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This study is aimed to investigate the synthesis of Ni?+-Ni3+
LDH (layered double hydroxide) in the presence of sodium hypo-
chlorite. Ni?+-Ni3+ LDH is a promising active material for use in
supercapacitors and electrocatalysis. The syntheses were carried
out at a temperature of 60°C by coprecipitation under conditions
of high supersaturation and at constant pH values (8, 10, and 12).
To obtain the guest metal cation Ni3+ from the initial Ni*+ during
synthesis, sodium hypochlorite was introduced as an oxidizing
agent into the alkaline sodium carbonate solution. As control sam-
ples, Ni-Al-carbonate LDH were synthesized using the same methh
ods and conditions. The formation of Ni*+ hydroxo compounds
during synthesis was visually confirmed by a color change. The
crystal structure of the samples was investigated by X-ray diffrac-
tion analysis, and the total Ni and Ni3+ contents were determined
by trilonometric and iodometric titration. The samples synthesized
in the presence of hypochlorite exhibited a black color, confirming
the successful formation of Ni3+ hydroxo compounds. All control
samples corresponded to Ni-Al LDH. The nickel hydroxide sample
synthesized by coprecipitation at high supersaturation was iden-
tified as B-Ni(OH),, with a total Ni content of 59.5% and a Ni’+
fraction of 12.2%. The transformation of Ni?>+ — Ni3+ occurred in

the surface layer of the formed (-Ni(OH), particles because the

oxidation rate was lower than the hydroxide formation rate. The
samples synthesized by coprecipitation at constant pH exhibited
a layered structure consisting of g-Ni(OH), and Ni>*-Ni3*+ LDH
with an a-type lattice, suggesting that the oxidation rate exceeded
the hydroxide formation rate. Thus, the possibility of synthesiz-
ing Ni?*-Ni**-carbonate LDH was experimentally demonstrated.
Under the optimal conditions (pH 8), the proportion of the Ni-Ni
LDH phase reached 55.9%. The synthesized Ni?+-Ni3+ LDH shows
potential for application in supercapacitors and electrocatalysis,
provided that its specific electrochemical characteristics are deter-
mined in further studies.

Keywords: coprecipitation at high supersaturation, coprecipita-
tion at constant pH, Ni>*'Ni** LDH, sodium hypochlorite.

References

1. Kotok, V., Kovalenko, V. (2018). Definition of the aging process pa-
rameters for nickel hydroxide in the alkaline medium. Eastern-Euro-
pean Journal of Enterprise Technologies, 2 (12 (92)), 54-60. https://
doi.org/10.15587/1729-4061.2018.127764

2. Liang, H., Lin, J., Jia, H., Chen, S., Qi, J., Cao, J., Lin, T., Fei, W,
Feng, J. (2018). Hierarchical NiCo-LDH/NiCoP@NiMn-LDH hybrid
electrodes on carbon cloth for excellent supercapacitors. Journal of
Materials Chemistry A, 6 (31), 15040-15046. https://doi.org/10.1039/
c8ta05065a

3. Kovalenko, V., Kotok, V., Kovalenko, I. (2018). Activation of the nickel
foam as a current collector for application in supercapacitors. Eastern-
European Journal of Enterprise Technologies, 3 (12 (93)), 56-62.
https://doi.org/10.15587/1729-4061.2018.133472

4. Kotok, V. A., Kovalenko, V. L., Solovov, V. A., Kovalenko, P. V.,
Ananchenko, B. A. (2018). Effect of deposition time on properties
of electrochromic nickel hydroxide films prepared by cathodic tem-
plate synthesis. ARPN Journal of Engineering and Applied Sciences,
13 (9), 3076-3086. Available at: https://www.arpnjournals.org/jeas/
research_papers/rp_2018/jeas_0518_7034.pdf

5. Wang, Y., Zhang, D., Peng, W., Liu, L., Li, M. (2011). Electrocata-
lytic oxidation of methanol at Ni-Al layered double hydroxide film
modified electrode in alkaline medium. Electrochimica Acta, 56 (16),
5754-5758. https://doi.org/10.1016/j.electacta.2011.04.049

6. Solovov, V. A., Nikolenko, N. V., Kovalenko, V. L., Kotok, V. A.,
Burkov, A. A., Kondratev, D. A. et. al. (2018). Synthesis of Ni(II)-
Ti(IV) Layered Double Hydroxides Using Coprecipitation At High
Supersaturation Method. ARPN Journal of Engineering and Applied
Sciences, 24 (13), 9652-9656. Avaiable at: https://www.arpnjournals.
org/jeas/research_papers/rp_2018/jeas_1218_7500.pdf

7. Zhao, Y., Wei, M., Lu, J., Wang, Z. L., Duan, X. (2009). Biotemplated
Hierarchical Nanostructure of Layered Double Hydroxides with
Improved Photocatalysis Performance. ACS Nano, 3 (12), 4009-4016.
https://doi.org/10.1021/nn901055d

8. Su, Q., Gu, L., Yao, Y., Zhao, J, Ji, W,, Ding, W., Au, C.-T. (2017).
Layered double hydroxides derived Nix(MgyAlzOn) catalysts: En-
hanced ammonia decomposition by hydrogen spillover effect. Applied
Cpuatalysis B: Environmental, 201, 451-460. https://doi.org/10.1016/
j-apcatb.2016.08.051



20.

21.

22.

. Fedorova, Z. A., Borisov, V. A., Pakharukova, V. P., Gerasimov, E. Y.,
Belyaev, V. D., Gulyaeva, T. 1. et al. (2023). Layered Double Hydrox-
ide-Derived Ni-Mg-Al Catalysts for Ammonia Decomposition Pro-
cess: Synthesis and Characterization. Catalysts, 13 (4), 678. https://
doi.org/10.3390/catal13040678

. Fan, Y., Yang, Z., Cao, X., Liu, P., Chen, S., Cao, Z. (2014). Hierarchi-

cal Macro-Mesoporous Ni(OH)2for Nonenzymatic Electrochemical

Sensing of Glucose. Journal of The Electrochemical Society, 161 (10),
B201-B206. https://doi.org/10.1149/2.0251410jes

. Ramesh, T. N., Kamath, P. V. (2006). Synthesis of nickel hydroxide:

Effect of precipitation conditions on phase selectivity and structural
disorder. Journal of Power Sources, 156 (2), 655-661. https://doi.org/
10.1016/j.jpowsour.2005.05.050

. Rajamathi, M., Vishnu Kamath, P., Seshadri, R. (2000). Polymorphism

in nickel hydroxide: role of interstratification. Journal of Materials
Chemistry, 10 (2), 503-506. https://doi.org/10.1039/a905651c

. Kovalenko, V., Kotok, V. (2019). Influence of the carbonate ion on

characteristics of electrochemically synthesized layered (a+) nickel
hydroxide. Eastern-European Journal of Enterprise Technologies,
1(6 (97)), 40-46. https://doi.org/10.15587/1729-4061.2019.155738

. Jayashree, R. S., Vishnu Kamath, P. (2001). Suppression of the

a — f-nickel hydroxide transformation in concentrated alkali:
Role of dissolved cations. Journal of Applied Electrochemistry,
31 (12), 131-1320. https://doi.org/10.1023/a:1013876006707

. Cordoba de Torresi, S. 1., Provazi, K., Malta, M., Torresi, R. M. (2001).

Effect of Additives in the Stabilization of the a Phase of Ni(OH), Elec-
trodes. Journal of The Electrochemical Society, 148 (10), A1179-A1184.
https://doi.org/10.1149/1.1403731

. Kovalenko, V., Kotok, V., Yeroshkina, A., Zaychuk, A. (2017). Synthe-

sis and characterisation of dyeintercalated nickelaluminium layered-
double hydroxide as a cosmetic pigment. Eastern-European Jour-
nal of Enterprise Technologies, 5 (12 (89)), 27-33. https://doi.org/
10.15587/1729-4061.2017.109814

. Shivaramaiah, R., Navrotsky, A. (2015). Energetics of Order-Disorder

in Layered Magnesium Aluminum Double Hydroxides with Interlay-
er Carbonate. Inorganic Chemistry, 54 (7), 3253-3259. https://doi.org/
10.1021/ic502820q

. Kovalenko, V., Kotok, V. (2020). Bifuctional indigocarminintercalated

NiAl layered double hydroxide: investigation of characteristics for
pigment and supercapacitor application. Eastern-European Journal
of Enterprise Technologies, 2 (12 (104)), 30-39. https://doi.org/
10.15587/1729-4061.2020.201282

. Li, Y. W, Yao, J. H, Liu, C. J., Zhao, W. M., Deng, W. X., Zhong, S. K.

(2010). Effect of interlayer anions on the electrochemical perfor-
mance of Al-substituted a-type nickel hydroxide electrodes. Interna-
tional Journal of Hydrogen Energy, 35(6), 2539-2545. https://doi.org/
10.1016/j.ijhydene.2010.01.015

Qi, I, Xu, P, Ly, Z., Liu, X., Wen, A. (2008). Effect of crystallinity on
the electrochemical performance of nanometer Al-stabilized a-nickel
hydroxide. Journal of Alloys and Compounds, 462 (1-2), 164-169.
https://doi.org/10.1016/j.jallcom.2007.07.102

Li, H., Chen, Z., Wang, Y., Zhang, J., Yan, X. (2016). Controlled syn-
thesis and enhanced electrochemical performance of self-assembled
rosette-type Ni-Al layered double hydroxide. Electrochimica Acta,
210, 15-22. https://doi.org/10.1016/j.electacta.2016.05.132

Bao, I, Zhu, Y. I, Xu, Q. S., Zhuang, Y. H., Zhao, R. D., Zeng, Y. Y,,
Zhong, H. L. (2012). Structure and Electrochemical Performance
of Cu and Al Codoped Nanometer a-Nickel Hydroxide. Advanced

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Materials Research, 479-481, 230-233. https://doi.org/10.4028/
www.scientific.net/amr.479-481.230

Kovalenko, V. L., Kotok, V. A., Sykchin, A., Ananchenko, B. A.,
Chernyad’ev, A. V., Burkov, A. A. et al. (2020). AI** Additive in the
Nickel Hydroxide Obtained by High-Temperature Two-Step Synthe-
sis: Activator or Poisoner for Chemical Power Source Application?
Journal of The Electrochemical Society, 167 (10), 100530. https://
doi.org/10.1149/1945-7111/ab9a2a

Huang, J., Lei, T., Wei, X, Liu, X,, Liu, T., Cao, D, Yin, J., Wang, G.
(2013). Effect of Al-doped -Ni(OH)2 nanosheets on electrochemical
behaviors for high performance supercapacitor application. Jour-
nal of Power Sources, 232, 370-375. https://doi.org/10.1016/j.jpow-
sour.2013.01.081

Memon, J., Sun, J., Meng, D., Ouyang, W., Memon, M. A., Huang, Y.
et al. (2014). Synthesis of graphene/Ni-Al layered double hydroxide
nanowires and their application as an electrode material for superca-
pacitors. Journal of Materials Chemistry A, 2 (14), 5060-5067. https://
doi.org/10.1039/c3ta14613h

Mignani, A., Ballarin, B., Giorgetti, M., Scavetta, E., Tonelli, D.,
Boanini, E. et al. (2013). Heterostructure of Au Nanoparticles — NiAl
Layered Double Hydroxide: Electrosynthesis, Characterization, and
Electrocatalytic Properties. The Journal of Physical Chemistry C,
117 (31), 16221-16230. https://doi.org/10.1021/jp4033782
Kovalenko, V., Kotok, V. (2019). Investigation of characteristics
of double Ni-Co and ternary Ni-Co-Al layered hydroxides for
supercapacitor application. Eastern-European Journal of En-
terprise Technologies, 2 (6 (98)), 58-66. https://doi.org/10.15587/
1729-4061.2019.164792

Kovalenko, V., Kotok, V. (2021). The determination of synthesis
conditions and color properties of pigments based on layered double
hydroxides with Co as a guest cation. Eastern-European Jour-
nal of Enterprise Technologies, 6 (6 (114)), 32-38. https://doi.org/
10.15587/1729-4061.2021.247160

Radha, A. V., Kamath, P. V. (2004). Oxidative leaching of chromium
from layered double hydroxides: Mechanistic studies. Bulletin of Ma-
terials Science, 27 (4), 355-360. https://doi.org/10.1007/bf02704772
Xu, L., Wang, Z., Chen, X., Qu, Z., Li, F.,, Yang, W. (2018). Ultrathin
layered double hydroxide nanosheets with Ni(III) active species
obtained by exfoliation for highly efficient ethanol electrooxidation.
Electrochimica Acta, 260, 898-904. https://doi.org/10.1016/j.elect-
acta.2017.12.065

Nestroinaia, O. V., Ryltsova, I. G., Lebedeva, O. E. (2021). Effect
of Synthesis Method on Properties of Layered Double Hydroxides
Containing Ni(III). Crystals, 11 (11), 1429. https://doi.org/10.3390/
cryst11111429

Ryltsova, I. G., Nestroinaya, O. V., Lebedeva, O. E., Schroeter, F.,
Roessner, F. (2018). Synthesis and characterization of layered double
hydroxides containing Nickel in unstable oxidation state + 3 in cat-
ionic sites. Journal of Solid State Chemistry, 265, 332-338. https://
doi.org/10.1016/j.jssc.2018.06.001

Ryltsova, I. G., Nestroinaia, O. V., Lebedeva, O. E. (2019). Nickel(III)
containing layered double hydroxides with hydrotalcite structure.
Butlerov Communications, 57 (2), 116-122. https://doi.org/10.37952/
roi-jbc-01/19-57-2-116

Kovalenko, V., Kotok, V. (2019). Anionic carbonate activation of
layered (a+f) nickel hydroxide. Eastern-European Journal of En-
terprise Technologies, 3(6 (99)), 44-52. https://doi.org/10.15587/
1729-4061.2019.169461




DOI: 10.15587/1729-4061.2026.352348

DETERMINING THE IDENTIFICATION OF
PARAMETERS FOR THE MATHEMATICAL MODEL OF
ELECTRICAL CONDUCTIVITY IN CONDUCTOMETRIC
MODELS (p. 16-24)

Vitaliy Chumak
State University «Kyiv Aviation Institute», Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-1574-2862

Mariia Maksymiuk
State University «Kyiv Aviation Institute», Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-6953-8437

Andrii Kopanytsia
State University «Kyiv Aviation Institute», Kyiv, Ukraine
ORCID: https://orcid.org/0009-0009-8360-3053

Using an aqueous solution of acetic acid an example, this study
has investigated a mathematical model of the electrical conductivity
of weak electrolyte dilute solutions.

To resolve the issue of identification and reliability in determin-
ing the parameters for the mathematical model of the electrical con-
ductivity of dilute solutions of weak electrolytes, the determinant of
the Fisher information matrix was calculated.

The issues related to determining the association constants and
the limiting molar electrical conductivity of weak electrolytes under
different conditions of experimental experiments were identified and
explained.

This paper reports results of mathematical processing of conduc-
tometric data for aqueous solutions of acetic acid.

It was established that for weak, associated electrolytes, when
determining the association constants and the limiting molar coef-
ficients, it is necessary to take into account the existence of a correla-
tion between them.

It is proven that at large values of the association con-
stant (5.58 * 10* mol/L) the determinant of the Fisher information
matrix is close to zero and there is a structural non-identification of
parameters for the mathematical model of electrical conductivity of
dilute solutions of weak electrolytes.

It is shown that the results of mathematical processing of con-
ductometric data for aqueous solutions of acetic acid indicate the
presence of structural non-identification. This is confirmed by the
values of the determinant of the Fisher information matrix, which is
equal to 5.5* 108, and the normalized index of 0.988.

Analysis of the shape of the surface of the objective functions of
the studied mathematical models and the form of the average error
ellipse reveals the existence of a canyon with an almost flat bottom,
which complicates the interpretation and reliability of parameters for
the mathematical model of electrical conductivity.

The results confirm the possibility of structural non-identifi-
cation of parameters for the mathematical model of the electrical
conductivity of dilute solutions of weak electrolytes.

Keywords: conductometry, Fisher matrix, parameter non-
identification, weak electrolytes, association constant, electrical
conductivity.
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Buton asphalt is an alternative material for road surfacing from
Indonesia. Cold paving hot mix asbuton (CPHMA) is one of the buton
asphalt technologies that has great potential as an alternative to con-
ventional asphalt pavement; however, it still possesses several limita-
tions that remain the focus of ongoing scientific research.

The problem solved by this study is the improvement in CPHMA
performance as the storage duration of the mixture increases, which
is a controlling factor in conventional CPHMA products.

The results show that the use of candlenut oil modifier im-
proves the CPHMA performance. The study is focused on the
CPHMA performance with variations in the storage duration of
the ready-mix.

This study shows that the highest resistance from fatigue and
creep tests was obtained at a storage duration of 21 days. There was
an anomaly in the stiffness modulus test, where the highest resistance
was obtained from the 7-day sample. However, this value is somewhat
questionable because the two samples used yielded a high standard
deviation. Therefore, if to disregard the results from this sample, the
sample with the highest resistance is the same as in the fatigue and
creep tests.

The most distinctive feature of these results is the discovery of
increased CPHMA resistance to dynamic loads that increases with
storage duration. This contradicts the CPHMA product manufactured
by the factory.

Regarding the scope of practical use, the results obtained in this
study indicate that CPHMA modified with candlenut oil is very suit-
able for low-volume pavement applications, especially in areas that
do not have an Asphalt Mixing Plant. Certain conditions of use, field
application is ideally carried out during dry weather to effectively fa-
cilitate the evaporation of volatile bio-modifiers, ensuring the mixture
reaches the desired stiffness as shown in the laboratory results.

Keywords: fatigue, stiffness modulus, creep, lawele granular
asphalt, CPHMA, dynamic loads.
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This study focuses on paving block composites using fine aggre-
gate from brick construction and demolition waste (CDW). The study
addresses two issues that contribute to excessive resource extraction,

environmental degradation, and rising material costs in urban con-
struction: the steadily increasing production of brick CDW and the
growing reliance on natural sand in the production of paving blocks.
The accumulation of brick CDW in landfills and uncontrolled dis-
posal further emphasizes the need for technically and economically
feasible alternative material solutions. The results demonstrate that
recycled brick CDW aggregates can be seamlessly incorporated into
cement-based paving composites due to their complementary mineral
compositions. Mechanical testing confirms that paving blocks made
from recycled CDW have a noticeably higher compressive strength
than natural sand. This performance improvement is caused by
the rough surface and angular particle shape of brick CDW. These
elements enhance the cement matrix’s and aggregate’s mechanical in-
terlocking, creating a stronger composite structure. Furthermore, com-
parative analysis demonstrates that paving blocks manufactured with
recycled brick CDW can achieve up to two times higher compressive
strength while reducing production costs by about 50% when compared
to conventional combinations. These findings suggest that recycled
brick aggregates outperform natural sand in terms of cost and struc-
tural soundness. These findings suggest that recycled brick aggregates
outperform natural sand in terms of cost and structural soundness. The
study’s findings can be used to support more resource-efficient and en-
vironmentally friendly building techniques, particularly in urban areas
where brick demolition waste is easily accessible.

Keywords: brick waste, circular economics, paving block, sub-
stance aggregate, sustainable construction.
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BU3HAYEHHA MOXKJIUBOCTI OTPUMAHHSA BE3BAJIACTHMX NI(II)-NI(I1I) HOABIMMHO-IIIAPYBATHUX
TIAPOKCHUAIB AK ITEPCIIEKTUBHUX AKTHMBHHX PEYOBHWH I CYIIEPKOH/IEHCATOPIB TA
EJIEKTPOKATAJII3Y (c. 6-15)

B. JI. KoBaseHko, /1. A. AHfpeeB, B. A. Kotok, O. C. BackeBuy, B. 10. Mensuuk, /1. A. CyxomunHs, B. B. Bepounbkuii

06’exTOM J0CTiKeH s € Tporiec cuHTesy Ni2™-Ni** ITIIT (roaBiliHO-1I1apyBaTOro Ti[pOKCH/LY) B IPUCYTHOCTI IilIOXJIOPUTY HATPIIO.
Bes6anactauii NiZ*-Ni** [IIIII" € nepcneKTMBHOI aKTUBHOIO PEYOBMHOIO /I BUKOPUCTAHHS B CyNIEPKOH/IEHCATOPAX Ta eJ1eKTPOKaTalisi.
IIpoBesieHi cuHTe3Un pu TeMieparypi 60°C MeToaMM CIliBOCa/KeHHs NPU BUCOKOMY IlepecryeHHi Ta mpu crajomy pH (8, 10, 12). {ns
OTpHMaHHS KaTioHy MeTamy-rocTs Ni*" 3 BuxigHOro kariony Ni’* i yac CMHTe3y B PO3UMH JIyTy Ta Kap60HATY HATPiI0 BBOVIIH MiOXTOPUT
HAaTpilo AK OKMCHUK. B AKOCTi KOHTPOIBHUX 3pa3KiB Oynu cuHTe3oBaHi Ni-Al-kap6onarni ITHIT" TuMu ke MeTomamm Ta ymMoBaMH. YTBO-
peHHs Tij 4ac cunTe3y rigpokcocnonyk Ni** QikcyBasu BisyasbHO 1Mo Kobopy. KpucrasiuHa cTpyKTypa 3pasKiB JOCIiPKEHA METOI0M
peHTreHo(a30Boro aHasisy, BMicT 3arasbHoro Ni ta Ni*" - MeTojaMu TPUIOHOMETPUYHOTO Ta HO0METPUYHOIO TUTPYBaHHS. 3pa3Ku,
CHHTE30BaHi B IPUCYTHOCTI FillOXJIOPUTY, MaloTh YOPHUI KOJip, 1O MiATBEPIKYE yCHiliHe yTBOpeHHs Tigpokcocmonayk Ni3'. Bei kontp-
oibHi 3pasku € Ni-Al ITIIT. Hikeb-riApoOKCUIHII 3pa30K, CHHTE30BaHUI CIiBOCA/PKEHHSIM IIPH BUCOKOMY IepecuyeHHi, € 3-Ni(OH),, 3
BMicToM 3aranbHoro Ni 59,5% Ta wactkoio Ni** 12.2%. ITepersopenHst Ni>*—Ni** Big6yBasocst B IoBepXHEBOMY LIapi yTBOPEHUX 4aCTOK
B-Ni(OH), Tomy 10, IIBU/JKICTP OKUCHEHHS MEHIIE HIBUAKOCTI (QOpMyBaHUS Ti[poKCHUJY. 3pa3Ky, CUHTE3MPOBaHi CIIiBOCA/KEHHSIM
npu nocrifinomy pH, MaloTh mapyBaty cTpyKTypy, o ckiagaetbes 3 B-Ni(OH), Ta Ni>*-Ni** IIIIIT 3 a-peutitkoro. MIMOBipHO MIBUAKICTH
OKMCHEHHSI IIepeBUIy€e MIBUAKICTb YTBOPEHHS Tifjpokcupy. TakuM YHMHOM eKCIIepUMEHTAIbHO I0Ka3aHa MOXJIMBICTb CUHTE3y caMe
Ni?*-Ni**-xap6onarnoro IIIT. B naitkpamux ymosax (pH = 8) wactka Ni-Ni ITIIT cknagae 55,9%. CunTtesosanuii Ni*-Ni** ITIIIT mMoxe
6yTH yCHIIIHO BUKOPUCTAHUI B CylIepKOH/IeHCATOpaxX Ta eJIeKTPOKaTasi3i 3a yMOBU BU3HAYEHH B ITOJJaJIbIINX JAOCTIPKEHHAX MTUTOMUX
€JIEKTPOXiMiUHUX XapaKTepUCTUK.

KJIF040Bi c10Ba: CTiBOCA/PKEHHS TP BUCOKOMY TIEPECUYEHHI, CTIiBOCa pKeHHsT TTpu rioctiiiHomy pH, Ni?*-Ni** TTIIIT, rinoxiopuT HaTpiro.
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BU3HAYEHH IIEHTU®IKOBAHOCTI ITAPAMETPIB MATEMATHYHOI MOJEJII EJJEKTPOITPOBITHOCTI ¥
KOHAYKTOMETPUYHHX MOJEJIAX (c. 16-24)

B. JI. Yymak, M. P. MakcuMmoK, A. A. KonmaHuisa

V¥ po6oTi Ha IpUKJIa/(i BOZHOTO PO3UMHY OITOBOI KHMCIOTH AOCJi/PKeHA MaTeMaTHIHA MO/ieJIb eJIEKTPOIIPOBiTHOCT] pO3BeZIeHUX PO3UMHIB
CJ1a6KUX eJIeKTPOJIITIB.

[l BUpilleHHs TIUTaHHS ifZeHTUdikanii Ta JOCTOBIpHOCTI BH3HAYEHHS ITapaMeTpiB MaTeMAaTUYHOI MOZEJ eJIeKTPOITPOBiZHOCTI
PO3Be/IeHNX PO34YMHIB CIaOKUX eJIeKTPOJIITiB IIPOBe/IeHO PO3paxyHOK JieTepMiHaHTy iHpopMarifinoi marpuni dimepa.

BusiiieHi Ta 1osICHEHHI ITPOGJIeMU BU3HAUEHHSI KOHCTAHT acoIlialii Ta rpaHUYHOI MOJISIPHOT €JIEKTPOITPOBITHOCTI CTA0KUX €JIEKTPOJTITIB
32 Pi3HUX YMOBax IPOBEJIEHHS €KCIIEPUMEHTAIbHUX JOCIIi/IiB.

IIpescraBiieHi pe3y/bTaTé MaTeMaTHYHOI 06POOKH KOH/[YKTOMETPUYHUX JJAHUX IS BOZAHUX PO3YMHIB OIITOBOI KMCJIOTH.

BcraHoBsieHO, IO TS CJIAOKMX, ACOIIHOBAaHMX €JIEKTPOJITIB IMiJ Yac BU3HAYEHHS KOHCTAHT Aacomiamii Ta TpaHUYHOI MOJISIPHOL
koedillieHTiB MOTPi6HO BpaXxoByBaTH HasABHICTb KOpesAllil Mi’k HUMHU.

JToBe/IEHO, 1[0 32 BEJIMKUX 3Ha9eHb KOHCTAHTH acorjanii (5,58 * 10* mol/L) gerepminanT indopmariiinoi marpuni ®imepa 6JU3bKHIA 0
Hy/Is1 | BUHUKA€E CTPYKTypHa HeileHTH(hiKOBaHICTh TapaMeTpiB MaTeMaTUIHOI MOZEJIi eJIeKTPOIIPOBIJHOCTI PO3BEZIEHUX PO3YMHIB CIAOKUX
€JIEKTPOJIITIB.

TlokazaHo, IO pe3ysIbTaTH MaTeMaTUYHOI 0OpOOKM KOHAYKTOMETPUYHMX JAHUX JJIS BOJHUX PO3YMHIB OI[TOBOI KHUCJIOTH CBif9aTh 0O
HasBHOCTi CTPYKTypHOI HeifleHTHdikoBaHOCTI. Ile MiATBep/KyeThCS BeIMYMHAMU JAeTepMiHaHTy iHdopmaniiinoi marpuni ®imepa, Axuit
nopiBHIoe 5,5 * 108, Ta HopMoBaHMM TOKazHUKOM 0,988,

ITpoesieHMit aHasi3 GopMu moBepxHi (GyHKUIN IfiTi AOCTiYKEeHOI MaTeMaTUYHUX MOJeJell Ta BUIVIAZA CEPEeAHBOrO ejirca IOXHO0K
CBi[4UTH PO HAABHICTh KaHBIOHY 3 Mailke IJIOCKMM JHOM, 10 YCKJIa/[HIOE iHTepIpeTaliilo Ta J0CTOBipHiCTb MapaMeTpiB MaTeMaTUYHOI
MOZIeJli €JIeKTPOITPOBiTHOCTI.

OTpuMaHi pe3ynbTaTH MiATBEPKYIOTh MOXKIMBICTh HAsBHOCTI BUHMKHEHHSI CTPYKTYpHOI HeifeHTH(ikoBaHOCTI IapaMeTpiB
MaTeMaTHYHOI MOJieJli eJIeKTPOIIPOBIZTHOCT] pO3Be/IeHNX PO3UYMHIB CJIA0KUX eJIeKTPOJTITiB.

KirrouoBi cioBa: xoHAyKTOoMeTpis, Marpurns Pimrepa, HeizeHTHbIKOBaHICTh MapaMeTpiB, cabki eeKTPOJIiTH, KOHCTaHTa acolfiarii,
€JIEKTPOIIPOBIJHICTD.
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BU3HAYEHHSA BIUINBY MO/IU®IKATOPIB OJIII IVIO/IIB CBIYKOBOTO JEPEBA HA TUHAMIUYHY
CTIMKICTh AC®AJIBTOTPAHYJIATY JIABEJIE (c. 25-33)

Lila Khamelda, Sunik

Acansr Buton (acGyTOH) — 1ie aabTepHATUBHUIT MaTepiall 1JIs1 JOPOKHBOTO MOKPHUTTS 3 [HH0HEe3ii. Cymimt acOyTOHY rapss4oro IpUroTyBaHHS
Jutst XosmoztHoro yraaganas (CPHMA) - 1ie ofiHa 3 TEXHOJIOTi i acOYTOHY, sIKa Ma€e BEJMKUI MOTEHIIIall SIK albTepPHATHBA 3BUYaiiHOMY ac(haisToBOMY
MOKPUTTIO; OHAK BOHA BCE IIe MAa€ KiIbKa 0OMEKEHb, SIKi 3a/INIIAIOTECS B LIEHTP] YBaru MOCTIHHNX HAyKOBHX JOCIIKEHb.

IIpo6siema, sIKy BUpillye Iie JOCTiZPKeHHs, IOJIATae B MOKpalleHHi xapakrepuctuk CPHMA 3i 36ibIIeHHSAM TPUBAIOCTi 36epiraHHs
cymili, 110 € KOHTPOTIOIUNM (aKTOpoM y 3BUYaiHUX mpogykTax CPHMA. PesysibraTu MOKa3yloTh, 10 BUKOPUCTaHHA MoAudikaTopa Ha
OCHOBI 0J1il IUIOAIB CBIiYKOBOrO JiepeBa mokpalye xapakrepuctuku CPHMA. JlociifpkeHHs 30cepe/DKeHO Ha Xapakrepucrukax CPHMA 3
BapiarfisiMu TpUBaIOCTi 36epiraHHs FOTOBOI CyMiIi.

Lle mocipKeHHs MoKa3ye, 110 HAUBUIUI OIip Y BUIIPOGYBaHHSX Ha BTOMY Ta IOB3y4icTh OyB OTPUMAaHMUI IPU TPUBAJIOCTI 36epiraHHs
21 pmens. Crioctepirasacss aHOMaJIist y BUIPOOYBaHHI Ha MOZAY/Ib YKOPCTKOCTI, Jie HaWBHIIMiT omip OyB OTpUMaHUil s 7-J€HHOTO 3pasKa.
OJjHaK Lie 3HaYeHHs Ie10 CyMHiBHE, OCKIJIbKY /IBa BUKOPMCTaHI 3pa3Ky JaJld BUCOKe CTaHJapTHe BifixuieHHs. Tomy, KIIO He BpaXOBYBaTH
Pe3y/IBTaTH IbOT0 3pa3ka, 3pa30K 3 HABUIIMM OIIOPOM TaKHil CaMUil, SIK i y BUIIPOOYBAaHHSIX Ha BTOMY Ta IIOB3yYiCTb.

Haii6isibir BiAMIHHOIO PHCOI0 IMX pe3yJAbTaTiB € BUSABIEHHs MifBUIeHOi crifikocti CPHMA 10 AMHAMiYHMX HaBaHTAXKEHb, SKa
36LIBLIyeThCS 3 TPUBAJIICTIO 36epiranHs. Lle cynepeunts npogykry CPHMA, BUTOTOBIEHOMY 3aBOJJOM.

1ozo chepu MPaKTUYHOTO BUKOPUCTAHHS, Pe3y/IbTaTH, OTPMMAaHi B I[bOMY JOCTIi/PKEHHI, BKa3yIoTh Ha Te, o CPHMA, MmoaudikoBaHU
OJIIEI0 TIOZIB CBIYKOBOTO JepeBa, IyXKe IMiAXOAUTH JJIsi HeBEeJUKUX OOCATiB JOPOXKHBOTO IOKPUTTSI, OCOOJIMBO B paiioHaxX, Jje Hemae
acasbTO3MIllyBaJIbHOI YCTAaHOBKM. 3a IIEBHUX YMOB BHKOPUCTAHHS, II0JIbOBE HAHECEHHs i/leaIbHO IIPOBOJUTU B CyXy IIOrOfy, 106
e(eKTUBHO CIIPUATH BUIIAPOBYBAHHIO JIETKUX 6ioMofubikaTopiB, 3abe3neuyroun TOCATHEHHS CyMIIINIO Oa)kKaHOi )OPCTKOCTI, SK IOKa3aHO B
J1a00PaTOPHUX pe3yNbTaTax.

KUrro4oBi c1oBa: BToMa, MOZYIIb JKOPCTKOCTI, TOB3ydicTh, acanmprorpanyr Jlasese, CPHMA, nuxamiuHi HaBaHTaKEHHSL.

DOI: 10.15587/1729-4061.2026.352346
BHU3HAYEHHA MEXAHIYHOI'O TA TEXHOEKOHOMIYHOI'O BIIVIMBY IIEPEPOBJIEHHX BIZIXOAIB
3HECEHHA LEIVIU Y BUPOBHUIITBI BPYKIBKU (c. 34-42)

Ketut Sugiharto, Marjono, Gatot Ciptadi, Wisnumurti

I1e mociKeHHs 30cepe/PKeH0 Ha KOMII03UTaX 3 OpYKiBKM 3 BUKOPUCTAHHSM /IpiGHOT0 3a110BHIOBaya 3 Gy/liBe/IbHUX Ta 3HECEHUX BiIX0/1iB
nertu (3BLI). JocipkeHHs po3IIsiiae ABi Mpo6ieMu, 1[0 CIPUAIOTh HAMipHOMY BUOOYTKY PecypciB, MOTipIIeHHIO CTaHy HaBKOJIUIIHBOTO
Cepe/IoBHUILA Ta 3POCTAHHIO I[iH Ha Marepiaay B MicbkoMy Oy[iBHHITBI: MOCTiiiHO 3pocratoue BUpoOHUITBO 3BII 3 Ieriu Ta 3pocraroda
3QJIEXKHICTD BiJj IPUPOAHOTO MiCKy y BUPOOHUILTBI OpykiBku. Haxonmmuenss: 3BII 3 Ijerin Ha 3BaJMIAX Ta HEKOHTPOJIbOBAaHE YTHJIi3allis
e Gisple miKpecioe HeoOXiHICTh TeXHIUHO Ta eKOHOMIUHO JOLUIPHUX aJIbTePHATUBHUX MaTepiabHUX pillleHb. Pe3y/bTaTH I10Ka3yIoTh,
mo nepepo6JieHi 3amopHioBavi 3BII 3 1emin MOXKyTh GyTH Ge3IepenKo/HO BKJIIOUeHi /10 IJeMEeHTHUX KOMIIO3UTIB /i1 GPYKiBKU 3aBJSKU
X B3a€MO/IOTIOBHIOIOUOMY MiHEpaIbHOMY CKJIafly. MexaHiuHi BUITpOOyBaHHA MiATBEP/PKYIOTh, 1110 OpyKiBKa, BUTOTOBJIEHA 3 MepepoOIeHUX
3BII, Mae IOMITHO BUIly MillHiCTh Ha CTUCK, Hi>XX IIPUPOAHUN micok. Lle moxpaileHHsI XapaKTepPUCTUK 3yMOBJIEHE IIOPCTKOIO ITOBEPXHEI0
Ta KyTOBOIO (hopMoro yacTHHOK 3BII 3 merru. Ili eleMeHTH MOKpALIyIOTh MeXaHiuHe 34eryIeHHs L[EMEHTHOI MaTpHIli Ta 3all0OBHIOBAYa,
CTBOPIOIOYM MIITHILITy CTPYKTYpY KOMII03uUTy. KpiMm Toro, nopiBHSIbHUI aHasi3 1oKasye, 1o 6pykiBKa, BUTOTOBJIEHA 3 nepepobsieHux 3BII 3
LIeTVIN, MOXKe JIOCATTH [0 JIBOX pa3iB BUIIOI MIIJHOCTi Ha CTHCK, OJHOYACHO 3HMDKYIOUM BUPOOHUYI BUTPATHU NMPUOIU3HO Ha 50% IMOPiBHSAHO
3 TpaguliiiHuMy koM6iHanisMu. 1i pe3ynbTaT CBifYaTh MO Te, IO MepepobieHi 3aI0BHIOBaYi 3 I[eIVIn MepeBepIIyoTh MPUPOJHUN MiCOK
3 TOYKHM 30py BapTOCTi Ta CTPYKTYpHOI MirfHocTi. IIi pesysbpraty cBiguaTh Ipo Te, IO IepepoOJieHi LEeIsTHI 3aII0BHIOBAYI IIepeBepIIyIOTh
TIPUPOZHUI ITICOK 3 TOYKH 30py BaPTOCTi Ta CTPYKTYPHOI MIiITHOCTI. Pe3ynbraTu 0CTiKeHHS MOXKYTh 6YTH BUKOPUCTaHI AJIs i ATPUMKH OiJTbIII
pecypcoeeKTUBHHUX Ta €KOJIOTIYHO YUCTUX METOAIB Oy/[iBHULITBA, 0COGIMBO B MiCbKMX paiioHaX, [ie BiZIXO/[Y 3HECEHHSI LIeIVIN JIETKOJOCTYIIHI.

KirrouoBi cyioBa: 1eVIgHi BiZIXou, IIUPKY/IIpHA eKOHOMiKa, 6pyKiBKa, peUOBUHHUI 3aII0BHIOBaY, cTajie Gy/liBHUIITBO.



