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Po3pobrieHo Memod i npucmpiti Ha ocHosi dughe-
PeHUianbHo020 MpaHCopMamopHoz0 enekmpomas-
HIMHO020 nepemeopiosaya 0715 po36pakosy8aHHsA Ma-
mepiany nnockux memanesux 8upobis. [lokasaHo, wo
8UKOpUCMAHHA OuthepeHyianbHo2o Memody 0ns 8u-
3HAYeHHA MA2HIMHOI NPOHUKHOCMI | enekmponpo-
8i0HOCMI NIOCKUX Memariesux 8Upobie 00380/15€, pa-
30M 3 Ni0BUWEHHAM po30ilbHOI 30aMHOCMI iICMOMHO
cnpocmumu npouyedypu nNposedeHHsA AK 8UMIPIOBATb-
Hux, mak i po3paxyHkosux onepayitl. [1okasaHo, wio 3i
3DPOCMAHHAM YUCTI08UX 3HAYEHb €/1EKMPOMAHIMHUX
napamempie 8uUpoby 4ucesbHi 3Ha4YeHHs NOXUBOK iX
8U3HAYEHHS 36i/bWYIMbCA.

In the work we have developed the method and
the device on the basis of the differential transformer
electromagnetic transducer for selecting flat metal
products of the same steel grade on electromagnetic
parameters. It is shown that the use of the differential
method for the simultaneous noncontact determina-
tion of the relative magnetic permeability and spe-
cific electrical conductivity of flat metal products al-
lows, under certain conditions, together with increa-
sing the resolution (accuracy) to significantly simplify
both measurement and calculation operations. The
obtained equations allow us to determine the value
of the of electromagnetic parameters increment of
the object under test using measured values of the
amplitude and phase of the transformer transducer
output signal, taking into account the selected mode
of operation. We have developed the electric sche-

B. M. Gorkunov, doctor of technical
sciences, professor, professor of the
department information and measuring
technologies and systems,

e-mail: b.gorkunov51@gmail.com

S. G. Lvov, candidate of technical sciences,
associate professor, professor of the department,
e-mail: sgl8ntu@gmail.com

Eu. B. Borysenko, candidate of technical
sciences, associate professor,

associate professor of the department,
e-mail: 4borisea@gmail.com

Abbasi Jabbar, postgraduate

of the department,

e-mail: abbassi.jabbarl@gmail.com
National Technical University «Kharkiv
Polytechnic Institute», Kharkiv, Ukraine

matic diagram for connecting the transformer elec-
tromagnetic transducer which implements differen-
tial method of the simultaneous noncontact moni-
toring of the increment of relative magnetic perme-
ability and specific electrical conductivity of flat fer-
romagnetic plates. We have obtained experimental
results, which show that the simultaneous determi-
nation of relative magnetic permeability and speci-
fic electrical conductivity by the developed method
is possible even if the electromagnetic parameters of
the investigated and standard samples do not differ
much, i.e. when increments of their values are small.
It is shown that the increase of numerical values of
the investigated product electromagnetic parame-
ters cause the increase of their determination errors.
This is primarily due to the fact that there is a sig-
nificant difference between the linear sections of the
universal functions, which lie in the basis of the diffe-
rential method, and the real sections of these curves
in the vicinity of the selected operating point. Each
working area of the universal transformation func-
tions in the vicinity of the selected operating point
corresponds to a certain value of the specified max-
imum error. For example, in order to ensure a nonli-
nearity error of less than 1%, it is necessary to have
a working area that does not exceed 0.5%. Thus, the
developed differential transformer transducer allows
to obtain a small error in determining the two elec-
tromagnetic parameters of ferromagnetic materials.
Therefore, we can use it to select sheet metal of the
same steel grade manufactured in different factories.

© TopkyHos B. M., JIbBoB C. I'., Bopucenko €. A., ¥a66ap A66aci, 2020
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I. C. MMeTpumunH, NOKTOpP TEXHIUHMX HaAYK, ITpodecop,
TOJI0BHUW HAYKOBUM CITIBPOGITHMK,

T. B. KememyxK, KaHAUAAT TEXHIYHUX HAVK, LOLEHT,
HavanbHUK LEHTPY KanibpyBaHHA Ta MMOBipKM 3acobis
BUMIipIOBaNbHOI TEXHIKU,

[lepxaBHe MiAMPUEMCTBO
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HasedeHo memodu i 3acobu kanibpyeaHHs emanoHHuUx mpy6o-
nopwHegux ycmarogok (TI1Y), wjo 3acmocogyromecs 015 nosipku
nepemeoptosayie 8UMpamu Ha 8y3sax obsiky Hagpmu. Po3pobsieHo
MemoOuKu KanibpysarHs TI1Y; cknadeHo MamemamuyHy Modesb
3 YpaxyesaHHAM 8NJIUBHUX (hakmopie ma aneopummie ix oyiHBaH-
HA, @ Makox 30iliCHeHO OUiHIOBAHHSA HeBU3HAYeHOCMI 8UMIPIOBAHb
nid yac nposedeHHs kanibpysarHa TI1Y 3a donomMoz0t0 emanoHHo-
20 MipHUKa. 3a peynemamamu anpobauii po3pobaeHoi MemoouKu
KanibpysaHHs, BCMAHOB/EHO CKNAO08I, W0 MAMb OCHOBHUU BHe-
COK y po3WUpeHili Hegu3Ha4yeHoCMi BUMIPIOBAHHA Ni0 Yac Kaniépy-
8aHHA TI1Y 3a 00NoM0200 emaoHH020 MIPHUKA.

Knio4oei cnosa: mpy6onopuiHesi ycmaHo8Ku, emasnoHu, 06/1ik Hagmu, He8USHA4YeHiCMb 8UMIPIOBAHHS.
Keywords: pipe provers, standard measuring equipments, account of crude oil, the uncertainty of measurements.

IIOCTAHOBKA ITPOBJIEMH

OCHOBHMMM €TaJIOHHUMU 3aC00aMy, 110 3aCTOCOBYIOTHCA [l OBIPKU IEPETBOPIOBA-
yiB BUTpaTW Ha By3/1ax 06niky HadTy, € TpyOomopurHesi ycranosku (TIIV). 3aBpaku

Evaluation of the Unce
of Measurement Pipe

I. S. Petryshyn, doctor of technical sciences,
professor, chief researcher,

T. V. Kepeshchuk, candidate of technical sciences,
associate professor, head of the center for test

and calibration of measuring equipment,

State Enterprise «Ivano-Frankivsk Standard Metrology»,
Ukraine,

e-mail: ktv.metr77@gmail.com

In this paper given the methods and instruments of calibration
pipe provers used for verification flowmeters into knots account
of crude oil. The methods calibration pipe provers have been
developed. The mathematical model taking into account influential
factors and algorithms of their evaluation is made and also the
evaluation of uncertainty of measurements pipe provers by means
of the proving tank volume is carried. According to the results
of approbation of the developed method calibration, the components
that have a major contribution to the expansion of measurement
uncertainty in the calibration pipe provers using of the proving tank
volume are identified.

3acrocyBanHio TIIY cTano MOXIUBUM BUKOPUCTAHHSA TYPOIHHNX NIYWIBHUKIB A1 KOMEPUilt-
HOro 06niKy HadTH, HADTOMPOAYKTIB, OCKI/IbKM BOHU [J03BONWIN BU3HAYATU PeaibHi MeT-
ponoriuni xapakrepuctuku (MX) takux 3BT Ha Mmicui ekcrnyaTauii B mpoueci BumipioBas-
HA 33 po6ouux ymoB [1].

3a 6ymosoto Ta mpunuunom aii TIIY € pinanxoio Tpybomposoay, 3ibpaxoi 3 Tpy6
1 BIiBOZIB, V AKil PYXAETbCA FepMETUYHUIAL MOPILIEHD, A HA KiHUAX € NATYNKU-TETEKTOPY,
mo dikcyoTb IPOXOMKEHHA MopuIHA. [linAHka, oOMexeHa LeTeKTOpaMW, Ha3UBAETbCA Ka-
Ni6poBaHO0 AiNAHKOW, BUKOHYETbCA 3 TPYO, KanibpoBaHUX 3a BHYTPIlIHIM AiamMeTpoM.
Y 6inburocTi BUMAAKiB BHYTPILIHA IOBEPXHA KaNiOPOBAHOI AiINAHKYU PETENbHO 0YUIAETHCA
i HAHOCUTbCA TIOKPUTTA HA OCHOBI CMHTETUYHWUX CMOJ [JIf 3aXUCTY Bif Kopo3sii it 3men-
LIeHHA TepTs Npu pyci mopuwHa. Kani6posaHa ginsHka Moxe 6YTW BUKOHAHA MMPAMOi-
HitHOW0 a60 3irHyTOM0 y BUAL MeTni A1s 3MeHIIeHH:A rabapuTiB YCTAaHOBKU.

T. B. Kenewyx

© I. C. Ilerpuumuy, T. B. Kememyx, 2020 g
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[posedeHo DOCiOXeHHA 8NIUBY MAKUX XApaKMepucmuk KOH-
mypy cneKmpanbHoI 4ymueocmi MOHOXpPOMAMUYHo20 nipoMempa,
AK hopma KoHMypy, 1io20 HANIBLUUPUHA, 3HAYeHHs O08XUHU X8usi
UeHmpa KoHmypy ma pigeHb HenpueHiueHoi Yyymausocmi 3a Mexa-
MU OCHOBHOI CMy2u KOHMYpY HA e(heKmUuBHy 008XUHY X8UJIi MOHO-

XpOoMAamuyHo20 nipomempa. HabnuxeHHa 8 mepmiHax egpekmueHoI

008XUHU X8UJTI BUKOPUCMOBYEMbCA 8 Nipomempii Ui 00380/1A€ BUKO-
pucmosysamu ¢opmynu 019 MOHOXPOMAMUYHO20 BUNPOMIHEHHs
y 8iOHOWEHHI 00 8Y3bKOCMY208UX NPULiMAYie. 3 BUKOPUCMAHHAM Me-
modig MamemamuyHo20 MOOesOBAHHA PO32/IA0AIUCA KOHMYPU pi3-
HUX (hopM CnekmpasnbHoI Yymugocmi: NPAMOKYMHOI, MPUKYMHOI,
K/TUHOBUOHOI, hopmu KoHmypie JlopeHuya ma [ayca. HaniswupuHa,
mobmo WupuHa KOHMypie Ha pieHi NOIOBUHU BUCOMU, 8apito8a-
nacs 8i0 10 Hm 0o 80 HM. [JocnioxeHHs npogodunu 014 0iana3oHy
memnepamyp 8i0 1000 K 0o 3200 K, akuli € xapakmepHum 0715 8u-
KOPUCMAHHA MOHOXpOMAamuyHuX nipomempis. [liomeepoxeHo ne-
pesazy 8UKOPUCMAHHA MPUKYMHOI (hopMu cnekmpasnbHoi yymiu-
80CMI y NOPIiBHAHO 3 iHWUMU hopmamu. [ocnioxeHo 8naus pieHa
HenpuzHi4eHoi 4Yymausocmi no3a OCHOBHOK CMY20l0 CNeKmpasib-
HOI 4ymiueocmi KoHMypy Ha 3MiHeHHs eheKmusHOI O08XUHU X8U-
i, [iomeepoxeHo, Wo 8KA3aHull 8nIuB € 8420MOK CKIA00BOI0 He-
8U3HAYeHOCMI 3a NPOBEOEHHS BUMIPIOBAHbL Y KOPOMKOXBUILOBOMY
0ianasoHi cnekmpa 3a HegUCOKUX memMnepamyp Oxepesna eunpo-
MiHeHHs. [lpogedeHo aHani3 8naugy 8paxysaHHa KoegiuieHma eu-
NPOMIHI08ANLHOI 30aMHOCMI, AKUL 3MIHIOEMbCS 3G O0BXUHOIO X8U-
Jli, 0718 8UNAOKY 30CMOCYBAHHA 80/1bHPAMOBO20 8UNPOMIHIOBAYA.
Po3paxyHku nposodunu 8 cepedoguwyi Excel, de iHmezpysarHs 3a-
MIHI08A/10CA CYMyBAHHAM i3 KpOKOM 1 HM. [pomizoKicme po3paxyH-
Kig 3ymosusia npedcmassieHHs pesysiemamie y 2pagidHomy 8uoi, wo
€ HalbinbW KOMNAKMHUM 3a MOOe/IbHO20 Xapakmepy npogedeHux
docnioxeHe. Pesynsmamu 0ocnioxeHe Moxyme 6ymu 3acmocoea-
HO He MiflbKu 0719 MOHOXPOMAMUYHUX nipomempis, a (i 018 iHwux
npunaois, ki 8 c8oili KOHCMPYKUIT Maome esieMeHmMu MOHOXPOMA-
mu3ayii sunpomiHeHHs, HanpuKao, onA ginbmposux padiomempis,
MOHOXpPOMAmopig mowo.

Knioyoei cnoea: ehekmusHa 008XUHA X8UI, 3MiLeHHs eheKmUBHOI D08XUHU X8UJT, MOHOXPOMAMUYHUU nipomemp,
thopma KOHMypa cnekmpanbHol Yymaugocmi, HANIBWUPUHA KOHMYPY CNeKMpanbHoi Yymaugocmi, ¢oHosa

CNeKMpasnbHa 4ymnaugicme.

Keywords: effective wavelength, effective wavelength shift, monochromatic pyrometer, shape of the spectral sensitivity
contour, half-width of the spectral sensitivity contour, background spectral sensitivity.

BCTVII

BMKOpMCTaHHﬂ IpWIaAiB 3 eJleMeHTaMW MOHOXpOMAaTw3auii mip yac BuMipioBaHbL BU-
IIPOMiHEHHS HaTrPiTUX Tifl € WIMPOKO MourupeHuM. Ile BifHOCUTbLCA [0 MIPOMETPUYHUX
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The influence of such characteristics of the spectral sensitivity
contour of a monochromatic pyrometer as the shape of the contour,
its half-width, the value of the wavelength of the center of the contour
and the level of unsuppressed sensitivity outside the main band of
the contour on the effective wavelength of the monochromatic
pyrometer has been studied. An approximation in terms of effective
wavelength is used in pyrometry and allows the use of formulas
for monochromatic radiation in relation to narrowband detectors.
Using the methods of mathematical modeling, the contours of
various forms of spectral sensitivity were considered: rectangular,
triangular, wedge-shaped, the shape of the Lorentz* and Gauss®
contours. The half-width, that is the width of the contours at the
half-height level, varied from 10 nm to 80 nm. The study was carried
out for the temperature range from 1000 K to 3200 K, which is typical
for the use of monochromatic pyrometers. The advantage of using
the triangular shape of the spectral sensitivity in comparison with
other shapes has been confirmed. The influence of the unsuppressed
sensitivity level outside the main spectral sensitivity band of the
contour on the change in the effective wavelength was studied. It
was confirmed that this influence is a significant component of the
uncertainty when making measurements in the short-wavelength
range of the spectrum at low temperatures of the radiation source.
The analysis of the influence of taking into account the emissivity,
which changes along the wavelength, for the case of using a tungsten
emitter was carried out. The calculations were carried out in the Excel
environment, where integration was replaced by summation with
a step of 1 nm. The cumbersomeness of the calculations led to the
presentation of the results in a graphical form, which is the most
compact for the model nature of the study. The research results
can be applied not only to monochromatic pyrometers, but also to
other devices that have elements of radiation monochromatization
in their design, for example, for filter radiometers, monochromators
and etc.
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[NokasaHo, wo Oeski 3 KOHCMPYKYitiHUX Mame-
pianie (0cob1u80 3 8UPAXKEHOI0 NOIKPUCMANIYHOK
cmpykmypoto i/abo ymoMHUMU YU mepmiyHUMU
NOWKOOXeHHAMU) MAomb AHOMAJTbHO 8eJ1UKi aKyc-
MUYHI HeniHitHi enacmugocmi, i 0na diaeHOCMUKu
makux mMamepianie nponoHylomMeca 3acobu Bumi-
PIOBAHHA aMn1imyoHO-3a1eXHUX 3MiH KoegiyieH-
ma No2NUHAHHS | WeUOKoCMi pPo3N0BCIOOKEHHS
aKYCMUYHUX KOJIUBAHb. 3GCMOCY8AHHSA 8 YUX 3dCO-
6ax komymayitiHo-mo0ynAyitiHo20 NpUHYUNY 8UMI-
PIOBAHHA 00380/1A€ BU3HAYAMU MAkKi amnimyoHo-
3a/1eXHi 3MiHU Ha pieHi decamux i Hasime comux
yacmuH gidcomka.

It is known that structural materials are widely
used in the manufacture of various mechanisms in
mechanical engineering and in the construction of
buildings and structures in construction. Their main
purpose — to resist external loads. Detection in such
materials of both subfloor defects with a small depth
and deep defects is a difficult task. This is especially
true of defects that are already present in the
material, but due to their low concentration cannot
be detected by linear acoustic means. For example,
the search for crack nuclei in structural materials
that have a pronounced polycrystalline structure or
fatigue or thermal damage is currently relevant.

Non-linear acoustics can be used to detect such
defects. Analysis of most modern works on nonlinear

Knioyosi cnoea: akycmuyHa HeniHitiHicms, KOHCMPYKUiGHUU mamepian, «m’aKi» Oegpekmu, HepyUHi8HUU KOHMPONb,

NopyweHHs CMpyKkmypu, MpityuHu.

Key words: acoustic nonlinearity, structural material, «<soft» defects, non-destructive testing, structural damage, cracks.
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acoustics shows the following. First, it is believed that
the presence of violations of the structure of solids by
several orders of magnitude changes their nonlinear
acoustic properties. Second, it is believed that
acoustic nonlinearity is inherent in most real solids.
Acoustic nonlinear behavior of solids is
manifested in the form of various effects: nonlinear

hysteresis and dissipation, frequency-dependent
elastic nonlinearity, frequency-independent quality
factor, and so on. One of these manifestations is
amplitude-dependent changes in the absorption
coefficient and the speed of propagation of acoustic
oscillations, which can be affected by the number,
size, orientation, distribution, degree of softness and
other parameters of defects.

One of the main problems in detecting such
amplitude-dependent changes is their small size.
They usually do not exceed tenths or even hundredths
of a percent. It is almost impossible to detect such

small changes by direct measurement. Therefore,
the article proposes to apply the commutation-
modulation principle of measurement, which allows

C. M. Jicoseub

such small changes in the absorption coefficient and
propagation rate to be detected. In particular, the
article proposes means of measuring separately both
changes in the absorption coefficient and changes in
the speed of propagation of acoustic oscillations, on
the basis of which it is possible to build relationships
between these changes and the level of defects.

M. A. 3eHKiH




6'2020 - METPOJIOIIS TA [TPUJTALN « ISSN 2307-2180

METPOJIOTN4YHE SABE3IMNEYEHHSA

3955/zsgo( 0

METPONOGIMHE]
TPEHA)KEPHoro KOMH.IIEKCV

T. JI. BapaHOB, JOKTOP TeXHIYHUX HayK,
mpodecop kadenpun inpopmauiiitHux cucrem
i TexHOMNOrIN,

HauionansHuit TpaHCIIOPTHUN VHIBEpCUTET,
M. Kuis, Yxpaina,

P. A. Ta6pyK, KaHAWAT TEXHIYHUX HAVK,
KamiTaH [1a7iekoro IUlaBaHH4,

KepiBHWK TPOEKTiB,

I. 4. TopiniHa, KaHAWAAT TEXHIYHUX HaAVK,
IVPEKTOP,

TOB «OBepci3 Jlomkuctik», Opeca, Ykpaita,
0. C. KomicapeHko, crapumnit BUknagau
kadenpw indopMauiniux cucrem

i TexHONOrIN,

HauionansHuil TpaHCIIOPTHUN VHiBEpCUTET,
Knis, Vkpaina,

e-mail: grostyslav@yahoo.com

locmasneHo ma supitueHo HAyKoso-npak-

MmuyHy 3a0ady 3 2apaHmyeaHHA 00CMAMHbOI

ehekmusHOCMi MpeHy8abHO20 NPoyecy WIIAXOM
CMBOpPEeHHA KOMNJIEKCHO20 MmpeHaxepa onepamo-
pa cucmem OUHAMIYHO20 NO3UYIOHYBAHHA PYXO-
M020 06'eKma 800H020 MpaxHcnopmy 3 po3wupe-
HUMU (DYHKUIOHANbHUMU MOX/IUBOCMAMU 3GBOSKU
ycmamkysaHHAM (io2o padionokauitiHum o61ao-
HaHHaAM. Lje 00380/1un10 nidsuwumu eghekmusHicme
MmpeHaxepHoi Nid20mMoeKu.

byno cpopmosaHo ma Haykoso 06rpyHmo-
8aHO CK/IA0 MpeHaxepHo20 KOMNJIeKCy nosiep-
20MUYHO20 YNpassiHHA pyxoM 3a yMO8 8UMipio-
8aHUX 2emepozeHHUX 36ypeHb. Po3pobreHo cno-
Ci6 komnnekcHoi imimayii zemepozeHHUX 0b6cma-
8UH MpeHaxepHUMU 3dcobamu 0114 a0ek8amHo-
20 8iOnpaytoeaHHs 6e3nomMusiKogoi peakyii one-
pamopa cucmemu OUHAMIYHO20 NO3UYIOHYBAH-
HA Ha 3aepo3nusi obcmasuHu akeamopii mex-
HoOnpupoOHo20 Komniekcy. HasedeHo 8 obnacmi
Opu2iHany eapiaHmu 8axmoso20 3MiHHO20 CK/a-
Oy npogeciliHux oci6, ujo 00380/1uM0 adeksam-
Ho 8idmeopumu cknao saxmu 8 obaacmi 306pa-
XXeHb MAapKiecbKux npouecis. Lle 0o3gonse npu-
Umamu ynpasniHceKi pilueHHA cmocosHo 6e3ne-
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Ku. HadaHo nepcnekmusy nodanbwux Haykosux
00C/1i0XeHb.

The article sets and solves a scientific and
practical problem to ensure sufficient efficiency of
the training process by creating a comprehensive
simulator for operator of dynamic positioning on
a mobile water transport object with advanced
functionality due to equipment of radar equipment.
This allowed to increase the efficiency of training.

The training complex composition of polyergatic
motion control in the conditions of measured
heterogeneous disturbances was formed and
scientifically substantiated. A method of complex
simulation of heterogeneous circumstances by
simulators has been developed for adequate testing
of the error-free reaction of the dynamic positioning
system operator to the threatening circumstances of
the techno-natural complex water area. Variants of
the shift variable composition of professionals are
given in the area of the original, which allowed to
adequately reproduce the composition of the shift in
the field of images as Markov processes. This allowed
to make management decisions regarding safety. The
perspective of further scientific researches is given.

Kniouoei cnoea: mpeHaxepHa nid2omoska, 6e3neka nosiep2amu4Ho20 ynpassiiHHa, Hasieauis, cucmemu OUHAMIYHO20

NO3UYiOHYBAHHS, 2emepo2eHHi 30ypeHHs

Keywords: simulator training safety of polyergatic control, navigation, dynamic positioning systems, heterogeneous disturbances
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JlocnioxeHHAMU ycmMAHOoB/EHO, WO 00CMAMHLO BeNUKA Kirb-
Kicmb 8UMIpPIOBANIbHUX napamempis, 3a AKUMU 30iliCHIOEMbCA
KOHMPOJ/Ib MeXHOM02IYHUX NPOUECis, MAae MpeHOU KOoUBAsTbHO-
iMnynecHozo xapakmepy. [lokazaHo, wo po3max makux mpeH-
0ig moxe docszamu 0o 20 i binewe 8idcomkie 8i0 dianasoHy 8u-
MIpIOBAHHA. 3aNPONOHOBAHO CMPYKMYPHY CXemy (DOPMYBAHHA
KOJIUBANIbHO-IMNY/IbLCHO20 MpeHOY BUMIPIOBAIbHO20 napamempa
MexHO/102i4H020 06'€KMa, AKAa CKIA0aEMbCA 3 0CHOBHO20 06'ekma
ma napanenbHo NiOKIIOYeHUX OXepesn He3azacardux KoaugaHb
(4HK). OmpumarHo mamemamuyHi modeni mpeHdy 018 OCHOBHO-
20 06'ekma anepioduyHo20 muny 0py2020 NopsOKY 3 00HUM, 080-
ma ma mpeoma napaneneHumu HK 3 pi3Humu amnnimyoamu ma
yacmomamu. Bnepwe scmarosneHo ma o06rpyHmMosaHo npuyu-
HU CMBOpeHHA iMnysecie Ha mpeHdax. 3anponoHo8aHo po3dina-
MU MexHOM02iYHUU NPOYEC HA 06'EKMU 3 He3aIeXHUMU MA 3a/1ex-
Humu JJHK. lokasaHo, wo 3a 8idcymHocmi 83aEMH020 38'A3Ky Mix
ocHosHUM 06’kmom i [JHK amnnimyda konuganeHo-imnynecHo20
mpeHOy He 3a/1eXUMb 6i0 8e/IU4UHU BUMIPIOBA/IbLHO20 NApaMempa.
[Nepiod imnysbcig 8U3HAYAEMbCA Pi3HULEI0 KymOBUX 4acmom 080X
i 6inbwe JHK. HalimeHwa noxubka sumipto8aHHs Mae micye y 8u-
naoky, Konu OiticHe 3Ha4YeHHA BUMIPIOBAIbHO20 NApaMempa 8U3Ha-
YaemobCA 3a pi3HuUyero Halbinbwo2o pomaxy mperais.

As a result of the analysis of real trends of technological parame-
ters, it was found that they have a complex pulse-vibrational shape,
which is a consequence of the simultaneous interaction of many pri-
vate oscillatory systems with different amplitudes and frequencies.
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Private sources of sustained oscillations (SSO) are divided into exter-
nal and internal. External SSO can arise as a result of the operation
of automatic control systems, compressor installations, cavitations
of regulatory bodies, which cause an oscillatory change in material
flows. Internal SSO are formed due to the cross interaction of inter-
nal feedback interactions, reaction and heat-mass transfer processes
in technological devices. A physical model of the control object and
its structural diagram are proposed. It is shown that external SSO af-
fect internal ones, which leads to the appearance of changes in the
output technological parameters of a complex shape, and, accor-
dingly, their trends. The trends of technological parameters are inves-
tigated when private SSO are connected in parallel. Each particular
INK is a conservative dynamic link with its own amplitude and an-
gular frequency. The mathematical model of the TCO is represented
by the sum of the output signals of the main aperiodic and partial
conservative links. For the first time, the presence of pulse signals on
the trends of technological parameters with the simultaneous inter-
action of two or more SSO with different frequencies and amplitudes
was substantiated theoretically and experimentally. The results of re-
search of technological parameters with one, two and three SSO are
presented. It is shown that in the absence of a mutual connection
between the TCO and SSO, the amplitude of the oscillatory impulse
trend does not depend on the value of the measured parameter. The
period of the pulses is determined by the difference in the angular
frequencies of two or more SSO. The minimum measurement error
occurs when the actual value of the measured parameter is deter-
mined by the difference of the largest trend range.

Kntoyosi cnoea: 8umipiosaxHs, KOHMpPO/b, NAPaMempu, MexHOAO02is, IMNY/bCU, 06'ekm, OXepesio KoueaHy, amniimyod, yacmoma.
Keywords: measurement, control, parameters, technology, impulses, object, source of oscillations, amplitude, frequency.

AHANI3 TPEH]IB 3 KOJIMBAJIBHO-
IMIVIBCHUM XAPAKTEPOM 3MIHH
BUXIAHOI'0 CUTHANY NABAYA KOHTPOJIIO
TEXHOJIOTTYHOI'O ITAPAMETPA
nip, yac eKkcrmayarauii TexHONOriyHUX Ipolecis
y TeIUI0eHepreTUYHiit, Ximiynin, HadTomepepos-
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Hii, Xap4oBiit i 6ararbox iHWIWX BUPOOHWUNUTBAX M0-
CTATHbO YaCTO CIIOCTEPIraloTbcsi BUMAZLKU, KOMW Tex-
HOJIOTiUHI TapaMeTpw, 3a SAKUMU BELETbCA KOHTPOJb
AKOCTL BUPO6NEHOTO MPOAYKTY YU eheKTUBHOCTI po-
60T TEeXHONOTIYHOI YCTAHOBKM, 3MiHIOIOTHCA YV Ya-
ci 3a KONWBaIbHO-IMITYNIbCHO (GOPMOI0, K IMOKA3AHO
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AHanusupyemcs nocnedHee peweHue [eHe-
panbHol KoHdepeHyuu no mepam u eecam, c8a3aH-
Hoe ¢ nepeonpedeneHueM OCHOBHbIX eOuHUUY Sl.
lpednazaemca obcydume ycnosus peanusayuu
npeonoxeHHbIx onpedesieHuli eOUHUY (u3UYeCKUX
8esuyuH. lockoseKy 3mu onpedesieHus 0CHOBbIBA-
10MCA Ha KBAHMOBbIX AB/IEHUSX, MO nepeonpederie-
HUSA OCHOBHBIX (hU3UYECKUX 8EIUYUH UCNOMb3YIOM He
MamepuanbHble apmepakmel, a onpedeseHus, Ko-
mopble 0CHOBLIBAIOMCA HA KBAHMOBbIX NPOUECCaX.
OueHb 8aXHbIM S8/19MCcs mom (hakm, ymo nocsie
0mKasa om ¢u3suyeckux apmegakmos Ha ux cme-
HY NpUX00SM aHAIUMUYecKue BbIpaXeHus, 8 OCHO-
8e KOMOpbIX JIeXam K8aHMo8ble NepemMeHHble U KOH-
cmaHmel. Ha npakmuke 0ns onpedesneHus amnepa
noHadobumca mosbko 00UH UHCMpyMeHm — 00-
HO3/TeKMPOHHbIU Hacoc. Takue UHCMPyMeHMbl Co3-
danu Heckonbko siem Hazad. OHU No38osIAM nepe-
Mewame onpedeséHHoe Kou4ecmeo 31eKmpoHo8
8 MeyeHuUe Kax0020 HACOCHO20 YUK/d, Ymo AeJid-
emcs KpatliHe UeHHbIM Kayecmaom 0na ¢hyHoameH-
manbHOU HayKu u Memposioauu.

AHAnI3yembCa 0OCMAHHE piwieHHA [eHepanbHOT
KoHdepeHuii 3 mip ma eae, noe>a3aHe 3 nepegusHa-
YeHHAM OCHOBHUX 00UHUUb SI. [TponoHyembcsa 06-
2080pUMU YMO8U peaniayii 3anponoHOBAaHuUX 8u-
3HAa4YeHb 00UHUYb i3uyHUX 8enuyuH. OcKineku ui
BU3HAYEHHA TPYHMYIOMbCA HA KBAHMOBUX A8U-
wax, mo nepesusHa4yeHHA OCHOBHUX (hi3UYHUX Be-
JIUYUH BUKOPUCMOBYIOMb He MamepianbHi apme-

Kntoyesbie cniosa: eduHuysi (usuyeckux eduHuy, CH, nepeonpedesnerue, apmegakmel, KBAHMOBbIE ABTEHUS.
Keywords: units of physical units, SI, redefinition, artifacts, quantum phenomena.

BBEAEHUE

CVlCTeMa CH 6asupoBanach Ha OIMpEefeNeHUN OCHOBHLIX eAuHUl, GU3ndecKux Benw-
YUH, KOTOPbIE MOXHO OBUIO peann3oBaTh HAa OCHOBE (PU3NYECKUX U XUMUYECKUX
3HaHWi U apredakros. Cnepyomuit mepecMoTp cucteMsl CU O OCYLECTBIEH B KOHLE

50-x n Havane 60-x ropos 20 cronerusa [1].
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(hakmu, a 8U3HAYeHHs, AKI IDYHMYIOMbCA HA K8AH-
mosux npouecax. [lyxe eaxausum € moti pakm, wjo
nicss 8ioMosu 8i0 (i3uyHUX dpmeghakmie Ha ix 3mi-
Hy npuxo0ame aHANMUYHIi 8UPA3U, 8 OCHOBI AKUX
J1eXame K8AHMOBI 3MiHHI | KOHcmaHmu. Ha npak-
muuyi 0514 8U3HAYeHHA amnepa 3Ha006UMbCA Misb-
KU 00UH iHCMpyMeHmM — 00HOe1eKMPOHHUL HACoC.
Taki iHcmpymeHmu cmeopusu Kiflbka poKie momy.
BoHu 0o38051A10Mmb nepemiwamu negHy Kinbkicme
e/1eKmMpOHi8 NPOMA0M KOXHO20 HACOCHO20 UUKITY,
wo € 8kpatl yiHHoIo AKiCMIo 0n1A (hyHOaMeHManbHOI
HayKu ma mempooeii.

The article analyzes the latest decision of the
General Conference on Weights and Measures
related to the redefinition of the basic SI units. This
article proposes to discuss the conditions for the
implementation of the proposed definitions of units
of physical quantities. Since these definitions are
based on quantum phenomena, the redefinitions of
basic physical quantities use not material artifacts,
but definitions based on quantum processes. It is very
important that after the rejection of physical artifacts,
they are replaced by analytical expressions, which
are based on quantum variables and constants. In
practice, only one instrument is needed to determine 4
the ampere — a single-electron pump. Such tools A. C. THameHKo
were created several years ago. They allow the
movement of a certain number of electrons during
each pumping cycle, which is extremely valuable for
fundamental science and metrology.
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The main difficulty in developing a universal ap-
proach to signal processing using wavelet filtering is
the non-stationarity of signals. Therefore, the exis-
ting solutions and their software implementations
that do not take into account the occurrence of va-
rious signal anomalies and self-healing phenomena
that do not have a self-learning function cannot be
effective in industrial conditions and reliably identify
or eliminate noise and defects.

The estimation of the proximity of the test signal
and the analyzed one is carried out by calculating
the autocoherence coefficients between the series of
power factors of the signal spectra. Autocoherence
coefficients were calculated using correlation or co-
sine methods to determine the distance between the
series of power factors of the wavelet spectrum. The
paper analyzes the non-stationarity (coherence) of
the measuring signal using wavelet transformations
of various spectra and waveforms.

The choice between the correlation method or the
cosine for determining the distance between the series of
power factors of the wavelet spectrum does not affect the
result of signal identification. The possibility of choosing
a complex wavelet increases the resolution of the signal
processing method (the difference between the maxi-
mum and minimum values of autocoherence for a gi-
ven type of non-stationarity). The studies carried out con-
firm the versatility of the developed software package.

lonosHuMu mpyoHowamu ni0 yac pospob-
JIAHHA YHIBEPCanbHO20 nidxody 00 ONpaytO8aHHA
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professor,

CU2Hanig 3 BUKOPUCMAHHAM 8elisniem-inempauii
€ HeCMayioHapHicme cuzHanie. Tomy HasA6Hi pitueH-
HA U ix npoepamHi peanisauii, AKi He epaxosytome
BUHUKHEHHS pi3HUX aHomManit cuzHanis i Asuwa ca-
MOBIOHOB/IEHHS, HE MAoMb YHKUiT CAMOHABYAHHH,
He MoXymb 6ymu ehekmusHUMU 3G NPOMUCIIOBUX
ymo8 i docmosipHo ideHmudpikysamu abo ycysamu
wymu, Oegpekmu.

OuiHka 6nusbkocmi mecmosozo cuzHamy
i aHanizo8aHozo 30iliCHIOEMbCA WIAXOM 064uC-
JIeHHA KoeqbiyieHmie asmokozepeHmHocmi Mix ps-
oamu KoepiyieHmie nomyxHocmi cnekmpig cueHa-
niig. KoegpiyieHmu asmokozepeHmHocmi po3paxo-
8YBA/IUCA 3 BUKOPUCMAHHAM Memoodie Kopenayil
abo KocuHyca 071 8U3HAYeHHA 8I0CMAHi Mix pAoa-
Mu KoegiuieHmie nomyxHocmi geligiem-cnekmpd.
Y pobomi aHanizyemoca HecmauvioHapHicme (koze-
PeHMHICMb) BUMIPIOBATIbHOR0 CUHAJTY 3 BUKOPUC-
MaxHam eeligiem-nepemaopeHs pi3HUX Cnekmpig
i popm cueHanie.

Bubip mix memodom kopenauii abo kocuHycom
0719 8U3HAYeHHA 8i0CMaHi Mix cepiamu KoediyieH-
mie nomyxHocmi eetisfiem-cnekmpa He 8n1uede Ha
pesynbmam ideHmudikayii cueHany. Moxnusicmo
8ubopy KomnniekcHoz2o geligiema 36ibwye po3-
0inbHy 30amHicme Memody oNpaulo8aHHs Cu2Ha-
7y (Pi3HUUIO MiX MAKCUMAMbHUM i MIHIMATbHUM
3HAYeHHAMU d8MOKO2EPEHMHOCMI 018 Y020 Mu-
ny HecmayioHapHocmi). posedeHi 0ocniOXeHHA
niomeepoXxyoms yHigepcanbHicms po3pobsieHo20
Npo2PamMHO20 KOMNJIeKCy.

Keywords: wavelet transform, coefficient of autocoherence, non-stationarity, vibration signal.
Knioyoei cnoea: selisniem-nepemsopeHHs, KoeiyieHm asmokozepeHmMHocmi, HecmauioHapHicme, 8ibpocuzHarn.

INTRODUCTION
huge number of publications are devoted to solving the problem of filtering measu-
ring signals. The reason for this, first of all, is the variety of signals and interference.
However, despite the interest of researchers in this problem, the development of sci-
ence and technology leads to the use of new approaches due to the increasing trends
in the quality of signals, filtering efficiency. The development of software modeling
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Po32naHymo eupiwieHHs Haykoso-npakmuyHoi 3adayi npose-
OeHHsl aHanizy ma cmeopeHHs MoOesli nepexpecHux knacugikayid,
wjo 8paxosye ehekmu 00HOYACHOT 83aeMOOIT MpboX hakmopis (ma-
CU, 8071020CMi, OCBIMIEHOCMI) HA pe3yslbmam 8UMIpOBAHHS 00U-
HUYHO20 NOKA3HUKA KOIOPUMeMPUYHO20 KOHMPOJTO (O8MU3HU
3epHa nwieHuyi); nposedeHo i 00C/IiOXeHHS.

OCHOBHUM NOHAMMAM OuCnepciliHo20 aHanizy € noHAMmMsa
thakmopa — Akocmi abo 8nacmusocmi, 8i0nogioHo Ao AKoI Kaacu-
ikyromeca dani. KoxHuli pakmop mae kinoka pigHie. Cmpykmypa
abo cxema ekcnepumeHmy onuUCyeMbCs, Pakmopamu, ujo 8xo0ameo
00 Hb020, U cnocobamu KOMbiHYB8AaHHA pi3HUX pigHie pi3HUX ¢ak-
mopis.

Y diticHocmi Ha peanbHuUli 06'ekm enaueae 6esniy hakmopis,
wo He niddarmeca cmabinizayii abo 8axxko KOHMPOOIMbCS, ane
AKI MAKoX BUKIUKAMb PO3Cit08AHHA BUXIOHOI 8€IUYUHU. Y mako-
My 8Unaoky 8apmo nposecmu npoyedypy paHoomi3ayii o1 mozo,
wobu 3pobumu ixHili 8niue 8UNAOKOBUM.

BusHayeHi 06MexeHHs Ha KinbKicme pigHie 0CHOBHO20 (napa-
Memp KOHMPOJI0) ma ¢akmopis, Wo 8nausaome Ha pesyabmam
KOIOpUMempuYHO20 KOHMPOJTIO 3a 3a0aHOI MemposoiyHoT Heau-
3HayeHoOCMi napamempa KOHmMposk. Y xo0i docnioxeHHs ompu-
MGHO pi8HAHHSA O/ OUYiHIOBAHHA 00CMOBIPHOCMI CMAMUCMUYHUX
BUCHOBKI8 CMOCOBHO iHHOPMAUilHOI 3HAYUMOCMI NOKA3HUKI8 KO-
JIOpUMEMPUYHO20 KOHMPOJII0 011 cnpowjeHoi Modesi nepexpec-
Hol knacugpikayi.

The paper considers the solution of scientific and practical
problem of analysis and creation of a model of cross classifications,
which takes into account the effects of simultaneous interaction of

S. A. Yefimenko, graduate student of the department
of design and operation of electronic devices,

Kharkiv national university of radio electronics,
Ukraine,

e-mail: sefimenko64@gmail.com

three factors (mass, humidity, light) on the measurement of a single
indicator of colorimetric control (yellowness of wheat grain); her
research was conducted.

The basic concept of analysis of variance is the concept of factor
— quality or property, according to which the data are classified.
Each factor has several levels. The structure or scheme of the
experiment is described by the factors included in it and ways to
combine different levels of different factors.

In fact, the real object is affected by many factors that can not be
stabilized or difficult to control, but which also cause the scattering
of the original value. In this case, a randomization procedure should
be performed to make their effect random.

In a multifactor experiment, the type of model depends on the
way the factors interact. In the practice of analysis of variance, there
are two types of interactions of factors — hierarchical and cross,
or hierarchical and cross classification. In hierarchical classification,
there are factors of the main group and factors of subgroups, and
each level of one main factor can be associated with many levels of
the second factor — the subgroup factor.

In cross-classification, each level of one factor can be combined
with all levels of another factor and the ordering of all interactions in
this case, in contrast to the hierarchical classification, is impossible.

Restrictions on the number of levels of the main (control
parameter) and factors influencing the result of colorimetric control
at a given metrological uncertainty of the control parameter
are determined. In the course of the research, equations were
obtained to assess the reliability of statistical conclusions about
the informational significance of colorimetric control indicators for
a simplified model of cross-classification.

Kniouosi cnosa: HegusHaqeHicme 8UMIPIOBAHb, KONOPUMEMPUYHUL KOHMPOAb, ducnepciliHuli aHanis, nepexpecHa knacugikayis, noxubka.
Keywords: measurement uncertainty, colorimetric control, analysis of variance, cross-classification, error.

BCTVIl

KonopmmeTpmHmﬁ KOHTPOJIb 3€PHOBUX KYJIbTYP € METOLOM EKCIIPEC-KOHTPOILIO,
0 BUCTYIIA€ AK IPIOPUTETHUI HANPAM TEXHIYHOTO KOHTPONW. BiH BUKOpPUCTOBYE
METOLU MePETBOPEHHA (Pi3UYHUX BENUYUH, 1I0 KOHTPOJIOKTHCSA, B €€KTPUYHI CUTHANN.

EKcItpec-KOHTPONb AKICHUX MapaMeTpiB 3epHOBUX KYIbTYP Mae [efKi CKIapHomL
Ta HepoNiky, ki MOTpi6HO BPaxoBYBATU IIif Yac oro mposeneHHs. IlepeBaxHa 6inburicts
METOZIB eKCITpec-KOHTPOJIO 3ePHOBUX KYILTYD 6a3yeTbCA Ha OMOCEPEAKOBAHUX BUMipio-
BAHHAX ITApaMeTPiB AKOCTI, 10 He [O03BONAE BCTAHOBUTU LIKIIMBUN BIUINB [OATKOBUX
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3anponoHosaHa, 8uzomossieHa ma 00CnioKeHa emanoHHa ycma-
Hoeka 0718 KanibpysaHHs (MemposoeiuHo20 niomeepoxeHHs) 3acobie
sumiptosaneHoi mexHiku (3BT) -nikghnoymempie, Aki 8UKopucmogytome-
€A1 8 3aK1a0ax NepBUHHOI MeOUYHOT 00NOMO2U ONfl OYiHKU CMAHy op-
2aHY OUXAHHs NIOOUHU. YCMAaHoBKa 8i0pisHAEMbCA NPOCMOMOIO KOH-
CMPYKUYii, HEBUCOKOKO 8apMICMIO Ma HeseuKuMu pomipamu. Lje mex-
HiYHe pilieHHs 3a6e3ne4yumb NPOCMeXys8aHicmb BUMIPIOBAHL BUMPA-
mu nosimpa y OiazHOCMUUi 3aX80PI08aHb Op2aHy OUXAHHS /IOOUHU.

Takox 062080ptoroMbCA esKi npobemu Memposio2iyHo20 nio-
meepoxeHHA MeOUYHO20 00/IA0HAHHA 3 8UMIPIOBASIbHUMU (hyHK-
yisamu.

The calibration kit for pickflowmeters calibration (metrological
confirmation) has been proposed, made and tested. Pickflowmeters
are used at primary medical care offices for human respiratory sys-
tem diagnosis. The calibration kit has simple design, low cost and
small dimensions. The calibration kit provides the traceability of air
flow measurements in respiratory diseases diagnosis.

Spirometry is the most common ry performed pulmonary function
test and is the most important test for screening for, diagnosing and

V. N. Odnoralov, Candidate of Technical Sciences,
Deputy Director-General for Metrology,
Standardization and Scientific Activity,

SE «Sumystandartmetrologiya», Ukraine,

e-mail: vodnoralov@gcsms.com.ua

monitoring respiratory diseases such as asthma and cronic obstructive
pulmonary disease (COPD). Spirometers incorporate flow or volume
transducers to measure flow and volume of forced expiration and in-
spiration of maximal breaths. It is well known that the calibration of
spirometers may not be stable and misclassification of respiratory di-
sease does result from systematic errors in spirometer measurements,but
the sensitivity of diagnoses to systematic errors is not known. A de-
cade or two ago spirometry was done predominantly in large, hospi-
tal-based pulmonary function laboratories where technical support is
usually available, but the increasing availability of low-cost portable
spirometers is facilitating an increasing trend for spirometry to be per-
formed in primery and special medical offices and pharmacies where
there is little or no technical support. Diseases such as COPD are diag-
nosed by comparison of spirometry results with absolute thresholds
and case finding may be performed by practice nurses, therefore it is
important that absolute errors in spirometry results are well controlled.
The tendency for clinicians to emphasise human error over absence of
quality control of equipment is also evident in spirometry.

Some problems of the measuring instruments metrological con-
firmation in medicine have been discussed.

Kniouoei cnosa: nikgnoymemp, kanibpysaHs, memposozidHe niomeepoXeHHs, NPOCMeXys8aHicmb 8UMIPIOBAHY, 0id2HOCMUKA, nauieHm,

nepeuHHa mMedu4yHa 0onomozd.

Keywords: pickflowmeter, calibration, metrological confirmation, traceability of measurements, diagnosis, patient, primary medical care.

3aI‘aJle0BiJJ.OMO, mo Hapasi B Ykpaini 3aBepuryeTbca pedopma CUCTEMU OXOPOHU
370pOB's. B pamMkax pedopMu 3ampoBaAKeHa TPUPIBHEBA CTPYKTYpPA 3aKNafiB Meany-
HOTO 00CNyroByBaHHA HacenenHs. Ha mepuomy piBHi copmoBaHa Mepexa LieHTpiB nep-
BUHHOI MeLWKO-caHiTapHOI ZOMOMOTU. Bu3HAUeHO KOO MUTaHb, AKUMU OMIKYETLCA Leil
piBeHb Ta Mepenik obnanHaHHA (060B'A3KOBUIL Ta AOKATKOBUIL), iKe MAE OYTU B PO3IIOPAL-
KeHHI ueHTpiB AnA AiarHOCTWMKM 3axBopiloBaHb [1]. [0 060B'A3KOBOTO MEpPENiKy BifHO-
cATbCcA Takox i 3BT meguyHoro mpusHaueHHs, Taki K Baru, poCTOMipu, PyLeTKu, TepMo-

METpW, TOHOMETPY, IIYIbCOKCUMETPU, elleKTpokapaiorpadu, rnokomMeTpu Ta mikdnoymer-
pu. OcranHi 3 uboro 0608’sa3KoBOro mepeniky 3BT mpusHayeHi Ans BU3HAYEHHA OCHOBHO-
ro mapameTpa CTaHy OpraHy AUXaHHA JIOAUHW — IiKOBOI 06'eMHOI WIBUAKOCTI BUAUXY.

CITIIPOMETPIA

B3arani cmipomeTpifi — Ba¥/IuBa CKlafoBa MELWUYHOI AiarHOCTUKW OpraHy AuXaH-
HA [2], okpeMuit po3ain MefUUHMX HAyK, YBara A0 AKOTO 3pocia V 3B'A3KYy i3 emifeMieto,

BUKIMKaHOW0 Bipycom COVID-19.
© Opxopanos B. M., 2020
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B cmammi npedcmassieHo moxnusocmi cepedo-
8uwa po3pobseHHa ma naameopmu 0718 BUKOHAH-
HA npoepam LabVIEW, ujo cmeopeHi 3a 0onomozoto
2pagiyHol (8i3yanbHoi) mosu npo2pamy8anHa «G»
¢ipmu National Instruments (CLLUA) dna cmeopeHr-
HA 3dcobig nposedeHHA OUCMAHYiliHO20 HABYAH-
H#, 0€06/1UBO NPAKMUYHUX Ma 71a60pamopHUxX po-
6im, 0719 OMpPUMAaHHA CMydeHMamu mexHi4yHux cne-
yianeHocmel NpakmMuyHUX HABUYOK Y pexumi ouc-
MAaHyiliHo20 Has4yaHHA. [IpOaHAN308aHO OCHOBHI
nepesazu ma Hedoniku 3acmocysaHHsa LabVIEW
3 n02/190y MOX/IUBOCMI 3ACMOCYBAHHA Henpogecili-
HUMU npo2pamicmamu, a came, iHxeHepamu ma eu-
Kknada4amu, 0na peanizayii ceoei npocpecitiHoi dissib-
HOCMi 3a ymos ducmanyitiHoeo Hag4yaHHA. HasedeHo
PO3pob/IeHHA aHAN0208020 BUMIPIOBAIbLHO0 NPU-
n1ady 3 «peanicmuyHuM» 308HiWHIM 8UOOM ma no-
8e0iHKOI0 CMPINKU, AK NPUKAO 3aCMOCY8AHHA MOX-
nusocmeli LabVIEW 0na cmeopeHHa npoepam 3 me-
Moto OUCMAHYiIHO20 HABYAHHA CMYOeHMIi8 MexHiy-
HUX cneuianbHocmell ma ompuUMAHHA HUMU NPak-
MUYHUX HABUYOK HA 1a6OPAMOPHUX Ma NPakmuy-
HUX 3aHAMMAX Y pexumi QUCMAHYitiHO20 HABYAHHS.
Po32naHymo npouec cmeopeHHs «peanicmuyHo20»
8UQy Ma oNUCAHO anzopuMM NOBediHKU CMPINKU
3MOXJIUBICMIO HANIAWMYBAHHA NAPAMEMPI8 «mpem-
MIHHA» cMpinku 0719 MOOeno8aHHA poboyux ma
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He poboyux 8UMIPIOBATIbHUX Npuadie, MAKoX Ha-
8e0eHO MOX/1UBICMb 3a0aHHS NOXUBKU BUMIPIOBAH-
HA 0718 OMPUMAHHA «peanicmuyHoCmi» 3 MOYKU 30-
py memporozii. HagedeHo pe3ynemamu po3pobsieH-
HA aHA10208020 BUMIDIOBATLHO20 NPUADY, NPOGHA-
J1i308aHO (1020 nepesazu ma HedosliKU, MOXUBICMb
3acmocy8aHHa 019 CMBOPeHHA npozpam 1abopa-
MOPHUX Ma NpakmuyHux pobim, Aki Moxsueo 3a-
cmocosy8amu y pexumi OUCMAaHUiliHo20 HABYGHHA.

The article presents the capabilities of the
development environment and platform for
running LabVIEW programs, created using the
graphical (visual) programming language «G» from
National Instruments (USA). The article presents the
possibilities of LabVIEW to create tools for distance
learning, especially practical and laboratory
work for students to obtain technical specialties
of practical skills in distance learning. The main
advantages and disadvantages of using LabVIEW
in terms of applicability by non-professional
programmers, namely engineers and teachers, are
analyzed. LabVIEW is analyzed for implementation
by engineers and teachers of their professional
activity in the conditions of distance learning.
The development of an analog measuring device with
a «realistic» appearance and behavior of the arrow

State enterprise «Kharkov regional research and
production center for standardization, metrology
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