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a number of technological advantages relative to 
the second, does not meet the metrological re-
quirements for crane scales. Th erefore, it was de-
cided to develop a design with just such a cross-
section in the place of the sticker of the sensitive 

element, although this reduces the manufactur-
ability during production.

Table 1 shows the results of comparing the 
stress in the places of the strain gages for the two 
compared designs of the load pins.

Table 1. – Average stress in design sections, MPa

Sample 1, MPa Sample 2, MPa
Place of the strain gauge 1 205 132
Place of the strain gauge 2 165 132
Place of the strain gauge 3 210 140
Place of the strain gauge 4 169 140
Central section 239 275

It is necessary to investigate the infl uence of 
design features and fi nd a combination of their 
values that would ensure a stress level at the 
places of the strain gauge sticker comparable to 
the second sample, which is 200–220 MPa. How-
ever, at the same time it needs to have a vertical 
wall in the design section, thanks to which the 
manufacturability of the strain gauge sticker in-
creases and their initial sensitivity is preserved.

2. Methodology
In the manufacture of strain gauges, the most 

common material is 40X Steel or its analogue 
AISI 5135. Th is material is characterized by the 
following physical properties (aft er heat treat-
ment): tensile strength – 750 MPa and Brinell 
hardness – 235 [7].

Th e supports for the load pin are the surfaces 
of its contact with the shackle. Th e load is applied 
from the side of the hook in the middle section of 
the load pin. At the fi rst stage, the geometry was 
changed in the SolidWorks modeling environ-
ment [8]. Each design change was followed by 
its calculation by the fi nite element method in 
the ANSYS soft ware package [9].

Due to the high rigidity in comparison with 
the rigidity of the load pin, the shackle was mod-

eled simplistically (Fig. 3). At the same time, fric-
tion (with a coeffi  cient of friction 0.2) between 
the corresponding elements was taken into ac-
count in the contact zone of the shackle and the 
load pin, aff ecting the distribution of force be-
tween the elements.

Figure 3. Shackle modeling

Th e assumption was made about the uniform 
application of the load along the surface of the 
groove of the strain gauge (Figure 4).

Figure 4. Application of the load modeling
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It distorts the results of the calculation of 
stress at the place of application of the load, but 
does not aff ect the accuracy of the calculation 
at the place of the sticker of the strain gauges. 

Additionally it simplifi es the calculation due 
to the absence of a contact problem. Th e load 
value is 49 kN, which corresponds to a load of 
5 tons.

Figure 5. Calculation scheme. PL – load from the weight of the cargo, container and load-
grabbing device; lP – the distance between the midpoints of the load pin supports

Th e design scheme for the load pin can be rep-
resented as follows: a two-support beam, to which 
a point load is applied in the middle, the beam sup-
ports are two seals at the edges of the beam with 
the possibility of longitudinal movement taking 
into account the friction force (Figure 5).

When determining the best design of the 
strain gauge, the following parameters were var-
ied (Figure 6.): the thickness of the vertical wall, 

the thickness of the horizontal wall, the degree 
of conicity.

For reasons of manufacturability, it is imprac-
tical to use a vertical wall with a thickness of less 
than 5 mm.

For the calculation by the fi nite element 
method, the structural elements that ensure the 
manufacturability of the structure were removed, 
since this improves the quality of the construc-
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tion of the fi nite element grid. Accordingly, stress 
in areas of stress concentration caused by a sharp 

change in shape or size were not taken into ac-
count.

Figure 6. Illustration of the parameters to be changed

3. Results
With the initial geometry of sample No. 2, 

the required stress level of 200 MPa is achieved 
with a vertical wall thickness of 2 mm. When the 
horizontal wall is reduced to 5 mm, an average 
stress level of 212 MPa is achieved with a vertical 

wall thickness of 5 mm. However, the maximum 
stress is 412 MPa (see Table 2).

Notation for Tables 2–3: c – cylindrical mid-
dle part; k – conical middle part; w – vertical wall 
thickness; h – horizontal wall thickness.

Table 2. – Calculation results of sample No. 2 with a reduced horizontal wall

Parameter c, w=2 mm, h=10 mm c, w=5 mm, h=5 mm
Maximum stress in the pin (horizontal wall) 313 MPa 412 MPa
Average values at the place of the strain 
gauge sticker 224 MPa 212 MPa

Maximum stress at the place of the strain 
gauge sticker 239 MPa 234 MPa

Minimum stress at the place of the strain 
gauge sticker 207 MPa 192 MPa

With a conicity of the middle part of the load 
cell 17 o, a wall thickness of 6 mm and a horizon-
tal wall thickness of 8 mm, the average stress level 

was 212 MPa, and the maximum stress was 280 
MPa (see Table 3).

Table 3. – The results of the calculation of the load pin with a conical middle part

Place Parameter k, w=6 mm, h=8 mm
1 2 3

Maximum stress in the pin (center cross-section 
of the load pin)

280 MPa
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1 2 3
Average values at the place of the strain gauge 
sticker

212 MPa

Maximum stress at the place of the strain gauge 
sticker

224 MPa

Minimum stress at the place of the strain gauge 
sticker

191 MPa

4. Conclusion
Only by reducing the thickness of the vertical 

wall, it was not possible to achieve the required 
stress level. Only with a thickness of 2 mm, which 
is 3 mm less than the technological requirements, 
200 MPa stress was achieved. Th is made it nec-
essary to change the thickness of the horizontal 
wall. A decrease in the thickness of the horizon-
tal wall, in turn, led to an increase in the overall 
stress level, which did not allow for the desired 
factor of safety of 2.5.

To increase the overall strength and achieve 
the greatest stress in the sensor sticker area, the 
shape of the middle part of the strain gauge was 
changed from cylindrical to conical, which made 
it possible to transfer the force from the load to 
the vertical wall more evenly. At the same time, 
the desired stress level was achieved with a verti-
cal wall thickness of 6 mm.

Th e resulting shape of the load pin is inferior 
in terms of manufacturability to known designs. 
However, the developed design allows it to main-
tain the measuring range of the strain gauge due 
to a sticker on a fl at wall, unlike a design with a 
through hole, when the strain gauge is applied to 
which, it deforms, taking the shape of a cylindri-
cal surface and losing the sensitivity range.

In comparison with a similar design, while 
maintaining the advantage of the sensor sticker 
on a fl at surface, the stress in the sticker area in-
creases, that leads to an increase in the sensitivity 
range of strain gages in this case as well.

In the prototype of a fl at-wall strain gauge, 
due to the fact that the shape of the middle part 
is cylindrical, the bending torque, increasing to 
the average cross-section, stress along the length 
of the wall distributes unevenly. Th e increasing 
cross-section along the length of the strain axis 
makes it possible to compensate for the change 
in the bending moment and obtain a more uni-
form distribution of stress in the wall. Th is is con-
fi rmed by the reduced stress spread in the vertical 
wall in the developed design in comparison with 
sample No. 2.
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(19.8%), intravascular form (18.5%), lymphomatoid granulomatosis, which in the usual histological 
examination is confused with Hodgkin’s lymphoma (16%) and with the predominance of T – cells. 
Less common were plasmablastic, ALC positive, with IRF4 rearrangement, and primary DLBCL of 
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Introduction
The modern classification of the World Health 

Organization WHO in 2017 includes more than 
40 subtypes of lymphomas, thereby defining 
various approaches in the diagnosis, treatment 
and development of new promising therapeu-
tic areas [1]. In the new WHO classification of 
2017, DLBCL without additional specification 
(not otherwised specified – NOS) is divided into 
various morphological subtypes that do not have 
prognostic significance: centroblastic, immuno-
blastic, anaplastic and other rare subtypes [2; 3].

In the field of NHL studies, the focus is on 
the prognostic value of various morphological 

variants of the disease, with diffuse large B-cell 
lymphoma being defined as the most unfavor-
able [4; 5].

All of the above confirms the extreme rele-
vance of the problem of diagnosis and treatment 
of primary diffuse large B-cell lymphoma with 
extranodal lesions and is an unconditional basis 
for special research in this area. Due to the fact 
that a relatively small number of works have been 
done on this topic, there are still a lot of questions 
in determining the prognosis in patients with 
diffuse large B-cell lymphoma and the correct 
management of patients, and the role of immu-
notherapy in the complex treatment of primary 
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diffuse B-large cell lymphoma is also relevant. 
lymphomas with extranodal lesions [6; 7; 8].

Materials and methods
The study included 81 patients with diffuse 

large B-cell lymphoma with extranodal lesions, 
who were examined and treated from 2015 to 2021.

For a six-year follow-up in patients with this 
form of the disease, 81 patients under our su-
pervision, despite the same treatment, five-year 
survival was 60.5%. In 32 (39.5%) patients dur-
ing treatment, a lethal outcome was noted due 
to the progression of the pathological process. 
To study the causes of an unfavorable outcome 
of the disease, we conducted this study, so that 
in the future, taking into account and influenc-
ing the factors that affect the final result, it will 
improve the long-term results of treatment.

In our work, in case of suspected lymphoma, 
to establish the diagnosis of the disease, we per-
formed morphological studies of the tumor tis-
sue. After identifying the non-Hodgkin nature 
of the tumor, morphological studies were per-
formed with immunophenotyping.

The purpose of immunophenotyping at the 
first stage was to determine the B- and T-cell ori-
gin of the tumor, as well as the degree of viola-
tion of cell differentiation and the similarity of 
the tumor tissue to a certain anatomical zone of 
a normal lymph node. This research method is 
the most highly informative part of the complex 
diagnosis of non-Hodgkin’s lymphoma (NHL).

All patients had a morphologically verified 
diagnosis – diffuse large B-cell lymphoma. B-
cell lymphoma is subdivided into progenitor B-
cell lymphomas and mature B-cell lymphomas, 
which include:

•	 small cell lymphocytic lymphoma;
•	 lymphoma from cells of the marginal zone 

of the spleen;

•	 extranodal mucosal-associated B-cell lym-
phoma (MALT-lymphoma);

•	 nodal B-cell lymphoma from cells of the 
marginal zone;

•	 follicular lymphoma;
•	 mantle cell lymphoma.
B-large cell diffuse lymphoma: (mediastinal 

or thymic and intravascular large B-cell lympho-
ma). Mediastinal and intravascular large B-cell 
lymphoma is one of the morphological subvari-
ants of diffuse large B-cell lymphomaThe medias-
tinal is localized in the anterior mediastinum and 
originates from the thymus, and the physiologi-
cal representatives of lymphoma cells are thymus 
B cells. Intravascular large B-cell lymphoma is 
extremely rare. It is characterized by an aggres-
sive course and has an unfavorable prognosis. It 
affects the skin, lungs, kidneys, adrenal glands, 
central nervous system.

In this paper, we will consider the diagnosis 
and treatment, only B-cell diffuse lymphoma.

Diffuse large B-cell lymphoma is always es-
tablished only on the basis of a morphoimmu-
nohistochemical study of tumor tissue obtained 
by biopsy or surgical material. Cytological ex-
amination of the material obtained by puncture 
or smear imprints of lymphatic and other tumor 
nodes is not sufficient to establish this diagnosis. 
In all cases, histological and IHC examination of 
incisin or excision material was performed.

In an excisional biopsy, the earliest lymph 
node that appears is taken and completely re-
moved. When removing the assembly, it must 
not be mechanically damaged. It is undesirable 
to use inguinal lymph nodes for histological ex-
amination if there are other groups of lymph 
nodes involved in the process. Histological and 
immunohistochemical examination of the tumor 
is carried out.
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Аннотация. В работе была поставлена цель проследить за изменением основных показа-
телей, отражающих состояние Т-клеточного иммунитета, при ХОБЛ и после применения раз-
личных схем лечения. Применение плазмафереза и противовирусной терапии приводит к нор-
мализации основных показателей гуморального иммунитета.
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По данным ВОЗ смертность от ХОБЛ еже-
годно составляет 3,17  млн. случаев – это 5% 
от всех причин смертности и  по прогнозам 

к 2030 году ХОБЛ выйдет среди них на 3 ме-
сто [1]. При ХОБЛ механизм защиты верхней 
дыхательной системы является несостоятель-
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ным и это приводит к тому, что инфекционные 
агенты беспрепятственно преодолевают этот 
барьер и за счет своих адгезивных свойств фик-
сируются на слизистой оболочке, где начинает-
ся колонизация и развивается воспаление [2]. 
На этом этапе срабатывают местные иммунные 
факторы. Даже умеренная гипоксия приводит 
к незначительному повреждению легких, акти-
вации макрофагов и нейтрофилов [3].

Воспаление при ХОБЛ – это реакция гипер-
реактивности, на начальном этапе неспецифи-
ческая, но с вовлечением антиген-специфиче-
ских механизмов на последующих этапах [4; 5].

Поэтому нами была поставлена цель про-
следить за изменением основных показателей, 
отражающих состояние Т-клеточного имму-
нитета, при ХОБЛ и после применения раз-
личных схем лечения.

Метод и материалы
Исследования включало 75 больных 

с ХОБЛ. Больные были разделены на три груп-
пы в  зависимости от проводимой терапии. 
Первая группа больных получали медикамен-
тозное лечение по стандартной схеме.

Второй группе на фоне базисной терапии 
дополнительно назначался препарат инозин 
пранобекс по схеме 500  мг по 2  таб. 4 раза 

в сутки в течении 14–20дней. Третьей груп-
пе на фоне базисной терапии дополнительно 
проводили мембранный плазмаферез (ПА) на 
аппарате “Гемофеникс” 4 процедуры с интер-
валом от 3 до 7 дней. Вместе с плазмой уда-
ляются патологические элементы, изменяется 
жизнедеятельность клеток, возникают новые 
взаимодействия с другими клетками и регу-
лирующими факторами [6]. Иммунофеноти-
пирование больных проводили классическим 
методом проточной цитофлюориметрии. Ана-
лиз популяций лимфоцитов проводили на 4-х 
цветном проточном цитометре FACSCalibur 
(Becton Dickinson). Результаты исследований 
были обработаны методами вариационной 
статистики с вычислением t-критерия досто-
верности Стьюдента.

Результаты и обсуждение
Как известно, мембранные молекулы CD4 

и  CD8 являются корецепторами комплекса 
TCR-CD3 и рассматриваются как основные 
маркеры определения Т-хелперов и цитоток-
сичных Т-лимфоцитов соответственно. Срав-
нительное изучение иммунорегуляторных 
субпопуляций Т-лимфоцитов при различных 
патологических состояниях ХОБЛ позволило 
выявить ряд особенностей (рис. № 1).

Рисунок № 1. Основные показатели состояния клеточного 
звена иммунитета при ХОБЛ (в %)

Примечание: * – P < 0.05; без обозначений – данные статистически не достоверны; Р – сравнение 
данных с контролем
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Фактически, количество CD4+ лимфоци-
тов статистически достоверно уменьшалось. 
Длительная персистенция вируса, действие 
других патогенных факторов при ХОБЛ 
нарушает созревание Т-регуляторных и ден-
дритных клеток, приводя к преимущественной 
активации CD8+ лимфоцитов [7]. Количество 
CD8+ клеток коррелирует с выраженностью 
эмфиземы. Взаимодействие цитотоксических 
Т-лимфоцитов с клетками-мишенями приво-
дит к проникновению в мембраны последних 
перфоринов и цитолизинов, что способствует 
гибели клеток путем апоптоза, тем самым под-
держивая постоянный воспалительный про-
цесс при ХОБЛ [8].

Указанные субпопуляционные изменения 
Т-лимфоцитов закономерно приводят к  су-
щественной инверсии иммунорегуляторного 
индекса CD4+/CD8+. Отмечается понижение 
отношения CD4+/CD8+при ХОБЛ.

Интересная закономерность прослежива-
лась при исследовании процентного содержа-
ния CD25+

–клеток, экспрессирующих α-цепь 
рецептора ИЛ‑2, являющихся маркерами ак-
тивации Т-хелперов. Эти клетки, формируют-
ся в процессе нормальной дифференциров-
ки в тимусе, а не под действием антигенной 
стимуляции и  являются естественными ре-
гуляторными клетками (nTreg). В настоящее 
время они рассматриваются как основные 
nTreg-клетки, способные к  супрессии Th1 
и Th2-опосредованных иммунных ответов [9]. 
Согласно данным некоторых авторов, nTreg-
клетки могут образовываться и на периферии 
из CD4+CD25-клеток под действием патоге-
нов, низких доз антигенных пептидов, глюко-
кортикоидов [10; 11].

Согласно полученным данным, при ХОБЛ 
наблюдается статистически достоверное 

повышение (в 1,5 раза) количества CD25+-
клеток. Особый интерес представлял анализ 
популяции дубль-позитивных CD4+CD8+ 
клеток. CD4 и CD8 маркеры одновременно 
появляются на мембране лимфоцитов на ста-
дии β-селекции в тимусе. Поэтому появление 
в крови CD4+CD8+ клеток указывает на вы-
ход незрелых лимфоцитов из тимуса [12]. 
С  другой стороны, увеличение количества 
дубль-позитивных CD4+CD8+ лимфоцитов 
при таких патологических состояниях, как вы-
званный вирусом Эпштейн-Барра мононукле-
оз, ВИЧ-инфекция, хронический лимфолейкоз 
и другие [13]. Представители данной субпо-
пуляции лимфоцитов являются высокодиф-
ференцированными клетками памяти и могут 
участвовать в реакциях адаптивного иммуни-
тета в  ответ на действие вирусных агентов 
[14]. В  наших исследованиях обнаружено 
резкое повышение уровня дубль-позитивных 
CD4+CD8+ лимфоцитов во всех обследован-
ных группах – в 4,1 раз при ХОБЛ (рис. № 1). 
Мы считаем это вполне закономерным, так 
как почти у  всех обследованных пациентов 
с  ХОБЛ обнаружен заметно высокий титр 
вируса Эпштейна-Барр, персистирующего 
в лимфоцитах. Появление большого количе-
ства дубль-позитивных CD4+CD8+ лимфо-
цитов, возможно, обусловлено длительной 
антигенной стимуляцией и компенсаторной 
напряженностью иммунитета при персисти-
ровании вирусной инфекции.

Иммунные нарушения, обнаруженные при 
ХОБЛ, предполагают включение в схемы лече-
ния иммуномодулирующих препаратов, спо-
собствующих восстановлению обнаруженных 
отклонений.

Применение различных методик лече-
ния при ХОБЛ дало следующие результаты 
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(рис. № 2). Наибольшая эффективность на-
блюдалась при использовании инозин пра-
нобекса. Эффективным являлся также и ПА. 
Так, сниженное при ХОБЛ содержание CD4+-
лимфоцитов имело тенденцию к повышению, 

составляя 25,6±2,1 и 38,5±2,7 процента. Ко-
личество цитотоксических CD8+

–клеток также. 
После проведения ПА их уровень был ниже 
контрольных величин (в пределах нижней гра-
ницы референтных значений).

Рисунок № 2. Основные показатели состояния клеточного звена 
иммунитета при ХОБЛ после различных схем лечения (в %)

Примечание: * – P<0.05; без обозначений – данные статистически не достоверны; Р – сравнение 
данных с контролем

МТ не приводит к  нормализации уровня 
обоих корецепторов, что, несомненно, отража-
ется на значении иммунорегуляторного индек-
са. После МТ CD4 +/CD8 +< 1, что является 
свидетельством наличия иммундефицитного 
состояния, даже после предпринятого лечения. 
После ПА и противовирусной терапии наблю-
дается почти полная нормализация иммунорегу-
ляторного индекса, особенно после применения 

иммуномодулятора. Применение ПА и иммуно-
модулирующей терапии приводит к уменьше-
нию содержания как CD25+

– , так и CD4+CD8+ 
клеток. Это является свидетельством снижения 
антигенной нагрузки у пациентов данных групп 
после лечения. Применение стандартной МТ, не 
влияет на эти параметры. При ХОБЛ количество 
остается на том же уровне, что и до проводимой 
медикаментозной терапии.

Список литературы:

1.	 COPD and Cardiovascular Disease / S. André, B. Conde, E. Fragoso [et al.] // Pulmonology. – 
Vol. 25. – No. 3. 2019. – P. 168–176.

2.	 Чучалин А. Г. Респираторная медицина. – Том 1. 2017. – 234с.
3.	 Emiel F. M. Wouters. Local and systemic inflammation in chronic obstructive pulmonary disease. 

Proc. Am. Thorac. Soc. – 2. 2005. – P. 26–33. Doi: 10.1513/pats.200408–039ms.
4.	 Новиков Д. К. Клиническая иммунопатология. – М.: Мед. Литер., 2009. – 464 с.
5.	 Larche M., Robinson D., Kay A. The role of T lymphocytes in pathogenesis of asthma. J. Allergy 

Clin. Immunol., – 111. 2003. – P. 450–463. Doi: 10.1067/mai.2003.169.
6.	 Старикова И. В., Радышевская Т. Н., Чаплиева Е. М., Патрушева М. С., Триголос Н. Н., Але-

шина Н. Ф. Эффективность мембранного плазмафереза у больных хроническим генерализо-
ванным парадонтитом на фоне метаболического синдрома, Современные проблемы науки 
и образования, – 6. 2015. – P. 54–57.



Section 6. Medical science

80

7.	 Wiesel M., Walton S., Richter K., Oxenius A. Virus-specific CD8 Tcells: activation, differentia-
tion and memory formation, APMIS, – 117 (5–6). 2009. – P. 356–381. Doi: 10.1111/j.1600–
0463.2009.02459.x.

8.	 Freeman C. M., Han M. K., Martinez F. J. et al. Cytotoxic Potential of Lung CD8+ T Cells In-
creases with COPD Severity and with In Vitro Stimulation by IL‑18 or IL‑15J. Immunol., – 184 
(11). 2010. – P. 6504–6513. Doi:10.4049/ jimmunol.1000006

9.	 Ярилин А. А., Донецкова А. Д. Естественные регуляторные Т-клетки и фактор FOXP3. Им-
мунология, – 3. 2006. – P. 176–188.

10.	Karagiannidis C. et al. Glucocorticoid supregulate FOXP3 expression and regulatory T cells in 
asthma J. Allergy Clin. Immunol., – 114. 2004. – P. 1425–1433. Doi: 10.1016/j.jaci.2004.07.014.

11.	Mills K. H. G. Regulatory T-cells: friend or foe in immunity to infection, Nature Reviews Immu-
nology, – 4. 2004. – P. 841–845. Doi: 10.1038/nri1485.

12.	Jimenez E., Sacedon R., Vicente A. et al. Rat peripheral CD4+CD8+ T lymphocytes are par-
tially immunocompetent thymus-derived cells that undergo post-thymic maturation to become 
functionally mature CD4+ T Lymphocytes. J. Immunol., – Vol. 168. 2002. – P. 5005–5013. Doi: 
10.4049/jimmunol.168.10.5005.

13.	Sullivan Y. B., Landay A. L., Zack J. A. et al. Upregulation of CD4 on CD8+ T cells: CD4dim CD-
8bright T cells constitute an activated phenotype of CD8+ T cells. Immunology, – Vol. 103. – 3. 
2001. – P. 270–280. Doi: 10.1046/j.1365–2567.2001.01243.x.

14.	Naschimbeni M., Shin E. C., Chiriboga L. et al. Peripheral CD4+ CD8+ T cells are differentiated 
effector memory cells with antiviral functions. Blood, – Vol. 104. – 2. 2004. – P. 478–486. Doi: 
10.1182/blood‑2003–12–4395.



IMPROVING OF THE ACTIVITIES OF EMERGENCY MEDICAL CARE SERVICES: PREPARATION OF PROPOSALS FOR THE DEVELOPMENT AND AMENDMENTS TO REGULATORY ACTS

81

https://doi.org/10.29013/EJTNS‑22-6-81-91

Mirvarisova L. T.,
Associate professor, MD, PhD,

Center for the Development of Professional Qualifications
of Medical Workers, Tashkent, Republic of Uzbekistan

Anvarov Kh.E.,
Associate professor, MD, PhD,

Republican Research center of Emergency medicine,
Tashkent, Republic of Uzbekistan

Mirvorisova Z. Sh.,
Master degree resident, Department of Psychiatry,

Tashkent State Pediatric Institute, Tashkent, Republic of Uzbekistan

IMPROVING OF THE ACTIVITIES OF EMERGENCY MEDICAL 
CARE SERVICES: PREPARATION OF PROPOSALS FOR THE 

DEVELOPMENT AND AMENDMENTS TO REGULATORY ACTS

Abstract. The main aim of this stage is preparation of proposals on the development of regulatory 
act aimed to the improvement of the activities of the emergency medical services.

The main goals of the stage are:
–  study and analysis of the most actual issues existing in the system of the emergency medical 

services;
–  preparation of the prudent materials;
–  preparation of the proposals for the concept (explanatory note) on the most actual issues of 

the system of the emergency medical system in the Republic of the Uzbekistan.
During the process, there were analysis made of the existing situation and the identification of 

the issues hindering the further development and improvement of the system of medical emergency, 
including the emergency in the republic. There were conducted conversations with specialists, con-
sideration of available documents regulating the procedure for the provision of emergency medical 
services and materials received from the coordinator.

Keywords: Regulatory legal act, emergency medical care, analysis of situation.

Introduction
According to the Global Reference List of 

100 Key Health Indicators for 2015 (Global 
Reference List of 100 Core Health Indicators, 
2015), among indicators of healthcare sys-

tems, the availability and willingness to provide 
medical services, the use of the service, and ac-
cess to health care are distinguished. Accord-
ing to the Guidelines for National Policies and 
Strategies [1] prepared by the World Health 
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Organization, the quality of medical care is 
determined by taking into account how the 
health care system functions as a whole, how 
involved all stakeholders are and the most sig-
nificant factors affecting the quality of medical 
services. It should be noted that this guidance 
has been developed as a practical approach for 
the development of policies and strategies to 
improve the quality of medical care. The World 
Health Organization in the concept of quality 
includes, first of all, the quality of implementa-
tion of the professional functions, minimiza-
tion of the risk of complications during medical 
interventions, patient satisfaction with medical 
care.

The Constitution of the Republic of Uzbeki-
stan in art. 40 establishes the right of everyone 
to receive skilled medical care. Presidential De-
cree No. UP‑5590 dated 12/07/2018 identifies, 
inter alia, increasing the efficiency, quality and 
accessibility of medical care, introducing qual-
ity management systems for medical services 
and improving legislation in the field of health-
care through its unification and the adoption 
of laws of direct action, as the most important 
areas of reforming the health care system in 
the Republic of Uzbekistan. In other words, 
providing the population with affordable and 
high-quality medical care is one of the main 
tasks of modern healthcare in the Republic of 
Uzbekistan.

The aim of this stage of work is to develop 
proposals for improving the medical emergency 
system in Uzbekistan based on the analysis of the 
current situation of practical issues and identi-
fying the most problematic areas requiring legal 
regulation, in accordance with the main direc-
tions identified in the documents of the World 
Health Organization.

1. Overview of approaches for determining 
the quality of emergency medical care: main 
areas of activity (Decree of the President of the 
Republic of Uzbekistan No. PP‑3494 from Jan‑
uary 25, 2018 “On measures to accelerated im‑
provement of the medical emergency system”)

Relationships that have the character of ubiq-
uitous and/or the most common, requiring stabi-
lization or streamlining, are subject to legal regu-
lation. State intervention in the system of public 
relations has its scopes and limits. In case of the 
health care system, most of the relationships are 
somehow connected with bodies and organiza-
tions, the competence of which includes the provi-
sion of medical care. In addition, such relations are 
associated with the protection of the human rights 
to life, freedom from violence, and the healthcare. 
The provision of medical care, including medical 
emergency, is a relationship that must be regulated 
by the state in such a way that the quality of the 
relationship between the parties is satisfied.

There are four main criteria for the quality of 
medical care:

–  effective and timely assistance;
–  efficient use of resources;
–  meeting the needs of patients;
–  effectiveness of treatment [2].
This requirement may, fully, be applicable to 

medical emergency, as a type of medical care.
Quality management should include the fol-

lowing necessary components:
–  assessment and control of quality;
– 	  improvement of quality;
–  quality assurance.
Quality assurance, in its turn, includes three 

important criteria:
–  continuity;
–  a variety of methods for measuring and 

improving quality;
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–  the distinction between internal and exter-
nal approaches to quality assessment.

One of the essential elements for achieve-
ment of the efficiency is the mechanism of so-
ciological research (surveys, questionnaires, and 
establishing feedbacks between the patient and 
the doctor, the doctor and the state body, and 
the patient and state body). Sociological studies 
conducted on a systematic basis will indicate a 
level of satisfaction of:

–  patients with the quality of the services 
provided (received);

–  medical personnel, terms of provided ser-
vices;

–  governmental bodies (organizations) im-
plementing state policies in the field of health-
care, increasing the rating of Uzbekistan at the 
international level.

Sociological studies may also provide the im-
provement of the system of public health man-
agement.

In ensuring the accessibility and quality of 
medical care, an extremely important role is as-
signed to the emergency medical service (EMS). 
However, the fulfillment of tasks is impossible 
without measures aimed at improving the opera-
tion of the entire system for providing this type 
of medical care. The solution to this problem is 
determined as one of the areas of the Strategy 
of Action including five priority areas of the 
development of the Republic of Uzbekistan in 
2017–2021, approved by Decree of the President 
of the Republic of Uzbekistan No. UP‑4947 of 
02/07/2017. Moreover, the Strategy as a docu-
ment contains the main directions of perfor-
mance and a model of long-term and planned for 
implementation activities. The tasks of reforming 
the emergency medical care system in Uzbeki-
stan at this stage are to proceed to specific sub-

stantiated measures to implement and introduce 
amendments to the system, by preparing regu-
latory legal acts containing procedural rules, as 
well as direct action norms. Expressed in the lan-
guage of law, methods of legal regulation should 
contain peremptory, directive norms, obliging to 
fulfill certain requirements.

In addition to sociological research, the col-
lection and processing of statistical data will help 
to form an idea of the current condition of the 
emergency medical system including the num-
ber of emergency calls for a certain period of 
time in relation to the number of vehicles per site, 
the number of vehicles on average per number of 
people, including children (of a certain category 
and age), the elderly, people with disabilities, 
people with disabilities, people with chronic 
diseases, educational level of medical personnel 
(higher or specialized secondary), age, etc. The 
use and application of information technologies 
in emergency medical care will help obtaining 
and processing statistical data by developing 
and implementing information systems such as 
an automated management system, an account-
ing and reporting system, electronic filling out 
forms, and automation of the dispatching ser-
vice, which includes processing and accounting 
of incoming applications.

The search for IT solutions, the elimination 
of excessive paperwork, the integration of all 
elements should become a priority during the 
period of digitalization and implementation of 
e-government systems.

The main directions of the reform of the 
emergency medical care system, in accordance 
with Presidential Decree No. PP‑3494 dated 
January 25, 2018, are:

–  integration with primary health care facili-
ties;
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–  strengthening the material and technical 
base, equipping and retrofitting with modern 
medical equipment;

–  improving the system of training and pro-
fessional development of medical personnel.

Each direction is discussed in more detail be-
low.

1.1 Integration with primary health care fa-
cilities

To improve and increase the efficiency of the 
response, the creation of unified dispatch centers 
throughout the republic is envisaged.

Based on the requirements of the unified 
standards for the provision of emergency medi-
cal care, the approval and implementation of 
clinical protocols, that is, regulatory documents 
defining the requirements for the implementa-
tion of medical care for a patient with a certain 
disease, with a specific syndrome or in a specific 
clinical situation in a medical organization, has 
been established. The purpose of developing a clini-
cal protocol is regulatory support of the quality 
management system of medical care in a medical 
organization.

It is also planned to conduct master classes 
in the regions for branches and departments of 
the Republican Scientific Center for Emergency 
Medical care, and medical and consultative care 
for patients.

Giving a certain legal status (legal force) to 
clinical protocols, bringing their contents to 
medical personnel of emergency medical servic-
es, ensuring their widespread use requires serious 
informational and educational work with medi-
cal personnel on an ongoing basis. Similar to the 
standardization system, not limited to refresher 
training courses, but with the help of information 
systems, information should be collected and 
processed to further identify problematic issues.

A clinical protocol is being developed to ad-
dress the following challenges:

–  the selection of optimal technologies for 
prevention, diagnosis, treatment and rehabilita-
tion for a particular patient;

–  protection of the rights of the patient and 
the doctor in resolving disputed and conflict is-
sues;

–  carrying the examination and assessment 
of the quality of medical care for patients with a 
certain disease, syndrome or in a specific clini-
cal situation, and planning measures of improve-
ment;

–  planning the volumes of medical care;
–  calculation of the necessary costs of pro-

viding medical care;
–  substantiation of the program of state guar-

antees for the provision of medical care to the 
population.

Prioritization of these tasks and legal consoli-
dation in regulatory acts will allow:

–  minimize costs (financial, time, human re-
sources) for false calls;

–  dispatching service to immediately decide 
on the advisability of leaving the ambulance team. 
At the same time, dispatch protocols should be 
developed depending on the implemented infor-
mation system, where it should be fixed which 
cases are considered urgent and/or whether it is 
necessary to transport the patient (injured);

–  reduce the incidence of attacks on emer-
gency medical personnel.

1.2 Strengthening the material and technical 
base

It was determined that medical institutions 
need phased equipment (retrofitting) of spe-
cialized vehicles with sets of medical equip-
ment. The equipment of emergency medical 
care teams with modern radio communications 
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and navigation systems is, among other things, 
a requirement for digital transformation carried 
out in Uzbekistan. It is envisaged to provide vis-
iting ambulance teams with medicines, medical 
devices and supplies in accordance with the ap-
proved standards.

The main purpose of strengthening the mate-
rial and technical base is a quick and effective 
implementation of scientific ideas into specific 
technical and technological innovations. From 
which it follows that strengthening the material 
and technical base involves not only the actual 
acquisition of equipment and/or means and ma-
terials, but also the determination of real requests 
(requirements) in them, as well as the willing-
ness of the personnel to use them (equipment, 
materials, means) and apply to practice. Equip-
ment and facilities are designed to reduce labor 
intensity and intensify processes, for which the 
readiness and ability of medical personnel to use 
them must be ensured.

The issues of material and technical equip-
ment include the composition of first-aid kits 
(automotive, at enterprises, in public places / 
crowds, in transport). Here, strict rules and re-
quirements should be developed both for revis-
ing the composition with a certain periodicity, 
and the content corresponding to international 
experience, necessary to save a person’s life.

1.3 Improving the system of training and 
professional development of medical personnel

It was established the creation of a specialized 
council for awarding scientific degrees to scien-
tific and pedagogical personnel of the emergency 
medical care system, the organization of retrain-
ing and advanced training of doctors and nurses 
in leading foreign clinics, the establishment of 
cooperation with foreign specialized organiza-
tions and the conduct of joint researches in the 

field of emergency medical care. This direction 
is a long-term perspective, the results of which 
can be obtained no earlier than 3–5 years. It is 
closely related to the preparation and conduct 
of educational work with public officials in the 
field of healthcare, as well as (even more exten-
sively) with certain categories of persons obliged 
to provide emergency medical care, for example, 
rescue workers from emergency services, fire-
fighters, police (art 16 of the Law of the Repub-
lic of Uzbekistan “On Internal Affairs Bodies”), 
pharmaceutical workers, guides of passenger 
cars, flight attendants, other persons without 
medical education, but according to their offi-
cial duties obliged to possess practical skills of 
rendering premedical care. In addition, a certain 
educative, educational work, work on raising the 
legal awareness on healthcare issues should be 
carried out with the population on a regular sys-
temic basis.

The Ministry of Healthcare of the Republic 
of Uzbekistan should approve training programs 
for the training of such persons. Unified and stan-
dardized teaching methods will serve to form a 
unified system of skills, as well as reach more 
people in case of necessity.

The Resolution of the Cabinet of Ministers 
of the Republic of Uzbekistan No. 319 dated De-
cember 18, 2009 approved the Regulation on the 
procedure for advanced training and retraining 
of medical workers. The terms of advanced train-
ing and retraining of medical workers, including 
the heads of medical institutions, as well as the 
list of specialties in which they can be retrained 
depending on their specialty, are determined by 
the Ministry of Healthcare of the Republic of 
Uzbekistan. The main objectives of periodic ad-
vanced trainings and retraining of medical work-
ers are:
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–  ensuring the connection between science 
and practice, promoting the implementation of 
research results in the field of advanced medical 
technologies;

–  introduction of foreign experience in the 
field of modern diagnostic and pharmaceutical 
technologies.

At the same time, it is possible to revise the 
provisions of present regulatory legal act for the 
subject of the possibility of training individuals 
who do not have a medical education.

2. Some issues of increasing the effectiveness 
and efficiency of emergency medical services

2.1 Standardization of medical care
Commenting on the Resolution of the Presi-

dent of the Republic of Uzbekistan No. PP‑3494, 
we established that the issues of the quality of the 
assistance provided have serious causes and con-
sequences. When it comes to standardization, it 
should be noted that healthcare systems around 
the world face the following problems:

–  meeting the growing demand for medical 
services, including emergency medical services;

–  increasing productivity;
–  reducing costs;
–  improving results [3].
The standardization of indicators of health 

care services contributes to a new understand-
ing of the comparability and processing of medi-
cal data, which in turn will serve to determine 
forecasts and improve specific areas of medical 
services.

Standardization involves certain activities 
aimed at achieving the optimal degree of stream-
lining, development and establishment of certain 
provisions, requirements for universal, repeated 
application (use) in that sphere or in those rela-
tions where there is a need to solve certain prob-
lems, such as improving quality or efficiency.

In relation to emergency medical care, the 
main goal of standardization will be maintenance 
of the life and health of the population. The estab-
lishment of any common requirements is possible 
through the preparation of drafts of legal acts, or 
the development and adoption of standards.

One of the components of the project “Im-
proving the emergency medical care service” is 
the creation of an integrated medical information 
system in the emergency medical care service of 
the Republic of Uzbekistan. Here, it should be 
noted that one of the reasons for carrying medi-
cal standardization is the high degree of intro-
duction of new technologies. Effective govern-
ment decision-making can also be significantly 
improved by processing ICT data. Most of the 
digital data that currently exists in the healthcare 
system, in particular in the emergency medical 
services system, is currently not being used “for 
its intended purpose” to obtain high-quality 
data and make forecasts. Most of this data is not 
connected to a single integrated system, which 
makes this data either inaccessible to those who 
can process it, or just unprocessable, due to their 
fragmentation. For example, processing data of 
the work of pre-hospital and hospital units of 
emergency medical services, data of emergency 
medical stations and emergency medical servic-
es, a unified database of patients with the appro-
priate diseases categorization, a unified database 
of clinical protocols, population data by regions, 
gender information, age, characteristic diseases 
of the regions, integration of emergency medical 
services and primary care, where they can and 
should apply preventive prophylactic measures 
to preserve public health, as well as to improve 
it. All this kind of data currently does not allow 
their full analysis, not only due to the issues of 
implementation and application of ICT, but also 
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the lack of legal methods and mechanisms for 
their collection and processing, without violat-
ing legislation, for example, about personal data.

It is believed that standardization, along with 
personalization and use of digital data, may be 
more effective for the healthcare system [4].

The standardization of the system of emer-
gency medical care is based on the principles of 
relevance, uniformity, consensus, verifiability 
and appropriateness.

The principle of relevance implies the estab-
lishment of full compliance of the legislation of 
the Republic of Uzbekistan with international 
requirements, as well as modern discoveries and 
scientific achievements in the field of medicine. 
For example, Article 4 of the Law of the Republic 
of Uzbekistan “On science and scientific activ-
ity” distinguishes, among the main areas of the 
sphere of science and scientific activity, “ensur-
ing close integration of science, education and 
production …”, as well as the development of 
international cooperation.

The principle of uniformity consists in the de-
velopment of a single procedure for the establish-
ment, coordination and application of normative 
documents on standardization. Here, the key role 
is assigned to the authorized body for healthcare 
in the republic – the Ministry of Healthcare of 
the Republic of Uzbekistan.

The principle of consensus implies that all 
participants in standardization are obliged to in-
teract with each other and carry out activities in 
a uniform manner, to act according to the rules 
of the content of regulatory documents. In other 
words, everyone is obliged to act according to the 
requirements within their authority. To this end, 
the state has two key levers of influence and inter-
action with the population: sanctioning/punish-
ment for violations (by setting special rules in the 

codes of administrative, criminal responsibility) 
and propaganda (wide and constant work with 
both the population and medical workers, work 
with non-governmental non-profit organiza-
tions, civil society institutions).

When implementing the principle of appro-
priateness, the rules for applying only those re-
quirements that are practical and scientific are 
implemented. It is rather difficult to determine 
the criteria of appropriateness here, for example, 
in the work of a dispatcher service employee who 
can determine the priority and importance of an 
incoming call only if there is a clear, detailed in-
struction (clinical protocol, dispatch protocol 
with an algorithm of actions in certain cases).

The construction of a standardization system 
in medicine occurs through the distribution of 
powers at various levels of government depart-
ments. This is necessary to comply with regula-
tory requirements and approvals.

2.2 Issues of improving the work of dispatch 
centers

Dispatching service is a centralized form of 
operational management based on the use of 
technical means of communication, the collec-
tion of information, its processing and imple-
mentation of operational control.

In accordance with the Decree of the Presi-
dent of the Republic of Uzbekistan No. PP‑3494 
dated January 25, 2018, the Program of measures 
to accelerate the improvement of the emergency 
medical care system for 2018 provided for the 
creation of the unified dispatch Call-centers with 
uninterrupted functioning of a unified round-
the-clock emergency call telephone number at 
the base of station of Tashkent emergency medi-
cal care, the Republican Scientific Center for 
Emergency Medical care and emergency medical 
stations of regional branches on the basis of the 
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Tashkent emergency medical station and at the 
station of emergency medical care of regional 
branches of RSCEMC, throughout the republic.

Decree of the President of the Republic of 
Uzbekistan No. PP‑3245 “On Measures for Fur-
ther Improvement of the Project Management 
System in the Field of Information and Commu-
nication Technologies” dated August 29, 2017 
stipulated that “the introduction of information 
systems and networks of interagency electronic 
interaction and exchange of information between 
government bodies and other organizations “ are 
one of the priority tasks. In the same decision, 
the Step-by-Step Program for the creation of the 
“Safe City” hardware-software complex, clause 
14 provides for the phased integration of the 
information systems of the Safe City complex, 
where the Ministry of Health is included in the 
list of performers.

Based on the provisions of the two docu-
ments, it follows that the unified dispatch Call-
centers “103” should be integrated with the 
duty-dispatch centers of the Unified hardware-
software complex “Safe City”, whose tasks are 
much wider than the tasks of Call centers of 
emergency medical care.

Hence, there is a serious need for preparation 
(revision), coordination and approval of specific 
detailed actions that the dispatcher is obliged to 
take in certain cases. These requirements for the 
dispatcher, returning to the question of standard-
ization, should be uniform and unified for each 
specific situation. They can be drawn up in the 
instructions or protocols and approved by a gov-
ernment decision, or by a mutual decision of the 
authorized executive bodies.

The issue of improving the work of the dis-
patching ambulance service and its integration 
with the duty-dispatching services will entail the 

issue of qualification and professionalism of the 
staff of the dispatching service.

Improving the work of the dispatching ser-
vice can serve as a solution to the issue of pay-
ment of provided services. The introduction of 
a health insurance system and the transition to 
public-private partnerships contribute the at-
traction of own funds of patients, victims, who 
are the potential recipients of emergency medi-
cal services, or the funds of third-parties, not the 
state. Under such circumstances, it is planned to 
reduce the number of false and inconclusive calls, 
as well as the general housing calls, when patients 
often do not understand when an emergency call 
is needed, and when it cannot or does not have 
the right to help (for example, acute toothache or 
need receipt of sick leave) and they should con-
tact the clinic Legally, the pursuit to resolve le-
gal relations on the issue of payment has already 
been enshrined in the legislation: the Program 
of measures for the implementation of the Con-
cept of development of the healthcare system of 
the Republic of Uzbekistan in 2019–2021 (Ap-
pendix No. 2 to the Decrees of the President of 
the Republic of Uzbekistan dated 07.12.2018 
No. UP‑5590), paragraph 4 provides for the 
adoption of the law “On compulsory health in-
surance”. However, the adoption of the law will 
require amendments to the regulations providing 
for the free provision of emergency medical care.

3. Proposals for improving legislation 
aimed at improving the activities of emer‑
gency medical services

Based on the results of the work, we came to 
the conclusion that it would be possible to prepare 
a single document that would include all the issues 
covered in the work, establish the norms and re-
quirements that are binding on the subjects of le-
gal relations in providing emergency medical care.
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At the same time, amendments to the current 
legislation may serve to improve the activities of 
emergency medical services.

The program of measures to further improve-
ment of the activities of the emergency medical 
services (Decree of the President of the Repub-
lic of Uzbekistan No. PP‑2838 dated March 
16, 2017) provides for the adoption of unified 
standards for the provision of emergency medi-
cal care, approval of clinical protocols based on 
unified standards for the provision of emergency 
medical care.

The program of measures to implement the 
Concept of development of the healthcare sys-
tem of the Republic of Uzbekistan in 2019–2021 
(Decree of the President of the Republic of Uz-
bekistan No. UP‑5590 dated 12/07/2018) pro-
vides for the development and submission of 
the draft Law of the Republic of Uzbekistan “On 
Compulsory Medical Insurance” to the Cabi-
net of Ministers of the Republic of Uzbekistan, 
development and submission to the Cabinet of 
Ministers of the Republic of Uzbekistan of the 
draft Law of the Republic of Uzbekistan “On 
medical activities and compulsory insurance of 
professional responsibility of medical workers”, 
broad implementation of information and com-
munication technologies and “e-health”.

Conclusion and proposals
1. In addition to improving the content of 

clinical protocols that are not legislation, pro-
cedural protocols should be developed, that is, 
action protocols (instructions, standards) con-
taining the most complete detailed algorithm of 
how to act in a certain situation.

2. Establish disciplinary as well as adminis-
trative responsibility for non-compliance with 
the requirements of procedural protocols by 
personnel.

3. To establish the administrative and crimi-
nal liability of persons for hindering the provi-
sion of emergency medical care.

4. To make changes regarding free emergency 
medical care, determining that only the exclusive 
social package of services is free and guaranteed 
by the state (provided for in paragraph 4 of Ap-
pendix 2 to the Decree of the President of the 
Republic of Uzbekistan No. UP‑5590 dated 
December 7, 2018). The increased burden on 
emergency medical care is caused by the provi-
sions on its free and general accessibility, as well 
as insufficient primary care in terms of carrying 
out preventive work, medical examination, etc.

5. In accordance with the legislation on pub-
lic control, to motivate and involve civil society 
institutions in the process of preparing draft 
regulatory acts by establishing associations of 
doctors, medical communities, organizations 
of protecting the rights and interests of medical 
personnel, etc. For example, the US created the 
National Health Council [5], which brings to-
gether various organizations to reach consensus 
and develop a patient-centered health policies. 
In Uzbekistan, it is also possible to revise the 
approach to the sectoral agreement of medical 
workers with the Central Committee of Trade 
Unions, giving the Trade Union the authority 
to protect the rights of doctors, including repre-
senting their interests in the judicial authorities, 
ensuring working conditions, etc. To ensure that 
such organizations are directly involved in the 
formation of public health policy, not limited to 
posting a draft regulatory act on the web-site for 
public discussion.

6. To develop a departmental regulatory act by 
the Ministry of Healthcare on the rules for calling 
a doctor to home and carry out large-scale work 
with the population in all regions, as well as the 
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media. Regardless of which particular doctor is 
called to the house (ambulance or district doctor), 
there should be a document regulating the validity 
of the call to the house. Here, to prepare amend-
ments on toughening administrative penalties for 
false calls of specialized services. At the same time, 
not only an explanation of material and time costs, 
but also the principle of humanity can be used as 
a justification – as long as the team goes on a false 
call, a human life can be saved in somewhere.

At the level of heads of emergency medical 
care institutions, as well as educational institu-
tions, the following measures are proposed:

–  it is necessary to take into account issues of 
material interest of employees to obtain qualifi-
cation categories and take this fact into account 
when forming the Regulation on salaries and 
distribution of incentive remunerations for the 
quality of work performed.

–  while developing the program of study, it is 
needed to pay special attention to the legal train-
ing of listeners; encourage listeners to systemati-
cally improve their skills during work, for which, 
when passing qualification exams, tests, such 
factors as writing essays, students’ attendance of 
seminars, scientific conferences, congresses be-
tween the cycles of general improvement should 
be taken into account.

–  it is important to actively use the system of 
personnel development at the workplace, for which 

stimulate workers to improve their professional 
knowledge and skills, actively interact with other 
medical institutions to analyze the defects in the 
provision of medical care, and develop joint tactics 
for managing patients at the prehospital stage.

–  to use the system of additional professional 
education to improve the skills of their specialists 
in thematic improvement cycles.

–  to take into account the impact of a high 
level of a personnel migration of specialists in 
the industry on the quality of medical person-
nel and the quality of their medical services. To 
study the reasons for personnel migration, al-
lowing to make strategic management decisions 
on working with personnel and inhibition of the 
processes of migration of specialists.

No amendments in legislation will be able to 
fully reform the system of emergency medical ser-
vices until the involvement of population throughout 
conducting constant, systematic work at all levels by 
advising , explaining, teaching and lighting.

Uzbekistan, as a member of the UN, has un-
dertaken to fulfill (strive for implementation) 
the Sustainable Development Goals. To do this, 
when conducting reforms, it is necessary to con-
stantly study the reporting, analytical materials 
of the World Health Organization regarding the 
implementation of the Sustainable Development 
Goals at the international level, using the best ex-
amples and practices.
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Abstract. Hanoi capital is a special metropolis of Vietnam. In addition to the process of 
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a contribution promote sustainable development.
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1. Questioning
In the last 2 years, from August 2020 to Au-

gust 2022, 772 fires and explosions have oc-
curred in Hanoi, of which 16 cases have been 
large fires, 14 fires have led to serious damage, 
with 32 dead people and 51 injured people. The 
overall property damage accounted for 46.7 bil-
lion VND and 25 hectares of forest. Compared 
to the same period of 2 years ago, the number of 
fire and explosion cases decreased to 302 cases 
and property damage declined to 257.3 billion 
VND, in which 4 deaths and 15 injuries were re-
duced [2]. The above data shows the great loss 
of life and property caused by fire and explosion; 
besides, with the rapid rate of urbanization, the 
situation of climate change is complicated and 

unpredictable, which leads to the potential dan-
ger of fire and explosion in the city. Therefore, it 
is urgent and meaningful to study and propose 
solutions to improve the efficiency of fire protec-
tion and rescue in Hanoi in reality.

2. Actual situation of fire protection and 
rescue in Hanoi

2.1. The obtaining outcome
According to a report on basic investigation 

in Hanoi, currently the city has 5.368 residen-
tial areas, with 579 communes, wards and town-
ships. Among these, there are 433 residential 
areas which are put at high risk of fire and ex-
plosion; 9.483 roads, streets, alleys located at a 
depth of 200m or more and cannot be accessed 
by fire motors; 5.569 roads, streets, alleys with 
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platforms, slatted roofs blocking the operation 
of fire motors. Nowadays, the city has 3.482 fire 
hydrants installed in 12 districts, 17 wards and 1 
town, mainly in the inner city; 722 fire hydrants 
of self-managed urban and industrial areas; 
16 water tanks of fire protection with a volume 
from more than 50m3 located in public areas, 
3.670 water tanks of agencies, enterprises and 
establishments with a volume of over 20 m3 can 
be exploited and used for fire protection; 11 fire-
fighting water collection pits in the city’s ponds 
and lakes; 2.230 natural water sources such as 
ponds, lakes, rivers, canals, ditches, etc. can be 
exploited and used for fire protection [3].

Facing the situation of fire and explosion with 
many complicated developments, the City Party 
Committee, People’s Council, City People’s Com-
mittee have introduced many Directives, Resolu-
tions, Plans and guiding documents. With a view 
to strictly comply with the Law on Fire Protec-
tion, the Directives, Action Programs and Plans 
of the Central Government and the City; it can 
be acknowledged that the work of fire protection 
and rescue is considered as the duty and respon-
sibility of all levels, branches and people as well as 
prevention which is the main focus on building a 
movement of all people to participate in fire pro-
tection and rescue, in association with building a 
movement of all people to protect national secu-
rity under the motto “four on the spot”.

The Police force for fire protection and rescue 
have done a good job of grasping the situation, 
reviewing and making statistics for the locality 
and facilities. In addition, the inspection and ex-
amination, especially the coordination among all 
levels and branches, have been strengthened. The 
functional force resolutely suspends infringing 
works according to regulations and publicizes 
the identity of the investor, name and address 

of the infringing works on the mass media for 
people to be aware of monitor implementation. 
For investors who intentionally do not comply 
with the provisions of the law, infringing works 
have the risk of causing fire and explosion, that 
lead to serious consequences. The report will 
be transferred to the investigating agency for 
research, consideration and handling proposal. 
According to the provisions of law, it can result 
in preventing new infringing works and gradually 
reducing existing infringing works. Be willing to 
deal with fight is maintained and strictly imple-
mented by the units; with the reception and pro-
cess of information being ensured smoothly and 
punctually; The synergies and coordination in 
the organization of fire protection are effectively 
implemented by the units.

The Police force for fire protection and res-
cue has done a good job advising on the develop-
ment, issuance and implementation of directives 
and plans on strengthening measures for fire pro-
tection and rescue. Hence, the urban households 
have a positive contribution on the change in the 
awareness and actions of people, heads of units 
and establishments. For example, on August 19th, 
2022, the Hanoi People’s Committee reported 
on the preliminary review of 3 years of imple-
mentation of the Plan No. 58/KH-UBND dated 
March 6th, 2019 on the implementation of Direc-
tive No. 24-CT/TU dated October 31st, 2018 of 
the Hanoi Party Committee and Plan No. 165/
KH-UBND dated July 31st, 2019 on the imple-
mentation of Official Dispatch 584/CD-TTg 
dated May 19th, 2019 of the Prime Minister.

The work of building a movement for all 
people to participate in fire protection and res-
cue has been promoted. In the city, 5,368 civil 
defensing teams have been established in villages 
and residential groups (accounted for 100%). 
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The grassroots fire protection force has estab-
lished and maintained 39.090 counterparts with 
367.225 people [1]. Currently, in the city, there 
are two models related to volunteer fire pro-
tection forces, including the model “Volunteer 
mobile fire protection team of Dich Vong Hau 
ward” in Cau Giay district. Hanoi takes the core 
as volunteers with jobs being adjacent to home. 
Their spirit stems from volunteer participation 
without any allowances and impulsion. The 
model “Volunteer fire protection team” which is 
established at Truc Bach ward, Ba Dinh district, 
Hanoi takes the core of people who own houses 
to settle, in combination with production and 
business to maintain efficient and continuous 
operations.

Moreover, the city is currently maintaining 
12 fire protecting safety models and deploying 
4 new models. Notably, the model “Propaganda 
and mobilization of households so as to disman-
tle solid iron cages and equip themselves with 
tools and means of fire protection and secure” of 
Police Department at Thanh Xuan District has 
been approved by the Ministry of Public Secu-
rity. Currently, this model has been replicated 
throughout the city.

The People’s Committee of the city regularly 
directs the departments, divisions and branch-
es to organize periodic and irregular fire safety 
checks, especially inspections in some special 
places such as apartments, high-rise buildings; 
karaoke activities, discos; markets, trade centers; 
business establishments of petroleum, liquefied 
petroleum gas; warehouse, production work-
shop; business and service establishments… in 
the first 6 months of 2022, which inspects fire-
fighting safety more than 19.100 establishments 
and thereby issuing a decision to sanction 930 
cases with a fine of over VND8.6 billion [1].

The People’s Committee of the city has di-
rected the units to resolutely handle violations 
for the works that have not been tested and ac-
cepted for fire protection and put into operation. 
In particular, administrative violations were sanc-
tioned for 399 establishments with a total amount 
of VND1.280.300.000; which can cause to issue 
decisions on temporary suspension or suspension 
of operations for 541 establishments; most impor-
tantly, the identity of the violating establishments 
are more likely to post publicly on the mass me-
dia [3]. Directing the People’s Committees of 30 
districts and towns that organizes work with the 
help of investors of infringing works to discuss and 
agree on measures and solutions for implementa-
tion requires 100% of the investor to commit to the 
roadmap, time and step-by-step remedial progress 
for each specific existing or violation content.

2.2. Existing limitation
Through the review and statistics, in Hanoi, 

there are currently 2.921 fire protection projects 
that have not been tested and put into operation 
with a total of 9.466 existing errors and violations 
on fire protection. Among those, 498 works that 
did not meet the requirements on fire protec-
tion were put into use before the Law on Fire 
Prevention and Fighting No. 27/2001/QH took 
effect, with 2.423 works violating regulations on 
fire protection and fire-fighting operation from 
2001 to present [3].

Traffic infrastructure, water source for fire 
protection in the metropolitan area still have 
many shortcomings due to population growth, 
frequent traffic jams, especially at peak hours 
and at streets under construction (overpass, el-
evated urban railway…). Through investigation, 
survey and comparison with current regulations 
and standards on fire protection, the whole city 
needs to install additional 6.882 fire hydrants, 
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343 fire-fighting water tanks, 448 water intakes, 
fire hydrants [2].

In addition, the implementation of tasks by 
the units has not been proactive, the inspection, 
urging, guidance and removal are not timely, so 
the implementation efficiency at the facilities, 
especially at the ward, communes, townships, 
are still limited, leading to the situation that the 
investor and the head of the facility do not com-
ply with the regulations on fire protection and 
rescue.

The construction of the civil defense force, 
the grassroots and specialized fire prevention 
and fighting force are not guaranteed, in which 
the operation in the locality is formal as well as 
the initial fire-fighting organization is still puz-
zled, ineffective and it is equipped with weak 
equipment. This is one of the main causes lead-
ing to big fires. Some officers and soldiers who 
do the fire-fighting activities and rescue lack 
practical experience, and the general level of 
professional qualifications is still not high. The 
training work has not met the requirements of 
the task and has not clearly changed the profes-
sionalism and proficiency in fire protection and 
rescue, which badly affects the effectiveness of 
fighting protection.

3. Solutions to improve the efficiency of 
fire protection and rescue in Hanoi to meet 
the requirements of sustainable development

–  Organize the effective implementation of 
the Master Plan on capacity building and assur-
ance of fire protection and rescue in the capital 
for the period 2021–2025, vision to 2030; Imple-
mentation plan of Resolution No. 05/2022/NQ-
HDND dated July 6, 2022.

–  Strengthen propaganda and dissemination 
of legal education and knowledge of fire protec-
tion and rescue, creating a positive change in 

awareness and action in fire protection and res-
cue of all civil servants, public employees, labor-
ers and a large number of citizens;

–  Build and replicate many good practices 
and new models of advanced examples in fire 
protection and rescue;

–  Continue to advise the competent authori-
ties to promulgate new amendment, adjust and 
supplement legal documents to perfectionize the 
institution in the implementation of fire protec-
tion and rescue;

–  Build a police force for fire protection and 
rescue, ensure the city’s network of headquarters, 
barracks, payroll structure, forces, equipment and 
means; stable operation, quality, efficiency in or-
der to meet the requirements of the City’s work 
on fire protection and rescue as well as ensure 
to relate to the motto “The regular Metropolitan 
Police force for fire protection and rescue”;

–  Raise awareness in fire protection and res-
cue of heads of Party committees, local authori-
ties, units at all levels, heads of establishments, 
agencies and organizations, businesses and 
people in the area, focusing on enhancing the 
quality and effectiveness of the construction of 
the all-people movement for fire protection and 
rescue, and the propaganda, dissemination and 
education of legal knowledge on fire protection 
and rescue;

–  Increase the effectiveness and efficiency 
of the state management of fire protection and 
rescue in the city; thereby focusing on improv-
ing the capacity of units assigned to perform the 
function of state management of fire protection 
and rescue; at the same time, focus on defini-
tively solving the backlogs in fire protection and 
rescue in residential areas and infringing works;

–  Plan and develop fire protection infrastruc-
ture in association with the general planning on 
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construction of the capital by 2030, with a vision 
to 2050 so as to meet the requirements of the fire 
protection and rescue work of the City;

–  Constantly reform and simplify admin-
istrative procedures for fire protection and res-
cue; create maximum favorable conditions for 
people and businesses, and at the same time 
meet the requirements of society in the new 
situation;

–  Promote the application of “digital tech-
nology” in the state management of fire pro-
tection and rescue; fire alarm information and 
organize the dispatch of fire protection and res-
cue for command to meet the requirements of 
fire protection and rescue tasks as prescribed;

–  Strengthen scientific research and applica-
tion of results on fire protection and rescue in ac-
cordance with the characteristics of the Capital.

4. Conclusion
Hanoi, capital of Vietnam, will continue to de-

velop strongly in the direction of civilization and 
modernity while the urbanization process will con-
tinue to take place rapidly; According to the types 
of production, business and service establishments 
in the capital, they will develop constantly. Since 
then, the work of fire protection and rescue in the 
metropolitan area needs to be strengthened and 
further promoted. The above solutions are basi-
cally comprehensive, logical, scientific and feasible 
in practice, however, due to these effectively imple-
mented solutions, the participation of the whole 
Prime Minister’s government system is required. 
With the support of people living and working in 
the capital, the effectiveness of fire protection and 
rescue in the city will be enhanced, contributing to 
promote sustainable development.
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ИННОВАЦИОННЫЙ ИЗМЕРИТЕЛЬ ЗАТУХАНИЯ 
ОПТИЧЕСКОЙ МОЩНОСТИ

Аннотация. В настоящей работе произведен анализ вариантов реализации измерителя за-
тухания оптической мощности. В результате анализа выбран вариант на базе микроконтроллера, 
который основан на широких возможностях существующей элементной базы, совместимой 
с ТТЛ-логикой микроконтроллеров различного типа.

К преимуществам измерителя затухания оптической мощности можно отнести широкий 
диапазон измерений, высокую точность и надежность прибора.

Ключевые слова: Измеритель затухания, оптический тестер, оптическая мощность, микро-
контроллер, принципиальная электрическая схема, оптический усилитель.

Введение
Измерение оптической мощности является 

метрологической основой волоконной оптики, 
а измерительный преобразователь оптической 
мощности в той или иной форме использует-
ся практически в каждом средстве измерения 
параметров световой волны [1]. Оптическая 
мощность обычно определяется на основе из-
мерений электрической мощности, так как по-
следняя может быть точно определена по току 
и напряжению. Большинство лабораторий на-
циональных стандартовдетально исследуют этот 
вопрос [2–4].

Данное исследование необходимо для 
определения качества оптических линий и их 
влияние на работу сети в  целом. Зачастую 
имеющиеся проблемы в сети не связывают 
с недостаточным качеством оптических трасс 
[5]. Существует множество факторов, кото-
рые влияют на затухание сигнала в оптиче-
ских линиях.

Измерение оптической мощности и зату-
хания, позволяет быстро дать ответ на вопрос 
о годности оптической линии, ее соответствия 
требуемому стандарту передачи данных.

Проектирование измерителя затухания 
оптической мощности

Измерение затухания осуществляется на 
всех стадиях производства оптического кабе-
ля, строительства и эксплуатации ВОЛС. Из-
меряют коэффициент затухания оптического 
кабеля, затухание строительных длин, затуха-
ние смонтированного участка регенерации, 
затухание соединений ОВ.

Главной задачей параметрического проек-
тирования измерителя затухания оптической 
мощности является получение основных ха-
рактеристик, удовлетворяющих поставлен-
ным требованиям и наилучших с точки зрения 
принятого критерия оптимизации. Одной из 
трудностей при проектировании измерителя 
является выбор критерия оптимальности [6]. 
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Обычно исходными данными при проектиро-
вании прибора является диапазон длин волн 
измеряемого сигнала, параметры источника 
питания, и другие.

Для поиска оптимальных параметров ис-
пользуются математические модели измери-
теля, приведённые при анализе статических 
и динамических характеристик.

Все вышеизложенное свидетельствует 
о  том, что данные математические модели 
удовлетворяют требованиям, предъявляемым 
к математическим моделям, используемым для 
оптимального проектирования.

Наибольшее число задач проектирова-
ния измерительных приборов связано с уве-
личением чувствительности, повышением 
точности, получением линеаризованной 
статической характеристики и повышением 
быстродействия. В связи с этим рассмотрим 
некоторые задачи оптимального проекти-
рования измерителя затухания оптической 
мощности по критериям: максимум чувстви-
тельности, линейности статической характе-
ристики и точности и быстродействия.

Разработка измерителя затухания опти‑
ческой мощности

Принципиальная схема измерителя затуха-
ния оптической мощности приведена в рис 1. 
Светодиоды VD2 и VD3 представляют собой 
полупроводниковые лазерные излучатели на 
длинах волн 1310 и 1550 нм соответственно. 
Фотодиод VD1 представляет собой разрабо-
танный Au-nGaAs: O-CdS-InP-Au широко-
полосный фотодиод, рассчитанный на длину 
волн 1310 нм и 1550 нм соответственно.

С выхода лазеров VD2 и VD3 и фотодиода 
VD1, с помощью инструментальных усилите-
лей U1 и U2, а также программируемого уси-
лителя U3 сигнал нормализуется до необходи-

мого уровня (0…4В) для подачи на вход АЦП 
U4. Опорное напряжение 4,096В вырабаты-
вается прецизионным параметрическим ста-
билизатором U9. Преобразованные данные 
с выхода АЦП в цифровой форме по шине SPI 
передаются микроконтроллеру U5. В  целях 
экономии энергии аккумуляторной батареи, 
микроконтроллером управляется подача пита-
ющих напряжений на измерительные модули 
и усилители, через стабилизаторы напряжений 
U10-U12.Вывод информации осуществляется 
жидкокристаллическим 1.3 дюймовым моно-
хромным OLED дисплеем О1 через I2Cпорт 
микроконтроллера. Для управления работой 
прибора служат кнопки К1-К6. При необхо-
димости информация может быть записана 
на микро флеш карту (MicroSD) и передана 
на персональный компьютер через USB порт 
в виде файлов. Микросхема U7 служит для за-
рядки литий ионного аккумулятора, черезUSB 
порт током около 250мА. Для нормального 
функционирования АЦП и  инструменталь-
ных усилителей, с помощью импульсного пре-
образователя U13 вырабатывается +5В.

При нажатии кнопки POWER подается пи-
тающее напряжение на микроконтроллер и про-
изводится запуск программы. Вначале конфигу-
рируются внутренние тактовые частоты, порты 
ввода-вывода и периферийные модули. Произ-
водится настройка дисплея, программируемого 
усилителя и MicroSD карты. Проверяется на-
личие связи с ПК через USBпорт. Проверяется 
уровень заряда аккумулятора, если напряжение 
меньше 3,3В то на дисплей выводится информа-
ция о низком заряде аккумулятора и микрокон-
троллер переходит в спящий режим. Если заряд 
аккумулятора в норме, то на дисплей выводится 
меню пользователя и ожидается нажатие кно-
пок управления. Вся необходимая информация 
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и режимы работы выводятся на дисплей. При 
выборе пользователем режима измерения, 
то в зависимости от выбранной длины волны 

и частоты модуляции включается нужный оп-
тический модуль и производится считывание 
данных с АЦП.

Рисунок 1. Принципиальная электрическая схема 
измерителя затухания оптической мощности

Конструктивно оптический тестер выпол-
нен в пластмассовом корпусе и содержит сле-
дующие узлы [9]: адаптер, три фотодиода, ис-
точник излучения (лазерный диод), печатную 
плату, ЖК – индикатор, кнопки управления, 
элементы питания, измерительный щуп.

Подводя итоги, и сформировав требования 
к  измерительному прибору перейдем непо-
средственно к описанию измерителя затуха-
ния оптической мощности на примере трех 
канального устройства. (На рис. 2) показана 
структурная схема прибора для измерения за-
тухания оптической мощности.

Прибор состоит из трех независимых кана-
лов измерения и сравнения оптической мощ-
ности, принятой из оптоволокна, с заданной.

В каждый канал измерителя включен фото-
диод. Фотодиоды на схеме условно обозначены 
как: VD1– фотодиод n-n+Si-Ag, с максимумом 
спекральной харктеристики 850 нм., ширина ха-
рактеристики 0,4–1,2 мкм; VD2– фотодиод Au-
nCdS-nSi-pCdTe-Au, с максимумом спекральной 
харктеристики 1310 нм, ширина характеристи-
ки 1,0–1,4 мкм; VD3 фотодиод – Au-nGaAs: 
O-nCdS-nInP-Au с  максимуомм и  шириной 
спектральной характеристики 0,5–1,8 мкм.

Применение в  схеме трех фотодиодов 
с приведенными характеристиками позволя-
ет как выполнять функции автоматического 
определения длины волны принятого по оп-
тиволокну сигнала, так и производить встро-
енный контроль измерителя.
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Рисунок 2. Структурная схема измерителязатухания оптической мощности

Применение в  схеме трех фотодиодов 
с приведенными характеристиками позволя-
ет как выполнять функции автоматического 

определения длины волны принятого по оп-
тиволокну сигнала, так и производить встро-
енный контроль измерителя.

Рисунок 3. Спектральные характеристики фотодиодов, применяемых 
в измерителе затухания оптической мощности

Принцип работы предложенного изме-
рителя затухания оптической мощности по-

ясмняется спектральными характеристиками 
фотодиодов, приведенными на (рис. 3).



Section 7. Technical sciences

102

Используя такую комбинацию спектраль-
ных характеристик, можно реализовать изме-
ритель затухания оптичекой мощности с функ-
цией автоматического определения длины 
волны измеряемого сигнала, а также с функци-
ей встроенного контроля.

Заключение
Произведен анализ вариантов реализации 

измерителя затухания оптической мощности, 
выбран вариант на базе микроконтроллера. 
Выбор данного варианта основан на широ-
ких возможностях существующей элементной 

базы, совместимой с ТТЛ-логикой микрокон-
троллеров различного типа.

На основании выбранной схемы реализа-
ции, разработаны на уровне принципиальных 
схем, а также предложено конструктивное ис-
полнение измерителей затухания оптической 
мощности.

Для измерения затухания оптической 
мощности был разработан и изготовлен при-
бор с тремя каналами регистрации мощности 
оптического излучения.
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FEATURES OF IMPROVING THE SYSTEM OF COLLECTION, 
PREPARATION AND TRANSPORT OF NATURAL AND 

ASSOCIATED GAS AT GAS CONDENSATE FIELDS

Abstract. The article is devoted to a detailed consideration of proposals to improve the system of 
collection, preparation and transport of natural, associated gas and condensate on the example of the 
Altyguyi gas condensate field. The topic of operation of gas wells, the state and proposals for improv-
ing the system of collection and treatment of gas and condensate are touched upon. The resources 
of high-pressure gas, which ensures its preparation to the required conditions at the integrated gas 
treatment plant, corresponding to the calculated values of the inlet pressure.

The feature of the operation of the IGTU (integrated gas treatment unit) at the current stage of 
field development and the need to maintain a pressure at the inlet to the installation that ensures the 
required quality of export gas is considered.

This offer is necessary for high-quality collection, preparation and transportation to consumers.
Keywords: Unit, group measuring unit, booster pumping unit, associated gas, natural gas, refrig-

eration, gas separation.

The system of collection and preparation 
of products at the wells of the Altyguyi field is 
compatible with the collection and preparation 
of products at the wells of the Korpedje field.

The system of collecting and preparing gas 
condensate wells of the Altyguyi field is shown 
in the figure.

The products of gas condensate wells with gas 
pipelines are sent to a complex metering unit and 
from there they are sent through collectors to the 
first stage of the Korpedje complex gas treatment 
plant.

Let’s consider the features of the energy tech-
nology complex of a gas condensate field on the 

example of the Western part of Turkmenistan, 
including producing wells, a collection system, 
a preparation system and compression of the ex-
tracted gas in the aspect of expediency (necessity) 
of modification (reconstruction) for the future 
covered by the field development project [1].

The compressor station (CS) provides:
1) compression of associated gas coming to 

the CS reception through the gas pipeline in three 
compression stages: from 0.3 MPa to 7.5 MPa;

2) compression of associated gas coming to 
the CS reception via combined gas pipelines 
from oil and gas collection points (DNC‑1 and 
DNC‑2) by fields;
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Figure 1. The system of collecting and preparing gas condensate wells of the Altyguyi field
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3) compression of the natural gas of the gas 
condensate field itself, which is received by the 
CS through an incoming combined gas pipeline 
connected to the corresponding group measur-
ing units (GMU).

The technical and technological features of 
the CS are also:

–  the presence at the compressor station of 
two units (with cooling systems) of the first and 
second stages of compression of associated gas 
from an inlet pressure of 0.3 MPa to a pressure 
of 2.8 MPa, which is the inlet pressure to the ter-
minal (third) compression stage;

–  the presence at the compressor station of 
three units at the third compression stage, one 
of which is designed to compress associated gas, 
and the other two to compress natural gas com-
ing directly to the final compression stage from 
the natural gas supply pipeline;

–  the presence of a gas cooling system by 
low-temperature mechanical refrigeration, i. e. 
by low-temperature condensation, which is pro-
vided by generating cold on steam compression 
machines using a refrigerant – freon.

The gas resources that can be disposed of (sent 
to the consumer with the required gas quality) 
through the CS are unambiguously equal to its 
design productivity per year while maintaining 
the above pressure at the inlet to the CS through 
two gas streams [2; 3].

A feature of the operation of the gas process-
ing unit (integrated gas treatment unit) at the 
current stage of field development is the need to 
maintain a pressure at the inlet to the installation 
that ensures the required quality of export gas, 
i. e. obtaining dew points for water and hydro-
carbons established by the gas supply contract.

The current analysis of the parameters of the 
operation of the IGTU reveals a shortage of res-

ervoir energy of the gas pressure entering the 
IGTU in the modes corresponding to the design 
performance.

We note that the overall (integral) effect of 
gas cooling using low-temperature gas separation 
technology using regenerative heat exchange 
largely depends on the type of installed heat ex-
changer, i. e. its design features and the area of the 
heat exchange surface [4].

The heat exchangers installed on the IGTU pro-
vide an almost twofold decrease in the temperature 
of the gas entering the low-temperature separator 
in relation to the Joule-Thompson choke effect.

The formula for determining the required op-
erational value of the gas separation temperature 
(in a low-temperature separator) is presented as:

T T Т Тsep ent thr то = − −. .∆ ∆
Tent. – is the temperature of the gas at the en-

trance to the IGTU;
ΔТthr. – reducing the temperature on the throt-

tle due to the Joule Thompson effect:

∆
∆

Т
P

thr . = ε
ΔРthr. – is the pressure drop on the throttle, 

MPa;
ε – is the Joule-Thompson coefficient, de-

termined by the thermodynamic conditions of 
throttling and assumed to be ε = 0.27 MPa/°C;

ΔТо – is a decrease in the temperature of the 
gas in the heat exchanger, which, according to 
operational data, is represented as:

∆ ∆Т Тthr thr. . = 2
The critical value of the pressure at the inlet to 

the IGTU, at which the conditions for the prepa-
ration of conditioned gas are met, is determined 
by the ratio:

P Р Рent cr req thr. . . . = +
where Preq. is the pressure at the beginning of the 
gas pipeline (at the outlet of the IGTU), which, 



Section 7. Technical sciences

106

in turn, is determined depending on the values of 
the required pressure at the end of the pipeline 
and pressure losses in the pipeline;

P Р Рreq ter g p = +. . . ,∆
where: Pter is the terminal pressure accepted un-
der the terms of gas supply equal to 5.6 MPa.

As a result of calculations based on the above 
ratios, the necessary pressure drop at the IGTU to 
obtain conditioned gas with a dew point on water 
Td.w. = 0 °C is in summer ΔP ~ 3.0 MPa and in win-
ter ΔP ~ 1.5–2.0, which corresponds to the need 
to provide at the entrance to the IGTU pressure 
Pent ~ 9.5 MPa in summer and 8.5 MPa in winter.

The resources of high-pressure gas, which en-
sures its preparation to the required conditions at 
the IGTU, corresponding to the above calculated 
values of the inlet pressure, are determined in this 
field development project for the future under 
consideration [5].

Due to the projected reduction in high-pres-
sure gas resources in the future, in order to main-
tain the operation of the gas compressor station 
in modes that ensure gas preparation to export 
condition, an urgent construction of a booster 
compressor station is required.
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Abstract. Fires, explosions, incidents and accidents can happen at any time, anywhere, therefore, 
besides prevention, the organization of effective firefighting and rescue work is important households 
will make an important contribution to reducing loss of life and property. The article is based on 
analyzing and evaluating the results of firefighting and rescue work in Vietnam, from which, lessons 
learned in the organization of this work are drawn.
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1. Make a problem
Like other countries in the world, in parallel 

with socio-economic development, the risk of 
fire, explosion, incident and accident is always 
potential. The prevention of fire, explosion, in-
cidents and accidents is always a top priority, 
however, when a fire, explosion, incident or ac-
cident occurs, the research, organization and im-
plementation are synchronous and effective the 
results of firefighting and rescue work will make 
an important contribution to saving lives, saving 
properties, preventing fire spreading and causing 
serious and especially serious damage. Therefore, 
the study of experience in this work organization 
has an important meaning in the combat practice 
of the fire prevention and fighting forces in the 
performance of their assigned tasks.

2. Practicality
2.1. Situation of fire, big fire and incidents 

and accidents
–  Fire situation: In the first 6 months of 2022, 

there were 848 fires nationwide (22 large fires, 
397 medium fires and 429 small fires), killing 41 
people, injuring 42 people, and causing damage 
to property estimated assets of 414.73 billion 

VND and 40.87 hectares of forest. In addition, 
there were 1,778 incidents of short-circuiting of 
electrical equipment on electric poles, in people’s 
houses and insignificant damage to grass, garbage 
and other scraps. Compared with the same pe-
riod in 2021, the number of fires decreased by 
306 cases (848/1,154 cases), 12 deaths (41/53 
people), 35 injuries (42/77 people), and prop-
erty damage increased 128.06 billion VND 
(414.73/288.67 billion VND). The number of 
big fires decreased by 02 cases (22/24 cases), 
property damage increased by 153.3 billion 
VND (332.2/196.9 billion VND) [1].

–  Situation of incidents and accidents: In the 
first 6 months of 2022, there were 518 incidents 
and accidents nationwide (312 underwater res-
cues, 63 emergencies, traffic rescues, 12 overhead 
rescues, 03 rescues, construction collapses, 08 
rescues in tunnels, deep wells, 03 landslides and 
117 rescues other). Compared to the same pe-
riod in 2021, information requesting rescue and 
rescue of incidents and accidents increased by 06 
cases (518/512 cases) [1].

–  Big fire situation: In the first 6 months 
of 2022, there were 22 major fires (22 cases 
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out of 2.626 fires and fire incidents, account-
ing for 0.84%); not cause damage to people; 
property damage was about 331.2 billion VND 
(331.2/414.73 billion VND, accounting for 
79.86%). In which, the type of fire occurrence is 
the production, business and service establish-
ments, there is no big fire in the type of house-
hold houses and forests. At the time of the fire, 
09/22 cases occurred during the day, during 
working hours (accounting for 40.1%); 13/22 
cases occurred at night, outside working hours 
(59.9%). No loss of life, damage to property was 
31.2 billion dong [1].

In general, the fire situation in the first 6 
months of 2022 decreased by both criteria (num-
ber of fires and human losses) compared to the 
same period in 2021. However, the fire situation 
was still concentrated in residential areas and 
houses single residences and houses in combina-
tion with production and business still have com-
plicated developments (accounting for 46.75% 
of the total number of fires), there have been a 
number of fires that have caused serious damage 
to people and properties, interest comment. In 
addition, the number of fires at production, busi-
ness and warehouse facilities accounts for a high 
proportion (accounting for 18.46% of the total 
number of fires). The areas and areas where the 
fires occurred are mainly in urban areas, localities 
with rapid economic development and urbaniza-
tion, with many production and business estab-
lishments and concentrated residential areas.

Although the number of large fires has in-
creased, compared to the required target, it is still 
ensured to control the rate of the number of large 
fires below 1% of the total number of fires. Large 
fires are concentrated mainly in localities with 
rapid economic and social development, with 
many industrial parks, many production and 

business establishments, in which, the number 
of large fires occurs mainly in localities in South 
Vietnam (10/22 cases, accounting for 45.5%). 
The area where the fire occurred was mainly 
at production and business establishments in-
terspersed in residential areas (accounting for 
63.6%) and production and business establish-
ments in industrial parks (accounting for 36.4%). 
The type of large fire that often occurs is mainly 
at establishments producing and trading inflam-
mable items such as: Wood production and pro-
cessing establishments; textile; plastic, paint, 
electronic components. The time when major 
fires occurred was mainly at night, outside work-
ing hours.

2.2. Results of firefighting and rescue work
–  Professional training in firefighting and rescue 

and rescue: The Police Department of Fire Pre-
vention and Fighting and Rescue shall assume 
the prime responsibility for, and coordinate with 
the University of Fire Prevention and Fighting – 
the Ministry of Public Security of Vietnam in, 
researching and developing a draft of 20 train-
ing documents for firefighting and 10 training 
documents for rescue operations; completed 07 
films of technical training, firefighting and res-
cue tactics. To guide the local police in formu-
lating programs, plans, organizing training and 
inspecting firefighting and rescue operations for 
conscripts. Organized training to improve fire-
fighting and rescue skills in 2022 for officers and 
soldiers. 100% of local police develop a plan to 
improve the effectiveness of training in firefight-
ing and rescue operations. Maintained thorough 
training, tactics of firefighting and rescue, daily 
physical exercises for officers and soldiers, in 
which, some localities have organized additional 
training with appropriate contents with condi-
tions and equipment of the unit such as: Using 
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new equipment and technology for firefighting; 
firefighting of adjacent houses and concentrated 
residential areas; firefighting in alleys, deep al-
leys, water shortage areas; high-rise building fire-
fighting; …

–  Standing work of readiness for firefighting 
and rescue: Actively developing a plan and orga-
nizing a permanent inspection of readiness for 
firefighting and rescue on holidays and Tet at the 
police unit local authorities, thereby, promptly 
reminding and correcting limitations and short-
comings in the standing work of being ready for 
firefighting and rescue. Organize the inspection 
of the permanent work of the police of local units 
when taking place major events and national 
events. Monitor, guide and urge local police to 
seriously perform the work of standing ready for 
firefighting and rescue. Implement Circular No. 
139/2020/TT-BCA dated December 23, 2020 
of the Ministry of Public Security regulating the 
permanent work of firefighting and rescue of 
the People’s Public Security force and guidance 
of the Department of Public Security Police of 
fire prevention and fighting and rescue and res-
cue – Vietnam’s Ministry of Public Security, the 
standing work of being ready for firefighting and 
rescue and rescue is strictly maintained 24/24h 
as prescribed; assigning commanders and stand-
ing officers for firefighting and rescue and rescue 
with an average daily average of about 6.303 of-
ficers and soldiers and 2.324 firefighting, rescue 
and motorized vehicles of all kinds to be ready 
perform their duties when there is a fire, explo-
sion, incident or accident. The police of the lo-
cal units have strengthened the work of checking 
the readiness for firefighting and rescue, periodi-
cally and irregularly according to regulations; 
promptly issue documents to direct and correct 
shortcomings and limitations in standing work 

for units and individuals that have not been seri-
ously implemented.

–  The work of firefighting plans and rescue 
plans: The Fire Prevention and Fighting and Res-
cue Police Department has guided the Police of 
63 provinces and cities to survey and build 146 
firefighting plans of the public security agency 
that mobilizes forces and means of firefighting 
and rescue and rescue of the police of many 
provinces and centrally-run cities to participate 
in firefighting and rescue, and submit it to the 
Chairman of the People’s Committee of the prov-
ince. Provincial people and the Minister of Public 
Security for approval according to regulations. In 
the first 6 months of 2022, the Ministry of Public 
Security has appraised and proposed the leader-
ship of the Ministry of Public Security to approve 
118/146 plans built by 48/63 local police (reach-
ing 80.78% of the total number of plans). To ful-
fill the target of 2022, in the first 6 months of 
the year, the local police have registered to build 
and approve the firefighting plan of the police 
agency for 16.268 establishments at risk of fire 
and explosion. As a result, 12.839/16,268 plans 
have been developed and approved (reaching 
78.9%) and organized to practice 2.302/2.506 
firefighting plans of the police agency for facili-
ties at risk of fire and explosion (reached 91.8%). 
Organized practice of 246/307 firefighting plans 
for residential areas with high risk of fire and ex-
plosion (reached 80.1%).

–  Organization of firefighting and rescue: The 
Police force for fire prevention and fighting and 
rescue has mobilized a total of 4,302 turns of 
motorized fire fighting vehicles of all kinds and 
26.637 turns of combat officers directly partici-
pated in fighting 750/848 fires; mobilized a total 
of 1.384 turns of vehicles and 8,207 turns of offi-
cers and soldiers to organize rescue of 785 / 1.778 
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fire incidents (accounting for 58.5% of total fires 
and fire incidents), the number of remaining fires 
and fire incidents was extinguished by the local 
forces and the people themselves (accounting for 
41.5%). In addition, the whole force 1.179 turns 
of vehicles of all kinds and 7.203 turns of officers 
and soldiers directly participated in rescue and 
rescue for 518 incidents and accidents. Statistics 
show that, there are 02 fires requiring mobiliza-
tion of forces and means of the neighboring local 
police according to coordination regulations; 17 
cases must mobilize many forces and means of 
local agencies, organizations and households to 
participate in handling according to the plan of 
the provincial People’s Committee. On average, 
one big fire requires 12.6 vehicles and 77.4 offi-
cers and soldiers, the average firefighting time of 
a big fire is about 6.6 hours. Through the evalu-
ation results of firefighting and rescue, fire res-
cue shows that 95.7% of the cases are good and 
good; 4.3% of cases achieved the average score; 
no number of weak or poor cases. The process 
of organizing firefighting and rescue and rescue 
of fires, incidents and accidents, the fire preven-
tion and fighting police force directly saved and 
guided the safe escape for 01 victims in fires, 259 
people in accidents and incidents; found 301 vic-
tims’ bodies, and at the same time guided thou-
sands of people who were victims of fires and 
accidents and escaped safely; directly save and 
protect the safety of 435 houses and structures, 
directly save an estimated value of 236 billion 
VND and thousands of hectares of forest [1].

–  Lessons learned from fires, explosions, inci-
dents and accidents: According to statistics in the 
first 6 months of 2022, there were 419 fires and 
518 incidents and accidents that are subject to a 
meeting to draw experience on a separate topic 
and send the organizational plan and report on 

the results of lessons learned to the Fire Preven-
tion and Fighting and Rescue Police Department 
according to regulations. Up to now, 416/419 
fires and 467/518 incidents and accidents have 
been held to draw lessons; 182/185 records of 
management and monitoring of fire prevention 
and fighting activities have been copied and sent 
to the Police Department for Fire Prevention, 
Fighting and Rescue.

2.3. General assessment
–  Advantages: Legal documents in the field 

of fire prevention and fighting and rescue are 
increasingly being improved and improved. 
The work of monitoring, guiding and directing 
the professional aspects of firefighting and res-
cue is interested and focused. Organizing the 
work of standing ready for firefighting and res-
cue, 24/24h, directly receiving and processing 
information, maintained to ensure regulations; 
ready plans and plans to promptly mobilize and 
mobilize forces and means for firefighting and 
rescue; professional training has been gradually 
reformed and put into order; the organization 
of firefighting and rescue activities and learning 
from fire experiences have basically ensured the 
procedures and regulations; officers and soldiers 
with positive spirit, overcoming difficulties in 
deploying firefighting and rescue activities have 
been gradually raised, achieving many positive 
results. The above-mentioned achievements have 
contributed to curbing the increase in the num-
ber of fires, explosions, incidents and accidents, 
maintaining political stability, ensuring social or-
der and safety, and effectively serving the com-
munity socio-economic development goals of 
the country.

–  Typical limitations and inadequacies: Traf-
fic systems in many places have not met the 
requirements of firefighting and rescue work. 
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Total number of roads for urban traffic, rural 
traffic, inter-regional traffic, etc. with a mini-
mum width of 3.5m and a minimum height of 
4.5m for fire trucks and ladder trucks to operate: 
70.166/237.408 routes (accounting for 29.56%); 
the total number of junctions, intersections and 
corners that are not safe for fire trucks and lad-
der trucks is: 117.270/423.434, accounting for 
27.69%; the total number of internal and inter-
nal traffic routes without parking for fire fight-
ing vehicles is: 46.465/102.641, accounting for 
45.27%; total number of roads, streets, alleys, 
alleys with platforms, platforms, baries, roofs 
and roofs that obstruct the operation of fire en-
gines; alleys and alleys with a depth of 200m or 
more: 35.561/260.464, accounting for 13.65%; 
the total number of unsecured bridges and cul-
verts for fire trucks and ladder trucks to operate 
is: 14.276/30.890, accounting for 46.22%; the 
total number of establishments and residential 
areas with their entrances blocked by stakes and 
barriers; located in a small alley with a depth 
of 200m or more, fire trucks cannot access: 
35.887/255.019, accounting for 14.07%; out of a 
total of 50.565 fire hydrants, the number of dam-
aged or unrepaired water poles is 5.418, account-
ing for 10.7%; the number of water hydrants that 
can’t get water (due to the end of the source, 
pressure, weak flow,…) is 6.339 poles, account-
ing for 12.5%; There are 22.200 firefighting water 
tanks in the whole country, however, the number 
of tanks that can’t get water is 6.865 tanks (ac-
counting for 30.7%). There are 935 water intake 
wharfs, 288 water collection pits, of which 212 
wharfs can collect water, 77 water collection pits 
fire trucks cannot collect water (accounting for 
23.6%); There are 14.283 ponds, lakes, canals 
and ditches in the whole country, of which there 
are 6.023 ponds, lakes, canals and ditches (ac-

counting for 42.5%) fire trucks cannot get water, 
it is necessary to build water intake stations [1]. 
Some localities have not properly implemented 
the process of management, preservation and 
maintenance of fire-fighting and rescue vehicles, 
such as: Not discharging the bottom of the pump 
after firefighting and training; insufficient pres-
sure of the respirator, the fire truck is damaged 
but there is no suitable replacement material, 
etc.; many fire-fighting and rescue vehicles have 
a service life of less than 10 years but operate 
stably, often having incidents or breakdowns; a 
part of cadres and soldiers have not yet mastered 
physical exercises, manipulating the use of fire 
fighting and rescue vehicles, are not proficient, 
have not followed the procedure, have exceeded 
the prescribed time; … The selection of hypo-
thetical situations in the plan of the police agency 
is still simple, not suitable for the scale and na-
ture of the establishment’s operations, especially 
those with high fire and explosion danger. The 
mobilization of many forces and means to par-
ticipate in the situation in the plan has not been 
ensured as required; large fire situations, compli-
cated developments involving the mobilization 
of forces and means of many agencies and orga-
nizations in the locality but not establishing a fire 
fighting command board as prescribed; … The 
implementation of firefighting and rescue opera-
tions for a number of large-scale and complicated 
fires has not yet ensured the prescribed process 
and has not been effective due to the mobiliza-
tion and mobilization of forces, vehicles are not 
timely, have not met the principle of maximum 
force and means in the area when there is a large-
scale fire or complicated happenings; a number 
of fires have mobilized forces and means to fight 
fires that have not yet met regulations; the estab-
lishment of a reconnaissance team for a number 
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of fires with complicated developments does not 
guarantee at least 03 officers and soldiers to per-
form their duties.

–  Objective reasons: The technical infrastruc-
ture conditions for firefighting and rescue and 
rescue have not developed synchronously, have 
not kept pace with the speed of socio-economic 
development, so they have not met the actual re-
quirements off work. The assignment of respon-
sibilities in the management and use of the fire 
prevention and fighting water supply system still 
overlaps, leading to the situation that the fire pre-
vention and fighting water supply system is dam-
aged and degraded long but there is no agency 
or unit responsible for remedying and repairing; 
Current physical facilities are limited and inad-
equate. Most of the barracks of the police units 
for fire prevention, fighting and rescue are cur-
rently not guaranteed and lack a uniform design; 
many barracks are degraded and have not been 
invested or repaired; many units do not have 
their own barracks or headquarters, have to share 
with other units or rent or borrow, so the facili-
ties are not secure; The staff directly engaged in 
firefighting and rescue work in many units is still 
lacking, not meeting the requirements for per-
forming tasks, leading to difficulties in arranging 
permanent positions, many units of combat of-
ficers and combatants have to be on duty con-
tinuously for many days, greatly affecting health.

–  Subjective reasons: Party committees, some 
local authorities, and heads of facilities have not 
really paid attention to fire prevention and fight-
ing, and rescue and upgrading in upgrading and 
renovating infrastructure floors, traffic, water 
sources for fire prevention and fighting; invest in 
infrastructure, arrange land fund, build barracks 
and equip facilities for units directly performing 
firefighting and rescue tasks. The construction of 

the all-people movement for fire prevention and 
fighting and rescue and the implementation of 
the motto four on the spot in many places is still 
a formality, grassroots fire prevention and fight-
ing teams and civil defense teams have not been 
maintained operation or operating efficiency is 
not high. The awareness and consciousness of a 
section of the head of the facility is still limited, 
not grasping the importance of the construction 
and practice of the plan, leading to the quality 
of the treatment plan meeting the requirements.

3. Lessons learned
–  Completing a complete and appropriate le-

gal system to meet practical requirements of fire-
fighting and rescue, in which specific regulations 
on forces and means of firefighting and rescue are 
specified; commanding firefighting and rescue 
and rescue; organize firefighting and rescue activi-
ties; responsibilities of subjects in firefighting and 
rescue activities; regimes and policies when par-
ticipating in firefighting and rescue activities; …

–  It is necessary to have the leadership and 
direction of the whole political system, local au-
thorities, the synchronous and drastic deploy-
ment of the People’s Public Security force, the 
core of which is the Fire Prevention, Fighting and 
rescue Police force;

–  Technical infrastructure system in service 
of firefighting and rescue, such as traffic, water 
source, communication system, electricity system, 
etc. must be synchronous and ensure the opera-
tion of force firefighting and rescue means, when 
a fire, explosion, incident or accident occurs;

–  Implement the formulation and practice 
of firefighting plans, rescue and rescue plans se-
riously and in accordance with regulations. In 
particular, it is necessary to pay attention to and 
focus on the organization of exercises to coor-
dinate many forces and means of participation;
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–  To strictly implement the work of drawing 
lessons from each fire, explosion, incident, and 
accident that occurs, to promptly encourage and 
reward individuals and units for effective perfor-
mance, and to criticize and review individual unit 
does not perform well. On that basis, advise and 
propose effective preventive measures and solu-
tions as well as organize more effective firefight-
ing and rescue activities;

–  The police force for fire prevention and 
fighting and rescue should actively practice their 
bravery, practice themselves to improve their 
skills and tactics, and proficiently use tools and 
means to serve the fire prevention and fighting 
work firefighting and rescue has been equipped. 
At the same time, actively build and guide the 
fire prevention and fighting forces on the spot 
to ensure the standing work of being ready for 
firefighting and rescue; organize the implementa-
tion of unified and effective firefighting and res-

cue activities right from the time a fire, explosion, 
incident or accident arises;

–  Ensuring funding for equipment and 
means for firefighting and rescue; at the same 
time, ensure funding for maintenance of firefight-
ing and rescue operations; regimes and policies 
for forces participating in firefighting and rescue.

4. Conclusion
Each country has its own characteristics such 

as technical infrastructure planning, operational 
apparatus organization to meet the requirements 
of firefighting and rescue work. Lessons from 
Vietnam’s experience from the perspective of the 
author’s research and understanding are compre-
hensive and systematic. Accordingly, depending on 
the reality of each country, it can be researched and 
applied flexibly and appropriately, contributing to 
improving the efficiency of firefighting and rescue, 
thereby minimizing the risks of fire damage caused 
by fire, explosion, incident, accident occurred.
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Abstract. The paper deals with porous material hard base coating subjected to temperature and 
force effects. The limit displacement of the loaded surface is determined. The limit values of the 
problem parameters under which the displacement exists, are found.
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Introduction
Coatings are widely used for hardening machine 

parts, for increasing the durability of the structure, 
for similar technological processes in modern engi-
neering. Analysis of these coatings allows the tech-
nological processes to be made more effective, and 
this indicates the need for their implementation. 
Complexity of analysis are determined by many 
factors: complexity of bounding surface contact-
ing with coating, variety of coating material and 
effects on it, etc. All of the above listed, not only 
complicates the analysis, but in some cases leads to 
the need to consider new equations. An example of 
a new approach is accounting of porosity of coating 
material. Accounting of this factor is complicated 
if in the operation process of the machine parts 
with coating the porosity parameter changes. One 
of the factors leading to change of the considered 
parameter is joint temperature and force effect on 
the construction. To study this change we ignore 
the elasticity of the part, i. e. we consider only the 
hard base. Furthermore, we consider the simplest 
form of the bounding surface, i. e. the plane.

We consider a coating of thickness Н on the 
hard base and under longitudinal load of inten-

sity Р uniformly distributed on the surface. As-
sume that on the loaded surface we are given tem-
perature T1 , on the base-contacting surface the 
temperature T0 . Determine the displacement of 
the loaded surface caused by the applied force and 
temperature. The solution of this problem is 
known if the material coating is “entire”. However, 
the applied coating can have voids (pores). These 
pores are formed in the following stages: in the 
manufacture of the material and when applying it 
on the base. Their volume depends on tempera-
ture under which these processes are implement-
ed. Without analyzing the causes of occurrence 
of pores, we suppose that they exist in the coating. 
We denote relative volume of these pores by the 
parameter ω  [1]. The existence of pores influ-
ences on the kind of determining equations. In 
fact, availability of pores leads to rupture of solu-
tions, since the medium’s continuity is destroyed. 
An example of this type rupture is the heat equa-
tion. In the body we draw a straight line. For an 
entire body (without pores) temperature changes 
continuously. Suppose that this line passes 
through the pore to the body. Then we obtain that 
along this line the temperature is inhomogeneous, 
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and in the segment of the line passing through the 
pore, the heat conductivity coefficient changes. 
This change of heat conductivity coefficient leads 
to the rupture of the solution of heat equation. 
The type of rupture depends on the statement of 
heat conductivity problem.

We consider quasistatic distribution of tem-
perature on the coating when the material is en-
tire. In this condition, we take into account only 
longitudinal distribution and have:
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where х is a longitudinal coordinate, х = Н is a 
coordinate of the stress surface, х = 0 is a coordi-
nate of the contacting surface. Suppose that the 
coating material is porous. Then the heatconduc-
tivity equation is of the form [2]:
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To determine the quantity ω  we consider the 
equation of its change. The relative volume of 
pores changes due to the change of relative volume 
in the body [3], i. e. ω ω= +0

du
dx

, where � �ω0  is the 
initial value of the parameter ω  and corresponds 
to the unloaded coating, du

dx
 is the change of the 

relative volume of the body under deformation, 
и  is longitudinal displacement of the coating 
points. For the problem under consideration the 
quantity du

dx
 depends on temperature and value of 

the applied load Р. Suppose that the change of the 
body’s relative volume is the sum of the change of 

the body’s relative volume caused by thermal ex-
pansion and change of the body’s relative volume 
caused by the applied load р. Let temperature 
change be linear, i. e. аТ, where α  is the coefficient 
of volumetric thermal expansion. The change of 
relative volume of the body caused by the applied 
load is determined from the physical relationship 
between strain and stress. There are two types of 
stresses for porous materials: the force referred to 
the selected surface and the force referred to the 
selected surface with regard to pores. Note that 
physical relationships are written for the second 
type of stress, in the present case for P � �1

1−( )−ω .  
Allowing for above assumptions, we have: 
ω ω

ω
= −

−






 +0 1

f
p

aT ,  where f  is a function de-

scribing physical state. Allowing for relation (2), 
we represent the equation for determining ω  in 
the form:

ω ω
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−1
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(3)

The obtained equation is integral. The coeffi-
cient of this equation depends on the value of the 
desired quantity. When writing equation (3) it was 
supposed that temperature effect and force applica-
tion is simultaneous. Suppose that at first tempera-
ture was applied. Then instead of (3) we have:

ω ω

ω ω

= +
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..
 (4)

We differentiate the given equation with re-
spect to x . Then instead of an integral equation 
we obtain a differential equation of the form:
d
dx

a T T dx aT
Hω

ω
ω

ω ω= −( ) −( )








 −

= +∫
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−

1 0
0

1
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0 01
1

1
; � � �

for х = 0.
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We represent the solution of this equation in 
the form:

1
2

1 1

0
2 2

1 0
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Hence it follows that:
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We determine the coefficient for T T1 0− . 
Based on the kind of this coefficient and expres-
sion for z −1,  we have:
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After transformations, instead of the obtained 
equality we get:

a T T z
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Squaring both sides of the equation, we ob-
tain:

0

1

0
1 02

H dx
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z
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a
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This expression allows to express the quan-
tity ω  through the problem parameters. Taking 
into account the expression for z , we obtain:

1 2
2

0

2

1 0 0 1 0

1

2

− = = − −( ) − −( )













ω z z x
H
a T T z a T T

or

ω α
α= − − − − −





1 2
20

2
1 0 0 1 0

1
2

z
x
H
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Note that the obtained expression does not 
make sense for all values of problem parameter. 
Restrictions on the value of the parameters are 
found from the coating failure conditions. Based 
on physical sense of relative volume of pores, the 
failure condition has the form: ω =1 . From 
equality (5) we obtain restrictions on the values 
of parameters in the form:

1

2 1
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where х is the coordinate of failure initiation. For 
the fixed value of T0  we get restriction on the 
value of the quantity T1 . We write this restriction 
in the following form:

T T x
H
a T T

x
H

T T

1 0

2 2

1 0

0 0 0 0

2

2 1 1 0

−( ) − −( ) ⋅

⋅ − −( ) + − −( ) =

α

ω α ω α .

As the failure makes sense for the least value 
of temperature, we get that failure occurs for 
x H= . Then we have:

T T T
1 0 0 0

1 0−( ) − − −( ) =α ω α .

Hence we find that the value of temperature 
T1  on the external surface x H= � in which failure 

occurs, equals: T
1 0

1

2
1= −( )ω .

We determine displacement of external sur-
face points. From the equation of change of the 
parameter ω  it follows:

du
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z x
H
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..

� (6)

From the condition of contact of the coating 
with rigid base we have� � � �u = 0 for x = 0.  Then, af-
ter integrating (6) with respect to х and allowing 
for the boundary condition, we get:
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Hence we get that relative displacement of 
displacement of the points of the external surface 
ST  caused by temperature is determined by the 
following expression:
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Determine the limit value of the quantity ST . 
It corresponds to T

a1 0

1
1= −( )ω . Then
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Note that temperature distribution of the 
coating in the transverse direction depends on 
the parameter ω.  For entire and porous materials 
we have:

T T
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respectively.

In the first case the distribution is linear, in 
the second case, parabolic. As a result of tem-
perature effect the relative volume of pores 
changes and takes the value ω ω= ,  that corre-
sponds to the given temperatures T0 , T1 � and 
other problem parameters. Assume that after 
this, the coating is subjected to compression by 
pressure Р. Having accepted Hook’s linear law for 
describing physical state f

E
σ σ( ) =








1  and based 
on equation (3), we obtain:

ω ω
ω

ω
τ
ω
τ= −

−
= −

−
=

1
1 1E

p p
E

; ,�
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Hence we find ω ω ω τ= + − −( ) +
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The sign in front of the root was chosen based 
on physical meaning of ω . In this case, the rela-
tive volume of strain is determined by the follow-
ing equation:
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The value of displacement is determined by 
the following integral:
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where the following denotation was accepted: 
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Hence we get that the relative displacement 
of the external surface points, caused by the load, 
is determined by the following expression:
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The obtained expressions make sense not for 
all values of the load. Under compression, the 
restrictions on the parameters values are found 
from the conditions for closing pores [4]. Based 
on physical meaning of the relative volume of 
pores, the condition for closing the pores is of the 
form: ω = 0 . From the determining equation we 
get restrictions in the form: τ ω= .
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τ ω β β= = − −




















= − −( )x

min

x

min

z
x
H

z� �

� �

1 10
2

1
2

0
2

1
2  for 

x H=  is of practical interest.
We determine the limit value of Sp . It equals
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Assume that at first the load is applied. Then 
the determining equation is of the form:

ω ω
τ
ω

= + =
−

=0 1
0

du
dx

u; � � �  for x = 0.

We take the solution of this system of equa-
tions in the following form:
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Assume that after applying the load the coat-
ing is subjected to temperature effect. Then the 
determining equation has the form:

ω ω ω ω τ= + = ( )0 0aT ; ;� � � � �

T T T T dx dx
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.

The solution of this system is determined by 
the expression when replacing ω0  by ω0 . Assume 
that as it was shown above, in this case it is neces-
sary to solve equation (3). However, we can sim-
plify finding of displacement assuming that dis-
placement is the sum of displacement caused by 
temperature and displacement caused by load-
ing. From the ones mentioned above we can con-
clude that displacement of a loaded surface of 
coating made of porous material, under the tem-
perature and force effects, depends on the load-
ing sequence. Furthermore, there exist limit val-
ues of problem parameters under which the 
found displacement has physical meaning.
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Abstract. Renewable energy is one of the topics that always attract much attention of researchers 
and scientists because of its need and necessity for socio-economic development. In Vietnam too, 
renewable energy has been developing more and more strongly, thereby posing many opportunities 
and challenges for fire prevention and fighting safety. The article researches and analyzes theoretically 
about the structure, working principle, characteristics of fires at renewable energy facilities; on that 
basis, propose solutions to contribute to ensuring the safety of fire prevention and fighting for this 
type of facility in the coming time.
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1. Asking the problem
Renewable energy is a form of energy that 

is generated from natural processes and is con-
tinuously replenished including sunlight, geo-
thermal, wind, tides, water and various forms 
of biomass [1]. These energy sources are not 
exhausted and are continuously regenerated, 
in which, solar power and wind power are the 
most popular and fastest growing types. Wind 
power is generated by wind turbines with gi-
ant propellers mounted on top of the tower, 
while solar power is generated from converting 
sunlight into electricity by using Solar panels 
connected to each other. The rapid growth in 
the number of renewable energy projects re-
quires state management agencies to quickly 
complete the system of relevant legal corri-
dors, especially regulations and standards on 
assurance of renewable energy safety in this 
field, in which the assurance of fire prevention 
and fighting safety plays a particularly impor-
tant position.

2. Structure and operating principle
2.1. Solar power facility
Solar battery system converts energy from 

sunlight into direct current and then converted 
into alternating current through inverter (in-
verter) connected to the grid. The main compo-
nents of this system include solar panels, invert-
ers, racks, and a performance monitoring system. 
Of the above components, solar panels have the 
highest fire risk. The solar panel consists of many 
photovoltaic cells with a pure silicon main com-
ponent, bonded by glass panels, EVA polymer 
adhesive, TPT backplate, heat-resistant alumi-
num frame and circuit junction box [1].

2.2. Wind power facility
Current wind turbines are divided into two 

types: vertical axis and horizontal axis, in which 
horizontal axis wind turbine with 3 blades is the 
most popular type today. The structure of a wind 
turbine consists of different parts such as: pro-
peller, generator, gear, gearbox, brake, control-
ler, electrical wiring system,… The generating 
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units are housed in the cavity and placed on top 
of the pylon. Wind energy will cause the blades 
to rotate around the rotor connected to the main 
shaft, causing the drive spindle to rotate the gen-
erator shaft to generate electricity [1].

3. Hazardous nature and causes of fire and 
explosion

3.1. Solar power facility
The cause of solar panel fires can be caused 

by arcing that occurs during photovoltaic energy 
conversion, such as hot spots, cracks, and aging 
reduces power generation and damages the bat-
teries, leading to overheating and fire. A hotspot 
is a local high temperature area on the panel. The 
occurrence of hot spots can be caused by the 
quality of photovoltaic cells, improper installa-
tion, lack of maintenance, shading or leaves, bird 
droppings, etc. In addition, the cause of the fire 
may be due to the contact of parts in the elec-
trical network, parts of equipment that are not 
qualified, lightning strikes in the area where the 
equipment is located, causing the voltage of the 
system to increase suddenly beyond allowable 
threshold to cause current conflicts.

3.2. Wind power facility
Wind turbines consist of many different parts 

such as propellers, generator turbines, gears, 
gearboxes, brake units, controllers, wiring sys-
tems, support posts… The generating units are 
housed in the turbine and placed on top of the 
pylon. This is the place with the highest risk of 
fire in the wind turbine system because the in-
side of the turbine contains equipment that is 
easy to generate heat, ignite and catch fire. If a 
heat source is present, a fire can break out, which, 
along with the high, well-ventilated conditions, 
will cause the fire to quickly spread to cover the 
entire turbine. In addition, the area at the base of 
the tower (where the wires are connected, elec-

trical monitoring equipment is placed, and the 
entire wind turbine tower is controlled) is also a 
location prone to fire.

The cause of wind turbine fire can be caused 
by objective factors such as lightning, wind, and 
storm. However, through the fact that many fires 
have occurred due to electrical, mechanical or 
human subjective factors such as: Links are bro-
ken due to strong vibrations; short circuit; dis-
charge in the transformer; electrical equipment is 
overloaded; failure of the control system;… The 
useful life of the wind turbine, the geographical 
location where the wind turbine is located are 
important factors leading to the risks, the pos-
sibility of fire incidents and the extent of fire de-
velopment. In places with hot and dry climates, 
cables, transformers, enclosure components and 
control cabinets are susceptible to damage, pos-
ing a potential risk of failure.

4. Characteristics of a renewable energy 
facility fire

4.1. For a solar power facility fire
Due to the built-in thermal energy, when 

the solar panels burn, the fire quickly develops, 
producing a lot of smoke and toxic gases that are 
dangerous to humans and the environment, typi-
cally substances: Cadmium telluride, Arsenide 
gallium; phosphorus; Boron;…

The panels are usually installed firmly on 
the roof, when a fire occurs, it can block the en-
trances and access to the roof to extinguish the 
fire. The prolonged burning process can generate 
secondary phenomena such as equipment explo-
sion, which makes firefighting work mores risky 
and dangerous. On the other hand, because the 
system is installed on the roof, it will increase the 
weight, the prolonged burning process, under the 
influence of the heat source will lose the integrity 
and bearing capacity of the structure, leading to 
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roof collapse. Debris from burnt panels can fly 
away, causing damage, danger to people or creat-
ing new fires around.

4.2. For wind power facility fire
With operational characteristics, wind tur-

bines must be built in geographical areas with 
strong and stable winds, complex geographical 
conditions such as the coast, sandy beaches or on 
high mountain slopes, with limited traffic. Wind 
turbine tower systems are usually over 60 m high, 
so if a fire occurs, there will be many favorable 
factors that cause the fire to develop. In case the 
automatic fire prevention and extinguishing de-
vices do not work, the fire will spread to cover 
the entire turbine.

The most dangerous feature of a wind turbine 
fire is that the blades continue to rotate, which 
causes the fire to quickly develop into a large 
fire. When the fire spreads to the fan blades or 
the burning parts are destroyed and deployed, 
it can cause the burning pieces of equipment to 
fly away, causing new fires around such as forest 
fires, field fires and works and equipment in the 
area. It is more dangerous to threaten the safety 
of firefighters who are on duty on the ground.

5. Some solutions
5.1. Prevention solution
–  When designing and building renewable 

energy plants, they must comply with the tech-
nical requirements of the industry to ensure the 
distance and have construction solutions such 
as the grounding system, lightning protection 
system for the plant as well as the turbines wind 
power, solar cell facilities to minimize the risk 
of being struck by lightning causing fire and ex-
plosion [2]. For rooftop solar power systems in-
stalled at civil works, it is necessary to seriously 
implement fire prevention and fighting safety so-
lutions according to the instructions of the Fire 

Prevention and Fighting Police agency before 
installation, build [4];

–  The process of operation and use must 
strictly comply with the instructions and rules 
for operating structures, equipment, technologi-
cal and technical systems for equipment systems; 
regularly monitor and maintain equipment dur-
ing operation, if there is a problem, it must be 
repaired and remedied promptly;

–  The technological equipment used must 
ensure the quality in terms of mechanical 
strength, fire resistance, heat resistance, tight-
ness in accordance with the specified technical 
criteria. Working machinery and equipment 
must be safe against fire and explosion; During 
operation, measures must be taken to minimize 
the generation of heat sources, sparks due to fric-
tion or impact. Hot surfaces of equipment and 
ducts should be insulated with insulation;

–  Design and equip automatic fire extin-
guishing systems in suitable areas such as at sub-
stations, operators, monitoring and control sta-
tions, inverter stations, wind turbines and other 
construction works relevant, ensuring timely fire 
fight at the time of occurrence of incidents. At 
the same time, strictly implement regulations on 
equipment for fire prevention and fighting [3].

–  Ensure safety corridors for power grids and 
safety corridors for these facilities; avoid external 
factors affecting the facility, and at the same time 
limit the impact if an incident occurs at these fa-
cilities to the neighboring areas.

5.2. Fire fight solutions
–  For a solar power facility fire:
+ When the fire fighting organization has to 

quickly notify the electricity unit or solar battery 
service provider to cut off the power and pay close 
attention to the use of water to fight the fire. The 
fire brigade should ask the electrical technician 
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to determine if voltage exists on the panels and or 
between the inverters connected to the grid? In 
case of electricity, how much voltage and amper-
age must be determined? In developed countries, 
it is mandatory for houses to install solar panel 
systems to have a diagram showing the location 
of the emergency breaker for firefighters.

+ In case of newly developed, less compli-
cated, small-scale fires: Use fire extinguishing 
powder or CO2 to extinguish the fire; In case 
the fire has developed and spread: It is necessary 
to organize a combination of protective cooling 
measures and prevent the fire from spreading to 
neighboring works and equipment by spraying 
water in distributed mode. In order to effectively 
extinguish the fire, it is necessary to deploy fire-
fighting formations using specialized fire extin-
guishing agents that can extinguish electrical 
equipment fires such as F500EA with 3% phase 
rate, CAFS technology firefighting foam in low 
mode. spray dry foam, technology foam 1–7. In 
addition, currently on the market, there are a 
number of specialized fire extinguishing agents 
that can be used to extinguish a solar cell fire ef-
fectively and safely.

+ For a fire at a wind power facility: When the 
fire brigade is present, it is necessary to quickly 
request the establishment’s electrical technician 
to follow the technical process of the facility to 
disconnect the burning wind turbine from the 
fire general system; at the same time, implement 
a test measure to determine whether it is possible 
to generate electricity on the device. Depending 
on the actual topographical characteristics of the 
location of the wind turbines, appropriate fire 
fight measures shall be applied, specifically:

In case a fire occurs on a generator turbine or 
tower body: If it is possible to access it directly 
from the ground, use motorized vehicles such as 

ladder trucks, crane trucks, etc. to bring the fire 
fight mausoleum to approach and extinguish the 
fire. In case of inaccessibility, the fire fight solu-
tion that can be applied in this case is to use fire-
fighting aircraft to spray fire extinguishing agents 
from the air; at the same time, proactively imple-
ment measures to prevent fire spread and plans 
to be ready to extinguish fires caused by falling 
debris causing fires such as forest fires, field fires, 
works and equipment on the surface soil.

In case a fire occurs at the foot of the wind 
turbine tower: Use fire extinguishing powder or 
CO2 to extinguish the fire if a new, small-scale fire 
arises. In case the fire has developed and spread, 
it is necessary to deploy a fire fighting squad 
using specialized fire extinguishing agents that 
can extinguish electrical equipment fires such as 
F500EA with 3% phase ratio, CAFS technology 
firefighting foam in dry foam spray mode, tech-
nology foam 1–7; In addition, it is necessary to 
combine cooling to prevent fire spread if there 
are equipment and adjacent works at the foot of 
the tower by distributed sprinklers.

Automatic fire extinguishing system can be 
divided into 2 levels for protection: For elec-
trical equipment of turbines and towers (using 
heat-absorbing extinguishing agent – 3M No-
vectm1230); For mechanical equipment of the 
establishment and work items with electrical 
equipment of the establishment (fire extinguish-
ing agent – CO2).

5.3. Safety solution when fighting fire
–  When fighting a fire at a solar power facility: 

Forces directly involved in fire fight access must 
be equipped with specialized fire fight clothing 
and are not capable of conducting electricity, use 
an isolating gas mask to protect the system respi-
ratory inhalation of toxic substances. In case it is 
necessary to move to the roof, it is necessary to 
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determine the bearing capacity of the house, the 
work is still guaranteed, there is no risk of defor-
mation or collapse. It can be accessed indirectly 
through neighboring buildings, houses or motor-
ized vehicles such as ladder trucks, crane trucks, 
forklifts… to spray fire extinguishing agents. Use 
water spray in the appropriate mode to prevent 
the risk of explosion of electrical equipment, to 
prevent electric shock, which is dangerous to the 
fire fighting force;

–  When fighting a fire at a wind power facil-
ity: Forces participating in fire fight must ensure 
a safe distance and have plans and measures to 
prevent accidents caused by destroyed turbine 
equipment parts falling and splashing out, tur-
bine tower structural collapse may occur, caus-

ing unsafety. Use water spray in the appropriate 
mode to prevent the risk of explosion of electrical 
equipment, to prevent electric shock, which is 
dangerous to the fire fighting force.

6. Conclusion
The development of renewable energy to re-

place traditional energy is an inevitable trend of to-
day’s modern society. Therefore, the urgent solu-
tion for the management authorities is to quickly 
complete the system of legal corridors and legal 
documents related to renewable electricity in or-
der to national energy security standards. At the 
same time, it is necessary to propose measures and 
solutions to ensure absolute safety in fire preven-
tion and fighting for renewable energy projects to 
keep up with the development trend of this field.
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1. Make a problem
Houses combining business and production 

are a type of fire and explosion that often oc-
cur and always account for a high proportion in 
Vietnam. According to statistics of the Fire and 
Rescue Police Department – Ministry of Public 
Security of Vietnam, from April 15, 2021 to No-
vember 15, 2021, there were 1,218 fires nation-
wide, killing 46 people died, 58 people were in-
jured, property damage was estimated at 120.66 
billion VND. Of which, there were 467/1,218 
fires in households and houses in combination 
with business and production (accounting for 
38.34%), killing 38 people, injuring 14 people, 
causing property damage 43, 68 billion dong [1]. 
Faced with that situation, the Ministry of Public 
Security of Vietnam has advised the Party, State 
and Government to issue leadership documents, 
direct and implement solutions and measures to 
ensure fire prevention and safety. fire fighting 
for this type of housing. However, in terms of 
theory and practice, fire prevention and fighting 

for houses in combination with business and 
production still have problems that need to be 
further researched, perfected and proposed so-
lutions to contribute to improving the quality of 
life improve the efficiency of this work, meet the 
requirements of the new situation.

2. Results of theoretical research and prac‑
tical survey

2.1. About the theoretical basis
In Vietnam, housing combined with business 

and production, currently, there is no specific 
definition in the legal documents in Vietnam. On 
the basis of studying the actual operation of this 
type of housing, it can be generalized into the 
following concept: “House in combination with 
business and production is an available separate 
house that, in addition to the function of liv-
ing, used as a place of production and business 
(commercial shops, office services, inns, hotels, 
small production establishments and other ser-
vices) or ancillary works serving business and 
production (treasure, scrap collection…)”. In 
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which, “available house is a house that has been 
completed, built and put into use” as defined in 
Clause 18, Article 3 of the Law on Housing 2014 
[8]. The main feature of housing in combination 
with business and production in Vietnam is that 
it is built freely, not according to planning, and 
distributed in densely populated residential ar-
eas, around markets, streets and owners. Trading 
in flammable materials such as clothing, shoes, 
votive paper, etc. Adjacent tubular building, no 
backup escape route, no smoke exhaust system. 
While, most of the indoor area is prioritized for 
business and living, so the aisles are narrow, not 
ensuring the distance between fire prevention 
and fighting. Besides, the majority of business 
and production household owners pay little 
attention to fire prevention and fighting; lack 
of knowledge and skills on fire prevention and 
fighting; not equipped or equipped with insuf-
ficient fire fighting equipment; violation of safety 
regulations in the use of electricity, poor qual-
ity electrical equipment; Business households 
arrange cooking stoves, places of worship near 
the goods storage area, while these are all flam-
mable and explosive items. Fire prevention and 
fighting safety is a combination of organizational 
measures, technical and technological solutions 
in order to eliminate and limit the possibility 
of fire arising; creating favorable conditions for 
proactively saving people, saving properties, pre-
venting fire spreading and fighting fire promptly 
and effectively when a fire occurs. In essence, fire 
prevention and fighting safety is the application 
of organizational measures, technical and tech-
nological solutions to prevent, limit and elimi-
nate the possibility of fire arising as well as save 
lives, saving property and effectively extinguish-
ing fires, contributing to minimizing damage 
caused by fire and explosion. With this approach, 

it can be understood that “Fire prevention and 
fighting safety for houses in combination with 
business and production is a combination of 
organizational measures, technical and techno-
logical solutions in order to eliminate and limit 
the possibility of a fire; creating favorable condi-
tions for proactively saving people, saving prop-
erties, preventing fire spreading and fighting fire 
promptly and effectively when a fire occurs”.

2.2. Legal basis
Up to now, the provisions of the law on fire 

prevention and fighting for houses in combina-
tion with business and production are gradually 
being supplemented and completed, creating a 
solid legal corridor in the work of the People’s 
Public Security force in general and the Police 
force for fire and rescue in particular.

First of all, the provisions of the Law on 
Fire Prevention and Fighting 2001 and the Law 
amending and supplementing a number of ar-
ticles of the Law on Fire Prevention and Fight-
ing 2013. Accordingly, stipulate principles and 
responsibilities for fire prevention and fighting, 
which specifies the responsibilities of the house-
holder in fire prevention and fighting: to urge 
and remind family members to comply with the 
provisions of the law on fire prevention and fight-
ing; regularly check, detect and promptly remedy 
the risk of fire and explosion; coordinate with 
other agencies, organizations and households 
in ensuring safety conditions for fire prevention 
and fighting; strictly manage and safely use in-
flammable and explosive substances. Particularly 
for individuals who have the responsibility: to 
comply with regulations, rules and requirements 
on fire prevention and fighting of competent 
persons or agencies; comply with the law and 
master the necessary knowledge on fire preven-
tion and fighting; know how to use common 
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fire prevention and fighting tools and means; 
ensure fire prevention and fighting safety in the 
process of using fire sources, heat sources, fire- 
and heat-generating equipment and tools, and in 
the storage and use of combustible substances; 
prevent direct danger of fire arising, violations of 
safety regulations on fire prevention and fighting; 
implement other regulations related to personal 
responsibility in the Law on Fire Prevention and 
Fighting. In particular, along with the above pro-
visions, the Law on Fire Prevention and Fight-
ing has clearly defined the requirements on fire 
prevention for households in Clause 1, Article 
17: the house must have an electrical system, a 
cooking stove, safe place of worship; flammable 
and explosive substances must be kept away from 
fire and heat sources; prepare conditions and 
means to be ready for fire fighting [9]. Decree 
No.79/2014/ND-CP dated July 31, 2014 of the 
Government concretized the requirements into 
fire safety conditions for households in Article 9, 
specifically “Cooking places, places of worship, 
places where fire sources, heat sources, fire- and 
heat-generating equipment, systems and equip-
ment using electricity must be ensured safety in 
terms of fire prevention and fighting; property, 
materials and inflammable substances must be 
arranged, arranged, preserved and used in ac-
cordance with regulations on fire prevention 
and fighting safety; having fire-fighting means 
suitable to the operation characteristics and 
conditions of each household”. However, De-
cree No.79/2014/ND-CP does not specifically 
regulate housing for households combining pro-
duction and business and has not considered 
households combining production and trading 
of flammable goods and substances., explosion 
is an establishment under the management of 
fire prevention and fighting. In order to concret-

ize the provisions of the Law on Fire Prevention 
and Fighting, on November 24, 2020, the Gov-
ernment issued Decree No.136/2020/ND-CP 
detailing a number of articles and measures to 
implement the Law. Fire prevention and fight-
ing and the Law amending and supplementing a 
number of articles of the Law on Fire Prevention 
and Fighting, in which there are specific provi-
sions related to household houses combined 
with production and business, specifically: Ar-
ticle 7 has prescribed fire prevention and fight-
ing safety conditions for households, according 
to which: Households must ensure fire preven-
tion and fighting safety conditions as prescribed 
in Clause 1, Article 17. Law on Fire Prevention 
and Fighting. Particularly for households living 
in association with production and business, 
the following safety conditions for fire preven-
tion and fighting must be ensured: Conditions 
specified in Clause 1, Article 7; have rules on fire 
prevention and fighting, on electricity use, use of 
fire and flammable and explosive substances in 
accordance with technical regulations and stan-
dards on fire prevention and fighting or regula-
tions of the Ministry of Public Security; have 
solutions to escape, prevent fire from spreading, 
and prevent smoke between living areas and pro-
duction and business areas. Fire prevention and 
fighting safety conditions specified in Clauses 1 
and 2, Article 7 must be implemented and main-
tained by the household head during the opera-
tion. Households specified in Clause 2, Article 7 
that have been granted business registration cer-
tificates must ensure fire prevention and fighting 
safety conditions corresponding to the type of 
establishment as prescribed in Article 5 of De-
cree No. 136. 2020/ND-CP.

In addition to the regulations on fire pre-
vention and fighting prescribed in Decree 
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No.136/2020/ND-CP, Clause 2, Article 52 
stipulates the responsibilities of the commune-
level People’s Committees, in which: The com-
mune-level People’s Committees, within the 
ambit of their tasks and powers, are responsible 
for performing the state management of fire pre-
vention and fighting in their localities and have 
the following specific duties: direct, inspect and 
organize the implementation of the provisions of 
the law on fire prevention and fighting; inspect 
the safety of fire prevention and fighting for resi-
dential areas, households, households combin-
ing production and business and establishments 
under their management… [3].

At the same time, Decree No.136/2020/
ND-CP stipulates in the list of establishments 
subject to fire prevention and fighting manage-
ment (Appendix I), having houses for living in 
combination with goods production and trad-
ing, combustible substances, goods in flammable 
packages of households; the list of establishments 
managed by the police agency (Appendix III), 
whose establishments are residential houses in 
combination with the production and trading of 
goods, flammable substances, and goods in flam-
mable packages of households has a total pro-
duction and business area of 300 m2 or more; in 
the list of establishments managed by the com-
mune-level People’s Committees (Appendix IV), 
having houses for living in combination with 
the production and trading of goods, flammable 
substances, and goods in flammable packages of 
households. has a total production and business 
area of less than 300 m2 [3].

Thus, it can be seen that the provisions of 
the Law on Fire Prevention and Fighting and its 
guiding documents have provided a basic and 
complete legal basis for the work of ensuring fire 
prevention and fighting safety with household 

housing combined with business and produc-
tion. The main important issue at present is to 
organize the implementation and point out the 
inadequacies, obstacles and difficulties so that 
measures and solutions can be gradually over-
come and effectively and effectively implement-
ed. management, in order to ensure the safety of 
fire prevention and fighting, to minimize damage 
caused by fire and explosion.

2.3 Practical survey
Being well aware of the complexity and po-

tential fire and explosion risks for residential 
areas, households, houses in combination with 
production and business, the Fire and Rescue 
Police Department has advised the Ministry of 
Public Security to issue a Plan. No. 151/KH-
BCA-C07 dated April 12, 2021 of the Ministry 
of Public Security on implementing the peak 
period of propaganda and safety inspection on 
fire prevention and fighting for residential areas, 
households, and houses. in combination with 
production and business, along with Official 
Letter No.1052/BCA-C07 dated April 9, 2021, 
Official Letter No. 1684/BCA-C07 dated June 
1, 2021 requesting the Ministry of Information 
and Communications coordinate and support 
propaganda on fire prevention and fighting, di-
rect telecommunications networks and related 
units to support sending messages alternately to 
transmit messages, recommend and instruct on 
fire safety. Fire and fire fighting for households by 
SMS messages to mobile subscribers for people 
to know and implement. At the same time, at the 
Police Department, local units have also serious-
ly implemented this Plan, such as: Ho Chi Minh 
City Police has advised the People’s Committee 
of the same level to issue Decision No. 16/2021/ 
QD-UBND dated May 31, 2021 promulgating 
regulations on fire prevention and fighting safety 
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for individual houses and houses in combination 
with business and production in Ho Chi Minh 
City; Police of Hanoi, Lam Dong, Ninh Thuan 
advise the People’s Committee of the same level 
to issue a Directive to strengthen the manage-
ment of fire prevention and fighting for the type 
of establishments that are houses combined with 
production and business in the area.

In Vietnam, the actual area of houses com-
bined with business and production is not large, 
often making the most of the floor area and in-
door space to store goods; The items are spread 
out under the floor, occupying the aisle, even the 
stairs up and down are also used to store goods. 
Many business and production households ar-
range inappropriate places of worship, altars 
made of combustible materials. More dangerous-
ly, the goods left next to the cooking stove are the 
risks of fire and explosion. Moreover, the electri-
cal wiring in the areas of business, production, 
and residence is mostly unqualified for loads, 
improperly installed and connected, without 
system maintenance or renovation. The electric-
ity has been degraded and flammable substances 
such as clothing, paper, cloth, packaging, etc. are 
left near the electrical outlet.

After implementing the Plan No.151/KH-
BCA-C07 dated April 12, 2021 of the Ministry of 
Public Security, the Police force of Fire and Res-
cue implemented and obtained the following re-
sults: Coordinated with the News Department of 
Vietnam Television (VTV1), Voice of Vietnam 
(VOV), VCT Digital Television (VTC14 chan-
nel), Dien Newspaper The Fatherland Front, the 
People’s Public Security Newspaper, the Dan Tri 
Newspaper, … built and broadcast 20 news re-
ports with the content: “Warning of deadly fire 
and explosion in hot season”, “Ministry of Public 
Security recommended after a series of reports” 

fire and explosion incidents”, “Hidden fire and 
explosion hazards when using gas cylinders in 
the hot season”,… Work closely to develop and 
publish news and articles on People’s Public Se-
curity Newspaper, broadcast Alo News 114 on 
ANTV channel, in which, Ho Chi Minh City, 
Hanoi, Can Tho, Binh Phuoc … have actively 
and effectively carried out extensive and exten-
sive propaganda to the people [1].

In addition, houses in combination with 
business and production are often built freely, 
not according to planning, distributed in inner-
city areas, around markets, streets and mainly for 
business and production. combustible materials 
such as clothes, shoes, fabrics, blankets, grocer-
ies… The adjacent tubular building has no back-
up escape route, no solution to prevent smoke 
accumulation. When there is a fire for houses and 
businesses, one of the most difficult problems is 
that there is no smoke exhaust system, and there 
are many obstacles to accessing the scene to res-
cue people and property. Fire fighting vehicles 
are also hindered because of the narrow traffic, 
most of the structures are adjacent houses, so 
the demolition of the works is difficult, the fire 
fighting water source in urban areas in Vietnam 
has not met the needs bridge. Specifically: (1) 
The consultation for the People’s Committee of 
the same level to issue documents directing and 
deploying the implementation of Electricity No. 
106/DK: HT, Plan No. 151/KH-BCA-C07 of 
the Ministry of Public Security and direct the 
commune-level People’s Committees to per-
form the state management of fire prevention 
and fighting according to the provisions of De-
cree No. 136/2020/ND-CP which has not yet 
met the required time; (2) the direction of the 
police of the units and localities under it to carry 
out propaganda, guidance and inspection still 
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accounts for a low percentage compared to the 
total number of households nationwide and has 
not met the requirements on fire prevention and 
fighting in residential areas, households, residen-
tial houses in combination with production and 
business under the direction of the leadership of 
the Ministry of Public Security; (3) there were 
also many fires and explosions in households, 
houses combined with production and business, 
causing serious damage to people, for example: 
the fire killed 08 people on May 7, 2021. in Ho 
Chi Minh City; The fire killed 4 people in Quang 
Ngai province on June 4, 2021 and most recently, 
the fire that killed 6 people in Nghe An province 
on June 15, 2021;…[1].

Through the investigation of fires and ex-
plosions in the type of housing combined with 
business and production, the Vietnam Fire Pre-
vention and Fighting Police agency found that 
there are four main groups of causes fires and 
explosions in houses in combination with busi-
ness and production, which are: 1) The own-
ers of business and production establishments’ 
awareness of compliance with fire safety regula-
tions are limited; 2) Workers at these houses also 
underestimate their own safety in the process of 
working and working; 3) Due to violation of 
regulations on fire prevention and fighting safety 
in using electricity, using poor quality electrical 
equipment; 4) Due to violation of regulations on 
fire prevention and fighting safety in using fire 
sources, heat sources, equipment and tools that 
generate fire and generate heat in the process of 
business and production.

3. Research results on orientations
3.1. Continue to improve the legal basis
–  Fire and Rescue Police Department – Min-

istry of Public Security shall assume the prime 
responsibility for, and coordinate with functional 

agencies of the Ministry of Construction and the 
Ministry of Industry and Trade in, elaborating 
national standards or national technical regula-
tions experts on fire prevention and fighting for 
this target group. Based on the practice as well 
as the provisions of the current law to unify the 
contents to be developed, avoiding the overlap-
ping of regulations leading to difficulties in ap-
plication in practice;

–  For the Police force of fire and rescue of 
local police units, while there are no standards 
and technical regulations on fire prevention and 
fighting for objects of combined housing. busi-
ness, production should actively advise, propose 
and coordinate with the Department of Con-
struction, Department of Industry and Trade… 
to propose the Provincial People’s Committee to 
promulgate regulations on fire prevention and 
fighting safety for housing. households combine 
production and business, in which, focus on key 
contents such as: escape routes; safety in using 
electricity, using fire; a safe distance in the ar-
rangement and arrangement of goods; in coor-
dination of fire prevention and fighting;… Along 
with that, it is to coordinate with local authori-
ties, especially at the commune level in deploying 
and organizing the effective implementation of 
fire prevention and fighting measures, in which 
especially Pay special attention to the propaga-
tion and instruction of knowledge and skills on 
fire prevention and fighting, the manipulation of 
the use of fire prevention and fighting equipment, 
the initial handling in case of fire and explosion. 
In addition, it is necessary to pay more attention 
to the organization of personnel, to add enough 
officers to do fire prevention and fighting at the 
commune level, to constantly improve capacity, 
qualifications and capabilities adapt to the cur-
rent conditions and situations;
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–  Police force for fire and rescue should ac-
tively coordinate with the University of Fire Pre-
vention and Fighting to study and develop guid-
ing documents on safety conditions safety and 
techniques, fire and rescue tactics for household 
houses, residential houses in combination with 
production and business so that the Police of the 
provinces and cities directly under the Central 
Government can advise the People’s Committee 
of the province. People of the same level shall 
promulgate local regulations, standards and tech-
nical regulations for household houses, houses in 
combination with production and business, suit-
able to the characteristics and actual conditions 
of each locality. At the same time, continue to co-
ordinate with functional units of the Ministry of 
Construction and the Ministry of Industry and 
Trade to research and advise on the promulgation 
of regulations on fire safety for separate houses, 
houses in combination with production and 
business; regulations on ensuring safety in the 
management and use of electricity at households, 
establishments,…; to guide and coordinate with 
the commune-level People’s Committees to ef-
fectively and efficiently perform their state man-
agement responsibilities; organize professional 
training courses for commune-level police in 
order to improve their roles and responsibilities 
in advising and organizing the implementation 
of propaganda, guidance, management, inspec-
tion and handling of violations of regulations of 
law. the law on fire prevention and fighting for 
residential areas, households and establishments 
under decentralized management [4].

3.2. Owners of business and production 
households and individuals in the work of en-
suring safety in fire prevention and fighting

–  Actively learn legal regulations, knowledge 
and basic skills on fire prevention and fighting 

and rescue; take the initiative in contacting and 
coordinating with the Fire Prevention, Fight-
ing and Rescue Police to receive guidance and 
organize the implementation of conditions on 
fire prevention and fighting safety as prescribed 
by law; actively participate in propaganda and 
training sessions on fire prevention and fighting 
organized by local and local fire prevention and 
fighting police agencies; participate in the move-
ment of all people for fire prevention and fighting 
and rescue in the locality;

–  Regularly self-inspect to promptly detect 
and immediately remedy the causes and risks of 
fire and explosion within the scope of their man-
agement; assume the situation, how to handle 
when there is a fire or explosion incident, and dis-
seminate it to family members and people work-
ing at the facility to proactively handle when situ-
ations arise; equip themselves with means of fire 
prevention and fighting and rescue and rescue on 
the spot, perform well the inspection, preserva-
tion and maintenance work to ensure that these 
means are always in good working order; must be 
proficient in the use of equipped fire prevention 
and fighting equipment and means of rescue;

–  Disseminate, urge and remind family mem-
bers, employees and people around to comply 
with the provisions of the law on fire prevention 
and fighting and rescue;

–  Implement safety conditions on fire pre-
vention and fighting according to the provisions 
of the Law on Fire Prevention and Fighting and 
the Law amending and supplementing a num-
ber of articles of the Law on Fire Prevention and 
Fighting, Article 7 of Decree No.136/2020 /
ND-CP dated November 24, 2020 of the Gov-
ernment detailing a number of articles and mea-
sures to implement the Law on Fire Prevention 
and Fighting and the Law amending and supple-
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menting a number of articles of the Law on Fire 
Prevention and Fighting [3].

3.3. Technical solutions to ensure fire preven-
tion and fighting safety in houses in combina-
tion with business and production

–  Regulations on escape routes:
•	 Clearance width of emergency exit is at 

least 0.8 m, clearance height is at least 
1.9 m.

•	 For a house with only one emergency 
exit, a second escape route must be ar-
ranged by the stairs outside the house 
or the ladder connecting the floors or 
emergency exits such as the exit through 
the balcony, the loggia, the entrance to 
the yard roof or roof to have the ability to 
escape to adjacent houses or safe areas.

•	 Houses with terrace floors must be well 
ventilated and have access from the low-
er floors through fixed ladders; At the 
door to the roof, if there is a door lock, 
it must be designed so that it can be eas-
ily opened from the inside.

•	 Do not block the attic so as not to affect 
the natural smoke escape. For houses 
without floor vents or glazed, it is nec-
essary to design, install natural smoke 
exit holes in the house through the roof 
or release smoke directly to the outside 
space at floors.

•	 The main door of the escape house must 
use hinged doors. Houses with balconies 
and loggias must ensure ventilation, not 
cover balconies, loggias form rooms, do 
not install iron cages, iron nets that ob-
struct escape and rescue people when 
fires and explosions occur. . In case the 
owner of the establishment, the owner 
of the business household still wants to 

equip rolling doors, sliding doors, iron 
nets, etc. to protect the property, they 
must commit to take responsibility for 
fire prevention and fighting, and at the 
same time, the rolling doors need to use 
the type of rolling shutters. Doors with 
self-collecting, quick-opening mecha-
nism, electric motor-operated doors 
must have a UPS and mechanically open 
quickly in case of power failure or motor 
failure.

•	 Rooms for storing flammable goods and 
materials or using fire or heat sources 
must be separated from emergency exits 
on floors by non-combustible or inflam-
mable materials. In case the first floor 
(ground floor) is used for production 
and business, the emergency exit from 
the upper floors down through the stairs 
on the first floor must have a safe passage 
separated from the production and busi-
ness areas. business with fire-blocking 
walls, fire-blocking partitions, the width 
of the aisles is not less than 0.8 m.

–  Safety regulations in electrical installation 
and use:

•	 The design, new construction or renova-
tion and repair of electrical systems in 
houses must comply with regulations 
QCVN12:2014/BXD – National tech-
nical regulation on electrical systems of 
houses and public houses [7].

•	 The electrical system must be designed 
separately between areas; There must 
be overload protection devices (fuses, 
aptomats…) for the common electrical 
system of the building, each floor, each 
branch and each large-capacity power 
consuming device (air conditioner, 
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electric stove, oven…); when installing 
additional power consuming devices, it 
must be calculated so as not to overload 
the power system.

•	 When storing, trading or producing 
flammable goods inside the house, 
electric tools and electrical equipment 
must be used that are fire and explosion 
safe; Electricity consuming equipment 
installed in the warehouse must be con-
trolled by automatic switching devices 
and placed outside the warehouse.

•	 Do not install power lines and power-
consuming equipment on walls, walls, 
ceilings, floors made of flammable mate-
rials; Installation of lighting bulbs must 
be attached to specialized hangers, not 
directly by wires.

•	 Do not use combustible materials such 
as paper, cloth, nylon… to cover the 
electric shade; do not place flammable 
substances close to electrical appliances 
and appliances such as light bulbs, irons, 
electric stoves, electrical outlets, electri-
cal panels…; do not plug the power cord 
directly into the outlet; When connect-
ing wires, they must be staggered and 
wrapped with insulating tape, do not 
expose electrical wire connections, do 
not use nylon to cover the connections.

–  Safety regulations in management and use of 
fire and heat sources:

•	 Do not arrange cooking and worshiping 
places in production and business areas 
containing flammable substances and 
goods. The area for burning incense and 
worshiping must ensure: walls and ceiling 
must be made of non-combustible and in-
flammable materials, and a heat-reflecting 

plate must be placed above the ceiling; 
When lit, oil lamps, incense and candles 
must be placed firmly on non-combustible 
or difficult-to-burn materials. The cooking 
area must be kept away from flammable 
materials at least 0.7 m, if there is a fire-
proof insulation board, it is allowed to be 
closer, but not less than 0.2 m. In case LPG 
consuming equipment is used in the house 
(gas stove): all electrical equipment in the 
house must be installed at least 1.5 m away 
from the LPG bottle; install gas leak warn-
ing device in the area where the gas tank 
and gas stove are located.

•	 When business and production condi-
tions use fire sources, heat sources, fire- 
and heat-generating equipment, it is nec-
essary to arrange ways of combustible 
materials, vehicles and tools containing 
petrol, oil and flammable liquids. cars, 
motorbikes…) at least 0.7 m, if there are 
insulation panels to prevent fire, they are 
allowed to be closer, but not less than 
0.2 m; When business and production 
conditions need to store gasoline, oil and 
flammable liquids, they must be stored 
in a well-ventilated place, away from 
sources of fire and heat, away from direct 
sunlight and not on the exits.

–  Safety regulations in cargo arrangement:
•	 Sorting and preserving goods according 

to each type, having the same properties 
and characteristics, arranged goods must 
be placed on shelves, shelves firmly, neat, 
tidy, not obstructing the passageway, 
emergency exit, especially the lobby, the 
exit at the 1st floor.

•	 Combustible goods must be located at 
least 0.7 m away from electrical equip-
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ment capable of generating heat such as 
light bulbs, sockets, circuit breakers, etc.

•	 Combustible or combustible goods 
should be arranged in separate areas and 
rooms, not mixed with other goods and 
meet the requirements to prevent fire 
spread, not arranged under the stairs.

•	 Exclude conditions that can lead to 
spontaneous combustion due to heat 
generation, chemical reactions between 
substances.

•	 Failing to gather and arrange goods and 
business materials on roads that obstruct 
traffic and may affect the deployment of 
firefighting, rescue and firefighting forc-
es, vehicles and equipment. each house.

•	 The installation of signs and billboards 
into existing houses must comply with 
the law on advertising, comply with the 
National Technical Regulation on con-
struction and installation of outdoor 
advertising means QCVN17:2018/
BXD [6].

–  Regulations on equipment for fire prevention 
and fighting equipment:

•	 For business and production areas, the 
number of fire extinguishers must be 
equipped to ensure the protection area 
as prescribed in Section 5 of National 
Standard TCVN3890:2009 Means of 
fire prevention and fighting for houses 
and works – equip, arrange, check and 
maintain [5]. The maximum travel dis-
tance to the fire extinguisher is not more 
than 20 m.

•	 Equip and install local fire alarm equip-
ment, means of rescue and rescue (toxic 
filter masks, self-rescue ropes, rope lad-
ders, common demolition tools, sheep 

blankets, water containers just in service 
activities, both serving fire fighting,…) 
in accordance with the scale, nature, 
characteristics and purposes of use.

•	 Fire prevention and fighting means must 
be stamped with inspection stamps and 
periodically checked and maintained ac-
cording to regulations.

3.4. Local authorities, police at all levels 
in the management of housing combined with 
business and production in the area under their 
management

–  For the People’s Committees of districts and 
communes:

•	 Perform state management of fire pre-
vention and fighting according to the 
provisions of Article 52 of Decree No. 
136/2020/ND-CP dated November 
24, 2020 of the Government detailing a 
number of articles and implementation 
measures. implementation of the Law 
on Fire Prevention and Fighting and 
the Law amending and supplementing 
a number of articles of the Law on Fire 
Prevention and Fighting [3].

•	 Propagating, disseminating and guiding 
the implementation of fire prevention 
and fighting safety work to households, 
business households, organizations and 
individuals concerned within the scope 
of management responsibilities.

•	 Inspect fire prevention and fighting 
safety conditions for houses in combina-
tion with business and production in the 
area under their management (except 
for houses in combination with busi-
ness and production in Appendix III to 
this Decree). No.136/2020/ND-CP); 
handle violations of the law on fire pre-
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vention and fighting according to their 
competence.

–  For the Police and departments and branches:
•	 To assume the prime responsibility for, 

and coordinate with relevant units in, 
guiding, deploying and inspecting the 
implementation of legal provisions, 
standards, technical regulations and 
leading and directing documents on the 
protection ensure fire safety for housing 
combined with business and production 
of the local government; the implemen-
tation process, synthesize difficulties 
and obstacles to propose the competent 
authorities to amend and supplement 
regulations accordingly.

•	 Perform the function of state manage-
ment of fire prevention and fighting 
according to assignment and decen-
tralization; inspect the fire prevention 
and fighting safety conditions for hous-
es in combination with business and 
production in Appendix III of Decree  
No. 136/2020/ND-CP in the locality; 
handle violations of the law on fire pre-
vention and fighting according to their 
competence.

•	 Coordinating with departments, agen-
cies, branches and People’s Committees 
at all levels in their respective manage-

ment areas to organize propaganda and 
guide the heads of households, business 
households, organizations and individ-
uals to strictly observe regulations on 
safety and security. complete fire preven-
tion and fighting for houses in combina-
tion with business and production.

•	 Departments, branches and Electricity 
Company: According to their functions 
and tasks, actively perform their respon-
sibilities and at the same time coordinate 
closely with the Public Security and 
People’s Committees at all levels to or-
ganize the implementation. implement 
regulations on ensuring fire prevention 
and fighting safety for houses in combi-
nation with business and production.

5. Conclusion of research problem
The type of housing in combination with 

business and production in countries around 
the world in general and in Vietnam in par-
ticular will develop strongly according to the 
trend of the exchange market, buying and 
selling goods and the needs of the people. Ac-
cordingly, the organization, management, and 
strengthening of fire prevention and fighting 
safety, especially the strict implementation of 
the above solutions will contribute to ensur-
ing the sustainable development for this type 
of establishment.
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COMPUTER DESIGNED SMALL MOLECULE 
ACETYLCHOLINERASE INHIBITORS AS POTENTIAL 

TREATMENT FOR ALZHEIMER’S DISEASE

Abstract. Alzheimer’s disease is a chronic illness that most commonly manifests in its victims as a 
degeneration of their cognitive function and memory. It is also the most prominent cause of dementia. 
Currently treatment of Alzheimer’s disease revolves around two major theories: Amyloid Aggregation 
Hypothesis and the Cholinergic Deficiency Hypothesis. The Amyloid Aggregation Hypothesis focuses 
on abnormally processed Amyloid Precursor Protein (APP) protein and neurotoxic Aβ oligomers as 
a result. In recent years, drugs aimed to eliminate Aβ oligomers from neurons were unable to meet 
the desired clinical efficiency, and the Cholinergic Deficiency Hypothesis is now seen as a promising 
potential alternative. This hypothesis focuses the treatment on enhancing the cholinergic pathway 
centered around the neurotransmitter Acetylcholine (ACh), an important component in cognition, 
learning and memory retention. This hypothesis attributes the neurodegeneration to the abnormal 
activity of Acetylcholinerase (AChE), resulting in the dysfunction of the entire pathway. Small 
molecule AChE inhibitors have been proven effective by multiple clinical trials as well as usage among 
AD patients, but the process of discovering a new drug is long, complex and costly. Online web servers 
dedicated to simulate compound-compound interaction and ligand design can serve as a highly cost 
effective alternative. Using computer algorithms, potential drug candidates can be identified and pre-
tested efficiently. In this study, 40 compounds potentially capable of inhibiting AChE are selected 
using pharmacophore-based virtual screening. 5 compounds that are shown to have the lowest Gibbs 
free energy (ΔG) values in docking simulations are chosen for further examination. These compounds 
are: ZINC04716517, ZINC05514424, ZINC19877680, ZINC00754301, ZINC12925747 and 
ZINC89735569, and they are assessed in terms of absorption, distribution, metabolism, excretion 
and toxicity. This study follows the process of binding site identification, pharmacophore based virtual 
screening, docking simulation, and drug-likeness prediction. Thcompounds identified can serve 
as a starting point for future drug development aimed to create an effective cholinergic drug for 
Alzheimer’s disease, and as an example to test the potential of computer-based drug design.

Keywords: acetylcholinerase inhibitors, drug for Alzheimer’s disease, Cholinergic Deficiency 
Hypothesis, computer-based drug design.
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1. Introduction:
Alzheimer’s disease and dementia caused by 

it manifest in patients as chronic losses of mem-
ory and degeneration of cognitive abilities that 
greatly obstruct the livelihood of those affected. 
It is one of the most prominent multifactorial 
neural diseases. A report published in 2021 states 
that more than 1 in 9 Americans (11.3%) suffer 
from Alzheimer’s related dementia [1].

Two prominent hypotheses attempt to explain 
the pathology of Alzheimer’s disease (Fig. 1): the 
Amyloid Aggregation Hypothesis and the Cho-
linergic Deficiency Hypothesis. The Amyloid 
Aggregation Hypothesis is centered around the 
abnormal cleaving of amyloid precursor protein 

(APP). Under normal conditions, α-secretase 
cleaves APP into APP secreted α (APPsα), a 
neuroprotective compound that drives normal 
neuron behavior and assists in learning as well as 
memory retention, and α-C terminal fragments 
(α-CTF). α-CTF is then cleaved by γ-secretase 
into APP intracellular domain(AICD), which is 
also a neuroprotective compound that aids in 
protein regulation [2] and fragments named p3. 
However, in an Alzheimer affected brain, genetic 
mutations cause APP to be abnormally cleaved 
by β-secretase into APP secreted β (APPsβ) and 
β-C terminal fragments (β-CTF). β-CTF is then 
cleaved by γ-secretase into AICD and amyloid 
β(Aβ), the main neurotoxic compound [3].

Figure 1. Left: APP processing under normal conditions Right: APP processing in 
Alzheimer’s affected brain that leads to neurotoxic Aβ oligomer formation

A β causes neuronal degeneration in three 
ways in the Amyloid Aggregation Hypoth-
esis: they can aggregation and form neurotoxic 
plaques that disrupt neuronal-signalling [4], they 
can localize on the mitochondrial membrane and 
disrupt the electron transport chain, causing oxi-
dative stress and in turn glucose hypometabolism 

and mitochondrial dysfunction [5], and they can 
cause hyperphosphorylation of the tau protein, a 
microtubule-associated protein and result in mi-
crotubule dissociation in the neurons [6].

Despite its early inception since 1989, treat-
ments based on eliminating Aβ and Aβ aggre-
gates faced numerous setbacks and lead to the 
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theory being heavily challenged in recent years: 
In 2018, Boehringer Ingelheim announced that 
their compound BI 409306 (Fig. 2 A). did not 
meet the effi  ciency end point in their phase 2 
tests, in February that year, the data released by 
Boehringer Ingelheim showed no diff erence be-
tween the drugged and the placebo group [7]. 
Subsequently, the development of this com-
pound was discontinued. Azeliragon is another 
small molecule drug (Fig. 2B). It was discovered 
by vTv. Th erapeutics (formerly known as Trans-
Tech Pharma) and designed to inhibit the recep-
tor for advanced glycation end products(RA GE) 
responsible for binding Aβ to form neural toxic 

oligomers. Th is compound also failed to reach its 
end point of slowing neural degeneration in the 
participants in its phase 3 tests, resulting in the 
company announcing the termination of further 
development and testing near the end of 2020 
[8]. Similar situation is observed in the testing 
of Verubecestat (Fig. 2C). Th is is another small 
molecule drug designed to inhibit BACE1, the 
β-secretase that cleaves the APP. Verubecestat 
was discovered by Merck, during its phase 3 
testing, the experimental groups scored worse 
than the control groups on cognition function 
tests and the development of this compound was 
stopped [9].

  
 A B C

Figure 2. A: BI 409306; B: Azeliragon; C: Verubecestat

Th is study focuses on another prominent 
theory: the Cholinergic Defi ciency Hypothesis, 
which is connected to the Amyloid Hypothe-
sis in multiple ways but focuses the treatment 
on enhancing cholinergic neurotransmission 
rather than eliminating Aβ. Th is hypothesis at-
tributes the cognitive decline to the degenera-
tion of cholinergic pathways (Figure 3), a type 
of pathway crucial for the function of the cere-
bral cortex and the hippocampus [10]. Cholin-
ergic pathway starts when an action potential 
reaches the synapse: membrane bound sodium 
or energy dependent transporters transport 
choline into the presynaptic cell, the choline 
then reacts with Acetyl Coenzyme A (AcCoA) 

to form acetylcholine (ACh), the most crucial 
neurotransmitt er found in this pathway. Th is re-
action is catalyzed by choline acetyltransferase 
(CAT). Th e produced acetylcholine molecules 
are stored in vesicles that prevent them from de-
grading. As calcium fl ows into the cell, they in-
teract with the vesicles and the ACh is released 
into the inter-synaptic space. Th e neurotrans-
mitt er then interacts with various receptors on 
the postsynaptic membrane, which triggers re-
sponses that continue the impulse. Aft erward, 
acetylcholine is hydrolysed by acetylcholines-
terase (AChE) back into choline and acetyl, al-
lowing the synapse to reset and the choline to 
be recycled [11].
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Figure 3. Cholinergic pathway at the synapse under normal conditions

In an Alzheimer affected brain, although the 
activity of AChE is decreased [12], its ability to 
withstand lower pH and excess substrate is in-
creased [13]. It is also observed that AChE accel-
erates the formation of neurotoxic Aβ aggregates 
[14]. This leads to a lack of ACh and the dysfunc-
tion of acetylcholine containing neurons. The re-
sulting degeneration of the cholinergic nervous 
system has been a long standing observation in 
the Alzheimer’s research community [15], and 
is understood to contribute to cognitive decline 
manifested in AD patients [16].

Numerous treatments have been developed 
based on this hypothesis, with the most promi-
nent ones being Donepezil, Galantamine and Riv-
astigmine. Donepezil is an AChE inhibitor that is 
absorbed through the guts and has been shown 
to have little drug interactions [17]. According 
to an extensive review that included 28 studies 
for meta review, patients with mild to severe AD 
scored better on Alzheimer’s Disease Assessment 
Scale-Cognitive (ADAS-cog, 5 studies), Mini-
Mental State Examination (MMSE, 7 studies), 

Severe Impairment Battery (SIB, 5 studies) and 
Alzheimer’s Disease Cooperative Study activities 
of daily living score for severe Alzheimer’s disease 
(ADCS-ADL-sev, 3 studies) when administered 
with 5/10mg capsules or 23mg oral formula-
tion. While no significant difference is observed 
in terms of Neuropsychiatric Inventory (NPI, 4 
studies), Behavioral Pathology in Alzheimer’s dis-
ease scale (BEHAVE-AD, 1 studies) or Quality 
of Life (QoL, 2 studies). These studies were all 
double-blind placebo-controlled, and all but one 
lasted for six month or less. Donepezil groups also 
experienced increases on the clinician-rated glob-
al impression of change scale (6 studies). How-
ever it should be noted that even though patients 
that were administered 10mg Donepezil scored 
slightly higher on cognitive tests, they sometimes 
reported worse QoL (2 studies), experienced 
more adverse effects and more have withdrawn 
from treatment. As of those administered 23 mg 
formulations, they reported no improvement in 
cognitive test scores, while suffering worse nega-
tive effects [18] compared to lower dose groups. 
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Donepezil can cause nausea, vomiting, diarrhea, 
muscle cramps, pain, difficulty sleeping and hal-
lucinations [19], it has also been observed that for 
patients with frontotemporal dementia, Donepe-
zil can worsen their symptoms [20].

Galantamine is another reversible, competi-
tive AChE inhibitor. It also possesses a second 
mode of action, that being acting as an allosteric 
modulator for nicotinic acetylcholine receptor 
(nAChRs) [21], an important group of neuro-
receptors crucial for ACh reception on the post-
synaptic membrane [22]. Galantamine dem-
onstrated no clinically significant drug to drug 
interaction and predictable side effects [23]. In 
several random placebo-controlled, double blind 
trials that lasted up to six months, Galantamine 
was administered to patients in doses of 24mg/
day. This was observed to slow the progression of 
the disease, as well as improve their ability to per-
form activities of daily living (ADL), significantly 
compared to placebo groups [24]. Galantamine 
can commonly cause nausea, vomiting, diarrhea, 
stomach pain, loss of appetite, headache and oth-
er common side effects of cholinergic drugs [25].

Rivastigmine is a pseudo-irreversible inhibi-
tor of both AChE and butyrylcholinesterase 
[26], a non-specific cholinesterase enzyme that 
is capable of hydrolyzing many choline-based es-
ters. In another review that analyzed data gath-
ered from 13 randomized, double-blind, place-
bo-controlled trials that had durations ranging 
from 12 to 52 weeks, the reviewer declared that 
patients that received 6 to 12 mg/day orally or 9.5 
mg/day transdermally returned better score in 
the ADAS-Cog (6 studies), MMSE (6 studies), 
Activity of Daily Living (6 studies). In the cli-
nician rated global impression of changes, more 
in Rivastigmine groups reported improvements 
(7 studies), while Neuropsychiatric Inventory-

Caregiver Distress (NPI-D) returned no change. 
On the other hand, it is noteworthy that patients 
who received rivastigmine are 2.01 times more 
likely to withdraw from the experiment (7 stud-
ies) and 2.16 times more likely to experience 
adverse effects (7 studies) [27]. The most com-
mon side effects of rivastigmine include nausea, 
vomiting and dizziness [28], when administered 
orally, its chances of causing adverse effects is 
also higher than other similar drugs [29].

This study’s main objective is to identify 
possible small molecule ligands that can inhibit 
AChE effectively and are likely safe for human 
use. The results can serve as a pool of potential 
candidates future AChE inhibitor studies can 
be based upon to develop effective cholinergic 
drugs for Alzheimer’s disease.

2. Methodologies
This study first identified the target molecule 

AChE, after inputting its PDB code 3lii into vari-
ous binding site identification websites, a map of 
potential binding sites was obtained. After this, a 
new PDB code 4QWW that represents the two 
polypeptide chains of the target molecule is ac-
quired, it is then entered into the PocketQuery 
website to produce a list of potential pharma-
cophore features that can interact with AChE. 
A certain number of these features are selected 
in the website ZINCpharmer, and a list of mole-
cules containing these features is given. The most 
reliable of these potential molecules are then put 
into the docking simulator SWISSdock. Final-
ly, molecules that displayed the most favorable 
results are checked by SWISSADME for their 
safety and other properties.

2.1. PrankWeb
PrankWeb is a state-of-the-art online web 

server that employs template-free machine learn-
ing methods to predict ligandability of com-
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pounds [30]. The algorithm views binding sites 
as points placed on reachable protein surface, and 
draws from lagandability results of compounds 
in local chemical neighborhoods to produce 
a map of point clusters on the target molecule 
[31]. The website can also provide information 
such as the amino acid sequence that composes 
these potential binding sites and their reliability 
displayed as probability scores.

The PDB code of AChE “3lii” was entered 
into the search box and the results were gener-
ated after clicking “search” on default setting.

2.2. ProteinPlus-DoGSiteScorer
ProteinPlus is an advanced web server devel-

oped by the University of Hamburg that provides 
an interface for analyzing binding sites, drug-
gability and protein-protein interactions [32]. 
The interface include a variety of tools for pre-
processing tasks, and for druggability of binding 
sites, the website contain DoGSiteScorer: an al-
gorithm capable of analyzing the geometric and 
physico-chemical properties of the binding sites 
ProteinPlus identified and estimate druggabil-
ity for each of them [33]. ProteinPlus can also 
provide information regarding the volume and 
surface area of potential binding sites.

The same PDB code “3lii” was entered into 
the search box of ProteinPlus and after clicking 
“Go!”, the compound was mapped. DoGSite-
Scorer was then used by clicking on the option 
and then “calculate”.

2.3. PocketQuery
PocketQuery is a web interface that allows us-

ers to simulate protein-protein interactions [34]. 
It estimates the druggability of a potential bind-
ing site based on estimated maximum cluster dis-
tance (Dist), the change of solvent accessible sur-
face (SASA) area upon complexation (ΔSASA), 
percentage of the estimated change in respect to 

the total possible SASA(ΔSASA%), estimation of 
the change in free energy in case of an interaction 
between the target complex and an alanine muta-
tion (Rosetta Energy (ΔΔG), the change of free 
energy of a residue upon complexation (ΔG) and a 
sequence conservation score. The website will pro-
vide a list of amino acids arrangement with the ap-
propriate pharmacophore features that allow them 
to interact with the most druggable binding sites.

The new PDB code 4QWW was entered into 
the PDB ID box and results are generated by hit-
ting the enter key on default setting. The results 
were automatically arranged from the highest 
score to lowest. The results were then exported 
to other websites to be built upon by pressing the 
export button and selecting the desired receiver.

2.4. ZINCpharmer
ZINCpharmer is an online interface that can 

accept results from PocketQuery, it can search the 
ZINC database for purchasable compounds using 
the Pharmer pharmacophore search technology 
[35]. A pharmacophore map describes the 3D 
placement of pharmacophore features necessary 
for interaction with the target compound. Once 
the result is imported from PocketQuery, the user 
can select at least three pharmacophore features 
to preserve and ZINCpharmer will return a list 
of all molecules with these properties, and the 
ones with the lowest root-mean-square deviation 
(RMSD) can be chosen for further analysis.

Desired pharmacophore features were se-
lected in the pharmacophore tab, and the list 
was generated after clicking on “submit query”. 
If no molecule can be identified, the website will 
return “no hits”.

2.5. SWISSdock
SWISSdock is an online web server that sim-

ulates the docking of small molecules on target 
compounds [36] developed by the Swiss Insti-
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tute of BioInformatics. Utilizing the EADock DSS 
engine [37], it is able to predict the Full Fitness 
of the docking as well as the Gibbs free energy ∆ 
(kcal/mol) of the process. To do this, the target 
molecule must be selected under the target selec-
tion box, this was done by entering the PDB code 
“3lii” or uploading the protein fi le directly by click-
ing the “upload fi le” butt on. When the setup was 
complete, the ligand was then selected by entering 
the ZINC IDs obtained from ZINCpharmer or 
uploading a mol2 fi le directly. Th e simulation was 
initiated by clicking “Start Docking’’ and results 
were returned aft er the process ended.

2.6. SWISSADME
Potential candidates for drugs need to undergo 

extensive virtual screening to be considered quali-
fi ed for testing, SWISSADME can serve as a good 
starting point of this process. Also a web server de-
veloped by the Swiss Institute of BioInformatics, 
SWISSADME assesses potential drug candidates 
in terms of absorption, distribution, metabolism 
and excretion by modeling their physicochemi-
cal properties, pharmacokinetics, drug-likeness 
and medicinal chemistry friendliness [38]. Th e 
website can then provide extensive information 
including lipophilicity, solubility, gastrointestinal, 
Blood-Brain Barrier permeance, etc.

To use this website, a list of simplifi ed mo-
lecular-input line-entry systems (SMILES) of 
the ligand provided by the ZINC database was 
entered into the SMILES box, and the specifi cs 
were returned aft er clicking the “Run” Butt on.

2.7. ADMETlab 2.0
ADMETlab 2.0 is a recently released web-

server for the predictions of pharmacokinetics 
and toxicity properties of drug candidates. It ana-
lyzes 17 physicochemical properties, 13 medici-
nal chemistry properties, 23 ADME properties, 
27 toxicity endpoints and 8 toxicophore rules of 
any given compound [39]. ADMETlab 2.0 em-
ploys a multi-task graph att ention framework to 
predict the chemical’s absorption, distribution, 
metabolism, excretion and toxicity properties, 
and can serve as a follow up fi lter aft er SWIS-
SADME.

To use this website, the same SMILES used 
in SWISSADME is entered into the search box 
under the “ADMET screening” option and the 
website will look for the compound aft er the 
“submit” butt on is clicked. When the result is 
found, clicking on the “View” butt on will display 
the specifi cs.

3. Preliminary results
3.1. PrankWeb

 
Figure.4: Results of PrankWeb investigation using PDB code 

“3lii”: potential binding site displayed in blue
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Results returned from PrankWeb showed 
several possible binding sites, the one with 
the highest pocket score of 28.54 is displayed 
in blue (Fig. 4). Th is pocket have the follow-
ing residue: Tyr B72, Asp B74, Leu B76, Th r 
B83, Trp B86, Asn B87, Gly B120, Gly B121, 
Tyr B124, Ser B125, Gly B126, Tyr B133, Glu 
B202, Ser B203, Trp B286, Ser B293, Val B294, 
Phe B297, Tyr B337, Phe B338, Tyr B341, His 
B447 and Gly B448.

3.2. ProteinPlus‑DoGSiteScorer
ProteinPlus and DoGSiteScorer returned a 

list of potential binding sites (Fig. 5) ranked by 
their druggability score. Th is score as well as the 
simple score is estimated based on their volume/
depth, surface area and amino acid composition, 
binding sites that are optimized in these aspects 
for small molecule interaction are considered 
more “druggable” and can serve as a basis when 
selecting ligands. Large pocket volume, high 
depth and high apolar amino acid ratio is con-
sidered favorable in the scoring.

 

Figure 5. Results of ProteinPlus investigation using PDB code “3lii”: 
potential binding site displayed in colors corresponding to the chart
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Binding site P_1 has the highest druggabil-
ity score and simple score, it has 13 hydrogen 
bond donors, 60 hydrogen bond acceptors, 39 
hydrophobic interactions with a hydrophobic-
ity ratio of 0.35, an apolar amino acid ratio of 
0.38 and a polar amino acid ratio of 0.51. The 
amino acid descriptors of this site are the fol-
lowing: 2 Ala, 1Arg, 1Asn, 1Asp, 1Gln, 1Glu, 
6Gly, 1His, 1Ile, 1Leu, 3Phe, 1Pro, 3Ser, 1Thr, 
4Trp, 7Tyr, 2Val. The similarity in both location 
and composition between results returned by 
PrankWeb and ProteinPlus is very noteworthy, 
it strongly implies that this binding site can be 
drugged reliably.

3.3. PocketQuery
In order to account for the two chains that 

comprise an AChE molecule, a new PDB code 
must be obtained in order for Pocket Query to 
return a comprehensive list that includes ligand 
for both chains. Although the composition of 
the two chains, C and E, is the same, the fea-
tures’ placement are inverted spatially, this will 
require different ligands. This new PBD code 

is “4QWW”. After the list is generated, two re-
sults with the highest score for both chains are 
selected for further development. Their specif-
ics are displayed in (Table 1) and their image in 
(Figure 6). The distance indicates the longest 
distance in Angstroms between the centroids 
of any two residues in the cluster. The Avg 
ΔG indicates the change in Gibbs free energy 
upon interaction, a more negative value is as-
sociated with exergonicity and thus higher af-
finity. The Avg ΔΔG indicates the per-residue 
change in free energy of complexation between 
this complex and an alanine mutant, this is an 
indicator for the stability of the target mol-
ecule upon interaction, a more positive value 
implies stronger stabilizing effect of the ligand. 
Avg ΔSASA indicates the change in solvent ac-
cessible surface area upon complexation, and 
Avg ΔSASA% is the percentage of said change. 
The score is a per-residue conservation score, 
a higher score suggests a residue is more con-
served. This study ranked results based on the 
score.

Table 1. – Specifics of top 2 results targeting both C and E chains of AChE 
obtained from PocketQuery using the new PDB code “4QWW”

Cluster Chain Size Residue Dist 
(Angstroms)

Avg ΔG 
(kcal/mol) Avg ΔΔG Avg 

ΔSASA
Avg 

ΔSASA% score

1 2 3 4 5 6 7 8 9 10

1 C 2
Tyr 90

7.3544 –4.115 0 111.715 69.5 0.986921
His 93

2 C 3
Tyr 90

7.3544 –3.64 0 93.8933 58.7333 0.984095His 93
Met 95

3 E 2
Tyr 90

7.3511 –3.975 –1.40485 110.58 68.85 0.981743
His 93

E 3
Tyr 90

7.3511 –3.54333 –0.87113 93.3433 58.4333 0.981391His 93
Met 95
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Figure 6. Images of top 2 results targeting both C and E chains of AChE 
obtained from PocketQuery using the new PDB code “4QWW”

(Top Left: cluster 1, Top Right: cluster 2, Bottom Left: cluster 3, Bottom Right: cluster 4)

3.4. ZINCpharmer
A total number of 40 potential ligands are 

selected from the list of hits returned by ZINC-
pharmer, 20 from each chain. All hits with root 
mean square deviation (RMSD) lower than 
0.15 are considered. Th e hit groups and their re-
spective pharmacophore features are displayed 
in the following table (Table 2). During the 
molecule selection process several molecules 
possess identical main structure with diff ering 
side chains, these molecules are marked with a 
special symbol next to their name (*,%, #, **, ##, 
@, &). Furthermore, due to the similar nature 
of the C and E chain within AChE, molecules 
that appeared in both the C and E chain’s hit 
group are also considered due to their more 

versatile bonding capabilities. Th is is refl ected 
in the “1&3 shared” and the “2&4 shared” sec-
tions of the table. Th is table includes the mol-
ecule’s Root Mean Square Deviation(RMSD), 
which indicates the level of similarity between 
the hit result’s pharmacophore features and the 
original pharmacophore features’ positions. It 
also includes mass and the number of rotatable 
bonds(RBnd). Lastly, some hit molecules are 
not recognized by SWISSdock, the next web-
site used to evaluate the compounds, they are 
marked with a “–” in front of their code name. 
Replacements were found for the unrecognized 
molecules, and they are marked with a “+” in 
front of their code name. All the hit results are 
displayed in (Table 2).
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Table 2. – Pharmacophore Features preserved for each cluster and 
the respective hit groups returned by ZINCpharmer

Cluster Pharmacophore Feature Name RMSD Mass RBnds
1 2 3 4 5 6
1 Aromatic (x: 17.90 y: –94.68 z: –15.15) ZINC32795055 0.001 403 9

Radius: 1.10 ZINC02121625* 0.001 382 8
Hydrophobic (x: 17.90 y: –94.68 z: –15.15) –ZINC90058378 0.001 373 15
Radius: 1.00 –ZINC00526453* 0.001 337 4
Aromatic (x: 18.15 y: –99.07 z: –10.26) ZINC00704447* 0.001 367 8
Radius: 1.10 –ZINC05504427* 0.001 367 5
Hydrophobic (x: 18.15 y: –99.07 z: –10.26) ZINC12520179% 0.001 435 8
Radius: 1.0 ZINC04716517# 0.001 358 10
Hydrogen Acceptor (x: 15.15 y: –98.65 z: 
–11.07) ZINC04716528# 0.001 344 9

Radius: 0.50 ZINC02559431# 0.001 284 5
+ZINC05514427* 0.001 367 5
+ZINC00754339* 0.001 352 6
+ZINC12564214% 0.001 387 8

2 Aromatic (x: 17.90 y: –94.68 z: –15.15) ZINC00426771** 0.004 317 6
Radius: 1.10 ZINC04733773** 0.004 382 5
Hydrophobic (x: 17.90 y: –94.68 z: –15.15) ZINC35992586## 0.004 429 14
Radius: 1.00 ZINC36006321## 0.004 414 13
Aromatic (x: 18.15 y: –99.07 z: –10.26) ZINC35988983## 0.004 414 13
Radius: 1.10 ZINC00947297 0.005 387 7
Hydrophobic (x: 18.15 y: –99.07 z: –10.26) –ZINC71803034 0.005 461 11
Radius: 1.00 ZINC12752034 0.006 491 10
Hydrophobic (x: 18.82 y: –103.03 z: 
–13.78) –ZINC91334479 0.006 339 10

Radius: 1.00 ZINC02072375 0.006 392 4
+ZINC58008912@ 0.007 418 8
+ZINC72048214@ 0.007 368 9

3 Aromatic ZINC13595266 0.001 394 7
(x: 18.44 y: –19.89 z: –22.08) ZINC57503878 0.001 342 10
Radius: 1.10 ZINC00754301* 0.001 352 6
Hydrophobic ZINC19877680 0.001 497 12
(x: 18.44 y: –19.89 z: –22.08) ZINC00704450* 0.001 367 8
Radius: 1.00 -ZINC94714412 0.001 301 5
Aromatic ZINC05514423* 0.002 367 5
(x: 18.88 y: –15.52 z: –26.96) ZINC02121626* 0.002 382 8
Radius: 1.10 ZINC05514424* 0.002 367 5
Hydrophobic ZINC05464835* 0.002 380 8
(x: 18.88 y: –15.52 z: –26.96) +ZINC02978390 0.002 403 4
Radius: 1.00
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1 2 3 4 5 6
3 Hydrogen Acceptor

(x: 16.25 y: –15.95 z: –26.24)
Radius: 0.50

4 Aromatic -ZINC12300610 0.005 416 10
(x: 18.44 y: –19.89 z: –22.08) ZINC84746894 0.005 304 9
Radius: 1.10 -ZINC73260184 0.006 360 6
Hydrophobic -ZINC08320022 0.006 386 7
(x: 18.44 y: –19.89 z: –22.08) ZINC69518069 0.006 333 8
Radius: 1.00 ZINC17295117 0.006 484 9
Aromatic -ZINC08809977 0.007 308 5
(x: 18.88 y: –15.52 z: –26.96) ZINC91839326& 0.007 375 10
Radius: 1.10 ZINC79504196& 0.007 374 10
Hydrophobic ZINC26534127 0.007 448 10
(x: 18.88 y: –15.52 z: –26.96) +ZINC12925747 0.008 452 10
Radius: 1.00 +ZINC12072317 0.008 333 3
Hydrophobic +ZINC35973602 0.008 339 9
(x: 19.47 y: –11.50 z: –23.40) +ZINC14963127 0.008 375 8
Radius: 1.00

1 & 3 
Shared

ZINC95358168 0.073 381 6
ZINC89735569 0.092 340 6

ZINC90851227^ 0.109 352 6
ZINC90852790^ 0.11 338 6

2 & 4 
Shared

-ZINC95084748 0.068 426 10
-ZINC69917631$ 0.071 344 4
-ZINC94145307! 0.078 314 8
-ZINC94145311! 0.078 328 9
ZINC69919088$ 0.085 324 6
ZINC69919500$ 0.086 310 5
+ZINC72430491 0.088 379 11
+ZINC92729473 0.096 328 4
+ZINC72278670 0.097 310 4
+ZINC80578006 0.102 319 9

3.5. SWISSdock
Hit results from ZINCpharmer were entered 

into SWISSdock, and the website returned the 
estimated Full Fitness as well as ΔG of the in-

teraction; they are listed in the following table 
with their corresponding molecule names. This 
study primarily focused on ΔG, which measures 
the binding affinity from an ergonomics perspec-
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tive. The lower this value is, the more exergonic 
the reaction is, and the more likely it will hap-
pen spontaneously. All the results are displayed 
in (Table 3), molecules with desirable ΔG are 
marked with a “+” after their name, these will be 

the molecules for further screening. Images of the 
simulated docking are compiled in (Figure 7), 
the final candidate molecules’ structures are 
shown in (Figure 8).

Table 3. – The results of the docking simulations for every hit molecule 
returned by SWISSdock with the pdb file “3lii” assigned as target

Cluster 1 Name Full Fitness 
(kcal/mol)

Estimated ΔG 
(kcal/mol) cluster 2 Name: Full Fitness 

(kcal/mol)
Estimated ΔG 

(kcal/mol)
ZINC04716517+ – 1847.76 – 9.27 ZINC12752034 – 1647.07 – 8.25
ZINC02121625 – 1812.98 – 8.24 ZINC58008912 – 1873.39 – 8.22
ZINC04716528 – 1897.98 – 8.12 ZINC00426771 – 1877.2 – 8.16
ZINC00754339 – 1827.51 – 7.94 ZINC02072375 – 1814.71 – 8.07
ZINC12520179 – 1861.25 – 7.79 ZINC36006321 – 1844.57 – 7.95
ZINC05514427 – 1803.95 – 7.78 ZINC72048214 – 1847.41 – 7.9
ZINC02559431 – 1932.59 – 7.75 ZINC04733773 – 1813.45 – 7.75
ZINC00704447 – 1824.89 – 7.59 ZINC35988983 – 1849.92 – 7.64
ZINC32795055 – 1852.12 – 7.55 ZINC00947297 – 1817.68 – 7.84
ZINC12564214 – 1860.45 – 7.41 ZINC35992586 – 1848.28 – 7.53
ZINC19877680+ – 1800.04 – 9.21 ZINC12925747+ – 1825.17 – 9.13
ZINC05514424+ – 1811.58 – 9.17 ZINC12072317 – 1871.05 – 8.75
ZINC00754301+ – 1829.6 – 9.03 ZINC91839326 – 1902.17 – 8.37
ZINC02121626 – 1806.79 – 8.62 ZINC14963127 – 1829.82 – 8.02
ZINC05514423 – 1810.65 – 8.51 ZINC26534127 – 1796.52 – 8
ZINC05464835 – 1832.54 – 8.18 ZINC69518069 – 1836.26 – 7.99
ZINC13595266 – 1847.22 – 7.77 ZINC17295117 – 1892.00 – 7.95
ZINC02978390 – 1824.7 – 7.65 ZINC79504196 – 1903.64 – 7.91
ZINC00704450 – 1833.37 – 7.42 ZINC84746894 – 1878.97 – 7.61
ZINC57503878 – 1820.24 – 7.31 ZINC35973602 – 1856.42 – 7.54
ZINC95358168 – 2072.35 – 8.35 ZINC72430491 – 1893.38 – 8.05
ZINC89735569+ – 1866.8 – 9.28 ZINC69919500 – 1667.42 – 7.69
ZINC90851227 – 1898.1 – 8.69 ZINC69919088 – 1671.89 – 7.66
ZINC90852790 – 1892.89 – 8.94 ZINC92729473 – 1864.17 – 7.54

ZINC72278670 – 1660.62 – 7.54
ZINC80578006 – 1961.11 – 7.52
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Figure 7. Images of the predicted docking interaction between the target molecule 

and the selected compounds with the lowest resulting ΔG (>-9 kcal/mol)

   

   
Figure 8. The structures of the final candidate molecules 

that are selected for further virtual screening
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3.6. Swissadme
SWISSADME returns 7 characteristics of the 

compounds: its molecular weight, its Lipophi-
licity in MLogP, its number of hydrogen bond 
donors and acceptors, and its water solubility cal-
culated by Estimated Aqueous Solubility(ESOL) 
and two other methods: one developed by 
Jogoth Ali, Patrick Camilleri, Marc B Brown, An-
drew J Hutt, and Stewart B Kirton [41; 42] (Ali), 
and another developed by SILICOS-IT. SWIS-
SADME assesses the compound’s conformity to 

Lipinski’s rule of five, which gives requirements 
in five areas. Any potential drugs must meet them 
to be considered acceptable; this is reflected in 
the “Requirements” row. SWISSADME also 
gave estimated gastrointestinal absorption rate 
and Blood Brain Barrier(BBB) permeance. This 
study aims to develop drugs with goals that re-
quire them to reach the brain, so being Blood 
Brain Barrier permeant is considered favorable. 
All characteristics are displayed in (Table 4) and 
(Table 5).

Table 4. – compound characteristics returned by SWISSADME 
after entering their respective SMILE codes
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Log S 
(Ali)

Log S 
(SILICOS 

—  IT)

ZINC04716517 358.34 0.40 1 7 0 Moderate-
ly soluble

Moderate-
ly soluble

Poorly 
soluble

ZINC05514424 367.3 –1.34 3 6 0 Soluble Soluble Moderately 
soluble

ZINC19877680 495.6 3.97 1 5 0 Poorly 
soluble

Poorly 
soluble Insoluble

ZINC00754301 352.38 –0.74 3 5 0 Soluble Very 
soluble

Moderately 
soluble

ZINC12925747 451.54 0.47 0 7 0 Soluble Soluble Poorly 
soluble

ZINC89735569 338.47 0.37 0 3 0 Moderate-
ly soluble

Moderate-
ly soluble

Moderately 
soluble

Requirements: < 500 < 4.15 < 5 < 10 < 2
Table 5. – Additional predictions returned by SWISSADME

Name: Lipinski Drug- 
likeness:

Gastrointestinal 
Absorption:

Blood Brain 
Barrier(BBB) permeant:

1 2 3 4
ZINC04716517 Yes High No
ZINC05514424 Yes High No
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1 2 3 4
ZINC19877680 Yes High Yes
ZINC00754301 Yes High No
ZINC12925747 Yes High No
ZINC89735569 Yes High Yes

3.7. ADMETlab2.0
ADMETlab2.0 gives comprehensive pre-

dictions in all five areas of pharmacokinetics. In 
absorption, the server predicts the compound’s 
Caco‑2 permeability in log cm/s. The human co-
lon adenocarcinoma cell lines (Caco‑2) is a cell 
line found in the human intestines, and is com-
monly used to assess the gastrointestinal absorp-
tion of drug compounds. The optimal range for 
this section is > –5.15. Madin–Darby Canine 
Kidney cells (MDCK) is an in vitro model for 
assessing potential drug compounds’ uptake ef-
ficiency, and is measured in cm/s. High passive 
MDCK permeability is considered favorable for 
this study. Pgp inhibitor and substrate refers to the 
P-glycoprotein, a crucial efflux transporter in the 

ATP-binding cassette (ABC) transporters super-
family. Pgp-inhibition could lead to drug accumu-
lation inside the cell and cause adverse effects, so 
being an inhibitor is considered unfavorable. On 
the other hand being a substrate could lead to too 
little compounds present in the cells and weaken 
potency, so it is also considered unfavorable. These 
sections are measured in possibilities out of 1. 
The probability of Human Intestinal Absorption 
(HIA) being lower than 30% is also predicted, 
and lower possibility is considered to be favorable. 
Lastly, The probability of the human oral bioavail-
ability F% being lower than 20% is predicted, and 
lower possibility is considered to be favorable. All 
predictions in the absorption section are displayed 
in (Table 6).

Table 6. – Absorption characteristics of the compounds predicted by ADMETlab 2.0

Names:

Caco‑2 
Perme‑
ability 

(log cm/s)

MDCK Per‑
meability

(cm/s)

Pgp-inhib‑
itor 

(possibility 
out of 1)

Pgp-sub‑
strate

(possibility 
out of 1)

Human Intes‑
tinal Absorp‑
tion (HIA) < 

30% (possibil‑
ity out of 1)

The human 
oral bio‑

availability 
F% < 20% 

(possibility 
out of 1)

ZINC04716517 – 4.814 3.5 × 10 – 5 0.1–0.3 0.7–0.9 0–0.1 0–0.1
ZINC05514424 – 5.470 2.1 × 10 – 5 0–0.1 0–0.1 0–0.1 0–0.1
ZINC19877680 – 5.323 1.6 × 10 – 5 0.9–1 0–0.1 0–0.1 0.5–0.7
ZINC00754301 – 5.489 1.2 × 10 – 5 0–0.1 0–0.1 0–0.1 0–0.1
ZINC12925747 – 5.693 1.5 × 10 – 5 0.3–0.5 0–0.1 0.9–1 0.9–1
ZINC89735569 – 5.020 3.3 × 10 – 5 0.9–1 0–0.1 0–0.1 0.7–0.9

Optimal Range: > –5.15

Low:
< 2 × 10 – 6

Medium:
2–20 × 10 – 6

High:
> 2 × 10 – 5

low low low low
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In the distribution section, ADMETlab 2.0 
predicts the Plasma Protein Binding rate of the 
compounds, which reflects the molecule’s ability 
to bind to proteins in the plasma, and is measured 
in percentage. The optimal range is =< 90%. AD-
METlab also predicts the volume distribution, 
which is measured in L/kg. This parameter con-
nects the administered dose with the actual ini-
tial concentration present in the circulation, with 

the optimal range being 0.04 ~20. The probabil-
ity of the compound penetrating the Blood Brain 
Barrier is also predicted as possibilities out of 1, 
higher possibility is considered favorable, in line 
with SWISSADME. Lastly, ADMETlab 2.0 pre-
dicts the amount of molecules unbound in the 
plasma in percentage form. The optimal range 
for this parameter is >= 5%. All predictions in 
the absorption section are displayed in (Table 7).

Table 7. – Distribution characteristics of the compounds predicted by ADMETlab 2.0

Names: Plasma Protein 
Binding (PPB)

Volume Distribu‑
tion (VD) (L/kg)

Blood Brain Barrier 
Penetration LogBB > 

–1 (possibility out of 1)

Fraction un‑
bound in plasma

ZINC04716517 80.637% 0.668 0–0.1 18.236%
ZINC05514424 91.474% 0.448 0.1–0.3 5.863%
ZINC19877680 98.751% 1.735 0.1–0.3 1.165%
ZINC00754301 88.287% 0.791 0.7–0.9 11.535%
ZINC12925747 88.828% 1.358 0.7–0.9 10.825%
ZINC89735569 81.768% 2.317 0.9–1 22.456%
Optimal Range: =< 90% 0.04 ~ 20 high >= 5%

In the metabolism section, ADMETlab 2.0 
predicted the compounds’ interaction with 10 
isozymes from the human cytochrome P450 
family. These are CYP1A2, CYP2C19, CYP2C9, 
CYP2D6, and CYP3A4; they metabolize most 

known drugs. Inhibition of these isozymes are 
considered unfavorable while being a substrate 
is considered favorable. The prediction is mea-
sured in possibilities out of 1. All the results are 
displayed in (Table 8).

Table 8. – Metabolism characteristics of the compounds 
predicted by ADMETlab 2.0 (Possibility out of 1)
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ZINC04716517 0.7–0.9 0.9–1 0.5–0.7 0.3–0.5 0.5–0.7 0.9–1 0.5–0.7 0.9–1 0.7–0.9 0.3–0.5
ZINC05514424 0.1–0.3 0.7–0.9 0.1–0.3 0–0.1 0.5–0.7 0.7–0.9 0–0.1 0.3–0.5 0.1–0.3 0.5–0.7
ZINC19877680 0.1–0.3 0.9–1 0.5–0.7 0.7–0.9 0.1–0.3 0.5–0.7 0.7–0.9 0.9–1 0.1–0.3 0.9–1
ZINC00754301 0.1–0.3 0.9–1 0.1–0.3 0.5–0.7 0.3–0.5 0.7–0.9 0–0.1 0.7–0.9 0.1–0.3 0.5–0.7
ZINC12925747 0.1–0.3 0.1–0.3 0.7–0.9 0–0.1 0.7–0.9 0.3–0.5 0.1–0.3 0.1–0.3 0.9–1 0.7–0.9
ZINC89735569 0.7–0.9 0.3–0.5 0.7–0.9 0.3–0.5 0.1–0.3 0–0.1 0.9–1 0.7–0.9 0.7–0.9 0.5–0.7

In the excretion section, ADMETlab 2.0 pre-
dicted the compounds’ clearance from the body, 
measured in ml/min/kg, higher value in this sec-

tion is considered favorable. The results are dis-
played in (Table 9).
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Table 9. – Excretion characteristics of the 
compounds predicted by ADMETlab 2.0

Names: Clearance (ml/min/kg):
ZINC04716517 7.731
ZINC05514424 1.554
ZINC19877680 13.199
ZINC00754301 2.118
ZINC12925747 8.183
ZINC89735569 7.481

Optimal Range:
High: > 15 ml/min/kg
Medium: 5–15 ml/min/kg
Low: < 5 ml/min/kg

In the toxicity section, ADMETlab 2.0 as-
sessed the selected compounds and scored them 
in 8 categories. First, the algorithm assessed the 
possibility of the compound being a human ether-
a-go-go-related gene (hERG) blocker. This gene 
encodes a voltage gated potassium pump that 
plays a role in cardiac depolarization and repo-
larization. Lower possibility is considered to be 

favorable as hERG blockers can obstruct cardiac 
function. The human hepatotoxicity(H-HT) 
indicates risk of liver injury, lower possibility is 
considered to be favorable. Drug-induced liver 
injury (DILI) also tests for risk of liver injury, and 
lower possibility is also desired. AMES Toxic-
ity indicates risk of mutagenicity, lower possibil-
ity is considered to be favorable. Rat Oral Acute 
Toxicity section predicts the chance of less than 
500 mg/kg drug causing acute toxicity in mam-
mals, FDA maximum daily dose(FDA MDD) pre-
dicts the chance of the maximum recommended 
daily dosage being less than 0.011 mmol/kg. These 
two assessments could serve as references for dos-
age calculations in the future. Lower possibility is 
favored in these two sections. Lower possibility is 
considered to be favorable for the Carcinogenicity 
and the Respiratory Toxicity section. All toxicity 
predictions are displayed in (Table 10).

Table 10. – Toxicity characteristics of the compounds 
predicted by ADMETlab 2.0 (Possibility out of 1)

Names:
hERG 
Block‑

ers
H-HT DILI

AMES 
Toxic‑

ity

Rat Oral 
Acute Toxicity 
< 500 (mg/kg)

FDAMDD ≤ 
0.011 (mmol/

kg-bw/day)

Carci‑
noge‑
nicity

Respi‑
ratory 

Toxicity
ZINC04716517 0–0.1 0.1–0.3 0.7–0.9 0.1–0.3 0.1–0.3 0.1–0.3 0–0.1 0.3–0.5
ZINC05514424 0.1–0.3 0.7–0.9 0.9–1 0.9–1 0.7–0.9 0.9–1 0.5–0.7 0.9–1
ZINC19877680 0.7–0.9 0.1–0.3 0.3–0.5 0.3–0.5 0.3–0.5 0.9–1 0.3–0.5 0.3–0.5
ZINC00754301 0–0.1 0.9–1 0.9–1 0–0.1 0.5–0.7 0.9–1 0.1–0.3 0.9–1
ZINC12925747 0.1–0.3 0.1–0.3 0.7–0.9 0–0.1 0.3–0.5 0–0.1 0.5–0.7 0.9–1
ZINC89735569 0.1–0.3 0.9–1 0.3–0.5 0.7–0.9 0.1–0.3 0.7–0.9 0.7–0.9 0.5–0.7

4. Discussion
Acetylcholinesterase (AChE) based treat-

ment has been proven to be an effective way to 
treat Alzheimer’s disease by several clinically 
proven drugs. Its inhibition in patients with 
mild to severe Alzheimer’s has been observed 
to improve their short (up  to 24 weeks) and 
long (up to 1 year) term cognitive abilities [40]. 
However, AChE inhibitors available on today’s 

market commonly suffer from limitations that 
include gastrointestinal toxicity, which signifi-
cantly limits their administration and thus ef-
fects. Furthermore, reversible inhibitors such as 
Donepezil and Galantamine are also associated 
with short effect durations, as their binding with 
AChE hydrolyzes within minutes. While irre-
versible or pseudo-irreversible inhibitors such as 
Rivastigmine are observed to have a considerably 
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higher rate of causing adverse effects in patients. 
It is due to these limitations and today’s growing 
Alzheimer’s-affected population that new, better 
inhibitors are urgently needed.

However, finding a compound that can serve 
as a starting point for the development of new 
treatment methods can be a challenging task, as 
it is extremely labor intensive and time consum-
ing. Traditional manual search methods can fail 
to deliver candidates in the needed quantity and 
quality. Furthermore, the high costs that com-
monly came with long periods of research made 
therapeutic drug developments unaffordable for 
many institutions. Web server based computa-
tional methods and virtual screening tools present 
an excellent alternative to this challenge. They are 
fast, precise and benefit from a vast array of online 
databases, and as a result can quickly isolate mol-
ecules with the desired characteristics. This study 
employed several such online tools, combining 
pharmacophore based virtual screening, docking 
simulation, and ADMET predicting tools to re-
turn a pool of candidate molecules for new AChE 
inhibitors. Pharmacophore-structure-based tools 
are especially practical in this context due to their 
ability to isolate structures that can bind to fea-
tures on the surface of the target molecule.

Potential ligand binding sites on AChE are 
initially identified by ProteinPlus-DoGSite-
Scorer and PrankWeb, two unique web serv-
ers with different algorithms. The two results 
combine to obtain locations of potential bind-
ing sites with improved precision and reliability. 
PocketQuery is then used to obtain structures 
that can best bind to the target molecule. As 
AChE has multiple chains in its structure, two 
chains, C and E, are considered in this process. 
PocketQuery returns a score that indicates the 
suitability of the structures returned as a start-

ing point of inhibitor design, and C and E chain 
based structures have the highest score, thus they 
are chosen. The structures are then exported to 
ZINCpharmer for further development. Each 
structure comes with a set of pharmacophore 
structures that allow their interaction with the 
target molecule, and they are selected in ZINC-
pharmer to be preserved in the final molecules. 
ZINCpharmer then attempts to find molecules 
in the ZINCdatabase that contains these fea-
tures and returns a list. Molecules with the low-
est RMSD from that list are then selected for 
docking. A total of 50 molecules are found and 
docked, including 10 that occurred in both the 
C and the E chain list. In the subsequent docking 
simulation, ZINC04716517, ZINC05514424, 
ZINC19877680, ZINC00754301, ZINC12925747 
and ZINC89735569 displayed the lowest ΔG 
values (<-9 kcal/mol). This indicates that they 
potentially can form strong bonds with AChE 
and could therefore be stronger inhibitors.

The most common causes of failure in today’s 
therapeutic drugs are undesirable pharmacoki-
netics and toxicity. Therefore it is important for 
the drug candidates to undergo extensive virtual 
screening that examines their physicochemical, 
pharmacokinetics, and safety characteristics. 
This study employs two web servers, SWISSAD-
ME and ADMETlab, to as sess the drug-likeness 
of the candidates. These tools assess the mole-
cules in terms of their absorption, distribution, 
metabolism, excretion, and toxicity, therefore 
ADMET. All the molecules are first examined 
under Lipinski’s rule of five: molecular weight 
(MW) ≤ 500; logP ≤ 5; H-bond donors ≤ 5 and 
H-bond acceptors ≤ 10, with at most one viola-
tion. All the candidates passed this test, and they 
are then tested for their ADMET characteristics. 
For absorption, the molecules are tested for their 
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gastrointestinal absorption, oral bioavailability, 
and Pgp interactions. For distribution, the mol-
ecules are tested for their plasma protein binding 
rates, volume distribution, blood brain barrier 
penetration, and fraction unbound in plasma. 
For metabolism, the molecules are tested for 
their interaction with enzymes from the human 
cytochrome P450 family. For excretion, the mol-
ecules are tested for their clearance. For toxic-
ity, the molecules are tested for hERG blocking, 
human hepatotoxicity, drug-induced liver injury, 
mutagenicity, rat oral acute toxicity, maximum 
recommended daily dose, carcinogenicity, and 
respiratory toxicity.

All of the six candidates returned different 
sets of strengths and weaknesses.

ZINC04716517 has a ΔG of –9.27, it dis-
played good gastrointestinal and oral absorption 
characteristics, but it is a P-glycoprotein (Pgp) 
substrate which may hinder its absorption into 
cells. It has good distribution characteristics but 
can not penetrate the blood brain barrier. It also 
has medium excretion clearance, but is poten-
tially positive for liver toxicity.

ZINC05514424 has a ΔG of –9.17, it also has 
good gastrointestinal and oral absorption charac-
teristics, and is neither an inhibitor nor substrate 
of Pgp. It also has good distribution characteris-
tics but cannot penetrate the blood brain barrier. 
However, it is low in terms of clearance and may 
be positive for hepatotoxicity, mutagenicity, car-
cinogenicity, and respiratory toxicity. So its po-
tential dosage is severely limited and there are 
large rooms for future optimization.

ZINC19877680 has a ΔG of –9.21, it showed 
acceptable gastrointestinal and oral absorption 
characteristics, but may be a Pgp inhibitor so 
its dosage is limited, it also may have low oral 
bioavailability. ZINC19877680 has acceptable 

distribution characteristics but cannot penetrate 
the blood brain barrier, its fraction unbound 
in plasma is also low. It has medium excretion 
clearance but the value is the highest among the 
candidates. In terms of toxicity, it is potentially 
positive for cardiac toxicity and hepatotoxicity, 
and has a low maximum recommended dosage.

ZINC00754301 has a ΔG of –9.03, the high-
est among the candidates, meaning it potentially 
has the lowest binding affinity. It displayed ac-
ceptable gastrointestinal and oral absorption 
characteristics, and is neither an inhibitor nor 
substrate of Pgp. It has excellent distribution 
characteristics and can potentially penetrate the 
blood brain barrier. But it has low excretion clear-
ance and may be positive for hepatotoxicity and 
respiratory toxicity, which heavily limits its po-
tential dosage.

ZINC12925747 has a ΔG of –9.13, it displayed 
bad gastrointestinal and oral absorption character-
istics, but is neither an inhibitor nor substrate of 
Pgp. It showed good distribution characteristics 
and can penetrate the blood brain barrier. It also 
has medium excretion clearance. ZINC12925747 
is potentially positive for hepatotoxicity, carcino-
genicity, and respiratory toxicity.

ZINC89735569 has ΔG of –9.28, the lowest 
among the candidates, meaning it potentially has 
the highest binding affinity. It displayed good gas-
trointestinal absorption characteristics but may 
have low oral bioavailability, it is also an inhibitor of 
Pgp. However, it showed outstanding distribution 
characteristics and can penetrate the blood brain 
barrier. It also has medium excretion clearance. In 
terms of toxicity, ZINC89735569 is potentially 
positive for hepatotoxicity, mutagenicity, carci-
nogenicity, and respiratory toxicity. Its maximum 
recommended dosage is potentially extremely low, 
and there are large rooms for future optimization.
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Overall, the pool of 6 candidate molecules 
showed unique pharmacokinetics and ADMET 
characteristics, and each could serve as a starting 
point for future treatment development. They 
could be optimized and/or used in compound 
therapeutics, and their computer predicted advan-
tages and disadvantages can be a valuable reference. 
These candidates are suitable for both develop-
ments that aim to focus on safety and those that aim 
for potency, and they are a versatile set of options 
any pharmaceutical developer could choose from.

5. Limitations
This study is based on computational meth-

ods, although they are highly sophisticated and 
are proven in numerous cases toaccurate and 
reliable, their results should not be 100% relied 
upon, and they can not fully replace in vitro and 
in vivo experiments. Furthermore, it should be 
noted that cholinergic enhancement treatments 
cannot fully cure Alzheimer’s, although it is ca-
pable of suppressing symptoms.

6. Conclusion:
Alzheimer’s disease is the most common 

cause of dementia. It severely degrades its pa-
tient’s cognitive abilities and memory func-
tions, and it threatens a growing population 
today. Cholinergic enhancement treatment has 
been clinically proven to be capable of easing 
Alzheimer’s symptoms, and the core concept is 
the inhibition of the Acetylcholinerase (AChE) 
enzyme that breaks down the neurotransmit-
ter acetylcholine. However, Designing a new in-
hibitor using traditional methods can be costly, 
lengthy, and labor-intensive. This study employs 
computation based methods and tools to isolate 
a pool of new AChE inhibitor candidates. It fol-
lows the workflow of site identification, pharma-

cophore virtual screening, docking simulation, 
and ADMET screening. The resulting mol-
ecules are ZINC04716517, ZINC05514424, 
ZINC19877680, ZINC00754301, 
ZINC12925747, and ZINC89735569. They 
each possess a unique set of characteristics and 
can provide a starting point for any institution 
aiming to develop a new therapeutic drug or 
treatment. ZINC04716517 has high binding af-
finity, good absorption, distribution, excretion 
characteristics, and relatively low toxicity, but it 
cannot penetrate the blood brain barrier and is 
a Pgp substrate. ZINC05514424 has good bind-
ing affinity, good absorption and distribution 
characteristics, but has relatively high toxicity 
and cannot penetrate the blood brain barrier. 
ZINC19877680 has good binding affinity, rea-
sonable absorption, distribution characteristics, 
good excretion characteristics, but has medium 
toxicity and cannot penetrate the blood brain 
barrier. ZINC00754301 has acceptable bind-
ing affinity, great absorption and distribution 
characteristics, poor excretion characteristics, 
medium toxicity, and can penetrate the blood 
brain barrier. ZINC12925747 has good bind-
ing affinity, good absorption, distribution, ex-
cretion characteristics, can penetrate the blood 
brain barrier, and has medium-high toxicity. 
ZINC89735569 has great binding affinity, ac-
ceptable absorption characteristics, great dis-
tribution and excretion characteristics, can pen-
etrate the blood brain barrier, but has relatively 
high toxicity. With future optimizations, and 
after further evaluation with vitro and in vivo 
experiments, they all can potentially serve as 
versatile options as foundations of therapeutic 
drug development.
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DEEP PURİFICATION OF MULTICOMPONENT SEWAGE WATER 
EMPLOYING ABSORPTION IN DYNAMIC CONDITIONS

Abstract. The work presents the calculation of parameters of the process of adsorption from the 
multi-component mixture using group calculation of the arguments. The modern technology of water 
purification using absorption is characterized by its complexity and variety of physicochemical effects. 
High-quality purified water can only be achieved using achieving a certain technological condition 
and by selecting the right equipment. The derived mathematical models of the process allow for 
performing the calculation for the projection of technological equipment with an appropriate level 
of precision required for engineering calculations.
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We can attempt to create a common model, 
by complexly using quotient relationships in 
case of a wider set of parameters [1, 15–17]. 
However, in this case, it will be impossible to 
model the process based on an analysis of con-
sequential relations between argument and 
function. Moreover, in practicing multi-compo-
nent sorption processes one can face the lack 
of information about the content of each of the 
components in the hard phase (weighting of the 

adsorbent will only indicate the total weight of 
the ingredients).

That is why the modern conception of the 
process of mutual displacement of components 
and the forecast of different groups of solutions, 
in this case, is significantly subjective [2, 10–13]. 
That impacts the trustworthiness of the exist-
ing mathematical description of the processes. 
Nonetheless, to project the sorption appliances 
a reliable forecast of the exit parameters of the 
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sorption is required. That is why it is necessary 
to search for methods of forecast based on lim-
ited but still trustworthy information about the 
processes. The authors decide that this task can 
be solved with a sufficient degree of precision re-
quired for practical purposes using group calcula-
tion of the arguments. Applying this method will 
allow significantly decrease the impact of subjec-
tive factors on the outcome so the calculation.

The task can be formulated as follows. There 
are many arguments: the initial and the final con-
centration of the substances, the speed of filtra-
tion, the height of the layer of the adsorbent, and 
the value of standard reduction of the free energy 
of adsorption of organic substances, which com-
prise the dual-component mixture [3, 19–23]. 
It is necessary to find an equation that will allow 
identifying with minimal error the time of shield-
ing effect of the sorption filter for two substances 
of organic nature, which have the value of stan-
dard reduction of free energy of adsorption (–F 
adsorption) within the borders which character-
ize the process of adsorption of these substances 
based on a specific adsorbent as effective.

During the conducted experiments, the pairs 
of organic substances were targeted with limit-
ing concentrations, which constituted the dual-
component solution. In addition, the first sub-
stance is a more adsorbing ingredient. During the 
variation of the pace of filtration, the height of 
the layer of adsorbent, and the variation of the 
constituent components with their initial con-
centrations, the timing of the shielding effect of 
the adsorbent of each of the two substances was 
measured.

The so-called randomization of the experi-
ment took place, in other words, unsystematic 
variations of the above-mentioned parameters of 
the experiment. The overshoot of the substances 

into the filtrate was controlled using the analysis 
performed by controlling the methods of chro-
matography and infrared spectroscopy.

For a greater depth of information, it was pre-
sented as a set of dimensionless complexes, the 
number of which was defined by π-theorem

Therefore, the dimensionless complexes 
were:
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the shielding effect of the absorbent)
The dimensional parameters meant:
C01, C02  – initial concentration of substances, 

molecule/liter
Cult �1, Cult �2  – overshoot concentration of sub-

stances, molecule/liter
−∆F1

0 , �−∆F2
0  – standard reduction of the free 

energy of adsorption of the substances from the 
solution kilo joule/molecule

L0  – the length of the adsorption layer
d – effective diameter of the granule, adsor-

bent, m
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ν  – kinematic viscosity of water, m2/c
In its whole volume, the mass data contained 

48 positions.
θ1, θ2 – the duration of shielding effect of the 

adsorbent as related to the first and second sub-
stances

−∆F 0  – the value of the standard reduction of 
the free energy of absorption from the solution 
= 20-kilo joule/molecule

So, our task can be presented as follows: there 
are the following arguments:

x = {C1, C2, F1, F2, L1, Re, lgl1, lgC2}� (1)
It is necessary to find the equations:
θ1 = λ1 {C1, C2, F1, F2, L1, Re, lgl1, lgC2}� (2)
θ2 = λ2 {C1, C2, F1, F2, L1, Re, lgl1, lgC2}� (3)
	 θ

θ
λ1

2

= � (4)

This would allow for the identification of 
the shielding effect of the adsorbent given the 
provided parameters for any pair of organic sub-
stances, the value of the standard reduction of 
the free energy of absorption of which is between 
20 to 50-kilo joule/molecule.

The vector components X C C−( )1 2  and their 
reverse values 1 1

1 2C C
, 









  have served as bearing 

functions for the means of selection of group cal-
culation of the arguments. The mathematical 
models were restored using the selection of the 
claimant models with the help of the criterion of 
unblended regularity until the criteria started ris-
ing again on the next round of selection, i. e. after 
achieving the minimum criteria of selection.

The sorting out of the best models according 
to their selection of criteria and their experimen-
tal testing has taken place.

Based on the observations the following in-
terdependences were derived:

lg . . lg .
Re

 .θ1 1
4

2

13 37 0 223 0 58 10 0 26= − − ⋅ −−C
l

F (5)

lg . . lg . . Reθ2 2 22 23 0 368 0 0021 0 000 209= − + − −C F (6)
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After the appropriate solution of expression, 
we will have:
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the independence –(8) in the dimensional form:
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The correlation coefficients of the derived 
models are 0.883; 0.848; 0.838

As we can see from the meaning of the corre-
lation coefficients on fronts of dual-component 
mixtures in the conditions outlined above.

As we can see from the presented equations, 
knowing the structure of the adsorbent sub-
stances and their initial concentrations we can 
calculate how long the sorption filter will func-
tion until the deriving components appear in the 
filtrate of defined overshoot concentrations.

Since the position of the functional group in 
molecule 2 is unimportant, the values –   0

adsF∆  
which define the values – 0

1 adsF∆  for the absorp-

tion on various coals are also unimportant. That 
is why the equations can approximate the dy-
namic process of sorption of the dual-compo-
nent mixture on all types of active coals. The 
minimum amount of experimental information 
is required to make calculations based on the de-
rived models. To be more precise we need trust-
worthy qualitative identification and quantitative 
interpretation of the flow. The substances similar 
in their structure and different values – 0

adsF∆  not 
more than 5- kilo joule/molecule, can be com-
bined, and therefore the multi-component 
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system can be turned into a dual-component and 
calculated based on the derived interdependenc-

es with an appropriate level of precision required 
for engineering calculations.
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MECHANISMS FOR CONNECTING AUTONOMOUS HYBRID 
WIND TURBINES TO A COMMON DISTRIBUTION NETWORK

Abstract. In this paper, the issue related to improving the efficiency of managing the operation 
of stand-alone hybrid wind power plants (HWPP) is considered. For this purpose, the so-called 
distributed energy generation system (DEGS) is proposed. In fact, such a system in one HWPP 
combines various sources generating electrical energy, which, makes it possible to take into account 
individual characteristics of the consumer in terms of power and profile. The increase in the share of 
such systems in electric power systems has not only positive aspects, but also creates certain techni-
cal difficulties associated with their control capabilities in normal and emergency conditions. It is 
shown that the most promising option for interfacing various sources of electricity in one HWPP is 
the use of an intermediate DC embedded unit. It is assumed that the use of a DC unit makes it easier 
to summarize and distribute the energy flows from the HWPP using effective control algorithms for 
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this process, thereby making maximum use of kinetic energy of wind flow and solar radiation energy. 
An optimal option for integrating several HWPP called the “distributed generation system” into a 
distribution network has been proposed.

Keywords: Hybrid, distribution network, integration, HWPP, DC embedded unit, magnetic 
blade, wind energy, solar radiation.
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МЕХАНИЗМЫ ПОДКЛЮЧЕНИЯ АВТОНОМНЫХ ГИБРИДНЫХ 
ВЕТРОГЕНЕРАТОРОВ В ОБЩУЮ РАСПРЕДЕЛИТЕЛЬНУЮ СЕТЬ

Аннотация. В данной работе рассматривается вопрос, связанный с повышением эффектив-
ности управления работы автономных гибридных ветроэнергетических установок (ГВЭУ). 
Для этого предлагается так называемая система распределенной генерации энергии (СРГЭ). 
По сути, такая система в одной ГВЭУ объединяет различные источники, генерирующие элек-
трическую энергию, которые учитывают индивидуальные особенности потребителя с точки 
зрения мощности и профиля. Рост доли таких систем в электроэнергетических системах имеет 
не только положительные стороны, но и создает определенные технические трудности, связан-
ные с их возможностями управления в нормальных и аварийных условиях. Показано, что наи-
более перспективным вариантом сопряжения различных источников электроэнергии в одной 
ГВЭУ является использование промежуточной вставки постоянного тока. Предполагается, что 
использование вставки постоянного тока позволяет более просто суммировать и распределять 
потоки энергии из ГВЭУ, использовать эффективные алгоритмы управления для этого процесса, 
тем самым максимально используя кинетическую энергию ветрового потока и энергии сол-
нечной радиации. Предложена рациональная схема интеграции нескольких ГВЭУ, называемой 
системой распределенной генерации в распределительную сеть.
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Ключевые слова: Гибридная, распределительная сеть, интеграция, ГВЭУ, вставка постоян-
ного тока, магнитная лопасть, ветровая энергия, солнечная радиация.

Введение
Ветроэнергетическая установка (ВЭУ) – 

это устройство, преобразовывающее кинети-
ческую энергию ветра в электрическую. Осо-
бенностью этих установок является отсутствие 
необходимости в каком-либо сырье, так же от-
сутствие отходов. В принципе, это косвенный 
способ извлекать энергию солнца, поскольку 
большие массы воздуха, имеющие разную тем-
пературу, образуют известные нам циклоны 
и антициклоны, способствующие появлению 
ветра. Встречаются различные виды ВЭУ: с го-
ризонтальной осью вращения и с вертикаль-
ной осью. Первые известны достаточно дав-
но и применяются повсеместно. Для работы 
таких ВЭУ требуется стабильный ветер от 4 
м/с. Лопасти напоминают лопасти самолета, 
скорость их вращения значительна. Второй 
тип – ВЭУ с  вертикальной осью появились 
относительно недавно. Таким устройствам 
не требуется такой сильный ветер – они спо-
собны работать и при более слабых потоках. 
Скорость вращения лопастей несколько ниже. 
Такое разнообразия лопастей этих установок 
связано с  повышением эффективности ис-
пользования потока ветровой энергии.

Баланс научных данных и  человеческого 
опыта на сегодняшний день четко делает вы-
вод, что ВЭУ не являются вредными для здо-
ровья человека – на самом деле, энергия ветра 
снижает количество вредных выбросов в ат-
мосферу и не создает никаких вредных отходов 
производства, по сравнению с другими источ-
никами электроэнергии [1]. В таких случаях 
ветровые проекты имеют востребованность 
и являются эффективными в смысле коротко-

го периода строительства и могут быть быстро 
развернуты с положительными последствия-
ми, доставленных местным общинам. Произ-
водительность таких проектов в первой оче-
реди зависит от эффективной работы ВЭУ, т. е. 
от эффективного использования ветрового 
потока. От этого во многом зависит себестои-
мость выработанной электроэнергии ВЭУ. Су-
ществует множество конструкций, решающих 
данную задачу [2; 3; 4; 5].

Дальнейшее развитие технологии пользо-
вания ВЭУ показывает, что создание системы 
распределенной генерации электроэнергии 
с использованием ВЭУ имеет хорошие пер-
спективы [6; 7].

Как известно, задачей современных элек-
трических систем является постоянное ба-
лансирование спроса и предложения, гибкое 
управления сетью и обеспечение оптималь-
ного уровня энергоэффективности. Эти про-
блемы могут быть решены, но в тоже время 
диспетчерское и автоматическое управление 
системой распределенной генерации энергии 
усложняется. Необходимо разработать новые 
математические модели для обоснования раз-
вития электроэнергетической системы и си-
стем электроснабжения [8].

Большинство автономных энергетических 
систем, использующих возобновляемые ис-
точники энергии (ВИЭ), которые находятся 
в эксплуатации и предлагаются на рынке, явля-
ются технически готовыми продуктами, адап-
тированными для строго определенного типа 
энергетического оборудования. Они обеспе-
чивают возможность расширения их функци-
ональности и наращивания потенциала путем 
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подключения новых источников генерации. 
Эта ситуация объясняется, главным образом, 
тем, что параметры электрической энергии, 
существенно различаются по основным тех-
ническим показателям, таким как тип тока, 
частота и величина выходного напряжения.

Если система распределенной генерации 
электроэнергии (СРГЭ) состоит из гибрид-
ной ВЭУ (рис1) [3], имеющей магнитную ло-
пасть и вырабатывающей индукционный ток i2, 
то это означает, что установлен асинхронный 
двигатель, вырабатывающий переменный ток 
i1, а на мачтах прикреплены солнечные панели, 
в свою очередь, вырабатывающие постоянный 
ток i3. В таком случае эффективное управления 
подобной системой зависит от возможности 
одностадийного снабжения потребителя элек-
трической энергией [9; 10]. Представим, что 
система распределенной генерации энергии 
состоит из n- гибридных ВЭУ (ГВЭУ). В этом 
случае одностадийное снабжения электроэ-
нергией потребителя будет зависит от эффек-
тивности управления распределением выра-
ботанной электроэнергии.

Для электроснабжения потребителей де-
централизованных зон можно широко приме-
нять СРГЭ на базе ГВЭУ. При этом генерато-
ры для ГВЭУ обычно выбирают по суммарной 
присоединенной мощности одновременно ра-
ботающих электроприемников, которая опре-
деляется за получасовой максимум в интерва-
ле времени с наибольшей нагрузкой с учетом 
их среднего коэффициента мощности [11]. 
При создании технологического графика для 
работы СРГЭ сначала рассматривают процес-
сы, которые необходимо обеспечить в полном 
объеме, затем те, которые могут обслуживать-
ся в ограниченном диапазоне мощности. Сле-
дует также стремиться уменьшать расчетную 

нагрузку, снижая потребную мощность по 
некоторым процессам, переносить отдельные 
процессы на другое время суток и т. п.

Методика эксперимента
Один из таких ГВЭУ, применяемых для 

СРГЭ, показан на рис..1, который вырабатыва-
ет электрическую энергию. Установка состо-
ит из мачты 1, солнечной панели 2, магнитных 
лопастей 3, генератора 4, индукционной ка-
тушки 5, выпрямителя 6, контроллера 7, акку-
муляторов 8, переключателя 9, инвертора 10, 
байпаса 15, счетчика электрической энергии 
и распределительной сети 1.

ГВЭУ работает следующим образом 
(рис.  1). Под действием ветра магнитные 
лопасти 3 вырабатывая электрический ток 
13 с  помощью генератора 4, создает во-
круг себя магнитное поле, который пере-
секая обмотки индукционной катушки, 
вырабатывает индукционный ток 12. Ток, 
вырабатываемый на солнечных панелях 14, 
электрический ток из генератора 13 и  ин-
дукционный ток 9 подаются на выпрямитель 
6. Выпрямленный ток через контроллер 7 
передается на аккумуляторы 8 и через пере-
ключатель 9 эти токи отправляются на ин-
вертор 10. Из инвертора 10 электроэнергия 
подается потребителям 11. ГВЭУ с аккуму-
ляторами батареями и коммутация с сетью 
15 АВР (байпас) позволяет переключить пи-
тание объекта при отсутствии ветра и полном 
разряде аккумуляторов на распределитель-
ную электросеть 16 через счетчик 17. Эта же 
схема может использоваться в обратном на-
правлении – ГВЭУ, как резервный источник 
питания. В этом случае АВР переключает по-
требителя на аккумуляторные батареи ГВЭУ 
при потере питания от распределительной 
электросети.
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Рисунок 1. Общий вид гибридной ветроэнергетической установки (ГВЭУ)

Частично перебои в  электропитании 
устраняются путем использования потре-
бителем системы бесперебойного электро-
питания. Выбранную нами в  качестве про-
тотипа установку можно использовать при 
создании СРГЭ, которая в свою очередь со-
стоит из накопителя электроэнергии в виде 
электрохимических аккумуляторов (АБ), за-
рядного устройства АБ от электросети или 
другого источника, например, солнечной 
батареи, инвертора напряжения (преобра-
зующего постоянный ток АБ в переменный 
ток) и устройства защиты АБ от глубокого 
разряда. Задачей такой системы является 
повышение эффективности управления ис-
пользованием постоянного и  переменного 
электрического тока, выработанных ГВЭУ 
для потребителей.

Целью данной работы является разработ-
ка метода интеграции и эффективного управ-
ления режимами работы системы распреде-
ленной генерации энергии, основанной на 
гибридных ветроэнергетических установках.

В качестве метода решения выбрана си-
стема распределенной генерации, состоящая 
из ГВЭУ, подключенной к распределительной 
сети, которая требует за каждый час расчет-
ного периода проведения оценки распреде-
лительной нагрузки между генерирующими 
мощностями.

Результаты и их обсуждение
Основной отличительной чертой ГВЭУ 

является стохастический характер параме-
тров источника первичной энергии. Это 
в  значительной степени относится к  гелио- 
и  ветроэнергетике. Поэтому электрическая 
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энергия, генерируемая агрегатами ГВЭУ, соз-
дает новые проблемы перед и так уже пере-
груженной сетью. С другой стороны, ГВЭУ 
обычно выбирают по суммарной присоеди-
ненной мощности одновременно работающих 
электроприемников, которая определяется за 
получасовой максимум в интервале времени 
с наибольшей нагрузкой с учетом их среднего 
коэффициента мощности [12; 13].

При подключении к  распределительной 
сети ГВЭУ одной из основных задач, которые 
необходимо выполнить за каждый час расчет-
ного периода, является распределение нагрузок 
между генерирующими мощностями. В работе 
предлагается один из возможных способов под-

держания непрерывного во времени равенства 
генерируемой и потребляемой электроэнергии 
в системе ГВЭУ. Суть предложенного способа 
заключается в включении в энергосистему акку-
мулятора, который сохраняет электроэнергию 
при ее сокращенном потреблении и после пре-
образования подает в электрическую сеть при 
превышении определенного уровня потребле-
ния. Схема такой системы показана на (рис. 1).

Учитывая, что около 70% территории Ка-
захстана относится к зонам децентрализован-
ного электроснабжения с  высокой себесто-
имостью электроэнергии, можно говорить 
о возможности строительства СРГЭ на дан-
ных территориях.

Рисунок 2. ГВЭУ с прямым подключением генерирующих 
устройств к распределительной сети

В случае работы ГВЭУ на шины бесконеч-
ной мощности каждый ГВЭС можно рассма-

тривать как одиночную установку, работаю-
щую параллельно с сетью. При соизмеримой 
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мощности СРГЭ и ГВЭУ требуется использо-
вание точного группового регулирования для 
поддержания заданного напряжения на шинах 
ГВЭУ.

Когда СРГЭ состоит из группы ГВЭУ, вы-
работка электроэнергии СРГЭ достигается 
двумя способами.

Первый способ. Этот способ широко рас-
пространённый, где ГВЭУ подключается не-
посредственно к распределительной сети без 
промежуточного преобразования электроэ-
нергии (рис. 2) и работает следующим обра-
зом. Под действием ветра магнитные лопасти 
3 вырабатывая переменный электрический 
ток 7 с помощью асинхронного двигателя 4 
вокруг себя создает магнитное поле, который 
пересекая обмотки индукционной катушки, 
вырабатывает переменный индукционный 
ток 8. Из инвертора 10 переменный ток по-
дается на шину переменного тока 14, далее 

ток 220/380, или 6–10Квт подается потреби-
телям 13 или 16. К 15 подключаются допол-
нительные гибридные ГВЭУ. Связь с шиной 
переменного тока осуществляется через ав-
тономные инверторы.

Второй способ.
Несмотря на более сложную структуру 

энергетического комплекса, второй способ 
имеет следующие преимущества по сравне-
нию с рассмотренным первым способом.

1. В этом случае нет необходимости согла-
совать режимы работы устройств вырабаты-
вающие электрические энергии.

2. Система легко масштабируется и доста-
точно проста для решения проблемы электро-
магнитной совместимости.

3. Благодаря источнику питания потреби-
телей от общего автономного инвертора обе-
спечивается высокое качество подаваемой 
электроэнергии.

Рисунок 3. ГВЭУ с подключением к промежуточной шине 
постоянного тока (со смешенным соединением)
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При этом должны соблюдаться следующие 
условия

–  обеспечение работы ГВЭУ при задан-
ных условиях;

–  регулирование мощности и частоты вра-
щения ротора;

–  регулирование активной и реактивной 
мощности в определенных диапазонах.

Основным требованием по выработке 
мощности ГВЭУ является организация более 
или менее равномерной мощности. В общем 
случае, мощность ГВЭУ является равно-
мерной, склонной к колебаниям только при 
сезонных изменениях ветра. Сезонные же 
колебания мощности ГВЭУ практически не-
устранимы.

Если доля ГВЭУ в  выработке мощности 
достигает 15–20% установленной мощности 
СРГЭ, то колебания мощности ГВЭУ способны 
влиять на динамическую устойчивость СРГЭ, 
поэтому вопросам поддержания частоты при 
колебаниях мощности ГВЭУ уделяется боль-
шое значение. Основные требования к ГВЭУ 
по частоте заключается в поддержании частоты 
в пределах f = 50 ± 0,5 Гц в течение 97% времени.

Исследование динамической устойчивости 
СРГЭ, основанной на ГВЭУ, показало необхо-
димость наличия резервов мощности в систе-
ме, соизмеримой с полной мощностью ГВЭУ. 
Традиционные электростанции должны быть 
в состоянии оперативно набирать мощность, 
для этих целей предполагается использовать 
солнечные панели и мощные БНЭ.

Рисунок 4. ГВЭУ с подключением через высокочастотную шину

Вариант ГВЭУ основанный на слиянии 
системы с помощью вспомогательной шины, 

работающей на высокой частоте, показан на 
рис. 4.
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Данный метод, в основном, можно исполь-
зовать при создании электропитания для воз-
душных и космических аппаратов. Это позволя-
ет свести к минимуму количество реактивных 
элементов в системе, уменьшить вес и размеры 
и, соответственно, снизить стоимость. Но из-
за геометрического разъединения отдельных 
агрегатов при использовании этой схемы воз-
никает ряд проблем, связанных с  потерями 
мощности во вспомогательной сети, электро-
магнитной совместимостью и т. д.

Сравнительный анализ схем автономных 
ГВЭУ показал, что наиболее перспективным 
способом сопряжения устройств, вырабатыва-
ющих электрическую энергию в ГВЭУ, является 
использование промежуточной вставки посто-
янного тока. В этом случае СРГЭ на базе ГВЭУ 
построен по совокупному принципу, легко мас-
штабируется и при необходимости перестраива-
ется. Кроме того, можно объединить структуру 
и конструкцию электронных силовых преобра-
зователей для модельного ряда мощностей.

Использование вставки постоянного тока 
позволяет более просто суммировать и рас-
пределять потоки электроэнергии из генери-
рующих источников и внедрять эффективные 
методы управления для этого процесса.

Предложенная нами СРГЭ на базе ГВЭУ 
показана на рис. 5.СРГЭ на базе ГВЭУ выраба-
тывающая постоянную и переменную электри-
ческую энергию состоит из мачты 1, солнечных 
панелей 2, магнитных лопастей 3, асинхронно-
го двигателя 4, индукционной катушки 5, вы-
прямителя 9, 15 шины постоянного тока, ин-
вертора 10 с переключателем 11, потребителя 
тока 220/380 13, потребителя тока 6 или 10 Квт 
16, блока накопителя энергии (БНЭ) 14 и акку-
муляторов 12, точки подключения следующих 
гибридных ветроустановок 17.

Эта система работает следующим обра-
зом. Под действием ветра магнитные лопасти 
3 вырабатывая переменный электрический 
ток 7 с помощью асинхронного двигателя 4, 
создают магнитное поле вокруг себя, кото-
рый пересекая обмотки индукционной ка-
тушки, вырабатывает переменный индукци-
онный ток 8. Постоянный ток, выработанный 
на солнечных панелях 2 через контроллер 
9 передается на шину постоянного тока 15. 
Из шины ток подается инвертору 10, и пере-
менный ток 220/380, или 6–10 Квт подается 
потребителям 13 или 16. Избыточная элек-
трическая энергия накапливается в  блоке 
БНЭ, имеющая двухстороннюю направлен-
ность. К 17 подключаются дополнительные 
гибридные ВЭУ.

Суммирование мощности выработанной 
электроэнергии агрегатами ГВЭУ осущест-
вляется на шине постоянного тока, к которой 
подключается нагрузка потребителя. Солнеч-
ные панели в этой схеме вырабатывают посто-
янный ток, генератор ВЭУ может работать 
с  изменяемой частотой вращения вала, для 
чего его выход подключен к шине постоянно-
го тока через контроллер.

При подключении к  распределительной 
сети ГВЭУ одной из основных задач, которую 
необходимо выполнить является распределе-
ние нагрузок между генерирующими агре-
гатами (генератор, индукционная катушка, 
солнечные панели). Это осуществляется сле-
дующим образом:

1. Определяется (на  основе климатиче-
ских условий и астрономических параметров 
Солнца) потенциально возможное генериро-
вание мощности ГВЭУ.

2. Определяются потери активной мощ-
ности при передаче потенциально возмож-
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ной сгенерированной электрической энергии 
ГВЭУ потребителю.

3. Если суммарная мощность генериру-
емой ГВЭУ электроэнергии не меньше на-
грузки потребителя, то все это покрывается 
за счет возобновляемых источников энергии.

4. Если есть избыток энергии, то он пере-
дается БНЭ. В случае, когда БНЭ уже полно-
стью заполнен, на соответствующую величину 
уменьшается мощность ГВЭУ. Первоначально 
регулируется ветряная секция, а затем фото-
панели.

Рисунок 5. Система распределенной генерации электроэнергии на базе ГВЭУ 
с накопителем энергии и суммированием мощности на шине постоянного тока

5. Если общая мощность возобновляемых 
источников энергии меньше нагрузки потре-
бителей, нехватка мощности покрывается за 
счет БНЭ.

Выводы. Чтобы повысить эффективность 
использования кинетической энергии ветра 
предложенная СГРЭ на базе ГВЭУ, как пока-
зали наши исследования, имеет практический 
характер. Самое главное – можно не меняется 
основа конструкции ВЭУ. С другой стороны, 
предложенной системой можно получать до-
полнительную электрическую энергию с по-
мощью солнечных панелей, не занимая допол-
нительные площади. Тем самым повышается 

эффективность использования ГВЭУ. Техно-
логия технической реализация такой системы 
запатентована (Патент РК на изобретение 
№ 33214 от 17.10.2018).

Предложенная технология проектирова-
ния СГРЭ обеспечивает поддержание непре-
рывного во времени равенства генерируемой 
и потребляемой электроэнергии в ГВЭУ и по-
казала свою практичность. Эта технология за-
патентована (Патент РК на полезную модель 
№ 6142 от 11.06.2021).

Сравнительный анализ работы ГВЭУ пока-
зал, что наиболее перспективным вариантом 
сопряжения различных типов агрегатов в од-
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ной энергосистеме является использование 
промежуточной вставки постоянного тока. 
В этом случае ГВЭУ, построенная по агрегат-
ному принципу, легко масштабируется и, при 
необходимости перестраивается. Кроме того, 
можно объединить структуру и конструкцию 
электронных силовых преобразователей. Ис-
пользуя модульный принцип их построения, 
проще разработать линию преобразователей 

для модельного ряда мощностей [12]. Исполь-
зование вставки постоянного тока позволил бо-
лее просто суммировать и распределять потоки 
энергии из генерирующих источников ГВЭУ. 
Использование ГВЭУ для СРГЭ дает возмож-
ность сократить занимаемую системой пло-
щадь. При этом надо указать, что сокращение 
эксплуатационной площади имеет немаловаж-
ное значение.
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