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CHOICE OF THE OPTIMAL PARAMETERS OF MEASURING THE
SHAFT ROTATION FREQUENCY OF THE HYDRAULIC
TRANSMISSION OF THE LOCOMOTIVE USING
MICROCONTROLLER

Purpose. The article provides for finding solution to the problem of developing and improving the means for
measuring tachometric data of the previously created information and measuring system for testing hydraulic loco-
motive transmission by substantiating the optimal sensor design and signal processing algorithms. At the same time
first of all it is necessary to start from the possibility of modifying the already existing test bench for hydraulic lo-
comotive transmissions at the Dnipropetrovsk diesel locomotive repair plant «Promteplovoz». Methodology. In the
work, the researchers proposed a methodology for modifying the sensor design and the algorithm for processing its
signals. It is grounded on previous developments of tachometric sensor of the optical type on the basis of D-2MMU-
2 sensor of the microprocessor automated test bench system of hydraulic locomotive transmission in the locomotive
repair plant conditions. Selection of the necessary measurement algorithm and the number of sensor teeth is substan-
tiated by calculating instrumental and methodological errors. Also, the studies aimed at identifying the source of
interference in the measurement of rotational speed are described and solution for its elimination has been found.
Findings. For the designed rotation speed sensor of the optical type based on the existing D-2MMU-2 sensor, the
authors analyzed the dependence of the methodological and instrumental errors. Based on the obtained data more
rational variant of the rotation speed calculation algorithm is proposed, and the number of teeth of the sensor disk is
justified. Further, the main source of measurement interference was established and a method for improving the
hardware of the hydraulic locomotive test bench was proposed. Originality. There were conducted the studies ac-
cording to the methodological and instrumental errors of the designed rotation speed of sensor. The mechanisms of
interference filtering arising from the sensor rotation speed fixing were proposed. Additional studies have shown the
need for a hardware revision of signal conditioner scheme. Practical value. Conducted studies make it possible to
establish a rational number of sensor disk teeth, which allows improving the measurement algorithm. It was also
performed a hardware improvement of signal conditioner scheme from the sensor, helping to get rid of interferences.
The results of measurements in studies are the initial data to perform further studies in order to determine the techni-
cal condition of hydraulic transmission UGP 750-1200 during factory testing after repair.

Key words: tachometer sensor; 2MMU-D-2; hydraulic transmission; hydraulic transmission test; testbench; in-
formation-measuring system

diesel locomotives and military equipment with
Introduction hydraulic transmission. Also, there is no standardi-
zation of the production of these test-benches.

As part of the work for improvement and
modernization of the existing hydraulic transmis-

Today in Ukraine, the hydraulic transmission is
tested using the outdated test-benches designed in
Soviet times, in particular at the repair plants of
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sion test-bench at DZRT «Promteplovoz» plant it
was revealed that the installed thereon analogue
control devices are out-of-date. In the first stage of
development in accordance with the plant test pro-
gram the most necessary and critical 13 process
parameters were selected. Information about which
received from the sensors is processed by the mi-
crocontroller and PC [9].

Information about the rotation frequency of the
drive motor, the generator, the turbine shaft is
measured using D-2MMU-2 tachometer sensors
[6], which transmit the pre-processed analogue
signal to a special converter and then to ATMEL
microcontroller for its further processing and
transmission by USB 2.0 interface to the computer
[9].

D-2MMU-2 sensor is nothing but an alternator,
which has a critical flaw — at relatively low speeds
(established experimentally at about 80 min™") the
voltage amplitude produced by the alternator is not
sufficient for the normal error-free measurements
(at speeds of about 60 min™', the amplitude is about
1V, and at 2000 min™ — 40 V). It is clear that at
very low speeds the amplitude will be several tens
of millivolts. To measure such a low voltage in the
plant conditions is practically impossible, since,
firstly, long communication lines from the test-
bench to the measuring equipment may have low
voltage blanking and, secondly, at the plant there is
a large number of different sources of electromag-
netic interferences, which may be laid on commu-
nication lines and erroneously recorded as the be-
ginning of rotary motion on the test-bench.

On the basis of available equipment of hydrau-
lic transmission testbench it was designed the rota-
tion frequency sensor of optical type based on the
existing sensor 2MMU D-2 [13]. According to the
results of plant tests using the sensor prototype it
was established the necessary and sufficient time
for scanning the control sensor microcontroller,
which allowed making changes in the measure-
ment algorithm.

Purpose

In the calculations, it was found that changes in
instrumental and methodological errors [4], which
may be a result of missing and/or averaging the av-
eraging, require further investigation. Also, as a re-
sult of the tests, the measurement statistics were
obtained, which indicates the presence of interfer-

ence that requires the development of filtering
mechanisms. It is necessary to identify the exact
nature of the interference, which in turn can sim-
plify, and, perhaps, completely eliminate the filter-
ing mechanisms by making corrections to the hard-
ware and software part of both the sensor and its
interface circuit with the computer of the test bench.

To improve the designed sensor [13] (in order
to choose a rational number of the disk teeth and
the optimal algorithm for calculating the rotational
frequency), it is necessary to calculate the instru-
mental and methodological errors that arise during
the measurements. Obviously, the instrumental
error should increase in proportion to the increase
in the number of teeth (due to inaccuracy in their
manufacture), and the methodological error on the
contrary should fall with the increase in the num-
ber of teeth.

Methodology

To calculate the instrumental error, let us repre-
sent the calculation of the rotation frequency
o using the known formula:

L

= .60 [min™], 1
SR [min"] (1)

()

where ® — is the measured rotation frequency
[min']; L — arc length between the teeth [mml];
R — distance from the disc center to the middle of
the tooth height [mm]; T —propagation time of the
infrared ray of optocoupler of the arc L (period of
the signal) [sec].

If the measurement error 1 is neglected, then
the relative measurement error [13] has the form:

SZTa (2)

where A, — is the difference between the actual

and theoretical length of the arc L [mm].

Substituting (1) in (2), it is obtained a formula
for calculating the relative error (instrumental),
taking into account the dependence on the number
of teeth:

8inst = M ’
2nR

where N — is the number of teeth of the sensor disk.

When using the formula (1) for measuring the
rotational frequency the acceleration that may oc-
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cur is not taken into account, as a result of which a
methodological error arises. To calculate the
methodological error, we will calculate the rota-
tional frequency using the following formula:
o= 60 [min™'] (3)
™ .

Without considering the instrumental error, the
actual rotational frequency can be expressed in terms
of the measured rotational frequency at the end of

the next measurement period (under the condition of
uniform acceleration) according to the formula:

[ (V]

meas

+aT [min],

“4)

where ®,, — actual rotational frequency [min’l];
®neqas — Measured rotational frequency [minl]; a—
acceleration [min"/s*]; T — delay time introduced
by the measurement algorithm [sec].

It follows from (1) that 7' =t.

It was calculated and established that the per-
formance of all assembler commands involved in
the measurements is quite small value. The influ-
ence of this error g, is illustrated in Fig. 1.

As it can be seen from Fig. 1, under the given
technical conditions, this error is extremely small
and it can be neglected.

In this case, the absolute methodological error
will have the following form:

act

A=o,, ~©,,, [min'].

meas

Taking into account (3) and (4), the formula for
the relative (methodological) error is:

&4%

& & & <

a-60

€

meth —

a-60 )
meas n

The graphs of the dependence of the instrumen-
tal and methodological errors on the number of
teeth in the disk with different input parameters are
shown in Fig. 2 and Fig. 3.

As it can be seen from Fig. 2, approximately
starting from the value of the rotational frequency
equal to 200 min™, it is enough to use a wheel with
one tooth (intersection of methodological and in-
strumental errors is the optimum point). Fig. 3
shows that at ® = 20 min”, to minimize the

error it is sufficient to use about 9 teeth. The accel-
eration a was chosen as high as possible.

Summarizing the obtained result, and also in
order to simplify the calculating algorithm of rota-
tional frequency, it was decided to modify the cal-
culation algorithm as follows: up to 50 min™ (valid
at the average acceleration @ = 1.15 min™/s* [13])
to perform calculations as earlier, taking into ac-
count each period of the signal from the sensor (for
a disc of 10 teeth). Starting from the rotational fre-
quency greater than 50 min™ it was decided to take
into account the duration of ten signal periods from
the sensor as one measurement period, i.e. simulate
a single-tooth disc. This condition practically does
not contradict the conclusions made in the work
[13], as there it was justified the sufficiency of
using every 8" sample of the rotational frequency.
In the process of testing the projected sensor the
interferences were detected (Fig. 4).

O peas?| Oreas
()

i 4 VAV

. ©p, min -1

N,ép ;59 .»h@ ©

Fig. 1. Dependence of the deviation €, of the measured rotational frequency from
the actual rotational frequency introduced by the execution time
of the assembler commands of the microcontroller
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Fig. 2. The graph of the dependence of the instrumental and methodological errors

on the number of teeth in the disk at ®
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Fig. 3. The graph of the dependence of the instrumental and methodological errors

on the number of teeth in the disk at ®,,,

As can be seen from Fig. 4, there is some kind
of interferences in the signal from the sensor, as
indicated by the spectrum of the signal obtained
using the fast Fourier transform [1, 5].

These low-frequency interferences are easily
filtered, for example, by arbitrary finite impulse
response (FIR) filter [5, 11]. For this purpose, the
FIR filter of the 10™ order was used filtering the
frequencies up to 10 Hz. As one can see from Fig.
4 has filtered the supposed interferences partially.
However, there are visible residual beatings of un-
known origin. Of course it is impossible to assert
that this interference is of a different nature or it is
the specificity of the hydraulic transmission opera-

=20 min, @ =10 min''/s>, A, =2 mm

tion (high-precision reference sensor is not available
at the factory). These residual interferences can
also be easily filtered by moving average algorithm
[12] for example, as it is shown in Fig. 5.

But the expediency of such an action is ex-
tremely doubtful. Firstly, it is unknown whether
this is the interference (presumably, in the plant's
environment there would be more high-frequency
interferences). Secondly, it is possible that such
deviations in the signal can be caused by some
fault of the software or hardware parts of the de-
signed test bench. As a result, it is necessary to
conduct additional studies.
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Fig. 4. Interferences obtained during sensor tests
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Fig. 5. Filtration of interferences using the moving average algorithm

As a result of studies the errors in the program
part of the stand were not found. But a potential
source of interference was found in the hardware
(electronic) part of the stand.

The pulse driver (which go to the input of the
microcontroller) was nothing but a Schmitt trigger
CD40106BM [8] manufactured by Texas Instru-
ments. And, as it is known, such triggers have a
wide range of thresholds for both operation and
release of the logical unit. This effect is shown in
Fig. 6 taken from the official documentation.

Since the fronts of the incoming pulses from
the sensor are quite heavily overloaded (as it is
shown in Fig. 7), the signal at the output of the
driver (Schmidt trigger CD40106BM) will always
be of unequal duration, taking into account the
specificity of its operation shown in Fig. 6.

Guaranteed
Trip Point Range
15

*MINIMUM HYSTERESIS
SPREAD (=02 Vpp)

129

INPUT VOLTABE (V)

Vop(Vi

Fig. 6. Range of thresholds
for operation and release
of the Schmitt trigger CD40106BM [8]
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Fig. 7. Oscillogram of the front of the signal
coming from the sensor

Analysis of the existing microcircuits of single-
pass Schmitt triggers showed that they have similar
characteristics, as well as for the Schmitt trigger
CD40106BM. The way out of this situation is the
use of two-input Schmitt triggers, where it is pos-
sible to set a fixed operation voltage due to the use
of backward communication. The study of the
market of existing microcircuits of two-input
Schmitt triggers and operational amplifiers was
conducted. As a result, it was found that the use of
microcircuits of two-input Schmitt triggers is not
rational: the operational amplifier makes it possible
to set operating voltage more flexible and accurate
with minimal deviations, and its cost does not
exceed the cost of the Schmit trigger. Therefore, it
was decided to make own pulse driver using the
operational amplifier LM 124 [10].

The driver is constructed according to the
scheme shown in Fig. 8

Usup
R3 /?70};?—&0%;7 U} aut
£0
R4 4

Fig. 8. Scheme of the pulse driver
on the operational amplifier

To calculate the driver [3, 7], the following in-
put conditions are accepted:

The supply voltage Uy, =4.7 V;

The operate voltage U,, =3 V;

The maximal voltage at the output of the ampli-
fier, the received one 1-2 V less than the supply
voltage Upx=3.46 V;

The minimum voltage at the output of the am-
plifier is Upi, = 0.3 V.

The driver is constructed according to the
scheme in Fig. 8.

To calculate the positive feedback resistor R2,
it is necessary to determine the hysteresis AU of
the amplifier. It has been experimentally estab-
lished that AU = 0.3 V is sufficient for stable
operation. Resistor R/ was selected with a nominal
of 39 kOhm. Accordingly, based on the results of
calculations, R2 = 452.4 kOhm.

To form the bias voltage E0 of the operating
point of the amplifier switching, it is calculated by
the formula:

EO0O=U,,

Thus, £0 = 2.85 V. Resistor R4 was selected
with a nominal value of 3.3 kOhm. Correspond-
ingly, according to the results of calculations
R3=2142.11 Ohm.

To check the accuracy of calculations, it is also
necessary to calculate the operating and release
voltages of the operational amplifier. To do this, the
speed of switching a,,, is required, which for the
selected amplifier is 0.1 V/ms [3, 7]. The operating
voltage Uj_,; is calculated by the formula:

R1 R2
1 = U +EQ +a,,.
R1+R2 R1+R2

UO
The release voltage U1—0 is calculated by the

formula:

=U_ Rl +EO0 R2 -a,,
R1+R2 R1+R2

U1—>0

According to the results of calculations,
U,,,=3V,and U, , =2.55V. Simulation of this

calculated circuit of the driver confirmed the accu-
racy of calculations. The oscillograms of the opera-
tion simulation are shown in Fig. 9.

Real tests of the new pulse driver were also car-
ried out. The graph of the performed measurements
is shown in Fig. 10. As can be seen from Fig. 10
there is practically no interference in the results
obtained. This allows us to talk about identifying
and complete eliminating the source of data distor-
tion in the developed hydraulic transmission test-
ing system. In this case, the application of digital
filtering algorithms is not necessary.

—0
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Fig. 9. The oscillograms of the driver operation simulation

Findings

For the projected optical sensor of the rota-
tional frequency based on the existing D-2MMU-2
sensor, the analysis of the methodological and in-
strumental errors was performed. Based on the data
obtained, a more rational variant of the frequency
calculation algorithm was proposed, and the num-
1
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700 |r
600 |
500 J
400

300

200
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i]
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ber of teeth of the sensor disk was justified. The
nature of the interferences that occur during data
collection was investigated. As a result, the main
source of measurement distortion was established
and the method for improving the hardware of the
hydraulic locomotive test bench, which eliminated
this source, was proposed.

e

ms

15000 20000 25000 30000

Fig. 10. The graph of the performed measurements of the rotational frequency using
the pulse driver based on the operational amplifier

Originality and Practical Value

The studies of the dependence of the methodo-
logical and instrumental errors of the designed ro-
tational frequency sensor were conducted. Rational
mechanisms for filtering the interferences that oc-
cur when fixing the rotational frequency have been
proposed. Additional studies have shown the need
for hardware refinement of the signal conditioner
circuit. The conducted researches allowed estab-
lishing a rational number of the sensor disk teeth,
which made it possible to improve the measure-
ment algorithm. It was also proposed hardware
improvement of the signal conditioner circuit from

the sensor, which made it possible to get rid of in-
terferences. The results of the measurements
during the studies are the initial data for further
research to determine the technical state of the hy-
draulic transmission UGP 750-1200 during the
factory post-repair tests.

Conclusions

The dependence of the instrumental and
methodological errors of the developed tachomet-
ric sensor of the optical type was investigated.
Based on the studies carried out, it is proposed to
modify the algorithm for calculating the rotational
frequency as follows: up to 50 min" (valid at the
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average acceleration ¢ = 1.15 min™'/s* [13]) to per-
form calculations taking into account every second
period of the signal from the sensor ( for 10 teeth
disk), and starting from the rotational frequency
greater than 50 min™ to take into account the dura-
tion of ten periods of the signal from the sensor as

was found that the use of a 10-tooth disc is ra-
tional. In order to eliminate distortions in the
measurements, calculation and testing of the pulse
driver from the sensor based on the operational
amplifier LM 124 was performed on the basis of
the used Schmitt trigger CD40106BM.

one period, i.e. to simulate a disk with one tooth. It
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EKCIUTYATAIIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

BUBIP OITUMAJIbHUX ITAPAMETPIB BUMIPIOBAHHA YACTOTH
OBEPTAHHS BAJIA I'IIPABJIIYHOI ITIEPE/IAYI TEIIVIOBO3A 3
BUKOPUCTAHHAM MIKPOKOHTPOJIEPA

Merta. CrarTs nependadae 3HaXOMKEHHS PIMICHHS 3a1adi PO3pOOKH Ta YIOCKOHAJIECHHS 3aCO0iB BUMIipIOBAaHHS
TaXOMETPHUYHUX JaHUX paHille CTBOPEHOI iH(OpMAaIiifHO-BUMIipIOBAIFHOI CHCTEMH BHIIPOOYBaHB TiApaBIIIdHUX
nepesiayd TEIJIOBO3IB ILUIIXOM OOIPYHTYBAaHHs ONTHMAJILHOT KOHCTPYKLIT JaTYNKa Ta aJITOPUTMIB OOPOOKU CHIHAITY
Big HpOrO. [IpH 1IbOMY BiNIITOBXYBAaTUCS HEOOXIIHO, B MEPIILY YEPry, BiJi MOKIMBOCTI Mo diKalii Bke ICHYI0YOT0
CTCHIy BUIPOOYBaHb TiIPaBIIYHUX Mepeay TeIUIOBO3IB Ha JIHIIPONETPOBCHKOMY 3aBOJIi MO0 PEMOHTY TEILUIOBO3IB
«IIpomremoBo3». Meroanka. ¥ po6oTi fociifHUKaMH OyJia 3alpOITOHOBAaHA METOIMKa MoandiKanii KOHCTPYKIIii
JlaTYMKa Ta alropuTMy oOpoOKM Horo curHainiB. BoHa crimpaerscst Ha mornepeiHi po3poOKH TaXxOMETPUYHOTO JiaT-
YHMKa ONTHUYHOTO THITy Ha OCHOBI narunka J[-2MMYVY-2 MikponpouecopHoi aBTOMaTu30BaHOI CHCTEMH CTEHIOBHX
BHUIIPOOYBaHb TiPaBIIYHAX Tepeaad TEIUIOBO3IB B yMOBaX TEIUIOBO3OPEMOHTHOTO 3aBoay. OOrpyHTOBaHO BHOIp
HEOOXiTHOTO alTOPUTMY BHMIpPIOBAaHB 1 KUTBKOCTI 3yOIliB JaTYMKa MUIIXOM PO3pPaxyHKIB iHCTpYMEHTaIBHOI Ta Me-
TOAMYHOT MOXWOOK. TakoX omucaHi IOCHi/KEHHS, CIIPSIMOBaHI Ha BUSBIICHHS JUKEpENa MEPEHIKoA MpH BUMipax
4acTOTH O0OEPTaHHS Ta 3HANIEHO PIMIeHHS MIOAO Horo ycyHeHHs. PedyabraTn. [ CpoeKTOBAaHOTO JaTYMKa Jac-
TOTH 00epTaHHS ONTHYHOTO THITY Ha OCHOBI BKe icHyrodoro gatyuka J[-2MMY-2 aBropamu 0y0 BUKOHAHO aHANTI3
3aJIe)KHOCTI METOJIMYHOI Ta iIHCTPYMEHTAJIBHOI MOXHUOOK. 3alIpOIIOHOBAHO, HA OCHOBI OTPHMAaHUX JaHUX, OUTBII pa-
LIOHAJILHUHM BapiaHT aJrOPUTMY PO3pPaxyHKy 4acTOTH OOEpTaHHS, a TaKoX OOIPYHTOBaHA KiNBKICTh 3yOLIB JUCKa
nmatauka. J{ami 0yJ0 BCTAaHOBJIEHO OCHOBHE JKEPENIO TEPEIIKO BUMIPIB Ta OYB 3alpONOHOBAHMI CIOCIO YI0CKOHA-
JICHHSI arapaTHOI YaCTHHU CTEH]ly BUIIPOOYBaHb TiIpaBlivHUX Nepenay TeruioBosis. HaykoBa HoBu3Ha. Byiu npo-
BE/ICHI JIOCII/DKEHHS 3aJI€KHOCTI METOAWYHOI Ta IHCTPYMEHTAJIbHOI MOXMOOK CHPOEKTOBAHOTO JaTYMKa YacTOTH
oOepTaHHs. 3anponoHOBaHI MeXaHi3MHU (uIbTpamii ImepemKkos, o BUHUKAIOTh NpH (ikcanii yactotu oOepTaHHS
JaT4uKoM. J[0aTKOBI JOCIHIIKEHHS MTOKa3aiId HEOOXiJHICTh alapaTHOTO JIOONPAIIOBaHHS cXeMH (opMmyBada cur-
Hairy. [IpakTHyna 3HaYMMicTh. [IpoBeneHi MOCTiMKEHHS JO3BONMIA BCTAHOBUTH PAIliOHANBHY KiTBKICTH 3yOIiB
JIFICKa JaT4YMKa, IO Jaji0 MOXKIIMBICTh YAOCKOHAJIHUTH aJrOPUTM BUMIpIOBaHb. Takox Oys0 BUKOHAHO arapaTHe Io-
JNImeHHst cxeMu (popMyBada CUTHAIY BiJ JaTYMKa, 0 JO3BOJIMIIO MO30yTHCS MEpeIKo . PesynpraTti BUMipioBaHb
MIPH JOCTIHKEHHAX € BUXITHAMU JAHUMH JUTI BUKOHAHHS MOJJANBIINX JOCI{KEHb 13 METOI0 BU3HAYCHHS TEXHIYHO-
ro crany rigpasnigaoi nepenadi YI'TI 750-1200 mix gac 3aBOICHKUX MICIIPEMOHTHHUX BUIIPOOYBAHb.

Knrouosi crnosa: tTaxomerpumunmii natunk; J-2MMY-2; rigpaBiiuna mepenada; BUIpoOyBaHHS Tigporepenad;
BHIIPOOYBANBHUI CTEHIT; iHPOPMAaIliifHO-BUMIpIOBaIbHA CHCTEMA
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BbIbOP OIITUMAJIbHBIX TAPAMETPOB U3BMEPEHUA YACTOTbI
BPAIIEHUSA BAJIA THAPABJIMYECKOU ITIEPEJAYM TEIIJIOBO3A
C UCITIOJIb3OBAHUEM MUKPOKOHTPOJIVIEPA

Hean. CraThst MpeaycMaTpUBaeT HAXOXKICHUE PEICHHUS 3a/add pa3padOTKH M yCOBEPIIEHCTBOBAHUS CPEIICTB
M3MEPEHUS TaXOMETPHUYECKHUX AAaHHBIX paHee CO3JaHHOW MH(POPMAIMOHHO-U3MEPHUTENIBLHON CHCTEMbI HCIIBITAHUI
THIPABINYECKUX Tepeaady TEIUIOBO30B IyTeM OOOCHOBAHUS ONTHUMATIbHONW KOHCTPYKIMM JATYMKa U alrOPUTMOB
00paboTkK curHana ot Hero. [Ipu 3TOM OTTaNKKUBATHCS HEOOXOIMMO, B IIEPBYIO OYEPE/lb, OT BO3ZMOKHOCTH MOIH-
(UKanuy yxe CyIIECTBYIOIIET0 CTEH/IA UCTIBITAHUN THIPABINYECKUX Mepeaad TeIIoBO30B Ha J[HenmponeTpoBCcKOM
3aBoJie II0 PEMOHTY TerioBo30B «IIpomTemnoBo3». Meroauka. B pabGorte uccienoBaressiMu ObLia MpeiIoXKeHa
METOIMKa MOJU(HKAIIMK KOHCTPYKIMH JaTYMKa U ajJropuTMa o0padoTKH ero curuanoB. OHa onmupaeTcsi Ha Ipe/ibl-
Jymye pa3padOTKH TaXOMETPUUECKOTo JIaT4yMKa ONTHYECKOTro THIIAa Ha ocHOBe Jardrka J[-2MMYVY-2 mukponporec-
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EKCIUTYATAIIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

COpPHOI aBTOMAaTH3UPOBAHHOM CHUCTEMbI CTEHJIOBBIX UCIIBITAHUHN THMAPABIMUECKUX MEPeaay TEIJIOBO30B B YCIOBUSAX
TEIUIOBO30PEMOHTHOTO 3aBoja. OOOCHOBaH BHIOOP HEOOXOMMMOIO AJITOPUTMA H3MEPEHHHA M KOJUYECTBA 3yOheB
JlaTYMKa IMYTEM PAacYETOB MHCTPYMEHTAIBHOM M METOAMYECKON morpemHocTed. Takke omMcaHbl HCCIEAOBaHUSA,
HaIpaBJICHHbIE HA BBISBICHUE HCTOYHUKA ITOMEX MPU U3MEPEHUSIX YaCTOThI BpallleHus, U HAlICHO pellleHue Mo ero
ycTpaneHuto. Pe3yabTarthl. /[ COpOEKTUPOBAHHOTO JaTUYMKA YaCTOTHI BPAIICHUS ONTHYECKOTO THIA Ha OCHOBE
yKe cymecTBytomero natauka J-2MMYVY-2 aBTopaMu OBUT BBITIOJTHEH aHAIN3 3aBECUMOCTH METOANYCCKON U MHCT-
pyMeHTanpHOH norpemHocteil. [IpemmoixkeH, Ha OCHOBE MMOMYYSHHBIX JaHHBIX, OOJiee pallMOHAIBHEBIN BApHAHT aJro-
puUTMa pacué€Ta 4acTOTHI BPAICHUS, & TAaK)Ke 00O0OCHOBAHO KONIMYECTBO 3yOBeB J¥icKa naTdmka. Jlajgee ObIT yCTaHOB-
JIeH OCHOBHOW HMCTOYHHK TIOMEX HM3MEPEHHH M ObUT MpPEeUIO’KeH CIOCO0 YCOBEPIICHCTBOBAHUS amIlapaTHOW 4acTh
CTeHJa UCTBITAHUI THAPABIMYECKUX Iepenad TerioBo3oB. HayuyHass HoBU3HA. BbuTH mpoBeneHBl HCCIIEIOBAHUS
3aBHCHMOCTH METOINYECKOH M MHCTPYMEHTAJIBHOMN IMOTPEIIHOCTEH CIPOSKTHPOBAHHOTO AATYMKA YacTOTHI Bpallle-
Hus. [IpeaoskeHbl MEXaHU3Mbl (DHUITBTPAIIHH TTOMEX, BOSHUKAIOIINX MPH (PUKCAIMK YaCTOTHI BPAIICHHS JaTIYHKOM.
JIoTOTHUTE IBHBIC MCCIICOBAHUS TOKA3aJl HEOOXOIMMOCTh aImapaTHONH AOPa0OTKU CXeMbl (OPMUPOBATEIS CHUT-
Hana. [lpakTuyeckasi 3HaUMMOCTh. [IpoBe€HHbBIE HCCIEIOBAHUS MTO3BOJIN YCTAHOBUTH PAallMOHAIIEHOE KOJIHYe-
CTBO 3yOBeB TUCKA JaTYHMKA, YTO JaJ0 BO3MOXKHOCTH YCOBEPIICHCTBOBATH allTOPUTM M3MepeHuil. Takke ObLIO BHI-
MOJTHEHO amlapaTHOE YIYYIICHHE CXeMbl (DOPMUPOBATENSI CHTHAJIA OT JTATYMKA, YTO MO3BOJIIIO H30ABUTHCS OT II0-
Mex. Pe3ynbrarsl u3BMepeHuil Ipyu UCCIIEOBAHUSX SIBISIFOTCSI MCXOJHBIMU TAHHBIMU JJISI BBIIIOJIHEHUS NajdbHEHIINX
HCCIENOBAHUH C LENIBIO ONPENETICHUS] TEXHUUECKOT0 COCTOSIHMS ruapasnuueckoi nepenayn YI'TI 750-1200 Bo Bpe-
MsI 3aBOJICKHX ITOCIICPEMOHTHBIX UCTIBITAHUH.

Kniouesvie cnosa: taxomerpuueckuid gartuuk; J-2MMYVY-2; ruapaBiauueckas —repenaya; HUCIHbITAHUA
TUApOIIepeaay; HCIBITATSIFHBIN CTEH/T; HHPOPMAIIHOHHO-U3MEPUTENFHAS CHCTEMA
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