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TA OB EMHOIBNTPATVITA3Y,

0. A. Bac, KaHAWAAT TeXHIYHUX HayK,
CTapuINiA HAYKOBWIA CIiBPOGITHUK,

[II «IBano-dpaHKiBCbKCTAHAAPTMETPONOTIAY,
e-mail: alexandr.sanya@gmail.com

AHOHCYEMbCA HAOAHHA cMamycy «HayioHaneHUx» 080M 8mo-
PUHHUM emanoHam oduHuyb 06’emy ma ob6'eMHoi sumpamu 2a3y,
AKi 36epizaromecs 8 JI1 «leaHo-OpaHkiecbkcmarHdapmmemposoais.
[okasaHa npocmexysaHicme 8mMOPUHHUX emasoHie 6e3nocepeo-
HbO 00 00uHUYb cucmemu Cl. O6rpyHmosaHo peanizauito npoyecy
8i0MeopeHHA 00UHUUb BMOPUHHUMU emdanoHaMu. 3anponoHOBAHO
Memo00/102il0 NpoBedeHHA 38ipeHHA Ma OUIHIOBAHHA PiBHA eKsi-
8a71EHMHOCMI HAYIOHA/IbHUX NepBUHHUX MA 8MOPUHHUX emarso-
Hig 00UHUUb 06'eMy ma 06’emHol sumpamu easy 8 dianasoHax, AKi
€ CninbHUMU 07151 emarioHig. ONpauylo8aHHs peynbmamie 3eipeHsb 3a-
NPONOHOBAHO NPOBOOUMU AHAsI02IYHO MemMOoOUUi OYiHKU 08OCMO-
POHHIX MiXXHAGpOOHUX 38ipeHb. [TOKA3aHA Ha OCHOBI MOOe08aHHS
cmyneHs eKeiganeHMHocmi AoYibHICMb 8CMAHOB/IEHHSA XOPCMKI-
Wwiux Kpumepiie 3a oUiHKU pieHs exgiganeHmHocmi. 30iticHeHo nio6ip
emanoHHUX 3acobig 0719 nposedeHHs 38ipeHr. HasedeHo pesynema-
MU NONApHO20 38iPeHHs HAYIOHAbHUX emdasioHi8 00UHULbL 00'emy
ma o6'eMHoi sumpamu 2a3y cnifleHux diana3oHie 06'eMHoi sumpa-
mu. Po3pobieHo MemoOuKy 8U3HAYEHHS Ma OYiHI0BAHHSA napamem-
pa HecmabineHocMi HayioHaneHUx emarnoHie. HasedeHo epaciyHy
iHmepnpemayito oyiHku HecmabinbHoCMi. 3anpoNOHOBAHO NpPo-
800UMU OUIHIOBAHHA HecmabineHocmi aHanoz2iuHo npouedypi 8u-
3HaYyeHHA napamempa «8idmeopl8aHoOCMi». 3a3Ha4YeHo nepegazu
OMPUMAHHA CMamycy «HayioHaneHUx» 0719 8MOPUHHUX ema’ioHig
00UHUYb 06'eMy ma 06’emHOI BUMpPamu 2asy.

Gas Volume and Volume Flow Rat

Evaluation Methodol_o;
ence Level National Standas

0. A. Bas, candidate of technical sciences,
senior researcher,

SE «Ivano-Frankivskstandartmetrolohiyay,
e-mail: alexandr.sanya@gmail.com

The article announces the granting of the status of «<national» to
two secondary standards gas volume and volume flow rate, which are
stored in the State Enterprise «lvano-Frankivskstandardmetrology».
The traceability of secondary standards directly to the units of the
SI system is shown. The realization of the process of reproduction
of units by secondary standards is substantiated. The article
proposes the methodology for comparing and assessing the level
of equivalence of national primary and secondary standards gas
volume and volume flow rate in the ranges that are common to
the standards. It is proposed to process the results of comparisons
similarly to the method of evaluation of bilateral international
comparisons. Based on the modeling degree of equivalence, the
expediency of establishing stricter criteria when assessing the
level of equivalence is shown. Placed selection of reference meters
for comparisons. The results of pairwise comparison of national
standards gas volume and volume flow rate for total volume flow
ranges are given. A methodology for determining and assessing the
instability parameter of national standards has been developed.
A graphical interpretation of the instability assessment is given. It is
proposed to perform instability assessment similarly to the procedure
for determining the parameter «reproducibility». The advantages of
obtaining the status of «national» gas volume and volume flow rate
for secondary standards are indicated.

Knioyoei cnoea: HayioHanwHut, emanoH, 8mopuHHuU, 06'em, 06'eMHa sumpama 2asy, 8i0meopeHHs, HegU3HaveHiCMv, HecmabinbHicMb.
Keywords: National, standard, secondary, volume, volume flow rate, reproduction, uncertainty, instability.
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CTAaTyC HALiOHAJbHWX HAMAETHCA MEPBUHHWUM Ta BTOPUHHUM €TANOHAM, AKL0 BOHU

MaioTb HalBUi METPOJIOTIUHI BACTUBOCTI Cepey; eTaIOHIB ITEBHOI OAUHULLL Ta € OCHOBOWO

LA IepefaBaHHA 3HayeHb (Gi3nyHoi BeNUUMHU iHWIUM eTanoHaM, AKI HasABHI B Aepwa-
Bi. [III «IBaHO-®paHKiBCbKCTAHAAPTMETPOIOTiA» TPOBEAEHO PAL YLOCKOHAJIEHb BOX Jito-
YUX BTOPUHHUX €TajoHIB ofuHULb 06'eMy Ta 06'eMHoi BuTpatu rasy BETY 03-01-05-15
ta BETY 03-01-01-15 3 MeT010 MifBUIEHHA IX METPOJIOTIYHUX BlACTUBOCTEI Ta OTPUMAH-
Hf CTATyCy HallioHaJIbHUX €TaNOHIB V Aiama3oHi 06'eMHOI BUTpPATW rasy, AKUI € HUKIUM
BiZl MiHIMaJIbHOT'O 3HAUEHHS, iKe BiATBOPOEThCA HalioHanbHUM [epKaBHUM MePBUHHUM
€TaJIOHOM OAWHULL 06'eMy Ta 06'eMHoi BuTparu rasy JETY 03-01-15.
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[lokaszaHo, wo 0na 8id0aneHo20 KanibpysaHHs (onepamus-
H020 KOHMPO/IOBAHHA) KAHANI8 BUMIPIOBAHHSA 8UCOKOOMHUX ONO-
pig KibepgpizuyHux cucmem O0UiNbHO BUKOPUCMOBYBAMU Mipu HA
0CHO8i Memody imimauii 3 ikcayieto 3HayeHb 8xiOHOI Hanpyau ma
(hopmyBaHHAM KOOOKepOBAHUX BUXIOHUX cmpymis. [TokasaHo, wo
nio Yyac 3cmocy8aHHA MAkozo0 Memoody 8UKOPUCMOBYMbCA JU-
we 0eKisbka cneyianbHUX CXeMomexHiyHux KOMNOHeHmis — 8u-
COKOBO/IbMHUU NOJINIbHUK HAanpyau ma Ko0okeposaHuli macuwma-
6ysanbHUli cmpymo3adasansHuli pesucmop. IHwi KoMnoHeHmu
cmpykmypu KoOOKepo8aHoi Mipu-imimamopa € munosumu Hu3b-
KOBOJIbMHUMU e/leMeHmamu, Wo € 0CHOBOI0 0/1A i cxeMomexHiy-
Hoi yHicbikayii 8 wupokomy dianasoHi eidmeopeHHs. Ha ocHosi npo-
8edeH020 aHanisy noxubok obrpyHmosaHo nponosuyii wodo no-
KpawjeHHs Memposio2iuHUX 8nacmugocmet KOOOKepOB8aHux Mip-
imimamopis npogidHocmi nio yac 8i0MeopeHHsA 8UCOKOOMHUX 3Hd-
YeHb onopis. Y 3anponoHo8aHilti cmpykmypi enekmpuyHa npogio-
Hicmb 8i0MBOPIOEMbCA 3 BUKOPUCMAHHAM 00N0BHI08ANLHOT WKA-
JU, wo 3abe3neyye 3HaYHe NIOBULYEHHA MOYHOCMI 8IOMBOPEHHA
BUCOKOOMHUX 0NOpi8 3a80AKU 3MEHWEHHIO 8NJ1UBY BIOHOCHUX No-
XUBOK KOOOKepOBAHUX NOOiNbHUKI8 Hanpyau 018 MAnux 3Ha4yeHo
KoOie KepysaHHs. 062080peHO yMOBU Npakmuy4HoI peaniauii 3a-
NPONOHOBAHO20 Memody ONepamueHo20 KOHMPOOBAHHA 8U-
MiprosanbHUX KaHanie KibepgizuyHux cucmem. [10Ka3aHo, wjo Ha
0CHO8I 3aNPONOHOBAHOI Mipu-iMimamopa MoXHa gidmeoprogamu
onopu 0o 1016 Om 3 noxubkamu nopAOKy decamux 4acmok io-
comka.

The development of scattered cyber physical systems makes it
almost impossible to use traditional methods of their metrological
confirmation is shown in this paper. Therefore, it is proposed to use
portable code-controlled measures of electrical quantities in this
case. The characteristics of such measures can be metrologically
confirmed in special laboratories. Under the conditions of providing
their only relatively short-term time stability and in-situ destabilizing
factors to reduce by traditional methods, the proposed measures
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can be used for operational metrological control of measuring chan-
nels of spatially dispersed cyber physical systems it is shown also.

It is emphasized that for code-controlled reproduction of the
passive physical quantity of electrical resistance it is most expedient
to use the simulation method. It is shown that in contrast to the low-
and medium-resistance subbands in the high-resistance and high-
voltage subbands, it is expedient to implement a resistance simula-
tor with a fixed value of the input voltage and the formation of the
output code-controlled current. It is noted the resistance simulator
becomes a three-wire conductivity simulator in this case. During the
measurement process of all known types of ohmmeters, the required
equipotentiality of both low-potential terminals of the conductivity
simulator is provided in principle it is noted in this paper. For right
work of such a conductivity simulator only a few special elements
are used — a high-voltage resistive voltage divider and switched
high-value resistance current-setting resistors it is shown also.

It is practically possible to ensure invariance to the parameters
of non-ideality of active components at that conductivity simulator
as showed the errors analysis. Its biggest drawback is the relative er-
rors increasing for the high-value resistance reproduction because of
the relative errors of the code-controlled voltage dividers is growing
if the control code is decreasing it is noted also.

The structure of the electrical conductivity simulator, which is con-
trolled by the supplementary code, is proposed. The errors analysis of
this structure showed that in the extreme case the reproduction rela-
tive error of the maximum value of high-resistance resistors will practi-
cally not depend on the code-controlled voltage dividers relative errors.
It is noted that its value will depend only on the instrumental errors of
the scaling components of the code-controlled conductivity measure.

When reproducing a resistance value of 1016 ohms, the estima-
ted value of the relative error of the resistance simulator will be on-
ly a few tenths of a percent.

The scientific results, presented in this article, were obtained
in the frame of no financially supported research project IVT-23,
number 01180001542, 01.01.2018 — 31.12.2022.
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PaccmampeHo npumeHeHue azogoeo pezy-
JIUPOBAHUA 0714 NOCMPOEHUs MOCMOo8 nepemeH-
HO20 MOKA C WUPOKUM OUGNA30HOM U3MEepeHUS.
Wcnonb3osaHel 0n1a amoli yenu 08a nodxoda: npu-
MeHeHUe UCMOYHUKO8 HANpAXeHuUs ONA KOMNeH-
cayuu e/1uAHUA CONPOMUB/IEHUS NPO8o008 8 MOC-
max co cpasHeHuem MoKO8 U UCNosb308aHue ma-
KUX UCMOYHUKO8 011 CO30aHUA MOCMO8 nepemeH-
HO20 MOKA CO CpagHeHuem HanpsxeHuu.

B nepsom cnyyae 8 mocme co cpasHeHuem
MoKo8 0N18 yCMpaHeHUs 6UAHUA COnpomus-
JleHus Kabesel, 8se0eHbl OONOJHUMEsIbHbIE KOH-
mypa pe2ynuposaxus. B svicokogonbmHol yac-
mu mMocma 08a KOHMypa pezynuposaHus co30ad-
10M MOKU NUMAHUA KoMNApupyembiX UMNedaHCos.
B Hu3K0B0IEMHOU Yacmu Mocma makue KOHMypbl
pe2ynuposaxus ucnosb3ylomca 08 ycmpaHe-
HUA 8/IUAHUA CONPOMUBJIEHUA «NepeMblyKU» Ha
pesynemam usmepeHus. [ina ypasHosewusaHus
3MuXx KOHMYpO8 8 KaXOOM U3 HUX UCNOJ/b3yemca
o0mOesbHbIU (ha3oynpasnsemplli UCMOYHUK HANPA-
XKeHuA. AHanu3upylomca cnocobel ypagHogewusa-
HUSA Makux mMocmos. Paccmampueaemcs 603mMOX-
HOCMb UCNOIb308AHUA 8 SMUX KOHMYpPAx cmamu-
YecKo2o pe2ynupo8aHus.

Bo emopom ciyuae 0n1a usmepeHus Manbix um-
nedaHcos co30aemcss MOCM CO CpasHeHueMm Ha-
npsaxeHudl. Takol mocm codepxum OCHOBHOU
U 8CNOMO2amesibHbIl  KOHMYypa-pe2ysupo8aHus,
8 KaX00M U3 KOMOpPbIX UCNOb3yemcsa cobcmaeH-
HbIU hasoynpasngembili UCMOYHUK HANPAKEHUS.
OcHoBHOU KOHMYPp 8K/IoYaem o06vekm usMepeHus.
BcnomoaamenbHelti KoHmyp co30aem 3ksusaneHm-
HbIl 2eHepamop moka 0714 numaHus obvekma us-
MepeHus. PaspabomaH cnocob ypasHosewusaHus
3Mo20 08yXKOHMYpPHO20 MOcMd.

Wccnedyemea nozpewiHoCmb U3MepeHus Moc-
mog Kak ¢hyHKUYUs nozpewHocmu ouckpemHocmu
pe2ynupoB8aHus HanpsaxeHus 8 0ONOTHUMEsbHbIX
KOHMYpax u wymos UHOUKamopa pasHo8ecus.

PosznsHymo 3acmocysanHs azogozo pe-

2yNI08AHHA 0714 nobydosu Mocmie 3MiHHO20
CMpymy 3 WUpOKUM 0iana3oHOM BUMIDIOBAHHS.
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Bukopucmato 0na yiei memu 0ea nioxodu: 3acmo-
CyBaHHA 0xepen Hanpyau 01 KomneHcayil eniugy
onopy npogodig y MOCMAx 3 NOPIBHAHHAM CMpymie
i BUKOPUCMAHHA Makux Oxepes O/ CMBOPeHHs
MOCMig 3MIHHO20 CMPYMY 3 NOPIBHAHHAM Hanpye.

Y nepwomy 8unaoky 8 Mocmy 3 NOpi8HAHHAM
cmpymie 0N ycyHeHHA 8nsugy onopy kabernis yee-
0eHo 000amKo8i KOHMYpU pe2yst8aHHs. Y 8UCOKO-
80/1bMHIll YacmuHi Mocma 08a KOHMYpU pe2yJiio-
8AHHA CMBOPIOIOMb CMPYMU XUBJ/IEHHA IMNedaH-
cig, AKi KoMhapyromecs. Y HU3bKOBOIbMHIU Yacmu-
Hi MOCMA Maki KOHMypu pe2ysilo8aHHS BUKOPUC-
mosylombca 01 YCyHeHs 8nusy onopy «nepemuy-
KU» Ha pe3y/ibmam 8UMIpIO8aHHS. [JnA 3pieHO8aXY-
B8aHA YUX KOHMYPI6 8 KOXHOMY 3 HUX BUKOPUCMO-
8YEMbCA OKpeMe (hazokeposaHe 0xepeso HANpy-
2u. AHanisyromeca cnocobu epieHOBaXeHHA MAKux
Mocmis. Po32na0aemubcs MOXIUBICMb BUKOPUCMAH-
HA 8 YUX KOHMYPAax CMamuy4Ho20 pe2ysito8aHHS.

Y Opyzomy 8unadky 015 8UMIPIOBAHHA MAux
iMNeOdaHcie cmeoproEMbCA MiCm 3 NOPIBHAHHAM Ha-
npye. Takudi micm micmums 0CHOBHUU | doNOMiXHUU
KOHMYpU pe2ysito8aHHs 8 KOXHOMY 3 AKUX 8UKOPUC-
mosyembCA 8acHe (hazokeposaHe 0xepeso Hanpy-
2u. OcHosHull KOHMYP 8K/OYAE 06'EKM BUMIPIOBAH-
HA. JonomixHut KOHMYp cMBOPIOE eksisaneHMHul
2eHepamop cmpymy 0na xieneHHs 06’ekma 8uMmi-
PIoBAHHA. Po3pobsieHo cnocib ypisHOBaXeHHSA Ubo-
20 08OKOHMYpPHO20 MOCMd.

[Jocnidxyemocs noxubka 8uMiplo8aHHs Mocmig
AK (YHKUiA noxubKu OuckpemHocmi pe2yno8aHHA
Hanpyeu 8 000amKo8UX KOHMYpaAx i wymie iHOUKa-
mopa pigHosazu.

Report describes the application of the phase
controlled dividers to widener measurement range of
AC bridges. The authors consider two approaches for
this purpose: the use of phase — controlled voltage
sources to compensate the effect of cable impedance
on the result of measurement in bridges with the
current comparison and the use of such sources to
create AC bridges with the voltage comparison.

To eliminate the influence of the cable resistances
in the bridges with the current comparison, authors

. M. Cypoy

M. M. Cypdy
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lposedeH aHAnU3 OCHOBHLIX MeopeMuYecKux
80NPOCOB COCMOAHUA U NPUMEHeHUS amOMHbIX
uHmepgepomempog (AY) 80 8ceB03MOXHbIX mex-
Huydeckux npoekmax. [IpugedeHbl meopemuyeckue
0CHOBbI OX/1X0eHUsA amomMo8 071 UCNO/b308AHUSA
3Mux amomos 8 pa3pabomaxHeIX UHmMepgpepomem-
pax. KoHcmpykyuu AV 0CHOBAHbI HA NpUMeHeHUU
0X/1aX0eHHbIX 06/1aK08 HelimpasbHbIX AMOMO8.

lposedeHO aHANI3 OCHOBHUX MeopemMuyHUX
NUMaHbL CMaxy i 3acMocy8aHHa dmoMHuUX iHmep-
epomempis (Al) y 8cinakux mexHiyHux npoekmax.
HaeedeHo meopemuyHi 0CHOBU 0XO/I00KEHHSA amo-
Mig 071 8UKOPUCMAHHA YUX amomig 8 po3pobieHux
iHmepgepomempax. KoHcmpykuii Al 3acHosaHi Ha
30CMOCY8aHHI 0XON00XeHUX XMap HeumpanbHUxX
amomis.

Asuwe koHOeHcayii ideanvbHo2o 603e-2a3y, ne-
pedbayeHe meopemuyHo 8 1924 poui L. boze
U A. EGHwmelHoM, ekcnepumeHmManbHoO peaniso-
8aHO 308CiM HedagHo (y 1995 poui) 0na pospioxe-
HUX GMOMHUX 2a3i8 3 JIyHUX Memarnie 3ag0AKu 3a-
CMocysaHHi0 00CMAmMHbO BUMOHYEHOI eKcnepu-
MEeHMAnbHOI MexHIKU MAazHIMHUX ndcmok, adasep-
HO20 i Nnomim 8UNApHo20 0X000XeHHs [1]. Amomu
y cmaHi 6o3e-eliHwmeliHi8cbKoi' KoHOeHcayii ymeo-
piolome HOBUU Mun Ko2epeHMHOI pe4o8uHU 3 no-
MeHUiliHO HOBUMU MePMOOUHAMIYHUMU U onmuy-
Humu enacmusocmamu. Y ¢isuyi 3'agunoca Hose
nose OisibHOCMi — amoMHa onmukd, 8 AKili 3a-
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Micmb 38U4AUHO20 C8IMJI08020 BUNPOMIHIOBAHHA
(pomoHie) nepedbauyaemeca sukopucmogysamu Ak
iHcmpymeHm 0ocnidxeHb Ny4oK amomis, wo nepe-
6ysarome y CmaHi KOHOeHcamy, mak 38aHuli amom-
Hul nasep, AKUl € 8 0eAKOMY CeHCi aHa020M Ko-
2epeHMH020 BUNPOMIHIOBAHHSA 38UYAUHUX /1A3€pi8
i mazepis.

The paper analyzes the main theoretical issues of
the state and application of atomic interferometers
in all kinds of technical projects. The theoretical foun-
dations of atomic cooling for the use of these atoms
in the developed interferometers are presented. Al de-
signs are based on the use of cooled clouds of neu-
tral atoms.

The phenomenon of condensation of an ideal
Bose gas, predicted theoretically in 1924 by Sh. Bose
and A. Einstein, was experimentally realized quite re-
cently (1995) for rarefied atomic gases from alkali me-
tals due to the use of a very sophisticated experimental
technique of magnetic traps, laser and then evapora-
tive cooling [1]. Atoms in a state of Bose-Einstein con-
densation form a new type of coherent matter with
potentially new thermodynamic and optical proper-
ties. A new field of activity has appeared in physics-
atomic optics, in which, instead of ordinary light ra-
diation (photons), it is proposed to use as a research
tool a beam of atoms in a condensate state, the so-
called atomic laser, which is, in a sense, an analogue of
the coherent radiation of ordinary lasers and masers.

Kniouesble cnosa: amomHele UuHMepdepomempbi, 2UpOCKONbI, akcenepomempbi
Knioyoei cnosa: amomHi iHmepgepomempu, 2ipockonu, akcenepomempu

Keywords: atomic interferometers, gyroscopes, accelerometers
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HasedeHo pe3ynemamu 8uzomogieHHs mecm-
0b6’ekmig, AK emanoHHuUx 3acobie KanibpysaHs
ma nosipku 30HOI8 AMOMHO-CUI080I MiKPOCKO-
nii (ACM). Ynepwe mamepian 8uknadeHo y cma-
0apmHil ¢opmi mepmiHaMU NOBIPOYHUX CXeM.
3anponoHo8aHi MexHoOs02i4Hi OCHOBU 8U20MOB-
JleHHs mecmosux 06'ekmie 01 ACM. OcHogoto npo-
yecy 8u20mossieHHA makux 06'ekmig € KombiHo8a-
HUU Memod pe3ucmuBHO20 0CAOXeHHsA HA OCHOBY
3 ONMUYHO20 KBAPYOBO20 CK/IA MOHKO20 (MeHule
20 HM) nokpumms 3010ma (Au) y 8akyymi, memne-
pamypa sunaposysaHHa (550...600) °C, yac HaHe-
ceHHsa nokpumms (13...18) c.

Thus, the proposed technology of manufactu-
ring test objects for atomic force microscopy (AFM)
allows to obtain such objects with a wide range of
measuring parameters at budget cost, and the use of
which minimizes the occurrence of artifacts of AFM
images, increases the resolution and reliability of the
results, which allows timely detection of damaged
probes for AFM. Process of making of such objects
the combined method of the capacitance-resistance
besieging is underlaid on basis from optical quartz
glass of thin (less than 20 nm) coverage of gold (Au)
in a vacuum (a working vacuum is 107 Pa, energy
of evaporation of 1,2 kJ, temperature of evaporation
(550...600) °C, time of overcoating (13...18) s. The
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test objects thus obtained must be calibrated with
the highest possible resolution on a certified AFM de-
vice using a new probe.

Verification schemes establish the sequence and
methods of transmission of a unit of physical quan-
tity from the state standard to the working means
of measurement. However, at present there are no
state-approved measuring instruments by atomic
force microscopy (AFM), such as working standards
for transmitting the size of units of length in the na-
nometer range from the primary standard to measu-
ring instruments. Today, a significant range of cer-
tified test objects and test structures for calibration
and verification of nanoinstruments, including AFM,
is known. Among the companies that are world lea-
ders in the manufacture of test structures for nano-
metric measurements should be noted the following:
MicroMasch (Sofia, Bulgaria), NT-MDT Spectrum
Instruments (Moscow, Russia), Park Systems (Suwon,
Korea), WiTec (Ulm, Germany) and others [5—S8].
Therefore, to ensure the unity and guaranteed ac-
curacy of measurement and control of surface cha-
racteristics of materials carried out in the nanometer
range with the AFM method, it may be recommended
to conduct primary calibration and periodic verifica-
tion of the probe on reference samples such as test
structures and test objects with regulated values
of geometry and mechanical characteristics.

Kniouoei cnosa: amomHo-cunosa Mikpockonis, 30HOU, N0BIPOYHI cxemu, mecmosi 06'ekmu,

HAHOMemMpUYHi BUMIPIOBAHHS.

Keywords: atomic-force microscopy, probes, test charts, verification schemes, test objects, nanometer measurings.

He3Ba>Ka1oqv1 Ha MEPCIEKTUBHICTb PO3BUTKY TAKOTO HANPAMKY, AK HAHOTEXHOJO-
rii, B pApi Kpaid poci 3anMIIAETbCA BiACYTHLOM CUCTEMA METPONIOTIUHOrO 3abe3-
TIeYeHHS BUMIiplOBaHb NiHINHUX PO3MipiB HAaHOMETPOBOTO Aiama3oHy Biz 1 mo 1000 HM,

36

Cherkasy state technological university,

M. 0. BoHdapeHko

© IlleBuenko 0. I., Bonpapenko M. 0., 2020



NMOBIPKA TA KAJIIEPYBAHHSA

4'2020 « METPOJIOrIS TA [PUJTAAN - ISSN 2307-2180

KA.I'IIBPVBAHHH ~

C. II. IuMmunH, JOKTOP TEXHIYHUX HAVK,
mpodecop kadbenpun indopmauiiiHo-BUMIpIOBaNbHUX

S. P. Yatsyshyn, doctor of technical sciences,
professor of the department of information

TEXHOJIOTIN,

e-mail: slav.yat@gmail.com

C. JI. JTazapeHKo, acItipaHT,
HavyanbHUK Bippiny

III «KuiBo6GncTaH#apPTMETPONOTINAY,
e-mail: lazar2028@ukr.net

H. C. JlazapeHKo, acmipaHr,
IIPOBigHMI cmenianict Bigainy

JII «KuiBo6icTaH#apTMETPOIOTINAY,
e-mail: lazar2012@ukr.net

HauioHansuuit yHiBepcuteT «JIbBiBCbKa MONiTEXHiKa»,

Vkpaina,

[lpoaHanizogaHo ocobausocmi KanibpysaH-
HA 003UMempUYHUX 3acobie BUMIPIOBATBHOI Mex-
HIKU [OHi3yI04020 8UNPOMIHEHHA. 3 NpUlHAMMAM
1 ciyHa 2016 poky 3akoHy N 1314-VIl 8id 05.06.2014
«[lpo memponoeito ma memposnoziuHy difaneHicme»
y HOBOMY PaKypci Nocmasno NOHAMMA «KanibpysaH-
Hs», 0c06/1u0 0518 do3umempuyHux 3BT, wo npu-
38e/10 00 BUHUKHEHHA 3HAYHOI KilbKoCmi nUmaks.
[epwe — ye numarHs npedcmassieHHs pesynbma-
mig KanibpysanHs. [Jpyee — do3umempuyHi npu-
n1adu Kkaniépyrome 3a 00NOMO20K0 emasnoHis, npeo-
CMmasseHux 0Xepenamu [OHI3yl04020 8UNPOMIHeH-
HA (pi3Hi 8UOU BUNPOMIHEHHS, eHepeaii 8UNPOMIHIO-
8aHH#A, 003UMeMPUYHI 8enuyuHu mowo). Tobmo,
Ha npakmuyi KoxeH 003uMempu4HUl NpuIao Mox-
JIUBO BUKOpUCMOBYBAMU 019 MOHIMOPUH2Y Nosie
2amMma- ma/abo peHM2eHiBCbK020 8UNPOMIHEHHSA
MIflbKU NeBHO20 eHepeemuyHo20 0iana3oHy, 8U3HA-
YeH020 8 MexHiuHili doKymeHmauii Ha yet npunao.
Baxnusum napamempom € gi3udHa senuyuHa 0o-
3UMempuYHO20 npusady, 3a AKok Kanibpyrme, 8ud
8UNPOMIHEHHA ma moyHicme. Tomy 8 pobomi npu-
0ineHo ysazy 3anyyeHHio 8i0N0BIOHUX emaroHie 0ns
3a6e3neyeHHs 8CiX 3a3HAYeHUX napamempie ma €o-
HOCMI BUMIPIOBAHHS, @ MAKOX 0N 00CA2HeHHS Ha-
JIeXHOI MoYHOCMI KanibpyeaHHs.

Po3senaHymo npoyedypu kanibpysaHHsa 0o3u-
Mempa 3a HOpManeHUX ma pobo4ux ymos eKc-
nayamayii. HagedeHi npuknaou cgioyams wo Ka-
Nibpy8aHHa, AK BU3HAYeHHA 3HAYeHb Memposio-
2[4HUX Xapakmepucmuk, NnpumamaHHUX NesHoMy
3acoby 8UMIplo8aHHA, HeobxioHe 014 nidBuUWeH-
H MOYHOCMi BUMIpIOBAHb, A MAKOX O/1F Oyi-
HeHHA peanbHoi NoXubKU 3a ymos ekcniyamadui,
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AKa Moxe suagsuMUCA GiNbWOK 3a NACNOPMHY.

[lidkpecneHo, wjo 3a kanibpysaHHi dozumem-
PUYHUX npunadie nompibHo 8paxogysamu maki
akmopu, Ak cepy 3acmocysaHHa do3umempis,
yMosU ekcniyamayii, 8ud eunpomiHeHHs (2am-
Ma-, HelimpoHHe Yu peHmMaeHiscbKe) ma subupamu
8i0N08iOHI Memoou KanibpysaHHsa. B dosumempii
OHI3y104020 BUNPOMIHEHHA 3ACMOCOBYIOMb HU3KY
003UMEeMPUYHUX 8eIUYUH, AKI 8U3HAYAOMb Che-
py 8UKOPUCMAHHA 3acobig 8UMipto8anbHOI mex-
HIKU i MOXYmb 3acmocogysamucsa 0718 pi3HUX yi-
Nieli 8 Pi3HOMAHIMHUX Chepax KummeoisiibHOCMI.
3anponoHosaHo ¢opmu npedcmagneHHa Kaniopy-
B8AJTbHUX XaPAaKMePUCMUK.

Features of calibration of dosimetric means
of measuring equipment of ionizing radiation are
analyzed. With the adoption on January 1, 2016 of
the Law of 05.06.2014 Ne 1314-VIl “On metrology and
metrological activities’, the concept of “calibration”
especially of the dosimetric means have arisen. The
mentioned have caused the significant issues. First
one is the consideration of presenting the calibration
results. Second, dosimetric devices are calibrated
using standards represented by sources of ionizing
radiation (different types of radiation, radiation
energies, dosimetric values, etc.). That is, each
dosimetric mean can be used to monitor gamma
and / or X-ray fields only within the certain energy
range defined in the technical documentation for this
device. An important parameter is the physical value
of the dosimetric mean, at which it is calibrated; the
type of radiation and needed accuracy. Therefore,
the paper pays attention to the involvement of
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Ypaxosyiouu HaseHicme 8 YkpaiHi ceimnodi-
O0HUX C8IMUJIbHUKIB 3 WUPOKUM PO3KUOOM OCHOB-
HUX Xapakmepucmuk (ceimnogo2o nomoky, oid-
2pamu npocmoposoz2o po3nodiny cunu csimnd,
cmabineHocmi c8imaosux Xapakmepucmuk, Ko-

JlipHOI memnepamypu), 8i0cymHicme 0608'A3K080i1

OUYiHKU 8i0N0BIOHOCMI Xapakmepucmuk Moxe npu-
3800UMU 00 3HAYHO20 BIOXUJIEHHS PeanbHUX 3Ha-
YeHb oceimaeHocmi 8i0 HopmosaHux. CKnaoHicme
MOHMAXy C8IMUJIbHUKIB 308HIWHbLO20 OCBiMJIeH-
HA, Wo 30e6inbWo20 po3MilyylombCa HA 3HAYHIL
gucomi (6inbwe 8 m) i Ha 8iokpumomy npocmo-
pi, 3ymoesiioe doyineHicme ix npasunbHozo 8ubo-
py 3a 00NOMO20I0 3dCMOCYBAHHA CNeyianizo8aHux
Komn'tomepHux npoepam. ina 3abesneyeHHs giono-
8i0HOCMI c8IM00i00HUX 0C8IMJII0BABHUX YCMa-
HOBOK 308HIWHb020 OC8IMIEHHA 8uMozam be3sne-
KU, KomghopmHocmi (i eHep20eKoOHOMiYHOCMI He-
006Xi0HO ymoxausumu 00UinbHICMb 3acMoCy8aH-
HA Cy4ydCHO20 NPO2PAMHO20 3abe3neyeHHs BHd-
CNidoK nidsuweHHA 0ocmosipHoCMi pe3ynemamie
KOMN'lomepHo20 MOOE/I08AHHA 308HIWHIX CYeH
ocgimneHHA. MeToto CTaTTi € nidsuweHHs docmo-
8ipHocmi pe3ynbmamie KoMn'tomepHo20 Modesio-
8AHHSA 0CBIMJIIBASIbHUX YCMAHOBOK 0715 308HIWHIX
06'ekmig iHghppacmpykmypu micma wsxom 3a6es-
neyeHHsA 36iHOCMi pO3paX08aHUX i BUMIPAHUX NPU-
s1adamu ocgimseHocmeli y KOHMPOJIbHUX MOYKAX.
[na peanizayii yiei memu nposedeHo aHanis
ocobsugocmeli 0ceimeHHs 308HiWHIX 00'ekmig
3 ypaxyeaHHAM ix cneyudpiku i 8usHayeHo pakmo-
pu, Wo ensusaroms Ha 00CMoBipHicMb pe3ynbma-
mie Komn’tomepHUX po3paxyHKieé ocseimaeHocmi
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ma iHwux napamempig 0C8iMJI0BAIbHUX CUCMEM.
BusHayeHo KoeghiyieHMu MAKCUMAnbHOI NOXUOKU
0719 MpbOX OCHOBHUX OXepen cgimna (caimnodio-
0ig, MemanozanozeHHUX 1amn i Hampiesux n1amn
BUCOKO20 MUCKY) | 3anponoHOBAHO y3a2aibHeHuUl
KoegiyieHm MakcumanbHoi noxubku 0ns 3acmo-
CYBAHHA y CB8IMIOMeXHIYHUX KOMN'omepHUX npo-

2pamax nio 4ac npoekmyeaHHa ma pekoHCMpyKuil

cucmem 308HiWHbL020 0CBIMIeHHsA. HagedeHo npu-
Knaou 3acmocy8aHHA MemoOUKU KOpU2y8aHHSA pe-
3y/lbmamig MOOes0BAHHA 0CBIMJI08ANIbHUX ycma-
HOBOK 308HiWHIX 06'€KMig 3 pi3HUM yHKUiIOHAb-
HUM npu3Ha4eHHAM (8ynuyi abo mazicmpani, 8iokpu-
mi cnopmusHi cnopyou, myHerti). 3a 8gedeHHs y3a-
2a/1bHeH020 KoegiyieHma noxubKu 0718 cucmem 308-
HiWHbO20 0C8iMeHHs 8idnosioHo 00 ix napamem-
pie (Oxepen ceimna, ceimnosux npunadis, ymos
cepedosuwa U ekcniyamayii) pesynemamu pos-
paxyHkie 36iearomecsa 3 BUMIPAHUMU, WO C8I0YUMb
CMOCOBHO nidguujeHHs 0ocmosipHocmi pesynbma-
mie KoMn’lomepHO20 BU3HAYEHHSA 0c8imIeHoCMi.

Given the presence in Ukraine of LED luminaires
with a wide range of basic characteristics
(luminous flux, diagram of the spatial distribution
of light intensity, stability of light characteristics,
color temperature) in the absence of mandatory
assessment of characteristics can lead to significant
deviations from normal values. Due to the complexity
of the installation of outdoor lighting fixtures, which
are mostly placed at a considerable height (more
than 8 m) and in the open space, it is expediency
to choose them correctly using specialized computer

0. M. ,ﬂzaem{o
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[TokazaHa MoxJugicme, 8UKOPUCMOBYIOYU MU-
nosy MemoouKy, CuHmMe3sy Uugposux pezynamo-
pie y makuli cnoci6, wjobu 3abesnedyysanacs mak-
CUMAJIbHA anepioOUYHiCMb MeXHOM02IYHUX npoye-
cig, On1A AKUX BOHU BUKOpUCMO8ylombcA. Ha npukna-
0i 06'ekma Kepy8aHHsA 2-20 NopAOKY HaBEOEHO po3-
PAxyHOK makux pezynamopig 08 cmpubKonoodibHUX
i NiHIUHO-3MIHIOBAHUX BXIOHUX CU2HAIB. TaKOX NOKa-
30HO, W0 8HAC/TIOOK HE3HAYHOI KOIUBANTbHOCM, MOX-
Ha 3a6e3neyumu 8UCOKY AKiCMb nepexioHUX npouyecie
00HOYACHO 017 KiJTbKOX Pi3HUX BXIOHUX 8nJiusie.

The article discusses obtaining aperiodicity for
most technological processes that are used in in-
dustry, such as maintaining temperature, moisture
content, angular velocity, and so on. Some of these
processes do not allow significant or even minor
overshoot, as this can lead to damage to materials,
equipment or finished products.

Also, the article analyzes the general issues of
calculating aperiodic digital controllers, and also
analyzes the operation of an automated control sys-
tem, which contains a digital controller, a zero-order
lock and a control object. For such a system, based
on a typical calculation methodology, a synthesis of
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several regulators is presented. The essence of the
calculation method was that with a known transfer
function of the control object, the desired transfer
function of the closed-loop automated control sys-
tem is set, and the required controller is synthesized
on the basis of these transfer functions.

This calculation method assumes that the resul-
ting transient processes will have not only aperiodici-
ty, but also the absence of a static error and a mini-
mum flow time. At the same time, the quality of tran-
sient processes essentially depends on the type of in-
put signals: a step signal, a linearly varying signal, or
a signal of any other type.

In addition, in the article, using a typical calcula-
tion methodology, the synthesis of a digital control-
ler is presented in such a way that it provides a sa-
tisfactory transient process simultaneously with both
jump-like and linearly varying signals. This result was
achieved by introducing a special weighting factor.

The article also shows that it is possible, in princip-
le, to synthesize digital controllers that provide aperio-
dicity of transient processes for control objects not
only of the second order, but also of higher orders, as
well as for input signals of other types (for example,
changing according to a parabolic or harmonic law).

C. M. Jicoseuyb

M. A. 3enkin

A. T. HedniHcwbkuli
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The article presents a comparative analysis of accuracy of sine
signals amplitude estimation based on the computation of scatter
ellipse parameters. Such computations have been carried out for the
cases of normally distributed white noise and arbitrarily selected,
recorded and gained waveform of noise on the input and on the
output of phase shifter. All simulations have been made by apply-
ing three various approaches: two modifications of the least squares
method based on two different constraints, imposed on the scatter
ellipse parameters, and on the direct calculation of appropriate pa-
rameters of quadratic form through the values of variance of addi-
tive mixture of sine signal and noise. Carried out analysis has shown
benefits of amplitude estimation based on the direct calculation of
the quadratic form parameters on the basis of calculated varianc-
es of analyzed signals. Mentioned benefits were determined not on-
ly by a significant simplification of software development in case of
the direct estimation of quadratic form parameters, but also by high-
er accuracy of sine signal amplitude estimation.

Keywards: variance of a signal, quadratic form, scatter ellipse, white noise.
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Y cmammi npedcmassieHuti NopieHsIbHUL GHAs3 MOYHOCMI OUiH-
Ku amniimyou CUHycoidanbHUX CU2HAsig Ha 0CHOBI 0BYUC/IEHHSA NApa-
Mempig po3cisHo20 entinca. Taki ob4ucieHHs 6yu nposedeHi A 8unao-
Kig HopMasibHO po3nodineHozo 6inozo wymy i 008inbHO nidibpaHi, 3anu-
CaHi ma ompumati popmu cueHany wymy Ha 8xodi ma Ha 8uxodi ¢azo-
obepmava. Bci modeniogaHHs 6ysiu 3pobrieHi 3 BUKOPUCMAHHAM MPboX
pi3HUX nioxodie: d8i Modugikauii Memody HaliMeHWwux Keadpamis Ha
0CHOB8I 080X Pi3HUX 06MexeHb, HaKIA0eHUX Ha NApamMempu PO3CiSHOZ20
eniinca, i Ha 6eanocepedHili po3paxyHoK 8iONOBIOHUX Napamempig Kea-
OpamHoi hopmu yepe3 3HaueHHs ducnepcii adUMUBHOI Cymili CUHYCOI-
0anuMyHo20 cuzHany ma wiymy. llposedeHuli aHasnis Nokasas nepesazu
OUiHKU amniimyou Ha ocHOBi 6e3nocepedHbo20 06YUC/IEHHS napame-
mpie K8aOpaMu4Hoi hopmu Ha 0CHoBI 0B4UCIeHUX AUCNepCili aHani3o-
8aHUX CU2HAJIIB. 3a3HAYEHI Nepeadzu 6yu 8USHAYEH] He ue 3HAYHUM
CNPOWEHHAM pO3p0bIIeHHSA NPO2PAMHO20 3abe3nedeHHs y pasi npamoi
OUiHKU napamempie K8adpamuyHoi ¢popmu, a U 6irlbLu 8UCOKOK MOY-
Hicmio oyiHKU amnimyou CUHYCoioanebHo20 cuzHany.

Knioyosi cnoea: ducnepcia cuzHasny, keadpamuyHa ¢opma, eninc po3cito8axHs, 6inuti wym.

1. INTRODUCTION

significant amount of diverse applied engineering problems, which concern

measurements of various parameters of materials or electrical circuits, anyhow can
be reduced to the problem of ellipse approximation. In this case the elliptic curve is formed
by time dependence between the corresponding sine curves with certain value of phase shift.
One of these sine curves corresponds to the flowing through the tested object current. The
other sine curve corresponds to time dependence of voltage drop on tested object. Typical
example of such engineering issues is the issue of accurate impedance measurement.

This issue, among other various approaches, can be solved by processing mentioned time
dependencies of current and voltage in the context of scatter ellipse approximation. Such
approach for impedance measurement has been elaborated, implemented and described
in [1—4]. Mentioned method implies the approximation of ellipse by means of applying
the least squares method with further calculation of impedance phase and magnitude
based on estimated parameters of quadratic form for elliptic curve.

In this case the accuracy of impedance measurement, obviously, depends
on the accuracy of ellipse fitting. The applying of classical least squares method for
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Cmamma npuceayeHa po3pobneHHio Komn'to-
mepu308aHOI cucmemu KOHMpOJIO Ma ynpasniHHA
OUHAMIKOK 2a30801 hasu mexHo02i4HO20 anapama
3 bapbomaxem 3 BUKOPUCMAHHAM 8ibpoyacmom-
HO20 Memody KOHMPOJI0 amMNIimyOHO-4acCMOMHUX
Xapakmepucmuk cepedosuLya piouHa-2as.

BukopucmaHHa eidomux mMemodie KOHMpPOJIto
8 MexHOJ02iYHUX anapamax 3 6apbomaxem
YCKNIaOHeHo, OCKiNbKu 2ycmuHa i 8’a3kicme cepedo-
8UWA 3HAYHOK MIpOIO BU3HAYAMBCA CMyneHeM
HACUYeHHs 2a30M.

OcHoBoI0 3anponoHOB8aHOI OUHAMIKU 2d30pi-
OUHHO20 CepedoBUA € OMPUMAHE paHiuie cniesio-
HOWeHHA 07151 po3paxyHKY 8iOHOCHOI amnaimyou Ko-
JIu8aHHA meepooi (hasu 8 cycneHsii, Ha OCHOBI AKo-
20 OMPUMAHA 3a71eXHICMb, WO BPAX08YE NOBEOIHKU
6ynvbbawok 2asy 8 piouHi. HasedeHo 4uco8i piweH-

Hs OughepeHyianbHo20 piBHAHHSA O0N1f 2emepo2eHHOT

cucmemu piouHa-2a3 y cepedoguwi Python 3 auko-
pucmaxHam 6ibniomeku sympy i3 3acmocy8aHHAM
KOMNJIeKCHO20 NOEOHAHHS | CNPOWEHHS.

Ompumaro dugpepeHyiansHe pieHAHHSA 015 po3-
PaxyHKy weuokocmi cniusaqHa 6ynbbawok 2asy
pi3Ho20 diamempad, fike MOXHA 8UKOPUCMOBY8AMU
AK namiHapHul pexxum meyil, mak i myp6yneHmHud.
[NokazaHo, wjo cmabinizayis weudkocmi 6ynbbawok
y nomoui 2asy 4epe3 piouHy eidbysaemoca 3a pi3-
HOI" WeuodKocmi, Wjo 8U3Ha4aeMuCs po3mipom Oia-
mempa 6ynebawok i Moxe peaynosamucs Wiaxom
KoHmposio po3mipy ¢opcyHku. Yac 0o cmabiniza-
il weudkocmi 3pocmae 3i 3MeHWeHHAM diamempa
6ynbbawok. AMnsimyoa KonugaHs 2a3oeoi hazu ne-
pesuwye amnnimyody Konu8aHHaA piouHu, a diamemp
36i1bWYEMbCA 3a CNIUBAHHSA | 3 POCMOM Yacmomu.

3anponoHosaHo cmpykmypy Komn’tomepuso-
8aHOI cuCmeMu KOHMPOJTI0 Ma ynpasiHHa OUHAMi-
Koto 2a30801 (ha3u mexHos102i4HO20 andpama 3 6ap-
6omaxem, Wo 00380/19€ KOHMPOIIOBAMU NPOYEC
cmabinizayii weudkocmi bynbbawok 3a 6apboma-
Xy 0715 eheKmuBHO20 MenI00OMiHy.

Kntoyoei cnoea: komn'tomepHa modesib QUHAMIKU, 8i6pOYacmomHuti Memod, WeUOKICMb CNIUBAHHS, 203,

6ynvbauwka, Python
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The article is devoted to the development of
acomputerized system for monitoring and controlling
the dynamics of the gas phase of a technological
apparatus with bubbling using a frequency-based
method for monitoring the amplitude-frequency
characteristics of a liquid-gas medium.

The use of known control methods in
technological devices with bubbling is difficult, since
the density and viscosity of the medium are largely
determined by the degree of gas saturation.

The proposed dynamics of a gas-liquid medium
is based on the previously obtained relation for
calculating the relative amplitude of oscillations
of the solid phase in a suspension, on the basis of
which a dependence was obtained that takes into
account the behavior of gas bubbles in a liquid.
Numerical solutions of the differential equation
for a heterogeneous liquid-gas system in a Python
environment are presented using the sympy library
using complex conjugation and simplification.

A differential equation has been obtained for
calculating the speed of the ascent of a gas bubble
of different diameters, which can be used both in
a laminar flow regime and in a turbulent one. It is
shown that the stabilization of the bubble velocity
in the gas flow through the liquid occurs at different
speeds, which is determined by the size of the bubble
diameter and can be adjusted by controlling the
nozzle size. The time to stabilize the velocity increases
with decreasing bubble diameter. The amplitude I0. K. TapaHernko
of the oscillations of the gas phase exceeds the
amplitude of the oscillations of the liquid, and the
diameter increases with ascent and with increasing
frequency.

The structure of a computerized system for
monitoring and controlling the dynamics of the gas
phase of a technological apparatus with bubbling
is proposed, which makes it possible to control the
process of stabilizing the velocity of bubbles during
bubbling for effective heat transfer.

Keywords: computer model of dynamics, vibration-frequency method, ascent rate, gas, bubble, Python 0. I0. OnitiHux
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ChopmynbosaHo aneebpaiyHi 8upasu 0714 UMOBIPHICHOI OUiH-
Ku HaoitiHocmi mexHiyHo20 Komnsiexcy 38'a3ky. CchopmosaHo cxemy
HadiliHocmi 018 Muno8o2o 061a0HAHHSA IHMe2POBAHO20 KOMNJIEKCY
21106a/16HOI MOPCLKOT cUCMeMU 38'A3KY 8 pasi uxa i 0na ybesneyeH-
HA MOpennIascmea 018 MOpCbKo2o patioHy A4, akuti cxeaneHo Kna-
cuikayiliHum mosapucmaom. BusHayeHo nepcnekmugHi HanpAam-
KU no0anbuwux Haykosux 00C/TiOXeHsb.
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The article formulates algebraic expressions for probabilistic
estimation of technical communication complex reliability.
A reliability scheme has been formed for the standard equipment
of the integrated complex of the global maritime distress and
safety system for the A4 sea area, which has been approved by
the classification society. Perspective directions of further scientific
researches have been determined.

Knioyosi cnoea: 6esneka MopennasaHHs, mexHidHa cucmemd, meopis UiMo8sipHOCMI, IHOUKAMOPHA (yHKUif, HaditiHicme.
Key words: safety of navigation, technical system, probability theory, indicator function, reliability.

CMCTEMa 3B'A3Ky pyxomoro o6’exTa BogHoro tpacropty (POBT) mpencraBnse co6oto
ceprudikosanuin knacudikauinnum tosapucrsom (KT) cranzaptusosanwit Bipmo-
BiIHO [0 MiXHapOAHWUX BUMOT IHTErpoOBaHWUIL KOMIUIEKC IN06anbHOI MOpCbKOi cucTeMu
38'A3Ky Ana Ge3mekn MmopemnascTBa [1, 2]. InobanbHa MopcbKa CUCTEMA 3B'I3KY B pa-
3i nuxa i gna ybesmevenHs 6esmeku mopemnaBcrBa (IM3JIB) — MixHapopHa CUCTEMa,
sKa BUKOPWUCTOBYE CYYaCHI Ha3eMHi Ta CYMYTHUKOBI CUCTEMU pafio3B'A3Ky i Hampasne-
Ha Ha rapaHTyBaHHA HAAiHOTO 3B'A3KY, 110 CTOCYETbCA 6e3MMeKU Ta TepMiHOBOCTI, Iepe-
naBaHHA iHhopMauii, Aka HeoOXinHa AiA 6e3MeKn MOPEIUIAaBCTBa, BKAOYAYWN HaBirauin-
Hi 1 METEOPOJIOriuHi IomepeKeHHs.

YV KoHTekcTi 6e3meKu MOpeliaBaHHA Ha BCbOMY IIPOCTOPOBO-YACOBOMY ITPOMIMKY
excryarauii POBT Ha mepure Miclie BUXOLUTbL HafiliHe BUKOHAHHA CUCTEMAMU CBOIX Uilbo-
BUxX ¢ynkuii. [Ipobnema ouiHKW HaAiMHOCTI CKIA[HOI TEXHIYHOI CUCTEMW 3B'A3KY 3 METOW
TIOAAIBLIIOrO rapanTyBaHHA Gesmekun POBT € BAWAMBUM HAYKOBO-MIPAKTUMHUM 3aBLAHHAM.

XapakTepuumu pucamu I'M3JIB €: BUCOKWIL CTYMiHb aBTOMATU3alii Ansa mepenaBaH-
HA i mpuilMaHHA TOBifOMJIEHb, 3aCHOBAHWUIL Ha IIMPOKOMY BUKOPUCTAHHI CYMyTHUKO-
BUX 1 YOOCKOHaZNEHUX TPaAMLiiHWX MeTOAiB 3B'A3KY; HANPAMOK ONOBillleHb NP0 JIUXO,
B IEPUIY Yepry, A0 PATYBaNIbHUX KoopauHauinuwx uentpis (PKI) i rapanTyBaxHA yit-
Kol KoopauHauii piit mip yac mpoBefeHHsA IMOUIYKOBO-PATYBaIbHWUX OIepaliil; WIBULKE
1 pocToBipHe IMepenaBaHHA i MPUIMAHHA OMOBilleHb PO JUXO; lleHTpanizoBaHe 3abes3-
nevenns POBT indopmauieio 3 6Gesmeku MopemnascTBa. B ycix paitonax 'M3JIB POBT
Ma€ TapaHTOBAHY MOXIUBICTL aBapiHoro omoBiweHHA. Ina unux uineit MixHaponHoto
MopcbKotw0 opratizaunieto (IM0) po3pobineri MiHiManbHi BUMOTU [0 CKNAZy PafioyCTaTKy-
BAHH#, 110 € YACTUHOW GOPTOBOTO 6araTo(yHKIIOHANBHOTO KOMIUIEKCY HaBiralinHoro
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