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Pedepar. HccnenoBaHus MNpoBOIUIM € LEIbI0 MNPEUIOKUTh KPUTEPUH TEXHUKO-
HKOHOMHYECKOI OIEHKH BapHaHTOB KOMIIOHOBKU (DOTOIJIEKTPUUECKUX CHUCTEM, MMO3BOJISIOMINI obecme-
YUTh MOTPEOUTENICH INMEKTPUUECKON Heprueil ce0ecTOMMOCTBIO HIDKE, YeM IEeHCTBYIOUMH Tapud B
Enunoit snekTpuueckoil cuctemMe, U BBINOJHUTh TPEOOBaHMS K OKYIIaeMOCTH IPOEKTOB B 3HEPIeTHKE.
TeopeTrndeckoil OCHOBOH TOMCKa 3KOHOMHYECKH IIEJIeCOO0pa3HOr0 BapHaHTa KOMIIOHOBKH MOIyJeEi
(hOTOIIEKTPHUIECKOH CHCTEMBI CIIyKHJIa MaTeMaTHIECKasl MOCTAHOBKA 3a/1a9d ONTHMU3AIMU C HCIONb-
30BaHUEM CIIEAYIOIIETO KPHUTEPHUS: ceOECTOMMOCTh BBIPAOATHIBAEMOM 3JIEKTPUYECKON SHEPTUU HUXKE
WIN paBHA ACHCTBYIOLIEMY TapH(y SHEPTOCHCTEMBI Ha MOTPEOIAEMYIO JIEKTpUUIECKyto sHeprito. [Ipn
9TOM YYHTHIBAJIOCH TpeOOBaHME, YTOOBI CPOK OKYIIAeMOCTH NPOEKTa He MPEBhIIIa] HOPMAaTUBHOIO 3Ha-
yeHus 8 jer. Ha npumepe nepepabaThIBaroNIero CENbCKOX03HCTBEHHOIO MPEANPHUITHS, PAaCHOI0KEH-
Horo B PocToBckoil 067acT, ¢ y4eToM 0COOEHHOCTEH ero 3acTpodKH M pe’KUMa WHCONALUU TePPUTO-
pHH ONpeeNiii NoTpeOuTeNnei, Ha KPbIIaX KOTOPbIX BO3MOXKHO YCTAHOBHUTH (DOTOINIEKTPUUECKHE CH-
cTeMbl. PexnM QyHKIMOHMPOBAHMS MPEIoaracT TeHEPALHI0 B paMKaX CHCTEMBbI AJICKTPOCHAOKCHUS
npeanpusaTHs 0e3 TeHepalyy 3a TOUKy OanaHcoBOM mpuHamIekHOCTH. [Ipoananu3npoBaHHEIE H3MEHE-
HUSI TEXHUKO-3KOHOMHYECKUX MOKa3aTenel (hOTOIICKTPHUIECKOI CHCTEMBI IIPH YBEITMUCHUHN €€ MOIIHO-
CTH, €CJIM TOCJIEAHAS pabOTaeT ¢ aKKyMYJHPOBAHHEM 3JIEKTPUUECKON SHEPTHH M C y4ETOM rpaduka
Harpy3KH, MO3BOJIMIIN BISIBUTH, YTO HAa TEPPUTOPUU TPEIIPHUITUS MOXKHO YCTAHOBUTBH S5 (HOTOIIEKTPH-
YECKUX CHUCTEM MaKCUMaJbHOU MOIIHOCTHIO OT 0,4 kBT 10 71 kBT cymmapHO# ycTaHOBJIEHHOW MOIITHO-
cthio 77,4 kBT. Ho TONBKO [ 4eThIpeX U3 HUX BBIMOIHICTCS MPEAJIOKEHHBIN KPUTEPHUI: CPOK OKyTae-
MocTH He Oonee 8 ner (5,7...7,4 rona), a cedECTOMMOCTh BbIPA0ATHIBAEMOM 3JIEKTPUYECKON IHEPTHH
(4,0...5,5 py6./xBT-4) HIXKE AeiicTByromero tapuda (8,3 py0./kBt-4). 30bITOK BEIpaOOTKH IEKTpUYe-
CKOM 3Hepruu (POTOITEKTPUIECKIMHU CUCTEMaMH, TI0 CPAaBHEHUIO ¢ HAarpy3Koi moTpeOuTenei, Ha Kpbl-
1€ KOTOPBIX OHM pa3MELICHBI, HAalpaBJIeH B CUCTEMY 3iIeKTpocHabxeHus oobekta AIIK mst amexTpo-
obecrieueHnst OCTaIbHBIX HOTPEOUTENEH, YTO MO3BOJISET B OOJIBIICH Pealn30BaTh MEPE PECYPC COTHEY-
HOM 9HEpruM B reorpaguyeckoil Touke pa3MenieHus: 00beKTa.

KiroueBble cjioBa: ¢orodnekTpudeckas cucrema, o0bekT AITK, cebecTtouMocTh BhIpaboTaH-
HOM 3JIEKTPUYECKOM JHEPTUHU, CPOK OKYTIAEMOCTH.

BBenenne. TexHomornueckne HW3MEHEHHS, MOIMHOCTH U oOecTeunBas TIPOU3BOJICTBO
mpoucxosamue B Poccuu U B MHpe, OKa3bIBAIOT  JKOJIOTHYECKH O€30MACHON MpOayKuuu [7].
BJIMSTHUC HAa MHOI'ME€ OTpaciii SKOHOMHUKH, B TOM TexHUKO-2KOHOMHUYECKHE I10Ka3aTeIn (bOTO-
YHUCIIe Ha JJIEKTPOIHEpPreTuKy. B mociennue ro- INEKTPUUYECKON CUCTEMBI OMPENEISIOT B TIEPBYIO
JeI 0003HAYMIIACH TEHACHIIMS yX0Jia MOTpeOuTe- odepeab MPUMEHIEMON TEXHOJOTHEN mpeobpa3zo-
JIel OT UEHTPAIN30BAHHOTO BJIEKTPOCHAOKEHUS BaHUS COJHEUHON OHEPTUU B DIIEKTPUUECKYIO,
Ha OCHOBE YTJIEBOJIOPOTHOTO TOILIMBA. DTO CBSI- CTOUMOCTBIO TEXHHUYECKUX KOMIIOHEHTOB, TIPOH3-
3aHO C IIMPOKHAM PACIPOCTPAHCHUEM U yJICIIeB- BOJIUTEIIEHOCTHIO CUCTEMBI I MEXaHU3MaMH TOCY-
JIECHUEM TEXHOJIOTUH TeHepalud Ha OCHOBE BO3- JlapCTBEHHOU nojaepxkku [8, 9, 10].
OOHOBIISIEMBIX ~HCTOYHUKOB DHEPTUH, CHCTEM Eme HemaBHO, Koraa mepBbIe MPOEKTH (HOTO-
HAKOIUJICHUA JJICKTPOOHEPTHHU, a TAKXKE C pa3BU- BOJIbTaMKW HAYMHAJIA BHEAPATH B MUPOBYIO JJICK-
THEM CHCTeM UWHTEJUIeKTyaJbHOro yuera [l]. TPOIHEPTETUKY, CTOMMOCTb IIPOU3BOJCTBA JJIECK-

[Torpebnenne TPaAWIHMOHHBIX  (MCKOMAEMBIX) TPUYECKOW DHEPruU HAa TAKUX CTAaHLMIX U LEHa
HCTOYHWKOB DSHEPTHH B CEIIBCKOM XO3AHWCTBE €€ MpOAaKH OBLIM OTHOCHTEIHHO BBICOKUMH OT-

YBEJIMYMBACT BHIOPOCHI YIJIEKUCIOrO Ta3a M,  HOCHUTEIHbHO TPAAMIMOHHBIX TEXHOJIOTHI reHepa-
Kak CIIEAICTBUE, BBI3BIBAET YXYALIEHUE muu [11]. [Ins cHmkeHus ce0ecTOMMOCTH M TO-
YCJIOBHI TPOM3BOJCTBA CEJICKOXO3SMCTBEHHOW  BBIMIEHUS ASKOHOMHUYECKOH KOHKYpPEHTOCHOCO0-
npoxykuu [2, 3, 4]. [Ipumenenne GpoTodIeKTpH- HOCTH TEXHOJIOTMH MNpPeoOpa3oBaHUs COJHEYHOH
YECKHX CHCTEM IO3BOJSIET OPraHW30BaTh COB-  JHEPTHHM B JJIEKTPHUECKYIO COBEPIICHCTBOBAIHU
MECTHOE NPOU3BOJICTBO U MEPEPadOTKy CEIbCKO-  TEXHOJIOTHIO IPOM3BOJCTBA HJIEMEHTOB CHCTEMEI,

XO3AWCTBEHHOM MPOAYKIMH W DJIEKTPUYECKOH  CcyOCHAMPOBaIM HapallMBaHWE IPOU3BOJCTBEH-
sHepruu Oe3 BBIBEJCHHA W3 000pOTa 3eMelb U HBIX MomHocTel [12]. Ilpomeccsl TEXHHYECKOTO
yroauii, CHMXas aHTPONOIEHHOE BIHMAHUE  COBEPUICHCTBOBAHUS B COJIHEYHOM JHEPreTHKE

Ha 3¢ PEeKTUBHOCTD arponpOMBIIIJIEHHOTO  HalpaBJIeHbl HA CHUKEHHE CTOMMOCTH (POTOIIIEK-
KoMIIeKca 35, 6]. TPUUYECKUX MOJIYJNEH C LIeTIbI0 YMEHBIIECHUS Hep-

CoBMeCTHOE TPOU3BOJACTBO JJIEKTPUUECKOM  BOHAYAIBHBIX HHBECTUIMOHHBIX 3aTpar, HOBHI-
SHEPTHH C HCIIOJIB30BAaHHEM TEXHOJIOTHH (OTO- IIEHHEe YKOHOMHYECKOH >(PPEKTHBHOCTH, KOHKY-

ANIEKTPUUECKOTO  MPeoOpa3oBaHUsi COJHEYHOW  PEHTOCHOCOOHOCTH M WHBECTHUIIMOHHOW TpHBIIE-
SHEPrHM U arpapHoil MPOAYKLMH CO3JAET HOBYIO  KaTeIbHOCTH MPOEKTOB BO30OHOBIISIEMOMN dHEpre-
B3aMMOCBSI3b MEXIY DHEPTHEH, 3eMllell U BOJIOH, tuku [13]. Kpome Toro, ymensercss BHUMaHHUE
MOTCHIMATBHO PACIIUPss IPOU3BOACTBEHHBIC  IOUCKY myTen ONTHUMU3AIUI BIUSTHUS
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Ha BBIPaOOTKY 3JEKTPUYECKOW SHEPrUU Heompe-
JICTICHHBIX BHEUIHHUX (DaKTOpOB (Hampumep, co-
TJIaCOBaHUE BBIPAOOTKH M MOTPEOIICHUS NEKTPH-
YECKOW SHEPTHH IS Pa3luYHBIX IIEPHOJOB BpE-
MEHHM), 4TO IMPUBOIAWT K CHIKCHHIO 3aTpaT Ha
9KCIITyaTallMi0 M TEXHHYECKOE OOCITyXHMBaHHE
(doroanexTpryeckoii cucremsi [ 14, 15].

TeXHHKO-9KOHOMHUYECKass OLEHKa HpUMEHe-
HUSL (POTOINIEKTPHUUECKHX YCTAHOBOK B CHCTEME
JJIEKTPOCHAOKEHHST CEITLCKOXO3SHCTBEHHBIX I10-
TpeOuTeNnel BKIIOYaeT B ceOsl ONpeneNeHue u
aHaIM3 KaluTaldbHBIX M TEKymuX 3aTpar. Kamm-
TaJIbHBIE MIPEACTABILIIOT COOOM 3aTpaThl Ha pa3pa-
O0TKy MpOeKTa, MPHOOPETEHHE TEXHOIOTHIECKO-
ro o0OpynOBaHMs, CpPEACTBAa DJIEKTPUPHUKALUH,
MOHTa)X MallH ¥ 000pYJ0BaHUs, MOHTaX BHYT-
PEHHEH AIIEKTPONPOBOIHON CUCTEMBI, CTPOUTEIb-
CTBO CIIELIMAJIBHBIX IIOMELICHUM U COOPYKEHUH,
TOPTOBO-TPAHCTIOPTHBIE M CKIIAJCKHE PACXOIbI.
Texymue 3aTpaThl CBsI3aHBI C SKCIUTyaTaluen
TEXHHYECKHX CPEICTB, BKIIOYas 3apaboTHYIO
IUIaTy, 3aTpaThl Ha MAaTEepHANbl, OTYHCIICHHS
Ha TEXHUYECKOE OOCIy)KUBaHUE U PEMOHT,
CpOK OKYyIIa€MOCTH U KaluTajJlbHbIE
3arpathl [16, 17, 18].

Hepe‘II/ICHeHHLIe nmoxkasaTcjiim TCXHHUKO-
SKOHOMHYECKOH OIEHKH NMPUMEHEHUs (POTO3IEK-
TPUYIECKOH CHCTEMBI JAalOT BO3MOKHOCTBH Olle-
HUTBH 1e7IECO00Pa3HOCTh BBIPAOOTKH €10 HIICKTPH-
YECKOW SHEPTUH, HO HE MO3BOJISIOT BBIIBUTH, KaK
HE0O0XOJMMO BapbUPOBATh KOMIIOHOBKY M Iapa-
METpbl (POTOIIEKTPHUECKUX YCTAHOBOK, B CIIy-
4ae, KOrJa TeHepHpOBaTh DIIEKTPHUYECKYIO SHEp-
THUI0 HC BBII'OJHO. Benmnuuna CeGeCTOI/IMOCTI/I 1103~
BOJISIET COOTHECTH MPOM3BOJCTBEHHBIE 3aTPaTh
C KOJIMYECTBOM KOHEYHON MPOJIYKIUH U MOITOMY
MOXET CTaTh WHCTPYMEHTOM OIIEHKH BO3MOXHO-
CTHU IIOBBILICHUA peHTa6eHLHOCTI/I IIPONU3BOJICTBA

JJIEKTPUYECKON dHEpruu, Oosee parroHaIbHOTO
BEJICHUs TPOU3BOJCTBEHHO-XO3AHCTBEHHON nes-
TEJILHOCTH Ha 3Tallax MPOEKTHPOBAHUS, BBEICHHS
B 9KCIUTyaTaluio W (PyHKIMOHHUPOBAHUS TE€HEPH-
pyromux oO0BEKTOB. B cBA3M ¢ 3THM akTyaleH
aHaJIN3 TEXHUKO-9KOHOMHUYECKHX ITOKa3aTeNeH Mo
BapHaHTaM KOMITOHOBKH  (DOTOIJIEKTPUIECKUX
CHUCTEM B COCTaBe JCHCTBYIOIIEH CHUCTEMBI 3JEK-
TPOCHAOXKEHUS IPEAIPHUSITHUSI.

Ienp uccnenoBaHus — NPEATIOKUTH KPUTEPHHA
TEXHHKO-3KOHOMUYECKOH OIEHKH BapHaHTOB
KOMITOHOBKH (DOTORIIEKTPHUECKUX CHCTEM, KOTO-
PBIH TIO3BONIUT OOECIIEUHUTH MOTPEOUTEICH AIIeK-
TPUYECKOW »dHeprueil ceOecTOMMOCTBIO HITKE,
yeM neiictByrommid Tapud B Enunoli anekrpuue-
CKOW cHCTeMe, M BBINOJHHUTh TPEOOBAHHS K OKY-
MIaeMOCTH IIPOEKTOB B SHEPTETHKE.

YcaoBus, MaTepuajbl U MeToAbl. B xaue-
CTBE 00BEKTa MCCIEIOBaHNS HCIOIb30BANN TUIaH
nepepabaThIBAIONIETO  CEIbCKOXO3SHCTBEHHOTO
NPEATIPUATHS, PACHONOKEHHOTO B PocToBCKOH
obyacTu, ¢ yKa3aHHEM T'€OMETPHUYECKHX pa3Me-
POB, MPOCTPAHCTBEHHON OpHUEHTAIUU 3JaHUN U
COOPY)KEHHI, HallpaBlIeHUsI U yIJia HaKJIOHA WX
KPBIII OTHOCUTEIHHO TOPU30HTA, 3aIPEIIEHHBIX U
pa3pelleHHbIX 30H JUIs pa3MelneHus: (GoToasek-
TPUYIECKNX MOAYJCH COTTIACHO PEXHMY HHCOJIS-
IIUH TeppUTOpUN 00BeKTa (puc. 1).

K sampemieHHBIM y9acTKaM IS YCTaHOBKH
Moayned (POTOIITEKTPUIECKON CHCTEMBI OTHOCH-
JIM T€, KOTOPBIE 3aTEHSIOTCA B TEUCHHE XapaKTep-
HOTO JICTHErO JHS M B MUK WHTEHCHBHOCTHU COJI-
HEYHOW paauaiyy Bcex THEeH roga, korjga 3emis
HaXOJAUTCS B KpaHUX MOJIOKEHUAX OTHOCHUTEIb-
HOo ConHna. PaspenieHHBIMM —y4JacTKaMH st
YCTAHOBKM MOyl (OTORIEKTPUUECKON CHCTe-
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Puc. 1 — 'ennnan ceabCKOXO03IMCTBEHHOTO NpeaAnpuATUAa C pa3pClICHHbBIMU 1 3aHpeHIéHHLIMI/I 30HaMH
U1l yCTaHOBKH (bOTOSHCKT‘pI/I‘JCCKI/IX MO}.'LyJ'Ieﬁ
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C yderoM OpHEHTAallUM 1O CTOPOHAM CBETA,
pa3sMepoB KpbII 3JIaHUi, pa3MeLIeHUs TOTpeOu-
TENEH ANEKTPUUYECKON 3HEPIUM U PEXMMA MHCO-
JSIIAU TEPPUTOPHUH TIPEANPHATHS TTOIXOIAIUMHA
JUIsL yCTAHOBKH MOXyJeH (POTOIIEKTPUIECKIX
CHCTEM TPUHSTHI IUIOCKHE KPBIIIH 3/1aHuit 2, 4, 6,
12 (puc. 1, doroanexTpuueckue cucTeMbl 000-
3HaueHbl kak Ul ¢ ykazaHneMm HoMepa 3/1aHus, Ha
KpBIIIE KOTOPOTO 3allJIAaHUPOBAaHO HMX pa3Melle-
nue — U2, UT'4, UT'S, UT'6, UT'9, UT"12). Pacue-

pasmepamu  1290x760 wm. Pecypc comHeuHOM

SHEPTUU  ONpPENEesUIM  C  HCIOJIb30BAHHEM
AKCIPEcCc-MeToaa OLICHKH MOTEHIAJIA
COJIHEYHOM SHEPTUU IS 3aJaHHOM

reorpadudeckoii toukn [19, 20, 21].

Tak kxak Kpeimm 3gaHuid 2, 4, 5, 12 u gacTp
KPBIIIH 3/1aHKs 6 TUIOCKUE, MOJYJIN HCCIIEAYEMBIX
(hOTOIMEKTPUUECKUX CHUCTEM Ha HHUX II€IIec000-
pa3sHO pa3Melarh I0J ONTUMAaJbHBIM YIJIOM
HAaKJIOHA K TOPU3OHTY JUIS YTHIIM3alUU MaKCH-

TBI IPOBOJMITH IS (POTORTIEKTPUIECKUX MOAYIEH  MadbHOTO  pecypca  CONHEYHOH  pagualiiu
tuna ®CM-200 HomuHaNEHOM MomHOCTE 200 BT Ha mpueMHOM TOBEPXHOCTH MOIYIISL.
Tabmuma 1 — Iloka3areny KOMIIOHOBKM HCTOYHHMKOB TEHEPALMH MaKCHMalbHO BO3MOXKHBIM

KOJIMYCCTBOM Moz[yneﬁ

® MakcumanbHoe Jons 3aHuMaemon I'omoBas BeIpabOTKa
OTORJIEKTpUYECKas N L
cncTema KOJIMYECTBO MOJyJICH MOJIYJISIMH YaCcTH DJIEKTPHHUECKOT YHEPTHH
(N), mT. KPBIIIH (Ssy1), Y0 cucremoit (W), MBT 9/ront
nur2 8 19 3,8
ur4 2 23 1,0
urs 12 14 5,8
ure 355 21 170,6
nri2 10 19 4,8
BcnencTBue 4ero OTHOIICHWE IUIOMIANU IIO- U
BEPXHOCTH MOJYJIEH K TUIOIIAIN KPBIIIH JEKHUT B o =— (2)

npenenax 14...23% (tabn. 1). Takue HU3KHUE N0-
JIM 3aHMMaeMOH MOAYJISIMH YacTH KpPBIIIHA — pe-
3ylbTaT UCKIIOYEHUS B3aUMHOTO 3aTEHEHHS OJI-
HOro psga monyied npyrum. IIpu ucnons3osa-
HUM B COCTaBe (DOTOIIEKTPUIECKOH CHUCTEMBI
MaKCHMaJIbHO BO3MOXKHOTO KOJIMYECTBA MOJyJIeH
st orpedutenst 2 u 6 morpebneHne W3 ceTh
JNEKTPUUYECKON dHEprun cHu3uTca Ha 39 u 67%
cootBercTBeHHO. s M4 ipu pyHKIMOHMpOBa-
HUHU (OTORIEKTPUIECKON CHCTEMBI MapauieIbHO
¢ ceTpio Oe3 reHepamuu B Enunyro sHeprerude-
CKYIO CHCTEMY 3a TOYKY OallaHCOBOW MPHUHAIJIEK-
HOCTH TIPEATIPUATHA TOAOBas BbIpabOTKa 3JEK-
TPUYECKOH JSHEPTrUM TPEBBICUT NOTpeOieHue
B 16 pa3, g UI'S u UT'12 — B 1,7 paza.

ITonck SKOHOMHYECKH IeTIecO00pa3HOro Ba-
pHaHTa KOMIIOHOBKH MOZYyJIeH (oTornexTpude-
CKOIl CHCTEMBI OCYIIECTBIUIN IyTeM MaTeMaTH-
YecKOM IIOCTAaHOBKM 3aJaydl ONTHMH3anuU. B
KayecTBe ee Kpurepus ObLIa BeIOpaHa cebecTou-
MOCTb BBIpaOaThIBAEMON 3JIEKTPHUECKOH SHEp-
run. OHa noipkHA OBITH HW)KE WIM paBHa Jei-
CTBYIOIIEMY Tapu(y SHEProcHCTeMbl Ha MOTpeo-
JISIEMYIO DJIEKTPUYECKYIO SHEPTHIO:

a<a,

(1

e o,— JAeicTByromui Tapud Ha MOTPeOIIeMyIO
U3 CETH AJIEKTPUUECKYIO SHEpTHIo, py0. KBT u;

o — cebecToMMOoCTh BbIpabaTbiBaeMoii (oToasek-
TPUUECKON YCTAHOBKOM AJIEKTPUUYECKON DHEPrHH,
py6. / kBt-u.

IIpu sTOoM yunThIBamM TpeOOBaHUSA, YTOOBI
CpPOK OKYMaeMOCTH MPOEKTa He MPEBBIIMIAT HOP-
MaTUBHOTO 3HAYEHUA: To< Tyopy, KOTOPBIA I
IIPOEKTOB PHEPTETUKH COCTaBIISIET & JIET.

CebecronmocTh npousBoscTBa | kBT 4 anek-
TPOdHEPTUU  (DOTOBIICKTPUUECKOH  CHCTEMOU
(py0./xBT-u) onpenensiiu U3 BHIPAKEHHUS:

54

rae M — Tekylue 3aTpaThl, CBsI3aHHBIE C DKCILTya-
TalMeil TeXHUYECKHX CpelCTB (3apaboTHas Iuia-
Ta, 3aTPaThl HA MaTEPHAIIBI, OTYHCIICHUS HA TeX-
HUYECKOe 00CITy)KMBaHUE H PEMOHT), THIC. pyO0.;
W — BBIpabOTKa JJIEKTPUYSCKOH DHEPTUH TPYII-
noit HOTOINEKTPUIECKUX MOJIYJICH C Y4eToM da-
CTHYHOTO UX 3aTeHEeHUs], KBT-4.

Texylue 3arpathl, CBsI3aHHBIE C JKCILTyaTa-
el TEeXHUYECKUX CPEACTB, PACCUMTBHIBAIN II0

hopmyne:

W — 301 +3 +i(a"+p" 1{)
OB j 1 , (3)

rJie M — KOJINYECTBO 000PYI0BaHUSL, IIIT.;

311 — pacxo/ibl Ha OILIATY TPy/Aa 00CITyKUBAOIIE-
ro MepcoHana, Teic. pyo.;

305 — OOIIENPON3BOJACTBEHHBIE U OOIIEXO3SH-
CTBEHHBIEC PacXO[IBl, THIC. PYO.;

a — rojioBas HOpMa aMOPTH3ALIMOHHBIX OTYHUCIIE-
HUA Ha pPEHOBAI[MI0O OCHOBHBIX  CPEACTB,
TBIC. PYO.;

p — rojoBasi HOpMa 3aTpar Ha TEXHUYECKOE 00-
CITy’)KMBaHUE, TEKYIIUI U KalNTAIBHBIA PEMOHT i-
ro 000pyA0BaHMS, THIC. PYO.

100

Cpok OKYIaeMOCTH KaIllUTalIbHBIX 3aTpar
(ytet) onpenensim 1o GopmyIe:
T, K 4)
LTS a,T-

rae K — kanuransHbIE 3aTpaThl, THIC. PYO.
KanuraneHble 3aTpaThl pacCUUTHIBAINA IO

dhopmyne:

K= Z(k'rp : kMI‘IHp ) Coﬁ)i
i=1
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rne Co, — OTHyckHas IieHa i-ro o0opymoBaHus,
THIC. pyO.;

K,p— K02hQUIMEHT, yIUTHIBAIOIIUN 3aTpaThl Ha
YIIAaKOBKY ¥ TPAHCIIOPTUPOBKY;

Kymp — K03bQUIMEHT, YYUTHIBAIOMIUI 3aTpaThl
Ha MOHTaX OOOPYIOBaHMS M IYCKOHAJIAJOYHBIE
paboTHL.

BripaboTKy 351eKTpHUUECcKOil SHEPT U rPYIIon
(OTORIIEKTPHYECKUX MOJIYyJIeH C Yy4EeTOM YacTh4-
HOT'O MX 3aT€HEHUsI OIPEEIISUIN, UCXOSl U3 ypaB-
HEHUS:

\f\/tk=R|1y-l]-L-N-(H+(H—H3)-(Np—1))+Rdf‘ﬁ‘ﬁ‘y-l]-L-N-H3 (6)

rae Rgy— MOTOK CyMMapHOro COJHEYHOIO M3IIy-
YEHUsI, IPUXO/IINKA Ha MOBEPXHOCTH (POTOAIICK-
TPUYECKOT'0 MOAYJIS, Pa3MEIIEHHOTO 1101 YTIIIOM [
K TOPU30HTY M YIJIOM Y IO CTOpPOHaM CBETa,
kBTu /M7

Rut fipy— MOTOK PACCESHHOM M OTPaX€HHOM CO-
CTaBIISFOLINX COJIHEYHOTO M3IYYEHHS, HPUXOIS-
WA Ha TOBEPXHOCTH (POTOINEKTPUIECKOTO MO-
JyJis, pa3MELIEHHOTO I0J] YTJIOM 3 K TOPH30HTY U
YTJIOM Y IO CTOPOHAaM CBeTa, KBT-u/M;

N — koadduumeHt nonezHoro aedctBus Qoto-
ANEKTPUYECKOTO MOIYIIS;

H, L — BbIcOTa M mupuHA (OTOIIEKTPUIECKOTO
MOJYJISl COOTBETCTBEHHO, M;

N, Np — KkoauuecTtBO MoAayled B psany U
KOJIMYECTBO PSJOB COOTBETCTBEHHO, IIT.

MaremaTHueckoe MOAEIUPOBAHUE MPOBOIH-
JIM A7 KOJIM4eCTBa MoIyJeil oT 1-ro 1o Makcu-
MaJIbHO BO3MOJKHOTO TSI KaKAOH (DOTOIIEKTpH-
YECKOM CHCTEMBI C aHAJIU30M IOKa3aTeled Kaxk-
JIOTO BapHaHTa KOMIOHOBKH (POTO3IEKTPHIECKOH
CHCTEMBI 10 BBIOPAaHHOMY KPHTEPHIO.

Bonee neranbHO paccCMOTPUM H3MEHEHHUE TeX-
HUKO-9)KOHOMHMUYECKHUX [oOKa3aTeled Npu yBelu-
YEHUH MOIIHOCTH (POTOIIEKTPUUECKON CHUCTEMBI,
ecii OHa paboTaeT ¢ aKKyMYJIMPOBaHHEM 3JIEK-
TPUYECKOU YHEPTUH, U C YIETOM rpaduka Harpy3-
KM TOTpeOMTeNns Ha npuMmepe 34aHds 2
(doroanexrpudeckas cucrema 1UI'2).

MakcruManbHOE KOJMYECTBO MOAYJEH, KOTO-
pBlé MOXXHO YCTAaHOBUTh Ha OIpPaXkJaIOIIHUX

KOHCTPYKIMAX 34aHMi 2 paBHO 8§ IIT.
(Pq)gczl ,6 KBT)
PesyabTaTel u obcy:xnenme. Cebectou-

MOCTB BEIpa0aTBIBAEMON IEKTPHUUCCKON SHEPTHH
HIDKe JeiicTBytomero tapuda f=8,2 py0./xBt-u
(o 1 menoBoii kareropuu (MeHee 670 kBt) HH)
NMpH HOMHUHAJIBHOH MOIIHOCTH (POTOARNIEKTpHUe-
ckoii cucremsl 6osee 0,6 kBt (Tabmn. 2), npu 3T0M
CPOK OKYITAaeMOCTH HE TPEBBINIACT HOPMATUBHOTO
3HaueHus (8 jer).

B uHTepBase HOMUHAIBHBIX MOIIHOCTEH (o-
ToasiekTpudeckont cucremsl 0,2...0,6 kBT sk0HO-
MHYECKH HelelecooOpa3Ho BHIPadaThIBATh AJICK-
TPUUYECKYIO SHEPTHIO, BHITOAHEH €€ MOKymaTh 3
Enunolt sHEpreTHUECKON CUCTEMBI.

Tabmuua 2 — TeXHMKO-DKOHOMHYECKHE TNOKa3aTeidn (QYHKIMOHUPOBAaHUs (OTOIIEKTPUUECKOM
cucrembl "2 nj1st pa3nuyHbIX BAPHAHTOB €r0 MOLHOCTH
YcraHoBneHHas Tonosas BEpa- Tox0BbIe Cpok CebecTonMoCTh
MOUIHOCTH (hOTO- P —— Kanuransasie H3epKKH OKymae- | BbIpabOTaHHOM
3JIEKTPUYECKOI uecKoi sHepTHH Broxenus (K), (1), Thic MOCTH 3JIEKTPUYECKOM
YCTaHOBKHU (W), kBT-a/ron THIC. pyO. p’y6 ’ (Tox), sHepruu (o),
(Panc), kBT > ) JIET py6./xBT'4
0,2 538,44 76,43 9,1 16,6 16,8
0,4 1076,88 90,45 9,7 9,8 9,0
0,6 1615,31 104,48 10,3 7,6 6,4
0,8 2153,75 144,78 15,8 7,9 7,3
1 2692,19 158,81 16,5 6,9 6,1
1,2 3230,63 177,21 17,8 6,4 5,5
1,4 3769,06 191,23 18,4 5,9 4,9
1,6 4307,50 231,54 23,9 6,3 5,5
250
200
£, 150

0.2 0.4

E [IpouHe KalHTAlbHEIe BIOKEHH:, THIC. pyO.

[ |
---
50 .l
, A N

0.6 0.8

m B ]
1 1.2 1.4 1.6

MOIOHOCTE, KBT

KanuranesHble BIOKeHHS B aKKYMYJIATOPHbIe GaTapeH ThIC.pyo.

B KanHTaTbHEe BIOKEHHA B HHBEPTOPEL THIC.PYO.

B KanuranbHele BIoeHHs B @M. ThIC.pyO.

Puc. 2 — CtpykTypa KanuTaabHbIX BIOXEHHUH B GpoTodaekTpudeckyto cucremy V12 npu pa3nmuyHbIX
3HAYEHUSX €€ MOIHOCTH
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KanutansHsle 3aTpatsl (puc. 2) Ha akKKyMyJIs-
TopHble Oartapen nexar B npenenax 20...29%
OoT cebecToMMOCTH BhIpabaTeiBaeMoi (PoTORIIEK-
TPUUECKON YCTAHOBKOM 3JEKTPUUYECKOM 3HEPruwy,
Ha MHBEPTOPHI — OT 38% IPH MOIIHOCTH CHCTE-
™Mbl 0,2 kBt 10 14% mpu 1,6 xBt, Ha hoTOdMIEK-
Tpuueckue Moxyiau — ot 15 mo 41%. Ilpu stom
YBEJIMYEHHE MOIIMHOCTUH  (POTORIEKTPUUECKON
cuctembl ¢ 0,2 kBt go 0,4 kBt npuBoautr k
YMEHBIUICHUIO YJEJIbHBIX KalUTaJbHBIX 3aTpaT B
2 pa3a, ¢ 0,2 kBt mo 1,2 kBt — B 3 pa3a, a

100

50

THIC.PYO.

-150

-200

-250

——N=1 (P=0.2kBT)

¢ 1,2 kBt no 1,6 kBt — Ha 6...8%. 3T0 MOXHO
OOBSCHUTH TEM, YTO HOMHHAJIbHAs MOIIHOCTH
MHBEPTOPA, COITTACHO HOMEHKIIATYpe dJIEKTPOTEeX-
HUYECKUX H3ICIHH, M3MEHSACTCS CTYNEHYaTo |
TP MAJIO MOIIHOCTH (POTORIEKTPUIECKOH ycTa-
HOBKH, OHa 3aBBIIICHA, TaK KaK HOMEHKJIATypa He
COJICP)KUT WHBEPTOPOB MEHbIIEH HOMHHAIBHOU
MmomiHocTH. [Ipu GonbleM KoiluuecTBe MOIyiei
MOXHO IMOJ00paTh THIl M MOIIHOCTh WHBEPTOPA
HauOonee OJM3KO K TpeOyeMOH MOILIHOCTH
(OTOPNIEKTPUUECKOH YCTaHOBKH.

0 11 12 13 14 15

——N=3 (P=0.6kBT)

JIeT

N=8 (P=1.6kBT)

Puc. 3 — UucThIif UCKOHTHPOBAaHHBIHN TOXO] 10 BAPHAHTAM KOMITOHOBKH (POTOIICKTPUIECKON
cucremoit UI"2

JIUCKOHTUPOBAHHBIL  CPOK  OKYIIaeMOCTH
JUIS BCeX BapHaHTOB KOMIIOHOBKH
(OTO3IEKTPHUECKOM CUCTEMBI urz,
obecrieunBaronien pa3nuyHbIe COYETaHUs
MOII[HOCTH reHepanun u MOTpeOIeHUS

18
16
14
- 12
&g 10
S 8
a
6
o, o ¥
4
2
0
02 06 1 14 1.8 22 26

MOIITHOCTE, KBT

3

INEKTPUYECKON DHEPTUH, MPEBHICHI HOPMATHB-
HBIN CpoK (8 7eT) 1 ObUT MUHUMAIBHBIM TIPH HO-
MHUHAIBHOW MOIIMHOCTH ()OTORIEKTPHIECCKON CH-
crembl 1,6 kBT — 9,5 ner, a nmpu MOIIHOCTH
0,2 kBT oHa He okynanach (puc. 3).

nmefcTByrONHE TapH) Ha

SNEKTPHUECKYID SHEPTHIO,

MOTpeQIIeMyI0 H3

JHeprocHcTEMBL
—— OOC T4

—8—DODCIT5
OOCIHT6

14 38 ——O3CIII12

Puc. 4 — 3aBUCUMOCTB ce0ECTOMMOCTH BEIPA0ATHIBAEMOM AIIEKTPUICCKOM SHEPTHH (OTOIICKTPUICCKOM
cucremout UT'4, UT'5, T'6, I"'12 ot e€ momHOCTH

Hnst UT'6 m UI'12 ceGecTonMocCTb BBIPaOOTKH
NIEKTPUUYECKOM dHEprun  (POTO3IEKTpUIECKON
crucTeMoi Obula HIDKE AecTBYyromero tapuda, a
MPOCTOM CPOK OKYIIA€MOCTH MEHbIIIE HOPMAaTHUB-
HOTO Tipu MomHoctu Oonee 0,6 xBt. s WT4
IIPU BCEX BapHUaHTOB MOIIHOCTH yCTaHOBKa (oTo-
JIEKTPUUECKOM CHCTEMbI IKOHOMHUYECKH Helelle-
cooOpasHa: ce0ecTOMMOCTh BBHIPAOOTAaHHOW DJIEK-
TpHU4ecKol sHepruu pasHa 8,8 py0./kBt-u, a cpok
okymaemoct — 9 ner. s UI'5 cebectoumocTth

56

3JICKTPUYECKON 3HEPruu, BBIpaOOTaHHOW (POTO-
3JIEKTPUUECKON CHUCTEMOM, HMXKE JIEHCTBYIOLIETO
Tapuda Ha TOTPeOIIEMYIO IIEKTPUIECKYIO JHEP-
THIO TIpU MouTHoCcTH Bhime 1,4 kBT, HO cpok oky-
MaeMOCTH TPOEKTa HE TPEBBINIAET 8 JIET TOJBKO
MIPY HOMHUHAJILHOW MOUTHOCTH CHUCTEMBI 2 KBT u
Oosee. JIMCKOHTHPOBAHHBIH CPOK OKYMACMOCTH
(B ciydae, eclii UCHOJB3YIOTCS 3a€MHBbIE Cpe-
cTBa Ui TNpHOOpeTeHHss  00OpyIOBaHMS)
doroanektpuyecknx cucrem WUI'7 u  UT6

Becmnux Kazancxoeo I'AY Ne 1(69) 2023



TEXHUYECKHUE HAYKHU

JUISL pa3JIMYHBIX BAPUAHTOB COYETAHHSI MOIIHOCTH
TeHepallud W TOTPEeOJICHUS  DJIEKTPUYECKOU
sHeprun coctaBisieT 11 m 12...14 mer cooTset-
cTBeHHO. [Ipy MWHHMaIbHON MOIIHOCTH (OTO-
anekTpudyeckol cucrembl MI'12 e€ mnpoekt He
OKyMaeTcs, a IMPH MaKCUMAalIbHONW — OKyNaeTcs
3a 10 net (puc. 4).

MakcumanbHO BO3MOXHOE KOJMYECTBO MOJY-
Jel B cocTaBe (POTOAIEKTPHUUECKOI CHCTEMBI LISt
AJIEKTPOCHAOKEHHS [TOTpedUTENel paccMarpuBa-
emoro oobekra AIIK mos3Bomsier B HamOombmIeH
Mepe peaan30BaTh PEcypc B paccMaTpUBaEMON
reorpaUecKOd TOYKE B YCIOBHAX 3aCTPOIMKH
00bEKTa W MPU HOPMATUBHON CPOKE OKYyNaeMo-
ctu (8 7er), a Takke JeHCTBYlomeM Tapude Ha
aneKkTpuyeckyro sHepruro (8,3 py0./xBt-u) yTH-
JU3UPYET COJIHEUHYIO HEPTHI0 COIMIaCHO Ipea-
JIO)KEHHOMY KPUTEPHIO SKOHOMHUYECKH LIeJIeCO00-
pazHo: mns UI'2 — cpox okymaemoctu 6,3 rona,
ce0ecTONMOCTh ~ BBIpAaOATHIBAGMON  AJIEKTpHUE-
cKoif sHepruu 5,5 py0./kBt-u), UI'S — cpok oky-
maeMocTH 6,5 1eT, cebecTOMMOCTh BhIpadaThIBac-
MOW a3JekTpudeckoid sHepruum 7,4 py0./xBr-u),

NUI'6 — cpok oxymaemoctu 5,1 roma, cebecTou-
MOCTb BBIpaOaThIBAEMON DIIEKTPHUYECKOI SHEPTUU
4,0 py6./xkBtu, UI'12 — cpok okymaemocTd
4,7 roga, cebecTOMMOCThb BEIpa0aThIBAEMOI dIIeK-
Tpuueckor >HEeprun — 4,7 py0./kBt-u. N30sITOK
BBIPAOOTKH DIEKTPUIECKON HHEPTUU (OTODIIECK-
TPUYECKUMH crcTeMaMH (Tadi. 1), Mo cpaBHEHUIO
C Harpy3Ko# morpeOuTeneil, Ha KpbIle KOTOPBIX
OHM pa3MeIIECHbl, MOXHO IepepaclpeesiuTh B
cucrteMe aneKkTpocHaOxenus oobekra AIIK mis
obecrniedeHus moTpeOuTENeil, KOTOpIE HE MOTYT
OBITH 00OPYIOBAaHBI OTAEIHHBIMH (HOTOIIECKTPH-
YECKHMH CHCTEMaMH  BCJIEICTBHE  XYJIIUX
YCIIOBHUH OCBEIEHHOCTH OTPakJArOILINX
KOHCTPYKIHMH UX 34aHUH.

DKOHOMHYECKH HEeLeNIecO00pa3Ho yCTaHaABIIH-
BaTh (DOTOINIEKTPUUECKYIO CHCTEMY Ha KpbIlIe
3nanus MI'4, mockoibKy 3aTpaThl Ha HWHBEPTOP
CYIIECTBEHHO YBEITHMYMBAIOT CyMMapHbIe
KalUTaJbHbIE W TEKYIIHWE 3aTpaThl, BCIEICTBHE
Yero BBITOAHEE IIOKYNaTh  JIEKTPUYECKYIO
SHEPTUI0 U3 CeTH, 4YEeM TeHEepHpoBaTh ce
o 9,0 py6./kBtu (Tabm. 3).

Tabmuna 3 — TeXHUKO-KOHOMUYECKHE MOKa3aTedn (OTOIIEKTPUUSCKUX CUCTEM NPHU KOMIIOHOBKE

€€ MaKkCUMaJbHbIM KOJIMYECTBOM MOJyJIeH

YcraHos- ngﬁggiia Tekymme CebecTonMOCTh Kanurans-
JICHHasA SJICKTpHYe- SaTyaTI)I Bblpa6aTI>IBaeMOI71 HBIC BJIOXKC- CpOK OKYy-
ur MOIIIHOCTh CKOM (II/)I) AJIEKTPUYECKOU HUS aeMOCTH
CUCTEMBI SHCPrUM ’ 6 sHepruu (o), X, (Tox), net
(Pose), KBT (W), TRIC.PYO. py6./kB1-u THIC. PyO.
kBTu/ron
nur4 0,4 1076,88 9,7 9,0 90,45 9,8
ur2 1,6 4307,50 23.9 5,5 231,54 6,3
urs 2,4 6461,25 42,2 6,5 410,29 7,4
nri2 2 5384,38 25,2 4,7 259,59 5,7
nre 43,2 116302,51 467,9 4,0 5019,07 5,1

BeiBoabl. [IpemioxxeHHBI KpUTEPUH TeX-
HUKO-3KOHOMHWYECKOH OLICHKH BapHaHTOB KOMIIO-
HOBKH (DOTO3JIEKTPUYECKUX CHCTEM II03BOJISIET
OpraHM30BaTh CHaOXeHHe NOoTpeOHuTenel siek-
TPUUYECKONH DHEprueil ceOecTOMMOCTBIO HIDKE
neiicteyromero Tapuda B EmuHON smexTpuue-
CKOH cHcTeMe c coOmofeHneM TpeOoBaHMS
K OKyNaeMOCTH TIPOEKTOB B  JHEPreTHKE
(menee 8 Jier).

N36bITOK BBIPaOOTKH 3JIEKTPUYECKOH SHEPTHN
(hOTOITIEKTPUUECKUMH CHCTEMAMH 110 CPAaBHEHHIO

C Harpyskoii morpeOureseii, Ha KpbIle KOTOPBIX
OHHU pa3MEIIEHbI, MOXKET OBITh HAIPaBJIEH B CH-
cteMe oayekTpocHaOxeHus obwvekta AIIK s
aneKkTpoodecteueHus ToTpeduTeaeH, KOTopble He
MOTYT OBITH 00OpPYIOBaHBI OTAEIBHBIMU (HOTO-
QJICKTPUYCCKUMHU CUCTEMaMH BCJICIACTBUC XYyI-
IIMX YCJIOBHUH OCBEIIEHHOCTH OTPAXIAIOIINX
KOHCTPYKIIMH WX  3JaHWi, 4YTO IIO3BOJHT
peanu3oBath B OOJbLIEH Mepe pecypc COTHEUHOU
SHEPTUH B reorpaduueckon TOYKE
pacmoyiokeHuss 00beKTa.
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TECHNICAL AND ECONOMIC ASSESSMENT OF PHOTOELECTRIC SYSTEM APPLICATION
FOR POWER SUPPLY OF AGROBUSINESS OBJECT
Yu.V. Daus, L.V. Yudaev

Abstract. The studies were carried out in order to propose a criterion for the technical and economic assess-
ment of photovoltaic systems layout options, which allows providing consumers with electric energy at a cost lower than
the current tariff in the Unified Electric System, and meeting the requirements for the payback of projects in the energy
sector. The theoretical basis for the search for an economically viable option for the layout of the modules of the photovol-
taic system was the mathematical formulation of the optimization problem using the following criterion: the cost of gener-
ated electrical energy is lower than or equal to the current tariff of the power system for consumed electrical energy. At the
same time, the requirement that the payback period of the project does not exceed the standard value of 8 years was taken
into account. On the example of a processing agricultural enterprise located in Rostov region, taking into account the pecu-
liarities of its development and the regime of insolation of the territory, consumers were identified, on whose roofs it is
possible to install photovoltaic systems. The mode of operation involves generation within the power supply system of the
enterprise without generation beyond the point of balance. The analyzed changes in the technical and economic indicators
of a photovoltaic system with an increase in its power, if the latter operates with the accumulation of electric energy and
taking into account the load schedule, made it possible to identify that 5 photovoltaic systems with a maximum power of
0.4 kW to 71 kW of total installed power can be installed on the territory of the enterprise. with a power of 77.4 kW. But
only for four of them the proposed criterion is met: the payback period is not more than § years (5.7 ... 7.4 years), and the
cost of generated electrical energy (4.0 ... 5.5 rubles / kWh) is lower than the current tariff (8.3 rubles/kWh). The excess of
electricity generation by photovoltaic systems, compared to the load of consumers on the roof of which they are located, is
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directed to the power supply system of the agro-industrial complex for the power supply of other consumers, which makes
it possible to realize the solar energy resource to a greater extent at the geographic location of the object.

Key words: photovoltaic system, agro-industrial complex facility, cost of generated electrical energy,
payback period.
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