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The article discusses the system-conceptual aspects of the design of surface-to-air missiles (SAM). A spiral ob-
Ject-oriented design model for SAM is proposed, which allows increasing the design efficiency with a reduced vol-
ume of pilot flight tests. The formation of classes, objects and structures has been completed, they are the formalized
mechanisms for the synthesis of SAM, using the theoretical foundations of the object-oriented design methodology,
combines the process of object decomposition and the presentation of the logical, physical, static and dynamic mod-
els of the designed system.The proposals on the development of the method of “electronic launches” as technolo-
gies, which unites, within the framework of common approaches, questions of testing and simulation modeling of

SAM at all stages of designing.
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Introduction

Problem statement and literature analysis. Ex-
perience in the design of high-precision weapons sys-
tems in Ukraine has shown that the classical block-
hierarchical design paradigm and cascade (waterfall)
model of the life cycle no longer provides sufficient
efficiency to the design process. And this is due to the
fact that the design of modern high-precision weapons
systems based on network-centric technologies requires
new approaches to the methodology for their creation.

When considering the methodology of creating
modern weapons, first of all, attention should be paid to
the work [1-5]. The problems of substantiation of re-
quirements for modern weapons and military equipment
are discussed in the works [6-9]. Particular attention
should be paid to the works [9-13], that deal with the
design of surface-to-air missiles, the creation of models
for the guidance loop, and a computational experiment.
The work [14] can be recommended as an example of the
construction of modern model-oriented platforms for the
development of complex radio engineering systems. The
problems of object-oriented design are covered in [15].

The purpose of the article is to consider the use
of a spiral object-oriented design model of SAM, which
improves design efficiency with a reduced amount of
flight control tests and simulation modeling — “elec-
tronic launch” as part of a unified methodology for
SAM designing and testing.

Statement of basic materials

Formally, the works on the creation of complex
military and technical systems can be divided into de-
sign, construction, manufacture and testing, which are
divided into a number of stages [1-5].

The logic of the design process of SAM is built on
the cascade (waterfall) model [5]. The existing design
approach considers a precise formulation of the initial
requirements for SAM. Partial requirements specifica-
tions for the creation of rocket equipment should be
coordinated before the start of work. Coordination of
partial requirements specifications with the executor
requires the performance of relevant researches, which
can not be funded by the customer. The final approval
of the partial requirements specifications is carried out
in the course of the project. All this leads to the fact that
for the customer there is a high level of risk and unreli-
ability of investments. The results of the project are
available to the customer only at the end of the work
(stage), which leads to significant difficulties in man-
agement of the design process of SAM and complicates
the parallel work on the project.

The experience of design work on the program for
the creation of future-technology SAM showed that, the
existing sequence of design stages allows the implemen-
tation of the spiral (evolutionary) model of the missile
creation.

The spiral model of design and test of SAM is
shown in Fig. 1.

With such a design model, the conformity assessment
of the characteristics of the designed SAM to the specified
requirements is carried out not at the end of the stage, but
continuously during the execution of the design work. The
customer has the ability to plan the partial requirements
specifications at the next stage and carry out its scientific
processing and coordination with the executor.

Thus, the process of design and test becomes con-
tinuous, and its division into separate stages is related
only to organizational and financial issues.

Very important for the purposes of our considera-
tion is the remark by B.A. Demidov [3] that: a product
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of a design is a model of an object that does not really
exist at the time of design.

At the starting of the design, SAM is presented as a
concept with a high degree of abstraction, which has a
number of properties that make it possible to distinguish

SAM from other missiles (for example, aviation, ballistic,
etc.).

Surface-to-air missiles designing is reduced to the
sequential solution of a group of tasks that relate either
to synthesis problems or to analysis problems.

Designing of air
defense system

Surface-to-air missile as an

>

Object-oriented design of surface-to-air missile

object of design (system as a Original mapping

(formation of SAM model, as the form of
existence of knowledge about the projected

fragment of the world)

system)

Verification of the results obtained in the
design of the SAM, the transfer of
knowledge from the model to the original

Transfer of knowledge from
model to object

Test / simulation
[electronic launch method]
(practice as a criterion of truth)

Synthesis of the object-oriented model of the
surface-to-air missile guidance loop
(design of the guidance loop objects)

-
N—]
—>

Fig. 1. Spiral model of surface-to-air missile design and testing

Analysis of operational and tactical requirements and tactical and technical requirements for the
implementation of the avant-project "Development of domestic promising
surface-to-air missile"

S

( Formation of technical requirements for a conceptual project for the development of a promising SAM >
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@etermination of'the set of possible principles of constructing surface-to-air missile systems (P))

Determination of the set of possible interrelated
elements of surface-to-air missile (4)
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I

Determining the set of interrelated functions
performed by surface-to-air missile systems and its
elements (F)

)

Formation of a variant of the technical outline of the surface-to-air missile
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[ Formation of the classes structure of

the surface-to-air missile outline
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Definition of related functions set required for
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of technical outline of the surface-to-air missile

Structural synthesis of the surface-to-air missile

(OO—synthesis of surface-to-air missile )

( OO - synthesis of the contour of guidance )

(

Parametric synthesis of surface-to-air missile

)

Electronic launches

Fig. 2. The general structural scheme of the object-oriented design method of surface-to-air missile

134


http://www.hups.mil.gov.ua/periodic-app/journal/nitps/2019/2

Pozeumox, botiose 3acmocysants ma 030pOEHHS 3eHIMHUX PAKEMHUX GilICbK

Fig. 1 shows the general structural diagram of the
object-oriented design of SAM.

The synthesis of SAM is the process of generating
the functions, structure and parameters of SAM accord-
ing to the requirements set by the operational and tech-
nical requirements (OTR) and tactical and technical
requirements (TTR), achieving the specified perform-
ance characteristics, required and sufficient to perform
the assignment tasks.

The analysis of SAM is a study of the features of
some variant of the construction SAM.

In the formalized problem of the synthesis of SAM
as a complex military and technical system are high-
lighted [5]:

P — set of possible principles of design of air de-
fense system (ADS);

F — set of interrelated functions realized by ADS
and its elements;

A — set of possible interrelated components of sur-
face-to-air missiles.

Each set of Il principles corresponds to a set of
F(IT) functions, from which it is necessary to choose
f € F(IT) subset sufficient to implement the specified

construction principles.

The elements of the F set are mapped to the ele-
ments of the 4 set. This image is characterized by some
operator

H: A =H(F).

In the general case, the task of synthesis of SAM
structure is to determine [5]:

— sets of principles of design

[MePp; (1)
— sets of functions performed by ADS
(feFdD)); 2

— sets of elements that can implement the chosen princi-
ples and carry out functions

(acd) 3)
in determining the optimal projection of the elements of
the set of performed functions on the set of interrelated
elements

[acA]l=H[feFD)]. “)

The combination of all functions of the system and
its components form the functional structure of the sys-
tem, which is built on a hierarchical basis. For complex
systems consisting of a large number of elements, the
functional structures are rather cumbersome and diffi-
cult to analyze. Thus, condition (2) of synthesis by stan-
dard methods is difficult to analyze. The same situation
takes place with elements of the structure (4).

One of the approaches invented by mankind to
overcome complexity is an abstraction. We introduce
the concept of the classes structure and the objects
structure that together form the system architecture.
Moreover, we consider the class as a rather abstract
knowledge system (1-4) about SAM, the name of which

coincides with the class name. Classes form a structural
hierarchy of the type “to be part”, objects of type struc-
ture “is a” [15]. Further, the functions described in the
class can be implemented using a variety of different
structures. Objects are generated by classes and repre-
sent the implementation of any variant of the structure
that provides the execution of the specified functions.

Actually, the design process is a process of ab-
stract thinking. New obtained knowledge about the mis-
sile requires confirmation by practice.

The process of transferring abstract knowledge to a
specific object is a construction process (Fig. 1). There
is no difference if a concrete physical object or simulat-
ing model is constructed.

The method of synthesis of the object-oriented
model of SAM guidance loop involves the stages of
research shown in Fig. 3.

Air defense system is a large system that is not ob-
served simultaneously from the perspective of one ob-
server, for which there is a significant spatial factor, the
number of subsystems of which is very large, and the
composition is heterogeneous.

The system decomposition of the design task of
SAM leads to the fact that in composition of SAM there
are separate units of armament and military equipment
[5]:

A={4,4,...4,} . %)

For each unit of equipment it is possible to de-
termine the set of its system functions
FS(4;)={FS;1,FSip,... FSj, } . (6)
For SAM it is possible to determine the set of
XM input impacts
XM = {xl,x2,...,x,} . (7

The interconnection between the system functions
of the armament and military equipment sample from
the composition of SAM and the set of input impacts of
the XM missile can be represented as a matrix of binary
relations

“Cj(k) H =[FS(4; )x X, ] =

FS;, FSy FS

im
@) (k) A(m) | X
_ , (¥
=1 €jm Cjick) Cji(m) | *)
| Sm(1) Cm(k) Sm(ly | M
1, <FSlk,x]>ERS;
Cik) =

0, <FS,~k,x/->gRs.
This armament and military equipment sample en-
ters the guidance loop when EI<FSl-k,xj> € R® condition

is fulfilled, there is interconnection between function of
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the armament and military equipment sample and the
input influence for SAM.

When designing SAM it is important to take into
account the missile interaction with the external envi-
ronment [10-13]. At the same time, there are sets of

elements of SAM that the ADO (array of designed ob-
jects) interacts with during operation and the class of
objects describing the environment AEO (array of envi-
ronmental objects).

Operational and tactical requirements for the air defense system,
results of the implementation of the avant- project

NS

System decomposition of the problem of air defense system designing, determining the set of elements of ADS
that the SAM interacts with, ADO (an array of designed objects)

NS

An analysis of the operation of the guidance loop elements, the formation of functions set and their encapsulation
into objects of the class, AEO (an array of environmental objects)

S

C Structure formation of guidance loop classes - AGL (an array of guidance loop objects)

S

S

Problem structural decomposition of the surface-to-air
missile design, formation of the classes structure
describing the main components of the missile - MOM
(main objects of missile)

air missile design, formation a set of SF systemic
functions describing the behavior of the SAM in the

Problem functional decomposition of the surface-to-
external environment

S

CFormation of the class structure describing the main missile systems of the MMS (main missile systems)

S

C

Designing of separate systems at the level of a functional model, definition of internal functions
of MMS classes F(s;)

)

NS

( Integration of MMS classes functions into separate components of a missile - MOM classes. >
@etermining the composition of elements that provide the implementation of individual functions )

NS

S

models for the operation of the main missile components

( Structural design of missile components - as an integrating elements process into MOM classes, developing )

NS

Structural design of the surface-to-air missile — as a process of integrating missile components into the AM class,
developing a model for the functioning of SAM

Structural design of the guidance loop - as a process of integrating surface-to-air missile into the air defense
system, the development of a composite model of the functioning of the ADS in the guidance loop

Fig. 3. General structure scheme of the synthesis method of object-oriented model of guidance loop
the path of surface-to-air missile

Formation of the structure of the guidance loop
classes — AGL (array of guidance loop objects)

AGL = AM W ADO U AEO. Q)

The structural decomposition of the design prob-

lem of SAM, the formation of the class structure, de-

scribes the main components of the missile — MOM

(main objects of missile), is carried out on the basis of
the definition of the outline of future-technology SAM

MOM ={by,b,,...,bs} (10)
where b, — active radar target seeker; b, — block pulsed
SPRE; b; —guidance system; b, — warhead; bs — jet en-
gine; b — aerosurfaces actuators system.
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Functional decomposition of the design problem of
SAM, the formation of a set of SF system functions,
describing the behavior of future-technology SAM in
the external environment

SE ={fs1> fytseos fsm ) - (11)

This process is carried out by describing the stages
of the flight of the missile and forming a vector of the
initial parameters (providing a simulation of its 6-
dimensional motion).

The stages in forming the structure of the classes
describing the main missile systems (MMS) and the de-
sign of separate systems at the level of the functional
model are connected with the block-hierarchical ap-
proach to design.

The block-hierarchical design paradigm has
historically developed so that groups of developers
specializing in the design of separate systems, followed
by their aggregation. Therefore, when implementing
object-oriented design, this approach is retained.

As an example, it is possible to refer the functional
model of the flight-control system, which structure of
MMS classes that can be represented in form

MMS = {Sl,Sz,S3} ,

where s; — guidance system; s, — control system; s3 —

navigation system.

When designing separate systems of SAM, a func-
tional scheme of the corresponding system is developed.
For example, there are many internal functions of the
control system

F(sz)z(Fl,Fz,...,Fj). (13)
A set of internal class MMS functions
3
FMMC(s)= U F(s;). (14)
i=1

The phase of integrating the system and internal
functions of MMS classes into separate components of
the missile — the MOM classes represents a transfer
from system to structural design of missile equipment.

As a result of this phase, a functional scheme of
the airborne part of missile flight-control system is be-
ing developed (Fig. 4). The process for determining the
composition of elements that provide the implementa-
tion of separate functions currently has a fundamental
difference from the similar processes used in the devel-
opment of existing SAM.

This is due to an increase in the level of encapsula-
tion of functions in the basic elements of SAM.
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Fig. 4. Onboard control loop block diagram

Under the basic element is understood part of a
system with determined functions (which has a certain
behavior) and is not subject to further breakdown within
the framework of the problem being solved.

Currently, the developer uses the objects that im-
plement a large number of functions as the basic ele-

ments. Main part of the functions that define the data
processing are encapsulated in the “element”.

Formation of sets of 4 basic elements and their
F(A) functions allows getting to a higher level of struc-

tural design of missile components by integrating basic
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elements into MOM classes. The CSHM class (control
system of homing missile) is considered as an example of
a stabilization system includes a set of elements

m
FCSHM (A4) = U F(a;) .
i=1

Surface-to-air missile as an object of design

The presence of sets of basic elements and the

Verification of the results obtained in the design of the SAM, ﬁ the transfer of knowledge from the model to the original

CSHM ={ay,a,,...,a,}. (15)
( Phase 1. Verification of the operation model of the SAM guidance loop )
( Phase 2. Verification of constructing options of the surface-to-air missile outline)

NS

4 Phase 3. Verification of the surface-to-air missile prototype using software and N
simulating means

C( 3.1. Verification of the SAM prototype main components model of ):">

functioning

<):< 3.2. Verification of the SAM prototype of functioning as a simulation >::>

model of the interaction of the main missile components
3.3. Verification of the SAM guidance loop of functioning path as a
\_ simulation model of the interaction of the ADS prototype )

NS

[ Phase 4. Verification of the surface-to-air missile prototype using hardware and \
software modeling complexes and model-oriented platforms

4.1. Correcting the model of the main components of the surface-to-air
missile prototype and verification their adequacy

4.2. Correcting the model of the SAM prototype and verification of its
adequacy

4.3. Correcting the model of the surface-to-air missile guidance loop and
verification of its adequacy

NS

Phase 5. Verification of the SAM experimental prototype during ground tests

5.1. Correcting the model of the surface-to-air missile main components and
verification of their adequacy

Y (S

\@/
Y

Synthesis of the object-oriented model of the surface-to-air missile guidance loop

<:<5.2. Correcting the surface-to-air missile model and verification of'its adequacy):>

5.3. Correcting the model of SAM guidance loop and verification of its
adequacy

S

Phase 6. Flight tests of surface-to-air missile

6.1. Flight preliminary tests of surface-to-air missile in general and
elements of its design and equipment

6.2. Flight preliminary tests with launches of surface-to-air missile

v )\

I T (L

6.3. Flight tests of SAM using the experimental and theoretical method B

) PN

Required parameters of

Guidance loop model

Accordingly, the set of functions FCSHM (func-
tions CSHM) implemented by a set of elements

(16)

AN

quality and effectiveness

Fig. 5. General srtuctural scheme of the modified method of electronic launches

functions performed by them allows proceeding to the = MOM classes.
next level of structural design — the development of de-

(design of the guidance loop objects)

vices included in separate components of the missile —
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Next phase of structural design are related to the
aggregation of the guidance loop model at higher levels.

The next important step of OO-design (Fig. 1) is a
test / simulation modeling. From a cognitive point of
view, there are no serious differences between the tests
of SAM as a physical object and the simulation of SAM
as some virtual object. When providing the necessary
model adequacy to the real object, the differences be-
come insignificant. The main thing here is that the pres-
ence of a ratio between test processes and simulation
model changes the logic of creating complex military
technical systems.

Experimental-theoretical method of studying the
characteristics of the guidance loop becomes the main
one, and the research itself, combined into a modified
method of electronic launches, forms a single complex
of full-size and model tests at all stages of the creation
of SAM. The general structure of the modified method
of electronic launches is shown in Fig. 5.

The ratio between the total number of n tests and
the number of n, real launches is determined by the

value of the coefficient of » correlation between the re-
sults of real launches of SAM and their simulation.
When the ratio between the volumes of real launches

and the number of runs of the n,, < n,, model [5]:

P

L= . (17)

Thus, a combined estimate compared to an esti-
mate obtained by the results of real launches, is accept-
able for accuracy or efficiency only when a high corre-
lation between the start and simulation results is en-
sured.

The adequacy of the design model of SAM guid-
ance loop and the adequacy of the model of external
influences should be ensured.

During designing, with the accumulation of
knowledge about the projected system to increase the
adequacy of simulation models, the transition to hard-
ware-software models is carried out. From a systemic
point of view, in the initial two phases of the modified
method of electronic launches, an imitation model of the
design of SAM outline, that serves as a model for the
formalization of knowledge, is created.

The third phase of research is carried out in order
to refine the mathematical model, taking into account

the practical implementation of missile systems. Cur-
rently, the transfer of the “center of gravity” of the pro-
ject tasks from the stage of working design to the stage
of sketch design (engineering), during which a proto-
type model is formed. This model is high-level repre-
sentation of projected SAM. In this case, the verifica-
tion task of the characteristics of complex systems in the
initial stages of development becomes actual. To do
this, a special model-oriented platform is used. An ex-
ample of such platforms can be the automatic design
system Agilent SystemVue, which is used to design and
simulate the working conditions of SAM radio equip-
ment [14].

The next phase of electronic launches method is
related to the subsequent increase in the adequacy of the
model.

The use of modern SAM data sensors with digital
output creates the possibility of further increasing the
adequacy of the hardware-software model by replacing
the missile model with the electronic launch of the mis-
sile model for which the flight conditions are modeled.

New situation is realized in which, all the main
components of guidance loop are represented by real
objects and modeling errors are related to the simulation
of external environmental influences and system func-
tions of the missile.

The phase of previous flight tests is aimed at inter-
action of the missile with the external environment, con-
firmation of the given tactical and technical characteric-
tics of missile, calibration of the hardware-software
model of the guidance loop.

The phase of flight acceptance tests is organized in
accordance with the requirements of the customer,
which is responsible for their conduct.

Conclusion

The classic block-hierarchical design paradigm
and cascade (waterfall) life cycle model do not provide
enough design efficiency. The conclusion is made on
the need to use a spiral (evolutionary) object-oriented
model for SAM designing using an object-oriented ap-
proach and a modified method of “electronic launches”
as technologies that integrate within the framework of
common approaches the issue of testing and simulation
modeling of SAM at all stages of designing.
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METO[ NPOEKTYBAHHA 3EHITHUX KEPOBAHUX PAKET I3 3ACTOCYBAHHAM
OB’€EKTHO-OPIEHTOBAHOIO NIAXOAY | TEXHONOII ENEKTPOHHUX NYCKIB

O.B. Typiucekuii, A.b. Cropux

Y ecmammi posensdaromeca cucmemmno-KonyenmyanvHi acnekmu nPOEKmMy8anHs 3eHimHux Keposanux paxem. Buxkopucmo-
8Y104U 00C8I0 BUKOHAHHS NPOEKMHUX POOIm i3 CIMBOPEHHs CUCHeM 8UCOKOMOYHOI 30poi 6 YKpaini 3pobieno 8UCHOBKU, Wo Kid-
cuuHa 6I0YHO-IEPAPXIUHO20 NAPAOU2MA NPOEKMYBAHHSA | KACKAOHA MOOeTb JHCUMIMEBO20 YUKTY Bice He 3abe3neywyionms 00Cmam-
HbOI eghekmuernocmi npoyecy npoexkmy8aHHs..

3anpononosano cnipanbiy 00’ €KmHO-0pIiEHMOBANY MOOeNb NPOEKMYSAHHs 3eHIMHUX KepOSaAHUX pakem, wo 0038015€ nio-
BUWUMU eheKMUBHICIb NPOEKMYBAHHS NPU CKOPOUEHOMY 00CA3I KOHMPOILHUX TbOMHUX 6unpobysans. Pospobaeno sazanvhy
CIMPYKMYPHY cXemy mMemooy 06 'ekmuo-opienmosanozo npoexmysanus 3KP. Buxonano gpopmyeanns xnacie, 06’ekmie ma cmpy-
KMyp, Wo A6AAI0MbCA POPMANI308AHUMY MEXAHIZMAMU CUHME3Y 3eHIMHUX KePOBAHUX paKem, Npu YboMy GUKOPUCMAHI meope-
MuyHi 3acaou 06 ' EKMHO-OPIEHMOBANHOI MEMOOON02ii NPOEKMYB8ANHSA, WO NOEOHYE 8 cobi npoyec 00 €KmHOI 0eKomMno3uyii i npu-
tiomu npedcmagnents 102iMHol, Qizuunol, cmamuunoi ma OUHAMIYHOT MOOeni NPOeKmMo8aHoi cucmemu.

Pospobneno memoo cunmesy 06'ekmuo-opicnmosanoi modeni konmypy Haeeoenus 3KP, chopmynvosani i poszensmymi
emanu cunmesy. IIpusedeno modiciusuii apianm nodyoosu GYHKYioHanbHoi cxemu 60pmMO8o20 KOHMYPY YNPAGNiHHA Nepchek-
muenoi 3KP.

141



Hayxka i mexuixa [losimpsanux Cun 36pounux Cun Yrpainu, 2019, Ne 2(35) ISSN 2223-456X

3pobneno 6ucHosok, Wo 3 NiZHABANBLHOI MOUKU 30pY GIOCYMHI SKI-HEOYOb Ceplio3Hi GIOMIHHOCHI MIdC UNPOOYEAHHAMU
3KP sax ¢izuunoco 06'exkmy i imimayitinum mooentosannam 3KP ax desxoeo gipmyanvrozo 00'ekmy. Ilpu 3abe3neuenni HeobXio-
Hoi’ adexsamnocmi mooeni peanbHomy 00'ekmy iominHoCcmi cmarome Hecymmesumu. Buxoosauu 3 yvoco ¢hakmy dexnapyemucs,
o 00CNiOHO-MmeopemudHULl Memoo 00CTIONHCEHHA XAPAKMEPUCTIUK KOHMYPY HABEOEHHS CMAE OCHOBHUM, A CaMi OOCTIONCEHHS,
wo 06'conyromuvcs 6 MOOUPIKOBaHUL MEMOO el1eKMPOHHUX NYCKI6 YMBOPIOIONb COUHUL KOMIAEKC HAMYPHUX | MOOETbHUX 8UNPO-
6ysanv na ycix emanax npoexmyeants 3KP.

Knrouosi cnoea: 06'exmmno-opicnmoganuil cunmes, KOHMyp HAGeOeHHs 3eHIMHUX KepoeaHux pakem, npoexmysanns 3KP,
3PK, knacu i 06’ exkmu mooeni, memoo ‘“‘eleKmpoHHUX nyckie”.

METO[ NMPOEKTUPOBAHUA 3EHUTHDBIX YNIPABNAEMbIX PAKET C UICMOJIb3OBAHUEM
OBBEKTHO-OPMEHTUPOBAHHOIO NOAXOOA U TEXHONOIMNU SNEKTPOHHOIO NMYCKA

A.B. Typunckuii, A.b. Cxopuk

B cmamve paccmampusaromes cucmemno-konyenmyanvhuie acnekmul npoekmuposanus 3YP. Hcnonw3ys onvim gvinonne-
HUS NPOEKMHBIX pabom no CO30AHUIO CUCEM BbICOKOMOUHO20 OPYHCUs 8 YKpauHe coenansl 6b1600bl, YUMo Kiaccuueckas Onou-
HO-uepapxuyeckas napaouema npoeKmuposanis U KACKAOHAs MOOeIb JICUSHEHHO20 YUKIA Yoice He 0becnedusarom 0ocmamouy-
HOU d¢hhexmusrocmu npoyecca NPOEKMUPOBAHUL.

Ilpeonosicena cnupanvhas 06vekmHo-OpueHMUposannas mooenv npoekmuposanus 3YP, nozeonsiowas nogvicums ¢-
GexmusHocms NPOeKMuUpo8anUsi NPU COKPAUEHHOM 00bemMe KOHMPOIbHbIX JemHblX ucnsimanuil. Paspabomana obwas cmpyx-
mypHas cxema memooa OO-npoexmuposarusi 3VP. BuinonineHo Gopmuposarie Kiaccos, 06bekmos u CmpyKkmyp, A6Iaouuxcs
DOPMANUZOBAHHBIMU MEXAHUIMAMU CUHIMESA 3EHUMHBIX YAPABTACMbIX PAKEM, NPU JMOM UCHONIb306aHbL MEOPEeMUeCcKUe OCHOBb
00bEKMHO-OPUEHMUPOBAHHOL MEMOOO0NI02UY NPOEKMUPOBAHUs, codemarowel 8 cebe npoyecc 00beKMHOU OeKOMNOIUYuu u
npuemvl nPeoCcmagieHus 1I02u4ecKol, u3ULecKoll, cmamuyeckol u OUHAMUYECKOU MOOenU NPOEKMUPYeMOll CUCIEMbL.

Paspaboman memoo cunmesa 06vexmuo-opuenmupogantol mooeiu konmypa naeedenus 3YP, cghopmyruposanst u pac-
cmompenvl smanvt cunmesa. IIpednosicen 803MOuCHbIIL 6apuanm NOCMPOeHUs QYHKYUOHATLHOU cxembl OOPMOB020 KOHMYpd
ynpaegnenus nepchekmughou 3YP.

Coenan 861600, MO ¢ NO3HABAMENLHOU MOYKU 3PEHUS OMCYMCMBYIOM KAKUe-TUOO0 CepbesHble pasiuiis MeXcoy UCnblma-
Husimu 3YP kax usuueckoco 06vekma u umMumayuorubiM mooenuposanuem 3YP kax nexomopozo eupmyanvhoco 06vekma.
Ilpu obecneuenuu HeobX00UMOU AOEKEAMHOCMU MOOENU PEalbHOMY 00BbEKmMY pAasiutus CIMAHOBAMCS HecyujecmeeHuvimu. Hc-
X005 U3 2M020 Paxma OeKaapupyemcs, 4mo OnbIMHO-MeopemuyecKull Memoo ucciedosanus xapakmepucmux 3YP cmanosumcs
OCHOBHBIM, A CaMU UCCNIe008AHUSL, 00BEOUHSIOMCST 8 MOOUDUYUPOBAHHBIL MENMOO INEKMPOHHbIX NYCKO8 U 00pazyiom eOuHbvlil
KOMNIEKC HAMYPHBIX U MOOETbHLIX UCNbIMAHUL Ha 6cex smanax npoexmupoganus 3YP.

Knroueswvie cnosa: 06veKmHo-opueHmuposantblii CUHmes, KOHMyp HABeOEHUs: 3HUMHBIX YRPABTACMbIX pAKeMm, NPOEKMu-
posanue 3VP, 3PK, kiaccol u 06vexmuvl Mooenu, Memoo ‘“31eKmpOHHbIX NYCKO8 ™.
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