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5 Daniela Borisova

Introduction

The object of research in the dissertation are the engineering systems, considered as systems of
technical structures (machinery and equipment) and related manufacturing processes and
operational conditions. During the design, planning and maintenance of any engineering system,
it is necessary to make various technological and managerial decisions corresponding to the
ultimate goal for maximizing the benefits. The actuality of the problem is due to the current
trends in the design of highly efficient engineering systems that are to be competitive on the
market and to meet different user requirements. Today, the modeling has great importance under
conditions of rapid scientific and technical progress and necessity of high efficiency
achievement with limited financial, material, labor, energy and time resources. Optimization
applied to solving various engineering problems in the broadest sense, can be summarized in
several directions as - optimal design, optimal planning and optimal control. The terms optimal
design, optimal planning and optimal control are used in the sense of formulating and solving
single and/or multicriteria optimization tasks in respect of specific criterion/s and subject to
certain technical, technological, structural and others limitations.

Aim of the dissertation is to propose generalized single and multicriteria models, methods
and algorithms supporting the optimal design, planning and management of engineering
systems. To realize this goal it is necessary to perform the following tasks:

e to propose models, methods and algorithms for the optimal design of modular systems
engineering, taking into account the existing relationships between modules, external
operating conditions and economic efficiency,

e to propose models and algorithms for optimum utilization of resources,

e to propose models, methods and algorithms for optimal management of predictive
maintenance,

e to propose methods and algorithms for reasonable choice of alternatives.

The dissertation is structured into eight chapters. Chapter 1 provides an overview analysis
of the mathematical apparatus necessary for solving of formulated single- and multicriteria
optimization problems.

Chapter 2: Optimal design of modular engineering systems, taking into
account the existing relationships between the modules

In this chapter is described a method for optimal design of modular engineering systems, taking
into account the existing dependencies between modules. It is proposed generalized
mathematical model to determine the optimal choice of modules for system design in
compliance with all requirements for interoperability between modules. It can be used for design
of modular engineering systems of such classes. The model is tested on a real life example,
which is adequately representative for design of this class of systems - namely the configuration
of personal computers (PC). The proposed method is used to formulate single objective
optimization tasks reflecting different user requirements for the PC configuration of the
(Mustakerov & Borissova, 2013). The results of numerical testing are shown in Table 2.4.

Abstracts of Dissertations 4 (2015) 3-17
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Table 2.4. Optimal PC configurations

User requirements Optimal configurations
# CPU CPU
RAM clock core RAID MB CPU RAM Cost BGL
1 >2GB -- -- -- MB5 CPUl |RAM1:2x1GB 205.5
MB2 CPU2 |RAM2:1GB
2 | 23GB [>25GHz | =>2 -- RAMS: 2 GB 297.0
3 >4GB | >23GHz >2 1 (yes) MB1 CPU3 |RAM5:2x2GB 584.5

The proposed model is also used to formulate some multicriteria optimization tasks for
three different preferences of decision makers (DM) and the corresponding solution results are
illustrated on Fig. 2.3 (Mustakerov & Borissova, 2013).
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Flg. 2.3. Multicriteria solution results for 3 different user preferences:
a) DM-1; b) DM-2; ¢) DM-3

On the example of PC configuration an algorithm (Fig. 2.4) for engineering modular
systems design taking into account interoperability relations of modules is described. It realizes
various scenarios of modules choice to start designing and can be used for iterative and rational
design approaches. The iterative design is based on presenting to the DM compatible modules
sets to choose from. The rational design approach allows imposing of some DM requirements
for modules parameters and presents to DM compatible modules sets complying with these
requirements. The corresponding programming algorithms are described by pseudo codes

(Mustakerov & Borissova, 2013).

w4 m |

A2 v Ad

[ CPU choice l | MB choice |— | MB choice |— 1 RAM choice |

Subset of compatible MBs] |Subset of compatible CPUsl |Subset of compatible Rﬁ.Msl g Subset of compatible MBs |
_______________ e v ¥
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[ MB choice l | CPU choice | | RAM choice | I MB choice |

l Subset of compatible RAMS] | Subset of compatible RAMs |(- | Subset of compatible CPUsl(» | Subset of compatible GPUsl

[ RAM choice l | RAM choice | | CPU choice | I CPU choice |

A2 J( A2 l l l A3

Fig. 2.4. Generalized algorithm for PC configuration design

The described models, methods and algorithms for iterative, rational and optimal design
can be used for other modular engineering systems provided that the specifics of the particular
system has been taken into account. Having in mind the advances in today computing, the
formulated single and multicriteria tasks are capable to get optimal or Pareto-optimal solutions
in sufficient reasonable time.
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7 Daniela Borisova

Chapter 3: Optimal design of modular engineering systems, taking into
account the existing relationships between modules and external operating
conditions

In this chapter are described results for optimal design of modular systems, taking into accounts
both existing interconnections between modules and external operating conditions. To describe
and test the proposed models, methods and algorithms for design of this class of modular
systems night vision devices (NVD) are considered. Four basic types of investigations results
are described: 1) deterministic, stochastic and generalized mathematical models for design of
modular engineering systems, while taking into account the existing relationships between
modules and external operating conditions, 2) models for defining the external operating
conditions, that provide the same value of given functional parameter of the system, 3) iterative,
rational and optimal methods for design of systems of this class, 4) a general algorithm for
preliminary estimation of the designed systems parameters.

The proposed model for optimal design of NVD aims to select the best combination of
modules to meet the specified requirements about the designed device (Mustakerov &
Borissova, 2007) for two general cases of external surveillance conditions — deterministic or
stochastic (Borissova & Mustakerov, 2009).

It is described multicriteria model for determining of external operating conditions (EOC)
values providing the given value of some system parameter — working range for the example of
NVD (Borissova et al., 2014). The numerical results for night vision goggles (NVG) and for
night vision sight (NVS) are presented as graphs that can be used to determine compatible
values of EOC for given working range value (Fig. 3.4, Fig. 3.5).
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Fig. 3.4. Ranges of ambient night illumination and Fig. 3.5. Ranges of ambient night illumination and
contrast for NVG with working range of 300 m contrast for NVS with working range of 425 m

Minimal values of ambient light illumination, contrast and atmosphere transmittance
under which some given NVD working range is provided are determined by another proposed
multicriteria model (Borissova & Mustakerov, 2009). The combinations of light illumination
and contrast under different atmosphere transmittance providing the working range of 325 m are
shown in Fig. 3.6.

Three methods for design of that class of modular system — iterative, rational and optimal
design are described. The method of iterative design allows DM to choose of compatible
modules and to get preliminary estimations of the designed device parameters. If the DM is not
satisfied other DM choice iteration can be performed. The rational choice method allows the
DM to set some limits for the values of the designed device parameters.
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Fig. 3.6. Combinations of light illumination and contrast for
different atmosphere transmittance providing working range of 325 m

These limits are satisfied by calculation of parameters for compatible modules
combinations and search in sorted arrays of results (Mustakerov & Borissova, 2007). The
method of optimal design differs from other methods by formulating and solving of proper
optimization tasks. A generalized algorithm that implements the iterative and rational design
aiming to assess the designed NVD parameters is proposed as shown in Fig. 3.13 (Borissova et

al., 2013).
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Fig. 3.13. Flowchart of algorithm for assessment of NVD design parameters

Chapter 4. Optimal design of complex engineering systems, taking into
account existing relationships, external operating conditions and economic
efficiency

In this chapter are described generalized methods and models for design of engineering systems

considering not only the existing relationships between modules and external operating
conditions but also providing of a sufficient economic efficiency. An adequate representative

Abstracts of Dissertations 4 (2015) 3-17



9 Daniela Borisova

example of such systems is the design of wind power plants. It is described optimization model
used to formulate single and multicriteria optimization tasks for optimal design of wind power
plants. The developed single criterion optimization model is approbated for design of wind
power plants by determining of wind turbines type and number choice, and their placement
considering the given wind conditions and wind park area (Mustakerov & Borissova, 2010;
Mustakerov & Borissova, 2011). The numerical example results for different wind direction and

area of 4 km? are illustrated on Fig. 4.8, Fig. 4.9 and Fig. 4.10.
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Fig. 4.9. Wind turbines locations for prevailing wind direction and square wind park area with
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Fig. 4.8. Wind turbines locations for prevailing wind direction and rectangular wind park area with

dimensions Ly =4 km, L, = 1 km
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Fig. 4.10. Wind turbines locations for other prevailing wind direction and L, = L, = 2 km

The proposed multicriteria model is numerically tested by using of weighed sum method
and lexicographical method and the corresponding results are shown in Fig. 4.18.
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Fig. 4.18. Investment costs and expected power at different solution methods

The proposed multicriteria approach in designing of these type systems is implemented in
a corresponding functional algorithm (Fig. 4.20).

[ Input data: area, wind direction, etc. ]]
[ Multicriteria optimization task formulation ]]

—b[ Method for task solving ]]
v
[ DM preferences ]]4—

[ Pareto optimal solution ]]
[ Other method for task solving ]l [ Correction of DM preferences"
\d
A
[ Alternative evaluation ]]

Optimal wind
power park
design?

Fig. 4.20. Algorithm for multicriteria approach application
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11 Daniela Borisova

Chapter 5: Models and algorithms for optimal work schedules

In this chapter are described proposed models and algorithms for optimal planning of limited
resources concerning: 1) determination of optimal work schedules for dependent details
processing on multiple machines, 2) determination of optimal work schedules for mixed details
processing (independent and dependent) on multiple machines, 3) one dimensional cutting stock
problems 4) staffing problems in open shop environment.

The aim of the generalized model for determination of optimal work schedules for
dependent processing of details on multiple machines is to minimize the overall processing time
of details (Mustakerov & Borissova, 2008). The practical applicability of this model is tested on
a real problem of Metalworking Company as shown in Fig. 5.1.

i
s I -
D1 D2 D3 D7
M4 — 1
i
i D3 D4 D5 D6 D7
M3 . — [E—
i
D1 DR D3 |D4 D5
M2 — D I e—
| :
pi 1 | D2 o p4a D5 .-D6
M1 — | ——
0 10 20 30 40 50 60 70 Time h

Fig. 5.1 Schedule for dependent details processing

Mixed details processing means that there exist a certain sequence processing only for
some details, while for the other details the processing sequence is not fixed. A parallel
algorithm for mixed details processing on multiple machines is proposed — Fig. 5.2 (Borissova
& Mustakerov, 2014).

—r—

L Determining number of independent jobs (N) JJ

[Identification of possible ordering of independent jobs]]

v

[ Optimization tasks formulation for each ordering ]

[ T T 1
Solving of optimization
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1 o o a2 ( ( ( a 1
AEAENE A 8 [
el e (] e \ \ R } i
]
. o) ) Jall J
[ T I
[ Solutions comparison and ranking ]

[ Determination of schedule with minimal makespan ]J

Fig. 5.2. Parallel algorithm for job shop scheduling

In contrast to the classical cutting stock problem (Kantorovich, 1960; Gilmore & Gomory,
1961; Gilmore & Gomory, 1963), the proposed generalized optimization model determines not
only the optimal patterns for cutting of each blank according to the demand, but also determines
the optimal length of blanks (Mustakerov & Borissova, 2014). Its applicability is tested for real
problem where optimal cutting patterns for each of the blanks is shown in Fig. 5.5.
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L9 — T
Fig. 5.5. Optimal cutting patterns for blanks with Lo, = 6550 mm and min waste = 4110 mm

The proposed generalized optimal staffing model is implemented in an algorithm (Fig.
5.7) that is numerically tested for a real manufacturing problem (Borissova & Mustakerov,
2013). The solutions results are shown in Table 5.8.
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Fig. 5.7. Algorithm for determination of the optimum number of operators

Table 5.8. Numerical results of algorithm implementation

Solution # Operators, number Job processing time, hours Staff idle, man-hours
4 4 45 46
5 5 35 41
6 (best) 6 25 16
7 7 25 41
8 8 25 66
9 9 20 46
10 10 20 66
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13 Daniela Borisova

Chapter 6: Models and algorithms for predictive maintenance

In this chapter are described proposed mathematical models and algorithms for predictive
maintenance of engineering systems concerning: 1) determination of optimal strategy based on
costs and benefits estimation for determination the best alternative for repair or replacement
of the machine or its components; 2) determination of optimal strategy under uncertain
conditions; 3) determination of optimal locations of given number of sensors; 4) determination
of optimal number of sensors and their locations for given deviation of the data accuracy.

Two types of costs-benefits estimations are proposed and used to determine the proper
maintenance strategy (Mustakerov & Borissova, 2013) realized in algorithm shown in Fig. 6.3.
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On the first stage of
algorithm a solution for best
alternative (to repair the machine
or to replace the machine) is
taken as a result of proper
optimization problem solving
(Mustakerov & Borissova, 2013).
If the alternative for repairing of
machine is chosen on the 1%
stage, on the second algorithm
stage the strategy for repair or
replacement of each component
is determined by another
optimization problem solving
(Mustakerov & Borissova, 2013).

A structure of decision
support system for the purposes
of predictive maintenance based
on four main layers — condition
monitoring, management models
and the knowledge and
assessment of the state is shown
in Fig. 6.4 (Borissova &
Mustakerov, 2013).

Combining the information
of all layers with optimization
approaches would assist the DM
in his/her decision making for
engineering systems maintenance
under uncertainty or incomplete
information conditions.
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To conduct the system condition monitoring a number of sensors are to be properly
located. A generalized single objective optimization model is proposed for the goal (Borissova
et al., 2012) and the results for optimal placement of 9, 8, 7 and 6 sensors are shown in Fig. 6.8.

1

0

Fig. 6.8. Dynamic response functions for: a) 9 sensors, b) 8 sensors, ¢) 7 sensors, d) 6 sensors

The problem for optimal number and sensors locations is tackled by multicriteria
optimization model (Mustakerov & Borissova, 2014). The results of Pareto optimal solutions by
lexicographical method and given data accuracy are shown in Fig. 6.9.

1

1 1

Fig. 6.9. Dynamic response functions for sensors data accuracy: a) & =100 % (10 sensors); b) a = 98%
(9 sensors); ¢) a = 97% (8 sensors); d) a = 95% (7 sensors)

Chapter 7: Models and algorithms for reasonable choice of alternatives

In this chapter are described models and algorithms for reasonable choice of alternatives via: 1)
ranking of alternatives, 2) determination of k-best alternatives, 3) choice of alternative
considering the impact of the environment, 4) choice of alternative by group decision making.
The idea of the proposed alternatives ranking approach is to simulate the behavior of DM
in terms of multicriteria selection by sequentially solving multiple multi-objective problems.

Abstracts of Dissertations 4 (2015) 3-17



15 Daniela Borisova

This is in contrast to the published scoring models (Nelson, 1986), AHP (Garcia-Cascales &
Lamata, 2009), ANP (Saaty, 2005), ELECTRE (Wang & Triantaphyllou, 2008), PROMETHEE
(Behzadian et al., 2010), utility models (Kalouptsidis et al., 2007), TOPSIS (Behzadian et. al.,
and axiomatic design (Kulak et al., 2010). A general ranking algorithm based on
multicriteria optimization (Fig. 7.1) is tested numerically for real life problems as: a) choice
among 15 alternative cell phones using 8 criteria and 3 different DM preferences (Mustakerov &
Borissova, 2013) with results illustrated in Fig. 7.2; b) ranking of countries economics by
different indicators for business investments possibility (Mustakerov & Borissova, 2013) — Fig.

2012)
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Fig. 7.3. Comparison of countries ranking by proposed approach with published
by the World Bank results
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The results for countries ranking are compared with results published by World Bank for
2012 year. The existing differences are due to the using by the World Bank statistical approach
giving equal weight to each used topic for easiness of doing business while the proposed
multicriteria optimization approach provides ranking based on Pareto optimal solution. The
proposed approach allows looking for rankings when weights for topics are not equal. This
allows adjusting the ranking solution to preferences of different investors.

The proposed in this chapter approach for determination of k-best devices is based on
solution of a single multicriteria optimization task (Borissova & Mustakerov, 2013). This is in
contrast to the known ranking methods where multiple pairwise comparisons and deviation
between the evaluations of two alternatives on a particular criterion is considered. To support
the DM in the final decision a procedure for evaluating each of these k-best alternatives toward
an “ideal” device (when all criteria have reached their optimums) is proposed. The results for
the example of determination of 5 best NVD accordingly 4 different DMs preferences are shown
in Fig. 7.5.
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Fig. 7.5. 5-best NVD compared to “ideal’ device for a) DM1 b) DM2 ¢)DM3 d)DM4

The choice of alternative considering the impact of the environment is based on
multicriteria optimization model described by example of NVD choice considering: a) catalogue
data and supposed external conditions; b) catalogue data and supposed external conditions plus
some requirements of DM for device parameters (Borissova, 2008; Borissova & Mustakerov,
2008).

A generalized group decision making model is formulated taking into account both DMs
preferences about the importance of criteria and evaluation scores of DMs for alternatives
toward the criteria (Mustakerov & Borissova, 2014). It is proposed an algorithm for group
decision making based on developed optimization approach shown in Fig. 7.7.
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Fig. 7.7. Algorithm for group decision making

The described algorithm is numerically tested on the basis of real life example for choice
among 3 alternatives estimated by 6 DMs toward 19 criteria. The testing results define as best
choice the second alternative.
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Chapter 8: Software tools for engineering systems

In this chapter, various software tools that implement some of the described in previous chapters
models, methods and algorithms are described. A part of these tools have been developed as
functional Web-based applications, while others are implemented as research prototypes of
software tools for approbation of the proposed methods. The developed web-based systems are
intended for design of personal computers; design of night vision devices, and design of wind
farms and for group decision making. The developed research prototypes of specialized software
tools using optimization models are intended for definition of optimal work schedules; design of
wind farms and for one dimensional cutting stock problems.
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Contributions

The scientific and applied contributions in this dissertation are associated with the processing of
information through the formalization of problems related to engineering systems. Using this
formalization it is possible to create adequate mathematical models that involve the optimization
methods and algorithms. Part of the proposed methods and algorithms are implemented in
software tools supporting the decision making. The main results can be grouped as follows:

1. Generalized models and methods for optimal design of modular engineering systems of the
following classes:

e systems with existing functional relationships between modules,

e systems with relationships between modules and with parameters depending of external
operating conditions,

e systems with relationships between modules and dependence of external operating
conditions that are to be designed for economic efficiency.

2. Generalized models and algorithms for optimal resources planning in areas of:

e dependent and mixed details processing,

e one dimensional cutting stock, that simultaneously determine both of optimum length of
blanks and optimal cutting patterns for each blank providing the minimal waste,

e determination of optimal staff number and the corresponding work schedule providing
minimum staff idle.

3. Models and algorithms for optimal management in predictive maintenance via:

e determination of optimal strategy for maintenance justifying the repair or replacement of
the machine or its components,

e determination of optimal placement of a given number of sensors and determination of
the number and placement of sensors satisfying some preferences about the data
integrity.

4. Generalized models and algorithms for reasonable choice of alternatives by:

e ranking of alternatives,

e determination of k-best alternatives,

e considering the impact of environment,

e group decision making.

5. Developed software tools for engineering systems applications:

e web-based systems for design of personal computers, night vision devices, wind farms
and for group decision making,

e software tools using optimization models for work schedules determination, for design of
wind farms and for one dimensional cutting stock problems.
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YBoa

OOeKT Ha u3cleABaHUs B AUCEPTALMOHHUS TPy ca UHKEHEPHUTE CUCTEMH, PA3TJICKIAHNU KaTo
CHCTEMH OT TEXHHYECKHU CTPYKTYpH (MAIlIWHU, anapaTd U YCTPOMCTBA) U CBBP3AHUTE C TAX
IIPOU3BOJCTBEHU IPOLECU U EKCIUIOATALIMOHHU YCJIOBHUA. B IIPOEKTHUPAHETO, MIIAHUPAHETO U
NOJIPHKKAaTa Ha BCSKA HWH)KEHEPHAa CHUCTEMa, € HeoO0XOAMMO B3E€MAaHETO Ha pa3IuYHU
TEXHOJIOTMYHH M YIPABJICHCKU PELICHUS, KpaliHATa LIeJI Ha KOUTO € Ja C€ YBeIU4aT ITOJI3UTE.
AxTyanHocTTa Ha mpoOsieMa ce o0yciaBsi OT ChbBPEMEHHUTE TEHJEHIMM B IIPOCKTHUPAHETO Ha
BUCOKOC(EKTUBHH HMH)KEHEPHH CHCTEMH, KOMTO OT €IHAa CTpaHa Ja ObJaT KOHKYPEHTHH Ha
naszapa u oT Jpyra CTpaHa Jia yJOBJIETBOPSIBAT pa3IMyHU NOTpeOUTeNcKH u3nuckBaHus. OcobeHo
3HAYCHUE HMMa MOJEIMPAHETO B CBBPEMCHHMTE YCIOBHS HAa YCKOPEH HAyYHO-TEXHHYECKH
nporpec, Npu HyXJaTa OT MOCTUIAHETO Ha BUCOKA €(PEKTUBHOCT C OTpaHUUYCHM (PUHAHCOBH,
MaTepuaiHu, TPYAOBH, €HEPreTUYHU M BpeMEBU pecypcd. OnTuMusanusAra, npuiaraHa 3a
pelaBaHe Ha pa3IMuHU HHXCHEPHH MTPOOJIEeMH, B Ha-IIIMPOK CMUCHI, MOKE J1a Obie 000011eHa
B HSKOJIKO HAIPABJICHUS KaTO — ONTUMAIHO IIPOEKTUPAHE, ONTUMAJIHO IUIAHUPAHE U ONTUMAIIHO
yrpasieHue. TepMUHUTE ONTHUMAJIHO IPOEKTUpPAHE, ONTUMAIHO IUIAHUPAHE MU ONTHMAJIHO
yIpaBJIEHUE C€ M3IO0J3BaT B CMHUCHIAa Ha (QOpPMYJIHMpaHE M pellaBaHe Ha €IHO- W/WIu
MHOTOKPUTEpPHATHI ONTHUMU3ALMOHHU 33Jaudl CIPsIMO 3aJaJieH KPUTEpUil/M M clla3BaHe Ha
OIIPECIICHN TEXHUYECKHU, TEXHOJIOTUYHN, KOHCTPYKTUBHU U JIp. OTPaHUYCHUS.

[len Ha AMCcepTaLMOHHUA TPYA € Aa Ce IPEUIoKaAT €JHO- U MHOTOKPUTEPUAIHU MOJEIH,
METOAM U AJITOPUTMH, MOAIOMArallyd ONTHUMAIHO NPOCKTUPAHE, IJIAHUPAHE U YIIPaBICHUE HA
UH)KEHEPHUTE CHCTEMH. 3a peau3upaHe Ha Tasu Le] € HeoOXOAUMO Ja Ce M3IMBIHAT CICAHUTE
3a/1a4u:

e 51a ce NpeuIokKaT MOJEIW, METOAM M AITOPUTMHU 3a ONTHMAJIHO IPOEKTHpaHE Ha
MOJYJIHU WHXXCHEPHH CHUCTEMH, B3E€MAalllM IMPEIBHUJ ChHINECTBYBAIIUTE B3aMMOBPB3KU
MEXIYy MOAYIUTE, BBHIIHUTE EKCIUIOATALlMOHHU YCIOBUS W HKOHOMHUYECKATa
e(eKTUBHOCT,

® J1a ce MpeIoKAT MOJEIN U AITOPUTMH 32 ONTUMAJIHO IUIAHUPAHE HA M3IO0JI3BAHETO HA
pecypcu,

e 51a ce MpeIokKaT MOJENH, METOAM W aIrOpPUTMH 3a ONTHMAJIHO YIPaBICHHE Ha
IIpEeACKa3Ballo NOAAbpKAHE,

® J1a ce IPeJIoKaT METOIU U aITOPUTMHU 32 00OCHOBAH M300p Ha aJITEPHATHUBH.

Mertononorusta Ha H3CIEIBaHUATA BKIIOYBA OCBEH pa3pa0OTBaHETO Ha aJeKBaTHU
MaTeMaTHYeCKU MOJENU, METOIM M aNrOpUTMH, M TECTBAaHE Ha TAXHaTa €(EeKTUBHOCT U
IpaKkTUYecKa MPUIOKUMOCT Ha 0azaTa Ha JaHHU 3a pEaTHU MHKCHEPHH CUCTEMHU.

JlucepTalluoOHHUAT TPYA € CTPYKTYpUpaH B oceM riasu. B I'maBa 1 e npesncraBeH 0630peH
aHaJM3 Ha MaTEeMaTUYeCKHs arapar, HeoOOXOIHMM 3a PEelIaBaHeTO Ha (OPMYIHUPAHUTE €AHO- U
MHOTOKPUTEPHUAIIHU ONITUMHU3ALIMOHHHU 3a/1a4U.

I'naBa 2: OnTUMAIHO NPOEKTHPAHE HA MOYJIHU HHKEHEPHH CUCTEMHU,
B3eMallli NpPeABH/ ChIeCTBYBANIUTE B3aNMOBPb3KH MEXKIY MOTYJIUTE

B ta3u riaBa € onucaH METOJ 3a ONTUMAIHO MPOEKTHUPAHE HA MOJIYJIHU MHKEHEPHU CUCTEMH,
B3eMalll MPEJBUJI CHIIECTBYBAIIUTE 3aBHCUMOCTH Mexay monaynute. [Ipemioxken € o6001ieH
MaTeMaTUYeCKH MOJEINI 3a OINpeJeiisiHE Ha ONTHMAaJICH M300p Ha MOJIYJIHM 3a MPOCKTHUpaHaTa
CHUCTEMa NIpH CIMa3BaHE HA BCUYKHU M3MCKBAHMS 32 ChbBMECTUMOCT MEXIY MOJIYJIUTE, KOWTO
MOKe Ja ObJie M3I0I3BaH 3a MPOSKTHPAHE Ha MOJO0HU KJIACOBE MOJYJIHH CUCTEMU. MOJETbT €
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TECTBAH 3a PeajieH MpPUMEp, JOCTATHUYHO J00pE MIIIOCTPHUpPAILl OCOOCHOCTUTE HA TPOSKTHPAHETO
Ha CHUCTEMH OT TO3M KJlac, a MMEHHO KoH(urypupaHe Ha mnepcoHanmau kommiorpu (I1K).
[Ipennoxxen e 0600IIEH aNrOPUTHM 3a UTEPATUBHO U PALIMOHATIHO KOH(UTypUpaHe, BKIIOYBAIL
pa3iMyHU CIEHApWHU, KAaTO 32 BCEKH CIEHApUi € MpelICcTaBeHa CHOTBETHA AITOPHUTMUYHA
peanu3anmusi.

O6mara QopmynmupaBka Ha 0000IIEHUS MOJAENT 3a ONTHMAIHO TPOEKTHpPaHE Ha
WH)XEHEPHU CHCTEMH, B3eMalllH MPEIBU]] ChIIIECTBYBANIUTE 3aBUCUMOCTH MEXKIY MOJIYJIHTE UMa
BUJIA:

min/max fi(x), i =12, ...,k (2.2)

IIPY OTPAaHUYCHHS:
0i(x)<0,j=12,...,.m (2.2)
lg(X)>0,0=1,2, ..., t (2.2)
h(x)=0,1=1.2,...,e (2.4)
kbaeTo: fi(X) — kpurepun (ueneBa ¢pyHkuuu), K — Opoit kpurepuu, M, t — Opoii orpaHUYCHUS,
TIPEICTABEHH KATO HEPABEHCTBA, € — OOl OrPAaHUUYCHHS KATO PABEHCTBA, X = (X1, X2, ..., Xn) "

— BEKTOp Ha MPOMEHJMBUTE, N — Opol Ha HE3aBHCUMHUTE NPOMEHINBHA. CHBMECTHMOCTTA
MEXIy OTJCIHHTE MOIYIH Ha MPOEKTHpaHaTa CHCTEMa Ce M3pa3siBa MaTeMaTHYECKH dpe3
orpannuenusta (2.2) — (2.4).

MaTteMaTH4YeCKH MO/I€eJ 32 ONTHMATHO MPOEKTHPAHE HA MEPCOHATHH KOMIIOTPH

OnTUMaiHOTO MPOEKTHpAaHE Ha MOMAYJIHHM CHUCTeMHu, KakButo ca [IK wmoxe npa Obae
WIIOCTPUPAHO Ype3 Pas3riIeKIaHe Ha HETOBUTE OCHOBHU KOMITOHEHTH — JbHHA Iuiatka (MB),
nporiecop (CPU) u mamer (RAM), karo Moxaynu, KOUTO TMPSIKO C€ BIHUSAAT BBPXY
NPOU3BOJUTEIHOCTTA M XaPaKTEPUCTUKUTC HA MPOCKTHpaHATa CcUCTeMa. [IpemiokeH ¢
QITOPUTHM 33 ONTHMAaIHO KoHurypupane Ha [IK, B koiito ce u3mon3Bat (opMyaupaHe U
pemaBaHe Ha onTuMu3onMoHHM 3amauu (Mustakerov & Borissova, 2013). Axo jeJ ca
WHJIEKCHUTE Ha Pa3IUYHUTE BHIOBE MOAYIH, K € K! ca unmekcure Ha napaMeTpuTe Ha MOIYJ OT
THI |, i €ljca MHAEKCUTE HA PA3INYHUTE MOLYIHU OT €UH U CBII TUI U BCEKHU MOJIYII | OT THII j, a

x)ca JIBONYHM LiETEUUCIIEHH MPOMEHJIUBY, TO M300PHT HA MOJYNH, M3paseH upe3 u30op Ha

HETOBUTE MapaMeTpPHU Ce peaau3upa KaTo:

Vied:(vkeKi:PH =Y Ry, x e{0,1}, Txi-1 (2.5)
iel; iel;
[TapameTspbT yena ipu onTUMaATHOTO KoHpurypupane Ha [1K ce onpenens karo:
pMBcost _ ZPiMBcosIXiMB , XiMB 6{0,1} H z XiMB -1 (26)
ielyg iclyg
pCPUcost _ ZPiCPU costXiCPU Xicpu c {011} u incpu -1 (2.7)

ielepy ielcpy
[To chus HAUMH W IPYTU MapaMeTpu Ha MOIYJIMTE MOTaT Ja ObJaT ONpeneissHU 4pes3
MOIX OIS U300D:
pCPUclock _ zPiCPUcIockX_CPU (2.8)

i
ielcpy

PCPUcore — Z F,iCPUcoreXpPU (29)

ielcpy
N360ppT Ha RAM BkiIIOYBA KakTO THIIA, Taka M Oposi MOAYJIW. 3aBUCUMOCTHTE 3a

napamerpute Ha RAM 10 OTHOWIEHUE Yera ¥ Kanayumem, U3I0I3BANKKM IPOMEHIMBUTE X *" C€

nu3passgaBaT KaTo:
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PRAM cost _ z pRAMcosty RAM |y FAM ¢ (2.10)

i i
ielgam

PRAMsize — ZPiRAMsizeXiRAM 1XiRAM eN (211)
ielgam
KbACTO N e MHOkeCTBO Ha HCOTPULIATCIIHUTE YHUCJIA.
OrHouIeHUATa Ha CHBMECTUMOCT MCKAY MOAYJIUTC CC NPCACTABAT YpPC3 CHBMCCTUMU
MMOAMHOKCECTBA Ha MHOXKCCTBATA MOIYJIH. HaHpHMep, AKO MMOJAMHOXKCCTBOTO Ha MPOILICCOPUTE,

CBBMECTUMH C OTpeJeeH BU AbHHA 1uiatka MB; e o3naueno kato |!

cpu » TO OrpaHMYCHHUsATA 3a

CbBMCCTUMOCT Ha ITPOMCHIIMBUTC, TIPUCBOCHU KbBM MB u MMpoHeCOPUTE CC U3pa3siBa KaTo:
Vielyg: X" < ijcpu (2.12)

H ]
jelepy

KBIETO |! ca MHIEKCHTE Ha MPOIECOPUTE CbBMECTHMH C IHHHHU IUTATKH OT THII I.

cru S lepu
[Topanu cnemudpukata Ha wu3dopa Ha RAM ca HeoOXomuMHM OrpaHUYCHHS 3a
ceBMecTuMocT Ha RAM 1 MB unu orpanndenus 3a HecbBMecTumocT Ha RAM u MB:

Vielyg " D x>0 (2.13)
kel khw
Vie lyg : xMB ZXKRAM <0 (2.14)
kel gam
KBIETO |5,  loay B iy S lpay €@ TTOJMHOKECTBA HA ChbBMECTUMUTE U HeChBMecTUMU RAM ¢

MB; croTBETHO.
W3non3Bar ce u orpaHuueHus 3a uspasgBaHe chbBMecTMMocTTa Mexay RAM u MB no

OTHOILLIEHHE pa3Mepa Ha maMeTTa PV KosTO ce MoJAabpKa OT cboTBeTHUS TUll MB;:
PRAMsize < ZPiMBrammaxX_MB (215)

ielyg

MB,RAMsI
Bposr na cotose PM° YOS 33 MB; ce uspasssa upes:

ZXkRAM < PiMBramsIots (216)

i€lgam

Heobxoaum e mone enuan RAM monyin 3a koHurypanusara Ha [1K:
T 21 (2.17)

iclpam

JlecHo MoraT ga ce BBBEXKAAT PA3IMYHU TOTPEOUTENCKH HM3UCKBAHHS 3a pasMepa Ha
RAM, 3a gectora Ha CPU u 3a 6pos sinpa va CPU:

pRAMSiZe 5, 5 RAM min (2.18)
pCPUclock 5, pCPUclock min (2.19)
PCPUcore > PCPUcoremin (220)

OnucanusT MOJIET € U3MO0JI3BaH 3a (hopMyaupaHe Ha €THOKPUTEPHUATHH ONITHMHU3AIMOHHN
3alaud, W3IOJ3BAIlM KaTo ONTHMH3AIMOHEH KPUTEPHHA IIeHaTa Ha KOHQUTrypanusTa:
(Mustakerov & Borissova, 2013):

min (MB® + CPU*" + RAM®* (2.21)

@opMylIHpaHU ca TPU EIHOKPUTEPUATHU ONTHUMHU3AIMOHHU 3aJlaud, OTpa3siBalld
pa3IMYHU MOTPEOUTENICKH U3UCKBAaHUS KbM KoH(purypanusta Ha [1K, a momydenure ontumanau
pe3yaTaTu ca mokaszanu B Tabmuna 2.4.
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Tabnuya 2.4. [onyuenu onmumannu Kongueypayuu

[ToTpeduTencku N3UCKBaHUS [Moxyuenn koHGUTypanu
#
RAM | CPUlcpucore| RAID | MB cPU RAM Cost BGL
1 >2GB -- - -- MB5 CPU1 |RAM1:2x1GB 205.5
MB2 CPU2 |RAM2:1GB
2 >3GB | >2.5GHz >2 -- RAMS5- 2 GB 297.0
3 >4 GB >3 GHz >2 1 (yes) MB1 CPU3 |RAM5:2x2GB 584.5

M3mon3BaHeTo Ha  MHOTOKPUTEpPHATHA ONTHMH3AIWsS TPH  TMPOCKTUPAHETO Ha
koHpurypanusara Ha [IK 1aBa BB3MOXXKHOCT 3a M3MOJ3BaHE Ha IIOBEYE KPUTEPUH KaTo
MUHUMATHA YeHa 33 MOIYIUTE, MAKCUMAIHA USYUCIUMEIHA MOWHOCM Ha TIpolecopa H
maxcumanen pasmep Ha RAM. Te3snm wusuckBaHus ce u3pa3sBaT upe3 clegHaTa
MHOTOKpUTEpHaiHa ONTHMHU3alinonHa 3aaada (Mustakerov & Borissova, 2013):

min (PMBcost 4 pOPULcost | pRAMcost)
max PCPU,core
ax PCPU,cIock (2.39)
max PRAM,size
IPY CHIIUTE OTPAHUYEHUS, KAKTO B €THOKPUTEPUATTHUS CIydai.

Ta3u 3amaua e pemaBaHa 3a TpU pa3IM4HU npennodutanuss Ha JIBP, pesynratute ot

KOMTO ca wioctpupanu Ha dur. 2.3.

-

cDue. 2.3. H36paHu MOOYIU 8 pe3VIMAM HA peuleHama MHOZOKpUMEPUAIHA 3a0aiama:.
a) JIBP-1; 6) JIBP-2; ) JIBP-3

C nyHKTHpaHa JUHMS ca [T0KA3aHU ChIIECTBYBAIIUTE ChbBMECTUMOCTU MEXY MOJYJIUTE, a
C HEMpeKbCHATa JMHMS ca CBbpP3aHU M30paHUTE MOAYIH, B PE3Yy/ITAT Ha MOJYYEHOTO PELICHHE.
Pe3ynTaTuTe OT pemraBaHeTo Ha ONTUMHU3ALMOHHUTE 3a/1a4 MTOTBBPKIAaBaT MPHIOKUMOCTTA Ha
MpeJIOKEHUS] MHOTOKPUTEpHANieH ONTHMHU3AMOHEH MOJXOJ 3a KOH(PUTypHUpaHe Ha M0J00eH
KJIaC MOJIYJIHHU cHCTeMH. Upe3 HM3I0I3BaHE Ha MHOTOKpUTEpHAIHATa ONTUMU3ALMSA, MOraT J1a
ObJaT B3€TW MPEABHJ PA3TUYHU IOTPEOUTENICKM TPEANOYUTAHUS U Ja C€ HalpaBu
IpeBapUTE/IHA OLIEHKa Ha IapaMeTPUTE HAa IMPOEKTHUPAHUTE CHUCTEMH, B3E€MallU IMPEABUA
CHILECTBYBAILUTE 3aBUCUMOCTH MEXKIY MOJYJIUTE.

O060011eH AJIrOPpUTHM 32 HTEPATHBHO U PALMOHAJIHO NIPOCKTHPAHE HA
KOH(pUrypHpanmusaTa Ha NePCOHATHH KOMIIIOTPH

[Ipu paszpaborBanero Ha CAD cuctemu 3a MOAYJTHO MPOCKTHPAHE HE BHHATH € JKEJaHO (WU
BBH3MOYKHO) 3aMECTBAHETO Ha YOBEIIKATa €KCIEePTH3a, MOPaJn TOBA ca Pa3pabOTeHU pa3IHYHU
cueHapuu. [IpemiokeH OOOOIICH aIrOPUTHM 332 HMTEPATHBHO W PALMOHAIHO TMPOCKTHPAHE
KOH(pHTrypamnusTa Ha KOMIIIOTbpHa cucrema — dur. 2.4 (Mustakerov & Borissova, 2013).

3a peanm3upane Ha 000OIIMHUS AITOPUTHM Ca MPEIOKECHH TMOAXOASIIN AITOPUTMUIHH
peanu3aiuu, npeacTaBeHu upes ncesao-koaose (Mustakerov & Borissova, 2013).
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Al \ A3 l l A2 .
[ ovone [ wmooe | [ weome |
|

lSubselcfcompalible Mle |SubsetofoumpatibleCPUs| |SubsetofcompalibleRﬂqu| Subset of compatible MBs
[ womeo | crvomeo [ [ wwerore |

I Subset of compatible Rﬁ\MsI | Subset of compatible RAMs H | Subset of compatible CPUsl( | Subset of compatible CPUsl

) Y

I RAM choice l | RAM choice | | CPU choice | | CPU choice |
A2 l A2 ‘l l A3 l A3

Due. 2.4. Obobwen ancopumvm 3a npoexmupare kongueypayusma na 1K

I'maBa 3: OnTuMa HO NPOEKTHPAHEe HA MOIYJIHU HHKEHEPHH CHCTEMHU,
B3eMAaLlM MpeIBH/l ChbIIECTBYBAIMTE B3AaMMOBPb3KH MEKAY MOAYJINTE U
BBHIIHHUTE eKCIVIOATALIMOHHH YCJIOBHUS

B Ta3m rnaBa ca omucaHu MOJMYyYCHHUTE PE3YNITATH NMPU ONTHMAITHO NMPOCKTHpPAHE HA MOJIYIHHU
WH)KCHEPHU CHUCTEMH, B3E€MAllld TIPEABH]l KAKTO ChHINECTBYBAIIUTE B3aMMOBPB3KH MEXKIY
MOJIyJIUTE, TaKa M BBHIIHUTE EKCIUIOATAIMOHHHM YCIOBHUS. 3a Ja C€ TeCTBa IpakTHYecKaTa
MPWIOKUMOCT Ha ONTHUMAIHOTO MPOCKTHpPAHE 3a TO3U KIAC MOIYJTHU CUCTEMH € H3IOJ3BaH
eIWH TUMWYCH MPEJCTABUTEN, a UMEHHO YpeIuTe 3a HOIIHO BWXJaHE (OYMIia, TPULIETH H
OuHOK/IM), Oa3MpaHM Ha TEXHOJIOTHSATA HAa yCWJIBaHe Ha cBemiMHata. Omnucanu ca: 1)
JETEePMHUHUPAH, CTOXaCTHYEH U 0000IIEeH MaTeMaTHYECKH MOJIENTU 32 MIPOSKTHUPAHEe Ha MOITYJTHU
WH)KEHEPHU CHCTEMH, B3EMAIllM TPEABH] ChIICCTBYBAIIUTE B3aMMOBPBH3KH MEXIY MOIYJIUTE U
BBHITHUTE CKCIUIOATAIIMOHHH YCIIOBHS, 2) MaTEeMaTHYeCKA MOJCIH, ONPEACISIINA BHHITHUTE
€KCIUTOATAIlMOHHU YCIIOBHS, TIPU KOWTO C€ TOCTHTa €HAa W ChIla CTOWHOCT Ha 3aJaJcH
napamMeThp Ha cUcTeMara, 3) METOAM 3a MPOSKTUPAHE Ha CUCTEMHU OT TO3M KJIaC — UTEPATHBHO,
paIMOHATTHO ¥ ONTUMAIHHO MPOEKTHpaHe, 4) 00001IeH anropuThM 3a OLIEHKA Ha IMapaMeTpuTe
HA MPOCKTUPAHUTE CUCTEMH.

MopaesupaHe Ha MPOEKTHPAHETO HA YPeIH 32 HOLHO BHKIaHe

Enna ot ocHoBHuTe mapamerpu Ha YHB, kouto TpsiOBa nma ObaaT B3eTH NpEABUI TPHU
MPOEKTUPAHETO, € pa3CTOSHUE Ha JAeWCTBHE, KOETO 3aBUCH KakTO OT I[apaMeTpuTe Ha
W3TOJI3BAaHUTE MOJIYJIH, TaKa M OT BRHITHUTE yCIIOBUs Ha HaOmoaeHue (dur. 3.2).

g OnTMyHo
(yenwierme waYHB) ( Temowa YHB

EcTecTeeHa KonTpact A \
HoLLHa wmexay doHa u ( 3purenvonone BT
izl HabriofaBaHusA Ha YHB J |
obekr + A

PaactosHne |
Ha peiicTene Ha YHB
k\ ’

Llexa Ha YHB

/ MpoabnxurenHoct
Ha pabota Ha YHB

MNponyckaxe Ha HabnwopgasaH /

atmocdeparta obekt

Que. 3.2 3asucumocmu medncdy mooyaume, napamempume Ha YHB u gvrwiHume yciogus Ha
Hab0oeHue
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3a pasnuka OT AeTePMUHHUPAHUS ONITHMHU3AMOHEH MOJIEN, B CTOXACTHYHHS MOJIET BMECTO
JICTEPMUHUPAHUTE CTOWHOCTH Ha BBHIIHUTE YCIOBUS Ha HAONIOJEHHE C€ W3IM0JI3BaT
MaTeMaTHuecKuTe uM oyakBaHus (Borissova & Mustakerov, 2009):

T = Zp: P! 7} + KBJICTO i P =1 (3.34)
i-1 [

K™ :ZI:PKJKJ , KBJICTO Ypi _1 (3.35)
j=1 j=1

e =Zh:PEkEk’ KBICTO %pEk -1 (336)
k=1 k=1

AT =3 PP AT 5 KBICTO Ypr _ (3.37)
m=1 m=1

[Ipennoxen e 00001IeH MOIEN 3a ONTUMANTHO MpoekTupaHe Ha YHB, ocHoBHaTa nmes Ha
KOWTO € Ja peanusupa n3dop Ha monynute Ha YHB, kato ce ompenenu Haii-oaxopsiiara
KOMOWHAIMSI OT MOAYJIHW, YJIOBJCTBOpSBAIIA 3aJaJCHUTE H3UCKBAHUS KBM IPOCKTHPAHOTO
ycrpoiictBo. To3u mozen 3a mpoektupane Ha YHB uma Buma (Mustakerov & Borissova, 2007):

max F(P) = (f1(P), fa(P), ..., fo(P)) (3.74)
IIPU OIPaHUYEHHUS
p_ Z Pl X! (3.75)
9(P) = (91(P), 92(P), ..., m(P)) (3.76)
>x, -1 x € {01} (3.77)
P, <P, <P, i=1n (3.78)

B tasu ¢opmymuposka fi(P), f2(P), ..., fy(P) onucsat q ueneBn ¢ynkuum (kpurepuu 3a
u3bIHeHNe) Ha BekTopa Ha npomermsure P = {p' | i=1,...n, jie{d}, ki € {Ki} } € R",

npeacrassABalll CbHBKYIIHOCTTA OT BCHYKH PA3HOBUAHOCTU Ha MOAYJIUTC, HGOGXOZ{I/IMI/I 3a
npoextupaneto Ha YHB. R" e mapamMeTpu4HOTO POCTPAHCTBO OT MOAYJIUTE 3a Paeiu3upaHe Ha
u300p, jj U3pas3siBa Pa3sHOBUIHOCTHTE HA MOIYJIUTE OT I-us THI, Ki ca mapaMmeTpute Ha I-us

Moftys1 OT Tun ji u P!, e ki-us mapamersp Ha i-us moayn ot tun ji. P={P! |t € {i}, r € {ki}, s

e {ji} } e BeKTOpHT Ha pEIICHHETO C W30paHWUTE MapaMeTpd Ha MOIYJIHMTE B PE3yiaTaT Ha
ONTUMATHHUS KOMOWHATOpeH m300p. OnTuMamHUAT M300p ce peanusupa 4pe3 U3MOJI3BaHe Ha
orpann4eHusTa (3.75) KaTo ce M3MOJ3BAT HAKOM JIBOMYHHU Lenouucnenu npomeriuen X = {x!

}, npu orpanuueHus (3.77). PeanuCTHYHOTO ONTHUMAIHO TNPOEKTHPAHE BKIIOYBA HE CaMo
1esieBU (PYHKIMHU, HO CBILO TaKa U OrPaHUUYCHMS], KOUTO ONPENENT IPaHULM B IIPOCTPAHCTBOTO
Ha npomennusure. Hanpumep, ¢ P/, u P/, ca O3Ha4YcHN [ONHATA W IOpHATA IPaHAMIA Ha

npomennuBute u ¢QyHkuuute Ha orpanmdenusata (9i(P), 92(P), ..., gm(P)), omwmcBamu
crenu(UYHUTE 3aBUCUMOCTH, TEXHUYCCKH U MOTPCOUTEIICKM W3MCKBAaHUS Ha MPOCKTHPaHATA
cucrema. ToBa ca 3aBUCHMOCTHUTE, MPH KOUTO W300PHT Ha JaJicH MOIYJI | OT THI J; OTpaHUYaBa
n300pa Ha JAPYTUTE THUIIOBE MOYJIM OT OOIIOTO MHOKECTBO HA MOTYJIHTE.

MHorokpuTepraaHu Mo/Je/M 32 onpeae/isiHe HA BLHIIHUTE YCJI0BHs HA HalJIK0/1eHne,
CbBMeCTUMHM ¢ mapamerpure Ha YHB

Cnen n3paboTBaHe Ha YCTPONUCTBOTO U ONPENENIIHE Ha TapaMeTPUTE MY, IPEICTaBIISABA HHTEPEC
OTIpeNIeNITHETO Ha BBHHIIHHUTE YCIOBHs Ha HaOJIOJEHHE, IPU KOUTO TOBA YCTPOMCTBO IIe MMa
CBILOTO Pa3CTOSHME Ha JeicTBUE. TakaBa OLIGHKAa € MHTEpECHAa M 3a IpeIjiaraHuTe Ha masapa
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VYHB, koraro mapamerpute Ha YHB ce gaBat B katanokHu crnenuduKaiui, HO HE BUHATH CE
yKa3Ba MpU KaKBU BBHIIHU YCIIOBUS € OMPENEICHO PA3CTOSHUETO Ha JAeilcTBUEe. 3a 1enta €
HpGI[JIO)KGH MHOI‘OKpI/ITepI/IaJIeH MOJCI, onpez[emlm Auaria3doHa Ha BBHIIHUTE yCJIOBI/I}I Ha
Ha6JHOI[eHI/Ie, CBbBMECCTHUMMU C 3aJaJC€HaATa CTOI>'IHOTCT. rpaHI/IqHI/ITe YC.HOBI/IH, CBbOTBCTCTBAIIIX HA
MaKCuMaJIHA €CTCCTBCHA HOIIHA OCBCTCHOCT U MHUHUMAJICH KOHTpaCT MG)K,Z[y HaGHIO,Z[aBaHI/IH
o6exT u (hona ce onpezaensat upes (Borissova u ap., 2014):

maxE = R2|\/Id)minph
- 0.07 Din fubfobszé‘z—a KAIarget (380)
. [ RZI\/I(ijin.ph ]
minK =
007 Din fubToszéTa EAtarget
MIPYU OTPAHUYEHHUS
E'<E <E (3.81)
K'<K <K (3.82)
A < Agarger <A (3.83)

kbaeto ¢ EY, KY, A' n E', K', A' ca 03Hauenn ropaute 1 101HUTE MPaHALK HA €CTECTBEHA HOLIHA
OCBETEHOCT, KOHTpacTa W peAylHpaHara IUION] Ha HaOmogaBaHus 00€kT, R e 3amameHoTo
pazcrosinuie Ha pasriexaanus Y HB.

['paHnvHHATE YCIIOBHUSA, CHOTBETCTBAIIM HA MUHHUMAJIHA €CTECTBEHA HOIIHA OCBETEHOCT M
MaKCHUMaJICH KOHTPACT MEKAy HaOJromaBaHusi o0ekT U ¢oHa ce onpeaensaT upe3 (Borissova u
ap., 2014):

max K = RZIvldjmin.ph
0.07 Din folvrobszéfa EAtarget (3 . 84)
2
minE = R M Pringy
007 Din fobrob Szé‘z-a KAtarget

npu orpanuuenus (3.81) — (3.83).

[MpeanoxeHusT Monesn 3a ONpeleisHe Ha BBHIIHUTE YCIOBUS Ha HaOIIOACHUE,
CBOTBETCTBALIY Ha OIIPE/EIIEHa CTOMHOCT Ha pa3CTOSHUETO Ha Jerctere Ha YHB, € TecTBan Ha
0a3ara Ha JiBa THIIA YpeIu — O4miia 3a HOIIHO BwxkaaHe ¢ R=300m (®wur. 3.4) u npunen ¢ R=425
m (®wr. 3.5).
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Que. 3.4. Usmenenue na évHwHume ycaosus 3a Que. 3.5. Usmenenue na évHwnume ycnosus 3a
oduja 3ad HOWHoO sudcoamne HOWweH npuyei

Bmwxna ce, ue chlmecTByBa IMOBEYE OT €AHA KOMOWHAIMS Ha €CTECTBEHATa HOIIHA
OCBETEHOCT M KOHTpAcTa 3a JaJeH THUN HaOtoJaBaH OOEKT, ChOTBETCTBAIl HAa €IHO M CHIIO
pa3CTOSIHME HAa OTKPUBaHE 3a JaJeHO yCTpoicTBO. OT TE3W KPUBU € BB3MOXKHO Ja CE€ OICHHU
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eekTuBHOCTTA Ha KOHKpeTHOTO YHB mo oTHomeHue Ha Tumna Ha HaOMIOJaBaHHUS OOCKT M
JUarna3oHa Ha U3MEHEHHUE Ha HOIIHATa OCBETEHOCT U KOHTPACTA.

3a Ada CC onpcacysAT pa3jIniIHn KOM6HHaHHH OT MUHUMAJIHO OOIMYCTHUMUTC CTOMHOCTH Ha
OCBETEHOCTTa, KOHTpacTa W MPOMYyCKaHETO Ha aTMocdepaTa, yIOBICTBOPSBAIIN 3a/1aJ€HOTO

PAa3CTOAHUC Ha HeﬁCTBHe, MOXE MOa 6’52[6 H3MO0JI3BAH CJIICAHWUSA MHOTOKPUTCPUAIICH MOICIT
(Borissova & Mustakerov, 2009)

min {E, K, %} (3.87)
IpY OTPaHUYCHHUSL.
\/o.omm fl\o/,igiframob _R* (3.88)
E'<E <E" (3.89)
<, <zl (3.90)
K'<K <K (3.91)

KBIETO R € 3a/1a/IcHOTO B KaTanora pascrosiHie Ha jeiicteue B Metpy, E', 7", K" ca ropuute n
nomunre E| 7', K' TPaHMITM 32 OCBETEHOCTTA, MPONMYCKaHETO Ha arMocdepara W KOHTpAcTa
MeXIy o0eKTa U (oHa.

Ha ®wur. 3.6 ca mokazaHu MoJydyeHWTEe KOMOMHAIIMM HAa Pa3JIMuHU BHHIIHU YJIOBHS Ha
HaOJII0ZICHUE, OCUTYPSBAIIM Pa3CTOSTHUE OT 325 M.

0.007
¢ R=325m
0.006
- ©ta=0.65
0.005
Wta=0.70

0.004 Beo Ata=0.73
0.003 &

0.002

0.001

EcrectBeHa HOLWHA OCBETEHOCT, Ix

0

0 0.1 0.2 0.3 0.4 0.5

KoHTpacr
Que. 3.6. Kombunayuu Ha HOWHAMA 0CEEMEHOC U KOHMPACMA NPU PA3IUYHO HPONYCKAHE HA

ammocgepama, ocueypasawu pazcmostue Ha omxkpusane 325 m

Metoam 3a npoekTupane Ha YHB

dopMyIupaHuTe JETEPMUHHUPAH M CTOXAaCTHYEH MOJENU ca M3IOJI3BaHU 3a pa3paboTBaHE Ha
MeToau 3a npoekTupane Ha YHB upe3 u36op ot MHOXkecTBa enemeHnTd. DopMyIHpaHu ca TpU
METOJIa — METOJ] Ha UTEPATUBHO IIPOEKTUPAHE, METO Ha PAllMOHAIHO IIPOCKTUPAHE U METO Ha
ONTHMAJIHO TPOCKTHUpaHe. MeTonbT Ha WTEPaTUBHO IPOCKTUPAHE C€ pealn3upa 4Ypes3
NOCJIEIOBATEIHO U3BJIHEHNE Ha Mpolieca Ha n300p U u3uncisgBane napamerpute Ha YHB. Ilpu
MeTo/a Ha parroHayieH u36op JIBP 3aiaBa xxenaHu rpaHUYHU CTOMHOCTH 3a apaMeTpUTe Ha Ha
IIPOEKTUPAHOTO  yCTPOWCTBO KATO TOPHU WIM JOJHM TpaHULIM. 3a ONpPEIENsIHE
YIOBJICTBOPSIBAHETO HA TE3W TPAHUIM CE M3IOJI3BAT COPTHPAHUM MAacCHUBU U THbPCEHE B TAX
(Mustakerov & Borissova, 2007). MetonbT Ha ONTUMAaJIHUS H300p ce OTIMYABA OT JPYIUTE
MeToau ¢ (hopMyIHpaHe U pellaBaHe HAa ChOTBETHH ONTUMU3AIMOHHM 3afauu. [Ipemioxken e u
0000IICHN aNTOpUTHM 3a OILIGHKAa Ha IMapaMeTpuTe Ha mpoektupanute YHB, B koiito ce
M3I10JIBa METO/a HA UTEPATUBHOTO U PALIMOHATIHOTO IIPOCKTUPAHE.
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I'maBa 4: OnTUMaJIHO NPOEKTHPAHE HA KOMIUIEKCHU MHKEHEPHH CHCTEMHU,
B3eMallli NpeJABH/ ChIIECTBYBAINTE B3AUMOBPb3KH, BBHIIHUTE
eKCIIOATALIMOHHM YCJIOBHS U MKOHOMUYECKATA e(peKTUBHOCT

B Tta3u rnaBa e ommcan 0600IIEH METOJ M MOJIENIH 3a MPOCKTUPAHE HAa WHKEHEPHU CHUCTEMH,
B3CMalllu NpeABUA CHUICCTBYBAIIUTC B3aUMOBPB3KHU, BbHITHUTC CKCINJIOATALIMOHHU YCJIOBHUA U
uKoHOMHYecKaTa eekTuBHOCT. To3M Kiac CUCTEeMH ce XapaKTepu3HpaT HEe caMmo ¢ U300p Ha
CbBMCCTUMHU MOAYJIX W OTYUTAHC HA BBHIIHUTC CKCIUIOATAOWMOHHU YCIOBUA, HO HU C
yIOBIIETBOPSIBAHE HAa W3HWCKBaHE 3a MKOHOMHYECKa e(QEeKTHBHOCT. EIWH MocTaTh4HO
NPEICTaBUTEIICH TIPUMED 3a TIPOCKTHPAHE Ha TO3HM KJIAC CHCTEMH Ca BETPOCHEPTUIHHHUTE TApPKOBE
(BEIT). Ha ©6a3za nHa mnpemioxeHuss wmonaen ca (opMyJdupaHu CBOTBETHH €IHO- H
MHOTOKPUTCPHAITHN ONTUMH3AIMOHHM 33Ja4ll 32 ONTHMAaIHO mpoekThupaHe. OmmcaH e
ITOPUTHM 32 MPUIIOKEHNE HA MHOTOKPUTEPUAICH TIOXO ] TP MPOSKTUPAHETO HA CUCTEMH OT
TO3U THUII.

EnnoxpuTepnasneH Moes Ha ONTHMAJIHO NPOCKTHPaHe HA BeTPOCHEPIruilHU MapKoBe

[Tpoextupanero Ha BEII e urepatuBen mporec, mpyu KOUTO € HE0OOXOAMMO Ha paHEH eTall J1a ce
YCTQHOBH, HAJIMYEUTO JOCTATHYEH PECYPC, 3a a ObJie peannu3u3apaH MPOeKTa 3a U3rpakJaHe Ha
BEII. Pascrostauero mexnay typounute BbB BEII 3aBucH KakTo OT TepeHa M OT MOCOKaTa U
CKOpOCTTa Ha BATBHPA, Taka U oT pasmepure Ha BT. Karo momyctumo pascrosiHue mexnay
TypOMHUTE MOXE J1a ce pasriiexk]a MHTepBaia oT § a0 12 poTOopHM JuaMeThbpa MO MOCOKa Ha
BATHpa 1 OT 1.5 10 3 poTopHU AuameThpa 3a neprneHaukyspHara nocoka (Emami & Noghreh
2010).

[IpenyioskeH € eIHOKpUTEpPUsUIEH ONTHMM3ALMOHEH Mojen 3a n30op Ha Tuma, Opos u
pasmnojoxeHneTo Ha TypOounuTe B mpoektupanus BEIT (Mustakerov & Borissova, 2010):

min| S8 (4.34)
P
IIpU OTpaHUYCHHUA

costs = N[%+%exp( —0.00174 NZ)) (4.35)
P =h, NP, (4.36)
N = Nrow Neor, integer (4.37)
N =4 (4.38)

kTOWD
Now = 2 41 (4.39)
iow < Kegu < ki s Krow > 0 (4.40)
kil < Koo < ki Keot >0 (4.41)
Put = i X Pmin (442)
D=3%D, (4.43)
H =3 xHl, (4.44)
> x =Lx {0z (4.45)

kbaeTo: N — 06wy 6poit BT, Nyow — 6poii BT B pen, Neoi — Opoit BT B konona, Ly, Ly— pa3smepu Ha
BEII, D — nuamersp Ha poropa Ha BT, Pyt — HomMuHanHa momuoct Ha BT, 7 — koeduiment Ha
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U3M03BaHE, Krow, Kool — KoehuImenTH, onpenensiy pacrosaus Mmexay BT, H — Bucounna Ha
Kynarta, Xj — ABOMYHHU LIEJIOUUCIIEHU TPOMEHIIUBHU.

A) cay4yail Ha paBHOCTOEH BATHP OT BCHYKH MOCOKH:
[Ipu 3amanena miouy nHa BEIT or 4 km? u PaBHOCTOEH BSTBHP OT BCHUYKH ITOCOKH,
MIOJIyUEHUTE pe3yaTaTH ca nokasaHu Ha Pur. 4.6 u dur. 4.7. karo ca U3NOI3BAHU CIICTHUTE

FpaHI/II_[I/I kmin — kmin =48 u kmax _ kmax :52

row

col row col

\
.....0..........‘
...Q..O.........‘
..............Q.‘

9 0000000000000

250 m

250 m

200 m

333 Em
200m

@ue. 4.7. Pasnonoscenue na BT npu nanuuue na pagHocmoen 6simvp om 6CUYKU NOCOKU U NPABOBLbIHA
popma na eemposomo none Ly, =4 km, L, =1 km.

400 m 2222 m
<>

400 m
<>
222m

333.3m

333.3m
<>
200 m

@ue. 4.6. Pasnonoxcenue na BT npu nanuyunue na pagnocmoen 6smvp om 6CUUKU NOCOKU U K8AOPAMHA
Kongueypayusa na eemposomo noze, Ly =L, = 2 km.

B) cayudaii Ha npeoOaagaBam BATHP ¢ eAHa nmocoka. 3a BEII ¢ miom cwio 4 km? ca
U3IOJ3BAHU: KM =1.5, kM =3, k" =9, k1™ =11 k" =2, k"™ =4, k)" =8, PECICKTUBHO

row col col row row col

(Duwr. 4.8, dur. 4.9 u dur. 4.10)
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7000 m

@ue. 4.8. Pasnonoxcenue na BT npu nanuuenue na 6amop ¢ npeobiaasaua NOCOKAa nPpasobebiHo
sempoeo nozne, Ly =4 km, L, =1 km

111 m \N/\L 81 m
sseilesessescsscees ssseliescssssscsssssose

e 0000000000000 0000000000
0000000000000 Q0QOOOOQ© §]\
£ 0000000000000 0000000000
% 0000000000000 0000000000
oo OOCOOCORDOOODODODOO®
0000000000000 0000000000
ooeoewvoooooooo0o000 0000000000000 0000000000
1818m 952 m
g < 9000000000000 000000000
8 S I
¥ 00000000000 00000000000
)>OOOO0OOO0OO0O00OO
90000000000 00000000000
00000000000 00000000000
0:0:0:0:0:0:0:0:0:0:0:0) 0000000000000000000000

@ue. 4.9. Pasnonoosicenue na BT npu nanuuenue Ha 6simvp ¢ npeobonadasauya nocoka u Kaopamua
popma na eemposomo none, Ly = Ly, = 2 km.
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Que. 4.10. Pasnonoosicenue na mypouHume npu HAIUYeHue Ha 6mMvp ¢ npeobradasaua noOCoKa u npu
Opyaa opueHmayus Ha nPagovbSbAHOMO 6eMpPOBO NoJe

[Tpu Hanuume Ha BATHP ¢ MpeobIiagaBaiia nocoka, n30opsT Ha BT chlecTBEHO 3aBUCH OT
OpHeHTalusATa Ha mpaBobrbiara (opma Ha BEIl mo oTHOmeHMe Ha MOcoKaTa Ha BATHPA.
Pesynratute OT m3umcieHuWsATa Moka3par, 4ye ¢opmara u opueHtanusara Ha BEIl TpsoBa nma
ObJaT B3€TU M0J BHUMAHKUE IPU ONTUMAIHOTO IPOEKTUPAHE.

MHorokpurepuageH ONTHMH3ANMOHEH MO/IeJI 3a NpoekTupane Ha BEII

[Ipemnoxen € MHOTrOKpUTEpUaleH ONTUMHU3ALMOHEH Mojen 3a npoektupaHe BEII, B3emar
npeaBuj Kputepunute pasxomu u momHocTt (Mustakerov & Borissova, 2010; Mustakerov &
Borissova, 2011):

max Power (4.46)

min Costs

HpHU OrpaHUYECHUSI
Power = hy77NPy, (4.47)
Costs =N (2 + Lg-ommn: j (4.48)
3 3

N = N,Ny (4.51)
Ny = (Ly/SDy) + 1, Ny - integer (4.52)
Ny = (Ly/SDy) + 1, Ny - integer (4.53)
ky'" <k, <kj™, ky>0 (4.54)
kM <k, <kM™, k>0 (4.55)
P, = ixi pi (4.56)
D, =Y %D, (4.57)
S x =Lxe{os (4.58)

dopmynupanusat mojen (4.46) — (4.58) e rectBan npu peanuu nanuu 3a BT, usnonspaiiku
METOJla Ha TMpeTerjeHara cyMa M JIEKCUKOTpaCKus METOM, 3a Jla C€ OLEHAT MapamMeTpuTe OT
npoexktupanuss BEII. M3non3BaneTro W Ha aBaTa METOJa 3a pellaBaHE OCUTYpSIBAT TEOPETUYHU
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OLICHKM Ha MOIIHOCTTa M pa3XOAUTE IpU PA3TUYHM IIOCOKM HaA BATbpPAa WU Pa3IUYHU
npeanoynTanus Ha JIBP.

Ha ®ur. 4.18 ca mnokasaHu mnoiaydeHUTe pe3yiaraTtd 3a mnapamerpute Ha BEIl —

HWHBCCTUIIMOHHU Pa3sxXoar U MOIIHOCT.

Predominant H Weighted sum method
i B Weighted sum method i HwWeighted sum method . . -
Ur_ufdo:_n ) ghted su F’r_Edonj'"af‘t 8 wind direction @ |exicorgaphical method:Power, Costs
wind direction g Lexicographical methad: Power, Costs wind direction M Lexicographical method: Power, Costs »
— M Lexicographical method: Costs,Pawer
W Lexicographical method: Costs, Power] J’ l l M Lexicographical methad: Costs, Power 45 —_—

Investment costs
-
[=]
Investment costs
s
=
Investment costs

0
30 -4 30
25 25
: 20
15 15
10 10
3 5
0

473040 4351968
Wind farm power output, MWWh/year

314309

255442
Wind farm power output, MWh/year

496692 478086
Wind farm power output, MWh/year

Due. 4.18. Unsecmuyuonnu pazxoou u 04aKeana MOWHOCH NPU pasiudiu npeonovumanus Ha JIBP

Onucanure CIHO- W MHOTOKPUTCPUAIIHU ONTUMHU3AIUOHHU MOJIACIU 3a IMPOCKTUPAHC
KOMIIJICKCHHU WHKCHCPHU CUCTCMU, B3CMaAIllU MPCABUA BHTPCIIHUTEC B3aUMOBPB3KHU, BBHIIHUTC
€KCIJIOATAIMOHHH YCIIOBUSI U MKOHOMHYECKaTa €(QEeKTUBHOCT ca Oa3upaHW Ha TpUMepa Ha
MPOCKTUPAHETO Ha BETPOCHEPruiiHU mnapkoBe. DOPMYIHPAHUAT MOAEI OTYUTA KaKTO
MapaMeTpUTe Ha HAJIMYHUS BETPOBU pecypc, Taka W mapamerpute Ha BT. B pesynrar nHa
dbopMynUpaHEeTO M pelIaBaHEeTO Ha CHOTBETHUTE ONTUMU3ALMOHHM 3aJlayd ce IoJyyaBa
ontumaneH wim Ilapero-ontumanen u36op Ha Tna Ha BT, Opos W CHOTBETHOTO WM

paznonoxenue B BEIL

I'maBa 5: Moaesu M aJITOPUTMH 32 ONITUMAJHU PAa3NUCAHUA

B Ta3u rnaea ca omucanu MPCAJIOKCHUTC MOJCIN U AJITOPUTMHU 3a ONITUMAJIHO IUIAHUPAHC IMPU
HAJIMYKME Ha OTPAHUYCHHU PECypcH, Kacaely GopMyIupaHeTo Ha: 1) MoJenu 3a onpezeisHe Ha
ONTUMAJIHU PA3MUCAHUS TPU 3aBUCHMa 00pabOTKa Ha JeTallin BbPXY MHOXECTBO MAIIMHH, 2)
MOJIENTA ¥ aJTOPUTMH 3a OIPEeITHE Ha ONTUMAITHU PA3MUCAHUS TPU CMeceHa (He3aBHCHMA H
3aBUCHMa) 00pabOTKa Ha JIeTalii BbPXY MHOXKECTBO MAIIIUHHM, 3) 0000I1IeH MOCI U alTOPUTHM
3a ONTHUMAITHO JIMHEHHO pa3kposiBaHe W 4) 0000IIeH MOJAeNT W aJrOpPUTHhM 3a OINTHMAJTHO
TJIaHUPaHE Ha MepcoHaia U Ha rpaduka 3a Heropara padora.

0O0001eH MaTeMaTHYeCKH MO/IeJ 32 onpe/ae/isHe HA ONTUMAJHO pa3nucaHue Npu
3aBHcHMa 00padoTKa HA 1eTailJIi BbPXY MHOKeCTBO MAILIMHH

Len na oO0o0OmIEHMsT MOJAEN 3a OIpeleNsHE Ha ONTHMAJIHO pa3lUCaHWe Ha 3aBUCHMATa
0o0paboTka Ha JETalaM BBPXY MHOXKECTBO MAIIMHM € MHHHUMH3UpPaHE OOIIOTO BpeMme 3a
obpaboTtkara Ha Bcuukute netaitim (Mustakerov & Borissova, 2008):

min Xxig, 1€, (5.1)
IPH OTPAaHUYCHUS
Xigry—Xij=Tij, el jel (5.2)
Xirn,j—Xij =2 Tij, el jed (5.3)
xj=0,3a Viel, Vjel, (5.4)
xige>0,3a Vi e, (5.5
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KBJETO: Xi — MOMEHTUTE OT BpeMe Ha 3aBbpIIBaHE HA 00pabOTKaTa Ha OTIACIHHUTE JETaiH, Xij
— MOMEHTH OT BpEME 3a Hayalio Ha OTACITHUTE omepaiuu, | — MHOXKECTBOTO Ha 00pabOTBaHUTE
JeTainu, a J — MHOXXECTBOTO Ha MAIlIMHUTE, HEOOXOAMMHU 32 00pa0OTBAHETO HA TE3U JETANIH.
3a ;1a ce WIIOCTPUpPA YUCIIEHO MPUIIOKUMOCTTa Ha mpemtokenuss moxen (5.1) — (5.5) e
W3MOJ3BaH peajieH mpobjieM oT paboTaTa Ha MeTanooOpaboTBamia (Gupma, TpoU3BEKIAIIA
mammuau ¢ LITY u 3amamena mocnenoBeTeTHOCT HAa oOpaboTka Ha Aetaitnure J1— 12— J[3—>
H4— J15— /16 — J[7 (Mustakerov & Borissova, 2008). B pe3ynrat Ha MoJy4eHOTO PEIICHHE Ce
OTpeIeNiAT HauaJHUTe MOMEHTH Ha 3alloyBaHe Ha 00paboTKaTa Ha OTAEITHUTE JIeTaillii Ha BCsAKa
MallliHa, KakTo U KpaifHUTe MOMEHTH Ha 3aBbpIIBaHe Ha 0OpaboTKaTa Ha BCeKH JeTaiin (Pur.

5.1).

| as
MamHas HHHHHHH o Ll L il bbbttt -1 1 1 111 I I
:
a Az a3 | o7
MAWMHA 4 H+HHHH Ht SEESRNISSTNESERNES SEE=ERERE AENEENEENEENERSEEN
) ]
| | n3 ns ns ne a7
MAWMHA S LRl iiit] 1ttty {1 Rl L L Ll L] bt | 1 111111
| |
| |
an || Az : {|| A3 |]nal|| Bs
. . 3

MALWWHA 2 T

a4 le. ae |
MALLMHA 1 : g i smiechmion
0 10 20 30 40 50 60 70  Bpewe [wacoso
@ue.5. 1. Onmumanno pasnucanue npu HOC1e008amenHoOCm 3a 0bpabomxa
HI1—=/12—][3—-]4—-15—-76—17

OmnpenesisiHe HA ONTHMAJIHHA PAa3NMCAHUSA 32 CMeceHa (He3aBMCHMMA M 3aBHCHMA)
00padoTKa Ha 1eTailJii BbPXY MHOKeCTBO MaIlIMHHA

£
B

IIpu cmecenata oOpaOoTka Ha JETalaM CBILECTBYBA OMNpEJeNieHa IOCIeI0BAaTEIHOCT Ha
oOpaboTkara caMo Ha 4acT OT AETaliINTe, TOKAaTO 3a OCTAHAIUTE JCTAIIN MOCIEI0BATEIIHOCTTA
3a oOpaboTkaTta He € ¢ukcupana. O6o6menusT moaen (5.1) — (5.5) e u3non3BaH U B TO3HU
cilydail, KaTo ce OIpeaeNAT Bb3MOXKHHU MoApe0n Ha 00paboTKa Ha HE3aBUCUMUTE AeTailiu. 3a
1eNITa € pa3paboTeH mapajelieH alropuThM 3a cMeceHa 00padoTka (He3aBUCHMa U 3aBUCHMA) Ha

JCTailli BbPXY MHOXKECTBO MaIllMHH, WiarocTpupad Ha Pur. 5.2 (Borissova & Mustakerov,
2014).

( Hasano [MocnenoBaTenHoCcTHTE Ha

[ Y ONEpallUUTE 3a BCEKH JETalll ca
Onpegensive 6pos Ha HesaBucumuTe getannum (N) D

- samanenu kato: /1 {O11, O1z, O1s}, /12

[ MaeHTurumpane Ha BE3MOKHUTE NOAPEAGH ] {021, 022, 024}, ﬂg {031, 033, 032},

Ha He3aencnmMmunTe aetTannn
M4 {041, Osz, Os3}, J5 {O11, O12, O13}
[tbopmyrmpaHe H3 CBLOTBETHWUTE ONTUMW3AUWOHHW 3a0a4n ]] I/I /ZZG {0611 063}' O6pa60TKaTa Ha

neravnu /4, /I5 n /[6 e 3aBucuMa U
TpsIOBa J1a C€ MU3BBPIIU B TOYHO Ta3u

PewagaHe Ha ONTUMHU3AaLHUOHHHWUTE

i A
i — o~ Ioe) 3ajadyu B napanen o i
g2 F f\ (. ( g E cu mocieaoBarenHocT. OcraHanuTe
I o o o \ \ g ! .
SEIE IR \, _) j ) 3 j JeTaiimy MoraTr 1a ce o0paboTsar B
N ¥ ~
— ' T ! MPOU3BOJIHA MOCJIEIOBATEIIHOCT.
[ CpaBHeHWe U NoapexaaHe Ha pelleHnaTa ﬂ HGHTa € 1a CC OIpPCACIN pasnnucaHuce,
v KOETO Ja CBeXJa [0 MHHHMYM
Orlpe.qensme Ha pa3nnucaHveTo C Han-manka
[ ofwa npoabmxkuTenHocT Ha obpaborka 06HII/I$IT HpeCTOI‘/'I Ha MAIIUHUTE U
ompenesnss MHHUMAJIHO BpeME 3a
pan '
obmata o0paboTka Ha  BCHYKH
Que. 5.2. Aneopumovm 3a ONMUMATHO PA3NUCAHUE Hlv P
JeTauju.

npu cmecena 0bpadomra Ha demaiiu
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PesynraThT OT pemaBaHeTo Ha GopMynupaHuTe 24 3a1auM € WIICTpUpaH mox ¢popmara
Ha T. Hap. [ aum-ouazpamu Ha Our. 5.3, OT KBAETO CE BIK/A, Y€ MMa MOBEYE OT €HA Bb3MOXKHA
MOCTIEIOBATEIHOCT 3a 00pa0oTka Ha JeTaiiuTe BOJEIIa JO eIHAa M ChIla MHHHUMAJHA
MPOABIDKUTENOCT. B TakuBa ciiyduam u300pbT Ha €IHO OT TE3W pa3NUCaHHUs OM MOTBJI Ja ce
W3BBPUIM 110 APYTU OOEKTUBHU WM CYOEKTUBHHU KPUTEPHH.

Machines

Machines

Machines

Machines

Machines

Machines
Machines

Machines
Machines

Machines
Machines

Machines
Machines

Machines
Machines

M4
M3 )i D6
M2 D 1
M1 D

Machines

Machines
1
|

Machines
Machines

10 20 30 50 60 64
Que. 5.3. Kombunayuu na pa3nucanus 3a cmecena oopabomxka Ha demaiiume
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W3uucnaurennuTe TPYAHOCTH, BB3HUKBAIIM TMPU  HU3MOI3BAaHETO Ha  000O0IIeHa
ONTUMHU3AIMOHHA 3ajla4a, pasriek/jania BCUKM KOMOWHAIMM Ha 00paboTKaTa €IHOBPEMEHO
MoraT fa OBJaT MPEOJOJITHH KaTO C€ W3IMOI3BAT ChBPEMEHHHTE TEXHOJOTHHU 3a MapalieTHH
m3uncautenHu anroputmu — Hamnp. CUDA texnomorumsita. Ilpym Hanumumero Ha 3aBHCHMa
00paboTKa MeXIy 4acT OT JeTaiinTe (B MOBEYETO PEANTHU 3a/1a4M) CIIOKHUTE MPOOIEMH MOTraT
Jla ce IEKOMITO3UPAT A0 TOJISIM OpOH JISCHO U3YHCIMMH 33]a4H.

O0001m1eH MoeJ1 3a IMHEHHO pa3KposiBaHe

KnacudeckusiT po0iieM 3a JTMHEHHO pa3KposBaHE Pas3rieka pa3KpOsSBAHETO HA CTAHJIAPTHH
3arOTOBKA Ha MO-MaJIKA JIMHEWHU OTpA3BIHU, KATO CC HCIIM MHUHHUMHU3HUPAHC HA OTHAABIUTC
(Kantorovich, 1960; Gilmore & Gomory, 1961; Gilmore & Gomory, 1963) 3a pasnuka ot
KJIaCHYeCKHsl TpoOJieM, TMPEMIOKEHUAT 0000ImEeH MOoJen Iedd ONpeNeisHe HE Ccamo
ONTHMATTHUTE CXEMU 32 Pa3KpOsIBAaHE 3a BCAKA OTJEIIHA 3ar0TOBKA, ChOOPa3HO KOJIMYECTBOTO HA
HEOOXOJUMHUTE CJIIEMEHTH, HO M OIpeJIeisHe Ha ONTHMajHaTa Jb/DKAHA Ha 3arOTOBKHTE
(Mustakerov & Borissova, 2014):

N
min{Z(L— L, )},i =1..,N (5.80)
i=1
[IpU OrPaHUYECHUS
Vil = ZJ:XU.I], j=1..3 (5.81)
j=1
ViiL <L (5.82)
Vi3 =k, (5.83)
i=1
(L*=Apin) € L < (L*+A00) (5.84)
vi: %, :{binary integer 0.0r 1 if N <kj (5.85)
integer, otherwise

kpgeTo N e Oposs Ha 3aroroBkutTe;, L e onTumanHara AbIKMHA HAa 3aroToBKHTE; L €
M3II0JI3BaHaTa JBIDKMHA OT BCSKA 3aroTOBKa; |j € IBIDKMHATa Ha eNEeMEHTHTE; Xjj ca JBOMYHU
IIEJIOYHCIICHN TIPOMEHIJIBH, NMPHCBOCHW Ha BCEKM CJIEMEHT | M CHOTBETHA 3aroToBKa J; Kjj
MpE/ICTaBIsIBA HEOOXOIUMOTO KOJIUYECTBO 32 BCEKH EIEMEHT; Amin U Amax Ca 3aJaJcHUTE
TPaHUIU 32 JOMYCTUMOTO OTKJIOHEHUE OT CTaHJapTHATA AbJKHHA HA 3arOTOBKUTE L*.

MonenbT € TECTBaH 3a peajieH MpoOJieM 3a OompeielisiHe Ha ONTUMATHHUTE MOJEIN Ha
paskposiBaHe W ONTHUMalHATa IbJDKMHA Ha 3arotoBkute (Mustakerov & Borissova, 2014), a
MOJTYYCHUTE pe3yTaTh ca mokazanu B Tabnuma 5.6 u Tabnuma 5.7.

Tabruya 5.6. Onmumanta OvI’CUHA HA 3A20MOBKUME U OMNAObYU 3d 8CSKA 3A20MOBKA

OHTI/IMaJ'IHaTa ABIIKUHA Ha O6H.IO KOJINYECTBO HA H3HOJ’I3BaHa ABIDKUHA OT OTHaZ[’BLII/I OT BCsKa
3arOTOBKHUTEC L, mm OTHaaAbLIUTC, mm BCsKa 3aroToBka, mm 3aroToBKa, mm
L = 6330 220
L, = 6330 220
Ls = 6030 520
L, = 6030 520
6550 4110 Ls = 5680 870
L = 5680 870
L; = 5680 870
Lg = 6530 20
Ly = 6550 0
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Tabnuya 5.7. Onmumanuu Mooenu 3a pasKposiéane 3a 8CAKA 3A20MO8KA

Enementl Enement2 Enement3 Enement4 Enement5 Enement6 Enement?7
L, 0 1 1 0 1 0 1
L, 0 1 1 0 1 0 1
L 0 1 1 1 0 0 1
Ly 0 1 1 1 0 0 1
Ls 1 1 0 0 0 1 1
Le 1 1 0 0 0 1 1
L, 1 1 0 0 0 1 1
Lg 0 1 0 1 1 1 0
Lo 1 0 0 1 1 0 1

HamansBanero Ha 3aryOuTe NmpH pa3KposiBAHETO € €IWH OT OCHOBHMTE MpoOieMu Mpu
IPOM3BOJICTBOTO Ha JorpaMa. OMHCaHUAT MOJXO0/1 MOKE Jla IOIPUHECEe HE caMo 3a HaMaJIsiBaHe
Ha oOumTe 3aryOM 4Ype3 ONTUMHU3UpPAaHE Ha ABDKMHATA Ha 3aroTOBKUTE W MOJEIUTE Ha
pa3KposiBaHe, HO CHIO TaKa MOXKE J]a HAMaJId OOIIOTO BpeMe 3a MPOM3BOJICTBOTO M CBHP3aHHUTE
¢ Hero pa3xonu. ChIIECTBEHO MPETUMCTBOTO HA MPEIJIOKEHHS MOIEN € BB3MOXKHOCTTA 3a
€THOBPEMEHHO OIpE/ICIsIHE KAaKTO Ha ONTHMAalHAaTa Jb/DKMHA Ha 3aroTOBKHTE, Taka W Ha
ONITUMAITHUTE MOJICIIA Ha Pa3KpOsSBaHE 32 BCSAKA €HA 3aTrOTOBKA.

O000men Moxen 3a ompeaejsHe Ha ONTUMAJHUS Opoil HA mepcoHasa W rpaduka 3a
pabdora

®dopmynupan € 00001IeH ONTUMH3AIMOHEH MOJICII, ONIPEACIISAIT ONTUMATHUS OpOi IepcoHaa u
rpaduka 3a padora (Borissova & Mustakerov, 2013):

min PT (5.92)
P OTPAaHUYECHUS

PT > PTmin (5.93)
PT <PTmax (5.94)
Xj >0, integer,jel (5.95)
Yj >0, integer, jel (5.96)
x; + hj <PT (5.97)
yitw<W (5.98)
Ijm + Imj + bjm + bmj =1 (5.99)
Xj + hj <Xm + (1 - Ijm)PTmax (5.100)
Yi + Wj <Ym + (1 - bjm)W (5.101)
SA = W*PT (5.102)
SI = SA-0A (5.103)
PTmin = max{hj} (5.104)
PTmax = Maxy™ i, (5.105)

j=1
OA = iwjhj (5.106)

j=1
kpaeTo: PT — o0mo Bpeme 3a oOpaboTka, PTyin 1 PTrax — MUHEMATHOTO U MaKCUMATHOTO
BpeMe 3a 00paboTka Ha efaHa aeiHocT, M — Opoit mammau, W — Gpoit onepatopu, o0cTyKBaIiu
naneHa mammHa, SA = W*PT — 3aeroct Ha omneparopure, hj, jeJ, — Bpeme 3a 06paboTka Ha j-
mama MaimvHa, Wj, J€J — Opoii omeparopu, odcimyxBaiy j-mama Mamuaa, Wiyin = max {w;} —
MHHUMaJIEH Opoil omeparopu, obOcmyxkBaimu MamuHUTe, Wpax = X Wj — MakcuMayieH Opoi
omnepaTopH 3a o0CIy)XBaHe HAa MAIIMHUTE (IpH mapanenHa odopadorka), OA =X w; h; — obma
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mony Ha Becwdku omepanuy, SI = SA — OA — mpecroit Ha nepcoHana, ljn = 0/1 — npomennmuBa
paBHa Ha 1 aKo j-mus IPABOBIBIHKUK € PA3IIOIOKEH OTIISIBO Ha M-THsI TPaBOBI'BIHUK Wi 0, aKo
He ¢ TaKa, by, = 0/1 — mpomeniuBa paBHa Ha 1 aKo j-mus MPABOBI'BIHKUK € PA3IONIOKEH OTIOIY
Ha M-TUs MpaBOBIBIHKUK Wik 0, aKo He € Taka, X, Yj — KOPOAWHATH Ha JICBHS FOPEH BI'bI HA j-
must IPAaBOBTBIIHUK, IPEACTABSII] j-mama Onepanys Ha j-mama MaliiHa.

3a j1a ce onpezeny ONTHUMATHUS OPOi OMEepaToOpH IO OTHOIICHUE Ha MUHUMAJICH MPECTON
Ha mepcoHana, onTuMm3annonHata 3amada (5.92) — (5.103) ce pemiaBa 3a pasimucH Opoit
omeparopu (Pwur. 5.9).

- pocessing ime o]

1237456 7 8[9 10[11[12/13[14[15/16[1718 19/20[ 21/ 22 23] 24 25[26] 27 28/29)30 31/32]33 34[35]36 37[38/39 a0[a1]a2]a3]sa a5

Stalf idle

a)

W fnumbser]

1/2[3 als[6 7[8]8 10/11/12 13]14[15 16]17/18 13|20 21 22(23 24/ 25/ 26/ 27/2825/30(31/32 33 [34[35
1 o |

W [number]

b)

W [rumber]

<)

PT - processing time [hours]
1/2/3/a]s El? 819 |10/11/12/1314 15/16/17 8|190 21/22/23 2425

W [numbar]

d)

W frumber]

8)

W rumbar]

Staff idie

FT - processing time fhours]

1/2 3 4|5 6|7 & 91011 12 1314 15 /16 17 1819 20

W [number]

Staff |die

a)

[ ]
||
Op4 on

Que. 5.9. I'paghuuno npedcmassne na noryueHume pe3yimamu

[Ipu onpenensiHeTo Ha ONTUMATHHS Opoi omeparopu MoraT Ja ObAaT U3MOJI3BAHU JIPYTH
KPUTHPUHU, KaTO HApUMEp MHHHMATHO BpeMe 3a 00paboTka. M3MON3BaHUAT MKOHOMHYECKH
KPUTEpUN 32 MHHHMAJIEH TIPOCTON HA OMEpaTOPUTE MOXKe Aa Obae MOIUGUIIMH C TIOIXO SN
KOPEKIIMU, TaKa 4e B3eMe MPEABH] U JAPYT'HM W3UCKBAHUS IMPH ONPEISISTHETO Ha ONTUMAITHUS
Opoii omeparopu.
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I'naBa 6: Moaesu 1 aJITOPUTMHU 32 NMPEACKA3BAII0 MO AbPKAHE

B ta3u rnaBa ca onucaHu mpenioKEeHUTe MaTeMaTUYECKU MOJIETU U aJTOPUTMU 32 yIpaBJieHHE
Ha MPEICKa3BaIoOTO MOIbpXKAHEe HA WHKEHEPHU CUCTEMH TIpH: 1) ompeaessiHe Ha ONTUMAalTHA
cTparerus, 0a3upaHa Ha OIEHKH 3a MPUXOJU U Pa3XOJAUTE, U ONPEAeIAIa PEMOHT WK 3aMsiHa
Ha MallliHa KaTo ISUI0 WM Ha OTICIIHM HEWHU KOMIIOHEHTH, 2) OINpeNelNissHe Ha ONTHMAallHA
CTpaTerus, OTYUTAlla YCIOBHSATAa Ha HEONPEAENCHOCT, 3) eTHOKpUTEpHalIeH MOJEN 3a
ompezieNisHE Ha  ONTUMAJIHOTO  pa3MoJIOKEHHWEe Ha 3aJajgeH Opol  ceH3opu H
MHOT'OKpPUTEpHUAJIEH MOJEN 3a €JHOBPEMEHHO OMpe/essHe Ha Pa3MoJoKEHUETO U Opos Ha
CEH30pUTE 32 HYXJIUTE Ha MOHUTOPHUHTA.

OmnpenesisiHe Ha ONTHMAJIHA CTpPaTerusi, 0a3sdpaHa HA ONEHKUTEe Ha NPUXOAUTE H
pa3xoaurte

3a menuTe Ha MPEACKa3BaIloOTO MOAAPHKAHE Ca MPEUIOKEHH JBa THIIA OIIEHKH 3a OIpeIe/IsHE
Ha pasxozaute u nmomsute (Mustakerov & Borissova, 2013):

CRE s = Crepair_component 63)
ﬁpremaining
CBE e — Cnew_component 64

remaining
KBJETO Crepair_component € LIEHATa 33 PEMOHT Ha KOMIIOHEHTA, Chew_component € LIEHATa Ha 3aMsHATa C
HOB KOMIIOHEHT, 0 € KOC(ULUEHT, II0Ka3Balll KOJIKO I'bTU KOMIIOHEHTBT € MOBPEXIaH, Premaining
e meyanbara OT OCTaBaIIOTO MOJIE3HO BpeMe Ha paboTa Ha KOMIIOHEHTA, ff € Koe(hUIueHT, KOITo
IIOKa3Ba JIaii KOMIOHEHTHT ¢ peMoHTupaH (0 < < 1) wim e 3ameHeH ¢ HOB (ff = 1).

[lpomechT Ha B3eMaHEe Ha pEIICHWE 3a ONpPEAEIsIHE Ha IOAXOMAIIA CTpaTerws 3a
HOAJPHKKA MOXKE J1a ce peanm3upa Ha jaBa erama (Pwur. 6.3). Ha mbpBus eran ce pasriexaat
JIBE aITEpHATUBHH — Ja CE€ PEMOHTHpA MallWHATa WM Ja CMEHH MallMHaTa KaTo ILSUI0 B
pe3yaTar Ha pelaBaHe Ha ClieJHaTa ONTHMHU3anrnonHa 3aaada (Mustakerov & Borissova, 2013):

max zn:xCBEirepair +Zn:yCBEi”eW] (6.5)
i=1 i=1
IpY OrPaHUYCHHS
x+y=1, xvye{0 1} (6.6)
KB/IETO X, Y ca JBOMYHU LETOYNCICH IIPOMEHIIMBH 32 BCSIKA AITEPHATHBA.

KomnoHeHT 1 JamaAHa

nonpaeka/3amana’.

nonpaexka

nonpaeka

JamAHa

KomnoweHT 2
nonpaeka/zaMana?

nonpaeska I-:

KomMnoHeHT n JamAHa

nonpaeka/zamMaHa’,

Y
Kpai

Due. 6.3. Aneopumom Ha 63emane Ha peulenust nPu NPeOCKaA38auio NOOOPLIHCAHE
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Crparerusita 3a pEMOHT/3aMsHA 3a BCEKH OTIEJIEH KOMIIOHEHT C€ OmpeaeNsi OT
pelaBaHeTo Ha CIeAHMS onTuMu3aironeH mpoodaem (Mustakerov & Borissova, 2013):

max[iXiCBEirepair+iinBEinewJ (67)

IMpUu OTpaHUYCHHUA " "
Vie{l?2,...,n} Zn:xi +y; =1, (6.8)

i=1
Xi, Vi G{O, l} (6.9)

KBAETO Xj, Yi ca JABOMYHU LEJIOYUCIIEHU NPOMEHIMBH NPUCBOEHH KbM BCEKM KOMIIOHEHT Ha
MallliHaTa.

[IpennoxxeHUAT MOIXOA € WIIOCTpUpaH Ha 0as3aTra Ha peajieH MpUMEp 3a IMpelCKa3BaIlo
NOAbpKaHe, BKIOYBAIl 4 KOMIIOHEHTa. YUCIIEeHNTE pe3yaTaTH MOoKa3BaT MPUIIOKUMOCTTa Ha
IPEUIOKEHUS IOJXO0 U €(h)eKTUBHOCTTA HA ONMCAHUTE MAaTEMaTHUECKU MOJIENIHN 3a OIpeelIsiHe
Ha ONTHMaJIHA CTPATETUs 3a TEXHUYECKA MOIPHKKA.

Omnpeselisine Ha ONTHMAIHA CTPATErHsl, OTYUTALIA YCJIOBUITA HA HeolpeleeHOCT
[MpeanoxeHa e cTpyKTypa 3a CUCTEMa 3a MOJANOMaraHe B3eMaHETO Ha PEIICHUs 3a IIeJHUTe Ha
IPE/ICKa3BalloTO MOMAPHKAHe, peaji3hpaHa OT YETHPH OCHOBHU CIIOS 33 MOHHTOPUHI Ha
CBCTOSTHHETO, YIPABJICHUE HAa MOJICIUTE U 3HAHMATA U OLEHKAa Ha chcTosiHuero (Borissova &
Mustakerov, 2012). IlpuiokumocTTa Ha IMpEJIOKEHATa CHCTEMa € TecTBaHa Ha 0Oaszata Ha
peajieH mpuMep ¢ TPH aITEPHATHBHU 32 TEXHUYECKO 0OCTy)XBaHE (PEMOHT, 3aMsHA, HE CE TPaBH
HHIIO) 32 BCSIKA OT MammMHUTE. Penrennero 3a n300p Ha MOIXOAIIA CTPAreHUs 3a MOAIPHKKA
3aBHCH OT OIIGHKaTa Ha CBbCTOSHHETO Ha MammHuTe. OLeHKuTe Ha moje3HocTra Ej 3a
CHhOTBETHHTE aITEPHATHBH ca Mmoka3aHu B Tabmwuma 6.4 (Borissova & Mustakerov, 2013).

Tabauya 6.4. Oyenxu Ha nore3HOCMMA 3a CbOMBEMHUME ANMEPHAMUBU

AunTepHaTHBA OLeHKH Ha MOJIE3HOCTTA
Al 60 30 65
A2 40 20 70
A3 80 10 -5

Wznom3Baiiku kputepunte Ha Bana, CaBumxk u Jlammac Boasr 1o u300p Ha anTepHaTHBA
Al. Bcuuku Te3u NpUMepH IOKa3BaT, 4Y€ C M3IOJI3BAHETO HA MOAXOJIAL] KPUTEPUM MOXe Ja
ObJe ompezeneHa Hai-moOpara cTpaTerus, KOSTO Ja IMOJANOMara B3eMaHETO Ha peIleHus, 3a
LIEJIUTE Ha MPEICKA3BaIIOTO NOAAPBKAHE, IIPU OTYMTAHE YCIOBUATA HA HEOIIPEIEIECHOCT.

O000men egHOKpHTEpHAJIeH MoOAe] 3a OMNpelejsiHe ONTHMAJHOTO Pa3MoJI0KeHHe Ha
CEH30pPH 32 MOHMTOPUHI HA CHCTOSIHHETO

3a na ce ompeaenay ONTUMATHUS Opoil Ha CEH30pUTE, HAKOM OT TAX TpsAOBa Ja oTmajmHat 6e3
3HAYUTEIHO J1a BIMAAT Ha 3arybara Ha uHpopmarus. Ta3u uues e peaausapaHa upe3 cleIHUs
€IHOKpUTEpHUaTIeH O0OOIIEeH ONTHMM3ALMOHEH MOJEN 3a ONpeiAesisiHe pa3MoJOKEHHETO Ha
cenzopu (Borissova u np., 2012):

L
i1 j=2
ZXJ- =m, x; {01} (6.32)

j=l
KBIETO #] € CTOMHOCTTAa OT i-Msi PEKHM B j-TaTa MO3ULUS HA CEH30DA, (¢}71—¢}+1)/ 2 ca

PECAYIUPAHUTC JaHHU B CJIydasd Ha JUIICBAILL CCH30p 4YpC3 JIMHEHHA HWHTCPIIOJIalMg Ha JAaHHUTC
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OT CBCEIHUTE 3a HErO CEH30pH, Xj ca IBOMYHU LEJIOYHMCICHH MPOMEHIIMBHU, NPHCBOCHU KBM
BCSIKO IOTEHLIMATTHO MECTOII0JIOKEHUE HA CEH30PUTE.

3a Ja ce WICTpUpa MPUIOKUMOCTTAa Ha TO3U MOJEI, ca U3NOJA3BAHMU JAHHWUTE 3a TPU
pexuMa Ha AMHAMUYHU HaToBapBaHUs U 10 CEH30pHU MECTOIOJIOKEHHS, KOUTO ca U3IOJI3BAaHU
3a (opMmyiHMpaHe Ha Clie[HATa eTHOKPHTEpUaiHa ONTHUMM3AIMOHHA 3aaada (Borissova u ap.,
2012):

max c Exj ¢]' _m (633)
i=1 j=2 2
S =m, x; {03} (6.34)
j=1
x; =1 (6.35)
X10 =1 (636)

Ienra Ha 3amauara (6.33) — (6.36) € 1a ce onpenensaT ONTUMATHUTE MECTOMOIOKEHUS Ha
9,8, 7mu 6 cenzopa (m =09, 8, 7, 6) npu moreHnuanau 10 MECTOMONIOKEHUS U Ja CE OICHH
oOriara rpemika B JaHHuTe. [loJiydeHUTE pe3ynTaTUTe ca WICTpupanu Ha dur. 6.8.

a) b)

+

12 3 S ‘
Que. 6.8. Kpusu na ounamuunume Hamosapeanus npu HAIudue Ha:
a) 9 censopa, 6) 8 cenzopa, 8) 7 cenzopa, &) 6 cenzopa

OtnnunTtesHa 0COOCHOCT Ha MpEAJIOKCHUA MOZACI, € UC ONTUMAJIHUTC MCCTOIIOJOXKCHUA
Ha CCH30PUTC CC ONPCACTIAT KATO CAHOBPCMCHHO CC OTYHUTAT BCHUYKU PCKUMU HA JUHAMUYHU
HATOBapBaHUWA U NPCABAPUTCIIHO 3aJaICHUTC MCCTOIIOJIOKCHUA Ha CCH30PUTC.

O0001IeH MHOTOKpHUTEPHUAJIeH MOJAeJ 3a ompeaessiHe Ha Oposi M1 Pa3MNoJIOKEHHMETO Ha
CeH30pH 32 MOHUTOPHUHI HA CHCTOSIHUETO

[IpoGieMbT 3a ONTHMAJTHOTO OMNpPEICISHE HAa MECTOMOJIOKEHHETO Ha CEH30pU IpU
MOHHUTOPHHTA 3a LEJIWTE Ha MPEICKA3BaIlOTO MOJAbPKaHe, MOXE Ja ObJIe MpPEACTaBEeH upes3
MHOTOKPUTEPHAJICH ONTHMHU3AIMOHEH MOJET 3a €IHOBPEMEHHO OMpeacisHe Ha Opos u
Pa3MoNIOKEHUETO Ha ceH3opuTe. To3u mpolseM € MPenCcTaBeH MaTeMaTHYeCKH 4Ype3 CIICTHHS
0606m1eH mojaen (Mustakerov & Borissova, 2014):

Aemopeghepamu na Jucepmauuu 4 (2015) 20-59



EfQHO- 1 MHOroKpuTEpUanHu Moaenu 1 anroputMy 3a oNTUMarnHo NpoekTupaHe, NnaHupaHe n ynpasrneHue ... 43

P n
Z‘quji,j +Yidi |
ENE (6.37)

n
min ij
j=1

max

IIPU OrpaHUYEHUS

¢:j :‘(¢i,j1 ;¢i,j+l) (6.38)
Xi+y=1 (6.39)
x; € {0, 1} (6.40)
yi e {0, 1} (6.41)

KBJETO Xj Ca JABOMYHHU LEJIOYUCIEHH HPOMEHINBYU, MPUCBOEHH KbM BCSKO HOTEHIMAIHO
MECTOMOJIOKEHHE Ha CEH30D; ¢, € CTOMHOCTTA Ha JIeHeHHaTa HHTEPIIONAlKs, aKO CEH30p J He €

TIOCTAaBEH; Yj ca JIBOWYHM LEJIOYMCIECHU IPOMEHJIMBY, NPHCBOEHU KBM ¢ i pe Opoii Ha

PSKUMUTE HA TUHAMUYHHUTE HATOBApBaHU; N € Opoil Ha MOTEHIIMAITHUTE MECTOIOJIOKEHUS Ha
cenzopure. 3aBucumocTTa (6.39) u3paszsBa (akra, ye aKO MECTOIMOJIOKEHHETO Ha CCH30p | €
3a€TO, TO HE CE Hajlara MHTEPIIOJIAINS Ha TaHHUTE U 0OpaTHO.

M3mon3BaHu ca JaHHWTE 3a MMBPBHUTE 5 Pe)KUMa HA IWHAMHYHU HATOBAapBaHHS W Ha 0Oa3a
Ha TpPEIIOKEHUs MoJen € (opMylupaHa cliefiHaTa onTHMU3alMoHHa 3amada (Mustakerov &
Borissova, 2014):

5 10
max "> [xidhs + Y (6.42)

i-1 j-1

IIPY OTPAHUYECHUS

¢:j :‘(¢i,j1 _;¢i,j+l) (6.43)
x,-+y,-=1,j=l,2,..., 10 (6.44)
Xj € {0, 1} (6.45)
y; € {0, 1} (6.46)
X1 = l, X10 = 1 (647)

Pemiennero Ha Ta3u 3a/1ada NpeCTaBiIsiBa UACATHUS Cydaid, korato Bcuukute 10 cen3opa
ca HaJIMIE, KOETO I11e OCUTYpH MaKCHMallHaTa CTOMHOCT Ha 1ensata ¢pyHkuus. Ha Bropus eran
OT U3MBIHCHHUETO Ha JIEKCUKOTpaCKUsi METOM, €IHOKpUTEpUaTHaTa ONTHMAa3allMOHHA 3a/1adya

vMa BUA:
10
mianj , V xj€{0, 1} (6.48)
=1
IIPU OTPAHUYAHUS
5 10 N 5 10 X optimum
Z‘Xj(bi,j +Yi4,| 2 Q(ZZ‘XMJ + Yj¢i,j‘J (6.49)
i=1 j=1 i=1 j=1
5 - M (6.50)
ity =1 (6.51)
xj € {0,1}, y; € {0,1} (6.52)
X1 =1, X190 =1 (653)
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KBJIETO {iixj P Jomlmum € ONTMMAalHaTa CTOMHOCT, ONpPENENEHA OT IIbPBMs €Tall Ha
=1 -1
nexcukorpadckus Metod. Upes koedHIMeHTa o ce ompejels ¢ KOJKO € JONYCTUMO Ja ce
OTIMYABAT JAHHUTE, KOTaTo Ce U3IO0JI3BaT II0-MaJKO CEH30PH 33 MOHHTOPHHTA.

[MonydeHUTEe pE3yNTATUTE 3a ONpEAcISHE HAa ONTUMAleH OpOil M paslooKEHHE Ha
CEH30pUTE ca oKa3zaHu Ha Pwur. 6.9.

3a pa3MKa OT eHOKPUTEPUATHHS MOJEN, IpH (GOPMYIHMPAHUS MHOTOKPUTEPHAIEH MOJIEI
ce ompesens KakTo Opos Ha CEH30PHUTE 3a MOHHTOPHMHIA, TaKa M TEXHUTE MECTOIOJIOMKEHHS.
ToBa ce mocTura upe3 BbBeIEHUS KOE(PUIMEHT ¢, 4pe3 KOMTO ce 3ajaBa JOIyCTUMOTO
OTKJIOHEHHE Ha JAHHHUTE OT WcalHHTEe KPUBU HA JUHAMMYHMTE HaToBapBaHusi. U B 1BaTa
MoJieNa JAaHHUTE 32 MECTOIMOJIOKEHUETO O€3 CEH30p Ce ONPEAENAT upe3 JIMHEHHA HHTEPIOoNaLus
OT JIBaTa ChCEIHHU 3a HETO CEH30Pa.

1

a)

A
Que. 6.9. Pesynmamu npu. a) 10 cenzopa; 6) o = 0.98% u 9 cenzopa;
8) a=0.97%u 8 cenzopa,e) o = 0.95% u 7 cenzopa

I'naBa 7: Moaeysu u aJropuTMu 3a 000CHOBAH U300p HA AJITEPHATUBH

B Ta3u riaBa ca onmucaHu MOJENU M aJTOPUTMH Ha 32 000CHOBaH M300p Ha anTepHATUBU npu: 1)
u300p ype3 Kiacupane, 2) u300op Ha K-Haii 10o0pu anTepHaTHBH, 3) M300p Ha aaTepHATHBA C
OTYHMTaHE Ha OKOJIHATA cpeia, 4) n300p Ha aNTepHATHUBA Ype3 IPYIOBO B3eMaHE Ha PEIICHHUS.

O00011eH aJITOPUTHM 32 H300P Ype3 KIacupaHe

Nnesara Ha npeayiokeHus NOAXO0A € J1a ce cuMyiupa Ha noseneHuero Ha JIBP B ycnoBusTa Ha
MHOTOKPHUTEpHUAJIEH U300p Upe3 MOCIeI0BAaTEeHO pelIaBaHe Ha MHOKECTBO MHOTOKPUTEPUATHU
3aJa4d 3a pas3iMKa OT ChIIECTBYBAmIuTe Mojaeiau karo scoring models (Nelson, 1986), AHP
(Garcia-Cascales &. Lamata, 2009), ANP (Saaty, 2005; Wu & Lee, 2007), ELECTRE (Wang &
Triantaphyllou, 2008), PROMETHEE (Behzadian u ap., 2010), utility models (Kalouptsidis u
ap., 2007), TOPSIS (Behzadian u ap., 2012) u axiomatic design (Kulak u mp., 2010).
[TpennoxeHusT 0000IIEH aNropuThM 3a KJIACHpaHE Ha alTEPHATHBUTE Upe3 H3MOJ3BaHE Ha
MHOTOKpUTEpHAIHA ONTHUMH3AIKs, € wWitocTpupan rpadpuuHo Ha Dur. 7.1 (Mustakerov&
Borissova, 2013). Ilony4eHuTe pelieHUS HA €Talm 5 OT aJIrOpuThMa ca B ChOTBETCTBHE C
npeanountanuara Ha JIBP u no3BonsBar anTepHaTMBUTE Ja C€ MOAPENSAT B €IUH OLEHBYEH
CIIUCBK, MMOAIIOMAarany B3¢MaHEeTO Ha PEIICHHE.
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( Havano )

AnTepHaTUBM

i=(1,.., N)

[I 2 | KpuTepun Ha anTepHaTUBUTE ] 1

—e—/1BP-1
=0 /1BP-2
<ol JIBP-3

3 ®opmMynupaHe Ha MOrokpUTepuanHa 3agada
¥
4 Mpegnoyvtanus Ha JIBP

2

k=1

C Kpain ) 9— . 7

Que. 7.1. Obobwen aneopumom 3a Que. 7.2. Cmovnocmu Ha yeresume yHKYUU Ha
Kaacupane Ha anmepHamugu Kracupanume 15 ycmpoticmea

3a TecTBaHE Ha NMPHJIOKUMOCTTA Ha TPEAJIOKEHHS aJTOPUTHM Ca HM3IOJI3BAHH PEATHU
naHHU 3a 15 ycrpoticTBa u 3 npennountanustara Ha JIBP (®wur. 7.2).

Jlpyr 4ncieH npumep, KOMTO MOXKe /1a CIYXKH KaTo JOKa3aTeJICTBO 3a MPHIOKUMOCTTA Ha
OIHCAHMSI ATOPUTHM B PA3IMYHH 00JIACTH, € KJIIACHPAHETO Ha JbPKaBH 3a MpaBeHE Ha OU3HEC.
BposiT Ha W3MOI3BaHUTE MKOHOMHYECKH WHAMKATOPW 3a TOJO00HA Kiacalus € ONpeAciieH OT
CeeroBHara banka (Economy rankings, 2013). B 3aBucumoct oT Oposi Ha Ibp)KaBUTE,
y4JacTBallld B KJIAacalMsTa, CE ONPEAEISIT M BB3MOXKHHUTE CTOHHOCTH 3a HWKOHOMHYECKHUTE
MOKa3aTell, KaTo He ce JIOMyCKa OIICHsSBaHE Ha JIBE HIIM MOBEYE IBPXKABH IO €AHU M CHIIU
WKOHOMHUYECKHM WHIUKATOpU Ja HMMarT eAaHakBu croiHocTtu. Ha @ur. 7.3 ca mnokaszaHu
MOJIyYCHUTE pe3yiTatu 3a AbpkaBuTe oT M3touna Epoma u lleHTpamna Asusi mpu eaHakBa
BOXHOCT HA MKOHOMHUYECKHTE TOKa3aTen (C MpeKbCHATa JUHHS), CPABHEHU C PE3YIATATUTE OT
CgeroBHata banka (¢ HenpekbcHaTa nuHus) (Mustakerov & Borissova, 2013).
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Que. 7.3. Cpasnenue na pesyimamume
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OO6sicHenreTo Ha HaONIOaBaHUTE pa3IMKU MPU CpaBHEHHE Ha pe3ylATaTuTe OoT
U3IMOJI3BAHETO Ha MPEIJIOKEHUsSI alTOPUTHBM 3a KJIacHpaHe C Pe3yiATaTHTe, MyOJMKYBaHU OT
CseroBHata banka e, dye B kiacupaHero Ha CBeroBHata baHka ce u3Moa3BaT
CPEIHOAPUTMETUYHU CTOMHOCTH, KOUTO C€ 3aKkpbIyisABaT 10 110 uyucino. Hampumep,
CpPEIHOAPUTMETUYHUTE CTOMHOCTH 3a Makenonus u JlatBus ca 7.1 m 6.6 u koraro Te3u
CTOMHOCTH ca 3aKpBIJIAT A0 ISUI0 Yucio, popmupaiiku kinacamusata oT 1 10 24 6e3 moBTOpEHHS.
W3non3Baiiku MpeyIoKeHNs JITOPUTHM 3a KJIacHpaHe, CTOMHOCTUTE Ha IeJIEBUTE (YHKIIMHH CE
otuntar 0e3 3akpbrisiBane (0.2434783 3a Jlateus u 0.2652174 3a Makenonusi). ToBa o3HauaBa,
ye JlatBus uMa mo-100pM HMKOHOMHYECKHM IOKa3aTelM MU cjelBa Ja Ce Kiacupa Mpeau
MakenoHnus.

MHorokpuTepHuajeH ONTHMHA3ANMOHEH MOJIeJT 3a H300p Ha K Haii-100pu aJITepHATHBH

Wnesra 3a K Haii-100pu alTepHATUBU € peaylupaHe Opos Ha alTepHATHBHUTE JIO 3aJajeH Opoi
QITEPHATUBH, B3CMaWKd  TPEABHI  NOTPEOMTEICKUTE  W3UCKBaHUS.  [IpemiokeHusT
ONITHMHU3AIMOHEH MOJIEJ MO3BOJIsIBA ONpe/essHe Ha K Haii-100pu ycTpoWCTBa, Ype3 peliaBaHe
Ha eIHa CIMHCTBEHa MHOTOKpUTEpHalHA ONTHMH3alHoHa 3amaua (Borissova & Mustakerov,
2013). Onpemnenute 3 U 5 Hail-100pH aNTEepHATUBY ca oka3zanu Ha dur. 7.4.

nBP-1 nBP-1
nBP-2 nep-2
nBP-3 nBP-3
nBP-4 NBP-4

Que. 7.4. K naii-oobpu YHB npu pasnuunu npednoqumaﬁuﬂ naJIBP:a)k=3;6) k=5

3a moamomarane Ha JIBP mpu B3eMaHe Ha OKOHYATEIHOTO PEIICHUE € TpeIoKeHa
npolieypa, 4pe3 OLCHSIBaHE Ha BCsIKa OT Te3u K Haii-moOpu anTepHAaTHBH Ha YCTPOWMCTBA,
cipsmMo efaHo “mupeanno” ycrpoiictBo (Borissova & Mustakerov, 2013), a pesynrarure ca

rnmoxasanu Ha Owur. 7.5.
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Que. 7.5. Omoaneuenocm Ha 5 Hali-00opu ycmpoticmea 3a pasiuinu JIBP
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H360p Ha ajJTepHaTUBaA ¢ OTYMTAHE HA OKOJIHATA Cpeaa

@opmyJIMpaH € MaTeMaTUYeCKH MOJEN, B KOWTO pa3cTositHueTo Ha neiictBue Ha YHB ce
pasriexaa Karo (QYHKIMS Ha [apaMeTpuTe Ha OTIEIHUTE MOJYJIHW Ha YCTPOMCTBOTO U
€HOBPEMEHHO C TOBa C€ OTYUTAT U CTOMHOCTUTE HA MPEIIOJIaraeMUTE BHHILIHU YCJIOBUS Ha
nabmronenune (Borissova, 2008; Borissova & Mustakerov, 2008). IToaydenute pe3yntaTd OT
pelIaBaHeTo Ha ONTHMH3AIMOHHUTE 3aladd 3a HM300p Ha YCTPOWCTBO, OTYUTAMKU KAKTO
rapaMeTpuTe Ha CaMOTO YCTPOMCTBO, Taka MW NPEANOJaraéMHUTEe BbBHIIHM YCJIOBHS Ha
HaOJroIeHre ca moka3anu Ha dwur. 7.6.

800

ﬁ- 700 ° @ u3bop 6es pobaseHo orpaHuyeHue u /IBP-1
=

g 600 Q @ 13bop Bes nobaseHo orpaHUyeHue u JIBP-Z
E 500 <& u3bop ¢ gobaeeHo orpaHuyerne n JIBP-1
% 400 : Qu3bop c pobaseHo orpaHuyeHue 1 J1IBP-2
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B 200

]

S 100

01 2 3 4 5 6 7 8 910

VHB
Que. 7.6. U360p na YHB npu omcvcmesue u Haauyue Ha OONbIHUMENHO 02PAHUYEHUE 3d PA3CTNOSHUETIO

Ha Oeticmaue U npu paziuyHu npeonouumanus Ha JIBP

O0001IeH MO/I€eJI 32 TPYNIOBO B3eMaHe HA peleHust

[IpuchcTBHETO HA CYOEKTHBEH (haKTOP BBB BCSIKO YOBEIIKO pPEIICHUE ce 0OSICHSABA C pa3inyHaTa
CTETEH, B KOSTO PA3IMYHUTE WHIWBUIN TMPUTEKABAT ONPEACICHU KAa4ueCcTBa, MMAIIU TPSKO
OTHOIICHHE KBbM TMpobiema. AKO JHMKBUIUPAHETO Ha CyOeKTHBHHS (AKTOp € TMOYTH
HEBB3MOXHO, TO HETOBOTO MUHUMHU3UpPAHE € CTPEMEX Ha JOOpOTo yrpaBieHue. ToBa Moxe Ja
CTaHe, KOTaTo C€ M3ION3BaT MOBEYe MHEHUs, T.e. IPU H3IMOJ3BAHETO HA TPYIOB MOIAXOM 3a
B3eMaHe Ha perrenus — ®ur. 7.7 (Mustakerov & Borissova, 2014).

{ OnuvcaHwe Ha npobnema ]

______ Sl -""'-L
[ ﬂpepnaraHe Ha anTepHaTluBK ]
LI A

[ OnTumanHa anTepHaTuBa ]

f

o [ PeluaBaHe ] ;o

T

OnTuMM3aUnoHHa 3agada

< N

& :
OuéHkn 3a anTepHETUBUTE
OUueHKW 3a anFépHaTneuTe

Terria Ha KpUTEpUMTe
Terna HagpuTepumnTe

Que. 7.7. Aneopumvm 3a 2pynoeo 63emMane Ha peuleHus
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Ha Ga3a Ha mpencraBeHara cxema 3a TPYINOBO B3eMaHE Ha pelieHus ¢ (GopMmyrupaH

0000I11IeH ONTUMHU3AIMOHEH MOJICIT 3a TPYIOBO B3eMaHe Ha pemeHus (Mustakerov & Borissova,
2014):

M K
max ZZwik Al (7.43)
i=1 k=1
HpHU OrpaHUYECHUS
J
Vi=12,.,M:(vk=12,..K: A =) af; ;) (7.44)
L
J
in =1, x; €{0,1} (7.45)

j=1
KbACTO ABONMYHUTC HNCIOUYUCIICHU ITPOMCHJINBU Xj Ca MMPHUCBOCHU KbM BCAKA AJITCPHATHBA.

Mogensr (7.43) — (7.45) e wm3mon3BaH 3a IPYMOBO B3¢MaHE Ha pEIICHHE 3a peayieH
npoOJeM mpu u300p MEXIy 3 aliTepHATUBH, OICHSIBAaHM 10 19 kputepus u Hanuuue Ha 6 JIBP
(Mustakerov & Borissova, 2014). ®opmynupaHa € ¢IHOKpUTEpUAIHa ONITHMHU3AI[MOHHA 3a/1a4a,
PEIICHUETO Ha KOSATO TrapaHTHpa MOJIy4aBaHETO Ha ONTUMAJICH U300p Ha alTepHATHBA.

Jpyro mnpenuMCcTBO Ha IpPEUIOKEHUS ONTHUMHU3ALMOHEH MOJEN, € JIECHOTO MY
MoauduIpaHe U pa3mupsiBaHe, KOraTo € He0OX0IUMO J1a ce B3eMarT MPEABUI U IPYTH ACTICKTH
Ha TpYNOBOTO B3eMaHe Ha pemeHus. Hampumep, npu HEOOXOIUMOCT OT OTYHTaHE
KOMIIETEHTHOCTUTE HA y4acTBALUTE B Ipylara JIMIA, B3e€Mallld Ha pelieHus. B To3u cirydai,
moaensT (7.43) — (7.45) ce moguduimpa 10 CIETHOTO MPEACTaBSIHE:

maxiiakwik/-\ik (7.152)
i=1 k=1
IpH OrPaHUYEHHUS
Vi=12,..,M:(¥k=12,.. .K: A =§J:afj X;) (7.153)
i
-1 1, e{0 ) (7.154)
i
a* €(0)) (7.155)
KBJETO JOIBIHUTEIHO Ca BbBEAECHN af KaTO KOE()UIMEHTH, N3Pa3aBally KOMIETEHTHOCTTA Ha

Bceku JIBP.

I'naBa 8: CopryepHM HHCTPYMEHTH 32 NPUJI0KEHHUS B HHKEHEPHHU CHCTEMH

B Tta3u rnaBa ca omucaHu copTyepHH HHCTPYMEHTH, PEIM3MUpAIld ONHCAHUTE B TPEIHUTE
[JIaBU MOJIENHM, METOOU U alropuTMH. YacT OT Te3u HHCTPYMEHTH ca pa3pabOTeHH Karo
HaI'bJIHO (DYHKLMOHAJIHU CHUCTEMH, JIOKATO JpPyra 4acT ca peaiu3hpaHu KaTo M3CJIe10BATEIICKU
INPOTOTUIH, TIO3BOJISBAIIM anpoOHpaHeTOo Ha NpemIoxkeHuTe MeToau. Omnucanu ca yed
0a3upaHu CHUCTEMH 3a MPOEKTHUpPaHE Ha: YpeIu 3a HOIIHO BIDKIAHE, MEPCOHAIHU KOMITIOTPH,
BETPOCHEPTrUitHN MAapKOBE M 3a IPYIOBO B3eMaHe Ha peuieHue. B o0nacTra Ha ONTHMAaIHHUTE
pasnucaHus, BETPOCHEPIMWHU TMAapKOBe M JIMHEHHO pa3KposiBaHE ca  pa3paboTeHu
U3CIIEIOBATEIICKM MPOTOTHUIM Ha CHEHUATU3UPaHd COPTYEpHH CHCTEMH, HW3IOJI3BAIU
ONTUMU3ALMOHHU MOJYJIH.
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Yeﬁ-ﬁa:mpann CUCTEMH 3a MmoJAnmomMaraHe IPOCKTHPAHETO Ha MOAYJHH MHMHKCHCPHH
CUCTEMH

Omnucannre B [MaBa 2 anropuTMH 3a UTEPATUBHO M PALMOHAIHO MPOEKTHUPAHE HA MOJIYITHU
WH)KCHEPHU CHCTEMH, B3UMAIIM TPEJBU CHIIECCTBYBAIIUTE B3aMMOBPB3KH MEXKTYy MOIYIHUTE,
(A1, A2, A3, A4, ASa, ASb u A6) ca U3MOI3BaHM MPU PEATTM3UPAHETO HA yeO MPHUIIOKECHUE 32
NOJNOMAarane IMpoeKTHpPaHeTo Ha KoHdurypamusra Ha [IK. I'paduunumsr morpeOutencku
uHTepdeiic Ha ToBa NpuIoKeHHe € nokazan Ha dur. 8.3 (Mustakerov & Borissova, 2013).
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Que. 8.3. Illompebumencku unmepgelic Ha yeb npuiodceHUemo

[MoTpebutenckusT uaTepdEiic HAa MPUTOKEHUETO, TTOATIOMAraIo MpoekTupaneTo Ha YHB
e moka3zaH Ha ®wur. 8.5 (Borissova u ap, 2013).
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@ NV Goggles ® NV Binoculars ® NV Sight

Objective Ocular El. batteries El.batlsriss Target type Ambient light Contrast E.tr_n.
number transmittance

Limiting reselution, [Ip/mm]
Luminous sensitivity, [1Am]
|Signalinolse ratio

|MVD detection range. [m]
ﬁ recognition range [m]
[NVD identification range. [m]
|NVD magnification, [*]

Que. 8.5. llompebumencxu unmepgetic na NVDpro

[IpunoxxeHneTo Mo3BoOJIsABAa MpOEKTHUpaHe Ha pasnuuau YHB — ouwmra, OMHOKBI Win
IpULIeN, MPU HU3MOJI3BaHE Ha JETEPMUPMUHUPAHM WM CTOXAaCTHMYHU BBHIIHU YCIIOBUS Ha
HaOJIFOJEHUE.

[IpemnoxeHuaT anropuThM 3a nmoanomarane npoektupanero Ha BEII, e peanmusupan B yed
npuinoxxenue (Borissova & Mustakerov, 2014) — ®wur. 8.6.
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Que. 8.9. I'paguuen nompebumencku unmepeiic Ha yed npULONCeHUemo

[IpennosxeHUAT MOAXOA 3a IPYNOBO B3€MaHE Ha PEUICHHE € arnpoOHpaH B MPOTOTHII HA
copTyepeH MHCTPYMEHT 3a IPYIIOBO B3eMaHE Ha PEIICHHE C OCHOBEH €KpaH, Mmoka3aH Ha Dwur.
8.10 (Mustakerov & Borissova, 2014)
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Que. 8.10. Ocnosen ekpan Ha NPOMOMUN HA CUCIEMA 3a SPYNOBO 83EMAHE HA PeuleHUe

CrneuunaausupaHu copTyepHu cucTeMH
Pazpaborenn ca u crneuuanu3upaHu COPTYEpHU CHUCTEMH, H3MOJ3BAIIM ONTHUMU3ALUOHHU
moayau kato LINDO API u Solver. LINDO API ocurypsiBa HCOOXOIUMHUTE CPEACTBa 3a
pelaBaHe Ha IUPOK CIIEKTHP OT 3a[a4H 3a ONTUMH3ALUS OT JMHEIHO MporpaMupaHe, CMECEHO-
IeJIOYHCIIEHO IPOrpaMHUpaHe, KBaJpaTHYHO MPOrpaMupaHe, KaKTO ¥ HEIMHEWHH U HEN3ITbKHAIN
3a7a4M.

B pazpaborenure cnenuain3apaHi CUCTEMH 3a MpeeNIsiHe Ha ONTUMAaIHH pa3nucanus “J-
Opti” — ®ur. 8.13 (Mustakerov & Borissova, 2009) u 3a ONTUMaIHO NPOSKTHpPAHE Ha

BeTpoeHepruitau napkose “Wind” — ®wur. 8.14 e usnon3san ontumuzanuoneH moxyia LINDO
API.
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Due. 8.13. I'nasno menro na cucmemama

®dopmynupanuTe 3agaun B cucremara “Wind” uMar pa3nudHU pasmIMpeHus OT 3adaduTe
3a pasNUCaHus, IOPaJH TOBAa T€ €JHO3HAYHO CE aCOLMUPAT ¢ KOHKPETHATa MPOrpaMHa CHUCTEMa
U TIPaBU Bb3MOXKHO TAXHOTO pPeJakTHpaHe Wik MOIU(UIIMPAHE HA TO-KbCEH eTaIl.

=T
@ain | dyanapn  TomMou |
3APENAAHE AMOMHAHE |
JAMOMHAHE na 3A0AYA | #IPELLEHIME HA ONTUM3ALIMOHHATA SA0AA
JANOMHAHE na PELUEHHE £
H3XHOHA
x4
MACTO Ha dhaiina ! Uvﬂnﬂ v 33 : = ’E-E B
o
™) opitw
Doptman x|
) oppiw . o :
[} pitw MACTO Ha ihaiina ;| wind v =] ‘i.'?:_I:I_Iﬂ_glg:_
[ opit.s
[} opitws
Waiir wa aiana : | opitw] |
Tun wa chasina ; -‘.w ;'.
JAMKC Onas
Hue wa haina
Tiwn s chawina ;'.s -
SAIHC Omeas

Que. 8.14. IlpobremHo-opuenmupana cucmema 3a ONMUMAIHO npoekmupare Ha BEIT

Crienuanu3upaH ONTUMH3AIMOHEH MOJYJ, CHBMECTHM C EJIEKTPOHHUTE TaOIUIH €
U3IOJI3BaH NpU Pa3padOTBAHETO HA MPUIIOKECHHS 3a OMpeNesiHe Ha ONTHMATHU Pa3IHCAHUS —
@ur. 8.15, (Borissova, 2008) u onTumanHo TUHEHHO paskposBane — dur. §.17.
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. Mooen 3a onpedensine Ha onmMuManHo panucarue

Hatpynanust onurt, oT pa3paboOTBaHETO Ha ONHUCAHUTE B Ta3W TIjaBa co(TyepHH
UHCTPYMEHTH, Ie ObJ€ H3IMOJ3BaH IpPHU CH3AaBAHETO HA JPYrHM MOJO0OHH HMHCTPYMEHTH,
peanu3upanyi NpeayiokKeHUTe B AUCEPTALIMOHHUS TPYI MOJIETH, METOIU U AJITOPUTMHU.
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3aKjao4YeHue

I'mobanu3anmoHHUTE MpOllecH, HAOMI0JaBaHU B CHBPEMEHHUS CBSAT IMOCTABSAT BCE MO-TOJIEMH
W3MCKBaHUS 3a IOHIKABaHE HA IPOU3BOICTBEHUTE Pa3XOJH, 3a KOHKYPEHTOCIIOCOOHOCT B
CBETOBEH Mamad W 3a U3IM0JI3BaHe Ha HAyYHO-00OCHOBAHU METOIHM IPH B3€MAaHETO HA PEIICHUSI.
Pa3BuTHETO Ha KOMIIOTHPHHUTE TEXHOJOTMH U TOCTOSHHO pAacTsIllaTa MM H3YHCIUTEIHA
MOIITHOCT MO3BOJISIBAT €()EKTUBHO M3MOJI3BAHE HA ONTHMH3AIIMOHHU MOJIEIH, BOACIIHU J0 3a/1a4r
Cc TomsiMa pa3MepHocT. Hammumero Ha MOJEpHU KOMIIOTBPHH CpEICTBA W e(EKTUBHU
W3YHCITUTEITHH METOMM, ca J00pa OCHOBA 3a pa3BUTHE HAa HAyYHO-OOOCHOBAHM TOJXOAU TPU
pelIaBaHe Ha PealHd HAyYHO-TPUIIONKHU MPOOJIEMHU OT Pa3audHU OOJACTH. 3a TOCTPOSIBAHETO
Ha aJIeKBaTE€H MAaTEMaTHUYECKH MOJIE] OT 0COOCHA BaXKHOCT € ONPEESIISTHETO Ha 3aBUCUMOCTHUTE,
OIMCBAIIN KOJHYECTBEHUTE BPB3KH MEXKAY MU3XOJHHUTE TAHHW W MMapaMeTPUTE Ha PEHICHHUETO,
KOHMTO CE M3MOJI3BAT KaTO MHIMKATOP 32 €PEeKTHBHOCTTA HA TOBA PEUICHHE. 32 BCEKU KOHKPETEH
npobiieM e Heo0XoauMo 1a Ob1e PopMyTUpaH ChOTBETEH MOJIET, KOMTO Hail-mo0pe a oTpasssa
cnenuduKaTta U N3MCKBAHHUITA KbM MOJEIUpaHus 00eKT WK Mporiec. B mucepTainoHHUS TPYA
ca TpPEUIOKEHU O00O0OUICHH MOJENH, NTPWIOKHMHU 3a OINPEACICHH KJIacoBe WH)KCHEPHU
npoonemu. Te ca w3non3BaHu 3a (QopMmynupaHe Ha €IHO- WM MHOTOKPUTEPHUAITHU
ONTUMM3AIMOHHU 3aJ]a4d, KOWTO Ca TEeCTBAaHU YHCICHO Ha 0a3ara Ha peajHH MPUMEPH OT
MPAKTUKATa Ha WHKCHEPHUTE CUCTEMH. YacT OT MPEAIOKEHUTE METOAH, MOJICIH U allTOPUTMH
ca peaM3WpaHd B TMOAXOMAIIM CO(PTyepHHM WHCTPYMEHTH, WOIIOMArany ONTHMAaTHO
NPOCKTHpaHe, TUIAHUPAHE U yIIPaBJICHUE HA HH)KEHEPHU CUCTEMH.

Karo Oppemo pa3BuTMe Ha HU3CICABAHMUATA B JUCEPTAIMOHHUS TPYH C€ MPEIBUKIA
U3MOJI3BAaHE Ha JPYyrd METOAU 3a pemaBeHe Ha GOpMyIUpaHHUTE 3a/add, KaKTO H
MOTUUIMPAHEe W pa3IIMpsBaHE Ha TPEAIOKCHUTE MOJEIH, METOAW W AITOPUTMHU 32 APYTH
00J1acTH Ha TIPUIIOKEHHE.

[Tonydenure pe3ynaTatv, OMHCAHM B TUCEPTAIMOHHHS TPYH, ca OTpa3eHH B o0mo 33
HayYHH [yOJMKalMM, NpPEACTaBeHH Ha S5 MexAyHapogHu HayuHu ¢Gopyma, B 13
CTHCIHATH3UPAHN MEXIYHApOIHU CIIMCAHUS M B CIHCAaHUS C UMMAKT (aktop, U 1 riaBa OT
kaura. Jlo momeHTa ca 3abems3anu o0Omo 89 muTHpaHUs Ha MYyOJUKAIMUTE TIO HACTOSIIHS

JUCEPTAIMOHEH TPY/I.
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Hayuynu u HAyYHO-TIPUJIOKHM IPUHOCH

IIpuHOCUTE ¢ Hayd4eH M HAy4YHO-IIPWIOKEH XapaKTEp B HACTOALIUSA JUCEPTALMOHEH TPYA ca

CBBbp3aHU C oOpaboTkara Ha uH(popMaus ype3 (opMmMannzanus Ha MPOOJIEMH, CBBP3aHU C

UH)KEHEpHU cucTeMu. Upe3 Tasu (opmMannzanus ca Ch3JaJeHU aJeKBAaTHU MaTeMaTHUECKU

MOZACIIN, IIO3BOJIIBAIIM HM3IOJ3BAHC HA ONTUMHU3AIIMOHHU MCTOAHW U aAJITOPUTMHU. Yact ot

NPEUVIOKEHUTE METOIM U QITOPUTMU ca peau3upaHd B COPTYEpHH MHCTPYMEHTH,

noanomMaramy B3EMAaHCTO Ha PCHICHUA. HOJIY‘-IGHI/ITG OCHOBHHU PE3YyJITAaTU B AUCCPTAIUMOHHUA

TPYJ ca TpyNHpaHH KaKTO CIIe/Ba:

1. Tlpennoxenu ca 000OIIEHN MOJEITH M METOAM 33 ONTHUMAIHO MPOSKTHPAHE HAa MOJYJHU

WHXCHECPHHU CUCTEMH OT CJICIHUTE KJIAaCOBE.

CUCTEMHU, B3CMallly MMPEABHU I ChbIICCTBYBAIIUTC B3aUMOBPB3KU MEXKAY MOAYIINUTE,
CUCTCMHU, B3CMaAIllM IMPCABHUA CHUICCTBYBAIIUTC B3aUMOBPB3KU MCKAY MOAYJIUTC U
BBHIIHUTC CKCIIJIOATAlITMOHHU YCJIIOBU,

CUCTEMHU, B3C€Mallld MPEABHJ KAKTO CHIICCTBYBAIIWUTC B3aUMOBPB3KM W BBHHIIHUTC
CKCIUIOATallUOHHU YCJIOBUA, TdKa U HKOHOMUYCCKATa e(l)eKTI/IBHOCT.

2. Tlpennoxxenu ca 0000IIEHN MOJEIN U AITOPUTMH 33 ONTHUMATHO IJIAHUPAHE Ha PEeCypcH

npu:

3aBHUCUMA U cMeceHa 00paboTKa Ha JIeTalIH,

JIMHEMHO Pa3KpOsIBAHE, ONPEAEISIIO EAHOBPEMEHHO KAaKTO ONITUMAJIHUTE MOJEIH HA
pa3KposiBaHE 3a BCsSKa 3aroTOBKa, OCHUTYypsBalla MUHUMAIHH OTHAIbIH, Taka W
ONTHMAJIHATa JbJDKAHA HAa 3aTOTOBKUTE,

onpejieNisHE Ha ONTHMalieH Opoil Ha TepCOHala M Ha CHOTBETCTBAIUS MY
MIPOU3BOJICTBEH TpaduK, OCUTYPSBAI] MUHUMAJICH IMPECTON Ha TIepCoHAIa.

3. IlpemnoxxeHu ca MOAETH M AITOPUTMHU 32 ONTHMAJIHO YIpaBJICHHE Ha MpPECKa3BaIlo

HOJUTbPIKAHE upe3:

OTIpeNeNIsIHe Ha ONTUMAaJlIHA CTPATerus 3a MOIAPHKKA, 00OCHOBABaIlla PEMOHT HIIU
CMsIHA Ha MalllMHATA KaTo ISUT0 WM Ha OT/ICITHA HEWHU KOMITOHCHTH,

ONpeNeNsiHe Ha ONTHMAJHO pAa3IoJIOKEHUE Ha 3amaZieH Opod CEH30pH W TpH
€THOBPEMEHHO OTIpeJIesiHe Ha OpOs U Pa3IOJIOKEHUETO HA CCH30PHUTE.

4. Tlpemnoxenu ca 0600LIIEHH MOJIEIH U AITOPUTMH 32 0OOCHOBAH 300D Ha aNTepHATHBH 3a

npoOJIeMHU OT CIEIHUTE KIIacOBe:

KJIacHpaHe Ha aJTepHATUBH,
ornpezensiHe Ha K Hail-moOpu anTepHATHBH,
u300p Ha alTepHATHBA C OTYUTAHE BIMSIHUETO HA OKOJIHATA CPea,

IPYHOBO B3€MaHE Ha PEUICHUS.

5. Paspabotenu ca copTyepHU HHCTPYMEHTH 32 MPUIIOKCHHS B MHKECHEPHHU CHCTEMHU:

ye0-0a3upaHu CUCTEMHM 3a NPOEKTHpaHE Ha: MEPCOHATHU KOMITIOTPH, Ypeau 3a
HOII[HO BIJKJAaHE, BETPOCHEPTUMHU NTApKOBE U 3a TPYIOBO B3€MaHe Ha pelIeHHe,

CHeualu3upaHu cCOPTYEepHH CHCTEMH, M3IMOJI3BAIIM ONTHMHU3ALIMOHHU MOJIYIU 3a
ONTUMAIHHU Pa3NHCaHUs, ONTUMAIHO MPOCKTUPAHE HAa BETPOCHEPTUHHU MapKOBE U

ONTUMAJIHO JJMHENHO pa3KpOsIBaHE.
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