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The object of the study is a new micromodule gas burner for
small hot water boilers, in which, to stabilize combustion, the phe-
nomena of flow disruption due to sudden expansion at the outlet
of the burner are used. Today, there is an urgent task related to the
development of new technical solutions for the most efficient and
environmentally pure combustion of fuel in power plants, particu-
larly, it is necessary to pay special attention to the stabilization of
the flare. The combustion characteristics in this burner have been
studied experimentally and theoretically, calculations are given for
modeling a micromodule gas burner with a sudden expansion at the
outlet, in particular, the model of a burner device for burning natural
gas (propane) was modeled in the Ansys Fluent 2021 R1 software
package. As a result of the experiment, the length of the torch was
reduced, as well as the concentrations of harmful NO, emissions
were reduced with improved indicators of combustion completeness
and temperature uniformity of the field. The results of experiments
with different nozzles are presented, namely nozzles with slots at the
outlet d; — 0.12m and dy — 0.15 m. The number of modes in each
experiment is 5. Mathematical modeling of this burner with the pos-
sibility of evaluating the effectiveness of these measures will allow
us to develop optimal operating modes of power plants and develop
new technical solutions to reduce the emission of pollutants. Based
on the experimental data obtained, graphs were constructed (com-
pleteness of combustion, temperature unevenness, concentration
of substances), and the results were summarized. In general, these
characteristics will increase the efficiency of using this burner in hot
water boilers.

Keywords: burner device, gas, stabilizers, sudden expansion,
recirculation zones, harmful emissions.
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The study examined the feasibility of using wind energy to
supply energy to field military shooting ranges of the Armed Forces
of the Republic of Kazakhstan. The object of study is a mobile wind
turbine with a vertical axis of rotation. Theoretical studies have
identified key factors influencing turbine modes and performance,
which has led to the selection of optimal placement options. The

proposed system took into account the power supply needs of
troops in the field, with special attention to the energy-consuming
equipment of field military shooting ranges as the main consumers.
A comparative analysis has established the superiority of a mobile
wind turbine with a vertical axis over traditional wind generators
with a horizontal axis. The developed turbine design provides full
coverage of the airflow regardless of direction, with an optimal
blade angle of 60°. Theoretical studies included studying the airflow
around the blade at different angles of attack, which provides insight
into drag and lift. The basis for the development was the designed
model of a mobile wind turbine, protected by a patent, characterized
by mobility, sectionality and the ability to adapt to various environ-
mental conditions. Its simple and compact design, combined with
a vertical axis of rotation, ensures an uninterrupted power supply,
especially at remote military installations and border areas. This re-
search led to the development of a model for calculating the parame-
ters of a mobile wind turbine suitable for powering troops in the field.
The study demonstrates the potential of mobile wind power plants to
significantly enhance energy reliability at military shooting ranges.
The calculated results confirm the viability of mobile wind turbines
in providing power support for shooting activities at these ranges.

Keywords: wind turbine, mobile wind turbine, swept area, field
power supply.
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The object of this research is a double-slope solar still with the

addition of water cooling on the wall (DSSS.WCW). The issue with
solar stills is that the temperature of the cover glass is quite high,

which consequently reduces the rate of evaporation. Methods to

reduce the cover glass temperature involve water cooling, by flowing

water and spraying it onto the cover glass. Both of these methods



have been shown to reduce the temperature of the cover glass, but

they still require additional energy and can decrease the solar radia-
tion energy received by the absorber plate. This research proposes
using a water cooling method on the wall that does not require
additional energy and can prevent a reduction in the solar radiation
energy received by the absorber plate. Experimental and theoretical
research was conducted to study the effect of using DSSS.WCW.
The results showed a 13.48 % reduction in the cover glass tempera-
ture, consequently increasing the temperature difference between
the fins and the cover glass by 9.82 °C. The increase in temperature
difference resulted in a 13.82 % increase in freshwater productivity
theoretically by 2.80 kg/hour and a 13.10 % increase experimentally
for the DSSS.WCW by 2.58 kg/hour. In addition, there was a theo-
retical increase in energy efficiency of 22.29 % and an experimental
increase of 22.82 %, along with an increase in exergy efficiency
of 15.71 %. The implementation of water cooling on the wall has
been shown to enhance the efficiency of the double-slope solar still.
In addition, the water cooling method on the wall does not reduce
the solar radiation energy that can be received by the absorber plate
and does not require additional energy. The results of this research
can be applied in remote islands in Indonesia, particularly during
the dry season.

Keywords: solar still, water cooling, productivity, energy effi-
ciency, exergy efficiency.
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The object of the study: a system with a photovoltaic thermal
hybrid solar collector.

The main problem addressed is to enhance the conversion and
utilization efficiency of solar energy by developing a new design of
photovoltaic thermal hybrid solar collector.

A computer model of the proposed design of a photovoltaic
thermal hybrid solar collector (PVT) was developed, and its thermo-
technical characteristics were investigated. Patterns of temperature
changes in the heat transfer fluid in PVT and thermal accumulator
over time of irradiation were determined. It is shown that the in-
stantaneous thermal power of the solar collector was 540 W /m?2, and
the efficiency was 0.6. Changes in the instantaneous specific thermal
power of the system with PVT (up to 450 W/m?) and its efficiency
in heat accumulation in the accumulator (0.5) were studied. The
high efficiency of PVT can be explained by its optimal design, which
ensures simultaneous production of thermal and electrical energy, as
well as balancing of the operation of the thermal and photovoltaic
parts. The main difference between the developed model and existing
analogs is the comprehensive consideration of the interaction of the
thermal and photovoltaic parts in one installation. The model allows
optimizing the PVT design to increase its efficiency. The research
has allowed developing a new design of a photovoltaic thermal hy-
brid solar collector, which ensures high efficiency of conversion and
utilization of solar energy.

The obtained results and the developed model provide a basis for
further improvement of PVT and its implementation in power sys-
tems of buildings and technological processes to increase the share of
solar energy utilization and reduce fossil fuel consumption.

Keywords: power system, combined solar collector, alternative
energy sources, photovoltaic solar collector.
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The object of this study is photovoltaic modules with different
seasonal tilt angles at different geographical latitudes. The average
annual efficiency of photovoltaic modules with different seasonal an-
gles set at different geographical latitudes has been determined as the
annual weighted average value of the cosine of the angle of incidence
of solar rays on the plane of the photovoltaic module. The influence
of seasonal tilt angles of photovoltaic modules at different geographi-
cal latitudes on their average annual efficiency was analyzed.

Approximate values of the seasonal tilt angles of photovoltaic
modules at different geographic latitudes take values that differ from
the geographic latitude value by plus 15° for the winter period and
minus 15° for the summer period.

Modeling the average annual efficiency of photovoltaic modules
depending on the seasonal tilt angles at different geographical lati-
tudes made it possible to obtain refined values of the seasonal tilt
angles of photovoltaic modules. Thus, at the latitude of 0°, 10°, 20°,
30°, 40°, 50°, and 60°, the tilt angle of photovoltaic modules for the
winter period will be 14.8°, 24.6°, 34.5°. 44.4°, 54.1°, 63.6°, and 73°,
respectively, and for summer — minus 14.5°, minus 4.6°, 5°, 15.1°,
25.1°, 34.9°, and 44.7°. Dependences were obtained for determining
the seasonal tilt angles of photovoltaic modules depending on the
value of geographic latitude.

The difference in the average annual efficiency of photovoltaic
modules, which are installed at seasonal angles, and photovoltaic mo-
dules, which track the position of the Sun in the vertical plane, is 0.4 %.

The results could be used as a basis for evaluating the efficiency
of photovoltaic modules when determining the seasonal tilt angle at
different geographic latitudes.

Keywords: photovoltaic module, angle of incidence of solar rays,
module installation efficiency, geographical latitude.
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Abay Dostiyarov, Nurbubi Sarakeshova, Ayaulym Yamanbekova

OG6’€KTOM JIOCTIKEHHST € HOBHIT MIKPOMOJYJIbHUN Tra30BUH MaJbHUK /TSI HEBEJUKUX BOJIOTPIHHUX KOTJIB, B IKOMY JIst cTabiizartii
TOPiHHS BUKOPHUCTOBYIOTHCS SIBUIIA 3PUBY IIOTOKY Yepe3 ParToBe PO3LIMPEHHS Ha BUXO/I 3 najbHuKa. ChOroHi aKTyaJbHUM € 3aBJIaHH:
PO3pOOKN HOBUX TEXHIYHUX PIllleHb /ISl HAROLIBII ehEeKTUBHOTO Ta €KOJOTIYHO YUCTOrO CHATIOBAHHS TAJIMBA HA €IEKTPOCTAHILISX, 30Kpe-
Ma, HeoOXiHO MpUALIUTI 0cobIMBY yBary crabixizanii dakena. ExcriepuMeHTasbHO i TEOPETHYHO HOC/IPKEHI XapaKTepUCTHKI TOPIHHS
B JJAHOMY ITTaJIbHUKY, HaBe/[eHi PO3PaXyHKHU /IS MOJIEJIIOBAHHS MiKPOMO/IYJIbHOTO Ta30BOI0 MAJTbHUKA 3 PAITOBUM PO3IIMPEHHSIM Ha BUXO-
mi. 3okpema, B mporpamiomy Komruiekci Ansys Fluent 2021 R1 Gysa smMozesnboBana Mojiesib MaJIbHUKOBOTO TIPUCTPOIO TSI CIIATIOBAHHS
MPUPOAHOTO rasy (mpomany). B pesyibrari ekcrieprMeHTy OyJia 3MeHIIeHa T0BKUHA (aKesa, a TAKOK 3HIZKEH] KOHIIEHTPAIll IIKiIHBUX
BuKnAiB NO, 3 MOKpaleHnMN OKa3HUKAMU OBHOTH 3TOPSTHHS Ta PIBHOMIPHOCTI Temriepatypu moJist. IIpeacrasiieni pesyasrati excie-
PYMEHTIB 3 PI3HUMHU HacaKaMu, a caMe 3 HacajKaMu 3 npopisamu Ha Buxofi di — 0,12 M ta dy — 0,15 M. KizbKicTb peskuMiB y KOKHOMY
€KCIIEPUMEHTI CTAaHOBHUTD 5. MaTeMaTidyHe MOJIEJIOBAHHST JAHOTO MaJbHUKA 3 MOKJIUBICTIO OIIHKU e(eKTUBHOCTI 1IUX 3aXO0/(iB [03BOJIUTD
PO3POBHUTH ONMTUMATBHI PEKUME POOOTH €JIEKTPOCTAHIIIN Ta CTBOPUTH HOBi TEXHIUHI PIllIEHHS /TSI 3HIKEHHS BUKUIB 3a0pyIHIOIOUNX Pe-
4oBrH. Ha OCHOBI OTPUMAaHUX €KCIIEPUMEHTAILHUX JaHuX OyJi0 mobyaosano rpadiku (II0BHOTA 3TOPsIHHSI, HEPIBHOMIPHICTH TEMIIEPATYPH,
KOHIIEHTPAIliSI PEYOBHUH) Ta y3araJbHEHO Pe3yJIbTaTH. B 1isoMy, Ii XapakTepUCTUKN A03BOJATD MiBUMINTHA e(eKTUBHICTh BUKOPUCTAHHS
JIAHOTO TTAJIbHUKA Y BOJOTPIHHUX KOTJIAX.

KiiouoBi ciioBa: najibHUKOBUI MPUCTPIi, ra3, crabisizaropu, panToBe PO3MINPEHHS, 30HH PEIUPKYJIAIT, NKIZATUBI BUKUIN.
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PO3POBKA MOBLJIBHOI BITPOEHEPTETUYHOT YCTAHOBKH JIJIs1 EHEPTOIIOCTAYAHHS BIVICBK (c. 16-32)

Erkin Adilbekov, Bolat Kabulov, Gulmira Tugelbayeva, Sultan Ybray

VY pocipKeHH] pO3IIISHYTO AOIIbHICTD BAKOPUCTAHHS €HepTil BITPY /Il eHEPToIoCTaYaH s MOJIbOBUX BiliiChKOBHX MOJIrOHIB 36pOiiHIX
Cun Pecry6aiku Kazaxcran. O6’eKToM 10C/iKEeHHS € MOGiIbHA BiTpOBa TypOiHa 3 BEPTUKAIBHOIO BicCto 06epTantst. TeOpeTUUHi 0CITiIKeH-
HS BUSIBIUIH KJTI0Y0BI (haKTOPH, 10 BIUTHBAIOTH HA PEKIMI POOGOTH Ta MPOAYKTUBHICTD TypOiHH, MO MPU3BETO 10 BUOOPY OMTUMATBHUX Ba-
pianTiB po3MileHHs. 3apoIoHOBaHa CHCTEMa BPAXOBYE MOTPEOU B eJIeKTPpo3abesieueH i BIChK Y TT0JbOBUX YMOBAX, IIPUALIAI0YN OCOOIUBY
yBary eHeprocrnokuBaouoMy OOJIQ[HAHHIO MOJHOBUX BIiCHKOBHUX MOJITOHIB SIK OCHOBHUX CIOKMBaviB. [TOpiBHAIBHMIT aHAi3 BCTAHOBUB
nepesary MoGiIbHOI BITpOBOI TYpOiHU 3 BEPTUKAIBHOIO BICCIO HAJl TPAAMIIIHHIME BITpOreHepaTopaMy 3 FOPU30HTaNbHOIO Biccio. Pospobiena
KOHCTPYKItist TypOiHu 3abe3nedye MOBHE OXOIJICHHS HOBITPSHOTO MIOTOKY HE3aJIeKHO Bijl HAIPSAMKY 3 ONTHMAJIBHUM KyTOM Jomareir 60°.
Teopetmyni gocIiKEHHS BKIIOYAIN BUBYEHHS MOBITPSHOTO TIOTOKY HaBKOJIO JIOTATI i/l PISHUMHU KyTaMM aTakH, 110 Ia€ PO3YMiHHS OMOpY
Ta nigitomuoi cum. OCHOBOIO Ui PO3POOKHU cTasia Po3pobiieHa Mojies b MOOLIbHOT BITPOBOI TYpOiHN, 3aXUII[EHA TATEHTOM, 1[0 XapaKTepH-
3yEThC MOOLIBHICTIO, CeKIIHHICTIO Ta 3/[aTHICTIO aanTyBaTHCS 10 PI3HOMAHITHUX YMOB HABKOJIMIIHBOTO CepeloBUIIa. 1i mpocTa i Komimak-
THA KOHCTPYKILSI B TIOEHAHHI 3 BEPTUKAIBHOW Biccio obepranHs 3abesmeuye GesmnepebiiiHe e1eKTporocTayants, 0COOIMBO HA Bifla/leHIX
BiliCbKOBUX 00’€KTax i B IPUKOPAOHHUX paiioHax. Ile moCai/sKeHHsT TPU3BEIo 10 PO3POOKM MOJIE TS PO3PAXyHKY TapamMeTpiB MOOITbHOI
BITPOBOI TYpOiIHH, MPUAATHOI J1JIs1 3a0€31eYeHHsT eHeprielo BIifichbK y MoIboBUX yMoBax. JlOCIiIZKEH S IEMOHCTPYE TTOTEeHITial MOOLIBHUX BiT-
POEIEKTPOCTAHIIII /1151 3HAUHOTO MIJIBUIIIEHHS €HepreTHYHOI Ha/[iITHOCTI Ha BiliCbKOBUX I10JIiroHaxX. Pe3yssratu po3paxyHKiB HiITBEP/KYIOTh
JKUTTE3MATHICTD MOGLIBHUX BITPOBUX TYpOiH [uist 3a0e3MeYeHnst eHepreTHYHOl MiITPUMKN CTPIb0 Ha IUX TIOJTOHaX.

KiiouoBi caoBa: BiTposi TypOinu, MOOLIBbHI BITPOBI TYpOiHK, OXOIIEHA II0IIA, MOJIbOBE eJEKTPONIOCTAYaHHS.
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BU3HAYEHHS NIIBUINEHHA EOEKTUBHOCTI JIBOIIOXIJIOTO COHAYHOI'O TUCTUJISATOPA 3A PAXYHOK
JOJABAHHA BOJSAHOTIO OXOJIOZKEHHA /10 CTIHOK (c. 33-44)

Nova Risdiyanto Ismail, Purbo Suwandono, Dadang Hermawan, Frida Dwi Anggraeni

OG6’eKTOM JOCTIIZKEHHSI € JABOMOXUIMNA COHAUHUN AUCTUIATOP 3 A0JABAHHAM BOASHOTO 0X0J0/pkenHs Ha crinii (DSSS.WCW). Ipo-
6J1eMa COHAYHNX UCTUIIATOPIB TIOJIATAE B TOMY, 1[0 TEMIIEPaTypa IIOKPUBHOTO CKJIA € IOCUTh BICOKO, 1110, BIITOBIZHO, 3MEHIIIY€E MIBUKICTh
BUTNIAPOBYBaHHA. MeToan 3HIKEHHS TeMIlepaTypl IOKPUBHOTO CKJIA BKJIIOYAIOTh BOISAHE OXOJIO/PKEHHS, M0/Iady BOAN Ta il PO3MHUJIEHHS Ha
nokpuBHe k0. O6UABA 1i METOIN 3HIKYIOTH TEMIIEPATYPY MOKPUBHOTO CKJIA, ajle BOHU BCE OJJHO BUMATAIOTH JI0JIaTKOBOI €HEePTii Ta MOKYTh
3MEHIITUTI eHepPrilo COHAYHOTO BUIPOMIHIOBAHHS, 10 HAAXOANTH Ha TOTJINHAIOYY MJIACTHHY. Y I[bOMY JOCJHIKEeHHI ITPOMOHYETLCS BUKO-
PHCTOBYBATH METO/ BOASTHOTO OXOJIO/KEHHS Ha CTIHIl, SKUI He BUMarae J0AaTKOBOI eHeprii i 103B0JIsge 3ar06irTi 3MeHIIeHHIO eHeprii CoHsy-
HOTO BUIIPOMIHIOBaHHS, 110 HAJXOAUTh HA MOTJIMHAIOUY TTacTHHY. [l BuBueHHs edekty Binx Bukopuctanas DSSS.WCW Gysn nposeneti
€KCIIePUMEHTAIbHI Ta TEOPETUYHI HOCTi/KEeH s, Pe3ysibraTyl HoKasay 3HIKEHHs TeMIIepaTypr IOKPUBHOTO ckiia Ha 13,48 %, 1o npusseso
110 301JIbIIEHHST PI3HUIL TeMTiepaTyp Mizk peGpamu Ta TOKpuBHUM ckaoM Ha 9,82 °C. 361/bIeHHST PI3HUIL TeMIIEPATyP IPUSBETIO 10 TEOPETHY-
HOTO 3061TBIIIEHHST TIPOYKTHBHOCTI 10 TpicHiil Bomi Ha 13,82 % (2,80 kr/rox1.) Ta ekcriepuMenTaIbHoro 36iabiments Ha 13,10 % (2,58 kr/rom.)
it DSSS.WCW. Kpim Toro, criocrepira€rbesi TeopeTiyte miABuIieHHs eneproedekTuBHoCTI Ha 22,29 % Ta eKcriepuMeHTalbHe [iABUIIEHHS
Ha 22,82 %, a TakoK TigBuIeHHs exceproedexruBHocTi Ha 15,71 %. TTokazano, 110 3aCTOCYBaHHsT BOISHOTO OXOJIOJKEHHS Ha CTIHII TTABHUIILY€E
e(eKTUBHICTD IBOIOXUIIOTO COHSYHOTO ANCTUIATOPA. KpiM TOro, METo | BOASTHOTO OXOJIO/KEHHS HA CTiHI[ He 3MEHIIIY€ eHEeprilo COHIYHOTO



BUITPOMIHIOBAHILS, sIKa MOKe Oy TH OTPHMaHa HOTINHAIOYOIO IVIACTHHOIO, 1 He noTpefye 10/[aTKoBOI eneprii. Pe3y israTi JOC/IiKeH S MOXKYTh
GyTH 3aCTOCOBAHI HA BiIAJICHUX OCTPOBax [H/10He3ii, 0COOIMBO B IIOCYIUIMBHII CE30H.
Kmo4oBi cioBa: cONSUHUIT UCTUNATOD, BOZSHE OXOJIOIKEHH, IPOLYKTUBHICTD, eHeproeeKTHBHICTD, eKCeproeeKTHBHICT.
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PO3POBKA KOMBIHOBAHOT CUCTEMM 13 TTBPUIHUM COHAYHUM KOJEKTOPOM TA BUSHAYEHHS iOTO
TEINIOTEXHIYHUX XAPAKTEPUCTUK (c. 45-54)

C. Y1. Mucax, C. II. Illanosax, A. M. Tusmoz

OG’eKT OCTIKEHHST: cucTeMa i3 TIOPUAHUM TEIIOBUM (DOTOCTEKTPUYHUM IeliOKOJEKTOPOM.

OcHoBHa pobJieMa, sIka BUPIIITYBAIACh, € MiABUIIEHHS e(eKTHBHOCTI IEPETBOPEHHS Ta BUKOPUCTAHHSI COHSUHOI eHeprii IJIsIXOM Po3po6-
K1 HOBOT KOHCTPYKILT TiGPUHOTO TEMIOBOTO (HhOTOEJTEKTPHIHOTO COHIYHOTO KOJEKTOPA.

P03po6JieHO KOMITI0TEPHY MOJIeJIb 3alPONOHOBAHOT KOHCTPYKILT riOpUAHOro TerioBoro goroesiekTpudanoro rejgiokonekropa (ITAOTK)
Ta JI0CJI/PKEHO HOTo TEIIOTEXHIUHI XapaKTepucTuku. BeranosieHo 3akoHoMipHocTi 3minn Temmeparyp remonocis B [TOTK rta remioso-
My aKyMyJISTOpi Bifl acy ompominenms. [lokasaro, o MUTTEBA TeTIoBa MOTY/KHICTh TeliokoMeKTopa cTamosma 540 Br/M%, a koedimienTt
kopucHoi aii — 0,6. Jloc/tifzkeHo 3MiHy MUTTEBOI IINTOMOI Ter1oBoi norysxkHocti cuctemu 3 I'TOIK (1o 450 Br/m?) Ta ii edexrusHicts 3a
HAKOIIIIEHHIM TeTyIoBoi eHepril B akymyJrsitopi (0,5). Bucoky edexrusnicts [TOTK MokHA MOSCHUTH ONTHMAIBHOIO KOHCTPYKILEIO, sIKa
3abe3mneuye ofHOYACHE BUPOGHUIITBO TEIMIOBOI Ta €IEKTPIUYHOI €HEPTil, a TAKOK GaaHCYBaHHSAM POOOTH TEIIOBOI i (hOTOENEKTPIIHOT YACTHH.
OCHOBHOO BiAAMIHHICTIO PO3POGJIEHOI MOJIE Bijl iICHYIOUNX QHAJOTIB € KOMILIEKCHE BPaXyBaHHS B3a€MO/Iii TEIIOBOI Ta (hOTOENEKTPHIHOL
YacTHH B Of(Hi# ycTanositi. Mosens o3Bosisie ontumizyBarn koncerpykitito [ TOTK st nigsuinenns itoro ecdexrusrocrti. [Iposezene mocai-
JIPKEHHSI I03BOJINIIO PO3POOUTU HOBY KOHCTPYKIIIO MiGPUIHOTO TEMIOBOTO GOTOETEKTPUYHOTO COHAIHOTO KOIEKTOPA, KA 3a0€311e9y€ BUCOKY
e(ekTUBHICTD TIepeTBOPEHHST Ta BUKOPHCTAHHS COHSIHOI €Heprii.

Orpumani pe3ysisraTu Ta po3podiieHa MOJIeb CTBOPIOIOTH OCHOBY JIJIst MOAAJbLINOro BirockoHastentst [TMTK ra iforo BpoBakeHHsT B cuc-
Temu eHeprozabesnedeHnst Oy/iBesb | TEXHOJIOTIYHNX MPOTIECIB 3 METOM TTIBUIIIEHHS YaCTKN BUKOPUCTAHHSI COHSYHOI €Heprii Ta 3MEHIIeHHS
CHOXMBAHHSA BUKOITHOTO MTAJINBA.

K1040Bi ¢10Ba: crcTeMa eHEepromnocTadatts, KOMOIHOBaHU TeTIOKOJIEKTOP, AJIbTEPHATHBHI [ZKEpeJia eHeprii, GOoToeeKTpUIHUI COHsTY-
HUI KOJEKTOP.
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BU3HAYEHHS BILIUBY CE30HHOTO KYTA BCTAHOBJIEHHSI HA EOEKTUBHICTh HEPYXOMUX COHSTUHUX
@®OTOEJEKTPIYHIX MOJIYJIIB (c. 55-62)

I. A. Tony6, H. M. Ilusenkosa, B. T. Haaukro, O. A. Mapyc, O. I. Kenko, I. C. Omapos, A. A. Tony6enko, B.O. Illy6enko,
M. JI. 3acup

OG6’exTOM HOCTIIFKEHH ST € (POTOETEKTPUYHI MOAYJII i3 PISHUMU CE30HHUME KyTaMK BCTAHOBJIEHHS Ha PisHUX reorpadiunux mmporax. Bu-
3HaYeHa cepeiHbopiuHa eHeKTUBHICTD (POTOETEKTPHYHUX MO/IYJIIB i3 PISHIMI CE30HHIMMI KyTaMi1, BCTAHOBJIEHNMHN Ha Pi3HUX reorpadiuHux
MIMPOTAX, SK BEJINYNHA PIYHOTO CePeAHbO3BAKEHOT0 3HAYEHHS KOCHHYCa KyTa Ma/[iHHs COHSYHUX TPOMEHIB Ha MJIONNHY (DOTOETEKTPUYHOTO
Moyis. [IpoananizoBaHo BIUINB CE30HHUX KYTiB BCTAHOBJIEHHS (DOTOEJIEKTPUYHUX MOJYJIIB HA PI3HNX reorpadiyHuX MUPOTaX Ha iX cepeji-
HBOPIYHY e(heKTHBHICTb.

OpieHTOBHI 3HAUEHHS CE30HHUX KYTiB BCTAHOBJIEHHS (DOTOEIEKTPUYHUX MOJLYJIB Ha Pi3HUX TeorpadivHuX IIPOT MAIOTh 3HAYEHHS, SKi
BIZIPI3HSAETHCS BiJl 3HAYCHHST TeorpadivHOl MUPOTH Ha BeJMInHY 10¢ 15° U1s1 3MMOBOTO Tiepioy Ta Minyc 15° iist JITHBOTO Tepiojy.

MogesoBaHHsI cepeHbOPITHOI ePeKTUBHOCTI (POTOETEKTPUIHUX MOJYJIiB B 3AJTI€KHOCTI BiJl CE30HHUX KYTiB iX BCTAHOBJIEHHS Ha Pi3HUX
reorpadiuHIX HIMPOTAX JI03BOJIIIIO OTPUMATH YTOYHEH] 3HAYEHHS CE30HHUX KYTiB BCTAHOBJIEHHS (DOTOEJNEKTPUYHIX MOy IiB. Tak, mpu 3Ha-
venni reorpadiunoi mmporu 0°, 10°, 20°, 30°, 40°, 50° i 60° KyT BcTaHOBJIEHHST (POTOCTEKTPUIHUX MO/LYJIIB /IS 3MMOBOTO MIEPiOjLy Bi/IITOBIAHO
cranoButume 14,8°, 24,6°, 34,5°, 44,4°, 54,1°, 63,6° Ta 73°, a st sitHboro — Minyc 14,5°, minyc 4,6°, 5°, 15,1°, 25,1°, 34,9° ta 44,7°. OtpumaHo
3aJIEXKHOCTI /71 BUBHAYEHHST CE30HHUX KyTiB BCTAHOBJIEHHS (DOTOEJTEKTPUUHUX MOJIYJIIB B 3aJIe3KHOCTI BiJf 3HaUeHHs reorpadiqHoi mmpoTn.

Pisnurgs cepennbopiunoi eheKTUBHOCTI (HOTOETEKTPIUYHUX MOIYJIIB, SIKi BCTAHOBJIEH] ITi/l CE30HHUMU KyTaMu, Ta (hOTOENEKTPUIHIX MO-
JLyJIiB, SIKi 3/IHCHIOIOTH BiICTEXKEHH s 3 1os10KeHHsIM COHIIA y BepTUKAIBHIN 1I01uHi, cranoButh 0,4 %.

PesysbraTt MOXKYTh OYTH MOKJIAJICHI B OCHOBY OIIHKM e(heKTMBHOCTI (hOTOCTEKTPUUHUX MOJYJIB TIPH BU3HAYEHHI CE30HHOTO KyTa iX
BCTAHOBJICHHS HA PI3HNX reorpadivHuX IIPOTAaX.

KimouoBi ciioBa: (hoToeseKTpuaHIii MOy Ib, KYT HaJliHHS COHSYHUX TIPOMEHIB, e(heKTUBHICTb YCTAHOBKU MOJIYJIiB, reorpadiuHa mmpora.



