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OBPOBKA JAHUX CUCTEMHU IU®POBUX CEHCOPIB TEMIIEPATYPHU 3
METOIO ONITUMIBALIIl EHEPTOBUTPAT «PO3YMHOI'O» BYIUHKY

JI. C. Monacmupcokuu, A. B. botiko, O. 1. [lempuwun, B. M. Jlo3uncokuii

AnoTtanisi. Ha ocHOBI onTuMi3aliiiiHo1 00poOKH TaHUX CUCTEMH MUPPOBUX CEHCOPIB TEMIIepa-
TYPH 3 METOIO 3MEHIIIEHHS] CHEPTOBUTPAT «PO3YMHOT0» OYMHKY 3alTPOIIOHOBAHO TMPOCTY MOJIEIb
€HEePTOoOoIIaTHOTO 3aMiCEKOTO OyTMHOYKa. Mojienbh 0a3yeTbesi HA YUCEIbHIN ONTUMI3allii peKUMIB
Horo GyHKIIIOHYBaHHS. PO3TIISIHYTO CUCTEMY 3 OJHUM TEIUIOBHM JDKEPEIIOM (HarpiBayem) 31 3MiH-
HOIO TIOTY)KHICTIO Ta 3 MOHITOPUHTOM 30BHIIITHBOI Ta BHYTPIIIHKOI TEMIIEpaTypH B OYJJMHOUKY B
yaci. BpaxoBaHo AeHHUI Ta HIYHUI Tapu(u OIIIaTH 3a eJIeKTpoeHepriro. Ha 0oCHOBI 1TUX NaHuX i3
3aCTOCYBaHHSM TakeTy Pyomo po3paxoBaHO 4acoBi JiarpaMu ONTHMAIBHOTO 32 OTUIATOI0 Ta KOM-
dbopToM HarpiBy 3aMiChbKOTO OyIMHOYKA JJIS PEKUMIB BiJICYTHOCTI MEIIKAHIIIB Ta JIS PEKUMY iX

MOCTIMHOTO MpokuBaHHs. [IpuBeneHO Ko MporpamMu po3paxyHKYy.
KurouoBi ciioBa: “po3ymHuii” OyIMHOK, EHEPTOMEHEPKMEHT, MaTeMaTHIHa OTITUMi3allis
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DATA PROCESSING SYSTEM OF DIGITAL TEMPERATURE SENSORS IN ORDER
TO OPTIMIZE ENERGY COSTS OF SMART HOME

L. Monastyrskii, Ya. Boyko, O. Petryshyn, V. Lozynskii

Abstract. The aim of this work is the development of heat regime management of smart home,
which satisfies conditions of comfort and economy. The investigation deals with the problem of
minimization of payment of consumed energy for heating of smart home. Saving is possible due to
the different power supply tariffs. Cheaper payment was implemented with the use of optimization
time diagram of discrete inclusion of heater in different cost of energy tariffs. It was installed
values of minimum Emin and maximum Emax energy possible for house in condition of permanent
inclusion of heater. Time step of introduced energy was egual to one hour.

The model of smart house represents system of linear algebraic eduations, solution of such give
set possible chart options of discrete inclusions of heater. From a set of option was selected the
case that answers minimum of payment of heating. It was created the calculation program by
Python with using library Pyomo.

The code of program is given in the appendix.

Keywords: smart house, energy management, mathematical optimization

OBPABOTKA JJAHHBIX CUCTEMbI HU®POBBIX CEHCOPOB TEMIIEPATYPbI
C HEJBIO OITUMHU3ALUNUN DQHEPI'O3ATPAT « YMHOI'O» IOMA

JI. C. Monacmuipckuii, A. B. boiiko, O. U. Ilempuwun, B. M. Jlosunckuti

AnHotanus. Ha ocHoBe ontuMuzannoHHONW 00paOOTKU aHHBIX CUCTEMbI LIM(PPOBBIX CEHCO-
POB TEMIIEPATYPBHI C LIEJIBI0 YMEHBIIEHHSI JHEPro3aTpaT «YMHOT'0» JOMa MPEAJI0AKEHO MPOCTYIO MO-
JIeTb DHEProcOeperaroIero 3aropoiHoro 1omMa. Mozens 0azupyercs Ha YUCICHHON ONTHMU3ALNN
PEXUMOB €ro (PyHKIIMOHUpOBaHUs. PaccMoTpeHa cuctema ¢ OJHUM TEIUIOBBIM MCTOYHUKOM (Ha-
rpeBaTesieM) ¢ IEPEMEHHON MOITHOCThIO U MOHUTOPUHIOM BHEIIIHEN U BHYTPEHHEH TeMIIepaTypbl
B JIOMUKE BO BPEMEHH. Y YTCHbI JHEBHOW M HOYHOU Tapu (bl OTIATHI 32 AIeKTposHepruto. Ha ocHo-
BE€ ATUX JaHHBIX C IPUMEHEHHEM IakeTa Pyomo paccunTaHbl BpeMEHHBIE JUarpaMMbl ONTHMAJIb-
HOTO II0 OIjIaTe ¥ KOM(OPTY HarpeBa 3aropoiHOIO J0Ma JUIsl PEKUMOB OTCYTCTBHUS )KUTEECH U JI1s
peXHMMa UX MOCTOSHHOTO MpoxuBaHus. [IpuBeeH ko mporpaMmsl pacyera.

KuoueBnle cjioBa: "yMHBINA" 10M, JHEPTOMEHEKMEHT, MaTeMaTHUeCKask ONTUMU3ALIH
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EKOHOMUTH eNeKTpOeHeprilo ChOTO/IHI CTa€e
nenagl HEOOXIAHIIIOI TEHJEHIIEI0, SIKa 0-
[IoMara€e 3axUCTUTH JOBKULIS Ta 3a0MIaJAUTH
KOITH. B OocCTaHHI pOKM JIOASM BIAoCs ic-
TOTHO 3MEHIIUTH PIBE€Hb CHOXHUBAHHS €Heprii
Ta pecypciB moOyTtoBuMH mpuiagamu [1,2].
BusiBnsterscs, mo 50% pecypciB CIIOKUTHX B
NPUBAaTHUX JOMOTOCIOAAPCTBAaX MPUIAJAI0Th
Ha moOyToB1 mpunaau. SIkOu Bci OyauHKH OyiH
yCTaTKOBaHI Cy4aCHUMH BOJIO- Ta €Hepro30epi-
ralouuMu MpuiazaMu, MOXXHa Oyno O 3eKoHO-
MHUTH 3HauHy YacTUHY eJeKTpoeHeprii. Tomy
1H)KeHEepU KOMITaH1# MpaIoloTh Ha/l pO3pOoOKOI0
HOBHUX €HEpro3depirarounux TEXHOJIOTH B MO0Y-
TOBUX MNpUIIaLaxX, 3MEHUIYIOUU NP I[bOMY He-
TaTUBHUN EKOJIOT1YHUH BILUIUB 1 HE 320Ky~
104M Ha KoM(opTi .

BaxnBoro (hyHKII€}0 MEHEIKMEHTY €Hep-
TeTUYHOI CUCTEMH «PO3YMHOro» OyIHMHKY € ii
ontuMmizamis. Pesynprarn onrtumizaiii 1ar0Th
MOXJIUBICTh 3a0€3ME€YUTH OJHOYACHO SIK KOM-
(GopTHI yMOBH MPOXUBAHHS JIIOIEH TaK 1 MiHi-
MI3yBaTH T'POILIOBI KOIITH , IO BUTPAYAIOTHCS
Ha €Hepro3abe3NedyeHHs] «PO3yMHOIo» OyIHMH-
Ky. CyudacHi «po3yMHI» OyIUHKH MOXYTb IPO-
BOJUTH €HEPTeTUYHHN MEHEIDKMEHT B PEKUMIi
peasbHOTO Yacy MpHU YMOBI 3aCTOCYBAHHS aJIeK-
BaTHUX MaTeMaTUYHHUX MOZECJIEH Ta iX po3pa-
XyHKIB, TOOTO PO3B’SI3Ky 3a7ad ONTUMI3aLli K
M0 30HI TeMIiepaTypHOro KoMdopTy, Tak 1 1o
MiHiMi3a1lii TPOIIOBUX BUTPAT.

3anmponoHOBaHa HaMH MOJEIb Tependavyae
HasIBHICTh O/IHOTO HArpiBHUKA 3 PETYJIbOBAHOIO
NOTYXHICTIO (g, <+ ¢ )3 1BOMa Tapudamu Ha
OILIaTy, HIYHUM 1 JICHHUM, SIKi BiJIPi3HSIOTHCS B
2 pasu.

[TepenOauaeTbess CTBOpEHHS KOM(OPTHHX
ymoB B Oynuuky (7, =7 =~ T ) 1pu npu-
cyrnocti monei, ta 7, = (T, ,~ T, ,) T1pu
BiJICYTHOCTI Jtoneld B OynuHky. [lepembaueno
BpaxyBaHHS J0OOBHX 3MIH 30BHIIIHBOI TEM-
nepaTypu, sKi 3a7aroThCs OroauHu. B pobo-
Ti BpaXxOBYIOTb TEIUIOBTPATH, SKi MPOMOPLINHHI
IUIONII KOHCTPYKIIII, PI3HUI TeMIepaTyp Mixk
BHYTPIIITHIM 1 30BHINIHIM TOBITPSAM, a TaKOX
3aNIe)KHICTh TEIUIOBUX BJIACTUBOCTEH 00’ eMy
MOBITPSL 1 CTiIH, CTENl Ta MAJOTH OYyIWHKY:
4, = 4q,- 4, 1€ q,— NOTY)KHICTb HarpiBy 6arapei,
¢, — NOTYXKHICTb, IO 3aJMIIMIACS B KIMHATI, ¢,
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— Brparu. Eneprosrparu g, = SAT/R , ne S —
iona KOHCTpYKIii, A7 — pi3HUILS TeMIepaTyp
BCEpeNMHI Ta 330BHI OyIHWHKY, R — TEMJIOBH
OITip KOHCTPYKIIi.

Buxozsiuu 3 yMOB TeIs10BOro 6anaHcy MoxHa
po3paxyBaTu Aiarpamy HarpiBy Oatapei (g(t))
npu sKiA 3a0e3nmeuyroThes 3aaHi (KOMQOpPTHI)
TEMIIEpaTypHI YMOBHU 1 OIHOYACHO ONTHUMI3Y-
I0TbCS  (MIHIMI3YIOTBCSL 32 OILJIATOI0) BUTPATH
Ha OMaJICHHS B YMOBAaX aKTUBHOTO MTPOKHBAHHSI
(1) Ta BigcyTHOCTI Jronek B OymuHKy (2). 30-
BHIIITHI A00OB1 TeMreparypu 3MiHIOBAJINCh Bif
-25 °C no +3 °C tenua (puc.1B ). Temneparypu
3MIHIOBAINCH B aianazonax T, =20+ 22,5 °C,
T, = 8 = 10 °C, BignosiaHo, s pobo4oro ta
YEeproBOro peKUMIB OTAJCHHS OyIUHKY.

30kpeMa, B poO0YOMY peXHUMI OyIUHKY IS
3a0e3nevyeHHs MepeadadyeHnx YMOB Oarapes
OyIa BKJIIOYEHA Ha MOTYKHICTh ~ 20 BT3 6 10 7
rox panky (Puc. 1a). Tox Bcepenuni OyauHKy 3
0 1o 7 rox. Temmneparypa He3HAYHO OMYCTUTHCS,
a3 7 no 8 ron. mignimMerses o I, (22,5 °C) , a
naii mwiaBHo omyctuthes 1o 7 (20 °C) (puc.

16).20J"\ ‘

04 T T T
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o
toc —&— TemnepaTypa B NPUMILLEHH]
20.002 4

Puc. 16
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—e— 30BHILIHA TeMnepaTypa
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u T T T
0 5 10 15 20
t rop.

Puc. 1a. Yacora giarpama noTy:kHOCTI ¢, HATPiBaJIBLHOTO
eJleMeHTy B YMOBAX MOCTilHOTO MPO:KUBAHHS JIKOT €.

Puc. 16. YacoBuii po3nonij remneparypu B Oy1uHky, °C.

Puc. 1B. IloronnaHa Temneparypa 30BHIIIHBOTO cepesi-
OBHIIIA «PO3YMHOI0» OYIMHKY B po6ouomy peskumi, °C.

Po3paxyHku i1 YMOB 4YeproBOrO peXH-
My (YHKIIIOHYBaHHS «pPO3YMHOT0» OyIUHKY
(8+10° C) mokazanu HEOOXIAHICTH BKJIIOYECH-
Hs Oarapei Ha notyxHicTh 12 Bt 3 0 10 7 rox.,
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(mpu LpOMy Temneparypa B 1oMi pocte 3 8,0 110
8,25° C) , a mani - BuKiro4eHHs Oarapei g0 21
roj. 1 BKIIFOYEHHS Ha HeBenuKy ( 2 BT) moTyx-
HicTh Ha 1 rox. o 23 rox., mob Temmneparypa B
nomi He Brasia Hkue 8°C (puc. 2a).

[Ipy Manux 3HAYEHHSX TEIUIONPOBITHOCTI
K (~0,05) remneparypa B OyIUHKY 3 4acOM I10-
BUIBHO I1aJa€ 1 100 3MEHIIUTHA TEMII 11 MaiHHsA
B 1HTEpBaJli 6—7 rojA. paHKy BKIIOYA€ThCS Ha-
rpiB, KM 1 3a0e3nedye B OyAMHKY TeMIIepary-
py, 6mm3bKy 10 8 °C 1o 24 rog.
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Puc.2a. Po3paxyHok 4acoBoi 3a/1€KHOCTI MOTYKHOCTI
HArpiBy (, «pO3yMHOr0» OYIHHKY /ISl Y€ProBOro pe-
KUMY (PYHKIIOHYBAHHS.

Puc. 26. Po3noaia Temnepatrypu BecepeauHi OyIMHKY B
YMOBaX 4eproBoro pe:xumy, °C.

Puc. 2B. IloronuHua Temmeparypa 30BHIlIHHOTO ce-
penoBHIa «Po3yMHOro» oyaunky °C.

[Ipu BenuKHX 3HAYEHHSX TEIUIONPOBITHOCTI
ctin K ( ~ 0,5) remneparypa B Oyaunky 3 0 10
9 rox. pocre B okoui 8° C, a nami 1o 24 roj. mo-
BepTaeThes 10 piBH 8 °C. SIKIIO TeMIT MmaiiHHS
TEeMIIEpPaTypH 3alIBUJIKHHA, TO BKIIOUAETHCS HE-
BEJIMKUI TOJJATKOBUI HArpiB B OCTaHHI TOJMHH

(puc.3).

TakuM YMHOM, IPY KPAIIOMY YTEIUJICHHI CTiH
1 3MEHUIEHH] BTpaT TeIlla Yepe3 30BHIIIHI KOH-
CTPYKIIii OyTMHKY B yMOBaX MEHIIOI iX TEIIOo-
NPOBIAHOCTI , TPUBATICTh BKJIIOYCHHS HarpiBy
€ MEHIIIO0, HIXK B IPOTHJICKHOMY BHUITAJIKY.

—8— Tennosa eHepris
20+
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Puc. 3a. /liarpama noty:kHocTi HarpiBHHKa (, PH BH-
cokiii TensionposiaHocti ctin (K=0,5).

Puc. 36. TemneparypHa aiarpama BcepeauHi «po3yM-
HOT0» OYIMHKY MPHU BHCOKiil TemionmpoBiTHOCTi cTiH
(K=0,5).

Puc. 3. IlorogunHa TemMmepaTypa 30BHIlIHHOIO ce-
peaoBUIIa «PO3YMHOro» oynuuky °C.

BucHoBku

Ha ocHoBi onTuMizariiiiHoi 0OpoOKH JTaHHUX
cUCTeMHU LU(POBUX CEHCOPIB TeMmIeparypu 3
METOI0 ONTHUMI3alli €HEeProBUTPaT «PO3yMHO-
ro» OyIuMHKY 3alporoHOBaHA IMPOCTa MOJENb
37ICILIEBICHHS] €HEPro3aTpaTr «pPO3yMHOro» Oy-
JMHKY, SKAA MOXKE TpAIfoBaTh K B «po0O0Y0-
My» PEXKHMI TakK 1 B «UEpProBOMY» pPEKHUMax
(mpu BincyTHOCTI moneit). Take pyHKioHyBaH-
HSl XapaKTepHe JUIsl 3aMICbKUX OyJIMHKIB B YMO-
Bax poOOYUX JIHIB (YEPTOBUN PEXKHM) Ta CBST-
KOBHX (BUXITHUX) JHIB — POOOYUIT pEKIM.

Monens BpaxoBye H000BI 3MiHH 30BHIII-
HIX TeMIIepaTyp, a TaKoXK MOABIHHMIA Tapud Ha
oryary enekTpoeHeprii. OnTuMi3oBaHi 4acoBi
PO3MOAUIN BBEACHOI MOTYKHOCTI Ta TEMIEpaTy-
pu B OyAMHKY NMPU YMOBI MiHIMaJIbHOI OILIATH
3a eJIEKTPOEHEPTiIO.

[Toka3zaHo BIUIMB 30BHIIIHIX TEMIEpPaTyp Ta
TeII0(I3UYHUX TapaMeTPiB KOHCTPYKIIH Oy-
JTUHKY Ha TEIJIOBUHM OalaHC, 30KpeMa BETUYUH
TEIJIOEMHOCTI Ta TEIJIONPOBIAHOCTI €JIEMEHTIB
KOHCTPYKIIH «po3ymHOro» Oyausky. [lpu mpo-
eKTyBaHHI peaJlbHUX CHCTEM EHEprooiaaHoC-
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Ti 3aMiCBKOTO OyIMHOYKAa MOXKHA 3aCTOCYBAaTH
Mikpokomn'totep tumy Raspberry Pi, a Takox
MiKpoKOHTposepu Arduino, nudpoBi AaTYUKH
TEeMIIepaTypu Ta BOJOTOCTI, paiioyacTOTHI MO-
Tyl 3B’ SI3KY.
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# One
#import math as m
from pyomo.environ import *
import

plt
import numpy as np

matplotlib.pyplot as

model =
ConcreteModel (name="0ne”)

opt = SolverFactory(‘'glpk’)

#opt = SolverFactory(‘ipopt’)

#opt.options[ ‘max iter’] =
10000

#cva =1.23 # kJ/m"3 K
#Va = 50

#cvb = 1.34e3

#Vb = 10.0

#C = cva*Va + cvb*Vb

#k = 0.56 # W/mK
#1 = 0.5
#K = k*1
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cva = 1.23 # kJ/m"3 K

Va = 150

cvb = 1.34e3

Vb = 20.0

C = cva*Va + cvb*Vb

k =0.1 # W/mK

1 =20.5

K = k*1

model.t = [1 for i in range (24)]

model.P = [1,1,1,1,1,1,1,1,2,2
I2I2I2121212121212121212121l]

#model.P = dict(zip(model.t,
P))

# 0 1 2 3 4 5
6 7 8 9 10 11 12 13 14
15 16 17 18 19 20 21 22 23

#Text = [-1, -2, -4, -4, =5,
_5/ _61 _41 _3/ _]—r Or 3/ 8!
10, 22, 25, 26, 20, 17, 15, 10,
5, 3, 2]

#Text = [-1, -2, -4, -4, -5,
-5, -0, -4, -3, -1, 0, 3, 8,
10, 12, 12, 13, 12, 10, 9, 0, 2,
2, 1]

Text = [-14, -18, -19, =21,
-22, -24, -21, -18, -15, -8, -5,
-3, -1, 0, 2, 2, 3, 2, -1, -5,
-10, -12, -13, -=24]

Tmin =20.0

Tmax =22.5

gmax = 30

Tbeg =20.0

gbeg = 10.0

model.qg = Var (model. t,
initialize=gbeg, bounds =
(0.0, gmax) )

model.T = Var (model. t,
initialize=Tbeg, bounds = (Tmin,
Tmax) )

def obj rule(model) :

return
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sum([model.P[i] *model.qg[i] for i

in model.t])

model.o = Objective (rule=obj
rule, sense=minimize)
eps = le-6
def cntrl (model, 1i):
if 1i!=0:
return (C* (model.T[i]

- model.T[i-1]) == (model.g[i-1]

+ K* (Text[i-1] - model.T[i-11)))
else:

return (C* (model.T[i] -

(model.g[0] + K* (Text[1]

Theqg)
- Tbeg)))

def cntrn(model, 1i):
if i!=0:
return abs( C* (model.T[i]
- model.T[i-1]) - (model.qg[i-1]
+ K* (Text[1i-1] - model.T[i-11)))

<=eps
else:
return abs( C* (model.T[i]
- Tbeg) - (gbeg + K*(Text[i] -
Tbheg))) <=eps

def cntr (model, 1):
if 1!=0:
dif = C*(model.T[1] -
model.T[i-1]) - (model.g[i-1] +
K* (Text[i-1] - model.T[i-11))
else:
dif = C*(model.T[1]
- Tbeg) - (gbeg + K*(Text[i] -
Tbeqg))
if dif >= 0.0:
return dif <= eps
else:
return -dif <= eps

#return C* (model.T[1] -
model.T[i-11]) model.qg[i-1] +
K* (Text[i-1] - model.T[i-11)

#al[i] * model.y[1] >= b[i]
model.constr =
Constraint (model.t, rule=cntr)

s S EEE LR L LR LS
Ei o o o o o
SRR R R LR

results =
tee=True)

results.write ()

model.solutions.load
from(results)

opt.solve (model,

tml = []
gl = []
TL = []
for v in
objects (Var,

model.component
active=True) :
print (“Wariable”,v)
#print (type(v))
varobject = getattr (model,
str(v))
for index in varobject:
if str(v) ‘g’
tml.append (index)
gl.append (varobject[index].
value)

else:
T1l.append(varobject[index].
value)
print (%
varobject[index] .value)

Y, index,

print (tml, gl, T1)
ta = np.array(tml)
ga = np.array(qgl)
Ta = np.array(T1l)
fig = plt.figure ()

plt.subplot (3, 1, 1)
plt.plot(ta, ga,

plt.
plt.

subplot (3, 1, 2)
plot (ta, Ta, ‘-o’)

plt.
plt.
\_OI)

subplot (3, 1, 3)
plot (ta, np.array (Text),

fig.savefig (‘t3.png’)
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Summary

The purpose of the work was to create a mathematical model of energy management of the
«smart» house and to optimize the calculation of such a model based on experimental data arrays
of digital temperature sensors both inside and outside the house. The initial conditions should en-
sure comfortable conditions in the house (the temperature does not exceed the specified interval)
minimize payment for the consumed electricity, taking into account the existence of daily and night
rates. At the same time, hourly changes in the outside temperature of the building and the value of
the thermal and physical parameters of the building structures were taken into account.

In the process of calculations the thermal balance equation with the optimization of energy con-
sumption through the Pyomo package was solved. The objects of modeling were devices of univer-
sal heating, ventilation and air conditioning (HVAC). The GNU Linear Programming Kit (GLPK)
package was used as a sun. GLPK implements the Karush-Kuhn-Tucker optimal conditions in the
process of solving optimization problems of linear programming.

As a result of calculations it was obtained the time (daily) diagrams of heater capacity, which
provide comfortable living conditions and the minimum payment for the consumed electricity.
Such time charts can be used for the programming of autonomous heating and air conditioning sys-
tems, the algorithm of which will be determined by the averaged data of the temperature indices of
the environment, and the adjustment of operating modes will be carried out only at significant de-
viations from the predicted values. Such an approach provides for simplification of the life-support
systems management algorithm in complex systems of a «smart» house. Another scenario of using
the results can be the periodic recalculation of the operating modes of devices based on continuous
monitoring of temperature indices. In the proposed model, it is possible to integrate algorithms of
intellectual data analysis, in particular, forecasting on the basis of neural networks technologies.

The program for forming a model in terms of the Pyomo package created by the Python lan-
guage is given.

Keywords: smart house, energy management, mathematical optimization
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OBPOBKA JAHUX CUCTEMHU HUPPOBUX CEHCOPIB TEMIIEPATYPU 3 ME-
TOIO ONTUMI3BAILIL EHEPTOBUTPAT «PO3YMHOI'O» BYIUHKY

JI. C. Monacmupcwkuti, A. B. botiko, O. I. Illempuwun, B. M. Jlo3uncoxkuu

Kadenpa panioenekTpoHHUX 1 KOMI IOTEPHUX CUCTEM, (PaKyIbTET €EKTPOHIKH Ta KOMIT FOTEPHUX
TEeXHOJIOT1H, JIbBIBChKHI HAIlIOHAIBHHUH YHIBepcHuTeT iMeH1 [Bana dpaHka,
Byn. [Iparomanosa, 50, m. JIbBiB,
oleg.lpml@gmail.com

Pedepar

Mertoro po6oTH Oys10 CTBOPEHHSI MaTEMaTUYHOI MOJIEII EHEPIOMEHEKMEHTY «PO3yMHOI0» Oy-
JTUHKY Ta TMPOBEICHHS ONTHUMI3aliifHOTO0 pO3paxyHKy Takoi MOJEJi Ha OCHOBI EKCIIepHUMEHTAIIb-
HUX MacHBIB IaHUX HU(POBUX JIaTUMKIB TEMIIEPATYPH SIK BCEPEAMHI, TakK 1 330BHI OyaUHKY. Buxis-
HUMH yMOBaMU Oys10 3a0e3neueHHs] KOM(POPTHUX YMOB B OyAMHKY (TeMIepaTrypa He BUXOJUTH 3a
3aJJaHU{ IHTEpBa) Ta MiHIMI3allil OIJIATH 32 CIIOXKUTY €JIEKTPOCHEPriio, BPAaXOBYIOUM iCHYBAaHHS
JIEHHOTO Ta HiYHOro TapudiB. [Ipu boMy BpaxoByBaJIMCh IOTOIMHHI JIaH1 3MIHU 30BHILIHBOI TE€M-
neparypu OyaMHKY Ta 3HAYCeHHsI TeIUTO(I3UIHUX MTapaMeTpiB KOHCTPYKIIiH OyIuHKY.

VY mpoteci po3paxyHKiB PO3B’si3yBalii PiBHSHHS TEIUIOBOTO OajaHCy 3 ONTHMI3aIlI€l0 eHepro-
3arpar 3 JonomMoroo mnakery Pyomo. O6’ekroM MozentoBaHHs Oyiu yHIBepcajbHI NpUIaau Ha-
rpiBaHHs, BeHTWIALIT Ta koHauIitoBanHs moBiTpss (HVAC). B sikocTti conBepa Oyii0 BUKOPHUCTAHO
nakeT GNU Linear Programming Kit (GLPK ). GLPK peani3ye ontumansai ymoBu Karush-Kuhn-
Tucker B mponeci po3B’si3Ky ONTUMI3aLIHHUX 3314 JIHIHHOTO IPOrpaMyBaHHSI.

VY pe3ynbrari po3paxyHKiB OTPUMAaHO 4acoBi (7000B1) giarpaMu MOTY>KHOCTEH HarpiBHUKIB, SKi
3a0e3neuyroTh KOM()OPTHI YMOBH POKUBAHHS Ta MiHIMAJIbHY OIIATy 32 BUTPAYCHY €JIEKTPOCHEP-
rito. Taki 4acoBi AiarpaMu MOXyTb OyTH BUKOPUCTaH1 JIJIsl POTrpaMyBaHHsI aBTOHOMHHUX CHUCTEM
OTAJICHHS Ta KOHIUIIFOBaHHS, aJITOPUTM (PYHKIIOHYBaHHS SIKUX Oy/le BU3HAUaTHUCS yCEPEAHEHUMHU
JAaHUMHU TEMIIepaTypHHUX MMOKAa3HHUKIB 30BHIIIHBOTO CEPEOBHUINA, & KOPEKTYBaHHS PEXKUMIB poOO-
TU 31ACHIOBATUMETHCS JIMIIE 3a 3HAYHUX BIAXWUJIEHB BIJ] MPOTHO30BAHMX 3HAYCHb. Takud MiAXiJ
3a0e3meyye CIpPOIIEHHS aJlTOPUTMY KepyBaHHs CUCTEMAaMHU KHUTT€3a0€3MEeUEeHHs B CKJIQHUX CHC-
TeMax “po3yMHOro” OynuHKY. [HIIMi crieHapiii BAKOPUCTAHHS pe3ysIbTaTiB MOXKE MOJIATaTh B Mepi-
OJIMYHOMY IIEpEepPaxyHKy peKUMIB poOOTH MIPUCTPOIB HA OCHOBI HEMEPEPBHOI'O MOHITOPUHTY TEM-
HepaTypHUX MOKa3HHUKIB. Y 3allpONOHOBAaHI MOJENII MOXHA JIETKO IHTErpyBaTH aJlrOpUTMHU 1HTE-
JIEKTYaJIbHOTO aHaJi3y JaHUX, 30KpeMa, IPOrHO3yBAaHHS HA OCHOBI HEMPOMEPEKHHUX TEXHOJIOTIH.

[TpuBoauTtbest nmporpama ¢opMyBaHHS MOJEdl B TepMiHAaX makery Pyomo, cTBopeHa MOBOIO
Python.

Kirouosi ciioBa: “po3ymHMi” OyAMHOK, GHEPrOMEHEIKMEHT, MaTeMaTHYHa ONTUMI3allis
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