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DATAWARE AND SOFTWARE OF THE AUTOMATED TECHNOLOGY FOR
COMPUTER- INTEGRATED CONTROL OF HEAT PUMP SYSTEMS

The paper has solved a scientific and applied problem as for substantiating requirements to technical and functional
characteristics of the automated technologies of computer-integrated control of heat pump systems in the heating and cooling
modes owing to its dataware and software developing and testing.

Following functional procedures have been taken into consideration during the dataware and software development of
the computer-integrated subsystem for heating of buildings: monitoring of ambient air temperature, ground temperature, and
operating modes of functional elements of the heat pump system as well as zonal monitoring of indoor air temperature; computer-
Iintegrated processing of the monitoring data; automated control of the heat pump as well as modes of zonal thermal medium
supply to the building; and analysis of energy efficiency as for implementation of the proposed computer-integrated method to
control systems of thermodynamic heating. It has been identified that thermal capacity of a heat pump is rather sensitive to
indicators of the total heat losses of a building. If the total heat losses increase from 0.2°C/hour up to 0.5°C/hour then constant
value of the thermal capacity increases by 48%. Moreover, thermal capacity of a heat pump is quite sensitive to ambient air
temperature dynamics: if temperature variation is 12°C (i.e. 3°C-9 °C) then average increase in thermal capacity is 58 %.

Following functional procedures have been involved during the dataware and software development of the computer-
Integrated subsystem for cooling of buildings: monitoring of ambient air temperature and operating modes of functional elements of
the heat pump system, zonal computer-integrated monitoring of indoor air temperature, computer-integrated the monitoring data
processing based upon microcontrollers; automated control of the thermal pump operating modes (i.e. heat energy outfeed and
release to the main intercooler unit); and analysis of energy efficiency as for implementation of the proposed computer-integrated
method to control systems of thermodynamic cooling of buildings. The abovementioned has helped identify that thermal capacity
of a heat pump is rather sensitive to indicator of heat exchange with surrounding air: four times increase in heat-exchange
coefficient (i.e. from 1°C/hour up to 4°G/hour) results in 20% growth of thermal capacity of the cooling subsystem system at
similar ambient air temperature (it varies from 30°C up to 36 °C) if the maintained target indoor temperature is 22°C.

Keywords: dataware and software, automated technology, cooling, heating, heat pump.

OJIIIIEBCBKUM Lins

HarionansHuil TeXHIYHMH yHiBepCUTeT «JIHIMPOBCHKa MO TEXHIKa)

THO®OPMAIIMHE TA IPOI'PAMHE 3ABE3ITEYEHHSI ABTOMATH30BAHOI
TEXHOJIOI'II KOMIPIOTEPHO-IHTEI'POBAHOI'O KEPYBAHHA
TEIIVIOHACOCHUMHU CUCTEMAMHA

B CTarTi BUPILIEHO HAYKOBO-NPUKAGAHY 33Aa4y OOrpYHTYBAHHSI BUMOI A0 TEXHIKO-QYHKLIOHA/IbHNX XapaKTEPUCTIK
aBTOMAaTU30BaHUX TEXHOJIOMY KOMITIOTEPHO-IHTENPOBAHOIO KEPYBAHHS TEM/IOHACOCHUMU CUCTEMaMU Y DPEXUMAX ONasieHHs Ta
KOHANLIIOHYBaHHS 3aBASKHU PO3POOLII Ta TECTYBAHHIO i IHGOPMALIIIHOrO Ta NPorpamMHOro 386€3reYeHHs.

774 4ac po3pobku [HPOPMALIHOrO Ta MpPOrPaMHOro 3a6E3MEHYEHHS KOMITIOTEDHO-IHTErPOBAHOI MACUCTEMU OMA/IEHHS
byaisesib 6ys10 BpaxoBaHO HACTYIIHI QYHKLIIOHA/IbHI POUERYPH. MOHITOPUHIT TEMIEPATYPY MOBITPS HABKO/MILIHBOIO CEPEAOBILYE,
TEMIEPATYPU TPYHTY Ta PEXUMIB POOOTU QYHKLIOHAIBHUX E/IEMEHTIB TEM/IOHACOCHOI CUCTEMU, @ TAKOX 30HA/IbHU MOHITOPUHI
TEMIEPATypH roBITPS B ByAIB/1; KOMITIOTEPHO-IHTENPOBaHa 0O6POOKa AGHUX MOHITOPUHIY, aBTOMATU30BaHE KEPYBAHHS TEr/I0BMM
HAcoCoM Ta pexwiMamy 30HaJ/IbHOI 11o4advi Tern/oHOCI A0 OyAis/l; aHam3 eHeproeqheKTMBHOCTI peasii3auii 3arpornoHOBaHoro
KOMITIOTEPHO-IHTENPOBAHOr0 METOAY KEPYBAHHS CUCTEMAaMU TEIIOHACOCHOIrO Ora/IeHHS. BCTaHOB/IEHO, WO Tern/aoBa MOTYXXHICTE
TEN/I0BOro HAacocy € 3Ha4YHO YyT/MBUM MapaMETPOM A0 IMOKA3HMKIB CYMaPHUX TersaoBux BTpaT OyaiB/i. 3a yMOBU MiABULLEHHS
CyMapHux Tenaosux BTpar 6yaissi 3 0,2 °C/rog. 4o 0,5 °C/rog. crane 3HaqyeHHs Ten/I0BOI MOTY)KHOCTI 3pOCTaEe Ha 48 %. Ternsnosa
TIOTY)KHICTb  TEM/IOBOrO HACOCY € 3HAYHO YYT/IMBOKO X3PaKTEPUCTUKOIO A0 AMHAMIKW TEMNEPATYPU [10BITPS HABKO/IMLLIHBOIO
cepegosuLya: npm 3miHi temnepatypu Ha 12 °C (v gianasoHi Big =3 °C go 9 °C) TerioBa noTyXHICTb 3POCTAE Y CEPEAHLOMY Ha
58 %.

Tlig  yac po3pobku iHGOPMALIIHOrO Ta [IPOrPaMHOro 336E3M1EYEHHS  KOMITIOTEPHO-IHTENPOBAHOI  rigcucremu
KOHANLIIOHYBaHHS  6yfiBesib  Oy/10  BPAaxXoBaHO HACTYIHI  QyHKUIOHA/IBHI  MPOLIEAYPU:  MOHITODUHI — TEMIIEpaTypu  rosIiTps
HABKOJIMLLIHbOIO CEPEAOBUILA T PEXUMIB POOOTH QDYHKLIOHAIBHUX €/IEMEHTIB TEM/IOHACOCHOI CUCTEMY, a TAKOX 30HA/IbHMN
KOMIT1OTEPHO-IHTErDOBaHMY MOHITODUHI TEMIEPATYDH NOBITPS B OYAIB/I; KOMITIOTEPHO-IHTErPOBaHa OBPOOKa AaHNX MOHITOPUHIY
Ha OCHOBI MIKDOKOHTDOJIEDHNX 3ac00iB; aBTOMAaTu30BaHE KEPYBAaHHS PEXuMamy poboTH TeN/I0BOro Hacocy (BiabmpaHHs Ta
CKugaHHs Tern/IoBOi  eHeprii 4O ro/IoBHOro TEMIOOOMIHHUKE), aHasli3 eHEProeekTMBHOCTI peasni3auli  3arnpornoHoBaHoro
KOMITIOTEPHO-IHTENPOBAHOr0 METOAY KEPYBAHHS CUCTEMaMY TEIN/IOHACOCHOrO KOHANLIIOHYBaKHHS OyAiBesb. Y pe3y/ibTati Lboro 6y/1o
BCTAHOBJ/IEHO, O Ter/I0Ba OTY)XXHICTb TEM/IOBOrO HAacocy € 3HAYHO YyT/IMBUM [1apaMeTpoM AO [1OKa3HUKa TEM/IO0OMIHYy 3
HABKOJTNLLIHIM CEPEAOBULLEM. 30I/IbLLIEHHS KOE@ILIIEHTY Tern/io06MiHy B 4 pasu (3 1 °C/roa. 4o 4 °C/rog.) npu3BoanTs 40 3POCTaHHS
TEr/I0BOI NOTY)KHOCTI MACUCTEMU KOHAULIIOHYBaHHS Ha 20 % 33 OfHAKOBUX TEMIIEPATYP IOBITPS HABKOMLLIHbOIO CEPEAOBMLUE
(3MiHI0ETLCS B Aiana3oHi Big 30 °C 4o 36 °C) riig 4ac nigTpuMarHs LiriboBoi Temrepatypy rnositps B 6yAissi Ha pisHi 22 °C.

Kto4oBi croBa. iH@OpMaUWIHE Ta rporpamHe 336E3MEHEHHS], aBTOMAaTU30BaHI TEXHOJION, OXO/IOMKEHHS, Ora/IeHHS,
TernI0Bmi Hacoc.
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1. Introduction

Development and implementation of the automated technologies controlling heat pump systems, including
computer-integrated control of heating and cooling processes of buildings, make it possible to optimize considerably
the use of energy and resources. In turn, dataware and software of such systems helps provide accurate zonal control
and regulation in premises and buildings optimizing energy losses and minimizing heating losses respectively [1, 2].

Online precision automated control of temperature behaviour enables provision of both stable and
comfortable microclimate in residential units and administrative facilities. The automated indoor temperature
control under heating and cooling modes, based upon computer-integrated methods and means with further energy
accumulation in the thermal storage, makes it possible to provide both stable and comfortable microclimate of
buildings and structures taking into consideration indicators of energy consumption and energy loss. Dataware and
software of computer-integrated subsystems of the automated heating and cooling control help involve various
destabilizing factors and such informative parameters as meteorological conditions, building structures,
physiochemical properties of the building materials etc. Consequently, the scientific and applied problem as for
substantiation of requirements to technical and functional characteristics of the automated technologies of computer-
integrated control of heat pump systems under heating and cooling modes is both promising and topical today owing
to its dataware and software developing and testing.

The paper aim is to improve energy efficiency of indoor heating and cooling through the development and
use of software and data support of the automated technology of computer-integrated control of heat pump systems.
The research object is processes of the automated control of heat pump systems. The research subject involves
methods, models, and means to develop the automated technologies of computer-integrated control of heat pump
systems.

2. Dataware of computer-integrated subsystem for the automated control of indoor heating

A model, which includes following procedures and functions, has become the developed dataware of the
technology for the automated control of indoor heating: monitoring of ambient air temperature, ground temperature,
and operating modes of functional elements of a heat pump system; and zonal monitoring of indoor temperature;
online computer-integrated processing of the monitoring data; automated control of a heat pump as well as the
modes of zonal thermal medium delivery to the building; and analysis of energy efficiency as for implementation of
the proposed computer-integrated method to control systems of thermodynamic heating. Fig. 1 shows the
generalized graphical interpretation of the proposed dataware of computer-integrated subsystem of the automated
control of building heating in the form of a functional scheme taking into consideration the known findings [3, 4].

The key goal to solve the scientific and research problem of information support development for computer-
integrated subsystem indoor heating is substantiation of the requirements to intrinsic program component of the
automated control of the subsystem. Hence, relying upon the fact, the necessity arises to perform mathematical
description of the main stages of data gathering and processing with following generation of controlling and
regulating impacts in accordance with the abovementioned information model (see Fig. 1).

The proposed mathematical formulation is based upon a heat-balance equation of a building [3, 5]:

Ti” (t +l) = Tin (t) + ( PHP (t) - QSUM (t)) <At ’ (1)

where Ti, is indoor air temperature; Pup is capacity of a heat pump; Qsuwm is total thermal loss; t is current
time interval; and 4z is time interval being analyzed.

Parameter of equation (1), corresponding to the total thermal loss (Qsum), can be calculated based upon the
equation [5, 6] taking into account components of the heat losses through walls, roof, windows, and floor:

QSUM (t) = I(AIR (Tin (t) _Tout air (t)) + I(GROUND (Tin (t) _Tout ground (t)) ’ (2)

where Qsuw is total thermal loss; Ti, is indoor air temperature; Touair iS @ambient air temperature; Tout ground IS
ground temperature; kar is coefficient of the total thermal losses through windows, roof, and walls of the building;
kerounp is coefficient of heat losses of the building through its floor; and t is current time interval.

Thermal capacity parameter of a heat pump (Pwp) within equation (1) is the controlled parameter.
Consequently, controlling rule should be selected. Analysis of prior information as for synthesis of temperature
controllers of different building types [7—9] has helped identify that PI regulating devices are characterized as
satisfactory. In turn, while controlling indoor temperature, the regulator is described using the equation:

P (1) = K, () + K, [e(t)dt @3)

where Pyp is heat pump capacity; e is control error being calculated as a difference between the target and
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current indoor temperatures; Kp is proportional gain; K; is integral factor; and t is current time interval.

Relying upon the PI rule, air control error in formula (3) is calculated at discrete time intervals by means of a
program block of the subsystem based upon indoor air measurement monitoring data as a difference between the
target indoor temperature and the current one with the help of the formula:

e(t) = Tin target _Tin (t) , (4)

where e is control error of indoor air temperature; Tintarget IS target indoor air temperature; Tin iS current
indoor temperature; and t is current time interval.
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Fig. 1. Functional implementation scheme of information model of the computer-integrated subsystem of the automated control for
indoor heating

As it has been abovementioned, the designed information support of computer-integrated subsystem of the
automated control of building heating involves zonal regulation of indoor temperature. In such a way, during the
development of the subsystem program block, formula (4) involves its cyclic use for each zone of the building with
future averaged and gradient analysis.

Taking into consideration the monitoring data processing as well as further automated control of indoor
temperature based upon the heat pump control through digital procedures, integral component of the error, being a
component of formula (3), should be computed relying upon the equation:

je(t)dt = Zt:eiAt
i=0 , (5)

where e is control error of indoor air temperature; i is serial number of discrete timing; and 4¢ is time interval being
analyzed.

Thus, as it has been abovementioned, the development results of information support of computer-integrated
subsystem of the automated control of building heating may be applied as the algorithmic basis while synthesizing
and testing software of the designed subsystem of the automated control of building heating.

3. Software of computer-integrated subsystem of the automated control for building heating

The designed software, being functionally algorithmic basis to substantiate requirements to thermal pump
system for building heating, is based upon following functional chain being developed cyclically online:
determination of target indoor air temperature value; assessment and consideration of a dynamic range of change in
such destabilizing factors as ambient air temperature, and ground temperature; measuring online monitoring of
indoor temperature; determination of indoor air regulation at each time step of the simulation; computation of the
integral component of a regulation error; assessment of the output value of Pl regulator signal based upon the data
on a current error taking into consideration the integral component; calculation of the heat pump capacity based
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upon the output value of PI regulator signal; introduction of restrictions on a capacity parameter of the heat pump to
avoid initiation of negative values; evaluation of the total thermal losses through walls, roof, windows, and floor of
the building; and computation of the updated current indoor temperature value relying upon the data on heat pump
capacity and total thermal losses.

Single-storey building with the internal volume of 450 m? and overall dimensions of 15x12x2.5 m, which
corresponds to the requirements for standard structures of such a type, has been selected as the basis to develop the
software. Light concrete is a construction material for the bearing stratum of a protective structure. Mineral cotton is
a thermal insulation material being popular today owing to its satisfactory thermal characteristics making it possible
to maintain comfortable indoor temperature for a full year decreasing heat looses in winter and heat input in
summer. Statistical data as for ambient air temperature dynamics have been selected for climatic conditions of
Dnipropetrovsk Region. While developing program component of computer-integrated subsystem to control indoor
heating, PI regulator was adjusted in such a way to maintain target indoor temperature at the level of 21°C ambient
air temperature varied from —3°C up to 9°C and ground temperature varied from 6°C up to 10°C.

Total heat loss coefficient = 0.2°C/hour Total heat loss coefficient = 0.30000000000000004°C/hour

—— Ambient air temperature = -3¢C

Ambient air temperature = 0°C
—— Ambient air temperature = 3°C
—— Ambient air temperature = 6°C
-2 — Ambient air temperature = 9°C

—— Ambient air temperature = -3*C _
175 Ambient air temperature = 0°C
—— Ambient air temperature = 3°C
—— Ambient air temperature = 6°C
—— Ambient air temperature = 9*C

pacity of the heat pump (*C/hour)

Time (hour) Time (hour)
Total heat loss coefficient = 0.5000000000000001°C/hour

Total heat loss coefficient = 0.4000000000000001°C/hour

—— Ambient air temperature = -3°C —
2.00 Ambient air temperature = 0+C —
v

°

Heat production capacity of the heat pump (*C/hour)

\

°

Time (hour)

Fig. 2. Heat pump capacity dynamics during indoor heating

Relying upon the implementation of a program component of the analyzed computer-integrated subsystem of
heating control, using Python language in the JupyterLite online environment [10, 11], graphical dependencies have
been obtained (see Fig. 2) which helped substantiate requirements for the technical and functional parameters as
well as for the characteristics of heat pump equipment.

capacity during indoor heating. Consequently, more rapid heating and maintenance of adequate target
temperature should involve ranging of a pump thermal capacity indicated along ordinate axis according to the
corresponding ambient conditions while multiplying by k=Time.

Relying upon the analysis of the findings of a program component of a computer-integrated subsystem of the
automated control of indoor heating, it is possible to conclude the following:

— thermal capacity of a heat pump is rather sensitive to indicators of the total thermal losses of a building: if
the total thermal losses of a building increase from 0.2°C/hour up to 0.5°C/hour then constant value of the thermal
capacity grows from 1.25°C/hour (when the average ambient air temperature is 3°C) to 1.85°C/hour (when the
average ambient air temperature is 3°C) to be 48% of the initial thermal capacity;

— heat capacity of a thermal pump is rather sensitive to dynamics of ambient air temperature: if temperature
changes within the dynamic range of —3°C to 9° then thermal capacity increases from 1.0°C/hour to 1.5°C/hour (in
terms of the minimal total heat losses being 0.2°C/hour), and from 1.45°C/hour to 2.4°C/hour (in terms of the total
thermal losses being 0.5°C/hour). It is 50%-65% per unit; and

— the abovementioned numerical characteristics of the dynamics of heat pump equipment thermal capacity
during indoor heating are based upon calculation of the target temperature (i.e. 21°C) from its initial value (i.e.
12°C) per day.

The carried out research, aimed at the development of software for computer-integrated subsystem of the
automated control to heat buildings, has helped substantiate the requirements for technical and functional
characteristics of a thermal pump being, in turn, the central structural element of the subsystem for the automated
control of indoor heating.
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4. Dataware of computer-integrated subsystem for the automated control of indoor cooling

Analogously with a heating process, the designed dataware for the automated control of indoor cooling (heat
utilization) is based upon a model which includes and implements various procedures, operations, and functions:

— ambient air temperature monitoring as well as operating modes of functional elements of a heat pump
system, and zonal computer-integrated monitoring of indoor air temperature;

— computer-integrated processing of the monitoring data using microcontrollers;

— computer-integrated automated control of the thermal pump operating modes (i.e. heat energy removal and
release to the main intercooler unit); and

—analysis of energy efficiency as for implementation of the proposed computer-integrated method to control
the systems of thermodynamic indoor cooling.

Fig. 3 shows the proposed generalized graphical interpretation of the designed dataware of a computer-
integrated subsystem of the automated control of indoor cooling in the form of a functional scheme taking into
consideration the known findings [12, 13].
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Fig. 3. Functional implementation scheme of an information model of the computer-integrated subsystem of the automated control for
indoor cooling (heat utilization)

The proposed mathematical formulation of the automated control for indoor conditioning and ventilating
subsystem with the possibility to accumulate heat in the thermal storage is based upon a model of thermal balance of
a building taking into consideration control actions [14, 15]:

T, (t+1) =T, (t)+ o (Ta (t)—;m (t))+B-u(t) | o

area

where Ty indoor air temperature; Touw iS ambient air temperature; a is thermal structure-environment
conductivity; g is coefficient taking into consideration the environmental conditions; u is control signal; Sarea is total
area of the building involving following surfaces: ceiling, floor, windows, and walls; and t is current time interval.

It should be mentioned that equation (6) takes into consideration the competitive heat-exchange processes,
namely indoor heating at the expense of higher ambient temperature to compare with the target indoor temperature

a(Tou[ (t)-T. (t)) and the total heat losses through walls, windows, ceiling, and floor B-u(t).
The parameter (u) in equation (6) is the regulated value. Hence, selection of a regulating rule is required.
Analysis of prior information as for synthesis of temperature controllers of different building types [7-9] during

their cooling has helped identified that PI regulating devices are characterized as satisfactory. Following equation
can describe the regulator type while indoor temperature controlling under conditioning mode:

u(t)=K,-e(t)+ K,Zt:eiAt, @)

where u is control signal for a heat pump system; Kp is proportional gain; K; is integral factor; e is control
error; t is current time interval; i is serial number of discrete timing; and 4¢ time interval being analyzed.
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Relying upon the PI rule, formula (7) calculates a temperature control error under conditioning mode within
the discrete time intervals. The computation is performed using the subsystem block based upon the temperature
measurement monitoring data as a difference between the target indoor temperature and the current one similarly to
a heating process where formula (4) is applied.

Thermal capacity of the conditioning system (heat utilization), relying upon the idea represented by a
functional implementation scheme of an information model of a computer-integrated subsystem of indoor
conditioning, can be calculated through the formula [17, 18]:

Ju(), (®)

where Pc is thermal capacity of the conditioning system (heat utilization); u is control signal for heat pump
system; Sarea is total area of the building taking into consideration following surfaces: ceiling, floor, windows, and
walls; and t is current time interval.

In formula (8), signal module for the heat pump system control (|u(t)| ) shows a direction of thermal energy

movement; namely, its removal to cool the building.

In such a way, the research, intended to design dataware of a computer-integrated conditioning and
ventilating subsystem for buildings at the expense of heat utilization (removal), which were implemented through
synthesis of functional scheme of information model of computer-integrated subsystem to control indoor
conditioning as well as through mathematical formulation of the main stages of data collecting and processing as for
monitoring of parameters of processes and objects for ventilation of buildings with future generation of control
signals by thermal pump to achieve and maintain target indoor air temperature, are the algorithmic basis for software
of a subsystem controlling indoor conditioning.

5. Software for computer-integrated subsystem of the automated control of indoor conditioning

Following set of procedures, functions, and operations, developed by microcontroller block online, are the
functional and algorithmic basis for the designed software of the automated control subsystem for indoor
conditioning:

— definition of the target indoor air temperature to be achieved and maintained;

— parallel computer-integrated monitoring of both ambient air temperature and indoor air temperature;

— assessment of the indoor air temperature deviation from its target value using formula (4);

— identification of the required control value for conditioning subsystem using formula (7);

— assessment of a heat indicator increase and its loss at the expense of heat-exchange with the environment,
and impact on the system of the automated conditioning control;

— calculation of the updated indoor temperature value; and

— computation of the thermal capacity of indoor conditioning subsystem.

While developing a program component of the computer-integrated subsystem to control indoor
conditioning, PI regulator was adjusted for the target temperature maintenance (i.e. 22°C). At the same time, the
ambient air temperature varies from 30°C up to 36°C correlating with the statistical data as for ambient air
temperature dynamics for climatic conditions of Dnipropetrovsk Region in warm season. Based upon the
implementation of a program component of the analyzed computer-integrated subsystem for indoor conditioning
using thermal pump for heat utilization, Python language in the JupyterLite online environment [10, 11] was applied
to obtain graphical dependencies (see Fig. 4). That helped substantiate the requirements for technical and functional
parameters as well as for characteristics of heat pump equipment used for indoor conditioning and ventilating.

It should be mentioned that the graphical dependencies in Fig. 4 characterize daily dynamics of thermal
capacity during indoor conditioning (negative values of heat capacity within the graphical dependencies show
direction of the thermal energy movement, i.e. heat removal from the building. Moreover, more rapid cooling (i.e.
heat utilization) and the target temperature maintenance while conditioning and ventilating need scaling of the
thermal pump capacity along the ordinate axis (cooling capacity is the parameter) according to the corresponding
ambient conditions while multiplying by k=Time. Analysis of the obtained results has made it possible to identify
that thermal capacity of a heat pump is rather sensitive to the indicator of heat exchange with environment. The
four-time increase in a heat-exchange coefficient (i.e. from 1°C/hour up to 4°C/hour) results in 20% (25 kW-30 kW)
growth of thermal capacity of the conditioning subsystem system provided the ambient air temperature is equal.

Consequently, the research to design the software for a computer-integrated subsystem of the automated
control of indoor conditioning has helped substantiate requirements to technical and functional characteristics of
heat pump equipment (see Fig.4) being, in turn, the central structural element of a subsystem for the automated
control of indoor conditioning and ventilating.
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6. Conclusions

Resulting from the research, the topical scientific and applied problem has been solved which concerned
dataware and software development for the automated technology controlling thermal pump systems operating for
heating and conditioning. The key findings are as follows:

1. Dataware for computer-integrated control of indoor heating has been developed. It involves such
functional procedures as: monitoring of ambient air temperature, ground temperature, operating modes of functional
elements of thermal-pump system as well as zonal monitoring of indoor air temperature; computer-integrated
processing of the monitoring data; automated control of a heat pump, and modes of zonal thermal medium delivery
to a building; and analysis of energy efficiency as for implementation of the proposed computer-integrated method
to control systems of thermal pump heating.

2. Software of the computer-integrated subsystem of the automated control to heat buildings has been
implemented and tested using computer experiment methods. As a result, it has been identified that thermal capacity
of a heat pump is rather sensitive to indicators of the total thermal losses of a building (if the total thermal losses
increase from 0.2°C/hour to 0.5°C/hour then constant value of the heat capacity increases by 48%); thermal capacity
of a heat pump is rather sensitive to the ambient air temperature dynamics (if temperature varies within the -3°C-9
°C dynamic range then thermal capacity experiences 58% increase on the average).

3. Information support for a computer-integrated subsystem of the automated control of indoor conditioning
has been developed. It takes into consideration following functional procedures: monitoring of the ambient air
temperature and operating modes of the functional elements of the system as well as zonal computer-integrated
monitoring of the indoor air temperature; computer-integrated processing of the monitoring data based upon
microcontrollers; automated control of the heat pump operations (i.e. heat energy removal and release to the main
intercooler unit); and analysis of energy efficiency of the proposed computer-integrated method implementation to
control systems of the heat pump indoor conditioning.

4. Software of the computer-integrated subsystem of the automated control of indoor conditioning and
ventilating has been implemented and tested using computer experiment methods. As a result, it has been identified
that thermal capacity of a heat pump is rather sensitive to indicator of heat exchange with environment: a four-time
increase in heat-exchange coefficient (i.e. from 1°C/hour up to 4°C/hour) results in 20% growth of thermal capacity
of the conditioning subsystem system provided the ambient air temperature is equal (it varies from 30°C up to 36
°C); a four-time increase in heat-exchange coefficient (i.e. from 1°C/hour up to 4°C/hour) results in 20% growth of
thermal capacity of the conditioning subsystem system at similar ambient air temperature if the maintained target
indoor temperature is 22°C.
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