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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,

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

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

¢ 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 CPUl1 |RAM1:2x1GB 205.5
MB2 CPU2 |RAM2:1GB
2 | 23GB |[>2.5GHz | =>2 -- RAMS: 2 GB 297.0
3 >4GB | >23GHz >2 1 (yes) MB1 CPU3 |RAMS5:2x2GB 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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Fig. 2.3. Multicriteria solution results for 3 different user preferences:
a) DM-1; b) DM-2; ¢) DM-3
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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).

Al | A3 l l AZ 5 A4
I CPU choice ] | MEB choice |— | MB choice |— l RAM choice |
Subset of compatible MBs l |Suhset of compatible CPUs | |Subset of compatible RAMsl g Subset of compatible MBs |
............... | v v v
¥
I MB choice l | CPU choice | | RAM choice | I MB choice |
’ Subset of compatible Rﬁ\Msl | Subset of compatible RAMs |(- | Subset of compatible CPUsl( | Subset of compatible CPUsl
I RAM choice l | RAM choice | | CPU choice I CPU choice |
- l - l l A3 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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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.

Abstracts of Dissertations 4 (2015) 3-17
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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
optimization tasks. A generalized algorithm t

methods by formulating and solving of proper
hat implements the iterative and rational design

aiming to assess the designed NVD parameters is proposed as shown in Fig. 3.13 (Borissova et
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al., 2013).
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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
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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
dimensions Ly =4 km, L, = 1 km
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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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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 — L
i
i D3 D4 D5 D6 D7
M3 . - —
i
D1 | DR D3 |D4 D5
M2 — ]
i a
D11 | D2 3 ps O D6
M1 — | ——
0 10 20 a0 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).

S—T—

L Determining number of independent jobs (N) JJ

[Idenlification of possible ordering of independent jobs]

v

[ Optimization tasks formulation for each ordering JI

I T T ]
Solving of optimization
tasks in parallel

() T ]

[ Solutions comparison and ranking ]

Task 1
Task 2
Task 3
Task P

[ 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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LS — e —
Fig. 5.5. Optimal cutting patterns for blanks with Ly = 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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Machine replace

repairireplace?

I |
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Fig. 6.3. Predictive maintenance decision making algorithm
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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

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

Fig. 6.9. Dynamic response functions for sensors data accuracy: a) o =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.
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This i

2012)

7.3.

s 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.
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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.

DM-1 DM-2
s 100 s 100 =
g 90 |— — g 90 +— —
£ a0 | P7 42 1| 2 5 . |58 64 65
2 50 1 54 M = 64 -
£ 60 +— — 2 —
2 50 — . e E —
o= 40 +— I I I I — L —
30 +— —— — —
20 +— —— ——— —
10 +— — — —
0
1 2 7 8 9 8 9 10
Device # Device #
DM-3 DM-4
s 100 ¢ 100
g 90 — — g 90 —
E 40 49 55 g o0 | |53 69 64
= . -
a -0 58 a8 hrd 70 41— 47 65
5 T — T
2 60 — 2 60
T 50 —— —— . ® 50
< 40 | = = 40 L |
30 - 30 4 B
20 4 20 A
10 - 10
o - 0 - —
1 2 7 3 9 1 2 3 4 5
Device # Device #

Fig. 7.5. 5-best NVD compared to “ideal’ device for a) DM1 b) DM2 c)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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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 U3CeIBaHUs B IUCEPTALMOHHUS TPyl ca HHKEHEPHUTE CUCTEMH, PA3IJIEkKAaHU KAaTO
CUCTEMHM OT TE€XHMUYECKU CTPYKTYpH (MallMHH, anapaTH ¥ yCTPOWCTBA) U CBBP3AHUTE C TIX
IIPOU3BOJCTBEHU IPOLECU U EKCIUIOATALMOHHU YCJIOBUA. B IIpOEKTHUpAHETO, INIAHUPAHETO U
NOJIPHKKAaTa Ha BCSKAa WH)KCHEPHAa CHUCTEMa, € HEeoO0XOAMMO B3E€MAaHETO Ha pa3IuyHU
TEXHOJIOTMYHM M YIPABJICHCKU pELICHUs, KpalHaTa 1€l Ha KOUTO € J1a CE YBEJINYaT IOJI3UTE.
AxTyanqHOCTTa Ha mpoOiemMa ce o0yciaBsi OT CbBPEMEHHUTE TEHJECHIMH B IMPOEKTHPAHETO Ha
BUCOKOE(EKTUBHI WH)KEHEPHU CHUCTEMH, KOMTO OT €[JHa CTpaHa Ja ObJaT KOHKYPEHTHHU Ha
nasapa u OoT Jpyra CTpaHa /ia yJIOBJIETBOPSBAT pa3IMYHU NOTPEOUTENCKH U3HCcKBaHUsL. OcoOeHO
3HAYEHUE HMMa MOJEIUPAHETO B CHBPEMECHHHUTE YCIOBUS Ha YCKOPEH HAayYHO-TEXHUYECKH
porpec, Ipu HyXJaTa OT IIOCTUIAHETO Ha BHCOKA €(DEKTHBHOCT C OrpaHMYeHH (PUHAHCOBH,
MaTepUaaHu, TPYAOBH, €HEPreTMUHU M BpeMeBU pecypcu. OnTuMusanusra, mnpuiaarada 3a
pelaBaHe Ha pa3IMuHU UHXEHEPHU MPOOJIEeMH, B HA-IIIMPOK CMUCHI, MOXKe J1a Obae o0o0mieHa
B HSKOJIKO HAIIPABJICHUS KAaTO — ONTUMAJIHO POEKTUPAHE, ONTUMAJIHO IIJIJaHUPAHE U ONITUMAJIHO
yopasieHue. TepMUHUTE ONTUMAJIHO IPOEKTUPAHE, ONTHUMAIHO IUIAHUPAHE U ONTHMAIIHO
yIpaBJI€HUE C€ M3I0JA3BaT B CMUCHIA Ha (OpMyIMpaHe W pellaBaHe Ha €AHO- W/WiIn
MHOTOKPUTEPUAIHM ONTHUMU3ALMOHHU 3aJjaud CIPSAMO 3aJajieH KPUTEpUH/M U clla3BaHe Ha
OIIpEICIICHU TEXHUYECKH, TEXHOJIOTUYHU, KOHCTPYKTUBHH U JIp. OTPAaHUYECHUS.

Ilen Ha gucepTaLMOHHUA TPYA € Aa €€ IMPEIUIOkKAT €IHO- U MHOTOKPUTEPHAIHA MOJEIH,
METOAU U AJITOPUTMH, IMOAIIOMAralld ONTHUMAJIHO NPOEKTUpaHE, INIAHUPAHE U YIIPaBICHUE HA
WH)KCHEPHUTE CUCTEMH. 3a peau3upaHe Ha Ta3u 1eJ € He0OXOAUMO Jia Ce U3IMBIHAT CIICAHUTE
3a/1a4u:

e 5a ce IpeIokKaT MOAEIW, METOAM M aIrOPUTMU 33 ONTHMAJIHO IPOCKTHpPAHE Ha
MOJAYJIHU WH)KCHEPHU CHUCTEMH, B3€Mally IPEIBUJ CBHIIECTBYBAIUTE B3aUMOBPB3KU
MEXIY MOAYJIUTE, BBHIIHUTE EKCIUIOATALlMOHHU YCIOBUS W HMKOHOMHUYECKATa
€(eKTUBHOCT,

e 1a ce MpeIoKAT MOJEIN U aITOPUTMU 3a ONTUMAJIHO IUIAHUPAHE HA M3IO0J3BAHETO HA
pecypcu,

® Ja cc IpeIokKaT MOJEIM, METOOUM W AINTOPUTMH 3a ONTHUMAJIHO YIIPABICHHE Ha
IIPECKAa3Ballo MOAAbPKAHE,

® J1a ce MPeUI0KaT METOIU U aJIrOPUTMH 32 000CHOBAH N300p HA AJITEPHATHBH.

Mertoponorusata Ha WH3CIEIBaHUATA BKIIOYBA OCBEH pa3pabOTBAHETO Ha aJEKBaTHU
MaTeMaTHYeCKU MOJENM, METOIM M alNrOpUTMH, M TECTBAaHE Ha TAXHATa €(EeKTUBHOCT M
MpaKTUYecKa MPUIIOKUMOCT Ha 0azaTa Ha JaHHU 3a pEaTHU UHKCHEPHHU CUCTEMHU.

JlMcepTalmoHHUAT TPYA € CTPYKTypUpaH B oceM riasu. B I'maBa 1 e npencraBen 0030peH
aHaJIM3 Ha MaTeMaTHYeCKHs arapar, HeoOXOJMM 3a PEelIaBaHeTO Ha (OPMYIHUPAHUTE €IHO- U
MHOTOKPUTEPHUAIIHU ONTUMHU3ALMOHHHU 3a1a4U.

I'maBa 2: OnTUMATHO NPOEKTHPAHE HA MOIY/JIHU HHKEHEPHHU CUCTEMH,
B3eMallli NpeBH/ ChIeCTBYBANIUTE B3ANMOBPb3KH MEKIY MOIYJIUTE

B Ta3u rnaBa € onucan MeTOJ 3a ONTUMAJIHO MPOEKTHPAHE Ha MOAYJIHU UHKEHEPHH CHUCTEMH,
B3eMall] TPEJIBU CHIIECTBYBAIIUTE 3aBUCUMOCTH MEeXay moxynuTe. [Ipenioxken € o600meH
MaTeMaTUYeCKH MOJIENI 3a OMpeeisHEe Ha ONTUMAJICH HM300p Ha MOIYJIHM 3a NMPOCKTHpaHaTa
CUCTEMa NpH CIa3BaHEe HAa BCUYKM H3MCKBAHUS 32 ChbBMECTUMOCT MEXKIY MOIYJUTE, KOHUTO
MOXe Ja Ob/Ie U3MOI3BaH 32 MPOSKTHPAHE Ha MOJA00HU KJIIaCOBE MOIYJIHH CHUCTeMH. MOJIETbT €
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TECTBAH 3a PeajieH MpUMep, JOCTATHYHO J0OpE WIFOCTPHUPAIl OCOOCHOCTHTE HA MPOSKTUPAHETO
Ha CHUCTEMH OT TO3M KJIac, a MMEHHO KoHburypupaHe Ha mnepcoHanHu kommiorpu (I1K).
[IpemioskeH e 00600IIEH AITOPUTHM 32 UTEPATUBHO M PALIMOHATHO KOH(PUTypUpaHE, BKIIOYBAILI]
pa3IM4YHKU CIIEHApUH, KAaTO 3a BCEKH CIEHApUIl € MpeICTaBeHa CHOTBETHA alTOPHUTMUYHA
peanr3arsi.

Ob6miara ¢dopmynupaBka Ha 0000IIEHUS MOJET 3a ONTUMAJIHO TPOEKTUpaHE Ha
WH)XCHEPHHU CHCTEMH, B3€MaIllH MPEIBU/] ChIICCTBYBAIIUTE 3aBUCUMOCTH MEXIY MOIYJIUTE UMa
BUJIA:

min/max fi(x),1 =12, ...,k (2.1)
IPU OrPaHUYCHHS:
gi(x)<0,j=12,....m (2.2)
lg(X)>0,0=1,2, ..., t (2.2)
hh(x)=0,1=1.2, ...,e (2.4)
kbaeTo: fi(X) — kpurepun (ueneBa pyHkuuu), K — Opoit kpurepuu, M, t — Opoii OrpaHUYCHUS,
TIPEICTABEHN KAaTO HEPABEHCTBA, € — GPOIl OrPAHUUCHHS KATO PABEHCTBA, X = (X1, X2, +.., Xn) "

— BEKTOp Ha MPOMCHJIMBUTE, N — OpPON Ha HE3aBUCHMUTE MPOMEHJIUBH. CHBMECTHMOCTTA
MEXy OTJACIHUTE MOIYIH Ha IMPOEKTHpaHaTa CHCTEMa Ce HM3pa3siBa MaTeMaTHYeCKH upe3
orpanuuenusTa (2.2) — (2.4).

MaTtemMaTH4YeCKH MO/I€eJI 32 ONITHMAJTHO NMPOEKTHPaHe HA MePCOHATHH KOMIIOTPH

OnTUManHOTO MPOCKTHpPAaHE HAa MOJAYJIHH CcUcTeMH, KakButo ca [IK wmoxe nma Objae
WIIOCTPUPAHO Ype3 pas3riieKIaHe Ha HErOBUTE OCHOBHUM KOMITOHGHTH — JbHHA ratka (MB),
nporiecop (CPU) u mamer (RAM), kato Moayiu, KOUTO TMPSKO C€ BIMAAT BBPXY
MPOU3BOUTEIIHOCTTA M XApaKTCPUCTUKUTE Ha MPOSKTUpaHaTa cucTeMa. lIpe/iokeH e
AITOPUTHM 3a ONTHMAaTHO KoHurypupane Ha I1K, B kolTo ce u3moi3BaT (GopMmysHpaHe |
pemaBaHe Ha ontuMusonuoHHM 3amaun (Mustakerov & Borissova, 2013). Axo jeJ ca
MH/ICKCHTE Ha PasIMdHUTe BUIoBe Moayin, K € K! ca mHmexcuTe Ha mapameTpuTe Ha MOZYJ OT
THI ], 1 €]j ca MHAEKCUTE HA Pa3TMYHATE MOAYJIH OT €MH M ChIIl TUI X BCEKU MOJYJI | OT THII |, a

x)ca IBOWYHM LENEYUCICHH MPOMEHJIUBH, TO M300PHT HA MOJYIHM, M3PaseH 4pe3 u30op Ha

HErOBUTE NIapaMETPH CE peatn3upa KaTo:

Vjed:(vkeKi:PH =3 k), ¢ {01}, Txi-1 (2.5)
el el
[TapameTspbT yera ipu onTUMATHOTO KOHGUTypupaHe Ha [1K ce onpenens karo:
pMBeost _ ZPiMBcostXiMB’ XiMB E{O,l} " ZXiMB -1 (26)
iclyg iclyg
pCPUcost _ zPiCPUcostXiCPU XiCPU E{O,l} " incpu -1 (2.7)

ielepy ielcpy
[To chumst HAUMH W OPYTU MapaMeTpU Ha MOAYJIMTE MOTaT Ja ObJaT OmpeeNsHU 4pe3
MOAX OIS H300D:
pCPUclock _ ZPiCPUclockX_CPU (2.8)

i
ielcpy

PCPUcore — ZPiCPUcoreXiCPU (29)

ielcpy
MN360ppT Ha RAM BkiIIOYUBa KAaKTO THIA, Taka W Oposi MOIyJIH. 3aBUCHMOCTUTE 3a

napamerpute Ha RAM 10 OTHOWIEHUE Yera ¥ Kanayumen, U3IOI3BANKK IPOMEHIUBUTE X" C€

H3pasgBaT Karo:
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PRAM cost _ ZPiRAM costXiRAM ’XiRAM eN (2_10)
iclgam
pRAMsize _ ZPiRAMsizeXiRAM ,XiRAM eN (2_11)
ielgam
KbACTO N e MHO>eCTBO Ha HCOTPHULATCIIHUTE YHCIIA.
OTHOH_IGHI/I}ITa Ha CBBMCCTHMOCT MG)KI[y MOI[y.HI/ITe Cce HpGI[CTaB}IT I-Ipf':3 CbBMCCTHUMHU
IIOJAMHOXXECTBA HA MHOXXECTBAaTa MOJYJIH. HaHpI/IMep, AKO IMOJMHOXXECTBOTO Ha IIPOLUECOPHUTE,

CHBMECTHMH C OTIpeJIeNieH BUA JbHHA muiatka MB; e o3nadeHo karo |/

cpu » TO OTpAHMYCHUATA 3a

CbBMCCTHUMOCT Ha MPOMCHJIIMBUTC, IPUCBOCHU KbM MB u mponecopuTe €€ n3paisaBa KaTo:
Vielyg: X< ZXI-CPU (2.12)

H 1
jelepy

KBJIETO 1., ca MHAEKCHTE Ha MPOICCOPUTE CHbBMECTUMH C JHHHU TUIATKH OT THII I.

u € lepy
[Topamun cnenmudukata Ha wu3dopa Ha RAM ca HeoOXomuMH OrpaHUYCHHUS 3a

ceBMecTuMocT Ha RAM u MB unu orpanndenust 3a HecbBMectTuMocT Ha RAM u MB:
Vielyg X" D x>0 (2.13)
kelbam
Vielyg:x"® ZXEAM <0 (2.14)
kel fam

KBIETO | ca HOAMHOYKECTBA Ha CbBMECTUMHUTE U HechBMecTUMU RAM ¢

ram S lrav A lgan S lrau
MB; croTBETHO.
N3nons3Bar ce u orpaHuueHus 3a uspassBaHe chbBMecTMMocTTa Mexay RAM u MB no

OTHOILLEHUE pa3Mepa Ha mameTTa P KosTO ce MoJabpKa OT CboTBeTHUS Tul MB;:

PRAMsize < Z PiMBram max XiMB (2 15)
iclyg

MB,RAMsI
BposT Ha ciotoe PM* A" 35 MB; ce m3passsa upes:

Z X:{AM < PiMBramslots (216)

ielgam

Heo6xomum e mone enua RAM monyin 3a koHpurypanusrta va [1K:
T 21 (2.17)

i€lpam

JlecHo Morar ma ce BBBEXAAT PA3IMYHU MOTPEOUTEIICKM W3MCKBAHHS 3a pa3Mepa Ha
RAM, 3a yectora Ha CPU u 3a 6pos snpa na CPU:

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

OnucaHusIT MOJIEeT € U3MOJI3BaH 3a (OpMyIUpaHe Ha eTHOKPUTEPUAITHA ONITUMH3AIMOHHN
3a/1aud, W3MON3BAIld KAaTO ONTUMH3AIMOHEH KPUTEPHM IIeHaTa Ha KoHurypanusTa:
(Mustakerov & Borissova, 2013):

min (MB® + CPU*" + RAM®*®!) (2.21)
®opmyIUpaH ca TPU EIHOKPUTEPUATHU ONTHUMHU3AIMOHHU 3aJlauyd, OTpa3sBalln
pa3IUYHU MOTPEOUTENICKA M3UCKBAaHUs KbM KoH(purypanusta Ha [1K, a monyuenure ontuMamHu
pe3ynaTaTH ca nmoka3zanu B Ta0nuia 2.4.
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Tabnuya 2.4. Ionyqenu onmumanrtu Konpueypayuu

[MoTpeduTencku N3MCKBaHUS [Monydenu koHpUTrypaun
#
RAM | PV lcpucore| RAID | MB cPU RAM Cost BGL
1 >2GB - -- - MB5 CPU1 |RAM1:2x1GB 205.5
MB2 CPU2 |RAM2:1GB
2 >3GB | >2.5GHz =2 - RAMS: 2 GB 297.0
3 >4 GB >3 GHz >2 1 (yes) MB1 CPU3 |RAM5:2x2GB 584.5

M3non3BaHeTo Ha  MHOTOKpPHTEpHATHA ONTUMM3AalUS TPH  IMPOCKTHPAHETO Ha
koHpurypammara Ha [IK maBa BB3MOKHOCT 3a H3MOJI3BaHE HA IOBEYEC KPHUTEPUU KAaTo
MUHUMAIHA YeHa 38 MOIYJIHNTE, MAKCUMAIHA U3YUCTUMETHAd MOWHOCM Ha TIpolecopa u
maxcumanen pasmep Ha RAM. Te3um wusuckBaHuss ce wu3passBaT 4Ype3 clegHaTa
MHOTOKpUTEpHalIHa ONTHMHK3annonHa 3a1a4a (Mustakerov & Borissova, 2013):

min (PMBCost 4 pCPULcost . pRAM cost)

max PCPU,core
max PCPU,cIock (2-39)

max PRAM,size
P CHIIUTE OIPAHUYCHUS, KAKTO B €IHOKPUTEPUATHUS CITydail.
Ta3um 3amaya e pemaBaHa 3a TpU pa3iuyHU npeanountanus Ha JIBP, pesynrature ot
KOHUTO ca mioctpupanu Ha dur. 2.3.

00008

Y

Due. 2.3. H36pam4 MOOYIU 6 pe3yimam HA PeueHama MHO20KPUMePUAIHA 3a0a4ama.
a) JIBP-1; 6) JIBP-2: 6) JIBP-3

C nyHKTHpaHa JMHMS ca IOKA3aHU CHILECTBYBAIIUTE ChbBMECTUMOCTH MEXy MOAYJIHUTE, a
C HEMpeKbCHATa JIMHUS ca CBbP3aHU M30paHUTE MOAYIH, B PE3Yy/ITAT Ha MOJYYEHOTO PELICHHE.
Pesynrature OT pemaBaHeTO Ha ONTUMHU3ALMOHHUTE 3a/1a4M MMOTBBPKAABaT IPUIOKUMOCTTA Ha
MPeJIOKEHUS] MHOTOKPUTEpHAJIEeH ONTHMHU3ALMOHEH MOJXOJ 3a KOH(PUTypupaHe Ha MOJ00eH
KJIaC MOJAYJHU cUCTeMH. Upe3 H3I0I3BaHe Ha MHOTOKpHUTEpUAIHATa ONTUMH3ALUsA, MOraT Jaa
ObIaT B3EeTHM TMPEABHUJ paA3IMYHH MOTPEOUTENCKM TPEANOYUTAHUA U Jla C€ HampaBu
IIpeIBAPUTEIIHA OLICHKAa Ha IapaMEeTPUTE Ha IMPOEKTHUPAHUTE CHCTEMHU, B3EMAllU IPEIBUL
CBILECTBYBAILUTE 3aBUCUMOCTH MEXAY MOJYJINTE.

O00011eH aJropuTHM 32 HTEPATHBHO U PALIMOHAJIHO NPOCKTHPaHe Ha
KOH(UIypHpanHMATA HA EPCOHATHH KOMIIIOTPH

[Ipu paspaborBanero Ha CAD cuctemu 3a MOIyJTHO MPOCKTHpPAHE HE BHHATH € JKEJIaHO (WIIH
BBH3MOXKHO) 3aMECTBAHETO Ha YOBEIIKATa €KCIePTH3a, MOPaH TOBa ca pa3pabOTECHH Pa3THYHH
cieHapun. [IpemioskeH OOOOIICH aarOpUThM 33 HMTEPATHBHO W PALMOHAIHO TMPOCKTHPAHE
KOH(HUryparusTa Ha KOMITIOThpHa cuctema — dur. 2.4 (Mustakerov & Borissova, 2013).

3a peannsupaHe Ha 0O0OOMIMHHUS aJTOPUTHM Ca TPEITIOKEHH MOIXOIAIIN ATOPUTMUIHI
peanu3aiiu, npeacTaBeHu upes ncesao-koaose (Mustakerov & Borissova, 2013).
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MR R L

[ orvomee | [ oo |y [ oo |
Y v 1 )
lSubsel of compatible MBs l |Suhset of compatible CPUs | |Subset of compatible RAMsl Subset of compatible MBs

[ wooe | [_crvmoee || [__rowooee |

ISubset of compatible RAMSI | Subset of compatible RAMs |QI | Subset of compatible CF’Usl(- | Subset of compatible CPUsl

] v

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

Que. 2.4. Obobwen ancopumvm 3a npoexkmupare Kougueypayusma na IK

I'mapa 3: OnTuMaaHO NpPoeKTHPAHe HA MOAY/JIHU HHKEHEPHH CUCTEMH,
B3eMallM NpeABH/l ChbIIEeCTBYBAIMTE B3aMMOBPb3KH MEKAY MOAYJINTE U
BBHIIHUTE EKCIVI0OATALIMOHHH YCJIOBHUS

B Tta3m rmaBa ca ommcaHU MOJYYCHUTE PE3YNITATH NPU ONTUMAIHO MPOCKTHPAHE HA MOIYJIHHU
WH)XCHEPHU CHCTEMH, B3E€Mallld TPEABHI KAaKTO ChHIIECTBYBAIIUTE B3aUMOBPB3KH MEXKIY
MOJYJIUTE, TaKa W BBHITHUTE EKCIUIOATAllMOHHH YCIIOBHUS. 3a Ja ce TecTBa MpaKTUdecKaTa
MPUJIOKUMOCT Ha ONTUMAIHOTO MPOCKTHPAHE 3a TO3W KIAC MOIYJIHU CHUCTEMH € H3IOJI3BaH
€IWH TUNUYCH MPEICTAaBUTEN, a UMEHHO ypEAWTE 3a HOIIHO BHXKAaHE (OYMiia, TPULIETH U
OuHOKIM), Oa3MpaHM HA TEXHOJIOTHSATA Ha YyCHJIBaHe Ha cBemiMHata. Omnucanu ca: 1)
JIETePMHUHUPAH, CTOXACTHYEH U 0000IIEeH MaTeMaTHYECKH MOJIENN 33 MTPOSKTUPAHE Ha MOIYITHU
WH)XCHEPHU CHCTEMH, B3EMAIllM TPEABH]I ChIICCTBYBAIIUTE B3aMMOBPBH3KH MEXIY MOIYIUTE U
BBHIIHUTE CKCIUIOATAI[HOHHH YCIOBUS, 2) MaTEeMAaTUYECKH MOJEIH, ONMpPEICISIIA BHHITHUTE
eKCIUTOATAIMOHHU YCIIOBHSI, TIPU KOWTO C€ IOCTHTa €IHAa W ChIla CTOHHOCT Ha 3a/aJIcH
napaMeThp Ha CUCTeMaTa, 3) METOH 3a MPOCKTUPAaHE HA CUCTEMHU OT TO3M KJIac — UTEPATUBHO,
paIMOHATTHO ¥ ONTHUMAIIHHO MpOeKTHpaHe, 4) 0000IIeH aaropuThM 32 OIEHKA Ha MMapaMeTpUTe
Ha TIPOEKTUPAHUTE CUCTEMH.

MoneaupaHe Ha MPOEKTHPAHETO HA YPEAH 32 HOLHO BHKIaHe

Enun ot ocHoBHuMTEe mapamerpu Ha YHB, kouto TpsOBa nma ObAaT B3eTH MPEABUIl TIPH
MPOEKTUPAHETO, € PA3CTOSHUE Ha JEWCTBHE, KOETO 3aBUCH KaKTO OT IapamMeTpuTe Ha
M3TOJI3BAaHUTE MOJIYJIH, TaKa M OT BHHIIHUTE yCIIOBUS Ha HaOmoaeHue (dur. 3.2).

7 OnTuyHo
(ysenwienve waYHB) ( Ternona YHB

EcrecTaeHa Kcrmg)acr 4%
HOLLHE Mexay oHa u £ 3purenwo none

ot HabnopasaHuA Ha YHB

obexT
PasctoaHne
\ Ha geiicTeure Ha YHB

Liena Ha YHB

£ MpoabmkuTenHocT
Ha pabota va YHB

MponyckaHe Ha HabniopasaH
aTMmocdepara obexT

Que. 3.2 3asucumocmu meancdy modyaume, napamempume Ha YHB u ebHwHume yciogus Ha
HabnooeHue
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3a paszinKa OT JeTePMUHUPAHUS ONITHMHU3AIIMOHEH MOJIEI, B CTOXaCTUYHUSI MOJIET BMECTO
JIETEPMHHAPAHUTE CTOWHOCTH Ha BBHINHUTE YCIOBHS Ha HAONIOJCHHE CE€ W3I0J3Bar
MaTeMaTHYecKuTe UM oyakBauus (Borissova & Mustakerov, 2009):

T =3 Pl s KBACTO Ypi (3.34)
= i1

K" :Z[:PKJ'KJ' , KBJICTO Y pi _ (3.35)
j=1 j=1

Een =iPEkEk, KBIAETO %pEk -1 (336)
k=1 k=1

A = Z': P A7 » KBACTO z': P =1 (3.37)
m=1 m=1

[Tpemyioxen e 06001IeH MOIEN 32 ONITUMAIIHO MpoekTupane Ha YHB, ocHoBHaTa nues Ha
KOWTO € Ja peanusupa u30op Ha MoaynuTe Ha YHB, kato ce ompenenu Hail-moaxojsiiaTa
KOMOWHAIMS OT MOJYJH, YIOBJETBOpsIBAIlA 3aMaJCHUTE H3MCKBAHMUS KBM IPOCKTHPAHOTO
ycrpoiicTBo. To3u mozen 3a mpoektupane Ha YHB uma Buma (Mustakerov & Borissova, 2007):

max F(P) = (fu(P), f2(P), ..., f4(P)) (3.74)
IIPpU OTPaHUYCHUS
P= i Pik X (3.75)
j|:
9(P) = (92(P), 92(P), .., Im(P)) (3.76)
Yy =1,x € {0,1} (3.77)
Ji
P, <P, <P ,i=1n (3.78)
B Tasu dpopmymuposka fi(P), f2(P), ..., f(P) omucsar q ueneBn ¢pynkuum (xpurepun 3a
u3lbIHeHne) Ha BekTopa Ha npomermsure P = {p' | i=1,...n, jie{di}, ki € {K} } € R",

npeacTrasjsABalll CbBKYIIHOCTTAa OT BCHUYKHW PA3HOBUAHOCTH Ha MOAYJIMTC, HGO6XOI[I/IMI/I 3a
npoektupanero Ha YHB. R" e mapaMeTpHyHOTO IPOCTPAHCTBO OT MOYJIUTE 32 Paelu3upaHe Ha
u300p, i U3pa3siBa Pa3HOBUIHOCTHTE HA MOIYJIUTE OT i-us Tum, Ki ca mapamerpure Ha I-us
MOJLyJl OT THI ji 1 P, € Ki-us napamersp Ha i-us moayn ot tun ji. P={P' | t € {i}, r e {ki}, s

e {ji} } © BEKTOpBHT Ha pEIICHHETO C W30paHWTE MapamMeTpu Ha MOIYJIUTE B PE3yJTar Ha
ONTUMATHHUS KOMOMHATOpeH n300p. OnTuMamHUAT U300p ce peanusupa 4pe3 M3IMOJI3BaHE Ha
orpannueHusTa (3.75) KaTo ce M3NON3BAT HAKOM JIBOMYHH Lenouncienu npomermuen X = {x!

}, npu orpanuueHust (3.77). PeanmucTUYHOTO ONTHUMATHO MPOEKTHpPAHE BKJIIOYBA HE Camo
1es1eBU (DYHKIIMH, HO CBILO TaKa U OrpaHUUYEHHsI, KOUTO ONPEAEIAT IPAHULM B IPOCTPAHCTBOTO
Ha npomeHnusure. Hanpumep, ¢ P/, u P/, ca O3Ha4YeHM NONHATA W TOPHATA IPaHMIA Ha

npomennuBuTe W ¢QyHknuute Ha orpanmucHusata (9i(P), 02(P), ..., Om(P)), omucpamm
cienu(pUIHUTE 3aBUCUMOCTH, TEXHUYECKH U MOTPEOUTEICKH W3UCKBAaHHs HA MPOCKTHUpaHATa
cucrema. ToBa ca 3aBUCUMOCTHUTE, PH KOMTO W300PHT Ha JaJicH MO/ | OT THUI J; OrpaHUYaBa
n300pa Ha APYTUTE TUIIOBE MOIYJIH OT OOIOTO MHOXKECTBO HA MOJTYJIHTE.

MHorokpuTepuaIHi Mo/eJIM 3a onpe/e/isiHe HA BbHIIHNTE YCJI0BHs HA Ha0Jl01eHue,
cbBMeCTHMHM ¢ napamerpute Ha YHB

Cnen n3paboTBaHe HAa yCTPOMCTBOTO U OIPEEIIIHE Ha MTapaMeTpUTe My, PEICTaBIIsIBa HHTEPEC
OTIPEJICNITHETO Ha BBHIIHHUTE YCIOBHs Ha HaOJIOJEHUE, IPU KOUTO TOBA YCTPOMCTBO IIe UMa
CBIIOTO PAa3CTOSAHME Ha JeHCTBUE. TakaBa OLIEHKA € MHTEPECHA M 3a NpEUIaraHUuTe Ha Ias3apa
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YHB, xoraro mapamerpute Ha YHB ce gaBat B katanoxHu crnenuduKamii, HO HE BUHATH CE
yKa3Ba IpU KakBHU BBHIIHHM YCJIOBHS € OIPENEICHO Pa3CTOSIHMETO Ha JAEWCTBHE. 3a LenTa €
Hpe;[nonceH MHOFOKpI/ITepI/Ia.HGH MOACI, onpe;[en;m[ auara3oHa Ha BBHIIHUTC YC.HOBI/IH Ha
HaGHIO,Z[GHI/IG, CBBMCCTHUMMU C 3aJaJcHarTa CTOﬁHOTCT. FpaHI/I‘-IHI/ITG yCJIOBI/I}I, CBHOTBCTCTBAIIIX HA
MaKCHUMaJIHA €CTECTBCHA HOIIIHA OCBCTCHOCT W MHUHHUMAJICH KOHTpaCT MG)KI[y Ha6JHOI[aBaHI/I}I
00ekT 1 (hoHa ce onpeaensat upes (Borissova u ap., 2014):

maxE = Rz’vl(zjmln.ph
- 0.07 Din fi;hfobszgra KAtarget (380)
H [ RZM(Dmin.ph J
minK =
007 Din fobTubSZé‘Ta EAtarget
MPYU OTPAHUYECHUS
E'<E <E (3.81)
K'<K <K (3.82)
A < Agarger < A (3.83)

kbreto ¢ EY, KY, A" n E', K', A' ca 03nauenu ropuute n nomHuTe rpaHuIm Ha eCTECTBEHa HOLIHA
OCBETEHOCT, KOHTpAacTa W peayldpaHaTa IUIONI Ha HaOmrojgaBaHus oOekT, R e 3amaneHoTo
pazcTosinue Ha pasriexaanus Y HB.

I'pannvHMTE YCIIOBHUSA, CHOTBETCTBAIIM HA MUHHUMAJIHA €CTECTBEHA HOIIHA OCBETEHOCT W
MaKCHMAaJIeH KOHTpAacT MEXAy HaOmomaBaHus o0ekT u (oHa ce ompenensat upe3 (Borissova u
ap., 2014):

max K = RZMCDmin.ph
007 Din fubrob 8252'3 EATargel (384)
2
minE = RV P
007 Din fabz-obs):gra KATargel

npu orpanuuenus (3.81) — (3.83).

[IpeioskeHUAT MOZEN 3a ONpeAeisHe Ha BBHIIHUTE YCJIOBUS Ha HaOIIOJCHHUE,
CBHOTBETCTBALIM Ha OIIPEEIIeHa CTOMHOCT Ha pa3CTOSHUETO Ha JercTteue Ha YHB, € TecTtBaH Ha
0asara Ha JiBa THIA YpeIu — O4ria 3a HomHO Buxkaane ¢ R=300m (®wur. 3.4) u npurnen ¢ R=425
m (dur. 3.5).

0.014

= Yosewka urypa
5 0012 '\\ “"-... 0012
2 \ s
z hY
B ool \\ = po k
z N\ wmn % - \l\‘-luael.ui(a twrypa
% 0.008 N £ 0.008 ~
<] by ] ~
z l\ ~ & N o,
@ ~, © , ~.
I 0.008 N . 0008 N S~
g ~, Kamwou “‘x\ g AN S~
8 S Tsa o So
50004 283 """‘-c-..._,_ § 0.004 \\\
v "“'-Ii':: . B g - n__ Kamuon il ¥ -
0,002 S TN~ S 000 e Tom~~— Tme——
Sl T ————— ® e~ ___ "~ *
S 4 —— T ——
0 -3 @ o T o ® =
0 0.1 0.2 0.3 0.4 0.5 0. o 0.l 0.2 0.3 o4 0.2
Kowtpact KowTpact
Que. 3.4. Hzmenenue na evHuwHUmME ycaosus 3a Que. 3.5. Usmenenue na evHunume ycunosus 3a
o4ujda 3a HOuWHoO suoicoane Houjen npuyei

Bmwkna ce, ue chlmecTByBa IMOBEYE OT €JHA KOMOWHAIMS HA €CTECTBEHATa HOIIHA
OCBETEHOCT M KOHTpAcTa 3a AaJeH TUIM HAOJI0/IaBaH OOEKT, ChOTBETCTBAIl HA €JHO M CHIIO
pa3CTOSIHME Ha OTKPHBAHE 3a JAJCHO yCTPOMCTBO. OT TE3W KPHBHU € BB3MOXKHO Ja C€ OICHHU
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edekTUBHOCTTAa Ha KOHKpeTHOTO YHB mo oTHomenwe Ha Tuma Ha HaOMIOgaBaHUS OOCKT H
JMarna3oHa Ha U3MEHEHUE Ha HOIIIHATAa OCBETEHOCT U KOHTpPACTA.

3a Aa Cc€ ONpCACIAT pa3JIMdIHU KOM6I/IHaI_II/II/I OT MUHUMAJIHO OOIMYCTUMHUTC CTOMHOCTH Ha
OCBETEHOCTTa, KOHTpPAcTa W MPOMYyCKaHETO Ha aTMmocdepara, yIOBIECTBOPSBAIIM 3aJaJCHOTO

pa3CTOAHUC Ha I[GﬁCTBI/IG, MOXKE Oda 6’[:,[[6 H3MO0JI3BAH CJIICAHHUA MHOTIOKPHUTCPHUAJICH MOJCIT
(Borissova & Mustakerov, 2009)

min {E, K, %} (3.87)
IIpY OTPAHUYECHUA:
\/o.omin futoS.E T KA'y _ oo (3.88)
M(pmin.ph
E'<E <E" (3.89)
o<, <7t (3.90)
K'<K <K (3.91)

KBbIETO R € 3a1a/ICHOTO B KaTaora pascrosiHie Ha jeiicteue B Metpy, EY, 7", K" ca ropaute u
nomunre E| 7', K TPAaHMIM 32 OCBETCHOCTTA, MPOMYCKaHETO Ha aTMocdepaTa W KOHTpacTa
Mexay o0ekTa 1 (hoHa.

Ha ®wur. 3.6 ca moka3aHu MOJy4eHUTE KOMOWHAIIMHM HAa PA3JIMYHU BHHIIHU YJIOBHS Ha
HaOII0JIEeHNEe, OCUTYPSBAIIN Pa3CTOsIHUE OT 325 M.

0.007
¢ R=325m
0.006
8 ©2=0.65
0.005
Wta=0.70

0.004 Be ta=0.73
0.003 %

0.002

0.001

EcTrecTBeHa HOLWWHAa 0CBEeTeHOCT, Ix

0

0 0.1 0.2 0.3 0.4 0.5

KoHTpacr
Que. 3.6. Kombunayuu Ha HOWHAMA 0C8EMEHOCH U KOHMPACMA NPU PA3IUYHO NPONYCKAHE HA

ammocghepama, ocueypasawu pazcmosuue Ha omxpusare 325 m

Metoam 3a npoekTupade na YHB

dopMynupaHuTe JETEPMUHUPAH M CTOXAaCTUYEH MOJENIU ca M3IOJI3BaHMU 3a pa3paboTBaHE Ha
MeToAM 3a mpoekTrpaHe Ha YHB upe3 u3zbop ot MHOXkecTBa enemeHTH. DopMynupaHu ca Tpu
METOJIa — METOJ] HAa UTEPATUBHO MIPOEKTHPAHE, METOJ, HAa PALIMOHAIIHO IIPOEKTUPAHE U METOJ Ha
ONITHMAJIHO MPOEKTHpaHe. MeTogbT Ha WTEPaTMBHO IPOCKTHUPAHE CE€ pealu3upa 4pes
MOCJIeI0BATEIHO U3IIbJIHEHNE Ha Tpolieca Ha u300p U u3uncisBane napamerpute Ha YHB. Ilpu
MeTo/a Ha paroHaneH u3dop JIBP 3amaBa xenaHu rpaHUYHU CTOMHOCTH 3a IMapaMeTpUTe Ha Ha
IIPOEKTHUPAHOTO  yYCTPOMCTBO KAaro TOPHUM WM JOJAHM TPaHUIM. 3a  OIpEleNsHE
YIOBJIETBOPSIBAHETO HAa TE3W TIPAaHULM CE H3IOJI3BAT COPTHMPAaHU MAacCHUBU U TBPCEHE B TAX
(Mustakerov & Borissova, 2007). MeTtoabsT Ha ONTUMAaIHHUSA M300p ce OTIIMYaBa OT APYTHTE
MeToau ¢ (hopMynupaHe U pelIaBaHe Ha ChOTBETHU ONTUMHU3AIMOHHU 3a1auu. [Ipemioxen e u
0000IICHN anTOpPUTHM 3a OILIGHKAa Ha MapameTpuTe Ha mpoektupanute YHB, B ko#TOo ce
M3I10JIBA METO/]a HA UTEPATUBHOTO U PALIMOHAIHOTO IIPOCKTUPAHE.
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I'maBa 4: OnTUMAaIHO NPOEKTHPAHE HA KOMILIEKCHH MH/KEHEPHU CHCTEMHU,
B3eMallly NpeABU/ ChIIECTBYBAIMTE B3AHMOBPb3KH, BbHIIHUTE
eKCIJIOATALMOHHHM YCJIOBHUSI U MKOHOMHUYecKaTa e(eKTUBHOCT

B Ta3u rnaBa e onucaH 0000IIEH METOJ W MOJIEIH 3a MPOCKTHpPaHE HA WHKEHEPHU CHCTEMH,
B3CMall1 NOpCABUA CHIICCTBYBAIIUTC B3dUMOBPB3KHU, BLHIIHUTE CKCIIJIOATAIMOHHU YCJIIOBUA U
nKoHOMHYEecKaTa epekTuBHOCT. To3M Kiac CUCTEMH ce XapaKTepu3upaT He camo ¢ u300p Ha
CbBMCCTHUMU MOAYJIM W OTYUTAHC HA BBHIIHUTC CKCIUIOATAIMOHHU YCJIOBUA, HO HU C
VIIOBJICTBOPSIBAHE HA M3HMCKBAaHE 3a MKOHOMHYECKa €QEeKTHBHOCT. EIWH mocTraTbyHO
MPEJICTaBUTENICH TIPUMED 3a IPOCKTHPAHE HA TO3U KJIaC CUCTEMH Ca BETPOCHEPTUHHHUTE MapKOBE
(BEIT). Ha ©6a3za ©Ha mnpemnoxeHus wMojaen ca (opMynupaHd ChOTBETHH €IHO- |
MHOTOKPUTEPHAITHU ONTUMH3AIMOHHYM 33Ja4ll 32 ONTHMAIHO mpoekThpaHe. OmmcaH e
AITOPUTHM 32 MPUIIOKEHHE HA MHOTOKPUTEPUANICH TMOIXO IPU MPOSKTUPAHETO HA CUCTEMH OT
TO3HU THUII.

Ennoxpurepunanen Moaes Ha ONTHMAJIHO NIPOCKTHPAaHe HA BeTPOCHEPrHiiHU NMapKoBe

[Tpoextupanero Ha BEII e urepatuBen mpoiiec, mpu KOUTO € HEOOXOAMMO Ha pPaHEH €Tall Ja ce
YCTaHOBH, HAJIMYENUTO JOCTAThUYEH PECYPC, 3a a Ob/e peanu3u3apaH MPOEKTa 3a U3rpax1aHe Ha
BEII. Pascrosauero mexay typounute BbB BEII 3aBucu kakTo OT TepeHa M OT MOCOKaTa U
CKOpOCTTa Ha BATBHpPA, Taka U OoT pasmepure Ha BT. Karo momyctumo pascrosiHue MeExXAy
TypOMHHTE MOXeE Jla ce pasriiexa HHTepBayia oT § 10 12 poTOpHM JUaMeThpa MO MOCOKa Ha
BATBpa ¥ oT 1.5 10 3 poTopHU auamernpa 3a neprneHaukyaspHara mocoka (Emami & Noghreh
2010).

[IpenioxkeH € eIHOKPUTEPUSUIEH ONTHMM3AllMOHEH MoJen 3a u30op Ha Tuma, Opos u
pasmnojoxeHneTo Ha Typounute B npoektupanus BEIT (Mustakerov & Borissova, 2010):

A i (4.34)
P
IIpHU OT'PpaHUYCHUA

costs = N(§+%exp( —0.00174 Nz)j (4.35)
P=hnNP,, (4.36)
N = Nyow Ncol, integer (4.37)
L] (4.38)

kI'OWD
Noy = 2 1 (4.39)
ki < Kyg,, < k32 Krow >0 (4.40)
kigt < ke < kigis Keol >0 (4.41)
Pu = i X; Poy (4.42)
D=>xD,, (4.43)
H =3 xHl, (4.44)
>x =1x {0 (4.45)

kbeTo: N — 061y Opoit BT, Nyow — 6poii BT B pen, Neoi — 6poit BT B xonoHa, Ly, Ly— pasmepu Ha
BEII, D — quametsp Ha poropa Ha BT, Pyt — HomuHanna momHoct Ha BT, 77 — koedunment Ha
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U3M03BaHE, Krow, Kool — KoehuimenTu, onpenensuam pascrosaus mexay BT, H — Bucounna Ha
KyJaTa, Xj — ABOMYHHU LIEJIOYUCIICHH IPOMEHINBHU.

A) ciay4yail Ha pABHOCTOEH BATHP OT BCHYKH IMOCOKM:
[Ipu 3amagena miomy na BEIL ot 4 km? u PaBHOCTOEH BSTHP OT BCHUYKU IOCOKH,
IIOJIyYEHUTE pe3yNTaTH ca nokasaHu Ha dur. 4.6 u dur. 4.7. karo ca U3NOI3BAHU CIICTHUTE

TPAaHUIU kM = k™" = 4.8 U k"> = k1™ =5.2

row col row col

280 m 250 m
> >
9 6-000000000000 >
100000 00000000000 1

0000000000000 00
oooooooooooooooo:
000000000000 000
000000000000 00

250 m

0000000000 TO® 0000000000000 000000
0000000000000 000000

200m

3335Em

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

400 m 2222 m
<>

400 m
<>

333.3m

333.3m
<>
200m

@ue. 4.6. Pasznonoxcenue na BT npu naruuunue Ha pagnocmoen 6smvp om CUUKU NOCOKU U K8AOPAMHA
Kon@ueypayus na eempogsomo noae, Ly = Ly, = 2 km.

B) cay4dait Ha npeoOaagaBany BATHP ¢ exHa nmocoka. 3a BEII ¢ miowy cbuio 4 km? ca
U3IMOM3BAHU: K™ =15,k =3, k" =9, k™ =111 k" =2, k"™ =4, k" =8, PECICKTUBHO

row col col row row col

(Dwur. 4.8, dur. 4.9 u dur. 4.10)

Aemopegpepamu na Jucepmauuu 4 (2015) 20-59



32 [anwuena MeaHoBa Bopucoea

000 m

@ue. 4.8. Pasnonoscenue na BT npu naruuenue na 6smop ¢ npeodaadasauja ROCoKAa NPA60bbIHO
eemposo nozne, Ly =4 km, L, =1 km

1M1.1m

666.6 m

¢ 0000000000000
181.8 m

005C00000000

1000 m

DOOO0OO0O0O00000

0,0,0,0,0,0,0,0,0,0,0,0,

400 m

400 m

91 m

mm“om

952m

0000600000000000000000

000000000000 0000000000

@ue. 4.9. Pasnonooicenue na BT npu naruuenue Ha 6simvp ¢ npeodiadasauia nocoka u KaopamHa
popma na eemposomo none, Ly = L, = 2 km.
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002000 ROOY
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(XX XX T YT ]
000009 OOY
[ TITYYTITIY Y]
0000 OOOOSD

@,
@ue. 4.10. Pasnonosicenue Ha mypounume npu HaIuYeHue Ha 6IMbP ¢ NPeodIadasauia NOCoKa u npu
Opyaa opueHmayus Ha nPagobSLIHOMO 8eMPOBO Noje

[Tpu Hanuume Ha BATHP C Mpeoldiiagasaiia nocoka, n30opsT Ha BT chinecTBEHO 3aBUCH OT
OpHeHTalusATa Ha mpaBobrbiara ¢opma Ha BEIl mo oTHomeHMe Ha mocokaTa Ha BATHpA.
Pesynrature oT m3umciaeHWsTa mokaspar, ye ¢opmara u opueHtanuara Ha BEII Tps6Ba ma
ObJaT B3€THU M0J] BHUMaHHE MPU ONTUMATHOTO MIPOEKTUPAHE.

MHorokpurepuageH ONTHMH3ANMOHEH MOJieJI 3a poexkTupane Ha BEII

IIpennoxkeH € MHOTOKpUTEpHAJEH ONTUMHU3ALMOHEH MoAen 3a mnpoektupane BEII, B3emain
npeABu] Kputepuute pazxoaun u moinHocT (Mustakerov & Borissova, 2010; Mustakerov &
Borissova, 2011):

max Power (4.46)

min Costs

IIpU OrpaHUYCHUS
Power = hy77NPy, (4.47)
Costs =N (2 4 Lg-ommae J (4.48)
3 3

N = NeN, (4.51)
Ny = (Li/SDy) + 1, Ny —integer (4.52)
Ny = (L,/SDy) + 1, Ny — integer (4.53)
k" <k, <kj™, k>0 (4.54)
kM <k, <kM™™,  ke>0 (4.55)
P, =ixi P (4.56)
D, =Y xDi, (4.57)
S'x =Lxe{os (4.58)

dopmynupanuat mozen (4.46) — (4.58) e tecrBan npu peanHu gaHau 3a BT, u3non3saiku
METOJla Ha MpeTerjeHara cyMma M JEKCUKOTpadCKUs METO, 3a Jla Ce€ OLEHAT MapaMeTpuTe OT
npoektupanusa BEII. M3non3BaneTro u Ha aBaTa METOJIa 3a pPEelIaBaHE OCUTYPSBAT TEOPETUUHU
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OLICHKM Ha MOIINHOCTTAa M pa3XOAWTE IpPU pPA3IMYHHU IIOCOKM Ha BATHPA U PA3IUYHU
npeanoyntanus Ha JIBP.

Ha ®wur. 4.18 ca mnoka3aHu MNOJIy4eHHTE pe3yiaTaTd 3a napamerpure Ha BEIl -

HWHBCCTHUIIMOHHU Ppa3Xoad U MOIIHOCT.

Predominant H Weighted sum method
Uniform @ Weighted sum method Predominant o Weighted sum method . L
ind di . . . . wind direction @ exicorgaphical method:Power, Costs
wind direction g Lexicographical method: Power,Costs wind direction M Lexicographical method: Power, Costs »
—_— M Lexicographical methad: Costs, Pawer
W Lexicographical method: Costs, Power] J’ l l M Lexicographical methad: Casts, Power 45 —_—

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

30 — E

25 £

15 5

10 10
5 5 5
] o0

314309 255442 473040 4351968
Wind farm power cutput, MWh/year Wind farm power output, MWWh/year

496692 478086

Wind farm power output, MWh/year

Que. 4.18. Unsecmuyuonnu pazxoou u 04akeana MOWHOCM Npu pasiudnu npeonovumanust na JIBP

Onucauure CAHO- W MHOTOKPUTCPUAIHU OINTHUMU3AIUOHHHU MOIACINU 3a IIPOCKTUPAHC
KOMIIJICKCHU HHXXCHCPHU CUCTCMMU, B3CMAIlU NPCABUA BbTPCUIHUTC B3aMMOBPBH3KH, BHLHIIHUTC
€KCIUUIOATAIMOHHU YCIIOBUSI M MKOHOMHUYEcKaTa €(PEeKTUBHOCT ca 0Oa3upaHW Ha TIpuUMepa Ha
MPOCKTUPAHETO Ha BETPOCHEPruiHU mnapkoBe. DOPMYIUPAHUAT MOJET OTYUTA KaKTO
MapaMeTpUTe Ha HAJIMYHUSA BETPOBU pecypc, Taka W mapamerpute Ha BT. B pesynrar Ha
(dbopMylpaHeTO M peEIIaBaHETO HAa CHOTBETHUTE ONTHUMHU3ALMOHHM 3a/ladydl ce IoJlyyaBa
ontumanieH wim [lapero-ontumanen u36op Ha THna Ha BT, Opos W CHOTBETHOTO WM
pasznosoxxenue B BEIL.

I'naBa S: Moaesau ¥ aJIrOpUTMH 32 ONTUMAJIHM PA3NUCAHUA

B Ta3u rnaBa ca onMcaHu MPEATIOKEHUTE MOJCITH U aITOPUTMHU 32 ONTHMAIHO IJIaHUPaHE MPU
HaAJIMYUE Ha OTPAaHHYCHU pecypcH, Kacaeiu (GopMmynupaHeTo Ha: 1) Mojaenu 3a omnpenensHe Ha
ONTUMAJTHU pa3MHUCaHUs MPU 3aBUCHMa 00pabOTKa Ha JeTallii BbPXY MHOXKECTBO MAIIWHU, 2)
MOJIEJIA ¥ aJITOPUTMH 32 OIPEIeIIsTHE Ha ONTUMAIIHU Pa3lMCaHHs NPU cMeceHa (He3aBUCHMa U
3aBUCHMMAa) 00paboTKa Ha IETalIi BHPXY MHOXKECTBO MAIlIUHHM, 3) 0000IIIeH MOIET U aITOPUTHM
3a ONTUMAJIHO JHMHEHHO pa3kposiBaHe U 4) 0000IIeH MOAET W aJTOPUTHM 3a ONTUMAIHO
IJIaHUpaHe Ha TepcoHaja 1 Ha rpaduka 3a Heropara padora.

O0001IeH MaTeMaTH4YECKH MO/IeJ1 32 ONpeae/issHe HA ONTUMAJIHO Pa3nucaHue mpu
3aBHCHMMA 00pa0oTKa HA JeTailii BbPXY MHOKECTBO MAILIMHHU

Ilen na o0O0OOIIEHMS MOJAEN 3a OIpEAeNisHE Ha ONTHMAJIHO pa3NUCaHWe Ha 3aBUCHMATa
00paboTka Ha JETalaM BBPXY MHOXECTBO MAIIMHM € MHHHUMH3UpaHE OOIIOTO BpeMme 3a
oOpaboTkaTa Ha Bcuukute Aetaitii (Mustakerov & Borissova, 2008):

min Xxig, 1 €1, (5.1)
MIPU OTPaHUYCHHUS
Xigry—Xij = Tij, el jed (5.2)
Xy, —Xij = Tij, el jed (5.3)
xij=0,3a Viel, Vjel, (5.4)
xige>0,3a Vi el, (5.5)
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KBJIETO: Xje — MOMEHTHUTE OT BpeMe Ha 3aBbpIIBaHE Ha 00paboTKaTa Ha OTAEIHUTE JETalH, Xij
— MOMEHTH OT BpEME 3a HauaJio Ha OTIEIHUTE ornepanuu, | — MHOXKeCTBOTO Ha 00paboTBaHUTE
JIeTaiiu, a J — MHOXKECTBOTO Ha MAIlIMHUTE, HEOOXOAUMHU 32 00paOOTBaHETO HA TE3U ACTANUIH.
3a 1a ce WIIOCTpUpPA YUCIIEHO MpUIoKUMOcTTa Ha npemioxenns moxen (5.1) — (5.5) e
W3MOJI3BaH peajieH mpobiieM oT paboraTta Ha MerajgooOpaboTBamia ¢upma, MPOW3BEXKIAIIA
mamuau ¢ LITY u 3amanena mocienoBeTeTHOCT HAa oOpaboTka Ha aetainute 1 — 12— /[3—>
H4— /15— /16 — J[7 (Mustakerov & Borissova, 2008). B pe3ysTar Ha MoJiyueHOTO pEIICHUE Ce
OTIpeNIeNIAT HAYaTHUTE MOMEHTH Ha 3aro4BaHe Ha 00paboTKara Ha OT/ICITHHUTE JCTAiIN Ha BCIKA
MallliHa, KaKTO U KpalHUTe MOMEHTH Ha 3aBbpILIBaHE HAa 0OpaboTkaTa Ha BCeKu jeTaiin (Pwur.

5.1).

| as
mamHas HHHHHH o e L L L L il bbbttt + 1 1 1 111 E1ELTI
i
a Az a3 | o7
MAWWHA 4 FTTTTTTTTT T . ------- . SN ENEEREERERSEEn
) ]
| | n3 ns ns ne a7
MAWMHA S LAl L it itd 1ttty {1 R L L Al LT bttt | 1 111111
HITTTLL
a || oz :: : a2 || pa as
MALUWMHA 2 ] 3 ! :"‘. 14 ettt L L L LU LV L LR
| [[TTH]]} |[11LEH]
aj i a2|[|||lm3]|]|} ms| asi[as
MALLIMHA, 1 ‘. - . ‘ s SN N NEEERERNEERERRRREN

1] 10 20 30 40 50 60 70 I IEI\:l-I‘l;-"i\:--r.‘r-l.w
Que.5. 1. Onmumanno paznucarue npu NOC1e008amMeIHOCH 3a 00pabomka
HI1—=112—][3>/[4—115—/16—]]7
OnpeaesisiHe HA ONTUMAJIHYA PA3NIMCAHNUSA 32 CMeceHa (He3aBMCHMMA M 3aBUCHMA)
00padoTKa Ha 1eTailJId BbPXY MHOKeCTBO MAILIMHHA

IIpu cmecenara oOpaboTka Ha JETalIM CBHIIECTBYBA ONpEeNieHa MOCIEeIOBATEIHOCT Ha
o0paboTKaTa caMo Ha YacT OT JETalJINTe, JOKATO 32 OCTAHAJIHUTE JIETAUIIH ITOCIEA0BATEIHOCTTA
3a oOpaboTkaTta He ¢ ¢ukcupana. O6o06menustT moxaen (5.1) — (5.5) e u3noN3BaH M B TO3MU
cllydail, KaTo ce OIpeaeAT Bb3MOXKHHU Mo/Ipe10n Ha 00paboTKa Ha He3aBHUCUMUTE JAeTailiu. 3a
[eNTa € pa3padoTeH MapalielicH aropuThM 3a cMeceHa o0paboTka (He3aBucHMMa U 3aBUCHMMA) Ha

JeTaliin BbPXY MHOXKECTBO MalllMHH, WirocTpupad Ha Pur. 5.2 (Borissova & Mustakerov,
2014).

([ Havano ]} [TocnenoBaTeHOCTHTE Ha
[ v OICpaluuTe 3a BCCKU HeTaﬁH ca
Onpenensive 6posi Ha HelaBucumuTe aetannu (N) ]

samanenu karo: [1{O11, O1z, O14}, /2

[ VigeHTUduumMpaHe Ha Bb3MOXHWTE noapeatu ] {021, 022, 024}, ,ZZ3 {031, 033, 032},

Ha He3asncumMuTe aetTannn
M4 {041, Os2, Os3}, J5 {O11, O12, O13}
[tbopmynmpaﬂe Ha CBOTBETHUTE ONTMMW3AUWOHHW 3ada4qdn :“ I/I /ZZG {061! 063}l O6pa6oTKa’I‘a Ha

neraiinu [4, JI5 u /[6 e 3aBucuMa u

PewasaHe Ha ONTUMN3aUyNoOHHHHUTE
3afaqwv B napanen

TpsiOBa J1a ce M3BBPILIU B TOUHO Ta3u

{ y
! — o~ 3] o E
tletlellel (¢¢(1(¢( g ch mnociienoBareaHocT. OcTaHaJuTe
PIEI[ 5] &) \ VL g
LSS S ) ) ) j J 8 j JeTailii Morar Ja ce oOpaboTBar B
A v -
[R— ' 1 MIPOU3BOJIHA MOCJICIOBATEIHOCT.
Ly
[ CpaBHeHue U NoapexaaHe Ha pelueHusiTa ] HGJITa € Ia CC onpcAciiv pasnrucanuce,
L4 KOETO Ja CBeXJa 10 MHHUMYM
Orlpe.qenﬂﬂe Ha pasnncaHneTo C HaW-Manka
[ obwa npogsmxuTenHocT Ha obpabotka O6IHH5[T HpeCTOI‘/'I Ha MAaIIUuHUTE U
ompeaessi MHHUMAJHO BpeMe 3a
pain '
obmara oOpaboTka Ha  BCHYKH
Que. 5.2. Aneopumvm 3a ORMUMATHO PA3NUCAHUE -
JIeTalIu.

npu cmecena 0bpabomka Ha Oemailiu
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PesynrarsT oT pemaBanero Ha GopmynupanuTe 24 3aauu € WIIOCTPUpPaH moa Gopmara
Ha T. Hap. [ aum-ouacpamu Ha OUr. 5.3, OT KBAETO CE BIK/A, Y€ MM IMOBEYE OT €IHA Bb3MOXKHA
MOCJIEeIOBATEIHOCT 3a 00paboTKa Ha JeTaiauTe BOJEIIa J0 €IHa M ChIla MHUHHMAJIHA
NPOABIDKUTENOCT. B TakuBa ciiyuam u300pbT Ha €IHO OT TE3W pasNUCaHHUs OM MOTBHJI Ja ce
U3BBPUIN 110 IPYTH OOCKTUBHU WIH CYyOEKTUBHHU KPUTEPHH.

Machines

Machines

10 20 30 40 50 81 10 20 L) 40 50 56

Machines

Machines

Machines

Machines
Machines

Machines
Machines

£

M3

Machines

M2

Machines

M1

Machines
Machines

Machines
Machines

o o o .40....... 5055

M4

5
8

Machines
=
]
=

Machines
1
|

E
.

10 20 30 40 §0 60

Machines
Machines

10 2 30 50 0 64 10 20 30 40 0 63
Que. 5.3. Kombunayuu Ha pa3nucanusi 3a cmecena oopabomka Ha dematiiume
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W3uucnurenHuTe TPYIHOCTH, BH3HUKBAIIM TMPH  U3MOJ3BAHETO Ha  0000IIeHa
ONTHUMU3AIMOHHA 3ajada, pasryiek/ania BCUKHM KOMOWHAIMM Ha 00paboTKara €IHOBPEMEHO
MoraT na ObAaT MPEOJONISIHHM KaTo C€ M3MOJ3BAaT CHBPEMEHHHUTE TEXHOJIOTUU 32 IMapayieTHU
m3uncaureaHu anroputMu — Harnp. CUDA texnomorumsta. [lpym Hanuumero Ha 3aBHCHMa
00paboTKa MeXy 9acT OT JeTailiuTe (B MOBEYETO PealTHU 3a/1a4uM) CIOKHUTE MPOOIEeMH MOrat
1a ce IEKOMITO3UPAT A0 TOJISIM OpOH JIECHO U3YHCIMMH 33]1a4H.

O0001men MmoaeJ1 3a JIMHEHHO pa3KposiBaHe

KnacuueckusaT mpoOieM 3a JUHEHHO Pa3KpOsBaHE Pa3TiiekIa pa3sKpOSBAHETO HA CTaHIAPTHHU
3arOTOBKM Ha I10-MaJIKU JUHEHHU OTpA3BLHU, KATO CC HCIW MHUHUMHU3SUPAHC HAa OTHAABLUTEC
(Kantorovich, 1960; Gilmore & Gomory, 1961; Gilmore & Gomory, 1963) 3a pasnuka ot
KJIACHUECKHsI TpoOJieM, TMPEeUIOKEHUAT O0O0OIEeH MOJea eI ONpelesHe He camo
ONITUMAJTHUTE CXEMHU 32 Pa3KpOsiBaHE 3a BCSAKA OTACIHA 3ar0TOBKA, ChOOPAa3HO KOJUYECTBOTO Ha
HEOOXOJIMMHUTE €JIEMEHTH, HO M OIpeJAeisHe Ha ONTHMajdHAaTa Jb/DKMHA Ha 3arOTOBKHUTE
(Mustakerov & Borissova, 2014):

N
min{Z(L— Li)},i =1,..,N (5.80)
i=1
IIPpHU OTpaHUYCHUA
viil, :ixﬁlj, j=1...3 (5.81)
j=1
Vi:L <L (5.82)
v =k, (5.83)
i=1
(L*Apin) € L < (L*+A00) (5.84)
vi: %, :{binary integer O or 1, if N <k;; (5.85)
integer, otherwise

kpgeTo N e Opos Ha 3aroroBkure;, L e omnruManHata AbDKMHA HAa 3aroToBKHTe; L €
M3II0JI3BaHaTa JbDKMHA OT BCSIKA 3aroTOBKa; lj € IhKMHATa Ha €NeMEHTHTE; Xjj ca JBOMYHU
IEJIOYNCIICHN TTPOMEHIINBH, NMPHCBOCHM HAa BCEKU €JIEMEHT | W CHOTBETHA 3aroToBKa J; Kjj
MpEJICTaBIsIBA HEOOXOAUMOTO KOJIMYECTBO 3a BCEKH €IEMEHT; Amin U Amax Ca 3aJaJlCHUTE
TPaHUIM 32 JOMYCTUMOTO OTKJIOHEHHE OT CTaHJapTHATA AbJKUHA Ha 3aTOTOBKUTE L*.

MonenbT € TecTBaH 3a peaJieH MpoOJeM 3a OmpeielissHe Ha ONTUMAIHHUTE MOJAENIH Ha
pasKposiBaHE W ONTHUMalHaTa Ib/KMHA Ha 3arotoBkure (Mustakerov & Borissova, 2014), a
MOJTYYEHUTE Pe3yJITaTh ca moka3aHu B Tabnuma 5.6 u Tabnuma 5.7.

Tabnuya 5.6. Onmumanna OvIX’CUHA HA 3d20MOBKUME U OMNAObYU 3a 8CAKA 3A20MOBKA

OHTI/IMaJIHaTa ABIDKUHA Ha 06].[[0 KOJINYECTBO HaA I/I3HOJ'I3BaHa ABIDKUHA OT OTHaJ_'[’L].[I/I OT BCsKa
3aroTOBKUTEC L, mm OTHaabIUTE, mm BCsjKa 3aroToBKa, mm 3aroToBKa, mm

L, = 6330 220
L, = 6330 220
Ls = 6030 520
L, = 6030 520

6550 4110 Ls = 5680 870
Ls = 5680 870
L, = 5680 870
Lg = 6530 20
Ly = 6550 0
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Tabnuya 5.7. Onmumannu mMooenu 3a paskposeane 3a 8CAKaA 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
Lg 1 1 0 0 0 1 1
L, 1 1 0 0 0 1 1
Lg 0 1 0 1 1 1 0
Lg 1 0 0 1 1 0 1

HamansiBaneto Ha 3aryOuTe Ipu pa3KpOsBAHETO € €AWH OT OCHOBHUTE MPOOJIEMHU TpH
MIPOM3BOJICTBOTO Ha Jorpama. OMHUCAHUAT MOAXO0] MOXE Ja JONMPHHECE HE CaMO 32 HaMaJIIBaHEe
Ha oOmmuTe 3aryOu 4Ype3 ONTUMHU3MpAHE Ha IbJDKMHATA HA 3arOTOBKUTE W MOJENHTE Ha
pa3KkposiBaHe, HO ChIIO Taka MOXeE Ja HaMalli 00LI0TO BpeMe 3a MPOU3BOJICTBOTO U CBbP3aHUTE
c Hero pa3xoqu. ChIIECTBEHO NPEIUMCTBOTO Ha MPEAJIOKEHHUS MOJEN € Bb3MOKHOCTTA 3a
€HOBPEMEHHO ONpeesiHe KaKTO Ha ONTHMAalHaTa IbhJDKMHA Ha 3aroTOBKUTE, Taka U Ha
ONTUMAJIHUTE MOJIETN Ha Pa3KposiBaHE 3a BCSIKA €HA 3ar0TOBKA.

O000men Moaen 3a ompeaejsiHe Ha ONTUMAJHUSA Opoll Ha mepcoHasa W rpadguka 3a
pabGora

dopMynupaH € 00001IeH ONTUMHU3AIMOHEH MOJIEIT, OTIPEIETISI ONTUMATHHS OpOi TepcoHalia u
rpaduka 3a padora (Borissova & Mustakerov, 2013):

min PT (5.92)
IIpY OTPaHUYEHUS

PT >PThmin (5.93)
PT <PTmax (5.94)
Xj >0, integer,jel (5.95)
Yi =0, integer, jel (5.96)
xj + h; <PT (5.97)
yj+wi<W (5.98)
Ijm + Imj + bjm + bmj =1 (5.99)
Xj + hj <Xmn+ (l — Ijm)PTmax (5.100)
Yj + Wj <ym + (1 - bjm)W (5.101)
SA = W*PT (5.102)
SI = SA-O0A (5.103)
PTmin = max{hj} (5.104)
PTnac=maxy” p, (5.105)

j=1
OA = iwjhj (5.106)

kbaeTo: PT — o0mo Bpeme 3a ob6pabotka, PTyin 1 PThax — MUHIMAIHOTO U MaKCHMAaJTHOTO
BpeMe 3a 00paboTka Ha efaHa neidHocT, M — Opoit mammau, W — 6poit onepatopu, 00CITyKBaIiu
nagena mamuHa, SA = W*PT — 3aetoct Ha omeparopure, hj, jeJ, — Bpeme 3a o6paboTka Ha j-
mama MamwuHa, W;, JeJ — Opoii omeparopu, obcmyxBamy j-mama MamuHa, Wiyin = max {w;} —
MHMHHUMaseH Opoil omeparopu, obcayxBamy MamuHUTE, Wmax = X Wj — MakcumaieH Opoit
omepaTopH 3a 00CITy)XBaHe Ha MalIMHUTE (IpH mapanenHa odopadorka), OA =X w; h; — obma
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o Ha Bcudku onepanuy, SI = SA — OA — mpecroii Ha nepconana, ljn = 0/1 — npomennuBa
paBHa Ha 1 aKo j-mus MPaBOBIBIHKUK € PA3MIOJOXKEH OTIIIBO HA M-THS IPABOBI'BIHUK MK 0, aKO
He ¢ Taka, bjm = 0/1 — mpoMenuBa paBHa Ha 1 aKo j-mus NPaBOBI'BIHYUK € Pa3MONIOKEH OTHOIY
Ha M-TUs NpaBoBI'bIHUK ik 0, ako He € Taka, Xj, Yj — KOPOAUHATH HA JICBUS TOPEH BI'bJI HA j-
musi IPaBOBIBIIHKK, TPEACTABSII j-mama Onepanus Ha j-mama MalliHa.

3a ja ce onpesey ONTHMAIHKS OPOi OIepaTopy MO OTHOIICHWE Ha MUHHMAJICH MTPECTOM
Ha TepcoHana, onTuMmm3anuonHata 3amada (5.92) — (5.103) ce pemiaBa 3a pasnmucH Opoit
oreparopu (Pwur. 5.9).

- pocessing ime o]

1237456 7 8[9 10[11[12/13[14[15 161718 19/20[ 21/ 2223[ 24 25/26] 27 28/25( 30 31/32[3334]35/36 37/38/39 a0[a1[a2[43]aa[a5

Stalf idle

a)

W fnumbser]

1/2/3 als/6 7[8]8 10[11/12 13[14[15 16(17/1819[20{ 21 22[23 24 25[26 27/ 28[29/30(31[32/3334[35
o |

W [number]

b)

W [rumber]

<)

PT - processing time [hours]
1/2/3/a/5 6[7[8/9[10[1112

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)

Que. 5.9. I'paghuuno npedcmassane na nomyueHume pe3yimamu

[Tpu onpenensiHeTo Ha ONTUMATHHS Opol omeparopu MoraT Ja ObAaT U3MOI3BAaHU IPYTH
KpUTUPHUH, KaTO HANpUMEp MHHHMAIHO BpeMe 3a 00paborka. M3MON3BaHUAT MKOHOMHUYECKH
KpUTEpHd 32 MUHHMAJIEH IPOCTOM HA OMEpaToOpuTe MOXe Ja Obae MOIUMDUIIMH C MOIXOISIIN
KOPEKIIMW, TaKa 4e B3eME TPEABHI M JAPYT'HM WU3UCKBAHUS IMPH ONPEISISTHETO HAa ONTUMAITHUS
Opoii omeparopu.
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I'naBa 6: Moaesu 1 QJITOPUTMHU 32 NMPEACKA3BALI0 MOJAbPKAHE

B Ta3u rnaBa ca onucaHu npenioKeHUTe MaTeMaTUYECKH MOJIETU U aJiTOPUTMU 3a yIpaBJIeHHE
Ha MPEAICKa3BaIOTO MOAIbpPXKAHE HA WHKEHEPHU CUCTEMU MpH: 1) ompezensHe Ha ONTUMAIIHA
cTpaTerus, 0asupaHa Ha OICHKH 33 IPUXOJU U PA3XOJUTE, M ONMPEAeTIIa PEMOHT WK 3aMsHA
Ha MallliHA KaTo ISUI0 WU Ha OTJCIHM HEWHH KOMIIOHEHTH, 2) OMpeNeNisTHe Ha ONTHMAaJIHA
CTpaTerusi, OTYHTAIla YCIOBHUITA Ha HEOINPENEICHOCT, 3) eJHOKpUTEpHUaJICH MOJeN 3a
ompejeNsiHe Ha  ONTUMAHOTO  pasMoJioKEHUWe Ha 3ajgafeH Opodl  ceH3opu H
MHOTOKpUTEpHUAJIEH MOJe] 32 €IHOBPEMEHHO OIpe/essiHEe Ha Pa3MoJIOKEHUETO U Oposi Ha
CEH30pUTE 32 HYXJAUTE HAa MOHUTOPHUHTA.

OmnpeneisiHe Ha ONTHMAJIHA CTpPaTerusi, 0a3sWpaHa Ha ONEHKUTEe Ha MNPUXOAUTEe H
pa3xoaure

3a mesMTe Ha MPECKa3Bal[OTO MOAAPHKAHE ca MPEII0KEHH B THIIA OLIEHKH 3a ONpPECIIsHE
Ha pasxoaute u nonsute (Mustakerov & Borissova, 2013):

CRE s — Crepair_component 63)
ﬂpremaining
CBE rew — Cnew_component 64

remaining
KBJETO Crepair_component € IEHATA 33 PEMOHT Ha KOMIIOHEHTA, Chew_component € LIEHATa Ha 3aMsHATa C
HOB KOMIIOHEHT, o € KOS(HLUEHT, IOKa3Balll KOJKO I'bTU KOMIIOHEHTBT € MOBPEXIaH, Premaining
e rneyanbara OT OCTaBaIlOTO MOJIE3HO BpeMe Ha paboTa Ha KOMIIOHEHTA, ff € KOe(UIIUEeHT, KOUTO
MOKAa3Ba Jali KOMITIOHEHTHT € peMoHTupaH (0 < S < 1) unu e 3ameHeH ¢ HOB (ff = 1).

[lpomechT Ha B3eMaHe Ha pEIICHWE 3a ONpEACIsIHE Ha IOIXOAAINAa CTpaTerHs 3a
HOAJPHIKKA MOXKeE J1a ce peanm3upa Ha apa eramna (Pwur. 6.3). Ha mbpBus eran ce pasriexaar
JBE aNTepHATHBHM — Jla CE€ PEMOHTHpA MalllMHATAa WM Ja CMEHHM MallMHATa KaTo IS0 B
pe3y/Tar Ha pelaBaHe Ha CleHaTa onTuMu3anionHa 3aaada (Mustakerov & Borissova, 2013):

max{zn: XCBE[®P3r 4 Zn: yCBE™" (6.5)
i=1 i=1
IPY OrPaHUYCHUS
x+y=1, xvye{0, 1} (6.6)
KBJETO X, Y ca TBOWYHU [IETOYNCIICHH IPOMEHJIMBH 32 BCSIKA alNTEPHATHBA.

KomnoHeHT 1 JamaAHa

nonpaeka/3amana’.

nonpaexka

nonpaeka

JamAHa

KomnoweHT 2
nonpaeka/zaMana?

nonpaeska I-(—

KomMnoHeHT n JamAHa

nonpaeka/zamMaHa’,

nonpaexka

Y
Kpai

Que. 6.3. Ancopumvm Ha 63emare HA peulenus npu NPedCcKa38auio noOOPwICAHe
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Crparerusita 3a PEMOHT/3aMsHA 3a BCEKHM OTIEJIEH KOMIIOHCHT C€ Ompeneis OT
pelaBaHeTo Ha ClIeAHHs onTuMu3aironeH mpooaem (Mustakerov & Borissova, 2013):

max[zn: x,CBE;PaIr 4 Zn: inBEi”e‘”J (6.7)

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

i1
Xiy Vi E{O, 1} (6.9)

KBIETO Xj, Yi ca ABOMYHU LIEIOYUCIEHU MPOMEHIIMBH NPUCBOECHU KbM BCEKHM KOMIIOHEHT Ha
MallliHaTa.

[IpemioskeHUAT MOAXO/ € WIIOCTpUpaH Ha 0a3ara Ha peajieH IpUMep 3a MpeacKa3Ballio
MOAIBbPIKAHE, BKIIOUYBAIl 4 KOMIIOHEHTAa. YUCIEHNUTE pe3yaTaTH MOKa3BaT MPUIIOKUMOCTTa Ha
IIPEUIOKEHUS IOAXO0/ U €(heKTUBHOCTTA HAa ONMUMCAHUTE MAaTEMaTHUECKU MOJIENIN 3a ONpeelsiHe
Ha ONTHMAJIHA CTPATETHUs 3a TEXHUYECKA MOAPHKKA.

OmnpenesisiHe HA ONITHMAJIHA CTPATErUsl, OTYUTAIIA YCJIOBUATA HA HeoNpeIeaeHOCT
[IpennoxkeHa e CTpyKTypa 3a CHCTEMa 3a MOJIOMaraHe B3eMaHETO Ha PEIICHHsS 3a LIEIHUTE Ha
NPEICKa3BalIoTO MOAAPHKaHe, peaji3hpaHa OT YETHPH OCHOBHU CIIOS 32 MOHHTOPHHI Ha
CHCTOSTHHETO, yIpPaBJICHUE HAa MOJCIUTE W 3HAHHMATA M OICHKAa Ha chcTosiHMeTo (Borissova &
Mustakerov, 2012). IlpunoxumMocTTa Ha IMpEJIOKEHATa CHCTEMa € TecTBaHa Ha 0Oa3zaTa Ha
peajieH mpuMep ¢ TPU AITEPHATHBHU 32 TEXHUYECKO 00CTy)XBaHE (PEMOHT, 3aMsHA, HE Ce IPaBH
HUIIO) 3a BCSIKA OT MamIMHUTE. Penennero 3a n300p Ha MOIXOAAIIA CTPAreHUS 3a MOIJPHKKA
3aBHCH OT OIIGHKaTa Ha CbCTOSHHETO Ha MamuHute. OlLEHKuTe Ha mojiesHocTra Ej 3a
CHhOTBETHHUTE aJITEPHATHUBH ca Mmoka3anu B Tabiuma 6.4 (Borissova & Mustakerov, 2013).

Tabauya 6.4. Oyenku na NOIE3HOCMMA 34 CbOMBEMHUME AIIMEPHAMUBU

AnrepHaTuBa OLICHKY Ha MOJIE3HOCTTA
Al 60 30 65
A2 40 20 70
A3 80 10 -5

W3znon3paiiku kputepunre Ha Bann, CaBumx u Jlannac Boaar 1o u300p Ha alnTepHATHUBA
Al. Bcuuku Te3u npuMepu IOKa3BaT, Y€ C M3IOJA3BAHETO HA MOAXOIAL] KPUTEPUIl MOXeE 1a
Obpae ompezaeneHa Hail-moOpaTta cTparerus, KOSTO Ja MOJIOMara B3eMaHETO Ha peIleHUs, 3a
LEJIUTE Ha IIPEICKa3BaIlOTO MOAAPBKAHE, IIPU OTYUTAHE YCIOBUATA HA HEOIPEIEICHOCT.

O000meH exHOKpHTEpHAJIeH MoJAe] 3a ompelejsiHe ONTHMAJHOTO Pa3MoOJI0KeHHe HAa
CEH30pPH 32 MOHUTOPHUHT HA CHCTOSIHHETO

3a nma ce ompeAeny ONTUMAIIHUS OpOil Ha CEH30pHTE, HAKOM OT TAX TpAOBa Ja oTmajaHaT Oe3
3HAYUTENHO J1a BIMAAT Ha 3arybara Ha uHpopMmarus. Ta3u uaes e peaiausapaHa upe3 CieIHUs
eIHOKpUTEpUaAIeH O0OO0IIEeH ONTHMU3ALMOHEH MOJET 3a ONpeAessiHE Pa3MoJ0KEHHUETO Ha
cen3opu (Borissova u nip., 2012):

R I

i1 j=2
ij =m, x; {03} (6.32)
=1

KBIETO ¢] € CTOMHOCTTAa OT i-Msl PEKHM B j-TaTa IO3ULHUS HA CEH30DA, (¢}71—¢}+1)/2 ca

peaAyuupaHuTe JaHHU B ClIydad Ha JIMIICBALL CCH30p 4YpEC3 JIMHEHHA HUHTCpIoJIard Ha JaHHUTC
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OT CBCEIHHUTE 3a HEr0 CEH30pH, Xj Ca JBOWYHU IIEJIOYMCIECHH ITPOMEHIIMBYU, IPUCBOCHU KBM
BCSKO ITOTEHIIMAIHO MECTOIIOJIOKEHNE HAa CEH30PUTE.

3a Ja ce WICTpHUpa MPUIOKUMOCTTAa Ha TO3UM MOJEIN, ca M3MOJ3BaHM JaHHUTE 3a TPU
pekuMa Ha JMHAMUYHU HaToBapBaHus U 10 CEH30pHU MECTOIOJIOXKEHUS, KOUTO Ca U3IOJI3BAHU
3a (opMyaHpaHe Ha ClielHaTa eTHOKPHTEpUaliHa ONTUMH3AIMOHHA 3amada (Borissova u ap.,
2012):

o558 659
i1 =
S, =m, x; {03} (6.34)
1
X1 =1 (6.35)
X10 =1 (636)

HenTa Ha 3amavata (6.33) — (6.36) e na ce onpeaensT ONTUMATHUTE MECTOIOIOKEHUS Ha
9,8, 7mu 6 cenzopa (m =9, 8, 7, 6) npu moreHnuanau 10 MECTOMONIOKEHUS U Ja CE OICHH
of1ara rpemika B JaHauTe. [loiydeHUTE pe3ynTaTuTe ca WitocTpupanu Ha dwr. 6.8.

a) b)

1 2 3 A
@ue. 6.8. Kpusu na ounamuynume Hamogapeanusi Npu HAIudue Ha:
a) 9 censopa, 6) 8 cenzopa, 8) 7 cenzopa, 2) 6 ceHzopa

OtauuuTteHa 0cOOCHOCT Ha NpeaAJIOKCHUA MOJACI, € Y€ ONTUMAJIHUTC MCCTOIOJIOXKCHUSA
Ha CCH30PUTC CC ONpPCACTIAT KaTO CAHOBPCMCHHO CC OTYHUTAT BCUYKH PCKUMH HAa JUHAMHUYHU
HaTOBapBaHUA U NPCABAPUTCIHO 3aAaICHUTC MCCTOIIOJIOKCHUS HA CCH30PUTC.

O0001IeH MHOTOKpPUTEpPHAJIEeH MOJeJ 3a onpeleisiHe Ha Oposi M1 PAa3MoJIOKEHUETO HA
CEH30pH 32 MOHUTOPHHI HA CHCTOSIHMETO

[TpoOneMbT 3a ONTHMAJIHOTO ONpECIHSHE HA MECTOIMOJOKEHHETO Ha CEH30pU TpHU
MOHUTOPHUHTA 3a IIEJMTE Ha MPEICKa3BallOTO MOIbPKAaHEe, MOXKE Ja ObjJe MPEICTaBeH upe3
MHOTOKPUTEPHAJICH ONTHMU3AIMOHCH MOJICT 3a €JHOBPEMECHHO OINpeleNsHe Ha Opos u
Pa3MoJIOKEHUETO Ha ceH3opuTe. To3u mpoljaeM € MpencTaBeH MaTeMaTHYeCKH 4upe3 CIICTHUS
00061ieH mozen (Mustakerov & Borissova, 2014):
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p n

maXZZ‘XMi,j + Yj¢i*,j

i1 1 (6.37)
min ij
i1

MIPU OTPaHUYCHUS

5 :‘(@,jl Z¢i,,-+1) (6.38)
X +yj=1 (6.39)
x; € {0, 1} (6.40)
yj < {0, 1} (6.41)

KBJIETO Xj Ca ABOMYHU LIEJIOYHCIEHH HPOMEHJIMBH, MPUCBOCHH KbM BCSKO MHOTEHIMAIHO
MECTOMOJIOKEHHE HA CEH30D; ¢;; € CTOMHOCTTA Ha JIeHEWHATa HHTEPIOJIAHs, aKO CEH30p | He €

IIOCTaBeH; Yj ca JBOWYHM LEJIOYMCICHH IPOMEHIMBHU, NPUCBOECHU KBM ¢ i pe Opoil Ha

PSKUMHUTE Ha TUHAMUYHUTE HATOBApBaHMs; N € Opol Ha MOTEHIMATHUTE MECTOIOJIOKEHUS Ha
cenzopure. 3aBucumoctTa (6.39) m3passiBa (pakra, ye aKO MECTOITOJIOKEHHETO Ha CEH30p | €
3aeTo, TO HE CE€ Hajara MHTEPIIOJIAIHs Ha JaHHUTE U 0OpaTHO.

W3non3BaHu ca MaHHWTE 32 MTBPBUTE 5 peKMMa Ha JMHAMUYHU HATOBapBaHMs W Ha 0aza

Ha TPEIOKEHUsT MoJiell € (opMyliupaHa Clie[HaTa ONTHMHU3alMoHHA 3anada (Mustakerov &
Borissova, 2014):

5 10
max D" |¥idh s + Yy (6.42)

i=1 j=1

MIpH OTpaHUYCHHUS

7, =‘—(“’”1§¢"“) (643
xi+y;=1,j=12,...,10 (6.44)
x; € {0, 1} (6.45)
yj € {0, 1} (6.46)
X1 = 1, X10 = 1 (647)

Pemenuero Ha Ta3u 3amayva npecTaBisasBa UACAIHUS caydail, korato Bcuukute 10 cenzopa
ca HaJuIle, KOETO IIIe OCUTypH MaKkCUMallHaTa CTOMHOCT Ha 1enBaTa ¢pyHkuus. Ha Bropus eran
OT W3IIBIHCHUETO Ha JIEKCUKOTpadCKUs METOJ, eIHOKPUTEpUATHATA ONTUMA3allMOHHA 3a/ladya

“Ma BHUOA:
10
mianj , V x€{0, 1} (6.48)
=
MpY OrpaHUYaHUS
5 10 N 5 10 X optimum
Z‘Xj¢i,j +Yi6,| 2 a[ZZ‘XJ’(ﬁi,j + Yj¢i,j@ (6.49)
i=l j=1 i=1 j=1
. @11—;%1) (6.50)
Xi+y=1 (6.51)
xj € {0,1},y; € {0,1} (6.52)
X1 =1, X10 =1 (653)
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KBJIETO [25:120:"1 P Joptlmum € ONTHMaJHaTa CTOMHOCT, ONpEJeeHa OT MbPBHUs €Tam Ha
i1 j-1
nexkcukorpadckus MeTon. Upe3 KoeHIMEHTa @@ ce OMpEneNs ¢ KONKO € JONMYCTHMO Ja Ce
OTJIMYABAT JAHHUTE, KOTATO CE M3MOJI3BAT M0-MAJIKO CEH30PH 32 MOHMTOPHHTA.

[TonydyeHuTe pe3yaTaTHTE 3a ONpENEIsSHEe HAa ONTUMAIEH OpOoH M pasloJOKEHUE Ha
CEH30pHTE ca moka3zanu Ha dwur. 6.9.

3a pazMKa OT €HOKPUTEPHATHHS MOJIEN, PH (HOPMYJIUPAHUS MHOTOKPHTEPHATIEH MOJIEN
Cce OmpeeNsi KakTo Oposi Ha CEH30PUTE 3a MOHMTOPHMHIA, TaKa U TEXHHTE MECTOINOJIOKEHHUS.
ToBa ce mocTura upe3 BBBENEHHS KOSQUIMEHT ¢, Ype3 KOMTO Ce 3aj1aBa JOMYCTHMOTO
OTKJIOHEHHE Ha JaHHWTE OT WICATHUTE KPMBM Ha JIMHAMHYHWTE HaToBapBanus. M B 1Bara
MOJIENa TaHHUTE 32 MECTOTIONIOKEHUETO GE3 CEH30p CE OMPEENAT Ype3 JIMHEHHA HHTEPTIOAIUS
OT JIBaTa ChCEHM 3@ HETO CEH30Da.

1

a)

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

I'naBa 7: Moaesu 1 aJITOPUTMHU 32 000CHOBAH U300P HA AJITEPHATUBH

B Ta3u rnaBa ca onmucaHu MOJIENU M aITOPUTMHU Ha 32 000CHOBaH M300p Ha anTepHaTUBU npu: 1)
nu300p upe3 Kiacupane, 2) u30op Ha K-Haii 100Opu antepHaTHBH, 3) M300p Ha alTepHATHBA C
OTYHMTaHE Ha OKOJHATA cpena, 4) n300p Ha aTepHATHBA Ype3 TPYIOBO B3EMaHE Ha PEUICHHUS.

O060011eH aJIrOpUTHLM 32 U300p Ype3 KIacupaHe

Nnesra Ha npeaioKeHus OAXO0 € Jja ce CUMyJupa Ha noseneHuero Ha JIBP B ycioBusaTa Ha
MHOTOKpPHUTEpHUAIEH U300p Ype3 MOCIeI0BAaTEeIHO PelllaBaHE Ha MHOYKECTBO MHOTOKPUTEPUATHU
3aaud 3a pas3liiKa OT ChIIECTBYBAIIUTe Mojaeau kato scoring models (Nelson, 1986), AHP
(Garcia-Cascales &. Lamata, 2009), ANP (Saaty, 2005; Wu & Lee, 2007), ELECTRE (Wang &
Triantaphyllou, 2008), PROMETHEE (Behzadian u mp., 2010), utility models (Kalouptsidis u
ap., 2007), TOPSIS (Behzadian u ap., 2012) u axiomatic design (Kulak u mp., 2010).
[IpennoxxeHusT 0000IIEH aNrOpPUTHM 3a KJIACHPAaHE HA aJITEPHATUBHUTE Upe3 M3IOJ3BaHE Ha
MHOTOKpUTEpHAlIHA ONTHUMH3AIMs, ¢ witoctpupan rpadpuuno Ha Dur. 7.1 (Mustakerov&
Borissova, 2013). TlomydyeHuTe pelieHUs Ha €Talm 5 OT alropurbMa ca B ChOTBETCTBHE C
npeanountanuara Ha JIBP m mo3BonsiBar antepHaTUBHTE @ c€ MOAPEIAT B €IMH OLEHBYEH
CIUCBHK, MOANIOMAranl B3eMaHETO Ha PELICHHUE.
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( Havano )

AnTepHaTnBun

i=(1,.. N)

H 2 ‘ KpuTepun Ha anTepHaTUBUTE ] 1

—e—/1BP-1
=m= NBP-2
- JIBP-3

3 ®opmMynupaHe Ha MOTOKpUTepKUanHa sagada
¥
4 Mpepnoyntanns Ha NIBP ]

K

k=1

Q Kpa# D) g—..s -

Que. 7.1. Obobwen areopumvm 3a Que. 7.2. Cmounocmu Ha yenesume QyHKYUU HA
Kaacupame Ha anmepHamueu Kkaacupanume 15 ycmpoticmea

3a TecTBaHEe Ha MPWJIOKUMOCTTA Ha TPEMAJIOKCHHS aJTOPUTHM Ca HM3MOJI3BAHH PEATHU
naHHU 3a 15 ycrpoiictBa u 3 npeanounranusrata Ha JIBP (®wur. 7.2).

Jpyr uncnen npumep, KONTO MOKe Ja CIyXKH KaTo JTOKa3aTeJCTBO 3a MPUIIOKUMOCTTa Ha
OITMCAHUS AITOPUTHM B PA3IMUHH 00JIACTH, € KJIACHPAHETO Ha AbPXKaBU 3a IpaBeHe Ha OM3HecC.
BposT Ha M3MON3BaHNTE MKOHOMHYECKH MHIMKATOPHU 3a IMOJO0HA KiIacalus € ONpeNeNieH OT
CeeroBHara banka (Economy rankings, 2013). B 3aBucumoct oT Oposi Ha IbpKaBUTE,
yyacTBaIld B KIJIACAIUATA, CE OMPEACTSAT U BB3MOKHUTE CTOWHOCTH 32 HMKOHOMHUYECKHTE
MIOKa3aTeNy, KaTo He ce JOMyCKa OIICHSBAaHE HA JIBE WJIM IOBEYEC TBP)KABH IO €IHH U CHIIH
WKOHOMUYECKH WHAUKATOpU Ja HUMaT eaHakBu crtoilHoctu. Ha ®ur. 7.3 ca nokaszaHu
MOJTyYCHUTE pe3ynTaTu 3a IbpxkaBuTe OT M3rouna EBpomna u llentpamHa A3sus npu eqHaxkBa
BaXHOCT HA MKOHOMMYECKHTE NOKa3aTeiu (C MpeKbCHATa JIMHUSA), CPABHEHU C PE3yITaTUTE OT
CeeroBHata banka (¢ HenpexkbcHara nuHus) (Mustakerov & Borissova, 2013).
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Que. 7.3. Cpasnerue na pe3yimamume
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OOsAcHeHreTo Ha HaOMIOJaBaHUTE pa3IMKM @PU CpPaBHEHME Ha pE3yJNTaTHTE OT
M3IIOJI3BAHETO Ha TPEJIOKEHHsI AITOPUTBM 3a KJAacHpaHe C Pe3yNlTaTHTe, MyOJHMKYBaHU OT

CseroBHata banka e, uye B CseroBHara banka ce

KOHUTO CC€ 3aKpbrjsiBaT a0 LAJI0 YHUCIIO.

KJIaCUPAHCTO Ha M3110JI3BaT

CPEIHOAPUTMETUYHU CTOWHOCTH, Hampumep,
CpEeIHOAPUTMETUYHUTE CTOMHOCTH 3a Makenonus u JlatBus ca 7.1 u 6.6 um koraro Te3u
CTOMHOCTH Ca 3aKpBIJIAT A0 U0 YUCio, popmupaiiku kiacamusata ot 1 10 24 6e3 moBTOpEeHHUS.
N3non3Baiiku IpeaiosKeHNs AITOPUTHM 3a KJIaCUpaHe, CTOMHOCTHTE Ha IeJIeBUTE (YHKIIMHH CEe
otuntar 0e3 3akpbrisiBane (0.2434783 3a JlatBus u 0.2652174 3a Makenonusi). ToBa o3HauaBa,
ye JlarBusi mMa mo-7100pM MKOHOMHYECKHM IOKa3aTelM M CjelBa Ja ce Kiacupa Mpeau

MakenoHus.

MHorokpuTepuajeH ONTHMHA3ANMOHEH MoJIeJ 3a H300p Ha K Haii-100pu aJiTepHATHBH
Wnesra 3a K Haii-100pu anTepHATUBU € peaylupaHe Opos Ha alTepHATHBHUTE 10 3aJajicH Opoit
QITePHATHBY,  B3E€MAllKu  TPEABHI  TMOTPEOUTENCKUTE  W3UCKBaHUS.  [Ipe/iokeHusT
ONTHMHU3AIIMOHEH MOJIEN MO3BOJISIBA OINpeeisiHe Ha K Haii-1o0pu yCTpOWCTBa, 4pe3 peliaBaHe
Ha e/lHa CIMHCTBCHA MHOTOKpHUTEpHAlIHA ONTHMH3aIMoHa 3amada (Borissova & Mustakerov,
2013). Onpennenure 3 u 5 Hali-100OpH aJITEpHATUBH ca Noka3aHu Ha Dwur. 7.4.

M S BT '#1 w2 w1
NBP-1 > ) )< NBP-1
L #8 /_/
nBP-2 . nep-2
nNBP-4 . < NBP-4

Que. 1.4. K naii-oobpu YHB npu paznuunu npednouumanuﬂ naJIBP:a)k=3;6) k=5

3a moamomarane Ha JIBP mpu B3emaHe Ha OKOHYATEIHOTO PEIICHUE € MpeIoKeHa
mporieypa, 4pe3 OLCHSABAaHE Ha BCsKa OT Te3u K Hai-moOpu anTepHaTHBH Ha YCTPOWCTBA,
cpsmMo efaHo “‘mueanno” ycrpoiictBo (Borissova & Mustakerov, 2013), a pesynrarure ca

nokasanu Ha Our. 7.5.
a0
80
70
50 -
40
30

100
1 |7  la2| |
_ a1
60
20

OTHOCMTENHA OTAANEBYEHOCT, %

OTHOCHTENHE OTAANEYeHOCT, %

ycrponcTeo #

51

OTHOCMTENHE OTAaneeHocT, %

OTHOCMTENHA OTAanevexoct, %

=
o
(=}

90
80 -
70
60
50
40
30
20
10 +

ycTpoiicTeo #
Que. 7.5. Omoaneuenocm Ha 5 Hali-000pu ycmpoticmea 3a pasiuinu JIBP
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I/I360p Ha aJITEpHATHBA C OTYUTAHEC HA OKOJIHATA Cpeaa

dopmysMpaH € MaTreMaTU4YeCKu MOJeN, B KOWTO pa3cTosHueTo Ha neiictBue Ha YHB ce
pasriiexaa Karo (yHKUMsS Ha MapaMeTpuTe Ha OTIAEIHUTE MOIYJIHM Ha YCTPOWCTBOTO U
€THOBPEMEHHO C TOBAa C€ OTUMTAT U CTOMHOCTUTE Ha MPENOJaraéMUTE BHHIIHU YCIOBUS Ha
nabmonenue (Borissova, 2008; Borissova & Mustakerov, 2008). IToayuenure pe3ynraTd OT
pellaBaHeTO Ha ONTHMH3AIMOHHUTE 3a7a4yd 3a W300p HAa YCTPONCTBO, OTYHTAWKH KAaKTO
rnapaMeTpuTe Ha CaMOTO YCTPOMCTBO, Taka M MPEIINOJaraéMUTE BBHILIHU YCIOBUS Ha
HaOIoIeHue ca rnokazanu Ha @wr. 7.6.

800

ﬁ- 700 ° @ u3bop 6es nobasero orpaHuyenue u /1IBP-1
=

g 600 Q @ 13bop Bes nobaseHo orpaHuyeHue U JIBP-2
E 500 ¢ u3bop ¢ gobaeeHo orpaHuyeHune u JIBP-1
% 400 : Qusbop c pobaseHo orpaHuyeHmne u JIBP-2

3 300 @

8

B 200

]

S 100

0

01 2 3 4 5 6 7 8 910

VHB
Que. 7.6. U360p na YHB npu omcvcmeue u Hanuuue Ha QONbIHUMENHO 02PAHUYEHUE 30 PA3CIOSHUCTIO

Ha Oelicmaue U npu pasiuyHu npeonowumanus va JIBP

O00011eH MO/1eJI 32 TPYIIOBO B3eMaHe HA peleHus!

[IpuchcTBUETO HA CYOSKTHBEH (PAKTOP BHB BCSIKO YOBEIIKO PEIICHUE ce OOSICHIBA C pa3IudyHaTa
CTEIEH, B KOSATO PA3IMYHUTE WHIUBUIM TMPHUTEKABAT OIPEACICHH KadyecTBa, MMAIU TPSKO
OTHOIIICHHE KBbM TMpoOiemMa. AKO JHKBUIUPAHETO HA CyOeKTHBHHS (AKTOp € TMOoYTH
HEBH3MOXHO, TO HETOBOTO MUHHUMH3UPAHE € CTPEMEeX Ha J00poTo yrpasieHue. ToBa Moxe Ja
CTaHe, KOraTo C€ HM3IOJ3BaT NOBEYE MHEHUS, T.C. MPU H3IOJI3BAHETO HA TPYIOB MOIXOM 3a
B3eMaHe Ha perenus — ®ur. 7.7 (Mustakerov & Borissova, 2014).
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Due. 7.7. Aneopumvm 3a 2pynoeo 83emane Ha peuleHus
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Ha 6a3a Ha mpencraBeHara cxema 3a IpYHOBO B3e€MaHE Ha pelieHus € (popMmyiupaH

0000I11IeH ONTUMHU3AIIMOHCH MOJIET 3a IPyNoBo B3eMaHe Ha pemeHus (Mustakerov & Borissova,
2014):

M K
max ZZW,“ Al (7.43)
i=1 k=1
IIpU OIPAHUYCHUS
J
V=12, M:i(vk=12... KA =) af; x;) (7.44)
=1
J
ZXJ. =1 x; €{0,1} (7.45)

j=1
KbACTO ABONMYHUTEC LNCITOYUCIICHU TPOMCHIINBU Xj Ca MMPUCBOCHU KbM BCsKa aJITCpHATHUBA.

Mogenst (7.43) — (7.45) e u3moi3BaH 3a IPYNOBO B3E€MaHE Ha pEIICHHE 3a peajieH
npoOJieM Tpu U300p MEXIY 3 alTepHATHUBH, OIEHSABAaHM 1O 19 kputepus u Hanudue Ha 6 JIBP
(Mustakerov & Borissova, 2014). ®opMynupaHa € ¢IHOKpUTEpHAaTHa ONITHMHU3AIMOHHA 3a/1a4a,
PELICHUETO Ha KOSATO TapaHTHpa MOJIy4aBaHEeTO Ha ONTUMAJICH H300p Ha aTepHATHBA.

Jpyro mnpeiMMCTBO Ha MPEMIOKEHUS ONTUMU3ALUOHEH MOJECH, € JIECHOTO MY
MoauduIMpaHe U pa3imupsiBaHe, KOTaTo € HeOOXOIUMO J1a C€ B3eMarT MPEABU U IPYTH aCTIEKTH
Ha TpPYNOBOTO B3eMaHe Ha pemeHus. Hanpumep, npu HE0OXOAUMOCT OT OTYHUTAHE
KOMIIETCHTHOCTUTE Ha y4acTBAILUTE B I'pyIara JIMIA, B3eMall¥ Ha peuieHus. B To3u ciydaii,
moensT (7.43) — (7.45) ce moaudwuImpa 10 CIEIHOTO MPEACTaBSHE:

max%iakwikﬁ\-k (7.152)
==
IpH OTPaHUYEHHUS
Vi=12,..,M:(Vk=12,..,K: A :iaﬁj X;) (7.153)
=
Y=L 1,e{01} (7.154)
=
a* <(0)) (7.155)
KBJIETO JIOMBIHUTEIHO Ca BBEIEHU o KaTo KOe(UIMEHTH, U3pa3sBalIld KOMIIETEHTHOCTTA HA

Bceku JIBP.

I'nmaBa 8: CopryepHr HHCTPYMEHTH 32 NPUJI0KEHUS B HHIKEHEPHHU CUCTEMH

B Tta3u rmaBa ca omucaHu copTyepHH HHCTPYMEHTH, pEIM3MpAIld ONHCAHUTE B MPEAHUTE
[JIaBU MOJENH, METOAM U alropuTMH. YacT OT Te3u HMHCTPYMEHTH ca pPa3pabOTeHH KaTo
HaI'bJIHO (PYHKIIMOHAIHUA CHUCTEMH, JIOKAaTO Jpyra 4acT ca pealn3upaHy KaTo M3CIIEI0BATEICKI
MPOTOTUIH, TIO3BOJISBAIM anpoOMpaHeTo Ha mpenioxkeHuTe Mertonu. OmnucaHu ca yeb
0a3supaHd CUCTEMHM 3a MPOEKTHpaHE Ha: YpeOu 3a HOILIHO BIKIAHE, MEPCOHAIHU KOMIIOTPH,
BETPOCHEPTUIHN MApKOBE M 3a TPYNOBO B3eMaHe Ha peuieHue. B o0mactra Ha onNTHMaIHUTE
pasnucaHus, BETPOCHEPTMHHM TMApKOBE M JIMHEHHO paskposBaHe ca pa3paboTeHu
U3CJIEOBATEIICKM MPOTOTHUIM HAa CHEHUATU3UPaHU COPTYEpPHH CHCTEMH, HW3IOJI3BAIIT
ONTUMHU3ALIMOHHU MOJYJIH.
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Ye0-0a3upanu cucreMHd 3a TMOANOMAraHe IMPOEKTHPAHETO HAa MOAYJHHM HWHKEHEPHH
CHCTEMHU

Onucanute B ['MaBa 2 anropuTMHU 3a UTEPATHBHO U PALMOHAIHO MPOCKTHPAHE HA MOIYJIHHU
WH)XCHEPHU CHCTEMH, B3UMAIIM IMPEIBU CHIIECTBYBAIINTE B3aMMOBPBH3KH MEXKIY MOIYIIHTE,
(A1, A2, A3, A4, ASa, ASb u A6) ca u3MOI3BaHM NPU PEATU3UPAHETO HA yeO MPUIIOKEHUE 3a
MoJoMarane InpoekTupanero Ha koHourypamusta Ha [IK. DI'papuunusar norpeGutencku
uHTepdeiic Ha ToBa npuiiokeHue e mokazan Ha dur. 8.3 (Mustakerov & Borissova, 2013).
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@ue. 8.3. Illompebumencku unmepghetic Ha yed NPULoNCeHUemo

[TorpeOuTenckusaT nHTEpPENc Ha TPUITOKEHUETO, TOAIOMAaraIo npoektupanero Ha YHB
e mokazad Ha @wur. 8.5 (Borissova u ap, 2013).
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Objective Ocular El. batteries e Target type Ambient light Contrast Farantancs

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

Objective [Field of view, [degree]
Focus range, [mm]

Capacity, [mAih]
HINumber

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

Que. 8.5. [llompedbumencxku unmepghetic na NVDpro

[IpunoxxeHneTo MO3BOJIsABAa MPOEKTHUpaHe Ha paznuuHn YHB — ouwma, OMHOKBI WiIn
MpHIes, MPU H3MOJI3BaHE HA JAECTEPMUPMUHUPAHU WM CTOXAaCTHUYHU BBHILIHU YCJIOBUS Ha
HaOJIIOIeHUE.

[IpeayioxeHusAT aaropuThM 3a noArnomarane npoekrtupaneto Ha BEII, e peanuszupan B yed
npuinoxenue (Borissova & Mustakerov, 2014) — ®wur. 8.6.
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A preliminary assessment of wind power park project
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Que. 8.9. I paguuen nompebumencku unmepeiic Ha yed npurLodCeHuemo

[TpemioskeHUAT MOAXO/ 32 TPYMOBO B3eMaHe Ha PELICHHE € anpoOHpaH B MPOTOTHUI HA
coTyepeH MHCTPYMEHT 3a TPYIOBO B3eMaHE Ha PEIICHHE C OCHOBEH €KpaH, Moka3aH Ha Dwur.
8.10 (Mustakerov & Borissova, 2014)
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Que. 8.10. Ocnosen ekpan Ha NPOMOMUN HA CUCMEMA 30 2PYNOBO 83EMANeE HA PEUeHUe

Crnennanusupanu copryepHu cucreMu

Pazpaborenn ca u crnenuanuzupaHu CO(PTyepHH CHUCTEMH, HW3IMOI3BAIM ONTUMHU3AIMOHHU
moayaun kato LINDO API u Solver. LINDO API ocurypsBa HEOOXOAMMHUTE CpEICTBa 3a

pelaBaHe Ha MIUPOK CIEKThP OT 3a7auy 3a ONTHMH3AIHNS OT JIMHEHHO MPOTrpaMHUpaHe, CMECEHO-

L[EJI0YHCIIEHO MPOrpaMHUpaHe, KBaAPATHYHO IporpaMupane, KakTo U HETUHEHHHN U HeU3ITbKHAIN

3alaun.

B pa3zpaboTtenurte cnenuanuzapaHy CUCTEMH 3a MpeeisiHe Ha ONTHUMAIHU pa3nucaHus “J-
Opti” — dwur. 8.13 (Mustakerov & Borissova, 2009) u 3a onTUMajHO NPOCKTUPAHE Ha
BeTpoeHepruitnu napkose “Wind” — ®wur. 8.14 e nznon3san ontumusanuoneH moxya LINDO

API.
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BB Lova Optimication

OFTTHMEARALIAOHFA JATLA = | PELSEHHE HA OMTHMMUBALMOHMHATA SZALAHA =
min (1 E+HIE+HIE+ A E-HSE~HEE*XFEL ¥ Craiioet Ha UEnSEaTa fYHouMA = 332.0

MOs OrEaHrERHA 33 NOCNaI0ESTENHOCT HE OGRaGOTRMTE: FELBEAME KA NPSEATS 330H0E FEmEHNE HE JB0ACTERHATS IaNEU8
H12-W11 =0 MOOMERNKES  CTOAHOCT OTH. CLEHKS Qip. OoNEMH OpoM.  DEOGCTE. CLEHKE
H1&- X126 *l 1] 7.0 <1 1.0 a0
HIE -Hid=5 pad 8.0 0.0 C2 in 0.0
W22 - %21 = 8 *3 54.0 0.0 =] .0 o0
W& - W2F =10 xd 8.0 0.0 (=21 i0 0.0
HIE - HI4 = 6 %5 1E.0 0.0 [=21 10 o0
H33-HE = 8 xi 26.0 0.0 CE .0 0.0
HIT-HIT= %7 16.0 0.0 or 40 0.0
HIE - WIZT> B s 240 0.0 =] 40 0.0
HIE -HI4= 4 G 32.0 o0 =] a0 0.0
HAR - Mdl =4 w1l 4000 0.0 <10 1.0 0.0
A3 - W4T = =11 24.0 2K} [=Ek ] a0 -1
HAE = M43 > 3 2 400 0o =5 b} .0 (]
K52 - WS~ 4 w3 400 =Kz} (= ) o 0.0
WG - WET =12 ®14a 8.0 ] <14 oo -8.0
HGE - W53~ 4 15 5.0 n.no L=t -] 3a a.n
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Que. 8.13. Inasno menro na cucmemama

dopmynupanute 3agaun B cucremara “Wind” uMaT pa3iudHU pasmIMpeHHs OT 3aadyuTe
3a pa3NUCaHus, IOPaJU TOBA T€ €HO3HAUHO CE aCOLMUPAT ¢ KOHKPETHATa MPOrpaMHa CHCTEMa
Y TIPAaBU Bb3MOXKHO TAXHOTO PEeJaKTHUpaHe UM MOIU(UIIPaHE HA MTO-KbCEH eTall.

NMpoBACHHD -OPWEH THRAHS CHCTEMA 38 ONTHMHISLHA HA BETPODH EHERrHANY NONETH =10} x|
Dain | DyEupn Nomow, |
3APENAAHE AMIOMHSAHE |
JAMNOMHAHE na 3A0AYA | |4 IPELWEHIME HA ONTHIMIASALIMOHHATA SA0aMA
JAMNOMHAHE wa PELUEHHME |
H3IHOA
x
MACTD KA haina : Umm - :Oj :’ [ ’3-3 B
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™) opit.w
Deptnese E
C] oppg - r e -
[} pitw MActo Wa dbaitna: | wind - @85 IE__B[S:_
[ opit.s
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Mais wa iaiina ;| opitwl
Tian wa chasina : .'.w , x
| 3anmc Oikas
Hue ia (raina
Tiun a dheainna ; ;'.s |~

JAUWMC | Omeas

Que. 8.14. Ilpobaemno-opuenmupana cucmema 3a ONMUMAIHO npoekmupare Ha BETT

Crenyain3upaH ONTHMH3AaLMOHEH MOJYN, CHBMECTUM C CICKTPOHHHTE TaOIWIU €
U3I0JI3BaH NpU pa3pab0TBaHETO HA MPHIIOKEHUS 33 ONpPEACsIHE Ha ONTHMAIHU Pa3lHUCAHHS —
@ur. 8.15, (Borissova, 2008) 1 onTuMaiHo TUHEWHO pa3kposBane — @ur. 8.17.
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Que. 8

o6 - fo L
A B G D E F G H I J K L E
1 Combinatorial opti tion model for one-dimensional cutting stock problem
2 02, 17: length of the elements that are fo be cut
3 ALi: waste for each blank = gptimal length of blank - utilized lengeh of each blank
4 Chverall waste = sum of waste of all blanks
3 Lmin, Lmax: lower and upper limits of aptimal length af blank
[
7 Lmin = | 5000 11 12 13 4 15 16 7 Optimal lenght of blank,
8 Lmax = [ 7000 650 730 1400 1700 2000 | 2100 | 2200 6550
9 Demand of elements 4 B 4 4 4 4 8 Waste of each blank, ALY
10 o 1 1 o o 1 220
11 ] 1 1 a i a 1 220
12 [ 1 1 1 0 0 1 5
13 0 1 1 1 ° ] 1 520
14 Cutting patterns for 1 1 o o P 1 1 370
each blank
15 1 1 o o [ 1 1 870
16 1 1 0 o o 1 1 870
17 0 1 o 1 1 1 o 2
18 1 [ 0 1 1 [ 1 i
15 Minimal waste; 4110
20 | Elemems#insolution] 4 | 8 | 4 | a4 | a | a | 8
T e TE
2 r;\tccccccaoccDaccaaacccfaaaccDaaccaaacca —
23 L;%ccooccDDDODoocooocfocDDDDQDDDDDDDDGDD
E LﬁcccoccDDDGDoocooﬁccocDDDDGDDDDDDDDGDD —
= %:ccooccDDDGDofcoooccocDDDDQDDDDDDDDGDQ —
£ L"EccooccDDDfDoocoooccocoooocDDDDDDDDODD —
e ﬁccooc-—ooocDDDDDDDDDDDDDDDDDDDDDDDDDDD —
g vzccfcccDaccDaccaaaccccDaaccaaaccaaacca —
™~ Féccooccooocooocoooccﬁﬁoooocoooooooocoﬁ =
= o
== o
>4 o o Blololel=lole]e|e=le]le|ol= o|o|alo|alale—lelele] |
i NN N N N N N N N N NN A N N O NN B
= e e %ccooccooocooocooof-‘—ocoooocooooooﬁ,coo =
BE
5 65 =
= acaeo 2] Y = P P A A e e B S B I I s I CIE e E I E R I I N E
1 288 =
_ f&w o
= 88 1 I B e e e e ] e e e e e B e e e e e e S IS E ] C S S S I
S o o©
@ T T o
= § E ] I e e e e ] e e e e e e e e e e B e e e e A ) o B A S ) I
- op T %ccooccooocoooffooccocoooocoooﬁoooocoo =
Foa =
ol ok b S e e e e B B e e B e ] e B B e e e e B e e S S I e e S
B e
SOoXX
2 5== EGGDDGGDDDGD—‘TGDDDGGDGDDDDGDDDD—‘TDDGDD =
=80 ®
= =
o & e ST ST S B S il B S B BT SRR S S Rt C ST S S I B
o 2 b S e e e e B e e e e e e e e e ] e e e il 1 SR SR S £ I
g =
o E SRR S R R R e S
S &
rsl's]
S8 accooccoﬁﬁcooocoooccocoooocoﬁﬁooooocoo =
QG
31 =
g9 Glolo|el=|=|= B A N B I CIEICIE E B e M CI C E E
T @
R =
o] o S T e e e g e ] B e e e e e e ] e e e e S I S SR E S 4 I
e b = — —
T 1 e E el B e ] B e B e e e e e R ] R e e e o IS S C S ] Sl bl I
= X
i ) accoﬁﬁcooocDoocoooccocoooocﬁ'TDDDDDDcDD =
@ © =
E i 1 S o ] B ] e e e e e B o B ] B e e B e e e e S S S S
= o
g0 =
_|l= @ © b1l At e S S S SRS S B S S S B T SR S S R C S ] l S I B
5 B
© © o
I o
|, & 2= b1 e S S ] B ] B R SR B R S B L C R B S S S I
és =
SN X g 5 = e
glin b eg clwl=lolololo]=lolelol=lole ol o= l= o =l [ =l o= le o o l=l= | ===l =] |2
@ @2 oo
= T Qg |——
& 5.8 a8 = ==
% L =] = EE
SN PEES = - - . HE
Elu Tt e88 T oo o2 [ [oo oo oo = [ — o[22t | = oo [ ]eo |co feo [o o oo | = | |eo [2] o |— ||t | oo |22 ]| |E)E
= = ] H -5]-5]
all (X2T T g EE
=] © = ooy = B
& T ofmal o o @
= oo < ST al o8 &5
aogg;:;;gs 2 5 |o|o|olo|2|ofem el || [a]= 2w oo o fwo]m || caea|< | |0 |2 e = oo ei| =t ea |0 o[ 13
a==2s &
" B2 g|E| &5 b
=T T|gw = i
T - o E = © =
o =gl E o = )
o ool 3B 2L = = i
R = El kS S B =] g
asegleg = =
S 9= EIEZS =
J 5 e Zrme Y Y it Y i o 3 ot )2
g SlzE| 25 g| | =1 | e e e e e = e e e e =
4 Glza| 58 FEIEIEE BEEE B R B EE
[i=1PN =1 =g = p =, e = = =N = FEEEE EEEE HEEEEEE
o s[5 2 &= = = = =t =t SN B EIEIEIET B EEE e e
. 2m| awm || = | e [ | oo | = e | =t oo | o = f e oo | =
@ elEg] = SIS S Sl Sl S S
S G|= £
oA & | = DLMHMMEM EH 120120E "3°L ‘MHHMEN
i< S T 2 “MHUMER HHRALEEd HMA3 W HHES EH HUMELDT JLMHLUATLO
' 3 EH UME1T MX928 BH eL1ENl00edQ0 BH LDOHUBLIEHOTRUD O] -
= eH eLedLogedoo eH LyoHUALRAOTOIDOY
=)
oo S| [e[m]=]w w=ele o= o oww]ose oo = [am]z]w o ee o= oo g w]e = = o
| =t w0 w ~ L e R e e e e e e SN S S N S A S o e S R e S e S

.15. Mooen 3a onpedensine na onmumanio panucarnue

Harpynanust omnurt, OT pa3pabOTBaHETO Ha ONHUCAHWUTE B Ta3W TjaBa CO(PTyepHH
MHCTPYMEHTH, Ie ObJe H3IMO0JI3BaH MpPH CH3AABAHETO HA JPYrd MOJOOHM HHCTPYMEHTH,
pean3upaniy NpeayioKeHUTe B IUCEPTALIMOHHUS TPYI MOJIEIH, METOJIU U aJITOPUTMH.
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3akao4YeHue

['mobGanm3anmoHHUTE MPOIECH, HAOIIOJaBaHU B CHBPEMEHHUS CBAT IMOCTABAT BCE MO-TOJIEMH
W3WCKBAaHUS 3a TOHIDKAaBaHE HA IMPOU3BOJCTBEHUTE Pa3XOJH, 3a KOHKYPEHTOCIIOCOOHOCT B
CBETOBEH Mamial U 3a U3M0JI3BaHe Ha HAyYHO-O0OOCHOBAHU METOMHM MPH B3EMaHETO Ha PEIICHUSI.
Pa3BuTHeTOo Ha KOMOIOTHPHHUTE TEXHOJOTMH U TOCTOSHHO pacTAIlaTa UM H3YHUCIUTEITHA
MOIIIHOCT MTO3BOJISIBAT €(PEKTUBHO M3IOJI3BAHE HA ONTHUMH3AIMOHHN MOJICTH, BOJCIIN JI0 3a/1a4l
c rTomsMa pasMmepHocT. Hammumero Ha MOJEpHU KOMIIOTBPHH CpeIcTBAa W e(EKTUBHU
W3YMCITUTEITHH METOIM, ca J00pa OCHOBAa 3a pPa3BUTHE HAa HAyYHO-OOOCHOBAHU TOIXOIU TIPU
pelliaBaHe Ha peallHd HAayYHO-TIPWIIOKHH MPOOIEMH OT Pa3iryHU 00JacTH. 3a TOCTPOSBAHETO
Ha aJIeKBaT€H MaTeMaTUYeCKH MOJIET OT 0COOCHA BAYKHOCT € OMPEIEISTHETO Ha 3aBUCUMOCTHUTE,
OIMCBAIIN KOJIMYECTBEHUTE BPBH3KH MEXIY M3XOIHHUTE JaHHU W MapaMeTpUTE Ha PEIICHUETO,
KOHUTO C€ M3MOJI3BAT KaTO MHANKATOP 32 €PEKTUBHOCTTA HA TOBA PEIICHHE. 32 BCEKH KOHKPETEH
npobyieM e HeoOxoauMo f1a Ob1e GopMyTUpaH CHOTBETEH MOJEI, KOMTO Hall-noOpe 1a oTpassiBa
cnenuduKaTa U M3UCKBAHUITA KbM MOJACITUPAHUS 00EKT WIIM Mpoliec. B mucepraiinoHHUs TPY/
ca TpEIOKEHH OO0OOIICHH MOMAETH, NPWIOKHMH 3a OINPENCICHN KIIacoBe WHXKEHEPHHU
npoonemu. Te ca wu3non3BaHu 3a (opMmynupaHe Ha €IHO- WIHM MHOTOKPUTCPHAITHU
ONTUMU3AIMOHHYU 337a4d, KOWTO Ca TECTBAHU YMCICHO Ha 0azara Ha peaHH MPUMEPU OT
MPAKTUKATa Ha WHXKCHEPHUTE CUCTEMH. YacT OT MPEeJIOKEHUTE METOIM, MOJICTH U allTOPUTMHU
ca pealM3upaHd B MOAXOJAIMM CO(DTyepHH WMHCTPYMEHTH, TOIIOMAraiy OITHMAIHO
MPOEKTUPaHE, TUIAHUPAHE U yIIPaBJICHUE HA HH)KEHEPHHU CUCTEMH.

Karo Ompemo pa3BuTHE Ha H3CICIBAHUATA B JUCEPTALMOHHUS TPYA C€ MPEIBUKIA
W3MOI3BaHEe Ha JPYyrd METOAU 3a pelaBeHe Ha (OpMyIUpaHHUTE 3aJadd, KaKTO W
MomuUIpaHe W pa3lIMpsiBAHE HA TPEIVIOKEHUTE MOJICIH, METOAM W ITOPHTMHU 3a JPYrH
00J1aCTH Ha IPHIOKEHUE.

[TonydyenuTe pe3ydTaTd, OMHCAHU B JUCEPTAIMOHHUS TPYHA, ca OTpazeHu B oOmo 33
HAayYHM MyOJMKAIMHM, MpPEACTaBeHM Ha S5 MeXAyHapoaHu HayyHu ¢Qopyma, B 13
CTICIHUANM3UPAHA MEXIYHAPOTHHU CIIMCAHUS M B CIMCAaHUS C MUMIAKT (aktop, W 1 rnaBa oT
kaura. Jlo MoMmeHTa ca 3abensi3anu o0mo 89 muTHpaHus Ha MyOJUKAIMUTE TO HACTOSIIIHS

JUCEPTAIIMOHEH TPY/I.
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Hayuynu u HAyYHO-NIPUJIOKHM IPUHOCH

IIpuHOCUTE ¢ HaydeH M HAyYHO-IPUIIOKEH XAPAaKTEp B HACTOSIIMS AUCEPTALMOHEH TPYyHd ca

CBbp3aHU Cc oOpaboTkara Ha uHpopManus 4pe3 ¢opmanuzanus Ha NpoOJIeMH, CBbpP3aHU C

WH)KEeHEepHU cucTeMu. Upe3 Tasu ¢dopmannzanus ca Ch3JaJieHU aJleKBaTHU MaTeMaTHYECKU

MOZCIIM, IMO3BOJIABAIlA U3IMOJI3BAHC HAa ONTUMHU3AIIMOHHU MCTOAW U aJITOPHUTMH. Yact ot

NPEUIOKEHUTE METOAM U aJIrOPUTMH Ca pealu3upaHd B COQTYepHH HMHCTPYMEHTH,

noamomMaramiy B3€MaHCTO Ha PCHICHUSA. HonyquHTe OCHOBHHU PE3YJITaTU B AUCCPTAIUOHHUA

TPYA ca rpyHUpaHH KaKTo CIIe/Ba:

1. Tlpennoxxenu ca 0000IIEHN MOJEIN U METOAM 32 ONTUMAJTHO MPOEKTHPAHE HA MOJYJIHH

HWHXCHEPHHU CUCTEMHU OT CJIICTHUTE KJIACOBE:

CUCTEMHU, B3€MallU MMPEABU] ChIICCTBYBAIIUTC B3aUMOBPBE3KHU MEX Y MOOYJIINUTE,
CUCTCMHU, B3CMAIlHU MPCABHU[ CHIICCTBYBAIIUTC B3aUMOBPB3KU MCKAY MOAYJIUTC U
BBHIIHUTE CKCIIJIOATAlITMOHHU YCJIOBHA,

CUCTEMH, B3CMallW NPEABUJ KAaKTO CBHINCCTBYBAIIUTC B3aMMOBPBH3KHW W BLHIIHHUTEC
CKCIIIOATAITMOHHHA YCJIOBUS, TaAKa U HKOHOMUYCCKATa e(beKTI/IBHOCT.

2. Tlpennoxxenu ca 000OIIEHN MOJEIN U AITOPUTMH 33 ONTHUMAIHO TJIaHUPAHE HAa pecypcH

pH:

3aBUCHMMAa U CMeceHa 00paboTKa Ha JCeTaiIIu,

JTUHENHO pa3KposiBaHe, OMPEACIISAII0 €THOBPEMEHHO KaKTO ONTUMAIIHUTE MOJICTH Ha
pa3KposiBaHE 3a BCsAKAa 3arOTOBKA, OCUTYpsiBallla MUHUMAJIHHA OTHAJbIH, Taka M
ONTHMaJIHATA JbJDKMHA HAa 3aTOTOBKUTE,

ompejeNisHE HAa ONTHMaJieH Opol Ha TMepcoHajda W Ha ChOTBETCTBAIIUSA MY
MIPOU3BOJICTBEH TpaduK, OCUTYPSBAI MUHUMAJICH IPECTON Ha MIepCOHAIA.

3. IlpemnoxeHn ca MOAETH M AITOPUTMHU 32 ONTHMAJIHO YIpPaBJICHHE Ha MpPEICKa3BaIlo

MOJTbPKAHE Upe3:

OTIpEJICIIIHE Ha ONTHUMAaJIHA CTPATEerus 3a MOJAPHKKA, 00OCHOBABaIlla PEMOHT HIIH
CMsIHA Ha MalllMHATA KaTo IISUI0 WK Ha OT/ICTHA HEWHU KOMITOHEHTH,

OTIpeNIeNITHE Ha ONTHMAJHO pAa3IOJIOKEHUE Ha 3aJaJicH Opod CEH30pW W TpH
€JTHOBPEMEHHO OTIpe/IeiIsiHE Ha OpOs U Pa3MoJIOKCHUETO Ha CEH30PHUTE.

4. Tlpennoxxenu ca 0000IIEHH MOJICNIN U aJITOPUTMH 32 0O0CHOBAH M300p Ha aNTepHATHUBHU 32

poOJIEMH OT CIIETHUTE KIIaCOBE:

KJIacHUpaHe Ha aJTepHATUBH,
omnpezessiHe Ha K Hail-100pu anTepHaTHBH,
n300p Ha alITepHATHBA C OTYUTAHE BIUSHUETO HA OKOJIHATA Cpefa,

IPYINOBO B3€MaHe Ha pelIeHHUS.

5. Paspaborenu ca copTyepHH HHCTPYMEHTH 32 MPUTIOKECHHS B MHKCHEPHH CUCTEMH.

ye0-0a3upaHu CHUCTEMH 3a MPOEKTUpaHe Ha: MEPCOHAHU KOMIIIOTPHU, Ypeau 3a
HOILIHO BI)KJIaHE, BETPOCHEPTUITHU MTapKOBE U 3a IPYNOBO B3€MaHE Ha pelieHHe,

CHelHaTu3upaHd cCoOPTyepHU CHCTEMH, M3MOJ3BAIIM ONTUMHU3ALUOHHU MOIYIU 3a
ONTUMAJIHHU Pa3MHUCAHMs, ONTUMATHO MPOCKTUPAHE HA BETPOCHEPIHUIlHU MapKOBE U

ONTUMAJIHO JIMHENHO Pa3KpOsiBaHe.
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