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Abstract. A variety of approaches to the con-
struction of theories of managerial decision-
making causes great difficulties in constructing
formal models of the dynamic processes under
study, which necessitates the creation of a unified
universal mathematical theory of managerial deci-
sion-making. The model of managerial decision
making for dynamic systems of any nature pro-
posed by the author uses the axiomatic modeling
methodology created earlier, combining the axio-
matic method and the concept of functional analy-
sis in modeling and solving problems - one of the
extremely effective tools for cognizing patterns in
natural processes.

The aim of this work is to demonstrate the sim-
plicity and capabilities of the proposed methodolo-
gy for making managerial decisions on a specific
example in the field of medicine. The truth (cor-
rectness, expediency) of making a managerial de-
cision is proved by the exact mathematical method,
which assumes a formal proof that does not depend
on the will of a particular person. This circum-
stance, as well as the universality of the model,
determines the relevance and originality of the
proposed approach to solving managerial prob-
lems. The formal proof of the truth of the obtained
solution by the Robinson method and the use of the
author’s universal stereotypical logical construc-
tion for proving theorems is the key to the maxi-
mum degree of confidence in the obtained solution.

Despite the verbal format for formulating axi-
oms, the solution obtained is not approximate, not
probabilistic, but mathematically accurate, which
is extremely important for the practical application
of mathematical theory. The format under consid-
eration for formulating basic axioms and theorems
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requiring proof is convenient for human perception
and reasoning. It is easily applicable in solving
problems in any field of human activity by special-
ists of the most diverse subject areas of human ac-
tivity. The prospectivity and cost-effectiveness of
the proposed approach is especially relevant in
solving extremely complex practical problems.

Keywords: axiomatic modeling, artificial intel-
ligence, mathematical logic, thinking, formaliza-
tion.

INTRODUCTION

Relevance of a subject. Decision theory,
like any other scientific theory, performs both
cognitive and predictive functions in relation
to the observed natural or man-made phenom-
ena.

The cognitive function [2] consists in the
study and formal description of all physical
variables and their parameters, which func-
tionally fully and unambiguously characterize
all the permissible states of the studied natural
or man-made phenomena, as well as the laws
of all interactions and relationships between
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the mentioned state variables during their
(phenomena) of normal life.

The predictive function, with the specified
functionality of the cognitive function, is to
enable:

- firstly, the automatic identification of sci-
entifically based reasons for deviations in the
dynamics of the observed phenomenon from
normative indicators;

- secondly, the automatic formation of an
algorithm to eliminate the identified causes
that caused a violation of the normative course
of the observed phenomenon.

Naturally, any decision theory with the
mentioned functionality should be provided
with a mathematical model [3] capable of cov-
ering this functionality.

The purpose of the study is to create the
necessary logical-dialectical model for each
theory of decision making, to consider the es-
sence of its semantic content.

It is well known that the main goals of con-
structing theories of natural phenomena vital
activity [4] are:

« visual format reflection, identified through
field experimentation a list of physical varia-
bles revealed by field experimentation that is
functionally complete and unambiguous, char-
acterizing all the permissible states (static, sta-
tionary, and dynamic) of the natural phenome-
non being studied during its life;

« relationships revealed by field experimen-
tation and their laws between the variables
characterizing each of the states in this phe-
nomenon;

* established by natural experimentation of
the natural laws of life of the investigated nat-
ural phenomena.

« replacement of full-scale experimentation
with computational experimentation (in the
volume of reflection of a functionally com-
plete scenario of the cognizable physical or
physiological phenomenon activity) based on
the constructed theory concepts when predict-
ing the evolution of the natural phenomenon
under study [3].

If it is impossible to doubt the feasibility of
achieving the first goal for an objective reason
- no memory, the knowledge is simply not fea-
sible [5, 6], then the feasibility of achieving

the second goal is far from obvious for the fol-
lowing reasons:

* both philosophers of science and natural
scientists and mathematicians do not have
convincing and incontrovertible, necessarily
formally provable, logical statements that
make it possible, in a purely theoretical way,
without involving the results of a field experi-
ment, to establish the truth [7]:

« as the scientific thinking itself, so the truth
of the final “conjunction — conclusion” causal
relationship as a whole with a functionally
complete discussion with a logical conse-
quence of the dialectic of the vital activity of
the natural phenomenon under study.

Together they could attest to the fact of the
correct, formal logical deduction of the con-
clusion from the premises under conditions of
unknown truth of the meaning of the conclu-
sion itself. And the fact of derivability itself
would be a proof of the expediency of achiev-
ing the second goal.

But the philosophers of science are well
aware of:

* That, firstly, any hypothetical theorizing
as part of the natural phenomena activity theo-
ries is not only unacceptable, but also harmful
[8].

« That, secondly, all the widely applicable
in classical mathematics for the purpose of
proving the truth of thinking with substantive
proof of theorems, the five stereotyped tautol-
ogies, including the “modus ponens” tautolo-
gy, are by definition incorrect [9].

» That, thirdly, to invent correct tautologies
without the results of a full-scale experiment
by definition is not possible, because of the
secondary thinking with respect to matter.

* That, fourthly, matter and everything ma-
terial is primary in relation to consciousness
and thinking, and therefore, an exclusively
natural experiment establishes the truth of
even the most professional thinking.

It is for these reasons that philosophers of
science do not recognize a purely theoretical
substantive proof of theorems, without its con-
firmation by historical practice.

In order to free oneself from doubts on the
validity of the philosophers of science position
when cognizing new natural phenomena, it
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suffices to recall the scientific definitions of
cognitive scientists [10] assigned to such con-
cepts as “higher mental functions”, their subset
consisting of at least 22 elements, and called
“intellectual functions”, and those that are part
of the latter, such concepts as “consciousness”
and “thinking”.

Higher mental functions (HMF)

Specific human mental processes, which are
the processes of movement, manipulation,
processing, protection, retrieval and destruc-
tion of information in neural networks of the
central nervous system [4], which is associated
with:

* knowledge of the human environment;

* development of tactics and strategies for
safe human behavior in the environment;

* knowledge of natural and man-made phe-
nomena of the universe;

* implementation of 22 intellectual func-
tions;

* implementation of 9 gnostic functions;

» implementation of a single amnestic func-
tion;

 implementation of central nervous system
management by all subsystems of the auto-
nomic nervous system;

» and, possibly, with the implementation of
many other functions that are still unknown to
humanity.

Consciousness is the highest form of infor-
mation reflection about the material environ-
ment of a person in the substrate of natural
neural networks of the central nervous system
(CNS) of this person.

Reflection is a combination of mental pro-
cesses, which are internal information process-
es (movement, manipulation, processing, pro-
tection, retrieval and destruction of infor-
mation), allowing a person to:

* navigate this environment, both in time
and in space;

» evaluate personal role function in the en-
vironment;

« accumulate experience in the environment
safe behavior;
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* learn the laws of the life of the environ-
ment and plan personal behavior in the envi-
ronment;

» accumulate knowledge about the natural
laws of the development of the living envi-
ronment, in order to continuously improve its
well-being in the environment and to ensure its
continuous progressive intellectual develop-
ment, as a person, in the environment.

Thinking is the highest mental function [11,
12] (internal information process), consisting
in an indirect, generalized and abstract reflec-
tion of the surrounding reality in its essential
connections, properties and relationships.

In accordance with the functionality of any
of the higher mental functions and, especially,
based on the functionality of consciousness,
thinking, imagination and recognition of famil-
lar sensory images, as a stereotype of a figura-
tive idea of HMF, as an internal information
process one can offer a computer information
system (CIS), provided by an associative
search and a knowledge base filled with in-
formation blocks about natural and man-made
phenomena that this particular person has ever
met. CIS by all means provides viewing of the
information  block  selected from the
knowledge base in the mode declared by the
owner of the central nervous system.

All the HMF characteristics presented just
now do not in any way give us the reason to
represent them as the processes of vital activi-
ty of a special kind of matter in the universe,
even if this matter would possess the phenom-
enon of owning knowledge about the state of
the matter which it characterizes.

On the contrary, all mental processes in
consciousness are purely informational pro-
cesses, awakening exclusively new informa-
tional processes in the central nervous system
that control one or another association, one or
another imagination, one or another process of
thinking, or one or another CNS reflex reac-
tion.

Coming back to the steadfastness of the
philosophers of science in assessing the truth
of the obtained new scientific knowledge,
which (assessment) is based solely on a full-
scale experiment, or historical practice with
the matter under study, their assessment
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should again and again be supported, since no
indirect information (for example, from con-
sciousness, or from any other HMF) about the
state of the analyzed matter has the right to
exist, as inaccurate information, in comparison
with the analytical data on the state of this
matter received directly from field experimen-
tation with this matter [11].

In accordance with the above mentioned,
the following adequate conclusions suggest
themselves.

1. Theories are needed, but exclusively, as
an ordered and systematized memory of natu-
ral laws and their integrity, which regulate and
control the life of a known natural phenome-
non. In these theories no hypothetical liberties
are permissible, since they inevitably destroy
the goals of computational experimentation
without its confirmation by historical practice.

2. The evolution prognostication of natural
phenomena under study on the basis of hypo-
thetical theories and without the results of field
experiments is not permissible — it can result in
hard errors.

3. In accordance with the inevitability of
full-scale experimentation in predicting the
evolution of the phenomena under study, the
creation of hypothetical theories designed to
implement computational experimentation (in
the volume of reflection of a functionally
complete scenario of the life activity of a
knowable physical or physiological phenome-
non), it becomes an absolutely pointless activi-
ty, contrary to common sense and the accepted
concept of proving the truth of the causal rela-
tionship “conjunction of premises - conclu-
sion” based on the results of field experimen-
tation.

The answer to the question at what stage
should cognition be completed and, according-
ly, the formation of the theory of vital activity
of the phenomenon under study, can be formu-
lated as follows - as soon as the answer to the
last question of all the goals of cognition is
received, provided that each answer is framed
in the format of the corresponding theorem
proof, formulated and proved with the help of
the grammatical resources of the formal logic
language of the first-order predicate serving
the theory of automatic proof of theorems.

Why should the answers to questions of the
cognition goals be necessarily drawn up in the
format of the corresponding theorems proof
[12,13], and why should the theorems be for-
mulated and proved with the help of the
grammatical resources of the formal logic lan-
guage of first-order predicate serving the theo-
ry of automatic proof of theorems [14]?

The answers are utterly simple.

Firstly, for the proof of the truth of thinking
with logical statements on any of the topics
discussed, there simply does not exist any dif-
ferent format for reflecting the truth of the dis-
cussing parties, except for the format for prov-
ing theorems.

Secondly, formal evidence is unanimously
recognized by all science philosophers as the
only format for an objective judgment on the
truth of this or that logical statement. This
format exclusively provides not only the inher-
itance of previously obtained scientific
knowledge, but also the strict, in the scientific
sense, truth of target statements. It is this for-
mat that can ensure literacy and security from
unreasonable hypotheses of managerial deci-
sions made.

Third, modern science reasonably requires
natural scientists to reflect the known natural
laws of the life of all living things exclusively
in a mathematical format [18, 20-22]. Since
this format provides an aphoristic (when the
meaning of one formula is equivalent to the
meaning of a verbal text, reflected at least on
350 pages), the style of presentation of new
scientific knowledge [11, 15, 16], and stimu-
lates self-control of adequacy, correctness, re-
liability and truthfulness (if any formal theo-
retical proof) of new knowledge.

Fourth, the theory of automatic proof of
theorems declares its own methodology for the
proof of theorems, which has minimal labori-
ousness even using a “manual” proof of these
theorems, in comparison with any substantial
proof of theorems.

To conclude, let us give a description of the
logical-dialectical model that provides the full
requirements of any task on the topic of deci-
sion-making, which has been tested on hun-
dreds of tasks [3] relating, of course, not only
to the topic of decision-making. The need to
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create such a model is formed by an almost
century-old aggravating crisis of fundamental
science.

By the logical-dialectic model (LDM) of
the process of the investigated phenomenon
(system) of living Nature functioning is meant
[17]:

- a set of physical variables that functional-
ly fully characterizes every dynamic state of
this system (phenomenon) that is acceptable
by Nature;

- all identified in the process of full-scale
experimentation, logical relationships in the
phenomenon, i.e. causal relationships and in-
teractions between state variables, expressed
exclusively with the help of logical operations,
and uniquely identifying each of the observed
states of a dynamic system (phenomenon);

- logical relationships between state varia-
bles that explore the truth in thinking about a
particular phenomenon, and are reflected in a
formulaic form;

- all dialectic relations between state varia-
bles revealed during the field experiment, re-
flecting:

1) the nature of the driving forces in the
phenomenon, providing the current life of the
observed phenomenon, under the conditions of
unity and inconsistency, both in the behavioral
essence of each elementary object in a phe-
nomenon (considered in LMD as an operand,
i.e. a state variable loaded with the meaning of
an identifier of a certain physical quantity, ac-
companied by properties and characteristics of
this quantity), and in essence relations between
pairwise interacting elementary objects in this
phenomenon;

2) the unity and inconsistency of the behav-
ioral essence of each individual elementary
object when it functions in a specific phenom-
enon, in a specific time and space;

3) unity and inconsistency of the essence of
the relationship between pairwise interacting
elementary objects in the phenomenon;

4) the progressive evolution of the observed
phenomenon, in the presence of unity and in-
consistency, both in the behavioral essence of
each elementary object in this phenomenon,
and in the essence of the relationship between
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pairwise interacting elementary objects in this
phenomenon;

5) the progressive evolution of the observed
phenomenon in all the variety of its forms and
in all its inconsistency;

6) as well as the dialectic relations between
state variables in the phenomenon under study
are also reflected in the formula form.

The concept of “the nature of the driving
forces” provides, first of all, the answer to the
question: why is the observed natural phenom-
enon carried out just like this, and not differ-

ently?

EXAMPLE

Diagnosis and treatment of the pathology
of myocardial infarction [23].

Symptoms, in aggregate, anticipating a per-
son about the occurrence of myocardial infarc-
tion:

The pain in the back thorax is so intense
that it practically “paralyzes” the patient’s
will. There is a feeling of impending death.
This thorax pain does not disappear after the
cessation of physical activity and often spreads
(irradiates) to the shoulder and arm (more of-
ten to the left), neck, and jaw. Pain may be ei-
ther constant or intermittent. In time to under-
stand what happened, and immediately call an
ambulance (the best way - specialized cardio-
logical one) and take all possible actions in the
current situation, means to increase your
chance of staying alive not only in the coming
minutes, hours and days, but also months,
years.

Except for back thorax pain, myocardial in-
farction can be characterized by the following
symptoms and signs:

* Frequent shallow breathing

* Rapid irregular heartbeat

» Rapid and weak pulse on the limbs

* Fainting (syncope) or loss of conscious-
ness

« Feeling of weakness, may be very appar-
ent

* Profuse, sticky, cold sweating

* Nausea and even vomiting

* Pale skin
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Despite the fact that these symptoms and
signs allow in most cases to recognize myo-
cardial infarction on time, each of them and
even their combinations can also be found in
other diseases. But since a heart attack is a
life-threatening condition, it is better to play it
safe and immediately seek emergency medical
care than to regret (you or your relatives)
about the forever lost opportunity to avoid fa-
tal consequences. Prior to the arrival of emer-
gency care, you should try to help yourself by
putting an ordinary (500 mg) aspirin tablet un-
der your tongue. You can use nitroglycerin,
but only if you are sure that blood pressure is
not reduced. When the ambulance arrives, the
remaining aspirin tablets should be washed off
with a glass of water.

Medical practice shows that, unfortunately,
in almost 25% of patients, myocardial infarc-
tion can be asymptomatic, the so-called "mute
ischemia”, or "mute heart attack.” But the ab-
sence of symptoms, alas, does not exclude
damage to the heart muscle. And since there is
no “alarm”, the patient remains unaware of the
developing catastrophe, which negatively af-
fects the prognosis for his life.

Diagnostic tests carried out in the cardi-
ac rehabilitation department:

- ECG, ECHO KG

- Ergospirometry with physical activity (the
presence of diseases of the cardiovascular sys-
tem, the level of physical performance, opti-
mal training modes are determined)

- Laser flowmetry (the state of microcircu-
lation in any area of the skin is determined)

 Transdermal Oz and CO- percentage de-
termination in the blood

» Complete biochemical blood test (27 indi-
cators)

» Computer research methods:

1. hemodynamic study (APS) with the
definition of 22 parameters, including stroke
volume, vessel diameter, vascular wall elas-
ticity, vascular resistance.

2. the state of the heart study (Cardiovisor)
allows you to quickly assess the condition of
the myocardium with the preparation of its
color portrait, heart rate and the body's ability

to regulate it, the state of the autonomic nerv-
ous system

3. Allergy testing and determination of the
entire spectrum of harmful loads on the body
(chemical, pharmacological, geopathogenic,
metabolic, etc.) in a non-invasive bioresonance
way on the German MORA hardware-software
complex.

The main heart diseases: angina pectoris,
coronary heart disease (CHD), heart attack,
chronic heart failure (CHF). With all these dis-
eases, the muscle cells of the heart lack nutri-
tion for the work that they must constantly do.

The goal of treatment in a hospital with a
heart attack is to restore blood flow in a clotted
vessel.

Urgent therapeutic measures are aimed at
expanding the lumen of a clogged blood vessel
and the maximum possible rescue of fibers and
cells of the heart muscle. This is the essence of
the treatment.

The main medical intervention for treating
an acute heart attack is the dissolution of a
blood clot (thrombolysis), which is carried out
with the help of intravenous drugs. If these
drugs begin to enter the body during the first
hours after the heart attack onset of signs, they
are able to restore passability of the clogged
vessel. But the more time passes, the faster the
effectiveness of these drugs decreases. Cardi-
ologists determine the first hour since the heart
attack development as “Golden Hour”, when
the effectiveness of treatment is maximum.

Now let’s turn to the universal mathemati-
cal theory of managerial decision making pro-
posed by the author, in order to reflect the pro-
cess of diagnosis and treatment of the patholo-
gy of myocardial infarction in a mathematical
format. To demonstrate the enormous ad-
vantages of this format, since it allows not on-
ly to verify the truth of thinking with a logical
consequence on the topic under study, but also
ensures the derivability of the conclusion of
the theorem from its premises based on the
data obtained in the experiment.

The formation of a mathematical model
of the diagnostic process and treatment of
myocardial infarction.
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The symptoms, in aggregate, warning a
person about the occurrence of a pathology of
myocardial infarction, may be called axioms
for diagnosing this disease, and we will assign
each of the axioms an identifier in the format
of mathematical formalism.

Axiom al: “Intense, contrasting pain be-
hind the sternum irradiating to the shoulder
and arm (more often to the left), neck, jaw” we
assign the identifier p1(X), in which p1 carries
the semantic load reflected in quotation marks,
and X — is a unique identifier for the patient.

Axiom a2: “Frequent shallow breathing”
we assign the identifier p2(X).

Axiom a4: “Rapid and weak pulse on the
extremities” we assign the identifier p4(X).

Axiom a5: “Fainting (syncope) or loss of
consciousness” we assign the identifier p5(X).

Axiom a6: “The feeling of weakness can be
very pronounced” we assign the identifier
p6(Xx).

Axiom a7: “Profuse, sticky cold sweat” we
assign the identifier p7(X).

Axiom a8: “Nausea and even vomiting” we
assign the identifier p8(X).

Axiom a9: “Pallor of the skin of the face”
we assign the identifier p9(Xx).

Diagnostic tests carried out in the cardi-
ac rehabilitation department.

Axiom al0: “ECG and ECHO CG confirms
that the patient has myocardial infarction
(MI)”, the identifier p10(X).

Axiom all: “Ergospirometry with physical
activity confirms that the patient has myocar-
dial infarction (MI)”, the identifier p11(X).

Axiom al2: “Laser flowmetry confirms that
the patient has MI, the identifier p12(X).

Axiom al3: “A transdermal O2 and CO2
percentage determination in the blood con-
firms the presence of MI in the patient”, the
identifier p13(X).

Axiom al4: “A complete biochemical
blood test (27 indicators) confirms the pa-
tient’s MI”, the identifier p14(X).

Axiom al5: “The study of hemodynamics
(APS) with the definition of 22 parameters,
including impact volume, vessel diameter,
vascular wall elasticity, vascular resistance,
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confirms the patient’s presence of MI”, the
identifier p15(Xx).

Axiom al6: “The state of the heart study
(Cardiovisor) with an assessment of the myo-
cardial state confirms the patient’s MI”, the
identifier p16(X).

Axiom al7: “Allergotestration and deter-
mination of the entire spectrum of harmful
loads on the body by a non-invasive bioreso-
nance method (MORA) confirms the patient’s
MI”, the identifier p17(X).

Prescribing treatment based on diagnos-
tic data.

Axiom al8: “The goal of treatment in a
hospital with myocardial infarction is to re-
store blood flow in a thrombus-clogged vessel
that nourishes the myocardium, and to save the
fibers and cells of the myocardium as much as
possible”, the identifier p18(X).

Axiom al9: “The main medical interven-
tion in the treatment of an acute heart attack is
the thrombus (thrombolysis) dissolution,
which is carried out using intravenous drugs. If
these drugs begin to enter the body during the
first hours after the onset of heart attack signs,
they are able to restore patency of the clogged
vessel. But the more time passes, the faster the
effectiveness of these drugs decreases, the
identifier p19(Xx).

Axiom a20: “Being late with medical heart
attack treatment for three hours after the onset
of the attack makes the use of thrombolytic
drugs practically meaningless”, the identifier
p20(X).

Axiom a2l: “Axioms No. 1 — No. 20 to-
gether provide the correct diagnosis and the
appointment of the correct method for treating
myocardial infarction disease”, the identifier
p21(X).

Based on axioms No. 1 — No. 21, let us
write the logical-dialectic model of myocardial
infarction diagnosis and treatment.

(WX)((PL(X) A p2(X) A p3(X) A p4(X) A
p5(X) A p6(X) A p7(X) A p8(X) A p9(X) A
pl0(X) A pll(X) A pl2(X) A pl3(X) A
pl4(X) A pl15(X) A pl6(X) A pl7(X) A
p18(X) A pl9(X) A p20(X)) => p21(X)) =>
EX)((PL(X) A p2(X) A p3(X) A p4(X) A
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p5(X) A p6(X) A p7(X) A p8(X) A p9(X) A
p10(X) A pll(X) A pl2(X) A p13(X) A
pl4(X) A p15(X) A p16(X) A pl7(X) A
p18(X) A p19(X) A p20(X)) =>p21(X)) (1)

If in the formula [1] the expression:

(P1(X) A p2(X) A p3(X) A p4(X) A p5(X)
A pB(X) A p7(X) A p8(X) A p9(X) A p10(X)
A pl1(X) A p12(X) A p13(X) A pl4(X) A
p15(X) A pl6(X) A pl7(X) A pl8(X) A
p19(X) A p20(X))

is replaced by the formula F1 (X), then the
formula [1] will take the following form:

(VX)(F1(X) == p21(X)) ==
=> (3%)(F1(X) == p21(X)). ()

The theory of automatic theorem proving
[14], in order to reduce formulas to the canon-
ical format containing only axioms and three
logical operations (conjunction, disjunction
and negation), 27 formal rules are defined and
proven, which describe equivalent transfor-
mation of formulas of first order predicate log-
ic.

Two of them look as follows:

(F1(X) => F2(X)) = (TIF1(X) V F2(X))
(FL(X) => F2(X)) = (F1(X) A'TF2(X))

One of the rules determines
3= V.

One prescribes freeing the formula of all
generality quantifiers if it doesn’t contain any
other quantifiers.

If one used four of these last rules, formula

(2) on the first step becomes

(VX)(TF1(X) V p21(X)) =>
(EX)(TF1(X) V p21(X)). 3)

And in the next step (3) is converted to:

(TF1(X) Vp21(X)) A
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T(TFL(X) V p21(X)). 4)

Formula (4) represents conjunction of only
two contrary components.

That demonstrates its discrepancy, but also
demonstrates the validity of the theorem in
general as the methodology of the automatic
proof of theorems is based on a conclusion of
discrepancy of a formula of the theorem in
general.

Therefore, the theorem is successfully
proved.

CONCLUSION

The proposed universal mathematical mod-
el for making managerial decisions based on
the methodology used in medical practice for
diagnosing and treating certain pathologies of
the human body allows us to reflect this meth-
odology in a mathematical format, providing
the possibility of proving the feasibility and
effectiveness of the treatment of the analyzed
pathology. The axiom base is formed by ex-
perimenting directly with patients suffering
from the analyzed pathology. The mathemati-
cal apparatus for making a managerial decision
will ensure the maximum compactness of the
formulation of the problem and its solution,
unambiguity, and guaranteed accuracy of the
solution itself, the heritability of the
knowledge gained in the studied subject area
and other areas of knowledge that affect the
solution of the set managerial problem, as well
as the very possibility of solving a complex
and extremely complex problem.
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O co3naHuu yHUBEPCAJIbHON MaTeMaTH4YeCKoii
TeOPUHU NMPUHATHS YNPABJIEeHYECKUX PellleHuil

Buxmopus Konopamenxo

AnHoTauus. PazHooOpasue moaxomoB K moO-
CTPOCHUIO TEOPUH NPHUHATHS YIPABIECHYECKHX
pelIeHnii BeI3BIBAET OONbIINE TPYJHOCTH TPHU TIO-
cTpoeHHH (DOPMATBHBIX MOJIEICH HCCIeTyeMBIX
JUHAMUYECKUX IPOLECCOB, YTO OOYCIaBIMBAET
HE0OXOJMMOCTh CO3/IaHuUs €AMHON YHUBEPCATbHON
MaTE€MaTUYECKON TEOPUU MPUHATHS yIpPAaBIICHYE-
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ckux penieHuil. [Ipeaymaraemasi aBTOpOM MOJAETH
MPUHATHS YINPABICHUYECKUX PEHICHUN Ui JIMHA-
MHUYECKUX CHUCTEM IIO0OW MPHUPOIBI HCIONB3YeT
CO3JIAaHHYIO €10 paHee METOIOJIOTHIO aKCHOMAaTH-
YEeCKOr0 MOJICIIMPOBAHMS, COBMEHIAMNIYI0 B cebe
AKCUOMATHYECKHI METOJ ¥ KOHIIETIIHIO (PYHKIHO-
HaJIBHOTO aHaM3a MPH MOJEIHPOBAHUH U peEIie-
HUU TPOOJIEMHBIX 3a/lad — OJUH U3 YPE3BBIYAITHO
3¢ (HEeKTUBHBIX WHCTPYMEHTOB ITO3HAHUS 3aKOHO-
MEpPHOCTEH B IPUPOIHBIX MpoIeccax.

Llenpto HacTosmiel pabOTHI SBJISCTCS JIEMOH-
CTpalms TMPOCTOTHI M BO3MOXKHOCTEH Mpesiarae-
MOW METOMOJIOTUH TPHHATHS YIPABICHYECKOTO
pEIICHUs Ha KOHKPETHOM TIpUMEpe B 00JIaCTH Me-
TUIHBL, VICTUHHOCTH (KOPPEKTHOCTh, IIENIec000-
Pa3HOCTh) MPHUHATHS YIPABICHUYCCKOTO PEUICHUS
JOKa3bIBA€TCsA TOYHBIM MATEMATHYCCKUM MCETO-
JIOM, TIpeArnonaralomumM (GopMaibHOe, HE 3aBHCS-
niee OT BOJH TOTO WJIM WHOTO KOHKPETHOTO Yeso-
BEKa, J0Ka3aTelbCTBO. DTO OOCTOATENHCTBO TaK
ke, KaK U YHUBEPCAJILHOCTh MOJIEIH, ONPEACISIIOT
aKTYalbHOCTh U OPUTMHAIBHOCTh TPEAIaracMoro
MOJX0/Ia K PEIICHUIO YIPABICHYCCKUX 3ajad.
dopmManbHOE 10Ka3aTeIbCTBO UCTUHHOCTH TIONY-

12

YEHHOT'O pelIeHus MeToJjoM PoOMHCOHA M UCTIONb-
30BaHHE ABTOPCKOM YHHMBEpPCAJbHOM CTEPEOTHUII-
HOM JIOTMYECKON KOHCTPYKUMHU ISl JOKAa3aTesb-
CTBAa TEOpPEM SIBIISICTCS 3aJI0TOM MaKCUMaJIbHON
CTETNIeHH JOBEPUS K MOITYICHHOMY PEIICHHIO.
Hecmotps Ha BepOambHbIi hopmar dhopmynn-
pOBaHHS aKCHOM, MOJYYCHHOE PEIICHUE SBISICTCS
HE TPUOJIMKCHHBIM, HE BEPOSTHOCTHBIM, a Mare-
MaTHYeCKH TOYHBIM, YTO UPE3BBIYAIHO BAXKHO IS
MPAKTHYECKOTO TPUMEHEHUS MaTeMaTHIeCKOn
teopuun. Paccmarpuaemsiii popmar dopmymnupo-
BaHUS 0a30BBIX aKCHOM M TEOpeM, TPEeOYIOLINX
JTOKA3aTeNbCTBA, yA00eH AJIsi BOCIPHUATHS M pac-
cyxkneHuin 4denoBeka. OH JIETKO TPUMEHHM TIpU
pelieHHH 3a7a4 B J000H cdepe IesTenbHOCTH
JMOJeN chenuaaicTaMd CaMbIX pPa3HOOOPa3HBIX
MPEIMETHBIX 00JIaCTel JCSITEeIbHOCTH YeIOBEKa.
HepCHCKTI/IBHOCTI) U 3aTrpaTHasd 3KOHOMHUYHOCTH
MpeIaraeMoro Moaxoa 0COOEHHO aKTyallbHa TpU
PEIIeHNH CBEPXCIOKHBIX MPAKTUIECKHX 3a7a4.
KiroueBble cjioBa: aKCHOMAaTUYECKOE MOJICIIU-
pOBaHME, WCKYCCTBEHHBI HWHTEIUIEKT, MaTeMaTH-
4yecKasl JIOTHKA, MBIIIUICHUE, (popMamu3arus.
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AHHOTauus. /{1 co3maHus TPYHTOBBIX IPO-
TUBOQWIBTPAIIMOHHBIX ~ DKPAHOB  HEOOXOIUMO
00eCIeYnTh YCTPOMCTBO TOPU3OHTAIBHON IICIIH
JOCTaTOYHO OOJBIIMX Pa3MEpOB MAacCHUBE I'PYyHTA.
Vcnonp30BaHuK TArOBBIX PabOYMX OPraHoOB THIIA
OyJbJI03EPHOTO OTBaa TPEOYeT OLICHKH JaBJICHUS
TpyHTa Ha HOX W CHJIOBBIX XapaKTEPUCTHK pado-
4yero mpouecca. BennuumHa naBieHHs BIMSET Ha
neGopMUpyeMOCTh TPYHTa B 30HE pabodero opra-
Ha, I3MECHEHHE TMOPUCTOCTH CPEbl, YCIOBUS 00pa-
30BaHMA U YCTOHYMBOCTH CBOAOB, OTBOJ I'PYHTa B
OOKOBBIE TEXHOJIOTUYECKUE MPOPE3H U T.II. 3azada
YCIIOKHSETCS] OTCYTCTBHEM BHU3YaIbHOT'O KOHTPOJIS
LIEJIEBOr0 Pe3aHusl Ha MIyOMHE W yNpaBIIsiEeMOCTH
MIPOLIECCOM.

B Hacrosimiel cratbe MoJiyueHa aHaJuTHye-
CKasi MOJIeNIb JaBliCHHS TPyHTa Ha JIOOOBYIO IIO-
BEPXHOCTHb HPSMOTrO OCTPOrO HOXa IpH IIEIEBOM
pe3annu. OnpeneneHbl CHIIbI, JIEHCTBYIOIIUE Ha
HOX, YCTAQHOBJIEHHBIH MOJ YIJIOM K TpPaeKTOpUHU
€ro JBIKEHHS, a TaKKe YCTaHOBJICHBI 3aBHCHUMO-
CTH CHJIBI PE3aHUsl OT M3MEHEHHUS! MOPHUCTOCTH M
pasMepoB 30HBI jaedopManuu TpyHTa MpPU OTCYT-
CTBUU €ro OOKOBOTO BBITIOPA.

Ilo mpenBapuTenbHBIM OLEHKaM pacyeTHbIE
3HAYEHHs 3TUX MapaMeTPOB COBMAJAIOT C JKCIIe-
PUMEHTAFHBIMU JIAHHBIMH HM3BECTHBIX YUYEHBIX
JUIs TUIOINAAKH HM3HOCA HOXA, YTO IO3BOJISIET B
JalbHEHIIeM OIICHUTh TATOBOE CONPOTUBIICHHUE
MIPOXOJYECKON MAIlMHbI, YIPaBIATh MPOIECCaMu
cBOJ000pa30BaHMs M OTBOJA IPYHTA 110 CTOPOHAM
pabouero oprasa.

KaloueBsble ciioBa: meneBoe pe3aHue, Oyib-
JO3EpHBI OTBaJl, TEOCTATUYECKOE JaBIICHUE, Je-
(dopmanys rpyHTa, 00OKOBOM BHIIIOP.

MABOAHI TEXHOMNOTrT e 2019 Bun.09, 13-25
MpomucnoBa Ta uuBiINbHa iHXeHepiAa

Muxann Cyka4
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JABJIEHUME I'PYHTA HA HOX
[TPU IHEJIEBOM PE3AHNUN

PaccMoTpuM KBa3McTallMOHApBIM Mpolecce
pe3aHus TPyHTa MPSMBIM IIHPOKUM TUIOCKHM
HOOM THTa Oyiba03epHOro oTBana [6, 7, 12].
CKOpoCTh HOXKa HE3HAUMTENbHA (TTOpsAIKa He-
CKOJIBKUX CM/C) U B MOJIEIM HE YYUTHIBACTCH.
Pezanme mpomcxoauT B MaccMBe TpyHTa Ha
riyOuHe, MpEeBbIIAOIEd KPUTHYECKYIO TIIy-
OuHy pe3aHus. Yroia pe3aHuss He Ooiee
10...15°. OtBOx TpyHTa B OOKOBBIE CTOPOHBI
orcyrctByer [1, 5, 9].

OCHOBHBIE CBOICTBAa TpYHTa, BIHSIOLIHNE
Ha TpOLECC: CIEIUICHHE, YTIIbl BHYTPEHHETO U
BHEIIIHEr0 TPEHHUs, IUIOTHOCTh M MOPHCTOCTh
cpeabl (10 W TOCie HAarpyKEHHs ), TNIOTHOCTh
CKeJleTa rpyHTa.

Hcnonp3yeM Tpexae BCEro 3aBUCHUMOCTD
JIaBJIEHUS] OT U3MEHEHUsl MMOPUCTOCTH TPYHTA,

Kak  OCHOBHOM  mpuuyuHbBl  JedopManuu
[4; C.130]:
A®
—a=—, 1
o (1)
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rae a — Ko3(PpGUIHUEHT YIUIOTHEHUS; O — KO-
3¢ (HULIKUEHT MOPUCTOCTH;,; G — JABJICHUE; AW,
AG — COOTBETCTBEHHO WX MU3MCHEHUSI.

Jns ykazaHHBIX BbIIe KOA(DPUIIMEHTOB
CcIpaBe/JIUBBI paBeHCTBa [2, 13]

— m/p :pr (2)
Vo MpPgp P

l+o=

rae V — o0beM dJeMeHTa TpyHTa Maccou m,
Vip — 00BeM ero TBepmoil ¢aspl; p — IJIOT-

HOCTBb 3JICMCHTA I'PYHTA, pr — IINIOTHOCTB €I0

TBEpIOH (ha3bl.

[lnoTHOCTH TpyHTA p sABISETCS (QYyHKUUEH
paccTosIHUSL OT TIOBEPXHOCTH Cpe3a U U3MEHSI-
eTcsl 1Mo MmokKasaTenbHoMy 3akoHy [15, C.51]. B
HAIUX KoopauHaTax ¥ o0o3HaueHusx (Puc.l)
3TO OyIeT

p=poe, 3)

Ao \% )

F
l/f . GTﬁ

" —

Puc.1. PacuetHas cxema 1IeJIEBOr0 pe3aHus
TPYHTa OCTPBIM HOXKOM: 4B — mpod s
HOXa; | — uiHA HOXKa; O — YroJl pe3aHus;
hp — TonmmHa cpesa; h — TonmuHa yruoT-
HEHHOM 4aCTH IPyHTa; O, — MaKCHUMalb-
HOE JIaBJICHHE Ha HOXE (B TOUYKE A)

Fig. 1. The design scheme of slot cutting of soil
with a sharp knife: AB — knife profile; | —is
the length of the knife; h, — cutting angle;
hp is the thickness of the slice; h —is the
thickness of the compacted part of the soil;
G, —Mmaximum pressure on the knife (at

point A)
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rae pg — IJIOTHOCTb I'PyYHTA B €CTECTBECHHOM

3ajneranuu; K — mapamerp, 3aBUCAIIMN OT KOH-
CTpYKLMHU pabodero opraHa, CBOMCTB rpyHTa U
XapakTepa pe3aHus.

[TpumeHsisi 3aKOH COXpaHEHHUs BEIEeCTBA B
COCTOSIHUM [0 M IOCJI€ YIUIOTHEHHS, MOXXHO
HaIucaTh paBEHCTBO

h h
co(h+hg)=[pdz=[pye'dz =
0 0
ekh —1 kh?

e~ h+ —|
T

(4)

=pPo-

[Tocinennee paBenctBo B dopmyne (4)
NPUOJIMIKEHO, UTO CIICIYET U3 PA3JIOKEHUS EXP
B psaa. Vcnonp3ys mocienoBaTeNbHOCTH pa-
BEHCTB (4), moiy4aem

h =<' :h="2r, (5)

rae U=Kkh — ocHoBHO# Oe3pa3MepHBbIi mapa-
METP, MOJUIEKANN ONIPENEICHHUIO.

U3 dopmynsr (5) cremyer, 4TO OYCHDb Ya-
cto U<0,5 u ommbku paBeHcTB (5) HE Tpe-
BbIatoT 20%.

[Ipu 3Hayenun napamerpa u mopsaka 0,1
(kak B pacCMOTPEHHOM B KOHIIE JTOH PabOThI
npuiokeHnn) omuoOku B <5% (310 MaTema-

THYECKHE OIINOKU HpI/I6J'II/I)KCHHOFO PaBCHCTBaA

(4)).

HarumeM psin ciaenacTBui, MONYYEHHBIX U3
dopmy (1), (2), (3):

G=GO—£A0); (6)
a

Aw:pw_pm_pm[lﬁ_oj:
P Po Po p) ., (7)

= —(1+ o )(1— e )z —~(1+ wg kz

rae ®p, O6g — COOTBECTCTBEHHO IIOPHUCTOCTH

ITPYHTa U T€0CTaTUYECKOE JaBJIEHUE B €CTe-
CTBeHHOM 3ajieranuu. OmuOKa mOCISIHETO
MPUOTU3UTENHHOTO PABEHCTBA JaKe HA TPETh
MEHBIIIC OIMMOKH MPEIBIIYIIETO aHATIOTHYHO-
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MexaHiuHa Ta eJIeKTpU4Ha iH)KeHepisa

IO paBEHCTBA, TaK KaK s JUis e~ 3naxore-

pemennslit. [Ipu z =k Oyner kz=u; c=0,,
II03TOMY PaBEHCTBO (6) MOYXHO MPEICTABUTH B
BUJIE
G, =0p+ Mu . (8)
a
B 10 ke BpeMs IIpu NEPEMEHHON Z aHaJIoT

dhopmyis (8) Oyaer

(1+c00)

o(z) =0y + kz. 9)

Bprunciiim no 3akony Kynona-Mopa ka-
catenpHyto cuiy F, nelcTByromnyo B ceueHUN
BOb JUHUU OA, 1O KOTOPOW MPOUCXOJUT
BEPTUKAIBHBIA CIBUT, MPUBOASIINUNA K cOpoCy
HaIpsDKEHWs, HAKOMMBIIETOCS TMPHU YIUIOTHE-
Huu (cuny F BblumcisieM IS MOBEPXHOCTHU
CJIOS TPYHTA €UHUYHOM TOJIINHBI):

h

h
F = [t(c)dz = I(C +0,tg0 +tgo - @kz)dz

0 0

2
_(C+ontgolh+tgoTFO) N°
( 09) g 3 5

~ h(C +tgo 20 +15) , (10)
a 2

rae C — cuemsieHue B rpyHTe; 0 — yroia BHYT-
peHHero TpeHus; c(z) — naBneHue u3 Gopmy-
16l (9). B nocneanem npubinxeHuu GopMyIisl
(10) BenuunHa G HCKIHOYEHA, KAK HE3HAYM-
TenbHas B 00miel cymme o(z) [11].

C npyroit croponsl, BenuuuHa F paBHO-
JEMCTBYIOIAsl BEPTUKAIBHBIX COCTABIISIFOIIMX
JIPYTUX CHJI, IEUCTBYIOIIMX Ha paccMaTpuBa-
€MbIil YIJIOTHEHHBIM CIIOM TPyHTa, PacIoio-
JKEHHBIN oA ydacTKoM Hoxa AB. CeueHune
9TOTO CJI0 €AUHUYHOM TOJIIMHBI IOKa3aHO Ha
Puc.1 B Buae uersipexyroiabuuka OABD (Bun
cOOKY).

Bo-niepBbIX, 3TO BepTHUKalIbHAs COCTaBIISI-
IOLas CUJI JABJIEHUS TPyHTa

F :cscplcoséB:G—ZTICOS& (11)
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rie G, =0,/2 — CpemHee NABJICHHE BIOJb

p
nmuHuu AB.

B nepBoM NpUOIMIKEHUH 3aBHCUMOCTD
3TOTO JaBJICHUS BIOJb AB nuneiina [3, C.176,
Puc.95].

Bo-BTOpHIX, 3TO BEepTHKalIbHas cocTaBi&)
IOlIas CHJI TPEHHsS 110 JOOOBOW IOBEPXHOCTH
HOXa

Fp = ogpton-Isins = G—thgu-IsinS, (12)

IZIE L — YTOJ BHEIIHEro TPEHUs IPyHTa IO

Kelesy.
[TogcraBum B paBeHctBOo F =F —F5, co-
OTBETCTBYIOIIME  3HAUCHUS W3  QopMyn

(10)...(12), mpenebperasi, Kak yKa3bIBaJIOCh
BBIILIE, 3HAYEHHEM G (3HaK "—" COOTBETCTBY-

€T pasHOHanpaBjieHHOCTH cuil F1 u F2)

h(cnge“"’”-%]:

a (13)

:%(I cos§ —tgu - Isin 3)

[ToacraBum 3Hayenue h usz popmyssl (5) u
o, u3 (8) B paBeHctno (13), omyckas o,

2hH (C+tge(ﬂo +1.Ej=
u a 2

(14)
- (1;_:0) ul cos 8(1 - tgutgs)

PasnenuB paBenctBo (14) Ha 1c0Sd u us-

H

MEHHB Ha 190, moayyum
I cosd
2tg§[C+tgew° +1.%j:
u a (15)
= (1+a’°)u(1 tgutgs)
- g gutgo ).
Teneps nomuoxum (15) Ha u U moAETUM Ha
(1+ (,00)
——u(l-tgutgd):
on UL tontgd)
15



MexaniuHa Ta eJIeKTpM4Ha iH)KeHepisa

4tgd-aC N 2tgotgo-u

2. (16
(1+ wp 1 tgutgd) 11— tgutgd i (18)

B pesynbrare nmoayduM KBaJapaTHOE ypas-
HEHUE, U3 KOTOPOr0 MOKHO HalTH U,

u?=Bu+A, (17)

rac
_ 2tgotgo A 4tgo  aC

1-tgutgd 1-tgutgd 1+ oy

Wtak, MakcUMajabHOE [aBJIECHHUE Ha IIO-
BEPXHOCTH HOXa G, (B TOYKE A) MOXKHO
HaiitTu mo ¢opmyne (8), mMoacTaBUB B HeEe
€IMHCTBEHHBIM  IOJOXHUTENbHBIM  KOPEHb
KBaj[paTHOTro ypaBHeHus (16).

[IpoBepuM pe3yabTarT MO 3KCIEPUMEH-
TaJbHBIM JTAaHHBIM, B3ATBIM U3 M3BECTHBIX HC-
TOYHHUKOB [3, 15].

OnbITHBIE TIOKA3aTeNH IaBIICHHUS TPYHTa
BIOJNb HOXa (U1  IUIOMIAZKH  H3HOCA)
[15, C.176, Puc.95], cornacuo pabore AJuro-
Ba ['.W. mpu uccnenoBaHuM pe3aHusi CYIJIMH-
KOB M TJIMH OIBITHBIM HOXXOM C JIMHAMOMET-
puueckoii Tenexkoi (Puc.2).

VYron & =7°; 3HaueHue yria BHYTPEHHETO
TpeHust O u cueruieHus C BO3bMEM MPOMEXKY-
TOYHBIMH U3  NpPUBEICHHbIX  BeTpoBbIM

[3, C.191, 193]: C=10xaH/cm?, 0=16°,
| =8° (3HaueHHs yrja BHEIIHEr0 TPEHUs [

IpU TaKUX G ¥ O B IIMPOKHX Ipeaenax, Kak
BuaHO U3 (opmynsl (17), Ha pe3ynbTare He

P, MH/m?

0,6 //

-~

0,5 /

0,4 e

0,3 //
0,2
1 2 3 4 I cm

Puc.2. Omropa JaBieHUs Ha IUIONIAIKe
n3Hoca Hoxa (nannslie .M. Anunosa)

Fig. 2. Pressure chart on knife wear surface
(data by G.I. Alipov)
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A® Ag .
a =———| BOOO3HAYEHU IX UCTOYHUKA - — ||

CKaXyTCs1). 3HaYEHUE BEJIIMYMHBI @ HaXOIAUM
u3 Ta6n.7 pabotsr [15, C.50]:

Ao

Ap

0,015
a~

= 0,03CM2/KF.
0,5

Jlns Hammero rpyHra HOpUCTOCTh Mg = 0,6
[15; C.49, Puc.13].

Boeruncisiem koadgdummentel 4 u B 1o
dopmynam (17, 18)
_ Atgre

 1-tg8°tg7°
4-012-0,03
~ 09916
B 2-tgl6°tg7e N 2-0,27-012
1-tg8°tg7° 0,99

. 0,03CM2/1<F -1I<F/CM2 ~
~ 0,009;

~ 0,064.

Haxogum KOPCHb KBAaJIPpaTHOT'O YpaBHCHUA

(17)
[R2
u:E+ B—+Az
2 4

~ 0,032 +,/0,001+ 0,009 ~ 0,13.

ITo ¢opmyne (8) HailiieM 3HaUEHUE Mak-
CHUMAJIbHOT'O JIaBJICHUS G

o, ~£~0,13KF/CM2 ~
0,03

~6,9-9,8-10* H/m? = 0,67 MH/m?

L0 ——

0.8

06 o
\\

R

[ —
—— |
——

0.4

0 02 04 06 08 10P xr/m?

Puc.3. KomnpeccuoHHbIE 3aBUCUMOCTH
JUIS CYyTIIMHKA

Fig. 3. Compression dependences for loam
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MexaHiuHa Ta eJIeKTpU4Ha iH)KeHepisa

WK B mpenenax HenpepsiBHocted 0,57...0,77

MH/m? .
3Ha4yeHUs1 G, HAailJleHHbIE SKCIIEPUMEH-
TasbHO ['.MI.ANMIIOBBIM, COCTaBISIIOT B CpPEj-

aeMm 0,6 MH/M2 U B COOTBETCTBUU C JINHEH-

HOM perpeccueil MMEIT TaKol e pa3dopoc
3HAYEHUU.

Pemras kBagparHoe ypaBuenue (17) u moj-
CTaBJIssl €r0 B PABEHCTBO (8), MOTy4yuM 3Haue-
HUE MAaKCHMAJIbHOIO JaBJIeHHsl TPYHTAa Ha
MMOBEPXHOCTh HOXKA B OOIIIEM BHJIC

o, = oy + og +1| tgotgd
a |1-tgutgd
tg®otg2s 4tgdaC - (19)

(1—tgutgs)?  (1—tgutgd )1+ wg)

Ecnmu mepBoe ciaraemMoe mmoJi KOpHEM He
npesbiaet 20 % OT BeIWYUHBI BTOPOro (Kak
B PacCMOTPEHHOM cCjydae), TO C OIIMOKOH [3
<10% MOXHO HUCHONB30BaTh YHPOIICHHYIO

bopmyy

wg+1  tgetgs

Or =0T T tgutgs
g (20)
) ® +1. '[gSC -
a 1l-tgutgd

3ameuanue 1. Ilopuctoctb IpyHTa g B

dopmynax (19), (20) B psige ciydaes mosie3HO
3aHmkaTh (B npexaenax 10 %) ayig coxpaneHus
MPUHATON B HAIIEH MOJENIH JIMHEMHOCTU KOM-
MIPECCUOHHON KPUBON ® = w(cs) (Puc. 3), B3s-
toit u3 [15; C.49],

3ameuanue 2. Ilpn 3HaueHHMH napaMmerpa
u=>0,5 ommOKa BEIYMCIEHUSI MAaKCUMaJIbHOTO

HAaBJICHU HA HOXC O OT 3aMCHBI SKCIIOHCH-

1 €' ee IPUOIMKEHHUSMI MOKET TIPEBHIIIATE
20 %. B paccMOTpeHHOM Xe HpuUMepe 3Ta
omunoOka — nopsaaka 6 %.

Wtak, Mbl ONpEeAeTId MaKCHUMaJbHOE
JlaBJIeHHE TPYHTA, BO3HHUKAOIIEe Ha JIOOOBOU
MIOBEPXHOCTHU IPSIMOTO IJIOCKOTO OCTPOTO HO-

MABOAHI TEXHOMNOTrT e 2019 Bun.09, 13-25
MpomucnoBa Ta uuBiINbHa iHXeHepiAa

Ka TIpU MIENIEBOM PE3aHUU. AHAIUTHYECKas
MOJIeIb MOKET OBITh MCIOJIb30BaHa I OLEH-
KM COCTOSIHUSI TPYHTa TMPH YCTPONCTBE TOpPHU-
30HTaNbHBIX IIeNiell U MPOTUBOGUIBTPALIMOH-
HBIX PKPAHOB.

Benuuunbl naBieHuss G., BBIYUCICHHbIE
mo ¢opmynam (19) u (20) mis CyrJauMHKOB,
MPAKTUYECKH MOJHOCTHIO COBMANAIOT C JKCIIE-
PUMEHTAIBHBIMHI 3HAYCHUSMU, TOTy4YECHHBIMH
I0.A.BetpoBeim, .M. AnumnoBsiM U ApyrumMu
aBTOpaMH ISl TUIOLIAJKM U3HOCA HOXKA B aHa-
JIOTHYHBIX YCJIOBUSAX U MMEIOT TaKOM ke pas-
OpocC 3HAYCHUH.

COITPOTUBJIEHUE
INEPEMEIIEH1IO HOXA

W3yunm Temepb mpoliecc pe3aHusi TpyHTa
Ha TIyOMHE MAaccHBa, TIJi€é TOBEPXHOCTHBIC
a¢dextsl He mnposBiAtoTcsa. CuuTaem, 4YTO
CKOpOCTh HOXKa HEBEJIMKA, a YroJ Pe3aHus JI0-
cratouHo man (mopsiaka 10...15°). Paccmar-
pHUBacM YCIIOBHE «3aKPBITOT0» pe3aHusi, Koraa
MNOTOK TPyHTa OTpaHHuYeH C OOKOB B IUJIAHE.
[Toatomy rpyHT nedopmupyercs 1000BOH 1Ho-
BEPXHOCTBHIO HOXa TOJIbKO B BEPTUKAIBHOM
HalpaBJICHUH.

Cunraem, 4yTO MpOIECC KOCOYTOJIBHOTO pe-
3aHUS IPOUCXOANT TPH OTCYTCTBUH JKECTKOTO
SAIpa YIUIOTHEHUS M HEXECTKOro BbINOpa
rpyHTa mepen HoxoM. Ipamas AA4' va Puc.4
NEepHEeHIUKYIIApHA MIIOCKOCTH Pe3aHus IPyHTa
ABC; mnockoctu AA'B n A"A"'B" napannens-
HBbI (3TO TIOBEPXHOCTH CKOJIbKEHMSI TPYHTA); O
— YroJ pe3aHus TPyHTa; Y — yroji pe3aHus B
TUTaHe.

A B

Puc.4. Hox, ycTaHOBJICHHBIN IO YTIIOM
K TPAaCKTOPUHN ABUKCHUSA
Fig. 4. Knife mounted at an angle to the
trajectory of movement
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JKCECTKOC AP0

Al IIacTHYECKast

30Ha

B“
a

Puc.5. JlebpopmupoBanue rpyHTa nepex HoKoOM
Fig. 5. Deformation of the soil in front of the knife

IlocTanoBKa 3a1a4n

W3 nureparypsr [3, C.53, 58] wusBectHO,
gyto npu O < 20°...30° KecTKoe MU HEeXeCT-
Koe («4yJIOK») Sapo BhIOpa oTcyTcTBYyeT. Ha
Puc.5, a mokazaH HOX C SIpPOM YIUIOTHCHUS
(BBITOPOM, HAPOCTOM) U TUIACTUYECKOW 30HOM
neopMUPOBaHUSA TPYHTa («UYJIKOM»); Ha
Puc.5, 6 — sanmpa ymioTHeHus Her (TodHee,
«9YJIOK» HE BBIXOJIUT 32 MPSIMYIO KPOMKY).

PaccmarpuBaemsriii Hamu citydait (Puc.5,0)
NPUBOAUT K TMPEINOJIOKECHHUI0O O TOM, YTO
SMIOpa JaBJICHUH Ha MEPEHIOI TPaHb HOXa
UMeeT MPUOIU3UTEIBLHO TPEYTOJIbHYI0 (OpMY
(Puc.6). 31ech 6o — reocTaTUYECKOE IaBJICHHE
(B ecTeCTBEHHOM COCTOSIHUH TPYHTa), IOCTO-
SHHOE JUUISl TAHHOW TJYOWHBI PE3aHHs, Op —
JaBJieHHE Y BepXHeil KpoMku HOxa [16].

[TockonbKy BBbITABIMBaHUE TPYHTA MPOUC-
XOJIUT 4Yepe3 BEPXHIOI KPOMKY, CUUTAEM, 4TO
JaBIIEHHE G0 CYIIECTBEHHO MEHBIIE Gp, U B
OKOH4YaTesbHbIe (hopMyJbl He BoaeT (Go sB-
JSIeTCS TIOCTOSTHHOM JTOTIOTHUTENTFHON COCTaB-
JSFOIEH B OOIIEM [aBJICHHWH, ACHCTBYIOIIEM
Ha HOX CO CTOPOHBI TPYHTA, HE 3aBUCHMOU OT
CaMoro Ipolecca pe3aHus).

Og

o)
Al
Al o) B!l

Puc.6. Dmiopa naBieHus Ha nepeaHei
r'paHu HOXKa
Fig. 6. Pressure chart on the knife front
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Torna cpeanee naBiieHue Ha J10OOBOH Tpa-
HU HOXa!

(&)
Ocp = 7]3' (21)

CunuTaem, 4To IUpPHUHA HOXka (pa3mep Ie-
penneii kpomku) BC = b B HECKOJIbKO pa3
Oosblle JUIMHBI HOXa (pa3mepa OOKOBOI
kpomku) A'B = I.

Onpenenum 1aBieHUE Gy Y BEPXHEH KpOM-
KU HOXa U JCHCTBYIOLINE HA HETO CUJIBI uepe3
FEOMETPUUYECKUE MapaMeTpbl pPEe3aHus, Yro
TpPEeHMsI TPYHTA 10 HOXKY L U COOCTBEHHBIE Xa-
PaKTEpUCTUKH TPYHTA.

B3anMocBs3b 1aBJ/IeHUS G ¢ H3MEHEHHEM
NMOPHUCTOCTH U Pa3MepPaMHu 30HbI
nedpopmanumn

[IpencraBuM MoNOKEHHWE HOXA B TPYHTE
Ha Puc.7. 3meck hy — BBICOTA HOXKA, paBHas
BbICOTE Tipope3n; h — Tommuaa 30HBI Aedop-
Malliy HaJl Ipope3bto; M — HEKOTOpast TOUKA B
9TOM 30HE, HAXOMAIIAsACS HAa PACCTOSTHUH Z OT
€€ BEpXHEW I'paHULIbI.

O6o3HauuM: Go, po, Wo — JAABJICHUE, TUIOT-

h_ LM —
Y
TAlll
h|A
‘A” S B!l

Puc.7. [lapametpsl 30181 Aeopmanun
IpyHTa Nepes] HOKOM

Fig. 7. Parameters of the soil deformation
zone in front of the knife
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HOCTh M KO3(DPUIIMEHT MOPUCTOCTH BHE 30HBI
nedopmanuu; 6, p, ® — AaBICHHUE, TUNIOTHOCTD
1 KO3(PGUIIMEHT MOPUCTOCTU B TOUKe M, O,
Pe, ©p — TABJICHUE, IJIOTHOCTH M KO UIIEHT
nopucrocty B Touke A'' Bepxmeit kpomku me-
peaHer TpaHu HOXa.

[TopuctocTh UrpaeT OCHOBHYIO POJIb B CO-
NpoTUBJICHNH pe3anuto rpyHToB [4, C.130].
3anuiieM COOTHONICHHUS, aHAJOTHYHO pac-
CMOTPEHHBIM BBILIE:

Vi mpr p
rae V — o0beM 3JIeMEeHTa TPyHTa Maccou m;
V; — obbem TBepmoii (asel (0e3 mop) ‘Njuj
3JIEMEHTA; Pr — INIOTHOCTh €ro TBepAor (a3sl
(onpeneneHue m);

1ro=Y - MP _Pu (22)

do

e -a, (23)

rae a — koadduiment ymiotHenus [15, C.48].

p=p,e ("7, (24)
rae K — ko3 duimeHt, 3aBUCAIMNA OT IPyHTA
u "Hoxa [15, C.52].

B uactaom cnydae (npu z = 0) u3 popmy-
b1 (24)

Po =pge " (25),

u, nens (25) Ha (24), nonaydaem:

Po _gte, (26)
p
Teneps u3 popmymsi (22) Oyaer:

1+mp =21, 7),
Po

aus (22), (27) u (26) 6yner:

PP PP . (28)

=(1+a, )(5"‘5 —1)
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Cunrtass ko3pQUIMEHT a B TIpenenax
HAIIIETO PACCMOTPEHUS IMMOCTOSTHHBIM, U3 (23) u
(28) MOXHO TONTYYHTH (C YIETOM TOTO, YTO GO
OITyCKaeM IPU CPABHEHHUH C Og)

1
o, ~0—0, 2—5(60—(00):
, (29)
=]ﬂ(l_e_kz)
a

B 4acTHOM ciiy4ae (1pu Z = h y BepXHe# KpOMKH
HOXa):

Lt

R SO ). (30)

W3 3akoHa coxpaHEHUs MacChbl, UHTEIPH-
pys IUIOTHOCTH TPYHTA BJOJb BEPTHKAIH IO
negopMHUpoBaHUs TPyHTa U mocie (cM. ¢op-
myiy (26)), umeem

h, +h h
[ podz = jpoekzdz ,
0 0

nin

kh
e’ -1
Po(hHth):Po( " ]

HaxomuMm 31ech hy:
(31)

Cunraem ananoruysno [8, C.86, 87], uro
CKOJIb)KEHUE 4YacTHIl TPyHTa MPOUCXOAUT B
MJIOCKOCTSIX, HapanensHbix AA'B.

Tak kak peanbHo [15, C.49] 3HaueHue BBI-

®—0g

paskeHUs <0,4...0,5, o u3 popmysl

1+ ®q
(28) cienyer, 4TO SKCIIOHEHTY

t2
el =l4t+—+...

MOKHO PA3JIOKUTL B pAd, OTpaHUYINUBAACH IIPU
HeO6XO)II/IMOCTI/I OOAHUM HJIM JABYMSA YJICHAMHU

psna.
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ITostomy opmynsr (30) u (31) Oynem uc-
HOJIB30BaTh B BHUJE, COOTBeTCTByHOIEeM (t =

kh):

o, =%, (32)
a
nu
t
h =h—, 33
W=ho (39
(MOCKOJIBKY
1+kh (kn)’ 1—kh
e -1-kn T 5 T Wkt
k k 2 27

Cuiibl, 1eCTBYIOIIME HA eIHHUYHYIO
IUIOIIA/JIKY NepeaHeil TPAHN HOXKA

OGo3HaYMM BEKTOPHI U OCH KOODMHAT Ha
Puc.8 (touku A", 4" B" coorercTByIOT 060-
3HayeHHBIM Ha Puc.4). CucteMa KoopauHar —
OPSAMOYIOJIbHAS JEKapTOBa.

Bexrops! €1 = (1, 0, 0); £2 = (siny, cosy, 0);
{3 = (— cosd, 0, sind). ITo ompeneneHn0 Bek-
TOPHOTO MPOM3BEIECHHUS BEKTOP

i ik

loxly=|siny cosy 0 |=
—cosd 0 sind

= (sin&cosy, —sindsiny, cosdcosy),

NEPHNCHAUKYIIAPEH K IMJIIOCKOCTH HOXAa U UMECT
JUTUHY (OMpeesieMyt0 TMPSIMbIM BBIUYUCICHU-
em):

f =+1-sinycos®§ (34)
Y

TakuMm 00pa3oM, HaXOIUM COCTABIISIOIIUE
JIABJICHUS] G HAa €IMHUYHYIO IUIOMIAJKY IUIOC-
KOCTH HOXa!

-1 , 1. .. _
Gy =Tsm6003y-c, Gy :Tsmésmy-o,

GZ:_T:LCOSSCOSV-G, (35)

rae ko3 duuueHTsl Nmpu G COBNAJAIOT C
HalpaBJIAIOIIMMHA KOCHUHYCaMU HOpMalld K
IUIOCKOCTH HOKa. COOTBETCTBEHHO COCTaBJIfA-
fole Ccuiel TpeHus Oynyr (Ha Puc.8 -
o/l {5, o L XOY):

Otx = — O tgU cosd;
Oy = 0; (36)
otz = G tgu sind.

YciaoBue paBHOBeCHS IPYHTA
Ha/l INIOCKOCThIO HOKA
U OmpejiesieHNe HANPSKEHUS G

PaccmoTrpuM  cioli  IpyHTa  TOJIILMHOU
dy = 1 Hax MWIOCKOCTBIO HOXA B Mpejesax 30-
Hbl Jgepopmanuu. OTO  Kocas  Mpu3Ma
A”IAIVBIVB“D”IDIVBVBHI (PHCg)

KoopanHaTsl M cocTaBIstOLIME CHIT ObLTH
paccMOTpeHsl BbIlIE (B 1. 3 CTaThU) ISl TIIOC-

Puc.8. Cxema cuil, eiicTBYIONIMX HA HOX
Fig. 8. Scheme of forces acting on a knife
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xoctu nHoxa. s rpanu A'"'D"'B"'B" cnenyer
MIOMEHSTh 3HAKU COCTaBISIOMUX. Bronb rpa-
. AMAVDVD" mpoucxomur pasrpyska c
BEPTUKAIbHBIM  CJIBUIOM  HAKOIUIEHHOTO
Hanpspkenud. 1o 3akony Kynona-Mopa kaca-
TEJIbHOE HANPSKEHUE Ha 3JIEMEHTE 3TOW rpaHu
HAlpaBJICHO TNPOTUBOMNOJIOKHO ocu OZ //
A"A" 1 pasHo:

ok = c t+ o tg0, (37)

rJe ¢ — CUEIUICHHE; G — JIaBJeHUE (HOpMasb-
HOE HampsbkeHue); ® — yroia BHYTPEHHETO
TPEHHUS.

ITonnas cocraBmsromas Baone ocu OZ
CWJI, JCHCTBYIOIMX Ha 3Ty TIpaHb, Oynxer

SAIII AIV DIV DIII
Ha CpejlHee KacaTeJIbHOE HaNpsDKEHHE, JaBiie-
Hue cxe mneprneHaukymsipHo OZ). Ilmomans

hdy

paBHa =
Cosy CoSy

u3 popmya (29), (30) 1 BOBMOKHOCTH JINHEH-

Horo mpubmmkenus 1 — e = kz, o koTopom

TOBOPHJIOCH BBIIIIE, TABJICHHUE

o (Wwiomamb, yMHOKEHHAs

(tak kak dy = 1). Ucxons

ox =C+G—2‘3tg®.

Puc.9. [Ipu3ma rpyHTa Ha T0OOBOI TpaHU HOXKA
Fig. 9. Prism of soil on the frontal edge of a knife

I/ITaK, HCKOMas COCTaBJIArOIIAas paBHA

L(c + itg@j. (38)
CoS Y 2
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OHa 0JKHA PaBHATHCSI BEPTUKAIBHOM CO-
CTaBJISIIOILECH CHJIbI, JCHCTBYIOIIEH Ha Mepen-
HIOIO T'paHb HOKa Ha ydactke, rae dy = 1. O1o
CIIEAYeT W3 TPEINOIOKEeHUsT 00 OTCYTCTBUHU
cooTBercTByromux cun Ha rpansx AVDVBYB'Y
u B"B"'BVB", Tak kak reocrarmueckoe qaBie-
HUE o HE yYUTHIBaeM. bokoBbIMH > dexTamu
TaKXke TNpeHeOperaeM, IOCKOJIbKY IIMPHHA
HOka b cymecTBenHo Oosbiie ero juuHb! | 1
BCE IUIOIIA/IKU CKOJIBKCHUS UICHTHYHBI).

[Tnomane nepeaHei rpaHu HOXa Sy

Sy =Sy /COSQ,

e IUIOMIab MPOEKIMH STOM IPaHd Ha TIOC-
koctb ABC paBua Sy = | cosd-bcosy u
HAIPABJIAIONIMHA KOCHMHYC HOPMAld TPaHH C

oceto OZ paBeH COS@Q, = %COSS -cosy (u3

dbopmyisr 35).

3HaYUT
S, =Ibf . (39)

BepTukanbHble COCTABISIONIME CHJI JIaB-
JeHHsl U TpeHus noiaydum u3 dopmyn (35) u
(36), MeHsis 3HAK HA IPOTHBOIIOIOKHBIN:

1 .
G, = TGCOSSCOSV ; O =—otgusing.
CpeﬂHee HAIIPsSZKCHUE, COIJIACHO HNPCEAIlo-

noxenuto (21), o, = %

3HaueHHE BEPTHKAJIBHOM COCTABIISIIOLIEH
CHUJIBI (CO CTOPOHBI TIEPEIHEN TpaHu HOXKA)

SH (O-Z cp _GTZCp) =

= Ibf 62‘* {%cos&os;/—tgysin 5} = (40)

= Ibcosécos;fﬂ{l—M}
2 cosy

PasnenuB paBenctBo (40) ma bcosy, mo-

JyYdM 3HAYeHHE OTOH CHJIBI HA YydYacTKe
dy =1. IlpupaBusiem ero 3uauenuio (38):
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Icoséﬁ{l—@tgé} =
2 cosy

(41)
= L[c + 2 tg@}
cosy 2
Tak kak | =—"-;a h= (13 hopMyJIBI
sind t

(33)), To, mozacTaBisis 3TH BBIpAXKEHHS B (OP-
myiy (41) u cokpamtas Ha h,,, moxyunm

Zs_ l—@th -2 c+G—Btg® .
2tgo COSy tcosy 2
HOI[CTaBJ'ISISI B IMOCJICAHCC BbIPAXKCHHUC

t— GBa
1+(DO

, 13 popmyel (32) monydum

o {1—ﬂgﬂtg§}
cosy

2tg0 . (42)

- —2(1+w°)[c+5tg®}
o,a 2

O6o3HauuB JuIsi KpaTHOCTH B (dopmyse
(42) BenuuuHbI

- th c o = 2(1+ 0)0)C .
1——“gu tgd a
cosy
o =% 40 (43)

MOJIYYNUM KBAaApPATHOC YPABHCHUC JIsI HAIIPA-
KCHUSA G !

o2 =28"[c'+5,0']. (44)

Jlns ananu3a ypaBHeHusi (44) mpuBenem
CIIENYIONINEe MaTeMaTUYeCKUe PacCyKICHHS
[10, 14]. 3amumiemM ympouieHHOE KBaJpaTHOE

ypaBHEHUE o2 =1+ 200, KOTOpO€ MMEET KO-

peHb o +V1+ o? (C MOMOIIBI0 TIPOU3BOTHON

22

atVlto® o

Jerko mpoeputh, uto 0,8 <
20+1

(st oo >0), TO ecTh
6 =09[20+1]=18a.+09

JaeT KopeHb ¢ omnoOkoi He 6omee 10 %).
Kopenb 3TOro ypaBHEHHUS MEpPEeXOIUT B

KOpeHb ypaBHeHUs (44) mpu HEKOTOPOM U3-

MEHEHUU MaciuTada eauHul. AHaior ¢Gopmy-

11 6 =180+ 0,91 s ypaBHenwust (44)

o, =185"0" +./1,65"C’ (45)
HJIN HCIIOCPCACTBCHHO YCpPC3 IIapaMCETPhbl HO-

’a ¥ TpyHTa, U3 paBeHCTB (43) moay4uM JaB-
JIEHHE Y BEpPXHEil KPOMKH HOXKa

1,8tg5tgO (1+ @, )cos y

O =

’ a(cos;f - \/1—sin2 y cos’ 5)tgﬂtg5

(46)

3,2t95 (1+ w,)cC

+ :
a(cos;/ - \/1—sin2 ¥ C0s? 5)tgytg5

Ecnu p, 6, y Mansl (Hanpumep, Korjaa o u
< 25°) B Tako# CTENECHH, YTO

tgdtgu<0,2 u y<30°, 47

TO MOXHO I0JIb30BaThCsl YIPOLIEHHON (op-
MYJION

18
o, =—
a

+\/%tg§(l+ @y )C.

tgotg® (1+ o, ) +
(48)

Cocrasasomue cuJ1, 1eCTBYIOIIMX
HA JIO0OBYIO IOBEPXHOCTH HOXKA

Haxomum eepmukanvhyo cocmasusiiouyo
F, cymMMapHOIi CHITBI, TIO/ICTABIISS BEIpQKEHHE
(406) B PaBEHCTBO (40), rie
T =cosy— f tgutgd,
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1,8tg5tg0O (1+ @, )cos y .

F —Ibl at
2 +\/3,2tg§(1+ @, )C

aT

CcosoT =

%sin 5190 (1+ w, )cosy +
a

=1Ib

+\/O,93in 26(L+ @, )cT
a

WJIM, pacKpbIBas 3HaueHUeE 7,

[0,9(1+w,) .
(T%)S|nécos;/tg®+ |
_ 0,4(1+ .
Fo=tb| 04T e) g o5,
+ a
x(COSy—Jl—sinzycoszé tgutgé)cJ

(49)

VYIpolIEeHHbI BapUaHT 3HAYEHUS COCTaB-
nsromedt F, npu yenosuu (27):

0,9(1 .

( +w°)sm5tg®+
F,=1Ib _ . (50)
+\/0,4(1+a)0)csm 25

a

(3amernmM, uTO cocraBisromas cuiel F,
HarpaBlieHa BHU3).

boxosas cocmaenarowas conpoTUBICHUS
HOXY Fy = SHGpr. Iloncrasisg croga 3Hade-

uust popmyit (39), (35), (21), (46), momyuum

O'B=

1. ]
F =Ibf =sindsin
y f "

0,45sin” 5'sin 2y (1+ @, ) tg® .
coss-aT
+\/O,85in3 5(1+a,)csin®y
coso -al

=1Ib
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TO €CTh

1+
0,45sin® §sin ZyMtgGD
a

+

cos§(cos;f —~ Jl—sinz ¥ cos’ 5tgutg§)

. 0,8sin’ §(1+ &, )csin’ y

acosé(cos;/ —~ \jl—sinz ¥ cos’ 5tgytg5)
(51)

VYHpoleHHbIi BApHaHT IpU yCiaoBuu (47):

sin? 5 (1+ @)

0,45~ "——>sin 27190 +
F=lp| —>2° ¢ . (52)
\/0,83in35(1+co0) .,
+ csin? y
C0SO a

(Cocrapnsromas  Fy
ocu QY).

HalipaBJICHa BJO0JIb

Topuzonmanvnas cocmasiaowas (cuna
pe3aHus TpyHTa)

F =S,

O-x cp + GTX cp

1 . o o
=Ibf | =sindcosy —= +tqucosd —= | =
{f o T 2}

=Ib[sinscosy + ftgucoss]x
0,9tg5tg® (1+ e, )cos y .\

o aT
.\ 0,895 (1+w,)c
a T

To ecTb cuia pe3aHus paBHa

F. =Ib[tgscosy + fgu]x

O’9(1+a)°)sin5cos tg® +
| et 7ER* (53)
0,4sin 26
+ =" (1+w )cC
\/ aT (L)
raec
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f=y1-sinycos?5: T = cosy — Ftgutgs.

VYIpoIIeHHbIN BapUaHT CUJIbl PE3aHHUsL, IIPU
ycinoBuH (47), 3aIMCHIBAETCS TaK:

F, =Ibtg (& + u)x
x (54)
0,9(1+ &,)
a

+\/—0’4(1;1r ) sin 25

sino cos ytg® +

X

nim

F, = 09lbtg(8 + p)R[R cosytg® ++/c J (55)

/1 )
e R= +(OOSIn8_
a

BbIBO/IbI

1. Pa3pabotana Mojenb eneBoro pe3anus
IpyHTa TPOCTPAHCTBEHHO OPUEHTHPOBAHHBIM
(yCcTaHOBJIGHHBIM IIOJI YIJIOM K TPaeKTOPUH
ero JBIDKCHHUS) OCTPBHIM HOXXOM MPH OTCYT-
CTBMM OOKOBOTO BBINIOpA, KOT/Ia BECh TPYHT B
IMOTOKEC, YIINIOTHAACH, BAABJIMBACTCA B CBOJbLI
pOpE3H.

2. YcTaHOBIIEHA 3aBUCHMOCTh JIaBJICHHS Ha
J000BYIO TpaHb HOXKAa OT U3MEHEHUS IOPHUCTO-
CTU I'pPYyHTa, yIja BHEIIHETO TPEHUS U pa3Me-
POB 30HBI J1e(hOpMaIHH.

3. AHQJIMTHYECKU OTIPENEICHBI COCTaBIIS-
IOLIMe CWI, JCHCTBYIOIIMX Ha EIUHUYHYIO
IUIOIIA/IKy JIOOOBOW TpaHM HOXKA, M IIOJHAS
CHJIa pe3aHus TPyHTA.
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Crevice cutting model under geostatic
pressure

Mykhailo Sukach

Abstract. To create soil anti-filter screens, it is
necessary to provide a horizontal gap device of a
sufficiently large size to the soil mass. The use of
traction working bodies such as a dozer blade re-
quires an assessment of the pressure of the soil on
the knife and the power characteristics of the work-
ing process. The pressure value affects the deform-
ability of the soil in the area of the working body,
the change in the porosity of the medium, the con-
ditions for the formation and stability of the arches,
the removal of soil into the lateral technological
slots, etc. The task is complicated by the lack of
visual control of slot cutting at depth and process
control.

In this article, we have obtained an analytical
model of soil pressure on the frontal surface of a
straight sharp knife with slot cutting. The forces
acting on the knife installed at an angle to the path
of its movement are determined, and the cutting
force is determined depending on the change in
porosity and size of the soil deformation zone in
the absence of lateral outflow.

According to preliminary estimates, the calcu-
lated values of these parameters coincide with the
experimental data of known scientists for the knife
wear area, which will make it possible to further
evaluate the traction resistance of the cutting ma-
chine resistance, to control the processes of arch
formation and soil removal on the sides of the
working body.

Keywords: slot cutting, bulldozer blade, geo-
static pressure, soil deformation, lateral discharge.
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Design of hydraulic concrete compositions design
with use of experimental-statistic models
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Abstract. The article discusses the features and
general methodological principles for solving
problems of multiparameter design of concrete
compositions using experimental statistical models
obtained using mathematical planning of experi-
ments.

Examples are given of solving problems of op-
timization of compositions of hydraulic concrete
with standardized parameters of strength, frost
resistance and water impermeability. Polynomial
models of given properties of a concrete mix and
concrete are given, depending on the main techno-
logical factors, taking into account the characteris-
tics of the initial materials. On the basis of the
obtained models, nomograms are constructed that
allow performing the necessary technological cal-
culations. Using the above nomograms, the com-
positions of concrete are calculated, which ensure
the specified properties of concrete under condi-
tions of normal hardening and heat treatment. The
influence of the duration of hardening and the con-
tent of entrained air for concrete of various compo-
sitions was determined.

Keywords: hydraulic concrete, strength, frost
resistance, water impermeability, mathematical
models.

Design of concrete compositions is a key
technological problem. Its solution defines the
level of operational reliability of buildings and
structures, and a degree of rational resources
use for their manufacturing and construction.

The problems of concrete composition de-
sign that were formulated at the early begin-
ning of concrete technologies remains actual in
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the present time, too. In modern technology,
design of concrete compositions means justifi-
cation and selecting the type of initial materi-
als and their contents, providing the normative
concrete mix requirements and hardened con-
crete properties for a given optimization crite-
rion. Using the system approach methodology
for concrete compositions design may include
a number of additional problems, associated
with technological parameters' and design re-
quirements' optimization.

Presently in technological practice, concrete
compositions design is carried out using nu-
merous methods, based on various theoretical
and technological preconditions. All of these
methods can be successfully used in practice if
they solve the required tasks.

Actual directions for developing the meth-
odology of concrete compositions design are:

- increasing the "forecasting ability" of de-
sign dependencies, i.e., possibilities of more
accurate taking into account of concrete tech-
nology factors and design requirements;
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- improving the design algorithms' efficiency,
their accuracy and speed.

In construction and technological practice,
the most popular are methods of concrete
compositions design aimed at receiving the
required compressive strength of hardened
concrete. It is first of all because concrete
strength is its basic parameter. Another reason
is the assumption that other concrete properties
are also definitely related with compressive
strength. This assumption, however, is not
common enough. Really, concrete compres-
sive, flexural and tensile strengths as well as
its wear and cavitation resistance, etc., are def-
initely interdependent. However, dependence
between strength and frost resistance, strength
and creep, etc., are not definite; their determi-
nation should be based on using a complex of
special quantitative dependences. If it is neces-
sary to achieve some other building and tech-
nical properties, in addition to compressive
strength, the task of concrete compositions
design becomes significantly more complicat-
ed.

Design of special concrete type’s composi-
tions is a multi-parametric task (MPCCD). The
complex of standardized parameters for hy-
draulic concrete is determined by the massive-
ness and the working conditions of concrete,
taking into account the impact of water — envi-
ronment. The task of designing the composi-
tion of concrete is to select the initial materials
and their ratio, providing a set of necessary
properties of concrete with a given criterion of
optimality, as a rule, the minimum cement
consumption or minimum cost. The solution of
this task is most expediently performed with
the help of experimental statistical models that
allow one to quantify the relationship of con-
crete properties both among themselves and
with the main factors affecting them.

INTRODUCTION

MPCCD tasks differ from traditional by a
big number of parameters considered at the
“input” as well as an “output” of concrete as
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complex heterogeneous system. All MPCCD
tasks can be divided into two types:

1) compositions problems, aimed at ob-
taining specific components consumptions,
providing the given complex of concrete prop-
erties;

2) compositions — technological problems,
aimed at finding along with specific compo-
nents consumptions the values of some techno-
logical factors, characterizing the conditions of
concrete producing and hardening.

Algorithms of compositions problems
(Fig.1) [1-4] suggest finding the basic parame-
ters of the mixture — cement-water ratio
(C/W), water consumption (W), entrained air
volume (Vair) and portion of sand in the aggre-
gates mix (r), providing the complex of given
properties in the most effective manner. Algo-
rithms of compositions -technological prob-
lems (Fig.1) suggest finding basic parameters
of the mixture as well as technological process
parameters (}'T,) (temperature, hardening

duration, compaction mode, etc.).

Using basic mixture parameters together
with equations of absolute volumes allows
obtaining consumptions of a 5-component
concrete mixture (cement (C), water (W), vol-
ume of entrained air (Vair), fine (S) and coarse
aggregates (Cr.S).

For concrete with admixtures and light-
weight concrete it is expediently to use as the
core composition parameter the "modified
C/W" [5]. It essentially increases the applica-
bility range of design-experimental methods of
concrete proportioning and dependencies for
calculating concrete strength.

Selecting quantitative dependencies should
consider as the purpose of a specific problem,
as available initial information. For example,
in simple problems, including finding strength
of regular concrete without mineral, air en-
training or other admixtures in normal harden-
ing conditions the most known formulas may
be used [6]. If detailed information regarding
initial materials features is available, coeffi-
cients in equations of concrete strength are
specified according to appropriate recommen-
dations [7, 8].
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Fig.1. A block scheme for multiparametric concrete proportioning (2P — a group of concrete
properties, related to certain parameters of the mixture, 2T, — a group of technological
factors, affecting concrete properties). 1. Obtaining compressive strength Remp to achieve
2.P1=1 (C/W) and required cement-water ratio C/W. 2. Obtaining the water consumption
W for achieving 2P, = f (W, C/W). Sl and Vb are Slump and Vebe time values, accord-
ingly. 3. Obtaining the entrained air volume V; for achieving 2Pz = f (Vair, W, C/W).

4. Obtaining parameter r for achieving >P4 =f (r, Vair, W, C/W). Ws, is the water separation value.

Various quantitative dependences can be
used also for obtaining aggregates consump-
tion. At known aggregates specific surface and
voidage values it is possible to use a formula,
proposed in [9], to obtain the optimal portion
of sand in aggregates mix (ropt). In cases, when
along with cement consumption and W/C just
water demand of sand is known, the crushed
stone consumption can be obtained by calcu-
lating the moving apart coefficient of coarse
aggregate’s grains by the cement-sand mortar
Ks according to recommendations [6, 7]. If
voidage of sand and crushed stone are known
(these parameters can be easy found if true and
bulk densities of aggregates are known) calcu-
lation of Ks can be done using dependencies
given in [8] with corresponding corrections.

The bank of quantitative dependences
available in concrete science rapidly increases
during the last years especially due to polyno-
mial regression equations — adequate mathe-
matical models in a defined “factorial space”.

28

The major part of these models is obtained by
means of experiment planning methods [10-
12]. Solving concrete compositions design
problems using mathematical experiment
planning includes establishing relationships,
between the basic concrete mix and hardened
concrete properties, and factors that affect
them.

At a priori study of the relationships that
define the concrete properties and their quali-
tative structure for further mathematical mod-
eling and optimization it is important to select
the main controlled factors and to evaluate the
possible curvature of the response surface in
this variation region. Relatively high infor-
mation level regarding the influence of com-
position factors and hardening regime on the
basic concrete properties allows in most cases
performing qualitative analysis and modeling
almost immediately in the stationary region,
which greatly simplifies the optimum search
[13-15].
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Multi-factorial polynomial models enable
finding the optimal values of such factor; as
aggregates' ratio, additives content, etc., and
thus optimizing the designed concrete compo-
sitions, taking into account a given set of fac-
tors and their variation range. There are two
possible approaches:

1) The optimized factors are determined
from the equations, in which they are depend-
ent variables, for example, the portion of sand
in the aggregates mixture, r, is found from the
slump or the concrete mix workability equa-
tion.

2) Equations for the optimized factors (ropt,
superplasticizer additives, etc.) are obtained
and used together with the equations of nor-
malized parameters for design of concrete
mixtures composition.

Along with differential analysis, using ca-
nonical and isoparametrical analysis as well as
linear programming and alternative methods
for getting optimal solutions is also possible
[16 —20].

PURPOSE AND METHODS

The purpose of the performed work was to
solve the problem of designing the composi-
tions of hydraulic concrete with normalized
values of compressive strength, frost resistance
and water impermeability. Concrete hardened
under normal conditions and heat treatment by
steaming.

Table 1. Conditions of experiments planning

Portland Cement Cem I1A-S with an activi-
ty of 34.5 and 47.9 MPa, respectively was
used. To regulate the normal consistency of
cement, an additive of superplasticizer C-3
was introduced into its composition. Quartz
sand with a modulus of fineness Ms = 2.1,
granite crushed stone of fractions 5...10,
5...40 and 5...70 mm were used as concrete
aggregates. Concrete mixtures were produced
both without and with the introduction of an
air entraining additive like Vinsol in the
amount of 0.06 and 0.12% by weight of ce-
ment.

When steaming samples, isothermal curing
temperature was 80°. Within the overall heat-
humidity treatment durations of 10...18 hours,
the preliminary curing was 3 and 5 hours, re-
spectively. The temperature rising speed in the
chamber was 15° per hour.

The studies were performed using mathe-
matical planning of experiments. The factors
taken into account in the experiments and the
conditions for their planning are given in Ta-
ble 1.

To carry out experiments in obtaining mod-
els of entrained air, the water requirement of
concrete mixes and the optimal proportion of
sand in a mixture of aggregates, ensuring min-
imal water content, a five-factor plan Has was
used [16]. The properties of concrete mixes
and concrete were determined in accordance
with the State Standards of Ukraine (DSTU):
2.7-96: 2000, 2.7-214: 2009, 2.7-170: 2008,
2.7-46-96.

Factors Variation levels Variation

Natural Coded -1 0 +1 intervals
Initial water content, kg/m? X1 150 180 210 30
Cement-water ratio X2 1.3 2.1 2.9 0.8
Maximum crushed stone coarseness, mm X3 10 40 70 30
Consumption of air entraining additive, kg/m® X4 0 0.06 0.12 0.06
Normal cement consistency, % X5 24.6 27.2 29.8 2.6
Cement strength, MPa X6 34.5 41.2 47.9 6.7
Heat-humidity treatment duration, h. X7 10 14 18 4
Conditional workability Xg 0 1 2 1
Normal hardening duration, days* X9 Ig 28 Ilg71 | 1g 180 Ig 2.54
Cement consumption, kg/m?® X10 234 378 522 144

Note: * For simplification of the proper models, 1g T was used; t is duration of hardening, days.
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In the study of the influence of factors on
the compressive strength, frost resistance and
water impermeability used a six-factor plan Be
[16].

EXPERIMENTAL RESULTS AND
DISCUSSION

As a result of statistical processing of ex-
perimental results, quadratic polynomial mod-
els of properties of a concrete mix and con-
crete were obtained (Tables 2 — 4). Statistical

analysis showed that the models obtained in
the coded variables can be considered ade-
quate with a 95% confidence level, and the
coefficients of the models are significant at the
5% significance level.

In the water consumption model (Table 2),
the conditional workability values (xs) were
planned is accordance to Table 3.

In the model (1) of entrained air volume,
instead of C/W (x2) the cement consumption C
(x10) was varied (Table 1).

Table 2. Mathematical models of concrete mixes’ properties

Properties

Equation type

Entrained air

volume, %
| —0.13%g%5 —0.19%,Xs

Yy = 2.27 +0.72% —0.63x,q — 0.47X3 + 2.14x, —0.18xs — 0.20x7 + 0.24%%, +
+0.17x3 —0.22x5 —0.09x2 —0.13%X, + 0.71% X, — 0.61x gX; — 0.46X5%, — (1)

Concrete mix
water consump-
tion, kg/m?®

Yo =169.2 + 26.4%g +13.4%, — 20X3 —8.3X, +9.3x5 —5.2x5 +5.8x5 +8.8x5 +
+ 2.8x§ + 3.8xg-,2 + XgX3 + 2.6XgXg — Xo X3 +3.1X5 X4 + 2.25Xy X5 —1.1X3X5 + X4 X5

(2)

Optimal portion

Y = 0.284+0.03%, —0.039x, —0.02x5 + 0.009x, +0.007xZ +0.016X3 +

of sand in ag- A 2 ®)
gregates’ mix +0.008x5 + 0.006x; —0.005%; X5 4+ 0.01%; X3 + 0.009X, X, —0.004%3X,
Table 3. Planning of conditional workability values
Variation levels -1 -0,4 0 +0,4 +1
Vebe time, sec Slump, cm
Workability score
20 8 2 5 13
Table 4. Mathematical models of normal hardened concrete properties
Properties Equation type
Compressive Y4 =36.93—1.88xg +14.73%, — 0.86X5 + 4.97Xg +6.08%g —0.05%2 —
strength, MPa 2 2 2 2 2

—0.4x5Xg +0.88XgXg

+1.23x%gXg +0.97X,X4 —0.63X, X5 + 2.12X,Xg + 2.14X5Xg +0.99%,4Xg —

Frost resistance,

Vs =378.9— 67.8%g +162.3X, +147.7X, — 27.45 + 218X + 63.2Xg +

cycles +9.7x¢ —38.8)5 +6.7x§ —9.8X5 +11.7x¢ +2.2X§ +29.4%5X, —8.T%gXs — ()
—16.6XgXg +26.6X5Xs —15.8XoX5 +18.7XoXg + 7.1Xg X5 + 23.7X4Xg +
+13.8X6X9
Water impermeabil- |y =0.92+0.04xg +0.56X, +0.02x, +0.01xg +0.06Xg +0.25%g —
ity, MPa —0.05%Z +0.08x3 —0.01xZ +0.004xZ +0.03x3 —0.02XgX, +0.01xgX, —  (6)
—0.02xgX5 + 0.04X,Xg +0.14X,Xg
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Table 5. Mathematical models of concrete properties after heat treatment

Properties

Equation type

Compressive strength
at four hours after

y; = 21.98—0.93Xg +10.5x, —1.03x, —1.61xg + 2.32X5 + 2.65%; —

—0.49%¢ —0.81%5 —0.09%5 +0.06x; —0.96x7 —2.00X5X, —0.88%%, — (7)

heat treatment, MPa —1.36XgX5 —1.43XgXg + 2.68%yXg + 2.60X, X7 —0.91X,4 X5 — 0.82X,4Xg —
—1.01x4%; +1.18X5X7 +1.22X5X;

Compressive strength | yg =30.6 — 2.24xg +13.03x, — 2.86x, — 0.99xs +3.97Xg +1.94%; —

at 28 days after heat | _( 05x2 —1.75x5 —0.5x7 —0.35%2 +0.1x2 — 0.2X2 —1.29%gX, + 8)

treatment, MPa +1.18x%y%4 —0.63X,X5 + 2.71X,Xg + 0.97X,X;

FIfOSt resistance, Cy- | y. = 281.9—38.3xg +145.4X, +89.2X, —16Xs +17.7%; +8.3x% —

cles —15.7x§ —12.2x§ —5.2x§ +9.3x§ - 2.2x72 —13.3%gXy +14.8XgX4 + 9
+7.3XoXy +21.2Xg X7

Water impermeability, | y; o =0.57 +0.07xg + 0.43x, +0.03x5 + 0.06Xg +0.05%; —

MPa —0.02x2 +0.08x5 +0.02x3 —0.06%2 +0.07XgX, +0.03XgX, — (10)

—0.04x,X%4 +0.03%, X5 —0.06X, X5 —0.02%4 X5 —
—0.02x4%7 +0.01x5Xg5 + 0.02Xg X7

Using a complex of polynomial models al-
low a relatively easy solution of the concrete
composition optimization problem in a wide
range of given parameters of properties. The
essence of the method is that models yas, ys, ys
or y7, v, ye, yio are solved regarding C/W,
whereas other factors are fixed at required
levels and the values of necessary strength,
frost resistances and water impermeability are
given. C/W, providing all the required proper-
ties, is found. Then the water consumption and
the optimal portion of sand in the mixture of
aggregates are found using y> and y3 models.
After that, cement, sand and crushed stone
contents per 1 m® of concrete mixture are cal-
culated using the absolute volumes method.

Example 1. Design the hydraulic concrete
composition without air-entraining admixture
used in structures at 28 days of normal hard-
ening.

Nomograms shown in Figs.2, 3 and 4 were
created to simplify calculations, performed
using the mathematical models (Tables 2 — 4).
These nomograms can be used to determine
the water content, C/W and r for given condi-
tions. The established approximate relations of
normal hardening concrete properties (Table
6) are used.

Additionally, a nomogram for determining
the portion of sand in the aggregates’ mix
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(Fig.3) is corrected, taking into account exper-
imental results, characterizing the influence of
sand fineness modulus.

For example, Portland cement with strength
of 40 MPa (pc = 3,1 kg/l, paste normal con-
sistency NC = 28 %), quartz sand (fineness
modulus Ms= 2.2, ps = 2,6 kg/l), crushed gran-
ite of fraction 5...20 mm (pers = 2,65 kg/l) and
admixture of technical lignosulphonates 0.25
% (LST) by cement weight are used for pro-
duction of concrete with minimum 28-days
compressive strength 25 MPa, frost resistance
of 150 freezing and thawing cycles and water
impermeability of 0.2 MPa in an age of 28
days, the concrete mixture’s slump should be
1...2 cm. Water reducing effect of additive
LST — 8 %.

According to Table 6, the ultimate concrete
strength, providing the required frost re-
sistances and water impermeability, is Remp =
30 MPa).

Following Fig.2, the required cement-water
ratio: C/W = 1.96.

Water content (Fig.3) is 190 kg/m® and
considering admixture of LST W =190 - 0.92
=175 kg/m?.

Content of cement: C=175-1.96=343 kg/m?®.

The optimal portion of sand in the aggre-
gates’ mix is obtained using Fig.4 : r = 0.345.

Content of sand (S) and crushed stone
(Cr.S) are:
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S =]1000 - %ﬁ"@ -0.345-2.6 =641 kg / m®, CrS= 1000—(%+@+6i1j +2.65=1240 kg / m°.
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Fig.2. Nomogram for determining the cement-water ratio for concrete at 28 days
(without air-entraining admixture)

Table 6. Relations between properties of normal hardened concrete without air entraining admixtures

Concrete strength
Mix slump, cm 28 days
Strength, MPa Frost resistance, cycles Water impermeability, MPa

1.4 20 50...75 0.2
5..9 20 50...75 0.2

10...15 20 50 0.2
1.4 30 100...150 0.2..0.4
5..9 30 100 0.2..0.4

10...15 30 75...100 0.2..0.4
1.4 40 200...250 0.6...0.8
5.9 40 200...250 0.6...0.8

10...15 40 100...150 0.6...0.8
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Example 2. Design a composition of hy-
draulic concrete with different values of
strength after heat treatment.

A complex of mathematical models (Table
5) enables finding solutions of such problems
for any strength after heat treatment, changing
the overall heat process duration, mixes work-
ability and cement paste normal consistency in
a wide range.

The algorithm for solving this problem dif-
fers from the previous just by the fact that ei-
ther the model for ultimate strength ys at 28
days after heat treatment for the strength at
four hours after heat treatment y; are solved
for finding C/W. To determine the cement
content, the higher over the two cement-water
ratios are selected.

Fig.5 represents a nomogram for finding the
C/W ratio that providing the ultimate strength
and the required concrete mix workability for
a given strength after heat treatment. The ap-
proximate steamed concrete properties rela-
tions and are given in Tables 7.

For example, for concrete with required
compressive strength of 20 MPa, frost re-
sistance F150 and heat treatment duration of
18 hours, the strength after steaming should be
70 % of the 28-day one and the concrete mix
slump is 1...4 cm. Portland cement with
strength of 40 MPa (paste normal consistency
NC = 28 %, pc = 3.1 kg/l), quartz sand with
fineness modulus Mf = 2.2 (ps = 2.6 kg/l),
crushed granite stone fraction 5...40 mm (pers
= 2.65 Kkg/l) are used.

Following Table 7, for providing the re-
quired frost resistance of 150 freezing and
thawing cycles, the 28 days concrete compres-
sive strength should be 25 MPa.

According to Fig.5, the required C/W = 1.7.
The water content (Fig. 2) is 190 kg/m®. The
required cement content:

C=190-1.7=323 kg/ m®.

The optimal sand portion in the aggregates’
mix is found using Fig.4: r = 0.38.

Table 7. Relations between properties of concrete without air entraining admixtures, subjected
to heat treatment (duration of 14...18 hours)

Concrete compres- Strength after
sive strength at 28 | steaming, % of that Frost resistance, cycles Water impermeability, MPa
days, MPa at 28 days

15 70 Less than 50 0.2
100 50...100 0.2
50 Less than 50 0.2

20 70 50...100 0.2...04
100 100...150 0.4...0.6
50 50...100 0.2...0.4

25 70 100...150 0.4...0.6
100 200...250 0.6
50 75...100 0.2...04

30 70 150...200 0.4...0.6
100 200...250 0.6...0.8
50 100...200 150...250 0.4..0.6

35 70 200...300 0.6...0.8
100 0.8...1.0
50 150...250 0.6...0.8

40 70 200...300 0.8...1.0
100 300 1.0...1.2

Note: Minimal frost resistance and water impermeability values are given for mixes with slump
of 10...15¢cm, and maximal values — for mixes with slump 1...4 cm
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Fig.5. Nomogram for determining the cement-water ratio for concrete after heat treatment

Consumptions of sand and crushed stone
are:

S = {1000—(%+%ﬂ-0.38-2.6 =697 kg/m?

Cr.S =|1000- %+@+@ -2.65=1160 kg/m3
31 1 26

Example 3. Design compositions of hydrau-
lic concrete with air entraining admixture for
the conditions described in Example 1.

Figs.6 and 7 are given nomograms that can
be used for calculating C/W and the air-
entraining admixture’s content, required for
providing the given properties’ complex.
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Tables 8 presents the optimal content of the
entrained air for concrete with different prop-
erties. Water content, obtained using Fig.2, is
corrected taking into account the entrained air
volume.

Following Table 8, the entrained air volume
for the given concrete design requirements
should be 2.5 %. The C/W ratio providing the
compressive strength of 20 MPa according to
Fig.1 is 1.5. Following Fig.6, the C/W value,
corresponding to the optimal air content for
the given design properties, is 1.65. For further
calculations the C/W is assumed to be equal to
1.65.
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Table 8. Entrained air volume for concrete with different design requirements

Concrete properties .
Required volume of
Strength at 28 days, Frost resistance, Water impermeability, entrained air, %
MPa cycles MPa
100 0.4 1.5...2.0
20 150 0.4...0.6 2.5...3.0
200 04...0.6 3.0...3.5
300 0.4...0.6 3.5...4.0
200 0.6 1.5...2.0
30 300 0.6...0.8 2.5...3.0
400 0.6...0.8 3.5...4.0
300 0.8...1.0 3.0...3.5
40 400 0.8...1.0 35..4.0
500 1.0...1.2 45...5.0

Note: Minimal and maximal values of entrained air volume are given for mixes with slump of 1...4 cm

and 10...15 cm, respectively.
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Fig.6. A nomogram for determining the C/W ratio for concretes with optimal entrained air content
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Fig.7. A nomogram for defining the air-entraining content

The optimal portion of sand in the aggre-
gates’ mix is obtained using Fig.4: r =0.36.

Sand and crushed stone content are ob-
tained taking into account the entrained air
volume:

S =|{1000 — £+@+25 -0.36 %
3.1 1

x2.6 =654 kg/m?3

CrS = 1000—[—+—+25+—
3.1

297 180 654 »
1 2.6

x2.65=1186 kg/m?

The content of air entrained admixture
equals 0.05 kg/m? (Fig.7).

CONCLUSIONS

1. Considered methodological principles for
solving problems of multiparameter design of
concrete compositions (MPCCD). A general
block schema is presented for solving compo-
site tasks of the MPCCD to determine the spe-
cific consumptions of components that provide
a given set of proper ties of concrete and
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compositional-technological tasks with the
goal of additional determining the value of
technological factors that characterize the con-
ditions of production and hardening of con-
crete.

2. With the use of mathematical methods of
planning experiments, a set of experimental-
statistical models and nomograms on their
basis were obtained with the help of which
examples of determining the compositions of
hydraulic concrete with given parameters of
strength, frost resistance and water impermea-
bility of concrete hardening under normal
hardening and heat-moisture treatment were
solved both for concrete mix with and without
air entraining additives.
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PacuyeT cocTaBOB rHAPOTEXHUYECKOTO
0eToHA C MCNOJB30BAHNEM IKCIIEPUMEHTAIBHO-
CTATHCTHYECKHX MoOeJIel

Jleonuo /lsopxun

AH”HoTanms. B craTee paccMaTpHuBalOTCs 0CO-
OCHHOCTH M OOIIHE METOIOIOTUIECKIE TIPHUHITUITHI
peleHus 3a1a4 MHOTOMapaMETPUIECKOTO MPOCK-
TUPOBAHUSI COCTAaBOB OCTOHA C TOMOIIBIO 3KCIIE-
PUMEHTAITLHO-CTATUCTUUECKUX ~ MOJENCH, MOoy-
YEHHBIX C TPUMECHCHHEM MAaTEeMaTH4eCKOro Iuia-
HUPOBAHMUS SKCIIEPUMCHTOB.

I[aHbI HpI/IMepI)I pCIHCHI/Iﬂ 3aa4 OIITUMHU3aAIUU
COCTaBOB THUAPOTEXHUYECKOTO OETOHA ¢ HOPMHPY-
E€MBIMHU TNapaMeTpaMH MPOYHOCTH, MOPO30CTOMKO-
CTU U BOILOHerOHI/IHaCMOCTI/I. HpI/IBOI[SITCH I10JIU-
HOMHAJIBHBIE MOJENM 3aJaHHBEIX CBONMCTB OETOH-
HOH cMecH U 0€TOHA B 3aBHCUMOCTH OT OCHOBHEIX
TEXHOJIOTHUYECKHX (PAKTOpOB aJIeKBAaTHBIE B MpPHU-
HATOM (haKTOPOM MPOCTPAHCTBE C YUETOM OCOOCH-
HOCTe#l MCXOIHBIX MaTepuajioB. Ha ocHoBe momy-
YCHHbIX MO):[eJIeﬁ HOCTpOCHBI HOMOFpaMMI)I, 1103~
BOJISSKOIIIME BBIIIOJIHUTH 1II/ICJ'IeHHI)II\/‘I aHaJIn3 Moaec-
Jel U HEOoOXOMUMBIE TEXHOJIOTHYECKUE PACUCThI.
C HCnoJib30BaHMEM MPHUBEACHHBIX HOMOIPaMM
paccuuTaHbl COCTaBbl OETOHOB, 00CCIICUUBAIOIINEC
3aJlaHHbIC CBOWCTBAa OETOHA B YCIOBHSX HOPMAllb-
HOTO TBEPJACHUS M TEIJIOBOW 00paboTku. Onpese-
JICHO TAaKXE€ BIIMAHUC MJIUTCIBHOCTU TBeleeHI/IH nu
COJICp)KaHUsl BOBJICUCHHOTO BO3JlyXa I OCTOHOB
Pa3IMYHBIX COCTABOB.

KioueBble cji0Ba: THIPOTEXHUYCCKHN OETOH,
MIPOYHOCTh, MOPO30CTOMKOCTh, BOJOHEIPOHHIIAC-
MOCTh, MATEMATHUECKUE MOCIIH.
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Abstract. The efficient operation of all types
of transport is an essential condition for the stable
operation of Ukrainian economy. Since the
transport industry of Ukraine is closely connected
to almost all branches of production and social
sphere, its trends in development follow the gen-
eral dynamics of the country's economic devel-
opment. At the same time, transport industry's
development priorities should take into account
the distinguishing features of road transport as a
fast, convenient, mobile, socially significant
mode of transport whose activities are subject to
certain safety and environmental risks and guided
by international regulatory and legal codes and
standards. Today there are more than 1 million
trucks and approx. 7 million cars in Ukraine, and
this number is growing. This, in turn, leads to an
increase in fuel and energy resources consumed
by motor vehicles.

Raising requirements on the ecological condi-
tion of the urban environment causes a problem in
the effective planning and functioning of protec-
tive and planning elements of trunk road adjacent
areas. Trunk road adjacent areas are those located
along the main street and road network within the
boundaries from the trunk road to the construc-
tion line. These are the boundaries of the location
of houses and structures related to the red lines,
according to the construction line definition. They
account for about 15...30% of the city's area. The
study of methodological foundations of sustaina-
ble development of urbanized areas should be
based on a comprehensive, problem-oriented ap-
proach of various related scientific studies. There-
fore, the task of studying the environmental im-
pact of the main street network is relevant for the
city. Thus, the city's main street and road network
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can be called the main source of complex ecolog-
ical impacts, particularly on the intra-city envi-
ronment and the environment, i.e. the urban eco-
system as a whole. All-natural components of the
urban environment, namely, geological, atmos-
pheric, hydrological environment, are subject to
harmful anthropogenic impact of the street and
road network. The most critical is the atmospheric
air condition, whose deterioration is a planetary
scale problem.

Keywords: ecological condition of urban en-
vironment, trunk road adjacent area, environmen-
tal impacts.

PROBLEM STATEMENT

This study purpose is to explore and devel-
op the methodological foundations of regulat-
ing environmental and urban planning pro-
cesses of functioning and developing the main
street and road network under the influence of
environmental impacts from traffic flows and
external factors.

Information support development, scien-
tific research and scientifically based complex
solutions and methods of choosing planning
and management options for trunk road adja-
cent areas are required. The main task of the
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study is a creation of environmental manage-
ment models in determination of the effec-
tiveness of environmental and urban planning
regulation of the operating and development
processes of trunk road adjacent areas. More-
over, modelling of the main street and road
network transversal profiles with the possible
setting of the size of the areas between trunk
roads to reduce the intensity of environmental
impacts on the residential building area is re-
quired, too.

RECENT RESEARCH AND PUBLICA-
TIONS ANALYSIS

The relevance of this research topic is indi-
cated by the analysis of scientific works and
urban development codes and standards in
effect. This research topic is the subject of
research by renowned scientists such as:

- V.I.Nudelman, M.M.Domin, Ye.Ye.Kli-
ushnichenko,  H.l.Lavryk, = M.M.Habrel,
Yu.M. Bilokon, 1.O.Fomin, M.M.Kushni-
renko, A.P. Ositnianko, O.l.Synhaivska, A.M.
Pleshkanovska, H.Y.Filvarov in urban and
territorial planning issues;

- B.V.Solukha, M.M.Osietrin, Ye.O.Rejt-
sin, D.S.Samoilova, V.I.Huk, T.O.Shilova,
M.S.Fishelson, M.S.Murza, A.Ya.Tulaieva,
H.L. Karaban, Z.l.Aleksandrovska, Yu.L.
Shevchenko, V.S.Weinberg, 1.B. Solukha,
O.S.Furmanenko, I.I. Ustinova etc. in theoret-
ical and scientific-methodical system studies
in the aspect of transport and ecological prob-
lems.

STATEMENT OF BASIC MATERIAL

The main challenges of the ecological con-
dition of trunk road adjacent areas are the
negative impact of the transportation flow,
which in turn generates environmental im-
pacts in the form of noise, air pollution and
contamination of areas.

As a result of the studies in the propagation
of environmental noise impact under current
urban conditions, cross-sectional profile mod-
els of trunk road adjacent areas have been de-
veloped, with the definition of their calculated
noise impact, and the methodological basis
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for ecological and urban planning regulating
the processes of functioning and development
of the main street and road network at the
stages of regional and local planning of the
area have been proposed.

As a result of research on the distribution
of noise ecological impacts, the technique of
defining noise impacts in calculation points
has been proposed, assuming the effect of ex-
isting planning solutions of trunk road adja-
cent areas influence and planning solutions on
civil construction improvements of the area,
arrangement solutions for the relief surface,
use of civil structures and planning methods
for the protection of trunk road adjacent areas.

The reliability of the proposed models is
demonstrated by calculating the modelling
results of various planning solutions and the
results of field studies. The basis of the full-
scale study is made by the most typical cross-
section profiles of Kyiv trunk road adjacent
areas:

- The trunk road network sites in the
densely built-up conditions;

- The trunk road network sites passing
through varied terrain relative to the level of
the main street and road network;

- The trunk road network sites passing
through undeveloped, i.e. building-free, area;

- The trunk road adjacent area sites in the
context of the built-up area influence on the
value of the environmental impact indicators
in the middle of a built-up area.

Noise impact indicators and their action
potential were determined at the sites under
study.

The model for determining the distribution
of environmental noise impacts from the main
street and road network on the territory is
based on the introduction of the standard indi-
cator Lstand.,, Which is an indicator of the noise
level and obtained under conditions of noise
modelling on a plane. In order to determine
the calculated noise level at the design site,
the calculated indicator Lcarc., assuming ap-
propriate corrections and the impact of the
trunk road adjacent area planning solutions.
The expression for calculating Lcaic. contains
the constant index Kconst. (index of transition
to urban environment) obtained as a studies
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result of modelling of noise propagation on
the surface and the coefficient of accounting
for civil construction improvements of the
area within arrangements for the terrain of
trunk road adjacent areas Kcaic. Which is based
on scientifically developed surface models
with street and road networks of various alti-
tudes. The proposed noise indicator calcula-
tion method will provide a clear picture of the
environmental impact on its planning and spa-
tial arrangements on the trunk road adjacent
area and the management of main street and
road networks.

The formula for calculating the noise indi-
cator at the calculation point:

Lcalc.:Lstand.* Kconst * Kcalc. + La surf, + La slope (1)

where Lca. is the calculated value of noise
indicator at a given point;

Lstana. IS the standard value of noise indica-
tor at a given point on a plane terrain;

Keonst. is the constant coefficient of merging
to urban environment, 0.95;

Kearc. is the coefficient for civil construc-
tion improvements of the area committed to
terrain arrangements of trunk road adjacent
areas;

L. surr. is the correction (dBA) to take into
account the type of carriageway or road sur-
face;

L. siope — IS the correction (dBA) to take in-
to account the longitudinal slope of the street
or road.

The aforementioned calculation model tes-
tifies to the universality of the developed ap-
proach with scientific substantiation of meth-
odology of definition of indicators of envi-
ronmental noise impacts and forecasting of
required design solutions on the choice of civ-
il design solutions of protective arrangements
and the extent of civil construction improve-
ments of the area in order to define the area’s
functional purpose so as to plan and deploy
comfortable environment. According to the
research, graphs for determining the standard
noise value Lstand. (Fig. 1) and transverse pro-
file models of the main street and road net-
works with the Kcaic. factor based on the ter-
rain specifics of the trunk road adjacent area
(Fig. 2) have been developed.
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The introduction of the term EPI “Ecologi-
cal Planning Indicator of Stable Area Devel-
opment” was proposed as a result of the study
of the criteria for assessing possible environ-
mental impacts and the extent of the area's
required planning and civil construction im-
provements, taking into account impact fac-
tors, their quantitative and specific indicators.
So,

EPI=(E1ns; Eany; ... Ennm), (2)

where E, is the type of environmental im-
pact on the area;

nm is the potential for civil construction
protective measures over space and time cov-

dBa
90
80
Lstand.
70 —~ \
60 ™
55dBa | | N\ —
50

0 25 50 75 80 100
Distance, m

Fig. 1. Graphs for determining the standard
noise value Lstand

ering an area of a relevant factor.

The proposed model outlines in detail the
extent of the environmental impact on the ar-
ea, predicts the consequences and methods of
civil construction improvements of the area,
forms the criteria of functional purpose and
the basis for choosing protective elements and
methods against the predicted environmental
impacts on the urban environment.

Thus, according to the stage of develop-
ment of planning and build-up diagrams of
the area at regional and local levels, it is pos-
sible to make suitable planning solutions for
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Kcalc. =0,7
h=15,0 m
h=15,0 m Kcalc. =0,85
Kcalc. =0,8
h=10,0 m
h=10,0 m Kcalc. =0,9
Kcalc. =0,85

h=5,0 m
l/\'_/7 h=5,0 m Kcalc. =0,95

Fig. 2. Transverse profile models of main street and road networks with the environmen-
tal impact reduction factor Keaic

Main trunk road network
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Fig. 3. The model of efficiency of environmental and urban planning regulation of the
processes of functioning and development of the trunk road adjacent areas
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he development of these areas and to provide
expert assessment of existing planning solu-
tions from the point of view of ecology both
under conditions of free build-up of the area
sign) and under conditions of existing build-
up (area renovation).

On the ground of the research completed, a
model was developed (Fig. 3) for assessing
environmental impacts on the trunk road ad-
jacent area with possible forecasting of the
planning and technical solutions required for
substantiation and an integrated approach to
urban area planning at the stages of develop-
ment of the area planning and development
diagrams:

- at regional level: settlement planning, its
functional area zoning, with noise protection
zones to be allocated:;

- at the city master plan stage: street and
road network routing of the trunk level; func-
tional area zoning with the building line to be
allocated;

- separation of residential areas; use of the
surface area as a protective element;

- formation of a green space system as a
protective element; and

- extension and rational use of trunk road
adjacent areas.

Based on this methodology for assessing
environmental impacts and forecasting effects

ENVIRONMENTAL
IMPACT ACTION POTENTIAL

Determination of the standard noise
level value at the study site
Lstand.,

dBa

Consideration of the transition to the

urban environment, coefficient
Kconst.

Y

Consideration of the conditions of civil
construction improvements of the area

relating to terrain arrangements of trunk - — — — — —-— — — — —
road adjacent areas, and finding
the factor Kcalc.
——T———
Al 1
Determination of the calculated noise | g
level Lcalc., dBa " 2 £
| > Q S
| ) i S g 3
3 8 tss
Qo (]
Introducing corrections to the surface * © B ; 9 g
type and slope | § ) 225
La surf. La slope | * 'g © 5 8
| 8| |sa| |38
| ) ) g .g’ = g
Verification of compliance with DBN L ‘s ‘e © S g §
V.1.1-31:2013 permissible noise levels s 2 2 o o
= S s E
es no
ol Noise reduction methods

Adoption of respective
planning solutions

Modification of respective
planning solutions

Fig. 4. Model of ensuring the effectiveness of regulation of the ecological-town-
planning state of the main areas against noise exposure
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on urban areas, an approach is proposed to
solve the problem at the level of functional
area zoning, taking into account the degree of
influence of ecological potential, depending
on the characteristics of existing buildings
and in terms of area renovation. This zoning
approach can be taken as the basis for creat-
ing a safe, comfortable urban environment,
sustainable and rational use with the appro-
priate functional purpose of the area, and sus-
tainable urban development.

The study of Kyiv road network highways,
construction line location, analysed area plan-
ning structure, area zoning diagrams and the
terrain will determine the impact coefficient
of noise distribution on the trunk road adja-
cent area.

The coefficients proposed can identify the
influence of planning, engineering and tech-
nical solutions adopted or already implement-
ed and to identify the relationship between
urban planning features of residential build-up
and routing of a given main street and road
network, as well as its spatial development

The proposed principles of a multifactor
approach applied to the developed example of
the environmental impact of noise are pre-
sented in the form of a schematic structural
model for ensuring the regulation of the eco-
logical-town planning state of the main areas
against noise exposure (Fig. 4) in the context
of forecasting the potential impact on the state
of urban development, which allows to de-
termine the land surface transformation
measures, arranging the terrain in the context
of civil construction improvements of the ar-
ea; this will enable the development of plan-
ning and urban development approaches to be
continued

CONCLUSIONS

Relying on the expertise in theoretical and
practical advances in the field of urban devel-
opment and area planning, models have been
developed in this study to ensure the effec-
tiveness of regulation of the ecological-town-
planning state of noise-affected trunk road
adjacent areas; and they form the basis of the
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methodological support of environmental
management of trunk road adjacent areas.

The motor transport influence on the eco-
logical state of the urban setting under the
conditions of ongoing motorisation growth
has been described. Urban planning methods
to reduce environmental impacts on trunk
road adjacent areas are exemplified and de-
veloped using the elaborated models of envi-
ronmental impact distribution that result from
noise nuisance.

Noise nuisance field data in trunk road ad-
jacent areas have been outlined. Based on the
results obtained, a model was proposed for
the conditions of regional and local area plan-
ning to determine noise pollution indicators.

The efficiency model has been developed
for ecological-town-planning regulation of the
functioning and development of trunk road
adjacent areas in order to establish the envi-
ronmental impact limit and forecasting with
respect to the planning solutions adopted, to
determine the area functionality and to choose
civil construction improvements to protect the
area.

Models of trunk network profiles were
proposed with the definition of the spread of
noise pollution in the adjacent trunk road are-
as, with the elements of the terrain’s civil con-
struction improvements in mind.
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BrpoOHMIITBO Ta TeXHOJIOTI1

MeTo10J10TH YIIPABJIEHUS IKOJIOTHYECKUM
COCTOSIHMEM MPUMATUCTPAJIBLHBIX TEPPUTOPUIi

Anexceti Hpuiinauenxo

AHHoTaumusi. B crathbe paccMOTpEeHBI OCHOB-
HbIe TIPOOJIEeMBI, CBSI3aHHBIE C WCCIEIOBaHUEM H
pa3paboTKON METOMOJIOTHYECKHX OCHOB 3KOJIOTO-
IPafioCTPO-UTEIILHOTO PErYJINPOBAHUS MPOLIECCOB
(YHKLIMOHUPOBAHUS M Pa3BUTHUS MarucTpaabHON
YINYHO-IOPOKHOM CETH MOJ BIHMSHHEM 3KOJIOTHU-
YECKMX Harpy30K OT TPaHCHOPTHBIX IOTOKOB U
BHEITHUX (haKTOPOB.

HeobxomumocTs pa3paboTku uHPOpMAIHOH-
HOro o0ecredeHus, Hay4YHBIX HCCIeJOBaHUH,
Hay4YHO 0OOCHOBaHHBIX KOMIIJIEKCHBIX PEIICHUH U
METOZOB BBHIOOpa BApUAHTOB IUIAHHUPOBAHUS H
YIpaBIECHUS MaruCTpajabHBIX TEPPUTOPHUSAMHU SIB-
JIeTCs TIaBHOW 3aJadyed HCCIENOBAaHHA IO CO-
30AaHUI0 MOJENEH YIpPAaBICHUS HKOJIOTMYECKUM
COCTOSIHUEM H onpeaeieHus: 3PQPEeKTHBHOCTH
9KOJIOTO-TPAJOCTPOUTEIIFHOTO  PEeryJIUpOBaHHUs
npoueccaMu  (YHKUMOHUPOBAHHUS M Pa3BUTHA
MPUMarucTpalbHBIX ~ TEPPUTOPUH, pa3paboTKu
MoJIeJIeH MoTepeYHbIX MpoduiIell MarucTpatbHO
YIIMYHO-AOPOXKHOW CETH € BO3MOXKHOCTBIO yCTa-
HOBKM Pa3MepOB IIPUMAruCTPaJIbHbIX TEPPUTOPUI
JJIsL O6GCHCLICHI/ISI YMCHBIICHUSA BJIWAHUA 3KOJI0-
TUYECKUX HArpy3Kd B JKHIIOM 3aCTpOilke M METO-
0B uX 3 (PeKTHBHO 3aIUTHI.

KuroueBsble cj10Ba: 9KOJIOTHYECKOE COCTOSIHHE
TOPOACKOI cpenbl, MaruCTpajbHbIE TEPPUTOPHUH,
9KOJIOTHYECKHE HArpy3KH.
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Abstract. The article outlines the major re-
search areas on the problem of the water area ex-
ploitation in town planning, as well as progressive
trends in the design of floating residential, public,
production, recreational buildings and facilities.
The latter include the forming of aquatorial spatial
structures, such as floating town planning and
landscape recreational objects.

It has been acknowledged that man-made ar-
chipelagos are feasible to be assembled of unified
modular elements produced in a big number of
copies by industrial enterprises, which implies
their high quality and relatively low cost. Such
elements are transported to their location of use
through waterways, which makes their shipment
significantly cheaper. During the operation, float-
ing structures, if necessary, are capable of chang-
ing their function, size, configuration and location.
Their damaged elements can be quickly substituted
with the new ones, while unsuitable for further use
fragments may be adjusted to other needs or recy-
cled.

Floating modules must meet specific require-
ments that apply to mobile buildings and facilities.
Among them, the requirements of technological
effectiveness of production, transportation effi-
ciency, autonomous operation, adaptation to ex-
treme operating conditions. In addition, expecta-
tions for their reliability, efficiency and environ-
mental friendliness are increasing.

In order to program the life cycle of floating
town planning and landscape recreational objects it
is suggested to use progressive technologies of
building information modeling. BIM-technologies
are an efficient means of collective creation, pro-
cessing and storage of information for the whole
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lifecycle object. Their use has a positive effect on
the indicators of efficiency, performance, cost and
safety of construction, logistics and operation of
the object. The use of BIM-technologies avoids
most of the errors at the design stage and make the
necessary corrections during the implementation of
the intention. The principle of parametricity, real-
ized in the BIM-environment, influences all the
sections of the draft, which to some extent guaran-
tees accuracy in the development of a design solu-
tion.

Keywords: floating modular elements, town
planning and landscape recreational objects, tech-
nologies of building information modeling.

INTRODUCTION
Since ancient times, people settled near riv-

ers, lakes, seas and oceans. The increase in the
number of coastal cities’ inhabitants gradually
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led to overpopulation. In the search of new
living space nearby traditional places of civic
engagement, their inhabitants built artificial
embankments and islands, settled on redevel-
oped vessels in town canals, fabricate pontoon
buildings and structures, that is, water surfaces
have been colonized in various ways.
Discouraging prospects of the ocean level rise
due to global warming imply the flooding of
existing settlements, which will lead to losing
a considerable number of places of residence
during the next decades. The probable threat
only accelerates the rate of coastal areas ur-
banization.

Contamination of world’s waters with an
incredible amount of waste is becoming an
urgent challenge for the global community. It
causes the need for floating waste recycling
enterprises, capable of coping with the litter
islands drifting in the oceans, as well as with
microplastic and other hazardous substances
which threaten the existence of various water
bodies’ flora and fauna. These kinds of gar-
bage, like all other, can be considered as the
sources of raw materials and energy for the
construction and operation of sanation floating
settlements.

Humanity is attracted to other, previously
unattainable, ocean resources. In particular,
there is a reason for the construction of indus-
trial-mining complexes, aimed at finding and
extracting useful substances from the water
and bowels of the earth.

Recreational complexes located on and un-
der the water address different tourists’ needs,
including diving, passive recreation and sanita-
tion on the water surface, extreme activities
with the use of various water craft etc.

Neutral waters can shelter people who are
eager to isolate themselves from the society. In
floating sociopolises, unrestricted by certain
countries’ legislation, volunteers can conduct
social experiments on innovative ways of so-
cial organization.

Finally, the absolute majority of the water
spaces of the planet is still unexplored. Thus,
there is a need for research stations, which
would allow to constantly monitor the life of
the oceans while living in comfortable condi-
tions directly at the places of research and
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changing location in accordance with the natu-
ral movement of ocean currents.

Problems relating to the overpopulation of
the shores, the threat of coastal areas flooding,
the ocean water contamination, hope for get-
ting the access to new sources of various re-
sources, craving for adventures and innate
curiosity urge the society to master the water.
Scientific progress and the rapid build-up of
technological potential have made the long-
cherished dream of humanity achievable. As a
result, designers of various specialties face the
task of developing realistic mechanisms for
penetration into a new, previously uninhabita-
ble aquatic environment.

ANALYSIS OF PREVIOUS STUDIES

Many futurologists consider water space as
the most promising location for the develop-
ment of new settlement forms [1-3]. Urbaniza-
tion of water areas is gaining more and more
supporters among scientists [4-8] and practic-
ing architects [9-11] every year. Ukraine has
quite large water bodies, therefore scientists of
the country reflect on the problems and pro-
spects of river, lake and reservoir development
[12-15], while young Ukrainian architects
suggest alternative ways of water spaces use
[16-18]. These researches confirm the rele-
vance of the chosen topic, define the strategic
goal of water areas urbanization and describe
the tasks which must be solved to achieve it.

The history and current trends in the design
of mobile buildings and structures are dis-
cussed in works [19-23]. Progressive technol-
ogies of design and life management of archi-
tectural and urban objects are described in the
works [24, 25]. Statistics on the use of prefab-
ricated objects from modular elements is pre-
sented in the study [26]. The results of these
studies are useful for developing efficient
methods of design, produce and operation of
aquatorial spatial structures.

In this study, it is first proposed to combine
the most interesting of these ideas in order to
outline the main areas of programming the life
cycle of town planning and landscape-
recreational objects from floating modular
elements.
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RESULTS AND DISCUSSION

In the modern world, the practice of using
floating buildings and structures of various
purposes is quite common. Such objects are of
interest primarily because of their singularity,
however, they have more significant ad-
vantages as compared with the ground-based,
both stationary and mobile architectural crea-
tions. For example, the problems of land lease
do not disturb their owners. They are not bur-
dened with the preparation of bases and the
construction of foundations. Powerful vehicles
are not needed to move the buildings on pon-
toons. The efficiency of energy production
from renewable sources increases on the water
surface. It is more comfortable for people to
withstand the summer heat near the water. A
wide range of entertainment is associated with
water. Contemplation of water soothes and
creates prerequisites for restoration of emo-
tional balance. Beautiful landscapes are always
surrounded by mobile artificial islands. The
water bodies themselves attract a human's eye,
so any architectural creations on their surface
automatically fall into the center of universal
attention.

These and other positive features of aquatic
architectural objects testify to their extraordi-
nary town planning and landscape recreational
potential, which today is not used to the full
extent. In particular, predominantly single
monofunctional floating formations operate in
different parts of the world. Most of them are
privately owned and have little effect on the
lives of local people. However, many pro-
posals on the organization of significant in size
and complex in design water spatial structures
have been developed at the conceptual level.
Among them, aquapolis, temporary settle-
ments for migrants, floating recreational com-
plexes and so on.

This year, students of the Town planning
department of KNUCA explored two in prin-
ciple new directions for the use of floating
buildings and structures. In I.V. Basak’s mas-
ter’s thesis, the feasibility of widening the
public areas of coastal towns at the cost of
interconnected aquatorial structures capable of
changing their location in accordance with the
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season, current needs of the residents and spe-
cific conditions is well founded. The main
theoretical foundations of the work are real-
ized in the project of the floating islands com-
plex on the Dnipro River in the city of Kyiv
(Fig.1). In K.S. Balanda master’s thesis, it is
suggested using mobile floating modules for
tourist services on the floating routes along
plain rivers and developed two types of recrea-
tional units for short and long stay on the tour-
ist route along the Desna River in Chernihiv
region (Fig.2). In both cases, it is suggested to
create town planning and landscape recrea-
tional aquatorial megastructure capable of
flexible reaction to the needs of visitors and
operating conditions.

Water spatial structures, such as floating
town planning and landscape recreational ob-
jects, are formed through a purposeful combi-
nation of numerous mobile buildings and
structures of various purposes. For the produc-
tion aquatorial megastructures it is feasible to
use mountable-dismountable modular units.
The application of highly productive methods
of their manufacture, implementing the logical
sequence of operations, the use of unified ele-
ments and joints allows to shorten the time of
floating structures’ elements production, min-
imize expenditures and provide the high quali-
ty of a final product.

It is necessary to strive for the most ration-
al use of space in floating town planning and
landscape recreational objects. For example,
instead of designing floating parks, one should
consider roofs and facades greening and build-
ings on pontoons.

The safe operation of floating modular
structures can be achieved through dividing
them into sealed compartments. Special atten-
tion should be paid to the basements of float-
ing structures. The use of pontoons allows
locating floating objects in areas with change-
able water level. Floating modules can be
equipped with self-retracting piles capable of
cutting into the bottom automatically. The
system of anchors can also be used.

Another important issue is the design of
constructive systems which allow to stabilize
modules on water surface and provide appro-
priate rigidity, hardness and the tightness of
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Fig.1. The project of the floating islands complex on the Dnipro River in the city of Kyiv, ;tud:r;t
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I.V. Basak, head Professor N.M. Shebek: 1 — scanning along Naberezhna Highway, 2 — master
plan, 3 — fragments of the master plan, 4 — seasonal transformation scheme, 5 — transverse street

profiles, 6 — floating modules

structure under the conditions of severe frost,
ice drift, hard wind, storms, thunders and other
extreme weather conditions.

The mechanisms of floating modules’ adap-
tation to the changes in operation conditions
through the transformation of a floating archi-
pelago’s general configuration and the changes
in separate fragments’ functions have to be
foreseen in advance. Much attention should be
paid to the programming of utilization, recy-
cling and secondary use of modules methods.
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While developing aquatorial spatial structures
one has to consider both productive and oper-
ating requirements. For instance, the minimi-
zation of separate modules’ size will allow
rationalizing the process of their transporta-
tion. The compactness of floating spatial struc-
tures’ forms will lead to the shortening of dis-
tances between their main elements and im-
prove the comfort of visitor. The maximum
use of natural lighting will result in the ex-
penditures on electricity reduction.
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Fig.2. Project of recreation modules on the tourist route along the Desna River in Chernihiv region:
a — for short stay, b — for long stay, student K.S.Balanda, heads Professor N.M. Shebek, Associate

Professor M.E. Tretiak

Floating modular structures should be char-
acterized by high resource efficiency. Build-
ings on pontoons can be organized on the prin-
ciple of a passive house, made of sustainable
and climate-resistant materials, equipped with
devices for water reuse. Installations for the
composting of household waste should func-
tion there. Meanwhile, it is necessary to make
any negative influence of artificial objects on
natural environment impossible.

The key task of designing floating modular
objects is the possibility of obtaining resources
from the external environment. First of all, it is
water resources, wind and solar energy.

Floating structures should be equipped with
rainwater collection facilities, filtration and
refinery devices for the use of freshwater or
desalination plants in the event of the place-
ment of an aquatic settlement in seas and
oceans. It is necessary to use heat pumps for
heating the floating structures. There is a pos-
sibility of integrating solar panels, portable
wind and hydropower plants into aquatorial
structures. In this case, the production of wind
and solar energy is particularly effective, since
floating islands are open to all winds and have
a large area, and solar panels on the modules’
roofs of the are not overshadowed.

Rapid technological progress has positively
influenced the development of all spheres of
human activity, including construction and
architecture. New methods of architectural and
engineering design of buildings and structures
have appeared, the quality of the final product
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has grown, and the risks of the participants in
the construction process have partially de-
creased. The negative impact of the human
factor has been reduced thanks to technologies
that minimize the likelihood of making mis-
takes in design and construction. The produc-
tivity of the construction industry has under-
gone growth due to the gradual development
of two digital technologies, namely:

 digital automation of product development
and product manipulation, including the of
use computer numerical control equipment
(CNC) and the introduction of automated
design systems (CAD);

+ digital integration of information exchange
processes in 3D models of architectural ob-
jects, or building information modeling
(BIM).

The use of the latest information technolo-
gies’ potential by developers, manufacturers
and consumers of floating town planning and
landscape recreational objects promises a sig-
nificant socio-economic effect. CNC machines
allow performing actions that are expected of
them with absolute precision. The use of CNC
at the production stage is an effective method
of manufacturing and assembling the elements
of the modules, especially in cases when it is
necessary to achieve tightness of the connec-
tions and completely eliminate errors caused
by the human factor. Building information
modeling is an efficient means of accumulat-
ing and using of a huge amount of various data
on architectural and town planning facilities at
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all stages of their existence by all interested
parties.

The building information model can be de-
scribed as a three-dimensional virtual model of
an architectural and town planning object,
supplemented with data on all stages of its life
cycle. In the process of creating such a model
the tasks of the customer, the existing standard
requirements for a specific type of buildings,
construction conditions are taken into account.
All the necessary information about building
materials, products and constructions, engi-
neering systems and security systems, and
other data, which allows the final product to be
more efficient, is entered into a model.

BIM-technologies are based on the princi-
ples of parametric modeling. Changing the
parameter of one element automatically causes
a transformation of the structure as a whole,
since, for example, the load from the changed
element will not remain the same, which will
affect the calculated model. Therefore, BIM-
technologies will allow into interconnect all
the components of each floating spatial struc-
ture in the virtual environment, regardless of
their physical location.

Thanks to the joint use of one model by all
participants of the design process, their coop-
eration becomes more comfortable and its effi-
ciency improves. Architects' productivity in-
creases, contractors can reduce construction
time and expenditures, and owners can quickly
make suggestions and comments, and get a
response in real time.

Floating modular structures may be self-
movable or transported by means of transport.
The methods of their transformation include
unplugging and connecting the modules, pro-
truding, rotation and displacement of the mod-
ule’s parts along the guides, removing the par-
titions.

The information on the logistical operations
is entered into the building information model
of any aquatic structure, which allows calcu-
lating economical effect, possible expenditures
and negative consequences efficiently and
precisely.

Another task is to develop the diagnostic
methods for the state of artificial islands and
environmental parameters. Modules must be
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equipped with temperature, moisture, oxygen,
pressure and other sensors, etc. The sensors
should be connected to the system which con-
trols and manages the processes of living envi-
ronment’s adaptation of to the environmental
parameters.

Information modeling of processes gives an
opportunity to foresee problems during the
construction and operation of objects, to real-
ize their influence on the schedule of works
and to find the best ways of correction of the
situation. The benefits of such an opportunity
are evident for mobile settlements that will
function in the oceans at considerable distanc-
es from civilization.

The high level of production automation, as
well as constant monitoring and maintenance
of the floating structures’ operational parame-
ters due to the integration of digital technolo-
gies into the physical space will reduce the
likelihood of production or management prob-
lems caused by the negligence or the lack of
competence of a specific employee.

Finally, BIM technologies can be used for
automated control of fully robotized floating
modular production complexes, the main pur-
pose of which will be the removal of plastic
waste from the water objects and its recycling
into raw materials needed for the production of
floating modules.

The operation of such structures can be im-
agined as a continuous process, which begins
with the collection, sorting, chemical and me-
chanical processing of plastic rubbish with the
aim of its purification and shredding. An in-
termediate stage in the processing of second-
ary raw materials is the manufacture of plastic
granules, from which it is possible to manufac-
ture plastic products further by pressing or
extruding them into separate final products, or
processing into fibers or using granules them-
selves as filler for a specific shipbuilding con-
crete.

The final stage of the production process
may be the manufacturing of floating modules,
equipment for them, and household items for
the residents of floating villages, advertising
products and branded goods.

The addition of recycled polyethylene ter-
ephthalate (PET), which is currently widely
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used for the production of packaging materials
and is actively polluting the environment, in
the compound of composites positively affects
the performance of the latter.

Such production does not require the im-
mediate involvement of a person, and there-
fore can be completely robotic. This approach
to production will allow creating industrial
pontoon structures that will be able to produce
new pontoons from the non-refined rubbish
with minimal use of new resources.

The introduction of BIM-technologies in
architectural and urban planning practice cre-
ates prerequisites for the development of ad-
vanced projects, the use of effective methods
of their implementation and operation. The
future of modular constructions depends large-
ly on the development of BIM-technologies.
The implementation of modern digital meth-
ods can also positively affect the spread of
town planning and landscape recreational ob-
jects made of floating modular elements.

CONCLUSIONS AND PROSPECTS OF
FURTHER RESEARCHES

The research on previous studies showed a
steady increase in the scientists’ interest in the
problems of water areas urbanization. The
number and typological diversity of objects
that successfully operate in fresh and salt-
water areas, in settlements and beyond them is
increasing every year. These are residential,
public, industrial buildings and structures, arti-
ficial recreation spaces, transport and engi-
neering structures.

Floating town planning and landscape rec-
reational objects have many common features
with mobile buildings and structures, so they
must fully meet the specific requirements that
are imposed on them.

At the same time, the constant contact with
water certain features into the processes of
their  design, manufacturing, operation,
maintenance, renovation and utilization. In
particular, the requirements for their reliabil-
ity, autonomy, compliance with the most strin-
gent environmental standards are increasing.

All this leads to the expediency of applica-
tion building information modeling advanced
technologies in the programming process of
the floating town-planning and landscape-
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recreational objects” life cycle. BIM-
technologies increase the efficiency of the pro-
cesses of creating, processing and accumulat-
ing information about floating structures; in-
crease efficiency, productivity and safety of
construction, reduce production, logistics and
operating costs, and avoid many errors at the
design and implementation stages of the de-
sign intent.

The priority development directions of the
floating  town-planning and  landscape-
recreational objects in Ukraine include the
research laboratories™ network formation that
will explore the problems and methods of nat-
ural and artificial reservoirs and watercourses
rehabilitation; additional territories creation for
mass events carrying out and inhabitants™ in
coastal settlements communication; recreation
and sanitation centers organization in condi-
tions of direct interaction with the healing pre-
cious environment.

A significant socio-economic effect will be
achieved provided an architect’s rise of crea-
tive imagination in combination with advanced
engineering developments, precise calculations
and leading informational technologies. It can
be used in various spheres of society's life due
to modest value, high quality and mass pro-
duction of modular elements, of which should
consist of floating town-planning and land-
scape-recreational objects. Reducing the "hu-
man factor" weight at each stage of such ob-
jects™ life cycle significantly increases its reli-
ability.

Autonomy, environmental friendliness and
mobility of such architecture allow it to be
used effectively in the historic urban environ-
ment, as well as in remote places of civiliza-
tion without any harm to the environment.
Significant variability of the volume-spatial
solutions of individual modules and the unlim-
ited combinatorial decisions of structures
made of them will preserve the artistic expres-
siveness of such objects.
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IIporpeccuBHBIEC TEXHOJIOTHHM TPOEKTHPOBAHUS
rpagocTPONTENbHBIX H JAHIIIAPTHO-
PeKpeanoHHbIX 00BEKTOB € MIABYYHX MO-
AYJILHBIX 3JIEMEHTOB

Haoeowcoa Llebex,
Anexcanop Onvxosey

AHHoTauusi. PaccMOoTpeHbl OCHOBHBIE HalpaB-
JICHHS MCCIEJ0BaHUM MPOOIEMBI IPalOCTPOUTEINb-
HOTO OCBOEHUSI aKBATOPHH, a TAaKKe MPOIPECCUB-
HbI€ TEHICHLIUHU IPOEKTUPOBAHUS IUIAByYUX 3J1a-
HUH H COOPY)XEHHH >KHJIOTO, OOIIECTBEHHOTO,
MPOM3BOJCTBEHHOTO M PEKPEallMOHHOTO Ha3zHaue-
nus. K mocnennum oTHeceHs! (hopMUpoBaHue 3HA-
YHUTENBHBIX 110 Pa3MEPy M CIIOKHBIX MO CTPOCHHIO
aKBAaTOPHANBHBIX MPOCTPAHCTBEHHBIX CTPYKTYp —
IUTaBYYUX TPaJOCTPOUTENBHBIX W JaHImAadTHO-
PEKpeaioHHBIX O0BEKTOB.

[Ipu3HaHO, 4YTO HCKYCCTBEHHBIC apXuIenarud
1enecoo0pasHo coOuparh W3 YHH(PHIIMPOBAHHBIX
MOJYJIbHBIX 3JIEMEHTOB, KOTOPbIE M3rOTABINBAOT-
csi OONBIIMMHM THUPAXaMH Ha HPOMBILUICHHBIX
HNPEONPUITHSIX, YTO OOYCIIAaBIMBAET HMX BBICOKOE
Ka4yecTBO NPHU OTHOCUTEIBHO HHU3KOH CTOMMOCTH.
OHHM TPaHCIIOPTUPYIOTCS K MECTaM HCIOIb30BAHUS
BOJHBIMU IYTSIMH, YTO IO3BOJISIET CYIIECTBEHHO
yIEIIEBUTh WX MEpeMEIeHHE B MPOCTpaHCTBE. B
mporecce JKCIUTyaTalud, NpH HEOOXOIMMOCTH,
IUTaByYUE CTPYKTYPBI CIIOCOOHBI U3MEHSATH (PYHK-
IUOHAILHOE HAa3HAYeHHUE, pa3Mep, KOHDUTYpaIHIO
U MECTOTOJIOKEeHHE. VX TOBpeKICHHBIE 3JIeMEHTEHI
MOTYT OBITH OBICTPO 3aMEHEHBI HOBBIMH, a HEIPH-
TOJIHBIE JUIS NATbHEHWIIero WCIONb30BaHus (par-
MEHTBI NPHUCIIOCOOICHBl Ui APYTHX LeleH Wiu
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OTIIpaBJICHbI HAa BTOPUUYHYIO NepepaboTky. [lnaBy-
Yyre MOJYNH AOJDKHBI OTBEYATh CHEHU(PUUECKUM
TpeOOBaHMSIM, TMPEIBIABISIEMBIMK  MOOMIBHBIM
30aHUAM U coopyxeHusM. Cpean HUX — TpeOoBa-
HUSI TEXHOJIOTUYHOCTH MPOU3BOACTBA, 3(dekTus-
HOCTH TPaHCIIOPTUPOBAHMSI, aBTOHOMHOCTH (DYHK-
LMOHUPOBAHUS, NPHUCIIOCOOJIEHHOCTH K 3KCTpe-
MaJbHBIM YCIOBHUSIM 3KcIutyatanuu. Kpome Toro,
pPacTyT OKUAAHHUSI OTHOCUTEJIBHO HUX HAAEKHOCTH,
9KOHOMHUYHOCTH U 3KOJIOTUYHOCTH.

Jns mporpaMMHUpOBaHUST JKU3HEHHOTO IIMKJIA
IUTaByYUX TPaJlOCTPOUTENBHBIX U JaHImAadTHO-
PEKpEallMOHHBIX OOBEKTOB IMPEATIOKEHO IpHMe-
HATH TPOTPECCHUBHBIC TEXHOJIOTUH CTPOUTEIHHO-
nHPOPMALMOHHOTO  MojenupoBaHus.  BUM-
TEXHOJIOTHH TPENCTAaBISAIOT coOol 3((deKTUBHBIE
CpeACTBa KOJJICKTUBHOTO CO3AaHUs, 00paboTKH u
HAKOIUICHUS! MH(OpPMALUU B TEUEHHE BCETO KH3-
HEHHOro IUKIa o0bekTa. X ucmonb3oBaHue Imo-
JIOKUTENBHO BIUSET Ha IOKa3aTelu ONEepaTUBHO-
CTH, IPOU3BOAUTEIHLHOCTH, CTOUMOCTH U Oe3omac-
HOCTH CTPOUTEIBCTBA, JIOTUCTUKU U 3KCIUTyaTalluu
o0bekra. Vcnonb3oBanne BIIM TexHonoruii mos-
BoysieT m30exaTh OONBIIMHCTBA OMIMOOK YyXKE€ Ha
CTaJUH MPOEKTUPOBAHUS M BHOCUTh HEOOXOUMBbIE
MIPaBKH BO BpeMs BOIUIOMIEHUs 3ambicna. [Ipun-
LIWI [apaMEeTPUYHOCTH, peanu3oBaHHbli B BUM-
cpelie, BIMSET Ha BCce pa3fielibl IPOEKTa, B OIpesie-
JICHHOW CTETIeHU T'apaHTHPYeT TOYHOCThH IIPH pas-
PpaboTKe MPOSKTHOTO PELICHHUSI.

KiroueBble cJjioBa: TMjaBy4dle MOIYJIbHBIE
AJIEMEHTHI, TPaJOCTPOUTENBHBIE U JaHImadTHO-
pEeKpeanoHHble OOBEKTBl, TEXHOJOTUH CTPOH-
TEJIbHO-MH()OPMAIIMOHHOTO MOJIETUPOBAHUSI.
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pagocTpouTenbHble acneKkTbl aPXUTEKTYPHOMN OpraHu3auum
WHHOBALMOHHbIX NapKoB

lonamanu Kasemu Jlapu

KneBcknii HauMOHanNbHbIV YHUBEPCUTET CTPOUTENLCTBA U apXUTEKTYPbI
BoagyxodnoTtckuin npocnekT 31, Knes, YkpaunHa, 03680
alikazemilari@gmail.com, orcid.org/0000-0002-4094-073X

lMony4ero 04.06.2019, npuHamo nocne npocmompa 16.06.2019
https://doi.org/10.31493/tit1909.1902

AHHOTanmMs. PaccMOTpeHBl TpaJOCTPOUTEINb-
HBIC AacIleKThl (OPMUPOBAHMS WHHOBAIIMOHHBIX
napkoB (MII). Ha ocHOoBaHMM mpOBEJCHHOTO aHa-
JIM3a TPENIOKEHbl LEHTPATN30BAHHBIC, IMABHIIb-
OHHBIE, 0JIOYHO-KOHIICHTPUPOBAHHBIC CXEMBI 00b-
€MHOr0 peleHus] B 3aBUCHUMOCTH OT KPYHMHOCTH
npeanpuatus. Takxe peKOMEHIYIOTCS KOHIEIIUU
tdhopmupoBanus U1l B cooTBeTCTBUU C TpagocTpo-
UTENBHBIMU U TOMOTPaUUECKUMH YCIOBUSMH B
BUJIE€ LEHTPUYECKOM, JMHEHHOM, CIIyTHUKOBOM,
cB00OOMHOI U KBapTaidbHOU cxeMm. [lpu aTom ompe-
JIeJIEHbl  TOKa3aTelnd pa3MEUIeHHs pa3IUYHbIX
(¢yHKIMOHANBHBIX Tpynn B coctaBe UII, a Taxxke
opranuzauus WUII no BuAy AeATEIbHOCTH B COCTa-
BE TOPOJICKON 3aCTPOMKH. YCTaHOBJIEHBI OCHOB-
HbIE METOJBl PACHOJIOKEHUS (YHKIMOHATBHBIX
30H (KOHIIEHTpAIOHHBIE W KOH(UTypaIHOHHBIEC)
¥ KOMOWHAIINH JaHHBIX MeToN0B. [Ipu 3TOM pexo-
MEHJIOBaHbI WX 00Jiee OJIarONpUATHBIC COYCTAHUS
JUIS TIPUMEHEHHUS B TPOLECCe NPOEKTHPOBAHUS
UII. Onpenenensl crnocodsl pacmumpenust UIT 3a
cu€T 3apaHee MPEIYyCMOTPEHHBIX PE3EPBHBIX Tep-
PUTOPHIA, YTO TO3BOJISIIOT TPAMOTHOE pa3BUTHE
WHHOBAIIMOHHBIX TPEANPUATAN coONfomas Mo-
JIyJIbHOM CUCTEMBI TEPPUTOPUATIEHON M KOHCTPYK-
TUBHON opraHu3anuu. lIpeayioxkeHbl KOMIIO3UIU-
OHHBIE CIIOCOOBI PEKOHCTPYKIHMU M PaCIIUpPEHHS
komiiekcoB UII gnaa co3gaHus AUHAMHYECKOH
scteTHKH. [ToMrMO TOrO, peKOMEHIOBaHbI HanOO-
Jiee palMOHAJbHBIE CXEMBl I OpraHH3alyn
BHEIIHUX W BHYTPEHHHUX TPAHCIOPTHBIX MyTEH, a
TakkKe OOBEMHO-IJIAHUPOBOYHBIE DEHICHUS IS
OCHOBHBIX (DYHKIIMOHATBHBIX OJIOKOB B MHHOBAIIU-
OHHBIX Hapkax. PaccMaTpuBaroTcs pa3Hble KiIUMa-
THUYECKHE CJIoM Topoackoil cpexe. IlpoBenensl
pEeKOMEHJallui MO Cco3JaHui0 Mukpokiumara UIT
BKJIIOUYAsl PETYJIHPOBAHME IPONOPLUN 3ENEHBIX U
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Fonamanu Kasemu Jlapu
acnupaHT kadeapbl ApXUTEKTYpP-
HOro NMPOEKTUPOBAHUS rpaxaaH-
CKUX 30aHWIN 1 COOPYXEHNI

BOJHBIX 30H, TPAMOTHOE PACIIOJIOKEHHE 10 OTHO-
LICHUIO K CEIUTEOHON 30HE, BOAHBIM pecypcaMm U
TOCHOJICTBYIOIIMM BETpaM, a TaKkKe MpaBHIbHBIC
KOH(QUTYpaluy 3[1aHUA U COOPYKEHHH MPOMBIII-
JICHHOTO XapakTepa, SBJSIOLIUXCS HCTOYHUKAMU
BpeIHBIX MOOOYHBIX TPOJYKTOB. PaccMOTpeHsI
TpeOOBaHMsI TI0 OpraHU3alK OOIECTBEHHBIX IICH-
TPOB BTOPOH (IoMa KyJNbTyp, OMOIMOTEKH, KUHO-
TeaTpsl, KIyObl, CIOPTUBHBIC LIEHTPHI U T.A.), Tpe-
TheH (My3eH, BBICTaBKH, KPYITHBIE 3PEIHIIHBIC
3aJbl, aIMHHUCTPATHBHO-XO3SICTBEHHBIE 3/IaHUS
U T.I.) ¥ YETBEPTOH CTENEHH MOCEUIaeMOCTH (Ky-
POPTEHI, 3aropoHbIe 0a3bl OTABIXa) HA TEPPUTOPUN
u 1o 6mmzoctu UIL

KiroueBble cji0Ba: MHHOBAIIMOHHOE HPEAIIPH-
STUE, WHHOBAIIMOHHBIA MapK, Hay4YHO-HCCIIE0Ba-
TEJILCKUHU LEeHTP, QYHKIMOHATBHBIE OJOKH, QyHK-
LMOHAJIbHBIE 30HBI

BBEJIEHUE

[TockoJbKy TeppHUTOpHATbHAS OTPAaHUYCH-
HOCTh BIIMSIET Ha KPYMHOCTh M BUJ apXUTEK-
TypHOTO  (DOPMHPOBAHHUS  HWHHOBAI[MOHHBIX
MIPEANPUATHI, OINpeneNeHrne CXeM OOBEMHO-
MIPOCTPAHCTBEHHOTO PEIICHUS TIOMOTaeT pa-
[IMOHAIILHO Pa3MeENIaTh JIEMEHTBl UHHOBAYU-
onnozo napka (manee UII). Takum oOGpazom, B
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COOTBETCTBUH C CYLIECTBYIOIIUMHU I'PagoCcTpo-
UTEJIbHBIMU YCJIOBUSIMH MOXKHO TIPUMEHSTH
MOAXOJSLIME  3apaHee  IPEAyCMOTPEHHbIE
CTaHJApTHBIE CXEMBI.

K rpamoctpoutensHbiM (pakTopaM ciemyer
OTHECTH 00pa3oBaHHME T'OPOACKHMX arjioMepa-
Uil Ha 6a3e KPYMHBIX TOPOJOB, KOTOPHIE SB-
JSAKOTCSI MECTaMH  KOHLIEHTPAaLMU Hay4HbIX
yupexaenui. Murerpanus UII B ropoackoi
3aCTpOilke BBIABISIETCA TAKMMM IOKa3aTess-
MU: IJIOTHOCTBIO 3aCTPONKU U TEPPUTOPHAIIb-
HOW BO3MOKHOCTBIO (ILJIOLIAJbI0 CBOOOJHOIO
yuactka aiig nocrpoenus: UII); koHuentpanu-
eil yenmoBeueckoro pecypca (yuéHble U CIELH-
QIKUCTBI); CcTeneHblo skojornunoctu UII [5,
C.70-82].

®opmupoBanue UIl ¢ nHyns, B OonbIIMH-
CTBE CJIY4aeB B KPYIHBIX MPOEKTaX IKOHOMH-
YeCKU pUCKOBaHHO. OpraHu3anus BHETOPOJ-
CKMX MHHOBALIMOHHBIX IIAPKOB OIPABJbIBAETCS
TOTJa, KOIJla B PETUOHE CYIIECTBYIOT YCIEIl-
Hble MTHHOBAIIMOHHBIE MPEIIPUATUS U TOPOAa,
y KOTOpBIX HCYEpIIaHbl BO3MOKHOCTH BHYT-
PEHHET0 pa3BUTHS, a 3alPOChl HA TEXHOJOTH-
YecKUe HOBOBBEJEHHUs Bo3pacTtaroT. OpHako,
1 (POPMUPOBAHMSI UM PACIIMPEHUS] HAYYHO-
IIPOM3BOJICTBEHHBIX LIEHTPOB B KauecTBE OC-
HOBHBIX 3JIEMEHTOB, COCTaBJISIIOIMX HHHOBA-
LIMOHHBIE NTAPKHU B FOPOJACKON cpelie U Ha rpa-
HULIE TOpoJa CIEAyeT YYUTHIBATh JaHI-
maTHBIE U CAHUTAPHO-TUTUEHUYECKHE YCII0-
BUs TEPPUTOPUHU, PE3EPBHBIE YYAaCTKU U BO3-
MO>KHOCTbh TpaHC(pOopMaluu, 00eCreYeHHOCTh
KYJIbTYpHO-OBITOBBIMH ~ OOBEKTaMH, TpaHC-
IIOPTHBIE U MHXXEHEpPHBbIE CETH. BOokpyr ropo-
0B (IIPEUMYIIECTBEHHO OousbliuX) (opMHU-
pPYIOTCSI TIPUTOPOJHBIE 30HBI — 3arOopOJHBIE
TEPPUTOPUH, HEOOXOAUMBIE ISl (YHKLIUOHU-
pOBaHMsI ¥ Pa3BUTHUSA ropoJoB. BennunHa npu-
TOPOJHBIX 30H YBEJIUYUBAETCS C POCTOM T'OPO-
JIOB U COCTAaBIIIET, KAK CBHUJIETEILCTBYET Ipa-
JOCTpOUTENbHAsT MpPAaKTHKA, IJiS TOPOAOB OT
100 o 500 Tteicsty xutenei mopsiaka 20...25
KM; 1u1st TopoAoB oT 500 Teicst 10 1 mMumo-
Ha xuteneii — 25...30 km; cBbiine 1 MUIIHOHA
xwureneir — 35...50 km [7, C.23]. Dt maino
pa3BuTHIE 30HBI OOnamaroT 6a3oBOM HH(pa-
CTPYKTYphl, TOIXOJAIIEH A pa3MeleHUs
MHHOBAIIMOHHBIX NMapkoB. Kpome Toro, ocHOB-
Hbl€ HanpaBJeHHs TUIAHUPOBOYHON OpraHu3a-
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WU TPUPOAHBIX TEPPUTOPUN BBI3BIBAET CO-
ONMIOZICHWE TPaBWJI, peau3alus KOTOPBIX
BHEPSIETCS C TIOMOIIBIO apKOJIOTHYECKUX (ap-
XUTEKTYPHO-IKOJIOTHUECKUX) KOHIICHINIA WH-
HOBallMOHHBIX napkoB. [lo cioBam Ilortaesa
[7, C.26] 5T mpaBHIa 3aKITIOYAOTCS B:

- KOHIICHTPAllMU 3aCTPOUKH Ha OTPaHUYCH-
HBIX TEPPUTOPUAX M CO3JIaHUE MPHPOJIO-
OXPaHHBIX TEPPUTOPHI C peKUMaMH 3arpe-
IICHUS, U OTPAHUYCHUS XO3SHCTBEHHOTO WC-
MOJIb30BAHMUS;

- o0ecrieueHHH TEPPUTOPUAILHONW B3aUMO-
CBSI3aHHOCTH BCEX BHJIOB IPHPOIOOXPAHHBIX
TEPPUTOPUI ITyTEM (HOPMUPOBAHHUSI JIMHEHHBIX
Y JIMHEWHO-Y3JIOBBIX MPUTOPOIHBIX TIPUPOIHO-
JaHIMA(THBIX  CTPYKTYp, TEPPUTOPHAIBHO
B3aMMOCBSI3aHHBIX C TOPOACKHMH O3€JICHEeH-
HBIMHU TEPPUTOPHSIMU;

- o0ecreyeHnH OTHOCUTEIHFHO paBHOMEp-
HOT'O pa3MEIeHUs] BOKPYT Topojia KPYIHBIX
NPUPOAHO-TAHAIIA(PTHEIX KOMIUIEKCOB, BBI-
NOJHSIOIINX PEKPEAlMOHHBIE H  MPHPOJIO-
OXpaHHbIE QYHKIINY;

- oOecrieueHre BO3MOKHOCTH TEPPUTOPH-
QJIBHOTO POCTA U Pa3BUTHUS IPUPOTOOXPAHHBIX
TEPPUTOPHUH 110 MEPE POCTa ropojia.

COOTBETCTBEHHO B MallbIX TOpOJax W Ha
nepudepun KPYIHBIX TOPOJOB M IOCEIKOB,
Omaromapss yxe oOpa3oBaBiieiics uH(pa-
CTPYKType U 0a3e OOIIECTBEHHOTO OOCIYKHU-
BaHUS C OJHON CTOPOHBI U HAIMYHIO CBOOOJ-
HBIX YYacTKOB C JpPYroi, cosjarorcs Oijaro-
npusTHbIE yciioBus s popmupoBanus UII.
OTH ycioBUS CHOCOOCTBYIOT —OpraHM3aluu
HIEpPBOOYEPETHOTO CTPOUTENBCTBA, COKpAIlle-
HUIO €r0 CTOMMOCTh U YCKOPEHHUIO CPOK ClIaun
3aHUH U COOpYXKEHUH B SKcIuTyaTauuto [14,
C.138]. HecmoTpst Ha 3TO HEOOXOUMO TIPEY-
CMOTpPETh CHOCOOBI TEPPUTOPHAIBHOTO pac-
MIMPEHUST HHHOBAIIMOHHOTO IICHTpa 3a Tpee-
JaMHd  TPOEKTHBIX TpaHull. Heobxomumo
npeaycMaTpuBaTh yIOOHBIE TPAHCIIOPTHBIC
CBSI3U C Pa3HBIX CTOPOH JJIsl TIOBBIILIEHHS CTpa-
TETMYECKOTO 3HAUYEHHS] HHHOBAIIMOHHOTO Tap-
Ka, a TaKKe B3aUMOOTHOIIEHUS C JAPYTHMMHU
WHHOBAIIMOHHBIMA W CBSI3aHHBIMH C HUMU
MPEeANPUATHIMHU.

[TockonbKy MHHOBAIIMOHHBIE TAPKH KPYTI-
HOro Macmraba BKJIIOYAIOT B ce0s MYJIbTH-
(GyHKIMOHATPHOE  3HAueHWe  (MHIYCTpHS,
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KOMMEpIHsI, KU3Hb M OTIBIX), MPAKTUICCKU
00J1a/1al0T MOJTHOLEHHOW TOpOACKON CTPYKTY-
poil. B 3TOM OTHOLIEHHH KIIFOYEBOM OTIIPAB-
HOM TOYKOH SBISETCS Hayalo JBAJALIATOTO
BeKa, Korja (paHiy3ckuil apxutrekrop ToHu
I'apube pa3paboran HOBATOPCKOE MPEAJIONKE-
HUE JUIsl TPOMBINUICHHOTO ropona. OH ObLI
YCTaHOBJIEH Ha PEryJSIPHOI OPTOrOHaIbHOU
CeTKE W BKJIIOYAJl MPUHIUIBLI (DYHKIIMOHAb-
HOro pazzaeneHust (paborta, oOIECTBEHHAs
KU3Hb U JKUJIbIE TTOMEIICHHS), a TAaKXKe CTPO-
roe paszzejieHue JABM)KEHUS aBTOTPAHCIOpTa U
nemexonoB. [Ipemnoxenue ['apabe ObUIO HO-
BAaTOPCKUM, MOCITY>KUBIIUM 00pa3loM s
0osee O3THUX Pa3pabOTOK (TaKMX KaK HOBBIE
MpUropoabl AMcTepAaMa) U BAOXHOBIISIOIIUM
Ha TBOPYECTBO MOJIEPHUCTCKOTO apXUTEKTOpa
Jle Kop6ro3be. Ha ocHOBE 3THUX OMBITOB MOX-
HO CYMMHPOBATh HJACK CTPYKTYPUPOBAHUS
ropoja, a, CieIoBaTelIbHO, MHHOBAIMOHHOTO
IapkKa KBapTaJIbHOTO M FOPOJICKOro Maciirada
clenylmuM olpa3zoMm: Heobxomumo mudde-
PEHITMPOBAThL U PA3ACIATh Pa3IMYHbIC (PYHK-
MU U PaCIpelessTh Pa3IuyHbIe dJIEMEHTHI B
MPOTOPIUAX, MPU3BAHHBIX JIOBECTH IO CO-
BEPIICHCTBA HOBBIE M YJIYYIIUTH CYIIECTBYIO-
mme ropoaa [18, C.14]. OxHako B MHPOBOM
OTBITE CYLIECTBYET ps MPOTHBOPEUUBBIX
MHEHMH y Beaymux apxutekropos. @.P. Paiir
ObLT CTOPOHHUKOM JIEHEHTPATH3AIUH U TOJ-
JEPKUBAJT PACCPEOTOUCHHYIO cxeMy (hopmu-
poBanus ropoja. [xeitn /xekobc yrBepxkaa-
€T, YTO YEeThIPE YCIOBHUM SIBISIOTCI HEOOXO-
JTUMBIMU 151 GOPMUPOBAHUS OOJIBIION TOPO-
CKOH cpensl: (a) palloHBI JOMKHBI CIYXHUTh
Oonee 4yem oOJHOW OCHOBHOW ¢yHKIMUM; (O)
KBapTaibl JOHKHBI OBITh KOPOTKUMH, (B) OHU
JOJKHBI COZIEpKaTh 3/1aHUs pa3HOro BO3pacrta
U COCTOSIHUS; U (T) IOJDKHBI OBITH IOCTATOYHO
MIOTHBIE cKormeHus monei. Kepun JlnmHu
(1960) mpenmonoxuii, YTO Tpa)kaaHe HMEIOT
00IIeI0CTYTHBIN 00pa3 CBOEro TOpojia U UTO
M300paKeHUsI TOPOJIOB MOKHO pPa3feluTh Ha
MIATh THIIOB 3JIEMEHTOB: IyTH, Kpasi, paliOHBI,
Y36l M OPHEHTUPBL. ODTH DIEMEHTHI SKOOBI
00pa3yroT CTpOUTENbHBIE OJIOKU IS apXUTEK-
TOPOB M TOpPOJACKUX au3aiiHepoB. Kpuctodep
Anexcanjap yTBep:Kaaj, 4To ropoja u, cleo-
BaTeIbHO, «TOPOA» MOTYT CUUTAThCS HU3HA-
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YaabHO HENpEeNCKa3yeMbIMH W, CJIEI0BaTEelb-
HO, He anupyembivu. [18, C.15-17].

B nowucke anpTepHaTMBON UIs BBILIEYIIO-
MSHYTBIX (rnocoduil HEOOXOIUMO OIpese-
JWTH BIAUATEIbHbIE (DaKTOPBI B (POPMUPOBAHUU
MHHOBAIlMOHHBIX NapkoB. OAHUM M3 3THX
(GakTOpOB SBISETCA JIOPOXKHASL CTPYKTYpA.
JU1i MHHOBAI[MOHHBIX MapKOB C HAJIUYHEM
KOMMEpPUYECKOI0 TPOU3BOJACTBA IPUCYTCTBUE
KEJIE3HBIX JOPOT, a TAKXKE MOPCKOI'O U PEUHO-
ro TOpTa SBISIETCS ONpPENENSIonMM (aKkTo-
poM. B Toxe Bpems HeoOXoaumo coOroaaTh
CaHUTAapHO-3allUTHbIE HOpMBI. [Ipeanpustus c
YHCTO SKOJIOTMYECKHMHU JESTEIbHOCTSIMHU I10-
MOTalOT TIOBBIIIEHUIO CAHUTAPHBIX KayeCTB
TOpPOACKON cpelbl (HampuMep, MHHOBALMOH-
HbIE TMapKd ¢ OOTAaHWYECKOW WM arpapHOi
cdepoil AeATeNbHOCTH, KOTOpBIE pacrojiara-
I0TCS Ha TEPPUTOPUSX, PEIHA3HAYECHHBIX JJIs
BbIpallluBaHus pacteHuil). Crienyer yduThl-
BaTh, YTO TPEOOBAHME K CAHUTAPHO-3ALIUTHON
30HE YBEJIMYMBAET HEOOXOJUMYIO ILIOLIA/lb
mst ctpoutensctBa HII, mostomy He peko-
MEHJIyeTCsl MX pacrojiaraTb B LIEHTpe OO0ib-
IIMX TOpPOJIOB, TaK KaK M3-3a HEXBAaTKU pe-
3€pBHBIX TEPPUTOPUI TEPsIETCS BO3MOXKHOCTh
pacivpeHus TEXHOMapKa.

Hecmotpss Ha ynoOcTtBO OaM30CTH OAHO-
POIHBIX TIPOM3BOJCTBEHHBIX OOBEKTOB, WX
KOMOWHAIMA €O 3/aHUSMM JPYTUX Ha3Hade-
HHAW COo34a€T TPYAHOCThb, Tak Kak HaydHo-
IIPOM3BOJCTBEHHBIE MPOLIECCH CO3JAI0T IIIYM,
IpsA3b U BUOpaIMK, U3-3a 4ero TpedyroTcs Ie-
pexoJHble 30HBI (TakMe Kak JaHAma(THO-
HPUPOHbIE 30HBI, TAPKOBKH U TPAHCIIOPTHBIE
30HBI). JlpyruM pelieHueM SBIISETCS pacro-
JOKEHUE MEHee OMACHBIX CYOrpymnn HaydHO-
IIPOM3BOJICTBEHHOTO0 Ha3HAa4YeHUs (Hampumep,
CKJIaJbl, OBITOBBIE U aJIMUHUCTPATUBHBIE KOP-
1yca) Ha NPUOIMKEHHBIX TEPPUTOPUSIX OTHO-
CUTEJIbHO OOBEKTOB COCETHUX (YHKIMOHATb-
HbIX 30H UII.

WUII, akTUBHBIE B MPOMBIIIJICHHBIX U CEJb-
CKOXO3SMCTBEHHBIX c(epax, IJaBHbIM 00pa-
30M 00pa3yloTcsi B Tpefenax arjioMepanuu
ropojla ¢ paccpeOTOUYEHHBIM pa3MEIICHUEM.
Hayuno-uccnedosamenvcrue obvexmol (nanee
HHO) B Takux npeanpusTUIX UMEIOT pa3any-
Hble TPHEMBI PACHOJOXKEHHUS OTHOCHUTEIHHO
MIPOU3BOJICTBEHHBIX mpennpustuil. Ecan HUO
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MPEUMYIIECTBEHHO 3aHuMaercs (yHIaMeH-
TaJbHBIMU, TEOPETUYECKUMHU BOIPOCAMH, TO-
I7la OH MOXET pa3MelIaloTCsi HE3aBUCHUMO OT
npombinuieHHOW 6a3bl. HUO, 3anumMarommecs
HETMOCPEJCTBEHHO MpoOIeMaMu MPOMBIILICH-
HOCTH Pa3MEIIAIOTC B COCTABE MPOMBIIIICH-
HOro paiioHa, JaMOO paccpeaOTOYEeHO, JHOO
KOHILIEHTpUpOBaHHO. OHAKO €cliu HCCIleJ0Ba-
Tenbekas nesrenbHocTs HUMO mpencrasisitor
MHTEpEeC I LIUPOKOTO Kpyra IMPOMBIIIIEH-
HBIX npennpusatuii, To UI1 obpasyercs Ha uH-
JUBUIYAJIbHOW TEPPUTOPUHM, HO C OrpaHHUYe-
HUEM 30HBl pa3MELICHUs B IpHAeTax LEH-
TPAJIBHOTO sJipa MPOMBIIIIEHHOTO aHCaMOJIA.
3TO CcrmocoOCTBYET COKpAIICHUE IPOJIOIKH-
TEJIbHOCTH JICJIOBBIX IMOE€3I0K M CO3JaHus
ynoOcTBa CBsA3e HAYYHOTO KOJUIEKTHBA C
MIPOM3BOJICTBEHHBIMU OJlokamMu. B ciydae,
KOI'JIa HCCJIEI0OBaHUSl HalpaBlieHbl Ha pellle-
HUE y3KMX TEXHUYECKHUX 3a7ay, 30Ha BO3MOXK-
HOTO pa3MEIIEHHs HAy4YHOI'O LIEHTpa MOKET
OrPaHUYMBATHCS PAMKAMHU IPOMBIIIJIEHHOTO
paiiona cootrBercTByrOIero mpodwist [10,
C.14-20].

CXEMbI PASMEIIEHNMA UII B COCTABE
I'OPOACKOU CTPYKTVYPbI

Komnosunmonnsie pemenus MII rmaBHbIM
o0Opa3zoMm (HOopMHPYIOTCS  Pa3HOBUAHOCTSIMU
pa3MenieHusi QyHKIIMOHAIbHBIX 30H, KOTOpbIE
B 3aBHCHMOCTH OT BUJA 3aCTPOMKU OpraHM3y-
I0TCA B paMKax OJHOIO 3JaHMsl, IIeJIOT0 KOM-
Iiekca uiu ropojka. OnpexaensroliumMu ak-
TOpaMHU B 3TOM IIPOLIECCE SBISAIOTCSA TOIOTpa-
¢uyeckue 0COOEHHOCTH, HalpaBJIEHUE Pa3BU-
Thsg U TpaHcnoptHele cetd. g UII B Bune
3/1aHUsl PEKOMEHIYeTCsl IPUMEHEHUE COOPHBIX
0JIOKOB M MHOTO()YHKIIMOHAJIBHOTO pELICHUs
nomenieHuit. O1HaKo0, OCHOBHOM 3aaueit rpa-
JOCTPOUTENBHOIO IUIAHA SBIIETCS pa3Melle-
HUE KPYIHBIX KOMILJIEKCOB B COCTaBE IOpOJI-
CKOH cTpykTyphl. Ha 3TOM OCHOBaHMM pEKoO-
MEHAYIOTCA  CJENyIOIIHe KOMITO3ULMOHHbIE
pemenust (Puc.1):

- IIEHTpUYecKass — caMo€ KOMIIaKTHOE pe-
LIEHWE JJI NPUMEHEHMSI B MAJBIX U CPEAHMX
TEXHOIapKax, MPH TEPPUTOPUATILHOM OTpaHu-
YEHUH;
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- JMHEWHAs cXeMa SIBJISIETCA CaMOM paruo-
HaJIBHOH, IMO3BOJIAET CIIEAOBATh KOHKPETHBIM
MOJYJIBHBIM U KOHCTPYKTHBHBIM CHCTEMaM.
OnHako (yHKIMOHANBHBIE OJIOKM Iapka Mo-
IyT CaMOCTOSITEIIBHO PAa3BUBATHCS II0 CBOUM
JUHENWHBIM HaIpaBJIEHUSAM U MOTyT 00pa3o-
BaTbCs IOJIYJIMHEMHASA-TIOJIypadalbHAs CXe-
MBI,

- panuanbHas cxeMma, IpU KOTOPOW pa3BH-
THE TEXHONApPKa UAET MO0 Pa3IU4HbIM HAIlpaB-
neHusM. Peanusyercs npu OTCyTCTBUU TEPPHU-
TOPUAIbHON OrPAaHUYEHHOCTM W pa3BUTHE
IIPOUCXOAUT IIOCTEIIEHHO BOKPYI Ba)XHOT'O
HAy4YHOTO MJIM MHHOBAllMOHHOIO LIEHTPA;

- cBoOO/IHAs cxema, KOTOpas COBEPILEHHO
CIIOHTaHHAasl U POXKIAETCS B PETUOHAX C BBICO-
kuM nioteHimanom ¢opmuposanus UIL. [pu-
YUHOH SIBJIAIOTCS TEeppUTOpHAalbHBbIE, MH(ppa-
CTPYKTYpHBIE, TONOrpauyeckre U SKOHOMHU-
YECKUE OIPaHUYCHUS;

- KBapTajpHasi cxema (OpMHUpYETCS Ha He
3aCTPOCHHBIX TEPPUTOPUSAX B OTCYTCTBUU
CIIO)KHOTO penbeda U TEPPUTOPHUATHHBIX
orpanuueHuil. Takas cuTyanus Ja€T BO3MOX-
HOCTb CTPYKTYPUPOBAHHOW KOMIIO3ULIUH.

C nenpr0 panMoHaIBHOIO CTPYKTYPHpOBa-
Hus UII cnenyer oOpamarh BHUMaHHE Ha OC-
HOBY uX mnpoucxoxzacHud. UIl npeumyine-
cTBeHHO (dopmupytorcsi Ha 0aze BY3oB u
npoMbinuieHHbIx ceteit [4, C.64]. Jns WII,
(hopMUPYIOLIUXCSI HA OCHOBE MPOMBIIITICHHBIX
NPEIIPUITHA PEKOMEHIYETCs JUHEMHAs cXe-
Ma, TaK KaK IPOU3BOJACTBEHHBIE MPOLECCH U
TEPPUTOPUAIBHOE PA3BUTHE MOJOOHBIX O00B-
€KTOB HE JIOJDKHBI CTAJIKMBAThCS C OTBETBIIE-
HHUEM U KPUBM3HOM IyTH. B 3aBHCUMOCTH OT
TEPPUTOPUANIBHBIX BO3MOYKHOCTEH  ClEAyeT
BECTH HECKOJIBKO NapaJUIeIbHBIX JIMHUM 10
OJTHOMY HANpaBJICHUIO, YTOOBI pPa3JEIUTh
IIPOU3BOJCTBEHHBIE M  HCCIEN0BATEIbCKUE
nporneccel. Ecnmu UIT ¢opmupyercs Ha Gasze
BY30B um Axkaznemropogka peKOMEHIyeTCs
KBapTaJlbHOE peIIeHHe, 4YTO CHOCOOCTBYET
Pa3MEIIeHUIO OJHOPOIHBIX OOBEKTOB B OT-
JIENIbHBIX KBapTajax, a TaKXKe OpraHu3alun
CBSA3aHHBIX JIPYT C IPYTrOM 3JaHUN B COCETHUX
KBapTanax. Mcxoas U3 3THX ke cooOpaxKeHun
cBOOO/HAS U pajualibHas CXEMbl HE PEeKOMEH-
ayrorcs.  lleHTpudeckoe pelieHue Cienyer
NPUMEHUTh Uil ManbiXx W cpegnux HUII
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A. HEHTPUYECKAS — CAMOE KOMIIAKTHOE PEIIEHME JUJISI IIPUMEHEHHS B MAJIBIX H
CPEJIHUX TEXHOIIAPKAX, IIPH TEPPUTOPHAJIbHOM OTPAHHYEHHUH

CAHUTAPHO-3AWUTHAA
30HA

XO3ANCTBEHHASA
W PEKPEAUUOHHAS 30HA

O3ENEHEHUE

BOAHARA 30HA

TEXHUYECKASA 30HA

PESEPBHbBIE
TEPPUTOPUM

MPEAEN NPEANPUATURA

= _’_Z‘ HAMPABNEHUE PA3BUTUSA

********* JKCNAUKAUUA
1) UEHTp ynpasnexHus u
------- aAMUHUCTPaUUA
2) RenoBou LeHTp
3) KyNbTypHO-peKpeaLUoHHbI
UeHTp

4) Hay4Ho-uccneoBaTeNbCKU
J) UeHTp

5) npoussoacTeeHHan 6asa
6) Xunas sacTpouka
» 7) UCTOPUYECKUI LIEHTP
8) TenebawHs
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PAIIMOHAJIBHOM, ITO3BOJSIET CJIEJIOBATH
KOHKPETHBIM MOJAYIJIbHBIM H
KOHCTPYKTHUBHBIM CHCTEMAM.

Puc.1 (rauano). Ilpeanoxenus mo rpagocTpouTeNbHBIM cxeMaM hopmuposanus MUI1
Fig. 1 (beginning). Propositions of urban planning schemes for the IE’s formation

TOPOJICKOTO THIIA, TJIe pa3BUTa CHCTEMa yCIyT
u UHQPACTPYKTYypa, a TakxkKe H3-3a TUIOTHON
3aCTPOMKH M BBICOKOW CTOMMOCTH 3€MJIM HE
1enecooOpa3Hbpl  JIMHEHHAsT W KBapTajabHas
CXEMBI.

[MPUHIIUIT OPTAHU3AIINN
OYHKIMNOHAJIbHBIX 30H
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ITpoektupoBanne UII, kak CI0XKHOTO MHO-
ro()yHKIIMOHAJILHOTO O0BEKTa, PEKOMEHIYET-
cs BectH 1o 3 atamam. [lepBriii aTam — ompe-
neneHrue (YHKIIMOHANBHBIX 30H (nanee D3),
BTOpOi — ompeneneHue snemeHToB d3, Tpe-
TUWA — BBISIBJIEHUE 3aCTPOCHHBIX M HE3aCTPO-
€HHBIX YYacTKOB (Ta30HbI, CHOPTIUIOMIAIKH,
ABTOCTOSTHKHU U TIP.).
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B.CIIYTHHKOBOE PEMEHHE - ®OPMHPYETCSA
KOI'JIA 2JIEMEHTHI TEXHOIIAPKA OBPA3VIOTCH
BOKPYT KPYIIHOI'O HHHOBAIITHOHHOT'O LIEHTPA,
IIPOMBIIIJIEHHON BA3bI HIH BOJIBIIOH

JI.LKBAPTAJIBHOE PEIIEHHE -BCTPEYAETCS B TEXHOIIOJIHCAX
H KPYIIHBIX KOMIIIEKCAX, KOTOPBIE COOPMHUPOBAJIUCH

HA HE3ACTPOEHHBIX TEPPUTOPHAX.
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I. CBOBOJIHOE PEHIEHHME - CO3JIAETCS M3-3A
CJIOXXHOTO TONOTPA®UYECKOTO COCTOSHHUS
HIH CYIECTBYIOIEH! TOPOJICKOH
CTPYKTYPHI, KOTOPBIE OrPAHUYMUBAIOT
TEPPUTOPUAJIbHBIE BO3MOXHOCTH

CAHUTAPHO-3AWUTHARA
HA

XO3ANCTBEHHAR
W PEKPEALIMOHHAR 30HA

—
BO[IHAS 3OHA
—
—,  TEXHUYECKAR 3OHA
PESEPBHBIE
— TEPPUTOPUM

MNPEAEN NPEANPUATUAR ~— — ~ — —~

XA

O3ENEHEHME m

Y

HANPABNEHUE PA3BUTURA —

JKCNAUKAUUA

1) UEHTP ynpaeneHus 1 aAMUHUCTPaLUA
2) penoBoi LUeHTp

3) KyNbTYpHO-peKpeayuoHHbIA UEHTP

4) Hay4HO-UcCNeAoBaTENbCKUA LUEHTP
5) npouseoacTBeHHas 6asa

6) xunas 3acTpoika

7) UCTOPUYECKUIA LEeHTP

8) TenebawHs

Puc.1 (oxonuanwue). [IpeioxkeHust o rpagocTpouTeNIbHbIM cxeMaM hopmuposanus UIT
Fig. 1 (completion). Propositions of urban planning schemes for the IE’s formation

30HHpPOBAaHWE  COCTOUT W3  HAy4YHO-
MIPOU3BOJICTBEHHOM; CEMUTEOHOI; OQHUCHOI;
KOMMYHaJIbHO-CKJIAJICKOW; BHEIIHEr0 TpaHC-
MopTa; W CaHWTApHO-3aIMUTHOW 30HBI [10,
C.51]. ®dyukumonampHOe 30HHpoBanue MWII
dbopMuUpyIOTCS TIO CIEIYIOIIMM OCOOCHHO-
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CTSIM: B3aUMHOTO DPACIIOJIOKEHHS DJIEMEHTOB;
pa3BuTHs (IIPOrpecc U PErpeccuu); TpaHC-
dbopmarum.

IlepBass 0cOOEHHOCTH HOCHT MPOCTpaH-
CTBEHHBIN XapaKTep, a BTOPAst U TPEThs CBA3a-
HBI co BpemeHneM. AkueHT UII Ha pazpaboTky
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HOBBIX TEXHOJIOTHI (HOBOBBEICHMI) SABISIETCS
MPUYMHON MOCTOSIHHOTO M3MEHEHHUs, TaK Kak
TEXHOJIOTHSI TpeOyeT HOBOTO 00OPYAOBaHUS U
HOBOM OpraHu3aluy MPOCTPaHCTBA. ITO
00JIbIIIe BCETro BIMSICT HA (POPMUPOBAHUE dIIe-
MEHTOB Hay4YHO-UCCIIEJIOBATEILCKUX U MPOU3-
BOJICTBEHHBIX KJIACTEPOB, YUUTHIBASI PA3BUTHE
TEXHOJIOTUU M H3MEHEHHE MPOIIECCOB IMPOU3-
BojcTBa. OOmee passutue UII Biauser u Ha
Ipyrue KiacTepbl, YTO MHPUBOJUT K CMEHE
cdepbl AeSITeTbHOCTH, WIH MPOCTO OJIUH 00b-
eKT 3aMeHsieTcs ApyruM. Takxke oOBeKThl OJI-
HOTO KJIacTepa MOTYT PEKOHCTPYHPOBATHCS
JUIS KCIUTyaTalluu B KayecTBe OOBEKTOB JPy-
roro kiacrepa. Takum oOpa3oMm ¢yHKIHO-
HaJIbHOE 30HHMPOBAHME HAXOJUTCS IOJ BIHUS-
HUEM TEPPUTOPUATBHBIX, TEXHUYECKUX U TEX-
HOJIOTUYECKUX OCOOEHHOCTEH, a TaKxke IMep-
cnekTuBHOro passurusa UII.

Bsaumnoe pacnonoxenue O3 onpenenser-
cs TororpadgpuuecKuMu, KOH(UTYpamOHHBIMA
U CTPATETUYECKHUMH OCOOCHHOCTSIMU y4acTKa,
a TaK)Ke XapaKTePUCTUKAMHU COCEIHUX OOBEK-
ToB. Pa3zButue monapaszymeBaer raba-

[ToaToMy mpu BBIOOpE TIAHHPOBOYHOTO pe-
IIEHUS CIEAYeT UX YIUTHIBATh B COOTBETCTBUHU
C 1IEJIbIO TTPOEKTA.

[IpononsHOE pa3BuTHE YI0O0HOE ISl paB-
HOMEPHOTO pAacIpeleleHUs] TPaHCIOPTHBIX
CBsI3€ll ¥ OBYDKEHUS BIOJIL OMHOU ocu. Taxkxke
JUISL PacIIMPEHHs] MOXHO JO00aBUTH Iapa-
JIeJIbHBIC JIMHUW, COCTOSIIHE H3 CaMOCTO-
TeNbHBIX ONoKOB. OJHAKO, HEPABHOMEPHBIN
poct @3 menraet coOM0ICHUIO PABHOMEPHOTO
pa3BUTHUS KOMIUIEKCOB B paMKaxX MPSMOJIH-
HEWHOTro HarpaBjeHus. Takum o0Opa3oMm B
npouecce pacmmpenus HII, npononbHyro
CXeMy TMpeaJiaraeTcsi MPUMEHSATh JUIsl Pacrio-
JIOKEHUS 3aHUs C OoJiee CTAOWIILHBIM IIPO-
1eccoM pasBuTus (0pHCHBIC M 00IIE COLUAIb-
HbIe). /{15 pacnonokeHus 31aHUl ¢ HEPABHO-
MEpPHBIM TEMIIOM Pa3BUTHS (IIPOU3BOJICTBEH-
HBIE U HAYYHO-HCCIIEOBATEIIbCKNE) PEKOMEH-
JyeTcsl IPUMEHEHUE MOTYIbHOTO PEIICHHUS.

entpanu3zoBanHoe perieHue obecreunBa-
€T yHOOHYI0 CBSI3b Pa3HBIX KOMIIOHEHTOB C
TJIABHBIM SIPOM CTPYKTYPHI (B JTAaHHOM CiTydae

1no
puThl 000OpymOBaHUS U HX Tpelye-

KOHIEHTPAIIMH

KOHLEHTPH- EJIOYHOE PACCPE/IOTOYEHHOE

MbIe paboure IUIOMIAIKHA Mepea HH-

1o
KOH®HUT'YPALIHH

POBAHHOE

MU, HWHQPACTPYKTYpY, MOACOOHBIC
IUIONIAJKH, IOMEIIEHUS, 3JaHUs H
COOPY)KCHHSI, OpPTaHHM3AII0 BHYT-
PCHHUX M BHEIIHHUX JIOPOXKHBIX CBS-
3ei, OIM30CTh M OTHAJIEHHOCTL OT

MMPOJIOJIBHOE

Apyrux OOBEKTOB IO CaHUTApHO-
3aIIUTHBIM M TEXHUYECKUM IIPaBH-
naM. IlepcnektuBHoe passutue MII
B CBOIO ouepelb TpeOyeT 3amacHbIX
MJIOMIAI0OK ¥ CIIOCOOOB pa3BUTHUS B

I'PEBEHBYATOE

OTHOIICHUU C 3TUMH TUTOMIAIKAMH.

®3 moryTt pacnosiararbcsi pa3Hbl-
MU crocobamu. OpHAKO BCE OTHU
CIOCOOBI MTPOUCXOAT U3 COUYETAHUS
JBYX TPYyNI KOMOWHAIIMH: 3aBUCSH-

HEHTPAJIbHOE

B0 O

B0
BD BE fiw

mHe OT KOH(HUTYpaluu; 3aBUCSIINE
oT  KoHHeHTpammu (puc.2). B
IIEPBYI0 TPYHIy BXOIAT MOPOAOIb- TeOM
HOe, Trpe0deHyaToe WU IEHTPAIU30-
BaHHOE, a BTOpas Tpymmna BKIOYAET
B ce0sl KOHIIEHTpHUPOBaHHOE, OJ104-
HO€ M PAaCcCPeIOTOYCHHOE Pa3BUTHE.
Kaxnoe u3 3TUX pelieHud umeer
CBOW TIPEUMYIIECTBA W HEIOCTATKH.
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KOMMYHHKAIIH-
OHHASI 30HA

30HA HHHOBAIL % HAYUHAS 7/
D OUPM I YIIPABJI 30HA /j
£ 30HA OBLIETO VUEBHASI
OBCIIYIKHBAHS D 30HA .

Puc.2. TIpuémsbl opranmzanuu GpyHKIIMOHATBHBIX 30H
Ha Teppuropun NI
Fig. 2. Methods for organizing functional zones in the IE
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¢ uenrpom ympasieHusi Bceit UII). C Touku
3peHusi IUIAHHPOBOYHOHM I1€JIeCO00pa3HOCTH
3TO pElIEHHE FapMOHUYHO CIIEyEeT UepapXuu
®d3, T.6. C IEHTpa K CTOpOHaM U oOpa3yer
CIyTHUKOBYIO cxeMy. Hemocratok 3toil cxe-
MBI 3akitouaercss B pasButuu UII mo Bcem
HaIlpaBJICHUSAM, YTO MOXET BECTH K XaOTHY-
HOM m1aHupoBke. KpoMe Toro, B ieHTpaIbHOM
30HE OrpaHMYEHAa BO3MOYKHOCTb PACIIUPEHUS,
a 1o 3TOW NpUYMHE NPUAETCA HA PAHHUX 3Ta-
Max MPOEKTUPOBAHUS OPraHU30BBIBATH CIICIIH-
aIbHYIO0 pe3epBHYIO 30HY. Jlpyras mpoOiema
LIEHTPAJIN30BaHHOW CUCTEMBI — 3TO Hapyllie-
HUE TUIOTHOCTH TPAHCHOPTHBIX JIOPOT B MEPHU-
depwuitapix 30Hax. TakuM o0Opa3oM 3Ta cxema
HE PEeKOMEHIyeTCsl.

I'peGeruaToe pa3BUTHE SBISICTCS KOMOWHA-
[Mel Mmpeaplaymux cxem. B aTom ciydae oc-
HOBHOE pa3Butue @3 co3maércs mpu MoMoIU
MIPOJIOJILHOM CXEMBI, a BOKPYT OCH Pa3BUTHUS
(hOopMHUPYIOTCS JTOKATBHBIE TICHTPATH30BAaHHBIC
MYHKTBL. DTy CX€My MOXXHO NPUHUMATh Kak
ATBTEPHATUBOU JIJIs1 TPEABLAYIIUX.

B konuentpupoBanHoM pemienuu, O3 pac-
MOJIAraloTCsi B MUHUMAJBHBIX HEO0OXOIMMBIX
paccrosiHusAxX apyr ot apyra. Kpome Toro,
KpPBITBIE W OTKPBITBIX MPOCTPAHCTBA Oojee
npubmk€HHble. Takoe  TeppuUTOpUaIbHOE

pacnpenenenne o0ecrneynBaeT yaoO0CTBO CBsI-
3eil MeXay OTIENIbHBIMHU 3JaHUSIMH U COOPY-
KEHUSIMU Ha BCEX 3Tallax pa3BUTHSL, M1O3BOJIS-
€T KOHIIEHTPUPOBAHHO PAa3MECTUTH 3JaHUS U
COOPYKEHMSI C OJHOPOJHBIMM CaHUTapHO-
TUTUEHUYECKUMH XapaKTePUCTHKAMU U CO-
KpalaTh pa3Mepbl HEOOXOIMMOTIO CAaHUTAPHO-
ro paspbiBa MEXIy HCTOYHMKAMHU BPEIHBIX
BbIICJICHUI U CETUTEOHBIMU TEPPUTOPUSMHU.

B paccpenorouennom pemenun, @3 pac-
NpEeACIATC 10 Bced Teppuropuu. Takue
30HBI MPEACTABISAIOT COO0M CKOIUIEHUE TIOXO
CBSI3aHHBIX MEXAYy Cco00i TMoapa3aeIeHHi,
pa3MelieHre KOTOPbIX HOCUT CIydalHBIH Xa-
paxrep.

brnounoe pemenue npencraBisier coboit
OTIeNbHBIC TPYNIbl (HYHKIIMOHAIBHBIX 30H C
CaMOCTOSITENIbHBIMA (DYHKIIMOHATBHBIMU TIPO-
neccamu. [1oCKONbKY CTPYKTYpHUpOBaHHUE Tep-
PUTOPHUH C TIOMOIIIBIO 3TOTO PelIeHusi odecre-
YUBAETCS JIy4lle, YeM IMPEAbIAYIINE, IPEUMY-
IIECTBEHHO PEKOMEHYeTCsl.

Coueranue MeTo10B pacnonoxenus O3 no
KOHIEHTPAllUM M KOMOHMHAIIMKM OTMpeenseT
tepputopuanbHbiil xapakrep MUII. Takum 006-
pa3oM MOXKHO MEPEUYUCTUTh TAaKUE COYETAHUS
KaK JINHEHHO-KOHLEHTPUPOBAHHOE, IMPOJI0JIb-
HO-0J1049HOE, OJI0YHO-TpedeHYaToe, eHTPaIb-
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TEPPUTOPUANBHOMO  PaCLMPeHuns
paclmpeHus 30aHUA

A. PaclumpeHnue ogHOro 3aaHus B pesynbraTe paclumpeHus Apyroro
B. YMeHbleHe 0gHOro 3gaHusa B pedynbTarte pacluMpeHus aopyroro
B. MpucyTcTBre NPOMEXYTOUHbIX 3anacHbIX TEPPUTOPUI U (YHKUMOHAMNBHbLIX 30H

Puc.3. Bugs! Teppuropuansaoro pacmmpenns U 3a cuér pesepBHBIX 30H
Fig. 3. Types of territorial expansion of IE by using reserve zones
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ApxiTexkTypa Ta OygiBHUIITBO

HO O5ouHOe U T.1. ONTUMAILHBIMH PEKOMEH-
nyembiMu couetanusiMu O3 g UIT sapnsitores
KOHIIEHTPUPOBAHHO- ¥ OJOYHO-TIPOJOIBHBIC,
U TpedeHYaThie, MPU KOTOPHIX MOAICPKUBACT-
Csl LEJICHANPABICHHOE U CTPYKTYPHOE pa3BU-
tue npeanpustus (Puc.2).

@yukuuoHanbHble 30HbI W11 pacmmpstores
3a CYET pPE3EPBHBIX YYACTKOB. DTH YYaCTKH
CIIy’aT B KaueCTBE IUIONIAJIOK JIJII MaHEBpHU-
pOBaHUSA W WX MOXKHO TOJpa3JeiIuTh Ha CBO-
Oonuble M 3aBucsamue. CBOOOIHEBIC 3alacHEBIC
30HBI HAXOATCS BHE HAMPAaBICHUS OCH pac-
IIUPEHUsT OOBEKTOB TEXHOMApKa M Ha HUX
MOXXHO TIOCTPOHUTHh HOBBIE OOBEKTHI. 3aBHUCS-
IIUMH  SIBJISIIOTCS ~ 30HBI, KOTOpBIE

HbIX ytei (Puc.4):

- BETOYHBIH, IJie JOpora MOJXOJUT K TeX-
HOMApKy M TaM K€ HalpaBJICHUE JIBUKCHUS
MEHSIETCS. B OOpaTHYIO CTOPOHY. OTOT THII
PEKOMEHIyeTCsl 111 IPUMEHEHUS Ha MECTHO-
CTH CO CJIOXHBIM penbedom, a Taxke st TC,
NeSATEIbHOCTh KOTOPBIX TPEOYET CEKPETHOCTH;

- OeperoBoi, KOTOPBIA pa3BUBACTCS BJOJb
MarucTpajeidl WM pacrojlaraercs INepreHIn-
KYJISIPHO K HUM;

- OCTPOBHOHM THIN Ipejylaraercs pacroJa-
raTh C IByX CTOPOH TEPPUTOPUHU, OKPYKEHHOU
JIOpOramMu, KOTOpPbIE Pa3BUBAIOTCA B MPOTHUBO-
NMoJoXHBIX HampaBieHusx. Ilockonbky TC

OKpPYXaroT 0OBEKTHI U Jal0T CBOOOAY
JCHCTBHS B IJIaHE BHICTYIIA U OTCTyIA
cymecTByromux 3aanuil.  Craepyer
OTMETUTh YTO pACHIMPEHUE OJHOMN
(YHKIIMOHATIBHOW 30HBI MOKET BIIU-
ATh Ha Apyryro. Hanpumep, pacmmupe-

BHEIIHHUE

BETOYHAA KONbLIEBAA OCTPOBHAA

HHEC 30HBI 6H3HGC'I/IHKY6aTOpOB HECET

3a co00#l pacuIMpeHne 30HbI COLUATb-
HOTO OOCTYXXHBaHUsS, B TO BPeMsl KaK
MOXET CTaThb IPUYMHOW COKPAILEHUS
cenuTeOHOM 30HBI. J[JIs1 TIOBBINICHUS
3¢ (HEeKTHBHOCTH TIpoIecca paclInupe-
HUS  HEOOXOIMMO  TPEAYCMOTPETh
MIPOMEKYTOUHBIC PE3EPBHBIE TEPPH-
TOpUU  MEXKIY (DYHKIIMOHAIBHBIMU
3onamu (Puc.3).

JUODOEPEHIIMALIMA BHEIIIHUX
1 BHYTPEHHUX TPAHCIIOPT-
HBIX ITYTEHN

BHYTPEHHHUE

HuddepeHumanuss TpaHCHOPTHBIX
MyTel Urpaer ocodyro poJib sl KOM-
¢dopTHOCTH U 3 (HEKTUBHOCTH MPOUC-
XOJSIIUX TPOIECCOB (OpraHM3aIuUs
IPY30IIOTOKOB M  aBTOMOOMJIBHOTO
nBoKeHUs ). OpraHu3anys BHEITHHX
TPAHCHOPTHBIX MyTEl BO MHOTOM 3a-
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BHCHT OT Tomorpaduu TEpPUTOPHH,
CYILECTBYIOIIMUX TPAHCIIOPTHBIX Maru-
cTpasied W TpeOOBaHWM CAaHUTAPHBIX
HOPM.

Ha ocHoBanum mpoBEACHHBIX aHa-
JIM30B BBISIBJICHBI CIEAYIOIINE THUIIBI
OpraHu3aly BHEITHUX TPAHCIOPT-
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Puc.4. luddepennmanys BHENIHUX U BHYTPEHHUX TPaHC-

NOPTHBIX myTel Ha Tepputopun UII (o [6] B unTEp-
MpeTaluy aBTopa)

Fig.4. Differentiation of external and internal transport roads

on the territory of the IE. (According [6] interpreted
by the author
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ApxiTexTypa Ta OyZiBHMUIITBO

TakuM 00pa3oM OTPaHUYMBACTCS JABYMS IOJIO-
caMH, OHa MOXET pa3BUBATbCA B JIBYX
HaHpaBJICHI/ISIX;

- kosbueBoil tun TC okpyxkaercs co Bcex
CTOPOH aBTOJIOPOraMH, KOTOpBIE CO3/IAl0T
KOJIBLIO BOKPYT HErO, a BbE3/] U BbIE3]l OpTraHU-
3yIOTCsl C Pa3HbIX CTOPOH. Takoyi Tum npume-
HSIETCSL MPU TEPPUTOPUAIBHOM OTPAHUYCHUU
penbedoM WM PagHaIbHOM PA3BUTHH IYTEM
no0aBlieHUs] HOBBIX KoJjer. KapmaHHBIN THI
ABJISICTCA COKpaH_[éHHBIM BapI/IaHTOM KOJIbIIC-
BOTO.

yJajaeHsl APYT OT JIpyra, a UHOT1a ABM)KEHUE B
STOM THUIIE OPraHU3yeTCs BOKPYr KOMILIEKCa
WIN TPYIIBI 34aHUN 0€3 BHYTPEHHETO JIOCTY-
na;

- JIMHEWHas IUIAHUPOBKA IPUMEHSAETCS JUIS
OTJICJICHUST TPAHCIOPTHOM 30HBI OT JPYTUX
30H.

OBFBEMHO-TIPOCTPAHCTBEHHAS
CTPYKTYPA KOMIUIEKCHBIX HMII

[TockonpKy BHELIHOCTh 3/1aHHMI BIIMSET Ha
IPajOCTPOUTEIBHBIA OOJNMK B 3TOM pasiele

Opranuzanus  JBWXKEHHUS  BHYTPEHHHX
TPAHCIOPTHBIX MyTEeH JOJIKHA
COOTBETCTBOBATh  IMPUHATOMY

pexumy paboTel U obecreyu-
BaTh OCCIPENSTCTBEHHOE [IBH-
KCHUE TPYKCHBIX U TOPOKHUX
COCTaBOB, MaKCHUMAaJbHYIO, HO
0e30IacHyl0 CKOpPOCTb M IOJI-
HOE HCIIOJIb30BaHUE IMOJIBUKHO-
ro cocraBa. [lapamnensHo c
pacIIupeHreM CeIUTEOHBIX 30H
TEXHOIIOJIMCOB WHTCHCUBHOCTh
MaCCAXKUPOIIOTOKOB MEXKIY HKH-
JbEM W TIPOU3BOJCTBOM IOBBI-
raercsl.

Jlnsi opraHu3aluy BHYTPEH-
HETr0 aBTOMOOMIIBLHOTO IBHKE-
HUS PEKOMEHJIYIOTCSl Cleaylo-
IIME JIAHUPOBOYHBIC PEIICHHS:

- TYIHUKOBOE, KOTOpOE cle-
JAyeT MPUMEHATH JJISI KOMIIaKT-
HBIX TPEANPUITHN, a TAKXKE IS
obecrieyeHns: JOCTYIMHOCTH K
KOMITAKTHOMY OTJIEJIHO CTOS-
IeMy 3[aHUI0, K KOMIUIEKCY C
BBICOKOUM CTEMEHBIO CEKPETHO-
CTH,

- KOJIBLIEBOE, KOTOPOE CO3/1a-
€T mpoe3a dyepe3 HeoOXOAUMBIE
BHYTPCHHUE YYaCTKH M TpUMe-
HSETCS JUIS TPAaHCIOPTUPOBKH
moAel u rpy3oB. B aToM Tune,
KaK M B MPEIBIAYIIEM BBE3] U

's"\ o

TIABM/IDOHHOE pelleHne
crieguaandannmn (l)yHKLU/IOHaJ'IbeIX
30H B KOMIIVIEKCHBIX TEXHOIIapKax

1. anMHHHCTpaTHBHO-yNpaBieH4eckuii 00k; 2. nHKybaTopbl OM3Heca; 3. BHICTABOYHEIE,
kon(j)epeﬂu W AE€MOHCTPALHOHHBIC 3aJ1bl; 4. Tex. chnymmamm; 5. HAY4YHO-TNIPOU3BOACTBE-
HHBIIT 0710K; 6. 010K BPEMEHHOro MpuObIBAHNS; 7. PeKpealiOHHas 30Ha

KOMITAaKTHOE€ penIeHe 111 rOpOoACKIX
TEXHOITApKOB

6mouyHoe peuienne ¢
TIIPYMEHEHVIEM ITPUXO/J0B
JUIA TOPOJICKMX TEXHOIIAPKOB

~ R 3

BBIE3/I HAXOMATCS B OJHOM Me-
cTe;

- Il-o06pa3Has 1IaHUPOBKA
Mo00Ha KOJBIIEBOW, HO OTJIH-
9aeTcsl TEM, UTO BBIE3/I U BBE3]
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Puc.5. O0bEMmHBIE peleHns] THHOBALMOHHBIX MAPKOB C yYETOM
TEPPUTOPHAIIBHBIX 0COOEHHOCTEH

Fig. 5. Volumetric solutions of Innovation Parks with regard to ter-
ritorial features



ApxiTekTypa Ta OydiBHMIITBO

paccMaTpuBaeM 00BEMHO-TIPOCTPAHCTBEHHYIO
cTpykTypy KomiuiekcHeix UII. IIpu mpoekTtu-
poBanuu NIl HEOOXOIUMO yYUTHIBATH TEXHU-
YECKUE W ICTETHYECKUE MapaMeTphl, COCTaB-
JSI0MKE yOOOHYIO CBS3b MEXAYy (QYHKIHO-
HaJbHBIMU 30HAMHM W OpPraHM3alUu IOCIEN0-
BaTEIbHOCTU IpocTpaHcTB. Ha 3TOM ocHOBa-
HUM TPEUIaraloTcsi TaKWe I[UIAHUPOBOYHbIE
CXEMBI: LIEHTPAJM30BaHHbIE, MaBWJIbOHHBIE,
0J109HO-KOHIIEHTpUpoBaHHbIe (Puc.5).

B neHTpann3oBaHHOM pElIEHUH BCE IPO-
CTpPAaHCTBAa KOMIIAKTHO COOpaHbl B OJHOM
OO0JIBIIOM 37JaHUU. BaskHBIM 3JIEMEHTOM 3TOTO
pelieHus aBisgeTcs QyHKIHOHAIBHOE 30HUPO-
BaHUE, KOTOPOE MOKHO BECTH T'OPU30HTAIBHO
(kak, HampuMep, B MIPOU3BOJICTBEHHBIX 3/1aHU-
SX), BEPTUKAIBHO (KAaK, B COBMECTHOM pa3Me-
IIEHUH WHKyOaTtopa Ou3Heca, YIpaBIICHUU U
aJIMUHUCTpAIMY, Y4EOHBIX M JaOOpaTOPHBIX
MOMEIIEHUN B OJHOM 3/aHUU) WM KOMOWHU-
poBaTh 10 BEPTUKAJIU U TOPU30HTAIIH.

KomnakTHoe penieHue aisi TOpOJICKUX TeX-
HOIIapKOB, (HOPMHUPYIOMINUXCS B TKAHU IUIOT-
HOM 3aCTpPOMKH, MPU KOTOPOM KOMILIEKC CO-
CTOUT U3 HECKOJIBKUX MHOTO3TaXHBIX MPUMBI-
Karomux koprycoB. [lomemnienus: obmecTBeH-
HOTO 00CITy>)kKUBaHUS (KOH(EPEHII-3aJIbI, TIepe-
TOBOpHBIE, OOIIECTBEHHOE NHUTAHHE, BBICTA-
BOYHBIE 3aJIbl) BMECTE C aJIMUHHUCTPATUBHBIMU
1 0(pMCHBIMU TIOMEIIEHUSIMH PacIioyIaraloTcs B
onHOM Osioke. HaydHO-pOM3BOACTBEHHbIE
MIOMEILEHUsT TpyNnupyroTcss BMecTe. OmHaKo,
IIpU HAJIWYUM TPOU3BOJCTBA KPYIMHOro rada-
puTa JAOIyCKaeTcs OpraHu3anys MpPOU3BOA-
CTBEHHOTO LieXa BBICOTOM 10 12-1 MeTpoB.

[Ipumenenne  GJI0YHO-KOHIIEHTPHUUECKON
CXEMBI IIPENyCMAaTPUBAET BBIICICHUE MPOHHU-
KAIOIIMX, MPUMBIKAIOIMX WU MPHUCOEAUHEH-
HBIX rajepesiMu C MPOXOAHBIMHU 3aJlaMU WIIU
BHYTPEHHUMHU JIBOpaMHM  (PYHKIMOHAJIBHBIX
65okoB. Takoe pelieHue cieayeT NPUMEHSTh,
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korma o0wekTel MII pa3BHBarOTCS caMOCTOsI-
TEJIbHO, HO CO BPEMEHEM MEXIy HUMHU IOSIB-
JISIeTCS. TAPMOHUYHASI CBSA3b. JTU THUIBI 00b-
€MHO-IIPOCTPAHCTBEHHBIX  PEUIEHUH MOTryT
KOMOMHUPOBATHCH.

[TaBunBOHHOE pelIeHHE 110 HEOOXOUMOCTH
OpraHu3ali TMPOCTPAHCTBA, OJM3KOrO WIN
CBSI3aHHOTO C (DYHKIIMOHAJIBHBIMHU Ipoliecca-
mu MII Moxer rpynnupoBaTbCsi B Pas3HBIX
KOpITycax. 9TO CIIOCOOCTBYET 00eCIeYeHHIO, C
OJIHOM CTOPOHBI, OOBEAMHEHUE MMOMELIEHUN B
oTJieNbHbIe (YHKIIMOHAJIbHBIE TPYIIIbI, C IPY-
roi — JEUEHTPAIU3aluU PAa3IMYHbIX CIelHa-
JU3UpPOBaHHbIX 30H. [IpeumymecrBa 3TOrO
pelieHrs Hanbosee IpKO NPOSBISAIOTCS B CIIy-
yasx, KOTJa MpOeKTHas mporpamma o0ycClIOB-
JUBAET HEOOXOAMMOCTh HU3OJISILIMU IOMEIlle-
HUW JUIs TIPOBEIEHUS PA3HOIUIAHOBBIX Hayuy-
HBIX MCCJIEI0OBAaHUM, a TAaK)Ke KOIJa IOSBISA-
I0TCA pazNuyHble TpeOoBaHUS K Trabapuram
IOMEIIEHUI, UX BBICOTE, Harpy3kam M YCJO-
BUSIM MUKPOKJIMMATA.

[Ipn npoextupoBanum UII cienyer pac-
CMaTpUBaTh BO3MOXKHBIE CHOCOOBI JallbHEM-
IIEr0 pa3BUTUA MYTEM IJIAHUPOBOUHOTO pac-
HIMPEHUS] U PEKOHCTPYKIMU. OCHOBOU IJIaHU-
POBOYHOTO PpACUIMPEHUsl SBISAETCS aApXUTEK-
TYpPHOE PEIICHHE CYUIECTBYIOLIEH KOMIIOHOB-
ku. BrigBieHno 4 Bujia npuéMoB KOMIIOHOBKHU:
CUMMETpUYHAs; ACUMMETPUYHAs; pPUTMHYE-
ckas; cBoboaHas. Ilpu 3TOM cyiiecTByIOT ABa
crioco0a peKOHCTPYKIMU: AaCCUBHAS U aKTHB-
Hasg. Eciau peKoHCTpPYKIUs peann3oBaHa IIy-
TéM N00aBKH, MpUOABKHU, MEpEeMEIIeHus, pac-
IIMUPEHUS, CYKEHHS, YBEIUUYEHNS U YMEHbIIIE-
HUS DJIEMEHTOB NOJJEpPKHUBasi CYIIECTBYIO-
IIYI0 TUIAHUPOBOYHYIO CTPYKTYpPY AO PEKOH-
CTPYKLIMHU, TO OHA MAaCCHUBHAasA, a €CIM Hao0o-
pOT, HapylleHa CHCTEMa CYIIECTBYIOLIEH
CTPYKTYpBHI, - TO oHa akTuBHas (Puc.6).
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Puc.6. KoMno3unnoHHbIe pelIeHUs TPU PEKOHCTPYKIMH U pacumperuu [mo 13]
Fig. 6. Compositional solutions during reconstruction and expansion [according t013]

[Ipu peKOHCTPYKIIMU CUMMETPHUYHO-0CEBAs
CTPYKTypa MOKET CTaHOBMTHCS C IEepeMellie-
HUEM OCH CHUMMETPHM aCUMMETPUYHON WiIn
ocTaBaTbcs 0e3 M3MEHEHUH. ACHMMETpHUYHAsS
OOBIUHO HE U3MEHsIeTCs TUO0 mpeodpasyeTcs B
CUMMETPUYHO-0CEBYI0. 11 HEUTpanbHOU
KOMIIO3ULIMM, 0Opa30BaHHOM IOCIe10BaTEb-
HBIM TIOBTOPEHHUEM apXUTEKTYPHBIX OOBEMOB,
BO3MOYKHO IPOAOJDKECHUE PUTMA WU IEPeXo.
Ha oceBoe noctpoeHue. CBOOOIHAS KOMITO3H-
LIMOHHAs cXeMma, oOpa3oBaHHas pa3HOXapak-
TEPHBIMH apXHUTEKTypHBIMH OOBEMaMH, TEX-
HOJIOTHYECKUM  O0OpYIOBaHUEM, HHIKEHEp-
HBIMH COOPYKEHHUSIMH, KaK THIT (PpOHTAIBHON
3aCTPOMKHU NPU PEKOHCTPYKIMH OOBIYHO CO-
XpaHsAeTcs, HO B pe3yJibTaTe MOJEPHU3ALUU
MOJKET YNPOILIAaThCs WIN YCIO0XKHSAETCS.

[IpoBoast pEKOHCTPYKIUIO 3aCTPOMKH IPO-
MBILUIEHHBIX 3/1aHUH HE T0JKHO MPOUCXOUTh
n3MeHeHun e€ Tuna. Ilpm  KBapTasbHO-
NaHEeJIbHOM THIIE€ 3aCTPONKH M3MEHSIOTCS ra-
OapuTHl 37aHWK BHYTPH KBapTaja WM OCY-
IIECTBIISIETCS CTPOMTEIHCTBO HOBBIX KBapTa-
JIOB M3 IaHener. biouyHas 3acTpoilka paciim-
psieTcs 3a CUET CMEXHBIX IJIOIIAI0K, a CeKIH-
OHHas MpPeIyCMaTpUBAeT yBEIUYEHHE TIOTHO-
CTH Ha cyliecTBymwoueil repputopuu. Ilpu pe-
KOHCTPYKIMH CIUIOIIHOW 3aCTPOMKH HU3-3a €€
3HAYUTEIbHBIX T'a0apuUTOB U OTCYTCTBHSI TEp-
PUTOPHATBHBIX PE3EPBOB PA3BUTHS TIPEIy-
CMaTpHBAETCs, KaK MPaBUIIO, U3MEHEHHE JHIIb
otaensHbIX pparmentos [13, C.55, 56].
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CO3JIAHUE MUKPOKJIMMATA IIYTEM
PEI'VJIMPOBAHIS PACIIOJIOXXEHUN,
KOH®UT'YPALMHN U BbICOT 3JIAHUI U
COBJIFOJIEHUS TTPOTTOPLIMM 3JIEHBIX
HACAXJEHWH

[IpombliieHHBIE TIPEANPUATUS B 3aBHCH-
MOCTH OT UX MOUIHOCTH M OCOOEHHOCTEH TeX-
HOJIOTMYECKOTO Ipolecca MOApa3JeaioTcs B
pasHble Kinacchl. TakuMm 00pa3oM MpPOMBILI-
neHHast 6a3a MII He TONbKO MOXKET MpPOU3BE-
CTH JIOKQJIBHOE 3arpsi3HEHUE, HO U PpacIpo-
CTpaHseTCsl 4epe3 BeTep U BOAY. YUUThIBas
3T0, pacnonoxenue UMII B Tomorpaduueckom
TKaHU PErMOHA UMeeT 0c000€e 3HAUYEHHUE.

IIpu pacnonokeHuu 34aHUN OTHOCUTEIBHO
FOCHOACTBYIOIIMX BETPOB, pacnoioxenue MII
C HAJIMYMEM IIPOMBIIIJIEHHOTO KJIACTEPa C BBI-
COKOM M CpeIHEH CTENEHbI0 BPEAHOCTH II0
HaIpPAaBJIECHUIO TOCHOJCTBYIOIIUX BETPOB B
CTOPOHY CeNUTEOHBIX 30H HE Jomyckaercs. B
MPOEKTUPOBAHUN TIPOU3BOICTBEHHBIX OJIOKOB
NII pexomenayercs ux pazMeniatb TakuM 00-
pa3oM, 4TOObI MX OoJiee BBITAHYTBIH (POHT
pacnonarasics neprneHANKYIIpHO K Harpasiie-
HUIO BeTpa. TakuM oOpa3oMm 37aHHME caMoO 1O
ce0e CIIYKHUT B KaueCTBE 3alIUTHOTO SKpaHa OT
pacnpocTtpaHenus rpssu Berpom. llpu pacmo-
JO’)KEHUU 3JITaHU U COOPYKEHHH TaKxke clie-
JyeT MCKJIIOUYNUTh BO3MOYKHOCTH 3aJEp)KKH Ta-
30B, IIBUIK U JIbIMa BO BHYTPEHHUX BOPAX WU
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BbICTYyNax 1exoB. Haubonee pannoHambHOU
ATOW TOYKHM 3peHHS KOH(MUTypanueun 3aaHui
ABIISICTCSA MPSIMOYrojibHast Gopma 06e3 BBHICTY-
MAKOLMX YacTel, KoTopas sBiseTcs Haubolee
ONPABJAHHONW KOHCTPYKIMEN U B DKOHOMHYE-
CKOM oTHomieHuu. [Ipu ycTpoiicTBe 31aHMi cO
cinoxHod koHpurypamueit B tuiane (I1-, umm
[II-o6pa3Hast 3acTpoiika) HEOOXOJAMMO TIPO-
JOJIbHYIO OChb BBITSIHYTBIX I10JIy3aMKHYTBIX
JIBOPOB pa3MeliaTh MapayieIbHO WM O]
yriaoM B 45° K HampaBiI€HHUIO T'OCIOACTBYIO-
mux BeTpoB. YacTh JBopa, CBOOOAHYIO OT
3aCTPOMKH, CIELYET pa3MellaTh C

oOpammancst k cenutreOHoM 30He. Pasmemnenue
3/1aHUsl TPOMBIIUICHHOTO XapakTepa Ha Tep-
puropuu UII cienyer opraHu3oBbIBaTh TAKUM
o0pazoM, d4YTOOBI 0oJiee BBICOKHE OOBEKTHI
pacroyiarajych Jajiblie OT HalpaBJIEHUS TOC-
noacTByronmx BetpoB (Puc.7). B xommiekc-
HBIX TMPOMBIIIJICHHBIX 0a3ax M TPOMBIILUICH-
HBIX TOpOAKax Heo0XoauMo co3haBaTh 2-3
TEPPUTOPUATBHBIX (Da3 KBApPTAIBLHOTO THUIIA U
BpEeIHBIC 1I€Xa pa3Melarb B Oojee yriay0onéH-
HBIX Yy4acTKaxX. [IpenmpusTvss H30JUPYIOT
JIpyr OT JApyra CaHUTapHO-3AIIUTHBIMH 30HA-

MTOABETPEHHOU CTOpPOHBI, c
YCTPOMCTBOM B 3aMbIKaIOUIEH 4Ya-
CTH JBOpa BOPOT IJII CKBO3HOI'O
MPOBETPUBAHUS. Y CIOBUSA MPOTH-
BOBO3/YIIHOW OOOPOHBI paccMmart-
pUBAIOTCS B CHEUUAIBHBIX WH-

<

0

PEKOMEHIAVETCA

HE PEKOMEHJYETCS

7
cenutebHas %
30Ha

CTPYKIUSX.

Ecoim  npomblnuieHHas — 30Ha
HaxOJUTCS BOJIM3U BOJHBIX IPO-
CTPAHCTB, HEJB3sl WX pa3MellaTh
BBEpXY TEYEHHUS BOJbI, TaK Kak
OTXObl Yepe3 BOJy MPUXOMAST Ha
cenuTeOHy0 30HY. UTOOBI H30e-
KaThb 3arps3HEHUs BOJIbI, IS
MPOMBIIIUICHHBIX — TPEANPUSATUH,
BBIHY)KJIAIOIIMX B TMPUMEHECHHUH
3HAYUTEILHOTO KOJIUYECTBA BOIBI,
CIelyeT CTPOUTh CIEIHAIbHBIC
OaccelHBI C TINATEIIBHOM CHUCTe-
MOW JIpEHa)Xka, a TaKXke OTACINb-
HBIM KaHall, OTBETBISIOIIMNA OT
pPEKH C JIIOKOM JJig KOHTpOJeH
TeyeHnus. Uto kacaeTcsa BBLAEIIC-
HUS BBIOPOCOB B BO3IyX, UX 3(-
(eKT MOXKHO CHHXATh IYTEM
yCTaHOBJIEHUs OacceitHOB U (oOH-
TAHOB, a TaK)Xe HEOOXOIMMO CO-
31aBaTh  (PPOHT W3  3€JEHBIX
HACAXJICHUM M JiepeBbeB. Takxke
pa3MeleHue MIPOMBILIIEHHOTO
KJIacTepa B OKPY)KEHUHU XOJIMOB H
TOPUCTBIX  penbeoB  CO3MAET
€CTECTBEHHYIO 3aIlIUTy OT BETPOB.
[IpombllIeHHBIE 3/1aHUS, TTPOU3-
BOJISIIITAE BPEIHBIE BHIOPOCHI Clie-
JyeT MOCTPOUTh TaKuM 00pa3om,
YTOOBl WX JJIMHHBIM (QPOHT HE
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Puc.7. Dxonornueckue tpeboBaHus no pacrnonoxenuto U1,
peobIagaronuX MPOMBIITUICHHOTO KiIacTepa ¢ y4EToM
HaIpaBJIEHUS TOCTIOACTBYIONUX BETPOB [1mo 13]

Fig. 7. Environmental requirements for the location of the IE
with the industrial cluster, taking into account the pre-
vailing wind direction [according t013]
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Mmu. He crnenyer pasmemaTs psaoM npeanpus-
TUS, NPU B3aUMOJEHCTBUU BBIOPOCOB, KOTO-
pBIX 00pa3yroTcst 0c000 TOKCHYHBIE COeUHE-
HUS (HampuMmep, a30THO-TYKOBBIA U Hedrene-
pepabareiBaromuil 3aBOJbI). Pa3pbiBel MEXIy
3laHUSIMHA IIPUHUMAIOT B COOTBETCTBUU C Ca-
HUTAPHO-TUTHEHUYEC-KUMH  TPeOOBaHUSIMH,
Y4E€TOM KJIMMAaTHYECKOTO pPaioHa, OCBELICH-
HOCTH WJIM CIIOCOOOB 3aIIUTHI OT COJHEYHBIX
Jy4el, TIPOBETPUBAEMOE WM 3aAIUMUTHI OT W3-
JIMIIHETO IPOAYBAaHHUSA, OT CHEXHBIX 3aHOCOB,
IIBLIM, IIIyMa, a TAKXKe 110 YCIOBUAM pelibeda.
[IpusHano, 4TO TOpPONAa MMEIOT CBOW COO-
CTBEHHBI MUKPOKJIUMAT U, KaK IIPaBUIIO, TEII-
Jiee, 4YeM OKpYXKalollhe CEIbCKUE pPailOHBI.
Kaxnas ropojackas cpeaa QopMmupyeT Tak
Ha3bIBACMbI TEIJIOBOM OCTPOB BOKPYT ceOsl,
YTO IPUBOJUT K PsALY SABICHUN OT U3MEHEHUS
CBOMCTB IIOBEPXHOCTEH, MPUBOMAILIEIO K II0-
BBIIICHNIO IIOIVIOUICHMsI COJIHEYHOM pajaua-
LMY, 1O CHM)KEHHS KOHBEKTUBHOI'O OXJIAXJie-
HUS W CKOPOCTM HcmapeHus Boubl. ['opona

OOBIYHO COZIEPKAT MEHBILIE PACTUTEIILHOCTH U
BOJIOEMOB, Y€M CeJIbCKHE paloHBl, U CyIle-
CTBYIOILIME 3€JIEHbIE U BOAHBIE PECYPCHI HACTO
HaxXoAATCs IOJ YIpO30H H3-3a YBEJIWYEHUs
IJIOTHOCTH HACEJICHUS.

[Ipu HamuuuyM pe3Koro nepenana BbICOT Io-
POZIOB CO3AAIOTCS PA3JIMYHBIE CTPYKTYpPHI WM
«CJIOU» B TOPOACKOH aTtMocdepe. MUKpOKIH-
Mar ropoza co3aa€rcs ¢ IOMOIIBIO TPEX aTMO-
CepHBIX CIIOEB: €CTECTBEHHAsl IIOBEPXHOCTH
He3acTpoeHHbIX ywacTtkoB (EIIH), rne armo-
cepa BO3JCHCTBYET HEMOCPEACTBEHHO; BBI-
COTHBIE TpaHUIBl 3aCTPOCHHBIX YYacCTKOB
(BI'3); u cnoit 3areHEHHBIX y4acTKOB (3Y),
pacrnosoKeHHbIX 1oj BTOpbiM cioeM (Puc.8).
3aTeHEHHbIE YYaCTKH, CO3/Ial0T 30HBI YEJIOBE-
YECKOM JKHU3HEACATENbHOCTH. BenuuuHa U
MEPEHOC OXJIAKJICHHS B 3TOM CJIO€ 3aBUCUT OT
pa3Mepa, paclupoCTpaHEHUsT U T'€OMETpUHU 3e-
JICHbIX HacaXJAeHUMH. 3eneHas 30Ha yBEJIWYH-
BaeT UIEPOXOBAaTOCTh IOBEPXHOCTH U, TEM
caMmbIM, MNOBbIAET 3((HEKTUBHOCTh KOHBEK-
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ME3OMETEOPOJIOT U
..... s "= ZIEHDB S HOUb
= IEHDB =
” = 7

T ______________________
1 e oo '
: Li,l. |00 4/‘_/

CHUCTEMA ITAPKOBOTO BPHU3A (IHEBHOE
1 HOYHOE OXJIAXIEHHUE)

CHCTEMA BOZHOT'O BPU3A (OXJIAXIEHHE)

CHUCTEMA BOJHOI'O BPU3A (OBOTPEBAHHUE)

Puc.8. ®opmupoBaHue MOTOKA TEIUIOBOTO OCTPOBA WIIM TaK HA3bIBAEMBIH CEIIbCKO-TOPOJICKOrO
OpH3a ¥ CXeMbl B3aUMOJICHCTBHUS 3€JIEHOTO HACAKICHUS ¥ BOAOEMOB C TOPOJICKUM MHUKPOKIIH-
MaTtoM (ME30METEOPOJIOTHS — Pa3/iesl METEOPOJIOTHH, PACCMATPUBAIOIINN aTMOC(HEpHBIE TPO-

IECCHI TIPOMEKYTOUHOTO pa3mepa) [mo 19]

Fig. 8. The formation of a thermal island’s flow (rural-urban breeze) and patterns of interaction be-
tween green space and water bodies with urban microclimate [according to 19]
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uuu  (moabEéM TEMJIOr0 MEHee IUIOTHOTO |
0caJika XOJIOJHOrO, IUIOTHOTO Bo3ayxa). Bon-
HbIC HCTOYHUKHA OOECIEUMBAIOT HCIApEHHUE.
Korna o0e ¢yHKIMM HCIIONB3YIOTCS BMECTE,
CO3JaCTCSl sl CUHEPreTUYECKUX MPEeUMy-
IIECTB SKOCHUCTEMBI, BKJIOYAS OXJAXKICHHE.
[Tytn, KOTOpBIMU 3€TieHas U CHUHSS HHPpa-
CTPYKTypa MpHUMEHseTcsl B OyIyIIUX CTpare-
TUSIX POCTa rOpOJOB, OCOOEHHO B CTpaHax, I1e
oxujmaercs OwicTpass ypOaHu3aius, TpeOyer
0c000r0 BHHMAHHSI B TIOJUTHKE TOPOJCKOTO
IUTAHUPOBAHUS, YTOOBI CMATYUTH HeOJIaronpu-
SITHBIE TOCTEACTBUSL TEIJIOBOIO OCTpOBa U
MOBBICUTh YCTOWYMBOCTh K M3MEHEHHIO KIIH-
mara [19, C.1040-1041].

Heo0OxonuMo y4uThIBaTh, YTO 3€JCHBIN MO-
sic obecreynuBaeT OJIaronpusTHOE OXJIAXAECHNE
Ha 3...3,5 kM Bokpyr cebs. Takum obpazom
3€JICHbIC W 3aCTPOCHHBIE 30HBI JOJKHBI Yepe-
JIOBAaTbCA C COOIIIOJIGHUEM 3TOTO PACCTOSHUS.
Taxke pa3bscHsAETCI HEOOXOAMMOCTh COXpa-
HEHUS 3eJIeHOro mosica BOKpyr ropoaa. C npy-
O CTOPOHBI, KOHBEKIIMSI YCHUJIMBACTCS MPH
KOMITAaKTHOH 3acTpoiKe ropoja, Tak Kak Imepe-
MajJi BBICOTBI OT HE3aCTPOCHHBIX WM HHU3KO-
3aCTPOCHHBIX  TEPPUTOPUU K  BBICOKO-
3aCTPOEHHBIM CO3/1a€T JBWIKEHHE TTOTOKOB
Bozayxa [19, C.1042-1043]. Ecnou peub uaér
00 MHHOBALMOHHBIX Napkax, GOPMHUPYIOIIHNX-
Csl HA OCHOBE CYIIECTBYIOIIEH MHPPACTPYKTY-
pBI, BO3HUKAET BOMPOC O HEOOXOIUMOCTH MO-
JIEPHU3ALIMU 3€JIEHBIX 30H. B 3TOM OTHOIIEHUN
PEKOMEHIIYIOTCS CIEAYIONIe TPUEMBL: CHOC
3aBOJIOB WJIM UX PEKOHCTPYKILMS IS CO3AaHUS
MapKOB WJIM 3JaHUI C YUCTBIM MPOLIECCOM U
OOJBIITUMHU TPOTIOPIUAMH 3€JIEHBIX Hacaxe-
HHUM; MOJEpHHU3ALMs 3€JIEHBIX HACAKICHUN
BJIOJIb paHEE BETXUX KaHAJIOB, OCHOBHBIX JO-
POT M KeJNEe3HOAOPOKHBIX JTUHUN U MO HUMHU,
a TaKXKe MAacCCOBYIO TIOCAJIKy JI€PEBHEB IIO
muHe ropojackux ymui [20, C.237]. Takxke
MOXXHO TpaHC(POPMUPOBATH MEPEYJIKH B 3€JIe-
HYI0 HMHQPACTPYKTYpy [UIS TEHMIEXOAHBIX U
BEJIOCUTIEAHBIX MPOTYJIOK, aKTUBHOTO OTIBIXA
1 PU3NYECKUX YIMPAKHEHHUM, MECTa JJIsl COLIU-
aTbHOTO OOIIEeHMs. DTHU 3eJI€HBIE TPOCTpaH-
CTBa BpsiA U OyAyT oOecreynBaTh OPraHu30-
BaHHBIC PEKPEAIMOHHBIC 30HBI, HO OHU MOTYT
OBITh OCHAIIICHBI TPEHAXEPAMHU, KOTOpBIC, KaK
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MOKAa3bIBAET MPAKTHUKA, YBETUIUBAIOT (pr3mye-
CKyI0 akTHBHOCTB Hacesenus [20, C.239].
TpaauIMOHHO PUHSITO CYUTATH, YTO BOJIO-
MBI WUrpalOT O0COOYI0 pOJIb B OXJIAXKICHUU
OKpykatomel cpeasl. OAHAKO MOCTIEeIHUE HC-
CJIEIOBaHMsI TOKA3bIBAIOT, YTO BOJIHBIE UCTOY-
HUKH MCHBIIIE YeM 3€JICHBbIC 30HBI YUaCTBYIOT
B IIpollecce OXJIaxAeHUs ropoja. B 1memom
JTHEBHOE OXJIKICHUE BOISHBIX HCTOYHUKOB
OXBaThIBaeT 2,5 KM BOKpYT ceOs. HecMoTpst Ha
3ToT ($akT 3P(HEeKT BOJHBIX HCTOYHUKOB
HEPaBHO3HAYEH B JIHEBHOE M HOYHOE BpeMms,
TaK Kak JHEM OXJIXJAeT BO3IyX, a HOYBIO
nojorpenaet. Takke HEOOXOJUMO YUUTHIBATH,
9TO B IIEJIOM OOJIBIINE BOAOEMBI YCHIIMBAIOT
MapHUKOBBIN 2PQPEKT U MOBBIMIAIOT TeMIIepa-
Typy B HOYHOM Tiepuoie. [1oBhIIICHHAs BIaX-
HOCTh MOXXET MPEMsITCTBOBATh TEPMOPETYJIsi-
IIUU YeJIOBEKa, CHIKAs CKOPOCTh HCIIAPEHUS
10Ta, a TAK)Ke U3MEHsIS BIMSHUE OKpYKarolie-
ro BO3JlyXa Ha HEro, NpuUBOAS K OoJbLIEMY
MOTJIOUICHUIO, MOBTOPHOMY HW3IIYYEHUIO U
yJIaBIUBAaHUIO TEIUIA HA YpOBHE YIHIBL Ta-
KUM 00pa3oM cClelyeT OrpaHUYUTh MPHUCYT-
CTBHE BOJOEMOB B TOpOACKO# cpeme [19,
C.1047-1049]. Ilon3emHble U KPBITBIE pe3ep-
Byapbl MOTYT CTaTh albTEPHATUBOHN IS Tpa-
JTUIMOHHBIX BOJ0EMOB (cM. Puc.8).

TEPPUTOPUAJIbHBIM ITPUHIIAIT
OBILECTBEHHLIX ITPEJIIIPUSATUI
KYJIbTYPHO-UHOOPMAILIMOHHOI'O
XAPAKTEPA

BaxHelmuM acnekToM B MPOEKTUPOBAHUU
UII snsieTcst cBsi3b MKy OOIIECTBEHHBIM U
JIEIOBBIM CEKTOPOM JUIsl oOecredeHus: mpo-
CTPAHCTB, CIyXKallUX I OpraHU3ald He-
ounmanbHeIx BcTped. Yactb odMeHa uH)Op-
MaIi TPOUCXOAWT BHE pabouero mecra, B
pecropaHax, kade, kiybax u T.4. IlosTomy
BBICOKUH YpOBEHb 0Opa3oBaHUS U KYIBTYPHI,
WHTEHCUBHBIA OOMEH MpodecCHOHATBHOU U
00IIe-MHTEIUIEKTyaTbHON UHPOPMALIUIMHU
00yCJIOBIMBAIOT MOSBICHHE B COCTaBe OOIIIe-
CTBEHHOTO  IEHTpa  CHEIHAIN3UPOBAHHBIX
KYJIbTYpHO-TIPOCBETUTENIBHBIX  YUPEXKICHHIMA:
JIOMOB  YY€HBIX, KOH(EpEHII-3aJ0B, JOMOB
TBOPYECKHUX COIO30B, PA3JIMUYHBIX BBICTABOY-
HBIX [EHTPOB, Pa3IMYHBIX KIyOOB, KOHIIEPT-
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HBIX 3aJI0B, T€aTPOB, MY3€€B U LIEHTPOB CO-
BPEMEHHOT'O UCKYCCTBA, TOProBO-
pa3BieKaTENbHBIX IIEHTPOB M T. M. (B 3TOT
CIMCOK HE BXOJSIT OOIIECTBEHHBIE HEHTPHI
NEPBOI CTENEeHM, TaKHe KakK JOIIKOJbHBIE U
0011e00pazoBaTeNbHbIC MIKOJbHBIE OpPTaHHU3a-
[[UW, Mara3uHbl MPOJYKTOB MUTAHUS, OAaHKOB-
CKHE OTJCJICHHS | T.I1.).

B 3aBucumoctu or pasmepa UII, mecto
pacmosoKeHusi OOIIECTBEHHBIX LIEHTPOB B
OTHONIICHUM K HAYYHBIM W TPOMBIIUICHHBIM
MNPEANpUATHIM pPaguyc OOCIYKUBAaHUS CO-
craiger ot 300...400 m no 2500...3500 m
[10, C.76]. Hus xpymusix MII ropomackoro
MacmTaba cleayeT OpraHu30BbIBATH HECKOIb-
KO OOILECTBEHHBIX LIEHTpOB. Brpouem, oOuie-
CTBEHHBIC IICHTPBI KYJIbTYPHO-HH(POPMAIOH-
HOT'O THIA C NEPUOTUYECKOM MOCEIIaeMOCThIO
(ToMa KyIbTyphl, KIyObl, KHHOTEATpPbI, OMO-
JUOTEKH, TOPIrOBBIE IIEHTPHI, PECTOPAHBI,
VAPEXKICHUS CBS3U, CIIOPTUBHBIC IICHTPHI)
JOJKHBI OBITH JOCTYIHBI MENIEXOIHBIM MOJIb-
3oBaressim 3a 10...15 MuH., yTO peanusyercs B
mpenenax 1000...1500 M. OOmiecTBeHHbIE
HEHTPBI MU30AMYECKOro TocemeHus (IBop-

N = OBIIECTBEHHBIH
VKPYIIHEHHBIN, LIEHTP
OBLECTBEHHBI! B COCTABE HII
LIEHTP

bl KYJIbTYpbl, MY3€H, BBICTaBKH, TEaTpHl,
LIUPKH, KOHLIEPTHBIE 3aJIbl, KPYIHbIE KMHOTE-
aTpbl, TOPOJACKHE CIOPTUBHBIE LIEHTPBI, IO-
POJCKHE TOProBble LEHTPhI) IOCEUIA0TCA
CPEICTBOM TpPAHCIIOPTA, YTO IO3BOJSET YBE-
JMYUTh paguyc 00CITy’)KHUBaHUS 10
2500...3500 M. CwmexHOe pa3MelIeHHue Oc-
HOBHBIX (YHKIMOHAJIBHBIX 30H HAy4HOH H
cenuTeOHO-00IIeCTBEHHOM, XapaKTepHOoe IS
psiZa HayyHBIX LEHTPOB OTKPBIBAET BO3MOXK-
HOCTH CO3JJaHMsI €IUHOTO0 KOOIEPUPOBAHHOIO
LEHTpa, OOCIYXHBAIOILEro KaJgpbl HAay4HBIX
YUPEXKJIEHUN M HaCeIEHHE IpPHIEraloluX K
HuM kBapranos [10, C.74-76].

Hcxonss w3 BblIE YHNOMSHYTBIX YCJIOBMH,
mpu paccrosHuu csbiuie 2500 M. mMexay oc-
HOBHBIMH (DYHKIIMOHAJIBHBIMU 30HAMHU WA OT
Omykaiinero oOIIECTBEHHOIO IIEHTpa BHE
cocraBa UII, Hapsay ¢ IJIaBHBIM OOIIECTBEH-
HBIM LEHTPOM, DPAaCHOJIOXEHHbIM B CEIUTEO-
HOM 30HE, OpraHU3yeTcs CaMOCTOSATEIbHBIN
aJIMUHUCTPATUBHO-JIEJIOBOM IIEHTP HAy4yHO-
MPOU3BOJACTBEHHON 30HBI, CBA3AaHHBIM C HUM
TPaHCHOPTHBIMM ~ Maructpainsmu. Crenyer
OTMETHTh, YTO CO3JIaHHE EAWHOro OOIIe-

OPTAHM3AIUSA YKPYIIPEHHOI'O IITEHTPA

gl ol

KHJIAS HAYYHO-
BY3 3ACTPOMKA TIPOU3BOICTBEHHBIE
OBBEKTHI

Puc.9. Opranusaiys oOIIECTBCHHBIX IICHTPOB MPH Pa3IMYHOM pa3MeIleHUH (YHKIIMOHATBHBIX 30H
WHHOBAIMOHHOTO mapka (1o [10] B mHTEpIIpeTaiuu aBTopa)
Fig. 9. Organization of public centers with different locations of the innovation park’s functional ar-

eas [according to10, interpreted by the author]
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CTBEHHOT'O IIEHTpa IeJIecO00pa3Ho UMb B
HeOonpmux WII, mockonbKy ¢ yBelIHMYCHHEM
pa3sMepoB MX TEPPUTOPUH PAAMYC TOCTYIHO-
CTH KYJbTYPHO-OBITOBBIX YUPEKICHUH BO3-
pacraer. Ho mms OGompmux WIT Tpebyercs
HAJIMYME HECKOJIBKHX OOBEKTOB OOIIECTBEH-
HOTO OOCITY’)KMBaHUS C OpTaHU3aIMeN CTYICH-
yaToi cuctemoin oociyxuBanus (Puc.9).

3AKJIIOYEHHUE

I'panocTpouTenbHble aceKkThl (OpMUPOBaA-
Hus UII TtpebyroT cobiromeHus uepapxuye-
CKOTO IOpsaKa NpoexkTupoBaHusd. IllepBbim
9TallOM B pealM3aldyd 3TOr0 Ipolecca sBis-
eTcsl olpesieieHre Mecra pacriosnoxenus MUII B
TOPOJICKOM CTPYKType € YYETOM COLHMAIBHO-
HSKOHOMHUYECKUX OCOOEHHOCTEW peruoHa, Tep-
PUTOPHAIBHBIX YCIOBUN, KPYNHOCTH IUIaHU-
PYEMOTO NPEANIPUATHUSA U €T0 BUAA ACATEIbHO-
ctiu. Ha BTOpOM 3Tane HeoOXoauMmo orpesne-
JUTh (PYHKIMOHAJIBHBIC 30HBI, HA OCHOBE KO-
TOPBIX TUTAHUPYIOTCS (YHKIMOHAJIBHBIE OJI0-
ku. Tperuil sTan BKIO4aeT B ceOs opraHusa-
LMK TPAHCIOPTHBIX ceTer. YeTBEPThIN 3Tan
IIOCBSIIIAETCS OIIPECIICHUIO 00BbEMHO-
TUTAHUPOBOYHBIX PEIICHUHA Pa3iIuYHbIX (YHK-
LMOHAJILHBIX TPYIIIL.

JInst apXWUTEKTYpHOM OpraHM3aluyd U Tep-
pUTOpHAIBHOTO pacnpenenenus O3 B cocrase
UII cymectByroT 1Ba crocoba pa3BUTHUS: T10
KOHIIEHTpalMu M KoHourypauu. OnTumaib-
HBIMH DPEKOMEHJyeMbIMU coueTtaHusmMu O3
g UII aBnsoTcs KOHLEHTPUPOBAHHO- U
OJIOYHO-TIPOJIONIBHBIE M TpebeHvarsle, NpHU
KOTOPBIX ITOJJICPKUBACTCS LIEJICHAIIPABICHHOE
U CTPYKTYpPHOE Pa3BUTHE IIPEIITPUITHSL.

Bo uzbexxanne xaoTuueckoro GpopmMupoBa-
Hus cienyer peryiaupoBaTh passutue UII c
IIOMOILBIO 3apaHee INPEIYyCMOTPEHHBIX pe-
3epBHBIX 30H. [lis oOecrneueHus ya00HOTO
MaHEBpPHPOBAHUS B IJIaHE PACHIMPEHUS Mpej-
MPUATHN PEKOMEHAYETCSI PACIOIOKEHUE TIPO-
MEXXYTOUHBIX PE3EPBHBIX 30H.

O6wémuoe pemenue MII Biausier Ha rpago-
CTPOMUTENbHYIO CTPYKTYpYy MeHss e€ oomuk. C
LEJIbI0 COXPAHEHHsI CTPYKTYPHOTO 0OBEMHOTO
pemienuss UII cnenyer B COOTBETCTBHH C TEP-
PUTOPUATBHOM BEIMYUHBI MpeanpusiTus (Ma-
TN, cpeaHuit, 6oabimoi-kpynHeiid UIT) mpu-
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MEHHTD 10 UEPAPXUIO0 KOMITAKTHOE, OJIOUHOE U
NaBWJILOHHOE peleHue. B OosbmMx U Kpym-
HbIX UII pekoMeHayeTcsl NaBUIBOHHOE pellie-
HHE, YTOObl 00ECeUnTh BO3MOXKHOCTb pasjie-
neHus (pyHKIMOHAIBHBIX KiIacTepoB. B ropon-
ckux UII Baxxknee 3¢¢dexkTrBHOE MCHOIB30BA-
HUE TEpPpUTOpHH, 4TO Tpeldyer Oosiee KOM-
IAKTHBIX pemeHudl. B ciydae npucyrcrBus
pa3HbIX KiactepoB B ropoackux MII, cnenyer
UX pa3Melarbh B OTICIIBHBIX, HO CBSI3aHHBIX C
IIOMOILIBIO TAJIEPEN U IPUMBIKAHUS.

Jlns obecriedeHnsi CaHUTApHOM Oe30IacHO-
cti HeoOxoaumo pasmemats UIT ¢ Hanmmunem
UCTOYHUKOB BpeauTesied (Hay4HO-IIPOU3BOA-
CTBEHHBIM KJacTep) TakuM 00pa3oM, YTOOBI
BBIOPOCHI M 3arpsi3HEHHE HE NPUXOAUIIHM B Ce-
auTeOHy0 30HY. Pacnonoxenue Hay4dHO-
IIPOM3BOJCTBEHHOIO KJlacTepa B OKPYKEHUU
€CTECTBEHHOI'0 pesbeda, OTKa3aTbCsi OT Tep-
PUTOPHI, PacIOJIAratoIUXCsl BBEPXY TEUCHUS
BOJIHBIX MCTOYHUKOB U I10 HANpaBJICHUIO IOC-
IOJICTBYIOILIUX BETPOB, & TAK)KE OpPraHMU3aLUs
MUHHUMAaJIbHOTO (POHTA, OOpalarmerocs B
CTOPOHY CEIUTEOHOI 30HBI ABISAIOTCS HEOOXO-
JUMBIMU apXUTEKTYPHbIMH IpUEMaMU B CO-
OJIIOZICHUN CAHUTAPHBIX MTPaBHIL.

Cozanue ONTUMaJIbHOIO MUKPOKJIMMATa U
OXJIaX/IEHUE TOPOJICKOM cpelbl uMeeT ocoboe
Mecto B npoektupoBanuu WII. Ha ocHose
UCCIIEJOBAHMSI YCTAHOBJIEHO, 4YTO 3€JEHOE
HacaxJleHue wurpaer OoJjiee BaKHYIO pOJib B
OXJIAKJECHUM MUKPOKJIMMATa 4YeM BOJOEMBI.
Takum oOpa3zom B mpoliiecce MPOEKTUPOBAHUS
TOPOJICKOM CTPYKTYpbI CIIELYET IIOBBIILIAThH
JIOJIBIO O3€JICHEHUS U CHMXKATh INPOLIEHT OT-
KpBIThIX BOAOEMOB. KommnakTHas 3acTpoiika,
NOBBIUICHUE JOJM 3€JIEHBIX HACaXICHUU I10
CPaBHEHHIO C BOJOEMOB IOMOTraeT H30exkaTh
IIEpErpeBa rOpOJICKON Cpenbl. 3€JeHbIE U 3a-
CTPOECHHBIE 30HBI JOJKHBI YePE0BaThCs K-
eI 3...3,5 kM.

Jlyis opranu3anuu OOIIECTBEHHBIX LIEHTPOB
PEKOMEHAYIOTCSL  CIEeNyIOIIUe CIOCO0Bl  HUX
pasmemenus: s UII, pacnomararommxcs
BOJIM3M ceNUTEOHON 30HBI €IUHBINA YKPYITHEH-
HBbI OOILECTBEHHBIH LEHTP, a MPH HAIUUYUU
UIT ¢ paspbiBaMu Mexay ()yHKIIMOHAIBHBIMU
30HaMHU — CEeTh OOLIECTBEHHBIX LIEHTPOB KYJIb-
TYpHO-MH()OPMATUBHOIO XapaKTepa C paccTo-
SSHAEM He OoJree 2,5 KM.
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HMcToYHUKM WILTIOCTPALIUIL:

Puc.4 — o [6] B uHTEpIIpETALIK ABTOPA;
Puc.6 — o [13];

Puc.7 —mo [13];

Puc.8 — mo [19] B uHTEpHIpeTaINIiK aBTOPA;
Puc.9 —mo [10].
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of the Kyiv main road network, ITixBoani Tex-
nounorii, Vol.05, 7.

Urban-planning aspects of the architectural
organization of innovative parks

Gholamali Kazemi Lary

Abstract. This article deals with the urban-
planning aspects of science parks’ (SP) formation.
Based on the conducted analysis, centralized, pa-
vilion, block-concentrated schemes of a volumetric
solution are proposed depending on the size of the
enterprise. The concept of SP formation in accord-
ance with urban planning and topographical condi-
tions in the form of centric, linear, satellite, free
and quarterly schemes are recommended. Further-
more, the indicators of the placement of various
functional groups within the SP, as well as the
organization of the IE by type of activity in the
structure of urban development, are determined. In
addition, the most rational schemes for the organi-
zation of external and internal transport routes and
space-planning solutions for the main functional
blocks in science parks are recommended. Differ-
ent climatic layers of the urban environment are
considered. Recommendations are based on creat-
ing an IE microclimate, including the proportional
regulation of green and water zones, a competent
location of industrial buildings in relation to the
residential zone, water resources and prevailing
winds, as well as the correct configurations of in-
dustrial buildings and structures, which are sources
of harmful by-products. The requirements for the
organization of public centers of the second (hous-
es of cultural tours, libraries, cinemas, clubs, sports
centers, etc.) and the third (museums, exhibitions,
large spectacular halls, administrative buildings,
etc.) are considered) and the fourth degree of at-
tendance (resorts, suburban recreation centers) on
the territory and in the vicinity of individual entre-
preneurs.

Keywords: innovative enterprise (IE), Science
Park (SP), research center, functional blocks, func-
tional zones.

MABOAHI TEXHOMNOTrT e 2019 Bun.09, 56-75
MpomucnoBa Ta uuBiINbLHa iHXeHepia

75



ApxiTekTypa Ta OygiBHUIITBO

The formation of modular structures through the prism
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Abstract. The causes of actualization of the
problem of water urbanism are shown. The key
suggestions for possible formation of floating
structures are considered, the international experi-
ence of such objects design are analyzed. The
guestion of the formation of modular structures are
based on the methods of geometric modeling. The
correct and semi-regular polyhedra are analyzed as
the most streamlined figures from the point of view
of utilitarian, stability, and buoyancy. Because of
such figures form the largest internal usable vol-
ume with a minimum surface area and have a regu-
lar symmetrical structure.

The basic properties of continuous filling of
three-dimensional space on the basis of modular
design of convex polyhedrons of spherical type are
revealed. An important prerequisite is the unifica-
tion of the modules of mutual harmonization of
system elements on the basis of multiplicity. The
advantages of modular design and the possibility
of forming the floating structures are analyzed. It is
proposed to solve the modular structure of the
three-dimensional cross-core structural system (the
spatial framework solves not only the functional-
utilitarian problem of overlapping the space, but is
the formative structure of the whole building).

Based on the generalized project experience,
new approaches and state-of-the-art engineering
and technological solutions have been identified to
unlock the potential of marine ecosystems for fu-
ture development.

The main aspects of the formation of modular
structures in the marine areas are highlighted, in
particular, the following:
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- formation of floating structures is analyzed on
the basis of geometric modeling methods;
- a three-dimensional cross-core structural system
based on regular polyhedra is proposed:;
- the structural features of the formation of floating
structures and the outlined prospects of water ur-
banism are distinguished.

Keywords: shaping, geometric modeling,
block-modular structures, cross-core structural sys-
tems, combinatorics.

THE PROBLEM STATEMENT

The technogenic development of cities and
its mechanization, the rapid growth of ag-
glomerations, the ever-increasing harmful
emission into the atmosphere and the sponta-
neous use of natural resources lead to the de-
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struction of the integrity of the environment.
In this case, undesirable processes occurring in
the environment have a negative impact on
human health by creating unsuitable condi-
tions for their life [1].

In general, the 21st century is characterized
with the rapid exacerbation of environmental
catastrophes. The emergence and increase of
the greenhouse effect have caused climate
change, as a consequence of global warming
and rising of ocean level.

According to the forecasts of the Intergov-
ernmental Panel on Climate Evolution, about
25 million inhabitants of our planet may be in
the flood zone [2, 3]. The modern world is
characterized by an extremely active pace of
development and introduction of the latest
technologies in all spheres of life. Due to the
modern development of technologies and the
emergence of new materials, engineering ca-
pabilities have come close to successful im-
plementation of ambitious projects in the most
extreme conditions, including on the water.

Despite the breadth of coverage of the prob-
lem of molding modular structures, much of
the aspect remains undisclosed.

THE ANALYSIS OF PREVIOUS
STUDIES

With the development and improvement of
technological progress, relatively new trends
and concepts of dynamic architecture capable
of transformation are forming. Mobile archi-
tecture and futuristic design are gaining urgen-
cy in an era of social urbanization and scarcity
of free territories.

These trends advocate the rational use of
land and water space, seeking the application
of new technological capabilities, modularity
and variability.

The new progressive direction in construc-
tion and architecture is the formation of ob-
jects in relation to the aquatic environment.

Conceptual developments of architectural
objects are handled by the studio of A.A. Asa-
dova, architects V.I. Plotkin, 1. Ovchinnikov.
The study of individual aspects of modularity
and architectural shaping are characteristic of
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creativity. Le Corbusier, N.A. Saprinini, Yu.L.
Sherman, A.A. Gaiduchen.

Research on underwater urban studies ques-
tions and answers of the present are considered
in the work of Ruban L. [3].

In Western Europe, such as France, Italy,
the Netherlands, the United Kingdom, as well
as Canada and the UAE, the typology of ob-
jects on the surface of water is expanding to-
day [2, 4, 5].

The range of materials used in the construc-
tion of floating objects is gradually expanding,
which testifies to the growing tendencies of
this type of real estate over traditional above-
ground objects [3, 5].

The most significant advances in maritime
architecture belong to the United States. One
of the projects of successful realization is
housing for workers, which is prefabricated.
They are delivered by trucks to the right place
and are collected in a few days. The main ad-
vantage that can be distinguished in the stand-
ardization of the design solution is the copying
of the same buildings [2, 4, 6].

In recent years, the United Arab Emirates
has built many amazing objects and master-
pieces of architecture, a huge number of artifi-
cial islands and skyscrapers, hotels, shopping
malls and amusement parks in the sea.

Architect Vincent Callebout developed the
concept of a self-sufficient floating city —
"Lilypad Floating City", with a capacity of up
to 50,000 people.

The purpose of the project is to create a
harmonious co-existence of man and nature, a
project positioned by the author as a "floating
ecopolis for climate refugees"”.

Lilypad is a real amphibian that is a half-
water and half-earth city (Figs.1, 2).

The multifunctional and full-fledged infra-
structure of the floating city is based on three
marinas and ships, three mountains (lily-
shaped petals) designed for work, shops and
entertainment. The whole complex of land-
scaping located near the dwelling in the sus-
pended gardens intersects the network of
streets and alleys, forming an organic natural
contour [2, 4].
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Fig.1. Floating City, architect Vincent
Callebaut, Brazil, 2010

Such an island city will use the latest eco-
technologies, such as solar panels, conversion
of wind energy, ebb and flow in order to en-
sure the life quality of its residents.

Fig.2. Floating City, architect Vincent
Callebaut, Brazil, 2010

In addition, the Lath will clean the atmos-
phere of carbon dioxide with its titanium diox-
ide coating.

The construction of the facility involves
partial construction of 4,000 apartments with
original infrastructure [4].

The liner will be of high strength polyester
fiber coated with titanium dioxide. Mecha-
nisms and technical solutions for using wind
energy, tides and even biomass energy will al-
so be applied. Water purification by the meth-
od of reverse osmosis successfully tested on
aircraft carriers and a number of technical so-
lutions that will ensure self-sufficient, auton-
omous functioning of the city [2].
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For China, that is a home to about 1.4 bil-
lion people, overpopulation is a serious prob-
lem. Therefore, a floating ocean metropolis
project developed by China Communications
Construction Company (CCCC-FHDI) in col-
laboration with the AT Design Office is eco-
nomically viable and promising [6, 9, 10].

Conceptual design designed for long-term
autonomous ocean life. It is a structure of
combined floating hexagonal modules with a
total area of 10.36 km? [8, 9].

Constructed as different geometric shapes,
the sections, the largest hexagonal modules
measuring 150 meters by 30, can be based on
an equilateral triangle and a pentagon that di-
vides the water surface .

Designed to be a completely self-sufficient
and with zero carbon emissions, the floating
city includes farms and waste management
systems (Fig.3).

Fig.3. City Water Project, China Communications
Construction Company (CCCC-FHDI) & AT
Design Office, China, 2014

To move between the different structures of
the submarine and surface parts of the city, the
project's creators plan to use a line-wide
network of submarines and submarines. It is
also planned to build highways for land
transport by electric traction.

The project envisages residential, commer-
cial and recreational areas; a large area of land
will be allocated to green spaces, which are al-
so located at different levels.

Yes, a public green belt on the water sur-
face can provide public space for sports and
recreation in the fresh air. The underwater
green belt can be used for recreational tours.
The island has vertical gardens and animal
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farms that provide residents with all the food
they need.

Many marine structures have been con-
structed to date, and there are a number of de-
sign solutions for the formation of water-
related objects [6].

However, the examples and technology
provided are not enough. The issues of engi-
neering systems as well as design technolo-
gies, methods of structural systems and fea-
tures of process planning remain unresolved.

MAIN RESEARCH

Modular homes are a new modern vision of
what could be functional and comfortable ar-
chitecture for today. Mobile modular house is
a modern facility which has a number of ad-
vantages:
= high comfort;
= durability and environmental friendliness;
= the cost of maintenance and operation;
= operational production, delivery and as-

sembly;
= compactness and mobility [13, 21-23].

Modularity is closely related to the possibil-
ity of transformation, which can manifest itself
within both a single structure and composite
solutions of multi-component structures [13-
14].

The transformation of the exterior structure
of the building allows for open interaction
with the environment. There may also be a
transformation of planned interior space solu-
tions by means of displacement, partitioning
depending on functional zoning. Therefore,
transformation, by virtue of its mobile struc-
ture, can modify an object in different ways,
which allows the formation of different struc-
tures on the basis of one module [7].

The term "modularity” is considered as a
conventional unit of form used to coordinate
parts of an object and the whole complex [15-
19].

Modularity maximizes object output while
delivering high variability in planning deci-
sions.

In forming the structure, the most important
element is the shape of the module, which is
due to the purpose of functional filling, as well
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as the rational use of physical and mechanical
properties of structures.

The form should provide a number of spe-
cific properties for full functioning in the ma-
rine areas, such as:
= volume;
= spaciousness;
= ability to move and be transformed;
= geometric modeling;

= weight;
= massiveness;
= density.

The dense filling of the space during the
formation of modular structures is realized on
the basis of geometric modeling, where the
single element is the figure of a regular poly-
hedron, as the most streamlined and stable fig-
ure, which with its parallel displacements rela-
tive to the axes forms multilayered structures.

The solid filling of the three-dimensional
space is replaced by the modules obtained by
modifying the original convex polyhedra of
spherical type. After all, such polyhedra form
the largest internal usable volume at a mini-
mum surface area, while having a regular
symmetrical structure.

You can find new fillings of space by ar-
ranging the arrangement of Ahmed bodies
around a common edge in which adjacent bod-
ies have common incongruent boundaries. All
polyhedral angles at vertices are congruent,
where the dihedral angles of these polyhedra
on the common edge should be a full angle
(360°) [9-10].

The most appropriate figures among convex
polyhedra satisfying this condition are paral-
leleloids (Fig.4).

a o 8 2 0

Fig.4. Types of parallelohedra: a — cube, 6 — Six-
angle prism, ¢ — rhombododecahedron, d —
elongated dodecahedron, o — truncated octa-
hedron
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There are exactly five topological types of
paralleleloids in three-dimensional space:

= cube;

= hexagonal prism;

* rhombododecahedron;

= elongated dodecahedron;
= truncated octahedron.

An important condition for the formation of
structures is the unification of single modules -
a single modular system of mutual coordina-
tion of the size of structures and their elements
and structures, as well as their equipment
based on the multiplicity of the module [9-10].

Given the specific conditions of the loca-
tion of such objects, it is advisable to ensure
the structural strength of both one element and
the structure as a whole (Figs. 5).

The use of the light metal is a key construc-
tive solution of frame structures. The carrier
element for the solution of the modular struc-
ture is the spatial cross-rod structural system.
It is formed from steel tubes and connected
pivotally. Such systems have the great forming
capabilities, allowing to solve almost any
space-problems of composition [13-15, 17].

Kowcmpyeanibue Supuess vodyns

B | Gosmienn e

Fig.5. Schematic diagram of a cross-sectional
structural structure based on geometric
modeling from polyhedra

Assembled from separate tubular multi-
faceted rods and nodal elements with a single
bolted connection, USPK system MARCHI
represent regular structures on the basis of the
regular polyhedrons providing a single length
of the modular rod within the designed struc-
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ture, which enables the use of engineering
methods for the manufacture of structural parts
(automated technologies).

An important advantage of the system is the
use of special nodal elements of the hemi-
spherical type in accordance with orthogonal
and triangular grids, as well as asymmetrical
elements under different diameters of bolts
compared to the universal spherical polyhe-
dron, which allows to further reduce the metal
consumption and complexity of manufacturing
the nodal element [13-15].

Considering the features of cross-bar struc-
tural systems, a number of features can be dis-
tinguished regarding their application [17-22]:

1) ensuring the uniformity of prefabricated
elements and technologies for their manufac-
ture, which can be applied at factories using
modern automated and robotic systems;

2) possibility of connection of all elements
on bolts, without welding and tampering (easi-
ly mounted);

3) versatility for use — both for individual
low-rise residential, industrial, public and oth-
er purpose buildings;

4) the flexibility of frames, as collapsible
structures, which can be disassembled and re-
used, as well as with the change of purpose of
buildings (replacement or damage of the mod-
ule if necessary);

5) providing the spatial nature of the frame
structure, in which all elements form longitu-
dinal and transverse frame frames.

CONCLUSIONS

The main aspects of the formation of modu-
lar structures in the marine areas are highlight-
ed, in particular, the following.

1. Formation of floating structures is ana-
lyzed on the basis of geometric modeling
methods (in the three-dimensional space there
are exactly five topological types of parallelo-
hedrons: cube, hexagonal prism, rhombodo-
decahedron, elongated dodecahedron, truncat-
ed octahedron, as the most streamlined fig-
ures).

2. The advantages of modular design, as
well as the possibility of forming floating
structures.
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3. A three-dimensional cross-core structural
system based on regular polyhedra is pro-
posed.

4. The structural features of the formation
of floating structures and the outlined pro-
spects of water urbanism are distinguished.
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DopmM00Opa30BaHUsI MOAYJLHBIX CTPYKTYP
yepe3 MPU3MY apXHTEKTYPbI HA MOPCKHX
aKBaTOPHUAX

Banepuii Toebuu, I'anuna Kpasuyx

AnHorauus. [loka3zaHbl NPUYMHBI AKTyalu3a-
MU TpodiemMbl BOAHOTO ypbaHm3zma. Paccmorpe-
Hbl OCHOBHBIE TPEAJIOKEHUS] 10 BO3MOKHOMY
(hOpMHUPOBaHUIO MJIABYYUX KOHCTPYKLHH, MpoaHa-
JU3UPOBAH MEKIYHAPOIHBIH OMIBIT MPOEKTHPOBA-
HUS TakuxX 00bekToB. Bompoc gopmupoBanus mMo-
IyJIBHBIX CTPYKTYp OCHOBBIBaeTCS Ha METOAax
reoMeTpuyeckoro Mojenuposanusi. llpoanannzu-
pOBaHBI MPaBUIIBHBIE U TOMYIPABUIbHBIE MHOIO-
IpaHHUKHU, KaKk Haubojiee oOTeKaemble (DUTYPBI C
MO3ULMH YTUIMTAPHOCTH, yCTOWYMBOCTH, IJIaBY-
yectu. [lockonbKy Takue Gpurypsl o0pasyroT BHYT-
PEHHUH TIOJNE3HBI O0BEM MPH MHHUMAIBLHON
IIOIIAIM MOBEPXHOCTH U 00JaNaloT peryyspHoOn
CUMMETPUYHOU CTPYKTYPOH.
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BrbIsiBIEHBI OCHOBHBIE CBOMCTBA HEHPEPHIBHOTO
3aII0JIHEHUS] TPEXMEPHOTO MPOCTPAHCTBA HA OCHO-
BE MOJYJIbHOW KOHCTPYKIMH BBITYKIBIX MHOTO-
TPaHHUKOB C(epruvecKoro Tuna. BaxxHeIM ycinoBu-
eM SBIIeTCS YHU(HKAMSA MOIYJICH B3aWMHOTO
COTJIACOBAHMS JJIEMEHTOB CHCTEMBI Ha OCHOBE
KpatHocTH. [IpoaHanu3upoBaHbl MpPEUMYIIESCTBA
MOJYJBHOTO TPOEKTUPOBAHUS M BO3MOKHOCTH
(opMooOpazoBaHus TUIaBy4IHx CTpyKTyp. Ilpen-
JOKEHO IUISl PEIICHHS MOIYJIBHOH CTPYKTYpHI
00BEMHO-TIPOCTPAHCTBEHHYIO MepeKpecTHO-
CTEP)KHEBYI0 KOHCTPYKTHBHYIO CHCTeMY (IIpo-
CTPAHCTBEHHBIH KapKac pemaeT He TONBKO (yHK-
UUOHABHO-YTHJIUTApHAs  3ajadya  [EpeKPBITHS
MPOCTPaHCTBa, a ecTh (popmoobdpasyroend cTpykK-
TypO# BCETO COOPYKECHHUSA).

OcBelleHbl OCHOBHBIE aceKThl (hopMooOpaszo-
BaHUA MOIYJIBHBIX CTPYKTYp Ha MOPCKHMX aKBaTo-
pHSX, B YaCTHOCTH:

- IpoaHaIM3UPOBaHO (PopMooOpa3oBaHHE IUIABY-
YUX CTPYKTYpP Ha OCHOBE METOJIOB IeOMeTpHue-
CKOT'O MOJICTUPOBAHHS,

- IPEJUIOKEHO O00BEMHO-TIPOCTPAHCTBEHHYIO IIe-
PEKPECTHO-CTEP)KHEBYIO KOHCTPYKTHBHYIO CHCTE-
MY Ha OCHOBC IMPaBUJIbHBIX MHOT'OYI'OJIbHUKOB.

- BBIJIEJICHBl KOHCTPYKTHUBHBIE 0coOeHHOCTH (hop-
M00Opa30BaHUsl TUIABYYHX CTPYKTYp M OIpeJelie-
HUE MEPCIEKTHB BOJHON YPOAHUCTHKH.

KuaioueBpie cioBa: ¢opmooOpazoBaHUs, Teo-
METPUYECKOe MOJCIUPOBAHNE, OJIOYHO-MOIYIIb-
HBIE CTPYKTYpHI, MEPEKPECTHO-CTEPKHEBBIE KOH-
CTPYKTHBHBIE CUCTEMBI, KOMOMHATOPHKA
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Ha3Bu Tabnuub Ta nignucK nig pucyHkamm (po3mip 11) po3milytoTb niBopyy rpadivyHOro 00’eKTy; B KMPUITUYHKUX TEKC-
Tax — AybnioloTb aHrMINCbKOK (PSAOKOM HUKYE)
e B CMNWCKY niTepatypu — He MeHwe 20 nocunaHb (NepeBaxHO Ha HAYyKOBi CTaTTi Ta MoHorpadii); nicns npiseuLa 3a3Ha-

YyaloTb pik BuaaHHsa (ctaHgapt APA)
e CNUCOK NiTepatypu Ay6MnoTe aHMINCLKOM; AKLO BMKOPUCTOBYETLCA http://translit.net (kpim Ha3Bu mxepena, SKy ne-

peknagaloTb AOCMIBHO), B AyXKKaX BKa3yloTb MOBY opuriHany, Hanpuknag (in Ukrainian), (in Russian), (in Poland)
® NOCUNAaKYUCh Ha IHTEPHET-PECYpPC, CNif BKadyBaTu MOBHY Ha3BY i BUXIAHI AaHi nybnikauii
® B KiHLi aHINMOMOBHUX CTaTeln 4aloTb aHOTaLil0 POCINCLKOKD; B iHLUNX CTATTAX — aHIMiNCbKOO

CmpyKkmypyeaHHs:
BMXigHI AgaHi (wpndT Arial): HasBa pykonucy (HAK, d.14), iM’a Ta npi3Buwie aBTopa (Kypcus, d.12), micue po6oTwm,
nowrtoBa agpeca, e-mail, ineHtndikatop ORCID (d.10); sKwo aBTOpIiB AeKinbka — 3a3HavaloTb LMPOBMMU 3HOCKaMU;
3anuwaloTb No 5 NycTux pagkiB Mk BEpXHiM nonem apkyLia, BUXigHUM1 AaHUMK | OCHOBHUM TEKCTOM CTaTTi
e CTPYKTYPHI Migpo3ainu cTaTTi:
- AHOTAUIA (He meHwe 1800 3Hakie — 0,5 cTop. .11)
- KNKOYOBI CJTOBA (5 — 8 cniB)
- BCTYN
- META | METOOW OOCHIOXXEHb
- PE3YINIbTAT TA OBIrOBOPEHHA
- BUCHOBKW TA PEKOMEHIALIIT
- JITEPATYPA
e Ha3Ba CTaTTi — iIHPOpMaTMBHA Ta KOpPOTKA; CTPYKTypa aHOTaLii — aHanoriyHa CTpyKTypi cTaTTi, 683 BUKOPUCTaAHHS CKO-
poyeHb Ta abpesiaTyp, yCi NOSICHEHHS Aal0Tb B TEKCTi; NOCUMNaHHA — He Binblue 5 axepen B 04HOMY MicLi
e TabNKLi Ta PUCYHKM PO3MILLYOTb MiCMsi MEepLUOro 3rafyBaHHs NPO HUX, a BEMWKi (Ha NOBHY LUMPWHY apKyllia) — 3BepXxy
abo 3HM3y CTOpiHKK (HEe po3pMBaYM 0QHOYACHO 0OWABI KOMOHKN TEKCTY)
e intocTpadii — y oopmatax .jpg, .tif 3 posainbHo 3aaTHicTio He meHwe 300 dpi

OgpopmneHHs:

e NMUWYTb NPSAMO — uUmMdpu, rpeupki OyKBU, KMPUNULIKD, TPUrOHOMETPUYHI (PyHKUii (tan, sin Ta iH.), ycTaneHi Bupasn

(max, const Ta iH.), XiMiYHi eNemMeHTU; KypC1BOM — aHIMIACbKi CMMBOMNU (POPMYI, PUMCBKi Lindpr, HOMEpPU ekcnnikauii

MiX doopmMynamu, pucyHkamu, TabnmusmMm i TEKCTOM 3anuiatoTe No 1 NycTomy psaky

e chopmynmn (po3mipom 12-9-7-16-12) HabupatoTb B MathType i LeHTpyoTb; Hymepauis — NpaBopy4Y KOMOHKKW; Tabnuui i
PVCYHKN — He MepeBuULLyoTb 06nacTb APYKY apkyLla

e CKkOpo4eHi cnosa «Tabn.» (Table), «Puc.» (Fig.) nuwyTb 3 Benukoi 6ykBK (B TEKCTI — CBITNO, B Ha3Bi — H/XK); TEKCT Ha
noni PUCYHKIB 3BOASATbL 0 MiHIMYMY, NOACHEHHA AaloTb B nignucax nig pucyHkamm

e B KOCTi pO3iNoBUX 3HAKIB y CUCKY NiTepaTypu BUKOPUCTOBYIOTb Tiflbku Kparky i Komy (ctaHgapT APA); KinbekicTb cTo-
PiHOK (Aiana3oH) BKa3yloTb 6e3 ix No3HaYeHHs

® NpuKNaav oopMIeHHs cTaTten i apxiB XypHany — ave. www.uwtech.at.ua, http://library.knuba.edu.ua/node/867
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