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THEORETICAL BASES OF FUZZY
POLYNOMIAL EQUATIONS

Abstract. In the article the formal theory of equations based on fuzzy matches is proposed. The

necessary and sufficient conditions for the existence of solutions of inverse problems - problems of

fuzzy diagnostics are given.

Keywords: equations with fuzzy matches, inverse problems.

Introduction

The present stage of evolution of artificial
intelligence systems is defined by rapid
implementation of decision support systems with
knowledge bases and inference machines, based
on empirical and hard-to-classify knowledge of
experts in various subject areas.

One of the key areas in the research and
synthesis of knowledge-based systems is the
problem of developing expert fuzzy diagnostic
systems, whose theoretical basis is the concepts
of fuzzy and linguistic variables and fuzzy
relations, a generalization of which are fuzzy
matches.

Therefore, the purpose of this study is to
create a formal theory of fuzzy equations that
constitute the conceptual basis for the synthesis
of intelligent systems of fuzzy diagnostics.

Key concepts and definitions

A fuzzy matching A(A,B) = A(AxB) is a fuzzy
subset of the Cartesian product where A and B
re non-empty (crisp) sets..

Let AxB and BxC be given fuzzy matches A

and X :
M a b % ,LlX b c
S T vy
A composmon of fuzzy matches is a fuzzy
matching in the following form:
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AoX = .[ Mz (ac)
AxC (d,C)
defined at AXC by a membership function:

supT
u,;og(w){inil(u,;(a)b)au;z(bw)), (1)
beB
where T'is t-norm, I is the induced implicator.
Afuzzy (relational [ 1]) equation is the following
equation:
AoX=Y, (2)
where A(A,B),X(B,C),Y(A,C)
matches. Or in matrix notation: AcX =Y.

are fuzzy

A direct problem for equation (2) is the
problem of finding a fuzzy correspondence Y
given A, X and the composition rule. In this case
Y = Ao X and the solution of the direct problem
is trivial and can be found by (1).

The inverse (right) problem for equation (2)
is the problem of finding a representation of a
fuzzy match X given A, Y the composition rule.
The inverse problem is fundamentally complex
(can have interval solutions or no solutions at
all).

The simplest fuzzy equation is the following
equation:

where a, x,y € [0,1].
A polynomial fuzzy equation is the following
equation: aox =y, where

50,,X; (i :I,_n),y €[0,1]

A polynomial equation system is the following
fuzzy equation:

all a12 alp xl yl

a21 a22 a2p 2 y2
. . . o = .

aml amZ e amp xp ym

Main subject
1. Analysis of the simplest equations
Let us examine equations with triangular
norms:
T(a,x)=y. (3)
Assertion. For the equation (3) to have a
solution x° itis necessary and sufficient to satisfy
the condition a > y (the proofis trivial).
For example, the equation T(0.5,x)=0.8 has
no solutions.
For an equation with implicators:
I(a,x)=y. (4)
Assertion. For the equation (4) to have a
solution x° itis necessary and sufficient to satisfy
the condition 1-a <y (the proofis trivial).
For example, the equation I(0.5,x)=0.3 has
no solutions.
2. Analysis of polynomial equations
Let us examine the following equation:

mag((T(ai,xi)):y. (5)

i=l,n

Assertion. For the equation (5) to have a
solution
x)

0
X
0 2
X =] .

0
X

n

it is necessary and sufficient to satisfy the
condition:
EIj(lSan):aij.
Forexample,theequation(0.2 0.4 0.5 0.6)o

X

x .
ol “* |=0.7 has no solutions.
x

w

Xy
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Proof.

Necessity.

Let x° — be the solution of the problem (S5).
This means that there exists at least one number
1< j < n, for which the equation T(aj,x?) =y,is

satisfied, and this means that a; > y (see solution
of simple equations).

maX(T(a,.,xi)) = max(T(al,xl) <

1

X/
0
. 2
It has been proved that 3[1]n] ta;zy =3
xO
y T,
Let u=|yfa; T, ,then the components

y-a;+1:T,
of the maximal solution are found as follows:
}_Cio :{1 a Sy(izl,_n),
uia, >y
Where Tm, Tp and Tw are the logical, alge-
braic and drastic products.
Let us consider Q={i:a, > y}.
The components of the minimal solutions are:
Oia <y

x (k)= [E-@,}li@.(kﬂ»a

i=1Ln).

Let us analyse the equations with implicators:
mm(l(ai’xi)):y (6)

i=l,n

Assertion. For equation (6) to have a solution

It has been proven that 3x° = %53 jra;2y.

[1,n]

Sufficiency.
Let 3 j :a,> y, then atleast one of the equa-

(Ln]

tions T (aj, xj) = y has a solution, then (for (5)):

y,T(az,xz) < y,...,T(aj,xj) = y,...) =y.

it is necessary and sufficient to satisfy the condi-
tion:
EIj(lSan):aj >1-y.
For example, the equation (0.2 04 0.5 0.6)0

o| "? |=0.3 For example, the equation
‘x3
x4
Proof.

Necessity. Let us consider x° to be the solution
of the problem (6). This means that there exists at
least one number 1< j <, for which the equa-

tion I (a ; ,x;’) =y, is satisfied, and this means that
a, 21—y (see solution of simple equations).
Therefore, the following is true:

xl
0

3’ = |23 1a, 21

x = J|=>3ja;z21-y.

(L]
0
'xn
Sufficiency.

Let 3 j :a,>1-y, then at least one of the

[L,n]

equations (a].,x;?) = y has a solution, therefore

(for (6)):

miin(I(ai,xi))=min(1(al,x1) > y,I(az,xz) > y,...,I(aj,xj) =y,...) =y

Therefore, the following is true:
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y oL
Syl
Let u=| 222" i , » then the components
a
a+y-1:1,

of the minimal solution will be found as follows:
0iac<1-
X = ;a’ y(i=1,n).
uia>l-y
Here Im, Ip and Iw are the implicators induced

by the norms Tm, Tp and Tw using a standard
inverter.

Let Q={i:a,21-y}.
The components of the maximal solutions:
liag <l-y

: 1

% (k)=|[1_i<Q

1 —_——

(k:l,
1:i¢Q

Q

i=1n).

3.Principles for solving systems of polynomial
equations

Inverse problems for systems of polynomial
equations are solved according to the following:

mkax(T(aik,xk )) =V,
{ (z = l,m)

{mkin(l(aik,xk )) =y,
For example, the well-known (classical) fuzzy

car fault diagnosis problem [2] is formulated as
follows:

x

1

1.0 0.8 0.7 1.0 0.9
X

0.1 09 0.8 0510 *|=|0.1
X

0.2 1.0 05 0.2 > 0.2
X

4

The equation system using the max-min
composition in this case is as follows:

max(rnin(l.O,x1 ),min(0.8,x2),rnir1(0.7,x3),min(l.O,x4 )) =09
max(min(O.l,xl),min(0.9,x2 ),min(0.8,x3),min(O.S,x4 )) =0.1.
max(min(O.Z,x1 )»min(1.0,x, ),min(0.5,x, ),min(0.2,x, )) =0.2

The table shows the solutions to the three equations and the system as a whole.

Table 1.— Solution to the diagnostic problem

0

0 0
X

i X x
0<x/<0.9:0<x<1:0<x)<1: x{=09 (097117 09) 0 :0:0:09
1 x =09 10<x<1:0<xj<1:0<x;<09 0.9:0:0: 0
[ [ 0<x)<0.1° x0=0.1 0 01
. 0<xy <01 | =m0 ol mzorl |||
‘ x0=0.1 1 0<x2<0.1:0<x)<0.1 0.1
01<x'<1: 0<x7<0.1:0<x0<0.1:0<x!<0.1 0.1.0
0 0<xy <02 |--go=s o omizy | ||| eba i
OSX1<02 : X3 =V, Xy = (102021) 0.2
3. g S e — V2 V4 1) | || e
x;=02 : 0<x;<02:0<x,<I 0.2
02<x"<17 0<x0<02:0<x'<02:0<x'<I 02 0
{: X =09 0<x)<0.1:0<x)<0.1:0<x)<0.1 [(09:01:01:01) (09:0:0:0)
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In this case, the maximum solution of the
system (0.9 :0.1:0.1:0.1) is equal to the
intersection of three partial maximum solutions
(09:1:1:09)N(1:0.1:0.1:0.1)"(1:02:02:1)
(the system is joint).

The semantic interpretation of the resulting
solution is presented quite fully in [2].

Conclusion

Theoretical bases of the formal formulation
and methodology for finding solutions of fuzzy
polynomial equations have been developed.
The influence of compositions of fuzzy matches
with standard triangular norms and implicators
induced on their basis on the existence criteria
and components of the synthesized solutions is
investigated.
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of Fire Prevention and Fighting, Vietnam

FIRE PREVENTION AND FIGHTING FOR SEAPORTS IN
VIETNAM - THEORETICAL ISSUES AND EXPERIENCE
OF ORGANIZATIONAL MANAGEMENT

Abstract. In Vietnam, fire prevention and fighting is always concerned and identified as the re-

sponsibility of all individuals, agencies and organizations. For seaports in Vietnam, this work is given

top priority, in order to ensure fire prevention and fighting safety, to meet the requirements of eco-

nomic development and international integration. The article focuses on clarifying theoretical issues

related to the organization and management as well as Vietnam’s experiences in this work.
Keywords: fire prevention and fighting; seaport; Vietnam.

1. Make a problem

Habour in general and seaports in particular
have a very important role: They are the driving
force for the development of the marine econo-
my in particular and the country’s economy in
general. This is the gateway to trade in import
and export goods, the focal point for converting
sea transport to rail, road and inland waterway
transport. As a coastal country, our country has
nearly half of the provinces and cities with the
sea, with a total length of coastline of over 3,260
km running along the length of the country; has
a wide sea area with many peninsulas, lagoons
and deep bays that are sheltered from the wind,
projecting the international maritime route be-
tween the Indian Ocean and the Pacific Ocean.
Being well aware of the importance of sea and
islands and marine economic development, over

the years, the Party and State have issued many
resolutions, directives, strategies for planning,
construction and development of habour, such
as: Decision No. 202/QD-TIg dated October 12,
1999 of the Prime Minister on the master plan on
development of Vietnam’s habour up to 2010;
Decision No. 1037/QD-TIg dated June 24,2014
of the Prime Minister on Approval to adjust the
master plan on development of Vietnam’s habour
system up to 2020, orientation to 2030, etc, and
implement synchronously solutions to build and
develop the seaport system in the context of in-
ternational integration.

Practical theoretical research on fire preven-
tion and fighting in general has been researched
by many scientists and managers through pub-
lished products in the form of textbooks, scien-
tific topics at all levels, articles. Scientific articles
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published in journals inside and outside the po-
lice force. In general, scientific research works
have achieved certain achievements, the theory
of fire prevention and fighting has been increas-
ingly supplemented, perfected and developed,
contributing to creating a solid foundation to
help management agencies effectively perform
the assigned functions and tasks. On the basis
of general theories, research, analyze and clarify
in alogical, scientific and systematic manner the
management theory of fire prevention and fight-
ing for seaports, especially the content of fire pre-
vention and fighting management for seaports.
seaports according to the functions of the Fire
and Rescue Police force. From there, creating a
solid scientific basis so that the Fire and Rescue
Police force can effectively organize the imple-
mentation of the assigned functions, tasks and
powers.

2. Research results and discussion

2.1. Seaports and requirements, safety condi-
tions on fire prevention and fighting for seaports

a) Seaports

According to the Vietnam Maritime Code
2015 specifically in Clause 10, Article 4 and
QCVN:2021/BGTVT, the concept of a seaport
is unified in a sense that: “A portis an area includ-
ing land and areas. water belonging to a seaport,
wharfs, warehouses, yards, factories, offices, ser-
vice facilities, transportation systems, commu-
nication systems, electricity, water, water areas
in front of the wharfs and navigational channels
may be built. and other ancillary works. A port
facility has one or more berths” Wharf is a fixed
structure or floating structure in a harbour, used
for ships to anchor, load and unload goods, pick
up and drop off passengers and perform other
services. This seaport concept shows that a sea-
port is a major part of a seaport. Thus, the con-

cept of a seaport clearly shows the general char-
acteristics, structure and functions of a seaport
when it is formed and putinto operation and use.
These contents have important significance in
state management activities in general and state
management of fire prevention and fighting for
seaports in particular.

Regarding the role of seaports in the develop-
ment of logistics activities, studying the experi-
ence of countries around the world shows that, for
comprehensive development and high economic
growth, most governments need to accept clearly
the role of seaports. With more than 80% of the
world’s import and export goods transported by
sea through seaports, seaports are an important
focal point in goods circulation, playing a very
important role in the development process. na-
tional economic development as well as regional
and international economic integration. Seaports
form the basis for service activities, for seaports
themselves and for a range of other industries.
When seaport services (logistics) develop, sea-
ports will attract many ships, many goods im-
ported and exported, temporarily imported for
re-export, transited, from which economic and
trade relations of a country, is also developed in
all aspects. These activities bring significant ben-
efits to coastal countries, especially attracting a
large amount of foreign currency annually to the
country. Therefore, the development of the sea-
port system, reducing transportation costs and lo-
gistics services will contribute to increasing com-
petitiveness, creating an attractive investment and
business environment for each country.

For Vietnam, in the process of renewal, opening
up, regional and international economic integra-
tion, seaports play an even more important role.
Seaports are the lifeblood of maritime traffic be-
tween our country and Europe, America, the Mid-

9
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dle East and Asia; Itis the focal point of forwarding
and distribution of goods for all socio-economic
activities of the country and a gateway for inter-
national economic exchanges, effectively serving
the development of the country’s marine economy.

The development of the seaport’s material and
technical facilities will meet the needs of trade in
goods within the region as well as around the
world, promote import and export activities, and
accelerate the process of economic integration.,
strengthen the country’s position in the interna-
tional arena. The practice of developing logistics
activities in countries around the world shows that
logistics can only develop on a solid infrastructure
foundation, especially seaport infrastructure. In
other words, seaports play a very important role,
deciding the development of the logistics industry.

For countries with a developed seaport sys-
tem, especially in the locality where the port s lo-
cated, it is considered as a comparative advantage
for the formation and development of economic
zones, industrial parks, and mining industries,
shipbuilding industry, allowing to create many
jobs for the local economy.

b) Fire prevention and fighting safety require-
ments and conditions for seaports

Research shows that the law on fire prevention
and fighting does not have specific and clear regu-
lations on requirements and safety conditions for
fire prevention and fighting for seaports. However,
based on the provisions of the law on fire preven-
tion and fighting such as the Law on fire prevention
and fighting in 2001 (amended and supplemented
in 2013), Decree No.136/2020/ND-CP dated
November 24, 2020 of the Government stipulat-
ing expenses detailing a number of articles and
measures to implement the Law on Fire Protec-
tion and the Law amending and supplementing a
number of articles of the Law on Fire Prevention

and Fighting (Decree No0.136/2020/ND-CP) and
guiding documents, showing that: According to
Clause 3 Article 3 of the Law on Fire Prevention
and Fighting 2001 (amended and supplemented
in 2013), establishments are places of production
and business, public works, working offices, apart-
ment buildings and other independent works ac-
cording to the list prescribed by law. Government
regulations. Pursuant to Appendix I of the list of
establishments subject to fire prevention and fight-
ing management (issued together with Decree No.
136/2020/ND-CP), seaports are subject to fire
prevention and fighting management, according to
Appendix Il issued together with this Decree. This
Decree also stipulates that seaports are on the list
of facilities at risk of fire and explosion and accord-
ing to Appendix V, also stipulates that seaports are
on the list of projects and works subject to design
review and approval for fire prevention and fight-
ing. In addition, according to these appendices,
relevant facilities in the seaport area, if they are on
the list, must comply with the provisions of the law
on fire prevention and fighting. Thus, for seaports
and facilities in seaports, collectively referred to as
facilities and comply with Article 20 of the Law on
Fire Prevention and Fighting 2001 (amended and
supplemented in 2013) stipulating fire prevention
requirements for basis. Concretizing Article 20
of the Law on Fire Prevention and Fighting 2001
(amended and supplemented in 2013), in Clause 1,
Article S of Decree No.136/2020/ND-CP, clearly
defined safety conditions on fire prevention and
fighting for establishments.

2.2. Concept, characteristics, legal basis and
responsibilities of entities managing fire preven-
tion and fighting for seaports

a) Concepts

The management of fire prevention and fight-
ing for seaports is an organized and adjusted

10
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influence by the power of the State on the basis of
the law on fire prevention and fighting and other
relevant legal documents for the seaport. with fire
prevention and fighting activities in the seaport
area of the competent authorities, in order to
minimize the occurrence of fires and the damage
caused by fire, contributing to the protection of
life, protection properties of the State, organiza-
tions and individuals, protect the environment,
ensure security and social order and safety.

b) Characteristics

— Regarding the subjects of management of
fire prevention and fighting for seaports:

Objects of management of fire prevention
and fighting for seaports are fire prevention and
fighting activities of enterprises, organizations
and individuals investing in the construction and
trading of technical infrastructure of seaports
and exploitation and trading establishments.
business, transportation... in the seaport area.

— 'The entity directly assigned to perform the
state management of fire prevention and fight-
ing for seaports and operating in seaports is the
Fire Protection and Rescue Police force, which
is specifically facilities led by the Police Depart-
ment. Fire Prevention and Control Department
and Provincial Police Department under the
management.

— Management tools: Legal system on fire
prevention and fighting and other laws related
to seaports, standards and technical regulations
on fire prevention and fighting for seaports...

— Management methods of fire prevention
and fighting are ways and measures affecting the
activities of subjects under management in the
field of fire prevention and fighting.

— 'The objective of the management of fire
prevention and fighting for seaports is to mini-
mize the occurrence of fires and damage caused

by fires at seaports, contributing to the protec-
tion of human life and health. protect properties
of the State, organizations and individuals, pro-
tect the environment, ensure security and social
order and safety; bring the aspects of fire preven-
tion and fighting work step by step to meet the
requirements of socio-economic development,
effectively serving the cause of industrialization
and modernization of the country.

¢) Responsibilities of the subjects

The Ministry of Public Security, whose core
is the Fire Prevention and Fighting Police force
and the Central High Command in performing
the task of state management of fire prevention
and fighting in general, including seaports, is
specified in Article 51 of Decree No.136/2020/
ND - CP on 24/11/2020.

The Ministry of Transport is the governing
and superior ministry in charge of the Vietnam
Maritime Administration. Within the scope of its
tasks and powers, the Ministry of Transport shall
coordinate with the Ministry of Public Security
in organizing the implementation of regulations
on fire prevention and fighting; at the same time,
organize the implementation of the provisions
of Clause 1, Article 50 of Decree No.136/2020/
ND-CP dated November 24, 2020 stipulating
the responsibilities of ministries, ministerial-
level agencies and agencies under Government.

People’s Committees at all levels in the state
management of fire prevention and fighting in
general, including seaports are defined in Article
52 of Decree No. 136/2020/ND-CP dated No-
vember 24, 2020.

The Maritime Administration is an agency di-
rectly under the Vietnam Maritime Administra-
tion, performing the task of state management of
navigation at seaports and assigned management
areas. The port authority has legal status, has its

11
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own head office, uses its own seal, and is allowed
to open an account at the State Treasury. The
maritime port authority has a transaction name
written in English as Maritime Administration
of... (proper name of the Maritime Administra-
tion).

3. Experience in organizing management
of fire prevention and fighting for seaports in
Vietnam

3.1. Formulate and direct the implementa-
tion of strategies, master plans and plans on fire
prevention and fighting for seaports

Like other management fields, the manage-
ment of fire prevention and fighting for seaports
is first and foremost a management on a macro
level, reflected in the formulation and direction of
the implementation of strategies, master plans and
plans on operations. Fire protection action for sea-
ports. One of the basic characteristics of the man-
agement of fire prevention and fighting for seaports
is that the management must have programs, plans,
short-term goals and long-term goals. Building and
directing fire prevention and fighting activities at
seaports on the basis of strategic orientations with
synchronous planning and plans is an indispens-
able requirement in management.

On that basis, proactively develop projects to
improve the working capacity of the Fire Protec-
tion and Rescue Police forces, build a network of
professional fire fighting teams; build grassroots
and specialized fire prevention and fighting forc-
es at seaports to meet the requirements of on-
site fire prevention and fighting work; projects on
traffic assurance and fire fighting water sources
at seaports; step by step modernize the means
of fire prevention and fighting; develop a plan
for training and fostering human resources for
fire prevention and fighting... in order to meet
the requirements of fire prevention and fighting

work for seaports in the period of industrializa-
tion and modernization of the country.

3.2. Promulgate, guide and organize the im-
plementation of legal documents on fire preven-
tion and fighting related to seaports

The legal system on fire prevention and fighting
related to seaports includeslegal documents on the
management of seaports and a system of relevant
national technical standards and regulations on fire
prevention and fighting. by competent state agen-
cies in accordance with the Law on Promulgation
of Legal Documents. In the legal system on fire pre-
vention and fighting, the Law on fire prevention
and fighting has the highest legal value.

3.3. Propagating, educating and dissemi-
nating knowledge about fire prevention and
fighting; building a movement for all people to
participate in fire prevention and fighting for
seaports

Propagating and disseminating the law and
knowledge on fire prevention and fighting is the
content and the most important measure in the
work of fire prevention and fighting. The main
purpose of this work is to make all people, all offi-
cers, employees and heads of agencies and organi-
zations understand and voluntarily implement the
State’s regulations on fire prevention and fighting
in general and for wharf. seaport in particular.

State management activities in this field are
the determination of responsibilities of state
agencies, economic and social organizations in
the work of propagating and educating knowl-
edge and laws on fire prevention and fighting (re-
sponsibility of the information and propaganda
agencies at the central and local levels; responsi-
bilities in the organization and implementation
of the Vietnam Maritime Administration, the
Maritime Port Authority, the provincial depart-
ments, and of the Fire and Rescue Police force).
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3.4. Organize and direct fire prevention and
fighting activities for seaports

Measures to prevent fire and explosion at
seaports must be strictly implemented, such as:
Strict management and safe use of combustible
substances, fire sources, heat sources, fire-gen-
erating equipment and tools., heat generation;
regularly ensure the fire prevention and fighting
safety conditions and organize the safety inspec-
tion on fire prevention and fighting in order to
promptly detect loopholes and shortcomings,
propose timely remedial measures. The State
management agency in charge of fire prevention
and fighting, which is directly the Fire Protection
and Firefighting Police force, is responsible for
guiding the port authorities to implement tech-
nical design solutions, ensuring fire safety right
from the moment the construction works. new
work items are only planning design drawings or
technical designs; guide the Port Authority, in-
vestors operating at seaports to comply with fire
prevention requirements for seaports and facili-
ties operating at seaports.

In addition, the organization and direction of
fire fighting activities must thoroughly grasp the
principle: “Must be prepared with forces, means,
plans and other conditions so that when a fire oc-
curs, the fire can be extinguished promptly. effec-
tive time” in performing the task of standing ready
for fire fighting of the professional firefighting and
rescue police forces as well as for specialized fire
protection forces and facilities at seaports.

3.5. Organize training, build forces, equip
and manage fire prevention and fighting means
for seaports

Organizing training is an important content
in ensuring human resources for fire prevention
and fighting. In addition to the source of staft
trained from abroad, the staft of fire prevention

and fighting activities are mainly trained from
within the country (at the University of Fire Pre-
vention and Control).

Building the fire prevention and fighting
force, equipping and managing fire prevention
and fighting equipment falls within the scope
of the 2001 Law on Fire Protection (amended
and supplemented in 2013). Therefore, this is
an important content in the state management
of fire protection for seaports. Therefore, it is
the responsibility of the Maritime Port Author-
ity to ensure: The grassroots fire prevention and
fighting force must be organized in all facilities,
being the core force in fire prevention and fight-
ing work at each facility in the seaport; The port
authority must establish specialized fire fighting
teams of the seaports under their management.

For the Fire Protection and Rescue Police
force, the 2001 Law on Fire Prevention and
Fighting (amended and supplemented in 2013)
stipulates that it must be built in a regular, elite,
step-by-step modern manner to be worthy of be-
ing the core force. in the state management of fire
prevention and fighting.

3.6. Ensuring budget for fire prevention and
fighting activities; organize fire and explosion
insurance associated with fire prevention and
fighting activities at seaports

To ensure the financial source for fire preven-
tion and fighting activities, not only rely on the
state budget but also have to collect from fire and
explosion insurance; from voluntary contribu-
tions of domestic and foreign agencies, organi-
zations and individuals. The state budget only
covers the necessary expenditures for fire pre-
vention and fighting activities, but mainly for the
fire prevention and fighting police forces, the ad-
ministrative and non-business units, the armed
forces and other units to enjoy the state budget.
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country. The State has policies to encourage do-
mestic agencies, organizations and individuals,
overseas Vietnamese, foreign organizations and
individuals, and international organizations to
invest in and sponsor fire prevention and fight-
ing activities.

For the compulsory fire and explosion insur-
ance regime, the contents of state management
are shown on the basis of the provisions of the
Government’s Decree No.23/2018/ND-CP
dated February 23, 2018 on insurance. compul-
sory fire and explosion hazard. Accordingly, the
Decree clearly stipulates who must buy compul-
sory fire and explosion insurance, insurance con-
tracts, liability of insurance buyers and sellers,
insurance premiums and principles of using 1%
revenue from revenue. annual compulsory fire
and explosion insurance in fire prevention and
fighting activities.

3.7. Appraisal and approval of projects, de-
sign and acceptance of construction works on
fire prevention and fighting; technical inspec-
tion, inspection and certification of conformity
to vehicles, equipment, substances and goods
subject to strict requirements on fire prevention
and fighting for seaports

For seaport projects and works on the list of
design appraisal and approval for fire prevention
and fighting as prescribed in Appendix V issued
together with Decree No. 136/2020/ND-CP
dated November 24,2020 of the Government De-
cree No. 136/2020/ND-CP of the Government
stipulating the contents, order, procedures, time
limit for design appraisal and approval, order and
procedures for acceptance of works on fire preven-
tion and fighting. At the same time, it stipulates the
responsibilities of the investor, the design agency,
the construction contractor, the project approval
agency, the construction licensing agency and the

fire protection police agency in the construction
investment in general and at seaports in particular.

Fire prevention and fighting means and
equipment, substances, dangerous goods, fire
and explosion, with strict requirements on fire
prevention and fighting must be inspected, tested
and certified in accordance with the law. Decree
No.136/2020/ND-CP stipulates the list of fire
prevention and fighting equipment subject to in-
spection in Appendix VII issued together with
this Decree and strictly complies with Article 38.
In addition, related Regarding goods at risk of
fire and explosion, Decree No.136/2020/ND-
CP has also specified in Article 9.

3.8. Organizing research, application and
dissemination of scientific and technological ad-
vances in fire prevention and fighting for seaports

Organizing research, application and dissemi-
nation of scientific and technological advances in
fire prevention and fighting is currently an issue
that needs attention, stemming from the practice
of fire prevention and fighting and the require-
ments of the 4.0 revolution that are affecting to.
Therefore, the study of scientific - technological
and organizational solutions in management,
new fire prevention and fighting problems aris-
ing at seaports is very necessary in the current
context. meet the requirements of sustainable
development at seaports.

Research and apply advanced scientific and
technological achievements in fire prevention
and fighting in the world, research and manu-
facture in the country a number of means, tools
and chemicals for fire prevention and fighting.
Renovating the content and methods of training
fire fighting forces.

Research and development of science and
technology for fire prevention and fighting for
seaports should closely follow the guidelines,
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guidelines and policies of the Party and State on
science and technology.

3.9. Inspect, examine, handle violations,
settle complaints and denunciations about fire
prevention and fighting; fire investigation

Inspection, examination, handling of viola-
tions and investigation of fires are activities ac-
cording to the functions of the subjects of state
management of fire prevention and fighting. At
seaports, too, the specialized inspection on fire
prevention and fighting for seaports is carried
out by competent entities.

Fire safety inspection is the responsibility of
the state management agencies in charge of fire
prevention and fighting and the responsibility of
the Port Authority, the heads of facilities operat-
ing in the seaport area as prescribed by law. on
inspection contents, inspection regime, inspec-
tion responsibilities, inspection procedures on
fire prevention and fighting.

Fire investigation activities to clarify the
cause of the fire and the fire. The legal basis of
the investigation of the fire is carried out in accor-
dance with the provisions of the criminal law, the
criminal procedure law, the Law on Organization
of the Criminal Investigation Agency, Circular
No.55/2020/TT-BCA....

3.10. Organization of state statistics on fire
prevention and fighting for seaports

In order to ensure the leadership and direc-
tion of all levels and serve the advisory and plan-
ning of policies and measures on fire prevention
and fighting, statistics and reports on fire preven-
tion and fighting are mandatory requirements in
management activities. State management of fire
prevention and fighting in general and seaports
in particular.

Accordingly, the law on fire prevention and
fighting stipulates that the heads of agencies and

organizations are responsible for making statis-
tics and periodical reports on the situation of fire
prevention and fighting work to the fire protec-
tion police agency, specifically here is the port
authority. . Accordingly, the contents of state sta-
tistics on fire prevention and fighting for seaports
include: Statistics on forces, means and fire pro-
tection systems at seaports; statistics on fire and
explosion situation; causes of fire and explosion;
damage caused by fire and explosion at seaports;
... as well as conditions to ensure the organiza-
tion and implementation of the provisions of law
in the state management of fire prevention and
fighting for seaports.

3.11. International cooperation on fire pre-
vention and fighting

International cooperation on fire prevention
and fighting is an inevitable trend in the current
integration period. Through international coop-
eration, the fire prevention and fighting police
force and the Central High Command have the
conditions to improve their professional, scien-
tific and technical skills, step by step to keep pace
with the level of fire prevention and fighting of
countries in the region and the world.

The content of international cooperation on
fire prevention and fighting is carried out in many
fields: Cooperation in the development of legal
documents, regulations and standards on fire
prevention and fighting; Cooperation in the field
of experience exchange, professional training and
retraining and participation in competition of
fire prevention and fighting skills; Cooperation
in the field of training experts in the field of fire
protection for Vietnam; Cooperation in the field,
research and application of scientific and techno-
logical advances in the field of fire prevention and
fighting; Cooperation in the field of investment
for fire prevention and fighting activities; Inter-
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national cooperation in fire fighting, rescue and
rescue in cases of disasters and natural disasters.
4. Conclusion
As discussed above, the fire prevention and
fighting work for seaports in Vietnam is not a
new issue, however, this is always a topical issue,
because, ensuring safety of fire prevention and

fighting, aiming at Sustainable economic devel-
opment, international economic integration,
related to investment, technology transfer...
should always be of special interest to all levels
and sectors in Vietnam. With the research results,
the author wishes to exchange the initial results
and orientations for future research.
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SULFURIC AND NITRIC ACIDS IN THE PRESENCE OF SULFUR

Abtract. It was studied that it is possible to obtain complex phosphorus-sulfur and nitrogen-
phosphorus-sulfur fertilizers with insecticidal properties necessary for agriculture by reprocessing

low-grade Kyzylkum phosphorites in the presence of sulfur with incomplete standards of sulfuric and

nitric acid. 30-40% of acid consumption is saved by replacing the amount of sulfur in the sulfuric acid

used in the decomposition process with elemental sulfur. The received fertilizers contain phosphate

minerals in mono- and dicalcium phosphate form, and sulfurin SO *~ion and elemental form. It was

found that the sulfur in the fertilizer is in a completely hydrophilic form.

Keywords: low-grade phosphorite, nitrogen-phosphorus-sulfur fertilizer, insecticide, technologi-

cal scheme.

Introduction

Among the insecticides, sulfur containing drugs
are not harmful to humans and livestock. Lime:
sulfur (2:1) decoction (ISO), sulfur talc, colloidal
sulfur are used as sulfur insecticides: However, the
process of obtaining these insecticides is complex
and requires a lot of energy and finance.

Scientists around the world, including in Uz-
bekistan are looking for low-cost and resource-ef-
ficient ways to obtain phosphate fertilizers from
unenriched and low-quality phosphorites. In this
regard, promising scientific research shows that
anew type of complex fertilizers has been devel-

oped by activating phosphorites on the basis of
chemical, mechanical, mechanochemical, ther-
mal and bacterial means [1-2].

Therefore, one of the most pressing issues
today is the development and implementation
of specific resource-saving technologies for the
production of phosphorus-sulfur and nitrogen-
phosphorus-sulfur complex fertilizers contain-
ing insecticides that fight disease-causing insects,
along with phosphorus feed. The application of
these phosphorus-sulfur fertilizers simultane-
ously provides the plants with nutrients and
protects them from various diseases.
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The material significance of phosphate min-
erals in the Central Kyzylkum basin began to
be studied by scientists by 1960s. Phosphate
minerals in the Kyzylkum basin cover an area
of 65.000 km*. Only 10% of granular phospho-
rites with a total volume of 10 billion tons can be
mined opencast. The Geroy, Sardara, Tashqura,
Qaraqat, and Jetimtog deposits in the Kyzylkum
basin have been studied almost completely. The
Jeroy-Sardara phosphorite deposit, one of the
largest deposits, has reserves of 2.9-3.0 billion
tons. (550 million tons P,O_). Of this, phos-
phate mineral reserves with an average content
of 19.42% P,O, estimated to 223.9 mln. tons
(43.5 million tons P,O,). This phosphorite re-
serve can be the basis for the supply of phos-
phate fertilizers to agriculture of the republic for
62 years. The Kyzylkum phosphorite complex
was also built around this deposit.

Phosphorite reserves of Tashkura deposit are
estimated at 1.1 billion tons. (200-250 million
tons P,O.). The reserves of the Karakat field are
estimated at 600-650 million tons. P,O, (3.0-
—3.5 billion tons ore). Of this, 55-60 mln. tons
P,O, (320 million tons of ore) is located at a
depth of 60 m.

Two top layers of phosphorite 1-1.3 m in
width across the horizon are of industrial im-
portance. They are separated from each other
by weak phosphated marl layers of 8-12 m. The
amount of PO in the phosphorite is 16-19%
in the first layer and 21-23% in the second layer.
The results of chemical and physicochemical
analysis revealed that the composition of Kyzyl-
kum phosphate raw materials consists mainly of
the minerals fluorocarbonatapatite and calcite.

Petrographic data show that Sardara area
phosphorites are composed of granular organo-
genic-koolithic residues. In the surface part of the

Paleocene and Eocene Cretaceous mixed depos-
its, types of phosphorites such as granular (Af-
rica), shell (Chilisoy) and sandstone (Florida)
have been identified.

Ore phosphated grains and coolite phos-
phates, which are organic residues, are composed
of cement carbonates with about 70% and small
amounts of clay additives. The results of mineral-
ogical studies have shown that the composition of
granular phosphorite ores is similar to each other.
Itis composed of 10% to 90% phosphate minerals,
the rest being calcite, montmorillonite, hydrom-
ica, polygorskite, hydrogenite, quartz, gypsum,
glauconite, feldspar and halite minerals [3-10].

Non-phosphated minerals include calcite
(20-50%), montimorillonite, hydromica and
polygorskite, hydrogemit (0.1-15%), gypsum
(5-10%), quartz (0.1-70%), glauconite (resi-
dues). feldspar (0.1-0.3%) and halites. Iron
residues in minerals occur in the form of yellow
sulfide, hydroxide up to 12%. Clay carbonated
phosphates have higher iron content and higher
carbonate phosphorites have lower iron content.
The main part of magnesium is in montmorillon-
ite, and a small amount is in dolomite.

Average mineralogical composition of ore
deposits (heavy fraction%); francolite-56.0, cal-
cite-26.5, quartz-7.5-8.0, hydraulic minerals and
feldspar 4-5, gypsum-3-5, getite-1, zeolite 1.0,
and organic components are about 0.5.

The phosphate mineral in donor phosphorite
corresponds to carbonatophthorapatite, known
in the literature as “kurskit”. The average chemi-
cal composition of the phosphate mineral (%)
is P,0,~32.10; Ca0-48.37; CO,-5.0; F-3.19;
MgO-0.04; ALO,-02; Fe O; Na 0-0.10;
K,0-0.05; SO,-0.08; SiO, is 0.05.

Currently, scientists are proposing to pro-
duce a variety of phosphate fertilizers that are
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chemically activated by phosphorites and have
a gradual effect. Activation of phosphorites with
high carbonate content increases the contact
surface of phosphate particles due to their decar-
bonization. As a result, phosphorite is converted
into a plant-assimilating form. There is a growing
need to implement an accelerated technology for
the production of low-cost, highly agrochemical-
ly efhicient fertilizers through chemical activation
of low-quality and unenriched phosphorites. At
the same time, the urgency of obtaining complex
fertilizers using various mineral acids, mineral
salts used in agriculture, i.e. mineral fertilizers,
etc., increases.

Scientific studies of the processing of Kyzyl-
kum phosphorites have shown that it has a high
ability to undergo chemical reactions. This re-
quires the need to obtain high-efficiency com-
plex fertilizers with intensive technology without
spending large activation energy to convert phos-
phate raw materials into plant-assimilating form.

Experimental

In order to develop a scientific basis for the
production of new varieties of insecticidal phos-
phorus-sulfur fertilizers from local raw materi-
als, the process of decomposition of enriched
phosphorite flour and low-quality phosphorite
samples with incomplete norms of sulfuric acid
in the presence of sulfur was studied. In order to
determine the optimal conditions for the decom-
position process, a mixture of phosphorite and
sulfur with a ratio of 1: 0.001-0.2 was studied
using 75, 80 and 93% solutions of sulfuric acid
and at a rate of 60-90%. The amount of sulfu-
ric acid consumed was calculated relative to the
formation of calcium dihydrogen phosphate and
calcium sulfate by breaking down the phosphate
and calcite minerals in the phosphorite samples.
Laboratory experiments were performed as fol-

lows. Samples of phosphorite and sulfur mixtures
are mixed with a solution of sulfuric acid simul-
taneously for 15-20 minutes. Since the interac-
tion reaction of the components is exothermic, it
was observed that the temperature is 70-120 °C
and higher depending on the acid norm. The heat
released is used to evaporate excess water in the
system, leading to an improvement in the com-
mercial properties of phosphorus-sulfur fertiliz-
ers. After the finished product was cooled and
classified, its components were chemically ana-
lyzed using certain standard methods. In order
to develop a scientific basis for the production
of complex phosphorus-sulfur fertilizers, the
process of processing phosphate raw materials
in the presence of a suspension of sulfuric acid
was studied.

75%, 80% and 93% solutions of sulfuric acid
were used in the study. Sulfur suspensions of
these concentrated acids were prepared under
laboratory conditions. Increasing the acid con-
centration has a positive effect on the hydrophi-
lization of sulfur. This is because the non-polar
molecules of sulfur tend to form a hydrophilic
form only in non-polar solvents. A decrease in
the acid concentration leads to an increase in the
mass fraction of water in the solution. Water is a
polar molecule.

Under the action of sulfuric acid molecules,
it oxidizes to form a suspension of sulfuric acid.
Phosphorite samples were processed through
this suspension.

Initially, on the basis of intensive technology,
the process of decomposition of unenriched
phosphorite flour with different standards of
suspension containing 93% sulfuric acid solu-
tion with 3.5 and 7.5% sulfur was studied. Sul-
furic acid was the norm in stoichiometry, which
was used to break down phosphate and carbon-
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ate minerals in phosphorite to form calcium di-
hydrogen phosphate and calcium sulfate. The
process of processing phosphorite flour with
sulfuric acid was carried out as follows. In the
reactor, 0.1-0.3 kg of raw phosphorite was mixed
continuously with the sulfuric acid suspension
for 20-30 min. After cooling and classification of
the obtained product, the various forms of P,O,
and total CaO, CO,, moisture content were ana-
lyzed using certain standard methods.

Results and discussion

The results of the analysis showed that the
activation of phosphorite, ie the decomposi-
tion coeflicient, increases with increasing sul-
fur content in the processing of phosphate raw
materials. For example, with a 1: 0.001 ratio of
phosphorite and sulfur, 59.66% of the total PO,
in the processed product with 93% sulfuric acid
is converted into a plant-assimilating form, and
48.76% into a water-soluble form. Also, the
1:0.01,1: 0.05, and 1: 0.15 ratios of phosphorite
and sulfur were compared to the 1: 0.001 ratio,
respectively, while the plant-absorbing part was
1.02, 2.21, and 1.46 times, respectively, while
the water-soluble form was 1.01, 1.03, and 1.12
times. This bond is maintained in both 70 and
80% solutions of sulfuric acid. However, the rate
of decomposition of phosphorite flour with sul-
furic acid in the presence of sulfur varies depend-
ing on the acid concentration, i.e., a decrease in
the acid concentration leads to a decrease in its
decomposition coeflicient. For example, when
a mixture of phosphorite and sulfur in a ratio of
1:0.01, 1:0.05 and 1:0.15 is processed at a rate of
60% of an 80% solution of sulfuric acid, the plant
absorption fraction is 1, respectively, compared
to a 93% solution of acid. 06, 1.12 and 1.19, while
the water-soluble form decreased by 1.38, 1.35
and 1.39 times, respectively. In a 75% solution of

the acid, the plant assimilation form decreases by
1.08, 1.15 and 1.25 times, and the water-soluble
part by 1.50, 1.46 and 1.48 times.

When phosphate raw materials are processed
with sulfuric acid in the presence of sulfur, we
see that the decomposition coefficient is 1.2
—1.3 times higher when compared with the sul-
furic acid.

The process of processing a sulfur mixture
of low-quality phosphorites with sulfuric acid
is practically no different from that of unen-
riched phosphorite flour, i.e. the above mecha-
nism is preserved. For example, when a 1:0.05
ratio of phosphorite and sulfur is processed
in a 93% sulfuric acid solution at 60, 70, and
80%, the decomposition rate of the raw mate-
rial is 62.42%, 73.20%, and 77.84%, respectively
36.92%, 39.98% and 43.83% in aqueous solution.
This enriched phosphorite showed that the ab-
sorbent P O fraction was 1.07, 1.09, and 1.17
times lower, and the water-soluble form 1.36,
1.35, and 1.32 times lower, respectively. This is
because the content of low-quality phosphorite
is slightly higher than that of carbonates and the
grain content varies.

At incomplete rates of sulfuric acid, a certain
proportion of phosphate minerals remain undi-
gested. Under the influence of acid molecules,
the crystal lattices of phosphate minerals in the
raw material undergo changes. Phosphates that
do not decompose due to defects in the crystal
lattice nodes of minerals are converted into plant-
absorbing phosphates as a result of oxidation of
sulfur to form a weakly acidic environment.

The obtained fertilizers contain phosphorus
in the form of mono- and dicalcium phosphates,
and sulfur in the form of SO,*" ions and elemen-
tal sulfur. These results are also confirmed by X-
rays and dervatograms of the fertilizer obtained.
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Under the influence of sulfuric sulfuric acid,
the phosphate raw material decomposes quickly
(in 5-10 minutes) and easily. The carbon dioxide
and fluorine compounds released during decom-
position accelerate the diffusion of phosphate
particles with the hydrogen ions of the acid.
Since the decomposition reaction is exother-
mic, it was observed that the temperature was
70-120 °C and higher depending on the sulfuric
acid norm. The heat released is used to dry the
sulfur superphosphate.

The results of the study are presented in Table
1. The results showed that the rate of decompo-
sition of phosphorite minerals also increases as
the rate of sulfuric acid used for phosphorite pro-
cessing increases. For example, in the processing
of unenriched phosphorite, the stoichiometric
rate of acid changes from 60% to 100%, the plant
absorption of total phosphorus in the product in-
creases by 1.46 times, and the water-soluble part
increases by 1.40 times.

Decomposition of unenriched phosphorite
flour in different proportions of sulfuric acid
suspension differs by the fact that the amount of
sulfuric acid used in traditional classical meth-
ods is economical and has insecticidal prop-
erties as free sulfur in the composition of the
resulting fertilizer. The product formed by the
reaction of phosphorite with sulfuric sulfuric
acid is always broken down into fine particles
during the mixing process and is exposed to the
phosphate raw material that is not involved in
the reaction. At the same time, phosphate raw
materials continue to be activated due to sulfur
in the system.

The process of decomposition of phospho-
rite continues even after the fertilizer is applied
directly to the soil, as a result of oxidation of sul-
fur in the soil under the influence of oxidizing

microorganisms. Simultaneously with the phos-
phate mineral, the calcite in the raw material is
also broken down. As the acid norm increases, so
does its rate of decomposition. The sulfur in the
product has a positive effect on the decomposi-
tion rate of phosphorite. During the interaction
of the components, part of the sulfur is oxidized
to acid and it actively participates in the decom-
position of minerals. The sulfur in the new fertil-
izer becomes hydrophilic.

As a result of exposure of phosphorite to a
3.5% sulfuric acid suspension at a rate of 60%,
14.52% of the total P O, is converted to a plant-
assimilated form. Also, at the 70 and 90% norms,
the plant-assimilating P,O_ fraction increases
1.17 and 1.42 times, respectively, compared to
the 60% norm. The product obtained from the
decomposition of unenriched phosphorite flour
in the presence of a suspension of 7.5% sulfuric
acid, compared with a suspension of 3.5% sul-
furic acid, the plant assimilation form of phos-
phorusin the raw phosphate averaged 1.02 times,
and on average 1.25 times in the unused sample.
showed that it is high.

The amount of water in the sulfuric acid used
in the decomposition of phosphorite flour af-
fects the granularity of phosphate fertilizers. The
high amount of water in the suspension, ie the
low acid concentration, complicates the process
and the product is obtained with unsatisfactory
brand properties. When enriched phosphorite is
processed at 60-80% of sulfuric acid stoichiom-
etry, a powdery product is obtained. Its content
of grains with a size of 1-3 mm is 30-40%. Under
the influence of 80—-100% of sulfuric acid, a new
phosphorus fertilizer with a size of -3 — + 2mm
and -2 - + 1mm, with an average grain size of
70-90% is obtained.
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Table 1.— Decomposition of unenriched phosphorite flour with a suspension of sulfuric acid

Quantitative compo-
HZSO4 sition OszOv% o % S P,O, used. | P,O; used. H 0%k o
norm,% gen_ assimi- 2 0 total.,% el., % Pz()5 total PZOS total 2 0 dekarb. 0
. watery
eral | lation
3.5% sulfuric acid
60 1442 | 974 | 7.71 4.51 10.86 1.08 67.54 53.47 0.46 70.04
70 13.87 | 1091 | 7.98 3.01 12.17 1.22 78.65 57.53 0.61 80.26
80 13.26 | 11.93 | 8.96 1.22 13.30 1.33 89.97 67.57 0.78 92.00
90 12.68 | 12.13 | 9.12 0.82 14.38 143 95.66 71.92 0.90 94.62
100 12.22 | 12.09 | 9.17 0.28 15.30 1.53 98.94 75.04 1.04 98.16
7.5% sulfuric acid
60 1429 | 9.76 | 7.72 4.40 12.07 2.40 68.30 54.02 0.40 71.15
70 13.61 | 10.81 | 791 2.84 13.43 2.67 79.43 58.15 0.47 81.38
80 13.00 | 11.70 | 8.87 1.17 14.65 291 90.00 68.23 0.71 92.33
90 1244 | 11.97 | 9.01 0.51 15.77 3.14 96.22 72.43 0.81 96.65
100 11.98 | 11.87 | 9.10 0.19 16.88 3.37 99.08 75.96 1.03 98.75

Table 2. — Physical and mechanical properties of phosphorus-sulfur fertilizer grains

Volumetric | Strength, | Flowability, | Natural angle | Fluid- | Hygroscopic
s, % |HO%| , ; S )
el. weight, g/sm? | MPa/sm % of slope, ity, s point,%
3.5% sulfuric acid
1.08 1.25 0.81 1.61 100 39 18.71 77
1.22 1.19 0.81 1.67 100 40 17.98 76
1.33 1.12 0.83 1.73 100 41 16.89 75
143 1.04 0.88 1.78 100 42 15.98 73
1.53 0.98 0.96 1.86 100 42 15.07 73
7.5% sulfuric acid
2.40 1.23 0.82 1.66 100 40 18.52 76
2.67 1.16 0.82 1.72 100 41 17.02 74
291 1.09 0.83 1.78 100 42 16.72 73
3.14 1.02 0.90 1.84 100 42 15.77 73
3.37 0.95 0.97 191 100 42 15.05 72
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In order to further improve the physical-me-
chanical and commodity properties of sulfur-
phosphate fertilizers, the process of granulation
of them in the presence of a 40% solution of am-
monium sulfate was studied. The new fertilizer
obtained in a plate granulator was dried 2-3 mm
grains and their properties were studied. Physico-
mechanical properties of granulated phosphorus-
sulfur fertilizers are given in (Table 2).

The possibility of intensive processing of new
multifunctional complex fertilizer by processing
enriched phosphorite flour with a suspension of
sulfuric acid, the properties of the fertilizer fully
meet the requirements for use in agriculture.

In subsequent studies, phosphorite samples
were processed with a suspension of sulfur in acid
at different rates in order to reduce the amount
of sulfuric acid consumption. The consumption
of sulfuric acid required for the decomposition of
phosphorite was reduced from 100% to 60% of the
norm. It was calculated that the bound sulfur in
the sulfuric acid content was replaced by the cor-
responding elemental sulfur to cover the reduced
acidity. A sulfuric acid suspension was prepared by
mixing the sulfur calculated in the stoichiometric
norm with concentrated sulfuric acid.

The chemical composition of the new vari-
ety of fertilizer, which was processed phospho-
rite with a suspension of sulfuric acid (H,SO, +
+ S), was analyzed by analyzing the chemical
composition, ie the amount of P,O_ in different
states. Hydrophilicity of sulfur, degree of decar-
bonization of phosphorite and CaO were also
determined. Incomplete decomposition of un-
enriched phosphorite flour with sulfuric acid has
been shown to have no adverse effect on product
quality when elemental sulfur is used instead of
acid-bound sulfur. For example, when decom-
posed in the presence of sulfuric acid, 98.24% of

the total P, O in the fertilizer content of 11.38%
is converted into plant-assimilating and 72.95%
into water-soluble P,O,

When 5%, 20% and 40% of the sulfuric acid
bound sulfur is replaced by elemental sulfur,
the amount of plant-absorbing P,O_ in the new
variety of fertilizer is 1.01, 1.04 and 1.19 times,
respectively, and the solubility in aqueous solu-
tion is 1.02, 1., Decreased by 10 and 1.39 times,
respectively. This indicates that the decomposi-
tion coeflicient values of the phosphate mineral
have not changed dramatically. The sulfur in the
resulting fertilizer is 100% hydrophilic.

In the process of obtaining low-quality phos-
phorite fertilizer processed with sulfuric acid,
the bonds observed in the unenriched phospho-
rite flour are preserved. When the sulfuric acid
content is reduced to 40%, 81.12% of the total
P O, content of 11.12% is plant-assimilating and
47.87% is water-soluble.

The acid consumption is saved by 30-40%
when the sulfur sulfate we propose is decomposed
under the influence of an acid suspension. As a
result of the addition of sulfur to the composition
of complex phosphate fertilizers, the amount of
nutrients increases and has an insecticidal effect.

Different rates of nitric acid and their decom-
position process in the presence of sulfur were
studied to obtain insecticidal complex fertilizers
containing NPSCa nutrients from low-grade un-
enriched phosphorites [29-30].

The stoichiometric 20-60% content of 57%
nitric acid for the decomposition of phosphorite
samples was calculated relative to the formation
of monocalcium phosphate and calcium nitrate
salts from the decomposition of carbonate and
phosphate minerals in the raw material.

In order to study the effect of sulfur on the
decomposition of phosphorite samples in the
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presence of nitric acid, phosphorite containing
10% sulfur was decomposed with nitric acid.

During the decomposition of phosphorite,
the temperature varies in the range of 3045 °C
depending on the acid norm. The resulting com-
plex fertilizer was dried at a temperature of 100—
-10S °C.

The results of the chemical analysis of the
composition of the formed fertilizers show
that the decomposition rate of low-grade phos-
phorites varies depending on the acid norm.
For example: enriched phosphorite is broken
down under the influence of 20-60% of nitric
acid, 9.03-12.03% of the total P,O, in NPSCa
complex fertilizer is 28.44-77.19% in the form
of plant assimilation. The decarbonization rate
rises from 30.76% to 81.89%, respectively. When
the obtained fertilizers are analyzed after drying,
10.78-12.92% of the total PO, is 29.80-80.06%
in plant assimilation form. It also contains 2.67-
- 6.90% nitrogen, 30.06-35.58% calcium oxide,
6.43-8.10% elemental sulfur, 1.34-2.11% water.

Also, the conversion of sulfuric acid to sulfu-
ric acid in NPSSa complex fertilizer decomposed
into a sample containing 10% sulfur of unen-
riched phosphorite flour with a range of 20%
to 60% of nitric acid increases with increasing
acidity. For example: 10.15% of the total 8.94%
of total sulfur is converted to sulfuric acid at a
rate of 20%. When the nitric acid norm is 30 and
50%, the rate of conversion of sulfur to sulfuric
acid is 1.24 and 1.32 times higher than the 20%
norm, respectively. The sulfur remaining in the
elemental state in the fertilizer is in a completely
hydrophilic form.

The decomposition process of low-quality
phosphorites in the presence of sulfur with nitric
acid is practically no different from that of non-
enriched phosphorites. The decomposition coef-

ficient of low-quality phosphorite is 1.33 times
lower than that of unenriched phosphorite.

This difference can be explained by the fact
that the granular composition of low-quality
phosphorite is different.

Nitric acid is not only a source of chemical
energy for the decomposition of phosphate min-
erals in the raw material, but also participates in
the process of mutual oxidation-reduction of
components in the system (phosphorite, sulfur,
nitric acid, moisture, etc.). Under these condi-
tions, elemental sulfur is oxidized from S° to S**
($*°) and converted to sulfite and sulfuric acid
in the system. When phosphorites are processed
with nitric acid in the presence of sulfur, the de-
composition coefficient is 1.45 times higher than
that of nitric acid. The change in this indicator
can be expressed as follows.

During processing, the undigested part of the
phosphorites continues to be activated by the
weak acidic environment formed in the crystal
lattice system. The product contains salts of cal-
cium hydrophosphate and calcium sulfate. Ad-
ditional SO,* ions in the reaction products begin
to form in the form of gypsum.

Commodity properties of products obtained
from more than 40% of acid standards do not
meet agricultural requirements.

Unenriched phosphorite flour is 19.118% of
the total P,O, in the complex fertilizer composi-
tion processed under the influence 0f 20% norm
of 57% nitric acid in the form of plant assimilator
P,O.. The decarbonization rate of phosphorite
flour is 22.62%.

The process of processing sulfur phosphorite
with nitric acid also occurs rapidly. Scientific
studies have shown that as the amount of sulfur
in phosphorite increases, so does the rate of de-
composition of the raw material. For example,
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the decomposition rate of phosphorite contain-
ing 1% sulfur is 1.04 times that of a sample treat-
ed with 20% nitric acid, and the degree of de-
carbonization is We observe an increase of 1.06
times. During the decomposition of phosphorite
flour, an increase in sulfur content of 5, 10 and
30% was observed to increase the nutrient value
of assimilated phosphorus in NPSCa fertilizers
by 1.25, 1.39 and 1.54 times, respectively.

When the content of sulfur in the content of
unenriched phosphorite flour is from 1% to 30%,
when processed at the rate of 30% of nitric acid,
9.34-12.04% of the total P,O_ is 37.69-60.17%
in the form of plant assimilation. When 40% of
nitric acid is used in this process, 8.70-11.08%
of the total PO, is in the plant-assimilated form
of 47.36-65.40%.

After the product dries, these values increase
1.12-1.30 times due to water loss. The increase
in the decomposition rate of unenriched phos-
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phorite flour in the presence of sulfur can be ex-
plained by an increase in the value of SO, in the
obtained fertilizers (Fig. 1). For example, when
a phosphorite sample is processed at 30% nitric
acid without sulfur, it contains 1.65% SO,, and
when treated with S and 10% sulfur, its value is
3.85 and 5.32%, respectively.

Based on the results of the study, it was proved
that it is possible to process enriched phospho-
rite flour in the presence of sulfur in an incom-
plete amount of nitric acid using an intensive
method to obtain complex fertilizers containing
multifunctional NPSCa.

A number of physical and mechanical proper-
ties of phosphorus-sulfur fertilizers were studied,
including hygroscopicity, granular composition,
grain strength, natural slope angle, bulk density,
salinity and moisture content. Because these
properties are associated with the efficiency of
their storage, transportation, use in agriculture.
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Figure 1. Formation of SO, in the decomposition of nitric acid in the presence
of sulfur in enriched phosphorite flour with norms of 20, 30 and 40%
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After the product dries, these values increase
1.12-1.30 times due to water loss. The increase
in the decomposition rate of unenriched phos-
phorite flour in the presence of sulfur can be ex-
plained by an increase in the value of SO, in the
obtained fertilizers (Fig. 1). For example, when
a phosphorite sample is processed at 30% nitric
acid without sulfur, it contains 1.65% SO,, and
when treated with § and 10% sulfur, its value is
3.85 and 5.32%, respectively.

Based on the results of the study, it was proved
that it is possible to process enriched phospho-
rite flour in the presence of sulfur in an incom-
plete amount of nitric acid using an intensive
method to obtain complex fertilizers containing
multifunctional NPSCa.

A number of physical and mechanical proper-
ties of phosphorus-sulfur fertilizers were studied,
including hygroscopicity, granular composition,
grain strength, natural slope angle, bulk density,
salinity and moisture content. Because these

properties are associated with the efficiency of
their storage, transportation, use in agriculture.

To determine the viscosity of phosphorus-
sulfur and nitrogen-phosphorus-sulfur fertiliz-
ers, specific mass fertilizer samples are placed in
special cylinders and stored under loaded mass
for twenty-four hours. The product is slowly
pushed out of the cylinder and inspected under
the force required to spray it. Studies have shown
that under the conditions studied, not all fertil-
izer samples are sticky, i.e., friable.

It is important that the product is sufficiently
crumbly and granular to achieve full utilization of
the necessary nutrient components of the plant.
The granularity of fertilizers leads to an increase in
the agrochemical efficiency of agricultural crops.

The granular composition of the obtained in-
secticidal phosphorus-sulfur fertilizers was deter-
mined. The data obtained are presented in Table
3. The results show that the small-sized fractions
in the fertilizer samples do not exceed 15%.

Table 3.— Granular composition of fertilizer samples

. Amount of fractions mm, weight%
Fertilizer samples
-5+3 -3+2 -2 +1 -1+0.5 0.5>
1 2 3 4 S 6
Unriched phosphorite flour
PS fertilizer 407 22.10 2431 38.45 11.07
PO, -1632%,S,  —10% ' ' ' ' !
PS fertilizer 15.12 18.42 31.25 29.18 6.03
PO, -1327%, S, -2.60% ' ' ' ' '
PS fertilizer 13.11 30.02 27.03 24.53 531
PO, -12.54%,8, - 2.68% ' ' ' ' '
NPS fertilizer
N-4.19% D0, _13.04%8,-373% | 148 1923 | 3861 24.95 2.35
Low quality phosphorites

PS fertilizer 5.18 20.44 23.00 38.75 12.63
PO,, -1422%,S —10% ' ' ' ' '
PS fertilizer 1627 17.26 28.19 30.98 7.93
P.O,, —10.60%,S, -2.79% ' ' ' ' '
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1 2 3 4 5 6
PS fertilizer 15.42 26.31 26.01 25.15 7.11
PO, ~11.12%,S, - 2.82% ' ' ' ' |
NPS fertilizer

N_3.67% 5.0, 12.14%5 4419 | 1617 18.92 37.77 22.54 4.96

The moisture absorption rate of fertilizers
and their hygroscopicity were determined un-
der conditions of relative humidity of 50, 85 and
100% in desiccators. The moisture absorption ki-
netics curves of fertilizers obtained in the pres-
ence of sulfuric acid and sulfur are practically the
same. The process of moisture absorption of the
product takes place on average 1-1.5 days and its
value is 1.5-2.5%.

Fertilizers obtained in the presence of nitric
acid and sulfur, the equilibrium in the relative hu-
midity of the studied air takes place in an average
of 10-12 days, and their value is 20-25%. PS fertil-
izers obtained in the presence of sulfuric acid and
sulfur are not hygroscopic. Even if they are stored

for a long time in different seasonal conditions,
they do not lose their brand properties. The com-
plex fertilizer with PSN obtained in the presence
of nitric acid and sulfur attracts more moisture due
to the formation of calcium nitrate, ie it is hygro-
scopic. Itis therefore recommended to store them
in special inner polyethylene-lined bags.

Based on the research, the composition of
phosphorite samples was calculated from the
basic salts in complex fertilizers with insecticidal
properties, processed in the presence of sulfuric,
nitric acids and sulfur. These values, calculated
on the basis of chemical analyzes, are given in
Tables 4-6.

Table 4.— Amount of salts in phosphorus-sulfur fertilizers obtained
using incomplete norms of sulfuric and sulfuric acids,%

Components
Salts Total P.0, CaO P SO, Co,
Ca (PO,).F 6.88 3.54 3.72 - —
Ca(H,PO,), 11.09 6.73 2.66 _ _
CaHPO, 4.77 2.49 1.79 — —
CaCO, 10.05 - 5.63 - 4.42
CaSO, 48.27 - 19.88 28.39 -
S 5.55 - - - -
Additional substances 13.19 — — - —
Total 100 12.76 33.86 28.39 4.42
Table 5.— Amount of salts in phosphorus-sulfur fertilizers
obtained by suspension of sulfuric acid,%
Components
Salts Total PO, CaO P SO, CO,
1 2 3 4 S 6
Ca (PO,).F 4.30 221 2.33 - -
Ca(H,PO,), 10.85 5.58 2.60 - -
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1 2 3 4 S 6

CaHPO, 7.12 3.74 2.93 - -
CaCO, 6.05 - 2.39 - 2.66

CaSO, 46.43 - 19.12 27.31 -

S 4.08 - - - -

Additional substances 21.17 - - - -
Total 100 12.54 30.37 27.31 2.66

Table 6.— Amount of salts in NPS fertilizers obtained using
incomplete norms of sulfuric and nitric acid,%
Components

Salts Total P.0, N é) 20 SO, Co,

Ca (PO,),F 12.48 6.42 - 6.67 - -

Ca(H,PO,), - - - - - -

CaHPO, 10.06 6.10 - 4.15 - -
CaCoO, 12.68 — — 10.10 — 5.58

CaSO, 8.54 - - 3.52 5.02 -

Ca(NO,), 23.55 - 4.02 8.04 -

S 7.58 - - - - -

Additional substances 25.41 - - - - -
Total 100 12.52 4.02 37.20 5.02 5.58

Calculations showed that the main part of
the fertilizer consists of calcium dihydrogen
phosphate, calcium hydrophosphate and sulfur,
which is not fully involved in the reaction, as well
as phosphate minerals that have been activated.

Unprocessed phosphorite flour was pro-
cessed with incomplete sulfuric or nitric acid in
the presence of sulfur, and a technological system
for the production of new insecticidal phospho-
rus-sulfur and nitrogen-phosphorus-sulfur com-
plex fertilizers was developed.

These technological processes consist of the
following stages:

« Department of reception, storage and
transfer of phosphorite and sulfur raw
materials;

« Department of reception, storage and trans-
mission of mineral acids (sulfur, nitrate);

« Phosphorite decomposition, granulation
and drying department;

« Department of preparation of binder solu-

tions for granulation of the finished product;

« Department of dust and gaseous waste

storage and treatment;

« Department of transportation, storage

and packaging of finished products.

The main components of the new sulfur
phosphorus fertilizer are mono- and dicalcium
phosphates, various hydrated calcium sulfates
and undigested active phosphorite.

The peaks in the distances between the planes
are calcium sulphates in the d, A2.48,2.18,1.51,
2.06 CaSO,, CaSO, - 0.5H,O states, d, A 1.97,
1.87,1.85,1.81,1.79 CaHPO, - 2H,0,d, A 2.2,
1.6S. containing dicalcium phosphates and d, va
1.76, 1.59, 1.51 Ca(H,PO,) ,, d, A 3.38, 3.01,
2.74,2.58,1.58 Ca(H2P04)2 -H,O were found to
be suitable for monocalcium phosphates. Other
diffraction lines in the product represent unaf-
fected active phosphorite particles.
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The above-mentioned correlations remain even
when the product samples are analyzed after dry-
ing. During the drying period, we observe that the
decomposition rate of phosphorite increased by

1.02-1.06 times. The resulting fertilizer contains
3-4% N in the form of calcium nitrate, 10-13%
P,O, - calcium hydrophosphate and activated
phosphorite, 1-24% elemental C, 25-35% Ca O.

4 b b W ¥ M ¥ M oW B #H W 10 i A7 14 46 14 1% & M ik % 4 T & B 4 4
Figure 2. Powder X-ray diffraction pattern of complex NPSCa fertilizer
Conclusions The amount of sulfuric acid used in the de-

It was studied that low-grade Kyzylkum phos-
phorites can be processed in a short time with
incomplete norms of sulfuric and nitric acids in
the presence of sulfur to obtain complex phos-
phorus-sulfur and nitrogen-phosphorus-sulfur
tertilizers with insecticidal properties necessary
for agriculture.

Processing of phosphorite in the presence
of sulfur with incomplete norms of sulfuric acid
solution was carried out in a short time, for 15—
—25 minutes. Since the decomposition reaction is
exothermic, it was observed that the temperature
was 110-120 °C and higher depending on the
sulfuric acid norm. The amount of heat released
is used to evaporate excess water in the system,
leading to an improvement in the commercial
properties of phosphorus-sulfur fertilizers.

Sulfur is normally in the form of a ring with a
stable S_ content. At room temperature, as well as
as a result of interaction with phosphate miner-
als, it forms relatively active forms containing S,
S, S, S and participates in the decomposition
of phosphorite.

composition process is saved by 30-40% by
replacing the amount of sulfur in elemental sul-
fur. An increase in the plant assimilation form
of phosphorus in phosphorite samples was ob-
served with increasing sulfur content. The ob-
tained fertilizers contain phosphate minerals in
the form of mono- and dicalcium phosphate, and
sulfur in the form of SO,* -ions and elements.
The sulfur in the fertilizer was found to be in a
completely hydrophilic form. These data were
also confirmed by X-ray and dervatogram ana-
lyzes of the new variety of fertilizer. It was found
that the decomposition coefficient of phospho-
rite samples when treated with sulfuric acid in
the presence of sulfur is 1.2-1.3 times higher
than the decomposition coefficient without the
presence of sulfur (with sulfuric acid itself).
The decomposition process was also carried
out in the presence of a suspension of sulfuric
acid. The preparation of the suspension was car-
ried out in the presence of 75, 80 and 93% solu-
tions of sulfuric acid. As the acid concentration
decreases, it becomes more difficult for the sulfur
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to form a suspension. This is because non-polar
molecules of sulfur tend to soak only in non-po-
lar solvents. A decrease in the acid concentration
leads to an increase in the mass fraction of water
in the solution. Water is a polar molecule.

When the amount of sulfur required for the
decomposition of phosphorite is the same, it is
practically indistinguishable from the process of
decomposition of phosphorite with sulfuric acid
suspension, in the presence of phosphorite and
sulfuric acid.

Different rates of nitric acid and their decom-
position process in the presence of sulfur were
studied to obtain insecticidal complex fertilizers
containing NPSCa nutrients from low-grade un-
enriched phosphorites. When phosphorites are
processed with nitric acid in the presence of sul-
fur, the decomposition coefficient is 1.45 times
higher than that of a product decomposed with-
out the presence of sulfur.

The change in this indicator can be expressed
as follows: the degree of decomposition of un-
enriched phosphorite flour can be explained by
an increase in the amount of SO, in the fertilizer
obtained in the presence of sulfur. For example,
when a phosphorite sample is processed at 30%
nitric acid without sulfur, it contains 1.65% SO..
When phosphorite is treated with nitric acid by
adding S and 10% of sulfur, its content is 3.85 and
5.32%, respectively. Nitric acid is not only a source
of chemical energy for the decomposition of phos-
phate minerals in the raw material, but also partici-
pates in the process of mutual oxidation-reduction
of components in the system (phosphorite, sul-
fur, nitric acid, moisture, etc.). Under these con-
ditions, the elemental sulfur S° is oxidized from
the oxidation state to S** (S*°) and converted into
sulfite and sulfuric acid in the system.
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CONSTRUCTION OF A KINETIC MODEL FOR THE OXIDATION
OF C.-C,-ALDEHYDES ON HETEROPOLY COMPOUNDS

Abstract. The kinetic regularities of oxidation of unsaturated aldehydes acrolein and methac-

rolein into corresponding acids have been studied on modified phosphormolybdenum heteropoly

acid catalysts. It was found that methacrylic acid is formed according to the sequential scheme, and

deep oxidation products according to the parallel-sequential scheme. The analysis of experimental

data shows that the acetic acid yield on heteropolyacetic acid catalysts is high enough and can

reach 30%. Therefore, it is incorrect to neglect the route of acetic acid formation when assessing

the kinetics of the process. Differential equations were made to process the experimental data on
the kinetics of aldehyde oxidation. The developed kinetic model can be used to model the reac-

tion apparatus.

Keywords: kinetics, heteropolyacids, acrolein, methacrolein, acrylic, and methacrylic acid.

There are almost no data in the literature on
the kinetics of acrolein or methacrolein oxida-
tion on hetero compounds. For example, [1]
provides only brutto-equations for the rate of
formation of methacrylic acid (MAA) and the
rate of consumption of methacrolein (MACR).

d[MA
[ ] :K1P0,6—1

d t MACR

0-0,2p0 0-0,20
«PO-0. :
P 0, PHZO Po2 PHZO

d[MAK |

=K PO,S—I
dr 2

0,1:0,2 PO’
MACRXPOZ PHZO

In [2], itis pointing out that the reaction pro-
ceeds by the redox mechanism through the fol-
lowing stages:

RCHO + HPA + H,0 » RCOOH +H, HPA
H, HPA+%2 O,>HPA +H,0

where HPA - heteropoly acid.

It follows from the following kinetic equa-
tions that the next stage is the limiting one:

RCHO + HPA + H,O > RCOOH + H, HPA

As can be seen from the equations, the rate
of methacrylic acid formation and methacrolein
consumption weakly depend on oxygen concen-
tration, the order of methacrolein changes from 1
to 0,5, and this agrees with our experimental data.

In [3], some kinetic regularities of the oxida-
tion of methacrolein into methacrylic acid on a
modified phosphoromolybdenum catalyst are
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also given. The research work shows that the con-
version of methacrolein increases markedly with
increasing temperature and does not depend on
the initial concentration of methacrolein in the
contact time interval studied, and this is also fol-
lowing the results of our studies.

An analysis of the literature data showed dif-
ferent points of view on the mechanism of acetic
acid formation. In [4], it is shown that the after-
burning of methacrylic acid leads to the forma-
tion of the same products as in the case of het-
eropoly acid catalyst. However, this conclusion
is based on kinetic data, but there are no experi-
ments on the direct attainment of methacrylic
acid in this work.

To determine the mechanism of acetic acid
formation during the oxidation of methacrolein
into methacrylic acid, the authors of [2] per-
formed a qualitative experiment on a modified
phosphoromolybdenum heteropoly acid catalyst
to transform methacrolein in an empty reactor.

It turned out that methacrolein is pre-oxi-
dized in the presence of air at t = 330 °C into
acetic acid, acrylic acid, and carbon oxides. The
same products are formed during the pre-oxida-
tion of methacrylic acid.

Thus, according to the authors [2], sequen-
tial products of deep oxidation form methacrylic
acid by a parallel-sequential scheme. The yield of
acetic acid formed during the oxidation of meth-
acrolein in the desired temperature range was
< 5%. Therefore, specially staged schemes of ace-
tic acid formation in work [3] are not reflected.

Based on the data on the oxidation of methylac-
rolein and afterburning of methacrylic acid, as well
as on the dependence of the selectivity of meth-
acrylic acid formation on the degree of aldehyde
transformation, the general scheme of the methac-
rolein oxidation process appears as follows:

MACR > MAA AAC
MACR > CO,CO,, AAC
MAA > CO, CO AAC
Analysis of the kmetlc data allows us to show
that the following equations describe the process
rates for routes 1-3:
K,P, P

MACR 10,

- (1+aP02)
K,Pxcx P

MACR 10,
2 (1+a P, )
K,P, P

MACR

R ar,)

Expressions for the rate of consumption of

methacrolein (W, . ), the rate of formation of

MACR

methacrylic acid (W, ,), and the rate of forma-

tion of deep oxidation products (W__ ) in excess

PDO
oxygen are as follows

(K, +K) P
I<3 PMAA
WPDO K PMACR I< 3 PMAA
The values of constants K, - K, were deter-
mined from experimental data as the angular

MACR

W, ,.=K, P

MACR

coefficients of the corresponding linear anamor-
phoses W from P and W

MACR MACR
at different temperatures. The values of the con-

stants (CY, also determined by the experiment,

from PM A

were equal:
K, =5.8-10" EXP (-22000/RT)
K,=1.4-10° EXP (-18000/RT)
K,= 8.0 - 10" EXP (~40000/RT)
Analysis of experimental data [4] shows that
the yield of acetic acid on heteropoly acid cata-
lysts is high enough and can be up to 30%. There-
fore, it is incorrect to neglect the route of acetic
acid formation when assessing the kinetics of the
process. In this connection, it becomes evident
that a parallel-sequential scheme can describe
the set of reactions occurring during the oxida-
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tion of methacrolein on modified heteropolyacid
catalysts.

RCHO —> CO+CO

K, /K;

RCHO — RCOOH

K, /Ky

RCHO —> CH, COOH
RCHO —> CO+CO,

K5 /Ky

RCOOH — CH COOH

CH, COOH —> CO+CO,
Based on the above, the followmg differential
equations were made to process the experimen-
tal data on the kinetics of aldehyde oxidation:

dP,,p K,P,. K,P..p
=— - -K,Pp-
dr 1+K sz 1+ K,P,,.
P K,P
d acid _ K P _ 37 acid _KSP .
dr 1+K7Pmd 1+K,P, . i
dp AAC _ KzP AAD K3Pacid _
dr  1+K,P,,. 1+K,P,. ° ™
Initial conditions:
Wlth 7=0 PAAD(O) AAD’ ac1d(0) ac1d H

AAC(O)_ AAC
An optimization criterion of the species was
formulated to determine the kinetic parameters

of K- K,:
C
Pg j
ﬁ

Pz

where E — experimental, C - calculated and con-
straints on the kinetic parameters in the form of
K. >0

a<E<C
where K - the rate constant of chemical reac-
tions, i =1.9,

E —activation energy,

K - pre-exponential factor,

a.and ¢ — respectively lower and upper limits
of changes in the activation energies,

E .
P —experimental process data,

p 5 —accounting data,

M and N - number of temperatures and ex-
perimental points.

The system and initial conditions together
constitute the Cauchy problem for the first order
ordinary differential equations. The problem was
solved by the Runge-Kutta-Merson method with
automatic selection of the integration step. The
optimization criterion a < F, < C_is an additive
function that depends on the input and output
variables of the states and the kinetic parameters
of the process.

To determine the kinetic parameters K, - K,,
the following problem of optimization conditions
was set: it is required to find such equations K ,
E(i= 1,_9), that satisfy the constraints a<F<

< C, at which the target function F takes a mini-
mum value.

We used the sliding acceptance and Powell
methods to determine the kinetic parameters.
These methods are optimization methods based
on a direct comparison of function values at
neighboring points.

Calculated isotherms, compared with experi-
mental data, showed that there is a good corre-
spondence between them.

Based on the above, the following conclusions
can be made: the developed kinetic model can be
the basis for modeling the reaction apparatus.
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HYBRID DISTRIBUTED ENERGY GENERATION SYSTEM

Abstract. The paper considers the issue related to the uninterrupted supply of electric energy
generated by a hybrid energy wind turbine (HEWT) of the consumer. At the same time, a solution
to the problem arising during the operation of the HEWT is proposed. One of such problems is
the dependence of the functioning of the HEWT on weather conditions. The paper indicates that
gas turbine engines (GTE) can be used very effectively to solve this problem. It is assumed that in
this way it is possible to continuously provide, regardless of weather conditions, consumers of hard-
to-reach regions, not only with electric energy, but also with thermal energy. Biogas obtained from
agricultural, crop and livestock waste is offered as fuel for the operation of the gas turbine engine.

The efficiency of the proposed power system is particularly emphasized, not only in the produc-
tion of heat and electricity, but also its usefulness for land farms, especially for greenhouses. Since the
resulting biohumus soil, which is a waste obtained by burning agricultural, crop and livestock waste,
has the property of increasing yields.

Keywords: Hybrid power system, gas turbine engine, renewable energy sources, system opera-
tion, thermal energy, electric energy, remote regions, biohumus soil.
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rMBPUOHAA CUCTEMA PACMNPELEJIEHHON
FrEHEPALIUN SHEPIUA

Annortanus. B pab6oTe paccMarpuBaeTcs BOIIPOC CBSI3aHHBIN C OecriepeOoHbIM 0becIeueHu-
eM 9AeKTPUIECKOI SHepruerl, BIpaOaThIBAIOLIUICSI THOPUAHOM S9HEPreTHIeCKON BeTPOYCTAHOBKOM
(I'BJY) norpebureas. [Ipu aToM ipeaaaraeTcs pemreHre Ipo6AeMbl BOSHUKAIOIEH TP KCIIAyaTa-
ru [BOY. OaHa u3 Takux mpobaeM: 3aBUCUMOCTD QpyHKIIMOHUpOoBaHUSI [BOY 0T MOroAHBIX yCAOBUIL
B paboTe ykaspIBaeTCsl, 9YTO AASI peIIeHHUs] 9TOH IPOHOAEMBI OUeHb 3P PEKTUBHO MOXKHO UCIIOAB30BATD
rasoryp6unnbie osurateau (I'TA). [Ipeamoaaraercs, 4To TeM caMbIM MOXHO 6ecriepe6oitHo obecrie-
9HTh, BHE 3aBHCHMOCTH OT IIOTOAHBIX YCAOBHI, IIOTPeOUTEAE TPYAHOAOCTYIIHBIX PETHOHOB, HE TOAb-
KO 9AEKTPUYECKOF Hepruerl, HO U TelAOBO aHeprueil. Tormausom aast paborst I'TA mpepsaraercs
6rora3, OAyJaeMO¥ U3 CeAbCKOXO3SIFICTBEHHbIX, PACTEHHEBOAYECKUX U XXUBOTHOBOAYECKUX OTXOAOB.

OcobenHo noagepkuBaeTcsi 9pPeKTUBHOCTh PAOOTHI IPEAAAraeMOI S9HEPrOCUCTEMbI HE TOABKO
IpU BBIPAOOTKE TEMAOBOI M 9AEKTPUYECKOH d9HEPTHUH, HO U IIOA€3HOCTb AASL 3€MEABHBIX XO3SIHCTB,
0COOEHHO AASI TETAMYHOTO XO3SIFCTBA. TaK KaK ITOAyYaeMbIil OHOI'yMYCHbII IPYHT, SIBASIFOIIHIICS OTXO-
AOM, ITOAYYaeMBIii ITPU CXUTAHUS CEAbCKOXO3SMCTBEHHbIX, PACTEHHMEBOAYECKUX M )KUBOTHOBOAYECKUX
OTXOAOB, IMEET CBOMCTBO IOBBIIIATD YPOXKAMHOCTb.

Karouessie caoBa: [16praHast sHeprocucreMa, ra30TypOHHHBII ABUTATEADb, BO30OHOBAsIEMbIE HC-
TOYHUKHU SHEPTHUH, SKCIIAYaTALMs CUCTEMBbI, TETIAOBASI SHEPTUS, JACKTPHUIECKAS SHEPTHUsL, OTAAACHHBIE
PEruoHbl, OUOryMYCHBII TPYHT.

BBeaenne. B mocaepHee BpeMs CHCTeMbI
THOPUAHOTO 9HEPrOCHAOXKeHUS OTpebuTeAeit
CTAHOBSITCSI BecbMa IoImyAsipHbIM. OHH IIpea-
YCMATpPUBAIOT HCIIOAb30BAHMSI Pa3AUYHBIX BO3-
O6HaBASEMBIX HCTOYHMKOB sHepruu (BUD).
OAeKTpHYecKas SHeprusl reHepUpyeMasi C UC-
IIOAb30BAaHHEM COAHEYHBIX POTOIAEKTPUYECKHX
IaHeAell, BeTPSIHBIX TYPOHH U reHepHUpOBaHUe

TEIIAOBOM dHEPIMH AASL CUCTEM OTOIIAEHHMS, I'O-
psTero BOAOCHAOXXEHHS U TEXHOAOTUYECKUX ITPO-
11eCCOB OCYIL|ECTBAIEMbIE C MCIIOAb30BAHUEM COA-
HEYHBIX KOAAEKTOPOB (ITAOCKUX U PPaKTAABHDIX),
reoTepPMAABHBIX CHCTEM, A TAKKe APYTHX IIpeob-
pasoBaTeAei TENAOBOM SHEPIMH CUABHO 3aBUCHUT
OT TMOTOAHBIX YCAOBMM. AAS yCTpaHEHHUs TaKON
YSI3BIMOCTH YCTPOHCTB paboTaromux Ha 6ase
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BUD B pabore [1; 2] npeasaraercss koHIenmus
II0 CO3AQHHIO TNOPUAHBIX 9HEPTOCHCTEM, He 3aBU-
CAIIUX OT OTOAHBIX yCAOBHH. CyTb 9TOM KOHIeI-
IJUM 3aKAI0YATCA B CACAYIOIEM: KOHBH02AYUS pa3-
AUHHBIX yempoticme pabomarowux Ha 6aze BHO.
OTO He TOABKO HaAMYMe TaKUX dIAeMEHTOB, KaK
COAHEYHbBIE KOAACKTOPBI, POTOIAEKTPHIECKHE I1a-
HeAM, BeTPOBbIe TYPOHHbI, HO M HCIIOAB30BAHME
€AUHOI CHCTeMBI YIIPABACHUS AASL OOeCIIeueH s
3¢ $eKTUBHOI COBMECTHO PaOOTHI ITUX dIAEMEH-
TOB, YTO COCTAaBASIET OCHOBY OoAee CTaOMABHOM
THOPUAHOM CHCTEMbI 9HEPrOCHAOKEHMS.

B nmocaepnme roabl TeMIIbI pa3BUTHSA BBICOKUX
TEXHOAOTHI1 3HAYUTEABHO ITOBBICHAUCH. B0306-
HOBAseMble HcTouHuKU dHeprun (BUD) craau
I[eHTPOM BHHMAaHHS 3HEpPreTHKOB, (U3HKOB,
YYEHBIX M IOAUTHKOB. B CBS3H ¢ 9THM HavaAKCh
YCHAEHHBIe Pa3pabOTKH TEXHOAOTHHU HCIIOAb30-
BaHus BMO AAd reHepariun pasAMYHBIX THUIIOB
dHepruu. AAs IOKPBITHS d9HEPreTUIECKUX HYKA
reorpauuecKy OTAAACHHBIX PETHOHOB, OT OOAB-
LIIMX TOPOAOB TpebyeT IrpoKoMacuITabHoe BHe-
ApeHue B 9Ty cdepy YCTPOHCTB pabOTAOIIMX HA
6a3e aABTEpPHATHBHBIX HCTOYHUKOB 9Hepruu. Tax
KaK, Ha 9T PeTUOHBI HelleAeCOOOpa3Ho, a HHO-
TAQ HEBO3MOXXHO, IPOBECTU Pa3AUYHbIE THUIIBI
AVHHH 3Heprorepepay, TO ONTHUMAAbHBIM BH-
AOM AASL ObecIieueHNs] 9HEPTOCHAOKEHUS TUX
PErHOHOB, SIBASIETCS MCIIOAb30BAaHHE AASL 3TOM
IIeAU THOPHAHBIX 9HEePrOCUCTEM HCIIOAb3YIOIIHX
9HEePTHUIO COAHIIA, BeTep U broTomanso. Ho 3aech
HOSIBASIFOTCS TPYAHOCTH B TEXHOAOTHH HCTIOADB30-
BaHMA aTUX BV, DTH TpyAHOCTH CBSI3aHBI C IIO-
TOAHBIMU ycAOBHAMH. Ecan nmoroaa macmypnas,
Hea($pPeKTUBHO UCIIOAb30BATh COAHEYHbIE ITaHe-
AM, 2 €CAH He BeTpeHHas II0roaa, To He adPek-
THBHO HCIIOAb30BaTh BETPOrEHEPATOPhI U T.A.
Takas cuTyarus HaBOAUT Ha MBICAb CO3AAQHHUS
MOAYABHO I'HOPUAHOI 9HEPrOCUCTEMBI, AAIOIIiee

OAHOBPEMEHHO JAEKTPUYECKHEe U APYTHe BUADI
dHEepTuH, He3aBUCHUMO OT IIOTOAHBIX YCAOBHIL.
IIpoexTHpoBaHMHU TaKMX CUCTEM Ha CETOAHSII-
HUM AeHD SIBASIETCSI OUeHb aKTyaAbHa.

MeToAHNKa SKCIIEpHMEHTa

Lleab AaHHAsI pabOTBHI SIBASIETCS pa3paboTKa
KOHCTPYKIIMHU U IIPUHIIUIIBI PabOThI THOPUAHOM
SHEePrOCUCTeMBI, paboTaromue Ha 6a3e aAbTepHa-
THUBHbIX HICTOYHHKOB He3aBUCSIIeH OT IIOTOAHBIX
YCAOBMI.

MerTop peleHHe CHCTEMBI PACIIPeASACHHOM
reneparuu suepruu (CPTD) aro rubpupnas
CHCTeMa 9HEProCHAOKeHUs, OObeACHEHHAs W3
Pa3AMYHbBIX UCTOYHUKOB HEPIUH, KOTOpbIe II0-
CTpPOEHbI HEIIOCPEACTBEHHO B OAM30CTH OT OTpe-
buTeAell U B MAKCMAABHO BO3MOXKHOM CTEIIeHH
YUUTBIBAIOT MX UHAUBHAYAABHBIE OCOOEHHOCTH
C TOYKHM 3peHHUs MOIFHOCTH U Mpoduast. Poct ooan
pacIpeaeAeHHOM TeHepaliy B 9HeprocucTeMax
He TOAbKO MMeeT ITOAOKUTEAbHbIE CTOPOHbI, HO
U CO3AQIOT OIIPeAeAeHHBIe TeXHUYeCKre pobae-
MbI, CBSI3aHHbIE C UI3MEHEHHUSMU CBOMCTB CHCTEM,
YIX BO3MOXKHOCTH HeIlIPePBIBHO pabOThI IIPH HOP-
MAAbHbIX M aBAPUIHBIX YCAOBHUSIX.

OCHOBHOI OTAMYHTEABHON YEPTON IIpeA-
aaraemort CPI'O sBaseTcs cToxacTuUyecKuit
XapakTep MapaMeTpOB MCTOYHHMKA IEePBUYHOM
dHepruH, IO3TOMY dHeprus, reHepupyemas U3
9THUX UCTOYHHUKOB, CO3AA€T HOBBIE IIPOOAEMBI
y motpeburteaeit. 3apaueil COBpeMeHHbIX IHep-
TeTUYECKHUX CHUCTEM SIBAsIeTCsl OecriepeboriiHOe
obecrieueHUs IAEKTPUYECKOM U TEIIAOBOI dHeP-
rueit moTpeduTeAst. BOABIIMHCTBO aBTOHOMHBIX
9HEPreTHYeCKUX CUCTEeM, PAbOTaOIUX Ha Oase
B3, obecneunBaroT BOSMOXKHOCTH pacuInpe-
HUS UX QYHKIIMOHAABHOCTH U HapallMBaHK 110-
TEHI[MAAQ ITyTeM HOBbIX HCTOYHUKOB IeHepaIiHu.
OTO cuTyanus 06bICHITCS TAABHBIM 00pa3oM,
TeM, YTO [TapaMeTpPbl TOAyYaeMON SHepIuH, reHe-
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pHpYyeMble HCTOYHHKOM BO30OHOBAsIEMOI 9Hep-
TUH, CYI[eCTBEHHO Pa3AMYAIOTCS IO OCHOBHBIM
TeXHHYeCKUM II0Ka3aTeAsIM, TAKMM KaK THII TOKa,
YJaCTOTA, U BEAMYHHA BBIXOAHOTO HAIIPSDKEHMS
U CHABHO 3aBHCAT OT IIOTOAHBIX YCAOBHIL.

B pabore npeaaaraercs opus u3 Takux CPI'D
paboTaromuil B KOHBIOTAIINU C Ta30TYPOUHHBIM
asurareaeM (['TA) u ru6pupHoit BeTpo aHepre-
Tugeckoit ycranoskoit (I'BOY), paboraromue
Ha 0a3e aABTEpPHATHUBHBIX HCTOYHUKOB SHEPIUHL.
Taxast aHeprocucrema becrepe6oriHo obecre-
YUBAaET JAEKTPUYECKON U TEMAOBOM JHEpPrHUen
IOTpebHTEAS] BHE 3aBUCHMOCTH OT IOFOAHBIX yC-
aosuit. Hioke onmmeM aTy cucremy, COCTOSINYIO
M3 ABYX YaCTem.

Iepsas uacmo. Kak Mbl 3HaeM, YTO MPUHIIHUII pa-
60tb1 'TA OCHOBaH Ha C)KMI'AHUU TOIIAMBA B BUAE
CMeCH ra3a U Bo3Ayxa. B caepyromux paborax moa-
po6Ho onmcans! mpuxymn paborsr I'TA, [3-5].

Tazomypbunnpiii deuzameasr (I'TA) — Terao-
BOI ABUT'aTeAb, B KOTOPOM a3 CKUMAETCs U Ha-
rpeBaeTCs, a 3aTeM d9HEPTHs CKATOTO U HarpeTo-
ro rasa rmpeobpasyeTcsi B MEXaHHIECKYIO paboTy
Ha BaAy ra3oBOI TypOuHbL B pesyabrare B Ka-
Mepe CrOPAaHUS POXKAAIOTCS CHABI, CO3AAIOIITHE
KPYTSIIeH MOMEHT AASL BAAQ, PACIIOAOXKEHHOTO
B KaMepe CTOPaHUsL, U BBIOPaCBIBAaeTCsI OTPOMHOE
KOAUYECTBO TEIIAOBO 9HEPIHH.

EBIXOI DHOTA3a

BRICACKIBAOIITHIL HACOC

Ha 6a3e 9T0#1 KOHCTPYKIJMH MOXKHO [IOCTPOUTD
THOPHAHYIO0 9HEPrOCUCTEMY, KOTOpasi Obl BIpaba-
THIBAAQ IAEKTPUYECKYIO U TEIIAOBYIO SHEPIHHL.

B otanuue ot mopurHeBoro asurareast, B ['TA
IIPOLIECCHI POUCXOAST B [IOTOKE ABIDKYILETOCS
raza. CxxaTpIit aTMOCPEPHBIN BO3AYX U3 KOMIIpec-
COpa IIOCTYTAeT B KAMEPY CTOPAHUSI, KYAQ TAK)Ke
noaaércs Tonauso (6uoras), KoTopoe, cropas,
o6pasyeT OOABIIOE KOAMYIECTBO ra3000pa3HbIX
IIPOAYKTOB CTOPAHUS IIOA BRICOKMM AABAEHHEM.
3aTeM B ra3oBoil TypOHHE 9HEpPIus AABACHUS
IIPOAYKTOB CrOPAHUSI IPe0OPa3yeTcsi B MEXaHU-
YeCKYI0 paboTy 3a CYET BpaIeHHsI AOTIATOK, 9aCTh
KOTOPOI PACXOAYETCSI HA C)KaTHE BO3AYXa B KOM-
npeccope. OcrasbHas 4aCTh pabOTHI TEPEAAETCS
Ha IIPUBOAUMBII arperar. Pabora, morpebasiemast
9HEPIUS ITHM arperaToM, U CIUTAETCSI IIOAE3HOMN
paboToii oBurateas [ 6]. 3aecb BO3HHKaeT 3apaua
cBsi3anHas obecrnevennem I'TA 6uorasom, urpa-
IOLTUI POAb TOTIAUBBI.

TexHoAOrHs moAydeHus: 6uorasa ocCymecT-
BASIETCSI CAEAYIOLINM 00pPa3oM.

M3BAeveHnEe U3 OOMACCHI 9HEPIOHOCUTEAEN,
KaK OMOra3 IMOAYYAIOT U3 OTXOAOB PACTEHHEBOA-
CTBa MAM >XMBOTHOBOACTBa. OAHA U3 BO3MOX-
HOM YCTaHOBKH IIOAyYeHMs OHMOrasa oKasaH Ha

(puc. 1).

BRICACKIBAROIITHI HACOC

=] [

DHOOTXOIBI

rasroisaep

(GuneTp OHOTasa

e

-}

oHoras

OpHEMHHK OTXOO0E

MEelTaTKa

IpHeMHHK I'yMYyca

PucyHok 1. MpuHumMnmuanbHaa cxema yCTPOWMCTBO NonyyeHus bnorasa
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OTa ycTaHOBKA PabOTAeT CAEAYIOLIMM 06pa3oM
[6]. IToAy4aem GHOAOTHYECKHI Ia3, [TOAYYAEMBII
13 6MO00TX0AOB (HaBO3, ONUAKH U T.11.). BuooTxo-
ABI Uepe3 IIPHEMHIK OTXOAOB BCACHIBAIOTCS B OHO-
PEAKTOP AASL MTOAYYEHFsI OHorasa ¢ IOMOIIBIO
OpbikeHust. [loAydeHHbI 61OTa3 C IIOMOILIBIO
MELIAAKA AOBOAUTCS AO HY>KHOW KOHAMIIHY, U I3
IIPOXOAS pUABTPALIMIO Yepe3 BbICACHIBAIOLIHIT Ha-

COC, OTIIPABASIETCA B I'a3TOABAECP. OCTaTOK, Ha-

21

3bIBa€MbIl OPIraHUYECKUM I'yMyCOM IIePeAaeTCs
B IIPUEeMHHUK r'ymyca. I'yMyc, HaXoASIuiics B IpU-
eMHUKe, IBASIeTCS He3aMeHHUMBIM 3eMeAbHbIM ITPO-
AYKTOM AASI TEITAMYHBIX XO3SMCTB.

Ha 6ase aTuX ABYX yCTPOHCTB MOXKHO KOH-
CTPYHpPOBaTh THOPHAHYIO S9HEPrOCTAHIIUIO BbI-
PabaThIBAIOIIYI0 IAEKTPUIECKYIO U TEIAOBYIO
sHepruio ¢ momoisio I'TA paboTaromeit Ha 6uo-
rase (puc.2) [7; 8].

20 11

17
18

13

- 14

19

PucyHok 2. NMpuHuunnanbHaa cxema MmbpuagHas ctaHums
TEennoaHepreTn4eckon aHeprumn padboTaioLlas Ha 6aze ',

I'm6puAHas CTAaHIUS TEAOIHEPreTUIeCKOM
suepruu cocrout u3 I'TA (21), B koTopom ras
CKHMMAeTCs M HarpeBaeTcs, a 3aTeM JHEepIus
C)KaTOTO U HAarpPeTOro rasa npeobpasyercs B Me-
XaHUYECKYI0 PaboTy Ha BaAy ra30BOM TYpOUHEI
U BBIXAOITHbIE Ia3bl, BBIOPAChIBAeTCS Yepe3 aKKy-
myasTopa teraa (10).

B I'TA (21) mpowecchl POUCXOAAT B IOTO-
Ke ABIDKYyIIerocs rasa. C>xaTplil aTMOCepHBIi

BO3AyX M3 Komrpeccopa (1) mocrymaer B kame-
py cropanus (2), Kyaa TakKe MOARETCA 6uoras
(11), koTopbiii, cropasi, 06pasyer 60AbIIOE KOAH-
YeCTBO ra3006Pa3HBIX IIPOAYKTOB CTOPAHHMS TIOA
BBICOKUM AQBAEHHEM. 3aTeM B ra30BoM Typ6uHe
SHEPTUS AABAEHUS IPOAYKTOB CTOPAHHS IPeot-
pasyeTcs B MEXaHMYeCKyIo paboTy 3a C4éT Bpa-
IEHUS AOTIATOK, YaCTh KOTOPOIl PACXOAYeTCS Ha
cxaTHe Bosayxa B kommpeccope (7). OcraabHas
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yacTh paboTbl mepepaéTcs yepes npusop (8) Ha
(9) AAs BBIPAbOTKU 3AEKTPUYECKON SHEPTHHU.
BoixaonHoit ras yepes Typ6unsi(6) mopaercs
Ha akkymyasTop Teraa (10). Aasee, BBIXAOTIHOI
ra3 HarpeBas XOAOAHYIO BOAY ITOCTYTIAIOIIYIO
u3 Tpy6bI (3) BeIGpachiBaetcs yepes Tpy6y (S).
Topstaast BoAa B BHAE TEIIAOBOM 9HEPIHU CHHU-
MaeTcst u3 Tpy6sI (4). B kauecTBe TOMAMBA HC-
IIOAB3YeTCsI OOAOTHYECKHUI Ia3 IIOCTY A0
u3 rasroabpepa (12). Bruoaorudeckue oTXoAb!
nocrynaior B 6uopeakrop (15) BcachiBanmeM
(17) us npuemHuka 6nooTx0A08B (18), moaro-
ToBAeHHBIX B oTcToitHuke (20). [ToAyueHHbIIt
6uoras c momombio Memaaku (16) pAoBopuTCS
AO HY>KHOI KOHAMLINY, U Ororas yepe3 GUABTP
(14) BoicacbiBaetcs (13) B rasroabaep. OcraTok
B 6uopeaxrope (15), HasbiBaeMbIit 6HOAOTHYE-

13

NOoTpebHTElb
220/380

ﬁm‘peﬁmenb -
6 HIH IDKB—':____C_}—

16

14

CKHI TyMYC, OTIIpaBAsieTcs B npuemHuk (19).
buoaorudeckunii rymyc, HAXOAAIIMICA B IPUEM-
nuke (19) ABASETCA 1IeHHBIM 3eMEAbHBIM MIPO-
AYKTOM, Ha3bIBaeMbIil OUOTYMYC, AASI TEIIAUYHBIX
XO3SMCTB.

Bmopas wacme.

Tu6puanas Berpoycranoska (puc. 3 ), Bbipaba-
THIBAIOIAsI IOCTOSIHHYIO 1 IIepeMeHHYIO dAeKTPH-
9eCKy0 9HEPIHI0 COCTOUT M3 MA4ThI 1, COAHEYHbI
IaHeAel 2, MArHUTHBIX AOTIAcTel 3, aCHHXPOHHO-
rO ABUTaTeAs 4, MHAYKIJMOHHOM KAaTYIIKU S, BbI-
npsiMuTeAs 9, 1S muHbI IOCTOSIHHOTO TOKA, UH-
BepTopa 10 c mepexarouareaem 11, morpebureast
Toxa 220/380 13, norpebuteas Toxa 6 mau 10 Ksr
16, 6a0k HakonuTes anepruu(BHI) 14 u akky-
MYASITOPBI 12, TOUKHM IOAKAIOUEHHUS CACAYIOLINX

TUOPUAHBIX BETPOYCTAaHOBOK 17.

PucyHok 3. N'mbpunaHasa BeTpoaHepreTnyeckas yctaHoBka (FB3Y)
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[MOpuAHASI BETPOYCTAHOBKA PAbOTAET CAEAYIO-
mum o6pasom (®ur. 3). [Top AeiicTBrEM BeTpa Mar-
HHTHbIE AOIIACTHU 3, BbBIpabaThIBaeT IepeMeHHbIN
AAEKTPHIECKHH TOK 7 C IOMOIIbIO aCHHXPOHHOIO
ABHTaTeAs 4, 1 BOKPYT cebsl cO3AaeT MarHUTHOE
T10A€, KOTOpOe IepeceKasi 0OMOTKY HHAYKIINOH-
HO KaTyIIIKY, BBIPAOaThIBaeT IlepeMeHHbIN HHAYK-
1oHHBIM TOK 8. [TocTOsSHHBII TOK, BRIpabOTaH-
HBIH, HA COAHEYHBIX ITAHEASIX 2, Yepe3 KOHTPOAAEP
9 nepepaeTcs Ha MIKMHY MOCTOSHHOTO Toka 15. 113
IIMHBI TOK IIOAQeTCs MHBepTOpy 10, M mepeMeHHbI
tok 220/380, nau 6-10 KBt mopaercst morpebu-
TeastM 13 man 16. V36bITO4HAST 9A€KTPIIECKast

I'B3Y

\ 13
I /—
MoTpedTe D
220/380

moTpeSuTens
6 wor 10 ﬂ_ﬁ_‘}-

14

NoTPHOHTETH
TeIIa

9Heprus Hakarausaercs B 6aox BHO, nmeromas
ABYXCTOPOHHYIO HanpaBAeHHOCTb. K 17 moaxaro-
YaIOTCSI AOIIOAHHUTEABHbIE THOpHAHDBIe BOY.

KoHnrbiorupys BBIIIEONHUCAHHBIX YCTPONCTB
MOXXHO KoHCTpyuposars CPI'D, paboraromuit
Ha 6a3e BO30OHOBASIEMbIX HCTOYHHUKOB 9HEPIHU
U He 3aBUCAIIUNA OT IOTOAHBIX YCAOBUM. ITO
MHTEPEeCHO TaKasi KOHCTPYKIJHS CIIocobHa Oec-
nepe6OHO 06ecreunBaTh IAEKTPUIECKOM U Te-
IIAOBOM dHEprueun HOTpe6HTeAeI71 HaXOASIIHECS
B OTAQACHHBIX PerHOHAX.

IlpumeHeHne rHOPUAHON SHEPTOCHCTEMBI
ocHoBanHo#1 Ha ['TA paboTatomeii Ha 6uorase.

25

34

PucyHok 4. T'mbpugHas cuctema pacnpeneneHHomn reHepaumm SHeprnm

ITpepAoskeHHAs THOPUAHAS OHEPTOCTAHLHA
cocront us 'BOY (puc. 4), BbipabarbiBaronryio

IIOCTOSIHHYIO U TIepeMEHHYIO0 JAeKTPUYeCKYIO
9HEPIHUI0 COCTOMT U3 MAYTHI 1, COAHEUHBIX ITaHe-
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A€l 2, MaTHUTHBIX AOIIacTel 3, aCHHXPOHHOTIO
ABUTaTeAs 4, MHAYKIIMOHHOM KaTyIIKH S, BBIIPS-
muTeAs 9, 15 muHbI IOCTOSIHHOTO TOKA, NHBEP-
Top. 10 c mepekatouaresem 11, moTpebureas Toka
220/380 13, morpebureas Toxa 6 nau 10 Ksr 16,
6A0k HakoruTeas snepruu (BHO) 14 u akkymy-
ASTOPBI 12, TOUKU ITOAKAIOUEHHSI CAEAYIOIIUX TH-
6puAHBIX BeTpoycTaHoBok 17. 'BOY paboraer
caeaytomum obpasom (puc. 4).

ITop aeticTBHEM BeTpa MarHUTHbIE AOTIACTH 3,
BbIPAOaThIBAsI ITepeMEeHHbIN JAEKTPUIECKUI TOK
7 C IOMOIBIO ACHHXPOHHOIO ABUrareAs 4, u BO-
Kpyr ce0si CO3AQeT MArHUTHOE II0A€, KOTOpOe
nepecekasi OOMOTKY MHAYKIIMOHHOM KaTYIIKH,
BbIPaOaThIBaeT IIepeMeHHbIN HHAYKI[HOHHBIIA TOK
8. IToCTOSIHHBIN TOK, BBIPAOOTAHHBIN, HA COA-
HEeYHbIX ITAaHeAsX 2 yepe3 KOHTpoAAep 9 nepepa-
eTcs, Ha muHy nepemeHHoro Toka I, 13 munbr
TOK II0AaeTcs MHBepTOpY 10, 1 mepeMeHHbIN TOK
220/380, nau 6-10 kBt mopaeTcs morpebuTesiM
13 vau 16. M36bITOUHAS 9A€KTpHUYECKAS SHEPIHSL
HakanauBaetcst B 6aox BHO, nMeromuit AByxcTo-
POHHIOIO HarpaBAeHHOCTD. K 17 moaxarodaroTcst
ponoanureabubie ['BOY. C momompio I'TA, (18),
B KOTOPOM I'a3 CKMMAETCs M HarpeBaeTcs, a 3aTeM
SHEPIHSI CKATOTO U HATPETOro rasa npeobpasyer-
Cs1 B MEXQaHUYECKYIO pabOTy Ha BaAy Fa30BOMH TYp-
OMHBI U BBIXAOITHbIE I'a3bl BbIOPACHIBAIOTCS Yepes
akKyMyAaTOp Teraa (26 ), BBIpabaThiBaeTcs TeNAo-
Bas U oaekTpryeckas sHeprus. B T'TA (18) mpo-
I1eCChI IIPOMCXOAST B IIOTOKE ABIDKYIIIEroCs rasa.
Cxkarpiil aTMOCdepHBII BO3AYX U3 KOMIIpeccopa
(20) mocrymaer B kamepy cropanus(19), kyaa Tak-
e Mmopaércst 6uoras (27), KOTOpBIiL, cropast, 06-
pasyeT 60ABIIOE KOAUIECTBO ra3000Pa3HbIX IIPO-
AYKTOB CTOPaHH:I ITOA BbICOKHUM AaBA€HHEM. 3aTeM
B ra30BO TypOHHe d9HepIisi AABACHHS IIPOAYKTOB
CrOpaHusI IpeoOpasyeTcs B MEXaHUIECKYIO pabo-
Ty 3a CYET BPaIlJeHHsI AOIIATOK, YACTh, KOTOPOH pac-

XOAYeTCsl Ha CKaTHe BO3AyXa B kommpeccope (23).
OcraabHast 9acTb paboTsl mepepaéres yepes (2a)
Ha TIpUBOAMMBIIi arperar (24). Arperatom (24)
BeipaboTaHHas 3AeKTpUIECKast SHEPIHS C IOMO-
b0 peobpasosateas (25), mepeaaeTcs Ha IHHY
nepemeHHoro Toka III. BerxaomnHoii ras yepes Typ-
6unb! (22) moaaeTcs Ha aKKyMyAsTOp Teraa (26).
Aaaee, BbIXAOTIHO ra3, HarpeBasi XOAOAHYIO BOAY
nocrymnatoutyto u3 Tpy6st (21) Bei6pacbiBaeTcs
yepes Tpy6y (38). Topsaas Boaa B BUAE TEMAOBOI
oHeprum cHuMaercs ¢ Tpy6br (37) u mopaercs
noTpeburearo Teraa. B kavecrse Torausa B I'TA
HCIIOAB3YeTCsI OHOAOTHYECKHI I'a3, IIOAYYaeMbIil
13 GHOTYMYCHBIX OTXOAOB U3 Tasroabaepa (28).
Buoras moayuennoit B 6eopeakrope (29), mpoxo-
ast puabtp (35) BhicacbiBaercs (36) B rasroabpep
(28). Buoaoruueckue OTXOABI IOCTYTIAIOT B 6€0-
peaxrop depes BcachiBauue (33) U3 mpreMHUKa
oTx0A0B (32), HaxopuBIHecs B ipuemuuke (31).
T[ToAy4eHHbIi 61Ora3 ¢ moMombio Memaaku (30)
AOBOAHTCS AO HY>KHOM KOHAMIIMH, U Ta3 OTIIPaB-
AsieTcs B Tasroabpep. OcTaTok, Ha3bIBaeMBbIH Op-
TraHMYEeCKHUI I'yMyC lepPeAAeTCst B IpueMHuK (34).
T'ymyc, Haxopsmuiics B IpueMHuKe (34), sBAs-
eTCsl He3aMeHHMbIM 3eMeAbHBIM ITPOAYKTOM AAS
TETIAMYHBIX X034MCTB. I Ipu oTcyTCcTBHE coAHeU-
HOM paauarun u Betpa, ['TA BbipabaTsiBaet aaek-
TPUYECKYIO 1 TETAOBYIO S9HEPIHIO, U TeM CaMbIM
obecreunBaeTcs becriepeOoiHOe BbIpabaThIBaH e
TEIIAOBOM Y SAEKTPHUYECKOHN SHEPTUHU BHE 3aBUCH-
MOCTH OT ITOTOABL

BoiBoabl. Haanune 60AbIIOro 3amaca ceAb-
CKOXO351CTBEHHBIX, )KHBOTHOBOAYECKHX U pac-
TEHHUEBOAYECKUX OTXOAOB U OOABIIOrO 3aIacoB
BerpoBoit 1 Coaneunort anepruu B PK mobyauao
HAC MCToAb30BaTh BMO AAs moAydyeHus Temnao-
BOM M 9AEKTPUYECKOM SHEPIUU AASL TPYAHO AO-
CTYIIHBIX PeTHOHOB. 3a OCHOBY AASI KOHCTPYH-
poBanusa CPI'O cocrosimast u3 ABYX MOAyAeit
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¥ BBIPa0aTHIBAIONIAS TEIIAOBOM U 9AEKTPUYECKOM
sHeprun ucnoab3osa ['TA u I'BOY. Ilpu atom
BIIEPBBIe B Ka4eCTBe TOIAMBO AAsl pabotsr I'TA
HCIIOAB30BaH OMOra3 IOAy4aeMOIt U3 CeAbCKOXO-
35IICTBEHHDIX, JKUBOTHOBOAYECKUX U PacTeHU-
eBOAYECKUX OTXOAOB. TeMm caMbIM pemuau cae-
AYIOIIVE 3aAQUM AQIOLIUM IIPAKTUIECKHUM BBIXOA,.
IIepBoe, MOABUACSA BO3MOXXHOCTDb HCIIOAb30BATh
OHMOOTXOAOB AASL IIOAYYEHHSI TEITAOBOM U JAEK-
TPUIECKOM SHEePIUU HU3KOH 110 ce06eCTOMMOCTH.
Bropoe, AookazaH BO3BMOXXHOCTD HCIIOAb30BAHUSA
buorasa nmoay4aemMoe 13 OMOOTXOAOB B Ka4eCTBe
tonauBo AAst I'TA. TpeTbe, Ha MpakTHKe IOKa-

3aH npeymyiecTsa npearoxxeHHon CPI'O pas
becriepeOOMHOro CHAOKHEHUS TEIIAO U IAEKTPO
sHeprueit noTpebureas. IIpu 9TOM BBIICHHAOCH
ele OAHO IPHEMYIeCTBO KOHCTPYpPHUBaHHOM
CPI'D. OTxoabl moAydaeMoe INpU IOAYYEHUHU
6rorasa B BHAE I'yMyC IPYHTA SIBASIETCSI OCHOBOM
IIOAYY€eHHsI XOPOIIOTO YPOXKasl B TEIAMYHOM XO-
3SMCTBE.

AanHas paboTa, AQET AUIIb HEKOTOPbIE pe-
KOMEHAQIMHU Ha IIPeAMeT TOT0, KaK MO>KHO HaAa-
AUTD IPOHU3BOACTBO THOPUAHBIX 9HEPTOCHCTEM
paboTaromux Ha 6a3e BUO He 3aBucsmux or no-
TOAHBIX YCAOBUI.
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