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3. OraHHucaAH A.A. MeToaMKa onpeAeneHHst NPOU3BOACTBA MOLLHOCTU U INEKTPUYECKO#H
3HEPruu COAHEYHOTO HOTOINEKTPUUECKOTO MOAYAA AAA YCAOBWI ApMmeHUMn // BeCTHUK MHXEHEPHOM
akapemuu Apmenuu.- 2017.- Tom 14, Ne 1.- C. 70-75.

OT'AHHUCSIH AK AMPAIIETOBUY

HNCCIEJOBAHUE CEJIBCKUX ABTOHOMHBIX COJIHEYHO-BETPOBbBIX
CTAHIIAIA 1 OGOCHOBAHUE NX TAPAMETPOB B YCJIOBHUSIX APMEHUH

PE3IOME

OCHOBHOI IPUYNHOI ITMPOKOTO Pa3BUTHS SHEPTETUKU SIBISIETCS POCT MOTPEOIeHUS
sHepruu. C pa3BuUTHEM cdepbl SHEpreTHKH c(HOPMHPOBAHBI MOIIHBIE SHEPrETHYECKHE
CHCTEMBI, KOTOpBIE OOECIEUMBAIOT BHICOKHE 3KOHOMHUYECKHE II0Ka3aTeNd, HaAeKHOE
3NEKTPOCHA0KEHNE M BBICOKOE KayeCTBO 3MeKTposHepruu. Co3faHHe TaKuX MOILIHBIX
CHCTEM NPUBOAUT K JONOJHUTENBHBIM IpoOJIeMaM, CBS3aHHBEIM C YIPaBICHHEM
HaJIe)KHOCTBIO U 6E30I1aCHOCTBIO.

Hcnonb3oBanne BO30OHOBISEMBIX W QIBTEPHATUBHBIX HCTOYHHKOB OSHEPIHU
SBIAETCS ONHUM W3 OCHOBHBIX HaIpaBlICHHH pEIIeHUs TIIOOANBHBIX IpobieM
SHEpPreTHYecKoil 0e30MacHOCTH W OXpaHBl OKpYXKarome cpeasl. B mocnennee BpeMs BO
BCEM MHpE pa3BHBACTCS HOBOE HAIPABICHHE OSHEPreTUKH - MHKPOPHEPTeTHKa, B
YaCTHOCTH - COJIHEYHAs] SHEPreTHKa M BETPOIHEPreTHKa Majod MOIIHOCTH. BHenmpenne
COJIHEYHBIX, BETPOBBIX M THOPHIHBIX COJHEYHO-BETPOBBIX JIIEKTPOCTAHIMH Maoi
MOIIHOCTH, NPEIHa3HAaYeHHBIX JUIS CEIBbCKUX MOTpeOuTenell ApMEeHHN, IT03BOJIUT PELINTh
npoOsieMy HaJeKHOCTH JJIEKTPOCHAOKEHHST U IIOBBICUTH YPOBHH DHEPreTHYECKOM
0€30IacCHOCTH U HE3aBUCHMOCTH.

MHoro4ncineHHbple Hay4YHble pPa0OThl IOCBSIIEHBI OOOCHOBAaHMIO IapaMeTPOB
0o0OpyJOBaHUSI W MOJCIMPOBAHUIO  PEXHMOB  pabOTBl  COJTHEYHO-BETPOBBIX
JJIEKTPOCTAHIMH, B KOTOPHIX, TEM HE MEHee, HMEIOTCS HEKOTOpble HeJOoCTaTku. B
YaCTHOCTH, HE PACCMATPUBAIOTCS OCOOCHHOCTH pabOTHI (HOTOINEKTPUUECKUX MOAYyIeit
IpU aKTHHOMETPHUUYECKNX M CHHONTHYECKUX YCIOBHUSX B MecTax MX ycraHoieHwms; KI1J
WHBEPTOpPa NPUHUMAETCS IIOCTOSTHHBIM; MAaTEMAaTHYECKUE MOJICIH TPYIIEl aKKyMYJISITOPOB
HE YYUTBIBAIOT 3aBUCHMOCTh ©€MKOCTHM OT TEMIepaTypsl B MECTaX YCTAHOBKH
AKKYMYJISITOPOB, BJIMSHHE SIBICHHUS camopaspsijia Ha €MKOCTh IPYHIBI aKKyMYJISTOPOB,
W3MEHEHUs HalPsDKEHNST MEeXAY KIEMMaMH IPYMITBI aKKyMYJISITOPOB B 3aBUCHMOCTH OT X
CTENeHH 3apsana U Toka. Kpome Toro, mpu MojennpoBaHuy pabOTHI COTHEYHO-BETPOBBIX
SNIEKTPOCTAHIMA MHHUMANIbHAs CTENEHb 3apsja TPYIIbl aKKyMYJSTOPOB MPHHUMACTCS
MOCTOSIHHOM, ¥ CyMMapHBIE NIPHUBEJCHHBIE 3aTPAThl PACCUUTHIBAIOTCA C YIETOM TAaKOTO
pomymieHus. OfHaKO MHHUMAIbHas CTEHEeHb 3apsfa TPYNIBl aKKyMyJISATOPOB TOXeE
SIBIISICTCSl ONMITHMH3HPYIOIINM HapaMeTpoM. TakuMm o0pa3oM, BO3HHMKAeT HEOOXOIUMOCTb
pa3BUTHSI MAaTeMaTHYECKUX MOJENe paboThl OCHOBHOTO OOOPYIOBaHHUS COJHEYHO-
BETPOBBIX OJIEKTPOCTAHLMM, YTO TIO3BOJIUT pa3paboTaTh METOAMKY OOOCHOBaHHMS
napamMeTpoB 00OPYIOBaHHUS COJHEYHO-BETPOBBIX AJICKTPOCTAHLMK U OIEHUTh TEXHHKO-
9KOHOMHYECKYIO 3((EKTHBHOCTD OT BHEIPEHHUS TAKUX CTAHIIUH.

Ilenrs W ocHOBHBbIe 3aJa4uu ucciaegoBanus. llems muccepranmoHHON paboOTHI -
HCCIIEI0OBAaHNE COJTHEYHO-BETPOBBIX 3IEKTPOCTAHINH, pa3paboTka METOUKH 000CHOBAHHS
MapaMeTpoB X 000PYIOBAHUS U OIEHKA YKOHOMUYECKOH 3(h(heKTUBHOCTH MX BHEAPECHUS
JUISL 2JIEKTPOCHA0KEHHNS CeNILCKHUX MOTpeduTenelt ApMeHHUH.
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Z[HSI JAOCTHIKCHUSA HaMEUCHHOM e B HHCCCpTaHHOHHOﬁ pa60Te OBLIM TIOCTABJICHBI
M PCILICHBI CICAYIOIHNC 3aJaYu:

° pa3pa60TaHa METOAUKa OIPECACICHNUA CYTOYHBIX l"paq)I/IKOB HOTpe6J'IeHI/IH
3HeKTpI/I‘{eCKOﬁ OHEPIUHU CEIILCKUX HOTpe6PIT€J'IeI>i;

® pa3paboTaHa METOJMKa ONPEACNICHUS WHTEHCUBHOCTEH mpsMoro, nuddysHoro u
OTPaKEHHOTO OT TIOBEPXHOCTH 3E€MJIM COJIHEYHOTO M3TydYeHUH, MOCTYNaromMX Ha
CBETOBOCHPHHUMAIONIYIO TOBEPXHOCTH (DOTORIEKTPUUECKOTO MOAYJSI, YCTAaHOBIEHHOTO
MIOCTOSIHHBIM YTJIOM K TOPU30HTAIbHOH MOBEPXHOCTH;

® OIIpesieNieHbl 0YacoBble 3HAUCHUSI CKOPOCTH BETPa B MeECTaX, NMPeIHa3HAYEeHHBIX
ISl yCTAHOBJIEHUS BETPOIHEPTETUIECKOH yCTaHOBKHY;

® OLICHCHBI ~ BO3MOXKHOCTH ~ B3aMMOJONOJHEHMS  COJIHEYHBIX M BETPOBBIX
9HEPropecypcoB Ajsl ycIoBUil ApMeHUN;

® pazpaboTaHa MaTeMaTH4ecKast MOJIEIIb, XapaKTepU3yroIas paboty
(OTODIIEKTPHUUECKOTO MOJIYJIs, KOTOpas HO3BOJISIET ompenenuts Temmeparypy, KIIJ n
IIPOU3BOJCTBO MOUIHOCTM B KaXKAbIM 4Yac roja B 3aBUCHMMOCTH OT TEXHMYECKUX
XapaKTEePUCTUK MOIYJIsl, AKTHHOMETPUUECKUX U CHHONTHYECKUX N1apaMeTPOB MECTHOCTH;

® OIIpEe/IeNICHO KONUYECTBO 3IEKTPOIHEPTHH, IPON3BEACHHON BETPO3HEPTEeTHIECKOH
YCTaHOBKOM B KaXKJbli Yac roza;

® pa3paboTaHbl MaTEMAaTHYECKUE MOJENH, XapaKTePU3YIONIIHE PEKHMBI PaOOTHI
CEeNbCKUX aBTOHOMHBIX U MOAKITIOUEHHBIX K CETH COJHEYHO-BETPOBBIX IEKTPOCTAHIIHH,
KOTOpBIE TO3BOJISIIOT YYUTHIBATh OCOOEHHOCTH HMX 3HEPTeTUYECKHX IIPOIIECCOB, a TaKKe
aKTHHOMETPUUYECKHE M CHHONTHYECKHE XapaKTEePHCTHKU MECTHOCTH, MpeIHAa3HauYeHHOI
JUIsL yCTaHOBJICHHS CTaHIIHH;

® pa3paboTaHbl METOAMKAa W ITOPUTM OOOCHOBaHUS HapaMeTpoB 00OpPYyIOBaHHUS
CeNbCKUX aBTOHOMHBIX W MOJAKIIOYEHHBIX K CETH COJIHEYHO-BETPOBBIX AJIEKTPOCTAHIHH,
JlaHa OIICHKa JKOHOMHYECKOH 3((EKTHBHOCTH OT BHEIPEHMSI ITUX IIISKTPOCTAHIMH B
CEeIIbCKUX MECTHOCTSIX APMEHHUH.

OcHOBHBIE BBIBOJbI H Pe3y.JIbTAThI AUCCEPTAIMOHHON PadoThI:

1.BrisiBeHa HEOOXOIMMOCTD UCCIIEI0BAHHS COTHETHO-BETPOBBIX HIIEKTPOCTAHIINH
Ppa3paboTKN METOINKH 0OOCHOBAHHS ITapaMeTPOB UX 00OPYIOBAHHUS C LENBIO TIPOBEICHUS
OLIEHKH  TEXHHKO-)KOHOMHYECKOH  3(P(EKTHBHOCTH 3TUX  IIEKTPOCTAHIMH I
UEKTPOCHAOKEHHUSI CENTbCKUX MOTpeduTeIeil ApMEHHN.

2.Pa3paborana MeToanka ONpeNeNeHUss HHTEHCUBHOCTEH MpsMoro, nud¢gy3Horo u
OTPaXEHHOTO OT IIOBEPXHOCTH 3E€MJIM COJIHEYHOTO M3JIyYCHWH, IOCTYNAoONMX Ha
CBETOBOCHPHHUMAIONIYIO TTOBEPXHOCTh (DOTOINEKTPUIECKOTO MOIYJISI, YCTAHOBJIEH-HOTO
MIOCTOSTHHBIM YTJTIOM K TOPH30HTAIbHOI MOBEPXHOCTH.

3.Pa3paborana HOBasg MaTeMaTH4ecKas MOJENb, XapakTepu3ylomas paboTy
MOHOKPHCTAJUTMYECKOTO (POTOITEKTPHUECKOTO MOJYIIS,, KOTOPAsl MO3BOJISIET ONPEIETUTD
temmeparypy, KIIJ # Tpou3BOACTBO MOIIHOCTH B KaXKABIH 9ac Toja B 3aBUCHMOCTH OT
TEXHUYECKHX  XapaKTePUCTHK MOXYJs, AaKTHHOMETPHYECKMX UM  CHHONTHYECKHX
apaMeTpOB MECTHOCTH.

4.Pa3paboTaHbl MaTeMaTHYECKHE MOJENH, XapaKTepPH3YIOLIMEe DPEXUMbI pPabOoThI
CCJIbCKUX aBTOHOMHBIX W INMOJAKIIFOYECHHBIX K CETH COJIHCYHO-BETPOBBIX SHCKTpOCTaHuHﬁ,
KOTOpBIE YYUTHIBAIOT U3MEHEHHS KodhduieHTa 3pPEeKTHBHOCTH 3apsIIKH B 3aBUCUMOCTH
OT CTETICHH 3apsifia ¥ 3apsJHOr0 TOKA IPYIIEI aKKyMYJISTOPOB, H3MEHEHHUS TEMIIEPATyphI
B MECTax HMX YCTAHOBICHHUS W SBICHHS CaMOpaspsa, W3MEHEHUs HAIPSDKCHUS MEXTy
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KIEMMaM# akKKyMyJSATOPOB, @ TakKe CBA3b MEXAY S(P(EKTHBHOCTBIO M HArpy3Koif
HHBEPTOPA.
5.Pa3paboTaHbl METOJMKA, ANTOPHTM OOOCHOBAaHHS MapaMeTpoB O00OPYIOBAHHSA
CENIbCKMX aBTOHOMHBIX M IOAKIFOUCHHBIX K CETH COJIHEYHO-BETPOBBIX 3JICKTPOCTAHIMI U
[porpamMma peau3aluy alropuTMa B mporpaMmHoii cpeae "Microsoft Excel”.
6.IIpoBeneHa OLEHKA KOHOMUYECKOM 3()(PEKTUBHOCTH OT BHEAPCHHS COJIHEYHO-
BETPOBbIX SJIEKTPOCTAHIMN B HEKOTOPBIX CENBCKUX MECTHOCTSIX APMCHUH.

HAYK HAYRAPET HOVHANNISYAN

INVESTIGATING THE RURAL STAND-ALONE SOLAR-WIND POWER
PLANTS AND SUBSTANTIATING THEIR PARAMETERS UNDER THE
CONDITIONS OF ARMENIA

SUMMARY

The main reason for the wide development of energetics is the growth of energy
consumption. Along with the development of energetics, powerful systems are formed,
providing high economic indicators, reliable electricity supply and high energy quality.
However, the creation of such powerful systems leads to additional problems related to the
reliability and safety control.

Utilization of renewable and alternative energy sources is one of the main directions
for solving the global problems of energy security and environmental protection. Recently,
a new trend of energetics has been developed worldwide - micro-energetics, in particular
small-scale solar power and wind power. The introduction of solar, wind and hybrid solar-
wind power plants of low power intended for rural consumers in Armenia will solve the
problem of power supply reliability and increase the levels of energy security and
independence.

Numerous scientific works are devoted to justification of the equipment parameters
and modeling of the operation modes of solar-wind power plants, in which, however, the
peculiarities of the operation of photovoltaic modules are not considered in the
actinometric and synoptic conditions in their installation sites, the efficiency of the inverter
is assumed to be constant, the mathematical models of the battery group do not take into
account the dependence of capacitance on the temperature in the battery installation sites,
the effect of the self-discharge phenomenon on the capacity of the battery group, the
voltage variation between the terminals of the battery group as a function of their degree of
charge and current. In addition, at simulating the operation of solar-wind power plants, the
minimum degree of the charge of the battery group is assumed to be constant, and the total
presented costs are calculated according to this assumption. However, the minimum degree
of the charge is also an optimizing parameter. Thus, a necessity to develop mathematical
models for the operation of the main equipment of solar-wind power plants arises,
allowing to develop a method for justifying the parameters of the equipment for solar-wind
power plants, and to assess the technical and economic efficiency of introducing such
plants.

The goal of the dissertation is to investigate solar-wind power plants, to develop a
method for justifying the parameters of their equipment, and to assess the economic
efficiency of their implementation for electricity supply to rural consumers in Armenia.

The following tasks have been put forward and solved:
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e A method for determining the daily graphs of electricity consumption by rural
consumers has been developed;

o A technique for determining the intensities of direct, diffuse and reflected from the
ground solar irradiances, falling on the light-absorbing surface of the photovoltaic module
installed at a constant angle to the horizontal surface has been developed,;

e Hourly wind speed values in the designated locations of the wind-power
installation are determined;

e The possibilities of complementarity of solar and wind energy resources for
Armenia are estimated,;

o A mathematical model, describing the operation of the photovoltaic module
allowing to determine the temperature, efficiency and power production every hour of the
year, depending on the technical characteristics of the module, as well as the actinometric
and synoptic parameters of the terrain is developed;

e The amount of electricity produced by the wind power plant every hour of the year
is determined;

o Mathematical models, characterizing the operation modes of rural stand-alone and
grid-connected solar-wind power plants have been developed which allow to take into
account the features of their energy processes, as well as the actinometric and synoptic
characteristics of the plant location;

e A method and an algorithm for justifying the parameters of the equipment of rural
stand-alone and grid-connected solar-wind power plants are developed, and the economic
efficiency of introducing these power plants in rural areas of Armenia is estimated.

The basic results of this work are summarized as follows:

1. The necessity to investigate solar-wind power plants and to develop a method for
substantiating their equipment parameters for the purpose of estimating the technical and
economic efficiency of these power plants for electricity supply to rural consumers in
Armenia is revealed;

2. A technique to determine the intensities of direct, diffuse and reflected from the
ground solar irradiances, falling on the light-absorbing surface of the photovoltaic module
installed at a constant angle to the horizontal surface is developed;

3. A new mathematical model has been developed that characterizes the operation of
a monocrystal photovoltaic module, allowing to determine the temperature, efficiency and
power production every hour of the year, depending on the technical characteristics of the
module, as well as the actinometric and synoptic parameters of the location;

4. Mathematical models, describing the operation modes of rural stand-alone and
grid-connected solar-wind power plants have been developed, taking into account the
changes in the charge efficiency factor, depending on the degree of the charge and the
charging current of the battery group, the temperature changes in the installation site of the
batteries and the phenomenon of self-discharge, the changes in the voltage between the
battery terminals, as well as the relationship between the efficiency and the load of the
inverter;

5. A method and an algorithm for justifying the parameters of the equipment of the
rural stand-alone and grid-connected solar-wind power plants, and a program in the
Microsoft Excel environment for implementing the algorithm are developed;

6. The economic efficiency of introducing solar-wind power plants in some rural
areas of Armenia is estimated.
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