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MOCIEAYIOIUM HX YCTpaHEHHEM 3a CU€T PEeKOH(PUTypalluu YCTPOIlCTBAa WM 3a CUET 3aMEHBI
otkazaBmmnx ALII Ha pe3epBuble. C ogHol cToponbl, CCK m03BoJIsS€T COKpATUTh MEPUOJT CKPBITOTO
OTKa3a, YMEHBIIAIOT KOJIMYECTBO TAKMX OTKA30B M MOBBIMIAIOT 3(()EKTUBHOCTH CTPYKTYPHOTO
pesepBupoBanus. C Apyroil CTOPOHBI, peann3anus (pyHKIHA CaMOKOHTPOJS U CaMOJUarHOCTUKU
TpeOyeT ompeAenEHHBIX 3aTpaT PECypCoB, YTO NMPHUBOIUT K POCTY CYMMAapHONW HMHTEHCHBHOCTH
OTKa30B U BPEMEHU BBIMIOJIHEHUSI MU3MEPEHUH, T.€. K CHIDKEHUIO 0e30TKa3HOCTU. B cBs3u ¢ 3TUM
BEChbMa aKTyaJbHOW SIBJSIETCS Pa3pabOTKa aKTyabHBIX CXE€M BBICOKOTOYHBIX, OTKa30yCTOMYMBBIX
ALII, wuMerommx BBICOKHE 3HAYEHHUS JIOCTOBEPHOCTH CAMOKOHTPOJIS, CaMOJMArHOCTHKU,
o0jafaloiux CHOCOOHOCTHIO MPOU3BOAUTH ABTOKOPPEKIHMIO MOTPEIIHOCTEH U3MEpeHHsl U
HUMEIOLIUX BCTPOEHHBIE CPEICTBA CAMOKAIMOPOBKH.

Bce onepanuu 1o aHanu3y, HHTEPIPETALUN U MCIIOIB30BAaHUIO BXOJHON MH(pOpMaNnH, 06a3a
uzmepumenvuoix snanuti (bM3) 1 MACHTU(PHUKALMKE CUTYallMH, CHHTE3a allTOPUTMa U3MEPEHUI 1
(GbopMHpOBaHUS COOTBETCTBYIOIICH HW3MEPHUTEIBHON LIEMU BBIIOJIHIIOTCA WHTEIUIEKTYaIbHBIM
untepdeiicom c ucnonb3oBanueMm bU3. Usmepenus npousBoasatcs cpeacramu MY [2,4].

Ecnu u3mepurenpHas mpoueaypa npeanoiaraeT BO3MOKHOCTh TpaHC(hOpMalliy alropuTMa B
mpouecce €€  BBIMOJIHEHHS (MHTEJUICKTYalbHbIE HW3MEpEeHHs), TO g  (OpMUPOBAHUS
cootBeTcTByomUX MHCHU, ucnonb3yst TOMOTHUTENbHYIO HHPOPMAIUIO B BUIEC MPOMEKYTOUHBIX
PEe3yJIbTaTOB U3MEPEHUN WIIM PE3YJIBTATOB BCIIOMOTaTEIbHBIX H3MEPEHUH.

Takum 00pa3oM, HMHTEIUIEKTyalM3alusi M3MEPEHH TpeOyeT HCIOIb30BAHUS HECKOJIBKHX
CMEXHBIX oOnacteli MH()OPMATHUKH, CBS3aHHBIX C HM3MEpPEHHSIMH, OOpabOTKOW WH(pOpMaIHuy,
paboToil co 3HAHUSAMHU W YIpaBICHHEM. Pa3BUTHE MHTEIIEKTYalbHBIX CPEACTB U3MEPEHUN U UX
MIPOrPECcC OMPEAENAIOTCS B MEPBYIO OYepeb HEYKIOHHBIM PACIIMPEHUEM COCTaBa MCIOIB3YEMBIX
0a3 M3MEpUTENbHBIX 3HAaHUU U pocToM Bo3MoxkHocTe MHCU. Bmecte ¢ Tem pabora mo
bopMupoBaHnio 0a3 HM3MEPUTEIBHBIX 3HAHUK Kak npoepammuvix obecneuenutl (I10) tpedyer
HQJINYMS COOTBETCTBYIOIIETO MAaTEeMAaTUYECKOro OO0ECleYeHHus, BKIIOYas aIrOpUTMHUYECKOE
obecriedeHne WIACHTU(UKAUK CHUTyallud, METpPOJOTHYECKOro aHajiu3a U METPOJOTHYECKOro
cuntesa [1,2,4].
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Annomayusn: B pabome paccmampusaomcs memoovl VAYYULEHUS MempPOocULeCKUX
Xapakxmepucmux — (YHKYUOHANbHO-NPeoOpa3yiowux  2J1eMeHmos  YCmpoucmse KOHmpoas U
ynpaejaeHusl NPUMEeHUmMeNlbHO K cucmemam asmomamusayuu npou%odcmeeHHblx npoyeccoe.

Knrwueswvie cnosa: usmepumebrHvle npe06pa306ameﬂu, mempojiocudecKue xapakmepucmuku,
gbyHKL;uOHaﬂbHo-npe06pa3yfou;ue IEMEHNIbL, KOHMPOJ/ib napavempoe mMexXHoJI02U4ecKoco
npoyecca.

Annotation: The methods improvement of metrological characteristics of functionally —
converting elements of devices for control and management with reference to systems of automation
of productions are considered in this work.

Keywords: measuring transducers, metrological characteristics, functionally-converting
elements, control of technological process parameters.

Functionally — converting elements (FCE) form the main parameters of control devices, since
the process of information conversion and the information processing algorithm also determine the
system parameters, such as the speed of troubleshooting, control error, and other characteristics.
Multichannel functional-measuring transducers are designed to measure physical and chemical
parameters and alarms in systems for automatic control and management of technological processes
and production in the form of DC power and voltage, as well as non-electric quantities converted
into DC electrical signals or active resistance. The devices can be used at chemical production
facilities (measuring and recording signals from temperature, humidity, pressure, flow, level, etc.)
sensors. [1, 2, 3, 4, 5]

In this article the main characteristics of the functionally transforming elements of control
systems for the most widely used parameters of technological processes are studied. In particular,
maximum-speed counters are used both for converting high frequencies and for converting short
time intervals.

A method has been proposed and a circuit of a scaling device has been developed, in which
the speed is ensured by the fact that the input signal is divided by 2" times when passing through n
series-connected binary cells, and to restore the conversion factor, a multiple of 10, it is divided by
5" times. The overall division factor is K=2"5"=10". Indication of the states of the least significant
digits is carried out using the counting circuit. In this case, the minimum number n is determined
from the expression

n> |0g2be"BX ,
f,

where n is an integer; foxmax - maximum input signal frequency; fps is the maximum frequency
supplied to the divider 5°, at which it operates without input signal interference.

A block diagram of a frequency converter with an input divider 2" « 5" and with decoding the

(n-1)

states of n low-order bits using n 5 converters of the binary-decimal code "2-5" / 1-2-4-8/ into

the code "5-2" / 1-2 -4-5/, forming (n —1) stepped pyramidal structure.

The study of time interval converters in digital code is based on the method of reducing the
error of the conversion discreteness. A device has been developed that provides the choice of one of
n pulse sequences that most satisfies the minimum error conditions. This sequence is used to fill the
converted time interval.

A method and device are proposed for converting time intervals, in which, to reduce the
discreteness error, the beginning of the conversion interval is shifted by At1, and the end is shifted
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where 13,1 - charging and discharging currents; Cy is the capacitance value of the storage
capacitor, fois the reference frequency.

Thus, the condition of the minimum discretization error is provided.

In control devices, converters of direct and impulse voltages are widely used. Taking into
account the fact that DC voltage converters are sufficiently well provided in terms of conversion
range, sensitivity, the main attention is paid to pulse voltage converters into DC.

An auto-compensating pulse amplitude converter has been developed, in which the influence
of the duty cycle on the conversion accuracy is reduced. The dynamic properties of such a
transducer were studied by the method of point mappings. A clear picture of the work is given by
the Koenigs-Lamerey diagram, built on the basis of the formulas for the dot display of the output
voltage:

U,(T)=U,(t )exp{— TTL:}L sz_l[U —U,(t, )]{exp{—-r ;:u }_exp{_T :u }}

21

At

at

u2<T>=u2(o>exp[—l} U,0)<U,0)

T

U,(t, )= UZ(O)eXp{— (K +1)tu } +%U{l—exp{— K +1}} ,

T3 T3

where

T is the pulse repetition period; tu - pulse duration; z - time constant of peak detectors; z,,7,

- time constants of charge, discharge of the peak detector at the output of the amplifier; U - pulse
amplitude; U,(0),U,(0) - voltage at the output of the first peak detector and at the output of the
voltmeter at time t=0; K is the gain of the device.

According to the diagram, the maximum error in the stationary mode is determined.
According to the same diagram, it is possible to determine the optimal value of 7, the conversion
time and the permissible error.

A circuit of a pulse voltage converter has been developed, which makes it possible to convert
the pulse voltage of both polarities, thanks to the use of a controlled key in the pulse amplitude
tracking circuit. This meter is very fast. The time required to work out the amplitude increment is
determined by the following expression:

tor = T|n(1+ AU j,
U, -U.-AU

where 7 is the time constant of the charge circuit; Uc is the voltage on the storage capacitor;
Un is the voltage at the output of the amplifier in saturation mode; AU - amplitude increment.

An expression was obtained for the value of the output voltage of the converter
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A two-channel pulse voltage converter has been developed, which converts the amplitude of
pulses of both polarities and determines the polarity of the pulse signal. The relative error of such a

converter is defined as
s_Q-1k (; 1)1 1 Q-1
Q-7 Q/K+1 K+1 7,
where Q - duty cycle of the pulse signal.

A method for constructing pulse converters of an integrating type is proposed, structural
diagrams of converters are developed, and an analysis of their speed and errors is carried out. In
such transducers, by integrating the difference between the amplitudes of the measured and
compensating pulses, the methodological error is minimized.

The output voltage of the converter is determined by the expression
U,.[0)=U,.0)+U,,0)-U,,]L-e").
From this expression, it is possible to determine the required number of periods of the pulse
signal to achieve the permissible error with an abrupt change in the input voltage from 0 to U,
t-Inoy,,

n=—>",
tU

n - number of periods, tu - pulse duration.

Structural diagrams of time interval converters are proposed, which can be effectively used to
convert low frequencies, providing a minimum discretization error. Schemes of auto-compensating
pulse train amplitude transducers with increased accuracy are proposed and investigated, and
questions of the dynamics of such transducers are investigated. Circuits of devices for converting
the amplitude of pulses of arbitrary polarity have been developed and investigated.

Thus, in this paper, we have proposed a criterion for evaluating technical solutions based on a
comparison of such parameters as accuracy, speed, cost, and the probability of failure-free operation
of the FCE and a method for assessing the performance of control devices with different block
diagrams. This technique is based on a comparison of the mathematical expectations of the search
times for possible faulty channels and makes it possible to obtain effective comparative
characteristics for control devices in which the channel control order is determined mainly by the
state of the control object.
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