods of synthesis regimes of mecha-
nisms and machines motion that provide optimal modes of movement for terminal and integral criteria.
Methodology. For research the one-mass dynamic model of the mechanism has been used. As optimization criteria
the terminal and comprehensive integral criteria were used. The stated optimization problem has been solved using
dynamic programming and variational calculation. The direct variation method, which allowed finding only ap-
proximate solution of the original problem of optimal control, has been used as well. Findings. The ways of ensur-
ing the absolute minimum of terminal criterion have been set for each method of problem solving. The stated char-
acteristics show softness changes of kinematic functions during braking of mechanism. They point to the absolute
minimum of adopted terminal criterion in the calculation. Originality. It is necessary to introduce new variables in
the system equations during the solving of optimal control problems using dynamic programming to achieve an ab-
solute minimum of terminal criteria. In general, to achieve a minimum of n-order terminal criterion an optimization
problem should find relatively (n+1)-th order function. When optimization problems is solving by variational calcu-
lation in order to ensure a minimization of n-th order terminal criterion by selecting the appropriate boundary condi-
tions, it is necessary to solve the Euler-Poisson 2(n+1)-th order equation (subject to symmetric setting boundary
conditions). It is a necessary condition for an extremum of the functional with the (n+1)-th order integrant.
Practical value. Minimizing of adopted terminal criterion in the calculation allows eliminate the brunt in kinematic
gearing of mechanisms, which increases their operational life. In addition, the reducing of the acceleration increas-
ing intensity of system driving mass (for example, rotor of electric motor) allows reducing undesirable energy losses
in a drive.

Keywords: optimal control; terminal criterion; dynamical programming; variation calculation; boundary problem
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MMPOBJEMA BU3HAYEHHSI TEPMIHY «HAJIIMHICTb>.
METOJ0JIOI'ISA HOBYJ0OBU TA BUBYEHHS HAIIHMHOCTI
BAHTAXHHUX BAI'OHIB

Mera. HaykoBa pobota cripsMoBaHa Ha PO3KPUTTS iCHYIOYOI MPOOIIEMH BU3HAUYCHHS TEPMiHY HAIIHHICTH» Ta
HaJTaHHS OOTPYHTOBAHOTO BU3HAYCHHS IIbOMY TepMiHY. B X011 mociimkeHHs mependadaeTbest po3poOka KOMITIEKCY,
KW BKJIIOYAE B cebe METOOJIOTII0 Ta BIAMOBIAHY TEPMIiHOJOTiIO, 1m0 Oyxe BimmoBimatu mificHOCTI. MeToguKa.
B nmammii wac icHye Teopis HAIIMHOCTI y BHUIJIII OKPEMOTO BHIIAJKY HMOBIPHICHO-CTATHCTHYHOI Teopii, sKa
BHUKOPHCTOBYETHCS ISl BH3HA4YCHHS abo mepenOadeHHs HAcTaHHS BiIMOB 00’ekta. B mexax icHyrouoi Teopii
chopMyIbOBaHUN TEPMIH «HAJAIHHICTH», BH3HAYCHI MapaMeTpH, siki Hanexarb 1o Hel. Pe3yabrarn. Ha ocHoBi
MIPOBEJICHOTO aHAJI3y JOCIIKEHb, B MeXaX iCHyI040i Teopii HaJiiHOCTI Ta OCOOMCTHX MIPKyBaHb aBTOPIiB poOOTH,
0yi0 chopMyIbOBaHE BU3HAUCHHS TCPMIHY «HAIMHICTH». 3alpOIOHOBAHO METOJOJIOTIIO MOOYIOBH Ta BHBUCHHS
HaxiiiHOCTI 00’€KTa Ha MpHKIaAl BaHTaXHOro BaroHy. HaykoBa HOBHM3HA. ABTOpaMH 3alpONOHOBAaHO HOBE
BU3HAYCHHS TEPMIHY «HAJIMHICTB». A came. HaIIiAHICTh — II¢ OIiHKa 34aTHOCTI 00’€KkTa 30epiraTtd 3aKiIajcHi
BJIACTMBOCTI B YCTaHOBJICHHMX MEXaxX 1 4acOBOMY IIPOCTOpPi, B yMOBax 30epiraHHsi W TPaHCIIOPTYBaHHS, a TAaKOX
BUKOHYBaTH HEOOXiTHI (DYHKIIT B 331aHMX PEKUMaxX EKCILTyaTallii 3 BUKOHAHHSAM TEXHIYHOTO OOCITyroBYyBaHHS Ta
peMoHTy 00’ekta. Jlo HamIHOCTI HajeXaTh MapaMeTpu. OE3BIAMOBHICTB, JOBrOBIYHICTh, PEMOHTOIPUAATHICTh Ta
30epeKyBaHICTh, SIKUMH XapaKTepH3YeTbcs 00’€KT. Tako po3poOiieHa METOIOJOTis MOOYINOBH Ta BHBYCHHS
HaIMHOCTI BAHTAXKHOTO BaroHa, fka OXOIUTIOE: 1) KOHCTPYKTOPCHKY, TEXHOJOTIUHY Ta eKCILTyaTalliiiHy HaJiiHiCTh;
2) HAyKOBUIl CKCHEPUMEHT, SIKMH BKJIIOYAE MOJCTIOBAHHS DPOOOTH BaHTA)KHOTO BAaroHa B DPIi3HHX yMOBax Ta
EKCIUTyaTaIliHIX pPeKUMax; 3) TEOpir0 HamiiHOCTI, MPEACTaBIeHy KOMOIHOBaHO ab0 MOIM(iKOBAHOK, IO
OXOILTIOE MaTeMaTHuHi Ta (GisndHi ocHOBH; 4) BaecoBy cTaTHCTHKY, KOTpa HaJa€ MOXIIHMBICTH OIMHCATH Pi3HI CTAHH
BaHTKHOI'O BaroHa 3 po30MBaHHIM HOrO0 HAa OCHOBHI CKJIQJOBiI Ta, 3 BIAMOBIIHOI HMOBIPHICTIO JJIS KOXHOI
CKJIaJI0BOi, ONUCYBAaTH 3araibHy HaailHicTh. [lpakTHuyHa 3HauMMicTh. PedynbraTi poOOTH 103BOJISIIOTH HAIATH
MOBHY 1 JOCTOBIPHY KapTHHY IPH BIIOBiHIA BIMOBI BaHTQ)XHOTO BaroHa Ta YAOCKOHAIHWTH MiJXOIU JIO
moOy/TOBH 1 BUBUCHHSI HAIMHOCTI BaroHa B ILIIOMY.

Kniouosi croea: BaHTaXHI BaroHW; HaaIHHICTh; BIIMOBA; HMOBIPHICHO-CTATUCTUYHA TEOPIisl; MAaTEMaTHYHA CTa-
THUCTHKA
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Beryn

3ai3HUYHHI TPAHCIIOPT Y BCHOMY CBITi 3aiiMae
3HaYHy YacTHHY PWHKY IIOCIYT, SKi TIOB’s3aHi
3 OpraHizaii€ro Ta 3a0e3MCYCHHSIM IEePEBI3HOTO
npouecy [4, 15, 17]. OcHOBHOIO i TOJIOBHOIO 3a/1a-
YEI0 3aJII3HUIG € MiABUINEHHS PiBHSA O€3MEKH PyXy
MOI3/iB, Ha SKy BIUIMBAIOTH HAMIHHICTH 1 Oe3Bif-
MOBHICTh PYXOMOTO CKJany, JiHIA eJleKTporepe-
a4 Ta 3B’SA3Ky, MPHUCTPOIB OJOKYyBaHHS, CTaH
1 IpoisTh KOJii.

BanrtaxHuii pyXoMHil CKJ1aJ, 0COOJUBO MiBBa-
TOHH, Cepe]] 3araJibHOI KUTBKOCTI BiJIMOB 3aJli3HH-
YHOT'O TPAHCMIOPTY 3HAXOJUTHCS HA MEPIIUX MO3HU-
misx [14, 16]. Ile moB’s3aHO 3 THUM, IO KiTBKICTh
BAaHTXXHOTO PYXOMOTO CKJIagy € HalOUIbIIOL0,
OCKIUJTbKY BaHTa)XKHI MEPEBE3CHHS € OCHOBHOIO JI0-
X1THOO MisUTBHICTIO 3aTi3HUI Y BChOMY CBITi.

Ha wHagiifHicTh pYyXOMOTO CKJIaay BIUIUBAE
KOHCTPYKIliS 1 TEXHOJIOTiS BUTOTOBJICHHS BCIX
cknanoBux [1, 8]. Tomy, Ha erami MPOEKTYBaHHS
HEOOXIIHO 3aKJIacTH JOCTATHIO MII[HICTh KOHCTpPY-
Kiii 3 ypaxyBaHHSM TEXHOJIOTii BHUTOTOBJICHHS,
a TakoX BpaxyBaTH eKCIDTyaTalliifHi ¢aKkTopu
1 IOCBi/T BeIEHHS BArOHHOTO TOCTIONAPCTBA.

OnHiero 3 mpoOiieM cydacHOi Teopii HaxiHOC-
Ti, 3aCHOBAHOI Ha KIIACHYHHUX IMOBIpPHICHUX METO-
JlaX, € HEMOXJIMBICTh aJIeKBATHOTO TOYHOTO Iie-
penbadeHHsT MOMEHTY BHUHUKHEHHS BIIMOBH SIK
BUMNAAKOBOI momnii. OCKiTbKM MOMEHTY BiJIMOBHU
00’exta (0COOTUBO TPUBATIOrO BUKOPHCTAHHS) 3a-
3BUYAA TIEPEeAyIOTh CKIamaHi BHYTpimmHI 3Mmiau. i
3MIHHM Y BaHTQ)XHUX BaroHaX MOXYTh IMO-Pi3HOMY
MPOSIBIIATHCS 3aJIEKHO BiJl MICISI Ta XapakTepy
BIJIMOBH.

CydacHa METOJOJIOTISl HaJIMHOCTI TOBUHHA
BKJIIOUATH B ceOe LiIMA KOMILIeKC MeTomiB. Jlia-
JIEKTUYHUNA METOJ HEOOXIIHWI [UII BWUBYEHHS
BCHOIO 00’€KTa JOCHipKeHHs. TakoX TOBHHHA
OyTH BH3HAU€Ha TEPMIHOJIOTis, Ha SKY CIIUPAIOTh-
Csl TOJAINbIIEe EKCIIEPUMEHTANbHE JOCHIKCHHS
1 BUCHOBKH.

ExcnepuMmenTanbHi AaHi Ta pe3yjbTaTd IMpak-
THYHOTO JIOCBiy MiIAar0Thes (Hi3MKO-MaTeMa-
THYHIHA 00poOIli, a maii, HakomMYeHa iHGOpMaIIis
MiAAaEThCS aHAI3Y 1 CHHTE3Y SK OJTHOMY 3 OCHOB-
HUX METOJIB OOPOOKHU pe3yJIbTaTIB JOCIHIKCHHS,
MICJIS YOro 3a JOMOMOTOK METOIB IHAYKIi Ta
JMEAYKIlii, IO MO3BOJISIIOTH Bil YaCTKOBUX (haKTiB
Ta TMOJIOKEHb, TIEPEHTH IO 3araibHUX BHCHOBKIB.

I TinbKH TOI POOIATHCS TEOPETUYHI BUKIIAIKH, SKi
€ OCHOBOIO TeOpii HaJliHOCTI.

IcHyroua MeromosoTiss BHBYEHHS HAIIHHOCTI
CIHUPAETHCS HA MOPATBHO 3aCTapily TEPMIHOJIOTIIO
i He BHUKOPHUCTOBY€E y CBOIX po3paxyHkax (Teopii)
OaraTuil eKCIepUMEHTAJIbHHUI MaTepial 1 pe3ylib-
TaTd MPAKTHIHOTO JOCBiTy. B OCHOBY 11i€l MeTo-
JoJorii HmOoKJIameHl MareMaTU4Hi METOOU IOCIHi-
JOKCHHs, 1110 0a3yIOThCS Ha pe3yJsibTaTax BiJMOB
TEeXHIKH 0€3 ypaxyBaHHs MPUIHH, IO X BUKJIHKA-
10Th. TidBKM KOMIUIEKC IOCTI/KYBaHHX 1 TICHO
MOB’ I3aHUX MK cOOOI0 NMUTaHb Y BUBYCHHI Halili-
HOCTI MOXXE JaTd TOBHY 1 JOCTOBIPHY KapTHUHY
JIOCITI/IKYBAHOTO SIBUINA TIPH BiIITOBITHIN BiAMOBI.
Ile#t koMIJIeKC MOBUHEH BKJIIOYATH B ceOc METO-
JIOJIOTIIO0 Ta BIAMOBITHY TEPMIiHOJOTIIO, 1m0 Oyae
BIAIIOBiaTH IIHCHOCTI.

[cHyroumii moHATIHHUI amapaTt Teopii HamIHHO-
CTi pernaMeHTOBaHMN 32 JOTOMOTO JOCHTh Be-
JIMKOI KiJTBKOCTI HOPMAaTHBHO-TEXHIYHUX JOKyMe-
utiB. Panmime — e T'OCTu, OCTu, PTM, P [2];
zapasz — JICTY [5, 6].

Jami cmpoOyemMo TmpoaHali3yBaTH iCHYHOUHI
MOHATIMHUH amapaT Teopii HagIHHOCTI.

MeTta

Hanatu moBHY i AOCTOBipHY KapTHHY MOCIi-
JOKYBaHOTO SIBUIIA TIPU BiAMOBIAHIN BiaMOBi. Po3-
pPOOUTH KOMIUIEKC, KM BKIIIOYAaE B ce0e METOJI0-
JIOTIfO Ta BiANOBIIHY TEPMIiHOJOTIIO, IO Oyae Bif-
MOBiIaTH MIHCHOCTI.

MeTtoauka

V [5] HaBomMTHCS BU3HAYEHHS HATIHHOCTI — 1€
BJIACTUBICTh 00’€KTa 30epiratu y daci B yCTaHOB-
JIEHNX MeXKaX 3HA4eHHsS BCIX MmapameTpiB, AKi xa-
PaKkTepu3yIOTh 3JaTHICTh BHKOHYBAaTH MOTpiOHI
GYHKLIT B 3aIaHAX PEXHMaxX Ta yMOBaX 3acTOCy-
BaHHS, TEXHIYHOTO OOCIyrOBYBaHHS, 30epiraHHs
Ta TpaHcmoptyBaHHs. KpimM Toro, HaBOIAThCS IBi
MPHUMITKH, TIepIIa 3 SKUX TOJSIrae y ToMy, 10 Ha-
IIMHICTh € KOMIUIEKCHOIO BJIACTHMBICTIO, IO 3aJie-
KUTh BiJl IpU3HAYeHHS 00’€KTa 1 YMOB HOTO 3a-
CTOCYBaHHs, MOX€ MICTHTH B €001 0Oe3BiaMOB-
HICTh, JIOBTOBIYHICTh, PEMOHTOIPHUAATHICTh Ta
30epeKyBaHICTh UM TIEBHI MMOETHAHHS ITUX BIACTH-
BOCTEH; Jpyra, 10 HaBEeJIeHUH TEPMiH BUKOPHUCTO-
BYIOTb JIUIIIE JUTSI 3araIbHOTO HEKIIBKICHOTO OTHCY
BKa3aHMUX BIIACTUBOCTCH.
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To6to B ICTY npormucaHo, 110 1i¢ BIACTUBICTH
00’ekTa. SIKIIO 1€ BIACTUBICTH, TO BOHA B OJHUHI
mpormcana. JloOpe, MO B TPHUMITII TPOIHUCAHO
CJIOBO «KOMIUICKCHA», alie, 3HOBY-TaKH, BIACTH-
BICTh B OJHHWHI, a Jaji mepepaxoByeThcs Oe3Bif-
MOBHICTb, JOBIOBIUHICTh, PEMOHTONPHAATHICTh Ta
30epeXyBaHicTh. JIOTiyHO OUTBIT MpaBHIIEHUM Oy-
JI0 0, 10 HaMIHHICTh — 1€ KOMIUIEKC BJIACTUBOCTEN
o0’exTa.

Kpim Toro, HE0OXiTHO BiAMITHTH, 110 Y BU3HA-
YeHHI TePMiHY HAJIHHOCTI WIEThCS MPO «Iapame-
TpH, SIKI XapaKTepU3yIOTh 3JIaTHICTh BUKOHYBAaTH
noTpiOHI QyHKIII». Y 1IbOMY BHIAIKYy, MOXIHBO,
0E3BiIMOBHICTD 1 IOBIOBIYHICTD € ITUMHU MTapameT-
pamu, a, MOXJINBO, O€3BIAMOBHICTh — 1€ IMOBipHi-
cHa (yHKILIA, a JOBrOBIYHICTH — (PYHKIIS Hacy.
B npuHIMni Takux BapiaHTIB MOYKHa 3alpOIOHY-
BaTH Oararo.

He OyneMo 3ymUHSTHCS Ha BHIICHABEIACHOMY
1 MpoaHami3yeMo iHII MIpKyBaHHS LIOAO BH3HA-
YeHHs HaIIIHOCTI.

VY poborax [9, 12] BBaXaroTh, 110 HamiAHICTh —
1le 3aTHICTh 00’ €KTa BUKOHYBATH 3a/1aHi QyHKIii,
30epirarouM B 4aci 3HAYCHHs MEBHUX CEKCILTyaTa-
IHHUX BJIACTUBOCTEH B 3a/IaHUX MEXKax IpH 3aa-
HUX peXHMMax i yMOBaX BHKOPHCTAHHS, TEXHIYHO-
ro OOCIyroByBaHHS, PEMOHTY, 30epiraHss
1 TpancropTyBaHHs. KpiM Toro, siK i y NpuUMITIi 10
JCTY, aBTopW BKa3ylOTh, IO HAIIHHICTHE — KOM-
TUIEKCHA BIIACTUBICTD, SIKA 3aJICKHO Bijl MpPU3HA-
4yeHHs1 00°€KTa Ta YMOB HOro ekcIutyararii Moxe
BKJIIOYaTH O€3BIJIMOBHICTbH, JTOBIOBIYHICTH, PEMOH-
TONPHUIATHICTE 1 30€peKyBaHICTh OKpeMoO abo B ix
MOEIHAHHI.

VY pob6orax [10, 13] aBTOpHM mija MOHATTAM «Ha-
IIHICTE» pO3YMIIOTh CaMe BIACTUBICTh, BH3HA-
geHHs kol gaethesa 1 B 'OCTi 1 8 JJCTYVY, a iHmn
aBTOPH — BBAXKAKOTh, IO HAMIWHICTH — IIe 3/aT-
HicTh [9, 12]. ToOTO pi3HiI aBTOpU TPAKTYIOTh TIO-
HATTS HAJIHHOCTI MO-PI3HOMY: IO II€ BIACTUBICTH
och 30epiraTv ... abo MOCh BUKOHYBATH. ..

3 inmoro Ooky, 30epiratu a00 BUKOHYBAaTH —
e (QyHKIiOHANBHI, CKOpille, TEXHOJIOTiYHI 0c00-
JUBOCTI 1 10 BJIAacTUBOCTEH 00’€KTIB HE MalOTh
BiJTHOIIIEHHS], 1€ BJKE PE3yNbTaT, Jisl a00 HACHIIOK
BrnactuBocTeii. ToOTO, sk Oy/no cka3aHO paHilie,
MOKHA OyJ10 O MOSCHUTH HaIIWHICThH SIK HACHIJIOK
KOMITJICKCY BIIACTUBOCTEH, HANPUKIAJ]. KOHCTPYK-
TUBHUX YW TEXHOJIOTIYHHX 3 3aKJIaJIeHUMH (Pi3HKO-

MEXaHIYHUMH, (Qi3UKO-XIMIYHUMH, TPUOOJIOTIYHU-
MH TOIIIO.

Astopu pobir [3, 7] cTBepIKyIOTh, 10 Haiii-
HICTh — II€ IMOBIpHICHHI MOKAa3HUWK, 1[0 BH3HAYAE
HWMOBIpPHICTh TOTO, IIO B 33/IaHOMY IHTEpBAi Yacy
abo B MeXax 3aJ]aHOr0 HalpallOBaHHS HE BUHUKAE
BiIMOBH. TaKoX aBTOPH BKa3yIOTh, IO HAMIHHICTh
KOHCTPYKIIii 3alle)kKUTh BiJ 3JaTHOCTI MaTepiany
YHHUTH OIp PyHHYBaHHIO NPU BUHUKHEHHI IiKO-
BUX HArpYT.

VY 1npoMy BHIAIKy HaAilHICTH Mae HMOBIipHic-
HO-CTAaTUCTHYHUN minxin. ToO0To Oe3BIAMOBHICTD
3aMiHIO€ HaIIWHICTh 1 BUCTYINAE SK CaMOCTilHa
BEJINYHHA.

VIMOBipHiCHO-CTATHCTHYHA TEOPis — Le CaMo-
CTiifHa Teopisl, SKa BUKOPUCTOBYETHCS AJIS OL[IHKH
HMOBIPHOCTI HACTaHHS YW 3/iHCHEHHS Tiel uum iH-
moi moxii. st Teopist mpairoe Ha MPUHIIATIAX OIiH-
KM HacTaHHsA a0o0 BiJICYTHOCTI HacTaHHs IOJiH,
TOOTO OOMIK Ta PO3pPaxyHOK 3HIHCHEHUX Ta
He3MiHCHEHNX MOl B poboTi 06’exTa (Barona) —
BimmMoB. Ha minmcraBi 1iei Teopii (3a momoMororo
CTAaTUCTUYHUX JaHUX) MOXKHa mependadyatu (mpo-
THO3YBaTH) HACTAaHHs PI3HUX MOAiH, TOOTO, B Ha-
IIOMY BHUIAJKY, OI[IHUTH HACTIIOK HaIIAHOCTI —
BIIMOB.

Posrasmaroun gani HamiiHICTB, MOXKHA KOHCTA-
TyBaTH, 110 Ha MiJCTaBl Teopii KMOBIPHOCTI Ta Ma-
TEMaTUYHOI CTATUCTUKU HE BAACTHCS MiIPaxyBaTH
0e3BIIMOBHICTE 00’€KTa, OCKUIBKH 1€ € Horo 0e3-
nepepBHa (yHKUis (AMB. BUILE), TOMY Habarato
MpOCTIIIIe 1 JIErie onepyBaTy 3 BiAMOBOIO. Bigmo-
Ba, SK TOMIS MiAMAETHCA CTATUCTHYHIA 00poOIIi,
a Jlai Ha OCHOBI OTPUMAHUX CTATHCTUYHHUX TAHUX
MOXKe OyTH OIlliHeHa WMOBIPHICTh HACTAaHHS Ili€l
noxii (BiAMOBH) B OyIb-SKWil 3aJlaHUH MTPOMIXKOK
yacy [11]. Buxomsuun 3 1[bOT0, BiZIMOBa € OCHOBOIO
JUTSL TIOHSITTS O€3BIIMOBHICTB, a, BIANOBIAHO, 1 Ha-
IIIAHOCTI.

[TincyMOByIOUYH BHUIIICHABECHE, MOKHA CTBEp-
JUKYBaTH, IO B IIEH 9ac iCHye Teopis HamiiHOCTI
y BUITSAI  OKPEMOTO BHIAAKYy WMOBIPHICHO-
CTaTHCTUYHOI TEOpii, s’Ka BUKOPUCTOBYETHCS IS
BH3HAYCHHs a00 TepembaveHHs HACTaHHS BiJIMOB
00’€exTa.

PesyabTaTtu

CrpoOyeMo B Mexax iCHY04O0i Teopii cpopmy-
JIIOBATH TEPMiH «HamiMHICTH». Ha Hamy mymKy,
HAOIMHICTh — I[I€é KOMIUIEKCHA OL(IHKAa 3JaTHOCTI
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00’ekTa 30epiraTti 3aKiajeHi BIACTUBOCTI B ycTa-
HOBJICHUX MeXXaxX 1 4acOBOMY MpPOCTOpi, B yMOBax
30epiraHHsl Ta TPAHCIOPTYBAaHHS Ta BHKOHYBAaTH
HeoOXimHI QYHKINI B 3aJaHUX pEXUMaX EKCILTya-
Tamii 3 BUKOHAaHHSIM TEXHIYHOTO OOCIYrOBYBaHHS
Ta peMOHTy. [lo HaniifHOCTI HaneXaTh MapaMeTpH:
0€3BiIMOBHICTh, JTOBTOBIUHICTH, PEMOHTOIPHIAT-
HICTh Ta 30€peKyBaHICTh, IKUMHU XapaKTepPU3y€ETh-
csl 00’ €KT.

Obpobka,
nnaxyBaHHs

MaTemaruiHa
CTaTUCTUKa

Teopis
AmoBipHoCcTel

MaTemaTuuHa
Teopis HagiHocT

BaHTaxHWA
BarcH

HayxoBuid
eKcrepruMeHT

%

| MpoekTyBaHHs H BupoGHuuteo ‘ ‘ BesBigMoBHICTL }—»l HapidHicTe

DizuyHa Teopis
HagjiHocTi ‘

Puc. 1. CtpykrypHa cxema no0y0Bu
Ta BUBYCHHS Ha/liIHOCTI BAaHT)KHOTO BaroHa

Fig. 1. Block diagram of the construction
and study the reliability of a freight car

Sk 3a3HaYanoCch Ha MOYATKY, iICHYIOYa METOJ0-
Jiorisi moOyJIOBH HaAIMHOCTI 00 €KTIB MOTpedye
neperyisay. ToMmy, pO3rJISHEMO iCHYHOYY METOIO-
JIoTi10 TOOYIOBM Ta BUBYEHHS HAaIHHOCTI 00’ €KTIiB
Ta HaBeACMO 1i CTPYKTYpPY y BHIJISAI OJIOK-CXEMH
(puc. 1) Ha mpUKIIai BaHTQ)KHOTO BaroHa.

Ha wHamy ayMKy, MeTOJONOTis MOOYJOBH Ta
BUBYCHHS HAIIWHOCTI, IO HaBelIeHAa y BUIJISAII
0JIOK-CXeMH Ha pHUC. 1, MOBMHHA MICTUTH JEII0
iHmi Oioku Ta 3B’s3ku. ToMy, Ha pHc. 2 HaBeleHa
OJlok-cxemMa TOOYIOBH HAIIMHOCTI Ha TPHUKIAIL
BaHTa)XHOTO BaroHa.

3anpornoHoBaHa METOJI0JIOTiS OOYI0OBU Ta BU-
BUYCHHS HAQJIHHOCTI BaHTaXXHOro BaroHa (puc. 2)
BIJIPI3HSETHCS Bl iCHYIOUOT THM, IIIO:

—  HaJifHICTh OXOIUTIOE KOHCTPYKTOPCHKY,
TEXHOJIOTIUHY Ta eKCIUTyaTaliiHy ckianosi. TooTo
OKpEeMO Ha KOXKHOMY eTalli iCHyBaHHS BAHTaKHOTO
BaroHa MEPersIaETbCs HAMIWHICTh 1 MPU I[LOMY
BPaxOBYIOTBCS Ti YM iHIII KOHCTPYKTOPCBHKI, TeX-
HOJIOTIYHi, eKCIUTyaTalliifHi YNHHUKH, 10 BIUINBA-
FOTh Ha 3arajbHy HaJIiHICTh BAHTAXXHOTO BaroHa,

— HayKOBHH CKCICPUMCHT BKIIFOYAE MOJIC-
JIOBaHHS POOOTH BAHTAXXHOTO BaroHa B PIi3HUX

YMOBax Ta eKCIUTyaTalliiHux pexxumax. Ha cramii
EKCIIEPUMEHTY B HAJIHHICTh BaHTaXXKHOTO BaroHa
3aKJIaAI0THCS TTApaMETPH, 110 OTPUMaHI B pe3yJib-
TaTi MOJICIIOBAHHSA JIA BiANOBIAHMX YMOB CKC-
TUTyaTartii;

—  Teopis HaIIHHOCTI OXOIUIIOE MaTeMaTH4Hi
1 ¢izuunHi OCHOBH, TOOTO € KOMOIHOBaHOIO, a 3a-
crocyBaHHs baecoBOi CTaTUCTUKHU HAJa€ MOXKIIH-
BICTh OINUCATH Pi3HI CTaHM BaHTAXXHOTO BaroHa
3 po30MBaHHAM KWOTO Ha OCHOBHI CKJIAIOBI Ta
3 BI/IMOBITHOIO HMOBIPHICTIO JJIs1 KOXKHOTO 3 HUX
OIMCYBAaTH HOTO 3arajbHy HaJiHHICTB.

HayxoBuid
SKCNepUuMeHT ‘

Texronoriyqa
HagifHicTb
T

KoHeTpyKTOpChKa
HagifHicTb
T

H

BaHTaxHuWiA BaroH

| T

EkernnyarayiHa
HapiRHICTL
T

Kom6iHoBaHa i mogudikosaHa
Teopis HaaMHoCTI

=]

‘ O6pobka, aHanis, MNaHyBaHHst }

QisnyHa Teopia
HafifHoCTi

MaTemartuuHa
Teopist HagiRHoCTI

CTATUCTUKa
[

CTaTUCTAKa
T

‘ MaTemaTuuHa

‘ Teopig

Baecosa
iMOBipHOCTI
|

Puc. 2. CtpykTypHa cxema 3arpOornoHOBaHOT
METOJ10J10Tii 100y I0BM Ta BUBYCHHS
HaJIMHOCTI BAHTAXHOI'O BaroHa

Fig. 2. Block diagram of the proposed
construction methodology and study
the reliability of a freight car

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYNMICTDL

Y pob6oTi no-HOBOMY c(OpMYIHOBAaHO BH3HA-
YECHHS TEPMIHY «HAIAHICTB».

Habyna mnofanbimoro po3BHTKY METOIOJOTS
MoOYyJIOBM Ta BHWBYCHHS HAIIMHOCTI BaHTaXHOTO
BaroHa, sKa OXOIUTIOE€ KOHCTPYKTOPCHKY, TEXHOJNO-
TiYHY Ta eKCIUTyaTalliifHy HaailiHicTh. Teopis Ha-
IIAHOCTI TTogana KoMOiHOBaHOIO ab0 MoaudikoBa-
HOIO, 1[0 OXOIUTIOE MAaTEeMaTUYHi 1 (PI3UYHI OCHOBH,
a 3aCToCyBaHHs baecoBOi CTaTUCTHKHU HAJA€ MOXK-
JIUBICTH OMUCATH Pi3HI CTAaHW BaHTAXKHOTO BaroHa 3
pOo30MBaHHSAM HOr0 Ha OCHOBHI CKJIQJOBI Ta 3 Bij-
MOBIIHOI0 WMOBIPHICTIO JUIS KOXHOi CKIIaJ0BO1
OTIMCYBATH 3arajbHy HA[IHHICTb.
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Pesynbratu pobOTH NO3BONISIOTH HAJIATH MTOBHY
1 JIOCTOBIpHY KapTHUHY NpH BiANOBiAHIA BiAMOBI
BaHTQ)KHOTO BaroHa Ta yIOCKOHAJIUTH MiAXOAN IO
MoOyIOBH Ta BHBYCHHS HAMIMHOCTI BaroHa B IIi-
JoMy.

BucnoBxku

Bukonanuii aHaiiz IOCHIIKEHb B Teopii Ha-
JMIAHOCTI TMOKa3aB 3HAYHI PO30DKHOCTI y BH3HA-
YeHHI TepMiHy «HaAildHicTE». OCHOBHHM BH3Ha-
JeHHAM B Ykpaini Bigmosimgao o JACTY wHamiii-
HICTh € BJIACTHBICTH 00’€KTa ..., ajie JIesKl 3aKop-
IOHHI BYeHI BBaXalOTh, 110 I€ 3JaTHICTb
00’exTa... Ha gymky aBTOpiB — 11€ 30BCIM iHIIIE.

B me#t wac Teopis HamiHHOCTI iCHY€E TIIBKH
Yy BHIVISAI OKPEMOTO BHNAAKy HMOBipHICHO-
CTaTHCTUYHOI Teopii, sKa BUKOPUCTOBYETHCS IS
BH3HAYCHHs a00 TepembaveHHs HACTaHHS BiJIMOB
00’ekra. ToOTO, GE3yMOBHO, iCHYyE€ HEOOXIIHICTbH
B 3aCTOCYBaHHI iHIIMX MiJXOiB B TeOpii HalIiltHO-
CTi.

Ha mizmcraBi BUKOHAHOTO aHANi3y MOCHIIKEHB
B MeXax iCHyrodoi Teopii HamidHOCTI Ta ocobuc-
THUX MipKyBaHb aBTOpPiB poOoTH Oyno chopMyIho-
BaHE BU3HAUYEHHS TepMiHy HafiitHocTi. HamiliHicTh
— IIe KOMIUIEKCHA OIliHKa 3/1aTHOCTI 00’ €ekTa 30epi-
raTy 3aKJaJieHi BIACTUBOCTI B YCTaHOBJICHUX Me-
’KaX 1 9aCOBOMY IPOCTOPi, B YMOBax 30epiranHs Ta
TPaHCIOPTYBAaHHS Ta BUKOHYBaTH HEOOXiiHI QyH-
KLii B 3aJaHUX peXMMax eKcIuTyaralii 3 BUKOHaH-
HSIM TEXHIYHOTO OOCITyrOBYBaHHS Ta peMOHTY. Jlo
HaJIHHOCTI HaJIeXKaTh apaMeTpH. OE3BiIMOBHICTD,
JIOBIOBIYHICTh, PEMOHTOIPUAATHICTD Ta 30€pexy-
BaHICTh, AKFMH XapaKTEePU3YETHCS 00’ €KT.

Kpim TOTO, 3ampOIrOHOBAaHO METOAOJIOTII0 TIO-
OyloOBM Ta BUBYCHHSI HAAIMHOCTI 00’€KTa Ha MpH-
KJIaJi BaHTa)KHOTO BaroHa. 3amporoOHOBaHA METO-
JTOJIOTiSI OXOTUTIOE KOHCTPYKTOPCHKY, TEXHOJIOTid-
HY Ta eKCIUTyaTaliiHy HaJiiiHiCTh; HAYKOBUH eKC-
NEPUMEHT  BKJIIOYAa€E  MOJCTIOBaHHA  POOOTH
BaHTa)XHOTO BaroHa B Pi3HUX YMOBaX Ta €KCILIya-
TaliHUX peXUMax; Teopis HAMIHHOCTI MpeaCcTaB-
JieHa KOMOIHOBaHOK a00 MOaM(IKOBAHOK, IO
OXOILTIOE MaTeMaTH4Hi i (I3WYHI OCHOBH, a 3aCTO-
cyBaHHA ba€coBOi CTaTHCTHKM HaZa€ MOXKIUBICTH
OTMCATH Pi3Hi CTAHW BaHTAKHOTO BaroHa 3 po30u-
BaHHSAM MOr0 HA OCHOBHI CKJIAJOBl Ta 3 BIAIOBIJ-
HOIO WMOBIPHICTIO JIUIsI KOXHOI CKJIAZIOBOI OMHCY-
BAaTH 3arajbHy HaliHHICTb.

10.

11.

12.

13.

14.

CIIMCOK BUKOPUCTAHUX JIXKEPEJI

l'anmanosuy, B. A. Ilapk rpy30BBIX BaroHOB: Iep-
criekTuBbI paszsutus / B. A. T'ananosuu // BaroHst
u BaroH. x03-Bo. — 2004. — IIuioTHEBIN BbII. —
C. 2-5.

TI'OCT 27.002-89. HanexxHocTh B TexHHKe. OCHO-
BHBIC MOHATHS. TEepMHHBI W ONPEAEICHUS . YTB.
Mocrt. T'occranpapra CCCP 15.11.89 Ne 3375. —
Been. 1990-07-01. — Mocksa : Tpancmopt, 1990.
-32c.

I'ybaueBa, JI. A. HapiiiHicTh TpaHCIIOPTHUX
3aco0iB : Hapy. mnoci6. / JI. A. I'ybaueBa. — Jly-
rancek : CHY im. B. Jlans, 2009. — 93 c.
I'ybauesa, JI. A. Ompenenenne ¢(yHKIUM SKC-
TyaTaronHoi Hanexuoctn / JI. A. I'ybauesa
/I 3anizn. Tpancm. Ykpainu. — 2006. — Ne 1. —
C. 20-25.

JCTY 3433-96. Hagiitaicte Texmiku. Mogeii
BimmoB. OcHoBHI nonoxeHHs. — KuiB : Jlepxcra-
HaapT Ykpainu, 1998. — 41 c.

JACTY 2860-94. Haniiinicte TexHiku. TepMmiHu Ta
Bu3HaueHHsA. — KuiB : [lepxcranmapr Ykpainu,
1995. - 92 c.

Hpsiuenxo, C. C. Hajge:xxHOCTh KOJIECHBIX TPakKTo-
pos / C. C. IIpsiuenko, I1. A. Creuko, JI. B. Jlas-
penTtbeB. — MuHck : Ypamkaii, 1987. — 106 c.
Kanerun, C. B. I'py30BBIe BaroHBI HOBOTO ITOKO-
nenus / C. B. Kanerun // XK-n. Tpaucm. — 2007. —
Ne 8. - C. 10-12.

Mesxaynaponssiit ctanaapt 1SO 8402. Kauectso.
CroBaps. — Mocksa : M3xa-Bo cranmapros, 1988. —
16 c.

Mswmin, C. B. IlpanesaarHicts, e(eKTHBHICTH
eKCIUTyaTallil Ta JOBrOBIUHICTh AM3EIIB CIICI[ialib-
HOTO CaMOXIJIHOTO PYXOMOTO CKJIaay 3ali3HUIlb /
C. B. Msmimun, JI. M. Bapanoscekuii. — [ninpo-
eTpoBChK . Makopenpkuid. — 2011. — 267 c.
[TaBnos, 1. B. Cratucrnyeckne METOIBI OLIEHKH
XapaKTePUCTHK HANCKHOCTH M IPPEKTHBHOCTH
CIIOHBIX CHCTEM [0 pe3yJbTaTaM HCHbITaHul /
1. B. ITaBnoB. — Mocksa : Pagno u cBa3s, 1982. —
168 c.

IlIBenkos., E. JI. CnoBapb-CrpaBOYHHK IO TOPOIII-
xoBoit metasuypruu / E. JI. lIseakos, 3. T. Me-
nucenko, U. M. Kosenckwmii. — KuiB : HaykoBa
nymka, 1982. — 270 c.

[IBeaxos, E. JI. CnoBapb-cripaBOUHUK 1O TPEHUIO,
usHocy u cmaske aetaneit mamws / E. JI. [1IBeaxos.
— Kuis : Hayk. nymka, 1979. — 257 c.
Determination of the dynamic characteristics of
freight wagons with various bogie / S. Myamlin,
L. P. Lingaitis, S. Dailydka [et al.] // Transport. —

doi: 10.15802/stp2015/57034

114

© C. B. Mamius, JI. A. Mypazsy, [I. M. bapanoscskuit, 2015



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

Hayka ta nporpec Tpancnopty. BicHux J{HinponeTpoBCEKOro

HAI[{OHAIBHOTO YHIBEPCHTETY 3ali3HUYHOrO Tpancmopry, 2015, Ne 6 (60)

PYXOMUIL CKJIAJ I TATA IIOI3/IIB

2015. - Vol. 30. — Iss. 1. — P. 88-92. doi: Hall. YH-Ty 3ami3H. Tpadci. — 2014, — Ne 5 (53). —
10.3846/16484142.2015.1020565. C. 126-137. doi: 10.15802/stp2014/30789.

15. Gubacheva, L. A. Assurance of operate reliability 17. Myamlin, S. V. The modeling of economic
of rolling stock / L. A. Gubacheva, N. M. Naish // efficiency of products carriage-building plant in
J. of Guangdong non-ferrous metals. — 2005. — conditions of dynamic pricing / S. V. Myamlin,
Vol. 15, Ne 2/3. - P. 200-212. D. M. Baranovskiy // IIpoGiaeMu eKOHOMIKH TpaH-

16. Myamlin, S. V. Investigation of dynamic charac- cropry : 30. Hayk mp. JHiOpomeTp. Ham. YH-T iM.
teristics of gondola cars on perspective bogies / akan. B. Jlaszapsta. — J{mimpomerpoBesk, 2014, —
S. V. Myamlin, V. M. Bubnov, Ye. O. Pysmennyi Ne7.-C. 61-66.

/I Hayka Ta mporpec Ttpancm. Bicu. Jlaimomerp.

C. B. MAIMJIUH"", JI. A. MYPAJISIH?, 1. H. BAPAHOBCKUIT®

l*Ka(p. «BaroHsl 1 BaroHHOe X03s511cTBO», J[HEPONETPOBCKUI HAITMOHAIBHBIN YHUBEPCUTET KEJNE3HOIOPOKHOTO TPAHCIIOpTa
nMmeHn akagemuka B. Jlasapsina, yiu. Jlasapsina, 2, {enponetpoBck, Ykpaunua, 49010, ten. +38 (056) 776 84 98, >1. mouta
sergeymyamlin@gmail.com, ORCID 0000-0002-7383-9304

ZKadh. «Baroms! 1 BATOHHOE XO35iiCTBOY, JIHEIPOIETPOBCKHI HAIIHOHANBHBIA YHIBEPCHTET JKEIE3HOIOPOKHOTO TPAHCIIOPTA
nMmeHu akanemuka B. Jlasapsina, yi. Jlasapsina, 2, lnenponerposck, Ykpauna, 49010, Ten. +38 (056) 373 15 19, si1. mouta
leon59@bk.ru, ORCID 0000-0003-1781-4580

*TIKTB «IIpoexTHpoBaHHE U MOJCPHU3ALIMS [TOJIBUXKHOI'O COCTaBa, IIyTH U MCKYCCTBEHHBIX COOPYKeHUI», JIHenponeTpoBCKuii
HALMOHAIBHBIA YHHBEPCHUTET JKEJIS3HOJOPOIKHOTO TPAHCIIOPTa UMEHH akageMuka B. Jlazapsua, yin. Jlasapsina, 2, [Inenpomner-
poBck, Ykpauna, 49010, texn. +38 (056) 371 51 12, s51. moura denisbaranovskiy@mail.ru, ORCID 0000-0002-6516-2794

INPOBJIEMA OIIPEIAEJEHUSA TEPMUHA «HAAEXKXKHOCTDb».
METOA0OJIOI'UA ITIOCTPOEHUA U U3YUYHEHUSA HAJE KHOCTH
I'PY30BbIX BAT'OHOB

Heab. Hayunas pabora HanpaBieHa Ha pacKpbITHE CYNIECTBYIOIIEH TPOoOIeMbl OIIpEAEIeH s TEPMIHA KHAJIEK-
HOCTB» U IIPEIOCTaBJICHUsI 000CHOBAHHOTO ONpEAEICHHs ITOMY TEpMHHY. B Xoze MccienoBanus MpeoiaraeTcs
pa3paboTka KOMIUIEKCa, BKIFOUAIONIETO B CE0sl METOAOJIOTHIO U COOTBETCTBYIOILYIO TEPMHHOJIOTHIO, KOTOpasi Oy et
COOTBETCTBOBaTh AeHCTBUTENbHOCTH. MeTomuka. B HacTosiee BpeMs CyHIECTBYeT TEOpHs HaJe)KHOCTH B BHUJIE
YaCTHOTO CITydasl BEPOSITHOCTHO-CTATHCTHYECKOI TEOPUH, KOTOpasi UCTIONB3YEeTCs /U ONPECTICHUS WK TIpeJCcKa-
3aHMs HACTYIICHUS OTKa30B 00BEeKTa. B paMkax cymiecTByrommeil Teopur chopMyInpoBaH TEPMHUH «HAIAEKHOCTH,
OTIpEJICTICHBI MapaMeTphl, OTHOcAIIMeCs K Heil. Pe3syabTaTrel. Ha ocHOBe IpOBEAEHHOTO aHANM3a WCCIIEIOBAHHH,
B paMKaXx CYIIECTBYIOLICH TEOPUH HAJIS)KHOCTU U JIMYHBIX COOOpaKeHUH aBTOPOB PabOTHI, OBLIO CHOPMYITHPOBAHO
OTIpEeJIeTICHUE TEPMHHA «HAZEKHOCT». [Ipe/ioxkeHa METOHOIOTHs OCTPOCHUSI M M3yUEHUs] Ha/Ie)KHOCTH 00BEKTa
Ha mpuMmepe rpy3oBoro BaroHa. HayuyHas HOBH3HA. ABTOpaMHu INPEIJIOKEHO HOBOE OIPEAEICHHE TEPMHUHA «HA-
JIeKHOCTB». A IMEHHO: HaJIe)KHOCTh — 9TO OLICHKa CIIOCOOHOCTH 00BEKTa COXPaHATh 3aJI0’KEHHBIE CBOWCTBA B yCTa-
HOBJICHHBIX IPCACIaX 1 BDEMCHHOM IMPOCTPAHCTBE, B YCJIOBUAX XPAHCHUA U TPAHCIIOPTUPOBKH, a TAKIKE BBITIOJIHATH
TpeOyemble QYHKIMHU B 3aJaHHBIX PEKMMaxX SKCIUTyaTallid C BBIIIOJIHEHHEM TEXHHUYECKOTO OOCIYXKHMBAHHMS U pe-
MOHTa o0ObekTa. K Ha/le)XHOCTH OTHOCSATCS mapameTpbl: 0€30TKa3HOCTb, JI0JITOBEYHOCTb, PEMOHTONPHIOJHOCTH
U COXPaHHOCTb, KOTOPBIMH XapakTepu3yercs o0bekT. Takxke pazpaboTaHa METOJOJIOTHS ITOCTPOCHUSI M W3yUYECHUS
HaJIeKHOCTH IPY30BOr0 BaroHa, KOTOPasi OXBaThIBAeT: 1) KOHCTPYKTOPCKYIO, TEXHOJIOTHUYESCKYIO U IKCIUTyaTaI[MOH-
HYIO HaJCKHOCTB; 2) HAYYHBIA SKCIIEPUMEHT, BKIIOYAOIIHI MOJICIUPOBaHIE paboThl IPy30BOr0 BaroHa B Pa3HbIX
YCIIOBHSIX U IKCIUTYyaTAlIMOHHBIX PEXUMaX; 3) TCOPHIO HACKHOCTH, IPEACTABICHHY0 KaK KOMOMHHPOBAHHYIO KU
MOAU(PUIHPOBAHHYIO, OXBATHIBAIOLIYI0 MaTeMaTHIeckue u (usmdeckue ocHOBHI; 4) BaiiecoBy cTaTHCTHKY, I103BO-
JSIFOIIYFO0 ONMCATh PAa3iIMYHBIE COCTOSHHSA TIPY30BOIO BaroHa ¢ pPa3OMBKOH €ro Ha OCHOBHBIE COCTaBIIAIOIINE
U, C COOTBETCTBYIOIICH BEPOATHOCTBIO JUIA KaXJOH COCTAaBISIFOIIECH, ONMCHIBATH OOIIYI0 HAaJEeKHOCTB.
IIpakTHyeckass 3HAYUMOCTb. Pe3ynbpTaThl pabOTHI MO3BOJSIOT NMPEJOCTABUTH TOJHYIO U JOCTOBEPHYIO KapTHHY
NIPU COOTBETCTBYIOILIEM OTKa3e IPy30BOTO BaroHa M YCOBEPUICHCTBOBATH ITOJXOJbI K MOCTPOSHHUIO M H3YYCHHUIO
HaJCXKHOCTH BaroHa B 1ICJIOM.

Knroueswvie cnosa. I'py30BbIC BaroHbl; HAAC)KHOCTh; OTKa3; BEPOITHOCTHO-CTATUCTUYCCKAsI TCOPUsI, MaTEMAaTH4C-
CKasl CTaTUCTHKA
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PROBLEM OF THE DEFINITION THE «RELIABILITY» TERM.
METHODOLOGY OF CONSTRUCTION AND STUDY
THE RELIABILITY OF FREIGHT CARS

Purpose. Scientific paper is aimed at disclosing the existing problem of the «reliability» definition and provides
a reasoned definition of the term. The study assumes the development of a complex that includes the methodology
and appropriate terminology that will be true. Methodology. Currently there is reliability theory in the special case
of the probabilistic and statistical theory, which is used to determine or predict the occurrence of object failures.
Within the existing theories the term «reliability» is formulated, the parameters related to it are described. Findings.
On the basis of the conducted analysis of the research within the existing theory of reliability and personal consid-
erations of the authors, they formulated a definition of the term «reliability». The methodology and study of the ob-
ject reliability on the example of a freight car was proposed. Originality. The authors proposed a new definition of
the «reliability» term. Namely: reliability is an assessment of the ability of an object to maintain the original prop-
erty within the established limits and temporary space, in the conditions of storage and transportation, as well as to
perform the required functions in predetermined modes of operation with maintenance and repair facility. The reli-
ability parameters include: reliability, durability, maintainability and safety that characterize the object. Also
a methodology for developing and study the reliability of a freight car was developed, which comprises: 1) design,
technological and operational reliability; 2) scientific experiment, including the modeling of the freight car in differ-
ent conditions and operating modes; 3) the reliability theory is presented as combined or modified, covering the
mathematical and physical foundations; 4) Bayesian statistics that describe the different states of a freight car with
a breakdown of its basic components and with the appropriate probability for each component to describe the overall
reliability. Practical value. The results of the study allow to provide a full and accurate picture with a corresponding
failure of a freight car and to improve approaches to the construction and study of the reliability of the car overall.

Keywords: freight cars; reliability; failure; probability and statistical theory; math statistics
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DEVELOPMENT OF RECOMMENDATIONS FOR EXTENDING
THE USEFUL LIFE OF PASSENGER CARS

Purpose. The vast majority of passenger car fleet of «Ukrzaliznytsia» have cars with outlasted service life. In
this regard there is a need to find methods to justify the extending useful life of passenger cars and to assess the car
body frame residual life conformity to the operating load for the next life time. Methodology. The selection of cars
enforced technical diagnostics of cars to detect the level of corrosion and mechanical damage. The following steps
provided the car body frame strength analysis on the basis of experimental static and impact strength tests, the longi-
tudinal force effect endurance tests as well as assessment and forecasting of conformity of car body operating life
for the next period. Findings The car survey before testing showed that the technical condition of sleeper cars (SSC)
is better than that of open-type cars (SOC). So, in SSC cars the thinning of the main load-bearing elements due to
corrosion does not exceed 10%, there are no cracks, deformations, rack breakages, etc. At the same time in SOC
cars the thinning due to local corrosion reached 35%. There are deformations and corrosion damage of side sill Z-
shape of both cars, single corner post breakages, damage to the joints of longitudinal tie rod and span bolsters. The
conducted static and impact strength tests with following strength assessment of the car structural members showed
that the strength of the latter is provided according to the normative documents, and these cars pose no threat to traf-
fic safety. The impact endurance tests showed that all the cars passed the endurance tests without damage, which
would prevent from testing and could not be removed during the next depot repair or overhaul, and had life length
that allows them to extend the useful life for the next period. Originality. The results of experimental studies show
that passenger cars after 28 ... 30 and 33... 35 years of operation meet the requirements of strength and safety in
accordance with regulatory documents and allow, provided the impact endurance, reasonable extending of the car
service life. Practical value. The part of the car fleet, which was to be written off based on the service life, may
extend lifespan without additional measures.

Keywords: passenger car; service life; structural strength; conformity; static test; impact test; life length.

period 1991 — end 2013 3298 passen-ger cars were
Introduction scraped (written off at the end of service life), 421 cars
were to be written off in 2014. Thus, the intensity of
passenger car fleet aging is increasing every year.
While the new cars are purchased in small amounts
— «Ukrzaliznytsia» in the period 1991 — end 2013 at
their own expense purchased 561 passenger cars, as
well as 10 nine-car trains and 2 double-decker six-car
trains. So every year the deficit of passenger cars is
becoming tangible and may reach 2,364 cars in 2017,
which is detrimental to the industry.

Total passenger car fleet of «Ukrzaliznytsia»
consists mainly of cars built in the eighties with the
designed: normative service life — 28 years and
maximum service life — 41 years. The research of
passenger car fleet is considered in [1], [5].

The car fleet has about 86% of passenger cars with
outlasted service life (over 28 years), about 500 cars
with normative service life of 20 years, only 343 of
which have the service life of 10 years. During the
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Because of the above objective reasons it be-
came necessary to extend the service life of cars
that have exhausted their primary resource. This
makes it possible to slow down the growing deficit
of passenger cars due to reasonable extension of
their service life. The prerequisites of the above
said extension are as follows:

— Designed service life was set at
substantially excessive strength coefficients;

— Detailed analysis of technical condition of
the cars to be written off shows that some cars are
scrapped because of the malfunction incompatible
with their further safe operation, but many of cars
are written off from the inventory park when they
reach the normative service life. However, a cer-
tain number of the latter still remain in good condi-
tion.

The possibility of extending the life of car
supporting structures should be grounded by
experimental and calculation-theoretical methods
that include: inspection of their technical
condition; experimental determination of load level
and stress state of structural members; numerical
calculations based on modern software systems to
determine the stress-strain state by simulating the
most adverse operating modes; residual life
assessment (determination of the extended service
life) with the numerical calculations of fatigue
damage or by experimental life length testing. In
addition, it should be noted that cars require an
individual approach to the definition of the next
service life (life length). This range of activities
must be supported by repair technologies, which
go beyond the scope of this study.

Problems of need statement for adjustment of
cars useful service life extension in a particular
way was considered both in Ukraine [3, 7, 8, 9,
12], and in near [17] and far abroad [18, 19]. The
works [7, 9, 12] studied the problems and peculi-
arities of passenger car technical diagnosis. And
the works [3, 8, 17, 18, 19] performed numerical
calculations based on the finite-element model
with strength assessment by T and Il design
modes. Further, considering the preliminary re-
sults, the calculations of structural memberss fa-
tigue damage were performed to assess the remain-
ing service life. In addition, the work [3] provides
calculations for new cars and cars with minimum
thickness of members (due to corrosion), as well as
calculated significant impact of mechanical or

welded damage (undercuts), depending on the size
of the latter, on the car service life.

However, only theoretical studies cannot fully
take into account all the factors affecting the car
during operation and possible deficiencies incorpo-
rated in the construction at the stages of design and
production. It implies permissible size tolerances,
replacement of materials during the manufacture,
specific possible mechanical damage during re-
pairs and corrosive damage in operation. Thus, the
car physical condition for each batch of individual
manufacturer will differ.

Therefore there is a need for implementing
relevant tests conducted once every five years ac-
cording to TSL-0070 [6]. Effectiveness of field
tests and their impact on rolling stock traffic safety
is proved in [10].

Purpose

In order to determine the feasibility of extend-
ing the useful life of passenger cars the car testing
laboratory of Dnipropetrovsk National University
of Railway Transport named after Academician
V. Lazaryan by order of «Ukrzaliznytsia»
conducted a set of field tests in 2013. The tests
included static strength, impact strength
(determining) and impact life length testing of cars.

Methodology

The cars for testing were randomly selected
from the operating park, which exhausted the set
service life or underwent the required scheduled
types of repair. Some cars had damages allowed
under [6]. As the sample cars there were selected
two SOC cars (steel open-type sleeping cars) after
29 and 33 years of service, and two SSC cars (steel
close-type sleeping cars) after 30 and 33 years of
service.

Before testing the condition of cars underwent
technical diagnosis to detect the level of corrosion
and mechanical damage while metering the
member thickness. All tests were performed ac-
cording to the «Standards...» [11] and «Pro-
gramme and methods ...» [15].

Static strength tests were performed to
determine the stresses in car parts caused by
structure and passenger weight. Vertical static load
on the car body members caused by passenger
weight was carried out by the car shed employees,
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who were evenly distributed along the train, and
that caused by own structure weight was
determined as the total stress with the help of the
factor that takes into account body weight, water
and coal weight, etc. While carrying out the static
tests the equipment readings were registered and
the loading-unloading cycle repeated provided the
sensor indication stability.

The impact strength tests were carried out to
assess the stress state of the car structural members
affected by the determined longitudinal forces in
the range of 0,.5 MN...2.5 MN [11,15]. Herewith
the car structural member stress values and impact
force values were recorded.

The impact life length tests were performed to
calculate the life length of bearing members of car
body for impact endurance affected by longitudinal
force. Car impact was performed by run-up of
a hammer car with the help of locomotive onto a
test car, which was located in the head of a
retaining wall. The tests were carried out at speeds
of 3 km/h to 13 km/h [11,15] with a gradual impact
velocity increase by 1...2 km/h. The impacts were
carried out by series, corresponding to one year of
operation. The condition for the test completion
was to obtain the full amount of experimental data
or the car bearing structure integrity damage,
which would threaten the safety of further testing.
The tests determined the impact force and
selectively tensions in some structural members (at
impact force over 2 MN).

All kinds of tests were carried out on the terri-
tory of a car shed. To do this, after the removal of
technically diagnosed car body damages, the
strain-gage sensors were attached to the cars to
determine the stresses, and the serial couplers were
replaced with the strain-gage ones to determine the
impact force.

According to obtained results of mathematical
processing of the recorded processes (structural
members tension and impact force) each type of
the test determined the following:

— The results of static tests defined the
tension in the structural members caused by
passenger weight and own body weight;

— The impact strength tests allowed to build
the dependency diagrams of impact force — speed
(Fig. 1), of car part stresses — impact force (Fig. 2), to
define tensions in some body members and to assess
the structure stress state by design mode I [11].

Findings

State of SSC car bodywork after 30 and
33 years of service differed little and is typical for
vehicles operating for 30 ... 33 years. Local thin-
ning of main bearing members (span bolster, cross-
bearer and underframe end, except diagonals) due
to corrosion did not exceed 10%, there were no
cracks, deformations, post breakages and other
damages. The largest local corrosion damages
were recorded in underframe sill diagonals
(about 20%).

State of SOC car bodywork after 29 and 33
years of service is even worse in general, but is
typical for this class of vehicles operating for
29...33 years. The span bolster thinning due to
local corrosion reached 30% for 29-year service
car and 35% for 33-year service car. The largest
local corrosion damages in the side sill are re-
corded in the car after 29 years of service — 33%,
the longitudinal tie rod thinning is about the same
for both cars — up to 24%. There are deformations
and corrosion damage of side sill Z-shape of both
cars, single corner post breakages, damage to the
joints of longitudinal tie rod and span bolsters.

The above damages can be removed during the
scheduled repair in accordance with the instruc-
tions of TSL-0026 [4], TSL-0036 [14], TSL-0041
[2] — so all the cars listed above have been taken
for testing.

Static and impact strength tests showed:

Total static stress caused by passenger
weight with luggage is insignificant. Herewith the
stress in the sleeping car body members did not
exceed 10.4 MPa. In the open-type cars the max-
imum stress was recorded in span bolster
(20 MPa), cross-bearer (23.8 MPa) and side sill
(30.3 MPa);

The obtained mathematically processed
results of car impact strength tests provided the
stress value and dependence in the structural
members and the hammer car run-up velocity
caused by impact force (Fig. 2).

The diagrams show the strict linear relationship
of parameters. This dependency of stress on impact
force is peculiar for the structural members of all
tested cars:

The sleeping cars constructed in 1980 and
1983 take the impact load with the draft sill
(105 MPa) and the span bolster (118 MPa), as well
as the side wall panel bottom (230 MPa). Other

doi: 10.15802/stp2015/57096
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members of the body have much lower impact
stress. The largest total stress in the structural
members is marked in the draft sill (130 MPa),
span bolster (152 MPa), side sill (208 MPa) and
cross-bearer (158 MPa). In general, the total stress
does not exceed the allowable value that for 09G2-
grade steel of 295 strength class is 305 MPa. The
sstressed state of the sleeping car bodies after
30 and 33 years of service has no significant dif-
ferences;

Eli]

O datal

251+
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G

Fig. 1. Dependency diagram of impact
force (vertical, in MPa) on hammer
car run-up velocity (horizontal, in km/h).
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Fig. 2. Dependency of span bolster
stress (MPa) on impact force (MN)

— The open-type cars constructed in 1980
and 1984 take the impact load with longitudinal tie
rod (187 MPa), span bolster (164 MPa) and side
wall sill (228 MPa). Other structural members have
much lower impact stress. The largest total stress
in the structural members is marked in the
longitudinal tie rod (127 MPa), span bolster
(164 MPa), cross-bearer (214 MPa) and side sill

(156 MPa). It should be noted that the stress level
in some parts of the car built in 1984 is by 20%
lower than that of the car built in 1980. In general,
total stress of both cars does not exceed the al-
lowable values.

As a result of impact endurance tests the entire
range of longitudinal forces was distributed at in-
tervals followed by calculation of impact endur-
ance intervals, and then by total life length for each
car. Fig. 3 shows an example of impact distribution
in each force range (MN) for sleeping cars.

The figure shows the lighter tone for the num-
ber of efforts received by the car in the wall, the
dark one — as a hammer. The largest impact hum-
ber, 202, is recorded in the operating load range
(0.5 1.5 MN). In total each car received
257 impacts from 0.5 to 2.94 MN.

180
160
140

oB88838

1,21518212427 3

Fig. 3. Number of impacts (vertical)
in the force range (horizontal, MN)

The impact endurance tests showed:

—  Sleeping cars were not damaged during the
test

— Open-type cars constructed in 1980 and
1984 after the tests had damages common to both
cars: deformation of side sill Z-shape (Fig. 4),
cracks and breakages of the corner posts from side
sill, cracks in span bolster bottom sheet welds.
Besides the car built in 1980 got a crack in
the joint of longitudinal tie rod and span bolster
(Fig. 5);

—  All cars passed the endurance tests without
damage which would prevent from testing and
could not be removed during the next depot repair
or overhaul;

—  All cars have life length that allows them
to extend the useful life for the next 5 years.
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Fig. 4. Deformation of side sill at 2500 mm
length of non-boiler side, bend 20 mm
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Fig. 5. The crack on the welding seam
at the joint of the lower sheet of span bolster
with the longitudinal tie rod

—

The results of experimental tests are correlated
well with the results of theoretical studies [3]. In
both cases, the sleeping car design has a larger
strength margin than that of the open-type car.

Originality and practical value

The results of experimental static and impact
endurance tests prove that passenger cars after
28 ... 30 and 33... 35 years of operation meet the
requirements of regulatory documents relating to
strength and safety of operation. The conducted
life length tests have shown that provided the im-
pact endurance the car service life can be extended
for the next 5 years. The results can be used to ex-
tend the service life of above mentioned cars. The
conducted research allowed justifying the possibil-
ity to continue the operation of passenger cars
without additional measures after 28...30 and
33...35 years of service in the amount of
1,766 units.

Conclusions

The conducted studies determined that the
passenger sleeping cars and open-type cars
constructed before the year 1989 with specific
corrosion damage level have the life length
sufficient for their subsequent operation over the
next 5 years. After the term exhaustion it is
recommended to carry out the life length tests for
assessment of the remaining life, which will
depend on general and operation conditions of the
cars.

In relation to open-type cars after 28 years of
operation, when conducting the scheduled repairs,
special attention should be paid to the state of side
sill and corner posts. In case of suspected breakage
in corner posts and side sill (visual subsidence of
side wall) it is necessary to conduct a survey with
removed outer skin and appropriate repairs. And in
case of OR-1 these measures are mandatory.
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PASPABOTKA PEKOMEHJIALIMIA 11O IPOIJIEHMIO CPOKA
MOJIE3HOM DKCIITYATALIMM MMACCAKUPCKUX BATOHOB

Henb. Tlaccaxupckuii BaroHHBI TapK YKP3aJu3HUIBI B TMOJABISAIONIEM OOJBIIMHCTBE MMEET BAaroHbl CO
CBEPXHOPMHPOBAHHBIM CPOKOM CITy>KOBI. B CBSI3M ¢ 3THM BO3HHKAaeT HEOOXOANMOCTh MIOMCKa METOJIOB 0OOCHOBA-
HUS TIPOJIOJKEHUS MOJIE3HOM 3KCIITyaTalluy MAaCCaXXMPCKUX BarOHOB M OIIGHKHM COOTBETCTBUS OCTATOYHOTO pecypca
KOHCTPYKLIMM Ky30BOB BaroHOB JKCIUTyaTallMOHHBIM Harpy3kaM B TEUCHHE CIEIYIOUIEr0 CPOKa HCIOIb30BaHUS.
MeToz[mca. le/l 0T60pe BaroHoOB BBIMOJHAJIOCh TEXHUYCCKOC JUATHOCTUPOBAHUC UX COCTOSAHHA C LCIIbIO BbBIABIIC-
HUSl YPOBHSI KOPPO3UOHHBIX M MEXaHMYECKHUX MOBpexaeHud. Ha crieayronmx sTanax BBINONHIIOCH UCCIEI0BaHUE
MPOYHOCTH HECYIIUX KOHCTPYKLUUH Ky30BOB BarOHOB HAa OCHOBE 3KCIEPUMEHTAIBHBIX CTATUYECKUX U YAAPHBIX HC-
MBITAHANA Ha TPOYHOCT, PECYPCHBIX WCIBITAHUN Ha JAEUCTBHE MPOJOIBHBIX CHII. BBIMONHANACH OIICHKA M MIPOTHO-
3UpPOBAaHUE COOTBETCTBHA pecypca Ky30BOB BaroHOB Ha clieAyromuil nepuo. Pesyastarsl. OOcieoBaHNs BATOHOB
JI0 UCIIBITAHUU NOKa3aJ0, YTO TEXHUYECKOE COCTOSIHUE KyneWHbIX BaroHoB LMK nyuiie, yem BaroHOB OTKpBITOIO
tuna [IMO. Tak, B Baronax [IMK yMeHbIIeHHE TOJIIIHWHBI OCHOBHBIX HECYIIHMX 3JIE€MEHTOB BCIEICTBHE KOPPO3UHU
He npesbimano 10 %, oTcyTcTBOBaNIM TpenyHbI, AedopMalii, 0OpbIBBI CTOEK U npoyee. B To e BpeMs: B BaroHax
[IMO yMmeHblIeHHE TONIIMHBI BCIEACTBHE JIOKaIbHOM Koppo3uu gocturano 35 %. NUmetotes nedopmaiiiu u koppo-
3MOHHBIC IOBPSXKICHUSA Z M HIDKHEH 00BS3KH 00OMX BAaroHOB, CIUHHYHBIC OOPBIBBI CTOCK, TOBPEKICHHUS MECT CO-
€/IMHEeHUs XpeOTOBOM U MIKBOpPHEBOW Oanok. [IpoBe/ieHHbIE cTaTUYECKHE U yAapHBIE MCIBITAHHS C TOCIeyonen
OLIEHKOM MPOYHOCTHU 3JIEMEHTOB KOHCTPYKIIMM BaroHOB MOKa3ald, YTO MPOYHOCTH MOCIEAHUX 00ECcreunBaeTcs co-
TJIACHO HOPMATHBHBIX JIOKYMEHTOB ¥ TaKHE BarOHBI HE HECYT YTPO3bI OC30MACHOCTH JBIXKCHUA. Y JapHBIC pecypc-
HBIC WCIBITAHHS TTOKAa3aj¥, YTO BCE BAarOHBI MPONUTHM WX O3 MOBpekIcHHUN. JlaHHBIC MOBPEKICHHUS MOTIU OB
MPEIATCTBOBATh MPOBEICHUIO UCTIBITAHUN W HE MOTJIH OBITH YCTPAHCHEI MIPU MPOBEICHUU OYEPETHOTO JICTIOBCKOTO
WIN KalUTaJIhbHOTO PEMOHTA M UMENT HapabOTKH Ha pecypc, KOTOPEIE MTO3BOJISIOT MPOJUTATH CPOK UX MTOJIC3HOM JKC-
TUTyaTauy Ha cienyrommii nepuoa. Hayunas HoBu3Ha. Pe3ynpTaThl MpoBeICHHBIX SKCIIEPUMEHTATBHBIX UCCIIEN0-
BaHUIl JTOKAa3BIBAIOT, YTO Maccaxupckue BaroHsl mocie 28...30 u 33...35 jer sKkcIuryatanuu OTBEYalOT YCIOBUSIM
MPOYHOCTH M 0€30IMaCHOCTH IBHKCHHUS B COOTBETCTBHH C HOPMATUBHON JOKYMEHTAIMEH U MO3BOJISIOT IPH YCIOBH-
SIX yIapHOW BEIHOCITUBOCTH 0OOCHOBAaHHO MPOJIEBATH CPOK CITy>KOBI BaroHOB. IIlpakTHyeckast 3HaYUMOCTh. YacTs
BaroHHOTO TIapKa, KOTOpasi JOJDKHA CIMCBIBATBCS MO CPOKY IKCIUTyaTaliu, 0e3 JOMOIHHUTEIBHBIX MEPOIPHATHI
MOXET IPOAOJIKUTH CBOW CPOK CIyObI O1aroiapst pa3padoTaHHBIM PEKOMEH/IAIHSIM.

Kniouesvie cnosa: maccaxupckuil BaroH; CpoK dKCIDIyaTalldd; IMPOYHOCTh KOHCTPYKIIMH; COOTBETCTBHE, CTATH-
YECKHE UCTIBITAHUS; YAapHbIC HCIIBITAHMS; HApabOTKa Ha Pecypc
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PO3POBKA PEKOMEHJIAIIN I3 TPOJOBXEHHS TEPMIHY
KOPHUCHOI EKCIIJTYATAIII TACAKUPCBKHX BATOHIB

Merta. [lacaxxupchkuii BaroHHUil nmapk YKp3aji3HHLI B IepeBakHiil OLNbIIOCTI Mae BaroHW 3 MOHaJHOPMOBA-
HUM TEPMIHOM CIIy>KOH. Y 3B’SI3Ky 3 IIUM BHHHUKA€ HEOOXIIHICTH MOIIYKY METOJIB OOIPYHTYBAaHHS IPOIOBKEHHS
KOPHUCHOI eKcIuTyaTalii NacaXKHPChKUX BaroHiB Ta OLIHKM BIANOBIJHOCTI 3aJMIIKOBOTO PECYpCy KOHCTPYKI{
Ky30BiB BaroHiB eKCIUIyaTalliiHIM HaBaHTAXXCHHSIM IPOTArOM HACTYITHOrO TEPMiHy BHKOpUCTaHHA. MeTommka.
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[Tpu BinOopi BaroHiB BUKOHYBAJIOCH TEXHIUHE J1arHOCTYBAHHS 1X CTaHy 3 METOIO BHSIBJICHHS PiBHS KOPO3IHHHX Ta
MEXaHIYHUX IOUIKO/KeHb. Ha HacTynHMX erarnax BHKOHYBaIOCH JOCIHIKEHHS MILHOCTI HECYYMX KOHCTPYKIIH
Ky30BiB BaroHiB Ha MiJICTaBi €KCHEPHUMEHTAIBHUX CTATHYHHMX Ta yIApHHX Ha MIIHICTh BUIPOOYBaHb, PECYPCHHUX
BUNPOOYBaHb Ha JIiI0 TO3J0BXKHIX cui. BHKOHyBanach OIliHKA Ta NMPOTHO3YBAaHHS BIJIOBIHOCTI pecypcy Ky30BiB
BaroHiB Ha HacTynHuH nepion. PesyabTaTn. OOCTe)XEHHS BaroHiB 1O BUIPOOYBaHb 110KA3alIo0, [0 TEXHIYHUN CTaH
kyneiiHux BaroHiB [IMK kpamwuii, Hixk BaroHiB Bigkpuroro tuiry [IMO. Taxk, y Barorax [IMK 3MeHIIeHHS TOBIIUHI
OCHOBHHX HECYYHX CJIEMEHTIB BHACHIIJOK Kopo3ii He mepeBumryBano 10 %, Oymu BiacyTHI TpimmaH, Aedopmarii,
oOpuBH CTiliOK Ta iHme. B Toif ke wac y BaroHax [IMO 3MeHIIEHHS TOBIIMHM BHACNIJOK JIOKAIBHOI KOPO3ii
nocsirano 35 %. HasBui nedopmarii Ta Kopo3iiiHi HOIMIKOKEHHS Z HUKHBOI OOB’SI3KM 000X BaroHIB, MOOJMHOKI
00pHBH CTIHOK, MONIKOKCHHS MiCIIb 3’ €JHaHHS XpeOToBOI 1 mKBOpHEBOI Oanok. [IpoBeneHi cratuyHi Ta yaapHi Ha
MIIHICTD BHITPOOYBAHHS 13 OJATBIIOI0 OLIHKOIO MIITHOCTI €JIeMEHTIB KOHCTPYKIIii BarOHIB MOKa3aJH, 1[0 MIillHICTh
OCTaHHIX 3a0e3MeuyeThCs 3TiHO HOPMATUBHHMX JOKYMEHTIB Ta Taki BaroHW He HECYTh 3arpos3u Oesreni pyxy.
YaapHi pecypcHi BUITPOOYBaHHsI TIOKa3ajM, [0 BCI BATOHU MPOMIUHA iX 0e3 yukopkeHb. i yikompkeHHs Moy 6
MePEeIIKO/PKATH POBEJCHHIO BUIIPOOYBaHb 1 HE MOTIIM OyTH yCyHEHI IPH MPOBEJICHHI YeproBOro JeMoBCHKOTO abo
KalliTaIbHOTO PEMOHTY Ta Majli HalpallOBaHHS Ha pecypc, SKe J03BOJSIE NMPOJOBXKHUTH TEPMiH iX KOpHCHOI
eKcIUTyaralii Ha HacTynHuii mnepion. HaykoBa HoBu3HA. PesynbTaT NpOBENEHUX EKCHEPHUMEHTAIBHUX
JIOCTIIKCHb JOBOJATH, MO Macaxupchki Baronu micis 28...30 ta 33...35 pokiB ekcruryarariii BillIOBiAIOTh YMO-
BaM MiIIIHOCTI Ta Oe3MeKku pyxy 3TiIHO 3 HOPMATHBHOIO JOKYMEHTANI€l0 Ta J03BOJSIIOTH 3a yYMOB YJapHOI
BUTPUBAJIOCTI OOTPYHTOBAHO MPOJOBXKYBATH TEPMiH ciTykOu BaroHiB. [IpakTuuna 3HayuMicTh. YacTHHA BaroHHO-
TO HapKy, SKa MOBHHHA CIMCYBATHCS 3a TEPMIHOM eKCIUTyartarii, 0e3 JOJaTKOBHX 3aXOJiB MOXE IPOJOBKHTH
TEPMIiH CITy>KOH 3aBISKU pO3POOICHNM PEKOMEHIAIIISM.

Knrouosi crosa: macaXupChKuii BaroH; TEPMIiH SKCIUTyaTallii; MIIIHICTh KOHCTPYKIIii; BiAIIOBIAHICT, CTATHYHI
BUIPOOYBaHHS, yAapHi BUMPOOYBaHHsI; HANPAIIOBAaHHS Ha pecypc
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DETERMINATION OF STOPPING DISTANCE OF UNPOWERED
ROLLING STOCK BY METHOD OF SEQUENTIAL BRAKING

Purpose. In the paper it is necessary to estimate the determination accuracy of a car stopping distance during the
test by the method of sequential braking. The method of sequential braking is applied for experimental evaluation of
the stopping distances. Unlike the abandonment method when a sample car is disconnected from the tractive con-
nection and they record the stopping distance of a single car from the moment of uncoupling to the moment of stop,
the method of sequential braking involves stopping distance measurement of the tractive connection, the integrity of
which in the course of the test is not affected, but its set (locomotive, locomotive with the track test car or with
a sample car) at the different stages of the test is changed. Direct measuring of the stopping distance of a sample car
is not possible using this way, it requires calculating of the stopping distance values of the tractive connection. This
adversely affects the accuracy of the result, but it can increase the safety level of the test. Methodology. To evaluate
the accuracy researches have conducted the numerical experiment, which simulated experimental processing of
stopping distance values. An error was found by giving disturbance of basic data (stopping distance of tractive con-
nection of different configuration) and analysing the resulted scatter of readings (stopping distance of a single car).
Findings. The study proved: 1) the relative error of car stopping distances value, with relative error of basic data
1%, made 3.3-19.7% (depending on the tractive connection variant). 2) the proposed ways of error reduction (with-
out track test car, less-weighed-locomotive use) allowed declining the error to 2.15-5.1%. Originality. The method-
ology of error estimation of car stopping distances determination under tests by the method of sequential braking
was proposed. Practical value. Work results make it possible to replace the running brake tests by the abandonment
method, under which the integrity of tractive connections is broken, with safer testing by the method of sequential
braking, providing the level of result accuracy of 2-5%.

Keywords: stopping distance; abandonment method; method of sequential braking; sample tractive connection;
error

Introduction complete stop. This method of determining the
stopping distance was called the «abandonment»
method. In cases when the integrity of the tractive
connection must not be broken, the method of se-
quential braking is used. One conducts a series of
braking with a sample tractive connection, consist-
ing of a locomotive, a track test car, and, if neces-
sary, a sample car, with recording of braking dis-
tance. The values of the tractive connection stop-
ping distance with a sample car and without it are
used to calculate the stopping distance of a single
car [2, 10]. The literature focuses on the method of
sequential braking during unpowered rolling stock
testing [3, 6]. According to the requirements of
regulatory documents [8] the value of target brake

In the current regulatory documents [8] one of
the effectiveness criteria of the car automatic brake
is considered stopping distance. Stopping distance
is the distance traveled by train from the moment
of shift of brake valve handle or emergency valve
into the braking position to the full stop of train
[5, 12]. The stopping distance is determined by
means of field experiment [14, 1]. For the test
there is formed a sample traction unit of a locomo-
tive, a track test car and a single car. It is allowed
conducting the test without a track test car if its
functions are performed by the lead locomotive.
The value of the stopping distance is assumed the

track traveled by car from the moment of uncou-
pling from a sample tractive connection to the

application speed is selected from a range of
60 km/h and further at intervals of 20 km/h till the
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design speed. The tools for speed and stopping dis-
tance measurement should meet the following re-
quirements listed in Table 1.
Table 1
Permissible absolute error of measuring
equipment while determining
the stopping distance [8]

Type of measurement Error, not more
0.2 km/h

+05%

Running speed

Stopping distance

Purpose

To estimate the determination accuracy of a car
stopping distances during the test by the method of
sequential braking.

Methodology

Determination of the stopping distance of the
sample car by method of sequential braking can be
carried out according to the presented method.
When there are set speeds one calculates the brak-
ing force of the locomotive or the tractive connec-
tion locomotive-track-test-car (L) and the tractive
connection with a sample car (L-SC). Having pro-
cessed the stopping distance results we determine
the braking force L and L-SC by the formula:

B =W @

where E; — Kinetic energy; S; — braking length; W; —
resistance to movement; i — index indicating the set
of tractive connection.

Kinetic energy is determined by the formula [4]

Q@+,
B=m 7, )
29

where Q; — weight; V,, — velocity at the beginning
of braking; g — gravitation acceleration, g = 9.81
m/s?; y — coefficient taking into account the steady-
ing effect.

The coefficient y assume as [9]

—  Locomotive - 0.25;

— Passenger car 0.5;

—  Freight car:

— Loaded - 0.08;

— Empty - 0.04.

For coupled unit the coefficient y is determined
by formula:

B ZQ,V. 3
P ®)

where Q, — weight of tractive connection.

Resistance to movement is determined by the
formula

W= wQ,, 4)
where w; — specific resistance to movement

w, = 0.4w, +0.6w, , )
where Wy, Wye —basic specific resistance to move-
ment at speeds at the beginning and at the end of
braking, respectively [5, 12].

The braking force of a sample car is determined
by the formula

B.-B _—B, (6)

The braking length of the test car is calculated
by the formula:
E

S, = —_ (7)
(BSC +WSC)

To verify the proposed method there were con-
ducted the calculations of stopping distance of the
tractive connection with the sample car and with-
out it, and of the sample car separately by the typi-
cal method [11]. Then the obtained values for the
tractive connections were used as input data to de-
termine the stopping distance of sample car by the
expressions (1-7). The results are shown in Table
2. The parameters of locomotives and cars are giv-
enin Table 3.

The values of stopping distance for different
configurations of sample tractive connection
shown in Table 4 were obtained at the initial brak-
ing speed of 120 km/h.

Table 2

The stopping distance of tractive connection
by the method [11]

Tractive connection * Stopping distance, m
1 2
VL80
VL80(ci) 1 060.35
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End of table 2

Table 4

Tractive connection * Stopping distance, m Stopping distance of a sample car by the method
1 5 of «sequential braking»
VL80(ciph) 963.19 Stop- Discrep-
ping Calcu- ancy of
VL80-SC: distance Iateq tr_le stop-
VL80(ci)-SC(ci, I): 1205.78 , _ ofa | stopping | ping dis-
. . Tractive connection sample | distance tance
VL80(ci)-SC(ci, e): 1035.25 car by ofa value by
VL80(ciph)-SC(c, I): 865.28 thﬁ ] sample thhe §
. . metho car,m method,
VL80(ciph)-SC(c, €): 820.24 8], m %
VL80-TC 1 2 3 4
VL80(ci)-TC(ci) 990.53 VL80-SC:

VL80-TC-SC: VL80(ci)-SC(ci,I): | 1806.9 | 1804.8 0.12
VL80(ci)-TC(ci)- SC(ci, I): 111561 VL80(ci)-SC(ci,e): | 839.5 | 839.69 0.02
VL80(ci)-TC(ci)- SC(ci, e): 976.69 VL80(ciph)- 689.5 694.4 0.705

Chs1 SC(c.l): 327.7 | 329.84 0.6
. VL80(ciph)-
Chs1 (-CI) 975.97 sc(c.e):
ChS1 (ciph) 885.9
ChSL.SC- VL80-TC-SC
ChSL(Ci).SC -i 0: 12488 VL80(ci)-TC(ci)- | 1806.9 | 1809.9 0.16
(C.) (C.’ )'_ ' SC(ci, e) 839.5 | 832.85 0.79
ChSl(CI)-SC(CI, e). 948.09 VL80(Ci)-TC(Ci)-
ChS1(ciph)-SC(c, I): 783.835 SC(ci, 1)

Note: *VL80, ChS1 is the locomotive model (the ChS1(ci)-SC(ci, 1) | 1806.9 | 1806.9 0
letters in brackets indicate the type of brake shoes — ChS1(ci)-SC(ci, e) 839.5 839.6 0.01
st fon < o CECLON i i e afph CHSLGN-SCCE) | 6395 | 69535 | 034

us, «CIpn»); - .
car with composite brake shoes); SC — sample freight ChS1(ciph)-SC(ce) | 327.7 330.0 0.81

car (gondola car, letters in brackets indicate the type of
brake shoes — cast-iron «ci» or composite «c» and car
loading — laden «I» or empty «e»).

Table 3

Weight and total braking effort of locomotives
and cars [7, 13]

. Estimated Total braking
Type of rolling stock weight, t effort, tf

Locomotive:

-VL80 184 112

- ChS1 84 56

Track test car 56 40
Sample car:

empty 22 14

loaded 88 28

The discrepancy between the stopping distance
of a sample car by the method of «sequential brak-
ing» and the stopping distance value by the typical
method does not exceed 0.84%, so | think the
method accuracy is sufficient.

Every testing implies the measurement error.
Evaluation of the error impact on the final results
is shown in Table 5. The error was introduced into
the original data and then increased. The evalua-
tion was conducted during the simulation of 100
braking operations.

The error reduction at the input from 1% to
0.5% will result in double decreased error at the
output (stopping distance of the car).
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Table 5

Effect of tractive connection stopping distance
measurement error on the car stopping distance

Tractive connection Error ratio of stopping
distance of a single car
with a relative error of
tractive connection 1%

VL80-SC:

VL80(ci)-SC(ci, I): 7
VL80(ci)-SC(ci, e): 10
VL80(ciph)-SC(c, I): 3.3
VL80(ciph)-SC(c, e): 5.8
VL80-TC-SC

VL80(ci)-TC(ci)-SC(ci, e) 7.9
VL80(ci)-TC(ci)-SC(ci, I) 19.7

ChS1-sC
ChS1(ci)-SC(ci, I): 57
ChS1(ci)-SC(ci, e): 3.9
ChS1(ciph)-SC(c, I): 3.27
ChS1(ciph)-SC(c, €): 2.15

Findings

1) The relative error of car stopping distances
value, with relative error of basic data 1%, made
3.3-19.7% (depending on the tractive connection
variant);

2) The proposed ways of error reduction
(without track test car, less-weighed-locomotive
use) allowed declining the error to 2.15-5.7%.

Originality and practical value

The methodology of error estimation of car
stopping distances determination under tests by the
method of sequential braking was proposed. Work
results make it possible to replace the running
brake tests by the abandonment method, under
which the integrity of tractive connections is bro-
ken, with safer testing by the method of sequential
braking, providing the level of result accuracy of
2-5%.

Conclusions

The conducted research allows making the fol-
lowing conclusions:

1) An alternative to the method of «aban-
donment» in determining the effectiveness of the

car brakes empirically during the train testing
should become the method of «sequential brak-
ing».

2) Further work should be focused on deter-
mining the ways to reduce the impact of cumula-
tive error on the stopping distance of a sample car.

3) The proposed test method requires experi-
mental confirmation.
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BU3HAYEHHS I'AJIBMOBOT'O IIVIAXY HECAMOXIZAHOT'O
PYXOMOTI'O CKJIAAY METOJAO0OM INOCHIAOBHUX I'AJIBMYBAHD

Merta. B po6oTi HEOOXiZHO OWIHWUTH TOYHICTP BH3HAYEHHS TallbMOBOTO MUIAXY BaroHa MNpPW TPOBEICHHI
BUIIPOOYBaHb METOJOM HOCIHIIOBHHX TallbMyBaHb. MeTON TOCTIIOBHUX TajbMyBaHb 3aCTOCOBYETBCS IS
SKCIIepMMEHTAJIBHOT OLIIHKY TaTbMOBOTO LIUISAIXY BaroHa. Ha BinMiHy Big MeTORy «KHAaHHS», KOJIH JOCITIIHUHA BaroH
BiN'€IHY€TbCS Bil 34eIly Ta PEECTPYEThCSA TaJbMOBHH HUISX OJMHOYHOTO BaroHa 3 MOMEHTY BINYEIUICHHS MO
3YIHHKH, METOJI TIOCIIIJOBHUX TalbMyBaHb Nepeadadac BUMIPIOBAHHS TaIbMOBOTO IUIIXY 39€Iy, IUTICHICTD SKOTO
B TIPOIIEC] EKCIIEPHUMEHTY HE MOPYIIYETHCS, ajle Ha PI3HUX CTaIisIX eKCIIEPUMEHTY 3MIHIOEThCS HOTO CKiaz (JIOKOMO-
THUB, JIOKOMOTHUB 13 BaroHOM-J1aboparopiero abo 3 TOCTiJHAM BaroHoM). be3nocepeiHb0 BUMIPSITH TaIbMOBHIA HIISX
JIOCJIIZTHOTO BaroHa TakMM CIIOCOOOM HE BJAETHCS, JTOBOMUTHCS OOYMCIIOBATH HOro 3a 3HAYEHHSIMH TaJIbMOBOTO
HUIsIXy 3uemny. Lle HeraTMBHO MO3HAYa€THCS Ha TOYHOCTI pe3ysbTary, 3aTe J03BOJISIE MiJBUIIMTH PiBEHb Oe3NeKu
npoBeeHHs BUIIpoOyBaHb. MeToanka. [[i11 OLiHKM TOYHOCTI JOCIIIHUKY ITPOBEIIH YUCEIBHUN €KCIIEPUMEHT, SIKUH
MOJIETIIOE 00pOOKY EKCIEepUMEHTAIBHUX 3HA4YeHb rajJbMOBOro HUIAXY. [loXMOKy 3HaWmuIHM, 3amarouu oOypeHHsS
BUXIMHMX JaHux (TalbMOBI NUISXM 3YemiB pi3HOI KOHQIrypallii) Ta aHami3yloud BHUKIHKAHHA MM DPO3KHII
pe3ynbTaTiB (ralbMOBOrO MUBIXY OAMHOYHOTO BaroHy). Pesyabratu. JlocmiukeHHsM noBeAeHO: 1) 3HadueHHS
BiTHOCHOI IMOXMUOKH TaJIbMOBOTO MIISAXY BaroHa IpH BiTHOCHIN moxuoOLi BuxinHux manux B 1 % cxmano 3,3-19,7 %
(3amexxHO Bim BapiaHTy (OpMyBaHHs 3uery); 2) 3alpoIOHOBaHI 3aco0M 3MEHIICHHS MOXWOKH (BHKIFOUCHHS
BaroHa-yiabopartopii, BHKOPHCTaHHS JOKOMOTHBA 3 MECHIIOI Barow) M03BONMIN 3HM3UTH ii g0 2,15-51 %.
HaykoBa HoBM3HA. ABTOpaMH 3alIpOIIOHOBaHA METOAMKA OLIHKH IOXHUOKH BU3HAYEHHS TaJIbMOBOTO IIUIXY BaroHa
npu  BUIIPOOYBaHHSIX METOAOM TMOCHIZOBHUX TrajbpMyBaHb. I[IpakTnyna 3HauumMmicTb. Pesynbratn pobotn
JIO3BOJISIIOTH 3aMIHUTH XOJIOBI TajibMOBI BUIIPOOYBaHHS METOJOM «KHAAHHS», IPU SKUX MOPYIIYEThCS LLTICHICTH
34eny, Ha OUIbIl Oe3rmeuHi BHUMPOOYBAHHS METOAOM IOCHIJOBHUX TaJbMyBaHb, 3a0C3MEUYUBINU PIBEHb TOYHOCTI
pesynbraris 2-5 %.

Kniouosi cnoea. TalbMOBH NUIAX; METOJ «KHUIAHHSI», METOJ MOCIIIOBHUX TajlbMyBaHb, JOCIIIHUN 34YEl;
moxuoKa
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OIIPEJAEJIEHHUE TOPMO3HOI'O IIYTH
HECAMOXOJIHOTI'O IOABUXKXHOI'O COCTABA METOAOM
MOCJIEJOBATEJIbHBIX TOPMOKEHUM

Heab. B pabore HEOOXOAMMO OLIEHUTh TOYHOCTH OINPEIETICHHUS TOPMO3HOTO IyTH BaroHa IMPH MPOBEICHUH
UCIIBITAaHUH METOIOM IOCIIE0BATENbHBIX TOPMOKEHUI. MeTo/] ociieJoBaTeNbHBIX TOPMOXKEHUIN IPUMEHSETCS IS
IKCIIEPUMEHTAILHOM OLIEHKH TOPMO3HOTO IyTH BaroHa. B orndue ot Merona «OpocaHus», KOT/ia ONbITHBIA BaroH
OTCOE/IMHSETCSI OT Clela M PEruCTPUPYETCs TOPMO3HOM MyTh OJMHOYHOTO BaroHa ¢ MOMEHTa OTLENKH 0
OCTaHOBKH, METOJ| IOCJEJOBATEIbHBIX TOPMOXXEHHH IPEIyCMaTpUBacT H3MEPEHHUE TOPMO3HOTO IYyTH CLENa,
LEJIOCTHOCTh KOTOPOTO B IIPOLIECCE IKCIIEPUMEHTA HE HapylIaeTcsl, HO Ha Pa3HBIX CTaJHsIX SKCIEPHMEHTa MEHSETCS
ero coctaB (JIOKOMOTHB, JOKOMOTHB C BaroHOM-JIa0OpaTOpHel, WM C ONMBITHBIM BaroHoM). HemocpencTBeHHO
M3MEPUTH TOPMO3HOW MYTh ONBITHOI'O BaroHa TaKUM CHOCOOOM HE YAAeTcs, NMPHUXOAUTCS BBIYHMCIATH €ro IO
3HAYEHHUSM TOPMO3HOTO IYTH CIena. JTO OTPUIATENLHO CKa3bIBAETCS HA TOYHOCTH PE3yJbTaTa, 3aTO MO3BOJISIET
MOBBICUTh YPOBEHb OE30MACHOCTH MPOBEJCHUSI MCIbITaHUI. MeToauka. J[Jiss OLIEHKH TOYHOCTH HCCIIEA0BATEIIN
MPOBEJH YUCIICHHBIA YKCIIEPUMEHT, MOJICITHUPYIOIINA 00pabOTKy SKCIIEPUMEHTABHBIX 3HAYCHUI TOPMO3HOT'O MyTH.
IorpemHOCTs HAIDIM, 3a4aBasi BO3MYIICHHS HCXOAHBIX JaHHBIX (TOPMO3HBIE IIYyTH CIIETIOB PAa3JIdYHOM
KOHQUTYpalny) W aHATH3UPYs BBI3BAHHBIA 3TUM pa3bpoc pe3yapTaroB (TOPMO3HOTO MyTH OJWHOYHOTO BAaroHa).
PesyabTathl. MccnenoBanmem qokasano: 1) 3Ha4eHre OTHOCHTEIBHON MMOTPEITHOCTH TOPMO3HOTO ITyTH BaroHa MpH
OTHOCHTENBHOM MOTPEIIHOCTH HCXOJHBIX AaHHBIX B 1 % cocraBumo 3,3-19,7 % (B 3aBHCHMOCTH OT BapHaHTa
(dbopmupoBaHUs  cliena); 2)  TOPEUIOKEHHBIE  CIIOCOOBI  YMEHBIIEHHWS  IOTPEMIHOCTH  (HMCKIIFOUEHHE
BaroHa-1abopaTopuy, MCIOJIb30BAHUE JIOKOMOTHBA C MEHBIIMM BECOM) MO3BOJHIM CHU3MTH ee no 2,15-5,1 %.
Hayuynasi HoBM3HA. ABTOpaMHu IpEJIOKEHA METOJMKA OLEHKH IOTPEIIHOCTH OMNpENENICHUS TOPMO3HOTO ITyTH
BaroHa IPH HCHBITAHUSAX METOJIOM IOCIIEN0BaTENbHBIX TopMOkeHHH. [IpakTHyeckast 3HaUNMOCTB. Pe3ynbraTsl
paboThI IO3BOJISIOT 3aMEHUTH XOJIOBBIE TOPMO3HBIE MCIIBITAHUSI METOOM «OpOCaHMsI», TIPH KOTOPBIX HapylIaeTcs
LEJIOCTHOCTh CLENOB, Ha Oosiee Oe30MacHbIE HCIBITAHUS METOJOM IOCIE0BATEIbHBIX TOPMOXKEHUH, 00eCleunB
YPOBEHb TOYHOCTH Pe3yibTaToB 2—5 %.

Kniouesvle cnosa. TOPMO3HOHM ITyTh, METOZ «OpOCAHMS»; METOJ IOCIIEIOBATENBHBIX TOPMOKEHHH; OIBITHBIA
CIIeII; TOTPEIIHOCTh
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DETERMINATION OF THE ISSUE CONCERNING
THE LIFT RESISTANCE FACTOR OF LIGHTWEIGHT CAR

Purpose. The analytical study of the connection between the longitudinal force, acting on the light-weight car,
lateral and vertical forces of interaction in the contact zone «wheel — rail» with the lift resistance factor value is to
provide a simple relationships between them. Methodology. Research was conducted by the method of mathemati-
cal modeling of loading the freight car when driving at different speeds on straight and curved sections of a track.
Findings. Even in the absence of «lift» accordingly the classical train stability theory, as the hinge-rod system, the
presence of the longitudinal compressive forces may become a factor provoking cars derailment. The main reason of
wheel climbing on rails is the combination of processes of dynamic interaction between the hunting vehicle and the
track with simultaneous action of longitudinal compressive forces, and not the destabilization of train as a hinged-
rod system. To assess the impact of the longitudinal forces value on the lift resistance factor there are presented the
calculation results for the empty gondola car motion, model No. 12-532, on 250 m radius curve with 150 mm rise
and cross starting of car underframe relating to the track axis in 50 mm guiding section. The calculations were made
in such a curve excluding the inertial forces from outstanding acceleration and taking into account the unbalanced
acceleration with the permissible speed of 65 km/h. Originality. This study provides the technique of determining
the lift resistance factor by longitudinal forces, which is somewhat different from the standard one, as well as evalu-
ates impact of rolling stock speed on this factor. Practical value. The authors clarify the current method of deter-
mining the lift resistance factor by longitudinal forces and assess the impact of rolling stock speed on the value of
this factor. From these studies one can conclude that because of cars hunting their lift is possible even when the train
as hinge-rod system does not lose stability. The developed proposals allow reducing the number of car derailment by
taking into account important parameters and characteristics during the process of calculation and design that in-
crease their stability in the rail track especially in case of increased speed of freight trains.

Keywords: traffic safety; rules for the calculation; car lift resistance factor; movement speed; lift resistance
factor

Introduction The main causes of accidents in locomotive
economy of railways of Ukraine are a combination
of car malfunctions and track condition, as well as
foot-plate staff’s actions leading to violations of
train driving modes.

The traffic accident analysis of the locomotive
facilities of Ukrainian railways for the period of

Traffic safety is a basic condition for normal
operation of the railways. Problems of traffic
safety of trains and shunting operations are the
main ones for the rail transport since it is hard to
completely avoid crashes and accidents occurring
due to car derailment [9].
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2008 — 2010 (Fig. 1) shows that most of accidents
are caused by the actions of foot-plate staff
(Fig. 1a) and freight traffic — freight electric
locomotives and diesel locomotives (Fig. 1 b)
[1, 16, 20].

Since the driving of freight trains results in
quite large longitudinal forces acting on cars, it
becomes important to conduct the research aimed
at identifying the causes of the situations in which
the cars might be lifted.
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Fig. 1. The histogram of traffic accidents caused
by locomotive facilities of Ukrainian railways:
a — causes of transport accidents; b — transport
accidents by type of rolling stock and traction

Increased safety of freight car traffic is one of
the priorities of the Ukrainian railways and it
represents a set of measures aimed at reducing the
likelihood of threat to life and health of passengers,
transported goods, as well as at the safety of infra-
structure and rolling stock of the railway transport,
environmental safety.

For effective training of specialists in such
a complex area as railway transport currently the
simulator complexes are widely used [10]. The
simulator is usually used for developing practical
skills, bringing them to automatism, especially for
modelling abnormal and emergency situations It is
important for a simulator to have a high-quality
mathematical model describing the longitudinal

dynamic processes in train and able to assess the
lift resistance of each car, since any discrepancy in
the actual situation involves inadequate response of
a locomotive driver when emergency situations
occur in real life [15, 21].

Purpose

To ensure the stability the limit values for cer-
tain indicators are set. These indicators determine
the conditions of rail top wheeling-in. One of such
conditions is the ratio of lateral and vertical forces
acting on the wheel. However, if the above indica-
tors exceed the permissible limits, it does not mean
that derailment will take place; it is the necessary
but not sufficient condition for the wheel running
off the rails [12].

When designing the new and upgrading the ex-
isting freight cars one of the mandatory conditions,
which determines their suitability for use, is the
fulfilment of conditions for ensuring the car resis-
tance factor against the lift caused by longitudinal
forces in the train.

The purpose of the analytical study of the rela-
tionship between the longitudinal force acting on
the lightweight car, lateral and vertical forces act-
ing in the contact area of the wheel flange and the
rail with the lift resistance factor value is to pro-
vide simple functional connections between them.

Methodology

Wheel stability against re-railing is determined
by two main factors: the ratio of the lateral interac-
tion force to the vertical load on a wheel and by the
angle of rail top side edge wheeling-in, which de-
pend on dynamic processes of vehicle movement
in the rail track and the longitudinal forces acting
on the car in train.

As a result of the use of certain driving modes
the train can evoke large longitudinal dynamic
forces both tensile and compressive ones. The ef-
fect of the action of the longitudinal forces is de-
fined by their direction and car position relative to
the neighbouring vehicles in coupling [2, 3, 7, 8].
When placing the cars at an angle to each other in
the plan, the transverse horizontal components of
the longitudinal forces appear; and in case of dif-
ference in height of their automatic couplings —
vertical components, which create additional load-
ing or off-loading of the respective wheels of the
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vehicle [3, 6, 13]. This has an effect on the value of
the lateral and vertical interaction forces, defining
the conditions necessary for rail top wheeling-in
[23, 24, 25].

Since the set of the cars with central automatic
couplings of shock-traction action is a multilink
hinge-rod circuit, the instability of equilibrium of
this mechanism depends on the location and char-
acteristics of the horizontal and vertical compo-
nents of the longitudinal forces [3]. The force, by
analogy with Euler static problem, corresponding
to hinge-rod circuit buckling moment, is called
buckling (Fig. 2). The calculated buckling forces
for freight cars occur the least ones when skewing
according to the diagram (a). Consequently, the
cars coaxially arranged on a straight track section
would not be out of alignment under the action of
compressive forces lower than the buckling one
[2, 3]. In fact, due to the meandering motion of
vehicles, track gaps, spring, axle and centre plate
arrangements, and for other reasons the cars almost
always have some oblique settings relating to each
other [2, 3, 6, 13].

Despite the fact that the theoretical studies
found that, when the compressive force value is
lower than the buckling value, the car lift should
not occur due to the stability loss of the train as
a hinged-rod system, the practice shows that the
train derailments occur even at lower values of the
longitudinal forces. This is particularly evident for
the trains with empty cars, which are characterized

FL

by intense hunting in the operational speed range.
Therefore, apart from the train longitudinal stabil-
ity as a hinged-rod system, for the speeds above
the critical speed of hunting, in the presence of the
longitudinal compressive forces one must consider
longitudinal and transverse stability of the motion
of the train cars [18, 19].

It should be noted that the presence of longitu-
dinal forces not only leads to an increased hunting,
but also helps to reduce the vertical loads in the
wheel-rail system, that is to reduce the forces that
prevent rail top wheeling-in, as well as to a greater
turn of carriages with increased angle of rail
wheeling-in. In such situations, the rail top wheel-
ing-in resistance is seen not as a direct result of the
high value of the longitudinal force, but as a result
of intense vibrations of the hunting vehicle. This is
particularly evident in the area of transition curves,
characterized by additional perturbations of impact
nature [2, 3, 6-8].

Let’s consider the car motion in a curve, where
there are different on both sides of the car cant an-
gles of rigid rods (bodies) to the track plane ¢, and
02, the angles of coupling rotation with respect to
the track axis y1and y», and the car rotation within
the gap in the track at an angle . Herewith the car
is set in the track under the diagram (a) — «herring-
bone» and is subjected to the action of longitudinal
compressive forces. We introduce a number of as-
sumptions, simplifying the problem [6].

hl‘ Ill|'I|I|_'

-

————ree

Fig. 2. Design diagram of the train and oblique settings of its elements in the plan
under the action of longitudinal compressive forces
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Fig. 3. The forces acting on the car

Fig. 3, all the forces acting on the car are de-
signed on the track plane, as well as the planes
perpendicular to it — the longitudinal, relative to
the track, and the cross axis.

Where G, —weight of the car body, kN; P — cen-
trifugal force, kN;

G, V?
Pcf = ; . R ’ (1)
P, —centripetal force, kN;
Pcp = G0 ", (2)

a — track inclination angle towards the horizontal,
rad; N; and N, —longitudinal forces acting in a car
coupler, kN; Z; and Z, — vertical components of the
longitudinal force, kN;

A

1 P O 2a 3)
A

Z,=N-0,, (Pzz_z; (4)

2a

2a — the distance between the centres of the cotter
hole of automatic coupling, m; A; — axe level dif-
ference of automatic couplings in front of the car,

m; A, — axe level difference of automatic couplings
behind the car, m;

Y, =Ny, (5)

Y, and Y, — horizontal lateral components of the
longitudinal force, kN;

Since the angles ¢; and ¢,, w1 and y, are rather
small, then:

Yy =Ny,

X, =X, =N. (6)

X1 and X; — horizontal longitudinal components of
the longitudinal force, KN.

Assuming that the turning angles of all cars in
a curve are equal, we find:

3y
=0 7
v=o, )
Oy L .
= +—, 8
\41 WAR: (8)
8L L,
2 2a-¢f R ©

In view of the elastic transverse deformation of
the bogie spring sets the formulas (7, 8, 9) take the
following form:

doi: 10.15802/stp2015/57098

© A. O. Shvets, K. I. Zhelieznov, A. S. Akulov, O. M. Zabolotnyi, Ye. V. Chabaniuk, 2015

137



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

Hayxa ta nporpec Tpancnopty. Bicauk /{HinponeTpoBchKoro

HAI[IOHAIIBHOTO YHIBEPCUTETY 3alIi3HHYHOTO Tpancmopry, 2015, Ne 6 (60)

PYXOMUI CKJIAJ I TSATA IIOI3/IIB

N
4¢.C

r

X SOQL-[1+LJ+2L° :
1 a R

&-L N
+—X
2a-/ 4C,

y 80.L.(1+£)+2Lc .L+i,
7 a R |a/ R
8L N

+—X
2a-/ 4C,

X|:80 L (1+£)+ 2LC:|£_5,

0 a/ R ]al R
where 2L. — car coupled length, m; 2¢ — truck-
centre spacing, m; R — curve radius, m; 25, — total
cross-run play of the car body frame relative to the
track axis in the run section, m; L — horizontal dis-
tance from the car axis to the cotter hole centre of
automatic coupling, m; a — coupler casting length
(from the axis of coupling to the end of the shank),
m; Cy — horizontal stiffness of the spring suspen-
sion of a bogie, KN/m.

The vertical components of support reactions
are indicated in Fig. 3 as R1, R2, R3, R4, the hori-
zontal components of the reactions belonging to
the same bogie are taken equal to each other (the

X

80
=—+
v 21

(10)

Y, =

(11)

Y, =

(12)

assumption is made about the equality of the hori-
zontal lateral stiffness of spring group on one bo-
gie) and denoted H; and H.

Having formed the equations of equilibrium
and compatibility of vertical displacements (verti-
cal stiffness of all the spring sets are equal, and the
car frame is absolutely rigid), we determine the
reactions of the supports:

L L
@32@1‘(74'1)"‘@2'(?_1)’ (13)
G, N N
R=-—"C-——- 0, +—x
1 4 4 (pa 4
X— (wl—w2)+&-— a,, (14)
4 gb
G, N N
R :—0——¢ —_X
2 4 4 (Pa 4
G, h
X— - -—-.—-a,, (15
(‘Vl 2) 4 gb o (15)
H, =N/4x

Fig. 4. Car layout on a curved track section under the action
of longitudinal compressive forces
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Where 2b — distance between the points of applica-
tion of the vertical forces acting on the journal box
of the wheel pair on the climbing and non-climbing
wheel respectively, kN; h — height of the car body
centre of gravity over the bolster supporting plane,
m; ¢ — vertical distance from the top plane of the
central spring set to the coupling axis level, m; ay,
— unbalanced acceleration, m/s%; g — gravity accel-
eration, m/s’.

Having considered the balance of non-sprig
part of the bogie, we can find vertical P,, P, and
the horizontal force H; acting on the wheel pair:

G R
P=—4+1, 17
1=t 17)

G R
Pp=—l4+2 18
2= (18)

G
H, =Hl+—25-aun. (19)

G, G h

Pcar=?0+%+§'|:(W1_WZ)'ga_((pl_(pz)'

A

L
l

Having considered the balance conditions of a
single wheel pair, we get [6, 22]:

> Z=R+PR+G,,-N,-P, =0
D> M=N,-25-G,,-S+P b -
-P,-b, +H; -h, =0
> Y=P —H;-p-N,=0

Where hys — height from the rail level to the top

plane of the central spring set, m; G, — weight of

the wheel pair, kN; H; — frame force acting on the
wheel pair, kKN; p — coefficient of flange friction

(20)

against the rail top fillet.

Solving the system of linear equations we de-
termine the vertical and lateral cross reactions of
rail to the climbing wheel:

_'b_((Pl_(Pz)'E‘*‘(\Vl‘*‘Wz‘*‘ZW)' e (21
-S S l-S
2b

h 4

A

2s

Fig. 5. Calculation diagram of forces acting on the bogie
as a result of longitudinal compression

doi: 10.15802/stp2015/57098

© A. O. Shvets, K. I. Zhelieznov, A. S. Akulov, O. M. Zabolotnyi, Ye. V. Chabaniuk, 2015

139



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

Hayxa ta nporpec Tpancnopty. Bicauk /{HinponeTpoBchKoro

HaIliOHAJIBHOTO YHIBEPCHUTETY 3aiIi3HHYHOTO Tpancmopty, 2015, Ne 6 (60)

PYXOMUI CKJIAJ I TSATA IIOI3/IIB

-
- (& bg) N (Wl \Vz)( p
b
8 4 8
+(\If1+\|/2+2\l/)
I tgB—u y
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X

h L L-h
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Where P, =G, +2G, - car weight, KkN;

Ay =y, -y, — difference between the swivel an-

gles of couplings against the track axis in front of
and behind the car, rad.
If it is necessary to take into account inertia

h
K;thgs—u/1+u.tgﬁ-PB+Pm-;/P6+P"H-(2—p-hu/s),

P, =(Go+2-Gbg)-ﬂ—p B

Using analytical expressions for determining
angles (10, 11, 12), we write the obtained depend-

Pb —pt +N_2.|:\V§ 'hhs _’_\chr'L(

car
C

| 25,-S  a-l

N2 \VZ
P — . PSt + . a
b M- Fear C |:280

r

Where P;. - static weight of car in view of
unloading by longitudinal force, kN;

Par =P =N -0, (28)
w, — rotation angle, rad;
W, =8 L/t (1+L/a), (29)
weur — rotation angle from the curve, rad,;
Ver = L/R. (30)

h, a h, h h,
a4 . S LN 2 - NS ,
A ]:l |:\1Ucur S U S

. 2_“'% +“|ICU—"L 2(14_2)_“ h_a+£
S a-t l S 7

S

forces in the curve, the vertical (21) and the lateral
(22) reactions of the rail on the climbing wheel are
added to the inertia forces caused by unbalanced
acceleration:

(24)

(25)

— Vcar

g

ences for the vertical (21) and the lateral (22) reac-
tions of the rail on the climbing wheel as follows:

(26)

gl
o}

Substituting the expressions (26) and (27) into the
formula (24) we can obtain the dependence similar to
that described in [6], excluding (31) and taking into
account the inertial forces in a curve (32). In addition,
we recall dependence for determining the longitudi-
nal forces lift resistance factor excluding (33) and
taking into account the inertial forces in a curve (34)
which has been studied in [11].
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Where Pg — car weight, kN; Py, — car inertial
force, KN; P, — vertical load by bogie, which takes
into account off-loading under the longitudinal
force, kN; N — longitudinal force on automatic
coupling during the car compression, kN; 2L, —
coupled length, m; 2L — car length over head stock,
m; 2¢ — truck-centre spacing, m; hg, — height of the
centre plate working plane above the rail top, m;
hns — height of the spring set top above the rail top,
m; hep - height of the coupling axis above the rail
top, m; h, — height of the car gravity centre above
the rail top, m. 2b — distance between the points of
application of the vertical forces acting on the
journal box of the wheel pair on the climbing and
non-climbing wheel respectively, kN; 2S - dis-
tance between the taping lines, m; R — curve ra-
dius, m; 20, — total cross-run play of the car body
frame relative to the track axis in the run section,

m; a — coupler casting length (from the axis of
coupling to the end of the shank), m; u — coeffi-
cient of flange friction against the rail top fillet; g —
angle formed by the straight part of the wheel
flange profile contour to the track plane; ay, — un-
balanced acceleration, m/s% o and y — coefficients
taking into account the effect of longitudinal buck-
ling forces, leading to a relative imbalance of cars
and the coupling axes in the plan.

Findings

To assess the impact of the longitudinal forces
value on the lift resistance factor Fig. 6 presents
the calculation results for the empty gondola car
motion, model No. 12-532, on 250 m radius curve
with 150 mm rise and cross starting of car under-
frame relating to the track axis in 50 mm guiding
section [12]. The calculations were made in such
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a curve excluding the inertial forces from out-
standing acceleration and taking into account the
unbalanced acceleration with the permissible speed
of 65 km/h [14, 17].

Fig. 6 shows the calculation results for lift re-
sistance factor of the empty car depending on the
value of longitudinal forces caused by the
neighbouring cars with the difference in coupling
heights of 100 mm. The horizontal lines show the
allowable value of the lift resistance factor (1.2
[12]) and the value of this factor (1.0), which pro-
vides the necessary condition for instability.

The diagrams in Fig. 6 show that the car speed
has some significant impact on the lift resistance
factor value only at small values of the longitudinal

forces, in case of which the lift is impossible.
Therefore, as noted previously [3] and as follows
from Fig. 6, the impact of the car speed on the lon-
gitudinal force lift resistance factor can be ne-
glected.

Fig. 7 shows the dependence of the lift resis-
tance factor obtained using 2 different design dia-
grams. The dotted line corresponds to the design
diagram, which takes into account the loss of sta-
bility of the train, as the hinge-rod system [6]. The
solid line - to calculation diagram, shown in Fig. 3.

This figure proves that, according to the results
obtained from the formula (33), the lift resistance
is not provided at the force 605 kN and by the for-
mula (31) — even at the force 530 kN.

2,0 -~ <
\
N\
NN
18 NN
\‘L\- .
e N
SN X
14 S
/ =~
: S
e B
o ‘-\‘;"--..
’ i‘-..__“ -.-"""-..
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-~
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Fig. 6. Dependence diagram of lift resistance factor from longitudinal force:
1 - (33) without inertia force; 2 — (34) taking into account the inertia force by unbalanced acceleration;
3 — (31) without inertia force; 4 — (32) taking into account the inertia force by unbalanced acceleration

Stabiliryi-zonf_:

S
/Y
!

Buckling zone

Fig. 7. Dependence diagram of lift resistance factor for different design schemes:
solid line — (31), dotted line — (33)
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A necessary condition for the loss of stability is
fulfilled, in the first case, when the value of the
longitudinal force is 800 kN, in the second case —
695 kN. Thus the results obtained by the formula
(31) impose more stringent requirements to ensure
the car lift resistance.

As it is known, the lowest values of the lift re-
sistance factor are peculiar to the cars with small
coupled length, truck-centre spacing and unladen
weight. In future, the comparative analysis is made
only for this category of freight cars [4, 5]. The
calculations were performed according to the de-
pendencies (31) and (33) — excluding the inertial
forces by unbalanced acceleration, and according
to the dependencies (32) and (34) — taking into ac-
count the inertial forces by unbalanced acceleration
when driving with permitted speed [17]. The re-
sults are summarized in Table 1-5.

Table 1
The lift resistance factors for gondolas
Formula No Covered car types
12-1505 | 12-5326 12-2122-01
Standards | 1.367 1.399 1.360
[10]
Formula 1.223 1.264 1.223
(31)
Table 2

The lift resistance factors for tank cars

Formula No Tank-car types
15-145 15-869 15-1548
Standards 1.597 1.647 1.423
[10]
Formula (31) 1.459 1.524 1.277
Table 3

The lift resistance factors for covered cars

Formula No Covered car types
11-N002 11-066 10-475
Standards 1.315 1,492 1.642
[10]
Formula (31) 1.17 1.357 1513

Table 4

The lift resistance factors for hopper cars

Formula No Hopper car types
11-715 19-1217 20-4078
Standards 1.349 1.564 1.455
[10]
Formula (31) 1.198 1.289 1.305
Table 5
The lift resistance factors for platforms
Formula No Platform types
13- 13-1798 | 13-3103-01
1796
Standards 1.472 1.410 1.415
[10]
Formula (31) | 1.342 1.279 1.273

The results of calculations in Tables 1-5 show
that for all the above cars the values of the lift re-
sistance factor obtained by the proposed formula
(31) are smaller than the standards [12]. And for
some cars the value K is lower than the permissi-
ble value.

It follows that, even in the absence of «lift» ac-
cording to the classical train stability theory, as the
hinge-rod system, the presence of the longitudinal
compressive forces may become a factor provok-
ing cars derailment. Thus the main reason of wheel
climbing on rails is the combination of processes
of dynamic interaction between the hunting vehicle
and the track with simultaneous action of longitu-
dinal compressive forces, and not the destabiliza-
tion of train as a hinged-rod system.

Originality and practical value

This study provides the technique of determin-
ing the lift resistance factor by longitudinal forces,
which is somewhat different from the above men-
tioned one [3, 6], as well as evaluates impact of
rolling stock speed on this factor. The developed
proposals for the refinement of existing methods
for determining the resistance factor of the car lift
by longitudinal force will increase the stability
margin.

The research results have found their scientific
use in a number of publications in the special and
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scientific journals, presentations at scientific meet-
ings.

Conclusions

As a result of analytical research there are ob-
tained the dependencies of longitudinal forced lift
resistance factor in the train with and without con-
sideration of the speed of its movement. It is
shown that as the value of this factor gets closer to
the buckling area the influence of speed decreases.

From these studies one can conclude that be-
cause of cars hunting their lift is possible even
when the train as hinge-rod system does not lose
stability.

Thus, the calculation results allow an objective
assessment of the effect of the longitudinal force
and the freight car speed on the lift resistance fac-
tor value.
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JIO IUTAHHS BUSHAYEHHSI KOE®IIIEHTA 3AIMMACY CTIHKOCTI
BII BUMABJIIOBAHHA JIETKOBAI'OBUX BAI'OHIB

Meta. AHanmiTHYHE TOCIiIKEHHS 3B’ SI3Ky MK ITO30BKHBOIO CHIIOIO, IO JIi€ Ha JIETKOBAaroBUil BaroH, O14HUMHU

W BEepTUKaIBHIMHU CHJIaMH B3a€MOZIT B 30HI KOHTaKTy KOJIeca Ta PEHKH 3 BEJIMYMHOIO KoedillieHTa 3armacy CTiiKoCTi
BiJl BUYABJIIOBAHHS, Iepeadavac OTPUMAHHS MPOCTHX 3alie)KHOCTEH MK Humu. Metommka. JlocimimKeHHs
MIPOBOAMIIOCS METOIOM MAaTeMaTHYHOTO MOJICJIIOBAHHS HABAaHTAXKEHOCTI BAaHTAKHOTO BaroHa IIPH PYCi 3 PI3HUMH
HIBHIKOCTSMH T10 NMPSIMUX Ta KPUBHX IUITHKax HuiXxy. PesyabraTm. HaBitTh 3a BifICYTHOCTI «BHYaBIIOBaHHS» 3a
KJIACUYHOIO Teopii CTIMKOCTI MOi3/a, SIK MIapHIPHO-CTPHXKHEBOI CUCTEMH, HASBHICTh MO3JIOBXKHIX CTHCKAIOUUX CHJI
MOXe cTaTd (akTopoM, MPOBOKYIOYMM cCXin BaroHiB. OCHOBHOKW NPHUYMHOIO BIIOB3aHHS Kojeca Ha peuKy
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PYXOMUI CKJIAJ I TSATA IIOI3/IIB

€ TOETHAHHS TPOLECIB MUHAMIYHOI B3aEMOJIi BWJISHHS €Kima)a Ta KOJIIi 3 OJHOYACHOI JI€I0 TMO3J0BXKHIX
CTHCKAIOUMX CHWJI, @ HE IMOPYLIEHHs CTIMKOCTI Mmoi3la SIK MIapHiIpHO-CTPHXKHEBOI cucteMu. JIJisi OLIHKH BIUIMBY
BEJIMYMHHM TTO3/I0BXKHIX CHJI Ha KOe(iIIEHT 3aracy CTIMKOCTI BiJi BUYaBIIOBaHHS HaBe/ICHI pe3yJIbTaTH PO3PaxyHKIiB
PyXy HopoxHboro miBBarona mozeini Ne 12-532 no kpusiii pagiycom 250 M 3 mignecennsm 150 mm it monepeunnm
PO3rOHOM paMy Ky30Ba BaroHa LIOAO OCi Kouii B HampasisiodoMmy nepetusi B 50 M. PospaxyHku mpoBoauincs
B Takiil KpuBiii 06e3 ypaxyBaHHs CHJI iHEpLil BiJ HEMOTalIEeHOrO NMPUCKOPEHHS Ta 3 ypaxyBaHHSIM HEIOIalIeHOTo
MIPUCKOPEHHSI TIPH JTOMYCTAMIN IBUIAKOCTI pyxXy, piBHi# 65 km/rox. HaykoBa HoBu3HA. Y TaHOMY JOCTIIDKEHH]
HaBEJCHO METOIMKY BH3HAUCHHA Koe(illieHTa 3amacy CTIMKOCTI BiJ BUYABIIOBAaHHA IMO3IOBXKHIMH CHIIAMH, SKa
JIeI0 BIAPI3HSIETHCS Bifl 3arajJbHONPHUUHSITOI, a TAKOXK OLIHIOEThCS BIUIMB Ha Iel KOE(DILIEHT MIBHIKOCTI PyXy
pyxomoro cknany. IIpakTuyHa 3Ha4YMMicTh. ABTOpPaMHM YTOYHIOETBCS ICHyl0dYa METOAMKA BH3HAYCHHS
KoediIienTa 3amacy CTIMKOCTI BiJf BUMABIIOBAaHHA ITO3Z0BXHIMH CHJIAMH, a TAKOX OLIHIOETHCA BIUIMB Ha BEIINIUHY
IILOTO KOeQillieHTa MBUIKOCTI PYXYy PYXOMOTO CKIIaay. 3 MPOBEACHUX MOCIIIKCHb BUIUIUBAE, 10 YEPe3 BIJITHHS
BaroHiB iX BUKUMaHHsI MOXKIIMBO HaBITh TOJ, KOJIM MO13]1, K LIAPHIPHO-CTPHIKHEBA CUCTEMA, HE BTPAYa€ CTIMKOCTI.
Po3pobiieni mpomo3uiii J03BOJSIOTH 3HM3UTH KUIBKICTH CXOJIB BaroHiB i3 peHoK 3a paxyHOK OOJIKy mpH
pO3paxyHKax Ta NPOEKTYBaHHI BayIIMBHX ITapaMeTPiB i XapaKTEPUCTHK, L0 MiJABUIIYIOTh iX CTIHKICTb B peHKOBil
kol (0co6MMBO MpH 301TBIICHHI IBUIKOCTEH PyXy BAHTAXHHX MOI3/IB).

Kniouosi crosa: Ge3neka pyxy; HOpMH JJIsl pO3PaxyHKY; CTIHKICTh BaroHiB BiJl BAYABIIOBAHHS; IIBUKICTb PyXY;
KOeQIIiEHT CTIHKOCTI
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K BOITPOCY OITPEAEJIEHUA KOOOOUIINEHTA 3AITACA
YCTOHUYUBOCTHU OT BBIZDKUMAHUSA JJETKOBECHBIX BATOHOB

eab. AHAIUTUYECKOE UCCIIEN0BAHHUE CBSI3U MEXIY MPOJOJIBHON CUIIOH, NEHCTBYIOIIEH Ha JIETKOBECHBIN BaroH,
OOKOBBIMH W BEPTUKAJIBHBIMH CHJIAMH B3aMMOJCHCTBHA B 30HE KOHTaKTa Kojieca M peibca C BEIHMYHHOM
ko3¢ duirenTa 3amnaca yCTOWYMBOCTH OT BBEDKMMAaHUS, IPEIIOaraeT MoJTydyeHHe MPOCThIX 3aBUCHUMOCTEH MEXIy
HuMHu. Metoauka. MccnenoBaHue MPOBOIMIOCE METOAOM MAaTeMaTHYECKOTO MOACIUPOBAHUS HATPyKEHHOCTH
IPY30BOTO BaroHa NpH JBMKEHUH C Pa3IMYHBIMU CKOPOCTSIMU T10 TIPSIMBIM M KPUBBIM Y4acTKaM IyTH. Pe3ybTarTsl.
Jlaxke mpH OTCYTCTBUHM «BBDKMMAHHUS» MO KJIACCHYECKOW TEOPUM YCTOMYMBOCTH I10€3/1a, KaK LIAPHUPHO-
CTEP>KHEBOM CHUCTEMBI, HAJIMYHME MPOJOIBHBIX CKMMAIOIIUX CHJI MOXET CTaTh (PaKTOPOM, NMPOBOLMPYIOMIUM CXOJ
BaroHoB. OCHOBHOW NPWYMHOI BCIIOJI3aHMSI KOJIECA HA PEJbC SIBISETCS COYETaHHWE MPOILECCOB JAMHAMUYECKOTO
B3aUMO/ICHCTBUSI BUJISIOILETO JKHMaka M IMYTH C OJHOBPEMEHHBIM JEHCTBHEM NPOJOIBHBIX CXKHUMAIOIINX CHII,
a HE HapylICHHE YCTOHYMBOCTH II0€3/1a KaK INapHUPHO-CTEP)KHEBOI cHcTeMbl. J[si OLEHKH BIMSHUS BEIUYHUHBI
NPOJONBHBIX CHJI Ha KO3(QQUIMEHT 3amaca YCTOWYMBOCTM OT BBEDKMMAHHS HPUBEICHBI PE3YJIbTAThl PacieToB
IIBIDKEHUST MOpOXKHero moyBaroHa mozenu Ne 12-532 mo kpuBoit paamycom 250 M ¢ BozBbimerneM 150 mm
U TIONIEPEYHBIM pa30eroM paMbl Ky30Ba BaroHa OTHOCHTEIIBHO OCH ITyTH B HANpaBIISIONIeM cedeHHH B 50 M.
Pacuersl mpon3BoamMnuchk B Takoil KpHUBOH Oe3 ydyera CHI MHEPLMH OT HEHOTAIIEHHOTO YCKOPEHHS U C y4eTOM
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HETOTAIIEHHOTO YCKOPEHUS MPH JOIYCTUMON CKOPOCTH JIBIOKEHHUS paBHO# 65 kv/u. Hayunas HoBu3na. B nanHom
HCCIICIOBAaHUH TPUBEJCHA METOJUKA OINpeesiCHUs KO3 (HUIIMEHTa 3amaca YCTOHYMBOCTH OT BBDKUMAHUS
MPOJOJIBHBIMUA CHJIAMH, HECKOJBKO OTIMYAIONIAsICS OT OOIICHPUHSITON, a TAaKXKe OICHUBACTCS BIIUSHHE HA ITOT
KOX((UIMEHT CKOPOCTH JBMYKCHUS TMOJBHKHOTO cocraBa. IIpakTmdyeckasi 3HAYMMOCTh. ABTOPAMH yTOYHSCTCS
CYIIECTBYIONIAsS METOAMKA ONPEACICHUS KOX(PQUIMEHTa 3amaca YCTOWYMBOCTH OT BBDKHMAHHS MPOJOTHHBIMU
CWJIaMH, a TaKXe OICHHBACTCS BIIMSHUC HA BEIMYMHY 3TOTO KOI(D(HUIMEHTa CKOPOCTH IBHKCHHUS MOJBUKHOTO
cocraBa. 13 mpoBeJeHHBIX UCCICAOBAHUNA CIEAYET, UTO M3-3a BWJISHUSA BaroHOB MX BBDKMMAHHUE BO3MOKHO JIaXe
TOTJa, KOT/Ia TI0e3]] KaK MapHUPHO-CTEP)KHEBAs CHCTEMa HE TepseT YCTOMYUBOCTH. PazpaboTaHHBIE MpeToKeHUS
MO3BOJISIIOT CHU3UTh KOJMYECTBO CXOJIOB BArOHOB C PEJIBCOB 33 CUET ydeTa NpPU pacdyerax U NPOEKTUPOBAHUU
BOKHBIX MAPaMETPOB M XapaKTEPHCTHK, MOBBIMAIOIIAX HX YCTOWYHBOCTH B PEIbCOBOW Koyice (OCOOEHHO TIpH
YBEJINYEHHUH CKOPOCTEHN IBHKEHHUS TPY30BbIX MTOE3/I0B).

Kniouesvie cnosa: 06€30macHOCTD ABWKCHHS; HOPMBI IS pacdera, YCTONYMBOCTH BaroHOB OT BBDKHUMAHUS,
CKOPOCTD JIBKEHHST; KOAPPHUIUECHT YCTOHIMBOCTH
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JOCJILIKEHHS TPUYUH NEPEJTYACHOI'O PYHHYBAHHS
3AJII3OBETOHHUX HIIMAJI HA 3HAM’ SHCBKINA JUCTAHIIIT
KOJII Y 10 OAECBKOI 3AJII3HUIII

Merta. HaykoBa pobota Ma€e 3a MeTy JOCITIDKEHHST (aKTOpiB, SIKI MPU3BENIN 10 MIEpeIdacHOro pyiHyBaHHS Oe-
TOHY 3aNli3HUYHUX mImain. Meroauka. B poboTi 3acTocoBana ekcnpec-MeToaiKa BH3HAYCHHS MOPQOIIOTii Ta XiMi-
YHOT'O CKJIaJly CTPYKTYPHHX CKJIQJIOBUX OCTOHY, LIO 3amaTeHToBaHa J{HIMpONeTPOBCHKUM HAIIOHAIBHUM YHIBEPCH-
TETOM 3aJi3HUYHOrO TPaHCIOPTY. MeToanKa Jae€ MOXIIHMBICTH ONEPATHBHO KOHTPOJIIOBATH MOPQOJIOTIiI0 Ta XiMid-
HUH CKJIaJ KPHUCTAiB [EMEHTHOI'O KaMeHIO, SIK HalOUIbII ca0Koi JIAaHKK B CTPYKTYpPi KOMIIO3UTHOTO MaTepiamry—
06eToHy. A TaKOX HMPOTHO3YBAaTH, y BiINOBIZHOCTI 3 pEKOMEHIANIIMH HIMEIBKUX BUEHHX, HIMOBIPHICTH CTPYKTYp-
HHX IIEPETBOPEHb [IEMEHTHOI'0 KaMEHIO B TBEPJOMY CTaHi, 10 BU3HAYa€ JOBrOBIYHICTh HOTO KOMIIO3UTHOTO MaTe-
piany. PesyabTaTn. MacoBi pyliHyBaHHs 3aJ1i300€TOHHUX MINAJl Ha 3a1i3HUIX YKpailHW YacTillaloTh 13 KOXKHUM
pokom. [Tpudomy, sikio Taki pyliHyBanHs B 2010 poui BusiBisum micist 4-5 pokiB ekcrutyaratii, To B 2015 pomi —
TUTBKHU Ticis 2—3 pOKiB YCTaHOBKH IITTAJI HA MariCTpaJibHUX 3aJli3HUYHUX KOMisAX. 3a XapakTepoM pyHHyBaHb OeTo-
Hy IITaJ MOJKHA BiJI3HAYUTH OararodakTOpHICTh BIUIMBIB HAa HHOTO. [1apTii eMeHTy Ta iHIIMX CHPOBUHHUX Matepi-
aJliB Mepei BUKOPUCTaHHAM OyJIM JIOCHI/PKEHI CTaHJapTHUMH METO/IaMH B akpenuToBaHiit jaboparopii ITAT «Ykp-
reosioyam» (KuiB) i oTpuMaiy mo3UTHBHI OIIHKH U BUKOPUCTAHHS Y BUPOOHHUIITBI 3a1i300e TOHHMX Imai. OHaK,
3HaYHa NOMMIIKA B SKCIICPHMEHTAJIBHHUX JIaHUX 32 CTAHIAPTHUMH METOJHMKAMM HE NO3BOJIMJIA BHSABUTH KPUTHYHI
XapaKTEePUCTHKH MaTepiaiiB, sKi 3TyOHO BIDIMBAIOTH HA JOBIOBIYHICTH OCTOHY MiAPEHKOBHX OCHOB. 3a pe3ylbTara-
MU JIOCIIDKEHb OyJI0 BCTAHOBIICHO, IO MPUYHHAMHA MAacOBOTO TEPEIYaCHOTO PyHHYBaHHS mmai €: 1) HeomHopia-
HICTh MaKpOCTPYKTYpH OETOHY, SIK HACIIJKY 3aCTOCYBaHHS IeOeHI0 (pakiiii 5—25 MM; 2) BIUTHB arpeCHBHOTO cepe-
JOBHIIA Ha OCTOHHY ITOBEPXHIO LINAJ; 3) HASBHICTh y CTPYKTYPi CEPeqHBOI YaCTHHH LIMad KPYHHUX STPUHTITHHX
KPHUCTAJIB, CXMJIBHUX JI0 PECTPYKTYypH3allii, Ta IPUCYTHICTh MPOAYKTIB JIY)KHOKPEMHIEBOKUCIIOI peaKilii HaBKOJIO
amMopHHX ab0 THX, IO MICTATH aMOP(HHIA KPEMHE3eM, MCOYHUX YaCTOK; 4) MepeBUICHHSI HOPMATUBHOTO Koedi-
I[IEHTY MPUBEICHOI JY>KHOCTI IIIIbHOT Ta IOPUCTOI CKJIAIOBHUX IIEMEHTHOTrO KaMeHs BinnoBinHo y 3,6 Ta y 3,2 pasy;
5) HacHYeHICTh MOBEPXHI MICOYHUX YACTOK aTOMaMH XJIOPY, SIKi TOAATKOBO NPHIIBUALIYIOTh Ta HILIFOKOTH JIYXKHO-
KpeMHieBOokHCTy peakmifo. HaykoBa woBm3Ha. [locmigHumkamu Briepuie Oyina 3acTOCOBaHA 3allaTeHTOBaHA
aBTOPChKa EKCIpEec-METOMKa IOCIi/KEHHSI MOpQOIIOrii Ta XIMIYHOTO CKJIaJy CTPYKTYpHHX CKJIaJOBHUX OCTOHY.
[pakTnuna 3Ha4YMMicThb. 3aCTOCYBaHHS IPOIIOHOBAHO! METOMWKH JOCHI/KCHHS CHPOBHHHHMX MaTepialiB Ta
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CTPYKTYpH OETOHY B BHPOOHMYOMY LMKJII HIiANPUEMCTB JacTh 3MOTY 3amoOirTH MepeayacHOMYy pYHHYBaHHIO

0eToHy BHACIIJOK Aii BHYTPIIIHIX (akTopiB.

Kniouosi cnosa: 3anizoberonHi mmainy; 6eToH; mebiHp, MiCOK; IIEMEHT; JIy>KHOKPEMHIEBOKHCIIA PEaKIIist; MIKpo-

CTPYKTYpa; IEMCHTHUI KaMiHb

Beryn

MacoBi pyliHyBaHHS 3aJT1i300€TOHHHX I Ha 3a-
TMBHAIX YKpaiHW YacTIMaioTh 3 KOKHHM POKOM.
[Mpudomy, sikiio Taki pyiinyBanss B 2010 pori BusiB-
st T 4—5 pokiB ekcrotyarartii, To B 2015 pori
TUTBKH Ticis 2—3 POKIB YCTaHOBKHM Il HA MAaricr-
PaTBbHUX 3aJTI3HIYHHUX KOJISX. 32 XapaKTepoM pyHHY-
BaHb OETOHY IIMajl MOYKHAa 3POOMTH BHCHOBOK IIPO
Oararo(akTOpHOCTI BIUIMBIB Ha HHOTO. JJOBrOBIUHICTE
0eTOHy 1 CTPYKTYpa IIEMEHTHOI'O KaMEHIO € 00’€KTOM
JIOCIT/DKEHHS. 0araTh0X 3aKOpPJOHHHMX Ta BITUM3HS-
HUX aBTOpiB, a came: S. W. Tang, Y. Yao,
C. Andrade, Z. J. Li, Scrivener K. L., ITmriasko O. M.,
ITnyria A. A., Cannmpkuit M. A. Ta in. [1-3, 8-13,
15-24].

3a1i300€TOHHI INNald, K OCHOBHI €JIEeMEHTH
BEpXHBOI OyNOBH KOJii, BUTPUMYIOTh 3HA4YHI IH-
HaMiyHi HaBaHTaXEHHS B KOPO3iHO-aKTUBHOMY
CEpEelOBUINI Y KOMIUIEKCI 3 BIUTMBOM MOTOKY BH-
XPOBOTO EJIEKTPUYHOTO CTPyMy Ta TeMIIeparyp-
HUMH KojuBaHHSIMH 0113bK0 0°C y MiKCE30HHUI
nepion. Taki CKJIaJHI YMOBH €KCIUTyaTtallii BHMa-
raloTh CyBOPOi TEXHOJOTTYHOI JUCHUILTIHY MiJ] Yac
BUTOTOBJICHHSI T4 BUKOPHCTAHHSI IIITIAT.

[MapTii ueMeHTy Ta iHIIUX CUPOBHHHUX MaTepi-
aNiB mepell BUKOPUCTAHHAM iX 3aBojamMu Oynu 10-
CIIIJDKEHI CTaHAapPTHUMH METOJaMH B aKpeAUTOBA-
Hiit maboparopii [TAT «Yxkpreonabyam», m. Kuis
1 OTpUMAaJT TIO3UTHBHI OLIHKU JJISi BAKOPHCTAHHS
y BuUpoOOHMITBI 3ami3o0eToHHMX mman. OnHak,
3HaYHA MTOMHJIKA B €KCHEPHUMEHTAIBHHUX TaHUX 32
CTaHIAPTHUMHU METOJAMKAMHU HE JI03BOJIMJIA BUSBU-
TH KPUTHUYHI XapaKTEePUCTUKU MaTepialis, AKi 3ry-
OHO BILUTMBAIOTH HA JOBIOBIYHICTH OETOHY MiApei-
KOBHUX OCHOB.

OO0’ exTOM nocmiKEeHHs B Lilt poOoTi Oyiu 3pa-
3KM TepeyacHO 3pYHHOBAHUX 3aTi300€TOHHUX
IITaJT BUPOOHHIITBA OJTHOTO 3 YKPATHCHKHUX 3aBOJIIB
y KUTBKOCTI 34 mIT., 110 HE BiACTYXHUIH TPUPIUHUHA
TEPMIiH 1 OUIBIIICTh 3 IKUX PO3CHUTIAINCS HA YaCTKU
po3MipoM 3 (pakiiii ApiOHOTO 3amoBHIOBaYa OETO-
HY 3 OTOJICHHSIM KOPOJIOBaHOI apMaTypH.

Ha minsani 314 km [1K8-324 kM [1K1 nepero-
Hy Yopromiceka—TpeniBka 3HaM SHCHKIN TUCTaH-
mii xourii BUKOHAHA MOJEpHI3aIlisl KOJii B JOBrO-

TpuBai «BikHa» B nepiox Big 26.03 no 04.04.2012
POKY 3 YKJIaJaHHSAM PEHKO-IIMATbHOI PEIIiTKH Ha
3amizo0eToHHuX Imanax Tumy 111-3 31 ckpimteH-
HsaM tuny Kb. [lana piasiHKa Koutii eKCITyaTyeThes
3 IOBTUMU IUTITSMU JOBXHHOIO B IEPETiH, sIKi 3a-
Kpimneni npu temmeparypi + 32 °C, yrony kodiii
HeMae, Tieue 0anacTHOi MPU3MHU JOCTATHE. 3 KBiT-
Hs1 2012 poky (maTa BCTaHOBJICHHS IINAJl HA Maric-
TpaJlbHy AUIbHUIO) N0 KBiTeHb 2015 poky i Ki-
JIOMETPH OIIHIOBAJIA Ha «BIIMIiHHO».

AHaJi3 MOMIKOMKEHUX Ta 3PYWHOBAHMUX IIITIAIT
Ha JaHid IUISIHIN Y KUTbKOCTI Osu3bko 1896 oxwm-
HUIb TI0Ka3aB, IO WIMajiu OyJIW BKPUTI CITKOIO
MIJKHX TPIIIMH, Yepe3 sKi IHTCHCHBHO BCMOKTY-
I0ThCS aTMOC(EpHI OcCaju Ta MIATPYHTOBI BOJU.
Taki mmanya mpoOieMaTHYHO TEPEeHECYTh MiXce-
30HHI KOJMBAHHS TEMIIEPATYp 3 IiJBUINCHOI BO-
JIOTICTIO TIOBITPSI Ta TPYHTY Ta 3pYHHYIOTHCS TIPO-
TaroM 1—2 pokiB. HeoOXigHO BigMITHTH, IO TIOB-
HOT'O PYHHYBaHHS MPOTATOM TPHOX POKIB 3a3HAIH
mume 1,8 % 3aranbHOI KiNBKOCTI IMOIIKOMXKEHUX
TITa.

[Ipobnemoro st Ge3neyHoi excuTyaramii 3ai-
300€TOHHMX INNAJ € HAsABHICTh BUIBHMX KHCJIOT
y CTIYHHMX BOJaX MPOMHUCIOBUX MIiJAMPUEMCTB, SKi
NOMAAI0Th Yy TPYHTOBI BOIM Ta aTMOc(epHi ocaau
mig 4yac atMoc(epHHX BUKHIIB CipYaHUX Tras3iB,
XJIOPY Ta XJOPHUCTOTO BOAHIO. [y BITUM3HSIHUX
3aJi3HHIb XapaKTEPHO BUKOPUCTAHHS MACaKUPCh-
KOTO BaroHHOTO TMApKy 3 TyaJeTaMH, Mij Yyac KOpu-
CTYBaHHS SIKHMH TMPOJYKTH BUIIOPOKHEHb BUKH-
JIAIOTH T4 BUJIMBAIOThH Pa3oM 3 Je3iHPIKYIOUHMHU Ta
MUIOYMMH 3aC00aMHU 3 BMICTOM XJIOPY Oe3mocepe-
HBO Ha Koxiito. OpraHiuyHi KHCIOTH, 5K i Heopra-
HiYHI, IIBUJIKO PYHHYIOTH IIEeMEHTHUI KaMiHb. Be-
JIMKa arpecUBHICTh € y OLITOBOI, MOJOYHOI Ta BHH-
HOI KHCTOT. JKupHi HacW4eHi i HeHaCHYeHi KUCIO-
T (0J1€THOBA, CTEaPHHOBA, TAJBMITHHOBA Ta 1HIIII)
pPYHHYIOTh LIEMEHTHHUI KaMiHb, OCKUIBKH MIPH B3a-
€MOJIii 3 TIAPOOKCHIOM KaJbI[iF0 BOHHU OOMHMITIO-
10Thcsl. KpiMm Toro, mKiymei 1 Maca, 1o MiCTITh
KHCJIOTH J>KHUPHOTO psiiy. JbHsHe, OaBOBHSHE,
a Takox pu0’stamii sxup. Hadra ta HadToBI mpoxy-
KT (KepocuH, OeH3WH, Ma3yT, HadToBi Macna)
HE HEeCyTh HeOE3IeKH, SIKII0 BOHU HE MiCTATh Had-
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TOBHUX KHCJIOT Ta 3 €aHaHb cipku. OmHaK, HeoOXia-
HO BPaxOBYBaTH, M0 HA(QTOMPOIYKTH JETKO IMpPO-
HUKAIOTh Kpi3b OeToH. [IpoAaykTH po3roHy
KaM’ STHOBYTUTBHOTO JHOTTIO, IO MICTATH (DEHO,
MOXYTh arpeCUBHO BILJIMBATH Ha OCTOH.

BusiBrieni i knmacudikoBani pedektu, ki 3HaU-
HO 3HIKYBAJIM TEPMIiH eKCIUTyaTallil 3aTi3HHIHUX
IIMMaja 1 B HU3I[ BUMAJAKIB MPU3BOIUIMA 10 BUHHUK-
HEHHSl aBapiiiHUX CUTyalill Ha 3aJi3HUIX, HaBe-
neHl y BiamoBimHmxX kiacudikaropax. Jo Takmx
nedeKTiB MOXKHA BIAHECTH SIK JAe()EKTH, 110 BUHH-
KIIM BHACJIJIOK CWJIOBUX Ta JUHAMIYHUX HaBaHTa-
’KEeHb Ha INMaNy, TaK i Ti, 10 BUHUKIHM 4Yepe3 He-
BIAMIOBIMHI  (i3MKO-MEXaHIYHI  XapaKTePUCTHKH
MaTtepiajiB, 10 BUKOPHCTOBYBAIUCS TIPU BUTOTOB-
JIeHHI 3a11i300€TOHHKX MInall (HeJOCTaTHI MOPO30-
CTIHKICTh 1 JOBTOBIYHICTH OCTOHY BHACIIIOK BH-
KOPHCTaHHS CKJIAJIOBUX MarepialiiB, HEMPUIATHUX
JUTS. TIMAJbHOTO OETOHY, HEMPaBWJIBHOTO Mig00py
CKJIaay OETOHHOI CYMIIIli Ta MOTaHOTO YIIiTbHEHHS
il i Yac BHTOTOBIEHHS IIIaa) BiOIOBIAHO 10
kiacudikanii, mo HaBegeHa y TexHIYHUX BKa3iB-
Kax 3 BUKOPHUCTAHHS CTapONPHUIATHUX MAaTepiaiiB
BEpXHBKOI OYyIOBH KOJii Ha 3ali3HANAX YKpaiHu
(LTI1-0150) [14].

Merta

Metoro pobotn Oyno mocHimKeHHS (QaKTOpiB,
IO MPU3BENU 0 NEepeAdacHOro pyHHyBaHHsS Oe-
TOHY 3aJi3HUYHHX IITIa.

MeTtoaunka

BizyanpHi DOCHiDKEHHS] MaKpOCTPYKTYpPH Ta
XapakTepy pyHHyBaHb Ta 3a0pyJHEHHS IIaJbHO-
ro OCTOHY BHUKOHYBalM 3a JOTOMOTOI KaMepH
MoGinsHOTro Android 4.4.2 Lenovo S898t+.

Tpiuay 3ami300€TOHHKUX Iman QikcyBaau Ha
Kamepy Oe3nocepenHbO Ha Micli iX HomepenHboi
(sxmmo 1many OyJd 3HATI 3 MariCTPajbHOI KOJTii)
Ta MOTOYHOI eKCIuTyaTailii. MakpoCTpyKTypHi xa-
PAaKTEPUCTUKH ILINAILHOrO OeTOHY (OXHOPIAHICTH
pO3MoiNTy IIeOCHI0) AOCTIKYBAIU MMiJ] Yac BUJII-
JICHHS] OKPEMUX 3pYWHOBaHHMX YaCTHH IITIA.

JJist BHKOHaHHS eNIEKTPOHHO-MIKPOCKOII4-HUX,
MIKpOPEHTTeHOCTIEKTpalbHUX Ta (pakTorpadiu-
HUX JOCITIDKEHb 3pa3Kd MaTepialliB HAIFITIOBAIH
€JIEKTPOCTPYMOIIPOBIAHAM IIAPOM 30JI0Ta TOBILH-
HOIO 3—5 HM Ha yCTaHOBII I0HHOTO HAITHJIIOBAHHS
JFC-1100 JEOL Fine Coat ion sputter (Smomis).

JocnimpkeHHs BUKOHYBAJIH 32 JOIOMOTOI0 pacTpo-
BOTO aHAJIITUYHOTO CKAHIBHOTO €JICKTPOHHOIO Mi-
kpockoma (Analytical Scanning Electron Micro-
scope) JSM 6060LA, JEOL, Smonis 3 eneproauc-
nepciitnum  criektpomerpom EDS  detector Ex-
54175 Jmu Jeol (OXFORD Instruments) ta mep-
COHAJIBHUM KOMIT' FOTEPOM B PEXKHUMIi IPHUCKOPIOIO-
yoi Hampyru — 10-30 kB, cunu enekTpudHOro
ctpymy — 3x10° A, 36inpmenni x100...x30000
npu KoHTpacTi y BropuHHux (SEI) Ta BimoOpaxe-
Hux (BEI) enexrpoHax.

Buxnao ocrnosnozo mamepiany. lonepenni no-
CITIJKEHHS XapakTepHUX 3J0MiB Ta o0acTeil pyu-
HyBaHHS IITaJT Ta XiMIYHOTO CKJIaay CHPOBUHHUX
MarepiajiB st BUpPOOHUITBA OETOHY 3pO0JIeHI
B pamkax goroopy Ne I[VIIII-04/0035/10-
53.2007.10.10 Bix 31.05.2010 p. «[IpoBencHHs
JOCIIDKEHb TI0 BCTAHOBJICHHIO IPHYMH DPYHHY-
BaHHs 3aJ1i300€TOHHHUX MIMan Ta po3podKa peKo-
MEHJalif TO MiJBUIICHHIO MIIHOCTI OeToHYy»
JIHITIpOTIETPOBCHKUM HAITIOHATFHUM YHIBEpCHUTE-
TOM 3aJTi3HUYHOTO TPAHCIOPTY 32 Y4acTIO CIiBpO-
oitaukiB IIIT «Jlorisi», M. JlHinponetpoBcbk [11]
MOKa3ajid HeOOXiTHICTh PETELHOTO KOHTPOIIIO 3a
SKICTIO TICKy, IeOeHI0 Ta LeMeHTy. Peakiilina
CIPOMOJKHICTH O3HAYEHHMX CKJIQJOBHX BIUIMBAE HA
CTPYKTYPY, IO YTBOPIOETHCS B MPOIIEC JOBrOTPU-
BaJIOi JIy’)KHO-KHCJIOTHOKPEMHIEBOT peakiii, ska
NpoTiKae B OETOHAX ILMAaJl MPOTATOM 2—5 POKiB Ta
Oinpie. B xomi peaxiiii BUIISIETECS HOBa CTPYK-
TypHA CKJIaJIOBA, III0 MA€E CBiif 00’ €M Ta 3 cepeuHI
py#iHye 6etoH. KpiMm Toro, mpu excrutyaTamii mman
B MPHUPOJHHUX yMOBax YKpaiHH, MpH 3HAKOMEpe-
MIHHAX TUKIIYHAX TEMIIEpaTypHUX Ta MeEXaHid-
HUX HaBaHTA)XEHHSX, IPU 3MiHI CE30HIB POKY, MPH
MiIBUIIEHIA BOJOrocTi HecTaOUIbHI CTPYKTYpHI
CKIIaJIOBI OETOHY PEKPHCTANI3YIOThCA 31 3011b-
HIeHHsM 00’ eMy Ounblie HiX y 2 pa3u. BusiBieHH0
HECTAOUIbHUX Ta HOBOYTBOPEHHX B TBEPAOMY
CTaHI CTPYKTYPHHX CKJIQJOBHX TMPHUCBIUCHO IIFO
poborTy.

[lepeBipka MIIHOCTI IMAaNBHOTO OETOHY
Ha cTHCK Ha 28 100y moka3ama MillHICTh
y 88,45 MIla. Vc¢i yknazaeni mmnanu va [19-10 Big-
MOBiJJaJTd BUMOTaM TEXHIYHUX YMOB 32 TJIMOHHOIO
YKJIQJaHHs apMaTypy Ta iHITUM TeXHIYHUM Xapak-
TepuctukaM [4—6]. OTxe, O4eBUIHO, 110 BUXIiIHI
XapaKTEPUCTUKN TIPOAYKINI 3aBOAY-BUPOOHUKA
3aJI0BOJILHSIIOTH BUMOTaM HOPMAaTHBHUX JHOKYMEH-
TIB Ta 3HAYHO iX MEPEBUIIYIOTh. TOMY MPUYHUHH
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MEPeIIacHOr0 PYHHYBaHHS HEOOXiJHO IIIyKaTH
B TBepro-(a30BHX CTPYKTYPHUX IEPETBOPECHHSIX,
AK1 BiIOyBalOThCA MiA Yac TEMIEpaTypHUX LHKIIi-
YHHUX 3MiH B iHTepBam —5...+3 °C mpu migBuiie-
HIA BOJIOTOCTI, a00 y 3OBHINIHIX 3a0pyIHEHHIX
mmnan B mepion ix ekcrutyaramii [5, 7, 17]. Ha
XKalb, JOCI 3aBOJM HE MOXKYTb KOHTDPOJIOBATH
CTPYKTYPHHH CTaH MIIAJFHOTO OETOHY JJIS 3aro-
OiraHHs pEeKpHCTaTi3aAMIMANX MPOIIECIB B IIITAjIaX,
0 EKCIUTyaTYIOThCS, XOdYa HEOOXIiTHICTh TaKHX
JOCTDKEHb IMIATBEPPKEHO BUMOTaMu €BpOIeii-
CBhKHX CTaHAApTIB, HampwWKiIam crapmapromM EN
1504 [7]. Taki mocmimKeHHS MOTJIM 3amo0irTH He
TIBKH BUITYCKY HEIOBIOBiUHOTO OETOHY, a i rapa-
HTYBaTH 00’ €KTHBHI XapaKTEPHUCTUKH TOCTABIICHO-
rO Ta EKCIUTyaTOBaHOTO OETOHY MpU EKCIEePTHUX
JOCIIDKEHHSX TepeJuyacHuX pyHHyBaHb, sKi, MO-
JKJIMBO, BUHHUKIIM 32 PaXyHOK 30BHIIIHIX (paKTOpiB.

XapakTep MacoOBHX pyHHYBaHb 3alli300€TOH-
HUX Il HaBeJIeHo Ha puc. 1.

Puc. 1. Xapakrep MacoBux pyiHyBaHb I
Ha [TY10 «3nam’ssaka» OnechbKol 3aMi3HULL

Fig. 1. Mass destruction nature of sleepers
on IF 10 «Znamianka» on Odessa railway

3 puc. 1 BuaHo, mo cuzo-pioseToBo-roIyodi
IUISIMA Ha TOBEPXHI OETOHY BKa3yIOTh Ha IMPOXO-
JDKEHHsI CTPYKTYpHHX IepeOyAoB ycepeauni 0eTo-
Hy. [loniOHi TusiMH € 03HaKoI Nepe0ya0B IeMeH-
THOTO KaMEHIO ETPHHTIT-TAyMacHT, IO BimOyBa-
IOTBCS 13 3MIHOI0 00’ €My CTPYKTYPHHX CKJIaJJOBUX
[17]. [puumHOO Takux mnepeOynoB € HE TUIbKH
MIKpPOCTPYKTYPHHH CTaH IEMEHTHHX KPHCTAJiB,
a 1, BIpOTiJHO, 30BHINIHI Ta BHYTpimHI (akropH,
AK1 IPUCKOPHUIIN TaKi HEPETBOPEHHS.

[HII0F0 IPUYMHOKO MIBHJKOIO PYHHYBaHHS 3a-
Ti300€TOHHUX IINaJl € MaKpOCTPYKTYpHa HEOTHO-
pinnicTs O6erony mman. Ha puc. 2 HaBeneHo xapa-
KTep pyiHyBaHHS 3 (POpPMyBaHHIM TPIIIHH y3IOBK
BCi€l mmanu 3 OaraThMa TpIIIMHAMM, SIKI Tapalie-
JbHI apMYIOUYUM BCTaBKaM. TpimuHu Oe3neper-
KOJHO, TOOTO HE OrMHAI04YM I1eO0€HEB] BKIIFOUYECHHS,
IIyTh TIO0 EMEHTHOMY PO3YHHY, SKHH HWKYHN 32
MIIHICTIO, HIXK CYCiZIHS YacTWHA OCTOHHOI INIAIH.
AJe monepeqHe HaNpY>KeHHs OETOHY UMM PO3-
PaxoBYEThCS HE Ha LEMEHTHHH PO3YMH MIXK CTPY-
HaMU apMaTypH, a Ha MIIHICHI XapaKTePUCTUKU
Oerony. IIpuuomy, sk Mu 3’scyBanu paHiiie, HOro
XapaKTepUCTHKU JOCUTh BUCcoki R = 88,45 MIla.

? \ \al:;

Puc. 2. ®opmyBaHHS MOB3I0BKHIX TPILLIMH
B PO3UMHHIN YaCTHHI MaKPOHEOAHOPITHOCTI
0CTOHY MiXX apMaTypHHUMH MPyTaMH,
sIK1 301/1HEeH] 111e0EHEBUM 3aIl0BHIOBAYEM

Fig. 2. The formation of longitudinal cracks

in macronutrient soluble part of the concrete

between reinforcing bars that were depleted
by the crushed stone filler aggregate

[ligBuieHHs OXHOPIAHOCTI MaKPOCTPYKTYpPH
0eTOHy MOXIIMBO JOCATTH TIPH 3aCTOCYBaHHI IIle-
oenro dpaxitii 5—20 MM, BUIBHOTO BiJ MHJIONOMI0-
HUX 4yacTOoK Ta (paxuii Bume Hix 20 mM. Takux
XapaKTepUCTUK IEOCHI0 MOXIHMBO IOCATTH IIPH
3aCTOCYBaHHI MPOCIBAIOYMX ITOBEPXOHb HOBOTO
nokominHs BupoOHuuTBa [IIT «Jloris». Bxazani
MOBEPXHI TAKOX O3BOJATH C€KOHOMHUTH BHUTpPATH
10 50 % enexkTpuuHOi €Heprii Ha MPOCIBaHHS OH-
HUIII MacH IeOeHTo.

OpaxkTorpadiuHi AOCTiIKEHHS 37I0MIiB OETOHY
y cepenuHi mInaj HaBeIeHI Ha puc. 3, CBiI4aTh
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NpO IIUIBHY MaKpOCTPYKTYpy OETOHY 3 AiaMeTpa-
MU Mikponop Big 1 mo 1,5 mxm. B ctpykrypi npu-
CyTHI KPHUCTalNM JIiH30MOJIOHOI, TOJKOMOIIOHOT
MopdoJtorii Ta TTecKaTi KPUCTAIH TIOPTIAHIUTY.
HasBHicTh TiIporpaHaTHHX 4acTOK BKa3ye Ha Hall-
JUIIOK BOJIOTH B IleMeHTHOMY KkameHi. Llel Hax-
JUIIOK C(HOPMOBAHO 3a PAXYHOK BHUKOPUCTAHHS
Bennkoi kimpkocti nementy (500 kr) Ha ky6 6eTo-
HY Ta BIICYTHOCTI IacTu(ikaTopiB, SIKi 3HHXKY-
I0Th BOZONOTPeOy OETOHHOT CyMmiTi.

Ar; erpunrit (3Ca0-Al,03-3CaS0,4-32H,0)

Puc. 3. CTpykTypa IIEeMEHTHOTO KaMEeHIO
cepelHbO1 YACTHHU NEPEAYaCHO
3pyHHOBAHHX 3aJ1i300€TOHHUX I

Fig. 3. Cement stone structure of the middle
part of prematurely destroyed concrete sleepers

B cepenniii yacTuHI mmar, sSKi eKCILTyaTyBaln-
csl HE TIOBHUX TPH POKH, 3HAUICHO MPOAYKT JIyK-
HOKpeMHieBokucioi peakuii (puc. 4). IIpu BincyT-
HOCTI IIPSIMOTO KOHTAakTy 3 HaBKOJMILIHIM Cepeno-
BUIIIEM Ta OOMEXECHUM JIOCTYIIOM BOJIOTH IIBH]I-
KicThb peakuii craHoBwia 5—10 MM y 3 poxw,
T00TO 1,67—3,34 MKM B DIK.

XiMIYHHANA CKJIa] IIEMEHTHOTO KaMEHIO pPi3HO1
MOpQOJIOTii Ta MPOMYKTY JyKHOKPEMHIEBOKUCIIOT
peakiii HaBeIeHO Ha puc. 5—7.

3 puc. 4 BUOHO, L0 NPOAYKT JIy>KHOKPEMHie€-
BOKHCIIOI peakiii 3a NpuBeJeHUM KoedilieHTOM
Jy»HOCTI TiepeBHlIye HopMaTtuBHUI mopir 0,6 %
(mac.) [5] y 3,5 pa3y ta cranosuth 2,12 % (mac.).
VY mapi po3TpicKaHOTO IIEMEHTHOTO KaMEHIO —
MPOAYKTI JyKHOKPEMHIEBOKHCIIOI PEaKIlii — HasiB-
Hi aTomu xyopy y kinmbkocti 0,65 % (mac), mo 6i-
JipIlIe HIXK y 6 pas3iB mepeBuIlye MaKCUMAJIBHO J10-
MyCTUMY KinbKicTh xmopy B 0,1 % (mac) [5].

TlenenTrmt [hicox

EaMHE

Tpoayst
TYEHOED EMHIEEOFICIO!
peasIi

Tpoayst
TYEHOED EMHIEEOFICIO!
peasIi

Oro1exa moBepXHA
MCo4HOT 9acTE

Puc. 4. CtpykTypa HpOIyKTY JIy)>KHOKPEMHIEBOKHUCIIOT
peakiiii, yTBOpEHOro B TBEPJIOMY CTaHI B Cepe/Hiii vac-
THHI NIepe[4acHO 3pyHHOBaHUX 3aJ1i300€TOHHUX LA

Fig. 4. Product structure of alkali silicic acid reactions
formed in the solid state in the middle part of prema-
turely destroyed concrete sleepers

AT
et L, * A‘ﬁ‘g’r Ml b0 0 160 M W 40 4% S0 a0 T
Xin e, Kot | Mac. % l'f’ongKa, AL % 3’ennanns | Mac.%
% BimH.
(6] 32,9 72,46
Mg 1,85 4,28 4,55 MgO 3,06
Al 6,77 49 7,51 Al,O4 12,8
Si 4,3 6,03 9,17 SiO, 9,2
K 3,14 5,03 2,4 K,0 3,78
Ca 50,4 7,63 75,28 CaO 70,51
Cl 0,65 1,09 3,01 Cl 0,65
Bceroro 100,00

Puc. 5. XiMiuHuii ckinaa npoaykry
JIy’KHOKPEMHIEBOKHUCIIOI peaKilii, yTBOPEHOTO
B TBEPJIOMY CTaHI B Cepe/iHii YacTHHI nepeayacHo
3pyHHOBAHUX 321300 TOHHMX IITTAJ

Fig. 5. The chemical composition of the product
alkali silicic acid reactions formed in the solid state
in the middle part of prematurely
destroyed concrete sleepers
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HasiBHiCcTh XJIOpY JUIIE B MPOAYKTI JIY)KHOK-
PEMHIEBOKHCIIOI peakiiii Ha MeXi MICOYHUX YaCTOK
Ta MacHWBY IIEMEHTHOTO KaMEHIO JOBOJIWTH, IIO
aTOMH XJIOPY B OOMExXeHil KinbkocTi audyHmayBa-
JIM Ha TOBEPXHIO MICOYHUX YACTOK Ta HaAall MpH-
CKOpWJI PECTPYKTypH3aliliHi Tporecu Oesmoce-
pemHBO MK KpPEMHIEBOKO KHCIIOTOH aMOppHHX
MICOYHUX YaCTOK Ta JYKHUM LEMCHTHHM KaMe-
HEM.

BiporimHo, y 3uMOBHI Yac BiIBaHTaKEHHS JIpi-
OHMX 3allOBHIOBAdIB JJISI IONEPEIKEHHS TPYJIKY-
BaHHs MICOYHMX Mac (3Mep3aHHs MICKYy Y €MHOC-
TAX BaroHiB) Ta 0e3MPOOIEMHOTO BHBAHTAKEHHS
3 BaroHa 3aJi3HUYHUKU JOJAIH Mally KiJIbKICTh
noBapeHoi coii. Lls cinb, BiporigHo, i crana kara-
Ji3aTOPOM 3a3HAYEHOI PeaKIIii.

3 puc. 6 Ta 7 BUIHO, 10 IPUBEICHUI KOedilli-
€HT JIy>)KHOCTI LIUTBHOT CKJIaI0BOi LIEMEHTHOTO Ka-
MeHI0 — nopTianauty (2,19 % (mac.)) He3HAYHOIO
YaCTHHOIO BHWINE HDK Y TOPHCTUX CKJIAJIOBUX
(1,92 % (mac.)), ane BigmosigHo y 3,6 Ta 'y 3,2 pa-
3y MEpeBHUIlye HOPMATUBHHUN TMOKa3HUK MpHUBeEle-
HOT JIyKHOCTI.

[ligBuIeHa JIy)KHICTh IEMEHTY Ji€ SK KaTai-
3aTOp PECTYKTYpH3aLifHUX MPOLECIB ISl BEIUKUX
STPUHTITHUX KPHUCTAJIB I[IEMEHTHOTO KaMEHIO.
[Ipomecn pexpucTamizamii MOYMHAIOTHCS BXKE Ha
cTaii TepMOBOJIOroi 0OPOOKH, Je IPU JOCATHEHHI
temneparypu 50—60 °C 3a miaBHIIECHOI KOHICHT-
pauii Jy)KHUX METaliB €TPHHTIT (TpHCyIbdat) pe-
KPHUCTAJI3YETbCSA Y MOHOCYITB(hAT:

C,A3CSH,, - C,ACSH,, +2CSH, +16H.

s peakuis 3BOpOTHa 3aJie’KHO BiA TemIepa-
TYpPHHUX YMOB:

C,A3CS H,, + 4NaOH <> C,ACSH,, +
+2Na2S0, +2Ca(OH), + 20H,0.

[Ipu ubOMy YTBOpEHHSI ETPHHTITY 3 MOHOCYJIb-
¢dary moB’s3aHe 3 cHeuuQiUHUM 30UTbILIECHHAM
00’emy 10 2,3 pazy.

3a3HadeHi mpoIecH MEHI HeOe3MeTHi Ta MEHII
BIpOTigHi B IpiOHOMOPHCTIH YaCTHUHI LEMEHTHOTO
KaMeHI0, 30aradeHoro MarfgieM, Ta BIAIIOBIIHO
3HAYHO HEOE3MEeUHimi Ta, Ha aJlb, TPOTHO30BAHO
3IIMCHIOIOTHCS MiJA 4Yac peKpucTalizalii BEIHKUX
STPUHTITHUX KPUCTAIIB.

S =
Xin exr., Ka |Mac. % 1'£0xg61<a, AT % 3’ennanns | Mac.%
% BIIH.
0 32,9 72,46
Mg 1,85 4,28 4,55 MgO 3,06
Al 6,77 4,9 7,51 Al,O4 12,8
Si 4,3 6,03 9,17 SiO, 9,2
K 3,14 5,03 2,4 K,O 3,78
Ca 50,4 7,63 ]75,28 CaO 70,51
Bcroro 100,00

Puc. 6. XiMiuHUiA CKIIaJ MIJIBHOTO TOPTIIAHIUTY
B CepeHil YaCTHHI NepeaJacHo 3pyIHOBAaHUX
3a1i300€ TOHHHUX IITTAJ

Fig. 6. The chemical composition of dense portlandite
in the middle part of prematurely
destroyed concrete sleepers

Xim en., Ko |Mac. % l'{)/oxg&(a, At. % 3'enmann | Mac.%
0 BimH.
0 31,07
Na 0,21 1,91 0./26 | Na20 0,28
Mg 0,54 1,88 1,29 MgO 0,9
Al 1,35 2,1 1,44 Al,O4 2,54
Si 4,38 2,46 8,98 SiO, 9,37
K 2,43 2,06 1,79 K,0 2,93
Ca 60,02 3,2 86,25 CaO 83,98
Bceroro 100,00

Puc. 7. Ximiunuii ckiaza apiOHOAKCIIEPCHOT
nopuctoi AFt- Ta eprpunriTHOI dazu

B Cepe/IHil YaCTHHI Mepe14acHo 3pyHHOBaHUX
3aJ11300€TOHHUX IITIall

Fig. 7. The chemical composition of the fine
porous AFt phase in the middle part
of prematurely destroyed concrete sleepers

3actapimuit  EJIC-criekTpoMeTp Ta JETEKTOp
XIMIYHHUX EJIEMEHTIB 3aCTOCOBAHOTO MPHIALY
HE JIO03BOJHMB IIPOAHANI3yBaTH BMICT a30Ty Ta
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B JICIKMX BUIAJKaX CIPKU B CTPYKTYPHHX CKJIaZ0-
BUX I[EMEHTHOTO KaMEHIO, aje 3pO3yMijo, o il
KUTBKICTh Y BENMKAX ETPHUHTITHUX KpUCTallaX TO-
BHUHHA OyTH MaKCHMaJIbHOO. A MiJBUIICHUN BMICT
a30Ty CIIpUsIE YTBOPEHHIO B OCTOHI 3 MOPTIIAHIUTY

Ca(OH), posumHHOI  KambIieBOi

Ca(NO,), , sika BITyTOBY€ BAIHO 3 BTPATOO TyC-

CeNiTpH

THHU-MIIHOCTI IEMEHTHOrO KaMEHIO.

Haii0inpm xapakTepHi CTPYKTypH HOBEPXOHb
pyWiHYBaHHS 3a71i300€TOHHUX IIMTajd HaBEJEHO Ha
puc. 8. 3 pUCYHKY BHJHO, IO HA IUISHKAX MIiJIb-
HOT'O MOPTIAHIUTY BiAOyBa€TbCS PEKpUCTAI3allis
LEMEHTHOTO KaMEHIO 3 YTBOPEHHSM BEJIMKUX €T-
PUHTITHUX KpHCTaliB, Ta Ha TOBEPXHI MICOYHHUX
YaCTOK YTBOPEHI MPOAYKTH IYKHOKPEMHIEBOKHC-
noi peakuii. Takok HasBHI AUISHKA IIEMEHTHOTO
KaMEHIO 3 PO3YMHHUMH COJSIMH KaJbIlilo, IO
YTBOPIOKOTH TENENOi0OHI CTPYKTYpH.

Ha puc. 9-11 HaBenmeHO XIMIYHHMN CKIIaj
pi3HEX MOP(OJOTIYHUX THIIIB IEMEHTHOTO Kame-
HIO Ha 3pPyHHOBaHIA TOBEPXHI 3ali300€TOHHUX
IITa.

Puc. 8. Mopdoutorist CTpyKTypHHUX CKJIJI0BHX
[IEMEHTHOTO KAMEHIO B BEpXHill yacTHHI
MepeI4acHo 3pyHHOBaHUX 3a1i300€TOHHUX IIIITAJ

Fig. 8. Morphology of structural components
of cement stone in the upper part of prematurely
destroyed concrete sleepers

Xint e, Kot | Mac. % l'fjoxg6xa, AT, % 3’enuannsa | Mac.%
0% BiJH.
0 35,72
Mg 0,91 1,58 2,29 MgO 1,51
Al 5,08 1,79 5,76 Al,O3 9,61
Si 1,49 2,16 3,24 SiO, 3,18
S 6,19 2,25 |11,81 SO3 15,46
Cl 1,09 1,12 1,88 Cl 1,09
K 0,69 1,87 0,54 K,0 0,83
Ca 48,83 2,79 74,49 CaO 68,32
Beboro 100,00

Puc. 9. XiMiuHuii cKinaa npoayKTy
JIY)KHOKPEMHIEBOKHUCIIOT peaKiiii
B BEpXHIl YacTHHI NIepeJuacHO
3pyHHOBAHMX 3aJ1i300CTOHHHUX I

Fig. 9. The chemical composition
of the product alkali silicic acid reactions
in the upper part of prematurely
destroyed concrete sleepers

Xim e, Ka [Mac. % IEOXH6Ka’ AT. % 3’enmanns | Mac.%
% BIJH.
0 34,05
Mg 0,89 11,38 | 2,24 MgO 1,48
Al 8,32 1291 1939 ] AlO; 15,73
Si 5,43 16,17 |11,76 SiO, 11,61
Cl 0,58 8,12 1,00 Cl 0,58
K 1,93 13,51 1,3 K,O 2,33
Ca 48,79 | 20,38 |74,10 Ca0 68,27
Bceboro 100,00

Puc. 10. XimiuHui cK1a] IEMEHTHOIO KAMEHIO
B BEpXHIH YacTHHI MepeJuacHO
3pyHHOBaHMX 3aJ11300€TOHHUX IITIal

Fig. 10. Chemical composition of cement stone
in the upper part of prematurely destroyed
concrete sleepers

doi: 10.15802/stp2015/57100

© B. B. Kosanenko, 0. JI. 3asus, I1. O. ITminsko, 2015

155



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

Hayxka Ta nporpec Tpancnopty. BicHuk J[HIIPOIETpOBCHKOTO
HAI[IOHAIIBHOTO YHIBEPCUTETY 3alIi3HHYHOTO Tpancmnopry, 2015, Ne 6 (60)

TPAHCIIOPTHE BYJIBHUIITBO
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i NN %
\C -~
> \.“’ 1 i 1 ] 5
’ 0
Xiwm en., Ka [Mac. % HOXP¥6Ka’ AT. % 3"enuanns | Mac.%
% BigH.
(6] 35,12
Na 0,43 8,51 0,57 Na,O 0,58
Mg 0,76 8,48 1,90 MgO 1,26
Al 8,95 9,62 10,121 Al,04 16,92
Si 7,16 12,14 | 15,55 Sio, 15,31
Cl 1,07 6,15 1,84 Cl 1,07
K 1,06 10,26 0,83 K,0O 1,28
Ca 45,44 15,31 |69,18 CaO 63,68
Bcroro 100,00

Puc. 11. XiMiuHHI CKJIa] IEMEHTHOTO KaMEHIO
B BEpXHill YacTHHI epeIaacHo
3pyHHOBAHUX 3ai1300€TOHHUX IITTIAI

Fig. 11. Chemical composition of cement stone
in the upper part of prematurely destroyed
concrete sleepers

SAx BugHO 3 puc. 9-11, B obnacti pyliHyBaHb
[IEMEHTHOT'0 KaMEHIO Ha MOBEPXHi IIMaj CrocTepi-
raroThCs JIOKaIbHI 00’ €MHU 3 MiABUIIEHUM BMICTOM
okcuny cipku SO, —15,46 % (mac.), mo nepesu-

nrye MakCUMallbHHH JonmycTUMHH piBeHb 3,5 %
(mac.) y 4,4 pasy. IlpuBenenuii koedillieHT Tyx-
HOCTI [IEMEHTHOTO KaMEHIO MEepPEBHIY€E HOpMATH-
BHHI moka3Huk y 0,6 % (mac.) y 2,17 pasy Ta cs-
rae 2,33 % (mac.). Bmict amoMiHariB cTabiibHO
MEPEBUIIYE€ HOPMATUBHUM TOKa3HUK y 8 % (Mac)
B 1,2+2,1 pa3y Tta makcumansHO csirae 16,92 %
(mac.). BmicT xyopy cTabinbHO HEpEBHUILY€E HOP-
matuBHUi nokaszuuk y 0,1 % (mac.) y 5,8...11 pa-
3iB Ta MakcuMaibHO csirae 1,09 % (mac.). Came
TaKe MOETHAHHS XIMIYHUX €JIEMEHTIB CIIPHUSIE TPHU-
CKOpEHOMY (pOpPMYBaHHIO BTOPMHHHUX €TPUHTITHUX
KpPHUCTAJIiB Ta TaAyMacUTy B OETOHI B IPOIECi eKc-
IoTyartamii 3a7i300€TOHHUX Nl 3acTOCYBaHHS
aMop(HOro KpeMHe3eMy sK JpiOHOro 3aroB-
HIOBaYya y KOMIUICKCI 3 HACHYCHHSM IIEMEHTY ITiJI-
BHUIIIEHOI JIY)KHOCTI XJIOPOM B KOHIIGHTpAIlii, sKa
nepesuirye 1 % (mac.), MaKCHMaJIbHO MPHIIBHI-
urye Jy)KHOKPEMHIEBOKUCITy peakiiio, sKa po3fi-

JIsi€ IIEMEHTHHUH KaMiHb Bij IpiOHUX 3alOBHIOBA-
yiB. [Ipy IbOMY B CTpPYKTypi 30epiratoThcsi MilHi
CTPYKTYpHi CKIIQJIOBI IJIECKATHX KPUCTAJIB IIeMe-
HTHOTO KaMeHIo 3 BimHomeHHsM CaO/SiO, — 4,1

Ta JIJIs TOJIKOMOIIOHMX KpHcTamB — 5,8.

3a mpoTOKOJIAMHU TEPIOAMYHHUX BHITPOOYBAHb
MOpPTIAHA IIEMEHTY B aKpeIUTOBaHIN Jraboparopii
I[MAT «Yxpreonoyam», M. KuiB 3rigHo 3 BUMOraMu
JACTY b B.2.7-46:2010 BusBIE€HO HiABUIICHUM
piBeHb MpHuBeaeHOl ayxHocti mementy I1111-500
BupoOHuNTBa ik  BAT  «IBaHO-DpaHKIBCHK-
neMenT», Tak 1 [IAT «Bonuae-nement». Peakiiii-
Ha 3JaTHICTh IMICKYy Ta MeOeHI0 3a pe3ybTaTaMu
BUIIPOOYBaHb Ti€i k Jabopartopii BimmoBimae BU-
MOTaM JIIFOYUX CTAH/IAPTIB.

Hocnidoicennss @naugy azpecu8HUX 308HIUUHIX
¢axmopie Hna Oemon 6 npoyeci excniyamayii
wnan. TpaguniiHO 30BHIIIHI (aKTOpH BIUIMBY Ha
pyliHyBaHHs O€TOHY 3aJi3HMYHHMX LIMajl Bigirpa-
I0Th HE OCTaHHIO POIIb y KOPO3IMHUX Mpolecax.
[lnanu y mporieci eKcruTyarailii HaCHIyThCS Pi3-
HOMAaHITHUMH pEareHTaMu, 3JaTHUMH 3HAYHO TPU-
CKOPHUTH K Oy[b-sIKi peaxilii, Tak i MOBHICTIO PO3-
YHHUTH [IEeMEHTHUI Kaminb. Ha puc. 12 ta 13 Ha-
BEIEHO CTaH 3AI3HUYHUX ILINAJ HA JUIBHUL, 1€
BOHH EKCIUTyaTyBaJlMCsA. 3 PUCYHKIB BHIHO, IO
mmay 3a0pyIHeH! ByTIEMICHUIMIA PEUYOBHHAMH Ta
Yy MICIISIX KpamejlbHOro 3a0pyAHEHHS MPUCKOPEHO
MPOXOJATh MPOIIECH pyHHaIi IEMEHTHOIO Kame-
HIO.

1 A ’ A
Puc. 12. q)OpMyBaHHﬂ KOPO3IHHHX KaBEpH
B 3a0pyIHEHOMY OETOHI IIma

Fig. 12. The formation of corrosion cavities
in filthy concrete sleepers
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Puc. 13. KinneBwuii cTaH O€TOHY BIIPOJIOBXK MEPIOAY
MEHIIIe HiK 3 pOKH eKCILTyaTaii

Fig. 13. The final state of the concrete during
the period less than 3 years of operation

3 aHamizy XiMi4YHOTO CKJIaAy MPOAYKTIB KOPO3ii
6erony (puc. 14) BHIHO, II0O OCHOBHOIO PEYOBH-
HOMO, 10 crhpusie pyiHauii OeToHY, € BYIJIEBOIHI
3’eqHanHs (BiporiaHo, 3 BMICTOM (eHOJy) Ta po3-
ypHK conei costol kucnotu (NaCl). 3aznaueni
pedoBHHHM CrpusioTh posunnennio Ca(OH), a6o

Oe3mocepeIHbO CHPUSIOTH KOPO3ii OETOHY 3 YTBO-
penssM BopoposunuHoro CacCl, .

3 pucyskiB 14, 15 BuaHO, 1110 Kajbllii B CTPYK-
Typi 3a0pyaHeHoro OeTOHY BUMHTHUI 3 LIEMEHTHO-
r0 KaMEeHIO, CITiBBIIHOIIEHHSI HOTO OKCUIY 3 OKCH-
IOM KpEMHII0 Maibke IOpiBHIOE OmWHHUIN. Kpim
TOTO, HEOOXIIHO 3ayBa)KWTH, IO CIAOKWid JEeTEK-
TOp TmTpWiIagy He 3MIr imxeHTHUdiKyBaTH CipKy
B MIPOAYKTax KOpO3ii 3a0pyAHEHOTO BYTIIEBOIHAMHU
0eTOHy, aJie HaBITh HEBEJIMKA ii KUIbKICTh B MiHe-
pastizoBaHili BOII CIPUYUHSAE Pi3HI BUAM KOPO3ii,
xomu amion SO B3aemomie 3 katiomom Ca®*,
yTBOpIOIouM B mpucytHocTi Bogu CaSO, 2H,O.

Kpucraniyauii [BOBOIHUIA Tirc, ciabko po3dyrHe-
HUH y BOJI, aje BHACHIJOK 3pOCTaHHS KPHUCTAIB,

B TOpaxX CTBOPIOETHCS MEXaHIUHE HampyKeHHS
2

1 TpimuHM. ko y Boai mano anioHiB SOj , To

MOYKHA OYiKYBAaTH iHIIY PEaKIiio:

3Ca0 Al O, 6H,0 +3(CaSO, 2H,0)+19H,0 =
=3Ca0O Al,0, 3CaS0O,31H,0.

036

XiMIYHHH €IEMEHT, Mac. % Hoxg61<a, AT %
Ka % BigH.
C 11,18 1,05 19,48
O 36,5 2,98 47,73
Na 1,52 1,59 1,38
Mg 1,02 1,32 0,88
Al 3,16 1,32 2,45
Si 16,49 1,42 12,28
Cl 0,33 1,68 0,19
K 4,25 2,37 2,27
Ca 25,56 2,98 13,34

Bcerworo 100,00

Puc. 14. XiMiuHUii cK1ag CTPYKTYPHUX
CKJIaJIOBHX 3pyHHOBAHOT'O [IEMEHTHOT'O KAMEHIO
I €0 XIMIYHUX PEYOBUH HA BEPXHIH
3a0pyAHEHI YacTHHI mIman

Fig. 14. Chemical composition of structural
components of destroyed cement stone under
chemical substances action on the top
of the contaminated part of sleepers

HoBa xpucramiyHa pedyoBHHA HA3UBAETHCS €T-
PHUHTITOM 1 BIJpI3HSAETBCA B 3 pasud OUIBIIUM
00’€MOM, HDK KPHCTAIH BUXiTHOTO TiApOaIOMi-
Haty Kanblito 3Ca0 Al,O, 6H,0 , mo npu3BoauTs

JI0 1e O1IbII IHTeHCUBHOTO 3POCTAHHS HAIpyKeH-
HS yCepenuHi EMEHTHOTO KaMeHIO 1 MiKpOTpilu-
HOYTBOPEHHS Ta PO3CHITAHHS MOHOJIITHOTO OJIOKY
Ha okpemi memeHtHi kpuctamu (puc. 16). Ilpu
IOMY HEOOXIiJHO BIJIMITUTH, IO CipKa BUSIBJICHA
B MPOAYKTaxX KOpPO3ii Ha MOBEpXHI PO3TPiCKAHOTO
Oetony mman. KpiM Toro, 3po3yMmisio, Imo ByTJe-
BOJIHI PEYOBHUHH THUITY )CHOI HE iAEHTH]IKYIOThCS
MIKPOPEHTTCHOCTICKTPAJIbHUM aHaIi3aTOpPOM, aje
Ha WOTO TPUCYTHICTh BKa3yIOTh OKPEMi KPHUCTAIH
[EMEHTHOTO KaMEHIO, B SIKHX PO3YMHEHI rpaHulli
Ta BUMHUTI Y BUTJIAI <KAJTBI[IEBOTO MOJOYKAY.
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07

TakuM YMHOM, OJIHIEIO 3 IPUYHMH MIEPEAIaCHOTO
pyHHYBaHHS 3a/1i300€TOHHHMX MIMan € ix 3a0pyn-
HEHHSl BYIJICBOAHSAMH 3 BMICTOM aKTHUBHHX (hEHO-
7B, a TaKOXX BiAXOJaMH 3 BMICTOM MIiHEPaTbHUX
cojJiel Ha OCHOBI XJIOPH[IB HATpPil0 Ta MAarHilo
3 MaJUM BMicTOM cipku. Lle Bukimkae po3Tpicky-
BaHHS [IEMEHTHOTO KaMEHIO Ta BUMHBAHHS Kallb-
1[I0 [0 TPAHHUIIAX [IEMEHTHUX KPUCTAIITIB HIITXOM
YTBOPEHHS 3 HUM BOJIOPO3UYMHHUX COJIEH.

HaykoBa HOBHM3HA Ta IPAKTHYHA

Xiw e, Ko [Mac, % |'g2 0% |y gof > eanarmaf Mac 3HAYMMICTD

C 1023 | 081 | 364 C 10,23 HaykoBa HOBM3HA Ta 3HAYMMICTh POOOTH OIS~
0 36,02 ra€ B 3aCTOCYBaHHI 3allaTEHTOBAHOI aBTOPCHKOI
Na 0,53 1,65 0,5 Na,O 0,72 eKCIIpeCc-METOIUKY JTOCITIDKEHHS Mopdoorii Ta
Mg 0,44 167 ]077] MgO 0,72 XIMIYHOTO CKJIaJly CTPYKTYpHHX CKJIaJ0BUX OeTo-
Al 3,62 1,9 287 | AlLO, 6,84 HY Y BUPOOHHYOMY IHKIIi ITiIMTPHEMCTB, IO JaCTh
Si 17651 232 12685] SiO, 37,76 3MOTY 3armobirT! nepeaJyacHoMy pyHHYBaHHIO Oe-
K 1,85 217 1101 ] KO 2,23 TOHY BHACIIIZIOK Jii BHYTPIIIHIX (aKTOpiB.

Ca 29,65 3,17 ]31,61 Ca0 41,49

Beroro 100,00 Pe3yiabTaTu Ta BUCHOBKH

Puc. 15. XiMiuHuii cKi1ag CTPYKTYPHUX
CKJIaJIOBMX 3pyHHOBAHOT'O [IEMEHTHOT'O KaMEHIO
i €0 XIMIYHUX PEYOBHH
Ha BEpXHill 3a0pyTHEeHi YacTHHI Tan

AHamni3 mpu4YMH pyHHYBaHHS 3alli300€TOHHHX
niman Ha 3HaM’ THCBKiH nuctaHiii komii Ha 320 km
K 1-4 nemapnoi kouii meperony YopHoiickka-
TpeniBka y kinbkocTi 1 896 wT., siki mporHo3oBa-
Fig. 15. Chemical composition of structural HO HE BiNpamiolTh 5 % eKcIUIyaTamiiiHOro pe-
components of destroyed cement stone under CypCy, TOKa3as, 1O BUXiHA MILIHICTh 3aBOJCEKOTO

chemical subst:cmces action on the top Oerony Binnosifgae Bumoram nitounx JJCTY.

of the contaminated part of sleepers N . o .

_ T MakpocTpyKTypHHUH aHalli3 pyWHyBaHHS 3alli-
- A - N 300€TOHHUX IINAJ MOKA3aB HASBHICTh HACKPI3HUX
TPIIIMH B3JIOBX apMaTypHHUX CTPYH, SKi IPOXO-
JIITh BUKIIOYHO MO IIEMEHTHOMY PO3YHHY, Mill-
HICTh SIKOTO € 3HAYHO HWXYOIO, HDK Y OCTOHHIM
CKJIaJIOBI{ MMM Ta TAaKO0, II0 HE BUTPUMYE Ha-
BaHTAXCHb TONEPEHLO HAMPYKEHOT apMATYPH.

Y cTpyKTypi Ta XIMIYHOMY CKJIali CEpemHbOl
YaCTUHHM IIEMEHTHOTO0 KaMEHI0 OeTOHY Immal, Je
€ MIHIMQJIBHUH BIUTMB OTOYYIOYOI'O CEPEIOBHINA,
BUSIBJICHO SIK HASBHICTh BEIHMKHUX CTPHHTITHUX
KpHCTalliB, CXWJBHHUX 0 PECTPYKTypH3alii, Tak
1 IPUCYTHICTh MPOAYKTIB JTyKHOKPEMHIEBOKHCIIOT
peakuii HaBKoJI0O aMOp(hHUX a00 THX, IO MICTATH
aMopdHUI KpeMHe3eM, IicodHi JacTku. [IpuBene-
HUHM KOeQilieHT TYKHOCTI LITBHOI CKIIaJ0BOI Iie-

el : A £2 - MEHTHOTO KaMeHI0 — noptianauty (2,19 % (mac.))

Puc. 16. CtpykTypa 3a0pyIHEHOTO LIEMEHTHOTO KaMe- HE3HAYHOK YaCTMHOK BHIIE, HDK y MNOPUCTHX

HIO 3aJ11300€TOHHUX LIITajl cramoux (1,92 % (mac.)), ame BiAmoBimAHO

Fig. 16. The structure of the contaminated cement rein- Y 3,6 Ta'y 3,2 pasy nepeuilye HOPMATHBHHI T10-

forced concrete sleepers Ka3HUK. [loBepXHs MiCOYHMX YACTOK HACHYCHA
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aToOMaMH XJIOpY, SIKi OJATKOBO MPHIIBUINIYIOTH
Ta IHIMIIOKTH JYXKHOKPEMHIEBOKUCITY PEaKIIilo.
TakuM YWMHOM, PECTPYKTYypHU3alliiiHi MpoUecH
BCEpEAVHI Al € HACHITKOM SIK BiJICYTHOCTI BXi-
JTHOTO KOHTPOJII0 CHPOBUHHHX MaTepialliB MiCKy Ta
[EMEHTY, TaK 1 MiJIBUIICHOI TeMIepaTypu TepMO-
BoJioroi 00pobku (70° C), sika crpusie 3pOCTaHHIO
BEJIMKUX CTPUHTITHUX KPHUCTANIB, 10 CHPUYUHSIE
PO3TPiCKYBaHHS [IEMEHTHOTO KaMEHIO.

Ha ningHui pyiiHyBaHb IIEMEHTHOTO KaMEHIO
Ha TIOBEPXHI INMAll CIOCTEPIraloThCs JOKaIbHI
00’eMH 3 TIABUINCHAM BMICTOM OKCHIY CipKH
SO, -15,46 % (mac.), 0 IepeBHILlye MAKCUMAIb-
HUI JomycTHMUiA piBeHb 3,5 % (mac.) y 4,4 pasy.
[IpuBenennii KoediieHT ITyKHOCTI IEMEHTHOTO
KaMEHI0 TIePEBHINYE HOPMATHBHUN MOKAa3HUK
y 2,17 pasy Ta csrae 2,33 % (mac.). Bmicr antowmi-
HaTIiB CTaOLIBHO MEpPEeBUIyE HOPMATHBHUMA MOKa3-
HUK y 8 % (Mac), MakCHMMaNbHO iX KOHIIEHTpAIIis
nigsumgyersest y 2,1 pasy no 16,92 % (mac.).
BwMicT xn0py cTabiibHO NEepeBHUILye HOPMATHBHUH
nokasHuk y 5,8+11pasiB Ta carae 1,09 % (mac.).
CaMme Take TIO€THAHHS XiMiYHUX EJIEMEHTIB CIPHUsE
MIPUCKOPEHOMY (POPMYyBaHHIO BTOPUHHUX €TPUHTI-
THUX KPUCTAJIB Ta TayMacUTy B OCTOHI B mpoleci
eKcIuTyaTarii 3amizobetonnux mmman [17]. 3acro-
CyBaHHS aMOp(HOTO KpeMHe3eMy SK IpiOHOTro
3allOBHIOBaYa y KOMIUIEKC] 3 HACHYCHHSM LIEMEHTY
MiJBUIICHOI JIY>)KHOCTI XJIOPOM B KOHIICHTpAILii,
ska nepesuirye 1 % (mac.), MakCHMalbHO MpH-
NIBHJITY€E JTy>KHOKPEMHIEBOKUCITY PEaKIlifo, sKa
BIJIIUISIE LIEMEHTHUN KaMiHb BiJ| APIOHMX 3aroB-
HIOBAYiB.

OmHi€0 3 TPUYUH TTEPeIIaCHOTO PyHHYBaHHS
3a11300€TOHHUX MINAN € X 3a0pyJHEHHS B Mpoleci
eKCIUTyaTallii BYTrJIeBOJHSAMHU 3 BMICTOM aKTHBHHX
(eHOMIB, a TaKoX BiIXOJaMH 3 BMICTOM MiHepa-
JHEHUX COJICH HAa OCHOBI XJIOPWIIB HATpPiIO Ta Mar-
HilO 3 ManuM BMICTOM cipku. Lle BuKIMKae po3Tpi-
CKYBaHHSl I[CMECHTHOTO KAMEHIO Ta BHMHUBaHHSI
KaIbIlif0 TI0 TPAHMISX IEMEHTHUX KPHUCTAJITIB
HUISIXOM YTBOPEHHS 3 HUM BOJIOPO3YHMHHHUX COJICH.
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pylIeHHI0 OEeTOHA XKEIEe3HOIOPOXKHBIX mmas. Meroauka. B pabGoTe McIonbp30BaHa 3KCIIPECC-METOIUKA ONpeEeIie-
HUSL MOP(OJIOTHH U XUMUYIECKOTO COCTaBa CTPYKTYPHBIX COCTABIIIOLINX OCTOHA, 3araTeHTOBaHHAas J{HenponeTpos-
CKUM HaIlMOHAIBHBIM YHHBEPCUTETOM JKEJIE3HOJJOPOKHOTO TpaHCIopTa. MeToMKa 1aeT BO3MOXKHOCTh OIIEPaTUBHO
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KOHTPOJIUPOBATh MOP(HOJIOTUIO M XUMUYECKHI COCTAaB KPUCTAIIOB LIEMEHTHOTO KaMHsl, Kak HanboJee ciaboro 3Be-
Ha B CTPYKTYype KOMIO3UTHOTO MaTepHuana—0eToHa. A TakXe IPOrHO3MPOBATh, B COOTBETCTBUH C PEKOMEHAAIHIMU
HEMEIKMX YYEHBIX, BEPOATHOCTb CTPYKTYPHBIX MPE0Opa30BaHUil IEMEHTHOTO KaMHs B TBEPJOM COCTOSHHH, OIIpe-
JISTISIFOIMX JIONTOBEYHOCTh 3TOr0 KOMITIO3UTHOTO Marepuaia. Pe3yasTaThl. MaccoBble pa3pynieHus Kene300eToH-
HBIX IIMan Ha JKeJIE3HBIX J0porax YKpauHbl y4allaloTcsl ¢ KaxasiM rojom. [Ipuuem, ecnn Takue paspymieHus
B 2010 roxy npoucxoannu nocne 4-5 ner skcmyarauu, 1o B 2015 roxy — nume nocie 2—-3 jeT ycTaHOBKH IITIaj
Ha MaruCTPAJIbHBIX JKEJIC3HONOPOXKHBIX HyTsX. [lo xapakrepy paspylleHHH OeTOHa INMan MOXKHO OTMETHTb
MHOTO(aKTOPHOCTb BO3ICHUCTBUIA Ha Hero. IlapTum LeMeHTa M JPYIUX CBIPBEBBIX MaTEpPUANOB Hepex
WCTIONb30BaHUEM OBUIM HCCIEIOBAaHBl CTAaHAAPTHBIMH METOJaMH B aKKpeOUTOBaHHOH mabopatopun ITAO
«VkpreonaObyam» (KueB) ¥ MONyYWsIM [ONOXKUTENBHBIC OLCHKH [ULSI HCIONB30BAHHS B IIPOU3BOJCTBE
Kene300eToHHbIX mman. OJHaKo 3HauyuTedbHAas OIIMOKa B OJKCIEPUMEHTAIBHBIX JaHHBIX IO CTaHIAPTHBIM
METOJMKaM HE IO3BOJIWJIA BBISBUTh KPUTHYECKHE XapaKTEPHUCTHKH MAaTepHaloB, KOTOPHIE MaryOHO BIHSIIOT Ha
JIOJITOBEYHOCTh O€TOHA TOAPEIbCOBBIX OCHOBaHWH. [lo pesynbpraTam uccienoBaHMW OBUIO YCTaHOBJIEHO, YTO
MPUYHMHAMH MaCCOBOTO MPEXACBPEMEHHOTO Pa3pyIICHHs A SBISIOTCSA: 1) HEOTHOPOAHOCTH MaKpPOCTPYKTYPBI
OeToHa, KaK CIEACTBUE MPUMEHEHUs IIeOHs (Gpakuuu 5-25 MM; 2) BIHSHHE arpecCUBHOH cpelbl Ha OSTOHHYIO
MOBEPXHOCTh LIMal; 3) HalWYhe B CTPYKTYpE CpeAHEH YacTH INNajl KPYMHBIX STTPUHTHTHBIX KPHCTAIIOB,
CKIIOHHBIX K PECTPYKTYpH3allid M NPUCYTCTBHE IPOAYKTOB IIEIOYHOKPEMHHUEBOKUCION PpEAKLIUH BOKPYT
aMOphHBIX WIH COAEP)KAIMX aMOPQHBIA KpPEeMHE3eM, IIECOYHBIX 4YacTull; 4) NPEBBILICHHE HOPMATHBHOTO
KO (UIMeHTa TPHUBEACHHON IIEJIOYHOCTH IUIOTHOH M TOPHCTOH COCTAaBJSIOMIMX LEMEHTHOTO —KaMHS
cooTBeTCTBeHHO B 3,6 1 B 3,2 pa3a; 5) HACHIICHHOCTh MOBEPXHOCTH MECOYHBIX YACTUIl AaTOMAaMHU XJIOpa, KOTOPBIE
JOIOJIHUTEIBHO YCKOPSIOT M HMHUOUHMPYIOT —MIEJTOYHOKPEMHHMEBOKHCIYI0 peakuuoo. HayyHasi HoBH3HA.
HccnenoBaTensamMu BrepBble ObUIa NPHMEHEHA 3allaTeHTOBAHHAs aBTOPCKas HIKCIPECC-METONMKA HMCCIeIOBAHUS
MOP(HOIOTMH ¥ XHMHYECKOTO COCTaBa CTPYKTYPHBIX COCTaBisromux OeroHa. IlpakTmyeckass 3HAYHMOCTD.
[Tpumenenne npeagaraeMol METOIUKH HCCIIEA0BAHUS CHIPHEBBIX MaTEPHAIOB U CTPYKTYpPbl O€TOHA B IPOU3BOJICT-
BEHHOM LIMKJIC NPEANPUSITHI TTO3BOJIHUT NPEJAOTBPATUTD MPEXKICBPEMEHHOE pa3pylIieHie OeTOHa BCIIEICTBHE ACHCT-
BUSI BHyTPEHHHX (DAaKTOPOB.

Kniouegvie cnosa: xene300€TOHHBIE IINANBI; MIEOEHb; MECOK; [EMEHT; IIEIOYHOKPEMHHEBOKHCIIAS PeaKiys;
MHUKPOCTPYKTYpa; LIEMEHTHBIH KaMEHb
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THE CAUSES STUDY OF THE PREMATURE DESTRUCTION
OF THE CONCRETE SLEEPERS ON THE ZNAMENKA TRACK
OF THE IF10 OF THE ODESSA RAILWAY

Purpose. The aim of the paper is to study the factors that led to the premature destruction of concrete sleepers.
Methodology. The express-method of determining the morphology and chemical composition of structural compo-
nents in concrete, patented by Dnipropetrovsk National University of Railway Transport was used in the paper.
Methodology makes it possible to control the morphology and chemical composition of cement crystals as the
weakest link in the structure of composite material — concrete, and to predict, in accordance with the recommenda-
tions of the German Scientists, the possibility of structural transformation of cement in the solid state, which deter-
mines the durability of the composite material. Findings. The mass destruction of concrete sleepers on railways of
Ukraine is becoming more frequent every year. Moreover, if such destruction in 2010 appears after 4-5 years of op-
eration, in 2015 it is only after 2-3 years of installing the sleepers on the main railways. The nature of the destruction
of concrete sleepers can be noted as malty factors influence on it. The batches of cement and other raw materials
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have been investigated before using with the standard methods in accredited laboratories of PAC «Ukrgeolbudm»
(Kyiv) and received a positive evaluation for use in the production of concrete sleepers. However, a significant error
in experimental data by standard methods not allowed revealing the critical properties of materials that adversely
effect on the durability of rail base concrete. According to the research it was determined that the causes of mass
destruction of sleepers are: 1) the inhomogeneity of the macrostructure of the concrete, as a consequence of the use
of crushed rock of fraction 5-25 mm; 2) the impact of aggressive environment on the surface of the concrete sleep-
ers; 3) the presence of a secondary structure of sleepers of large ettringite crystals prone to restructuring and the
presence of alkaline silicic acid reaction products around the amorphous or those containing amorphous silica sand
particles; 4) the exceeding of regulatory factor of the reduced alkalinity of dense and porous components of cement
stone is respectively to 3.6 and 3.2 times; 5) saturation of the surface of sand particles of chlorine atoms, which are
further accelerate and initiate the alkaline silicic acid reaction. Originality. The scientists firstly applied the author's
proprietary express-method of studying the morphology and chemical composition of the structural components of
concrete. Practical value. The application of the proposed research methodology and structure of raw materials in
the concrete production cycle of enterprises will help to prevent the premature deterioration of concrete as a result of
internal factors.

Keywords: reinforced-concrete slippers; crushed ballast; sand; cement; alkaline silicic acid reaction; microstruc-
ture; cement brick
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CONCRETE PROPERTIES IMPROVEMENT OF SLAB
TRACKS USING CHEMICAL ADDITIVES

Purpose. On the Railways of Ukraine a very large number of slab tracks are operated with cracks. Many scien-
tific works of previous years are dedicated to improving the design of slab tracks. The main causes of defects are:
poor exploitation of the track; insufficient physic-mechanical characteristics of concrete; poor quality of initial mate-
rials. It is therefore necessary to develop an optimum concrete mix for the manufacture of these concrete products.
Methodology. To assess the impact of individual factors and effects of their interactions on properties of concrete
mix and concrete method of experimental and statistical modeling was used. At this, methodological fundamentals
of mathematical experiment planning in concrete technology and modern methods of optimization of composite ma-
terials were taking into account. Based on the obtained data during the planned experiment conducting, including
15 studies and using the computer program MathCad, were obtained the regression equations, which describe the
relevant physical and mechanical properties of concrete. On the basis of the equations with the help of computer
program MATLAB R2012b the graphs were drawn, illustrating the dependences of system response from the
changes of two factors at a fixed value of the third factor. Findings. Firstly was the analysis of cracks that occur in
the process of operation in the constructions of slab tracks. Further reasons of possible occurrence of these cracks
were presented. In the process of the conducted research the author has concluded that for rational concrete mix de-
velopment it is necessary to conduct the planned experiment with the use of quality materials. It was established that
to increase the strength, chemical additives should be added in to concrete mix, it will let reduce cement amount.
Originality. Experiments proved the usage of modern chemical additives in order to improve the properties of con-
crete. Models were developed, reflecting characteristics of concrete strength. With their help one can optimize con-
crete composition. Practical value. Research proved that the usage of more sustainable concrete mix for production
of slab tracks will increase their strength, and with it the reliability of these designs mechanical properties.

Keywords: slab tracks; deck of bridge; concrete sleepers; durability; crack strength; optimal concrete composi-
tion; damages; impact factors; stress; deformation; response model of system

Introduction Ukrzaliznytsia existing lines, shows that the slabs,
which are produced nowdays are not reliable and
durable. During a short operation period (approxi-
mately 5 years) they can get massive damages.
Thus, there is a problem of insufficient crack resis-
tance of slab tracks.

Durability of slab tracks (concrete sleepers,
slabs of ballastless bridge deck (BBD) depends on
many factors.

The main defects of slab tracks are cracks, lo-
cated in different places and directions. Therefore

it i§ necessary to determine the primary causes of Purpose
their occurenece and make recommendations con- ) ] )
cerning the possible elimination of these defects. To analyze previous experience regarding the

The analysis of research materials and publica- ~ occurrence of defects in slab tracks during the op-
tions indicates that significant increase of concrete  erational phase. To set forth results of the planned
surfacing frost resistance can be achieved by for- ~ experiment. To improve the properties of concrete
mation of a certaine material structure: to minimize ~ With specially matched complex chemical addi-
the number of pores and achieve their anisotropic  tives PLKP (IJIKII).
location; reduce internal stresses in the concrete
through the use of non-shrink technologies, which
will reduce the level of cracking growth. Experi-
ence examinations and tests of BBD, conducted at
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Methodology

To assess the individual factors impact and ef-
fects of their interaction on the properties of the
concrete mixture and concrete, the method of ex-
perimental and statistical modeling was used. At
the same time methodological basis of experiment
of mathematical planning in concrete technology
and modern methods of composite materials opti-
mization was taken into account. Based on the ob-
tained results during the planned experiment,
which included 15 experiments using the computer
program MathCad, was received the regression
equation, which describes relevant physical and
mechanical characteristics of concrete. Based on
the obtained equations, using a computer program
MATLAB R2012b, graphics were drawn that re-
flect dependences of system response from two
impact factors change at the fixed value of the
third factor.

Statement of base line. The main defects, iden-
tified in concrete sleepers and BMP slabs are
cracks, located in different places and directions.

As it shown in [3] the most common type of de-
fect is split of sleepers along through longitudinal
crack that runs through reinforcing bars (approxi-
mately 25% of the total detected ones), which, in
turn, caused by insufficient physical and mechani-
cal characteristics of concrete, both at the manufac-
turing stage of a slipper and at the stage of laying it
in to the permanent way. The main causes of defect
for this type is «culture» of sleeper manufacture;
insufficient thickness of the protective layer of
concrete; poor quality of materials, used for the
concrete mix production; imperfect choice of the
concrete; low quality of mixing, installation and
vibration of concrete mix and the wrong choice of
steam curing mode. Quality control of all these
factors will significantly reduce the emergence of
defects of this type.

The second most common operating defect is
split of a slipper on a through longitudinal crack
with the opening of more than 3 mm, passing
through a hole for insert bolts (approximately 17%
of the total detected ones). This defect can be
ranged to those, arising from the poor-quality op-
eration of a track. To prevent the occurrence of de-
fects of this type one should regularly to carry out
diagnostics and continuous insert bolts tightening.

The third and fourth types by the number of de-
fects is fracture of the sleeper in the middle part

with concrete destruction, opening of transverse
cracks or reinforcement break and fracture of the
sleeper in the slab track with the destruction of
concrete, opening of transverse cracks or rein-
forcement break (respectively 15% and 11% of the
total detected ones). These defects of sleepers may
arise as during the new construction and through
the operating deficiency of the track.

Also common type of defect is the longitudinal
crack with opening up to 3 mm, that comes
through reinforcing bars at the ends and middle of
sleepers (approximately 10.5% of the total detected
ones). This defect occurs because of the same rea-
sons that the split through longitudinal crack, so it
is fair to say that preventive methods of this type of
defect for them have to be identical. Other defects
are less common.

So one can confirm that main causes of defects
are poor operation of the track and insufficient
physical and mechanical properties of materials for
railway sleepers production.

Ballastless bridge deck (BBD) on the railway
slabs has great stability of elements set. It protects
upper chord of traffic areas and links between them
from pollution and corrosion, ensure safety pas-
sage of wheel set across the bridge in case of de-
railment and it is economical by total value of pro-
duction and laying. All this means massive use of
BBD on concrete slabs in the construction of new
bridges and reconstruction of railway ones that are
operated. At the same time, during the examination
many of the bridges, was found a large number of
cracks in the concrete slab with shrinkage and
power character.

There is typical sequence of cracks develop-
ment and formation. Usually shrinkage cracks ap-
pear first on the lower or upper surface of the slab.
Then under temporary load and depending on sup-
port conditions, shrinkage cracks on the slabs soffit
grow in strength longitudinal or transverse ones
relative to the axis. Further, due to the variable na-
ture of slabs loads, cracks become through and are
being developed along the axis from end to end or
across the axis from high-strength pins to the ends
of slabs. Also a large number of defective slabs
with cracks was registered that pass diagonally
through technological holes (for pins, counteran-
gles) that significantly reduces longevity of bridge
deck, and consequently, its reliability, increase op-
erating costs [3, 9, 10, 11].
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From the literature review it can be seen that
many constructive solutions to improve the reli-
ability of slabs of BBD were offered. But very lit-
tle attention is paid to such problems as imperfect
concrete, from which these slabs are produced,
namely: the use of poor-quality aggregates, con-
crete mix heterogeneity, inadequate strength, frost
and crack resistance of concrete.

As a result of all the above noted it can be con-
cluded about the need to develop the optimal con-
crete composition for the manufacture of slabs
both BMP (BMII) and concrete sleepers to im-
prove their durability.

Results of the planned experiment. As the
cement binder was used Amvrosiivskyi PTs 1-500
N H that meets State Standard of Ukraine B.V.2.7-
46: 2010 requirements «Building Materials. Ce-
ments for general purposes. Specifications».

As the aggregates were used the following ma-
terials: river sand with a fineness modulus of 1.28,
which meets the requirements of State Standard of
Ukraine B.V.2.7-32-95 «Fine aggregates for con-
struction materials, products, structures and works.
Specifications» and sand with fineness modulus of
2.8 according to All-Union State Standard B.V.2.7-
210: 2010 «Sand from screenings of crushing ig-
neous rocks for construction works. Specifica-
tions» and gravel, fractions 5-20 mm in accordance
with All-Union State Standard B.V.2.7-75-98
«Building materials. Crushed stone and gravel are
dense natural for building materials, products,
structures and works. Specifications».

Experimentation let reduce the amount of ex-
perimental research and gain, at this, quite prob-
able model system behavior.

Implementation of the planned experiment is
conducted in the following sequence [2]:

— formulation the problem, main indicators
choice of quality control of system functioning
(outputs Yi);

— the main factors choice influencing the
system and the range of their changes by prior in-
formation;

— conducting the experimental studies by
a fixed algorithm of a plan;

— statistical analysis of the results.

The factor is pacing to form certain characteris-
tic or it has a significant positive effect. It does not
have an extreme nature within reasonable varia-
tions, and, at the same time, affect negatively other

characteristics. Impact analysis change of this fac-
tor is necessary to establish its rational value, i.e.
negative impact limit at maximum possible main-
tenance of positive one.

In the case when dependence of impact factor
on fundamental characteristic of its action is ex-
treme or close to it nature, at additional negative
impact on other characteristics, stabilization of the
factor in the extremum area is rational.

Determining the factors of the experiment and
levels of their varying are presented in Table 1.

Table 1
Factors Indexes Levels of variation
and natural values of factors
-1 0 +1
Cement X, 350 400 450
content of,
kg / m3
Screening X, 0 50 100
content, %
by weight
of fine
aggregate
The content X 0 0,55 11
of additive 3
PLKP, %
by weight
of binder

Obtained mathematical model in the processing
of experimental results of interconnection between
factors X, influencing the system, and system out-
put Y;, that are response on impacts, at checking its
adequacy with sufficient probability reflects equa-
tion of objectively existing system state.

In this paper polynomial and experimental-
statistical model of general form is used

A Kk k

i=1 i i=1
where, a, — value of system response at base level
of factors; a - linear effect of factor X;, which

characterizes the average rate of system response
change when factor control X; in the range -1 <

X, < +1; a; — quadratic effect of factor X;

which characterizes the acceleration system re-
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sponse change when factor control; a; - interac-

tion effect, changing the average rate of system re-
sponse change when factor control X;, depending

on level of the factor X,,; .

Based on data, obtained at the planning ex-
periment, which included 15 experiments with help
of the computer program MathCad, was received
regression equation, which describes relevant
physical and mechanical characteristics of con-
crete.

Regression equations, obtained after models
statistical analysis, allow observing individual and
common impact factors on under study output pa-
rameters of the system.

Analysis of the resulting equations system of
basic parameters changes twill determine the per-
missible values of individual components content
in the mixture and optimize the concrete mix.

The regression equation, which reflects the av-
erage compressive strength of samples after ther-
mal and humidity treatment:

Y, = 399,773 + 50,045 - X, - 9,829
xX, +55,033 - X, -
-8,142 - X} +17,372 - X7 -5,682x
xXZ -18,704 - X, - X, —
-1,061- X, - X5 - 16,276 - X, - X,.

The regression equation, which reflects the av-
erage compressive strength of samples, at age of 7
days at hardening in natural environment:

Y, = 432,725 + 47,776 - X, +
+4,825- X, +25,316 - X, —
-13,263 - X} -15,018 - X +
+7,197 - XZ -18,951 - X, - X, —
-3,631- X, - X5 +2,731 - X, - X,.

The regression equation, which reflects the av-
erage compressive strength of samples at age of
28 days at hardening in natural environment:

Y, = 516,448 + 50,289 - X, -

-2,801- X, + 23,266 - X, —
-7,893 - X} -12,733 - X+
+30,122 - X2 - 14,475 - X, - X, —
-0,193- X, - X, - 4,412 - X, - X,.

Based on the obtained regression equations, us-
ing the computer program MATLAB R2012b,
were constructed graphics that reflect system re-
sponses dependences from changes of two influ-
encing factors in the fixed value of the third factor.

The strength of concrete is an important charac-
teristic that determines its quality as a building ma-
terial and the ability to resist destruction from in-
ternal stresses, that arise as a result of external
loads. Therefore, was paid attention to concrete
strength primarily at the planned experiment.

Compressive strength of concrete depends di-
rectly on activity of a binder (cement) and on its
quantity in the mixture. However, high cement
content affect the strength of concrete surface to
some extent, after which it remains unchanged. In
this case, shrinkage will increase and change the
consistency of the concrete mix, increase the heat
emission and temperature and shrinkage cracks
will start appearing.
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Fig. 1. Dependence model of system response
(strength of concrete at the age of 28 days, MPa)

on changes of influencing factors X, (% screening)
and X, PLKP (IIJIKTI) at fixed index X, (II) = -1.
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Fig. 2. Dependence model of system response
(strength of concrete at the age of 28 days, MPa)

on changes of influencing factors X, (% screening)
and X, PLKP (IUIKII) at fixed index X, (L) = 0.
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Fig. 3. Dependence model of system response
(strength of concrete at the age of 28 days, MPa)

on changes of influencing factors X, (% screening)
and X, PLKP (TIJIKII) at fixed index X, (L) = 1.
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Fig. 4. Dependence model of system response
(strength of concrete at the age of 28 days, MPa)

on changes of influencing factors X, (% cement)

and X, PLKP (IIJIKII) at fixed index X,
(% screening) = -1.
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Fig. 5. Dependence model of system response
(strength of concrete at the age of 28 days, MPa)

on changes of influencing factors X, (% cement)
and X, PLKP (IIJIKII) at fixed index X,
(% screening) = 0.
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Fig. 6. Dependence model of system response (strength of concrete at the age of 28 days, MPa)
(strength of concrete at the age of 28 days, MPa) on changes of influencing factors X, (% cement)
on changes of influencing factors X, (% cement)
and X, PLKP (IVIKII) at fixed index X,

(% screening) = 1.

and X, (% screening) at fixed index X,
PLKP (IJIKII) = 0.
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Originality and practical value

Models were obtained that represent character-
istics of concrete strength depending on change in
each of three selected impact factors.

The practical value is to develop rational con-
crete mix for implementation the production of
concrete sleepers and slabs of ballastless bridge
deck.

Conclusions

In research it has been found that use of screen-
ing of 50% from total mass of fine aggregate is op-
timal, since at this ratio one can get optimal con-
crete mix placing and provide increased durability
of concrete, compared with the use of fine sand.

In the experiment was used PLKP (ITJIKIT)
complex chemical additive, which has changed
slightly the cement stone structure. It led to proper-
ties improvement of concrete. Composition of ad-
ditives were chosen specially for use in the con-
crete preparation of slab tracks.

In the future conduction of more detailed ex-
periment in order to get such concrete mixture is
planned. It will have the necessary characteristics
of strength, water resistance, frost resistance, crack
resistance, and which can be recommended for the
production of concrete sleepers and BBS slabs.
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MOKPAIIIEHHSA BJACTUBOCTEM BETOHY NIJIPENKOBUX OCHOB
3A 1OITOMOT OO XIMIYHUX TOBABOK

Mera. Ha 3amizHUIMX YKpaiHH Ayke BeNHKa KUTBKICTh MiIPEHKOBHX OCHOB EKCILTYyaTY€ThCS 3 TPIIIHHAMH.
Bararo HaykoBHX pOOIT MOMEpPEHIX POKIB MPHCBSIYCHO BJOCKOHAICHHIO caMeé KOHCTPYKII{ MiAPEHKOBHX OCHOB.
OCHOBHUMH NPHYUHAMY BUHUKHECHHS Ae(DEKTiB €. He3aI0BIIbHA eKCIUTyaTalis KOtii; HeAoCTaTHI (i3NKO-MeXaHIIHi
XapaKTEePUCTHKH OETOHY; HU3bKa SIKICTh BHXiIHUX MaTepiamiB. ToMy B poO0Ti HEOOXiTHO po3poOUTH ONTHMATBHUI
CKiaa OeTOHy Iyl BHIOTOBJICHHS NMX 3a1i300€TOHHMX BHPOOiB. Meroauka. s OLIHKM BIUIMBY OKPEMHX
¢dakTopiB Ta edekTiB iX B3aeMoOJil Ha BIIACTUBOCTI OETOHHOI CyMmimll Ta OETOHY BHKOPHCTOBYBAaBCS METOJ
€KCIIEPUMEHTAIbHO-CTATUCTUYHOTO ~ MOAeNioBaHHA. [IpM 1bOMy BpaxoBYBaJMCh METOJOJIOTIYHI  OCHOBH
MaTeMaTH4HOTO TUIaHYBaHHS €KCIIEPHMEHTY B TEXHOJIOTIi OETOHY Ta CydacHi METOAM ONTHUMI3alii KOMITO3UIIHHIX
MmarepianiB. Ha OCHOBI JaHMX, OTpUMaHMX B pe3yJbTaTi MPOBEICHHS IUIAHOBAHOIO EKCIEPHMEHTY, KOTpUH
BKJIIOYaB y cebe 15 excreprMeHTIiB 3a JOIOMOrow Komil oTepHoi nporpamu MathCad, 6yno otpumaHo piBHSHHS
perpecii, 3a SKAMHU OIMCYIOTHCS BIATIOBiAHI (Di3MKO-MEXaHIUHI XapaKTepucTUKu OeroHy. Ha OCHOBI oTpuMaHHX
piBHAHB 3a jJomOMOror Kowmir'totepHoi mnporpamu MATLAB R2012b Gymo moGymoBano rpadikm, sKi
BiZIOOpa)KatoTh 3AJIEKHOCTI BIATyKIB CHCTEMH BiJ 3MIHHM JBOX (DaKkTOpiB BIUIMBY Ipu (iKCOBAHOMY 3HAYECHHI
Tpetboro (akropy. PesyabtaTH. CrouaTky OyJ0 NpOBEeIEHO aHai3 TPIOIMH, SKi BUHHUKAIOTh y TPOLECi
eKCIUTyaTallil B KOHCTPYKILIAX MiIpeHKOBUX OCHOB. Jlami HagaHO MPUYMHHU MOXKIMBOIO BUHHUKHCHHS WX TPIIIWH.
B mporieci mpoBeAeHUX AOCIHIIKEHh aBTOPOM 3pOOJICHO BHUCHOBOK, IO JJIsi PO3POOKM pAIliOHATBHOTO CKJIaIy
OeToHy Tpeba MPOBECTH IUIAHOBAHMH EKCIEPUMEHT 13 BUKOPHCTAHHSM SIKICHUX MatepiaiiB. Y pe3yjbTaTi IbOTO
BCTAHOBJICHO, IO JUISA IIJBUIICHHS MIIHOCTI HEOOXiNHE BBEICHHS XIMIYHHMX T00ABOK JIO0 CKJIaAy OCTOHY, IO
JIO3BOJISIE 3HU3UTH KUIBKICTH IieMeHTy. HaykoBa HoBH3Ha. EKclieprMEeHTabHO BCTaHOBJICHO BHKOPHCTaHHS
Cy4YacHHX XIMIYHHX J00aBOK JUIs IMTOKPAIICHHS BIacTUBOCTEH OeToHy. Po3poOiieHo Momeni, mo BimoOpa)karoTh
XapaKTEpPUCTUKU MIIHOCTI OETOHY, 3a JONOMOrOI0 SKMX MOKHAa ONTHUMI3yBaTH CKjaJ OETOHHOI cyMilli.
[pakTnyna 3HaYNMicTh. J[OCTiIKCHHSIM BCTaHOBIICHO, 1[0 BUKOPUCTAHHS OUTBIN paIlioHATFHOTO CKIANy OETOHY
JUTS BUTOTOBIICHHSI IMiIPEHKOBUX OCHOB JO3BOJHTH MiABHINUTH iX MIIHICTB, a pa3oM i3 OUM 1 HaAiHHICTh IHX
KOHCTPYKIIiH.

Kirouosi cnosa: minpeiikoBi OCHOBH; MOCTOBE IIOJIOTHO; 3aJi300€TOHHI IIMANH; JTOBTOBIYHICTH; TPIIMHOCTIN-
KiCTh; OITUMANTFHIH CKJIa] O€TOHY; nedeKTH; (PaKTOpH BIUIMBY; HAIPyTa; AedopMallisi; MOIETh BIATYKY CHCTEMH

B. B. IPUCTUHCKASY

l*Ka(p. «YTpaBiieHUE POEKTAMH, 34aHUS U CTPOUTENIbHBIE MaTepUalIbl», JJHENpONneTPOBCKUN HAIIMOHAIbHBIM YHUBEPCUTET
JKENIE3HOZOPOKHOTO TPAHCIIOpTa UMEHH akanemuka B. Jlasapsna, yiu. JlazapsHa, 2, [Inenponerposck, Ykpauna, 49010,
ten. + 38 (056) 373 15 46, an1. noura Vviktoriya_mega@mail.ru, ORCID 0000-0002-4820-9757

VJAYUYIIEHUE CBOMCTB BETOHA IMOJAPEJbCOBBIX OCHOBAHMI
C IIOMOIbIO XUMHNYECKHUX TOBABOK

Henb. Ha skxenme3HbIX goporax YKpawHbl OYeHb OOJIBIIOE KOJIMYECTBO IIOAPENHCOBBIX OCHOBaHUH
OKCIUTYyaTUpYyETCA C TpCUIMHAMMU. MHuoro Hay4YHBIX pa60T nNpeAbIAyIUX JIET MOCBAIICHO COBCPIICHCTBOBAHUIO
MMCHHO KOHCTPYKIUH MOAPECIHLCOBBIX ocHoBaunii. OCHOBHBIMU InpuyuHaMu BO3HUKHOBCHUSA }qu)eKTOB SABJIAKOTCA.
HCYOBJICTBOPUTECIIbHAA JOKCILTyaTalusa HyTI/I; HEAO0CTAaTOYHbIC q)HSHKO-MexaHI/I‘leCKI/Ie XapaKTCPUCTHUKHU 6eTOHa;
HU3KOC KayeCTBO MCXOMHBIX MaTepualioB. I[loaTomy B paboTe HE0OXOAMMO pPa3paboTaTh ONTHMANBHBEIA COCTaB
OcTOHA JUIS WM3TOTOBJICHHUS 3THUX JKEJIC300€TOHHBIX m3ienuid. Meroamka. [l OLIGHKH BIHMSHHUS OTICIBHBIX
¢dakTopoB u 3PQPEKTOB HX B3aUMOJCHCTBUS HA CBOICTBA OCTOHHOH CMECH M OETOHA HCIOJB30BAJICS METOJ
AKCIEPUMECHTANBHO-CTATHCTHUECKOTO MOAETHPOBaHUSA. [IpW STOM YYHTHIBAIHCH METOJOJIOTHYECKHE OCHOBEI
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MaTeMaTU4eCKOro IUIAHWPOBAHUS DKCIIEPUMEHTa B TEXHOJIOIMU OETOHAa M COBPEMEHHBIE METOJbl ONTHMHU3ALNU
KOMITO3MILIMOHHBIX MaTepuanoB. Ha OCHOBe JaHHBIX, MOJYYEHHBIX B pe3yjbTaTe IMPOBEACHHS ILIAHUPYEMOTO
9KCIIEPUMEHTA, BKJIIOYAIOIIEro B cebst 15 wccieoBanuii ¢ OMOIIBI0 KOMIbIOTEpHOM nporpammel MathCad, 6butu
MOJyYeHbl ypaBHEHHMS PErpecCHd, MO KOTOPHIM OIMCHIBAIOTCS COOTBETCTBYIOIIUE (DH3MKO-MEXaHHYECKUE
XapakTepucTuku OetoHa. Ha OCHOBE MOTyueHHBIX YpaBHEHHH ¢ MOMOIIBbIO KOMIbIOTepHOH mporpammel MATLAB
R2012b 6putn mocTpOeHBI rpadUKH, OTPAKAIOIINE 3aBUCHMOCTH OTKJIMKOB CHCTEMbI OT M3MEHEHUsI BYX (HaKTOPOB
npy (HKCHPOBAHHOM 3HA4YCHHH Tperhero ¢axropa. Pesyabrarnl. CHauana ObUI NMPOBEACH aHAIU3 TPELIMH,
KOTOpble BO3HMKAIOT B Tpolecce OKCIUIyaTalid B KOHCTPYKLHMSAX IOJPEIBbCOBBIX OCHOBaHWil. [anee
IPEOCTABIICHB! PUYMHBI BO3MOXKHOTO BO3HMKHOBEHHUS STHX TpPEIUMH. B mporecce MpOBENEHHBIX HCCIICIOBaHUH
aBTOPOM CJeNIaH BBIBOA, YTO IS Pa3pabOTKH PalIOHAIBLHOTO cOocTaBa 0ETOHA HY)KHO NPOBECTH IIaHHPYEMBIi
OKCIIEPUMEHT C HCIOJIb30BaHUEM KAa4deCTBEHHBIX MAaTepHaoB. B  pesynbrare 3TOro yYCTAaHOBJECHO, YTO
JUIs. TIOBBILICHHsI MPOYHOCTH HEOOXOJMMO BBEJCHHE XUMHUYECKHX J00aBOK B COCTaB 0ETOHA, YTO MO3BOJISET
CHM3UTh KOJHMYECTBO LemeHTa. HayuyHasi HOBHM3HA. OKCIEPHMEHTAILHO YCTAaHOBJICHO HCIOJIb30BaHUE
COBPEMEHHBIX XMMHUYECKHX J00aBOK Uil YJy4llleHHsi CBOMCTB OerToHa. Pa3zpaboTanbl Mozenu, OTpa)karomiue
XapaKTEpPUCTHKU IPOYHOCTH OETOHA, C MOMOIIBI0 KOTOPHIX MOXKHO ONTHMH3HMPOBATh COCTaB OETOHHOH CMeECH.
IIpakTnyeckass 3HauyuMocTh. VcciienoBaHue poKas3ano, YTO MCIONB30BaHHE OoJiee pPalMOHAIBHOIO COCTaBa
OeToHa JUIi M3TOTOBJICHUS IOJIPENBCOBBIX OCHOBAHUH MO3BOJIUT MOBBICUTH MX IIPOYHOCTH, @ BMECTE C ITHM,
Y HaJIOKHOCTh 3TUX KOHCTPYKIUH.

Kniouegvie crosa: moapenbcoBble OCHOBAHUS;, MOCTOBOE IOJIOTHO; JKeNIe300€TOHHBIE ITAJIb; JOJTOBEYHOCTS,
TPEMINHOCTOMKOCTh, ONTUMAJILHBIA cocTaB OeToHa; Ae(eKThl; (haKTOPhI BIMSHUS,; HarpshKeHue; nedopmanusi; Mo-
JeTIb OTKIJIMKA CHCTEMBI
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®I3UKO-XIMIYHA MOJJUBIKALIA IEMEHTHOI CAICTEMHU
MOHOJIITHOI'O BETOHY

Merta. PoGora cnpsimoBaHa Ha po3poOKy HAyKOBHX OCHOB TEXHOJIOTil MoJu(]ikoBaHOrO GETOHY HOBOTO ITOKO-
JIHHS YISl CHOPY/L CIIEIIaIbHOTO MPU3HAYEHHS 32 PaXyHOK YIPAaBIiHHS MPOLECAaMU CTPYKTYypOyTBOPEHHS Moudi-
KOBaHOT LIEMEHTHOI CHCTEMH Y NMPUPOJHUX YMOBaX TBepAHEeHH:. Meroauka. [l TOCSATHEHHS ITOCTABICHOT METH:
1) npoBeneHi TOCTIKEHHS PEONOTIYHAX XapaKTEPUCTHK MOJAM(BIKOBaHUX OETOHHMX CyMIIeH ISl CIIOPY/L criertia-
JBHOTO TPH3HAYCHHS Ta MPOLECIB CTPYKTYPOYTBOPSHHS MOAM(IKOBAHOT IEMEHTHOT CHCTEMH OETOHY HPHPOIHOTO
TBEPIHEHHS; 2) BU3HAYCHI METOIN HAIHHOI OIIHKKA MIIHOCTI GETOHY y MOMEHT 3HSTTSI JIAIITYHKY ¥ mepenadi Ha-
BaHTAKCHHS HA KOHCTPYKIIii, B AKMX OETOH HE JOCAT MPOEKTHOI MIITHOCTi. Pe3yJbTaTH. ABTOPOM BCTaHOBIICHO, IO
y Moan(iKoBaHIi IIEeMEHTHIH CHCTeMi, IO TiAPaTyeThCs, y PEe3yIbTaTi B3a€MOIIi PI3HUX MAaKPOiOHIB pO3BUBAETHCS
CTPYKTYPOYTBOPIOIOUHMH TIPOIEC i3 TEepeBaror0 akTHBHUX YACTHH, SIKI 3HAYHO MEPEBHILIYIOTh HOTO JUCUIIATHBHY
YaCcTHHY y NMOPIBHSHHI 3 HOpMaJbHUMH yMOBaMu TBepaHeHHs. HaykoBa HoBu3Ha. BcraHOBIEHI 3aKOHOMIPHOCTI
CTPYKTYPOYTBOPEHHS MOJIM(IKOBAHOT IIEMEHTHOI CHCTEMH, apMOBaHOI CHHTE30BaHUMH J00pe 3aKpHCTali30BaHUMHU
cripasenoliOHIMH1 HUTKOMOAIOHUMH KpHCTaJlaMH, MEXaHIYHE 34YeIJIeHHs SIKUX PO3TIISIAETHCS K OCHOBHE JDKEpe-
JIO CTBOPEHHS MIIHOCTI Y CYKYITHOCTI 3 JIOJaTKOBUM 3UETICHHSM, IO JIOCSATAETHCS B PE3yJIbTaTi B3aEMHOTO ITPOPO-
cTaHHA KpucTani. [IpakTHYHA 3HAYMMICTB. Y TIporeci JOCHIHKEHHS PO3TIISHYTO IiJBUIIEHHS B’ sDKYYOTrO ITOTEH-
[iary IEMEHTY y BUCOKOMIIIHUX OCTOHAX Ta BUKOPHCTAHHS MOAM(IKOBAHMX [EMEHTHUX CHCTEM B OCOOIMBHX yMO-
Bax OeToHyBaHHS. Po3poOieHuil opraHo-mMiHepansHIH MOAN(DIKYIOUHH KOMIUIEKC, 10 3a0e3redye AuCIepcHe ap-
MyBaHHS IIeMEHTHOi MaTpuili OeToHy. BiH m03BONsf€, 3MiHIOIOYUM MPHUPOAY MOBEPXHI B’SDKYUOI PEHOBHUHH
i Moaudikaropa, MoaudiKyBaTH MpoIEC CTPYKTYPOYTBOPEHHs LieMeHTHOI Marpuui. TemmepaTypHuii dakTop He
YHHATh HETaTUBHOTO BIUIMBY Ha OETOH, IO TBEpAHE, a KOMIUIEKCHHH MonaudikaTop 3abesnedye MOJIMIIEHHS
(hi3MKO-MEXaHIYHUX XapaKTEPUCTUK LEMEHTHOI MaTpHili W OETOHY 3a paxyHOK NMEpBUHHOI 3MiHU CTaHy CHCTEMH.
Y moaudikoBaHiil IEeMEHTHIH cuCTeMI, 110 TiAPATYEThCS, B Pe3ybTaTi B3a€EMO/IIT PI3HUX MaKPOiOHIB PO3BHBAETHCS
CTPYKTYPOYTBOPIOIOUHH TIPOIEC i3 IEepeBaror0 akTHBHUX YaCTHH, SIKI 3HAYHO MEPEBHIIYIOTh HOTO JUCUIIATHBHY
YaCTHHY B MOPIBHSHHI 3 HOPMaJIbHIMH YMOBaMH TBEpAHEHHS. Pe3ysbTaT, OTprMaHi Ipy MOJEIIOBAHHI IOBEIIHKI
Mo (ikoBaHO IIEMEHTHOI CHCTEMH, IO TiPATYETHCS, MOKa3yIOTh, IO Y CHUCTEMi CHOCTEPIraroThCsl KOJIMBAHHS
KOHLICHTpalil NPOMDKHUX MpPOJYKTIB TigpaTaiii, SIKi OTOTOXHIOIOTBCS 3 BHHHUKHEHHSM IIPOCTOPOBO-YacOBOI

CTPYKTYPH.
Kouosi crosa: nemeHTHa cucteMa; Moau(Dikailis; CTpyKTYPOYTBOPEHHS; OCTOH

JIOLJIBHICTE 00’ €IHAHHA JEKIUIBKOX THUIIIB aKTHBa-
Beryn MIHHAX BIUIABIB Ha I[EMEHTHY CHUCTEMY OCTOHY.
[TpuiiHATO TONOXKEHHS, IO OJep KaHHSI MOHOJIT-
HUX OCTOHIB 3 BUCOKMMH €KCILTyaTalliiHUMK BIia-
cruBocTsiMu (BEB) mae 3acHoByBatucs Ha (i3uko-
xiMiyHOMY MoaM(iKyBaHHI IIEMEHTHOI CHCTEMH
oetony. Takuii croci6 00’enHye (i3MYHY aKTHBa-
IO [IEMEHTHOI CUCTEMH 3 IHTEHCUBHOIO XIMIYHOIO
B3a€MOJII€I0  KPHUCTAJOTIAPATHUX HOBOYTBOPEHBb
3 PEUYOBHMHAMH, 11O BBOJSTHCS Y LIEMEHTHY CHCTe-
My SIK MiHEepaJbHI JUCIIEPCHOAPMYIOUi KOMIIOHEH-
TH Y CKJadi CIEIiaJbHOTO OpraHO-MiHEpaaILHOTO
Moaudikyrodoro kommiekcy (OMMK).

MOXIIHBICTh TABUINCHHS CEKCIDTyaTaIliiHIX
XapaKkTepUCTUK OETOHY AJsl MOHOIITHOTO OyIiB-
HHLTBA BIIKPHBAETHCS 3 MEPEXOJIOM JI0 MPUHIH-
ITOBO HOBOi TEXHOJIOTii, 3aCHOBaHOI Ha 3acTOCYy-
BaHHI (yHAZaMEHTAIbHUX TPHHLUIIB B3a€EMOIi
KOMIIOHEHTIB B’sDKyd4oi cucTeMu B GeToni [16—19,
20, 24]. lLe 3abesmeuyeTbesi MOAUGIKYBaHHIM
KOMIIOHEHTIB IIEMEHTHOI CHCTEMH, IO CIpUSE
MIIBUINEHHIO CTYIICHS TiapaTarlii B’shKydoi pedo-
BUHM ¥ CHIPSIMOBAaHOMY CTPYKTYPOYTBOPEHHIO Iie-
MeHTHOT MaTpHili 6eTony [6, 8, 10—13].

Ha ocHOBI BUKOHaHHX EKCIEPHUMEHTAIHHO-
TEOPETUYHUX JIOCITI/KEHB 3p00JICHO BUCHOBOK PO
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Merta

Po3poOka HaykOBUX OCHOB TEXHOJIOTil MOJIH-
¢ikoBaHOTO OCTOHY HOBOTO MOKOJIHHS IS CIIO-
pPyA CHEUialbHOTO MPU3HAYECHHS 3a paxyHOK
YIPABITIHHS TPOIECAMU CTPYKTYPOYTBOPEHHS MO-
IUQIKOBaHOI IIEMEHTHOI CHUCTEMH y MPHPOIHUX
YMOBAaX TBEPIHCHHSL.

MeTtoanka

st TOCSITHEHHS MTOCTABJIEHOI METH BUKOHAHO
JOCHIDKEHHSI PEOJIOTIYHUX XapaKTEPHUCTUK MOAH-
¢ikoBaHMX OCTOHHUX CyMIillleH ISl CIIOPY/T CTIelli-
IBHOTO TIPU3HAYCHHS; MPOIECIB CTPYKTYPOYTBO-
PpeHHS MOAM(IKOBaHOI IEMEHTHOI CHCTEMH OCTOHY
NPUPOAHOTO TBEPAHEHHS; BU3HAUYEHO METOIM Ha-
JIAHOT OIIHKK MIITHOCTI OETOHY Y MOMEHT 3HATTS
omanxyOKH ¥ mepenadui HaBaHTa)KEHHsI Ha KOHCTPY-
KIIii, B IKUX OETOH HE JJOCAT MPOEKTHOT MIITHOCTI.

Pe3yabTaTtu

®izuko-xiMiuHe MOAM(]IKyBaHHS I[IEMEHTHOI
cucTeMH OETOHY BH3HAYa€ MOMJIMBICTH PETYJIIO-
BaHHS ii BIACTHBOCTEH, IO TO3BOJISE TOPSA 3 iH-
TeHCH(DIKAIi€I0 TBEPIAHEHHS CIIPSIMOBAHO ONTHMi-
3yBaTH CTPYKTYpY LEMEHTHOI Marpuui OeToHY.
Leit mpotec 3abe3mnedye picT MIITHOCTI OETOHY TIpU
CTHUCKY ¥, 0COOJINBO, TIpW 3THHI, MO 3a0e3reuye
MiZBUIIECHHS JIOBrOBIYHOCTI OeToHy. ®Di3uko-
XiMiYHa MOIM]iKaIlis EMEHTHOI CHCTEMH J03BO-
JWTa BHUSBUTH JIONATKOBI PE3epPBU TIOJIMIIICHHS
PCOJIOTIYHUX 1 MIIIHICHUX BJIACTUBOCTEH OCTOHHOT
cyMimrn i OETOHY 3a paxyHOK NPUKJIaJCHHS TEXHO-
JIOTIYHUX BIUIMBIB TEBHOI IHTEHCUBHOCTI, KOHTPY-
eHTHUX (I3UKO-XIMIYHAM yMOBaM TepeOiry mpo-
IIeCiB Tigpararii meMeHTHOI cuctemu [22].

BupimenHs mocrtaBieHoi TpobIeMu € aKTyallb-
HUM JUTSI PO3BUTKY TEXHOJIOTIi 3BEACHHSI MOHOJIT-
HUX OyniBenb B YKpaiHi.

Teopiss TigpaTalifHOTO CTPYKTYPOYTBOPECHHS
BCE Ie HE CTalla «JIMHAMIYHOIO TEOpi€ro» i 3Had-
HOI0 MIpOI0 3QJIMIIAETHCS «KIHEMAaTHYHOIO CXe-
MOIO», IO TUILKK OB SI3y€ MK COO0I0 MapaMeTpH
CUCTEMH, ajie NMPaKTUYHO HE BH3HAUYAE MEXaHi3My
il 3MiHM ¥ ONTHMAaILHOCTI CTPYKTYPOYTBOPCHHS
[9, 17, 23]. V¥ xoxi mociikeHb 3pOOJICHO BUCHO-
BOK TIpO ICHYBaHHS pe3epBy KepyBaHHA IUMHU
nporecaMi. Lle 0coOIMBO BaXKITMBO 32 HEOOXiTHO-
cti oxepskanns 6eronie BEB [14, 15].

[poriecn MPUCKOPEHHS TBEPIHEHHS MOHOIIT-
HOTO OETOHY [IO3BOJISIFOTH CKOPOTHUTH BHKOPHC-
TaHHS OManyOKH 110 AOOH, SIKIIO MICHIS 0YaTKOBOT
aKTWBAIlil BOHH TPHUBAIOTH y PEXHMI BiJ[BOY TeTI-
na [1, 2, 5].

MonugikyBaHHS IIEMEHTHOI CHUCTEMHU OETOHY
JUTSE MOHOJIITHOTO OYJIIBHUIITBA Iependadae BILTUB
Ha XIMIiYHI TIPOIECH, IO BIMOYBAIOTKLCS TIPHU Tizpa-
Talil KITHKEPHUX MIHEPaTiB 1 CTPYKTYPOYTBOPEH-
Hi nemeHtHoi matpuui [3, 21]. Tomy BuGip MoaH-
(ikaTopiB 3AIHICHIOBABCS 3 YpaxXyBaHHAM iX XiMid-
HOI aKTMBHOCTI CTOCOBHO KIIIHKEPHUX MiHEpaliB,
0CO0JIMBO ATIOMIHATIB KaubIlito [4, 7, 9].

[lonepenni JOCTi/KEHHS TOKa3alldl  JIOIIIb-
HICTh BBEJICHHS JI0 CKJIaay OpraHO-MiHEPaJIbHOTO
Moaudikyrodoro komiiekcy (OMMK) nemeHTHOT
CHCTEMH OETOHY CHeI[ialbHO CHHTE30BaHUX CIIO-
ayk Mgy(OH);CI-4H,0 i Mg;(OH)sCl-4H,0, 1o
€ OCHOBHUMH IPOAyKTaMu peakiii B cucremi MgO
— MgCl; — H,O B HOpMalibHHX yMOBaxX TBEpIHEH-
Hi. [li CMONYyKH BUKOHYIOTH POJb JUCIEPCHOTO
apMyIOY0r0 KOMIIOHEGHTa IIEMEHTHOI MaTpHIl Oe-
TOHY.

ligpaT XJIOpPOKCHIYy MArHII0 YTBOPHOETHCS
y ¢opMi J00pe 3aKpHCTATi30BaHUX TOJOK, SKi
OTHKCaHi sIK cHipanenoioHi TpyO4acTi HUTKOIOIi-
OHi kpucTanu. MexaHiYHe 34CIUICHHS WX HUTKO-
MOMIOHUX KPHCTATIB PO3TIISAAETECS K OCHOBHE
JOKEpENIo CTBOPEHHS MILHOCTI TMOpPSA 3 JI0JaTKO-
BUM 3UCIUICHHSM, IO AOCSTAEThCS B PE3yibTaTi
B3a€MHOTO TMPOPOCTAHHS KPHUCTANIB, KOIU BOHH
CTHKAIOTHCS ONUH 3 OJHUM. YTIOBIILHEHE TyXKa-
BiHHS 1 IIBUJKE TBEPIHCHHsS MOIU(IKOBAHOI Iie-
MEHTHOI CHCTEMH OCTOHY O3BOJISIE BUKOPHCTOBY-
BaTH Taki OCTOHHI CyMIIi JJi1 OETOHOHACOCHOTO
TPaHCIOPTY Ta TPAHCIOPTYBATU iX Ha BEJHKI BiJ-
CTaHi IiJ] 9ac 3BEJCHHS MOHOIITHUX OY/iBENb.

JociimkeHHst yTBOPEHHsI 1 TIepeTBOpeHHs (a3
Ti[paTiB XJIOPOKCHIY MAarHil0 BUKOHYBAJHCS Ha
3pa3kax, BUTOTOBJICHUX 3 PI3HUMU BIJTHOIICHHSIMU
MgO/MgCl; i mocTifiHEM MacOBHM BiJHOIIEHHSIM
H,O/MgO=2. Pe3ynbraTH IOCITI[KEHH HAaBEIEHO
y Tabm. 1.

JloCipKeHHSIMHA BCTAHOBJICHO, 1[0 YTBOPCHHS
1 IepeTBopeHHs (ha3 rigpariB XJIOPOKCHIY MarHito
€ ¢yukuiero Binnomenas MgO/MgCl,. Tlpu mons-
paomy BigHomenHi MgO/MgCl,<4 ytBOproeThes
Mgs(OH)sCl-4H,0 3 mammumkom MgCl,.
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Ta6mums 1
YTBopeHHs i neperBopennst a3y cucremi MgO — MgCl, - H,0
Table 1
The formation and transformation of phases in the system MgO — MgCI2 - H20
MoutsipHe BiAHOIICHHS Yac, ni6 InentudikoBani pazu
MgO Mg(OH), | Mga(OH)sCl | Mg,(OH);Cl | MgCl,-2MgCO5-
4H,0 4H,0 Mg(OH),-6H,0
MgO/MgCl,: 1/12 (2 ronm) ++ - +++
3 1 Cnign - +++ + Cruion
5 - - ++ ++ Te came
8 - — + +++ «
15 - -
4 1/8 (3 ron) - +
1 - ++ Crigun
4 +++
66 +++
5 1/6 (4 rom) + + ++
1 Crnigu +++
7 +++
6 127 + +++ Craimn ++
7 1 +++
9 +++ ++ Crigun Crigu
22 ++ +
62 ++ +
8 1 +++
29 ++ +++ + ++ +
69 ++ ++ + ++
75 ++ Crign +
128 +++ Crign
Mg(OH),/ 10 +++
MgCl,=5

[TpumiTka: + HeBeNMKa KUIBKICTh, ++ cepelHsl KUIbKICTh, +++ BeJMKa KiJIbKICTb.

3 wacom Mg3(OH)sCl-4H,O meperBoproeThes
y Mgy(OH)sCl-4H,0. TllBuakicTh TepeTBOPEHHS
3pocTae mpu 3HWKeHHI Bigomenuas MgO/MgCl,.
Criiika cionmyka Mgs(OH)sCl-4H,O ytBOproeThes
npu MousipHoMy BigHomieHHi 4<MgO/MgCI,<6.
Sxmo 3amicth MgO 3 pozunnom MgCl, pearye
Mg(OH), (mpy  MoJspHOMY  BimHOIIEHHI
Mg(OH)./MgCl,=5), to mnepeBaxatouow ¢azoro
e  Mgy(OH)3;Cl-4H,0.  Crnoayku  Mg(OH),
i Mg2(OH):Cl-4H,0 yTBOpIOIOTECS TIPH MOJISIPHO-

my BigHoumenHni MgO/MgCI,>6. Tlpu Ttakomy Bin-
HomieHHi crmonyka M(g,(OH)3Cl-4H,0  Hectiiika
i meperBoproeteess 'y Mgs(OH)sCl-4H,0. IlIBua-
KiCThb peakiii TepeTBOpeHHS HHU3bKa 1 3MCHIIY-
eTbesi ipu 30unbiieHHi BigHomeHHs MgO/MgCl,.
3 uwacom kimekicte MQCl,-2MgCO3-Mg(OH),:6H,0
30UIBIIYETHCS Y BCIiX 3pa3kax B Pe3yJbTaTi peaxil
3 arMocepanm CO,.

MIKpOCTpYKTYypa HOBOYTBOPEHb IIEMEHTHOI
CHCTEMH 3 XJIOPOKCHIOM MarHiroo (y Mexax crabi-
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aeHOCTI M@3(OH)sCl-4H,0 sk mepeBaxarouoi (ha-
3M) JIOCHI/DKyBanacsi Ha 3pa3kaX, BHUTOTOBJICHHX
3 TEOPETUYHO PO3PaXxOBAHOIO KiNBKICTIO BOAM, HE-
00XiHOT N1 TPOEKTHOTO CTYIEHs Tixparaiii,
i wmomspuuM BigHomenasm MgO/MgCl,=5,68.
CrioctepeskeHHsI 32 JOTIOMOTOI0 CKaHYIO4Oro elie-
KTPOHHOTO MIKpPOCKOTIA BHKOHAHI Ha TMOBEPXHAX
3]IaMiB, OTPUMaHUX TP PO3PHBI BUCYIICHHUX 3pa3-
KiB, MOKPUTHX IIAPOM CIUIaBYy, IO CKJIAJa€ThCS
360 % Aui40 % Pd.

Pe3ynbTat MOCTIKEHb MTO3BOJMIN BUCYHYTH
TaKy Till0Te3y PO3BUTKY MIKPOCTPYKTYpU MOanQi-
KOBaHOi IeMeHTHOi cuctemu. Kpucranu rigpary
XJIOPOKCHY MAarHiro IBUAKO POCTYTh B MPOCTOPI
MDK TiIpaTHUMH HOBOYTBOPCHHSIMH KIIHKCPHHUX
MiHepalliB. ¥ pe3ylbTari I[bOr0 BUHUKAE MEeXaHiu-
HE 3YCTUICHHS, SIKE 3YMOBIIOE PO3BUTOK MOYATKO-
BOI MIITHOCTI 1 kKOpCcTKOCTi. OCKUTBKH IS BUTHHO-
TO POCTY KPHCTANIiB HEAOCTATHHO MPOCTOPY, TO
KpPHCTQJIM B3a€EMHO IPOPOCTAIOTH, YTBOPIOIOYH
HIUTBHY CTPYKTYPY, SIKa 3yMOBIIOE 3POCTAHHS Mi-
IIHOCTi. YTBOPEHHS TOJIYAaCTUX KPHUCTATIIB HE PO3-
TISAa€ThCS SIK Oe3yMOBHA BUMOTa JJisl TBEpAHEH-
Hs. MIIHICT 3aJIeKUTh BiJl YTBOPEHHS MPOIYKTIiB
peaxinii, sKi 3alOBHIOIOTH BIIBHUH MPOCTIp, IO
NPU3BOUTH A0 (HOPMYBaHHS IMITBHOI MIKpOCTpY-
KTypd 3 MiHIMaJbHOIO NOpHCTiCTIO. OYeBUAHO,
CTIpUsiE IbOMY XapaKTepHE 3POCTAaHHS TOTYACTUX
1 HUTKOMOAIOHMX KpucTaniB. KpuBa HapocTaHHS
TPaHUI MIITHOCTI MOAU(]IKOBAHOT IIEMEHTHOI CHC-
TEMU HaBeJleHa Ha puc. 1 y 3icTaBJIeHHI 3 aHAJIOTi-
YHOIO KPUBOKO IIEMEHTHOTO TiCTa.

<
E 100+ o — MoudikoBana HeMeHTHa
- 80 - chcTeMa o= -8
E 60 _+HGMCHJ.5TT&3 - ¢ d
: g —
pe & g
20 o TerwrT
0+
S S e S e I P SIS
NS \,)/a \9& (}9& qyﬁ nﬁe A 'f,bv @v

TpuBaiicTh TBEpIHEHHS

Puc. 1. Kinernka 3MiHM MIIHOCTI IIPY CTUCHEHHI
LIEMEHTHOI MaTpHLli OEeTOHY
Fig.1. The kinetics of the changes in the compressive
strength of the cement matrix of concrete

VY HochipKeHHSAX BHKOPUCTAHUI MOPTIAH/IIE-
meHT M 500. Pisuuiist B HapocTaHHI MIITHOCTI Ove-
BuaHa. OCKUIbKM HEMA€E TOMITHOI 3MIHH B MIKpO-
CTPYKTYpi, 3MEHIICHHsI MIIIHOCTI 3pa3KiB Moaui-

KOBaHOI IIEMEHTHOI CUCTEMH, SIKe TUMYacOBO Bif-
OyBajocs y Bimi 1 m00M, MOXHA TOSCHUTH
HaNpy>XEHHSAM MpPU PO3TATaHHI, BUKIMKaHUM yca-
IIKOIO, sKa crocTepiranacs depe3 1 moOy TBepa-
HEHHs. PaHHE 3pocTaHHS MIITHOCTI 3pa3KiB IIeMEH-
THOI CHUCTEMH 3 XJIOPOKCHJIOM MarHilo y mepiii
24 Top BININOBiNa€e CHOCTEPEKCHHSIM, BUKOHAHUM
3a JIOTIOMOTOI0 CKaHYIOUOTO €JIEKTPOHHOTO MIiKpO-
ckora. [losiBa mepmivx roI4acTUX KPUCTAIIB BUSB-
JieHa yepe3 2 TOJ Micisl MPUroTyBaHHA Moaudiko-
BaHOI IIEMEHTHOI CUCTEMH, MEPIIl HiXK CHCTEMA T10-
vajia HaOupatu MinHicTh (puc. 2). o 4 rox picr
KpPHCTaJIiB 3HAYHO MPHUCKOPUBCS, 10 MPU3BENIO JI0
YTBOPEHHSI MIKPOCTPYKTYPH, HaBeJIeHOT Ha puc. 3.
Hamam wikpocTpykTypa He ITOKazaja HISKUX
3MiH, 32 BUHSTKOM IIOCTYIIOBOI'O 3MEHIICHHS II0-
PHUCTOCTI.

il o AA S it

Puc. 2. dororpadis MIKpOCTPpyKTypH
MO iKOBAHOT IIEMEHTHOT CHCTEMH
y Bii 2 rox (x3 000)

Fig. 2. A photograph of the microstructure
of the modified cement system at the age
of 2 h (X3 000)

. l{ Y, B ‘.. ‘_*h ._
Puc. 3. dororpadist MIKpoCTpyKTYypH

MOM(iKOBAHOT IIEMEHTHOT CHCTEMH
y Bii 4 rox (x2 000)

Fig. 3. A photograph of the microstructure
of the modified cement system
at the age of 4 h (X2 000)
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3 BHKIAIEHOTO MOXXKHA 3pOOUTH BHCHOBOK:
npu  MouisipHoMy  BimHoureHHi 6>MgO/MgCl,>4
nepeBaxae CTiliKa KpHCTaJIiYHa ¢aza
Mgs(OH)sCl-4H,0. 11s ¢a3a npu TBepJHEHHI MO-
HOJIITHOTO OETOHY 3a MO3UTHBHUX TEMIIEPATyp i
nieto atMocdepHoro CO; MOBIIBHO MEPEXOAUTH
y MgCl,:2MgCO3;-Mg(OH),-6H,0. Ile mneperBo-
peHHS BITOyBa€ThCAd TEPEBAXKHO Ha TIOBEPXHI
1 HE3HAYHO BIUIMBAE HA MIIHICTH MOAU(DIKOBAHOT

neMeHTHoi MaTpumi  OeToHy. Skmo  OeToH
HiIa€TECS  BIUIMBY ~ JIOIIy, TO HEPEBaXHOIO
¢dazor0 Ha  HOro TOBEpPXHI €  CHOJyKa

4MgCO;3-Mg(OH),-4H,0, sx ne Oya0 BHUABICHO
B 3pa3Ky-Tipu3Mi po3MipoM 4x4x16 cm. Ycepenuni
IIHOTO 3pa3Kka IepeBakaro4uoro (a3or OyB Timpar
Mgs(OH)sCl-4H,0, arne, kpim Toro, 6ynu IpUCyTHI
Mg(OH), i MgCl,-2MgCO3-Mg(OH),:6H,0.

MexaHiuHI BIACTHBOCTI IIEMEHTHOI CHCTEMHU
3 MiHepaJIbHUM MOJIU(IKATOPOM MpPU Pi3HUX Bif-
HomeHHsix MgO/MQCl;, i mpu mocriitHoMy MoJIsp-
HoMy BimHomenHi H,O/MgO=3,5 (abo 1,56 — ma-
COBE€ BiJIHOIIICHHST) HaBeIEH] Ha puc. 4.

85
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TpuBasicTh TBEpAHCHHS, 16

6) MiLHiCTh NpH 3rUHi

Puc. 4. Kinetuka 3MiHH MIITHOCTI MO IKOBaHOT
MiHEepaIbHUM KOMIIOHEHTOM [[EMEHTHOI CHCTEMHU
3 pisHEM MoJsIpHAM BigHOmEeHHsIM MgO/MQCl,:
1 - MgO/MgCl,=5,4; 2 — MgO/MgCl,=5,9;
3 — MgO/MgCl,=6,38; 4 — MgO/MgCl,=6,85

Fig. 4. The kinetics of the changes in strength
of the modified mineral component in cement systems
with different molar ratio of MgO/MgCI2:
1 - MgO/MgClI2=5,4; 2 - MgO/MgCl2=5,9;
3 — MgO/MgCI2=6,38; 4 - MgO/MgCl2=6,85

Kpaimi pe3ynbrati oTprMaHi Ha 3pa3kax 3 Mo-
nsipauM BigaomexusmM MgO/MgCl,=5,415,9.

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYNMICTDL

BcTanoBnmeHi 3aKOHOMIPHOCTI CTPYKTYpPOYTBO-
peHHst MOAN(DIKOBAaHOT IEMEHTHOI CHCTEMH, apMo-
BaHOI CHHTE30BaHUMH 0OpE 3aKpUCTAIII30BaHUMHU
CITipaJIeTIOAiOHMMY HATKOITOJIOHUMH KPHUCTAIAMH,
MeXaHIuHe 3YCIUICHHS SKHX PO3TIISJAETHCS SIK OC-
HOBHE JKEPENIO CTBOPEHHS MIiLHOCTI Y CyKYITHOCTI
3 JOJATKOBHUM 3YETUICHHSM, IIO0 JIOCSTAEThCS B pe-
3yJIbTaTi B3aEMHOTO MTPOPOCTAHHS KPHCTAITIB.

3anpornoHoBaHa TEXHOJIOTiS 3abe3rneuye -
BUIIICHHS B’ SDKYYOTO TIOTEHITIATy [IEMEHTY y BHUCO-
KOMIITHUX OETOHaX Ta BHKOPUCTaHHSI Moaudiko-
BaHUX I[IEMEHTHHX CHCTEM B OCOOJIHMBHX YMOBax
O6eronyBaHHs. Po3poOieHnii opraHo-MiHepaTbHUIA
MoAuQIKyI0Unii KOMIUIEKC, IIo 3a0e3reuye qucIe-
pCHE apMyBaHHS IIEMEHTHOT MaTpHIll OCTOHY, KU
JI03BOJISIE, 3MIHIOIOUN MPUPOAY TOBEPXHI B’ SHKYUOT
pedoBuHM i MoaudikaTopa, MOAU(IKyBaTH MPOIIEC
CTPYKTYPOYTBOPEHHS IIEMEHTHOI MaTpuii. Temrre-
parypHUii (pakTop HE YNHUTH HETATUBHOTO BILUIUBY
Ha OETOH, IO TBEP/HE, a KOMIUIEKCHUIN Moaudika-
TOp 3a0e3reuye TOJIMIIeHHS (Di3UKO-MEXaHITHUX
XapaKTepUCTHK HEMEHTHOI Marpuii i OeToHy 3a
PaxyHOK MEPBUHHOI 3MiHH CTaHy CUCTEMHU.

BucHoBku

1. Pozpobnenuii opraHo-MiHEpalbHUH MO-
IUQIKYIOUMid KOMILIEKC, o 3abe3neuye aucnepe-
HE apMyBaHHsS LIEMEHTHOI MaTpuli OeToHy. Be-
JCHHS y LEMEHTHY CHUCTEMY XIMIYHO aKTHBHHUX
KOMIIOHEHTIB MOJi()yHKI[IOHATIBHOT il J03BOJISE,
3MIHIOIOYH MPUPOAY MOBEPXHI B’ SKYy401 PEUOBHHU
i Mommdikatopa (rizpodigbpHiCTh, 3apsn, OyIOBY
MOJIBINHOTO EJIEKTPUYHOTO IIapy, KOHIICHTPAIIiIO
NOBEPXHEBHX AKTHBHHX aHCAMOJIB), Y LIMPOKUX
Mekax MOAU(]IKyBaTH MpOLEC CTPYKTypOyTBO-
peHHs neMeHTHO1 Matpuui. [Ipu npomy Temmepa-
TypHUH (DaKTOp HE YMHUTH HETaTUBHOTO BILIUBY
Ha OETOH, 1[0 TBEP/HE, a KOMIUIEKCHUI Moudika-
TOp 3a0e3reuye MOJIMIIeHHS (Di3UKO-MEXaHITHUX
XapaKTepUCTHUK IEMEHTHOT MaTpuili i OeToHy 3a
PaxyHOK NEPBUHHOI 3MiHH CTaHy CUCTEMHU.

2. BcranoneHno, mo y MomaudikoBaHIN Iie-
MEHTHIH CUCTeMi, IO TipaTyeThes, B Pe3yNbTaTi
B3a€MOJIi pi3HUX MAaKpOiOHIB PO3BHBAETHCA CTPY-
KTYypOYTBOPIOIOUHMH IPOILEC i3 MEepeBarol0 aKTUB-
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HHUX YaCTHH, SIKi 3HaYHO MNEPEBUINYIOTh HOTO M-
CUITATUBHY YaCTHHY TOPIBHSAHO 3 HOPMAaJIbHUMH
yMOBaMH TBEpAHEHHs. Pe3ynpTaT, oTprMaHi npu
MOJICITFOBaHHI MOBEAIHKN MOAM(IKOBAHOI IIEMEHT-
HOI CHCTEMH, IO TiJpaTyeThcs, IMOKAa3yIOTh, IO
y CHCTEMIi CHOCTEpIraloThCsi KOMUBAHHS KOHICHT-
parii mpoOMiXKHUX TPOIYKTIB Timpararii, sKi OTo-
TOXHIOIOTBCS 3  BHHHMKHEHHSM  HPOCTOPOBO-
4acoBOI CTPYKTYPH.
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PU3NKO-XUMHNYECKASA MOAUPUKANUA
HOEMEHTHOU CUCTEMbBI MOHOJIMTHOI'O BETOHA

Hens. PaGora HampaBiieHa Ha pa3pabOTKy HayYHBIX OCHOB TEXHOJOTHH MOIM(UINPOBAHHOTO GETOHA HOBOTO
MOKOJICHUS [UISl COOPYKEHUH CIENNAbHOTO HA3HAYEHHS 3a CUET YNPABJICHUS POLIECCAaMH CTPYKTYpOOoOpa3oBaHuUs
MOTU(DHUIIMPOBAHHON IIEMEHTHON CHUCTEMbI B CCTECCTBCHHBIX YCIIOBHSIX TBepacHHs. Meromuka. s gocTmkeHus
MOCTaBICHHOM 1iesn: 1) MpOBeIeHbI UCCIICIOBAHUS PEOIOTHUSCKUX XapAKTEPHUCTHK MOAU(PHUIIMPOBAHHBIX GETOHHBIX
cMecell Uil COOpY)KeHUIl CHelMabHOrO Ha3HA4YeHUs! U MPOLECCOB CTPYKTYPOOOpa3oBaHHs MOANUGHIMPOBAHHON
LIEMEHTHOH CHUCTeMbI OETOHA €CTECTBEHHOrO TBEPICHUS; 2) ONpeneeHbl METOAbI HAJCKHOH OLEHKH MPOYHOCTH
OeToHa B MOMEHT CHSATHSI ONAyOKH M Iepellaud Harpy3Kd Ha KOHCTPYKLMH, B KOTOPBIX OETOH HE JOCTHUT ITPOEKT-
HOH npoyHocTu. Pe3yabTaThl. ABTOPOM YCTaHOBJICHO, YTO B THJIPAaTHPYIOIIEHcsS MOIUPHUIIMPOBAHHOW 1IEMEHTHOM
CHCTEME B pe3yJbTaTe B3aUMOJCHCTBHUS pa3IMUHBIX MaKpOWOHOB Pa3BHBACTCS CTPYKTYpOOOpasyloluii mporecc
C MNPEHMYILNECTBOM AaKTHBHBIX YaCTEH, KOTOPbIE 3HAYUTENBHO IPEBBINAIOT €ro JUCCUNATHBHYIO YacTb IO
CPaBHEHHIO C HOpPMAllbHBIMU YCIOBHsAMHU TBepAcHHA. HayyHass HOBHM3HA. YCTaHOBIIEHBI 3aKOHOMEPHOCTH
CTPYKTypooOpa3oBaHus MOIU(PUIMPOBAHHON LEMEHTHOI CHCTEMBI, apMHPOBAHHOW CHHTE3MPOBAHHBIMH XOPOLIO
3aKPUCTAJUIM30BaHHBIMY CIIMPAIIEBUJAHBIMA HHUTEBUIHBIMUA KPUCTAJUIAMHM, MEXaHMYECKOE CLEIUIEHHE KOTOPBIX
paccMaTpuBaeTCa Kak OCHOBHOM MCTOYHHUK CO3/JaHHS ITPOYHOCTU B COBOKYITHOCTH C JIOMOJTHUTENBHBIM CIETIIICHHEM,
JIOCTUTaeMBIM B pe3yjibTaTe B3aMMHOTO IpopacTaHud KpucramioB. IlpakTuyeckas 3HaumMocThb. B mporecce
WCCJICIOBAaHHUSI PAaCCMOTPEHO TOBBIINICHHE BSDKYIIETO TIOTEHIMana IIEMEHTa B BBICOKONPOYHBIX OETOHax
W WCIOJIb30BaHUE MOAM(MUIIMPOBAHHBIX IEMEHTHBIX CHCTEM B OCOOBIX YCIOBHSX OeToHMpoBaHusi. Paszpaboran
OpraHO-MUHEPAIBHBIH MOIU(UIMPYIOMNI KOMIUIEKC, 00ECHEeYNBAIOMNI ANCIEPCHOE apMUPOBAHUE IIEMEHTHOMN
MaTpuisl OETOHA, KOTOPBIN MO3BOJISIET, M3MEHSISI IPUPOJY MMOBEPXHOCTH BSDKYILETO BEIECTBA W MOIM(HKATOPA,
MOM(UIIMPOBATh TPOLECC CTPYKTYPOOOpa3oBaHus IIEMEHTHON MaTpHunbl. TemmneparypHblii (akTop HE OKa3bIBaeT
HETaTHBHOTO ACHCTBUS Ha TBEpACIOMNIT OETOH, a KOMIUIEKCHBIH MoauduKaTop oOecrieunBaeT yiaydiieHne Gpu3nko-
MEXaHWYECKUX XapaKTePHCTHK LEMEHTHOW MaTpuilbl M OETOHAa 3a CYET IMEPBUYHOIO HM3MEHEHHS COCTOSHUS
cucteMbl. B MoanuuMpOBaHHON THAPATUPYIOLIEHCS IIEMEHTHOW CHCTEME B pe3yjbTaTe B3auMOICHCTBUS
pa3NUYHBIX MAaKpOHWOHOB pPa3BHBAETCA CTPYKTYpOOOpasyrouil MpoIecc C MPEeUMYIIECTBOM AKTHBHBIX YacTeH,
KOTOPBIE 3HAYUTENBHO NPEBBIMIAIOT €ro JUCCUNATHBHYIO YacTb II0 CPABHEHUIO C HOPMAIbHBIMU YCIOBUSIMH
TBepJieHUs. Pe3ynbTarhl, MoydeHHbIE NPU MOJCIMPOBAHMH TOBENEHUS THUAPATHPYIOIIeHcs MoAn(UIMPOBAHHON
LIEMEHTHOW CHCTEMBI, TOKa3bIBAIOT, YTO B CHCTEME HAOJIONAIOTCS KOJIeOAHHs KOHIIEHTPALUH IPOMEXKYTOUYHBIX
MPOAYKTOB I'MJIpaTaIliM, KOTOPbIE OTOKICCTBIISIIOTCSA C BOSHUKHOBEHHEM NPOCTPAHCTBEHHO-BPEMEHHOMN CTPYKTYPHL.

Kniouegvie cnosa: nemeHTHas cucrema; MoanUKaLus; CTpyKTypooOpa3oBaHue; 0eToH

D. V. RUDENKO'

Dep. «Urban Construction and Management», Zaporizhzhia State Engineering Academy, Lenin Av., 226, Zaporizhzhia,
Ukraine, 69006, tel. +38 (098) 214 04 85, e-mail veberc@ukr.net, ORCID 0000-0003-0827-042X

PHYSICO-CHEMICAL MODIFICATION OF MONOLITHIC
CONCRETE CEMENT SYSTEM

Purpose. The paper is aimed to the development of scientific bases of the technology of modified concrete of
new generation for special facilities by managing the processes of structure formation of modified cement system in
conditions of hardening. Methodology. For the achievement the goal: 1) the research of rheological characteristics
of modified concrete mixes for special facilities purpose and processes of structure formation of modified cement
system of natural curing concrete was conducted; 2) there were defined methods of reliable evaluation of concrete
strength at the removal time of formwork and transmission of loads to the constructions where the concrete has not
reached the designed strength. Findings. The author found that the structure formation process develops in the hy-
drating modified cement system as a result of interaction of various macroions. In this process its active parts pre-
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vail, which considerably exceed its dissipative part compared to normal conditions of hardening. Originality. There
were established the regularities of structure formation of modified cement system, reinforced with synthesized, well
crystallized helical filamentary crystals, mechanical grip of which is considered as a principal source of strength in
combination with an additional coupling achieved due to cross-germination of crystals. Practical value. In the study
the increased binding capacity of cement in high strength concretes and the use of modified cement systems in the
special conditions of concreting were considered. The organo-mineral modifying complex that provides the dis-
persed reinforcement of concrete cement matrix which allows modifying the process of cement matrix structure
formation by changing the nature of the surface of binder and modifier was developed. The temperature factor has
no negative influence on the hardening concrete and complex modifier provides the improved physico-mechanical
characteristics of cement matrix and concrete by means of the primary changes in the system state. In the modified
hydrating cement system as a result of interaction of various macroions the structure-forming process with advan-
tage of active parts, which significantly exceed its dissipative part of the normal conditions of hardening are devel-
oping. The results of modeling the behavior of modified hydrating cement system show that fluctuations in the con-
centration of intermediate hydration products are observed in the system. They are identified with the emergence of
spatiotemporal structure.
Keywords: cement system; modification; structure formation; concrete
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YK [655.413:050]:378.4

T. A. KOJIJECHUKOBAY", 1. A. KJIIOLIIHUK?

l*Hay‘iHO-TCXHI/I‘ICCKaﬂ oubnmoTeka, JJHemponeTpoBCKUil HAMOHAIBHBIA YHUBEPCHUTET JKEJIE3HOIOPOKHOTO
TpaHCIopTa MMeHH akajeMuka B. Jlazapsna, yin. Jlazapsina, 2, lnenpornerposck, Ykpauna, 49010,

ten. +38 (056) 371 51 05, an. moura lib@b.diit.edu.ua, ORCID 0000-0002-4603-4375

Z*Kag. «DMeKTPOHHbIE BHIYHCTHTEIBHbIC MAIIHHBD, JHENPONETPOBCKHUiT HAIHOHATHBIH YHHBEPCUTET
JKEJIE3HOJJOPOKHOTO TpaHCIIOpTa UMEHH akazemuka B. JlasapsHa, yi. JlazapsiHa, 2, [{nenponerpoBek, Ykpanna, 49010,
ten. +38 (056) 373 15 89, an. moura Klugran@i.ua, ORCID 0000-0001-9939-0755

W3JIAHUE HAYYHOM NEPUOJUKHU B YHUBEPCUTETAX:
HOBBIE 3ATIAYH, YHACTHHUKH, TEXHOJIOT'MHN

Heas. M3manne HaydHOW NEPHOAWKHA B YHHBEPCUTETAaX SIBIIETCS HEOOBIYAHO BaKHBIM M HEOOXOIMMBIM
9IIEMEHTOM B HH(PACTPYKTYpe HAy4HOH KOMMYyHHUKaIwH. L{enbto crathu sBisietcss: 1) mpenoctaBieHne HOBOH MOJICITH
CHCTeMbl HW3[aHWsI YHHBCPCHTETCKONW Hay4yHOH mnepuouku (Ha mpumepe J[HEMPOMETpPOBCKOrO0 HAMOHAIBLHOTO
YHHUBEPCUTETA JKEJIE3HOJOPOKHOIO TpaHCIOpTa WMEHH akamemuka B. Jlasapsua — JTHVYXXT); 2) uccnenosanue
ocobenHocTell Moaenn «bubmoredrnoe m3matenscTBo» (Library Publishing) u GubnroTekn kKak HOBOTO ydacTHHKa
B M3AHHH MHUPOBOW HAyYHOW YHHBEPCHUTETCKOW MEPUOAMKH; 3) OMUCAHHE Pa3pabOTaHHBIX MPOrPAMMHBIX CPEICTB
ABTOMAaTH3allMM BEPCTKM HAy4yHBIX CTaTe W WX HMHTETpallil B MeEXIyHapoaHble b/l HaydHO-TeXHHYECKOH
uHbopmanmu. MeToauka. YUeHbIMH HCCICIOBAHBI 1) CHCTeMa WM3aHHs HAYYHOW MEPHOMUKH B YHHBEPCHUTETAX
mupa, B T.4. JJHYIKT; 2) cucrema WHTErpaIvu SIEKTPOHHBIX BEPCH MEPUOANUECKUX M3IAHUI U OTIENBHBIX CTaTei
yuenbix JTHYXXT B mupoBeie Hayunbie BJI; 3) um3aartenbckas OeATENBHOCTh HAYYHO-TEXHHYECKOH OHOIMOTEKH
yHuUBepcuTeTa. Pe3yjbTaThl. ABTOpaMM JOKa3aHa HEOOXOJMMOCTh CKOPEHIIEro OOHOBJICHMS B KaXIOM BY3e
VYKpauHbI CUCTEMBI YIIPABICHHUsS HAYYHOW MEPHOAMKON M CO3[aHMs KOHIEMIMU Pa3BUTHSA MEPHOANYECKUX H3IaHHH.
OmnpezneneHsl YCIOBHS JUISl HOSBICHUS MMO3UTHBHBIX N3MEHEHUH B M3/IaTEIbCKHUX TPOIECcax B By3aX M HA3BaH HOBBIN
YYaCTHUK JTHX MPOLECCOB — YHUBEpcUTeTcKas OuOimoreka. [IpencraBieH mnepedeHb HOBBIX 33/1ad, MPHCYIIUX
Hay4YHbIM ITIEPUOANYECKAM HM3/1aHMSAM yHHBepcuTeToB. Co3faH mporpaMMHBIN NpoaykT «LludpoBoi BepcTambIuK»
KaK HOBOE MPUKIIAJHOE HH(POPMALMOHHO-TEXHOJIOTHYECKOE PEeLICHHE JUIsl PACIIMPEHHs] PyHKIMOHAIBHOCTH 0a30BOM
WH()OPMAMOHHOW CHCTEMbl H3JaHHS B COOTBETCTBHHM C €TI0 PEJAKIMOHHON MoiIuTHKOW. Hay4yHasi HoBH3Ha.
YueHbIMH HCCJIEHOBaH Ipolecc TpaHC(HOpMAaIMK OpPraHU3AlMOHHOW CTPYKTYpbl M3JaHHs Hay4HOW HEPHUOIMKU
B YHHMBEPCUTETaX YKpauHbl U Mupa. J[0Ka3aHO, YTO B CETOAHSIIHUX YCIOBUSX JJISl U3AATEIbCTB YHUBEPCUTETCKOU
Hay4YHOW NEpHOAUKH HanOoJee paluoOHAIBHBIM SIBISIETCS NIEPEXOA K HOBOI MOJEIHM CHCTEMbI M3JaHUsI, 0COOEHHOCTh
KOTOpPOI — OTKa3 OT cyry0o NeyaTHOH 1 BHEJPEHUE CMEIIaHHOH Mozieny IyOiKanyy. JlaHHast MOZIeNb MPeroaraer,
YTO TPAJAWIMOHHAS TIEUaTHas TPOMyKIms moroimsercs ¢dopmoii «Epub ahead of print» (e-myGmukanmst mepen
MeYaThl0) C HCIONB30BaHHEM caiiTa JKypHala Kak ONEpaTHBHOIO KaHala paclpOCTPaHCHHS IMyOIHKaIlHi.
IIpakTHyeckas 3HAYMMOCTh. [lepexos yHUBEPCUTETOB HA HOBYIO MOJEb CHCTEMbI M3aHUS HAYYHON NEPHOINKH,
(hopMHupOBaHME COBPEMEHHOH KOHLENIMM HAYYHOTO >KypHajla, CO3JaHHE aKTyaJbHBIX IPOTPaMMHBIX CpEJICTB
(HanpuMep, aBTOMATH3alMKM BEPCTKM HAYYHBIX CTaTeil W HMHTErpaluy IyOiuKaimii B 0a3pl JAHHBIX HAy4YHO-
TEXHHYECKOW HWH(POPMAIMK) TO3BOJAT YIYYIINTh KAa4eCTBO JKYPHAIOB M HMX KOHKYPEHTOCIOCOOHOCTh Ha
MEKIyHapOHOM ypOBHE.

Kniouegvie cnosa: HayuHas TIepUOAMKA; W3JAHUE HAYUYHBIX JKYPHAJIOB; YHHMBEPCUTET, YHHBEPCUTETCKas
OUONHOTEKA; HOBash PENAKIIMOHHAS IMOJMTHKA, KaueCTBO HAYYHOTO JKypHaja, Mojenb myonukammu; dopma «Epub
ahead of print»; nporpamma «I{udpoBoii BepcTaibIIrK»
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BBenenue

OcHOBHas 3ajla4ya Hay4YHOH MEPHOAMKH — 3TO
pacnpocTpaHeHHe HAy4YHOro 3HaHUS. B 1O ke
BpeMsl CErogHS WMEHHO HaydYHBIC IKYPHAJIBI,
COOTBETCTBYIOIINE MEXKIYHAPOIHBIM H3ATelNb-
CKMM CTaHJapTaM, CIIOCOOHBI COJCHCTBOBAThH
BEINIOJIHEHUIO ~ OJHOTO W3  HAIMOHAIBHBIX
UMIIEPaTHBOB Y KpanuHbl — HEOOXOANMOCTH yBEIH-
YEeHUS YPOBHS MPUCYTCTBHSI OTCUECTBEHHOU HAyKH
B TJI00QJILHOM HAy4YHO-UH(QOPMAIIMOHHOM IPOCT-
paHCTBE W TIOBBIIICHHUS YPOBHS €€ BIMSHUSA
B MHUpe. 3HAUMTENIbHAS POJb B ITHX IMPOIECcCcax
MPUHAJICKHUT JBUKECHUI0O OTKPBITOTO JIOCTyIa
(Open Access).

PazBuTue HOBBIX MOJEJell HaydyHOH KOMMY-
HUKAIlUH, aKTUBHO TMOAJICPIKUBAIOIINX MapaUrMy
oTkpeiTol Hayku (Open Science) u sSBISIONUXCS
ee (QyHIAMEHTOM, CTPEMHUTCS HE TOJIBKO K JOC-
THXKCHUIO HEOTPAaHMUYEHHOTO U OECIUIaTHOTrO
JIOCTyIHa K pe3ysibTaTaM Hay4YHBIX HCCIICIOBaHUN
B HWurepnere. OHO copeilcTByer, ¢ OgHOU
CTOPOHBI, BBHIMOJIHEHUIO TJOOANBHBIX 3a7ad —
MOMYJISIPU3allid ~ HAayKW, KOHTPOIID  HAayYHBIX
COOOIIECTB 32 KAayeCTBOM NyOJMKANUN YYEHBIX,
Pa3BUTHIO MEXIWCIUIUIMHAPHBIX HCCIIEOBaHAH,
YCOBEPIICHCTBOBAHUIO  TOJIUTUKA  HAYYHOIO
pelCH3UpOBaHUST W HH(DOPMETPUUECKUX TEXHO-
joruii (B OuOIHO— W HAYKOMETPHH, BEOO— U ajbT-
METPHM); C JPYyrol — yIydIIEHWIO KadecTBa
JKYpPHAJIOB M MX KOHKYPEHTOCHOCOOHOCTH Ha
MEXIyHApOJIHOM YPOBHE B YCIOBHSX CTPEMH-
TEIHHO BO3PACTAIOMIETO BIMSHUS TJI00ATBHBIX
WHJCKCOB I[IMTUPOBAaHUS JUIsl OLIGHKH KadecTBa
HAYYHBIX ITyOJIUKAIUH.

I[Ipy 5TOM  cCHEMUANMCTB, HUCCIEAYIOIIHe
BiausiHue mnojutuku Open ACCEeSS Ha pa3BHTHE
MHUPOBO HayKH, MOMYEPKHUBAIOT, YTO IPOU3BO-
UTENTLHOCTh CHUCTEMbl Hay4YHOW KOMMYHHKAIHH
B KaXJ0OH cTpaHe JO/DKHA OBITh TIIATEIBHO
MpOaHAM3UPOBAaHA C LENbI0 ONpECIICHUS Hau-
Ooiee TMOIXOMMAIIEH CTPaTETHH OTKPBHITOTO JOC-
tyma [14]. Cpenu HeraTMBHBIX (DaKTOB, MOPO-
xkaeHHpIX  Open  ACCesSS, HasbIBaeTcsl Takoe
SBIICHUE,  KAaK  «XWUIIHAYECKUE»  KYPHAIBI
(predatory publishing) [15].

Ceromnst mpoOieMaTnka W3JAaHUS HAYyIHON
MIEPUOJIUKH B COOTBETCTBUU C MEXKYHAPOTHBIMU
CTaHmapTaMu TpeOyeT He TOJIbKO COBPEMEHHOTO
MH(POPMAITOHHO-TEXHOJIOTHIECKOTO YpOBHS
(c yuerom HOBBIX (hOpMATOB BBOJA M OOpPaOOTKH

uapopmarmn). OO6s3aTeTBHBIM  sSBIsETCT  (Hop-
MHUPOBaHUE HOBOW KyJbTYpbl HAy4HBIX ITyOJIU-
Kanuid, Oasupymoleiics Ha 3TUYECKHX HOpMax
MOBEJIEHUSI aBTOPOB, PEICH3EHTOB M PENaKTOPOB
(B T.4. MOJUTHKH B OTHOILICHWH ILIarvaTa, J0CTO-
BEPHOCTH JAHHBIX, aBTOPCTBA), TPEOOBAHMAX
ro0abHBIX WHAEKCOB IIUTHPOBAHUSA, NPAKTHU-
YECKUX PEKOMEHJAINA MEXIyHAapOAHBIX pemak-
IIUOHHBIX aCCOIHAIIMN U JIp.

W3nanue HayyHOW TEPHOAMKH B yHHBEp-
CUTETax SBIAETCS HEOOBIYaHO Ba)XKHBIM H HEO00-
XOJMMBIM 3JICMEHTOM B MH(PPACTPYKTYpe HayIHOH
KOMMYHUKAIIUW, YYUThIBas TECHYK CBSI3b CO
3HAYUTENHFHOW YacTh0 aBTOPOB, OINEPATUBHOCTB,
BO3MOJKHOCTDh H3HaHUS HEOOJNBIINM TI€YATHBIM
TUPaXOM, HAJMYWe TapaHTHPOBAHHOTO 3aKa3uhKa
— OWONMOTEeKH, CIOCOOHOCTH YKPEIUISTh CBSI3U
BY30B C BHEIITHIM MHUPOM H T.II.

Hcropust MuUpOBON HAayKH CBUAETEIBCTBYET
0O TOM, YTO YyCIyraMH  yHHBEPCUTECTCKUX
W3ATeNbCTB W THUHOTpaduil B pa3HbIe TOMBI
monp3oBaych [ammineo  Tammmeir, mpodeccop
(1592-1610 rr.) IlagyaHckoro yHUBEpCUTETa
B Benemmanckoit pecrmybnuke u - mpodeccop
ITuzanckoro yHuBepcutera, MHWcaak HploTOH,
npogeccop  KemOpummxckoro — yHHBepcHTETa
B AHrmmm, Mapus Cxnonosckas-Kropu,
npodeccop yauBepcutera CopOoHHBI Bo DpaHImm
u 1p. [12, ¢.5.].

UccnenoBarenu, wu3yyaromue AEATEIbHOCTD
M31aTebCTBA MENbCKOr0 YHHUBEPCHTETA, CPEIH
Hamboyiee WHTEPECHBIX MOCTIKEHHH YKa3bIBAIOT
Ha  OBICTpOE  OCO3HAaHHE  YHHUBEPCUTETCKUM
COOOIIECTBOM TOTO, YTO MyOJMKAlUW H3IATelNlb-
CTBa COCTAaBJISIIOT CTOJb )K€ CYIIECTBEHHYIO YacTh
Wens, kak u (aKyIbTeThl, TOTOBSIINE CTYICHTOB,
U CTONb K€ HE3AMCHHUMYIO [UIS YUYPEXKICHUS
B 1enom [9, c. 168].

PaccmarpuBast AeATENBHOCTh 10 HM3JAHHIO
BY30BCKOW HAyYHOW TICPUOJUKKM HA  TOCT-
COBETCKOM TPOCTPAHCTBE, HEb3s HE COTIIACHUTHCS
C MHEHHEM O TOM, YTO JI0 HEJaBHETr0 BPEMEHHU

«...OTHOUICHMS  XypHaJla M  YHHUBEPCHTETa
CKJIAIBIBAIIACH COOTBETCTBEHHO KOHIIEMIINN
COKypHaJl IJI1  aBTOPOB». OH [JO/UKEH ObLI
o0ecreynBaTh My OJTUKAIHEO COTPYIHUKOB,
aCIIMpaHTOB U JOKTOPAHTOB BYy3a, IPH OTOM,
JKemarenbHo, obecnieunBass ceOs  (UHAHCOBO.
B 3TOM  COCTOSIHMM  JKypHAaJbl  IOJOLLIH

K MOMCHTY, KOIrJZa Ha HHX HCOXHUIAaHHO ObLIH
BO3JIOKCHBI HOBBIC (1)yHKI_II/II/I U NOPCABIBICHBL
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HOBBIe TpebGoBamus» [13, ¢.181]. B oOmiem Buze
9T TpeOOBaHMs MOKHO CHOPMYITHPOBATH Kak
HEOOXOMMOCTh HWHTETPAIlMK HAYYHBIX JKYPHAIIOB
B MHPOBYIO CHCTEMY HAy4YHBIX MyOJIHKAIUit
(c 0e3yCIIOBHBIM COOTBETCTBHEM WX YPOBHS
MHpPOBBIM CTaHIapTaMm), B T.4. C II€JBIO ITOBBHI-
NICHUS BUJAMOCTH W BIUSHHS OTEYESCTBEHHOM
HaYKH.

Bo Bcem wMupe HOBas HH(ppacTpyKTypa
Hay4YHbIX KOMMYyHHUKaumuid u |T-Tpanchopmanuu
COJCUCTBYIOT  peaiu3aldd  HOBBIX  THUIIOB
COTPYIHHYECTBA YUYEHBIX-aBTOPOB, H3JATeENEH,
oubmmorekapeii. I[IpH 3TOM HMEHHO YHHBEp-
cUTeTCKas OWOIMOTEeKa CEroJHS  OTJIMYACTCS
MaKCHUMaJbHBIM  Pa3BUTHEM  CEPBHCOB IO
MOJIEP)KKE HAYYHBIX MyONIHMKAIUA M TOSBICHUEM
HOBBIX  KOMMYHHUKAI[HOHHBIX  MOJeTeH  ee
nmesrenpHoctd  [6—8]. Vuensle orTmewaror, dTO
NAHHBIA ~ ()eHOMEH  JaeT  Bce  OOJIBIIYIO
BO3MOXHOCTh OHOJIMOTEKE WIrpaTh BEAYIIYIO,
a HE BCIOMOTaTeNbHYIO pOJb B JKOCHCTEME
HAy4YHOM KoMMyHHKanuu [17].

HecmoTpst Ha J0CTaTOYHYIO Pa3pabOTaHHOCTH
TEMBI 0 HEOOXOIUMOCTH CPOYHOM TpaHCHOpMAITUH
MEPUOJIMUECKUX W3JAaHUM C IENBI0 MOBBIIICHUS
YPOBHS WX  COOTBETCTBHS  MEKIYHAPOIHBIM
CTaHIapTaM, HEIOCTATOYHO PACKPBITBIMHU SIBIIS-
IOTCSI BOIIPOCHI CO3JIaHHS B YHUBEPCHTETaX HOBBIX
M37aTeNbCKUX KOHIIETINM, YUYUTHIBAIONINX COBpE-
MEHHBIC 3a/1a4d HAYYHBIX JKYPHAJIOB, YUYACTHUKOB
M3/IaTENbCKUX TMPOIECCOB, MPHKIAAHbIE HHOOP-
MAaIlMOHHO-TEXHOJIOTHYECKHE PENIeHUs] B COOT-
BETCTBUU C PEAAKIIMOHHOW TOJUTUKON H3JaHUS
U T.J.

eanb

Hcxonst U3 BBILIEU3IOKEHHOTO, IENbI0 CTaTbu
sBisieTcs: 1) mpenocTaBieHWE HOBOM — MOJEIH
CHCTEMBl W3[aHUSl YHHMBEPCUTETCKOM HAy4HOM
nepuomukd (Ha mpumepe J{HEPOMETPOBCKOro
HallMOHAJIBHOTO YHUBEPCHUTETA JKEJIE3HOIOPOKHOTO
TpaHCHOpTa MMeHM akagemuka B. Jlazapsaa -
JTHYKT), 2) uccnenoBanne 0COOEHHOCTEH MOIENN
«bubnoreunoe m3arensctBo» (Library Publishing)
1 OMONMMOTEKM Kak HOBOTO YYacTHHKa B HW3/IaHUH
MUPOBOM Hay4yHOW YHHBEPCUTETCKOH NEPUOIUKH;
3) omucanue pa3pabOTaHHBIX aBTOPaMH  MPO-
TPaMMHBIX CpPEICTB JJI1 ABTOMAaTH3aLHH BEPCTKH
HAayyHbIX CTaTeil M MX UHTETpalUdM B MEXIy-
HaponHsie b/l HayIHO-TEXHIUECKONW MH(POPMAITHH.

MeTtoanka

Teoperndeckoit 0a3oif WCcIeOBaHUS CTaIH
nyONHMKalMK, OcBelaronme: 1) COBpeMEHHBIC
MHUpPOBBIE  MpPOLIECCHl B HM3JAaHUU  HAY4YHOU
NEPHOIUKH, B T.4. B YHUBEPCUTETaX MHUpPA; 2) POIib
HAy4YHBIX OHOJMOTEK B W3IATCIIbCKON JIesTelb-
nHoctu (Library Publishing); 3) nmpo6nemusie Bom-
pPOCBl 1O HMHTErpalMy pe3yJbTaTOB HAYYHBIX
HCCIICJIOBAaHUH B TI00albHOE HAay4YHO-UH(DOP-
MAaIMOHHOE MPOCTPAHCTRO.

[IpakTiueckoit 6a3oiff WcclemOBaHUS TOCTY-
xwind: 1) cucrema M3AaHWs HAYYHOW MEPUOJUKH
B JIHYKT; 2) cucrema MHTErpanyu JIEeKTPOHHBIX
Bepcuil  mepuoanueckux —wm3ganuit  JAHYXKT,
a TakXkKe OTACJIbHBIX CTaTeld yYEeHBIX By3a
B MexIyHapoAHsle bJl HaydyHO-TEXHUYECKOU
uHdopmarmu  (MOJTHOTEKCTOBBIC, pedepaTHBHbIC
U 0aspl JIAHHBIX HAYYHOTO  I[MTHPOBAHM),
3JIEKTPOHHBIE KaTaJory, UHPOPMaIOHHO-
MOUCKOBBIC CHUCTEMBI W JAp., 3) W3AaTeIbCcKas
JIeSITEIbHOCTh HAyYHO-TEXHUYECKOW OMOIHMOTEKH
YHUBEPCUTETA.

I'maBHBIM  KOMMYHHUKAIIMOHHBIM  KaHAJIOM
oOHapozoBaHUsl pPE3yJbTATOB HAYYHBIX HCCIIe-
IOBaHUW SBJIsIeTCd NyOnWKanmus B HAYYHOM
KypHaie. B To ke Bpems u3dareibcKas
JeATENbHOCTh OOJBIIEH YacTH YHHUBEPCHUTETOB
YKkpauHbl ABJISIETCA  JOCTaTOYHO T'POMO3JKOU
W yCTapeBIIeH U HE COOTBETCTBYET TPeOOBaHUSIM
Bpemenu [11]. TIpu U3maTeNbCTBE HAYUYHBIX
JKYpHaJOB 10 HEJAaBHEr0 BPEMEHH  YacTo
HE YyUYMTHIBaJach JalbHEWIIass TOTPEeOHOCTh
WHTETpalMd CTaTel JaHHBIX HW3JaHUN  Kak
B coOCTBeHHBIH  IM(POBOH  apxXWB  By3a
(pemosurapuii), Tak U B pa3IHMYHBIE MEPOBBIE Oa3bl
JTAHHBIX HAYYHO-TEXHUYECKON MH(pOpMaIuu.

CeroaHsimiHAsT ~ U3JaTeNbCKas JAESTENbHOCTh
XapaKTepUu3yercs  BHEAPEHHEM  COBPEMEHHBIX
WHPOPMAIIMOHHBIX CUCTEM YIIpaBleHHs OW3Hec-
MpoleccaMyd HAyUYHBIX >KypHAJIOB, YTO IMO3BOJISIET,

NpeXJe BCEro, aBTOMATHU3UPOBAThL HauboIee
TPyZIOEMKHE pPabdO4YHe MPOIECCh, a IMOPTaIbHOE
pellieHre  JaeT  BO3MOJKHOCTH  MHTETPHPOBATH

JKYpHaJI B MHPOBOC HH()OPMAIIMOHHOE HAYYHOE
POCTPaHCTBO [2].

OCOOEHHOCTBI0O  B3aMMOOTHOIIECHUN — MEXIY
YHUBEPCUTETOM (KaK yUpe[HuTeNIeM M H3IaTesIeM)
W HAYYHBIM JKYPHAIIOM SIBIISICTCS HATMYUE eTUHBIX
STHUYECKUX HOPM M  IPaBWI, IO3BOJISIOIINX
peryJMpoBaTh M KOOPJAWHUPOBATH BCH) CUCTEMY
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M3IaHUS HAyYHBIX KypHanoB B Byse [13]. Ilpm
3TOM, Hampumep, K 0OJacTH KOMIICTCHIIHH
peNaKkuuk SKypHala OTHOCHTCS BECh pelak-
[MOHHBIA TPOIECC, BKIOYAas MPHEM, pEIEH-

3UpOBaHUE W pEJaKTUPOBaHUE CTaTed. YHHU-
BEPCUTET K€ O0O0ECIeunBaeT PEMyTAIMOHHYIO
MONJEPKKY  KYPHAJIOB, TPOMAaraHAMPyeT WX

paboTy W pacmpocTpaHseT HHPOPMANUI0 O HUX,
MOOIIPSET y4YacTUE COTPYAHUKOB YHHBEPCHTETA
B paboTe JKypHIOB B KadecTBE pPEJaKTOpPOB,
PEIICH3eHTOB u aBTOPOB; obecrieynuBaeT
(¢UHAHCHpOBaHUE  JKYPHAJIOB,  HMCXOAS U3
MPUOPUTETOB PA3BUTHS U HMEIOIIUXCS PECYPCOB
u np. [Tam xe, c. 186].

MupoBasi HaydHasi OOIECTBEHHOCTh BCE YaIlle
¢ukcupyer (QakThl aKTHBHOTO IApTHEPCTBA
YHUBEPCUTETCKHX OWOIMOTEK Ha BCEX CTaHsIX
JKU3HEHHOTO [WKJIa HAyYHOTO HCCIIEIOBaHUS
[1, 4-8, 15-24].

OCOoOEHHOCTBIO COBPEMEHHOTO 3Tama B 3BO-
MoK  OWOIIMOTEYHBIX  CEPBUCOB  SBIISETCS
CMEITICHNEe BEKTOpa BHUMAaHHUSA HAayJYHBIX OHO-
JUOTEK OT YCHYT JUIA YMTaTelsl BOOOIIE K IPHO-
PUTETHOMY BHHMAHHUIO B TPEIOCTABICHUH YCIYT
aBTopy-yuenomy [8]. Ilpu 3TOM BBIIONHAIOTCS
3a7a4n:

—  UHQOPMAIIMOHHON TOAJEPKKH Hay4HBIX
HCCIEI0BAaHUN;

—  pPa3BHTUS WHCTUTYUHOHAIBHBIX apXWUBOB
(penosuTapues);

— HW3JaHUs HAYYHBIX e-)KypHAJIOB, €-MOHO-
rpaduii u e-MaTepraroB KOHMDEPEHITHIA;

—  UWHTerpanuu pe3yIbTaTOB HAYYHBIX
uccienoBaHuid B Muposble bl HayuyHO-TEeXHU-
yeckoil wuH(popManuu (ITOJHOTEKCTOBEIE, pede-
paTHBHBIC, HAYYHOTO LIUTUPOBAHHUS ...);

—  W3MEpEHHMs BIUSHUS U BUAUMOCTH Pe3yJib-
TATOB HAYYHBIX HUCCIETOBAHUN BY30B B Mupe (HMH-
dopmerpus: OHOIMOMETPUS], HAYKOMeTpHsi, BeOo-
METPHSI, ATTMETPHUS);
0o0ydeHUs] y4YeHBIX Pa3IUYHBIM acleKTaM
WH()OPMAITMOHHOTO TIONCKa U paboTe C MHUPOBBIMH
0a3aMU JTaHHBIX HAYYHOT'O [IUTUPOBAHUS U JIP.;
conieiicTBus (OPMHUPOBAHHUIO OpeHja yue-

HOTO H JIp.
PeaJII/I3aHI/IH WMHHOBAITMOHHBIX HaHpaBJ’IeHI/Iﬁ
paboThl yHHUBEPCUTETCKMX OuOmmorek, Oe3yc-

JIOBHO, TpeOyeT pa3paboTKH HOBBIX MPOTPAMMHBIX
HPOIYKTOB M CO3/IaHUsI/OCBOCHHUS HOBBIX METO/IHK.

OcoOblii MHTEpeC BBI3BIBAET BO3MOXHOCTH
IIMPOKOTO0 BHEIPEHUs] B IPAKTHKY HAy4YHBIX

ombnmorexk  momenu — «bubnmoredHoe — wm3na-
tenbcTBO» (Library Publishing), umeromeit B yuu-
Bepcutetax CeBepHOH AMEpPHKH YK€ IMOYTH
20-7eTHIOI0 WCTOPUIO M CETOJHS AKTHBHO pac-
MIPOCTPAHSAIOIIENCS 110 BceMy Mupy [7].

PackpeiBast cymHocTh ToHATHS «bubino-
teunoe wmsparenscrBo»  (Library  Publishing),
yUEHBIE OIPENENSOT ero (B IMHPOKOM CMBICIIE)
KaKk KOMIUIEKC  MEpONPHITHH,  IPOBOJAUMBIX
B OMOJMOTEKaX YHHBEPCHTETOB WM KOJUICIDKEH,
JUIS CO3MIaHHS, PACTIPOCTPAHEHUS U KYPUPOBAHHUSI
Hay4YHbIX, TBOPYECKUX W/UiaH yueOHbIX paboT [24].
To ecTh o0OBeKTAMU MYONUKAIUKM  SIBIISTIOTCS
JKYpHAJIbl, MOHOTpadUH, OJIICKTPOHHBIC AaBTOpE-
depaThl W JAHCCEpPTALUM, «cepask» JIHTepaTypa,
Marepuaibl KoH(pepeHuud u np. Kak mnpasuiio,
B NyONMKAITMOHHOW  JCATENLHOCTH  YHHUBEp-
CHUTETCKHUX OMOJIMOTEK MHpa CYIIECTBYET TPH BUAA
pealn3yeMbIX H3IaTeIbCKHX IMPOCKTOB. HaydyHbIC
JKYPHAJIBI  OTKPBITOTO  JOCTYIa,  MAaTepUabI
koHdepeHiuii, MoHorpapuu. Ho  mpakTHka
MOKa3pIBa€T, UYTO OMOIMOTEedHash W3AaTeIbCKas
cimyx0a B OCHOBHOM 3aHMMAaeTCS CO3JaHUEM
HAYYHBIX OIICKTPOHHBIX JKYPHAJIOB OTKPBITOTO
moctyma [21].

ITo cnoam K. Xan (Karla Hahn), peanusarus
MpOTpaMM H3AATEILCKONW AEATeNbHOCTH OHONMHu-
OTEKH SIBIISICTCS MPArMaTUYHbIM OTBETOM Ha Oue-
BHAHBIE 3alpOChl W  MOTPEOHOCTH  YYEHBIX,
a He BHEJPEHHEM HOBBIX YCIAyr B MOUCKAX
kiaueHToB [16]. Umenno Library Publishing coxeii-
CTBYET POCTY BIIMSHUS OUOTHOTEKH, MOBBIIICHHUIO
€e  3HAYMMOCTH  CpeId  YHHUBEPCHTETCKOTO
coO0O0IIeCTBa, HANMYUIO OQPHUIMAILHOIO cTaTyca
«ImapTHepa B MIPOM3BOACTBE 3HaHmii» [18, c. 201].

HeornleHUMBIM ~ SBISETCST  ONBIT  YHHBEP-
cuterckux Ouonuorek CIIA m Kanansl B Ham-
paBICHUM CO3JAHUS MOJCITH  OUOIHMOTCYHOTO
npousBoacTBa u cepsrcos Library Publishing [7].
JlanHast Mozienb, Kak MpaBHiIo, (OKyCHpPYyeTCcs Ha
HAYYHBIX OJICKTPOHHBIX KYPHANaX OTKPBITOTO
JOCTyTa, JIOTONHSISL, TaKUM o0pa3oM, Tpaau-
[MOHHYI0 TMCYaTHYI0 aKaJeMHUYECKYI Mpeccy.
Library Publishing o6ecneunBaeT He TOIBKO
MPOIIECCHl  PENAKIIMOHHOW 00paboTKH, IyOiIH-
Kalli¥ M XPaHEeHUs U(PPOBBIX apXMBOB, HO U TIO-
CIIenyONMKAIIMOHHYI0  TMOMJACPIKKY  HAy4YHBIX
MEPUOJIMYCCKUX M3JJaHWH, B TOM 4YHCIE UX
WHTETPAIMI0O B MHOTOYHUCIICHHBIC HAI[MOHAJHHEIC
W MHUpPOBBIE 0a3bl MAHHBIX HAYYHO-TEXHUYIECKOM
WH(GOPMAITIH.
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Library Publishing, 6e3ycnosro, mpuo-
Openo cBou crnenudUUeckne 4YepTel U OCO-
oennoctu. Ero, Hampumep, oTiu4aeT OT pabOTHI
TPaIUIIUOHHBIX H3/IaTENBCTB CBOSI OM3HEC-MO/IENb,
0COOEHHOCTh KOTOpOH — CyOCHAMpOBaHHE, B OC-
HOBHOM, W3 OMOJIMOTEYHOTO OKOJDKETa, a TaKKe
OTCYTCTBHE OKUIAHHUN HA BO3MEIIIEHUE 3aTpaT WU
MolydyeHWe  TMpHOBIIM  OT  JaHHOTO  BHIA
nesitenbHOCTH [19].

Bo3Hukaromuii Ha Ha4aJabHOM 3Tare pea-
nu3anuu Library Publishing kongnukt untepecos
«OnbIMoTeKa — M3JATETBCTBO» PEIIAETCs] YETKUM
pacrpefieieHreM  OO0S3aHHOCTEH, MapTHEPCKOM
3TUKOH, KOpPHOPaTUBHOU YHUBEPCUTETCKOU
CONMUAAPHOCTRI0O W TIEPEOCMBICTICHHEM  O0O0mIei
MHUCCHHM — OOCCIIEYMTh IOJIHBIA CHEKTp OHOJIHO-
TEYHO-MH(POPMAIIMOHHBIX U HAYYHO-H3/1aTEIbCKIX
MPOAYKTOB W YCIyr JJsl TPeICTaBUTEIHCTBA
YHUBEPCUTETCKOW HAayKM B HMHTEIPUPOBAHHOM
MHUPOBOM  HAy4YHO-UH(POPMAIIMOHHOM  IIPOCT-
pauctse [7].

NMeHHO TOSTOMY TpaaWIIMOHHBIE W3[a-
TEIbCKHE CIIYXObl YHHBEPCHTETOB BCE 4allle
oOpamarorcsi Kk OnOIMOTEKaM € TPENIOKEHUSIMU
O COBMECTHOW JESTENFHOCTH IO BO3POXKICHHIO
CTapblX HAYYHBIX JKYPHAJOB WU O BBITYCKE
HOBBIX [22]. Crtpemsch ompaBaaTh OXHIAAHHS
pPENaKTOpOB W BCEr0 HAYYHOTO COOOIIecTBa
VHHBEPCUTETOB, OHONMOTEYHbIE U3aTEIBCKUE
ciyk0bl  y4acTBYIOT B pa3pabOTKE COBMECTHBIX
CTpaTerWid, HampaBIEHHBIX Ha  paclIUpeHue
HOMEHKJIATYphl ~ CEpPBHCOB, HOBBIX  METOIHK
COXpaHEHUS UUPPOBOTO KOHTEHTA W JOCTYyINa
K HeMy, Ha YyIydlleHne NpoQecCHOHATBHBIX
KOMIETEeHIIMH B O0JIACTH COBPEMEHHOTO H3/a-
TEJILCKOTO Jeja U T.J.

Ho rmaBHOe — Oubnuomexu nonyuuiu
B03MOJICHOCb  GIUAMb  HA  hopmupogaHue
KauecmeenHol  bubnuozpaguueckol  Kyaibmypbl
U30aHUsl, 9TO SIBIIICTCS KIFOYEBBIM MOMEHTOM IIPU
paboTe ¢  HAYKOMETPHYECKUMH  CHUCTEMaMU
pa3HOTO ypOBHSL.

Heo0XomuMOCTh  TECHOTO  COTPYAHHUYECTBA
U3JATENIbCKUX ~ CIyXk0 OWONMOTEeK ©  ucclle-
JloBaTesied C UEIbl0 pACHIMPEeHHs] 3HAHUW U Ha-
BBIKOB B IPOIIECCaX yIPAaBICHUS JaHHBIMH — TOII-
TeMa JUIS MHOTHX  COBPEMEHHBIX  YYEHBIX
B 00JIacTH HAy4YHBIX KOMMYHHKanuid, OMOIHO-
TEYHO-MH(POPMAMOHHBIX U KOMIBIOTEPHBIX HAYK,
MpoBaiIcpOB MH(POPMAIIMOHHBIX PECYPCOB U T.JI.
Obnamanue OoubnHoTeKAPAMHU mpoeccuo-

HAJILHBIMH HABBIKAMH CTPYKTYPHPOBAHHUS, KIIACCH-
(unmpoBanHus, apXMBHUPOBAHHUS OTPOMHBIX
MaccuBOB MH(MopManuu (TaHHBIX U METaJaHHbIX),
oOMEHa €I U TPEIOCTABICHUS METPUYCCKUX
XapaKTePUCTUK JIOKYMEHTOB PaCIIUPSIOT BO3MOX-
HOCTH WX COTPYJIHHMYECTBA C HCCIICIOBATEIISIMHU,
B T.4. B HAmNpaBICHUU CO3JaHHS MOIIHBIX HH-
(hOpMaIHOHHO-TEXHUYECKHUX HHPpacTpyKTyp [23].

HecMoTpss Ha CTpeMHTENBHO pacTyIee [0
BCEMY MHPY KOJHYECTBO HAYUYHBIX OHOIHOTEK,
3aHUMAIOIIUXCSI  M3ATeIbCKON JCATENbHOCTHIO,
MO-TIPSKHEMY MPOUCXOMAAT MPOIECCHl aaanTaluu
W BOCIPUATHS WX HOBOW pomu. OpHOW U3
BRXHEUIIUX MpoOJieM TPH ITOM  SIBISIOTCS
BOIPOCHI, KACAIONINECS MOBBIIICHUS KOMITETCHIHH
COTPYAHUKOB  OMONMOTEK,  HEMOCPEACTBEHHO
OCYIIECTBISIFOIUX JIAHHBIE MPOEKThI, MX HOBBIX
3HAHW, HAaBBIKOB W  MPAKTHK, OBJIAJICHUC
KOTOPBIMHU JIOJDKHO OOECIEUUTh MPEAOCTaBICHUE
HAJEeKHBIX  HM3JATCIBCKHUX  YCIAyr.  YUeHbIe
OTMEYAIOT, 4YTO MOTpPeOHOCTH B  CHelHa-
JU3UPOBAHHOM  OOyYeHHMM H  BO3MOXKHOCTH
po(heCCHOHATBHOTO pa3BUTHUS MOCTOSIHHO
HAXOJUTCS B IEHTPE BHUMAHUS M OCYIIECTRIISCTCS
3a CuUeT pemieHus psja  00pa3oBaTENbHBIX
mporpamMm:  OakaJaBpCKHE€ U MarucTepCKue
MpOTPaMMBbl, JIETHHE HWHCTUTYTHI, Mpodeccru-
OHAJbHbIE CEMHHAPbI, JTUCTAHIIMOHHBIC KYPCHI
u T.1. [19].

CoBpeMeHHasi M3NIATENIbCKAs  JICATEIBHOCTD
HAYYHBIX OHONMOTEK VYKpauHbl, ONHpasCh Ha
BHEJIpeHUE MH()OPMAIIMOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTMI,  HampaBJeHa Ha  JaJbHEHIIee
pasBUTHE WHHOBAIIMOHHBIX TPOLECCOB B MyOu-
KallMOHHOU JIeSITEIIbHOCTH, CBSA3b C H3JATENbCT-
BaMH, MOJUTPaQUUECKUME MPEIIPUATHIMH, arpe-
raropamu HH(POPMAIMOHHBIX pecypcoB u T.1. [1].

C 2011 r. mocTtaTOYHO HWHTEHCHBHO peasluul-
3yeTcsl M3AareibCcKas JEATElIbHOCTh B HAy4YHO-
texHuueckorr OubOmuoreke JIHYXKT. SBnssce
COM3JATENSIMHU, MEHE/DKEPAMH, aHATTUTUKAMH JBYX
JAKoBckux xypHaioB — «Hayka Ta mnporpec
TPAHCIOPTY» W  «AHTPONOJNOTIYHI  BUMIpH
binocopChKUX TOCTIIKEHB», OUOIUOTEKA AKTHBHO
WX UWHTETPUPYET B HAIMOHAIBHBIE W MEX-
JYHApOJHBIC TOJIHOTEKCTOBBbIC, pedepaTUBHBIC
BJl, ©0a3bl AaHHBIX HAYYHOTO IUTHPOBAHHUS,
JJIEKTPOHHBIC KaTaJorH, UH(POPMAIHOHHO-
MTOUCKOBEIE cUCTEMBI [5—7].

N B TO ke BpeMs WU3AaTeNbCKas Ciyxba
OMOJIMOTEKN SBISIETCS  KOOPAMHATOPOM, Kypa-

doi: /10.15802/stp2015/57105

© T. A. Konecuukosa, 1. A. Kmomnuk, 2015

187



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

Hayka Ta nporpec Tpancnopry. BicHuk J[HIIponeTpoBChKoro
HALIOHAIBHOTO YHIBEPCUTETY 3ali3HHYHOr0 Tpancmoptry, 2015, Ne 6 (60)

PO3BUTOK BHIIOI IIKOJIN

TOPOM, AHAJIUTHKOM CHCTEMbI CAWTOB HAyYHBIX
nepuognueckux wu3manuit JJHYIKT — «E-journals

of DNURT» (http://ejournals.diit.edu.ua/) Ha
wiatpopme OJS (ceiivac — 7 caiitoB, B Tep-
cnekruse — 10).

BbubnanoTreka, BCE penaxiuu Hay4IHOU

TIEPUOUKH BY3a, PEKIAMHO-H3/IaTENbCKUIA OT/IEl,
PYKOBOACTBYSICH ~ pEIIEHHMSMH  PemakimuoHHOTO
COBETa YHHBEPCHUTETA, CTPEMATCS COIEHCTBOBAThH
W3JaHUI0 HAay4YHBIX JKYpHAlIOB B COOTBETCTBUU
C MEeXIyHapOIHBIMH CTaHAapTaMH H TpeboBa-
HUSMH TNIO0AIBHBIX HHICKCOB UTHPOBAHHUS, a 3TO
anpuoOpH TOJApa3yMeBaeT COBPEMEHHBIH HHGOP-
MAaIMOHHO-TEXHOJIOTUYECKI YPOBEHb H3/1aTellb-
CKHX TIPOIIECCOB.

WHbopmanimoHHble  TEXHOJOTHM B  H3Ja-
TEIBCKOM JIeJIe OTPENSISIIOTCS KaK COBOKYITHOCTH
METOJIOB PETHCTpAIlNH, XpaHEHHUs, o0paboTKH
W rmepegayn  MHQOpPMANMK  UIS  TIEYATHOTO
U 3JEKTPOHHOT'O Pa3MHOKEHUS TEKCTOBOW U H30-
OpasutenbHoit mpoaykimu [3]. CTpemurensHO
COBEpIICHCTBYSICh, OHU XapaKTepU3YIOTCSI HOBBIMHU
KOMMYHUKAlIMOHHBIMH BO3MO>XHOCTSIMHM, HOBBIMHU
HOCHUTENSIMH HWH(OPMAIMU, HOBBIMH IIOAXOJaMHU
B OpraHu3anuy oOMeHa HHpOopMaIuei.

[lepBpIM mIaroM B MOJEpPHHU3ALMU CHUCTEMBI
HayyHoW  mepuoaukun B JIHYXKT  crama
aBTOMaTu3anus paboThl, T.e. BHEAPEHHE AaBTO-
MaTHYECKOTO yMpaBieHHus paboYrMH MpoIeccaMu
B Ka&XXJI0M U3 ceMu pepakuuii. J[anHble nercTBUA
ObUITH  OCHOBaHBHI HAa HOBOW  H3NIATEIbCKOMN
KOHIICTIIINK,  pa3paboTaHHOM  PemaknuoHHBIM
COBETOM YHUBEPCHUTETA.

CerogHss Bce  HaydyHble  NEPUOIUYECKUE
W3aHWsl ~ YHUBEPCHUTETa,  COTJIACHO  HOBOM
KOHIICNIIMY, Tepenuld OT cyry0o IedaTHOH Ha
cMewannyio moodenv nyoaukayuu. Jlannas Momemb
MpeanoiaraeT, 4YTo TPAAWIAOHHAS Te4aTHas
npoayKius gonoinsercs Gopmoii «Epub ahead of
print» (e-myOnukaums nepexn neyarsio). [IpakTuka
myOJWKauu JIEKTPOHHOW BEpCHU CTaThM Ha
caiite wu3manus (mocie co3maHusi (PUHATBHOTO
Makera HOMepa Juisi Tedatu!) 1m0 ee mMmosBieHHsS
B TledaTH OOeclieYnBaeT YBEIUYEHHE CKOPOCTH
MOCTYIUIEHUS] ~ MyOJMKamuu /0  BO3MOXKHOTO
yuTaTess B Jr000e BpeMs B JII000I TOUKEe 3¢MHOTO
mapa. Crneayer MOTYEpKHYThb, YTO KaXkaoe
nepuojuueckoe u3naHve (KypHal, COOpHHUK
Hayyneix TpymoB) JHYXT wmeer caiit Ha
wiatpopme OTkpeiThie JXXypHanbHele CUCTEMBI —
0JS, momnmepxkuBas monutuky Open Access.

B cBoro ouepeap, OT ckopocTu ITyOnMKaruu
3aBHCAT KaK METPUYECKHE MOKa3aTelHu OTAEIbHOMN
CTaTbM, U3JaHUS B I1EJIOM, Tak M MecTa
YHUBEpPCHUTETa B MEXKAYHAPOAHBIX U  HAaIHO-
HAJIBHBIX CHCTEMaxX PEHTUHIOBOTIO OLICHUBAHMSL.

B  ycrnoBusX  TSXKENOro  3KOHOMHYECKOTO
Kpu3uca YKpauHbl CMELIaHHass MOZAeNb MyOusu-
Karuu: 1) obecrieunBaeT YETKYH0 MEPHOJNIHOCTE
BBIX0/Ia K&KI0TO HOMEpa U3JaHUs B SJIEKTPOHHOM
dopmare; 2) cOOCUCTBYET MOBBINICHUIO BIUSHUS
HaydHBIX myOnukammii B [noGanpHOW  ceTw;
3) MO3BOJNIET  PETYJIMPOBaTh  MHUHHMAIIBHO
HEO0XOIMMOE KOIMYECTBO MEYATHBIX IK3EMILISIPOB
C Yy4eTOM 00s3aTeNbHON M CIIyeOHOH PacChUIKH,
HOJIMCKY Ha NEPUOANYECKHUE U3JaHUs, aBTOPCKUX
IK3EMIUIIPOB M T.[.; 4) COKpaimaer pacxojsl
YHHUBEPCHUTETAa KaK H3JaTeNs Ha THPAKHUPOBAHUE
U PacChUIKY [1€YaTHBIX 3K3EMILIIPOB U JIP.

Hamu yxe moguepkuBasoCh, YTO CAMTHI BCEX
nepuognyecknx — uzganud  JAHYXT  dynk-
nuoHupyroT Ha miatdopme OJS. U xots ceromus
B pAge ciydaeB Bce (DyHKIMOHAJIbHBIE BO3-
MOKHOCTH CUCTEMBI penakuuaMu IoKa
HE 3aJeWCTBOBaHBI, TEXHOJOIMYECKHE IPOLECCHI
OHJIAafHOBOTO  B3aMMOJIEMCTBUS C  aBTOpaMu
HAayYHBIX TEKCTOB, PEIAKIMOHHON 00paboTKu
pYKomucH, GOPMUPOBaHUS U ITyONHUKAIINH TTOJHBIX
TEKCTOB  CTaTed, WX IMOCICITyOJIUKAIIMOHHOMN
MONACPKKH M apXUBUPOBAHUS YXKE aKTHBHO
OCBaMBAIOTCS COTPYIHUKAMHU.

B To ke Bpems [anbHeilllnee pa3BUTHE
NEPUOMYECKUX HAYUYHBIX M3JaHUH IpeArojaraer
HEOOXOAMMOCTh paclIUpeHusl (PyHKINOHAILHOCTH
ero 0a3oBoH HMH()OPMALMOHHOW CHUCTEMBI, YTO
CB3aHO KAk C OCOOEHHOCTSMU IIPEAMETHOH
00JacTy 3TOTO KypHaa, TaKk U CO CIOKHBIIUMUCS
TpaguUUsAMH DPabOTBl €ro peJakiud U pel-
KOJUIETHMM,  4YTO  JOCTHraercsi  pa3paboTKoOii
CIeIHaTN3UPOBaHHBIX MOIYJIeH [2, c. 284].

Hampumep, ¢ yuyerom TOro, 4ro Bechb H3Ja-
TEJIbCKUI MpOoILecC CO3MaHMs HAYyYHOU MEPUOIUKH
OPOXOIUT B  pPaMKax YHHBEpPCHTETa, IIpoO-
TPaMMHUCTOM H3JaTENbCKOM CIyKObl OMOIHMOTEKH
OBUT CcO37aH MPOTpaMMHEIA MPOAYKT «L{udposoii
BepcTanpiuk». C OIHOH CTOPOHBI, Iporpamma
aBTOMATHU3HUPYET BEPCTKY JKypHAJIOB, OCYIIec-
TBISIEMYIO B PEKJIAMHO-U3JIaTEIbCKOM OTAENe —
PUO yuuBepcutera (TaM e IPOU3BOIUTCS MeYaTh
usganui); ¢ apyroit — «IIudpoBoii BEPCTATBIIAKY
CO3/1a€T BO3MOYKHOCTh NMapajliIeIbHOIO MOJIy4EHUs
OMOMMOTEKOH HYXXHBIX METAaJaHHBIX W IOJHBIX
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TEKCTOB CTaTeil sl UX ONEepaTUBHON HHTETpalyu
(mocne co3manust PUHAIEHOTO MakKeTa HoMepa IUis
neyatu!) Kak Ha  cepBep  YHHBEpCHTETa
(mmardopmber OJS u DSpace), Tak U B pa3auvHbIe
OTCUCCTBEHHBICE M  MHPOBBIC 0a3bl  JaHHBIX
(sayunoro [UTHPOBAHHS, petheparuBHbIE,
nonHotekcroBbie) [4]. Tlpuuem 1O 3aBepIICHHH
pabotel mporpamma «I{mppoBoi BEPCTATBITIK»
¢dopmupyer: daitnsl s PUO — B popmarax DOC

n PDF; mis m3gaTenbcKon CIy»KOBI OMOITMOTEKH —
crate B ¢opmare HTML (mas mocmemyromeit
aBTOMAaTUYECKOU HMHTErpanuu B PUHLI)
u popmare XML (ms Index Copernicus, CrossRef
u 1p.).

C yuerom 3amycka mnporpammbl «l{udposoii
BEpPCTAIbIIMK»  CHCTEMa  W3JAaHUA  Hay4dHOH
nepuonuku JIHY KT moker OBITH mpencTaBicHA
B BUJIE, N300paskeHHOM Ha puc. 1.

CacTema waianus nayvuuod oepioancn JIHYIKT

Ratul TRIR S Rle, =yl

Lnifporoii eepctaibiong

Y

CoToRC K NeuaTy CraThi
B ipopyare doc o opdf

MeTataHine
HAVIHBIX CTATCI

H.__‘______,_.f""ﬂ_—‘ ]

v Y h 4 ‘*"
ARTOMITH L CIEH ABTOMLTHUCCELN
ABTOMATHUCCKAN [ARTOMATHICC KR .
HHTCI |f'IJIIII!II Hi ! | HHTETPIIHA B OaEy
i : HHTCTpalHA B HHTErpalut 8
COOCTBCHHELH | 1_‘ | {_'1'\-"" ) P[!l”l MUHHBEIR HiIY THOTO
ceprep PR DREIRIES WHTHPORAHIEA N
Puc. 1. Cucrema uznanus Hayynoit neproauku JJTHYXKT, ocHoBanHas
Ha cMemanHoi Moenu myGnukanuu «Epub ahead of print»
Fig. 1. Publication system of scientific periodicals of DNURT based
on a mixed publication model «Epub ahead of print»
Jannass  paboTa  paHbllie  BBINOJHsUIach  Tpancnoprty» (http://stp.diit.edu.ua/) u «Antpo-

NPEHMYIIECTBEHHO B PYYHOM PEXKUME IS KaXKI0U
CTaThU U TpeboBalia 3aTpaT OOJIBIIOTO KOJIUYECTBA
YEJIOBEYECKUX PECYPCOB M BPEMEHH.

Ha puc. 2 mokazan oOuuii Buj NpOrpamMMel
«IludpoBoii Bepctampmuk». IIporpamma ampo-
OupoBana Ha XKypHamax «Hayka Ta mporpec

MOJIOTIYHI BUMIpH  (BITOCOPCHKUX JOCIHIKEHb»
(http://ampr.diit.edu.ua/), a gamee, ¢ yderom
JaJbHEHIIeH aJanTalud K OCTAIbHBIM H3JIaHHUSIM,
OyZeT HCIoNB30BaHa BO BCEH cCHCTEME W3/aHHSA
HayuHo# nepuoanku JTHY KT [4].
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Brepen= OTMeHa

Puc. 2. O6mwmii Bux nporpammsl «LludpoBoii BepcTaibIuk»

Fig. 2. General view of the program «Digital designer»

Eme  ogHuM  mpuMepoM — IpPUMEHEHUS
KOMIBIOTEPHBIX ¥ MH()OPMAIMOHHBIX TEXHOJIOTHI
B U3JIJAHUW YHUBEPCUTETCKOW MEPUOIUKY SBISCTCS
ajlanraiys aBTOMAaTU3UpOBaHHOW cucteMbl OJS
K OTHCNBHBIM M3JaHUSM C IEIbI0 YITy4IICHHS
paboTHI UX penakmuii. B 4acTHOCTH IJIs J)KypHAJIOB
«Hayka Ta mporpec TpaHCHOPTY» H «AHTpO-
noJjoriuyHi BuMipn (PiTocoChKUX AOCTiIKEHB»
peanu30BaHHBl BO3MOXHOCTH: 1) OTOOpa)eHus
nHpopMarm 00 aBTOpax HAa TpPeX s3bIKax
(aHrIIMIiCKOM, YKPAaHMHCKOM, DPYCCKOM); 2) Tpen-
CTaBJICHUSI TPUCTATEHHBIX CIHCKOB JIUTEPATYPHI
na xkupmmane (cormacao 'OCT) u References na
JaTHHUIE (COTJacHO 3apyOeKHOMY CTaHAApTy
Harvard); 3) peryaupoBaHus HAMOJHIEMOCTH
U(PPOBOTO apXKBa U JOJTOBPEMEHHOTO XpaHCHHUSI
MyOJIMKAIIA B HEM.

Pe3syabTaTnl

B xone mpoBefieHUsT UCCIETOBAHUS aBTOPAMH
ObTa TpOaHATU3MpOBaHA IMpoOJIeMaTHKa, CBs-
3aHHAsT C U3JaHUEM  HAyYHOM  IEpPUOJUKH

B yHuBepcuterax. (Ocoboe BHHMaHHE cocpe-
JOTAauMBAJIOCh HA PACKPBITUM HOBBIX 3ajad,
CTOSAIIMX Mepel YHUBEPCUTETAMH Kak ydpe-
OUTEISIMA M HM3JIATeISIMH HAYYHBIX JKYpHAJIOB
(cOOpHHMKOB HAy4HBIX TPYIOB) M PEHAKLUSIMHU
m3gaHuid. V3MeHeHus BO B3aUMOOTHOIICHHAX
YHUBEPCUTETOB M PEAAKLUUN HAYYHOU MEPUOSHKHU
CBSI3aHBl C TIOSBJICHUEM HOBBIX TpeOOBaHUI
K CaMHM By3aM U OTHECEHHIO OMOINOMETpUIECKUX
nokazaresiell K 00s3aTeNbHBIM  3JIEMEHTaM
B OTYETHOCTH HWHCTUTYLHH, HCCIEIOBATENbCKUX
IPYIIIT U OTIEIbHBIX yUeHBIX [8].

CeromHsl nepuoduyeckoe u30anue YyHugep-
cumema, TIOMUAMO BBITIOJHEHUSI OCHOBHBIX 3a0a4 —
OBITH  pacIpOCTpaHHUTENEM HAyYHOTO 3HAHUS
W JIOTIOJTHUTENBHOHN «IuaTdopMoit» st oOHapo-
JOBaHUsI Pe3yJIbTAaTOB (PYHAAMEHTAIBHBIX U TPUK-
JaTHBIX HCCIEIOBaHUM yUYCHBIX-aBTOPOB B COOT-
BETCTBUM C HalpaBlICHUAMHU pa3BUTHI BY3a,
00JIICHO

— ofecreuynBaTh  BCEMHPHYIO  JI€MOHCT-
pauuIo JOCTHKEHUH yUeHbIX HHCTUTYLHH,
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— TapaHTHpOBaTh MPOJBWKEHHUE pPe3yJb- pPaWHE, C OAHON CTOPOHBI, OTIMYAIOTCS JAPYr OT
TaTOB MX HAyYHBIX UCCIICIOBAHUI; apyra [10], a ¢ gpyroit — HUMEWOT OAHY
—  COICHCTBOBATh YKPCIUICHHIO TO3MLHUI  XapakTepHYI OCOOCHHOCTh, CBSI3aHHYIO C HE00-

VHHUBEPCUTETA M €r0 JaJbHEHIIeMy pa3BUTHIO Ha
HAIlMOHAJHHOM W MHPOBOM YPOBHSIX B COOT-
BETCTBYIOIIEM HAYYHOM HalpaBJICHUH;

—  cmocoOcTBOBaTh (HhOpMUPOBaHUIO OpeHIa
VHHBEPCUTETa, €ro aKaJeMHUYecKOl permyTanuu
KaK M3/aTelsl BIUATCIIbHBIX HAYYHBIX JKYpPHAJIOB
(cOOpHHMKOB HAY4HBIX TPY/OB);

— TPEAOCTaBIATh  BO3MOXHOCTH  TBOp-
YeCKOr0  CaMOBBIPQKEHHMsI BCEM  y4YacTHHKaM
mpolecca  CO3[JaHMs ~ HAayyHOTO  JKypHaia:
COTPYJHUKAM pelaKiuy, HE3aBUCUMBIM
pelieH3eHTaM, Hay4HBIM, JIUTEPATYPHBIM U XYJO-
JKECTBCHHBIM  pellakTopaM, HHGOPMAIMOHHBIM
aHANMTHKaM, MCEHE/DKepaM [0 peKiaMe, TMpor-
paMMHUCTaM |, KOHEYHO, aBTOpaM,

—  MOAJEpXKUBaTh HauboJiee MPUEMIIEMYIO
JUTSL yHUBEPCUTETa OM3HEC-MOJIENb U T.I.

Ilpu »3TOM clmeayer y4YUTHIBATH  JIOMOJ-
HUTEIBHYI0 BO3MOXXHOCTh TO3UTHBHBIX H3Me-
HEHUI B Pa3BUTUM YHUBEPCUTETCKOU TEPUOJIUKH,
CBA32HHYIO C TNIOOAILHBIM BIIHMSHUEM TMONUATHKH
Open Access.

B 1O ke Bpemsi HeraTUBHBIM (DaKTOPOM JIJIst
BCEHl  YHHMBEPCUTETCKON TEPUOJUKH  CTPaHBI
SIBIISIETCS] HaJIMUWe OOIIeH «aXWMUIECOBOU MATHI» —
KayecTBa  AHIVIOSN3BIYHOTO  KOHTeHTa.  bes
yCTpaHEHHs 3TOW MPOOIEMHON TOYKH OOJbIIas
YacTh YKAa3aHHBIX 3a1a4 BpsI JH  SBISCTCS
BBIIIOJIHUMOM.

C yyeroM  BHIIIEH3JIOKEHHOTO,  aBTOPHI
CUHTAOT HEOOXOJUMBIM CKOpeilliee 0OHOGIeHUe
B KaXJOM By3e YKpPaWHBI Cucmembvl YNpagieHUs.
HAYYHOU NepuoouKkol U CO30aHUs KOHYenyuu
Pazsumusi NePUOOUYECKUX U30AHUL.

3TO YCKOPHT MOBOPOT OT BEAYIICH B MPOIIOM
poIM  «KapMaHHOTO»  HAY4YHOTO  JKypHaja
YHHBEpCUTETa, 00ECHEUMBAIOLIETO MMyOINKALMIO
(B OCHOBHOM) Yy4YEHBIX By3a — COHCKarenei
Hay4yHbIX CTENeHed MW 3BaHUM, K POJUA BIHUS-

TETPHOTO HAYYHOTO U3JaHUS, OTBEYAIOIIETO
MEXIyHAPOJIHBIM CTaHJapTaM H HHTEPECHOTO
y4eHsIM Bcero Mwmpa. W TOmpKO  TOTOA
YHUBEPCUTETCKUE HAy4YHBIE JKypPHAJIbl YKpaWHbI
CMOTYT BBHIATH U3 nepudepurt  MHUPOBOTO
W3MIATENICKOTO  TIpollecca ¥ 3aHATh B HEM
JIOCTOMHOE MECTO.

Knaccuueckue  cxeMbl — OpraHHU3allMOHHOMN

U3JATENbCKOM CTPYKTYphl 3a pyOe:koM U B VK-

XOJTUMOCTBIO OOHOBIIEHUSI CHCTEMBI YIIPaBICHUS
KypHaJIaMH B YHUBEPCUTETaX.

Ha npumepe [JHVYXT xkak wuzgarens psaa
HAYYHBIX TEPHOAMYECKUX W3JIAHUH TEOPETHUYECKU
u MIPaKTHIECKH noomeepoicoen npoyecc
mpauc@opmayuy  OpraHU3aIMOHHON  M3/1aTelb-
CKOMl CTPYKTYpbl B YHHBEPCHTETaX YKpauHBI
1 MHpa.

N3MeHeHust OCHOBaHBbI Ha!

— HOBBIX TPEOOBAaHUSAX K HAYYHOMY IIE€PHO-
MUYEeCKOMY W3JIaHUIO, CBSI3aHHBIX C HEOOXOaH-
MOCTBIO €Tr0 HWHTETpallid B MHPOBYIO CHCTEMY
HayuHbIX myOnukanuii (¢ 0e3yCJIOBHBIM COOT-
BETCTBUEM YPOBHIO MHUPOBBIX CTAHAAPTOB), B T.d.
C TENbI0 TIOBBINIEHUS BHUAWMOCTH U BIWSHUS
OTEYECTBEHHOW HAYKH;

— I[IUPOKOM BHEAPEHUM HOBBIX KOMIIbIO-
TEPHBIX TEXHOJIOTUH, TO3BOJAIOIINX, HAIpUMED,
obopymoBaTh pabourne MecTa KOMIBIOTCPHBIMH
TEPMHHAIAMH TS IOKyMEHTO000POTa PYKOIHCEH,
00pabOTKH TEKCTOBOW, Tpaduyeckol U BUAEO
uHopMmary, paboTel ¢  WHGOPMAIMOHHO-
MOMCKOBBIMH M OKCIEPTHBIMU  CHCTEMaMH,
OaHKaMu ¥ 0a3aMH JaHHBIX

—  HWCIONB30BAaHUHM COBPEMEHHBIX HWH(OP-
MaI[MOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJIOTHH, CBS-
3aHHBIX C MHTETrpalVisIMH Hay4YHBIX MyOJIMKalui
B MEXIyHapOJHbIE W OTEUSCTBEHHBIE O0asbl
JMAHHBIX ~ HAyYHO-TEXHWYECKOW  HWH(OpMAInH,
W3MEPCHUEM YPOBHS WX BIHUSHUS C HCIIOJb-
30BaHHEM Pa3HOOOPA3HBIX METPUIECKHUX MPAKTHUK;

— TIOSBICHWHW HOBOTO Yy4YacTHUKA H3Ja-
TEIBCKOI0 MPOIECCa — YHUBEPCUTETCKOW OMOHH-
OTEKH.

W3BecTHO, YTO CO3/aHME TEPUOJUKHA COCTOUT
M3 TpEX ATAloB. JIONEYaTHas MOJrOTOBKA, IEYaTh
u mnocrnpecc. [lo MHEHHIO aBTOPOB, CETOJHS
B YHUBEPCUTETAaX YKpawWHbI CaMble 3HAYUTEIHHBIC
TparcopManuyu B W3JAaHWHM HAYYHBIX JKypHAJIOB
(cOopHHKAX TpPYAOB) TPOHUCXOAAT HA TEPBOM
W TpeThbeM OJTamax. BHeapsis cHuCTEMBI aBToO-
MaTHYECKOTO yTIpaBIeHUs pabOYrMH MpoIeccaMiu
HA BCEX CTaJAWAX IMOJATOTOBKH CTartbM  (OT
MOJIy4CHUSI ~ aBTOPCKOM  pyKONMHCH JO  €e
UHTErpanuy B MexayHapoaHeie BJ), uMeHHO Ha
JTane  JOMeYaTHOW  MOATOTOBKK  (T.e.  mpH
BHYTPHUPEIAKIIHOHHOM JOKYMEHTOOOOPOTE) MBI
BUJNM TPAKTUYECKH IIOJIHYI0 aBTOMAaTH3AIHIO
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PO3BUTOK BHIIOI IIKOJIN

U malJIoHW3alUIo, B T.4. HanOOJEe CIOKHBIX
W JUIMTENLHBIX  IPOIECCOB, 00ECIeUHNBAIOIINX
HAYyYHOE PpEICH3UPOBAHUE PYKONMUCH HE3aBU-
CHUMBIM DKCIIEPTOM.

B TO Xe Bpems MpOABMKEHHWE HAYYHOTO
JKypHaJla B MEXAyHapoAHble WH(OpPMAIOHHBIE
CHUCTEMBI — TIpOIlecC TBOPYECKUH, TpPeOyrOInit
3HaHWKA JTaHmmadTa HAYIHOH KOMMYHHUKAIIHH,
HaBBIKOB MH(OPMAIIMOHHON HaBUTAUN M HHDOP-
MAI[MOHHOTO MEHE/KMEHTA.

Hayuynasi HOBU3HA M MpPaKTHYeCKasi
3HAYMMOCTh

ABTOpaMH  HCCIEOBaH  IpoIecC  TpaHC-
(hopMaIi OpraHU3alMOHHON CTPYKTYPhl U3JaHUS
Hay4yHOW TMEPUOJMKU B YHUBEPCHUTETaX Y KpauHbBI
n wmupa. Ha OCHOBaHMM  TEOPETHYECKHUX
W TPUKIATHBIX  UCCIEAOBAaHUM  ONpeNeeHbI
YCIIOBUS [UIA TIOSBIICHHS TTO3UTHBHBIX M3MEHEHHUN
B H3JATEeNIbCKUX TpoIlleccax B By3aX M Ha3BaHbI
HOBBIE YYaCTHUKM OTHX IIPOLECCOB. YUYEHBIMHU
MIPEJICTABIICH TepeueHb HOBBIX 3ajad, MPHUCYIIHX
HAyYHBIM TEPHOAMYECKAM HW3JaHUSM yHHBEp-
curetoB. VX pemeHwe, B TOM 4wucie, Oyaer
COJIEHCTBOBATh YKPEIUICHUIO TIO3UINIA YHHUBEp-
CUTETa W €ro JaJbHEWIeMy pa3BUTHIO Ha HAIHO-
HaJIbHOM W MHPOBOM YpPOBHAX B COOTBCT-
CTBYIOIIIEM HAyYHOM HampaBlICHUU.

AHanmm3upysi TONydYeHHBIE B XOJe HCCIIe-
JOBaHUsA JaHHBIE O HCOGXOI{I/IMOCTI/I IIPUHATUA
B  HU3JATEIbCKUX  TNPOEKTaX BY30B  HOBBIX
MPHUKJIATHBIX  WHHOPMAIIMOHHO-TEXHOIOTUIECKIX
pelleHuii B COOTBETCTBUM C PEIAKIIMOHHOMN
MTOJIMTUKON M3aHUs, aBTOpaMu ObLIa TpeIoskeHa
HOBasi CXeMa CKOOPIUHHPOBAHHON NesATeTbHOCTH
meyx moapasaenennii JTHYXT (uzmarenbckoit
CITy’KObl OMONMMOTEKH W PEKIaMHO-U3AaTeIbCKOTO
otaena). JlaHHas cxemMa JAEATEIBHOCTH, IO
MHEHHIO aBTOPOB, IOJDKHA YCKOPHTH MPOIECCHI
BEpPCTKH, NyONMKalW{, WHTErpalu B HayKo-
METPUYECKHE M JApYyrue 0as3bl JaHHBIX, a TaKKe
palroHAIBEHO WCTIOJIH30BaTh YeIIOBEUeCKre
pecypchl ¢ TIOCTENEHHOH BO3MOKHOCTBIO yYMEHb-
HICHUA HGO6XOI[I/IMOFO KOJIMYECTBA COTPYAHHUKOB.

Co3nanne  TPOTPaMMHBIX — CPEICTB  aBTO-
MaTH3alld BEPCTKH HAyYHBIX CTaTel C BO3MOXK-
HOCTBIO TIOJIYUYCHUSA HCO6XOIII/IMLIX METaadaHHBIX
B TEKCTOBBIM (aiin, a Takke pa3paboTka
MIPHUKIIATHBIX porpamm ABTOMAaTHUYECKOH
WHTETPAlNN ITyOJUKAIN TO3BOJUT 3HAYUTENHHO

COKpAaTHUTh BpeMs TUTS WHTETPUPOBAHUS
JIOKyMEHTOB B 0a3bI TaHHBIX HAYYHO-TEXHUIECKOMN

uHpopMaru (HAYYHOTO IMTHUPOBaHUsA, pede-
paTUBHBIE, MOJHOTEKCTOBBIE).
BpiBoabI

1. HeoOxommmbiM  sABIE€TCA  CKOpeiIiee

OOHOBIJIGHHE B KaXJOM By3€ YKpPaWHBI CHUCTEMBI
VIIpaBJICHUST HAYyYHOH TEPHOIUKON M pa3paboTKa
HOBOM M3/IAaTEJIbCKOM KOHULEMILHNHM, OTpaxkarolulen
HOBYI0O MHCCHIO, 3aJaud HAy4YHOTO KypHaia,
HOBBIX YYaCTHUKOB H3AATEIbCKUX IPOIECCOB,
HOBBIE UHGOPMAITHOHHO-TEXHOJIOTUIECKHUE
peIIeHHUs.

2. B ceromHAmMHMX YCIOBUSX M M37a-
TEJIbCTB YHUBEPCUTETCKOM HAy4YHOW MEPUOAUKU
HauOosiee palMOHAIBHBIM  SIBISIETCSI  TIEPEXOf]
K HOBOM MOJEIM CHUCTEMBbl H3JAaHUS YHUBEp-
CUTETCKOM Hay4dHON mepuoguku. OcoOCHHOCTH
HOBOMl MOJIEIM CHCTEMBl HW3JIaHUA — OTKa3 OT
cyry0o Tme4yaTHOH ¥ BHEAPCHHE CMEIIAHHOM
Monmenu myoOnukanmuu. JlaHHas wMozjens Tpen-
[OJIaraeT, YTO TpaJULUUOHHAs IIe4aTHas Ipo-
OyKuus jgomonHsercs ¢opmoii «Epub ahead of
print» (e-myOnmukanus mepes NmeyaTbio) ¢ HCHOJb-
30BAaHMEM CaliTa XypHaja Kak OIEPATHBHOIO
KaHaJla pacIpOCTPaHCHHUS Ty OINKAIIHIH.

3. Peanmzanmst HOBBIX Mojeiei Hay4YHOH
KOMMYHUKALIMM  BBIJABUHYJIA  YHHBEPCHUTETCKHE
OMONIMOTEKH MHpa Ha BEAYIIHME POJIM B IpoIeccax
W3aHdd HAyYHOU MEpHUOJUKH BY30B, €€ HHTe-
rpalil B MEXAyHapoIHOEe HWH(POPMAIMOHHOE
MIPOCTPAHCTBO, U3MEPEHUSI YPOBHS €€ MPEACTABU-
TETHCTBA U HAYYHOTO BIIMSHUS.

4. CeromHs B YHUBEpCHTETaX YKpawHHI ca-
MbI€ 3HAYHTENbHBIE TpaHChOpPMAIMK B H3JaHUU
Hay4YHbIX KypHaJIoB (COOpHHKAax TPYAOB) MpPOHUC-
XOJIAT HA 3Tale JONEYaTHOU MOJATOTOBKU M ATare
nocTopecca.

5. HM3manue HaydHBIX JKypHAJIOB B COOTBET-
CTBHM C MEXIyHAPOIHBIMH CTaHAApTaMU U TpeOo-
BaHMSAMH TJIOOANBHBIX HHAEKCOB IUTHPOBAHUS aIl-
pHopH  TTOapa3yMeBaeT COBPEMEHHBIH HH(pOpMa-
[IMOHHO-TEXHOJIOTUICCKAN ypPOBEHb HU3ATEIBCKUX
MPOLECCOB U HAIMYME HOBBIX NPUKIATHBIX HH-
(hOpMaIMOHHO-TEXHOJIOTUIECKUX pEIIeHHH B COOT-
BETCTBUU C PEIAKLIMOHHOMN MOJIUTUKON U3AaHUA.
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T. 0. KOJECHUKOBAY 1. A. KJIIOIIIHUK?"

HayxoBo-rexuiuna 6iGmiorexa, JHIIPONETPOBCHKIH HALIOHATBHII YHIBEPCHTET 3a/Ii3HHYHOTO TPAHCIIOPTY

imMeHi akagemika B. Jlasapsina, Byi. JlasapsiHa, 2, JIHinponetpoBebK, Ykpaina, 49010, Ten. +38 (056) 371 51 05,

ex. mowra lib@b.diit.edu.ua, ORCID 0000-0002-4603-4375

ZKad. «EneKTpoHH] 0GYHCITIOBATBH] MAIIHHI», JIHIIPONETPOBCHKHMIT HALIOHATBHHIA YHIBEPCHTET 3aITI3HIYIHOTO
TpaHcmopTy imMeHi akagemika B. Jlazapsina, Byin. Jlazapsia, 2, {ainponerpoBcsk, Ykpaina, 49010, ten. +38 (056) 373 15 89,
exn. nourra klugran@i.ua, ORCID 0000-0001-9939-0755

BUJIAHHS HAYKOBOI IEPIOJIUKU B YHIBEPCHUTETI:
HOBI 3ABJJAHHS, YHACHHUKH, TEXHOJIOI'TI

Meta. BuganHs HayKOBOi MEpIOAVKH B YHIBEPCHUTETaX € HAI3BHYAMHO BaXIUBUM 1 HEOOXITHUM €IeMEHTOM
B iH(pacTpyKTypi HaykoBOi KoMmyHikamii. Mertoro crarti €. 1) HamaHHS HOBOI MOIETi CHCTEMH BHIAHHS
VHIBEPCUTETCHKOI HayKoBOi mepioguku (Ha mnpukiani JHIIPOMETPOBCHKOTO HAI[IOHAIBHOTO YHIBEPCHUTETY
3aI3HHYHOTO TPAHCIOPTY iMeHi akajgemika B. Jlazapsua — JIHVY3T); 2) mocmimkeHHsS ocoGIUBOCTeH Momeli
«bibmioteune BumasuunTeo» (Library Publishing) i 6i6mioTekn sik HOBOTO yyacHHKa y BHIAHHI CBiTOBOI HAyKOBOL
YHIBEPCHUTETCHKOI MepioAnKy; 3) OMUC po3po0IICHUX MPOrpaMHUX 3aC00iB [Uisl aBTOMATH3ALl BEPCTAHHS HAYKOBHX
craredl Ta ix iHTerpamii y mixkHapomHi BJ] HaykoBo-TexHiuHOI iHpoOpmamnii. MeTrommka. BueHuMmu IoCiiIKeHi:
1) cucrema BHIaHHSA HAayKOBOI MEpIOAMKU B YyHiBepcuTeTax cBiTy, B T.4. B JJHY3T; 2) cucrema iHTerpaumii
eNEKTPOHHUX BEPCii MepioMYHUX BUIAHE Ta OKpeMux crareit Buennx JJHVY3T y critoi Haykosi b/I; 3) BiunaBHm4a
ISUTBHICT HAYKOBO-TEXHIYHOI 0i0mioTekn yHiBepcuteTy. Pe3yabratH. ABTOpamMH JOBEICHO HEOOXiTHICTH
SKHaWIIBUIIOIO ITOHOBJIEHHS B KoxkHoMy BH3 VYkpaiHm cucTeMu ynpaBimiHHS HayKOBOIO IIEPiOJHKOI0 Ta
CTBOPECHHA KOHLENLIl PO3BUTKY INEpiOAWYHUX BHUIaHb. BH3HauYeHO YMOBHM Uil TOSBH MO3UTUBHUX 3MiH
y BumaBHW4MX mporecax y BH3 i Ha3Banmii HOBHMH ydYaCHMK IIMX IPOIECiB — YHIBepCHUTETChKa OibmioTexka.
[IpencraBneHuii mepeiik HOBHX 3aBJaHb, NPUTAMaHHUX HAYKOBUM MEpIOJMYHUM BUAAHHSIM YHIBEPCHUTETIB.
CrBopeHo nporpamHuii nponaykt «lludpoBuii BepcTalbHUK» SK HOBE INMpHKIagHe iH(opMaliliHO-TeXHOIOTiuHE
pillieHHs1 Ui po3umMpeHHs (YHKIIOHAJIBHOCTI 0a30Boi iH(pOpMaliiHOT CHCTEMH BHJIAHHS BIIIOBIAHO A0 HOTO
penakuiiiHoi mousithku. HaykoBa HoBM3Ha. BueHumm pociijpkeHO mnpouec TpaHcdopmarii opraxizamiiHol
CTPYKTYpPH BHJaHHS HayKOBOI NEpiOJIMKM B yHIBEpCHUTETax YKpaiHuW Ta cBiTy. /loBeneHO, IO B CHOTOIHINIHIX
yMOBax AJIsl BHJABHUITB YHIBEPCHUTETCHKOI HAyKOBOI NMEpPIOJMKHM HAHOUIBII palliOHAIBHUM € IepexiJ A0 HOBOI
MOJIeNTi CHCTEMH BHIIAHHS, OCOOJMBICTH SKOI — BiZIMOBA BiJl CYTO JPYKOBAaHOI Ta BIPOBAKCHHS 3MIIIAHOI MOJEINTI
nyOuikarii. Jlana Mozens mependayae, o TpaauiiiiHa JpyKoBaHa MPOMYKILis JOMIOBHIOETECS (opmoro «Epub ahead
of print» (e-myOmikamiss mepen APyKOM) i3 BHKOPHCTAHHSIM CalTy JKypHaly SIK OIICPATHBHOTO KaHAITy
posnoBciomkeHHs myomikariil. [IpakTuyHe 3naueHHs. [lepexin yHiBepCUTETIB Ha HOBY MOAEIHh CHCTEMH BUIAHHSI
HayKoBOI Iepiofnky, GopMyBaHHS Cy4acHOI KOHLEMIIT HayKOBOT'O JKypHaIy, CTBOPEHHS aKTyaJbHUX IIPOTPaMHHX
3aco6iB (HAIPHKIIa, aBTOMATH3aIlil BEPCTaHHsI HAyKOBUX CTaTeil Ta iHTerparii myOmikariii B 6a3u JaHUX HAyKOBO-
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TEXHIYHOI iH(POPMAIIiT) 03BOJIATH MOJIIIIKTH SKICTh KYPHAJIB i iX KOHKYPEHTOCIIPOMOXHICTh Ha MI>KHAPOTHOMY
piBHI.

Kiurouosi criosa: HaykoBa TIepioTiKa; BUJAHHS HayKOBHX XXYPHANIIB; YHIBEPCHTET; YHIBEpCHTETChKa 010mioTeKa;
HOBa peJakiliiHa MOJITHKA; SIKICTh HAyKOBOTO SKypHAIy; Mojaenb myoOmikamii; ¢opma «Epub ahead of print»;
nporpama «I{nppoBuii BepcTaaTbHUK»

T. O. KOLESNYKOVAY, I. A. KLIUSHNYK?"

Scientific and Technical Library, Dnipropetrovsk National University of Railway Transport named

after Academician V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 371 51 05,
e-mail lib@b.diit.edu.ua, ORCID 0000-0002-4603-4375

#Dep. «Electronic Computing Machines», Dnipropetrovsk National University of Railway Transport named
after Academician V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 373 15 89,
e-mail klugran@i.ua,, ORCID 0000-0001-9939-0755

PUBLICATION OF SCIENTIFIC PERIODICALS AT UNIVERSITIES:
NEW CHALLENGES, PARTICIPANTS TECHNOLOGY

Purpose. Publication of scientific periodicals in the Universities is very important and necessary element in the
infrastructure of scientific communication. The aim of the article is: 1) providing a new model of publication system
of the University scientific periodicals (on the example of Dnipropetrovsk National University of Railway Transport
named after Academician V. Lazaryan — DNURT); 2) studying the peculiarities of the «Library publishing» model
(Library Publishing) and library as a new participant in the publication of world scientific periodicals of the
University; 3) description of the developed software automation typesetting of scientific articles and their integration
into international databases of scientific and technical information. Methodology. The scientists investigated: 1) the
system of publication of scientific periodicals at DNURT; 2) integration system of electronic versions of periodicals
and individual articles of scientists from DNURT into the world scientific databases; 3) publishing activity of the
scientific and technical library of the University. Findings. The authors proved the need for the fast updates in each
higher education institution of Ukrainian management system of scientific periodicals and the creation of the
periodicals development concept. The conditions for the occurrence of positive changes in the publishing process in
Universities were determined and named as a new participant in these processes — University library. The list of new
tasks inherent in the scientific periodicals of the Universities was presented. The software product «Digital
designer» was created as a new applied information technology solution to extend the functionality of the basic
system information of the publication according to its editorial policy. Originality. The scientists studied the
transformation process of the organizational structure of scientific periodicals publishing in the Universities of
Ukraine and the world. It is proved that in today's conditions for the University publishers of scientific periodicals
transition to a new model of publication system of the University scientific periodicals is the most rational, a feature
of which is the rejection of purely printing and the introduction of hybrid model of publication. This model assumes
that traditional print products is complemented with a form of «Epub ahead of print» (e-publication before printing)
using the journal's website as an operational channel for the dissemination of publications. Practical value. The
Universities transition to the new model system for the publication of scientific periodicals, modern concept
formation of the scientific journal, creation of relevant software tools (e.g. automation of typesetting the scientific
articles and the integration of publications in the database of scientific and technical information) will allow
improving the quality of journals and their competitiveness at the international level.

Keywords: scientific periodicals; publication of scientific journals; University; University Library; new editorial
policy; quality of the scientific journal; publishing model; «Epub ahead of print» form; «Digital designer» program
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Ha UHKIIYHY BUTPUBANICTD

P. M Hocugosuy
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Ha3sa cTatTi .

Po3paxyHOK eneMeHTIB 3’€HaHHA 30ipHOro aeper’sHOro Opyca Wis CTPIAOUHHX
nepeBonis
O. M. Tamaacos, C. O. Toxkapes

MarTepiano3naBcrBo
INpouec ¢popMyBaHHS YLIKOMKEHD 3a1i3HHUHHUX KOJic Ta 6aHaaxiB npu ekcrityarauii
M. A. I'puwerko
Brinue neryBaHHs Ha TeMNEpaTypy NMEPeTBOPEHHS «MEPIUT — ayCTEHHT»
y KOMIUIEKCHO-JIEroBanix Giinx uaByHax
T. B. I[lacmyxosa, B. I €ppemenxo, O. [1. Yetnax, K. Lumiosy, 10. I'. Yabax
3asiexKHICTh PO3Mipy 3epHa aYCTEHITY B CTaNi 3a/II3HHYHOrO KOJIECa Bijl NapaMeTpis
rapsuoi gedopmauii
JI. 1. Bakynrenxo
3MiHa MeXaHiYHMX BJIaCTHBOCTEH Ta KOpO3iliHe PO3TPICKYBaHHA MiA HANpPYXEHHAM
Marepiany MeTanoKOHCTPYKUIT cTpinu OypToyxknaaHuka
JI. K. oniwyx, P. /1. Ickosuu-Jlomoyvxuii, O. O. Kosanw
ITigBuIIEHHS MEXaHIYHUX BNACTHBOCTEH TMTOT rpadiTH30BaHOI cTai.
I B. Aximoe
3aie)KHICTb IBMAKOCTI PO3NOBCIODKEHHS 3BYKOBHX KOJIUBaHb Bif pO3Mipy 3epHa
tdepHuTy B HU3LKOBYTJIELIEBIH cTani ,
I. O. Baxynenxo, FO. JI. Haoeoxcoin, B. A. Coxipko, Cio Ca Xaii
TMopiBHANBHUI aHATI3 KOMIUIEKCY MEXaHIUHHX BNaCTUBOCTEH, OTPUMAHHUX MPH
BUnpobGyBaHHAX roToBUX GONTIB Ta 06TOYEHHX 3pa3KiB
FO. I1. I'yne, A. B. Isuenxo, I1. B. Konopamernxo, I'. I. [lepuyn
BruiuBs iMynbCy HanmpyXeHHS Bill €1EKTPHUHOIO PO3PAAY Y BOAI HA BUTPHBAIICTB NPH
BTOMi BYTJ€LEBOi CTani
I O. Bakynenxo, A. I Jlicusax, O. M. Ilepxos, Cio Ca Xaii

Mogae/iloBaHHA 32424 TPAHCTIOPTY Ta eKOHOMIKH

[1po onmTuMizauiio o6cary iHBeCTHLH A% NOMNUIEHHS OCHOBHHX NIOKA3HHKIB
edekTHBHOCTI pobOTH MiANpPHEMCTBA

3. M. I'acanos

MonentoBaHHs poboTH copTyBanbHOI cTaHLil 3a fonomorolo Mosn UML

O. B. I'opbosa

HocnimkeHHs iHXUHIpHHTY Tpadika B KOMI'IOTEpHI Mepexi Ykp3ani3Huui 3a
TexHonorielo MPLS TE

B. M. Ilaxomoea

Jocnimxenns MiLHOCTI KOHTeHHepa-LMCTEPHH YAOCKOHANIEHOT KOKCTPYKUil pH
KOMIUOTEPHOMY MOZIEIOBaHHI eKCTTyaTalifHUX YMOB

A. O. Jloscvka, O. B. ®omin, A. M. Oxopokos, O. M. Meabruuyx

MHoxHHHI 06’ €KTH

A. A. bocos, B. M. ieman, H. B. Xarinosa

TpoekTyBaHHA Ta OUiHKa €)EKTUBHOCTI MiXKHAPOAHUX JIOTICTHYHHUX CHCTEM

H. B. Xaainosa

HeTtpaauuiiini BHan TpaHcnopry

HocnimkeHHs BNIUBY NMPOEKTHO! NPOAYKTHBHOCTI €/IeBaToOpy Ha NMOTYXHICTb Horo
npuBOLY

B. M. Boeomas, K. l]. I'asayexuti, O. A. Mazyp

AHajli3 BIUTMBY NPOEKTHUX XapaKTEPHCTHK eNeBaTopa Ha MapaMeTpH Horo NpHUBOLY
B. M. bozomvas

IMiTauiiini Mozgeni onopy pyxy 6eToHHo1 cymiwi B 6eTOHOBOAI aBTO6EeTOHOHAcoca
I1. T Anogpics

Crocib BU3HaueHHA MOTYXKHOCTI NPHBOAY MEXaHi3MiB nepecyBaHHs MOCTOBOTO KpaHy
npu o6NiKy TEPTH KOYEHHS

B. M. bocomas, JI. M. bonoapenko, K. L. Iasayvxuni, K. O. Cokon

3HHKEHHS ZHHAMIUHOT HABAHTAXEHOCTI pOOOTH MEXaHI3MIB Y TIEPEXiAHUX peruMax
B. C. Jloseukin, FO. O. Pomacesuu

Ne

. Crop.
KypHany
6 88
1 100
1 113
2 157
2 168
3 129
3 137
4 132
5 107
] 122
1 129
1 139
2 180
3 145
4 142
2 189
3 162
S 115
5 123
6 101

201



Ha3sBa cratri

Pyxomuii cxaan i rara noizais
Brusive HanpailloBaHHS JIOKOMOTHBIB Ha KOPEKTYBaHHA TNEPIOAHYHOCTI TEXHIUYHOro
06cyroByBaHHs Ta MOTOYHOTO PEMOHTY
O. C. Kpaweninin
AHani3 ekcrutyaTauiiHuX XapaKTepHCTHK BAHTAKHHX TEMIOBO3iB
J1. B. ¥pcynsk, B. O. Cupomenxo
T1po ouiHKy piBHS NO3AOBXKHIX CHJ, IO BIUTHBAKOTh Ha YTOH LLIAXY, NPH NepexiaHuX
pexuMax pyxy noisaa
B. JI. I'opobeyw, J1. I Macnaeesa, J1. B. ¥Ypcyasx, B. B. Apconos
[MoninuieHHs TeXHiKO-eHEPreTHYHNX NapaMeTpiB TEIUIOBO3iB 332 PaXyHOK BINPOBAIKEHHS
aBTOMATH30BAHHX CHCTEM KEPYBaHHA AH3eleM
M. I Kaniya, M. I Mapmuwescoxuii, 4 M. Kucaui, 1. 1. [lanit
OuiHka IMHaMiYHHX NOKa3HUKIB LIECTHBICHOTO IOKOMOTHBA
C. B. Mamnin, H. FO. Haymenxo, O. M. Mapxoea, O. M. Kosmyn, B. B. Manuii
TeopeTH4Hi OCHOBHU racHTeiB KOJHBaHb TEPTAM KOYEHHS
JI. M. boudapenxo, C. O. Hxoenes, I. €. Kpamap, O. I. lllanmara
MonenioBaHHA B3a€EMOAIl €KiNaXiB NacaXHWpCbKOro mnoi3za, obnagHaHOIo CHUCTEMOIO
NacHBHOI Ge3nekH, Npu aBapiiHOMY 3iTKHEHHI 3 NEPELIKOIOK
H. JO. Haymenxo, I. FO. Xuxca
Jlesiki acTIeKTH BH3HAYEHHA CTIHKOCTI OPOXKHIX BATOHIB Bift BUYABNIOBAHHA iX
MO3J0BXKHIMH CHIaMH Y BaHTROKHUX NOTArax
A. O. Lgeyw, K. I XKenesznos, A. C. Akynos, 0. M. 3aboromnui, €. B. Yabaniok
OO6rpyHTyBaHHA MPONOBXKEHHA TEPMiHY ClyKOH MacaXHpChbKUX BAaroHiB i3 ocepeakamu
Kopo3ii xpe6Torol 6anku
C. B. Mamnin, O. I'. Petioemeiicmep, A. JI. Ilyaapin, B. O. Karawrux
Cnocobu 36inbLIeHHS MILHOCTI OiYHKX paM TPbOXEIEMEHTHHX Bi3KiB
O. I Peiioemeiicmep, O. A. [Llukynos
fpobnema BH3HaueHHA TepMiHy «HaaiiiHicTb». Merogonoria noGyaoBH Ta BHUBUEHHS
Ha#iAHOCTI BaHTaXKHUX BaroHis
C. B. Mamain, JI1. A. Mypaosn, /1. M. Bapanoscexuii
Pozpobka pexkoMeHpauiif i3 TNpPONOBXKEHHA TepMiHy KOPHCHOI  eKCILTyaTtauii
NacaXxMpCbKHX BaroHie
C. B. Mamnin, O. I, Peiioemeticmep, A. J1. [Tyaapis, B. O. Kaaawnux
Bu3HaueHHs raipMOBOro WIIAXY HECAMOXIZHOrO pPYXOMOro CKjagy MeTooM
NOCAINOBHHUX rajlbMyBaHb
O. I'. Peiicemeiicmep, B. FO. lllanownux
Jlo nuTaHHA BH3HaueHHA koedillieHTY 3amacy CTifKOCTI Bid BHYABMIOBaHHA
NEerKoBaroBMX BaroHiB
A. O. Llseyw, K. I JKeaesnos, A. C. Akynoe, O. M. 3aGonomnuii, €. B. Yabanwox

TpaucnopTHe 6yAiBHHUTBO

O6rpyHTyBaHHa cTabinizauii mapameTpiB yKpiIUleHOTO 3ani3HHYHOrO HacHITy

B. [I. Ilempenko, O. JI. Tiomekin, O. M. Kynancenxo, A. M. M. Aaxoyp

AHasti3 icHYI0O4YHX Npobaem opraHizauiifHO-TeXHOMOMYHOT HaaIHHOCTI MOKPiBEABHUX
CHCTEM

A. B. Paokesuy, B. ®@. Xyoenxo, B. M. ['nywenxo

Brinue ToBuuHM rodppoBaHoro enemeHTa Ha HarpyxeHo-aepopMOBaHHi CTaH
MeTaNleBUX roppoBaHHX KOHCTPYKLUIi

B. B. Kosanbuyx

BHKOpHCTaHHSA reOMETPHUYHOTO MOAETIOBAaHHS NP NPOEKTYBaHH! 3MilUyBayiB
TENECKOMIYHOT KOHCTPYKUiT

K K. Mipownuuenko

MonentoBasHa HacHy 3eMJIAHOTO MONOTHA Ha cnabkiit ocHORi

B. . Tlempenko, 1. O. Ceamxo

Bu3HaueHHs acnekTiB OLiHIOBaHHA HAAI#HOCTI (acaqHUX CHCTEM i3 TOUKM 30Dy
eurocode

A. B. Paokesuy, K. M. Hemeca
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JypHany Crop.
1 148
1 155
2 207
3 176
3 186
4 153
4 163
4 175
5 132
5 141
6 110
6 118
6 127
6 134
1 165
2 222
3 199
4 190
4 198
4 205



Ha3sa cTarTi

Y 10CKOHANEHHA PO3PAXYHKY CTIHKOCTI OyaiBi, po3TaiiosaHol nobau3y yKociB Ha
CTPYKTYPHO-HECTIHKHX rpyHTaxX

M. C. Isanosa, C. B. Konosan, C. &@. Abeo

KoHcrpykuis pauioHanbHOro ¢Tanesoro ropposaHoro npodinto

B. B. Kauypenko, [I. O. bannixoe

[TpoBeneHHA Ta aHani3 pe3y/ibTaTiB €EKCAEPUMEHTATBHOTO JOTKOBOIO BUNPOOYBaHHS
Mozeneil nianipHoi cTiHu 6e3 nak i Ha NaTLOBOMY QyHIAMEHTI

M. A. Jlicnescekutl, B. O. Cyxopcokuti

JocnimkeHns Hecy4oi 30aTHOCTI MeTaieBol rodpoBaHOl KOHCTPYKLIT 38 KpUTeEpieM
PO3BHUTKY IIACTHYHOTrO LWApHipy

H. H. Jlyuxo, B. B. Kosamuyk, O. C. Habouenxo

CucTema ynpasiliHHS CKIAJ0M Ta BIaCTUBOCTAMH IAPOTEXHIYHOrO 6eTOHY

O. M. Nwinexo, A. B. Kpacniok, O. B. I'pomosa

JocnikeHHS TPUYKMH NIepeaYacHOro py HHyBaHHS 3aJ1i300€TOHHUX LINan Ha
3nam’aHckiil aucranuii kosii [T4 10 Opecbkoi 3anizHuui

B. B. Kosanenxo, 10. JI1. 3aays, I1. O. INinvko

INokpauleHHs BracTHBOCTEH GETOHY NiApeHKOBHX OCHOB 33 JOMOMOTOIO XIMiYHHX
106aBok

B. B. Ilpucmunceka

Di3uKo-XiMiuYHa MOAH(}IKaALIS LEMEHTHOT CHCTEMH MOHONITHOTO GETOHY

A B. Pyoenko

Po3BuToKk BHULIOT IHIKOIH

BeG-kBecT sk LiHHUI pecypc Ta eeKTHBHHI IHCTPYMEHT Y BUBUEHHI Ta BUKIAAaHHI
aHrincsKol MOBH

K. M. Iepepsa

Indopmatuzauis cycninberea: pinocodpcbko-aHTpONONOriuHi npobnemu

A. A. Koconanos

BunaHHd HaykoBOi MNeEpioAMKM B YHIBEpPCHTETi: HOBi 3aBJaHHSA,
YYaCHUKH, TEXHOJIOTIT.
T. O. Konecnuxosa, I A. Karvowruk

Ne

Crop.
KypHany
5 150
5 160
5 169
5 180
5 195
6 149
6 164
6 174
3 208
4 213
6 183

203



TEMATHYECKHUH YKA3ATEJIb )KYPHAJIA «HAYKA H ITPOTPECC TPAHCHOPTA,
BECTHHK JHENPOIIETPOBCKOI'O HALHHOHAJBHOI'O YHUBEPCHUTETA
KEJEZHOAOPOXHOTI'O TPAHCINIOPTA» 3A 2015 TOJ0

Howme
HasBanue cratbu p Crp.

XYPH.
Hayka u nporpecc TpaHcnopTa

HexoMmeTeHTHOCTb B Hayke H TeXHHKe — TOPMO3 Nporpecca, WM o pefiaepcTse B chepe 1 7
Hay4HO-HCC/IE0BATENbCKHX YCIYT

C. B. Mamaun

MeTonuka onpeaeneHus o6beMOB NOTPeONEHHS INEKTPUHECKON IHEPIHH H TEMIOTHI 1 15
Hay4YHbIMH NOJpa3feNeHHAMH YHHBEPCHTETA

A. H. TMuunsko, B. I'. Kysueyoe, M. B. lllanmaaa, /I E. llanmana

PetpocnekTHBHbIH aHaTH3 GOPMUPOBAHHA HAYYHOTO NMOTeHUKana JiHenponeTpoBckoro 2 7
HaUMOHANBHOTC YHUBEPCHUTETA HKENE3HOJOPOKHOrO TPAHCMOPTa UMEHH akaaeMuka B.

Jlazapsna

C. B. Mamaun, H. B. Azuenko

OueHka pe3yabTaTHBHOCTH HayuHbIX HCCieaoBaHui: OubauomeTpus 4 7
T. A. Konecnurosa, E. B. Mameeesa

[TepcriekTnab! pa3BUTHS XKEIEIHOAOPOKHOIO TypH3Ma Y KPaHHBI Ha Y3KOKOIEHHBIX JTHHHAX 4 23
3akapnaTbs

B. I'. Ky3neyos, I1. A. INwunexo, H. B. Knuvenxo, A. B. I'ymenioxk, C. M. 3azopynsxo

ABTOMaTPBHpOBaHHble CHCTeMbl YNIpaBJIEHHA HA TPaHCNoOpTe

JIMCTaHUMOHHOE JUAarHOCTUPOBAHHE COCTOSHHUS CTPENIOYHBIX NEPEBOJOB 10 BPEMEHHOM 2 39
XapaKTEpPUCTHKE U CTIEKTPATLHOMY COCTaBY TOKOBOH KpUBOH

C. 1O. bypax, B. H. I'aspumox, O. A. ['onoaoboea, M. A. Kospuzun

YnpaBneHre KOMaHIHbBIMH CHCTEMaMH, BO3AEHCTBYHOLIMMH Ha 3KCIUTYy aTALIHOHHYIO 2 58
6e30nacHOCTD kene3Hon JOporu

M. Ilayaux

BHeapeHHe cHCTEMbI TEXHUUECKOH THarHOCTHKH CTPEIOYHLIX NEpeBOAOB 3 7
C. 0. Bypsx, B. H. I'agpuniok, O. A. I'ononobosa

HccrnenoBatns MexaHH3MOB BIIMSIHHA KOHTAKTHO# CETH Ha PesibCOBbIE HENH 3 27
B. U lllexa

HcnbiTaHus HOBBIX THIIOB NMOJBHXHOTO COCTaBa Ha 3NEKTPOMarHUTHYIO COBMECTHMOCTD C 5 7
YCTpOHCTBAMH CUTHATU3ALHH H CBA3U

B. H. I'aspuniok, B. H. Ll]exa, B. B. Meaewxo

HcenonbioBanue MeToaa NNIaHHPOBAHHUA SKCMIEPUMEHTA A8 OLEHKH TOUHOCTH 6 7
HIEHTHOHKALMN TTOABHKHBIX € AHHHILL

0. H. Eeopoe

JIKoJIOrUs HA TPAHCTOpTe

Hccaenosanue 3arpasHeHns arMocgepHoro Bosayxa BeiGpocaMu aBTOTpaHcnopra B 1 23
«YAHYHBIX KaHbOHAX» ropoaa

T. H Pycaxosa

OuieHKa 3KOIOrHUECKOi CHTYaLMH NpY aBapUAX Ha oporax ropoaa 2 65
T. H. Pycaxosa

YucnenHslit pacuer paboTbl FOPH3OHTAbHBIX OTCTOHHUKOB 4 34
H. H. beases, B. A. Kosauuna

JKOHOMHKA H ynipasJjieHHe

Mogaens pacuera BenMuMEbl c60pa 3a A0CTYN Kk 06bexTaM nyTeBOi HHPPACTPYKTYpbI . 1 35
M. H Muwenro

OnpeaeneHne ONTHMANLHOIO pacnpeneneHus KanuTaIOBIOKEHUH Ans obecnedyeHus 2 77
YCTOHUYMBOrO Pa3BUTHA KeJe3HbIX JOPOr

O. H Xapuenxo

Meronuueckuit noaxon k onpeneneHuo vHGPaCTPYKTYypHO#N cocTassiolieii pacXonoB Ha 4 44
KYPCHpOBaHHe OTAENbHOrO MaccakHpcKoro noesaa

10. C. bapaw, K. B. Kpasuenxo, M. @. 3enuyx

Pa3B1THE e1e3HONOPOKHOro Typu3Ma B YKpaHHe Kak CpeacTBa OpraHu3auuu 5 16
OOCTYMHOTO OTAbIXa

JI B. Mapyeniox, 0. M. ITpockypus
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Ha3saHue cTathi

IKCNAyaTaLHA H PEMOHT CPEACTB TPAHCNOPTa
DopMHPOBaHKE HHTENNEKTYANbHON MoAeNH YHKLUHOHUPOBAHHUS JKEJIE3HOAOPOKHOM
CTAHLMH NPY BLIMOJHEHHH NOE3AHOH paboThl
A. B. Jlaspyxun
Mogenb OHEHKM OCTAaTOYHOH [ONTOBEYHOCTH paMbl TEJEKKH JIOKOMOTHBA C YYETOM
TI0/13y4ECTH
B. P. Cxkanvckuu, M. A. [lonunckan, []. B. Pyoaeckuii. P. A1. Apema, B. P. bac
MoaenupoBalie ynpaBnfwoliel NeATeNbHOCTH MAlMHUCTA JIOKOMOTHBA € MOMOLUBIO
TEOPHH HEUeTKUX rpacdos
T. B. Bymeko, A. H. I'opobuenko
HccnenoBaHne BIMAHMA SKCIUTYyaTaUMOHHBIX TOKasaTeneidt OUEHKM NpodWiIs MyTH Ha
NIPONYCKHYIO CNOCOGHOCTD JKeNe3HbIX JOpOor
B. JI. I'opobey, C. H. Mysvikuna, M. H. Mysvixun
Pe3epBbl BpeMEHH NPH OpraHH3alMy ABHKEHHUA TPY30BbIX MOE30B 110 PACMIUCAHHIO
A H. Koszauenxo, H. H. bepesoewiti, B. O. baranos, B. B. ’Kypasens
Onpenenenue ONTHMaRbHOTO PEXHMA TOPMOXKECHMS YMPAaBIAEMOro OTLEMA pPacHeTHOH
rpynnsi
A. C [opow
Onpenenenue pacyeTHbIx 06BEMOB pabOT ANR MaruCTPAIbHBIX H MPOMBILIIEHHBIX
JKENe3HOJOPOXKHBIX CTAHUHHA
J. H. Ko3saueuxo, A. H. Bepnan, A. B. I'opbosa
BrniusHue OCHOBHBIX NapaMeTPOB NOE3NONOTOKA Ha 0610 MpUOLUIL XENe3HbiX 40por
I'. A. Mozoneeuy, A. B. Tposu
[lyTh  nOBbIWIEHWS  KOHKYPEHTOCMOCOGHOCTH  JKEJe3HOJOPOXNKHOTO  TPaHCTOPTa
B COBPEMEHHBIX YCIOBHAX
I1. B. Bex, I’ H. Hecmepenko, C. H. Myzvikuna, A. B. Jlawkos, M. H. My3vixun
Onpenenenune sHeprocbeperatolMX peKMMOB pa3roHa noe3noB
b. E. boonaps, M. H. Kanuya, A. M. Agpanacos, /1. H. Kucnuiii
HubopMaMOHHO-H3IMEPUTENbHAA CHCTEMA  HCTIBITAHWMA  THIPaBIMYECKMX Mepeaay
TEIJIOBO30B
H. B. ’Kyxosuyxuii, H. A. Kniownux, A. 5. Oukacos, P. A. Kopeniok
dopmanuzauius MogenH paboThl AH3eNs C y4ETOM OUEHKH CKOPOCTH NPOLIECCOB CrOpaHUs
B. I1. /lumeunenko
TMosbiuteHHe IHeprodPdEKTHBHOCTH HMCMbITAaHWA TUApPABIMHECKHX MNepeAay TEroBO30B
B YC/JOBHSAX JOKOMOTHBOPEMOHTHOTO 3aBOJA
b E boonape, M. H. Kanuya, A. b. Ouxacos, P. A. Kopenrwok
KoMnnekcHas MMHTAUMOHHas Monenb mnpouecca pacGOpMHpPOBaHHA COCTAaBOB Ha
COPTUPOBOYHbIX FOpPKax
E. b. Jlemuenxo

DJIeKTpHYecKHi TPaHCNOpT

Hccenenoanue 3KCIUlyaTaulH CHAOBOro o00pyAOBaHHA CUCTEMbI TAOBOTO
3NEXTPOCHAbX)eHH Kee3HbIX J0por

A. A. Mamycesuy, . B. Muponos

Cpok cnyx6b! BCNOMOraTe/IbHbIX MALIKH IEKTPONOE3A0B NEPEMERHOTO TOKa

A. 1O. banuuuyx

MaremaTHueckas MOAEIb NOYTPOBOAHHKOBOTO npeobpa3opaTtens ¢ NATH3OHHbBIM
pery/IMpoBaHHEM BbIXOAHOIO HANPAXKEHUA U INEKTPOMEXaHHYECKON Harpy3koi

B. B. Muxaiuienxo, C. A. Aboynaes, B. B. Opucm, B. B. Uynak

MaremaTHueckas MOAeNb aHanu3a yuiepba cHcTeMbl TAFOBOTO AEKTPOCHAbKeHHS
JKENe3HbIX Aopor

A. A Mamyceeuy

TonTBepxaeHue afeKBaTHOCTH MaTEMaTHYECKOH MOJIEH IMHEAHOTO CHHXPOHHOTO
ABMraTens

B. @. Hoeukos

ConepxarenbHas MOAeNb H YpaBHEHUA ABMXKEHHUSA 3NEKTPHUECKOTrO TPAHCNOpTa

K. A. Copoka, [ A. /Ibivoe

54

77
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62

116

129

77
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Homep
KYPH.
[MoBbiuleHHe pecypca YrobHbIX TOKOCHEMHbBIX BCTABOK TOKONPHEMHHKOB CKOPOCTHOTO 4 57
3J1EKTPOMNOABHIXHOTO COCTaBa B YCIOBHAX IKCILTyaTallUu

10. JI. Borvwaxos, A. B. Anmonos

HccnenoBanne CBOHCTB TOKOCHEMHBIX 3/IEMEHTOB M UX BIHsHUs Ha 3G EKTHBHOCTD 6 35
paboTbl TPUOOCHCTEMB! «KOHTAKTHBIH NPOBOA — YrOJIbHAA BCTABKa»

FO0. JI. Borvwaxos, A. B. Aumonog

HasBanue cTaTbht Crp.

KeNe3HOAOPOKHBIHA MYThL

K Bonpocy MonennpoBaHHs H3HEHHOTO LKA AehOpMaTHBHOH paboTel 31EMEHTOB 1 78
KENE3HOA0POKHOTO MyTH

H. A. Bonoapenko

K peuenuio 3anay pacyera NyTH Ha MPOYHOCTH C YYETOM HEPABHOYNPYTOCTH 1 90
NOApPENbCOBOr0 OCHOBaHUA

M H. Kypean

Oco6eHHOCTH BOCTIPHATHA HArPy3KH 3/IEMEHTAMH XKee3HOAOPOXKHOTO NYTH NPH BLICOKHX
CKOPOCTAX ABHIKEHUA

J. H. Kypran

Hcenenosanre HanpsXkeHHOrO COCTOAHHA B 3JIEMEHTaX yana ckperuteHus tuna KITII-5 non 2 146
nefCTBUEM MOABHKHOTO COCTaBa

M. I1. Hacmeuux, H. A. Bonoapenxo, P. B. Mapxyns

dopMHpoBaHHe OLEHOYHBIX YC/IOBHI XXH3HEHHOTO LHKIA AedopMalHOHHOH paboThl 3 107
KENEe3HOJOPOKHOTO MYTH

H. A. bonoapenko

(3]

136

OnpeneneHye AMHaAMHYECKOH HArpy3kH OT KOJECA Ha PejbC Ui CKOPOCTHBIX NOE3A0B 3 118
. H. Kypean
Onpenenerne KOHTAKTHBIX HaNpsA>keHUH B peibcax THNa P50, koTopbie 3KCIIIyaTHPYOTCS 4 71

B METPOINOIKUTEHE

A. B. Azapxos, P. H. Hocughosuu

OcobeHHOCTH HecaeaoBanKs npolecca AedopMaTHBHOM paboTbl 31EMEHTOB 4 87
)KETEIHOJOPOKHOrO NYTH

H. A. Boxnoapenxo

MonenuporaHue HakomIeHHs nedGopMalLIHi XKene3HOAOPONKHOrO NyTH HAa OCHOBE SHTPONHH 4 95
CHCTEMbI

J. H. Kypean

Bnusnue ynpyrux nepopmauuit B aneMeHTax ckperienns tuna KIII-5 Ha BennuuHy cuisl 4 110

NpHXAaTUA pes1bca K NOAPENbCOBOMY OCHOBAHUIO
H. I1. Hacmeuux, P. B. Mapryne, B. B. Casuykun

YcoBeplleHCTBOBAHHE METOANKH U3MEPEHHS FOPU3OHTATLHBIX HEPOBHOCTEH B TLIaHe 4 121
A. M. Ilamnacoe, C. A. Toxapes
OcobeHHOCTH npolecca pacnpocTpaHeHus koaebanuit npu nebopmatuBHoii pabore 5 75

HEJIe3HOIOPOKHOTO MYTH
H. A. Bouoapenko

HecenenosaHus HEPOBHOCTE! MyTH B NpefieiaX eae3HONOPOXKHBIX Nepee3ioB 5 84
H. B Kypean, /I. H Kypean, O. ®. JTyxcuyxuii

HUccnenoatve BHYTPEHHEro CONPOTHBAEHHUS CABUTY FEOPELIETOK, YI0KEHHbBIX MO 5 97
6annacTHblii COH ANA ero 3alluThI

C. Quuep

Ocobentoctyu aedopmaruBHoOit paboTh KeAE3HOZOPOKHOTO MYTH 6 45
H. A. Bonoapenko

DKCrepUMeHTalbHbie UCCNIEIOBAHUA TOPU3OHTAILHOI NONEPeYHOIt :ECTKOCTH PENLCOBBIX 6 57
HHTEH NPH pa3HbIX KOHCTPYKLUAX PENbCOBBIX CKPeNeHHi

B. I1. Beauney

Hoseiiuine uccnenoanus 60KOBOMH yNpyrocT peiibCoBbiX HHTEH fIpH COBMECTHOM 6 65

NeHCTBHH BEPTHKANBHbBIX H TOPU3OHTANBHBIX CHIT

3. H.-[danurenko

Uccnenosanue octaTouHOro pecypca aedekTHbix pesnbcoB THNa P50 no ucnbiTaHMio Ha 6 78
LUMKIHYECKYIO BIHOCITHBOCTh

P. H. Flocugosuy
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HasBanue cratbu

Pac4€T 31¢MeHTOB coenHeHHs cOOpPHOro epeBIHHOro Bpyca ATs CTPENOUHbIX MepeBoIoB
A. M. Namaacos, C. A. Toxapes

MarepnanoBeaerue

[Mpouecc GopMupoBaHis NOBPeXACHHIT KETEIHOAOPOKHBIX KOJieC 1 Dannaxeit npu
IKCMAyaTauny

H. A. I'puwenxo

Bnusiiue nerupoBaHus Ha TEMNEPATYpy NPEBPAILEHUS (FIEPINT —> ayCTEHHT»

B KOMIIEKCHO-IETHPOBAHHBIX GeNbiX YyryHax

T. B. [lacmyxosa, B. I Egppemenxo, A. I1. Yeinax, K. UTumuoszy, 10. I'. Yabak
3aBMCHMMOCTb pa3Mepa 3epHa ayCTEHHTA B CTaJH XKeENE3HOAOPOXKHOTO Koseca O
napameTpos ropaueit aepopmauru

JI. H. Bakynenxo

W3menenne MEXaHMUECKHX CBOHCTB W KOPPO3HOHHOE PAcCTPECKMBAHHE MOJ HAMPAKEHHEM
MaTepHaia METAUIOKOHCTPYKLUMH cTpensl OypToykiaayuka

JI K Honuwyyx, P. [l. Hexosuy-/Tomoyxuii, O. A. Kosais

NoBbILIEHHE MEXaHUYECKHUX CBOMCTB IUTOH rpadMTH3IMPOBAHHON CTanU

H. B. Akuvos

3aBHCHMOCTL CKOPOCTH pacnpoCTPaHEeHHs 3BYKOBBIX kosiebaHuit OT pa3mepa 3epHa
dbeppurTa B HU3KOYTI/IEPOIUCTOR CTaH

H. A. Baxynenxo, FO. JI. Haoexcoun, B. A. Coxupxo, Cio Cs Xaii

CpaBHUTENLHBIN aHATN3 KOMIUIEKCa MEXaHHUECKUX CBOMCTB, MOJYYEHHBIX MPH
HCTIBITAHUAX FOTOBBIX HONTOB M O6TOYEHHBIX 0Opa3LOB

fO. 1. I'yay, A. B. Heuenko, I1. B. Konopamenxo, I". H. [Tepuyn

Brnusnue UMnyibca HaNPSHKEHUS OT ANEKTPUUECKOro pa3pana B BOJE Ha BBIHOCIHBOCTh
NpH YCTANOCTH YIIEPORUCTOH CTaNH

H.A. Bakynenxo, A. I Jlucnax, O. H. Ilepxos, Cio Ca Xau

MO}IQJ]HPOBEHHE 3anav TPaHCNoOpTa H IKOHOMHKH

06 onTuMu3auuy o6beMa HHBECTHLHWI ANA yNyyllleHUS OCHOBHBIX Moka3atene

3¢ dekTHBHOCTH paboTsl NpeANpPUATHS

3. M TIacanos

Mounenuposanue paboTbl COPTHPOBOYHO# CTaHLIMM C MOMOLLBIO rpaduueckux
NpeacTaBiIeHHH

A. B. I'opbosa

Hcenenoranue KHKMHUPHHTA TpaduKa B KOMIBIOTEPHOM CeTH Y Kp3aIM3HbILM TEXHOMOrHH
MPLS TE

B. H. [axomoea

HccnenosaHyie npo4HOCTH KOHTEHHEPA-LIMCTEPHBI YCOBEPILEHCTBOBAHHOM KOHCTPYKLUHH
NP KOMIMBIOTEPHOM MOAENHPOBAHHH IKCILTYaTALIMOHHBIX YC/IOBHH

A. A Jlosckaa, O. B. ®omun. A. M. Oxopoxos, O. M. Meavruuyx

MHoXecTBeHHbIe OObEKTbI

4. A. bocoe, B. M. Haeman. H. B. Xanunosa

[TpoekTHpoBaHue 1 oueHka 3PPEKTHBHOCTH MENILYHAPOAHBIX JOTMCTHYECKHX CHCTEM
H. B. Xanunoea

HerpaauunoHHbie BUABLI TPaAaHCIIOPTa

HccnenoBanue BAUAHHA NPOEKTHBIX XapaKTEPUCTHK 31€BATOpa HA NApaMeTPbl ero
npuBoja

B. H. bocomas, K. L. asayxuii, O. A. Masyp

AHanu3 BAHAHUA MPOEKTHLIX XapaKTEPHCTHK 3/1eBaTOpa Ha MapaMeTphl ero npueoja

B. H. bocomas

HMuTalunOHHbIE MOIENH CONPOTUBAECHHS ABWKEHHUIO OETOHHOM cMecH B 6eToHOBOIE
aBTobeToHOHacoca

I1. I Anogppues

Cnoco6 onpeneneH1s MOLIHOCTH NPUBOAA MEXaHU3Ma NepPeABUKEHHS MOCTOBOTO KpaHa
NPH yueTe TPEHUA KaueHHs

B. H. Bozomas, /1. H. bonoapenxo, K. [. [Nasayxuu, K. A. Cokon

CHuKeHUe TMHAMHYECKON HarpyXeHHOCTH paboThl MEXaHH3MOB B MEPEXOAHBIX PEXUMAX
B. C. Jlogetikun, 10. A. Pomacesuu
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113

157

168

129

137

132

107

122

129

139

180

145

142

123

101
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HazBaHue ctaTbu

IMoaBHXKHOM COCTAB XKeJTe3HbIX A0OpOr U TAra noe3aos

BnusHne HapaboTKH JTOKOMOTHBOB Ha KOPPEKTHPOBAHHE NEPUOAUYHOCTH TEXHHUECKOrO
00CTYKUBaHUA H TEKYLIETO PEMOHTA

A. C. Kpawenunun

AHaNH3 IKCIUTYaTALIHOHHBIX XapaKTEPUCTHK TeNIOBO30OB

J1. B.Vpeynsk, B. O. Cupomenko

O6 oueHKe YPOBHA MNpPOJONBHBIX CHJ, BIUSAIOLIMX Ha YrOH MyTH, NPH NEPEXOIHBIX
pexuMax IBHKEHUA noe3na

B. JI. I'opobey, J1. I Macneesa. /1. B. Vpcyask, B. B. Apconos

Y nyviueHHe TEXHHKO-3HEPreTHYECKHX NapaMeTpoB TEMJIOBO3a 32 CHET BHEAPEHHS
aBTOMaTHU3MPOBAHHLIX CUCTEM YNPABJICHHA AHU3eNeM

M. H. Kanuya, M. H. Mapmoiuesckun, []. H. Kucaeii, H. H. [Tanui

OlieHka THHAMUYECKHX NOKa3aTened eCTHOCHOTO JIOKOMOTHBA

C. B. Mamnun, H. E. Haymenko, O. M. Mapkosa, E. H. Kosmyn, B. B. Manwii
TeopeTnueckue OCHOBBI racuTenei konebaHui TpeHHEM KadeHHUs

J1. H. bonoapenxo, C. A. Axosnes, H. E. Kpamap, A. H. lLllanmana

Moaenuposanue B3aMMORENCTBHA dKHUNAXeEH Naccaxupckoro rnoesna, 060py0BaHHOTO
CHCTEMOM NMAaCCHBHOIT 6€30MAaCHOCTH, MPH ABaPHITHOM CTOJIKHOBEHHH C MPENATCTBHEM

H. E. Haymenxo, H. 0. Xuxca

Hekotopsie acnextsl onpeaeneH!s YCTOHYHBOCTH NMOPOKHHX BATOHOB OT BBDKHMAHHA HX
NPODOJLHBIMH CHIIAMHU B IPY30BBIX N0€3AaX

A. A. Ulgey, K. H. )Kenesnos, A. C. Axynoe, A. H. 3aboromuwiii, E. B. Habaniox
OG6ocHoBanMe MPOLIEHUs CPOKa Ci1y»kObl NAaCCHKUPCKUX BATOHOB C OHAaraMu KOppo3uH
xpebroBo#t 6anku

C. B. Mamaun, A. I'. Peioemeiicmep, A. J1. [Tynapusn, B. A. Karawnux

Cnoco6sl yBenH4YEHH MTPOUHOCTH OOKOBBIX paM TPEXINEMEHTHBIX TeNeXeK

A. I Petivemeiicmep, A. A. LLluxynog

Tpobaema onpenencHus TEPMHHA «HALEHKHOCTb». METONONOrUA NOCTPOEHHSA M H3yUEHUS
HaJIeXXHOCTH IpY30BbIX BarOHOB

C. B. Mamaun, J1LA. Mypaosu, 1. H. Bapanosckuii

Pa3paboTka pexkoMeHIaLHii NO NPOAJIEHHIO CPOKa NMOJE3HOH IKCIUTyaTalH NacCaKHPCKUX
BaroHOB

C. B. Mamaun, A. I Peitoemeticmep, A. /1. [ynapus, B. A. Karawnuk

OnpeneneHne TOPMO3IHOTO MyTH HECAMOXOAHOTO MOJABHAKHOIO COCTABA METOAOM
nocaeR0BaTeNbHEIX TOPMOKEHHH

A. I'. Peudemeiicmep, B. I0. lllanowrux

K Bonpocy onpenenenus koadpduumenTa 3anaca ycToHYMBOCTH OT BbIKHMAHUSA
JIErKOBECHBIX BArOHOB

A. A lleey, K. H. XKene3nos, A. C. Akyaos, A. H. 3aboromuwvii, E. B. Habanwok

TpaHcnopTHOe CTPOHTENLCTBO

O6ocHoBaHHe cTabUIN3ALUNWY NAPAMETPOB YKPENNEHHOH Kee3HONOPOKHON HachinmK

B. [I. Hempenko, O. /1. Tiomokun, E. H. Kyraxcenxo, A. M. M. Anxoyp

AHanmu3 cyLeCTBYIOIKHX NpobieM OpraHU3aLHOHHO-TEXHOMOTHYECKONH HANEKHOCTH
KPOBEJIbHBIX CHCTEM

A. B. Paokesuy, B. @. Xyoenxo, B. M. I'iywenxo

BnusHue TONILUHBI TOQPUPOBAHHBIX 3NIEMEHTOB Ha HANMpPXKEHHO-NeHOPMUPOBAHHOE
COCTOSIHHE METALTHRECKHX rOQPHUPOBaHHBIX KOHCTPYKLHH

B. B. Kosanvuyx

Hcnonb3oBaHKe reoOMeTpH4ECKOro MOAENUPOBAHUS NPH NPOEKTHPOBAHKH CMeCHTENER
TENECKONHUECKON KOHCTPYKLHH

K K. Mupownuuenxo

MopnempoBaHHe HachIMH 3EMJITHOTO MOJIOTHA Ha caboM OCHOBAHUH

B. 1. Hempenxo, H. A. Ceamxo

Onpenenexive acrieKTOB OLEHKH HANEKHOCTH (acaaHbIX CHCTEM ¢ TOUKH 3peHus Eurocode
A. B. Paokesuu, K. H Hemeca

YcoBepiieHCTBOBAHHE PacyeTa yCTONUMBOCTH 34aHHA, PACNONOKEHHOTO BOMIN3M OTKOCA Ha
CTPYKTYPHO-HEYyCTOHUMBBIX TPyHTaX

M. C. Heanoea, C. B. Konosan, C. @. Abeo

208

XypH, Crp.
1 148
1 155
2 207
3 176
3 186
4 153
4 163
4 175
5 132
5 141
6 110
6 118
6 127
6 134
1 165
2 222
3 199
4 190
4 198
4 205
5 150



HazsBaHue crarbu

KoHCTpyKUHs pauHOHAIBHOIO CTasbHOTO ropHPOBaHHOTO Mpod Ut

B. B. Kauypenxo, 1. O. bannuxos

TlpoBeneHue 1 aHAIN3 Pe3yabTAaTOB 3KCIEPHMEHTANBHOTO JIOTKOBOTO MCIIBITAHUA MOZeneH
noanopHOl cTeHbl €3 cBait 1 Ha cBaiHOM dyHAaMEHTe

M. A. Jlucnesckui, B. A. Cyxopckuit

Hccneposanue HecyLued cnocobHOCTH MeTainyeckoi roppupoBaHHOR KOHCTPYKLHH MO
KpHUTepHIo 00pa3oBaHHs MIIACTHYECKOro IapHUpa

H. H. Jlyuxo, B. B. Kosarwuyk. O. C. Habouenko

CucteMa ynpaBieHHs COCTaBOM W CBOHCTBaMyU MMAPOTEXHHUYECKOro OeToHa

A. H. [Twunvexo, A. B. Kpacniok, O. B. I'pomoea

HccnenoBaHie NpHUMH NPeXXAEBPEMEHHOTO Pa3pyLLUEHU XKene300eTOHHBIX LTan Ha
3uamenckoii aucranunn nytH MY 10 Onecckoif xene3Hoit noporu

B. B. Kosanenxo, 10. J1. 3aay, Il. A. INuunvko

VYyuiueHne cBOHCTB 6eTOHA MOJPETLCOBBIX OCHOBaHHI C MOMOILBIO XMMHYECKHX 106aBOK
B. B. Ilpucmunckan

duznKo-xuMHyeckas MOAHGHKALMA LEMEHTHON CHCTEMB! MOHOTUTHOrO OeToHa

. B. Pyoeuxo

Pa3zBuTHe BoiCHIEH IKOJIbI

Be6-kBecT — LieHHbII pecypc ¥ 3QdeKTHBHBIA HHCTPYMEHT B H3YHEHHH M NIPENOJaBaHHH
aHIJIMHCKOTO A3biKa

E. M. Ilepepsa

HUudopmaruzauns obuecrsa: pwiocodcko-aHTponosornueckue npodnemst

A. A. Koconanoe

H3naHHe HayuHOH NEPHOAHKH B YHUBEPCHTETAX: HOBBIE 3a1a4H, yUaCTHHKH, TEXHONOTHH
T. A. Konecruxosa, H. A. Kniownux
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5 160
5 169
5 180
S 195
6 149
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6 174
3 208
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6 183
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SUBJECT INDEX TO THE JOURNAL
«SCIENCE AND TRANSPORT PROGRESS.
BULLETIN OF DNIPROPETROVSK NATIONAL UNIVERSITY
OF RAILWAY TRANSPORT»
FOR 2015

Article title

Science and Transport Progress

Incompetence in science and technology — it is a brake of progress or about raiding in the
field of research services

S. V. Myamlin

Consumption volumes technology of electricity and heat by departments of the university
O. M. Pshinko, V. G. Kuznetsov, M. V. Shaptala, D. E. Shaptala

Retrospective analysis of the scientific potential formation of Dnipropetrovsk national
university of railway transport named after academician V. Lazaryan

S. V. Myamlin, I. V. Ahiienko

Performance assesment of the research: bibliometrics

T. O. Kolesnykova, O. V. Matveyeva

Perspectives of Ukrainian railway tourism development on narrow-gauge lines of Zakarpattia
V. G. Kuznetsov, P. O. Pshinko, I. V. Klimenko, A. V. Gumenyuk, S. M. Zahorulko

Transport Automated Control Systems

Remote diagnostics of turnouts state on timing and spectral composition in current curve
S. Yu. Buryak, V. I. Gavrilyuk, O. O. Hololobova, M. O. Kovryhin
Control command systems impact on the railway operational safety
Marek Pawlik )
Implementation of turnouts technical diagnostics systems
S. Yu. Buriak, V. I. Havryliuk, O. O. Hololobova
Impact mechanisms research in the contact network on rail track circuits
V. I Shcheka
Testing new types of rolling stock for electromagnetic compatibility with signaling and
communication devices
V. I Havrilyuk, V. I. Shcheka, V. V. Meleshko
The use of the experiment planning method to evaluate the accuracy of flexible units
identification
0. Y. Yehorov
Transport Ecology

Research of air pollution from traffic in «street canyons» of city
T. I Rusakova
Evaluation of ecological situation in case of accidents on township roads
T. I. Rusakova
Numerical determination of horizontal settlers performance
M. M. Biliaiev, V. A. Kozachyna

Economics and Management
Model of fees calculation for access to track infrastructure facilities
M. I Mishchenko
Determination of the optimal capital investments to ensure the sustainable development of the
railway
O. I Kharchenko
Methodical approach to defining infrastructure component of the costs for the particular
passenger train traffic
Yu. S. Barash, Kh. V. Kravchenko, M. F. Zianchuk
Development of railway tourism in Ukraine as means of available rest organization
L. V. Martseniuk, Yu. M. Proskurnia

Operation and Repair of Transport Means

Intellectual model formation of railway station work during the train operation execution
O.V. Lavrukhin
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Journal
number

Page

15

23

39

58

27

23
65

34

35

77

44

43



Article title

Estimation model of residual life-time of locomotive frame bogie with aliowance for creep
V. R. Skalskyi, 1. Ya. Dolinska, D. V. Rudavskyy, R. Ya. Yarema, V. R. Bas

Simulation of driver’s locomotive-handling activity using the theory of fuzzy graphs

T. V. Butko, O. M. Horobchenko

Study of operational parameters of track profile estimation on the bandwidth of the railways
V. L. Gorobets, S. 1. Muzykina, M. 1. Muzykin

Time reserves during the organisation of freight train movement on schedule

D. M. Kozachenko, M. I. Berezovyi, V. O. Balanov, V. V. Zhuravel

Determination of braking optimal mode of controlled cut of design group

A. S Dorosh

Calculated volumes determination of work for main-line and industrial raiiway stations
D. M. Kozachenko, A. I Verlan, O. V. Horbova

The influence of the main parameters of train traffic volume on total profits of railways
H. Ya Mozolevich, A. V. Troian

Ways to increase competitiveness of railway transport in modern conditions

P. V. Bech, G. I. Nesterenko, S. I. Muzykina, O. V. Lashkov, M. I. Muzykin

Definition of energy saving acceleration modes of trains

B. Ye. Bodnar, M. I. Kapitsa, A. M. Afanasov, D. N. Kyslyi

Information-measuring test system of diesel locomotive hydraulic transmissions

I V. Zhukovytskyy, I. A. Kliushnyk, O. B. Ochkasov, R. O. Korenyuk

Formalization of diesel engine operation considering the evaluation of velocity during the
combustion processes

V. P. Litvinenko

Energy efficiency of diesel locomotive hydraulic transmission tests at locomotive repair plant
B. E. Bodnar, M. I. Kapitsa, O. B. Ochkasov, R. O. Korenyuk

Complex simulation model of train breaking-up process at the humps

E. B. Demchenko

Electric Transport

Study of the manual power equipment of traction electrification system of the railways
O. O. Matusevych, D. V. Mironov
Lifetime of auxiliary machines of AC electric trains
O. Yu. Baliichuk
Mathematical model of semiconductor converter with five-zone regulation of the output
voltage and electromechanical load
V. V. Mikhailenko, S. A. Abdulaiev, V. V. Ernst, V. V. Chupak
Mathematical model! of the damage analysis of railway traction energy system
0. O. Matusevych
Confirmation of the mathematical model adequacy of a linear synchronous motor
V. F. Novikov
The content model and the equations of motion of electric vehicle
K O. Soroka, D. 4. Lychov
Increase the resource of current collector elements of the electrified high-speed transport in
operating conditions
Y. L. Bolshakov, A. V. Antonov
“Investigation of properties of current collector elements and their effect on the performance
of tribosystem «contact wire - current collector element»
Yu. L. Bolshakov, A. V. Antonov

Railway Track

To the modeling issues of life cycle of deformation work of the railway track elements

I O. Bondarenko

To the solution of problems about the railways calculation for strength taking into account
unequal elasticity of the subrail base

D. M. Kurhan

Features of perception of loading elements of the railway track at high speeds of the
movement

D. M. Kurhan
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. . Journal -
Article title number  Page

Investigation of stress state in the elements of rail fastenings, type KI1I1-5 under the influence 2 146
of rolling stock
N. P. Nastechik, 1. 4. Bondarenko, R.V. Marcul

Formation of estimated conditions for life cycle of deformation work of the railway track 3 107
I O. Bondarenko

Determination of dynamic loads from the wheel on the rail for high-speed trains 3 118
D. M. Kurhan

Determination of contact stresses in the rails P50, which are operated in the metro 4 71
O. V. Agarkov, R. M. Yosufovuch

Features of the research work elements deformability of railway track 4 87
1. O. Bondarenko

Accumulated deformation modeling of permanent way based on entropy system 4 99
D. M. Kurhan _
Elastic deformations impact in elements of the rail fastening, type KI1I1-5 on a size of 4 110

pressing force of the rail to the subrail basis
N. P. Nastechik, RV. Marcul, V. V. Savytskyi
The measurement methodology improvement of the horizontal irregularities in plan 4 121
O. M. Patlasov, S. O. Tokariev

Process features of fluctuations propagation at stress-strain work of the railway track 5 75
I. O. Bondarenko

Inequalities research of the track at the railroad crossings 5 84
M. B. Kurhan, D. M. Kurhan, O. F. Luzhytskyi

Investigation of inner shear resistance of geogrids built under granular protection layers and 5 97
railway ballast

Sz. Fischer

Features of the deformation work of the railway track

1. O. Bondarenko

Experimental investigations of horizontal lateral stiffness of rails under different designs of
rail fasteners 6 57
V. P. Velinets

Recent researches of the lateral flexibility of rail thread under combined action of vertical and

horizontal forces 6 65
E. I Danilenko

Residual resource study of defective rails for type P 50 cycle test of endurance

R M. Yosyfovych 6 78
The coupling element calculation of combined wooden bar for turnouts 6 28
O. M. Patlasov, S. O. Tokariev

Material Science
The process of formation of railway wheel damages and tires in operation 1 100
N. A. Grischenko
Effect of alloying on temperature of transformation «pearlite—austenite» in complex-alloyed 1 113
white cast irons
T. V. Pastukhova, V. G. Efremenko. A. P. Cheiliakh, K. Shimizu,
Yu. G. Chabak
Dependence of grain size of austenite steel of railway wheel from parameters of hot 2 157
deformation

L. I Vakulenko

Change in the mechanical properties and stress corrosion cracking under material of metalware
tension of a clamp-forming machine arrow 2 168
L. K. Polishchuk, R. D. Iskovych-Lototskyi, O. A. Koval
Increasing of mechanical properties of cast graphitized steel

. 1 3 129
L V. Akimov
Speed dependence of acoustic vibration propagation from the ferritic grain size in low-carbon
steel 3 137

I A Vakulenko, Yu. L. Nadezhdin, V. A. Sokyrko, Siu Sia Khai

Comparative analysis of complex mechanical properties obtained in tests on finished bolts

and turned samples 4 132
Y. P. Gul, A. V. Ivchenko, P. V. Kondratenko, G. 1. Perchun
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Article title

Influence of shock voltage from the electric discharge on the fatigue endurance of carbon
steel in water
I. A. Vakulenko, 4. G. Lisnyak, O. N. Perkov, Xu Xiao Hai

Transport and Economic Tasks Modeling

About optimizing of investments volume to improve the basic indicators of the enterprise
effectiveness

Z. M. Gasanov

Modeling work of sorting station using UML

0. V. Gorbova

Research of engineering traffic in computer of Ukrzaliznytsia network using MPLS TE
technology

V. N. Pakhomova

Research of a tank-container strength of improved construction using the computer
simulation of operating conditions

A. O. Lovska, O. V. Fomin, A. M. Okorokov, O. M. Melnychuk
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TOPCBKHX PO3IUMPEHHX | CTPYKTYpOBaHHX pe3toMe (pedeparis — abstracts), y T.4. aH[NiNCbKOIO MOBOIO, peleH3iH,
TIPUCTATEHHHUX CITUCKIB JIiTEpaTypH B pOMaHCchbKoMy andasiTi TOLLO.

Pexomenayemo CKOPHCTATHCH NpaBHJIAMH ao odopmieHHR cTaTeH KYPHAJy:
http://library.diit.edu.ua/HTMLs/scientists/Vumogu/Vumogu.pdf.

Jas 3aa4i cTaTTi 20 APYKY aBTOpY/aBTOpPaM HeobXiaHo:

1. s enexTpoHHoi indopmauiil chopMyBaTH BCi MaTepiand B m’sATH daitiax:

—  Tlepmmuii — i3 TeXCTOM CTaTTi Ta aHOTaLii 3 KIlo4OBUMH cioBaMu. Hasea daiiny — npissuile Ta iHiui-
any aBTOpa (MEPLIOro CMiBaBTOPA) JATHHCHKUMH JliTepaMu, Hanpuknan: lvanov 1l stattia.doc.

— JIpyruii — 3 po3iIMPEHNMH BiZOMOCTAMH PO aBTOpa/aBTOpIB (Mpi3BHLIE, iM’s, no 6aThKOBI; NMocana;
HayKOBHit CTyMiHb; yYeHe 3BaHHA; MicLe poOoTH a00 HaB4YaHHA; aapeca €1eKTPOHHOI NMOLUTH; HOMEPH
KOHTakTHuX TenedoHiB). Hazea daiiny — Ivanov_II_vidomosti.doc.

— Tperiii - peuensis (BinckaHosaHa). Ha3sa gaitny — Ivanov_II_recenziia.jpg.

— Yersepruii — ExcriepThHu#i BACHOBOK (BiACKAHOBAHHIi, CKIIANAETHCR Y BinbHIA ¢opmi). Ha3Ba daiiny
Ivanov_Il_vysnovok.jpg.

—  IPstuit — Jliuensiitnuii norosip (siackaHosanwmit). Hasea ¢aitny — Ivanov 11 dogovir.jpg. Tekct no-
roeopy: http:/library diit.edu.ua/HTMLs/scientists/Vumogu/license.doc.

2. lns apyxoBanoi indopmanii. [lo pepaxuii HanaoThea 0coOUCTO alo HAACHNAIOTHCA MOLITOKO TaKi Matepia-
au: 1) ABa OpyKOBaHHX MPUMIPHHKM PYKOMHCY 3 MIAMMCAMHM BCiX CITIBABTOPIB Ha OCTaHHBOMY apKyili po6oTH;
2) opurinan JliueHsiliHoro aoroBopy 3 mianucaMu BCix CNiBaBTOPIB; 3) OpUTiHAN €KCNEPTHOrO BUCHOBKY; 4) peKo-
MeHaauis A0 APYKY 3a MiAMHCOM BiANOBIAANLHOrO peAaKTopa po3ainy (ans cnispobitHukis JHY3T).

BianosigaabHicTh 3a 3MIiCT CTaTTi, NPaBHALHICTL, TOYHICTL i KOPeKTHICTH LMTYBaHHHA, MOCHJIAHL
Ta MepeKjajy NOK.1aJa€TbecA HA aBTOPIB.

OcraTouHe pilrenns moao ny6aikanii yxBa/ioe peqaKuiiHa Kojaeris :kypHaiy.
Cratri, BiaxuieHi peaaxiliiiHolo KoJeri€lo, NOBepTalOThCs aBTOPaM /LI J00NPALIOBAHHS.

lilaHoBHi aBTOpH, 3anpolIyeEMoO 10 ciBpoGiTHHUTBA!

3 nuTaHb ony6aiKyBaHHA 3BepTaiiTecd 10 peAakuii xKypHAY 33 aapecolo:
Hayxkoeo-TexHiyna 6i6nioteka (ayn. 166),
JIHinponeTpoBCHKMI HaLliOHATBHUI YHIBEpCHTET 3ani3HHMHOrO TPAHCNOPTY iMeHi akaneMika B. Jlazapana,
Byn. JlazapsHa, 2,
M. [IninponerpoBcok,
VYkpaina,
49010
e-mail: visnik@diit.edu.ua
Anpeca caiity xypHany: http://stp.diit.edu.ua/
3 nuTaHbL NpUAGAHHA NPHMIPHHUKIB *KypHATY TeaedoHyiiTe 3a HomepoM (056) 776 90 59 I'pinacosa A. B.
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2 aw ][HinponeTpoBCbKHil HaUiOHATLHHI YHIBEPCHTET 3a71i3HHYHOrO
W= 1777173 f 4 TpaHcnopTy iMeHi akaaemika B. Jlazapsina

JHinporeTpoBcbKuii HaLiOHANbHHI YHIBEPCUTET 3alli3HUYHOrO TPaHCIOPTY iMeHi akageMika B. Jla-
3apsiHa Bejle NMiAroTOBKY JOKTOPAHTIB Ta acMipaHTiB 3a paxyHok kowrTiB JlepxxaBHoro Groaxety Ykpainu
— 33 lep)KaBHUM 3aMOBJIEHHAM — 338 TAKUMH CIIEHIiAIbHOCTAMMU:

JOKTOPAHTYPA

Ne CrnieuianbHicTb Hludp

1 | TeopeTuyHi ocHOBM iH(DOPMATHKH Ta KiGEPHETHKH 01.05.01
2 | YnpapaiHHA NpOeKTaMH i mporpaMaMHu 05.13.22
3 | 3ani3zHuyHa xonis 05.22.06
4 | PyxoMHH CKan 3ali3HHLb i TATa N0i3AiB 05.22.07
5 | EnexTpoTpancnopt 05.22.09
6 | Excnnyarauis Ta peMOHT 3ac00iB TpaHCoOpTy 05.22.20
7 | ByaiBenbHiI KOHCTPYKHiT, Oy AiBIi Ta ciopyau 05.23.01
8 | byniBensHi MaTepiany Ta BUpobu 05.23.05

Ha nigcrasi yrog, Wo ykiagaioTkcs 3 JOKTOPAHTOM i KEPIBHHKOM BHILOIO HaBYanbHOTO 3akiany, 40
JOKTOpPaHTYpH NpPHIMAIOTLCA FPOMaAsHU YKpalHH, KaHIWAaTH HaykK, L0 MalOTb HAyKOBi JOCATHEHHS B
o0paniit ranysi.

Ctpok HaB4aHHs 3 POKH.
BcTynHUKH 10 JOKTOPaHTYPH NOJAIOTh!
~ 3asiBy Ha iM’s pekTopa,
-~ Komilo nepuIoi CTOpiHKY Nacnopra,
- ocobucTuit nucTok 3 06niky Kaapis 3 GOTOKapTKOLO, AKUHA 3aCBiAYEHO BiJAiNOM KaapiB 3a Mi-
CLeM OCHOBHOT poboTH,
—  BUTAT 3 TPYIOBOI KHUXKKH,
— poBizky 3 6yxranrepil npo 3apobiTHY IIATHIO,
— 3acBiJueHy KOMil0 AUNIOMA NpPO 3aKiHYEHHS BUILOrO HABUAILHOIO 3akjany i3 3a3HaueHHAM
oJepxaHoi keanigikauil cneuiaicra,
—  KOMNilo AMMIOMa KaHAKHAATa HayK,
— KOMilo arecrara AOLEHTa, C.H.C. 3a IX HajgBHOCTI,
—  PpO3rOPHYTHIl MaH AOKTOPCHLKOI qcepTauii,
—  cnucok ony6iiKoBaHMX HayKOBMX Tpalib Ta BUHAXOMiB,
— Meauudy JOBiJKY IpO CTaH 340poB’s 3a dopmoro Ne 286-y,
— igenTudikauiHuii Koz,
— oady (orokaprky po3mipom 3x4.

ACHIPAHTYPA

Ne CreuianbHicTh HIndp
1 | di3uka TBEpAOro Tija 01.04.07
2 | TeopeTHuHi OCHOBM iHPOpMATHKH Ta KibepHETUKH 01.05.01
3 | MatemaTHute MOAEIOBaHHA Ta O04HCAIOBAJIbHI METOIH 01.05.02
4 | HeopraniyHa ximis 02.00.01
5 | YnpaBslliHHA NpoeKTamMH i nporpamMamu 05.13.22
6 | TexniyHa Tennodi3uka Ta NIPOMKCIOBA TENJIOEHEPreTHKa 05.14.06
7 | 3anizHu4Ha KoJis 05.22.06
8 | Pyxomuii cknaa 3ani3HuUb i TAra noi3zis - 05.22.07
9 | EnexrpoTpaHcnopt 05.22.09
10 | Excniayarauis Ta peMOHT 3aco6iB TPaHCIOPTY 05.22.20
11 | OcHOBH i BYHIAMEHTH 05.23.02
12 | ByaisenbHi KOHCTPYKLUIT, 6y AiBJI T COpPY AU 05.23.01
13 | ByaisenbHi Matepiany Ta BUpoOH 05.23.05
14 | TexHonoris Ta opraHisauis NpOMHUCJIOBOro Ta UMBiNbHOro OyAiBHULTBA 05.23.08
15 | ExoHOMiKa Ta ynpaBiiHHA NiATPHEMCTBAMH (32 BUAAMH €KOHOMi4HOT OisbHOCTI) 08.00.04
16 | IcTopis dinocodii 09.00.05
17 | Exonoriuda 6e3neka 21.06.01
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Ha niacrasi yroa, 10 yk1ajaloThCs 3 acMipaHTOM i KepiBHMKOM BHULIOINO HaBYAIBLHOrO 3akjany, o
acnipaHTypH npuiMaroTECA rpoMasiHK YKpaiHy, AKi MaloTh BULLY OCBiTY i kBajlidikalito crneujanicra.
CTpok HaBuaHHs B acMipaHTypi 3 BiApHBOM Bill BAPOOHULTBA — 3 pOKH, O€3 BiapHBY Bil BUPOOHULTBA

poku.

Ocobu, JomylieHi 40 BCTYNHKUX iCMUTIB Y acnipaHTypy, CK1aAaloTh TPH ICIIMTH 3a NPOrpaMor0 BULLO-
ro HaB4aJILHOIO 3aKiany:

cneuianbHy AUCUUILTIHY,
dinocodiro,
iHO3eMHY MOBY.

3a KOHCYNbTALiIMH 3BEPTATUCA HA BiANOBiAHI kadeapH yHiBepcHTETY.
Ocoby, 110 BCTYNnaloTh 40 acipaHTypH, NOAAKOTh:

3aABy Ha iM’s peKTopa,

NMHUCBMOBHIT BUCHOBOK Nepei0auyBaHOrO HayKOBOFO KepiBHUKa [P0 MOXUJIMBICTh HaBYaHHS B
acrnipaHTypi,

peKoMeHIallilo BYCHOI paau BHILONO HaBYANBHOIO 3aknafy A0 BCTYNy B acnipaHTypy (ais
BHIYCKHHKIB [TOTOYHOrO POKY),

KOMNifo nepiuoi CTOpiHKM Macnopra,

ocobucTull JIUCTOK 3 00NiKY KaapiB 3 (POTOKapTKOIO, AKHI 3aCBiA4EHO BiALINOM KaJpiB 3a Mi-
CLIEM OCHOBHOT po6oTH,

BUTAT 3 TPYAOBOI KHUXKH,

AOBiIKY Mpo 3apobiTHY MJaTHIO,

3acBifAY€Hy KOMilO JUTIIOMA [TPO 3aKiHYEHHA BULLOrO HABYATBHOTO 3aKiany,

NOCBiAYEHHA MPO CKJIaAaHHA KaHAUAATCHKHX iCMUTIB (32 TX HatBHOCTI),

cnucok ony6IliKoBaHUX HAYKOBHX Mpaub Ta BHHaxofiB abo pedepar 3 obpaHoi HaykoBOi
CHeuianbHOCTI 3 peLeH3ieto nepe0ayyBaHOro HayKOBOIO KEPiBHHUKA,

MeIU4HY LOBiIKY PO CTaH 310poB’s 3a popMoto Ne 286-y,

ineHTudikauiiinuii kox,

oJHYy (GOTOKapTKy po3Mipom 3x4,

IIpuiioM ZOKYMEHTIB 10 JOKTOPAaHTYpH Ta acnipantyps 3 01.09 no 30.09 mopiuHo.
Bertynsi icnuTy no acnipantypu 3 10.10 no 30.10 wopiuHo.
INoyatok 3anaTe 3 01.12 wopiuno.

3a ingpopmayicero 36epmamuca:

Ten. :

JIHinponeTpoBCchbKHii HALLiOHATBHUH YHIBEPCUTET 3AIi3HUYHOTO TPAHCHOPTY,
Byn. JlasapsHa, 2,

M. JIHinpomeTpoBChLK,

Ykpaina,

49010.

(056) 373-15-44 — pexrop, npoo. [Twinbko Onekcanap MukonaiioBuy, npuAManbHs;

(056) 373-15-29 — npopekTop 3 HaykoBoi poboTH, npod. Mamnin Cepriit Bitanifiosny;
(056) 373-15-63 — 3aBinyloua acnipaHTypoto Ta JOKTOopaHTypoto JlaxHoBa IpuHa AHaToNiiBHa,
(ximu. 320).

B

Indopmaliia npo cneuianizoBaHi BYeHi paaH yHiBepcHTeTY
YHIBEpCHTETi Mpalfoe TpH cretliani3oBaHi BUeHi paaH i3 3aXMCTy JOKTOPCHKUX Ta KaHAMIATCh-

KHX QucepTauiii 3a cnelnianbHOCTAMH:

- J1 08.820.01 — 3anizuuuHa konis (05.22.06) Ta enekrporpancnopr (05.22.09); 05.22.12 — npo-
MUCJIOBHI TPAHCMOPT.

. - J108.820.02 — pyxoMuii cxiag 3anisHuuUb Ta Tara noisais (05.22.07) i ekcnnyarauis Ta peMOHT
3acobiB Tpancnopty (05.22.20); TpaHcnopTHi cuctemu (05.22.01);
- K08.820.03 — exoHoMika Ta ynpaBniHHg MiANpUEMCTBAMH (32 BUAaMH €KOHOMIYHOT AiSABHOCTI).
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IHAHOBHI KOJIET'R!

B xypHani po3nouaro ny6rikauito crareii, pe-
KOMEH/JOBaHUX 10 APYKY HayKOBUMH KOMiTETaMH
MDKHapOAHMX HAYKOBHUX KOHQepeHLil, 3a TakuMu
HanpaMKamu:

— [lpobnemu Ta nepcneKTHBH PO3BUTKY 3a-
NI3HUYHOTO TPAHCMOPTY.

— TlpoGnemH MexaHikH 3ani3HH4HOTO TpaHc-
HOpTY.

—  Ilpo6neMn eKOHOMiKH TPaHCMOPTY.

—  EkonoriuHuit iHTeneKT.

— DBe3neka pyxy i HaykoBi 3acaid eKkcrnept-
HHUX JOCHiKEHb TPAHCIIOPTHMX TIPUTOJ Ta iHxkKe-
HEPHHUX CIIOPYA.

3anpoluyeMoO OpraHi3aTopiB MiXHapOAHHX Ha-
YKOBHX 3aXO0JiB 10 CHiBMNpaLi 3 METOK ONPHIOA-
HeHHs Halibinblu BAroMUX HayKOBHX pe3y/bTartiB.

* %k ok

Tak, 9-11 Bepecns 2015 p. y MicTi JIbBOBI Bin-
6ynacs MixHapoaHa HayKOBO-NpakTHuHA KoHde-
peHLis «be3neka pyxy i HayKOBi 3acanM ekcruept-
HHUX AOCJi[DKEHb TPAHCNOPTHUX APHroA Ta iHxke-
HEPHUX CNOpYyA», NPUCBAYEHA JOKTOPY TEXHIMHHX
nayk Coxomy Enyapay MuxonaiioBuuy i opra-
Hi30BaHa JIHINpONeTpOBCHKUM HALliOHATBHUM YHi-
BEPCUTETOM 3aNi3HMUYHOTO TPAHCNOPTY iMeHi aka-
nemika B. Jlazapsna, VYkp3ani3uuueto, JIbBiB-
cekoto ¢iniero Ty Ta JIbBiBCbKMM HaykoBO-
JOCHiAHUM IHCTUTYTOM CYJOBHX €KCHEepTH3.

V koHiepeHUiT B340 y4acTb 125 HayKoBUiB Ta
crneuiaticTis 3 26 opradizauiil, y ToMmy uHcai:
18 nokTOpiB Hayk, nmpeacTaBHMkM MiHicTepcTBa
iHdpacTpykTypn, MiHicTepcTBa rocTuuii, Ykp-
3aNli3HULI, BHUIMX HaBYAIBHHUX 3aKnNajiB, Hayko-
BUX Ta HAyKOBO-JOCHNiHMX YCTaHOB 1| mil-
npuemMcTB Ykpainu, HiMeuunnu, JIuteu, Bipmenii
ta [Tonbuui.

Ha nneHapHux Ta cekuifHMxX 3acinaHHsx 3a-
cnyxatno 70 nonosizeli 3 nuTaHb NiABUILEHHS 6e3-
NeKH pyXy, METOJUKH Ta METOJOJIOFii eKCIIEPTHUX
JOCAi)KeHb DYXOMOro CKiagy 3ani3Hullb, aBTO-
TPAHCMOPTHHUX 3aco0iB, iHXKEHEpHHX cropyn, Mif-
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BMILUEHHA 1X eKCIlyartauidHoi HagiHHoCTi Ta Oe3-
Ne4YHOCTi, OLIHKM eKOHOMiuHOI edekTUBHOCTI 3a-
NPOTIOHOBAHKX 3aXOliB.

Ha xoHdepeHuii BigMi4eHo, 10 APiOPUTETHUM
HanpsAMOM pO3BUTKY TPAHCMOPTHOI ranysi € 3a-
6e3neueHHd Oe3neku. Y [aHOMY acneKkTi BaJiu-
BUM € npodinakTH4Ha PoOJb EKCMIEPTHUX AOCHi-
DKEHb BHMMaIKiB TPaHCHOPTHHX mnpuron. Perenn-
HUA HaykoBuil aHai3 NPUUMH, U0 TPU3BOAATH HO
TPaHCMOPTHUX NPUrol, AO3BONAE po3pobuTtu pe-
KOMeHJalil 3 HeAOMYLIEHHA iX y MaHOyTHbOMY,
BHOCHTH 3MiHM Y HOPMAaTHBHi JOKYMEHTH, yIO-
CKOHAJIIOBAaTH KOHCTPYKLiIO TPaHCMOPTHHX 3aco-
6iB Ta iH)KEHEPHHX CMOPYA.

* % *k

25-27 tpasus 2016 p. y JIHinponeTpoBCbKOMY
HalliOHaILHOMY YHIBEPCHTETi 3ali3HHYHOrO TpaH-
cnopry iMeHi akagemika B. JlazapsHa BinOynetbes
X1V MixHaponHa HayKOBO-TE€XHiuHa KOH(epeH-
uif «[1pobnemu MexaHiku 3aN1i3HHYHOrO TPAHCHO-
pTy. Be3nexa pyxy, AuHaMika, MiLHIiCTb pyXOMOT0
cklany Ta eHeprosbepexeHHs». KoHdepeHilis
NPOBOUTBLCA KOXHI 4 POKM 3a yuyacTio NpejcTaB-
HHUKIB BMIIMX HaBYaIbHMX 3aKajiB | HayKoBO-
ROCNIHUX iHCTHUTYTIiB, 3alli3HHUUb, JOKOMOTHBO-
i BaroHoOyniBHMX 3aBOAiB 6araTboX KpaiH CBITY.
Lle niaTBepmiye 3auikaBAEHiCTb BUPOOHUUYHMKIB
Y HOBHX TEXHONOTifAX i HayKOBMX po3pobkax, mno-
B’f3aHUX 3 poOOTOK 3aJli3HUYHOTO TPAHCMOPTY.
OOMiH 3HaHHAMM i JOCBIZOM BUEHHMX Ta iHXKeHe-
piB, fKi NpEICTaBNSIOTb HAYKOBI LIKOJM Pi3HHX
KpaiH, oco6nMBO BaXJIHMBi B yMOBaxX iHTeponepa-
GenbHOCTI, rnobanizauii ekoHoMikH i nornubneHHs
iHTerpauifiH1x npouecis.

Ha koHdepeHuii 6y 1y Th NpalioBaT cekuil:

— ©Ge3neka pyxy MNoi3aiB, NepexiHi pexxuMH,
eHeprozbepexeHHs;

—  B3a€EMOJifA PYXOMOrO CKJIaLy Ta KoJii, 3HOC
Kodfic i peliok;

—  MILHICTb, HAXIAHICTE.

* % %k
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