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DOES MEDICAL MARIJUANA LEGALIZATION AFFECT ADOLESCENT MARIJUANA USE?

Section 1. Medical science

https://doi.org/10.29013/AJT-22-9.10-3-10

Wengi Gao,
Westtown School, PA

DOES MEDICAL MARIJUANA LEGALIZATION
AFFECT ADOLESCENT MARIJUANA USE?

Abstract

Objective: Pennsylvania State legalized medical use of cannabis in year 2016. This study aims to
examine if the medical marijuana legalization (MML) has any impact on adolescent marijuana use.

Methods: Data from the Youth Risk Behavior Surveillance System (YRBSS) were used. Data of
the states of PA and VA in years 2015 and 2017 were used. For PA, year 2015 and 2017 are pre- and
post-MML, respectively. VA state was included for comparison purpose as marijuana remained illegal
in VA through 2015 to 2017. Propensity score matching (PSM) was employed, to select participants
from two states that are similar in key demographic characteristics. Using the matched participants,
Difference-in-differences (DID) analysis was performed to compare the changes in marijuana use
rate between the two states from 2015 to 2017.

Results: there were some differences between two states in age and race/ethnicity before match-
ingin both study years. PSM has improved the balance of both variables. using the matched samples,
marijuana use remained stable in both states. DID analysis indicates that there’s no difference in
marijuana use rate change between the two states, which further means that there’s no impact of
medical marijuana legalization on marijuana use.

Conclusion: Using matched data from YBRS, we found that the medical marijuana legalization
in Pennsylvania did not have negative impact on adolescents’ marijuana use.

Keywords: medical marijuana legalization, adolescent marijuana use, comparative analysis, Dif-
ference-in-differences analysis, propensity score matching.

Introduction

Although the federal government still strictly
prohibits marijuana, there have been changes in
many states in regulations on pot. According to
Wikipedia as of May 2019, the medical use of can-
nabis is legal (with a doctor’s reccommendation) in
33 states, and recreational use of cannabis is legal
in 10 states [1].

On the other hand, there has been arguments
against legalizing marijuana or loosening of cannabis
laws. One of the most common arguments is that it
may encourage teen use of marijuana.

In Pennsylvania State, medical use of cannabis
was legalized in 2016 through a bill enacted by the
state legislature. In this study, we aimed to assess the
impact of medical marijuana legalization (MML) in
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Section 1. Medical science

Pennsylvania State on adolescent marijuana use, by
comparing change from year 2015 to 2017, with the
state of Virginia.

Methods

Data source

Data from the Youth Risk Behavior Surveillance
System (YRBSS) were used. (https://www.cdc.gov/
healthyyouth/data/yrbs/index.htm)

YRBSS was developed in 1990 by the Centers
for Disease Control and Prevention (CDC), aiming
to monitor health-related behaviors that contribute
to deaths and disabilities among youth and adults.
It includes national, state, territorial, tribal govern-
ment, and local school-based surveys of representa-
tive samples of students in 9™ through 12" grade.
These surveys are conducted every two years.

YRBSS monitors six categories of health-related
behaviors:

« Behaviors that contribute to unintentional

injuries and violence;

« Sexual behaviors related to unintended preg-
nancy and sexually transmitted diseases, in-
cluding HIV infection;

« Alcohol and other drug use;

« Tobacco use;

o Unhealthy dietary behaviors;

« Inadequate physical activity.

This study used combined states data conducted
by departments of health and education, which pro-
vide data representative of mostly public high school
students in each jurisdiction.

Data of the states of PA and VA in years 2015
and 2017 were used. For PA, year 2015 and 2017
are pre- and post-MML, respectively. VA state was
included for comparison purpose. It is a neighbor
to PA geographically. More importantly, marijua-
na remained illegal in VA through 2015 to 2017.
Therefore, by including VA as the comparison
group, the study will be able to detect the effect
of marijuana legalization in PA from any effect ex-
plained by other variables that influence the secu-
lar trend.

Definition of Outcome

In YRBS, Students were asked “During the past
30 days, how many times did you use marijuana?”.
Answers were:

A.Otimes B. 1 or 2 times C. 3 to 9 times D. 10 to
19 times E. 20 to 39 times F. 40 or more times

A variable “current marijuana use” was created,
with current marijuana use =1 if students chose B, C,
D, E, or F, and current marijuana use =0 if students
chose A.

Data analysis

Step 1. propensity score matching (PSM)

There is some differences between the two states
in terms of population size and composition in terms
of age, race/ethnicity etc. [2]. Therefore, propensity
score matching (PSM) was employed, to select par-
ticipants from two states that are similar in key de-
mographic characteristics. PSM is a statistical match-
ing technique that attempts to balance two groups
accounting for characteristics/covariates that are
related to the group assignment (which, in this case,
is state of residence).

In this study, PSM was performed for years 2015
and 2017 separately, using logistic regression model.
In the model, “state” is the outcome variable, and ex-
planatory variables included the following:

o Age;

« Gender;

« Grade;

« Race/ethnicity;
« Smoking;

« Drinking.

From the logistic model, a propensity score was
calculated for every subject. Then matching was
performed to match individuals based on the exact
values of the score. We also assessed if the PSM was
successful by comparing the distribution of the pro-
pensity score and Standardized Mean Differences
(SMD) between the two states.

Step 2. Analysis based on the matched sample

Using the matched participants, marijuana use
rates of the two states were calculated for years 2015
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and 2017, respectively. Difference-in-differences
(DID) analysis was performed to compare the chang-
es in marijuana use rate between the two states from
2015 t02017.DID is a statistical technique common-
ly used in econometrics and quantitative research. It
is intended to mitigate the effects of selection bias
(i.e., differences between two comparison groups)
and extraneous factors [3]. In this study, to conduct
DID analysis, an interaction term of state*year was

included inlogistic model [4]. The coefficient for the
interaction is the differences-in-differences estimator.
A significance level of alpha < 0.05(2-sided) is used
for all analyses.

Results

Propensity Score matching results

Overall matching results:

The sample sizes before and after matching are
summarized in (table 1).

Table 1.
Virginia Pennsylvania

2015 All 1889 1088
Matched 1088 1088

Unmatched/Discarded 801 0
2017 All 1716 1224
Matched 1220 1220

Unmatched/Discarded 496 4

To assess if the matching worked, we plotted
the distribution of the propensity scores between
the two states both before and after matching. We
also used Standardized Mean Differences (SMD) as
a balance measure of the two groups. A large SMD

indicates that groups are different from one another
for reliable comparison [5]. Some guidelines indi-
cate that a SMD of 0.1 or 0.25 can be a reasonable
cut-off for standardized biases [S].

Matching effect of year 2015 data:
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Figure 1. Propensity scores of year 2015, before matching
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SMD for 2015, before matching

VA PA SMD
n 1889 1088
age_cat (%) 0.314
12-14 154 ( 8.2) 63 ( 5.8)
15 356 (18.8) 117 (10.8)
16 583 (30.9) 389 (35.8)
17 626 (33.1) 348 (32.0)
18 170 ( 9.0) 171 (15.7)
male (mean (sd)) 0.53 (0.50) 0.51 (0.50) 0.035
grade (mean (sd)) 10.86 (1.01) 10.95 (0.96) 0.100
smoking (mean (sd)) 0.14 (0.35) 0.13 (0.34) 0.027
drinking (mean (sd)) 0.33 (0.47) 0.38 (0.48) 0.104
race_ethnicity (%) 0.586
Black 530 (28.1) 82 ( 7.5)
Hispanic/Latino 249 (13.2) 157 (14.4)
Others 187 ( 9.9) 88 ( 8.1)
white 923 (48.9) 761 (69.9)
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Figure 2. Propensity scores of year 2015, after matching
SMD for 2015, after matching
VA PA SMD
n 1088 1088
age_cat (%) 0.139
12-14 85 ( 7.8) 63 ( 5.8)
15 121 (11.1) 117 (10.8)
16 398 (36.6) 389 (35.8)
17 358 (32.9) 348 (32.0)
18 126 (11.6) 171 (15.7)
male (mean (sd)) 0.51 (0.50) 0.51 (0.50) 0.009
grade (mean (sd)) 10.90 (1.00) 10.95 (0.96) 0.056
smoking (mean (sd)) 0.12 (0.32) 0.13 (0.34) 0.031
drinking (mean (sd)) 0.36 (0.48) 0.38 (0.48) 0.040
race_ethnicity (%) 0.067
Black 82 (7.5 82 (7.5
Hispanic/Latino 181 (16.6) 157 (14.4)
Others 93 ( 8.5) 88 ( 8.1)
white 732 (67.3) 761 (69.9)
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It can be seen that, in year 2015, there were large
differences between two states in age and race/eth-
nicity (SMD >0.25). PSM has improved the balance
of both variables with lower SMDs after matching.
For example:

« Distribution of age: Before matching, there

were 9% of 18-year-old in Virginia versus
15.7% in Pennsylvania. After matching, the
proportion difference was reduced.

« Distribution of race/ethnicity: Before match-

ing, there were 28% of Black Americans in

Virginia versus only 7.5% in Pennsylvania.
After matching, the proportion difference
was balanced to 7.5% of Black Americans in
both states.

Matching effect of year 2017 data:

Similar pattern of improvement was seen for year
2017 as that in year 2015. Before matching, there
were big difference in race and moderate difference
in race/ethnicity. PSM improved SMDs in both of
these variables.

SMD before matching;:
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Figure 3. Propensity scores of year 2017, before matching

sMD for 2017, before matching

VA PA SMD

n 1716 1224
age_cat (%) 0.311

12-14 131 ( 7.6) 81 ( 6.6)

15 308 (17.9) 147 (12.0)

16 546 (31.8) 383 (31.3)

17 608 (35.4) 416 (34.0)

18 123 ( 7.2) 197 (16.1)
male (mean (sd)) 0.50 (0.50) 0.49 (0.50) 0.003
grade (mean (sd)) 10.88 (0.99) 10.92 (1.03) 0.033
smoking (mean (sd)) 0.07 (0.26) 0.09 (0.28) 0.057
drinking (mean (sd)) 0.30 (0.46) 0.35 (0.48) 0.105
race_ethnicity (%) 0.203

Black 268 (15.6) 160 (13.1)

Hispanic/Latino 303 (17.7) 218 (17.8)

Others 254 (14.8) 114 ( 9.3)

white 891 (51.9) 732 (59.8)

SMD after matching:
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Figure 4. Propensity scores of year 2017, after matching

sMD for 2017, after matching

VA PA SMD
n 1220 1220 7
age_cat (%) 0.225 Marijuana use rates
12-14 98 ( 8.0) 78 ( 6.4) From unmatched data, it
15 113 ( 9.3) 147 (12.0) , .
16 435 (35.7) 383 (31.4) seemed that adolescents’ mari-
%g ‘Hg E3;g% %g 83%% juana slightly increased in PA
male (mean (sd)) 0.50 (0.50) 0.49 (0.50) 0.023 while slightly decreased in VA.
grade (mean (sd)) 10.92 (1.00) 10.91 (1.03) 0.002 .
amokr’(ng (n(1ean (%d()jg) 0.08 Eo.27g 0.09 EO'ZS% 0.024  However, using the matched
rinking (mean (s 0.35 (0.48 0.35 (0.48 0.003 - _
race.ethnicity (%) 0.027 samples, marijuana use re
Black _ 156 (12.8) 160 (13.1) mained stable in both states,
Hispanic/Latino 222 (18.2) 217 (17.8)
others 104 ( 8.5) 112 € 9.2) and the trend seemed to be very
white 738 (60.5) 731 (59.9) similar.
21,5%
21,0%
20,5%
20,0% () 1%
19,5%
19,0%
18,5% 18,5%
18,0%
17,5%
17,0%
2015 2017

Figure 5. Marijuana use rate before matching
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Figure 6. Marijuana use rate before matching

Impact of medical marijuana legalization on
marijuana use: results from DID analysis

As mentioned above, when testing the impact of
medical marijuana legalization on marijuana use us-

Coefficients:

Estimate
(Intercept) -1.401298
sitecodeVA -0.029242
as.factor(year)2017 0.009872
sitecodeVA:year 2017 -0.001882

The P-value of the interaction term of state*year
was 0.99. This indicates that there’s no difference in
marijuana use rate change between the two states,
which further means that there’s no impact of medi-
cal marijuana legalization on marijuana use.

Discussion

In this study, we specifically examined if the
medical marijuana legalization had any impact on
adolescents’ marijuana use. In order to make a fair
comparison, we used Virginia as control group, so
that any other factors at the same time as the MML
such as other policy changes are taken into account.
Virginia is a good control option since marijuana has
remained illegal through the study years. Meanwhile,
these two states are close geographically.

We did notice that there are demographic dif-
ferences between these two states, mainly in age
and race/ethnicity. By employing propensity score
matching, we were able to select comparison groups
that are better balanced in key demographic charac-

std.

ing DID analysis, the metric to look for is the interac-
tion term between state and year.

Error z value Pr(>|zl)
0.076136 -18.405 <0.0000000000000002 #*#**
0.108155 -0.270 0.787
0.104572 0.094 0.925
0.148570 -0.013 0.990

teristics. From the matched samples, marijuana use
rates in both states remained stable from year 2015 to
2017. From the DID analysis, we found no difference
in the marijuana use change between the two states.
Therefore, it can be argued that the medical mari-
juana legalization in Pennsylvania did not negatively
impact the marijuana use of the state.

This is consistent with findings from other states.
For example, a federal report reveals that teen mari-
juana use in Colorado did not increase since adult
use marijuana was legalized in 2012 [6]. Meanwhile,
a state-run survey of 37.000 middle and high school
students in Washington state finds that rates of mari-
juana use among adolescents have remained virtually
flat since the state legalized recreational marijuana
in 2012 [7]. Alot of data showed that not only does
legalization not increase teen marijuana use, but also
the loosening of cannabis laws doesn’t make it any
easier for teens to access marijuana. Nor does it influ-
ence their attitudes toward marijuana [6].
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According to the Marijuana Policy Project
spokesperson Mason Tvert, “... it should be particu-
larly welcome news for those who opposed the state’s
legalization for fear it would lead to an explosion in
teen use. Hopefully it will allay opponents’ concerns
in other states where voters or lawmakers are consid-
ering proposals to legalize and regulate marijuana for
adult use” [6].

marijuana use. Like Mason Tvert stated, “ Rather
than debating whether marijuana should be legal
for adults, let’s focus on how we can regulate it and
control it to make it less available to teens” [6].

Summary

Using matched data from YBRS, we found that
the medical marijuana legalization in Pennsylvania
did not have negative impact on adolescents’ mari-

Our findings added one more piece to the evi-  juana use.
dence of no negative effect of MML on adolescent
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DOPPLER ASSESSMENT OF FETAL DIASTOLIC DYSFUNCTION

https://doi.org/10.29013 /AJT-22-9.10-11-17

Normuradova Nodira M.,

Center for the Development of Professional Qualifications

of Medical Workers, Tashkent, Uzbekistan

DOPPLER ASSESSMENT OF FETAL DIASTOLIC DYSFUNCTION

Abstract. The article presents the results of a study of the pulmonary artery and vein in the

assessment of cardiac dysfunction in fetuses with cardiomegaly. The Doppler in the artery and

vein was obtained in one control volume. Acceleration time (AT), ejection time (ET), isovolumic
contraction time (IVCT), isovolumic relaxation time (IVRT), duration of the A wave (Adur), atrial
contraction time (ACT), the max velocity in the PV at the moment of opening of the atrioventricular
valve (at point AVO), the max velocity in the PV in ventricular systole (at point S) and AVO/S, AT/
ET, ACT/IVRT, IVRT/ET were also calculated. In diastolic dysfunction, there was a shortening
IVRT, lengthening of the atrial time, and a decrease in the AVO/S ratio. Systolic dysfunction of the
heart was characterized by a pronounced dicrotic notch in the arterial spectrum, a decrease in the

wave after the closure of the semilunar valve/or retrograde blood flow in the ventricular diastole.
Keywords: diastolic dysfunction, fetus, Doppler sonography, pulmonary artery, pulmonary vein.

In recent years, many researchers have increas-
ingly paid attention to the assessment of cardiac
dysfunction in fetuses: methods such as Speckle
tracking echocardiography are used, which have
great prospects due to the possibility of obtaining
measurements of longitudinal, radial and transverse
deformation of the myocardium, Tissue Doppler
(TDI), magnetic resonance imaging [1; 2]. How-
ever, unfortunately, there are still limitations in the
widespread availability of these methods in the
health care system.

Dopplerography is a relatively in expensive, ac-
cessible and non-invasive method in the diagnosis
of myocardial dysfunction. To date, to assess global
cardiac dysfunction in children and adults, including
fetuses, the calculation of the MPI index (myocardial
performance index) is widely used [3]. An analysis
of the literature data on the use of the MPI index in
fetuses showed a large scatter of the data obtained
[4-6], which are apparently related to the technical
aspects of the measurements. The development of
new, effective, accessible, and easily reproducible
methods for assessing fetal cardiac dysfunction is

undoubtedly an urgent task of prenatal diagnosis.
Our approach to the diagnosis of fetal cardiac dys-
function is based on the assessment of the Doppler
spectrum of blood flow in the pulmonary arteries
and veins.

Material and methods

In a prospective study, the main group included
69 pregnant women (S patients with multiple preg-
nancies) who were observed at the Republican Sci-
entific and Practical Center for Obstetrics and Gy-
necology of the Ministry of Health of the Republic
of Uzbekistan, with a pathology of the heart in the
fetus. A total of 74 fetuses were studied, including 51
fetuses (group 1) with cardiomegaly of various ori-
gins (CHD, FGR, fetal edema, hemolytic anemia of
the fetus, twin-twin transfusion syndrome, diabetic
macrosomia) and 23 fetuses with CHD without car-
diomegaly (group 2). The control group consisted
of 63 patients without extragenital pathology and
with 10 to 70, on average 36.5 + 6.5 percentile. Ul-
trasound examinations were carried out on Samsung
WS80A (Korea) expert-class devices using convex
probes with a frequency of 3.5-5 MHz.

11



Section 1. Medical science

All fetuses underwent standard fetometry, includ-
ing biparietal head size, head and abdomen circumfer-
ence, and thigh length. Cardio — femoral index (the
ratio of the width of the heart at the level of the atrio-
ventricular valves to the length of the thigh) was used
to assess cardiomegaly, and Color Doppler mapping
(CD) was used to study intracardiac hemodynamics.
In all fetuses, when scanning through a four-chamber
section, the pulmonary veins were removed, while
the control volume of the spectral Doppler was set to
capture both the pulmonary vein and the pulmonary
artery. Using spectral doppler graph, the following pa-
rameters were measured: acceleration time (AT, accel-
eration time) and ejection time (ET, ejection time) in
LA, isovolumic contraction time (IVCT), isovolumic
relaxation time (IVRT, isovolumic relaxation time),
duration of the A-wave in the PV spectrum (A dur, du-

pulmonary valve
closure

]

|
AN
pulmonary artery N,
i

!": A B
Ml W 4
\ A

pulmonary vein

AVO (atrioventricular
valve opening)

Y

ration of the A wave), atrial contraction time (ACT),
maximum velocity in the PV at the time of opening of
the atrioventricular valve (at the AVO point, atrioven-
tricular valve opening), maximum velocity in the PV
in ventricular systole (at point S, systole) (Fig. 1), and
also calculated such indicators as the ratio of velocity
in the pulmonary artery at the moment of opening of
the atrioventricular valve to the maximum velocity in
ventricular systole AVO/S, the ratio of acceleration
time to ejection time AT /ET, the ratio of atrial con-
traction time to isovolumetric relaxation time ACT/
IVRT, and the ratio of isovolumetric relaxation time
relaxation by IVRT/ET ejection time. Statistical data
were calculated using the Statistics 23 program. The
data of the first and second groups were compared
with the control group, the differences in the groups
were considered statistically significant at p < 0.0S.

L_'_’I-kll M b M Rarvmd

Figure 1. Doppler spectrum of blood flow in the pulmonary artery
(above the isoline) and pulmonary vein (below the isoline)

Results

The indicators of gestational age of the first group
were 28.2 + 3.0, in the second group 26.04 + 4.4
weeks, in the control group 29.47 + 4.17 weeks. CFI
in the control group 0.52 * 0.02, in the first group
0.64 £ 0.04, in the second group 0.50 £ 0.01.

The mean value of AT in the first group was 33.0 +
+2.6 (p <0.05), in the second group 30.2 £ 1.7 (p =
=0.55), in the control group 29.9+ 1.9; ET - 180.0 +
+8.9(p<0.05),175.6+ 8.4 (p=0.90),175.9 £ 11.9;
IVCT -41.8+4.0 (p<0.05),30.3+7.5 (p=0.56),
31.6 + 8.3; IVRT - 72.7  11.1 (p < 0.05), 82.0 +

12



DOPPLER ASSESSMENT OF FETAL DIASTOLIC DYSFUNCTION

+3.0 (p>0.05),84.1 £7.7; Adur 169.9 +30.0 (p <
<0.05),163.8£21.3 (p=0.17),157.6 £19.7; AST -
92.6+11.4 (p<0.01),67.0+5.7 (p< 0.05), 74.0 £
+16.2; AVO - 9.7+2.7 (p < 0.05), 12.0 £ 3.1 (p =
=0.79),12.5£3.2;S-25.6 3.6 (p<0.05),21.0+
+4.2 (p=0.81),20.7 £ 3.2, respectively (table 1-3).

We also evaluated IVRT /ET, AST/IVRT ratios
to assess diastolic dysfunction of the heart. The mean
values of IVRT/ET in the first group were 0.41 +
+0.17 (C168%0.24-0.58),in the second group 0.47 +
+ 0.03 (CI 95% 0.40-0.54), in the control group
0.48 £ 0.08 (95% CI 0.40-0.54), p-values for the
first group compared with the control group were
p < 0.01 (there are statistically significant differenc-
es between these groups), for the second group p =
0.12. For the ACT/IVRT indicator, the mean val-
ues in the first group were 1.32 £ 0.3 (C1 68% 0.68-
1.95), in the second group 0.82 £ 0.09 in the control
group —0.90 + 0.2 (95% CI 0.37-1.42), p<0.01 for
the first group, p > 0.05 for the second group.

The presence of cardiomegaly in hemolytic ane-
mia in the fetus was accompanied by changes in the
spectrum of the pulmonary vein, caused by diastolic
dysfunction (Fig. 2), there was a decrease in the ratio
of the velocity at the point of opening of the atrioven-
tricular valve to the maximum velocity during ventric-
ular diastole AVO/S0.31 £ 0.03 with CI 95% of the
control group 0.42-0.74. Atrial time A dur was also
increased by 207.3 £ 11.1 ms (CI 95% of the control
group 109-205 ms). IVRT/ET and AST/IVRT ra-
tios were within 95% CI of the control group - 0.53 +
+0.03 (0.40-0.54) and 1.11+0.17 (0.37-1.42), re-
spectively, despite the fact that the indicators of ACT
118.8 + 17.6 ms (36-112 ms), IVRT 107.8 + 5.4 ms
(62-105 ms) and ET 206.7 + 18.6 ms (146-205 ms)
were higher than the values of the control group. The
AT/ET ratio was increased to 0.22 + 0.01 (95% CI
0.15-0.19 control group) (table 1-3). The group with
fetal growth retardation had a wide range of values. In
cases of an early form of IGR, there was a decrease in
the IVCT value, an increase in the IVRT, AST and A
dur values, while AT, ET corresponded to the values

of the control group. The spectrum of the pulmonary
vein in the late form of IGR showed shortening of
IVRT, ET, AST and lengthening of A dur. The AT val-
ues had a spread from 23 ms to 57 ms, averaging 33.1 +
+ 5.3 ms (24.2-34.7). The mean ET in this subgroup
was 166.3+18.9 ms (146-205ms), [IVCT 39+ 5.5 ms
(9.4-54.3ms), IVRT 74.6+16.4 ms (62 .4-105.8 ms),
ACT 90.5 + 24.9 ms (36-112 ms). In diabetic mac-
rosomia, a normal spectrum of the pulmonary artery
and vein was recorded, with only a slight deviation in
the indicators of the systolic function of the heart—an
increase in the AT /ET ratio, apparently due to volume
overload. Mild valvular regurgitation was noted in the
pulmonary valve. The mean value in the group with di-
abetic macrosomia was AT 30.4 + 1.1 ms (24.2-34.7),
ET 192 + 9.2 ms (146-205 ms), IVCT 45.7 + 4.0 ms
(9.4-54.3ms),IVRT 70.7 + 16.4 ms (62.4-105.8 ms),
ACT 90.5 +24.9 ms (36-112 ms). In fetuses with a
large weight for gestational age, in the absence of dia-
betes in a woman, systolic AT function and the AT/
ET ratio were increased, indicating volume overload
of the heart during macrosomia. The spectrum of the
umbilical artery, ductus venosus, and middle cerebral
artery were within normal limits.

Diastolic dysfunction of the heart in fetuses
with twin-twin transfusion syndrome was also
manifested by an increase in atrial time, accelera-
tion time, and a decrease in isovolumetric contrac-
tion time. Changes in the parameters of the pul-
monary vein AT, ET, IVST, IVRT correlated with
CFL With fetal edema (pronounced hydrothorax),
if the CFI was not increased, then the spectrum of
the pulmonary vein and artery remained normal
(Fig. 3). In the venous duct, there was an increase
in the pulsatile index PI 0.84 with CFI 0.49. The
spectrum of the pulmonary artery and vein indi-
cated the absence of cardiac dysfunction: IVRT /
ET 0.52 (95% CI of the control group 0.40-0.54),
AST / IVRT 0.64 (95% CI of the control group
0.37-1.42),AV0O/S0.52 (95% CI of control group
0.42-0.74), AT/ET 0.19 (95% CI of control group
0.15-0.19).
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Figure 2. Diastolic dysfunction in a fetus with hemolytic anemia at 35 weeks of gestation,
cardiomegaly (CFI 0.65). In the spectrum of the pulmonary vein (above the isoline), there was
a decrease in the ratio of the velocity at the point of opening of the atrioventricular valve to the
maximum velocity during ventricular diastole AVO/S0.25 (0.42-0.74) and an increase in atrial time
A dur 207 ms (109-205 ms). a) cardiomegaly b) Doppler spectrum of pulmonary artery and vein

Figure 3. Doppler spectrum of blood flow in the pulmonary artery (above the isoline)
and vein (below the isoline) in a fetus of 30 weeks of gestation with severe idiopathic
hydrothorax, without cardiomegaly. The spectrum of the pulmonary vein is normal

Discussion

The proposed method for assessing cardiac dys-
function is based on obtaining the blood flow of
the pulmonary artery and vein in the same spec-
trum. Technically, this is easy to do, since the pul-
monary veins in the area of confluence with the left
atrium are located next to the pulmonary arteries.

A b L.,,L.L._ Jensecitn

" nh" 1,-1;

In a four-chamber section, it is necessary to bring
out the pulmonary veins on one side and capture
the pulmonary vein together with the pulmonary ar-
tery into the control volume. Normal spectra of the
pulmonary artery and vein in the second and third
trimesters are shown in Figure 4.

m ey iy 1&!1:'_* L TS

oL ey
FEPT VO ETET R

Figure 4. Spectrum of the pulmonary artery and vein at 20 weeks (a) and 37 weeks (b) of
gestation during normal pregnancy. In the third trimester of pregnancy in the spectrum
of the pulmonary artery, the closing point of the pulmonary valve and the antegrade wave
following it become more pronounced due to the elasticity of the vessel walls. Reverse in the
pulmonary vein (c) in a fetus of 19 weeks of gestation with a normal course of pregnancy

Using the spectrum of the pulmonary artery and
vein, we estimated the MPI (myocardial performance

index). The time of isovolumetric relaxation was cal-
culated from the point of opening of the atrioventricu-
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lar valve in the venous spectrum (or the closing of the
semilunar valve in the arterial spectrum) to point D,
the start point of atrial contraction. When calculat-
ing the isovolumetric contraction, the ejection onset
point was considered as the end point, and certain dif-
ficulties arose when determining the IVCT reference
point, since it was difficult to accurately determine
the time of closing of the atrioventricular valve on the
spectrum. As you can see in (Fig. 1), A point is clearly
visible on the spectrum, the end of atrial contraction,
then the atrium relaxes and an antegrade blood flow
begins in the pulmonary vein, which accelerates to the
beginning of systole. Hypothetically, we took half the
time from point A “end of atrial systole” to the point
of the start of ejection time in the arterial spectrum
(or point S in the venous spectrum).

In the first group, the MPI index averaged 0.65 +
+ 0.11 with a 95% CI 0.43-0.87, in the second
group it was 0.64 + 0.06 (95% CI 0.50-0, 78) and
in the control group 0.66 + 0.10 (95% CI 0.45-
~0.87), when comparing both groups with the con-
trol p > 0.0S, no statistically significant difference

was found. This is apparently due to the heterogene-
ity of the group with cardiomegaly, which included
fetuses with growth retardation, diabetic fetopathy,
immune and non-immune edema, etc. To clarify the
data, studies in a homogeneous group are required.
We have demonstrated that IVCT, IVRT and ET
measurements can easily be obtained using the spec-
trum in the pulmonary artery and vein.

Thus, the data of our study showed that diastolic
dysfunction can be judged by the shortening of the
time of isovolumetric myocardial contraction, the
lengthening of the atrial time, and the decrease in the
AVO/S ratio. Systolic dysfunction of the heart was
characterized by a pronounced dicrotic notch in the
spectrum, a decrease in the wave after the closure of
the semilunar valve/or retrograde blood flow in the
ventricular diastole.

Our results allow us to state that the study of the
Doppler spectrum of blood flow in the pulmonary
artery and vein (in a single control volume) makes it
possible to assess the presence and nature of cardiac
dysfunction in fetuses with cardiomegaly.
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ANALYSIS OF CHLOROPHYLLS IN LOW
QUALITY COTTONSEED OIL

Abstract. This scientific article presents information about the effect of increasing the amount
of cotton seed pods on the quality of cotton oils obtained from I-IV cotton seeds. In particular, in
the processing of low-grade cotton seed in JSC “Karshi oil-extraction”, the pulpiness of the pulp is
4.3-6.0% higher than the usual one, or the degree of crushing of the pulp obtained from low-grade
cottonseed is 5.5-6, S percent higher. With the introduction of reverse goods, cottonseed bolls are
partially reduced, but this has been shown to be insufficient to significantly reduce the bolls of the
pressed material.

The color of low-quality cottonseed oil was found to be 20-21 red units higher than the color of
ordinary (I-1I grades) cottonseed oil by 7-8 blue units. Particular attention should be paid to the
difference in pigments in the blue units that condense the processes of cleaning the obtained oils
with alkali and bleaching with activated adsorbents.

Keywords: chlorophyll, alkali, blue units, red units, cotton seeds, cotton oils, JSC “Karshi yog-
extraction”, JSC “Koson oil-extraction”
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Introduction

The main task of the oil industry of the Republic
of Uzbekistan is to produce environmentally friendly,
competitive, high-quality products for the population.
Training of qualified personnel is of great importance
in performing this task. Oil processing technology
includes a number of production processes. Among
them, the most important are oil refining, hydrogena-
tion, production of margarine and margarine prod-
ucts, mayonnaise, fatty acids, glycerin and soap.

During the production of cottonseed oil, dark-col-
ored crude oils are more often obtained, where, along

with gossypol and its derivatives, pigments of chlo-
rophyll and its derivatives are present [ 1, p. 23-26].

The content of chlorophyll and its derivatives in
crude oils depends on the conditions of their extrac-
tion and the maturity of cotton seeds.

When chlorophyll is treated with alkali, col-
orless substances are not formed, which must be
borne in mind when choosing an industrial method
for bleaching vegetable oils containing a significant
amount of chlorophyll.

C,,H,,ON Mg{ COOCH, i 1 0N Mg{COOH+ CHLOH
2T COOC,H,,— ~ * * * COOH C,H,,OH
Chlorophyll a Chlorophyllin a Phytol
COOCH, COOH CH,0OH
C32H2802N4Mg{COOCZOH39MC32H2802N4Mg{COOH +C20H39OH
Chlorophyll to Chlorophyllin to Phytol

When chlorophyll is treated with acids, magne-
sium is split off from its molecule. The acute action
of acids leads to the formation of pheophytin a and
pheophytin b. It is assumed that it is the presence of
pheophytins that is the reason for the green color of
vegetable oils.

There is a close relationship between the rancid-
ity of oils and their chlorophyll content. Chlorophyll
can act as a photosensitizer when oils are exposed to
light. According to [2, p. 11-16], chlorophyll in the
light is a stimulator of oxidation, while in the absence
of light it does not affect the oxidative process. The
accelerating effect of chlorophyll on the oxidative
rancidity of fats is delayed by the addition of anti-
oxidants.

In the presence of phenolic oxidation inhibitors,
chlorophyll is a positive synergist. However, when
illuminated, it exhibits negative synergism.

Partially, chlorophyll is removed from oils dur-
ing alkaline refining and more completely when
they are treated with natural sorbents. The color
intensity of oils can be significantly weakened

by the action of solar radiation and y-radiation.
v-radiation is especially effective, which opens up
the possibility of practical use of this method for
decolorizing technical green oils.

Solutions of chlorophylls in organic solvents
have characteristic absorption spectra in the region
of 400-500, 600-700 nm. Therefore, the spectro-
photometric method is currently one of the main
methods used in the study and analytical determi-
nation of chlorophylls [3, p. 77-78].

Materials and methods. The article uses mod-
ern methods of chemical, physico-chemical and
other analyzes with the processing of the results by
statistical methods [4, p. 107].

We have studied the content of chlorophyll and
its derivatives in oils obtained from ordinary (grades
I and II) and low-grade (grades III and IV) cotton
seeds. Sampling was carried out during the normal
operation of the JSC “Karshi yog-extraction” and JSC
“Koson oil-extraction”. The analyzes of these samples
and the resulting oil were carried out according to
the “Guidelines for research methods ...” [4, p. 107].
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Results. The results of the analysis of the content
of the husk in the petal mint and pulp are presented
in table 1.

From Table. Table 1 shows that at both enter-
prises, when processing ordinary (I-1I varieties)
cotton seeds, the content of husks in the petal, mint
and pulp is much lower than when processing low-
grade (Il and IV varieties) seeds. For example, in
the joint venture JSC “Karshi oil-extraction” the

huskiness of the petal during the processing of low-
grade cotton seeds is 4.3-6.0% higher compared
to the traditional one. Or the puddleness of mint
obtained from low-grade cotton seeds is higher by
5.5-6.5% compared to the usual one. With the in-
troduction of reverse goods, the huskiness of the
pulp is partially reduced, but this is not enough to
significantly reduce the husk content in the pressed
material.

Table 1.— Changes in the content of husks (huskiness) in the petal, mint and pulp
obtained from ordinary (I-Il varieties) and low-grade (llI-IV varieties) cotton seeds

Husk content (huskiness),%
Business name wh-en'processing ordinary (I-II |when processing low-grade (III and
varieties) cotton seeds (control) IV grades) seeds
inapetal | inmint |inthepulp| inapetal | inmint |in the pulp
SC “Karshi oil-extraction” | 12.1-12.6 | 15.0-18.7 | 13.5-14.3 | 16.4-18.6 | 21.5-24.3 | 20.1-21.5
SC “Koson oil-extraction” | 11.8-13.5 | 15.5-19.2 | 13.8-15.7 | 16.8-18.9 | 22.3-25.8 | 21.2-22.4

Comparison of data for two enterprises shows
that when processing low-grade cotton seeds in pet-
al, mint and pulp, the husk content (husk content)
increases by about 5-7% compared to the traditional

one. This negatively affects the quality of the result-
ing oil, in particular, increases the content of chlo-
rophyll and its derivatives, which are presented in

(table 2).

Table 2.— Change in the mass fraction of chlorophyll and its derivatives in oils
obtained from ordinary and low-grade cotton seeds by pressing methods

Mass fraction of chlorophyll and its derivatives in oils obtained from:%

Business name when processing ordinary (I-1I when processing low-grade (I11
varieties) cotton seeds (control) and IV grades) seeds
JSC “Karshi oil-extraction” 0.5+0.6 1.1+1.2
JSC “Koson oil-extraction” 0.6 +0.7 1.2+1.3

From Table. (Table 2) shows that in oils obtained
from ordinary medium-fiber cotton seeds, the mass
fraction of chlorophyll and its derivatives is contained
within 0.5-0.7%, and in oils obtained from low-grade

cotton seeds —within 1.1-1.3%. The increased content
of green pigments in the composition of raw cotton-
seed oil complicates the processes of its alkaline refin-
ing and bleaching with activated adsorbents.

Table 3.— Change in the color of oils obtained from ordinary and low-grade cottonseeds
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Color at 70 yellow oils obtained from:

) conventional (I and Il varieties) | low-grade (III and IV grades) cot-
Business name
cotton seeds ton seeds
red units blue units red units blue units
JSC “Karshi oil-extraction” 60.5 4.7 81.9 11.3
JSC “Koson oil-extraction” 63.7 5.5 85.2 13.7

Unfortunately, in practice, the content of husks
in mint, pulp and others is often not regulated, due
to which the color of the resulting crude oil signifi-
cantly deteriorates. We confirm the data (Table 3.)
obtained by measuring on a color calorimeter of the
Lovibond type.

Table 3 shows that the color of oils obtained from
low-grade cotton seeds is approximately 20-21 red
units and 7-8 blue units higher compared to the col-
or of oils obtained from ordinary (I-II varieties) cot-
ton seeds. Particular attention should be paid to the
difference in pigments in blue units, which condense
the processes of alkaline refining of the obtained oils
and their bleaching with activated adsorbents.

Discussion and Conclusion. Thus, summariz-
ing the results of this study, we can state that in or-

der to improve the processes of alkaline refining of
cottonseed oils and their bleaching; it is necessary
to stabilize the content of the husk in the composi-
tion of the petal, mint and pulp. At the same time,
it is necessary to select the optimal amount of the
return product introduced into the fryer. it also con-
tains substances that color the resulting oil in red and
blue colors.

High-temperature processing of pulp leads to
the formation of new derivatives of chlorophyll with
other components, which complicates subsequent
processing of cottonseed oil. Therefore, in order to
increase the yield and quality of the resulting oil, it
is necessary to improve the processes of processing
low-grade cotton seeds and obtaining oils for various
purposes from them.
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ION-SALT COMPOSITION OF WESTERN DEEP-WATER
PART OF GREAT ARAL SEA AND ITS VARIABILITY

Abstract. The process of draining the bottom of the Aral Sea is relative to the content of individual
ions, which depends on the regions of the staged salt formations. Based on the results of the studies,
measures were developed the relative content of which decreased from the dried bottom of the Aral
Sea. Our drilling of the bottom of the Aral Sea showed that the thickness of soil sediments from the
south to the north ranges from 2 to 6 m with a humidity of 40-80%. Salt content of groundwater was
0,4-0,9% lower compared to seawater.

Based on studies conducted to establish the distribution patterns of clay materials and soluble
salts in the soil, the western shore of the Great Aral Sea was divided into three layers. In the first layer,
there is no pattern of change in the observed indicators. The second and third layers separately and
the relationships have certain patterns. It has been found that in the second layer, with increasing
depth, the content of clay components of the soil decreases, and at the beginning of the third layer
it increases again, but less than at the beginning of the second layer. These phenomena affect the
distribution of soluble salts.

Keywords: Aral Sea, ions, reduction, sulfate-chloride, water retention, depths, soils, regularity,
water-soluble salts.
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Introduction. The Aral Sea is located within Uz-
bekistan and Kazakhstan in the northern part of the
desert regions of Central Asia between 43°28' and
46°52' N and 58°4' and 61°56' E from Greenwich.
The name “Aral Sea” — from the word “Aral” is associ-
ated with the fact that the huge basin lies on an island
among the waterless deserts of the Turan lowland. The
water area of the Aral Sea in the west is limited by steep
chinks, an extensive plateau stretching to the Caspian
Sea, the Ustyurt plateau, rising 100-200 m above the
level of the Aral Sea. In the south is the flat space of the
modern and ancient Amu Darya Delta, south turning
into velvet sand massifs of the Zanguz Karakums. n
the east it borders on Kyzylkum - a desert plain with
a common slope towards the sea. In the north and
north-west, the coastline of the water area is limited
to the barley sands of the Mugojar foothills [1].

In connection with the beginning of an intensive
decrease in the level of the Aral Sea and the emer-
gence of the first fears about its possible complete
disappearance in the future in the early 60 s, research
began on the problem of the Aral Sea.

Most researchers (B.V. Andrianov, A.S. Kes,
P.V. Fedorov, etc.), based on geological and histori-
cal surveys, came to the almost consensus that in
prohistoric times, changes in the level and salinity

of the Aral Sea occurred due to changes in the natu-
ral climate. During the humid climatic phase, the
sea level reached a maximum value of 72-73 m abs,
and during the arid climate, the Aral level fell, and
the degree of salinity of the Aral Sea grew [2-6].

Research objects and methods. The object of
research in this work is salt-forming ions in water,
and the soil of the lowered bottom of the Aral Sea of
the Muinak region.

Research material and methodology. Water
extraction of soils was prepared according to the
generally accepted method-soil: water in a ratio
of 1:5 [7]. The content of chlorine ions was deter-
mined by argentometric methods by sea; calcium
and magnesium trilonometric; sulfate by titration;
aqueous drawing with a sulfuric acid solution in
the presence of a methyl orange indicator; sodium
and potassium ions by the difference in the sum
of anions and cations. The results of the analysis
of aqueous extracts were expressed in milligram
equivalents per 100 g of dry air soil, the sum of
water-soluble salts in percent.

The results of the aqueous extract analysis were
monitored for a dense (dry) residue.

The degree of soil salinity was assessed on a scale

of [7-9].

Table 1.- Relative contents (% by weight) of the main salt-forming
ions in the water of the Great Aral Sea in 2020 and 2022

Ne | Soiltype | %! }olcos CI™ [ SO % | Ca'% |Mgo| Amions- |Na+Kbydif) o
in% 4 cations mg/eq | ference in%
1 25.06.20 4.88 142 | 168.0 | 4.008 | 23.69 | 3980/2150 45.75 170
2 05.12.20 7.32 142 | 864 | 7.014 | 13.36 | 2320/1450 21.75 170
3 05.03.21 4.88 14.2 | 122.4 | 4.008 | 20.04 | 3030/1850 29.5 160
4 | 07.07.21 3.66 10.6 | 117.6 | S.01 | 1822 | 2810/1750 26.5 170
S 08.09.21 4.88 142 | 91.2 5.01 | 15.18 | 2380/1500 22.0 170
6 25.02.22 3.66 10.6 | 72.0 | 4.008 | 17.61 | 1860/1650 5.25 170
7 07.03.22 4.88 10.6 | 72.0 | 3.006 | 20.04 | 1880/1800 2.0 180
8 10.05.22 3.66 21.3 | 72.0 | 3.006 | 19.44 | 2160/1750 10.25 180
Research results 2020-2022 differ quite significantly. The most signif-

It can be seen that the relative contents of in-
dividual ions before the start of sea drying and in

icant changes occurred with the Ca,* ion, the relative
content of which decreased. This fact is not surpris
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ing, since the curing of calcium carbonate and
gypsum should lead to the effective removal of
calcium from the aqueous mass. The content
of sulfate ion, which is also consumed during
gypsum deposition, has also decreased. The
content of the Cl~ ion, on the contrary, has
grown. Due to the last two facts, the sulfate-
chloride ratio of SO,*7/Cl", considered an
important characteristic of the chemical type
of the reservoir, decreased by 42%. Thus, dur-
ing the drying of the Aral Sea, its belonging to
the class of sulfate-type reservoirs became less
pronounced, and the waters of this sea to some
extent approached the chloride type charac-
teristic, in particular, of ocean waters. Also, the
relative content of the HCO,™ ion consumed
as a result of the carbonates was significantly
reduced (by about 0.5 times).

Consistent changes in the ion-salt composi-
tion of the waters of the Great Aral Sea 2020-
2022 show that in the samples of 2022, the rela-
tive calcium content was 3.006% (compared
with 7.014 in 2020).

Thus, the calcium content was reduced be-
fore our eyes by the curing of minerals, and this
process was quite visible, even in a relatively
short observation period. This ratio should be
less sensitive to the precipitation of salts in in-
terannual time scales, since only relatively small
fractions of the available mass of chloro-ion and
sulfate-ion are involved in these processes, in
contrast to Ca,"and HCO_, a significant part of
which has already fallen. Also, during the analy-
sis, the chemical compositions of soil samples
obtained from the western shore of the deep-
water western part of the Great Aral Sea were
studied in (Table 2).

No changes in observed parameters were
observed in the first layer. The indicators of the
second and third layers changed according to
certain patterns.

Table 2.— Chemical composition of soil samples obtained from the western

shore of the deep-water western part of the Great Aral Sea
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For example, with an increase in depth from 5-
-23 cm, the dry residue and the sum of salts and
components increase, and in the third layer some
indicators decrease and make Cl - 0.53-0.26%, Ca
0.52-0.47%, Mg 0.25-0.18%.

The results of analysis of samples from the fourth
well show that with an increase in the depth of the
section from 0 to 67 cm, the sum of salts and com-
ponents in the samples increases, which means a
decrease in the content of clay substances in the in-
soluble part of the samples. Here, as well as in other
well sections, soluble salts contain mainly chlorine
and sulfate ions. Thus, the compositions of water-
soluble salts in soil samples from the north to the
southeast of the greater Aral Sea vary from sulfate to
chloride-sulfate and chloride. The soil surface is cov-
ered with wrinkled clay with large cracks 15-30 cm
wide, 5-10 m long and 1.0-2.0 m deep.

Conclusions

Thus, mirabilite salt deposits occur on the eastern
shore of the western deep-water part of the Great

Aral Sea, which form in winter, and dissolve in pre-
cipitation in spring-summer.

Based on studies conducted to establish the dis-
tribution patterns of clay materials and soluble salts
in the soil, the western shore of the Great Aral Sea
was divided into three layers. In the first layer, there
is no pattern of change in the observed indicators.
The second and third layers separately and the re-
lationships have certain patterns. It has been found
that in the second layer, with increasing depth, the
content of clay soil components increases, and at
the beginning of the third layer, some components
again decrease, but less than at the beginning of the
first layer. These phenomena affect the distribution
of soluble salts. By chemical and physicochemical
methods of studying water-soluble salts and water-
insoluble soil residue, it was established that the
samples contain the following water-soluble miner-
als: mirabilite, tenardite, halite, blodite, cognavite,
leveite, vantgofite, pentahydrate, starkeite, sander-
ite and kieserite.
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ON BEHAVIOR OF INTERPHASE INTERACTIONS IN SILICON
CONTACT STRUCTURES DUE TO QUICK THERMAL TREATMENT

Abstract. The author has studied how an ohmic contact between TiB_and heavily doped silicon is
shaped. As it has been shown, a low-resistance Au-Ti-TiBx-Ti-n+-Si ohmic contact is conventionally
formed by its deposition on an n+-Si-substrate heated to 150 °C. The experiment reveals that quick
thermal treatment (QIT) at T = 400 °C does not practically affect properties of Au-Ti-TiB_-Ti-n*-
Si ohmic contacts, whereas QTT at T = 600 °C helps shape a kind of a TiSi,— phase and leads to an
increase in the value of p_in comparison with both the original sample and thermally heated (at T =
= 400 °C) sample. Diffusion barriers based on Ti and TiB_appear heat-resistant in the range of

temperatures to 600 °C.

Keywords: ohmic contact, boride of titan, diffusion barrier, rapid thermal annealing.

Introduction

As more and more microelectronics devices over
lately are designed to operate in ultra-high frequen-
cy band applications, thus the role of stable metal-
semiconductor ohmic contacts becomes immense in
ensuring their reliable and effective operation.

To slow down or eliminate altogether degrada-
tion processes stemming from mixing in the con-
tact-forming layer as well as contact metallization in
general, diffusion barriers are used in contact metal-
lization, consisting either of layers of refractory met-
als or of interstitial phases that do not interact with
surrounding metal and semiconductor layers [1].

In silicon electronics, contact layers are usually
formed by silicides [2]. It turns out that depending
on a variety of factors (such as surface processing,
thermal treatment regimes, quality of initially evapo-
rated metal layers, etc.), even at sufficiently optimal
thermal treatment conditions (as it would seem at

first sight), across the entire area of metal-Si inter-
face, several silicide phases (previously well-known
to researchers) are usually formed, each character-
ized by its own electron work function ¢ , [3], while,
plethora of unknown silicide phases are shaped as
well. This in turn implies that along the process, sub-
stantial metal-semiconductor interfacial inhomoge-
neity in terms of electrical properties appears that
does not contribute to improving its reliability. In
the present research paper, we investigate how ohmic
contacts to n+-Si based on titanium silicide phases
and Ti- and TiB -film diffusion barriers, are shaped.
Techniques of measurement and samples
The authors in the present investigation applied
two types of samples, i.e., trial samples for measure-
ment of p_by applying Transmission Line Method
(TLM) as well as trial samples with metallization lay-
ers for measurement of distribution profiles of com-
ponents by method of Auger spectroscopy in ohmic
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contact before and after quick thermal treatment dur-
ing 60 seconds at temperatures of 400 and 600 °C.

Single crystalline Si (111) doped with phospho-
rus ~2 - 10" cm™, obtained by CZ technique was
used as an initial sample. On preliminarily cleaned
surface of Si that was heated to 150 °C, Ti (60 nm),
TiB (100 nm), Ti (60 nm) and Au (100 nm) layers
were sequentially deposited by applying the tech-
nique of thermal evaporation of metals in vacuum.
The first deposited layer of Ti was the contact-form-
ing layer, the second one TiB_ - is the diffusion bar-
rier, and the following Ti layer is the diffusion bar-
rier and adhesive layer at the same time that in turn
ensures reliable contact of Au.

For measurement of p we have used the previ-
ously mentioned reference method [4]. Distribution
profiles of components in contact metallization layer
were measured by applying Auger electron spectros-
copy LAS-2000.

Experimental and discussion

The schematic diagram of Au-Ti-TiB,-Ti-n-Si is
shown on (Fig. 1). The TiB, - based diffusion barrier
ensures high thermal stability of contact systems in
the temperature range of 700 °C in QIT tempera-
ture mode. This takes place due to peculiarities of

6,5¢10° —t——

chemical bonds prevalent in TiB,, characterized by
high thermal stability, chemical inertia and melting
temperature that is more characteristic of metals. Ad-
ditional layer of Ti also serves as a diffusion barrier
and ensures better adhesion of TiB, and Au.

Au

T
TiB,
T

Si

s

Figure 1. Au-Ti-TiB,-Ti-n-Si-type
contact system structure
Si - silicon sample doped with phosphorus;
Ti* - contact-forming layer of titanium;
TiB, - diffusion barrier layer;
Ti** - additional diffusion barrier layer;
Au — outer contact layer of aurum
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Figure 2. Temperature dependence of p_
In Au-Ti-TiB -Ti-n*-Si-type ohmic contact
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The (Fig. 2) shows a temperature curve of de-
pendence of p_of the initial sample (metals were ap-
plied on a sample surface heated up to 150 °C). As s
shown in this figure in the measurement range from
125K to 375K, p_rather decreases. Such dependence
of p (T) manifests thermal field charge transfer be-
havior in ohmic contact [S].

Asitis well known, majority of low power Sibased
microelectronics devices operate in the temperature
range that does not exceed 100 °C. In this regard, we
have measured the p (T) dependence in the tempera-
ture range of 300-375 K before and after QTT.

The experimental results shown in (Fig. 3) reveal
that the dependence of p (T') before and after QIT at
T =400°C does not virtually change at all, whereas
the behavior of p (T) curve before and after QIT at
T = 600 °C in the measurement temperature range,
had significantly increased.

The experiment reveals that the ohmic contact
is formed along the process of deposition of metals
on the surface of heated sample. The electron work

function ¢ for Tiis 3,95 eV, whereas for phases TiSi,
Ti Si, and TiSi, it is 3,99 eV, 3,71 eV and 4,17 ¢V,
respectively [ 3; 6]. These are data for the above phas-
es that are shaped during the deposition process or
QTT. These work functions are substantially lower in
comparison with that of Si (4,8 V') that allow form-
ing ohmic contact even without having to carry out
high temperature treatment.

Meanwhile, the existence in the contact-form-
ing layer of comparatively low-temperature phases
of TiSi u Ti.Si, along with pure Ti characterized by
slightly varying electron work functions allows form-
ing relatively evenly distributed contact, evidenced
by experiments (curves 1 and 2 on Fig. 3).

While the temperature of QTT increases to
600 °C, as the paper [7] reveals, an intensive forma-
tion of TiSi, phase takes place characterized with
electron work function of ~ 4,18 ¢V, which in the
existence of other silicide phases leads to shaping of
unevenly distributed contact and an increase in the
value of p_(curve 3 in Fig. 3).

5,5x10° ' ' '
5,0x10° ]
N 4,5x10'5—-
4,0x10° ]
3,5x10° ]

Om-cm

© 3,0x10° -
2,5x10°

P

2,0x10°
1,5x10°
1,0x10° - 2

1 —
_
5,0x10° - 1 —

0,0

3-600'N 7

.:‘

QE

Figure 3. Dependence of p_ on temperature before
and after QTT at T =400 and 600°C

The experimental dependence curves of pC(T)
before and after QTT well correlate with distribution
profiles of components in contact metallization layers

(Fig. 4). As is evident from (Fig. 4 a, b), the results of
profile distribution of initial sample and that of a sam-
ple thathad undergone quick heat treatment at 400 °C
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Figure 4. Profiles of distribution of components
in Au-Ti-TiB -Ti-n*-Si contact before (a)
and after quick heat treatment at 400 °C
(b) and 600 °C (c) during 60 seconds

are almost identical, whereas in the sample annealed at
T = 600°C (Fig. 3, ) one can witness intensive mass
transfer of Si towards contact shaping silicide layer.

This in turn, according to the data in [8] leads to
shaping of TiSi, phase, thus in our case conditioning
appearance of uneven contact and the increase in the
value of specific contact resistance.

Judging by the profiles of distribution of compo-
nents in Au-Ti-TiB -Ti-n"-Si before and after QTT at
400-600 °C during 60 seconds, one can conclude
that comparatively high quality of Tiand TiB_diffu-
sion barriers precondition stability of interface “con-
tact forming layer — n*-Si” layers.

Conclusion

The experimental results indicate that a low-
resistance Au-Ti-TiB -Ti-n*-Si ohmic contact is
formed in the course of deposition of metalliza-
tion layer on a thermally heated (to 150 °C) n*-
Si substrate without having to additionally heat it
afterwards in QTT regime. QTT at T = 400 °C has
practically no effect on distribution profile of the
metallization layer components and the value of
p.in comparison with the initial sample obtained
by deposition of metals on a Si substrate heated to
150 °C. QIT at T = 600 °C contributes to forming
of TiSi, phase and, as a result, leads to occurrence
of an inhomogeneous ohmic contact with a value
of p_larger than p_of the initial sample and the one
that had undergone heat treatment (QIT) at T =
400 °C.

Tiand TiB_diffusion barriers manifest heat resis-
tance after QTT at T=400 and 600 °C.
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ON HOW TO CALCULATE THE BAND GAP OF
SULFUR AND ZINC-DOPED SILICON

Abstract. The value of the band gap (Eg) is a core parameter of a semiconductor material. An

exact knowledge of the band gap in such materials makes it possible to manipulate key performance

characteristics of semiconductor devices developed on the basis of such materials [ 1]. Therefore,

comprehensive knowledge of E inasemiconductor materialis one of the main issues of semiconductor

physics and technology [2].

Keywords: semiconductor, new materials, value of the band gap, electronics, photoenergetics.

Experimental technique

The process of diffusion of impurity atoms of sul-
fur and zinc in silicon was carried out as follows. Ini-
tially, n — type conductivity phosphor-doped silicon
samples with resistivity of p =100 @ cm (size 1 x § x
x 10mm?) were prepared asreference samples. These

samples were divided into 2 groups and thereafter a
two-stage process of diffusion of impurity atoms of
sulfur and zinc in silicon was carried out from gas-
eous phase installation. At the first stage of diffusion,
impurity atoms of sulfur were doped in silicon from
gaseous phase in a vacuumed (P = 10 mm. Hg)
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quartz ampoules at temperature of T'= 1250 °C for
t = 10 hours. Reference samples in the second
group, i.e., not doped with impurity atoms of sulfur
and zinc were put into in a separate quartz ampoule
and subjected to annealing under similar thermal
and technological conditions. At the second stage,
silicon samples from both groups were placed in
quartz ampoules and diffused with impurity atoms
of zinc. Diffusion of zinc atoms was carried out in
separate quartz ampoules under the same condi-

tions at a temperature of T = 1200 °C for t = S min-
utes.

After diffusion, the surfaces of silicon samples were
cleaned by mechanical and chemical treatment. Dif-
fusion of impurity atoms of sulfur and zinc in silicon
allowed us to receive structures with a p —n junction.
After the diffusion process has been accomplished,
100 ym-thick samples were polished (i.e., surface lay-
ers) by mechanical grinding from five sides (with the
exception of one side). (Figure 1 a, b).

p Si<Zn>

p Si<Zn>

n P-doped Si-100<S>

n P-doped Si-100

a)

b)

Figure 1. Structure of p —n junction, formed on the basis of n — type conductivity phosphor-doped
silicon samples with resistivity of o = 100% cm a) samples of the 15 group, b) samples of the 2" group

In the process of grinding, in order to determine
the depth of diffusion of impurity atoms in silicon
samples, the type of conductivity of p — n junctions on
the surface of the samples were assessed using a two-
probe technique (thermal probe). The depth of of zinc
and sulfur impurity atoms in silicon was calculated
using theoretical formulas taking into account the dif-
fusion mechanism of sulfur and zinc impurity atoms
in silicon. The calculated depth of impurity atoms in
silicon samples and the actual depth determined after
the diffusion process were in good concordance only
with negligent difference of ~5% [3-5].

At various temperatures, the authors measured
the current-voltage characteristics (CVC) of the
samples where p — n junction were formed. Their
spectral sensitivity was also measured at room tem-
perature by using IKS-12 spectrophotometer in the
visible light range.

Measurement technique

For measuring the current-voltage characteristics
(CVC), a device was used that was designed as per
(Fig. 2). Current-voltage characteristics of Si < P,
Zn>and Si < P, S, Zn > samples with p — n junction
were measured at two temperatures: T, = 30 °C and
T,=80°C.

The current-voltage characteristics of the samples
were measured using a DC source with a voltage of
U= S5V and U = 12V, a multi-stage potentiometer
with a resistance of 10 kOhm, while current mea-
surements were carried out using a Rigol DM3068-
type device, voltage measurements were carried out
with a Mastech MS8040 device, a thermostat con-
nected to a constant voltage source, digital tempera-
ture meter type Espada TPM 10 with scale division of
At=0.1°C. In order to prevent significant overheat-
ing of p — n structures, the measurements were car-
ried out by applying short-term impulse voltages.
The results of the current-voltage characteristics of
samples with a p — n junction are shown in (Fig. 3).

The authors in [1] based on I-V characteristics
of p — n structures suggested the final formula for
determining the band gap (Eg) of a semiconductor
material with a p — n junction:

g -_hh K&—&j—skm%} (1)

¢ Tz_T1 Tl TZ 1

where: T, and T, are experimental temperatures;
o,=U:, and ¢, =U. ,; is the Boltzmann con-
stant; E, is the band gap energy of a semiconductor
material.
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Figure 2. The device for measurement of current-voltage characteristics of the samples

Afterwards, straight lines were drawn from thelin-  age axis, the values U ¢, and U ¢,,, were determined.
ear parts of the current-voltage characteristics of the  As a result of measurement of I-V characteristics of
samples at temperatures T, = 30 °C and T,= 80 °C,  the samples and by applying formula 1, the value of

and from the points of their intersection with the volt-  the energy of the band gap, was determined [6].

70

< KDOd-100 Si<Zn> —e—1-T=30°C 804 KAD-100 Si<Zn,S> —e—1-T=30C

s —v—2-T=80°C ‘é ——2-T=80°C
— - 70
60
50 4
40 4
30 4
20 4
—e—18—

0 — T T T T T T

0,9 1,0 1,1 1,2 1,3 14 1,5

U,V
a) b)

Figure 3. Current-voltage characteristics (CVC) of silicon samples containing impurity atoms of zinc
and sulfur, measured at temperatures: T=30°C and 2—- T = 80 C: a) Zn-doped silicon (initial sample of
n-type conductivity phosphor-doped silicon with resistivity of p =100 cm); b) Zn and S doped silicon

(initial sample of n — type conductivity phosphor-doped silicon with resistivity of p=100€ cm)
As a result of measurements and the data pre- the band gap energies were determined:
sented in (Fig. 3) and further by applying formula 1,  Eg, ~1.14eV —for silicon samples containing zinc
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atomsand Eg,, ~1.38¢V —forsilicon samples con-
taining binary cnompounds of impurity atoms of sul-
fur and zinc.

It is well known that the fundamental value of the
band gap of a single crystalline silicon equals
Eg~1.12 ¢V, whereas the value of the band gap of a
pure single-crystalline zinc-sulfide semiconductor
compound is Eg = 3.72 eV. The value of the band gap
energy of the formed ZnS binary compound in silicon,
determined experimentally, looks likely to be
Egq.,.-s =1.38¢eV, which is also confirmed by theo-
retical calculations ( Egy; < Egg,,.s. > Eg,,s ) using for-
mula 1.

Based on the analysis of the experiments, the au-
thors suggest that new sulfide-zinc binary com-
pounds type (ZnS), (Si,),_, must be formed in the
bulk of single-crystalline silicon. In the course of
investigation at room temperature of spectral sensi-
tivity of the obtained silicon samples with impurity
atoms of zinc as well as of silicon samples sequen-

it was determined that in silicon samples containing
impurity atoms of sulfur and zinc one might evi-
dence the increase in the sensitivity and expansion
of the spectral range towards visible diapason [7-9].

As can be seen from (Fig. 4), the maximum pho-
tocurrent density of silicon samples containing sulfur
and zinc atoms (second curve) is almost 3 times high-
er than the maximum photocurrent density of silicon
samples containing only zinc atoms (first curve).
In addition, the expansion of the range of absorp-
tion of light rays from AE = 0.4 eV to AE,=0.93 eV
is well evidenced.

The experimental results suggest that by embed-
ding sulfur and zinc atoms into the lattice of single-
crystal silicon, one might form binary neutral com-
pounds of Zn— S type. It has been established that
these binary compounds formed in the volume of
silicon lead to a change in the fundamental param-
eters of silicon, which makes it possible to obtain a
material with absolutely novel electrophysical pa-

tially doped with impurity atoms of sulfur and zinc,  rameters.
107 3
] e o ——2
\.\ —n— ]
.\.
] f"’b._ .
107 4 /l7
] /I /. 2
N§ /. ®
Q 107 3 J /
L /
p o
] 1
] /", /o/
]
10 / °°.‘ \.\-\-
17 h \.\
»
g ——
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Energy, eV

Figure 4. Spectral characteristics of samples: 1 -Si<P,Zn>;2-Si<P,S,Zn >, T=300K, U=10V
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The parameters of such a material fundamentally
differ from the fundamental parameters of silicon. As
aresult of X-ray diffraction studies, it was established
that the formed binary compounds of sulfur and zinc
do not affect the crystal structure of the initial silicon

materials with impurity atoms of sulfur and zinc in
silicon, which leads to the formation of binary com-
pounds from sulfur and zinc atoms, thus changing
the fundamental parameters of the source material.
Itis shown that the obtained silicon samples contain-

[10-12]. ing binary compounds of impurity atoms of sulfur
Conclusion and zinc could help to design cheap devices for their
Thus, the authors report that a technology has  implementation in electronics, optoelectronics, and

been developed that would allow obtaining new  photoenergetics.
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OBTAINING COMPOSITIONS BASED ON LOCAL RAW MATERIALS
FOR TEXTILE INDUSTRIAL WASTEWATER TREATMENT

Abstract. In this article, the organosorbent was obtained by modifying the bentonites of Navbak-

hor, a deposit on the territory of the Republic of Uzbekistan, in the presence of chitosan. The physi-

cochemical properties of organosorbents were studied using modern spectrophotometric methods:

a UV-5100 spectrophotometer and an Eye One Pro reflectance spectrum minispectrophotometer.

The methods of waste water treatment of textile industries from ions of various metals, dissolved

salts and residues of pigment dyes were studied, the determination of macro- and microelements by

inductively coupled plasma mass spectrometry (ICP-MS) was studied.

Keywords: Waste water, chitin, chitosan, bentonite, modification, macro- and microelements by

inductively coupled plasma mass spectrometry (ICP-MS).

Introduction

In recent years, a large amount of waste water
has accumulated in industrial enterprises around the
world. Cleaning them and returning them to the sys-
tem is one of the urgent problems. However, cleaning
them is a multi-step process that takes a lot of time.
Treatment of industrial wastewater should be carried
out taking into account their composition. Waste
treatment methods are divided into: mechanical,
chemical, physico-chemical and biological types, but
when they are used together, the method of waste-

water treatment and disposal is called a combined
method [1-5].

The main part

The use of this method is determined in each spe-
cific case by the nature of pollution and the harmful
level of released compounds. One of the methods of
chemical cleaning of waste, especially of the textile
industry, is cleaning with the help of various adsor-
bents. In this work, the organosorbent obtained as
a result of modification named of Navbahor ben-
tonite of the Republic of Uzbekistan with chitosan
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was used. Industrial wastewater of textile enterpris-
es was taken as an object. When their composition
was studied, it was found that they consist of various
metal ions, dissolved salts and pigment dye residues.
Chitosan is basically derivative form after the
process of modification of chitin. It is a high molecu-
lar polymer glucosamine, it is soluble in a mixture of
organic and inorganic acids. However, chitin is in-
soluble, while chitosan is soluble in acidic solutions.
It can be used in various fields, agriculture and medi-
cine. One of the obvious problems in the chitosan
extraction process is the regeneration or sterilization
of the highly effective alkaline solution in the waste-
water. In most cases of the reaction process, the alkali
concentration is reduced by 30-50% alkali solution.
It is not allowed to place the reagent directly into
the sewer. It is widely used for the dyeing of occa-
sionally active and pigmented cotton materials, as
well as for the dyeing of protein and cellulose mixed
fabrics with acid-active dyes [6-7]. Compositions
obtained on the basis of modification of bentonites
with chitosan are used in agriculture, textile, medi-
cal and wastewater treatment, paper industry qual-
ity level, cosmetics, food production, veterinary and
also. various industries for practical purposes.
Determination of macro- and microelements
by inductively coupled plasma mass spectrome-
try (ICP-MS). This method was used to determine
the elements of calcium, phosphorus, magnesium,
iron and iodine in food products. for this, 0.0500—
-0.500 g of the test substance is measured on an
analytical balance and placed in a Teflon container
of an autoclave, then an appropriate amount of pu-
rified concentrated mineral acids (nitric acid and
hydrogen peroxide) is added to it. The autoclave is
closed and placed in a Berghof program controlled
microwave digester (MWS-3+). Depending on the
type of test substance, the appropriate program is
determined. After decomposition of the substanc-
es placed in the autoclave, they are placed in volu-
metric flasks with a capacity of 50 or 100 ml and
brought to the required mark with 0.5% nitric acid.

Substances were detected using an ISPMS or a sim-
ilar emission spectrometer with an inductively cou-
pled argon plasma. The following equipment was
used for the above analysis. ISPMS NEXION-2000
or similar mass spectrometer, microwave separators
(Germany) or similar Teflon autoclave: flasks of
various sizes. Reagents used: Multi-element stan-
dard #3 (29 elements for MS) Standards — mercury,
nitric acid, hydrogen peroxide, bidistilled water and
argon (gas purity 99.995%) [8].

How to use Eye One Pro. To carry out measure-
ments, the Eye One Pro mini spectrophotometer was
connected to the USB port of a computer, the Eye
One Share program installed on the computer was
launched in Windows, and the device was calibrated
using a white substrate included in the standard set
[30]. After that, the samples were measured, and the
resulting data was exported to Excel as a series of
reflection coefficients for different wavelengths. For
each diffuse reflectance spectrum acquired with the
Eye One Pro, the Kubelka-Munky F-function F was
calculated and the diffuse reflectance intensity was
observed to be related as follows:

F(R)= (1- R)2/2R=2.3¢¢/S,

Here R - is the diffuse reflection coefficient;
¢ — molar absorption coefficient of the sorbate,
M-1 cm™; c is its concentration, M; S — scattering
coefficient, cm™ [9-10].

Discussion of the results. Indigo dye solutions
of different concentrations were prepared for this
purpose. The absorbance level of indigo dye was
determined on a UV-5100 spectrophotometer at a
wavelength of 315 nm. The obtained results are pre-
sented in the following table 1 and (figure 1).

The results of the obtained analysis show that
the amount of adsorption absorption of indigo dye
in the prepared solution with a concentration of 1-
— 30 mg/1 decreases from 96.1% to 34.84%, that is,
its absorption capacity can be seen to decrease as the
concentration increases. The concentration of indigo
dye in 20 and 30 mg/1 solutions is almost close, indi-
cating that it has reached its saturation point.
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Figure 1. Dependence of indigo dye solution adsorption on solution concentration

Table 1.— Dependence of indigo dye adsorption on solution concentration

Indigo dye, concen- | Amount absorbed in | Amount remaining in solu-| The absorption concen-
tration, mg/1 adsorption mg/1 | tion after adsorption, mg/1| tration of the solution,%
1 0.961 0.039 96.1
2 1.62 0.38 81.0
S 3.69 1.31 73.8
10 5.23 4.77 52.3
20 7.55 12.45 37.75
30 10.45 19.55 34.84
A A
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Figure 2. Navbakhor alkaline bentonite PBMB (1), Bentonite modified with
chitosan (2), Water (3), Waste water (4) reflection spectrum
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The reflection spectra of the obtained sorbents
were studied.

As can be seen from (Figure 2), it is known in
the absorption spectra of organosorbents that the
maximum of the analytical signal is observed at
310 nm for textile wastewater, and after absorp-
tion on the organosorbent it is found that it has a
maximum of the analytical signal at 540-550 nm.

Asaresult of the analysis of the absorption spectra
of organosorbents, a bathochromic shift of the absorp-
tion maximum was observed, which can be explained

by the absorption of various metal ions, dissolved
salts, and pigment dye residues in wastewater. In ad-
dition, it undergoes various dissociation processes in
various media.

In order to determine the degree of purification
of wastewater from textile industries from various
metal ions, dissolved salts and residues of pigment
dyes, a study of macro- and microelements was car-
ried out by inductively coupled plasma mass spec-
trometry (ICP-MS) [11-12].

Table 2.— Results of ICP-MS analysis of the amount of heavy elements

samples Ti Vv Cr Mn Co Zr Mo Ag Ba Pb

P mg/l | mg/l | mg/1 | mg/l1 | mg/l | mg/1 | mg/l | mg/l | mg/1 | mg/1

Waste water 0.080 | 0.066 | 0.208 | 0.204 | 0.007 | 0.016 | 0.029 | 0.008 | 0.263 | 0.019

Waste water treatment | ) o</ | 056 | 0.155 | 0.147 | 0.004 | 0.010 | 0.012 | 0.001 | 0.133 | 0.015
with modified bentonite

The analysis of heavy metals in wastewater samples
brought from Delta Rumino Limited Liability Compa-
ny located in the Republic of Uzbekistan and wastewa-
ter samples treated with bentonite modified with Apis
mellifera chitosan was determined using plasma induc-
tively coupled mass spectrometry (PIB-MS) (table 2).

As can be seen from the above table, we observed
a decrease in the amount of heavy metals: titanium,
vanadium chromium, manganese, cobalt, gallium,
molybdenum, silver, barium, lead in the sample of
wastewater brought from “Delta Rumino” LLC.

Conclusion and recommendations: In short, it
indicates the possibility of using colored dyes from
the composition of textile industrial wastewater in
the sorption of our organosorbents. The results ob-
tained are characterized by high selectivity, accuracy
and expressiveness.

In conclusion, wastewater treatment of heavy
metal ions by sorption method is one of the most
suitable methods for industrial enterprises. At the
same time, the water is softened, which makes it pos-
sible to use water in the circulating water supply.
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ANALYSIS OF INULIN OBTAINED FROM THE POWDER OF
TOPINAMBOUR TUBERS (HELIANTHUS TUBEROSUS L.)

Abstract. Obtaining possibility of inulin from powders from topinambour tubers has been shown.

Qualitative and quantitative analyses of the obtained product have been resulted. Results of researches
have been showed that purified inulin contains more than 86% pure inulin.
Keywords: topinambour tubers, inulin, dissolves, spectrum, characteristic, fructose, glucose.

Introduction

Now in process of active studying of properties of
topinambour in many countries of the world ( Japan,
the USA, Canada, Holland, Belgium, Germany; etc.)
physicians manifest huge interest to it as to medi-
cal and dietary means. 100% of the concentrate of
topinambour tubers contains high concentration of

HOH,C o—{H,C H,C
Q;OH g ;—“ CH,OH

The basic technological circuit design of ob-
taining inulin includes purification stages (peel-
ing), cutting, drying, crushing, screening, dissolu-
tion, sedimentation, drying of a deposit, crushing,
screening and packing [1].

inulin. Inulin represents difficult carbohydrates, in
many respects similar on structure with starch and
cellulose, but it consists of fructose by 95%.

The purpose of our work is qualitative and
quantitative analysis of inulin obtained the powder
of topinambour tubers (Helianthus tuberosus L.)
which has the following chemical formula:

CH,0H

O
OH

HO

At obtaining powder of topinambour tubers it
is pleaded with a knife or the special apparatus. For
this purpose at first the crude is washed out from
mechanical pollution, then it is peeled, the purified
raw materials are subjected to cutting and dried at
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temperature 55-65 °C in a current of hot air or under
vacuum at 1-5 mm of mercury column. The obtained
product is subjected to crushing within 80 minutes
in the ball mill, sieved through a sieve (C-10) with
diameter of apertures 0,1 mm. The powder has from
white to dark-cream colour with dark impregnations.
Specific odor. Taste, as raw materials. pH of 0,1%-s’
aqueous solutions has been defined by potentiom-
eter method and equated 7-7.5 [2; 3].

The quantity of inulin has been defined on the sol-
ubility in water, in ethyl spirit and on optical density.

Polysacharide inulin (fructosane) dissolves in
hot water well and does not dissolve in ethyl alco-
hol. Fructose and low-molecular fructoside dissolve
both in water, and in ethyl alcohol. On the difference
between fructoside and fructosane the quantity of
inulin has been computed.

The amount of fructoside and fructosane has
been defined on the method [4] in the following way.

About 1 g of raw materials was placed in a conic
flask capacity of 200 ml, 60 ml of water was added and
heated up on the boiling water bath with the reflux
condenser within 45 minutes. Warm extraction was
filtrated through cotton wool in a measured flask ca-
pacity of 200 ml so that raw materials corpuscles did
not get on the filter. The flask was rinsed with 10 ml of
water and filtrated in the same measured flask. Extrac-
tion was repeated by two more times (the first time
4S minutes with 30 ml of water heated up, second —
15 minutes with 30 ml of water). Both extraction were
filtrated in the same measured flask and washed out
the rest on the filter, using each time by 10 ml of water.
Cotton wool with raw materials was squeezed.

2 ml of 10% of a solution of acetate of basic lead
was added in to the obtained mixture, mixed and left
for 10 minutes. Then 2 ml 5%-s’ solution of phos-
phate sodium was added, mixed and left for S min-
utes. The volume of solution in the flask was led up to
mark with water and mixed. Extraction was filtrated

through the paper folded filter, the first 10-15 ml of
D-200-100-100

_0.824-200-100-100

filtrate was discarded. 2 ml of filtrate was placed in
a measured flask capacity of 100 ml, the volume of
solution was led up to mark with water and mixed
(solution A).

S ml of 0.1% alcohol solution of resorcin was
placed into the measured flask capacity of 25 ml.
Then S ml of the solution A (an analyzed solution)
was added into the flask. The volume of solution was
led up to mark of 30% with the solution of hydro-
chloric acid, then it was mixed. Flask contents were
poured into a test tube and heated up on the water
bath at temperature 80 °C during 20 min., then it was
cooled at room temperature.

Optical density of the solution under test was
measured by the spectrophotometer (“Genesis”
of the USA wave length 190-1100 nanometers) at
wave length of 482 + 2 nanometers in a cuvette with
thickness of a layer of 10 mm concerning a compari-
son solution.

D

F 3

0,57
047
0,37
0,2

0,17

] | T T T T T g
600 00 A

Figure 1. Absorption spectrum of reac-

tion product of interaction of fructose
with resorcin in the acid medium

T T
400 500

The total content of fructosides and fructosanes
in conversion on fructose and absolutely dry raw
materials in percentage (X) was computed by the
formula:

=89.4195%, (1)

©95-1-2-m-(100-W)  95-1-2-1-(100—3)
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where D - optical density of an analyzed solution;
95 — a specific absorption coeflicient of a reaction
product of interaction of fructose with resorcin in
acid medium; m — weight of raw materials in gr;
W —loss in weight at raw materials drying in%.

The quantity of fructosides was defined by the
technique [4] as follows: about 1g raw materials
was placed in a conic flask capacity of 200 ml, 60 ml
of 95% of alcohol was added and heated up on the
boiling water bath with the reflux condenser within
4S minutes. Warm extraction was filtrated through
a cotton wool layer in a measured flask capacity
of 200 ml so that raw materials corpuscles did not
caught on the filter. The flask was rinsed with 10 ml
of 95% alcohol and filtrated in the same measured
flask. Extraction was repeated by two more times,
(the first time heated up within 45 minutes about
30 ml of 95% alcohol, the second time — 15 minutes
about 30 ml of 95% alcohol). Raw materials were
transferred on the filter, the flask was rinsed, and
then the residue was washed out on the filter, using
each time on 10 ml 0f 95% alcohol. Cotton wool with
raw materials was squeezed.

Iml of 10% of a solution of acetate of basic lead
was added in to the obtained mixture, mixed and left
for 10 minutes. Then 2 ml of 5%-s’ solution of phos-
phate sodium was added, mixed and left for S min-
utes. The volume of solution in the flask was led up to
mark with water and mixed. Extraction was filtrated
through the paper folded filter, the first 10-15 ml of
filtrate was discarded. 10 ml of filtrate was placed in

a measured flask capacity of 100 ml; the volume of
D-200-100-100

~0.131-200-100-100

solution was led up to mark with water and mixed
(solution A).

S ml of 0.1% alcohol solution of resorcin was
placed into the measured flask capacity of 25 ml.
Then S ml of the solution A (an analyzed solution)
was added into the flask. The volume of the solu-
tion was led up to mark with 30% of hydrochloric
acid solution, and it was mixed. Flask contents were
poured in a test tube and heated up on the water bath
at temperature 80 °C during 20 min., and cooled at
room temperature.

Optical density of the solution under test was
measured by the spectrophotometer at wave length
0f 482 £ 2 nanometers in a cuvette with thickness of
alayer of 10 mm concerning a comparison solution.

Preparation of a solution of comparison. S ml of
0,1% alcohol solution of resorcin was placed into the
measured flask capacity of 25 ml. Then S ml of wa-
ter was added into the flask. The volume of solution
was led up to mark of 30% a hydrochloric acid solu-
tion, and it was mixed. Flask contents were poured
into the test tube and heated up on the water bath at
temperature 80 °C within 20 minutes, and cooled at
room temperature. Optical density of the solution
under the test was measured on the spectrophotom-
eter at wave length of 480 + 2 nanometers in a cu-
vette with thickness of a layer of 10 mm concerning
a comparison solution.

The content of fructosides in conversion on fruc-
tose and absolutely dry raw materials in percentage
(X,) was computed by the formula:

1

=2.8432%,

T 95-1.10-m-(100—W)  95-1-10-1-(100—3) (2)

X, =X-X, =86.5763%

From the carried out researches it is pos-
sible to conclude that in powders obtained from
topinambour tubers contains natural inulin polysa-
charide more than 86%.

Purified inulin has been obtained from the pow-
der of topinambour tubers by dissolution last in hot
water with the subsequent sedimentation of inulin

from an aqueous solution with acetone addition
in the ratio 1.0 : 1.0. In process of acetone addi-
tion (within 15-20 minutes) the white voluminous
powder which to precipitated cooling at temperature
5-10 °C within 4 hours starts to fall out. Then the
residue was separated by filtration, washed out with
acetone, exsiccated, powdered and passed through a
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sieve with diameter of apertures 0,1 mm. Obtained
inulin was subjected to various physical and chemical
analyses [5; 6].

Obtained easy-loose powder possesses humidity
7.0-8.0%, unlike starch it is not colored by an iodine
solution, does not rebuild in Fehling liquid. Under
resorcin effect and hydrochloric acid it is coloured in
red colour (Selivanov reaction). In strong-acid me-

dium inulin and polysacharide are completely hydro-
lyzed to monosaccharides. The generated fructose
under the influence of temperature turns on 5 — hy-
droxymethylfurfural and it reacts in strong-acid me-
dium with two molecules of resorcin. As a result of
reaction the substance of red colour 9 - (5 - hydroxy-
methylfurfural - 2), 3 —ho, 6 - hydroxyxanthene [ 7],
on the following mechanisms is produced.
+

[CeH10051nCsH 1005 + “HEOLHCGHIIOG + CsHj206

mulin fiuctose glucose
CH,0H
+
: [O1H —
CsHp206 ———= 0l 5 - hudroxvimethylfurfural
H->O —3 % 3

fiuctose
C—H
[l
0

S - hudroxylme thylfurfural

CH,OH

resorcin

At TCX (dissolvent — ethanol, developer — 20%-s’
alcohol solution of thymol and the diluted sulph-
uric acid) on a plate after drying at temperature

[30% Hcaﬁzo'ci
-3H,0

9-(S-hudroxylme thylfurfural-2)-3-ho-
o-hndroxuxanthene

100-105 °C a brown-red stain with Rf = 0.75, char-
acteristic for inulin.
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BIOLOGICAL EFFICIENCY OF ENTOLICUR FUNGICIDE AGAINST
YELLOW AND BROWN RUST OF WINTER WHEAT CROPS

Abstract. The biological effectiveness of the fungicide Entolicur 22.5% a.e. was determined. LLC
“Ifoda Agro Kimyo himoya” (Uzbekistan) with active ingredients (tebuconazole, triadimefon) to
combat rust diseases and fusoria on winter wheat crops in the conditions of irrigated lands of Andijan
region in 2022. The effect of the fungicide on growth and development, as well as on the yield of

winter wheat, was studied.

Key words: fungicide, yellow rust, leaf rust, winter wheat, entolicur, tebuconazole, triadimefon.

Introduction

The increase in grain production in Uzbekistan
should be ensured, first of all, by increasing the yield. To
do this, it is necessary to use all available reserves. In the
conditions of modern intensive farming, weed control
is one of the most important elements of the farming
system, on which the increase in crop yields depends.
The results of research and the best practices of practi-
tioners show that none of the factors of intensification
of agriculture, except for special ones, aimed directly at
combating diseases and pests, does not help reduce the
harmfulness and reduce the weediness of fields.

Agricultural production currently has a signifi-
cant range of fungicides, insecticides and herbicides

to combat diseases, pests and weeds in the cultiva-
tion of crops.

Materials and methods

The criterion for the effective use of plant pro-
tection chemicals is the achievement of a given de-
gree of suppression of harmful objects with minimal
danger to human health and the environment. How-
ever, world experience shows that the constant and
large-scale use of narrow-spectrum chemicals leads
to a sharp increase in resistant insects to insectoa-
caricides, phytopathogenic to systemic fungicides,
weeds to constantly used herbicides.

A high and stable grain yield can be obtained
through the intensification of its cultivation. The
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essence of this technology lies in the placement of
culture ac-cording to the best predecessors, balanced
plant nutrition and an integrated plant protection
system. In solving this global problem, an important
place belongs to the search for and introduction of
new selective pesticides. The economic justification
for their use will be determined by the amount of
increase in the yield of grain crops.

In increasing the yield of grain crops, an important
place belongs to the pro-tection of plants from diseas-
es, which often lead to a significant reduction in grain
harvest and deterioration in its quality, and sometimes
to the death of crops. The degree of harmfulness of

diseases depends on the environmental conditions of
cul-tivation and the characteristics of the culture. In
some ecological and geographical zones of the coun-
try, some diseases are more harmful, in others, others.

Result and discussion

It should be noted that, in the experimental
plot in 2022, no Fusarium disease was detected
before and after wheat treatment. Until the time of
treatment with the fungicide Entolicur 22.5% a.e.
(05/05/2022) the average total infestation of win-
ter wheat crops with yellow rust in the test area was
28.6-29.8%, and the developed intensity was 16.2—
17.1% (Table Ne 1).

Table 1. —Yellow rust infestation of winter wheat and intensity of

disease development before treatment (May 5, 2022)

The intensity of the
) Consump- | The total number of . .
Experience op- | ) Afflicted development of dis-
Ne ] tion rate, 1/ accounting plants
tions eases, %
ha per 1 sq.m.
PCS. %
1. Control No 419 119,7 | 28,6 16,2
2. Entolicur 0,3 420 120,2 | 28,6 16,2
3. 22.5% a.e. 0,5 415 123,7 | 29,8 17,1
(V)
4 | Kolosal 25% 0,5 423 119,5 | 283 16
(reference)

According to the records and observations after
treatment after 20 days with the fungicide Entolicur
22.5% a.e. in the control, where no fungicide treat-
ment was carried out, the incidence of yellow rust
reached 77.6% with a disease development rate of
90%. As a result of the treatment of diseased plants
with the drug at a rate of 0.3 1/ha, the incidence was
17.5% and the intensity of disease development
was 9.2%, in the variant where the drug was used
at a consumption rate of 0.5 I/ha, the incidence was
disease development 7.5%. In the reference variant,
where the fungicide Colosal 25% a.e. was used. this
indicator is 15.9-8.0%, which ensured the protec-
tion of the crop from losses due to the suppression
of yellow rust.

The biological effectiveness of the fungicide En-
tolicur 22.5% a.e. in two test norms 0.3-0.5 1/ha

was higher compared to the Colosal standard 25%
a.e. drug Entolicur 22.5% a.e. in two test norms, it
showed biological effectiveness (in terms of the in-
tensity of the development of the disease) for yellow
rust 77.4-80.4% and the standard 79.5%.

Infection and intensity of development of winter
wheat brown rust were low compared to yellow rust
before fungicide treatment, the infestation ranged
from 17.9-18.4%, and the intensity of disease devel-
opment was from 7.5-8.0%.

From the data of table 2 and 3, 20 days after treat-
ment with the fungicide Entolicur 22.5% a.e. in the
control variant without treatment, the incidence was
77.7%, and in the variants with the use of Entolicur
22.5% a.e. at a rate of 0.3 1/ha, the biological efhi-
ciency was 79.9%, and the intensity of the disease
development was 7.2%. In the experimental vari-
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ant, where Entolicur 22.5% a.e. was used. 0.5 1/ha
biological efficiency was 83.5%, and the intensity of
disease development was 6.7%. Almost on the same

level with the reference variant, where Kolosal 25%
a.e. was used. with a consumption rate of 0.5 1/ha,
the biological efficiency was 80.9% and 7.0%.

Table 2. — Infection of winter wheat and the intensity of the development of
the leaf rust disease before treatment with a fungicide (May 5, 2022)

Con- The intensity of the
. . The total number of ac- ]
Experience | sumption ) Afflicted development of
Ne . counting plants ) o
options rate, er 1 sa.m diseases, %
1/ha per T sqm: PCS. | %
1. Control No 419 70 16,7 7
2. Entolicur 0,3 420 75,3 17,9 7,5
3| 22.5%ae. 0,5 415 762 | 18,4 8,0
o)
4| Kolosal 25% 0,5 423 71,7 | 17,0 7,2
(reference)
Table 3. — Biological efficiency and intensity of development after treatment
with a fungicide against leaf rust on winter wheat (May 25, 2022)
The total number Afflicted The inten-sity . .
) Consump- . Biologi-
Experience ) of accounting of the develop- )
Ne . tion rate, . cal effici-
options plants PCS. % ment of dis-
1/ha ency, %
per 1 sq.m. eases, %
1. Control No 419 325,5 | 77,7 89,2
2. Entolicur 0,3 420 65,7 15,6 7,2 79,9
3. 22.5% a.e. 0,5 415 53,2 12,8 6,7 83,5
. Kolosal 25%
4. | Kolosal25% 0,5 423 62,7 | 148 7 80,9
(reference)

Thus, the results of the production test give us
reason to conclude that the drug Entolicur 22.5% a.e.
has high fungicidal activity and high biological ef-
ficiency against a complex of leaf diseases on winter
wheat crops, like yellow and brown rust.

Conclusions

1. Field trials of the fungicide Entolicur 22.5%
a.e. LLC “Ifoda Agro Kimyo himoya” (Uzbekistan)
against leaf diseases like yellow and brown rust on
winter wheat crops in irrigated lands of Andijan
region with a consumption rate of 0.3 and 0.5 1/ha
contributed to a decrease in the number of diseased
plants with yellow rust on average by 77.4-80.4%,
and brown rust by 79.9-83.5% and gave an increase

in yield on average 1.1-1.9 q/ha compared to the
control variant without treatment.

2. We believe that the use of the fungicide Entoli-
cur 22.5% a.e. LLC “Ifoda Agro Kimyo himoya” (Uz-
bekistan) with a consumption rate of 0.5 to 1.0 1/ha
is effective against leaf diseases in winter wheat crops
under irrigated conditions in the Andijan region.

3. Taking into account the biological effective-
ness of the fungicide Entolicur 22.5% a.e. and analo-
gy DV. with fungicide in the studied standard variant
fungicide Colosal 25% a.e. we recommend including
it in the list of the State Chemical Commission for
the protection of winter wheat crops on irrigated
lands from yellow and brown rust in the studied
norms of 0.3-0.5 I/ha.
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ANTIOXIDANTS AND SYNERGISTS USED IN MEAT PRODUCTS

Abstract. This article talks about antioxidants and their enhancers, types and properties used in the
production of minced meat semi-finished products and to extend their shelf life. Natural and synthetic
additives with antioxidant properties, their use and benefits in various meat products are also reviewed.

Keywords: meat products, semi-finished products, food additives, fats, antioxidants, synergists,
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Introduction

Oxidation of fat components in meat products is
one of the current problems of the meat processing
industry. Oxidation processes reduce the nutrition-
al value of meat products by changing the chemical
composition of fats (liberation of fatty acids, forma-
tion of peroxides and secondary oxidation products)
and by reducing the amount of fat-soluble vitamins
(A, D, E, biotin, carotenoids). Free fatty acids, car-
bonyl compounds, alcohols and other secondary
products of oxidation give an unpleasant taste and
smell, have a negative effect on the quality of the fin-
ished product and shorten its shelf life.

Today, the list of antioxidants and their synergists
used in the meat industry is much larger and they are
defined by 42 E-indexes [1, 2].

Antioxidants used to prevent oxidative damage can
be divided into two groups — synthetic and natural.

Materials and methods

Many synthetic substances can be cited as syn-
thetic antioxidants: phenol derivatives (E 310-313,E
319-321), isoascorbic (erythorbic) acid (E315) and
sodium isoascorbate (erythorbate) E316, E310-312
gallates. The most common in the world are butyloxy-

anisole (BOA or VNA) E320, butyloxytoluene (BOT
or VTN) E321 and tert-butylhydroquinone (TBGX
or TBHQ) E 319. These substances are soluble in oil
and insoluble in water and can effectively resist the
oxidation process of oil components (concentration is
20-200 mg per 1 kg of product). But this compound
has no nutritional value, besides its carcinogenic effect
on living organisms has been proven. For this reason,
humanity is abandoning synthetic additives and turn-
ing to natural antioxidants that are harmless to health.
Also, natural antioxidants have biological value.

Synthetic antioxidants such as BOA, BOT, DG
are considered phenolic inhibitors and stop oxida-
tion processes under the influence of peroxide radi-
cals or have a synergistic effect with natural antioxi-
dants. In contrast to the mentioned antioxidants, the
antioxidant activity of ascorbic acid is related to its
ability to return natural and synthetic antioxidants
to their initial form due to the interruption of the
hydrogen atom in it [3].

Antioxidants slow down oxidation processes
by interacting with air oxygen (blocking air oxygen
from reacting with the product), stopping oxidation
reactions in the product (blocking active radicals)

50



ANTIOXIDANTS AND SYNERGISTS USED IN MEAT PRODUCTS

or breaking down peroxide compounds that have
been formed. In this case, the antioxidant substanc-
es themselves are used up. In addition, antioxidants
can be conditionally divided into two more groups:
real and secondary. Real antioxidants interact with
air oxygen, slow down oxidation processes (block
the effect of oxygen on the product), deactivate ac-
tive radicals, interrupt oxidation reactions, or de-
compose the peroxides formed. Secondary antioxi-
dants affect the product’s redox potential, activity,
and water in the product. Secondary antioxidants
can be both antioxidant and oxidant depending
on the dose. For example, ascorbic acid in a small
amount (up to 200 mg/kg) slows down oxidation,
and when its amount is increased to S000 mg/kg,
it has an oxidizing effect on the product. An unlim-
ited increase in the dose of real antioxidants does
not extend the protection time of the product. In
practice, a threshold concentration is established for
most antioxidants, beyond which the shelf life of the
product will not be extended [4].

There is little information on the permissible lim-
it concentration of peroxides and hydroperoxides in
food products. The use of antioxidants to eliminate
the oxidation of fatty products is of particular prac-
tical importance. Because such products undergo
a high degree of oxidative destruction during extrac-
tion, processing and storage [2].

Many types of synthetic and natural antioxi-
dants are used worldwide. The antioxidant activity
of compounds depends on the nature of the product

and a number of factors. Therefore, it is necessary
to conduct scientific research to justify the effect of
antioxidants and their complexes on specific food
products [3].

Natural antioxidants found in plants and foods
include: flavanoids (flavone, flavonol, flavonone,
isoflavonone, flavononol, flavan, chalcone, dihydro-
chalcone, flavone-3,4-diol, anthocyanidins); benzoic
acid derivatives (gallic, protocatechin acids, vanillin,
sirenic acids); cinnamic acid derivatives (ferulic acid,
para- and ortho-coumaric acid, caffeic and sinanic
acids); coumarin derivatives; phytoestrogens (lig-
nans, estrogens, lactones, etc.) ; vitamins: vitamin E
(a, b, g, d-tocopherols and a, b, g, d-tocotrienols),
vitamin C; carotenoids (lycopene, a, -carotenes,
lutein, etc.) [S].

Result and discussion

Spices, various oils, tea, seeds, grains, cocoa pods,
fruits and vegetables are used as natural antioxidants.
The antioxidant activity of natural compounds con-
taining various individual antioxidants such as ascor-
bic acid, tocopherols, carotenoids, as well as flavo-
noids (quercetin, kaempferol, myricitin), catechins
or phenols (carnosol, rosmanol, rosamiridiphenol)
and phenolic acids (carnosine, rosemary) has been
proven [6, 7, 8]. In particular, it was found that the
activity of essential oils of anise, cumin, Indian ba-
sil, peppermint is stronger than the synthetic anti-
oxidant butyloxytoluene in sunflower oil, and the oil
of Ayovan (cumin) is almost 2 times more effective

(Table 1).

Table 1. — Antioxidant activity of essential oils in sunflower oil

. Peroxide number of sunflower oil, mg-equiv
The name of the essential oil After 7 days After 14 days
Control 86.3 581.0
Butyloxytoluene 51.2 418.5
Anise oil 40.6 238.2
Cumin oil 422 312.4
Peppercorn oil 41.0 248.2
Indian basil oil 46.2 302.5
Iowan oil 32.2 229.5
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E 306-309 tocopherols are natural fat-soluble antioxidants found in vegetable oils. All tocopherols, except
natural tocopherol extract E 306, are obtained synthetically in industry. These substances show different
levels of vitamin E activity, but 8-tocopherol E 309 has the highest antioxidant activity [9].

The use of individual antioxidants does not always allow to protect the product from oxidative
deterioration. Therefore, it is advisable to use several antioxidants together. In this case, a synergism
phenomenon occurs, and the combination of several (usually 2) antioxidants increases their antioxidant
capacity. For example, when ascorbic acid is added to the mixture of tocopherols in the production of meat
products, the efficiency increases significantly [10].

The effect can be enhanced by mixing substances that do not have an antioxidant effect or are weak
antioxidants with antioxidants. Such synergistic substances include some polybasic organic oxyacids (citric
acid E 330), a number of amino acids, polyphosphates, EDTA and other compounds.

Oils and fats have different natural stability against oxidation according to the structure of fatty acids, as
well as the presence of natural antioxidants such as tocopherols, tocotrienols, carotenoids, phospholipids.
The natural stability against oxidation is expressed by multiplying the number of unsaturated acids in the
oil (in decimal form) by its relative oxidation rate and adding the value of this rate to the obtained number.
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