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USE OF MICROCONTROLLER FOR MEASURING SHAFT SPEED
OF DIESEL LOCOMOTIVE HYDRAULIC TRANSMISSION

Purpose. The article considers the process of development and improvement of tachometer data collectors for
the data-measuring diesel locomotive hydraulic transmission test system, which will give the possibility of obtaining
the source data to conduct further studies of the technical condition of diesel locomotive hydraulic transmission. It is
supposed to provide a solution to the problem of development and improvement of tachometer data measuring tools
of the previously created data-measuring diesel locomotive hydraulic transmission test system, starting out from the
possibility of modification of the existing locomotive hydraulic transmission test-bench at the Dnepropetrovsk Die-
sel Locomotive Repair Plant «Promteplovoz». Methodology. The researchers proposed in the work a method of
modifying the existing tachometer sensor of the automated microprocessor system for the locomotive hydraulic
transmission test-bench in the conditions of a diesel locomotive repair plant. It is applicable by substantiating the
choice of the required tachometer sensor measuring method, as well as by using the necessary hardware and soft-
ware to accomplish the goal with the ability to integrate into the data-measuring system for diesel locomotive hy-
draulic transmission testing. Findings. The available equipment of the locomotive hydraulic transmission test-bench
allowed for design of the optical type speed sensor based on the existing sensor D-2MMU-2. The factory testing
with the use of a sensor prototype resulted in determination of the required and sufficient sampling time for sensor
operating microcontroller. Originality. The available equipment of the locomotive hydraulic transmission test-
bench allowed for design of the optical type speed sensor based on the existing sensor D-2MMU-2. We developed
the operation algorithms for the microcontroller that processes the signals from this sensor. The sensor was factory-
tested. According to the data sample obtained during the tests, we showed the possibility of reducing the sensor in-
formation retrieval frequency. Practical value. The designed sensor significantly reduces the cost of development of
the diesel locomotive hydraulic transmission test-bench, besides it can be used when developing similar hydraulic
transmission test-benches of other wheeled vehicles and the like. The designed sensor has a greater accuracy than
that of D-2-2MMU and considerably lower production cost in comparison with current tachometer sensors. The
measurement results are input data to perform further studies in order to determine the technical condition of
UGP750-1200 hydraulic transmission during the factory post-repair testing.

Keywords: tachometer sensor; D-2MMU-2; hydraulic transmission; hydraulic transmission test; test-bench;
data-measuring system

Introduction opment in accordance with the plant test program
the most necessary and critical 13 process parame-
ters were selected. Information about which re-
ceived from the sensors is processed by the micro-
controller and PC [13].

Information about the rotation frequency of the
drive motor, the generator, the turbine shaft is
measured using D-2MMU-2 tachometer sensors [8],
which transmit the pre-processed analogue signal to
a special converter and then to ATMEL microcon-
troller for its further processing and transmission by
USB 2.0 interface to the computer [13].

Today in Ukraine, the hydraulic transmission is
tested using the outdated test-benches designed in
Soviet times, in particular at the repair plants of
diesel locomotives and military equipment with
hydraulic transmission. Also, there is no standardi-
zation of the production of these test-benches.

As part of the work for improvement and mod-
ernization of the existing hydraulic transmission
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 devel-
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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 interference, which may be laid on communi-
cation lines and erroneously recorded as the begin-
ning of rotary motion on the test-bench.

It was proposed to use an incremental encoder
[2,4,5,10,12] XCC 1506PS [11] with excess pre-
cision — 2500 PPR) instead of tachometer genera-
tors. The tests showed its high accuracy and reli-
ability in the measuring range of both fairly low
speeds (0 to 80 min™) and high ones (up to 2000
min™"). But the major drawback of this device is the
difficulty of its mounting on the test-bench and the
price that is high enough.

Purpose

As an alternative solution, it was proposed to
make an in-house optical type sensor based on
D-2-2MMU sensor housing. This solution has
three important priorities: low price, ability to
measure low speeds (0 to 80 min™), and possibility
of installation inside the D-2MMU-2 sensor hous-
ing (or other tachometer-generators of the series)
that does not require mechanical upgrading of the
test-bench (which was required for using XCC
1506PS encoder). It is also essential that the devel-
oped device may apply a minor modification of the
microcontroller control program, set up to process
the signals from D-2MMU-2 sensor transmitter.

At the initial stage of development, the sensor
consisted of a shaft, on which there was a hand-
made plastic disc with teeth, and infrared optical
coupler EE-SX1041 [9]. The tests have shown that
hand-made teeth did not allow high accuracy
measurements. Therefore, to ensure greater accu-
racy a 10-tooth acrylic disc was manufactured on
industrial equipment by laser technique. The draw-
ing of the disk is shown in Fig. 1.

Fig. 1. Disc drawing

Connection circuit of the sensor optical coupler
allows virtually eliminating the effect of the pulse
rise and decay time (a few microseconds). There-
fore, their effect on the measurement system per-
formance can be omitted during theoretical calcu-
lation of the measured values of rotation speed.

The first thing to bear in mind is that the meas-
uring disk production technique is not perfect and
variations in tooth size are inevitable. Thereafter,
you need to perform calculations for dependence
of the instrumental error (arc length, as shown in
Fig. 1) on the rotation speed. The first version of
the rotation speed measurement algorithm, embed-
ded in the microcontroller, fixes the appearance of
the rising edge of each new impulse signal and as
a result performs the measurement of the signal
cycle time. Simplified diagram of the microcon-
troller operation algorithm is shown in Fig. 2. The
algorithm begins with timer/ counter setting, reset
of the flags required for operation and zeroing of
variables, UART setting (necessary for data trans-
mission to a computer) and interrupt enabling set-
ting. The following step is an endless loop in
which the end of the measurement is checked. For
occurrence of the measurement end event the
following two events must occur, as shown in
Fig. 3.
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Fig. 2 Simplified diagram of the microcontroller operation algorithm
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Fig. 3 Principle sensor signal processing
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Upon receiving the initial edge of the micro-
controller input capture signal, the timer/counter of
signal input capture interrupts, as shown in Fig. 4.

The clock interrupt handler fixes the counts of
the timer/ counter and the number of its overflow
interrupts in special variables. In case of interrupt
of the measurement final edge capture, the system
also fixes the counts of the timer/ counter and the
number of its overflow interrupts in special vari-
ables, and thereafter the signal input capture inter-
rupts are disabled, the measurement completion
flag is set.

The activated measurement completion flag no-
tifies the main microcontroller program about the
end of the measurement. Thereafter the following
is performed: reset of the measurement completion
flag, subroutine of engine speed calculation per
min”, displaying the measurement results and
sending them via UART. At the end the system
allows for signal input capture interrupts and there-
fore for a new measurement, as well as puts the
microcontroller on standby at the end of the meas-
urement.

The timer/counter overflow interrupt program
serves to count the number of timer/counter over-
flows in the special variable, and to initiate the end
of the measurement with zero result in the absence

of a signal at the signal capture input for more than
6 sec.

The engine speed is calculated by the following
formula:

fcpu
k

where © — rotation speed [min™]; Jepu — clock gen-
erator frequency [Hz]; k — timer/counter frequency
divider; f. f, — the number of timer/counter over-
flows at the end and the beginning of the meas-
urements, respectively; 7, 7, — timer/counter
counts at the end and the beginning of the meas-
urements, respectively.

We performed the calculation of the delay ef-
fects, coupled in by the algorithm when performing
the measurements. It was determined that the exe-
cution of all assembler commands involved in the
measurements makes ~ 6.75 microseconds. This
error g, can be neglected, since, at a rotation speed
of 1500 min the cycle of the measured signal is
40 ms.

1

= X

J_ ((65535/,+T,)—(655351,+T,))

x60 [min™],
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Fig. 4. Simplified block diagram of timer/counter
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To simplify the calculations it was taken to ne-
glect the backlash of the shaft where the disk is
mounted.

Methodology

Rotation speed is calculated by the following
formula:

0= 1 60 [min'],
T

where o — rotation speed [min']; 7 — rotation pe-
riod [sec].

Since the disk is divided into 10 sectors with
arc length L, the rotation speed calculation will be
as follows:

o) -60 [min™],

(M

theor —
“' 2Rt

where oy, — theoretical rotation speed [min’l]; L
—arc length [mm]; R — distance from the disc cen-
ter to the tooth height middle [mm]; T — passage
time of optical coupler infrared beam of the arc L
(signal cycle) [sec].

The only variable which will affect the calcula-
tion of the theoretical speed will be the arc length,
which may differ from the theoretical one, due to
a manufacturing error of the toothed disc.

Let us assume that the actual length of the arc is
equal to L°, then substituting L~ in (1) we obtain

&

the actual rotation speed:

*

L .
o  =——:-60 [min ], 2
wt =5 [ ] )
Absolute error will be as follows:
A = (Dtheor - (’Oact [min'l], (3)
Substituting (1) and (2) in (3) we obtain:
A
A=w L [min], 4
act L+AL [ ] ( )

where A — difference between the actual and theo-
retical arc length L [mm]; A — absolute error [sex].

The relative error on the basis of (4) will have
the following form:

oo B AL
L+A, L~

We should perform the following calculation
with such assumptions: error in the arc length is +2
mm with 0.1 mm spacing. Fig. 5 shows the graph
of rotation speed relative error on the actual tooth
size production error (the actual arc length L on
tooth center).
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Fig. 5. Graph of rotation speed relative error on the actual tooth size production error
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The graph in Fig. 5 shows that the deviation of
L from the theoretical size by £2 mm the relative
error will be no more than 17%. This is the vari-
ance between actual and theoretical length L that is
provided with the disc production technique. Based
on the obtained data we can state that the use of the
measurement algorithm (see Fig. 2) at the maxi-
mum possible rotation speed of 1500 min™ may
result in the absolute error of ~ +255 min™.

To reduce the influence of the error discussed
above, it was decided to modify the measurement
algorithm by taking the mean of 10 measurements
(i.e. to obtain an approximate value of rotation
speed per one revolution of the disk, rather than
per passage of the arc L).

Further modification of the algorithm is as fol-
lows: upon occurrence of the first impulse from the
sensor the timer/counter should react to the capture
input as previously. And upon occurrence of the
next impulse edge it must not finish counting the
signal cycle time period but continue counting as
long as the required number of impulses is
reached, and only then stop and perform the speed
calculation.

It is clear that the optimal number of impulses
at which the resulting speed sample is not distorted
and does not lose representativeness is unknown.

To determine the necessary and sufficient num-
ber of impulses it is necessary to take into account
that the uniform rotation will not give the required
information. Therefore we used the uniform accel-
eration data obtained from actual factory tests dur-
ing the algorithm with counting of the sum of ten
signal cycles (although such data contain the addi-
tional error &, , it is not critical for the subsequent

calculations).
For the particular case the uniform acceleration
is represented by the following formula:

S_Ov_Av

a=— [min/sec’],
ot

where a — acceleration [min"'/sec’]; Av — rotation
speed gain over time At [sec].

The non-repeated sampling will be considered
[1, 6, 7] (it is assumed that the uniform accelera-
tion does not give the same results in the sample of
rotation speeds, whose general population will be
considered).

In this case, the variance is calculated by the
formula:

where o — variance; ®; — i-dimension of rotation

speed [min']; ® — arithmetic mean of n-dimension
sample rotation speed [min"']; n — sample size of
considered accelerations (general population).

The mean square error p of the sample using

non-repeated sampling is as follows [1]:

)

where n" — size of the necessary and sufficient
sample from the general population n.
In this case, the absolute error will be as fol-
lows:
Aw=+¢-p [min], (6)

where Am — absolute error; t — Student’s coeffi-
cient.

Student’s coefficient is in the table from [6] and
for the confidence level o = 95% is 1.98.

Substituting (5) into (6) and performing the
necessary transformations we can get the formula
for calculating the required sample size n" of the
population n:

* t*c’n

n=————,
Aw’n+1t’c’

For the general population equal to 1 657 sam-
ples the calculations results are presented in Fig. 6.

Calculation of absolute error of the general
population is conducted without regard to the se-
lection of the sample n” by the formulas:

* 1 = —
= ol

i=1

.
where | — mean square error.
* *

Ao =tp ¢,

.
where Aw — absolute error.
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Fig. 6. Graph of rotation speed absolute error on the n* sample size

Absolute error of the used general population
(without regard to selection of sample n") equals to
27.94 min"'. As seen in Figure 6 in this case
n" =~ 208. On this basis it can be affirmed that the
sample n’ is representative and does not distort the
general population n, when sampling only each 8th
count from n (1657/208=8). Similar results were
obtained when processing other samples.

Variations of instrumental and methodical er-
rors, which may be due to missing counts, require
further research.

Findings

The available equipment of the locomotive hy-
draulic transmission test-bench allowed for design
of the optical type speed sensor based on the exist-
ing sensor D-2MMU-2. The factory testing with
the use of a sensor prototype resulted in determina-
tion of the required and sufficient sampling time
for sensor operating microcontroller, which al-
lowed making changes to the measurement algo-
rithm.

Originality and practical value

The available equipment of the locomotive hy-
draulic transmission test-bench allowed for design
of the optical type speed sensor based on the exist-

ing sensor D-2MMU-2. The operation algorithms
for the microcontroller that processes the signals
from this sensor were developed. The sensor was
factory-tested. According to the data sample ob-
tained during the tests, we showed the possibility
of reducing the sensor information retrieval fre-
quency. The designed sensor significantly reduces
the cost of development of the diesel locomotive
hydraulic transmission test-bench, besides it can be
used when developing similar hydraulic transmis-
sion test-benches of other wheeled vehicles and the
like. The designed sensor has a greater accuracy
than that of D-2-2MMU and considerably lower
production cost in comparison with current ta-
chometer sensors. The measurement results are
input data to perform further studies in order to
determine the technical condition of UGP750-1200
hydraulic transmission during the factory post-
repair testing.

Conclusions

The available equipment of the locomotive hy-
draulic transmission test-bench allowed for design
of the optical type speed sensor based on the exist-
ing sensor D-2MMU-2. The paper considered pos-
sible sources of measurement error of the new sen-
sor. The instrumental error introduced by sensor
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production techniques was calculated and it was
found that the current sensor signal processing al-
gorithm is not perfect and requires improvement.
An improved algorithm was proposed. The factory
tests of sensor allowed performing the necessary
calculations of the required frequency for computer
sampling of the sensor operating microcontroller
for the purpose of correcting the rotation speed
calculation algorithm.
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BUKOPUCTAHHSA MIKPOKOHTPOJIEPA 1151 BUMIPIOBAHHSA
YACTOTH OBEPTAHHSA BAJIA I'TAPABJIITYHOI IIEPEJTAYI
TEIIVIOBO3A

Mera. Crarts nependadae po3riisi IPOLecy po3poOKH Ta BIOCKOHAJICHHS 3aC00iB 300py TaXOMETPHUYHHUX Ja-
HUX iH(GOPMAIIiHO-BUMIPIOBAJIBHOI CHCTEMH BUIIPOOYBaHHS TiIpaBIidyHUX Iepenad TerwioBo3is. e aacts Moxim-
BiCTh OTPUMAHHS BHUXIIHUX NaHUX JUIA MPOBEICHHS MOAAIBIINX TOCTIKECHb 13 BU3HAYEHHS TEXHIYHOTO CTaHy TiJ-
paBIiYHHUX Hepenad TerioBo3iB. [lepenbayaeTscs 3HANTH BUPIMICHAS 3aBAAaHHS PO3POOKH 1 yIOCKOHAIEHHS 3aC00iB
BUMIPIOBaHHSl TaXOMETPHUYHUX JaHMX paHille CTBOpEHOI iH(pOpMaliiHO-BUMIPIOBAIBHOI CUCTEMH BHIIPOOYBaHb
TiIpaBIiYHUX Tepejay TemIoBo3iB. [Ipu oMy BiIIITOBXYBaTHCh MOTPIOHO, B MEPLIY Yepry, Bil MOXKIMBOCTI MO-
Judikarii Bke iCHYI040ro CTeH/1y BUIIPOOYBaHb TiJpaBJIiYHUX Iepead TeIIoBo3iB Ha JIHIIPOneTpoBCHKOMY 3aBOI
10 PEMOHTY TerioBo3iB «lIpomTeruioBo3». Meroanka. Y poOoTi mociiiHUKaMu Oyia 3alpoNOHOBaHA METOJMKA
Moau(dikamii iCHyI04Oro TaXOMETPUYHOTO JaT4hKa MIKpOIPOIECOPHOI aBTOMAaTH30BaHOI CHCTEMH CTEHIIOBHX BH-
poOyBaHb TiAPaBIIYHUX MEepeaay TeIIOBO3iB B YMOBaX TEIUIOBO30PEMOHTHOTO 3aBOAY. BoHa i€ mUIsxoM oOrpyH-
TyBaHHS BUOOpPY HEOOXiTHOTO CIOCO0Y BUMIPIOBaHHS TaXOMETPHUYHOTO AATYHMKA, a TAKOXK 3aCTOCYBaHHS HEOOXin-
HUX alapaTHHUX Ta MPOrpaMHUX 3acO0iB IJIs peati3alii IoCTaBIeHOT METH 3 MOXKIIMBICTIO iHTerpamii B iHpopmariii-
HO-BHUMIpPIOBAJIbHY CHUCTEMY BHIPOOYBaHB TiIpaBIiYHUX IIepelad TEIUIOBO3iB. Pe3yabTaTH. ABTOpaMHu CHpPOEKTO-
BaHUH 1 BUTOTOBJICHUH HIFOUMI MPOTOTHIT JATYMKA YaCTOTH 00EpTaHHS ONTHYHOI'O THUITY HAa OCHOBI BXK€ 1CHYIOUOTO
nmatauka J[-2MMY-2. Ilicna 3aBoACEKHX BHUNPOOYBaHB i3 3aCTOCYBAaHHSAM MPOTOTHITY JaT4WKa OyB BCTAHOBJICHUI
HEOOXITHUH 1 IOCTaTHIM Yac ONMUTYBaHHS KEPYIOUOro MiKpOKOHTpoJjepa naryrka. HaykoBa HoBu3Ha. Ha HasBHO-
My oOJaJiHaHHS CTEHAY BUIIPOOYBaHb TiZpaBJiuHUX Iepeaad TeIUIOBO3iB OyB CIIPOSKTOBAHUI JIaTYMK YaCTOTH 00e-
pPTaHHS ONTHYHOIO THUITy Ha OCHOBI Bxe icHyro4yoro aatuvka J[-2MMY-2. Byiu po3pobiieHi airoputMu poOOTH
MIKpPOKOHTpOJIEpa, KU 3aiiMaeThCcsi 0OpPOOKOIO CHUTHAJIB Bif 1boro narduka. [IpoBeneHi 3aBOJCHKI BUIIPOOYBaHHS
Jaryuka. 3a BUOIPKOIO JaHMX, OTPUMAaHMX NP BUNPOOYBaHHSX, MOKa3aHa MOXIIMBICTh 3MEHIIEHHS YaCTOTH 3Hi-
MaHHS iHpopMmauii 3 garuynka. [IpakTHYHA 3HAYMMICTB. Y/IOCKOHAIEHHH NaTYMK iCTOTHO 3J/EIIEBIIIOE BUTOTOB-
JICHHA CTEHIAa BHUIPOOYBaHB TiApaBIIUYHUX Mepenad TEIUIOBO3iB, a TaKOXK MOXE 3aCTOCOBYBATHCS TIPH PO3POOII
aHAJIOTIYHUX CTEHIIB BUIPOOYBAHb TiIPaBIiYHUX Iepead iHIIOI KOJICHOI TeXHIKH i T. II. MeXaHi3MiB. Po3pobire-
HUH TaTYUK Ma€ OUTBITY TOYHICTH Y MOpiBHAHHI 3 J[-2MMY-2 i 3Ha4HO MEHIITy, B TOPiBHAHHI 3 CyJaCHIMH TaXxOMe-
TPUYHHMMH JaTYMKaMU, I[iHy BUTOTOBJIEHH. Pe3ysibTaT BUMIpIOBAaHb € BUXIJHUMHU JAHUMH U1 BUKOHAHHS I107a-
JBIINX JOCIHIIPKEHb 13 METOI0 BH3HAYCHHS TEXHIYHOTO CTaHy riapanmivHoi nmepenadi YITI750-1200 mix gac 3aBox-
CHKHUX MICIIPEMOHTHUAX BUITPOOYBaHb.

Kniouosi crosa: taxomerpuunuit narumk; J[-2MMY-2; rigpaBniuHa nepenaya; BUIPOOYBaHHS rifporepenay;
BUIPOOYBaJIbHUMN CTeH]T; iH(OPMAL[IiHO-BUMIPIOBaJIbHA CHCTEMA
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HCHIOJIb30BAHUE MUKPOKOHTPOJIJIEPA 1151 U3SMEPEHUSA
YACTOTbBI BPAHIEHUSA BAJIA THIPABJIMYECKOMU ITEPEJIAYHN
TEIIVIOBO3A

Heas. CTaThs mpegycMaTpUBaeT pacCMOTPEHKE TpoLiecca Pa3paboTKH U YCOBEPIIEHCTBOBAHMS CPEACTB cOopa
TaXOMETPHUUECKUX JAAHHBIX HUH(POPMAIIMOHHO-U3MEPHUTEIBHON CUCTEMbI UCTIBITAHUS THAPABINYCCKHUX MEepeaay Ter-
JIOBO30B. DTO J1aCT BO3MOKHOCTh MOJYYEHHUS MCXOJHBIX JAHHBIX JJIS MPOBEJCHUS NalbHEUIIUX UCCIIeIOBaHUMN MO
OTIPENIEICHNIO TEXHUUECKOTO COCTOSIHUS TMAPABIMUYECKUX Mepeaad TerioBo3oB. Ilpeamnonaraercss HalTH pelieHue
3aJaud pa3pabOTKU M YCOBEPIICHCTBOBAHUS CPEIICTB M3MEPCHUS TAXOMETPUYCCKUX JAHHBIX paHee CO3JaHHOHN WH-
(hopMaIMOHHO-H3MEPUTEIBHON CUCTEMBI MCIBITAHUHA TUAPABIMYCCKHUX Iepeaad TEIUIOBO30B. [Ipu 3TOM OTTaiKu-
BaThCS HEOOXOMMO, B IIEPBYIO OYEpPEb, OT BO3SMOKHOCTH MOJTU(DHUKAIINA YIKE CYIIESCTBYIOMIETO CTCH A HCITBITAHMIA
TUAPABIMYECKUX IEepead TEIJIOBO30B Ha JIHENPONETPOBCKOM 3aBOJE 110 PEMOHTY TEIUIOBO30B «IIpoMTemnoBo3».
Metoauka. B pabote nccrnenoBarensiMu ObiIa MpeI0KeHa METOINKA MOJU(PHUKAIINN CYIIECTBYIOIIETO TAXOMETPH-
YECKOI'0 AATYMKa MUKPOIPOLIECCOPHON aBTOMAaTU3UPOBAHHOM CHCTEMBI CTEHIOBBIX HCHBITAHUM TMAPABINYECKUX
nepeqad TEIUIOBO30B B YCJIOBUAX TEIJIOBO3OPEMOHTHOTO 3aBoja. OHa IEWCTBYeT IyTeM OOOCHOBAaHHS BBIOOpa
HE00X0AUMOTo crocoba U3MEPEeHUs] TAXOMETPUIECKOT0 IaTIMKa, a TaKKe IPUMEHEHNS HEOOXOIUMBIX amapaTHBIX
U MPOTPAMMHBIX CPEJICTB IS PEATM3allMH MTOCTABICHHON eI C BO3MOXXHOCTHIO MHTErpalli B HH(YOPMAIIMOHHO-
M3MEPUTENBHYIO CUCTEMY MCIBITAHUN TUIPABIMYECKUX TMEpeaay TemioBo30B. Pe3yibTaThl. ABTOpaMU CHPOEKTH-
POBaH U M3TOTOBJIEH JACUCTBYIONIUI MPOTOTHI JATUYMKA YaCTOTHI BPAILEHUS ONTHYECKOTO THIA HA OCHOBE YK€ CY-
niectByromero garynka J[-2MMY-2. Tlocne 3aBOJACKHX UCTIBITAHUN C MPUMEHCHHEM MPOTOTHUIIA JaTYHAKa OBLIO yC-
TAaHOBJICHO HEOOXOJAMMOE ¥ JOCTaTOYHOE BpEMs OIpoca YIPAaBISIOIIETO MHUKPOKOHTPOJIEpa JaTYHKa.
Hayunasi moBm3Ha. Ha mMeromnieMcsi 000pyJOBaHUM CTEH/A WCIBITAHUN THIPABIMYCCKUX MEpeAad TEIUIOBO30B
OBUT CIIPOEKTUPOBAH JATYMK YACTOTHI BPAICHHS ONTHYSCKOTO THIA HAa OCHOBE YK€ CYIICCTBYIOIIETO IAaTYHKA
J-2MMYVY-2. beutn pa3paboTaHBl alTOpPUTMBI pabOTEl MUKPOKOHTPOJIIEpa, 00padaThIBAIOMIETO CHUTHAIBI OT 3TOTO
nmatauka. [IpoBeneHs! 3aBOACKHE UCIBITAaHUA NaTdnka. [1o BRIOOpKE NaHHBIX, TOMYyYSHHBIX P HCIBITAHHUSIX, TIOKa-
3aHa BO3MO)KHOCTb YMEHBIICHHUS 9aCTOTHI CheMa nH(popManuu ¢ gatynka. IlpakTuyeckass 3 HA4YMMOCTh. Y COBEp-
LIEHCTBOBAHHBIM JaTUMK CYLIECTBEHHO YJEIIEBJSET U3TOTOBJIEHUE CTEHAA UCIBITAHUM TMAPABIMYECKUX Iepenay
TEIUIOBO30B, a TAKXKE MOXET IMPUMEHATHCS MpH pa3paboTKe aHAJOTMYHBIX CTEHAOB HMCIBITAHUHA THAPABINIECKUX
nepeay APyrod KOJIECHOW TEXHUKH U T. 1. MEXaHU3MOB. Pa3paboTaHHBIA JaTYMK UMEET OOJIBIIYH) TOYHOCTH IO
cpaBHeHHIO ¢ J[-2MMYV-2 1 3HaUNTENbHO MEHBIIIYIO, B CPABHEHHH C COBPEMEHHBIMU TaXOMETPUYECKUMHU JaTYHKa-
MU, IIeHy U3rOTOBJICHUA. Pe3ynbTaThl U3MEPEHUHN SBISIOTCS UCXOAHBIMU JTaHHBIMH JUISl BHITIOJHEHUS JajbHEHIINX
WCCIIEIOBAaHUH C LIEIbIO ONpeeeHUs] TEXHUYECKOr0 COCTOSIHUS ruapaBinueckoi nepenaun YI'TI750-1200 Bo Bpe-
M$ 3aBOJICKUX MOCJIEPEMOHTHBIX UCIIBITAHUH.

Kniouesvie cnosa: Taxomerpudeckuil natuuk; J-2MMYVY-2; ruapaBnndeckas nepenada; UCTIBITaHUS THIpoIepe-
JIaq; UCTIBITATEbHBIA CTeH; HH()OPMAIIMOHHO-H3MEPHUTEIbHAS CHCTEMA
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