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FEATURES OF THE STATE OF CARDIAC MARKERS IN THE 
EARLY DIAGNOSIS OF DIABETIC CARDIOMYOPATHY 

IN CHILDREN WITH TYPE1 DIABETES
Abstract. Type 1 diabetes mellitus (DM1) is an autoimmune disease associated with the 

destruction of insulin-producing pancreatic β-cells, the genesis of which involves many genetic and 
immunological factors. When T1DM, antibodies to β-cells are present. It has been shown that in 
1/3 of the cases the autoimmune process is not limited to betta cell lesions and other autoimmune 
diseases develop.
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ОСОБЕННОСТИ СОСТОЯНИЯ КАРДИОЛОГИЧЕСКИХ 
МАРКЁРОВ В РАННЕЙ ДИАГНОСТИКИ ДИАБЕТИЧЕСКОЙ 

КАРДИОМИОПАТИИ У ДЕТЕЙ С САХАРНЫМ ДИАБЕТОМ 1 ТИПА
Аннотация. Сахарный диабет 1-го типа (СД1) представляет собой аутоиммунное 

заболевание, связанное с  деструкцией инсулинпродуцирующих β-клеток поджелудочной 
железы, в генез которого вовлечены многие генетические и иммунологические факторы. При 
СД1 присутствуют антитела к β-клеткам. Показано что в 1/3 случаев аутоиммунный процесс 
не ограничивается поражением бетта клеток и развиваются другие аутоиммунные заболевания.

Ключевые слова: сахарный диабет, МВ креатининфосфакиназа, высокочувствительный СРБ.
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Актуальность. Поздние осложнения сахарно-
го диабета I типа, в том числе и со стороны сер-
дечно-сосудистой системы, являются основной 
причиной ранней инвалидизации и высокой леталь-
ности больных, что определяет медицинскую и со-
циальную значимость данного заболевания [1; 2]. 
Прогрессирование сахарного диабета приводит 
к развитию кардиомиопатии, миокардиосклероза 
сердечной недостаточности, жизнеугрожающих 
нарушений сердечного ритма и внезапной сердеч-
ной смерти [3; 4].

В основе развития диабетической кардиоми-
опатии лежат три патогенетических механизма: 
1) метаболические нарушения (гипергликемия, 
повышенная утилизация свободных жирных 
кислот, гипоксия тканей, электролитные нару-
шения); 2) диабетическая микроангиопатия и; 
3) автономная кардиоваскулярная нейропатия 
[5; 6]. Они приводят к  энергетическому дефи-
циту миокардиоцитов и клеток проводящей си-

стемы сердца, что в свою очередь способствует 
развитию yльтpастpyктypных и фyнкциональных 
изменений в миокарде [7].

Цель исследования: установить критерии 
ранней диагностики диабетической кардиомио-
патии, для разработки алгоритма диагностики, 
лечения и  профилактики ее прогрессирования 
и установить частоту встречаемости сопутству-
ющих заболеваний с данной патологией.

Материал и методы. Обследованы 46 детей 
в возрасте от 8 до 17 лет с сахарным диабетом 
длительностью от нескольких месяцев до 15 лет. 
Средний возраст детей составил 13,3 года. На пе-
риод обследования ни у кого из больных не отме-
чалось кетоацидотических и гипогликемических 
состояний. Все дети были разделены на 2 группы 
в зависимости от длительности заболевания 1-ю 
группу составил 20 детей с длительностью сахар-
ного диабета до 5 лет, 2-ю группу – 26 детей с дли-
тельностью заболевания более 5 лет.

 
Рисунок 1. Распределения 

больных по полу
Рисунок 2. Распределения детей 

по стажу заболеваемости

Результаты. В основе развития поздних ос-
ложнений сахарного диабета у детей, в том чис-
ле со стороны сердечно-сосудистой системы, 
лежат метаболические нарушения, связанные 
с неудовлетворительной компенсацией заболева-
ния, которая, по нашим данным, выходит из под 
контроля при длительности сахарного диабета 
более 5 лет. Это подтверждается тесной прямой 

корреляционной связью уровня HbA1с с дли-
тельностью болезни.

При сопоставлении данных стажа заболевания 
и гликированного гемоглобина било установлено 
прямая достоверная взаимосвязь, т. е. с увеличени-
ем стажа, гликированный гемоглобин повышается.

Учитывая вышеуказанные данные длительность 
болезни и уровень НbA1c, как показателя метабо-
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лического дисбаланса достаточно надежно корре-
лирует с органными и системными осложнениями. 
Можно предположит, что ведущее значение в раз-

витии органной патологии имеют не максималь-
ные пики подъёма концентрации глюкозы в крови, 
а длительно сохраняющаяся гипергликемия.

Рисунок 3. Корреляционная связь между стажем заболевания и гликированным Hb
Примечания: ось Х – значения стажа; Y – значения гликированного гемоглобина

Следовательно, у детей с длительностью сахар-
ного диабета более 5 лет возрастает риск развития 
поздних осложнений заболевания, что требует 

пристального внимания врачей с целью их ран-
него выявления и своевременной профилактики 
дальнейшего.

Рисунок 4. Сопутствующая патология больных с сахарным диабетом 1 типа
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Сахарный диабет 1-го типа представляет со-
бой аутоиммунное заболевание, связанное с де-
струкцией инсулинпродуцирующих β-клеток под-
желудочной железы, в генез которого вовлечены 
многие генетические и иммунологические факто-
ры. При СД1 присутствуют антитела к β-клеткам 
и имеет место инсульт.

По результатом исследования можно увидит 
что СД 1 типа чаше встречается вместе с диффуз-
ным зобом (48%), а с другими аутоиммунными 
патологиями такие как: целиакия, бронхиальная 
астма, системная красная волчанка, ювенильный 

ревматоидный артрит, реактивный гепатит встре-
чался в одинаковых количествах (2%).

В результате исследования установлено, что 
у большинства детей с сахарным диабетом опре-
деляется повышения в  биохимическом анализе 
крови показателя кардиологического маркёра. 
в  том числе МВ-КФК и  высокочувствительной 
фракции СРБ. В первой группе показатель МВ-
КФК составило в среднем 28мг/л, во второй груп-
пе 32 мг/л. и повышения высокочувствительной 
фракции СРБ в основном определялось у детей со 
стажем заболевания более 5 лет (5,2мг/л)

Рисунок 5. Показатели кардиального маркёра в зависимости от стажа заболеваемости

Выводы 1. У пациентов с СД1 повышен риск 
других аутоиммунных заболеваний. Раннее выяв-
ление АТ-маркеров аутоиммунных заболеваний 
и скрытых нарушений функции органов-мишеней 
позволят предотвратить развитие тяжёлой и в не-
которых случаях жизнеугрожающей клинической 
манифестации заболевания, способной ухудшать 
течение СД1.

2. Таким образом, установленные нами крите-
рии ранней диагностики диабетической кардио-
миопатии у детей и роль повышения показателя 
МВ КФК и высокочувствительной фракции СРБ 
позволяют рекомендовать для практического 
применения алгоритм диспансерного наблюде-
ния за детьми с сахарным диабетом.
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СOMPLEX TREATMENT OF ADOLESCENT (JUVENILE) 
HYPERTROPHIC GINGIVITIS WITH THE HELP OF 

VECTOR APPARATUS IN UZBEKISTAN

Abstract. The article is devoted to the actual problem of the effectiveness of complex treatment 
of young patients with hypertrophic gingivitis in Uzbekistan using the Vector apparatus with the 
inclusion of microcirculation indicators to evaluate the effectiveness criteria of the complex treatment 
being carried out.

Keywords: Vector apparatus, juvenile hypertrophic gingivitis, vector therapy.
Introduction. In the adolescent period, marked 

changes occur in the activity of various endocrine 
glands. Strengthening the function of the sex glands 
during puberty has a significant impact on the ac-
tivity of other endocrine glands and can disrupt the 
hormonal balance that a child had during childhood. 
Full activity of the endocrine system ensures the nor-
mal course of metabolic processes in the body. Dis-
ruption of hormone production causes a breakdown 

of metabolic processes and the function of tissues 
and organs. This is reflected in the oral mucosa, re-
gardless of excessive or insufficient function of the 
endocrine glands.

According to studies, in Uzbekistan, 40% of chil-
dren in adolescence have gingivitis, while 7% have 
hypertrophic. Gingival lesions that develop in ado-
lescents with characteristic localization in the area of 
the anterior teeth are called juvenile gingivitis.

 
	 a)	 b)

Figure 1.
Juvenile gingivitis may occur in girls 1/2–1 years 

before their menstruation. There is a dependence of 
the development of inflammatory changes in the 
gums with menstruation: the activation of the in-
flammatory process in the gums before each men-
struation occurs in 2–3 days, its decline is noted on 
the 2–5th day of menstruation. Often, hormonal gin-
givitis is accompanied by an increase in tooth mobil-
ity due to osteoporosis of the jaw bone tissue.

In our country, the effectiveness of treatment of ju-
venile hypertrophic gingivitis remains an urgent task, 
despite the large selection of anti-inflammatory drugs. 
It is necessary to take into account the pathophysi-
ological changes in the body of adolescents that occur 
in tissues with periodontal diseases and the possibility 
of exposure to pathogenesis links. Thus, with the com-
bined effect of ultrasonic vibrations, hydrodynamic 
effects and the use of hydroxylapatite, the biofilm 
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containing bacteria is easily removed, and the inflam-
matory processes in the periodontium subsequently 
disappear. Clinical and experimental studies revealed 
a high efficiency of the combination of low-intensity 
ultrasonic vibrations. Moreover, hydroxylapatite is a 
mineral substance that is biocompatible with the hu-
man body, which is part of the tooth enamel and is 
used in the treatment of periodontal disease.

When using vector technology: there is no me-
chanical damage to the tooth and root due to gentle 
and atraumatic removal of biofilm. The doctor does 
not scrub the surface of the root, but produces tool 
movements from the outside to the bottom of the 
pocket, working along the root; the patient does not 
feel pain during the procedure. With mechanical 
manual curettage, in response to an irritant, the body 
activates a protective immune response. Therefore, 
the process is complicated by the presence of bleed-
ing, the appearance of supragingival dental deposits, 
pathological traumatic occlusion and open dentinal 
tubules. Complications such as gingival recession 
and lysis of bone structures are possible. Due to the 
scraping: a glassy surface is formed; possible damage 
to the cement root; there is a violation of all struc-
tures that are important for regeneration. Thanks 
to the suspension, which contains hydroxyapatite 
microparticles, the efficiency of cleaning the root of 
the tooth significantly increases, and the periodontal 
pocket is intensively processed and washed.

Purpose of the study. To increase the effective-
ness of the treatment of chronic juvenile hypertro-
phic gingivitis, speed up the treatment time.

Objectives of the study.

1. To prove the high effectiveness of the complex 
therapy of gingivitis using the combined method of 
treatment of ultrasound exposure and the use of hy-
droxyapatite.

2. To determine the change in the degree of ede-
ma in patients with chronic hypertrophic gingivitis 
and its exacerbation.

Materials and methods.
The main group of patients was 40 patients with 

hypertrophic gingivitis aged 13–16 years (20 with 
a chronic course and 20 with an exacerbation of 
chronic gingivitis). All patients underwent a com-
prehensive examination of the dental status.

Comprehensive treatment of patients with inflam-
matory periodontal diseases included etiological, 
pathogenetic and symptomatic therapy. As a compo-
nent of pathogenetic therapy, a combined physiother-
apeutic effect of ultrasonic cleaning and hydroxyapa-
tite using the Vector apparatus was used. Ultrasound 
therapy was performed with the “VECTOR” device 
using a special nozzle with an optimal shape.

The results of the study. In patients with chron-
ic hypertrophic gingivitis after treatment, there is 
almost complete recovery of normalized tissue. 
During exacerbation of chronic hypertrophic gin-
givitis, the degree of hypertrophy before treatment 
was 60%, after treatment it decreased to 49.7%. The 
treatment with combined effects of ultrasound and 
hydroxylapatite in patients with hypertrophic gingi-
vitis showed a positive clinical effect after 3 sessions, 
which resulted in a reduction in the size of the papil-
lae, cessation of bleeding of the gums when brushing 
teeth, and no unpleasant smell from the mouth.

Figure 2. Gingivitis before treatment Figure 3. Gingivitis after treatment
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Discussion. Consequently, the combined 
treatment carried out using physiotherapeutic 
methods and hydroxylapatitis restores the viola-

tion of the intravascular microcirculation compo-
nent in young patients with chronic hypertrophic 
gingivitis.

Diagram 1. Of the effectiveness of laser treatment for various forms of gingivitis

Conclusion. Thus, the effectiveness of treatment 
in patients with juvenile hypertrophic gingivitis 
is achieved in a shorter time compared with the 

traditional regimen for the treatment of inflammatory 
periodontal diseases.
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INCREASING THE TECHNOLOGY OF LIGHTLY REFINED 
OIL OBTAINED FROM LOW-GRADE COTTON SEEDS

Abstract. This article introduces the technology of initial whitening of low-grade cotton seeds. 
As a result of the initial injection of urea-modified soil-based adsorbents (MSBA), the amount of 
cotton oil, acid content and sediment lubricant decreased.

Keywords: gossypol, modified carbamide clay adsorbent, flock but standard newly buttermilk 
chitlada olingan my, carbamide, pre-lightening.

Introduction
Regarding to the number, a significant amount of 

low-grade cotton seeds is supplied to the enterprises 
of the oil and fat industry of the country, processing 
of which is accompanied by large losses of oil and 
reagents.

The technology used to produce cottonseed oil 
is used to process the first and second varieties of 
cotton seeds and allows to obtain oil and cakes that 
meet the requirements of the relevant standards [1].

Analysis of crude oils derived from low-grade 
cotton seeds shows that they contain a significant 
amount of coloring matter (gossypol, chlorophyll 
and their derivatives), free fatty acids and other 
components [2]. Therefore, the selection of a more 
effective adsorbent for the clarification of these oils 
is an important scientific and practical task.

Our laboratory studies on the preliminary clarifi-
cation of these oils showed that it is advisable to use 
ICHA for this purpose [3].

Cotton oils obtained by pressing and extraction 
methods from low-grade and non-standard seeds, in 
most cases, are of dark color and are practically not 
visible on the Lovibond color meter. This is due to 

the high content of gossypol, chlorophyll and their 
derivatives, as well as non-fatty substances.

The existing technology of refining cotton oils 
obtained from low-grade seeds involves the use 
of alkaline solutions with a high concentration 
(400 g /l or more) in an excess amount (150% or 
more), which leads to significant losses of oil in 
soap stock and a decrease in the yield of the result-
ing product.

Improving the technology of obtaining refined 
pressing and extraction oils from low-grade and 
non-standard cotton seeds using the method of 
pre-clarification of raw (black) oils with the help of 
carbamide-modified clay adsorbent is considered an 
urgent and practically important task.

At present, domestic and foreign scientists have 
carried out and are conducting research on the ex-
traction of related substances (including gossypol 
and its derivatives) from the composition of raw 
cotton oils obtained by pressing and extraction 
methods. In the works of A. S. Sadykov, A. L. Mark-
man, V. P. Rzhekhin, A. G. Sergeev, A. I. Glushchen-
kova, A. I. Ismailov, A. T. Ilyasov and many others. 
refining cotton oils with solutions of caustic soda, 
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carbamide and other alkaline reagents. In these 
methods, due to the high consumption of alkaline 
reagents, a significant portion of triglycerides is sa-
ponified, which adversely affects the yield of the 
resulting oil and its quality.

Research objective: Development of technol-
ogy for pre-clarification of raw oils obtained from 
low-grade and non-standard cotton seeds using a 
carbamide-modified clay adsorbent.

Objects and research methods: The carbamide-
modified clay adsorbents were obtained by impreg-
nating them with a 30% urea solution, followed by 
drying at 95–1000 °C to a moisture content of 7–8%, 

and they were used for the preliminary clarification 
of raw cotton oils. We have proposed the choice of 
the location of the input MSBA in the technological 
scheme of preliminary cleaning of raw press oils.

A technological scheme was created at JSC “Ko-
son Oil-Extraction” for clarifying raw cotton oil with 
a clay adsorbent modified with urea. A distinctive 
feature of this scheme from the well-known is that 
at the beginning of the supply line of raw oils in the 
collection – a fuse tank (bush), a hopper is installed, 
from which the MCA is supplied to the crude oil, in 
the required amount, depending on the color of the 
original oil.

oil cake

МSBA

oil refination

crushing
production unit

reverse 

1

2

3

44

5

6

7

12

13

8

9

10

11
14

Figure 1. Technological scheme of pre-clarification of raw cotton oil with carbamide-modified 
clay adsorbent: 1 – steam worm screw; 2 – brazier; 3 – stirrer; 4 – press granulators; 5, 6, 9 
and 14 – screw; 7 – fuse tank; 8 – noria; 10 – bunker; 11 – valve; 12 – pump; 13 – filter press

Figure 1 presents the proposed technological 
scheme for clarification of crude oils, using ICGA. 
This scheme functions as follows: on auger 1 moist-
ened cotton mint enters the roaster 2, which is 
equipped with an engine and an agitator 3. From 

where the pulp enters the press granulators 4, then 
through the auger 5 the cake is sent to the extraction 
plant. For the preliminary clarification of crude oils, 
from the hopper 10 through the valve 11 to the col-
lecting auger of crude oil 6, the loam adsorbent from 
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Angre kaolin (MCA‑4), modified with carbamide, is 
fed to the batcher in an amount of 2–6% by weight 
of oil. Further, crude press oil is fed through screw 6 
into the fuse tank 7, where it is cleaned of mechani-
cal impurities and sludge. From the fuzo tank 7, the 
return product (fuz) according to noria 8 and the 

screw 9 is sent to the roaster 2, and oil is pumped 
into the frame filter press 13 for filtration, from 
which they are sent to alkaline refining, and the sedi-
ment from the filter press 13 goes to fuza-tank 7.В 
(табл. 1) представлены технологический режим 
предварительного осветления сырых масел.

Таble 1. – Нормы технологического процесса предварительного 
осветления сырого масла с использованием МКГА

Name of processes and operations Unit. Meanings
I. Moisture Thermal Cotton Mint Treatment:

–  minting of the myatka
–  humidity of the mint
–  quantity of the return goods (fuse)

%
%
%

15–17
7–9
5–7

II. Pressing and pelletizing:
–  the temperature of the pulp
–  pulp moisture
–  dimensions of grates:
–  first
–  the second
–  the third
–  fourth
–  the size of the matrix for granulation

0С
%

mm
mm
mm
mm
mm

95–100
7.5–9.5

1.0
0.75
0.45
0.35

10–12
III. Preliminary clarification of crude oils:

–  oil temperature
–  number of MKGA
–  time

0С
%

Per hour

80–90
5

0.4–0.6
IV. Fuza separation:

–  oil temperature
–  speed of turns of a fuse tank

0С
/min

55–70
50–60

V. Oil Filtration:
–  oil temperature
–  press pressure

0С
МPa

70–75
0.03–0.05

Probably, carbamide with gossiphosphatides ac-
cording to the substitution principle has the follow-
ing interaction formula (1):

In addition, urea can form compounds with 
free fatty acids, their sodium or potassium salts, 
as well as Schiff bases. Such a complex mechanism 
of interaction of urea with other components of 
raw cottonseed oil in the complex is reflected in 
its color.

Results and their discussion: From the data of 
Table 1 it can be seen that, in contrast to the tradi-
tional technology for producing cottonseed oil, the 
proposed process introduces the process of clarify-
ing crude oils using an MCA. At the same time, the 
adjustable parameters of the process of preliminary 
clarification of raw oils can be the amount of injected 
ICA and the time of preliminary clarification, which 
vary in the proposed technological scheme (Fig. 1).
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It is known that the intensive dark color of cot-

tonseed oil is given by the products of changes in 
native gossypol, as well as melanoidin compounds, 
which are formed during the self-heating of seeds 
and heat treatment of mints. In addition, in the pro-
cess of moisture-heat treatment of cotton myatka, 
complex compounds of derivatives not only of gos-
sypol, but also of chlorophyll are formed, which also 
increase the color of the resulting crude oils.

The formation of carbamide compounds with 
native gossypol is apparently due to the participa-

tion of aldehyde groups of the latter, although other 
mechanisms of their interaction are possible.

In addition, urea can form compounds with free 
fatty acids, their sodium salts, etc. This complex 
mechanism of interaction of urea with the accom-
panying components of raw cottonseed oil in the 
complex is reflected in its color and other indicators.

In [4], it was shown that the optimal amount of 
carbide-modified clay adsorbent MKHA‑4 when 
bleaching crude oil obtained from low-grade cotton 
seeds is 5% by weight.

Таble 2. – Indicators of cotton oils, purified in the usual way and pre-clarified 
using ICGA‑4 in the amount of 5% of the total mass of raw materials

Name of cotton oil indicators
Oil derived from:

low grade seed mixtures of low-grade and non-
standard seeds

1 2 3
Crude oil, purified in the usual way (control):

Chroma, in 1 cm layer with 70 yellow 
units:
–  red edinet
–  siny unity
Acid number, mg KOH / g
Sludge content,%

65.5
3.7
5.3

0.94

74.3
6.5
6.1

1.85
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1 2 3
Oil, pre-clarified using ICA:

Chroma, in 1 cm layer with 70 yellow 
units:
–  red edinet
–  siny unity
Acid number, mg KOH/g
Sludge content,%

36.7
1.5
3.2

0.73

42.4
2.8
4.0

0.98
Table 2 presents the results of pre-clarification of 

crude oils using thermally activated modified adsor-
bents, for example ICA‑4.

From (table 2) it can be seen that the preliminary 
clarification of crude oils, using 5% of the mass of 
oil MKGA‑4, significantly reduced the color of the 
oils, their acid numbers and the content of sludge 
in them. This is explained by the fact that the carb-
amide-modified clay adsorbent absorbs substances 
that stain cotton oil and removes them when separat-
ing and filtering the oil.

It is known that at present carbamide is used in 
animal husbandry to enrich feed with non-protein 
nitrogen. Bentonites and kaolins are also used in 
the preparation of mixed feed for various purposes. 
Therefore, the choice of urea and natural clays in ob-
taining a modified adsorbent becomes reasonable.

Conclusions: Thus, the use of carbamide-modi-
fied clay adsorbent MKHA‑4 in the process of pre-
liminary clarification of raw oils obtained from low-
grade cotton seeds has significantly reduced their 
color, sludge content and acid number.

References:

1.	 Kopeykovsky V. M., Danilchuk S. I., Garbuzova G. I. and others. The production technology of vegetable 
oils. – M .: Light and food industry, 1982. – 416 p.

2.	 Akhmedov A. N., Abdirakhimov A. S., Dustmurodova S. Zh. Physico-chemical indicators of the prepeso 
oil obtained from low-grade cotton seeds // “Chemistry and chemical technologist”. –Tashkent, 2018. 
– No. 1. – P. 75–78.

3.	 Akhmedov A. N., Suvanova F. U., Abdurakhimov S. A., Ikromov O. A. Investigation of the process of re-
fining oils obtained from low-grade cotton seeds // “Chemistry and chemical technologist”. – Tashkent, 
2014. – No. 3. – P. 69–72.

4.	 Akhmedov A. N. Improving the technology of complex refining of oils obtained from low-grade cotton 
seeds. Dissertation of c. t. s. – Karshi, 2012. – 110 p.



Section 2. Food processing industry

16

Ismatov S. Sh.
Bukhara engineering-technology institute

Associate Professor Mamatkulov Farrukh Golibzhonovich
the teacher of Karshi engineering-economics institute.

E-mail: azim‑10–86@mail.ru

RESEARCH OF CHANGES IN THE QUALITY INDICATORS OF 
BLEACHED COTTONSEED OIL AND ITS PRODUCTS

Abstract. The optimal technological regimes for the partial neutralization of raw cottonseed oil 
were determined, ensuring the maximum elimination of phospholipids, gossypol and its derivatives, 
tocopherols from the raw material at the preliminary refining stage. Technique and technology of 
refining fats continuously improved. On the basis of the work of scientists and the experience of the 
foremost workers, original technological schemes have been created that ensure a high oil purification 
effect with a significant reduction in waste and losses. Refining production is equipped with modern 
high-performance equipment of continuous action, due to which the capacity of workshops is 
increased and labor costs are significantly reduced.

Key words: phospholipids, gossypol, cotton fat, alkaline refining.
The refinement of vegetable oils and fats is one 

of the most important technological processes of fat 
processing. The technology of refining, namely, alka-
line neutralization of raw cottonseed oil consists of 
a complex of complex physical, chemical and physi-
cochemical processes, on which the physic-chemical 
characteristics and quality indicators of refined oil 
mainly depend. Technological regimes, yield and 
quality indicators of refined cottonseed oil are also 
due to the nature and method of production of raw 
oil, the composition and the quantitative content of 
impurities in it, as well as related substances. Selec-
tion of an effective adsorbent for the improvement 
of cotton fat requires a deep study of its mineral and 
chemical composition, as well as structural prop-
erties. The optimal technological regimes for the 
partial neutralization of raw cottonseed oil were 
determined, ensuring the maximum elimination of 
phospholipids, gossypol and its derivatives, tocoph-
erols from the raw material at the preliminary refin-
ing stage. Technique and technology of refining fats 
continuously improved. On the basis of the work of 
scientists and the experience of the foremost work-

ers, original technological schemes have been cre-
ated that ensure a high effect of refining oils with a 
significant reduction in waste and losses. Refining 
production is equipped with modern high-per-
formance equipment of continuous action, due to 
which the capacity of workshops increases and labor 
costs are significantly reduced [1].

The issue of the development and research of 
the technology of refining oils and fats, as well as the 
study of the scientific and theoretical foundations of 
this process, both in the domestic and foreign litera-
ture and patent information, is a lot of work. Given 
this, the issues that are directly related to the topic of 
my work are analyzed.

For alkaline neutralization of raw cottonseed oil, 
sodium hydroxide solutions with various concentra-
tions and excess are mainly used as alkaline agents. 
Refining of raw pre-press and extraction cottonseed 
oil proceeds at high concentrations and an excess of 
alkaline sodium hydroxide solution. This technol-
ogy of refining is accompanied by a low yield of the 
final product, as well as a significant consumption 
of material and technological resources. Along with 
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this, the oil and fat industry of the republic is expe-
riencing a deficiency of sodium hydroxide due to its 
high cost. Taking this into account, in recent times, 
advanced technological processes of alkaline neu-
tralization of raw cotton oil have been proposed us-
ing new types of alkali-replacing chemical reagents. 
In this direction, a special place belongs to the use of 
alkaline-berybamide and other solutions. However, 
the technological processes of purification of raw 
cotton oil with these types of alkaline reagents are 
also not without some drawbacks [1].

It should be noted that the chemical and oil refin-
ing industries of the republic use various alkaline so-
lutions in technological processes. At the same time, 
alkaline compounds of various metals accumulate as 
industrial wastes and in wastewater. This is especial-
ly noticeable with the activation of stationary cata-
lysts used in technological processes of oil refining, 
cracking and catalytic hydrogenation of oils and fats. 
Alkaline activation of alloyed stationary aluminum-
containing catalysts is carried out using sodium hy-
droxide solutions. As a result of catalyst activation, 
alkaline solutions of sodium aluminates are formed, 
which later, being industrial waste, are discharged 
into wastewater [2]. However, alkaline solutions 
of sodium aluminate have a high neutralizing and 
adsorption capacity. This is especially important 
when neutralizing the free fatty acids of raw cotton 
oils. At the same time, alkaline solutions of sodium 
aluminate react with the substances associated with 
cottonseed oil. In addition, aluminum compounds 
and aluminosilicates have high adsorption proper-

ties, which is important when combining methods 
of neutralization and adsorption purification of raw 
materials. All this determines the prospects and ef-
fective use of alkali-containing industrial waste, in 
particular, sodium aluminate solutions in the oil and 
fat industry of the republic, namely, in technologies 
for alkaline neutralization of raw cotton oil. Consid-
ering the above, the main objectives of the research 
on the subject of this thesis were established:

–  study of technological processes of alkaline 
neutralization of raw cotton oil with sodium alumi-
nate solutions of different concentrations and excess;

–  determination of the possibility and effec-
tiveness of the use of alkaline solutions of sodium 
aluminate in the industrial technology of cotton oil 
refining;

–  development of technological regimes and 
conditions for improving the quality and nutritional 
value of refined cottonseed oil.

In studies on the alkaline neutralization of raw 
materials with solutions of aluminates and sodium 
hydroxide, cotton oil samples were used, obtained 
by forpressing and extracting oil seeds of cotton of 
different quality.

The feedstock differed in quality indicators and 
physico-chemical characteristics [4].

Crude cottonseed oil obtained by forpressing 
cotton pulp of various varieties of cotton seeds under 
production conditions was estimated by acid number, 
color, humidity, content of phospholipids, gossypol 
and its derivatives. The physic-chemical characteris-
tics of pre-press cotton oils are given in (table 1).

Table 1. – Physic-chemical characteristics of samples of prepress cotton oils
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1 2 3 4 5 6 7 8 9
2. I–II 4.8–6.3 0.22–0.24 23–34 0.5–0.7 0.19–0.23 0.26–0.29 80–90

3. III – IV 6.9–10.8 0.25–0.27 not super-
vised 0.8–1.4 0.29–0.35 0.34–0.39 75–85

4. Nonstandard 12.2–14.0 0.28–0.31 not super-
vised 1.3–1.7 0.44–0.50 0.50–0.65 60–70

As shown by the data given in( table 1). The 
used samples of pre-press cotton oils differ among 
themselves by their quality and physic-chemical 
parameters. At the same time, in raw cottonseed 
oil obtained from low-grade and non-standard oil 
seeds, there is an increase in color, the content of 
free fatty acids and bound gossypol, as well as a de-
crease in the total amount of tocopherols. In order 
to obtain extraction oil, the cake of the above sam-
ples (Table 1.) Cotton seeds were extracted under 
production conditions. Physic-chemical character-

istics of the obtained extraction of cotton oils are 
given in (table 2).

It has been established that, in contrast to raw 
prepressions, extraction oils are characterized by a 
higher content of free fatty acids, free and bound gos-
sypol, and also phospholopids.

The purpose of this section is to study the effect 
of the concentration of alkaline solutions on the 
change in the content of the main accompanying 
substances of raw cotton oil with the processing of 
solutions in the electromagnetic field and without it.

Table 2. – Physical and chemical indicators of samples of extraction cotton oils
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1. 4.2–5.8 0.22–0.26 34–41 0.7–0.9 0.13–0.22 0.16–0.28 70–80 traces
2. 6.1–7.6 0.26–0.30 46–52 1.3–1.6 0.27–0.38 0.30–0.43 60–70 traces

3. 7.9–12.3 0.34–0.35 not super-
vised 1.9–2.6 0.45–0.55 0.50–0.61 50–90 traces

4. 12.6–14.8 0.36–0.41 not super-
vised 2.0–2.8 0.60–0.70 0.75–0.93 40–50 traces

Evaluation of technological methods of purify-
ing raw cotton oil suggests that the quality and nu-
tritional benefits of refined oil mainly depend on the 
content of free fatty acids, phospholipids, gossypol 
and its derivatives, as well as other substances. The 
reduction and complete removal of some oil-related 
substances can significantly improve the perfor-
mance of the final product. Purification of raw oil 

and ensuring high levels of final products also de-
pend on the nature of the raw materials and methods 
of producing cottonseed oil [3,4]. When processing 
raw cottonseed oil with an alkaline solution of so-
dium aluminate of various concentrations, the raw 
materials are partially neutralized and some of the 
associated substances are removed.
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The most significant decrease in the content of 
free fatty acids and related substances is observed at 
an alkali concentration of 15%.

When this is achieved by improving the color of 
the partially neutralized cottonseed oil. The most 
acceptable technological data is obtained by par-
tially neutralizing raw cottonseed oil with an ini-
tial acid number of not more than 4.1 mg KOH / 
g. This suggests that alkaline solutions of sodium 
aluminate exhibit their reactivity to a certain level 
of acid number and the content of substances ac-
companying the original oil [3].

For the first time, compositions of adsorbents 
from local materials were created for the purifica-
tion of cotton fat from the residues of gossypol and 
its derivatives, catalyst metals and other impurities. 
Technological regimes have been developed for the 
transesterification of high-melting cotton fat with 
rosehip oil and corn germ, which makes it possible 
to obtain suppository bases of the required quality 
[4]. Thus, the optimal technological conditions for 
the refining of crude oil using the recommended 
new technologies were determined, and the pos-

sibilities for increasing the yield and quality of re-
fined oil were established.

The technological parameters have been estab-
lished, which allow to significantly reduce the con-
tent of substances accompanying the oil and improve 
its color.

The chemical interactions of the main compo-
nents of crude oil with an alkaline solution of sodium 
aluminate are determined and their correspondence 
with known chemical phenomena is established.

A technology is proposed to intensify the partial 
alkaline neutralization of raw cotton oil with a solu-
tion of sodium aluminates activated by treatment in 
an electromagnetic field.

The technological parameters were optimized 
and the modes were determined to improve the qual-
ity of partially neutralized oil.

Obviously, the final process of alkaline refining 
of raw materials with low acid number and improved 
color can be reduced by reducing the consumption 
of sodium hydroxide, which increases the yield of 
refined oil and improves its quality.
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TECHNOLOGY OF DEODORIZATION OF SOYABEAN OIL

Abstract. The technology of deodorization of local soybean oil has been studied. Soybean oil is 
obtained from soybean seeds grown locally. For deodorization, oils were obtained under production 
conditions. Studies conducted in laboratory and production conditions. The effect of pressure, tem-
perature and duration of the deodorization process on the quality indicators of deodorized oil has 
been studied. Equipment and technological lines for the deodorization of local varieties of soybean 
oil have been selected. Research in production tests carried out on a bubbling device consisting of 
tubes with holes for bubbling steam into oil. To maintain absolute pressure during deodorization, 
steam ejector vacuum systems were used. The effectiveness of such systems on soybean oil ranged 
from 75 to 95%. Distillates deodorization ranged from 0.25 to 0.50% of the raw materials supplied 
to the deodorizer. In experiments, tocopherols and sterols were isolated from the distillate and fatty 
residue of water from a barometric condenser. The use of tocopherols as food antioxidants was car-
ried out by comparison with other food and synthetic products. The results obtained ensured an 
increase in the quality and perfection of the technological processes of deodorization of soybean oil.

Keywords: Local soybean oil, deodorization technology, laboratory and pilot plants, techno-
logical regimes, quality and physical-chemical characteristics of deodorized oil, deodorized oil 
distillates and their use.

Deodorization is an oil treatment process with 
steam, in which good quality steam, obtained from 
deaerated and properly treated water, is injected into 
soybean oil at low absolute pressure and high enough 
temperature to distill off free fatty acids (FFA) and 
odorizing substances and separate these volatile sub-
stances from the oil flow [1–3].

The role of deodorization in obtaining and re-
fining of food fats and oils is that deodorization is 
the last stage of the preparation of oil for use as an 
ingredient in margarines, shortening, salad oils, fry-
ing oils, confectionery fats and many other foods 
[4–5]. Deodorized oil can be considered as ready 
for various classification parameters, depending 
on the characteristics and tastes of the consumer 
market of a particular region or country. In some 

regions they like oil with pronounced taste and 
smell, in others they prefer oil with characteristic 
color [6].

Studies of the technology of deodorization of 
soybean oil, obtained based on soybean seeds, are 
of both scientific and practical interest.

Soybean oil was deodorized in a laboratory setup.
To analyze the composition of the original and 

deodorized soybean oils, modern methods of phys-
ical-chemical research were used [7; 8].

The quality indicators and the fatty acid composi-
tion of the initial and refined samples of local variet-
ies of soybean oils are given in (table 1).

The intervals of variation of the working param-
eters of the process of deodorization for the produc-
tion of high quality oils given in (table 2).
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Table 1. – The composition of raw and refined local varieties of soybean oils

Components Crude oil Refined oil
Triglycerides 95–97 More than 99
Phosphatides 1.5–2.5 0.003–0.045
Unsaponifiables: 1.6 0.3
Plant Sterols 0.33 0.13
Tocopherols 0.15–0.21 0.11–0.018
Hydrocarbons (squalene) 0.014 0.01
Free fatty acids 0.3–0.7 Less than 0.05
Traces of metals, mg / kg:
iron 1–3 0.1–0.3
copper 0.03–0.05 0.02–0.06

Table 2. – Soybean oil deodorization conditions

Absolute pressure, mm hg 1–6
Temperature, °C 252–266
Duration of exposure, min 15–16
Stripping steam, % of oil mass 1–3

The effect of each parameter on the deodoriza-
tion process is studied.

Pressure does not have a perceptible effect on 
quality if the deodorizer operates at an absolute pres-
sure in the range from 1 to 6 mm hg. It is established 
that pressure is higher than 6 mm hg even in the range 
of 7 to 9 mm hg will lead to problems with quality, 
such as the appearance of undesirable taste and smell.

Deodorization temperature is a parameter that 
can be considered as variable. It directly affects the 
vapor pressure of volatile components that must be 
removed. By increasing or decreasing the tempera-
ture, one can achieve a correspondingly lower or 
higher rate of removal of odorizes.

The duration of exposure during deodorization is 
the time during which the raw material is at the deodor-
ization temperature and at a given flow rate of bubbling 
steam. The effectiveness of bubbling depends on the 
ability of the devices to thoroughly mixing steam and 

oil. In modern equipment, the duration of exposure 
is from 15 to 60 minutes. This time refers to the oils 
entering the deodorization after chemical (alkaline) 
refining and with a FFA content of less than 1%.

To obtain the highest quality deodorization 
product, it is necessary that the raw materials are also 
of better quality. Improper or inadequate processing 
at any stage of the process can lead to a change in 
quality and even to permanently spoiled oil entering 
into deodorization.

Soybean oil contains about 0.1% tocopherols, 
and at a deodorization temperature of 260 to 265 °C, 
from 40 to 50% of this amount will be removed.

By-products of deodorization of soybean oil con-
sist of a mixture of phosphatides, unsaponifiable sub-
stances, free fatty acids and soap.

The value of each by-product depends on its 
composition.

Distillates of deodorization range from 0.25 to 
0.50% of the raw materials fed to the deodorizer. 
They consist mainly of unsaponifiable substances 
and some fatty acids. Distillates of deodorization 
are volatile organic substances released as a valuable 
by-product in soybean oil deodorization (Table 3).

Table 3.– Distillates of deodorized soybean oil
Component Molecular weight, g / mol Relative volatility

1 2 3
Fatty acid 280 2.5
Squalene 411 5.0
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1 2 3
Tocopherol 415 1.0
Sterol 410 0.6
Sterol ester 675 0.038
Butter 885 Insignificant

The recovery efficiency of distillates of deodor-
ization is very high. In experiments, tocopherols and 
sterols were recovered from distillate and from the 
fatty residue of water from a barometric condenser. 
98% of tocopherols and more than 95% sterols were 
recovered from the distillate.

In (table 4) is shown that soybean distillates con-
tain 18% sterols, of which 44% is stigmasterol. The 
approximate composition of the sterol components 
of soybean oil is as follows: 20% campestero l.20% 
stigmastero l.53% β-sitostero l.4% δ-avenasterol and 
3% δ-stigmasterol.

Table 4. – Composition of distillates of 
deodorization of soybean oil,%

Components Soybean oil
Non-pollinated substances 33
Tocopherols 11.1
α – tocopherols 0.9
Sterols 18
Stigmasterol 4.4

Sterols are used in production of pharmaceuticals
Soybean oil is characterized by a special chemi-

cal composition. Soybean oil with such chemical 
composition is easily subjected to deodorization 
technology. In deodorization of soybean oil distil-
lates containing in its composition substances with 
functional properties are obtained.
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RECEPTION WITH SOLAR ENERGY AND STUDY OF PHASE 
COMPOSITION OF HIGH-TEMPERATURE SUPERCONDUCTORS 

HOMOLOGOUS SERIES BI1,7PB0,3SR2CA(N‑1) CUNOY (N = 3–20)

Abstract. The effect of solar radiation on the formation and properties of high-temperature 
superconducting phases of homologous series Bi1,7Pb0,3Sr2Ca(n‑1) CunOy(n = 3–20) is researched. 
The dependence of the completeness of HTSC phase synthesis on time-temperature conditions 
within the range of 846–848 °C. 3–120 hours. The formation defined ≈ 90%, in 2223 and 2234 
phases. The synthesis under the influence concentrated solar radiation allowed to obtain stable high-
temperature superconducting materials with Тс > (107 ÷ 151) К. The prospects for the use of so-
lar technology is determined for the synthesis of a number of high-temperature superconductors 
Bi1,7Pb0,3Sr2Ca(n‑1) CunOy (n = 3–20).

Keywords: solar radiation, high-temperature superconductors, HTS materials.
Introduction
High-temperature superconductors based 

on the system Bi-Pb-Sr-Ca-Cu-O constitute a 
homologous series represented by the formula 
Bi1,7Pb0,3Sr2Ca(n‑1) CunOy. There are relatively detailed 
studies on conditions of synthesis and properties of 
HTSC that start from the beginning of this series 

n = 1–4, and very limited information on properties of 
HTSC phases with n > 4. Revealed direct correlation 
between the increase in the critical transition tempera-
ture to the superconducting condition Тс and increase 
in “n” for a raw Bi1,7Pb0,3Sr2Ca(n‑1) CunOy (n = 3–20) 
allowed to assume the possibility of formation of 
HTSC phase with a Тс 107K [1]. The conditions for 
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the synthesis have a decisive influence on the critical 
properties of high-temperature superconductors. The 
most common method of synthesis of high-tempera-
ture superconductors in the solid phase has significant 
limitations imposed by the diffusion mechanism of 
interfacial interactions [2; 3]. Wider possibilities and 
advantages of melting techniques offer the prospects 
for finding new technological solutions based on the 
melted synthesis, that can lead to an increase of critical 
transition temperature to the superconducting condi-
tion and the critical amperage [4]. The increase in Тс 
can be solved at the expense of a different, compared to 
the solid phase, phase formation and the nature of the 
interfacial interactions in the melt and the subsequent 
reactions in the solid phases during the formation of 
the target high-temperature superconducting phases. 
In addition, the reasonable expectation to increase 
the critical current opportunities lie in the texture and 
morphology during melt processing control, for ex-
ample by creating high temperature gradient during 
the cooling procedure of the melt.

In order to obtain a melt as a heating source high 
frequency currents are used, induction currents, re-
sistance currents, laser, radiant flux, generated by 
mercury and xenon lamps [2–4].

Data on the comparative analysis of the impact 
of spectrum from heating sources on the properties 
of the materials being processed are very limited, the 
photosynthesis of inorganic materials are rarely used 
and specific explanation of the effect is given in [5]. 
The energy consumption of the heating sources to 
achieve high temperatures in technological processes 
under the severe power constraints makes important 
to appeal to the study of the possibility of using re-
newable natural sources of energy, including solar 
radiation. The possibility of using solar radiation 
for the synthesis of the inorganic materials has been 
studied in [6].

The positive change of the properties is found 
and the prospects for use of solar radiation for the 
synthesis of oxide materials is determined, includ-
ing a higher fire resistance of complex composi-

tions. However, the explanation of the results of the 
influence of the solar spectrum on the nature of the 
formation, interaction phases and properties of the 
target materials mainly were tentative.

The [7; 8] under the explosion of concentrated 
solar radiation the synthesizeation of titanates of 
pseudobrookite type, mono- and di-lanthanide ti-
tanate РЗЭ (РЗЭ = La-Lu), fluorite solid solutions 
based on ZrO2, HfO2 the properties of these ma-
terials investigated. The distinctions of properties 
if these materials is defined that synthesized under 
the influence of solar radiation received by other 
methods. The changes of the properties allegedly 
explained by the influence of the solar spectrum on 
the polarization of the valence electrons and the in-
fluence of “nadstehiometrichnogo” oxygen.

Based on these results and the benefits of using 
concentrated solar radiation as a heating source, in-
organic materials synthesis experiment under the in-
fluence of solar radiation was distributed to receive 
high-temperature superconductors homologous se-
ries of raw Bi1,7Pb0,3Sr2Ca(n‑1) CunOy (n = 3–20).

Experiment
The synthesis and the study the properties of 

the precursors and HTSC of the ceramic series 
Bi1,7Pb0,3Sr2Ca(n‑1) CunOy с (n = 3–20). Synthesis of 
precursors for nominal compounds Bi1,7Pb0,3Sr2Ca(n‑1) 
CunOy (n = 3–20) was carried out by quenching of 
the melt obtained under the influence of solar ra-
diation and solar radiation simulators at a density 
≈ 680–750Вт/см2 (SFAQ-method)[9]. Supercon-
ducting ceramic is obtained on the basis of glass-ce-
ramic precursors obtained by ceramic technology. 
The microstructure and phase composition was 
examined under the electronic microscopes “NEO-
PHOT NU‑2” Model JEM‑1200EX11, JEOL Co., 
Ltd., Tokyo, Japan, the X-ray diffractometer DRON-
UM‑1 (CuKα-radiation, Ni-filter).

Phase composition of precursors of the following 
denominations Bi1,7Pb0,3Sr2Ca(n‑1) CunOy (n = 3–20) 
in the initial state is represented by the diffraction 
patterns (Fig. 2a). The weak diffuse reflexes of pre-
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cursors with “n = 3–5” more clearly manifested 
when “n > 5”. Increase “n”, so to say elevated levels 
of CaO and CuO, leading to destabilization of the 
glass phase.

After annealing at 500  °C, 3h. the dif-
fraction patterns of ceramics denominations 
Bi1,7Pb0,3Sr2Ca(n‑1)CunOy(n=3–5) much broadened 
reflexes phase of 2201 existed: (Figure 2a). In addi-
tion, the part of the weak intensity reflexes is defined, 
which could be attributed to the phase (2212). After 
annealing at 600 °C, 3h. the phase (2201) was better 
crystallized and clearly manifested phase appeared 
(2212). In addition to the reflections belonging to 
(2201) and (2212) phases, there were a small num-
ber of low-intensity reflections present: 2θСuКα (20,9; 
28,4; 30,1; 36,8; 37,2; 38,2 and unknown phases 
(X phases), which did not correspond to the phases 
of 2223, 2234 and the intermediate phases that are 
involved in the formation of HTSC phases formation 
reactions at the solid-phase synthesis by [10].

With an increase of the annealing temperature 
to 700 °C., 3 h. the (2201) phase disappeared; the 
main phase was (2212) and (2223) phase was pres-
ent at small portions. With an increase of the anneal-
ing time increased to 20 hours the 2212 phase con-
tents increased. Annealing at 845–848 °C, 60–100 h. 
allowed to obtain ≈90% of the mixture ≈ HTSC 
phases (2223) and (2234). The selection of phase 
(2234), and to determine its amount was difficult 
because of the close values of 2θ° of these phases. The 
content of (2212) phase decreased with increasing 
in annealing time to ≤ 10%. The characteristic fea-
tures of the heat-treated samples were a series of re-
flections corresponding to 2223, 2234 and, perhaps 
other phases of HTSC-homology with the unit cell 
parameters phase identified according to data [11; 
12] in assumption of (2223): a = 5.2832–5.3539; 
b = 5.3698–5.5075; c = 36.506–37.3855; (2289): 
a = 5.0545–5.1226; b = 5.6696–5.8918; c = 36.4798– 
–37.2383.

The formation of mixtures of homologous 
phases obtained in the samples synthesized by the 

(SFAQ) – method, is not established in the synthe-
sis method of solid-phase reactions. When a solid 
phase synthesis method is used the superconduct-
ing phases are formed by diffusion reactions be-
tween 2201 (2212) and intermediates junctions. In 
the synthesis of the precursors obtained under the 
use of (SFAQ) – method under the influence of solar 
radiation, it can be assumed that the rapid quench-
ing of the melt “freezes” existing clusters in the melt 
cluster-germs of the basic perovskite structure of 
different stoichiometry. On the basis of these em-
bryos in the heat treatment of precursors the HTSC 
phases homologues are formed.

The effects of formation of phase-homologues 
were noted previously in synthesized by the use of 
the same method of fluorite-type solid solutions on 
the basis of ZrO2(HfO2) and РЗЭ titanate pyro-
chlore, [7–9]. Probably, the formation of a series of 
phase-homologues inherent to defect in the crystal 
structure and their formation involves both the “ex-
cess” oxygen and affects of the excited state of elec-
trons that occurs due to the exposure to the melt of 
the concentrated radiant flux.

The microstructure of the superconducting ce-
ramic compositions had the superconducting ma-
terial’s characteristics lamellar structure (Figure 
3). All ceramic compounds under the research had 
Meissner effect to 184K, that is confirmed by X-ray 
diffraction data.

Conclusion
Synthesis under the influence of the concentrat-

ed radiation allow to obtain stable high-temperature 
superconducting materials with Тс > 107К.

The lack of intermediate phases, which, according 
to the solid-phase synthesis 2212, 2223, 2234 phases 
should take part in their formation, allow to assume 
formation of different from the solid-state mecha-
nism of HTSC phases of the precursors synthesized 
under the influence of concentrated solar radiation. 
The conditions for synthesis are defined in the rapid-
ly melting gradient conditions. The rapid quenching 
of the melt “freezes” different on the stoichiometry 
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“germs” on the basis of which the heat treatment of 
superconducting phases are formed from the series 
of homologs Bi1,7Pb0,3Sr2Ca(n‑1)CunOy (n = 3–20). 
These phases can be noted on the diffractograms 
with the groups of reflexes corresponding to HTSC 
phases with different parameters of the unit cell.

The formation of the superconducting phases 
not only in ceramics but also in precursors suggests 
the following mechanism, which involves the for-
mation of the clusters – “embryos” in the melts with 
the compound composition and crystalline struc-
ture, close to the most stable compound structure 

in 2201 and part of the germs, representing the base 
that participates in the formation of the structure of 
high-temperature superconducting phases. The dif-
ferences of stoichiometric clusters – “germ” is influ-
enced by the conditions of synthesis, characterized 
by a sharp temperature gradient in the melting and 
quenching the melt.

Melting in gradient temperature conditions can 
lead to the formation of a melt-homologues clusters 
of various compositions, which are fixed with melt 
quenching. These results indicate the possibility of a 
new “green” synthesis technology of HTS materials.
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FORMİNG CHEMİCAL COMPOSİTİON OF 
COATİNG ON THE İRON CASTİNG

Abstract. The mechanism of formation of chemical microheterogeneity of metal of a composite 
covering of cast iron casting is studied. It is established, that formation of structure and properties 
composite covering of cast iron casting depends as on chemical and fractional structure of a powder 
and a thicknes of its layer and a temperature condition of impregnation powder liquid metal.

Keywords: coating, casting, impregnation, powder spread, alloy.
1. Introduction. Structural changes in the crys-

tallization of liquid iron, penetrating into the pores 
of powder spreading, occur as a result of the interac-
tion of the melt with particles of the powder of the 
composite coating. At the first moment after wetting 
the surface of the powder particles of the spreading 
with coasting iron, a surface chemical reaction takes 
place between them, the speed of which depends 
on the state of the surface, the temperature in the 
joint zone and, above all, the heat of formation of 
the forming compound and is determined by the 
diffusion laws. The second stage is the dissolution 
of the metal particles in the melt. The formation of 
the solid solution and the intermetallic phases and 
the dissolution of the solid metal proceed simultane-
ously. Therefore, undoubtedly, the final structure will 
depend on the ratio of the rates of these processes. 
At the same time, directly in the contact part of the 
the powder particle paste with liquid iron, when the 
particles are completely melted, these changes are 
associated with the extraction of excess heat from 
the melt to heat and melt them. In the middle and 
peripheral parts of the spreading layer, the powder 
particles are partially dissolved in the cast iron. The 
reasons for this should be sought in the results of the 
heterophase interaction of the powder particles with 

the binding melt. Therefore, issues related to the for-
mation mechanism of the phase “particle boundary – 
metal”, the near-contact zone, the severity of chemi-
cal and phase microheterogeneity of the composite 
metal, become of paramount importance. It is also 
important to ascertain the actual value of the degree 
of crystallographic affinity for the structural changes 
occurring in the binder metal under the influence of 
the alloy of the particles of powder spread.

It is known that in the pulverized powder of the 
CrNi80SiB3 alloy nickel in the overwhelming ma-
jority is in the boride (Ni3B) and in silicide (Ni3Si2), 
and chromium is in the boride (CrB) and in carbide 
(Cr7C3) phases.

2. Discussion of the results. The metal of cen-
trifugally cast castings of bushings with dimensions 
of 100 × 43 × 180mm (100-outer diameter; 43-wall 
thickness; 180-height) with powder paste thickness 
xn = 5; 10 and 15mm alloy CrNi80SiB3 – gray cast iron.

As a result of the impregnation of cast iron in the 
layer of powder spread, the dispersion of the structure 
and chemical heterogeneity of the binder metal signifi-
cantly increased. The change in the thermal conditions 
of the formation of the periwinkle structure was also 
reflected in the nature of the distribution of the excess 
phase; an uneven, but dispersed precipitation of which 
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inside the grain and along its borders in the experimen-
tal metal contrasts with coarse local precipitates in the 
intergranular region in the metal of the control cast-
ings. Undoubtedly, these changes were the result of 
not only intensive heat exchange between the liquid 
metal and the powder particles of the spreading. The 
temperature conditions of the casting and the physi-
cochemical constants of the selected powder materials 
(T << Tmt> Tp, where Tliq is the liquidus temperature of 
the alloy, Tmt is the melting point of the powder mate-
rial, Tp is the pouring temperature of the alloy) powder 
in the crystallized solid solution as a separate phase [1].

Thus, the powder particles also play the role of 
refractory inoculators, whose catalytic influence on 
the process of forming the crystal structure of the 
alloy is largely determined by the degree of their 
crystallographic means with the matrix of the binder 
metal. Therefore, of particular interest is the analysis 
of the causes of structural changes under the influ-
ence of non-isomorphic powder particles with a sig-
nificant discrepancy between crystallographic pa-
rameters (cast iron Сlass 15 α = 2.8657 A

°
; alloy of 

the powder = 3.5926 A
°

)
The mechanism of influence may be associ-

ated with a decrease in the work of the formation 
and growth of crystals of the bonding alloy on the 
finished interface. As a result of high temperature, 
a regular the crystalline-structured transition zone 
is made on the contact between the surface of the 
powder particle and a crystallizing melt.

However, the reduction of the heterophase in-
teraction only to the appearance on the surface of 
the powder particle of a spreading of the boundary 
zone with a different crystallographic orientation 
without taking into account possible changes in its 
chemical composition and uniformity of the par-
ticle material is schematic.

Further study of this issue confirmed the need 
for a deeper analysis of the phenomena in the con-
tact zone. Thus, the observation of partially dissolved 
powder particles by means of color etching revealed 
heterogeneity of their color coloration, varying from 

yellow – brown (corresponding to the solid solution) 
to green and burgundy. In addition, each color region 
has a clear boundary.

Colors of inhomogeneity are accompanied by 
different values of microparticle, the natural differ-
ence between which between the matrix and particle 
is complemented by an anomaly inside the particle 
itself in accordance with the colored areas.

The values of microparticle Нμ, MPa:
matrix metal binder ����������������������������� 2140–2190
matrix (near the contact zone) ��������� 2140–2920
contact area����������������������������������������������������������3490
inner powder boundary������������������������������������2070
powder core ��������������������������������������������������������1250
Such a distribution of microparticles is a con-

sequence of the chemical heterogeneity of the par-
ticle and the area attached to it. This assumption is 
fully confirmed by the results of micro X-ray spec-
tral analysis.

In the initial state, powder spreading alloy 
CrNi80SiB3 consists of 78–80% Ni; 15–17% Cr; 
3% B; 0.2–0.3% C; 0.7–1.2% Mn; 1% Si; 0.75% P 
and 4.5% Fe, after crystallization interaction with a 
binder melt of gray iron of composition (Class 15) 
contains more carbon and iron with decreasing Ni 
and Cr (Fig. 1).

The type of curves of the contact layer of the par-
tially dissolved powder microparticle components of 
the bases (Ni and Cr) indicates the different inten-
sity of its flow and allows you to clearly distinguish 
the contact layer, the core of particles and deter-
mine their sizes (particle size distribution of pow-
ders corresponded to fractions: + 50–60; + 63–100; 
+ 100–160; 160–200 and 200–315 μm). The change in 
the chemical composition of the microparticles of the 
powder and the contact layer has a diffusion origin [2].

The contact layer around the particle with a clear-
ly defined boundary indicates the probability of for-
mation of intermetallic phases by the mechanism of 
reactive diffusion.

Taking into account the aggregate state of the 
interacting particles of the powder and the bonding 
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alloy, we can assume that new phases is formed si-
multaneous dissolution of the microparticle in the 
liquid metal and chemical reaction at the interface, 
the speed ratio of which regulates the formation of 
a particular phase.

Under real conditions of joint crystallization 
of the melt with a solid multi-component particle, 
the variable ratio of the melt, the degree of crys-
tallographic affinity between the matrix and the 
particle, and finally, the change in the value of the 
solubility of the alloy components of the solid par-
ticles with simultaneous alloying or crystallizing 
binder were reflected in the ratio of the rates of 
these processes.

Taking into account the amount of alloying com-
ponents in the powder particle from alloy CrNi80S-
iB3 and the fact that elements participating in the dif-
fusion process can form intermetallic compounds, it 
can be assumed that a complex chemical Laves phase 
forms in the contact layer.

The presence in the binder metal of dispersed par-
ticles of variable chemical composition and with a dif-
fusion interlayer of a certain width from intermetallic 
strengthening phases that differ from the base metal 
of particles and cast iron in the type and parameters 
of the crystal lattice (αphase = 4.74 A

° ) explains the in-
creased heat resistance of the test metal [3].

When reducing the powder coating layer thick-
ness from 15 to 10 and 5 mm, as well as increasing 
the pouring temperature from 1360 to 1440 °С, the 
degree of dissolution of the powder particles in the 
cast iron of the bundle increases and the segregation 
of Ni, Cr, Si and P over the cross section of the com-
posite coat casting decreases.

By chemical analysis of the metal over the cross 
section of the manual, it was established that the 
smaller the thickness of the powder coating, the 
greater the degree of uniformity of the distribution 
of Ni, Cr, Fe, and C across the coating thickness of 
the iron casting. So, with an increase in the thick-
ness of the spreads made from the powder of the 
alloy CrNi80SiB3 from 5 to 10 and 15 mm, the con-
tent of the elements changes from the surface to the 
contact zone; namely: nickel decreases from 45.1; 
55.1 and 60.2% to 44.0–44.2%, and chromium from 
11.0; 14.5 and 15.2% to 9.4–9.8%, the iron content 
increases from 44.5–40.2 and 38.5% to 46–46.7%, 
and carbon content with 1.47; 1.29 and 0.96% to 
1.75–1.80% [4] (Fig. 2).

The degree of saturation of liquid iron, poured 
into the mold at 1440 °С and penetrated into the 
pores of the powder composite with elements of the 
CrNi80SiB3 a coasting coat alloy of casting 43 mm 
thick, is shown in the (table 1).

Table 1. – Changes in the chemical composition, cast iron ligaments 
depend on the thickness of the composite coating

Thickness Number of elements,%
Powder coating, mm Powder mm in alloy Composite coating on iron casting

Ni Cr Si P

5 Ni = 78–80
Cr = 15–17
Si = 1
P = 0.75

9 64
17 14
.
.

2 20
3 24
.
.

2 20
2 32
.
.

0 43
0 34
.
.

10 4 25
14 34
.
.

1 95
2 98
.
.

1 96
2 32
.
.

0 59
0 37
.
.

15 3 09
13 42
.
.

0 89
2 84
.
.

1 94
2 34
.
.

0 63
0 39
.
.

Note: In the numerator – at the surface; in multipliers – at the contact area

As can be seen, the nature of the dissolution of par-
ticles and the diffusion of Ni; Cr; Si and P in the cast 
iron of the ligament at the surface of the coasting coat 

of the casting significantly depends on the thickness of 
the powder coating, and the content and distribution 
of these elements in the zones varies significantly. So, 
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in experimental castings with a total thickness of 50 
mm in the surface zone of the gearbox, an increase in 
the thickness of the powder spreads from 5 to 10 and 
15mm led to a decrease in the content of elements of 
the CrNi80SiB3 alloy in thin interparticle interlayers 
of cast iron: 9. 64% at 4.38 and 6.51%; for chromium, 
from 2.20% to 0.25 and 1.31%, and for silicon, from 

2.20% to 0.34 and 0.36%. Then as the phosphorus 
content in the pig iron impregnated in the porous 
spread increases from 0.43% to 0.51 and 0.63%, while 
in all cases of the casting with the impregnation of the 
powder spread the metal of the contact gearbox itelno 
increasingly complex is saturated with Ni, Cr and P 
than in the peripheral regions [4; 5].

Figure 1. Chemical Inhomogeneity of Spray Particles from 
alloy CrNi80SiB3 and the adjacent area
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Figure 2. Changes in the chemical composition of the gearbox of the casting 
“powder coating of alloy CrNi80SiB3 – cast iron Сlass 15” depending on the 

thickness: (figures on the curves) of spreading: 1, 2 and 3 – thickness of powder 
coating of 5, 10 and 15 mm, respectively; Tp = 1440 °C, δ = 43 mm

At the same time, the solubility and diffusion of 
elements from solid particles of the powder alloy 
into the cast iron of the bundle is much greater than 
in the surface zone of the coasting coat. However, 
with an increase in the thickness of the spread, the 
content of the elements that become bonded to the 
cast iron composition decreases as much as in the 
metal surface zones of the gearbox, namely, as the 
thickness of the spread is increased from 5 to 10 and 
15 mm, the content of Ni and Cr decreases by 2.80 
and 3.72%, 0.27 and 0.40%, respectively;

Regardless of the thickness of the powder spread 
in the metal of the contact zone, the silicon content 

remains almost unchanged; while the phosphorus 
content in comparison with the initial amount (0.7– 
–0.8%), decreases almost 2 times and is 0.35–0.38%.

A coasting coat of iron casting is characterized by a 
layered structure, which depends on the melting tem-
perature and the degree of interaction, the particle size 
distribution of the powder particles, the thickness of 
the spreading layer of the melt impregnation tempera-
ture of the matrix during the casting process. Part of 
these parameters in the casting process is maintained 
very approximately and cannot be strictly controlled. 
Since the moment of contact of liquid iron with pow-
der spreads made from alloy CrNi80SiB3, some of 
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the powder particles are dissolved in the hardening 
cast iron and are doped with Ni and Cr. This process 
proceeds most efficiently, directly in the contact zone 
and near-contact interlayers, both on the side of the 
powder layer and the wall of the casting.

These elements affect the formation of the metallic 
base and the shape of gray cast iron graphite in different 
ways: Ni and Mn have austenitizing effects and contrib-
ute to the formation of lamellar graphite; Cr contribut-
ing to carbidization sometimes distorts the shape of the 
graphite incorporation. The complex effect of alloying 
elements is turning into a strip of white hypoeutectic 
cast iron – the third zone of the transition layer.

The dispersion of the pearlite component of each 
zone of the transition layer is different. Redistribu-
tions of Ni, Cr, and Si are observed only within the 
limits of the first zone of the transition layer.

The formation of the second and third zones is 
associated with a change in the carbon concentration 
of the pig iron of the bundle.

At 3.86–22.64% Ni in the transition layer, adjacent 
to the cast alloy, the first zone is observed, in which, 
at high cooling rates, there are areas of bainite and re-
sidual austenite, as well as partially dissolved powder 

particles CrNi80SiB3. In the second zone, along the 
grain boundary, carbides from doped cementite of the 
type (Fe, Cr)7C3 and cementite needles with a type-
magnet orientation are observed clearly. The effect on 
the structure of the transition layer Cr is significantly 
manifested at temperatures Tb above the boiling liq-
uid. At the same time, the first zone acquires a troost – 
sorbitol structure with a cementite net, which turns 
into a terostat – martensitic one. Redistributions of 
С, Ni, and Mn in the transition layer are also con-
firmed by the change in microparticles.

The research results indicate not only the need 
to take into account the effect of diffusion on the 
chemical homogeneity of the microparticles, but 
also indicate the possibility of controlling the whole 
complex of structural and special properties of pow-
der materials by regulating the processes occurring 
in the near contact zone.

3. Conclusion. In a cast iron casting, the forma-
tion of the structure and properties of a composition 
coat depends not only on the chemical and fractional 
composition of the powder particles, but also on the 
temperature condition of the impregnation of the 
powder spread with liquid metal.
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CONDITIONS FOR2-TESTABILITY OF TREE-LIKE CIRCUITS 
OF SINGLE-OUTPUT FUNCTIONAL ELEMENTS FOR 

SINGLE STUCK-AT FAULTS ON SIGNAL LINES

Abstract. Elaboration of new efficient mathematical models of testable digital circuits is impossible 
without determination conditions of existence fault detection tests of definite length, including 
minimally possible length for circuits of functional elements in respect of stuck-at faults on their 
signal lines. The necessary and sufficient condition for 2-testability of tree-like circuits of one-bit 
output functional elements in respect of single stuck-at faults on their signal lines have been obtained.

Keywords: tree-like functional-logical circuits, stuck-at fault, fault detection test.
1. Introduction and research objective
It is impossible to build effective mathematical 

models of testable digital circuits without providing 
conditions for tests of a given sequence length, in-
cluding the minimum possible length, for functional 
elements circuits for stuck-at faults on their signal 
lines (i. e., on lines connecting functional elements 
with each other in logical circuits, as well as at the 
inputs and outputs of these circuits [1; 2]).

It is obvious, that functional elements circuits 
may differ in structure. A number of works [1; 3; 4] 
consider tree-like and iterative block structures most 
promising in terms of testability. Therefore, the task 
of determination of conditions for fault detection 
tests of length 2 existence for different types of tree-
like (or irritation-free [1; 3; 5]) circuits for different 
stuck-at faults is relevant and can be set as following:

The fault class J  on signal lines of functional ele-
ments is set and tree-like functional elements circuit 
class Ε  is set. The task is to find necessary and suf-
ficient conditions for existence of fault detection test 
of length 2 for any tree-like circuits of Ε  class for 
faults of class J .

This article is devoted to solution of the given task 
for Ε1  subclass of tree-like circuits of single-output 
functional elements and J  class single stuck-at faults.

2. Main results
Let us assume that Σ  is a set of logical circuits, 

each of which contains at least one functional ele-
ment and does not contain discrete converters with 
memory [1; 6]. Let us denote a set of signal lines 
of circuit S∈Σ  as A a a ap= { , ,..., }1 2  that fulfills at 
least one of the following conditions for any signal 
line a A∈ :
a  connects the external poles of the circuit S � (2.1)

a  connects the functional elements
	 of the circuit S � (2.2)

a  connects all elements of a certain subset of 
I V= ∪Φ  (where Φ  is the set of all functional ele-
ments of the circuit S , V  is the set of all external 
poles of the circuit S ), for which both inequalities 
are true:

	 ′ ⊆ ′∩ ≠I I I: Φ Ø and ′∩ ≠I V Ø� (2.3)
As can be seen, the following equality is true for 

any logical circuit:
	 V X Y= ∪ � (2.4)

where X  is the set of all input poles (or inputs) of 
the circuit S , Y  is the set of all output poles (or out-
puts) of the circuit S .

The signal line a∈∆  of the circuit S  (where ∆  
is the set of all signal lines of the circuit S ), con-
nected to at least one input of the circuit S , will be 
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referred to as the input signal line of the circuit S . 
The signal line a∈∆  of the circuit S , connected to 
at least one output of the circuit S , will be referred 
to as the output signal line of the circuit S .

It is also obvious that for any logical circuit S  the 
following inclusion is true:

	 A ⊆ ∆ � (2.5)
Let us consider subset Σ1  of set Σ  that fulfills the 

following condition for any circuit S∈Σ1 :
	 ∆ ⊆ A � (2.6)
Let us denote subset of Σ1  by Σ2  that is not null 

for any circuit S∈Σ2  of set A S( ) :
	 A S( ) ≠ ∅ � (2.7)
Let us denote subset of Σ2  by Σ3 , such that any 

circuit S∈Σ3  contains functional elements with one-
sided (directed) [1] and only with one-sided con-
ductivity.

Any circuit S∈Σ3 creates a binary relation φ  on the 
set A  with the graph gr A A Aφ ⊆ × = 2  [7], defined 
as follows: the signal lines ai  and al  of the set A  of 
circuit S  are in relation φ  (i. e. a ai lφ ) if and only if the 
signal line ai  connected to the input of a functional 
element F  of the circuit S , and signal al  to its output.

Let us denote by Σ4  subset of Σ3  such that for 
any circuit S∈Σ4  the following is true:

	 grφ ≠ ∅ � (2.8)
(i. e. the relation φ , set by circuit S  on the set A  is not 
null). Let us consider collective Θ  of m  – relations 
[7] (where 2 ≤ ≤ ∞m ) on the set A  of the circuit 
S∈Σ4  such that for an arbitrary relationship θm ∈Θ  
with graph gr Am mθ ⊆  vector (tuple) 
a a a a a grj j j

k
j
k

j
m m= ∈+( ,..., , ,..., )( ) ( ) ( ) ( )1 1 θ  if and only if the 

following condition is satisfied:
	 ( { , ,..., })( )( ) ( )∀ ∈ − +k m a aj

k
j
k1 2 1 1φ � (2.9)

(i. e. ( { , ,..., })(( ) )( ) ( )∀ ∈ − ∈+k m a a grj
k

j
k1 2 1 1 φ . This set 

describes the structure of the system A  of signal 
lines of the circuit S∈Σ4 .

Let us denote by Σ5  subset of Σ4  such that for 
any circuit S∈Σ5  the following is true:

Collective Θ( )S , corresponding to the circuit S , 
is such that for any vector (tuple) a a a aj j j

k
j
m= ( ,..., ,..., )( ) ( ) ( )1

a a a aj j j
k

j
m= ( ,..., ,..., )( ) ( ) ( )1 , situated on the graph of an arbitrary relation 

θm  of Θ, fulfillment of the inequality s r≠  leads to ful-
fillment of the inequality ( ) ( )s r

j ja a≠  for any s  and r  of the 
set { ,..., }1 m  (i. e. the different components of any vector 
of the graph of any relation θm , belonging to Θ( )S , cor-
responded by different elements of A ).� (2.10)

The signal line a Ai ∈ , connected to output of el-
ement F  of the circuit S∈Σ5  will be referred to as 
the output line of the element F . The signal line 
a Aj ∈ , connected to input of element F∈Φ  of the 
circuit S∈Σ5  will be referred to as the input line of 
the element F . Inputs and outputs of all functional 
elements of the circuit S∈Σ5 , as well as all inputs and 
outputs of this circuit will be referred to as the circuit 
contacts S , while inputs and outputs of the element 
F  of the circuit S  will be accordingly referred to as 
the input and output contacts of the element F  of the 
circuit S , inputs of the circuit S  will be referred to as 
the input contacts of the circuit S , and the outputs – 
as the output contacts of the circuit S .

Let us denote by C the set of all contacts of the 
circuit S∈Σ5 . Let us consider a connected geometric 
figure, formed by all contacts of set C  by the elements 
of some subset 





A

A

≠

≠ ∅  of set A  of this circuit, as a set 
of connected  C С C⊆ >1  contacts of the circuit S . 
Connection of set C S( )  of contacts of the circuit S  
will be denoted by ω ( ( ), ( )) C S A S . If contact ci  of the 
circuit S  is contained in set C  of contacts of connec-
tions ω ( ( ), ( )) C S A S  of the circuit S , then it shall be 
considered as a part of connection ω ( ( ), ( )) C S A S . Let 
us consider contacts ci  and c j  connected, if and only 
if ci  and c j  are a part of the same connection in the 
circuit S  (i. e. if and only if contacts ci  and c j  are con-
tained in set of the contacts of some connection ω  of 
the circuit S ).

Let us refer to connection ω ( ( ), ( )) C S A S  of the 
circuit S  as an elementary connection, if it satisfies 
the following condition A S( ) =1  (i. e. in which the 
contacts are connected by its only signal line). The 
simplest is the elementary connection ω ( ( ), ( )) C S A S  
of the circuit S , which fulfills the condition: C = 2  
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(i. e. the elementary connection formed from the two 
contacts of the circuit S ). Let us consider contact ci  
of the circuit S  involved, if and only if the circuit S  
has a connection ω ( ( ), ( )) C S A S , in which it is in-
volved.

Let us denote by Σ6  as a subset of Σ5  such, that 
any circuit S∈Σ6  contains single-output functional 
elements, while any single-output functional ele-
ment F  of the circuit S∈Σ6  has significant and only 
significant inputs (i. e. F  performs a Boolean func-
tion f P∈ 2 , that essentially depends on all its argu-
ments (variables)).

Let us analyze subset Σ7  of set Σ6  which fulfills 
the following conditions for any S∈Σ7  circuit:

Any contact ci  of the circuit S  is involved.(2.11)
The circuit S  contains only the simplest connec-

tions of contacts.� (2.12)
Any input x X∈  of the circuit S  is connected to 

either the output y Y∈  of the circuit S , or the input 
of the element F∈Φ  of the circuit S .� (2.13)

Any output y Y∈  of the circuit S  is connected 
either to the input x X∈  of the circuit S , or to the 
output of the element F∈Φ  of the circuit S .� (2.14)

Any input ie  of any element Fu ∈Φ  of the circuit is 
connected either to the input x X∈  of the circuit S , or 
to the element outputFv ∈Φ  of the circuit S .� (2.15)

The output of any element Fg ∈Φ  of the circuit 
S  is connected either to the output y Y∈  of the cir-
cuit S , or to the input is  of the element Fq ∈Φ  of the 
circuit S .� (2.16)

Y =1  for the circuit S  (i. e. the circuit S  has a 
single output).� (2.17)

It is easily seen that any circuit S∈Σ7  defines 
one-to-one mapping H  of the set A S A Sw( )\ ( )  
(where A Sw ( )  is the set of all input signal lines of the 
circuit S ) on the set Φ( )S . This mapping is defined 
as follows:
for ∀ ∈a A S A Sw( )\ ( )  H a F( )=  when the signal line 
a  is connected to the output of the element F∈Φ  
of the circuit S .

Figure 1. Circuit S1

It is also easily seen that relation φ  for any circuit 
S∈Σ7  is functional [7]. The definition domain [8] 

D( )φ  of the relation in this case is the set A aou\{ }  
(where aou  is the output signal line of the circuit S ) 
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and the range of values Z( )φ  is the srt A S A Sw( )\ ( )  
(where A Sw ( )  is the set of input signal lines of the cir-
cuit S ). For the output signal line aou  of the circuit 
S∈Σ7  and any signal line oua a≠  of this circuit exists a 
single tuple (vector) a a a a a mj j j

k
j
k

j
m= ≤ < ∞+( ,..., , ,..., )( )( ) ( ) ( ) ( )1 1 2

a a a a a mj j j
k

j
k

j
m= ≤ < ∞+( ,..., , ,..., )( )( ) ( ) ( ) ( )1 1 2  that is a a a aj j

m
ou

( ) ( ),1 = =  and for 
∀ ∈ −k m{ , ,..., }1 2 1  (( )& ( ))( ) ( ) ( )a A a aj

k
j
k

j
k∈ +φ 1 . This 

tuple belongs to the graph of some m -relation θm  
of the collective Θ( )S  of m  – relations that corre-
spond to this circuit.

Let us assign each signal line a A∈  of the circuit 
S∈Σ7  an appropriate level, defined by the following:

1) assign a level 0 to the output signal line aou  of 
the circuit S∈Σ7 ;

2) assign level j +1  to the input lines to the ele-
ment F∈Φ  of the circuit S∈Σ7 , where j  level of 
the output line of the element F .

It is obvious, that

A Aj
j

r

=
=

−

0

1



 and ( , { , , ,..., })∀ ∈ −p q r0 1 2 1  (A Ap q∩ =Ø),
where Aj  is the set of signal lines of j  level and r  is 
the number of levels of the circuitS .

An example of a circuit from a setΣ7  can be the 
circuit S1  shown in (Figure 1).

Any stuck-at fault β  of any signal line a A∈  of 
the circuit S∈Σ7  can be considered as clamping of 
signal line on logical 0 or 1.

The necessary and sufficient condition for 2-test-
ability of the circuit S  consisting of Σ7  relatively 
single stuck-at faults on its signal lines is given by the 
following theorem:

Theorem 1. A circuit S  consisting of Σ7  has a 
fault detection test of length 2 for single stuck-at 
faults on signal lines if and only if

	 ( )( ( ) )∀ ∈ ∈F f F GΦ � (2.18)
where f  is the function performed by F , G  is the 
class of Boolean functions performed by 2-testable 
for single stuck-at faults with single-output function-
al elements [9].

Reasoning. It is obvious, that condition (2.18) 
is necessary. Let us prove that this condition is suf-
ficient. Let us construct a vector b i j i ju u

= ( ,..., )β β
1 1

 of 

logical signals values ( βij  is the value of a logical sig-
nal on i  line of j  level, u Aw= ) on the input lines 
of the circuit S∈Σ7  using the following algorithm:

Given data: it is assumed that for ∀ ∈j r{ , ,..., }0 1  
set Aj  of signal lines of j  level of the circuit S∈Σ7  
is in a certain order. It is also assumed that for each 
Boolean function f  implemented by at least one 
functional element from Φ = { , ,..., }F F Fz1 2  the circuit 
S∈Σ7 , the set Ψ( )f  of all pairs of τ 2  – vectors is 
found (pair of τ 2 -vectors of the Boolean function 
f x xn( ,..., )1  is a pair of binary vectors b n1 1

1 1= ( ,..., )β β  
and b n2 1

2 2= ( ,..., )β β , that detect any single replace-
ments of any input and output variables with the 
constants 0 and 1) [9].

Algorithm 1. 1st step. It is considered that 
j A a aou= = = =0 0 10 10, { } { },β ′∈ =∅β { , },0 1 BΣ . 2nd 

step. The condition A Aj w∩ ≠∅  is checked. If the 
condition is met, then the transition to the 3rd step is 
made. If the condition is not met, then the transition 
to the 5th step is made. 3rd step. Set B a A Aj ij ij j w= ∈ ∩{ \ }β  
is formed. 4th step. B B Bj

Σ Σ:= ∪ . 5th set. Set 
′ = ∩A A A Aj j j w\( )  is formed. 6th step. The condition 
′ = ∅Aj  is check. If the condition is met, then B B= Σ  

and the algorithm is over. If the condition is not met, 
then the transition to the 7th step is made. 7th step. For 
each signal line a Aij j∈ ′  an corresponding element 
F H a Fij∈ =Φ : ( )  is determined and for Boolean 
function f  performed by the element, a vector bl  is 
chosen from any pair of τ 2 -vectors of the setΨ( )f , 
that f bl ij( )= β  (where βij  s the logical signal value 
assigned to the line aij ). The input lines of the element 
F  are assigned the values of the corresponding com-
ponents of the vectorbl . 8th step. j j:= +1 and the tran-
sition to the 2nd step is made.

It is easily seen that the vector constructed using 
algorithm 1b n= ( , ,..., )β β β1 2  and the vector 
b n= ( , ,..., )β β β1 2  opposite to it form a fault detec-
tion test of length 2 for the considered circuit for 
single stuck-at faults on its signal lines. For example, 
let there are a stuck-at fault β ∈{ , }0 1  on any signal 
line a A aou∈ \{ }  of the circuit S . With the succes-
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sive supply of vectorsb  and b  to inputs of the cir-
cuit S  to inputs of any functional element F  of this 
circuit, the pair of supplied vectors form a fault de-
tection test for single stuck-at faults at its inputs and 
outputs. Consequently, stuck-at fault β  changes 
logical signal value on the line a , when a vector b  
or vector b  is set at the circuit S  inputs. Addition-
ally, when any vector of the set { , }b b  is at the inputs 
of the considered circuit S the change in the value 
of the logical signal on the 1st component of any 
tuple a a a a aj j j

k
j
k

j
m= +( ,..., , ,..., )( ) ( ) ( ) ( )1 1  from the any 

graph of -relation  θm S∈Θ( )  causes a change in the 
value of a logical signal on m-component. Conse-
quently, when any vector of the set { , }b b  is at the 
inputs of the considered circuit S, the change in the 

value of the logical signal on the 1st component of 
any tuple a a a al l l

k
l
s= ( ,..., ,..., )( ) ( ) ( )1 , where 

a a a al l
s

ou
( ) ( ),1 = =  causes a change in the value of the 

logic signal on its  s component, i.e. on the output 
signal line aou  and therefore on the output y of the 
circuit S. Thereby, stuck-at fault β on the signal line   
a is detected by input vector b or by input vector b . 
The sufficiency of condition (2.18) is proved.

3. Conclusion.
The obtained results can be used to develop a 

number of mathematical models of testable circuits. 
Subsequent researches will be devoted to creation of 
necessary and sufficient conditions for 2-testability 
of tree-like circuits of functional elements for stuck-
at faults of the fault class of multiplicity 1 and higher.
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Abstract. Linear induction MHD machines with a low-frequency power supply inverter form a 
complex of electromagnetic stirring of liquid aluminum in melting furnaces. The article discusses the 
classification features and characteristics of four-zone inductors of a longitudinal magnetic field with 
a two-phase power supply. To calculate the operating parameters of a linear induction MHD machine, 
a nonlinear multiphase model of a magnetic circuit was used. As a result of an iterative calculation, 
the distribution of the integral magnetic fluxes in the tooth zone of a flat inductor is obtained, and 
vector diagrams of electromagnetic regime parameters are constructed. The study shows the main 
directions of optimization of the low-pole induction machine mode to obtain the best current dis-
tribution in the windings and to estimate the equivalent linear current load. According to the results 
of the analysis, the main tasks and the sequence of stages of their solution were formulated when 
developing energy-efficient induction MHD machines of a longitudinal magnetic field.

Keywords. Induction MHD machine, inductor of longitudinal magnetic field, electromagnetic 
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For stirring metal melts in furnaces, linear in-
duction machines of transverse and longitudinal 
magnetic fields are used [1, p. 2]. The cost of each 
technical solution, along with the technological and 
energy efficiency of induction machines and power 
sources, is a decisive factor in the decision to mod-
ernize production or to develop design solutions for 
new construction of smelting furnaces [2, p. 217]. As 
induction machines for stirring aluminum alloys in 
mixers and furnaces, in addition to transverse field 
inductors, high-tech shortened inductors of the lon-
gitudinal field are used [3, p. 65]. Among the simplest 
flat induction MDG machines, two constructive so-
lutions can be distinguished, which determine the 
type of machine, according to the number of force 
inducing windings (inducing zones).

These design features appropriately characterize 
the pole position of the inductor and the magnitude 
of the synchronous velocity of the runnling magnetic 
field in the melt [4, p. 26]. The following designa-
tions are used as constructive and operational pa-
rameters in the description:

2p – is the number of poles of the inductor;
Z – is the number of teeth of the core;
q – is the number of grooves of the core per pole 

and phase;
α – is the phase zone of the inductor;
m  – is the number of phases of a multiphase 

winding inductor;
∆ – is the working gap.
The classical induction MHD machine of a longi-

tudinal magnetic field can have four or three windings 
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(a four-zone or three-zone inductor). In addition, the 
power supply of induction machines can be provided 
in a two-phase or three-phase version. Thus, when de-
veloping inductors and evaluating their effectiveness, 
four main options should be considered for construct-
ing shortened low-pole induction machines of a lon-
gitudinal magnetic field [5, p. 86].

1. Four-zone inductor with two-phase power 
supply.

2p = 2, Z = 5, q = 1, m = 2, α = 90 °
2. Four-zone inductor with a three-phase power 

supply.

2p = 4/3, Z = 5, q = 1, m = 3, α = 60 °
3. Three-zone inductor with a two-phase power 

supply.
2p = 3/2, Z = 4, q = 1, m = 2, α = 90 °.

4. Three-zone inductor with a three-phase power 
supply.

2p = 1, Z = 4, q = 1, m = 3, α = 60 °.
This article discusses some of the classification 

characteristics and features of four-zone inductors 
of a longitudinal magnetic field with two-phase 
power. A sketch of the construction of a shortened 
induction MHD machine is shown in (Fig. 1).

Figure 1.

The inductor has four windings 1, denoted w1, w2, 
w3, w4. They are made in the form of two-way disk 
sections, which are grouped in series or parallel con-
nection. The windings are placed on a steel laminated 
magnetic core 2, in the middle part of which a thick-
ening is provided, designed to reduce saturation. Be-
tween the windings 1 are placed steel teeth 3, which 
serve as magnetic field concentrators. In the windings 
connected to the inverter, alternating currents occur 
at a frequency of about 1 Hz, which create a traveling 
magnetic field in the surrounding space and capaci-
tance 4 with aluminum melt 5 [6, p. 50].

For this design of the inductor, a two-phase pow-
er supply from the transistor inverter of the modified 
voltage can be applied, and the inductor becomes a 
four-pole, with a corresponding change in the trac-
tion characteristics. By inverting the phases of a pair 
of windings, they change the polarity of the induc-

tion machine (IM). The presence of four windings 
allows to increase the raster of the coating of the mol-
ten metal, located in the region of the dentate zone, 
by magnetic flux [4; 5].

For presented in fig. 1 letter designation of the 
A × ByXaYb windings is obtained by a system of 
balanced voltages in a two-phase configuration 
with a phase shift of voltages of about / 2π . There 
is an effect of the mutual influence of currents and 
distortion of the field pattern due to edge effects 
and the open-ended configuration of the magnetic 
circuit, as well as power transfer between the wind-
ings due to mutual inductance. Due to the proxim-
ity of the windings on the common magnetic core, 
the phase shifts of currents differ from α π= / ,2  
therefore the refined distribution of magnetic flux-
es is estimated by calculation and experiment, and 
to control the amplitude-phase relations, measures 
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of modal regulation, special circuit solutions and 
algorithmic control of the transistor state inverter 
[7, p.54].

An example of a spatial phase representation of the 
mode characteristics for the steady state of an ideal-
ized inductor with a power source is shown in (Fig. 2).

 
	 a)	 b)

Figure 2.
The use of phase coordinates allows us to show 

vector diagrams of currents, voltages and magnetic 
fluxes more clearly. The nature of the multi-phase 
power supply system is largely determined by the 
wiring diagram of the inducing windings. It should 
be noted that in the considered two-phase configura-
tion of the MHD inductor, the IM power supply sys-
tem, in contrast to the three-phase one, is balanced, 
therefore the side effects caused by the pulsating 
component of the magnetic field are significantly 
weakened compared to the use of three-phase power 
supply. In addition, the power and vibration loads on 
the metal structures of the inductor and frequency 
converter, as well as additional losses, are significant-
ly less [3; 5; 8].

A distinctive feature of the power mode of the 
windings of a two-phase machine can be consid-
ered as a separate pair connection of sections to 
half-bridges of a transistor source. The phasing of 
the half-bridges of the power link of the inverter is 
performed in such a way as to ensure a phase shift of 
about π/2 between the currents of adjacent wind-
ings. An example of the connection scheme of the 
windings of a two-phase induction machine is shown 
in fig. 3 In addition to the four-pole variant of the 
inclusion of the windings of the four-zone inductor, 
for the presented design of IM, a bipolar inclusion is 
possible. Changing the number of poles is performed 
by switching the windings and changing the power 
supply circuit.

Figure 3.
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Changing the polarity certainly leads to a change 
in the traction characteristics, therefore, for each 
configuration of a longitudinal magnetic field induc-
tor, the effectiveness of the effect on the melt is es-
timated in advance and recommendations are made 
for the use of each type of induction machine [3; 6].

Judging by the scheme, each pair of windings of 
one phase is connected in series with each other. Such 
a connection provides the specified distribution of the 
magnetomotive forces, according to the initial vector 
diagram, in (fig. 2). It should be noted that the pres-
ence of edge effects causes distortion of the field pat-
tern, therefore, the given initial distribution should be 
considered idealized. If necessary, advanced regula-
tion of the linear current load inductor, the connection 
diagram of the windings of (fig. 3) can be modified 

and transferred to the mode of separate connection 
of phases to the inverter with an increased number 
of half-bridges, or a parallel connection of windings 
is realized. However, such decisions are made in ad-
vance, since they require additional research and co-
ordination on the current of the inductor mode with 
the inverter. For parallel connection of the windings, 
a design solution with a reduced cross-section of the 
copper bus is required in order to preserve favorable 
proportions of the inverter utilization ratio by voltage.

An example of the distribution of the integral 
working flows of the dentate zone in a longitudinal 
axial section of the inductor is shown in (Fig. 4, a). The 
distribution diagram for the teeth of the MDS vectors 
of the balanced system of currents in the reverse order 
of the phase rotation is shown in (Fig. 4, b).

 
	 a)	 b)

Figure 4.
The calculation of the electromagnetic mode of 

the induction machine of the longitudinal magnetic 
field is conveniently performed using a multiphase 
model of a magnetic circuit [4; 9]. The structure and 
parameters of the model are determined by the ac-
tual geometry of the inductor and the winding mode. 
The specified magnetizing effects take the values of 
equivalent sinusoid currents, taking into account sat-
uration for a given inductor mode. According to the 
results of the parametric optimization of the distri-
bution of integral fluxes of teeth, increased values of 
the magnetizing forces of the extreme windings can 

be applied, according to the condition of the greatest 
achievable uniformity in a circular raster [9; 10]. Op-
timization criteria may be different, more complex, 
directly taking into account the developed tractive 
effort in the molten aluminum.

A fragment of the spatial circuit model of a two-
phase nonlinear magnetic circuit is shown in (Fig. 5). 
The construction and determination of the parameters 
of a detailed magnetic circuit model is considered in 
[9; 10]. A feature of the presented model can be con-
sidered the use as magnetizing sources, controlled 
four-pole links. The principle of analogy of electrical 
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and magnetic circuits [4; 10] is used. The matrix de-
scription of the controlled source of magnetic voltage 
corresponds to the traditional four-pole element of the 
theory of circuits, referred to as a voltage source con-
trolled by current. The magnetization control mode 
allows changing the coefficients k1, k2, k3, k4 to take into 

account the changing harmonic composition when 
magnetizing the steel magnetic circuit. It should be 
understood that, by the principle of a formal analogy 
of electric and magnetic circuits, we are talking about 
sources of magnetic voltage (magnetomotive force), 
controlled by magnetic flux or magnetic voltage.

Figure 5.

The solution of the nonlinear problem is per-
formed by the methods of the theory of chains, us-
ing a modified nodal analysis. Therefore, a matrix 
image corresponds to each element of the circuit 
model, and a system of equations of 5–6 orders of 
magnitude is formed for each controlled source, 
and a second order for passive elements in the con-
ducive format. When using n-sensors of magnetic 
flux in the circuit structure, the dimension of the 
system increases proportionally by 2n. It can be 
noted that the final dimension of a nonlinear itera-
tive problem is not decisive, since modern comput-
ing resources have overcome possible limitations 
[11; 12]. Practical iterative calculations showed 
that in the steady state in the center of the magnetic 
circuit, the relative magnetic permeability can be 
reduced to 20–30 units with a corresponding in-
crease in the magnetic resistance (H–1) of the chain 
section. The order of complexity of the model can 
be quite significant, but the study showed that an 
increase in the number of nodes, for example from 
200 to 1000, with correct determination of the inte-
gral parameters of the chain model, does not lead to 

a significant increase in the accuracy of the calcula-
tion [12, p. 208].

The description of the mathematical model is 
formed manually, in a text format in ASCII code, 
similar to some versions of the Ansys software pack-
age. Repeat fragments can be declared models and 
grouped in a compact form.

The results of an iterative calculation of the elec-
tromagnetic mode of IM are presented in the form 
of a vector diagram. The distribution diagram for 
the teeth of the amplitude vectors of the working 
magnetic fluxes is shown in (Fig. 6). The diagram 
shows the expanded raster of the magnetic field 
vectors above 7 6≠ / ,  with a circular movement 
counterclockwise from the Ф1 vector to the Ф5 vec-
tor. This suggests that the raster leaves the magnet-
ic poles of the four-zone inductor with a two-phase 
power supply beyond the full circle for the case of 
2p = 2.

Regulation of the magnetizing force of the wind-
ings carry out the redistribution of tooth flows, 
changing their intensity and phase shifts. Naturally, 
with a pair of head-on switching windings of differ-
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ent phases, the possibilities of regulation are limited, 
even if there is software and algorithmic control of 
the inverter mode.

Figure 6

It should be noted that a detailed study of the pos-
sibility of controlling the shifts of magnetic fluxes is 
the subject of parametric optimization. In this case, 
the optimization criteria can be set significantly differ-
ent, both for uniform distribution of the prong flows, 
and for extremely non-uniform. An additional param-
eter in the design of the optimization target function 
is the tractive effort in the melt developed by these 
flows [12–14]. It is noteworthy that it is in the two-
phase power supply system that there are expanded 
possibilities for separate control of the windings of the 
induction machine, while the three-phase system is 
limited in control capabilities, since it is coherent.

It should be noted that the results presented here 
should be considered as a statement of the problem 

and a first approximation to the calculation of the 
electromagnetic mode in the development format 
of an induction MHD machine of the above con-
figuration.

Conclusion. When building energy-efficient in-
duction MHD machines, several interrelated prob-
lems should be solved. Evaluation of the effective-
ness of the effect of inductors on the molten metal 
when changing the operating characteristics is the 
essence of the magnetohydrodynamic problem. The 
study of the characteristics and features of the elec-
tromagnetic field of an induction machine, as well as 
the methods of controlling the redistribution of mag-
netic flux, relates to the field of mathematical model-
ing and optimization of the inductor magnetic sys-
tem. Creating an effective winding switching circuit, 
controlling the number of poles and the speed of a 
traveling magnetic field should also be considered as 
a task in the field of research into flat induction ma-
chines of a longitudinal magnetic field. In addition, it 
should be understood that the standard three-phase 
inverters of a rotating asynchronous electric drive are 
unsuitable for powering metallurgical equipment, 
the modes of which are sharply asymmetric and ex-
treme. Therefore, when constructing complexes of 
various dimensions intended for electromagnetic 
mixing of the melt, it is necessary to create a series 
of economical and reliable power sources for induc-
tion machines, with a different number of phases and 
various circuitry for switching windings. Each of the 
indicated tasks for the whole variety of designs of 
induction machines is rather complicated and it is 
necessary to devote a separate study to it.
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SYNTHESIS AND INVESTIGATION OF COORDINATION 
COMPOUNDS OF ZINC AND COPPER NITRATES WITH 
2-ETHYLTHIO‑5-ACETAMIDO‑1, 3, 4-THIADIAZOLE

Abstract. The coordination compounds of salt nitrates Zn(II) and Cu(II) on the basis of ligand 
2-ethylthio‑5-acetamido‑1, 3, 4-thiadiazole were synthesized. The synthesized compounds were 
investigated using the methods of elemental analysis, IR, ESI-mass spectroscopy and thermal analysis. 
As results, it was concluded that in the complex the ligand is coordinated to metals through the oxygen 
atoms of the carbonyl group and the nitrogen of the thiadiazole ring.

Keywords: 3d-metals, zinc, copper, 2-ethylthio‑5-acetamido‑1, 3, 4-thiadiazole, ligand, IR spectra, 
ESI-mass spectroscopy, structure, composition, thermal analysis.

A comprehensive study of complexation reac-
tions, the identity of the reaction mechanism, the for-

mation of complex compounds in solution and their 
isolation in solid form is of undoubted theoretical 
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and practical interest. In addition, the theoretical and 
practical results of complex formation reactions with 
different classes of ligands make it possible to create 
new complexes, develop new methods for determin-
ing metals and obtain highly pure substances, as well 
as compounds with biologically activity properties.

Derivatives of thiadiazoles are of particular im-
portance among heterocyclic compounds. From the 
literature [1–4] it is known that thiadiazole deriva-
tives exhibit antibacterial, antimicrobial, herbicidal, 
and fungicidal properties. Interest in complexes 
of 3d-metals with biologically active heterocyclic 
ligands, in particular with thiadiazoles, is primar-
ily due to the prospects of their use as biological 
preparations in medicine and agriculture [5–7]. The 
presence of several donor atoms in the thiadiazole 
molecule contributes to the formation of numerous 
coordination compounds with transition metal ions 
with mono- and bidentate coordination of ligands.

As the analysis of literature data shows, despite the 
fact that the history of the development of the chemis-
try of heterocyclic compounds has not been for a de-
cade, the field of research of heterocyclic compounds 
based on thiadiazole derivatives as ligands of coordi-
nation compounds is insufficiently studied. Although 
the search among them is a special type of biologically 

active substances, given the phenomenon synergism 
seems to be very promising [7–8].

The purpose of the work is the synthesis and 
study of the coordination compounds of zinc and 
copper nitrates with 2-ethylthio‑5-acetamido‑1, 3, 
4-thiadiazole.

The 2-ethylthio‑5-acetamido‑1, 3, 4-thiadia-
zole used as the ligand in the complex compounds 
(L, amorphous powder, with a gross formula 
C6H9N3OS2, mp. 194–196 °C, is well soluble in alco-
hols) was synthesized according to the method [9].

The synthesis of zinc nitrate complex with 2-eth-
ylthio‑5-acetamido‑1, 3, 4-thiadiazole was performed 
by mixing hot 70% methanol solutions of the metal 
salt and ligand. The reaction mixture was boiled for 2 
hours, filtered, left to crystallize for several days. After 
a time, small crystalline precipitate fell out, which was 
filtered, washed with methanol and dried in air. Ex-
pected yield of the product, determined Tmelt. and the 
nature of the solubility of the compounds obtained.

According to primary studies, it was determined 
that the complex was obtained in 70% yield, melted at 
243 °C, the resulting complex is well soluble in water. 
According to the results of elemental analysis, it was 
identified that the following gross formula corresponds 
to the complex: ZnC12H22N8O10 (Table 1). The com-
plex with copper nitrate was obtained in a similar way.

Table 1. – Yield, melting point and elemental analysis results of zinc (II) and copper 
(II) complexes based on 2-ethylthio‑5-acetamido‑1, 3, 4-thiadiazole

Compounds Yield,% Тmelt., 
оС Gross-Formula

Found/Calculated,%
C H N O

[ZnL2(H2O)2](NO3)2 70 243 ZnC12H22N8O10S4 22,2/22,8 3.4/3.5 17.2/17.7 25.4/25.2
[CuL2(H2O)2](NO3)2 73 225 CuC12H22N8O10S4 22,8/22,3 3.5/3.7 17.8/17.3 25.4/27.1

Table 2. – The main absorption bands in the IR spectra of the ligand 
and complexes of zinc and copper nitrates based on it, cm–1

Types of vibrations vsC=O v NH
δ NH

vsC-N
vasC-N vsC=N vs-N=N-

vas-N=N-
vas CH2
vs CH2

vM→O
vM→N

1 2 3 4 5 6 7 8

L 1698 3156
1457

1253
1304 1557 1008

1046
3048
2931
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1 2 3 4 5 6 7 8

[ZnL2(H2O)2](NO3)2 1670 1440 1193
1224 1474 956

1054
550
425

[CuL2(H2O)2](NO3)2 1622 1486 1293 1486 964
1026

558
430
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Figure 1. IR spectra of ligand (a) and complexes of Zn (II) nitrate (b) and Cu (II) (c) based on it
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To determine the coordination centers in the 
ligand molecule, an IR spectroscopic study of the 
complexes was carried out [10].

Interpretation of the IR spectrum of the Zn(II) 
nitrate complex (Table 2) showed that the absorp-
tion bands of symmetric stretching vibrations of the 
C=O bond undergo significant changes at 1698 cm–1 
and shift to the low frequency region and manifest 
themselves at 1670 cm–1. The absorption band of 
symmetric stretching vibrations of the C=N group 
from 1557 cm–1 to 1474 cm–1 also changes, shifting 
to the low-frequency region by ~ 83 cm–1 compared 
to the position in the IR spectrum of the free ligand. 
From that it can be deduced that, when coordinat-
ing to the complexing ion, two heteroatoms are in-
volved in the ligand molecule – the N4 atoms of the 
heterocycle and the oxygen of the carbonyl group of 
the acetylamine substituent. In the IR spectrum of 
the complex, in contrast to the spectrum of the free 
ligand, in the low-frequency region at 550 cm–1 and 

425 cm–1, new bands appear, attributed, according 
to [5], to vibrations of the M–O and M–N bonds.

The spectrum of the complex also showed 
(v(O–H) 3376 cm–1, deformation vibrations at 1614 
cm–1, pendulum vibrations at 704 cm–1) new bands 
corresponding to the absorption bands of the coor-
dinated water molecule.

To determine the relative molecular mass and 
quantitative study of the complexes, the samples 
were analyzed by HPLC-mass spectrometry.

ESI mass spectrometry (electrospray) was used 
to obtain mass spectra of substances using a 6420 
Triple Quad LC / MS mass spectrometer (Agilent 
Technologies, USA). The mass spectra of the sample 
was recorded with positive ionization. The intensity 
of the fragmenter is 10.0 V, the gas flow rate of the 
desiccant is 12 l/min, the gas temperature is 300 °C, 
the gas pressure on the needle of the sprayer is 20 
psi, the evaporator temperature is 300 °C, and the 
voltage on the capillary is 4000V.

Figure 2. Mass spectrum of the complex of Zn (II) nitrate based on the ligand 
2-ethylthio‑5-acetamido‑1, 3, 4-thiadiazole, taken under the conditions of 

ionization by spraying in an electric field, the solvent is acetonitrile

In the ESI–MS spectra of the Zn(NO3)2 and L 
complex, four types of complex ions are observed: 
[ZnL2NO3]+, [ZnL2(H2O)2]+ [ZnL2H2O]+ and 

[ZnL(H2O)2]+ (Fig. 2). In the spectrum there is no 
sharpness peak of the molecular ion M+*, however, 
there is a peak with m/z = 537. The most intense in the 
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spectrum are the peak Zn2+ (m/z = 64) and HL+ (m/z = 
= 203.9). As a result of the fragmentation of M+*, peaks 
appear with m/z = 537.1, m/z = 507, which showed 
that there are two ligand molecules around the zinc 
ion — a nitrate anion and water molecules. The na-
ture of ESI–MS fragmentation for the [ZnL2(H2O)2]+ 
complex (m/z = 507) indicates a loss of –H2O, which 

corresponds to an unstable ion with m/z = 489 (Fig. 
3) with a low intensity. At the next stage, the loss of 
one ligand molecule from the complex resulted in a 
more stable ion with m/z = 307. Then we observed a 
loss of the second ligand molecule, which causes the 
formation of an ion consisting of two water molecules 
and zinc with m/z = 101 (Fig. 3).

[ZnL2(H2O)2]+

507
 m/z

-H2O [ZnL2(H2O)]
+

489
 m/z

-H2O [ZnL2(NO3)+2H]+

537
 m/z

[ZnL(H2O)2+3H]+

307
 m/z

-L
101

 m/z

-L [Zn(H2O)2]+

+(NO3)

(<1%) (3%)

(<1%)

(5%) (30%) (100%)
101

 m/z

-2H2O Zn2+

Figure 3. Fragmentation of complex [ZnL2(H2O)2]+

The results of the spectral data obtained for the 
synthesized complexes show that the studied ligand 
is coordinated to the central atom by the nitrogen 
atoms N4 of the heterocycle and the oxygen of the 
carbonyl group. According to the results of spectral 
analysis, it was found that the water molecule is also 
coordinated in the inner sphere, and the nitrate ac-
idoligand is extra-sphere, and the coordination poly-
hedron probably has an octahedral configuration.

To determine thermal stability and mass loss 
with increasing temperature, the method of thermal 
analysis was applied.

Thermo-analytical studies of the samples were 
performed on a Netzsch Simultaneous Analyzer 
STA 409 PG (Germany) instrument, with a K-type 
thermocouple (Low RG Silver) and aluminum cru-
cibles. All measurements were carried out in an inert 
nitrogen atmosphere with a nitrogen flow rate of 50 
ml/min. The temperature range of measurements 
was 20–400 °C, the heating rate was 5 K/min. The 
amount of sample per measurement is 3 mg. The 
measuring system was calibrated with a standard set 
of substances KNO3, In, Bi, Sn, Zn.
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Figure 4. Thermal analysis of the complex [ZnL2(H2O)2](NO3)2

Thermocatalytic studies were conducted in the 
temperature range from 20 to 400 °C. In this in-

terval, two areas of weight loss with an endother-
mic process are observed on the TG curve: the 
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first is from 110 °C to 170 °C –6.77% (DSC peak 
Tmax=144.2 °C, which corresponds to the removal 
of two water molecules from the internal sphere of 
the complex, the second section 240–270 °C (DSC 
peak Tmax=242.7 °C) corresponds to the melting 
and decomposition of nitrate anions with the re-
lease of NO2 and O2. The enthalpy of these two 
processes is –243.9 and –210.8 J/g/, respectively.

Based on the conducted studies, it can be con-
cluded that the synthesized coordination compounds 
of zinc and copper nitrates have an octahedral struc-
ture, where two molecules of the heterocyclic ligand 

are coordinated by the bidentate, the fifth and sixth 
places in the coordination polyhedron are water mol-
ecules. According to the results of physico-chemical 
studies of the synthesized complexes, we can offer 
the following structure:
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