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Abstract

Modern measuring instruments (MIs) are designed to obtain complete and reliable measuring information. To perform
this important function, MIs must be of appropriate quality and must be reliably assessed. Using mathematical models
simulate the operation of technical systems in order to decide on the optimization of its characteristics. As a result of the
analysis of the model, the specific features of the studied processes and certain quantitative regularities are established. This
allows to predict the processes in the system over time and determine their quantitative characteristics.

The article presents the results of mathematical modeling of system-oriented measuring instruments as a system and
its software as a subsystem using the apparatus of general systems theory. Such models with its graphical interpretation
allow obtaining the necessary and useful information about the properties of the MIs as a technical system. The performed
modeling makes it possible to describe the functioning of the MIs and to obtain a certain assessment of quality indicators.
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1. Introduction

Modern measuring instruments (MIs) are designed
to obtain complete and reliable measuring information.
Obtaining such information helps to increase the
reliability and competitiveness of products in all sectors
of the national economy. To perform this important
function, MIs must be of appropriate quality and must
be reliably assessed. There is a great variety of modern
MIs in terms of their purpose, scope, complexity of
implementation, etc. However, they are all complex
hardware and software systems, mostly using modern
software [1-3].

Using of mathematical models simulate the
work of technical systems in order to make decisions
about optimizing its characteristics. When modeling,
a mathematical model is built that have properties
similar to the properties of the technical system. When
replacing a complex technical system with a model, it is
important to create the most representative model. As
a result of the analysis of the model, the features of the
studied processes and certain quantitative regularities
are established. This makes it possible to predict the
processes in the system over time and determine their
quantitative characteristics [4, 5].

2. The mathematical model of the measuring instrument
A mathematical model of a technical system is a
set of mathematical objects (numbers, scalar variables,
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vectors, matrices, graphs, etc.) and their connecting
relations that reflect the properties of the modeled
technical system. Block-hierarchical approach to the
analysis of complex technical systems is used in the
construction of hierarchical levels of mathematical
models for the system under consideration. At each
hierarchical level of design there are concepts of
mathematical models of the system, subsystems and
elements of the system. This approach can be used
for mathematical modeling of modern measuring
instruments.

The general method of obtaining a mathematical
model includes the following procedures: determining
the properties of the system that should reflect
the model; collection of initial information about
the selected properties of the system; obtaining
the structure of the model, namely mathematical
expressions and equations that describe in general
terms the relationship between phase variables and
system parameters; calculation of numerical values of
parameters of mathematical model for the set system;
assessment of the accuracy and adequacy of the model.

Fig. 1 presents a generalized structure of the
system-oriented measuring instrument,

where X(#) is input signal from the measurement
object;

Y (0 and Y (¢) are measuring instrument input signal
for indication device and data interface, respectively;
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Fig. 1. The general structure of the system-oriented measuring instrument

RE (1), RE,(f) and RE (r) are external influences
on the measuring instrument of user, data storage
device and control interface, respectively;

RI, (1) and RI (f) are internal influences on the
functioning of measuring instrument hardware and
software implementation, respectively.

Measurement results can be obtained in two ways:
through the measuring instrument interface or through
a special instrument bus.

In the general case, the model of various influences
on system-oriented measuring instrument has the form
shown in Fig. 2.

RE«(1) \LRde(r) \LRE 0 l/
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Fig. 2. Model of influences on system-oriented measuring instrument

Fig. 3 presents a graphical representation of the
mathematical model of the system-oriented measuring
instrument using general systems theory,

where §, , is system-oriented measuring instrument;

§S, and SS are hardware and software subsystems
of the measuring instrument respectively;

SSE,, SSEU., and SSE, are elements of the
communication device, interfaces, and data storage
device of the hardware subsystem, respectively;

RI,, Rl{.f, and RI, are subsystems of mutual
internal influences of the data exchange device,
interfaces, and data storage device between hardware
and software subsystems respectively;

RE _, RE,, and RE, are subsystem of external
influences on the measuring instrument of user, data
storage device and control interface, respectively.

Taking into account all the components
shown in Fig. 3, the expression for system-oriented
measuring instrument as a complex technical system
[6, 7] will take the form with using general theory
of systems:

Fig. 3. Graphical representation of the model of system-oriented measuring instrument
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Fig. 4. Graphical representation of the model of the software subsystem of measuring instrument
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where R, is a subsystem of interconnections between
hardware and software subsystems;

Z, and Z are subsystems of the established
sets of the purposes of functioning of hardware and
software subsystems accordingly;

AT,,, is period during which the modification of the
measuring instrument operates for its intended purpose.

Expressions for hardware and software subsystems
have the form, respectively:

SS,, = (SSE,,.SSE,,SSE,,RI,,,RI;,RI, . Z,,.AT,, ), (2)

i
SSE,,,»SSE,,,RI ., R, ,RI , ,
58, = | N
REus 4 REci H REds H st H AT‘MI
where SSE ~and SSE , are device control elements

and the calculation of the measurement result of the
software subsystem, respectively.

3. The mathematical model of the measuring instrument
software

Let’s build a mathematical model of the measuring
instrument software as one of its important parts, using
the expression (3).

Fig. 4 presents a graphical representation of the
mathematical model of the software subsystem of
measuring instrument using general systems theory,
where SSSE,, SSSE,, and SSSEIf are subelements of
the control data exchange, data storage, and interfaces
of control element, respectively.

Fig. 4 shows also the division of the software into
the metrological important part (SSE ) and its other
part (SSE, ). The analysis of such a division remains
software guides [8, 9].

Taking into account all the components shown in
Fig. 4 and expression (3), the expression for software
subsystem of measuring instrument will take the form
using general theory of systems:

SSE,,,,SSSE,,,SSSE,,SSSE,, RI,,
SS,, = )

if >
RI,,RI,,RE, RE,,RE,,Z, AT,

ds ® sw

Taking into account expression (4), subelements
SSSE, (control data exchange), SSSE, (data
storage), and SSSEIf (interfaces) are subject to special
verification. Such verification is also provided for by
document [3].

4. Conclusion

For mathematical modeling of system-oriented
measuring instruments as system and their software
as subsystem, the apparatus of the general theory
of systems can be used. Such models with their
graphic interpretation make it possible to obtain the
necessary and useful information about the properties
of a measuring instrument as a technical system even
at the stage of its design. Mathematical modeling
makes it possible using mathematical symbols and
dependencies to make a description of the functioning
of the technical system and to obtain an assessment
of quality indicators.
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AHoTamis

CyuacHi 3acobu BuMiptoBaibHOi TexHiku (3BT) mpusHauyeHi a8 OTpUMaHHSI MOBHOI Ta HaAillHOI BUMiprOBajbHOL
iHdopMmartii. OTpuMaHHsS TakKoi iHpopMalii crpuse MiABUILIEHHIO HATIHHOCTI Ta KOHKYPEHTOCIIPOMOXKHOCTI IMPOMYKIIil
y BCiX CEKTOpax HalliOHaJIbHOI eKOHOMiKHU. JI1s1 BUKOHaHHS 1i€i BaxauBoi GyHkuii 3BT nmoBuHHiI OyTH BiAMoOBinHOI SKOCTI
Ta HaniitHo orliHeHi. CyuacHux 3BT icHye Benuka pi3HOMaHITHICTH 3a iX MPU3HAYEHHSIM, 0OCSITOM, CKJIAIHICTIO peasi3allii
Touo. OfHAaK yCi BOHU € CKJIAJHUMU anapaTHUMU W MPOrpaMHUMM CUCTEMaMU, MEPEBAXKHO i3 3aCTOCYBAaHHSM CYy4acCHOTO
MPOrpaMHOro 3a0e3IeUeHHs.

3a OTIOMOTOI0 MaTeMaTUYHUX MOJeJieil MOIETIOITh pOOOTY TEXHIYHMX CHUCTEM i3 METOI MPUNHATTS PillleHHS TIPO
ONnTUMI3alilo ii XapakrepucTuk. [1py MoaentoBaHHI OyayeTbcsl MaTeMaTUYHA MOJEJb, IKa Ma€ BIACTUBOCTI, MOAIOHI 10 Biac-
TUBOCTEW TeXHIYHOI cuCcTeMU. 3aMiHIOIOUN CKIIaMHY TEXHIYHY CUCTEMY Ha MOJEJNb, BAXJIMBO CTBOPUTHU HAUOITBIII perpe3eH-
TaTUBHY MOJe/b. Y pe3yJibTaTi aHajlizy MOJesi BCTAHOBJIIOIOTLCS OCOOJMBOCTI JOCTIIKYBAaHUX MPOLIECIB Ta MEBHI KiJIbKiCHI
3akoHOMipHOcCTi. Lle mae 3mMory nporHo3yBaTu MpolecH B CUCTEMi 3 YaCOM Ta BU3HAYaTH 1X KUJIbKICHI XapaKTEPUCTUKU.

HaBeneHo pesynbraTM MaTeMaTUYHOIO MOJENIOBAHHSI CUCTEMHO-OPIEHTOBAHUX BHMipIOBAIBHUX MPUJIALIB SIK CHUCTE-
MU Ta iX MPOrpaMHOro 3abe3NeyeHHs SK MiJCMCTeMU 3 BUKOPMCTAHHSM arapary 3arajibHoi Teopii cuctem. [lpu moOynosi
iepapxiyHuX piBHiB MateMaTWyHUX Moneneil misg 3BT BukopucraHo 6J04YHO-iepapxiyHuii miaxin. Ha KoxxHOMy iepapxiyHOMY
PiBHi BUKOpHCTaHi MOHATTS MOIEJIEH CUCTeMHM, MiACUCTEM Ta eJleMEHTIiB cucTteMu. Taki momenmi 3 ix rpadiuyHo0 iHTEepmpe-
Talli€l0 103BOJIIIOTh OTPUMATU HEOOXiJHY Ta KOpUCHY iHdopMallito mpo BiaactuBocTi 3BT sK TeXHiYHOI cCUCTEMU HaBiTh Ha
eramni ioro mpoekTyBaHHs. [IpoBeneHe MoIelOBaHHS Ja€ 3MOTY 3a JOMOMOIOK MaTeMaTUYHMX CUMBOJIB i 3aJeXXHOCTEM
3poouTu onuc ¢yHkuioHyBaHHs1 3BT Ta oTpuMaTtu MeBHY OLIIHKY MOKA3HUKIB SIKOCTI.

KiouoBi ciioBa: MHOXXMHHA MOJIENIb; ariapaTHe 3a0e3MevyeHHsT; porpaMHe 3a0e3rneyeHHsT; 3aci0 BUMipIOBaHHSI; BIUTMBHE
cepeoBUIIIE.
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AHHOTAIMSA

CoBpeMeHHBIe cpefcTBa n3MepuTenbHON TexHuku (CUT) mpenHasHaueHbl IJIsT TOJYYCHUS TOJHOM M HaIeXHON W3-
MepuTeabHO#i MHbopManuu. s BoimosHeHUs: 9T0i BaxkHON (GyHKuuu CUT HOIKHBI ObITH COOTBETCTBYIOLIETO KauyecTBa
M JTOJDKHBI OBITh HaleXHO olieHeHBI. C MMOMOIIBI0 MaTeMaTHMUECKUX MOJICNIC MOIEIUPYIOT paboTy TEXHUUYECKUX CHCTEM
C LIEJIbIO MPUHATHS pellieHUs] 00 ONTUMU3ALIMKU ee XapaKTepuCTUK. B pesyinbrare aHaau3a MOAEIM yCTaHABIMBAIOTCS OCO-
OCHHOCTH MCCIIEAYEeMbIX TTPOIIECCOB M OIpenecHHbIC KOJMYECTBEHHBIE 3aKOHOMEPHOCTH.

B crarbe mpuBeneHbl pe3yabTaThl MATEMaTUYECKOTO MOIEIMPOBAHMUS CHUCTEMHO-OPHMEHTHUPOBAHHBIX M3MEPUTEIbHbBIX
MpUOOPOB KaK CUCTEMbI M MX MPOTPAMMHOIO OOeCIieYeH!s KaK TOICUCTEMbl ¢ MCITOJIb30BAaHUEM allrapara oo0Iieil Teopun
cucteM. Takue Moaenu ¢ uX rpadyUyecKoil MHTeprnpeTaluueil MO3BOJSIOT MOJYYUTh HEOOXOAMMYIO M IOJe3HYI MHMOp-
Maunio o cBoiictBax CUT Kak TeXHMYECKOIl CHCTEMBI Ja)Ke Ha dTalle ero IpoeKThpoBaHus. IIpoBeneHHOE MOIEIMPOBA-
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HUE TMO3BOJSET C MOMOIIBIO MAaTEMAaTAYECKUX CHUMBOJIOB U 3aBUCHUMOCTEU CleNaTh OIMMUCAHUE (I)yHKL[I/IOHI/IPOBaHI/IH CUT

U TIOJIYYUTh OIPEIETIEHHYIO OLIEHKY IOKa3aTesei KayecTsa.

KioueBbie ciioBa: MHOXeCTBEHHAs MOJIE/Ib; allfapaTtHoe obecrieueHue; MporpaMMHoe obecreueHue; CpeacTBO U3Me-
pEHUI; BIMSIONIAs Ccpena.
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