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Abstract. This review analyzes current research on perovskite solar cells as an
alternative to traditional silicon-based solar cells. The paper discusses various types of
solar cell architectures, including different combinations of the main layers, materials
for electron and hole transport, as well as the anode, cathode, and conductive substrates.
Different approaches to improving the stability and efficiency of these cells are examined
through the use of new innovative materials for electron and hole transport layers (ETL
and HTL), such as organic and inorganic analogs, as well as tandem and heterostructural
elements. A review of the performance and limitations of solar cells with various
perovskite materials, including hybrid ones, is also provided. A key issue discussed in
the paper is the enhancement of the stability of perovskite solar cells, which can degrade
significantly under the influence of moisture, ultraviolet light, and heat. The conclusion
is drawn that the use of coatings, additives, and innovative materials contributes to
the improvement of the stability of high-efficiency perovskite solar cells. The role of
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ETL and HTL in enhancing the efficiency and stability of solar cells is also analyzed.
The paper emphasizes the importance of research in the field of perovskite solar cells
for the development of new efficient, stable cell structures for mass production and
commercialization.

Key words: perovskite solar cells, layers, ETL, HTL, MAPbIs, conducting substrate,
stability, Spiro-OMeTAD, ultraviolet, absorption coefficient
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Annorauusi. byn momyna aBropmap JocTypili  KpEeMHHM HEri3iHAeri KyH
OarapesuiapbiHa OajlaMa peTiHAe NMepOBCKUTTI KYH Oarapesuiapbl OOWBIHIIA 3aMaHayd
3epTTeyaepai KaH-KaKThl Tanaaiapl. Kyn OatapesmapbIHbIH SpTYpIli apXUTEKTypanapsbl,
COHBIH IHIiHAE Heri3ri (QyHKUMOHANIBl KaOaTTapAblH TYpiIi KOMOMHALUSIIAPEL,
ANEKTPOHBIK )KOHE KEMTIKTIK TachIMailay MaTepruangapbl, aHOA, KaTo KOHE OTKI3TilI
cyocTparTap KapacTelpbuiafbl. [IepoBcKUTTI KyH OarapessiapblHBIH THIMALIINT MeH
TYPaKTBUIBIFBIH apTTHIPYAbIH MHHOBALMSJIBIK TOCIANEpPI 3epTTeneni. Aran alTKaHIa,
ANEKTPOHBIK JKoHE TeCiKTiK TackiMangay Kadartapsl (ETL sxone HTL) ymiin xaHa
MarepuangapAbl TMaijaiaHy, OpPTraHHKalbIK JXOHE OeHOpPraHWKajbIK aHaJOrTap.bl
KOJIZIaHy, TaHAEMIIK KOHE TeTePOKYPBUIBIMIBI AIEMEHTTEP/II €HI13y KapacThIPbUIAIbL.
CoHbIMEH Karap, 9pTYpJi NEPOBCKUTTI MaTepuaiAaplaH, OHBIH I1LIiHAE THOpUATI
KYpBUTBIMAApJAH JKacalfaH KYH OaTapesulapbIHbIH OHIMIUIIIT MEH OJapiblH HErisri
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LIeKTeyNepl capanTaiaisl. byl »IeMeHTTepIiH TYpPaKThUIBIFBI bUIFaj, YABTPAKYJTiH
coyJie MEH TeMIlepaTypaHbIH 9CEepPiHEeH alTapibIKTall ToMeHaeyi MyMKiH. COHIBIKTaH,
3eprTeyiep KaOblHAapIbl, KOCTIaJdap/bl )koHe MHHOBALMSUIBIK MaTepHaiapabl KOJIAaHy
MaHbI3IIbI eKeHiH kepcereni. 3eprrey Oapbichinna ETL sxone HTL kabarrapbiHbIH
KYH OaTapesuapblHBIH THIMALIIN MEH Y3aK Mep3iMALIIriHe THTi3eTiH ocepi KaH-
KaKTbl TangaHajgbl. [IepoBCKUTTI KYH OaTapesuiapblHBIH HETI3r1 MoceleNepiH My
YILIH ’KaHa TEeXHOJOTHsIIap, TYPAaKTaHIBIPFBILI KOCHagap MEH KOpFaHbIC KabaTTapbiH
KOJIZIaHy TIePCIIEKTUBAIbI OarbITTapAbIH Oipi Oombin cananansl. KopeITeIHABLIAN Kele,
YKOFapbl TUIMI KOHE TYPAaKThl MEPOBCKUTTI KYH OarapesuiapblH jKalmaid eHAipy MeH
KOMMEpLHSIIAHABIPY YILIiH KaHa KYpBUIBIMAAPABI 931piiey KaKeTTINIri aram eTiiemi.
[lepoBcKHUTTI KYH OaTapesiapbl TEXHOIOTUSIIAPBIH LIrepiIeTy KaHAPThUIAThIH SHEPTHS
KO3/1epiH JaMbITya MaHbI3bI POJI aTKapabl, XKalllai eHaipyre, KOMMEpLUHUsUIaHAbIpYyFa
YKOHE OOJNaIIaKThIH YHEPTHs JKYHesepiHe HHTerpauusiayFa )aHa MYMKIHAIKTep aliabl.

Tyiiin ce3gep: mepoBckuTTi KyH Oarapesinapsl, kabarrap, ETL, HTL, MAPbI,
OTKI3rilI CyOCcTpaT, TYpakThUIbIK, Spiro-OMeTAD, yiabTpakyiris, CiHipy KoapduiuenTi
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AHHoTauusa. B JaHHOM 0630pe paccMaTpruBarOTCd COBPEMCHHLIC UCCIICJOBAHNA B
obmactu TMEPOBCKUTHBIX COJIHCYHBIX 3JICMCHTOB, KOTOPLIC SABJIAIOTCA HepCHCKTHBHOfI
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aIBTEPHATHBON TpaJWIHOHHBIM KpeMHHEBBIM (orodnementam. Ocoboe BHUMaHHE
yAEJSIETCSl Pa3IMYHBIM apXUTEKTypaM COJHEYHBIX JIEMEHTOB, BKIIOUas KOMOMHAIIMH
OCHOBHBIX CJIOEB, MaTepUajoB AJs TPAHCIOPTUPOBKU 31eKTpoHOB U AbIpok (ETL u
HTL), Takux kak opraHMuecKue M HEOPraHWUYECKHE aHaJOTH, a TAKKe TaHAECMHbIE H
TETEPOCTPYKTYPHBIE JIEMEHTHI.

AHaANM3UPYIOTCS.  PasiU4yHble  METOAWKMA  TOBBIIICHHUS  CTaOWIBHOCTH |
3QPEKTUBHOCTH TEPOBCKUTHBIX COMHEYHBIX JIIEMEHTOB, BKJIOYas NPUMEHEHHE
MHHOBALIMOHHBIX OPraHMYECKUX M HEOPraHWYECKUX aHAJIOTOB TPAHCIOPTHBIX CIOEB,
a TaKKe HCIIONB30BAHUE TAaHJEMHBIX M TETEPOCTPYKTYPHBIX pemieHui. B o03ope
OLIEHUBAIOTCS XapaKTEPUCTUKHN ¥ OIPAaHUYEHUS COTHEUHBIX 3JIEMEHTOB, CO3/1aHHBIX Ha
OCHOBE Pa3IUYHBIX THUIIOB IIEPOBCKUTOB, BKITIOUasi THOPUIHBIE CTPYKTYPHI.

OnHUM M3 KIIOYEBBIX BOMPOCOB SIBJISICTCSI MOBBIIMICHHE CTAOWMIBHOCTU AaHHBIX
3JIEMEHTOB, MOCKOJIbKY OHM TMOJBEpPXEHBI JEerpajallly I0J BO3IECHCTBHEM BIardu,
yABTPa(UOIETOBOTO M3IMYUYCHUSI U TEIIOBBIX (hakTopoB. CAenaH BBIBOA O BaXHOCTH
MPUMEHEHUS 3alIUTHBIX MOKPBITHH, (PyHKIMOHANBHBIX J00aBOK M HOBBIX MaTepHaOB
JUIsl YBEIUYCHUS CTAOMIBHOCTH BBICOKOI()(DEKTUBHBIX COJIHEYHBIX JIEMEHTOB.

PaccmarpuBaercsi 3naumrensHas poiab ETL m HTL B ynywmenunm pabounx
XapaKTEPUCTHK COTHEYHBIX dNieMeHTOB. [ lonuépkuBaercs He0OXOAUMOCTh AabHEHIIINX
WCCIENOBAHUM Uil CO3MaHUSl HAAEGKHBIX, SHEProdP(EeKTUBHBIX  CONHEYHBIX
9NIEMEHTOB, 00ECHEeYMBAIONIMX BBICOKYIO TMPOM3BOAUTENBbHOCTh. [IponBmkeHue
TEXHOJIOTUI MEPOBCKUTHBIX COJIHEUHBIX JIEMEHTOB UTpaeT BaKHYIO POJib B Pa3BUTHU
BO300HOBIISIEMBIX HCTOUHHKOB SHEPTHH, OTKPHIBAs HOBBIE BOBMOKHOCTH JJIS1 MACCOBOTO
MIPOM3BOACTBA, KOMMEPIHAIU3ALMU U HHTETPALliU B SHEPTOCUCTEMBI OyAyIIEro.

KuioueBble cJi0Ba: TMEpPOBCKUTHBIE CONMHEUHBIE aneMeHThl, ciou, ETL, HTL,
MAPbDL;, npoBoxsmas MOmIOKKa, cTaOmibHOCTh, Spiro-OMeTAD, ynerpaduoner,
K03(p(PHUIMEHT MOTIOIICHNSI.

Introduction

The global consumption of electrical energy increases daily, necessitating alternative
energy sources to address its shortage. A classical renewable source is solar energy,
generated through solar cells. Perovskites, named after the Russian scientist L.A.
Perovsky, have a specific formula of ABXs, where X represents oxygen or a halogen,
and A and B are cations. The larger cation (A) occupies a cuboctahedral site surrounded
by 12 anions (X), while the smaller cation (B) occupies an octahedral site, sharing it
with six cations (Park, 2015).

Due to their remarkable optoelectronic properties, perovskites have emerged as
potential materials for solar cells. Currently, three generations of solar cells exist:
(1) wafer-based, (2) thin-film-based, and (3) organic-structure-based (Suresh Kumar,
2021). The evolution of photovoltaic materials focuses on reducing cost and toxicity.
Various materials have been utilized, including multicrystalline silicon (mc-Si cells),
monocrystalline silicon (c-Si cells), copper indium gallium selenide (CIGS), cadmium
telluride solar cells, quantum dot-based cells, organic photovoltaics, and perovskite
solar cells.
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Silicon-based solar cells have dominated so far; however, a new class of perovskite
solar cells has become a promising alternative, achieving an efficiency of 22.1%.
Perovskites possess an ideal bandgap for light absorption (1.3—1.5 eV), a high absorption
coefficient (10*-10° cm™), energy alignment compatibility with contact materials,
excellent charge carrier mobility, and long carrier lifetimes. Furthermore, their ability
to be solution-processed at low temperatures significantly reduces production costs.
In addition to being cost-effective, perovskite solar cells are highly convenient due to
their technological simplicity and ease of roll-to-roll (R2R) processing (Elumalai, et al.,
2016)

Organic-inorganic hybrid halide perovskites were first used in photovoltaic cells as
sensitizers, replacing dyes in dye-sensitized solar cells (DSSCs). In 2009, they achieved
a power conversion efficiency (PCE) of 3.8%. Since then, the efficiency of perovskite
solar cells has significantly increased, reaching 22.1% by 2016 and 25.5% by 2020. This
progress was accompanied by continual modifications to the materials used in the cell
layers.

In 2009, CHsNHsPbls was the primary material, and platinum was used as the
cathode to complete the electrical circuit. By 2016, scientists replaced the core material
with doped perovskite Csx(MAo.17FAo.83)1—x(Pblo.s3Bro.17)3 and substituted the platinum
cathode with gold. To improve efficiency, the precursor solution concentration, which
was insufficient at 8% for forming a uniform thin film, was increased to 40%, and the
liquid electrolyte was replaced with a solid-state analog.

Efforts to enhance the stability of perovskite solar cells and develop lead-free
alternatives have been ongoing. However, lead-free perovskite cells have so far achieved
only 11% efficiency (Wu T. et al, 2021).

Perovskite solar cells have reached their highest efficiency to date by integrating key
features of innovative architectures, advanced chemical compositions, and optimized
deposition processes for perovskite materials, alongside newly developed electron and
hole transport layers (Seo, et al., 2016).

For the infrastructure of molecular cells the inverted structures with molecular hybrid
at the buried interface are used (Liu, et al., 2024). So the steady-state efficiency of
26.54% was reached. When double-side 2D/3D heterojunctions are placed in inverted
perovskite solar cells from both sides the power conversion efficiency of 25.6% was
achieved too (Azmi, et al., 2024). Another method is described in (Guixiang, et al.,
2023), where solar cell improved with using the ordered dipolar structure of B-poly(1,1-
difluoroethylene). Thus the perovskite film is able to be controlled from crystallization
and energy alignment.

Despite extensive research into advancing perovskite solar cells, significant challenges
remain. To make these cells suitable for practical applications, numerous issues must
be addressed, including minimizing charge separation, transport, and collection losses.
Next table allows to compare new technologies in the field of perovskite solar cells
efficiency (Table 1).
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Table 1. Modern technologies in the field of perovskite solar cells

Method

Advantages

Limitations

Silicon nanoantennas

- leads to high light concentration
(20.5%).

- Requires integration of
nanoantennas into existing
manufacturing processes.

Tandem cells with perovskite
and silicon

- Achieves over 30% efficiency by
optimizing perovskite deposition
on silicon using phosphonic acid
additives.

- Complex production
and stability challenges in
combining both materials.

Amidinium protective coating

- Enhancing durability, lifespan
compared to traditional coatings.

- Further research needed to
confirm long-term stability
under real-world conditions.

Integration of gold nanograting
and photonic crystal

- Increases solar cell efficiency by 35%
due to enhanced optical properties.

- Higher production cost due
to the use of gold.

Inverted structures with
molecular hybrid at the buried

- Steady-state efficiency of 26.54% by
improving the molecular infrastructure

- Complex fabrication and
material selection challenges.

of the solar cell.

- Reaches 25.6% power conversion
efficiency by optimizing the interface
from both sides.

interface (Liu S. et al, 2024)
Double-side 2D/3D
heterojunctions in inverted
perovskite solar cells (Azmi R.
et al, 2024)

Ordered dipolar structure of
B-poly(1,1-difluoroethylene)
(Guixiang L. et al, 2023)

- Stability and large-scale
manufacturing challenges.

- Enhances crystallization control and
energy alignment of the perovskite
film, improving efficiency.

- Requires precise control
over polymer structuring
during fabrication.

In this review, we analyze global research and developments related to the structure,
architecture, materials, and stability enhancement of perovskite solar cells.

Materials and methods

The foundational technology for perovskite solar cells is solid-state sensitized solar
cells, which are based on dye-sensitized solar cells (DSSCs) developed by Gritzel. The
key distinction of perovskite solar cells is that the light-harvesting dye is replaced with
a perovskite material. Since perovskites exhibit ambipolar properties, they not only
absorb light effectively but also require efficient electron and hole transport. To address
this, layers such as the ETL (Electron Transport Layer) and HTL (Hole Transport Layer)
are utilized.

A solar cell is composed of the following layers: a conductive substrate (such as
Fluorine-doped Tin Oxide (FTO), Indium Tin Oxide (ITO), aluminum, nickel, graphene,
etc.), an electron transport and light absorption layer (bl-TiO2 and mp-TiOz), a perovskite
active layer that generates electrons, a hole transport layer (HTL), and a cathode that
completes the electrical circuit (e.g., Pt, Au).

There are various solar cell structures based on the layer sequence, such as n-i-p (a)
or p-i-n (b), as well as configurations with or without the HTL (c¢) or ETL (d) (Figure 1).
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Blocking layer

Conducting substrate

b) c) d)
Figure 1. The typical structures of perovskite solar cells

In structures without an HTL, a thin metal layer (cathode) is directly deposited onto
the perovskite. Due to the very slow chemical reaction between the perovskite and the
metal, the perovskite layer functions as a hole-conducting material.

In structures without an ETL, the perovskite is directly deposited onto the glass
substrate, typically FTO or ITO.

The energy structure of the simplest solar cell with both an ETL and HTL is illustrated
in the following diagram (Figure 2).

Energy

O® !
Figure 2. Energy Levels of the Layers in a Simplest Perovskite Solar Cell (Ameen S. et al, 2018)

ETL and HTL materials are selected according to this diagram.

Results and discussion

The base material for perovskite solar cells was the classic lead-containing
CHsNH5Pbls, which was produced using a two-step deposition method by immersing
Ti02/Al20:s films in a 2-propanol solution of CHsNHsI. This resulted in an efficiency of
15%. Later, Ima developed a two-step centrifugation procedure to obtain CH;NHsPbls
cuboids of controlled size, achieving a PCE of 17.0%.
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Traditional lead-containing solar films exhibit high efficiency but are highly toxic.
To address this, tin-based perovskite films with the general formula ASnXs were
developed. This demonstrated good charge mobility and a high absorption coefficient
but faced issues with the oxidation of Sn** to Sn**.

One study proposed a method for forming uniaxially oriented perovskite layers with
millimeter-sized crystals using methylamine gas for crystallization. By controlling the
evaporation rate of methylamine from the liquid intermediate phase, it was possible to
reduce supersaturation and decrease nucleation density, which promoted the growth of
large grains of MAPbIs. As a result, perovskite layers with grains approximately 1 mm
in size were obtained, leading to a low defect density and a high solar cell efficiency
(21.36%) (Park, et al., 2015).

A good alternative to the primary perovskite material CH;NHsPbls (MAPDL:) is
CHsNH"(NH2)Pbls (FAPbIs). This perovskite is also attractive due to its thermal stability
and stronger p-type characteristics. Researchers managed to maximize light absorption
by using the bandgap of FAPbIs, which is 1.47 eV. They substituted FA cations with
0.03 molar fraction of Cs, achieving stability in the a-phase of FAPbIs and significantly
increasing absorption in the ultraviolet range (Elumalai, et al., 2016).

To stabilize the perovskite phase, a mixed form (FAPbIs)i-(MAPDbBr3)« is more
acceptable.

In addition to MAPbIs, MAPDBr; is also used as a primary perovskite material.
Scientists have managed to modify the bandgap by using a mixed perovskite
(MAPbI3)1-«(MAPbBr3)y, varying it from 1.57 eV to 2.29 eV. Designing the bandgap is
a crucial process as it helps prevent significant energy los Prasanna R. ses. Moreover,
this mixed structure proved to be highly resistant to perovskite decomposition into its
initial precursors due to moisture exposure.

Recently, lead-free perovskite structures, such as MASnls, have gained the most
attention. Unlike MAPDI;, they have an ideal bandgap width (1.3 ~ 1.4 eV), low exciton
binding energy (29 meV for MASnIs and 62 meV for MAPbI;), and high charge carrier
mobility (pe (electron mobility) = 2000 cm? V™' s for MASnl; and 60 cm? V™! s7! for
MAPbDL).

The following table presents the main perovskite materials used in solar cells, their
efficiency, and advantages (Table 2).

Table 2. The types of perovskites for use in solar cells (Khatoon, et al, 2020, Sharif, et al, 2023)

Type of perovskites Formulas Efficiency % | Drawbacks
Meta-lead perovskites | CHsNHsPbls 25,7 Lead toxicity
Meadorresin perovskite | CHsNHsPbls 23 Decreased stability under

moisture and ultraviolet
radiation exposure

Tin-based perovskite CH:sNHsSnls 13-15 High oxidizing ability
Calcium-based CaTiOs, CaCusTisO12, CaMnOs 15 Mass production and
perovskite instability
Potassium-based KPbls, KCsHsCH:I3, KaPbsli2, 20-23 At the research stage
perovskites CsKPbls
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Perovskites with a CsPbls, CsPbBrs, MAPDIs, 23 Instability

binary system MA.Pbsli2, CsSnls, CsSnBr3

Hybrid perovskites CHsNH;PbBr3, 24-25 Decreased stability under

with organic additives | C¢HsCsHsNHsPbls, moisture and ultraviolet
CH:NHsPbCls radiation exposure

In the pursuit of enhancing stability, researchers have also developed tandem
structures that incorporate variations of several types of base materials. Tandem
structures can be classified into silicon-perovskite and perovskite-perovskite types. The
former is utilized to reduce the reflectivity of the device and stabilize the wide bandgap
of perovskite materials.

Heterostructures with two or three layers of perovskites are less efficient compared
to silicon-based structures but are advantageous for commercialization. This is because
the same surface processing technology is applied, while the perovskites within the cell
differ in their bandgap widths, for instance, MAPb , and MABr,, (Elumalai, et al., 2016).

One of the key components of such cells is the electron transport layer (ETL), which
plays a critical role in enhancing photovoltaic performance. This layer ensures efficient
electron transfer from the perovskite layer to the electrodes, minimizing charge losses
and preventing backflow. The choice of material for the ETL is a crucial step in the
development of solar cells, as it affects characteristics such as energy level alignment,
device stability, and overall efficiency.

In most cases, TiO, has been recognized as the primary ETL material due to its
excellent ability to transport electrons from the perovskite layer to the electrodes
efficiently. Its energy levels are well-aligned with the perovskite bandgap, and it remains
transparent for effective solar light absorption. Moreover, the thickness of the TiO, film
depends on the HTL material since it is proportional to the hole diffusion length and
conductivity.

However, the TiO, layer was later identified as less stable under UV exposure,
significantly reducing solar cell efficiency. As an alternative, Mg Zn,_ O (MZO) was
proposed, demonstrating higher stability and charge mobility compared to titanium
oxide.

Additionally, (Park, et al., 2015) showed in their studies that lithium-doped TiO2
could serve as a viable conductive material. Lithium doping reduces the likelihood of
defect states and increases the transmittance of the layer. As a result, the efficiency
improved to 24.23%, which is 1.97% higher than the undoped counterpart.

Another approach to improving efficiency was the addition of a ferroelectric layer
(PbTiO3) between TiO2 and the perovskite to reduce the number of defects and enhance
the charge transfer capacity.

Zn>Sn04 (ZSO) is a highly promising alternative for ETL due to its reported high
Hall mobility of 10—30 cm?/(Vs), wide bandgap of 3.8 eV, and low refractive index of
approximately 2.

Another promising ETL material is (Elumalai, et al., 2016)-Phenyl-C61-butyric acid
methyl ester (PCBM).
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Recently, tandem solar cells with combinations of multiple layers having different
bandgaps for efficient light absorption have gained significant attention in solar cell
research. In tandem structures, both the primary layer and ETL or HTL can serve as
the tandem component. For instance, in study (Hu, et al., 2020), an efficient electron
transport layer was composed of a blocking layer, a mesoporous film, and a fullerene
layer (Figure 3, a). The efficiency of such tandem structures can reach up to 30%.

In the work zinc oxide (ZnO) and PCBM were used as tandem components for the
electron transport layer (Figure 3, b).

PCBM

Zn02
Conducting substrate Conducting substrate
a) b)

Figure 3. Tandem layers of electron transport

One of the critical layers in the architecture of a solar cell is the hole transport layer
(HTL). The HTL plays a pivotal role in enhancing the efficiency, stability, and overall
performance of the solar cell by ensuring effective collection and transport of holes
while preventing energy losses. Regarding durability, this layer often acts as a moisture
adsorbent, protecting the device from degradation.

Initially, liquid electrolytes served as transport materials. Later, Kim et al. developed
the first solid-state transport materials with a structure of 2,2',7,7'-tetrakis (N,N-di-p-
methoxyphenylamine)-9,9’-spirobifluorene (Spiro-OMeTAD).

The classic HTL materials in perovskite solar cells include Spiro-OMeTAD and its
derivatives, such as pp-Spiro-OMeTAD, mp-Spiro-OMeTAD, and op-Spiro-OMeTAD.
However, due to its high cost and limited commercial viability, researchers continue to
develop more efficient and cost-effective alternatives.

One example is polytriarylamine (PTAA) doped with lithium (Battaglia, et al., 2016).
For undoped materials, a derivative of pristine tetrathiafulvalene (TTF-1) achieved an
efficiency of 11%, while a graphene-based composite P3HT/graphdiyne reached 14.6%
(Hu, et al., 2020).

Inorganic HTL alternatives, such as Cul and CuSCN, have also been identified as
promising substitutes for Spiro-OMeTAD.

The use of polymers as HTL materials is justified by their excellent compatibility
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with the energy band of perovskite, which facilitates efficient hole extraction. Their soft
and flexible nature ensures reliable contact with the base material, minimizing energy
losses.

Due to the presence of numerous active sites, polymers exhibit strong intergranular
interactions. As a result, polymer-based photovoltaic devices demonstrate superior
stability and improved power conversion efficiency (PCE).

In study (Tseng, et al., 2020), Cu.O was used as the hole transport material and SiO:
as the electron transport material. Typically, the HTL layer must be sufficiently wide to
cover the entire surface of the perovskite before being coated with a copper cathode. A
thin HTL layer usually has a thickness of 100-300 nm.

Among polymeric materials suitable for mass production, PEDOT: PSS (poly
(3,4-cthylenedioxythiophene): polystyrene sulfonate) has proven to be the most
accessible. However, despite its affordability, it is less stable compared to Spiro-
OMeTAD.

HTL materials and noble metals are often prohibitively expensive for large-scale
applications. To address this, researchers have proposed carbon-based architectures
without an HTL layer (Tseng, et al., 2020). In these designs, perovskite films were
created using a multi-step spin-coating solution process, with a carbon layer directly
deposited after the perovskite layer.

For ETL layers, polymers such as polymethyl methacrylate (PMMA), polyethylene
oxide (PEO), polyvinylpyrrolidone (PVP), and polyethyleneimine (PEI) have been
studied.

Equally important in the solar cell structure are the anode and cathode. Table 2
provides an overview of the materials used for the anode and cathode in perovskite
solar cells.

Table 2. Materials of anode and cathode of perovskite solar cell

Architecture Anode Cathode
n-i-p FTO, ITO Ag, Au, Al, or ITO
p-i-n PEDOT:PSS, MoOy, Au ITO, Al, Ag

The choice of anode and cathode materials is closely tied to the architecture of the
solar cell. For instance, in n-i-p structures, cathode materials may include gold, silver,
or aluminum, while conductive substrates typically involve FTO (fluorine-doped tin
oxide) or ITO (indium tin oxide). In inverted designs, gold and aluminum can serve as
cathode and anode materials, respectively, with ITO as the conductive substrate.

The selection of cathode and anode materials varies due to their specific requirements
for energy levels, transparency, and stability. Choosing the appropriate materials is
critical for achieving high efficiency and long-term durability in solar cells.

The issues of stability of solar cells.

Despite extensive research into improving solar cell materials, stability issues still
require careful attention.

The instability of perovskite solar cells hinders their commercial deployment, as
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the materials are prone to degradation due to weak bonds between components. This
degradation can lead to damage and the leakage of lead, posing risks to both health and
the environment.

To address this, researchers have developed lead-absorbing materials to coat the
perovskite layer. Among these materials, cation exchange resin (CER) has demonstrated
excellent lead ion absorption capabilities.

Perovskite solar cells are highly susceptible to degradation when exposed to two
key atmospheric components: O» and H-O. Changes in the chemical composition of
perovskite films can result in a color shift from dark brown to yellow.

In the classical perovskite MAPbIs, hydrolysis occurs when the material comes into
contact with moisture. This process causes MAPbIs to decompose into Pbl. and MAI,
with MALI further breaking down into CHs:NH(aq) and Hl(aq), significantly reducing
efficiency.

Wang et al. proposed coating the perovskite with a thin layer of Al.Os. Samples with
this aluminum oxide layer retained their efficiency, while those without it experienced
nearly a 50% efficiency loss.

Another approach to improving stability involves substituting I with Br in MAPbIs.
Due to Br’s smaller ionic radius compared to iodine, the lattice stability increases,
consistent with Goldschmidt’s tolerance factor rule.

Park et al. investigated the hydrophobicity of perovskites using an anti-reflective lotus
leaf-inspired hierarchical pyramidal array made from polydimethylsiloxane (PDMS).

An alternative method for enhancing stability involves the use of mesoporous Al-Os
and TiO=. When generated electrons interact with air, superoxides form, accelerating the
decomposition of MAPbIs. TiO: mitigates this process by enabling electron injection,
thereby slowing degradation.

A research group led by Yang demonstrated high stability in solar cells where the
HTL was NiOy and the ETL consisted of ZnO nanoparticles.

Perovskites not only degrade under air exposure but also under heat. Thermal
degradation occurs both through the decomposition of components and the formation
of internal defects. Thermogravimetric analysis revealed that MAPbIs has poor thermal
conductivity, meaning thermal energy can induce defects within the crystal structure,
significantly lowering efficiency.

Studies have shown that doped samples, such as MAPbls;—xBr, and FAPDI;, exhibit
greater thermal stability compared to classical MAPDI;s (Park, et al., 2015).

HTLs significantly influence the thermal stability of solar cells, and recently,
research has focused on developing solar cells without HTLs. One such HTL material,
silolothiophene-linked triphenylamines (Si-MeOTAD), has been found to be more
stable than Spiro-OMeTAD and Spiro-MeOTAD.

Researchers have concluded that one of the main ways to enhance the thermal
stability of solar cells is through the use of HTL-free designs or by utilizing carbon-
based materials for the cathode. These materials conduct heat well and help with
efficient thermal dissipation within the device. Graphene is a leading material in this
group (Park, et al., 2015).
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Another important aspect of solar cell stability is photostability. The ETL material
TiO: is less stable than Al:Os due to the recombination of electrons from the conduction
band of TiO: with holes in TiO-. In contrast, AL:Os has shown long-term stability, lasting
1,000 hours at 40°C. FAPDbIs has demonstrated greater photostability than MAPbIs.

Additive engineering, or the incorporation of molecules, is another method for
improving stability. These additive molecules create additional chemical interactions with
volatile components, reducing ion migration and preventing irreversible degradation of
perovskite films. For example, adding 5-ammoniumvaleric acid (5-AVAI) helps prevent
the loss of methylamine and recrystallization of MAPbIs, while adding an organic ionic
salt compound [BMP]+[BF.]™ aids in stabilizing and suppressing degradation phases,
thus improving the longevity of solar cells and preventing iodine and lead leakage.

Using heterostructures between the main layers of a solar cell, particularly between
perovskite and the ETL, can significantly enhance structural stability, the ETL was
treated with a dicalcium salt of ethylenediaminetetraacetic acid (EDTAK), which
greatly reduced defect density in the perovskite layer through interaction with Pb®". It
also shifted the minimum of the SnO: conduction band from —3.69 eV to —3.95 eV. The
perovskite/Spiro-OMeTAD heterostructure surface was treated with methylammonium
iodide, preventing degradation caused by gold penetration into the perovskite layer.

Conclusion

Perovskite solar cells have recently emerged as a promising alternative to traditional
silicon cells due to their physical and chemical properties. They possess an ideal
bandgap, high absorption coefficient, energy alignment with the contacting material,
and high charge carrier mobility. For commercialization, perovskite solar cells offer
relatively inexpensive base material alternatives. The combination of anions and cations
in the perovskite structure enables the achievement of desired properties, facilitating the
design and performance prediction of modern solar cells.

Since the introduction of perovskites as potential materials for solar energy
conversion, the architecture, layer combinations, and composition of solar cells have
undergone numerous changes to enhance efficiency (<25%), stability, and commercial
viability. Solar cells have been explored from classic lead-based perovskites to hybrids
with organic additives.

The architecture of the layers, particularly the ETL and HTL, is crucial, as their
bandgap must align with that of the perovskite, ensuring high charge carrier mobility
and ease of processing. Traditionally used titanium oxide as the ETL and Spiro-
OMEeTAD as the HTL are highly efficient; however, they have shown sensitivity to
moisture and ultraviolet radiation. Therefore, global research in electron and hole
transport materials for solar cells has focused on increasing stability, considering both
organic and inorganic alternatives, doped materials, heterostructures, tandem structures,
base material coatings, and other innovations.

All of these studies contribute to significant advancements and innovations in solar
energy conversion, driving progress in the efficiency, stability, and cost-effectiveness of
perovskite solar cells.

62



Reports of the Academy of Sciences of the Republic of Kazakhstan

References

Park N-G. (2015) Perovskite solar cells: an emerging photovoltaic technology / Nam-Gyu Park .
Materials Today. — Vol. 18(2). — P. 65-72. DOI: 10.1016/j.mattod.2014.07.007 (in Eng.)

Suresh Kumar N. (2021) A review on perovskite solar cells (PSCs), materials and applications. N.Suresh
Kumar, K. Chandra Babu Naidu. Journal of Materiomics. — Vol. 7(5). — P. 940-956. DOI: 10.1016/j.
jmat.2021.04.002 (in Eng.)

Elumalai N.K. (2016) Perovscite Solar Cells: Progress and Advancements / Naveen Kumar Elumalai,
Md Arafat Mahmud, Dian Wang and Ashraf Uddin. Energies. — Vol.9 (11). — P.861. DOI: 10.3390/
en9110861 (in Eng.)

SalibaM. (2016) Cesium-containing triple cation perovskite solar cells: Improved stability, reproducibility
and high efficiency. M.Saliba, T.Matsui, J-Y.Seo, K.Domanski, J.-P.Correa-Baena, M.K.Nazeeruddin, S.M.
Zakeeruddin, W.Tress, A.Abate, A.Hagfeldt, M.Grétzel. Engineering, Environmental Science. — Vol. 9. —
P.1989-1997. DOI:10.1039/C5EE03874J (in Eng.)

Wu T. (2021) The Main Progress of Perovskite Solar Cells in 2020-2021. T. Wu, Zh. Qin, Y.Wang, Y.
Wu, W. Chen, Sh. Zhang, M. Cai, S.Dai, J.Zhang, J. Liu, Zh.Zhou, X.Liu, H. Segawa, H. Tan, Q. Tang,
J. Fang, Y. Li, L.Ding, Zh.Ning, Y. Qi, Y. Zhang, L. Han. Nano-Micro Letters. — Vol. 13. — P. 152. DOI:
10.1007/540820-021-00672-w (in Eng.)

Seo J. (2016) Rational Strategies for Efficient Perovskite Solar Cells. Jangwon Seo, Jun Hong Noh,
Sand Il Seok. Published as part of the Accounts of Chemical Research special issue. — Vol. 49 (3). — P.562-
72. DOI: 10.1021/acs.accounts.5b00444. (in Eng.)

Sanwan Liu. (2024) Buried interface molecular hybrid for inverted perovskite solar cells //Jingbai Li,
Wenshan Xiao, Rui Chen, Zhenxing Sun, Yong Zhang, Xia Lei, Shuaifeng Hu, Manuel Kober-Czerny,
Jianan Wang, Fumeng Ren, Qisen Zhou, Hasan Raza, You Gao, Yitong Ji, Sibo Li, Huan Li, Longbin Qiu,
Wenchao Huang, Yan Zhao, Baomin Xu, Zonghao Liu, Henry J. Snaith, Nam-Gyu Park & Wei Chen.
Nature. —Vol.632. —P.536-542 (in Eng.)

Azmi R. Inverted perovskite solar cells with double-side 2D/3D heterojunctions achieved a power
conversion efficiency of 25.6%. D. Utomo, B.Vishal, Sh.Zhumagali, P.Dally, A. Muhammad Risqi,
A.Prasetio, E. Ugur, F. Cao, 1. Fadli Imran, A. Ali Said, A. Pininti, A.Selvin Subbiah, E.Aydin, Ch.Xiao,
S.Seok & S.De Wolf. Nature. —Vol. 628. —P.93-98 (in Eng.)

Guixiang Li. (2023) Highly efficient p-i-n perovskite solar cells that endure temperature variations.
Zhenhuang Su, Laura Canil, Declan Hughes, Mahmoud H. Aldamasy, Janardan Dagar, Sergei Trofimov,
Luyao Wang, Weiwei Zuo and Antonio Abate. Solar cells. —Vol. 379. — P.6630. DOI: 10.1126/science.
add7331 (in Eng.)

Green M.A. (2020) Solar cell efficiency tables (version 56) / M.A. Green, E. D. Dunlop, J.Hohl-Ebinger,
M.Yoshita, N. Kopidakis, X. Hao. Progress in Photovoltaics: Research and Applications. — Vol. 32(7). — P.
629-638. DOI: 10.1002/pip.3303. (in Eng.)

Ameen S. (2018) Charge-transporting ma terials for perovskite solar cells. S. Ameen, M.S.Akhtar,
H-S. Shin, M.K.Nazeeruddin /Advances in Inorganic Chemistry. — Vol.72. — P.185-246. DOI: 1016/
bs.adioch.2018.05.009 (in Eng.)

Khatoon S. (2023) Perovskite solar cell,s efficiency, stability and scalability: A review. S.Khatoon,
S.K.Yadav, V.Chakravorty, J.Singh, R.B.Singh, Md.S.Hasnain, S.M.M.Hasnain. Materials Science for
Energy Technologies. — Vol. 6. — P. 437-459. DOI: 10.1016/j.mset.2023.04.007 (in Eng.)

Sharif R. (2023) A comprehensive review of the current progresses and material advances in perovskite
solar cells. R.Sharif, A.Khalid, S.W.Ahmad, A.Rehman, H.G.Qutab, H.H.Akhtar, K.Mahmood, Sh.Afzal,
F.Saleem // J.Nanoscale Advances. — Vol. 5(15). — P. 3803-3833. DOI:10.1039/D3NA00319A (in Eng.)

Hu Q. (2020) Improving efficiency and stability of perovskite solar cells enabled by A near-infrared
absorbing moisture barrier / Q. Hu, W. Chen, W. Yang, Y. Li, Y. Zhou, BW. Larson, TP.Russell. Joule. —
Vol.4(7) — P.1575-1593. DOTI: 10.1016/j.joule.2020.06.007 (in Eng.)

Tseng C-C. (2020) Cu20 HTM/SiO2-ETM assisted for synthesis engineering improving efficiency
and stability with heterojunction planar perovskite thin-film solar cells / C-C. Tseng, L-C. Chen, L-B.
Chang, G-M. Wu, W-S. Feng, M-J. Jeng, K-L.Lee. Sol En ergy. — Vol. 204. — P.270. DOI: 10.1016/j.
solener.2020.04.077 (in Eng.)

63



ISSN 2224-5227 1. 2025

CONTENTS

PHYSICS
B.Zh. Abdikarimov, A.Zh. Seitmuratov, B.K. Kaliev, A.G. Ganiulla,
T.M. Karabala
VISCOSITY PROPERTIES OF THE ISOBUTYRIC ACID-WATER SOLUTION
NEAR THE CRITICAL SEPARATION TEMPERATURE..........cccocvvviviieieiieeeiien 5

D.T. Agishev, S.A. Khokhlov, A.T. Agishev, N.L. Vaidman, A.T. Agishev
THE STUDY OF RADIATIVE AND CONVECTIVE TRANSPORT IN CLOSE
BINARY SYSTEMS WITH LOW ACCRETION RATES.......cccoooiiiiieeeeee 17

T.M. Aldabergenova, MLF. Vereshchak, A.S. Dikov, S.B. Kislitsin

FINE STRUCTURE OF COATING BASED ON HIGH ENTROPY ALLOY
NITRIDES (ALTIZRYNB)N, DETERMINED BY THE CAMS METHOD

ON IMPLANTED IRON-57 CORES........oooiiiieeeee e 29

E. Bondar, A. Shongalova, A. Fedosimova, S. Ibraimova, A. Kemelbekova
ENHANCING HYDRONIUM ION MOBILITY IN GRAPHENE OXIDE-BASED
PROTON EXCHANGE MEMBRANES........ccoiottiteeeeee et 39

N.N. Zhanturina, G.K. Beketova, Z.K. Aimaganbetova, K.B. Bizhanova
MODERN PEROVSKITE SOLAR CELLS: INNOVATIONS IN MATERIALS
AND TECHNOLOGIES FOR ENHANCED EFFICIENCY.......cccccooviiviieiieeeeeene. 50

U.K. Zhapbasbayev, G.I. Ramazanova, M.A. Pakhomov
TURBULENT FLOW OF VISCOPLASTIC FLUID IN A PIPE WITH SUDDEN
EXPANSION.... .ottt et e e e e e e tr e e e e e abb e e e e s atreeeeentreeeeennrneas 64

D.M. Zazulin, S.E. Kemelzhanova, N.A. Beissen, A.Sh. Tursumbekov,

M.O. Alimkulova

GEOMETROTHERMODYNAMICS OF A HOLOGRAPHIC SYSTEM

WITH ZERO SOUND ..ottt ettt et e et e et e e ave e e e easaeaenn 78

Y. Myrzakulov, A. Altaibayeva, A. Bulanbayeva
PHASE TRANSITIONS AND THERMODYNAMIC BEHAVIOR OF AdS BLACK
HOLES COUPLED WITH NONLINEAR ELECTRODYNAMICS..........cceoervennnee. 89

Sh.A. Myrzakulova, A.A. Zhadyranova
INVESTIGATION OF F(G) GRAVITY USING NOETHER SYMMETRY............. 101

266



Reports of the Academy of Sciences of the Republic of Kazakhstan

D.A. Tolekov, D.M. Zharylgapova, A.M. Mukhambetzhan, A.A. Almagambetova,
U.A. Abitaeva

ELECTRON-HOLE TRAPPING CENTERS IN ULTRA-VIOLET IRRADIATED
LI2ZSO4-Mn CRYSTALS. ..ottt s 115

S.U. Sharipoyv, L.F. Spivak-Lavrov
ELECTROSTATIC CHARACTERISTICS OF THE EDGE FIELD BETWEEN
THE DEFLECTOR PLATES AND THE GROUNDED SCREEN..........cccccvvevienns 125

L.I. Shestakova, A.V. Serebryanskiy, Spassyuk Ruslan, Ch.T. Omarov
SEARCH FOR COMETARY-METEORITIC DUST IN THE INNER REGION OF
THE SOLAR SYSTEM: THERMAL EMISSION IN THE DUST CORONA.......... 138

CHEMISTRY
R.S. Abzhalov, Sh.T. Koshkarbayeva, A.K. Dikanbayeva, M.S. Satayev,
B.S. Serikbayeva
STUDY OF THE OBTAINING OF SILVER NANOPARTICLES ON THE
POLYMER SURFACE USING PHOTOCHEMICAL ACTIVATION.................... 147

K.T. Arynov, A.P. Auyeshov, Ch.Z. Yeskibayeva, A.K. Dikanbayeva,

AM. Ibrayeva

X-RAY PHASE AND THERMOANALYTICAL STUDY OF NEMALITE FROM
THE ZHITIKARINSKOE DEPOSIT (KAZAKHSTAN)......ccoieiieiieieeieere e 160

G.Zh. Baisalova, A.S. Zhumadil, B.B. Torsykbaeva, D.T. Sadyrbekov,

K.T. Umerdzhanova

CHEMICAL COMPOSITION OF FRUITS OF ELEAAGNUS

ANGUSTIFOLIAL....o oottt e e e et e e e e e eaaaeeea s 173

N.N. Zhanikulov, D.K. Zhurgarayeva, G. Mukhtarhanova

INVESTIGATION OF THE SUITABILITY OF HEAP LEACHING WASTE FROM
THE PROCESSING OF GOLD-BEARING ORE AS A RAW MATERIAL

FOR PORTLAND CEMENT.......oiiiiiiiieieese ettt 184

A.A. Zheldybaeva, A.CH. Katashova, K.A. Iskakov, D.E. Nurmukhanbetova,

A. Azamatkyzy

NATURAL CRITERIA OF VEGETABLE JUICES AND THEIR QUALITY
DETERMINATION. ... .ottt ettt e et e e e e e taa e e e e e e avaeeeeeenens 196

A.B. Issayeva, A.A. Sharipova, M.O. Issakhov, G.A. Kadyrbekova

ROLE OF MICROENCAPSULATED HUMIC ACID BASED ON BIOPOLYMERS
IN PLANT GROWTH STIMULATION.......ccooiniiiiiiiniintcieeneeeerenie e 205

267



ISSN 2224-5227 1. 2025

A.T. Massenova*, A.S. Zhumakanova, L.I. Torlopov, K.S. Rakhmetova,

A.Z. Abilmagzhanov, 2025.

HIERARCHICAL ZEOLITES BASED ON SYNTHETIC ZEOLITES ZSM-5, HY
AND BEA FOR ALKYLATION OF AROMATIC HYDROCARBONS.................. 219

A.K. Nurlybekova, A.A. Minkayeva, E. Shybyrai, H.A. Aisa, J. Jenis
GC-MS STUDY OF ORGANIC AND MINERAL COMPONENTS IN ARTEMISIA
SPECIES FROM KAZAKHSTAN. ..ottt 233

T.S. Khosnutdinova, A.O. Sapieva, N.G. Gemedzhieva, Zh.Zh. Karzhaubekova,
N.A. Sultanova

DEVELOPMENT OF A BIOLOGICALLY ACTIVE COMPLEX FROM THE
ROOTS OF FERULA FOETIDA (BUNGE) REGEL EXHIBITING

ANTIOXIDANT ACTIVITY .ottt ettt ettt sve e va s 252

268



Reports of the Academy of Sciences of the Republic of Kazakhstan

MA3MYHbI

OU3UKA
B.7K. 96aikapimoB, A.JK. Ceiitmyparos, b.K. Kanues, 9.F. Fanuynia,
T.M. Kapa6aaa
CBIHJIBIK TEMITEPATYPA MAHBIHJIAFbI U30OMAW KbIIIKbLIbI — CY
EPITIHAICIHIH, T¥TKBIPJIBIK KACHUETTEPL.......ooiiiiiiiiiieeeeee 5

J.T. Arumen, C.A. XoxyoB, A.T. Arumes, H.JI. Baiinman, A.T. Aruien
AKKPEL S KAPKBIHBI TOMEH ThIFbI3 KOC KYMWEJEPIEI]
PAJIMALINAJIBIK )KOHE KOHBEKTUBTI TACBIMAJIAAYIBI BEPTTEV........... 17

T.M. Annadeprenosa, M.®. Bepemak, A.C. luxos, C.b. Kucanuun
UMITTAHTAUUAJIAHEFAH TEMIP-57 AJIPOJTAPBIHIA KUMC SAICIMEH
AHBIKTAJIFAH JKOFAPbI DHTPOITUAJIBIK KOPBITIIA HUTPU/TEPI
(ALTIZRYNB) N HET'IBIHAEI'T X)K¥KA JKABbIH K¥PbUIBIMBbI.............ccvvennene. 29

E. bounaps, A. lllonrasnoBa, A. ®enocumona, C. Uopaumona, A. KemenoexoBa
I'PA®EH OKCU/I HETI3IHIEI'T ITIPOTOH AJIMACY MEMBPAHAJIAPBIHIA
T'UIPOHNI NOHJAPBIHBIH KO3F AJIFBILITBHIFBIH APTTBIPY.........cooae... 39

H.H. Kantypuna, I' K. BexeroBa, 3.K. Aiimaran6eroBa, K.b. bu:xkanosa,

JLIY. TaiimypaToBa

KA3IPTT 3BAMAHYTBI IEPOBCKUTTI KYH BATAPESJIAPBI: TUIM/IUIIKTI
APTTBIPYFA APHAJIFAH MATEPUAJIZIAP MEH TEXHOJIOT'MAJIAPZIAFBI

¥Y.K. Kanb6acoaes, I.I. Pamazanosa, M.®. [laxomoB
KEHETTEH KEHEIOI BAP K¥BBIPAAFBI T¥ TKBIP-ITJIACTUKAJIBIK
CYWUBIKTBIKTBIH, TYPBYJIEHTTIK AFBIHBL.........oovoivieeeeceeeeeeeee e 64

JA.M. 3azyaun, C.E. Kememxanosa, H.9. beiicen, A.LLl. Typcym6exos,

M.O. AauMKyJi0Ba

HOJIJIIK JIBIBBICHI BAP TOJIOT PAGUSIJIBIK XKYMEHIH
TEOMETPOTEPMOJUHAMUKACDL........cooiiieiiiieee e 78

E.M. MbIp3akyaoB, A.b. AaraiidaeBa, A.C. bys1an6aeBa

CBI3BIKTHI EMEC DJIEKTPOIMHAMMKAMEH BAMJIAHBICKAH AdS KAPA
K¥PABIMJIAPABIH ®A3AJIBIK AYBICYJIAPBI MEH TEPMOJJMHAMMKAJIBIK
CHUTITATTAMAUITAPDBL ...ttt 89

269



ISSN 2224-5227 1. 2025

LII.A. Mbip3akynoBa, A.A. ’Kagpipanosa
HETEP CUMMETPUACBIH KOJIJAHA OTBIPHII, F(G) TPABUTALIACBIH
BEPTTEV ..ttt 101

H.A. Tenexon, .M. KaposuiranoBa, A.M. MyxambeT:KaHOBA,

A.A. Anmaram0eToBa, Y.O. O0iTaeBa

VJIBTPA-KYJITTHMEH COVJIEJIEHT'EH LI,SO,-Mn-neri DJIEKTPOH/IbI-
KEMTIKTI KAPMAY OPTAJIBIKTAPBL.........occoiieiiieeieeeeeeeeee e 115

C.V. lllapunos, U.®. CnuBak-JIaBpoB

JIE®JIEKTOPJIBIK TIJTACTUHAJIAP MEH XEPI'E TYUBIKTAJIFAH DKPAH
APACBIHAAFBI HIETTIK ©PICTIH SJIEKTPOCTATUKAJIBIK
CHUITATTAMAUITAPDBL......ooiiiiiiiieeeeeeeeeeeeeee st 125

JI.A. llecrakoBa, A.B. Cepedpsinckuii, P.P. Cnacwok, U.T. Omapos
KYH XXYWECIHIH, IIIKI AUMAFBIHJAFbI KOMETAJIBIK-METEOPJIBIK
IIAHABI I3EY: ITAH/IbI KOPOHAJIAYBI XXbIJTY DMUCCUSCHIL................. 138

XUMUA
P.C. Aoxanos, L. T. Komkap6aeBa, A.K. lukan6aeBa, M.C. Caraes,
B.C. CepuxbaeBa
OOTOXUMMUAIBIK AKTUBTEH/IPY APKbIJIbI [TIOJIMMEP BETIHEH
KYMIC HAHOBOJIIIEKTEPII AJIYABI BEPTTEY....ccoviiiiieeeeeeeeeeee 147

K. Apbinos, A. AyemioB, U. Eckun6aeBa, A. lukandaeBa, A. opaeBa
JKITIKAPA KEHOPHBIHBIH HEMAJIMTKYPAMJIAC XPU3OTUJI-ACBECTIH

I2K. baiicajoBa, 9.C. Kymanin, b.b. Topceikbaea, [I.T. CagbipoexoB,

K.T. YmepaxkanoBa

ELAEAGNUS ANGUSTIFOLIA JKEMICTEPIHIH XUMUSJIBIK
KOMITOHEHTTEPL.....cociiiiiiiiieeee et 173

H.H. Kanuxynos, /I.K. ’Kyprapaesa, I. Myxrapxanosa, A.C. Baiijen,

A.K. CBugepckmii

HOPTJIIAHALUEMEHT AJIY YHIIH AJITbIH KEHIH OHAEYIEH AJIBIHFAH
YUIHI ITAMMAJIAY KAJIJBIKTAP/BI ITIUKI3AT PETIHJIE
KAPAMJIBUIBIFBIH 3EPTTEV.....c.oiiiiiiiiiiiniiiciceneeeceteeeeeesie e 184

A.A. KeababioaeBa, A.U. Karamena, K.A. Uckakos, /[.E. HypmyxanoertoBa,

A. A3aMaTKbI3bI

KOKOHIC IIbIPBIHAPBIHBIH TABUFU KPUTEPUIJIEPI MEH CATIACBIH
AHBIKTAY ...ttt ettt ettt e s eees 196

270



Reports of the Academy of Sciences of the Republic of Kazakhstan

A.B. UcaeBa, A.A. lllapunosa, M.O. Ucaxos, I'.A. Kagupoexona
BUOITOJIMMEPJIEPT'E HET'I3JJEJITEH MUKPOKAIICYJIJAHFAH
I'VMUH KbIIIKbUJIBIHBIH, ©OCIMAIKTEPAIH ©CYIH bIHTAJTAHIBIPYIAFBI

A.T. MacenoBa, A.C. ’Kymakanosa, U.1. Topaonos, K.C. PaxmertoBa,

A.3. AOnJabMar:;kaHoB

APOMATTBI KOMIPCYTEKTEPII AJIKUJIAEYT'E APHAJIFAH ZSM-5, HY
JKOHE BEA CUHTETUKAJIBIK HEOJIMTTEPIHE HEI'I3AEJII'EH

A.K. Hypasi6exoBa, A.A. Munkaesa, E. LlIs10b1paii, X.A. Aiica, 7K. Kenic
KA3AKCTAHJAYBI ARTEMISIA TYPJIEPIHIH OPTAHUKAJIBIK XXOHE
MUHEPAJIJIBI K¥PAMBIH I'X-MC APKBIJIBI 3EPTTEV......cccoiiiiiiiiiiiiieeen. 233

T.C. Xocnytaunona, A.O. Conuena, H.I'. I'emen:xuena, K. JK. Kap:kayoexona,
H.A. CyaranoBa

FERULA FOETIDA (BUNGE) REGEL TAMBIPBIHAH AHTUOKCUJJAHTTBIK
BEJICEHJUIIT'T BAP BUOJIOTI'MSIJIBIK BEJICEH/II KEINEH/II AJIV................. 252

271



ISSN 2224-5227 1. 2025

COAEPKAHUE

OU3UKA
B.K. A6guxapumos, A.2K. Ceiitmyparos, b.K. Kaimes, A.I. 'anuynaa,
T.M. Kapabaaa
CBOMCTBA BSI3KOCTH PACTBOPA MU30MACJISIHAS KMCJIOTA —
BOJIA BBJIN3U KPUTUYECKOM TEMIIEPATYPBI PACCJIOEHMA. ................5

J.T. Arumen, C.A. XoxsoB, A.T. Arumies, H.JI. Baiinman, A.T. Aruies
HNCCIEJOBAHUE PAIMALITMOHHOI'O 1 KOHBEKTUBHOI'O ITEPEHOCA B
TECHBIX JIBOMHBIX CUCTEMAX C MAJIbIM TEMIIOM AKKPELIUU
BEILECTBA . . . . ottt ettt ettt et s e st e sbeeesaeeenn e e ee 17

T.M. Annadeprenosa, M.®. Bepemak, A.C. lukoB, C.b. Kucanuun

TOHKAS CTPYKTVYPA ITOKPBITHUA HA OCHOBE HUTPHU/IOB
BBICOKODHTPOITMIHOTO CIIABA (ALTIZRYNDb)N, OITPEJIEJIEHHA S
KOMC METOJIOM HA AAPAX UMIINIAHTUPOBAHHOI'O XEJIE3A-57.........29

E. Bounaps, A. lllonranosa, A. @exocumona, C. UopaumoBa, A. KemesoexoBa
ITOBBIIIEHUE TTOABWXKHOCTHU MOHOB I'MJIPOHI S B
ITPOTOHOOBMEHHBIX MEMBPAHAX HA OCHOBE OKCHUJA I'PA®EHA....39

H.H. Kantypuna, I' K. BekeroBa, 3.K. Ailimaran6eroBa, K.b. bu:kanosa,

JI.Y. TaiimyparoBa

COBPEMEHHBIE ITEPOBCKUWTHBIE COJIHEYUHBIE DJIEMEHTHI:
MHHOBAILIMU B MATEPUAJIAX U TEXHOJIOI'MAX J1J151 ITOBBIIIEHM A
DDODEKTUBHOCTH......oviiiiiiiiiee ettt e eeaanaae e e s 50

Y.K. Kano6acoaes, I . PamazanoBa, M.A. IlaxomoB
TYPBYJIEHTHOE TEUEHME BS3KOIUIACTUYHON XXMUJIKOCTU B
TPYBE C PE3KUM PACIHINUPEHUEM.........ccocoiiiiiiiiieeie ettt 64

JA.M. 3a3yaun, C.E. KemenxanoBa, H.A. beiicen, A.IIl. Typcym0exos,

M.O. AiimMKyJI0Ba

TEOMETPOTEPMOIMHAMUKA I'OJIOI PAGMYECKOI

CHUCTEMBI C HVJIEBBIM 3BYKOM......cccoiiiiiiiiieiiieeee ettt 78

E.M. Msip3akynoB, A.b. AnraiidaeBa, A.C. by1an6aeBa

®A3O0BBIE I[TEPEXO/IbI 1 TEPMOJAMHAMMWYECKOE IIOBEJIEHUE AdS
YEPHBIX JIbIP CBSI3AHHBIX C HEJIMHEMHOW IEKTPOJIMHAMUKOIA....89

272



Reports of the Academy of Sciences of the Republic of Kazakhstan

III.A. Mpbip3akyinoBa, A.A. ’Kagbipanosa
NCCIIEJOBAHUE F(G) T'PABUTALIMU C ITIPUMEHEHMEM CUMMETPUN
HETEP.......ociiiiiieiiceiee e 101

H.A. Tonexos, I.M. Kapsuiranosa, A.M. Myxam0eT:kaHOBA,

A.A. AnmaramoeToBa, Y.A. Aouraena

DJIEKTPOHHO-ABLIPOYHBIE LIEHTPLI 3AXBATA B OBJIYUEHHOM
VIIBTPA-®UOJIETOM-KPUCTAJIAX Li,SO,-Mn.........ooooiiiiiiiiiinn 115

C.V. lllapunos, U.®. CnuBak-JIaBpoB
SJIEKTPOCTATUYECKUE XAPAKTEPUCTUKM KPAEBOT'O TTOJISI MEXIY
JE®JIEKTOPHBIMU ITNTACTUHAMU U 3A3EMJIEHHBIM DKPAHOM.........125

JI.HA. llectakoBa, A.B. Cepedpsinckuii, P.P. Cnacwok, U.T. Omapos

MNOUCK ITbIJTM KOMETHO-METEOPHOI'O ITPOUCXOXJIEHKM S BO
BHYTPEHHEM OBJIACTH COJTHEYHOM CUCTEMBI: TEITJIOBAS

OMUCCHS B TBUTEBOY KOPOHE..........covuuiirieiieeiiniireee s iiiieeeee e 138

XUMUSA
P.C. AGxkagios, L. T. Komkap6aeBa, A.K. lukandaeBa, M.C. Caraes,
B.C. CepuxbaeBa
HUCCJIIEJOBAHUME ITOJIYUYEHU S HAHOYACTUIL CEPEBPA HA
[TOBEPXHOCTH ITOJIMMEPA C ITOMOILBIO ®OTOXUMUYECKOU
AKTUBALII. . ...t e e e e e e 147

K.T. ApsinoB, A.IL. Ayemos, 4.3. EcknoaeBa, A.K. luxan6aea, A.M. UopaeBa
PEHTTEHO®A30BOE U TEPMOAHAJIMTUYECKOE UCCJIIEJOBAHUE
HEMAJIUTA ) XUTUKAPUHCKOI'O MECTOPOXX/IEHW A

(KABAXCTAH) i ctieiiicitettete ettt ettt ettt e s beeteestaestveesbeestaessseesseesnaensnenes 160

LK. baiicaigoBa, A.C.Kymanua, b.b. Topcbikoaena, /I.T. Canbipoexos,
K.T. YmepaxkanoBa
XUMUYECKHI COCTAB ITIJIOJIOB ELAEAGNUS ANGUSTIFOLIA................ 173

H.H. Kanuxynos, /I.K. ’Kyprapaesa, I. Myxrapxanosa, A.C. baiiJen,

A.K. CBugepckmii

UCCIEAOBAHUE MPUTOAHOCTU OTXOAOB KYUYHOI'O
BBIIEJTAUYMBAHUM A [TPU TEPEPABOTKE 30JIOTOCOAEPXAILIUX PY]] B
KAUECTBE CbIPbA U ITOJTYUEHUA TTOPTIAHAUEMEHTA................ 184

273



ISSN 2224-5227 1. 2025

A.A. KeababioaeBa, A.U. Karamena, K.A. Uckakos, /[.E. HypmyxanoertoBa,

A. A3aMaTKbI3bI

OIMPEJEJIEHWE ECTECTBEHHBIX KPUTEPUEB 1 KAUECTBA

OBOIIHBIX COKOBL.. ...ttt e e 196

A.B. UcaeBa, A.A. lllapunosa, M.O. Ucaxos, I.A. Kanup6exona
POJIb MUKPOKATICYIIMPOBAHHOM 'YMHUHOBOM KUCJIOTHI HA OCHOBE
BHUOIIOJIMMEPOB B CTUMVYJISALIMN POCTA PACTEHUM. ..........ceve. . 205

A.T. MacenoBa, A.C. ’Kymakanosa, U.U. Topaonos, K.C. PaxmeTtoBa,

A.3. AOnJIbMar;kaHoB

HUEPAPXMYECKHWE LEOJIMThI HA OCHOBE CMHTETUYECKHWX LIEOJIUTOB
ZSM-5, HY U BEA JJJ151 AIKUJIMPOBAHUSI APOMATUYECKUX
YIJIEBOIOPOOB......coiiiiiieiiecie ettt ettt ettt aesveestaesaveessaesanessveens 219

A.K. Hypasi6exoBa, A.A. Munkaesa, E. LlIb10b1paii, X.A. Aiica, 7K. Kenuc
NCCIIEJOBAHUE OPTAHMYECKNX 1 MUHEPAJIbHBIX KOMITIOHEHTOB
BUJOB ARTEMISIA N3 KABAXCTAHA METOAOM I'X-MC.........c.cevvenanee. 233

T.C. XocnytaunoBa, A.O. Canuesa, H.I'. 'emen:kuena, 7K.7K. Kap:xayoexoBa,
H.A. CyaranoBa

[MOJIYUYEHUE BUOJIOI MYECKU AKTUBHOI'O KOMITJIEKCA 13 KOPHEM
FERULA FOETIDA (BUNGE) REGEL, OBJIAJIAIOIIIET'O
AHTHUOKCHUJAHTHOU AKTUBHOCTDBIO.......couviiiii e 252

274



Publication Ethics and Publication Malpractice in the journals of the
National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see http://
www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the work described has not been published previously (except in the form of an abstract or as
part of a published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.
com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication
is approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the copyright-holder. In
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent
data, incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences
of the Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics
(COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://
publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked by
the originality detection service Cross Check http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be
chosen in such a way that there is no conflict of interests with respect to the research, the authors and/
or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will
onh accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of sciences of the Republic
of Kazakhstan.

The Editorial Board of the National Academy of sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[TpaBuia oopmiteHHs cTAaThU [UIsl IyOJIMKALMK B )KypHAJIe CMOTPETh Ha CalTe:
www:nauka-nanrk.kz
ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)
http://reports-science.kz/index.php/en/archive

Jupexrop otaena nuzganus HayuHbIX xypHasioB HAH PK 4. bomanxwvizer
Penaxropsr: /1.C. Anenos, K. I1I. O0en
Bepctka Ha xommsrotepe 1 /]. JKaovipanosotii

ITonmucano B reuars 31.03.2025.
®opmar 60x88'/,.
18,0 m.1. 3akas 1.

POO «Hayuonanvnas akademus nayk PK» 050010,
Anmamut, yn. Lllesuenxo, 28, m. 272-13-19



