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biznes-inJineringi 

energetikaSi

cnobilia, rom biznes-inJineringis qvakuTxeds 
marTvisadmi procesuli midgoma warmoadgens [17]. am 
TvalsazrisiT nebismieri organizacia SeiZleba gan-
vixiloT rogorc procesebis krebsi. procesis op-
timalurad marTvas mivyavarT dasaxuli miznis miR-
wevisken da procesis mizani warmoCindeba rogorc 
efeqtianobis kriteriumi.

eleqtroenergetikuli��������������������   ������������������� sistemis�����������  ����������funqcioni-
rebisadmi procesuli midgoma moiTxovs marTvis 
tradiciul meTodebze uaris Tqmas, mis seriozul 
gaazrebas�����������������������������������������. ���������������������������������������aq������������������������������������� ������������������������������������wina�������������������������������� �������������������������������planze������������������������� ������������������������dgeba������������������� ������������������misi�������������� �������������reJimebis���� ���op-
eratiuli marTvis, moklevadian perioSi muSaobis 
srulyofilad dagegmvis, eleqtrosadgurebsa da 
eleqtrul���������������������������������     ��������������������������������   qselebs�������������������������    ������������������������  Soris�������������������   ������������������ datvirTvebis������  �����opti-
maluri ganawilebis da eleqtroenergiis moTxovnis 
dakveTili�������������������������������������     ������������������������������������   sidididan���������������������������    ��������������������������  minimaluri����������������   ��������������� gadaxris�������  ������uzrun-
velyofa. sagulisxmoa, rom dakveTili sidididan 
eleqtroenergiis faqtiuri moxmarebis gansazRrul 
procentze���������������������������������������� ���������������������������������������metad���������������������������������� ���������������������������������gadaxra�������������������������� �������������������������ganapirobebs������������� ������������mabalansire-
beli bazridan eleqtroenergiis Sesyidvas gazrdili 
fasebiT. naklebi mxrisken gadaxra isjeba damatebiTi 
gadasaxadiT miuwodebeli eleqtroenergiisaTvis.

aRniSnulidan gamomdinare biznes-inJineringis 
principebis safuZvelze, eleqtroenergetikuli sis-
temis������������������������������������������ �����������������������������������������optimaluri������������������������������� ������������������������������procesuli��������������������� ��������������������marTvis������������� ������������ganxorceleb-
isaTis aucilebelia moklevadian periodSi (saaTi, 
dRe��������������������������������������������    -�������������������������������������������    Rame���������������������������������������    ) �������������������������������������   eleqtroenergiis����������������������    ���������������������  moxmarebis�����������   ���������� maRali����  ���si-
zustiT prognozireba.

eleqtroenergiis moxmarebis moklevadiani prog-
nozis maRali sizuste saSualebas iZleva SevamciroT 
eleqtrobazris subieqtebis finansuri danakargebi. 
am amocanis gadawyveta gansakuTrebiT sapasuxismge-
bloa saqarTvelosTvis, radganac qveynis eleqtroen-
ergetikul sistemaSi eleqtroenergiis bazris sub-
ieqtebis mniSvnelovan nawils ar gaaCniaT sakuTari 
simZlavreebi da ar SeuZliaT gavlena iqonion momx-

mareblebis datvirTvebze. 
problemis gadawyvetis aqtualobidan gamomdin-

are eleqtroenergiis moxmarebis moklevadiani prog-
nozirebisadmi mravali cnobili mecnieris naSromia 
miZRvnili [6,7,8,9,10,11,12,13,14,15,16]. am kvlevebSi 
ZiriTadi aqcentebi gadatanilia prognozirebis 
statistikur meTodebze (avtoregresiis meTodi, 
sezonuri mrudebis meTodi, faqtoruli analizi, 
wrfivi algoriTmi dafuZnebuli momavlis ganWvre-
taze uaxloesi warsulis monacemebis mixedviT). es 
meTodebi saSualebas iZleva dReebis sxvadasxva ti-
pebisaTvis aigos avtoregresiuli modelebi. haeris 
temperatura, ganaTebulobis xarisxi, dRis xangr-
Zlivoba, kviris dRe, zamTris drois sazafxulo 
droze gadasvla da piriqiT, eqstraordinaluri 
movlenebis, amindis pirobebis prognozebi da sxva 
faqtorebi gamoyenebulia gasaSualebuli sidideebiT, 
maTi gavlena gaTvaliswinebulia eleqtroenergiis 
moxmarebis wina wlebis mniSvnelobebis mixedviT. es 
meTodi saSualebas iZleva miviRoT prognozis kargi 
Sedegebi stabilur situaciebSi [6,9,11,12,13], Tumca 
faqtoruli parametrebis moulodneli mkveTri cv-
lilebebis dros aseTi midgoma ar iZleva saSuale-
bas gavakeToT situaciis swori prognozi, imis gamo, 
rom saqarTveloSi adgili aqvs situaciebis mkveTr 
cvalebadobas eleqtroenergiis momxarebis mokleva-
diani prognozirebis miTiTebuli meTodi ver ganx-
orcieldeba saTanado sizustiT.

Cvens qveyanaSi eleqtroenergiis moTxovnis mok-
levadiani prognozis sirTules mniSvnelovanwilad 
ganapirobebs momxmareblebis didi ricxvis arseboba 
da eleqtroenergiis moxmarebaze moqmedi mravali 
faqtoris gaTvaliswinebis aucilebloba.

amasTan mecnierTa umravlesoba [7,8,10,14,15,16] 
eleqtroenergiis moxmarebis moklevadiani prog-
nozirebisaTvis optimalurad Tvlis araklasikuri 
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meTodebis gamoyenebas (xelovnuri neironuli qsele-
bi, aramkafio logika, genetikuri algoriTmebi da 
sxva), vinaidan eleqtroenergiaze moTxovna mokl-
evadian periodSi rogorc wrfivad ise arawrfivad 
damokidebulia mraval faqtorze misi klasikuri 
meTodebiT prognozireba gaZnelebulia. SeuZlebelia 
klasikuri meTodebis prognozirebis dros rTuli 
kavSirebis gaTvaliswineba.

swored amitom bolo periodSi specialistebis 
mxridan [7,8,10,14,15,16], romlebic dakavebulebi ar-
ian eleqtroenergiis moxmarebis droiTi mwkrivebis 
prognoziT sul ufro didi yuradReba eqceva xe-
lovnur neironul qselebs. xelovnuri neironuli 
qselis meSveobiT eleqtroenergiis moxmarebis prog-
nozirebis ZiriTadi mimzidveloba mdgomareobs imaSi, 
rom am SemTxvevaSi SesaZlebelia gamoyenebuli iqnes 
Semavali parametrebis didi raodenoba – istoriuli 
monacemebi eleqtroenergiis moxmarebaze da Sesabam-
isi istoriuli monacemebi maTze moqmed yvela faq-
torze, rac mTavaria Semavali parametrebis gavlenis 
funqcia gamosaval Sedegze SeiZleba iyos nebismieri 
sirTulis (araswrfivi, arastacionaruli) da uc-
nobi formis. garda amisa, modelis Semavali para-
matrebis nawili SeiZleba iyos ricxviTi nawili, 
kategorialuri [1,7,8,10,14,15,16].

xelovnuri neironuli qselebi warmoadgenen anal-
itikur sistemebs, sadac dasmuli amocanebi arasak-
marisad mkafiod aris formulirebuli. formulirebis 
arasakmarisi sizuste SeiZleba gadailaxosxelovnuri 
neiornuli qselis TviTswavlebis unariT, monacemebSi 
ipovos dafaruli da gaugebari kavSirebi. xelovnuri 
neironuli qselis mniSvnelovan Tvisebas warmoadgens 
unari gare garemos cvlilebebze damokidebulebiT 
Seicvalos Tavisi qceva da codna.

eleqtroenergiis moxmarebis prognozirebisaTvis 

xelovnuri neironuli qselis asagebad aucilebelia 
maTze moqmedi faqtorebis gaTvaliswineba. faqtore-
bis dasadgenad ss “Telasi”-s magaliTze Catarebul 
iqna korelaciuri analizi. korelaciuri matricis 
Sesadgenad [2] gamoTvlilia SerCeviTi saSualoebi:
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korelaciis SerCeviTi koeficienti tolia: 
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 sadac, xi- i faqtoria,
   j – faqtoris nomeri, i – 

weli, n – wlebis raodenoba. 
sawyisi informaciis saxiT gamoyenebulia ss 

“Telasi”-s mier 2011 wlis martis TveSi moxmarebu-
li eleqtroenergiis maCveneblebi. prognozis meti si-
zustis uzrunvelsayofad eleqtroenergiis moxmare-
basTan kavSiris dasadgenad ganxilulia 16 faqtori. 
maT Soris, haeris minimaluri da maqsimaluri temper-
atura, qaris siCqare, naleqebi, dRis xangrZlivoba, 
sadResaswaulo da uqme dReebSi eleqteroenergiis 
moxmareba, saprognozo periodSi damatebiT mierTe-
buli momxareblebis raodenoba [3,4,5].

korelaciuri analizis Casatareblad saWiro saw-
yisi informacia mocemulia #1 da #2 cxrilebSi:

# faqtori aRniSvna ganzomileba

1 1 dRis win arsebuli moxmareba X1 mln. kvt. sT
2 2 dRis win arsebuli moxmareba X2 mln. kvt. sT
3 3 dRis win arsebuli moxmareba X3 mln. kvt. sT
4 4 dRis win arsebuli moxmareba X4 mln. kvt. sT
5 5 dRis win arsebuli moxmareba X5 mln. kvt. sT
6 6 dRis win arsebuli moxmareba X6 mln. kvt. sT
7 7 dRis win arsebuli moxmareba X7 mln. kvt. sT
8 dRe X8 dRis nomeri (1,2,3,..,7)

9 14 dRis win arsebuli moxmareba X9 mln. kvt. sT

10 minimaluri temperatura X10 gradusi
11 maqsimaluri temperatura X11 gradusi

12 QdRis ganmavlobaSi qaris saSualo siCqare X12 metri wamSi

13 QdRis ganmavlobaSi naleqebis saSualo raodenoba X6 mm
14 dRis xangrZlivoba X14 sT da wuTi
15 dResawauli X15 (0 an 1)

16 damatebiT mierTebul momxmarebelTa raodenoba/simZlavre X16 raodenoba/mgvt

17
saprognozo periodSi eleqtroenergiis 
dRe-Ramuri moxmareba Y mln. kvt. sT

cxrili #1.
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cxrili #2.

# X1 X2 X3 X4 X5 X6 X7 X8 X9 X10

1 7,5 7,215 7,493 7,54 7,946 8,09 8,001 2 8,193 -1

2 7,614 7,5 7,215 7,493 7,54 7,946 8,09 3 7,985 -2

3 7,214 7,614 7,5 7,215 7,493 7,54 7,946 4 7,499 2

4 7,001 7,214 7,614 7,5 7,215 7,493 7,54 5 8,201 5

5 6,567 7,001 7,214 7,614 7,5 7,215 7,493 6 7,808 8

6 6,488 6,567 7,001 7,214 7,614 7,5 7,215 7 7,43 7

7 6,093 6,488 6,567 7,001 7,214 7,614 7,5 1 7,756 6

8 6,977 6,093 6,488 6,567 7,001 7,214 7,614 2 8,001 5

9 6,933 6,977 6,093 6,488 6,567 7,001 7,214 3 8,09 3

10 7,023 6,933 6,977 6,093 6,488 6,567 7,001 4 7,946 3

11 7,359 7,023 6,933 6,977 6,093 6,488 6,567 5 7,54 3

12 7,338 7,359 7,023 6,933 6,977 6,093 6,488 6 7,493 3

13 6,584 7,338 7,359 7,023 6,933 6,977 6,093 7 7,215 2

14 6,144 6,584 7,338 7,359 7,023 6,933 6,977 1 7,5 6

15 6,269 6,144 6,584 7,338 7,359 7,023 6,933 2 7,614 6

16 6,122 6,269 6,144 6,584 7,338 7,359 7,023 3 7,214 5

17 5,887 6,122 6,269 6,144 6,584 7,338 7,359 4 7,001 6

# X11 X12 X13 X14 X15 X16 Y

1 9 13,6 0 11:03 0
3832/
119 7,614

2 16 18,2 0 11:06 0 0 7,214
3 18,4 24,5 0 11:12 0 0 7,001
4 19 16,4 0 11:15 0 0 6,567
5 14,2 23,6 0 11:16 0 0 6,488
6 21 26,6 0 11:19 0 0 6,093
7 10,2 19 0,8 11:22 0 0 6,977
8 12,5 44,9 1 11:23 0 0 6,933
9 9 36,4 0 11:26 0 0 7,023
10 10 54,4 0 11:30 0 0 7,359
11 10,4 48,9 0 11:33 0 0 7,338
12 15,5 35,1 0 11:34 0 0 6,584
13 22 22,2 0 11:37 0 0 6,144
14 22 25,3 0 11:40 0 0 6,269
15 20,8 21,7 0 11:44 0 0 6,122
16 22 24,5 0 11:47 0 0 5,887
17 23 22 0 11:50 0 0 5,857

gagrZeleba:

gagrZeleba:

korelaciuri analizis Sedegebi asaxulia #3 
cxrilSi:

faqtori X
1

X
2

X
3

X
4

X
5

X
6

X
7

X
8

X
9

X
10

X
11

moxmareba 0,64 0,17 -0,17 -0,24 -0,13 0,18 0,44 -0,49 0,59 -0,66 -

faqtori X12 X13 X14 X15 X16

moxmareba -0,61 -0,82 0,26 0,11 0,43

xelovnuri neironuli qselebis meSveobiT 
eleqtroenergiis moxmarebis moklevadiani prog-
nozis gansaxorcieleblad aucilebelia Semavali da 
gamomavali faqtorebis erTmaneTTan dakavSireba. Se-
mavali da gamomavali faqtorebi erTamenTs ukavSird-
ebian F(k) aqtivaciiis funqciiT [1,7,8,10,14,15,16].

signalis gadacemis meqanizmis gasagebad ganxilu-

lia neironi, romelSic Semodis  

waxnagis gavliT signalebi . jamuri 
Sewonili signali tolia:  

(6)

gamomavali signali neironze iangariSeba rogorc 
output=f (net)                              (7)

sadac, F(net) funqcias ewodeba SemomsazRvreli an 
aqtivaciis funqcia.

msoflio praqtikaSi [1,7,8,10,14,15,16] gavrcele-
bulia F(k) aqtivaciis Semdegi funqciebi: logisti-
kur-sigmoiduri, zRvruli, ჰiperbolur-tangensuri, 
nulovani logistikur-sigmoiduri, bipolarul-sig-
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moiduri. 
aqtivaciis fuqciis saxis SesarCevad Catarda 

eqsperimentaluri kvleva. CamoTvlili funqciebi-
dan optimaluris SerCevas safuZvlad daedo sa-
Sualo kvadratuli Secdomis minimumis kriteriu-
mi [1,7,8,10,14,15,16]. saSualo kvadratuli Secdoma 
gamoTvlilia Semdegi formuliT:

                      (8) sadac, 

dk(n) – faqtiuri mniSvneloba k neironis n dros, 

Yk(n) – modeliT miRebuli mniSvneloba k neironis n 
dros.

xelovnuri neironuli qselis Semdgomi opti-
mizacia xdeba Yk(n) mniSvnelobis minimizaciiT faq-
torebis sxvadasxva wonebis gaTvaliswinebiT. maTi 
wonebis cvalebadobis formulas aqvs Semdegi saxe:

                                   (9) 

sadac, η-Sesworebis koeficientia, xj- j faqtoria.
aRniSnuli kriteriumiT SemuSavebulia faqtiuri 

da modeliT gansazRvrul gamomaval faqtorebs So-
ris minimizaciisaTvis Secdomebis gasworebis algo-
riTmi, romelsac aqvs nax. #1-ze mocemuli saxe:

nax. 1. Secdomebis gasworebis algoriTmi

xelovnuri neironuli qselis struqturebis ana-
lizis Sedegad mivediT im daskvanmde, rom eleqtroen-
ergiis moxmarebis moklevadiani prognozirebisaTvis 
umjobesia gamoyenebuli iqnes xelovnuri neironuli 
qselis konfiguracia pirdapiri gavrcelebis (per-
ceptonebi) Secdomis uku gavrcelebis meTodiT swav-

leba. xelovnuri neironuli qselis struqturis 
SerCevis dros gaTvaliswinebuli iqna dafaruli 
Sreebis da am SreebSi neironebis iseTi raodenoba, 
romlebic srulad akmayofileben eleqtroenergiis 
moxmarebis moklevadiani prognozis sizustisadmi 
moTxovnas. 

nax. 3.  q. TbilisSi  eleqtroenergiis  dRe-Ramuri moxmarebis moklevadiani 
prognozirebis modeli
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zemoT Camoyalibebuli meTodologiis da cxrili 
#1-is monacemebis safuZvelze programuli paketis  
PredictorXL meSveobiT, sxvadasxva aqtivaciis funqci-
is, neironebis arafaruli da faruli Sreebis sxva-
dasxva raodenobebis mixedviT eqsperimentiT dadge-
nil iqna q. TbilisSi eleqtroenergiis dRe-Ramuri 
moxmarebis moklevadiani prognozirebis optimaluri 
modeli. Catarebulma kvlevam aCvena, rom q. Tbilisis 
eleqtroenergiis dRe-Ramuri moxmarebis moklevadi-
ani prognozis yvelaze didi sizustiT ganxorciele-
ba SesaZlebelia, neironebis faruli Sreebis – 2 da  
aqtivaciis logistikur-sigmoiduri funqciiT.

am funqcia aqvs Semdegi saxe:   

iii

iii

xba

xba

e
ebaxf +

+

+
=

1
),,(      (10)

sadac, X – eleqtroenergiis moxmarebaze moqmedi 
xifaqtoria;

aida bi – regresiis koeficientebia;
zemoT moyvanili monacemebis safuZvelze q. Tbi-

lisSi eleqtroenergiis dRe-Ramuri moxmarebis mok-
levadiani (dRe-Ramuri) prognozirebis xelovnuri 
neironuli qselebis models aqvs Semdegi nax. 3-Si 
moyvanili saxe.

xelovnuri neironuli qselebis gamoyenebiT 
eleqtroenergiis moxmarebis moklevadiani prog-
nozirebis meTodikis upiratesobis dasabuTebis 
mizniT Sesrulda klasikuri mravalfaqtoriani 
maTematikuri modeliT eleqtroenergiis moxmarebis 
moklevadiani (dRe-Rame) prognozireba [2]. mraval-
faqtoriani modelis Sesadgeni da misi regresiis 
koeficientebis gamosaTvlel gantolebaTa sistema 
miiRebs Semdeg saxes:
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sadac, Z- regresiis koeficientia, b – regresiis 
mudmivi wevria

am gantolebaTa sistemis kompiuteruli programa 
Excel-iT amoxsniT miviRebT regresiis koeficiente-
bis Semdeg mniSvnelobebs:

846928,01z 02z 542948,03z 38486,04z  

12242,05z 723798,06z 45708,07z      

15163,08z 41705,09z 066227,010z          

09715,011z 002387,012z 33725,013z
 

014z 015z 0053,016z 183897,2b  

regresis koeficientis gaTvaliswinebiT eleqtro-
energiis moxmarebis moklevadiani prognozirebis 
mravalfaqtoriani matematikuri modeli iqneba:

0.846928 1 0.542948 3 0.38486 4

0.12242 5 0.72379 6 0.45708 7

0.15163 8 0.41705 9 0.066227 10

0.09715 11 0.002387 12 0.33725 13

0.0053 16 2.183897

y x x x

x x x

x x x

x x x

x

= + - +

+ + - -

- - + -

- + + - -

- +

(12)

nax. 3-ze mocemuli xelovnuri neironuli qse-
lis modelis da cxril 1-Si moyvanili monacemebis 
Setanis safuZvelze gamoTvlili xelovnuri neironu-
li qseliT gansazRvruli eleqtroenergiis moxmare-
bis prognozuli sidideebi Setanilia cxril 4-Si.

cxrili 4. faqtiuri periodis saprognozo 
maCveneblebi da procentuli gadaxra:

#
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modelis struqtura: 
16-2-1

nulovani logariTmuli-
sigmoiduri funqcia

10000 iteracia

1 7,614 7,605 0,018

2 7,214 7,228 0,022

3 7,001 6,994 -0,034

4 6,567 6,559 -0,015

5 6,488 6,506 -0,104

6 6,093 6,055 0,619

7 6,977 6,978 0,044

8 6,933 6,933 -0,072

9 7,023 7,017 -0,042

10 7,359 7,365 0,011

11 7,338 7,335 0,025

12 6,584 6,581 0,016

13 6,144 6,152 -0,232

14 6,269 6,270 -0,008

SedarebiTi analizisaTvis xelovnuri neironuli 
qselebiT da (12) mravalfaqtoriani maTematikuri 
modeliT Sesrulebuli eleqtroenergiis moxmarebis 

momavali prognozuli sidide Setanilia cxril 5-Si.

 cxrili #5. momavali periodis (dRe-Ramuri) 
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1 6,122 6,14 6,001 0,29 2

rogorc cxrili #5-Si asaxuli monacemebidan 
Cans xelovnuri neiornuli qselebiT eleqtroenergi-
is moxmarebis moklevadiani prognozireba mraval-
faqtorian modelTan SedarebiT gacilebiT maRali 
sizustiT xasiTdeba. prognozirebis klasikur me-
TodebTan SedarebiT neironuli qselebisme SveobiT  
mniSvnelovan upiratesobas warmoadgens is faqti, 
rom am qselebis saSualebiT SeiZleba didi raode-
nobis faqtorebis gaTvaliswineba SedarebiT naklebi 
statistikuri monacemebis pirobebSi. aRniSnulidan 
gamomdinare eleqtroenergiis moxmarebis moklevadi-
ani prognozirebisaTvis SerCeul iqna xeovnuri nei-
ronuli qselebis modeli. am modeliT Sesrulebuli 
moklevadiani prognoi asaxulia grafik #1-ze:

grafiki #1. q. Tbilisis 2011 wlis martis Tvis 
eleqtroenergiis dRe-Ramuri moxmarebis faqtiuri da 

saprognozo maCveneblebi, mln. kvt. sT

daskvna
korelaciuri analizis safuZvelze dadginda 1.	
eleqtro-energiis moklevadian moxmarebaze 
moqmedi faqtorebi;
eleqtroenergiis moxmarebis moklevadiani 2.	
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prognozirebisaTvis SeirCa xelovnuri 
neironuli qselis struqtura, konfiguracia, 
aqtivaciis funqcia da SemuSavda 
eleqtroenergiis moxmarebis prognozirebis 
optimaluri modeli;

eleqtroenergiis moxmarebis moklevadiani prog-
nozirebis miRebuli modeli atarebs universalur 
xasiaTs. am modeliT SesaZlebelia nebismieri qalaq-
is, raionis da mTeli qveynis eleqtroenergiis mox-
marebis moklevadiani (saaTi, dRe-Rame) prognozis 
maRali sizustiT Sesruleba. eleqtroenergiis 
prognozirebis maRali sizuste saSualebas iZleva 
ganxorcieldes eleqtroenergetikuli sistemis op-
timaluri operatiuli marTva, moklevadian period-
Si muSaobis srulyofili dagegmva, reJimebis saTana-
do sizustiT gaangariSeba, eleqtrosadgurebsa da 
eleqtrul qselebs Soris datvirTvebis optimaluri 
ganawileba. uzrunvelyofili iqnas eleqtroenergis 
moTxovnis dakveTili sidididan minimaluri gadaxra.

                                  

                                   DAVID JAPARIDZE
TENGIZ MAGHRADZE

SHORT-TERM DEMAND FORECASTING OF 
ELECTRICITY BASED ON 

BUSSINESS-ENGINEERING PRINCIPLES IN 
ORDER TO PROVIDE ELECTRIC 

POWER SYSTEM OPTIMAL MANAGEMENT

Summary

The article presents the survey results of the short-
term forecasting of electricity demand by using of 
Artificial Neural Networks. By Correlation analysis 
it is determined factors affecting the demand of 
electricity. For short-term prognosis of electricity 
demand optimal structure, configuration and 
activation function of artificial neural network were 
determined.

The optimal short-term electricity demand 
forecasting model was developed. Based on this model 
Daily forecast of electricity demand of the city Tbilisi 
is made. 

In Georgian for short-term electricity demand 
forecasting it is scientifically proved practical 
application of the desiged method.
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