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Abstract

Currently, the urgent problem is to ensure the ability of recognizing the situations and
supporting the decision-making in the «<Smart House» cyber-physical system. The purpose of
this study is recognizing the situations and supporting the decision-making in the residential
luminosity control subsystem of «Smart House» cyber-physical system. The developed in
this paper method for setting up the residential luminosity control subsystem of «Smart
House» cyber-physical system for each room allows to enter the necessary parameters for
further automatic operation of the residential luminosity control subsystem of «Smart House»
cyber-physical system. The developed method of recognizing the situations and supporting
the decision-making in the residential luminosity control subsystem of «Smart House» cyber-
physical system provides the user of the subsystem with the ability to quickly and
conveniently configure the necessary lighting mode. In addition, the developed method
provides for the recognition of various situations in the lighting scenario (sufficient light
flow, insufficient light flow, excess light flow — according to the current lighting standards)
and support for decision-making regarding the lighting of the home according to the lighting
mode set by the user (reflecting/closing shading devices, turning on/off the lamps —
depending on the recognized situation).

Keywords
Recognizing the situations, supporting the decision-making, cyber-physical system "Smart
House", the residential luminosity control subsystem, luminosity, luminous flux.

1. Introduction

The "Smart House" cyber-physical system is a modern home, organized using high-tech devices
that integrate with each other with minimal expenditure of money and time and form an intelligent
management system of all engineering networks of the house in order to ensure comfortable living
conditions for residents in the premises and to significantly reduce costs energy carriers [1-3].

Such a cyber-physical system demonstrates a progressive concept of human interaction with
housing, as it performs automated management of the parameters of all engineering systems in
accordance with current external and internal conditions, performs numerous operations under many
scenarios [4, 5].

The "Smart House" cyber-physical system consists of five main subsystems [4]:
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housing microclimate management subsystem
residential luminosity control subsystem
housing security management subsystem
multimedia control subsystem

5. home appliances and power grid control subsystem

The "Smart House" cyber-physical system should be equipped with an intuitive control and
management interface so as not to require deep knowledge of computer engineering and programming
from home owners, and should also be able to recognize situations (planned or emergency) and to
correctly respond to them (to make correct decisions in one or another situation) [6]. Decision-making
is, first of all, the ability to choose the correct solution from among alternative options for solving a
situation or problem that arose during the operation of the system. Any choice is always associated
with certain difficulties (for example, with insufficient information when forming alternative decision
options) [7-12].

So, currently, the urgent problem is to ensure the ability of recognizing the situations and
supporting the decision-making in the «Smart House» cyber-physical system.

el N =

2. Survey of Research

Let's conduct a survey of research of known solutions for recognizing the situations and supporting
the decision-making in the "Smart House" cyber-physical system.

From the point of view of the purpose and functions of the "Smart House" cyber-physical system,
we are interested in whether known solutions provide situation recognition and decision-making
support in the process of managing the microclimate of the home — criterion 1; whether known
solutions provide recognition of situations and decision-making support in the process of residential
luminosity control — criterion 2; whether known solutions provide recognition of situations and
decision-making support in the process of managing the housing security — criterion 3; whether
known solutions provide recognition of situations and decision-making support in the multimedia
control process — criterion 4; whether known solutions provide recognition of situations and support
for decision-making in the process of control of the home appliances and the power grid — criterion 5.

Let's summarize the results of the survey of known solutions for recognizing the situations and
supporting the decision-making in the "Smart House" cyber-physical system in terms of their
satisfaction of the above criteria — Table 1.

Table 1
Survey of research of known solutions for recognizing the situations and supporting the decision-
making in the "Smart House" cyber-physical system

Known decision 1 2 3 4 5
Use of fuzzy logic algorithms for determination of the comfort in the +
"Smart House" from the point of view of the temperature regime [13]
Neural network-driven rolling-horizon optimization model, dedicated + +
to efficiently utilizing the solar power and optimizing the battery
energy storage operations in "Smart House" [14]
House energy management strategy dedicated to optimization and + +
lower the cost of electricity, and customer satisfaction [15]
Smart Apartment Building model dedicated to reducing the carbon +
emissions and operation costs [16]
Using the fuzzy logic for the effective selection of the rules for +
decision-making about the control in humidity and temperature [17]
OTP-based door opening system using Arduino and GSM with +
generation of the one-time password on mobile phone [18]
Internet-of-Things-based indoor, environmental, comfortable and real-time  + +
monitoring system for the Smart House intended to the humidity and
temperature measurement and the to the luminosity measurement [19]




Using the machine learning algorithms for tracking the electrical use +

for detecting the presence/absence of people in the Smart House [20]
Full state feedback and feed forward control method for determining + +

the best control of the smart window systems for improving the

luminosity and air circulation [21]

Internet-of-Things-based smart kitchen system on the Arduino board with ~ + + +
automatic detection of the humidity level, temperature, with built-in gas

detection sensors for remotely control of household appliances [22]

Emergy-based methodological approach for reducing the energy +
consumption and environmental impacts of Smart House systems [23]
ESP-Mesh-based smart house system with 3 different nodes — + + +

humidity and temperature sensors, mechanical (door lock), electrical
(generic power switch, fan, power plug) [24]
Data driven method for increasing the accurate of the indirect heat +
accounting in apartment smart buildings [25]
Embedded components-based method and TOPPERS Embedded- +
Component System for improving the efficiency and scalability of
smart houses' electrical equipment [26]
Voice-activated house automation system on the basis of Natural +
Language Processing, Artificial Intelligence, Blockchain, Internet of Things
designed to cost-effective interaction of the household appliances [27]
Method of optimal energy consumption in the smart houses taking + +
into account the electrical grids' techno-economic indices [28]
Internet-of-Things-based system for control cooling and\or heating in +
the smart residential housing [29]
Smartphone controlled smart house with advanced system for +
monitoring the humidity control and temperature control [30]

The conducted survey of research showed that: known solutions provide for situation recognition
and decision-making support only, as a rule, for one or two subsystems of the "Smart House" cyber-
physical system, and also do not provide for the possibility of assessing the sufficiency of information
for decision-making in the "Smart House" cyber-physical system house". Therefore, the goal of our
overall research is recognizing the situations and supporting the decision-making for all 5 subsystems
of the «Smart House» cyber-physical system, with an assessment of the sufficiency of information for
all decisions by developing a comprehensive situation recognition and decision support system in the
«Smart House» cyber-physical system, and the purpose of this study is recognizing the situations and
supporting the decision-making in the residential luminosity control subsystem of «Smart House»
cyber-physical system.

3. Recognizing the Situations and Supporting the Decision-Making in the
Residential Luminosity Control Subsystem of «Smart House» Cyber-
Physical System

The residential luminosity control subsystem of «Smart House» cyber-physical system (Figure 1)
controls the following types of lighting: natural (adjustment of the position of blinds and rollers
shutters, mechanical opening/closing of curtains), artificial (adjustment of brightness and number of
lighting devices depending on weather conditions, time of day, the type of activity of the residents at
this moment), creating light scenarios that provide optimal lighting for a particular situation.



Figure 1: Example of functioning the residential luminosity control subsystem of «Smart House»
cyber-physical system

Correct lighting is extremely important, because the amount of light can affect the atmosphere in
the room: create a mood for work and active brain activity or, on the contrary, adjust for relaxation
and sleep. Even well-being depends on the level of illumination. A cozy atmosphere at home or a
well-lit work area in the office are created by determining the coefficient of use of the light flux and
the correct calculation of the luminosity of the room. It is worth concentrating your attention for the
goal — to create high-quality working conditions or to provide comfort for relaxation — before moving
on to the organization of room lighting.

Method for setting up the residential luminosity control subsystem of «Smart House» cyber-
physical system for each room:

1. selection by the subsystem's user of the room type (kitchen; living room; children's

room/bedroom; office/working cabinet; bathroom/corridor)

2. if the subsystem's user has chosen the "kitchen™ room type, then tr=1

3. if the subsystem's user has chosen the room type "living room", then tr=2

4. if the subsystem's user has chosen the room type "children's room/bedroom”, then tr=3

5. if the subsystem's user has chosen the type of room "working cabinet”, then tr=4

6. if the subsystem's user has chosen the room type "bathroom/corridor", then tr=5

7. selection by the subsystem's user of the ceiling height interval of the room (2.5-2.7 m; 2.7-3
m; 3-3.5m; 3.5-4.5m)

8. if the subsystem's user has chosen the ceiling height interval of the room "2.5-2.7 m", then
chi=1

9. if the subsystem's user has chosen the ceiling height interval of the room "2.7-3 m", then
chi=2

10. if the subsystem's user has chosen the ceiling height interval of the room "3-3.5 m", then
chi=3

11. if the subsystem's user has chosen the ceiling height interval of the room "3.5-4.5 m", then
chi=4

12. input by the subsystem's user of the value of the area of the room (in m?) — the entered value
is assigned to the variable S

13. selection by the subsystem's user of the type of lamps used in the room (LED, energy-saving,
halogen, incandescent lamps)

14. if the subsystem's user has chosen the "LED" type of used in the room lamps, then trl=1

15. if the subsystem's user has chosen the "energy-saving" type of used in the room lamps, then
trl=2

16. if the subsystem's user has chosen the "halogen™ type of used in the room lamps, then trl=3



17. if the subsystem's user has chosen the "incandescent lamps" type of used in the room lamps,
then, then trl=4

18. input by the subsystem's user of the power value of one used lamp (in W) — the entered value
is assigned to the variable PI

19. input by the subsystem's user of the number of lamps used in the room — the entered value is
assigned to the variable ak

20. selection by the subsystem's user of shading devices available in the room (blinds, roller
shutters, curtains; let's assume that one of the shading devices is used or none of these devices
are used)

21. if the subsystem's user has chosen “no shading devices are used”, then asd=0

22. if the subsystem's user has chosen the available in the room shading device "blinds", then

asd=1

23. if the subsystem's user has chosen the available in the room shading device "roller shutters",
then asd=2

24. if the subsystem's user has chosen the available in the room shading device "curtains”, the
asd=3

25. delection of the subsystem's user the start room lighting mode (activity, relaxation, sleep) —

the user can change the room lighting mode at any time

26. if the subsystem's user has chosen the room lighting mode "activity", the rim=1

27. if the subsystem's user has chosen the room lighting mode "relax", then rim=2

28. if the subsystem's user has chosen the room lighting mode "sleep”, then rim=3

The developed method for setting up the residential luminosity control subsystem of «Smart
House» cyber-physical system for each room allows to enter the necessary parameters for further
automatic operation of the residential luminosity control subsystem of «Smart House» cyber-physical
system.

Luminosity is a physical-optical quantity that characterizes the ratio of the light flux to the surface
area over which it spreads. The standard values of the luminosity for different types of rooms:
standard of luminosity of the kitchen — 150 lux, living room — 450 lux, children's room/bedroom —
200 lux, working cabinet/office — 300 lux, bathroom/corridor — 50-75 lux.

The room luminosity can be calculated using the formula:

E=®/S, 1)
where @ — luminous flux, S — illuminated area.

Then the luminous flux will be determined by the formula:

O =F=*S. 2

For calculation of the luminous flux, it is important to take into account the height of the ceiling in
the room, then the luminous flux will be determined by the formula:

O=FE=x+S*+K, 3
where K. — the ceiling height factor (K.=1 for ceiling heights from 2.5 to 2.7 m; K.=1.2 for ceiling
heights from 2.7 to 3 m; K.=1.5 for ceiling heights from 3 to 3.5 m; K¢=2 for ceiling heights from 3.5
to 4.5 m).

Let, we need to calculate the necessary light flux for a kitchen with an area of 12 m2 with a ceiling
height of 2.5 m:

@, =150S5*1=150%S =150 * 12 = 1800 (lumens).

Similarly, let's calculate the value of the required (according to standards) luminous flux for rooms
of different types with different ceiling heights — Table 2.

Since different lamps emit light of different strengths, their power depends on the type of the used
lamp — LED (75 lumens per 1 W), energy-saving (47 lumens per 1 W), halogen (15 lumens per 1 W)
or incandescent lamps (12 lumens per 1 W). The required total power provided by different types of
lamps for different types of rooms in order to create a normal light flux is presented in Tables 3-6.



Table 2
Calculation of normal luminous flux (@) for rooms of different types with different ceiling heights
(lumens, Lm)

Type of room The ceiling The ceiling The ceiling The ceiling
height from 2.5 height from 2.7  height from3  height from 3.5
to 2.7 m(chi=1) to3 m(chi=2) to3.5m(chi=3) to 4.5 m (chi=4)

Kitchen (tr=1) 150 * S (Lm) 180+ S 225 S 300 S
Living room (tr=2) 450 S 540 S 675 % S 900« S
Children’s 200 * S 240 % S 300+ S 400 xS
room/bedroom (tr=3)
Working cabinet/office 300 S 360 %S 450« S 600 xS
(tr=4)
Bathroom/corridor 75 %S 90 xS 1125%S 150 % S
(tr=5)
Table 3

Calculation of the total power (P) of LED lamps (tr/=1) for creation of the normal luminous flux for
rooms of different types with different ceiling heights (BT)

Type of room The ceiling The ceiling The ceiling The ceiling
height from 2.5 height from 2.7  height from 3 height from 3.5
to 2.7 m(chi=1) to3m(chi=2) to3.5m(chi=3) to 4.5 m (chi=4)

Kitchen (tr=1) (150 S) 24 %S 3xS 4xS
75
=2x*5 (W)
Living room (tr=2) 6xS 7.2%S 9§ 12 S
Children’s 2.67 %S 3.2%S§ 4 %S 533%S§
room/bedroom (tr=3)
Working cabinet/office 4 %S 48%S 6*S 8x%S§
(tr=4)
Bathroom/corridor S 1.2 S 1.5%S 2%S
(tr=5)
Table 4

Calculation of the total power (P) of the energy-saving lamps (tr/=2) for creation of the normal
luminous flux for rooms of different types with different ceiling heights

Type of room The ceiling The ceiling The ceiling The ceiling
height from 2.5 height from 2.7  height from 3 height from 3.5
to 2.7 m(chi=1) to3m(chi=2) to3.5m(chi=3) to 4.5 m (chi=4)

Kitchen (tr=1) (150 S) 3.83%S 479 x S 6.39 xS
47
=325 (W)
Living room (tr=2) 958 S 11.49 xS 1437 xS 19.15 S
Children’s 426+ S 511§ 639 xS 8.52xS
room/bedroom (tr=3)
Working cabinet/office 6.39 %S 7.66 xS 9.58 %S 12.77 % S
(tr=4)
Bathroom/corridor 1.6xS 1.92 xS 24 xS 32%S

(tr=5)




Table 5
Calculation of the total power (P) of the halogen lamps (tr/=3) for creation of the normal luminous
flux for rooms of different types with different ceiling heights

Type of room The ceiling The ceiling The ceiling The ceiling
height from 2.5 height from 2.7  height from3  height from 3.5
to 2.7 m(chi=1) to3 m(chi=2) to3.5m(chi=3) to 4.5 m (chi=4)

Kitchen (tr=1) (150 S) 12% S 15% S 20 S
15
=10%S (W)
Living room (tr=2) 30 S 36%S 45% S 60 xS
Children’s 13.34 xS 16 xS 20 S 26.67 xS
room/bedroom (tr=3)
Working cabinet/office 20% S 24 %S 30 S 40 S
(tr=4)
Bathroom/corridor 5x§ 6xS 758 10+ S
(tr=5)
Table 6

Calculation of the total power (P) of the incandescent lamps (tr/=4) for creation of the normal
luminous flux for rooms of different types with different ceiling heights

Type of room The ceiling The ceiling The ceiling The ceiling
height from 2.5 heightfrom 2.7  height from3  height from 3.5
to 2.7 m(chi=1) to3 m(chi=2) to3.5m(chi=3) to 4.5 m (chi=4)

Kitchen (tr=1) (150 S) 15%S 18.75% S 25%S
12
=125%*5 (W)
Living room (tr=2) 375§ 45 % S 56.25 S 75 % S
Children’s 16.67 * S 20 S 25%§ 33.34% S
room/bedroom (tr=3)
Working cabinet/office 258§ 30 S 3758 50 S
(tr=4)
Bathroom/corridor 6.25 %S 75%S 9.38x*S 12.5% S
(tr=5)

In general, recognizing the situations and decision-making consists of the following steps:

1. determination of the aim (goal) and means of its achievement

2. formation of options for achieving the goal (set of alternatives)

3. evaluation of alternatives in order to choose the best alternative(s)

For the residential luminosity control subsystem of «Smart House» cyber-physical system, the aim
(goal) of recognizing the situations and making the decisions is ensuring the comfortable conditions
depending on the type of user's activity at the current moment (for example, to create high-quality
work/activity conditions or to provide comfort for relaxation or sleep). Means of achieving the goal in this
case can be blinds, rollers shutters, curtains, lighting lamps.

When the user has chosen the goal (the required lighting mode are: "activity" (rim=1; when the user
chooses this mode, the residential luminosity control subsystem of «Smart House» cyber-physical system
must ensure the normal value of the luminous flux in the room specified in Table 2), "relax" (rim=2; when
the user selects this mode, the residential luminosity control subsystem of «Smart House» cyber-physical
system must provide half of the normal value of the luminous flux in the room specified in Table 2),
"sleep" (rlm=3; when the user chooses this mode, the residential luminosity control subsystem of «Smart
House» cyber-physical system should ensure the absence of light flow in the room)), then the residential
luminosity control subsystem of «Smart House» cyber-physical system should form a set of alternatives
(scenarios) using natural and artificial lighting, which provide optimal luminosity for a particular situation.



The set of possible alternatives (scenarios) is formed according to Table 2 and has the following form:
SCP = {scpy, ..., Scp121}, 4
where scp; — if rim=1 and tr=1 and chi=1 and @=150*S, then the available luminosity is sufficient; scp, — if
rim=1 and tr=1 and chi=1 and &>150%*S, then there is excess luminosity; scps — if rim=1 and tr=1 and
chi=1 and @<150*S, then the available luminosity is insufficient; scps — if rim=1 and tr=1 and chi=2 and
@=180*S, then the available luminosity is sufficient; scps — if rim=1 and tr=1 and chi=2 and @>180%*S, then
there is excess luminosity; scps — if rim=1 and tr=1 and chi=2 and @<180*S, then the available luminosity
is insufficient; scpy — if rim=1 and tr=1 and chi=3 and @=225*S, then the available luminosity is sufficient;
scpg — if rim=1 and tr=1 and chi=3 and @>225%*S, then there is excess luminosity; scpy — if rim=1 and tr=1
and chi=3 and @<225%S, then the available luminosity is insufficient; scpio — if rim=1 and tr=1 and chi=4
and @=300*S, then the available luminosity is sufficient; scpix — if rfim=1 and tr=1 and chi=4 and
@>300*S, then there is excess luminosity; scpiz — if rim=1 and tr=1 and chi=4 and ®<300*S, then the
available luminosity is insufficient; scpis — if rim=1 and tr=2 and chi=1 and @=450*S, then the available
luminosity is sufficient; scpia— if rim=1 and tr=2 and chi=1 and @>450%*S, then there is excess luminosity;
scpis — if rim=1 and tr=2 and chi=1 and ®<450*S, then the available luminosity is insufficient; scpis — if
rim=1 and tr=2 and chi=2 and @=540*S, then the available luminosity is sufficient; scp:7 — if rim=1 and
tr=2 and chi=2 and @>540*S, then there is excess luminosity; scpis — if rim=1 and tr=2 and chi=2 and
@<540%S, then the available luminosity is insufficient; scpig — if rim=1 and tr=2 and chi=3 and @=675*S,
then the available luminosity is sufficient; scpzo — if rim=1 and tr=2 and chi=3 and @>675*S, then there is
excess luminosity; scpz1 — if rim=1 and tr=2 and chi=3 and @<675*S, then the available luminosity is
insufficient; scpz2 — if rim=1 and tr=2 and chi=4 and ®=900*S, then the available luminosity is sufficient;
scpzs — if rim=1 and tr=2 and chi=4 and @>900*S, then there is excess luminosity; scpz4 — if rim=1 and
tr=2 and chi=4 and ®<900*S, then the available luminosity is insufficient; scpzs — if rim=1 and tr=3 and
chi=1 and @=200%*S, then the available luminosity is sufficient; scpzs — if rim=1 and tr=3 and chi=1 and
@>200%S, then there is excess luminosity; scpzr — if rim=1 and tr=3 and chi=1 and ®<200*S, then the
available luminosity is insufficient; scpzs — if rim=1 and tr=3 and chi=2 and ®=240*S, then the available
luminosity is sufficient; scpze — if rim=1 and tr=3 and chi=2 and @>240*S then there is excess luminosity;
sCpso — if rim=1 and tr=3 and chi=2 and ®<240*S, then the available luminosity is insufficient; scpz — if
rim=1 and tr=3 and chi=3 and ®=300*S, then the available luminosity is sufficient; scps, — if rim=1 and
tr=3 and chi=3 and @>300%*S, then there is excess luminosity; scpss — if rim=1 and tr=3 and chi=3 and
@<300%S, then the available luminosity is insufficient; scpss — if rim=1 and tr=3 and chi=4 and ®=400*S,
then the available luminosity is sufficient; scpss — if rim=1 and tr=3 and chi=4 and @>400*S, then there is
excess luminosity; scpss — if rim=1 and tr=3 and chi=4 and @<400*S, then the available luminosity is
insufficient; scps7 — if rim=1 and tr=4 and chi=1 and ®=300*S, then the available luminosity is sufficient;
scpss— if rim=1 and tr=4 and chi=1 and @>300*S, then there is excess luminosity; scpse— if rim=1 and tr=4
and chi=1 and ®@<300*S, then the available luminosity is insufficient; scps — if rim=1 and tr=4 and chi=2
and @=3607*S, then the available luminosity is sufficient; scps; — if rim=1 and tr=4 and chi=2 and @>360*S,
then there is excess luminosity; scps — if rim=1 and tr=4 and chi=2 and ®<360*S, then the available
luminosity is insufficient; scpas— if rim=1 and tr=4 and chi=3 and @®=450*S, then the available luminosity is
sufficient; scpas — if rim=1 and tr=4 and chi=3 and @>450*S, then there is excess luminosity; scpss — if
rim=1 and tr=4 and chi=3 and @<450*S, then the available luminosity is insufficient; scpss— if rim=1 and
tr=4 and chi=4 and ®=600*S, then the available luminosity is sufficient; scps — if rim=1 and tr=4 and
chi=4 and @>600*S, then there is excess luminosity; scpsg— if rim=1 and tr=4 and chi=4 and ®<600*S,
then the available luminosity is insufficient; scps — if rim=1 and tr=5 and chi=1 and @=75*S, then the
available luminosity is sufficient; scpso — if rim=1 and tr=5 and chi=1 and @>75%*S, then there is excess
luminosity; scps: — if rim=1 and tr=5 and chi=1 and @<75*S, then the available luminosity is insufficient;
scpsz— if rim=1 and tr=5 and chi=2 and @=90%*S, then the available luminosity is sufficient; scpss— if rim=1
and tr=5 and chi=2 and @>90*S, then there is excess luminosity; scpss— if rim=1 and tr=5 and chi=2 and
@<90*S, then the available luminosity is insufficient; scpss— if rim=1 and tr=>5 and chi=3 and ®=112.5*S,
then the available luminosity is sufficient; scpss— if rim=1 and tr=5 and chi=3 and @>112.5%*S, then there is
excess luminosity; scps7 — if rim=1 and tr=5 and chi=3 and @<112.5*S, then the available luminosity is
insufficient; scpss — if rim=1 and tr=5 and chi=4 and @=150*S, then the available luminosity is sufficient;
scpsg— if rim=1 and tr=5 and chi=4 and @>150*S, then there is excess luminosity; scpeo— if rim=1 and tr=5
and chi=4 and @<150*S, then the available luminosity is insufficient; scpe: — if rfim=2 and tr=1 and chi=1
and @=75*S, then the available luminosity is sufficient; scps, — if rim=2 and tr=1 and chi=1 and @>75*S,



then there is excess luminosity; scpes — if rIm=2 and tr=1 and chi=1 and @<75*S, then the available
luminosity is insufficient; scpss — if rim=2 and tr=1 and chi=2 and @=90*S, then the available luminosity is
sufficient; scpes — if rim=2 and tr=1 and chi=2 and @>90*S, then there is excess luminosity; scpes — if rim=2
and tr=1 and chi=2 and @<90*S, then the available luminosity is insufficient; scpez — if im=2 and tr=1 and
chi=3 and @=112.5*S, then the available luminosity is sufficient; scpes — if rIm=2 and tr=1 and chi=3 and
@>112.5*S, then there is excess luminosity; scpes — if rim=2 and tr=1 and chi=3 and @<112.5*S, then the
available luminosity is insufficient; scpz — if rim=2 and tr=1 and chi=4 and @=150*S, then the available
luminosity is sufficient; scpz1 — if rim=2 and tr=1 and chi=4 and @>150*S, then there is excess luminosity;
scpr2 — if rim=2 and tr=1 and chi=4 and @<150*S, then the available luminosity is insufficient; scpzz — if
rim=2 and tr=2 and chi=1 and @=225%*S, then the available luminosity is sufficient; scpzs — if rim=2 and
tr=2 and chi=1 and @>225%*S, then there is excess luminosity; scpzs — if rim=2 and tr=2 and chi=1 and
@<225%S, then the available luminosity is insufficient; scpz — if rim=2 and tr=2 and chi=2 and @=270*S,
then the available luminosity is sufficient; scpz7 — if rim=2 and tr=2 and chi=2 and @>270*S, then there is
excess luminosity; scprs — if rim=2 and tr=2 and chi=2 and ®<270*S, then the available luminosity is
insufficient; scpre — if rim=2 and tr=2 and chi=3 and ®=337.5*S, then the available luminosity is sufficient;
scpgo — If rim=2 and tr=2 and chi=3 and @>337.5*S, then there is excess luminosity; scps: — if rim=2 and
tr=2 and chi=3 and ©<337.5*S, then the available luminosity is insufficient; scps, — if rim=2 and tr=2 and
chi=4 and @=450*S, then the available luminosity is sufficient; scpss — if rim=2 and tr=2 and chi=4 and
@>450%S, then there is excess luminosity; scpss — if rim=2 and tr=2 and chi=4 and ®<450%*S, then the
available luminosity is insufficient; scpss — if rim=2 and tr=3 and chi=1 and @=100%*S, then the available
luminosity is sufficient; scpss — if rIm=2 and tr=3 and chi=1 and @>1700*S, then there is excess luminosity;
scps7 — if rim=2 and tr=3 and chi=1 and ®<100*S, then the available luminosity is insufficient; scpss — if
rim=2 and tr=3 and chi=2 and @=120*S, then the available luminosity is sufficient; scpss — if rim=2 and
tr=3 and chi=2 and @>120*S, then there is excess luminosity; scpy — if rIm=2 and tr=3 and chi=2 and
@<120%S, then the available luminosity is insufficient; scpe — if rim=2 and tr=3 and chi=3 and ®=150%*S,
then the available luminosity is sufficient; scps, — if rim=2 and tr=3 and chi=3 and @>150*S, then there is
excess luminosity; scpes — if rlm=2 and tr=3 and chi=3 and @</50*S, then the available luminosity is
insufficient; scpgs — if rim=2 and tr=3 and chi=4 and ®=200*S, then the available luminosity is sufficient;
scpes — if rim=2 and tr=3 and chi=4 and @>200%S, then there is excess luminosity; scpss — if rim=2 and
tr=3 and chi=4 and ®<200*S, then the available luminosity is insufficient; scps; — if rim=2 and tr=4 and
chi=1 and @=150*S, then the available luminosity is sufficient; scpgs — if rim=2 and tr=4 and chi=1 and
@>150%*S, then there is excess luminosity; scpes — if rim=2 and tr=4 and chi=1 and ®<150%*S, then the
available luminosity is insufficient; scpioo — if rim=2 and tr=4 and chi=2 and ®@=180*S, then the available
luminosity is sufficient; scpio — if rIm=2 and tr=4 and chi=2 and @>180*S, then there is excess luminosity;
SCpacz — if rim=2 and tr=4 and chi=2 and ®<180*S, then the available luminosity is insufficient; scpies — if
rim=2 and tr=4 and chi=3 and @=225%S, then the available luminosity is sufficient; scpios — if rim=2 and
tr=4 and chi=3 and @>225*S, then there is excess luminosity; scpies — if rim=2 and tr=4 and chi=3 and
@<225%S, then the available luminosity is insufficient; scpios — if rim=2 and tr=4 and chi=4 and ®=300%*S,
then the available luminosity is sufficient; scpior — if rim=2 and tr=4 and chi=4 and @>300*S, then there is
excess luminosity; scpes — If rim=2 and tr=4 and chi=4 and ©<300*S, then the available luminosity is
insufficient; scpiog — if rim=2 and tr=5 and chi=1 and @=37.5*S, then the available luminosity is sufficient;
scpao — if rim=2 and tr=5 and chi=1 and @>37.5*S, then there is excess luminosity; scpair — if rim=2 and
tr=5 and chi=1 and @<37.5*S, then the available luminosity is insufficient; scpi12 — if rim=2 and tr=>5 and
chi=2 and @=45*S, then the available luminosity is sufficient; scpius — if rim=2 and tr=5 and chi=2 and
@>45*S, then there is excess luminosity; scpiua — if rim=2 and tr=5 and chi=2 and ®<45*S, then the
available luminosity is insufficient; scpiis — if rim=2 and tr=>5 and chi=3 and @=56.25*S, then the available
luminosity is sufficient; scpus — If rim=2 and tr=5 and chi=3 and @>56.25%*S, then there is excess
luminosity; scpiz — if rim=2 and tr=5 and chi=3 and @<56.25*S, then the available luminosity is
insufficient; scpus — if rim=2 and tr=>5 and chi=4 and @=75*S, then the available luminosity is sufficient;
scpug — If rim=2 and tr=>5 and chi=4 and @>75*S, then there is excess luminosity; scpiz — if rim=2 and
tr=5 and chi=4 and @<75*S, then the available luminosity is insufficient; scpi21— if rim=3 and (tr=1 or tr=2
or tr=3 or tr=4 or tr=5) and (chi=1 or chi=2 or chi=3 or chi=4) and @>0, then there is excess luminosity.
The set of possible alternatives (scenarios) represented by formula (4) consists of three subsets:
SCP = {SCPS,SCPE, SCPIS}, (5)



where SCPSZ{SCpl, SCP4, SCP7, SCP10, SCP13, SCP16, SCP19, SCP22, SCP25, SCP28, SCP31, SCP34, SCP37, SCP40, SCP43,
SCP46, SCP49, SCPs2, SCPss, SCPsg, SCP61, SCPe4, SCP67, SCP70, SCP73, SCP76, SCP79, SCPs2, SCP85, SCPg8, SCP91, SCPo4,
SCPy7, SCP100, SCP103, SCP10s, SCP10s, SCP112, SCP115, SCP118} — Subset of scenarios with sufficient luminosity
Ievel; SCPEZ{Ssz, SCPs, SCPs, SCP11, SCP14, SCP17, SCP20, SCP23, SCP26, SCP29, SCP32, SCP35, SCP3s, SCP41, SCPa44,
SCP47, SCPso, SCPs3, SCPs6, SCPsg, SCPs2, SCPes, SCPes, SCP71, SCP74, SCP77, SCPg0, SCPs3, SCPss, SCPs9, SCPg2, SCPss,
SCPgs, SCP101, SCP104, SCP107, SCPi10, SCPi13, SCP11s, SCP119, SCP121} — Subset of scenarios with excessive
luminosity level; SCPIS={scps, SCPs, SCP9, SCP12, SCP15, SCP18, SCP21, SCP24, SCP27, SCP30, SCP33, SCP36, SCP39,
SCP42, SCP4s, SCP4s, SCPs1, SCPs4, SCPs7, SCP60, SCPe3, SCPs6, SCP69, SCP72, SCP75, SCP78, SCP81, SCP84, SCPs7, SCPgo,
SCPg3, SCPg6, SCPgg, SCP102, SCP105, SCP108, SCP111, SCP114, SCP117, SCP120} — SUbSEL Of scenarios with insufficient
luminosity level.

The set of scenarios for calculating the number of additional lamps that must be turned on to ensure
the required level of luminosity is formed according to Tables 3-6 and has the following form:

SCAL = {scaly, ..., scali40}, (6)

where scal; — if rim=1 and trl=1 and tr=1 and chi=1 and (@/75)<(2*S), then k = [2 *5=%/ 75] scal, — if
rim=1and trl=1 and tr=1 ta chi=2 and (@/75)<(2.4*S), then k = [%_fﬁs
and tr=1 and chi=3 and (®/75)<(3*S), then k = M] scals — if rim=1 and trl=1 and tr=1 and
chi=4 and (@/75)<(4*S), then k = LCWS]

(D/75)<(6*S), then k = [G*S;T/ 75]' scals — if rim=1 and trl=1 and tr=2 and chi=2 and (®/75)<(7.2*S),
then k = [wl scal; — if rim=1 and trl=1 and tr=2 and chi=3 and (®/75)<(9*S), then k =
[9*5 o/ 75] scalg — if rim=1 and trl=1 and tr=2 and chi=4 and (®/75)<(12*S), then k = [w]
2.67+xS—d/75

Pl
= ] scaly — if
] scaly — if rim=1 and

]'scals—lf rIm 1 and trl=1

scals — if rim=1 and trl=1 and tr=2 and chi=1 and

scalg — if rim=1 and trl=1 and tr=3 and chi=1 and (®/75)<(2.67*S), then k =
rim=1 and trl=1 and tr=3 and chi=2 and (®/75)<(3.2*S), then k = [M

trl=1 and tr=3 and chi=3 and (@/75)<(4*S), then k = 4*S;T/ 75]; scaly, — if rim=1 and trl=1 and tr=3
and chi=4 and (@/75)<(5.33*S), then k = %j‘bﬁsl; scalis — if rim=1 and trl=1 and tr=4 and chi=1

4xS—® /75

and (@/75)<(4*S), then k =[
(@/75)<(4.8%S), then k = [%Z‘WS

(D/75)<(6*S), then k = [6 *5=%/ 75] scalis — if rim=1 and trl=1 and tr=4 and chi=4 and (@/75)<(8*S),

]; scalyy — if rim=1 and trl=1 and tr=4 and chi=2 and

]; scalis — if rim=1 and trl=1 and tr=4 and chi=3 and

then k = [M]; scaly7 — |f rim=1 and trl=1 and tr=>5 and chi=1 and (®/75)<(S), then k = [S 2{75],
scalig — if rim=1 and trlI=1 and tr=5 and chi=2 and (@/75)<(1.2* S), then k = 12529/75 q>/75] scalyg — if

rim=1 and trl=1 and tr=5 and chi=3 and (@/75)<(1.5* S), then k = ; scaly — if rim=1 and
trI=1 and tr=5 and chi=4 and (@/75)<(2*S), then k = [#]' scaly — if rim=2 and trl=1 and tr=1
and chi=1 and (@/75)<(S), then k = [s /75
(@/75)<(1.2*S), then k = [M] scal,s — if rim=2 and trlI=1 and tr=1 and chi=3 and
(@/75)<(1.5*S), then k = %;’”75] scaly — if rim=2 and trl=1 and tr=1 and chi=4 ta (@/75)<(2*$),
then k = [Z*S_W 75]' scal;s — if rim=2 and trl=1 and tr=2 and chi=1 and (®/75)<(3*S), then k =
[3*5 q>/75] scalss — if rim=2 and trl=1 and tr=2 and chi=2 and (®/75)<(3.6*S), then k = %;WS];
M]; scalzs — if
Pl

]; scalyg — if rim=2 and trl=1

1.5*s—q>/75]_
l

] scaly — if rim=2 and trlI=1 and tr=1 and chi=2 and

scalyy — if rim=2 and trl=1 and tr=2 and chi=3 and (®/75)<(4.5*S), then k = [
rim=2 and trl=1 and tr=2 and chi=4 and (®/75)<(6*S), then k = [6*5;‘?/ 75
and tr=3 and chi=1 and (®/75)<(1.335*S), then k = [M

o ]; scals — if rim=2 and trl=1 and tr=3
and chi=2 and (®/75)<(1.6*S), then k = [%;’WS]; scalz — if rim=2 and trl=1 and tr=3 and chi=3




2xS—P/75

and (@/75)<(2*S), then k =[ ]; scals; — if rim=2 and trl=1 and tr=3 and chi=4 and
(D/75)<(2.665*S), then k = [w]; scalsz — if rim=2 and trlI=1 and tr=4 and chi=1 and
(@/75)<(2*S), then k = Zspﬁ] scalzs — if rim=2 and trl=1 and tr=4 and chi=2 and (@/75)<(2.4*S),
then k = w] scalss — if rim=2 and trl=1 and tr=4 and chi=3 and (®/75)<(3*S), then k =
[3*5 o/ 75] scalss — if rim=2 and trl=1 and tr=4 and chi=4 and (®/75)<(4*S), then k = [M],

Pl
0.5xS—d /75 .
*—l/] scalss — if

scals; — if rim=2 and trl=1 and tr=5 and chi=1 and (®/75)<(0.5*S), then k = [
rim=2 and trl=1 and tr=5 and chi=2 and (®/75)<(0.6*S), then k = [M
trl=1 and tr=5 and chi=3 and (®/75)<(0.75*S), then k = [M

o ]; scalg — if rim=2 and trl=1 and
tr=5 and chi=4 and (®/75)<(S), then k = [S_¢/ 75]; scalss — if rim=1 and trl=2 and tr=1 and chi=1 and

] scalse — if rim=2 and

Pl
(D/47)<(3.2*S), then k = [%fwn]; scal, — if rim=1 and trl=2 and tr=1 and chi=2 and
(D/47)<(3.83*S), then k = _%TMT; scalss — if rim=1 and trI=2 and tr=1 and chi=3 and
(D/47)<(4.79*S), then k = _M_; scalys — if rim=1 and trl=2 and tr=1 and chi=4 and

— Pl —
(@/47)<(6.39%S), then k = [2225P/47]. seal s

- Pl -
(@/47)<(9.58%3), then k = [*2221: scalyg
(D©/47)<(11.49*S), then k =
(D/47)<(14.37*S), then k = [%;CDW]; scalsg — if rim=1 and trl=2 and tr=2 and chi=4 and

[11.49*s—q>/47]
(D/47)<(19.15*S), then k = [%;CDW]; scalsg — if rim=1 and trl=2 and tr=3 and chi=1 and

if rIm=1 and trl=2 and tr=2 and chi=1 and
if rim=1 and trl=2 and tr=2 and chi=2 and

; scalyy — if rim=1 and trlI=2 and tr=2 and chi=3 and

(D/47)<(4.26*S), then k = _%;CD/”; scalsp — if rim=1 and trI=2 and tr=3 and chi=2 and
(D/47)<(5.11*S), then k = _%;CD/”; scalss — if rim=1 and trI=2 and tr=3 and chi=3 and
(D/47)<(6.39*S), then k = _%?Dm_; scals, — if rim=1 and trl=2 and tr=3 and chi=4 and
(D/47)<(8.52*S), then k = _%TMT; scalss — if rim=1 and trI=2 and tr=4 and chi=1 and
(D/47)<(6.39*S), then k = _%?Dm_; scalss — if rim=1 and trl=2 and tr=4 and chi=2 and
(D/47)<(7.66*S), then k = _%TMT; scalss — if rim=1 and trI=2 and tr=4 and chi=3 and
(D/47)<(9.58*S), then k = _9'5#?1)/47_; scalss — if rim=1 and trl=2 and tr=4 and chi=4 and
(D/47)<(12.77*S), then k = [%;CDW]; scalsy — if rim=1 and trl=2 and tr=5 and chi=1 and
(©/47)<(1.6*S), then k = _%;W”; scalss — if rim=1 and trl=2 and tr=5 and chi=2 and
(©/47)<(1.92*S), then k = [%?/47]; scalsy — if rim=1 and trl=2 and tr=5 and chi=3 and
(©/47)<(2.4*S), then k = _%;W”; scaloo — if rim=1 and trl=2 and tr=5 and chi=4 and
(©/47)<(3.2*S), then k = _%;W”; scals — if rim=2 and trl=2 and tr=1 and chi=1 and
(©/47)<(1.6*S), then k = _%;W”; scaly — if rim=2 and trl=2 and tr=1 and chi=2 and

(@/47)<(1.915%5), then = [LASS=0/47]

(®/47)<(2.395%), then k =
(®/47)<(3.195%), then k =
(®/47)<(4.79%S), then k =[
(®/47)<(5.745*S), then k =

: scales — if rIm=2 and trl=2 and tr=1 and chi=3 and

Pl
23955 P/47). sealgs — if rim=2 and trl=2 and tr=1 and chi=4 and

Pl
[3.195+S—0/47]

Pl
4.79xS—® /47

Pl
[5.745+S—® /47

Pl

: scales — if rIm=2 and trl=2 and tr=2 and chi=1 and

scalgs — if rim=2 and trlI=2 and tr=2 and chi=2 and

: scaley — if rim=2 and trl=2 and tr=2 and chi=3 and



(®/47)<(1.185%S), then k = [L2225-2/47]

(D/47)<(9.575*S), then k =
(@/47)<(2.13*S), then k =[
(D/47)<(2.555*S), then k =
(D/47)<(3.195*S), then k =
(D/47)<(4.26*S), then k =
(D/47)<(3.195*S), then k =
(D/47)<(3.83*S), then k =
(D/47)<(4.79%S), then k = =

(D/47)<(6.385*S), then k = [W]; scal;7 — if rim=2 and trlI=2 and tr=5 and chi=1 and
(®/47)<(0.8*S), then Kk = [X&:5=2/47]
(®/47)<(0.96*S), then k =[

: scaleg — if rim=2 and trl=2 and tr=2 and chi=4 and

Pl
M; scaleg — if rim=2 and trl=2 and tr=3 and chi=1 and

Pl
2.13+5—®0/47

Pl
[2.555%S—®/47]

Pl
[3.195+S—- /477

scalzo — if rim=2 and trlI=2 and tr=3 and chi=2 and

; scal;y — if rim=2 and trl=2 and tr=3 and chi=3 and

o ; scalr, — if rim=2 and trlI=2 and tr=3 and chi=4 and
[4.26+S—D /47

Pl
[3.195+S—-D /477

Pl
[3.83%S—D/47]

scalzz — if rim=2 and trlI=2 and tr=4 and chi=1 and

; scalzs — if rim=2 and trlI=2 and tr=4 and chi=2 and

o ; scalrs — if rim=2 and trl=2 and tr=4 and chi=3 and
[4.79+5—® /47

: scals — if rim=2 and trl=2 and tr=4 and chi=4 and

o » scalig — if rim=2 and trl=2 and tr=5 and chi=2 and
0.96+S—®d/47

o ]; scalrg — if rim=2 and trI=2 and tr=5 and chi=3 and

(D/47)<(1.2*S), then k = _%fmr; scalgy — if rim=2 and trl=2 and tr=5 and chi=4 and
(©/47)<(1.6*S), then k = _%;W”; scalgg — if rim=1 and trl=3 and tr=1 and chi=1 and
(@/15)<(10*S), then k = _%;D/ls—; scaly — if rim=1 and trI=3 and tr=1 and chi=2 and
(@/15)<(12*S), then k = _%;D/ls—; scalgs — if rim=1 and trl=3 and tr=1 and chi=3 and
(@/15)<(15*S), then k = _%;D/ls—; scalsgs — if rim=1 and trl=3 and tr=1 and chi=4 and
(@/15)<(20*S), then k = _%—; scalgs — if rim=1 and trl=3 and tr=2 and chi=1 and
(@/15)<(30*S), then k = _%—; scalgs — if rim=1 and trl=3 and tr=2 and chi=2 and
(D/15)<(36*S), then k = _3’6*5;#_; scalsy — if rim=1 and trI=3 and tr=2 and chi=3 and
(D/15)<(45*S), then k = _45*5;#_; scalss — if rim=1 and trI=3 and tr=2 and chi=4 and
(D/15)<(60*S), then k = _%?/15_; scalgy — if rim=1 and trI=3 and tr=3 and chi=1 and
(D/15)<(13.34*S), then k = [W]; scalgy — if rim=1 and trlI=3 and tr=3 and chi=2 and
(D/15)<(16*S), then k = _%?/15_; scalyy — if rim=1 and trI=3 and tr=3 and chi=3 and
[20+S—D/15]

(@/15)<(20%S), then k =
(@/15)<(26.67*S), then k

; scalg;y — if rim=1 and trI=3 and tr=3 and chi=4 and

Pl
[@]; scalgs — if rim=1 and trlI=3 and tr=4 and chi=1 and

(@/15)<(20*S), then k = _%—; scals — if rim=1 and trlI=3 and tr=4 and chi=2 and

(@/15)<(24*S), then k = _%—; scalss — if rim=1 and trl=3 and tr=4 and chi=3 and

(@/15)<(30*S), then k = _%—; scalgs — if rim=1 and trl=3 and tr=4 and chi=4 and
40+S—-®/15

(@/15)<(40*S), then k = [ o ] scalg7 — if rim=1 and trl=3 and tr=5 and chi=1 and (@/15)<(5*S),
then k = [5*5 q>/15] scalgs — if rim=1 and trl=3 and tr=5 and chi=2 and (@/15)<(6*S), then k =
[6*5 q>/15] scalgy — if rim=1 and trl=3 and tr=5 and chi=3 and (®/15)<(7.5*S), then k = M],

Pl
10xS—®d/15
—/] scaliy — if

scalio — if rim=1 and trl=3 and tr=5 and chi=4 and (@/15)<(10*S), then k =
rim=2 and trl=3 and tr=1 and chi=1 and (®/15)<(5*S), then k = [5*5“1’/ 15
and tr=1 and chi=2 and (@/15)<(6*S), then k = [6 *S—®/15

]'Scahoz—lf rim=2 and trl=3

] scaligz — if rim=2 and tr|=3 and tr=1 and



chi=3 and (@/15)<(7.5*S), then k = [75*5—%

] scaligs — if rim=2 and trl=3 and tr=1 and chi=4 and

(D/15)<(10*S), then k = _%?/15_; scalis — if rim=2 and trI=3 and tr=2 and chi=1 and

(@/15)<(15*S), then k = _%;D/ls—; scalis — if rim=2 and trI=3 and tr=2 and chi=2 and

(@/15)<(18*S), then k = _%;D/ls—; scaly — if rim=2 and trI=3 and tr=2 and chi=3 and

(@/15)<(22.5*S), then k = [%]; scalis — if rIm=2 and trI=3 and tr=2 and chi=4 and

(@/15)<(30*S), then k = _%—; scaliy — if rim=2 and trI=3 and tr=3 and chi=1 and

(D/15)<(6.67*S), then k = M] scalig — if rIm=2 and trI=3 and tr=3 and chi=2 and
8xS— CI>/15

(D/15)<(8*S), then k = [ ] scalyy — if rim=2 and trl=3 and tr=3 and chi=3 and (@/15)<(10%*S),
then k = [w] scalm - |f rim=2 and trl=3 and tr=3 and chi=4 and (®/15)<(13.335*S), then k =

[w] scaliizs — if rim=2 and trl=3 and tr=4 and chi=1 and (@/15)<(10*S), then k =

[10*5 /15 12+S5— <D/15]

] scaliis — if rim=2 and trl=3 and tr=4 and chi=2 and (@/15)<(12*S), then k = [
scaliis — if rim=2 and trl=3 and tr=4 and chi=3 and (@/15)<(15*S), then k = %
rim=2 and trl=3 and tr=4 and chi=4 and (®/15)<(20*S), then k = [%f“sl; scalyi7 — if rim=2 and
trI=3 and tr=5 and chi=1 and (@/15)<(2.5*S), then k = 25:5-B/13

Pl ] scalyg — if rim=2 and trl=3 and
tr=5 and chi=2 and (@/15)<(3*S), then k = [3*5 ®/15

] scaliig — if rim=2 and trI=3 and tr=>5 and chi=3
and (@/15)<(3.75*S), then k = M}; scalizo — if rIm=2 and trI=3 and tr=5 and chi=4 and
(@/15)<(5%S), then k = [5*5“"/ L.

= ; scalpy — if rim=1 and trl=4 and tr=1 and chi=1 and
(D/12)<(12.5*S), then k =

[12 5+S—®/12
(@/12)<(15%9), then k =
(D/12)<(18.75*S), then k
(@/12)<(257S), then k = |=—
(@/12)<(37.5%S), then k = [3751#
(D/12)<(45*S), then k = _45*5;#_; scalizy — if rim=1 and trl=4 and tr=2 and chi=3 and
(D/12)<(56.25*S), then k

[W]; scalips — if rim=1 and trl=4 and tr=2 and chi=4 and
(@/12)<(75*S), then k =
(D/12)<(16.67*S), then k

_%;D/lz—; scalig — if rim=1 and trlI=4 and tr=3 and chi=1 and
(@/12)<(20*S), then k =
(@/12)<(25*S), then k =

[W]; scalizp — if rim=1 and trl=4 and tr=3 and chi=2 and
[20+S—D/12]

- Pl -

%; scaliz; — if rim=1 and trl=4 and tr=3 and chi=4 and
(®/12)<(33.34*S), then k
(@/12)<(25*S), then k =
(@/12)<(30*S), then k = o
(@/12)<(37.5%S), then k = [3751#
(D/12)<(50*S), then k = _50*5;#_; scalizy — if rim=1 and trl=4 and tr=5 and chi=1 and
(@/12)<(6.25%S), then k _[

[pRetes-ti
0295 0/12
(@/12)<(7.5%S), then k = [w

], Scalne —if

] scali, — if rim=1 and trl=4 and tr=1 and chi=2 and

_L;D/lz; scalipz — if rim=1 and trlI=4 and tr=1 and chi=3 and

[—18 75*:;"” 12]; scalizs — if rim=1 and trl=4 and tr=1 and chi=4 and

[25+S—D/12]

: scalis — if rim=1 and trl=4 and tr=2 and chi=1 and

]; scalize — if rim=1 and trl=4 and tr=2 and chi=2 and

o scalizr — if rim=1 and trl=4 and tr=3 and chi=3 and

o ]; scaliss — if rim=1 and trl=4 and tr=4 and chi=1 and
[25%S—®/12]

Pl
[30+S—/12]

» scalizs — if rim=1 and trl=4 and tr=4 and chi=2 and
: scalis — if rim=1 and trl=4 and tr=4 and chi=3 and

]; scalize — if rim=1 and trl=4 and tr=4 and chi=4 and

] scalizs — if rim=1 and trl=4 and tr=5 and chi=2 and

] scalizg — if rim=1 and trl=4 and tr=5 and chi=3 and



9.38+S— <1>/12

(D/12)<(9.38*S), then k
(D/12)<(12.5%S), then k
(@/12)<(6.25*S), then k =
(@/12)<(7.5%S), then k = [

(@D/12)<(9.375*S), then k = [@]; scalia — if rim=2 and trl=4 and tr=1 and chi=4 and

(D/12)<(12.5*S), then k = _%;cb/lz_; scaliss — if rIm=2 and trlI=4 and tr=2 and chi=1 and
(D/12)<(18.75*S), then k =

]; scalig — if rim=1 and trl=4 and tr=5 and chi=4 and

]; scalis — if rim=2 and trl=4 and tr=1 and chi=1 and

[12 5*5 cb/12
[625*5 cl>/12

]; scalis, — if rim=2 and trl=4 and tr=1 and chi=2 and

%;MZ], scaliz — if rim=2 and trl=4 and tr=1 and chi=3 and

: scaluz — if rim=2 and trl=4 and tr=2 and chi=3 and

]; scalis — if rim=2 and trl=4 and tr=2 and chi=4 and

: scalisp — if rim=2 and trl=4 and tr=3 and chi=2 and

] scaliss — if rim=2 and trl=4 and tr=4 and chi=2 and

] scalisg — if rim=2 and trl=4 and tr=5 and chi=3 and

4.69+S—D/12

[18.75*S—CD/12
(@/12)<(22.5*S), then k = o
28.125xS—®/12
o ; scalug — if rim=2 and trl=4 and tr=3 and chi=1 and
(@/12)<(8.335%S), then k =[
12.5+S—d/12
(@/12)<(16.67*S), then k = [ o ]; scaliss — if rim=2 and trlI=4 and tr=4 and chi=1 and
15+S—d/12
(D/12)<(18.75*S), then k = [ o ]; scaliss — if rim=2 and trlI=4 and tr=4 and chi=4 and
3.125+S—-d/12
(@/12)<(3.75%S), then k = [M
]; scaligo — if rim=2 and trl=4 and tr=5 and chi=4 and
Pl

o ]; scalus — if rim=2 and trl=4 and tr=2 and chi=2 and
(@/12)<(28.125%S), then k = [ =
8.335*5—43/12]
(@/12)<(10%S), then k = [L‘D/“
o ]; scalis, — if rIm=2 and trlI=4 and tr=3 and chi=4 and
(@/12)<(12.5%S), then k = [M
= ] scaliss — if rim=2 and trl=4 and tr=4 and chi=3 and
(@/12)<(25%S), then k = [w
o ]; scaliss — if rim=2 and trl=4 and tr=5 and chi=2 and
(@/12)<(4.69%S), then k =[
The set of scenarios for calculating the number of additional lamps that must be turned on to ensure the

[22.5+5—®/12]
(@/12)<(37.5%S), then k = [ZZ225"2/12]
]; scalisy — if rim=2 and trl=4 and tr=3 and chi=3 and
(@/12)<(12.5%S), then k =[
16.67xS—0 /12
(@/12)<(15%S), then k=[
18.75+S—d/12
= ]; scalisy — if rim=2 and trl=4 and tr=5 and chi=1 and
(@/12)<(3.125%S), then k =[
(@/12)<(6.25%S), then k = [w
required level of illuminosity, represented by formula (6), consists of four subsets:

SCAL = {SCALLED,SCALES,SCALH,SCALI}, (7
where  SCALLED={scali...scalso} — subset of scenarios for turning on LED lamps;
SCALES={scalu...scalsgy} — subset of scenarios for turning on energy-saving lamps;

SCALH={scals:...scali20} — subset of scenarios for turning on halogen lamps; SCALI={scali2:...scaliso} —
subset of scenarios for turning on incandescent lamps.
The set of scenarios for calculating the number of lamps that must be turned off to ensure the required
level of luminosity is formed according to Tables 3-6 and has the following form:
SCOFFL = {scof fl4, ..., scof flig1}, (8)

where scoffl; — if rim=1 and trI=1 and tr=1 and chi=1 and (®/75)>(2*S), then k1 = [CD/ 75_2*5]' scoffl, — if
rim=1 and trl=1 and tr=1 and chi=2 and (@/75)>(2.4*S), then k1 = [MJ scoffl; — if rim=1 and
trl=1 and tr=1 and chi=3 and (®/75)>(3*S), then k1 = M

J scoffls — if rim=1 and trl=1 and tr=1
and chi=4 and (@/75)>(4*S), then k1 = l@]; scoffls — |f rim=1 and trl=1 and tr=2 and chi=1 and
(@/75)>(6*S), then k1 = Mj

scoffls — if rim=1 and trl=1 and tr=2 and chi=2 and (@/75)>(7.2*S),
then k1 = MJ; scoffl; — if rim=1 and trl=1 and tr=2 and chi=3 and (®/75)>(9*S), then k1 =
l¢/75_9*s

o J; scoffls — if rim=1 and trl=1 and tr=2 and chi=4 and (@/75)>(12*S), then k1 = l@J;




d/75-2.67*S .
%J' scofflyo — if

J scoffl;y — if rim=1 and

scofflg — if rim=1 and trl=1 and tr=3 and chi=1 and (®/75)>(2.67*S), then k1 = l
rim=1 and trl=1 and tr=3 and chi=2 and (®/75)>(3.2*S), then k1 = M
trl=1 and tr=3 and chi=3 and (@/75)>(4*S), then k1 = [WLI_‘MJ
and chi=4 and (®/75)>(5.33*S), then k1 = lwl scofflys — if rim=1 and trl=1 and tr=4 and chi=1
and (@/75)>(4*9), then k1 = |22
(@/75)>(48%9), then k1 = [22225]; s
(@/75)>(6*9), then k1 = |22
then k1 = [MJ

: scoffllz —if rim=1 and trl=1 and tr=3

: scoffly — if rim=1 and trl=1 and tr=4 and chi=2 and
; scofflis — if rIm=1 and trl=1 and tr=4 and chi=3 and
J scofflis — if rim=1 and trl=1 and tr=4 and chi=4 and (@/75)>(8*S),
scoffI17 — if rim=1 and trI=1 and tr=5 and chi=1 and (@/75)>(S), then k1 =
[CD/ 757 SJ scofflig — if rim=1 and trl=1 and tr=5 and chi=2 and (®/75)>(1.2* S), then k1 = [WJ;
scofflig — if rim=1 and trl=1 and tr=>5 and chi=3 and (@/75)>(1.5* S), then k1 = WJ scoffly — if
rim=1 and trl=1 and tr=5 and chi=4 and (®/75)>(2*S), then k1 = l<b/ 752 Z*SJ scoffloy — if rim=2 and trl=1
and tr=1 and chi=1 and (@/75)>(S), then k1 = [CD/ Zj SJ scoffl,, — if rim=2 and trl=1 and tr=1 and chi=2
and (@/75)>(1.2*S), then k1 = [MJ scoffl;s — if rim=2 and trl=1 and tr=1 and chi=3 and
(®/75)>(1.5*S), then k1 = [@J, scoffls4 — if rim=2 and trl=1 and tr=1 and chi=4 and
(D/75)>(2*S), then k1 = [q’/ 75 Z*SJ scofflys — if rim=2 and trl=1 and tr=2 and chi=1 and (@/75)>(3*S),
then k1 = CD/LIMJ

scoffls — if rim=2 and trl=1 and tr=2 and chi=2 and (®/75)>(3.6*S), then k1 =

lq>/75 3.6%S c1>/75-4.5*5J_
Pl !

J scoffly — if

J scofflsg — if rim=2

J scoffly7 — if rim=2 and trl=1 and tr=2 and chi=3 and (&/75)>(4.5*S), then k1 =
scofflg — if rim=2 and trl=1 and tr=2 and chi=4 and (@/75)>(6*S), then k1 = [q’/ 75263
rim=2 and trl=1 and tr=3 and chi=1 and (®/75)>(1.335*S), then k1 = [M
and trl=1 and tr=3 and chi=2 and (@/75)>(1.6*S), then k1 = [MJ scoffls; — if rim=2 and trl=1 and
tr=3 and chi=3 and (®@/75)>(2*S), then k1 = [MJ scoffls, — if rim=2 and trI=1 and tr=3 and chi=4
and (@/75)>(2.665*S), then k1 = M]
(@/75)>(2*S), then k1 = M]
then k1 = l@
[@J; scoffls — if rim=2 and trl=1 and tr=4 and chi=4 and (@/75)>(4*S), then k1 = l
scoffls7 — if rim=2 and trl=1 and tr=5 and chi=1 and (@/75)>(0.5*S), then k1 = lqws;l()S*SJ
rim=2 and trl=1 and tr=5 and chi=2 and (®/75)>(0.6*S), then k1 = MJ scofflzg — if rim=2 and
trl=1 and tr=5 and chi=3 and (®/75)>(0.75*S), then k1 = lwl scofflyp — if rim=2 and trl=1 and

tr=5 and chi=4 and (@/75)>(S), then k1 = [q’/ 75_SJ; scoffla; — if rim=1 and trl=2 and tr=1 and chi=1 and

; scofflss — if rim=2 and trlI=1 and tr=4 and chi=1 and
scofflss — if rim=2 and trl=1 and tr=4 and chi=2 and (@/75)>(2.4*S),

J; scofflss — if rim=2 and trl=1 and tr=4 and chi=3 and (@/75)>(3*S), then k1 =
®/75-4xS J

Pl !
scofflsg — if

(©/47)>(3.2*S), then k1 = [@J; scoffl, — if rim=1 and trl=2 and tr=1 and chi=2 and
(D/47)>(3.83*S), then k1 = _w_; scofflas — if rim=1 and trl=2 and tr=1 and chi=3 and
(D/47)>(4.79*S), then k1 = _w_; scofflas — if rim=1 and trl=2 and tr=1 and chi=4 and
(D/47)>(6.39*S), then k1 = _Mﬁ scofflas — if rim=1 and trl=2 and tr=2 and chi=1 and
(D/47)>(9.58*S), then k1 = _w_; scofflas — if rim=1 and trl=2 and tr=2 and chi=2 and
(D/47)>(11.49%S), then k1 = [MJ; scoffls; — if rim=1 and trl=2 and tr=2 and chi=3 and



(@/47)>(14.37*S), then k1 = [
(@/47)>(19.15*S), then k1 = [

®/47-19.15+S
Pl

(@/47)>(4.26%9), then k1 = |22,
(@/47)>(5.11*S), then k1 = w
(D/47)>(6.39*S), then k1 = w
(@/47)>(852*S), then k1 = @
(D/47)>(6.39*S), then k1 = w
(D/47)>(7.66*S), then k1 = w
(®/47)>(9.58*S), then k1 = @

(D/47)>(12.77*S), then k1 =
(D/47)>(1.6*S), then k1 =

®/47-1.6%S

lcb/47—12.77'*5
Pl

¢/47—14.37*5J

; scofflsp — if
scoffls; — if
scoffls, — if
scofflss — if
scofflss — if
scofflss — if
scofflss — if
J; scoffls; —

rim=1 and trl=2 and tr=3 and

rim=1 and trl=2 and tr=3 and

rim=1 and trl=2 and tr=3 and

rim=1 and trl=2 and tr=4 and

rim=1 and trl=2 and tr=4 and

rim=1 and trl=2 and tr=4 and

rim=1 and trI=2 and tr=4 and

if rlm=1 and trl=2 and tr=5 and

o : scoffls — if rim=1 and trl=2 and tr=5 and
$/47-1.92+S

(D/47)>(1.92*S), then k1 =l o J; scofflsy — if rim=1 and trl=2 and tr=5 and
(D/47)>(2.4*S), then k1 = _@_; scofflo — if rim=1 and trl=2 and tr=5 and
(©/47)>(3.2*S), then k1 = _@_; scofflss — if rim=2 and trlI=2 and tr=1 and
(©/47)>(1.6*S), then k1 = _w_; scoffls, — if rim=2 and trlI=2 and tr=1 and
(@/47)>(1.915*S), then k1 = _w_; scoffles — if rim=2 and trI=2 and tr=1 and
(©/47)>(2.395*S), then k1 = _w_; scoffles — if rim=2 and trI=2 and tr=1 and
(©/47)>(3.195*S), then k1 = _M_; scoffles — if rim=2 and trl=2 and tr=2 and
(©/47)>(4.79*S), then k1 = lw; scoffles — if rim=2 and trl=2 and tr=2 and

(@/47)>(5.745%S), then k1 =
(@/47)>(7.185%S), then k1 =
(@/47)>(9575%S), then k1 =
(@/47)>(2.13*S), then k1 =[
(@/47)>(2555%S), then k1 =
(@/47)>(3.195*S), then k1 =
(@/47)>(4.26%S), then k1 =
(@/47)>(3.195*S), then k1 =
(@/47)>(3.83%S), then k1 =
(@/47)>(4.79%S), then k1 =

(@/47)>(6:385*5), then k1 = |

| P
D/47-4.26%S
| ®/47-3.195%S
©/47-3.83+S

©/47—-4.79+S]|

Pl

! Pl ]
D/47-2.13+S].

Pl !

Pl

Pl

Pl

Pl

Pl

Pl
/47—5.745+S
| /47—7.185%S |

! Pl ]
®/47-9.575+S

®/47-2.555+S

I Pl ]
D/47-3.195+5 : scoffl, — if rim=2 and trl=2 and tr=3 and chi=4

: scoffleg —

scofflo — if

scoffl;z — if

(©/47)>(0.8*S), then k1 =

(@/47)>(0.96*S), then k1 =[

(D/47)>(1.2*S), then k1 =
(D/47)>(1.6*S), then k1 =

(@/15)>(10%S), then k1 =[

®/47-0.8%S

| Pt ]
®/47-0.96+S

Pl

D/47-1.2+S

| Pt ]
®/47-1.6%S

| PI
®/15-10%S
Pl

if rlm=2 and trI=2 and tr=3 and

rim=2 and trlI=2 and tr=3 and

rim=2 and trl=2 and tr=4 and

;_scofflys — if rlm=2 and trlI=2 and tr=4 and
: scofflze — if rim=2 and trl=2 and tr=4 and
M7_—WJ; scoffl;7 — if rim=2 and trl=2 and tr=5 and chi=1
; scofflg — if rim=2 and trI=2 and tr=5 and
J; scofflzy — if rim=2 and trI=2 and tr=5 and
; scoffle — if rim=2 and trI=2 and tr=5 and
; scoffly — if rim=1 and trI=3 and tr=1 and

J; scoffle; — if rim=1 and trI=3 and tr=1 and chi=2

J; scofflsg — if rim=1 and trI=2 and tr=3 and chi=1

chi=2
chi=3
chi=4
chi=1
chi=2
chi=3
chi=4
chi=1
chi=2
chi=3
chi=4
chi=1
chi=2
chi=3
chi=4
chi=1
chi=2

: scoffle; — if rim=2 and trl=2 and tr=2 and chi=3

: scoffles — if rim=2 and trl=2 and tr=2 and chi=4

chi=1
chi=2

: scoffl;1 — if rim=2 and trl=2 and tr=3 and chi=3

chi=1

: scoffls — if rim=2 and trl=2 and tr=4 and chi=2

chi=3
chi=4

chi=2
chi=3
chi=4
chi=1

: scofflsg — if rim=1 and trl=2 and tr=2 and chi=4 and

and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and
and

and



(D/15)>(12*S), then k1 = M; scoffls — if rim=1 and trl=3 and tr=1 and chi=3 and

(D/15)>(15*S), then k1 = :@{15*5} scofflss — if rim=1 and trl=3 and tr=1 and chi=4 and

(@/15)>(20*S), then k1 = _@_; scoffles — if rim=1 and trl=3 and tr=2 and chi=1 and

(®/15)>(30*S), then k1 = _@_; scoffls — if rim=1 and trl=3 and tr=2 and chi=2 and

(@/15)>(36*S), then k1 = _@_; scoffly — if rim=1 and trl=3 and tr=2 and chi=3 and

(@/15)>(45*S), then k1 = _@_; scoffls — if rim=1 and trl=3 and tr=2 and chi=4 and
®/15-60%S

: scofflg — if rim=1 and trl=3 and tr=3 and chi=1 and

(@/15)>(60*S), then k1 = o ;
q>/15—13'.34*5J

(@/15)>(13.34%S), then k1 = |21
(@/15)>(16*S), then k1 = W
(@/15)>(20*S), then k1 = M
(@/15)>(26.67%S), then k1 =

: scofflog — if rim=1 and trI=3 and tr=3 and chi=2 and
. scofflyy — if rim=1 and trI=3 and tr=3 and chi=3 and
= ;. scoffle, — if rim=1 and trI=3 and tr=3 and chi=4 and

= [MJ; scoffles — if rim=1 and trlI=3 and tr=4 and chi=1 and

(D/15)>(20%S), then k1 = _W; scoffla — if rim=1 and trl=3 and tr=4 and chi=2 and
(D/15)>(24*S), then k1 = W; scoffls — if rim=1 and trl=3 and tr=4 and chi=3 and
(@/15)>(30*S), then k1 = @; scoffle — if rim=1 and trl=3 and tr=4 and chi=4 and
(@/15)>(40*S), then k1 = [wl scoffley — if rim=1 and trI=3 and tr=5 and chi=1 and (@/15)>(5*S),
then k1 = CD/LI_S*SJ; scofflgs — if rim=1 and trl=3 and tr=5 and chi=2 and (@/15)>(6*S), then k1 =
[CD/ 15 6*SJ scoffleg — if rim=1 and trl=3 and tr=5 and chi=3 and (®/15)>(7.5*S), then k1 = @J;
scofflipo — if rim=1 and trlI=3 and tr=>5 and chi=4 and (@/15)>(10*S), then k1 = [MJ scofflio — if

CD/15 5%S

rim=2 and trl=3 and tr=1 and chi=1 and (®/15)>(5*S), then k1 =
trl=3 and tr=1 and chi=2 and (®/15)>(6*S), then k1 = [CD/ 15_6*5]' scofﬂm —if rim=2 and trl=3 and tr=1
and chi=3 and (@/15)>(7.5*S), then k1 = [MJ scofflios — if rim=2 and trl=3 and tr=1 and chi=4

J scofflipz — if rim=2 and

and (@/15)>(10*S), then k1 = [MJ scofflis — if rim=2 and trl=3 and tr=2 and chi=1 and
(@/15)>(15*S), then k1 = W; scoffle — if rim=2 and trl=3 and tr=2 and chi=2 and
®/15-18%S

(D/15)>(18*S), then k1 = ; scoffligy; — if rim=2 and trl=3 and tr=2 and chi=3 and

Pl

(@/15)>(22.5*S), then k1 = l@k scofflig — if rim=2 and trI=3 and tr=2 and chi=4 and
(@/15)>(30*S), then k1 = @; scofflig — if rim=2 and trI=3 and tr=3 and chi=1 and
_ |®/15-6.67x5

(@/15)>(6.67*S), then k1 o J; scofflio — if rim=2 and trI=3 and tr=3 and chi=2 and
(@/15)>(8*S), then k1 = [q’/ 15- S*SJ scofflis — if rim=2 and trl=3 and tr=3 and chi=3 and (@®/15)>(10*S),
then k1 = [MJ scofflyz — if rim=2 and trl=3 and tr=3 and chi=4 and (®/15)>(13.335*S), then
k1l = w] scoffliiz — if rim=2 and trl=3 and tr=4 and chi=1 and (&/15)>(10*S), then k1 =
[MJ scoffliia — if rim=2 and trl=3 and tr=4 and chi=2 and (®/15)>(12*S), then k1 = l%],
scoffliys — if rim=2 and trI=3 and tr=4 and chi=3 and (&/15)>(15*S), then k1 = MJ scOffliyg — if
rim=2 and trl=3 and tr=4 and chi=4 and (@/15)>(20*S), then k1 = l@]; scoffliyz — if rim=2 and
trl=3 and tr=5 and chi=1 and (®/15)>(2.5*S), then k1 = @J; scofflig — if rim=2 and trl=3 and

tr=5 and chi=2 and (@/15)>(3*S), then k1 = l@]; scoffliig — if rim=2 and trI=3 and tr=5 and chi=3



and (@/15)>(3.75*S), then k1 = [
®/15-5%S].

(@/15)>(5*S), then k1 =[

¢/15—3.75*5J

: scofflizo — if rim=2 and trI=3 and tr=5 and chi=4 and

scoffli;y — if rim=1 and trl=4 and tr=1 and chi=1 and

®/12-12.5+S

(®/12)>(12.5*S), then k1 =l o J; scofflip — if rim=1 and trl=4 and tr=1 and chi=2 and
(@/12)>(15*S), then k1 = _@_; scofflis — if rim=1 and trlI=4 and tr=1 and chi=3 and
(®/12)>(18.75*S), then k1 = l@k scofflios — if rim=1 and trl=4 and tr=1 and chi=4 and
(D/12)>(25*S), then k1 = _@_; scofflis — if rim=1 and trlI=4 and tr=2 and chi=1 and
(@/12)>(37.5*S), then k1 = l@k scofflis — if rim=1 and trl=4 and tr=2 and chi=2 and
(D/12)>(45*S), then k1 = _@_; scoffly — if rim=1 and trlI=4 and tr=2 and chi=3 and
(@/12)>(56.25*S), then k1 = WJ; scofflizs — if rim=1 and trl=4 and tr=2 and chi=4 and
(@/12)>(75*S), then k1 = _@_; scofflizg — if rim=1 and trl=4 and tr=3 and chi=1 and
(@/12)>(16.67*S), then k1 = [WJ; scofflizp — if rim=1 and trl=4 and tr=3 and chi=2 and
(@/12)>(20*S), then k1 = _@_; scofflizy — if rim=1 and trl=4 and tr=3 and chi=3 and
(@/12)>(25*S), then k1 = _@_; scofflizz — if rim=1 and trl=4 and tr=3 and chi=4 and
(®/12)>(33.34*S), then k1 = l@k scofflizs — if rim=1 and trl=4 and tr=4 and chi=1 and
(@/12)>(25*S), then k1 = _@_; scofflizs — if rim=1 and trlI=4 and tr=4 and chi=2 and
(@/12)>(30*S), then k1 = _@_; scofflizs — if rim=1 and trlI=4 and tr=4 and chi=3 and
(@/12)>(37.5*S), then k1 = _@_; scofflizs — if rim=1 and trl=4 and tr=4 and chi=4 and
(@/12)>(50*S), then k1 = _@_; scofflizz — if rim=1 and trlI=4 and tr=5 and chi=1 and
(@/12)>(6.25*S), then k1 = _@_; scofflizs — if rim=1 and trl=4 and tr=5 and chi=2 and
(@/12)>(7.5*S), then k1 = [@; scofflize — if rim=1 and trl=4 and tr=5 and chi=3 and
(@/12)>(9.38*S), then k1 = _w_; scofflio — if rim=1 and trl=4 and tr=5 and chi=4 and
(®/12)>(12.5*S), then k1 = _w_; scofflis — if rim=2 and trl=4 and tr=1 and chi=1 and
(D/12)>(6.25*S), then k1 = _w_; scoffliz, — if rim=2 and trl=4 and tr=1 and chi=2 and
®/12-7.5+S].

(@/12)>(15%S), then k1 =[
(@/12)>(9.375*S), then k1 =
(@/12)>(12.5*S), then k1 =
(@/12)>(18.75*3), then k1 =
(@/12)>(22.5*S), then k1 =
(@/12)>(28.125*S), then k1
(@/12)>(37.5*S), then k1 =

(@/12)>(8.335*S), then k1 = [
®/12-10%S

(@/12)>(10%3), then k1 =[

(@/12)>(12.5*S), then k1 =[
(@/12)>(16.67*S), then k1 = [

(@/12)>(12.5%S), then k1 =

: scofflus — if rim=2 and trl=4 and tr=1 and chi=3 and

l¢/12—9.375*SJ

: scofflias — if rim=2 and trl=4 and tr=1 and chi=4 and

@; scofflius — if rim=2 and trl=4 and tr=2 and chi=1

®/12-18.75+S
©/12-22.5+S

and

- J; scofflis — if rim=2 and trl=4 and tr=2 and chi=2 and

: scoffliyz — if rim=2 and trl=4 and tr=2 and chi=3 and

| Pl ]
®/12-28.125+S

Pl
@; scofflye — if rim=2 and trl=4 and tr=3 and chi=1

WJ; scoffliso — if rim=2 and trlI=4 and tr=3 and chi=2

J; scofflig — if rim=2 and trl=4 and tr=2 and chi=4 and

and
and

J; scofflisy — if rim=2 and trl=4 and tr=3 and chi=3 and
®/12-12.5+5|,

Pl !
CD/12—16.67*SJ

scofflis, — if rim=2 and trl=4 and tr=3 and chi=4 and

: scoffliss — if rim=2 and trl=4 and tr=4 and chi=1 and
lq>/12—12.5*5J

: scoffliss — if rim=2 and trl=4 and tr=4 and chi=2 and



(@/12)>(15*S), then k1 = [@J; scoffliss — if rim=2 and trl=4 and tr=4 and chi=3 and

(@/12)>(18.75*S), then k1 = [M]
(@/12)>(25%9), then k1 = |22
(@/12)>(3.125*S), then k1 = l@k scofflisg — if rim=2 and trl=4 and tr=5 and chi=2 and
(@/12)>(3.75*S), then k1 = l@k scofflisg — if rim=2 and trl=4 and tr=5 and chi=3 and
(D/12)>(4.69*S), then k1 = l@]; scofflio — If rim=2 and trl=4 and tr=5 and chi=4 and
(@/12)>(6.25*S), then k1 = l@k scofflie; — if rim=3 and (trl=1 or trI=2 or trI=3 or trl=4) and
(tr=1 or tr=2 or tr=3 or tr=4 or tr=>5) and (chi=1 or chi=2 or chi=3 or chi=4) and (®/75)>0, then turn off
all the lamps that are on.

The set of scenarios for calculating the number of lamps that must be turned off to ensure the required
level of luminosity, represented by formula (8), consists of four subsets:

SCOFFL = {SCOFFLLED,SCOFFLES,SCOFFLH,SCOFFLI}, 9)
where SCOFFLLED={scoffl;...scoffls, scofflie1} — subset of scenarios for turning off LED lamps;
SCOFFLES={scoffls;...scofflg, scofflii} — subset of scenarios for turning off energy-saving lamps;
SCOFFLH={scofflg;...scofflioo, scofflici} — subset of scenarios for turning off halogen lamps;
SCOFFLI={scoffl121...scofflieo, scofflie1} — subset of scenarios for turning off incandescent lamps.

After forming the set of alternatives, the residential luminosity control subsystem of «Smart House»
cyber-physical system must evaluate all available scenarios in order to choose the best alternative(s) — for
example, to give priority to the scenario with the maximum use of natural lighting and the minimum use of
artificial lighting to ensure maximum energy efficiency.

Then method of recognizing the situations and supporting the decision-making in the residential
luminosity control subsystem of «Smart House» cyber-physical system (starts to execute or every 5
minutes, if the user does not change the lighting mode, since the subsystem must constantly respond to
changes in lighting, or immediately when the lighting mode is changed by the user) will consist of the
following steps:

1. measurement by the sensors of the residential luminosity control subsystem of «Smart House»
cyber-physical system of the luminous flux with available lighting (for the first iteration after
changing the lighting mode, the subsystem turns off all artificial lighting and measures the
luminous flux only for natural lighting; measurements are performed either every 5 minutes or
immediately when the lighting mode is changed by the user) — the measured value is assigned to
variable @

2. ifasd=1, then check the position of the blinds (if the blinds are fully open, then the variable bp is
assigned O; if the blinds are completely closed, then the variable bp is assigned 1), else, if asd=2,
then check the position of the roller shutters (if roller shutters are fully open, then the variable rsp
is assigned O; if the roller shutters are completely closed, then the variable rsp is assigned 1), else,
if asd=3, then check the position of the curtains (if the curtains are fully open, then the variable cp
is assigned O; if the curtains are completely closed, then the variable cp is assigned 1)

3. search of the scenario according to the values of the variables rlm, tr, chi, S and @ in the subsets
SCPS, SCPE, SCPIS

4. if according to the values of the variables rlm, tr, chi, S and @ the residential luminosity control
subsystem of «Smart House» cyber-physical system» found a scenario in SCPS subset, then at this
moment in time the luminosity corresponds to the norm, so the subsystem does not perform any
actions

5. if according to the values of the variables rim, tr, chi, S and @ the residential luminosity control
subsystem of «Smart House» cyber-physical system found a scenario in SCPIS subset, then:

5.1. at this moment of time, the luminosity is insufficient, so the subsystem must perform the
addition of luminous flux

5.2. if asd=0, then proceed to step 5.5

5.3. if asd=1 and bp=0, then proceed to step 5.5, else, if asd=2 and rsp=0, then proceed to step
5.5, else, if asd=3 and cp=0, then proceed to step 5.5

: scoffliss — if rim=2 and trl=4 and tr=4 and chi=4 and

J; scofflisz — if rim=2 and trl=4 and tr=5 and chi=1 and



5.4, if asd=1 and bp+0, then turn on the blinds by 1 degree and go to step 1, else, if asd=2 and
rsp#£0, then raise the roller shutters to open by 1 cm and go to step 1, else, if asd=3 and cp£0,
hen move the curtains to open by 1 cm each and go to step 1
5.5. turning on additional lamps: the scenario is searched according to the values of the variables
rim, trl, tr, chi, S, Pl and @ in the set SCAL (if trl=1, then the scenario is searched in
SCALLED subset; if trl=2, then the scenario is searched in SCALES subset; if trl=3, then the
scenario is searched in SCALH subset; if trl=4, then the scenario is searched in SCALI
subset); if the number of additional lamps (k) calculated according to the found scenario is
available (k<ak), then the subsystem turns on k lamps, else it issues a message about the
impossibility of providing the required level of luminosity with the existing lamps and a
recommendation to add (k-ak) lamps in this room
6. if according to the values of the variables rim, tr, chi, S and @ the residential luminosity control
subsystem of «Smart House» cyber-physical system found a scenario in SCPE subset, then:
6.1. at this moment in time, there is excess luminosity, so the subsystem must perform a reduction
of the luminous flux
6.2. if asd=0, then proceed to step 6.5
6.3. if asd=1 and bp=1, then then proceed to step 6.5, else, if asd=2 and rsp=1, then proceed to
step 6.5, else, if asd=3 and cp=1, then proceed to step 6.5
6.4. if asd=1 and bp#1, then turn off the blinds by 1 degree and go to step 1, else, if asd=2 and
rsp#1, then lower the roller shutters to close by 1 cm and go to step 1, else, if asd=3 and
cp+£1, then move the curtains to close by 1 cm each and go to step 1
6.5. turning off extra lamps: the scenario is searched according to the values of the variables rim,
trl, tr, chi, S, Pl and @ in the set SCOFFL (if trl=1, then the scenario is searched in
SCOFFLLED subset; if trl=2, then the scenario is searched in SCOFFLES subset; if trl=3,
then the scenario is searched in SCOFFLH subset; if trl=4, then the scenario is searched in
SCOFFLI subset); if the number of lamps that must be turned off (k1), calculated according
to the found scenario, is available (k1<ak), then the subsystem turns off k1 lamps, else it
issues a message about the impossibility of providing the required level of luminosity with
the available means and a recommendation to add additional shading devices in this room
The developed method of recognizing the situations and supporting the decision-making in the
residential luminosity control subsystem of «Smart House» cyber-physical system provides the user of the
subsystem with the ability to quickly and conveniently configure the necessary lighting mode.

4. Results & Discussion

Let's consider the operation of the proposed method for setting up the residential luminosity control
subsystem of «Smart House» cyber-physical system for each room and method of recognizing the
situations and supporting the decision-making in the residential luminosity control subsystem of «Smart
House» cyber-physical system.

For experiment 1, the user configured the residential luminosity control subsystem of «Smart House»
cyber-physical system for the room "working cabinet" according to the method for setting up the
residential luminosity control subsystem of «Smart House» cyber-physical system for each room. For
this purpose, the user selected the type of room - "working cabinet" (tr=4), selected the ceiling height
interval of the room - "2.5-2.7 m" (chi=1), entered the value of the area of the room - 18 m?" (S=18),
selected type of lamps used in the room - "halogen™ (trl=3), entered the power value of one used lamp -
"50 W" (P1=50), entered the number of lamps used in the room - "8" (ak=8), selected the availadle in
the room shading device - "no shading devices are used" (asd=0), selected the start room lighting mode
- "activity" (rlm=1).

Then, in accordance with step 1 of the method of recognizing the situations and supporting the
decision-making in the residential luminosity control subsystem of «Smart House» cyber-physical system,
measurements of the luminous flux were made with the sensors of the subsystem with available natural
lighting (@=1900 lumens). Since asd=0, no action is taken in step 2 of the method. According to step 3 of
the method, the scenario is searched — since rim=1, tr=4, chi=1, S=18 and @=7900, the scenario from
SCPIS subset is chosen: scpss — if rim=1 and tr=4 and chi=1 and ®<300*S (1900<5400), then the



available luminosity is insufficient. There is a transition to step 5 of the method. According to 5.1, a
decision is made that at the moment the available luminosity is insufficient, so the subsystem must perform
the addition of luminous flux. According to 5.2, since asd=0, the transition to step 5.5 is performed.
According to 5.5, additional lamps are turned on: the scenario is searched — since rim=1, trl=3, tr=4,
chi=1, S=18, PI=50 and @=1900, the scenario from SCALH subset is selected: scalgs — if rim=1 and trl=3

and tr=4 and chi=1 and (@/15)<(20*S) (126.67<360), then k = [%] So, k = [%] =

5. Since the number of additional lamps calculated according to the found scenario (k=5) is available
(5<8), then subsystem turned on 5 lamps.

For experiment 2, the user configured the residential luminosity control subsystem of «Smart House»
cyber-physical system for the room "bedroom" according to the method for setting up the residential
luminosity control subsystem of «Smart House» cyber-physical system for each room. For this purpose,
the user selected the type of room - "bedroom" (tr=3), selected the ceiling height interval of the room -
"2.5-2.7 m" (chi=1), entered the value of the area of the room - «25 m?» (S=25), selected type of lamps
used in the room - «LED» (trl=1), entered the power value of one used lamp - «10 W» (P1=10), entered
the number of lamps used in the room - «10» (ak=10), selected the availadle in the room shading device -
"blinds" (asd=1), selected the start room lighting mode - "relax" (rim=2).

Then, in accordance with step 1 of the method of recognizing the situations and supporting the
decision-making in the residential luminosity control subsystem of «Smart House» cyber-physical system,
measurements of the luminous flux were made with the sensors of the subsystem with available natural
lighting (@=300 lumens). At the step2, since asd=1, then the position of the blinds is checked (since the
blinds are completely closed, then bp=1). According to step 3 of the method, the scenario is searched —
since rim=2, tr=3, chi=1, S=25 and ®=300, the scenario from SCPIS subset is chosen: scps7 — if rim=2
and tr=3 and chi=1 and ®<100*S (300<2500), then the available luminosity is insufficient. There is a
transition to step 5 of the method. According to 5.1, a decision is made that at the moment the available
luminosity is insufficient, so the subsystem must perform the addition of luminous flux. According to 5.4,
since asd=1 Ta bp#0, then turn on the blinds by 1 degree and go to step 1. The subsystem performed this
cycle (steps 1-2-3-5.1-5.4 of the method) until the blinds were fully opened.

When the blinds are fully opened (bp=0) luminous flux measured in step 1 of the method is 2300
lumens (@=2300 lumens). At the step2, since asd=1, then the position of the blinds is checked (since the
blinds are fully open, then bp=0). According to step 3 of the method, the scenario is searched — since
rim=2, tr=3, chi=1, S=25 and ®@=300, the scenario from SCPIS suset is chosen: scps7 — if rim=2 and tr=3
and chi=1 and @<100*S (2300<2500), then the available luminosity is insufficient. There is a transition to
step 5 of the method. According to 5.1, a decision is made that at the moment the available luminosity is
insufficient, so the subsystem must perform the addition of luminous flux. Since asd#0, then no action
occurs in step 5.2 of the method. According to 5.3, since asd=1 and bp=0, the transition to step 5.5 is
performed. According to 5.5, additional lamps are turned on: the scenario is searched — since rim=2, trl=1,
tr=3, chi=1, S=25, PI=10 and ®=2300, the scenario from SCALLED subset is selected: scal,g — if rim=2

and trl=1 and tr=3 and chi=1 and (@/75)<(1.335*S) (30.67<33.38), then k = [M

| S0k =
Pl
[w] = 1. Since the number of additional lamps calculated according to the found scenario

10
(k=1) is available (1<10), then subsystem turned on 1 lamp.

The conducted experiments proved, that the developed method provides for the recognition of various
situations in the lighting scenario (sufficient light flow, insufficient light flow, excess light flow —
according to the current lighting standards) and support for decision-making regarding the lighting of the
home according to the lighting mode set by the user (reflecting/closing shading devices, turning on/off the
lamps — depending on the recognized situation).

5. Conclusions

Currently, the urgent problem is to ensure the ability of recognizing the situations and supporting the
decision-making in the «Smart House» cyber-physical system.

The conducted survey of research showed that: known solutions provide for situation recognition and
decision-making support only, as a rule, for one or two subsystems of the "Smart House" cyber-physical



system, and also do not provide for the possibility of assessing the sufficiency of information for decision-
making in the "Smart House" cyber-physical system house". Therefore, the goal of our overall research is
recognizing the situations and supporting the decision-making for all 5 subsystems of the «Smart House»
cyber-physical system, with an assessment of the sufficiency of information for all decisions by
developing a comprehensive situation recognition and decision support system in the «Smart House»
cyber-physical system, and the purpose of this study is recognizing the situations and supporting the
decision-making in the residential luminosity control subsystem of «Smart House» cyber-physical system.

The developed in this paper method for setting up the residential luminosity control subsystem of «Smart
House» cyber-physical system for each room allows to enter the necessary parameters for further automatic
operation of the residential luminosity control subsystem of «Smart House» cyber-physical system.

The developed method of recognizing the situations and supporting the decision-making in the
residential luminosity control subsystem of «Smart House» cyber-physical system provides the user of the
subsystem with the ability to quickly and conveniently configure the necessary lighting mode. In addition,
the developed method provides for the recognition of various situations in the lighting scenario (sufficient
light flow, insufficient light flow, excess light flow — according to the current lighting standards) and
support for decision-making regarding the lighting of the home according to the lighting mode set by the
user (reflecting/closing shading devices, turning on/off the lamps — depending on the recognized situation).
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