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wSruwsuwy hu swunpwnwnédlunn pwnwuprltnny, npnlg
ELGywpwyuwt 2npw h UGpphU Jhwgno dUtipp YEpwwhnfvths Utph
hGwn puyndyby GU wdnip wnphnephwvwuh JdGg w UwGu, np
UGpwwhnfuhs utiph Lhruwnpynn JuwyGpGulbpp JUwl
wnl hdGpw hU UynLphg nnLpu:

unuwphl wqntignLp)nLultiphg wup nwwl 4 wé
$nunt GYwpwywl Unp Unnne hU gws £ GSM uwny hGnwd wn
Junwjwnduwlu Spwapwdnpynn uwnp, npp hbwpwynpnrp)netl £
ww, hu hhnpndGwn Sdwnw nLpeyntlbhg Jwd ninhn wnplbw hl
dnnniehg unwlw, wnyj w Ubp wGnwupnitd Juwpynewh L &) wl
hw]wlwyuwunt @) wlu JGpwpbip) wg L Juwuwnby dnnnioy h
duybplunctjph dwsydwl wup nuyuwwywlu gnpénnniLp)nLlulubn’
wuhpwdG2unctpe) wu nGwpntd Juwwy hwuwmwnt nd oguwwhpng
htu GSM y wwn y hGnwduwn U wn wy wn Jwl d2 wy J wé
Spwagpwynpynn hwdwywnpgp Ywpnn E nrUGlUw Uwlb wy
UhpwrnLpe)nelulbp, hUs wGu, ophuwy,
hwUpwpnjynerUwpbpnLreyniuncd, pwnwpuwp hunL ey nruncd, huly
g)jnrnwunuwGunLryneuntd wpynLrwhg wuwp nyuwunn wtpngnyg
Upwynn hwdwywpaght Ygdynitd E hGrnwdwn Jurnwwpndwl vwpp,
npp eNLJ L E vw hu unwlw, Juwplyuwhwpdwl hbwpwynpnt @) wu
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dbpwpbpjw, wenGyneeyntlt U nEywjwpbp  wp fuunwuph
UhpwrJwl wwhp:

Ugwyqws GU vwuhphU npdnn JdhUsglb 150 44w hgnpnip) wdp
$nunE GUwpwywy wuh® punhwuncp ELGYUwWpwgwlughU JhwgJuwl
ufusdwbu UL pUuplwjwn $nunEp GYLPWYw wulGph h wJ wp
Er6ywpwtuGpghw h wwhnruwmwnpdJduwl L wpn)nrlwbwn
ogunwgnnpéddwl Lwwwnwyny hEnwywrwjwpJwl hwdwywnanp:

Uut bwjinunt pj wilt hhduuwljuwii npnLj puGpu ne upn) ncupubkplu
upuugnp ywd U hGwly) g hpumupuwlynep) nLuuGpned

Jdwpnuwuj wl q.m, dwlnuj wu a.n. $pGuGL w pl
ht| hnuwbuhywy wu funwpwnputbnpno J Unpnruwubnh
ybGpyrneénreyneup /3UMR Lpwpbp. Uwu 2.-6pLbwl, 2015.- Ep 447-
453:

dwpnwuj wu 947 Uplbw htu $nunEGYwpwywlu dnnnipuGph UL
dptubp w pU fwnwpwplbph Jdwybpbubbph Jdwppnn uwnpbiph
dwynod /33 QUU U RUMR Stntlywghp.- Gplwu, 2016, 3.69.-N.2.-E9
131-137:

33 Upunlbwghp N 3008A HO1L 31/00. Upluh EULGpghw h
UGpwwhnfwwl | nruwEt Gyupwywl uwnp/ d.N. dwlnuj wlu Q.M.
Jdwnpnuwlj wu, U.U YnUnj wu.-Gpwugyws £ 01.03.2016.:

dwpnwlj wu 4M, dwunujuwl d.N, Ulbnjuwlt 2.U. Ywnynruwhg
wup tnwinn  wnlbwy hu LhLruwb 6Yuwpwywl wpnjntlbw]bw
dnnneh wwwpwuwndwl Unp wGpuung nghw / 33 QUU U IUMR
Stnbywaghp.-2016.- 3 .LXIX, N4.- E9 354-362:

MaHocaH XK.P., BappgaHnsH T.M., [OpHosH A.A. PaspaboTka HOBOro
(HOTO3NEKTPUYECKOTO MOAYNS C PPEHENEBCKMMU KOHLIEHTPATOpamMu, crieaytoLLero
3a pawkeHusamu conHua. WMasects HAH PA HMYA. Cepua TH. N3, -
EpeBaH,2016.- C.255-264.

dwlunujwu d. M., dwpnwlj wu 4.1, nunjuwl U. W., Swuhphlu
npynn 2 Ydwn hgnpnip) wdp, fwnwpwnpubpny $nunk | G4 wpwywl
dnnneph  Jauwyncdp U dJhUuglb 150 Ydwm hgnpnip) wlp
dnnniputph jwph gwughU Jhwgnidp: UM Lpwpbp, Juwu 2,
2017.- Eg 703-710:

Jdwnnuwlj wl qm, duwlnuj wu a.n, Ulunj wl 2.U.
ALuncdbwjwndwupw hlu wywuubph h & nwy wn wy wn Juwl
hwdwwhwwuh wpnynelbwjbn hwdwywpg / I3 QGUU L IUMI
Stntlywghp.-2016.- 3 .LXIX, N4.- Eg 337-343:

Jdwpnuwlj wl q.m,, dwlnuj wu d.n., Ulinj wl 2.U.
Arunctdlbwjwpdwupw hlu UnlLwylubnph h & nwywn wy wn Jwl
h wJ wwh tnwit h wpnjynruwbwn  hwlwyuwpg I R wy wuwnwl h
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Swnuwnpwaghwwywl wywndhw h LPUREN. - Gplwl, 2016.- .12, N.
4.-E9 477-482:

9. R3. Upunlbwghp N 3106A UplLh EUGpghw h Yb&pwwhnfudwl
LhruwEb GYwpwywlt uwnpp/ 97 dwpnuwluj wu, d.N. dwlunuj wl..
01.06.2017pe:

10. YnpaBrneHve renMoTpekepoM CorHeYHon aHeproyctaHoBku / K.A. AsetucsH, I.I1.
BapaaHsH, I'.I'. KnupakocsH, B.I'. XavatypsaH u gp // Nasectua HAH PA n HIYA.
Cepusa TH.-EpeBaH, 2017.

PA3PABOTKA CONHEYHbIX ®OTOINEKTPUYECKMX CTAHLIMIA CO
CBETOMPOHVLUAEMBIMW YCTOMYMBLIMA KOHLIEHTPATOPAMU ®PEHENSA
AHHOTALINA

B npou3BoacTBE  SMNEKTPUYECKOW  SHEeprMM C  UCMOfb30BaHWEM
BO30OHOBMSAEMbIX W  HETPAAMUMOHHBIX WUCTOYHMKOB SHEPrUKM  CTPEMUTENbHBIMU
TemMnamu pasBMBaEeTCsl CONHeYyHas (OTo3neKkTpuyeckas aHepretvka. Haubonee
BbICOKON 3dpeKkTMBHOCTbI0 (~46%) BbIAENAOTCA (QOTOSNEKTPUYECKME MOOYNU U
3NEeKTPOCTaHUMM CO CBETOMNPOHULAEMbIMU KOHLEeHTpaTopamun dpeHens, crnegswme 3a
aBwxkennem ConHua. Wcxoast M3 BblleckasaHHOro, MOXEM YTBepXaaTb, 4YTO B
cepeavHe XXI Beka poTOINEKTpUYecKasi CONHEYHasl SHepreTuka C UCMonb30BaHNEM
CBETOYYBCTBUTENbHbLIX MaTepuanoB C Pa3fNU4YHbIMW 3anpeLleHHbIMKU 30Hamu Byaet
CUMNBHO AOMWHMPOBATb.

PaspaboTtaHbl  BbICOKO3(h(EKTNBHbIE  (DOTOINEKTPUYECKME  MOAYIN
mMowHocTbio 1...2 kBT ¢ koHueHTpaTopamn ®peHens, crnegsiime 3a OBUXKEHUEM
ConHua B OByx KoopAuHaTtax. OTM MOOYNU MOXHO ycCTaHaBnuBaTb B MeCTax C
HEpPOBHbIM penbeoM UNM Ha Kpbilax pasnu4YHbIX MOMELLEHWIA, rae OHu OyayT
3aHMMaTb HebonbLuylo nnowaab. Tak, Moaynb MOLLHOCTLIO 2 kBT 3aiimeT nnowaab 4
M2,

Ona  anektpocTaHuuin, paboTalowmx B aBTOHOMHOM  pexume,
paspaboTaHa aBTOMaTM4eckasi CUCTEMa HaKOMMEHUS U MWHMMAarbHOrO pacxoja
3aNeKkTposHeprun. doTomoaynM C CyMmMapHOM MoLHOCTbO 150 kBT MOXHO nerko
yCTaHaBNMBaTb Ha Kpblllax MOMELLEHUA CO CpefHel nrowanblo Ans cobCTBEHHbIX
HyXO M 0e3 NUUEH3NOHHOTO MnpaBa. TaKyl e 3MeKTPO3IHEepreTUYEcKyld CUcTemy
MOXHO MOAKMOYNTL K obLlert ceTu, He MCMonb3yst NMpu 3TOM 3NEKTPOXMMUYECKME
aKKyMynaTopbl, KOTOPbIE 3HAYUTENBHO YBENUYMBAKOT CE6ECTOMMOCTL MPOM3BOAUMON
3NEeKTPO3Heprun. M3yyeHbl U OLIEHEHbl OMNTMYECKME U KOHCTPYKLUMOHHBLIE MOTEpU
CBETOMPOHMLIAEMbIX KOHLEHTpaTopoB PpeHerns.

B ouccepTaumm nony4veHbl cneayrolme OCHOBHbIE pe3ynbTaTbl:
1. PaspabotaH 1 3anaTeHToBaH YcTaHaBNMBaeMbIN Ha Kpbllle HOBbI
nopTaTuBHbIA  MOAYNb C  BbICOKOI((EKTUBHON  BbIPAOOTKOM  3MEKTPO3IHEPrvK,

CHAOXEHHbI aBTOMATUYECKOM AUCTAHLIMOHHON CUCTEMOW CREXEHUs 3a OBUXEHUEM
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ConHua. B wmoagyne wucnonb3oBaHo 48 dpeHeneBCKnx KoHLeHTpatopos, 48
(POTOSNEKTPUYECKUX  KACKALHbIX  3MEMEHTOB, MUWKPOKOHTpOMnep, KOTOpble
obecneymBaloT MOLWHOCTbL NpubnuantensHo B 1 kBT, a npu ycTaHoBKe 0AHOTUMNHLIX 96
peHeneBCcKMX KOHLEHTpaTopoB M 96 OTOINEKTPUYECKNX INemMeHToB Oyaer
BblpabaTbiBaTbCA OKOMNMO 2 KBT MOLHOCTM, Mpy 9TOM Nnowaab 3aHMMaeMon Moayrnem
TEPPUTOPUN Ha KPbILLE COCTaBUT 4 KB.M.

2. PaspabotaHa cxema, BkMovawLwas nMpaHOMETP W MUKPOKOHTPOMMep,
nocpeacTBOM KOTOPOW  OCYLLECTBNSETCH BpalleHWe 3epkanbHOW MopTaTUBHON
cucTeMbl criexeHus 3a aABmxeHneM ConHua un B nobon MOMEHT BbibMpaeTcs TOT yron
BpaLLeHNsi CUCTEMBI, MPU KOTOPOM MIOCKOCTb (PPEHENEBCKMX KOHLEHTpaTopoB Oyaer
neprneHauKynsapHa HanpaefeHno CoMHeYHbIX Nyder, u mogynb byner obecnednBaTtb
CWIy TOKa MakCUMaribHOW MOLLHOCTMW.

3. MpoBenéH aHanmM3 noTepb B  CBETOMNPOBOASALMUX  FENUOTEXHUYECKUX
bpeHeNeBCKMX KOHLIEHTpaTopax, No pesyntartam KOTOPOro ontuyeckasl Npo3payHoCTb
KOHueHTpaTopa cocTtaBnseT 83%. lMpeanaraetca MCKNIOYUTbL MPOLIECC HaKMeuBaHWsA
dpeHenesckon nnéHkn Ha nosepxHocTb [IMMA (nonmumeTunmeTtakpunart) u
M3roTOBNATb (PPEHENEBCKUIN KOHLEHTPaTop MNyTeM 3anvBKM B XKUAKYID Martpuly
MMMA, 4TO MOMOXET CHU3UTbL NOTEPM.

4. Pa3paboTtaHo u M3roToBnNeHo ynpaBnsgemMoe NOCPeACTBOM AUCTaHLUOHHOMO
nynbTa YCTPOWCTBO ANSt OYMCTKM BHELIHWX MOBEPXHOCTEN (DOTOIMEKTPUYECKUX
renvomogynein, KOTOpOe [MONHOCTbID OTBEYaeT COBPEMEHHbIX TpeboBaHMAM
notpebuTtenen Onarogapsi BbICOKOW HaAEXHOCTW, MPOCTOTE B MCMOMBb30BaHUN U
JonroBevyHocTM. Ha TpyoHONpoxoouMbiX Kpbilax CTPOEHWH, Moaxod K KOTOpbIM
CBA3aH C PUCKOM, MCNONb30BaHME 3TOr0 YCTPOWCTBA 4acTo obneryaet npouecc
OUYUCTKM (POTOINEKTPUYECKOTO renuomoayna wm genaet ero 6onee HagEXHbIM,
obecneymBas 6ecnepeboriHyto 1 BbICOKOI(hEKTUBHYIO paboTy Moayns.

5. PaspaboTaHa HoBas achbdpekTmBHasnN TexHonorus N3roToBneHus
doToanekTpnyeckoro Moaynsa. [lo cpaBHeEHWO CO CTapol TExXHOMornewn, OHa
yBenununeaeT 3deKTUBHOCTb Moayns Ha 5%, a [onroBeyHocTb — B 2 pa3sa.
OcBelléHHble  MOBEpPXHOCTU  (HOTOINEKTPUYECKUX npeobpas3oBaTtener 3apaHee
3alMLLaOTCs  anMa3onofo6HbIMU - YINepPOAHbIMA - HEOTPaXaloWMMK  NNEHKaMKU, Y
KOTOPbIX BHYTPEHHUE COEAVHEHWUsI SMEeKTPMYEcKOM uenu c npeobpasoBaTensamm
NorpykeHbl B KPEMKUM pacTBOp MOnuMypeTaHa Tak, YTO OCBELEHHblE MOBEPXHOCTU
npeobpasoBaTenen HaXoOATCsl BHE Nonumepa.

6. 3alMLWEHHBIN OT BHELWHMX BO3AENCTBUA (DOTOINEKTPUYECKUIA HOBBIN MOAYIb
NOAKIIOYEH GSM CBA3bI0 K ANCTaHLMOHHOMY nporpaMmMmpyemMomy
YCTPOWCTBY,KOTOPOE [AaeT BO3MOXHOCTb TMOMYYEeHUS [AaHHbIX MeTeocnyxObl unu
renvomMoaynsi 0 BEPOSATHOCTU [OXAS UNKU CHera Ha MECTHOCTW U MPUHATUS Mep Mo
3almTe MOBEPXHOCTM MOAyns, yCTaHaBnuBas B crnyvae HeobxogumocTW CBsi3b C
nonb3oBaTenem.

7. PaspaboTtaHHas ancraHunoHHas nporpaMmmupyemasi cuctema ¢ GSM cBA3blo
MOXET MPUMEHATBCA TaKkkKe B FOPHOWM MPOMbILNIEHHOCTU, B PagoCTPOUTENbLCTBE, B
cenbckom  xo3ancTtee. K sawmwawowiern OT rpaga aspo30SfibHOM  CUCTEME
NPUKpPennseTca OUCTaAHUMOHHOE YCTPOMCTBO, MO3BOMSAOLLEE MofyvyaTb CBeAeHUst O
BO3MOXHOCTV rpafoobpa3oBaHusi U pykoBOAWUTb NPOLIECCOM MPOTMBOrPafoBoro 3anna.
8. PaspaboTtaHa cxema coefunHeHus Kk oOLlel 3nMeKTPOCETN yCTaHaBNMBaEMOWA
Ha Kpbilwe POTOINEKTPOCTaHUMN MOLLHOCTLIO 150 KBT Mnu gucTaHuMoHHas cuctema
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ona camoynpaBnaeMblX d)OTOGﬂeKTpOCTaHLI,VIVI C uenblo HaKonneHusa pesepBHoPl
MOLLHOCTU U S(b(beKTI/IBHOFO MCNOJIb30BaHUA 3JNIEKTPOIHEPTUN.

THE DEVELOPMENT OF SOLAR PHOTOVOLTAIC STATIONS WITH LIGHT-
SUSTAINABLE FRESNEL CONCENTRATORS

SUMMARY

In the production of electric power with the use of renewable and non-
traditional energy sources, the solar photovoltaic energy expands rapidly. With higher
efficiency (~46%) are distinguished the photovoltaic modules and electric stations with
the sun movement tracking, light Fresnel concentrators. According to what is
mentioned above, we can say, that in the middle of XXI century, the photovoltaic solar
energy using photoactive materials with various prohibited zones will strongly
dominate.

High-efficient photovoltaic modules of 1-2kW of power with the sun movement
tracking Fresnel concentrators in two coordinates are designed. These modules can be
installed in rough-surface areas or on roofs with different areas, where they will occupy
small surface area. That is, a module with 2kW of power will occupy 4m? surface area.

For the electric power stations, operating in the autonomous modes, an
automatic system of accumulation and minimum consumption of electric power is
designed. Photomodules with a total capacity of 150 kW of power can be easily
installed on the roofs of premises with an average area for their own needs and without
a license. A similar electric power system can be connected to a public grid without
using electrochemical batteries, which significantly increase the cost of the produced
electricity. Optical and structural losses of light-permeable Fresnel concentrators were
studied and estimated.

The following basic results were obtained in the dissertation:

1. A new rooftop high-efficiency power generating portable module is
designed and licensed, which is light and has an automated remote control of the sun
movement monitoring system. 48 Fresnel concentrators, 48 photovoltaic cascade
elements and microcontrollers are used in the module, which provide approximately
1kW of power, and by installing similar 96 Fresnel concentrators and 96 photovoltaic
elements, 2kW of power will be produced occupying 4m2 surface are on the roof.

2. A pyranometer- and a microcontroller-containing scheme is designed, by
which the rotation of the sun movement tracking portable mirror system is
implemented. Every moment they choose the system’s rotation angle in case of which
the rays fall vertically on the Fresnel concentrators and the module provides maximum
capacity of electric power.
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3. A transparent heliotechnical Fresnel concentrator's loss analysis is made,
according to which the concentrators' optical transparency becomes 83%. It is
proposed to exclude the process of covering the PMMA surface with Fresnel shell and
to make the Fresnel concentrator by filling liquid PMMA into the template, which may
ensure the reduction of losses.

4. A solar photovoltaic modules' outer surface cleaning device with the help of
a remote control panel is designed and made, which completely meets the customers'
easy-to-use modern requirements of techniques with high reliability and durability. The
use of this device makes the cleaning of the solar photovoltaic module on the building's
inaccessible roofs much easier and more reliable when it is risky to approach the area.
This device also provides the reliable and efficient work of the module.

5. A new efficient technology for making a solar photovoltaic module is
designed. Compared with the previous technology, it increases the module's efficiency
by 5% and the durability — about two times. The photovoltaic converter's illuminating
surfaces were protected with non-reflective diamond-like carbon shells previously,
whose internal connections of the electrical chain dip into the tight polyurethane with
converters so that the converter's illuminating surfaces remain out of the polymer
material.

6. A new device programmed by GSM remote connection is attached to the
photovoltaic module, which is protected from the external influences, allowing to get
data about hail or the possible snowfall in the territory from Hydromet services and
directly from the solar module and to perform the module’s surface-covering protective
actions, and, if necessary, contact the user.

7. The remote control system programmed by GSM connection may also have
other applications, for example, in mining industry, urban construction and agriculture,
the remote device is attached to the hail protecting aerosol shooting system, which
gives an opportunity to receive information about the possibility of hail and to manage
the work of the explosion moment.

8. The rooftop photovoltaic power station remote system with nearly 150kW
of power is designed for the general electricity supply connection scheme or for energy
storage and efficient use of the autonomous photovoltaic power stations.
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