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The research of the systems of equations of quantities describing,
respectively, 5 and 6 measurement cycles revealed the peculiarities of
redundancy formation. It is proved that the normalized temperature
T1 has the greatest effect on the measurement result for both sys-
tems. In addition, it was found that in both systems, an increase in
the reproduction accuracy of the normalized temperature T1 (with
a constant reproduction error of T2) does not lead to a significant
improvement in the results. Due to this, it can be argued on the use of
non-precision normalized sources to reproduce the temperature T1.
However, an order of magnitude increase in the reproduction accu-
racy of both normalized quantities T1 and T2 also increases the mea-
surement accuracy by an order of magnitude. Computer modeling
confirmed that for the redundant measurement equation (11) at the
ratio T1=Ti(0.0005+Ti+1) in the range (10+200) °C, measurement
with a relative error (0.01+0.00003) % is provided. When applying
the redundant measurement equation (13), the accuracy increases to
0.0059 % only at the end of the range. Based on the results obtained,
it was found that the accuracy of redundant measurements is influ-
enced by the type of equation itself, not their number. Processing
of the results based on the redundant measurement equation, by
the way, ensures the independence of the measurement result from
the influence of absolute values of the transformation function pa-
rameters, as well as their deviations from nominal values under the
influence of external destabilizing factors.

Thus, there is reason to believe that it is possible to increase
the accuracy of measurement in a wide range by observing the ratio
between normalized and controlled quantities.
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A project of a precision installer for measuring the inhomoge-
neous density of the solution has been developed. This module is one
of the key components of an automated program-controlled complex
created for the encapsulation of cell transport systems.

An analysis of existing methods for determining the values of
viscosity and density shifts shows that optical measurement methods
are the most appropriate for designing the precision installer due to
their simplicity and reliability.

Implementation of optical measurement is also due to the need
to ensure sterility of analyzed material, as well as non-destructive
testing of liquid.

Using the ultrasound method requires immersion in liquid of
transmitting element and receiver, which violates the principle of
sterility. According to the results of measurements, it was found that
the method of recording optical radiation can determine density dis-
tribution in the cuvette volume after centrifugation with a high de-
gree of accuracy. The exact positioning of the needle for the selection
of liquid has been achieved. A measuring optical module has been
developed to determine the inhomogeneous density of the liquid.

Accurate positioning of the carousel at given points by mounting
permanent neodymium magnets in the base of cuvette compartments
has been achieved.

The simplification of measuring configuration by the exclusion
of dispersive elements, filters and the monochromator significantly
reduces the cost of measuring equipment and makes it easy to imple-
ment for solving such problems.

The introduction of modern digital technologies into the project
makes it possible to process signal packets from positioning sensors
and through individual channels, which is especially important for
automating measurement and positioning processes, taking into ac-
count sterility.
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A set of experimental studies has been carried out to establish the
effect of the mixing time of components of nanocomposite materials
on their thermal conductivity, specific heat, and density. The
physical properties of polypropylene-carbon nanotube composites
were to be studied. During the experiments, the duration of mixing
of the components in the melt of the polymer varied from 5 to
52 minutes, the mass fraction of the filler — in the range of 0.3...10 %,
and nanocomposite temperature — from 290 K to 475 K.

It was found that an increase in the mixing time of components of
nanocomposite materials could lead to a significant (more than 70 times)
increase in their thermal conductivity. It is also shown that the influence
of the specified time is limited to its value equal to 27 minutes, above
which the change in the thermal conductivity of nanocomposites can be
neglected. It was found that the sensitivity of the thermal conductivity
of nanocomposites to the time of mixing of their components decreases
with a decrease in the mass fraction of the filler.

Temperature dependences of the specific heat capacity of the
studied composites were obtained by varying the mixing time of
their components and the mass fraction of the filler. It was found
that with an increase in the specified time, there is a decrease in the
heat capacity of nanocomposites, which is significantly manifested
only in the region of temperatures close to the melting point of the
composite matrix.

It is shown that the dependence of the density of nanocomposites
on the mixing time of their components in qualitative terms is similar
to the corresponding dependence for their thermal conductivity. The
obtained data can be used to choose the mixing time of components
of nanocomposite materials in the development of appropriate
technology for their production.

Keywords: polymer nanocomposites, carbon nanotubes, poly-
propylene, thermal conductivity of nanocomposites, heat capacity of
nanocomposites, density of nanocomposites.
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The paper describes the types of multilevel pulse-width modu-
lation, as well as methods for obtaining control signals for the
inverter power switches for each of the types. The dependence of
the harmonic composition of the output voltage of the inverter on
the number of levels and the switching frequency of the keys of each
level is analyzed. By modeling, the dependences of the transistor
junction temperature on the number of voltage levels, switching
frequency and load power are determined. The power switching
system of an inverter with phase-shifted pulse-width modulation in
high-frequency mode is analyzed, the dependence of switching losses
on inductance is investigated. The ways of solving or improving the
control systems of the conductivity losses of the converter flowing



through the primary winding of a high-frequency transformer during
the free-running period are formulated. The importance of this direc-
tion for the technological development of the economy, where efficiency
improvements can lower individual utility bills, create jobs, and help
stabilize electricity prices and volatility is shown. The most important
stage of inverter design is called structural synthesis stage — the choice
of topology and modulation algorithm that will ensure the greatest ef-
ficiency of the device. In addition, since the efficiency and reliability of
inverters depend on the efficiency and reliability of secondary electricity
consumers, the task of optimizing inverter circuits is a cornerstone for
the effective development of technology and economy. The maximum
dynamic power loss at a PWM frequency of 1 kHz reaches only 80 watts
compared to the static power loss value of 800 watts.

Keywords: multilevel inverter, pulse-width modulation, output
voltage, energy efficiency, total harmonic distortion, switching fre-
quency, transition temperature.
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The paper considers the problem of continuation of solutions
of hyperbolic equations from a part of the domain boundary.
These problems include the Cauchy problem for a hyperbolic
equation with data on a timelike surface. In the inverse problems,
the inhomogeneities are located at some depth under the medium
layer, the parameters of which are known. In this case, an
important tool for practitioners are the problems of continuation
of geophysical fields from the Earth’s surface towards the lay of
inhomogeneities. In equations of mathematical physics, solution
of the continuation problem from part of the boundary is in many
cases strongly ill-posed problems in classes of functions of finite
smoothness. The ill-posedness of this problem is considered, that
is, the example of Hadamard, a Cauchy problem for a hyperbolic
equation, is given. The physical formulation of the continuation
problem is considered and reduced to the inverse problem. The
definition of the generalized solution is formulated and the
correctness of the direct problem is presented in the form of
a theorem. The inverse problem is reduced to the problem of
minimizing the objective functional. The objective functional is
minimized by the Landweber method. By the increment of the
functional, we consider the perturbed problem for the direct
problem. We multiply the equation of the perturbed problem by
some function and integrate by parts, we obtain the formulation
of the conjugate problem. After that, we get the gradient of the
functional. The algorithm for solving the inverse problem is
listed. A finite-difference algorithm for the numerical solution
of the problem is presented. The numerical solution of the direct
problem is performed by the method of inversion of difference
schemes. The results of numerical calculations are presented.

Keywords: inverse problems, continuation problem, acoustic
equation, numerical experiment, Landweber method.
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KOMIT'IOTEPHE MO/IEJIIOBAHHSI ITPU JIOCJII3KEHHI BIZIMBY HOPMOBAHUX BEJIMYNH HA TOYHICTD
BUMIPIOBAHHS KBAJIPATUYHOI ®YHKIIII IEPETBOPEHHS (c. 6-16)

B. IO. Illep6anp, I'. O. Koporox, O. 3. Koxucko, A. II. Boaiay, 1O. I0. Illep6ans, I'. B. Illyupka

ITpoBeIeHNME IOCTI/UKEHHSIMU CUCTEM PIBHSIHD BETMYNH, TIIO OMUCYIOTD, BIMOBIAHO, 5-Th Ta 6-Th TAKTIB BUMIPIOBAHHSI, BCTAHOBJIEHI 0COO/IH-
BOCTi hOpMYBaHHsI Ha/UTHIIKOBOCTI. [{0Be/IeHo, 1110 HAHGIIBIIII BIUIMB Ha Pe3y/IBTAT BUMIPIOBAHHS /ISt 000X CHCTEM Ma€ HOPMOBAHA 32 3HAYEHHSIM
temmieparypa T1. KpiM Toro, BcTaHOBIIEHO, 1110 B 060X CHCTEMaX MiBUIIIEHHST TOYHOCTI BIITBOPEHHS] HOPMOBAHOI 3a 3HaUeHHsIM Temreparypu T1
(1Ip1 HE3MIHHOMY 3HAUEHHI MOXUOKU BixTBOPeHHst T2) He MPU3BOAUTH /10 CYTTEBOTO TOKPAIECHHST PE3YJIBTATIB. 3aBISKU 1bOMY MOYKHA CTBEP-
JKYBATH TIPO BUKOPUCTAHHST HEIPEI[EH3IHIX HOPMOBAHUX JUKEPeT [UIst BiATBOpeHHs TeMitepatypu T1. OmHak mpu 36ibIneHH] Ha TTOPSIZIOK TOY-
HOCTI BiATBOPEHHST 060X HOPMOBAHKX 3a 3HaUeHHsIM TeMreparyp T1 ta T2 BiaOyBaeThCst MBUIIEHHS TOYHOCTI BUMIPIOBAHHS TAKOK HA TIOPSIIOK.
Komir'torepHuM MOJIETIOBAHHSIM T1i/ITBEPIKEHO, 1110 ISt PIBHSIHHSI HA/UIMIIKOBUX BuMiptoBatb (11) mpu crissignomenni T1=Ti(0,0005-Ti+1) na
nianazoni (10 +200) °C sabe3nedyerhest BUMiptoBaHHs 3 BiiHocHow moxu6kowo (0,01+0,00003) %. TIpu 3acTocyBaHHi PIBHAHHS HAUIUIIKOBUX BU-
miproBanb (13) miasumenns Tourocti BinGysaetbes 10 0,0059 % e B KiHmi giarmaszony. Ha 0CHOBI OTPUMaHUX Pe3yJIBTaTiB BCTAHOBJIEHO, IO Ha
TOYHICTh HAIJIMIITKOBUX BUMIPIOBAHHS YMHUTD BIUIVB BHJL CAMOTO PIBHSIHHS, a He 1X KiibKicTh. OGpoOKa pesyJIbraTiB 3a PIBHAHHS HAIJIMIITKOBUX
BHMIPIOBaHb, /10 peui, 3a0e311euye He3aIeKHICTh Pe3yJIbraTy BUMiPIOBAHHSI Bi/[ BIUTHBY aGCOTIOTHIUX 3HAYEHD [TapaMeTpiB (YHKIIT MepeTBOPEHHS, a
TaKO’K iX BiJIXMJIEHD BiJl HOMiHAJIbHUX 3HAYEHb ITi/] BIIMBOM 30BHIIITHIX L[CCTa.6iJli3yIO‘{I/IX axropis.

Taxum 4yMHOM, € MiICTaBU CTBEP/KYBATH IIPO MOKJIUBICTD IIIBUMINTH TOYHICTh BUMIPIOBAHHS B ITMPOKOMY HOTO [iala3oHi 3a paXyHOK
JIOTPUMAHHS BCTAHOBJICHOTO CITiBBIIHOIIEHHS Mi’K HOPMOBAHOIO i KOHTPOJILOBAHOIO BEIMYNHAM.

KiouoBi cioBa: Ha/JIMIIKOBI METO/M, PIBHAHHS BUMIPIOBaHb, IABUIIEHHS TOYHOCTI, HOPMOBaHi 32 3HAYECHHSIM BEJIMYNMHU, TOXUOKU
BiJITBOPCHHS BEJINUNH.
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PO3POBKA ITPOEKTY NMPEIU3IITHOI YVCTAHOBKH JIJISI BUMIPIOBAHHS HEOTHOPITHOT IIIJIBHOCTI
PO3YHMHY B [IPOIIECI ABTOMATU3AIII TEXHOJIOTTYHOTO ITIPOTPAMHO-ATIAPATHOTO

KOMILJIEKCY (c. 17-24)

Kulzhan Berikkhanova, German Seredin, Dastan Sarbassov, Gulsara Berikkhanova, Aidar Alimbayev

P03p006JIeHO TIPOEKT TIPENU3iiHOT yCTAHOBKH /TSI BUMIPIOBAHHS HEOJHOPIHOT IIIBHOCTI po3urHy. [[aHuil MOLYJTb € OHUM i3 KITIOUOBUX
KOMITOHEHTIB aBTOMAaTN30BaHOTO ITPOTPAMHO-KEPOBAHOTO KOMIITIEKCY, CTBOPEHOTO /LIS IHKATICYJIAII] TPAHCTIOPTHNUX CUCTEM KJIITHH.

AHaui3 icHyI04rX MeTO/IiB BUBHAYEHHS 3HAYEeHb 3PYIIEHD B'I3KOCTI Ta IIJILHOCTI TTIOKA3ye€, 110 ONTHYHI METOM BUMIPIOBAHHS € HalO1IbIn
[IPUAATHUMU /UL IPOEKTYBAHHS IPELU31i1HOI yCTAaHOBKY 3 OIJIS/LY Ha IXHIO IIPOCTOTY Ta HAAIHHICTD.

BupoBa/yKeHHSI ONTUYHOTO BUMIPIOBAHHSI TAKOK 3yMOBJIEHO HEOOXITHICTIO 3a0€3MEUeHHsT CTEPUABHOCTI aHATI30BAHOTO Martepiany, a
TaKO’K HEPYIHIBHOTO KOHTPOJIIO PiINHU.

Bukopucranns ysibTpa3ByKOBOTO METO/Iy BIMAra€ 3aHypeHHs B PiIUHY Tlepe/laBa/IbHOTO eJIeMeHTa Ta IpHiiMaya, 10 MOPYIIy€e IIPUHIINAI
CTEPUJILHOCTI. 3a pe3ysbraTaMu BUMIpPIOBaHb OYJIO BCTAHOBJIEHO, 10 METO/ PEECTPAILii ONTUYHOTO BUIIPOMIHIOBAHHS I03BOJISIE 3 BHCOKIM
CTYIIEHEM TOYHOCTI BUBHAYATH PO3IOILI MIITBHOCTI B 00Cs31 KIOBETH Micst eHTpudyryBaHHs. [[0CATHYTO TOYHE MO3UI[IOHYBAHHST TOJKH IS
Bizbopy pinnan. [ys1 BUSHAYEHHST HEOAHOPIIHOI MIIIBHOCTI PifiHI 6YB po3poOIeHIi BUMIPIOBATBHIN ONTHIHIIT MOZYJTb.

JlocsATHYTO TOYHE TO3UITIOHYBaHHS Kapycesi y 3a/laHiX TOYKaX 32 PaXyHOK BCTAHOBJIEHHS HMOCTIIHNX HEOJMMOBHX MarHiTiB B OCHOBI
KIOBETHUX BIJICIKIB.

CrpoliieHHs] BUMIPIOBAJIBHOI CXeMNI 33 PAXyHOK BHUKJIIOUEHHS JMCIHEPCITHUX eJIeMeHTIB, (iJIbTPiB Ta MOHOXPOMATOpPAa 3HAYHO 3HUIKYE
BapTICTh BUMiPIOBATBHOTO OOJIAIHAHHS Ta CIPOIILYE HOTO PeaTi3aliiio JIsT BUPIMIeH s TOAiGHIX 3a1ad.

BripoBa/KeHHST B MPOEKT CYYACHUX II(DPOBIX TEXHOJOTIH 03BOJIsTE 0OPOOIISTI MAKeTH CUTHATIB Bi/l IATYNKIB MO3UTOHYBAHHST Ta OKPEMUX
KaHaJIiB, 1110 0COOJIMBO BaKJIMBO /ISl aBTOMATU3AILIT IIPOIIECIB BUMIPIOBAHH Ta TIO3UIIOHYBAHHSA 3 YPaXyBaHHAM CTEPUILHOCTI.

KmouoBi ciioBa: npennsiiiHa yCTaHOBKA, ONTHYHII MO/LYJ/Ib, HEO/IHOPI/IHA IIIJIbHICTh PO3YNHY, aBTOMATH3AIlisl.

DOI: 10.15587/1729-4061.2022.255830
BIIJINB HA TEIIVIO®I3UYHI BJIACTBOCTI HAHOKOMIIO3UTIB TPUBAJIOCTI 3MIIIIYBAHHA
KOMIIOHEHTIB ¥V PO3IIJIABI IIOJIMEPY (c. 25-30)

H. M. ®ianxo, P. B. Tin:koc, H. O. Mepanosa, B. T. IIpokonos, B. II. Ba6ak, B. M. Kop:kuk, Diana Izvorska, M. M. Jlazapenko,
B. M. MaxpoBcbkuit

BuKOHAHO KOMIIJIEKC €KCHEPUMEHTATbHNUX [OCJI/KEHb I[0/[0 BCTAHOBJEHHS BIUIMBY 4Yacy 3MIllyBaHHS KOMIIOHEHTIB
HAHOKOMITO3UIIHHUX MaTepialiB Ha IXHIO TEMJIOMPOBIIHICTh, TUTOMY TEIIOEMHICTH Ta rycTuny. [locmijzkennio mimsarann bisudui



BJIACTUBOCTI KOMIIO3UTIB <«IOJINPOMNiJeH-Byraenesi HaHoTpyOKu». I[Ipu TpoBeeHHI €KCIePUMEHTIB TPUBAIICTh 3MillyBaHHA
KOMITOHEHTIB y PO3IJIaBi moJiMepy 3MiHIOBajgacs Bij 5 710 52 XB, MacoBa YacTKa HaroBHIOBaYa — y aianasoni 0,3..10 % i Temneparypa
nanoxkommoautiB — Bix 290 K mo 475 K.

Beranosiieno, 1110 361IbIIEHHST 4acy 3MilTyBaHHsI KOMIIOHEHTIB HAHOKOMITO3UIIHIX MaTepiaJiB MOsKe TIPUBBOMTH JI0 CYTTEBOTO (OibII
Hik 70 pasiB) migBuiieHHs ix TensonposigHocti. [TokazaHo TaKoK, 10 BIJIMB 3a3HAYEHOTO Yacy 0OMEkKY€EThCsI HOro 3HaYeHHsIM 27 XB, IPU
HepeBUIIEeHHI SKOTO 3MIHOIO TEIJIONPOBI/IHOCTI HAHOKOMIIO3UTIB MOKHA 3HEXTyBaTH. BetaHoBeHO, 1110 Yy T/IMBICTD TEIJIONPOBIIHOCTI HAHOB
KOMIIO3UTIB /IO 4acy 3MilllyBaHHs iX KOMIIOHEHTIB 3HIJKYETHCS 31 3MEHIIEHHSM MAcOBOI YaCTKU HATIOBHIOBAYA.

OTpuMano TeMmIepaTypHi 3aJ€KHOCTI MUTOMOI TEMJIOEMHOCTI MOCTIKYyBaHUX KOMIIO3WTIB TIPM BapiloBaHHi 4Yacy 3MIITyBaHHs iX
KOMIIOHEHTIB Ta MAacOBOI YaCTKM HAIIOBHIOBaYa. BCTaHOBJIEHO, 1110 TIPY TiBUINEHH] 3a3HAYEHOT0 Yacy Ma€ Miclie 3MEHIICHHS TEIJIOEMHOCTI
HAHOKOMIIO3UTIB, IKA CYTTEBO MPOSIBJSETHCS JIMIIE B 00IaCTi TeMrepaTyp, OJU3bKIX /10 TEMIIEPATYPU ILIABJIECHHSA KOMIIO3UIIIHOT MaTPHIII.

TTokasaHo, 10 3aJIEKHICTh TYCTUHU HAHOKOMIIO3UTIB BiJl Yacy 3MIIIyBaHHs iX KOMIIOHEHTIB Yy SIKICHOMY BifHOIIEHHI € HOAIGHOIO
JI0 BIAMOBIZAHOT 3ajeskHOCTI st X TeryonposignocTi. OTpuMani aHi MOKYTh BUKOPHCTOBYBATHCS [ BHOOPY 4Yacy 3MilyBaHHsI
HAHOKOMIIO3UIIITHUX KOMIIOHEHTIB MaTepiasiiB Ipy po3poOdIli BiAMOBIAHOT TEXHOIOrT X OTpUMaHHS.

Ki040Bi caoBa: mosiiMepHi HAHOKOMITO3UTH, BYTJIEIEBI HAHOTPYOKH, MOJIIIPOIILIEH, TEIIONPOBIAHICTh HAHOKOMITO3UTIB, TEIJIOEMHICT

HAHOKOMITO3UTI B, TyCTHHa HAaHOKOMITO3HTIB.
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AHAJII3 BTPAT IIOTYKHOCTI ¥ BATATOPIBHEBUX HIIM-IHBEPTOPAX (c. 31-42)

Symbat Manat, Vyacheslav Yugay, Nurbol Kaliaskarov

VY pobori onucani BuamM GaraTOpiBHEBOI HIMPOTHO-IMITYJIBCHOI MOJIYJIALIL, a TaKOK CIOCOOM OTPUMAHHS KEPYIOUUX CUTHAIIB IS
BUMUKAUiB JKUBJIECHHSA iHBepTOpa /1 KosKHOTO BUAY. IIpoananizoBano sanekHicTh rapMOHINHOTO CKJIafy BUXiJHOI HANPyTru iHBEpPTOpa BiJ
KIJIBKOCTI PIBHIB Ta 4aCTOTH TIePeMUKAHHS KJIIOUYiB KoskHOTO piBHA. IIl1sxoM MoemoBanHs BU3HAUCHI 3a/IeSKHOCTI TeMIlepaTypH Tepexo/y
TPAH3UCTOPA Bi/l KiJTbKOCTI PiBHIB HANPYTH, YaCTOTU TIEPEMUKAHHS Ta MOTY)KHOCTI HaBaHTakeHus. IIpoanarmizoBano cucremy KomyTairii
MOTYKHOCTI iHBEPTOpA 3 HMIMPOTHO-IMITYJIBCHOIO MOJYJIAII€I0 i3 3CyBOM hasm y BHCOKOYACTOTHOMY PEXKNMi, JOCJHI/UKEHO 3aJIeKHICTh
KOMyTaiiitnux Brpar Bijt inaykrusHocti. ChopmyrboBaHi Xy BUPIIEHHs 200 YI0CKOHATICHHST CHCTEM YIIPABJIIHHS BTPATaMU IIPOBITHOCTI
TIepPETBOPIOBAYA, IO ITPOTIKAE Yepe3 TEPBHUHHY 0OMOTKY BICOKOYACTOTHOTO TpancGopMaTopa B 1iepiof XorocToro Xoxy. [lokasano BaxkIMBiCcTh
JIAHOTO HAMPSIMKY JIJIST TEXHOJIOTIYHOTO PO3BUTKY €KOHOMIKH, Jie TiABUIIEHHS eDeKTHBHOCTI [03BOJISIE 3HU3UTU 1HIMBIIyaIbHi KOMYHATbHI
niaresxi, crBoput poboui Miciis, cTabinisyBary [iHN Ha eJIEKTPOCHEPTIIO Ta IXHIO BOJIATUIbHICTD. HallBasKIMBIIINM €TAOM MPOEKTYBaHHS
iHBepTOpa € CTPYKTYpHUIi CHHTE3 — BUOIP TOMOJOTII Ta alrOpUTMy MOMYJIALIL, AKi 3a0e3mmeuars HaitOlabIy edeKTuBHICTD TpUCTpoio. Kpim
TOTO, OCKITBKU e(eKTUBHICTDh Ta HAiIHICTh (YHKIIOHYBAHHS iHBEPTOPIB 3aseXaTh BiZl eeKTHBHOCTI Ta HAMINHOCTI (BYHKIIOHYBaHHS
BTOPUHHUX CIIOKMBAYIB €J€KTPOEHEPTii, 3a/1aua ONTHMi3allii iHBEPTOPHUX CXEM € HAPIKHUM KaMeHeM e(heKTUBHOTO PO3BUTKY TEXHIKH Ta
ekoHOMikM. MakcumaibHi ainHaMivHi BTpatn noryxuocti npu vacrori IIIIM 1 kIt pocsarators Besoro 80 Br y nopiBusuHI 31 cTatnuyHMN
Brpatamu noryskxHocri 800 Br.
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JIHIHUX CIIOTBOPEHb, YaCTOTA TIEPEMIKAHHS, TeMIepaTypa Hepexo.Ly.
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MOBYJIOBA AJITOPUTMY TA YUCEJbHE PIIIIEHHSA HA OCHOBI TPAJIEHTHOTO METOJTY OJHIET
3BOPOTHOI 3AJTAYI 114 PIBHAHHS AKYCTUKH (c. 43-52)

Syrym Kasenov, Janar Askerbekova, Aigerim Tleulesova

Y po6oTi posTIIgmaEThes 3aKava MPOAOBKEHH PO3B'A3KIB TinepOONiYHNX PIBHAHD BiJ yacTHM Mexi obaacti. Jlo Takux 3amay
HaJIexKUTh 3asaya Ko aug rinep6onigaHoro piBHAHHA 3 AaHUMM Ha 4acoNOAiOHINH moBepxHi. Y 3BOPOTHUX 3ajadaX HEOMHOPIAHOCTI
PO3TANIOBYIOTHCST HA ACSAKIN TIMOUHI i/ IapoM cepeoByIIa 3 BIIOMUMU TTapaMeTpaMu. B JaHOMY BUTIAIKy BaKJIUBUM {HCTPYMEHTOM
JUIsl TIPAKTUKIB € 3ajlavya TPOJIOBKEHHS Teo(di3MuHuX MOoJiB Bijl moBepxHi 3emii B OiK 3aisraHHs HEOAHOPIAHOCTEH. Y PIBHIHHIX
MareMaTH4HOi (Hi3MKI PO3B'I3aHHsI 3a4a4i TTPOJOBKEHHS B/l YaCTHHU MeXi y 6araThoX BUIAAKaX € CYTTEBO HEKOPEKTHUMU 3afladuaMu
y Kjacax GyHKIINH cKiHueHHol raaakocTi. PO3risinyTo HeKOpeKTHICTD i€l 3anadi, To6TO HaBeaeHo npukaan Axamapa, sagadi Ko gus
rinep6oiuHOTO PiBHAHHSA. PO3T/IAHYTO (Bi3UYHY IIOCTAHOBKY 3a/1a4i IPOJIOBKEHHS, SIKa 3BOUTHCS 10 3BOPOTHOI 3a1a4i. ChHopMyIboBaHO
BU3HAUEHHS y3araJbHEHOTO PIlIeHHS Ta MpejcTaBIeHa KOPEKTHICTh MIPSAMO] 3a/1a4i Y BUTJIS/LI TeopeMH. 3BOPOTHA 3aj1aua 3BOAUTHCS 710
3ajaui MiniMizaiii misboBoro (yukitionany. [liabosuit GpyHKiionan MinimMizyerbes 3a Mmerogom Jlanasebepa. 3a 36iableHHAM QYHKITIO
OHAJly PO3IJISANAETHCS 30ypeHa 3aiaua st IPsAMol 3agaui. MHOKIMO PIBHSHHS 30ypeHol 3a1aui Ha fesKy GYHKINO Ta IHTErPYEMO 110
YacTUHAX, OTPUMYEMO IOCTAHOBKY CIIOJy4YeHOI 3aiadi. [licas nboro orpumyemo rpajgient dynkuionaty. Haseneno ajnroputm Bupiiren-
HA 3BOPOTHOI 3az1a4i. [IpescTaBrennii KoHEYHO-PI3HNIEBNIT aITOPUTM YHCEIBHOTO PO3B A3KY 3aja4i. nceabHe pilmeHHs MpsaMoi 3agadi
BUKOHYETBCS METO/IOM 3BEpHEHHs pisuuieBnx cxeM. [IpeacTaBieni pesyabraTi 4nceIbHUX PO3PaXyHKIB.
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