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This paper reports the analysis of patterns and mechanisms that
form the characteristic surfaces of the Young modulus, the angular
distributions of Poisson coefficients, and the pointing surfaces of
auxeticity of single crystals in cubic, hexagonal, tetragonal, and
rhombic crystal system. The crystals have been detected that can
reach the limit negative values predicted by the classical elasticity
theory for isotropic environments. It was found that near the points
of phase transition or melting temperatures, the pointing surfaces of
auxeticity rapidly increase, thereby turning the crystals into abso-
lute auxetics. It is shown that an array of negative Poisson coefficient
values forms an image of the pointing surfaces of auxeticity. It is
established that a reduction in the symmetry of crystals increases the
number of crystallographic directions along which crystals gradually
turn from “partial” to “mixed” or even “absolute” auxetics.

An analysis of the anisotropy of elastic properties, characteristic
surfaces of the Young modulus, and the pointing surfaces of auxetic-
ity has revealed that most single crystals of the highest and middle
category barely reach the minimum limit values of Poisson coef-
ficients. Therefore, in order to obtain more reliable auxetic materials
with high impact-energy and seismic-resistant characteristics, it is
necessary to investigate the anisotropy of elastic properties of low-
category single crystals. The characteristic surfaces of the Young
modulus have been constructed.

The volumetric images of the angular distributions of Poisson
coefficients of the examined single crystals have been built, which
make it possible to determine the absolute values and crystallo-
graphic orientation of the maximum and minimum values of Poisson
coefficients. The pointing surfaces of the auxeticity of the studied
single crystals have been constructed.

Keywords: axial, non-axial auxeticity, Poisson coefficient, elas-
ticity modules, pointing auxeticity surfaces.

References

1. Konek, D. A, Voytsehovski, K. V., Pleskachevskiy, Yu. M., Shil’ko, S. V.
(2004). Materialy s otritsatel'nym koeffitsientom Puassona (obzor).
Mehanika kompozitnyh materialov i konstruktsiy, 10 (1), 35-69.

2. Turley, J., Sines, G. (1971). The anisotropy of Young’s modulus, shear
modulus and Poisson’s ratio in cubic materials. Journal of Physics D:
Applied Physics, 4 (2), 264-271. doi: https://doi.org/10.1088/
0022-3727/4/2/312

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

. Goldstein, R. V,, Gorodtsov, V. A., Lisovenko, D. S. (2010). Auxetic

mechanics of crystalline materials. Mechanics of Solids, 45 (4),
529-545. doi: https://doi.org/10.3103 /50025654410040047

. Goldstein, R. V., Gorodtsov, V. A., Lisovenko, D. S. (2011). Young’s

modulus of cubic auxetics. Letters on Materials, 1 (3), 127-132.
doi: https://doi.org/10.22226 /2410-3535-2011-3-127-132

. Belomestnykh, V. N., Soboleva, E. G. (2011). Lateral strain

ratios for cubic ionic crystals. Letters on Materials, 1 (2), 84-87.
doi: https://doi.org/10.22226/2410-3535-2011-2-84-87

. Raranskyi, M. D., Balaziuk, V. N., Kovaliuk, Z. D. (2012). Pruzh-

ni vlastyvosti ta dynamika krystalichnoi gratky deiakykh napiv-
providnykovykh monokrystaliv. Chernivtsi: Zoloti lytavry, 200.

. Raransky, M. D., Balazyuk, V. N., Melnyk, M. L., Gunko, M. M.,

Verebchan, Ya. S. (2014). The Peculiarities of Young’s Modulus Sur-
faces of Cubic Single Crystals Formation. Physics and chemistry of
solid state, 15 (4), 721-727.

. Harrison, U. (1983). Elektronnaya struktura i svoystva tverdyh tel.

Moscow: Mir, 381.

. Raranskyi, M., Balaziuk, V., Hunko, M. (2016). Yavyshche

auksetychnosti v tverdykh tilakh. Chernivtsi: «Druk Art», 178.
Lisovenko, D. S., Gorodtsov, V. A. (2011). Cubic crystals with
negative Poisson’s ratio (cubic auxetics). Vestnik Nizhegorodskogo
universiteta im. N. I. Lobachevskogo, 4 (2), 488-489.

Goldstein, R. V., Gorodtsov, V. A., Lisovenko, D. S. (2014). Young's
modulus and Poisson’s ratio for seven-constant tetragonal crystals
and their nano/microtubes. Fizicheskaya mezomehanika, 17 (5),
5-14. doi: http://doi.org/10.24411,/1683-805X-2014-00015
Raransky, M. D., Balazyuk, V. N., Gunko, M. M. (2016). Criteria
and Mechanisms of Appearance of Auxeticity in Cubic Syngony
Crystals. Metallofizika i noveishie tekhnologii, 37 (3), 379-396.
doi: https://doi.org/10.15407 /mfint.37.03.0379

Raransky, M. D., Balazyuk, V. N., Gunko, M. M. (2015). Auxeticity
Properties of Hexagonal Syngony Crystals. Physics and chemistry
of solidstate, 16 (1), 34-43. doi: https://doi.org/10.15330/
pess.16.1.34-43

Raransky, M. D., Tretiak, C. R., Gunko, M. M., Balazyuk, V. N.
(2016). The Impact of d— and f—compression on Anisotropy of
Elastic Properties of Single Crystals with Hexagonal Close Pack-
ing of Lattice. Physics and chemistry of solidstate, 17 (2), 170-179.
doi: https://doi.org/10.15330/pcss.17.2.170-179

Raransky, M. D., Balazuyk, V. N., Gunko, M. M. (2015). Abnormal
deformation properties of some single crystals of tetragonal
syngony. Uzhhorod University Scientific Herald. Series Physics,
37,8-19. doi: https://doi.org/10.24144,/2415-8038.2015.37.8-19
Landolt-Bérnstein. Numerical Data and Functional Relationships
in Science and Technology. Group III: Crystal and Solid state
Physics. Second and Higher Order Constants (1992). Berlin:
Springer, 682.

Sirotin, Yu. L., Shaskol’skaya, M. P. (1975). Osnovy kristallofiziki.
Moscow: Nauka, 680.

Ledd, M., Palmer, R. (Eds.) (1983). Pryamye metody v rentgenovskoy
kristallografii. Moscow: Mir, 416.

Landau, L. D., Lifshits, E. M. (1968). Teoriya uprugosti. Moscow:
Nauka, 209.

Hearmon, R. E S. (1956). The elastic constants of anisotropic
materials — II. Advances in Physics, 5 (19), 323-382. doi: https://
doi.org/10.1080,/00018732.1956.tadp0323

Kitaygorodskiy, A. 1. (1971). Molekulyarnye kristally. Moscow:
Nauka, 424.



DOI: 10.15587,/1729-4061.2020.214263

DEVELOPMENT OF ENERGY HARVESTING WITH
WATER DROPLET CONTINUOUS FLOW OVER
NANOHOLLOW AND NANOSTALAGMITE OF TARO
LEAF SURFACE (p. 14-22)

Komang Metty Trisna Negara

Brawijaya University, Malang, Indonesia

Samawa University, Great Sumbawa, West Nusa Tenggara, Indonesia
ORCID: http://orcid.org/0000-0003-2771-7637

Nurkholis Hamidi
Brawijaya University, Malang, Indonesia
ORCID: http://orcid.org/0000-0003-2910-2353

Denny Widhiyanuriyawan
Brawijaya University, Malang, Indonesia
ORCID: http://orcid.org/0000-0001-5729-4212

I Nyoman Gede Wardana
Brawijaya University, Malang, Indonesia
ORCID: http://orcid.org/0000-0003-3146-9517

Electrical energy is generated by harvesting the induced charge
in metal electrodes and by connecting the surface of the taro leaf,
coated with the electrodes underneath, to the bridge rectifier and
capacitor. This discussion was supported by a Scanning Electron
Microscope analysis on the surface of taro leaves. The electrical en-
ergy was measured using a bridge rectifier at various water droplet
rate in contact with leaf, and at various slope of the taro leaves. The
results showed that the slope of the leaf surface contact area with
water droplets and taro leaf increases the generation of electric volt-
age. The greater the tilt angle of the taro leaf surface causing more
electrons to jump out of orbit. The surface of taro leaves made by a
cluster of nanostalagmites with other nanostalagmites separated by
nanoscale hollows that tend to repel water droplets. The results from
the repulsion of nanostalagmites at a very small radius of the nanos-
talagmite structure were very high surface tension or surface energy.
The electron jump is mainly generated due to the high surface ten-
sion energy of the nanostalagmite structure that when it comes into
contact with ionized H” and OH™ in the water droplet, it produces
hydrogen (Hy). Hy is trapped in the nanohollows between the nanos-
talagmites. Due to the dense morphology of nanostalagmite, Hy will
tend to be pushed upwards to force the water droplet. As a result, the
surface tension will be higher and the surface will be more superhy-
dropobic thereby increasing the electrical voltage. The morphology
and the tilt angle have an important role in generating electrical en-
ergy. Thus, it is necessary to do further research on superhidrophobic
characteristics as a solution in the future to overcome the problem
of electrical energy.

Keywords: water droplet, nanohollow, nanostalagmite, superhy-
drophobic surface, taro leaf, electrical energy.
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A simulation model of a converter with soft switching of tran-
sistors has been created. New calculation methods and means of
measuring the equivalent frequency characteristics of converting
devices with negative feedback to the problems of stability analysis
have been applied. A comparative analysis of the calculated fre-
quency characteristics of the converter in the normal operation
mode with the characteristics of its linear model is presented. The
features of calculating the equivalent frequency characteristics of
the loop amplification of key devices are considered. It is noted that
it is the equivalent frequency characteristics of the loop amplifica-
tion that describe the relationship of frequency properties with

the dynamics of voltage converters with pulse-width modulation
and make it possible to reliably determine the real stability mar-
gins, predict the generation modes and open up the possibility of
obtaining maximum negative feedback in a given frequency band
of key devices. The non-minimal phase properties of the converter
significantly complicate the achievement of high-quality stabi-
lization of the output current (stabilization coefficient) of pulse
stabilizers using only the deflection control principle. A successful
solution to the problem is provided by the use of the principle of
combined control. Compensation of the disturbance effect (changes
in the supply voltage) gives a much better result than countering
it through the feedback loop. It is quite realistic to exclude the
influence of the input voltage u(¢) on the output current is in a
static mode (u=const) and in the absence of a negative feedback
loop, which provides j=( for u=const in a steady state, and to
provide better dynamic properties of the converter. The influence
of the nonlinear properties of pulse width modulation on stability
is manifested in the considered characteristics in the form of an ad-
ditional phase shift and resonant bursts in the vicinity of the clock
frequency subharmonics. Additional feedbacks introduced into the
control loop make it possible to solve synthesis problems using the
most simple technical means.

Keywords: switching power supply, model, frequency character-
istics, zero voltage switching.
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For laying of underground utility systems in urban conditions
by the method of horizontally directed soil piercing, small-sized
units are designed. Such units should have measurement systems
for determining the spatial position of the piercing head. In known
systems, the surface layer of the soil is used as a data transmission
line for transmitting measurement information.

This method of transmitting information signals in urban condi-
tions is not very acceptable. Ground-based objects reflect electro-
magnetic radiation of the head transmitter which leads to distortion
of the directional diagram of the emitter and complicates the reliable
reception of measurement information.

It was proposed to use an autonomous measuring system with
an operating frequency of 5 GHz based on Wi-Fi technologies and
an unconventional method of transmitting measurement informa-
tion using hollow steel bars in the piercing unit itself. This trans-
mission line has periodic discontinuities because of the bar design.
These discontinuities accumulate as the piercing head advances. For
the basic vibration type Hyy, more accurate analytical expressions
were obtained for calculating the power transfer coefficient of the
measurement signal in such non-uniform lines. It was shown that in-
homogeneity of the transmission line in comparison with its surface
resistance does not significantly affect the transmission coefficient.

For example, damping in the line increased by 1.2 dB with the
maximum length of inhomogeneity of 5 mm and the total length of
jointed bars of 50 m. It has been theoretically proven that the range
of soil piercing with reliable signal reception can be up to 50 meters.

The proposed method for transmitting information signals
makes it possible to reduce the transmitter power, ensure noise im-
munity of the measuring system, and reliable reception of the mea-
suring information throughout the entire piercing path.

Keywords: piercing head, measuring system, waveguide path,
inhomogeneity, ABCD matrix, transmission coefficient.
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Soil environments are heterogeneous in their nature. This hetero-
geneity creates significant difficulties both in terms of construction
practice and in terms of the mathematical modeling and computer
simulation of the physical-chemical processes in these heterogeneous
soil arrays. From the standpoint of mathematical modeling, the issue
is the discontinuity of functions, which characterize the examined
processes, on such inclusions. Moreover, the characteristics of such
inclusions may depend on the defining functions of the processes
studied (head, temperature, humidity, the concentration of chemicals,
and their gradients). And this requires the modification of conjugation
conditions and leads to the nonlinear boundary-value problems in
heterogeneous areas. That is why this work has examined the impact
of the existence of thin inclusions on the conjugation conditions for
the defining functions of the filtration and geomigration processes
on them. The conjugation condition for heads has also been modi-
fied while the mathematical model of an elastic filtration mode in a
heterogeneous array of soil, which contains thin weakly permeable
inclusions, has been improved. The improvement implies the modi-
fication of conjugation conditions for heads on thin inclusions when
the filtering factor of the inclusion itself is nonlinearly dependent on
the head gradient. The numerical solution to the corresponding non-
linear boundary-value problem has been found using a finite-element
method. A series of numerical experiments were conducted and their
analysis was carried out. The possibility of a significant impact on the
head jump has been shown taking into consideration the dependence
of filtration characteristics of an inclusion on head gradients. In partic-
ular, the relative difference of head jumps lies between 26 % and 99 %
relative to the problem with a stable filtration factor for an inclusion.
In other words, when conducting forecast calculations, the influence
of such dependences cannot be neglected.

Keywords: elastic filtration, thin inclusion, conjugation condi-
tions, finite-element method.
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BUABJEHHI MEXAHI3MIB ®OPMYBAHHS AYKCETUYHHUX BJIACTUBOCTEIL MOHOKPHUCTAJIIB
MOHOKJIMHHOI CUHI'OHII (c. 6-13)

M. . Papancsekmii, A. B. Ouniiitnny-Jluciok, P. 10. Tamyk, M. A Yuarypsaun

ITpoBeneno anasmis 3akoHOMIpHOCTE 1 MeXaHi3MiB (hOPMYBaHHSI XapaKTePUCTUYHUX MOBEPXOHb MOayJiB IOHTa, KYyTOBUX PO3IOAITIB
koedinientip Ilyaccona Ta BKa3iBHHX MOBEPXOHb ayKCETHYHOCTI MOHOKPUCTAMIB KyOiuHOI, TeKCaroHaIbHOI, TeTParoHaJbHoi i poMOIYHOT
cunronii. BusiBiieni kpucrasiu, siki MOXKYTb JOCATTH IPAHUYHUX Bij'EMHUX 3HA4Y€Hb, TepedaveHuX KJIACHYHOIO TEOPIEI0 MPYIKHOCTI IS
isoTponHuX cepenosuil. Beranosieno, mo mobim3y To4ok $hasoBoro mepexoay abo TeMIepaTyp IIaBJIeHHs BKa3iBHI MOBEPXHI ayKCETHYHOCTI
CTPIMKO 3POCTAIOTh i KPUCTAIM CTAHOBJIATHCS abCOMOTHUMU ayKeeTnkamu. [[okasaHo, 110 caMe MacHB BiJ'€MHUX 3HaueHb KoedimienTis I1y-
accona (hopMye 300pakeH s BKa3iBHUX OBEPXOHb ayKCETHYHOCTI. YCTAHOBJIEHO, 1[0 3 TIOHMKEHHIM CUMETPIi KPUCTAJIiB 3pOCTAE KiJIbKIiCTh
KpucrasorpadiyHuX HANPSIMKIB, B SIKIX KPHCTAJIH MOCTYIIOBO TEPETBOPIOIOTHCS 3 «4ACTKOBUX» [0 «3MIllIAHNX» a00 HABITH «abCOTIOTHUX>
AYKCEeTUKIB.

Amasiz aHi3oTpomii IPY:KHUX BJIACTUBOCTEH, XapaKTePHCTUYHNX MOBEPXOHb MOy iB IOHTra Ta BKa3iBHUX TMOBEPXOHb AyKCETHIHOCTI
BUSBUB, 10 OLIBHIICTD MOHOKPUCTAMIB BHINOI 1 cepeinboi KaTeropii jejse A0CATaOTh MiHIMAJIbHUX TPAHUYHUX 3HAYeHb KOeDillieHTIB
ITyaccona. Tomy st OTpUMaHHsT GiIBII HAAIHUX AYKCETUYHUX MATEpiasiB 3 BUCOKMMU yAAPHO-CHEPIETUYHUMU Ta CEHCMIYHOCTIHKUME
XapaKTepuCTHKaMU HeoOXiIHO MPOBECTH MOCTIKEHHsT aHi30TPOIIT MPYKHUX BIACTUBOCTEH MOHOKPUCTaIiB HU3bKOI Kareropil. [TobypoBami
XapakrepucTnyHi nosepxui moayis IOnra,

[To6GynoBani 06’emMHi 306pakeHHsT KyTOBUX Po3noAiiiB koedimientis [Tyaccona A0C/iKYBaHUX MOHOKPUCTAJIB, SKi JA0Th MOKIUBICTH
BU3HAUMTH a0COMIOTHI 3HAUYEHHS Ta KpucTanorpadiuHy OpIEHTAII0 MaKCUMAJbHUX 1 MiHIMaabHUX 3HaueHb KoediienTis IlyaccoHa.
[MoGynoBani BKa3iBHI MOBEPXHi ayKCETUYHOCTI AOCTIKYBAaHIX MOHOKPHCTAJIB.

KmouoBi cioBa: akciasibia, Heakciaabia aykcetuunictb, KoedimienT Ilyaccona, MomyJii pysKHOCTI, BKa3iBHI MOBEPXHi AyKCETHYHOCTI.
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PO3POBKA 350PY EHEPTIi 3 BE3SIEPEPBHUM IIOTOKOM BO/IHUX KPAIIEJIb HAJT
HAHOIIOPOKHHUHOIO I HAHOCTAJIATMITOM ITIOBEPXHI JIUCTA TAPO (c. 14-22)

Komang Metty Trisna Negara, Nurkholis Hamidi, Denny Widhiyanuriyawan, I Nyoman Gede Wardana

Eslekrpuyta eHeprisi reHepy€eThest 3a PaXyHOK 300py iHAYKOBAHOTO 3apsijly B METAJIEBUX €JICKTPOJAX 1 MIJISIXOM IiIKTIOYEHHST TIOBEPXHi
JIFICTA TApOo, TOKPHUTOTO eJEKTPOIAMH TIijl HIM, 10 MOCTOBOTO BUTIPSIMIIsTYA | KoHIeHcaTopa. e 6yI1o maTBepIkeHo aHaI30M MOBEPXHI JIMCTST
Tapo Ha CKaHyIOUOMY €JIEKTPOHHOMY Mikpockorli. EjekTpuuny eHepriio BUMIpIOBaIM 3a JOIOMOIOI0 MOCTOBOIO BMIIPSIMJISYA IIPU Pi3Hil
KIJIBKOCTI Kparesb BOJH, 10 KOHTAKTYIOTb 3 JIMCTOM, i 3a Pi3HOTO HAaXWJIy JIMCTS Tapo. PesyipTaTil mokasasy, IO HaXWJ 30HH KOHTaKTY
MOBEPXHI JINCTA 3 KPATISIMU BOJIU 1 JILCTOM Tapo 301JIbIIye BUPOOIEHHs e1eKTPUYHOI Hanpyru. Yum Giibliie KyT HAXIILY TIOBEPXHI JICTA Tapo,
TM GisbIire es1eKTPOHIB BUCTPUOyE 3 0pGiTH. TIOBEPXHS JMCTS Tapo CKAANAECTHCS 3 KIACTEPa HAHOCTAMATMITIB 3 IHITMMU HAHOCTATATMITaMK,
PO3MiIEHUMU HAHOPO3MIDHUMHU TOPOKHUHAMHU, SIKi MaloTh TEHAEHINIO BiINTOBXYBATH Kpamuli BOAW. Pe3ynbraToM BiAIITOBXYBaHHS
HAHOCTAJIAIMITIB HA JIy’KE€ MaJOMy PajliyCi CTPYKTYPHM HAHOCTaJarMirta € jyske BUCOKMII HOBEpXHeBHil HATAr ab0 I10BEpXHEBA EHEPTisl.
Enextpontmnii crpnGOK B OCHOBHOMY T€HEPYETHCSI Y€Pe3 BUCOKY €HEPTiIo MOBEPXHEBOTO HATSITY CTPYKTYPU HAHOCTAIATMITA, sIKA TP KOHTAaKTi
3 ionizoBannmu H* ta OH B kpamii Boau Bupobiste Bogets (Hy). Hy 3aTpuMyeThest B HAHOIOPOKHIHAX MiK HaHOCTajgarmitamu. depes
mibHy Mopdosoriio HanocTamarmiT Hy MaTiMe TeH/IeHIIi10 BUIITOBXYBATHCS BTOPY, BIVINBAIOUN Ha KPAILTIO BOAW. B pe3yibraTi moBepxueBuit
Hatsr Oy/1e Bullle, a moBepxHsi Oye 6ibi cyneprizpodo6HO, 110 npr3Bee A0 36iIblieHHs eneKTpuyHol Hanpyru. Mopdosiorist i KyT Haxwmry
BiLIrpaloTh BaKIMBY POJIb y BUPOOJIEHH] esekTpoeHeprii. TakuM 4nHOM, HeOoOXiTHO TTPOBECTH MOATBIIN JOCTIKEHHST CynepriapohobHnx
XapaKTEePUCTHK SIK PillleH st MaiiGy THIX TPOOIEM 3 eJIEKTPUYHOIO €HEPTIE0.

K040Bi cioBa: Kparuist BO/H, HAHOTIOPOKIHA, HAHOCTAIATMIT, Cyneprizpodo6Ha MOBEPXHs, JIUCT Tapo, eEKTPUYHA €HEPTIsL.
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AHAJIIS TUHAMIYHUX XAPAKRTEPUCTHUR ITIEPETBOPIOBAYA, IO ITPAITIOE€ HA KOMIIVIEKCHE
HABAHTAKEHHA (c. 23-31)

€. M. Bepemaro, B. I. Kocriouenko, C. M. HoBorpeupkuii

CTBOpeHo iMiTaIliifHy MOesIb TEepPeTBOPIOBAYA 3 M'SKOI0 KOMYTAII€I0 TPAaH3WCTOPIB. 3acTOCOBaHi HOBI METOIWKU PO3PAaxyHKY i
3ac00M BHUMIPIOBAHHSI E€KBIBAJEHTHUX YACTOTHUX XapPaKTEPUCTHUK IEPETBOPIOBAJIbHUX ITPUCTPOIB 3 HETATHMBHUM 3BOPOTHUM 3B'SI3KOM
710 3aBlaHb aHami3y crifikocti. HaBeseno MOPIBHAMBHMIT aHAi3 PO3PAXyHKOBUX YACTOTHUX XapaKTEPUCTHK II€PETBOPIOBAYA B PEKMIMI
HOPMAJIbHOTO (DYHKILOHYBAHHS 3 XapaKTepUCTUKAMU HOTO JIiHi#iHoT Mojei. Po3risinyTo 0co6aMBOCTI pO3paxyHKY eKBiBAJIEHTHUX YaCTOTHUX
XapaKTepUCTUK METIeBOrO MOCUJIEHHS KJIIOYOBUX IPUCTPOIB. BijfdHaueHo, 110 camMe eKBiBaJEHTHI YaCTOTHI XapaKTEePUCTUKU IETJIEeBOTO
MTOCHJICHHS OMICYIOTh B3AEMO3B 30K YaCTOTHNX BJIACTUBOCTEH 3 IMHAMIKOIO TIePeTBOPIOBAYiB HATIPYTH 3 IITIPOTHO-IMITYIbCHOIO MOYTSAIIEI0
i JI03BOJIAIOTH JIOCTOBIPHO BU3HAYUTHU PeAsbHi 3aMacH CTIIKOCTI, MPOTHO3YIOTh PEKUMU TeHepallii i BiIKPUBAIOTh MOKJINUBICTH OTPUMAHHS
MaKCHMaJIbHOTO HETATHBHOTO 3BOPOTHOTO 3B’I3KY B 33/IaHiil CMYy3i 4acTOT KJII0YOBUX pucTpoiB. HeminiManbHO-(ha3oBi BIacTHBOCTI IepeTBo-




proBaua iCTOTHO YCKJIAIHIOIOTH JOCSATHEHHST BIUCOKOI AKOCTI cTabimizaiii suxigHoro crpymy (koediiienra crabinisaiii) iMimyabcHIX cTabii-
3aTOPIB TPU BUKOPUCTAHHI TIIBKI TIPUHIMMITY YIIPABJIiHHSI IO BiAXUIeHHI0. Biase pinenns 3agadqi 1ac BUKOPUCTAHHST TIPUHITAITY KOMOIHOBa-
Horo yrpasitHs. KommeHcartis 36yprooyoro BIUIUBY (3MiHU HAIPYTH KUBJIEHHST) [IA€ 3HAYHO KPAIIMI PE3YJIBTAT, HixK 1Or0 apupyBaHHs 110
JIAHITIOTY 3BOPOTHOTO 3B'A3KY. LlislkoM peanbHO ycyHyTH BIIJIMB BXiZiHOI HANPYTH #(¢) Ha BUXIAHUI CTPYM i B CTATUYHOMY peskuMi (#=const)
i IPH BiZICYTHOCTI KOHTYPY HEraTUBHOIO 3BOPOTHOTO 3B’SI3KY, 1110 i 3abe31eduye i=0 [IPU ©=const B CTaJIOMY PesKiMi, 1 3abe3neynTy Kpaiii
JIMHAMIYHI BJIACTUBOCTI IlepeTBOpioBavya. BIUINB HesMiHIHHUX BJIACTUBOCTEH NIMPOTHO-IMITYJIBCHOI MOJYJISAII Ha CTIHKICTb NPOSIBIISETHCS B
PO3IJISTHYTHX XapaKTEPUCTHKAX y BUTJISII TOIaTKOBOTO (ha3oBOTO 3CYBY i PE30HAHCHUX CIJIECKIB B OKOJIHIL CyOGrapMOHIK TaKTOBOI 4acTo-
. J[0/1aTKOBI 3BOPOTHI 3B'A3KH, 110 BBOAATHCA B KOHTYP PErYJIIOBAHHI, H03BOJSIOTh BUPINIYBATH 3aBAaH sl CUHTE3y HaHOLIbII IIPOCTUMEI
TEXHIYHIMM 3aC00aMU.
KmouoBi cioBa: iMITyJIbcHE JIZKEPETIO JKUBJIEHHS, MOJIEJTb, YACTOTHI XapaKTePUCTUKH, TIePEMUKAHHS TIPU HYJIbOBIll HAIIPY3i.
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BU3HAYEHHSI CIIOCOBY ITEPEJIAUI BUMIPIOBAJIbHOI IH®OPMAIIIL ITIPO IPOCTOPOBE
IOJIOZKEHHSI IIPOKOJIIOIOYOI TOJIBKA MAJIOTABAPUTHHUX YCTAHOBOK ITIPM1 KEPOBAHOMY
IIPOKOJII TPYHTY (c. 32-40)

B. [I. Caxaupkuii, H. O. Jiooumosa, B. M. Biacoseup, B. M. Cynones, O. A. Kosaib, A. O. Haymenko, T. B. Biacenko, €. O. Yenycenko

Jls mpokJta/lants MiA3eMHIX KOMYHIKAIH ¥ MICBKUX YMOBaX METO/IOM FOPH30HTAJIBHO CIIPSIMOBAHOTO IIPOKOIY TPYHTY CTBOPIOIOTBHCS
MasiorabapuThi yeraHoBku. 11i yCTAaHOBKM B CBOEMY CKJIaJli MOBMHHI MaTU BUMIDIOBAJIbHI CHCTEMU BU3HAYECHHS POCTOPOBOTO MOJIOKEHHS
TOJIIBKH, SIKa TIPOKOJIIOE TPYHT. Y BiIOMHX CHCTEMax JI7Isl Tepe/iaBanisa BUMIpIOBaIbHOI iHdopMariii B AKocTi JiHii TepefaBants JaHnux BH-
KOPUCTOBYETHCS TIOBEPXHEBUIT 1Iap TPYHTY.

Takuii croci6 nepegasantst iHGOPMAIIHHOrO CUrHALy y MICbKUX yMOBax Majo npuiinstauii. Hasemui 00'ekti BifoOpaskaioTh
€JIeKTPOMArHiTHe BUIIPOMIHIOBAHHS TepejaBada TOJIBKM, IO TPU3BOANUTDL 10 CIIOTBOPEHHS JiarpaMy CIPSIMOBAHOCTI BUIPOMiHIOBadYa i
YCKJIA/IHeHHSI JIOCTOBIPHOTO IPUIIOMY BUMIpIOBasIbHOI iH(opMAILii.

¥ po6oTi 3a1ponoHOBaHO BUKOPUCTOBYBATH aBTOHOMHY BUMIPIOBAJIbHY cHcTeMy 3 poOodoio yactoToro 5 I'Tir na ocnosi Wi-Fi texmosoriit
i HeTpaaMIiiinuii crnoci6 nepegadi BUMIpIOBaJIbHOI iH(pOpMAIl 3a A0MOMOrOI0 MyCTOTLINX CTAJEBUX MITAHT BJACHO CAMOI YCTaHOBKH, SIKa
npokosoe. Taka JiHiA nepeIaBaHHsT Mae NepioAMYHY HEOIHOPIAHICTh, sKa 0OYMOBJIEHA KOHCTPYKINEK IITAHT i HAKOMMYYETHCS MO Mipi
MIPOCYBAHHSI TOJBKH, SIKA TTPOKOJIOE TPYHT. [lyist ocCHOBHOTO THIY KosmBanb Hyy oTprMaHi GibIl TOYHI aHATITHYHI BIUPAsH 3 PO3PAXyHKY
koeinieHTy nepeaadi HOTYKHOCTI BUMIPIOBAJIBHOTO CUTHAJY B TaKiil HeoHOPiHii JTiHil. HaBeneHo, 1110 Heo{HOPiiHICTD JiHiT epeiaBaHHs
B ITOPIBHSIHHI 3 ii TTOBEPXHEBUM OIIOPOM iCTOTHO He BIIMBAE HA KOedillieHT Tiepenadyi.

Tak, 1pu MaKCUMaJIbHIN IOBKUHI HEOAHOPIAHOCTI 5 MM 1 3arajibHill JOBKUHI OEAHAHUX 1TaHr 50 M 3racaHHs B JIiHii 301/IbIIYETHCA Ha
1.2 nB. TeopeTH4YHO TOBEIEHO, IO BiICTAHb IPOKOJY TPYHTY IPH BIIEBHEHOMY HPHHOMi CHTHATY MOXe Oyt 10 50 MeTpiB.

3anpononoBanuii croci6 1epenadi indopMaliiiioro curHaxy JA03BOJSE 3MEHIINTH MOTYKHICTH TiepejaBada, 3a0e3rnedynuTu
HEPEITKOI03aXUIIEHICTh BUMIPIOBAJIBHOI CHCTEMH Ta 3a0e3MeYnTH JOCTOBIPHUN [PUITOM BUMIpIOBAILHOT iH(opMaIlil poTsroM Bei€el Tpacu
TIPOKOJLY.

KmouoBi cioBa: rojiiBKa, siIKa IIPOKOJIIOE TPYHT, BUMIpIOBAJIbHA CHCTEMa, XBWJIEBiIHUII Tpakt, HeoaHopignicts, ABCD marpui,
KoeillieHT IepeaBanHs.
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CKIHYEHHOEJIEMEHTHE JIOCJIJ[;KEHHS ITPYKHOI ®LJIbTPAIII B IPYHTAX I3 TOHKUMU
BKJIIOYEHHAMMU (c. 41-48)

O. P. Miuyra, H. B. IBanuyk, II. M. Mapruniok, O. II. Ocranmuyk

['pynTOBi cepenoBulia 1mo ¢Boill npupoai € neoanopianumu. 15 HEOAHOPIAHICTD CTBOPIOE 3HAYHI TPYAHOLL K 3 TOUKU 30Dy HPAKTUKU
OyiBHUIITBA, TAK i 3 TOYKU 30PY MATEMATHIHOTO i KOMITIOTEPHOTO MOAETIOBaHH (Di3NKO-XIMIYHIX MIPOIIECIB B IIMX HEOAHOPITHUX TPYHTOBUX
MacuBax. 3 TOYKH 30py MaTeMAaTHYHOTO MOJIETIOBAHHsI MPOBIEMOTO € PO3PUBHICTh (GYHKITH, SKUMI XapaKTepusyoThCs IOCTIIKYBaHi mpo-
1ecH, Ha TaKUX BKJIIOUEHHSIX. Bisblie Toro, XapakTepruCeTHKN TAKUX BKJIIOYEHb MOKYTh 3a/I€3KaTH BiJi BUBHAYAIbHUX (DYHKILIN OCII/UKYBaHUX
TIporieciB (HaIip, TeMIepaTypa, BOJIOTICTh, KOHIIEHTPAILiST XiIMiYHIX PEYOBUH Ta iX TPAJieHTN ). A 11e BUMarae Mou(iKarii yMoB CIIPSIKEHHS Ta
MIPUBOJIUTD /10 HEJIHHIFTHIX KPalloBUX 3a/1a4 B HEOAHOPIAHNX obsacTsx. Came ToMy B po6oTi GyJI0 OCTIZKEHO BIIUB HASIBHOCTI TOHKUX BKJIIO-
YeHb Ha YMOBHU CHPSUKEHHS [T BUSHAYAIbHNUX (DYHKINH (DisbTpamiiiHuX Ta reomMirpamiiHux mporeciB Ha HuX. Takoxk Moan¢ikoBaHO YMOBY
CITPSDKEHHST JIJIST HAMOPIiB Ta BIOCKOHAJIEHO MATEMATUYHY MOJEJb MPY’KHOTO peskuMy (biabTpallii B HEOJHOPITHOMY MacUBi IPYHTY, SIKII
MICTUTD TOHKI ¢1abOTIPOHUKHI BK/IIOUeHHA. BOCKOHANIEHHA MoJIIrae y Mozinikailii yMOB CIPSIKEHHs /ISt HAIIOPiB HA TOHKUX BKJIIOYCHHSIX,
KoJIu KoedillieHT (iTsTpalii caMoro BKIIOYEHHS HEJIHIITHO 3a/IeKUTh Bifl Tpa/icHTa HanopiB. YncaoBuil po3B’s30K BiAMOBIIHOI HETiHIITHOT
KpailoBoi 3a/1aui 3HalZIEHO METO/IOM CKiHUeHHUX esieMeHTiB. [IpoBesieHO psiji 4nCIOBUX eKCIIEPUMEHTIB Ta 3/ilicHeHo ix anamis. Ilokazana
MOKJIMBICTD 3HAYHOTO BILUIMBY Ha CTPHOOK HATIOPIB ypaxyBaHHsI 3a/1e;KHOCTI (hiibTpamiiiHinX XapakTepucTUK BKIOUYEHHS BiJ TPaicHTIB Ha-
mopiB. 30KpeMa, BiIHOCHA PI3HUILA CTPHOKIB HATIOPIB JIEXUTD B Mexkax Bizt 26 % 10 99 % BimHOCHO 3aj1aui 3i craimm KoedimienTom diaprparii
st BKaoyeHHst. To6To, pu MpoBeieH I IIPOTHO3HNUX PO3PAXYHKIB BIVIMBOM TAKUX 3aJE€KHOCTEH HEXTYBATH HE MOJKHA.

KmouoBi cioBa: ipyskHa (ibTpartis, ToHKe BKIIOUEHHS, YMOBHU CIIPSDKEHHS, METO/] CKIHUEHHUX €JIeMEHTIB.



