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Abstract. It has been established that the change in the electronic structure of the
GaAs surface during ion implantation is associated with disordering of the surface layer,
partial decomposition of GaAs into components and the introduction of a dopant. It has
been shown that at low energies and high irradiation doses, metallization of the GaAs
surface occurs. Starting from T=700 K, changes in the composition of near-surface layers
are accompanied by recrystallization of disordered layers. In the range T~700+800K,
concentric rings characteristic of polycrystalline films appear in RHEED patterns. Point
reflections are established starting from 850900 K. The lattice type and parameters of
this system have been determined. The ternary system had a cubic lattice similar to the
substrate, i.e. an epitaxial film was formed. The parameters of this lattice are
“a”=5.73A£0.03 A, which is slightly larger than “a” for GaAs (=5.65A). At T=900 K,
Gao.sBaos As compounds are formed. For this system, the band gap is =1.0 eV, i.e. these
films are heterostructural.

Keywords: nanophase, epitaxy, low-energy bombardment, surface, single crystal,
ion dose, degree of coverage.

GaxMey As/ GaAs GETEROSTRUKTURAVIY PLYONKALARINING SIRT
TARKIBI VA TUZILISHINI O‘RGANISH

Annotatsiya. Aniglanishicha, GaAs sirtining elektron strukturasining ion
implantatsiyasi paytida o‘zgarishi sirt gatlamining buzilishi, GaAs ning tarkibiy gismlarga
gisman parchalanishi va go‘shimcha moddaning kiritilishi bilan bog‘lig. Kam energiya va
yugori nurlanish dozalarida GaAs sirtining metallashuvi sodir bo‘lishi ko‘rsatilgan. T=700
K dan boshlab, sirtga yaqgin gatlamlar tarkibidagi o‘zgarishlar tartibsiz gatlamlarning gayta
kristallanishi bilan birga keladi. T=700+800K diapazonida katta energiyali difraksiya
rasmlarida polikristall plyonkalarga xos konsentrik halgalar paydo bo‘ladi. Nugtaviy aks
ettirish 850+900 K dan boshlab o‘rnatiladi. Ushbu tizimning panjara turi va parametrlari
aniglangan. Uchlik tizimda substratga o‘xshash kubik panjara bor edi, ya’ni epitaksial
plyonka hosil bo‘ldi. Ushbu panjaraning parametrlari "a"=5,73A+0,03 A bo‘lib, GaAs
(=5,65A) uchun “a” dan biroz kattaroqdir. T<900 K da GaoBao.s birikmalar hosil bo‘ladi.
Ushbu tizim uchun tagiqlangan soha kengligi ~1,0 eV ga teng, ya’ni bu plyonkalar
geterostrukturalidir.

Kalit so‘zlar: nanofaza, epitaksiya, kam energiyali bombardimon, sirt, monokristall,
ionlarning dozasi, qoplama darajasi.

Introduction. One of the most effective methods of obtaining new multicomponent
thin-film structures on a single mesacrystal is the method of low-energy ion implantation.
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A large number of papers have been devoted to the study of the effect of ion implantation
on the state and properties of the surface of solids [1-6]. These studies have shown that
low-energy ion bombardment leads to an improvement in the emission efficiency of
materials, promotes low-temperature epitaxial growth of films from ion-molecular beams,
allows to obtain passivating, anticorrosive and other coatings [4-7]. Reliable data were
also obtained on the formation of chemical bonds between the atoms of the matrix and the
alloying element, the settling of the disordering of the surface, and the change in the
positions of the maxima of the density of states of valence electrons [4,7-10]. However,
due to the lack of systematic studies using the most informative methods of surface
diagnostics, a number of issues related to changes in the electronic state, atomic structure
and mechanisms of formation of new phases have not yet been clarified. In particular,
there was practically no reliable information about the shape and structure of the density
spectrum of electronic states and about the nature of the features observed in these spectra
for crystals doped with low-energy ion implantation (E< 10 keV) and subjected to
subsequent annealing.

In this work, the effect of implantation of barium ions and subsequent annealing on
the composition of the electronic and crystal structure of the GaAs surface is investigated.

Experimental research methodology. To fulfill the tasks set in the work, it was
necessary to carry out technological processing of samples (ion implantation, temperature

and laser annealing) in the same device, in identical high-vacuum (P<107Pa) conditions,
and to study the physicochemical properties of their surface using photo— and auger-
electron spectroscopy (PES and AES). The experimental device and the measurement
technique are described in detail in [4]. The change in the crystal structure of the surface
was studied by fast electron diffraction (FED) on a standard EMP-2 installation.

The face (110) of a single-crystal GaAs was used as the object of the study. Before
ion implantation, the GaAs surface was cleaned by high-temperature heating in
combination with soft laser irradiation. The ion sources were barium titanite tablets. The

ion cannon formed a monoenergetic ion beam with a current density of j=0,5- 20

mkA-sm in the energy range Eo=0,5+8 keV, the beam diameter per target was 4 mm.
Laser annealing was carried out by infrared radiation with a wavelength of 1.06 microns
and a pulse duration of 10 ns.

Experimental results and their discussion. During implantation of Ba* ions, the
most significant change in the state and properties of the GaAs surface layers occurred at
relatively low ion energies (Eo=0,5+1 keV).

The spectra of photoelectrons taken at hv=10,2 eV for GaAs (110) implanted with
barium ions with an energy of Eo=0,5 keV in different doses are shown in Fig. 1. The
binding energy of the Ey electrons is placed along the abscissa axis. The same vertical
scale is used on all the curves of the energy distribution (CED) of photoelectrons, chosen
in such a way that the area under the curve is proportional to the magnitude of the
quantum vyield of electrons from the samples. It can be seen that all curves have a fine
structure. In the case of unalloyed GaAs, the p-orbitals of Ga and As, as well as the s-
states of As, contribute to the formation of the fine structure of the CED [9, 10]. The
initial part of the spectrum contains some additional features related to surface states
(curve 1). lon implantation, depending on the radiation dose, led to a change in the
structure of the spectrum of photoelectrons.

Already at a dose of D=~2-10'* sm™, a new feature appears in the spectrum with a
binding energy of E, & —0.6 eV. In the interval D=2-10'*=+6-10% sm, with increasing
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dose, the intensity of the main peak of GaAs (Ex=-1 eV), due to the excitation of 4p-

electrons Ga, decreases significantly, and the peak of As with Ep~ -3 eV, slightly
increasing in amplitude, noticeably widens. The analysis of the PES data together with the
results obtained by the AES suggests that in the process of low-dose ion implantation,
GaAs decomposition occurs, the formation of Ba+As compounds and the release of
atomic Ga. Apparently, in this dose range, almost all embedded barium atoms enter into a
chemical bond with As atoms. Therefore, the appearance of a new peak in the spectrum of
photoelectrons is associated with the formation of the [Ba+As] system, and Er-with the
occurrence of deep levels in the band gap of the semiconductor, due to the release of
atomic Ga, accompanied by the formation of various defects in the crystal structure. (In
fact, Er does not shift, but only the upper edge of the valence band Ey and the bottom of
the conduction band Ec shift).

At D~6-+-8-10% sm?, ion-doped GaAs layers still retain properties characteristic of
semiconductors (the band gap is 0.8 eV). With a further increase in the dose, excess
barium atoms begin to appear in the near-surface region, which forms a kind of bond with
free Ga atoms. At the same time, the contribution of these atoms to the formation of
photoelectrons increases. All this leads to a sharp change in the structure of the energy

distribution curve of photoelectrons. The beginning of the spectrum shifts sharply (by =1
eV) towards high energies, and its shape becomes characteristic of metal-alloy emitters.

These changes occur up to D~8-10% sm™.

N (B)
Ba ——» GaAs OTH.en.
hv =108 eV Ba + Ga

Fig 1. Photoelectronic spectra of GaAs (110) p-type doped with Ba* ions with Eq=0.5 keV at doses of
D,cm?:1—0;2—2"10*; 3—8 *10%; 4—6 "10%5;
5—2 "10%6; 6—8 "10%.
A further increase in the radiation dose does not lead to a noticeable change in the

dependence of N(E) (Fig. 1, curve 6). At the same time, the curve N(E) contains mainly
the features inherent in the system [Ba+Ga] and pure barium, i.e. the "metallization™ of the

near-surface layers of GaAs occurs. The thickness of these layers at Eo=0,5 keV is =25-30

A. The results of fast electron diffraction showed that in this case the near-surface region
is completely disordered: amorphous halos appear on the electronogram (Fig. 2, a).
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Fig.2. Electronograms of the ion-doped GaAs surface

after heating at T, °K: a — 300, b - 750, ¢ — 900.

For directed modification and properties of the near-surface layers of ion-doped
materials, post-implantation high-temperature or laser annealing is carried out. Such
annealing promotes the crystallization of disordered layers, the formation of new
compounds, and a decrease in the concentration of unbound atoms of the substrate and the

alloying element. The analysis of the AES data showed that at T =700K almost all the Ba

atoms enter into a chemical bond with the matrix atoms. In the range T/~700--1000 K,
triple compounds of the type GaixBax . As are mainly formed, where the value of x
depends on T. For example, at T~=800 K the value is x~0,5, and at T=900 K — x~0,3. A
further increase in temperature leads to decomposition of the triple compound, and
intensive evaporation of its components from the surface.

Starting from T=700 K, changes in the composition of near-surface layers are

accompanied by recrystallization of disordered layers. In the interval T=700-+800 K,
concentric rings characteristic of polycrystalline films appear on the FED paintings (Fig.
2, b). The point reflexes inherent in single crystals in the FED pictures are established

starting from 850+900 K (Fig. 2, ¢). The type and parameters of the lattice of this system
are determined. The triple system had a cubic lattice similar to the substrate, i.e. an

epitaxial film was formed. The parameters of this lattice "a" are =5,73 1"—3\10,03 10’-\, which

is slightly more than "a" for GaAs(=5,65 zo‘-\).

The dynamics of changes in the EDC (energy distribution curve) of photoelectrons
at different T for GaAs doped with Ba + ions with Eo=0,5 keV is shown in Fig.3. It can be
seen that at T=800K, the peaks with an Ev~ —0,6 and —4,2 eV, characteristic of the
Ba=Ga alloy, disappear and new features appear. Apparently, new peaks of Ba arise due to
the formation of a triple compound of the type Ba-GaAs.

At the same time, the semiconductor properties of the near-surface layer begin to
recover. The width of the forbidden zone of the specified system is 0.6 eV. With an
increase in T to 900 K, the intensity of peaks with a binding energy of —0.7 and —5 eV
decreases sharply, and the intensity of the peak of —3.2 eV increases slightly (Fig.3 curve
3).

These changes are probably due to a decrease in the barium content in the [Ba - Ga -
As] system and an increase in the arsenic concentration in it. At T 900 K, compounds
Gao,sBaos As As are formed. For this system, the band gap is =1,0 eV, i.e. these films are
heterostructural. All the features characteristic of GaAs in the photoelectronic spectrum
are established only after a long warm-up (3 hours or more) of the sample at

T~1000+1100 K.
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N (E)
OTH.€JI.

Eop-2B -4 =2, E,— 0

Fig.3. The effect of temperature heating on the GaAs FES doped
with barium ions with Eo= 0.5 keV at T, K: 1 — 300;
2 — 800; 3 — 900; 4 — 1000.

Thus, we can come to the following conclusions:

1. It has been established that the change in the electronic structure of the GaAs
surface during ion implantation is associated with the disordering of the near-surface
layer, partial decomposition of GaAs into components and the introduction of an alloying
impurity.

2. It is shown that at low energies and high doses of irradiation, metallization of the
GaAs surface occurs.

3. Post-implantation high-temperature (800 = 1000 K) annealing promotes the
formation of an epitaxial heterostructural film of the Gai.xBaxAs type.
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Abstract. The article describes the results of studies of the phenomena of electrical
instability and inductance, and their physical mechanisms are given. Conductivity models
are discussed and it is shown that the most important parameter determining the nature of
conductivity is the grain size, which depends on the type of dopant, film thickness,
temperature of the growth process, crystallographic orientation, at which the equilibrium
number of carriers localized at the boundaries is equal to their total number.

Based on the theory of relaxation of barrier layers at grain boundaries and
frequency measurements of resistance, relaxation times and energies of deep traps were
calculated, which correspond to the experimental values known from the literature.

A study of the structure of a metal-tunnel oxide —n+ semiconductor revealed the
phenomenon of surface-barrier current instability, caused by the filling and emptying of
surface states by carriers injected from the n+ region.

Keywords: Amorphous material, electrical phenomena, silicon, polycrystalline,
irregular structure.

SIBJIEHUA SJIEKTPUUECKOM HECTABUJIbHOCTH B HEITPABAJIBHBIX
KPEMHHUEBBIX CTPYKTYPAX

AHHOTanusA. B crarbe ONHCHIBAIOTCS pE3yJNbTAaThl HCCIECIOBAHUN SIBICHUHN
ANEKTPUYECKOM HEYyCTOMYMBOCTH M WHAYKTUBHOCTH, MPHUBOIATCS WX (UINYECKUE
MexaHu3Mbl. OOCYXXIEHbI MOJENH TMPOBOJAMMOCTA U TIOKa3aHO, YTO BaKHEHIIMM
rapaMeTpoM, ONPENEAIOINIUM XapakTep MPOBOJUMOCTH, SBISETCS pa3Mep 3€pHa,
3aBUCAIIMN OT THUIIA JICTUPYIOIICH MPUMECH, TOJIIIUHBI TUICHKH, TEMIIEpaTyphl Mpoiiecca
BBIpAIUBAHUS, KpUCTAIIIOTparuecKoil OpUeHTAIlNH, TIPU KOTOPOM PaBHOBECHOE YHUCIIO
JIOKAJTU30BaHHBIX HAa TPAHUIIAX HOCUTEIEH PABHO UX MOJIHOMY YHCTY.

Ha ocHoBe Teopum penakcanu OapbepHBIX CIOEB Ha TpaHUIAX 3€peH U
MPOBEACHHBIX YAaCTOTHBIX M3MEPEHUN CONMPOTUBIICHUN BBIUMCIECHBI BPEMEHA pellaKcariu
U DHEPTrUM TIyOOKHX JOBYIIEK, KOTOPbIE COOTBETCTBYIOT HM3BECTHBIM M3 JIUTEPATYPHI
AKCTIEPUMEHTAILHBIM 3HAYEHHUSIM.

HccneoBaHieM CTPYKTYPhl METAIUI-TYHHEIBHBIM OKHCENT —I' - TOJYIPOBOIHHK
0o0OHapyKeHO SIBJIEHUE MOBEPXHOCTHO-OAaphepHOM HEYCTOMYMBOCTU TOKA, OOYCIOBJIEHHOE
3aII0JIHEHUEM U OIIYCTOIIEHHEM ITOBEPXHOCTHBIX COCTOSHUM WHXKEKTHPYEMBIMH U3 I' -
00J1aCTH HOCUTEJISIMH,

KiaroueBble ciaoBa: AMopdHBI MaTepuasn, 3IEKTPUYECKUE SIBICHUS, KPEMHHUI,
MTOJTMKPUCTAILI, HEYTIOPSA0UEHHAS CTPYKTYpa.

Introduction. From a constructive point of view, the most widespread rectification
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sandwich  structures are metal-semiconductor-metal-type [1], metal-dielectric-
semiconductor and metal-dielectric-metal-type [2,3] forms. At this time, transition
voltages are reached.

The phenomenon of electrical conversion with memory is of great importance for
modern electronics. They can be used to create electrically rewritable memory devices that
store information when a power source is turned on. Currently, elements based on PST
conversion and memory effects are more promising.

Research object and methodology. In 1963, the first information on the
observation of NR (negative resistance) in glassy semiconductors gave a great impetus to
the creation of various converter devices based on chalcogenide materials [4]. However,
the instability of the electrical properties, caused by the complexity of the exact
reproduction of the necessary composition of the material, limited their wide application.
It was determined that the reliability of the devices is greatly affected by maintaining the
exact composition of the amorphous material. A 2 at.% change in the composition of one
of the components of the glass significantly reduces the conversion effect of memory
devices [5]. In addition, large-scale inhomogeneity can occur in glassy semiconductors (as
a result of the inherent instability of amorphous materials and their tendency to
crystallization) [6]. Another reason for unreliability is the active interaction of most
chalcogenous materials with the materials that determine their detection. Polycrystalline
metallic electrodes initiate the recrystallization of the active materials of the vitreous
converter. In order to eliminate the effect of the electrode material on the
semiconductivity, a gap of hard-melting metal, such as vanadium or titanium, is placed
between them, but this leads to technological or structural complexity of the device [7].

For example, the issue of resistance variation of planar PS-resistors with a certain
value of current pulses was considered in [8, 9]. However, the measuring range of the
resistance of such resistors is small, so this phenomenon is conventionally called the
effect. Polycrystalline refers to the deficiency of silicon layers (both undoped and device
doped) in the lack of bistable conversion effect of the memory. The study of PSL
(polycrystalline silicon layers) with small dopant atom concentration seems to be very
relevant and promising. In these, the presence of space charge region (SCR) at the grain
boundary and the control of the grain size while growing the layers allow to obtain a wide
set of physical properties. These include PSL grown at the same time as monocrystalline
layers with moderate doping levels in a single epitaxial growth process [10]. PSI can be
used for the creation of various functional elements, silicon can serve to prepare logic and
analog IS active elements for signal amplification and processing.

Results and discussions. PS — resistors [10] — are made according to the
technology described in [11]. 5 pm thick layers were grown on silicon substrates with r-
type conductivity (KDB-10). On them, LDS parts with different configurations, the
topology of which is shown in Figure 1, were formed due to oxidation, photolithography
and STI. During the deposition process, the layers were doped with phosphorus to a
concentration of 10% sm=. The specific resistances measured in monoparts were in the
range of 0.2 - 0.5 Om-sm.

The true concentration of charge carriers was calculated from the grain volume
based on the C — V characterization method and fast surface state charge separation,
measurement of the temperature dependence of the Hall effect, interpretation of low-
temperature (77 k) VAX with the Sottky-type interdevice barrier model, and small grain
(0.3 mkm) for layers, this value was 1.5x10%sm -3, when the average size of grains is
increased to 5 pm, it increases to 1.3x1015sm =,

10
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Below is the result of mono- and bistable transitions detected in weakly doped
layers in strong electric fields.

The VAX of the PS resistors was measured on the board with a tungsten needle
probe assembly and observed on a PNXT (a device for observing the characteristics of
transistors). A typical VAX of PS-resistors, which has a NR part, is given in Fig.1. When
reaching a certain value of the threshold voltage, the resistance of the PS-resistors
decreases sharply and becomes low-resistance with a jump, which is maintained up to a
certain minimum holding current. The subsequent decrease in current returns the PS-
resistors to high ohms. As can be seen, VAX is symmetrical with respect to the polarity of
the applied voltage.

After electrical shaping, that is, after releasing a sufficiently high current (~
300 mA) from the layer, it turns from monostable to bistable, in other words, a memory
effect occurs. PS - the resistance of the resistors decreases by an average of one order from
the initial value (in the order of 100 kOm), and the conversion voltage is 5 - 15 V.

J, mA mA
\
600 100|- AN
\
400 h N
\\\ \\\ 80 \\\
\ AN N\
200 N\ O\ 40
120 80 40 ) 30 20 10 M
N 20 80 120 U, B S | 4 8 Vo VB
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\\ \ \\
U\ 400 N\ 80
N
{600 h —1120
a) b)

Figure 1. Monostable (a) and bistable (b) conversion effect in layers with an
irregular structure based on LDS

The transformation occurs in all types of layers with different initial resistance. In
the case that the converting devices are characterized by the ratios of the resistances in the
YO and AO cases, then it would be reasonable to select small-grained layers with
maximum initial resistance before heat treatment for research. The studied PS-resistors
range in length from 10 pm to 850 pum, unlike converters based on amorphous materials,
the threshold voltage and fields depend non-linearly on the layer length (Figure 2).

In order to study the statistical and dynamic parameters of the transformation effect
in a wide temperature range, the samples are soldered to a plane metallic body. Aluminum
electrodes are coated on both the PST and the p+- layer with a high concentration of
phosphorus, and also on the bottom layer of difficult-to-melt metals, which serves to
prevent the diffusion of aluminum atoms into the layer. When switching PS-resistors with
rectangular pulses, the transition characteristic has two parts, the first part corresponds to
the delay time 13, when the device remains in the YO state after the pulse, and the second
part corresponds to the connection time T v, when the layer changes to the AO state.

It decreases depending on whether the impulse given during deceleration of the
coupling exceeds the threshold voltage. For example, when the pulse exceeds the
threshold voltage by 1.5 times, it decreases to 20 ps during deceleration. Typical values of
the switching time (when the pulse amplitude is twice the threshold voltage) do not exceed
200 n.sec. When the transducer in the YO state is affected by single rectangular pulses
with an amplitude close to the threshold voltage, the generation of electrical oscillations is
observed in a number of samples. The frequency of relaxation oscillations does not exceed

11
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50-100 kHz. With the increase of the pulse amplitude, the number of oscillations
increases, they fill the entire pulse and PSTs become AO. The period of the dances is

found from the following relationship: 1 _ g ¢. |n[Un —UmJ (1)
: U

Here Ry — limiting resistance = 500 Ohm; S — mounting capacity (S=20 pF); U. =

45V — supply voltage; Uost = 10 V; Unug = 15 V. According to (3.1) oscillation frequency f
= 300 MHs. In real devices, the frequency is three orders of magnitude lower. This shows
that the generation of oscillations is not related to the external circuit of the MM device,
but to the electronic processes from the area of space charges.
The obtained results show that PST based on LDS are reprogrammable memory elements
by electrical erasure of information. Under the influence of light, the MM part of PST in
VAX disappears in the photoresistor mode, and to restore it, it is necessary to increase the
applied voltage. The increase in breakdown voltage is about 1V compared to the dark
value of the voltage.

In [12], inductive phenomena observed in locally formed PSL in the process of
epitaxial growth of monocrystalline layers are described. The VAX of PSTs is of S-shaped
type with MM, in the frequency range of 0.465-10 MHz, the transition of the conductivity
from the capacitive to the inductive character of the reactive collector was observed.
Under the influence of light, the inductance was held again, and at this time the NR part
disappeared in VAX.

It is known that the semiconductor analogue of inductance is negative capacitance,
which are related to each other by the following formula [13]:

L =R%C/(1+»?R?C?) @)
Q =2nd T 3
10*-E__B-cem™t

napa’

| | | |
0 200 400 600 800

I, MM
Figure 1. Dependence of the boundary area of the transformation on the length of the LDS layer
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Figure 2. Oscillations of the voltage during the application of single impulses with an amplitude
greater than the threshold voltage to the LDS layers. On the vertical axis 10 V division, on the
horizontal axis - 2 mks/division.



QarDU xabarlari FIZIKA-MATEMATIKA 2024 (2) 2

b)
Figure 3. Dark VAX of P layers under the influence of light (b) with and without negative
resistance.
Here, the quality of the inductance, which is equal to QL, is the lifetime of the
charge carriers, and T is the period of the external alternating voltage.
As can be seen from (2) when

L=1e’C (4)
andwhen  Q, <<1
L=R?C (5)

Based on the experimental results of the frequency dependence of the conductivity,
the dependence of In(o1 — p) on the inverse value of the frequency for PST in the YO case
is in the form of a test line with two straight lines. The test shows that the change of the
reaction time 1 to the new reaction time is related to the deep reaction centers. Estimating
the reaction time according to two sloping lines gave the values n = 4x 10" s and 7 = 2.4x
108 seconds. These times correspond to two deep trap levels (0.12 and 0.44 eV) obtained
experimentally by different authors [14-16] in PSL.

Based on the analysis of the literature and conducted studies, the mechanism of
inductive effect generation in irregular layers containing SCR and deep traps from the
grain boundary has been proposed [17].

It is known that the capacitance character of the reactive collector of conductivity
changes to inductance as a result of the capture and generation of charge carriers in the r-p
transitions that hold deep traps [18]. The presence of barrier layers and deep traps at the
boundary of the grains, as well as the analysis of light dependences of temperature,
frequency and C — V characteristics allow us to say that the inversion of capacitance into
inductance is related to the filling and discharging processes of deep traps.

Indeed, in the absence of charge carrier injection, the unfilled traps do not
participate in the conductivity and do not affect the capacity of the structures due to their
electroneutrality. The breakdown of the barrier layers leads to the appearance of carriers
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with high mobility in SCR, which begin to be occupied by traps.
= qup /Jyn (6)

It is determined by the expression. Here vdp — drift speed of charge carriers j —
current density; - coefficient of occupation of electrons in deep traps.

At small slip voltages, the current density is low and the condition is satisfied. - is
the circular frequency, f is the frequency of the measured signal.

PSL — what is essentially the case of YO, when shear stress is applied, the free
charge carriers injected into the carrier-depleted layers begin to be occupied by deep traps
at the grain boundary. At small levels of injection, deep traps ( T ) are large during
relaxation and satisfy the condition. Therefore, the traps are unable to follow the variation
of the changing signal and have no effect on the reactive nature of the conductance.
Capacity remains a ratio. As the shear stress increases, the injection level increases. At this
time, the probability of the charge carriers with large mobility to be caught by deep traps
increases, which leads to a decrease in their reaction time. At a certain level of injection,
the reactive sum of the conductance becomes zero and the condition is satisfied. The
frequency of the measurement signal becomes smaller than the capture frequency during
the further increase of the shear stress. At this time, the deep traps do not have time to
carry out the process of capture and generation of charge carriers during the period of
change of the alternating signal, which causes the current to lag behind the phase voltage
and, thus, inductance.

The decrease of the current under the influence of illumination, which leads to the
disappearance of the S-shaped part, indicates that the polysilin layers have a negative
photoconductivity. Such events are also related to the presence of deep traps. It is known
[19] that skin-level centers in semiconductors can have several charge states, which
correspond to different degrees of localization of the wave function.

The charge state of the center when n > 1 can be taken into account in the one-
electron band scheme by introducing a correction level of an electron that can reside in the
conduction band. In this case, the possibility of negative photoconductivity can occur
when the conduction electron absorbs a photon and passes from the band state to the local
state, which leads to a decrease in the current and the disappearance of the NR part [20].

Conclusion. Based on the conducted research, it can be concluded that locally
formed polysilicon layers form a functional element with nonlinear voltage-capacitance
characteristics with two stable conductivity states whose parameters can be controlled by
voltage and light.

Literature review and experimental studies have allowed us to clarify the physical
properties of inductance phenomena in polycrystalline silicon layers, which are related to
deep levels of charge and discharge at grain boundaries. The reactive nature of the
conductance of PST depends on whether the processes of capture and generation of charge
carriers by deep traps can keep up with the frequency of the external alternating signal or
not. At low levels of injection, the capture frequency is low, so the reactive conductance is
capacitive in nature, while at higher levels of injection, the capture frequency increases
and exceeds the frequency of the applied drift. In this case, the traps can follow its change,
which causes the current to lag behind the voltage in phase, which indicates the formation
of inductance. Due to the intergranular amorphous layer in irregularly structured layers,
there is also a barrier mechanism, as well as a jump character of conductivity, which is
more evident at low doping levels and occurs even at room temperature in small-grained
layers.
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AnHoTanusi. B pabore OBLIO HMCCIEAOBAHO BIIMSHUE HOHHOW HWMIUIAHTALUN W
MOCTIeIYIOIEro OTXKHUra Ha ImapaMeTpbl SHEPreTHUECKUX 30H, SMUCCHOHHBIE CBOMCTBA, a
TaKKe Ha M1yOuHy (A) BbIXOa MCTUHHO BTOPUYHBIX 3JIeKTPOHOB. [lokazaHo, yTo riyouHa
BBIX0J1a ICTUHHO BTOPUYHBIX 3JIEKTPOHOB aMOP(HOH IIEHKU OKUCH KPEMHHS COCTABIISAET
250-300A. MoHHas MMILIAHTaLMs OPMBOAMT K YBEIMYECHHIO KOd(P(HMIMEHTAa BTOPUYHOM
JIEKTPOHHON 3MHUCCHM M 30HBI BBIXO/a MCTUHHO BTOPHUYHBIX 3JIEKTPOHOB B 1,5-2 pasa,
LIMPYHBI 3alpelIeHHON 30HbI oKucu KpemHust Ha 0,3-0,4 3B, k oborarieHnto noBepXHOCTH
aToMaMM Oapusi M HEKOTOPOM KpHCTaUIM3alMK IPUIIOBEPXHOCTHOTO cios. Ilporpes
noHHo-erupoBanHoi TwieHkH SiO2 g0 T~ 900 — 1000 K mpuBOIUT K HEKOTOPOMY POCTY
(Ha 15 - 20 %) om u A, CyIIECTBEHHOMY YBEeTUYEeHUIO (70 1,5 pasa) mmpuHBI 3amperieH-
HOM 30HBI, YTO CBSI3aHO C MPEUMYILIECTBEHHBIM 00pa30BaHMEM OKHCIOB Oapus. MoHHas
UMIUIAaHTALKs B COYETAHUU C OTXKMIOM NPUBOJIUT K YBEIMUYEHUIO IMIMPHHBI 3aMPELICHHON
30HbI SIO2 U TIIyOMHBI BBIXOJIa HICTHHHO BTOPUYHBIX JICKTPOHOB A.

KiroueBble cji0Ba: reTepoCTpyKTypa,  HAHOCJIOW, MMIUIAHTAlUsS MOHOB, MOP(OIIO-
THS, napamMeTpsl DHEPTeTHYECKUX 30H, SMHCCHOHHBIE CBOWCTBA, TIyOMHA BBIXO/a
MCTUHHO BTOPUYHBIX 3JIEKTPOHOB.

MECHANISMS OF FORMATION OF NANOFILM OF OXIDES SiO2 ON A Si
SURFACE

Annotation. The work investigated the influence of ion implantation and subsequent
annealing on the parameters of energy bands, emission properties, as well as on the depth
(1) of the escape of true secondary electrons. It has been shown that the depth of escape of
truly secondary electrons from an amorphous silicon oxide film is 250-300A. Ion
implantation leads to an increase in the coefficient of secondary electron emission and the
zone of release of truly secondary electrons by 1.5-2 times, the band gap of silicon oxide
by 0.3-0.4 eV, to the enrichment of the surface with barium atoms and some
crystallization of the surface layer. Heating the ion-doped SiO: film to T~ 900 - 1000 K
leads to a slight increase (by 15 - 20%) om and A, a significant increase (up to 1.5 times) in
the band gap, which is associated with the predominant formation of barium oxides. lon
implantation in combination with annealing leads to an increase in the band gap of SiO-
and the depth of escape of true secondary electrons A.

Key words: heterostructure, band gap, nanolayer, ion implantation, morphology,
energy band parameters, true secondary electron escape depth.

BBe}IeHI/Ie. HOJ’Iy‘I@HHG H HU3Y4YCHHUC CBOMCTB HOBBIX MHOTOKOMITOHESHTHBIX
AUSJICKTPUYCCKUX IIJICHOK TOJIH_II/IHOI>'I nopsaaka COTCH aHI'CTPpEM MMECT BAXKHOC 3HAUCHUC
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IVl CO3JIaHMsI COBPEMEHHBIX NPUOOPOB TBEPAOTEIbHOM 3JEKTPOHUKU. B wactHoCTH,
wieHKd Si02/ Si MMPOKO HCMOJIB3YIOTCS TPH MOJYYEHUH Pa3HOTO poja TPAH3UCTOPOB,
JIEKTPOHHBIX YMHOXXUTEJIEH, 3allOMHHAIONMX M MEPearolluX YCTPOHCTB, JIEKTPOHHO-
ny4deBbiX npubopoB [1,2]. IIpu HCHIONB30BaHUM TUAIEKTPUYECKHX IUIEHOK BO3HHMKAET
HE00XOAUMOCTb KOHTPOJIMPYEMOIO H3MEHEHHUs TOJIMHBI IUIeHKH (d), mpu KOTOpoi
IIPOUCXOJUT TYHHEJIbHBIN NEPEeXo]l IEKTPOHOB. IlocmeaHuii BO MHOrOM Ompenensercs
IYyOMHOW 30HBI BBIXOJIa HMCTUHHO-BTOPHYHBIX 3jekTpoHoB (MBD) w mmpunoin
3anpeieHHo 30Hbl E okucHolM menku. B [3-5] mokaszano, 4To sl 3TUX I1I€JIe MOKHO
UCIOJb30BAaTh HU3KOPHEPreTUYECKYI0 HUMIUIAHTALMI0O HOHOB AaKTUBHBIX 3JIEMEHTOB
wieHku SiOz. IIpy 3TOM yCTaHOBJIEHO, YTO MMILIAHTAIUs HOHOB Ba® ¢ sueprueit Eq=1-2
k3B n n1030ii 06ayuenns D=6 +10'® cm? B amopdHyro miueHky SiO2 NPUBOIUT K POCTY
3HaYeHUH KOX(PPHUIMEHTa BTOPUYHO-IIEKTPOHHOH smuccuu (BD3J) B 2-3 pasa. Oror
3 dexT 0OBICHAETCS yMEHBIICHHEM PAOOThI BBIXOJA U YBEIMYCHHEM TJyOMHBI 30HBI
BbIXOJla MCTHUHHO-BTOPUYHBIX 3JIEKTPOHOB. OnHAKO B pabOTax TOJIIMHA, CTEXUOMET-
PUUYECKUI COCTaB U CTENEHb OJHOPOJHOCTH IUICHOK OIpPENessAINCh KayeCTBEHHO, a
JNIEKTPOHHAsl CTPYKTypa NpPaKTUYECKH HE wucciefoBangach. [loaToMy Lenbl0 JaHHOM
paboThl SABJISUIOCH JIETAJIbHOE MCCIIEJOBAaHUE BIMSHMA MOHHOM HMIUIAHTAllUU U
MOCJIEAYIOLIEr0 OT)KUra Ha COCTaB, AJEKTPOHHYIO CTPYKTYPY U 3MHUCCHOHHBIE CBOMCTBA
amopHbIX IeHOK SiO2/Si.

JKCIepUMEHTAJIbHASL TeXHUKa. [loyyeHue mieHoK, MOHHAs UMIUIAHTALUsl, OTHKUT
U HCCIIEZIOBAHUs COCTaBa M CBOWCTB MOBEPXHOCTU OCYIIECTBISUIUCH B OJHOM M TOM e
BEIcOKOBaKyymMHOM (P <107 ITa) mpubope.

Jns monydyeHMs IJICHOK MOHOKPHCTANIMYECKUE IUIACTMHKM S1 CHavyajna Obuld
OTIIOJIMPOBAaHbl J0 3€pKaJbHOro Oyecka, 3aTeM IOABEPrajiCh TI'HAPOJNHAMUYECKOMY
TPaBJICHHUIO B CMECHU a30THOM U IIABUKOBOM KUCJIOTHI M MPOMBIBAJIUCH B JUCTUILIMPOBAH-
Hoii Boze. [lampHeimas ouyucTka Si TPOBOIMIIACH B YCIOBHSX BBICOKOTO Bakyyma
BBICOKOTEMIIEpaTypHBIM MporpeoM (uutensHo mpu T=1200 K u umnyascao T=1500 K).
3areM B mpuOOp HAIyCKacs KHCIOpo o AaBnerns 1072 I1a.

Oxwucnenne nosepxHoctd Si mposoauiock npu T=1400 K. Crexmomerpuyeckuit
COCTaB MOBEPXHOCTH IIEHKU OIpeneisuics MeTooM Oxe - 3IEKTPOHHON CHEKTPOCKOIUU
(O3C). Kontpoasusie 3HaueHus d onpenemnsuiuck merogoM OOC B coueTaHUU ¢ HOHHBIM
TpaBJICHHEM. DJIEKTPOHHO-30HHBIE XapaKTEPUCTHKU ONPEAEISINCh METOA0OM (hOTOINEK-
TPOHHOH cHEeKTpockonuu mpu 3Hepruu (ortonoB hv=10,8 3B. I'myOuna Beixoma MBD
MU3MEPSUIACh METOAOM SKBUBAJIEHTHOM IOJUIOKKH. MeTonuka MOHHOM MMIUIAHTALUU U
HCCIIEIOBAaHMsI COCTaBa M CBOMCTB IMOBEPXHOCTH MOAPOOHO uznoxkeHa B [4]. boumn
uccnenosanbl wieHkn SiO2/Si Tommuuol ot ~ 100-1000 A. IlneHku uMenu cTporuit
CTEXHOMETPUYECKUN COCTaB M OBUIM OAHOPOJHBI MO TiayOuHe. TojluHA MepexoaHOro
okucHoro cios (SixOy) mexay Si - SiO, ne npesbimana 100 A. Tlepen usmepeHusvMu u
MOHHOM MMIUTaHTallMed uccienyeMble IUIeHKH obOesraxuBanuch npu T=1350 K B
ycoBusx BeIcOKoro Bakyyma (107 ITa).

PesyabTaThl uccaegoBanmii. CHavyana ObuUIM ompeenieHbl 3HaueHus: KoddduumeH-
TOB BTOPUYHOM AJIEKTPOHHON 3MMCCHUM ITUX IUIEHOK. Ha puc. 1 mpuBeneHsl 3aBUCHUMOCTH
MaKCHMAJILHOTO 3HaueHus Koddduimenta BOD om or Tommmubel ieHKkd d OKHCH
KpEMHHUSI.

Bujno, uTo npu Manbix Tosmmuax (d< 200 A) ¢ poctom d 3HaUYeHHE Gm MOHOTOHHO
yBEJMUMBAETCA, 3aT€M TOT POCT 3aMeyisieTcs M, HaunHas ¢ d=250-300 A, kpupas om(d)
BBIXOAMT Ha mato (puc.l). IIpu 3Tom 3HaueHHE Om =2,6, YTO IPUMEPHO PABHO 3HAUEHUIO
g Tonctor tieHku SiO2 [5]. Ecau yuecth, yTo 3HaYeHHUS K03()(PUIMEHTOB HEYNpPYro
OTPAKEHHBIX AJIEKTPOHOB M B O0JIACTH CPETHUX SHEPrUil MEPBUYHBIX HJIEKTPOHOB A Si
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u Si02 npumepno pasubl 11si=0,19; nsio =0,18 [5], To MOXkHO MosaraTk, 4YTo TIyOMHA 30HBI

Beixoaa BN mwis SiO» cocrasmsier ~ 250-300 A.
O B

— I'my6muna 30HE! BEIXOTA HBD

P

0 | | _
300 400 d.A

1
0 100

1

200

Puc. 1. 3aBrcHMOCTh MAKCHUMAILHOTO 3HAUYEHUS KO3 durrenta B3O oT TONIIMHBL
IUICHKHA OKHCH KPeMHUS

Ha puc. 2 npuBeneHbl 3aBUCUMOCTU Gm, A U € OT J103bl 00syueHus D juisl mieHku
SiOy, neruposannoii nonamu Ba* ¢ Eo=1x3B.

Om |- e 3B

400
350
L300

250

10 10 1()1 10 17 D, em™

Puc.2. 3aBUCUMOCTD 3HAYCHUS Om, € U A OT J03bI 00sydeHust st SiOy, TerupoBaHHOTO HOHAMHU
Ba" ¢ Eo=1 k3B

Bunno, yto B mHTepBane D= 101410 cm? ¢ pPOCTOM [103bI MOHOB 3HAYEHHE Om
pacTer, a ep yMeHblaercs. 3MeHeHus om u A Habmonarotcs 1o D=(8+10)10% cm? a
BemMuMHA e, HaunHas ¢ D=6 *10'° cm?, mpakTiyecku He MenstieTcs. [1oaTOMy GBICTpHII
pocT om B uHTepBane D=10+5 +10'° cm? o6bAcHAETCA Kak yMEHbIIEHHEM €@, TaK U
yBelMueHHeM 30HBI Bhixoga MIBD, a mpu D=6 10 cm? - Tompko yBemmueHHmEM A.
VYMeHblIeHHEe €@ TIIaBHbIM 00pa3oM CBSI3aHO C HAaKOIUIEHHEM aToMOB Ba Ha moBepxHOCTH
mienku. [Ipu D>5 *10®° cM™? moBepxHOCTHAs KOHIIEHTpalus Gapus cocrapisama ~5¢10%°
atoMecM? , 4ro cooTBercTBoBa0 ToimuHe 0,4+0,5 MonocmoeB. C panpHEHIIMM
yBenuueHueM D TonmiuHa mieHKM Ba mpakThyecku He MeHseTcs. YBEIWYeHHE 30HBI
Bbixoga MBD Ha ocHoBe ananm3a ganHbix ODC u kaptuH POM Hamu OOBICHSETCS TeM,
YTO B Mpollecce HOHHOM HMIUIaHTaUuu OoJibllIas 4acThb BHEJIPEHHBIX aTOMOB Oapus
obpasyet coenunenne Ba+O u Ba+Si+O. TommuHa 3Tux mieHok coctasiuser 100-150 A.
Ot coequHEeHHs O00Jafal0T 3HAYUTEIbHO OOJbIIeH BTOPUYHO - SMHCCHOHHOU
a3 eKkTuBHOCTRIO M TayOuHOU Bbixoga MBD mo cpaBHenuto ¢ SiO.. Tak, Hampumep,
Mpe/IBapUTeNIbHbIE HUCCIIeIOBaHUS MOKa3ald, 4yTo i amopdHoil miueHku BaO om= 9, a
rnmyouna Beixoga MBD d=450+500 C. Kpome Toro, pe3yiabpratel POM mnokasanu, 4to npu
BBICOKMX J103aX OOJy4yeHHUs MPOMCXOAMT HEKOTopas KpHucTaum3anus (oOpazoBaHuE
pa3NUYHBIX JCHIPUTHBIX OJIOKOB) TNPHUIOBEPXHOCTHONW O00JACTH IUIeHKU. TosmuHa
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KPHCTaJUIM3HPOBAHHBIX Cc10eB cocTasisieT ~ 800-1000 A, uro 3HauuTensHO GoMbINe, YEM
riIy0MHa NpOHMKHOBeHHUs HoHoB Ba*(~ 100-200 A), npu Eo=1 x3B.

OTtMmeruMm, 4YTO 1HlepexoA M3 aMop(pHOro cjos B KPUCTAUIMYECKMH Bceraa
COIIPOBOKAAETCS yBeNM4YeHHeM 30HbBI Bbixojna MIBD. Takum o0pa3om, pocT Gm OKHCH
KPEMHHUS T0CJIe UMIUIAHTAI[MM MOHOB OapHsi MOXKET ObITh O0YCJIOBIEH YMEHBIIEHUEM €,
yBemM4eHHeM A © oOpa3oBaHueM HPdexTuBHOH 1m0 BDD OKUCHON IUICHKH.
TemneparypHblii IpPOrpeB NPUBOAUT K CYIIECTBEHHOMY HW3MEHEHHMIO 3MUCCHOHHBIX
CBOMCTB HMOHHO-JIeTUpoBaHHOW IieHKH SiO2: 3aBucuMOcTh Om(T) mpoxomuT dyepes
makcumyMm npu T= 600-700 K, a ep Bo Bceil mcciaeayeMoi 00JacTH TEMIEpaTyphl C
poctom T yBenuuuBaercs. AHOMAJIBHBIM sIBIsieTcs TOT 3¢ ¢ekT, uto B obmactu T= 300-
600 K om - yBenmnuuBaercs, Korja e - yBenuuuBaercs. s oObscHeHHsT HaOI01aeMbIX
3¢ (HeKTOB Ha Pa3IUYHBIX dTANaX OTKUTA OBLTH CHITHI 0JKEe-CIICKTPHI.

Ananus pesynpratoB ODC nokasai, 4To mocje IporpeBa HOHHO-JerupoBanHoro SiO;
npu T=600-700 K mouru Bce NHMKH, XapaKTepHbIE [JIs HECBSI3aHHBIX aromMoB Ba,
HCYE3al0T, MOSIBIIAIOTCS MHTeHCUuBHBbIe nuku Ba+O. Ilo Bugumomy, npu T npaktudecku
BCE ITOBEPXHOCTHbBIE aTOMbI Ba BXOZAT B CBSI3b C aTOMaMH MaTpULibl, 00pa3ys CBSI3U THUIIA
Ba+0O, Ba+Si+0O. O6pa3zoBanue cBsazeil Ba+O u Ba+Si+O npuBoauT K CyIIECTBEHHOMY
pPOCTYy OT, XOTS OTCYTCTBHE CBOOOAHOTO Ba Ha MOBEPXHOCTH MPHUBOJUT K HEKOTOPOMY
pocty e@. YBeamuenue T mo 900 K mpuBoauT K He3HauutenbHoMy (Ha 5-6 %)
YMEHBILEHUIO Gm, B TO BPEMsI KaK B 3TOM 00JacTu TeMIepaTypsl € yBeluuuBaercs Ha |
5B. Ilpu 3TOM Ha Oe — CIIEKTpe MOSABIAIOTCS MTUKHU, XapakTepHbie A Si. [lo-Buammomy,
npu T= 800-900 K mpoucxonut paznoxenue Ba+Si+O u gononnutensHoe 00pa3oBaHue
BaO, a Takke mnosiBIeHHEe HW30BITOYHBIX aTroMoB Si, KoTopble aupPyHAUPYIOT K
noBepxHocTu. [locneaHee NPUBOIUT K CYLLIECTBEHHOMY YBEJIIMUEHUIO PabOThI BHIXO/A.

JanbHenmee yBenudeHne T IPUBOAMUT K PE3KOMY YMEHBIIEHUIO Gm, YTO CBSI3aHO C
pa3noXeHUeM HECTEeXHOMETPUYECKOH OKHUCH Oapus M HUCIApeHHEeM ero KOMIIOHEHTOB.
Cpenu oxucinoB Oapusi HamOoJsiee yCTOWYMBBIM okazancs BaO, koTopwlii pasnaraics
tonpko mpu T >1200 K. HM3-3a Hanmums onpeneneHHoro koiaumdectsa BaO B
MIPUIIOBEPXHOCTHONH 00sacTu mieHKH Si02 3HAYEHHWE GOm STOM CHCTEMBbl 3HAUYUTEIHHO
Bbimie, yeM i SiO2 Bmiaote 1o Temneparypbl 1200 K. OgHOBpeMEHHO Ha OCHOBE
CHEKTPOB (DOTOIJIEKTPOHOB HAMU OMPEIEIIEHBI 3JIEKTPOHHO-30HHBIE MapaMeTpbl MOHHO-
JIETUPOBAHHOM IUIEHKHU:- IIOJIOXXEHHE IOTOJIKA BAJEHTHOW 30HBI OTHOCHUTEIBHO YPOBHS
Bakyyma; Er- ypoBenbp ®depmu; ® - cpeactBo k 31ekTpoHy. OCHOBHBIE pPe3yJbTaThl
CBe/leHbI B Ta0I. 1.

Tabnuna 1
DeKTPOHHO-30HHBIE TlapameTpsl Si02, ernposanHoro nonamu Ba® ¢ Eo=0,5 kaB u
D=610"%cm™

Ba*—+»SiO,

[TapameTpsI SiOz T=300K T=700K T=1000K
Ev, 5B 5,6 54 6 6,1
Er, 5B 51 3,2 3,7 4,5
Eg, 5B 2,6 2,8 3,8 4,1
@, B 3 2,6 2,2 2
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N3 Tabmuupl BUIHO, 4YTO IyTEeM HM3MEHEHHS TEMIIepaTyphl NpOrpeBa HOHHO-
aerupoBaHHOro SiO2 MOKHO MOJTy4YaTh IJICHKH C Pa3HBIMH MTapaMeTPaMH SHEPTreTHYCCKUX
30H, 4YTO BaXHO I CO3JaHUS TPHOOPOB MHKPOIJICKTPOHUKH, OCHOBAHHBIX Ha
MHOT'OCJIOMHOM TOHKOIJICHOYHOM CHCTEME.

dN 0 -»Si<111>
E EO :ﬁS I{BIB
D=510% cm2
1.10%°
_.— 110**
Si (111)

40 60 80 \{100 Ep, 3B

Puc. 3. Cniextpst DOC Si (111), nermposannoro nonamu 0 ¢ sneprueii E,= 0.5 k3B un
Ppa3IMYHbIMU JO03aMH.

Ha puc. 3 mnpencraBieHbl OKe-CIIEKTPbl YUCTOIO KPEMHUS M KpPEMHUS,
nerupoBanHoro nonamu 05 ¢ sueprueit 0.5 k3B npu paznuunbIX 103ax 00iyuenus. U3
PUCYHKA BHUJIHO, YTO OCHOBHBIC HW3MEHEHHUS B CIIEKTPE IPOUCXOIAT, HAUMHASA C 03Bl
woroe D =~ 10%° cm72. [Ipu 5TOM MHTEHCUBHOCTH NUKa KpeMHus L23VV ymensiuaercs,

U MOSIBIISICTCS MAJTOMHTEHCUBHBIN MUK npu sHepruu E = 83 + 84 3B. [locnenunee, nmo-suaumMomy,

CBSI3aHO C HAJIMYMEM Ha MOBEPXHOCTU coeauHeHus Si0y, MpOMEXYTOYHOU CTEXUOMETPUU
[6].

Oxxe-niuK, xapakTepHblit 1 Si0,, (76 3B), nosiBisercs npu 5 10%%cm 2, a 3atem
[0 Mepe YBEIUYEHMsI J103bl OOJIyUe€HHUs €ro MHTEHCHBHOCTh yBennuuBaetcs. [Ipu stom
MHTEHCUBHOCTh O)Ke-TuKa Ipu 92 3B cuiibHO yMeHblaercs. VI3MEHEHHs B OXKe-CIIEKTpe
npoucxonar g0 ®=4-101° cm? u npu nanpHeifmeMm yBeTMUEHHH N03BI 0XKE-CIIEKTp He
MeHseTcs. BIUIOTh 10 MakCHUMalbHOM /03Bl B CHEKTPE INPUCYTCTBYIOT OXKE-TIUKH C
sHeprusiMu 83 u 92 3B, UTO CBUAETENHCTBYET O HAJIMYMH HEKOTOPOTO KOJWYecTBa Si U
Si0, B npunoBepxHocTHON obnactu. KpatkoBpemennslii HarpeB npu 1200 K mpusoaur
IIOJIHOMY MCYE3HOBEHHIO 3THUX IIMKOB U YCTAaHOBJIEHHUIO CIIEKTPA, XapaKTEPHOIO s
OKCHJIHOHM IJIEHKU cO crexuoMerpuen Si0,. 3areM Ha TOHKYIO IUIeHKY Si0; ¢ sHepruen
0.5 B u mosamu 2-107cm™2 Gputn moMemeHbl HOHBI Gapus M HaTpus. BbuIo
0oOHapy»KeHO, YTO UMIUIAHTAlLlMg UOHOB Oapus U HaTpus B Si0, NPUBOIUT K YBEIMUEHUIO
KOA(Q(QHUIMEHTOB BTOPUYHOM 3JeKTpoHHOH sMmuccun (BDD) M u3MeHeHHI0 TOHKOM
CTPYKTYPBI KpPUBBIX (pHUC. 3), UX DHEPreTHUYECKOW 3aBUCHMOCTH. AHAIHM3 TOJYUYEHHBIX
pE3YJITATOB 3JIEKTPOHHOW OKE-CHEKTPOCKONUM IO3BOJISIET NPEANOJIOXKUTh, UYTO 3TH
U3MEHEHHs  CBsi3aHbl ¢  oOpa3oBaHMEM  OKCHAA JIETHUpYyIOUled  mpumecd B
MIPUTIOBEPXHOCTHOM 001acTH TIeHKH Si05. DKCIIEPUMEHTHI IO U3YYEHUIO COCTaBa IUICHKH
Merogamu DOC Takke TOATBEPAWIN HAJIUMYUE JIOCTATOYHO MHTEHCUBHOTO TIHKAa,
XapakTepHOro s okcujaa Oapus. Ilocne mmmianTanmu uoHamu Ba® ¢ 0.5 k3B u
00bIIUM (IIOEHCOM 3HEPreTUYECKOe MOJIOKEeHHE M (popma MouTH BCeX NMUKOB OKCHJA
KPEMHHUSI CWIBHO HW3MEHSIOTCS, YTO CBMJIETEIBCTBYET O 3HAUUTEIBHOM W3MEHEHUU
JJIEMEHTHOTO M XUMHYECKOI'O COCTaBa IIOBEPXHOCTH IUIEHKH Si0, TNpu HOHHOU
uMIUiaHTauuu.  [lomydyeHHble  pe3yibTaThl  MO3BOJIAIOT — MPEANOJIOKUTh, 4YTO B
MMIUTAHTHPOBAHHOM 00s1acTu 0oOpazyercst coenuHenue tuna Ba,,0,, +Si co cBsa3amu Buaa
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Ba - O u Ba - Si. bonpiias ammiutyaa oxe-nuka 6apust ¢ 55 3B, BeposATHO, cBsi3aHa C
M30BITOYHBIM COZIEP)KaHUEM aTOMOB Ba B MMIUIaHTHpOBaHHOM 00acTh 00pasua.

JeiictButensHo, mpoduian pacrnpesesieHuss aTOMOB B HMIUIAHTUPOBAHHOM CJIO€
Si0, (puc. 4), cuareie metogoM ODC ¢ MOCIOMHBIM TPaBIEHUEM ITyYKOM HOHOB Ar’ ¢
sHeprueil 1.5 k3B nokasanu, 4To Ha NOBEPXHOCTU MOHHO-MMILJIAHTUPOBAHHOW IUIEHKH,
Hapsay c aromamu Ba, Oz u Si, npucyrcTByeT AOBOJIBHO OO0JbIIOE KOJIUYECTBO
IIPUMECHBIX aTOMOB YIJIEPOAA U XJIOpa.

[locne TpaBinenus B TedeHue 2 + 2.5 muH. (B cloe TOMIMMHOH okono ~ 10 A)
arombl C u Cl npakTuyecku He 0OHapYKUBarOTCs. B TO ke BpeMsi Ha yKa3aHHOI riryOnHe
Oapuit umMen HauOOJNBUIYI0O KOHIEHTpauuio. Jlanee ¢ yBeiauueHueM riIyOuMHBI TpaBICHUS
KOHIIGHTpaLusi aToMOB Ba 53KcrmoHeHIuanbHO yMeHbInanack. HekoTtopoe oOeaHenue
noBepxHocTH atoMaMu O, u Si, BEpOSATHO, CBSA3aHO C MX PACIBUICHUEM [P UMILIAHTAIUU
nonos Ba’.

H3BecTHO, 4YTO TOpa3mo Oonbliue 3HaueHus koddpduumenta MDD  mns
JUBJIEKTPUKOB 110 CPAaBHEHUIO C METAJUIAMHU U MOJIYIIPOBOIHUKAMH B OCHOBHOM CBSI3aHbI C
OO0JIBIIION TJIyOMHOW BBIX0/1a HCTHHHBIX BTOPHYHBIX 3JeKTpoHoB (MBD) A [7].

Car, Y- Ba® — SiO
Eo=0.5 k3B
O
Si
Ba
\\e 1 1 1 1 1 1 1 1 1
0 20 40 60 80 d, A

Puc. 4. [Ipodwm pactpeneneHns aTOMOB B HOHHO-UMJIAHTHPOBAHHOM cJIoe TUIEHKH Si0,;.
3akaouenune. IlocienHee 00CTOATENHLCTBO CBSI3aHO € JOCTATOYHO OOJIBIION
IIMPUHOM 3ampemnieHHo 30HbI (AEg) M Manol KoHIeHTpauuel cBOOOJHBIX HOCUTENEH
TOKa B AM3JIEKTpHUKaX. M3-3a 3TOro Bo30yX/I€HHbIE JIEKTPOHBI € S3HEprusiMu MeHble AEg
TEPSAIOT YHEPTUIO TOJIBKO AJIs1 BO30YKIAeHUs (POHOHOB.

Taxum ob6pazom:

1. Ilokazano, yto rinyOouHa Bbixona MBD amopdHON TIUIEHKH OKHCH KpPEMHUS
cocrasnser 250-300A.

2. VoHHas uMMIUIaHTalUsl NMPUBOJHUT K yBeNWYeHUI0 kKodddunumenta BOD u 30HbI
Bbixoga MIBO B 1,5-2 pasa, mupuHsbI 3anperieHHoi 3086 okucu kpemuus Ha 0,3-0,4 3B,
oboramenuto (~0,4 - 0,5 MOHOCIIOEB) TOBEPXHOCTH aTOMaMu Oapus W HEKOTOPOH
KPUCTAIUIM3ALHUU IIPUITOBEPXHOCTHOTO CIIOA.

3. TIporpes nonHo-yerupoBanHoi wieHkn SiO2 10 T ~ 900 — 1000 K nmpuBoauT
HEeKoTopoMy pocTy (Ha 15 - 20 %) om u A, cyliecTBeHHOMY yBenuueHuto (1o 1,5 paza)
UIMPUHBI 3allpelleHHON 30HBI, YTO CBS3aHO C MPEUMYIIECTBEHHBIM 00pa3oBaHUEM
OKHCIIOB Oapwusi.
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4, OTtMeTuM 4TO, B AUDJICKTPHKAX BTOPHUYHBIC OJJICKTPOHBI MOI'YT HpOﬁTH
3HAYUTEIHLHO OOJIBIIMI IIyTb, 4EM B MCTAJUIaX U MOJYHNPOBOJHHUKAX, IMOKA UX SHECPrus HC
YMCHBIIUTCA 10 BEJINYHHBI IIOPAAKAa CPOACTBA K SJICKTPOHY.
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SELF-SIMILAR ANALYSIS OF DOUBLY NONLINEAR COMPLEX
CROSS-DIFFUSION PROCESSES

Mamatov Abrorjon Uyg‘un o‘g‘li
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Abstract: In this work, self-similar analysis of doubly nonlinear complex cross-
diffusion processes were obtained. A self-similar and approximately self-similar solution
was derived using the method of standard system of equations. These properties were
proved by regulating the solution of the approximately self-similar system of equation
relative to the parameter of the nonlinear source by adding an additional parameter. The
following results were obtained from this work: front-end evaluation for the double
nonlinearity heat dissipation equation, localization process was observed, finite velocity
was calculated as approximate, new effects were observed, the algorithm was built
according to the obtained self-similar solution, program code was created in the
programming language and the process was modeled. All results were compared.

Key words: Cross-diffusion systems, finite velocity, localization, asymptotic
solution, self-similar system.

MURAKKAB IKKI KARRA NOCHIZIQLI KROSS-DIFFUZIYA
JARAYONLARINING AVTOMODEL TAHLILI

Annotatsiya: Ushbu maqolada ikki karra nochizigli bo‘lgan murakkab kross-
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diffuziya jarayonlarining avtomodel tahlili ko‘rib chigilgan. Chiziqli bo‘lmagan ajratish
usuli bilan avtomodel va taqribiy avtomodel yechimlari olingan. Bu xossalar nochizigli
manba parametri bo‘yicha avtomodelning taxminiy yechimi uchun tenglamalar sistemasi
yechimiga qo‘shimcha parametr qo‘shish bilan isbotlangan. Ushbu ishdan quyidagi
natijalar olindi: ikki karra chizigsiz issiglik targalish tenglamasi uchun front baholandi,
lokalizatsiya jarayoni kuzatildi, finit tezligi tagribiy hisoblandi, yangi effektlar kuzatildi,
olingan avtomodel yechimiga mos ravishda algoritm qurildi, dasturlash tilida dastur kodi
yaratildi va jarayon modellashtirildi. Barcha natijalar taggoslandi.

Kalit so’zlar: kross-diffuziya sistemalari, chekli tezlik, lokalizatsiya, asimptotik
yechim, avtomodel sistema.

Introduction. Consider in domain Q ={(t,x)=0<t<T,xeR},T<w the
Cauchy problem for a degenerate parabolic system with double nonlinearity

ou . 4 p-2 _
L (u,v)= —E+dlv(vml VUl Vu) =0,

ov 1)

L,(u,v) E—aeriv(u“‘z’1 v Vv):o,
u(0,x) =u,(x) >0, 2
{V(O,X)=VO(X)20, xeR", ()

which describes the processes of mutual cross diffusion.

System (1) describes a number of physical processes in a two-component nonlinear
medium, for example, it describes the processes of mutual reaction-diffusion, heat
conduction, combustion, polytropic filtration of liquid and gas. System (1) is also called
cross diffusion [1-2].

From the point of view of physics, it is reasonable to consider a weak solution that
has the properties of boundedness, continuity, and satisfies the conditions

0<u(t,x), v(t,x) V™' [vu]" vu,u™ v weC@Q), ?3)

and system (1), in the sense of the integral identity [3-5]:
J'J'[u%//+v”“‘1 VU™ vuvy —jwuo]dxdt: 0,

“[v%’”+u“l

for a sufficiently smooth function w (t, x) with compact support [6-7].

Research Methodology. To do this, we seek the solution of system (1) in the form
[7, 8]

(4)

W[ WV - [y, Jdxdt =0,

. (®)
v(t,x) = (T +t) 2 z(z(t), x),
where «,,«, are the numbers to be determined, and the unknown function z(t), after
substituting (5) into (1) and simple calculations, is chosen as follows
7(t) = [ (T +1) 2o 02t =[ (T +1) = ¢ Dagt,
At 1-(m -1, —(p—2)e, >0, the calculation of the integral for z(t) gives the
following result

{u(t, X) = (T +t) ““w(z(t), X),

f(t):(T+t)p1 / P.y p1=1_(m1 _1)a2_(p_2)a1'

23



QarDU xabarlari FIZIKA-MATEMATIKA 2024 (2) 2

Then we have a system

ow _ div(zmrl |Vw|p'2 VW) + % w
a’l’ (l_(m1 —1)O{2 +k(p—2)051)‘[(t) (6)
oz a,

Frle div(wmz’1 V™ Vz)+

Zy
(1_ (mz _1)a1 + k( p- Z)QZ)T(t)
Note that the calculation of the integral at (m,—1)e, —(p—2)a, #1 gives the
following expression for z(t) [9]
7(t) =T +t, @)
In case (M, —1)e, —(P—2)e, >1, taking into account the expression for z(t) ,
equation (6) is rewritten as follows
aw_ div(z"‘l’l |Vw|pf2 VW)+ (b /7)w,
o ®)
A . my-1 p-2
5=d|v(w V2| Vz)+(b2/r)z,

where
(04

b, = 1 ,
b 1-(m -Da,—k(p-2)e,

a

2

b, = .
*1-(m -Dea, —k(p-2)e,

Next, assuming

w(z(t), x) = F(Z),
vz, x) =y (&), &= i ©)
[

and substituting (9) into (6), after simple calculations, under the condition [10-12]
for functions f (&), w(&) we have the following system of degenerate self-similar

equations
. d dfi*|"" df | &df
glN_ éNlU/mll bf_o
df[ d& dé} pdS
. (11)
v O [ pigma |yt dy | Edy
S Ly R el A L R ST
df[ dé} pdé
were

@

b = [l
" 1-(m -Da, -k(p-2)e,

b, = % .
*1-(m, -, —k(p-2)a,
Next, we determine the numbers «,,«, from the solution of the system of
algebraic equations (10) and from the relation
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Q,

1—(ml—1)a21—k(p—2)al =N/p. (12)
%, =N/p.
1_(m2 _1)a1_k(p_2)a2
From here
m+1-p
o =——"—0,
m,+1-p
o (m, +1- p)N (13)
©(m+1-p)(p+(P—2)N +(m,~1)(m, +1- p)N)
o - (m +1-p)N
© (M +1-p)(p+(p-2)N)+(m, ~1)(m +1- p)N)
Let's calculate now p, =1—(m -, —(p—2)e, [13].
Taking into account (13), we have
oo M-DM+1-p)+(p-2m+i-pIN

(m, +1-p)(p+(p=2N)+(m, =1)(m, +1- p)N)

()= T

1

Note that the functions
?@zﬁ@,
w(&) =Bi(&), (15)

where A and B are the roots of the algebraic system

(Wl)pfl Ak(H) Bffnfl —

(16)
(Wz)m Am-L B2

S|~ ol

satisfy in region |£|<a”®™"” the self-similar system

1-N d N-1, m-1
4 @[5 4

ipi i +é£+ﬂf :o,
dg] dg) pdg p (17)

é:l—Ni é:NflfV“z*ld_l// 7 d_l// +£d_l//+ﬂ
dé dg| dg) pds p

in the classical sense. Continuing with zero of function f (&)= Af (&), w(&) =B (&), for

value |£]>a""" we get the following solution of the Zeldovich - Companies type for
system (1)

y=0

u(t,x) = AT +t) F(&),
{WL©=BU+0”W@% (18)
where constants A, B, «,, &, and functions (&), w(&) were defined above [13, 14].
Therefore, the solution (6) constructed by us with «, «, given by formula (13) for
p, > 0 is a solution of the Zeldovich - Companies type for system (1).
Therefore, the solution constructed by us above turns into the following solution of
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Zeldovich - Companies and Martinson-Pavlov
u(t, x)=(T +1)" £ (),
a = N , 5 = |X| o
p+(p+m-3)N [z(1)]

()= [p+(p+m=3)N]J(T +t)" "
p
f(&)=(a-g")
previously known for the case of one equation (22-33).

We note that solutions of the Zeldovich - Companies and Martinson-Pavlov types
are widely used to compare solutions, prove the global solvability and insolvability of the
Cauchy problem and properties of the finite propagation velocity of perturbations of the
solution, for example, for an equation of the form [3-5]

a_ div(u"“’1|Vu|p’2 Vu)+ gu”, g=+1.
ot

and also, for systems of such equations [1, 2, 12, 15].
Now we turn to the proof of the property of the finite velocity of propagation of
perturbations for system (1). To prove this property, we introduce the functions

u (t,x) = (T +t)™ (&),
{ BRI
vV (tx) = (T +t) @ (),
o — (m +1-p)N
© (M, +1-p)(p+(P—2)N)+(m,~1)(m, +1- p)N)’
o - (m,+1-p)N
©(m+1-p)(p+(P—2)N +(m,~1)(m +1-p)N)’
f(&)=(a-&)", w(&)=(a-¢)",
RO =(a+&)", PO =(a+¢")",
yo P _(=DIp-m+D]
p-1 q
q=(p—2)"—(m -H(m,-1).
Note that the functions u,_ (t,x), v, (t,x) have the property
u (t,x)=0, v,(t,x) =0 at [X|1(t), v, (t,x)=1(t)=a"""[(t)]"*. (19)
Results and Discussions
Theorem 1. Let y >0, ,>0,1-(m -, —(p—2)e, >0,
% <N/p, %
1_(m1 _1)a2_(p_2)a1 1_(m2 _1)a1_(p_2)a2
problem (1) has the property of finite perturbation propagation velocity if
u,(x) <u,(0,x), v,(x)<v,(0,x), xeR",
where u_(t,X), v (t,x) and f(&), ¥7(&) are the functions defined above.
Proof. The proof of the theorem is based on the solution comparison theorem, for
which we need to construct this function. Consider the functions u, (t,X), v_(t,x) defined
above and calculate

=& =|X|/7(t)"

<N/ p . Then the solution of
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L(u,v.), L(u,v,).

Then from (1) we have
{ Lu,.v.)=u,t{(e /[1-(m -Da, - (p-2)a,]-N/ p)} (&),
L (u..v,)=u,(t{e, /1-(m,-Da, - (p-2)a,] - N/ p}p(S),
u, (t) — (T +t)f(nh*1)ar(p72)a1,
{uz (t) = (T +1) e (v-2e,
Hence, in domain D ={(t,x) 1t>0,x < I(t)}, [(t) =a”"[z(t)]"*, by virtue of the
conditions of theorem (1), we have L (u,,v,)<0, L,(u,,v,)<0. Then, by the principle of
comparison of solutions, we have u(t, x) <u,(t,x), v(t,x) <v (t,x) inQ.

Therefore, u(t,x)=0, v(t,x) =0 at |X| >|(t) , which means that problem (1) has the
property of finite perturbation propagation velocity. Theorem 1 is proved.

It can be seen from the proved theorem that the free boundary satisfies the estimate
|X| < |(t) — a(pfl)/p[z.(t)]llp — a(pfl)/p(r +t)mlp/ P,
__ [(m -, +1-p)+(p—2)(m +1-p)IN

(m, +1-p)(p+(P—2)N)+(m, -1)(m, +1- p)N)

Let us now turn to studying the asymptotic of solutions of the self-similar system

(9) under the following boundary conditions

p,=1

f'(0)=0, f()=0, y'(0)=0, w(e0)=0, (20)
f(0)=a >0, f(d)=0, w(0)=a >0, w(d)=0,d <o, (21)
f(0)=a, >0, f(w)=0, w(0)=a >0, w(w)=0. (22)

Theorem 2. Let y >0, »,>0. Then the solution of problem (9), (20) for
n—o (7=—-In(a—&""") has the asymptotic representation

{f (&)= AT(E(1+0@),
v (&) = Ap(&)(1+o()),
where the coefficients A >0, i=1,2 are the solution to the system of algebraic
equations [5-7].

A graphical representation of a special algorithm built for the parameter values of
all the results obtained looked as follows:

Graph of the cross-diffusion systems

//'5:33{\
AN
’7;;:":.:“\‘&\\
‘///1,0".“\\\\\\\
I
““‘\“\ \
(),gg@“ \

e
i

Figure 1. Graph of the cross-diffusion systems, parameters p=2.5, m1=1.4, m2=1.5
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Conclusion

The results of computational experiments show that all of the listed iterative
methods are effective for solving nonlinear problems and lead to nonlinear effects if we
use self-similar solutions constructed by the nonlinear splitting method and the standard
equation method as the initial approximation of the solution [4, 6].

The results of numerical calculations show the effect of the finite velocity of
disturbance propagation and the localization of the solution depends on the values of the
numerical parameters. All results of numerical experiments are presented in the form of
visualized animation.
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OOPMUPOBAHUE TOHKHUX IIVIEHOK CrSi2 TBEPTO®A3HbIM
NOHHO-IIVIABMEHHBIM METOJIOM
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AHHoTanusi: B pabore u3yueHsl cocraB, MOpPGOJIOTHs MOBEPXHOCTH, pa3Mepbl
MOTIEPEYHOTr0  pa3pe3a, TEeMIEepaTypHble 3aBUCHMOCTH YAEIHHOTO CONPOTUBICHUS,
koapdunmenta 3eedeka, k03(pPUIHEHTa MOITHOCTH U JIEKTPOHHOM CTPYKTYPHI TUICHOK
CrSi2 pa3HOli TOJIIMHBI, TOJYYCHHBIX Ha TOBEPXHOCTH MOHOKpHCcTaiuta kpemuus Si (111)
METOJIOM MarHETPOHHOTO PACHbUIEHHs. Y CTAHOBJIEHO, YTO HAYMHAS ¢ TOMIUHEL ~ 400 A
MOBEPXHOCTh Si MOJIHOCTHIO TOKpEIBaeTcst amopdHoi miueHkoir CrSiz. [locme mporpesa
cucrembl CrSiz / Si (111) mpu T = 750 K, popmupyercs onHOpoaHAs MOTUKPUCTAI-
mnueckass tuieHka CrSiz. Iloka3aHo, 4TO yAeIbHOE COIMOTUBICHHE P, KOIPPHUIMECHT
3ecbeka (S) u xkod3pdunment momHocT (P) mienku CrSiz pasuoit Tommuusl (80 u 180
HM) C POCTOM TEMIIepaTypbl HEIMHENHO M3MeHstoTcs. VX 3Hauenust st miueHok CrSiz
Pa3HOil TOMIIMHBI HEMHOTO OTJIMYAIOTCS APYT OT Apyra. B uacTHOCTH yCTaHOBIIEHO, UTO C
poctoM 7 yaenbHOE COMPOTUBIICHHE p TOJIMKPUCTAUIMYECKON IJICHKH YMEHBIIAeTCs, a
koahduimeHT 3eedeka S yBeInUMBaCTCS.

KiroueBble cjI0Ba: TEIIONPOBOIHOCTh, KPEMHHH, TOHKAS IJICHKA, MOHOKPUCTAILI,
MOH-TUIa3Ma, MarHETPOHHOE PaclbUICHHUE.

FORMATION OF THIN CrSiz2 FILMS BY SOLID-PHASE ION-PLASMA
METHOD

Abstract: In this work, the composition, surface morphology, cross-section
dimensions, temperature dependences of resistivity, Seebeck coefficient and power factor,
and the electronic structure of films of different thickness CrSi, obtained on the surface of
Si (111) by magnetron sputtering were studied. It was found that starting from a thickness
of ~ 400 A, the Si surface is completely covered with an amorphous CrSi> film. After
warming up the CrSi>/ Si (111) system at T = 750 K, a homogeneous polycrystalline CrSi
film is formed. It is shown that the specific resistance p, the Seebeck coefficient S and the
power factor P of CrSiy films of different thicknesses (80 and 180 nm) change non-
linearly with increasing temperature. Their values for CrSi films of different thicknesses
differ slightly from each other. In particular, it was found that with increasing T, the
resistivity p of a polycrystalline film decreases, and the Seebeck coefficient S increases.

Keywords: thermal conductivity, silicon, thin film, single crystals, ion plasma,
magnetron sputtering.

Beenenne. TepmonnekTpuueckue ycTpoiicTBa 3¢ ¢eKkTUBHBI Onaronaps cBoel
HAJEKHOCTH, MaJOMY aKyCTHYEeCKOMY IIyMy M TabapuTaM, a TakKe SKOJIOTHYHOCTH.
Coenunenus Bucmyta-tesuiypa (Bi2Tes) yxe ucnonb3yrores Ha npaktuke [1-3]. TTowmck
HOBBIX 3(()EKTUBHBIX MaTepUAIOB JIJISl TEPMOAJIEKTPUUECKUX MpeoOpa3oBaTeneil SHEpruu
BO MHOTOM 3aBHCUT OT MOJYYEHHUS TOUYHOH M JOCTOBEpHOH MH(pOpMaIMu O CBOIMCTBax

29


mailto:bekpulatov@qarshidu.uz
mailto:haqberdiyeverkin98@gmail.com

QarDU xabarlari FIZIKA-MATEMATIKA 2024 (2) 2

3TUX MaTepuaioB. Baxueimmmu cBoiictBamu TO matepuanos sBisitorcs Tepmo DJC u
ANEKTPONPOBOAHOCTh. OHH OMPEAETSAIOT MOTCHIMATLHYIO dP(EeKTUBHOCTL T Marepuana
U TPEJOCTaBISAIOT BaXKHYI0 HMH(POPMAIMIO O €ro 3JIEKTPOHHOU cTpykType. M3mepeHus
9TUX CBOMCTB JIOJDKHBI OTBEYATh Psiny TpeboBanuii [4].

UeMm BbllI€ TEIJIONPOBOJHOCTh IUJICHKH, TEM HHUXKE 3HAUYEHHUE €€ TEepMOdJICK-
tpudeckoi gobporHoctd (ZT). Y CrSiz 3Ha4YeHHE TEMJIONPOBOJHOCTH JIOCTaTOYHO
BEJIMKO, YTO OTPAaHMYMBAET €ro TEPMOAJIEKTPUYECKYIO IT0OPOTHOCTH. TepmoaneKkTpu-

yeckast 100potHOCTh (ZT) onpenensiiach mo popmyie (1):

zr =S ST (1)

K K px
I'me S — koadpdumment 3eebeka, x — KOIPPHUIMEHT TEIIOMPOBOAHOCTH, ©
KOA(DPUITMEHT 3JIEKTPOIPOBOIUMOCTH, | — Temreparypa, Z1 — TepMOdJIeKTpHYecKas
T00pOTHOCTh CTPYKTYpHI [S]. B [6] u3yueHo BiMsiHUE COCTaBa HAa TEPMOAJICKTPUUECKUE
cBoiicTBa nonukpuctammueckoro CrSiz. IlokazaHo, yto o0pasisl ¢ AEPUIUTOM KpEeMHUS
JIEMOHCTPHUPYIOT 3HAYUTEIILHOS CHIDKCHUE YACIBLHOTO CONPOTHBIICHUS W KOd(pduimenrTa
3eebeka B auamazone temmeparyp oT 300 mo 800 K. Dto oObsicHsercs oOpazoBaHUEM
MeTaymnaeckor BTopuaHoi (azel CrSi, BcTpoeHHON B MarpudnHyio ¢a3y CrSiz. OmgHako
npenen obmactu roMmoreHHoctH CrSiz NPensTCTBYeT NalbHEWIEMY YMEHbIIECHUIO
TEIIONPOBOJHOCTH PEIICTKH. Y CTAHOBJICHO, YTO MakKcuMalibHast nooporHocTs ZT = 0.1
nocturaercs npu 650 K mis CrSiges. KoadhdummeHT MOIIHOCTH TUIEHOK ONPEAEIsICs 110
cienyromei hopmyiie:
SZ

P=" )

TouHoe wu3MepeHHe HSIEKTPUYECKUX CBOWCTB TOHKMX IUIGHOK HpPUBEHET K
YBEIMYEHUIO CIIPOCA Ha JCIIEBbIM M KAYECTBEHHBIM MaTepuall, HCIOJIb3YEMBbIM B
IPOMBIIIICHHOCTH. ECTh MHOro crnocoOOB H3MEpEHHUs YAEIbHOIO 3JIEKTPUYECKOIo
COIIPOTHBIICHUS U YACTHHON JIEKTPONPOBOAHOCTA MATEPHAJIOB, HO C IENBI0 TOYHOTO UX
u3MepeHuss Mbl Hcnosb3oBanu ycrporictBo SBA 458 NETZCH. IlpeumymiectBo
YCTPOHCTBA, B KOTOPOE IMOMEIIAETCsI U3MepsieMasi TOHKas IUICHKA, B CIIEAYIOUIeM: ObICTpast
U HECJIO)KHas 3aMeHa o0pasla, OTCYTCTBHE IOJKIIOYAIOUIMX IPOBOJIOB, HE TpedyeTcs
OTIpeJIeICHUE PACCTOSHUS, UCKIFOYEHBl MCTOYHUKN OMIMOKK M3MEPEHHS, TEPMOMaphl HE
repeMenIatoTcs BO BpeMs usmepenus [7].

Cpemu TEpMODJIEKTPUYECKHX MATEPHUAIOB CHIIUIH/IBI SBISIFOTCS TOTEHIIMAIHHO
MOJIE3HBIMU MaTepHajlaMM M3-3a UX XOPOIIUX TEPMOIJIEKTPUUYECKUX CBOWCTB, BBICOKOM
TeMIepaTyphl IUIABICHUS W XUMHUYECKON CTaOMIIBHOCTH TPU BBICOKHX TemIieparypax [8-
11]. B wactHoctH, cunnuug CrSiz sBIsSeTCs MEPCIEKTUBHBIM MaTepUaioM Osiarogapsi ero
xumudeckon crabunpHocT 10 1000 — 1100 K, x ucmonbp30BaHWIO B CHUHTPOHHUKE,
MarHUTHBIX CEHCOpaX, MHTETPaIbHbIX CXEMaxX, a TaKKe B TEPMOIJIEKTPUUYECKUX M OITO-
anekTpudeckux mnpubopax. Toukwe menku CrSiz m MnsSiz obnmamaroT momympo-
BOJTHMKOBBIMHU CBOMCTBaMH C TEPMOCTOMKOCTBIO Ha Bo3ayxe okono 1000 K [12-14].

Monokpucramnyeckue oopasmbl CrSi; uMeroT rekcaroHaabHyo cTpykTypy Cao €
napamerpamu penretku a = 0.4405 um, € = 0.6279 um [15-18].

Teopernueckne pacueTsl M IKCIEPUMEHTAIBHBIC PE3YNbTaThl ITOKA3hIBAIOT, YTO
mupuHa 3anpemieHHoi 3oHbl CrSiz cocraBiser 0.32 - 0.35 »B. Ilpu komHaTHOH
temneparype kospdunuent 3eebexka (S) CrSiz paBen ~100 wMB/K, ynenpHOe
conpotusnenue (p) - 10° Q-m, a xoddpdument TemmonposogHoctu (k) ~ 10 B/mM-K
[19,20]. OgHako 10 HACTOSINErO BPEMEHH JICKTPOPHU3NUECKHUE CBOMCTBA TOHKUX IJICHOK
CrSio/Si (111) < 200 — 300 HM M3yYeHBI HEJOCTATOYHO, HEOMPEICICHBI B3aUMOCBS3H
MEXTy U3MEHEHHSIMHA p U S.
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B nmanHoii pabore tuieHku CrSiz pa3HOH TOJIIUHBI IOJTYYEHBI OCAXKICHUEM
moniekyn CrSiz Ha MOBEPXHOCTh Si METOJAOM MAarHeTPOHHOTO PaCIbUICHHS U BIIEPBBIE
M3yYeHBbl 3aBUCHUMOCTH CTPYKTYphl TOBEPXHOCTH OT TOJIIMHBI IUICGHOK, a TaKxKe
TEMIIEpaTypHbIE 3aBHUCHUMOCTH YAEIHHOTO COMPOTHUBIEHHUA, Ko3(duumenta 3eedeka u
koa¢dunrenTa MOIHOCTH A7 TieHOK CrSi2 pa3HON TOJIIUHEIL.

MeTtonuka »skcnepuMeHTa. B KayecTBe MOAJIOKKM HCIIOJIB30BaHBl MOHO-
kpuctamsl Si (111) n-tuna. Hameuierune CrSiz ocymecTBIsIIOCh HA aBTOMATH3HPOBAHHOM
BaKyMHOI HOHHO-IUIa3MeHHOM yctaHoBke Tumma Epos-DVD-Desk-Pro. Ucrounukom CrSis
CITY’KWJIM CHEIMATBHO MOATOTOBIEHHBIE 00pa3ibl (MumeHn) CrSiz, morydeHHbIE METOJIOM,
NpeIoKEeHHBIM B [21].

MarHneTpoHHOE paclblICHHE — 3TO TEXHOJOTHS OCAKICHHUS C HCIOJIb30BaHUEM
ra3oBoil IUIa3Mbl, KOTOpas TEHEpUpYyeTcs U OTPAaHUYMBAETCS IMPOCTPAHCTBOM,
CoJieprKalllUM MaTepuan s ocaxaeHus. [IoBepXHOCTh MUILEHU IOABEPracTcs 3pO3UHU
BBICOKOIHEPTreTHYECKMMH HOHAMH IJIa3Mbl, a OCBOOOXK/IEHHBIE aTOMBI MPOXOIAT depes
BakyyMHyI0 Kamepy (P =~ 1.2:10° Topp) u ocaxmarorcs Ha TOMIOKKE, 00pasys TOHKYIO
wieHKy [22]. TonmuHa MIEHKHA W3MEPsUIach KBApIEBBIM JAaTYMKOM M 3alHChIBajlach Ha
«MOHHUTOpPe KOHTpOIsS». CKOpPOCTh pOCTa IUIEHKM cocTaBisna ~7 A/c. Ilpu Takoit
CKOpocTH mieHKa TonmuHoi 102.3 HM co3gaBanack 3a 2.5 MUHYTHL, a 176.5 HM— 3a 4.2
MUHYTEHI.

DJNeMEHTHBIE ¥ XUMHYECKHH  cocTaB  moBepxHocTH  mieHOK  CrSio/Si
KOHTPOJHMPOBAJICA METOAOM OX€ — DIEKTPOHHON CHEKTPOCKOMUH, MOpGhOosIoTus
MIOBEPXHOCTH, CTPYKTypa M TOJIIMHA IUIEHOK MCCIEN0BAINCh METOJAaMHU pacTpOBOU
AJIEKTPOHHON MHKpockornuu POM (Ha cranmaptHoii ycranoBke FEI Quanta 200-3D) u
mudpakun ObICTphIX AMekTpoHOB JIBD. Jlns mu3MepeHus 37eKTpOPU3NUYECKUX CBONCTB
ucnons3oBazucs npudop tuna HMS-3000. KoadgdurnueHT nornouieHus: cBeTa Onpeaesics
Ha cranmaptHod ycranoBke UV-1280 ¢ HekoTopoit moaepuusaimeii. Bee menku CrSiz
MOJTyYeHbl TP KOMHATHOM TeMmmepaType W Obutn amopubIMH. s TmoMydeHus
MOJIMKPUCTAITUYECKON CTPYKTYpHI TuieHka CrSiz HarpeBasiack pu Temnepatype 750 K B
TedeHuu | yaca.

PesyabTaTsl u ux odcy:xkaenue. Ha puc. 1 npencrasnenst POM-u3obpaxenue (a) u
SHEpProAUCIEpCUOHHbIe CcreKTphl (0) moBepxHocTH IuIeHOK CrSiz,  MOMyYEHHBIX
HaMbUJICHUEM Ha MOBEPXHOCTh KPEMHHUEBOM MoAnoKku B Tedenue 30 cexynn. M3 puc. la
BHJIHO, YTO B IJIEHKE HMMEIOTCS OT/ENbHbIE ydacTku pazmepamu 90-150 HM (dyepHbie
¢da3pl), HE TOKpPHIThIE CHJIMIMIOM. AHaIN3 HHEPrOJUCIEPCUOHHBIX CIEKTPOB
noBepxHocTh (puc.16) CrSi; mokaseiBaer, yto KoHHeHTpamuu Cr u Si B Touke 1
COCTaBJISIOT 0KOJI0 34 1 66 aT.%, uTO cooTBeTCTBYET CTpyKType CrSiz2. B Touke 2 numeercs
oueHb Majas KoHueHTpauus atromMoB Cr. [lo-BuaMMOMy, Ha HEMOKPBITBIX y4dacTKax Si
TaKXke UMeeTcsi HeKoTopoe kKonuyecTBo Mojiekyn CrSiz. Ilpu Hambuienun B tedenue 60

cex (~ 400 A) nmosepxnocts Si (111) TIOJIHOCTBIO IOKPBIBACTCsT aMOp(HOit mieHkoi CrSia.

[Sport] ™ (Spot 2]

. Spot1 Spot2
-] -]
yoom oA

(6)

Puc. 1. POM-uzob6paxenne (a) 1 SHEproanuciepcuoHnbIe criekTpsl (6) moBepxHocTH tuieHkH CrSio/Si(111),
MOJIy9YCHHBIE HambUIeHHEM B TeueHne 30 cekyH.

31



QarDU xabarlari FIZIKA-MATEMATIKA 2024 (2) 2

e ) xje WO HIW
.hJ JOOEV OV 0.80 nA 500001 HD SE S51mm 00" 829 pm

Puc. 2. POM-u300paxenue ToHKo# mieHkH CrSiz, C(I)OpMI/IpOBaHHOI/I Ha HOBCpXHOCTI/I KpeMHHS [IPH

120-cexyH/IHOM MarHeTPOHHOM pacibuieHHy u porpeBanuu mpu T = 750 K B Teuenue 1 vaca.

C%) HV bias | curr mag O det |mode WD  [tilt |HFW  — L —

5.00kV OV 0.40nA 120000 x ETD SE 7.0mm 0.0° 3.45um FEI Scios SRC C&P RAS

Puc. 3. POM-u3o0paxenue nonepeyHoro paspesa mieHku CrSiz, chopMUpOBaHHO# 1pU 2 MUH
HalnbUICHUHU HA MMOBEPXHOCTh KpeMHUs Tocie nmporpesa mpu 750 K.

Ha puc. 2 nokazansl POM-u3o0paxxenue u JIb3-kapTrHa (BcTaBKa) TOHKOH IUIEHKH
CrSi, chopmupoBaHHOW Ha TMOBEPXHOCTH KpEeMHHsS METOAOM 120-CeKyHIHOTO
MarHeTpOHHOI'O PACIbUIEHUS C MOcieyomuM nporpesoM npu 750 K B Teuenue 1 gaca.

Kak BumHO W3 pHCyHKa, TpH OTOM (OPMHPYETCS TIajgKas M OIHOPOIHAs
nonukpuctannudeckas miueHka CrSiz. Jlns aToit cuctemsl Ha puc.3 mpuseneHo POM —
n300paskeHNe TOIMEepeyHoro paspes3a. Buano, uro tommmua mieHkH CrSiz cocTaBiser
ok0110 80 HM.

Ha puc. 4 npuBeneHsl 3aBUCHUMOCTHM WHTEHCUBHOCTH | mpoxonsmiero ceera oT
sreprun oroHoB hv (cmektp noriomenus ceera) mist Si (111) u Si (111) ¢ neHkoit
CrSi, Tommunoii 80 A. Kpusble cocTosT U3 ABYX ydacTkoB. Ha mepBoM yuacTke 3HaueHHe
| ¢ poctom hv mpakTHuecku He MEHSETCs, T.e. HE HAOJIOJaeTCs MOTJIOIICHHE, OCHOBHAS
4acTh (DOTOHOB NEPEXOJUT depe3 oOpaszel], a yacTb U3 HUX OTpaxaercs. BuaHo, 4to B
ciydae yictoro kpemuust B oomactu hva 0.2 - 0.9 3B ko3¢ durmeHT npoxoxkaeH s paBeH
T~ 0.8, a koaddurment orpakenust Rx~ 0.2. B ciyuae menku CrSi2/Si (111) B obmactu hv
~ 0.2 -0.553B - T~ 0.7, a R~ 0.3. Ha BTOpom yuactke 3aBucumoctu |(hv) nmpoucxoaut
pe3koe ymeHblneHne | 1o Hyis. DKCTpamoysiius 3TOH 4acTH KpUBOHM K ocu hv maer ~
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3HAYECHHUE INMPHUHBI 3aNPEIICHHOH 30Hbl. Bumno, uro E, nyia Si (111) pana ~ 1.1 9B, a
s CrSio~ 0.32 »5B.
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Puc. 4. Cnexrpst nornomenus ajist: 1 — aucroro Si (111), 2 — CrSin/Si (111).
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Puc. 5. I'paduk 3aBUCHMOCTH YSILHOTO COMPOTHBIICHHS MOJHUKPUCTAIUTAICCKOI
wieHku CrSiy oT TemMrepaTypsl.
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Puc. 6. TemneparypHast 3aBucuMocTb kK03(h¢dunnenra 3eedeka, onpenesnernas s mieHok CrSiz
JIBYX Pa3HbIX TOJIIVH.

Kak moxa3zaHo BbIllle, TEPMOIIEKTPHUUECKHE CBOWCTBA CHOPMHUPOBAHHOW TMJIICHKU
CrSiz 3aBucAT OT €€ TOMUHBL. J{71s1 onpeiesIeHHs 3TOi 3aBUCHMOCTH HAMHU TIOITOTOBJICHBI
mwienku CrSiz aByx pasHbix tonumH (80 HM, 180 HM). Ha pucynke 5 mpencraBieHa
TeMIIepaTypHas 3aBUCUMOCTb YJEIbHOTO comnpoTHuBieHus p mieHok CrSiz tommmHon 80
HM ¥ 180 HM. Kak BUHO U3 PUCYHKOB, y/I€JIbHOE CONPOTUBIIEHUE IIJIEHKU TONIUHON 80
HM BO Bcelt o6actu T mMeeT MeHbIME 3HAYCHUS, YeM IS TUIeHKH TomuHor 180 HM. B
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ob6oux ciyvasx B untepBaie T = 300 — 400 K p u3MmeHseTCs HE3HAUYUTEIBLHO, a 3aTEM B
unrepBaie T = 400 — 500 K pe3ko ymenbmaercsa. [Ipu T > 500 — 600 K ckopocth
yMeHbIlIeHHs p 3ameqisiercs. Ha puc. 6 mokasaHsl TeMmIepaTypHble 3aBUCHMOCTH
ko3 dunmenta 3eedeka s rwieHok CrSi; mpu IByX pasHbIX ToimuHax. Kak BHIHO U3
pucynka, ko3pdunnent 3eeOeka NMPUHUMAECT HECKOJIHKO MEHBIIME 3HAUYEHHUS B IICHKE
tomuuHOoW 80 HM M 3Ta pa3HHMLA HE3HAYUTEIHHO YBEIMYMBACTCA MpPH IOBBIIICHUU
TemnepaTypbl oT koMHaTHOU 110 600 K. CpaBHeHHE pe3yabTaToB pUC. S U 6 MOKa3bIBACT,
YTO yMEHBIIEHUE p B ciaydae TOHKHX MIeHOK CrSiz/Si (111) mpuBoauUT K yBeTHYEHHIO S.
OtMmerumM, 4TO B mporiecce nporpea cuctembl CrSiz/Si (111) He HabmomaeTcs 3aMeTHOE
M3MEHEHHE cocTaBa moiukpuctaumdeckor mieHku CrSiz. [lo-Bugumomy, m3MeHeHHe
3HAYCHHI p ¥ S TIPU MPOrPEBE MOTYT OBITh CBSI3aHbI C K3MEHEHUEM COOTHOIICHUS c/a.
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Puc. 7. TemnepaTypHast 3aBUCHMOCTbD K03 GHUIIMEHTa MOITHOCTH, ONpeaeIeHHas At ieHoK CrSiz
JBYX Pa3HBIX TOJIIIMH.
Ha ocHoBannu IMOJTY4YCHHBIX PE3YJIbTAaTOB, TO C€CTb TCMHepaTypHOfI 3aBUCHUMOCTH

yIIeIbHOTO COMPOTHUBIICHUS M TEMIIEpaTypHON 3aBUCHMOCTU KoddduimeHnta 3eebeka,
2

MOXHO ONPEACTHTh KOIPPUIHNEHT MOUIHOCTH 0 popmyine P = %. Ha puc. 7 nokasana
TeMIlepaTypHasi 3aBUCUMOCTh K03 duiinenTa MOmHOCTH TieHOK CrSiz s BYX pa3HBIX
TONIMIMH. BuiHo, yTo 3HaueHue P cyuiecTBeHHO 3aBHCUT oT 7, a xof 3aBucumoctu P(T)
3aBHCHUT OT TOJILUHBI TUIEHOK.

3akJirouenue. Metonom MarHeTpOHHOT 0 pacrbuIeHHS CreluaibHO
MOArOTOBJIEHHBIX 00pa3uoB CrSi2 HAa MOBEPXHOCTH MOHOKpucTamuioB Si (111) momyuyeHst
wieHku CrSiz pasHoit Tommwael (10 - 200 HM). Y cTaHOBIEHO, YTO 0 TOMIHMHBL ~ 200 —
250 A nmnmeHKM MMEIOT OCTPOBKOBBIH xapakTep. OnHOpoaHas amopdHas IUIEHKA
dopmupyercs Haumnas c¢ 400 A. Ilporpesom nnenku npu 750 K B Teuenue 1 uaca,
MoJy4eHa OJHOPOJHAs mModuKpuctauinueckas rtuieHka CrSiz. OrneHeHa TONIMHA
MOJTyYEHHBIX TUICHOK.

[TokazaHo, uto ¢ pocroM 7 yaenbHOE CONPOTUBIEHUE p MOJUKPUCTAIIIMYECKON
rieHku CrSiz HepaBHOMEPHO YMEHbINAeTcs, a KodpuiueHT 3eedbeka S — yBeITMUNBACTCA.
OTU W3MEHEHHUd, MO-BHUAMMOMY, CBS3aHbl C HM3MEHEHHEM COOTHOUIICHHS MapaMeTpOB
peweTku ¢ u a. [1o nanHbIM p 1 S onpeaeneH KOAPPHUIMEHT MOIIHOCTH P IIEHKH.

[Toka3aHo, 4YTO TOHKHME IUICHKM mojukpuctaummdeckoro CrSip  sBisiercs
Y3KO30HHBIM BBIPOKAEHHBIM MOJIYIPOBOIHUKOM C IBIPOYHON MPOBOJUMOCTBIO.
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DETECTION OF A PARTICULAR ORIENTATION AND POLARIZATION IN
GALLIUM ARSENIDE CRYSTALS
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Annotation: Phase and group velocity of gallium arsenide were investigated at
room temperature using Christoffel’s equation. The results were used to determine the real
elastic constants of these crystals, on the basis of these sections of the velocity were
constructed. The directions with the highest of acoustic waves, as well as the longitudinal
acoustic waves in the (001) and (110) planes are determined. The identified features of the
acoustic properties of gallium arsenide crystals will be useful in the development of
acoustic and acousto-optical devices, including sensors and piezoelectric resonators based
on them.The significance of this research lies in its potential applications in the
development of novel electronic and optoelectronic devices that utilize GaAs crystals. By
understanding and controlling the orientation and polarization of these crystals,
researchers can optimize the performance and efficiency of these devices leading to
advancements in various technological fields.

Key words: acoustic properties, real elastic constants, gallium arsenide,
Christoffel’s equation, polarization, group velocity and phase velocity.

OIIPEAEJIEHUE OPUEHTALIMU U ITIOJIAAPU3ALINU B KPUCTAJIJIAX
APCEHUMJA I'AJUIMA

AnHoTauus: da3zoBas u rpynnoBas CKOPOCTU APCEHUAA Tajuinsl ObUIM HMCCIIEJOBAHBI
IIpY KOMHATHOW TeMIlepaType ¢ HCHoib30BaHHEM ypaBHeHus Kpucroddens. PesynbraTs
OBbUIN MCIIOJIb30BaHBI U1 ONPEEIEHUS PEAIbHBIX YIPYIHX MOCTOSHHBIX ATUX KPUCTAJUIOB, HA
OCHOBE KOTOPBIX OBLIM IOCTPOEHBI CEUeHHs CKOpocTU. OnpenesnsroTcs HalpaBICHUs C
HauOOJIbIIEH aMILUTUTYI0M aKyCTHUECKUX BOJIH, @ TAKXKE ITPOAOJIbHBIE aKyCTUYECKHE BOJIHBI B
wiockocTsax (001) u (110). BeisBieHHBIE 0COOCHHOCTH aKyCTHYSCKHX CBOWCTB KPHCTALUIOB
apceHyza rauus OyAyT MOJE3Hbl IpU pa3pabOTKe aKyCTHUECKHX U aKyCTOONTHYECKHX
YCTPOMCTB, BKJIIOYAasi JaTYMKH M IbE30DJEKTPUUECKHE PE30HATOpbl, Ha HX OCHOBE.
3HAUYUMOCTb JTOr0 MCCIENOBAHUS 3aKIIOYACTCS B €r0 MOTEHIMAIBHOM INPUMEHEHHH IIPU
pa3pabOTKe HOBBIX AJIEKTPOHHBIX U  ONTO3JEKTPOHHBIX YCTPOWCTB, HCIOJIb3YIOUINX
kpuctaiuisl GaAs. IloHuMas ¥ KOHTPOIUPYsI OPUEHTALIMIO U MOJIIPU3ALUIO dTUX KPUCTAJLIOB,
HCCIIE0BATEIN MOTYT ONTUMU3HMPOBATh Ipou3BoauTenbHocTs U KIIJI 3THX yCcTpoicTB, 4TO
NpPUBEAET K JOCTHKEHUSAM B Pa3IMYHbIX 001ACTAX TEXHUKH.

KiroueBble c10Ba: aKyCTUYECKHE CBOICTBA, peallbHbIE YIPYIHe MOCTOSIHHBIE, apCEHH ]
rajuius, ypaBHeHue Kpucroddens, nonspuzanus, rpynnosas u Gpa3oBas CKOPOCTH.

1. INTRODUCTION. Gallium arsenide crystals are well-known for their valuable
measures and properties. They are also used in different kinds of applications such as
acoustic-optical devices. When it comes to gallium arsenide crystals in that case, it is so
important to know all directions along which quasi-longitudinal, quasi-shear and shear
acoustic waves propagate, and also polarization angle from the propagation direction [8, 10].

In general, for any propagation direction in the (001) plane of GaAs crystal, the

polarization is neither longitudinal nor transverse. However, for ¢ =0 or > the velocity V1

refers to a pure longitudinal wave and V- refers to a pure transverse wave,Vs is always a
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transverse wave polarized along Oxs with constant velocity which does not depend on the
angle ¢ [3, 9].
2. RESEARCH METHODOLOGY
Introducing the second rank-tensor (the Christoffel tensor)
Iy=ciyeee, i,jk1=1,2,3 (1)
Cijk are the components of the elasticity tensor, aj and @k are the components of the
polarization of the acoustic waves. Christoffel’s equation becomes

Ly = P"zui (2)
Here pis density of crystal, pg. = 5,316i3 [4]. For a given direction, there are in general
cm

three phase velocities of u; and ui waves which are the solutions of the secular equation
expressing the compatibility condition for the three homogeneous equations (2)

‘ril - pv°s, ‘ =0 ®3)
By virtue of the symmetry properties of the stiffness tensor,T"ii is symmetric [2], since
Iy = clljki X2, =C'ki|j XX = clikjl xX;® = C'ijkl e, =15 (4)

Expanding the sum over the indices j and k gives
1 2 1 2 1 2 1 1 1 1 1 1
[ =C ) +C g ) +C 3 %y +(C antc izn)ae@ez +(c e i311)EE15‘93 +(c i ¢ i321)%2%3 )

c',=c')=C'y (6)
c',=c'y=c'y;=Cc,,=Cc',y,=C', ()
C'y =Clos =Clyq (8)
from which we have the following six components are here for cubic system [5].
Iy=c'ye’+c'y, (aez2 + aesz) (09)
Iy,=15= (C|12+Cl44)"'915£2 (10)
Iy=1y= (CI12+CI44)591593 (11)
r,=c', (ael2 +6932)+CI11 2, (12)
Iy=15% :(C|12+Cl44)%2983 (13)
Ty=c'y (ael2 +ar322)+c'11 ®,’ (14)

For propagation in the plane of a cube face, the equations are simplified further [4]. For
example, for propagation in the (001) plane we have

® =Cos@,e, =sinp,ae, =0, [},=1,,=0 (15)
I, =c',c08’ p+c'ysin®e I, =(c'y+c',,)sinpcosg (16)
I,,=c'ysinp+c',cos’p [y=c'y [3] (17)

To find phase velocity, we need this equation coming from (3)
(Fll —,ovz)ae1 + e, + e, =0, (Fn —-pv° )ae1 + %, =0, @ =C0sp

(18) Ipze, + (L — pv* ), + Iy, =0, Iy, +(1, — pv* )2, =0, @, =sing

(19)
Iy, + Ty, +( Ty — pv* )2, =0, (Iyy— pv*)ae, =0, @, =0 (20)

If we determine pv’® =y giving
(F11_71)331+F12a32 =0 (21)
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F21&1+(F22_72)%2:0 (22)
<F33_73)a33:0 (23)

2
. ro+1, i\/(r121 I,V AT -
Va=15 (25)

The first sign refers to Vi1—quasi-longitudinal wave’s velocity

The second sign refers to V.—quasi-shear wave’s velocity

The third sign also refers to Va—shear wave’s velocity

The velocities V1 and V2,as functions of the angle ¢,are given by the expressions

, ChuHClyt \/(C'n— ¢’y ) (cos2¢) +(c'y+c'y) (sin2p)

v, = , V=V, 26
1 2,0 1 QL ( )
1 1 1 1 2 2 1 1 2 - 2
, Clytce 44—\/(0 1—C'a) (C0s2¢) +(c'y+c',) (Sin2¢) ~
v, = , Vo = Vg (27)
2p
2 _Cly
Vo =—=, V=V (28)
yo,
(Fll_pV2)71+F1272 =0, , =cosy, F2171+(F22 _pV2)72 =0,7, =Sinl//,(['33—pv2);/3 =0,75=0
(29)
vZ T,
From the graph tgy = L2 and also from the equation (13) becomes % = u finally
1 1 12
we can get this equation to find polarization angle [1].
(PVZ _Fll)
tgy =—,
F12
(C'44—C'11)C052§0+\/(C'M—C'll)z (cosZgo)2 +(c'44+c'11)2 (sin 2(/))2
w =arctg (30)

(c'yt+c'y)(sin2¢p)
2. RESULTS AND DISCUSSIONS
The results of measurements of the velocity of longitudinal and transverse acoustic
waves along the direction [100], [110] in gallium arsenide crystals are given in Table 1. In this
table, q and y are the directions of the wave vector and the polarization vector, respectively.

The results obtained make it possible to determine the effective real elastic constants for the
[100], [110] directions in GaAs crystals. These quantities can be expressed through the real
Cija components of the elasticity tensor [6, 7]. To find velocities in all directions in the (001)

plane, we need a velocity in particular direction which can be found by experiments. These
results are given on the table 1.

Cefr :Ci’jkIKjKlyiyk! (31)
where k; and y; are the components of an unit normal of the wave x and the polarization

vector y [11, 12].
TABLE 1. Velocity and components of the elasticity in GaAs crystals at temperature of 293K
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3 m.o
q n V. 101 m-s Expression, C'est | Clet, 10'° N-m™
100] [100] 4.73 C',y 11.88
[001] 3.35 C'u 5.96
c',+C,+2C'
[110] 5.24 % 14.6
c',,—c'
[110] | 1110] 2.48 Sz 3.26
2
[001] 3.35 C'u 5.96
[111] 540 | Suf2CutiCu 15.48
. 3 .
[111] —
[110] 2.79 u 0312+C44 4.16

[010]
90

0[100]

FIG. 1. Velocities of quasi-longitudinal (1), shear (2) and quasi-shear (3) acoustic waves in
GaAs crystals by the (001) plane
It can be seen from the figure 1, the velocity for quasi-longitudinl wave on the red line
is changing from 4.7 km/s to 5.2 km/s which is the highest in the three types of velocities,
meaning quasi-longitudinal wave collides with GaAs crystal’s atoms less. It’s maximum

velocity shows at the angle 45°,135°,225° and 135" ¢ . Velocity for quasi-shear wave

reaches the highest at the angle 0°,90°,180° and 270° ¢, which is about 3.4 km/s. On the

other hand, when it comes to shear wave. It does not depend on propagation direction ¢ at all,
having a constant velocity approximately 3.4 km/s.

9 |-

6 |

W

(y - ), degrees
: o

W
T

'
o
T

9

FIG. 2. Deviation (y/—go) of the quasi-longitudinal displacement vector from the
propagation direction ¢ in the (001) plane of GaAs crystals
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The figure 2 shows w — ¢, the deviation of the quasi-longitudinal displacement

vector from the propagation direction is maximum 9°20'. The components of the energy
flux density vector in an elastic wave are determined from the expression (16).

A=02, G =Chu 77 A=Cl 7%

@2y, =AFATA A oy o3 (33)
ol ol
Here vg—group velocity and v—phase velocity which has been already found above.
A== [Cln 712 +C'y (722 +7/32 )]+71(Cl12+cl44)(72%2 +73%3) (34)
A =z, |:Clll 722 +C'y (7/12 +732 )]"'7/2 (CI12+CI44)(7/13e1 +73393) (35)
A = ae, [Clu Y3 +Cly (712 +7/22)]+7/3 (0'12+CI44)(7/1"£1+723€2) (36)
In the (001) plane VqLe—group velocity for quasi-longitudinal wave
® =C0Sp, &,=Singp, &, =0 (37)
y=cosy, y,=siny, 7, =0 (38)
Vasc—group velocity for quasi-shear wave
® =C0S¢, &,=Sing, &,=0 (39)
VA . v
e 2 ) (v o
Vs—group velocity for shear wave
& =C0S¢, &,=Sing, &,=0 (41)
7n=0,7,=0,7=1 (42)
2 + 2 + 2
- JA A+ A )
ol
5,3
‘;g 5,2 /
= | /
S 54 /
g 50: /
2 /
S a9 |
g |
© 4,B~/
- 45 ' 90 ' 1:;5 de'gree 180

FIG. 3. Anisotropy of phase (1) and group (2) velocity of quasi-longitudinal acoustic
waves in the (001) plane in GaAs crystals
As figure 3 shows, group velocity of quasi-longitudinal wave is a little bit higher
than phase velocity of that on the whole circle, which reaches the same velocity slightly
more than 5.24 km/s that is the maximum at the propagation direction of the exact

457,135,225 and 135" ¢.
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FIG. 4. Deviaton of energy flux density (2) and polarization (1) of quasi-longitudinal
acoustic waves propagated in the (001) plane in GaAs crystals
In figure 4, maximum deviation of the energy density vector from the wave vector

for longitudinal waves propagating on the (001) plane was about 9°20".

tgé = % , & =arctg {%} (44)

From the formula (44) we can calculate deviation of energy flux density and can also find
difference between &—¢ and v — ¢ . Because we have already data about polarization

angle w , propagation angle ¢ is changeable from 0 to 360 degree.

1 1 + + -
A=06=, 0 ik:Cij|k7j7I7A:Cijlkyjylaek’Vg:m V-Zﬁ,|=1,2,3

2 Yai

PV PV

(45) A =Eel|:c'117/12 +(:'44(7/22 +7/32)}+]/1(C'12+C'44)(7/2€£2 +73"'93) (46)
A =z, |:CI117/22 +C'y (712 +7/32)]+72 (CI12+CI44)(713e1+73393) (47)
A :393[(:'11732 +C'44(712 +722)]+7/3(C'12+CI44)(7/1%1+72‘5e2) (48)

V2 V2 V2 V2

®, =—C0SQ,y, :70051//,&2 :7005(/),7/2 :70031//,253 =sing,y, =siny  (49)
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T
30 90 120 150 180
o, degrees

L
s

-

3

Group and phase velocity of QL. 10°m s
»
o

o
[N}

»
@
T

FIG. 4. Anisotropy of phaée (2) and group (1) velocity of quasi-longitudinal acoustic
waves in the (110) plane in GaAs crystals

tge = [2 [: £= arctg{[ﬂ (50)

From the formula this formula we can calculate deviation of energy flux density
and can also find difference between £—¢ and w —¢ . Because we have already data

about polarization angle  , propagation angle ¢ is changeable from 0° to 180°.
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FIG. 5. Deviaton of energy flux density (1) and polarization (2) of quasi-longitudinal
acoustic waves propagated in the (110) plane in GaAs crystals
4. CONCLUSION
Researches show that the velocity of quasi-longitudinal wave reached the highest
magnitude at four types of regular angles at the same time that of quasi-shear happened
similarly, but it had a quite small magnitudes compared to quasi-longitudinal’s. Therefore
we can think that quasi-longitudinal vector smaller deviated from the [001] direction. This

deviation angle of polarization for quasi-longitudinal wave was about 9°20', however the

angle was become roughly 10°in the (110) plane, slightly higher than it was in the (001)
plane.

When it comes to the group velocity for only quasi-longitudinal wave. The reason
for a higher group velocity than phase velocity in GaAs crystals when acoustic waves
propagate is due to the dispersion properties of the material. In materials like GaAs, the
relationship between the frequency and wavelength of the acoustic waves is not linear,
meaning that the group velocity can be faster than the phase velocity.

This phenomenon is known as anomalous dispersion, and it occurs when the
material’s refractive index changes with frequency. In the case of GaAs crystals, the group
velocity is higher than phase velocity because the material’s dispertion cure is much that
the group velocity increases with frequency at a faster rate than the phase velocity.

Overall, the higher velocity in GaAs crystals is a result of the unique dispersion
properties of the material,which leads to a non-linear relationship between frequency and
wavelength in acoustic wave propagation.
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TEXHOJIOTMYECKUM U TEMIIEPATYPHO-BJAKHOCTHBIA PEXXVM B
TEJUOCYIIAJIBbHOM KAMEPE C AKKYMYJISITOPOM TEILIA
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V]IK 662.997

AnHoTanmusa. B pabore wu3ydeHbl TEXHOJOTUYECKHMH W  TeMIIepaTypHO-
BJIQXXHOCTHBIM PEKUMbl TEIUOCYIIMIKA C aKKymyJaropoMm Ttemia. OnpeneneHbl
ONTUMAJIBHBIE ~ NApaMETpPbl  TEXHOJOTHMYECKOIO0  pPEeXUMa MPU  CYIIECTBYIOIIMX
paauanMOHHO-KOHBEKTUBHBIX YCJIOBHSX M KOHCTPYKLMM CYIIMJIBHOM Kamepsl. Llenbro
JAHHOTO HCCJIeIoOBaHMs ObUTa MHTEHCH(UKAIMS TMPOIECCa COJHEYHON JHEPTrUU MyTeM
O00BEIMHEHUS B €IMHBIN YHEPreTHUECKUid OOK BO3AYIIHOTO KOJUIEKTOpAa U CYIIMIBHOMN
kamepbl. J[J11 TOCTMOKeHHUsS JaHHOW 1enu ObUiM pa3pabdoTaHbl METOIHUKA JAHArHOCTUKHU
TEII000MEHHOTO MPOIIECCOB B TEIUIOBOM aKKyMYJISITOPE C MEPEMEHHBIMU TOTEHI[UATaMU
muddy3un u mepeHoca Biard. JlaHHas METO-IMKA OTJIMYAETCS OT CYIIECTBYIOIIUX
METOJIOB MCCIE0BAHUS TEIUIOOOMEHHBIX MPOIECCOB CYIIKH (PPYKTOB B TEIHOCYIIUIIKE.

KirwueBble ciaoBa: cymuiabHas KaMmepa, aKKyMyJsTOp Tema, TeMIEpaTypHO-
BJIAKHOCTHBIN PEKHUM, TEIIMOCYLIUIIKA, PACXO BO3/1yXa, BEHTUIISALIUS.

TECHNOLOGICAL AND TEMPERATURE-HUMIDITY REGIME IN A
SOLAR DRYING CHAMBER WITH HEAT ACCUMULATOR

Abstract. In the article technologically and is haved a temperature-moisture mode
helium dryer with battery of the heat are studied. The optimum parameters of
technological mode ere determined under existing radiation convection condition and
designs of the dry camera. The work studied the technological and temperature-humidity
conditions of a solar dryer with a heat accumulator. The optimal parameters of the
technological regime were determined under the existing radiation-convective conditions
and the design of the drying chamber. The purpose of this study was to intensify the solar
energy process by combining an air collector and a drying chamber into a single energy
unit and a solar dryer. To achieve this goal, a diagnostic technique for heat exchange
processes with a heat accumulator and with variable potentials of diffusion and moisture
transfer was developed. This technique differs from existing methods for studying heat
exchange processes of drying fruits in a solar dryer.

Keywords: dry camera, battery of the heat, is haved a temperature-moisture mode,
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helium dryer, consumption of air, ventilation.

Beenenne. [IporpaMma 3K0OHOMUYECKOTO Pa3BUTHS PECIYOJIMKH IO 00ECHIEUEHUIO
TOIUIMBHO-3HEPI€TUYECKOM M IPOJOBOJBCTBEHHOW HE3aBUCHUMOCTH IIPEAYyCMaTpHUBACT
SKOHOMMIO  TOIUIMBHO-PHEPIe€THMUECKUX UM  MPUPOJHBIX  PECYPCOB,  IOBBILICHHE
3(pGEKTUBHOCTH CEIbCKOXO3SIMCTBEHHOIO IPOU3BOJCTBA, IPUMEHEHHE O€30TXOAHBIX
9KOJIOTMYECKH YHMCTBIX TEXHOJIOTMM, pa3BUTUE WHAWBUIYAJIbHBIX M KOMMEPYECKHX
XO3SICTB MO MepepaboTKe ChIpbs HAa MECTax.

B ycnoBusX cenbCKOXO3SHCTBEHHOTO Mpou3BojAcTBAa PecmyOnmuku Y30ekucraHn
CYHIECTBYET MHOI'O BapHaHTOB M PA3HOBUJIHOCTEH KOHCTPYKTHBHBIX WCIIOJIHCHUN
IeJIMOTEXHUYECKUX WJIM COJHEYHBIX CYIIWJIBHBIX arperatoB. [JIaBHBIMU 3JIEMEHTaMU
HHEPreTU4ecKOro OJ0Ka ATUX arperaTroB SBJSETCS BO3AYIUHBIA KOJIJIEKTOP U CyLIMJIbHAs
kamepa. B uactHocTH, B pabore [1,2] Obuia pa3paboTaHa HOBas KOHCTPYKLHUS
TeJIMOCYIIMIIKA C TEIUIOBBIM aKKyMYJISATOPOM TEIUIMYHOTO TUHA Ul CYIIKH (DPYKTOB.
Kpome »storo, B pabore wuccienoBaH IpoliecCc KOHBEKTUBHOM cymku ¢pykroB. Ha
OCHOBAaHMM TEOPETUYECKUX U  OKCIIEPUMEHTAIBHBIX MCCICNOBAHUN  OINpPENEICHBI
KOX(QQUIMEHTH TEeIla W MacChl MEpeJadyd B 3aBUCHMOCTH OT CKOPOCTH JIBHKCHHUS
TEIUIOHOCUTENS, KO3 PULINEHT BHYTPEHHEH 3aBUCUMOCTH OT Temmeparypbl. OnHaKo He
ONMCAaHO, KaK TPOMCXOAWT KHHETHKAa M OHHEPreTHKa BO3IyXO00OMEHa BO BpeMs
BJIATOBBIIEICHUS U YAJIEHUS BIAKHOTO TEIJIO-HOCUTENS B COJTHEUHOM CYIIMIIKE.

B cBs3u ¢ 3TEM pa3zpaboTka M CO3/JaHUE TEIMOTEXHUYECKUX YCTAHOBOK JUIS
peanu3aluy CYIIWIbHBIX U JPYIMX TEXHOJOIMUYECKHX IPOLECCOB, 00eCHeunBaOLINX
9KOHOMHIO TOIIMBHO-3HEPI€TUYECKUX pecypcos, CHUKEHHE OTEPh
CEJIbCKOXO35MCTBEHHON MTPOLYKIMH, YJIYYIIEHUE DKOJIOTHH, UMEIOT BAKHOE NPUKIIAJHOE
3HaueHwue [2].

KoneuHoli 11en1bI0 HUCCe10BaHUN MIPOLIECCOB IeIMOCYIIKH SBIIsETCS oOecreueHune
ONTHMAJIbHBIX TEXHOJOTMYECKUX PEXKHUMOB ISl JAHHOTO ChIPbsl MPHU CYIIECTBYIOIIMX
paavallMOHHO-KIMMATUYECKHUX YCIOBHIX U KOHCTPYKLIUU CYyIIMIbHON Kamepbl. OCHOBHOM
TEXHOJIOTUYECKON 3ajauell sIBISeTCS OIpe/esieHue ONTUMAIbHBIX PEKHUMOB 3arpy3ku U
adpaliu CyIIHIbHON KaMepe TeluoCyIiKy [2].

JlanHast MeToAMKAa OTJIMYAeTCs OT CYIIECTBYIOIIMX METOJ0B HCCIEIOBAHUS
TEMJIO0OMEHHBIX MPOLIECCOB TEM, YTO MO3BOJIIET PACCUMTATh MHTEHCUBHOCTh MCIIAPEHUS
BJIaTU C €IWHUIBI IOBEPXHOCTH MaTepuaja Ha OCHOBE CHHTE3a BIAroCoJep:KaHus
BJ&KHOCTH M OCHOBHBIX 3aKOHOB HEOOpAaTHMMBIX MPOLECCOB  TEINIOOOMEHHBIX
XapaKTEPUCTHUK IPOLIECCOB CYIIKH (QPYKTOB B reauocyumike. JlaHHas MOJENb MO3BOJISET
IPOBECTH  JAMArHOCTUKY  TEIUIOOOMEHHBIX  IPOLIECCOB W  BBIIOJIHUTH  AHAIM3
MaTeMaTHYeCKOM MOJeIM TeIIOOOMEHHBIX IIPOLIECCOB, a TakKXKe pealu30BaTh
MOJIETMPOBAHUE HAa OCHOBE IOJIYYEHHBIX 3aBUCUMOCTEH C IEJIbI0 JalbHEUIIEro
HCIOJIb30BaHUsl TPU pa3pabOTKEe METOJOB M YCTPOMCTB Ui KOHTPOJIS HamnpsyKEeHHO-
1e(OpMHUPOBAHHOTO COCTOSIHUS (PPYKTOB BO BPEMSI CYILIKH.

CocTosiHME BHYTPEHHErO BO3/yXa B CYIIMIBHOM Kamepe B IPOLECCE CYLIKU
OTpeJieNIAeTCs YAeIbHON 00beMHON UCTIapUBILIEHCS BIIAroi:

AG,,
G,, = v <, AG,, =G(r)-G(r + A7) (1)
AOGCOIIOTHAS BIAKHOCTH BHYTPEHHETO BO3/yXa:

mB=mH+Goicy (2)
B PE3YIbTAaTC UCIIAPCHUS BJIAr (I)aKTI/I‘-ICCKaH TEMIICpaTypa BHYTPCHHCTO BO3JyXa
6y,HeT OIIPEACIIACTCSI COOTHOIICHHUEM:
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(CP _CHXH)+PH(XB _XH)

o ~heo Cp +CpX, ®
rze teo — TeMIepaTypa BHYTPEHHETO BO3/lyXa IIPH OTCYTCTBHH CYLIKH.
MakcuManbHO BO3MOXKHAs 3arpy3Ka OrPaHHINBACTCS CICAYIOINM YCIOBHEM:
@, <100% wwm tg >t 4)
[Ipu ycnosun ¢ =100% wmw t; =t,, (5)

[Tpexpaiaercs npouecc NCapeHNs U HAUMHAETCS IPOLECC KOHIEHCALUH.

PesyabTratel U o0cy:kgenus. Kak mokaspiBaeT mpakTUKa, HauOObIIas
BEPOSATHOCTh BO3HHMKHOBEeHHUs ycioBus (D) mosiBisercss B mpeayrpeHHee Bpems 4...6 d,
KOI'JIa TeMIIepaTypa BHYTPEHHErO BO31yXa (B T€UEHHE CYTOK) CTAHOBUTCS MUHUMAJIbHOM.
Takast BEpOSITHOCTh BO3HUKAET B TEUCHHE MEPBBIX CYTOK CYIIKH, TAK KaK HHTEHCUBHOCTb
UCIIApeHHUs MaKcUMajibHa B IEpBble CYTKU. B mocienyromue CyTKd HHTEHCHUBHOCTh
WCIIapeHUsl TaJaeT U BEPOSTHOCTb BO3SHUKHOBEHHS YCJIOBHUs (5) Bcerja HUXKE, YeM B
nepBble cyTku. [lpu goctmxenun ycnosus (5), Haxe KpaTKOBPEMEHHOIO, B pe3yibTare
KOHJICHCALlUM BJIaru oOpa3yeTcsl IJIECEHb, HAUMHAETCsl 3arHuBaHue. TakuM oOpas3om,
ycnoBue (5) ABIAETCS HEAOMYCTUMBIM.

Jlist cobmonenus ycnoBus (4) HE00X0UMO:

G < Mgy — My, (6)

2y max
AOconoTHass BJIQXHOCTh BO3AyXa IPU HACBILIEHUH MpH NPUHUMAETCS INpU
MaKCHMaJIbHOW TeMIeparype Bo3ayxa B 4... 6 4. B IEPBbIE CYTKHU.
MakcuManabHO T0MyCTUMasl HauallbHas 3arpy3ka CyIIMIbHOM KaMepbl:
AG G Vv,

G _ e mak _ e mak (7)
T U —DN(r) (U, —)N(2)
rae N(z) —3HadeHne B MOMEHT MUHUMAJIbHOM TeMITepaTypbl CYTOK.
Yucno yactuil MmaTeprana CylmKy P MAKCUMAJIbHO JTOIYCTUMOMU 3arpy3Ke:
GOmax
Ny = G, (8)
HJ‘IOHlaI[L MaKCHMaHbHOﬁ 3arpy31<1/1 cocCcTaBuT
nlzrmx

Soex =—— 9)

Cpennuii MaccoBBIif YaCOBOM Pacxo]l BO3/lyXa Ha BEHTHJIALIMIO CYIIUILHON KaMephl,
aust obecneyeHusi He0OXOIUMOTO TOTeHIUana cymku [3]:

G, 1000
g (10)
0,
[Torenuman cymku:
O, = Mgy —Mg (11)
YacoBoil 00beMHBII pacxo] Bo3ayXa:
G
V=—E (12)
Pcs

KonuyectBo BO3ayxa, MOCTYMAIOUIETO Yepe3 HMKHUE NMPUTOUYHbIE (POPTOUKU PAaBHO
KOJIMYECTBY BO3/1yXa, YXOIAIIET0 Yepe3 BEpXHHE BHITSDKHBIE (hopTouku [4]:

G G
V=V, =V,, V,=—8, V,=—E (13)
PH P
CKOpOCTI) IIOTOKAa BOS}IyX& B HUKHUX U BerHHX BCHTHUIIAIITMOHHBIX @OpTOqKaX:
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W, =V, /(F,,3600), W, =V, /(F; ,3600) (14)
IIpy wW3BECTHBIX 3HAYEHUSAX CKOPOCTH IIOTOKA, ONpenensiorcs Ko3(pQUIueHTHI
THAPABIMYECKOTO CONPOTUBIICHUS B HIDKHUX M BEpHUX (opToukax [5]:

AP AP
S =TT e = i, (15)
pPuyWg 12 peWg /2
[Mepenan naBneHus MKy HIPKHUMU M BEpHUMH (opToukamu [6]:
AP:gH(;,(p(p _pB) (16)

Kosddunment ruapaBIudeckoro COMNPOTUBICHUS sBiseTcs (GyHKIUEH yria

OTKPBIBAaHUS Yp U OTHOCUTEIILHOW JUTMHBI (hOPTOUEK K, = o, rue agp-jMHa, 6p-IIMpPHHA
64

dhopTouku.
Ucnonw3ys rtpaduku, mpuBEICHHbIE B [5], ompenenseM yribl OTKPHIBAHHS
¢GopTOYeK B  3aBUCUMOCTH OT H3MEHEHMsS THAPABINYECKOIO  CONPOTUBIICHUS,
npuBeseHHOro B [5]. OHM anmpoKCUMHpPOBANINWCHh B BUIE KyOMYECKOrO IOJMHOMA B

UHTEpBaJE Yp=9...... 90° nput K =4 11151 HUKHUX TIPUTOYHBIX (hOPTOUEK:

7, =136,865-29,075,, +2,0852 —0,0044353 (17a)
npu Kg»=1, 11 BEpHUX BBITSOHKHBIX (POpTOUEK:
V3 =152,503 - 44,837&, +4,837£2 —0,097153 (176)

IIpn pacuerax mpUHUMAETCS CpeIHEMAccoBas TeMmIepaTypa Bo3ayxa g B
CYIIMJIBHOM Kamepe, u3MepsieMasi Ha BbicoTe 1, 6.....1,7 M OT TOBEPXHOCTH TTOYBHI.

JKCNEePUMEHTAJIbHASL 4YacTh. PacCMOTpPHM YICIBHYIO BO3MOXKHYIO 3arpy3Ky
CyHmMIbHON Kamepsl (puc.l). Ha aBe Tenekku mpruHUMaeM YACIbHYIO JUTHHY CYIIMIIBHOM
kamepel L=3m. B 3TOoM ciydae OynmyT cleayromue YIASIbHBIE XapaKTCPUCTUKH IS
CYUIWJIBHON KaMephl: yAeNbHas TIOMAaIb Sck =27M?, yaenpHbId 00beM Vek =70,35x2,
IJIOIIAAb IOJIOK CTEJUIAKEH Ha TEIE)KKE
Sy =4x4=16m°.

I

- P |

!
|
i
!

i.

!

t

S i e i g 14 | / M
T D T T L T L T LT

Puc.1. [IpyHnunuaneHas cxeMa COJTHEYHOH CYIIMJIBHOM MTAPHUKOBOM YCTAaHOBKH:
A-00BeMHBIN KOJJIEKTOP-BO3TyXOHArpeBaresb; b-kaMmepa KOHBEKTUBHOM CyIIKH; 1-
npucnoco0seHre, Npeodpa3oBbIBAIOIIEE COTHEYHYIO SHEPTHUIO B TEIIOBYIO; 2-
IIJIACTMACCOBBIE BOJSIHBIE EMKOCTH; 3-BHEIIHUE TOBEPXHOCTH KaMepbl KOHBEKTUBHOMN
CYLIKH IUIOZIOB U OBOLLEH; 4-ITpO3padyHble IOBEPXHOCTH YCTAaHOBKU; S-TEIUIOBAs
M30J511s; 6-BEHTUIISATOD; 7-BHEIIHSS IOBEPXHOCTh KaMepbl KOHBEKTHUBHOW CYIIIKH,
KOTOpas MOKpalleHa YEPHBIM LIBETOM; 8-BO31yXOBOJ I IOCTYIUIEHUS] BHELTHETO
BO3/1yXa; 9- CTENIaK¥ KOHBEKTUBHOW CYIIMIIBHOW Kamepsl. 10- Bpamaroniee ycTpoicTBo
JUIs IpeoOpa30BaHus COJIHEUHOM SHEPTUH B TeIIOBYIO; 11-1Bepb; 12-ycTpoiicTBa ams
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paauaImOHHON CYIIIKH TJI0OI0OB ¥ OBOIIEH.
Macca warepuaia, 3arpy)kaemMoro B CYIIHJIBHYI KaMmepy, OIpeaemseTcs
COOTHOIIIEHUEM:

GOZnan SH Gq (18)
3Ha‘leHI/I}I OFpaHI/I‘II/IBaIOTCH CJ'ICI[y}OH_[I/IMI/I YCJ'IOBI/IHMI/Ii
Gy <Grrxr N, <N,y Gy <Gy e (29)

rae G ma— Macca marepuasiia mpy MaKCUMAaJIBHO BO3MOXKHOH YIAKOBKE IUIONOB B
mucnepcHoM ciioe,  Go max- TEXHOJOTMYECKH MAaKCHUMAJIbHO JOIMyCTHMasl 3arpys3ka
Marepuana, Ny max— MakcuMalibHO BO3MOKHAs yIMaKOBKa IUIOA0B B AMCHEpCcHOM cioe. Ha
MPaKTUKE €CTECTBEHHAs YIaKOBKa IJI0JJ0B BCErJja MEHbIIIE MAaKCUMAaJIbHO BO3MOXHOM, TaK
KaK TEXHOJIOTMYECKHM MAaKCHUMaJIbHO JIOMyCTUMas 3arpy3ka HE MOKET IMPEBBIIIATh
MaKCHMaJbHO BO3MOXKHYIO YIIaKOBKY, TO ycioBus (19) mpumyt Bu:

G, <Gy, /G| (20)

ITo cyrounoit npouzBoaurensHoctd CCY (MO BIaXXHOMY MaTepually) onpeaenseTcs
YHUCJIO HEOOXOIMMBIX TEJICKEK B CYTKHU:

GC
yt
Nree = G (21)
0max
e sl NTeyt IPUHUMAIOTCS L€JIble 3HAYCHUS.
OO01as AMHa CYIIMIBHON KaMephbl:
nTcyt
I—Ock = Lck 2 Te (22)

Ha puc.2. npuBenéH pexum a’paluu CYIIWIBHOM KaMepbl NP MaKCUMAaJIbHO
JOIYCTUMOM 3arpy3Ke JbIHH.

2 W’M/C , Up, pag

T4

Puc.2. Pexxum aspaniuul cymuiabHONH KaMephl MPH CYIIKE JIbIHU:
1-ckopocts WH moToka Bo3yXa B HIDKHUX BEHTHIISIITUOHHBIX (POPTOUKAX; 2- ckopocTh Wes moToka
BO3/yXa B BEPXHUX BEHTWISIIIMOHHBIX (DOPTOUKAX; 3-yToJ Yy PACKPHITHS B HUKHUAX
BEHTWIALIMOHHBIX (DOPTOUYKAX; 4- YO Yg PACKPBITUS B BEPXHUX BEHTHIISIIUOHHBIX (POPTOUKAX

BouiBoabl. BriCOKass WHTCHCHUBHOCTh WCIAPEHUS BIAard B TIEpBBIE CYTKH TpeOyeT
YBEIUYEHUS] BEHTWISIMHU, YTO MPUBOAMUT K CHIKEHUIO TEMIIEpaTypbl BO3AyXa B CYIIMJIBHOM
kamepe. B mociemyromue CyTKM, € TaJ€HUEM HWHTECHCUBHOCTH WCHApEHUs BIard W,
COOTBETCTBEHHO, aj’pallid, TeMIlepaTypa BO3AyXa B CYIIWIHHOW KaMepe BO3pacTaerT.
OTtHOCHUTENbHAs BIAXKHOCTh BO3/yXa B MIEPHOJI MAKCHMAaJIbHON MM TIOCTOSTHHOM CKOPOCTH CYIIKH
moxkeT pocturate 100%. B nmampHelieM HHTEHCHBHOCTH BEHTWIIALMU JOJDKHA OBITH TaKOM,
4TOOBI HE omyckath ycioBus (5). Kak 0b10 oTMedeHo paHHee, yciaoBue (5) Hanboliee BEpOSTHO
B MpeayTpeHHee BpeMs B 4....6 1, B 3TOT Nepuo]] HeoOXxonuma 0ojiee NMHTEHCHUBHAS BEHTHIISIIHS
CYIIMJIBHOM KaMephbl (CM. TabJInIy)
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OnTuManbHbIe MapaMeTPbl TEXHOJIOTHYECKOT0 PeKuMAa CYIIMIbHON KaMephl

npu Ly=4 m. (2015 2.)

IMapamerp Enununa Cdeponanl Auck IlnacTuna
H3MepeHus Adpukoc Bunorpan s160kHm AbiHu
Te CyTKH MecsII| 6 urous 6 ceHTs0ps 3 urous 4 urons
Gomax Ke 240 145 145 95
Sax M 16,83 23,8 23,2 6,4
Nm wm/m’ 1007 8264 428 85
G, 10 Ke/(u m°) 0,51-0,03 0,41-0,01 1,11-0,03 0,71-0,01
0s10° ke/m® 115-18, 9 95-8,84 113-19,9 92,3-14,6
VH M/ 603-130 591-14,0 1570-95 1540-1,2
' My 651-132 637-14,4 1700-97 1630-1,24
WhH m/c 0,67-0,14 0,66-0,02 1,74-0,11 1,71-0602
We m/c 0,72-0,14 0,71-0,02 1,88-0,11 1,81-0,02
Lock M 18 18 9 12

VYron pacKphITHsl BEHTWIAIMOHHBIX (OPTOYEK HAXOMUTCS B NPSMO IMPOIOPIHOHAIBEHON
3aBUCHMOCTH OT BI&KHOCTH BO3/1yXa. B mepBble CYyTKH yroi packpbITusi GopToUeK MaKCHMaieH
10 90°, B mocneayroNMe CyTKH yMEHBIIAETCA M JOBOAUThCs 10 9°.

YcnoBHbie 0003HaueHUS: T-BpeMs. 4; G,-ynenbHas 00beMHAas Macca MCIApCHHOW BIIATH;
ke/(m® u); AG,~Macca MCHapeHHoi Bary 3a A, ke/u; Go-HauanbHas Macca MaTepHaa JacTHIbI,
xe; Gg —CpeHEMACCOBBIM YAaCOBOH pacxoJl BO3[yxa Ha al’paiuio, xe/y, Vg — yIenbHbIH 00BEM
CYIIMIBHOH Kamepsl, 1°; V-00bEMHBII 4acoBOi Pacxoj BO3AyXa Ha adpalliio, M/ Ma, My, Mex-
aBCOMOTHAA BIAKHOCTH BHYTPEHHETO, HAPYKHOTO BO3AyXa TPU HACHINEHHH, Ko/°; tg, tm,-
TeMIeparypa BHyTPEHHETO BO3yXa M MOkporo tepmomerpa, °C; Cp, Cy-yaenbHas TEIIOEMKOCTh
cyxoro Bo3ayxa u mapa, [oc/(ke K); Xz Xp-BnarocopepikaHue BHYTPEHHETO W HAPYKHOTO
BO3JlyXa, Ke/Ke, ¢p-OTHOCHUTEIIbHAS BIAKHOCTB, %; Up—HadaJabpHOE BIIArocoiepykaHue mMarepuaia,
Kke/ke; N-CKOpOCTb CyIIKH, ke/(ke ) S-TImomams 3arpy3ku, m%; N —IUIOmaah YacTHI MaTepHasa
cymku Ha 1 wm/m?; O-moTeHIMan cymku ke/m>; pu, ps,  pcs-TUIOTHOCTH HAPYKHOTO,
BHYTPEHHETO M CyXOTO BHYTPEHHOTO BO3ayXa, k2/m°; W- CKOpPOCTh TOTOKA BO3IyXa depes
BEHTWISAILIMOHHBIE (DOPTOUKHU, M/C; P-yrod PACKPHITHS BEHTWIALMOHHBIX (OpTOuek, rpam; ¢&-
KO3 QHIMEHT THAPABIMYECKOTO COMPOTHUBICHUS (HOPTOUECK; Sck-yIeNbHAs MJIOMIAAb CYIIMIbHON
KaM€CphblI, Ms; H([,' BbICOTAa MCXKY HM)KHUMHU U BEPXHUMU BCHTUIIAITMOHHBIMHA (bOpTO‘IKaMI/I, M, NT-
YHCIIO TENekKEK-CTeIUIaxel, mT; Py —ynenpHas Teruiora mapooOpasoBanus, /[oic/ke; §-yCKOpeHHe
CBOOOTHOTO MAJICHHUS, M/
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YIK.621.362

AHHOTanus. B naHHO# paboTe MICHKM M KPUCTALIBI MnaSi7 HCCleI0BAIUCh MPH
temmneparype 1100°C ¢ ucnons3oBanuem meroaa DLTS-onpenenenus mapameTpoB IEHTPOB
JIOKAJIM3alMK AJIEKTPHYECKOT0 aKTUBHOTO 3apsija B MONyNpoBoaHUKaX. Oco0oe BHUMaHHE
OBUIO yIIENIEHO PACCMOTPEHHUIO TPAHUYHBIX ycloBHH. MccienoBaHus MPOBOIWIN B TEUEHHUE
pPa3HBIX MEPUOJOB: OT HECKOJIbKMX JIE€CATKOB MHMHYT J0O HECKOJBKUX IECATKOB YacOB JUIS
(GbopMHpOBaHUS CIIaBa CHJIMIKAA C BBICOKUM COJEpKaHHEM MapraHIla, a 3aTeM OXJIaXKIaJIH
70 KOMHATHO#M Temmneparypbl. [Ipu 00pa3oBaHuM BBICOKOMAPTaHIEBOro cuiumnmmaa MnaSiy
B3aMMO/ICIICTBHE MapraHiia ¢ KpeMHUEM MPHUBOAMIO K 00pa30BaHUIO HEOOJIBLINX OCTPOBKOB
cunuiuaa Mapranna pasmepom  20-50 HM. 3pech goMuMHUpYROIUM UG GY3MOHHBIM
anemeHToM sBisiercs Mn. Ilponecc auddysmonHoro obmena dopmupyeTcs 3a cueT
W3MEHEHHUSl TPAJMECHTa XHUMHYECKOTO TOTEHIMaJa BIOJIh aTOMOB KPEMHHMS W MapraHia.
Kpucramisl cunmuiuaa MnaSiz (XRD-6100) uccneoBanu Ha peHTT€HOBCKOM TU(PPAKTOMETpPE
SHIMADZU. B pe3synbrate uccienoBanuii B kpuctaiwie MnsSiz, momydeHHoM auddysu-
ouHbIM MeTonoM (COD-1530134), unentuduuupoBano 14 mukoB, COOTBETCTBYIOIIUX 0Oa3e
naHHBIX. Pasmep kpuctammoB cuwammuaa MnaSiz (Dpir) - ot 6,2¥10°M mo 9,1%107%m,
HATSHKCHHE DPELIeTKH MeXIy aromamu kpucramwia (g pif) - or 0,31 mo 3,71, mioTHOCTH
nucioKanuit Ha moepxHocTH (8 piff) coctaaser ot 1*10' o 3,2*10™. Ycranosneno, uto
crerneHb Kpucraumusaun MnsSiz cocraBmwia 9,3%, a crenenp amopduoctn - 90,7%.
VCTaHOBJIEHO, YTO CTENEHb KPUCTAIUIM3ALNH CHIMAIKAO0B MnsSi7 O4eHb HU3KAS.IO a CTCNCHb
aMOp(hHOCTH BBICOKAsS U3-3a TOTO, YTO aTOMBI Mn u Si HECTEXHOMETPUUIECKH CBSI3aHBI JPYT C
apyrom. brnaromapsi oOpasoBanuio CHIMIHIOB MnsSi; ¢ HCIOIb30BAHHEM HECTEXHO-
METPUYECKUX CBSI3€H OHU MPOSBISAIOT 3NEKTPOPUINUECKHE CBOWCTBA, XapaKTEpHbIE IS
MOJTYTIPOBOTHUKOB.

KuaroueBble ciaoBa: KpHuCTauIM3alMs, HECTEXMOMETPHS, IJIOTHOCTh JUCIIOKAlUi,
HaTSKEHUE PELIETKH, aMop(u3M, ariomMepanus.

STUDY OF Mn4Siz COATINGS OBTAINED BY DIFFUSION METHOD USING AN
X-RAY DIFFRACTOMETER

Abstract. In this work, MnsSi7 films and crystals were studied at a temperature of 1100
°C using the DLTS method for determining the parameters of localization centers of electrical
active charge in semiconductors. Particular attention was paid to the consideration of
boundary conditions. It was carried out over a period of several tens of minutes to several tens
of hours to form a high-manganese silicide alloy and then cooled to room temperature. During

49


mailto:igamov_bd@mail.ru
mailto:bekpulatov85@rambler.ru

QarDU xabarlari FIZIKA-MATEMATIKA 2024 (2) 2

the formation of high-manganese silicide MnsSi7, the interaction of manganese with silicon
led to the formation of small islands of manganese silicide 20-50 nm in size. Here, the
dominant diffusion element is Mn. The diffusion exchange process is formed by changing the
gradient of the chemical potential along the silicon and manganese atoms. Crystals of Mn4Si;
silicide (XRD-6100) were studied on a SHIMADZU X-ray diffractometer. As a result of
research, 14 peaks corresponding to the database were identified in the MnsSi; crystal
obtained by the diffusion method (COD-1530134). Mn4Si- silicide crystal size (Dpitr) from
6.2*10°m to 9.1*10®m, lattice tension between crystal atoms (epir) from 0.31 to 3.71,
dislocation density on the surface (3piff) ranges from 1*10'! to 3.2*10. It was found that the
degree of crystallization of Mn4Siz was 9.3%, and the degree of amorphism was 90.7%, as a
percentage. It has been established that the degree of crystallization of Mn.Si- silicides is very
low due to the fact that the Mn and Si atoms are non-stoichiometrically bonded to each other,
and the degree of amorphism is high.

Key words: crystallization, nonstoichiometry, dislocation density, lattice tension,
amorphism, agglomeration.

BBenenne. B nHacrosmiee BpeMss B Mupe OOJiblIOEe BHUMAHHE YAESETCS BONPOCY
SHEProcOepekeHMsl, MO3TOMY BO3PACTAET MHTEPEC K METAUIOCHIMLUAHBIM MaTepuajlaM C
BBICOKMMHM TEPMOXJIEKTPUYECKUMU CBOMCTBAMH, B TOM 4YHUCIIE K BBICHIEMY CHJIMLHIY
maprania MngSiy. [lnenku u kpuctamisl MnsSiz IMErOT GOJIBIIOE MPAKTHYECKOE 3HAUYCHHE B
MHKpPO- U HAHORJICKTPOHUKE, ONTOIEKTPOHUKE U MUKpoceHcopax. Kpome Toro, Ha Ux ocHOBe
CO3JIAI0TCSl TEPMOI€HEpaTophl, TepMoOaTapen U Apyrue TepMolneMeHThl. M3BecTHO, 4TO
MapraHel] npu B3aUMOJCHCTBHM C KpeMHHMEM o0Opa3zyeT TpuHAAIaTh coeauHeHuit [1].
CoenuHeHUss KpeMHMsI M MapraHia M3MEHSIOTCS 0 3aKOHY KpaiHOCTEH INpU H3MEHEHHU
TeMIepaTyphl U TOCTUTAIOT MuUHUMYMa okoiio 500 — 600 °C.

IIpu KOMHATHOH TeMIepaType ompejeNeHa IeKTPONPoBOIHOCTE 6=245 Om -em™ u
u3meHenrne tepmo-OJIC mo o=+102 mkB/K[2]. MnsSiz obnamaet moiayHnpOBOIHHUKOBBIMU
cBoiictBamu p-tuna. Ilpu Temnepatype 300K koHLEHTpauus HOCHUTENEH TOKAa COCTaBISET
oxono 10% em, a moaBmxHOCTS W ~ 10 cM?/B-c. Illupuna 3anpeniennoi 30ub1 - £~0.67 — 0.8
5B [3-4]. B pesynabrate auddysuun atomoB Mn B mapoBoil (aze ¢ aToMaMu KpPEMHHUS
oOpasyercsi KUIKUIl pacTBOp, M IIOCIE 3aTBEpAEBaHHUs 00pa3yeTcsl BBICIIMN CHUIMLINA
mapranma [5]. Mexanusm pocrta 1wieHOK MnsSiz—Si MeHsieTcsi B 3aBHCHMOCTH  OT
TeMIepaTypsl KpucTamu3aiuu [6]. BHyTpu ammysbl B yCIOBHSX BBICOKOI TeMIIEpaTyphl
bopMupyeTcst MOKPITHE U3 CHTMIMAa Maprania MnySiz [6]. Pacnipenenenne aromoB Mn B Si
npu TudQy3un MoKa3bIBaeT pe3Koe CHIKEHHE KOHIEHTpauuu Mn Ha riayoune 15— 20 Mk
[7]. Meromamu (OTOINIEKTPOHHOH CHEKTPOCKOIMH BBICOKHX SHEPrHii U CHHXPOTPOHHOTO
U3Iy4eHus: oOHApyKEHO, YTO POCT IUIGHKM MapraHma Ha moBepxHoctH Si(111)7x7 mocne
HaHeceHuss ~0.6 HM Mn NpUBOAMT K OOpPA30BaHMIO IUICHKH CHJIMIMAA MapraHiia Iocie
omxuMma npu Temnepatype ao 600°C [8]. YBennyeHue KOHUEHTpauuu repmanus 10 1% B
Mn;Si7 TPUBOAUT K pa3pyIICHHUIO CIIOUCTBIX OCAIKOB M CYIIECTBEHHOMY HW3MEHCHHIO
TEPMOIEKTPHIECKUX CBOICTB [9]. XuMHUecKr OTHOPOJHBINA COCTaB TOHKUX MOKPBITHH Si(1-
xMny HaOmromaeTcss B CIOSIX, BBIPAIICHHBIX HMMITYJIBCHBIM JsazepoM [9]. B MnSiy 711,75
muddy3ns HUKETsT CHIDKeHa, HO 3((GeKTHBHO Hcroib3oBaHHe Xxpoma it auddysmn [10].
Jlo6potHocTth ZT cocrasnset 0.59 + 0.06 mist MnySi(1- x) B uaTepBaie temneparyp 300—600K
[11-15]. B manHO#t cTaThe pacCMOTPEHO MOIYyYCHHE BBICHIMX CHIMIMIOB Maprania MnsSiz
I Qy3UOHHBIM METOIOM, U IPOBEJICHO MUCCIIEJOBAaHHE UX MapaMeTPOB C HCIOJIb30BAHUEM
PEHTI€HOBCKOTrO AU(paKTOMETpa.

MeToanKa Mccae0Banus. MOHOKPHCTALIBI KPEMHHS MIOManpio 1 cM? U mopouok
Maprasia MOMEIIaJuCh B Cpeay aproHa B YCIOBUsAX Bakyyma. [ud¢ysus mapranina B
KpeMHH mnpoBoawnack npu Temmeparype 1100°C u wuccnemoBanach paguoaKkTUBHBIM
meronoM u mMeronoM DLTS (meron DLTS siBnsiercst OTHUM M3 OCHOBHBIX TIPH OIIPEACICHUH
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apaMeTPOB JICKTPUUECKUX AKTUBHBIX IIEHTPOB JIOKATU3AINY 3apsiia B MMOJYIPOBOIHHKAX).
Oco0oe BHUMaHHME ObUIO YAEIEHO PACCMOTPEHHMIO I'paHUYHBIX ycioBui. [Ipeamonaranocs,
YTO 70 YCTAHOBJICHHUSI MOBEPXHOCTHOM KOHLIEHTPAIMM MapraHell pearupyeT ¢ KpeMHUEM C
00pa3oBaHKEM BBICIIETO CHIIMIIIA MapraHIla, HAXOASIIET0CsS B PABHOBECHH C PACTBOPEHHBIM
B KpeMHUH MapranueMm. Jnddys3us npoBoauiach B TEYEHUE OT HECKOIBKHUX JECATKOB MUHYT
70 HECKOJBKHX JECSITKOB YacoB s (OPMHUPOBAHHS CIUIaBA CHJIMIKAA C BBICOKHM
coJepKaHHEM Maprafia, a 3areM o0pa3lpl OXJKAATUCh 0 KOMHATHOW TEMIIEpaTyphl.
Boictmii cunmmina mapranmna (BCM) HaxoauTcst B paBHOBECHH C MapTaHIeM, PacTBOPEHHBIM
B KpemMHUH. KOHIEHTpaluMOHHBIM NpOoQUIL ONpeAensics METOIOM CEKIIMOHUPOBAHHUS.
Omnpenenennt pactBopumocts C(7) u kodddurment nudpdysun D(7) mapranua B KpeMHUH,
KOTophle omuckiBaroTes cooTHomenusmu: D(T)= Doexp (— En/kT) (1), rae: Do=(6.9£2.2)-107*
em’c™Y, ameprus aktuBanuu En=(0.63£0.03)3B, C(T)=510?*exp [(6.94-2.78)/KT] cm3. D(T) -
ko3ddunment auddysuu - okaszancs ot 10° 1o 3-10° cm?/cex [16].

Mopdonoruto, MHUKPOCTPYKTYPY M XUMHUECKHHl COCTaB OOpa3loOB BTOPHYHBIX U
OOpaTHBIX 3JEKTPOHOB HM3YYaJH METOJAaMH CKaHHUPYIOIIEH AJIEKTPOHHOH MHKPOCKOIHUH H
SHEProJUCIEPCUOHHON PEHTIeHOBCKOM crekTpockonuu B pexume 3D Ha Mukpockomne
Quanta-200 npu yckopstorem HanpsbkeHud oT 5 1o 30 kB. Kpucramisl BeICIIero cuimmnuaa
Mmapranna MnsSiz uccaenoBaarch Takke Ha peHTreHOBCKOM audpaxTomerpe (XRD-6100)
SHIMADZU.

Onucanue M aHaau3 pe3yJbTatoB. B pabGoTe wuccienoBaHa KpUCTAILTHUECKAS
CTpyKTypa Mn4Si7, MOJIyY4EeHHOr0 METOJOM peakTUBHOW Iu(Pdy3uu B KpUCTALT KPEMHUS
napoB Mn B BBICOKOBakKyyMHOM peakTope npu Temmeparype 1100°C. [ns uccienoBaHus
Mop(dooruM KpHUCTANIMYECKOW TMOBEPXHOCTH, MUKPOCTPYKTYPbI M XUMHYECKOTO COCTaBa
HNOKPBITHA ~ MngSi7  HCIONIB30BAJIMCh  METOJBI  PEHTTCHOBCKOW  3HEProIUCIICPCHOHHOM
CIIEKTPOCKOIIMU U CKaHUPYIOIIEH AJIEKTPOHHONW MUKpOCKomuU Ha mpubdope (Quanta-200-3D).
[Tpu “CHONIB30BAHUU ATUX METOAOB JUATHOCTHKH HAOIIOJAUCh KPYIHBIE «KpaTepbD» H3-3a
B3auMHOU auddysun Mn B moepxHocTh KpemHus (puc.l). Ilpu oOpazoBaHHMM BBICHIETO
cunuiuaa wmapranna MnsSiz B3aumopeiicTBUe MapraHia ¢ KpPeMHHEM I[PHBOAWIO K
00pa3oBaHUI0 HEOONBUINX OCTPOBKOB CHIMIMIA MapraHma pasmepoMm 20-50 HM. 3xech
noMuHUpYIOIM U y3noHHBEIM dneMeHToM siBisercs Mn. ITlponece auddy3monHoro
oOMeHa ¢opMupyeTcsl 3a CYeT W3MEHEHUS TpaJueHTa XHMHUYECKOro TIOTEHIMala BJOJb
aTOMOB KPEMHHS U MapraHIia.

MeTogoM  SHEProAWCIEPCHOHHOW  PEHTITCHOBCKOW  CHEKTPOCKOMUHM  HM3ydalics
3JIEMEHTHBIM COCTaB BBICILIErO cuiavuMiaa Mapranua. Ha puc.2A BuaHO, 4TO aromMHasi macca
kuciopoaa cocrasisier O=47.38at.%, a aTomHast Macca kpemHus - Si=52.62a1.%. Ha puc.2B
BUJIHO, YTO aTOMHAasi Macca KpeMHHs cocraBisieT Si=95.19at.%, a atomHas macca mMaprasua
Mn=4.81at.%. Ha puc.2C 6bu10 00HApy>KEHO, YTO aTOMHOE MAacCOBOE CO/ICP)KAaHHE KPEMHUS
B CWJIHWIIMJIE C BHICOKMM COJIEpIKaHWEM MapraHila cocraisier Si=61.67%, a aToMHOe MaccoBoe
cojep:xaHue Maprania cocrtapisier Mn=38.33%.

Puc. 1. O6pa3oBanue cunmiuna MnsSiz Ha TOBEPXHOCTH KPEMHHSI.
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BUIUMOMY,

PEHTT€HOBCKOM CIIEKTPOCKOIHH.

[Ipr popMUPOBAHUH CHITMLUIHBIX MOKPBITHI MnsSi; aTOMbl Mapraia MNepexoisT H3
naporazoBoi a3kl B MOJUIOKKY M B3aUMOJICHCTBYIOT C aTOMaMu KpEMHHUsI, 00pa3ysi 3apoAbIILIN U
HeOoJIbIINe OCTPOBKH CHIIMIIMIA MapraHia. B panbpHeHIIeM MeJKHe OCTPOBKH YBEITUYMBAIOTCS B
pasmepax 3a CHYeT MUTpalUd aTOMOB BJOJIb MOAJOXKH M 00pa3yroTcs KpymHble ocTpoBkH. [lo-

eHne MnsSiz, TIOJIy4eHHOE METOIOM SHEPTOMUCIICPCHOHHON

o0pa3oBaHHE CTYNEHYATBIX KpaTepoB HA HEKOTOPHIX YYacTKax OCHOBaHMS

npoucxoaut no Mexanusmy dosmepa-Bebepa B pesynbrate nudy3uoHHOTO Mepexoia aTOMOB
KpeMHHs 1 MnySi; K OCTpOBKaM, T1e OHU coeauHsAoTcs (puc.3A). 3aTeM OCTPOBKH CITHBAIOTCS

BMecTe, 00pa3ysi eIUHOE TOKPhITHE W3 CHMIUIa MnsSiz ¢ BBICOKHM

(puc.3B).

52

i

S =

Puc. 3. CunmuuaHoe nokpeitue MnsSiv.

CoACp)KaHUEM MapraHia



QarDU xabarlari FIZIKA-MATEMATIKA 2024 (2) 2

5000 T T T T T T

= 1. Diffusion method-MudSi7 . my
£~ 2. peaks.aps

4000

3000

23003 4]
&y 1122686 4]

1 13600 A
|

Intensity (arb, units)

at ¢

oy - 14406 ]

2000

1000

[=]
[
[=]
(]
=]
w
[=]
=
=]

S0
26 (%
Puc.4. PenTtreHo-audpakroMeTpUIECKUi aHaIu3 KprucTasna MnaSiy.

Kpucramisl Beicmero cummnuaa mapranna MngSiz oOHapyKeHbl Ha PEHTI€HOBCKOM
mudpakromerpe (XRD-6100) SHIMADZU c¢ 14 nukamu, COOTBETCTBYIOIIUMH IaHHBIM,
npuBeneHHbIM B 0a3ze manubix (COD-1530134) [19]. ITony4enHbie Ha oOpa3iax JaHHbBIC, B
COOTBETCTBHH C JaHHBIMH, NPEICTABICHHBIMH B JIMTEPAType, CBUIACTEIBCTBYIOT O TOM, YTO
CTPYKTypa KpPUCTAJUIOB BBbICIIETr0o cwinimaa mapranua (P4-c2) sBisercs TeTparoHajlbHOM.
Mexaromuoe paccrosiaue MnsSiz (d), monydenHoe nuddy3HOHHBIM METOIOM, CPABHUBAETCSI
¢ MeskaToMHBIME paccTosausamu d (3.42 A; 3.24 A; 2,76 A; 2.44 A; 2.27 A; 2.15 A; 2.10 A;
1.85 A;), 3anannsivu B Gase gannbix: 3.39 A; 3.10 A; 2.74 A;2.39 A; 2.26 A; 2.14 A; 2.06 A;
1.86 A). YcTaHoBnEHO, YTO Pa3HOCTH MEKATOMHBIX paccTosHuit (Ad) MnsSiz, momydenHoro
nuddy3MoHHBIM MeTonoMm, coctaBiser or 0.01 o 0.14 A. IlpuumHa 5TOro MOKeT
3aKJII0YaThCS BO B3aMMHOM ariomepaiiu atoMoB Mn u Si npu Beicoko# Temmepatype [18-19]
(puc.4). Ha ocHOBe MaHHBIX PEHTICHOBCKOW IU(pakuuu 00pas3loB CHIMLKAA C BBICOKHM
coziepkaHreM Mapratua MngSiz ObLIH ONpe/iesieHbl pa3Mepbl KPUCTAILIOB C UCTIOIb30BAHUEM
ypasHenus [lleppepa [20-21] (2).

KA
Bcas@ (2)’

rne K=0.9 - koHcTaHTa, 3aBUcsIas oT (OPMbI KPUCTAJUINTA, YTiIa B IeHTpe O-nnka, A —
0.15406 (HM) mJIMHBI BOJHBI PEHTIEHOBCKOTO W3IYYCHHUS, IIUPUHBI THKAa MPOQUIIs
IU(PaKIMOHHOTO TMHKA, [3 - TOJIOBHMHA, MAaKCHUMAJIbHAs BBICOTA, OOYCIIOBJICHHAs MallbIM
pa3MepoM KpUCTAJUIMTOB, pPACCUUTHIBACTCA ITyTeM pacueTa pasMepa D-kpucraina FWHM wim
Brk  (monHAs < mMpPUMHA  HA  TOJOBMHE  MAaKCHMyMa), COOTBETCTBEHHO, COIJIACHO
MaTeMaTHYECKUOMY CHOCOOy OIpeseIeHus MUKa. DTOT METO]I HCIIOIb3yeTCs sl TeHepaluu
«IIUKOB», KOTOPbIE MOXHO HCIIOJIb30BaTh JJIsI pacdyeTa pas3pelieHusi Macc-CHeKTPOMETDa,
CO3/IABIIETO AHANM3UPYEMBbIH CIEKTP. Bpx; =PrtPa. Pt - IIMpHHA JNUHHMM, HOIydYCHHAS U3
BHEIIIHETo pazMepa kpucramia (popmyna 3), a P - paclIMpeHue JTUHUMA U3-32 MEKATOMHOTO

HaTsDKeHus pemetku (popmyna 4) [24].
kA

Bt = eosey ) Fa=4etg(0)(4)

OTO0 paclIupeHue JIMHUU MOKHO MCIIOJIb30BATh JJIsl U3MEPEHUs pa3Mepa KpUCTAIJIOB U
HanpspkeHus: Mexay peweTtkoil. Pasmep (D) kpucTamioB BbICHIEr0 CHWIIMLUAA Maprasua
Mn4Si7, momydeHHBIX AU(QY3HOHHBIM MeTOmOM, cocTaBiser oT 6.2:10°M no 9.1:10%m
(puc.5). Obpa3oBanue KpuCTaioB MngSi7 pa3HOro pasmepa CBHICTEILCTBYET O TOM, YTO
MOKPBITUE M3 BBICHIETO CHWJIMIIKIA MApraHiia MMEeT MOJIMKPUCTAIIMYECKYIO0 CTPYKTYpy. Bo
BpeMsi 00pa30BaHUsI KPUCTAJUIOB HANpsDKEHHE WK JedopMaIusl perieTku MeXIy aTroMaMu
Mn u Si BO3HHKAaeT M3-3a2 BBHICOKOW TeMIepaTypsl U ariomepanuu (dpopmyna 5). 3mech (g) -
nedopmaryst penretku [23-24], cocTaBiseT:

_ _Bhr
€ 4+tg @ (5)

yCTaHOBJ'IeHO, qT0 ,He(l)OpMaLII/ISI PCIICTKU MCXKIAY aTOMaMH KpPUCTAJUIOB CHIIMIUAA
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Mn4Si7, mony4enHbIx auddy3uoHHBIM MeTOI0M, Bapbupyercs ot 0.31 1o 3.71 (puc.6).

bbulo oOHapyeHO, 4YTO BBICOKOM Temmeparypsl 00pa3LoB HEIOCTaTOYHO IS
MUHUMU3auu aedopmanuu pemeTkd. Kpucramibl BhICIIEro CWIMIUAA MapraHia HMEIOT
pasHble pa3Mepsl npu (HOPMUPOBAHUU W AMCIOKALUH PEIIeTKH, KOTOpble 00pa3yloTcs n3-3a
W3MEHEHUH KPUCTAJUIMYCCKOU PEIIeTKU U €€ JedopMaIiim.

1.00E-007 4 4.5 ¢ ) & Dif-Mn,Si; 44 (16,8612, 3 71485)
4 hd ® Dif-Mn,Si, )
8 E-8) ot

8.00E-008 - (57 T OT1EEE) 5
= (62,1848, 6 84425E-8) w
E e, 4z .
[} . ] ‘©
% 6,00E-008 (21120, 50155208 (382955 5‘40'7555-1 2 = 24
I o— o
5 . L4 1 £ (53,3655, 1.3612) ]
& 4,00E-008 - o = N e
S o — 4 | ®es00m04 @1 ”:'1.2» 08118)

(34.2271. 0.53845) (85,5056, 0.31171)
2,00E-008 L , T (79704 0 0857) ® qusr 05151 =
F 4 e B0 6 -9) 01 ..d ’.(J(a!ow
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Puc.5. Pazmep kpucramuioB cuinunnuaa MnySiz. Puc.6. Iedpopmanus pemeTku MexmIy

aTroMaMu Kpuctamia MnsSiy.

Bunel nucnokamuii AensTcss Ha KpaeBble M BUHTOBBIE. UMCIO M3MEHEHHI Ha
CIUHMILY TOBEPXHOCTH KPHUCTALTMYECKOTO0 Marepuana (IIOTHOCTh auciokanuii) [25]
orleHuBaercs o popmyse 6:

6= —(6)

Jlucrnokanuu MOTYT BBITAJIKUBATHCS IByMsI crioco0aMu: 1) myTeM CKOJIbXEeHUS U 2)
nyrem jguddy3un.  Jlucmokamuu, — NEPIEHAWKYJISPHBIE  BEKTOPY  CMEIICHUS,
BBITAJIKUBAIOTCS MyTeM AU(QYy3UH, YTO BBI3BIBACT POCT WJIM C)KATHE IUIOCKOCTU B
pe3yibTaTe cMmenieHus pu qud@y3uu. Y CcTaHOBIEHO, YTO MIIOTHOCTH JUCTOKAIui (0) Ha

TIOBEPXHOCTH KpHcTamia MnsSiz, momydeHHOro 1 y3HOHHBIM METOOM, COCTABISET OT
1-101 10 3.2-10% (puc. 7).

3. 50E+014 T T T T

®
3,00E+014 (15,6512, 3,20566E14)
— (s0.7052 2 50056E14) |
(YE 2 50E+014 @ Dif-Mn,Si; [ ]
P
> 2,00E+014 i
‘®»
5
- 150E+014 4
=
2 i
‘< 1.00E+014 A
o
2 5.00E+013 (53,3655, 4 30356E713)
(=] (88521853113} (24 8512 2B2715E13)
./—’—" -
0,00E+000 w -
(70708, Taa052E11) (421313 1 93272E11) (a5 0004, 1 DOBABET )
-5,00E+013 T r T . . . ;
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2Theta (deg)

Puc.7. [110THOCTD AUCIOKAIMIA B KpUCTAIUIE crniiaa MnaSiy.

Crenenb kpuctawmzaimun MngSiz paccuuthiBajgack 1mo mporpamme (Match-3!).
PacueTtsl mokasanu, 4To cTeNneHb KpucTaum3aniun MnsSiz, moaydeHHOTo 1u(pPy3nOHHBIM
MeTo10M, coctaBuia 9.3%, a crenens amopdusma — 90.7%. (puc.8). [IpuurHOl BEICOKOM
CTeNeHH aMOpP(HOCTH BBICIIETO0 CHJIMIIMJA MapraHiia, IO-BUIUMOMY, SBIISETCS
HECTEXMOMETPUYHOCTh cBsized Mexay Mn m Si. Kpucramnsr MnsSiz u30TponHsl n3-3a
CIIy4ailHOM OpHEHTAalM CBOMX MOJMKPUCTAUIMYECKUX CBOMCTB M JEMOHCTPUPYIOT
XapakTepHyl Mpupoay amopdHoro marepuana [26-27]. IloaTBep:kieHHEe 3TOrO MOXHO
YBHJIETh C MOMOIIbIO peHTreHoAudpakTomMerprudeckoro ananmmsa (XRD-6100).
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Puc.8. Ctenenp KpuCTAIUIM3AINH CHIIMITHIA MapTaHIa.
Kpucrammmzanust tpebyer B3auMoacHcTBUsA dYacTUIl Mn u Si U 00pa3oBaHHs
KPUCTANTNYECKHX MOCTHKOB MEXYy YacCTUIIAMU B PE3YJIbTATE arjoMepaluy Npu BHICOKON
temnepatype [28]. Tlocime Takoro mporecca oOpasyercss cTaOWibHAas YacTUIA WU
arjgomepar. bmaromaps oOpasoBaHMiO CHIMIKIAOB MnsSiz ¢ HCHOJIB30BaHHEM
HECTEXUOMETPUYECKUX CBSI3eH OHHM  TMPOSBISIIOT  AJIEKTPOPU3NYECKUE  CBOICTBA,
XapakTepHbIe st OIynpoBoaHKKOB [29-30].
3akiaouenne. B qanHO# paboTe MIICHKH U KPUCTALTBI MnsSi7 MCCIe0BAIUCH MTPH
temneparype 1100°C ¢ wucnonb3oBanueM wmetona DLTS-ompenenenuss mapametrpos
LEHTPOB JIOKAIM3ALUU AJIEKTPUYECKOT0 aKTUBHOTO 3apsa B MoJiynpoBoaHukax. Ocoboe
BHUMaHHE OBbUIO YAENEeHO PAaCcCMOTPEHMIO TPaHUYHBIX YCiIoBUW. Ero mpoBogwiu B
TEYCHHE TIEPUOJa OT HECKOJIBKUX JECATKOB MUHYT JI0 HECKOJBKHX JIECATKOB YACOB IS
dbopMHpOBaHHS CIUIaBa CHJIMIMJA C BBICOKMM COJIEpP)KAaHMEM MaprafHia, a 3aTeMm
OXJKJAIU [0 KOMHATHOHM TemmepaTypsl. [lpu o0pa3oBaHMM BBICOKOMAapTaHIIEBOTO
cununuaa MnsSiz B3anMozieiiCTBHE Maprasiia ¢ KpEMHHEM MPUBOIMIO K 0Opa30BaHHIO
HEOOJIBIINX OCTPOBKOB CHIIMIMIa Mapranna pasmepom 20-50 HM. 31ech TOMUHUPYIOIIAM
mudGy3noHHBIM  dJleMeHTOM  siBiisietcss  Mn.  [lpomecc  auddy3monHoro oOMeHa
dbopMupyeTcst 3a c4eT WU3MEHEHMs TpaJlieHTa XMMHUYECKOro MOTEeHIMala BIOJIb aTOMOB
kpemMHust u Mmapranna. Kpucramiel cummimma MnsSiz (XRD-6100) wuccrnemoBamu Ha
pentreHoBckoM audpaktomerpe SHIMADZU. B pesynbrare nccienoBaHuil B KpUCTaJLIe
Mn4Si7, nonydensom nuddyznonnasiM MetogoM (COD-1530134), unentudunuposano 14
MTUKOB, COOTBETCTBYIONIMX 0a3e AaHHbIX. Pazmep kpuctamioB cuiuimaa MnsSiz (Dpiff) ot
6,2*10"% 10 9,1*10m, HaTsKCHHE pelIeTKH MEXy aToMaMu Kpuctamia (€ piff) ot 0,31
no 3,71, MIOTHOCTH AWCTOKAIMii Ha TOBEpXHOCTH (8 pirf) cocraBimser ot 1*¥10 no
3,2*10%. VYcranoBneHO, YTO CTemeHb KpHCTammH3amuu MnsSiz coctaBmma 9,3%, a
crenienb amopdHocTu - 90,7%. YCTaHOBIEHO, YTO CTEMEHb KPHUCTAJUIM3AUNA CUIHIIHIOB
Mn4Si7 odeHb HH3Kas, a CTeNEHb aMOP(HOCTH BBICOKAsi W3-3a TOTO, YTO aToMbl Mn u Si
HECTEXHMOMETPUYECKH CBS3aHBI JApPYr ¢ ApyroM. brmaromapst o0pa3oBaHHIO CHIIMITHIOB
MnsSi7 ¢ ucronb30BaHHEM HECTEXHOMETPUUYECKHUX CBSA3EH OHH MPOSIBIISIOT 3JIEKTPOPH3H-
YeCcKUe CBOWCTBA, XapaKTEPHbIE JIJIS TTOTYITPOBOIHUKOB
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O‘ZBEK TILI UCHUN SO‘ZSHAKLLARINI HOSIL QILISH VA TAHLIL
QILISH ALGORITMLARI
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Annotatsiya. O‘zbek tilining so‘zshakllarini hosil gilish va tahlil qgilish
algoritmlariga qo‘yilgan vazifa otlarni flektiv sinflarga bo‘lish tamoyillari asosida ishlab
chigilgan. O°‘zbek tili agglyutinativ til bo‘lgani uchun morfologik tahlilni
avtomatlashtirish uchun so‘zshakllari lug‘atidan foydalanish maqsadga muvofiq emas.
Affikslar lug‘ati va qoidalar to‘plamidan foydalanish ancha samarali hisoblanadi. O‘zbek
tilining morfologik asosi so‘z negiziga ma’lum ketma-ketlikda qo‘shiladigan va unga
xilma-xil xususiyat beruvchi affikslarning xilma-xilligi, shuningdek, fe’l shakllarining
ko‘pligi bilan ajralib turadi. 150-200 tagacha ma’no jihatidan farq qiluvchi, ba’zan tubdan,
lekin ayni vaqtda bir fe’ldan yasaladigan so‘z shakllaridir. O‘rganilayotgan matnlarda
kerakli so‘zshakllarini avtomatik tarzda topadigan dasturiy vositalar lingvistik
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tadgiqgotlarni olib borishda muhim yordamchi hisoblanadi. Magolani yozish jarayonida
o‘zbek tilining morfologik modeli yaratilib, algoritmik tarzda amalga oshirildi. Xususan,
lug‘atlar ot, sifat va fe’lning flektiv sinflari bo‘yicha tuzilgan.

Kalit so‘zlar: so‘zshakl, generator, stemmantizatsiya, affiks, suffiks.

AJI'OPUTMbBI ®OPMHUPOBAHUSA U AHAJIM3A CJIOBO®OPM JJIAA
Y3BEKCKOI'O SA3bIKA

AHHOTAIHUS. 33]1a4a, [IOCTABIICHHAS TIEpe] alropuTMamMu (POPMUPOBAHHS U aHATTU3a
cioBOGOpM  y30€KCKOTO sI3bIKa, pa3padO0TaHa HAa OCHOBE MPHUHIMIIOB JICJICHUS
CYIIECTBUTEIBHBIX Ha (ICKTHBHBIE Kiacchl. [1OCKONBKY Y30€KCKHI SI3BIK SIBIISCTCS
arrJIOTHHATHBHBIM SI3BIKOM, HCIIOJIb30BaHUE CIIOBAapsi CIOBOGOPM Il aBTOMATHU3ALUH
MOpP(OJIOTHYECKOT0 aHaliu3a HerenecoodpasHo. ['opa3no 3¢ ¢exkTuBHEE HUCIONB30BaTh
cinoBapb addurcoB m Habop mpaBuia. Mopdorornueckas OCHOBa Y30EKCKOTO SI3bIKa
XapaKTepu3yeTcss MHOrooOpasueM ap(hUKCOB, KOTOPBIC MIPUCOSAUHSIOTCS K OCHOBE CIIOBA
B OIPEACICHHON IMOCIESIOBATEIFHOCTA U MPUIAIOT €My Pa3IMuHbIE XapaKTCPUCTHKH, a
TaKKe OOMIIMeM IIaroibHbIX popM. OT OHOTO Ti1aroja MOXeT ObITh 00pazoBaHo 10 150-
200 cnoBodopM, paziavyaroOlIUXCs M0 3HAYEHHI0, MHOTJA paiukanbHO. [Iporpammubie
Cpe/lCTBa, aBTOMATHUYECKH HAXOJSIINE HYKHBIC CIOBOPOPMBI B H3YyUaeMbIX TEKCTaXx,
SABJIIIOTCA BaXHBIM IMOACHOPLEM B IMPOBCACHHUU JIMHIBUCTUYCCKUX HCCHGHOB&HHﬁ. B
mpoliecce HamWCaHWs CTaThbW ObUIa CO3/aHAa W aJrOPUTMHYECKH pealnu30BaHa
Mopdoioruueckasi MoJielib y30€KCKOro si3blka. B 4acTHOCTH, CJIOBapu CTPYKTYPUPOBAHBI
10 (DJICKTHBHBIM KJIACCaM CYIIECTBUTEIILHOTO, IIPUIIAraTeIbHOTO | TJIAroJia.

KiroueBbie ciioBa: ciioBodopm, reHepaTop, CTeMMaHTH3aIwsL, adpukc, cyppuxc.

Kirish. Aholini xabardor gilish jarayoni zamon talabiga aylanib bormogda. Inson
faoliyatining barcha sohalari axborotni qabul qilish, qayta ishlash va o‘zlashtirish
jarayonlari bilan uzviy bog‘liqdir. Bugungi kunda kompyuter va axborot texnologiyalari
tez yangilanib, o‘zgarib, rivojlanib borayotganligi sababli kundalik hayotimizning asosiga
aylanib bormoqda. Shu bilan birga, O‘zbekiston bosqichma-bosgich ragamlashtirish
tizimiga o‘tmoqda. Shu munosabat bilan kompyuter lingvistikasini rivojlantirish dolzarb
vazifa hisoblanadi. Magolaning maqgsadi o‘zbek tilini kompyuter lingvistikasiga kiritish,
o‘zbek tilining asosiy tushunchalari va morfologik shakllanishini o‘zlashtirishning
samarali usulini ishlab chiqishdan iborat. Hozirgi so‘z yasalishida yasama so‘z bilan
derivatsion (so‘z yasash) qolip orasida aloga mavjud bo‘lib, qolipning shakliy va
mazmuniy tomoni hosila so‘zda o‘z izlarini qoldirgan bo‘ladi. Kitobchi yasama so‘zida
[ot+chi=shu ot bilan shug‘ullanuvchi shaxs oti] qolipidagi tenglik alomatining chap
(shakliy) va o‘ng (mazmuniy) tomoni izlari shundoq ko‘rinib turibdi. So‘z yasalishida
yasama so‘zning shakli va ma’nosiga mos qolip mavjud bo‘lmaydi. Bu maxsus
tekshirishlar natijasida aniqlanadi. Masalan, qishloq, ovloq so‘zlarining ma’nosini
ularning tashkil etuvchilari va derivatsion qoliplari asosida keltirib chigarib bo‘lmaydi.
Chunki ular tarixiy yasalmalardir. Qorovul, yasovul, silliq so‘zlarida ham shu hol
kuzatiladi.

Tabiiy tillardagi sozlarni normallashtirish uchun modellar va mavjud algoritmlar
ko‘rib chigilgan. Bir gator tabiiy tillar uchun o‘zaklarni avtomatik aniqlash algoritmlari va
o‘zbek tili uchun so‘zning normal shaklini sintez qilishning mumkin bo‘lgan usullari
tasvirlangan. Magsad o‘zbek tili uchun qo‘shimchalar tizimining to‘liq tasnifini yaratish.
Qo‘shimchalarni tasniflashda taklif gilingan yondashuv asosida so‘zni normallashtirish
algoritmini ishlab chiqish. Metodologiya o‘zbek tili nutqining barcha gismlari uchun so‘z
birikmalaridan foydalangan holda so‘z yasalishi tahlili o‘tkazildi, bajarilgan ishlar asosida
qo‘shimchalarning tasnifi tagdim etildi. Qo‘shimchalar turlarini joylashtirishning mumkin
bo‘lgan variantlari ko‘rib chiqildi. Berilgan barcha turlar leksik va semantik jihatdan
haqgiqiydir, lekin ularning ba’zilari go‘llanilmaydi. Affikslar bazasiga fagat eng ko‘p
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ishlatiladiganlari qo‘shilgan. To‘plamlar o‘zakka affikslarning qo‘shilish tartibini
ifodalaydi. Bu bazani to‘g‘ri shakllantirish uchun kerak. Maqolada so‘z yasovchi
qo‘shimchalar ko‘rib chiqildi, chunki ular so‘z o‘zagi va ma’no kontekstini o‘zgartiradi.
Asosan, otlarga so‘z yasovchi qo‘shimchalar qo‘shiladi. Asosiy natijalar o‘zbek tilining
qo‘shimchalarini tasniflashning to‘liq tizimi ishlab chiqgilgan. O‘zbek tili gram-
matikasining morfologik va leksik xususiyatlarini inobatga olgan holda, qo‘shimchalar va
go‘shimchalar qo‘shishning turli variantlari yordamida nutgning turli gismlari uchun
deterministik chekli holat mashinalari qurilgan. O‘zbek tilining qo‘shimchalari uchun
ishlab chiqilgan tasniflash tizimidan foydalangan holda o‘zak algoritmi ishlab chigilgan.
Lug‘atsiz ishlab chigilgan algoritmning ishlashini isbotlash uchun normalizatsiya tizimi
amalga oshirildi.

Tadqgiqot metodologiyasi So‘zshakllarini hosil gilish va tahlil qgilish algoritmlari,
dasturlash sohasida katta ahamiyatga ega. Ular, ko‘p gatorda, ma’lum bir tildagi so‘zlar va
matnlarni avtomatik ravishda tanigan, ajratadigan, tahlil giladigan va ma’nolarini
aniqlaydigan dasturlarni rivojlantirishda va ishlatishda ishlatiladi. O‘zbek tili uchun ham
bunaga algoritmlar mavjud.

So‘zshakllarini hosil gilish algoritmlari:

1. Morfologik analiz: Bu algoritm, so‘zning morfologik strukturasi, ya’ni so‘zning
ganday gismi ekanligini (ism, fe’l va hokazo), shakli (soddasi, jamoasi) va boshga
Xususiyatlarini aniqlaydi. Bu so‘zshakllarini hosil gilishning asosiy gismidir.

2. Levenshtein masofasi: Bu algoritm ikki matn o‘rtasidagi o‘zgarishlarni aniqlashda
ishlatiladi. Masalan, bitta so‘zni boshqa so‘zga o‘zgartirish, qo‘shish yoki
o‘chirishda ganchalik masofa borligini aniqglash uchun foydalaniladi.

3. N-gram modeli: Bu algoritm so‘zning asosiy xususiyatlarini (harflar, so‘zlarni
gator yoki so‘z vaqt oralig‘ida bo‘lgan munosabatlari) belgilab, mavjud so‘zlar
yoki matnlar asosida yangi so‘zlar hosil giladi.

So‘zshakllarini tahlil gilish algoritmlari:

1. Part-of-Speech Tagging (PoS): Bu algoritm har bir so‘zning til tahlilida uning
funksiyasini aniglashda yordam beradi. Masalan, fe’lmi, ismmi Yyoki sifat
ekanligini aniglab beradi.

2. Dependency Parsing: Bu algoritmdan so‘zlar orasidagi bog‘lovchi (dependency)
munosabatlarni aniglashda foydalaniladi. Ular so‘zlar orasidagi ta’sir va o‘zaro
bog‘lovchilarni aniglash uchun yordam beradi.

3. Named Entity Recognition (NER): Bu algoritm matnda nomlangan entitilarni
(shaxslar, joylar, tadbirlar, sifatlar va hokazo) aniglashda foydalaniladi. Bu
texnikani muayyan entitilar bo‘lishiga yordam beradi.

Bu algoritmlar ko‘p tomondan tashqi dasturlarda (masalan, matn tarjimonlarida,
matn tahlil dasturlarida va boshga texnik tizimlarda) ishlatiladi. Ularni dasturlash, til
dasturlash sohasining keng qamrovli gismidir va ma’lumotlar tahlili, matn tarjimalari va
boshqga so‘zlash amallarida keng ko‘lamda qo‘llaniladi.

O‘zbek tili shevaga boy til hisoblanadi. Dialekt (sheva) — ma’lum bir hududda
yashovchi odamlarning bir-biri bilan mulogot gilishiga yordam beradi. O‘zbek tilida sheva
standart tildan ozmi-ko‘pmi fonetik, leksik va grammatik jihatdan farqlanadi. Xalq
shevalarining faqat og‘zaki shakli mavjud.

O‘zbek tilida uchta dialekt mavjud:

1. Qarlug lahjasi (janubiy-shargiy guruh).

2. Qipchoq lahjasi (janubiy-g‘arbiy guruh).

3. O‘g‘uz lahjasi (shimoli-g‘arbiy guruh).

O‘zbek tili — garlug lahjasiga mansub turkiy til bo‘lib, u sintetik agglyutinativ tillar
turkumiga kiradi, boy va murakkab morfologiyaga ega. Boshqa turkiy tillarda bo‘lgani
kabi so‘z ham o‘zakdan iborat bo‘lib, unga turli grammatik xususiyatlarni bildiruvchi
go‘shimchalar qo‘shiladi. Qarluq shevasiga asosan shahar shevalari (Toshkent, Andijon,
Farg‘ona, Buxoro) kiradi. Ushbu dialektlarning muhim fonetik va morfologik
Xususiyatlari:
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1) so‘z oxiridagi “k” harfi “y” kabi talaffuz gilinadi: elak - elay, terak - teray.

2) o lashish bor: aka — oka, Akram — Akrom.

3) Bu lahjada garatgich kelishigining go‘shimchasi yo‘q bo‘lib, uning o‘rniga ham
tushum kelishigi go‘shimchasi -ni ishlatiladi: ukamni(ng) daftari.

O‘zbek tili bir gqancha shevalarni o‘z ichiga oladi, bunday shevalar etnolingvistik
nuqtayi nazardan, u uchta asosiy shevaga birlashgan — qgarlug, gipchoq, o‘g‘uz. Tabiiyki,
bu uch dialekt hozirgi o‘zbek adabiy tilining shakllanishida ishtirok etgan. Tilni
0‘rganishda so‘zning tuzilishini to‘g‘ri tushunish va uning tarkibiy qismlarini aniqlash
qobiliyati katta ahamiyatga ega. So‘z tilning strukturaviy xususiyatlarini, leksik-semantik
va funksional-grammatik qonuniyatlarini o‘zida aks ettiradi. O‘zbek tili o°zining
tipologiyasi va morfologik tuzilishiga ko‘ra oddiy iboralarga nisbatan ancha keng bo‘lib,
turli so‘zshakllari morfologik tu2|I|sh|n|ng nisbiy qonuniyatliligi, pozitsion va grammatlk
barqarorligi bilan ajralib turadi. So‘zlar so‘z negiziga — affikslarga grammatik zarrachalar
go‘shilishi bilan yasaladi.

Natijalar va muhokama. Ushbu maqola natijasida o‘zbek tilini o‘rganish va
o‘qitishning elektron tizimi yaratilgan bo‘lib, u mahalliy va global tarmoqlarda ishlashi
mumkin va quyidagi vazifalarni o‘z ichiga oladi:

* 0‘zbek tili grammatikasi kurslariga kirish;

» yig‘ilgan ma‘lumotlar asosida tizimning ma’lumotlar bazasini ishlab chiqish;
« foydalanuvchi va menejer interfeysini ishlab chigish;

» foydalanuvchi va boshgaruv modullarini ishlab chiqish;

« tizim boshqaruvini tashkil etish;

« tizim dizaynini ishlab chiqish.

Ilova ko‘rinishi quyidagi rasmda ko‘rsatilgan. Sahifamizning bo‘limi otlar uchun
so‘zshakllarini yaratishga bag‘ishlangan (I'enepatop cymect-Hbix). Foydalanuvchilar
ilovadan foydalanganda so‘z kiritishlari kerak. Bizning dasturimiz so‘zning ma’nosiga
qarab so‘zning barcha shakllarini taklif etadi. Dasturimiz o‘zbek tilida butun bir iborani
tashkil etuvchi qo‘shimchalar asosida tuzilgan. Bu o‘zbek tilida eng ko‘p uchraydigan
holatlar. O°zbek tilida ko‘pchilik otlar, asosan, ma’lum qo‘shimchalar yordamida yasaladi.

[eHepaTop rmaronos CTEMMATW3ETOp raronos TEeHEpaTOp CYLYECT-HbIX CTEMMATH3ATOP CYLIECT-HBIX MpunaratensHoe

|itoD |[ Avanuzaums |
KoHdpurypauusa cnoeo o6pasoBaHuA $opma cnoea
HauanbHblil nagesx kitoh
MpUTHKATENbHBIA NANEXK kitobning
BUHMTENbHBI Nafex Heol kitobni
HanpasuTenkHLIA nagex kitobga
MeCTHO-BpEMEHHON Nafek kitobda
McxoaHbIA nagex kitobdan
MHOMECTBEHHOE YHUCNO kitoblar
1 NHL0. &7, YKCTO kitohim
1 NALO. MH.4KUCTO kitohimiz
2 Muo. eq. Yucno kitobing
2 NULO. MH. YUCTIO kitoblaring
2 nuuo. (yB) eq. 41cno kitobingiz
2 NUUO. (YB) MH. YUCTO kitoblaringiz

1-rasm. Ot so‘z turkumidagi so‘zshakllarini hosil giluvchi.

Bu bo‘limda o°zbek tilida otning so‘zshakllarini yasashimiz mumkin. Foydalanuvchidan
tegishli maydonga otlarning o‘zak shaklini Kiritish talab gilinadi.
Sahifamizning keyingi bo‘limi fe’llar uchun so‘zshakllarini yaratishga
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bag‘ishlangan (I'enepatop rnaronos). Foydalanuvchilar ilovadan foydalanganda so‘z
kiritishlari kerak. Bizning dasturimiz so‘zning ma’nosiga qarab so‘zning barcha
shakllarini taklif etadi. Dasturimiz o‘zbek tilida butun bir iborani tashkil etuvchi
qo‘shimchalar asosida tuzilgan. Bu o‘zbek tilida eng ko‘p uchraydigan holatlar.

l'eHeparop maronos CTEMMaTH3ETOp Maronos

TeHepaTop CYIWECT-HBIX

CTEMMETH3ATOP CYLLECT-HbIX

MpunaratensHoe

|ketm0q H AHanusauua |

Kongurypaums cnoso obpa3zosaHuA @opma crnosa
QOTpHLEHKE ketma
Bonpoc ketdimi?
Pe3ynkTaTHBHO NPOLIEALIee BpEMA ketgan
KOHKpETHOR HACToALLEE BPEMA ketyapti
MepexofHoe Bpema ketadi
MpoLueaLlee BpeMA ketdi
ByayLiee NpoJon#HTENbHOE BPEMA ketadi
ByayLiee BpeMa HaMepeHuA ketmoqchi
MepexoaHoe NpoLUealee Bpema ketgan edi
[NasHonplueales speMa ketibdi
Pe3ynkTaTHBHO NPOLeALes BPEMA. + JIWYHOE OKOH. 11 ea.y. ketganman
PesynbTaTHBHO NpoLLenLues Bpema. + JINYHOE OKOH. 2N en .y ketgansan
Pe3yneTaTHBHO NpoLEnUes BpeMA. + JINYHOE OKOH. 2yB.N €. ketgansiz

yugurmoq | | AHanusayus

KoHdurypauma cnoso obpaszoBaHWA

<opmMa crioea

OTpuyaHue yugurma
Bonpoc yugurdimi?
Pe3ynesTaTMBHO NpoLlUeALIEe BPEMA yugurgan
KOHKpEeTHOE HacToALLee BpeMA yuguryapti
MepexoaHoe spems yuguradi
Mpowenwee spema yugurdi
Byaylee nponomKMTENbHOE BPEMA yuguradi
Byaylwee BpemMa HaMmepeHua yugurmogchi

MepexoaHoe npolweqlies spemMs

yugurgan edi

JaBHonplienuiee spema yuguribdi
Pe3ynsTaTWBHO Npoluejlles Bpema. + JIMYHoe OKoH. 1N ey yugurganman
Pe3ynsTaTMBHO Npolleallee Bpema. + JIMHHOE OKOH. 2N ea.u. yugurgansan

Pe3ynkTaTMEHO Npolleallee BpeMA.

+ NIM4HOE OKOH

. 2yB.negs.

yugurgansiz

Pe3ynsTaTMBHO NPOLUSALIEE BPEMA.

+ JIM4HOE OKOH

.10 MH.Y.

yugurganmiz

Pe3ynsTaTUBHO Npolleqliee BpemMa

+ NUYHOE OKOH

210 MH.Y

yugurgansiziar

2-rasm. Fe’l so‘z turkumidagi so‘z shakllarini hosil giluvchi.

Xulosa va takliflar. O‘zbek tilida so‘z yasash dasturining ilmiy yangiligi deganda,
uning yangi texnologiyalar yordamida vyaratilganligi hamda morfologik tizimlardan
foydalanishda quyidagi afzalliklarga ega ekanligini tushunamiz. Tizim quyidagi qulaylik
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va afzalliklarga ega:

« tizimning istalgan foydalanuvchisi tizimdan Internet orgali foydalanishi mumkin;

* tizimdan foydalanadigan foydalanuvchidan dasturiy ta’minotni talab gilmaydi,

« foydalanuvchilarga maxsus tayyorgarliksiz foydalanish imkonini beruvchi qulay
interfeys.

 Har qanday foydalanuvchiga hech bo‘lmaganda o‘zbek tili grammatikasi
ko‘nikmalarini berish.
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Annotatsiya. Turizm nafagat mintaga igtisodiyotiga, balki uning ijtimoiy siyosati,
madaniyati, urf-odatlari, turmush tarzi, millat salomatligi, tabiiy muhiti va boshgalariga
bevosita va bilvosita ta’sir ko‘rsatadigan yagona sohadir. Turizm jahon igtisodiyotining
eng jadal rivojlanayotgan tarmoqlaridan biridir, shunday ekan turizmga hozirgi zamonda
juda katta e’tibor qaratilmoqda. Uning dunyodagi yillik aylanmasi taxminan 3,8 trillion
dollarni tashkil etadi, turizm sanoatiga kapital qo‘yilmalar yiliga 700 milliard dollarga
etadi. Tabiiy tizimlarning rekreasion barqarorligini ta’minlash va turizmning barqaror
rivojlanishiga erishish uchun sayyohlarga ta’sir gilishning variantlarini birlashtirish kerak.

Biz turizm rivojlanish turg‘unligini matematik nuqtayi nazardan tahlil
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gilmogchimiz. Magsadga erishishda, zaif va kuchli turg‘unlik tushunchalari ajralib turadi,
maqolada bunga ham alohida e’tibor berilgan. Nazariy tadgigotning ahamiyati, turizm
sohasidagi ijtimoiy-igtisodiy jarayonlarni rivojlantirishni matematik modellashtirishdan
iborat. Ushbu maqolada Qashqgadaryo viloyatida turizm o‘sishi turg‘unligini
ta’minlashning matematik modeli keltirilgan.

Kalit so‘zlar: turizm infratuzilmasi, turg‘unlik, barqaror va beqaror rivojlanish, zaif
va kuchli turg‘unlik.

MATEMATHYECKAS MOJEJIb OBECIHHEYEHUSI CTABUWJIBHOCTH POCTA
TYPU3MA B KAIIKAJAPBMHCKOH OBJIACTH

AnHoTanus. Typusm - eAMHCTBEHHAs OTPAcib, KOTOpas MPsIMO U KOCBEHHO BIIMSET
HE TOJBKO HAa DKOHOMMKY PETHMOHAa, HO M HA €ro COLMAIBHYIO IOJIUTHKY, KYJIBTYpY,
Tpaauuu, o0pa3 >KU3HHU, 3J0POBbE HAIMH, MIPUPOJHYIO Cpeay U T.A. TypusM - oiHa U3
HauOosiee OBICTPO pPA3BUBAIOILUXCS OTpaciiel 3KOHOMUKHM. B MupoBoil 3>KOHOMHKE
CEro/iHsl y/EJseTCsl MHOIO BHUMaHuUs TypusMy. Ero rogoBoit 060poT B MuUpe cocTaBiisieT
OK0JI0 3,8 TpUJUIMOHA [OJUIAPOB, KAalMTAJIBHBIE BJIOXKEHUS B TYPUCTUYECKYIO OTpPACib
nocruraror 700 MuyuMapioB JojutapoB B rof. Jns obecrneueHuss pexkpeannoHHON
YCTOMYMBOCTH IPHUPOAHBIX CUCTEM M JOCTMIKEHMSI YCTOMYMBOIO pa3BUTHS TypU3Ma
HE00XO/IMMO COYETATh BAPUAHTHI BO3JICHCTBHS HA TYPUCTOB.

Mpl XOTUM IPOAHAIM3UPOBATh CTarHALMIO Pa3BUTHs TypuU3Ma ¢ MaTeMaTHYECKOH
TOYKH 3peHHs. B OCT)KEHWHM 5TOW LEeNH BBIICISIOT TOHSATHA C1a00OW W CHIJIBHOU
CTarHalluu, 3TOMY TaKXKe yJelsercss ocoboe BHUMaHME B cTaThe. BakHOCTh Teoperu-
YECKUX MCCIE0BAaHUM 3aKIIIOYAaeTCsi B MaTeMaTHYEeCKOM MOJEIMPOBAHUU Pa3BUTHUS
COLIMAJIbHO-9KOHOMHMUECKUX MpoleccoB B cepe TypuzMa. B naHHO# craThe mpencras-
JeHa MaTemaThuyeckas Mojielb O0O0ecledeHHsl YCTOMYMBOCTM pocTa Typusma B
KamkangappuHCcKO# 001aCTH.

KuaroueBble cjoBa: TypucTckas HH(QpaAcTpyKTypa, CTarHauus, YCTOWYMBOE U
HEYCTOWYMBOE pa3BUTHE, cilabas U CUIIbHAs CTarHaIHsl.

Kirish. Mamlakatimizda turizm milliy iqtisodiyotini diversifikatsiya qilish,
hududlarni jadal rivojlantirish, yangi ish o‘rinlarini yaratish, aholining daromadlari va
turmush darajasini oshirish, mamlakatning investitsiyaviy jozibadorligini oshirishni
ta’minlovchi strategik tarmoqlardan biri sifatida rivojlantirish bo‘yicha kompleks chora-
tadbirlar bosgichma-bosgich amalga oshirilmoqgda.

O°¢zbekiston Respublikasi Prezidenti Sh.M.Mirziyoyev.

O‘zbekiston boy turistik salohiyatga va turizmni rivojlantirishning barcha
imkoniyatlariga ega, shu tufayli mamlakatimizda turizm sohasini rivojlantirish uchun turli
chora-tadbirlar, Prezidentimiz tomonidan bir gancha garor va farmonlar ishlab chiqilib
amalga oshirilmoqda. O‘zbekiston Respublikasi Prezidenti Sh.M.Mirziyoyevning 2018-yil
3-fevraldagi “O‘zbekiston Respublikasining turizm salohiyatini rivojlantirish uchun qulay
shart-sharoitlar yaratish bo‘yicha qo‘shimcha tashkiliy chora-tadbirlar to‘g‘risida”gi 5326-
sonli farmoni, “Turizm yo‘nalishidagi islohotlarni yanada jadallashtirish va sohada davlat
boshqaruvi tizimini samarali tashkil gilish chora-tadbirlari to‘g‘risida”gi O‘zbekiston
Respublikasi Prezidentining 2023-yilning 27-iyuldagi 238-garori shular jumlasidandir.

Tadqgigot metodologiyasi. Qashgadaryo viloyati Respublikamizda turizm salohiyati
bo‘yicha mamlakatning eng boy mintaqalaridan biridir. Tabiiy va tarixiy-madaniy turistik-
rekreatsion resurslar turizmning deyarli barcha turlarini rivojlantirish uchun asos bor. X.X.
Xaitovning magolasida Qashgadaryo viloyati turizmidagi mavjud muammolar tahlil
gilingan [1-2].
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Qashgadaryo viloyatida turizm-rekreatsiya infratuzilmasini rivojlantirish [1].

1-rasm. Qashgadaryo viloyatining turistik va dam olish infratuzilmasi xaritasi

“Turg‘unlik” va “turg‘un rivojlanish” ilmiy atamalari ko‘pgina sohalarda go‘llaniladi,
shuningdek turizm yo‘nalishida ham [3-17] adabiyotlarda keltirilgan.

Turg‘unlik — tashqi ta’sirlar ta’sirida tizimning hozirgi holatini saqlab qolish qobiliyati.
Agar hozirgi holat bir vaqtning o‘zida saqlanib qolmasa, unda bu holat turg‘un emas deb
ataladi ( ma’lumot vikipediyadan). Turg‘unlik tizimi doimiy tashqi va ichki bezovta giluvchi
ta’sirlar sharoitida muvozanatga yaqin holatlarda ishlash qobiliyati sifatida tavsiflanadi.

Turg‘unlik quyidagi turlarga ajraladi:

* birinchi turdagi turg‘unlik—-bu muvozanat holatidan chiggandan keyin tizimning
dastlabki holatiga gaytish xususiyati;

» ikkinchi turdagi turg‘unlik—muvozanat holatidan chiggandan keyin tizimning yangi
teng imkoniyat holatga o‘tishi.

Birinchi turdagi turg‘unlik statik muvozanatga, ikkinchi turdagi dinamik muvozanatga
to‘g‘ri keladi, bu hodisalarning statikasi va murakkab ijtimoiy—iqgtisodiy tizimlarda sodir
bo‘ladigan jarayonlar dinamikasi bilan bog‘lig.

Birinchi marta iqtisodiy tizimlarni statika va dinamikada o‘rganish amerikalik iqtisodchi
J. Klark tomonidan olib borildi [12]. Statik o‘zgarmaslik, statik muvozanat bilan tavsiflanadi,
dinamika esa vaqt va makondagi hodisalarning o‘zgarishini o‘rganadi.

1-jadvalda turizmning bargaror va begaror rivojlanishining umumlashtirilgan giyosiy
tavsifi keltirilgan. Bunday vaziyatda barqaror rivojlanish umuman “yaxshi” degani emas,
ammo begaror — “yomon” degan ma’noni anglatadi, tagqoslash tufayli hodisaning mohiyati
aniq bo‘ladi [3].

1-jadval
Turizmning bargaror va begaror rivojlanishining giyosiy xususiyatlari
Turizmning turg‘un rivojlanishi Turizmning turg‘un bo‘lmagan rivojlanishi
Tez rivojlanish Oldinga rivojlanish tez
Boshgariladigan rivojlanish Nazoratsiz rivojlanish
Hisoblangan rivojlanish ko‘lami Noto‘g‘ri rivojlanish ko‘lami
Uzog muddatli rejalashtirish Qisga muddatli rejalashtirish
Sifat rivojlanishi Miqdoriy rivojlanish
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Joylarda boshgarish Masofadan boshgarish

Aniq shakllangan strategiya asosida rivojlanish Bir-biriga bog‘liq bo‘lmagan loyihalar orqali
rivojlanish

Atrofdagi mavjud muammolarni barchaga teng | Atrofdagi mavjud muammolarni fagat turistik

tagsimlash markazlarga yuklash

Turizmdan tushgan daromad gayta tiklashga va | Turizmdan tushgan daromad ushbu mintagada

kengaytrilishga yo‘naltiriladi golmaydi

Mahalliy mehnat resurslarini o‘rnida to‘g‘ri jalb | Tashrif buyuradiganlarning mehnat resurslarini jalb

qilish qilish

Shu bilan birga, turg‘un turizm bilan chambarchas bog‘liq bo‘lgan ko‘plab boshqa
atamalar mavjud. Ularning barchasi tabiatga hurmat, tabiatni muhofaza gilishga asoslangan
madaniy obyektlar, ijtimoiy mas’uliyat va hududning iqtisodiy farovonligi [3] kabi
tushunchalarga bog‘lig.

Muvozanat turg‘unlikka qaraganda torroq tushunchadir, lekin ayni paytda bu uning
ajralmas shartlaridan biridir. Tabiiy muvozanat deganda dinamik muvozanat holati
(gomeostaz), ya’'ni asosiy sifat ko‘rsatkichlari va miqdoriy parametrlarni saglab qgolish bilan
uzluksiz moddiy va energiya yangilanishi, sifat jihatidan boshga holatga yoki nomutanosiblik
(halokat) bosqichiga o‘tguncha asta-sekin o‘zgarib (rivojlanib) borishi tushuniladi.

Turg‘un o‘sish — hodisaning migdoriy parametrlari o‘zgarishining bir tomonlama ijobiy
vektorini anglatadi, turg‘un rivojlanish esa sifat ko‘rsatkichlari foydasiga ijobiy o‘sish
giymatlaridan chetga chigishga imkon beradi. Shu bilan birga, yetarlicha uzoq vaqt davomida
harakatning umumiy vektori, davriy salbiy va nol giymatlarga garamay, umuman ijobiy
yo‘nalishga ega bo‘ladi.

V.Flint va M.Danner nazariyasiga ko‘ra, turg‘un rivojlanish konsepsiyasi uchta asosiy
prinsipni oz ichiga oladi: iqtisodiy hayotiylik, ekologik yaxlitlik va ijtimoiy ma’lumot.
Taqdim etilgan modelga ko‘ra, “jamiyatda kesishgan doiralar igtisodiy, ijtimoiy va ekologik
jihatlarning o‘zaro bog‘ligligini namoyish etadi” [18].

U.Flint va M.Danner turg‘un

Turgiun rivojlanishni “uch oyoqli stul” deb
S hisoblashni taklif gilishadi, ularning

<) ; ! ! har biri asosiy tamoyillardan birini
b 0 T T anglatadi  (1-chizma). Agar siz
<) 0 s M oyoglardan birini olib tashlasangiz,

G 0 o} o . .

! 0 \ unda rivojlanish turg‘un bo‘lmaydi.

—_ v Y
1-chizma

0.S.Shimova “Turg‘un turizm” nomli o‘quv qo’llanmasida har bir sohaning holati
xususiyatlarini quyidagicha aks ettiradi [4]:

* igtisodiy soha — iqtisodiy samaradorlik, iqtisodiy o‘sish, iqtisodiyotning turg‘unlik
darajasi va boshqalar;

* ijtimoiy soha — aholining moddiy farovonligi, ta’lim darajasi, sog‘ligni saqlash, umr
ko‘rish davomiyligi, madaniyat, san’at, sportning rivojlanishi va boshqgalar;

*ekologik soha—tabiiy tizimlarning o0°z-ozini shakllantirish qobiliyati, ekotizimlarning
yaxlitligi, bioxilma-xillik, biosferaning iqtisodiy imkoniyatlaridan foydalanish darajasi va
boshqalar.

Ba’zi iqtisodiy adabiyotlarda turg‘un rivojlanish muammosi odatda kapitalni boshqarish
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bilan bog‘liq. Kapital keng ma’noda resurslar bo‘lib, ulardan foydalanish kelajakdagi tovarlar
yoki xizmatlar ishlab chigarishni ko‘paytirishga imkon beradi.

Natijalar va muhokama. Turg‘unlikka erishish vazifasi umumiy kapital fondining
kamaymasligini va keyingi avlodlar hozirgi avlod bilan bir xil (kam bo‘lmagan) rivojlanish
potensialiga ega bo‘lishini ta’minlashdir. Ushbu maqgsadga erishish yo‘liga qarab, zaif va
kuchli turg“unlik tushunchalari ajralib turadi.

Zaif turg‘unlik vaqt o‘tishi bilan kapitalning umumiy zaxirasining giymatini saqlash
(kamaytirmaslik) deb ta’riflanadi, bu nafagat uning barcha turlarining o‘sishi bilan, balki
ularning ba’zilari tezroq o‘sganda ham sodir bo‘lishi mumkin. Shu bilan birga, kapitalning bir
turini boshgasiga miqgdoriy almashtirishga ruxsat beriladi. Rasmiy ravishda zaif turg‘unlik
sharti quyidagicha ifodalanishi mumkin:

K+P+S>0
bu yerda K -ishlab chigarilgan kapitalning ko‘payishi; P -ijtimoiy (inson) kapitalning
ko‘payishi; S -tabiiy kapitalning ko‘payishi.

Kuchli turg‘unlik tushunchasi kapitalning har bir turini kamida saqlashni talab qiladi.
Kuchli turg‘unlikning cheklanishi quyidagicha ifodalanishi mumkin:

K>0;, P>0; S>0.

Kuchli turg’unlik — bu inson mavjudligining asosi bo‘lgan tabiiy kapital vaqt o‘tishi
bilan kamaymaydigan holat. Ushbu konsepsiyani amalga oshirish uchun Xitoy magoliga amal
qgilish kerak: “Biz tabiatimizni ajdodlarimizdan meros qilib olmadik, uni avlodlarimizdan
oldik”.

Asosiy parametrlarni  hisobga olgan holda turg‘un rivojlanish quyidagicha
rasmiylashtirilishi mumkin:

dF (L,K,S,1)
dt
bu yerda F(L,K,S,I) — bargaror rivojlanish funksiyasi; L — mehnat resurslari (inson

kapitali); K — ishlab chigarilgan (jismoniy) kapital; S — tabiiy kapital; I — institutsional omil; T
— vaqt omili. Ushbu formula shuni ko‘rsatadiki, rivojlanishning barqarorligi jamiyatning
umumiy kapitali vaqt o‘tishi bilan kamaymasa va uning turlaridan birining kamayishi,
ehtimol, tabily resurslarning tugashi paytida jismoniy va inson kapitalining ko‘payishi
hisobiga goplanadi [4].

Turizmning tabiiy muhitga ta’siri jarayonini bevosita yoki bilvosita boshgarish mumkin.

To‘g‘ridan-to‘g‘ri boshqarish quyidagilarni o‘z ichiga oladi: sayyohlarning umumiy
sonini cheklash; aynigsa, gimmatbaho tabiiy obyektlar va hududlarni ziyorat gilish uchun
yopish; atrof-muhitning ifloslanishini minimallashtirishga imkon beradigan zamonaviy texnik
vositalar va eng zamonaviy texnologiyalardan foydalanish. Bilvosita boshgaruv sayyohlarning
xulg-atvoriga ta’sir qilishining yanada moslashuvchan usuli bo‘lib, ularning madaniyati,
ekologik ta’lim darajasini oshirishga, mahalliy aholiga hurmat bilan munosabatda bo‘lishga,
hayvonotlarga ehtiyotkorlik va insonparvarlik bilan munosabatda bo‘lishga va tashrif
buyurilgan hududning o°sib borayotgan dunyosiga asoslanadi.

Rivojlangan mamlakatlardan kelgan sayyohlar, rivojlanayotgan davlatlar bo‘ylab
sayohat qilishda, ko‘pincha mahalliy madaniyat va urf-odatlar to‘g‘risida to‘liq tasavvurga ega
emaslar, bu ularning mahalliy aholi bilan munosabatlarida keskinlikka olib keladi.
Psixologlarning kuzatuvlariga ko‘ra, sayyohlik faoliyati faollashgani sayin, sayyohlar va
joylar o‘rtasidagi alogada tirnash xususiyati kuchayadi. Mahalliy aholining to‘rtta reaksiya
darajasi mavjud [4]:

1) eyforiya—boshlang‘ich bosqich, mahalliy aholi va sayyohlar o‘rtasidagi yaxshi
munosabatlar;
2) befarglik—alogalarni to‘liq rasmiylashtirish, sayyohlarni daromad manbayi sifatida

>0,
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qabul qilish (ushbu bosqichga o‘tish turizmni rivojlantirish tezligi va vaqtiga bog‘liq);

3) o’zgarish xususiyati — mahalliy aholi tomonidan turizmning afzalliklariga shubha
bildirilishi;

4) dushmanlik — dushmanlik munosabati, turizmni rivojlantirish orgali barcha ijtimoiy
va shaxsiy muammolarning paydo bo‘lishini tushunish.

Turizm mahalliy madaniyat obyektlarini iste’mol buyumlariga aylantirishi, diniy
marosimlarni, an’anaviy etnik marosimlarni va festivallarni turistik kutishlarga muvofiq
o‘zgartirishi mumkin. Turistlarning xohish-istaklariga mahalliy va milliy xususiyatlarni
moslashtirish — bu sayyohlik turizmi doirasida sayyohlarni mahalliy urf-odatlar, urf-odatlar va
madaniyatlarni to‘g‘ri qabul qilishga tayyorlash bo‘yicha ishlarni talab qiladigan salbiy
tendensiyalardan biridir. “G‘arb” va ko‘p jihatdan unga qarama-qarshi bo‘lgan an’anaviy
(mahalliy) turmush tarzi o‘rtasidagi farqlarga tayyorgarlik va tayyorgarlik elementlari zarur
bo‘ladi. Turizmning ajratib bo‘lmaydigan qismi bo‘lgan dunyoning turli mintaqalaridan
kelgan odamlar madaniyatlarining to‘gqnashuvi madaniyatlaridan birining ustunligiga ega
bo‘lmasligi kerak, bundan tashqari, millatlar, irqlar, din, tillar va ta’lim darajasidagi
shaxslarga asoslangan bo‘lishi kerak. Barqaror turizmning maqsadlaridan biri madaniy
almashinuvdir.

2-jadval
Qashgadaryo viloyatidagi madaniy meros obyektlari hagida J
MA’LUMOT

Tir Tuman (shahar) UT(;Jnn;'y Az(iil(;lo' Arxitektura | Monumental Ds:alqz?)?/togra
1 | Qarshi shahar 58 26 25 6 1
2 | Shahrisabz shahar 61 28 28 5 0
3 | Qarshi tuman 124 105 15 0 4
4 | Shahrisabz tuman 174 150 22 0 2
5 | Kitob tuman 305 281 16 3 5
6 | Yakkabog‘ tuman 237 195 38 2 2
7 | Chirogchi tuman 49 36 8 3 2
8 | Qamashi tuman 66 59 3 1 3
9 | Dehgonobod tuman 38 32 4 1 1
10 | Muborak tuman 8 2 3 2 1
11 | Nishon tuman 1 3 0
12 | Mirishkor tuman 17 6 1 1
13 | G‘uzor tuman 109 94 9 3 3
14 | Koson tuman 90 76 11 2 1
15 | Ko‘kdala tuman 30 22 8 0 0
16 | Kasbi tuman 95 79 11 3 2
Jami: 1468 1197 208 35 28

Xulosa. Turizm yo‘nalishiga qo‘shimcha investitsiyalarni jalb qilish, xususiy sektor
uchun qulay shart-sharoitlar yaratish orgali turizm infratuzilmasini yanada takomillashtirish,
aholi bandligini oshirish, transport qatnovi yo‘nalishlarini kengaytirish, respublikaning turistik
salohiyatini ichki va tashqi bozorlarda targ‘ib qilishni jadallashtirish, shuningdek, sohani
davlat tomonidan boshqarishda yangi tartib-taomillarni joriy gilish magsadga muvofiqdir.

V.Flint va M.Danner nazariyasiga ko‘ra, turizm turg‘un rivojlanish konsepsiyasi uchta
asosiy prinsipni o‘z ichiga oladi: iqtisodiy hayotiylik, ekologik yaxlitlik va ijtimoiy adolat.
Bunday sharoitda iqtisodiy siyosat sohasida asosli garorlar gabul gilish zarur, buning uchun
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turizmning turg‘un rivojlantirishning matematik modellarini ishlab chiqish zarur.

Turizm, boshga har ganday inson faoliyati kabi, atrof-muhitga ta’sir giladi. Uni tashkil
etishga noto‘g‘ri o‘ylangan yondashuv tabiiy muhitdan foydalanishning ruxsat etilgan
darajasidan oshib ketishiga olib keladi, bu esa tuproq eroziyasini, qurilish bilan bog‘liq
havoning ifloslanishini keltirib chigaradi. Bundan kelib chigadiki, ekologik muvozanatni
saglash zarur.
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OYHJIAMEHTAJIBHBIE PEHIEHUSA OJHOI'O KJIACCA
BBIPOKJAIOHIETI'OCA SJVIMIITUYECKOI'O YPABHEHUA
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AHHOTaUMA: BpIpoxxaaromuecs: 3JUIMNTUYECKUE YPAaBHEHUS BCTPEYAIOTCS IpHU
pElIeHNH MHOTUX Ba)KHBIX BOIIPOCOB NMPUKIIAJAHOTO Xapakrepa. B aToii paboTe 115t ogHOr O
BBIPOXKAAIONIUECS AIUIUITUYECKOTO YPaBHEHUS CTPOUTCS (yHIaMEHTAIbHBIC PEIICHUS,
KOTOpBIE BBIPAXKAIOTCS 4Yepe3 Trumepreomerpuyeckue GyHKIUM Ammens OT ABYX
nepeMeHHbIX. Jlanee, ¢ momMonIsio GopMyisl pasnoxkenust bypunamia - YUeHau qoka3biBa-
ercs, yro npu I — 0 moctpoeHHbIe PYHKINU UMEIOT JIOrapu(pMHUIECKIE OCOOCHHOCTH.

B nanbheiimeM, ucnonb3ys QpyHAaMeHTaIbHBIE pEIICHUsS OYAYT MOCTPOEHBI TEOpUs
notennuanoB (I[loreHuuansl ABOMHOTO ClOS, MOTEHIUANBI MPOCTOrO CIO0S U O0OBEMHbBIE
MIOTEHIIMAJIbl) a TAK)KE PELIEHUI KpaeBble 3a7auu JAJis JaHHOIO YPaBHEHUSI.

VYkazaHHBII METOJ MO3BOJISIET pacCMaTpPUBaTh YPaBHEHUE U B MHOIOMEPHOM CIIydae.
B »toM ciywae ¢yHIamMeHTalbHBIE peEHIeHUsT OyIyT BBIPaKaThCS Yepe3 THUIEPreo-
MeTrpuueckue pynkuuu Jlaypudemna oT MHOTHUX TNepeMeHHbIX. [[si m3yueHus: CBONCTB
¢bynkuuun Jlaypudena ucrnoib3yroTcs GOpMYITbI Pa3IOKEHUS.

KiroueBasi cioBa: Bripoxkaaromyecs: ypaBHeHHE(C YaCTHBIMU MPOU3BOJHBIMU),
(byHIaMEeHTaIbHOE PEUICHHEe, TUIepreoMerpudeckas (pyHKIHs, TEOPHs MOTEHIHAIIOB.

BUZILUVCHI ELLIPTIK TENGLAMANING BIR SINFI UCHUN
FUNDAMENTAL YECHIMLAR

Annotatsiya: Buziluvchi elliptik tenglamalar ko'plab muhim amaliy masalalarni
yechishda uchraydi. Ushbu ishda ikkita o'zgaruvchining gipergeometrik Appel
funksiyalari orqali ifodalanadigan bitta buziluvchi elliptik tenglama uchun fundamental
yechimlar tuzilgan. Bundan tashqari, Burchnall-Chandy yoyilmasi formulasidan
foydalanib, tuzilgan funksiyalar r — 0 da logarifmik maxsuslikga egaligi isbotlangan.

Kelajakda fundamental yechimlardan foydalangan holda potensiallar nazariyasi
(ikki gatlamli potensiallar, oddiy gatlam potensiallari va hajm potensiallari) hamda ushbu
tenglama uchun chegaraviy masalalar yechimlari tuziladi.

Bu usul tenglamani ko'p o'lchovli bo‘lgan holda ham ko'rib chigishga imkon
beradi. Bunday holda, asosiy yechimlar ko'p o'zgaruvchilarning gipergeometrik Lauricella
funksiyalari bilan ifodalanadi. Lauricella funksiyasining xossalarini o'rganish uchun
yoyilma formulalari go'llaniladi.

Kalit so‘zlar: Xususiy hosilali buziluvchi tenglamalar, fundamental yechim,
gipergeometrik funksiya, potensiallar nazariyasi.

BBenenue. Teopus BIpOXKIAIONIMXCS YPABHEHUH SJUTUIITUYECKOTO THIIA SBIISETCS
OJTHAM W3 BaXXHBIX Pa3/eliOB COBPEMEHHOW Teopuu IudepeHInaIbHBIX YpaBHEHUHN C
YAaCTHBIMU TIPOU3BOHBIMH. BBIpOKAAIOIIMECs AIUTMITHYECKAE YPAaBHEHUS BCTPEYAIOTCS
IIPY PEIIEHUH MHOTMX BaXKHBIX BONPOCOB MPHUKIIATHOTO Xapakrepa. [lepBbIM OCHOBHBIM
UCCIIEJOBAaHHEM 10 TEOPHH BBIPOXKIAIOIINXCS YPABHEHHUH JUTHUIITUYECKOTO THIIA SBUJIUCH
pabotsi [1-3].

Haxoxnenus GyHIaMeHTaNbHBIX pereHni aist quddepeHanbHbIX ypaBHEHUH B
YaCTHBIX IMPOU3BOAHBIX - OIHO nu3 OCHOBHBIX HaHpaBJ’IeHHﬁ. C IIOMOIIIBIO

68


mailto:djurayev_norqul@mail.ru

QarDU xabarlari FIZIKA-MATEMATIKA 2024 (2) 2

(yHIIaMEHTAJIbHBIX PELICHUN CTPOUTCS TEOpHs MOTEHIMAJIOB, a TaK XK€ PEelIaroTCs
KpaeBble 3ajaud. Bcero mumb A8 HECKONBKUX BBIPOKIAIOIIMXCS AJUIMITHYECKUX
ypaBHEHU M3BECTHBI (PyHAaMeHTaJbHbIe pelieHus. Hampumep, s BBIPOXKAAIOMIETOCS
JUIMNTUYECKOrO ypaBHEHU [ emnepcrenta

m
y'u, +u, =0, m=const >0,
B obmactu R = {(X, y) i—o< X<,y > O} MOCTPOCHBI (yHAAMEHTAIbHBIC DPELICHHUS,

KOTOPBIC BRIpAXAIOTCS rurepreomerpuyeckumu Gyaknusamu [aycca ([4], ctp. 41, (2.7) -
(2.8))
B oroii  paGore B obmactu R’ = <{(X, y):x >0,y> 0} paccMOTPUM
BBIPOXKIAOIIUECS DJUTUIITUYECKOE YpaBHEHHE
n+2p7o<m+2q. (L)
n+2 m+ 2

L(u)=y™ [xu, + pux]+x"*1[yuyy +quy]:0, 0<

s ypaBHEeHUS (L) B obnactu Rf ={(X, y):x>0,y>0} B SBHOM BHJIE€ MOCTPOUM

(byHIaMEHTAIbHBIC PEHICHHs, KOTOPHIC BBIPAKAIOTCS YEpPe3 TUIEPreOMETPHUCCKUC
GyHKIMU Ammens oT IBYX INepeMeHHbIX. Jlamee, ¢ MOMOMIbIO (hOPMYIIbI Pa3JIOKEHUS
Bypunamna - Uenau (Burchnall - Chaundy) nokaseiBaetcs, uto npu I — 0 moctpoeHHbIE
(GYHKINN UMEIOT JIoTapu(pMUYecKre 0COOCHHOCTH.

Metogoiorusi  MCCIe0BAHMSE B pabore sBHOM BHIE OCTPOHHBI
(byHIaMEHTAIbHBIC PEMICHHs, KOTOPHIC BBIPAKAIOTCS YEpPe3 TUIEPreOMETPHUCCKUC
GyHKIMH ATmenst OT IByX MEpEeMEHHBIX. B panbHeiiem, uCmoab3ys GpyHIaMeHTAIbHBIE
petieHuss  OyayT MOCTpOeHbI Teopusi moTeHnuanoB (IloTeHnuamsl JBOMHOTO CIIof,
HOTEHIUAIBI TPOCTOTO CJIOS M OObEMHbBIC MOTEHIUATbI) a TAK)KE PCUICHHN KpaeBble
3a/1a4M [Tl ypaBHEHHS TAKOTO THUIIA.

2. dynnamenrtanbsHblie perrenns (Fundamental Solutions).

Pemenne ypaBHenue (L) OyzaeMm uckath B BUJIE

u=Pa(&,7), 1)
rae
e 2 _ g2 2 _y2 2 m+2(q

p(r2)“”’ g=lolh 0T 5 NFAR s , 2

(F)" 7 e =t =" o 2h= @
r2 _ 2 _ 2
) 2 2 n+2 2  m2 m+2

— —X2 +—X2 2 2 . 3
Sl n+2 n+2"° m+2” +m+2y° ®)
; _

[Toncrasnsis (2.1) B ypaBHEHHE (L) , lIoJIy4aeM

Aw..+Bw,, +Cw,, +Dao, +Eo, + Fo =0, 4)
rue

A= ny[ymgf + x”éf], B= 2ny(ym§X77X +Xx"&n, ) C= ny[ymryf + x”nj],

D =2xy(y"R&, +X"P,&, )+ Pxy(Y"E, +X"E, )+ P(py™ &, +ax"E, ),
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E = 2xy(y"Pa7, +X"Py, )+ Pxy (Y"1 + X", )+ P (Y™, + X", ),
F=y™(xP,+pPR,)+ x”*l(yPyy +qu).

[Tocne sneMeHTapHbIX BBIYUCIECHUN HAXOIUM

n+2 n+2
A=—4x"'y"P(r ) X 2 %2 E(1-&), (5)
02 12 2 2
B=4x"ty"P(r7) X 2 X7 En+ax"y™P(r?) y 7y &, (6)
1,,m 2\1 -2 m7+2
— —4x™ y"“P(r) y 2 Y,% n(l-n), (7

n+2 n+2 m+2 m+2

=—4x"y"™P(r?) [ 2o —(1+2a+ B)E X 7 X7 +4X" Y P(r ) BEY 2 Yo%, (8)

)
. 2w

n+2 n+2 m+2 m+2
E=—4x"y"™P(r*) [28-(1+2B+a)n]y 2 y,> +4x"y"™P(r ) anx % %2, (9)
L M2 n+2 4 M2 mi2
F=4x”+ly"‘+lP(r2) X 2 x,2 a(a+ﬁ)+4x”+1y"‘+1P(r2) y 2,2 Bla+p). (10)
IloacraBnsss  pasenctBa (5) - (10) B ypaBHeHue (4), HaxoouM CHUCTEMY

THIICPréeoMEeTPUICCKOC YPABHCHUC

((1-¢) o, —Enw,, +[2a—(2a+ﬂ+1)§]a)§ —anw, —a(a+p)o=0, a
77(1—77)50,7,, —577(0&7 +[2ﬂ—(a+2/5’+1)77]a),7 —ﬂ§w§ —ﬂ(a+,8)a)=0.

Cucrema rumnepreomerpuueckoe ypaBHeHue (11) mmeer cnemyromue pereHusi([6], cTp.
50, (11))

@ (&m.8)=F,(a+Ba B2a,2p:&n), (12)
w,(En.8)=¢& ETHF, (1-a+pBl-a,p;2-2a,2;&,1), (13)
w(&,m,¢)= 7 *"F, (+a-pal-p;20,2-2p,¢1), (14)
w, (E,1,.8) = Eon R, (2-a-pl-al-p,2-2a,2-24,¢,n), (15)

rre ([5], ctp. 219, (7), cTp. 224, (2)), ([6], cTp. 14, (12), cTp. 28, (2))

F (05;:81':82;71’72;)(: y):mz:o (?2m)+n((le))mr$]€;)ln x"y", |X|<1, |y|<1,

()T (72) ,
C(n=B)T(r,-5,)

uAE (L-u) T (- v) T (1 xu - yv) * dudy,

r
BB 3 E T

i

O e

Rey,>Rep >0, Rey, > Rep, >0.

[MoxcraBnss pemenus (12)—(15) B (1), monydaem yacTHBIC peLICHUS YpaBHEHUS ( L)
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6 (% Y% ¥o) =k (12) Ry (@ + B, Bi200 2,6 m), (16)

6, (% Vi %0, Y0 ) =k, (12) 7 0 F, (L + fil—at, ;220,28 £,17), (17)

G (% Y% %0) =k (1°) 7 o, (1+ o= franl- Bi2a,2-2B:6.m), (18)
( )=

a+p-2
A (X Y3 % Yo k4(r2) Xy Yo, (2—a—Bil-a,1- ;2-2a,2-2[;&,17),
(19)

rac kl,...,k4 — IHOCTOSIHHBIC, KOTOPBIC OIPEACIAIOTCA IpHU PEIICHHA KPAaCBBIX 3adayd JJIsd

ypaBHEHUS (L) HerpynHo 3amerutsh, uTo moctpoeHnsle pyHkuuu (16) - (19) obnamarot

CBOMCTBaAMU
0 0
— (XY % Y =0, —q (X Y;%,Y, =0, (20)
o 1( Xy O)x:o oy 1( X o)y=0
. 0 ,
G (X% Y% Yo)l , =0 —=%(XYi%.Y) =0, (21)
oy y-o
0 . .
&qs(xa Y5 Xo» yo) =0, 0, (X, Y Xo yo)‘yzo =0, (22)
x=0
q4(X, Yi Xo, yo) 0 a, (X’ Yi %o yo)‘yzo =0. (23)

Otmerum, uto cBoiictBa (20) - (23) OyayT HCIOIB30BAHBI IIPH PELICHUS YETHIPEX

KpacBbIX 3aa4 IJId YPaBHCHUSA (L) .

3. OcobGennocts ¢ynaamentaibHbix pemenuii (Features of fundamental
solutions). Tlokaxkem. uTO HaiaeHHble 4YacTHble pemreHus (2.16) - (2.19), umeror

norapudmuueckre ocodbennoctu mnpu I — 0. Paccmorpum perieHne ql(X, y;xo,yo). B

cuiy Gopmynsl pasioxenus ([7], ctp. 253, (26))

F(a+i, B+, +i;X)F(a+i, B, +i;7,+iry),
A7t QyHKIMN ql(X Y; %o yo) MeeM

e - |

~F(a—,8,a+i;2a+i;1—::—jJF(ﬂ a,f+i;20+i1- j

1

(24)
B cuny paBeHcTBa [5]
I'(c)I'(c—a-b)

P bed) = 2 (c-b)

, ¢#0,-1,-2,..,Re(c—a—b)>0,
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npu I — 0 crpaBeIuBo CIEAYIOIMUE COOTHOIEHUS
~ I ~ o D(2a)r(p) (22),

F(a Ba+i2a+i;1 rlJ—)F(a ﬁ,a+|,2a+|,1)—r(a+ﬂ)r(a)(a+ﬂ)i,
~ N ~ . v L(2B)C(a) (2B),

F[,B a, f+i;2B+i;1 r2j—>F(ﬂ a’ﬂH’Z'BH’)_F(a+,B)F(,6’)(a+/5’)i'

2

CnenoBarenbho, ipu I — 0 u3 pasnoxenus (24) umeem

Ha ocHoBe dopmyisr [5]
I'(a+b)
rare)
+rr(g§;b()b),z r(aH(Jj)!;(mJ)[ZW(“J')—l//(a+J')—l//(b+J')](l—Z)‘l
—r<arg(l-z)<z, a,b#0,-1-2,..

F(a,bja+b;z)=— F(a,bjL1-z)In(1-2)+

rae uepes Qynxumoo (z) obosmauena norapupmudeckas mnpomssomsas or I(z) -

ynxumm [5]

-inz=3, {m"“(“mﬂ’ >0

z-1

I e‘tlntdt+J. dt, Rez >0,

u3 cootHoureHus (25) mpu r — Ocnenyer

| L fayvap s T(2a)T(28)
& (% Y%, ¥o) =k (1) () T(a+p)T(a)l(B)

-{—F{a,ﬂ;l;rz(izﬁtiz—%ﬂ{lnr2+ln[i2+i2—£—22j} (26)
rl r2 rer r1 r2 r1r‘2

o D(a+))T(B+]), 1 )]
e (———H}O“)

n =[2w<1+j)—w(au)—w(mj)}

(26) nokaspiBaeT, UTO HANJEHHOE pEIIEHHE ql(X, y;xo,yo) UMEET

®opmyna
norapudmuueckyro ocobennocts I —0 . CnenosarensHo, ql(X, y;xo,yo) SIBJISIETCS

(GyHlaMEHTAIbHBIM pEIICHUE ypaBHEHUS (L) . AHaJOrMYHBIM CHOCOOOM MOYKHO

yTBepskaath, 9to u GyHkmun 0, (X, ViXe, Yo), G (X, ¥ViXo Yo),  Gu(X Y% Yy) — Tamke

SABJIIFOTCA JaMEHTaJIbHbIMU CIICHUSAMU aBHeHus (L ).
y
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OtMmerum, uto B pabore ([8], ctp. 65, (10)) Tak e BbIACICHA JorapumMudecKas
0COOEHHOCTB ISl TUnepreoMerpuyeckoil pynkuun Ammens F

F (a;b,b,;a+b +b,;1- px,1- py)

_ [(a+b +b,) b, Y . a_ Y
_F(a)l“(bl+b2){bl+b2( stFz(LLbz+112’b1+b2+1’1 xj

~[-2p (1) +w (a)+w (b, +b,)+log x+log p ]} +O(L),(p > +0),

y

rie O<x,0<y,‘1—— <1.
X

3akmouenne. B nanpHeiinem, ucnosb3ysa GyHaaMmeHTanbhbie perrenus (16) — (19)
OyayT mocTpoeHbl Teopus moTeHnuanoB ([loTeHmmansl ABOWHOTO CJOS, TOTEHIIUAIBI
MPOCTOTO CJIOSi U OOBEMHBIC IMOTCHIMANBI) a TAaKKE PEIICHUI KpaeBble 3aaadd JUIs

YpaBHEHUS (L) VKa3zaHHBIA METOJ| IIO3BOJISIET paccMaTpUBaThb ypPaBHEHHUE (L) U B

MHOTOMEpPHOM ciiy4ae. B aTom cnydae pyHmameHTanbHbIe pelieHus OyAyT BBIpaXKaThCs
gyepe3 runepreomerpuueckue QpyHkiuu Jlaypudemna ot MHOrux nepeMmeHHBIX ([6], cTp.
114, (1)). Ans wusydeHus cBoiicTB ¢yHkiuu Jlaypuyenna HCHONB3YIOTCA (OPMYIBI
pasniokeHus, KOTopble MOCTpoeHbI B padbote [9, 10].
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Annotatsiya. Ushbu magolada turli xil tabiiy yog‘larning yog* kislotalaridan sintez
gilingan noionik sirt faol moddalarning gidrofil-liofil balansi (GLB) va sirt faolligini
o‘rganish natijalari keltirilgan. Maqolada yog* kislotalarini olishning eksperimental
usullari va ularning dietanolamin bilan o‘zaro ta’siri samarali sirt faol moddalarni
sinteziga garatilgan. Tadgiqot natijalari turli xil sohalarda, jumladan, kosmetika,
farmatsevtika va kimyo sanoatida keng qo‘llaniladigan noionik sirt faol moddalarning
xususiyatlari va potensial go‘llanilishi hagida yangi tushunchalar beradi. Maqolada yog*
kislotalarining kimyoviy tuzilishi va sirt faol moddalar hosilalarining funksional
xususiyatlari o‘rtasidagi bog‘liglikni chuqur tushunishga garatilgan yangi samarali va
ekologik toza sirt faol moddalarni yaratishda muhim ahamiyat berilgan. Eksperimental
tadgiqotlar shuni ko‘rsatganki, sintezlangan noionik sirt faol moddalar molekulyar
og‘irligi va tuzilishi bilan bog‘lig bo‘lgan turli xil gidrofil-liofil balansi (GLB) va sirt
faollik giymatlarini namoyish etishi ko‘rsatilgan.

Kalit so‘zlar: noionik sirt faol moddalar, yog® kislotalari, dietanolamin, mitsella
hosil gilish kritik konsentratsiyasi, sirt faol modda.

CPABHEHUWE KOJIMYECTBA HLB ¥ TIOBEPXHOCTHOM
AKTUBHOCTH HEMOHHBIX IOBEPXHOCTHO-AKTUBHbBIX BEIIECTB U3
KUPHBIX KUCJIOT HATYPAJIBHbBIX MACEJI

AHHOTanusA: B 1aHHOM crarbe NPENCTaBIECHBl  pEe3yJibTaTbl  W3Y4EHUS
ruapoduibHO-muoduibHOoro 6ananca (HLB) u moBepXHOCTHOW aKTMBHOCTH HEHMOHHBIX
MMOBEPXHOCTHO-AKTUBHBIX BEILECTB, CUHTE3UPOBAHHBIX U3 >KMPHBIX KHUCIOT Pa3IMYHbIX
HaTypalbHbIX Maced. CTaThsi MOCBSIIEHA SKCIEPUMEHTAIBHBIM METOAaM MOJIyYeHUS
KUPHBIX KUCIOT U UX B3aUMOJAEHMCTBUIO C JAUATAHOJAMUHOM JUIsl CUHTE3a 3()(PEKTUBHBIX
ITOBEPXHOCTHO-AKTUBHBIX BEIECTB. Pe3ynbTaThl MCCIEAOBAHUN IO3BOJIAIOT MO-HOBOMY
B3IJISIHYTh Ha CBOWCTBA M IOTEHUHUAIbHBIE OOJACTH NPUMEHEHUS HEHOHOT€HHBIX
MOBEPXHOCTHO-aKTUBHBIX BEILECTB, LIMPOKO HCIONb3YyEMBIX B Pa3IMYHBIX O0JACTSX,
BKJIIOYAass KOCMETHMKY, (apMaleBTUKy U XHMMHYECKYI0 MPOMBIIIIEHHOCTh. CTaThs
MOCBAIIEHA TIyOOKOMY IOHHMAaHHMIO B3aMMOCBSI3M MEXIY XHUMHMUYECKOW CTPYKTYpOH
KHUPHBIX KHCIOT M (PYHKIMOHAIBHBIMH CBOMCTBAMHM IPOU3BOJHBIX IOBEPXHOCTHO-
aKTUBHBIX BEIIECTB NPH CO3JaHUM HOBBIX S()(PEKTUBHBIX M HKOJOTUYECKH UHUCTBIX
MOBEPXHOCTHO-AKTUBHBIX BEIIECTB. DKCIEPUMEHTAIbHbIE HCCIEIOBAHMS TOKa3alH, YTO
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CUHTE3UPOBAHHBIC HEMOHHBIC TIOBEPXHOCTHO-aKTHBHBIE BEIIECTBA 00JAMA0T Pa3IuIHBIM
ruapoduibHO-TuodgmiIbHEIM Oaancom (HLB) u pa3nuyHbIMM 3HAUEHUSMHU TIOBEPX-
HOCTHOW aKTUBHOCTH, CBA3aHHBIMH C MOJIEKYJISIPHOM MacCOM U CTPYKTYpPOil.

KuiroueBbie cj10Ba: HEMOHOTEHHBIE MOBEPXHOCTHO-aKTHBHBIE BEILECTBA, KUPHbIE
KHUCIIOTBI, TUATAHOJAMMH, KPUTHUYECKas KOHIEHTpAlus MUIIEIITI000pa3oBaHusl, MOBEpX-
HOCTHO-aKTHUBHOE BELIECTBO.

Kirish. So‘nggi on yilliklarda tabiiy yog‘larning kislotalaridan olingan ekologik
toza va biologik parchalanadigan noionik sirt faol moddalarni (SFM) o‘rganish va
rivojlantirishga gizigish ortib bormogda. Ushbu birikmalar kosmetika, farmatsevtika, 0zig-
ovgat mahsulotlarini gayta ishlash va neft hamda gaz kabi keng ko‘lamli sanoat sohalari
uchun Kkatta qizigish uyg‘otadi. Sirt faol moddalarning samaradorligi va ko‘lamini
belgilovchi asosiy parametr bu birikmalarning sirt va kolloid kimyoviy Xxossalariga
bevosita ta’sir ko‘rsatadigan ularning gidrofil-liofil balansi (GLB) hisoblanadi [1-3].

Ushbu magola tabiiy yog‘larning turli xil yog* Kislotalaridan sintez gilingan noionik
sirt faol moddalarning GLB va sirt faolligini giyosiy tahlil gilishga bag‘ishlangan. Yog*
kislotalarining strukturaviy xususiyatlarining GLBga ta’sirini va ulardan olingan sirt faol
moddalarning sirt xususiyatlarini o‘rganishga asosiy e’tibor beriladi. Ishda sirt faol
moddalarni sintez gilish usullari, ularning xarakteristikalari, eritmalarning sirt tarangligi
va mitsellalar hosil gilish qobiliyati kabi asosiy jihatlar muhokama gilinadi [4, 5].

Tadgiqot yog* kislotalarining kimyoviy tuzilishi va sirt faol moddalar hosilalarining
funksional xususiyatlari o‘rtasidagi bog‘liglikni chuqur tushunishga garatilgan bo‘lib, bu
turli xil sanoat sohalari uchun yangi samarali va ekologik toza sirt faol moddalarni
yaratishda muhim ahamiyatga ega.

Tadgiqot metodologiyasi. Sirt faol moddalarni olish jarayonida boshlang‘ich
material sifatida turli o‘simlik moylari, jumladan, kungabogar, paxta va kokos,
shuningdek, quyruq va ichki yog‘lar kabi hayvonlarning yog-‘lari ishlatilgan. Amaldagi
dietanolamin TU 2423-178-00203335-2007 ga mos keladi, faol moddaning massa ulushi
kamida 98,0% va nur sindirish ko‘rsatgichi n3° 1,476-1,478 oralig‘ida bo‘Igan yopishqoq
shaffof suyuglik sifatida tavsiflanadi.

Bunga qo‘shimcha ravishda, jarayonning ma’lum bir etaplarini amalga oshirish
uchun DIN 1SO 9001 bo‘yicha massa ulushi kamida 99,0% bo‘lgan natriy gidroksid
(Florida Laboratories) va konsentratsiyasi 95,5% bo‘lgan sulfat kislota (Sigma Aldrich),
DIN ISO 9001 bo‘yicha 99,9% KCI ishlatilgan. Hayvon yog‘idan yog* kislotalarini olish
uchun quyidagi jarayon amalga oshirildi. Birinchidan, 95,1 g NaOH 1000 ml suvda eritildi
va 70°C gacha qizdirildi. Shundan so‘ng, 740 g yog‘ qo‘shildi va gizdirish 6 soat
davomida intensiv aralashtirish bilan davom ettirildi. Keyin 122,0 g konsentrlangan sulfat
kislota va 461,0 g suvdan 20% li sulfat kislota eritmasi tayyorlandi.

Sovunni yana yog® Kislotalariga aylantirish uchun ushbu eritmadan 583,0 g
sarflangan. Lakmus gqog‘ozi gizil rangni ko‘rsatgandan so‘ng jarayon tugallandi.

Dietanolamin va yog* kislotalari o‘rtasidagi reaksiya erituvchisiz tizimda 1:1 mol
nisbatda amalga oshirildi. Yog* kislotalarining og‘irligi bo‘yicha 3% Al,Oz katalizatori
go‘shildi va reaksiya N> atmosferasida dumaloq tubli kolbada o‘tkazildi. Aralashma 30
daqiga davomida 70°C ga, so‘ngra 140°C ga qadar isitiladi, 200 aylanish tezligida aralash-
tiriladi. Reaksiya 3 soat davom etdi. Mahsulot unumdorligi 93-97 foizni tashkil etdi.

Sintezlangan sirt faol moddalar shartli ravishda kungaboqar, paxta chigiti, kokos
moylari, yog® dumi va ichki yog‘i asosida olingan sirt faol moddalar uchun shartli
ravishda SSUNO, SCOTO, SCOCO, STAIF, SCAUF deb nomlandi.

Sintezlangan sirt faol moddalarning GLB ni aniglash uchun [6] ma’lumotlariga ko‘ra
tadgiqotlar o‘tkazildi. Sirt faol moddaning sirt tarangligi Dyu Nui usuli yordamida
aniglandi [7].
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Natijalar va muhokama. Eksperimental tadgiqotlar asosida sintezlangan sirt faol
moddalar uchun GLB giymatlari olindi, ular jadvalda keltirilgan.

GLB giymatlari va sintezlangan sirt faol moddalarning molekulyar og‘irligi el
SFM GLB Molekulyar massa
Eksperimental Hisoblangan
SSUNO 15.6 15.9 368.1
SCOTO 15.0 151 361.6
STAIF 14.8 14.6 360.9
SCAUF 14.9 145 361.1
SCOCO 9.9 9.4 308.8

Barcha o‘rganilgan sirt faol moddalar uchun eksperimental hisoblangan GLB giymatlari
o‘rtasida yaxshi kelishuv kuzatiladi. Bu eksperimental metodologiyaning ishonchliligini va
GLB ni hisoblashda qo‘llaniladigan nazariy yondashuvlar sirt faol moddasining hagiqiy
xususiyatlarini yetarli darajada aks ettirganligini ko‘rsatadi.

Ko‘pgina sirt faol moddalar uchun GLB giymatlari 14,5 dan 15,9 gacha, SCOCO
bundan mustasno, GLB giymati ancha past (9,4-9,9). Bu o‘rganilgan boshga sirt faol modda-
larga nisbatan SCOCO ning gidrofobik va gidrofillik xususiyatlaridagi fargni ko‘rsatishi
mumkin. Past GLB giymatlari odatda sirt faol moddaning yuqori gidrofilligini ko‘rsatadi.

Sirt faol moddalarning molekulyar og‘irligi 308,8 dan 368,1 gacha o‘zgarib turadi. Eng
past GLB giymatiga ega bo‘lgan SCOCO, shuningdek, eng past molekulyar og‘irlikka ega. Bu
sirt faol modda molekulasining strukturaviy xususiyatlari (molekulyar og‘irlikka ta’sir
giluvchi) va ularning gidrofillik-gidrofobik xususiyatlari o‘rtasidagi bog‘liglikni ko‘rsatishi
mumkin.

Sintezlangan sirt faol moddalarning GLB giymatlari va molekulyar og‘irliklari ularning
kimyoviy tuzilishi hamda potensial go‘llanilishi hagida muhim ma’lumotlarni beradi. Yuqori
GLBga ega sirt faol moddalar kuchli gidrofobik xususiyatlarga ega, shuning uchun emulsiya
tizimlari kabi gidrofobik o‘zaro ta’sirlarning kuchayishi talab gilinadigan ilovalarda samarali-
rog bo‘lishi mumkin. SCOCO kabi pastki GLB sirt faol moddalar, namlash yoki targatish
tizimlari kabi yuqori gidrofillikni talab giladigan ilovalarda afzallik berilishi mumkin.

Sirt tarangligining og‘irlik bo‘yicha 0 dan 2% gacha bo‘lgan konsentratsiyali sintezlan-
gan sirt faol moddalar eritmalari konsentratsiyasiga bog*ligligi rasmda ko‘rsatilgan. 1-rasm.

& ssuno 4 SCOTO STAIF SCAUF <FSCOCO

g, mN/m

Concentration, %

1-rasm. Sirt faol moddalar eritmalarining sirt tarangligining o‘zgarishi (25°C).
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1-rasmda keltirilgan grafik sirt faol moddalar kontsentratsiyasining ortishi bilan
suvning sirt tarangligining asta-sekin kamayishini ko‘rsatadi. Bu pasayish suv-havo
chegarasida sirt faol moddalar molekulalarining adsorbsiyasining kuchayishi bilan bog‘liq,
buning natijasida sirt tarangligi SSUNO, SCOTO, STAIF, SCAUF va SCOCO uchun
38,1, 43,2, 44,1, 43,1 va 48,2 mN/m da mos ravishda bargarorlashadi.

Oc‘rganilgan birikmalar orasida SCOCO eng yuqori sirt tarangligi giymatini
ko‘rsatadi, bu sirt tarangligini kamaytirishga ta’siri kontekstida gidrofobik alkil zanjiri
hajmining ahamiyatini ta’kidlaydi. Eksperimental ma’lumotlar shuni ko‘rsatadiki, alkil
zanjiri uzunligi ortishi bilan sirt tarangligining pasayishi kuzatiladi, bu zanjir uzunligining
sirt faol moddalar xususiyatlariga ta’sirini ko‘rsatadi.

Sintezlangan sirt faol moddalarning sirt tarangligi va mitsella hosil gilish kritik
konsentratsiyasi (MKK) alkil zanjiri uzunligi ortishi bilan kamayadi, bu gidrofil-liofil
muvozanatning (GLB) muhimligini tasdiglaydi. Yuqori GLB amfifil molekulalarning
tizimning sirt tarangligini kamaytirishga moyilligini ko‘rsatadi. Natijada, sintezlangan sirt
faol moddasi SSUNO sirt tarangligini kamaytirishda eng yuqgori samaradorlikni ko‘rsatadi,
SCOCO esa bu borada eng kam qobiliyatni ko‘rsatadi.

MKK va sirt faol moddalarning boshga xususiyatlari, masalan, ularning ko‘piklanish
gobiliyati yoki ko‘pikning bargarorligi o‘rtasidagi munosabatni tahlil gilish turli sirt faol
moddalar namunalari uchun MKKni baholashdan boshlanadi. Sirt tarangligining
eritmadagi sirt faol konsentratsiyasining logarifmiga bog‘ligligidan foydalanib, jadvalda
keltirilgan har bir namuna uchun MKK giymatlari (mg / | da ifodalangan) aniglandi. 2-
jadval

2-jadval
Sintezlangan sirt faol moddalarning KMK
Namuna SSUNO SCOTO STAIF SCAUF SCOCO
MKK; 18,7 15,6 17,1 23,5 15,3
MKK; 36,7 31,2 36,9 73,2 28,8

Jadvalda har bir sirt faol modda uchun ikki xil MKK giymati ko‘rsatilgan. Jadvalga
asoslanib, SCOCO MKK{ ning eng past giymatlarini va MKK2> ning nisbatan past
giymatlarini ko‘rsatadi, bu boshga sirt faol moddalarga nisbatan ko‘proq suyultirilgan
eritmalarda mitsel hosil gilish gobiliyatini ko‘rsatishi mumkin.

SCAUF MKK; va MKK:> ning eng yuqori giymatlarini namoyish etadi, bu mitsel
hosil bo‘lishi uchun yuqori sirt faol konsentratsiyasi, ehtimol, yuqori molekulyar og‘irlik
yoki pastroq sirt faolligi tufayli talab gilinishini ko‘rsatishi mumkin.

Pastki MKK giymatlari yaxshi ko‘piklanish xususiyatlari va yuqori sirt faolligi bilan
bog‘liq deb faraz gilsak, SCOCO past konsentratsiyali eritmalarda ko*pikli vosita sifatida
eng yaxshi ishlashi kutiladi, SCAUF esa shunga o°‘xshash natijalarga erishish uchun
yugori konsentratsiyalarni talab gilishi mumkin

MKK giymatlari va sirt faol moddasining sirt faolligi o‘rtasida teskari bog‘liglik
mavjud: MKK ganchalik past bo‘lsa, sirt faolligi shunchalik yugori bo‘ladi va shunga mos
ravishda sirt faol moddaning ko‘pikli va mitsel hosil giluvchi xususiyatlari shunchalik
yaxshi bo‘ladi. Bu ilgari tagdim etilgan ko‘pikli va ko‘pikli bargarorlik xususiyatlari bilan
taggoslash orgali tasdiglanadi. Pastrog MKK giymatlari bo‘lgan sirt faol moddalar odatda
flotatsiya jarayonlarida yaxshi natijalarni ko‘rsatadi.

Xulosa va takliflar Eksperimental tadgigotlar shuni ko‘rsatdiki, sintezlangan
noionik sirt faol moddalar molekulyar og‘irligi va tuzilishi bilan bog‘liq bo‘lgan turli xil
gidrofil-liofil muvozanat (GLB) va sirt faollik giymatlarini namoyish etadi.
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Annotatsiya. Ushbu tadgiqot ishida hozirgi vagtgacha tritsiklik xinazolin
alkaloidlarining tuzilishi, sintezi va kimyoviy o‘zgarishlarini tadqiq gilgan olimlar hagida
ma’lumotlar keltirilgan. Hamda alkaloidlarning tabiiy manbalari va turli o‘simliklarda
uchrashi, sintetik alkaloidlarning turli xil sintez usullari o‘rganilgan. Sintez qilib olingan
dezoksivazisinonni avval ammiakning suvli eritmasi bilan ishlanadi, keyin esa xloroform
bilan ekstraksiya qgilib ajratib olinadi. Shuningdek, halgalanish reaksiya davomida dastlab
hosil bo‘lgan dezoksivazisinonni ajratib olmasdan, to‘g‘ridan to‘g‘ri rux kukuni bilan 10%
li xlorid kislota ishtirokida gaytarib, so‘ngra suvli ammiak bilan asosli muhitga o‘tkazish
yo‘li bilan dezoksipeganin (1) olish mumkin, bunda reaksiya unumi 40% ni tashkil etadi.
Dezoksipeganin gidroxloridni olish uchun dezoksivazisinon (2) keltirilgan sharoitda
gaytariladi. Dezoksipeganin (1) konsentrlangan (30%) xlorid kislota ta’sirida oson
dezoksipeganin gidroxloridga aylanadi (unum 90%). Dezoksipeganin va uning kislorodli
analoglarining nitrolash reaksiyalari olib borilgan. Olingan natijalar asosida ularning
xossalari giyosiy tahlil gilingan va xulosa berilgan.

Kalit so‘zlar: tritsiklik xinazolinlar, kislorodli analoglar, nitrolovchi aralashma,
elektrofil agent, antranil kislota, kondensirlovchi agent.
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COMPARATIVE CHEMICAL CHANGE OF TRICYCLIC QUINAZOLINE
ALKALOIDS

Abstract: This research paper provides information on scientists who have studied
the structure, synthesis and chemical transformations of tricyclic quinazoline alkaloids so
far. Natural sources of alkaloids and their occurrence in different plants, various synthesis
methods of synthetic alkaloids were also studied. The synthesized deoxyvaccinone is first
treated with an aqueous solution of ammonia, and then isolated by extraction with
chloroform. Also, without separating the deoxyvacinone initially formed during the
cyclization reaction, it is directly reduced with zinc powder in the presence of 10%
hydrochloric acid, and then transferred to a basic medium with aqueous ammonia.
deoxypeganine (1) can be obtained with 40% reaction yield. Deoxyvacinone (2) is reduced
under the conditions given to give deoxypeganine hydrochloride. Deoxypeganine (1) is
easily converted to deoxypeganine hydrochloride (90%) under the influence of
concentrated (30%) hydrochloric acid. Nitration reactions of deoxypeganine and its
oxygen analogues were carried out. Based on the obtained results, their properties were
compared and a conclusion was given.

Key words: tricyclic quinazolines, oxygen analogues, nitrating compound,
electrophilic agent, anthranilic acid, condensing agent.

Kirish. Adabiyotlarda keltirilgan ma’lumotlarga ko‘ra, tritsiklik xinazolin
alkaloidlari deyarli 100 yildan beri doimiy tadqgiq gilib kelinmogda. Dunyoning ko‘pgina
mamlakatlarida bu sinf birikmalari asosidagi izlanishlar jadal olib borilmogda. Xususan,
xorijlik olimlar — J.P.Michael, K.Nepali, S.Sharma, S.B.Mhaske, N.P.Argade,
M.T.Richers, W.R.Bowman, T.Harayama, S.P.Chavan, C.Zhang va boshqalar bi-hamda
tritsiklik xinazolin alkaloidlari sintezi, modifikatsiyasi hamda amaliyotda qo‘llanilishini
o‘rganish bilan shug‘ullanishgan. Respublikamizda mazkur yo‘nalish rivojiga
S.Y.Yunusov, X.N.Aripov, T.S.Tulyaganov, M.V.Telejenetskaya, N.T.Tulyaganov,
Ch.Sh.Kadirov, F.S.Sadritdinov, X.M.Shaxidoyatov, N.D.Abdullayev, F.N.Djaxangirov,
X.N.Xashimov, A.lIrisbayev, E.Oripov, B.J.EImuradov, B.Tashxodjayev, M.G.Levkovich,
N.I.Mukarramov, A.SH.Abdurazakov, A.O.Nasrullayev va boshqalar 0z izlanishlari bilan
xinazolin alkaloidlarining tabiatda targalishi, ularning hosilalarini sintezi, kimyoviy
o‘zgarishlari va biologik faolligini aniqlashga o°z hissalarini qo‘shishgan[1].

Yuqorida keltirilgan mualliflarning tadgiqotlariga ko‘ra, tritsiklik xinazolin
alkaloidlari va ularni tioanaloglarining sintezi, modifikatsiyasi, biologik faolliklari
bo‘yicha qator ilmiy-amaliy izlanishlar olib borilgan va salmoqli natijalar olingan. Bunday
tadgiqotlar sifatida, mualliflar tomonidan trisiklik xinazolin alkaloidlari ishtirokida olib
borilgan har xil elektrofil va nukleofil almashinish reaksiyalarini keltirishimiz mumkin.
Mazkur tadgiqotlar natijasida mualliflar tomonidan qator qonuniyatlar topilgan va
biologik (bakteriya va mikroblarga garshi, sitotoksik faolligi) yuqori bo‘lgan “nomzod
birikmalar” aniqlangan [2-6].

Tadgigot metodologiyasi. IImiy nashrlarda keltirilganidek, tabiiy trisiklik xinazolin
alkaloidlari va ularning sintetik analoglari nafagat nazariy jihatdan, balki amaliy nugtayi
nazardan ham soha olimlarini e’tiborini o‘ziga jalb etmoqda. Buni ulardagi qator reaksion
markazlarning mavjudligi va ular asosida xalq xo‘jaligining turli sohalari uchun dori
vositalari yil sayin ko‘payib borayotganligi bilan tushuntirish mumkin.

Ma’lumki, trisiklik xinazolin alkaloidlari dunyoning turli mintaqalarida o‘sadigan
xilma xil o‘simlik turlaridan ajratib olingan. Trisiklik xinazolin alkaloidlarining birinchi
vakili, eng sodda tuzilishga ega dezoksipeganin (1) alkaloidi o‘tgan asrning 70-yillarida
Peganum harmala o‘simligidan ajratib olingan [7].

Keyinchalik esa dezoksipeganin (1) va uning kislorodli analogi dezoksivazisinon (2)
alkaloidi Nitraria shoberi, Peganium harmala, Adhadota vasica, Isatic indigotica, Arundo
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donax, Maskinlaya macrosciadia o‘simliklaridan ajratib olingan [8]:
0

Ta’kidlash joizki, xinazolin alkaloidlari tabiatda keng tarqalgan bo‘lishiga qaramasdan,
ular tabity manbalarda kam miqdorlarda uchraydi.

Shuning uchun, ularning turli xil sintez usullari ishlab chigilgan. Buning asosiy
sababi: birinchidan, ularning tuzilishini va reaksion gobiliyatini giyosiy taqggoslash,
ikkinchidan esa ular asosida arzon xomashyolardan foydalanib tibbiyot va qishlog
x0‘jaligi uchun samarali dori vositalarini izlashdan iboratdir.

Shu magsadda, X.M.Shaxidoyatov va Y.Jahning o‘z shogirdlari bilan
dezoksivazisinon (2) alkaloidining bir necha usullar yordamida sintez gilishgan. Xususan,
antranil kislota yoki uning efirlarini (3) laktamlar bilan kondensirlovchi agentlar (POClIs,
SOCI;) ishtirokidagi  kondensatsiyasidan,  2-nitro-(azido)-benzoilxloridlarni  (4)
katalizatorlar ishtirokida y-butirolaktam (BL) bilan reaksiyasidan [9]:

NH, C : X

3, R=H, Me 4, X=NO,, N3
3-Yodpropilxinazolin-4-onni (5) (MesSn). - qalay (II) alkil hosila (geksametildiolova)
ishtirokida radikal halgalanishi yoki 1,2-digidrodezoksipeganinni (6) kaliy permanganat
ishtirokida selektiv oksidlanishi natijasida ham dezoksivazisinon (2) yaxshi unum bilan
olingan, lekin 6-birikma katalizatorlar — galogenidlar va Cu(OAc). ishtirokida katalitik
oksidlanishi natijasida 2-modda kam unumda (16 20%) hosil bo‘lishi kuzatilgan [10]:

(@]
©\)‘\N (Me3 Sn), KMnO4 )N\/>
) 1D —
N I g

Shuningdek, antranil kislotadan mikroto* lq1n11 pech (MW) sharoitidagi “domino”
reaksiyasi, 3-brompropilxinazolin-4-onni (7) litiy diizopropilamidi (LJA) ta’sirida
elektrofil almashinish — halgalanishi [11], yoki izat angidridining (8) y-butirolaktam bilan
MW sharoitidagi reaksiyasida ham dezoksivazisinon (2) hosil bo‘ladi. 2-
Aminobenzaldegid (9) va pirrolidon sintezidan hosil bo‘lgan oraliq mahsulot - 1,2-
digidrodezoksipeganinni (6) oksidlanishidan yugori unum (87%) bilan dezoksivazisinon
(2) hosil bo‘ladi [12]:

©\)‘\)/\L JJIA, TT® @f‘\/)} BJI, MW @f;\/lo
@NHz |

9
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Adabiyotlarda dezoksivazisinon alkaloidini sintez gilishning boshga selektiv usullari ham
mavjud [13].

Dezoksivazisinon (2) polistirol-biriktirilgan trifenilfosfinlar ishtirokidagi aza-Vittig
reaksiyasi, har xil gaytarilish-siklizatsiya reaksiyalari yordamida ham yuqori unum bilan
hosil bo‘lishi mumkin [14]. Yuqorida keltirilgan usullar orasida dezoksivazisinon (2) va
uning gomologlarini sintez gilishni oddiy va qulay usuli - antranil kislotani (3, R=H)
laktamlar bilan kondensirlovchi agentlar (POCls, PCls, SOCI,) ishtirokidagi reaksiyasidir:

0
NH, 0 N
3 n=1, n=2, n=3, n=4

Lekin, yuqgorida keltirilgan tadgiqotlarda dorivor vositalar - dezoksipeganin alkaloidi
(DOP, 1) va dezoksipeganin gidroxlorid digidrati (DOP GX DG), ularning turli kimyoviy
o‘zgarishlari, shuningdek, olingan natijalarning ularning kislorodli analoglari bilan giyosiy
tahlili haqidagi ma’lumotlar adabiyotlarda deyarli muhokama etilmagan. Shuning uchun,
biz tadgiqotlarimizda dezoksipeganinlarni asos (1) yoki tuz (gidroxlorid) holida
tayyorlash, ularning elektrofil agent nitrolovchi aralashma bilan o‘zaro ta’sirini o‘rganish,
shuningdek ularning kislorodli analoglari — trisiklik xinazolonlar gatorida giyosiy tarzda —
nitro hosilalarni sintez gilishni rejalashtirdik [15].

Almashinmagan trisiklik xinazolonlarni (1-7) sintezida asosan an’anaviy usuldan —
antranil Kislotaning laktamlar bilan fosforoksixlorid ishtirokidagi halgalanish reaksiyasidan
foydalanildi. ~ Xususan, tadgigotlarimizning  asosiy  obyektlari  hisoblanadigan
dezoksipeganin (1), uning gidroxloridi yoki dezoksivazisinonning (2) sintezi uchun asosiy
xomashyo sifatida antranil kislota va 2-pirrolidon ([1-butirolaktam) ishlatiladi. Xususan,
antranil kislotaning butirolaktam bilan fosforoksixlorid ishtirokida halgalanishidan avval
dezoksivazisinon (2) 85% unum bilan hosil bo‘ladi [16]:

1) Zn/HCI (10%) @\D
‘ 2) NH,OH N

COH o N NH,OH || HCI
[ P (25%) (30%)
N
2 Zn/HCI (10%) N
@
N

NNC)

H Cl

Bunda hosil bo‘ladigan dezoksivazisinonni (2) avval ammiakning suvli eritmasi
bilan ishlanadi, keyin esa xloroform bilan ekstraksiya gilib ajratib olinadi. Shuningdek,
halqalanish reaksiya davomida dastlab hosil bo‘lgan dezoksivazisinonni ajratib olmasdan,
to‘g‘ridan-to‘g‘ri rux kukuni bilan 10% li xlorid kislota ishtirokida qaytarib, so‘ngra suvli
ammiak bilan asosli muhitga o‘tkazish yo‘li bilan dezoksipeganin (1) olish mumkin,
bunda reaksiya unumi 40% ni tashkil etadi. Dezoksipeganin gidroxloridni olish uchun
dezoksivazisinon (2) yuqorida keltirilgan sharoitda qaytariladi. Ta’kidlash kerakki,
dezoksipeganin (1) konsentrlangan (30%) xlorid kislota ta’sirida oson dezoksipeganin
gidroxloridga aylanadi (unum 90%); shuningdek, gidroxloridni avval distillangan suvda
eritib, keyin eritmaga 25% li ammiak qo‘shib xona haroratida yaxshilab aralashtirilsa,
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dezoksipeganinning oppoq kristallari cho‘kmaga tushadi, bunda mahsulot (1) deyarli
miqdoriy (98%) unum bilan hosil bo‘ladi.

Natijalar va muhokama. Tadgiqotlar doirasini kengaytirish, molekulasida
elektronoakseptor (nitro) guruhlar saglagan trisiklik xinazolonlarni sintez gilish uchun
xomashyolar sifatida almashinmagan xinazolonlar qo‘llanildi, nitrolovchi aralashma
(HNO3+H2SO4, NA) sifatida esa konsentrlangan nitrat va sulfat kislotalarining
aralashmasi ishlatildi. Molekulaga bitta nitro-guruh kiritish — mono-nitrolash
reaksiyalarini olib borish uchun dastlabki xinazolonlar va nitrolovchi aralashmalar (NA)
o‘zaro 1:1 nisbatlarda olinadi.

Dezoksipeganin (DOP) alkaloidi (1) molekulasiga bitta nitro-guruhni kiritish uchun,
reaksiyalar reagentlarning 1:NA — 1:1 nisbatdagi aralashmalarini past haroratdagi o‘zaro
ta’siri amalga oshirildi [17-20]:

NT 1) 042°C, 1-1.5 c; NG
1 2)20-25°C, 1-1.5¢ 10
(1:HA = 1:1)
Buning uchun, DOP sovutilgan (0°C) konsentrlangan sulfat kislotada eritiladi, keyin shu
haroratda NA tomchilatib qo‘shiladi va 1-1.5 soat shu haroratda, keyin yana shuncha vaqt
davomida xona haroratida aralashtiriladi. Mahsulot (10) reaksion aralashmani mubhiti
ammiakning suvli eritmasi bilan ishqoriy muhitga keltirish natijasida cho‘ktirib ajratib
olinadi va qayta kristallab tozalanadi. Natijada mahsulot juda yugori (90%) unum bilan
ajratib olinadi.
'H AMP-cnextp (400 MI'n, CD30D, &, m.y., J/Tm): 7.93 (1H, nn, J=8.7, 2.6, H-6), 7.81
(1H, m, H-8), 6.87(1H, J=8.7, H-5), 4.63 (2H, ¢, CH2-9), 3.39 (2H, T, J=7.1, H-1), 2.61
(2H, T, J=7.1, H-3), 2.05 (2H, M, H-2). ¥*C AMP-cnextp (100 MI'u, CDsOD, &, m.y.):
168.10 (C-3a), 150.89 (C-4a), 144.77 (C-7), 125.49 (C-6), 123.73 (C-5), 123.37 (C-8),
121.60 (C-8a), 52.95 (C-1), 47.28 (C-9), 19.70 (C-2), 32.51 (C-3). UK-cnektp (KBr, v,
eMt): 2868 (venz), 1561 (ve=n), 1502 (Vno2), 1485 (ven).
Nitrolash reaksiyalarini davom ettirib, birikmalarni nitrolovchi aralashma bilan

o‘zaro ta’siri amalga oshirildi'

O\b 00 @d?

HA (HNO3+HZSO4)
13 (85%) 14 (90%) 15 (83%)

Xulosa va takliflar. Reaksiyalar reagentlarning (dastlabki birikmalar va NA) o‘zaro
1:1 nisbatlarida va past haroratda olib borildi, ya’ni bunda nitro-dezoksipeganinning (10)
sintez usulidan foydalanildi. Ta’kidlash kerakki, NA ning miqdorini bir necha
barobargacha yoki reaksiya harorati va davomiyligi oshirilishi dezoksivazisinon hosilalari
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gatorida dinitro-mahsulotlar hosil bo‘lishiga olib kelmadi. Reaksiyalar natijasida kerakli
nitro-hosilalar (11-15) 83-90% unumlar bilan ajratib olindi. Sintez gilingan nitro-
hosilalarning (11-15) tuzilishi *H va *C YAMR-spektroskopiya yordamida isbotlandi. *H
SAMP-cnextp (400MI', CDCl3+CD30D, 4, m.y., J/Tu): 8.34(1H, 1, J=2.4, H-6), 8.02 (1H,
m, J=1.2, J=2.4, H-8), 4.60 (2H, ¢, CH-9), 3.53 (2H, r, J=7.1, H-1), 2.75 (2H, T, J=8.0,
CH2-3), 2.16 (2H, M, CH2-2). $3C SIMP-cniextp (100 MI';, CDCl3+CDsOD, s, m.y.): 174.8
(C-5), 169.75 (C-7), 142.05 (C-6), 135.96 (C-4a), 124.86 (C-8), 120.12 (C-8a), 106.7 (C-
3a), 52.7 (C-9), 46.9 (C-1), 32.6 (C-2), 19.05 (C-3). MK-crektp (KBr, v, cml): 3085
(verz), 1561 (ve=n), 1536, 1514 (vno2), 1491 (ven).
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NATRONLI PISHIRISH JARAYONI DAVRIDA TURLI PARAMETRLARNI
AJRALIB CHIQAYOTGAN SELLYULOZANING SIFAT
KO‘RSATKICHLARIGA TA’SIRINI O‘RGANISH VA OPTIMAL JARAYON
DAVOMIYLIGINI BELGILASH TADQIQLARI
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Annotatsiya. Mahalliy xomashyo banan poyasi, guruch poxoli, gamish
o‘simliklaridan kimyoviy qayta ishlashga yarogli sellyuloza ajratib olish jarayonlari
parametrlarini o‘zlashtirish — roslashga bag‘ishlangan ushbu tadqigot, natronli pishirish
jarayoni davrida turli parametrlarni ajralib chigayotgan sellyulozaning sifat
ko‘rsatkichlariga ta’sirini o‘rganish va optimal jarayon davomiyligini belgilash tadqiqlari,
kimyoviy gayta ishlashga yarogli sellyulozani ogartirish jarayonida turli reagentlar hamda
ta’sir etuvchi parametrlarni optimal holatini belgilash hamda xomashyolar asosida olingan
yuqori tozalikka ega sellyuloza namunalarini fizik-kimyoviy hamda mexanik-strukturaviy
xossalari keng o‘rganildi. Delegnifikatsiya jarayonini turli vaqt oralig‘ida amalga oshirish
bilan tabiiy polimerni ajratib olishdagi optimal rejim aniglandi va optimallashtirildi.
Ishgoriy pishirish vaqtni jarayon davrida rostlash, ya’ni boshgarish imkoniyatlarini
beruvchi matematik modulli diagramma-jadval yo‘rignomasi shakllantirildi. Xomashyolar
asosida olingan yuqori tozalikka ega sellyuloza namunalarini fizik-kimyoviy hamda
mexanik-strukturaviy xossalari keng o‘rganildi.

Kalit so‘zlar: sellyuloza, natronli pishirish, ogartirish jarayonida turli reagentlar
karoboksimetil sellyuloza, polianionli sellyuloza, almashinish darajasi, polimerlanish
darajasi, pentozan, konsentratsiya, parometr, optimal sharoit, destruksiya.
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RESEARCH ON THE INFLUENCE OF VARIOUS PARAMETERS ON THE
QUALITATIVE INDICATORS OF RELEASED CELLULOSE DURING THE
PROCESS OF COOKING WITH SODA AND ESTABLISHING THE OPTIMUM
DURATION OF THE

Key words: cellulose, baking soda, various reagents in the bleaching process,
carboxymethyl cellulose, polyanionic cellulose, degree of substitution, degree of
polymerization, pentosan, concentration, parometer, optimal conditions, destruction.

Abstract: This chapter is dedicated to the study of the parameters of the process of
extraction of cellulose suitable for chemical processing from the local raw materials
banana stalks, rice straw, cane plants. In the process of bleaching cellulose suitable for
chemical processing, the physico-chemical and mechanical-structural properties of high-
purity cellulose samples obtained on the basis of raw materials were determined. Optimum
mode of extraction of natural polymer was determined and optimized by carrying out the
delignification process at different time intervals. A mathematical module diagram-table
guide was formed, which gives the opportunity to adjust the alkaline cooking time during
the process, that is, to control it. Also, the physico-chemical and mechanical-structural
properties of high-purity cellulose samples obtained on the basis of raw materials were
widely studied.

Kirish: Hozirgi kunda rivojlangan davlatlarda nafaqat sun’iy va sintetik
polimerlarni, balki tabiiy polimerlarni ajratib olish jarayonlarini optimallashtirish ustida
ham keng gamrovli amaliy ishlar olib borilmogda. Bu esa hosil bo‘layotgan mahsulotga
tegishli bo‘lgan sifat ko‘rsatkichlarni avvaldan belgilashga, jarayonda ishtirok etayotgan
turli parametrlarni roslash bilan kimyoviy reagentlarni, ishlatilinadigan xomashyolarni sarf
normasini bir muncha aniqlikda belgilashga imkon beradi [1,2].

Mavjud korxonalarning texnologik ketma-ketligini yugorida gayd etilgan
optimallashtirish mezoniga moslashtirib, zarur bo‘lganda tarmoqni rekonstruksiya qilish
orgali ijobiy natijalarga erishish mumkin. Chunki tabiiy polimerni olinish jarayonlarini
shu tarzda optimallashtirilmas ekan, ishlab chiqarishdagi rentabillik ko‘rsatkichi
o‘zgarmas nuqtani ko‘rsataveradi [3, 4].

Bu borada dunyo olimlari o‘zlarining yo‘nalishlarida bir qancha tadqiqotlarni
amalga oshirganlar, ya’ni organik moddalar va ular asosidagi kompozitsion materiallar
olishdagi turli parametrlar — kimyoviy regent konsentratsiyasi, jarayon harorati hamda
sintez jarayoni vaqti shular jumlasidandir.[5,6]

Mahalliy xomashyo banan poyasi, guruch poxoli, gamish o‘simliklaridan kimyoviy
qayta ishlashga yaroqli sellyuloza ajratib olish jarayonlari parametrlarini o‘zlashtirish —
roslashga bag‘ishlangan ushbu tadgiqot, natronli pishirish jarayoni davrida turli
parametrlarni ajralib chigayotgan sellyulozaning sifat ko‘rsatkichlariga ta’sirini o‘rganish
va optimal jarayon davomiyligini belgilash tadqiglari, kimyoviy gayta ishlashga yaroqli
sellyulozani oqartirish jarayonida turli reagentlar hamda ta’sir etuvchi parametrlarni
optimal holatini belgilash hamda xomashyolar asosida olingan yuqori tozalikka ega
sellyuloza namunalarini fizik-kimyoviy va mexanik-strukturaviy xossalari keng
o‘rganildi.[7,8]

Tadqgigot metodologiyasi. Natronli pishirish jarayoni davrida turli parametrlarni
ajralib chigayotgan sellyulozaning sifat ko‘rsatkichlariga ta’sirini o‘rganish va optimal
jarayon davomiyligini belgilash tadgigotlari olib borildi. Quydagi jadvalda ishqgoriy
pishirish vaqtini ajralib chiqayotgan sellyulozaning ayrim sifat ko‘rsatkichlariga ta’siri
keltirilgan.

1-jadval
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Qaynatish vagtini gamish sellyulozasining
sifat ko‘rsatkichlariga ta’siri (120°C)
Ne Ishqoriy pishirish Sellyulozaning sifat ko‘rsatkichlari
Kons-ya vaqt, dagiga Sel- a- sell- PD" Oqlik Kul migdori,

NaOH, g/l unum, % | za, % darajasi, % %
1 40 30 - - - - -
2 40 60 21,1 - - - -
3 40 120 39,7 84,1 710 49 -
4 40 180 43,2 93,2 950 59 7,4
5 40 240 35,1 94,1 840 61 6,2
6 40 300 24,8 94,0 410 63 5,1

1-jadvaldan kuzatish mumkinki, gaynatish vaqtini oshib borishi gamish asosida
ajratib olinayotgan sellyulozaning unumiga ijobiy ta’sir etmoqgda. Delegnifikatsiya
jarayonini turli vaqt oralig‘ida amalga oshirish bilan tabiiy polimerni ajratib olishdagi
optimal rejim aniglandi va optimallashtirildi. Bunda qgaynatish vaqti 180 dagiga deb
tanlandi — roslandi va unum 43,2% ni, kul migdori 7,4% ni ogartirilmagan holda tashkil
etayotganini kuzatish mumkin.

Qaynatish vagqtining tadgiqoti natijalaridan shuni aniglash mumkinki, pishirish vaqgtini
tahlil etish natijasida vaqtning jarayon davrida rostlash, ya’ni boshqarish imkoniyatlarini
beruvchi matematik modulli diagramma-jadval yo‘rignomasini shakllantirish imkoni
mavjud bo‘ldi.

Quyida aynan ishqoriy pishirish vagtini jarayon davrida rostlash, ya’ni boshqgarish
imkoniyatlarini beruvchi matematik modulli diagramma-jadval yo‘rignomasi shakllan-

tirildi.

2-jadval
Matematik modulli diagramma
YO‘RIQNOMASI
Ko‘rsatkichlar Sellyulozaning sifat - ko‘rsatkichlari |
Na | HN * * * * Sell- | a- kul, | PD | Oglik | Bo‘kuvchanl
Ne | OH | Os" | C° | C° T, T, za |sza| % dara- ik
* % dag | soat | unum si, %
g/l i, %
1 10 0,5 50 0,30 30 1,0 300 90
2 20 1,0 60 20 30 1 65 1,5 400 65
3 30 15 70 2 40 2,0 500 100
4 40 2,0 80 30 60 3 70 2,5 600 70
5) 50 2,5 90 4 50 3,0 700 110
6 60 3,0 | 100 | 40 90 5 75 3,0 800 75
7 70 3,5 | 110 6 60 4,0 900 120
8 80 4,0 | 120 | 50 | 120 7 80 4,5 100 80
0
9 90 45 | 130 8 70 5,0 110 130
60 | 140 85 0 85
10 | 100 | 5,0 | 140 9 55 120
0
11 | 110 | 55 | 150 10 80 6,0 130 140
70 | 160 90 0 90
12 | 120 | 6,0 | 160 11 6,5 140
0
13 | 130 | 6,5 | 170 12 90 7,0 150 150
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80 | 180 95 0 95
14 | 140 | 7,0 | 180 13 7,5 160
0
15 | 150 | 7,5 | 190 14 100 8,0 170 160
90 | 200 100 0 100
16 160 8,0 200 15 8,5 1800

+ - NaOHga tegishli bo‘lgan ko‘rsatkichlar
* - HNOaga tegishli bo‘lgan ko‘rsatkichlar
- vaqgt

PD- polimerlanish darajasi.

Ushbu jadval ko‘rinishdagi yo‘rignoma orqali - yillik o‘simliklar asosida sellyuloza
ajratib olish jarayonidan kutilayotgan sellyulozaning talab etilgan ayrim sifat
ko‘rsatkichlari, avvaldan yo‘rignoma asosida xomashyo hamda ishlatiladigan kimyoviy
reagentlarning sarf normasi magbullashtirilgan holda aniglash imkonini beradi.

Quyida banan poyasi asosida olingan sellyulozaning sifat ko‘rsatkichlariga NaOH
konsentratsiyasini ta’siri o‘rganilgan bo‘lib, ishqor konsentratsiyasining banan tarkibidan
sellyuloza ajratib olish jarayonlarining tadgiqoti tahlil ostiga olindi.

3-jadval
Banan poyasi asosida olingan sellyulozaning sifat ko‘rsatkichlariga NaOH konsentratsiyasini ta’siri
Ne [NaOH 1-bosgich 11-bosgich Sellyulozaning sifat ko‘rsatkichlari
é” yanchish =, |yanchish, |gaynatish | gaynatish, | sell-za | namlik, kul o-— PD
dagiga t°C 7, dagiga t°C unumi, % miqdori, | sell-
% % Za,
%
1 10 30 98-100 60 110 - - - - -
2 15 30 98-100 60 120 42,1 4,1 0,87 92,1 | 1100
3 20 30 98-100 60 130 53.4 3.6 0.71 92.4 | 940
4 25 30 98-100 60 140 45.6 4.4 0.53 92.2 | 610

2-jadvalda ishgor konsentratsiyasini optimallashtirish borasida bir gancha
tadgiqotlar natijasini kuzatish mumkin. Banan poyasi asosida sellyuloza ajratib olishda
NaOHning turli eritmalaridan foydalanildi. Optimal eritma konsentratsiyasi tadgiqotlar
natijasida roslandi va 20 g/l eritma optimal banan boyasidan sellyuloza ajratib olishda
tanlandi. Bunda sifat ko‘rsatkichlar ijobiy baholandi. Ushbu sellyulozadan istigbolda
kimyoviy qayta ishlash uchun yo‘naltirish mumkinligi ko‘rsatib berildi. Bunga ko‘ra
sellyulozaning unumi 53,4%, kul miqdori 0,71%, polimerlanish darajasi 940, a-sellyuloza
92,4%ni tashkil etmoqda. Bu ko‘rsatkichlar kelgusida ajratib olingan sellyulozadan kim-
yoviy gayta ishlashga yarogli bo‘lgan yugqori tozalikdagi xomashyo ekanligini xarak-
terlaydi.

Natijalar va muhokama NaOH ni turli konsentratsiyalarida pishirish jarayonini
amalga oshirish tadgigoti natijalaridan shuni aniglash mumkinki, pishirish vaqtini tahlil
etish natijasida vaqtning jarayon davrida rostlash, ya’ni boshqarish imkoniyatlarini
beruvchi matematik modulli diagramma-jadval yo‘rignomasini shakllantirish imkoni
mavjud bo‘ldi.

Quyida aynan natronli pishirishda NaOH ni konsentratsiyasini rostlash, ya’ni
boshqarish imkoniyatlarini beruvchi matematik modulli diagramma-jadval yo‘rignomasi
shakllantirildi.
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4-jadval
Matematik modulli diagramma
YO‘RIQNOMASI
Ko‘rsatkichlar Sellyulozaning sifat - ko‘rsatkichlari
NaOH | HNO3" * * * - Sell-za o- Kul, PD Oqlik Bo‘kuv-

Ne * % c’ | C° T, T, unumi | s-za % darajasi, | chanlik

g/l dag |soat % %
1 10 0,5 50 0,30 30 1,0 300 90
2 20 1,0 60 20 30 1 65 15 400 65
B 30 15 70 2 40 2,0 500 100
4 40 2,0 80 30 60 3 70 2,5 600 70
5 50 2,5 90 4 50 3,0 700 110
6 60 3,0 100 | 40 90 5 75 3,0 800 75
7 70 3,5 110 6 60 4,0 900 120
8 80 4,0 120 | 50 | 120 7 80 45 1000 80
9 90 45 130 8 70 5,0 1100 130
10 100 5,0 140 | 60 | 140 9 85 55 1200 85
11 110 5,8 150 10 80 6,0 1300 140
12 120 6,0 160 | 70 | 160 | 11 90 6,5 1400 90
13 130 6,5 170 12 90 7,0 1500 150
14 140 7,0 180 | 80 | 180 | 13 95 7,5 1600 95
15 150 7,5 190 14 100 8,0 1700 160
16 160 8,0 200 | 90 | 200 | 15 100 8,5 1800 100

+ - NaOH ga tegishli bo‘lgan ko‘rsatkichlar
* - HNO3 ga tegishli bo‘lgan ko rsatkichlar
T- vaqt

PD- polimerlanish darajasi.

Ushbu jadval ko‘rinishidagi yo‘rignoma orqali - yillik o‘simliklar asosida sellyuloza
ajratib olish jarayonidan kutilayotgan sellyulozaning talab etilgan ayrim sifat
ko‘rsatkichlari, avvaldan yo‘rignoma asosida xomashyo hamda ishlatiladigan kimyoviy
reagentlarning sarf normasi magbullashtirilgan holda aniglash imkonini beradi.

Quyida jadvalda kislotali (HNO3) gidroliz vaqtini natronli usulda ajralib olingan
guruch poxoli sellyulozasining sifat ko‘rsatkichlariga ta’siri keltirilgan.

5-jadval
Kislotali (HNOs) gidroliz vaqtini natronli usulda ajralib olingan guruch poxoli sellyulozasiningjsifat
ko‘rsatkichlariga ta’siri
(140°C, 180 dagiga)

Gidroliz Gidroliz Sel-za o- Kul PD Oqlik
vaqti, harorati, unumi, % sel-za miqdori, darajasi,
HNO3, uc % %

3%. soat

4 20-25 - - - - -
20-25 - - - - -
12 20-25 28,2 81,3 6,4 - 61
16 20-25 34,8 94,4 2,7 680 78
20 20-25 33,1 94,2 2,1 510 81
24 20-25 31,7 93,9 1,9 340 81

Guruch poxoli xomashyosidan sellyuloza olish jarayonida 2 bosqichli jarayon
tanlandi. Chunki poxolning strukturasi mayin, yumshoq bo‘lganligi sababli haroratni past
ushlagan holda natronli pishirish jarayoni amalga oshirildi.

Bunda sellyulozaning unumi 34,8%, kul miqgdori 2,7%, polimerlanish darajasi 680,
a-sellyuloza 94,4% ni tashkil etmoqda. Bu ko‘rsatkichlar kelgusida ajratib olingan
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sellyulozadan kimyoviy gayta ishlashga yarogli bo‘lgan yuqori tozalikdagi xomashyo
ekanligini xarakterlaydi.

(HNO3) gidroliz vaqtini natronli usulda ajralib olingan, ya’ni sellyuloza pishirish
jarayonini amalga oshirish tadgiqoti natijalaridan shuni aniglash mumkinki, pishirish
vaqtini tahlil etish natijasida vaqtning jarayon davrida rostlash, ya’ni boshgarish
imkoniyatlarini  beruvchi  matematik modulli diagramma-jadval yo‘rignomasini
shakllantirish imkoni mavjud bo‘ldi.

Quyida jadvalda kislotali (HNOs) gidroliz jarayonini rostlash, ya’ni boshqarish

imkoniyatlarini  beruvchi  matematik modulli  diagramma-jadval  yo‘rignomasi
shakllantirildi.
6-jadval
Matematik modulli diagramma
YO‘RIQNOMASI
Ko‘rsatkichlar Sellyulozaning sifat - ko‘rsatkichlari
NaOH | HNOs* | * * * * Sel-za a- Kul, PD Oqlik Bo‘kuv-

Ne * % Cco | CO | 1 T, | unumi, | s-za % darajasi, | chanlik

g/l dag | soa % %

t
1 10 0,5 50 0,3 1,0 | 300 90
30| 0 65 65

2 20 1,0 60 1 15 | 400
3 15 70 2 40 2,0 | 500 100
4 40 2,0 80 [ 30 | 60 [ 3 70 25 | 600 70
5 50 2,5 90 4 50
6 60 100 | 40 | 90 [ 5 75
7 70 35 | 110 6 60
8 80 40 [120| 90 | 120 [ 7 80
9 90 45 | 130 8 70 50 | 1100 130
10 | 100 5,0 - 60 | 140 [ 9 85 55 | 1200 85
11 | 110 55 | 150 10 80 6,0 | 1300 140
12 120 6,0 160 | 70 | 160 [ 11 90 6,5 | 1400 90
13 | 130 65 | 170 12 90 7,0 | 1500
14 | 140 70 |[180 | 80 13 75 | 1600 95
15 | 150 75 | 190 14 100 8,0 | 1700 160
16 160 8,0 200 | 90 | 200 100 85 | 1800 100

+ - NaOH ga tegishli bo‘lgan ko‘rsatkichlar
* - HNO3 ga tegishli bo‘lgan ko‘rsatkichlar

- vaqt
PD- polimerlanish darajasi.

Ushbu jadval ko‘rinishidagi yo‘rignoma orgali - yillik o‘simliklar asosida sellyuloza
ajratib olish jarayonidan kutilayotgan sellyulozaning talab etilgan ayrim sifat
ko‘rsatkichlari, avvaldan yo‘rignoma asosida xomashyo hamda ishlatiladigan kimyoviy
reagentlarning sarf normasi magbullashtirilgan holda aniglash imkonini beradi.

Xulosalar:

1. Natronli pishirish jarayoni davrida turli parametrlarni ajralib chigayotgan
sellyulozaning sifat ko‘rsatkichlariga ta’sirini o‘rganish va optimal jarayon davomiyligini
belgilash tadgiqotlari olib borildi.

2. Guruch poxoli xomashyosidan sellyuloza olish jarayonida 2 bosgichli jarayon
tanlandi. Chunki poxolning strukturasi mayin, yumshoq bo‘lganligi sababli haroratni past
ushlagan holda natronli pishirish jarayoni amalga oshirildi.
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3. Ishqgor konsentratsiyasini optimallashtirish borasida bir gancha tadgiqgotlar natijasini
kuzatish mumkin. Banan poyasi asosida sellyuloza ajratib olishda NaOHning turli
eritmalaridan foydalanildi.
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Annotatsiya. Ushbu tadqiqotda mahalliy “Pavlovniya” daraxti sellyulozasidan
nitrotsellyuloza — kolloksilin olish jarayoni tadgiglari va turli parametrlardan hosil
bo‘ladigan mahsulotning sifat ko‘rsatkichlariga ta’siri o‘rganildi. Mahalliy pavlovniya
daraxti asosida olingan sellyuloza namunalaridan foydalanildi. Pavlovniya sellyulozasi
quydagi tartibda olingan va uning barcha sifat ko‘rsatkichlari nitrotsellyuloza — kolloksilin
olish uchun xomashyo sifatida ishlatishga imkon beradi. Ishning ushbu bosgichida
bug‘doy somoni hamda qamish o‘simligi asosida olingan sellyulozalarni natriy gipoxlorit
oqartiruvchi reagentni sellyulozaning sifat ko‘rsatkichlariga ta’siri o‘rganildi. Mahalliy
xomashyolar asosida, ya’ni guruch poxoli, bug‘doy somoni, hamda gqamish o‘simligi
sellyulozalari asosida olingan sellyuloza namunalarini fizik-kimyoviy hamda mexanik-
strukturaviy xossalari o‘rganildi. Sellyulozani oqartirish jarayoni shundan iboratki,
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sellyuloza olish jarayonidan so‘ng uning tarkibida qolgan lignin oqartirish yo‘li bilan
chiqgarib tashlash hamda 90-94% gacha oqlik darajasiga erishish, yoki sellyulozaga 60-
70% gacha yarimoqlik daraja berishdan iborat.

Kalit so‘zlar:sellyuloza, natronli pishirish, karboksimetilsellyuloza, polianionli
sellyuloza, polimerlanish darajasi, pentozan, destruksiya, ishqor quyqasi, bo‘kuvchanlik.

OIITUMM3 AL PASJIMYHBIX PEAT'EHTOB U BJAUAIOLINX HA
ITAPAMETPBI B TIPOINECCE OTBEJIMBAHUA XUMHUYECKH
HNEPEPABOTAHHOM IEJLTIOJIO3bI

AHHOTanusi: B 1aHHOM HCCIeqOBaHMM W3Yy4EH MNPOLIECC MOJTYYEHHsS HUTPOLEI-
JIFOJIO3bI-KOJJIOOKCHIIMHA M3 LEJUIIONI03bI MecTHOro JnepeBa «llaBloHHMS» W BIHSHHE
pa3NUYHBIX TapaMeTpOB HAa KAadyeCTBEHHBIC MOKa3aTeld IOJydyaeMoro mpoaykra. Bce
Ka4eCTBEHHBIC ITOKA3aTeNN JaHHOM IEJUTIOI03bI IO3BOJISIOT UCIIOIB30BaTh €€ B KauyecTBE
CBIPbSl U1l MOJYYEHHs HUTPOLEIUIIONO3bI - KoJulokcuinHa. Ha manHOM 3Tame paboTsl
U3y4CHO BIIMSHHE OTOEIMBAIOLIETO pearcHTa THIIOXJIOPUTAa HATpPHs HAa KadeCTBEHHBIC
MOKa3aTeNy LEJUTION03bl.  M3ydeHbl (U3MKO-XMMUYECKHE M MEXaHHKO-CTPYKTYpHBIE
CBOICTBa 00pa3lOB LEJUIIOIO03b], HOIYYCHHBIX U3 MECTHOTO CBIPbS - PHCOBOM COJOMBI,
NIICHUYHOM COJIOMBI M HEJUIIOJIO3bI TPOCTHHUKA. [Iporecc oTOenMBaHUS ILIEIUTIOIO3BI
3aKJIFOYAeTCsl B YAAJICHUHM OCTaBILETOCS B €€ COCTaBe JMTHHWHA IIOCIE IMpOIecca BapKu
IyTeM OTOEIUBAHUS U JOCTUKEHUS cTeneHn Oenu3Hbl 90-94% unu npuaHuy 1eI103e
crenienu nonyoenusnsl 60-70%.

KnioueBble cjoBa: 1nemmono3a, NHIIEBas CcoJa, KapOOKCHMETHIIIIEIUIIIO3a,
MOJIMaHNOHHAS LIEJUII0JI03a, CTEIICHB ITOJIMMEPH3aluy, TICHTO3aH, AECTPYKIHUs, IeT0Has]
Koaryisnus, HabyxaHue.

Kirish. Mahalliy xomashyo banan poyasi, guruch poxoli, gamish o‘simliklaridan
kimyoviy qayta ishlashga yaroqli sellyuloza ajratib olish jarayonlari parametrlarini
0‘zlashtirish — roslashga bag‘ishlangan ushbu tadgigot, natronli pishirish jarayoni davrida
turli parametrlarni ajralib chigayotgan sellyulozaning sifat ko‘rsatkichlariga ta’sirini
o‘rganish va optimal jarayon davomiyligini belgilash tadqiqlari, kimyoviy qayta ishlashga
yaroqli sellyulozani oqartirish jarayonida turli reagentlar hamda ta’sir etuvchi paramet-
rlarni optimal holatini belgilash, hamda xomashyolar asosida olingan yuqori tozalikka ega
sellyuloza namunalarini fizik-kimyoviy hamda mexanik-strukturaviy xossalari keng
o‘rganildi [1,2,3].

Mavjud korxonalarning texnologik ketma-ketligini yuqgorida gayd etilgan
optimallashtirish mezoniga moslashtirib, zarur bo‘lganda tarmoqni rekonstruksiya qilish
orgali ijobiy natijalarga erishish mumkin. Chunki tabiiy polimerni olinish jarayonlarini
shu tarzda optimallashtirilmas ekan, ishlab chiqarishdagi rentabillik ko‘rsatkichi
o‘zgarmas nuqtani ko‘rsataveradi [4,5,6].

Bu borada dunyo olimlari o‘zlarining yo‘nalishlarida bir qancha tadqiqotlarni
amalga oshirganlar, ya’ni organik moddalar va ular asosidagi kompozitsion materiallar
olishdagi turli parametrlar — kimyoviy regent konsentratsiyasi, jarayon harorati hamda
sintez jarayoni vagti shular jumlasidandir [7].

Mahalliy xomashyolardan ajratib olingan sellyulozadan uning oddiy va murakkab
efirlarini olish jarayoni davridagi optimal parametrlarni o‘zlashtirish — tadqiq etishga oid
bo‘lgan ilmiy tadqiqotlar hozirgi ishlab chigarish uchun zaruriy faktorlardan sanaladi.
Unda organik moddalar va ular asosidagi materiallar, hamda kompozitsion mahsulotlar
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ishlab chigarish jarayoni davrida turli parametrik faktorlar negizida amalga
oshiriladigan texnologik ketma-ketliklarni o‘rganilganlik darajasi, hamda mahalliy
xomashyolarni kompleks gayta ishlash davrida uning sellyuloza tutgan gismlarini
kimyoviy gayta ishlash jarayonlarini parametrlar asosida roslash — boshgarish
tizimlarini takomillashtirish istigbollari belgilash muhim xarakterga ega sanaladi
[8,9,10].

Bu borada hali gilinishi lozim bo‘lgan ishlarni yanada rivojlantirish talab etiladi.
Demak, innovatsion ishlanmalar negizida ishlab chigarish  jarayonlarini
optimallashtirish-ning natijaviy startab loyihalarini barcha soha tarmoglariga jalb etish
ahamiyatli sanaladi [11].

Ushbu tadgiqgot negizida kimyoviy gayta ishlashga yarogli sellyulozani ogartirish
jarayonida turli reagentlar hamda ta’sir etuvchi parametrlarni optimal holatini belgilash
yotipdi [12].

Tadgigot metodologiyasi. Ogartirish — turli ashyolar (yog‘och massasi,
to‘qimachilik materiallari, kimyoviy moddalar) ning oqlik darajasini kuchaytirish
(oshirish) uchun amalga oshiriladigan texnologik jarayon yoki jarayonlar majmuyi.
Kimyoviy va termik usullari mavjud. Ogqartirishda material tarkibidagi bo‘yovchi
moddalar ketkaziladi yoki yemiriladi. Oqartirishning optik va fotografik usullari ham
bor. Optik oqgartirishda ultrabinafsha nurlarini yutuvchi va ularni ko‘k yoki binafsha
rangga aylantiruvchi rangsiz yoki och rangli organik birikmalardan foydalaniladi. Bu
usul, asosan, tabiiy va sintetik tolalarni, qogozlar, plastmassalarni ogartirish uchun
qo‘llaniladi. Fotografik ogartirishda og-gora va rangli foto hamda kinomateriallarga
ishlov beriladi. Bunday ishlovda maxsus modda ta’sirida foto yoki kinotasvirning
metall kumush gatlami oksidlanib yemiriladi va oqartirish jarayoni ro‘y beradi. Bu
usul fotografik tasvirni ravshanlashtirish va kuchaytirish uchun qo‘llaniladi [13,14,15]

Sellyulozani oqartirish jarayoni shundan iboratki, sellyuloza olish jarayonidan
so‘ng uning tarkibida qolgan lignin oqartirish yo‘li bilan chiqarib tashlash hamda 90-
94% gacha oglik darajasiga erishish, yoki sellyulozaga 60-70% gacha yarimoqlik
daraja berishdan iborat. Hozirgi vaqtda sellyuloza tarkibidagi ligninni yo‘q qilish yo‘li
bilan ogartirish jarayonining bir gancha usullari mavjud.

Oqartirish jarayoni sellyulozaning bir gancha optik xossalarini o°zgartirishga olib
keladi.

Ishning ushbu bosqichida bug‘doy somoni hamda gamish o‘simligi asosida
olingan sellyulozalarini natriy gipoxlorit ogartiruvchi reagentni sellyulozaning sifat
ko‘rsatkichlariga ta’siri o‘rganildi.

Dastlab sellyulozani oqartirishda natriy gipoxlorit (NaOCI) ni turli
konsentratsiyalarida olib boriladi. Natriy gipoxlorit bilan ogartirish jarayonida muhit
ishqoriy pH=10-12 gacha bo‘lishi kerak, chunki pH=10 dan past bo‘lgan muhitda
eritmada natriy gipoxlorit bilan birga xlor tarkibli kislota hosil bo‘ladi va sellyuloza
makromolekulasini ham destruksiyaga uchratadi.

Natijalar va muhokama Quyidagi jadvalda guruch poxoli, bug‘doy somoni
hamda gamish o‘simligi asosida olingan sellyulozalarni natriy gipoxlorit ogartiruvchi
reagentini matematik modulli diagramma yo‘rignomasi keltirilgan.
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1-jadval
Guruch poxoli, bug‘doy somoni hamda qamish o‘simligi asosida olingan sellyulozalarni
natriy gipoxlorit ogartiruvchi reagentini matematik modulli diagramma

YO‘RIQNOMASI
(40°C harorat ostida 120 dagiga)
Ko‘rsatkichlar
Ne Guruch poxoli sellyulozasi Bug‘doy somoni sellyulozasi Qamish
sellyulozasi
Oqlik darajasi, - Oqlik darajasi, % Oqlik darajasi,
pH % %

1 1,0 9 65,2 9 66,1 9 67,0
2 15 9 66,9 9 67,2 9 67,9
3 2,0 9 69,1 9 67,9 9 68,2
4 2,5 9 69,8 9 69,2 9 70,6
5 3,0 9 70,4 9 70,8 9 71,8
6 3,5 9 70,8 9 71,9 9 72,9
7 4,0 9 71,1 9 72,0 9 73,8
8 1,0 10 72,8 10 73,2 10 74,9
9 15 10 73,1 10 74,0 10 75,3
10 2,0 10 73,4 10 749 10 75,8
11 2,5 10 73,6 10 75,6 10 76,2
12 3,0 10 73,8 10 76,0 10 77,9
13 3,5 10 74,2 10 76,8 10 78,8
14 4,0 10 75,9 10 77,1 10 79,8
15 1,0 11 76,5 11 78,3 11 81,7
16 15 11 77,1 11 79,9 11 82,8
17 2,0 11 78,7 11 81,2 11 83,7
18 25 11 80,8 11 82,0 11 84,0
19 3,0 11 81,6 11 82,8 11 84,9
20 8i5) 11 82,8 11 83,9 11 85,5
21 4,0 11 83,8 11 84,9 11 86,1
22 1,0 12 84,7 12 85,4 12 87,8
23 15 12 85,8 12 86,9 12 89,8
24 2,0 12 87,9 12 88,8 12 91,8
25 2,5 12 88,6 12 89,8 12 92,0
26 3,0 12 89,8 12 90,1 12 92,8
27 &5 12 90,8 12 91,9 12 93,1
28 4,0 12 91,6 12 92,8 12 93,9

+ - NaOH ga tegishli bo‘lgan ko‘rsatkichlar
* - HNO3 ga tegishli bo‘lgan ko‘rsatkichlar
- vaqt
PD- polimerlanish darajasi.
1-jadvalda mahalliy xomashyolar — guruch poxoli, bug‘doy somoni, hamda gamish
o‘simligi asosida olingan sellyulozaning oqartiruchchi reagent natriy gipoxlorit (NaOCl)
ni turli konsentratsiyalarida oqartirishning matematik modulli diagrammasi tadgiqotlar,
izlanishlar davomida tuzib chiqildi. Ushbu yo‘rignoma sellyuloza va uning mahsulotlarini
ishlab chigarish tarmoglari uchun asosiy sarf normalarni belgilashda foydalanish uchun
tavsiya etildi.
Xomashyolar asosida olingan yuqori tozalikka ega sellyuloza namunalarini
fizik-kimyoviy hamda mexanik-strukturaviy xossalari
Mahalliy xomashyolar asosida asosida, ya’ni guruch poxoli, bug‘doy somoni, hamda
qamish o‘simligi sellyulozalari asosida olingan sellyuloza namunalarini fizik-kimyoviy
hamda mexanik-strukturaviy xossalari o‘rganildi va aniqlandi.
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Quyida GOST 11208-82 Sulfat oqartirilmagan sellyulozaga sellyuloza-texnik shart
talablariga solishtirish jadvali keltirilgan.
2-jadval
Mahalliy xomashyo — guruch poxoli, bug‘doy somoni va gamish sellyulozalarining sifat
ko‘rsatkichlarini GOST 11208-89 dagi sifat ko‘rsatkichlarga taqqoslash

Markalar bo‘yicha
ko‘rsatkichlar (GOST “GPS “BSS QS Tajriba
No Ko‘rsatkichlar 11208-89) usullari
AK-1 AK-2
1 Oglik darajasi, % 90 89 91,2 92,1 93,4 GOST
7690
2 pH 7,0 7,0 7,0 7,0 7,0 GOST
12523
3 Pentozanlar
miqdori,% - - - - - GOST
kam emas 10820
4 Ifloslik darajasi, 50 50 41 48 52 GOST
dona 14363.3
ko‘p emas
5 | Namlik darajasi, % 20 20 12 16 19 GOST
16932

*GPS-guruch poxoli sellyulozasi
*BSS-bug‘doy somoni sellyulozasi
*QS-qamish o‘simligi sellyulozasi

Jadvaldan kuzatish mumkinki, mahalliy xomashyolar asosida, ya’ni guruch poxoli,
bug‘doy somoni, hamda qamish o‘simligi sellyulozalari asosida olingan sellyuloza namunalarini
fizik-kimyoviy hamda mexanik-strukturaviy xossalari o‘rganilib, GOST 11208-82 da keltirilgan
talab ko‘rsatkichlari bilan solishtirilganda mos tushishi aniglandi. Bu esa mahalliy xomashyolar —
guruch poxoli, bug‘doy somoni, hamda qamish o‘simligi asosida olingan sellyulozaning
ogartiruvchi reagent natriy gipoxlorit (NaOCI) ni turli konsentratsiyalarida ogartirishning
matematik modulli diagrammasi tadgiqotlar, izlanishlar davomida tuzib chigilgan ishlanmaning
ijobiy natijasidan sanaladi.

Xulosalar

4. Mahalliy xomashyolar asosida, ya’ni guruch poXoli, bug‘doy somoni, hamda gamish
o‘simligi sellyulozalari asosida olingan sellyuloza namunalarini fizik-kimyoviy hamda mexanik-
strukturaviy xossalari o‘rganildi va aniqlandi.

5. Ishning ushbu bosqgichida bug‘doy somoni hamda gamish o‘simligi asosida olingan
sellyulozalarni natriy gipoxlorit ogartiruvchi reagentni sellyulozaning sifat ko‘rsatkichlariga ta’siri
o‘rganildi.

6. Fotografik ogartirishda og-gora va rangli foto hamda kinomateriallarga ishlov beriladi.
Bunday ishlovda maxsus modda ta’sirida foto yoki kinotasvirning metall kumush gatlami
oksidlanib yemiriladi va ogartirish jarayoni ro‘y beradi. Bu wusul fotografik tasvirni
ravshanlashtirish va kuchaytirish uchun qo‘llaniladi.
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Annotatsiya. Geterohalqgali birikmalarda tioamidlash reaksiyalarini amalga oshirish
va bu usullarni yanada takomillashtirish, tioamidlarning turli modifikatsiyalarini amalga
oshirish va sintez gilingan tioamidlarni reaksion qobiliyatini va biologik faolligini
atroflicha tadqiq etish nafagat nazariy jihatdan, balki amaliy nugtayi nazardan ham soha
olimlarini e’tiborini o‘ziga jalb etmoqda. Buni ulardagi turli reaksion markazlarning
mavjudligi tufayli ko‘pyoqlama reaksion qobiliyat namoyon etishi hamda ular asosida
qishloq xo‘jaligi va tibbiyot uchun dori vositalari ko‘payib borayotganligi bilan
tushuntirish mumkin. Ushbu magolada uch komponentli (A) va uch komponentli —
katalitik (B) usullaridan foydalanib tioamidlash reaksiyalari sintezi amalga oshirilgan.
Qo‘llanilgan har ikki multikomponent sintez usullarini qiyosiy taqqoslash natijalariga
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ko‘ra, uch komponentli- Kkatalitik (B) usul gator afzalliklarga ega ekanligi: reaksiyalar
nisbatan gisqa vaqtda va past haroratda borishi, mahsulotlar unumi esa 12-15% ga
yugqoriligi, bu esa uning A usulga nisbatan samarali usul ekanligi ko‘rsatilgan. Adabiyot
ma’lumotlari va biz tomonimizdan olingan natijalar asosida tioamidlash reaksiyasining
taxminiy mexanizmini 2, 3-dimetilxinazolin-4-on, oltingugurt (Sg) va morfolin misolida
keltirilgan. Sintez gilingan moddalarning tuzilishi zamonaviy fizik tadgiqot usullari 1Q-,
Y AMR-spektrlar yordamida tahlil gilingan.

Kalit so‘zlar: 2,3-etilxinazolin-4-onning anilin ishtirokidagi katalitik tioamidlanish
reaksiyasi oltingugurt-saqlovchi nukleofil katalizator (Na2S-9H20) ishtirokida olib
borilganda, siklooktasulfan (S8) katalizator ta’sirida reaksion qobiliyati yuqori bo‘lgan
nukleofil ionlarga (HS- va HS8-xS-) parchalanadi.

THIOAMIDATION REACTIONS OF 2,3-DIMETHYLQUINOZOLIN-4-ONES

Abstract. Implementation of thioamidation reactions in heterocyclic compounds and
further improvement of these methods, implementation of various modifications of
thioamides, and thorough research of the reactivity and biological activity of synthesized
thioamides attract the attention of scientists in the field not only from a theoretical point of
view, but also from a practical point of view, but also from a practical point of view, it
attracts the attention of scientists of the field. This can be explained by the fact that they
show multi-faceted reaction ability due to the presence of different reaction centers in
them, and the number of drugs for agriculture and medicine based on them is increasing.
In this article, synthesis of thioamidation reactions using three-component (A) and three-
component - catalytic (B) methods is carried out. According to the results of a
comparative comparison of the two multicomponent synthesis methods used, the three-
component-catalytic (B) method has a number of advantages: the reactions take place in a
relatively short time and at a low temperature, and the product yield is 12-15% higher,
which makes it It is shown to be an effective method compared to method A. Based on the
literature data and our results, the approximate mechanism of the thioamidation reaction is
presented on the example of 2,3-dimethylquinazolin-4-one, sulfur (S8) and morpholine.
The structure of the synthesized substances was analyzed using modern physical research
methods IR-, YAMR-spectra.

Keywords: catalytic thioamidation reaction of 2,3-ethylquinazolin-4-one in the
presence of aniline in the presence of sulfur-preserving nucleophilic catalyst
(Na2S-9H20), under the influence of cyclooctasulfane (S8) catalyst, highly reactive
nucleophilic ions ( HS- and HS8-xS-) are decomposed.

Kirish. Jahonda qgishloq xo‘jaligi, tibbiyot va veterinariya amaliyotida geterotsiklik
birikmalar — xinazolonlar asosida vyaratilgan preparatlar gerbitsidlar, fungitsidlar,
bakteritsidlar, antigelmint va gipotenziv vositalar, shuningdek, viruslarga, mikroblarga,
shamollashga va saratonga qarshi preparatlar sifatida qo‘llanilmoqda. Shuning uchun,
tarkibida mazkur farmakofor geterotsiklik birikmalar fragmentini saglagan xinazolonlar
gatori tioamidlarini maqgsadli sintezini va kimyoviy o‘zgarishlarini amalga oshirish,
ularning fizik-kimyoviy va biologik xossalarini aniglash, tanlab olingan faol moddalar
asosida yangi dori vositalarini yaratish uchun ilmiy-amaliy tadgiqgotlar olib borish juda
dolzarb hisoblanadi. Organik molekulani tioamidlash reaksiyalari, bu usullarni yanada
takomillashtirish, tioamidlarning turli modifikatsiyalarini amalga oshirish va sintez
gilingan tioamidlarning reaksion qobiliyatini va biologik faolligini atroflicha tadqiq etish
nafagat nazariy jihatdan, balki amaliy nugtayi nazardan ham soha olimlari e’tiborini o‘ziga
jalb qilib kelmoqda. Buni ulardagi turli reaksion markazlarning mavjudligi tufayli
ko‘pyoglama reaksion qobiliyat namoyon etishi hamda ular asosida qishloq xo‘jaligi va
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tibbiyot uchun dori vositalari ko‘payib borayotganligi bilan tushuntirish mumkin.

Tadgigot metodologiyasi. 2,3-Dimetilxinazolin-4(3N)-on (1). Tubi yumaloq
kolbaga 1.6 g (0.01 mol) 2-metilxinazolin-4-on (2), 0.56 gr (0.01 mol) KOH va 25 ml etanol
solib, 60-65°S da suv hammomida 30 minut davomida gizdirib eritildi. Reaksion aralashma
25-30°S gacha sovutildi. So‘ngra 1.704 g (0.012 mol, d=2.28 g/ml) metil yodid solib, 75-80°S
da suv hammomida 6 soat davomida gaynatildi. Reaksiya tugagach aralashma 5% li NaOH
bilan yuvildi, keyin xloroform bilan ekstraksiya qilindi. Ekstrakt suvsiz natriy sulfatda
quritildi, xloroform vakuumda haydab olindi, tushgan cho‘kma filtrlandi. Cho‘kma
metanoldan gayta kristallandi va 1.54 r (89%) mahsulot (4) olindi, suyuqlanish harorati 104-
106°C, Rf=0.65 (xloroform:metanol - 10:1).

3-Metilxinazolon-4-il-2-tiokarbonkislota anilidi (2)

A usul). Teskari sovutkich bilan jihozlangan 200 ml li yumaloq tubli kolbaga nisbatda
1.0 v (5.7 mmol) 2,3-dimetilxinazolin-4-on (4), 1.04 ml (1.06 r, d=1.02 g/ml, 11.4 mmol)
anilin, 0.55 r (17.1 mmol) oltingugurt solindi va reaksion aralashma moy hammomida 175-
180°S da 18 soat davomida qizdirildi. Aralashma sovutildi, metanol solib gaynatildi, tushgan
cho‘kma filtrlandi va quritildi. Cho‘kma izopropil spirtdan gayta kristallandi. natijada 1.24 g
(73%) anilid (28) olindi, suyuglanish harorati 208-210°S, Ri=0.32 (benzol:atseton - 1:1).

B usul). Teskari sovutkich bilan jihozlangan yumaloq tubli kolbaga 1.0 g (5.7 mmol)
2,3-dimetilxinazolin-4-on (4), 0.55 ml (0.56 r, d=1.02 g/ml, 6 mmol) anilin, 0.55 r (17.1
mmol) oltingugurt, 0.11 r (0.46 mmol) Na,S«9H>0O va 4 ml DMSO solinib, aralashma moy
hammomida 130-135°S da 10 soat gizdirildi. Reaksion aralashma harorati 70°S ga tushirildi va
aralashma 5% li NaOH eritmasi bilan (3 marta 30 ml dan) ekstraksiya qilindi. Ekstraktlar
jamlanib filtrlandi, filtratni H2SO4 ning suyultirilgan eritmasi bilan pH 5-6 ga keltirildi.
Tushgan cho‘kma filtrlandi, quritildi va izopropil spirtdan qayta kristallandi. Natijada 1.51 gr
(89%) mahsulot olindi, suyuglanish harorati 208-210°S, R¢=0.32 (benzol:atseton - 1:1).

3-Metilxinazolon-4-il-2-tiokarbonkislota morfolidi (3)

A usul). Yuqoridagi usulga asosan, 1.0 g (5.7 mmol) 2,3-dimetilxinazolin-4-on (4),
1.0 ml (1.0 r, d=1.01 g/ml, 11.4 mmol) morfolin, 0.55 r (17.1 mmol) oltingugurtdan 1.27 g
(76%) morfolid (29) olindi, suyuglanish harorati 216-218°S, Ri=0.38 (benzol:atseton - 1:1).

B usul). 1.0 r (5.7 mmol) 2,3-dimetilxinazolin-4-on, 0.52 ml (0.52 r, d=1.01 g/ml, 6.0
mmol) morfolin, 0.55 r (17.1 mmol) oltingugurt, 0.11 r (0.46 mmol) Na>S«9H>O va 4 ml
DMSO dan yuqoridagi usulga muvofiq 1.75 r (88%) mahsulot (29) olindi, suyuqlanish
harorati 216-218°C, R+=0.38 (benzol:atseton - 1:1).

3-Metilxinazolon-4-il-2-tiokarbonkislota piperididi (4)

A usul). Yuqoridagi usulga mos ravishda 1.0 g (5.7 mmol) 2,3-dimetilxinazolin-4-on (4),
1.12 ml (0.97 r, d=0.86 g/ml, 11.4 mmol) piperidin va 0.55 g (17.1 mmol) oltingugurtdan 1.42
r (71 %) piperidid (30) olindi, suyuqlanish harorati 220-222°S, R=0.38 (benzol:atseton - 1:1).

B usul). 1 r (5.7 mmol) 2,3-dimetilxinazolin-4-on (4), 0.6 ml (0.51 r, d=0.86 g/ml, 6.0
mmol) piperidin, 0.55 r (17.1 mmol) oltingugurt, 0.11 r (0.46 mmol) Na>S<9H0 va 4 ml
DMSO dan 1.7 t (86%) mahsulot (30) olindi, suyuglanish harorati 220-222°S, R=0.38
benzol:atseton - 1:1). UK (v, em™): 1680 (C=0), 1610 (C=N), 1489 (NO), 1377 (C=S).

Natijalar va muhokama. Bizgacha amalga oshirilgan tadgigotlarda xinazolonlar
gatorida tioamidlar sintezi, kimyoviy o‘zgarishlari va biologik faolliklari bo‘yicha, ayrim
ilmiy-amaliy izlanishlar olib borilgan. Bunday tadgiqotlar sifatida, mualliflar tomonidan
tritsiklik benzimidazollar va xinazolonlar ishtirokida olib borilgan har xil Vilgerodt-Kindler
reaksiyalari, olingan tioamidlarning elektrofil va nukleofil almashinish reaksiyalarini
keltirishimiz mumkin. Tadgigotlar natijasida mualliflar tomonidan gator gonuniyatlar topilgan
va biologik faolligi yuqori bo‘lgan birikmalar aniqlangan. 2-Metilxinazolin-4(3N)-onning
endotsiklik N3-azot atomida alkillash reaksiyalari olib borildi. Bu reaksiyalarni olib borishdan
magsad, elektronodonor (alkil) guruhlarning pirimidin halgasining 2-holatidagi metil guruhini
Vilgedort-Kindler reaksiyasiga kirishishiga ta’sirini aniqlashdan iborat edi.
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Molekulasida  2,3-dimetilxinazolin-4-onning  metil  guruhlari ishtirokidagi
multikomponentli tioamidlash reaksiyalarning olib borish va reaksiyalarning borishiga
ta’sir etuvchi asosiy omillarni aniglash uchun 2,3-dimetilxinazolin-4-onni (4) anilin,
morfolin va piperidin ishtirokidagi tioamidlash reaksiyalari A (uch komponentli) Ba B
(Uch komponentli-katalitik) usullarda olib borildi. Uch komponentli (A) usulga asosan,
reagentlar aralashmasi 175-180°S da 18 soat gizdirildi va 71-76% unum bilan 3-
metilxinazolon-4-il-2-tiokarbonkislota anilidi (morfolidi, piperididi) olindi (2.9-xaxBain).
Uch komponentli-katalitik (B) usulga asosan, reagentlar aralashmasi dimetilsulfoksidda
130-135°S da 10 soat gizdirildi va natijada 86-89% unumlar bilan tegishli anilid (morfolid,
piperidid) olindi.

0] o
N B yeya b _Byeyr
H -
= N

2 (73%, A); (89%, B) 3 (76%, A); (88/ B)
| A) 4:Anilin/Morfolin/Piperidin: |
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' Sg-1:2:3,175-180°C, 18 ¢

i B) 4:Anilin/Morfolin/Piperidin:
| Sg:Na,S*9H,0 - 1:1.1:3:0.08, 130-135°C, 100
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4 (71%, A); (86/,B)

Bu yerda ham, B usulda amalga oshirilgan reaksiyaning A usulga nisbatan gisqa
vaqtda, past haroratda borishi va mahsulot unumi 12-16% ga yuqori ekanligi B usulning
ustunligini bildiradi: 3-Metilxinazolon-4-il-2-tiokarbonkislota anilidining (2) *H YAMR-
spektrida ekzotsiklik NH-guruhi 12.5 m.u.da (1H, c), xinazolon fragmentining 4 ta
aromatik protonlari: 8.2 m.u. (1H, ddd, H-5), 8.04 m.u. (2H, dd, H-6,8), 7.8 m.u. (1H, dt,
H-7) sohalarda ko‘rinishi, fenil fragmentining aromatik protonlari: 7.68 m.y. (1H, nn, H-
2%),7.52 (1H, aT, H-6"), 7.44 (2H, T, H-3°,5") Ba 7.29 (1H, TT, H-4") sohalarda aniqlanishi,
metil N-CHs guruhi signalining 3.7 m.u. sohada uch protonli singlet (3N, s) shaklida
ko‘rinishi uning tuzilishini isbotlaydi. Birikmaning *C YAMR va 1Q-spektrlari ham
tahlilni tasdiglaydi. Olingan natijalar reaksiyaning 2-CHs ishtirokida ketganligini
ko‘rsatadi. Lekin, barcha sharoitlarda N3-metil guruhining tioamidlash reaksiyasida
ishtirok etishi kuzatilmadi.

»»»»»

o) == NP
L i =
O — 7MY
U C— 438 ) 38
T
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3-Metilxinazolon-4-il-2-tiokarbonkislota anilidi (2) *H YAMR-spektri

98



QarDU xabarlari KIMYO 2024 (2) 2

3-Metilxinazolon-4-il-2-tiokarbonkislota anilidining kristaldagi tuzilishi va Xirshfeld
sirt tahlili natijalari 1.1- va 1.2-rasmlarda keltirilgan. Kristall monoklinik P2i/n fazoviy
guruhida kristallanib, asimmetrik yacheykasi molekulaning qgolgan gismiga nisbatan fenil
guruhining yo‘nalishida farq qiluvchi o‘xshash konformatsiyaga ega bo‘lgan ikkita molekuladan

iborat. Kristalda ikkita N—H-- N molekulalararo vodorod bog‘lar bog‘langan dimer hosil bo‘lishiga
olib keladi:

3-birikmaning kristaldagi tuzilishi Xirshfeld sirtining ko'rinishi

Xirshfeld sirtlari tahlili shuni ko‘rsatdiki, H- H kontaktlar (o‘zaro ta’sirlar) boshqa
kontaktlarga nisbatan kristall taxlanishida eng yugori ulush 40.9% ni tashkil giladi. Qolgan
qismiga nisbatan fenil guruhining yo‘nalishida farq qiluvchi o‘xshash konformatsiyaga ega
bo‘lgan ikkita molekuladan (A va B) iborat.

Xulosa. Shunday qilib, barcha sharoitlarda benzol halgasining 6,8-holatlaridagi metil
guruhlarining tioamidlash reaksiyasida ishtirok etishi kuzatilmadi, ya’ni reaksiyalar
xemoselektiv tarzda ketib, kerakli tioamidlar yuqori unumlar bilan hosil bo‘lishi aniglandi.

Ta’kidlash kerakki, mutaxassislar tomonidan tioamidlash reaksiyasi mexanizmi
bo‘yicha hozirgi kunga qadar yakuniy xulosaga kelinmagan. Adabiyot ma’lumotlari va biz
tomonimizdan olingan natijalar asosida tioamidlash reaksiyasining taxminiy mexanizmini 3-
Metilxinazolin-4-on (2) oltingugurt (Sg) va morfolin misolida quyidagicha tasvirlash mumkin:

©\)’L .CHj; : ﬂ _CHj \ / ©\)’L .CH;

l THOHJIALI

©\A ©\)L&

H SH

Ya’ni, dastlabki 3-meti|xmazo||n-4-onn|ng (2) faol metllen guruhini tionlanishidan
avval tioaldegid (A) hosil bo‘lishi mumkin, unga morfolinning nukleofil hujumi ta’sirida
kondensatsiyalanish sodir bo‘lib tegishli immoniy tuzi (B), uning navbatdagi tionlanishi
natijasida tiol (S) hosil bo‘lishi mumkin. Keyingi bosqichda tiolning barqaror tion shaklga
o‘tishi va vodorod sulfidning ajralib chigishi natijasida kerakli 3-Metilxinazolon-4-il-2-
tiokarbonkislota morfolidiga (3) aylanishi mumkin. Aytish lozimki, faol metilen guruhining
tionlanishi  klassik Vilgerodt-Kindler reaksiyasida keng qo‘llaniladi. Dastlabki 2,3-
dimetilxinazolin-4-onning (2) anilin ishtirokidagi katalitik tioamidlanish reaksiyasi
oltingugurt-saglovchi  nukleofil katalizator (Na>S-9H.0) ishtirokida olib borilganda,
siklooktasulfan (Sg) katalizator ta’sirida reaksion qobiliyati yuqori bo‘lgan nukleofil ionlarga
(HS va HSg«S") parchalanadi.
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Bunda dastlabki 2,3-dimetilxinazolin-4-on (2) tarkibidagi |kk|nch| holatdagi metil guruhining
oltingugurt ta’sirida oksidlanishi natijasida tioaldegid (A) hosil bo‘lib, u anilin ta’sirida oraliq
— Shiff asosiga (B) aylanishi mumkin:

L% (O 1o
©\)B}f ©+HSx {Q\A& O]

Oxirgi bosgichda esa, oraliq azometin (B) nukleofil ion ta’sirida 3-metilxinazolon-4-il-
2-tiokarbon kislota anilidiga (2) oson o‘tishi mumkin.
Ta’kidlash kerakki, B usul sharoitida katalitik tioamidlash reaksiyasi DMSO erituvchisi
ishtirokida olib boriladi. Bunda, yuqorida aytilganidek, reaksiyalarni nisbatan past haroratda
olib borishga imkon berishi bilan birga, mahsulotlarni sezilarli darajada yugori unumlar bilan
olishga imkon beradi. Buni ikkita muhim omil: nukleofil katalizator (Na.S-9H20) va aproton

erituvchi (DMSO) ta’siri bilan tushuntirish mumkin:
(@]

e =l
Nhe e
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0
.CH _CHj
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P 111
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2 S

Ya’ni, katalizator ta’sirida hosil bo° lgan yugqori reaksion qob111yat11 nukleofil ionlarning
(HS  Ba HSsxS) nukleofilligini dimetilsulfoksid muhitida oshishi va metil guruhining
tionlanish reaksiyasi tezligining oshishi (tioaldegidning A oson hosil bo‘lishi) va tiol-tion (B2)
muvozanatning reaksiya mahsuloti (2) hosil bo‘lishi tomonga siljishi bilan tushuntirish
mumkin.

Xulosa qilib shuni aytishimiz mumkinki, 2,3-dimetilxinazolon-4-tiokarbon Kkislota
tioamidlari yugori unumlar bilan sintez qgilib olindi. IK, PMR, Mass spektrlari o‘rganildi va
taxminiy mexanizmi tavsiya etildi.
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Aunnoramus.Ushbu ishda geterogen-katalitik usulda- Ti(O'Pr)/Ca Katalizatori
yordamida atsetilen spirtlari va atsetilen asosida polimerlar kimyosi hamda organik sintezda
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gimmatli reagent hisoblangan vinil birikmalari sintezi o‘rganilgan. Bunda tadqiqot obyekti
sifatida fenilatsetilenning alifatik ketonlar bilan nukleofil birikishi asosida olingan atsetilen
spirtlari- 3-metil-1-fenilpentin-1-ol-3, 3,4-dimetil-1-fenilpentin-1-ol-3, 3-metil-1-fenilgeptin-
1-o0l-3 va 3,4,4-trimetil-1-fenilpentin-1-ol-3larning atsetilen ishtirokida vinillash reaksiyasi
asosida mos ravishdagi atsetilen spirtlari vinil efirlari sintez gilingan. Olib borilgan
reaksiyalarning faollanish energiyalari aniglangan, kimyoviy o‘zgarishlar kinetikasi tahlil
gilingan, reaksiya mexanizmlari taklif etilgan. Mahsulot unumiga erituvchilar, reagent va
substratlarning tabiati va miqdorlari ta’siri o‘rganilgan. Qo‘llanilgan katalitik sistemaning
selektivligi, stabilligi va mahsulot unumiga ta’siri asoslangan. Reaksiyalarni boshqarish va
nazorat gilishning eng muqobil sharoitlari aniglangan. Sintez qilingan vinil efirlari tarkibi,
tozaligi, tuzilishi va xususiy konstantalari zamonaviy fizik-kimyoviy usullarda isbotlangan.

Kalit so‘zlar: geterogen katalitik sistema, atsetilen spirtlari, asosiy va qo‘shimcha
mahsulotlar, reaksiya mexanizmi, mahsulot unumi.

METHOD FOR SYNTHESIS OF VINYL ESTERS OF ACETYLENE ALCOHOL
IN AHETEROGENEOUS CATALYTIC SYSTEM

Abstract.In this work, the chemistry of acetylene alcohols and acetylene-based
polymers, as well as the synthesis of vinyl compounds, which are considered valuable
reagents in organic synthesis, were studied using a heterogeneous catalytic method - a
Ti(O'Pr)a/Cax catalyst. As an object of research, acetylene alcohols obtained based on the
nucleophilic coupling of phenylacetylene with aliphatic ketones - 3-methyl-1-phenylpentin-1-
ol-3, 3,4-dimethyl-1-phenylpentin-1-0l-3, 3-methyl-1-phenylheptin-1-0l-3 and 3,44 -
trimethyl-1-phenylpentin-1-o0l-3 corresponding acetylene alcohol vinyl ethers were
synthesized based on the vinylation reaction in the presence of acetylene. The activation
energies of the conducted reactions were analyzed, the kinetics of chemical changes were
analyzed, and reaction mechanisms were proposed.The influence of the nature and amounts of
solvents, reagents and substrates on product yield was studied. The effect of selectivity,
stability and productivity of the product is based on the used catalytic system.The most
alternative conditions of control and direction of reactions are Synthesized vinyl ethers, their
composition, purity, structure and intrinsic constants have been proven by modern physical
and chemical methods.

Keywords: heterogeneous catalytic system, acetylene alcohols, major and minor
products, reaction mechanism, product yield.

Kirish. Atsetilenga nukleofil birikish asosida sintez gilingan vinil monomerlar,
jumladan spirtlarning vinil efirlari polimerlar kimyosi, organik sintez va boshga ko‘pgina
sohalarda ishlatish mumkin bo‘lgan gimmatli mahsulot hisoblanadi [1-3]. Bir gancha reaksion
markaz saqlagan atsetilen spirtlari vinil efirlarining olinishi va qo‘llanilish sohalarini o‘rganish
ilm-fan, shuningdek sanoat uchun ham muhim ahamiyatga egadir. Bu sohada ko‘plab
izlanishlar olib borilgan [4-6]. Yuqori asosli katalitik muhit yordamida nukleofil reagentlar
reaksion gobiliyatining oshirishini yangi tamoyillarini ishlab chigilishi atsetilen ishtirokida
muhim reaksiyalarni amalga oshirish bilan birga, uchbog® hisobiga ketadigan yangi
jarayonlarni ochilishiga va ular asosida sintetik usullarni yaratilishiga olib kelgan [7]. Ik bor
atsetilen spirtlarini yuqori asosli katalizator ishtirokida 120 °C haroratda yuqori bosimda
ostida atsetilen bilan vinillash reaksiyasini sanoat miqyosida ishlab chigarish usuli 1930-
yillarda Reppe tomonidan ishlab chigilgan [8]. So‘nggi vyillarda jahonning yetakchi
markazlarida mahalliy xomashyo hisoblangan kalsiy karbid ishtirokida tiollar, spirtlar va
indollarni  vinillash reaksiyalari tadqiq gilingan [9]. Bis (1,5-siklooktadiyen)iridiy(l)
tetraftorborat yordamida 2-MeTGF erituvchisida vinil atsetat asosida diollar va ularning vinil
efirlari sintez gilingan [10]. Matake va uning hamkasblari tomonidan birlamchi va ikkilamchi
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spirtlarni kalsiy karbid ishtirokida vinillash reaksiyasi KOH/DMSO katalizator yordamida olib
borilgan va 99% unumgacha mahsulot olingan [11]. Shvetsiya olimlari tomonidan turli tabiatli
o‘rinbosar saglagan karbon kislotalar va 1,4-butandiol vinil efiri reaksiyasi Candida
antarctica lipase B yordamida 22 °C haroratda 1 soat davomida olib borilgan va 90%
unumgacha vinil efirlari monomerlari sintez gilingan [12]. 12-16 atm. bosimda, yuqori
haroratda, metil-B-D-glyukozidga yuqori asosli katalizatorlar ishtirokida atsetilenning
nukleofil birikishidan metil-B-D-glyukozidning tetravinilefiri katalizator sifatida KOH-
DMSO qo‘llanilganda 75%, KOH-TGF sistemasida esa 52% unum bilan sintez gilingan
[13].

Tadgigot metodologiyasi. Atsetilen spirtlarini geterogen-katalitik usulda vinillash
jarayoni gaz fazada kvars shishadan yasalgan vertikal ogimda ishlaydigan reaktor (hajmi
1000 ml) da o‘tkazildi. Diametri 2 mm. bo‘lgan faollangan ko‘mir va Ti(O'Pr)4 foydalanib
Ti(O'Pr)a/Cax. Katalizatori tayyorlandi. Reaktor diametri esa 24 mm ni tashkil giladi.
Dastlab atsetilen spirtlari—3-metil-1-fenilgeptin-1-ol-3, 3-metil-1-fenilpentin-1-o0l-3, 3,4-
dimetil-1-fenilpentin-1-0l1-3 va 3, 4, 4-trimetil-1-fenilpentin-1-0l-3  dozatordan
aralashtirgich orgali reaktorning yuqgori gismidan beriladi. Atsetilen graduirlangan
gazgolderdan tozalash sistemasi va reometr orgali aralashtirgichga va undan reaktorga
beriladi. Yuqori haroratda hosil bo‘lgan gaz-bug‘ aralashmasi inert qatlam (shisha yoki
chinni bo‘lakchalari) to‘ldirilgan reaktorda kerakli haroratga ega bo‘lgach, katalizator
sirtida atsetilenning diffuziya jarayoni ketadi. Reaktor harorati termopara yordamida
nazorat qilindi, avtotransformator orqali esa boshqariladi. Hosil bo‘lgan mahsulot
sovutkichda kondensatsiyalanib, yig‘gichga tushadi va seperatsiya qilinadi. Gazsimon
moddalar esa atmosferaga chiqarilib yuboriladi. Zarur holatda gazgolderga yig‘iladi. Hosil
bo‘lgan katalizat suvli va organik gismdan iborat bo‘ladi. Katalizatning organik qismi
suvdan ajratiladi, reaksiyaga kirishmagan atsetilen spirtlari KOH bilan neytrallandi,
distillangan suv bilan yuvilib, suvsizlantirilgan natriy sulfat bilan quritiladi va
rektifikatsion kolonna orgali atsetilen spirti vinil efiri va qoldig mahsulotlar ajratib olinadi.

Natijalar va muhokama. Ushbu ishda geterogen-katalitik usulda, Ti(O'Pr)
katalizatori yordamida tanlangan atsetilen spirtlarini atsetilen ishtirokida vinillash
reaksiyasi orgali 3-metil-1-fenilpentin-1-ol-3 vinil efiri (1), 3,4-dimetil-1-fenilpentin-1-ol-
3 vinil efiri (1), 3-metil-1-fenilgeptin-1-ol-3 vinil efiri (111) va 3,4,4-trimetil-1-fenilpentin-
1-o0l-3 vinil efiri (IV) sintez qilish jarayoni o‘rganildi. Jarayon reaksiya sxemasi
quyidagicha taklif gilindi [14, 15].

OH -~ (@)
R —  Ph 4 — Ti(O'Pr)4/Cax. R — pp
Me Me
I-IV

R= Et (1), R=Pr (1), R= "Bu (III), R="Bu (1V)

J \ ) M )

I I Il v
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Atsetilen spirtlarini Ti(O'Pr)s/Cax:. Katalizatori yordamida geterogen katalitik usulda
atsetilen ishtirokida vinillash reaksiyasi quyidagi uchta bosgichlarda boradi [16]. Jarayon
ximizmi: (Namuna sifatida 3-metil-1-fenilpentin-1-ol-3 vinil efiri sintezi keltirilmogda)

?
o}
O=5 <O
Ti(OH)4 OPr
iPro— TI‘OPI’

OPr

4H,0 \
4'PrOH

4 —

Atsetllen spirtlarini atsetilen ishtirokida Ti(O'Pr)4/Ca katalizatori yordamida
vinillash reaksiyasi boshlang‘ich moddalar va katalizatorning agregat holati turlicha
bo‘lganligi sababli jarayon fazalar chegarasida uch bosqichda boradi. Bunda dastlabki
bosgichda tanlangan substrat 3-metil-1-fenilpentin-1-ol-3 katalizator yuzasiga olib
kelinadi, ya’ni Ti(O'Pr)a/Cax yuzasida atsetilen spirti molekulalari joylashadi va bu esa oz
o‘rnida deformatsiyaga uchraydi, natijada titan tetraizopropiloksid molekulasidagi
anionning chiqib ketishi va unga spirt molekulasidagi vodorod kationini birikishi, ya’ni
chegaralovchi (limitlovchi) bosgichi kuzatiladi. Titan kationi esa atsetilen spirti anioni
bilan o‘zaro bog‘lanib reaksiyaning kinetik bosqichiga intilishi kuzatiladi va barqgarorligi
hamda faolligi yuqori bo‘lgan alkogolyatga aylanadi. Keyingi bosqichda faol komponent
hisoblangan atsetilen spirtining titanli alkogolyatiga atsetilenning adsorbsiyalanishi
kuzatiladi. Bunda reaktorda bosimning ortishi hisobiga reaksiya tezligi va katalizatorning
faolligi ortishi bilan Ti-O bog‘ining uzilishi va unga atsetilenning hujum qilishi uchun
qulay muhit yuzaga keladi. Natijada atsetilen spirtining oraliq kompleks birikmasi hosil
bo‘ladi va reaksiya tezligining ortishiga sharoit yaratadi. Oralig kompleks birikmaning
hosil bo‘lishida atsetilen spirtining titanli alkogolyatiga adsorbsiyalangan konsentratsiyaga
teng bo‘lgan va adsorbsiyalanish to‘yinguncha atsetilenning berilishini oshirib borish talab
etildi va bu reaksiya tezligini ortishiga ham olib keldi. Natijada bosimning ortishi
kuzatildi, bu esa bir vaqtda sistemada faol molekulalar sonining ortishi, reaksiya o‘z
yo‘nalishida to‘g‘ri borishini ta’minladi. Atsetilen miqdorining haddan tashqari oshib
ketishi katalizator aktivligini va faol markazlar sonini kamaytirishi, ularning o‘lchamlarini
kichraytirishi, diffuziyalanishni sekinlashtirishi va tezda eskirib golmasligini oldini olish
magsadida jarayonda atsetilennng berilishi doimiy nazorat gilib boriladi. Tadgigotning
so‘nggi bosqichida atsetilen spirtining oraliq kompleks birikmasi gidrolizga uchrab mos
ravishdagi vinil efiriga aylanadi.

Ushbu usul bo‘yicha tanlangan atsetilen spirtlarini vinillash jarayoniga, mahsulot
unumiga va reaksiyaning borishiga ta’sir giluvchi omillar tizimli ravishda tadqiq qilindi.
Dastlab atsetilen spirtlarini vinillash jarayoni uchun harorat 40100 °C intervallar
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oralig‘ida olib borilgan tadqiqotlar tahlil qilindi (1-Jadval).

1-Jadval
Atsetilen spirtlari vinil efirlari unumiga harorat ta’siri
(reaksiya davomiyligi 10 soat)

Harorat, °C Mahsulot unumi, %
| I 11 v
40 58 49 52 46
60 86 81 83 78
90 84 79 81 75
100 76 70 72 66

Tajriba natijalari shuni ko‘rsatadiki, mahsulot unumiga haroratning ta’siri sezilarli
darajada ta’sir qilishi kuzatildi, jumladan, reaktordagi harorat 40 °C bo‘lganda atsetilen
spirtiga atsetilen nukleofil hujum gilsa-da, reaksiyaning to‘liq va oxirigacha bormasligi,
atsetilenning katalizatorlar yuzasiga adsorbsiyasi kuzatilsa-da, katalitik markazlar faolligi
pastligi natijasida mahsulot unumi yuqgori chigmadi. Reaktordagi haroratni 60 °C ga
oshirganimizda esa mahsulot unumi eng maksimumda chigishi aniglandi. Bunda
reaktordagi harorat 60 °C ga yetishi bilan Ti(O'Pr)4 katalizatori eng yuqori faollikga ega
bo‘ldi hamda uning reaksiyaning borishiga ta’siri kuchayib bordi, reaksiyada esa eng
mugqobil katalitik effekt hosil bo‘ldi. Bu esa 0°z navbatida atsetilen spirtining atsetilen
bilan birikishi uchun eng qulay muhit yaratilishiga olib keldi. Ushbu muhitda atsetilen
spirti molekulasi deformatsiyaga uchrab, atsetilen bilan bog‘lanishlar maksimum
miqdorga yetganligini ko‘rsatib berdi. Bundan tashgari bu haroratda hosil bo‘lgan vinil
efirlari bargarorligi ham stabillashdi, atsetilen spirtining deprotonlanishi, Ti(O'Pr)s
molekulasining anion qismi titandan to‘liq ajralishi jarayon uchun qulay katalitik muhitni
hosil qildi. Bu 0z navbatida reaksiya tezligini oshishini va mahsulot unumini maksimum
chiqishini ta’minladi. Tadqiqot natijalariga asosan 60 °C harorat Ti(O'Pr)s ning mugobil
harorati ekanligi aniglandi, hamda katalizator aktivligining eng sermahsul, foydali davri,
deb hisoblandi. Ammo harorat yanada oshirilganda katalizator o‘z stukturasini
o‘zgartirganligi tashqi aktiv markazlar yo‘qolib borishi, katalizatorning zaharlanishi
hisobiga mahsulot hosil bo‘lish selektivligining pasayishi kuzatildi. Bunda haroratning
Ti(O'Pr)s ning mugobil ishlaydigan ish haroratidan oshib ketganligi sababli katalizatorning
katalitik faolligi kamayib ketishi (zaharlanishi), katalitik markazlarning passiv holatga
tushib qolishi hisobiga yondosh (qo‘shimcha) reaksiyalar, jumladan, degidratlanish,
polimerlanish jarayonlarining borishi hisobiga vinil efirlari unumi pasaydi.

Yugori unumda vinil efirlari olish magsadida mahsulot unumiga reaksiya
davomiyligi ta’siri o‘rganidi (1-rasm).

Rasmdan ko‘rinib turibdiki, atsetilen spirtlarini vinillash reaksiyasi 10 soatda olib
borilganda vinil efirlar hosil bo‘lishi eng samarali bo‘ldi. Buni shunday izohlashimiz
mumkin. Dastlab atsetilen spirtlari Ti(O'Pr)s  bilan ta’sirlashib kuchli nukleofil
zarrachalar, ya’ni alkogolyatlar hosil giladi, alkogolyatlar hosil bo‘lishi to‘rt bosgichdan
iborat (Ti(O'Pr)s molekulasidagi to‘rtta gidroksiizopropil anionining ajralib chigishi)
bo‘lib, har bir bosqich uchun ma’lum bir vaqt talab etadi. Reaksiyaning keyingi bosqichi
reaksiyaning tezligini belgilovchi muhim bosqichi hisoblanadi, ya’ni oraliq mahsulot-
karbanionlar hosil bo‘ladi Ba hosil bo‘lgan beqaror karbanion atsetilen bilan birikib faol
katalitik kompleks birikmani hosil giladi. Ushbu kompleks birikma gidrolizga uchrashi
natijasida mos ravishdagi vinil efirlari hosil bo‘ladi. Ushbu jarayonlar uchun tanlangan
Ti(O'Pr)s katalizatorida vinillash sekinlik bilan, ya’ni biroz induksion (yetilish) vaqtidan
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so‘ng boshlanadi. Bu davrda, reaksiya davomiyligi 8-10 soat davom etishi bilan
katalizatorlarni aktivligi ortib bordi va selektivligi to‘liq cho‘qqiga chiqdi. Sistemada faol
kompleksning hosil bo‘lishi bilan reaksiyaning faollanish energiyasini kamayishi va
reaksiya tezligi ortishi natijasida mahsulot unumi eng yuqori (I- 86%, I1- 81%, Il1I- 83% va
IV- 78%) unum bilan chigishi kuzatildi.

ml mlil mIII LAY

1 soat 5 soat 10 soat

100

(=) T o]
(e T ]

o]
<

Mahsulot unumi, %
e
=]

=

Atsetzlen spirtlari VInOfleﬁrlarl
1-rasm. Atsetilen spirtlari vinil efirlari unumiga reaksiya davomiyligi ta’siri (harorat, 60 °C)
Reaksiya davomiyligi 15 soat davom ettirilganda esa Ti(O'Pr)s ning aktivligi va

turg‘unligi biroz pasayishi aniqlandi, vaqtning katalizator muqobil ish sharoitidan (10
soatdan) ortganligi sababli barqaror ishlay boshladi. Ushbu davrda sistemada hosil bo‘lgan
oraliq moddalarning katalizator yuzasiga ta’siri natijasida katalizator yuza birligidagi
katalitik aktivlikni pasayishi, ya’ni g‘ovaklarning yemirilishi va qo‘shimcha moddalar
bilan berkilib (to‘lib) qolishi katalizatorning tez eskirishi, hamda ko‘p miqdorda katalitik
zaharlarning hosil bo‘lishiga qulay sharoit yaratdi.

Atsetilen spirtlarining vinillash reaksiyasi uchun mugqobil sharoitni topish magsadida
sintez jarayonining borishi va mahsulot hosil bo‘lish unumiga tanlangan katalizator
(Ti(O'Pr)s) miqdorining ta’siri o‘rganildi (2-Jadval).

Vinillash reaksiyasi uchun tanlangan katalizator- Ti(O'Pr)s massasi faollangan
ko‘mir massasiga nisbatan 3, 5, 8 va 10% miqdorda olingandagi katalitik komponentlar
ishtirokida olib borildi. Tadqiqot natijalari tahlili shuni ko‘rsatdiki, Ti(O'Pr)s migdori Cax:.
massasiga nisbatan 8% olinganda atsetilen spirtlari vinil efirlari yugori unumda hosil
bo‘lishi kuzatildi va muqobil migdor sifatida tanlandi.

Ti(O'Pr)s migdorini 10% ga oshirilganda vinil efirlari hosil bo‘lish selektivligida
o‘sish deyarli kuzatilmadi. Katalizator miqdori minimum 3 yoki 5% miqdorlarda
olinganda esa jarayonda yetarli miqdorda faol markazlar, karbanionlar hosil bo‘lmasligi
natijasida atsetilen diffuziyasi ham samarali natija bermadi. Bu esa vinil efirlar unumi past
chiqishini ta’minladi.

2-Jadval
Atsetilen spirtlari vinil efirlari unumiga katalizator Ti(O'Pr)s miqdorining ta’siri (harorat, 60 °C,
reaksiya davomiyligi 10 soat)

Ti(O'Pr)4 migdori, Mahsulot unumi, %
Cak. Mmassasiga nisbatan % da | T i v
3 56 48 51 46
5 65 59 60 56
8 86 81 83 78
10 87 83 84 79

Sintez qgilingan atsetilen diollarining tozaligi, tarkibi, tuzilishi va xususiy xossalari
zamonaviy 1Q-, !H-YAMR, C-YAMR spektroskopiya, —mass-spektrometriya,
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xromatografik (YUQX, KX), kvant-kimyoviy, biologik va boshga fizik-kimyoviy tadgigot
usullari yordamida tahlil gilindi. Xususiy konstantalari aniglandi, energetik va kvant-
kimyoviy Kkattaliklari hisoblandi. Sintez qilingan atsetilen spirtlari vinil efirlari
molekulalarining fazoviy tuzilishi, molekulalarda zaryadlar va elektron zichlikning
tagsimlanishi ASDFREE12 asosida tadqiq qilindi.
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Molekuladagi atomlarning zaryad giymatlari

Molekuladagi elektron zichliklarning tagsimlanishi

Molekulalarning 3D fazoviy struktura tuzilishi

Xulosa va takliflar. Atsetilen spirtini geterogen-katalitik usulda Ti(O'Pr)a/Caxt.
katalitik komponenti yordamida atsetilen ishtirokida vinillash reaksiyasi 60 °C haroratda,
10 soatda, Ti(O'Pr)s miqdori, Cax. massasiga nisbatan 8% gilib olinganda maksimum unum
bilan atsetilen spirtlari vinil efirlari sintez gilingan va jarayon uchun mugqobil sharoit qgilib
tanlangan.

Sintez qgilingan atsetilen spirtlari vinil efirlarining xususiy xossalari aniglangan,
tozaligi, tarkibi va tuzilishi zamonaviy fizik-kimyoviy tadgiqot usullari yordamida
isbotlangan.

Atsetilen spirtlari vinil efirlarini sintez qilishda qo‘llanilgan katalitik sistemaning
mahsulot unumiga va reaksiyaning borishiga ta’siti o‘rganilgan, Ti(O'Pr)a/Ca. ning
selektivligi, samaradorligi va stabilligi kabi xossalari tadgiq gilingan.

Atsetilen spirtlar molekulasidagi radikallar tabiati va ularning fazoviy ta’sir etish
xossasiga ko‘ra ularning dimerlanish jarayonining faollanish (samaradorlik) gqatori
aniglandi. Olingan natijalarga ko‘ra mahsulot unumi— 3,4,4-trimetil-1-fenilpentin-1-ol-3
vinil efiri < 3,4-dimetil-1-fenilpentin-1-ol-3 vinil efiri < 3-metil-1-fenilgeptin-1-ol-3 vinil
efiri < 3-metil-1-fenilpentin-1-ol-3 vinil efiri qatori bo‘yicha oshib borishi isbotlandi.
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by catalytic methods of petroleum products // III International Scientific-Technological
symposium “Catalytic Hydro Processing in Oil Refining”, Lyon, France, 2018. pp. 233-235.
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Annotatsiya. Uglevodorodlar piroliz jarayonida asosiy mahsulot (etilen, propilen,
buten-1, vodorod) bilan bir gatorda ikkilamchi mahsulotlar (piroliz distillyati, piroliz moyi
va tar-mahsulot) ham hosil bo‘ladi. Piroliz jarayonida hosil bo‘lgan ikkilamchi
mahsulotlar o‘z navbatida gayta ishlanib sanoatning turli sohalarida go‘llaniladigan
muhim xomashyolar olinadi. Ikkilamchi mahsulotlardan olingan materiallardan kimyo
sanoati, neft va gazni qayta ishlash korxonalari, energetika, farmatsevtika, qurilish,
gishlog xo‘jaligi va boshga sohalarda ishlatiladigan reagentlar ishlab chigariladi.
Magolada mahalliy xomashyolar tarkibidan ajratib olingan ko‘p yadroli aromatik
uglevodorodlar asosida kuchsiz kislotali polikondensatsion tipdagi kationitlar sintezi va
ularning tuzilishini turli fizik-kimyoviy tahlil usullari bilan o‘rganish magsadida olib
borilgan izlanishlar natijalari keltirilgan. Tadqiqot uchun “Uz-Kor Gas Chemical” QK
MChJ piroliz jarayoni ikkilamchi mahsuloti tar-mahsulot tanlangan va uning tarkibidan
ko‘p yadroli aromatik uglevodorodlarni fraksiyalash yo‘li bilan ajratib olinib keyingi
ishlarda xomashyo sifatida foydalanilgan.

Kalit so‘zlar. Tar-mahsulot, piroliz distillyati, ko‘p yadroli arenlar 1-
metilantrasen, 2-metilantrasenlar, 9-metilantrasen, p-antrasen karbon Kkislota, polikon-
densatsiya.

STUDYING THE SYNTHESIS AND STRUCTURE OF POLYMETHYLENE
AROMATIC CARBOXYLIC ACIDS

Annotation. During pyrolysis of hydrocarbons, in addition to the main product
(ethylene, propylene, butene-1, hydrogen), secondary products (pyrolysis distillate,
pyrolysis oil and tar product) are formed. The secondary products formed during the
pyrolysis process, in turn, are processed and obtained as important raw materials used in
various industries. Reagents used in the chemical industry, oil and gas processing plants,
energy, pharmaceuticals, construction, agriculture and other industries are produced from
materials obtained from secondary products.

The article presents the results of studies conducted to study the synthesis of
weakly acidic polycondensation type cation exchangers based on polynuclear aromatic
hydrocarbons isolated from local raw materials, and their structure by various methods
of physicochemical analysis. A secondary product of the pyrolysis process of JV Uz-
Kor Gas Chemical LLC was selected for the study; polynuclear aromatic hydrocarbons
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were isolated from its composition by fractionation and used as raw materials in further
work.

Keywords. Resin product, pyrolysis distillate, polynuclear arenes, 1-
methylanthracene, 2-methylanthracenes, 9-methylanthracene, [-anthracenecarboxylic
acid, polycondensation.

Kirish. Tar-mahsulot tarkibidan olingan ko‘p yadroli arenlar asosida polimetilen
aromatik karbon kislota sintez gilib olingan. Uglevodorodlar piroliz jarayonida asosiy
mahsulot (etilen, propilen, buten-1, vodorod) bilan bir gatorda ikkilamchi mahsulotlar
(piroliz distillyati, piroliz moyi va tar-mahsulot) ham hosil bo‘ladi. Piroliz jarayonida hosil
bo‘lgan ikkilamchi mahsulotlar o‘z navbatida gayta ishlanib sanoatning turli sohalarida
go‘llaniladigan muhim xomashyolar olinadi. Ikkilamchi mahsulotlardan olingan
materiallardan kimyo sanoati, neft va gazni qayta ishlash korxonalari, energetika,
farmatsevtika, qurilish, gishlog xo‘jaligi va boshga sohalarda ishlatiladigan reagentlar
ishlab chigariladi. Respublikamizda ham piroliz jarayoni asosida quyi olefinlar ishlab
chigarish korxonalari faoliyat yurg‘izmogda va unda olefinlar gatorida ikkilamchi
mahsulotlar ham hosil bo‘lishi tabiiy, albatta. Shuning uchun bugungi kunda
mamlakatimiz hududida neft, gaz mahsulotlarini chuqur qayta ishlash natijasida
olinadigan asosiy, hamda ikkilamchi mahsulotlarni gayta ishlab import almashinadigan,
eksportbop, keng qo‘llanilish sohalariga ega gimmatbaho reagentlar ishlab chigarish
texnologiyasini ishlab chiqgish, mavjudlarini takomillashtirish hal gilinishi kerak bo‘lgan
muhim muammolardan hisoblanadi.

Oxirgi yillarda sanoat oqova suvlarining miqdorini ortishi, ichimlik suv
miqdorining kamayib borishi kabi tabiiy va sun’iy o‘zgartirishlar yangi turdagi kationitlar
va ularning xomashyo bazalarini izlab topish bo‘yicha ilmiy tadgiqotlarni talab giladi. Bu
borada dunyo olimlari orasida keng migyosda ilmiy izlanishlar olib borilmoqda. Shular
bilan bir gatorda mamlakatimizda ham bunday izlanishlarga e’tibor garatilgan.

Respublikamizda so‘nggi yillarda kimyo sanoatida mahalliy xomashyolardan
samarali foydalangan holda import mahsulotlarni bosgichma-bosqich gisgartirish orgali
eksportbop mahsulotlar ishlab chigarish, qayta ishlash natijasida hosil bo‘ladigan
ikkilamchi mahsulotlardan to‘g‘ri foydalanish dolzarb vazifalardan biri hisoblanadi.

Tadqgiqot metodologiyasi. Kop yadroli aromatik uglevodorodlar karbon kislotasi
formalin bilan polikondensatsiya jarayonida kuchsiz Kkationit, ya’ni ko‘p yadroli
polimetilenaromatik karbon Kislota olingan va 1Q-spektr, TGA va DTA tahlil usullarida
tarkibi solishtirma o‘rganilgan.

Tar-mahsulot — bu pirolizning ikkilamchi mahsuloti bo‘lib, uning tarkibi
xomashyoga bog‘liq bo‘lib, gaynash harorati 340°C dan yugori bo‘lgan uglevodorodlar
aralashmasidan iborat. Hozirda piroliz mahsulotlari aniq ishlatilish sohasiga ega
bo‘lmasdan, aksariyat hollarda bug® qozon yoqilg‘isining tarkibiy gismi sifatida ishlatilib
kelinmoqda.

Belarus olimlari tomonidan tar-mahsulot tarkibini xromatografiya natijalarini tahlil
gilish natijasida 225 dan ortiq individual moddalar borligi aniglangan. Ular tarkibida
og‘irlik bo‘yicha 67 % aromatik uglevodorodlar va ko‘p yadroli aromatik uglevodorodlar
48% gacha uchraydi [1,2].

Tar-mahsulot haydash orqali fraksiyalarga ajratildi va ularning tarkibi o‘rganildi.
320-350°C oralig‘idagi fraksiya tarkibini 1-metilantrasen, 2-metilantrasenlar 9-
metilantrasen 80% gacha, 360-370° C dagi fraksiya tarkibini 2,7-dimetilantrasen 48%
gacha tashkil giladi.

Tadgigot obyekti bo‘lgan polimetilenantrasen karbon kislotaning (PMAK) natriyli
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va kalsiyli tuzlari bo‘lib, tarkibida yugori molekulyar fraksiyalar migdori ko‘p bo‘lgan
yuqori effektivlikga ega suyultiruvchidir. Sintez gilingan polikondensat tarkibida ozod
formaldegid bo‘lib, tayyor mahsulotning ekologik xarakteristikalariga negativ ta’sir giladi.
Polimetilenantrasen karbon kislotalar ishlab chigarish texnologik jarayoni quyidagi
etaplardan iborat:
— B-antrasen karbon kislota olish magsadida 2-metilanrasenni konsentrlangan nitrat kislota
bilan oksidlash;
— polimetilantrasen karbon kislota olish uchun formaldegid bilan B-antrasen karbon
kislotani polikondensatsiya jarayoni;
— olingan reaksiya mahsulotini natriy gidroksid yoki kalsiy gidroksid bilan neytrallash;
— go‘shimcha eritmasini natriy/kalsiyli cho‘kmalardan tozalash magsadida filtrlash.
Jarayon sharoitidan kelib chiqgib turli xususiyatdagi moddalar hosil bo‘ladi. Texnologik
jarayonning barcha etaplarini tahlil gilamiz.
2-metilantrasenni kontsentrlangan nitrat kislota bilan oksidlash etapida p-naftalin
karbon kislota olinishi asosiy jarayon hisoblanadi.

NN N NN O
+HNO, ——» +6NO,+4H,0
NN NN

Oksidlash jarayoni haroratiga bog‘lig ravishda turli antrasen kislotalar aralashmasi
hosil bo‘ladi.

Antrasen karbon kislotalarni formalin bilan polikondensatsiya reaksiyasi quyidagi
sxema orqali boradi:

s i &
——— —

H c
#{n-1) H /TN #m1) HO

COOH COOH (n-1) COOH

Polikondensatsiya jarayoni 110°C haroratda bir necha sutka davomida olib
boriladi. Qancha ko‘p vaqt jarayon davom etsa, mahsulot tarkibidagi polimerlanish
darajasi yugori, modda miqdori ortadi va mahsulot tarkibidagi aktiv modda migdori ham
yugori bo‘ladi. Jarayonning tugashini namunalar olib tekshirish orgali nazorat gilinadi.
Sovuganda olingan polikondensat qovushgoq massaga aylanadi, cho‘zilganda ingichka
tola bo‘lib cho‘ziladi va suvda eriydi.

Polikondensatsiya jarayoni vaqtini va energoresurslar sarfini kamaytirish
magsadida jarayon yugori bosim bilan ishlaydigan qurulmada yuqori haroratda olib
borildi, bunda reaksiya bir necha soat ichida yakunlanadi. Formalin reaksion aralashmaga
bir necha nugtadan va reaksion massaning ostidan ham Kiritiladi, maqgsad formalinni
reaksion massa bo‘yicha bir tekis tagsimlanishini ta’minlashdan iborat. Agar formalin bir
nugtadan berilsa, reaksion massaning qovushgogligini ortishiga, natijada qurulma
aralashtirgichi, boshga gismlarining ishdan chigishi kabi noxush ogibatlarga olib kelishi
mumkin.

111



QarDU xabarlari KIMYO 2024 (2) 2

Polikondensatlanish jarayoni mahsulotlarni natriy gidroksid bilan neytrallash
etapida polimetilenantrasen karbon kislotaning natriy tuzlari  hosil  bo‘ladi.
Kondensatlangan massaga ma’lum miqdorda suv aralashtirib suyultiriladi, sovutiladi va
ishgor eritmasi solinadi. Natriy gidroksid eritmasi muhit neytral bo‘lgunga qadar
aralashtiriladi.

Qo‘shimchani sintezi jarayonida qoldig formaldegid massa ulushi 0,001%
odatdagiga qaraganda ko’proq qoladi, bu odamlar ko‘p bo‘ladigan binolarni ichki
dekoratsiyasi uchun go‘llaniladigan qurulish materiallari tarkibiga go‘llab bo‘Imaydi [3].

Qo‘shimchani ishlab chiqgarish jarayonidagi goldiq formaldegid massa ulushini
kamaytirish magsadida Kannitsaro reaksiyasidan foydalanishni taklif gilishgan. Bunda
formaldegid molekulalari o’zaro ta’sirlashib turli zararsiz organik moddalarga aylanadi.

Neytrallanish jarayoni reaksiya tenglamasi quyidagicha:

AL o TR T
v s T Ay 8T
A2 OO

COOH __| COOH COONa __J -1 COONa
Bunday jarayonda dlsproportsnanlsh reaks1yas1 sodir bo’lib formaldegidning bitta
molekulasi gaytariladi ikkinchi molekulasi oksidlanadi, jarayonning katalizatori sifatida
ishqorlar asosiy rol o‘ynaydi [4]:

2CH20 + H20 = CH30H + HCOOH

Alfa holatida vodorod atomi bo‘lmagan aldegidlar konsentrlangan ishqor eritmalari
ta’sirida disproportsilanish jarayoniga uchrab karbon kislota va spirt hosil giladi.

Kannitsaro reaksiyasi mexanizmi ikki bosgichda nukleofil birikish reaksiyasi
birlashtiradi: birinchi bosgichda gidroksil anioni formaldegid malekulasining karbonil
guruhiga birikadi, keyin bunday addukt birikmadan gidrid-anion ko‘rinishda vodorod
ajraladi va formaldegidning ikkinchi molekulasi bilan birikadi. Masalan formaldegid kaliy
formiat bilan metil spirtiga aylanadi (muhitda kaliy gidroksid bo‘lgani uchun).

Kannitsaro reaksiyasini 100°C yuqori haroratda bir necha soat davomida olib
borildi. Jarayon tugugandan so‘ng past konsentratsiyali sulfat kislota eritmasi bilan
mahsulot neytrallandi. Natijada jarayonning suyug mahsuloti tarkibida formaldegidning
massa ulushi 0,001% dan ortmadi.

Sintez qilingan qo’shimcha eritmasini transportabelligini baholash magsadida
uning kontsentratsiyasi va zichligi orasidagi bog‘liglik aniglandi. Suyultiruvchi-
plastifikatorning gipsli aralashmaga ta’sir ko’rsatadigan, Suttard usuli bilan aniqlanadigan
eng muhim xususiyatlaridan biri bu plastiklik ko’rsatgichidir [5].

Natijalar va muhokama. Sintez gilingan 1-antrasen karbon kislotaning 1Q-
spektri olindi va tahlil gilindi (1-rasm). Quyidagi 1Q-spektrning tahlili shuni ko‘rsatadiki,.
3359,96 sm™ sohada —OH guruhining valent tebranishi, 3055,93 sm™ sohada aromatik
yadrodagi C-H bog‘ining valent tebranishi, 1130,16 sm™ sohada -COOH guruhning
valent tebranishini ko‘rishimiz mumkin [6].

2-Rasmda keltirilgan ma’lumotlar vazn yo‘qotish bilan namuna tuzilishining
o‘zgarishini ko‘rsatadi, birinchi bosgichda 104,6-356,5°C oralig‘ida 26,27 %, ikkinchi
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bosgich esa 450,6-661,2°C, bu oraliqda 21,12%, 813,1-877,8°C gacha esa 8,63% modda
massasini yo‘qotdi.
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1-rasm. 1-antrasen karbon kislotaning 1Q-spekiri
Kationitning termik barqgarorligi termogravimetrik usul bilan o‘rganildi.

Simul taneous Thermal Analysis Sample Curve

2-rasm. Kationitning TG - termogravimetri'i'(”égri; DTA - differensial termik egri chizig‘i

Olingan kationit 900°C gacha gizdirilganda umumiy 56,07% massasini yo‘qotishi
aniglandi. O‘rganilayotgan kationitlarning differensial termik egrisi ikki endotermik cho‘qqi
bilan ifodalanadi. Bu endotermik ta‘sir 450,6-661,2°C va 813,1-877,8°C oraliglarida sodir
bo‘lgan bu kationitdan termik destruksiyasi bilan tushintirish mumkin. KU-2 kationit uchun
353-413 K da energiya yutilishi bilan endotermik tepalik kuzatiladi va uning destruksiyasi esa
423 K da kuzatiladi [7,8]. Shunday qilib, antrasen asosidagi olingan kationitning termal
bargarorligi KU-2 kationitdan yuqori ekanligini ko‘rish mumkin.

Xulosa va takliflar. Uglevodorodlar piroliz jarayoni ikkilamchi mahsuloti tar-
mahsulotdan olingan antrasen asosida polimetilenantrasen karbon kislotalar olindi va bu
polimerning chizigli oligomerini superplastifikator sifatida beton aralashmalarida, fazoviy
polimeri Kkationit sifatida foydalanish mumkinligi aniglandi.

Sintez natijasida olingan mahsulotlarning tarkibi, tuzilishi va xossalarini o‘rganish,
tahlil gilishda 1Q-spektr, TGA-DTA analizlardan foydalanildi.

Sintez gilingan chizigli tuzilishga ega oligomerlarni superplastifikator sifatida beton
gorishmalariga qo‘llash orqgali qorishmaning plastikligini va mustahkamligini oshirishi
o‘rganildi.

Sintez qilingan polimetilenantrasen karbon kislotaning kationit xossasi o°‘rganildi
zavodlardagi aylanma suvlarni turli metall kationlaridan tozalashda Kkationit sifatida
amaliyotga joriy etildi.
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Annotatsiya. Molekulasida oltingugurt, azot, kislorod, xlor va brom Kkabi
geteroatomli o‘rinbosarlar saqlagan ayrim ketonlar- 1-(tiofenil-2) etanon, 1-(3-
metiltiofenil-2) etanon, 1-(furanil-2) etanon, 1-(piridinil-4) etanon, 1-(5-xlortiofenil-2)
etanon, 1-(5-bromtiofenil-2) etanonni geksin-1 bilan alkinillash jarayoni o‘rganilgan.
Alkinillash jarayoni ilk bor ProPhenol/Me2Zn/TGF Kkatalitik sistemada olib borilgan va
mos ravishdagi atsetilen spirtlari- 2-(tiofenil-2)-oktin-3-o0l-2, 2-(3-metiltiofenil-2)-oktin-3-
ol-2, 2-(5-xlortiofenil-2)-oktin-3-ol-2, 2-(5-bromtiofenil-2)-oktin-3-ol-2, 2-(furanil-2)-
oktin-3-ol-2, 2-(piridinil-4)-oktin-3-0l-2 sintez qilingan. Qo‘llanilgan kompleks
sistemalarning atsetilen spirtlarini hosil bo‘lish samaradorligiga ta’siri taklif etilgan va
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reaksiya mexanizmlari keltirilgan. Mahsulot unumiga ta’sir giluvchi bir qator omillar —
harorat, reaksiya davomiyligi, katalizator va erituvchilar, substrat va reagentlar miqdori
ta’siri tadqiq qgilingan. Olingan natijalar asosida jarayonlar uchun eng muqobil sharoitlar
topilgan. Sintez gilingan atsetilen spirtlarining tarkibi, tozaligi, tuzilishi va kvant-
kimyoviy xossalari zamonaviy fizik-kimyoviy usullarda isbotlangan. Sintez gilingan
atsetilen spirtlari unumining samaradorlik gatorlari aniglangan. Biologik xossalari
o‘rganilgan.

Kalit so‘zlar: geksin-1, ketonlar, katalitik sistema, mahsulot unumi, atsetilen
spirtlari.

SYNTHESIS OF ACETYLENE ALCOHOL BASED ON
HEXYN-1 AND SOME HETERATOMIC KETONES

Abstract. The process of alkylation of some ketones- 1-(tiophen-2-yl)etanone, 1-(3-
metiltiophen-2-yl)etanon, 1-(furan-2-yl)etanone, 1-(piridin-4-yl)etanone, 1-(5-
clorotiophen-2-yl)etanone,  1-(5-bromtiophen-2-yl)etanone containing heteroatomic
substituents sulfur, nitrogen, oxygen, chlorine and bromine with hexine-1 was studied.
The alkylation process was first carried out in the ProPhenol/Me>Zn/THF catalytic system
and acetylenic alcohols- 2-(tiophen-2-yl)-okt-3-yn-2-ol, 2-(3-metiltiophen-2-yl)-okt-3-yn-
2-ol, 2-(5-clortiophen-2-yl)-okt-3-yn-2-ol, 2-(5-bromtiophen-2-yl)-okt-3-yn-2-ol, 2-
(furan-2-yl)-okt-3-yn-2-ol, 2-(piridin-4-yl)-okt-3-yn-2-ol were synthesized. The effect of
the used complex systems on the efficiency of the formation of acetylene alcohols is
proposed and the reaction mechanisms are presented. A number of factors affecting
product yield - temperature, duration of reaction, influence of amount of catalyst and
solvents, substrate and reagents - were studied. Based on the obtained results, the most
alternative conditions for the processes were found. The composition, purity, structure and
quantum-chemical properties of the synthesized acetylene alcohols have been proven by
modern physico-chemical methods. The efficiency ranges for the production of
synthesized acetylene alcohols have been determined.

Key words: hexin-1, ketones, catalytic system, product yield, acetylene alcohols.

Kirish. Molekulasida galogenlar saglagan atsetilen spirtlarini sintez qgilish usullari
va ularning qo‘llanilish sohalari bo‘yicha dunyoda keng qamrovli tadqgiqotlar olib
borilmogda [1-3]. Atsetilen spirtlari sintezi, asosan, aldegid va ketonlarni enantioselektiv
alkinillash reaksiyasi orgali amalga oshiriladi [4]. Molekulasida tarmoglangan
o‘rinbosarlar tutgan ketonlarga -15 °C haroratda Me2Zn/Se éku Me2Zn/PhMe yordamida
fenilatsetilen ta’sir ettirib, 81-89% unumgacha atsetilen spirtlari sintez gilingan [5, 6].
Magniy va litiy organik reagentlar ishtirokida alkinlarning ketonlar bilan enantioselektiv
nukleofil birikish reaksiyalari o‘rganilgan [7]. Fenantrolin/Cu(OTf)./KO'Bu sistemasida
galloidli ketonlarni 60 °C haroratda alkinlash reaksiyasi o‘rganilgan. Erituvchilar sifatida
toluol va tetragidrofuran qo‘llanilgan [8]. Alkinlarning triftorometilketon bilan reaksiyasi
20 °C haroratda, 48 soat davomida Me2Zn/Ti(O'Pr)s katalitik sistemada olib borilgan va
85-96% unum bilan ikkilamchi va uchlamchi atsetilen spirtlari sintez gilingan [9].
Ketonlarni Me2Zn/Ti(OiPr)s/BaF2/PhMe Kkatalitik sistemasi ishtirokida enantioselektiv
alkinillash reaksiyasi bo‘yicha 98% unumgacha atsetilen spirtlari olingan [10].
BusNOH/H>O/DMSO katalitik komponenetidan foydalanib, aromatik va alifatik aldegid
hamda ketonlarni fenilatsetilen bilan reaksiyasi atmosfera bosimi ostida amalga oshirilgan,
natijada 91% unumgacha aromatik atsetilen spirtlari sintez qilingan [11]. KF/MeOH
ishtirokida sililatsetilenni ketonlarga to‘g‘ridan to‘g‘ri biriktirish reaksiyalarini amalga
oshirilgan [12]. TBAF-3HO/IMCO/H20 Kkatalitik sistemasida ayrim ketonlarni kalsiy
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karbid yordamida enantioselektiv etinillash reaksiyasi bo‘yicha terminal atsetilen spirtlari
sintez qilingan. Atsetilan spirtlari unumiga asoslanib, ketonlar molekulasidagi radikallar
va o‘rinbosarlar tabiati, joylashuvi va ularning fazoviy ta’sir etish xususiyatiga ko‘ra
ularning nisbiy faollik gatori aniglangan [13].

Tadgigot metodologiyasi. Yuqori haroratga bardoshli hajmi 2000 ml bo‘lgan to‘rt
ogizli kolbaga gaytarma sovutkich, tomizgich voronka, termometr, aralashtirgich
o’rnatilgan sistemada amalga oshiriladi. Kolbaga dastlab 120 ml tetragidrofuran, 95 g
dimetilrux va 102,5 g 1-geksin solinadi va 60 minut davomida aralashtirildi. So‘ngra
aralashmaga 60 minut davomida 159,7 g ProPhenol ning tetragidrofurandagi eritmasi va
110 g 1-(furanil-2)-etanon tomchilatib qo‘shildi. Reaksiya -5- 0 °C haroratgacha sovutildi
va 22 soat davomida aralashtirildi. Aralashma tindirildi va NH4Cl (50 ml) to‘yingan suvli
eritmasi bilan to‘yintirildi. Katalizatni gismlarga ajratish uchun dietilefir (3x100 ml)
yordamida ekstraksiya qgilindi. Organik gatlam Na>SO4 yordamida quritildi, erituvchilar
oddiy sharoitda haydab olindi, natijada 84% unum bilan 2-(furanil-2)-oktin-3-ol-2, 9%
go‘shimcha mahsulotlar va 7% boshlang‘ich mahsulot 1-(furanil-2)-etanon ajratib olindi.
Ushbu usul bo‘yicha 2-(tiofenil-2)-oktin-3-ol-2, 2-(3-metiltiofenil-2)-oktin-3-ol-2, 2-(5-
xlortiofenil-2)-oktin-3-ol-2, 2-(5-bromtiofenil-2)-oktin-3-0l-2, 2-(piridinil-4)-oktin-3-o0l-2
sintezi ham amalga oshirildi.

Jarayon ximizmi va mexanizmi. Molekulasida azot, oltingugurt, brom, xlor,
kislorod saglagan 1-(tiofenil-2)-etanon, 1-(3-metiltiofenil-2)-etanon, 1-(5-xlortiofenil-2)-
etanon,  1-(5-bromtiofenil-2)-etanon,  1-(furanil-2)-etanon,  1-(piridinil-4)-etanonni
ProPhenol/Me>Zn/TGF katalitik sistemasida geksin-1 bilan alkinillash reaksiyasi asosida
quyidagi atsetilen spirtlari— 2-(tiofenil-2)-oktin-3-ol-2 (1), 2-(3-metiltiofenil-2)-oktin-3-ol-
2 (2), 2-(5-xlortiofenil-2)-oktin-3-0l-2 (3), 2-(5-bromtiofenil-2)-oktin-3-ol-2 (4), 2-
(furanil-2)-oktin-3-ol-2 (5), 2-(piridinil-4)-oktin-3-0l-2 (6) ni sintez qilish reaksiya
sxemasi adabiyot manbalari asosida quyidagicha taklif etildi [14, 15].

ProPhenol
: e on
R—/< + Bu—— 5.0 » R ——,Bu
Me 24 soat. Me
1-6
Me
OH OH OH
%nBu ‘ \ ——,Bu Q—%,ﬁu
S 1 Me S ) Me cr” S : Me
OH OH OH
‘ \> é — ,,Bu ‘ \> g — nBu N/ \ — ”Bu
Br N Me 0 Me — Me
4 5 6
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ProPhenol/Me>Zn/TGF katalitik sistemasida tanlangan reagent va substratlar asosida
atsetilen spirtlarini sintez qilish jarayoni reaksiya mexanizmi adabiyot manbalari asosida
quyidagicha taklif gilindi.

Dastlab tetragidrofuran yordamida ProPhenol ligandi dimetilrux bilan ta’sirlashib,
uchta gidroksil guruhini deprotonlashtirib barqaror bisrux kompleks tuzini hosil giladi.

OH HO O Me O
2MeZZn —> + 3CH4

ProPhenol Ilgandlnlng bisrux kompleks tuzi geksin-1 ning faol vodorod atomi bilan
almashinib oraliq katalitik komponent hosil giladi.

nBu
Ph Ph Ph /) Ph
? /Me 0 9 / 0
Ph w zh Ph Ph 7 zh Ph
N o N + Bu——= —> N o N + CHy
Me Me

Olingan oraliq katalitik komponent tarkibida ham Lyuis kislotasi ham Brensted asosi
mavjud bo‘lib, bir vaqtning o‘zida ikkita reaktivni faollashtiradigan dublet katalizator
sifatida namoyon bo‘ladi, ya’ni Brensted asosi ishqoriy muhitda nukleofilni deprotonlash
bilan faollashtirdi va ketonni enolyatga aylantirdi.

Bu .Bu \/ Me

SO
G

Boshga tomondan, Lyuis kislotali qismi elektrofilni metall markazga
muvofiglashtirish orqgali faollashtirib, geksin-1 ning kislotalik xossasi hisobiga ketonning
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karbonil guruhi tarkibidagi musbat zaryadlangan uglerod atomiga nukleofil hujumni
ta’minlaydi.

nBu \\/ Me .Bu
\{\/[e
Zn Zn— Ph S R Ph
. o
-~ = Ph Ly zZn—o Ph
BN /™~ _ -
N B N
Me

Me
Jarayonning keyingi bosgichida metall almashinishi asosida rux alkoksid ajralib
chigadi va faol katalizatorni qayta tiklaydi. Katalizatorning shu tarzda aylanishi rux
organik birikmalar reaktivining stexiometrik miqgdoridan foydalanishni talab giladi.
Aksincha, katalizator ProPhenol tomonidan to‘g‘ridan to‘g‘ri aldol reaksiyasi faqat
katalitik miqdordagi dialkil rux reaktivini talab giladi va mahsulot alkoksidining

dissotsiyalanishi asosida proton almashinuvini ta’minlaydi.
nBu_

OH HO
Zn O nBu
4CHy4 + 4HZO + Mc Z
2Me,Zn

Me Me

Natijalar va muhokama. Tanlangan ketonlarni geksin-1 ishtirokida etinillash
jarayoni uchun taklif etilgan katalitik sistema ProPhenol/Me2Zn/TGF ning boshlang‘ich
moddalar massasiga nisbatan olingan mol miqdori ta’siri tahlil qilindi. Boshlang‘ich
moddalar va katalitik sistema mol miqgdorlari 1:1,25:0,25:1 mol nisbatlarda, erituvchi
tetragidrofuran, -5- 0 °C haroratda, 24 soat davomida olib borilganda, sistemada faollanish
energiyasining kamayishi hamda jarayonda alkin migdoriga nisbatan katalitik sistema teng
ekvivalent nisbatda olinishi molekula va ionlar to‘qnashuvlar soni ortishi asosida
geteroatom atsetilen spirtlarining unumdorligi yuqori bo‘lishini taqozo etdi. Aksincha,
reaksiya jarayonida alkinning miqdoriga nisbatan ProPhenol va Me>Zn mol miqdorlari
teng nisbatda olinmaganligi sistemada reaksion markazlarning yetarli darajada hosil
bo‘lmasligi hisobiga mahsulot unumining selektivligi pasayishiga sabab bo‘ldi. Reaksiya
jarayonida alkin va dimetilruxning migdorini oshirganimizda rux alkoksidlari hosil bo‘lib,
alkin miqdori sistemada ortib qolgani aniglandi va enantioselektivlikning sezilarli
pasayishiga olib keldi.

Alkin migdorining ortgani sistemadagi ortiqcha suv bilan reaksiyaga Kirishib,
gidrolizlanishi natijasida qo‘shimcha moddalarning hosil bo‘lishiga imkon yaratdi va
unumning pasayishiga sabab bo‘ldi. Reaksiya jarayoni davomida unumdorlikni oshirish
magsadida ketonlarning miqdori oshirilganda, reaksiya unumining pasayishi va
ketonlarning to‘liq alkinillanishi uchun alkin miqdori yetishmaganligi, aldol yon
mahsulotlarining ishlab chiqgarilishi kuzatildi.
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Atsetilen spirtlar unumiga reaksiya davomiyligining ta’siri 12-36 soat interval
oralig‘ida tadqiq qilindi. Reaksiya davomiyligi 12 soatdan 24 soatga oshib borishi bilan
metallalkinilni hosil bo‘lish unumi hamda molekula va ionlar to‘qnashuvlari soni ortishi
bilan mahsulot unumi yuqori bo‘lishi kuzatildi. Reaksiya 36 soatda olib borilganda esa
boshlang‘ich mahsulotlar oxirigacha reaksiyaga kirisha olmaydi va aralashmada qolib
ketishi, hamda katalizator bilan reaksiyaga kirishib atsetilenidlar hosil qilishi hisobiga
katalizator migdorini va katalitik faolligini kamaytiradi, natijada mahsulot unumiga salbiy
ta’sir ko‘rsatdi. Bundan tashqari ishqoriy muhitda atsetilen spirtlari qisman degidratlanish
reaksiyasiga uchrashi kuzatildi va molekulasida qo‘sh va uch bog‘ saqlagan to‘yinmagan
uglevodorodlar hosil gilishi, hamda atsetilen spirtlari dastlabki moddalarni gaytadan hosil
gilish jarayoni kuzatildi.

Elektrofil karbonil uglerodning nukleofil reagent bilan & bog‘lanish amalga oshirish
uchun Kkationlarni yaxshi stabillovchi qutbli aproton erituvchilari qulay hisoblanadi. Shu
sababdan ketonlarni etinillash jarayoni uchun MeCN, DMSO va TGF kabi erituvchilar
tabiatining atsetilen spirtlari unumiga ta’siri o‘rganildi. Erituvchi sifatida TGF dan
foydalanilganda mahsulot unumi eng yuqori darajaga chiqgishi aniglandi. Chunki TGF
tarkibidagi kislorod atomi umumlashmagan elektron juftiga ega bo‘lib, manfiy zaryadning
halgada kuchli delokallangani uchun juda kuchli asos xossasini namoyon giladi, natijada
katalitik sistemaning faolligini oshirdi va mahsulot unumining ortishiga sabab bo‘ldi.
MeCN kuchsiz asos bo‘lib, tarkibidagi azot atomida erkin elektron jufti mavjud, u
reaksiya jarayonida Kkatalizator bilan suspenziya hosil qilib, reaksiyaga Kirishdi va
alkogolyatlarga aylandi, natijada reaksiya unimiga salbiy ta’sir etdi. DMSO qutblangan
aproton erituvchi bo‘lib, reaksiya jarayonida foydalanganda mahsulot unumining TGF ga
nisbatan past chigishi va MeCN ga nisbatan yuqori chigishi kuzatildi.

Atsetilen spirtlari molekulasidagi atomlarning xossalari HyperChem Activation 8
paketi STAT dasturi asosida o‘rganildi.
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giymati

Olib borilgan tadgigot natijalariga ko‘ra ProPhenol/Mg.Zn/TGF  katalitik
sistemasida geksin-1 ning tanlangan ketonlar bilan reaksiya uchun eng samarali usuli
mugqobil sharoiti topildi, unga ko‘ra boshlang‘ich moddalar va katalitik sistema miqdori
1:1,25:0,25:1 mol nisbatda, harorat -5- 0 °C, erituvchi TGF, reaksiya davomiyligi 24 soat
bo‘lganda atsetilen spirtlari eng yuqgori unum bilan sintez gilindi.

Xulosa. ProPhenol/Me2Zn/TGF Kkatalitik sistemasi yordamida ilk bor atsetilen
spirtlari sintezi amalga oshirildi. Atsetilen spirtlari unumiga harorat, reaksiya davomiyligi,
katalizator, boshlang‘ich moddalar, erituvchilar tabiati hamda miqdorining ta’siri tadqiq
qgilindi.

Ketonlarni karbonil guruhi uglerodiga joylashgan radikallar bargarorligi, tabiati,
tarmoglanishi va fazoviy joylashuv jarayonining borishi va mahsulot unumiga ta’sir etish
mexanizmlari va gonuniyatlari ishlab chiqildi.
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Annotatsiya. 4-Gidroksi-2,3-pentametilen-3,4-digidroxinazolin  biologik faol
bo‘lgan peganolning analogi bo‘lib, uning molekulasida bir necha reaksion markazlar
borligi bilan, ya’ni 1- va 3-holatda azot atomi, C-4 da gidroksil guruhi va harakatchan
vodorod atomi mavjudligi hamda sikloalkan va benzol halgasining borligi bu birikmaning
elektrofil va nukleofil almashinish reaksiyalarini o‘rganish qiziqarliligidan dalolat beradi.
2,3-Pentametilen-3,4-digidroxinazolin  gidroxloridni KMnOs4 ning eritmasi bilan
oksidlanganda 2,3-pentametilen-3,4-digidroxinazolin-4-on va 4-gidroksi-2,3-
pentametilen-3,4-digidroxinazolin aralashmasidan tashkil topganligi aniglandi. Ular ham
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kimyoviy halgali-zanjirli tautomeriya gidroksil guruhining nukleofil reagentlar bilan
ta’sirlanishi ham biologik faol birikmalar nuqtayi nazaridan ahamiyatlidir. Shuning uchun
ushbu birikmalarning biologik faolligini keng miqyosda tashkil etishni va chuqur tahlil
gilishni talab etadi.

Kalit so‘zlar: tri, tetra penta, elektrofil, nukleofil, furo-, pirrolo, pirimidinlar.

SYNTHESIS OF 4-HYDROXY-2,3-PENTA-METHYLENE-3,4-
DIGIDROQUINAZOLINE-4-ONA NA OSNOVE REACTIVE OXIDATION

Abstract: 4-Hydroxy-2,3-pentamethylene-3,4-dihydroquinazoline is a biologically
active analog of peganol due to the presence of several reactive centers in its molecule,
I.e., a nitrogen atom in positions 1 and 3, a hydroxyl group in C-4 and a mobile hydrogen
the presence of the atom and the presence of cycloalkane and benzene rings indicate that
this compound is interesting to study electrophilic and nucleophilic exchange reactions.
2,3-Pentamethylene-3,4-dihydroquinazoline hydrochloride is formed from a mixture of
2,3-pentamethylene-3,4-dihydroquinazolin-4-one and 4-hydroxy-2,3-pentamethylene-3,4-
dihydroquinazoline when oxidized with a solution of KMnO4 was found. They are also
chemical (ring-chain tautomerization of the hydroxyl group with nucleophilic reagents is
also important from the point of view of biologically active compounds. Therefore, the
biological activity of these compounds requires a large-scale organization and in-depth
analysis.

Key words: tri, tetra, penta, electrophile, nucleophile, furo-, pyrrolo, pyrimidines.

Kirish. Tabiiy moddalar va dori vositalari ichida pirimidin xalgasini saglovchi
birikmalar ko‘p uchraydi. So‘nggi yillarda pirimidinni boshga siklik va geterosiklik
birikmalar  bilan  kondensirlangan hosilalari, masalan, xinazolinlar, purinlar,
piridopirimidinlar furo-, pirrolopirimidinlar sintezi, ularni kimyoviy o‘zgarishlari keng
o‘rganilmogda. Buni so‘nggi vaqtlarda chop etilayotgan magolalarda ham ko‘rishimiz
mumkin. So‘nggi yillarda insektitsidlar, fungitsidlar, gerbitsidlar sifatida ishlatiladigan
sianurxlorid hamda xinozolin-4-onlarning ko‘p sonli hosilalari sintez gilinmoqgda va
gishloq xo‘jaligi hamda tibbiyot sohasida samarali go‘llanib kelinmoqgda. Shu sababli
organik kimyo sohasida olib borilayotgan ilmiy tadgigotlar natijasida molekulasida
benzopirimidin halgasini saglagan geteroxalgali birikmalar sinteziga bo‘lgan gizigish ortib
bormoqda.

Tadgigot metodologiyasi. Xinazolon gatori alkaloidlari ham nazariy, ham amaliy
jihatdan katta ahamiyatga egadir. Ular orasida ko‘pgina biologik faol preparatlar topilgan
bo‘lib, ular gishlog xo‘jaligi va tibbiyotda keng ishlatilib kelinmogda. Ular ichida
dezoksivazitsinon va dezoksipeganin (Peganium harmala alkaloidlari) alohida ahamiyatga
ega. Adabiyotlardan ma’lumki, dezoksivazitsinon va dezoksipeganin antixolinesteraz
ta’siriga ega [1, 2].

Yupga qavatli xromatografiya usuli dorivor o‘simliklar tahlili uchun keng
go‘llaniladigan usuldir. Yupga qavatli xromatografiya usulining qulayliklaridan biri,
yakuniy natija olish uchun uning parametrlarini o‘zgartirish osonligi hisoblanadi. Boshqa
tomondan esa analiz uslublari standartlashmagan va analizning aniq shart-sharoitlari
belgilanmagan. Shunga garamasdan, Yevropa Farmakopiyasida (European Pharmakopeia)
instrumentlashgan yupga gqavatli xromatografiyaning yangi zamonaviy imkoniyatlari
ko‘paymoqda. U tez sur’atlar bilan rivojlanmoqda. Lekin yuqori samarali yupga gavatli
xromatografiya usulini xinazolin alkaloidlariga tadbiqgi adabiyotlarda deyarli uchramaydi.
Yuqori samarali yupga qavatli xromatografiya usulini O‘zbekistonda keng targalgan
boshga o‘simlik moddalari qgatori xinazolin alkaloidlari uchun ham tadbiq qilish
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dolzarbdir. 4-Gidroksi-2,3-pentametilen-3,4-digidroxinazolin  biologik faol bo‘lgan
peganolning analogi bo‘lib, uning molekulasida bir necha reaksion markazlar borligi
bilan, ya’ni 1- va 3-holatda azot atomi, C-4 da gidroksil guruhi va harakatchan vodorod
atomi mavjudligi hamda sikloalkan va benzol halgasining borligi bu birikmaning elektrofil
va nukleofil almashinish reaksiyalarini o‘rganish giziqarliligidan dalolat beradi [3, 4].

Natijalar va muhokama. Ushbu tahlil biologik faollikka ega bo‘lgan trisiklik
xinazolin-4-on va uning oksidlash reaksiyalari sintez gilingan. Bunung uchun dastlab
antranil kislotasi va kaprolaktamni POCI3 ishtirokida kondensatsiyalab, 2,3-pentametilen-
3,4-digidro-xinazolon-4 ni sintez gildik. Reaksiya suv hammomida 1.5 soat gaynatish
bilan olib borildi. Reaksion aralashmani suv bilan suyultirib keyin ishqoriy muhitga
o‘tkazildi va xloroformda ekstraksiya gilingandan so‘ng yuqori unum bilan mahsulot
olishga erishildi.

IQ-spektr: (v, em-1t) 817 (C-Br), 1660 (N=C)

1HYaMR-spektr: 4.70 (2H, c, 4-CHy), 3.39 (2H, ., J=6,0., 0-CH>), 1.80-2.00 (4H,

M, B-CHa, y-CHz), 2.68 (2H, 1, J=6.0, 5-CH>), 6.89 (1H, 1, J=8,0, H-8), 7.32 (1H, 1, J=2.0,
H-5), 7.41 (1H, ax, J=8.0, J=2.0, H-7).
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2,3-Pentametilen-3,4-digidroxinazolon-4 rux yordamida xlorid Kkislotaning 10% i
eritmasida gaytarildi. Reaksiya 8 soat davomida suv hammomida gaynatish bilan olib
borildi. Reaksiya mahsuloti 2,3-pentametilen-3,4-digidroxinazolin gidroxlorid holida

ajratib olindi va asos holiga o‘tkazilib yugori samarali yupga gatlamli xromatografiya
usuli yordamida tahlil gilindi.
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Yugori samarali yupga qavatli xromatografiya usulida tahlil gilish uchun
moddalarning 1 mg/ml spirtdagi eritmasi ishlatildi. Tahlilga Germaniyaning Whatman,
TLC AL Sil G/-UV plastinkasidan foydalanildi. Namunani plastinkaga purkash uchun
Shveytsariyaning CAMAG firmasida ishlab chiqarilgan «Linomat-5» priboridan
foydalanildi.

1-Rasm: 2,3-Pentametilen-3,4-digidroxinazolon-4 ni gaytarish reaksiyasining YUSYUQX usulidagi tahlil
natijasi.
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1-Trek: 2,3-Pentametilen-3,4-digidroxinazolin-4-on

2-Trek: 2,3-Pentametilen-3,4-digidroxinazolin.

Treklar orasidagi masofa 8 mm, treklar kengligi 3mm. Har bir trekga 2 (I dan
namunalar eritilgan eritma purkaldi. Plastinkaga elyuirlash uchun sistema sifatida
xloroform:metanol:benzol:geksan-2:1:2:2 ishlatildi. Plastinka ochiq havoda 10 minut
davomida quritilgandan so‘ng «Scanner-3» priborida 254 nm to‘lgin uzunligida o‘qitildi.
Analiz natijasiga ko‘ra yangi modda hosil bo‘lganligi aniglandi (1-rasm). 2,3-
Pentametilen-3,4-digidroxinazolon-4va2,3-pentametilen-3,4-digidroxinazolin gidroxlorid-
larning shu priborda olingan UB-spektrlari ham tagqoslandi. 2,3-Pentametilen-3,4-
digidroxinazolon-4 rux yordamida xlorid kislotaning 10% li eritmasida qaytarildi.
Reaksiya 8 soat davomida suv hammomida gaynatish bilan olib borildi. Reaksiya
mahsuloti 2,3-pentametilen-3,4-digidroxinazolin gidroxlorid holida ajratib olindi va asos
holiga o‘tkazilib, yuqgori samarali yupga gatlamli xromatografiya usuli yordamida tahlil
qgilindi.

Unumi 0.28 r (30.7 %) Sistema (1) R= 0,25 Tsuyuqg=149-151°C.

Yuqoridagi sintez gilingan 2,3-pentametilen-3,4-digidroxinazolin gidroxlorid uch
og‘izli kolba muz hammomiga magnitli aralashtirgich bilan o‘rnatildi. 1 g (0.0042 mol)
2,3-pentametilen-3,4-digidroxinazolin gidroxloridni solib, uning ustiga 9 ml suv solib
eritildi. Birinchi tomchilatgich voronkaga 10%li 40ml H2SOs solindi, ikkinchi voronkaga
4 % li 9 ml KMnOgs solindi. Dastlab H2SO4 bilan eritmaning rN ini 2-3ga keltirib, KMnOg4
ni ham tomchilatib 1 soat davomida qo‘shildi. Vaqti-vaqti bilan rN 2-3 ga keltirib turildi.
Reaksiya aralashmasi yana 1 soat aralashtirildi. Keyin 5 % li ishqor (NaOH) eritmasi bilan
kuchsiz ishqoriy muhitga o‘tkazildi va uni xloroformda ekstraksiya qilib ajratib olindi.
Birikmaning tozaligi YUSYUQX usulida analiz qilindi. Bir kun turgandan so‘ng 80 %
2,3-pentametilen-3,4-digidroxinazolin-4-onga o‘tdi, qolgan 20 % 4-gidroksi-2,3-
pentametilen-3,4-digidroxinazolin ekanligini YUSYUQX usulida analiz gilindi.

OH (l)l

N H,SO N SN

TICD - wowos 2 T - QLD

N N N
nel 28 33 7

Sentiz gilingan 4-gidroksi-2,3-pentametilen-3,4-digidroxinazolin boshlang‘ich modda 2,3-
pentametilen-3,4-digidroxinazolin singari oson oksidlanuvchi bo‘lib chiqdi. Dastlabki
olingan mahsulot YUSYUQX tahlili natijasiga ko‘ra 80 % 2,3-pentametilen-3,4-
gidroksixinazolin-4-on va 20 % 4-gidroksi-2,3-pentametilen-3,4-digidroxinazolindan
iborat bo‘lgan bo‘lsa, xromato-mass-spektri olingunga qadar havo kislorodi ta’sirida yana
5,32 % 4-gidroksi-2,3-pentametilen-3,4-digidroxinazolinning oksidlanishi sodir bo‘lgan
aniqglandi. Shuning uchun olingan reaksiya aralashmasini ajratish imkoni bo‘lmadi. Shu
sababli biz tahlilni aralashma holida xromato-mass-spektrometrik analiz yordamida olib
bordik natijada 85,32 % 2,3-pentametilen-3,4-digidroxinazolin-4-on va 14,68 % 4-
gidroksi-2,3-pentametilen-3,4-digidro-xinazolindan iboratligi aniglandi.

Shunday qilib, 2,3-pentametilen-3,4-digidroxinazolin gidro-xloridni KMpO4 bilan
kislotali muhitda oksidlash reatsiyasi natijasida 2,3-pentametilen-3,4-digidroxinazolin
gidroxlorid ushbu sharoitda oksidlanishi chuqurroq borishi topildi. Bunda asosiy modda
2,3-pentametilen-3,4-digidroxinazolin-4-on ekanligi isbotlandi. Kerakli 4-gidroksi
mahsulot unumi 15-20 % dan oshmasligi aniglandi. (2- rasm.)

Olingan reaktsiya mahsulotlarining xromato-mass-spektri.
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A I SO R , mumkin. Ular ham kimyoviy (halgali-
ISR wh e i whna v g wm nm e ve = zanjirli) tautomeriya gidroksil guruhining
nukleofil reagentlar bilan ta’sirlanishi ham biologik faol birikmalar nugqtai-nazaridan
ahamiyatlidir. Shuning uchun ushbu birikmalarning biologik faolligini keng miqyosda
tashkil etishni va chuqur tahlil gilishni talab etadi.

Xulosa va takliflar. Dastlabki olingan mahsulot YUSYUQX tahlili natijasiga
ko‘ra oksidlanishi sodir bo‘lgan va natijada tahlil gilinayotgan aralashma 85,32 % 2,3-
pentametilen-3,4-digidroxinazolin-4-on va 14,68 % 4-gidroksi-2,3-penta-metilen-3,4-
digidroxinazolindan iborat ekanligi aniglandi.

Olingan 4-gidroksi-2,3-pentametilen-3,4-digidroxinazolin biologik faol birikmalar
bo°lib, ular orasida so‘ngi Yyillarda insektitsidlar, fungitsidlar, gerbitsidlar sifatida
ishlatiladigan xinozolin-4-onlarning ko‘p sonli hosilalari sintez gilinmogda va gishloq
xo‘jaligi hamda tibbiyot soxasida samarali go‘llanib kelinmogda.. Ta’kidlab o‘tish joizKki
olingan 4-gidroksi-2,3-tetra-,-pentametilen-3,4-digidroxinazolinlar va ularning 6-brom
hosilalarini muhim sintonlar gatoriga kiritish mumkin. Ular ham kimyoviy (halgali-zanjirli
tautomeriya gidroksil guruhining nukleofil reagentlar bilan ta’sirlanishi ham biologik faol
birikmalar nugtayi nazaridan ahamiyatlidir. Shuning uchun ushbu birikmalarning biologik
faolligini keng migyosda tashkil etishni va chuqur tahlil gilishni talab etadi

Yugoridagi usulda oksidlash reaksiyasi natijasidan 4-holatda gidroksil guruhi tutgan
pentametilen xinazolin-4-on olishning mugobil sharoiti taklif etildi.
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Abstract . The task of developing a method for the production of potassium
nitrate is to conduct a physical and chemical study of technological indicators of the
exchange reaction stage, phase separation and obtaining crystals with a high yield of
potassium in the product.

The purpose is to determine the optimal technological parameters for the production
of potassium nitrate by exchange between potassium chloride and ammonium nitrate.

The resulting nitrate rotates the stirrer and lowers the temperature to 50-100 rpm and
accordingly. Potassium and filter liquid were analyzed using well-known methods of
physicochemical analysis.

For the first time, the dependence of the yield of potassium oxide and the quality of
potassium nitrate obtained by exchange decomposition between potassium chloride and
ammonium nitrate was studied. Physico-chemical studies of the processes of exchange
decomposition between potassium chloride and ammonium nitrate, decomposition of the
crystallization suspension of potassium nitrate were carried out.

It has been shown that in the temperature range of 5-20 °C the time of exchange
decomposition between potassium chloride and ammonium nitrate remains practically
unchanged. The optimal technological conditions for the production of large prismatic
crystals of potassium nitrate have been determined, ensuring a high yield of product with a
minimum chlorine content.

Keywords: potassium chloride, conversion, potassium nitrate, ammonium chloride,
ammonium nitrate, technology, temperature, concentration.
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KALIY NITRAT SIFATIGA TEXNOLOGIK PARAMETRLARNING
TA'SIRINI OLISH

Annotatsiya. Kaliy nitratini ishlab chigarish usulini ishlab chigish vazifasi
konversiya jarayoni bosgichlarining texnologik ko‘rsatkichlarini fizik-kimyoviy o‘rganish,
fazalarni ajratish va mahsulotda kaliyning yuqori hosildorligi bo‘lgan kristallarni olishdan
iborat. Kaliy xlorid va ammoniy nitrat o°rtasida konversiya jarayoni bilan kaliy nitratini
olishning optimal texnologik parametrlari aniglandi. Olingan nitrat aralashtirgichni 50-100
ayl/minga aylantiradi va shunga mos ravishda haroratni tushiradi. Kaliy va filtr suyuqligi
fizik-kimyoviy tahlilning aniq usullari yordamida tahlil gilindi.

Birinchi marta kaliy xlorid va ammoniy selitrasi o‘rtasidagi konversiya jarayoni
natijasida olingan kaliy oksidi unumi va kaliy nitrat sifatiga bog‘ligligi o‘rganildi. Kaliy
xlorid va ammoniy nitrat o‘rtasidagi konversiya jarayoni, kaliy nitratining kristallanish
suspenziyasining parchalanishi jarayonlarining fizik-kimyoviy tadgiqoti o‘tkazildi.

5-20 °C harorat oralig‘ida kaliy xlorid va ammoniy nitrat o‘rtasidagi konversiya
jarayonining parchalanish vaqti deyarli o‘zgarmasligi ko‘rsatilgan. Kaliy selitrasining
yirik prizmatik kristallarini olishning optimal texnologik shartlari, xlor migdori minimal
bo‘lgan mahsulotning yuqori hosildorligini ta’minlash uchun optimal texnologik shartlari
belgilandi.

Kalit so‘zlar: kaliy xlorid, konversiya, kaliy nitrat, ammoniy xlorid, ammoniy nitrat,
texnologiya, harorat, konsentratsiya.

Introduction. Chlorine, along with fluorine, belongs to the group of halogens.
However, fluorine shows more non-metallic (oxidizing) properties and therefore is a more
aggressive and harmful impurity. According to agrochemical studies [1], when the content of
fluorine in fertilizers is up to 3%, there is no negative effect on plants. A similar value is
adopted in most of the current standards for regulating the chlorine content in chlorine-free
fertilizers.

At the same time, improving the quality is one of the priority directions in the
development of the production of mineral fertilizers, and, according to Belarusian agro-
chemists, the chlorine content in fertilizers used in greenhouses should not exceed 1% [2-3].

In work [4-12], in order to increase the degree of conversion and purity of the final
product, contacting is carried out in a device consisting of two columns and two intermediate
containers having a ratio of useful volumes equal to 1: (0.3-0.35), connected pipelines in
sequence, the top of one column is an intermediate tank from another column, by processing
in the first column of the K-form of the cation exchanger, supplied from above with a solution
of ammonium nitrate, in the second column NH4 - the form of the cation exchanger of
potassium chloride solutions with the outputs of the obtained solutions of potassium nitrate
and ammonium chloride.

In work [11], the yield of the desired product has been increased by the flotation
method. This is achieved in the process of interaction of sodium nitrate and potassium
chloride at 80-90 ° C, cooling the reaction mixture for 3.5-4 hours and isolating the desired
product by flotation.A mixture of octadecylamine in the amount of 50-75 g/t of salts is used as
a flotation reagent. The method allows increasing the yield of potassium nitrate to 98% [10-
11].

Research methodology. The conversion process was carried out for 1-5 minutes in
an isothermal reactor at a maximum temperature of 90 °C. The following physicochemical
methods of analysis were used in the studies: electron-microscopic, thermoanalytical, and X-
ray phase analysis.

The morphology and microstructure of the samples were measured using a SEM - EVO
MA 10 scanning electron microscope (Carl Zeiss, Germany); the local elemental composition
of the powders was determined using an EDX energy-dispersive elemental analyzer (Oxford
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Instrument). During sample preparation, the sample was dried and mounted on a microscope
stage, over which aluminum foil with a double-sided adhesive was glued. Powder was glued
onto this foil, then the object stage was installed in the working chamber of the microscope,
from which air was evacuated to create a vacuum. For measurements, an accelerating voltage
of 10 kV was applied to the filament. At the same time, the working distance was 8.5 mm.
Local elemental analysis was obtained at a scale of 100 um using the Aztec Energy Advanced
software [14-15].

Conditions for X-ray phase analysis: Identification of the samples was carried out on the
basis of diffraction patterns that were recorded on a XRD-6100 apparatus (Shimadzu,
Japan), computer-controlled. CuKa radiation (B filter, Ni, 1.54178, current mode and tube
voltage of 30 mA, 30 kV) and a constant detector rotation speed of 4deg / min in
increments of 0.02 deg were used. (o / 26 coupling), and the scanning angle varied from 4
to 800.

Results and discussions. In this work, to study the possibility of obtaining potassium
nitrate by the conversion method, based on the analysis of the solubility diagram of the K
+, NH*, // Cl-, NOs - H20 system, the optimal range of variation of technological
parameters has been selected.

The influence of the KCI: NH4NO3 ratio, the temperature and duration of conversion,
as well as the kinetics of crystallization at temperatures of 5, 10 and 20 ° C have been
studied.

After conversion, the system was cooled to a certain crystallization temperature with
stirring at a mixer speed of 50-100 rpm and cooling at 2-14 °C / min.

The resulting solid product and liquid phase were analyzed for the content of K +, ClI-
and nitrogen in the form of ammonium nitrate according to a well-known method. [10-11].

As shown by experimental studies, when the conversion solutions are cooled,
potassium nitrate crystals precipitate in the system with the formation of a suspension, the
W: T ratio in which fluctuates in the range 3,42-7,44, depending on the technological
conditions of crystallization. Within 10 minutes, the degree of color of the suspension
reached more than 70%.

The duration of the conversion has a significant effect on the crystal structure of the
resulting potassium nitrate X-ray studies (Fig. 1) showed that with an increase in the
duration of conversion from 15 to 60 sec, the content of the y-form of potassium nitrate
crystals decreases from 12 to 0%. Consequently, at the beginning of the process, the y-
form crystallizes, which gradually turns into the o form.

At a temperature of 5 © C, a maximum clarification degree is observed. However, an
increase in the crystallization temperature of more than 10 © C at a KCI: NH4NO3 ratio
leads to a decrease in the K20 yield from 5.23 to 33%. It should be noted that when the
ratio KCI:NH4sNO3 = 1.2: 1, the K20 vyield decreases by more than 6,5% compared to KCI:
NH4NO3 = 1.09: 1.

It was found that the maximum yield of K20O is observed at a ratio of KCIl: NH4sNO3
=1.09: 1 at a temperature of 5 © C and fluctuates within 46.51-54.53%, and at 10 ° C this
indicator decreases to 42.07-46.33 %.

The filtration rate of the samples under the same conditions is quite high and
amounts to 1066.31-1561.21 kg / m2 h, therefore, the moisture content of raw potassium
nitrate crystals does not exceed 9.90 and 14.30% at 5 and 10 ° C, respectively.Studies of
crystallization processes and filtration rate showed that with an increase in the number of
nucleus from 5 to 20% relative to the mass of the solid phase. The filtration rate and the
relative yield of K>O increase by 15-20 kg / m2 h and 2-3%, and the W: S ratio decreases

128



QarDU xabarlari KIMYO 2024 (2) 2

from 4.38; 4.14 to 3.30; 3.01, which duration of conversion is from 1 to 10 minutes,
respectively.

The moisture content of the products after filtration is 8.87-12.87%, the chlorine
content in the dry unwashed product ranges from 1.7-30%. These indicators primarily
depend on the granulometric composition and structure of crystals.

Analytical sieving machines of the AS 200 series, controlled by an electromagnetic
drive EP 0642844, have been used to determine the particle size distribution of the
products. It was found that all samples contained particles with average diameters from 45
to 1000 um. Prevailing is the presence of particles with a diameter of 250 pum in the
product (Fig. 2), where the proportion of these particles at the KCI: NH4NO3 ratios of
1.09: 1 and 1: 1 is 40 and 50%, respectively.

At a cooling temperature of 5 oC and a decrease in the cooling rate of the product
from 7.1 to 2 °C / min (Fig. 2a), the content of particles with a diameter of 500 pum
increases simultaneously with a decrease in the proportion of particles with a size of 125
um from 32 to 22%.

te; K (N O3 )
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Fig. 1. X-ray diffraction patterns of potassium nitrate obtained with the duration of the conversion
process, (sec): a-15; b-30; B-30; g-60.
At 10 °C, the same regularity is observed, i.e. the proportion of particles with a
size of 500 um increases to no more than 30%, and the proportion of particles with a size
of 125 pm decreases to 21% by cooling to 20 ° C (Fig. 2b).
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Fig2. Influence of technological parameters of the crystallization process on the granulometric
composition of potassium nitrate crystals at KCI: NHsNOs = 1: 1, and temperature,°C: a-5;b-20°C.
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Fig 3. Influence of technological parameters of the crystallization process on the granulometric
composition of potassium nitrate crystals at KCI: NHsNOs = 1.09: 1 and temperature, °C: a-5; b-20
°C.

With an increase in the duration of the process, the fraction of particles with a size
of 500 mcm practically does not change with a continuous increase in the content of a
particle with an average diameter of 250 um.

In all experiments, large crystals were formed and therefore the filtration rate was at
least 814.97 kg / m2 * h, which provides a high degree of crystal washing from chlorine to
its content of less than 0.3%.

Conclusion. The results of the conducted studies show that it turns out that the
temperature in the range of 5-20 ° C practically does not affect the duration of the
conversion of potassium chloride by ammonium nitrate. At a cooling rate of 2.0-7.1 °© C/
min, to temperatures of 5-10 ° C, large prismatic crystals are formed within no more than
30 minutes, providing a high filtration rate of 1064.3-1561.2 kg / m2h with a product yield
of more than 54,53% with a content of not more than 0.3% chlorine.
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AHHoTanusi: B craTthe paccMOTpeHBI pe3yabTaThl aHAINW3a U30TEPMBI a1COPOLIUN
napoB BOJbl M O€H30Jla Ha CMHTE3MPOBAHHOM CEJIEKTUBHOM COpPOEHTE Ul M3BICUEHUS
mutud. M3otepma agcopOuuy mapos BoJbl U O€H30J1a HA CUHTE3UPOBAHHOM CEJICKTUBHOM
copOeHTe MpOBOAMIACH HAa OCHOBE BECOBOTO METOJIa Ha BBHICOKOBAKYYMHOM Hpubope
Mak-ben-bakpa. Ha ocCHOBe MOJy4eHHBIX PE3yJIbTATOB AHAIN3A PACCUNUTAHBI yJEIbHAs
MIOBEPXHOCTh, BEJIMUMHA aJICOPOLIMU, EMKOCTh MOHOCIIOS, CPE/IHss IIMPUHA TIOp U ApYyTrHe
a/IcCOpOLIMOHHBIE MAapaMeTpPbl CUHTE3UPOBAHHOr0 copOeHTa. [lo craHmapTHOMy MeToxLy
BOT BbImonHEHbl pacyeTbl IO OINpPENENICHUI0 YICIbHOW IMOBEPXHOCTH aJCcOpOeHTA.
Y cTaHOBNIEHO, UTO KPUBBIE H30TEPMBI a/ICOPOIIMH MAapOB BOJIbI U OE€H30J1a COOTBETCTBYIOT
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MEXIYHapOAHOMY CTaHJApTy IO OIpPEAETCHUIO YIEIbHONW MOBEPXHOCTH TBEPIBIX Tell
METOAO0M aJICOPOLIUH.

KuroueBble ciioBa: AncopOuusi, CeIeKTUBHBIN COPOEHT, yAeIbHas MOBEPXHOCTb,
MoHocHo#, Mmerox BOT, murwii.

LITIYNI SELEKTIV SORBSIYALOVCHI SORBENTDA BENZOL VA SUV
BUG’I ADSORPSIYASI IZOTERMALARI TAHLILI

Annotatsiya. Ushbu maqolada litiy sorbsiyasi uchun sintez gilingan selektiv
sorbentda benzol va suv bug‘i adsorbsiyasi izotermasini tahlil gilish natijalari muhokama
gilingan. Sintez gilingan sorbentda benzol va suv bug‘i adsorbsiyasi izotermasi yuqori
vakuumli Mak Ben-Bakr qurilmasida, gravimetrik usul asosida amalga oshirilgan. Olingan
tahlil natijalari asosida sintez gilingan sorbentning solishtirma sirt yuzasi, adsorbsiya
giymati, monogatlam sig‘imi, g‘ovaklarning o‘rtacha radiusi va boshga adsorbsion
parametrlari hisoblab chigilgan. Sorbentning o‘ziga xos sirt yuzasini aniglashda standart
BET usuli yordamida hisob-kitoblar amalga oshirilgan. Olingan adsorbsiya izotermasi egri
chiziglari qattig moddalar solishtirma yuzasini adsorbsiya orgali aniglash xalgaro
standartga mos kelishi aniglangan.

Kalit so‘zlar: adsorbsiya, selektiv sorbent, solishtirma sirt yuzasi, monogatlam,
BET usuli, litiy.

BBenenune. Ha cerogHsmHuil [€Hb JIMTHA UIPaeT OrPOMHYKO pOJb B
MIPOMBILIJIEHHOCTH, OH SIBJISIETCS XMMHYECKUM CBIPBEM MJI 3JEKTPUUYECKON SHEpPruu.
Pa3ButHe snekTpoMoOuiIel U NOPTATUBHBIX NEKTPUUYECKUX YCTPOMCTB MPHUBENIO K POCTY
notpebiieHuss nuTus B mocneanue roabl [1]. T'eorepmanbHble BOABI MOTYT OBITH
HCIOJIb30BaHbl B KAYECTBE MCTOYHUKA SKOJIOIMYECKH YUCTOW SHEPIUU U B TO KE BpPEMs
MOT'YT CTaTb IOTEHUUAIbHBIM CBIPbEM JJI HW3BJICUCHUS LEHHBIX KOMIIOHEHTOB, B
YaCTHOCTH JIMTHUS, PYOWIMs, MbIMbsAKa, Oopa, me3us u jAp. l3BiedeHne LEHHBIX
KOMIIOHEHTOB, B TOM YMCJIE JIUTHS, SIBJISETCS IEPCIIEKTUBHBIM HAIPABICHUEM B OCBOCHUU
reoTepMaIbHBIX pecypcoB. VccnenoBanus Mo W3BIEUEHUIO MOHOB JIMTHUSI U3 PacTBOPOB
TEPMAJIbHBIX BOJl COCPEAOTOYEHbI Ha OJKCTPAKIUH pacTBOPUTENIEM, COpOLMHU U
MeMOpaHHbIX Meroaax. Cpenu 3THX METOJOB COpOLMs MpHUBJIEKaeT Bce OoJbllee
BHUMAaHHE M3-3a CBOEH CPABHUTEIBHO HU3KOW CTOMMOCTH M IPOCTOTHI JKCILTyaTaluu
TEXHOJIOTHYECKOTO Tporiecca [2].

C nHamelt ToukM 3peHus Hanbosee MEpCHEKTUBHBIMU COpOCHTaMHU B HAcCTOsIIEe
BpeMsl SIBIISIFOTCSI COE€AMHEHHsI HAa OCHOBE THMAPOKCUIA ATIOMUHUS, KaK YHHBEpPCAIbHOIO
MOTJIOTUTENST JIUTUS. BrepBble BO3MOXKHOCTH HCIIOJIB30BaHHMs COpOeHTa cocTaBa
LiCI-2AI(OH)z mH20 (cokpamienno [JI'AJI-Cl) mnpu BKIOYEHHUH €ro B  IOPHI
MaKpOHNOPUCTOM HOHOOOMEHHOM CMOJBI JJIi W3BJICYEHUS JIUTUS U3 PACCOJOB Oblia
MOoKa3aHa B aMEepPUKAaHCKUX MaTeHTax emie B 70-X rogax mpouuioro Beka [3].

CotpynHukamu TalIKEHTCKOTO Hay4HO-HCCIEN0BATEIbCKOTO WHCTUTYTAa XUMH-
YeCKOH TEXHOJIOTHH CHHTE3UPOBAH CeNEeKTUBHBIA copOeHT Ha ocHoBe JIIAJI-Cl u
MIOJINBUHUJIOBOTO CIIUPTA JUISl U3BJICUEHMs JINTUS U3 paccoioB. [lo cuHTE3y M nmpuMmeHe-
HUIO JJAHHOTO THMa copOeHTa MMEIOTCS HEMalOo JAHHBIX W3 Pa3HbIX MCTOYHHMKOB, HO O
aJICOpOLIMOHHBIX XapaKTePUCTUKAX JaHHOTO THIMA COPOSHTa HM3BECTHO OYEHb Mallo.
[TosToMy wm3ydeHHe aacOpPOIMOHHBIX XapaKTepucTHK copbentoB Ha ocHoBe JI'AJI-CI
SBIISICTCS AKTyaJIbHBIM B CBS3H YBEJIMUEHUEM CIIPOCA HA JAHHBINA THII COPOEHTA.

Metoaonorus. YenbHas HOBEpXHOCTh CHHTE3UPOBAHHOTO COPOEHTA OnpeiesieHa
cornacHo merony bOT. B nanHOoM citydae /Ui onpeneneHus yAEIbHOM MOBEPXHOCTH 10

Merony BOT u HaxoXeHus1 ero KOHCTAHT MCIIOIh30BaHa JUHEHas (hopMa ypaBHEHHUS
p/pp, 1 _C-1 P

ety ®)

A(1-P/P) A-.C A-C P,
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rae, A - BenmnuuHa aacopOIuu, MMmodb/T; P u Po — paBHOBecHOE NnaBlieHHE W
JIABJICHUE HACBIIIEHHBIX MApOB ajcopOaTa mpu TemrepaType amcopOoruu; A, - €eMKOCTb
MOHOCJ0s1, MMOJIB/T; C - koHcTaHTa BOT, KoTOpas xapakTepu3yeT HEPrHi0 aaCcopOIHH
MIEPBOTO aJCOPOUPYEMOTO CIIOs, T.€. B3aUMOJICHCTBHE ajicopOaTa M acopOeHTA.

N3 emxocti MoHOCHOs1 A, (BBIPRXKEHHOTO B MOJISIX a/icopOaTa, MMOJIB/T) B pacueTe
Ha IpaMM aJcOpOeHTa yielIbHas MOBEPXHOCTh Syo KaK MOBEPXHOCTh | T' TBEPAOro Telna
BBIYHCIISIETCS 110 YPABHEHUIO:

So=Ao"N-o 2

rae N - uncimo ABoraapo (6,022-1023 Monb'l); o - INJIOMAAb, 3aHMMaeMas OJHOI
MOJIEKYJIOH aacopOara.

N3oTepma ancopbunu mapoB BOJbI U O€H30J1a HA CHHTE3UPOBAHHOM CEJIEKTUBHOM
copOeHTe MPOBOJMIACE HA OCHOBE BECOBOTO METOJAa HAa BBICOKOBAKYYMHOM IpuOOpe
Mak-ben-bakpa [4]. VYcTpoHCTBO OCHaIIEHO BBICOKOYYBCTBUTEIBHOM KBapIEBOM
CIMPANBI0 C YYBCTBUTENBHOCTBIO - 1,78-102 kr/m. Jlo Hayanma skcrepuMeHTa oOpasIbl
a7icopOEHTOB BBIIEPKUBAIOT B BOJHOM TepMmocraTe mnpu Ttemmeparype 20°C =+ 0,1.
CtpyKkTypa yCTpOMCTBA: KOJIOHHBI C KBAPIEBBIMU MPYKWHAMU (OCHAIICHBI YallIKaMu ISt
00pa31oB aJcopOEHTOB, C TOYHOCTHIO 0 1 rp.); dhopBakyyMmHbIil Hacoc (Mapku BH —
461M) u guddy3MoHHBI Hacoc s co3maHus Bakyyma jgo 1-10-5 mm.pT.cT. B
a7copOIMOHHOM YCTPOMCTBE; OCTATOYHOE JABIEHHE B cucTeMe cocrasnser 1,33 - 10°I1a
70 TeX MOp, MOKa He OyAeT CO3[aH BaKkyyM, JaBlCHHE B CHCTEME KOHTPOIUPYETCS C
IIOMOLUIBIO0 BUHTA TepMoBakyymmeTpa (Mapka BIT2); U-o0pa3Hbie MaHOMETpBI, pa3HOCTh
JIaBJICHUH B KOTOpBIX M3MepseTcs karetomerpom Tumna B630 c¢ paspemenuem 0,05 mwm;
JIOBYIIKA JJIs yJAaBJIMBaHUS PA3IUYHBIX Ta30B M MapoB BOABl B CHUCTEME C KUIKUM
a30TOM.

YcnoBus mpoBeneHus sKkcrepuMmeHTa. OOpasubl aacopOEHTOB H3MENbUalOT B
araToBOM CTYNKE 10 COCTOSHUS TMOPOIIKAa M TIIOCJIE TINATEIBHOTO MepeMEIINBaAHUS
B3BCIIMBAIOT W TOMEMNIAIOT B YamKy. J[aBlieHWe B yCTPOWCTBE CTAOWMIM3UPYIOT ITYyTEM
BaKyyMHpPOBaHUS B TeueHUU 6-8 wyacoB. beH3om M BOAy, MONy4YEeHHbIE B KauecTBE
azcopOaToB, OYMINAIOT M CyIIAaT B BAKyYyMHBIX YCIOBUAX TIE€pPE] HCIIOJIH30BAHUEM B
aacopOimu. Jlns 5TOro mMoj AaBi€HHWEM Mapbl BOABI U OEH30JIa 3aMOPaXKMBAIOT, 3aTEM
HarpeBaloT MJisg BBIIEJCHHS PACTBOPEHHBIX Ta3oB JO TeX IMOp, MOKa HE CTaHyT
COOTBETCTBOBATh YKa3aHHBIM B TaOJWIIEe AABICHUH MApOB, I YUCTOrO OE€H30Ja W BOJIBI.
[Tocne 3TOro MpoOBOAST U3MEPEHUS aICOPOIIUU 00Pa3IIOB.

PesyabTratel m o0cyxkneHue. Bce pacu€rbl I BBIUMCIEHMS  YAEIbHON
MOBEPXHOCTH CHUHTE3UPOBAHHOTO cOpOEHTa TMPOBEACHBI, NPUHUMAas BO BHHMAaHHE
creyromiee: TIIONIab, 3aHUMaeMas OHOH Monekyioi Boasl 0=10,8-102° m?, Genzona -
©=40-102 m?,

Tab6auna 1

,Z[a]-[]-[]:le IJIS1 HAXOKJICHHU A BCJIHYHNHBI aacopﬁunn npu u3orepme ancopﬁulm BO/JIbI HA

CUHTEC3UPOBAHHOM copGeHTe

P/Ps a log(a) Ps/P Log(Ps/P) (logPs/P)2
0,125 | 2,471 | 0,392941774 8 | 0,903089987 | 0,815571525
0,25 | 4,096 | 0,612404284 4 | 0,602059991 | 0,362476233
0,375 | 4,943 | 0,69397177 | 2,666666667 | 0,425968732 | 0,181449361
0,5] 5,62 | 0,749727002 2 | 0,301029996 | 0,090619058
0,625 | 6,365 | 0,803776763 1,6 | 0,204119983 | 0,041664967
0,75 | 6,873 | 0,837114952 | 1,333333333 | 0,124938737 | 0,015609688
0,875 | 7,448 | 0,872041595 | 1,142857143 | 0,057991947 | 0,003363066
118,701 | 0,939552037 1 0 0
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W3 tada.l BuaHO, uro mpu otHocuTenbHOM naBieHuu (P/Ps) paBHom 1 atm
BEJIMYMHA aAcOpOLMU BOABI HA CHHTE3UPOBAHHOM copOeHTe cocTaBisier 8,701 MOJB/KT.
W3 mony4eHHbIX JaHHBIX Ta0..1 moaydaem ciaeayrommii rpaduk (cMm. puc.l).

10
9 8.700656781
8 448033042
7 2503216

[

2 6

—

=5 942785564

g 4 1.096418173

3

= 5 2471392782
1
0

o o1 02 03 04 05 06 07 08 09 1 11
P/Pg,

Pucynox-1. M3orepma agcopOuun BoIbl HA CHHTE3UPOBAHHOM COpOEHTE

Kak moxxHo Buuerp, kpuBas Ha puc.l coorBerctByer ISO 9277:2022, mo
OIIPEICTICHUIO YACTbHOW MOBEPXHOCTH TBEPABIX TEJI METOAOM ajacopOuuu raza — Meron
BOT [5]. Ions3ysice nanHbIMU U3 puc.1 1 TadJ1.2, nanee nojaydyaeM U30TEpMy aacopOuuu
BO/JIbI HA CHHTE3UPOBAHHOM COPOCHTE B KOOPIMHATAX JIMHEHHOH (OPMBI (CM. pHC.2).

Taoauna 2

JlaHHbIe VISl MOCTPOEHNS 3aBHCHMOCTH B KOOPAMHATAX JIMHEHHOH (hopMBI
(151 aicopOUMuU BObI)

P/Ps a 1-P/Ps a*(1-P/Ps) (P/Ps)/a*(1-P/Ps)
0 0 0
0,1 2 0,9 1,8 0,055555556
0,2 3,45 0,8 2,76 0,072463768
0,3 4,45 0,7 3,115 0,096308186
0,4 5,1 0,6 3,06 0,130718954
0,14
012 y=0,3022x+0,0106
— R?=0,9624 .-
»”
& 01
R
— 0,08
b
£ 0,06
2
&« 0,04
B
~ 0,02
0
0 0,1 0,2 0,3 0,4 0,5
P/Ps

Pucynok-2. 3oTepma agcopOrmu BOIBI Ha CHHTE3UPOBAHHOM copOeHTe nHeitHo# popmbr ypaBHeHns bOT
Kak BumHO U3 puc.2, kBagpat kod¢¢uipenta koppensaiuu cocrasnset 0,9624. 13

rpaduka HaxoIuM:

1 = 0,0106
.c

o

A
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cC—-1
A,-C
Orcrona paccuntbiBaeM BeaM4uHY Ao= 3,197 MOJB/KT M 3HaYeHHE YIEIbHOMN
IIOBEPXHOCTHU IO ypaBHEHHUIO (1):
Syx=3,197-102 - 6,02:10%- 10,8-:102°= 207,85 m*/r

= 0,3022

Tadauna 3
Pe3ysabTaThl, MOJTyYeHHbIE 110 H30TEPMe A/ICOPOLUH BOABI HA CHHTE3UPOBAHHOM
copOente mo merony BI3T

A, - Muxkpormopa O0Bem Meszonopa | lHupuna | Sy,
(eMKOCTh -Wo HACHIIICHUSA - Whe op, HM M%/T
MOHOCJIO), - Vs
MOJIB/KT
3,197 0,1273129 0,1566 0,03 1,63 207,85
Tabauua 4

JlaHHbBIE 1JIS HAXO0KIEHNSI BEJIMUYMHBI a1COPOIUM NP U30TEepMe aIcOpOIuu OeH30J1a
HA CHHTE3HMPOBAHHOM COpOEHTe

P/Ps a log(a) Ps/P Log(Ps/P) (logPs/P)2
0,1 0,301 -0,521922245 10 1 1
0,2 0,347 -0,459774338 5 0,698970004 0,488559067
0,3 0,37 -0,431745615 3,333333333 0,522878745 0,273402182
0,4 0,401 -0,396983508 2,5 0,397940009 0,158356251
0,6 0,439 -0,357111996 1,666666667 0,22184875 0,049216868
0,8 0,486 -0,313646302 1,25 0,096910013 0,009391551
1 0,555 -0,255654355 1 0 0

Kak BumHO 3 Ta6a. 4, npu otHocuTenabHOM naaBieHun (P/Ps) paBHom 1 atm
BeIMYMHA ajacopOuuu OeH3ojla Ha CHHTE3UpPOBAaHHOM copOeHTe coctaBiuseT 0,555
MOJIB/KT. M3 IOTy4eHHBIX TaHHBIX Ta0J1.4 MojydaeM Cieayromuil rpaduk (cM. puc.3):

a, MOJIb/KT

0,6

0,5

0,4

0,3

0,2

0,1

0,1 0,2 03

40088194

,370044868
546917064

0,300661455

0,5 0,6
P/P,
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Pucynok-3. U3zorepma agcopOuyn OeH301a Ha CHHTE3UPOBAaHHOM COpOEHTe

Kpuas Ha puc.3 taxxe coorBerctByer 1SO 9277:2022. U3 nanHbIX Ha puc.3 u
Taba.5 nanee momydaeMm H30TEpMy aAcOpOLMU BOABI HA CHHTE3UPOBAHHOM COpPOEHTE B
KOOpAMHATAX JIMHEHHO#M hopMbl (cM. puc.4).

JaHHbIe VIS NOCTPOEHUSI 3aBUCMMOCTH B KOOPAMHATAX JIMHEHHOI (popMBbI
(1151 agcopoumMu Oen3oJia)

Tabauna 5

P/Ps a 1-P/Ps a*(1-P/Ps) (P/Ps)/a*(1-P/Ps)

0 0 0
0,1 0,301 0,9 0,2705953 0,369555556
0,2 0,347 0,8 0,2775337 0,720633333
0,3 0,37 0,7 0,2590314 1,158160714
0,4 0,401 0,6 0,2405292 1,663

HassaHue guarpammebl

—_ 2

& y=4,1146x-

E; 1 SR2ZD 9041

= oo

= 0 0,1 0,2 0,3 0,4 0,5

- -1

B

=~ P/Ps

Pucynox-4. U3orepma agcopOiim 0eH3051a HA CHHTE3UPOBAaHHOM COpOEHTE JIMHEHHOH (hOpMBI ypaBHEHUS

BOT

Kaxk BugHO U3 puc.4, kBaapar kodddunrerTa koppensiuuu cocrasiser 0,9624. U3
rpaduka HaxoIuM:

— —0,0407
A C
€1 1146
A-C 7

Otcrona paccuntbiBaeM BenMuuHy A, = 0,245 Moib/Kr U 3HaYeHHE YJEeNbHOU

MTOBEPXHOCTHU MO ypaBHEHHUIO (1):
Syx=0,245-102 - 6,02:10%2 - 40-10% = 58,99 M’/

Taoauna 6
Pe3yabTaTsl, nojay4eHHbIE 10 H30TepMe agcopOunu 0eH30/1a HA CHHTe3HPOBAHHOM COpPOeHTe 1o
meroay BIT
A, - (eMKOCTB Muxpomnopa - O0Bvem Me3oropa - Hupuna Sym
MOHOCJION), Wo HACBIIIEHHS - Wine op, HM m2/r
MOJIB/KI Vs

0,245 0,0416593 0,0496364 0,01 1,64 58,99

BeiBoabi:  OmpeneneHbl  aACOpOIMOHHBIE — XapaKTEPUCTHKH  CHUHTE3WPOBAHHOTO

copOeHTa sl CEeJNEeKTHBHOTO W3BJICYCHMS JINTHS W3 PAcCOJOB, TaKWe Kak yelbHas
MOBEPXHOCTh, €MKOCTh MOHOCJIOS, IIMpUHA IOp, 00bEeM HachllleHHs W 1p. B kauecTBe
azcopOaTa ObUIM MCIOIB30BaHbI BOAA M O€H30J. Bee pacueTsl mpoBeAeHbI ¢ UCIOIb30BAaHUEM
Metona bOT. OnpeneneHo 4yTo, CHHTE3UPOBAHHBIN COPOEHT UMEET YJENbHYIO MOBEPXHOCTD -
S,x=207,85 M%/r mpu u3oTepme ancopbIEK BOABI U Sy;=58,99 M’/r mo GeH3omy. YCTaHOBIEHO
COOTBETCTBHE TOJYYEHHBIX TpadukoB m3oTepM ancopOuum Boasl u Oenzoma ['OCTy ISO

9277:2022.
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Annotatsiya. Ushbu maqgolada import tovarlar o‘rnini bosa oladigan, yuqori
kimyoviy va termik bargarorlikka ega bo‘lgan, radiatsion hamda mexanik chidamliligi
yuqori organik va noorganik gibrid ionitlarni sintez gilish bilan birga texnologiyasini
ishlab chiqgish, ionitlarning sintezi, xossalarining tadqgiqi bayon etilgan. Shuningdek,
mazkur magolada mahalliy xomashyolardan keng foydalangan holda vinillash jarayoni
asosida ionitlar sintez gilish va ushbu jarayonlarni tadgiq etish kabi muammolarni bartaraf
etishga garatilgan takliflar yoritilgan. Yangi tarkibli ionitlarni sintez qilish uchun
vinilfurfuril efiri, natriytripolifosfat, kolloid kremnizol va initsiator sifatida dinitril
azobisimoy kislota (DAK) dan foydalanildi. Sintez jarayoni 85-120 haroratda 2 soat
davomida olib borildi. Sintez jarayoni tugagach kolbada hosil bo‘lgan govushqgoqg, qora
rangli va qotadigan polimer — divinilfurfuril-natriytripolifosfatni uch marta cho‘ktirib olib
tozalandi va doimiy massaga kelguncha quritildi. Sintezlangan ionitni sintez
mahsulotlaridan ajratib olish magsadida bir gator erituvchilar orgali ekstraksiyalash
amalga oshirildi. So‘ngra dimetilformamidda ekstraksiyalab toza polimer ajratib olindi va
uning fizik-kimyoviy xossalari tadqig etildi. Polidivinilfurfuril-natriytripolifosfatning
govushqoqligi viskozimetr (HAAKE viscotester 2 plus)da aniglangan. Olingan modda 1Q
spektroskopiyada tekshirildi va olingan modda tarkibiga mos ekanligi aniglangan.

Kalit so‘zlar: polidivinilfurfuril-natriytripolifosfat, furan, vinilfurfuril efiri,
natriytripolifosfat, kolloid kremnizol, dinitril azobisimoy kislota (DAK), ionitlar.

138


https://orcid.org/0000-0003-2529-9777
mailto:gkqit.mz770@gmail.com
https://orcid.org/0000-0002-4634-7814
mailto:voxid7@mail.ru
https://orcid.org/0000-0001-6562-1885
mailto:chemistry2927@mail.ru

QarDU xabarlari KIMYO 2024 (2) 2

PREPARATION AND PROPERTIES OF PHOSPHORUS CONTAINING
IONITES BASED ON FURAN DERIVATIVES

Abstract: This article describes the synthesis of organic and inorganic hybrid ionites,
which can replace imported goods, have high chemical and thermal stability, high radiation
and mechanical resistance, as well as the development of technology, the synthesis of ionites,
and the study of their properties. Also, this article covers proposals aimed at eliminating
problems such as synthesizing ionites based on the vinylation process with extensive use of
local raw materials, and researching these processes. Vinyl furfuryl ether, sodium
tripolyphosphate, colloidal cremnizol and dinitrile azobisimoic acid (DAK) were used to
synthesize ionites with a new composition. The synthesis process was carried out at a
temperature of 85-120 °C for 2 hours. At the end of the synthesis process, the viscous, black
and hardenable polymer - divinylfurfuryl-sodium tripolyphosphate formed in the flask was
washed three times and dried until it reached a constant mass. In order to separate the
synthesized ionite from the synthesis products, extraction through a series of solvents was
carried out. Then pure polymer was isolated by extraction in dimethylformamide and its
physico-chemical properties were studied. The viscosity of polydivinylfurfuryl-sodium
tripolyphosphate was determined on a viscometer (HAAKE viscotester 2 plus). The obtained
substance was examined by IR spectroscopy and found to be consistent with the composition
of the obtained substance.

Key words: polydivinylfurfuryl-sodium tripolyphosphate, furan, vinylfurfuryl ether,
sodium tripolyphosphate, colloidal cremnisol, dinitrile azobisimoic acid (DAK), ionites.

Kirish. Hozirgi kunda dunyoda tarkibi turli kimyoviy xossaga ega, jumladan,
mexanik, magnit, optik-elektron xususiyatlarini namoyon giladigan, komponentlarning
kombinatsiyasi natijasida shakllangan polimer kompozit materiallarning yangi sinfini
yaratishga alohida e’tibor garatilmoqda. Yuqori kimyoviy va termik barqarorlikka ega
bo‘lgan, radiatsion va mexanik chidamliligi yuqori organik va noorganik gibrid ionitlarni
sintez gilish va texnologiyani ishlab chigish muhim ahamiyat kasb etadi [1-4].

Viniloksiguruhning Kiritilishi polifunksional furan birikmalarining yo‘naltirilgan
organik sintezida divinilfurfuril efirlarini qo‘llash uchun deyarli cheksiz imkoniyatlar
yaratadi[5].

Ammo, divinilfurfuril efirlarini faol ishlatish ularni sintez gilish uchun oddiy va
texnologik usullarning yo“qligi bilan cheklanadi. Alkilvinil efirlarga garaganda ancha kamroq
darajada, ularning kimyoviy xossalari ham o‘rganilgan, masalan, qo‘shimcha funksional guruh
mavjudligi sababli o‘ziga xoslikka ega bo‘lgan elektrofil va radikal birikishga moyil bo‘ladi
[6-10].

Respublikamizda gibrid organik-noorganik kompozit ionitlar olish, tarkibida azot
saglovchi geterosiklik birikmalar hosilalari asosida yuqori molekulali polimer kompozitlar
yaratish, kompozitsion sorbentlarning mexanik mustahkamligini oshirishda organik matritsa,
proton o‘tkazuvchi membranalar, emulgatorlar, dorivor preparatlarni qo‘llash bo‘yicha ilmiy
izlanishlar olib borilmoqgda. Shunga ko‘ra, kompozitsiyalarning mexanik mustahkamligini
hamda termik bargarorligini oshirish imkonini beruvchi kremnizol va (oligo) polimerlarni
sintez gilish, xossalarini o‘rganish va u asosida ionit olish texnologiyasini ishlab chigish
muhim ahamiyat kasb etadi [11; 12].

Geterosiklik birikmalarni vinil hosilalari sintezi, jarayonni atmosfera bosimida amalga
oshirish texnologiyasini ishlab chiqgish, reaksiya borishini muqobil sharoitini topish,
sopolimerlarini sintez gilish va texnologiyasini yaratish zamonaviy organik kimyo va organik
birikmalar kimyoviy texnologiyasining dolzarb masalalaridan biri hisoblanadi. Mazkur
magola mahalliy xomashyolardan keng foydalangan holda vinillash jarayoni asosida ionitlar
sintez qilish, shuningdek, ushbu jarayonlarni tadgiq etish kabi muammolarni yechishga
garatilgan [13; 14].

139



QarDU xabarlari KIMYO 2024 (2) 2

Tadqgiqot metodologiyasi: reaksion kolbaga 50 mg vinilfurfuril efiri, 50 mg natriy
tripolifosfat, 50 mg kolloid kremnizol va initsiator sifatida dinitril azobisimoy kislota (DAK)
dan foydalanildi (monomerlar massasiga nisbatan 1%). Kolba termometr jihozlanib, magnitli
aralashtirgichda o‘rnatildi va 85-120 C da 2 soat davomida gizdiriladi. Reaksiya tugagach,
kolbada hosil bo‘lgan qovushqoq, qora rangli va qotadigan polimer -
polidivinilfurfurilnatriytripolifosfatni uch marta cho‘ktirib olib tozalandi va doimiy massaga
kelguncha quritildi.
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Olingan oligomerni tozalash uchun turli xil erituvchilar ishtirokida ekstraksion
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usulda ish olib borildi. Ekstraksiyalash natijalari quyidagi jadvalga kiritildi. (1-jadval).

1 - jadval
Reaksiyaga kirishuvchi moddalar va mahsulotlarning erituvchilarda eruvchanligiJ
Dastlabki moddalar Mahsulot
Ne Erituvchilar Furfuril Vinilatsetil Natriytripo | Polidivinilfurfuril
spirti infatsetiien lifosfat natriytripolifosfat
1 Izopropil eriydi eriydi eriydi eriydi
2 Oktan eriydi eriydi eriydi eriydi
3 Izobutil eriydi eriydi eriydi eriydi
4 Geptan eriydi erimaydi eriydi eriymaydi
5 Toluol erimaydi eriydi eriydi eriydi
6 Geksan erimaydi erimaydi eriydi erimaydi
7 Amil spirti erimaydi erimaydi eriydi erimaydi
8 Dekan erimaydi erimaydi eriydi erimaydi
9 Etil spirti erimaydi eriydi eriydi erimaydi
10 Dimetilformamid erimaydi erimaydi erimaydi erimaydi

Ektraksiya natijalari asosida sintezdan keyingi aralashmani dastlab etil spirtda
eritilganda furfuril spirt va polidivinilfurfurilnatriytripolifosfat erimasdan qoldi. Erimay
golgan qoldig esa geptanda eritilganda furfuril spirt unda eridi, mahsulot
polidivinilfurfurilnatriytripolifosfat erimay goldi.

Natijalar va muhokama: dimetilformamidda ekstraksiyalab toza polimer ajratib
olindi va uning fizik xossalari o‘rganildi, polidivinilfurfurilnatriytripolifosfatning
govushqoqligi viskozimetr (HAAKE viscotester 2 plus) aniglandi quyidagi grafik bilan
ifodalash mumkin.

°C

100

Polidivinilfurfurilnatriytripolifosfat govushqoqligi

%0
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50
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10

1 2 3 a 5 & 7 8 E] 10

Qovushgoqglik dPa/ls

Olingan mahsulotning ionitlik xossasini tekshirish magsadida turli xil tuzlarning
(magniy xlorid, kalsiy xlorid, nikel (I1) sulfat va mis (1I) sulfat) eritmalari bilan tajribalar
olib borildi. Natijalar esa 2-jadvalda oz aksini topgan.

2-jadval
Polidivinilfurfurilnatriytripolifosfat ionitlik xossasining metallar bilan ionlarining sorbsiya
sig imi
O‘rganilayotgan ionlarning - R-Na,
; . . R-H, almashinish almashinish
Ne erltmalarm_lng dastlabki sig"imi mg-ekv/g sig'imi mg-
konsentratsiya, Caast=1 g/l ekv/g
1. | Magniy xlorid 3,01-3,11 4,38 -4,85
2. | Kalsiy xlorid 3,43-4,17 5,88 -6,51
3. | Nikel (I1) sulfat 1,91-2,19 2,32-2,52
4. | Mis (I1) sulfat 2,35-2,81 3,42 —-3,93
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Olingan tekshirish natijalari esa sintezlangan yangi ionitning turli xil metall ionlari
eritmalari uchun sorbisiyasi sigimi H-forma uchun Mg?* kationiga 3.01-3.11 mg-ekv/g
va Ca?* kationi uchun esa 3.43-4.17 mg-ekv/g ligi aniglandi. R-Na li tuz formasida esa
sorbsiya sig‘imi Mg?* kationiga 4.38-4.85 mg-ekv/g va Ca?* kationi uchun esa 5.88-6.51
mg-ekv/g ligi ushbu ionitni suvni tozalashda qo‘llanilish imkoniyatini beradi.

Sintezlangan moddani tekshirish maqgsadida infargizil spektroskopiya usuli
yordamida tekshirilganda quyidagi natijalar olindi (1-rasm). 1Q-spektroskopiya fizik
tadgiqot usuli asosida sintezlangan modda tarkibida ganday funksional guruhlar borligi
tadgiq etilgan. Chunki 1Q spektroskopiya asosida oligomer moddaning tuzilishi to‘liq
aniglab bo‘Imaydi. Ammo olingan polimerdagi R-H va R-Na formalarning mavjudligi
hagida xulosa chigarish mumkin.

D= M ispd1  ——

B1—

T T
Er asao 2000 = 2000 17s0 1500 1250 1000 TS0

~ 1-rasm: Polidivinilfurfurilnatriytripolifosfatning 1Q-spektri

950.91 sm almashingan vinil guruhning tekis bo‘Imagan, siljigan deformatsion
tebranishlar, 1014.56 sm™ furanlar, furan halganing tebranishi kuchli, 1280.73 sm™ oddiy
efirlar, 1473.62 — 1558.48 sm?* - CH, — guruh uchun, halganing tebranishi kuchli
gaychisimon, 1668.43 sm? C=C uyg‘unlashmagan makromolekulalardagi nosimmetrik
tebranishlari, 2360.87 sm™ C-O-C guruhga tegishli o‘tkir cho‘qqi, 3649.32 sm™ -OH da -
H bo‘g‘lanish goldig‘idan hosil bo‘lganligi sintez gilingan modda tarkibiga mos kelishini
ifodalaydi.

Xulosa va takliflar: mazkur maqolada furan hosilalari asosida tarkibida fosfor saglagan
organik modda sintezlandi. Hosil bo‘lgan aralashma tarkibidan sintezlangan moddani ajratib
olish magsadida turli organik qutbli va qutbsiz erituvchilardan foydalanildi. Sintezlangan
mahsulot ajratib olingandan so‘ng uning tarkibi va tuzilishini tadgiq gilish uchun 1Q-
spektroskopiya usulidan foydalanildi va modda tarkibidagi funksional guruhlar aniglab olindi.
Sintezlangan mahsulotning kationlarning sorbsiya xususiyatini o‘rganish magsadida turli
tuzlarning eritmalari bilan tajriba-sinovlar amalga oshirildi. Natijada magniy va Kkalsiy
kationlarni sorbsiyasi yuqori natija berganligi aniglandi. Yuqorida olingan natijalar asosida
olingan ionit suvni tozalashda samarali kationit sifatida taklif etildi.
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Annotatsiya: ushbu magolada mochevina, malein kislota (buten-2 dikarbon kislota)
va kroton aldegididan foydalanib oligomer sintez qilindi. Tadgiqot natijasida olingan
oligomerdan termobargaror qoplama olish uchun foydalanish ko‘zda tutildi. Mazkur
termobarqgaror qoplama olish jarayoni ikki bosgichda olib borildi. Reaksiyaning birinchi
bosqgichida 23.2 g malein kislota (buten-2 dikarbon kislota) va 6 g mochevina (karbamid)
birgalikda qo‘shib aralashtirib turildi. Reaksiyaning harorati 57°C bo‘lganda moddalar
suyuq holatga o‘tdi. Malein kislota va mochevina asosida rangsiz bir jinsli suyuq massa
hosil bo‘ldi. Jarayon 75°C bo‘lganda gaynab, polimerlanib sariq rangli massa hosil bo‘ldi.
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Olingan oligomerning xossalari o‘rganilib chigildi. Sintezlangan mahsulot tarkibidagi
funksional guruhlar infragizil spektroskopiya usulida tekshirildi. Shuningdek magolada
uretan guruhi saglagan birikmalar sintezi va ularning modifikatsiyasi yo‘nalishida olib
borilgan tadgiqot bo‘yicha olingan natijalar keltirilgan. Reaksiya yo‘nalishi bo‘yicha ta’sir
etuvchi omillar o‘rganilib magbul rejim tanlangan va reaksion muhit uchun kerakli
optimal muhitlar tanlangan.

Kalit so‘zlar: mochevina, malein Kislota, kroton aldegid, reaksiya, unum, bog*,
X0Ssa.

SYNTHESIS AND PROPERTIES OF POLYURETHANE

Abstract: In this article, an oligomer was synthesized using urea, maleic acid
(butene-2 dicarboxylic acid) and croton aldehyde. The oligomer obtained as a result of the
research was intended to be used to obtain a thermostable coating. The process of
obtaining this thermostable coating was carried out in two stages. At the purulent stage of
the reaction, 23.2 g of maleic acid (butene-2 dicarboxylic acid) and 6 g of urea
(carbamide) were mixed together. When the temperature of the reaction was 57°C, the
substances became liquid. Based on maleic acid and urea, a colorless homogeneous liquid
mass was formed. When the process was 75°C, it boiled and polymerized to form a yellow
mass. The properties of the obtained oligomer were studied. The functional groups in the
synthesized product were checked by infrared spectroscopy. The article also presents the
results obtained in the direction of the research conducted in the direction of the synthesis
and modification of urethane-containing compounds. Factors affecting the direction of the
reaction were studied, an optimal mode was selected, and the necessary optimal conditions
for the reaction environment were selected.

Key words: urea, maleic acid, croton aldehyde, reaction, product, bond, property.

Kirish. Polimer sanoatida turli sanoat tarmoglari uchun foydalaniladigan barcha
asbob-uskunalar uchun materialning sifati va bargarorligini  oshirish  muhim
yo‘nalishlardan biridir. Buni hisobga olgan holda, ko‘rsatilgan xususiyatlarga ega bo‘lgan
polimer birikmalari asosida yangi materiallarni ishlab chigarish usullarini yaratish
muhimdir. Jumladan, jahonda uretan polimerlarining xossalarini yaxshilash va ulardan
samarali foydalanish uchun quyidagi muammolarni ilmiy jihatdan asoslab berish
zaruriyati mavjud: uretanlar asosidagi oligomerlarni sintez qilish usullarini ishlab chigish
oliguretanlar va modifikatorlar asosida yangi modifikatsiyalangan uretan tizimlarini
yaratish, uretan biriktiruvchi moddalar asosida polimer materiallar ishlab chigarish;
uretanlarning yopishtiruvchi, korroziyaga qarshi, termik bargaror yoki boshqa
xususiyatlarini magsadli ravishda o‘zgartirishga godir kompozitsiyalar yaratish. Ushbu
yuqoridagilarni inobatga olgan holda mazkur tadgiqot ishida malein kislota, karbamid va
kroton aldegid asosida oligomer sintezi amalga oshirildi. Sintezlangan oligomerlarning
elastik va plastik xossalari tadqiq etilgan.

Hozirgi kungacha jahonda bir gator ilmiy — tadqgigot ishlari olib borilgan.
Jumladan: S. I. Omelchenka N. Ahmed A. Kausar, G. H. Kwak, N. I. Kolsova, Y. G. Hsu,
K.H. Lin, S. Oprea, , V. V. Mixeeva, W. Jiang, F. L. Jin, G. Rokicki, A. Dibenedetto, A.
A. Berlina tadgigotlarida uretanlardan avtomobilsozlik, qurilish, radioelektrotexnika,
maishiy texnika va boshga qator tarmoglarda qo‘llaniladigan qattiq termobargaror
polimerlar, poliuretan va epoksiuretanlar uchun poliaminlar, poliollar, poliizotsianatlar va
turli epoksioligomerlarni sintez gilingan.

Tadgiqotlar asosida olingan adduktlar turli reaksion qobiliyatga ega. 1- jadvalda
ushbu mahsulotlarning reaksion gobiliyati bo‘yicha ma’lumotlar keltirilgan.
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1-jadval
Qo‘llaniladigan adduktlarning reaksion gobiliyati
Aspartat tizilishi Asosiy zanjir tuzilishi Gel hosil bo‘lish vaqti
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Tadgigot metodologiyasi: Yugqoridagilardan kelib chigib reaksiya quyidagi
yo‘nalishda olib borildi.

Uch bo‘g‘izli shlifli kolbaga reaksiya olib borildi. Malein Kislota ( 1,2 di karbon
kislota)ning suyuqlanish temperaturasi 140°C, zichligi 1,5 g/m®, suvda eruvchanligi 490
g/l (25°C), gaynash harorati 275°C. Mochevinaning suyuqlanish temperaturasi 132,7°C,
gaynash harorati 174°C, zichligi 1,32 g/sm®. Kroton aldegid (CsHsO)ning suyuglanish
harorati 76,5°C, zichligi 0,846g/sm?®, qaynash temperaturasi 104 °C.

BIA oligomerini sintez qgilish va u asosda termobargaror gqoplama olish reaksiyasi ikki
bosgichda amalga oshiriladi. Birinchi bosgichda 23.2 g malein kislota va 6 g mochevina
birgalikda qo‘shib aralashtirib turildi, reaksiya harorati 57°C da moddalar suyuq holatga
0‘tdi, malein kislota va mochevina asosida rangsiz suyuq massa va 75°C bo‘lganda
gaynab, polimerlanib sariq rangli massa hosil bo‘ldi. Reaksiya mexanizmi malein kislota
tarkibidagi go‘shbog* bilan bog‘langan uglerod atomlari, mochevina tarkibidagi azot
atomi tarkibidagi bitta vodorod go‘shbog‘ni uzib azot atomi bilan bog‘lanadi. Bunda
addukt sariqg massa hosil bo‘ldi. Hosil bo‘lgan addukt ikkinchi bosgichda 16,5 ml kroton
aldegid bilan reaksiyasi olib borildi, harorat 75°C da aralashtirib turildi va kroton aldegid
tomchilatib turildi. Reaksiya quyuq massa hosil bo‘lgunga gadar olib boriladi. Kroton
aldegid tarkibidagi go‘sh bog* bilan bog‘langan kislorod atomi addukt tarkibidagi azot
bilan bog‘langan vodorod go‘sh bog‘ni uzub -OH guruh hosil bo‘ladi va uglerod atomi
azot bilan bog‘lanadi.

Malein kislotaning mochevina bilan ta’sirlashishi an’anaviy usulda olib borildi va
reaksiya umumiy holda quyidagi tenglama bilan ifodalanadi:
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Olingan adduktning xossalarini yaxshilash uchun uni modifikatsiyalash magsadga
muvofiq. Hozirgi kungacha turli xil modifikatorlar ishlatilgan. Shuningdek,
epoksipolimerlar bilan berilgan xossalarga ega ikki komponentli sistemalar yaratilgan.
Tadgiqotlarda esa modifikator sifatida sanoat chigindisi kroton aldegiddan foydalanildi.
Adduktning kroton aldegid bilan ta’sir tenglamasi quyidagi tenglama bilan ifodalanadi.
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Gibrid polikarbamid — poliuretan tizimlar eng keng targalgan. Gibrid poliuretan —
polikarbomid tizimlarini ishlab chigarish uchun xomashyo arzonrog, ammo bunday
mahsulotlar sof polikarbamiddan foydalanishga garaganda bir gator kamchiliklarga ega va
tashqi omillarga nisbatan yuqori sezuvchanlikka ega, bu izotsianatlarning suv bilan
ragobatbardosh reaksiyasi bilan bog‘liq. Gibrid polikarbamidlar poliuretan purkaladigan
tizimlar kabi havo namligi va foydalanish haroratiga sezgir emas, ammo kompozitsiyada
poliefirpoliolning mavjudligi gel hosil bo‘lishini sekinlashtiradi, qotib golish vaqtini
oshiradi va izotsianatning suv bilan go‘shimcha reaksiyasini karbonat angidrid hosil
bo‘lishiga yordam beradi, uning pufakchalari polimerning xususiyatlariga salbiy ta’sir
ko‘rsatadi. Gibrid polikarbamidlar sof polikarbamidlardan mumkin bo‘lgan xossalarining
ko‘progq o‘zgaruvchanligi bilan farglanadi. Bu savdoda mavjud bo‘lgan poliollar va
izotsianatlarning juda ko‘p miqdori bilan izohlanadi.

Natijalar va muhokama: Gel vaqtini oshirish izotsianat komponentini o‘zgartirish
orgali amalga oshiriladi. Gellanish vaqgtining ko‘payishi substratning polimer bilan yaxshi
namlanishiga va natijada yopishishning kuchayishiga yordam beradi. Gellanish tufayli
materialni qo‘llash imkonsiz bo‘lgan zahoti sekundomer o‘chiriladi. Kompozitsiyani
aralashtirish boshlanishidan gellanish vaqgtigacha bo‘lgan vaqt kompozitsiyaning ishlash
muddati hisoblanadi.

Sintez qgilingan oligomerning tuzilishi 1Q spektroskopiya bilan tahlil gilindi. Bunda
oligomerning tuzilishiga xos bo‘lgan tegishli yutilish cho‘qqgilari mavjudligi bilan
farglanadi.
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1-rasm. Sintez gilingan BIA oligomerining 1Q spektr tasviri.

BIA ning 1Q- spektridagi xarakterli yutilish sohalari quyidagicha: 1725-1700 sm™ -
CH,-COOH to‘yingan alifatik, -CHz 2975-2950; 2885-2860; 1470-1435; 1385-1370 sm™,
R-COOR 1200-1170; 1250-1160 sm, -H,C-CO-CH,- 1725-1700 sm*, RNH-CO-NHR
1660 sm™* uchlamchi amin, (RCH2)sN- 1250-1180 sm™, CH=C-CO- 1695-1660 sm™*, C=0
1650-1860 sm™ karboksil guruhdagi karbonil guruh, RRN-COOR 1735-1700; 1710-1690
sm sohada kuzatiladi. Ushbu tadgigot usuli asosida sintezlangan modda tarkibida ganday
funksional guruhlar borligi tadqiq etilgan. Chunki 1Q spektroskopiya asosida oligomer
moddaning tuzilishi to‘liq tasvirlab bo‘Imaydi. Ammo oligomerga elastiklik va plastiklik
xossalarini beruvchi funksional guruhlar hagida ma’lumot olish mumkin.

Sintez gilingan (oligo)polimerlarning fizik holati, tuzilishi va kimyoviy tarkibi,
kristallanish harorati, gel hosil bo‘lish vaqti va kimyoviy reagentlarni ta’sir qilib o‘tga
chidamli tarkiblarining belgilangan termik va fizik ko‘rsatkichlarga erishildi. Yaratilgan
tarkiblar yordamida yog‘och va noorganik qurilish konstruksiyalarning yong‘indan
himoya qilish mexanizmlarini ishlab chiqish; uretan asosida o‘tga chidamli samarali
goplamalar yaratildi, ular yordamida yog‘och va noorganik qurilish konstruksiyalarining
o‘tga chidamliligini oshirish hamda ko‘p bosgichli yong‘indan himoya gilish usullarini
ishlab chiqildi. O°rnatish tezligi, rekord quvvat va yuqori yorug‘lik bargarorligi bunday
goplamalarni o‘rnatish jarayonining yuqori tezligi va yuqori dekorativ xususiyatlar talab
gilinadigan joylarda pol sohasida juda samarali foyda berishiga erishildi.

Xulosa va takliflar: Uretan guruhini o‘z ichiga olgan oligomerlarni mahalliy
xomashyolar asosida izotsianatsiz usulda olish texnologiyasi ishlab chiqildi va ularni
modifikatsiyalash usuli bilan polimerini ishlab chigarish uchun asosiy komponent sifatida
ishlatildi.  Yuqori  deformatsion-mustahkamlik, antikorrozion, va antifriksion
xususiyatlarga ega polimer kompozit materiallar ishlab chigish uchun yangi komponent
tavsiya etildi. Uretan polimerlari va ular asosidagi polimer kompozitsion materiallarning
teplofizik xususiyatlari aniglandi.
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Annotatsiya: mazkur magolada gazlarni nordon komponentlardan (H.S va CO;) aminli
tozalash jarayonlarida absorberlarda hosil bo‘ladigan ko‘piklanishni kamaytirish uchun
sintezlangan yangi tarkibli ko‘pik so‘ndiruvchi moddaning xossalari hagida ma’lumotlar
berilgan. Shuningdek ko‘piklanishning kelib chigish sabablari, ko‘piklarning yashash davri,
kopikni kelib chigishiga sabab bo‘luvchi omillarning absorbent xossalariga ta’siri hagida
to‘xtalib o‘tilgan. Ko‘piklanishning absorbsiya jarayoniga ta’siri va absorbsiya jarayonini
sekinlashtirishi hagida aytib o‘tilgan. Ko‘piklanish jarayonida absorbent, ya’ni amin
eritmasining gaz bilan chiqgib ketishi bug® fazasida yoki tomchi holatida bo‘ladi. Ushbu
holatda amin bug‘larini bosimi nisbatan katta bo‘lmasa ham tozalanayotgan gaz hajmining
kattaligi uchun bug‘lanishdan kelayotgan yo‘qotilishlar sezilarli darajada bo‘ladi. Ushbu
yo‘qotishlarning oldini olish uchun absorbentga ko‘pik so‘ndiruvchi moddalar qo‘shish talab
etiladi. Ko‘piklanish garshi moddalarning ta’siri 25% li amin eritmasida tadgiqotlar olib
borildi va natijalar grafik tarzida tasvirlandi. Bunda ko‘pikning balandligiga garab ko‘pik
so‘ndiruvchilarning minimal miqgdori aniglab olindi.

Kalit so‘zlar: absorber, absorbent, kopik, amin, tuz, nordon komponent, ko‘piklanish,
vodorod sulfid, karbonat angidrid.

CAUSES AND PREVENTION OF FOAMING IN DEVICES FOR
CLEANING GASES FROM NORMIC COMPONENTS

Abstract: this article provides information on the properties of a foam suppressant with
a new composition, synthesized to reduce foaming in absorbers during the amine purification
of gases from sour components (H2S and CO2). Also, the causes of foaming, the lifetime of
foams, and the effect of factors that cause foaming on absorbent properties are discussed. It
was mentioned about the effect of foaming on the absorption process and how it slows down
the absorption process. In the process of foaming, the absorbent, i.e. amine solution, escapes
with gas in the vapor phase or in the droplet state. In this case, even if the pressure of amine
vapors is relatively small, the losses from evaporation will be significant due to the large
volume of the gas being cleaned. To prevent these losses, it is necessary to add foam
suppressants to the absorbent. The effects of antifoaming agents were studied in 25% amine
solution and the results were graphically depicted. In this case, the minimum amount of foam
suppressants was determined depending on the height of the foam.

Key words: absorber, absorbent, foam, amine, salt, sour component, foaming, hydrogen
sulfide, carbon dioxide

Kirish: Tabiiy gaz boshga gazib olinadigan yoqilg‘ilarga garaganda, dunyoda yetakchi
o‘rinlarda turadi. Shunga garamay tabiiy gaz zaxiralari juda katta bo‘lsa-da, uning uchdan bir
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gismi nordon komponentlar bo‘lgan konlardan keladi. O‘zbekistonning eng yirik neft gaz
kompaniyasi — “O‘zbekneftgaz” AJ ning aniqlangan zaxiralari ulushi vodorod sulfidi bo‘lgan
konlarning 12 foizdan ortig‘ini tashkil etadi, ulardan eng yiriklari Ustyurt va Buxorodir. Bular
esa o‘z navbatida gazni tozalash jarayonida ko‘piklanishni hamda korroziyani Kkeltirib
chigarmoqda. Uglevodorod xomashyosining roli, unga bo‘lgan talabning ortib borishi tufayli
ortib bormoqda. Hozirgi kunda gazni gayta ishlash zavodlaridagi gazni tozalash qurilmalarida
ko‘pik paydo bo‘lishi igtisodiy samaradorlikni kamaytirmoqgda, shuning uchun Kko‘pik
yo‘qotuvchi  ko‘pik so‘ndirgichlar ishlab chigarish masalasini qo‘yadi. Ko‘pincha
ko‘piklanishni absorber qurilmasida sodir bo‘lishini kuzatish mumkin. Ko‘piklangan eritma
0‘zi bilan birgalikda toza gaz mahsulotini regeneratsiyalashga go‘shib olib ketishi mumkin.
Shuningdek, boshga qurilmalarda ham bu holat kuzatiladi. Har bir ifloslantiruvchi
ko‘piklanish tendensiyasiga va ko‘pikning bargarorligiga ta’sir giladi.

Amin eritmasining gaz bilan chiqib ketishi bug® fazasida yoki tomchi holatida
belgilanadi. Birinchisining kattaligi suv aralashmasi ustidagi amin bug‘larning bosimi bilan
aniglanadi va haroratga bog‘lig bo‘ladi, aminning aralashma konsentratsiyasi va turiga
bog‘ligdir. Amin bug‘larini bosimi nisbatan katta bo‘lmasa ham tozalanayotgan gaz hajmining
kattaligi uchun bug‘lanishdan kelayotgan yo‘qotilishlar sezilarli darajada bo‘ladi.

Hozirgi kunda jahonda gazlarni tozalash jarayonida ko‘plab ko‘pikka garshi eritmalar
ishlab chigarilgan bo‘lib, biz bu eritmalarni chet mamlakatlardan import qilib olib kelamiz.

Respublikamizda amin sistemalaridagi ko‘piklanishga garshi eritmalar ishlab chigish
bo‘yicha muhim natijalarga erishilmogda. Shu maqgsadda, mamlakatimizda ko‘pikni
so‘ndirishda turli eritmalarning ta’sirini o‘rganish orgali ularni yangi tarkibga ega bo‘lgan turli
navlarini yaratish hamda amaliyotga joriy etish bo‘yicha ko‘pgina ilmiy-tadgiqot ishlari
amalga oshirilmoqda. Gazlarni aminli tozalash jarayonida eritmalarning ko‘piklanishiga
sabab, gaz pufakchalari sirt faol moddalarni ifloslantiruvchi ko‘pikka aylanishi ogibatida
kuzatiladi. Ko*‘piklanishni nazorat gilishning eng keng targalgan usuli bu ko*pikni buzadigan
aylanma eritma darajasiga ko‘pikka garshi kimyoviy moddalarni kiritish hisoblanadi. Shuni
inobatga olib tadgiqot ishlari olib borildi [1,3].

Tadgigot metodologiyasi: Gazni nordon komponentlardan tozalash qurilmalarini
ishlatishda yuzaga keladigan jiddiy muammolardan biri ko‘piklanishdir, uning sabablari
quyidagilar bo‘lishi mumkin:

- texnologik qurilmalarda korroziyaning kelib chigishi;

- yuqgori harorat ta’sirida aminlarning parchalanishi;

- amin eritmasida yon reaksiya mahsulotlarining to‘planishi;

- absorber qurilmasida og‘ir uglevodorod tomchilarining kirishi;

- absorberga kirishda gazda minerallashgan tomchi suv mavjudligi:

- nordon komponentlarga qarshi absorbentlarni tayyorlash uchun ishlatiladigan
texnologik suv bilan mineral tuzlarni tizimga bo‘lishi;

- absorberda bosimning oshishi.

Amalda, ushbu omillarning har biri mavjud bo‘lishi mumkin, ko‘pincha bir vaqtning
o‘zida bir nechta omillar ishtirok etadi va ko‘pik bilan kurashish bo‘yicha tavsiyalar berish
giyin vazifaga aylanadi. Kopincha bu tavsiyalar ko‘pik paydo bo‘lishining sabablariga emas,
balki ogibatlariga garshi kurashishga qaratilgan. Tizimda kuchli ko‘piklanish mavjudligi
absobentdagi yo‘qotishlarining ko‘payishiga va tovar gaz sifatining yomonlashishiga olib
keladi.

Shu jumladan, ko‘piklanishning intensivligi absorbentning sirt tarangligiga ham bog‘lig.
Eritmaning sirt tarangligi s ganchalik past bo‘lsa, bu jarayon osonroq amalga oshiriladi.
Shuning uchun sirt faol moddalarning absorberlarga kirib borishi s giymatini pasaytiradi va
igtisodiy samaradorlikka erishish mumkin [2,6,7].
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Yomon namlanadigan moddalar (mexanik aralashmalar, korroziya mahsulotlari va
boshqalar), gaz pufakchalari yuzasiga yopishib, ularning birlashishini oldini oladi va ular bilan
birga ko‘pikka aylanib, uning bargarorlashishiga yordam beradi.

Natijalar va muhokama: Uglevodorodlar va MDEA eritmasining ko‘piklanishiga
ta’siri 1-rasmdagi egri chiziglar bilan tavsiflanadi. Uglevodorodlarning gaynash harorati
oshishi bilan eritmaning ko‘piklanishiga ta’siri kuchayadi. Parafin uglevodorodlari eng katta
ta’sirga ega [4,5,8].

£, mm
S0

BB

0.7 0.5 C 2% mass
1-rasm. Har xil C go‘shimchalari tarkibining 25 % MDEA eritmasining ko‘piklanish gobiliyatiga
ta’siri (H — ko‘pik balandligi).
1 — undekan; 2 — yo‘q; 3 — kondensat fraksiyasi K.K. - 150 °C; 4 — gaz kondensati; 5 — siklogeksan.
MgCOs, CaCOs, KC1, KjSO4 tuzlari aralashmasining MDEA eritmasining
ko‘piklanishiga ta’siri 1l-rasmda ko‘rsatilgan. Bunda ta’kidlanishicha, eng katta
ko‘piklanish kalsiy va magniy karbonatlari tufayli yuzaga keladi.

7, ¢

12—

10

&

7 3 s s C, 26 mass
2-rasm. Ko‘pikning ishlash muddati t ning MDEA eritmasidagi tuzlari konsentratsiyasiga (C)
bog‘ligligi.

Gazni nordon komponentlardan tozalash qurilmalarida ko‘piklanishga garshi
kurashishda asosan ikki xil usulda amalga oshirish mumkin:

- ko‘pikni so‘ndirish uchun maxsus reagentlardan foydalanish;

- gazlarni go‘shimcha komponentlar va eritmalardan tozalash.

Gazlarni nordon komponentlardan tozalashda ishlab chigarishni kuchaytirish va
korroziyaga qgarshi kurashish uchun reagentlarni tanlashga ham katta ahamiyat beriladi,
shunda ularning nordon komponentlarning absorberlariga kirishi kuchli ko‘piklanishni
keltirib chigarmaydi [9,10,12].

Hozirgi vaqtda polimetilsiloksanlar yoki ularning aralashmalari, kremniy
organopolimerlari asosidagi moddalar “AC ko‘piklanishga qarshi”, yuqori molekulyar
spirtlar (polialkilen glikol, oktilfenoksietanol, stearik spirt, oleyl spirti va boshgalar)
ko‘pikni yo‘gotuvchi moddalar sifatida ishlatilib kelinmogda. Amaldagi siloksan
birikmalari orasida DC antifoam A, plastmassa, birikma (AQSh), antifron (GDR),
Rodorsil-426R  (Fransiya) mavjud. Rossiyaning antifoam reagentlari  orasida
emulsiyalangan VNIPIGAZ-1, KE-10-12, KE-10-21, I-1-A ni gayd etish mumkin. Ular
fizik-kimyoviy xususiyatlaridan kelib chigib zaharli emas, portlamaydi, yonmaydi, faol
moddalarining gaynash harorati 300 °C dan yugqori. Polisiloksanlar (RE2SiOz)n turli xil
molekulyar og‘irlik va yopishgoglikka ega bo‘lgan rangsiz moyli suyugliklardir. Siloksan

(2]
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suyuqliklari yuqori termik bargarorlikka ega. Ularning ko‘pikni yo‘qotish gobiliyati
kislotali, ishgoriy va neytral muhitda eng kichik massa ulushlarida (0,0001-0,001%)
namoyon bo‘ladi. Ko‘pikni yo‘qotuvchi moddalar gaz pufakchalari va suyuglik fazasini
ajratuvchi plyonkalar yuzasining mustahkamligini pasaytiradi. Ko‘pik so‘ndiruvchilarning
ko‘pikka garshi xususiyatlari fagat plyonkada eruvchanlik chegarasidan oshib ketadigan
konsentratsiyalarda namoyon bo‘ladi. Gazni gayta ishlash zavodlarida ko‘pikni so‘ndirish
uchun maxsus idish va bosim beruvchi diafragmali turidagi nasoslar o‘rnatilgan. Agar
ko‘pik so‘ndiruvchi zarur bo‘lganda, diafragmali nasoslar yordamida absorberga kirishdan
oldin regeneratsiya gilingan eritma ogimiga haydaladi. Ko‘pik so‘ndiruvchini quvur
liniyasiga yetkazib berish orgali uning absorbentda bir xil tagsimlanishi
ta’minlanadi[11,13,15].

Xulosa va takliflar. Ushbu maqgolada shuni xulosa gilish mumkinki, gazlarni
nordon komponentlardan tozalash zavodidagi qurilmalarda ko‘piklanish jarayonining
kelib chiqish sabablari va ularni bartaraf etish yo‘llari, hamda texnologik tizimda kuchli
ko‘piklanish mavjudligi yoritildi. Shuningdek, absorbent yo‘qotishlarining ko‘payishiga
va toza gaz sifatining yomonlashish jarayonlariga garshi turli siloksan birikmalari orasida
DC antifoam, antifron Rodorsil-426R, VNIPIGAZ-1, KE-10-12, KE-10-21, I-1-A va
boshga ko‘pik so‘ndiruvchi eritmalar haqida ma’lumotlar keltirildi. Yangi tarkibli ko*pik
so‘ndiruvchilarning sinov natijalari va ularning minimal konsentratsiyalari hagida
ma’lumot keltirilgan.
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Annotatsiya. Maqolada Katta O‘radaryo va Kichik O‘radaryo havzasi va unga
yaqin hududlarda flora va o‘simliklar qoplamini o‘rganishga qaratilgan tadqiqotlarning
tahlili yoritilgan. Adabiyotlar tahliliga ko‘ra, mazkur hududga yaqin hududlarda ko‘plab
tadqiqotlar olib borilgan bo‘lsa-da, ushbu daryolar havzalari magsadli ravishda flora
tarkibi o‘rganilmaganligini ko‘rsatdi. Katta va Kichik O‘radaryo havzasi flora tarkibi
shakllantirilmagan.

Floraning zamonaviy konspektini shakllantirishda hamda ularni tahlilini amalga
oshirishda, kollektorlar tomonidan terilgan materiallar tahlili muhim ahamiyatga ega.
O‘zbekiston Milliy gerbariysi (TASH) fondida saqlanayotgan namunalar shuni
ko‘rsatadiki, Katta va Kichik O‘radaryolari hududida qator geobotanik tadqiqotlar olib
borilgan. Yuqoridagilarni inobatga olib floraning inventarizatsiya gilishga garatilgan
magsadli tadgiqotlar olib borilmogda. Mazkur tadgigot Botanika institutining Janubi-
G‘arbiy Hisor, Hisor-Darvoz va Panjoldi okruglari florasining to‘r tizimli xaritalash
(Surxondaryo viloyati gismi) davlat dasturi hamda tadgiqotchining dissertatsiya mavzusi
doirasida bajarildi.

Kalit so‘zlar: gerbariy, G‘arbiy Hisor, botanik-geografik rayon, endem, Qizil
kitob, inventarizatsiya.

UCTOPHS U3YUEHUS ®JIOPHI U PACTUTEJIbHOCTHU BACCEMHA
PEKHU KATTA U KHYUK YPAIIAPBA

AHHOTanus. B crarbe mpencTaBiieH aHaIU3 MCCIEAOBAaHUM, HAIPaBJICHHBIX Ha
u3yudeHue (IIOpbl U pacTUTENBHOrO MOKpoBa OacceiHoB pek Karra Ypanmapes u Knumk
VYpanapbs, a Takke onusnexamux tepputopuid. CoryiacHoO aHaJIU3y JIUTEPATyphl, XOTS Ha
MPWIETalOIUX K JIaHHOMY pErHOHy TEppUTOpUSAX ObUIM TMPOBEAECHBI MHOXECTBO
HCCIIEIOBaHMM, IeJIeHaNPaBIEHHOE U3ydeHue cocTaBa (Jopbl OACCEHHOB 3TUX PEK HE
npoBoamiock. CocraB (iopel OacceitHoB pex Karra Ypanapes u Kuunk Ypanapes He
chopMHUpOBaH.

AHanmu3 marepuanoB, COOpPaHHBIX KOJUICKIIMOHEpaMH, BaXeH U (OPMHPOBAHHUS
COBPEMEHHBIX KOHCIIEKTOB (IOpHI M MpoBeaeHHUs UX aHanu3a. OOpasibl, XpaHslecs B
¢onne HanmonansHoro rep6apust Y3oekucrana (TAL), cBUAETETbCTBYIOT O TOM, YTO Ha
tepputopuu  bompmoit u  Manoii  VYpamappu NpoOBOAWICS PsAA  TeoOOTaHUYECKUX
UCCIIEIOBAaHUI. YYWUTHIBAs BBIIIEU3IOKEHHOE, IPOBOAATCA LEJNEBBIE HMCCIEAOBAHNUSA,
HaIpaBJIEHHbIE Ha MHBEHTapu3aluio Guopsl. JlaHHOE Hcciae10BaHUE BBIITOJIHEHO B paMKax
rocy/lapCTBEHHONW mporpamMmbl HannoHanbHOrO HMHCTUTYTa OOTaHMKH [0 CETEBOMY
kaptupoBanuto  ¢aopel  FOro-3amamnoro  Xwucapckoro, Xwucap-JlapBazckoro u
[ManmxonauHckoro pailoHoB (BXOAUT B cocTtaB CypXaHAapbUHCKOM O0JIaCTH) U TEMbI
JUCCEPTALINU UCCIIEI0BATEIIS.

KaueBble cioBa: repOapuii, 3amanueiii ['mccap, OGoTaHHKO-TeorpaduuecKuit
paiioH, sHeMUK, KpacHas KHUTa, MHBEHTapU3alysl.

Kirish. So‘nggi yillarda O‘rta Osiyo florasini o‘rganishda zamonaviy tadqiqot
metodlaridan foydalanib kelinmoqda. Xususan, O‘zbekiston hududining to‘r tizimli
xaritalash orgali ayrim botanik-geografik hamda tabiiy geografiy hududlar flora
inventarizatsiyasini amalga oshirishda yangi bosqichga ko‘tarildi [3; 70-91-6.]. Xususan,
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to‘r tizimli xaritalash bo‘yicha bir nechta ilmiy ishlar amalga oshirildi [24; 279., 9; 266.,
5;315,, 8; 271.].

Quyida tadqiqot hududi sifatida tanlab olingan Katta va Kichik O‘radaryo
havzalari florasini o‘rganish bo‘yicha olib borilgan tadqiqotlarning tahlili keltirilgan.

Kichik O‘radaryo — Qashqadaryo viloyatidagi daryo. U G‘uzordaryoning chap
irmog‘i hisoblanadi. Hisor tizmasining g‘arbiy gismidagi O‘lmas tog‘idan (2500-2700 m)
boshlanadi. Uzunligi 93 km, havzasining maydoni 1588 m2. Yirik irmoglari Shirindaryo
(17 km), Qoradahana (25 km), Go‘rota (20 km) va boshqalar. Qor, mavsumiy yomg‘ir va
buloq suvlaridan to‘yinadi. O‘rtacha yillik suv sarfi 2,4 m?sek. Mart-mayda suvi
ko‘payadi. Asosan, sug‘orishga sarflanadi [21; 47-247-b.].

Katta O‘radaryo — Qashgadaryo viloyatidagi daryo. U G‘uzordaryoning o‘ng
irmog‘i. Hisor tizmasining g‘arbiy qismidagi Harkush dovonidan (3448 m) Igrisu nomi
bilan boshlanadi. Uzunligi 113 km, havzasi 1410 km? Daryo, asosan, tog‘lar orasida
oqadi. Yirik irmoqlari: Qizilsoy, Almatsoy, Zarangbuloq, SHo‘rsuv va boshqalar.
O‘rtacha yillik suv sarfi 4,6 m*sek, yillik oqimi 140 mln. m®. Qor, yomg‘ir va buloq
suvlaridan to‘yinadi. Mart-may oylarida suvi ko‘payadi. Pachkamar suv omboriga
quyiladi. Atrofdagi qishloq xo‘jaligi yerlarini va shu yerdagi qishloglarni suv bilan
ta’minlaydi [21; 47-247-b.]. (1-rasm)

Tadgigot materiallari. Tadgigot materiallari mazkur tadgiqgot hududi va unga
yaqgin hududlarda olib borilgan dissertatsiyalar va ilmiy manbalardan iborat. Shuningdek,
11 jildli “Omnpenenuren pacrenmit Cpemneit Aszum” [19; 1963-2015], 6 jildli “dDmopa
V36ekuctana” [23; 1941-1962.] va 30 jildli “dnopa CCCP” [22; 1934-1964] asarlaridan
foydalanildi. O°zbekiston Miiliy gerbariysi (TASH) fondida saglanayotlan gerbariylar.

Olingan natijalar va ularning muhokamasi. Qashgadaryo viloyati va unga
yondosh bo‘lgan hududlarning o‘simliklar qoplami o‘ziga xosligi bilan alohida ajralib
turadi. Arxeolog olimlarning fikricha, O‘zbekistonning janubiy viloyatlarida insoniyat
taraqqiyoti va ularning o‘simliklardan foydalanishi pastki paleolit davridanoq boshlangan
[12; 279-b., 18; 230-b].

O‘rta Osiyo o‘simliklarini, xususan, Katta va Kichik O‘radaryo havzasi va unga
yondosh bo‘lgan hududlar florasini ilmiy jihatdan o‘rganish dastlab A.E. Regel tomonidan
amalga oshirilgan. 1881-yilda o‘zining O‘rta Osiyodagi uzoq muddatli safari davomida
respublikamizning janubiy gismlarini, xususan, Termizdan Boysun orgali Dehqonobod,
G‘uzor hududlaridagi o‘simliklar qoplamini o‘rgangan. A.E. Regel o‘simliklar qoplamini
o‘rganish bo‘yicha olib borgan tadqiqot natijalarini “Kak HCTOYHUK JeKOpaTMBHHUX
donmos” (1884) nomli asarida keltirib o‘tgan. [5; 14-b.].

1-rasm. Kichik O‘radaryo havzasi. Dehqonobod tumani: Dug‘ob qishlog‘i (chapda), Qo‘g‘a qishlog‘i
Qoplondara (o‘ngda)
Aynan shu yillarda fransuz olimlari G. Kapyu va G. Bonvalot (1880, 1881, 1887)

O‘rta Osiyo, jumladan, Sheroboddan Samargandgacha bo‘lgan hududlarning o‘simliklar
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qoplamini o‘rganish mobaynida mazkur hududlardan ko‘plab gerbariy namunalari
yig‘ishgan. O.A Turdiboyev va boshqalar (2022) ma’lumotlariga ko‘ra, G. Kapus
tomonidan to‘plangan 1387 ta sanalgan o‘simliklar 87 oila, 375 turkum va 851 turdan
(jJumladan, Franchet tomonidan tasvirlangan 74 ta yangi tur va 21 ta yangi turdan) iborat
ekanligi aniglangan [4; 229-301-b-b.].

Navbatdagi tadgiqotlar akademik S.I. Korjinskiy (1897) tomonidan olib borilgan
bo‘lib, muallif o‘z izlanishlarini O‘rta Osiyo janubiy qismining tabiatini o‘rganishga,
xususan, Dehqonobod va G‘uzor tog‘laridan Sho‘rob hududigacha bo‘lgan o‘simliklar
qoplamini o‘rgangan. Bundan tashqari mazkur xildagi tadqiqotlar Kronenburg (1903)
tomonidan olib borilgan. Muallif o‘zining tadqiqot natijalarini o‘sha davrning nufuzli
bo‘lgan “Allgemeine Botanische Zeitschrift” jurnalida nashr ettirgan [1; 93-b.].

Qashqadaryo havzasi o‘simliklarini ilmiy jihatdan keng o‘rganilishi V.I. Lipskiy
tomonidan boshlab berilgan. 1887-1903-yillar mobaynida Markaziy Osiyoda izlanishlar
olib borgan va fan uchun ko‘plab yangi turlarni fanga kiritgan [15; 6-b., 16; 432-436-b., 6;
11-b.]. Shuningdek, olimning “Matepuanst mis dmaopet Cpennerr Azum” (1900, 1905)
asari hamda B.D. Fedchenko “Marepuans mis ¢noper [Tamupa u Anakickoro xpedra”
(1902) nomli asarlari Qashgadaryo havzasi o‘simliklari to‘g‘risida qimmatli ma’lumotlar
beruvchi muhim manbalardan biri sanaladi. 1904-1913-yillar davomida O.A. Fedchenko
va B.A. Fedchenkolarning Turkiston pududida olib borgan ilmiy izlanishlari asosida
yaratilgan “Turkiston florasining konspekti” asarida ham janubiy viloyatlarning
o‘simliklari haqida qimmatli ma’lumotlar qoldirgan [20; 98-b.].

R.Y. Rojevets (1905) G‘arbiy Pomir-Oloyni o‘rganish davomida Boysun tog‘lari
orqali o‘tib, Dehqonobod, G‘uzor va Yakkabog® tog‘larining o‘simliklar qoplamini
gisman o‘rgangan. Shu bilan birga Qashqadaryo havzasi o‘simliklar qoplami va yondosh
bo‘lgan hududlarda V.M. Kultiasov (1914), M.G. Popov (1915), LI. Granitov va A.D.
Pyatayevalar (1956, 1962) tomonidan tadgiqgotlar olib borilgan. 1914-yilda aynan G‘uzor
atrofidan M.V. Kultiasov tomonidan fan uchun yangi bo‘lgan Cousinia sprygini yangi turi
aniglangan [5; 15-b.].

Aynan Katta va Kichik O°‘radaryolari havzasi va unga yondosh bo‘lgan
chegaralarda olib borilgan dastlabki tadgigqotlar S.N. Kudryashev (1941) tomonidan
amalga oshirilgan. Muallif o‘zining “Pactutensnocts 'y3apa” (1941) asarlarida hududda
targalgan 399 turni gayd etgan. Mazkur tadgigotlar 1935-1940-yillarda olib borilgan
bo‘lib, tadqiqot asosan hududning o‘simliklar qoplamini o‘rganishga bag‘ishlangan [10;
168-173-b.]. (2-rasm).
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2-rasm. S.N. Kudryashev tomonidan olib borilgan ekspeditsiya hududi (Kudryashev, 1941)
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S.M. Mustafayev (1966) tomonidan Qashqgadaryo havzasida olib borilgan
o‘simliklarning xomashyo resurslariga bag‘ishlangan mazkur tadqiqot ishida, 73 oila, 473
turkum va 1184 tur yuksak o‘simliklarni qayd etib o‘tgan. Mazkur turlarning 74 tasi
endem o‘simliklar sifatida e’tirof etilgan.

Katta va Kichik O‘radaryo havzalariga yaqin bo‘lgan hududlarda olib borilgan
navbatdagi tadgigotlar Y.V. Abramov (1975) tomonidan Qashqadaryoning chap irmog‘i
Langar havzasi atrofi hududlarida olib borilgan. Tadgiqotlar natijasida Langardaryo
havzasi florasi uchun 786 turni keltirib o‘tgan.

Janubi-G‘arbiy Hisor turlarning kelib chiqish markazi hamda endemizm
fraksiyalarining ulushi yuqori bo‘lgan hududlardan sanaladi. Bu borada dastlabki qgimmatli
ma’lumotlarga boy bo‘lgan tadqiqotlardan biri I.T. Vasilchenko va L.I. Vasilyeva (1985)
tomonidan amalga oshirilgan bo‘lsa, navbatdagi tadqiqotlar F.O. Xasanov (1991) ishlarida
aks ettirilgan. L.T. Vasilchenko va L.I. Vasilyeva (1985) ma’lumotlariga ko‘ra, Hisor
tizmasining O‘zbekistonga taalluqli qismida 2100 ga yaqin tur tarqalganligi qayd etilgan.
Mazkur ro‘yxatdagi turlarning 203 tasi endem va 60 tasi subendem ekanligi aniglagan.

Yuqorida qayd etib o‘tilganidek, Katta va Kichik O‘radaryo havzalari va unga
yondosh bo‘lgan hududlarda olib borilgan tadqiqotlarning aksariyati hududning
o‘simliklar qoplami va ularning xo‘jalikdagi ahamiyatini o‘rganishga qaratilgan. [13; 123-
131-b., 14; 123-129-b., 17; 193-274-b., 18; 230-b., 6; 20-b.].

- - %

e

~

el iy AT
3-rasm. O‘zbekiston Qizil kitobiga kiritilgan turlar: Ferula tadshikorum Pimenov
(Kichik O‘radaryo Dug‘ob qishlog‘i), Tulipa micheliana T.M.Hoog (Katta O‘radaryo Obod qishlog‘i)

Xususan, O°.A. Allanazarova (1969) tomonidan Qashgadaryo havzasi lalmikor
yerlaridagi ekinlar orasida uchraydigan begona o‘tlar o‘rganilgan. Tadqiqot natijalariga
ko‘ra 39 oila, 182 turkumga mansub 283 tur aniqlangan. Mazkur turlar asosan havza
adirlarida tarqalgan tabiiy o‘simlik qoplamlarida uchraydigan o‘simliklar hisoblanadi [7;
16-b.].

H.I. Azimov (1984) tomonidan olib borilgan tadigotlar natijasida, Qashgadaryo
havzasi dendroflorasi uchun ilk bor 39 oila, 182 turkumga mansub 283 turni keltirib
o‘tgan. Mazkur turlar orasida astragalus komarovii Lipsky, calligonum matteianum
Drobow kabi kamyob turlar ham bor [6; 20.].

T.V. Ovchinnikova (1995) Qashqadaryo havza o‘simlik qoplamlari 54
assotsiatsiya, 34 formatsiya, 27 senotip, 16 kenja tip va 6 tipdan tashkil topganligini gqayd
etgan va ulardan keng tarqalgan turlarga alohida e’tibor qaratgan.

B.E. Xo‘jamqulov (1998) Qashgadaryo havza archazorlarining floristik tarkibini
o‘rganib, archazorlar tarkibida 68 oila, 267 turkum 525 turga mansub o‘simliklar o‘sishini
qayd etgan. Archazorlar tasnifida 1 tip, 2 formatsiya, 24 assotsiatsiyalari ko‘rsatilib,
shundan 15 tasi birinchi marotaba aniglanganligi keltirilgan.
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Hisor tog* tizmasining xo‘jalik ahamiyatiga molik turlari, Sattarov va boshqalar
(2018) tomonidan Hisor tizmasining Gulobod va Sarpedchashma (Tojikiston) havzalarida,
dorivor o‘simliklarni tadqiq etishga bag‘ishlangan. Tadqiqot natijalariga ko‘ra, hududda
79 turning biologik zaxiralari aniglangan.

Oxirgi vyillarda to‘r tizimli xaritalash borasida gqator tadgiqotlar amalga
oshirilmoqda. Bu yo‘nalishda Markaziy Osiyodagi dastlabki tadqiqotlar U.H.Qodirov
(2020) tomonidan amalga oshirilgan.

Navbatdagi tadgiqot ishi A.S.Abduraimov tomonidan amalga oshirilgan. Muallif
o‘z ilmiy izlanishlarini 2018-2021-yillarda Torqopchig‘ay botanik-geografik rayoni florasi
mavzusida olib borgan. Unga ko‘ra, hududda 74 oila, 384 turkumga mansub 964 turdan
iborat. Uning tarkibida O‘zbekiston florasi uchun 3 tur, G‘arbiy Hisor florasi uchun 3
yangi tur ilk bor keltirildi.

T.B.Aromov (2023) tomonidan 2017-2023-yillarda amalga oshirilgan ilmiy
izlanishlari natijasida Hisor davlat qo‘rigxonasining florasining floristik tarkibini
aniqlagan. Qo‘rigxona florasi uchun 71 oila, 457 turkumga mansub 1298 tur keltirilgan.
O‘zbekiston Qizil kitobiga (2019) kiritilgan 13 oila, 20 turkumga mansub 34 tur
tarqalganligi aniglangan hamda ilk marotaba O‘zbekistondagi qo‘rigxonalar orasida, Hisor
davlat qo‘rigxonasi florasida tarqalgan yuksak gulli o‘simliklarning fotoalbomi yaratilgan.

Yuqorida Kkeltirilgan ma’lumotlar hudud florasi to‘g‘risida to‘liq ma’lumot
bermaydi. Bu esa tadqiqot hududining to‘liq inventarizatsiya qilishni taqozo etadi.
Hususan, O‘zbekistonning botanik—geografik rayonlashtirish sxemasida G‘arbiy Hisor
okrugi tarkibida Qashgadaryo botanik-geografik rayoni sifatida [2; 250-b.] ajratilgan
bo‘lib, Katta va Kichik O‘radaryolari havzasi shu botanik-geografik rayon tarkibiga
kiradi. (4-rasm).
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Floraning zamonaviy konspektini shakllantirishda hamda ularni tahlilini amalga
oshirishda, kollektorlar tomonidan terilgan materiallar tahlili muhim ahamiyatga ega.
O‘zbekiston Milliy gerbariysi (TASH) fondida saqlanayotgan namunalar shuni
ko‘rsatadiki, Katta va Kichik O‘radaryolari hududida gator geobotanik tadgigotlar olib
borilgan. Quyida, tadgiqot hududidagi asosiy kollektorlar tahlili keltirilgan (1- jadval).

1- jadval
Tadqgigot hududidan terilgan gerbariylar tahliliga ko‘ra asosiy kollektorlar (TASH)
Ne Kollektor Yillar Tur soni Gerbariy soni
1 A .Pyatayeva 1942-1980 201 495
2 E.Korotkova 1935-1972 85 143
3 A.Arnold 1942 85 114
4 S.N.Kudryashev 1935-1941 53 67
5 M.G.Popov 1914-1916 49 62
6 A. Li, B. Niyazov 1950-1959 39 62
7 A. Gnezdillo 1935 42 61
8 N.Koshurnikova 1941-1956 37 43
9 O.Turginov 2011-2022 28 42
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Jadvaldagi gerbariy ma’lumotlaridan shuni aytish mumkinki, hudud bo‘yicha
dastlabki (Lipskiy, 1897) va so‘nggi (Turginov, 2022) tadqiqotlar 125 yilni o‘z ichiga
oladi. Bu vaqtda eng ko‘p tur va gerbariy namunalarini tergan olimlardan A.Pyatayeva
(1942-1980) 201 tur 495 ta namuna, E.Korotkova (1935-1972) 85 tur 143 namuna,
A.Arnold (1942) 85 tur 114 namuna, S.N.Kudryashev (1935-941) 53 tur 67 namuna,
M.G.Popov (1914-1916) 49 tur 62 namuna, A. Gnezdillo (1935) 42 tur 61 namuna, A. Li,
B. Niyazov (1950-1959) 39 tur 62 namuna, N.Koshurnikova (1941-1956) 37 tur 43
namuna, O.Turginovlar (2011-2022) tomonidan 28 turga mansub 42 ta gerbariy
namunalarini tergan.

Xulosa. Tadgiqot hududi va unga yaqin hududlarda ko‘plab olimlar tomonidan
flora va o‘simliklar qoplamini o‘rganishga garatilgan ishlar ko‘pchilikni tashkil qgilsa-da,
aynan hudud uchun magsadli tadgiqgot ishlari olib borilmagan. Tadgiqot hududi bo‘yicha
chop etilgan ilmiy nashrlar ko‘p emas. Yuqoridagilarni inobatga olib floraning
inventarizatsiya qilishga garatilgan magsadli tadgigotlar olib borilmogda. Mazkur tadgiqot
Botanika institutining Janubi-Garbiy Hisor, Hisor-Darvoz va Panjoldi okruglari
florasining to‘r tizimli xaritalash (Surxondaryo viloyati qismi) davlat dasturi hamda
tadgiqotchining dissertatsiya mavzusi doirasida bajarildi.
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Annotatsiya. Salsola sclerantha turi assimilyatsiyalovchi organlari -
urug‘pallabargi va bargining morfo-anatomik tuzilishini o‘rganish asosida turga xos
bo‘lgan diagnostik va adaptiv belgilar aniglandi. Urug‘pallabarg mezofillining dorsiventral
(Aksiroid) tipliligi, barg mezofillining krans-sentrik (Salsoloid) va krans-ventro-dorsal
tipliligi, shuningdek, Salsaloid tipli barg mezofillida periferik o‘tkazuvchi bog‘lamlar
krans-hujayraga qo‘shilib  ketganligi bilan izohlanadi. Urug‘pallabarg va barglari
amfistomatik tuzilishga ega bo‘lib, urug‘pallabarg epidermasida gemiparatsit tipli
og‘izchalarning ustunlik qilishi va ko‘p sonliligi, paratsit tipli og‘izchalarning kam
sonliligi; barg epidermasida anomatsit tipli barg og‘izchasining ustunlik gilishi va ko‘p
sonliligi, gemiparatsit tipli barg og‘izchalarining kam sonliligi hamda ko‘p hujayrali
chigalsimon va pufaksimon trixomalar mavjudligi aniglangan. Urug‘pallabarg mezofillida
galomorf belgilarning ustunlik qilishi, barg mezofillida esa kseromorf belgilarning
ustunlik gilishi aniglangan. Mazkur diagnostik va strukturaviy moslashgan belgilar turning
qurg‘oqchil sharoitga yaxshi moslashganligidan dalolat beradi.

Kalit so‘zlari: morfologiya, anatomiya, urug‘pallabarg va barg mezofilli, Salsola
sclerantha, Qizilqum.

MORPHO-ANATOMICAL STRUCTURE OF THE ASSIMILATIVE ORGANS OF
SALSOLA SCLERANTHA CAM. IN THE CONDITION OF THE SOUTH-WEST
KYZYLKUM

Abstract: Based on the study of the morpho-anatomical structure of the
assimilating organs of the species Salsola sclerantha, specific diagnostic and adaptive
characteristics were determined. A dorsiventral (Aksiroid) type of the cotyledon
mesophyll, kranz-centric (Salsoloid) and kranz-ventro-dorsal types of the leaf mesophyll
have been identified, as well as in the Salsoloid type of leaf mesophyll, peripheral
vascular bundles are attached to the kranz-cell. The cotyledons and leaves have an
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amphistomatic structure, a predominance and a large number of stomata of the
hemiparacytic type in the epidermis of the cotyledons and a small number of stomata of
the paracytic type; In the epidermis of the leaf, a predominance and a large number of
stomata of the anomacytic type, a small number of stomata of the hemiparacytic type,
and the presence of multicellular confused and vesicular trichomes were established.It
has been established that halomorphic characters predominate in the cotyledon
mesophyll, and xeromorphic characters predominate in the leaf mesophyll. The
identified diagnostic and structural features indicate that this species is adapted to arid
conditions.

Key words: morphology, anatomy, cotyledon and leaf mesophyll, Salsola
sclerantha, Kyzylkum.

Kirish. Mavzuga oid adabiyotlar tahlili (Literature reviyew). So‘nggi yillargacha
Salsola turkumi, mavjud ma’lumotlarga ko‘ra, 120 dan 170 gacha turlarni o‘z ichiga olgan
bo‘lib, ularning katta gismi Evroosiyo va Afrikaning cho‘l hududlarida targalgan [1: 20; 2:
257; 3. 241-254]. Chenopodiaceae Vent. oilasiga mansub Salsola turkumi ayrim
turlarining qurg‘oqchil sharoitlarga moslashishi assimilyatsiyalovchi organlarida — barg
mezofillining markaziy gismlari turli xil tipda modifikatsiyalanganligi: skleromorf va
sukkulent barg mezofillarining ustunlik gilishi aniglangan [4: 67-74]. M.M. llin [2: 257]
tomonidan SSSR florasida Janubi-g‘arbiy Qizilqgum sharoitida o‘suvchi S. sclerantha turi
Aleuranthus 1lin seksiyasiga, keyinchalik esa V.P. Bochansev [1: 20] tomonidan
Cardiandra Aellin seksiyasiga kiritilgan. H. Akhani, G. Edwards, E.H. Roalson [5: 931-
956] tomonidan Salsola turkumiga mansub bir yillik S. sclenartha turi Caroxylon Thunb.
turkumiga mansub Caroxylon scleranthum (C.A. Mey.) Akhani & E.H. Roalson turi
sifatida keltirilgan. Ularning tadqgiqgot ishlari Caroxylon scleranthum (C.A. Mey.) Akhani
& E.H. Roalson turi barglarining tarkibiy miqgdoriy ko‘rsatkichlarini, uning ekologiyasi va
naslining evolyutsiyasini chuqur o‘rganishga garatilgan.

Kserofitlar o‘simliklarda barg epidermasining tuklanganligi, kutikulaning galinligi
va mumsimon goplama, tashqi hujayra devorining galinlashishi, hujayralarning maydaligi
va barg og‘izchalarining chuqur joylashganligi klassik belgilari hisoblanadi [6: 105-138;
7-65-87; 8-60-104]. Sukkulent kserofitlarning, shu jumladan, Chenopodiaceae oilasiga
mansub turlarining barg epidermasi ko‘pincha yirik hujayrali, galin yoki yupga devorli
kutikulaga ega bo‘lib, suvni saglash vazifasini bajaradi [9:1021-1030; 10:53-66]. A.A.
Butnik, G.M. Dushanova, D.M. Yusupova va boshgalar [11: 13-21] Markaziy Osiyoda
targalgan Chenopodiaceae Vent. oilasiga mansub turlarning barg mezofilli anatomik
tuzilishini o‘rganish asosida ularning cho‘llanish monitoringidagi rolini aniglagan. Salsola
turkumi ayrim turlarida Salsaloid tipli barg mezofilli aniglangan. Barg mezofillida bir
gator ustunsimon parenxima va krans-hujayralar halgasimon holatda joylashgan. Periferik
o‘tkazuvchi bog‘lam krans-hujayralariga qo‘shilib ketganligi aniglangan.

Yugqorida keltirilgan adabiyot manbalarining ma’lumotlari asosida Janubi-g‘arbiy
Qizilgum sharoitida targalgan S. sclerantha o‘simligi urug‘pallabargi va barglarining
anatomik tuzilishi gisman o‘rganilgan bo‘lib, bargning serial holda anatomik tuzilishini
o‘rganish mazkur tur uchun xos bo‘lgan diagnostik belgilarini aniglash tadgigotimizning
dolzarbligi va ilmiy yangiligini ko‘rsatadi.

Tadgigot obyekti Amaranthaceae oilasi Cardiandra Aellin seksiyasiga mansub bir
yillik o‘tsimon o‘simlik — S. sclerantha CAM. turi hisoblanadi.

Tadgiqotlar 2022-2023-yillarda Buxoro viloyati Janubi-g‘arbiy Qizilgum
hududida olib borildi va S. sclerantha gerbariy namunalari hamda fiksatsiya materiallari
cho‘lning sho‘rlangan qum-shag‘alli tuproglaridan terildi.

K.Sh. Tojibaev, N.Yu. Beshko, V.A. Popovlar [12: 1105-1132] tomonidan Janubi-
Gearbiy Qizilgum O°‘zbekistonning botanik-geografik rayonlashtirish sxemasida Turon
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provinsiyasi tarkibiga kiritilib Qizilqum okrugi (Qizilqgum va Qizilgum goldig tog‘lari
rayoni) va Buxoro okrugi (Quyi Zaravshon va Qarshi-Qarnabcho‘l rayoni) dan tashkil
topganligi bo‘yicha ma’lumotlar keltirilgan.

Tadgigot metodologiyasi. Tabiiy sharoitda targalgan Salsola sclerantha turi
assimilyatsiyalovchi organlarining morfologik va anatomik tuzilishini o‘rganish
umumgabul gilingan metodlar asosida amalga oshirildi. O‘simlik barg va
urug‘pallabargining morfologik tavsifi bilan bir vagtda o‘simlikning vegetativ
organlarining anatomik tuzilishini o‘rganish uchun 70 % etanol spirtiga fiksatsiya qilindi.
Barg va urug‘pallabarglarning epidermasi paradermal va ko‘ndalang kesiklar asosida
o‘rganildi. Asosiy poyadagi barglardan ko‘ndalang serial kesiklar (bargning uchki
gismidan asos gismigacha) asosida tayyorlandi. Kesiklar metilen ko‘ki bo‘yog‘i
yordamida bo‘yalib, glitserin  bilan  yopishtirildi  [13: 6-68]. O‘simlikning
assimilyatsiyalovchi organlaridagi to‘gima va hujayralar A.A. Butnik va boshqgalar [14:
42], barg og‘izchalarining tiplari M.A. Baranova [15: 179-188] larning uslublari bo‘yicha
tavsiflandi.

Natijalar va muhokama. S. sclerantha turi qum-shag‘alli tuproglarda o‘suvchi
o‘simlik bo‘lib, Janubi-g‘arbiy Qizilqumda targalgan. S. sclerantha assimilyatsiyalovchi
organlari morfologik jihatdan o‘rganilganda, urug‘pallabargi sklerofit, bandsiz,
chizigsimon, halgasimon, yarimdoirasimon bo‘lib, uzunligi 5 mm gacha, eni 1 mm gacha
bo‘lishi aniglandi.

S. sclerantha urug‘pallabargining paradermal kesigida epiderma hujayralari to‘g‘ri
chizigli, proyektsiyasi ko‘pgirralidir. 1 mm? epiderma hujayralarining soni 861,97+2,46 ni
tashkil etadi. Urug‘pallabarglari amfistomatik tuzilishga ega bo‘lib, yumalog-ovalsimon
shakldagi og‘izchaning uzunligi 24,58+0,25 mkm, eni 19,5+0,20 mkm bo‘lib, 1 mm?
og‘izchalarning soni 226,2+0,74 ni tashkil etib, ulardagi tutashuvchi hujayralari deyarli bir
xil uzunlikka egaligi aniglandi. Epidermada hujayrasida og‘izchalar chuqur joylashgan
bo‘lib, 7,06+0,068 mkm ni tashkil etib, urug‘pallabarg epidermasida gemiparatsit tipli
og‘izchasining ustunlik gilishi va ko‘p sonliligi (95 %), paratsit tipli og‘izchalarining kam
sonliligi (5 %) aniglandi (1 —rasm, a, jadval).

50 mkm
I-rasm. 8. sclerantha urug‘pallabarg epidermasi va mezofillining paradermal va ko*ndalang
kesiklarda anatomik tuzilishi: a— epiderma, barg og‘izchalari: anomatsit va gemiparatsit tipli barg
ogi‘izchalari: b-e — epiderma, barg og'izchalari. ustunsimon, g*amlovchi saglovchi hujayralar va o*tkazuvchi
bog*lam. Shartli belgilar: ABO — anomatsit tipli barg og'izchalari. BO - barg og’izchalari, GBO -~
gemiparatsit tipli barg og‘izchalari, G'H — g*amlovchi hujayra, HB — hujayralararo bo*shiq, O'B -
o‘tkazuvchi bog‘lam, E — epiderma.
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S. sclerantha turi urug*pallabarg mezofilli dorsiventral (Aksiroid) tipliligi aniglandi.
Urug‘pallabarg mezofillida ustunsimon, g‘ovaksimon hujayralar va o‘tkazuvchi bog‘lamlar
joylashgan bo‘lib, ustunsimon va g‘ovaksimon hujayralarida Cs-tipli fotosintez amalga oshishi
aniglandi. Dorsiventral (Aksiroid) tipli mezofillida urug‘pallabarg yarimdoirasimon tuzilishga
ega. Barg mezofillining markaziy gismida 1 ta asosiy, 5-6 ta yon o‘tkazuvchi bog‘lamlar
ustunsimon va g‘ovaksimon parenxima hujayralarining orasida joylashgan (1-rasm, b).

Epiderma hujayralari — bir gator yumalog-ovalsimon shakldagi hujayralarning
balandligi 12,2+0,13 mkm bo‘lib, bargga nisbatan yupga devorli kutikuladan (3,2+0,058
mkm) iborat. Ustunsimon parenxima 2-3 gator cho‘zinchoq shaklda, hujayralarning uzunligi
22,45+0,12 mkm, eni 10,27+0,07 mkm bo‘lib, epiderma va g‘ovaksimon hujayralarining
orasida joylashgan (1-rasm, b,d, jadval). G‘ovaksimon hujayralar yupga devorli, yumaloq,
ovalsimon, izodermik shakldagi hujayralarining diametri 18,23+0,23 mkm bo‘lib, 5-6 gator
hujayralar urug‘pallabargning markaziy gismini egallagan. Asosiy o‘tkazuvchi bog‘lamlar
yopiq kollateral tipli bo‘lib, floema va ksilemadan iborat bo‘lib, ksilemalarning asosiy
o‘tkazuvchi bog‘lamdagi soni 8-9 ta, uning diametri 3,370,037 mkm ni tashkil etadi.
O‘tkazuvchi bog‘lam nisbatan yog‘ochlashgan bo‘lib, ularda mexanik to‘gima — sklerenxima
yaxshi rivojlangan. Mazkur o‘tkazuvchi bog‘lamlar urug‘pallabarg mezofillidagi govaksimon
va ustunsimon hujayralar orasida joylashgan (1-rasm, jadval).

S. sclerantha barglari sklerofit, bandsiz, chizigsimon, halgasimon, yarimdoi-
rasimon bo‘lib, uzunligi 0,7-0,8 sm gacha, eni 1 mm gacha, galinligi 1-1,2 mm gacha,
asosidan barg uzunligining 1/3 gismigacha kengaygan, uzun 3-4 hujayrali chigalsimon va
pufaksimon tuklar bilan qoplangan va poyada navbatma-navbat joylashishi hamda
virginil davrining immatur bosqichida barglari poyada qurib, to‘kilib ketishi aniglandi.

S. sclerantha bargining paradermal kesigida epiderma hujayralari to‘g‘ri chizigli,
proektsiyasi ko‘pgirrali bo‘lib, uning balandligi 13,81+£0,13 mkm ni tashkil etadi.
Epiderma hujayralarida ko‘p sonli ko‘p hujayrali chigalsimon va pufaksimon trixomalar
mavjud bo‘lib, trixomalarning uzunligi 733,12+0,651 mkm ga to‘g‘ri keldi hamda
mazkur trixomalar qurg‘oqchil sharoitda o‘simlik barglarida suvni kam bug‘latish va

himoya vazifasini pajar‘a.di (2—‘ras/ml"b).

§7) A1

a 50 mkm T b T 50 mkm

2— rasm. Salsola sclerantha turi barg epidermasining paradermal kesikda anatomik tuzilishi: a
— epiderma, barg og‘izchalari, ko‘p hujayrali chigalsimon trixomalar va trixomalarning asos gismi; b
— barg epidermasida anomatsit va gemiparatsit tipli barg og‘izchalar. Shartli belgilar: ABO —
anomatsit tipli barg og‘izchalari, BO — barg og‘izchalari, GBO — gemiparatsit tipli barg og‘izchalari,
E — epiderma, CHT — chiaalsimon trixomalar, TA — trixomalarnina asos aismi.

S. sclerantha barglari amfistomatik tuzilishga ega. Barg og‘izchalari yumalog-
ovalsimon shakldagi hujayralarning uzunligi 18,74+0,15 mkm, eni 15,72+0,10 mkm ni
tashkil etdi va og‘izchalarning tutashuvchi hujayralari bargning har ikkala tomonida ham
deyarli bir xil uzunlikka egaligi aniglandi. Anomatsit va gemiparatsit tipli barg og‘izchalar
epidermada chuqur joylashgan bo‘lib, barg epidermasida anomatsit tipli barg
og‘izchalsining ustunlik gilishi va ko‘p sonliligi — 92,3 %, gemiparatsit tipli — 8,7 % barg
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og‘izchalarining kam sonliligi aniglandi (2 — rasm, jadval).

S. sclerantha turi barg mezofillining anatomik tuzilishini o‘rganish bargdan ko‘ndalang
serial kesiklar tayyorlash orgali amalga oshirildi va 2 xil tipli barg mezofilli aniglandi. Barg
mezofillining asos gismidan o‘rta gismigacha krans-ventro-dorsal tipli barg mezofilli,
bargning uchki gismidan o‘rta gismigacha krans-sentrik (Salsoloid) tipli barg mezofilli
aniglandi. Mazkur aniglangan barg mezofillarida ustunsimon va krans hujayralarida Cs—tipli
fotosintez amalga oshishi aniglandi.

Krans-ventro-dorsal tipli barg mezofilli bargning ostki (abaksial) tomonidan bir gator
ustunsimon, krans hujayralar va periferik o‘tkazuvchi bog‘lamlar, bargning ustki (adaksial)
gismida suv salovchi hujayralar va 3 ta asosiy o‘tkazuvchi bog‘lamlar joylashgan (3-rasm, a:
1-2). Krans-sentrik (Salsoloid) tipli barg mezofillida barg halgasimon tuzilishga ega bo‘lib,
bargning markaziy gismida 1 ta asosiy o‘tkazuvchi bog‘lam va suv saglovchi parenxima
hujayralari joylashgan (3-rasm, a: 3-5). Shuningdek, krans-sentrik (Salsoloid) tipli barg
mezofillida yon (periferik) o‘tkazuvchi bog‘lamlar suv saglovchi to‘gimaning perimetrida
joylashib, krans-hujayraga tegib turadi, undan keyin bir qator ustunsimon parenxima
joylashgan. Epiderma hujayrasining balandligi 13,81+0,13 mkm bo‘lib, bir gator joylashgan
va yupga devorli kutikula 4,64+0,047 mkm dan iborat (3-rasm, 1-3, jadval).

Adaksial epiderma hujayralari abaksial epiderma hujayralariga nisbatan yirikrogdir.
Adaksial va abaksial epiderma hujayralari orasida ustunsimon, krans, suv saglovchi hujayralar
va o‘tkazuvchi bog‘lamlar joylashgan. Ustunsimon parenxima hujayralari nisbatan xlorofill
donachalariga ega bo‘lib, ularning orasida hujayralararo bo‘shliglar mavjud. Ustunsimon
parenxima 1 gator cho‘zinchoq shakldagi hujayralarning uzunligi 21,94+0,13 mkm ni, eni
3,21+0,05 mkm ni, indeks palisadi — 6,83 mkm ni tashkil gildi. Ustunsimon parenxima
hujayralari adaksial epiderma va krans hujayralarining orasida joylashgan (3-rasm, jadval).
Krans-hujayralar kubsimon shakldagi hujayralardan iborat bo‘lib, diametri 13,63+0,15 mkm
ni tashkil qildi. Krans-hujayralarida ustunsimon hujayralarga nisbatan xlorofill donachalari
ko‘pligi aniglandi.

[T

e 50 mkm

sy ko' mdal Aesild i ilishi: a — hal
shi: b — barg mezofillining dctali:
ustunsimon hujayralar va krans hujayralar, g — kristallar,
suv saqlovchi hujayra va o'tkazuvchi bog'lam. Shartli belgilar: BO — barg og"izchalari, HB — hujayralararo
bo*shliq. KH — krans hujayralar, Kr — krisstallar, Ks — ksilema. E — cpiderma, PO*B — periferik o' tkazuvchi bog*lam,
PT — pufaksimon trixoma SH — suv saglovchi hujayra, ChT — chigalsimon trixoma, UH — ustunsimon hujayralar. F —
floema.
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1-jadval
Salsola sclerantha turi assimilyatsiyalovchi organlarining migdoriy ke‘rsatkichlari (n=30)
Assimilyatsiyalovchi organlar
Ko‘rsatkichlar yably g
Urug‘pallabarg Barg
Mezofill galinligi, mxm 259,68+0,48 534,65+1,35
Epiderma, mkm:
balandligi 12,240,138 13,81+0,13
tashqi devor qalinligi 3,240,058 4,64 £0,047
epiderma soni, 1 mm? 861,97+2,46 911,24+2,27
Barg og‘izchalari, mkm:
uzunligi 24,58+0,25 19,5+0,20 18,74+0,15
eni 221,79+1,31 15,7240,10
barg og‘izchalari soni 7,06+0,07 299,69+2,07
barg og‘izchalari chuqur joylashganligi - 5,54+0,04
anomatsit tip 95 % 92,3 %
gemiparatsit tip 5% 8,7%
paratsit tip -
Trixomaning uzunligi, mkm - 733,12+0,651
Ustunsimon balandligi 22,45+0,11 21,9440,135
parenxima,
mkm: eni 10,27+0,07 3,21+0,05
indeks palisadi 2,18 6,83
Suv saqglovchi |qalinligi - 334,1£1,014
hujayralar, - giametr . 29,62+ 0,26
mkm:
gatorlar soni - 6-7
barg mezofillidagi % - 62
G¢ovaksimon | qalinligi 161,2+1,24 -
hujayralar, _
mkm: diametr 18,23+0,23 -
galinligi 5-6 -
urug‘pallabarg 62% -
mezofillidagi %
Krans hujayralar diametri, mkm - 13,63+0,05
O‘tkazuvchi asosiy va yon 1 (5-6) 1
bog‘lamlar o‘tkazuvchi bog‘lamlar
periferik o‘tkazuvchi - 19-20
bog‘lamlar
O‘tkazuvchi bog‘lamda 8-9 8-9
ksilemalarning soni
Ksilemalar diametri, mkm 3,37+ 0,037 4,25+0,035

Bargdagi asosiy o‘tkazuvchi bog‘lamlar yopiq kollateral tipli bo‘lib, floema va
ksilemadan iborat. Asosiy o‘tkazuvchi bog‘lamda 8-9 ta ksilema bo‘lib, diametri
4,254+0,035 mkm ga to‘g‘ri keldi. O‘tkazuvchi bog‘lam nisbatan yog‘ochlashgan bo‘lib,
mexanik to‘gima — sklerenxima yaxshi rivojlangan. Mazkur o‘tkazuvchi bog‘lamlar barg
mezofillidagi suv saglovchi hujayralar orasida joylashganligi aniglandi (3-rasm).
Shuningdek, 19-20 ta yon (periferik) o‘tkazuvchi bog‘lamlar krans-hujayraga tutashgan
bo‘lib, krans va suv saglovchi hujayralarning orasida joylashgan. Suv saglovchi hujayralar
yupga devorli, yumaloq, ovalsimon, izodermik shakldagi hujayralarning diametri
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29,62+0,26 mkm. Barg mezofillida suv saglovchi hujayralar 6-7 gator joylashgan,
ularning galinligi 334,1+1,014 mkm bo‘lib, 62 % ni tashkil giladi va barg mezofillining
asosiy gismini egallagan. Shuningdek, barg mezofillining periferik gqismidagi suv
saglovchi hujayralarida ko‘p sonli kristallarning mavjudligi aniglandi.

Salsola sclerantha turi assimilyatsiyalovchi organlari anatomik belgilarining
miqdoriy Ko‘rsatkichlari solishtirma biometrik tahlili asosida quyidagi anatomik
xususiyatlar aniglandi. Urug‘pallabarg mezofillida epiderma hujayralarining mayda va
kop sonliligi, gemiparatsit va paratsit tipli og‘izchalarning ko‘p sonliligi; urug‘pallabarg
mezofillining yupqaligi; g‘ovaksimon hujayralarning kichik va ko‘p sonliligi; ustunsimon
hujayralarning vyirikligi; kollateral tipli yon o‘tkazuvchi bog‘lamlarning kam sonliligi
aniglandi. Mazkur aniglangan anatomik belgilar urug‘pallabarg mezofillida galomorf
belgilarning ustunlik gilishi bilan izohlanadi.

Barg mezofillida epiderma hujayralarining yirik va kam sonliligi; anomatsit va
gemiparatsit tipli barg og‘izchalarining ko‘p sonliligi; barg mezofillining sukkulentligi;
suv saglovchi hujayralarning mayda va ko‘p sonliligi; ustunsimon hujayralarning
maydaligi va indeksining yuqoriligi; kollateral tipli periferik o‘tkazuvchi bog‘lamlarning
ko‘p sonliligi va ksilema hujayralarining kichik diametrliligi aniglandi. Mazkur
aniglangan anatomik belgilar barg mezofillida kseromorf belgilarning ustunlik gilishi
bilan izohlanadi.

Xulosa va takliflar. Xulosa qilib aytganda, Janubi-g‘arbiy Qizilgum sharoitida
targalgan Salsola sclerantha o‘simliklarining assimilyatsiyalovchi organlarining anatomik
tuzilishi o‘rganish asosida diagnostik strukturaviy adaptiv belgilar aniglandi. Salsola
sclerantha turi urug‘pallabarg mezofillining dorsiventral (Aksiroid) tipli, barg mezofillida
esa krans-sentrik (Salsoloid) va krans-ventro-dorsal tipli mezofillarning mavjudligi,
epiderma hujayra devorining to‘gri chizigliligi va ko‘p girraliligi, barg epidermasida
oddiy, ko‘p hujayrali chigalsimon va pufaksimon trixomalarning mavjudligi va ko‘p
sonliligi, urug‘pallabarg va barg mezofillining amfistomatik tipliligi, urug‘pallabarg
epidermasida gemiparatsit va paratsit tipli urug‘pallabarg og‘izchalari, bargda esa
anomatsit va gemiparatsit tipli barg og‘izchalarning mavjudligi, urug‘pallabarg va barg
mezofillida o‘tkazuvchi bog‘lamning yopiq kollateral tipliligi, barg mezofillining suv
saglovchi hujayralarida ko‘p sonli kristallarning mavjudligi aniglandi. Salsola sclerantha
o‘simligi urug‘pallabarg mezofillida galomorf belgilarning ustunlik qilishi, barg
mezofillida esa kseromorf belgilarning ustunlik gilishi aniglanib, Janubi-g‘arbiy Qizilqum
sharoitiga yaxshi moslashganligidan dalolat beradi.
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Annotatsiya. Maqgolada Oqg Ostona suv havzasida uchrovchi xara o‘simligi
nematodalari haqida ma’lumot berilgan. Aniglangan nematodalar 6 ta turkumga va 18 turga
mansubligi gayd etildi. Turkumlar orasida turlar soni bo‘yicha Dorylaimida va Rhabditida
turkumi vakillari hamda ekologik guruhlar bo‘yicha pararizobiontlarning ko‘p sonda uchrashi
aniglandi.

Suv havzalaridagi qirg‘oq bo‘yi suv o‘tlari, suvda organik moddalar hosil qilishda,
fotosintez natijasida suv o‘tlari chiqaradigan kislorod suvdagi organik mahsulotlarning
oksidlanishini va oxirgi mineralizatsiyasini kuchaytirishda, tibbiyotda shifobaxsh balchiq
paydo bo‘lishida, loyli vannalarda turli xil, asosan, surunkali kasalliklarni davolashdagi
ahamiyati va suv o‘tlari tuprogni samarali va juda tez boyitib, uning madaniy o‘simliklarning
o‘sishi va to‘g‘ri rivojlanishi uchun imkoniyat yaratadigan sapropel muhit hosil qilishidagi
ahamiyati haqida ma’lumot berilgan. Bundan tashqari, suv omborlardagi qirg‘oq bo‘yi
o‘simliklarini parazit nematodalardan himoya qilish bo‘yicha tavsiyalar ishlab chigilgan.

Kalit so‘zlar: nematoda, suv ombori, sistematik tahlil, dominant, subdominant,
ekologik guruhlar.

HEMATO/IHASI ®AYHA BOJIBACCEHHA AKbI ACTAHUHCKOI'O
BEPET'A KAPUHCKOI'O 3ABOJA

AHHOTanusi. B craThe mpuBelCHBI CBEICHHS O HEMAaTOAax pacTeHHs Xara,
OOHapyXeHHbIX B Bogoxpanunuile Ak-ActaHa. OTMEUEHO, YTO BBISBICHHBIE HEMATOJIbI
OTHOCSITCS K 6 orpsiaam u 18 Bumam. Cpean rpymmn mo 4uciy BHIOB B OOJBIIOM KOJIUYECTBE
BCTpeueHbl mpeactaButenu cemeiicts Dorylaimida u Rhabditi u mapapu3o0uoHTBI 11O
HKOJIOTUIECKUM TPYIIIaM.

B crathe gaHa WH(OpPMAIMS W PACCMATPUBACTCS POJIb KUCIOPOAa B OOpa3oBaHHU
OpPraHWYeCKUX BEHIECTB B BOjae. KuCIOpoa, BBIAEISEMBIA BOJOPOCISAIMH B PE3yJIbTaTe
(boTocuHTE3a, MPUBOINT K YCHUIICHUIO OKHMCIICHHS W KOHEYHON MHUHEPATU3AINU OPTaHUYECKIX
NPOIYKTOB B BOJE, K OOPa30BaHUIO JIEYCOHBIX TPSI3CH NPUMEHSIEMBIX B MEIUIMHE IS
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JICYCHUs1 pa3IUYHBIX, B OCHOBHOM XpOHHYECKHX, 3a0oneBanuii. Kpome Ttoro, Bomopociu
3(PEeKTUBHO M OYEHH OBICTPO 00OTANIAIOT IMOYBY, OOECIIEUMBAs €€ CaNpoOIeNIeBYI0 Cpeny,
KOTOpasi J1aeT BO3MOXHOCTb JUIsl pOCTa W NPAaBUIIBHOTO Pa3BUTHUS KYJbTYPHBIX pPacTEHUU.
Taxxe pa3pabOoTaHbl PEKOMEHIAIMHM 110 3allUTe MPHOPEKHBIX PACTEHUH BOJIOEMOB OT
Mapa3suTHIECKUX HEMATO/I.

KiaroueBble cjoBa: HemMaTojga, BOJOXPAHWIWINE, CHCTEMAaTHYECKHHA aHaJM3,
JIOMHUHAHT, CyOJTOMHHAHT, 3KOJIOTUIECKHE TPYIIITHI.

Kirish. Nematodalar suv havzalarida uchrovchi mikrosuvo‘tlar, bakteriyalar va
detritlar iste’molchisi sifatida hamda suvni filtrlash jarayonida ham o‘z o‘rniga ega. Bundan
tashgari makrobentos komponentlari uchun muhim ozuga sifatida, suvning ifloslanish
darajasini ko‘rsatuvchi indikator sifatida foydalanish va suv havzalarining unumdorligini
oshirishda muhim ahamiyatga ega.

Keyingi vagtlarda fitogelmintologik tadgiqot usullari yordamida erkin yashovchi va
fitoparazit nematodalarning morfo-anatomik belgilari bo‘yicha klassifikatsiyasini, turlarning
aniq taksonomik o‘rnini, populyatsion tuzilishi va funksiyasini aniqlash hamda parazit turlarga
qarshi kurashga e’tibor garatilmoqda.

Surxondaryo viloyatida 2010-2022-yillarda Uchgizil va Janubiy-Surxon suv omborida
ilk bor tadgiqot ishlari olib borilib, 119 turdagi erkin yashovchi va fitoparazit nematodalar suv
omborlar tuproqlarida, xara, toron suv o‘simliklari, qirg‘oq bo‘yi qamish va qo‘g‘a
o‘simliklarida aniglangan bo‘lib, ular 3 kenja sinf, 9 turkum, 18 kenja turkum, 10 katta oila,
42 oila, 41 kenja oila va 64 avlodga mansubdir [7;8].

Xorijiy olimlar tomonidan suv havzalarida uchraydigan nematodalarning faunasi,
tizimli tarkibi, sistematik va morfoanatomik tuzilishi, ularning populyatsiyasiga abiotik va
biotik omillarning ta’siri va o‘zaro munosabatlari yuzasidan ko‘plab ilmiy-tadgiqgot ishlari olib
borilgan [1;2;3;4].

Surxondaryo viloyati sharoitida suv omborlarda erkin yashovchi va fitoparazit
nematodalar turlarining tarkibini aniglash, fitonematodalar faunasini sistematik va ekologik
tahlil gilish muhim ilmiy-amaliy ahamiyatga ega.

Material va metodika. Tadgiqgot ishlari Ogq Ostona suv havzasida 2022—-2023- yillarda
25-apreldan 25-sentabrgacha o‘tkazildi. Suv omborlardan namunalar yig‘ish gorizontal
ravishda, ularning maydoniga garab har 100 m da olindi.

To‘plangan namunalar Termiz davlat universiteti Zoologiya kafedrasi qoshidagi
fitogelmintologiya muammoli laboratoriyasiga olib kelindi va fitogelmintologiya usullar
orgali ajratib olinib, eritmalar orgali ishlov beriladi. Eritmalar nematodalarning uzoq yillar
davomida saglanishiga, uning tarkibidagi glitserin esa nematodaning kutikuladan
tozalanishiga yordam beradi [5]. Doimiy preparatlar tayyorlashda Saynxorst [12] uslubidan
foydalanildi.

Turni aniglash uchun Micoletzky [10] tomonidan modifikatsiya gilingan de Man [9]
formulasining morfometrik ko‘rsatkichlaridan foydalanildi.

Tadkikot natijalari. Faunistik tadgiqotlar natijasiga ko‘ra xara (Chara fragilis)
o‘simligidan 18 turga mansub 336 ta individ aniqlandi.

Tadgigotlar davomida xara (Ch. fragilis) o‘simligida aniqlangan nematodalarning
ustunlik darajasini foiz holati bo‘yicha aniqlashda Krogerus [5] klassifikatsiyasidan
foydalanib, to‘rt guruhga ajratildi: Oq Ostona suv havzasi xara o‘simligida uchrovchi
dominant nematodalar — 6 ta turni (Mesodorylaimus bastiani, Paradorylaimus filiformis,
Proteroplectus tenuis, Panagrolaimus rigidus, Diplogaster rivalis), subdominantlar — 6 turni
(Tobrilus  gracilis, T. medius, Laimydorus agilis, Aporselaimellus obtusicaudatus,
Acrobeloides buetschlii, Monhystera africana), retsedentlar — 5 ta turni (Tobrilus pellucidus,
Laimydorus pseudostagnalis, Panagrolaimus rigidus, Mesorhabditis  szunyoghyi,
Eusephalobus mucronatus), subretsedentlar — 1 ta turni (Achromadora terricola) tashkil
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giladi.

Xara o‘simligida aniglangan nematodalar 6 ta turkumga mansub bo‘lib, ular orasida
turlar soni bo‘yicha Dorylaimida turkumi (5 tur) jami aniqlangan turlarning 27,8% ini va
Rhabditida turkumi vakillari (5; 27,8%) yetakchi o‘rinlarni egalladilar. Keyingi o‘rinlarda
Enoplida (3; 16,7%), Araeolaimida (3;16,7%) turkumlari gayd etildi. Chromadorida (1; 5,5%)
va Monhysterida (1; 5,5%) turkumlari vakillari kam sonda uchradi.

Individlar soni bo‘yicha yetakchi o‘rinni Rhabditida turkumi vakillari egallab, umumiy
aniqlangan individlarning 37,5% ini tashkil etdi. Keyingi o‘rinlarda Dorylaimida turkumi
(25,8%), Araeolaimida turkumi (24,1%) va Enoplida turkumlari (8,9%) qayd etildi.
Chromadorida (0,8%) va Monhysterida (2,9%) turkumlari vakillari kam sonda uchradi.

Xara o‘simligida aniqlangan nematodalar oilalar bo‘yicha quyidagicha taqsimlandi:
Tobrilidae oilasi (3 tur) jami aniglangan turlarning 16,5% ini, Dorylaimidae (3; 16,5%),
Rhabditidae (3; 16,5%), Plectidae (2; 11,1%), Cephalobidae (2; 11,1%), Aporcelaimidae (1;
5,5%), Paradoryaimidae (1; 5,5%), Cyatholaimidae (1; 5,5%), Monhysteridae (1; 5,5%),
Rabdolaimidae (1; 5,5%), Panagrolaimidae (1; 5,5%).

Xara o‘simligida aniglangan nematodalar 6 ta turkumga mansub bo‘lib, ular
quyidagilardan iborat (1-rasm).

Enoplida
Rhabditida 30(8,9%)

125(37,5%) Dorylaimida

87 (25,8%)

Chromadorida
3(0,8%)
Araeolaimida Monhystﬁrida
81 (24,1%) 102.9%)

1-rasm. Anigqlangan nematoda individlarining turkumlar bo‘yicha taqsimlanishi (individlar soni va ularning
% ko‘rsatkichi).

Enoplida turkumi 1 ta kenja turkum - Tripyloidina; 1 ta oila - Tobrilidae; 1 ta kenja
oila - Tobrilinae; 1 ta avlod - Tobrilus; va 3 turni (aniglangan turlar sonining 16,7%) va jami
30 ta (jami aniglangan nematodalar sonining 8,9%) nematodadan iborat.

Dorylaimida turkumi 1 ta kenja turkum-Dorylaimina; 1 ta katta oila- Dorylaimoidea; 3
ta oila- Dorylaimidae, Aporcelaimidae, Paradorylaimidae; 4 ta kenja oila: Aporcelaiminae,
Paradorylaiminae, Laimydorinae, Mesodorylaiminae; 4 ta avlod: Laimydorus, Mesodorylai-
mus, Aporcelaimellus, Paradorylaimus va 5 turdan (27,8%) iborat. Jami 87 ta (25,8%)
nematodani oz ichiga oladi.

Chromadorida turkumi 1 ta kenja turkum - Chromadorina; 1 ta katta oila -
Syatholamoidea; 1 ta oila- Syatholamidae; 1 ta kenja oila: Cyatholaminae; 1 ta avlod:
Achromadora va 1 ta turdan (5,5%) iborat. Jami 3 Tta (0,8%) nematodadan iborat.

Monhysterida turkumi 1 ta kenja turkum - Monhysterina; 1 ta oila-Monhysteridae; 1 ta
kenja oila- Monhysterinae; 1 ta avlod- Monhystera va 1 ta turdan (5,5%) tashkil topgan. Jami
10 ta (2,9%) individdan iborat.

Araeolaimida turkumi 1 ta kenja turkum - Araeolaimina; 2 ta oila- Rabdolaimidae,
Plectidae; 2 ta kenja oila - Rabdolaiminae, Plectinae; 2 ta avlod- Rabdolaimus, Plectus va 3
turni (umumiy turlar sonining 16,7%) va jami 81 ta (umumiy aniglangan nematodalarning
24,1%) nusxadan iborat.

Rhabditida turkumi 2 ta kenja turkum- Rhabditina, Cephalobina; 2 ta katta oila -
Panagrolaimoidea, Cephaloboidea; 3 ta oila - Rhabditidae, Panagrolaimidae, Sephalobidae; 4
ta kenja oila- Mesorhabditinae, Panagrolaiminae, Cephalobinae, Acrobelinae; 5 ta avlod-
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Mesorhabditis, Panagrolaimus, Diplogaster, Eucephalobus, Acrobeloides; 5 ta turdan
(27,8%) iborat. Jami 125 ta (37,5%) individ aniglandi.

Xara  o‘simligida aniglangan nematodalar ~A.A.Paramonovning ekologik
klassifikatsiyasi bo‘yicha 3 ta ekologik guruhga mansub bo‘lib, pararizobiontlar — 13 turni
(umumiy aniglangan turlar sonining 72,3%), 211 ta individ (umumiy aniglangan nematodlar
sonining 62,9%); eusaprobiontlar — 2 tur (11,1%), 57 ta individ (16,9%); devisaprobiontlar — 3
turni (16,6%), 68 ta individlarni (20,2%); o‘z ichiga oladi (2-rasm).

13 (72,3 %)

211(62.9%)
I 57 (16,9%) 3 (16,6%)  OF 202%)
’ 1 2 (11,1%) | | |

Pararizobiontlar Eusaprobiontlar Devisaprobiontlar
i Turtar soni | Individlar soni

2-rasm. Aniqlangan nematoda turlarining ekologik guruhlar bo‘yicha tagsimlanishi
(turlar va individlar soni va ularning % ko‘rsatkichi).

Pararizobiontlar guruhi quyidagi turkumlarni: Enoplida, Dorylaimida, Chromadorida,
Monhysterida, Araeolaimida va oilalarni Tobrilidae (3 ta tur; jami aniglangan turlarning
16,5%), Dorylaimidae (3; 16,5%), Aporcelaimidae (1; 5,5%), Paradorylaimidae (1; 5,5%),
Cyatholaimidae (1; 5,5%), Monhysteridae (1; 5,5%), Rhabdolaimidae (1; 5,5%), Plestidae (2;
11,1%) oz ichiga oladi.

Aniglangan P. cirratus, P. filiformis, M. bastiani, R. terrestris turlari ko‘p sonda va
P.tenuis, A. terricola, M. africana turlarining esa kam sonda uchrashi gayd etildi.

Devisaprobiontlar guruhi Rhabditida turkumiga mansub 3 turni o‘z ichiga oladi. Ular
Panagrolaimidae (1; 5,5%), Cephalobidae (2; 11,1%) oilalariga mansubdir. P. rigidus turining
ko‘p sonda va E.mucronatus turining esa kam sonda uchrashi aniglandi.

Eusaprobiontlar guruhi Rhabditida turkumiga oid 2 ta turni o‘z ichiga olib, umumiy
aniglangan turlar sonining 11,1 % ini tashkil etdi. Ular Panagrolaimidae (1 tur), Rhabditidae
(1 tur) oilalariga mansubdir. Ushbu guruhdagi D. rivalis turi ko‘p sonda uchragan bo‘lsa, M.
szunyoghyi turining esa kam sonda uchrashi gayd etildi.

Xulosa. Suv omborlaridagi girg‘oq bo‘yi suv o‘tlari suvda organik moddalar hosil
gilishda, fotosintez natijasida suv o‘tlari chiqaradigan kislorod suvdagi organik
mahsulotlarning oksidlanishini va oxirgi mineralizatsiyasini kuchaytirishda, tibbiyotda
shifobaxsh balchiq paydo bo‘lishida, loyli vannalarda turli xil, asosan, surunkali kasalliklar:
revmatizm, podagra, asab tizimining ayrim kasalliklari va boshqalarni davolashda, o‘g‘it
sifatida, atmosfera hisobiga tuprogni azot bilan boyitishda, suv hayvonlari uchun oziq sifatida
hamda suv o‘tlari tuprogni samarali va juda tez boyitib, uning madaniy o‘simliklarning o‘sishi
va to‘g‘ri rivojlanishi uchun imkoniyat yaratadigan sapropel muhit hosil qilishi
ahamiyatlidir.Sapropelning ta’sir doirasi juda keng bo‘lib, ekologik xavfsiz universal o‘g‘it
sifatida tayyor holda tavsiya gilinadi.

Fitoparazit nematodalarning qishloq xo‘jalik ekinlarining sifat va miqdoriy
xususiyatlariga bilvosita ijobiy ta’siri haqida dalillar mavjud. Masalan, Paratylenchus avlodi
vakillarining 0z sonda uchrashi natijasida o‘sishi va hosildorlikni yaxshilanishi isbotlangan.
Aytish lozimki, gishloq xofjalik ekinlarini doimo muayyan bir maydonlarda yetishtirish,
fitogelmintlarning shu ekinzorlarda populyatsiya zichligining ortishiga va o‘choglarining hosil
bo‘lishiga olib keladi.
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ISHLAB CHIOARISHGA TAVSIYALAR

1. Suv omborining qirg‘oq bo‘yi zonasini haddan tashqari ifloslanishiga yo‘l
qo‘ymaslik kerak.

2. Suv ombor qirg‘oglarining eroziyasini oldini olish uchun qirg‘oq bo‘yi (qamish)
o‘simliklar maydonini kengavtirish lozim.

3. Suv omborlarda fitogelmintologik kuzatuv ishlarini olib borish bilan birga suv
omborlaridan foydalanish boshaarmasi xodimlariga malakali fitogelmintologlar ishtirokida
seminar-treninglar tashkil etish zarur.

4. Sohil o‘simliklarini ekish jarayoni mexanizatsiyalashtirilishi oraali suv
omborlarning qirg‘og bo‘yvi o‘simliklari (gamish) ko‘p jovlardan, ildizpovali tuprog
ekskavator yordamida olinib, oldindan chuqurligi 0,5 m gacha bo‘lgan handaklar yotaiziladi
va buldozer bilan tekislanishi kerak. Shu vo‘l bilan gisqa vaqt davomida qirg‘oq bo‘vyi
o‘simliklarini egallagan maydonini kengavtirish imkonini beradi. Bunda ularning parazit
nematodalar bilan zararlanish darajasi kamayadi.

5. Suv o‘tlarining biomassasini oshirishda organik o‘g‘itlar (masalan, go‘ng) bilan
mineral (superfosfat) o‘g‘itlar birgalikda ishlatilsa yaxshi natija beradi.

6. Organik va mineral o‘g‘itlar aralashmasini suv omborlarning butun tubiga emas,
balki sohil hududlarida qo‘llash magsadga muvofiq.

7. Ofsimliklarni ektoparazit nematodalardan himovya ailishning fizik-mexanik
usullariga ekish materiallarini termal dezinfeksiva qilish, begona o‘tlarni yo‘q qilish va keng
mavydonli verlarni quyosh nurida gizdirish eng magbul hisoblanadi. So‘nggi paytlarda tuprogni
gizdirish usuliga alohida e’tibor qaratilib, bunda shudgor pavtida quyosh nuri uzoa vaat
tuprogning vugori gorizontida aylanadi va ta’sir giladi. Bu usul iglimi issiq bo‘lgan hududlar
uchun aabul ailingan.

Qirg‘oq bo‘yi o‘simliklari katta igtisodiy ahamivyatga ega bo‘lib, bioxilma-xillikni
saglashda, baliglarning vashash makoni sifatida hamda ko‘payib tuxum qo‘yishida
ahamivatlidir. Shu sababli, ularni parazit nematodalardan himoya gilish muhim amaliy
ahamiyatga ega.
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Annotatsiya. Keyingi paytlarda ektoparazit bo‘g‘imoyoqlilar keltirib chigaradigan
mallofagoz, dermanissioz kabi kasalliklar tovuqglar va boshqa uy parrandalari orasida ko‘p
uchramoqda. Bular orasida tovuq qizil kanasi keng tarqalgan bo‘lib, bu kana bilan tovuglar
zararlanganda, ularning tuxum gilishi, tirik vaznining ortishi kamayib ketadi, ayrim jo‘jalari
nobud bo‘ladi. Ushbu magolada Qashgadaryo viloyati sharoitida ilk bor tovuq gizil kanasini
tarqalishi va morfobiologik xususiyatlari haqida ma’lumotlar beriladi. Tadgiqotlar 2022—
2023-yillarda bahor va kuz mavsumlarida Qashgadaryo viloyati, Qarshi tumani Potron,
Qovchin va Chorogil gishloglarida 14 ta tovuglar bogiladigan xo‘jaliklarda olib borilgan.
Akarologik tekshiruv o‘tkazilgan 327 ta tovuqdan 260 tasi (79,51 %) Dermanissus gallinae
kanasi bilan zararlanganligi aniglangan. Tadgiqotlar davomida 871 dona D.gallinae kanalari
yig‘ib olindi. Olingan namunalar laboratoriya sharoitida umumgabul gilingan metodlar
asosida o‘rganilib, parazit tur aniglangan. Tovuq gizil kanasi D.gallinae morfobiologik
tuzilishi (10x4,5:HC3 (HDCE-X5N trinokulyar mikroskopda) o‘rganilgan va rasmi olingan.
Tovuq qgizil kanasi D. gallinae rivojlanishining tuxum, lichinka, protonimfa, deytonimfa va
imago stadiyalari o‘rganilgan.

Kalit so‘zlar: tovuglar, ektoparazit, dermanissioz, Dermanysus gallinae,
morfobiologiya, metamorfoz, lichinka, protonimfa, deytonimfa, imago.

The morphobiological characteristics of the chicken red mite Dermanysus gallinae (Redi,
1674) in the conditions of Qashqgadaryo region

Annotation. In the near future, diseases such as mallophagosis, which can cause
ectoparasites to appear, and dermatitis, are widespread among poultry and other domestic
animals. Among these, poultry mites are a common problem, causing a wide range of issues.
When poultry become infested with these mites, their egg production decreases, their weight
gain is reduced, and some birds may become unhealthy. This article provides information
about the first occurrence of poultry mites and their morphobiological characteristics in the
Qashaadaryo region. Research conducted in the spring and autumn seasons of 2022-2023 in
the villages of Potron, Qovchin, and Chorogil in Qarshi district, Qashagadaryo region, focused
on poultry farms where 14 flocks of poultry are raised. Acarological examination was carried
out on 327 chickens, revealing that 260 (79.51%) were infested with Dermanissus gallinae
mites. During the research, a total of 871 specimens of Dermanissus gallinae were collected.
Samples were collected and examined in accordance with accepted laboratory methods,
leading to the identification of the parasite species. The morphobiological structure of the
poultry mite Dermanysus gallinae was studied and photographed at 10x magnification under
an HDCE-X5N trinocular microscope. The developmental stages of the poultry mite D.
gallinae, includina eaa, larva, protonymph, deutonymph, and adult stages, were identified.

Key words: Poultry, ectoparasite, dermatitis, Dermanysus gallinae, morphobiology,
metamorphosis, larva, protonymph, deutonymph, imago.

Kirish. Dunyoda Gamazoid (Gamazina) kanalarining 20 ta oila, 300 dan ortiq avliodga
tegishli 5000 dan ortiq turi targalgan, shundan Dermanyssidae oilasiga tegishli 26 ta tur
uchraydi [3, 8]. Bular ichida tovuq gizil kanasi Dermanysus gallinae keng tarqalgan bo‘lib,
O‘zbekistonda ham parrandachilik binolari, tovugxonalarda, qushlar inlari va uyalarida
yashab, yovvoyi qushlar va uy parrandalarida parazitlik giladi.

172


mailto:g.bobonazarov@qarshidu.uz
mailto:n.omonova@qarshidu.uz

QarDU xabarlari BIOLOGIYA 2024 (2) 2

D. gallinae kanalari parrandachilikka juda katta zarar yetkazadi. Parrandalar parvarish
gilinadigan binolar va parrandachilik ishlab chiqgarishiga parrandalar ektoparazitlari
keltiriladigan iqgtisodiy zarar, xususan, Yevropa Ittifogi davlatlari tuxum ishlab chigarish
sanoatiga bir yilda 130 miIn yevroda baholanadi [9, 10].

Xususan, tovuq gizil kanasi tovuglarda doimiy anemiyani chaqirib, ularning tirik vazni
va tuxum qilishini kamaytirib yuboradi. Kanalar hujumidan, asosan, jo‘jalar katta aziyat
chekadi. Ular o‘sishdan qolib, ayrimlari nobud bo‘ladi. Kanalar odamlarga ham hujum qilib
har xil dermatit kasalliklarni qo‘zg‘aydi. Bundan tashgari kanalar tabiiy o‘choqglarda bir qator
yuqumli kasalliklar qo‘zg‘atuvchilarining tashuvchisi yoki aylanishida ishtirok etadi. Ular
ensefalit, ensefalomielit, bezgak, tif va boshga kasalliklarni tashuvchisi ham hisoblanadi [1, 5,
6].

Tadqgigotning magqgsadi. Adabiyotlardagi ma’lumotlar tahlili shuni ko‘rsatadiki,
tadgiqotlar ko‘prog parrandalar dermanissioziga garshi kurash chora- tadbirlarini tashkil
etishga bag‘ishlangan. Lekin D.gallinae kanalari morfobiologik, ekologik xususiyatlari hagida
ma’lumotlar kam uchraydi. Oc<zbekistonda bu kanalarning morfobiologik, ekologik
xususiyatlari mutlago o‘rganilmagan. Shuning uchun D.gallinae kanalarni O‘zbekistonda,
aynigsa, issiq iqlim sharoitida targalishi, morfobiologik va ekologik xususiyatlarini o‘rganish
muhim masala hisoblanadi.

Material va metodlar. Tadgiqotlar 2022-2023-yillarda Qashgadaryo viloyati
parrandachilik xo‘jaliklari va shaxsiy xonadonlarda, asosan, bahor va kuz mavsumlarida olib
borildi. Biz dermanissiozga tashxis go‘yish uchun joylardan kasallik gumon gilingan 5 tadan
10 tagacha tovuglarni ajratib oldik va ularni akarologik tekshiruvdan o‘tkazdik. Kanalarni
yig‘ish umum gabul gilingan metodlar orgali amalga oshirildi. Tanlab olingan tovuglarga ular
tanasidagi parazitlarni vaqgtincha hushsizlantirish uchun sintetik peretroidlar gruppasidan
(neostomazan) bo‘lgan talk preparati bilan oldindan ishlov berdik. Tovuglarni oq gog‘oz
ustiga patini taroglab, tushgan ektoparazitlar yig‘ib olindi va ichida 70 % li etil spirtli
probirkalarga solindi. D.gallinae har xil substratlarda ham tarqalishi, individlarining soni va
miqgdorini aniglash uchun tovuglar saglanadigan inshootlar poli, devorlari, shiftlari, ozuga
beriladigan idishlari, go‘nglari va boshga joylaridan namunalar olindi. Namuna olish giyin
bo‘lgan joylardan (devor va pol yoriglari va h.k.) esa uchi glitserinli paxta bilan o‘ralgan
tayoqgchalardan foydalandik. Kanalarning morfobiologik tuzilishi (10x4,5:HC3(HDCE-X5N
trinokulyar mikroskopda) o‘rganildi va rasmga olindi. D.gallinae turini va migdorini (ekz/m?)
aniglashni tavsiya etilgan metodlardan foydalangan holda amalga oshirdik [1, 2, 7].

Natijalar va muhokamalar. D. gallinae kanasining targalishi va ular bilan
tovuglarning zararlanishi bo‘yicha tadgiqotlar 2022-yilning 1-martidan 1-noyabrigacha
bo‘lgan muddatda Qarshi tumanining Potron, Qovchin va Chorog‘il gishloglarida 14 ta
tovuglar bogiladigan xo‘jaliklardan, shundan 3 tasi parrandachilik chorva-fermer xo‘jaligi, 11
tasi yakka tartibdagi parrandachilik bilan shug‘ullanuvchi xonadonlarda olib borildi [4].

Tadgigotlar, asosan, bahor va kuz oylarida dermanissioz invaziyasi va targalish
ehtimoli ko‘p bo‘lgan mavsumlarda o‘tkazildi. Akarologik tekshiruv har xil yoshdagi va
jinsdagi tovuglarda o‘tkazildi. Bunda tovuglarning ustki (orga) tomoni, qorin gismi, yelka,
bosh va kloaka gismlari atrofi ko‘zdan kechirildi. Asosiy e’tibor dermanissioz belgilari yaqqol
ko‘zga tashlangan hayvonlarga garatildi (1-2- rasmlar).

1, 2-rasm. Dermanissioz bilan kasallangan tovuglar.
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Dermanissioz gumon gilingan tovuglar oq gog‘oz ustiga patini taroglab, tushgan
namunalar yig‘ib olindi va har bir tovugdan olingan namuna alohida probirkaga (ichida 70
foizli etil spirti bo‘lgan) solindi va probirkalar ragamlandi. Kuzatuv daftariga probirkalar
ragami va shu ragamga mos holda tovug zoti, jinsi, yoshi va namuna olingan sanasi, joyi gayd
etib borildi. Probirkalar ogzi yaxshi berkitilgan holda, maxsus konteynerlarda laboratoriyaga
olib borildi. Namunalar umumgabul gilingan metodlar bilan tekshiruvdan o‘tkazildi.
Namunalarni mikroskopik tekshirish natijasiga ko‘ra akarologik tekshiruv o‘tkazilgan 327 ta
tovugdan 260 tasi (79,51 %) D. gallinae kanasi bilan zararlanganligi aniglandi. Tovuglarning
dermanissioz bilan kasallanishini yil fasllari bo‘yicha tahlil gilganimizda, kasallanish, asosan,
bahorda (95 %) kuzatiladi. Chunki gishda tovuglar yopiq binolarda saglanadi. Bunda
tovugxonalarda harorat va namlik yuqori, hamda tovuglar soni ko‘p va zich bo‘ladi.
Qolaversa, gishda ektoparazitlarga qarshi kurash —profilaktika chora-tadbirlari deyarli
o‘tkazilmasligi bahorda kasallikning targalishi uchun qulay sharoit yaratadi. Kuzda
kasallikning bahorgiga nisbatan kam (55,1%) uchrashi, yozda haroratning nihoyatda yuqori,
quruq va namlikning past bo‘lishi invaziyaning avj olishiga to‘sqginlik giladi (Jadval).

Jadval

Qashgadaryo viloyati chorva-fermer xo¢jaliklari va shaxsiy xonadonlar tovuglarining Dermanissus
gallina kanasi bilan zararlanishi

Viloyat, Akarologik Dermanissus gallina Zararlanish
tuman tekshiruvdan kanasi topilgan (%)
o‘tkazilgan kasal tovuglar soni
tovuglar soni
Qashqgadaryo 2022-yil
viloyati, Qarshi Bahor
tumani 200 | 190 | 95
2022-yil
Kuz
127 70 55.12
Jami 327 260 79.51

Biz tovuglardan olingan namunalarni laboratoriyada mikroskopda ko‘zdan kechirib,
ular orasidan 871 dona D. gallinae kanalarini yig‘ib olishga muvaffaq bo‘ldik. Ajratib
olingan kanalarni mikroskopda kuzatish va tahlil qilish orgali turini anigladik va
morfologik, biologik xususiyatlarini tavsifladik. D. gallinae kanasining embrional va
metamarfoz rivojlanish bosgichlarini o‘rganishga muvaffaq bo‘ldik.

Tovug gizil kanasi D.gallinae obligat gematofag kana hisoblanadi. Tanasi
ovalsimon, go‘ng‘ir-gizil rangli va tukchalar bilan goplangan (3-rasm).

,,

a) b)
3-rasm. Tovuq gizil kanasi Dermanysus gallinae ning dorsal (a) va ventral (b) tomonlaridan
ko‘rinishi (10x4,5:HC3(HDCE-X5N trinokulyar mikroskopda).
Urg‘ochi D. gallinae kanasining tanasi oval shaklda, cho‘zinchoq, uzunligi 0,75-0,84
mm, eni 0,4 mm. Orga (dorsal) va gorin (ventral) tomonidan galqon bilan goplangan va
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gavdasi boshidan oxiriga garab torayib boradi. Gavdasi tashgi tomondan to‘liq tukchalar bilan
goplangan. Xelitserasi juda uzun, nayzasimon shaklda. Erkak D. gallinae kanasi tana uzunligi
0,6-0,63 mm. Orga galgoni urg‘ochi kana orga galgonidan biroz kengrog va yumaloq shaklda.
Lichinkasi oval shaklda, uzunligi 0,34-0,42 mm. Kutikulasi yupqa, qalqonlari shakllanmagan.
Ogiz apparati rivojlanmagan. Protonimfa tanasi oval shaklda bo‘lib, orga tomoni bo‘rtib
chiggan, sarg‘ish tusli, shaffof. Uzunligi 0,4 mm. Orga tomonda katta, dumalog, orga cheti
biroz tortilgan, bosh-ko‘krak galgoni va bir gator kichik juft tukchalar mavjud. Og‘iz apparati
shakllana boshlagan, xeliseralari uzun, nayzasimon. Deytonimfa. Oziglanmagan
deytonifmaning tana uzunligi 0,58 mm. Tananing qoplamasi zich. Orga tomonda orga cheti
kesilgan bitta orga galgon mavjud. Ko‘krak galgoni sezilarli darajada cho‘zilgan. Anal galgon
katta, old tomoni to‘g‘ri va orga tomoni keng dumalog. Deytonimfa fazasida jinsiy dimorfizm
namoyon bo‘ladi. Erkak deytonimfalari tana o‘lchamlari bo‘yicha urg‘ochi deytonimfalaridan
sezilarli darajada kichik bo‘ladi.

Hayot siklining katta gismi xo‘jayindan tashqarida tashqi muhitda o‘tadi. Ular
fagatgina oziglanish (qon so‘rish) uchun hayvonlarga yopishadi. Urg‘ochisi bir marotaba
oziglangandan (gon so‘rgandan) keyin xo‘jayindan ajralib, tashgi muhitga (tovuglar
bogiladigan binolar tagiga, har xil chigindilar ostiga, devorlar yoriglariga va boshga joylariga)
joylashib olib, taxminan bir sutkadan keyin tuxum go‘ya boshlaydi. Qo‘yilgan tuxumlar soni
urg‘ochi kananing gay darajada qon so‘rganligi va yil fasllariga bogliq. Urg‘ochi kana kuz va
gish oylarida bir marta tuxum go‘yganda tuxumlar soni maksimum 10 tagacha bo‘ladi. Bahor
va yoz oylarida bu 20 tagoacha bo‘lishi mumkin. Embrion rivojlanishi harorat 23-24° C
bo‘lganda 50-70 soat, 16-17° C da esa 110-120 soat davom etib, tuxumdan lichinkalar chigadi.
Harorat 10° C dan past bo‘lganda embrion rivojlanishi to‘xtaydi va ko*pchilik tuxumlar nobud
bo‘ladi.

Lichinkalar kam harakatchan, oziglanmaydi va 24-70 soatdan keyin po‘st tashlab
protonimfaga aylanadi.

Protonimfa tez rivojlanadi va harakatchan bo‘lib, oziglanish uchun xo‘jayin izlay
boshlaydi. Protonimfa xo‘jayinni topib gon so‘rgandan so‘ng uni tark etadi va taxminan bir
sutkadan so‘ng po‘st tashlaydi va deytonimfaga aylanadi.

Deytonimfa juda faol bo‘lib, xo‘jayinni tez izlab topadi. Ular ham qgon so‘rgandan
keyin xo‘jayinni tark etib, turli joylarga yashirinadi va ikki sutkadan keyin po‘st tashlab
voyaga yetgan urg‘ochi va erkak kanalarga aylanadi.

Erkak D.gallinae kana xo‘jayin tanasidagi oziglanmagan (och) deytonimfalardan
biriga yopishib oladi. Deytonimfa oziglanib, po‘st tashlab urg‘ochi kanaga aylangunga gadar
birga bo‘ladi va po‘st tashlagan yosh urg‘ochi kanani urug‘lantiradi. Kanalar uzoq vaqtgacha
ozuglanmasdan yashashi (9 oydan ko‘proq) mumkin. Tashgi muhitda harorat pasayishi bilan
kanalar faolligi va rivojlanishi sekinlashadi va tinim holatiga tusha boshlaydi. Ushbu anabioz
holatda ular gishlaydi va uzoq vaqt xo‘jayinsiz oziglanmasdan yashaydi.

Xulosa. Yuqorida olib borilgan tadqiqotlarimizdan ma’lum bo‘ldiki, Qashgadaryo
viloyatida ham parrandalar, aynigsa, tovuqg gizil kanasi D.gallinae bilan zararlanadi, lekin
bizning sharoitimizda ularning bioekologik xususiyatlari o‘rganilmagan. Shuning uchun
D.gallinae kanasi bioekologik xususiyatlaridan kelib chigib, tovuglarni D.gallinae kanalari
bilan zararlanganligini aniglash, vaqgtida tashxis gqo‘yish ishlarini tashkil etish va unga garshi
profilaktika chora-tadbirlarini qo‘llab, vaqgtida ishlov berib borilsa, bu kanalarning tovuglarga
targalishiga va ularda demanissioz kasalligining rivojlanishiga barham beradi. Natijada
tovuglar sog‘lomlashadi va mahsuldorligi yugori bo‘lishi ta’minlanadi.
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Annotatsiya. Shira bitlarining bir gancha turlari o‘rganilgan bo‘lib, ularning hayot
tarzi, tashgi muhit omillariga munosabati jihatidan bir-biridan farq giladi. Ko‘pchiligi
kamsondagi turlarni zararlasa, ayrimlari hammaxo‘r hisoblanadi. Xorazm viloyati
sharoitida Populus, Ulmus, Salix, Eleagnus, Catalpa, Junipers, Thuja, Halaxylon, Alhagi,
Glycyrrhiza avlodlariga mansub bo‘lgan o‘simliklarda uchraydigan shira bitlari o‘rganilib,
uning fenologil, morfometrik ko‘rsatkichlari, ularning populyatsiyalarini ko‘p targalish
ehtimoli o‘simliklar goplamasida bo‘lishligi ko‘rsatib berildi. Shu bilan birgalikda ularni
morfologik xususiyatlari yuzasidan to‘plangan ma’lumotlar asosida Myzus persicae shira
turi deb topildi.Ularni o‘simlik turlari bo‘yicha soni kuz va bahor faslida kuzatishlar olib
borish orgali aniglandi.Qanotli voyaga yetgan shakllari uchrash davrlari va yil davomida
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ko‘payish xususiyatlari aniglanib tahlil gilindi.
Kalit so‘zlar: shiralar, o‘simlik turlari, targalish, fenologiya, tuxum, voyaga
yetgan

MOP®OJJIOI'NMYECKASA XAPAKTEPUCTUKA U PACITPOCTPAHEHUE
CBSTBIX BIIEN B XOPA3SMCKOM OBJIACTH

AHHOTanus. /3yyeHO HECKOJIBKO BUAOB TIHM, KOTOpBIE OTIMYAIOTCA JPYr OT
apyra oOpa3oM KH3HH, peakiuel Ha (paKkTopsl BHEIIHEH cpebl. B ycimoBusx Xope3sMckoi
001acT OBLIIM U3Y4EHBI BUJBI TIIH, BCTPEUYAIOIINECS Ha PACTEHHSIX, OTHOCSIINECS K poJiaM
Populus, Ulmus,Salix, Eleagnus, Catalpa, Junipers, Thuja, Halaxylon, Alhagi, Glycyrr-
hiza, moka3zaHbl (eHojornyeckrue, MOp(HOMETPHUECKUE TOKA3aTeNH WX MOMYJISIHA,
BO3MOXXHOCTh OOJIBIIOTO PacIpOCTPAHEHUS B PACTUTENbHOM MOKpoBe. Ha ocHoBaHuu
JaHHBIX, COOpPaHHBIX 1O WX MopdosoruueckuM ocoOeHHocTsM, Myzus Persicae Obu1
UICHTUQUIMPOBAH KaK BUJ TJIM. VX YMCIIEHHOCTb MO BHJaM PAcCTeHMi OIpenessiach
IIPOBEJICHUEM HaAOJIIOJIEHUN B OCEHHE-BeCEHHMI nepuoi. B3pocibie kpbliaTbie (GOpMbl
ObUTH TMPOAaHAIM3UPOBAHBI C OIpEACICHHEM IMEPHOJOB YXaXHUBAaHUS M OCOOCHHOCTEH
Pa3MHOXKEHHUS B TE€UEHHE I0/1a.

KuloueBble cioBa: Tis, BUAbl PAaCTeHUI, pacmpocTpaHeHHe, (eHoIorus, sifla,
B3pOCIIbIE

Kirish. Shira bitlari mayda hasharotlar bo‘lib, ularning kattaligi bir necha milli
metrga yetadi. Ayrim turlarining kattaligi 1 dan 7 millimetrgacha bo‘lishi mumkin Ular,
asosan, fitofaglar hisoblanadi. Dunyoda shira bitlarining 5000 dan ortiq turi o‘rganilgan
bo‘lib, shundan ming turi Evropada uchraydi. Barcha shira bitlari osimlik shiralari bilan
oziglanadi. Juda ko‘pchiligi qgishloq xo‘jalik ekinlarining xavfli zararkunandalari
hisoblanadi. Ular shirasi bilan oziglanayotgan barglarni tezda ojizlashib qolishiga
sababchi bo‘ladi. O‘simlik shirasini so‘rish bilan birgalikda ular uchun zaharli bo‘lgan
moddalarni ham ajratadi. Buning natijasida burglar deformatsiyaga uchraydi. Yosh
novdalar qurib goladi. Bitlar zararlashi natijasida ajralib chigadigan suyuq shiralar barg
yuzasini qoplab olib, uning normal hayotiy jarayonlarini buzadi. O°‘simliklarning
hosildorligini keskin kamayib ketishiga olib keladi. Shira bitlariga qarshi kurashda
samarali kimyoviy usullar ishlab chigilgan bo‘lib, katta maydonlarda ularni paydo
bo‘lishini aniglash juda ko‘p mehnat va xarajat talab giladi. Shu sababli shira bitlarini
targalishini geografik axborotlar asosida bashorat gilish usullarini ishlab chigish dolzarb
masalalardan biri hisoblanadi [9;10].

Shira bitlari ma’lum bir sharoitda rivojlanadi. Bu borada gator olimlar izlanishlar
olib borganlar. R.M. Khan bug‘doy shiralari 25-noyabrda ekilishi shira bitlari
populyatsiyasi dalada kam uchrashi, azot ko‘p qo‘llanilgan dalalarda, fosfor qo‘llanilgan
dalalarga nisbatan populyatsiya soni yuqori bo‘lishini ko‘rsatib o‘tgan. Bundan tashqari
ko‘chat zichligi ortishi bilan dalada shira bitlar sonini orta borishini ko‘rsatib o‘tgan [1].

AQSH da soya shirasi, Aphis glycines soya dalalaridan migratsiya gilinishi va
imigratsiyasini o‘rgangan, bunda shira bitlari 10 shtatda, har bir shtatda 42 tadan tuzoglar
o‘rnatilib, monitoring o‘tkazilganda yoz mobaynida shiralar daladan uchib ketganligi kuz
va bahorda soya dalalarida keng targalganligini kuzatilgan [2]. Xitoy olimlari bug‘doy
dalalarida shira bitlari paydo bo‘lish ehtimolini aniglash bo‘yicha izlanishlar olib borgan.
Buning uchun maxsus model yaratilib, modelga NDVI korsatkichi, temperatura, atmosfera
havosining nisbiy namligi, shamol tezligi kabi ko‘rsatkichlari kiritiladi. Shu ma’lumotlar
asosida shira bitlarining targalish areallari bashorat gilingan [3].

AQSH da olimlar tomonidan GAT texnologiyalari asosida shira bitlari
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populiyatsiyasi targalishini bashorat gilish boyicha tadgiqotlar olib borilgan. Buning
uchun g‘o‘za dalalaridan 257 namuna olingan. Namunalar 10 metr joydan olinib, GPS
orgali koordinatalari olingan, shu koordinatalar asosida xaritalari ishlangan. Bunda 10
joyga 0,1-10, 10-20, 20-30 tadan ortiq tog‘ri keladigan maydonlarga ajratilib targalish
bo‘yicha xaritalar ishlangan [4]. Sun’iy yo‘ldoshlardan olingan giperspektral to‘lginlar
orgali g‘o‘za dalalarida shira bitlarini bashorat gilish usullarini sinovdan o‘tkazgan. Biz
Xorazm viloyati sharoitida katalpa daraxtlarini shira bitlari bilan zararlanishini
avtotransport yo‘llari atrofida o‘rgandik [5].

Tadgigot metodologiyasi: Xorazm viloyati hududlarida 2023-yil davomida
yig‘ilgan materiallar, olib borilgan amaliy tadqiqotlar hamda kuzatishlar natijalari asos
bo‘ldi. Shira bitlari faunasini o‘rganishga oid barcha materiallarning asosiy qismi mart
oyidan noyabrning oxiriga gadar, zaruriy hollarda ma’lum qismi qish oylarida yig‘ildi.
Shuningdek, Xorazm Ma’mun akademiyasi ham UzRFA Zoologiya, Belarus davlar
universiteti laboratoriyasining boshga mintagalari afidofaunasiga oid kolleksiya
materiallaridan ham foydalanildi.

Tadgiqotlar davomida Xorazm viloyatining, tabiiy va madaniy landshaftlarida olib
borildi. Shira bitlari bo‘yicha materiallar umumiy qabul gilingan entomologik, afidologik,
asosida yig‘ildi va qayta ishlandi. Tadqiqotlar davomida shira bitlari hasharotlarning 150
ta namunalari yig‘ildi va ulardan 350 ta doimiy preparatlar tayyorlandi. Shiralarning
mavsumiy rivojlanishi, hayot sikllari, biologiyasi va ekologiyasiga oid dala kuzatishlari
doimiy tadgiqot joylari Xonga, Urganch va Xiva tumanlaridan namunalar olinib, amaliy
laboratoriya kuzatishlari Xorazm Ma’mun akademiyasi laboratoriyasida olib borildi,
olingan natijalar giyosiy tahlil etildi.

Shiralarning morfometrik ko‘rsatkichlari M.X.Axmedov taklif etgan 16 belgilari
bo‘yicha o‘rganildi. Shira bitlari va entomofaglarni hisobga olish har 10 kunda amalga
oshirib borildi. Bunda avtotransport maydonlarining diagonal bo‘yicha o°zaro kesishuvchi
yo‘nalishida erkin tanlab olingan 25 tup ko‘chatning to‘rt tomonidagi novdalar kuzatilib
borildi va hasharotlarning mavsumiy rivojlanishi, miqdor zichligining o‘zgarishi va
boshga holatlar giyosiy tahlil etib borildi. Shiralarning zarar keltirishi, entomofaglarning
samaradorlik darajalari alohida — model tuplarda o‘rganildi. Tadgiqotlar davomida
tengganotli-xartumli hasharotlarning 525 ta namunalari yig‘ildi va ulardan 735 ta doimiy
preparatlar tayyorlandi. Shiralar hasharotlarning mavsumiy rivojlanishi, hayot sikllari,
biologiyasi va ekologiyasiga oid dala kuzatishlari doimiy tadgigot joylari Xonga, Xiva,
Yangibozor tumani qishloglarida, amaliy laboratoriya kuzatishlari Xorazm Ma’mun
akademiyasi laboratoriyasida olingan natijalar giyosiy tahlil etildi.

Tahlil va natijalar: Xorazm viloyati shroitida shira bitlari mart oyidan boshlab
tuxum go‘ya boshlandi va aprel oyining birinchi o‘n kinligigacha davom etdi. Aprel
oyining birinchi o‘n kunligidan boshlab, lichinkalari ko‘rina boshladi. Lichinkalar, asosan,
bargning orga tomonida bo‘lib yashil rangda. Urg‘ochi shira bitlari aprel oyining ikkinchi
o‘n kunligidan boshlab uchray boshladi. Tirik tug‘uvchi urg‘ochi shira bitlari noyabr
oyining ikkinchi o‘n kunligigacha uchradi. Qanotlilar mart oyining ikkinchi o‘n
kunligidan boshlab uchrashi gayd gilindi. May oyining o‘n kunligidan boshlab uchrashi
gayd qilindi. lyul oyining birinchi o‘n kunligidan, avgust oyining uchinchi o‘n
kunligigacha ularning uchramasligi kuzatildi. Iyul oyining birinchi o‘n va avgust oyining
uchinchi o‘n kunligigacha shira bitlari uchin stress holat bo‘lib, atmosfera havosining
temperaturasi 39-45 gradusgacha o‘zgarib turishi kuzatildi. Bu davrda barglarga shira
bitlarining soni juda kam bo‘lishi kuzatildi. Avgust oyining uchinchi o‘n kunligidan
boshlab ganotli shiralar paydo bo‘lib, 1-oktabrgacha faoliyati kuzatildi. Oktabr oyining
ikkinchi o‘n kunligidan boshlab shira bitlari tuxumlari uchradi. Shu sanadan boshlab
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noyabr oyining ikkinchi o‘n kunligigacha shira bitlari voyaga yetgan shakllari uchradi.

Temperaturani ko‘tarilishi hasharotlarga, shu bilan birga o‘simliklarga ham ta’sir
qgilib issiglik stressini keltirib chigaradi. Atioksidonlik, detoksontlik va oksidlanish
gaytarilish jarayonlarni olib boruvchi fermentlarning muvofiglashuvi natijasida zaharli
metobalitlar hasharotlar va osimliklarda neytrallanadi. Bitta stress omil ta’sirida o‘simlik
metobolitlar migdorini o‘zgarishi natijasida ikkinchi stress omilga uchraydi. Temperatura
Paykiloterm hasharotlar yashashi uchun atrof-muhitning muhim omillaridan bir
hisoblanadi.

M.rosae biologiyasi Polshada o‘rganilishi jarayonida 25°C shira bitlari uzoq hayot
kechirishi uchun qulay, 28°C esa juda gisga hayot kechirishiga olib keladi. Taxminan
hayotining uzunligi 20% gisqgardi. Shira bitlari hayoti davomiyligini xuddi shunday tarzda
pasayishi Turkiya populyatsiyalarida ham kuzatiladi .Polshadagi populyatsiya pushtdorligi
20-25 °C da maksimal bo‘lib, urgcochilarni 17-18 nimfa tug‘adi. Turkiya va Erondagi
populyatsiyalar eng yuqori pushtdorlikka ega bo‘lgan. Temperatura 22,5°C bo‘lib, 1 ta
urg‘ochi 35-29 nimfa tug‘adi. Temperaturani ko‘tirilishi ularning sonini uch barobargacha
va pushtdorligini ham kamayishiga olib keladi. Temperaturaning optimal darajasigacha
ko‘tarilib borishi ularning rivojlanishiga ijobiy ta’sir ko‘rsatadi. Temperaturaning
optimumdan ortishi (28°C) ularning rivojlanishiga salbiy ta’sir giladi .(50-53).
Temperaturaning ortishi optimum darajasidan maksimumga ortishi rivojlalanishni
buzilishga olib keladi va ularni nimfa tug‘may qolishiga sababchi bo‘ladi [6;7;8].

1-jadval
Shira bitlari fenogrammasi katalpa o‘simligida

Mart Aprel May lyun Iyul Avgust | Sentabr | Oktabr | Noyabr
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JLifili

*- tuxum + lichinka o —urg‘ochi k- ganotli s - stess sharoit  j- jinsiy yetilgan

Qanotsiz urg‘ochilari tanasi ellipsga o‘xshash, sariq, yashil, va pushti rang bo‘lib
2,5 mm gacha yetadi. Mo‘ylovlari uzun bo‘lib, 6 bo‘ginli. Qanotlilar ganotlarining
uzunligi 2 mm gacha yetadi. Bosh gismi go‘ng‘ir, ko‘kragi qora, gorin gismi yashil
bo‘lib, garamashi tomonlarida qora chig‘igi bor. Mo‘ylovlari qora, dumi gisga. Tuxumlari
gora rangda, uzunchog oval shaklda. Tuxum va ganotsiz voyaga yetgan ganotli shakllarda
gishlaydi. Lichinkalar tug‘ulgach, ganotli urg‘ochilar o‘simliklarni ko‘prog aprel oyi
o‘rtalarida zararlay boshlaydi. Qanotli urg‘ochilar 23 kungacha yashaydi, 70-80 tagacha
lichinka qoyadi. May oyi oxirlarida ko‘chuvchi yosh ganotli shiralar paydo bo‘ladi.Ular
yangi barglarga uchib o‘tib, ularni zararlay boshlaydi. Zararlangan barglar sarg‘ayadi,
deformatsiyalanadi va quriydi. lyun oyining yarmida ularning yoppasiga migratsiyasini
kuzatish mumkin, ularni sentabrgacha uchratish mumkin. Shiralar yosh barglarning
tomirlari bo‘ylab joylashadi va katta koloniyalarni hosil giladi. Qanotsiz partanogenetik
shiralar hayoti 20-25 kun davom etadi. Lichinkalar 5-11 kun rivojlanadi. Myzus persicae
turi deb topilgan shiraning ko‘rinishi 1- rasmda keltirilgan.
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Qanotsiz shiralarning tashqi ke‘rinishi

Qanotli shiralar
1. Rasm. Shira bitlarining rivojlanish fazalari

Shira bitlarini targalishini o‘rganishda O‘zbekiston sharoitida keng targalgan daraxt va
o‘t o‘simliklari tanlandi. Bularga Pupulus (terak), Salix (tol), Elaeagneae (jiyda), Catalpa,
Juniperica (mojevelnik), Thuja(tuya), Holoxylon (saksovul), Alhagi (yantoq), Glycyrriza
(shirinmiya) avtotransport yo‘llari atrofida ekilgan va yovvoyi holda o‘sayotgan osimliklar
o‘rganildi. Olingan natijalar 2-rasmda keltirilgan.

100 4

20 1

B0

Mbahor

M kuz

2- rasm. Osimlik turlarida shira bitlarini targalishi

Daraxtlardan 300 tasi tekshirildi. Elaeagnus avlodi daraxtlari boshga daraxtlarga
nisbatan kamrog shira bitlari bilan zararlanishi aniglandi. Katalpa va Salix avlodi daraxtlari
shira bitlari bilan koproq zararlanganligini ko‘rish mumkin. Shira bitlarining ko‘payishiga
atrof-muhit omillarining roli ham yugori bo‘lishi mumkin. O‘rganilgan maydonlardagi shira
bitlaridan namunalar olinib, molekulyar analiz uchun Belorusiya davlat universitetiga
jo‘natildi.

Xulosa. Shira bitlarining tur tarkibi Xorazm viloyati sharotida turli-tuman bo‘lib,
Myzus persicae turi ham uchraydi. Morfologik kuzatishlar natijasida bu tur viloyat sharoitida
mavjudligi, shira bitlarining populyatsiyalari shirinmiya o‘simligida ko‘proq targalishi
aniglandi. Ular bir yilda 3 avlod berganligi kuzatildi.
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QASHQADARYO VA SURXONDARYO VILOYATLARI QISHLOQ
SHAROITIDA EMIZIKLI AYOLLARNING AMALDAGI OVQATLANISHI
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Annotatsiya. Maqolada Qashgadaryo (G‘uzor, Yakkabog‘ tumanlari) va
Surxondaryo (Angor va Bandihon tumanlari) viloyatlari gishloq sharoitida yashaydigan
emizikli ayollarning bahor mavsumida asosiy oziq moddalarga bo‘lgan talabi va uning
gondirilishi bo‘yicha ma’lumotlar keltirilgan. Olingan natijalarga ko‘ra mazkur
hududlarda istigomat giluvchi 18-29 yoshli emizikli ayollarning ogsil, yog* va uglevodlar
bilan ta’minlanishi mos holda 70,8 + 4 g, 85,3 + 4,5 g va 336,7 + 13,5 g (G*uzor tumani),
83,8+5,9¢g,923+5,5gva359,1+13,6 g(Yakkabog® tumani), 66,1 £3,5¢g, 782+32¢g
va 295,5 £ 12,1 g (Angor tumani), 74,9 £ 5,4 g, 77,4 + 5 g va 345,1 £ 16,3 g (Bandihon
tumani) ni tashkil giladi. Aniglangan holat respublikamizning janubiy viloyatlari
hisoblanadigan Qashgadaryo va Surxondaryo viloyatlari gishlogq sharoitida istigomat
giladigan emizikli ayollarning ovgatlanishi va makronutriyentlar bilan ta’minlanishida

181


mailto:shoxsanambaratova11@gmail.com

QarDU xabarlari BIOLOGIYA 2024 (2) 2

nomutanosibliklar mavjudligi va bu boradagi tadgigotlar respublikamizning turli
hududlarida keng miqgyosda olib borilishi lozimligini ko‘rsatadi.

Kalit so‘zlar: laktatsiya davri, emizikli ayollar, amaldagi ovqgatlanish, umumiy
quvvat, makronutriyentlar.

ACTUAL NUTRITION OF BREASTFEEDING WOMEN IN RURAL
CONDITIONS OF KASHKADARYA AND SURKHANDARYA REGIONS

Abstract: The article presents information on the demand for basic nutrients in the
spring season of lactating women living in rural conditions of Kashkadarya (Guzor,
Yakkabog districts) and Surkhandarya (Angor and Bandihan districts) regions and its
satisfaction. According to the results, the supply of protein, fat and carbohydrates of 18-
29-year-old lactating women living in these regions is 70.8 £4 g, 85.3 £ 4.5 g and 336.7 +
13.5 g (Guzor district), 83.8 £ 5.9 g, 92.3 £ 5.5 g and 359.1 £+ 13.6 g (Yakkabog district),
66.1+3.5¢, 78,24+ 3.2 gand 295.5 + 12.1 g (Angor district), 749+ 5.4 g, 77.4 £ 5 g and
345.1 £ 16.3 g (Bandihan district), respectively. The identified situation shows that there
are imbalances in the nutrition and provision of macronutrients in the rural areas of
Kashkadarya and Surkhandarya regions, which are the southern regions of our republic,
and that research in this regard should be carried out on a large scale in different regions
of our republic.

Key words: lactation period, lactating women, actual nutrition, total energy,
macronutrients.

Kirish. Ma’lumki, organizmdagi to‘qima va hujayralarning me’yoriy faoliyati
uchun asosiy oziq moddalar, xususan, ogsillar, yog‘lar hamda uglevodlar muhim
ahamiyat kasb etadi. Yangi tug‘ilgan bolaning me’yorda o‘sib rivojlanishi emizikli
onaning ganday va gay tartibda ovqatlanishi bilan chambarchas bog‘liq. Yer yuzida turli
mamlakatlarda o‘tkazilgan ko‘plab tadgiqotlar natijalari laktatsiya davrida onaning oziq
moddalar bilan ta’minlanishi ko‘krak suti tarkibidagi nutrientlarning miqdoriga ta’sir
etishini ko‘rsatdi [4, 5]. Ona sutining migdor va sifat ko‘rsatkichlari bolaning morfologik
va fiziologik jihatdan rivojlanish jarayonining me’yorda kechishini ta’minlashdagi asosiy
omillar hisoblanadi. Ayol organizmida sut hosil bo‘lishi uchun bir kecha kunduzda
go‘shimcha ravishda o‘rtacha 500 kkal energiya sarflanadi. Shuning uchun, sut
emizadigan onalarning kunlik ovqgat ratsioni odatdagidan ko‘ra boyitilishi va umumiy
quvvat 2500-3000 kkal dan kam bo‘Imasligi kerak [6, 7, 8, 13].

Emizikli ayollarning oziq moddalariga bo‘lgan ehtiyoji bola emadigan sutning
miqdori, onaning yoshi, turmush tarzi, tug‘ilish oralig‘iga garab o‘zgarib boradi [9].

Statistik ma’lumotlarda butun dunyo bo‘yicha bolalar o‘limining 45 foizi ularning
yaxshi ovqgatlanmaganligi bilan bog‘liq ekanligi gayd etilgan. Yer yuzida noto‘g‘ri ovgat-
lanish bilan bog‘lig bo‘lgan ona va bolalar kasalliklarining ko‘p gismi Afrika, Osiyo va
Lotin Amerika mintagalaridagi past va o‘rta daromadli davlatlarda sodir bo‘lImoqda. Shu
sababli, Jahon Sog‘ligni Saglash Tashkiloti go‘daklarni dastlabki 6 oylikda to‘liq emi-
zishni va bola 2 yoshga to‘lguncha emizishni davom ettirishni tavsiya giladi [10, 11, 12].

Mamlakatimizda ona va bolalarning salomatligini yaxshilash uchun bir gancha
gonun va loyihalar ishlab chigilgan. Bularga misol gilib, 2019-yilning 23-oktabridagi 574-
sonli “Ona suti bilan oziqlantirishni qo‘llab-quvvatlash hamda go‘daklar va kichik
yoshdagi bolalar ozig-ovgat mahsulotlariga doir talablar to‘g‘risida”gi O<zbekiston
Respublikasining Qonunida ona suti bilan oziglantirishni targib gilish, sog‘ligni saglash
organlari hamda boshga tashkilotlar tomonidan aholi o‘rtasida muntazam ravishda
axborot-tushuntirish tadbirlarini o‘tkazish orgali amalga oshirish kabi ustuvor yo‘nalishlar
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belgilanganligini keltirishimiz mumkin [1].

Respublikamizda ayollarning laktatsiya davrida ovgatlanish holati bilan bog‘liq
ilmiy ma’lumotlar yetarli bo‘lmaganligi sababli uning turli mintagalarda istiqgomat
giluvchi emizikli ayollarning amaldagi ovqatlanishini va o0ziqg moddalar bilan
ta’minlanishini o‘rganish va u asosida kerakli tavsiyalar ishlab chigish dolzarb masala
hisoblanadi. Yuqoridagilarni e’tiborga olib, biz kuzatuvlarimiz davomida O‘zbekiston
Respublikasining janubiy viloyatlaridagi qishloglar sharoitida emizikli ayollarning
makronutrientlar bilan ta’minlanishini o‘rganish va baholashni magsad qilib oldik.

Tadgigot metodologiyasi. Kuzatuvlar Qashgadaryo viloyatining G‘uzor (46 nafar)
va Yakkabog® (53 nafar) tumanlari, Surxondaryo viloyatining Angor (41 nafar) va
Bandihon (58 nafar) tumanlarida istigomat giladigan 18-29 yoshli emizikli ayollar ustida
olib borildi. Ularning amaldagi ovqatlanishi an’anaviy anketa-so‘rov usulida o‘rganildi.
Tekshiriluvchilar 1 hafta mobaynida iste’mol qilgan barcha ozig-ovgat mahsulotlarini
maxsus anketa-so‘rovnomada gayd gilib borishdi. Anketalarda keltirilgan mahsulotlar
tarkibidagi makronutriyentlar migdori aniglandi. Bunda ozig-ovgat mahsulotlarining
kimyoviy tarkibi maxsus jadvallar yordamida hisoblab chigildi [3]. Anketalardagi
ma’lumotlarni matematik hisoblash va statistik qayta ishlashda Windows Microsoft Excel
dasturidan foydalanildi. Olingan natijalar esa tegishli me’yorlar bilan solishtirildi [2].

Natijalar va muhokama. Kuzatuvlarimizni 2023-yilning bahor fasli davomida olib
borib, emizikli onalarning kunlik taomnomalarini tahlil gildik. Xususan, ularning kundalik
iste’mol taomlari tarkibidagi makronutrientlar migdori va umumiy kalorik giymatini
anigladik. Quyida keltirilgan 1-jadvalda G‘uzor va Yakkabog® tumanlari teshiriluv-
chilarining asosiy oziq moddalar bilan ta’minlanish holatini aniglash natijalarini
keltiramiz.

1-jadval

G‘uzor va Yakkabog‘ tumanlari gishloglarida istigomat giluvchi emizikli ayollarning asosiy oziq
moddalar bilan ta’minlanishi

G*‘uzor tumani Yakkabog* tumani
Ne Ko‘rsatkichlar tekshiriluvchilari tekshiriluvchilari Me’yor
(n=46) (n=53)
1 Umumiy ogsil (g) 70,8 +4 83,8+5,9 101
2 Shundan hayvon 323+24 413+35 60
ogsili (g)
3 Umumiy yog* (9) 85,3+4,5 92,3+£5,5 82
4 | Shundano‘simlik 37,4431 39,6+ 2,9 25
yog‘i (9)
5 Uglevod () 336,7+ 13,5 359,1+13,6 329
6 Um””(‘;(yk:?)erg'ya 24133 +101,9 2602,4 + 113,6 2500

Jadvalda ko‘rinib turganidek, G‘uzor tumanida istiqgomat giluvchi respondentlarning
kunlik ovgatidagi umumiy ogsillarning miqdori me’yor darajasidan kam bo‘lib, o‘rtacha
70,8 = 4 g ni tashkil giladi, bu ko‘rsatkich me’yorga nisbatan o‘rtacha 29,9 % kam.
Ularning hayvon ogsillariga bo‘lgan talabi esa 53,8 % ga gondirilgan. Bu hududdagi
emizikli ayollarning umumiy yog*lar, jJumladan, o‘simlik yog‘i bilan ta’minlanishi me’yor
darajasidan tegishli holda o‘rtacha 4,0 va 49,6 % ga ziyodligi bilan izohlanadi. Tekshiri-
luvchilarning kunlik ovgatidagi umumiy uglevodlarning miqdori o‘rtacha 336,7 + 13,5 g
ga teng bo‘lib, bu esa ularning me’yorga nisbatan 102,3 %ga ta’minlanganligini ko‘rsa-
tadi. Shuningdek, kunlik ovqatning energetik qiymati 2413,3 + 101,9 kkal ni tashkil etadi.

Kuzatuvda bo‘lgan Yakkabog‘ tumanida istiqgomat giluvchi emizikli onalarning
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ogsillar, aynigsa, hayvon ogsillari bilan ta’minlanishi me’yor darajasidan kam ekanligi
aniglandi. Jumladan, ularning kundalik ovgatidagi ogsillarning miqdori o‘rtacha 83,8 + 5,9
g ga teng bo‘lib, bu ko‘rsatkich me’yorga nisbatan 17 % ga kam. Hayvon ogsillari esa
me’yoridagi 60 g o‘rniga 41,3 + 3,5 g ni tashkil etib, bu esa me’yorga nisbatan 31,2 % ga
ozligini ko‘rsatadi. Respondentlarning umumiy yog‘ va shundan o‘simlik yog‘i bilan
ta’minlanishi tegishli holda o‘rtacha 92,3 + 5,5 va 39,6 £ 2,9 g ni tashkil etib, bu
ko‘rsatkich me’yorga nisbatan taqqoslanganda mos ravishda 112,6 % va 158,4 % ni
ko‘rsatadi. Ushbu hududdagi emizikli onalarning kunlik taomnomalari tarkibidagi
uglevodning miqdori o‘rtacha 359,1 + 13,6 g bo‘lib, bu natija esa me’yorga nisbatan 9,1 %
ga ko‘pligi bilan izohlanadi. Tekshiriluvchilarning kunlik ratsionining umumiy energiyasi
esa 2602,4 + 113,6 kkal ni tashkil etadi.

Olingan natijalarni tushunishda, shu narsani inobatga olish joizki, Qashgadaryo
viloyati sharoitida gishloq joylarda istiqomat giluvchi emizikli ayollarning ovgatlanishida asosiy
0zig moddalardan yog‘lar va uglevodlarning me’yor ko‘rsatkichlariga yaqginligi, asosan, ular
tomonidan yog‘li taomlar, non va un mahsulotlarini mo‘l iste’mol gilinganligi, umumiy
energetik giymat esa me’yor darajasiga yaqin bo‘lsa-da, ogsillar, xususan, hayvon ogsillari
me’yoridan ancha kamligi gayd qilindi. Shuningdek, ogsil, yog‘ va uglevodlarning
miqdoriy nisbati ham me’yordagi 1:0,8:3,25 (CaulluH Ne0347-17) [2]. o‘rniga o‘rtacha
1:1,2:4,75 (G‘uzor) va 1:1,1:4,3 (Yakkabog*) ni tashkil giladi.

Kuzatuvlar davomida Surxondaryo viloyatining Angor va Bandihon tumanlarida
yashovchi emizikli ayollarning amaldagi ovqatlanishi, xususan, asosiy oziq moddalar

bilan ta’minlanish darajasi bo‘yicha olingan natijalarini quyidagi 2-jadvalda keltiramiz.
2-jadval
Angor va Bandihon tumanlari gishloglarida istiqgomat giluvchi emizikli ayollarning asosiy
0ziq moddalar bilan ta’minlanishi

Angor tumani Bandihon tumani
Ne Ko‘rsatkichlar tekshiriluvchilari tekshiriluvchilari Me’yor
(n=41) (n=58)

1 Umumiy ogsil (g) 66,1 +3,5 74,9+54 101

2 Shundan hayvon ogsili (g) 37,9 +£4,1 29,8+£2,8 60

3 Umumiy yog* (9) 78,2+32 774+5 82

4 Shundan o‘simlik yog¢i (g) 285+23 21,4+ 1,8 25

5 Uglevod () 295,5+ 12,1 345,1+16,3 329
6 Umumiy energiya (kkal) 2149,7 £ 84,3 2377,1+£120,9 2500

Yugorida Keltirilgan jadvalda ko‘rinib turganidek, Angor va Bandihon tumanlarida
istigomat giluvchi respondentlarning kunlik ovgatidagi makronutrientlarning migdori me’yor
darajasidan kam bo‘lib, fagatgina Bandihon tumanidagi emizikli ayollarning uglevod bilan
ta’minlanishi bundan mustasno (104,9 %). Angor tumanidagi tekshiriluvchilarning
uglevod bilan ta’minlanishi esa 89,8 % ni tashkil etadi. Ushbu hududlardagi emizikli
onalarning kundalik ovqati tarkibidagi ogsillarning miqdori o‘rtacha 66,1 + 3,5 (Angor) va
74,9 £ 5,4 (Bandihon) g.ga teng bo‘lib, bu ko‘rsatkich me’yorga nisbatan tegishli holda
o‘rtacha 65,4 % va 74,2 %ni tashkil qiladi, ularning hayvon ogsillari bilan ta’minlanishi
esa mos ravishda 63,2 % va 49,7% ga teng. Tekshiriluvchilarning kunlik ratsionidagi
umumiy yog‘ning miqdori Angor tumani uchun o‘rtacha 78,2 + 3,2 g. hamda Bandihon
tumani uchun 77,4 + 5 g. ni tashkil qilib, bu ko‘rsatkichlar me’yor darajasidan tegishli
holda 4,6 va 5,6 %ga ozligi bilan ifodalanadi. Ushbu hududlardagi respondentlarning
o‘simlik yog‘i bilan ta’minlanishida keskin farq bo‘lib, bu ko‘rsatkichlar me’yorga
nisbatan taggoslanganda 114 % (Angor) hamda 85,6 % (Bandihon) dan iborat. Angor va
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Bandihon tumanlaridagi emizikli ayollarning kundalik ovaqatining energetik giymati
me’yor darajasidan past bo‘lib, tegishli holda 2149,7 + 84,3 va 2377,1+ 120,9 kkal ni
tashkil etadi.

Xulosa va takliflar. Xulosa qilib shuni aytishimiz mumkinki, respublikamizning
janubiy hududlari hisoblanadigan Qashgadaryo va Surxondaryo viloyatlari qishlog
sharoitida yashovchi 18-29 yoshli emizikli ayollarning bahor faslida asosiy oziq moddalar
bilan, xususan, umumiy ogsillar va hayvon ogsili bilan ta’minlanishida jiddiy
yetishmovchiliklar bor. Shuningek, Surxondaryo viloyatidagi respondentlarning kundalik
taomnomalari tarkibining umumiy energiyasi ham me’yor darajasida emas.
Kuzatiluvchilar tomonidan kundalik iste’mol taomlari bilan qabul gilinadigan ozig-ovqat
mahsulotlari miqgdori tahlil gilinganda, sutkalik ratsionda ogsilga boy bo‘lgan sut va sut
mahsulotlari, dukkakli mahsulotlar kamligi, non va un mahsulotlari (turli pishiriglar,
yupga, pechak, manti, somsa va h), makaron kabilarning ko‘p iste’mol qilinganligi
aniglandi.

Emizikli ayollarning asosiy oziq moddalar bilan ta’minlanishini o‘rganish ona va
bola sihat-salomatligini saglash hamda mustahkamlashda muhim hisoblanadi. Bu borada
ularning ratsional ovqatlanishini hamda sog‘lom turmush tarzini shakllantirish, ular
o‘rtasida mavzuga doir tushunchalarni targ‘ib gilish muhim amaliy tadbirlardan biri
hisoblanadi. Kuzatuvlarimiz davomida olingan natijalar bu boradagi tekshiruvlarni keng
miqyosda davom ettirish lozimligini ko‘rsatmoqgda.
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Annotatsiya. Magola Qashgadaryo viloyatining Kasbi tumanidagi gishlog
maktablarida tahsil olayotgan 7-10 yoshli o‘quvchilarning amaldagi ovqatlanishida C, A,
D, B2, PP, Bg, va Bi> vitaminlarining miqdorini o‘rganishga bag’ishlangan. Olingan
natijalarga ko‘ra, 8 yoshlilarda me’yorga nisbatan retinol 14%, sianokobalamin 31,6%
ko‘p qabul qilingan. 9 yoshli o‘quvchilar kunlik taom bilan C, B2, PP hamda B
vitaminlarni sezilarli darajada kam qabul qilinganligi aniqlangan. 10 yoshli o‘quvchilar
ovqgatida B2, PP va B1» vitaminlari me’yorga nisbatan tegishli ravishda 22,2%, 28,3% va
16,6% qayd qilingan. O‘quvchilarning vitaminlar bilan bunday notekis ta’minlanishini
bartaraf qilishda ota-onalar o‘rtasida mikronutriyentlar haqida targ‘ibot va tashviqot
ishlarini jonlantirish lozimligiga alohida e’tibor berish kerakligi xulosa qilingan.

Kalit so‘zlar: gishlog maktablari, o’quvchilar, amaldagi ovqatlanish, vitaminlar,
mikronutriyentlar, targ‘ibot-tashvigot ishlari.

SUPPLY OF SOME VITAMINS TO PRIMARY SCHOOL CHILDREN
IN RURAL CONDITIONS

AnHoranus. Ctarbs MOCBSAIIEHA U3YyUEHUIO conepkanust BuTamuuoB C, A, D, By,
PP, B9 u B12 B paunone yuammxcst 7-10 ner B KacOuiickom paiione KamkagapbuHckoit
ob6nactu. CornacHO TOJYyYEHHBIM pe3yabTaraMm, y &-jieTHux Obuio Ha 14% Oonbiie
peruHona u Ha 31,6% Oonbiie nuaHokoOaJaMHHA MO CPaBHEHHIO ¢ HOpPMOW. bBpuio
oOHapyXeHO, 4TO 9-JIeTHUE YUYCHUKH IMOJIydadn 3HAYUTENbHO MeHbIe BuTaMuHoB C, B2,
PP, a takxke B12 c¢ exenHeBHbIM mpueMoMm nuiu. Y 10-1eTHUX copepkaHUE B IHIIE
TaKUX BUTAaMUHOB, Kak Bz, PP u B12 Beimie Hopmbl Ha cooTBeTcTBeHHO 22,2; 28,3 11 16,6%.
s ycTpaHeHMST OTMEUEHHBIX HEIOCTaTKOB B IMHUTAHUU YYAIlUXCS HMMEIOT Ba)KHOE
3HAYCHHE IPOCBETHTEILCKAE Pa0OThI CpPEAH POAUTEIIEH W PAaOOTHUKOB IIKOJIHLHOTO
o0pa3oBaHUs 0 HEOOXOAUMOCTH YIYUIICHHS MOTPEOIEHNSI MUKPOHYTPUEHTOB.

KiaroueBble cjoBa: ceabCKHE IIKOJBI, ydYallluecs, IPAKTHYeCKOe IMHUTaHUE,
BUTaMHUHBI, MUKPO3JIEMEHTBI, POCBETUTENhCKAs paboTa.

186


https://doi.org/10.1016/S0140-6736(07)61690-0
http://www.who.int/news-room/fact-sheets/detail/infant-and-young-child-feeding
http://www.who.int/news-room/fact-sheets/detail/infant-and-young-child-feeding
https://doi.org/10.5281/zenodo.8048273
https://orcid.org/0000-0002-3898-2535
https://orcid.org/0000-0001-8214-7396
mailto:h.hazratova@mail.ru
https://orcid.orgx/%20ORCID%200009-0001-6259-4188

QarDU xabarlari BIOLOGIYA 2024 (2) 2

Kirish. O‘quvchi yoshlarning me’yoriy o‘sib rivojlanishi, turmush tarzi, agliy va
jismoniy faoliyati hamda ularning sihat-salomaligini ta‘minlaydigan eng muhim
omillardan biri ratsional ovqatlanish hisoblanadi. Xususan, ularning kundalik ovqati
tarkibida ogsillar, aynigsa, vitaminlar miqdorining yetarli darajada bo‘Imasligi bolalarning
me’yoriy o‘sishiga, psixofiziologik holatining yomonlashishiga, tashqi muhit omillariga
chidamlilikning pasayishiga va boshqa salbiy ogibatlarga olib keladi [2, 46-52 b, 3, 16-20
b, 7, 28 b, 8]. Shu bilan birga ushbu omil o‘suvchi organizmning moslashuvchanligi,
nospetsifik rezistentligining kamayishi va ayrim fiziologik-biokimyoviy reaksiyalarning
buzilishiga olib keladi [4, 49-53 b, 9, 49 b.].

Ovqatlanish bo‘yicha BMT qoshidagi YUNISEF tashkilotining “Har bir bolaning
ovqatlanishi” ga oid 2020-2030-yilllarga mo‘ljallangan strategiyasida 2020-yilda
daromadi kam va o‘rta mamlakatlardagi 200 millionga yaqin bolalarda o‘sishdan ortda
qolish, ularning yarmidan ko‘pida vitaminlar va ayrim mineral moddalar bilan
ta’minlanish holatining yomonligi qayd qilingan [5, 100 b.].

Respublikamizda maktab yoshidagi bolalarning ovgatlanishiga, xususan, ularning
mikronutriyentlar bilan ta’minlanishiga alohida e’tibor qaratib kelinmoqda. Jumladan,
O‘zbekiston Respublikasi Vazirlar Mahkamasi tomonidan 2010-yil 20-avgustda “Ta’lim
muassasalarida sog‘lom ovqatlanish shart-sharoitlarini yaxshilash bo‘yicha chora-tadbirlar
to‘g‘risida” gi 184-sonli qarori, 2015-yil 29-avgustda “2015-2020-yillar davrida
O‘zbekiston Respublikasi aholisining sog‘lom ovqatlanishini ta‘minlash Konsepsiyasini
va chora-tadbirlar kompleksini tasdiqlash to‘g‘risida” gi 251-sonli garori, O‘zbekiston
Respublikasi Prezidentining 2020-yil 20-noyabrdagi “Aholining sog‘lom ovqatlanishini
ta’minlash bo‘yicha qo‘shimcha chora-tadbirlar to‘g‘risida”gi PQ-4887 qgarori, 2022-yil
28-yanvardagi “2022-2026-yillarga mo‘ljallangan Yangi O°‘zbekistonning taraqqiyot
strategiyasi to‘g‘risida”gi PF-60 sonli farmoni, 2024-yil 16-fevraldagi “Respublikada
0zig-ovqat xavfsizligini ta’minlashning qo‘shimcha chora-tadbirlari to‘g‘risida” PF-36
sonli farmoni va boshga davlat hujjatlarida belgilangan masalalar hamda ularni
bosgichma-bosqgich amalga oshirib borish yosh fiziologiyasi va tibbiyot sohasida faoliyat
olib borayotgan mutaxassislarning ham zimmasida turgan dolzarb vazifalardan biri
hisoblanadi.

Shu munosabat bilan Respublikamizda aholi turli guruhlarining, xususan, bolalar va
o‘smirlarning sog‘lom ovqatlanishi hamda jismoniy rivojlanishini o‘rganish bo‘yicha
gator tadgigotlar amalga oshirib kelinmogda. Aytish joyizki, Respublikamizdagi
maktablarning aksariyat gismi gishlog joylarida joylashgan bo‘lib, ularda ta’lim-tarbiya
ishlarining tobora yaxshilanishiga davlat tomonidan katta e’tibor berilmoqda. Lekin
qishloq va shahar maktablaridagi o‘quvchilarning kunlik ratsionida oziq moddalar,
aynigsa, mikronutriyentlar, xususan, vitaminlar talab darajasida deb bo‘lmaydi. Ushbu
holatning sabablaridan biri qilib, gishlog aholisining mikronutriyentlar borasidagi
tushunchasi yetarli emasligini, o‘quvchilar taomlanishida asosiy e‘tibor ovqatning kalorik
koeffisiyentiga qaratilib, uning tarkibidagi vitaminlarga hamingadar munosabatda
bo‘lishlikni ko‘rsatish mumkin. Shu nuqtayi nazardan gishloq sharoitida kichik maktab
yoshidagi o‘quvchilarning ayrim vitaminlar bilan ta’minlanishini o‘rganish ma‘lum
nazariy va amaliy ahamiyat kasb etadi.

Tadqgigot metodologiyasi. Kuzatuvlar 2022-yilning bahor mavsumida Qashgadaryo
viloyatining Kasbi tumanidagi gishloq maktablarida tahsil olayotgan 242 nafar 7-10 yoshli
o‘quvchilar ustida olib borildi. Ularning ayrim vitaminlar bilan ta’minlanishini
nutrisiologik tekshiruvlarda keng ko‘lamda qo‘llaniladigan anketa-so‘rov usulida
o‘rganildi. Kunlik ovqat tarkibidagi vitaminlarning miqdori shu yoshdagi bolalar uchun
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belgilangan me’yorlarga taqqoslandi [6, 42 b.]. Olingan natijalar statistik gayta ishlandi [7,
328 b.].

Natijalar va muhokama. Olib borilgan tadqiqotlar gishloq maktablari boshlang‘ich
sinf o‘quvchilarning amaldagi ovqatlanishi, xususan, ularning kunlik ovqati tarkibidagi
ba’zi bir vitaminlarning miqdori, belgilangan me’yor ko‘rsatkichlariga mos kelmasligini
ko‘rsatadi. Olingan natijalar quyidagi jadvalda keltirilgan.

Boshlang‘ich sinf o‘quvchilarining vitaminlar bilan ta’minlanishi

Vitami | Me’yor 7-yosh (n=48) 8 yosh (n=90) 9 yosh (n=46) 10 yosh (n=58)
n Mzm SD Mzm SD Mzm SD M=m SD
C (mg) 35 33,8+1,8 13,04 63,1£3,6 34,32 19.9+1,64 | 11,16 | 34,4+3,06 | 23,35

A (Mg) 05 025:004 | 031 | 0.57£0,08 [ 085 | 011001 | 0,09 | 02+0,02 | 0,21

D (mkg) 5 1,40+0,14 | 1,03 | 1,8+0,17 | 161 | 1,4+0,15 | 1,03 | 1,9+0,33 | 2,51
B2(mg) | 09 | 087009 | 069 | 160,12 | 1,14 | 06+0,03 | 026 | 1,1+0,07 | 059
PP(mg) | 12 | 12,35+1,39 | 9,65 | 24,6+1.85 | 17,63 | 9,1+0,71 | 4,82 | 154+1,09 | 8,35
Bo(mg) | 300 | 98,0+8,73 | 60,53 | 237+19,9 | 189,12 | 77,9562 | 38,16 | 150+11,0 | 84,42
B2 (mkg) 1,8 1,81:0,20 | 1,38 [ 2,37+0,10 | 096 | 1,28+0,10 | 0,68 | 2,120,17 | 1,35

Yugqoridagi jadvalda ko‘rinib turganidek, 7 yoshli o‘quvchilarning kundalik ovgati
tarkibidagi C, B2, PP hamda Bi2 vitaminlarining miqdori me’yor darajasiga yaqin hamda
A, D va Bg vitaminlari bilan ta‘minlanish esa me’yorga nisbatan o‘rtacha 28-50% ni
tashkil giladi.

8 yoshli o‘quvchilarning amaldagi ovqatlanishida, ya‘ni ayrim vitaminlar bilan
ta’minlanish yuqoridagi tendensiyaga nisbatan zid bo‘lgan holat qayd etildi. Jumladan,
ularning kundalik ovqati tarkibidagi askorbat kislotaning miqdori me’yorga nisbatan
o‘rtacha 80,2% gacha, retinol esa 14% gacha, riboflavin 77,7% gacha hamda
sianokobalamin o‘rtacha 31,6% gacha ko‘p. Aynigsa, vitaminlardan niatsinning miqdori
me’yor ko‘rsatkichlaridan 2 barobargacha ziyodligi e’tiborni tortadi. Bunday holatni
izohlash uchun shu yoshdagi o‘quvchilarning taomnomalari birma-bir tahlil etilganda ular
tomonidan non va un mahsulotlari (pechak, somsa, perashka kabi xamirli pishiriglar)
hamda kartoshka va tuxum qo‘shib tayyorlanadigan taomlarni hafta davomida nisbatan
ko‘p iste’mol qilinganligi aniqlandi.

Boshlang‘ich sinfda o‘qiydigan 9 yoshli o‘quvchilarning kundalik ovqati tarkibidagi
C, B2, PP hamda Bi, vitaminlarning miqdori me’yorga nisbatan tegishli holda o‘rtacha
43,2%, 33,4%, 24,2% hamda 28,9% gacha kamligi qgayd qilindi. Shuningdek,
o‘quvchilarning A, D va Bg vitaminlari bilan ta‘minlanishi me’yorning atigi 22-28% ni
tashkil giladi xolos.

10 yoshli o‘quvchilarning vitaminlar bilan ta‘minlanishi haqida shuni aytish
mumkinki, ularning kundalik ovqati tarkibidagi C vitaminining miqdori 34,4+3,06 mg ga
teng bo‘lib, bu ko‘rsatkich me’yorga nisbatan o‘rtacha 98,2% ni tashkil etdi. Shuningdek,
ularning A, D va Bg vitaminlari bilan ta’minlanishi esa o‘rtacha 38-50% ni tashkil etadi.
O‘quvchilarning (10 yoshli) kunlik ovqati tarkibidagi B2, PP va Bi2 vitaminlarining
miqdori me‘yorga nisbatan o‘rtacha mos ravishda 22,2%, 28,3% hamda 16,6% gacha
ziyodligi gayd qilindi.

Olingan natijalarni umumlashtirib, 7-10 yoshli o‘quvchilarning kundalik
ovqatidagi ayrim vitaminlarning me’yorga nisbatan o‘rtacha foiz ko‘rsatkichlari tahlil
gilinganda, ularning A, D va Bg vitaminlari bilan ta’minlanishi me’yorga nisbatan kam
(mos holda 43,5%; 67,5% va 53,2%), B> va PP vitaminlarining miqdori me’yordan
o‘rtacha 15-28% ga ko‘p hamda ularning C va Bi> vitaminlari bilan ta’minlanishi esa
me‘yor darajasida ekanligini aytib o‘tish joyiz.

Xulosa va takliflar. Xulosa o‘rnida shuni aytish mumkinki, gishloq sharoitida
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istiqgomat qilayotgan boshlang‘ich sinf o‘quvchilarining vitaminlar bilan ta‘minlanishi
me’yor ko‘rsatkichlariga mos kelmaydi. Bunga asosiy sabablardan biri o‘quvchilarning
kundalik ovgati tarkibidagi 0zig-ovqat mahsulotlarining nomutanosibligi bo‘lishi mumkin.
Bu ularning o‘sib ulg‘ayishi, fanlarni o°zlashtirib olishi, kasalliklardan muhofaza
qilinishida salbiy ko‘rsatkichlarga olib kelishi ehtimoldan uzog emas. Yugoridagi holatni
oldini olish uchun o‘quvchilar o‘rtasida ratsional ovqatlanish, xususan, vitaminlarning
manbalari va ular bilan yetarli ta’minlanishda uyda va oilada qanday ovqatlar turiga,
tayyorlanish texnologiyasiga e’tibor qilish lozimligi bo‘yicha targ‘ibot ishlarini olib
borishni kuchaytirish zarur. Jumladan, har bir maktabda gaysi vitaminlarning ganday
mahsulotlarda uchrashi, ularning ovqgat tayyorlanish jarayonida o‘zgarishi (parchalanib
ketishi), avitaminozlari, gipovitaminozlari va gipervitaminozlari ko‘rsatadigan devoriy
ko‘rgazmalar, bukletlar tashkil qilish lozim. Bundan tashqari ota-onalar majlislarida
to‘g‘ri ovqgatlanish bo‘yicha mutaxassislar (vrachlar, nutrisiologlar, biologlar va
boshqgalar) maslahatini eshitish foydadan holi bo‘lmaydi.

Shu narsani esdan chigarmaslik kerakki, kuzatuvda bo‘lgan o‘quvchi yoshlarning
kunlik taomlanishida vitaminlarga bo‘lgan taqchillik ularning me’yoriy o°sib
rivojlanishiga (ham jismoniy ham aqliy) salbiy ta’sir etadi (pakanalik, jismonan ojizlik,
aqliy zaiflik va boshqalar). Eng muhimi, ma’lum vaqt (bir necha oy) o‘tganidan keyin
ularni har jihatdan to‘laqonli taomlar bilan oziglantirish vaziyatni to‘lig tiklanishiga olib
kelmasligi mumkin. Ushbu holatni tushunish va o‘quvchilarning kundalik taomlanishida
shunga mos ravishda ish olib borish, yosh avlodning har jihatdan barkamol bo‘lishida
muhim ahamiyat kasb etadi.
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Annotatsiya. Maqolada Yakkabog® tumanidagi Olga shirachi (Eremurus olgae
Regel) senopopulyatsiyasining floristik tarkibi, undagi turlarning hayotiy shakllari
keltirilgan. Ushbu senopopulyatsiya dengiz sathidan 1360 m balandlikda joylashgan.
Tahlil natijalariga ko‘ra o‘rganilgan senopopulyatsiyada 66 turlagi yuksak o‘simlik turlari
uchrab, qismini ko‘p yillik (28 ta tur) va bir yillik (16 ta tur) o‘tlar tashkil gilishi ma’lum
bo‘ldi. Bundan tashqari, senopopulyatsiyada 6 turdagi daraxtlar, 9 turdagi butalar, 2
turdagi chala butalar va 2 turdagi ikki yillik o‘tlar ham o‘sishi ma’lum bo‘ldi.
Senopopulyatsiyadagi eng ko‘p turlar Qogqio‘tdoshlar — Asteraceae (8 ta tur) va
Ra’nodoshlar — Rosaceae (6 ta tur) oilalari vakillaridan iboratligi ma’lum bo‘ldi.
Xilmaxillik bo‘yicha keyingi o‘rinlarni Boshoqdoshlar — Poaceae (5 ta tur), Yalpizdoshlar
— Lamiaceae va Karamdoshlar — Brassicaceae (4 tadan tur), Govzabonguldoshlar —
Boraginaceae va Zubturumdoshlar — Plantaginaceae oilalari (3 tadan tur) vakillari egalladi.

Kalit so‘zlar: floristik tarkib, senopopulyatsiya, Yakkabog* tumani florasi, hayotiy
shakllar.

FLORISTIC COMPOSITION OF THE COENOPULATION OF EREMURUS
OLGAE REGEL IN THE YAKKABAG REGION

Annotation. The article presents the floristic composition and life forms of plants
growing in the coenopopulation of Eremurus olgae Regel in the Yakkabag region. This
coenopopulation is located at an altitude of 1360 m above sea level. According to the
results of the analysis, 66 species of higher plants were found in the studied
cenopopulation, most of which were perennials (28 species) and annuals (16 species). In
addition, it was established that 6 species of trees, 9 species of shrubs, 2 species of shrubs
and 2 species of biennials grow in the coenopopulation. The largest number of them are
representatives of the Asteraceae (8 species) and Rosaceae (6 species) families. Next in
diversity are representatives of the families Poaceae (5 species), Lamiaceae and
Brassicaceae (4 species each), Boraginaceae and Plantaginaceae (3 species each).

Key words: floristic composition, coenopopulation, flora of the Yakkabag region,
life forms.

Kirish. Shirachlar gadim zamondan insoniyat orasida manzarali o‘simlik sifatida
ma’lum bo‘lgan turkumlardan biridir. Ushbu turkumni boshqalardan uzun tik soyabonning
mavjudligi ajratib turadi. Fanga ma’lum bo‘lgan barcha turlari ko‘p yillik o‘tlar bo‘lib,
generativ poyasining balandligi 50 sm dan 3 m gacha yetadi.
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Olga shirachi (Eremurus olgae Regel) to‘pguli bilan hisoblaganda bo‘yi 1,5 metr
gacha yetadigan tur bo'lib, och qizg‘ish tusdagi gullardan iborat to‘pgulga hosil qgiladi.
Ildizlari biroz yo‘g‘onroq, deyarli silindrsimon shaklda, yuzasi ko'pincha tukli. Bitta
o‘simlikda 65 tagacha barglar hosil bo‘lishi mumkin. Poyasi to‘q yashil, balandligi 100
smdan oshmaydi. Gullarning diametri 35 mm, och qizg‘ish rangda, shingilsimon to‘pgulga
yig‘ilgan. To‘pgul konussimon yoki sharsimon shaklda, uzunligi 0,6 metrgacha, diametri
esa 15 smgacha bo'lishi mumkin. Yashil tomirli oq perianths bilan gullar mavjud. Gullash
vaqti o'simlik o'sadigan mintagadagi iglimga bog'liq va may-avgust oylarida kuzatilishi
mumkin.

Gullash davri o‘sish hududining iglimiga mos ravishda may oyidan avgustgacha
bo‘lgan davrga to‘ri keladi. Xuddi shu davrda mevasi yetiladi.

Turkmaniston, Eron, Afg‘oniston, Tojikiston, O‘zbekiston va Qirg‘izistonda
uchraydi [1].

Olga shirachi urug‘larining unib chiqishiga gormonal, kimyoviy va fizik ishlov
berishning ta’siri A. Rahmanpour, A. Majd va F. Chalabiane tomonidan Eron milliy
botanika bog‘idan yig‘ilgan urug‘larda o‘rganilgan [2].

Eronning Maku viloyatidagi Xazanga o'tloglaridan Olga shirachini vegetatsiya
davomida yig‘ishdan tushishi mumkin bo‘lgan iqtisodiy ko‘rsatkichlar S.M. Heshmatol
Vaezin, S. Ghanbari ap Ali Tavililarning ishlarida keltirilgan [3].

Tadgigot metodologiyasi. Tadgigot marshrutli rekognossirovka usulida olib
borildi. O‘simliklarning turini aniqlash dala sharoitida amalga oshirildi, joyida aniglash
imkoniyati bo‘lmagan o‘simlik turlarining gerbariy namunalari yig‘ildi va o‘simliklar
aniglagichi [4] yordamida aniglandi.

Aniqlangan turlarning to‘liq lotincha nomlari Qashqadaryo viloyati florasi kadastri
[5] va Xalqaro o‘simlik nomlari bazasi (International Plant Names Index) [6] bo‘yicha
keltirildi.

Natijalar va muhokama. Shirachning biz o‘rgangan senopopulyatsiyasi
Yakkabog® tumanida (38°49°44.8”N 66°53°01.3”E) dengiz sathidan 1360 m balandlikda
joylashgan. Hududning iglimi kontinental, o‘rtacha yillik yog‘in 350 mm dan 450 mm
gachani tashkil qiladi. Yog‘inning asosiy qismi, butun O‘zbekistondagi singari, bahor va
qish fasllariga to‘g‘ri keladi. Tuprog‘i tipik bo‘z tuproq [7].

Ushbu senopopulyatsiyada o‘sadigan o‘simliklar floristik tahlil gilinganda jami 66
turdagi o‘simlik uchrashi ma’lum bo‘ldi.

Yakkabog‘ tumanidagi Eremurus turkumi
senopopulyatsiyasining floristik tarkibi

Lotincha O‘zbekcha Hayotly
shakli

Acantholimon erythraeum Bunge Qizg‘ish kirpio‘t chala buta
Acer pubescens Franch. Tukli zarang daraxt
Acer turkestanicum Pax Turkiston zarangi, shavqat daraxt
Achillea filipendulina Lam. Tobulg‘ibargli bo‘ymodaron, dastarbosh ko‘p yillik ot
Adonis turkestanica (Korsh.) Adolf. Turkiston sug‘uro‘ti, gulizardak, sariqo‘t | ko‘p yillik o‘t
Allium caesium Schrenk Ko ‘kmoviy piyoz ko‘p yillik ot
Allium komarowii Lipsky Komarov piyozi ko‘p yillik ot
Althea officinalis L. Dorivor gulxayri ko‘p yillik ot
Alyssum sp. Momogaldiroq bir yillik o‘t
Artemisia albicaulis Nevski Ognovdali shuvoq chala buta
Arum korolkowii Regel Korolkov kuchalasi ko‘p yillik ot
Berberis integerrima Bunge Qizil zirk buta
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Lotincha O‘zbekcha Hayotly
shakli

Bromus sericeus Drob. Ipaksimon yaltirbosh bir yillik o‘t
Bromus tectorum L. Tom yaltirboshi, cho‘chqayoli bir yillik o‘t
Capsella bursa-pastoris (L.) Medik. Oddiy jag‘jag‘, achambiti bir yillik o‘t
Codonopsis clematidea (Schrenk) C.B. Clarke | Qoraqurt, dog‘voy ko‘p yillik o‘t
Cotoneaster sp. Irg‘ay buta
Cousinia coronata Franch Tojli karrak ikki yillik ot

Cousinia integrifolia Franch

Yaxlitbarg karrak

ikki yillik o‘t

Cousinia maracandica Juz.

Samargand karragi

ko‘p yillik ot

Crataegus pontica C. Koch Pontik do‘lanasi, do‘lana daraxt
Elaeagnus angustifolia L. Uzunbarg jiyda, kaptar jiyda daraxt
Ephedra equisetina Bunge Qirgbo‘g‘imsimon zog‘oza, gizilcha buta
Eremurus olgae Regel Olga shirachi ko‘p yillik o‘t
Erodium cicutarium (L.) L’Her. Oddiy laylaktumshug bir yillik o‘t
Galium sp. Qumrio‘t -

Gentiana olivieri Griseb.

Olivye gazako‘ti, erbaxosi

ko‘p yillik ot

Hordeum murinum subsp. leporinum (Link)
Arcang. (H. leporinum Link)

Quyon arpa

bir yillik o‘t

Hypericum perforatum L.

Teshikbargli dalachoy, qizilpoycha,
choycho‘p, choyo‘t

ko‘p yillik ot

Inula orientalis Lam.

Sharq andizi (yirikbargli andiz), sariq
andiz

ko‘p yillik ot

Iris magnifica (Vved.) Vved.

Antiga gulsafsar

ko‘p yillik ot

Juniperus polycarpos var. seravschanica

(Kom.) Kitam. Zarafshon archasi, gizil archa, qora archa daraxt
Juniperus semiglobosa Regel Yarimsharsimon archa, saur archa daraxt
Lactuca soongorica Regel Jung‘or sutcho‘pi ko‘p yillik o‘t
Lamium amplexicaule L. Xajmpoyali lamium bir yillik o‘t

Lappula sp.

Moviygul

Lepidium draba subsp. chalepense L.

Sudraluvchi boltirig

ko‘p yillik o‘t

Lonicera korolkowii Stapf

Korolkov uchgati

buta

Lonicera nummulariifolia Jaub. & Spach

Tangabarg uchqat, shilvi

buta

Malva neglecta Wallr.

Befarq tugmachagul

ko‘p yillik o‘t

Mentha longifolia var. asiatica (Boriss) Rech.
f

Osiyo yalpizi, suvyalpiz

ko‘p yillik o‘t

Nonea caspica (Willd.) G. Don.

Kaspiy noneyasi bir yillik o‘t
Onosma dichroanta Boiss. Ikkirangli mexrigiyoh ko‘p yillik ot
Papaver pavoninum Schrenk Tovus ko‘knori, lolagizg‘aldoq bir yillik o‘t

Phlomis spinidens Nevski

Tikantish qo‘ziquloq

ko‘p yillik o‘t

Plantago lanceolata L.

Nashtarsimon zubturum, bargizub,
ilontili

ko‘p yillik o‘t

Poa bulbosa L.

Piyozboshli qo‘ng‘irbosh

ko‘p yillik o‘t

Prunus bucharica (Korsh.) B.Fedtsch. ex

Rehder Buxoro bodomi, yovvoyi bodom buta
Prunus erythrocarpa (Nevski) Gilli Qizilmeva chiya, chiya buta
Prunus verrucosa Franch. Bodom chiya, gujum chiya buta

Ranunculus sp.

Ayigtovon

Rheum fedtschenkoi Maxim. ex Regel

Fedchenko rovochi

ko‘p yillik ot

Roemeria refracta (Stev.) DC. Egilgan gizg‘aldoq bir yillik o‘t
Rosa canina L. Itburun namatak buta
Rumex sp. Otqulog ko‘p yillik ot
Scandix stellata Banks & Sol. Yulduzsimon so‘zanak bir yillik o‘t
Secale cereale L. Ekma bo‘zcho‘p bir yillik o‘t
Stellaria media (L.) Vill. O‘rtacha yulduzo‘t bir yillik o‘t

Taraxacum sp.

Qoqio‘t

ko‘p yillik ot
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Lotincha O‘zbekcha Hayotly
shakli
Thlaspi arvense L. Dala tlaspisi bir yillik o‘t
Trifolium pratense L. O‘tloq sebargasi ko‘p yillik ot
Tulipa turkestanica Regel Turkiston lolasi ko‘p yillik ot
Veronica anagalloides Guss. Soxtabulogli itgunafsha ko‘p yillik o‘t
Veronica campylopoda Boiss. Egilgan itgunafsha bir yillik o‘t
Viola turkestanica Regel & Schmalh. Turkiston gunafshasi ko‘p yillik o‘t
Ziziphora tenuior L. Nafis kiyiko‘t, cho‘lyalpiz bir yillik o‘t

Senopopulyatsiyadagi o‘simliklar jamoasi tarkibi tahlil qgilinganda bu yerda 6
turdagi daraxtlar, 9 turdagi butalar, 2 turdagi chala butalar, 28 turdagi ko‘p yillik o‘tlar, 2
turdagi ikki yillik o‘tlar va 16 turdagi bir yillik o‘tlar o‘sishi ma’lum bo‘ldi. 3 turdagi o‘t
o‘simliklarning turini aniqlashning imkoni bo‘lmaganligi sababli ularning hayotiy shaklini
(bir, ikki yoki ko‘p yillik) jadvalda keltirilmadi.

Xulosa va takliflar. Ushbu senopopulyatsiyada Qogqio‘tdoshlar (Asteraceae)
oilasidan eng ko‘p o‘simlik turi (8 ta) uchrashi ma’lum bo‘ldi. Xilmaxillik bo‘yicha
keyingi o‘rinlarni Ra’nodoshlar (Rosaceae) — 6 ta tur, Boshogdoshlar (Poaceae) — 5 ta tur,
Yalpizdoshlar (Lamiaceae) va Karamdoshlar (Brassicaceae) — 4 tadan tur,
Govzabonguldoshlar (Boraginaceae) va Zubturumdoshlar (Plantaginaceae) oilalari — 3
tadan tur bilan egalladi.

Gulxayridoshlar (Malvaceae), Nargizdoshlar (Amaryllidaceae), Archadoshlar
(Cupressaceae),  Torondoshlar ~ (Polygonaceae),  Zarangdoshlar  (Sapindaceae),
Shilvidoshlar (Caprifoliaceae), Ayiqtovondoshlar (Ranunculaceae) va Ko‘knordoshlardan
(Papaveraceae) 2 tadan tur uchragan bo‘lsa, Gazako‘tdoshlar (Gentianaceae), Ziradoshlar
(Apiaceae), Burchogdoshlar ~ (Fabaceae), Karmakdoshlar ~ (Plumbaginaceae),
Gunafshadoshlar (Violaceae), Zirkdoshlar (Berberidaceae), Gulsafsardoshlar (Iridaceae),
Yoronguldoshlar ~ (Geraniaceae),  Ro‘yandoshlar  (Rubiaceae),  Qizilchadoshlar
(Ephedraceae), Chinniguldoshlar (Caryophyllaceae), Jiydadoshlar (Elaeagnaceae),
Shirachdoshlar (Asphodelaceae), Qo‘ng‘irguldoshlar (Campanulaceae), Dalachoydoshlar
(Hypericaceae), Loladoshlar (Liliaceae) va Kuchaladoshlar (Araceae) oilalarining fagat
bittadan vakili o‘sishi aniglandi.

Xulosa qilib shuni aytish mumkinki, Olga shirachining Yakkabog‘dagi
senopopulyatsiyasida asosiy o‘simliklar tarkibini ko‘p yillik va bir yillik o‘tlar tashkil
qilib, eng ko‘p turlar Qoqio‘tdoshlar (Asteraceae) va Ra’nodoshlar (Rosaceae) oilasi
vakillaridan iborat.
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