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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
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

Introduction

Identification of rolling stock on the railroads,
as trains in general and cars separately, is an inte-

gral part of many automation systems. Various

rolling stock, leads to the immediate improvement
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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
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 CPl1,
CP2, CP3 which include one or two coupled track
point detectors.

the

Fig. 1. The section structure of the identification phase of the rolling stock that
is implemented in the simulation model
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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,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 @ — 0.1 and 0.5 m/s%;

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

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

— the accuracy of point path-control trans-
ducers ¢, —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, .
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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 G,¢ 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]:

P(X)=R(X)-F.(X)-
~(r*-(N*=D/4-@4-r* =D))- B (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, »=-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, (2)

R(X)=)\-X-X[d, (3)
x-x) N*-1

B(X)=2,- L d J - 12 | “4)

P(X)=2; %

. [X—XJ _(X—XN&N —7} 5)
d d 20

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 7)

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,

B(X) =%

=2.L-453=x=R(x) {-L.1}; (8

— variable o,, ranges at three levels, it will
correspond to the polynomials of the first and sec-
ond degree:

X,-X, ©,-0.004

P(X,) =M\, —2 = =x,=P(x,),
1 (X 2 Z 0.002 ) = 1(x,

P(X,)=3-x;-2=P(x)) {-1,0,1}; (9

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

X;-X
R(Xy) =iy =m0,
3

§-6.5

=x; =F(x;),

1 5
PZ(X3)=Z-X32 _Z:Pz(xs),

5

41
B(Xy) ===

o5 =B () (3113 (10)

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
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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:

:zyui/n’

i=1

= 3 2.—n-_2 n-—1,
D V=N,

i=1

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

(an

(12)

— 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 Gcf =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 & 2
G Sumax ZSH

The value of the Gp

(13)

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= P (x)yu/ZP(x)

u=1

(14)

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 h-coefficients was tested by the
formula

|bl| = bcr = Sbi abie =

yl{ nyll
B N- (n )= =l ’ . (15)
N-n table *

= 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
n )
u=1

cale = N—l

The coefficient ¢

table

calculated by formulase

2
s (16)

where y, — 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,

calc
which is less than F,, ,
of the model.

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

and it shows the adequacy

):/u =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. a7

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

6,5(S,L,6,)=-0,0593-L-S° -5, —0,0054 —
~0,0000132-L -S> +
+0,000277-L-S* -0,6181-L-c, +

+0,00004 - S° +0,1344-S* -5, —1,5811-G, - S +
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+0,0111-S° -5, +0,4659 - G, x
xL-S—0,0015-L-S +
+0,00548- S +0,00151x

xL —0,001-S% +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 OTHKY TOYHOCTI IIEHTU®IKALIT PYXOMMX OJWHULD

Merta. Inentudikaniss pyxoMoro ckijiajly Ha 3ajli3HHLSIX, SIK HOI3/IB y LIJIOMY, TaK i BaroHiB OKpeMo, 3aiiMae He-
BiJI’€MHY YacTHHY 0araTbOX CHCTEM aBTOMaTH3alii. Pi3Hi iHpOpMaliiHO-KepyIO4l CUCTEMH Ha COPTYBAJIBHHUX CTaH-
LisIX, BUKOHYIOYHM TEXHOJIOTIUHI onepalii, noTpedyroTh onepatuBHOI iHpopMaii nmpo o0'ektn ynpasininas. [linsu-
IIEHHS TOYHOCTI BU3HAYEHHS Pi3HUX MapaMeTpiB, 0 XapaKTepU3yIOTh PyXOMHH CKJIaj, IPU3BOJAMUTE 10 Oe3rmocepe-
JTHBOT'O TIOJIIMILIEHHS SKOCTI YIpaBJiHHS BaroHONOTOKaMH. MeTa poOOTH moJsirae B po3pooOLi croco0y OLIHKH I0-
MHJIKM BH3HAYE€HHS MDKOCHOBHX BIJICTaHEH PYXOMHX OJMHMIL HAa KOHTPOJIBHIM JUISHII 3 BHKOPHCTaHHSIM
TOYKOBHUX KOJIIHHUX JATYMKIB U IPOBEICHHS MTONANBIIOI iTeHTH]iKamii BaroHiB Ta Jo0kOoMOTHBIB. MeTtoanka. s
JIOCATHEHHS TTOCTaBJICHOI METH OyJIM BUKOPUCTAHI iMiTaIliifHe MOJICTIOBAHHS Ta METOJ IUIAHYBaHHSA €KCIICPHMEHTY.
Byma po3pobineHa iMitariiina Mozienb, MO 03BOJISE BU3HAYATH TUMYACOBI iIHTEPBAJ M MIX HAi3I0M KOJICHHX Iap
PYXOMUX OIUHHIb Ha TOYKOBI KOMNiHHI JaTYWKH, PO3TAIIOBAaHI HA KOHTPOJBHIA AUISHIN 3 BapiiiOBaHMMH XapakTe-
pUCTHKaMU MPUCTPOiB ineHTudikarii. OTpuMaHi 3 BUKOPUCTAHHSAM IMITaIIifHOT MOJIeNi 3HAYEHHS YaCOBUX iHTEpBa-
7iB OyJM 3aCTOCOBaHI B METO/II IUIAaHYBAaHHS €KCIEPUMEHTY ISl TOCATHEHHS KiHmeBoi meTu. PesyabraTu. OGumc-
JICHI aHAJTITUYHO 3HAYCHHS MOXHMOOK BHU3HAYEHHS MIKOCHOBHX BiJICTAaHEH HE MArOTh 3HAYYNIUX BIIMIHHOCTEH BiJ
3Ha4eHb, OTPUMAHUX 13 BUKOPHCTaHHAM iMiTaliiiHol Mmozedxi. Lle B moBHiil Mipi J103BOJII€E BUKOPUCTOBYBATH OTPH-
MaHy (QYHKI[IOHAJIBHY 3aJICKHICTh JJIS OLIHKKA MOMJIMBUX MOXMOOK imeHTH(IKAIi pyxoMoro ckiamy. Pe3yibratu
JaHoi poOOTH MOXKYTh OyTH BUKOPHCTaHI SIK JUIs i1eHTH(IKalil OKpEMHX PYXOMHX OIUHHIb, TaK 1 VISl BCHOTO MOi3-
na B ninomy. HaykoBa HoBu3HA. BukopucToByroun nomnepenHbo MpoBeleHi JOCTHiKEeHHs (HaKTopiB, IO BILIBA-
I0Th Ha TMOXMOKY BH3HAYEHHS MDKOCHOBUX BiJICTAaHEW PYXOMHUX OAHMHUIIL Ta PO3pOOJICHY IMITallifHY MOAETh st
o0YHCIIeHHS MDXKOCBOBHX BifcTaHel, Oyina BHBeZeHa (DYHKIIIOHANBFHA 3AJICXKHICTh MOXMOKHA BU3HAYEHHS MIKOCHO-
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BHX BiJIcTaHeH BiJ MOMIIKH (ikcallii KojJeca TOUKOBUM KOJTIHHUM AaTIYMKOM, BIZICTaHI MK TaTYMKAMHU Ta BUMIpIO-
BaHoi BiacTaHi. [IpakTHuHa 3HaumMicTh. /laHa QyHKIIOHANbHA 3aJIEKHICTH JO3BOJISE BHUPIMIUTH HACTYIHI 3a-
BIAHHS: OOYMCIIEHHS IPAHUYHO MOJIMBUX MOMHJIOK BU3HAYCHHS MDKOCHOBHX BIJICTaHEH PYXOMHX OAMHHIL HPU
BIZIOMHX IapamMeTpax KOHTPOJBbHOI AUISIHKMA Ta OOYKMCIIEHHS apaMeTpiB KOHTPOJIBHOI AUISHKU MPH BIIOMUX MOX-
JIMBO AOIIYCTUMUX NOMUJIKAX BU3HAUYCHHSA Mi)KOCI)OBI/IX Bi}ICTaHeﬁ PYXOMUX OOUHHUIIb.

Kniouosi cnosa: merox minaHyBaHHS €KCIEPHUMEHTY; iNeHTH(IKAIS PyXOMOTO CKJIaay; KOHTPOJIbHA IUIIHKA;
MI’KOCHOBI BiJICTaHi; TOYKOBUI KOJIHHUN JaTUHK
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UCIMOJb30BAHUE METOJIA IJIAHUPOBAHUS DKCIIEPUMEHTA
JUIS1 OUEHKU TOYHOCTU UJEHTUPUKALIMA
MOJABUKHBIX EJJMHULL

Hens. VnenTudukanus MoABMKHOTO COCTaBa Ha JKEJE3HBIX JOpOraX, Kak ITOE3IOB B IIEJIOM, TaK M BaroHOB
B OTICIHHOCTH, 3aHMMAET HEOTHEMIICMYIO YaCTh MHOTHX CHCTEM aBTOMAaTH3alWu. PasmmyHble WH(OPMAIIMOHHO-
YIPAaBJISIFOIUE CHCTEMBI HA COPTUPOBOYHBIX CTAHIIHSIX, BBITOJHSS TEXHOJIOTHYCCKHE OTICPAINU, HYXKIAIOTCS B OIIe-
patuBHOI mHMopManmu 00 00BEKTaX yrpaBieHUsA. [IOBHIIICHHEe TOYHOCTH ONPEACTICHUS PA3MUIHBIX TapaMeTPOB,
XapaKTePU3YIOMUX TTOABIKHON COCTaB, MPUBOJNT K HETIOCPEICTBEHHOMY yIyUIIEHHIO Ka4eCcTBa yIIPABICHHUS Baro-
HomoToKamu. Llenp paboThl 3akimrodaeTcst B pa3paboTKe crmocoda OIEHKH OIIMOKH OIpeeNieHHsT MEKOCEBBIX pac-
CTOSIHUH MOABIKHBIX €IMHUI] HA KOHTPOJIHFHOM y4YacTKE C UCIIOb30BaHIEM TOUCUHBIX IyTEBBIX JAaTYHKOB I MPO-
BEJICHHs TOCIEAYIOIIeH WIeHTU(HUKALME BarOHOB M JIOKOMOTHBOB. MeToauka. J[iis TOCTHKEHUS] MOCTAaBICHHOMN
ey ObUTH MCTIONh30BaHbl UIMUTAITMOHHOE MOJICTUPOBAHUE U METO]I INIAHUPOBAHUS dKCIIepruMenTa. brlina pa3pado-
TaHa UMHUTAIlMOHHAA MOJCJIb, ITO3BOJIAIOIIAA OHpeﬂeHﬂTb BpeMeHHLIe l/IHTepBaJ'H)I Me>1<)1y Hae310M KOJICCHBIX nap
IIOABWXKHBIX €AWHUIl HA TOYCUYHBIC HyTeBble JaTYuKU, paCl’lOJ’IO)KeHH])Ie Ha KOHTpOHbHOM y‘-IaCTKe C Bapbl/lpyeM])lMI/I
XapaKTEepPUCTUKAMH yCTPOHCTB uieHTH(uKamu. [lonydeHHble ¢ UCIOIb30BaHHEM UMHUTALMOHHON MOJIENN 3Have-
HUS BPEMEHHBIX WHTEPBAIOB OBLTH MPUMCHEHBI B METOC IUIAHUPOBAHUS SKCIICPUMEHTA I JOCTHXKCHHS KOHEU-
HoW 11enu. Pe3yabTaThl. BeIYUCICHHBIC aHATUTHYCCKH 3HAYCHUS MOTPEITHOCTEH OIpPEeIICHIsI MEKOCEBBIX pac-
CTOSIHUIM HE WMEIOT 3HAYMMBIX OTIMYHI OT 3HAYCHWI, MONyYSHHBIX C HMCIIOJIF30BAaHHEM HMHTAIMOHHOW MOJEIH.
OTO0 B MONHOH Mepe IIO3BOJSET HCIONB30BaTh IONYyYEHHYIO (YHKIHOHAIBHYIO 3aBHCHMOCTH IS OICHKH
BO3MOJKHBIX ITOTPEITHOCTEH WACHTU(HUKAIMKA TMOIBIKHOTO COCTaBa. Pe3ynmpTaThl NaHHOH pabOTHI MOTYT OBITH
MCIOJIB30BaHbl KaK Uil WACHTH()HKALNK OTACIBbHBIX MMOIBMKHBIX CIUHMI[, TAaK M U1 BCErO 10373 B LICIOM.
Hayunas HoBu3Ha. Mcronb3ys mpeBapuTelibHO MPOBEICHHBIE UCCISI0BaHHS (haKTOPOB, BIMSIONIMX HA ITOTPELI-
HOCTB OTIPE/IETICHUSI MEKOCEBBIX PACCTOSHHUN MOABIDKHBIX SAWHUI, U pa3pab0TaHHYI0 HMUTAIIMOHHYIO MOJENb IS
BBIYHCIICHUS MCXKOCECBBIX paCCTOﬂHMﬁ, 6])1.]'13 BBIBCJICHA (byHKIlI/lOHaHLHaH 3aBUCUMOCTbH HOFpeLlIHOCTl/I OHpeZleﬂeHl/Iﬂ
MEXKOCEBBIX paCCTOHHl/Iﬁ oT OHJI/I6KI/I (l)I/chaLII/II/l KoJIeCa TOYCUYHbBIM l'[yTeBI)IM JaTYUKOM, paCCTOﬂHl/IH Me>1<)1y JaaT4yu-
KaMu ¥ u3MepsieMoro pacctosiaus. [IpakTndyeckasi 3HaYMMOCTD. J[aHHas QYHKIIMOHAIBHAS 3aBUCUMOCTb ITO3BOJIs-
€T PeIIUTh CICAYIONINE 33Ja4l: BEIYUCICHHE TPEACTHHO BO3MOXKHBIX OIMOOK OIMpPECeIICHHUSI MEXKOCEBBIX PacCTOs-
HUH MOJNBWXHBIX CIWHUII MPHU U3BECTHBIX IapaMeTpax KOHTPOJHHOIO y4YacTKa M BBIYMCIICHHE MapaMETPOB KOH-
TPOJBHOTO YYaCTKa, IIPU U3BECTHBIX BO3MOXHO JOMYCTHUMBIX OIMUOKAX OIMPEICIICHIUS MEXKOCEBBIX PACCTOSHUMA MO~
BHOKHBIX €IUHUII.

Kniouesvie cnosa: MeTos TUTAaHUPOBAHUS IKCIIEPHMEHTA; HACHTU(MUKAIHS MTOJIBHKHOTO COCTaBa; KOHTPOJIBHBIN
YYaCTOK; MEKOCEBBIC PACCTOSIHUS; TOUCUHBIH ITyTEBOM TAaTIUK
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