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Physical and mathematical sciences
DuU3uKO-MaTeMATHYeCKUE HAYKH

UDC 621.315.592

INVESTIGATION OF THE ELECTROPHYSICAL PROPERTIES
OF THE IRON-SILICON SILICIDE HETEROJUNCTION

M.Sh. Isaev, Professor, Doctor of Physics and Mathematics, dilobar17091981@mail.ru
M. Ulugbek National University of Uzbekistan; CYBER University (Tashkent), Uzbekistan

Abstract. This paper presents the results of a study of the electrophysical properties of the iron-
silicon (FeSi2/Si) heterojunction. The main parameters influencing the behavior of this heterostructural
contact are considered, including the energy diagram, volt-ampere characteristics (VAC), temperature
dependences of resistivity and barrier properties. It is shown that due to the good structural compatibility
and relatively low band gap of iron silicide, this heterojunction is of interest for use in micro- and
optoelectronic devices.

Keywords: heterojunction, silicide, iron, BAX, resistivity, barrier, contact, thermal stability,
integration, photodetector, alloying.

1. Introduction

Transition metal silicides, including iron disilicide (FeSi2), are actively being investigated as
promising materials for the formation of contacts and heterostructures on silicon [1, 3-5]. They are attractive
to use due to their good thermal stability, low resistivity and the possibility of integration with silicon
technology. FeSi,/Si heterojunctions are particularly interesting, which are used in photodetectors,
thermoelectric and microwave devices.

2. Experiment and discussion of the results

By the method of diffusion doping of monocrystalline silicon with iron atoms at a temperature of
950 ° C, the iron-silicon disilicide heterostructure was obtained in one technological cycle [2]. To create a
stable heterojunction, we used iron disilicide, which has semiconductor properties with a band gap of about
0.9 eV. Figure 1 shows the energy diagram of the FeSi2/Si heterojunction. An energy barrier is formed at the
contact boundary, the value of which depends on the level of silicon doping and diffusion conditions. A
region of spatial charge is formed, affecting the VAC of the heterojunction.

The depth of the potential well for electrons in silicon relative to iron disilicide was 0.66 eV. The
potential barrier for holes was 0.64 eV. The width of the depleted area was about 0.9 microns.

The structural analysis was performed using X-ray diffraction (XRD) and a scanning electron
microscope (SEM). The phase composition of iron disilicide and crystallographic orientation are determined,;
the morphology of the silicide surface is determined.

© lIsaev M.Sh. / Ucaes MLIL1., 2025
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Fig. 1. Heterojunction in the case of FeSiy,/Si

Figure 2 shows the temperature dependence of the resistivity of the FeSi,/Si heterojunction. As can
be seen from Fig. at T = 100 K, the resistivity has a value of about 4000 ohms *cm. By T = 600 K, the
resistance drops to 1-2 ohms * cm, passing into a highly conductive state.
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Fig. 2. Temperature dependence of the specific resistance of the heterojunction FeSiy/Si

Figure 3 shows the VAC of this heterostructure. At U<0.1 V, the saturation current is about 1 pA,
which is explained by recombination in the space charge region (tunneling current transmission mechanism).
By At U=0.1-0.43 V, a diffusion current flows through the heterojunction (the ideality factor is n=1-1.5). At
a voltage of U>0.43 V, an exponential increase in current is observed due to the injection of carriers into
silicon (a thermionic current transmission mechanism). The slope of the curve varies due to the resistance of
the iron disilicide and the contacts.
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Fig. 3. FeSi,/Si heterojunction voltage at 300 K

The dependence of 1/S2 on the reverse bias voltage was measured at 100 Hz. A straight line with a
slope of 45 ° was obtained and the carrier concentration of about 1.2¢1015 cm-3 was calculated from this
slope.The barrier potential is ~0.65 eV, determined by the intersection of the straight line with the voltage
axis.

This heterojunction demonstrates a weakly expressed photoresponse in the wavelength range of 1.2-
1.5 microns, which is associated with the band gap of iron disilicide and its good transparency in this spectral
range. These properties make the structure promising for infrared photodetectors.

3. Conclusion

1. The iron-silicon disilicide heterojunction was obtained by the diffusion doping method in one
technological cycle.

2. A structural analysis was carried out and the composition of iron silicide was determined.

3. The mechanism of current flow in the FeSi2/Si heterostructure has been studied.

4. This heterostructure can be used in photodetectors in the infrared part of the spectrum.

REFERENCES
1. Lebedev, A.l. Transition metal silicides and their application in microelectronics. — Moscow, 2020.
2. Mamadalimov, A.T., Isaev, M.Sh. Semiconductor silicides. — 2024. — 308 p.
3. Pouta, J., Tu, K., Meyer, J. Thin films. Mutual diffusion and reaction. — M. — 1982. — 567 p.
4. Samsonov, G.V., Dvorina, L.A., Rud, B. Silicides. — M. — 1979. — 272 p.
5. Usami, N. et al. Growth and Properties of FeSi2/Si Heterostructures. Journal of Applied Physics. — 2015.

Mamepuan nocmynun ¢ pedaxyuio 20.11.25



ISSN 2308-4804. Science and world. 2025. Ne 12 (148)

NCCIEJOBAHMUME JIEKTPOOPU3ZHYECKHUX CBOFIC'[B
JETEPOIIEPEXOJA CUWJIMIUJ KEJIE3A-KPEMHUU

MLIIL. HUcaes, mpodeccop, mokTop husnko-MaTeMaTniaeckux Hayk, dilobarl7091981@mail.ru
HammonansHeit yHuBepcuTeT Y30ekncrana uM. M. Yiryroexa,
Il'ocynapctBennsiit yausepcuter CYBER (kubep 6ezomacHocTr) (TamkeHT), Y30ekucTan

Annomauus. B oannoti pabome npedCmasiieHvl pe3yiomamvl UCCLeO08AHUsL INEKMPOPUIULECKUX
ceoticme  eemeponepexooa  cunuyud  owceneza-kpemuuti - (FeSiy/Si).  Paccmampusaiomess  ocnoghbie
napamempnl,  uUAIOWUE HA  NOBEOCHUEe  OAHHO20 — 2eMepPOCMPYKMYPHO20 — KOHMAKMA,  GKIIOYAS
OHEpeemuuecKkylo OUazpammy, eoabm-amnepHole xapakmepucmuxu (BAX), memnepamypnvle 3asucumocmu
yoenvbrHoeo conpomusiienust u bapvephvle ceoticmea. Ilokazano, umo 61a2o00aps xopowiei CmpyKmypHou
COBMECMUMOCIU U  OMHOCUMENbHO HUSKOU WUPUHE 3aNPewéHHOl 30Hbl CUTUYUOA DJicene3d, OAHHbIL
2emeponepexo0 npedcmasisiem unmepec OJisk RAPUMEHEHUS. 8 MUKPO- U ONMOJIeKMPOHHBIX NPUOOPAX.

Kniouesvte cnosa: 2emeponepexoo, cunuyud, xceneza, BAX, yoenvhoe conpomusnenue, 6apuvep,
KOHMAKM, MepMoCmaduIbHOCMb, UHMe2payus, homooemekmop, iecuposanue.
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UDC 621.315.592
PHOTOELECTRIC AND OPTICAL PROPERTIES OF MANGANESE SILICIDES

M.Sh. Isaev, Professor, Doctor of Physics and Mathematics, dilobar17091981@mail.ru
M. Ulugbek National University of Uzbekistan; CYBER University (Tashkent), Uzbekistan

Abstract. Manganese silicides obtained by diffusion doping of monocrystalline silicon with
manganese atoms are promising materials for micro- and optoelectronics due to a combination of good
electrophysical characteristics, high chemical stability, and unique optical properties [1-4]. This article
discusses the photoelectric and optical properties of mono-, di-, and higher manganese silicides, analyzes
the patterns of absorption, reflection, and generation of photocurrent, provides literature data and a
discussion of their potential applications.

Keywords: manganese silicide, diffusion, doping, absorption, generation, thermal stability,
photocurrent, recombination, interband transition, response.

1. Introduction

The development of micro- and nanoelectronics requires the search for new materials with unique
optical and photovoltaic characteristics. Among such compounds, transition metal silicides, including
manganese silicides, which have combined properties of metals and semiconductors, attract special attention.
Manganese silicides have high thermal stability, good adhesion to silicon and controllable optical properties,
which makes them attractive for use in photonics and photovoltaic structures.

2. Experiment and discussion

Silicides were obtained by diffusion alloying of silicon with manganese atoms at an annealing
temperature of 850-1050 ° C, in vacuum (10-3 Torr) for 5 hours. The photocurrent was measured under
monochromatic illumination with a power of 10 MW, at wavelengths of 200-1200 nm.

Manganese disilicide has a very high absorption level over the entire photon wavelength range, with
maximum absorption in the 650 nm region.

The superior manganese silicide exhibits a relatively low absorption level with a maximum of 650
nm. Manganese monosilicide occupies an intermediate position: the level of the absorption coefficient (k) is
slightly lower than that of manganese disilicide and gradually decreases with increasing wavelength.

A bell-shaped curve with a peak photocurrent in the region of ~550 nm is observed in MnSi, which
corresponds to the most effective absorption. Beyond this peak, the photocurrent decreases rapidly due to
recombination and due to the short photon penetration depth. Manganese disilicide exhibits a narrower and
shifted maximum (~700 nm), with a large amplitude compared to MnSi. Higher manganese silicide shows a
wider and shifted maximum (~650 nm), with a lower amplitude compared to MnSi.

© lIsaev M.Sh. / Ucaes MLIL1., 2025
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Fig. 2. Photocurrent spectra of manganese silicides

Manganese disilicide is characterized by semiconductor behavior. At wavelengths of 600-750 nm,
the photon energy exceeds the band gap, electron-hole pairs are created, and the photocurrent increases. With
increasing A, the photon energy becomes less than the band gap and carriers cannot be generated, as the
photocurrent decreases. A similar situation is observed in mono- and higher manganese silicides.

3. Conclusion

Among the studied phases, manganese disilicide is the most promising for photosensitive devices:
the combination of direct interband transition and high photocurrent at 650-750 nm makes it optimal for
photosensitive elements in the visible part of the spectrum.

11
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The mono- and higher manganese silicides phases have comparatively low photosensitive responses
compared to manganese disilicide.

REFERENCES

1. Chauhan, N.S., Miyazaki, Y. Higher Manganese Silicides for Thermoelectrics. Ceram. Int. 56 (2023). — pp.
11234-11245.

2. Lebedev, A.l. Transition metal silicides and their application in microelectronics. — Moscow, 2020.
3. Mamadalimov, A.T., Isaev, M.Sh. Semiconductor silicides. — 2024. — 308 c.
4. Prokhorov, V.N., et al. Photoelectric Properties of MnSi Films. Inorg. Mater. 47 (2025) 215-221.
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®OTORJNEKTPUYECKHUE U OITUYECKUE CBOMCTBA CUJIMIAIOB MAPT AHIIA

MLIII. Ucaes, npodeccop, 10kTop prusnko-MaTeMaTHueckux Hayk, dilobar17091981@mail.ru
Hanmonanbuelil yauBepcuteT Y30ekucrana uM. M. Yiyroeka;
I'ocynmapctBennsriii yauepcuter CYBER (kubep 6e3omacnoctn) (Tamkent), Y30ekucran

Annomauyusn.  Cunuyuovl  mapeawya,  NoOAVYeHHble  npu  OUp@y3uonHomM  1e2uposanuu
MOHOKPUCIMATIIUYECKO20 KDEMHUSL AMOMAMU MAP2AHYa NPeOCmasision co6ol nepcnekmusHble Mamepuaibl
OJ1s1 MUKDO- U ONMOINEKMPOHUKY ONA200aPsL COYEMAHUIO XOPOULUX IIIeKMPOPUIUYECKUX XAPAKMEPUCTIUK,
BbICOKOU XUMUYECKOU CMAOUILHOCIU U YHUKAIbHbIX onmuyeckux ceoucme [1-4]. B oannou cmamve
paccmompervl pomosneKmpuyeckue U ONMU4ecKue CeoUCmed MOHO-, OU- U 8bICULE20 CUTUYUIO8 MAP2aHYd,
NPOAHANUUPOBAHbL 3AKOHOMEPHOCIU NO2NOUWEHUS, OMPANCEHUs. U 2eHepayul (Homomorda, npuseoeHbl
Jumepamyphvle OanHble U 00CYHCOeHUe UX NOMEHYUATLHO2O NPUMEHEHUSL.

Knrouesvle cnosa: cunuyuo mapeanya, Ooughysus, aesupoeanue, RNO2IOWEHUE, 2eHEPaAYUs.,
MepMoCmadUuIbHOCHb, POMOMOK, PEKOMOUHAYUS, MENCZOHHBLI NEPEX00, OMKIUK.
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Chemical sciences
XI/IMI/I‘IGCKI/IC HayKH

UDC 547.544.424
SYNTHETIC SULFONATE ADDITIVES TO LUBRICATING OILS

P.Sh. Mammadova', K.A. Salmanova’, A.A. Mahmudova®, 1.J. Gulaliyev*, I.A. Sadirzade®
! Doctor of Chemical Sciences, Head of Lab, pervin_mammadova@mail.com,
2PhD, Leading Researcher, iradam@rambler.ru,
*PhD, Leading Researcher, adilamahmudova@gmail.com,
*PhD, Leading Researcher, ikram.kulaliev@gmail.com,
® Engineer, sadirsadainara@mail.ru
L2435 nstitute of Additive Chemistry, Ministry of Science and Education of the Republic of Azerbaijan,
3 Azerbaijan State Pedagogical University (Baku), Azerbaijan

Abstract. In order to expand the range of sulfonate additives and increase their effectiveness, their
synthesis was carried out on the basis of dialkylbenzene obtained using the C1,-Cyg fraction of linear olefins.
The various alkaline calcium sulfonates produced have high physicochemical and functional properties and
meet modern requirements. The sulfonates obtained have a micellar structure. The results of laboratory tests
showed that the synthesized neutral sulfonate is superior to petroleum-derived NSK sulfonate and OLOA
246B additive in terms of yield, amount of active substance, dispersant, and anti-corrosion properties. While
the experimental medium and high alkaline additives are at the same level as petroleum-derived C-150, C-
300 sulfonates in terms of physicochemical and detergent properties, they are superior to their analogues in
terms of dispersant, corrosion, and oxidation stability. Experimental M-10DM and M-10G, motor oils were
developed that met the requirements for quality indicators with the participation of various alkaline
dialkylbenzene sulfonates obtained.

Keywords: lubricating oils, dialkylbenzene, synthetic sulfonates, detergent-dispersant additives,
motor oils, functional properties

Introduction

Nowadays, the emergence of new and more powerful types of internal combustion engines places
serious demands on the quality of the oils used in them. The creation of such oils is impossible without
additives with various functional effects that meet modern requirements [4, 13]. Among the additives used,
the most common are detergent-dispersant additives of the metal-containing alkyl salicylate, sulfonate, alkyl
phenolate type [5, 11, 14]. An analysis of the scientific and technical literature of recent years shows that in
the preparation of motor oils, mainly highly alkaline (alkaline number 150-400 mg KOH/g) detergent-
dispersant additives are used [7, 10, 12].

Among the indicated types of additives, various alkaline sulfonates produced on the basis of mineral
oils and synthetic alkylaromatic hydrocarbons occupy a special place [9, 11, 15]. Comprehensive studies
have shown that additives obtained from synthetic alkylaromatic sulfonic acids are superior to petroleum
sulfonates in terms of their physicochemical and functional properties, and their production is more
environmentally friendly [1]. In this regard, updating the range of sulfonate additives, increasing their quality
indicators and creating lubricant compositions based on them are one of the urgent problems of
petrochemistry.

Materials and methods

In order to obtain additives in this direction, dialkylbenzene, synthesized from the alkylation of
benzene with linear olefins Cy,-Cyg fraction in the presence of aluminum chloride catalyst, was taken as the
initial raw material [6].

The sulfonation reaction of dialkylbenzene is carried out in a 1:1 ratio in a gasoline solvent with 98%
sulfuric acid at a temperature of 35-40°C in two stages. The mass fraction of sulfuric acids soluble in oil are

© Mammadova P.Sh., Salmanova K.A., Mahmudova A.A., Gulaliyev 1.J., Sadirzade .A./
Mawmenosa [LIII., Cammanosa K. A., Maxmynosa A.A., Kynamues U.J1., Canupsane U.A., 2025
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74%. The neutralization of the obtained sulfuric acids is carried out with a 25% aqueous solution of calcium
hydroxide at 65-70°C until an alkaline reaction occurs. Then the temperature of the reaction mixture is raised
to 75-80°C and stirred for 2 hours. At the final stage, the temperature is raised to 125-130°C, the reaction
product is dried, dissolved in additional gasoline to free it from mechanical impurities, and the solvent is
removed. The yield of neutral sulfonate is 96%.

Medium and high alkaline (C-150 and C-300 type) additives are obtained as a result of the
carbonation reaction of neutral sulfonate in the presence of calcium hydroxide in a toluene solvent using the
promoter methanol and carbon dioxide at 40-45°C for 1 hour.

The synthesized SSK,, (neutral), SS-150ab (medium alkaline) and SS-300,, (high alkaline) additives
are dark brown liquids. Their structure was confirmed by IR spectroscopy, and the amount of active
substance was determined by liquid adsorption microchromatography.

IR spectra were recorded on IR spectrometer Fourier-Nicolet 1S-10 (USA). In the IR spectrum of
sulfonates, intense absorption bands are observed in the 1050-1070 and 1160-1250 cm™ regions, which
characterize the symmetric and asymmetric valence vibrations of the S=0 bond of the SO group. In medium
?nd high alkaline additives, the CO5* group is expressed by intense bands in the 850-880 and 1400-1500 cm’

regions.

The physicochemical and functional properties of the additives were studied by standard methods
[8]. Detergency properties were determined in the PZV device according to GOST 5726-2013, dispersing
properties at 250°C by the known method [3], oxidation resistance properties were determined in the DK-
HAMI device at 200°C for 30 hours according to GOST 110 63-77, and anti-corrosion properties were
determined in the same device at 140°C for 25 hours according to GOST 20502-75.

The obtained medium and high alkaline additives consist of a colloidal dispersion of calcium
carbonate in oil stabilized with neutral sulfonate. The colloidal stability of these additives is determined by
working with 15% distilled water at 110°C for 4 hours according to the known method [2].

Results and their discussion

The results of laboratory tests of the obtained synthetic sulfonates are shown in Tables 1 and 2. For
comparison, the tables show the indicators of NSK, petroleum-derived C-150, C-300 additives, and foreign
analogues - OLOA 246 B and Hightech 6060 M sulfonates, obtained from M-8 oil in laboratory conditions
using complex technology.

Table 1
Physicochemical and functional properties of neutral sulfonate additives

Indicators Neutral sulfonates

SSKap NSK OLOA 246B
Yield, % according to the raw material taken 96 39 —
Alkali number, mg KOH/g 23.6 22 23
Amount of active substance,% 68.5 41.5 41.1
Amount of sulfated ash,% 9.3 8.3 8.6
Amount of mechanical impurities,% 0.07 0.08 0.1
Washing property in the PZV unit, points* 0.5 0.5 0.5
Dispersing property at 250 °C , % ~ 48 40 40
Corrosion on lead, g/m” 70 95 —

*M-11 oil with 5% additive

As can be seen from the tables, calcium salts of various alkaline dialkylbenzenesulfonate additives
have high physicochemical, functional properties and meet the requirements for additives of this type. These
additives significantly improve the detergent, dispersant, neutralizing, anti-corrosion, and anti-oxidation
properties of oils at a concentration of 5%. For example, while the detergent property of oil without additives
is 5.0-6.0 points, this indicator with synthesized sulfonates is 0.5-0 points. Neutral synthetic sulfonate SSKg,
has higher indicators in terms of yield (96 and 39%), the amount of active substance in its composition (68.5
and 41.5%), dispersant and anti-corrosion properties than NSK petroleum sulfonate and also OLOA 246B
additive. The obtained medium and high alkaline additives are at the same level as industrially produced
analogues in terms of physicochemical and detergent properties, but they are superior to them in terms of
other functional properties.

Thus, for SS-150,,, SS-300,, additives, the dispersing properties at 250°C are 70 and 80%, for C-150
and C-300 commercial additives this indicator is 60 and 75%.
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According to some quality indicators, synthetic sulfonate additives are also superior to the Hightech
6060M additive. For example, corrosion on lead for 5% samples of SS-150,,, SS-300,4, additives in oil is 58
and 48 g/m?’, and for Hightech 6060M additive it is 85 g/m?".

Experimental alkaline additives have high colloidal stability against the action of water (84 and
93%). As the alkaline number and the amount of colloidal dispersion of calcium carbonate in the obtained
synthetic sulfonates increase, their functional properties improve.

Table 2
Physicochemical and functional properties of various alkaline sulfonate additives
Medium- and high-alkaline additives

Indicators SS-150, 550 $S-300,, | C-300 GH(;ggﬁCh
Alkali number, mg KOH/g 153 152 305 303 142
Active substance content,% 32.5 295 | 313 30.0 32.0
Sulphate ash content,% 23.3 23.1 | 433 42.9 23.1
Mechanical impurities content,% 0.04 0.07 0.06 0.09 0.05
Washing properties in the PZV unit, points* 0 0.5 0 0 0.5
Dispersing properties at 250 °C, % 70 60 80 75 60
Corrosion on lead, g/m* 58 78 48 90 85
Durability due to the induction period that causes
the formation of sediment, sediment content for 30 | 0.5 0.7 0.1 0.3 0.8
hours,%*
Colloidal stability,% 84 75 93 90 76

*M-11 oil with 5% additive

Taking this into account, a M-10G, type engine oil was developed for use in autotractor diesel
engines with the addition of a more effective SS-300ab detergent-dispersant additive. The results of
laboratory tests of this oil are given in Table 3. As can be seen, the M-10G, experimental oil has good quality
indicators and meets the requirements for oils of this type.

Table 3
Physical-chemical and functional properties of the experimental oil M-10G,
. M-10G, motor oil
Indicators i
norm experimental

Kinematic viscosity at 100 °C, mm?® /s 11+0,5 11.3
Viscosity index, not less than 85 87
Sulphate ash, %, no more than 1.65 1.53
Alkaline number, mg KOH/g , no less than 6.0 8.2
ignition temperature in open flame, °C, not lower 205 205
Freezing temperature, °C, not higher - 15 - 15
Washing property in PZV device, points, not more 1.0 0
Durability due to induction period causing precipitation, for 40 hours withstand withstand
Corrosion on C, or C, lead plates, g/mz, not more 20 none

Thus, various alkaline sulfonate-type detergent-dispersant additives with high impact efficiency and
meeting modern requirements were synthesized based on dialkyl (C1,-Cyg) benzene. Experimental M-10G,
motor oil was processed with the participation of the obtained highly alkaline additive.
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Annomauusn. C yenvio pacuwiuperus cuipbegol 0Oazbl U NoGvluueHUs  IphexmusHocmu
CYTLOHAMHBIX NPUCAOOK OCYUWeCMBIeH UX CUHMe3 HA OCHOBe OUAIKUNOeH301d, MNOJYYEHHO20 C
npumerenuem aunetinvix oneunog paxyuu Ci-Cig. Paspabomanmvie cyib@honamuvl Karbyus ¢ paziuyHol
WeNoUHOCIbIO 001A0AI0OM BbLICOKUMU (PUIUKO-XUMULECKUMU, (YHKYUOHATbHLIMU CEOUCMBAMU U OMBEHAIOM
coepemennbim  mpebosanusm. Tlonyuenuvie npucaoxku umelom muyenisipnoe cmpoenue. Pezyibmamol
1a00PAMOPHBIX UCHLIMAHULL NOKA3AAU, YO CUHME3UPOBAHHBIN HeUMPANbHblll CYIboHam HO 8bIX00Y,
COOEPICAHUI0 AKMUBHO20 8eUieCMBA, OUCNEPSUPYIOUUM, HPOMUBOKOPPOIUOHHBIM CEOUCMBAM NPEBOCX0OUM
negpmsanoi cynoghonam HCK u npucaoxy OJIOA 246B. Onvimuvle cpedHe- u 8biCOKOWEN0UHAS NPUCAOKU NO
DUBUKO-XUMUYECKUM U MOIOWUM CEOLICMBAM HAXOOSMCS HA YPOBHE MOBAPHbIX Hehmsanbix cyrbghonamos C-
150, C-300, a no oucnepaupyiowum, HPOMUBOKOPPOIUOHHLIM CEOUCBEAM U CMAOUILHOCMU HPONUB
oKucieHuss npegocxodam ananoeos. C  UCNONL308AHUEM NOJYHYEHHBIX OUAIKUNOEH30ACYIbHOHAMO8 ¢
PA3UYHOU WeNoYHOCMbIO pa3pabomarvl onvimHvle momophsie macia M-10[M u M-10I5, xomopsie no
NOKA3ameNnsaM Kauecmea omeedaron npedveisieMblm mpedosanusim.

Knrouesvle cnosa: cmazouuvie macia, OUaikuiOeH3ol, cuHmemuyeckue cyiboHamvl, Mowuje-
oucnepeupyouue npucadku, MOMopHble MACId, YHKYUOHATbHbBLE CEOUCMEA.
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WHTPOIYLIMPOBAHHBIN BUJ BERBERIS JULIANAE
B YCJOBMSIX TAIIKEHTCKOI'O OA3MCA

H.P. PaxmaroBa, MiaAIuil HAyYHBIH COTPYIHUK
Tamkentckuii boTaHUUeckuil can umenn akanemuka @.H. Pycanosa
pu UncTuTyTe O0oTannku Akagemrn Hayk Pecrrybnmuku Y36ekucran, Y30eKkucTan

Annomauusn. Berberis julianae asisemcs JHCu3HeCnOCOOHbIM U YCMOUYUBHIM PACTNEHUEM 8 YCIIOBUSX
PE3KO KOHMUHEHMAIbHO20 KIUMama u 001a0aem 8blcOKO 0eKOPAMUSHbIMU KA4eCm8amMuU, Yymo Oelaem e2o
8eCbMa NEPCREKMUBHBIM OJIsl 03eeHeHUs 20P0008 U HACENeHHbIX NYHKIO08 PeCcnyONUKU.

Knroueswie cnosa: Berberis julianae, ozenenenue, Tawxenmcekuii oasuc.

Berberis julianae ortnocutcs k cemeiictBy Berberidaceae Juss. [3]. Berberis julianae ssusercs
OJIHUM M3 IEKOPAaTUBHBIX KycTapHUKOB. Hamu uccnenoBanus nposoawirck B borannueckom cany AH PVs.

TamkeHT pacnonokeH B cpefHell yacTh Oacceitna pekn Ynpumk B nosnoce npearopuid Tsab-11ans,
BbIcOoTa Hax ypoBHeM Mops 480 M. ITouBbl botannueckoro cana AH PY3 — KynbTypHO-IIOJIUBHBIE CEPO3EMBIL,
pa3BUBILKECS HA TUIIMYHOM CEpO3EME MJIM CTApPOOPOIIAEMBIX CEPO3EMHBIX MouBax. 1104UBBI HE3aCOJICHHBIE,
TPYHTOBBIC BOJIBI 3ajIeraloT Ha TiayouHe 5-6 M [2]. KnuMaT pe3sko KOHTHHEHTANbHBINA ¢ MPOJOKUTEIEHBIM
XKapkuM U cyxuM JetoM. CpeaHerojoBas TemmepaTypa Bo3ayxa +13,3 °C, makcumaneHas +42,6 °C,
muHuUManbHasa -29,9 °C (m/c bo3-Cy). CpemneromoBoe KommdecTBO ocankoB — 359 mm. OHH BBIIQAAIOT
HepaBHOMEpHO: 3uMoil —132 wmm, BecHoit —141, nerom —17, oceHplo —69. be3mopo3Hblil mepuon
npojomkaercs 216 qHew.

Bo3Bpathl X0710J0B PUBOAAT K 3aMOPO3KaM, IOHIKCHHE TEMIIEPAaTyphl 3aKaHYMBAETCS 3a4acTyIO
BbIMazieHneM cHera. CHer BbIAJaeT ¢ KOHIA HOAOps A0 NHepBBIX uucen mapra. Hambosee oOuibHbIE
CHEroma/ibl HaOMI0Jar0TCsl B sIHBape. JISKUT CHEr HEemolTro, peAko — OoJblle HEeCKOJbKUX AHeH. CpemHsis
MIPOIOJLKUTENIBHOCTh 3UMHET0 ce30Ha coctaBisieT 102 nus. «Hacrosimas 3uMay ¢ yCTOMYMBBIM [IEPEX0A0M
gepe3 0 °C (B cropoHy noHmwkeHus) HaunHaeTcs B Tamkente 30 nexaOps u 3akanuuBaercst 3 ¢espans. Ee
CpeAHss MPOIOIKUTENILHOCTD coCTaBisieT 36 aHel. B cypoBble 3uMBbI IoYBa mpomep3aeT a0 riayounst 10-12
CM, HO B OT/IEJIbHBIE TOBI — fAaxe 10 25-30 cm [2].

Becna (mapt, ampenb, Mai) noxmmBas, Temas. OceHb HENPOJODKUTEbHAS, Temas, cyxasd,
WHOTZAa J0XUMBasi. K KOHIy BECHBI TOrojia CTAaHOBHUTCS 0ojiee YCTOWYMBOM, JOKIM BBHIIAAIOT PEAKO,
BIIQYKHOCTH TMOHIKAETCS, Temmeparypa pesko Bospactaet g0 30 °C. Hampumep, ocajku B TEUECHUE BECHBI
2010-2012rr. 6bITH pacTpeeNieHbl HepaBHOMEPHO: Hanboubiee ux koarndectBo B 2010 u 2012rr. BeImagano
B (heBpaste u ampere, a B 2011 1. — B (heBpasie u nmepBoii gexaie Mapra.

3a roxap! Hammx HaOmroaeHuil B 2010-2012rr. B Tamkenre Hanbonee XooaHoH ObuIa 3uma 2012r.:
a0CcoMOTHBIN MUHUMYM TeMiiepaTypbl —12,8 °C Ob11 oTMedeH B nexadpe.

Haubonee BricokHe JeTHUE TeMmepaTypsl Bo3ayxa HaOmogamuch B 2011 u 2012rr.: abcomoTHBIH
MakcumyM +38,9 °C ormeueH B aBrycre. Haubonee panuuii 3amopo3ok -0,9 °C B TpeThell aekajae HOAOPs
2012 r. MakcumanbHas rogoBas cymma ocankos B 2010 r. — 499,0 mym; B 2011 1. — 491,3 MM, MUHUMAIBHAS
— 403,4 MM, B 2012 1. CpenHeMecsiuHbIE TEMIIEPAaTypbl UMEIOT XapaKTepHbIE NMOHIKEHUs B ¢eBpayie U
nexabpe [1].

®enonornueckne Habmomenus nmporoamwiau B 2010 u 2011 rogax. Hadano Beretamum OTMEUYEHO B
Maprte, koraa y B. julianae nosnstorcst 6ytonsl (5.03; 10.03) B 3T0 Bpems cpeaHss TeMIiiepaTypa Bo3Lyxa
nocturaer coorBerctBeHHO 12,3; 5,4 °C. Hawano uerenust ormeueHo (15.03; 25.03) npu mocTmwxeHUH
temmeparypsl 12,9; 9,7 °C. Uepes 10-15 aneit mocie mosiieHuss OYTOHOB MIECT HaOyxaHHE BereTaTHBHBIX
mouek (20.03; 25.03). B sro Bpems Temmeparypa pgocturaetr 9,7; 13,4 °C. BereraruBHBIE ITOYKH
pacmyckarorcst (25.03; 30.03). Pa3BepToiBaHHE JTUCTHEB MPOUCXOIUT B Havane ampens (2.04). Temneparypa

© Paxmarosa H.P. / Rakhmatova N.R., 2025
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nocturaet 15,0; 13,4 °C. Uepe3 3-4 nHs mocnie pa3BepThHIBAaHHA JHCTHEB HauyMHAETCsI pocT noderos (4.04;
5.04). MaccoBoe LBeTeHHE OTMEUEHO B KOHIIE MapTa, Hauaie anpens (25.03; 6.04) npu Temmneparype 20,0;
13,4 °C, xonen userenust (4.04; 11.04) mpu Temmeparype 15,0; 17,9°C. Ilmonsl HaYMHAIOT CO3pEBaTh B
asrycte (30.07; 28.08) mpu Temmepatype 27,5; 26,3 °C. MaccoBoe co3peBaHHE TUIOAOB HaOIIONAETCS B
centsaope (30.09; 20.10) mpu temmneparype 19,1 °C. [1noasl ocraroTcs Ha KycTax 0 cHera. BepxyrieuHbie
noOern o4eHb OBICTPO PacTyT M 3aBEpLIAIOT CBOW POCT BO BTOPOH nekane mas. PocT OOKOBBIX MOOeroB
HAYMHAETCs B KOHIIE aBI'yCTa M IPOJOJDKAETCS IO BTOPOH JeKalbl CEHTAOPSI.

Tunel BerBieHuss y BumoB Berberis julianae reokcuibHble, OHM BHayane Bcerga HWMEIOT
OPTOTPOIMHOE HampasieHue pocta. HuxHui ee yyacTok (2 rOOUYHBIX MPUPOCTA) MPEICTABICH TOIBKO OCHIO
IIEpBOTO TIOPSAIKA, a BEpXHUH (NMpUpOCT 3-TO TOma) — 3TO yKE€ OCh BTOpOro mopsiaka. ['aBHas ock
IIPEKpaIaeT PoCT, TOTAA POCT PacTEeHHs IMPOAOJDKAECT OJHA WIM JBE OOKOBBIX OCH, TAKOE€ BETBJICHHUE
Ha3bIBACTCSl JIOXKHOAWXOTOMHYECKMM. IIpM cHMIOAMAIbHOM BETBICHHM POCT pacTeHHs B JJIHHY
HENPOJIODKUTEIbHBIN U3-32 YCHIIEHHOT'O 00pa30BaHusi OOKOBBIX IOOErOB, IIOATOMY 3TH PACTEHUS! HUKOIJA
He OBIBAIOT OY€HBb BHICOKMMU. C JPYroil CTOPOHBI, OOJBIIOE KOJINIECTBO OOKOBBIX MOOETOB CIIOCOOCTBYET
OonpieMy oOpa3oBaHHIO MOOETOB (puC. 2).

yCKOpeHI/IIO BbIpalllUBaHUA JJI O3CJICHCHUA I'OPOJOB U HACCIICHHLIX ITYHKTOB APCBCCHBIX paCTeHI/Iﬁ
B 3HAYUTEJIILHOW Mepe CHOCOOCTBYET BEreTaTHBHOE Pa3MHOXKEHUE CTEOJEBBIMU uepeHkamu. B pa3zpaboTke
Hay4YHBbIX HpO6HCM " pCHICHHHU MPAKTUYCCKUX 3a/1a4 IIpU 3TOM CHOCO6C Pa3MHOXCHHUA JOCTUTHYThI HEMAJIbIC
ycnexu. Hakoren Gonbiiol daktuyeckuii MaTeprai. Ho 10 cux mop uMeeTcsi MHOTO HESICHBIX MOJIOKEHHH
B BOIIPOCaX KOPPEISITUBHBIX CBA3EH MEXKAY PEereHeparliOHHON CITOCOOHOCTHIO OTACIBHBIX YacTel pacTeHHH,
C OJHOH CTOPOHBI, 3HIOI€HHBIMH M OJK30TC€HHbIMU (akTopamMu — C Jpyroi. HescHbl mnpu4MHBL,
crocoOcTBytomMe auddepeHmanyy  KOPHEBBIX 3a4aTKOB B  CTEONEBBIX CTPyKTypax. CoOXpaHSIOT
aKTYaJIbHOCTh IKCIIEPUMEHTAJIbHbIE PAa0OThl 0 YTOYHEHUIO TEXHOJIOIMU YEPEHKOBAHMS MPUMEHHUTEIBHO K
OMOJIOTUYECKUM OCOOEHHOCTSM OTAEIBbHBIX BHIOB PACTCHUH B ONPENCIICHHBIX MOYBEHHO-KIMMAaTHYECKHX
YCIOBHSX. B KaKIOM KOHKPETHOM Cilydae BakKHa pa3padO0TKa TEOPETUYECKH 0OOCHOBAHHBIX 3(PPEKTHBHBIX
MPUEMOB MacCOBOTO Pa3MHOXKEHHS C 1IeTbI0 BHEIPEHUSI B IIMPOKYIO MPOU3BOACTBEHHYIO MPaKTHKY. o cux
MOp HET HUKAKUX MOHOrpaduii M AUCCEPTAIIMOHHBIX paboT o Buze Berberis julianae.

Pa3meprl uepenkoB Hape3anu 1o 14-18cm nnuHel ¢ 1-2 MEXI0y3MHsIMU.

Puc. 1. Obwuii 6uo xycma B. julianae Puc. 2. Yxopenennvie yepenxu 1-20 200a scuznu
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Puc. 3. YVxopenenuvie uepenxu 3-20 200a srcusznu Puc. 4. Ykopenennuvie uepenxu 8-20 200a sHcusHu

B TamkeHte AaHHBIA BHA €Il HE BKIIOYCH B O3CJICHUTENbHBIA accopTument. B. julianae
TEHEBBIHOC/IMB, HETPEOOBATEJICH K MOYBCHHBIM YCIOBHSIM, 3aCYXOYCTOWYHB, Ta30yCTOHYMB B YCIIOBHSX
ropoga. OHa BecbMa JeKOpaTuUBHas, mnpucnocodurenpHas (puc. 1, 3, 4), nerko Qopmupyromascs,
yCcTOMUMBass K HeONIarompuaTHas ycJIOBHSAM M OOJe3HSAM KyJibTypa. MokeT OBITh HCIOJIb30BaHa ISt
03€eJIeHeHHUs JIF0OO0r0 TUIIAa U HA3HAYEHHS.
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INTRODUCED SPECIES OF BERBERIS JULIANAE
IN CONDITIONS OF THE TASHKENT OASIS

N.R. Rakhmatova, Junior Researcher
Tashkent Botanical Garden named after Academician F.N. Rusanov,
Institute of Botany of the Academy of Sciences of the Republic of Uzbekistan, Uzbekistan

Abstract. Berberis julianae is capable of living and resistant plants in sharp continental climate
conditions and possesses highly decorative qualities, that makes it deserving for the greening of cities and
towns in the republic of Uzbekistan.

Keywords: Berberis julianae, greening, Tashkent oasis.
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