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BBEJIEHHUE

Ouzuko-rexunueckuit ~HCTUTYT (D TU) AH PVY3 (1. TamkenT), ocHoBaHHBIN B 1943 1., sBIII€TCA OOHUM
W3 CTapeImnX MHCTUTYTOB AKaaeMuu Hayk Pecniy6nuku Y36ekuctan (AH PY3). B @®TU B pa3Hble IeproIbI
€r0 IeATENFHOCTH TONyYMIId Pa3BUTHE MHOTHE HayYHBIC HAIPaBJICHUS, BIOCIEIACTBUU Boulenmwue B chepy
OCHOBHBIX HaIpaBIEHU ecTecTBeHHO-HayuHoro nmpodumists AH PVY3. 3xech ObUTM HadaThl UCCIENOBAHUS B
o0yacTh (PU3NYECKON ANEKTPOHHUKH, (GDU3UKH TBEPJOTO Tella, (GU3MKHU MOIYIPOBOJHUKOB, SACPHOU (DU3UKH,
(U3UKH  BBICOKMX DHEPTUH W KOCMHYECKMX  JIyuel, TEIHOTEXHHWKH, BBICOKOTEMIIEPATypHOTO
MaTepuanoBeneHus. Ha 0a3e HayuHbIx HampasiaeHudt u nonpasfeneHuil @TU 6butun cozganel MHCTUTYT
snepHoi ¢pusuku (1956 r.), MuctutyT anexrponuku (1967 r.) u B 1987 r. - HI1O "®unzuka-Connue" AH PV3.
HNHCcTUTYT MatepuanoBeieHHus opranu3oBaH B 1993 r. Ha 06asze psaa nmaboparopuii ®TU u ero OmbITHOTO
npou3BojcTBa ¢ bonbmoii Conaeunoit [1eusto (BCIT).

ITpuznanuem 3aciyr yuensix HIIO "®usuxa-Conune" AH PY3 sBunocs uznanue Ykasza IlpesuneHta
PY3 NoVII-4512 ot 01.03.2013 r. «O Mepax mo JajdpbHEHIIEMY DPa3BUTHIO albTEPHATHBHBIX HCTOYHHUKOB
sueprum» u [locranoBnenus [Ipesunenta PY3 Nelll1-1929 ot 01.03.2013r. «O co3gannu MexyHapOgHOTO
HMHCTUTYTa COJIHCUHOU HEepTrum». 3a KPyMHbIM BKIaA B HAyKy B 00JacTu (hU3UKHU MOITyNpoBOAHUKOB B 2007 T.
coTpynHuky MuctutyTa akagemuk M.C.Caunos, nokropa ¢.-m.H. M.I'. AtabaeB u A.C. CannoB yaoCTOEHBI
locynmapctBeHHO# npemun PeciyOnnkn Y30eknucTad B 0071aCTH HAYKH M TEXHUKH. 3a pa3pabOTKy M CO3JaHKe
COBPEMEHHBIX CHCTEM IIPSIMOTO MpeoOpa3oBaHMs COTHEYHOTO H3IYUYCHUS B INEKTPUUYECKYIO 3HEPTHIO Ha
OCHOBE KpEeMHHEBBIX (oTompeoOpazoBaTeneil, komekTuB yueHbix MHctutyta - C.Jlamamyxamenos, X.
Cabupor, M.H. Typcynos, 1U.A. FOnnamer Bo riaBe ¢ akageMukoM P.A. MymuHOBBIM ynoctoeH B 2013 T.
lNocynapctBenHo# npemun Pecry0Oivku Y30ekucTaH B 00,1aCTH HAYKH U TEXHUKH.

B MucTtuTyTe AnuTenbHOE BpeMs paboTaiu U paboTaloT B HACTOSILEE BpeMs BUAHBIC yUCHbIE—(DU3UKU:
akaneMuk C.A. A3MMOB - cO37aTeNIb HAyYHOH IIKOJIBI (PU3MKH BHICOKUX M CBEPXBBICOKHX IHEPTUIl; akaleMHUK
V.A. ApuoB — co3aareis KOl PU3NIECKON AMEKTPOHUKH; akaneMuku C.Y. Ymapos, D.U. Anuposud, M.C.
CaunoB u P.A. MyMHHOB — OCHOBAaTEJH Pa3InYHbIX HAMPABICHUH (PU3UKH MOIYIPOBOJHUKOB, akageMuk C.B.
Crapony01eB — co3farens HaydHOW IIKOJBI (pU3MKM TBEPAOTO Teiaa M OJUH U3 OpraHum3aTopoB MHCTUTyTa
snepHoi ¢u3uku, wieH — kKopp. AH PY3 I'.Sl. YMmapoB — co3marens Hay9HOHW LIKOJBI TEIHOTEXHUIECKUX
nccnenoBannii, akagemuk T1.T. PuckueB, co3maBmmii coBMecTHO ¢ akaneMukoM C.A. A3UMOBBIM IIKOIY
BBICOKOTEMIIEpPAaTypHOTro MaTepuanoBeaeHus, akagemuku K.I'. I'ynmamos, b.C. FOnnames u T.C. FOngambaes,
KOTOPBIE PAa3BIIIM HAYUHYIO KOy (DU3UKH BBICOKHMX YHEPTUI U KOCMUYECKUX JIydeil, CO3JaHHYIO0 aKaJeMUKOM
C.A. A3uMOBBIM.

C 1965 r. ®TU AH PVY3 uznaér MexayHapoanslii sxypHan «I'ennorexaukay. JXypHan nepeBogurcs Ha
AHTTIUACKUH S3bIK aMepUKaHCKOH KoMmaHuel «AmnepToH [Ipeccy, m3naéresa B CIIA nox HazBanueM «Applied
Solar Energy» u pacnipoctpansercs mo noamucke. XKypaai «Applied Solar Energy» nHaekcHpyeTcs B HAyIHOM
6aze “SCOPUS” mpecTIKHBIX MEXIYHAPOIHBIX KYPHAJIOB.

B stom 2023 rony B ®usuxo-rexuuueckoM MHCTUTyTe AH PV3 yoxe B fecsThlil pa3 IPOBOAUTCS CTaBIIast
TPagUIMOHHON MeXIyHapoaHas KoHpepeHnus «DyHIaMeHTaIbHbIe M TPUKITaJHbIe TPOOIeMbl COBPEMEHHOM
¢u3ukmy. Ha KoHpepeHINI0 NpUHAMANTHCE paOOTHI, BEITIOHEHHEBIE 3a MOCIEAHNE TPH TOfa MO CIEeAYIOIINM
HampaBJICHISIM U TeMaTuKaM: 1. @u3uKa sapa 1 3JIeMEHTapHBIX YacTHII (BKIIIOYasi MX MPHKJIAJTHBIC ACTICKTHI, a
Takke (PU3NKY BBICOKHMX SHEPrHid M KOCMHYECKHX Jiyueil; 2. PHU3MKa MOIyNpPOBOIHUKOB U TBEPAOTO Tena
(BKJTIOHUAs MX TPHUKJIAJHBIE ACIIEKTHI, a TakXkKe (QU3HUKY IUIa3Mbl); 3. Bo300OHOBIIEeMble NCTOYHUKN SHEPTUH U HX
MIPHIIOKEHU (BKITIOYast remomMarepuaioBeieane ). OTpagHo OTMETHTB, YTO O TeMAaTHKaM KOH(pEPeHIINH OBLIO
nogano 205 HaydHBIX paboT, Bkimodas 68 crareil 3apyOexxubix yuénsix n3 CHIA, Kananer, Poccun, Kuras,
[Makucrana, Kazaxcrana, Aszep6aiimkana, Typrum, PecnyOmuku bemapyces u apyrux crtpan. Hememmnss
KoH(epeHnns mocesmena 80 snetHemy roomineo Axagemun Hayk Y3zOexucrana m DH3NKO-TEXHUYECKOTO
uHctutyta AH PY3, a Tarxoke 30-netnio obpasoBanust nHcTHTyTa Martepuanosenenust AH PY3. Msl yBepeHnsl,
YTO MEXIyHapoAHasi KOH(DEPEHINS CTaHeT IIATPOPMOi 1 0OMeHa TOCICAHUMHI HayYHBIMH JOCTIKECHUSMU
MEXJy YUEHBIMU U3 Pa3HbIX CTPaH, a TAKXKE MOCIYKUT KaTalu3aTOpOM YCTAHOBJICHUS HOBBIX HAYYHBIX CBA3EH
MEXIy YIEHBIMH H, BO3MOXHO, 3apOXKIACHIS OyAyIINX MEXTyHAPOIHBIX HAyYHBIX KoJadopanuii.

Opeanu3zayuonnslil Komumem
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INTRODUCTION

Physical-Technical Institute (PhTI), founded in 1943, is one of the oldest institutes of the Academy of
Sciences of Uzbekistan. During different periods of its activity, many scientific areas were established, which
later became the main directions of research in natural sciences of the Uzbek Academy of Sciences (UzAS).
Among them are the physical electronics, solid state physics, semiconductor physics, nuclear physics, high
energy and cosmic ray physics, solar energy technologies, and high temperature materials science.

On the basis of scientific areas and divisions of PhTI, several institutions were created, such as the Institute
of Nuclear Physics (1956), Institute of Electronics (1967) and SPA "Physics-Sun" of the UzAS (1987). The
Institute of Materials Science, based on a number of laboratories of PhTI and its pilot production facility with a
Big Solar Furnace (BSF), was established in 1993.

The Decree of the President of the Republic of Uzbekistan “On measures for further development of
alternative energy sources” NeUP-4512 on 01.03.2013 and the corresponding Resolution of the President of the
Republic of Uzbekistan “On the establishment of the International Institute of solar energy” NePP-1929 on
01.03.2013 are recognition of achievements of scientists from PhTI of SPA “Physics-Sun” of the UzAS. For
important contribution to science in the field of semiconductor physics, the Institute scientists - Academician
M.S. Saidov, Dr. Sci. A.S. Saidov and Dr. Sci. I.G. Atabaev, were awarded the State Prize of the Republic of
Uzbekistan in the field of science and technology in 2007. The team of scientists of the Institute - S.
Dadamuhamedov, H. Sabirov, M.N. Tursunov, and I.A. Yuldashev, headed by Academician R.A. Muminov, was
awarded in 2013 the State Prize of Uzbekistan in the field of science and technology for the development and
creation of modern systems of direct conversion of solar radiation into electrical energy, based on silicon solar
cells.

Many prominent physicists have worked in the past and are presently working at the institute. They
founded the different well-known scientific schools and research directions: academician S.A. Azimov - founder
of the scientific school of high-energy and ultra-high-energy physics; academician U.A. Arifov - creator of the
School of Physical Electronics; academicians S.U. Umarov, E.l. Adirovich, M.S. Saidov and R.A. Muminov -
founders of various research areas in Semiconductor Physics; academician S.V. Starodubtsev — founder of
scientific school of solid state physics and one of the founders of the Institute of Nuclear Physics; correspondent-
member of UzAS G.Ya.Umarov - founder of the scientific school in applied solar energy research; academician
T.T. Riskiev, who created, together with academician S.A.Azimov, the school of high temperature materials
science; academicians K.G. Gulamov, B.S. Yuldashev, and T.S. Yuldashbaev, who developed further the
scientific school of high energy and cosmic ray physics, founded by academician S.A. Azimov.

Since 1965, PhTI publishes the international journal *Applied Solar Energy". The journal is translated into
English by the American company "Allerton Press" and is published in the United States and distributed by
subscription. The journal “Applied Solar Energy” is indexed in the “SCOPUS” scientific database of the
prestigious international journals.

In this 2023 year, the Physical-technical institute is organizing for the tenth time the traditional
international conference “Fundamental and applied problems of modern physics”. The works implemented
within the last three years in the following fields have been accepted by the conference: 1) Nuclear and elementary
particle physics (including its applications, high-energy and cosmic ray physics as well); 2) Physics of
semiconductors and solids (including its applications, plasma physics as well); 3) Renewable energy sources and
their applications (including helio-material science). We are glad to inform that 205 scientific articles pertaining
to conference topics have been received by the conference, including 68 works of foreign scientists from USA,
Canada, Russia, China, Pakistan, Kazakhstan, Azerbaijan, Turkey, Republic of Belarus, and other countries. This
year’s conference is dedicated to 80™ anniversary of Academy of Sciences of Uzbekistan and Physical-Technical
Institute of Uz AS, and 30" Anniversary of Institute of Materials Science of UzAS. We are quite confident that
the current international conference will be the platform for exchange of the latest scientific results among
scientists from various countries, and it will possibly foster the creation of the future international scientific
collaborations.

The Organizing Committee
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M.Z. Saghir and G. Kilic

APPLICATION OF GRAPHENE IN SOLAR PANELS

E.T.Abbasov

IBOJIOLUUA CTPYKTYPHO-®A30BOI'O COCTOAHUSA MATEPUAJIOB
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POWER EQUIPMENT OPERATING UNDER STRESSED CONDITIONS

M. Dautbekov, L. Zhurerova and D. Kakimzhanov

EXPERIMENTAL STUDY INTO THE OPTIMIZATION OF THERMAL
PERFORMANCE OF A SOLAR STEAM GENERATOR

H. Wang, Q. Zhang, X. Li, T. Ma, Kh.F. Sayfieva
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MATEPUAJIOB B JIEKTPUYECKOM ITIOJIE U UX IPUMEHEHUE

H.K. Xomxaesa, K.M. XakkynoB, A.A. X0IMyMHHOB
NHOOPMAININOHHO-AHAJIMTUYECKASA CUCTEMA KAK UHCTPYMEHT
IMPOBEJEHUS UCCJIEJOBAHUM NOBEJEHUSA PACIIJIABA AKTUBHOH
30HBI ITPU TSKEJIOU ABAPUU SIAIEPHOI'O PEAKTOPA

A.J1.Bypum, 10.}O.baknanosa, H.M. Myxamenosa, A.B. Cricanerun, P.C. UcnamoB
APPLYING TIN COATINGS ON CUTTING TOOLS BY AIR-PLASMA
SPRAYING METHOD

A. Kengesbekov, B. Rakhadilov and Y. Naimankumaruly

INVESTIGATION OF RADIATION-CATALYTIC ACTIVITY OF NANO-AL203
IN THE PROCESS OF METHANE DECOMPOSITION

T.N.Agayev, S.Z.Melikova, S.A.Zeynalova

METOIUKA ITOJYYEHUSA UHTEPMETAJIJINJIOB HA OCHOBE MG
JEI'MPOBAHHMEM PEJIKUMHU U ITEPEXO/HBIMN METAJIJIAMHA

H.M. Myxamenosa, A.XK.Munus3os, E.A Koxaxmeros, 1.A. bauypun u ap.

CHIRALITY SELECTION IN THE SINGLE-WALLED CARBON NANOTUBES
N. Turaeva, B. Oksengendler

INVESTIGATION OF RADIOTHERMOLUMINESCENCE OF y-ALUMINUM OXIDE
N.N.Gadzhieva, S.Z.Melikova, F.N.Nurmammadova, F.G.Asadov

COMSOL MULTIPHYSICS IN ENERGY STORAGE SYSTEMS OF
UZBEKISTAN REGION

I. Rakhmatshoev and U. Sharopov

IIYTU YCUJIEHUS OITTOSJIEKTPOHHBIX XAPAKTEPUCTHUK
NEPOBCKUTOB

W. Hypranues, A. O6nakyios, b. Oxcenrenaiep u H. Atrypos

INFLUENCE OF TEMPERATURE AND GAMMA QUANTA ON THE YIELD OF

MOLECULAR HYDROGEN IN THE RADIATION-CATALYTIC
DECOMPOSITION OF HEXANE ON THE SURFACE OF NANO-Zro0,
T.N.Agayev, S.Z.Melikova, G.T.Imanova
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ANALYSIS OF METHODS FOR SIMULATING THE DECAY HEAT IN
CORIUM IN THE PHYSICAL MODELING OF A SEVERE ACCIDENTS WITH
CORE MELTDOWN

M. Skakov, V. Baklanov, G. Nurpaissova

EXPERIMENTS ON THE RESEARCH OF THE CORIUM INTERACTION WITH
METAL-COOLERS ON THE «VCG-135» TEST BENCH

M. Skakov, V. Baklanov, K. Toleubeko, A. Akaev, M. Bekmuldin and |. Kukushkin
EXPERIMENTS ON THE STUDY OF SACRIFICIAL ALUMINUM OXIDE
MATERIAL WITH A LEAD LAYER AT THE «LAVA-B» FACILITY

M. Skakov, V. Baklanov, M. Bekmuldin, A. Akaev, K. Toleubeko and I. Kukushkin
INVESTIGATION OF PHOTOCATALYTIC ACTIVITY OF TiO2/rGO/CdS
NANOCOMPOSITE

E. Seliverstova, T. Serikov, N. lbrayev, A. Sadykova and A. Auzhanova
HCCJEJOBAHUE CTPYKTYPHOM DBOJIOILIUU
BBICOKOSHTPOIIUIMHBIX CILUIABA B IPOIIECCE MEXAHUYECKOI'O
N3MEJIBYEHUA

E.E. Kamb6apos, XK.b. Carnonauna

EFFECT OF THE SURFACE MORPHOLOGY OF SILVER ISLAND FILMS ON
THE SINGLET OXYGEN GENERATION

E. Menshova, N. lbrayev

N3YYEHUME BJIUSHUS PAJIUAIITMOHHOI'O MIOBPEXKXIEHHNA 1-10 CHA HA
MEXAHMUYECKHUE ¥ KOPPO3UMOHHBIE CBOMCTBA XPOMOBOI'O
IMOKPBITHUS HA CTAJIM 211823-111

P.III.Hcaes, A.C.loporkesuuy, XK.B.Mesenuesa, b.JI.Okcenrenmep, V Teofilovi¢ u ap.
ENERGY STORAGE SYSTEMS IN COMSOL MULTIPHYSICS

I. Rakhmatshoev, and U. Sharopov

SIZE EFFECTS OF FERROELECTRIC BaTiO3 Nanoparticles ON THRESHOLD
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Abstract

Cooling Lithium-ion batteries of different C ratings receive excellent attention amongst researchers
in thermal management [1,2]. The present study proposes to investigate the thermohydraulic performance
of a wavy cooling channel and compare the finding with the conventional straight cooling channel. Different
types of cooling plate materials are used. It consists of Aluminum (Al), Magnesium (Mg) and Silicon Carbide
(SiC). The finite element method is used and solved together with the energy equation. Water is the cooling
liquid used in the simulation. The flow is laminar and steady state. It is found that for the case of Aluminum
plate material, the average Nusselt number is higher as the waviness of the channel wall increases. Thus,
allowing the fluid to absorb more heat. However, at the expense of the pressure drop, the performance
evaluation criterion is higher for the wavy wall channel mode than the straight channel wall. The problem
is repeated by replacing the Aluminum with Magnesium and Silicon Carbide. Results revealed that for low
heating, all materials exhibited similar heat extraction. However, Silicon Carbide is a promising material
for plate cooling at higher heat generated.

Keywords: Performance evaluation criterion, material, forced convection, Lithium-ion battery,
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Abstract

In recent decades, the global solar energy has been developing at a high pace, solar power plants have
become part of the energy infrastructure of many countries. The development of solar technologies has a
significant impact on the economy. It can be expected that in the coming decades, solar energy will become
a stimulus for the economic development of countries and regions with the maximum "solar" resource. Only
part of the energy produced by the Sun, a giant "energy boiler", reaches the Earth. Estimates show that the
technical potential of solar energy (calculated using existing technical and technological means) that hits
our planet annually is many orders of magnitude higher than the proven recoverable reserves of all fossil
fuels (coal, peat, oil, natural gas) concentrated in the earth's crust. .

If the energy supplied to our planet by the Sun per year is converted into conventional fuel, then this
figure will be about 100 trillion tons. This is ten thousand times more than we need. The improvement of
solar energy technologies has led to the fact that the cost of producing 1 kWh of energy at solar power plants
is either comparable to or lower than the cost of producing energy from "non-traditional” sources of
hydrocarbon raw materials. In addition, one should take into account the anthropogenic impact of fossil
fuels burned for the purpose of obtaining energy, which has already led to changes in the biosphere of our
planet. One of the technological challenges facing the oil and gas industry is related to the efficient and
rational use of energy, including alternative and renewable energy, at the facilities for the production,
preparation, transport and processing of hydrocarbon raw materials with the main goal of saving marketable
hydrocarbons. Solar panels (aka photovoltaic or solar modules) are made up of solar cells. Since one solar
cell does not produce enough electricity, several such cells are assembled into solar panels to produce more
electricity. This paper presents the results of studies on the use of graphene in solar panels.

Graphene is a two-dimensional material that has attracted the attention of the scientific community
due to its unusual properties. It is made up of a single layer of carbon atoms arranged in a honeycomb lattice,
making it the thinnest material known to man. Graphene has exceptional mechanical, thermal and electrical
properties, making it an ideal material for a wide range of applications, including solar cells. Using graphene
in a solar panel, we can count on a flexible substrate, low weight, technological efficiency and low
manufacturing costs. One of the key benefits of using graphene in solar cells is its exceptional electrical
conductivity. Graphene has extremely high electron mobility, which allows it to transfer electrons quickly
and efficiently. This property makes graphene an ideal material for solar cell electrodes, which are
responsible for collecting electrons produced when sunlight is absorbed. graphene improves the ability of
solar cells to absorb light. This is because graphene is an excellent conductor of both electricity and heat,
which means it can efficiently transfer the energy generated by absorbed sunlight to a solar cell. In addition,
graphene's unique electronic properties allow it to absorb light over a wide range of frequencies, including
beyond the visible spectrum, further improving the efficiency of solar cells. In conclusion, graphene has the
potential to revolutionize solar energy by increasing the efficiency and performance of solar cells. Its
exceptional electrical conductivity, light absorption and transparency make it an ideal material for a wide
range of solar cell applications.
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AHHOTAUA

B nacmosiwee @pems, meepoomenvHvle cucmemvl XPAHEHUs HA OCHO8E 2UOPUOO8 MEMALIO8
NPOOEMOHCMPUPOBANU OOLULOT NOMEHYUAT OISl XPAHEeHUs. 6000p00a 8 DOIbWUX Koauvecmaax. Mmenno
MemannocuopuoHvle CUCmeMbl SGIAIOMCA HAUbOIee NPUBTEKAMETbHVIM B8APUAHMOM 0151 XpAHeHUus
6000p00a U BbLOCTAIOMCS HAOEHCHBIMU, KOMUAKMHLIMU U MHO2OKDAMHO 00pamumvlMu ceoticmeamu. B
Hacmosiyee epemsi 6 Hayuonanvbnom soeprom yewmpe PK eedymcsi pabomwr no paszpabomie
UHMEPMEMATTUOHBIX CNILABO8, UCNONb3YEMbIX OJisl XPAHEHUs U MPAHCNOPMUPOosKU 6000poda [1-2].

B oannoti pabome paccmompena sgomoyus CMpPyKMypHO-(ha306020 COCMOSHUS MAMEPUATO8
Haxkonumeietl 6000po0a noyyentvle Ha ochoge cucmemsol T1-25A1-25Nb at. % kombunuposarnuem memooos
BbICOKOIHEP2eMUUEeCKOU 00pabomKu HOPOUKOBbIX cMecell U UCKPOsbIM naazmennvim cnexanuem (UIIC), ¢
nocaedyioujeli 08YXcmaoutiHou mepmuyeckou obpabomxoul [1].

Cmewusanue u mexanoakmusayuio (MA) nopowkogvix KomMnosuyuil npogoOUTU C NOMOUHIO
naanemapnou menvruyst Retsch PM 100 CM, npu coomuowenusx maccol nopouiko8ol KOMHOZUYUL K
macce memowgux men 1:10. Hckposoe nnazmennoe cnexanue (UIIC) nposoduru na ycmanoexe SPS-515S
npu memnepamype 1300°C, Oasnenuu cmamuueckou noonpeccosku 20 Mlla, ckopocmu nacpesa 100
°C/MUH. U 8peMeHU U30MEPMUYECKOL 8blOePIICKY 5 MUH. B axcnepumenmax no evlcokomemnepamypHou
obpabomxe 0bpazyos ¢ blOEPIHCKOU 8 UHEPMHOU cpede (apeoH) NPUMEHSIACL GbLCOKOMeMNepamypHasl
neus LHT 02/16 ¢ nacpesamenvrvimu snemenmamu uz MoSi2.

Iepsuunvie sxcnepumenmor no HIIC nposoounu 6 ouanazone memnepamyp 1350°C—1500 °C,
oasnenuu cmamuueckou noonpeccosku 20 Mlla, cxopocmu mnaepesa 100 °C/mun. u epemenu
U30OMEPMULECKOU 8blOepIHCKU 5 MuH. B nomyuennvix obpaszyax nabmodanoce niaeienue AamioMUHUEGOU
cocmasasiowell, oKkazvléaroujee HecamusHoe GIUsHUEe HA Kavecmeo uzdenuil. I1o-euoumomy, nosviuieHue
memnepamypsl ¢ 1350°C 0o 1500 °C npu cnexanuu nopowrxosou cmecu cucmemor Ti-25A1-25Nb at. %,
npuBoOUm K pe3komy yeeaudenuio memnepamypul vacmuy Al ¢ cmecu, u 6 nocredyowem uz-3a niaeienus
yacmuy Al cmanosumcs He6o3MONCHLIM YNPAGIAMb NPOYECCOM hazo0dpaszoeaHus, 4mo, 6 KOHeUHOM
cueme, NpUGOOUM K CIOJCHOCMU NOJYYEHUss mpebyemozo npoodykma. B ceszu ¢ smum OanvHeuuiue
9KCnepuUMennvl N0 CHeKaHuo nposoouuce npu memnepamype 1300 °C.

Ocnosnoii  cmpykmypHo-ghazogoeo cocmaga sgngemcss mampuynas B2 ¢asa ¢ xybuueckotl
peuiemroll u 06veMHOe KoAUuuecmao guloeieHuli opmopomobureckoi O-ghaszvl Ha epaHuyax u 8 meie 3epeH
B2 ¢pasvi. [lpu smom 6 cmpykmype 6ce euje Habm00aemcst ciedvl 00beMHO20 KOTUYECEd 6MOPUYHbIX (a3,
maxux xak.: AIND2, 0.2 u nenpopeazuposasuuii Nb.

B muxpocmpykmype o6pazyos UMC cucmemvr Ti-25A1-25Nb at. %, nonyuennvix memooom
xkombunuposanuss MA u UIIC nabniooanca bonvuioll pazbpoc no pasmepam u gopmam eviasiennon O —
Gazvl. K momy dice ObLiu 0OHAPYICEHBL OCMAMKU HENPOPEASUPOBAHHO20 HUODUSL U 0OBEMHOE KOTUUEeCHBO
smopuunbvix ghaz, maxux kak ND2Al u a2, umo 6 ocnoenom 06vsCHAEMCA KOPOMKUM BPEMEHEM 8bIOEPHCKU
npu HUIIC u nocreoyrowum meoneHuvim oxaaxcoenuem. Bo uzbedcanue HeeamusHviX NOCIEOCMBUL
NPUCYMCMEUL 8MOPUYHBIX (Da3 (CHUdICEHUE HNPOUYHOCMU CHIAB08), d MAKJCe C YEnblo NOYYeHUs.
npeumywecmeenno oumooanrvrou muxpocmpykmypol O + B2, 6vi1u nposedenvt pabomsi no mepmuyeckoi
obpabomxe. [loobop pescumos mepmuueckoll 0Opabomxu Npou3eoOUNCcs, npexcoe 6ce20, HA OCHOBe
ouazpamm coCmosHUsL npedcmasiennbimu asmopamu pabomot [3], ona cniasoe na ocrose cucmemot Ti-
25Al-25NDb at. %. [Ipesicoe ececo cmoums ommemumy, 4mo UCHOIb308AHHASL OUASPAMMA COCMOSIHUSL UMENd
OPUEHMUPOBOUHDBLIL XAPAKMeD, MAK KAK HEPAGHOBECHAS, CUCIEMA MeXAHOAKMUBUPOBAHHOU HOPOUKOBOU
CMecU MO2a CUTLHO COBUHYMb MEMNEPamypHbvle Spanuybl azoevix npespaeHull.

Heyxcmaoutinas mepmuueckas o6pabomra cniaeos cucmemwvt Ti-25A1-25Nb at. % npusooum x
YMeHbUeHUIO pazmepos svioenenuti O-ghaszvl u K y@eautenuro e2o KOIU4ecmeo ¢ CoXpanenuem OuMooanrbHoll
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cmpykmypul. Tlocie mepmuueckou obpabomku O-¢ghaza cmano8umvcs OoMUHUpyiowei. 8 cmpykmype
cnnasos, npu smom AIND2 1 Nb nornocmowio pacmeopsiromes. Kpynuvie svidenenue 0.2-pazvi 6 credcmsuu
HacvlyeHue Huobuem mpancgopmupyromes 6 3apooviuiu O-gasvl, 0OeOHeHHble HUOOUeM MenKue
gbloeeHUe 02-(haszbl 8bINA0aom sude 2n0OVIAPHBIX U CMPOYHBIX 6bl0eeHUll Ha epanuye B2-pasul.

KuloueBble cioBa: BOAOPOJHAS SHEPreTHKA, METAULIOTHIPHUABI, HMCKPOIUIA3MEHHOE CIEKaHUE,
CTpYKTypHO-(ha30BbIe TIpeBpamieHus birazooapuocmep

Hacmoswas paboma ewvinonnena 6 pamxax epanmogozo Guuancupoganus Munucmepcmea
obpazosanus u Hayku Pecnyonuxu Kasaxcman UPH AP19574566.
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APPLICATION OF PROTECTIVE NICR-CRsC, COATINGS ON PARTS OF POWER
EQUIPMENT OPERATING UNDER STRESSED CONDITIONS

M. Dautbekov'", L. Zhurerova® and D. Kakimzhanov 1?2

1 PlasmaScience LLP,
Ust-Kamenogorsk 070000, Kazakhstan, *E-mail: merkhatd@gmail.com
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Ust-Kamenogorsk 070000, Kazakhstan

Abstract

Corrosion and erosion at boiler units of thermal power plants depend on the type of fuel burned and
the composition of combustion products. To prevent corrosion and erosion, heating surfaces can be restored
or heating surfaces can be applied by protective coatings [1,2]. The coefficient of thermal expansion of
CrsC s nearly similar to that of iron and nickel that constitute the base of most high temperature alloys.
This minimizes stress generation through thermal expansion mismatch during thermal cycles [2,3].

The paper presents the results of the influence of a change the filling volume of the detonation gun
barrel to the properties of CrsC,-NiCr coatings deposited on samples of heat-resistant steel 12Kh1MF (DIN
14MoV63). An elevated temperature particle erosion research setup is described, the design of which allows
testing under a variety of conditions including different erosion agents and their distributions in terms of
size, temperature and surface angle of attack. In this plant design, the sample temperature can reach 900
°C and the particle velocity can reach 33 m/s.
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EXPERIMENTAL STUDY INTO THE OPTIMIZATION OF THERMAL PERFORMANCE
OF A SOLAR STEAM GENERATOR
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Abstract

SOEC (Solid Oxide Electrolysis Cell) require high temperature steam, but generating steam with
electricity is very energy intensive. Concentrated solar power can be a good substitute for electricity to
generate high temperature steam. In this paper, the thermal performance of a solar steam generator is
researched. The steam generator improves the heat transfer capacity by installing porous ceramic material
inside and using spray cooling technique. Due to the limited heat transfer capacity of previous steam
generators, other types of steam generators can only produce steam with a temperature below 700 °C. The
steam generator in this paper has a high thermal efficiency depending on the nozzle characteristics.
Therefore, the steam generator has obvious advantages in terms of generating high-temperature steam. The
experimental results show that the instantaneous thermal efficiency of the steam generator with a new nozzle
can reach a maximum of 58% when the solar irradiation power is 2.26 kW and the inlet water flow rate is
1.23 kg/h. At this time, the steam generator can produce high temperature water vapour at a maximum
temperature of 715.4 °C. The high-temperature steam produced by this steam generator has a great
potential in combination with the SOEC system for hydrogen production.

Key words: steam generator, irradiation power, thermal efficiency, high temperature water vapour

References

1. J. Pye, J. Coventry, F. Venn, J. Zapata, W. Logie, Experimental Testing of a High-Flux Cavity Receiver,
SolarPACES 2016.

2. A. Houaijia, S. Breuer, D. Thomey, C. Brosig, J.P. Sack, M. Roeb, C. Sattler, Solar hydrogen by high-
temperature electrolysis: Flowsheeting and experimental analysis of a tube-type receiver concept for
superheated steam production, Energy Procedia, 49 (2014) 1960-1969.

19


mailto:zhangqiangqiang@mail.iee.ac.cn
mailto:drlixin@mail.iee.ac.cn

Meoicoynapoonas xongepenyus « Dynoamenmanvhvle u NPUKIAOHbIE NPOOIEMbl COBPEMEHHOU PU3UKU
19-21 oxmsops 2023 e.

CHUHTE3 U IPUMEHEHUME HAHOYTJIEPO/I-ITIOJIMMEPHBIX HAHOKOMIIO3UTOB
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AHHOTAIUA

B oannoii pabome npusoosamces ocHo6Hble HAYUHbIE Pe3YTbMAmbl, NOLYYEHHbLE @ PAMKAX Peanu3ayuu
6 2021-2023 22. coemecmnozo Yzbexcko-Hnoutickozo npoexkma Ne UZB-Ind-2021-77 "Iosepxnocmmo
MoOughuyupoganHvle yenepoouvie HAaHOMPYOKU, 3a2PYIACEHHbIE CYPEUBUHOM U NAKTUMAKCEN0M, 018 Ne4eHUs.
HEMEeIKOKNIEMOUH020 paKa Jieeko2o», (DUHAHCUPYeMo20 A2eHmcmeom UHHOBAYUOHHO20 PA36UINUSL
Pecnybnuxu Ysoexucman. I[lpoexm nocssiuyen peutenuro 60npoco8 co30anust HAaHOHOCUmeetl st A0pecHou
0oCcmasKu 1eKapCmeeHHbIX 8elechs, KOmopas No3601s8em Yeeiudums KOHYEHMpayuw 00CMAagIsemMblx
cpedcme 6 onpedeieHHOM Mecme U OI0KUPOBams Ul OZPAHUYUNG UX HAKONAEHUEe 68 300POBbIX OP2aHAX U
mkausax. Hanpaenennvlii  mpancnopm nosgoisiem  makice HOBbICUMb  NPOOOJICUMENTbHOCIb U
aghpexmusHocmb  Oeticmeusi  iekapcmed, CHUums nobounvie dggexmol. Pazpabomanvt memoowvl
NOBEPXHOCTNHO20 MOOUPUYUPOBAHUSL Y2NePOOHBIX HAHOMPYOOK, NO360IAIOUUX NOTYYUMD HAHOKOMIOZUNIbL
8 crnedyrowux moougurayuax: 1) «HarHoy21epoo-noaudIMULeHUMUHy, 2) «HAHOMPYOKa — NAKIUKMAKCELY,
3) «HaHOmMpyOKA-MOHOKIOHANbHbLE aumumena npomug aumueena CDI133», 4) «nanompybka- cypsueun —
NAaKAUmMaxcen - MOHOKIOHATbHble anmumena npomug aumueena CD133».

Takoice pazpabomana MeEXHONO2USL U U32OMOGIEHA YCAHOBKA JJIEKMPOXUMUUECKO20 CUHMe3d
HaHoYacmuy yeiepooa ¢ RPUSUMbIMU KAPOOKCUTLHBIMU SPYNRAMU HA UX NOBEPXHOCU, KOMOPbIE MOZYM
ObIMb  UCNONBL30BAHLL HA Npakmuke 018 pewleHus psada dKonosudeckux 3adad. Cunmesupyemvle
HaHoyacmuyvl yenepooa umerom cgepuyeckyio gopmy u pasmepvr om 1,5 oo 25 um. Hanuuue
KApOOKCUNbHBIX ~ 2PYNR  HA  NOBEPXHOCMU  HAHOYACMUY — Yelnepood NO380Jsien  KOHCHPYUposams
HAHOKOMRO3umbl, 001a0alouue HOBLIMU (PUIUUECKUMU U XUMUYECKUMU ceolicmeamu. B kauecmee
npumepa, Hamu ObLl CUHMESUPOBAH HAHOY21EPOO-NOTUMEPHBIIL HAHOKOMIO3UM, 8 KOTMOPOM 6 Kauecmee
noaumepHou monexkynvl evicmynan noausmunenumur (PEl). Paspabomarn cnocob ouucmxu 600vt om
KamuoHo8 Memaulos U OpeAHUHeCKUX COCOUHEHUN, OCHOBAHMBIL HA  UCNOAb30GAHUU MO0
Hanoxkomnosuma. Hownvl memannos e3aumooeticmsyiom ¢ Hawoyenepoo-PEl  uanoxomnosumam no
Mexanuzmy KOMNIeKcoobpazoeanus. EMKocmbs HAHOKOMNO3UMO8 NO UOHAM O0B8YXBALEHMHBIX MEMALI08
docmueaem 4,0—5,7 mmonw/z npu pH = 6, npoyenm yoanenus Zn**, Cd**, Cu®*, Hg**, Ni** u Cr®* - 99%, a
koa¢ppuyuenm pacnpedenenus - 101103 yn/e.

KiroueBble cj10Ba: HAHOTEXHOJIOTHS, HAHOYACTHIA, YIIIEPOJIHBIE HAHOTPYOKH, IOJMMEpHBIE
HAHOKOMITO3UTHI.
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AnHomauyus

B oOannoui  mesuc pesynomamvl  UCCIe008aHULl NOKA3LIGAIOM  BO3MOICHOCMb  NOJYYEHUS
HAHOCMPYKMYPUPOGAHHBIX MAMEPUAio8 6 Guoe HAHONOKPLIMULL U HAHOBOAOKHUCMBIX HEMKAHbIX
Mamepuanoe Ha OCHO8e DUONOAUMEPOS XUMO3AHA U uUOPOUHA, a Makdice COnOaUMepa aKpuIoOHUMpUIa
Memooamu INeKmponu3a u INeKmpoCnuUHUH2A.

Knwuesvie cnoga: XutozaH, (uOpOVWH, HAHOCTPYKTYPUPOBAHHBIX MaTepHall, 3JEpPTPOIIM3,
3JIEKTPOCTIMHHUHT.

BozneiicTBre »M€KTpUYECKOTo MO Ha MOJUAIEKTPOJIUTHI MOXKET NPUBECTH K HHTEHCUBHOMY
MEPEMEIICHHI0O HOHOTeHHBIX MaKpOMOJIEKYN (MakpOMOHOB) K aHOJaM M KaTOJOM,3JIEKTPOXHUMHUYECKOMY
BOCCTAaHOBHHUIO W/WIM OCaXIEHHIO Ha IOBEPXHOCTH OJJIEKTPOJA B BHUAE HAHOMIOKPBITHH, TaKxKe
3NEeKTPOOPMHUPOBAHHIO, T.€. IEKTPOCHMHHUHTY HAHOBOJOKOH mojuMepoB [1, 2]. B cymHocTH Takue
MPOIIECCHl CTPYKTYPOOOPa30BaHUsI MAaKPOMOHOB BEChbMa CIIOXKHBIE,0CO0EHHO, KOT/Ia B Ka4eCTBE 0OBEKTOB
HCCIICIOBAHUN HCIIOJIB3YIOTCA OMONOJMMEPbl WM OHOCOBMECTHUMBIC IOJMMEPHI, COIEpXKAallhe B
JJIEMEHTAPHBIX 3BCHBSX AaKTHBHBIE (YHKLMOHAIBHO-aKTHUBHbIE TIpPYyNIBl, TaKUX Kak aMHHHBIE,
KapOOKCHIIHbIE, METHJIHbIE W T.M. B TpuHIOMIE CTPYKTypooOpa3oBaHHE U (a30Bble MPEBpaICHUS
MaKpPOHOHOB B AJIEKTPUYECKOM T0JIE MOTYT OBITh PEryJIMPOBAHBI C U3MEHEHUEM BEIWYHHBI TIOCTOSHHOTO
HanpspkeHust ot 1| no 20 kB B nuanaszone anektpuuyeckoro Ttoka 0,1— 10 MA. Ilpu 3TOoM ompeneneHue
ONTUMAJIHBIX YCIOBUI CTPYKTYpPOOOpa30BaHUsI MAKPOUOHOB B BHJIE OCA/I0K HAHOYACTHUI], HAHOTIOKPBITHI
Y HAHOBOJIOKOH B 3aBHCHUMOCTH COCTaBa MOJHUAJIEKTPOIUTA B 3JEKTPUYECKOM IIOJIe SBISETCS BeEChbMa
aKTyanbHOW 3anaueil. [lanHas paboTa BBIIOJIHEHA B 3TOM acleKTe, B KOTOPOH 0coboe BHUMaHHUE YAAJICHO
Ha BbIOOp OOBEKTOB MCCIENOBAaHUM, NMPUTOTOBICHHE HX MPSIMWIBHBIX PAacTBOPOB M (HOPMHUPOBAHHUE
HaHOCTPYKTYPHBIX MaTepHaJIOB HA UX OCHOBE B AJIEKTPUUECKOM I10JI€, TEHEPHPOBAHHOM TIPH AJIEKTPOIH3E
U 3JIEKTPOCITUHHUHTE.

B kauecTBe OOBEKTOB HCCIIEAOBaHUI BBHIOpaHBI MecTHbIC Ouomonmmepsl (X3) Bombyx mori u
¢ubponn(d®b) menka, a Takxke OHOCOBMecTHMBIH comnoiumep akpuinonutpuna (Co-AH) «HUTpoH»
npousBoAcTBO AO «HaBomazor». s mpoBeaeHHs THAPOANHAMUYECKUX WCCIIEOBAHUN MPUTOTOBIEHBI
pasz6asiennsie pactBopel (C[h]< 0,5), He mposiBisOIINEe KOHIEHTPAIMOHHBIX aHoManuit: X3 B 2 %
CH3COOH+H20 +2% NaCl; ®b B 11 % LiCI-IM®A; Co-AH B 51,5 % NaCNS-H20. CornacHo 3aKkoHa
XarruHca npoBe/IeHbl BUCKO3UMETPHUYECKHE UCCIIE0BAHUS U ONPEIeNIEHbl XapaKTePUCTHUECKHE BA3KOCTH
[h]. Tlo ypaBHenuro Mapka-KyHa-XayBHHKa pacCUMTaHbl 3HAYCHUS MOJICKYJSIpHOW Macchl st X3
M,=([n]/4,97*10°)%7"=130000; ans ®b M,=([n]/1,23*10%)Y%91=220000; mna Co-AH M,=([n]/2,3*10
HU078=115000. OGpa3ibl ¢ TAKUMH 3HAYeHHSAMHM M, BedyT ceOs Kak MaKpOMOHBI B PacTBOpax, IJe He
MO/IaBNICHBl TOJMMAIEKTPONUTHRIE 3¢ dekThl. [Ipuuem, Takue MaKpOMOHBI CKJIOHHBI K CMEIIEHHIO U
BOCCTAaHOBJICHUIO I10J JEHCTBHEM 3JIEKTPUYECKOrO IOJISl, a TakkKe OO0pa3oBaHMIO MEKXMOJEKYISIPHBIX
B3aWMO/ICHCTBUIT B 00JIACTH OOJILIIMX KOHIIEHTpAIM OCOOCHHO NPU OPHEHTAIMOHHOM YHOPSIOYCHUH B
notoke. C ygetoMm 3Toro ObutH purotoieHs! pacTBopsl (C[h]<0,5) ¢ moauaieKTpouTHBIM 3G PEKTOM 115
npoBeneHwus anekrponnsa: X3 B 2% CH3COOH+H,0 u ®b B HCOOH:H,0 (1:1) u Co-AH B JIM®DA nns
3JEKTPOCIIMHHUHTA.

DJEeKTPOXMMHUYECKOEe BOCCTAHOBJIICHHE MAaKPOHMOHOB TPOBOAMIM B  CHEIHATBHO-COOpaHHOMN
YCTAHOBKE 3JIEKTPOJIN3a, CHAOKEHHOW C TEPMOCTaTOM M YJIBTPAMHUKPOCKONOM. B KkadecTBe 3nekTpona
OKHCJICHUSI MCTIONB30Bali rpauTOBOM cTepkeHb ( 5 MM) M 3JIEKTpPOAa BOCCTAaHABICHUS THTAHOBOU
mwacTuHKH (2x20x10 MM), a TakKke THTAHOBOTO 3yOHOTO MMIUIAHTATa B BUZAE CIITHIPEY. OMBITH MOKA3aJIH,
YTO BOCCTaHABJICHHE MAaKPOWHOB 00pa3ioB 3 (PEKTUBHO peaiu3yeTcs B JUara3oHe MOCTOSIHOro Toka 2-10
MA npu noctositHHOM HanpsbkeHuu 50 B u remnieparype °C. B teuenne 30 MUH cHavasa 3JI€KTpOJIM3a Ha
[IOBEPXHOCTH 3JIEKTpOoAa HAOMI0JAI0TCS IIOCPEACTBOM  YJIbTPAMHUKPOCKONA XapaKTepHble 3(QeKTrl
dapanes-TuHaA, CBHACTENLCTBYIOMHNE 00 00pa30BaHUN HAHONOKPHITHS. Jlanee yepe3 yac MOBEPXHOCTD
9JIEKTPO/a TOKPBIBACTCSA CII0OEM MHUKpopasMepHoi TommuHoi. [lpu mobaBnennu tpukansnuii ¢pocdata

21



Meoicoynapoonas xongepenyus « Dynoamenmanvhvle u NPUKIAOHbIE NPOOIEMbl COBPEMEHHOU PU3UKU
19-21 oxmsops 2023 e.

(TK®) x pactBOopaM 00pa3yroTCs KOMIIO3HUIMOHHBIE ITOKPBITHA, IPOYHOCTh 3aKPEIUIEHUS] KOTOPBIX
3HAUUTENFHO BbIIME, YeM NOKpbiTHiH 0e3 TK®. OOpa3zoBaHue HAHOCTPYKTYPHBIX MOKPBITHH ObLIH
MOATBEPXKICHHI pe3ynbTataMu SEM uccnenoBanmii. CiieyeT OTMETUTD, UTO HIKE TPOMCXOAUT OCAKICHUS
MaKpOMHOB Ha IMOBEPXHOCTH 3JIEKTPOAA, HO BOCCTAHOBJIEHHWE MAKPOWHOB BEChbMa HE3HAuUTEIbHO. B
obmactu Bbime 10 MA HaOmomaeTcss KHIIGHHE pacTBOpa, YTO OTPHLATENBHO BIMSET Ha IpoIecce
BOCCTaHOBJICHHUS] MAKPOUHOB.

DIeKTPOCTMHHIHT HAHOBOJIOKOH 13 pacTBopoB Ob 1 Co-AH npoBoamm Ha CrieITHabHO-COOpaHHOM
YCTaHOBKE I0J] JACHCTBHEM BBICOKOrO HampsbkeHust 15 kB. Hcnonp3oBanu urinooOpasnyro ¢uiepy
nuaMeTpom kanuiuisipa 0,05 cM u paccTosiHue OT puiibepa 10 3KpaHa cocTasisuio 10 cM. YnoapsigoueHHbIe
paBHOMEPHBIE YKJIQJAKH HAHOBOJIOKOH OCYIIECTBIISUIM HA [TOBEPXHOCTH 3KpaHa, BPAILIAOIIEroCsl YaCTOTOM
15 06/MuH. Takke mody4yann HAHOBOJIOKOHHBIE MaTe€pHalbl TPH OTCYTCTBHH BpaleHus 3kpaHa. TommmHa
HHOBOJIOKOH ompaensiin meronamu SEM u ACM. BeisBieHo, 4TO TONIIWHA HAHOBOJIOKOH KOJEOJIETCS
muamazone 50=500 HM B 3aBHCHMOCTH OT KOHIIEHTPAIIH PACTBOPa, THaMeTpa (QUIbePhI, PACTOSTHUS MEXKITY
(bubepoil 1 3KpaHOM, BETMIMHBI BEICOKOTO HANPsDKEHUS. B maHHOM paboTre ToyHa HAHOBOJIOKOH OBLIH
peryIMpoBaHbl IMyTeM HW3MEHEHHUS KOHIIEHTpaluu pacTBopa B mpojaenax 10-15% u paccTosHus mexnay
¢dunbepoii u skpanoM B uHTepBaje 4-12 cm. Ocoboe BHUMaHUE OBLTO YAAJICHO Ha YKJIaJKH HAHOBOJIOKOH
MOCPEJICTBOM 3KCLEHTPUYHO-BPAILAIOIIEr0 SKPaHa, KOTOPBIH MO3BOJUI IMONMYyYUTh HETKAHBIM MaTepHall
Pa3IMYHON cTeneHHu ymopsimodeHHocTH. Meromom nBymydenpenomienns (JII1) Opima oneHena cremeHb
YIOPSIOYEHHOCTH TI0 ONTUYECKOH aHM30TPONHMH HAHOBOJOKOH, T.e. ¢aktop opuentanuu () [3].
BrusiBneHo, uro 3HaueHue 3 MOKET OBITH PEryIMPOBAHO IMyTeM I[OAOOpa YacTOThl BpallCHHs JKpaHa.
OOHapysxeHa BO3MOXXHOCTH IIOJyYCHHs HETKAHOro Martepuana (akropoM opueHtanmuu oxono 0,5,
XapaKTepU3YIOLIero “U30TPONHO-aHU30TPONHBIM~ COCTOSIHUEM HAHOBOJIOKOH, a Takke (HaKkTopoM
opueHTanmu okoio 0,75, mpencTaBIsMIONIEro HETKAHOTO MaTeprana ¢ Hanbosee paBHOMepHOH (popMoii u
pa3MepoM HaHOpPa3MEPHBIX MOP.

Takum 00pa3oM, pe3ynbTaThl MPOBEACHHBIX HCCIICIOBAHUN ITOKA3aJld BO3MOXKHOCTH TIOJTYYCHHS
HAaHOCTPYKTYPHBIX MAaT€pHaJIOB B BUAC HaHOHOKpI)ITI/Iﬁ U HAaHOBOJIOKOHHBIX HCTKAaHBIX MAaTCpHAIOB Ha
OCHOBE OHOIIONIMMEPOB XUTO3aHa © (UOpOWHA, a TakKe COMOJIMMepa aKPIIOHUTPHIA METOIOM
3JIEKTPOJIN3A U AJIEKTPOCTIMHHUHTA.
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AHHOTAUA

bonee 30 nem ¢ Hayuonanvnom soeprom yenmpe Pecnyonuku Kaszaxcman (HAL] PK) nposoosmcs
pabomel 8 060cHOBAHUE 0OE30NACHOCMU AMOMHOU IHEPLeMUKU HA IKCNEPUMEHMATbHBIX CHMEeHOaxX
«AHTAPA» u «BYI-135» [1-3]. 3a smo epems nakonien 60abUIOU 06BEM IKCNEPUMEHMATbHOU
uHgopmayuu 0 npoyeccax, NPOMeKAWUx npu pazeumun NOCMYIUPYeMbIX MANCENbIX A8APUL HA S0EPHBIX
peaxmopax. Ilonyuennas 6 xooe 3Kcnepumenmos uHgopmayus, 8 OONbUUHCIMEE CB0EM, PA3HOPOOHA,
00HAKO UMeem psa0 oOWuUX NPUSHAKOE, NO3EONAIOUUX CE:A3AMb 68 OUHOE Yenoe Pe3yIbmambl OMOeNbHbIX
akcnepumenmog u ux cepuu. C uUcnoib3osanuem memooos KaueCmeeHHO-KOIUYeCMBEHHO20 aHANU3A,
HAnpagienHo2o Ha 0boOweHUe Pe3yIbmanos OmoebHblX IKCNEPUMEHNO8, 8C NOTYYEHHA UHGOpMayus
Ovlia obpabomana ¢ yenvio NpugedeHuUss eé K eOUHOMY Popmamy, NPUeoOHOMY O UCHONL30BAHUSL 8
ungopmayuonno-anarumuuecxou cucmeme (MAC), cozoannoii ¢ HAL] PK 0ns pewenus 3a0ay oopabomku
pe3yabmamos  dKcnepumenmos. Ilomumo HA0eHcHo20 3aWUUEHHO20 XPAHEHUs UHOUBUOYATbHBIX
napamempos Kaxcooeo OmOenbHO20 IKCHepUMEHmA, OHa obecneyusaem nposedeHue 6 eOUuHoM
ONepayuoHHOM NPOCMPaHcmee MUnOGblX pacuemos 6X0OHbIX NApamempo8 IKCHePUMEHMOB, KOMNLEKCHbI
ananu3z u cpagHerue ux OmoenbHblX XapaKmepucmux u popmuposanie npomoKoia co2iacHo 6blOPaHHbIM
napamempam 0annwvix. OOnum u3z eadxcuvix oocmouncme MAC agnsiemcs npucymemesue 6 et pe3yibmamos
9KCNEPUMEHMO8, 8 KOMOPLIX UMUMAMOPbL KOPUYMA COOEPHCANU YPAH — AHANU3 IMUX OAHHBIX 3A4ACMYIO
nosgoisgem u3bexncams 0yOIUpO8anUs IKCHEPUMEHMO8 U, COOMBENCMBEHHO, CEECMU K MUHUMYMY pabomubl
¢ ypanocoodepicawumu mamepuanamu [4].

Paspabomxa HAC noszeonuna pewiums credyiowue 3a0aqu.

— obecneuums cOOp, XpaneHue u CUCMEMAMU3AYUIO Pe3yTbMmamos IKCHePUMEHMOE 68 PAMKAX eOUHOT
CMPYKMYpbl ¢ Y4emom ux pazHooopasus;

— chopmuposams HaOOp yHKYULI-ONEpamopos O Kaxcoo2o O10Ka OAHHBIX, COCMABIAIOUUX
cmpykmypy HUAC;

— paspabomams ananumuyeckue MoOyu, obecnevusaiouue 603MOHCHOCMb GbINOIHEHUS MUNOBbIX
pacuemog 8 yenax o0OpabOMKU pe3VIbmamos GbINOIHEHHbIX U  NIAHUPOBAHUS NEPCHeKMUBHBIX
IKCNEpUMenmos (paciema mennogol MOWHOCMU, He0OXOOUMOU O NONYYeHUs KOPUymMa, MOWHOCMU
UHOYKMOPOS, Napamempos menioHOCUMeNs CUCIEM OXAANCOeHUs U Op.), CPABHEHUs pe3y1bmamos
PA3TUYHBIX IKCHEPUMEHIMO8 6 MAOIUYHOM U 2paApuueckom 6ude, BKI0UAs 803MONCHOCHb CPABHEHUs
u300padiceHul.

Dynxyuonanvnocmv cozdannoti UAC obecneuugaemes wupoKuUMU 603MONCHOCMAMUY YIPAGLEHUS
OaHHBIMU, NOTYYEHHBIMU 8 IKCNEPUMEHMAX NO MOOUPOBAHUIO NPOYECCO8, NPOMEKAIOWUX NPU MANHCENbIX
aBapusix s0epHuIX PeaKmopos.

KiaoueBbie caoBa: HHDOPMAIMOHHO-aHAMTHYECKAs CHUCTEMa, OSKCIEPHUMEHTAJIbHBIC JaHHBIE,
TsDKeJIasi aBapus SIIEPHOTO PeakTopa, cucTeMaTu3anus, o0paboTka, aHaIu3

bnazooapnocmaw

Hacmoswas paboma evinoinena 6 pamxax epanmogozo guuancuposanus Munucmepcemea
obpazosanus u Hayku Pecnybruxu Kazaxcman (UPH AP09260704 «Hngopmayuonno-anarumuieckas
cucmema OAHHbIX, NOTYYEHHBIX NPU IKCHEPUMEHMATbHOM MOOETUPOSAHUL NPOYECCO8 MANCELOU A8apull Ha
a0eprom peaxmopey, 2021-2023 2z.).

Jlutepatypa

1. M. Toyohara, V. Baklanov, A.A., Kolodeshnikov, et al. Characterization of fuel debris by large-scale
simulated debris examination for Fukushima daiichi nuclear power stations. — Abstracts of X Inter. Conf.
«Nuclear and Radiation Physics», 2015, September 8-11, Kurchatov, NNC RK, 2015, p. 25.

23


mailto:bakayeva@nnc.kz

Meoicoynapoonas xongepenyus « Dynoamenmanvhvle u NPUKIAOHbIE NPOOIEMbl COBPEMEHHOU PU3UKU

19-21 oxmsops 2023 e.

2. N. Mukhamedov, M. Skakov, I. Deryavko, I. Kukushkin. Thermal properties of prototype corium of fast
reactor. — Nuclear Engineering and Design, 2017, vol. 322, p. 27-31.

3. CxakxoB M.K., Myxamenos H.E., Bypum A.Jl. u np. UccienoBaHie BO3MOKHOCTH BBIBEICHHS KOpHUyMa U3
aKTHUBHOH 30HBI OBICTpOrO peakTopa. — Bectauk KasHUTY, Bemm. 3, 2016, c. 413-422.
4. Alexandr Vurim, Nuriya Mukhamedova, Yuliya Baklanova, Andrey Syssaletin and Assan Akayev.

Information and analytical system for processing of research results to justify the safety of atomic energy /
Applied Science. — 2022. — V.12. — 1.19. https://doi.org/10.3390/app12199705.

24



International Conference “Fundamental and Applied Problems of Modern Physics ”, October 19-21, 2023

APPLYING TIN COATINGS ON CUTTING TOOLS BY AIR-PLASMA SPRAYING METHOD
A. Kengesbekov!?*, B. Rakhadilov! and Y. Naimankumaruly*

PlasmaScience LLP,
Ust-Kamenogorsk 070000, Kazakhstan, *E-mail: aidar.94.01@mail.ru (corresponding author)

2Institute of Composite Materials,
Ust-Kamenogorsk, Kazakhstan

Abstract

Cutting tools operate at high contact stresses and temperatures. In this case, the contact areas of the
tool are intensively worn due to the abrasive effect of solid inclusions in the processed materials, adhesion-
fatigue, corrosion-oxidation and diffusion phenomena. Under these conditions the tool serviceability can
be increased by changing the near-surface properties, at which the contact areas of the cutting wedge will
most effectively resist wear, especially at elevated temperatures. To create a cutting tool with a complex of
these properties on the surface, wear-resistant coatings are used. The properties of wear-resistant coatings
largely depend on the technique and technology of their application.

This section presents the results of the study of the formation of TiN coatings on the surface of cutting
tools (metal disk cutter and metal spiral drill) and the results of bench tests of cutting tools with TiN coatings
obtained by air-plasma spraying (APS). After coating, the data of X-ray phase analysis showed the
formation of TiN and TizO phases. And also the results of tribological and mechanical properties of TiN
coatings are shown. TiN coating has high microhardness1163 HV,, and low coefficient of friction (0,35) in
comparison with steel P6M5.

Key words: wear resistance, microstructure, air-plasma spraying, coating, titanium nitride.
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Abstract

In connection with the development of energy-intensive industries and technology, the energy
problem is one of the main problems of our time. The production of energy carriers and various types of
energy in the traditional way is accompanied by acute environmental problems. Therefore, today the
development of scientific foundations for obtaining efficient energy carriers based on non-traditional,
environmentally friendly energy sources is an urgent problem [1-3]. To search for new efficient catalysts
for the conversion process of hydrogen production, various oxide catalysts, including nanoalumina, are
widely used. Therefore, the study of the patterns of radiation-catalytic processes of hydrogen from methane
is of great interest both in the field of atomic hydrogen energy and in the field of selection of catalysts for
thermal catalytic and radiation-thermal catalytic hydrogen production. Radiation-catalytic and radiation-
thermocatalytic processes of obtaining H, from methane in the presence of nano-Al,O3 were studied in order
to reveal effective ways of converting the energy of ionizing radiation into chemical energy using the
universal energy carrier H..

Aluminum nanooxide is one of the widely used model nanooxide catalysts for studying the regularities
of radiation-catalytic processes. In connection with the problem of hydrogen energy and the safety of
nuclear power systems, interest in the study of radiation-heterogeneous processes of methane decomposition
in the presence of nano-oxide compounds, including nano-Al,Os, has recently increased dramatically.

This paper presents the results of a study of the radiation-catalytic activity of nano-Al.Os in the
process of obtaining hydrogen from methane. The kinetics of the radiation-catalytic decomposition of
methane in the presence of nano-Al.O; at room temperature has been studied. The objects of study were
aluminum nanooxide with a frequency of 99.9%, particle size d = 20-30 nm, manufactured by Skyspring
Nanomaterials. The mixture was dried at T < 423 K for 8 h. Then the mixture was subjected to thermal
vacuum treatment at T = 673 K, P = 10 Pa for 24 hours. Chromatographically pure methane was used.
Methane was preliminarily purified from moisture, CO and CO, as well as impurities of other hydrocarbons
by passing through adsorption columns each 1 m long with CaCl; sorbents, molecular sieve, and silica gel.
Further purification was carried out in a vacuum adsorption unit by repeated freezing and evacuation. H-
and C, and Cs hydrocarbons were found in the products of the radiation-catalytic decomposition of methane
by the chromatographic method. Chromatographic analysis was carried out on an Agilent-7890
chromatograph. It is known from the literature data that the yield of molecular hydrogen for methane is 5.7
molecules/100 eV; in our case, the decomposition of methane on the surface of nano-Al,Osz is 7.05
molecules/100 eV. This indicates that nano-Al.O; has radiation-catalytic activity.
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AHHOTANUA

Ilpobnema xpaneHnus 6000po0a AGNAEMCA KIIOYEBOU 6 pA3GUMUU NePCHeKMUE  WUPOKO20
UCNONBb308aAHUA 8000p00A 8 Kauecmee 3Hepeonocumens [1]. Memannuueckue eudpudvl obecneuugarom
Oe3onacubvlll U, 60 MHORUX CIYYAAX, OOPAMUMbIL CNOCOD XPAHeHUs dHepeuU, O0CMYN K KOMOPOU MOMCHO
noAyYUms Nymém 8ulc8000dCcOeHUsT 6000poda u e2o nociedyrwwezo oxucienus. C mouku 3peHus
9KOHOMUYECKOU IhheKmusHoCmuy Memaii Ui Cnias, UCNoab3yembie 0Jisl XPAHeHUsi 6000p00d, OONNCHbBL
Y0081em8opAms psdy Kpumepues, K04As GbICOKYI0 00pamumyio EMKOCMb XPaHeHus: 000p00d, HUKYIO
memnepamypy bixo0d 6000po0d, HU3Ky cebecmoumocmuv u opyeue. Cpedu MHO2UX MEMAI08 U CHIABOS,
peazupyrouux ¢ 6000po0OM, K HACMOAWeMY MOMEHMY He Hall0eH Makol Mmamepuaid, KOmopblil Omeeya
Obl BCeM HeOOXOOUMBIM KDUMEPUSIM.

Llenvio Oanuoti pabomuvl sersemcs pazspabomka Memoouku Oisi NOAYHEHUS. KOMNOZUMHBIX
Mamepuanos Ha OCHO8e MACHUSL, UMEIOUUX 8bICOKVIO 0OPAMUMYIO 3ANACHYI0 EMKOCMb 8000P00A U BbICOKYVIO
KUHEMUKY copoyuu.

Ilpakxmuyeckas yennocmv pabomvl, COCMOUM 6 UCCIe008AHUU MAMEPUAnos O 00pamumo2o
XpaHenus 6000po0a ¢ OOALUWOU 3ANACHOU EMKOCMBIO.

Ilo pe3ynomamam 6bINOIHEHHBIX pabom onpedeneHbl ONMUMATbHbIE NAPAMEMPbl MEXAHUYECKO20
cunmesa 6 cucmeme Mg-Ni-Ce. [Ipogedeno cpasnumenvroe ucciedosanue oopasyos, CUHMe3UPOBAHHbIX C
OdobasneHuem u 6e3 000asneHUs CMeapuHo8oU KUCTIOMbI, C Yelbl0 BbIAGNeHUs ee GIUAHUA HA Npoyecc
MEXAHUYECKO20 CuHmesd, 8ec 0bpa3y0e8, 3aeps3HeHUe PA3MOTbHBIX WAPO8 U (OPMUPOBAHUE XOT0OHOT
ceapku cmecetl. Onpedeneno onmuMaibHoe COOMHOUEHUEe MEeNIoWUX Wapo8 K NOPOULKOBLIM CMeCAM U
onmumanvHoe yCcKopeHue 6epaujenus nianemapnou menvHuysl. Ilposeden ananuz mopgonozuu
MEMAIu4eckux Yacmuy, CUHME3UPOBAHHBIX NOPOWKOBbIX cMecel. B Oanvhetiwem naanupyemcs
npogedeHue ananu3a Osi YCMaHoGleHus GIusHus pasmepa yacmuy cunmesupyemoti cucmemst Mg-Ni-Ce
Ha eMKOCHb Mamepuaia no 000pooy u e20 mepmoouHamuiecKue coucmasa.

Ilonyyennvie sKcnepumenmanvHle U meopemuiecKue pesyibmamol Mo2ym Ovimsb 80cmpebo8ansl 6
HAYUHBIX 1A00PAMOPUSIX, 3AHUMAIOWUXCSA NPObIeMamu 6000POOHOLU SHEPLEMUKU.

KiroueBbie ciaoBa: BOJOPOIHAsS DHEPreTHKA, METAULIOTHIPUIBI, MCKPOIUIA3MEHHOE CIICKaHHE,
CTPYKTYpHO-(a30BbIe PEBPAIICHUSI.
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CHIRALITY SELECTION IN THE SINGLE-WALLED CARBON NANOTUBES

N. Turaeva?, B. Oksengendler?

! Department of Natural Sciences and Mathematics, Webster University,
470 E Lockwood Ave, Saint Louis, MO 63119, USA, *Email:nigoraturaeva82@webster.edu

2Institute of Materials Science, Uzbekistan Academy of Sciences,
Tashkent, 100084, Uzbekistan

Abstract

Chirality of a SWCNT, determined by how the carbon sheet is folded into a hollow cylindrical shape,
governs its chemical, mechanical and electronic properties and thus defines its potential applications.
Depending on its two chiral indices (m,n), they exhibit either metallic or semiconducting features.
Semiconducting SWCNTSs are highly regarded due to their structural integrity and size- tunable bandgap,
which make them with lower resistance and heat generation, while metallic ones are desirable for
transparent conducting films and electrodes. Hence chirality selective growth of SWCNTs continues to
represent one of the most important technological challenges. The CVD growth of SWCTNs using catalysts
is the most relevant method for the control over the chirality-selectivity via selection of catalysts and growth
conditions. The key parameters of the CVD growth such as chemical nature of catalysts, their size, the
synthesis temperature, gas precursors and support substrates have profound impact on chirality of the
SWCNTS. The electronic model, based on Wolkensten’s theory of catalysis and d-band theory, was
developed to obtain the chirality selection in the SWCNTSs populations grown by CVD method [1]. The
dependence of the population distribution on chirality, defined as a product of the nucleation probability
and the growth rate, has a volcano-shape. The model is in a good agreement with the reported experimental
studies and supports the results which show the surplus of near armchair or near zigzag SWCNTSs. The work
emphasizes the role of the catalyst in chirality selection via optimization of chemisorption strength between
the carbon species and the catalyst surface needed to achieve a stable nucleation and fast growth rates.

We also suppose that the chirality should impact on the confinement of water inside the carbon
nanotube. It is well known that the freezing temperature of water confined to the interior of the SWCNT is
higher than 0° C. In our previous work [2], we showed that inclusion of the hydrophobic interaction that
depends exponentially upon the diameter of the nanotube, within the Ising model yielded an expression for
the dependence of freezing temperature of water inside the SWCNT upon its diameter. According to the
model, the smaller the diameter of the tube, the higher freezing temperature of water molecules. The
chirality of the tube can impact on the hydrophobic interaction between the water molecules and the
nanotube walls through the stronger rearrangement of water molecules inside the armchair carbon
nanotubes in comparison with the zigzag and chiral ones.

Key words: carbon nanotube, chirality, catalysts, confined water, freezing temperature
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Abstract

Among the existing modifications of aluminum oxide, the luminescent properties of which have been
intensively studied for many years, are anion - defective single crystals (a-Al;Oz3). This is due to the use of
crystals grown under reducing conditions based on anion-defective corundum for dosimetry of ionizing and
non-ionizing radiation. In this case, the main attention was paid to experimental and theoretical studies of
thermo- stimulated luminescence (TL) of these dosimetric crystals. It is shown that the entire set of actually
observed features: the dependence of the TL yield on the heating rate, the temperature position of the TL
peak at 450 K and its shape on the irradiation dose and heating rate, the drop in the average activation
energy within the dosimetric peak, is due to one process - the quenching of the luminescence of F-centers.
It has been suggested that the TL peak in anion-defective corundum is due to a complex defect formed by
oxygen vacancies in different charge states, chromium ions and, possibly, ions of other transition metals.
The effect of deep traps on the luminescent properties of anion-defective a-Al,O3 single crystals is also
considered. It has been established that deep traps are of an electronic nature, their filling occurs as a result
of photoionization of F-centers and is accompanied by the conversion of F—F"- centers.

Compared to single crystals based on anion-defective corundum, the luminescent properties of
powdered samples of y-alumina have been little studied. Only recently have several works appeared in
which some attempts were made in this direction. Conducting this study of the radiothermoluminescent
properties of y-Al,03 makes it possible to detect electron and hole-type centers, auto-localized excitons
(ALE) and other active particles in order to elucidate their role in radiation-heterogeneous processes. These
studies are also important from the point of view of prospects for the search for new dosimetric materials
for ionizing radiation based on powdered oxides. This paper presents the results of study of
radiothermoluminescence of y-alumina samples.

Radiothermoluminescence (RTL) curves were recorded in the temperature range 80-550K. For RTL
analysis, samples were obtained in the form of tablets 1 mm thick by pressing from monodisperse y-Al,O3
powders with grain sizes of ~100 um and impurity content < 10™* wt %. Spectral microanalysis of samples
y- alumina were received on a spectrophotometer Spectr AA 220 FS (Varian). According to microanalysis
data on the chemical composition of the studied samples of aluminum oxide, they contain impurities of Cd,
Co, Cr, Fe, Mg, Ti ions, where the content of chromium ions is ~ 2.5-10° wt. %. The samples were pre-
treated in vacuum (P = 10 Pa) at temperatures T = 300 and 873 K. For RTL analysis, the samples were
irradiated with y-rays from a ®Co source at dose rates from 0.8 Gy/s with a step equal to 0.2 Gy/s at a
temperature of 77 K. The RTL curves were obtained on a thermoluminograf TLG-69M with a sample heating
rate of 0.08 — 0.32 K/s.
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Fig.1. Radiothermoluminescence spectrum of y-alumina.
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Figure 1 shows the radiothermoluminescence (RTL) spectrum of powdered aluminum oxide. As can
be seen, irradiation of Al,O3 samples with gamma quanta at a dose of 10 kGy leads to the appearance of a
number of thermoluminescence peaks with maxima at 164,185, 235, 268, 310, 385, 400, and 458 K.

Low-temperature weak peaks at 164 and 185 K can be associated with surface chemisorbed OH
groups or oxygen, since they are absent in the samples trained at 873 K. Peaks with average intensity with
maxima at 268, 384 and 400 K are apparently due to the presence of impurities - Mg, Ti and Cd ions and
are caused by their thermal delocalization. A comparatively strong peak at 235K is attributed to an auto
localized hole in the form of O-, while the RTL peak at T=310K is typical of oxides and also has an impurity
nature. The observed high-temperature broad peak with a maximum at 458 K and an activation energy of
E.=1.45 eV is in the dosimetric temperature range. The temperature position and shape of this peak depend
on the irradiation dose, which is associated with the quenching of the luminescence of the electronic centers
F*and F, and the TL peak itself is associated with a complex defect formed by oxygen vacancies of radiation
origin in different charge states and a number of transition metal ions, including trivalent chromium ions.
The radiothermoluminescence of y- Al, Oz mainly cesizan exciton luminescence. Exciton luminescence was
also found in the study of X-ray luminescence of y-alumina.

The totality of the obtained experimental data is of both theoretical and applied importance in
studying the properties of oxides used as carriers and catalysts. This information data package plays an
important role in determining and elucidating the mechanism of interaction at the interface between two
phases in radiation-stimulated heterogeneous processes. These studies are also promising for the search
for new dosimetric materials for ionizing radiation based on powdered oxides.
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Abstract

We analysed the capabilities of the COMSOL Multiphysics program in the operation of energy
storage systems in the hot conditions of the region of Uzbekistan.

COMSOL Multiphysicals is a powerful software platform that is also used to simulate and analyze
the performance of energy storage systems in a variety of environments such as hot climates. When
considering energy storage systems in a hot climate like Uzbekistan, several factors need to be taken into
account. Here are some key considerations and steps you can take using COMSOL Multiphysics:

System Modeling: Start by developing a detailed model of your energy storage system within
COMSOL Multiphysics. This can include components such as batteries, thermal management systems,
control systems, and any other relevant parts.

Material Properties: Gather accurate material properties for the components in your energy storage
system. This includes properties such as thermal conductivity, specific heat, and electrical conductivity.
Ensure that the properties you use align with the operating conditions in Uzbekistan's hot climate.

Heat Transfer Analysis: Hot climates can significantly impact the performance of energy storage
systems. Conduct a heat transfer analysis within COMSOL to understand how the system dissipates heat
and maintains optimal operating temperatures. Consider factors like conduction, convection, and radiation.

Thermal Management: Develop and evaluate different thermal management strategies to mitigate the
impact of high temperatures on the energy storage system. This can involve incorporating cooling
mechanisms, such as liquid or air cooling, and optimizing their placement and efficiency.

Efficiency and Performance Analysis: Use COMSOL Multiphysics to simulate and analyze the overall
efficiency and performance of the energy storage system under various operating conditions. Evaluate
variables such as temperature, state of charge, and load profiles to assess the system's behavior and
optimize its design.

Optimization: Utilize COMSOL's optimization capabilities to fine-tune the energy storage system's
design parameters. This can involve adjusting factors like material properties, dimensions, and cooling
strategies to maximize efficiency and performance while operating in a hot climate.

Durability Analysis: Assess the system's durability and lifespan under prolonged exposure to high
temperatures. Consider factors like battery degradation, thermal expansion, and the long-term impact on
system components. COMSOL can help simulate these effects and aid in designing for durability.

Control System Design: Develop and test control strategies to ensure the energy storage system
operates optimally in a hot climate. Use COMSOL Multiphysics to model control algorithms and evaluate
their effectiveness in maintaining safe and efficient operation.

Remember that COMSOL Multiphysics is a versatile tool, and the steps mentioned above provide a
general framework. The specific details and parameters of your energy storage system will depend on the
technology you are using (e.g., lithium-ion batteries, flow batteries) and the particular requirements of your
project.

It's always recommended to consult with domain experts and validate your simulation results with
real-world data to ensure accuracy and reliability.

Key words: COMSOL Multiphysics, energy storage systems
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IIYTHU YCAWIEHHUA OIITOSJIEKTPOHHBIX XAPAKTEPUCTHUK IEPOBCKUTOB
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AHHOTALIUA

Cpedu mmHodICeCmea nepcnekmuHvlX Nnoox0008 Ol (POpMUpPOaAHUs NEPOBCKUMA C BbICOKUMU
ONMOINEKMPOHHBIMU Xapakmepucmukamu ocoboe mecmo 3anumaem Lewis-acid/base approach. Bseoernue
6 pacmeop nPexypcopos psada 0CHOBAHUL (OOHOPbI JIEKMPOHO8) NO3BOJISIEN CHOPMUPOBAND YCIMOUUUBbIE
NPOMENCYMOUHbIE KOMNIEKChl 0151 CO30aHUsL ONALONPUSINMHBIX, KOHMPOIUPYEMBIX VCA08Ull 20MO2EHHOU
HYKIeayuu U pocma KpUCmaiios, 3a6epuiaomasics opmuposanuem 6e30e@exmuou u niomHou nieHKu
abcopbepa. Amanocuunyro poav ueparom u pacmeopumenu, maxue, kax M, JAMCO, max u
npeonodicennvle 6 nociednue 200vl N-wemun-2-nupporudon (NMP), 3-Iumemun-2-umudazonuouron
(DMI), 2-Memoxcusmanon (2-Me) u opyeue [1-3]. Ilpu smom yposens 63aumooeticmeuss npeKypcopos ¢
KoMOuHayuel pacmeopumeineii onpedesem moiky CynepHacblueHH020 COCMOSHUS pacmeopa (HyKieayust)
U OUPPY3UOHHO-KOHMPOTUPYEMO2O POCIA HPOMENCYMOYHBIX KPUCTHATIUYECKUX KOMNIIEKCO8 6 psioe
CRe0YIOuUX MEXHONO0SUYECKUX IMAN08 OPMUPOBAHUSL NEPOBCKUMA, CHUHHUHZO8ANUE U NOCAEOVIOUULL
omacue. K macmoswemy momenmy OOHO3HAYHO 6BbIAGIEHA NPOOOINCUMETLHOCHL HYKIeAYUOHHO2O0
nepuooa, Komopwviii 8 yeiom onpeoeisem MOP@POIOSUI0 U pasmep 3epeH KPUCMALIo8 HeposCKumd,
VMeHbUleHUe — NPOOOIICUMENbHOCIU — NPUBOOUM K (DOPMUPOBAHUIO  UHCAUMEPOS8 C  WUPOKUM
pacnpeoenenuem Kpucmaniios no pasmepam, U HAoOopom, pacuupsarowue npoooIICUmMesbHOCHb
HYKIeAYUOHHO20 NEPUodd, KOMOopbiil RPOGOYUPYEN 20MO2EHHYIO HYKIeAYUIO C MEHbUUMU PA3MePaMU 3ePeH
nepogckumuou nieuwku [4, 5].

Ha npumepe memunammonuti  tioouoa ceunya (MAPDl3)  mur  uccredosanu  npoyecc
KOMAIEKCOOOPA308aHUSL MOAEKYISPHBIX YACMUY U3 PACMBOPA HA HAYATbHYIO CIAOUI0 KPUCMALIUZAYUU C
NOMOWBIO pacuemos Ha ochose meopuu ghynxkyuornana niomuocmu (DFT). Pacuemsl npogoduau ¢ yuemom
WUPOKO UCHOAb3YeMbIX pacmeopumenel. oumemuncyivgpoxcud (AMCO) u N,N-oumemungpopmamuo
(AM®DA) u N-memun-2-nupporuoon (N-MII) ons anaruza cmpykmypel u 3Hepeuto UOONIOMOAMHBIX
KoMniexcos 6 sude npocmozo komnaekca [PblnXn]>™ u nonumepnvix tioonaombamos ([PolnXn]*™).. [na
UCCTe008aHUs MEXAHUZMO8, NeXHCAUUX 8 OCHOBE 3HAYUMENbHLIX U3MEHeHUU dSHepaull peaxyuu O07is
Komniexcos ¢ bunapuuimu pacmeopumenamu om [Pbla(X)s] 0o [Pbls(X)e]*, a maxoce ([Pbla(X)a])2 00
([Pbla(X)2]%)2 mamu 6ot npoananuzuposanvi amomucmuyeckue CmMpyKmypbl COOMEEMCMEYIOUWUX
komnuexcos. CyuwecmeeHnbIx usmenenull cpeoneil Onunsl ceszei Pb—| ne nabmooaemcs, pacxoocoenue
npoucxooum 6 npedenax 2.760-2.789 A. [na cucmem [POly(IMCO/IM®PA)s], [Polo(N-MIT/AMDA)e],
([Pl (IMCO/IM®DA)4])2,  ([POl(N-MIT/AM®A)s])2  u  ([Pbls(N-MIT/IM®A)3]").  maxosvie e
HAOI0OAIOMCs, MaK Kak 6 cucmeme npu 006pa308aHuu OAHHLIX KOMNJIEKCO8 OMCYMCMEYyem UOH
MemunamMmMmonust. [ 8cex Opyeux cucmem NpOUCXO0sm OAHHbIE 83AUMOOeCmaus, 0l HeKOMOPblX
NPOUCX0OUM Y@eTudeHUe UX KOAUYeCmad, Ymo MOJICHO 0OBIACHUMb meM, YUMo 6 X00e peakyuu 000assemcs
bonvwe uonoe MA" om Komniexcosé ¢ Huskoi K 6vicokol l-xoopoumayuei. /s komnaexca
[Pbla(ZIMCO/IM®DA)s)* npoucxodum obpazosarue 06yx 6000poouuix ceazeli mexcoy MA™ u JIMDA, npu
9MOM HAOII00Aemcs peskoe yeeruveHuu oowell sHepeuu 01 0anHo2o komniexca -36,681 kllxc, ona ecex
Jice nocnedyowux cmaouii maxozo He nabnodaemes. Ymo xacaemes cucmemvt [Pbla(N-MIT/IMDA)s)?,
AHANO2UYHO20 CKAYKA 6 U3MeHeHUuu odujell dHepeuu KOMNIEKCA He OOHAPYHCEHO, OOHAKO KOIUYecmeo
ezaumooeticmeuil meacoy MA™ u monexyramu pacmeopumeneii Hamno2o 6oNblUe, YMO CKA3bIEACMCS HA
PACCUUMAHHBIX 3HAYEHUAX o0well dHepeuu KOMNIeKcog ¢ yuacmuem Ounapuwvix pacmeopumeneti N-
MIT/JIM®A.

Ha ocnosanuu paccuumanuvix suepeuil npeonosxcensvt cxemuvl peakyuii obpazosanus MAPDI; ¢
pacmeopumesix JIMCO, JIM®DA, a makace dbunapuvix pacmeopumensx IMDA-JIMCO u JIMDA-N-MI1.
Pacuemvr  noxaszanu easxcnyro pons NH...O 600opoouwix cesseii npu o00Opazoganuu  MOHOMEPOS
tooonmombamos, a makxce HA HeCOANAHCUPOBAHHOCMb JHEP2ULl KOMNIEKCO8 HA  HEeCKOJIbKUX
2NeMEHMAPHBIX CMAOUAX PeaKyull 8 pasiuunslx pacmeopumensx (oopasosanue [PbluXy)* 6raconpuammo,
obpazosanue [PblsXy]* sameoneno). Ipu cmewmsanuu nebonvuwozo xonuvecmsa JMCO ¢ JIM®DA
NpUBOOUM K JIyuuiemy 6aiancy sHepeuil u, c1e008amenbHo, NOMEHYUATbHO JYUUEMY PAGHOBECUIO 8 00ueM
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npoyecce KpUCMALIU3AYUU, U, COOMBEMCMEEHHO, yYuleMy Kauyecmey KpUCmAaiiuieckol CmpyKmypol
neposcKuma.

Bonvuuncmeo vinonnenHbix 9KCnepuUMenmos yOaemes mpakmosanms 6 PAMKAX mpex KUHemu4eCckux
mooeneu: 1. Cnyuaii HeUmpanrbHbIX KOMHOHEHMO8 — MOOelb C HeluHelHou adcopoyuell U CUIbHOU
HepasHo8ecHOCMbI0 (Uunmepnpemayus napadokca Kiopu-Ilpuzoacuna). 2. Modens ¢ npomugononosicHuimu
3apsdamu, HO 6OILWION pasHuyell 8 ux nodsudichocmu (cayuat muna Momma—I épuu). 3. Moodenw ¢ napou
PA3IUYHBIX 3apsi008 UOHO8, HO C CO30AHUEM HPOMENCYMOUHbIX MemacmaOUIbHbIX COCMOSHUL UOHOS.
Boszmoocno maxorce 603nukHoeHue cnunogot xumuu 6 yacmuocmu, muna Flip-Flop.

B kxauecmse npumepa, namu Ha npumepe mpucuopama ayemama CEUHYa (cooepaicawuti mpu
MOAEKYIbL 600bl) K KAuecmee Heop2anuiecko2o npekypcopa u UoOUCmo20 MemuIdMMOHUsL 8bIAGIEHO, YMO
6 npoyecce peaxkyuu NPeKypcopos GopMupyomcs nPOMeNCYmounble COeOUHEHUe NEPOSKUMA C MOLEKYIAMU
600vl (Lewis base). Bapuayus ycnoguii cnunHuHea, memnepamypsl u npooOI’CUMENbHOCIMU OMICU2d C
BKIIOYEHUEM — OONOJHUMENbHOU  Ccmaduu  KOHOUWUOHUPOBAHUS,  (8apuayus  npoooJdiCUmMeIbHOCmU
HYKIeayuu) nO360JIsIIOM GblAGUNb ONMUMATbHbIE NAPAMEMPbL (POPMUPOBAHUSL NePOBCKUMHO20 abcopbepa.
Obnapyoiceno ycunenue KOHBEPCUOHHBIX NOKA3amenel no MoKy KOPOMKO20 3AMbIKAHUSL, HANPSICEHUIO
omKpuImou yenu u gpaxmopy 3anonunenus 6onee yem Ha 30 %.

Coenacho pasnuuHbilM cmpameusim (8KI0YAs AHMUPACMEOPUMENU, KUCIOMHO-0CHOBHbIE MENOObl
Jlvrouca), peaxyuii npucoedunenus, 000a8Kka UOHO8 XIOpUOa, Macumadupyemoe npou3Bo0Cmao,
uMdICeHepuu deghopmayuu u pe2yiuposKU 3anpeujenHol 301bl) YOaemcs npouU38eCcmu blCOKOKAYECmaEeHHble
NeposCKUmHble NAGHKU, U, CIe008AMENbHO, YCMPOUCMBA HA UX OCHOBE C BbICOKUMU XAPAKMEPUCMUKAMU
(m.e. KaKk ¢ GbICOKOU NPOU3BOOUMENbHOCIbIO, MAK U C 8blCOKOU cmadbunvrocmvio). Kawecmso momnxux
NJIEHOK, NOJYYEHHbIX MPAOUYUOHHBIM MEMOOOM PACMBOPEHUs, 00bIYHO HU3KOe, 4O XapaKmepuzyemcs
HEPABHOMEPHOCMbIO  3ePeH  KPUCALIUMOS, NYCMOMAMU, HUSKOU  VKPbIGBUCMOCHbIO U 8bICOKOLL
wepoxosamocmvio. Hcnonv3zosanue memooa anmupacmeopumens 6 SHAYUMeNbHOU CIMeneHU Pewiuno dmu
npoonemoi.

Jlannas paboma ewvinoinena 6 pamkax uuancuposanus Bcemupnoco 6amnxa npoexm REP-
24112021/33 «Perovskite solar cells with optimized performance and stability», 2022-2024 2z,
pykogooumens Auypos H.P.
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INFLUENCE OF TEMPERATURE AND GAMMA QUANTA ON THE YIELD OF
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Abstract

The study of the radiation-chemical decomposition of hydrocarbons in a heterogeneous nanooxide-
hydrocarbon system is of particular interest in radiation-heterogeneous catalysis and atomic-hydrogen
energy. The conducted studies have shown that the use of nanopowders accelerates the radiation-chemical
decomposition of hydrocarbons and increases the radiation-chemical yield of molecular hydrogen. To date,
the course of radiation processes in a heterogeneous nanooxide + hydrocarbon system has been little
studied. In the literature, there are actually no data on the study of the radiation-chemical decomposition
of n-hexane on the surface of nanooxides. The kinetics of formation of molecular hydrogen (H.) in the
nanozirconium dioxide + n-hexane heterosystem at 300673 K was studied.

We used ZrO; nanopowders with particle sizes d=20-30 nm. Prior to adsorption, zirconium dioxide
samples were subjected to thermal vacuum treatment at a temperature T=673K and a pressure of 10*Pa
for 120 h to remove organic contaminants and dehydroxylate the surface. The samples were irradiated with
y rays on a ®Co isotope source with a dose rate of dD,/dt=7,5 rad/s. The kinetic regularity of the
accumulation of molecular hydrogen during the radiolysis of n-hexane in the nano-ZrO; + n-hexane system
has been studied. The dependence of the change in the concentration of H, (NH2) on the absorbed dose of
y-irradiation (D,) is shown in Fig.1.
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Fig.1. Molecular hydrogen generation kinetics D,=1.03 Gy/s in the process of radiation decomposition of n-CeHi4 on the
surface of nano-ZrOa.

Based on the kinetic curve, the rate of formation of molecular hydrogen and radiation-chemical
output were calculated. The radiation-chemical yields G(CxHy) of the products (hydrocarbons) formed as a
result of the decomposition of n-hexane on the surface of nano-ZrO; under the influence of gamma rays
(hydrocarbons) were calculated. In order to compare the obtained values with homogeneous systems and
to determine the radiation-catalytic activity of nano-ZrO,, radiation-chemical yields G(H2) were calculated
taking into account the energy absorbed by each component. It is known from the literature data that the
yield of molecular hydrogen for hexane is G(H2)=5.1 molecules/100 eV. In our case, at T=300K, the
decomposition of hexane on the nano-ZrO, surface yields molecular hydrogen equal to G(H2)=8.1
molecules/100 eV. This indicates that nano-ZrO; has radiation-catalytic activity.
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M. SkakoV?, V. Baklanov?, G. Nurpaissova®*”

INational Nuclear Center of the Republic of Kazakhstan, Kurchatov, Kazakhstan

2Institute of Atomic Energy of the National Nuclear Center,
Beybit Atom str. 10, 07110, Kurchatov, Kazakhstan, *E-mail: nurpaissova@nnc.kz

3Shakarim University, Semey, Kazakhstan
Abstract

Safety has always been the main task determining the prospects for the operation of existing and the
creation of new nuclear power plants. The following accidents caused the strongest blow to the reputation
of nuclear power: Three Mile Island NPP (USA, 1979); Chernobyl NPP (USSR, 1986); Fukushima-1 NPP
(Japan, 2011), the peculiarity of which was the formation of corium with the subsequent destruction of the
reactor vessel, and the release of molten fuel beyond its limits (Chernobyl and Fukushima). Corium is a
melt containing nuclear fuel and molten components of internal devices, the temperature of which reaches
2800 ° C. It consists of uranium oxides and metal structural elements (zirconium, iron, chromium, etc.). The
nuclear fuel contained in the composition of corium continues to be a source of heat released due to the
decay reactions of 235U nuclear fission fragments. Due to the possibility of corium escaping from the
outside during severe accidents with melting of the reactor vessel, passive melt localization systems used in
new generation reactors were developed [1].

An important element of such experimental devices is a system for simulating residual energy release
in the melt. The experimental device of corium localization system should provide energy input into the
simulator melt, simulating the fission reaction both in magnitude and in the nature of its distribution in the
volume of corium.

There are various methods of modeling the decay heat release in the melt used in experimental
installations, such as induction heating, direct electric heating method, indirect electric arc heating method,
thermite mixture heating, ohmic heating, etc. [2-3].

Comparative analysis determined advantages and disadvantages of the listed methods. The priority
property of induction heating is that the transfer of energy into the melt is carried out in a non-contact way,
thereby eliminating the possibility of contamination of the melt with foreign substances, as, for example,
happens when using electrodes with direct electric heating or thermite mixtures. The main disadvantage of
this method is the relatively low efficiency, which is due to the dependence of the heating efficiency on a
variety of electrical and geometric parameters of both the inductor and the experimental setup [4].

The same disadvantage of uneven heating of the melt is observed in the heating method by direct
transmission of electric current. The decay heat release compensation system is built in such a way that, as
the tungsten electrodes in direct contact with corium fail and the side walls erode, additional electrodes
were exposed to the surface of the corium melt, to which an electric current is applied, thereby maintaining
a homogeneous picture of heating the melt during the experiment.

The advantage of indirect electric arc heating in comparison with induction heating or direct electric
heating is the absence of dependence on the electrically conductive properties of corium, since the transfer
of energy to the melt is not associated with the flow of electric current in the melt. In this regard, in the
process of analyzing the energy transferred to the melt, it can be determined with great accuracy. The
disadvantage of this method is the low unit power of plasmatrons [5]. The method of heating corium with
thermite mixtures, although it stands out with the prospect of reaching temperatures up to 3000 ° C, but its
main drawback is the change in the composition of corium excludes the possibility of using this method as
an optimal [6].

The use of spiral heaters as in the LIVE installation, at first glance, is a more optimal way of
compensation. Each heating plane consists of a spiral-shaped heating element located in a special cage to
ensure proper placement. To ensure uniform volumetric energy release, the heating system has six heating
planes at different heights with fixed distances between them. This arrangement of heaters allows you to
adjust the uniformity of heating by volume of the corium melt.
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However, the maximum permissible temperatures for indirect electric heating of the melt by
resistance in the LIVE installation were limited by the thermophysical properties of the spiral heater
material, which was 1100 ° C, which is significantly lower than the required values [7]. At the same time,
the problem of temperature limitation of the use of a spiral heater can be solved by using more refractory
metals as a material for its manufacture. One of the most optimal metals is tungsten, which has a melting
point of over 3000 ° C, which is significantly higher than the operating temperatures when conducting
experiments with corium.

Keywords: NPP, severe accident, corium, residual energy release
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Abstract

Currently, the methods of the corium melt cooling in the core catcher of a light-water reactor are
becoming very relevant. These methods must exclude the direct supply of water to the melt surface during
the portion output of corium from the reactor vessel and until the completion of the gravitational inversion
of the corium melt layers.

In [1], it is proposed to consider low-melting metals as a cooler (hereinafter, metals - coolers) for
the organization of continuous cooling of corium in the above-mentioned period of time. The conducted
computer modeling showed the theoretical possibility to implement the proposed method of cooling corium
in practice [2]. At the same time, the disadvantage of the computer model is that it considers only the
thermophysical interaction between the core catcher’s elements. In this regard, in order to understand all
aspects of such interaction, it is expedient to conduct experimental studies in the conditions of a severe
accident with core meltdown at a nuclear power plant.

Small-scale experiments were conducted on the «VCG-135» test-bench at the first stage of
experimental studies. The goal of the experiments was to confirm the proposed method of corium cooling,
research of the nature of the interaction between corium and metal-coolers in the conditions of a severe
accident with core meltdown as well as to determine the most suitable metal for subsequent large-scale
experiment.

The metal-coolers (zinc, antimony and manganese) in the form of cylinders with a diameter of 6 mm
and a height of 8 mm were used in the experiments. The powder of the crushed corium prototype taken from
earlier conducted experiments was used as a corium melt [3]. The control of the temperature was
implemented using three thermoelectric converters and «Mikron» and «Impac» pyrometers.

During the experiments conducting, the liquid melt of corium was obtained by induction heating
method of the powder to a temperature of 2250 °C. After reaching the required temperature, a two-minute
exposure was conducted to equalize the temperature. After exposure, the induction heater was switched off
and the metal was discharged on to liquid corium.

Key words: NPP, severe accident, gravitational inversion, corium, metal-cooler, «VCG-135» test-
bench
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Abstract

This paper presents the results of an experimental study of the interaction of sacrificial aluminum
oxide material with a lead layer for a core catcher. The use of the proposed material will increase the heat
removal from corium and the activation time of the chemical interaction of corium and sacrificial material
due to the high heat-conducting properties of lead, thereby increasing the efficiency of localization of the
core melt in the trap [1].

The work is based on the initial assumption to use steel as the sacrificial material of core catcher.
However, the performed computational and experimental studies have shown that the use of metal as a
sacrificial material is promising only in combination with an oxide sacrificial material designed to dilute
the oxide part of corium [2].

Experiments to study the interaction of corium with sacrificial material were conducted at the Lava-
B facility. Its main elements are an electric melting furnace and a melt receiving device, which houses a
concrete melt trap with an inductor to simulate decay heat in corium [3].

During the experiments, corium with a total mass of 22.5 kg was obtained in the crucible of an electric
melting furnace. After reaching a corium temperature of ~ 2500 ° C, it was dumped into a concrete trap.
The test materials and a 4.5 kg steel liner were placed in a concrete trap to simulate steel in a melt.

The data obtained in the result of the experiment conducting provided new information about the
nature of the interaction of corium with the materials under study. The method of scanning electron
microscopy was used to determine the elemental composition of the corium regions, the boundaries of
interaction and erosion of the sacrificial material during its interaction with corium.

Key words: NPP, severe accident, gravitational inversion, corium, sacrificial material, «Lava-B»
facility
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Abstract

The depletion of oil, coal and gas fields is forcing humanity to look for alternative fuels. The most
promising among them today is hydrogen [1]. Existing methods and technologies for producing hydrogen
have a high energy intensity, accompanied by a huge release of harmful substances into the environment.
The solution to this problem can be the photocatalytic splitting of water using semiconductor nanomaterials
and natural solar radiation. Titanium dioxide is considered to be the most promising semiconductor
material for photocatalysis, due to its chemical stability, cheapness and corresponding energy levels [2].
However, the wide band gap and rapid recombination of photogenerated electron-hole pairs in TiO- limit
its widespread use in photocatalysis. Recombination in TiO2 can be suppressed by creating a TiO2/rGO
composite material [3-5]. The addition of rGO increases its adsorption capacity, increases the specific
surface area, reduces the width of the band gap. At the same time, TiO2/rGO has low photosensitivity in the
visible range of radiation. CdS can be used to expand the absorption range of the TiO,/rGO nanocomposite
[6, 7]. The addition of CdS to TiO2/rGO makes it possible to absorb light up to 510 nm, thereby increasing
the generation of free electrons involved in the process of photo-splitting of water. In this paper, we
investigated the effect of the concentration of CdS nanorods in the TiO2/rGO nanocomposite on its
photocatalytic activity.

The method of obtaining a TiO2/rGO nanocomposite is presented and described in detail by us in [3].
Cds nanoparticles were synthesized by a modified hydrothermal method. Briefly, 1.85 g of cadmium acetate
dehydrate and 1.05 g of thiourea were dissolved in 50 mL of an aqueous solution of ethylenediamine (60
vol. %) and stirring for 1 hour. The resulting solution was transferred to a 100 mL Teflon-coated stainless
steel autoclave and kept at 170°C for 16 hours. Then the yellow solid was centrifuged for 5 times at a
rotation speed of 4000 rpm, washing with deionized water every 10 minutes. After that, the resulting yellow
product was dried for 12 hours at 100°C in the air. After drying, the TiO,/rGO and CdS nanocomposite
were ground in a porcelain mortar until a homogeneous consistency was formed. The proportion of CdS in
the nanocomposite was 1%, 5% and 10% of the mass of TiO2/rGO. Next, 1 mL of pure ethanol was added
to 0.15 g of nanopowder and stirred in a magnetic stirrer for 24 hours. The finished nanocomposite paste
(50 pL) was deposited to the pre—cleaned surface of FTO substrates (7 Ohms/cm?, Sigma—Aldrich) by the
“spin-coating” method at a speed of 3000 rpm.

The surface morphology of nanocomposite materials was studied by scanning microscopy MIRA
3LMU (Tescan). It is established that as a result of hydrothermal synthesis and mixing in a mortar, a
TiO,/rGO/CdS composite material was formed. The energy dispersion analysis confirmed the presence of
Ti, O, C, Cd and S atoms. Moreover, as expected, the concentration of Cd and S atoms increased. The phase
composition of the samples was carried out using X-ray diffraction patterns obtained on an X-ray
diffractometer (XRD) (Rigaku smartLAB) in the angle range 20 from 5-90°. For the measured samples, the
main reflexes relate to tetragonal anatase modification 25.31°, 36.99°, 37.85°, 38.59°, 48.05°, 53.96°,
55.08°, 62.14°, 62.74°, 68.85°, 70.31°, 74.17°, 75.11°, 76.06°, 80.88°, 82.73°, and 83.19° that coincide with
JCPDS, PDF card No. 01-070-7348. Peaks of graphene and its modifications are often not detected, since
the load on graphene oxide is much lower than the detection limit of X-ray diffraction. However, peaks were
recorded 24.95°, 26.6°, 28.3°, 43.9°, 48.1° and 52.05°, which correspond to CdS. The optical density of
TiO»/rGO films with a content of 1%, 5% and 10% CdS was measured. It is established that composite
materials have a wide absorption band from 300 to 550 nm. With an increase in the concentration of CdS
in TiO2/rGO, no shifts in the absorption band maxima were observed. The photocatalytic activity of the
samples was assessed by measuring the magnitude of the photoinduced current with an illuminated area of
1 cm? with a 10-second intermittent switching on and off of lighting in a standard three-electrode cell using
a CS350 potentiostat/ galvanostat with a built-in EIS analyzer (Corrtest Instruments, China). A xenon lamp
with a power of 300 W/cm? (Newport, USA) was used as a radiation source in all experiments. The
photocurrent density is almost zero when the light is turned off and increases instantly when it is turned on.
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So, for a TiO2/rGO film, the maximum generated current density is 0.18 mA/cm?. When CdS nanoparticles
are added, an increase in the generated current is observed. The growth for TiO2/rGO samples with a
content of 1%, 5% and 10% is 0.72 mA/cm?, 0.85 mA/cm? and 0.42 mA/cm?, respectively. The best result is
observed for a TiOx/rGO nanocomposite with a CdS content of 5%, which is 4.7 times better than the
original sample.

Key words: titanium dioxide, reduced graphene oxide, cadmium sulfide, nanocomposite,
photocatalysis.
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AHHOTANUA

B meuenue, nocnednux oecsmunemuii pazeumue mMexHOIO2UN @ 0OIACMU HOBBIX MAMEPUATO8
nepexooum K UCNoAb308AHUI0 MHO20 DNIEMEHMHBIX CHAAB08. [JaHHbII KIACC MEeMALIUYECKUX COeOUHeHull
Hazvieaemcs @vicokosHmpanutineimu cnaasamu (BOC). BOC obradarom ceoticmeamu, Kaxk 6biCOKOU
KOPPO3UOHHOU CMOUKOCMbIO, 8bICOKOU UHOCOCHOUKOCMbIO U CHeYUUUecKUMY MexaHuyecKumu
ceoticmeamu [1-2]. BOC 6 ocnosnom cocmosiuue uz nsamu u Oojee I1emMenmos 8 IKSUAMOMHbIX, 20e COCMA8
Kaxfcooeo snemenma eapvupyemcs om 5 0o 35 am.%, unu 6 neskeuamomuvix coomuouenusx [3].
Cuumanoco, umo BIC obnadaiom UCKTIOYUMENbHBIMU XAPAKMEPUCTNUKAMY, MAKUMU KAK B8bICOKAS
SHMPONUSL CMEULeHUSl, UCKANCEHUE DPEUemKl, 3aMedaeHHas oud@ysus u s¢hghexm Koxmetinss, Komopwie
00yCnagIUBAION UX BbICOKO MEXAHUYeCKyl0 NPOYHOCMb, CHIOUKOCMb K BblCOKOU meMnepamype,
U3BHOCOCMOUKOCMb U KOPPO3UOHHYIO — cmotikocmb. B nacmoswee  epemsa  uccredosanus
BbICOKOIHMPONUIIHBIX ~ CHIA608  HANPAGLEHbl HA  UCCAE008AHUS  IBOTOYUU  MUKPOCHPYKMYPbL,
npocHO3UpogaHue meepoocmu u eausHue uaroyacmuy BIC wna snexmpuueckue snemeHmvi cxemul
YCmpOoUcma.

Cucmema AICoCrFeNi oona u3z Haubonee wupoko ucciedyemuvix cucmem BIC brazodaps ceoum
OMAUYUMETILHVIM MEPMOMEXAHUYECKUM CEOUCMEAM, MAKUMU KAK GbICOKAS NPOYHOCMb HA cocamue U
meepdocmy [4]. Cmewusanue s1emeHmos 8 SMotl KOMRO3UYUYU Oaem npocmule (hazvl meepio2o pacmeopd,
Hanpumep, epaneyenmpuposannyio kyouuecxkyio (I'LIK), oovemmo-yenmpuposannyio xyouueckyio (OLK),
2excazonanviylo niomuoynaxoeannyio (I'TTY) cmpyxmypy [5].

B nacmosuwee apemst umeiomcest uccie008anus 3a8UCUMOCb PA308020 COCMABA, MUKDOCHPYKMYPbl
U Mexanuyeckux ceoticme om gpemenu nomona. Kpome moeo, easxicuviii napamempom npu MexaHuieckom
cunmese AGIAEMCs UIMEHeHUe MeMNepamypul, 60 6peMsl UMEIbYeHUs, U 3A6UCAWAS O KUHEMUYeCKoU
SHepeUU Wapos, Mmaxdice Modcem Onpedensmsb XapaKkmep KOHEUH020 HOPOWK08020 npooykma. Eciu
memMnepamypa 6vlCOKAsl, MO CEA3AHHAA ¢ IMUM Oojiee 8blCOKAsL ynpyeocms (boiee 8blCOKAs AMOMHASA
NOOBUNCHOCHb AMOMOB) NPUBOOUM K NPOYECCAM, NPUBOOUUM K 80CCIAHOBICHUIO (U PEKPUCTIATIUZAYULL).
B maxom cnyuae obpazyemca cmabunvnas pasa, Hanpumep, kax unmepmemaniuveckas. C opyeotl
CMOPOHYL, eCclu MeMNEPamypa HU3Kdas, mo 60CCMAaHOBNeHue 0ehekmos byoem menviue, U 0Opazyemcs
amopuas (unu Hanokpucmaniudeckas) ¢asza [6].

Honyuennwiii evicokoaumponuiinsiii cnias AlCoCrFeNi memooom mexanuuecko2o Cniasienus Ha
8bICOKOIHEpeemuyeckoll wapogou menvhuye (BOLLIM), npu konmpoaupyemvim memMnepanmypHulm pexcume
ovin uccaedosan. Dazosas 36omoyUs U MEPMUYECKAS CMAOUTLHOCMb ObLIU U3YUEHbl C NOMOWbIO
penmeenozpaduu U CKarupylowel 3J1eKmpoHHOU Muxkpockonuu. M3menenue pazmepa nopowka npu
MEXAHUYECKOM Te2UpPO8anue OnpedesieHbl ¢ HOMOUWDbIO SPAHYMEMPUYECKO20 AHATU3A.

Hcceneoosano enuanue usmenenue Mukpocmpykmypy u ¢asosasa seonoyus cniasos AlCoCrFeNi,
CUHME3UPOBAHHOM MEMOOOM MEXAHUUECKO20 CUHME3Ad HA B8blCOKOIHEP2eMUUEeCKOU Uapo8ol MelbHuye,
npu KOHMPOIUPYemMom memnepamyprom pexcume. Ilonyuenvt credyiowue pe3yibmamol:

B meuenue 2-x uaco8oe0 MexanHuyeckozo cuHmesa HOPOWOK NOKA3AT XOPOULYIO XUMUYECKVIO
O0OHOPOOHOCHb U YMOHUEHHYI0 MOPGOL02Uio ¢ yeenuyenuem cpeone2o ouamempa 6 1.6 pasa.

Hocmuenymo uzmenenue ¢hazosoeo cocmaea cnaasa alcocrfeni 3a 6onee kopomkoe 6pems
U3MenbueHUss N0 CPAGHEHUIO 6 CXONCUMU pabomamu OAHHOU CUCMEMOU, YMO HOOMBEPIHCOAemcs
UCUE3HOBEHUEM INEMEHMAPHBIX OPI2208CKUX NUKO8 NOCTe 2 HaAC08 8biCOKOIHEPLEMUYECKO20 UAPOBO20
nomoaa, u nosisunacy kapmura meepoozo pacmeopa I L{K u OL[K.

Cooeporcanue meepoozo pacmeopa I'IIK ymenvuuioco, 8 mo epems Kax cooepaicanue meepoo2o
pacmeopa OLK yeeruyunoco 3a 2 waca BIIIM, umo Habnodaroce 6 npedvioywux pabome [5]
npoucxooum ¢ 4 wacoe 0o 20 uacos.
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Abstract

The intensive development of photodynamic therapy requires the development of new generations of
photosensitizers (PSs) based on nanomaterials with better photostability and higher efficiency of singlet
oxygen generation, as well as ways to improve the efficiency of existing ones. For this, the use of various
types of metal nanoparticles and the creation of planar metal-PS systems are considered.

The aim of this work is to study the enhancement of molecular oxygen activation by metal
nanoparticles.

To study the plasmon effect on singlet oxygen generation, silver island film (SIF) substrates were
prepared by chemical deposition [1] and magnetron sputtering [2]. According to the scanning electron
microscope, spherical islands with a radius of 40-50 nm for a sample obtained by magnetron sputtering
and 30-150 nm — by chemical deposition are uniformly distributed on the surface of the films. The
broadened absorption spectra also prove a large scatter in the size of islands in films obtained by chemical
deposition. Rose Bengal (BR) (5 * 10-5 M) in PVB (7.7%) was chosen as the PS, 300 pl of which was
applied by spin-coating (3000 rpm for 1 min) on a clean coverslip and SIF.

Under the influence of the plasmon effect, there is an increase of singlet oxygen generation by 3.68
and 1.21 times for SIFs obtained by chemical deposition and magnetron sputtering, respectively. The
different gain can be associated with different structure morphology, since the size and shape of silver
clusters affect the performance of silver-enhanced singlet oxygen generation, as well as with an increase in
the overlap integral between the SIF and BR absorption spectra in cases of chemical deposition. The very
process of singlet oxygen generation amplification is explained by an increase in the yield of PS triplets
under the action of an increase in SIF electric field. This is confirmed by an increase in the intensity of long-
lived luminescence of BR on SIF obtained by chemical deposition: for delayed fluorescence by 7.08 times,
for phosphorescence — by 10.21 times. At that time, the intensity of delayed fluorescence of BR on the SIF
obtained by magnetron sputtering changed by 4.37 times, and the phosphorescence — by 6.84 times.

The use of plasmon to increase the efficiency of singlet oxygen generation of PSs is of interest because
its flexibility is applicable to any type of PSs. Existing metal-enhanced PSs often exhibit higher
photostability and minimal photobleaching, making them an excellent tool for image-guided photodynamic
therapy.

Key words: silver island films, singlet oxygen generation, plasmon effect.
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AHHOTAUA

byoywee amommotl snepeemuxu, HeCOMHEHHO, OyOem CGA3AHO C UCHONb30BAHUEM DPEKMOpPO8 Ha
ovicmpuix  Hetimpouax. B cesasu ¢ omum mpedcmasnsem unmepec 83aumooelicmsue peppumHo-
mapmencumuou  cmanu  III823-II1 u  occudxomemaniuveckumu menioHocumenimu. OOHUM U3
PACnpOCMpPaHEeHHbIX MeMOo008 HOBbILUEHUS KOPPOZUOHHOU CIMOUKOCIU MAMEPUATLO8 A6ISeMCs HaHeCeHue
PA3IUYHBIX NOKpuIMULL. B 3a6ucumocmu om KOHYeHmpayuu KUCiopooa 8 CEUHYE U CBUHYOBO-BUCMYMOBOL
96MeEKMuUKe NOKPbIMUsL MO2Ym NPedomaepauams pacmseopenue CIMaibHulx demarell 8 ’cuokom memanne [1-
2].

THomumo nogedenus mamepuaios 6 KOPPO3UOHHOU cpede, BANHCHO OYEHUMb CEOUCMEA NOKPLIMULL NpU
obnyuenuu. Xpomogoe noxkpvimue Ha QeppumHuix/MapmeHCcUmHslX cmanax osiio ooayyeno uonamu 1.1
MsB H+ u 2.4 MsB He+ npu 400 °C 0o 1 u 10 cHa coomseemcmgenno Ha yckopumene II-5.
Tlpocseyusarowas 21eKmMpoHHAsL MUKPOCKONUSL 6blCOK020 paspeutenuss u xumuveckuti aumamuz (34C)
npogoduauce Ha epanuye pazoera Cr/cmane. Xpomoevi Crotl COXpaHuil XOPouilyro aoeesuio ¢
NOBEPXHOCBIO CIATU, YMO 0OECNEYUNO 8bICOKYIO KOPPOZUOHHYIO CHOUKOCHb ROKPLIMUSL NOCAE 0O HeHUS.

Omo uccredosanue nposodunoce 6 pamkax npoekma H2020/MSCA/RISE/SSHARE number 871284,
the Serbia - JINR cooperation Projects Ne 373 2023 items 4 and 5, Serbia - JINR cooperation Projects Ne
178 items 7 and 8, Belarus - JINR cooperation Projects Ne 308 items 21 and 22., RO-JINR Program No.
366/2021 item 8.

KuarueBsble cjioBa: o0irydenne, kopposus, aare3us, J11823-111, xpoMoBoOe MOKPHITHE.
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Abstract

We analysed the capabilities of the COMSOL Multiphysics program in the operation of energy
storage systems in the hot conditions of the region of Uzbekistan.
Key words: COMSOL Multiphysics, energy storage systems

COMSOL Multiphysics is a software package for the numerical simulation of physical phenomena
[1]. It can be used to solve a wide range of problems in the field of energy storage systems (ESS), including:

» Simulation of electrochemical reactions in batteries, fuel cells and other SES devices.

* Modeling of thermal management in accumulators and other SES devices.

« Simulation of mechanics of materials in accumulators, fuel cells and other SES devices.

* Modeling of electromagnetic phenomena in accumulators, fuel cells and other SES devices.

* Simulation of hydrodynamic phenomena in accumulators, fuel cells and other SES devices.

COMSOL Multiphysics is a powerful tool that can be used to solve complex SES problems. It allows
engineers and scientists to quickly and accurately simulate the behavior of SES systems in real-life
conditions.

Here are some concrete examples of how COMSOL Multiphysics is being used in SES:

1. COMSOL has been used to simulate the performance of lithium-ion batteries under various
operating conditions. Simulation results have been used to improve battery design and improve battery life.

2. COMSOL has been used to simulate thermal management in lead-acid batteries. The simulation
results have been used to develop new battery cooling methods that can improve battery performance and
lifespan.

3. COMSOL was used to simulate the charging and discharging of supercapacitors. The simulation
results have been used to develop new methods for charging and discharging supercapacitors that can
improve their performance and lifespan.

4. COMSOL was used to simulate the operation of fuel cells. The simulation results have been used
to improve the design of fuel cells and increase their efficiency.

5. COMSOL was used to simulate hydrodynamic phenomena in battery cells. The simulation results
have been used to develop new battery cell cooling methods that can improve cell performance and lifespan.

COMSOL Multiphysics is a valuable tool for researchers and engineers working in the field of SES.
It can be used to improve the design of SES systems, increase their performance and increase their service
life.

COMSOL Multiphysicals is a powerful software platform that is also used to simulate and analyze
the performance of energy storage systems in a variety of environments such as hot climates. When
considering energy storage systems in a hot climate like Uzbekistan, several factors need to be taken into
account. Here are some key considerations and steps you can take using COMSOL Multiphysics:

System Modeling: Start by developing a detailed model of your energy storage system within
COMSOL Multiphysics. This can include components such as batteries, thermal management systems,
control systems, and any other relevant parts.

Material Properties: Gather accurate material properties for the components in your energy storage
system. This includes properties such as thermal conductivity, specific heat, and electrical conductivity.
Ensure that the properties you use align with the operating conditions in Uzbekistan's hot climate.

Heat Transfer Analysis: Hot climates can significantly impact the performance of energy storage
systems. Conduct a heat transfer analysis within COMSOL to understand how the system dissipates heat
and maintains optimal operating temperatures. Consider factors like conduction, convection, and radiation.
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Thermal Management: Develop and evaluate different thermal management strategies to mitigate the
impact of high temperatures on the energy storage system. This can involve incorporating cooling
mechanisms, such as liquid or air cooling, and optimizing their placement and efficiency.

Efficiency and Performance Analysis: Use COMSOL Multiphysics to simulate and analyze the
overall efficiency and performance of the energy storage system under various operating conditions.
Evaluate variables such as temperature, state of charge, and load profiles to assess the system's behavior and
optimize its design.

Optimization: Utilize COMSOL's optimization capabilities to fine-tune the energy storage system's
design parameters. This can involve adjusting factors like material properties, dimensions, and cooling
strategies to maximize efficiency and performance while operating in a hot climate.

Durability Analysis: Assess the system's durability and lifespan under prolonged exposure to high
temperatures. Consider factors like battery degradation, thermal expansion, and the long-term impact on
system components. COMSOL can help simulate these effects and aid in designing for durability.

Control System Design: Develop and test control strategies to ensure the energy storage system
operates optimally in a hot climate. Use COMSOL Multiphysics to model control algorithms and evaluate
their effectiveness in maintaining safe and efficient operation.

Remember that COMSOL Multiphysics is a versatile tool, and the steps mentioned above provide a
general framework. The specific details and parameters of your energy storage system will depend on the
technology you are using (e.g., lithium-ion batteries, flow batteries) and the particular requirements of your
project.

It's always recommended to consult with domain experts and validate your simulation results with
real-world data to ensure accuracy and reliability.
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Abstract

The effect of the size of submicron barium titanate (BaTiOs) particles on threshold voltage of planar-
homeotropic transition in smectic A liquid crystal p-nitrophenyl p-decyloxybenzoate with positive dielectric

anisotropy (&, > £, is experimentally studied. BaTiOs particles with sizes of 100 nm, 200 nm and 400 nm
[

were used (US Research Nanomaterials) as additive (volume fraction 0.0017). The threshold voltage (U[h)

is derived from the C-V characteristic of the electro-optic cell when a bias voltage is applied to the cell in
addition to the sinusoidal test signal. Since effective dielectric permittivity ( _,, ) of liquid crystal increases

during the transition, in accordance with the equation C = g,&.4 q (€0 -€lectric constant, A and d- are

area and thickness of liquid crystal layer in electrooptic cell) the electrical capacitance of the cell should
increase proportionally. As a threshold voltage was taken the voltage at which the electric capacity of the
cell starts to increase [1]. The dependence of effective dielectric permittivity of pure smectic A liquid crystal
and its colloids on the bias voltage are shown in Figure 1. As can be seen from the graphs, the addition of
BaTiOs3 to the liquid crystal almost halves the threshold voltage of the electro-optical effect. For 200 nm
sized BaTiOs particles, the threshold reduction is stronger in comparison with for other sizes.

The threshold decrease can be explained by two reasons: increase of dielectric permittivity
anisotropy of liquid crystal at addition of BT particles; appearance of local electric field near polarized BT
particles [2]. We think the strong effect of particles with a size of 200 nm is due to the monodomain structure

of these particles.
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Figure 1. The bias voltage dependence of effective dielectric permittivity of pure smectic A liquid crystal and its colloids
Key words. barium titanate; ferroelectric; dielectric permittivity; colloids
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Abstract

When the surface of a solid is irradiated with ions of different masses, the formation of defects can
occur due to various processes, such as sputtering, implantation, and nuclear reactions. The nature and
characteristics of these defects can vary depending on the mass of the incident ions.

We carried out a comparative SRIM (The Stopping and Range of lons in Matter) analysis of the
formation of defects on the surface of lithium fluoride when irradiated with ions of different masses. First,
we analyzed the lighter one and it and then the heavier ones and it, such as cesium, for comparison with the
experiment.

Here is a comparative analysis of the formation of defects on the surface of LiF when irradiated with
hydrogen ions. The SRIM data obtained shows that light ions have relatively low energy and limited ability
to penetrate the surface LiF. They primarily cause sputtering, in which surface atoms are displaced due to
momentum transfer. This process can lead to the formation of surface vacancies.

Light ions can also be implanted into a surface, occupying lattice sites and creating lattice defects
such as interstices or vacancies. The degree of implantation depends on the ion energy and the cross section
of interaction with the target material.

lons of intermediate mass oxygen have a higher energy compared to light ions, which ensures deeper
penetration into the surface. They can cause more extensive sputtering, leading to the formation of larger
surface defects and the ejection of atomic clusters.

Heavy cesium ions have high energy and can penetrate deeply into the surface. As a result, they cause
significant atomization and can create large craters and surface roughness. Heavy ions can undergo
nuclear reactions with LiF, which can cause structural damage, lattice displacements and the formation of
defects such as dislocations, stacking faults or point defects.

Key words: SRIM, LiF, defects
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AHHOTANUA

T'opHo0oobbIBalOW A NPOMBIULIEHHOCTb AGIACMCS KII0Ye0l OMpacivlo SKOHOMUKY Y36exucmana.
Ycenewnoe passumue smou ompaciu He803MONCHO 06e3 Onopvl HA pe3yabmamvl QYHOAMEHMATbHLIX U
NPUKAAOHBIX UCCe008anull. Taxue ucciedo8anusi 8 nepeyro ouepedb Npedonpedeisiion 6HEOPEHUE BbICOKUX
MEXHONI02ULL C Yenblo NOGbIUEHUs U3BNeYeHUs U UHMEHCUPUKAYuU 000bIYlU NONE3HbIX UCKONAEMbIX, MAK U
peuieHus dIKoI02udeckux 3a0ay. TexHuuecKue 803MOMCHOCMU NOO2OMOBKU 2OPHOU MACChl, ONpedersiiom
B03MOJICHOCTU 6CE20 20PHO20 NPOU3BOOCMBA U, KAK Cle0cmsue, NOIHOMbL SUOPOMEMANLYPSUYecKOll
MEXHON02UU U36TeYeHUs YEeHHbIX KOMNOHEHMO8

s oezunmezpayuu OKCUOHO20 U YROPHO2O0 CYAbOUOHO20 3010MOCO0EPAHCAULe20 CbIPbA, 8 NOCTIeOHee
8peMsl UCCIeOYIOMCsL CNOcoObl, OCHOBAHHbIE HA (DUIULECKUX MEeMOoOaX: 80320HKA KPEMHUS U MUMAHa 8
2a3o08yio ¢azy; c HempaouyUOHHLIMU IHEPLEMUUECKUMU B030€UCMBUAMU, MAKUX KAK J/IEKMPOXUMULECKOE
oxucnenue, CBY-nacpes, obnyuenue  yCKOpeHHbIMU — DJJIEKMPOHAMU, A  MAKdCe  MOUHLIMU
anekmpomacHumusimu umnynscamu,; UKK macnemusayus cyno@uoHo2o u OKCUOHO20 CbIpbAL.

B Uncmumyme Mamepuanosedenuss AH Y3zbexucmarna paspadoman YHUKATbHLLL Memoo Os
PaouayuoHHou obpabomku MuHepanbHo2o cuipbs. Mmnynvcnoe usiyuenue na 6aze (QYHKYUOHATLHOU
Kepamuku coz0anHoe ookmopom Paxumoevim P.X. na 6ase BCIl (e. Illapxenm) no3gonsiem
HenocpeocmseeHHo, 0e3 NPOMENCYMOUHbIX —d2eHmMO8 OKA3bl6aAmb pPAOUAYUOHHOE IHEepeemuiecKoe
6o30elicmeue Ha MUHepanIbHoe cbipbe. XapakmepHo, 4mo Npu UMNHYIbCe MOWHOCMb 6030€lCmEUs.
npeeviuiaem 3HA4YeHue SHEPLeMmuyecKoll HAKA4Ku HA HEeCKOIbKo nopsokos. Kpome moeo, umeemcs
B03MONCHOCbL NO00OPAMb OIUHY BOJHLL U3LYYeHUs O 00pabOmMKU 8 DEe30HAHCHOM pedicume, Ymo
nosgojisem Oe3uHmezpuposams UlU azpecuposams 6 3a8UCUMOCIU OM NOCMABNEeHHbIX 3aday. B
COBOKYNHOCMU, 6Ce DO NPUBOOUM K 8bICOKOU I PeKmuerHocmu npou3eoocmaa.

OOHUM U3 APKUX NPUMEPOS AGIACTC NpsAMOe NoayueHue u3 AHSPEeHCKUX 8MOPUHHBIX KAOAUHOS
Memannypeudeckozo enunozema. Paspabomannas ¢ Hucmumyme Mamepuanoeedenus mexHono2us
noseonsem noayuums ¢ nomowwpio UK obpabomru xaonunoswiil konyenmpam 00 snayvenuti Al,0s>38%; ¢
nocnedyrouum 6032onom (npu 450°C) ocrnoenozo maxporxomnonenma xkpemuesema SiO. U nonyuenuem
MaxKux 80cmpedOBAHHBIX NPOOYKMOB8 KAK: 2eKCamopcuiukam u amopgHvill MUKpoxpemHesem (benas
casica), ABNAOWUMUCS 80CMPEOOBAHHBIMU NPOMbLULIEHHOCMbIO Y30exucmana. Ocmamounblil KeK — 9mo
enunosem (Al,03 00 95%) ¢ mebonvuum codepoicanuem dcenesza. Bvloenenue dkcene3a 803MONCHO KaAK
macHumuoimu (MK nepesodum oxcud owcenesa 6 mazeemMum), max U 2UOPOMEMALTYPSULeCKUMU
(KUCTOMHBIMU) MEMOOAMU C NOTYHEHUEM NULMEHMHO20 Jcee3d.

Texnonozus KOMNIEKCHASA, YHUBEPCANbHASA, IHEP20IPPEKMUBHAR, IKOIOSUYECKU ONacoNpusmHas -
npeononazaem NOaHYIl0 NepepabomKy MUHEPANbHO20 Cbipbsi C NOJVYeHUeM CYONnpOOyKmog: OKCUOO08
Jceneza, mMumaua, Gmopuoa Kaibyus, 2eKcApmopcunrukama, amop@Hoeo KpemHezemd, MYLIuUma u
enunozema. Tax xaxk OanHvle nOOX00bl K 0002aueHU0 NPeonoaazam evlideleHue 6 Kaiecmee 21d8H020
npoyecca — KpeMHe3em, OKCUObl dicenesd, Kanbyus, anoMUHUus (MaKpoKOMNOHEHMbL NPUCYIMCMEYIoOWUE 6
JI0O0M MUHEPATILHOM Cbipbe), MO J02UHHO Ymo O1a20pOOHble U peOKue Memalibl KOHYESHMPUpYOmcs 6
ocmamxe. Dmo no3eoiasem 0OHAPYHCUMb U GblOEIUMb NepeducienHble dlieMenmbl, KOmopble 6 C6a3U C
HU3KUM COOEPIHCaHUeM OKA3bIBANUCH 8HE NOJSL 3PEHUSL.

Hpyeum, He meHee nepcnekmusHviM Hanpagienuem npumenenus HKK usnyuenus, sensemcs
MEXHON02US azpe2upo8aniis HeBUOUMO20 3010Ma.

C ysenuuenuem paspewiaioweli CnOCOOHOCMU MUKPOCKONO8 Kpumepuil «8UOUMOCMUY 3010ma
MeHsancs. B nybnuxyemwvix nayunvix pabomax yacmuyvl 3010oma pazmepom 0,5—100 mxm cuumanucs
MUKpockonuueckumu, menee 0,5 MKkM cyOMUKPOCKONUYECKUMU.
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Cneyuanucmot ITopnozco bropo CIIA cobupamenvhvlli mepmun «He8UOUMOe» UIU MOUHee
«nenadbmooaemoe sonomoy (invisible gold) nonumaiom, kax 30n0mo 6 sude uono6 u mMuxponnvix uacmuy 8
cynbgudax dscenesa.

Hzeecmno, umo monxoe u KOAMOUOHO-OUCHEPCHOE 3070MO0 NPpU 0002AUeHUU 30]I0MOCO0EPIHCAUIUX
PYO u poccvineil He amManrbedMUpyemcs, He YUAHUPYemcs U He U3GLeKAemcs npu epasumayuoHHOM
obocawjeruu. J{ns uzeieyenus ynopHoeo 30J10moco0eprHcaue2o Colpbs UCCIeOVIOMCs CNOCo0bl, OCHOBAHHbBIE
HA HEMPAOUYUOHHBIX IHEPLEMUYECKUX 6030€UCMBUSX, MAKUX KaK daekmpoxumuyeckoe oxucienue, CBY-
Hazpes, 001yyeHUe YCKOPEHHBIMU IEKMPOHAMU, A MAKHCE MOUWHBIMU ILEKMPOMASHUMHBIMU UMNYTbCAMU.
Hcceneoosanus OLICIPONPOMEKAIOWUX ~— MEPMULECKUX npoyeccos 6  YIbMPAOUCHEPCHBIX
30710MOCO0EPIACAUUX CPedax U 6blseleHue (Paz0ebix Nepexo008 6 HUX ¢ Yeablo paspabomku HOBbIX
HeMpaouyUoHHbIX Memo008 U3GIEYeHUsT MPYOHO0DO2AMUMBIX YEHHbIX KOMHOHEHMO8 U3 MUHEPATIbHO2O
CHIPbSL BNONHE MOJiCem OblMb NEPCHEeKMUBHBIM U AKINYATbHBIM.

Teopemuueckue u 3SKCHEPUMEHMATbHBIE UCCLE006AHUSL NOKA3ANU BO3MONCHOCHb  YKPYNHEHUS.
yacmuy 61a20POOHBIX MEMATLI08 NPU 0OPAOOMKe UMRYIbCHOIM UHMPAKPACHBIM U3TYYEHUEM C Y4EemOM UX
ceoticme 00 eenuyun (500 Mrm), nosgoxsOWee 3amem  GulOeIUMb  30]10MO0  CMAHOAPMHBIMU
2PABUMAYUOHHBIMU MEMOOAMU U3 MEXHOLEHHO20 U PYOHO20 ChIPbAL.

na pazpabomku memoouku HeoOX00umMo npogedeHue @OYHOAMEHMANbHBIX UCCAe008aAHUN 1O
GIUSHUIO  MUHEPATbHO-IIEMEHMHOL  COCMAGISIIOWell Cblpbsi HA  A2PecuposaHue YibmpaouchepCHblx
01A20POOHBIX MEMANLI08 8 MUHEPATbHVIX cpedax. M3eecmHo, umo 61a20po0Hble Memaivl, 8 YaCMHOCHU,
30710M0 0611A0AIOM YenbiM PSIOOM YHUKATLHO 6bl2OOHbIX COYEMAHUU (DUIUKO-XUMUYECKUX CBOUCME NO
CPABHEHUIO € CUTUKAMHBIMU, CYTbOUOHBIMU U HPOYUMU MUHEPATAMU POCCHINHBIX U PYOHbIX
MecmopodcOenuti. Buvidenum uz mmoeoobpaszus ceoticme Haubonee 3HauuMvle, NPUMEHUMETLHO K
6030€UCMBUI0 UMNYTbCHOIM UHQPAKPACHBIM U3TYHeHUeM HA MUHEPATbHble 00beKmbl, coodepacauue
Onazopoonsie memainvl. Tak, 3010mo o06radaem HaAUOOILWUM KOIDDUYUEHMOM OMPAXNCEHUs U
npeHeopeHcUMO MATbM Kodpuyuenmom noenowenus na oaune goansl 1.06 mxm. Bmecme ¢ mem, 0ns
3070MA KAk U Osk Opyeux Memanios 3mou Spynnvl, Xapakxmepua, Hapso0y ¢ 00CMAMOYHO HeBblCOKOU
memnepamypou nrasnenus (T nn = 1063°C), 6oavwas memnepamypa kunenus (T k = 2807°C), gvicokas
XUMUYECKAsL YCMOUMUBOCHLb.

Co6oKynHOCIb  6CeX 2MUX  CEOUCME SAGNAEMC Xopoulell NpeOnoChbliKoU 0N  UCCIe008aAHUL
6o30eticmeuss MUK umnyibCHolM  UHDPAKPACHbIM — U3iyyeHuem Ha OauHe 6oaHvl 1.06 Mmkm Ha
30710MOCO0epICajie MUHEPATbHbIE OOBEKMbL.
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AHHOTAIINA

IIpusedenul pe3ynomamol UCCIE008AHUS GIUAHUS OCANHCOCHHOU HA NOBEPXHOCIU COIHEYHbIX NAHeNell
NulIU  HA UX NPOU3BOOUMENbHOCMb 6 eCMeCcHmEeHHbIX Yycaoguax 2opooa [lywanbe. Pesynomam
MeCMupo8anus 6 CIMaHOAPMHLIX YCI08UAX NOKA3AL, YMO NPOU3BOOUMENTbHOCMb NAHeNell CHUMCAemcs: 00
36% npu naommocmu noiw 0,427 me/em®. Ioxasamo, umo  Kodpguyuenm  Koppenayuu
@omosnekmpuueckux nawenei Om UHMEHCUBHOCMU COTHEYHO2O U3NYYEHUs YXYOulaemcs Jemom, UYmo
ABNAEMCA CIe0CmBUeM HAKONACHUS NbLIU HA NOBEPXHOCIU (YOMOINEKMPULECKUX NaHeell.

KioueBble ciioBa: COlHEUHAs YHEPTHs, MTBUIEBOE BTOP)KEHHE, BIMSIHHUE TBUTH, (POTOIIEKTPHIECKAs
MaHelb, HAKOIJICHUE U OCAXKICHUE TTBLITH.

1. Bsenenue

Hnst mpeoOpa3oBaHHsS CONHEYHOI'O M3IYYEHUSI B OJIEKTPHUYECKYIO SHEPIUI0 HCIOIB3YIOTCS
coJHe4YHbIe (HOTOdNeKTpUUECKHUe MaHe . [Ipor3BOANTEIEHOCTE POTOAIEKTPUIECKUX MAaHEIeH 3aBUCHUT OT
reorpaduyecknx ¢GaxTopoB, (AKTOPOB OKPYXKAIOMIeW Cpelsl (TeMIeparypa, BIAXHOCTh, 3arps3HEHHE,
MbUTb, JOXIb W T.J.), a TakkKe MW TEXHOJOTHM WX MPOU3BOACTBA (MOHOKPHCTAILTUYECKHE,
noJIMKpucTayundeckue u ap.) [1]. TamkuKUCTaH pacnojioKeH B riio0ajbHOM IBUICBOM IOSICE, HAa MYTH
TaKUX WCTOYHUKOB TBUIM Kak MycThiHU Apankym, Kei3puikym, Kapakywm, Jlamru Ka6up, Jamru JlyT,
Caxapa, a taxxe ['obu n Takma-Makan. [loatomy TamkukucraH, exeronHo, (J4aiie BCEro ¢ arpens 1o
HOSIOpB) MO/IBEPraeTcs CHIIbHBIM MBIIEBBIM BTOPKEHHUAM U €T0 TEPPUTOPHS ABISETCA HAKOIUTEEM TbLUIH.
3a nocneanaue 30 JeT KOIMYeCTBO U POIOIKUTETIHLHOCTD MBUIEBBIX BTOPKeHUH B TaPKUKUCTaH, OCOOCHHO
B €r0 IOKHBIE M IIEHTPaJbHBIE YAaCTH, CYLIECTBEHHO YBEJIMYMWINCH: eclii B Havaie 90-Xx ronoB ObLIH
3apETHCTPUPOBAHBI IBA-TPU CHIIBHBIX SITHU30/1a B TOJI C IPOAOIKUTENIFHOCTBIO OT 3-5 4acoB u, aTMocdepa
OYMIIaNach JUBHEBBIMH OCagKaMH, TO B IIOCIE€THHE TOAbl HAOMIOZaeTcd TEHAEHIUS YBEIHMUEHUS
KOJIMUYECTBA 3MU30/I0B C MPOAOKUTENBHOCTBIO OT 5-15 AHEW W, MpH 3TOM, NMHK NBUIEBBIX BTOPXKEHUH
COOTBETCTBYET IEPHOAY OTCYTCTBHUSI OCAaJKOB. PekopaHas NpOAOIIKUTENBHOCTH NBUIEBOIO BTOPKEHUS
3apeructpuponana jetoM 2001r. (29 HenpeprIBHBIX AHEH) B T./[ymrante. [1o m3MepeHHBIM TaHHBIM CPETHEE
roJJ0OBOE€ 3HAYEHHE WHTEHCHBHOCTH OC&XKIEHMS MBUIEBOIO a’po30is B HEKOTOPBIX PErHOHAX
Tamxukucrana, Hanpumep, juis Llaaprysa, cocraBnser 206-617 r/(m?Tom) [2]. Ypbamuzamus u
HMHAYCTpHUAIM3aIMsl CTPaHbl TaKKe CIIOCOOCTBYET MOMNAJaHHI0 TBEPAbIX 4acTuil B atMochepy [3]. Dta
TeHIICHIIUA HaOmromaeTcs W B JApyrux crpaHax lleHTpambHoit Aswmm [4]. B cBsA3m ¢ moTerieHHEM H
W3MEHCHUEM KJIMMaTa B OJWKaWIne ToJbl KOJIWYECTBO NBUIBHBIX M IECYAaHBIX Oyph pacTer, H
WCCIIeIOBaHNE BIUSHIS IIBUTH HA TPOU3BOAUTEIHLHOCTH COTHEUHBIX (DOTOAIEKTPUUECKUX TIAHEIICH SIBIICTCS
0COOEHHO aKTyaJIbHBIM, TaK KaK TMOTEIUICHHE KIMMaTa BIIEYET 32 COOOH yCKOpEHHOE TasHUE JICJHUKOB,
KOTOpBIE SIBISIFOTCSI OCHOBHBIMH HMCTOYHHKAMH BOJHBIX PECYPCOB pEK, HCIOJIB3YIOLUMXCA B
ruApodHepreTuke TamKUKUCTaHa.

2. OueHka BIUSHUA 0CAKAEHHON NMBLJIM HA NPOU3BOINTEIbHOCTH COJHEYHbIX NMaHes el
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B 1enoM nbuth BIUSIET HA IPOM3BOAMTENLHOCTD AHENEH B IBYX CITydYasX WIA B KOMOWHAIIMU dTHX
CJIy4aeB: paccesHue B aTMoc(epe M 0Ca)ICHUE MBUIA Ha MOBEPXHOCTU COJIHEYHBIX (DOTORICKTPUICCKUX
naneneld. CyIiecTByeT MHOTO HCCIEIOBAHHMA O BIMSHUM OCAKIACHHON MBI HAa MPOWU3BOAUTEIHHOCTH
COJTHEYHBIX (DOTOANEKTPUIECKUX CHUCTEM, HO OOJNbIIas 4acTh WMEIoIIeiics nHPpOpManuy qeiCTBUTEIbHA
TOJIBKO JIII WX KOHKPETHOTO MECTOMOJIOKEeHUsT [5-7]. OmHAKO OTCYTCTBYET COOTBETCTBYIOIIAS
nH(pOPMAITUS O TOCIEACTBHUIX OCAXKISHUS MBLUTH JIsl KOHKPETHOTO MecTa B TaJKUKUCTaHe, KOTOpas MOrJia
OBI OBITH P (EKTHBHO HCITOIH30BaHA MPH MPOCKTUPOBAHUH M PAacUETe MOIIHOCTEH (hOTOAIEKTPHIECKHIX
CTaHIIUH.

2.1. OneHKa BJIMSHUSA 0CAKICHHOH NMBLTH HA MPOU3BOANTEILHOCTh COTHEYHBIX MAHEJIeH

B CTAHJAAPTHBIX YCJIOBHAX U3MepPEHHS
BrnusiHue ocaxJIeHHOW TBUTH OBLTO MCCIIEIOBAHO C UCIOJIb30BAHUEM JIBYX MOHOKPHCTAITHYCCKHX
¢doroanexkrprueckux naneneir mapku ODA 110-18-M [8] nomunamsHO# MomrHocThIO 110 Brt. IManemu
opum pa3memiensl Ha twiomanke OAQO «CucremaBTomMaTukay B ropoge [lymanbe (38°34'4.7" c. m.
68°48'52" B. 1. BBIcOTa 830M Ha/T ypOBHEM MOpS1) Ha CTOWKE, 0OpAIIEHHOH K I0TY, ¢ GUKCHPOBAHHBIM YTJIOM
HakJioHa 30°, TaKk KaK UMCHHO 3TOT YroJI AABJSETCS ONTUMAaIbHBIM 11 r.J{ymianoe [9] (pucyHok 1, a).
h B =

a - - —= = r o
PucyHnok 1. BHenHM# BU NCIIBITYEMBIX NTAHENEH a) TaHeTN ¢ OCAKACHHOM MBUTBI0, 0) BU3YaIbHOE
CpaBHEHUE YMCTON NIaHENIN U 3arpsI3HEHHON NaHEIIH.

ComHeuHble (HOTOITEKTPHUUECKHIE TTAHENN OBUIH YCTAHOBIICHBI HA OTKPBHITOM BO3/IyX€ B TEUEHHE JIBYX
MecsiueB (utonb—asrycT 2022 T.) A1 €CTECTBEHHOIO HAKOIUIEHHWS IBUIM HA MOBEPXHOCTH MaHenei (3Tu
MaHEIN Ha3bIBAIOTCA «3arpsi3HEHHBIMUY IMaHENIMH). BiusHUE MbUIM ONpPEAEIsUIOCch IyTEM CpaBHEHUS
BBIXOJ/IHBIX MAPAMETPOB YMCTHIX M 3arpsi3HEHHBIX MMaHeJIel B CTaHIAPTHBIX ycloBUsX ucnbiTanuii (STC,
1000 B1/m?, 25 °C) ¢ moMompko TecTepa conHeuHbIx naneneir BSMT204 B coorsercteuu ¢ IEC 60904:2020
70 ¥ Tocie HakomieHus nbutd [8]. BonbT-amrepHble XapaKTepHCTHKH (OTOIECKTPUUECKUX MaHEINeH

MPUBE/ICHBI HA PUCYHKE 2.
T =

- 1
6 -
5 <
N 2
4 o
<
_3-
2
gl
0 T T T T 1
0 5 10 15 20 25
V,B

Pucynox 2. CpaBHeHne BOJIbT-aMIIEPHBIX XapaKTEPUCTHUK (POTOIIEKTPUIECKUX TaHeTIeH B CTAaHJAPTHBIX YCIOBHUIX
n3Mepenus. 1 — anctas GorosnexTpudecKas maHenb, 2 — 3arpsi3HEHHAs (POTORIEKTPUIECKast aHelb.
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Ta6uauna 1. Pe3yJbTaThl H3MEePEeHHBIX XaPAKTEPUCTUK YUCTOH M 3arpA3HEHHOI (OTOIIEeKTPHYECKUX NTaHe el

DoT03/IEKTPUYECKAS TTaHE b Yucras 3arpsizHéHHasN
HomunansHast MotHOCTD (P gy ), BT 109,4 70,2
Homunansnoe nanpsokenue (Vy,,), B 18,42 18,22
Homunaneusiit TOK (Iqy), A 5,94 3,85
Hanpsoxenue npu pazomkayToM KoHType (V,.), B 22,68 22,21
Tok kopotkoro 3ambikanus (Ig.), A 6,40 4,45
®axrop 3anonuenus (FF),% 75,34 70,8
lynTHpyromee CONpOTUBIEHHE (COMPOTHUBIICHUE 110,41 142,82
TOKa yTeukH B 3eMJI0) (Rsh), OM
[MocnemoBarensHOE COMPOTUBIICHHE (BHYTpEHHEE 0,48 0,66

comnpotusieHue sueiiku (RS), Om
[oTrepu MOMWHOCTH Bjgrepy (POTOINEKTPHUECKOH TAHENH MOTYT OBITh PACCUMTAHBI C MOMOIIBIO
ypaBHeHus (3), ucnonb3yst cootHomenwue [10]:
_ P‘{MCTaﬂ_P3anH3HéHHaH
PHOTepﬂ = -100% (1)

P‘{VICTaH

[InoTHOCTE NBIIM H3MEpsUIach ITyTEM B3BEIIMBAHU MbUIM, OCEBILEH HA MAHEH, C UCIIOJIb30BaHUEM
aAHATMTUYIECKUX BecoB Mojienu Sartorius BSA 224S-CW. TIoTHOCTE TIBITH, CKOTIMBIIIEHCS HA TOBEPXHOCTH
naneJsei, cocrasuna ~0,427 Mr/cm? nocne 8 HeJeNb BO3AEHCTBUS OKPY/KAIOLIEH CPEMIbI, M B PE3YIILTATE
HU3MEPEHU ObUIO OMpEnNEeNeHO, YTO MOIIHOCTh (POTORIEKTPUUECKUX MaHeded cHu3uiack Ha ~36%. Bo
BpeMs IPOBEICHHS U3MEPEHHUI TIOT'OAHBIE YCIOBHS B OCHOBHOM OBLIM COJTHEYHBIMHU M 0€3 JOXKACH.

2.2. OueHka BJIMSAHUSA OCAKIEHHOH MNBLIM HAa NPOU3BOIAMTEILHOCTH COJHEYHOMH
(dorornexrpuueckoii cranuun (CPIC)

Ha puc.3 mokaszaH mpuMep HaKOIUICHHMS NbUIM HA MOBEPXHOCTIX (POTORIEKTPUUECKUX MaHesei
C®OC ropona Jlymanoe. [l OLEHKM BIMSHHUS OCAKIACHHOHN MBUIM Ha NMPOU3BOIAUTEIBHOCThH TaHENCH
ucnonb3ytotes ganasie CODC Pogunbaoro goma Nel momnaocthio 34 kBT (38°34'39" c. m1. 68°47'38" B. 1.
BbIcoTa 845M Ha ypoBHEM MODp#). JlaHHAs CTaHLIMS MHTETPUPOBAHA BO BHELITHIOO 3JIEKTPOCETH C CHCTEMO
MOHHMTOPUHIa M OcHaileHa ceTeBbiM uHBepropoM PMC100TD (40 xBt). C momoripio yCcTpOHCTB
MOHHUTOPHHTA, Takux Kak TepmMomerp MT-052 u mupanomerp MS-602, ocyriecTBisieTcss €XeIHEBHBIN,
©KEMECSYHBII M E€XEroAHbld cOOp M HAKOIJICHHWE IAHHBIX BBIXOAHOM 3JIEKTPUYECKOM MouHocTH P,
TEMIEpaTypbl OKpYXarollel cpenbl Ta U MHTEHCUBHOCTH COJIHEYHOro M3NydeHuss H Ha moBepxHoCTH
dotoanekrpuueckux nanenei. COIC ocHaieHa npeodpaszosatesiem curHanoB 2-TD-TJC u SS4851-TR-
ACW u nporpaMMHBIM 06ecr[t_leHHeMSP2—HE JUTST MOHI/I”II“OBI/IHHFa (GyHKIMOHMPOBAHHUS CHCTEMBI.

N

Pucynox 3. Ocadicoennas noiib na nogepxnocmu gpomoanexmpudeckux naneneti Conneunot pomoaiekmpuieckou
cmanyuu mouwgHocmvio 40 kBm Hayuno-uccie0o8amenscko20 UHCMumyma aKyuepcmed, 2UHeKoN02Ul U NePUHAMON02UY
Taoxcuxucmarna.

CorjlacHO 3KCIIEPUMEHTAIbHBIM JIaHHBIM BBIXOJHAS MOIIHOCTb (OTOIICKTPUUCCKUX ITaHEICH
JIUHEHHO 3aBUCHUT OT MHTCHCHUBHOCTHU COJIHEYHOTO H3JTyUCHHS, MAJIAI0IIEero Ha MOBEPXHOCTh maHese. [11].
Bce monenu yuis oleHKM MakCHUMaIbHON BBIXOJHON MOITHOCTH (DOTORJIEKTPUYECKUX TaHEeH B KauecTBe
BXOJHBIX JTaHHBIX HCIOJIB3YIOT WHTEHCUBHOCTh M3IYyUCHUS W TEeMIlepaTypy maHend. B manHo# pabote
pacdeT MakCUMaJIbHOH BbIXOIHOM MOIIIHOCTH MaHe ! Pm ObLJT BBIITOJIHEH 110 CJICAYIOIICH JIMHSHHON MOIeTH

[12]:
Py = Pgc(1 + v (T, — 25))

TgH
1000 (2)

H
T = Ta + (Thoct — 20)% (3)
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IJIE, Ty - KOOGOUIMEHT TIPOITYCKaHUs CTEKIIA (POTOIIEKTPHIECKON MAHENH CO CTEKIISHHOM KPBILIKOH
(ty =1 nna He3acTekIeHHOH (DOTOSNEKTPUYECKOH MNaHemu U T4 0,85 mma 3acTeKIEHHOM
doroanexkrpuueckoii maHenu [12]), Pse - MakcHManbHas MOIIMHOCTh MPHU CTAHAAPTHBIX YCIOBHUAX
TECTMPOBaHMs, KOT/Ia COJHEYHOE n3aydenue cocTapiseT 1000B1/M?, a Temmeparypa (pOTOIIEKTPHIECKON
nanenu T coctaBisiet 25°C, v - TemnepatypHbiit kKoaddumment (y=0,0045).

Ha pucynke 4.a. moka3aHa 3aBUCHMOCTH BBIXOJTHOW MOIIMHOCTH P (hOTORNEKTpHUYECKHX MaHemei
COOC 0T MHTEHCUBHOCTH COJIHEUHOTO M3Iy4eHUs H mo ce3oHam ronga. MIHTEHCHBHOCTH COJHEYHOTO
usnydenns H Obuta BeiOpana B auanazone 800-1000 Br/mM% Tak Kak B 9TOM JMana3oHe MOTPEHIHOCTH
JMHEHHBIX MoJieneit HanmenbInas [13]. Kak BUIHO M3 MPUBEIEHHBIX TaHHBIX, KOYOOHUITUESHT KOPPEIAITIN
OYEeHb BBICOKMH 3MMOW M BECHOH IO CpPaBHEHHUIO C OCEHBIO M JIETOM. YMeHbIIeHHe Kod(h(uimeHTa
JETCPMUHAIIMK JICTOM CBS3aHO C HAKOIUICHUEM IbUTM Ha MOBEPXHOCTH (POTOICKTPUUSCKOW MAHEIU U
nmupaHoMeTpa (OceBINas WBLUIh Ha TOBEPXHOCTH THPAHOMETpa CHIDKAET OIEHKY HWHTEHCHBHOCTH
COJHEYHOTO n3mydeHus 1o 20% [14]).

304 i 30 _ R2=095
29

28

27 4
26
254

28

26

3uma
BeCHa

e & neto
e 24 4 x
At 4 A BeCHa 3 OCeHb
o 23'_ % neto o 244
224 OCEHb
- - 3uma
21
j BecHa 29
20 - neto
19 0CeHb
1 *
18 T T T T T T T T T 20 T T T T 1
080 082 084 086 088 09 092 094 096 20 22 24 26 28 30
H, kBt/m? P, kBT

PucyHok 4. 3aBHCHMOCTD BBIXOHOM 3JIEKTPUUECKON MOIIHOCTH (hOTOIIECKTPUICCKOMN MTAHEH: a) OT HHTCHCUBHOCTH
H3Iy4eHUsI 0) OT MaKCUMaJIbHOM BBIXOAHOW MOIITHOCTH (DOTORIEKTPHUYECKOM MAHENN COTIACHO JIMHEWHON MOMEINH.

CpaBHUTENBHBIN aHATTN3 MAKCUMAaJIbHOM BBIXOIHOM 3JIEKTPHUUECKON MOIITHOCTH (POTOINEKTPHIECCKOI
na”enu P cornacHo nuHEHHOH Mozeny (2) ¢ u3MepeHHBIMH TaHHBIMU P, okasaH Ha pucyHke 4. 0.

3. BeiBoasbl

HccnenoBaHo BIMSHEE MBIUTH HA TPOU3BOJUTEIBHOCTh COTHEYHBIX (DOTODTICKTPUUECKUX MaHETCH.

DOTO3IEKTPUIECKHE TTAaHETHN MTOIBEPraliCh BO3ICHCTBHIO PEABHBIX YCIOBUM Ha OTKPBITOM BO3AYXE B T.
Hyman6e B Teuenne § Hepenb. [I1O0THOCTD MbUTH, OCEBILEi HAa TOBEPXHOCTH (POTORIEKTPUIECKUX TTaHENEH,
B KOHIIE DKCTIepuMenTa coctapuia 0,427 Mr/cM?2, 4To IPUBENIO K CHHKEHHIO TTPOM3BOIUTELHOCTH AHENEH
no 36%. Ilokazano, yto xod¢pdunmeHT nerepmuHaimu Mexay P u H yxyamaercs nerom (0,23), uro
SIBJISIETCS CIICJICTBUEM HAKOIIJICHUS MBIIM Ha TIOBEPXHOCTH (DOTORJIEKTPHUUECKUX MaHeNe. DTOT oKa3aTelb
Il 3MMHETO TIepHoAa B OTCYTCTBUHM NbLIH paBHsercs 0,92, yTo siBiIsSETCS XOPOIIUM KO3 (HUIUIHTOM
nerepmuHanyu. [lanHas paboTa sBISETCA MEPBOM TOMBITKONW OIEHKH BIMSHHS OCAKISCHHOM MBUTH Ha
3¢ GEeKTUBHOCTE (DOTORNEKTPUUECKUX MaHeNned B ycnoBusix ropoaa [ymanGe. [ns ompeneneHus
1es1eco00pa3Horo nepruoa OYMCTKH NMaHesel OT IBUTM He00X0AUMBI OoJiee JeTanbHbIe UCCIIeIOBaHUSI.
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K BOITPOCY ONPEJAEJEHUS TOYHOCTHU CUCTEMBI CJIEKEHUSI TEJJMOCTATOB
NAPKEHTCKOM METABATHOM COJIHEYHOM NNEYA

II1. Hypmaros”, P. Ak6apos, /I. ITynoros, H. Exy6xonos, C. Xosi1opos

Hnemumym mamepuanoeedenus,
Y. diimmamos. 2°, 100084 Tawxenm, Y36exucman, *E-mail: Sh.nurmatovi@gmail.com

AHHOTANUA

B pabome paccmampusaromcs npupoomnvie axkmopul, KOmMopvle GIULIOM HA IPEHeKmusHoCms
IKCHIYAMayuyt  COTHEUHbIX  Yemanogok.  OOcycoaiomesi  OCHOBHble  NO00X00bl  Ofisl  NOBbIULEHUS.
ahpexmueHOCmMuU COTHEUHBIX POMOINEKMPULECKUX MOOYEl, KOIIEKMOPO8 U KOHYEHMPUPYIOUUX CUCTIEM.
Tlpeocmasnenvl nepgvle pezyrbmamol HO ONPeOeNeHUIo MOYHOCHU HOBOU YUDPOBOT CUCEMbL CILEHCEHUS.
eenuocmamos 3a Connyem Ilaprxenmcxou Bonvwoii Conneunoii Ieuu(BCII). Coenan 6v16800, umo cucmema
obecneuusaem 3-5 MUHYMHYIO TMOYHOCTb CEHCEHUSL.

Kawuesbie ciaoBa: ConHevHass YCTAaHOBKA, KOHIIGHTPATOp, TeNMOCTAaT, KOHIECHTpAIus,
3¢ hexkTuBHOCTD, HOKYC, HOKATBHOE MATHO, pa3Mep MATHA, INIOTHOCTH YHEPTHH, PACIIPEeIICHHE SHEPTUH.

BBeaenne

JocTmxeHne BEICOKOM dQEKTUBHOCTH COTHEYHBIX YCTAHOBOK SIBJISIETCS] OTHUM W3 BKHBIX 3371a4 B
ux dKciutyaranud. [Ipu 3ToM mpupojHble (QakTopbl, TaKMe Kak KIMMaT, THEBHOE NBMkeHue CONHIA,
BpeMeHH Bocxoxa u 3axoma ConHua 3a TOPHU30HTOM, BpEMEHa TroJa CYILIECTBEHHO BIHUSIOT Ha
MPOM3BOJUTEIBHOCTh COJHEYHOH ycTaHOBKH. O4YEBHIHO, YTO B clydae COJHEYHBIX (POTOIJIEMEHTOB,
KOJUJIEKTOPOB U T.J., A7l MAKCUMAJILHOTO MOJTyYeHHs SHEPTUH IIIOCKOCTh COTHEeYHON yctaHOBKH (CY) Bce
BpeMs JOJDKHA ObITh NEPICHINKYIISIPHO K HaJa0IUM COJTHEYHBIM JTydaM.

st 3TOM 1enu, OOBIYHO B MOHTaXe TAaKUX CUCTEM, HCIIOJIb3YIOTCS TAK HAa3bIBACMBIN ONTUMAaJIbHbIHI
YTOJI HAKJIOHA YCTAaHOBKH WJTH UCTIOJIB3YIOTCS crcTeMa ciexeHns 3a CoHIleM, 9acTo Ha OCHOBE COJTHEUHBIX
TpekepoB. st Tepputopun, rae pacnonoxena bCII [1], B pabote [2] npeacTaBieHbl CE30HHBIE 3HAYECHUS
ONTUMAJIBHOTO yIJIa HAKJIOHA COJHEYHBIX YCTAaHOBOK yKa3aHHOro Tuma. IIpn 3TOM, Kak IOKa3bIBaroOT
MpoBeeHHBIE pacueThl, Takue CY ¢ cuctemMoil ciexeHus mnpumepHo Ha 15-35% (3umoii-ieTom)
a¢dexTuBHEE, ueM purcupoBaHHbie CY ¢ ONTHUMAIBHBIM YTJIOM HAKJIOHA.

Hns s¢ddexkTuBHOrO (YHKIMOHUPOBAHMUSA COJHEYHBIX JHEPreTHUECKMX CHUCTEM Ha OCHOBE
TEXHOJIOTHH “KOHIEHTpUpoBaHHOM conHeuHoi sHeprun’” (KCD) morpedyercs cinoxkHast U JOPOTOCTOSIIAs
KOMITOHEHTa - CHCTeMbl ciexkeHus 3a ConHIeM, NMpU 3TOM, YacTO OHa SBIAETCS O0A3aTeNnbHOMN
KOMIIOHEHTOH 3HeprocucteMsl. OUeBHAHO, YTO OCHOBHBIM NPUHLIUIIOM B COJHEYHBIX HHEPreTHUECKHX
cucreMax Ha ocHoBe TexHonoruii KCD sBisercst coOpaHue NpSAMBIX COMHEUYHBIX JIy4el B OTHOCHTEIHHO
HeOOJIBIION, B TaK Ha3bIBaeMOH (oKaIbHOI 30HE ((hokanbHOE TATHO). [IpH OTCYTCTBUM CUCTEMBI CIIC)KEHHSI
3a ComHileM, (QOKaNbHOE TISITHO COMHEYHOH KOHICHTPUPYIOIIEH YCTaHOBKHM W3-32 THEBHOTO BHIMMOTO
nBkeHns CoTHIIa CMEIIaeTcs OT ONTUYECKOro (OKyca 1 OCTEIIEHHO, U3MEHSISICh B CTPYKTYPE, YXOIHUT OT
(hoKaNbHOI 30HBI M Yepe3 HEKOTOPOE BpeMs MPAaKTHYECKH TOJTHOCTHIO “‘paccemBaercsa’. B pabotax [3,4]
MPOaHAIM3UPOBaHbl  XapaKTepHble ocoOeHHOcTH caBura (QokanmeHoro msitHo CY B pexunMax
neQOKyCHPOBKU UX (PYHKIMOHUPOBAHMUSL.

Metoauka onpenesieHusl TOYHOCTH cHCTeMBblI ciieskeHns 3a Connuem BCII

B nmanHOl paboTe mpejicTaBlieHBI MEpPBbie SKCIEPUMEHTANBHBIE PE3YJIbTAThl 10 ONPEICICHUI0
TOYHOCTH HOBOHM LU(POBOI aBTOMaTH3UPOBAHHOM CHUCTEMBI yIpaBieHus renmoctatoB 3a Comxiem BCII
(ACVYT). [5-7].

ToYHOCTHBIX XapakTepucTUK cueasameit cucrembl, B dactHocTH, ACYID BCII, moryt OBITH
omnpeeseHbl pa3IudHbIME criocobaMu. B pabote [8] npejcTaBiieHbl ONMMCAHUE U OCHOBHBIC MOIXOJbI 110
ONPEAETICHUIO TEXHUYECKHX XapaKTEPUCTHUK AaBTOMATH3MPOBAHHON CHCTEMBI CIIEXKEHHA T'eIHOCTaTOB
(hpanIry3cKkoif MeraBaTTHON coHeuHO# Tmeun B Opeiio. [Ipu 3TOM OlleHKa OMMOOK CHCTEMBI CIICHKEHUS
OIIEHMBAJIFICh U3MEPEHUSIMH B (DOKAIBHOM 30HE MEYH M ITyTEM HETIOCPEICTBEHHOTO HAOIIOICHHS ¥ aHAIHN3a
OTPaKEHHOTO JIy4ya Ka)KI0T0 rerocTara ¢ ucnosnb3oBanueM cucrembl ARGOS [9].

B TlapkeHTcKoH Ne4n Takke B TEUEHHE AHS B XPOHOIOTMUYECKOM IMOPAIKE U3MEPSIIUCH OCHOBHEIE
XapaKTepUCTUKHU (POKAIBHOI'O MIATHA OTAEIbHBIX I'€JIHMOCTATOB, a TAKKE IIPOM3BOJIINCH UX CHUMKH. [Ipu
3TOM, B JaHHOM 3Tane, aHaau3 (POKaJbHOTO MSITHO MPOU3BOIWICS BU3yaJbHO. Tarke, KaKIbli MOMEHT
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BPEMEHH, KOHTYPbI (POKAIBHOIO MISTHO CPAaBHUBAIMUCH C PACUETHBIMU JaHHBIMU. PacyeTsl Npou3BOIMINCE
B CIIEUaNIbHO pa3paboTaHHO mporpamme. MHTepdelic mporpaMmel moka3ad Ha puc.l. s nmpumepa, Ha

puc.2. IpeACTaBIICHA JHEBHAS XPOHUKA M3MEHEHHS COCTOSHUS (okansHOro maTHo 33 renmuoctaTta BCII.
e
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Jist HarmsAHOCTH, Ha puC.3 MpPEeACTaBICHbl OPUTHHAIBHBIE CHUMKH TeX ke (POKaJbHBIX IMATEH B
XPOHOJIOTHYECKOH MOCIIEN0BATENBHOCTH.
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Puc.3. Opueunanvhuvie cHuMKY )OKATLHO20 NAMHA 8 XPOHOLO2ULECKOM NOPAOKe
[IpoBeneH NoAPOOHKIH CPaBHUTEIBHBINA aHAIN3 TPEACTABICHHBIX TaHHBIX. Ha OCHOBE MOJTydeHHBIX
PE3yIIBTaTOB MOXHO CJeNaTh mepBbie BEIBOABI 0 ToM, uTo ACYT BCII obecnieunBaeT BRICOKYIO TOYHOCTh
MMO3UIIMOHUPOBAaHUS B JIBYXOCHOM [BWXKEHHH TenrocTtaroB. llpm 3ToM, o0mas TOYHOCTH CHCTEMBI
CJIC)KEHHUS, 110 TIPEIBAPUTEIBHBIM OIICHKAM, COCTABIIACT 3-5 YIIOBBIX MUHYT.
B Oyymem npeacTouT AeTaau3upoBaHHBINA cOOp JaHHBIX JUTst Kaxkaoro renunoctara bCII, ux ananm3
Y BBIJIEICHUE ONTHYECKUX, MEXaHUIECKHUX U DIIEKTPOHHBIX KOMIIOHEHTOB 001el HerouHoctn ACYT BCIL
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TEXHOJIOTI'US XPAHEHUS BOJOPOJA HA IOPUCTBIX ABCOPBEPAX

M. Haiizyanaxanos*, O. [lapnues, 7K. lllepmatos, 3. Honmpmaros, O. PaxxamaTos

HUnemumym Mamepuanosedenuss Akademuu nayk Pecnybnuxu Y30exucman,
2. Tawxenm, yn. Yuneusa Aummamosa 2-b, 100084 Tawxenm Y36exucman, *E-mail: fayz@bk.ru

AHHOTAIUA

U3yuenvl npoyeccoi abcopbyuu 6000pooa 8 nopucmulx Kepamuyeckux mamepuanax. [lpuseden 0630p
OaHHBIX NO NOAYYEHUIO U XPAHEHUID 8000pP00d 8 MAMEPUALAX DA3IUYHO20 CHPYKMYPHO2O COCHOSHUSL.
Ilpedcmasnenvt 0cHOBHbIEe NOOX00bI K peuleHur) npoobiemvl Xpanenus 6000poda 6 yeiom. Onucawvl
OCHOBHble COBPEMEHHble Memoobl XPAHeHUs G000p00d 6 PA3IUYHbIX (ACPEe2AmHbIX COCMOsSHUAX. B
YACMHOCTU, AHATUBUPYIOMCS MEMOObL XPAHEHUSL B000POOA 8 HCHCEHHOM GUOE NPU HUSKUX MEMNEPAmypax;
6 XUMUYECKU CBA3AHHOM GUde — 6 cudpudax memainos. Ilpusedenvt pe3yibmamsl No CUHMEIY NOPUCTHBIX
Mamepuanos O0Jis UCHOIb308aHUsi abcopbepax 6000opooa. [lpednosicenvl pasiuunvie 6uUdbl abcopoOyuu
6000p00a 6 NOPUCHIbIE MAMEPUATbL NPU 3A0AHHBIX YCI08UAX — memnepamypul u dasnenus. Tlonyuenvl
abcopbepul ¢ 8bICOKUM 3HAYEHUEM NO abcopoyuu 600opooa 13,2mac.%.

KuaioueBble ciioBa: BOJOPO/I, MONTyUSHHE, XPAHCHHUE, THAPH/IBI, a0COpPOEpbI, MOPUCTask KepaMHUKa

1. BBeaenue

Bomopon, ob6namaromuii yHUKaJIBHBIM KOMIUIEKCOM (U3UKO-XMMUYECKHX CBOWCTB, LIMPOKO
WCTIONB3YETCSI B PA3iMUYHBIX TEXHOJOTWYECKHX TMpolieccax. Bricokas ynmenpHas 3HeEproeMkoctb (142
M]x/kr win 39 kBTu/kr B Tpu pasza 0oJibIle, YeM y TPAIUIIMOHHBIX KUIKUX YIIIEBOAOPOIOB), OTCYTCTBUE
BPEIHBIX MTPOAYKTOB MPU OKUCIICHUH BOJIOPOAA KUCIOPOOM, BOBMOKHOCTD PeajiM3allii TAaKOTo Mpoliecca
B TomuBHBIX neMeHTax ¢ KIIJ Gonee 50% - Bce 3T0 cmocoOcTBYeT OypHOMY POCTY HCCIENOBAaHUMA B
00JIaCTH TEXHOJIOTMH BONOPOJHOM 3HepreTuku. OgHa M3 OCHOBHBIX IPOOJEM, NPENSTCTBYIOIINX
MPaKTUIECKOMY MCIIOJIb30BAHHUIO BOJIOPO/Ia BO MHOTHX 00JIaCTAX, CBs3aHa C HU3KOH d(P(EeKTHBHOCTBIO €TO
XpaHEHUs ¥ TPAHCTIOPTHPOBKH.

Ceroznns B Y30ekucTane peanu3yrorcsi Oosbiine pedopMsl B cdhepe pa3BUTHS BO30OHOBIISIEMON H
BOJIOPOJTHON DHEPTETUKHU T OPTaHU30BAHO CTPOUTENBCTBO 3aBOJIA IO MIPOU3BOCTBY 3€JICHOTO BOJIOPO/a Ha
anexTponusepe MomHocThio 20 MBT ¢ Beimyckom 3 000 TOHH BOJIOpO/Ia €KETOTHO.

OnHoli U3 OCHOBHBIX MpOOJIEM, NPENSTCTBYIOMIMX MPAKTUYECKOMY HCIIOJIB30BaHMIO BOAOPOJAA BO
MHOTHX O00JIaCTsIX, sBJsAETCS HHU3Kas A(POEKTHBHOCTh €ro XpaHEHHWs M TpPaHCIOPTUPOBKH. Hapsay c
COBCPIICHCTBOBAHUEM TPAAULIMOHHBIX TCXHOJIOFI/Iﬁ, OCHOBAHHBIX Ha KOMIIPECCUPOBAHUMN CIKHKCHHU,
BEAYTCSl AKTUBHBIE HCCIICIOBAHUS HOBBIX MaTEPHAJIOB, CIIOCOOHBIX XPAaHWUTh BOAOPOA B KOMIIAKTHOM
thopme.

B nanHoii paboTe NPUBOIATCS PE3y/IbTATHI 10 Pa3paldOTKE U CO3AAHUIO TEXHOIOTUN 3((EKTUBHOTO
XpaHCHHA BOAOPOJa B IOPUCTBIX MaTE€pHraiaX, CAHTE3UPOBAHHBIX HAa MECTHOM ChIPLEC.

2. Pecypcel Bogopoaa M CHOCOOBI €ro XpaHeHHs ['0/10Boe MPOHM3BOACTBO BOJOpPOJA B MHpE
COCTaBJsIeT OKOJIO0 65 MiH TOHH, 4TO 40 pa3 MeHbIIe MO CPABHEHHUIO C NOOBIUEH MPUPOAHOTO raza. A
COBpPEMEHHOE MTPOU3BOJICTBO BOJIOPOa OCHOBAHO MPAKTUYECKH Ha TepepaboTKe HCKOMAaeMOro TOTUTUBA —
YIJIEBOAOPOJIOB, UTO AeaeT ero UCTOUHUKOM 830 MITH TOHH YIJIEKHCIIOTO Ta3a B o/,

[lony4yenne BOJOpPOAa METOAOM BJIEKTPOIM3a — HauboJiee SKOHOMHUYHASI M [IPOCTast TEXHOJIOTHSL.
Ona TpeOyeT HeOONBITNX SHEPTo3aTpaT M MO3BOJISET MOTy4aTh 00JbIIe 00BEMBI aJTbTEPHATHBHOTO Ta3a.
[Ipu mpomyckanuy 4epe3 BOAY JIEKTPUUYECKOTO TOKa MOJIEKYJia BOJBI paclajaeTrcs Ha JBa aTomMa —
BOZIOpOJIa U Kucyopoa. [Ipuyem koamuecTBo BoJopoa B 2 pa3a Oosnblie, yeM Kuciaopoaa. Takum oopaszom,
ipu 00paboTke 0,5 TUTpa BOIBI MOKHO TOTYYUTHh OKOJIO KyOOMeTpa 000MX Ta30B. 3aTpaThl AIEKTPUIECTBA
Ha Pa3JIOKEHUE MOJIEKYJI COCTABST 8 KBT/4 Ha KI' BOJBI.

JpyrumMu UCTOYHMKAaMHU BOJIOPOJA MOTYT OBITH BOJOPOJ COAEpIKAIIME COCTUHEHHUS — TIOJIMMEPHBIC
OpPraHUYCCKUC MaTCpUuajibl, TUAPUABI MECTAJIJIOB. O)IHaKO TEXHOJIOTUA Hepepa6OTKI/I TaKUX MaTepuaoB
JHEproeMka W TpedyeT OOJbIIMX 3aTpar pecypcoB W BpeMeHH. OCHOBHOE KOJWYECTBO IOIYdaeMOTO
BOJIOpOJa B HACTOsIIEE BpeMs HCIONB3yeTcsl B HedrenepepaboTKe M MPOM3BOACTBE aMMHaKa. A JIMIIb
HeOoubIIas 4acTh WCIONB3YEeTCs B OJHEPrONpOM3BOACTBE W TpaHcmopre. Ho Oomblive Hamgexabl
BO3JIaralOTCsl Ha TEXHOJIOTMM IIOJYYEHHs 3JIEKTPUYECKOM SHEpruu Ha TOIUIMBHBIX JJIEMEHTaX, IJe
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UCIIONb3YeTCs 3IEKTPOXUMUYIECKHUE IIPOLIECCH] COETUHEHUS
4H; + O2 = 2H>0

W sHepreTHyeckue yCTaHOBKH Ha TOIIMBHBIX 2JIEMEHTAX UMEIOT CaMBI BBICOKHMI Ha CETONHALNIHUN
nens KIIJ] — 80%. B pabote [1] OpUTI0 TIOKa3aHO, YTO CPETHETOIOBAS MPOU3BOJUTEIHFHOCTH TOIUTMBHOTO
anementa coctapiasier 19 710 kBreu, uro oOycnaBmuBaer cTouMocThb 1 KBT*u npom3BeneHHOM
ANIEKTPOIHEPTHHU O€3 yueTa 3aTpaT Ha 00CITy>)KUBaHUE M aMOPTHU3aIMI0 00opyaoBanus B ipenenax $ 0,0766.
OueBuaHO, YTO C Y4ETOM JOMOJIHUTEIBHBIX 3aTpaT Ha aMOPTU3ALMI0 000pYIOBaHUS M 00CITyKMBaHHUE
CTOMMOCTBD DJIEKTPOIHEPTUH JJA)KE BBIILIE CTOMMOCTH 3JIEKTPUUECKON SYHEPTUH, TOCTABIISIEMON U3 TOPOICKOM
anekTpoceTd. OHAKO ATOT OMBIT MOKET OBITh HHTEPECEH B YCIOBHAX Je(HUINTA SJICKTPHUUECKON IHEPTUH
U IPUPOJHOIO rasa.

Crnenyer OTMETHTh, YTO €CIHM BOJAOPOA B OyAyILEM CTaHET >KU3HECIIOCOOHBIM SHEPTOHOCUTEJIEM TO
npobjeMa XpaHEHHs] BOAOpOJA SBISETCS OJHOW M3 OCHOBHBIX MPOOJEM B BOJOPOJHON SHEpPreTHKE.
[Ipobnema xpaHeHUs UM AKKyMYJIMPOBaHHS BOLOPOA SBISIETCS OJHOM U3 KIFOYEBbIX IPOOIEM pa3BUTHS
BoAOpoaHOH SHepreTHKH [2]. CnemyeT 0co60 MOI4epKHYTh, 9TO CUCTEMBI BOJIOPOJIHOTO aKKyMYJIHPOBAaHUS
SHEPIUu, B OTIMYUE OT JAPYTHX ANEKTPOXUMHUECKHX CHUCTEM (aKKyMyJSTOPHI M T.I.), 00eCHEeUnBaIOT
JUIMTENIbHOE XpaHEHUE 3aIlaceHHON YHEPruy, T.K. U HUX HE XapaKTepeH caMopaspsa MpU XpaHEHHUH, H
OTCYTCTBYET 3aBUCHUMOCTh JHEPreTHYECKOW eMKOCTH OT Temmeparypsl [3]. Kak Oputo B pabote [4]
000CHOBaHa I1e71ecO00Pa3HOCTh HCIIONB30BAaHUS TBEPAOTENHFHOTO HAaKOMHUTENs — abcopbepa Bomopoda ¢
TOYKH 3PEHUS €MKOCTH XpaHEHUs, JHaNa30HOB pabouux TemImeparyp W JaBlICHHH, YCTOHYMBOCTH K
3arps3HEHMSIM, TOJTOBPEMEHHON HUKINYECKON CTaOMIIBHOCTH U CTOMMOCTH.

XpaHUTh BOJOPOA MOXHO B Ta3000pa3HOM BHIE IOJ IAaBICHHWEM, B JKHUIKOM COCTOSHUH, B
CBA3aHHOM BUJC B TBEPALIX UJIU )KUJKUX HOCUTCIIAX, a TAKIKC B Q)OpMC XUMHNYCCKHUX COCHHHCHHﬁ, KOTOPBIC
TIpH Pa3I0kKEeHUH BBIIEISIOT BOAOPO (AMMHUAK, KUAKUE YTIIEBOIOPO/IbI).

VYkazaHHbIE METOIBl XPAaHEHHS BOJOPOAA MMEIOT HEIOCTaTKH, CBA3aHHBIC C JOIMOJHHUTEIbHBIMU
TEXHOJIOTHYECKUMH OTEpalusIMH — TIEPEBOJ ra3000pa3HOr0 BOJOPOAa B COXOKEHHOE WM JKUAKOE
COCTOSIHHE, UTO TpeOyeT 00bIINX (PMHAHCOBBIX U SHEPreTHUCCKUX 3aTpat. Tak jke He JINIICHBI HeJ0CTaTKa
U METJUIOTUAPUAHBIE MaTEPUANIbl YTO TPEOYIOT CO3AAHMs CHEUUAIBHBIX CTEPUIIBHBIX KaMep C BBICOKUM
BakyyMoM. Kpome TOro ykasaHHblE METOABI HMEIOT Pa3IMUYHYIO, HEBBICOKYIO, HWHOTZAa W HHU3KYIO
s dexTrBHOCTL. HanpumMep, ruipuIpl METaJUIOB B 3aBUCUMOCTH OT aTOMHOTO BECa MeTajla OTHOCUTEIBHO
BOZIOPOJa, MOT'YT BMECTUTh BOJOPOA B KojuyecTBe 10 7Mac.% (B ruppune maraust MgH2) u 11mac.% (8
ruapue amomuaust AlHs).

Tak cnemyer OTMETHTB, YTO OCHOBHBIM KpHUTEpHEM onpeaecHus 3pPpeKTUBHOCTH MaTepHaioB JUIs
abcopOepoB BoI0po/ia SBISETCS TIOAXO/], YTO MaTepUAIIBI IS XpaHEHHUS BOJIOPO/IA JOJKHBI YIOBICTBOPATH
Psily HE3aMBICIIOBATBhIX CBOMCTB — yEpKUBATh €r0 B OOJIBIIOM KOJMYECTBE IPU KOMHATHOW TeMIIEpaType,
OBICTPO BBICBOOOXKIATh €ro IpH HE CIHIIKOM BBICOKMX TEMIIEpaTypax, HE pa3pylIaThCs MpH
MUKIMPOBAaHUH, & TaKKe CTOUTh KaK MOXXHO MeHblne. OJHaKo MaTepuall, KOTOPbIi B TOJHOW Mepe
COOTBETCTBYET 3arpocam, TaK JI0 CUX IOp U He Obu1 pazpaboraH. [loMck HOBBIX MaTEpPHAJIOB U Pa3IHYHbIE
npeuiaraeMble pereHus npobieMbl ObLTH OCBEIICHBI B psijie HeJaBHUX 0030pHbIX cTateit [5-10].

3. CuHTe3 nopucTol KepaMukH Jist abcopbepoB

B skcmepuMeHTax Mo CHHTE3y MOPHCTHIX KEPAMUYECKUX MaTEepHaoOB HaMH ObUIM HCIIPOOOBAaHEI
MHOXECTBO COCTaBOB ISl TOJIy4EHHs MMOPUCTOM KepaMuku. I[lopucTyro KepamMHKy MOIydald METOIOM
BHITOpAIOIIUX JI00ABOK B MAaTpHUIly KepamMH4yecKoil Macchl coctaBa AHrpeHckmid kaonmmH AKC-30,

[MapkeHTCKMiA AMATOMUT, ONIPEICIICHHBIM XUMUYECKUM COCTaBOM (Tabi.1).
Tab6auna 1. XuMu4eckHuii cocTaB ChIpbeBbIX MATEPHAJIOB

CbhIPBE Al,O3 Fe.O3 SiOy Na,O K20 CaOo MgO | III1T
AHrpeHcKHui 36,91 2,52 46,84 0,04 0,42 0,24 0,22 | 12,81
KaOJIMH
[MapkeHHTCKUI 5,65 3,38 88,23 0,34 0,87 0,62 0,82 -
JIMaTOMHT

AHTpPEHCKUH KaOJWH TPEIBAPUTEIHHO IUIABWIM HA COJHEYHOW II€YM 10 BBIIIE ONMHCAHHOW
TexHoyiorud. [aBiaeHpIii MaTepra MOJIOJH MOKPBIM CIIOCOO0M B IIIAPOBOM MEILHHUIIE O TOHUHBI 63MKM.

Bri0op auaTomuTa Heciay4aeH, Tak Kak OH OOBIYHO MPEICTABISIET PBIXIYIO CTPYKTYpy. [lopucrocts
nocturaetr 92 %. Conepxanue SiO2 mo macce 62-97%. B kadecTBe mpuMeceil B cocTaBeé MOTYT
MIPUCYTCTBOBATh: TOHKHUH 1mecok (He Oonee 10 %), TTUHECTBIE MUHEpAIbl W OPTaHWYECKOE BEIIECTBO (B
HEOOJIBIITOM KOJIMYECTBE).
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B kagectBe BBIT'OpArOmux IIOGaBOK HaMH OBLIM HMCIOJIb30BaHbI YToJib, KOKC, OITMJIKM TYTOBHHKA,
meiayxa puca, IIBC. Ha 0aze BI)I6paHHI>IX CBIPLCBBIX MATCPUAJTIOB MNPUTOTABJIMBAJIM HIUXTOBBIC COCTABbLL

(Tabm.2).
Tab6una 2. XuMHYEeCKHIi COCTAB ChIPbEBbIX MATEPHAJIOB
CocraB I 1 Il [\
AHIPEHCKUH KAOJHH 43 30 20 10
[TapkeHTCKM AMATOMUT 50 60 65 70
Briroparomue 1006aBKu 7 10 15 20

TexHomorus noay4eHus MOPUCTON KEPaMUKH BKIIIOUAJIa CIIEAYIOLIUE ONEpalliy;

® [IPUTOTOBJICHUE IIUXTHI 33JAHHOTO COCTaBA;

® MOKpBIH TIOMOJ B IIAPOBOH MEJILHHUIIE;

e cymka npu 200°C;

e (hopMOBaHKeE B BHJIE TAOJIETOK AUaMeTpoM 20Mm;

e o0>xur mipu Temnepatype 1150°C B Teuenue 2 yacos;

® Me/JIEHHOE OXJIaX/IEHUE B MEYH.

[lomrydeHHBIe MaTEpPHAIBI ATFOMOCHITUKATHOTO COCTaBa, CHHTE3UPOBAHHBIE U3 CHIPHS, IIABICHOTO Ha
COJTHEUHOM Mevn NMeNH CIeayoNne MoKa3aTeau

® TUIOTHOCTH 375 - 550KT/MS;

® yJIENbHOI TOBEPXHOCTHIO 2500cM?/T;

® [IPOSIBIISIFOT IPOYHOCTH pH cxkatuu 3,7 - 4,9MIIa.

Takue maTepualisl MOTYT OBITh HCIOJIB30BaHBI Kak abcopOepsl Boaopoda Ui (U3UYECKOrO
CBSI3BIBAHUS BOJIOPO/Ia B opax cuiamu Ban nep Banbca mpu Beicokux (30 — 50 aT™) gaBiieHUsIX.

DTH JIaHHBIE C YYETOM 3HAYEHHs IIOTHOCTH Bogopoaa 0,09 kr/m® B HopManbHbIX yenosusx (300K, 1
aTM) MO3BOJISIIOT PACCYUTATH ACIEKTHOE YUCIIO JUIsl TOPUCTOTO MaTepraia B HOPMAJIbHBIX YCIOBHAX.

ACIIEKTHOE OKa3aJ1ach CHIIBHO 3aBUCSIIAM OT OTHOCHTEIHHOH ITIOTHOCTH U YACIEHONW MOBEPXHOCTH
MaTepuaia abcopbepa.

Tak Ha puc.3 moka3zaHa 3aBUCHMOCTH ACIIEKTHOI'O YHCIIA OT JKCIEPUMEHTAIBHO Pa3paboTaHHBIX
COCTaBOB MaTepuaioB. M3 puc.3 BUIHO, YTO aCIIEKTHOE YHCIIO, T.€. CIIOCOOHOCTh MaTepraa MoTJI0TUTh —
HakarBath Bojopon mpu 200°C, wm3mensiercs or cocraBa (1,5mac%) k coctaBy (4,3mac%).
MaxkcuManbHOe 3Hau€HHE acleKTHOrO 4YHcla T.e. KOJMWYeCcTBa MOIJIOIIEeHHOro Boaopoda 4,3mac%
npuxoautcs coctary |V, T.e. ¢ crmocoOHOCTh a0COPOMMPOBaaTh BOAOPOJI CUIILHO CBSI3aHA C COJIEPKAHUEM
muatomuta 70Mac.% u BeIToparmux 106aBok 20mac.%.

B Ta6m/1ue 5 MMPUBCACHDBI 3HAUCHU BOJOIIOITIOIICHUA I paSpa6OTaHHLIX COCTaBOB
Ta6auna 2. XuMH4YeCKHii COCTAaB ChIPbeBbIX MATEPHATIOB

Cocras | I 11 v
Bonomornomenne, % 9 12 16 23

[TopucTocTs MaTepuaIoB alpHOpPH CBsI3aHA C CBOWCTBOM BOJOTIOTIIONIEHHS. 151 MaTepraIoB TaKOTo
coctaBa BojomnoryomeHue coctapisio or 10 go 23%, 4YTO CBHIETENBCTBYET O COOTBETCTBYIOMLIEH
MOPUCTOCTH MaTepuana. TakuM 00pa3oM, YeM BBIIIE HOPUCTOCTb, T€M OOJbIIE BOAOPOJA IMOTJIOMIAET
MaTeTpHal.

45
4.0 - /
3.5
3.0

2.5

acpect number, %

2.0

154

10 T T T
0 1 2 3 4 5

compozition number
Puc.3. 3agucumocmv acnekmnoz2o 4ucia om 3KCHePUMEHMANbHO PA3PAOOMAHHBIX COCIAB08 MAMEPUATIOE

Ha crnenyroriem stare SkcriepuMe6HTOB HaMu pa3paboTaH MaTeTprall Ha OCHOBE OKCHJIA ATFOMUHHS.
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Hcxonnoe CBIPEC, HCIIOJIB30BAHHOC [JIA IIOJTYYCHUA HOpHCTOﬁ KE€paMUKH, COOTBETCTBOBAJIO
XUMUYCCKOMY COCTaBy MHNPHUBCACHHOMY B Ta6J'II/IIIe 4., X¥MHUYECKHI aHalIN3 IMpOBOJAMWJIM Ha YCTAHOBKC

TamkeHTCKOr0 XUMHKO-TEXHOJIOTHIECKOTO HWHCTUTYTA.
Tab6uune 4. XuMu4ecKHii COCTaB HCXOJHOI'0 COCTOSIHUS ChIPhEBOr0 MaTepHaJa.

Analvzed result method. Scatter

Ho. Component Eesult  Tlmt Stat. Err. LITy LI1.Q)
1 Cl 00937 mass% 00004 00002 00007
2 Ma20 588 mass% 0,153 0373 112
3 AlIOS &7.0 mass% 00490 0.142 0425
4 5102 251 mass% 00290 00023 0 0083
5 P25 0119 mass% 00016 00019 0.0058
& 503 0,778 mass% 00026 00015 0004
f) E20 (0.0058) mas="% 00019 00053 00159
2] Cal (0.0085) mass%e 00018 00051 00153
) T2 (0.0025) mas=% 00007 0.0019 0.0057
10 Fe2(3 00146 mass% 0.0012 00034 00103
11 Zn) (0.0009) mas=%e 000401 00004 00012

2 Seal2 ND mas=% =0.00401 100001 00003
13 S0 (0.0002) mas=%e 2000401 =0.0001 00003
14 Zr2 00089 mass" 00003 00022 00067
15 Fol 00077 mass% 00003 00003 00025

Kak BuIHO U3 TaONHILI 4 OCHOBHBIMH 3JICMECHTAMH B KEPAMUUCCKOM MaTepHaje SBISCTCS OKCHJI
amroMuHusa 67mac.%, okcun kpemuus 25,1mac.% u okeun Hatpust 6,9mac.%.

Ha puc.4 mpuBeneHa peHTreHOrpaMMa pa3pa0OTaHHOTO HaMHM MaTepuana Ha OCHOBE OKCHIA
AITFOMUHUS.

Hyvmnyascon

absorber

6000 —

4000 —

2000 —

Ionoxenue [°26] (Meas (Cu) K-al2)

Puc.4. PeHmeeHoepaMMa pa3pa60maHH020 Hamu mamepuajla Ha OCHoee OKCUOA ATTIOMUHUSL.

AHanu3 peHTreHOrpaMMbl IMOKA3bIBACT, YTO MaTepuai SBISETCS OAHO(GA3HBIM W JOCTATOYHO
Pa3BUTOM KPUCTAJUTMUECKON CTPYKTYpoH. Pacnipenesenre HHTEHCHBHOCTEH 110 yriiam oTpaxkeHus (20) wiu
MEXKIUIOCKOCTHBIM PacCcTOSHUSIM d COOTBETCTBYET CIEAYIONIEMY

D, am 0.25 0.29 0.41
I, % 100 40 30
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Puc.5. 3asucumocms acnekmmnozco wucia om memnenpamypbl 60@0p000n02flﬂ0u4€Huﬂ.

OTH JaHHBIE MTO3BOJIMIIM OMPEEIUTh CTPYKTYPY Kak KyOMUuecKoi ¢ mapaMmeTpoM pemeTku a=4,056
HM , IPOCTPaHCTBEHHAs rpymmna Fm-3m

Takoit MmaTepun okazaicsi xopomuM adbcopoepom Bogopoa mpu temmeparype 250°C u acriekTHoe
4ucio coctaBuio 13,24 mac.% i HOpUCTOro Marepuana, MoJydeHHOro B TaHHOM padore.

Teneps MOXHO OLIEHUTH 3(PPEKTUBHOCTH MCIIOJIB30BaHUS KEPAMHUYECKUX MOPUCTHIX abCOpOepoB B
CTANbHBIX peakTopax. JlomycTuM cTanpHON peakTop OWIHHApHYecKoW (opmbel BeicoTorr 400MM mpu
nuametpe 300MM nMeeT BHYTpeHHuit 06bem 0,028Mm°,

B Takom o0Oweme conepxurcs 450x0,028=12,6kr mopucToil KepaMHKH. EciM HachITUTH ee
BoI0poIoM Tipu fAarieHuu 100 at™ TO B Hee MOKHO BBecTH 10 (12,6x13,24)/100=1,67 kr Bogopoxaa. Eciu
CTaJIbHOM LMJIMHIIP CaMO MCTIONB30BaTh KaK COCYl KOHTEHHED sl XpaHEHHUs BOIOPOJa, TO IIPU IABICHUH
80 aT™ B Hee MoxkHO BBecTH 9x0,028=0,25kT Bogopoa.

BriBoabI

HpeI[CTaBJ'IeHBI OCHOBHBIC ITOAXOABI K PCHICHUIO HpO6JIeMLI XpaHE€HUA BOAOpOJaa B LICJIIOM. Omnucanbl
OCHOBHBIC COBPEMCHHBIC METOJBI XPAHCHUS BOJOPOJA B PA3NIMYHBIX AarperaTHbIX COCTOSHHSAX. B
YaCTHOCTH, aHATU3UPYIOTCSA METO/IbI XPAHEHHS BOJIOPOJIA B XIKECHHOM BH/IC NP HU3KUX TEMIepaTypax; B
XUMUYCCKHU CBA3AHHOM BHJC — B IUApHUAax MCTaJIJIOB. HpI/IBeI[eHBI PE3YIbTAThl IO CUHTE3Y IMOPUCTBIX
MaTepHuajoB JJisi MCIONb30BaHUsT abcopbepax Bogopona. [IpemioskeHbl pa3indHble BHIBI abcopOLuu
BOJIOPOJIa B TMOPHUCTHIC MAaTepUallbl MPHU 33JAHHBIX YCIOBHAX — TEMIIEPATYphl U JNaBieHus. [lomydyeHsl
abcopOephl ¢ BRICOKMM 3HaYeHHEM 110 abcopOinu Bogopoaa 13,2mac.%.
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BJIMSIHUE BAPBUPOBAHHUSA PACCTOSIHAS HAINIBLIEHHWS HA CTPYKTYPHO-
®A30BOE COCTOSAHUE M  MEXAHO-TPUBOJIOI'MYECKHE CBOUCTBA
MOKPBITUI HA OCHOBE 86WC-10CO-4CR, HOJYYEHHBLIX METOJIOM HVOF

M. Hasepke'?” B.K. Paxagnjos?

HAO «Bocmouno-Kasaxcmanckuii mexnuueckuti ynueepcumem umenu Jaynema Cepuxbaeeay,
ya. Cepuxbaesa 19, 070000 2. Yemb-Kamenozopcek, Kazaxcman, *E-mail: nmuktanova@bk.ru

2TOO «PlasmaScience»,
2. Yemw-Kamenocopck, Kasaxcman

AOcTpakT

B pabome npusoosmces pezyibmamsl Memaniozpa@puuecko2o u mpuboiocuiecKo2o UcCie008anUs
nokpoimuti 86WC-10C0-4Cr, nonyuennvix memooom HVOF na ycmanosxe Termika-3 npu sapsuposanuu
paccmosnus Hanviienus. HM3yuaemcs enusiHue paccmosnus HANbLIeHUs. HA MUKPOCTNPYKIYPY HOKPbIMUSL,
Gazosviii cocmas, a makdce mexanudeckue u mpuborocuueckue ceoticmea. Coenacno pesyrvmamam
UCCne006anUs, YCMAHOBIEHO, YO ONMUMANbHOE PACCMOSIHUE HANbLIeHUs. 0Nl HAHECEeHUs NOKPbIMULL
86WC-10C0-4Cr ¢ yaywennvimu Xapaxmepucmukamu u3HOCOCMOUKOCU U MEepoOOCmuU, a Makice ¢
HU3KoU nopucmocmoio aeasemcs 300 mm.

KioueBble cjioBa: HM3HOCOCTOMKOCTh, METANIOKEPMUYECKOE TOKPBITHE, MHKPOCTPYKTYPA,
(ha30BbIii COCTaB.

3HauuTeNnbHAs eXeromHas MOTpeOHOCTh HedrerazomoObIBaromel, HedTenepepadaThIBAIOIICH
MPOMBIIIJICHHOCTH B 3allOPHOM apMaType OOYCIIaBIMBaeT HEOOXOAMMOCTh YBENUYEHHs (aKTHUECKOTO
CpOKa CITy»ObI apMaTypbl U JUIMTEITFHOCTH MEKPEMOHTHOTO Tiepuona. J{iist yBenu4eHus pecypca neTanei
3aIOpHOM apMaTypbl B OCHOBHOM HCIIONB3YIOTCS Martepuanbl Ha ocHoBe 86WC-10Co0-4Cr, HaHOCHMBIE
METOZO0M BBICOKOCKOPOCTHOTO TrazoriaMmeHHoro HanbuieHust HV OF, koTopslii BBI3BIBAET OO0JIBIION HHTEpPEC
B nocienuue aecsatuiaerus [1-3]. B Hacrosimeit padote s oOecriedeH s KaueCTBEHHBIX XapaKTePHUCTHK
y31a  «3aTBOp-CEUIO»  KjamaHa  TpyOONpOBOZHOW  apMaTypbl  HCHOJB30BAJICS  CIICYCHHBIH,
MeTaJJIOKepaMUIeCKHI MOPOIIOK KapOuaa BoibPpaMa B KoOambT-xpoMoBoi Matpuiie 86WC-10Co-4Cr,
HaHocuMblii  metogom HVOF. B kauectBe mOMIOKKM ObUTM  WCIOJIB30BaHBI  00pas3ibl W3
BBICOKOJIETUPOBAHHOW, KOppo3uoHHOCTOMKOW cTtamu 30X13 Ttommmuoit 4 mMm. Ha ycranoske HVOF
Termika-3 Obut moONydeHsl Metauiokepamuueckue mokpeitHs WC-10C0-4Cr ¢ BapbuUpOBaHHEM
paccrosiaust HambuieHus: L1 -200 mm, L2-300 MM, L3-400 MmM. Bpems BeiziepKku BceX 00pasIoB Hpu
HaNbUICHUH cocTaBisuio 15 c. [IoKphITHS, IONy4YeHHbIE IPY BApbUPOBAHUU PACCTOSHUS HAMBUICHHS, UMEITN
IUIOTHYIO CTPYKTYpPY, HPOYHO TNPHJIETAIOIIYI0 K OCHOBE, 0e3 Kakux-mu0o TpemuH u paspymeHuid. C
MOMOIIBI0 CKaHHPYIOLIEro 3JIeKTpoHHOro Mukpockoma Phenom XL (Ditnaxoen, Humepiaumsl) npu
yeenmyeHun B 500-2000 pa3 ObLTH MOJTYYEHBI H300paXKeHUS MMONEPEYHOTO CeUSHMS 00Pa3IoB, 10 KOTOPHIM
W3MEPSUTH TOJIIUHY TOKPHITUH, CpeHNE 3HAYCHUsS KOTOPBIX JEXKHUT B MHTepBasie OT 34 g0 97,5 MKM.
VYCcTaHOBNIEHO, YTO C YBEIMYEHUEM PACCTOSHUS HAIMBUICHUS TOJIIMHA METANIOKEPAMUYECKOTO TOKPBITHS
ymenbimaercs: mpu L1 mm h=97 mxm; L2 mm h=60,2 mxm; L3 mm h=34 mxm. Ha TOKpBITHH, TTOTYYEHHOM
ripu pacctossarn 200 MM, HAOITIOJAIOTCS OTMHOYHBIE KPYITHBIE 3epHA M X CKOIJICHHS, KOTOPHIE TI0 HAIIEMY
MPEAINONIOKEHUIO SABISIIOTCS HepacTBopeHHbIMU 3epHamu WOC B mponecce nanbutienus. Ilopucrocth
MOKPHITHI oleHnBaiack Mo COM H300pakeHUsIM C HCIIOJIb30BAHUEM NMPOTPAMMHOTO O0ECICUEHHS IS
ananu3a nzobpaxenuit Altami Studio 4.0 ontudeckoro mukpockomna Altami MET 5S (OOO «Asnbrammy, T.
Poccusi, Cankr-IlerepOypr). Bo Bcex mOKpHITHSIX OTHOCHTENBHAS IOPUCTOCTH He TpeBbimana 1,5%, ogaako
HaMEHBIIYI0 NOPHUCTOCTh co 3HaueHneM 0,3% mokas3ajno MOKpBITHE, MOJIY4YEeHHOE MpPHU PacCTOSHUHU
HameuteHnst 300 MM. B03MOXXHO, 3TO BBI3BAaHO XOPOIIMM HAarpeBaHHUEM IIOPOIIKA N0 IUIACTHYECKOTO
COCTOSIHUSI B TIporiecce HamblIeHus. [1lepoxoBaToCTh MOBEPXHOCTH MOKPHITHH OIPEeNsiach ¢ TOMOIIBIO
npodunomerpa mozenu 130 (OAO «3asox [TIPOTOH», Mocksa, Poccust) B cpetHeM 10 MATH U3MEPEHHSIM.
CpenHss mepoxoBaToCTh HoBepxHOCTH MOKPbITHH L1, L2 u L3 paBHa Ry =2,2 Mxm; Ra =1,7 Mxm; R, =1,9
MKM COOTBETCTBEHHO. M3MepeHune MUKPOTBEPAOCTH 00pa3IoB MPOBOIMIOCH IO TMOIEPEYHOMY CEUEHHIO
nokpbIThi (10 3aMepoB /I KaXKIOTO THIIA TIOKPBITHs) Ha MUKpoTBeoMepe MMT-X7B (AkuTta, SnoHus)
pu Harpy3kax Ha uHAeHTop M=200 r u BpeMeHH BbIACpKKH 10 c. M3MepeHus TBepaOCTH BBIABHIN
HE3HAUUTEIbHOE BIMSHUE PACCTOSHUS HallbUIeH!s. Bce OKPBITHS XapaKTepu3yOTCs 3HaU€HHEM BbICOKOM
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tBepaocTa oT 1012 go 1175 HVp2, 9TO B OCHOBHOM MOYKHO OOBSICHHTH IIJIOTHOH MHKPOCTPYKTYPOH U
BBICOKOW CKOPOCTBhIO TMOTOKa wyactull. Da3oBeiii coctaB mokpeitus 8S6WC-10C0-4Cr wusydancs c¢
WCTIOJIb30BaHUEM METOIa PEHTTEHOCTPYKTYPHOTO aHAITN3a Ha PEHTIeHOBCKOM Judpaktomerpe X’ PertPRO
(Philips Corporation, Amcrepaam, Hunepnausi) ¢ Cu-Kq-uznyuenuem (A = 0,154 um), Hanpsokenne 40 kB
u Tok 30 MA. PacmmdpoBky audpakrorpaMMm HIpOBOIMIM C MOMOIIbIO mporpamMel PDWin, uamepenus
mpoBOAUIUCH B AnanasoHe 20 ot 10° xo 100°, nyis sKCIepUMEHTOB IIUPUHA [Iara U BpeMsl SKCIO3HULIUH
Obutn yctanoBneHsl Ha 0,05° u 3 ¢ ans kaxmoro mara. Ha pearrenorpamme nopomka 86WC-10Co-4Cr,
kapoun Bonbppama WC - maentudunmpoBan kak OCHOBHas (Da3a M HE yNANOCh BBISBUTH SBHOTO ITHKA
npoaykra ero oOesyrnepoxuBanusi (W>C). Ha peHTreHorpaMmax MOKpBITHH TakXKe MPUCYTCTBOBaA
ocHoBHas (haza - kapoua Boashpama WC ¢ rekcaroHaabHON KPUCTAUIMYECKOM PEIIETKOM 1 BhIsBICHA (a3a
kapouna nausonbppama WrC, a Takke MPHUCYTCTBYIOT NMUKK cloxHOro kapouma CosWsC kyOudeckoro
TBEPIOrO pacTBopa BosibppamMa B KOOalbTe. DTO CBHIETEILCTBYET O TOM, YTO BO BpEMsl HaHECEHUs
MOKPBITUS TIPOM30III0 YacTHuHOoe oOe3yriepokuBanne WC ¢ mepepacnpesielieHHeM yriepojaa MeExmTy
(hazamu kap6uaoB. [Ipu L1 paccrosHum HalTbUICHHUS Ha JUGPAKTOTPaMME BBISIBIICHBI HOBBIC TTHKH, KOTOPBIC
WACHTU(QHUIMPOBAHbI Kak cIoKHBIA Kapoun CosWsC, a Takke yMmMeHbIIEHHE WHTEHCHBHOCTH OCHOBHOM
¢a3pl, a npu L3 Habmogaercs yeenndenue nateHcuBHOCTH WC. Tpuboornueckue UCIbITaHKUs Ha TPSHUE
1 M3HOC MpoBoauInch Ha Tpubomerpe TRB? € ucnons30BanreM CTaHIapPTHON METOMMKH KIIAP-IHUCK», TJIE B
KaueCcTBE KOHTPTENA UCIONb30BATIN AapuK AuaMeTpoM 6,0 MM u3 ctanmu ¢ nokpeitueM 100Cr6, mpu Harpy3ke
10 H u nuHeliHO# cKopocTH 3 cM/Cek, paaiycoM KpuBH3HBL H3HOCca 3 MM, myTH Tpenust 100 m. Kosddunuent
TPEHHUS TOYYCHHBIX MMOKPHITHIA MPU Pa3HBIX PACCTOSHUSX HambuieHus coctaBiset: L1 — 0,54; L2 — 0,40;
L3 mMm — 0,43, corimacHO 3THM 3HAYEHUSM y TOKPHITHSA L2 W3HOCOCTOWKOCTH OOJNBINE MO CPABHEHHUIO C
nokpeitusiM L1 u L3. Takum 00pa3om, Ha OCHOBE MOJTYYEHHBIX PE3YIbTATOB MOYKHO CHIENATh CICAYIOIIU
BBIBOJI, YTO ONTHUMAJIbHOE PACCTOSHUC HAIbUICHUS JUia HaHeceHus mokpbituii 86WC-10Co0-4Cr ¢
YIIYIIEHHBIMA TIOKA3aTEeNIMH N3HOCOCTOMKOCTH U TBEPJIOCTH, a TAKXKE C HU3KOW MOPUCTOCTHIO SBISIETCS
300 mm.

Jlutepartypa

1.C. Preda: Theoretical and Experimental Analysis of the Hardfacing Technology of the Petroleum Equipment
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University, 9, 2010 (in Romanian).

2. Berger L.M. Application of hardmetals as thermal spray coatings. International Journal of Refractory Metals
and Hard Materials. V.49, 2015, pp. 350-364.

3. E. Bergonzini, G. Bolelli, et al., Wear Behaviour of HVOF-Sprayed Nanostructured WC-Co-Cr Coatings,
Proceedings of the International Thermal Spray Conference ITSC 2011, pp. 612-618.
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AHHOTAUA

Ilpeonazaemcs komniexchoe UCHONIbL308aHUE NIEHOYHO-KEPAMUYECKUX KOMHO3UMOE 6 COBOKYNHOCHU C
VeNeKUCTbIM  2A30M MENN08bIX INEKMPOCMAHYUT U CONE8bIMU B0O0AMU Ol UHMEHCUDUKAYUU bIDAUUBAHUS
MUKpogooopocell 6 30He Apana. Jaunviii no0xXo0 no3601Um NOGLICUND YPOUCAUHOCTG KYIbMYpP, CIMAOULUIUPOBANTDL
MeMNepamypHbulil pexicum U COKpAmums nomepu 6iacu, 0b6ecneyus 6blCoKylo dhexmueHocmes npouzso0cmed npu
02PAHUYEHHBIX BOOHBIX PECYPCAX, A MAKICE Peutinb HeKOMopble IKOHOMUYECKUe U COYUATbHbIE NPOONEMb.

KaroueBbie ciaoBa. MukpoBogopociy, (HOTOKAaTaIM3aTOpbl, KOMIIO3UTHEIE IUICHKH, PEaKTOPEI,
reHepalys, UMIyJIbCHOE U3TyUYCHHE, PYHKIIMOHATbHAS KepaMHUKa.

Beenenue.

3oHa Apana CTOJNKHYJach C LEIBIM KOMIUIEKCOM 3KOJOTMYECKHX, SKOHOMUYECKUX M COLUAIBbHBIX
npobjeM B pe3yJbTaTe YXYALICHHS DKOJIOTWYECKOH cuTyaluu B peruoHe. OZHUM M3 TEPCIEKTUBHBIX
HalpaBJICHUH pELICHHS A3TUX NPOOJieM SBISETCS DPa3BUTUE OHMOIHEPTeTUKU 32 CUET BBIPAIIMBAHUS
MHUKPOBOJIOpOCIell. MHKPOBOIOPOCIH MEPCIIEKTUBHEI B KAUECTBE MCTOYHHKA IIEHHBIX OMOMPOAYKTOB H
ouotornuBa. OJHAKO BHIpAIMBAHHE MHKPOBOJOPOCICH B MPOMBIIUICHHBIX MacliTabax B YCIOBHUSX
MIyCTBIHU CTAJKMBACTCS C PAJOM TPYIHOCTEH, CBSI3aHHBIX C OTPAHUYCHHOCTHIO BOAHBIX DPECYPCOB H
9KCTPEMaIbHBIMH KOJIEOaHUSIMU TEMIIEPaTyPbl U OCBEIIEHHOCTH.

Henb nanHoil padoTbl — pacCMOTPETH BO3MOKHOCTh KOMIUIEKCHOTO MCIOJIB30BaHMS YTIIEKUCIOTO
ra3a TeIUIOBBIX AJIEKTPOCTAHIIMK M COJIEBBIX PECYpPCOB IS MOBBIIIEHUS YPOKAaHHOCTH U IKOHOMHYECKOM
3¢ GEKTUBHOCTH MPOU3BOICTBA MUKPOBOJOPOCIIEH B 30HE Apaa.

ABTOpaMHu pa3paboTaHa TEXHOJIOTHUS MONYUYECHHUs MJICHOYHO-KEPaMUYECKUX (POTOKATAIN3AaTOPOB Ha
OocHOBe ()YHKIIMOHAIBbHOW KepaMUKH. [Ipy cO3JaHWU 3alIUTHBIX MOKPHITUH M3 TAKHUX KOMITO3UTOB JUIS
MHKPOBO/IOPOCIIEBBIX KYJIBTYp JOCTHUrAIOTCS CIEAyoIIne npenmymiectsa [ 1-4]:

* Crabunu3zanus remnepatypsl B uHTepBaie 20-30°C 3a cueT reHepauu HHQPaKpacHOTO U3ITyUeHHS
uHOH 9,7-10 MKkM. DT0 obecrieurBaeT ONTHMAIBHBIE YCIIOBHS POCTa KPYTIIOTOAUIHO.

* YcKOpeHHe pocTa U pa3BUTHI MUKPOBOAOPOCIeH Oiarogaps U3ay4yeHuto ¢ JuuHamu BoiaH 600-680
HM U1 poTocuHTe3a U 660 HM 11 aKTUBaUU GUTOXpOMA.

* YBenuueHne ypoxkaiiHocTH B 1,5-2 paza mo CpaBHEHUIO C OOBIYHBIMH IOJHUITHICHOBBIMHU
MJIEHKaMH.

» CHIKeHHe ncnapeHus Biard B 4-6 pas. DT0 KpUTHUECKH BaKHO B YCIOBHUSIX 3aCyLUIMBOrO KIXMaTa
ApanbCKOTo peruoHa.

MuKpoBOAOPOCIH TIEPCHIEKTUBHBI B KAa4€CTBE MCTOYHHKA IIEHHBIX OHMOMPOIYKTOB M OHOTOILIHBA.
OnHako BBIpalIMBaHUE MHUKPOBOJOPOCIEH B TPOMBIIUICHHBIX MaciiTabax B YCIOBHSAX IYCTBIHH
CTAJIKMBAETCS C PSAOM TPYAHOCTEH, CBSI3aHHBIX C ONPaHUYEHHOCTBIO BOJHBIX PECYPCOB U AKCTPEMATIbHBIMHU
KOJIe0aHUSIMH TEMIIEPATYPHI U OCBEUICHHOCTH.

B noknane npencraBieHa HOBas TEXHOJIOTHS BhIpAIIMBaHUS MUKPOBOJOPOCIEHN C NCIOIB30BaHUEM
CHELMAIBHO pa3pa0OTaHHBIX IUIEHOYHO-KepaMHU4ecKuX (OTOKaTalIn3aTopoB. JlaHHBIE MaTepuasl
CIIOCOOHBI TPEOOpPa30BBIBATH CONHEYHYIO DHEPTHI0 B H3IYYEHHE C ONTUMANBHBIMH CHEKTPaIbHBIMHU
XapaKTepPUCTUKAMU ISl Pa3TUIHBIX BUAOB MUKPOBOJIOPOCIIEH.

[IpoBeneHs! HCHIBITAHUS KOMIIO3UTOB B PEajbHBIX YCIOBUSX, [TOKA3adH CYIIECTBEHHOE YCKOPEHHE
pocTa U pa3BUTHS PACTCHUN, CHIDKEHUE UCTIAPEHSI BIIATH M CTaOMIM3auio TemrnepaTypsl. [lpenmaraemas
TEXHOJIOTHS TO3BOJHT OOECIEYNUTh BBICOKYIO IPOJYKTHBHOCTH W PEHTA0EIBHOCTh MPOHM3BOJICTBA
MHUKpPOBOJIOPOCIEN B IMTyCTHIHHBIX PETHOHAX, B TOM YHCIIE B 30HE ApaJa.

[Ipennaraercst ocnactuts TOL cucTeMamMy OUMCTKH ABIMOBBIX Ta30B M yCTAHOBKAaMH ISl 3aXBaTa U
koHneHTpupoBaauss CO2. 3aTeM YTJIEKHUCIBIA Ta3 MOXET OBITh IOJaBaéM B CHCTEMBI BBIPAITUBAHUS
MHUKpPOBOJOPOCIIEH. DTO MO3BOJUT HE TOJIBKO CHU3UTh HEIaTUBHOE BO3JCHCTBUE HAa OKPYIKAIOIIYIO Cpeny,
HO Y YBEJIMYHUTH YPOKall MUKPOBOIOPOCIIEH 3a cHeT 00OTalleHUs Cpeibl AMOKCHIIOM YTIIEPO/a.
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Hcnonb3oBaHue CONEBBIX PECYPCOB

Jl1g BBIpalMBaHUsl MHOTHX BUJIOB MUKPOBOJIOPOCIIEH PUTO{Ha COJIeHas BoAa. ApallbCKUi pETHOH
o0yamaeT M30BITKOM TakoW BOJBI ¢ coseHOCThI0 10 30%. [IpemmaraeTcs co3mats Ha 6a3e 03epa COJEBBIX
BOJ| COJIEBOAOPOCIIEBBIE CUCTEMBI BBIPAIMBAHNUS MUKPOBOIOPOCIIEH.

ConeBoopOCiieBbIE CHCTEMBI TMPEACTABISIOT COOOHM OTKPBITBIE pe3epByapbl C HWHTEHCHBHOM
uupkysnuert Boasl. [Ipu atom nenonesyrores connevynas s3Heprust 1 CO2 ot TOLL. 3a cueT KOHUEHTpauu
MUHEPAJIHHBIX BEIMIECTB B COJIEHOW BOJIE BO3MOKHO TOBBIIIIEHNE yposkaiHOCTH KyabTyp A0 50-100 T/ra B
rog. Kpome Toro, coneBble BOABI MOTYT OBITH HCIOJB30BAaHBI JJSl BHIpAIlMBaHHS TalopHIBLHBIX
MHKPOBOJOPOCIIEH.

CoBMmemieHHass CHCTeMa Ha OCHOBE IUICHOYHO-KEPAMHYECKHX KOMITO3UTOB M  TEIUIOBBIX
ANEKTPOCTAHINI MpeaaraeT Habop MPEeNMYIIECTB B PEIICHUH SHEPTETHUECKUX, SIKOJIOTUIECKIX TTPodIeM
W co3daHWMU pabouynx MecT. Ee 5HepreTmdeckue mNpeuMyliecTBa OOYCIOBIEHBI HCIOIb30BAHUEM
BO300HOBIISIEMBIX MCTOYHUKOB YHEPTHH, IKOJOTHIECKHE MPEUMYIIIECTBA CBS3aHBI C COXpAaHEHHEM BJIard,
YTHIIM3aleN YTIeKUCIIOro Ta3a M CO3IaHUeM IKOJOTHYECKH YHCTOW CPEeNbl, a CO3[aHhe PabOoduX MECT
CIOCOOCTBYET SKOHOMHYECKOMY pa3BUTHIO. Takod NOAX0A WMeeT MOTEHHIWANl Uil PaclIMpeHus B
Pa3NUYHBIX PETHOHAX M CHOCOOCTBYET pEIICHHI0 TIIOOANBHBIX MPOOJIEM COBPEMEHHOCTH, TaKHX Kak
riobanpHOE ToTeruieHne. Peanm3arust W moAAepKKa COBMEIICHHOW CHUCTEMBI TpeOyeT MalmbHEUIIHX
WCCIIeTIOBAHNMN, TOCYJAPCTBEHHON TOIEPKKU M COTPYAHUYECTBA MEXKAY Pa3TMIHBIMI CEKTOPAMU, YTOOBI
JOCTUYb JOJITOCPOYHOM YCTOHYHUBOCTH U OJIArOnoOIyyHs JUIsl Hallel 1aHeTsl U OyAyIIUX MOKOJIEHUH.

HecMmoTpss Ha NEpPCHEKTUBHOCTh IUIEHOYHO-KEPAMUYECKUX KOMIIO3MTOB, INPU BHEIPEHUU
COBMEIICHHOW CUCTEMBI Ha IMTPAKTUKE MOT'YT BOBHUKHYTh HEKOTOPBIE IPETISTCTBUS:

1. TexHonoruyeckue cioxkHocTH: IIpon3BoacTBO M 00pabOTKa IMIEHOYHO-KEPAMHUYECKUX
KOMIIO3UTOB MOTYT TpeOOBaTh CIENUAIbHOTO OOOpYyNOBaHWS M SKCHEPTHBIX 3HaHWU. Pa3paboTka
3(h(heKTUBHBIX MPOIECCOB MPOU3BOACTBA U ONTHMHU3ANNS TEXHOJIOTHIA MOTYT IMMOTPEe0OBaTh 3HAUYNTEIHHBIX
WHBECTHUIIMN U UCCIIEIOBATEIBCKUX Pa0OT.

2. Bricokue 3atparbl: HawanbHble 3aTpartbl Ha pa3pabOTKy M BHEAPEHUE COBMEUICHHOW
CUCTEMBI C UCIOJB30BAaHUEM IICHOYHO-KEPAMUYIECKHX KOMIIO3UTOB MOTYT OBITh BHICOKHUMH. DTO MOXKET
CTaTh NPEMSITCTBUEM JIJISl MANBIX U CPEAHUX MPEANPUATUI WA PA3BUBAIOLIUXCS CTPAH.

3. HopwmaTuBHbIe 1 TpaBoBbIe acNIEKTh: BHeIpeHne HOBBIX TEXHOJIOTUI U MaTEPHUAIOB MOXKET
CTOJIKHYTBCS C PETYJATUBHBIMA U TIPAaBOBBIMU OTpaHWYEHUsSMH. HeoOXOIMMOCTh COOTBETCTBUS
cTaHmapTaM 0€30MacHOCTH M IKOJIIOTHIECKUM TPEOOBaHUSM MOXKET ITOTPEOOBATH JIOTIOTHUTENBHBIX YCUITAH
U PECYPCOB.

4, OOpazoBanue u oOydeHue: J[sl yCHEmIHOro BHEIPEHUS COBMEIICHHOH CHCTEMBbI Ha
MIPAKTHKE TPeOyeTCs HANMINE KBATH(PUIIMPOBAHHBIX CIIEIUATICTOB, 00JIQIAl0IINX 3HAHUSIMHU ¥ HAaBBIKAMHU
B 00J1aCTH TUIEHOYHO-KepaMHYECKHX KOMIO3UTOB. OOyueHHe MepcoHana U co3laHue o0pa3oBaTeNbHBIX
MpOTrpaMM MOTYT MOTPeOOBaTh BPEMEHHU U PECYPCOB.

5. [Ipunsitue peiHkoM: BHenpeHne HOBOro Marepualla WM TEXHOJOTMH Ha PHIHOK MOXET
moTpeboBaTh YOSTUTENBHBIX JOKA3aTEIbCTB U IEMOHCTPAIIMU MTPEUMYIIECTB U KOHKYPEHTOCIIOCOOHOCTH.
PriHOUHBIE (DaKkTOPHI, TAKUE KaK [I€HA, TOCTYITHOCTh U CIPOC, MOTYT OKA3bIBATh BIHMSIHUE HA IPUEMIIEMOCTD
[JICHOYHO-KEPAMUYECKUX KOMIIO3UTOB B OTPACIISIX.

B nemom, ycrnemHoe BHEOPEHHE COBMELIEHHOM CHCTEMbl Ha INPAKTUKE C HCHOJIb30BaHHEM
TUIEHOYHO-KePAaMUYECKIX KOMITO3UTOB TPeOyeT KOMITJIEKCHOTO TIOIX0a, BKIIFOYAIOIIETO HayYHbIe
M TeXHUYECKWE HCCIIe0OBAaHMs, MHBECTHUILIMH, OOyUYeHHE TepcoHana, coOM0eHIe HOPMATHBHBIX
TpeOOBaHMI U IPUHATHE PHIHKOM.

Jlutepatypa
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marepuanax / Computational Nanotechnology. 2017. Ne 4. C. 21-35.
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AHHOTAIINA

Ipaxmuueckas peanusayus KoHeepmepa dHepeuu adcopoyuu MOIEKy1 800bl 8 INEKMPUUECKUll U0
Ha npumepe KCNePUMEHMANbHBIX 00pPA3Y08 XeMo — B0NbMAUYECKUX KOH8epmepos. DYHKYUOHATbHYII
2emeponepexo0  NOJIYNPOBOOHUKOBO20 —Muna  obecneuugaem OSMUCCUIO HOcumeneui 3apaoa 6
HAHONOPOWKOBbIX cucmemax Ha ocHoge ZrO2, ¢ nocredcmeuu KOHEEpCUsi XUMUUECKol IHepeUul umeem
OMHOCUENLHO BbICOKYVIO I PeKmueHocma.

KuroueBble ciioBa: XeMo-BoJIbTarKa, HAHOIIOPOIIKOBBIE CUCTEMbI Ha OCHOBE ZIOz, reTeporeHHbIe
(U3UKO-XMMHUYECKHE MPOLECChl, (PYHKIMOHAIBHBIA reTeponepexo, aacopOuns, KOHBEPCHsl XUMHUUECKOM
SHEPIUu.

1. Beeaenue

[Ipobnema HOBBIX BO30OHOBISIEMBIX MCTOYHUKOB SHEPTUU CTAHOBUTCS Bce Ooliee aKTyalbHOH B
CBSI3U C WCTOIIEHHEM TPAJAUIMOHHBIX JHEPreTHYECKUX PecypcoB. B JaHHOM acrekTe MpeicTaBiIsioT
HHTEPEC MPOLECChl B3aUMOACHCTBHS MOJIEKYJT aTMOC(EPHOI BIIaru C HOBEPXHOCTHIO HAHOYACTHUI] OKCUIOB.

[pu temnore amcopoumm Wags = 10-30 = 20k/x / Monb MaTepuan CTPOMTEILHOW KOHCTPYKIIUU
Maccoii 1200 ToHH npH nepenajie BIaKHOCTH B Pe3yJIbTaTe M3MEHEHHS TIOr0/1bl WK IIPH CMEHE CYTOYHOTO
[MKJIA TEOPETUYECKHU CTIOCOOEH BBIAETUTE Woags bitla = 54 1k 10°T = 5,4 101%)1x = 5,4 10’k /Ix. Eciu Best oTa
sHeprus Bbiaensercs 3a 1 uac Wagsbilg = 1,5 - 107 Bt (3,6 k[l = 1B1/49ac) = 15 MBT Temia.

Ha mpakTrke MaTepuainbl Ha OCHOBE CHITMKATA KAIbIHS CIIOCOOHBI BBIIETUTh 1200T X 600BT/T =720
kBT, uro npumepno B 15 10° Bt/ 7,2 10° Bt = 21 pa3s MeHblle pacuyeTHOI BETUYHHBL.

OueBuIHO, Aa)Xe 3Ta MOIIHOCTh CMOKET YaCTHYHO PELINTh SHEPreTHUECKHE MPOOIeMbl 34aHUS.
TexHONOTHHU, UCTIONB3YIONIHE JaHHBIA dQQEKT Ui peann3anuy aJcopOIOHHOT0 KOHJAUITMOHUPOBAHUS,
yKe CYIIECTBYIOT, M Mbl HX HCIIOJb3yeM B KauecTBe Oasuca JUis OCTPOCHUs elle 0oJiee COBEPIICHHBIX
MaTepHaJoB.

[pencrapisier npakTHYECKUI ¥ HAYYHBIH HHTEpPEC MPeo0pa30BaHUE YaCTH SHEPTHHU aJICOPOIIMOHHO-
WHIYIIUPOBAHHBIX 3K30TEPMHUUECKUX MPOIECCOB B AIEKTpUYECKUH BHJ. Pedb MIeT 0 HenocpeacTBEHHOM
MOJTYYEHUH HIIEKTPUIECKOM SHEPTHHU MIPH aJCOPOLMHU BIIary CTPOUTENILHBIMU MaTepuanamu. Takas cucrema
a/ICOPOLIMOHHOTO KOHAMLIMOHUPOBAHUS CMOXKET HE TOJIBKO paboTaTb aBTOHOMHO (0€3 BHEIIHUX
WCTOYHUKOB 3JIEKTPOIHEPTUH JUIS AJIEKTPOIMTAHHS HACOCOB), HO M IIPH OIpeJIesIeHHON mMacce pabouero
MaTepuaia B MEPCHEKTHBE (T03BOJHUT YACTUYHO O0ECHEYNUTh MOTPEOHOCTH KHUIIBIIOB B 3JICKTPOIHEPTHHU.
3aMeda IMJIACTUKOBBIX {IaHENEH CrenuanbHBIMH (DYHKIMOHAJIBHBIMH TAaHETSIMH Ha OCHOBE OKCHIIOB
MO3BOJIUT HE TOJBKO TIOBBICUTH JHEProd((GEeKTHBHOCTh 34aHMA, HO M YIyYIINTh IOKa3aTesln
akojorndeckoil {comepxkanue CO, M OPraHUMYECKUX Ta30B — CATEIUIMTOB IIACTHKOBBIX MAaTEPHAIIOB) H
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noxapo0e3onacHocTH. Takum 00pa3om, OyayT pemeHb! cpa3y HECKOJIBKO IMTOOATBHBIX TEXHOIOTHIECKUX
3ajad.

2. UcTopust padoThl

[IpeoOpa3oBaHue SHEPrUM XMMUYECKOTO B3aUMOAEHCTBUS B DJCKTPUYECKUI BHUI JOJT0O€ BpeMs
CUMTANIOCh HEBO3MOKHBIM BBUAY CYLIECTBEHHOT'O Pa3iW4Ms Macc 3JIEKTPOHA U MOJIEKYN — aacopbaros. B
koH1e 20 ro Beka Oblia BIIEpBbIE HAYYHO 0OOCHOBaHA BO3MOXKHOCTB CO3JaHUS U MPAKTHYECKH PeaTn30BaH
«XEMO-3JIEKTPOHBII» T€HEPATOpP AIIEKTPOIHEPIMH HA OCHOBE IOJIyNPOBOIHUKOBOTO 2D - rereponepexona
[1, 2, 3]. B Hacrosimmii MOMEHT B MHPE aKTHBHO BEAyTCs pa3pabOTKH pa3HOIUIAHOBBIX YCTPOMCTB,
MO3BOJISIIOIINX MPeo0pa30BhIBaTh MOTEHIUAIBHYIO YHEPTUIO aTMOC(HEPHOI BIark B AJIEKTPUUECKUH BHUI, B
YaCTHOCTH, MyTEM OJJIEKTPOCTATHYECKOTO 3axBaTa 3apsiga C MHUKPOCKOIMHMYECKHX Kameib Boabl [4],
MOCPEJICTBOM  aJICOPOIIMOHHO-UHIYIIMPOBAHHOM anekTpoctpukimu [5] u ngp. [6, 7, 8]. Kak mpasmio,
SHEpPreTHUecKasi KOHBEPCHS B TaKMX CHUCTEMaxX BKIIOYAET MPOMEXKYTOUYHBIE SHEpPreTHUecKue (HOopMbl, B
JaCTHOCTH, MEXaHWYECKYI0 M, KaK CIICIICTBHE, MMEET OTHOCHTEIHLHO HH3KyI0 3(ddexTuBHOCTE. BBHIY
KpailHe HU3KUX SHEPreTUUECKUX MOoKa3aTeNeH, epCleKTUBa JalbHEHIIero BHEAPEHHUS TaKUX PHUOOPOB B
JTAHHBIA MOMEHT HE OIpEe/EIICHA.

Hcnonb3oBaHre HAaHOTEXHOJOTMH OTKPBIBAET MEPCIEKTUBBI CO3AaHUs B 0003pUMOM OyayleM
aJICOPOLIMOHHBIX ~ XEMOJJIEKTPOHHBIX ~ KOHBEPTEPOB  —  aJCOPOLMOHHBIX  THAPOAIEKTPUUYECKUX
npeoOpazoBateneil (AI'DI]) ¢ pasymusim KIIZ. B 2015 r B EBpone B pamkax nporpammsl 'OPU30HT -
2020 ObL1 OTKPHIT YHUKATIBHBIH poeKT «XAHTEPy [9], HanpaBneHHbI HA TPAKTHYECKYIO PeaIn3aIHIo
KOHBEpTepa 3HEPrun afcopOLUK MOJIEKYJ BOABI B AIEKTPUUECKUN BUA C NMPSIMBIM MpeoOpa3oBaHUEM Ha
OCHOBE HaHOpa3MepHbIX dYacTHI[ IudNeKTpukoB [10-11]. PaGoTel ObUIM TPOJODKEHBI B paMKax
ananoruuHoro mpoekra «SSHARE» (2019-2023rr) [12]. Mcnomnb3ys BBICOKYIO (YHKIHOHAIBHYIO
MOBEPXHOCTh MOPHUCTHIX 0OBEKTOB Ha OCHOBE HAHOYACTHII M HOBbIC (PM3MUECKHE TMPUHIUIIBI IIOCTPOSHHUS
(YHKUMOHANBHOW SYEMKM KOHBEpTEepa, BBITEKAIOIIME M3 Pa3MEpHBIX 3(PQEeKToB ObUIM MNOTYy4EHBI
SKCIEpUMEHTANIbHBIE 00pa3lbl XeMO — BOJbTaMueCKHX KOHBepTepoB (puc. 1). PasBuBas B cpemHem
yeabHyI0 MotHOocTh 2 10 Br/M?, oHuM cymiecTBeHHO (Ha TOPAIOK BEIMYMHbI) IPEBOCXONIN U3BECTHBIE
¢gynxuuonansuble ananoru [4] (1,5 10!Br/em? = 1,5 107 Br/m?) u [5] (5,6 107BT) [13]. Takum o6pazom,
c yderoM oOmHOCTH 3(deKTa XeMO-3JIEKTPOHHOM KOHBEPCHM Ul IIMPOKOro Kilacca OKCHIHBIX
MaTepHaIoB, UMEIOTCS MEPCIEKTUBBI pa3padOTKH HOBOI'O THIA CTPOUTEIHHBIX MAaTEpPHAIOB (C aKTHBHOM
SHEPTeTHUYECKOW HWH(PPACTPYKTYpOil), CHOCOOHBIX HE TOJBKO YIEpXKHBaTh TEIUIO, HO BI00ABOK, -
TeHEPHUPOBATH HJIEKTPUUECKYIO U TEIJIOBYIO SHEPTHH IPH U3MEHEHUH aTMOC()EPHOI BIIAXKHOCTH WIM CMEHE
CYTOYHOTO LIUKJIA.

3. IlpemnenbHO-BO3MOKHASA
pacdeTHass MoIHOCTH AT'DIT
OTHOCHUTEIEHO HEBBICOKAs

1 ﬁ@m : 3¢ (HEeKTUBHOCTh  XEMOBJICKTPOHHOU
et LTIV IYI Y KOHBEPCHH 110  CPaBHCHHIO  C
i o TEIUIOBBIMH 3 (peKkTamMu B Ciryyae co
CTPOUTCIIBHBIMHA MarcepuajiaMnu
KOMIICHCUPYCTCA OOJIBIINMHU
Puc 1, a. BHewHul 6ud obpasya o0BbeMamMu (YHKINOHAIBHOTO
naaHapHo20 XemMo-3/1eKMPOHHO20 Marepuaia. CorjachHo [14],
KoHeepmepa: cmeKkaaHHaa nodaoxka (1), « LSRR | ) 3(1)(1)6KTI/IBHaH a,I[COp6I_II/IOHHa$I
3/1EKMPOOHAA CemKa ¢ ?Zs)cmp eg o~ Puc 1, b. Obvemibil eMKOCTh YSZ — cucTteMbl TIpH
wmeipsesol mononozueli (2), epadueHmHo -
HaHeceHHbIl ¢yHKUUOHaNbHbIU ol u3 O6paieytiﬂezvoaa6:j;n;<a W pasmepe HaHOYacTHIl mopsaka 7-9
nonumepa MBC, HANOAHEHHO20 KoHmakmamu (2), u HM B pC€aJIbHOM CYTOYHOM IHKIIC
HaHonopowkom cocmaga ZrO; — 3mM0n%Y>03 napaguHossim coctaBisieT 4,1% Bec. OT Macchl
2 nokpsimuem (3). pabouero BEIIECTBA (Bpems

Hacemmeanst 30 — 60  wmwuH).
PacueTHble 3HaUEHUS SHEPTUH, KOTOPYIO MOXKET OTIATh MPeccoBKa u3 1,2 r HaHonopoika YSZ 3a 1 muki
(amcno copbupyeMbix MosIeKyl BOABI Nm = Vags - Na = 0.0027 mons - 6.02-10%-1/momp = 1.63-10% equnan,
rae Na-= 6.02:10%% exqunnn/mons — uncio Aoraapo, Vads = Meox/Mizo = 0.049/18 = 0.0028 moinb) npu
YCIIOBHH, YTO KaXKABIM aKT afcOpOIMOHHOTO B3aUMOICHCTBHUS TIPUBOJIUT K TeHEPAIIUU dJICKTPOHA, MOYKHO
BBIUUCITUTH UCXOMs U3 coOoTHOIICHUA: We = N - € - @, Tie ¢ — pa3HOCTh MOTEHIMATIOB Ha 3JCKTPOAAX
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XEMOD3JICKTPOHHOTO KOHBEPTEPa, € — 3apsia anekrpoHa. [lpu <¢> = 50 MB (3kcrepumeHTanbHOE 3HAUEHUE
[1]), W = 1.63 10% x1.6 10" x 5 102 [KnxB] = 12.96 JIx. Cnenosarensno, 1200 T CTpOUTEIBHOTO
Marepuansa cMoXketr creepupoBarh 12.96 Ik - 1200 T = 15552 x/[x. B mepecuere Ha 1 yac paboThl,
BBLIETTUTCS dNeKTprdeckoi sHepruu 4320 Br=4,32 kBt /4. 310 B 167 pa3 MeHsbIIIe, 4eM B clIydae C peatbHO
BBLJIENIAONICHCS TeII0BOM dHepruei. OxHako, gaxe 4,32 kBT aiekTpuyecTBa Al 6-TH 3TaKHOTO JKUJIOTO
IoMa (Bec Takoro AoMa MPUMEpPHO IKT) BMONHE Mpremiemas BeTHMYWHAa IS MUTAHWA, HampuMep,
JJIEKTPOHHBIX YCTPONUCTB CITY>KEOHOH aBTOMATHKH CHCTEMBI ICOPOITMOHHOTO KOHAUIIMOHUPOBAHN.
Ucnonb3yst marepuansl ¢ aacopOLMOHHOW eMKOocThio He MeHee 10% kak, Hampumep, CHIIMKAT
KaJIBIUsl, MOXHO TONy4nuTh dHepruro a0 (4,1/ 4,32) - 10 = 9,5 kBt ¢ xonctpykunn maccoud 1200 T.
CoOTBETCTBEHHO, MaTepualibl ¢ aacopOIroHHON eMmkocThio Oonee 20% (IIpenenpHas amcopOLHOHHAS
eMKOCTh YSZ — CHCTEM) TEOPETHUECKU MOTYT TeHeprpoBaTh 10 20 KBT 31eKTpHUIecKoi SHEPTUH 32 UK
(HanpuMep, TeHb-HOYB ).
Ecnu ucnonk30BaTh JaHHYIO CUCTEMY B BHJIE OTJICJIOUYHBIX MaTEpUAIOB (TUTAHAPHAS KOHCTPYKIIUS),
To mpu Macce 1 M2 ancopOuMoHHBIX aHeneil My = 100 Kkr, BIpaOaThIBAEMOii IEKTPHYECKONH MOITHOCTH
XBaTHUT, HANpUMeEp, U TOTO, YTOOBI 3aMUTaTh B TEYCHHWE Yaca IUPKYISIIHOHHBIE HACOCHI CHUCTEMBI
aJICOPOIMOHHOTO KOHJAMIIMOHUPOBaHUs MOIIHOCTRI0 300 BT B momemieHuM C BBICOTOM CTE€H 2,5 M U
nepumerpoM 144 M. Ecnu apcopOumoHHBIE TaHEH OYAYT 3aKpeIUICHBI ellle U Ha MOTOJKE, TOCTaTOYHO
Oyznet koMHaTHI ¢ iepumeTpoM 44,4 M. T.e., BBIIEISIEMOI SIIEKTPHYECKON SHEPTHH OYyJIET TOCTATOYHO IS
ABTOHOMHOH pabOTHI CHCTEMBI KOHTUITHOHUPOBAHUS HEOOIBIIIOTO KOH(EPEHIIMOHHOTO 3ajia B TeueHue | 4.
VYBeIMUUTh MOIIHOCTh 3JCKTPUYCCKON COCTABJISAIONICH 3HEPrOreHESHUPYIOMICH ajacoOpOIMOHHOM
CUCTEMBI MOXXHO ITyTeM YBEIWYECHHs TONIUHBI afCOPOIMOHHBIX MaHeNleH W aJCOpOIMOHHOW €MKOCTH
MaTepuajoB, HWCIONB3YEMBIX JUII WX W3roToBleHWs. ONTHManbHOE COOTHOILIEHHE MOITHOCTH
IUPKYJISIIUOHHBIX ~ HACOCOB W TabapUTOB

| > € v > MOMEIICHUSI TakKXK€ IO3BOJIUT  IMOBBICUTH
@—@M«K@ @—@@umuu ; lt(((l@ 3¢ GEeKTUBHOCTH pabOTHI CUCTEMBI.
A
at azb# B  mpenmene, Bca  cTpouTelbHas
c
% KOHCTPYKIUS JIOJDKHA OBITh W3TOTOBJICHA W3
T-M a7copOIMOHHBIX MaTepHaoB. T.e.
c - MIEPCTIEKTUBHEIM SIBISIETCSA pa3paboTKa HOBOTO
a MOKOJIGHUSI  TUIAHAPHBIX U OOBEMHBIX

CTPOMTEJIBHBIX MaTEpPHAIOB THUIA MOPHCTHIX
O0eToHOB ¢ (yHKIMEH XEeMO-3JIEKTPOHHOM

VO
B-Z10, (YS2) V- 4210, (YS2) KOHBEPCHHM  Hapsmy C aI[COPGéII/IOHHI)IM
sy o, - TEIUIOBBIICTIEHUEM (ancopOroHHas
e ol e o DHEPIeTHKA).
> |
e ol
R npy v .
1N T o’ r SN 4. llpunuun geficTBusa npudopa
b Y3+(-) Y3+
MexaHusm reHepanuu
Puc 2. Cxemamuueckoe uzobpaicenue Mexanusma 2enepayuu HECKOMIICHCUPOBAHHOIO ~ 3apsna B YSZ
€80600H020 3aps0a npu aocopbyuu gracu nogepxuocmoto YSZ CUCTEMAx — TpaHC(bOpMaI_[I/IOHHHﬁ (pI/IC.2).
HAHOYACMUYbL ¢ NOZUYULL MEOPUL CUMMEemMpPUU peulemku (a) u [IpeanonoKuTeNnsHO, IOCPEICTBOM
30nnoil meopuu (6). Cucmema 0o (al, bl) u nocne (a2, b2) pa3MEpHOro sbdexra 0BPATHMOTO
aocopoyuu 800vL: I — 30Ha nposodumocmu, Il — sanenmuas 30mua, 5
Y3 — axyenmopuwiii yposens, coomsemcemsyroujuii a71copOIHOHHOTO -0 (pasoBOro MPEBPAICHHS
noeepxrnocmuomy amomy Y, V*— oonopmwiii yposens, B HAHOCTPYKTYPHPOBAHHBIX CpCAax Ha OCHOBC
coomeemcmeylowuti KuciopooHot eaxancuu Vo, Es.- yposens YaCTUYHO  CTaOMIIM3MPOBAHHOTO  UTTPUEM
Depmu. okcuma 1upkonus (2-3% mon YSZ) [13-15]

MMPOUCXOAUT IICpEe3apsaKa KpI/ICTaJIHH‘lCCKOﬁ
PEIICTKHU U JIOKAJIU3alls HOCHUTEH 3apsaa B KOJIMYCCTBE!

E-—E. !
-
kT , Tne Ea - oHeprus JIOKAJIU30BAHHOTO 3JICKTPOHHOTO COCTOSHUS,
06pa3oBaHHOTO acOpOaTOM B 3ampenieHHOM 30He [16].
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OoOpatumocTh mporecca (a-f mpeBpaiieHus) ABISCTCS HCKIFOYUTEIBHO pa3MepHbIM 3(h(HEKToM,
00yCIIOBJICHBIM KpaiiHE BBICOKHMM YPOBHEM TEPMOJIUHAMHYECKOW HECTAOWILHOCTU MOBEpXHOCTH YSZ —

HaHOYACTHII ¢ pa3MepoM MeHee 30 HM.

OMuccuio HocuTenel oOecreunBaeT (PyHKIMOHATIBHBINA TeTeponepexoi, 00pa3yroImuics MexIy
«0000IIEHHOM MOBEPXHOCTHIO TBEPJOTEIBHBIX HaHOYACTHUI] (cpeaa 1) W BHENIHEH MOHHOW aTMochepoit

Er
1 ~ | ; AP
L L= E
p - type : E - a
) T2 2
a L U Abipka
= SNEKTPOH
ol 1\ [2 &
| ]
@i ‘| —/ ‘ |
o C Pey
b

Puc 3. Koumaxm nanouacmuywl okcuoa 1 ¢
aocopoyuorHoU ammocghepoli 2: cxemamuieckoe
npedcmasiienue 6 guoe cemeponepexooa (a), MooenbHas
anexmpuyeckas cxema (b).

A@ — GapbepHBII TOTEHIHAT;

(Ppex — BHEIITHUH MTOTEHIMAT;

(@in —00BeMHBIH TToTeHIM AN, @in = 0;

C — eMKOCTb TeTepoIepexoa;

G1 — HCTOYHHK TOKA — KHCIOPOAHAs HOHHAS
MO/IPEIIeTKA;

R —compoTtuBieHne ancopOIOHHOTO CIIOS;

Er — yposens @epmu;

Ea— ypoBens azncopbara;

€ — 3aps] NEKTPOHa.

AncopO1yst MOJIEKyJ1 BOJBI TPUBOINT K

MOBBIIICHUIO TIOBEPXHOCTHOM pa3HOCTU MOTEHIMATIOB U
MoceaAyouied TepMO-TI0JI€BO SMUCCHH HIEKTPOHOB.

Acknowledgments.

a71cOpPOIMOHHOTO IPOUCXOXKIACHUs» (cpena 2) (puc.3).
Jlokanmu3amusi 3JICKTPOHOB IMPOMCXOIUT B 00IacTh
MPOCTPAHCTBEHHOTO 3apsiia JUTHHOM
L=[eskT /e2n*¥2  (puc.3, @), rme &=
8,854-107*2 d/m — mudneKkTpuYecKkas NOCTOSHHAS, € —
3apsi DJICKTPOHA; N* - KOHIEHTPAIMs CBOOOJHBIX
HOCHUTEEH 3apsiza. DrekTpruecKoe noJje
rereporepexoga  E=Agle obecreynBaeT WX
HaIO0APbEPHBIA MEPEHOC B IUCICPCHOHHYIO CPEIy
(puc.3).  HocraBka  3apsga  Ha  DJIEKTPOJBI
OCYIIECTBISCTCS HOHAMHU aCOPOIIHOHHOTO CIIOS.

5. KiwuyeBble HAy4YHO — TEeXHOJOIMYeCKHe
Npo0JieMbl M CTPATErny UX peLieHuUs .

CymiecTByeT JIB€ OCHOBHBIE HAy4yHO —
TEXHUYECKUE TMPOOJIEMBI, KOTOpBIE CYIIECTBEHHO
OTPAaHUYMBAIOT  YPPEKTUBHOCTH  XEMOKOHBEPCHHU
paccMmarpuBaeMbIX ycTpodcTB. IlepBas mpobiema
CBSI3aHa C 3aTPYJHEHHBIM JOCTYIIOM ajcop0aTroB K
MTOBEPXHOCTH HAHOYACTHII, BTOpasi — C peKOMOWHaIen
CTCHEePHPOBAHHBIX CBOOOJHBIX HOCHTENEH 3apsma
BBUJy OTCYTCTBUS IIPUOPUTETHOI'O HAIIPABIICHUS IIPU
CTOKe 3aps/ioB u3 o0beMa (PYHKIIMOHAIHHOTO CIIOSI Ha
KOJUIEKTODP. [lepBas npobiieMa nMeeT
(dyHIaMEHTaNbHBIA XapakTep W MOXKET OBITh pelieHa
0100POM MaTEPUANIOB C BBICOKOW CTEIICHBIO COPOLIMU
BIaTH B  yCIOBHAX KojeGaHWs arMocdepHOU
BJIQ&JKHOCTH B TCEUCHHUE CYTOUHOI'O IHUKIIA. BTOpaH
npobnema TpeOyeT HAyYHO — TEXHOJOTMYECKOTO
MTO/IX0JIa ¥ MOXKET OBITh pellleHa IyTeM YIOPSI0YeHUS
/ camoopraHuzanui (YHKIHOHAIBHBIX Cpel 10
MOSIBJIEHWsT B  HHUX  TpeOyemMoH  aHWU30TPONHUHU
JIIEKTPHUYECKUX CBOMCTB [17].
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AHHOTANUA

B pabome npedcmasnenvt pesyromamol ucciedo8anus GIUAHUL MEMNEPAMYPHOU 00pabomKu Ha
onmuyecKkue XapaKkmepucmurku moHKux nieHok oxkcuoa unous-onosa (1TO), nanecennvix Ha cmexisHHbIC
noonodcKu ¢ nomowpio BUY-macnemponnozo nanviienus. Ycmanoseieno, umo ece mownxue niaenku 1TO
umerom gvlcoxul kKod3ghguyuenm nponyckanus 80—90% 6 euoumo u uHGPAKPACHOU 0OAACMAX CneKmpa.
Obnapyoicen 3HauumenvHulll c08Ue Kpds NO2NOWeHUs 8 001ACb GbICOKUX DHepeUull ¢ NoGvluleHuem
memnepamypsi omacuea (~3,70, 3,76 u 3,84 3B ona memnepamyp 25, 125 u 200 °C, coomeemcmeaenHo).
Ilpeononacaemcsa, umo yeenuueHue onmuyeckou 3anpeujennou 30ubl niaenoxk |1TO  obycrosaeno
VeenuueHueM KOHYeHmpayuy Hocumenell U 3anoiHeHuem JeKMPOHHbIX COCMOSHUU GONU3U OHA 30HbL
npogooumocmu mamepuana (3¢gexm bypwmeiina-Mocca). H3zmenenue koHyenmpayuu Hocumenei u
3aNOIHEeHUe INEKMPOHHBIX COCIMOSHUL NAEHOK MOMICem Oblib 8bI36AHO Jlecupodanuem SN u KUCiIopooHbMu
BAKAHCUAMU, BLICMYNAIOWUMU OOHOPAMU.

KuroueBble cjioBa: OKcHIl UHAMS-010Ba, BU-MarHeTpoHHOE HalbUICHUE, ONITUYECKHE CBOMCTBA

1. BBenenne

[Ipo3paunsrii npoomsmuii okcup (TCO) mpencraBiser coOoW JETHPOBAaHHBINA OKCHJ METaa,
KOTOpBI 00J1a/IaeT BBICOKOW 3JICKTPONPOBOAHOCTHIO M OOJIBIIONW ONTHYECKOH 3ampelieHHONH 30HOMN
(Eg>3,53B), uro gemaer ero MpPO3pa4yHbIM B BHAMMOM CHEKTPAIbHOM JHAna3oHe C BBICOKOIl
OTpakaTeJIbHOU CIIOCOOHOCTBIO B OIMKHEM MH(ppaKpacHOM auanaszone. [IpeodianaroniMyn MaTeprataMu
TCO sBisitorest okenp onoBa (SnO-), okena unaus (In203), okena uHAMsI-onoBa (IN203:Sn wm ITO) u
okcuJ iuHKa (ZNO), KOTOpBIe HAILIN MUPOKOe IPpUMEHeHHe B ontodnekTpoHuke. [Iienku ITO ocobenHo
MPUBJICKATEIBHBI JJISl K3TOTOBJICHHS TOHKOIUIEHOYHBIX COJTHEYHBIX SJIEMEHTOB, TI€ OHU UCTIONB3YIOTCS IS
CO3JIaHHS TETEPONepPexX0J0B B KPEMHHUEBBIX, XAJIBKOTEHHIHBIX WM XaJIbKOIMHPHUTOBBIX CONHEYHBIX
JJIEMEHTaX, a TaKKe B KAYECTBE MPOBOJISIINX IIIEKTPOJIOB U OJTHOBPEMEHHO TPOCBETIISIONINX MOKPHITHH
[1-3]. O6bIuHO B mpolecce CO3aHusI TeTePONIEPEX0/I0B B CONMHEYHBIX 3JIEMEHTAX B KAYECTBE ATAIIOHOB JJIsI
KOHTPOJIsl cBOUCTB citoeB | TO ncmonb3yroTest o Ha CTEKISIHHBIX TOUTOKKaX. [109TOMY B OOJIBIIMHCTBE
ciy4aeB BaxkHbI cBoiicTBa cTpykTyp |ITO/crexino. OmHako HemaBHO ObLIO MOKaszaHo, yTo ciou ITO,
MOJTyYCHHBIE Ha pPas3HbIX MOJJIOKKAX, B 3aBUCHMOCTH OT YCIIOBHH (OPMHPOBAHHMS HMEIOT pa3HbIe
OINITHYECKHUE CBOWCTBA.

B nanHO# paboTe mpeicTaBiIeHbl Pe3yNbTaThl HCCIIEAOBAHUS ONTHYECKUX CBOHCTB TuieHOK ITO,
HaHeceHHbIX BU-MarHeTpoHHBIM HAIBIJICHHEM Ha CTEKIISTHHBIE TIOJIONKKH, B 3aBUCUMOCTH OT TEMIIEPaTyPhI
OTXHTa.

2. MeToauKa IKCIEPUMEHTA

IMonyuenne ToHkux tieHoK ITO ocymiecTBisuioch Ha HanbutUTeNnbHON Mamuue Leybold Z 400.
HUcnonp3oBanace mumens 1TO cocraBom 90 Bec.% In203 u 10 Bec.% SNO,. AuaMeTp MUILIEHH COCTABIISI
75 mM. Ilepen HambLIeHHEM IJICHOK OCYILECTBIISUICS OTIBII MHILEHH B TedeHue ~10 MHH Ha 3aCllOHKY,
3aKpBIBAIOIIYI0 MUILIEHb, JUIS yIAICHUS aJlcOpOMPOBAHHOIO ra3a ¢ ee nmoBepxHoctd. Tonkue rieHku 1 TO
HaNBUBSJIMCH Ha TIOJIOKKU U3 HATPUEBO-U3BECTKOBOTO cTeKiIa TomuHo# 1,5 mM. [lepen ocaxnennem Bce
MOJUIOKKHA TOABEPTalMCh MPOLEAYype OYHCTKM B YJIbTPa3BYKOBOM BaHHE B TEUEHHE 5 MHH, a 3aTeM
BBIJICPXKHMBAJIMCH B MPOMAHOJIE B TEYCHHUE 5 MUH U BBICYIIUBAINCH MOTOKOM a3oTa. Bo BpeMs mporecca
HAaITBUICHHUS TUICHOK, MOJUIOKKH HE HarpeBalMCh M MMEIH TeMIlepatypy, OJi3Kyro K komHatHOi (25 °C).
Pabounii raz mpeacraBmsn co0oii ra3oByo cMech Ar u O,. MOIIHOCT, Ha MUILEHH yCTaHABIMBAJIACH
100 Br, nasnenue B kamepe (2—4) x 1072 Topp, npu stom pacxon O, u Ar usmensics B auanasone ot 0,5
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10 3,5 em®/MuH 1 ot 40 1o 60 cm®/MuH, cooTBercTBeHHO. TonmmuHa wieHok | TO Haxoaunach B AUAa30HE
90-110 HM, KOTOPYIO OMPEAETSUIN C MOMOIIBI0 ONTUYECKOH CHCTEMBI H3MEpeHHs TPO(UIsl TOBEPXHOCTH
DektekTM. TTociie ocakaeHust INICHKH OT/KUTATUCh Ha Bo3ayxe mpu temreparype 100 u 200 °C B TeueHue
30 muH. TemmepaTypy H3MepsiM ¥ KOHTPOJIMPOBAIA C TOMOIIBIO TEpMOIap, 3aKpEIUICHHBIX Ha
MOJIOKKOAepKaTese, ¢ TOuHOCThIo 5,0 °C. CrieKTphl IpOoITycKaHuUs INIEHOK U3MEPSUIHCH B CIIEKTPATILHOM
muanazone 200-2500 um ¢ momomrpio criektpodoromerpa Carry 500 Scan UV-Vis-NIR (Varian, CILA).
Bce u3zMepeHus npoBoAWINCH TPU KOMHATHOW TEMITEpaType.

3. Pe3yabTaThl U MX 00CYxKAEHHE

Ha pucynke 1 mpencraBieHbl CIIEKTPBI MpOycKanus Juis mieHoK |1 TO, mony4eHHBIX IpU pa3HbIX
TeMmreparypax, Mo cpaBHeHHI0 co crekioM. [lnenku ITO nemMoHCTpHPYIOT BbICOKME Ko3dduiment
nporryckaaust 80-90% B BuanMoit n uH(ppakpacHo# odmactax crnektpa. ClieyeT OTMETUTh, YTO CpeTHEee
nponyckanue mwieHok |TO B 6mwkHelt undpaxpacHoi obiactu ~1000 HM craHOBUTCA BhILIEe 85% mocie
TeMreparypHol 00pabOTKH. Y CTaHOBIICH 3HAYMTENBLHBIA CIBUT Kpas IMOTJIOIICHHS B 00JIACTh BBICOKHX
9HEPTHil (KOPOTKOBOIHOBYIO O0JIACTH) C TIOBBIIICHUEM TEMITEPATYPhI OT/KATA.

100
801
S
: 60"
@]
‘2 40F — 5, glass
2 4 e 1, T~200°C
s reees 3. T~125°C
= 20 wemn 3, T~25°C
. 4, T~25 °C (02 deficit)
0

400 800 1200 1600 2000 2400
Wavelength (nm)
Pucynoxk 1. Cnexmpul onmuueckozo nponyckanust mouxux nietok 1TO (1—4), nanecennvix Ha cmeKsiHHbIe ROOOICKU NPU
PA3IUYHBIX YCIO08UAX, U cmeKad ().
CrhexkTpbl TpPONYCKaHHs, TMpPEJCTaBICeHHbIE Ha PHCYHKEe |, OBUTM MpOaHaIM3MPOBAHBI C
HCIOJIb30BAHHUEM BBIPAKCHUS Tauc u METOoAa HpOPI?;BOILHOﬁ CIICKTPOCKOIINH. KOBq)(bI/I]_II/IeHT IIOIJIOLICHUA

(o) paccuntsiBamm mo BhIpakenuo o = —INT/d, rme d — Tommuua mrenku. @opmyna TauC cBs3aHa ¢
SHeprueit 3anpenieHHoi 30861 (Eg) 1 koaddunmenTom nornomenus ypapaeHueM (1).
(ahv) = A(hv — Eg)" (1)

rae A N — KOHCTaHTa M MHAEKC, COOTBETCTBEHHO. MHAeKc N paBeH 2 A HENpAMBIX U 1/2 ans
MPSMBIX SHEPTETUYECKUX XapaKTEepUCTUK 3allpelieHHON 30Hbl. YpaBHeHue (1) mokassiBaeT, 4to rpaduk
3aBucuMocti (ahv)'" ot (hv) neMOHCTpHpYeT JHHelHyl 001acTh B 00JACTU CHMIILHOIO IOIIOIIEHHUS.
[lepeceuenne annmpoKCUMHUPYIOLIECH JTMHUHM JTUHEHHON 00J1aCTH 3aBUCHMOCTHU C OCBIO SHEPIHH ONIPENeIsieT
SHEPIHUIO 3alpeNIeHHOMN 30Hb1. [ paduku 3aBucumoctu (ahv)? ot (hv) nis Torkux mienok | TO mokasansl Ha
puCyHKe 2.

Ha pucynke 2 OT4ETIIMBO BHIHO, YTO C POCTOM TEMIIEpaTyphl OTKUTA Kpad (QyHIaMEHTaIBLHOTO
nornomenns mieHok ITO cmemaercs B cropony Beicokux sHepruil (Eg ~ 3,70, 3,76 u 3,84 3B s
temmepatyp 25, 125 u 200 °C, cOOTBETCTBEHHO). XOPOIIIO M3BECTHO, YTO MIMPUHA 3aIPEIIEHHON 30HBI
coequnenus ITO mpessimaer 3,7 3B u Bappupyercss B mIKMpOKOM auamnazoHe ot 3,7 mo 4,5 3B [4,5].
OOHapy>keHHOE yBEIMUYCHHE LIMPUHBI ONTHYECKOW 3aNpelieHHOW 30HBI AJsl MOITy4eHHbIX IeHok |1TO,
BEPOSITHO, OOYCIIOBIICHO YBEIIMYEHHUEM KOHIICHTPAIlMA HOCUTEJCH U 3alloJIHEHHEM JJIEKTPOHHBIX
COCTOSIHMI BOJIM3HM JTHA 30HBI MPOBOJUMOCTH IONYNPOBOIHUKOBOTO coenuHenus ITO, T.e. addekrom
Bypmreiina-Mocca. 9tot addext B mnenkax |TO MoxkeT ObITh BBI3BaH JIETUPOBAHUEM OJIOBA M BaAKAHCHUI
KHCJIOPOJIa, BBICTYIIAIOIINX B KaYeCcTBE JOHOPOB. KOHIIEHTpaIHs 3JIEKTPUIECKU aKTHBHBIX ATOMOB OJIOBA U
KHCJIOPOJIHBIX BakaHcui B mieHkax 1 TO yBennduBaeTcs ¢ yBeIMUSHUEM TEMITEPATYPhI OTXKHTa, YTO JIEaeT
IUIEHKU 00Jiee BEIPOKACHHBIMHI U METAIITHYECKUMU.
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Pucynox 2. 3asucumocmo keadpama ko3ghpuyuenma noenoujerusi om snepeuu pomornog 05 nienok 1TO.

W3 pucynkoB 1 u 2 BugHO, yto s meHok | TO ¢ nedururom Kuciaopoaa Kpaid oTIomeH!s CABHHY T
B 00JacTh IJIMHHBIX BOJH IO CPAaBHEHHIO C IUICHKAMH, IOJyYCHHBIX HPU ONTHUMAJIbHOM JaBICHUHU
KHCJIOpoAa. JTO COTJIacyeTcsi CO CKa3aHHBIM BBIIIC: YMEHBUICHHE ONTHYECKOW 3amperieHHOW 30HBI
o0ycnoriieHo 3¢ dexrom bypinreiina-Mocca, TOCKOIBKY KOHIICHTpAIlHs HOCUTeNeH 3apsa B mieHkax | TO
YMEHBIIIaeTcs B OTCYTCTBUE aTMOcdeprl Oy.

3. 3akna04eHue

[Tnenku ITO ObuUM MOJyYEeHBI METOJIOM MAarHETPOHHOTO HAIBUICHHS HAa CTCKJISIHHBIC MOIJIOKKH
tonmmuHONH B nuamnazoHe 90—110 HM u BbICOKOH omnTuueckoil mpo3pauHocThio 80-90% B BUIUMOH U
nHpPaKpacHOW 00NACTIX CIEKTpa. Y CTAaHOBJIEHO, YTO ONTHYECKAas MIMPHHA 3alpEIleHHOI 30HBI MJICHOK
ITO mw3mensiercs B npexaenax 3,70-3,84 3B B 3aBUCUMOCTH OT TEMIIEPATypPhl OT)KUTA, YTO OOYCIIOBICHO
a¢dexrom bypmreiina-Mocca.

Pabora BemomHena mnpu mnojmepxkke I[TIHWM «MarepuamoBenenue, HOBbIE MaTepHabl H
TEXHOJIOTHI.
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THE ELECTRICAL PROPERTIES OF THE CONTACT OF YSZ NANOPARTICLES OF
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Abstract

The electrical conductivity of the contact of nanoparticles of different (7,5 and 14nm) sizes based on
YSZ under conditions of hydration and deuteration was carried out on direct current. It was found that
electrical conductivity (maximum current value) by deuterium exceeds the conductivity of the system, in the
case of hydration.

1. Introduction

In the aspect of adsorption electronics, it is relevant to study the mechanisms of electrical conductivity
of hydrated nanopowder systems [1]. Taking into account the surface nature of the conductivity of
nanoparticles of dielectrics, the features of the surface diffusion of charge carriers with different electron
spin, in particular, fermions and bosons, are of interest. These are, respectively, ions of hydrogen and
deuterium. The study of the electrical conductivity of the contact of nanoparticles of different sizes based
on YSZ under conditions of hydration and deuteration was the purpose of this work.

2. Material and methods

The electrical conductivity of the contact of YSZ nanoparticles of different sizes has been studied by
means of a sample chamber (fig.1.). It was a closed 350 ml container (1) with a salt-controlled atmospheric
humidity (2). The sample under study was a mechanical elliptical contact of two planar objects in the form
of films based on a PVA binder with a nanopowder filler applied to a gold—plated copper foil (3, 4).

V < Fig. 1. The appearance of the sample chamber, where:

\, 1. - sample chamber; 2. - salt controlling atmospheric humidity in the
volume of the sample chamber; 3-4 planar elements — components of the transition
sample; 5- elliptically sharpened pusher needle, 6 — fluoroplastic anvil, 7 -
mechanical displacement meter.

=

Quasi—monodisperse nanopowders (size variance less than
5%) of the composition ZrO, — 3 mol%Y,0; with a particle size of
7.5 and 14 nm were obtained using chemical technology with the
use of physical influences [2]. First, zirconium hydroxide was
obtained from chloride raw materials by the method of co-
precipitation. After dehydration in a specialized microwave oven (T
=120°C, t = 0.4 h), the amorphous powder was subjected to crystallization annealing at the temperatures of
400 and 700°C during 2 hours, for obtaining nanoparticles of sizes 7,5 and 14 nm respectively.

Current collectors made of tinned copper wire with a diameter of 0.05 mm were glued to the foil using
a conductive varnish based on nickel powder. Elliptical contact was provided by a clamping device with a
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known force by means of an elliptically sharpened needle and a fluoroplastic anvil like in [3]. The movement
of the needle was recorded by a precision mechanical displacement meter. The mechanical force was 0.75
N.

The electrical resistance of the contact was measured using a universal measuring device VC9808.
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Fig.2 Dependence for the contact of YSZ-system s
particles with sizes of 7,5 u 14 nm, saturated by water (1)
and deuterium’s (2) steam at the humidity of 85% (a),
75% (b) and 65% (c).

3. Results and discussion

The V-1 of hydrated and deuterated
contacts at different values of humidification /
deuteration are shown on Fig.1. It can be seen that
at high humidity (85%), hydration leads to a
higher (by 30%) current in the voltage range
below -0.7 and above +0.7 V. That is, the
conductivity is higher in the case when the charge
carriers are protons. With a decrease in humidity
to 75% and below, the conductivity in the entire
voltage range (-2 - +2) against the background of
a general decrease in conductivity, respectively,
is 3 and 2 times higher in the case of deuterium
than in the case of a proton as a charge carrier.

4. Conclusions

Thus, it can be concluded that in
comparison with the hydrogen conductivity
considered in [4] there is probably a situation
when the deuterium ion forms an additional
channel of electrical conductivity by an electronic
mechanism. It significantly increases the
electrical conductivity of the system at low
humidification levels. At high humidity, proton
conductivity dominates (Relay mechanism /
Grotgusa) compared to deuteron. It should also be
noted that an increasing an electrical conductivity
does not lead to an improvement in the rectifying
properties of the contact. The temperature range,
where the difference in the action of deuterium
and hydrogen is manifested, cuts off simplified
ideas about the tunneling mechanism and,
apparently, speaks of spin chemistry (catalysis)
with the participation of nuclear spins which are
different for the deuteron and proton. This
prediction could be confirmed experimentally
using tritium water.

Key words: Homogeneous electronics,
interphase  electronic  exchange, electrical
conductivity of dispersed systems, deuterium
diffusion over the surface of nanoparticles,
varizonicity of ion nanoparticles, spin chemistry.
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BJIMSHUE 3JIEKTPOJIUTHO-IIVIASMEHHOI'O YIIPOUHEHUS HA CTPYKTYPY U
3PO3UOHHYIO CTOMKOCTb CTAJIH 65T
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ADCTpaKT

Paboma nocsswena uccredosanuio 6IUAHUS  INEKMPOIUMHO-NAAZMEHHO20 YNPOYHEHUS HA
usMeHeHue hazo60-CMPYKMYPHLIX CEOUCME U IPOUOHHOU cmouxkocmu cmanu 651, npumensemoil 0z
U320MOGAEHUs pabOUUX OPeaH08 NOYB00Opabamvlsalowux mawun. Ilpoyecc s1eKmporumHo-niIa3MeHHo20
ynpounenuss obpasyos cmaau 6517 nposoounu 6 snexmponume, cooepocawem 6oouwil pacmeop 20 %
xkapoonama nampus (Na2CO3). Onpedenero, ymo 31eKmMpOIUMHO-NAAIMEHHOE YNPOUHEHUe NPUBOOUM K
00pazosanuio  MOOUQDUUUPOBAHHO2O NOBEPXHOCMHO20  Cl0s, COCHOAWE20 U3 MEIKO3EPHUCTO20
MapmeHcuma, moJwuHa Komopozo & cpeonem cocmaensem ~0,5-0,7 mm. Hcnvimanua na 6030yuiHo-
9PO3UOHHYIO CMOUKOCMb HNOKA3AAU, YMO 8ce 00pasyvl, npoweouiue 31eKmpoIumHO-NIA3MEHHOe
YNpOUHEHUe, XapaKkmepuzyiomces 00CMAamoyHo HUSKUM IPOZUOHHBIM USHOCOM, HeM UCXOOHble 00pa3ybi.

KioueBble ca0oBa:  AIEKTPONIMTHO-IUIA3MEHHOE — YIPOYHEHHE, MHKPOTBEPJOCTh,  CTallb,
MHUKPOCTPYKTYpa, (ha30BbIi cOCTaB, SPO3UOHHBIN H3HOC.

[MoBepxHOCTHas 00pabOTKa JieTajel U3 CTajdH C MCIIOJIb30BAaHUEM HArpeBa KOHLEHTPHUPOBAHHBIMH
MTOTOKAaMH 3HEPruu (AMEKTPOHHBIN JTyd, Ja3epHOe U3TyUeHHE, INIa3MEHHAas 1yTra) SABJSEeTCs CyIECTBEHHBIM
pe3epBOM 3KOHOMHUH MaTE€pUaNIbHBIX, TPYIOBBIX U SHEpreTuyeckux 3arpart [1, 2]. OnbIT noka3bIBaeT, YTo
IUTa3MEHHBIN UICTOYHUK IOBEPXHOCTHOI'O HarpeBa MOKHO BO MHOTHX CIIy4asiX IPUMEHSTh HapsILy C TAKUMHU
WCTOYHUKAMH, KaK JIa3€PHBIH M JJIEKTPOHHO-TY4eBOM, 00ecreunBas BHICOKHE TEXHUKO-IKOHOMHUYECKHE
nokasarenu npouecca [3]. DIeKTpoIMTHO-IUIa3MeHHas 00paboTKa MpeAcTaBisieT co00i 0uH U3 criocoO0B
CKOPOCTHOTO HarpeBa, HpuU KOTOPOM oOpabaTeiBaeMasl JIeTanb SBISIETCS KaTOIOM WJIH aHOIOM
OTHOCHUTEJIFHO BOJHOTO 3JeKTponuTa [4]. 3aMbIKaHUS DSJIEKTPUYECKOW IENH MEXAY O3JIEKTpOJaMHu
MIPOUCXOJISIT Yepe3 AICKTPOJHUT (BOJIHBEIN pacTBOp coiH). IIpeoOpasoBaHue AIEKTpUUECKONW SHEPTHH B
TEIJIOBYIO WET NMPEUMYILIECTBEHHO B MPUTPAHUYHOM K H3JENHUIO cioe. B pesynbraTe HarpeBa 3TOT CIIOH
MEPEXOAUT B TApOra3oBOE COCTOSHUE, B HEM II0Jl BO3JAEHCTBHEM INPWIOKEHHOTO HaNPsHKEHUS
BO30YKTaFOTCSI MUKPOIYTH. [[TOTHOCTH MOIITHOCTH TIOCTHTAET 10 3x10° Br/cm2. TeXHONOTHS TTO3BOJISET B
LIMPOKHUX Ipeesiax U3MEHATh CKOPOCTh HarpeBa M OXJIAXKICHHS, a TAKKE TONLIMHY YIPOYHEHHOT'O CIIOS.

B cooTBeTcTBUM C MOCTaBICHHBIMHU 33JadyaMy B KayecTBE OOBEKTa MCCIIEAOBaHMS Oblia BhIOpaHa
KOHCTPYKIMOHHAs cTanb 650, JIns uzydeHust o01iero xapakrepa CTpyKTYPbl HCIOJIb30BaIH ONTHYECKHUMA
mukpockorn  Anbramu  MET-5C (OO0  «Anbramm», Poccus, 1. Cankr-IlerepOypr). s
MeTauIorpauueckoro MUKpoaHaiu3a LHUIMGBI MOCIE MOJUPOBKH, C NMPUMEHEHHEM MacTbl JIBYOKHUCH
Xpoma, TpaBWiIn 4%-bIM CIIUPTOBBIM PACTBOPOM a30THOW KHCIOTHI. MOpP(OIIOTHIO ¥ DIIEMEHTHBIN COCTaB
o0pasna, oOpabOTaHHOTO B AJIEKTPOJIMTHOHM IDIa3Me, HMCCIIEJOBANIM Ha CKaHUPYIOUIEM JIIEKTPOHHOM
mukpockorie Phenom XL (Ditnaxosen, Hunepnanmer). [locie 3meKTpONIUTHO-TUIA3MEHHOTO YIIPOYHEHUS
HaOronaeTcs xapakTepHas JUIS TIOBEPXHOCTHOM 3aKalKH 30HAIBHOCTb CTPYKTYPBI. OJEKTPOJIMTHO-
TUTa3MEHHOE YIPOYHEHUE CTaM MPUBENIO K MOAM(DUIIMPOBAHUIO MTOBEPXHOCTHOTO cii0si. CTPYKTypa Cliost
10 Mepe yaleHusl OT MOBEPXHOCTH 00pa3ua meHsercs. Ha nonepeunoM Mukpouuiude Xopomo BhIIEIIeTCs
MOJIU(HUIMPOBAHHBIA MOBEPXHOCTHBIM CIIOH, COCTOSIILMA W3 MEJIKO3EPHHCTOr0 MAapTEHCHUTA, TOJIIWHA
KOTOpOro B cpeaneM coctariser ~0,5-0,7 mM. [lanee, BriryOb oOpasiia, CleayeT nepexoaHoi, 3aTeM — CIon
(30HA) OCHOBHOTO MaTepHaia, KOTOPbIi COCTOUT U3 PePPUTHO-TIEPIUTHON CTPYKTYPHI.

PenTreHocTpyKTypHBIE HCCIIEAOBAaHUS OOPa3LOB CTaJM BBINOJIHSAIM H3BECTHBIMH METOAaMHU
PEHTTeHOCTPYKTYPHOTO aHajgm3a Ha audpakromerpax X’PertPRO (Philips Corporation, Amcrepaam,
Hupnepnanner). CheMky audpakTorpamMm mMpoBoAwIH ¢ ucnonb3oBanneM CuKa- uznyduennn (A=2,2897 A0)
npu Hampsokennn 40 xB. PacmmgpoBka gudpakTorpaMM HpoBOAMIACE BPYUYHYIO C HCIIOJIB30BaHUEM
CTaHIAPTHBIX METOOWK W 0a3bl naHHBIX PDF-4, a KonuyecTBEHHBIM aHAIN3 BBIMOJHSUICS C TOMOIIBIO
nporpammel Powder Cell. PeHTreHOCTpYKTYpHBIH aHaiIM3 IMOKa3ajl, 4TO B MCXOJHOM COCTOSHHU B
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CTpyKType ctanu 650 npucyTcTBYIOT TONbKo a-¢asa. ITociae DITY B oOpasuax cranu 651" HabromaeTcs
peduexc (121) nementura. Takxke mnocme JIIY Ha audpakrorpammax HaOIrO#aeTCs YIHIMPEHHUE
UHTEPEPESHITMOHHBIX JTUHUH 0-pa3pl. YHupeHne HHTepPepeHINOHHBIX JTHHIH 0-(Da3bl CBI3aHO C POCTOM
IUIOTHOCTH  JTUCIOKanuii, (OpMHUpPOBaHWEM MapTEHCHUTa W  OIpEeeNseTcss TJIaBHBIM  00pazoMm
TETParoHaJbLHOCTHIO MapTEHCHUTA.

CrennioBbIe UCTIBITAHUS 00pa3loB cTany 651 Ha BO3AYLIHO-3PO3MOHHYIO CTOHKOCTH MPOBOJMIUCE
Ha CHEINUAILHOM CTeHIIe B COOTBeTCTBHHM co ctaHmaptoM ASTM G76. HcnbltTanuss Ha BO3IyNIHO-
3PO3UOHHYIO CTOMKOCTh 00pa3LOB OCYIIECTBISUTN CIEAYIOMIMM 00pa3oM: Ha 00pasel] U3 CoIuia THaMeTpoM
5 MM mopaeTcs BO3aylIHO-abpa3uBHas cTpysl. JaBienue Bo3myxa Ha Bxozae B comuo 0,4 MIla, paccrosnue
OT cormia 10 moBepxHocTH oOpasma 11 mm. [IpogomkuTenbHOCTh BO3AEHCTBHS BO3AYITHO-aOpa3WBHOM
ctpyu coctaBui 60 cekyHra. [locie Tecta oOpaser B3BenIMBaeTC Ha aHATUTHIECKAX BECaX U OMPEIeIsIeTCs
noTeps Macchbl. Pe3ynbTaThl HCTIBITAHUS TTOKA3aJIM, YTO MOTEPS] MacChl 00pabOTaHHBIX 0OPA3LOB IMOYTH B 2
pa3a MeHbIIIe, YeM FCXOTHBIX 00pa3mnoB. Takum 00pa3oM, pe3yIbTaThl UCIIBITAHNS CBHAETENHCTBYIOT, YTO
BCce O0pasIpl, MPOIIENIINE 3IIEKTPOJIUTHO-TNIA3MEHHOE YIPOYHEHHE, XapaKTepPH3yITCS JAOCTATOYHO
HU3KHAM 3PO3HOHHBIM U3HOCOM, YEM UCXOJIHBIE 00pa3IIbl.

Takum 00pa3oM, MpOBENEHHBIC MCCICAOBAHMS IMOKA3alHd MEPCIEKTUBHOCTh U IIEJIECO00pPa3HOCTh
MPUMEHEHUsT Pa3padOTaHHOTO Crmocoba JuIs TOBBIIICHUS OKCIUTYaTAllHOHHBIX CBOWCTB JIE€TaleH,
paboTaromuX B YCIOBUSAX TPEHUS W M3HAIMIUBAHUA. MOXHO YTBEPXKAATh, YTO NMPUMEHEHHNE TEXHOJIOTHH
3NEKTPOJIIUTHO-TIIIA3MEHHOTO  YIIPOYHEHHUS] BMECTO TEXHOJOTHH JIA3ePHOTO W AJIEKTPOHHO-TYYEBOTO
YIPOYHEHHUS, MO3BOJSET COKOHOMHUTH OCHOBHOE OOOpYJOBaHWE U MPOW3BOJICTBEHHBIC TILIOMIA/IH,
YMEHBIIUTE PACXOJ AIEKTPOIHEPTUU U HAKIIATHBIX PACXOJIOB.
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AHHOTAIUA

B oannoii pabome npedcmagnena conneynas pomodIeKmpuyeckas yCmaHoeKa ¢ UHGOPMAYUOHHOU
cucmemotl, CHeyuamrbHo CO30aHHOU OJil UCCACO08AHULL U MOHUMOPUHEA OONAYHOCTHU MECMHOCHU.
Ipeonooicena memoouka KOIUYECMBEHHOU OYeHKU O0ONAYHOCMU MEeCMHOCIU 8 CYMOYHOM U HeOelbHOM
unmepgane 8pemMeHUu Ha OCHO8e YUPPOBOL MexXHoA02UU 00paboOmKU IKCHePUMEHMATbHOU 6A3bl OAHHBIX
BbIXO0H020 MOKA U HANPAINCEHUSL YCMAHOBKU.

KaroueBble cioBa: (OTORJIEKTPUUSCKUN MOMAYJNb, JJCKTpUYECKas MOIIHOCTh, BBIPaOOTKA
3JIEKTPOIHEPTHH, TEMIIEpaTypa, MPO3PavyHOCTh ATMOC(EPhI, 00TAYHOCTh MECTHOCTH.

Pacuer BbIpabOTKHM 3JEKTPOIHEPTMU COJTHEYHBIX dnekTpudeckux craHiuuii (COC) B ycrmoBHsX
LenTpanpHON A3MH C YIETOM TeMIIEpaTyphl MECTHOCTH IO CITy THUKOBBIM JIaHHBIM TIPOBE/ICH B padote [1],
re TPEUIOKCHO TMPOBEICHUE MHJIOTHOTO 3KcrepuMmenTtanbHoro wucciemoBanus COC. B pabore [2]
MOJTydeHa OIICHKA BJIMSHHUS CYTOYHOTO M CE30HHOTO KOJICOAHUS TeMIepaTypbl (POTOIIEKTPHUYECKOTO
Moayns Ha sHeprermdeckyto 3¢dextuBHocTs (KII/I) comHeunsix ycranoBok. VccrnemoBaHue BIWSHUS
KJIMMaTH4eCKuX, MeTeopoiornyeckux ¢aktopoB Ha KIIJ[ comHedHBIX (OTOINEKTPHUECKHX YCTAaHOBOK
(CODBY) mpoeemeno B pabore [3]. Oueprermueckas 3¢¢exktuBHOCTh CDDY 3aBUCHUT Takke OT
TEXHUYECKUX (aKTOpOB, pazMepa MaHeJeW, yria yCTaHOBKH, croco0a MOJKIIOUEHHS K Harpyske.
Vcnonb3oBaHne akKyMMYJIATOPHBIX OaTaped M 3apsIHBIX YCTPOWCTB HPUBOAMT K IOMOJIHUTEIBHBIM
MoTepsM KOTopble cocTaBisatoT 15..20%. Ha paboTy CONHEYHBIX YCTAaHOBOK CYIIECTBEHHO BIIHSIOT
aTMocQepHbIe SIBJICHUS, TAKHE KaK 001a4HOCTb, TYMaH, IbLTb, CMOT, JIOX/Ib U CHET.

BripaboTka 3JIeKTpOIHEPIHH YMEHbBILIAETCSl 32 CUET aTMOC(EPHBIX SIBICHUHA B OTIENbHBIE ITHH
MIPAaKTUYECKHU 10 HyJIsI, a MEcsTYHast BBIpaOoTKa yMeHbIIaeTcst Ha 60% u 6osiee B 3MMHHIE MECSLBI B YCIIOBUAX
HenrpansHoii Asun [4]. B netHmii mepwoa 3a cyer 0Opa3oBaHUS aHTHIMKIOHA, KOT/Ia BEPOSTHOCTH
o0JIa4yHO TOroibl MHUHHMMAallbHA, TIBUIEBOE 3arpsi3HEHUE aTMoc(epbl TakkKe MOXKET 3HAYUTEIHLHO
YMEHBUINTh BBIPAOOTKY 3JeKTpodHepruu. CpeqHue MecsSuHbIe IOKa3aTeld YMEHBIICHHS BBIPAOOTKH
C®DY 3a cuer nbum coctasisioT 10...15%.

Bripabotka snekrposneprin CODY npu mbiieBoll Oype yMEHbIIaeTCs MPAKTUYECKH JI0 HYJS B
Hayaje TOCTYIUICHHWS NbUIM, B MEPHOJ IOCIEAYIOIIMX JHEH BBIHOCA M OCAXKICHMS INBUIM BBIpAOOTKa
ymenbinaercs Ha 50..30% [5]. [lanHble MecsuHbIX TOKaszaTeneil paboter COPDY: BhIpaboTKa
anektposneprun, KI1/1, ymeHbIIeHHEe BEIPAOOTKH 3a CYET KIIMMATHYECKUX CE30HHBIX (DaKTOPOB MPHUBEICHEI
B paborax [3-6]. Ananu3 nanHbIx BeipaboTkn CODY [uis AeKaJHBIX U HEJCTbHBIX HHTEPBAIOB POBEICH
st 2019, 2020 u 2021 ronos [7].

JlaHHbIC HCIIOJb30BaHHBIE B YKa3aHHBIX BbIIe pabdoTax [2-7] TOJNy4YeHBI C TMOMOIIBIO
pa3paboTaHHOTO ¥ CO3JAaHHOTO HAaMH po0OTa - YCTPOHCTBA Ha OCHOBE MHKPOKOMBIOTEpa I
HENPEPBIBHOIO M3MEPEHHS W PETUCTPAllMM HANpPSDKEHHs, TOKAa Ha BBIXOAE COJIHEUHBIX MOAYIEH,
TEMIIEPaTyphl BO3yXa M MOAYJIS, BIAKHOCTH BO3AyXa.

B nmanHoif paboTe moiy4yeHa OIleHKa YMEHBIIEHHS BBIPAOOTKH anekTposHeprun CDODY 3a cyer
aTMOC(EPHBIX SBICHUM 3a CyTOYHBIH HHTEPBAJl BpPEMEHH B JICTHHUI MIEPUOJ HA OCHOBE JaHHBIX NU3MEPEHUH
BBIXOJJHOTO TOKa M HANPsDKEHUsS] yCTAHOBKU. METO/ OLEHKH BIMAHUS aTMOC(EpHBIX SBICHUI Ha padoTy
CODY ocHOBaH Ha HENPEPHIBHOM HM3MEPEHHWH TOKA W HAIPSDKEHUS YCTAHOBKH Ui ONpEIeSieHUs
BBIPAOOTKH 3JIEKTPOIHEPTHU B CyTOUHOM HHTEPBAJIE.

UzBecTHO, uTO aTMocdepHble SABICHHS OOBIYHO NPUBOIAT K YMEHBIICHHIO MPO3PAYHOCTH
atMoc(epsl, BCIENCTBHE 4YEero yMeHbIIaeTcsl BblpaboTka siextposneprun COC. Hampumep, mpu
MOSIBJICHHH O0OJIaKOB NpsiMas KOMIIOHEHTa coyiHedHoro usiydenus (CH) ymeHblaercs uiad BOOOIIE
orcytctByeT. HWHTeHcHBHOCTE auddy3HON KommoHeHTHI CH HECKOJBKO YBEIMYHBAETCS, OIHAKO
CYMMapHO€ HM3JIy4eHHE MOXKET YMEHBIINTCA B HEeCKoJbKO pa3. KpuBas BbixomHoro toka COJOY nmeer
[IPOBaJI BO BPEMs IPOXOXKJICHUN 00J1aKa Hajl yCTaHOBKOI.
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B naHHOW paboTe TpUBENEHBI PE3yNbTAThl IKCIIEPHMEHTAIBHBIX HCCIEOBAHNM, MOYyYESHHBIX
HEMPEPBIBHEIM MOHUTOPHHIOM BBIXOJHOTO TOKAa M HANPSHKCHUS COJHEYHOW (POTOINEKTPUUIECKON
yctanoBku (COJY). Cucrema perucTpanvy JaHHBIX Ha MHUKPOKOMITBIOTEpE OOecredrnBaeT 3aluch U
XpaHeHHe JaHHBIX Ha (im-kapte oobemMoM 1 I'b. KoMmmbroTepras mporpamma o0paboTKH 6a3bl JTaHHBIX
MO3BOJISACT MOJIYYUTh AaHATUTUICCKYIO0 HHPOPMAIIHIO B 33IaHHOM MHTEPBAJIC BpPEMEHH CYTOK, MecsIla, T0/1a.

DnexTpudeckas MOIIHOCTh Ha Beixoqie CDODY Pjonpenensiercs mo hopmyiie:

Pi=Uil; (1)

rae | - Tok, Ui - Hanpspkenne Ha Beixoge CODY mis | — ro uHTEpBaIa BpEMEHH.
Beipabotka ssektposneprun Wi B 3aJaHHOM HHTEPBAIE | OMPEIeIsIeTCsl Kak:

Wi = Pi At; 2

rae Ati= 5 MuH = CONSt sABIAETCS UHTEPBAIOM H3MEPEHHI.

Cytounas BeIpaboTka snektposneprun W onpeaensiercss cymmoint Beipabotku Wi B mHTEepBane ot 1
1o N:

W.=YY Wi (3)

Cpennnit mecstansiii KI1/] ¢porosnextprudaeckoro momyist (DOM) ompenensiercs:

=W, /E, (4)
rac
W, =%, W, (5)

W,, — MecsiuHast BBIpaOOTKa IEKTPOIHEPTUU U M — 4HCio THEH B Mecslle,

E, — MecsuHas cyMMa COJIHEYHOT'O W3JTy4EHHsI Ha IUIOMIAI IPUEMHHKA.

Pesynbrarel nsmepenuil Toka n HanpsbkeHHs Ha Beixoge CODY ¢ nHTEpBaIoM 5 MUHYT XpaHsTCA B
tdopmare Excel u 06pabarbiBaroTcs ¢ MOMOIIBIO KOMITBIOTEPA.

OTHOCHTENIBHBIN MECSTUHBIHN MTOKa3aTeb npo3pauHocti atMocdepsl Ty 1 koadduimenT odbaauHOCTH
MECTHOCTH Kogy [UISL BHIMMOTO THara3oHa CIEKTpa - 00JAaCTH YyBCTBHUTEIBHOCTH IMOJYIPOBOIHUKOBBIX
(hOTOIIEKTPUUECKHX IIEMEHTOB M3 KPEMHHUS OMPEEIISIeTCs 10 CIETYIOIMM COOTHOIICHUSIMU:

T, = <W¢> [ Wemax (6)

Kosa = 1 - <Wc> / Wemax (7)

BripaboTka 31€KTPO3HEPTrHH COJHEYHOTrO (POTOINEKTPUIECKOrO MOMYJISl paHee HCCIEIOBaHbI B
CYTOYHBIX, HEJCJIbHBIX, ACKAaIHBIX, MECAYHBIX U TOJOBBIX MHTEPBaJaX BPEMEHH B pEabHBIX OPOACKUX
yenoBusix T. Xymkann [2-8]. [IpoBeaeH aHanm3 TaHHBIX B HEJIETHHBIX, JEKATHBIX, MECSUHBIX, KBAPTATHHBIX
Y TOJIOBBIX HHTEPBAJIOB [7-8].

B nanHoii paboTe npoBeneH aHanu3 BeipaboTku COIY ¢ miomaneo S=0,2 M2 C MH(POPMAITUOHHOM
CHUCTEMOH, CHEIMaJbHO CO3JaHHOW JIsi HWCCIEJOBAaHMA ¥ MOHHTOPWHTA OOJaYyHOCTH MECTHOCTH.
CymMupoBaHue BoIpaOOTKU MPOBENEHO 3a WHTEPBaJ 7 JHEMH, clieioBaTelbHO, B popmye (5) 3HaueHne M
=7,i=1.2,...,7.

MownuTtopuHr Beipabotku anextpodneprun Wi CODY co 2 no 8 aBrycra 2023 roga npencTaBieH Ha
puc.la. Cyrounsie BbeipaboTku dnekTposHeprun COIY W, mokazans! Ha puc.16.

Pe3ynpraThl pacuera CyTouHbIX MoKa3ateneit Kosn 1 7. mpeacTaBieHsl Ha puc. 1B.
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Pucynox 1. Buipabomxa snexmposnepeuu Wi (a), cymounas evipabomxa W (6), cymounvie noxkazamenu kosgguyuenm
obaaunocmu Kosn u omHocumensuulil nokazamens npospaynocmu Te(8) 6 nepuoo 02.08.- 08.08.20232. 6 2. Xyoocano.

Kax BumHO u3 Puc.la, kpuBas W umeer npoBansr 2,3,5,6,7 aBrycra 2023 roga m3-3a MOSBICHUS
obmaynoctu. Cytounas BelpadoTka W, yMeHbIaeTcs B yka3anHble 1HH ( cM.Puc.10).

Cymma cyTouyHOM BeIpaboTKH ycTaHoBku W, B HeZieIbHOM UHTEpBase cocrasiseT 118,8 Br.u.

Cpennecyrounas Beipadotka <W:> B cemuaaeBKe coctapisier 17 Br.q.

MaxkcuMmainbHas BEIpa0oTKa Ha cepenuny nHTepBana Wemax cocTabisier 18,5 BT.4.

Cpennuii HeeNbHBIA OTHOCHUTENIBHBIN MOKa3aTelb MPO3payHOCTH aTMocdepsl, ¢ 2 1o 8 aBrycra
onpenensercs npu M = 2,8 COOTHOIIICHHEM

T28=<Wc>/Wemax = 17 Br.u /18,5 Bt.u = 0,92.

Cpenauii HeleIbHBINA KOA(PPHUIUEHT 00IaYHOCTH ONPEAEISIETCS] COOTHOLIEHHEM

<Koor>28=1—T25=0,08.

CyrouHnas BeIpaboTKa 3tektpodHepruu W, 3a cuet obnaunoctu ymensimaercs go 11,8 Br.u Ha naty
06.08.23. PacuerHast cyTrouyHas BbIpaOOTKa mpu OTCyTcTBUHM obnaunoctu 18,1 Br.u. Cpennecyrounoe
YMEHBIIICHUE pacyeTHOW BBIPaOOoTKH 31ekTposHepruu COIY pasno 0,15 Br.u.

CpenHuii CyTOUHBIN MOKa3aTelb Ipo3pauHocty arMochepsl st 06.08.23 cocrariser

T6 = Wc (6) / Wcmax (6) = 11,8 BT.I{/ 18,1 BT.I‘I = 0,65

Cpennuii CyTOUHBIH KO3 PUIMEHT 001agHoCcTH MecTHOCTH st 06.08.23 cocrasisier
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<kos:>6 = 1-Tg = 0,35.

B 3axmrouennu npuBeieM OCHOBHBIC BBIBOIBI JAHHOM pabOTHI:

1. Pa3paborana u co3nana comHedHast POTOAIEKTPHUECKasi yCTaHOBKA ¢ MH(OPMAITMOHHOM CHCTEMOM
JUTSE MOHUTOPUHTA 00J1a4HOCTH MECTHOCTH.

2. Pazpaborana MeToAWKa OLEHKHM OTHOCHUTEIBFHOTO CYTOYHOTO TOKa3aTeNis MpO3pavyHOCTH
aTMochepsl U CyTOYHOTO K03 duimenTa 00IaqHOCTH T BUAMMOTO JHAaIa3oHa CIeKTpa.

3. INonmyuyeHa OIlCHKA BEIMYMHBI CYTOYHOTO IMOKA3aTells MPO3PavyHOCTH aTMOC(Epbl U CYTOYHOIO
ko3¢ duimeHTa 001auHOCTH MECTHOCTH, X JIMAIIa30H M3MCHCHUH B JICTHUH MEPHUO/,.

4. llony4eHHas OIeHKA BIHSHUS KIMMATHUECKUX, METEOPOJIOTHIECKHUX, TEXHUIECKUX (PaKTOPOB HA
KII/I comHedHbIX AIEKTPUIECKUX CTAHIIUHN, TIO3BOJISIOT ONPENEIUTh UX YKOHOMHYECKYIO 3 (PEKTHUBHOCTS,
MMPOTHO3UPOBATh CYTOYHYIO, HEJCIBbHYIO, JIEKaTHYI0, MECIYHYI0, CE30HHYK) H TOJIOBYIO BBIPa0OTKY
3IEKTPOIHEPTHUH, ONTHMHU3UPOBATH pabodre mapaMeTpsl 000pyAOBaHUS H PEKUM HX IKCILTyaTallnu.
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AHHOTAIINA

Veenuuenue mowmocmeii 60306H06151eMbIX UCMOYHUKOG SHEPUU, OCOOEHHO (OMOINEKMPULECKOU
(PV) onepeuu u evicokuil ypogenv unmezpayuu (GomosieKmpudecKux mexHoI0SUll MONCem Cepbe3HO
NOGIUAMb HA KAYeCMB0 U Oe30NACHOCMb dlleKmpocemel, 8 MoM Yucie npugooum K nepepacnpeoeieHuro
MOWHOCMeEl NO TUHUAM DNIEKMPONepeoayu, COOMEEeMCMEeHHO K U3MEHEHUIO NPOQUIIS HANPSHCEHUS 8 CeMmU.
Daxmuuecku, K020a MOWHOCMb, BbIPAOAMbIBAEMAS dMUMU CUCIIEMAMU, Npesbluidem mpedyemylo
Ha2py3Ky, 00pamHblil NOMOK MOWHOCMU NOGIUAEN HA KAYeCMEA dNeKMPOIHEPUL 8 PACHPEOeNUMeNbHOl
cemu. B amoii cmamve paccmampusaomesi 7 cyeHapues uHmeepayuy conHedHvle omosnekmpuiecKue
cmanyuu (COOC) 6 suepeocucmeme 2opooa [Jywianbde ¢ UCNONL308AHUEM NPOSPAMMHOL0 KOMNIEKCA
DIgSILENT Power Factory. Awnanuz noxazan, umo cyenapus Ne7 Hauboree noOXooswas Oas
9Hepeocucmemvl 2. [[ywaroe.

Kntouegvle cnoga: conmHeyHAss SHEPrusi, KA4eCTBO dJEKTpoceTH, notepu MomrHocTH, DIGSILENT
Power Factory, uHTerpamus K 3JIeKTpOCETH.

1. Bgenenue

Pazmep CODC moxer ObITH NOAOOpaH, HAampuUMep, B 3aBUCUMOCTH OT Hpoduist Harpys3Kd
norpedurenei, peHradbenbHOCTH WM Kod(dduimeHTa coOcTBeHHOro mnotpediieHus. KoaddummeHnt
CaMONOTPeOICHNsI TTOKA3bIBAET, CKOJBKO (DOTODIEKTPHUUECKONW HSHEPTUU HCIONB3YyeTCs Ha OOBEKTE H
CKOJIBKO TiepenaeTcss B ceTh. Pazmep COOC moxer ObITH momoOpaH C ydeToM Mpoduisl Harpy3Ku
MOTPEeOUTENs TAKUM 00pa3oM, YTOOBI BEIPa0OTKa (POTOIIEKTPUIECKOM SHEPTUH MTOKPhIBajla MUHIUMAIBHOE
notpebieHue eKkTposHeprun nmorpedutenem [1,2]. Takoit MeTon onpeseeHus: pa3MepoB odecrieunBaeT
BBICOKMI KO3 ULIMEHT caMonoTpeOIeH s, MOCKOJIBKY JIEKTPOIHEPTHs PEAKO MEepeaaeTcss B TOPOACKOI
ceTb. O1HaKO pa3Mep CHCTEMbI BApbUPYETCs B 3aBUCUMOCTH OT TOTO, HCIIOJIb3YyeTCs Ji 0a30Basi Harpy3Ka
JIETOM WJIH 3uMOM Tipu ompeneneHun pazmepoB COIC. [TuxoBas moTpeOHOCTH B JEKTPOIHEPTHH WITH
9HEPronoTpeOIeHue MOXKET OBITh HCIOJIB30BAHO B KAUeCTBE OCHOBHI JUIS OINpENesIeHHs pa3Mmepa
dorosnekrpudeckoit sneprocuctemsl [3,4]. CODC Takke MOXKET ObITh PACCUNTAHA HA OCHOBE KOHLICIILIUH
YHCTOTO HYJS, KOTrJa BBIPa0OTKa (POTOIIEKTPHUYECKON JHEPrHMH B TEUEHHE OINPEJICICHHOro IepHoza
BpEMEHH, OOBIYHO B TEUEHHE T0ja, MOKPHIBAET MOTPEOJIEHUE, COOTBETCTBYIOIIECE HArpy3Ke 37[aHusl Ha
MPOU3BOACTBO (DOTORJIEKTPUUECKON SHEPrHH, W YUYMTHIBAs, 4YTO ILEHBl Ha MOKYNKY M HPOJaxXy
9JIEKTPOIHEPTHH BIUSIOT HAa DKOHOMHYECKYIO peHTabenbHOCTh cucTeMbl [5]. Ommako BBEIOOp pasmepa
COOC TONBKO MyTEM ONTHMHU3ALKK €€ COOCTBEHHOrO MOTPEOJIeHHS MOXKET NMPHBECTH K yYMEHBIICHHIO
pa3MepoB U CHIKEHHIO PEHTA0EIBbHOCTH CUCTEMBI. DTO CBSI3aHO € TeM, 4To Oonee kpynHas COOC umeer
Oosee HHM3KHE WHBECTUIMOHHBIC 3aTpaThl Ha KHJIOBATT-4aCc WM, aJbTEPHATHBHO, Oojee HU3KYIO
BBIPOBHEHHYIO CTOMMOCTb HEPTHH, Y€M CHCTEMa MEHBIIIETO pa3Mepa.

[Ipobnemam wunaTerparun COOC B IHEProcCHUCTEMY, CIIOCOOY OIPEACICHHUI0 ONTHMAIHHOTO
PAcTIONIOKEHHS M Pa3Mepy COJHEUHBIX CTaHLUHI B paclpeneNuTeNbHbIX CHCTEM OBUIN MOCBSILIEHH MHOTO
uccinenoBanuii [6-7]. B cratesx [8-10] mpemcraBien 0630p MHTErpanuu (OTOIIEKTPUUECKUX CETEH M
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JIOKa3aHO, 4YTO, HECMOTps Ha €€ pasiIMyHble NPEUMYIIECTBa, TaKUe KaK CHIDKEHUE 3arps3HEHUs
OKpy>Karolel cpesibl, OecriaTHasi JOCTYITHOCTD U T.JI., HEKOHTPOJIUPYEMbIH BEICOKHI YPOBEHb HHTETPALIUH
(hOTO3TEKTPUUECKUX CHCTEM B HJIEKTPUUECKYIO CETh MOXKET PacCMaTpPUBATHCS KakK MpobjeMa U BIUsSeT Ha
Ka4yecTBO JIEKTPOIHEPTHH B ceTu. B kareropum pacnpeneneHHbIX CUCTEM (DOTOIIEKTPHUCCKHE CTAHLUH
MO>KHO Pa3JeNuTh CIEAYIOMNM 00pa3oM: MaroMaciuTabHble, cpeqHeMaciuTabHble, KpyTHOMACIITa0OHBIE U
OYEeHb KpYIMHOMAcCIITaOHbIE (OTORIEKTPUUECKUE CTAaHIMH, TAC OUANa30H MOIIHOCTEH KaKIOro THIa
cocTaBisgeT cooTBeTcTBeHHO 110 250 kBT, oT 250 10 1000 kBT, 0T 1 10 100 MBT M, HakoHel, BbIiIe 100
MBt. Kak yxe ymnoMHHaIOCh paHee, HECMOTps Ha pa3jIMyHble MPEUMYyLIeCTBA HHTETpalluu
(OTO3IEKTPHUUECKUX CUCTEM B CETh, HEKOHTPOJIMpYeMasi WHTerpanusi (OTOIIEKTPHYECKOH SHEPruu B
pacnpenenuTeabHy0 CeTh MOKET MPHUBECTH K DALY NPoOJieM ¢ KaueCTBOM 3JIEKTPO’HEPTHUH B CETH.
@daKkTUYeCKH, 3a IOCIETHUE HECKOJIBKO JIET HCCICNOBAHUS BIIMSHHS COJHEYHOH (DOTO3IEKTpUUEcKOn
CHCTEMBI Ha paclpelleInTe]IbHbIe CHCTEMBbl IPUBIICKIM BHUMaHKUE HccienoBaTeneid [12] u mokaszamu, 4ro
MOIITHOCTb, BbIpaOaTbiBaeMas 3TUMU MOAYJISIMH, CHJIBHO 3aBHCUT OT IOTOJHBIX YCJIOBHM, TaKUX Kak
TeMIIepaTypa U COJHEYHas! HHCOJISLHS, KOTOPbIE MOT'YT BBI3BaTh KOJIEOAHUS MOIIIHOCTHU U BBICOKHH YPOBEHb
WHTErpalu (POTOIIEKTPUIECKOW CHUCTEMbI MOXKET BBI3BATh SBJICHHWE OOPAaTHOTO MOTOKA MOIIHOCTH,
KOTOPOE TMPEJACTaBIsIeT COOO0H OCHOBHYIO MpPOOJEMY IMOBBIIICHHS HANPSHKCHUS, KOJCOAHWH YacCTOTHI,
YBEJIIMYEHUs] MOTEPhb M T.A. B cilyuyae yBelIWYEHHUs] MOTEPb 3JICKTPOIHEPTHMH paclpelesIuTebHbIe
TeHEPaTOPHI B LIEJIOM CHIDKAIOT IIOTEPH B cHcTeMe Oaroaapsi CBoeil BIpadOTKE 3JEKTPOIHEPIUH, OCOOCHHO
KOTJ]a OHU HaXOAATCS OJIKe K Harpyske [8]. DakTHUECKH, 9TO MPEATIOIOKEHHE TPUHIMAETCSI BO BHUMaHHUE
J0 TeX TOp, MOKa He HAayHEeT MPOUCXOAUTh OOpaTHBIN MOTOK MOIHOCTH. Ha camom aerne, ocHOBHOe
BHUMAaHUE B 3TOW CTaThe YAESICTCS M3YUYCHUIO M AHAJIW3y BIUSHHSA BBICOKOIO YPOBHSI MHTETPALUH
(hOTO3IEKTPHUUECKUX TEXHOJOTHH Ha MPOQHIIL HANPSHKEHUS U Ha YaCTOTY PaclpeieIuTEILHON CETH, U 3TO
JieJlaeTcsl MyTeM aHaiM3a IOTOKAa Harpy3KH TECTOBOM CHCTEMBI C HCIOJNb30BAHHEM HHCTPYMEHTa
mozaemupoBanusi DIgSILENT Power Factory [13], koTopblii paccMaTpuBaeTcsi Kak KOMITAaHHS I10
pa3paboTKe MPOrpaMMHOTO OOeCIieYeHUs] U KOHCAIITHHIA, TPEA0CTABISIONas WHKUHAPUHTOBBIE YCIYTH,
YCIYrd B OOJIACTH DIIEKTPOIHEPreTHUECKUX CHCTEM. boiiee TOro, OH COJEPXKHUT TOJNHBIH CIIEKTP
(YyHKIMOHAIBHBIX BO3MOXHOCTEH OT CTaHAAPTHHIX (YHKLUHMI 1O MPOABUHYTHIX NPHIOKEHHUH, TAKUX KaK
BETPO3HEPreTUKA, paclpeiesieHHas TeHepaluusl © MOHUTOPUHT TPOM3BOJUTEIBHOCTH 715l TECTUPOBAHUS
KoHTpong cucteM [14]. B 3ToM MHCTpyMEHTE MOJIENIMPOBAHUS, TaKKe MOXHO HaWTH MOJEIHMPOBAaHUE
CTAallMOHAPHBIX, TMHAMUYECKUX U nepexoanbix mpoueccoB [ 15]. DIgSILENT sBnserca npenouTUTENbHbIM
U PEKOMEHJIyeTCsl B CIIydae MCCIIEIOBAHUS MOTOKA HArPY3KHM M MOJCIUPOBAHUS CETKH, IIPH CPaBHEHUH
MHOTHX MPOTPAaMMHBIX MAKETOB, IIOCKOJIBKY OH BeJIeT ce0s TaK, KaK 0)KUIAeTCS.

2. Paspaborka IHEpPreTHYecKHUX clleHApHEB npu HCNO0JIb30BAHUH

B0300HOBJIsIeMbIX HCTOYHMKOB IHEPIrum

[Ipu ycnoBuu, 4yTO Harpy3Kka, BBOA aKTUBHOW M pEaKTUBHOW MOIITHOCTH U NTapaMeTPbl CETH U3BECTHEI,
aHaJM3 TIOTOKa HArpy3KH OIpeJelsieTcss HanpshbkeHueM W (a3oil JTMHUH, MOCIIe Yero MOXKHO PacCUUTaTh
norepu. Maremarnyeckue MOJENH MOTOKH MOIIHOCTH TpeOyeT pELIeHHS CHUCTEMbl OJHOBPEMEHHBIX
HEJINHEWHBIX ypaBHEHHH. | eHepaTopsl U Harpy3ky NPEeACTaBJISIOT COO00I rpaHUYHBIE YCIOBHS PEILICHUS
9THX ypaBHeHHH. OIHAKO € HENPEepBIBHBIM YyBEIHMYEHHEM MacliTada dHEpPrOCUCTEMBI pPa3MEepHOCTD
YpaBHEHMH MOTOKAa HArpy3KH CTaHOBUTCS OYCHb BBICOKOW, M NJsl YPaBHEHMH C TaKMMHU OOJIBIIMMH
pasMepaMH Mbl HE MOXEM TapaHTHPOBaTh, YTO KaKOH-TMOO MaTeMaTHYECKHH MeTOoJ NpUBEAET K
MpaBIJIbHOMY permieHnto. CleoBaTeabHO, BEIOOP HAAEKHOTO METOAA MMEET BaXKHOEe 3HaueHHe. Takum
00pa3oM, METOJI 3TOTO UCCIIEIOBAHMSI OCHOBAH B UCIIOJIL30BaHUH IIporpaMmHoro obecrieuenust DIGSILENT
Power Factory.

COOC, moakiroueHHass K CETH, COCTOMT M3 (OTOIEKTPHUUECKOrO psiia MaHeNed CcoeanHEHHOM
Mexay co0oil, HHBepTOpa U KOHTpoiuiepa. THUnmuyHas CTPyKTypHasi cxeMa (POTOIIEKTPHIECKON CHCTEMBI,
MOJKJIIOUYEHHON K CeTH, BKIIOYaeT B cels: (DOTOIIEKTPUUECKYIO PEUIeTKY, MHBEPTOP M BCTPOCHHOE
YIPaBIAIOIIEE 3alIUTHOE YCTPOMCTBO, Kak MOKa3aHo Ha puc. 1.

[TockonpKy ITaHUPOBaHKE, TPOEKTUPOBAHIE U SKCIUTyaTallus SHEPTOCUCTEM TPEOYIOT OTIpEIeTICHIS
MMOTOKA HArpy3KH JJIsl aHAJIM3a YCTAaHOBUBIIMXCS XapaKTEPUCTUK YHEPTOCUCTEMBI B PA3INYHBIX YCIOBHAX
9KCIUTyaTalluy U U3yYeHHs BIUSHMS U3MEHEHUH B KOHHUrypauuu odopynoBanus. VcciepoBanue moroka
Harpy3ku Obuto TpoBeneHo ¢ wucrnons3oBannem DIGSILENT Power Factory B oGmactu ananmza u
MOJIETTUPOBAaHUs dHEprocucTeM. HexkoTopble acreKTsl BIMSHHUS MOIKIIOYEHHS CONHEYHON TeHeparuu K
ANIEKTPUYECKOM CETH B YCIIOBUSX ropoaa [lynranoe Oputn paccMoTpeHsl B paborax [16-18].
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Pucynox 1. CmpykmypHas cxema ¢homoanekmpuueckoli cucmemvl, ROOKIIOUEHHOU K cemu

PacueTsl moToka Harpy3Ku HUCIIONB3YIOTCS IS aHAJIM3a SHEPTOCUCTEM B YCTAaHOBUBILUXCS YCIIOBHAX
0e3 yueTa cOoeB (0€3 KOPOTKOTO 3aMbikaHusl). [ 71e ycTaHOBHBIIIEECS YCIOBHS OIIPEICIIICTCS KaK COCTOSIHUE,
MPU KOTOPOM BCE€ NIEPEMEHHBIE M MTapaMeTPhl CUATAIOTCS IOCTOSHHBIMH B TEYEHHUE MEPHOIa HAOIIOCHNS.
OTO MOXHO paccMaTpuBaTh Kak O (PUKCALUM HHEPrOCHCTEMBbl B JaHHBII MOMEHT BpeMeHH. B stom
WCCIIC/IOBAHUN AKTHUBHAs MOIIMHOCTh M PEaKTHUBHAs MOIIHOCTh HAarpy30K OBbUIM 3aJaHbl, YTOOBI OHH
COOTBETCTBOBAJIM OIPEICIICHHOMY €XeMecadyHoMYy npoduiro. [Ipn 3TOM akTHBHas MOLIHOCTH OyJeT
aBTOMAaTHYECKHU U3MEHATHCS B COOTBETCTBUU C HA3HAUYCHHBIMU HAMU JATOH U BPEMEHEM.

Pactymas moTpeOHOCTE B 3NEKTPOdHEPTHI0, yBenmmdeHnus duciio Maiasix COOC u nmpoekTupyeMble
6OJ'H>HH/IC COJIHCYHBIC CTAHIMU CTaBAT BOIIPOCHI O ACTAJIbHOM M3YUYCHHU HX BIWAHUA IIPU UHTCTPALlMU B
DHEPTeTHUYECKYI0 CceTh. llpnm aHanmm3e »HepreTndeckod cuctemsbl r. JlymanOe OBUIM PacCMOTPEHBI 7

CLICHAPHEB:

1. AHanu3 TeKyIero COCTOSHUS YaCTH SHEPTOCUCTEMBI C UCIIOTIb30BaHUEM PEANIbHBIX JaHHBIX
0 3arpy’KEHHOCTH CHUCTEMBI.

2. AHaH3 YHEPTOCUCTEMBI MTPH MOJKITFOYSHUHN COTHEYHBIX 3JIeKTpocTaHui K tuHusM 0,4 kB
MOITHOCTBIO0 50% OT MOIIHOCTH TPAaHC(HOPMATOPOB B 3arpy>KEHHOM COCTOSIHUH.

3. AHanu3 3HeprocUCTEMBbI ITPU MOAKITIOYEHNH COTHEUHBIX IeKTpocTaHui K tuHusaM 0,4 kB
MOITHOCTBIO0 50% OT MOIIHOCTH TpaHCHOPMATOPOB O€3 HArpy3KU.

4. AHaH3 YHEPTOCUCTEMBI ITPH MOIKITFOYSHNUHN COTHEYHBIX JIeKTpocTaHIui K nHusM 0,4 kB
MotHOCThI0 100% 0T MOIIHOCTH TPaHCPOPMATOPOB B 3arpy>KEHHOM COCTOSIHUH.

S. AHanu3 sHEProCUCTEMBI ITPU MOAKITIOYEHNH COTHEUHBIX JIeKTpocTaHui K tnHusM 0,4 kB
mMouHocThio 100% oT MomHOCTH TpaHchOpPMaTOPOB O6€3 HArpy3KH.

6. AHanu3 3HEProcucTEMBI MPH MOAKIIOYEHUH COMHEYHBIX AJIEKTPOCTAHIMM MOIIHOCTHIO 1
MBT x nmuauaM 10 kB B 3arpy’keHHOM COCTOSTHHH.

7. AHanu3 3HEProCUCTEMBI NPU MOAKIIOYEHUHN COMHEYHBIX JIEKTPOCTAHIIMKA MOIIHOCTBIO 2

MBT k nunusiM 10 kB B 3arpy’k€HHOM COCTOSIHUU.

3. PesyabTaTsl

OcHoBHBIE pe3ynbTaThl MOJENUpPOBaHUs npuBeneHbl B Tabnuue 1. Kak BumHO M3 TaOnuiel, npu
cueHapuu Ne 7 conHEYHasi 3JEKTPOCTaHLUS MOIIHOCThIO 2 MBT mosnHOCThIO 0OecrieunBaeT Harpysky.
I'paduueckoe mpeacraBieHNe HArPY3KH U TMOBBINICHHBIX/TIOHIDKEHHBIX HATPSDKEHUH B CETH JUIS BCEX
CIIEeHapUEB MPUBEJEHBI B PHC. 2, a pe3yIbTaThl MOJICTUPOBAHNS [T HAWITYHILEro clieHapus (cueHapuii Ne
7) oTpaxkeHo B Tabmuie 2.

Tab6uuna 1. OcHOBHBIE pe3y/JIbTaThl MOAECJIHPOBAHUS

I'enepanus, H“Taﬂun ¢ Harpyska, otepn,
Cuenapun MBT OT BHeIIHel MBT MBT
cetu, MBT
1 0 1,95 1,85 0,10
2 0,72 1,2 1,85 0,07
3 0,72 0,47 1,13 0,06
4 1,43 0,5 1,87 0,06
5 1,43 0,24 1,13 0,06
6 1 0,93 1,87 0,05
7 2 -0,07 1.87 0.05
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Tab6uuna 2. Pe3yJibTaThl MOJeIHPOBAHMSA VIS CLeHapud 7.

Cetp: O011ad1 CceTh
["enepanmst 2,00 MBt -0,00 MBAp 2,00 MBA
Brennsig nogaua -0,07 MBt 0,28 MBAp 0,29 MBA
MesK30HHBII IOTOK 0,00 MBt 0,00 MBAp
Harpyska P (U) 1,87 MBT 0,10 MBAp 1,88 MBA
Harpyska P (Un) 1,87 MBT 0,10 MBAp 1,88 MBA
P (Un-U) 0,00 MBT -0,00 MBAp
Harpy;“a ABHTateit 0,00 MBT 0,00 MBAp 0,00 MBA
ITotepu 0,05 MBT 0,18 MBAp
JIuneiinas 3apsaka 0,10 MBAp
Hraeke 0,00 MBAp
KOMIICHCAIIUU
KomnencaunonHas 0,00 MBAp
CIIOCOOHOCTH
YcraHoBieHHas 2,00 MB1
MOIITHOCTh
Bpamaromuiics 0,00 MBT
pe3epB
O06muit k03hGUIMEHT MOITHOCTH
I"enepartust 1,00 []
Harpyska/nsurarens 1,00/0,00 [-]

Pucynox 2. I'pagpuueckoe npedcmasienue Hazpy3Ku U NOBLIUEHHO20/NOHUNICEHHO20 HANPSIICEHUsL 8 Cemu OlIs CyeHapust 7

4. BoiBoaBI

Pe3ynbrarhl MoieTMpOBaHUS TIOKA3AJIH, YTO BEIPAOOTKA (POTOINEKTPUIESCKON SIHEPTUU MOXKET UMETh
MOJIOXKUTENBHBIN 3()(PEKT, TaKOH KaKk CHUYKEHUE OTEPh MOIIIHOCTH, HO MPH BBICOKOM YPOBHE HHTETPAILlUU
(hOTOIIEKTPUIECKOM CHCTEMBI TTOTEPU MOIITHOCTH M HAIIPSDKEHHE y371a YBEITUYATCS, 1 9TO MOXKET ITOBITHATH
Ha 4acTOTy. B kauecTBe pemeHus 3TUX mpooiieM peKOMEH TyeTCS UCIIOJIb30BaTh METO I, KOTOPBIH ITOMOTAET
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HalTH HawWydllee MeCTOmoyiokeHrne (y3el), a TaKkkKe MaKCHUMaJbHYI0 MOIIHOCTh, BbIpaOaThIBAEMYO
(hOTORIIEKTPUYECKON CHUCTEMOM, KoTopas OyAeT TMOoJaBaThCs HA 3TOT Y3, HE BBI3bIBas HETaTHMBHOTO
BJIMSHHA HA KA4YECTBO AJIEKTPOIHEPruu. Jpyrumu ciioBaMH, ONTHMAJIbHOE pa3MELIEHUE U pa3Mephl
SIBIITIOTCS OJHHUM W3 JIYYIIUX CIIOCOOOB TOBBITICHUS d()D(DEKTHBHOCTH DIIEKTPOCETH, U 3TO OyAET MPUHITO
BO BHHMAaHHME B KaudeCTBE MEPCICKTHBBI JaHHOW paborhl. B ycnmoBusx r. [lymanOe, Hawitydinee
Mectononokenus u pazmep COIC cooTBeTcTBYET crieHaput0 No7 TaHHOU CTaThH.
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Abstract

Dual-tilt (East-West) PV system installation on flat roofs is a configuration that optimizes power
generation, reduces wind load, minimizes shading losses and maximizes available roof space. This
paper presents the results of a study to determine the optimal orientation of a dual-tilt photovoltaic
system and the change in their performance compared to a system with an optimal orientation to the
sun. The calculations were carried out for systems with a fixed orientation. The dual-tilt design
achieves an annual output that's generally 80% or lower than that of the optimally oriented system.
In most tilt angles, its highest annual production occurs when it's oriented east-west. However, when
the tilt angle is less than 10 degrees, the impact of the azimuth angle is minimal.

Keywords: dual-tilt, east-west tilt, PV system, optimal orientation

1. Introduction

The orientation of the PV panel plays a major role in its economic feasibility. Different tilt and
azimuth angles are feasible for different regions [1]. In case of Austria and Germany 20° steeper tilt angles
and orientations from east to west were found plausible, with low impact to electricity cost. [2]. The PV
system tilted 10° facing east demonstrated the highest specific yield in Singapore [3]. The yearly optimum,
tilt angle 22° and orientation angle the south direction were for Abu Dhabi [4].

However, the best orientation can be traded-off [5] for example in order to place more PV panels on
available surface. One of the common patterns for integrating photovoltaic (PV) systems on flat roofs into
buildings is the dual-tilt (or east-west) design. It involves placing solar panels in two rows oriented east and
west, with an azimuth difference of 180 degrees between the first and second modules.

The dual-tilt design is known for its ability to reduce the effect of wind forces on the PV modules,
which increases the stability of the system. This placement of panels helps to reduce shadow loss, as panels
are less likely to cast shadows on each other at different times of the day, which improves overall system
performance. The dual-tilt allows more PV modules to be placed on the roof than would be possible with
other configurations. This optimizes energy production and makes optimal use of the available roof area.
However, this can reduce energy production due to poor orientation of the system to sunlight. In this regard,
to ensure the feasibility of dual-tilt configuration, an optimal balance is required between an increase in
installed capacity and a decrease in productivity.

Depending on the stakeholders' interest the optimal angle for the PV system will be different. Optimal
orientation of a dual-tilt system depending on demand patterns was investigated by [6] and found that a tilt
angle of 13% were optimal in all considered scenarios.

2. Methodology

In this paper we present an approach of visualization of possible variations of annual power yield by
a dual-tilt PV panel compare to a PV panel with an optimal orientation to the sun. In this work we have used
isolation data for Tashkent Uzbekistan (latitude: 41.311081 and longitude: 69.240562) generated using
multivariate solution algorithm [7]. The results of calculus are the values of solar insolation and ambient
temperature depending on five variables: (1) time of day (1), (2) day of the year (n), (3) tilt angle (o), (4)
azimuth angle (y) and (5) albedo (p).

The temperature of the PV panel can be determined using an empirical formula [8]:

T. = 1.411T, + 6.414,

and calculate its efficiency using the following formula:
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n =no(1— Cr(Te — To)),
where 7, is the nominal efficiency of the PV panel under standard testing conditions (STC) at
temperature T,; and Cy is the temperature coefficient of the efficiency of the PV panel, which, based on
technologies, varies from 0.0001+0.007 (1/°C) [9].
The power output of the PV panel is calculated within the range of multiple variables: - a, v, 7, n
and p:
P = nIG (a' y,Tn, P)

3. Results and discussion

Using the above formulas, it is possible to calculated the dynamics of PV power output throughout
the day or the whole year, for certain orientation of the PV and given surface albedo.

Figure 1 demonstrates the results of calculations using the following set of data: p=0.2, a=40°, y=0°,
10=0.18, T;=25°C and C;=0.005°C™.
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Figure 1. Dynamics of PV panel power output during the days of the year for p=0.2, a=40°, y=0°, ,=0.18, Ty=25°C and
C;=0.005°C*
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Figure 2. Normalized values of annual power output of PV panel for different orientations

Figure 1 demonstrates that productivity peaks change throughout the year, and their maxima occur

during the cool season, which is due to the influence of temperature. This data is useful for predicting the
impact of a PV system on the electricity network and load coverage.
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Similarly, summing the power output of the PV panel for every day and for the whole year, we come
up with its annual power output depending on the angle of inclination, azimuth angle and albedo. In this
case the influence of the ambient temperature and PV efficiency will determine the absolute value of the
annual output, but its variation will dependent on its orientation. To enhance clarity, we've normalized the
annual power generation values by scaling them against the maximum attainable annual power generation
when the photovoltaic panel is optimally oriented:

Pyy(a,y,7,1m,p)
NPW (a’ rot ,0) max (va((x,y,‘r,n,p))

Figure 2 demonstrates the change in the annual power output of the PV panel depending on deviation
from the optimal orientation. Such data is useful for the assessing the possible losses due to the orientation
in case of the building integrated PV (BIPV).

Since results have values of the annual power output for the whole range of the azimuth angle, it is
possible to calculate the dual-tilt positioning of the PV panels for different orientation. For such a case, we
assume that the PV panel has 2 equal surfaces with azimuth degree difference of 180 degrees, and
normalized values of annual power output if such configuration is calculated as:

N +NZ
nglual—tllt — pv pv
pv

2
In fig.3, we can see that for the most inclination angles the higher values of annual power output of a
dual-tilt PV panels correspond to the 90° and -90° azimuth angle, which is the reason for this configuration
is also called east-west tilt.
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Figure 3. Normalized values of annual power output of a dual-tilt PV panel for different orientations

Nevertheless, fig.3 also demonstrates that for the inclination angle of less than 10° the azimuth angle
of the dual-tilt panels has little influence and the annual output is equal to around 80% of the possible
maximum.

4.Conclusion

In this paper we have demonstrated that in direct comparison dual-tilt design has 80% or less of the
annual output of the optimal oriented system. For the most of the inclination angles, its highest annual
production is reached at east-west orientation. Nevertheless, for the inclination angle of less than 10° the
influence of azimuth angle is negligible.

We have showcased the approach to assess how the orientation impacts the PV system's output.
Nevertheless, the practicality of a dual-tilt design should be examined, taking into account the potential
augmentation of PV panel coverage relative to the available space. This aspect will be a subject of
investigation in our upcoming researches.

92



International Conference “Fundamental and Applied Problems of Modern Physics ”, October 19-21, 2023

References

1. T.M,, Yunus Khan & Soudagar, Manzoore Elahi & Kanchan, Mithun & Afzal, Asif & Banapurmath, Nagaraj
& Akram, Naveed & Mane, Suresh & Shahapurkar, Kiran. (2019). Optimum location and influence of tilt angle
on performance of solar PV panels. Journal of Thermal Analysis and Calorimetry. 141. 10.1007/s10973-019-
09089-5

2. Michael Hartner, André Ortner, Albert Hiesl, Reinhard Haas, East to west — The optimal tilt angle and
orientation of photovoltaic panels from an electricity system perspective, Applied Energy, Volume 160, 2015,
Pages 94-107, ISSN 0306-2619, https://doi.org/10.1016/j.apenergy.2015.08.097

3.Y. S. Khoo et al., "Optimal Orientation and Tilt Angle for Maximizing in-Plane Solar Irradiation for PV
Applications in Singapore,” in IEEE Journal of Photovoltaics, vol. 4, no. 2, pp. 647-653, March 2014, doi:
10.1109/JPHOTOV.2013.2292743

4. Farzad Jafarkazemi, S. Ali Saadabadi, Optimum tilt angle and orientation of solar surfaces in Abu Dhabi,
UAE, Renewable Energy, Volume 56, 2013, Pages  44-49, ISSN 0960-1481,
https://doi.org/10.1016/j.renene.2012.10.036

5. Komilov, A. Location and orientation based LCOE: Simplified visual analysis and generalization of the
levelized cost of electricity from storageless photovoltaic systems. Int J Energy Res. 2021; 45: 5649— 5658.
https://doi.org/10.1002/er.6190

6. Litjens, G. B. M. A., Worrell, E., & van Sark, W. G. J. H. M. (2017). Influence of demand patterns on the
optimal orientation of photovoltaic systems. Solar Energy, 155, 1002-1014. doi:10.1016/j.solener.2017.07.006
7. A.Komilov, Algorithm for multivariate solution of mathematical models in MATLAB to create a database of
environmental parameters, Applied Solar Energy, 2020, Vol. 56, Nel, 63-69,
https://doi.org/10.3103/S0003701X20010077

8. M. Almaktar, H. A. Rahman, M. Y. Hassan, and S. Rahman, “Climate-based empirical model for PV module
temperature estimation in tropical environment,” Applied Solar Energy, vol. 49, no. 4, pp. 192-201, 2013.
https://doi.org/10.3103/S0003701X13040026

9. Daniel Tudor Cotfas, Petru Adrian Cotfas, and Octavian Mihai Machidon, “Study of Temperature
Coefficients for Parameters of Photovoltaic Cells”, International Journal of Photoenergy, Article ID 5945602,
12 pages, 2018. https://doi.org/10.1155/2018/5945602

93


https://doi.org/10.1016/j.apenergy.2015.08.097
https://doi.org/10.1016/j.renene.2012.10.036
https://doi.org/10.1002/er.6190
https://doi.org/10.1002/er.6190
https://doi.org/10.3103/S0003701X20010077
https://doi.org/10.3103/S0003701X13040026
https://doi.org/10.1155/2018/5945602

Meoicoynapoonas xongepenyus « Dynoamenmanvhvle u NPUKIAOHbIE NPOOIEMbl COBPEMEHHOU PU3UKU
19-21 oxmsops 2023 e.

BI/PB CBEPXIIPOBOJHUKH, CHHTE3NPOBAHHBIE COJIHEYHOH
TEXHOJIOT'HEU, JJIAA CMEHIAHHBIX CTPYKTYP C HIOJYIIPOBOJHUKAMM.

N. I'ynamosal, X. Baxpounos?, T. 'yaamos?, I'. MaMuuamsuin®

L Huemumym mamepuanosedenus Axademus nayx Pecnybauxu Vzbexucman,
yr. U Aummamosa, 26, 100084 Tawxenm, Y3bexucman

2 Quauan HUTY MUCHC &
2. Anmanwvix

3 Uncmumym usuxu Axademus nayx Ipysuu.
AHHOTANUA

Conoguy-cmpykmypel  muna  NOAYNPOBOOHUK-CEEPXNPOBOOHUK — NPEOCMABNAION  HAVYHbIL U
NPUKIAOHOU UHMepec 6 CA3U C pAa3eumuemM HOB020 HANPABNEHUs, ABIAIOWE20Cs NPOOOIICEHUEM
anekmponuku,- CIIMHTPOHUKHU. Taxkue canosuu-napul a61110mes Kowmaxmamu {owcosecona, npuryun
delicmeust KOMOPbIX OCHOB8AH HA NepeHoce Hocumenel 6 nape OudIeKMpUK-c6epxnpo8oOHUK.
Xapaxmepucmuku 3a8ucam om cGOUCME COCMAGIAIOWUX Napy DJeMeHmos, m.e. NOAYNPOGOOHUKA U
ceepxnposoonuxa. Conneunas mexuonoeus cunmesa BTCII noseonuna noryuame ycmouinugsle K pacnaoy,
C  BOCNPOU3BOOUMOU  BLICOKOU  MEeMNepamypol nepexooa 8  C8EepXnpogoosaujee  COCMOSHUE
8bICOKOmMEMnepamyphvle  C8epxXnpo6ooHuKu-comorocu  psoa  (Biy7Pbo3Sr2Can-1yCunOy(n=3-20).
Hcnonvzosanue maxux BTCII 6 conosuu napax muna «noaynpo8oOHUK-CEEPXNPOBOOHUKY MOdcem
obecneyumsv noegviuwienue KIIJ] npeobpaszoeameneti COMHEYHOU dHepeuu 3a CHem YMeHbUeHUsS
CONpOMuUBIeHUs KOHMAKMO8 Npu HU3KUX memnepamypax. B canosuu-nape muna I11-BTCII ucnonvzosansi
CBEPXNPOBOOHUKU  2omoNocudeckoeo  psioa  cucmemwvl  (Big7PbosSroCan.yCuOy ¢ (M=7-12) u
nonynposoonuxu: Si u InP. Panee ycmarnoeneno, umo nogviuienue memnepamypvl c6epxnposoosueco
nepexooa 6 BTCII oannozo psda obycnoseneno agpgpexmom “PLD ’-nepuoduueckum paszynopsoouenuem
Kpucmannuieckou pewtemku. Imom s¢hgexm o00vACHEH UCNONb308ANHUEM 2eNUOMEXHONIO0UU, KOMOPasl
nPUBOOUmM K NOAPUAYUU INEKMPOHOE U MENCAMOMHBIX CA3ell 8 pe3yIbmame 8030eUCmeUU COTHEeUHO20
cnekmpa Ha obpabamvigaemvlii pacnias. Onpedeneno, UMO CUHMESUPOBAHHbIE CBEPXNPOBOOHUKU
NpeoCcmasisiiom — CMecb  KO2EPEHMHO  CONPAICEHHBIX — B8bICOKOMEMNEPAMYPHLIX — (ha3-20MON0208 €
KpUMu4eckumy memnepamypamu nepexooa 6 ceepxnpogoosiyee cocmosauue 6 ouanasone 110-181°K.
Cooepocanue, gasv ¢ Te=150°K cocmaensno oxono 50%o06wvemuvix. [ns cmaburuszayuu ucnoib306ambsl
Pb** (Sn, Ge, komopuie “pacuupsiom”’ kpucmannuyveckyio pewemxy. Haunyuwuii pesynbmam nonyuen y
cocmagog ¢ O0obaskamu oxcuda onosa u guoopuma. Hosewbim, panee ne uzgecmuviM d¢hgexmonm,
NPOABNIEHHBIM NPU CMAOUIUZAYUU BbICOKOMEMNEPAMYPHBIX C8EPXNPOBOOAWYUX (a3, ABUNLOCL OnpedereHue
Kamanumu4eckoeo — GIUAHUS — HUSKOMEMNepamypHoll — ceepxnpogodswel  ¢azvel  Ha  obpazosanue
6bICOKOMEMNEPATNYDHBIX CEEPXNPOBOOAUUX Pas3.

KawueBbie ciaoBa:. CwmemaHHas CHCTeMa IIOJYIPOBOJHUK-CBEPXIIPOBOJAHUK, COJTHEYHAs
TEXHOJIOTHsI, HU3KOTEMIIepaTypHasi CBEpXIIpoBosIas ¢asza, BHICOKOTEMIEpaTypHasl CBEPXIIPOBOSILAs
¢aza, Tc, napamerp peuetky, JHkozedcoHa s dexT.

BBenenune

IMouck wu wuccnenoBanue JIk03e(h)COHOBCKUX CpPE W KOHTAKTOB AaKTyaJbHO C TOYKH 3PCHHS
BO3MOKHOCTH YTPABJICHUS CBOMCTBAMM MOJYNPOBOJAHUKOBOM Cpeabl BHEIIHUMHU MAarHUTHBIMUA U
AJIEKTPUICCKUMHU TOIIMU. COHABUY-TIAPY MOIYIPOBOAHUK-cBepXpoBoaHuK (IIII MoxHO OTHECTH K
MIEPUOIUYECKAM CHCTEMaM, KOTOphIE HWHTCHCHBHO MCCIIEIYIOTCS B TIOCICTHEE BpeMs B CBI3U C
BO3MOKHOCTBIO HX HCIOJb30BAaHUS B CIIMH-BOJIHOBOM 5JeKTpoHUKE [1-6]. OmpeneneHHBIM ycnex B
Pa3BUTUU HAIIPABIICHUS CO3JAHMA U HCCIENOBaHMA cMmemaHHbIX cTpykTyp tuna [III-BTCII cBszan ¢
CO37IaHMEM  BBICOKOKAYECTBEHHBIX  CBEPXNIPOBOAHHMKOB.  OmpenmencHue  “BHICOKOKAYECTBEHHBIN
CBEPXIIPOBOJHUK BKIIIOYACT: BOCIPOW3BOAMMEBIN (ha30BBIA COCTaB, YCTOMYMBOCTH K pacmaay u
MHOTOJICTHIOIO TTIOBTOPSIEMOCTh KPUTHUECKUX MMapaMeTPOB, 3aJaHHYI0 MOP(OJIOTHIO C BRICOKOH TEKCTYPOH
u np. B manHOE BpeMs “maxke y caMmbIX "BBICOKOTEMIICPATYPHBIX" YCTONYHUBBIX COCTMHEHUHA TEMIIEpaTypa

94



International Conference “Fundamental and Applied Problems of Modern Physics ”, October 19-21, 2023

repexojia K CBEPXIPOBOIUMOCTH BCE €M B IIIyOOKOM MHHYCE M JaJieKa OT KOMHATHOU. B 3HaunTenbHON
CTETIeHH XapaKTepUCTUKHU U cBoiicTBa J[03e(hCOHOBCKHX Map ONpeAessIFoTCs MOPQOIoTHei, CBA3aHHOH C
napameTpamMy MEX3ePEHHBIX I'PaHHII, T.€. HEIOCPEICTBCHHBIM BIMSHAEM TEXHOJOTHUECKUX YCIIOBHIA [7].
ConHeuyHasl TEXHOJOIMS CHHTE3a IIO3BOJIMJIA IOJIY4YaTh YCTOHYMBBIE K pacmagy, ¢ BOCHPOHM3BOIAMMOM
BBICOKOM TeMIlepaTypoll TIepexoja B  CBEpXIIPOBOJSAIIEE COCTOSHHE BBICOKOTEMIIEpaTypHbIE
CBEPXMPOBOIHUKH-TOMOJIOTH psiza (Biy7Pbg3Sr.Can-1yCunOy(n=3-20) [8-9]. Ucnonn3oBanue Takux BTCII
B COHIBMY [apax THUIA «IOJYNPOBOIHUK-CBEPXIPOBOAHUK» MOKeT obOecneunts mnosbimeHne KIIJ
npeoOpa3oBaTesieii COTHEYHON SHEPIUU 3a CUET YMEHBIIEHHs COMPOTHBICHHS KOHTAKTOB MPH HU3KUX
Temneparypax. Kpome Toro, nzyueHue Takux CIOHCTBIX COHABHY-CTPYKTYP MHTEPECHO IUISl pa3padOTKH
IMOAOB U TUPUCTOPOB B IPUOOpax AJIS JEKTPOHHOM TEXHUKH.

Pe3yabTaThl M 00Cy:KIEHHE

B connsuu-nape tumna [MI1-BTCII Obuii Mcnonb30BaHbl CBEPXIPOBOIHUKH TOMOIOTHYECKOTO psiaa
cuctemsl (Bi17Pbo 3Sr2Cagn-1yCunOy ¢ (n=7-12) u mosynpoBoaauku: Si u INP. EcTaHOBIICHO, YTO MOBBIIICHNE
TeMIieparypsl cBepxnpoBosiiero nepexona B BTCII nanroro psga 6suto o0yciosneHo s¢dexkrom “PLD”-
MEPUOTUYECKUM  Pa3yMOPSIOUYCHUEM KPUCTAJUIMYECKOW pemieTku. JToT 3ddekt Obul  00bACHEH
ucnonb3oBaHueM SFAQ-relnoTeXHONOTHH, KOTOpas MNPUBOAMT K TMOJSIPH3AIMK  JJIEKTPOHOB U
MEXXaTOMHBIX CBSI3e B pe3yJbTaTe BO3IEHCTBUU COJHEYHOIO CIIEKTpa Ha 00pabaThIBacMblil pacIiaB.
OmnpeneneHo, YTO CHHTE3UPOBAHHBIE CBEPXIPOBOAHUKHU MPEACTABISIOT CMECh KOTEPEHTHO CONPSHKEHHBIX
BBICOKOTEMIIEPATYPHBIX (Pa3-TOMOJIOrOB ¢ KPUTUYECKUMH TEMIIEpaTypaMu Mepexoaa B CBEPXIPOBOJIIIEE
cocrosiuue B auanasone 110-181°K npu n=4-20. Conepxanue, ¢asbl ¢ Tc=150°K cocTaBnsano okono
50%006bemMBbIX. OcTanbHOW 00beM COCTaBIsLIM cBepxmpoBoasmme (azer ¢ Tc>150K-190°K, npuuem
konngectBo (asbl ¢ Te=190K He npesbimano 5%otH. [Toatomy, muist noseimenus coaepxkanus BTCIT dazbr
¢ Tc>150K B 00beM pabOTHl Ha JAHHOM 3Tane ObUIM BKIIOYCHBI HMCCIICIOBaHMS, HAIpaBJICHHBIC Ha
crabummsamio a3 ¢ Tc=180-190°K. CornmacHo maHHBIM TeopeTmueckmx pacuetoB, BTCII ¢aswl ¢
BBICOKMMH TEMIIEpaTypaMu CBEPXIPOoBoAALIero nepexoa 6onee 150K nomKkHbI OblTH OB UMETH TApaMETp
pelIeTKH BONb KpucTamtorpaduyeckoro Hanpasaenus «001» oxomo 120-150A. Jlns crabunusanum Takux
BTCII da3 c BBICOKOW KPUTHUECKOH TeMIlepaTypoil mepexoma ObLIO ONMpaBAaHO HCIOIB30BAHHUE IBYX
nyteil. IlepBbrii kmaccuueckuit - crabmnmsanus BTCIL ¢aser 3a cuer BBemeHHs 100aBOK, KOTOpBIE
“pacmapsAT” KPUCTAJUIMUECKYIO petieTKy. I Takoro myTH, T.e. CO3/IaHUs TBEPJOTO PaCTBOpPA Ha OCHOBE
marpuanoit BTCII a3bl, MOTJIH GbITh HCTIONIB30BaHbI IOOABKH TOi e MOATPYIIIbI, B KOTOPYO BxoauT Ph?*
(Sn, Ge). C y4eToM  3JIEKTPOHHOTO CTPOCHHUSI KOMIIOHEHTOB -7100aBOK, -4TO HEOOXOJMMO IPHHSITH BO
BHUMaHHWE JUIsI CO3/IaHUsI TBEPJOIO PAacTBOPA,- OBLIO HMCCIIEJOBAaHO BIMSHUE NO0OAaBKH, cojepxkarieid F,
KOTOpasi MOXKET OKa3aTh BIMSHHE HAa aHWOHHYIO COCTABIIAIONIYIO B KHCIIOpOAHOW moapemieTrke. [ToaTomy
HCCIIeIOBalIM  BJIMAHME J00AaBOK OKCHIA OJIOBA, OKCHIA OJKEle3a, OKCHIOB CKaHIUs, WTTpus,
CaF,(¢dmrooputa). Bo Becex obpasiiax ¢ no6aBkamMu U3MeHsIIach Je(eKTHas CTPYKTypa U, COOTBETCTBEHHO,
KpuTHueckas temnepatypa Tc. Haumyummmii pe3yapTart mojiydeH y COCTaBOB C 100aBKaMH OKCHa 0JI0Ba U
¢moopuTa. [1o naHHBIM peHTreH0(a30BOro aHanM3a KOJINIEeCTBO (a3 ¢ mapaMeTpoM IEeMEHTAPHOU TUCHKH
c=110-136 A cocraBnsno okono 58%otH., Tc =150-180°K. HoBbIM, paHee He M3BECTHBIM 3(QeKTOM,
BKSIBIICHHBIM TIPH CTaOWIIN3AIMH BBHICOKOTEMITEPATYPHKX CBEPXMPOBOIIINX (pa3, sBUIOCH OTpeieieHue
KAaTQJINTHYECKOI0  BIMSHHUS ~ HHU3KOTEMIIEpPaTypHOH  cBepxmpoBozsmiedl ¢a3sl Ha  oOpasoBaHHe
BBICOKOTEMIIEPATypHBIX cBepXmpoBogamux ¢a3. Tak kak 3Ttor 3pdexkT He ObUT H3BECTEH paHee,
MoTpe0OBaIOCh MPOBE/ICHUE JOMOJHUTENHHBIX UCCIIEIOBAHNH 110 BBISIBICHHUIO NMPUYHH KATATUTHISCKOTO
s dexTa. YCTaHOBIICHO 3HAYMTEINBHOE YCKOPEHHE peakinii 00pa30BaHus [IEIEBO BHICOKOTEMITEPATYPHOM
CBEpXMpOBOAIIeH (a3pl 3a cUeT “BKIMHUBAHMS CIOEB~ HU3KOTEMIIEpaTYpHOH (as3pl ¢ mociemyromei
KOT€pEHTHON JTOCTPOMKON 1O KPUCTAJUIMYECKOW PEUIETKH C MapaMeTpOM JJIEMEHTAPHOW SYEHKH BIOIb
nanpasienns «00L) u poctom 3Hauenus “c, A” no 140 A.

IIpu uccnenoBanum csuaud - mapel [III-BTCII ornpaBHON 3amadell SBISUIOCH HMCCIENOBaHHUE
CBOMCTB COCTaBHBIX 3JIEMEHTOB STOW Mapbl M TMOCJIEAYIONEE H3Y4EHHE BCEH CIOXKHOW CTPYKTYpBHI.
CBoiicTBa TONYNPOBOAHUKOBOM COCTaBISIONIEH [ETaNbHO W3YyYEHBL. YJEeNbHas dJeKTpUdecKas
npoBoauMocth pocduaa uaaus INP mpu 300K cocrasmser 104-10°0mem™ n ysenmuusaercs ¢ poctom
temneparypsl. Pabouas Temnepatypa INP cocraBiser He 6onee 80K. OueBHIHO, 4TO mapaMeTpsl Takon
napbl OyJIyT OMpeNeNsAThCSl CBOHCTBAMHU CBEPXIIPOBOJHHKA M d((PEKTaMH HAa MEK3EPEHHBIX T'PaHUIIAX
CHUCTEMBI “‘TTOJIYIIPOBOTHUK-CBEPXIIPOBOIHHUK’, KOTOpas mpeAcTaBisieT Jko3e)COHOBCKMIT KOHTAKT.
[ToaToMy Ba)XHO HM3yYEHHE 3aBHCHMOCTH CBOWCTB CBEPXIIPOBOJAHHMKA OT €ro cOoCTaBa M CTPYKTYpHI,
pa3paboTka TeXHUKH TekcTypupoBanus. Crenenb TekcTypupoBaHHocT BTCII oueHs BakHa BBUAY TOTO,
YTO TEKCTypa CYLIECTBEHHO BIIUSET HAa TOKOBbIE IapaMeTpbl, B YAaCTHOCTH, OT COCTOSHHS U XapakTepa
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MEXX3EPEHHBIX I'PaHUIl U MOP(HOJIOIHH 3aBUCUT KPUTUUECKUI TOK CBEPXIPOBOJHHUKA U, COOTBETCTBEHHO,
napel ([I[1-BTCII) B uemom. B conpBuu-nape tuma [II1-BTCII wncnonb30BaHBl CBEPXMPOBOIHUKH
rOMOJIOTHYECKOTO psisia cuctembl (Bi17Pbo3Sr2Can-1)CunOy ¢ (N=7-12) u monynpoBoauuku: Si u InP. Panee
YCTaHOBJICHO, YTO MOBBILICHUE TEMIIEPaTypsbl cBepxnpoBosiero nepexona 8 BTCII nansoro psiaa 6s110
o0ycrnosieHo 3¢ ¢extom “PLD”-mepuoandeckuMm pasynopsgodeHueM KPHCTAJUIMYECKON pEeImeTKH. DTOT
addekt ObuT 00BsicHEeH ucmonb3oBaHueM “Super Fast Alloys Quenching ”-reixmorexHONOrHH, KOTOpas
MIPUBOIUT K IOJIAPU3ALUH 3JIEKTPOHOB U MEXKATOMHBIX CBSI3€M B pe3yibTaTe BO3ACHCTBUU COJIHEYHOTO
cekTpa Ha oOpaOaTbiBacMblii pacmiaB. OmpegeneHo, 4YTO CHHTE3UPOBAaHHBIE CBEPXIPOBOTHHUKH
MPEJCTaBISIIOT CMECh KOTEPEHTHO COTPSKEHHBIX BHICOKOTEMIIEPATYPHBIX ()a3-TOMOJIOT0B C KpUTUYECKUMHU
TeMIepaTypaMu TIEPEXO0/ia B CBEPXIPOBOsIee cocTosHue B auanasone 110-181°K. Conepixanme, dasbl ¢
Tc=150K cocrasmsio okono 50%06beMubIx. Lt moseimenns conepsxanus BTCIT ¢aser ¢ Tc>150K
Wccile0BaHa BO3MOKHOCTE cTabummsanmu paz ¢ Tc=180-190°K. CornacHO JaHHBIM TEOPETHYECKUX
pacderoB, BTCII ¢a3sl ¢ BRICOKMME TeMIIepaTypaMu CBEPXITPOBOAAIIETO Tiepexoaa 6omee 150K momxHbI
6bLTH OBl IMETh [TAPAMETP PELISTKH BIOMIb KprcTamiorpadudeckoro Hanpasiaenns «000» oxomno 120-150A.
Hns crabunmzanuu BTCII ¢a3 ¢ BeICOKOH KpUTHUYECKOW TeMmepaTrypoil mepexona ObLJIO OIMpaBIaHO
BBeJIcHHE 100ABOK, KOTOpBIE “pacIIMpAT’ KPUCTAUTHUECKYIO pemeTky. Vcnonbp30Banbl 100aBKU TOH ke
HOATPYIIEL, B KOTOPYIo BXoauT Pb?* (Sn, Ge). C yueToM 31eKTPOHHOTO CTPOCHHS KOMIIOHEHTOB -100aBOK,
-4TO HEOOXOJMMO NMPHUHATH BO BHUMAaHHUE Ul CO3aHHs TBEPAOr0 PacTBOPA,- OBLJIO UCCIEA0BAHO BIMSIHUE
no0aBKH, coieprkaieii F, KoTopast MOKET OKa3aTh BIMSHIE HA aHHOHHYIO COCTABIISIONIYIO B KUCIIOPOAHOM
noapemretke/ Bo Bcex oOpasmax ¢ goOaBKkaMu H3MEHsUIAch Ae(eKTHas CTPyKTypa M, COOTBETCTBEHHO,
KpuTHdeckas Temiepatypa Tc. Hanmydmmii pe3ynbraT moiydeH y cocTaBoB ¢ 100aBKaMH OKCHIA 0J0Ba U
¢roopuTa. [1o naHHBEIM peHTreHO(a30BOr0 aHANK3a KOJINYECTBO (a3 ¢ mapaMeTpoM dIeMEHTAPHOM sTYSHKH
c=110-136 A cocrasnsano okono 58%otH., Tc =150-180°K. HoBbiM, panee He H3BECTHBIM 3(QeKTOM,
MIPOSIBJICHHBIM TIPH CTA0MIN3aLM1 BBICOKOTEMIIEPATYPHBIX CBEPXIPOBOIAINX (a3, SBUIOCH ONPEACICHUE
KaTAIMTHYECKOTO  BIMSHUS ~ HHU3KOTEMIIEPaTypHOH  cBepXmpoBozsmed ¢a3sl Ha  oOpa3oBaHHe
BBICOKOTEMIIEPATypHBIX CBepXmpoBoaamux ¢a3. Tak kak 3Ttor 3pdekT He ObUT HM3BECTEH paHee,
oTpedOBaIOCh MPOBEACHUE AONOIHUTENbHBIX UCCIEIOBAHUH M0 BBISIBICHUIO MPUYHMH KaTaIUTUIECKOTO
s¢dexTa. YCTaHOBIICHO 3HAYUTENBHOE YCKOPEHHE peakuii 00pa30BaHus LIEIE€BOM BHICOKOTEMIIEPATYPHOM
CBEPXIIPOBOAAIICH (ha3bl 3a CUET “BKIMHUBAHHS CIIOCB” HH3KOTEMIICPATYPHOH (a3l ¢ MOCIIEAYIOICH
KOTE€PEHTHON JOCTPOMKOW A0 KPUCTAINIMYECKON PEIIETKU C MapaMeTpOM 3JIEMEHTApHOU SYeHKH BIIOJIb
nanpasienus (00L) 1 poctom napamerpa “c, A” no 140 A. Tlonyuennsie kepamuueckue BTCIT o6pasimi
MPEJICTAaBIISUTH OCHOBY JIJIsI CO3/IaHMs COHABUYEH THIIA oynpoBoaHuK (Si, INP, INP+Zn)-cBepXnpoBogHuUK.
[lapsl mosydanu HambUIEHHEM TOJMYNPOBOAHUKOB Ha moBepxHocTh kepamuueckux BTCII psana
(Bi1,7Pbo3Sr2Capn-1yCunOy ¢ (N=7-12) ¢ Tc=150-180K B Bakyyme ¢ ucmonb30BaHueM yctaHoBku BYTI-4.
Tommmumna cioes Si, INP cocrassiia 2-2,4mkm. McciieoBaHbl BOJIbT-aMIIEPHBIC XapAKTEPUCTUKH COHIBUY-
nap. AHaJIM3 PeHTI€HOTPaMM U COTIOCTaBIIEHHUE C pe3yJIbTaTaMu u3MepeHuss BAX cBUIETENbCTBYET O TOM,
YTO MOsBJIEHKE HOBBIX oTpaxenuii( mpu 20= 32°, 30°) y BTCII ¢ “n >5”, KOTOpbIE, ONPEAETAIOT IIAPAMETP
sreMeHTapHoit sueiiku «c» [001] 6osee 130A y BTCII HoMuHaoB ¢’n” Gosiee 5, MOKET ObITh OTHECEHO K
(hOpMHUPOBAHUIO HOBOM KPUCTAJUTMYECKOM PEIISTKH ¢ OOJILIITMMH 3HAYCHHUSIMHU TapameTpa “‘c”. Pe3ynbTaThl
HCCIIEI0OBAHUS BOJIBT-AMIIEPHBIX 3aBUCUMOCTEN MOKa3aJId 3aBUCUMOCTb OT COCTaBa IOJIyIPOBOIHUKOBOM
COCTABIIAIOIIEH.

BriBoabI

B o0weme paboTHI TO HCCIENOBAHWIO BOJBT-aMIECPHBIX 3aBHCUMOCTEH COHJIBUY-TIAD COCTABOB
Bi1,7Pbo3Sr2Can-1CusOy 1 (n=5,7-12) u IIIT (InP); (InP(p*))-(n*) C konTakTOM SN OCYIIECTBICHBI
uccreoBanus, HanpasieHHble Ha ctadunuzanuio BTCII ¢a3 ¢ Tc 6onee 150K, tak kak Kputuueckue
xapakteprctuku BTCII (a3bl cylecTBeHHO BIUSIOT Ha TMapaMeTphbl COHABHY-NIAPHI. Y CTAHOBICHO, YTO
no0aBkH okcujia osioBa u ¢uooputa cradunusuposain BTCII dasy ¢ mapameTpom 3reMeHTapHOH SYeHKH
c>136A. Bonee 3HauUMTENbHBIN CTAOMIM3UPYIOMKI 3QPeKT ObLI TOCTUTHYT B pe3yjibTaTe pa3pabOTKH
HOBOW TEXHOJIOTHH, 3aKiouaronieiics B crabunmmzanuu npekypcopoB BTCII ¢a3 modaBkamu
HU3KOTEMIIEPATYPHBIX CBEPXMPOBOAAMMX (a3 3a CUYET KOTEPEHTHOH JOCTPOWKH KPHCTAIUINYECKOM
pEeIIETKH TMyTeM “‘BKIMHHUBAHUS CJIOEB HHU3KOTEMIIEPATYpHOW CBEpXMPOBOISIICH (a3sl MEXAy
MIPOBOISIIIUMH CIIOSMH KPUCTAJUIMYECKOW CTPYKTYyphl. MccrnemoBanue BOJIBT-aMIEPHBIX XapaKTEPUCTHK
COHJIBUY-TIAp MTOKA3aJI0 3aBUCUMOCTh CONPOTHBIIEHHUS mapsl oT cBoiicTB BTCII, onpenenseMsix 3HaueHUEM
“n”. dakt 00pa3oBaHUSI KOHTAKTa B TaKOW Mape MpH a30THOM TeMIepaType MO3BOJIET MPEAMOIOKHUTD
JI>x03e)COHOBCKUI Mepexon B HCCIeOBaHHBIX TeTepocTpykTypax Ha ocHoBe BTCII, cuHTe3MpOBaHHBIX
no SFAQ renmorexnonoruu. Takas TEXHOJIOTHS ONpEAEseT MONSPU3AIMIO CBSI3€H, YTO CBS3aHO C
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(hopMHpOBaHUEM CUCTEMBI TPABHILHO PACHPEACICHHBIX NEPEKTOB M COOTBETCTBEHHOMY BO3PAaCTaHHIO
KPUTUYECKON TEMIIEPATYpPhI IEPEX0a B CBEPXIIPOBOIAIIEE COCTOSHUE. Y CTaHOBIIEHO, uTO BAX canaBHY-
map ¢ TMOKPBITHEM W3 JWTUTaHATa HUTTEpPOWS HE WMENH CYIIECTBEHHBIX OTIMYUil OT 00pa3ioB 6e3
ONITUYECKOTO MOKPHITHS. B meeKTHON CTpyKType THUMA MUPOXJIOpa Y AUTUTAHATA HTTEPOUS COXPAHSIACH
CUCTEMa aHUOHHBIX JC(PEKTOB, CICACTBHEM YEO SIBISUIACH CTAOMIBLHOCTh KPHUCTAUIMYECKOW DPEIICTKH
COETUHEHMSL.
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Abstract

Theoretical and applied aspects of modeling the magnetodynamic flow of a controlled plasma are
considered. The scheme of a plasma neutron generator and the rationale for the discretization of flows of
condensed plasma and ions based on the introduction of the concept of discreteness of flows are considered.
To solve the problem of controlled nuclear fusion, a technique and technology have been developed for the
creation and formation of electronically controlled ion and plasma flows in magnetic fields by grouping
flows with the assignment of certain sequences. The operation of the installations is based on the physical
principles of compaction of plasma and ion flows with discrete by changing the control parameters of
magneto-optical systems. The model-dependent emittance is calculated. It is planned on the basis of the
considered technology of a neutron generator with a plasma target with a neutron flux pulse more than
10"t in the report to present models of radiation-induced defect formation and spatial self-organization
of defects during injection of electrons, alpha particles, gamma radiation in silicon and silicon carbide
semiconductor wafers. Preliminary experiments have been carried out on an installation with a plasma
electric generator to irradiate semiconductor heterostructures in order to create radiation-induced defects.

Key words: synthesis-generator, plasma target, plasma flows, compaction, magneto-optical systems,
plasma neutron generator, silicon carbide heterostructures, emittance, radiation-induced defects

1. Introduction

The difficulties and manufacturing time of nuclear reactors as sources of electrical and thermal
energy, as well as sources of neutrons of various intensities, lead to the need to create an alternative devices
as electric and neutron generators. But such compact generators can be applied in much larger fields: the
hidden nuclear materials detection [1], the isotope production [2,3], the neutron therapy for the fighting
cancer [4,5], the neutron transmutation doping [6] and other applications. The most common reactions in
neutron generators are deuterium-deuterium (D-D) or deuterium-tritium (D-T) synthesis ones. And
nowadays there are new modifications of generators using various [7-10] synthesis reactions and
constructions.

We focus on the electronically controlled plasma electric generator is based on the reactions of nuclear
fusion of various light nuclei in plasma streams [11-14] obtained as the result of evaporation of lithium
hydride or beryllium tetrahydroborate. The following fusion reactions involving light nuclei are most likely
for the plasma generator as a neutron source: with H, D, T, *He, °Li, "Li, B, Be.

2. Experimental design construction, technology and technique for the flows discretizations

The term synthesis generator was introduced into consideration in [15], in which mathematical
modeling of the ionic multiphase flow in a plasma electric synthesis generator was carried out. A drawing
of a magneto-optical synthesis chamber for a pulsed generator with a plasma target (synthesis generator)
was presented in [14]. The generation of a dense stream of protons [15], deuterium or tritium for the
synthesis of neutrons on an ion-plasma target [14] of deuterium, tritium or lithium occurs as a result of
primary compaction of the flow and discretization by a software-defined concentration and average energy
of the flow.

A magneto-optical synthesis chamber was proposed in [16] also. With its use, the synthesis of carbon-
14 is possible. The installation electronically controls ion sources with magneto-optical flux concentration
with ion energy up to 50 keV, electronically controlled sections of a pulsed accelerator that provide a discrete
ion flow with an ion energy from 100 to 600 keV depending on the components of the mixture, in
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combination with an 8-cycle magneto-optical synthesis chamber and a controlled magnetodynamic trap for
generating dense neutron fluxes. The synthesis of carbon-14 by neutrons occurs in a 4-cycle magneto-optical
camera on a dense ion target. At the final stage, radionuclides from the magneto-optical storage are deposited
on a substrate with SiC/Si heterojunctions. Multilayer formation and induced activation on SiC, Si substrates
or on substrates made of other materials is also possible. Attention is drawn to the comparison with the
technology, with the possibility of operating nickel-63.

The technology of electronically controlled ion-plasma generators is based on the technique of
obtaining controlled discrete ion or plasma flows. The methods of discrete flows or plasma discrets were
proposed and described in [17,18].

In [19], recommendations were made on the implementation of the technological process for the
formation of complex heterostructures for various purposes in terms of the formation, influence and
evolution of defects in materials with a radioisotope energy source containing a single-crystal phase of the
semiconductor structure of silicon carbide in the form of a film having n- and/or p-type conductivity for the
separation of electron-hole pairs, including carbon-14 atoms in the molecular structure of silicon carbide.
Impurity atoms and vacancies can be considered as the main defects that manifest themselves during
implantation and determine the formation of the silicon carbide structure. It should be noted that disordered
structures can only be described by a limited number of approaches. There are several solutions for this in
DFT, and this topic requires further development to explain the behavior, including radiation-induced point
defects.

In [20] we considered a generator for the synthesis of light isotopes with a plasma target. An important
part of the device is also the magneto-optical system, which we have considered theoretically. The device
of our generator allows us to increase the number of neutrons in a pulse to 10%°.

The message presents an electronically controlled plasma generator, which can be used as a neutron
source. Highlights of our installation system works according to the following principles:

1. electrostatic acceleration of ionic and electronic components;

2. variable compression of successive discrete ion and electron fluxes by a magnetic lens;

3. ensuring quasistability by converting outgoing flows into rotation of the dynamic plasma target

after combining ions and electrons flows;

4. braking of the frontal current, which becomes the target, and collision with new particle fluxes (in

fact, synthesis on oncoming beams);

5. ensuring «multi-passability» of plasma currents through the active zone chamber;

6. external and internal electronic synchronization of the system, due to which the implementation of

the points above is ensured.

We can display the change in the X coordinate on the vertical axis, and the change in the Y coordinate
on the horizontal axis along device, and obtain the transverse emittance of the beam.

3. Conclusion

We come to the conclusion that in order to solve the problem of controlled synthesis of light nuclei,
a technique and technology for creating and forming electronically controlled ion and plasma flows in
magnetic fields was developed by grouping flows with a sample and setting certain sequence laws for ion
and plasma flows. An experimental and experimental industrial installation of an electronically controlled
plasma electric generator consisting of a vacuum subsystem has been assembled blocks and electronic
control system, using neutron-free reactions. The possibility of using such installations for the generation of
electric and thermal energy for heat and power supply of enterprises, it is most economically advantageous
compared to large reactors. Also, the creation of various types of neutron generators based on this
technology can be economically advantageous as sources of neutrons for various purposes, for example, the
cost of producing radioisotopes can be reduced several times. It is also planned to continue and present
studies on activation and analysis of radiation-induced defects in samples of semiconductor structures with
thin heterojunctions.
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Abstract

B 6 smoii pabome onucanvl ocobennHocmu Oonuposanus Hanocmpykmyp ZnO  nepexooHvimu
memannamu Onst IPHEeKMUeH020 NO2IOWEHUs. UOUMOU YACMU CONHeYH020 u3iyyenus. IIpeocmaesnenvi
pe3yabmanmol GIUAHUSL npumeceil (OONAHMO8) NepexoOHblX MEemaiio8 HA CMPYKMYypbl U DJeKMPOHHbIX
cgoticme nanocmpykmyp ZnQO 015 nogvluleHust 3P@dekmusHocmu omoKamaiumuieckoi aKmueHOCmu.
Yemanoeneno, umo ZnO oonuposanuwiti ¢ Cu u Fe noxazanu naunyuwyio gomoxamarumuueckyro
AKMUHOCMb.

Key words: ¢orokaTanu3aTop, OKCH/I IMHKA, 30HHAsI CTPYKTYypa, JOMHPOBAHHS

TenaeHIus COKpalIeHUsT 3a11acoB MCKOMAEMOro TOIUIMBA CO3/1aeT MOTPEOHOCTh K HEOOXOAUMOCTH
pa3pabOTKH HOBBIX MHHOBALIMOHHBIX TEXHOJIOTHH, UCTIOJIB3YIOMINE BO30OHOBIISIEMBIX HCTOYHUKN YHEPTUH
JUTSL PEIIeHUs] SHEPTreTHUECKUX W IKOMOTUIECKHX Mpo0ieM. OCHOBHBIM BO30OHOBIISIEMBIM HCTOYHHKOM
SHEPruM, Cpelu BCEX CYIIECTBYIOUIUX, sBIseTca HHeprus ConHIa, Tak KaK COJIHEYHAs SHEpPrus
n3yyvaromias noBepxHocTs 3emi (1,3x105TW) npessliaeT Tekymiee riodansHoe TylieBoe noTpedieHue
sHepruu (1,6x101TW) npumepHo Ha yeTbipe mopsaka. CoyiHeuHasl SHEPrusi MOXKET ObITh 3(P(HEKTHBHO
WCIIONIb30BaHA C TIOMOIIBI0 (DOTOKATATUTUYECKUX PEaKIUi («3ENeHbIX TEXHOJOTHI») JUIS TOIydeHUS
BOJIOPO/1a, BOCCTAHOBJICHUS YTIIEKHUCIIOTO T'a3a JI0 YIJIEBOJOPOAOB M OYHCTKH BOJBI 1 Bo3ayxa[1].

O¢ddexTuBHOCTS (HOTOKATATUTHIECKON peaknuu (OKHCIUTENFHO-BOCCTAHOBUTENBHBINA IIPOIIECC)
OTIpeIeTISIETCSI OCOOCHHOCTSMH OIITO-3JIEKTPOHHOM M 30HHOM CTPYKTYpPhI MaTepuaa, ¥ MPeIbsIBISIFOTCS UM
CIIeAyIONIME TPeOOBAHMS: SHEPTHSI MA/IAIOIIETO CBETAa JI0JKHA OBITH OOJIBIIE WIIM PABHOM YHEPTUH HIMPHHBI
3ampemieHHoNn 30HbI Marepuana Ep, = Ej; IIMpUHA 3alpelieHHOW 30HBI JIOJDKHA Y/IOBJIETBOPATH
MUHUMAIIGHON pa3HuIle Mexay noreHimanamu okucienus (-0,82) m BoccranoBnenus (0,41) Bomsl, a
3HAYHT, BEIMYMHA B HJealle JIOJDKHA OBITh B Mpeaenax 2,53B; onTHManbHOE pacloyioKeHHe 30H: 30Ha
npoBoaumMocTH (CB) momkHa OBITh pacIioioskeHa BEIIIIE, YeM IOTEHIIHA BOCCTAHOBIIEHHUS BOJIBI,  TOTOJIOK
BaneHTHOH 30HHBI (VB) momxkeH OBITH pacmlonokeH HUXKE, YeM MOTEHIMAll OKHCIEHHUS BOJIBI, BBICOKAsS
MOJIBUJKHOCTh U CPaBHUTENBHO OOJBIIOE BpEMs )KM3HU CBOOOJHBIX HOCUTEJIEH 3apsioB, CTAOMIBLHOCTD
(U3UKO-XMMUYECKUX CBOMCTB M CTPYKTYphl Marepualia IpH €ro JJIUTEIFHOM HaXOXJICHHH B
(hOTOKATATUTHUECKOM PACTBOPE, TOCTYIHBIM M 9KOJOTHYeCcKH Oe30macHbM [ 1-4].

Ho HM oaumH W3 W3BECTHBIX HEMOIU(GUIIMPOBAHHBIX MATEpPHAIOB HE  YIOBJIECTBOPSET
BBINIIETIEPEUNCIICHHBIM TpeOoBaHusaM. Tak, HampuMep, HaHOCTPYKTYpbl ZnO Haumboyiee OCTYNHBIA |
M3YYCHHBIH (DOTOKATANHM3aTOp, MOXKET OBITh aKTUBUPOBAH TOJNBKO Y®d-CBETOM, COCTaBIISIOIILYIO
HeOOJIbINYI0 YacTh (4-5%) comneunoro criekrpa [3]. BcecTopoHHUe ucciieoBaHus ObLTH HANPaBICHBI HA
Mo uduKanuio GorokaraanzaropoB ZNO ¢ MOMOIIBIO pa3THYHBIX METOOB U TIOJX0JI0B JUIS 9P HEKTHBHOTO
MOTJIONICHHS BUIUMOM YaCcTH COTHEUHOTo n3nydenus[1-4]. Y mo cpaBHEHHIO ¢ JPYyTUMH MOAU(DUKAITUSIMH,
CUMTAETCS 11eNIeCO00pa3HBIM JIOTIMPOBAHKE T.€. BBEJICHUE NIPUMECEH ISl yIydlieHns xapakrepuctuk ZnO
B YCIIOBHUSIX BUJMOTO CBETA.

Takum o00pa3oMm, HCXOAS W3  BBIIIEH3NOKEHHOTO, MPEACTABISAETCS, UYTO IPOBEACHHUE
JIOTIOJTHUTENIBHBIX HWCCIIEOBAaHUHN JONMUPOBaHUsS HAaHOCTPYKTYp ZNO mepexomHbIMH MeTaiaMHu OyneT
BeChbMa aKTyaJbHBIM JJIS peIeHHs 337124 (POTOKATATUTHIECKOM CHCTEM.

B »TOM wnccnenoBaHMM TIpeACTaBICHBI PE3yJbTAThl BIMSHHS XapaKTEPUCTUK aTOMOB IPUMECH
MEPEXOIHBIX ~ METAJIOB, KaKk WX pPaguyc, OJHEPrus WOHM3AIMH, CPOJCTBO K  JJICKTPOHY,
ANIEKTPOOTPULIATEILHOCTh M CTENEHb OKHUCICHHUS Ha CBOWCTBA JONMUPOBAHHBIX HAHOCTPYKTYp ZnO,
MOJTyYE€HHBIX THAPOTEPMAIEHBIM METOJIOM CHHTE3A.
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Hanoctpyktypsl okcuma nmHka (ZnO) OBLIM CHHTE3MPOBAHBI THAPOTEPMATLHBIM METOJOM IIPH
HU3KOHM Temmeparype. HanoctpykTypbl ZnO ObUIM MONY4YEHBI B BHJE OCAJKOB Ha OCHOBE DPEaKIUH
XUMHYECKOTO OCAXKICHHS MEX Iy pacTBopamu HuTpaTa ruHKa (Zn(NO3)2'6H20) u pactBopa memnoun KOH
ipu 70 °C. O6pazoBaBmImiics 0caok OTGUIBTPOBBIBAIH U CYIIWIA. /)1 CHHTE3a JIETHPOBAHHBIX 00pa3IoB
B THAPOTEPMANIbHBIA pacTBOpP BBOAWIM cooTBeTcTByromme konundyectBa FeSOs u Cu(NOsz)2-6H-0.
Konnenrparus aerupyronmx 100aBok kak it Fe, tak u g Cu Obuta ycTaHoBieHa Ha ypoBHe 1%, 3%,
5%, 10%. Kpucramimyeckyro ¢a3y aHaIM3UpPOBAaIH METOJOM pPEHTreHOBcKoi mudpakiun (XRD,
RIGAKU/Miniflex). MHuKpOCTPYKTYpY HCCIEOOBaId C TIOMOIIBIO CKaHUPYIOMIEH AJIEKTPOHHOM
mukpockonuu (SEM, JSM-1T200). Crnekrpsr normomenust Y ®-BU/] peructpupoBanu Ha ABYXJIY4EBOM
crnekrpodoromerpe SPECORD 200 PLUS. ®orokatanuThyeckas aKTHBHOCTh CHHTE3MPOBAHHBIX
HaHOCTPYKTYp ZnO oOLeHWBaJach IIyTeM HaOmoAeHus 3a (oTOKaTaTMTUYECKOW Jerpananueit
MeTueHoBoro cuaero (Mb) B BomHoM pacTBope mon aeiictBueM Y @-A-o0myueHus. CHEKTp MOTIIOMICHUS
OT(HIBTPOBAHHOTO PACTBOpa aHANMU3HpoBamu ¢ momoimeio Y®-Bum cmekrpodoromerpa (UV-il900,
Shimadzu).

JlonupoBanue HaAaHOCTPYKTYp ZNO mepexoaHbIMU MeTauiaMu sABjseTcs 3(h(HEeKTUBHON cTpaTerueit
Onaromapsi MPEBOCXOJHBIM CBOMCTBaM: HMOHBI MEPEXOAHBIX METaIOB M30MOpQHBI ZN; oHU 001agaroT
MIEPEeMEHHBIMH CTETICHSIMH OKHCIIEHIS, KOTOpPble HEOOXOIUMO ISl CBOWCTB MepeHOCca HOCUTENeH 3apsa;
OHH MIMEIOT pa3Hble JOHOPHO-aKIENTOPHBIE CBO¥McTBa B ZNO H, TakuM 00pa3oM BIHUSIOT Ha CTPYKTYpPY
AIIEKTPOHHBIX 30H; MPHUMECH NEPEXOAHBIX METAIOB YaCTO MCIOJIb30BAINCH M3-3a MX HEMOJHBIX O- mim f-
opOwuTaneii, KoTopas MOXeT U3MEHUTh MOP(OIOTHIO, pa3Mep YacTUIl U KpucTauToB ZnO-xo3suHa, a
TaK)k€ W3BECTHO, YTO JOMHUPOBAHUE MEPEXOIHBIMU METaJUIaMH HHTHOUpyeT poct ZnO, 9T0 MPUBOIUT K
00pa30BaHMI0 HAHOCTPYKTYP MEHBIIET0 pasMepa ¢ OONbINeH IIOMAAbI0 MOBEPXHOCTH; SPA-opOUTAIH
0OMEHHMBAIOTCS B3aMMOICHCTBUSIMU MEXIY JIOKAIN30BAaHHBIME 0-3JIEKTPOHAMH TEPEXOHBIX METAJLUIOB
anekTpoHamMu 30HBI ZNO, YTO BBIBBIBAIOT CYXEHHE 3alpPEHICHHONH 30HBI M yBEIWYEHHE CKOPOCTH
BO30YKJICHHS JIEKTPOHOB [2-3] Kak cXeMaTHYeCKH Moka3aHo B Puc.1.

CB Zn0 e
Impurity [ \
level i 0,/0;
Q.
]
o
°
c
1]
m
J OHIOH ~
VB h*

Pucynox 1. Cxemamuuecxas urniocmpayus, 0eMOHCMPUpyowas homokamanumuiecKuil MexaHusm noaynposooHuKd,
J1e2UPOBAHHO20 NPUMECAMU.

Bri0op monupyemMoro 31eMeHTa OCHOBBIBAETCS! HCKIIIOUUTENFHO Ha €ro aTOMHOM, HOHHOM pajnyce,
BaJICHTHOT'O JICKTPOHA, CTETIEHU OKUCIICHHSI U dIIEKTpOHHOW KoHpurypanuu|[1]. Hanpumep, Jlonmupyemele
MpPUMECH 3aMeIIaloT atoMbl ZN B y3nax pemeTkd ZnNO, U3MEHSAS 3IJIEKTPOHHOE OKpY)KEHHE H3-3a
pa3HooOpa3us HMOHHOTO panuyca. VOH MepexomHOro MeTaaia MOXKET H3MEHSATh KOOPAMHAIMOHHOE
okpykeHrne ZnO © JIOKaIM30BaHHbIE JHEPreTHUECKHUE COCTOSIHUs O-0-miepexo]; MOXET H3MEHUTh
JHEPTETHUYECKYIO CTPYKTYPY IJIEKTPOHHON 30HEI.

CriocoOHOCTh  TONYNIPOBOJHHMKA — IepeAaBaTh  (POTOBO30YKICHHBIE BJIEKTPOHBI  YacTHUIIAM,
aJCcOpOMpOBaHHBIM Ha €ro TIOBEPXHOCTH, OTPEAENSeTCS JHEPreTUYECKHM IIOJ0KEHHEM 30HBI
MIOJTyTIPOBOTHUKA M OKHCIIUTEIIbHO-BOCCTAHOBUTENIBHBIM ITOTEHIIMAIOM ajicopbara, KOTOPBIM CBA3aH C
3JIEKTPOOTPULIATETBLHOCTHIO [5].
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Ta6aunal.PacuerHble

JAHHbIC (l)I/ISl/lKO-XI/IMI/I‘{eCKl/lX CBOMCTB

IIpumecsh Kene3o, KobaasbT, Huxenn, | Meas, | Cepeopo | Hunk | Zn
Fe Co Ni Cu A | Zn ®)
aKIIeNTop
o AKIICIITO aKIECIITO
JIokanpHBIM ypOBEHB JIOHOD JIOHOD / - -
JTOHOP P p
BasieHTHEBIE 2JIEKTPOHBI 8 9 10 11 11 12 -
ATOMHBII HOMED 26 27 28 29 47 30
10

OneKTpOHHa 34042 34 | 3ds? | 3didst | adiosst | S04 |
KOH(UTYypauusi S
ATOMHBIH panyc, HM 0,124 0,125 0,125 0,128 0,145 0,133 -
Vommtii pauyc 0’073/ 0,06 0’07‘1’ 0.06 | 069 0’8;;’ 0| 0115 | 0074/ -
CreneHb OKUCIEHUS +2/+3 +2 [ +3 +2 +1/+2 +1 +2 -
%Hepm HOHH3AIHIH, 7,90 7,88 7,64 7,73 7,58 939 | -
Cpozetso 0,15 0,66 1,15 1,23 1,30 06 | -
3JIEKTPOHY, 3B
?TTKTPOOTPH“&TC“"HO 4,03 4,27 4,39 4,48 444 | 439 |575
Cxopocte JSTPIIAIL | 015 0,09 0025 | 0021 | 0017 - 50'01

Camoe rmaBHOE, YTOOBI YOEIHMTCS B ONTHMAJIbHOM PACIOJIOXEHHH 30H MMOTCHINAJIOB, & HMEHHO
BIIMSTHHS HA HUX (PU3NUECKHUX CBOWCTB IIPUMECEH IIepex0THBIX METAJLIOB, MBI PACCUMTAIIH TTOJIOKESHUS 30HBI
npoBogumocty CB u BanentHo# 3006 VB. ®usndeckne cBoiicTBa mpuMecei MepexoAHbIX METAIIIOB U HX

BIIMSIHUE Ha HAHOCTPYKTYp ZNO, paccuntanHas Hamu 1o Gopmyie [S] npencrasnensl B Tabnuie 1.

A

Zn0

0=

Potential (eV)vs NHE

+3 =t

ZnO:Fe 1% ZnO:Fe 3% ZnO:Fe 5% ZnO:Fe 10%

e = L | o L L. o e e e e e e = = = e = e e = e = e = e e e = ———

*OH/OH

Zn0:Cui1% Zn0:Cu3% ZnO:Cu5% ZnO:Cu10%

Pucynox 2. Buusinue xonyenmpayuu aecupyroweti npumecu na nonodxcenue CB u VB ¢ ZnO.

Ha ocHoBaHWM pacueTHBIX qaHHBIX pacnonoxenue monoxennit CB nu VB ZnO nocne nerupoBanust
noHamu Fe u CU MOXHO CXeMaTHYECKU NPEJCTaBHTh, KaK MOKa3aHo Ha puc. 2. BuaHo, 4yTo yBequueHue
KOHIICHTPAIMH JISTUPYIOIIEH MPUMECH MPUBOIUT K M3MEHEHHIO IMOJIOKEHUH 30H ZNO, 4TO MPUBOIUT K
M3MEHEHUIO €T0 (JOTOKATATTUTHYECKON aKTUBHOCTH.

Pacnionoxenue norenmuanos CB u VB maTepuana BnusieT Ha ctocOOHOCTh MaTepraia OKUCIISITD HITH
BOCCTaHaBIUBaTh paccMaTpuBaeMoe BeiecTBo (H20 unm monekyiny kpacutens). KpoMe Toro, mockoibKy
(hOoTOTCHEPUPOBAHHEIC JBIPKUA U 3JCKTPOHBI, a TAKXKe OOpa3yroIIUecs BIIOCICACTBUU BHUJBI CBOOOHBIX
PaJMKaIOB CIMOCOOCTBYIOT —PAa3JIOKCHUIO OPTraHWYECKOTO KPacHTEIsl.

CraenmoBaTensHO,

CHHMKCHUC
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morernuana CB/VB martepuaina mpuBefer Kk 00pa30BaHMI0 MEHBIIEr0 KOJIMYECTBA PATUKAIBHBIX YACTHII,
YTO, B CBOIO OYEPE/lb, MOXKET CHU3UTH (POTOKATATUTHUCCKYIO aKTHBHOCTb.
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CIIOCOB JUPPY3UOHHOI'O TEPMOIUK/INYECKOI'O 9JIEKTPOJIMTHO-
MNJIABSMEHHOI'O BOPUPOBAHUS CTAJIN

JL.T. Cymo6aesa, K.b.Carnonnnna, H.E.Bepaimyparos, /I.P.baiizkan

Hayuno-uccredosamenscruii yenmp « Mnoicenepus nosepxnocmu u mpubonozusy Bocmouno-
Kasaxcmancrozo ynusepcumema umenu Capcena Amansconosa,
np.laxapuma 148, 070000 Yemo-Kamenozopck, Kazaxeman, *E-mail: nurbol.ber@gmail.com

ADCTpaKT

Ha cecoonsawmuii Oenv cmanb Aeigemcs OOHUMU U3 PACHPOCMPAHEHHBIX MAmepuanos 6
MAUWUHOCTPOUMETbHOM NPOU3800Ccmee Ol UCHONb308AHUS 8 U320MOsIeHUU Oemainell U 060py008aHUil.
IIpobnema nosviuienus cpoka ciyicobl CmanbHbLIX demarnel 00 cux nop ocmaemcs akmyanbhou. Ecmo
MHOJICeCmBo cnocobos obpabomku cmaneil 20e NpuemMyujecmeeHHo UCHOb3YIOM MEepoyIo, 2a308Y10 U
AHCUOKYIO Cpedy, KOmopble UMerom c80u 0ocmouncea u Heoocmamxu. OOHUM U3 IHep2oIPheKmusHvIx U
OvicmpbIX CNOCOO06 06PAOOMKU ABIACMCA INEKMPOIUMHO-NIAZSMEHHASA XUMUKO-MepMUiecKas oopabomka
(OIIXTO) c¢ mepmoyurauposanuem. B npoyecce IIXTO ¢ mepmoyukiuposanuem HACLIUEHUS
peanuzyemcs YUKIUYHO 3a Cuem dHepeull nepeoasaemoll om Memaiudecko2o aHood K 0emaib-Kamooy
yepes caou anexmponuma [1]. Ilpu npoxosicOenuu sneKmpuueckoeo moxa uepe3 2NeKMPOIUm 8
3aeucumMocmy  Om COOMHOWIEHUNl NIowWacell aKmueHo20 U NACCUBHO20 3]eKMmpooos, cocmaed,
KOHYeHmpayuu, obvema, CKOpoCmu NOMOKA INeKMPOIUMA, 2AYOUHbl NOSPYIHCEHUs DIeKmpood 6
NIEKMPOIUM, PACCMOSHUA MEHCOY INEKMPOOAMU MeMNepamypa d1eKkmpooa 0ocmuzaen memnepamypbol
Kunenusi >J1eKmpoauma, ¢ nociedyiowum obpazoeanuem 2azd HA Mecme KOHMAKma Kamooa u
anekmpoauma oopasys napoeasosyio oborouky (IIO) [1-2]. III'O moscem obecnewums docmudicenus
memnepamypsi Ha nogepxrocmu demanu 0o 1100 °C. B xo0e nHazpesa napozazosoii 000104KU, 3/leMeHmbl
9/IeKMPOIUMA pacnacaromcs u aocopoupyiom na nosepxmocmu cmanu. HM3-3a 6blcoKou memnepamypul
obpaszey npemepnesaem (hazosvle npespaweHuss ¢ UsMeHeHuem KpUcmaiiuieckou peuilemku u nymem
6HeOpenus 8 npoyecce Oup@y3uu aKMUBHbIX NeMeHMO8 HA nosepxHocmb cmanu. Ilpoyecc moougurayuu
06paszyos cmanu npoGOOUNUCL HA NOJIYAPOMBIUIEHHOU YCMAHO8Ke KAMOOHOU MePMOYUKIUYECKOU
9/1eKMPOIUMHO-NIAA3MEHHOU 00pabomKu, Komopas 6vlia MOOEPHUUPOBANA 6 PAMKAX HAYYHO20 NPOeKma
20CY0apCcmeeHHo20 (PUHAHCUPOBanUs. Ha 0Oase HAYUHO-UCCAe008aMenbeko20 yenmpa «HMuocenepus
nosepxuocmu u mpubonozusy Bocmouno-Kaszaxcmanckozo ynusepcumema umenu C. Amamdiconosa (2.
Yemo-Kamenoeopek, PK). Yemanosxka SIIXTO npunyunuaivho cocmoum u3 UCMOYHUKA NOCHMOSIHHO2O
MoKa, 31eKmpooos (Kamooa u aHooda ), 6aHHOU O IAEKMPOIUMA , KPAHA O Pe2yiuposanuss NOMoKa
NEKMPOIUMA U HACOCA O YUPKYIayuY snekmpoauma. Panee ycmanoeka 31eKmponumno-niasmeHnas
0bpabomka nokazana ceoio 3PHexmueHocms npu XUMUKO-MepMUIECKOU 00pabomku - yemeHmayuu,
a30MupoBanuu, HUMpoyemeHmayuy psoa cmaiei.

Kax uzeecmro, umobvl 006umbCa pasHoOMepHO20 U 21yO0K020 HACHIWEHUs, CMAlb NO08eP2arom
U30MePMULEeCKOU MePMUYecKoll 06pabomKe npu 8blCOKUX MEMNepamypax, npu KOMopvix OHA NOJIHOCbIO
npespawaemcs 6 aycmenummuylo ¢azy [3]. Ho obweuzsecmuvim paxmom sA6asemcs 3a8uUcUmMoCmb
ckopocmu Oughgyzuii s1emenmos om pasmepa 3epHa. Hem menvuie 3epHo, mem 0OO0nbUle CKOPOCHD
oughpyzui. Ilosmomy, 6 nHacmoswel pabome 8 yenax YCKOpeHus npoyecca HACLIYEHUs NOBEPXHOCTU
AKMUSHBIMU UOHAMU HACLIWAIOWe20 eMeHMA Mbl MEXHON02UI0 INeKMPOIUMHO-NIA3MEHHOU 00pabomKu
KOMOUHUpyem mepmoyukiuposanuem. Tak 6 npoyecce 21eKmMpoIumno-niasmenHo20 mepmMoyuKiuiecKo2o
oopuposanus (DIITLB) ¢ gazosvimu npespawjeHusMU CHUNCAEMCS POCT U2l OOPUO0S, YMO NPUBOOUM K
00pA308aHUI0 METKO U20LYAMBIX OOPUOOS, KOMOPble CNOCOOCMEYIOM YIAYHUEHUIO MPUOOMEXAHUYECKUX
xapaxmepucmuk mamepuana [4,5].

U3 docmynnou numepamypol usgeecmuo, umo npu IITLE yenepooucmuix cmanei 8 OKUCTUMENbHOU
ammocgepe (8030yx, a30m) Ha NOBEPXHOCU 0OPABOMAHHOO CI0SI HAOTIOOAIOMCS MOYEYHbIE GCNYUUBAHUSL
CNl0s1, pasmepbl KOMOPLIX 3A6UCAM 0N MeMNepamypbl U Koauiecmsa yuxkios. Xoms 6opuowvl ooraoaiom
8bICOKOU CMOUKOCBIO K OKUCIEHUIO, HO KUCIOPOO NPOHUKAS MENCIEPEHHbIM epaHuyam uei 6opuoa,
AKMUBHO OKUCAAEm CMalb, 4Mo 8 nocreoyiowum obdpazyem oxcuowl ogiceneza FeO u Fe:0s Oxcuov
BBIMANKUBAST CNOU OOPA, MeM CAMbIM NPUBOOSIM K NOBPENCOCHUID MOOuuyuposanno2o cios [6]. s
uzbexcanus npoyecca OKUCHEHUS UMeOWelcss NOAYNPOMBIUIEHHAS. YCIMAHOBKA  2NeKMPOIUMHO-
nAa3mMeHHOU 06pabomku cmaneu O6vl1a MOOEPHUSUPOBAHA 2EPMEMUYHBIM KOPHYCOM C QYHKYuell
BbLIMANCHO20 WIKAGDA.
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Tepmoyurnuueckutl npoyecc HACbIWeHUus: RPOBOOUIU CLedYIOuUM 00PA3oM: CPeOHEY21ePOOUCTYIO
cmanv mapku 30XI'CA Haepesanu 0o memnepamypuvl obpazosanus aycmenuma y-gazer 950°C, ¢
NOCIeOYIOWUM OXAANCOeHUeM 00 meMnepamypbl okonuanus npespawerus o — 'y 680°C. /lna pocma 3epen,
nocieOHUll 3man nPoBOOUIU 00 memnepamypul 3akaiku [4].

Obpabomka GuINOIHANACL 6 CONedbIX pacmeopax: 600Hwlli pacmeop 10% Na,COsz (kapbonam
nampus) u 10% Na:BsO7*10H0 (mempabopam nampus) [7].

Ob6pazyvl ObLIU ynpouHenvl npu nociedosamenvrocmsx Hanpsicenusx 320V (Ui), 200V (Uy), 180V
(Us), 200V (Ua).

B nauanvueiii momenm nooasanoce nanpsicenust 320V 5 cexyno ons docmuoicenus memnepamypol
KuneHust a1ekmpoauma u oopazoeanus niasmel 6 [11'0, a nociedyiowue 3Havenus HAnPsicetus no0asamuch
07151 NOOOEPAHCAHUSL MeMNepPamypbl 00paboOmKuU.

Ipu uccreoosanuu cmpykmypHo-ghaz08020 cocmaga mMoouGuyuposanHo2o oup@y3uouHo2o cios,
ObLIO YCMAHOBIEHO YMO MOPporo2utecKull MOOUDUYUPOBAHHBIIL CIOU cocmoum u3z bopudos dxcenesa- FeB
(na nosepxnocmu) u FeaB, mapmencuma+yemenmuma.

Kax uzsecmno, 6ponupogannvle ciou 001a0aiom 6blcOKOU MEepoOOCmyi0, U USHOCOCHOUKOCHb, YMO
ObLIO NOOMBEPIHCOCHO U HAWUMU Pe3VIbMAmaml, maxk npu ucciedosanuu oopasya cmaiu nocie
INEKMPOTUMHO-NIAZMEHHO20 MEPMOYUKIUYECKO20 OOPUPOBAHUS MUKPOMBEPOOCHb 00pA3y08 Ccmaiu
30XI'CA nocne obpabomxu ygeauuunacs 6 cpeonem 4 pasa, 8 mo 8pems KaK U3HOCOCMOUKOCHb 0AHHO20
obpasya bviia yeeruyena 8 3 paza no CpaGHEHUIO ¢ UCXOOHBIMU 00PaA3YAMU.

Takum obpazom, pe3yromamsl npooeianuvlx pabom nokaszvigarom, umo cnocoo IIITLE obradaem
BbICOKUMU NOMEHYUATLHBIMU 803MOJICHOCHSIMU NPU MOOUDUYUPOBAHUYL NOBEPXHOCIU, CIATU U HACHIUEHUS.
npooykmamu 6opa 0l YIyuueHus maKux ceoucme, Kax meepoocmy U U3HOCOCMOUKOCHb.

KiroueBbie cji0Ba: 3JIEKTPOIMTHO-IUIA3MEHHOE TEPMOLMKIMYECKOoe OopupoBaHue, 00paboTka
CTallu, Imapora3oBasi 000104Ka, OOPUIBI, MUKPOTBEPIOCTb.

Pa6ota BemmonneHa npu ¢punancoBoi noanepxke Komurera Haykn MuUHHCTEpPCTBA HAYKH U BBICILIETO
obpaszoBanus PecniyOsnuku Kazaxcran (I'pant Ne AP19680473).
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I'EJIMOTEIVIMIIBI C HEITPEPBIBHBIM DHEPI'OCHABKEHUEM HA OCHOBE
TEXHOJIOT U BO3OBHOBJIAEMBIX HCTOYHUKOB SHEPT A

B. Pacaxomxaes?, Y. Axmamkonosl, A. Xamaamos?, XK. llloumos?, A. Mycraknumos?

Hayuonanvuwtii nayuno-ucciedoeamensCKuii UHCHUmMym 60300H06SEMbIX UCTOYHUKOS IHEP2ULL,
Vsbexucman, 100084, Tawxenm, yn. Yuneus Atimmamosa, 0. 26, kopnyc 2

2Tawikenmckuii 20cyoapcmeennviil mexuudeckuti uncmunym umeny Hcenama Kapumoea,
Vsbexucman, 700093, 2. Tawxenm, yr. Ynusepcumemckas, 2, E-mail: rashodjaev@mail.ru

AHHAaTAUA

B pabome npedocmasnenvlt pacxodvl u IKOHOMUS MPAOUYUOHHBIX PECYPCO8 NPU OMONJIEeHUU
cenuomennuyvl ¢ obweti niowadvio 100 M* ¢ UCNOTL306aHUEM YCMAHOBOK HA OCHOGE 6030OHOGIACMbIX
uUcmoyHuKko6 snepeuu. Ilpu npoekmuposanuu u co30anuu 2eauomeniuy ¢ UCNOIb308aAHUEM YCMAHOBOK HA
0CHOBE B0300HOGNAEMBIX UCHOYHUKOG IHEPSUU, CONACHO HOPMAMUBHBIM OOKYMEHMAM, NPU MOWHOCHU
2azosoeo komaa 10 kBm, pacxoo eaza cocmaegnsem 1,12 ky6. m 6 uac, npu MOWHOCMU KOMIA HA MEEPOOM
monauge ¢ mowpocmouio 10 kBm ¢ KII/[ 90%, nompebyemcs mownocms 9 kBm/y. Ilpu smom 0ns nonyuenus
1 xBm suepeuu 6 uac, yeonvHuiil komen 6yoem nompedaams 0,2 ke unu 9x0,2=1,8 ke 6 uac yansa co cpeonumu
ceoticmeamu monauea. Pesynbmamul pacuemog noxasvieaiom, 4mo Hpu OMONWIEHUU 2eTUOMENUYbL C
o6uyeti niowadwio 100 M* ¢ ucnonv3oeanuem ycmano6ok Ha 0CHOEE 60300HOBIACMbIX UCHIOUHUKOS IHEP2UL
6 meuenue ce30na Mbl C MOJNCEM CIKOHOMUMb 5 monn yens u 5644 m* npupoonozo 2aza 3a ceson.

KiroueBble cj10Ba: TeIMOTEININLA, TPATULIMOHHBIE PECYPCHI, BO30OHOBIISIEMbIC HCTOUHUKH SHEPIHH,
ra30BbIi KOTEN, KoTel, 3 pekTHBHOCTD

1. Beenenue

3a mocienHue roApl B Y30eKucTaHe OBUIO MOCTPOCHO MHOTO IPOMBIIIICHHBIX TEIUIML JUIS
BEIpAIlMBaHKs OOJBIIOTO KOJIHYECTBA CEIbCKOXO3SHCTBEHHBIX KyIbTYp. B 3TOM acmekre 3emMenbHbIE
ydacTkd oT 1 10 20 coThIX (epMepOB M MHAMBUIAYAIBHBIX MOTpeOUTENeH ocTaroTcs Oe3BHUMAaHUS MU
3a0pOIIIeHbI U3-3a OTCYTCTBHS dHepruu [1-3].

CoriacHO HOpPMATHBHBIM JOKYMEHTaM, 4eM OOJIbIIe IJIOMIAH TEIUIHIBI, TeM OOJbIIe TpeOyeTcs
pacxoj1 sHepropecypcos [4].

OcHoBBIBasICh Ha OIbITe 3apyOekHbIX cTpaH Kwuras, Hunepnannos, Kopen, Wcnanuu, Benrpuu,
OpaHnuu ¥ cTpaH JAPYTHX MUpPa, KOTOpble 3PQEKTUBHO HCIONB3YIOT TEIUIMIBI,HEO0X0ANMO 00paTUTh
BHUMaHHE Ha palMOHAIBHOE HWCIOJIb30BaHUE 3EMENbHBIX IUIOMIaJie W PecypcoB BO30OHOBISIEMBIX
MCTOYHHUKOB HEpruH [5,6].

Pazpabotka u BHeapeHue >PQEKTUBHONH TEIUIOBOW CHCTEMBI C HCHOJIB30BAHHEM TEXHOJIOTUH
BO30OHOBIISIEMBIX ~HCTOYHMKOB JHEPIMM M DSKOHOMHHM DJHEPrMM UM BOAHBIX PECYpPCOB B
CENTbCKOXO3SCTBEHHBIX TEIUIMIAX Ha TEPPUTOPUU HaIlled pecryONUKH SIBISIETCS CETOAHS OJHOW W3
aKTyaJlbHBIX 3a7ad.

Lenpto HamMX MCCIIEOBAHUHN SBISETCS 0OOCHOBaHHE BO3MOXKHOCTH UCIIOJIb30BAHUSI M BHEJIPCHUS
YCTaHOBOK Ha OCHOBE BO300HOBIIIEMBIX MCTOYHHKAX DHEPTHU I Oecrepe0oiHOro 3HEpProcHa0KeHus
TeTUOTEIUINI B 3aCYLIJIMBBIX, B TOM YHCJIE TOPHBIX U CEIbCKUX PETHOHAX.

2. OdopmiteHne pykonucu

B pamkax mexmyHapomHOoTro mpoekTa «Y30eknctan-Kurait» o teme «lccnenoBanue u BHEApeHUE
OCHOBHBIX TEXHOJIOTUH CHCTEMBI 3KOJIOTHYECKU YHCTOr0 SHEPrOCHA0KEHUS AJIs1 SKOHOMUH SHEPIHH U BOJIBI
B CEJIbCKOXO3SIMCTBEHHBIX TEIUIMIAX B 3aCyLUIMBBIX pPETHOHAaX)» Ha TIOJIMTOHE, COTPYIHUKAMU
HanuonanbHOTO Hay4YHO-HCCIIEIOBATEIBCKOT0 WHCTUTYTa BO30OHOBIISIEMBIX WCTOYHHKOB JHEPTHH TIPH
MWUHHCTEPCTBE YIHEPTETHKH BEJIETCS CTPOUTENLCTBO SHEPTO3(PPEKTHBHBIX TETUOTETLIHII.

Jliis obecrievueHust HEMPEPHIBHOW DYHEPIHEN CEeTbCKOXO3HCTBEHHON TEILTUIIBI TuTommaaso 100 Mm% B
3aCYIUIUBBIX PETHOHAX C CTIOJIB30BAHUEM KITFOUEBBIX TEXHOJIOTHI BO30OHOBIISIEMBIX HCTOYHUKOB DHEPTUU
MBI IPOEKTUPYEM (DOTOBIIEKTPOCTAHIINIO ¢ HOMHHAILHONH MOITHOCTBIO 5 KBT 1 OMOTra3oByr0 yCTAaHOBKY C
00BEMOM 3arpy3KH OTXOZOB JKHBOTHOBO/ICTBA (HABO3, IIOMET U JIp.) B 00beMe 3 TOHH.

Pacxo0 zaza. B Tabnuue 1 npuBeneH pacxon rasa Ajsl CpaBHEHHUs C SHEpPrueil moayyaemo ot
YCTaHOBOK Ha OCHOBE TPAJMIMOHHBIX HCTOYHHMKOB 3Hepruu, cormacHo CHull mns nomydenus 1xBr
SHEPTHH MPUBOJIUTCS pacxon rasa [7].
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Ne HaumeHoBaHMe TOIIIMBA U CTaHJAPHBIE PaCcXObl
1. I'a3 Tennora CrangapTHBIN CrnipaBoYHBIN
cropanus 1 m® napamerp, napaMmerp
MIPUPOTHOTO rasa 3asIBJICHHBIN B
JIOKyMEHTax
33,08 MIx 1 xBt/u= 3,6 33,08/3,6
MJx =9,1 (xBT)

Pacxo0 yznsa, ternora cropanust 1 Kr TBEp0ro ycIoBHOTO ToruiuBa paBeH 7000 Kkai, COOTBETCTBYET
29307,6 x>x. OT0 3HaUeHHE NPUOIIKEHHO SKBUBAJIICHTHO TEIIOTE CropaHus B 1 KT KaMeHHOTO yris. B
3aBUCUMOCTH OT Bujia 1,0 KT KaMeHHOTO YISt cofepkurcsi 7-8 kBt snepruw [8].

B pesynpraTe HamMX WCCIEAOBaHUHN, MPH MPOSKTHPOBAHMHM M CO3JAHWUU TEIMOTEIUIUI] ¢ OOIIeH
mwiomaasio 100 M?, cornacHo HOPMaTHBHBIM JOKYMEHTaM, IPH MOLIHOCTH Ta30Boro kotia 10 kBt pacxon
ra3a coctasmsger 1,12 xy0. m ra3a B gac. MomHocTh k0Tia Ha TBepaoM Ttoruuse ¢ 10 kBt ¢ KI1[ 90%, uro
tpedyet 9 kBt/4. [Ipu sToM 11 Tosrydenust 1 kBT sHepruu B 4ac, yroiapHbIN KoTen OyneT notpedisaTs 0,2
kr uian 9x0,2=1,8 kr B Yac yris cO CpeIHHMH CBOWCTBaMHU TOILIMBA B TEUEHHE ce30HA. Pe3yibTarhl
pacyeTOB MOKA3BIBAIOT, UYTO Mbl MO’KEM C3KOHOMUTH 5 TOHH yIuisd U 5644 M? npUpOIHOTo ras3a 3a CE30H.

3.3aki04eHne

TakuM 00pa3oM, TeJMOTEINTUIBI C HEMPEPHIBHBIM DHEPrOCHAOKEHWEM Ha OCHOBE TEXHOJIOTHI
BO300HOBIISIEMBIX HCTOYHUKOB YHEPTUU MOTYT HAWTH MIMPOKOE MTPUMEHEHHUE cpear HepMEPCKUX XO3SHCTB
U notpeduTenei, NPOKUBAIOLINX B 3aCyLUIMBBIX PETMOHAX HAlLleW peciyONrKU BOAM OT JIEKTPUIECTBA,
a TaKkXkKe Cpelr MoTpeOUTeNeH CelIbCKUX TOPHBIX PErOHOB.
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COBPEMEHHOE COCTOSIHUE U ITYTH JAJBHEHIIETO
COBEPHIEHCTBOBAHUMSA CUCTEM COJIHEYHOI'O TEIIVIOCHABXEHMUSA U X
BHEJIPEHUA B YCJIOBUAX PE3BKOKOHTUHEHTAJIBHOI'O KJIMMATA
Y3BEKUCTAHA

I10. K. Pawuooe

TawkenmcKuil apxumeKxnypHo-CmpoumesibHKI YHUGepCUmen,
Tawxenm, Y36exucman, e-mail: rashidov_yus@mail.ru

AHHOTAUA

Buinonnen ananuz cospemenno2o cocmosnus u Hameuenbl Nymu OanibHeuue20 co8epuleHCme08anUs
cucmem COTHEUHO20 MENNOCHAOIICEHUs. ¢ Yeablo 00ecnedeHus ux WupoKoMacumadno2o 6HeOpeHUus 6
VCA0BUAX PE3KOKOHMUHEHMANbHO20 KIuMama Y3bexucmana.

KioueBble coBa: CONHEYHOE TEIUIOCHAOKEHHE, TIOCKUH KOJUIEKTOP, BaKyyMHpPOBaHHBIN
KOJIJIEKTOD, aKKYMYJISITOD, 3 (HEeKTHBHOCTD, BHEIPEHHE.

Beenenne. B Ykase [pesunenra Pecyonuku Y36ekuctan ot 9 centsops 2022 roma Ne VI1-220 [1]
NpPEAYCMOTPEHO: «...HaunHas ¢ 1 siHBaps 2023 roga npu NpOEKTUPOBAHUM U BBEJCHUU B SKCILUTyaTaLUIO
BCEX CTPOSIIIUXCS HOBBIX M PEKOHCTPYUPYEMBIX YUPEXKICHUN 00pa30BaHMsl, 3APAaBOOXPAHEHHS, KyIbTYPbI
U Typu3Ma, OOILIECTBEHHOTO NHUTaHUs, OOBEKTOB OKAa3aHUsl YCIYI, CHOPTUBHBIX KOMILIEKCOB,
MHOTOKBAPTHUPHBIX >KWIBIX AOMOB, HOAKJIIOYAEMBIX K JIOKAJIBHBIM CHCTEMaM TeIJIOCHAOXeHUs, ooOuias
IUIOINAAb KOTOPBIX IMPEBBIMIACT OAHY THICAYY KBaJpaTHBIX METPOB, BBOAUTCS TpeOoBaHME OOCCIICUEHHS
MOKPBITUST HE MEHee 25 MPOLEHTOB 00beMa MOTPeOICHUsI TOpIYe BOABI MyTeM YCTaHOBKH COJIHEUHBIX
BOJIOHArpEBaTEIbHBIX YCTPOUCTB. .. ».

HIupoxomMacmTabHOE BHEIPEHUS CHCTEM cHCTeM conHeuHoro TerocHadxkenus (CCT) B ycnoBusix
PE3KOKOHTHHEHTAJIBLHOTO KJIMMara Y30ekucTaHa TpeOyeT pemieHus psafga crnenuduyeckux 3ajad,
CBS3aHHBIX ¢ o0ecriedeHue Han&KHOW, Oe3aBapuilHOH W BBICOKO3(QexTuBHONH  paboToit
reJIMOTEXHUYECKOro 000PYAOBaHMS U B IEPBYIO OUYEPEb COTHEUHBIX BOJOHAIPEBATEIbHBIX KOJUIEKTOPOB
(CBK) 1 BOASHBIX CTpaTU(PHUKAIMOHHBIX TEIUIOBBIX aKKyMYJIATOPOB [2-4]. K 3TuM 3ajayam, B 4aCTHOCTH,
oTHocATCs Takue Kak 3amuTa CBK oT 3aMopaXxiBaHus B HUX TEIUIOHOCHUTEINS B 3MMHUHN U OT €0 3aKUIIAHUS
JETHUH mepuol roja, ynaneHus neuim ¢ mnoBepxHoctd CBK, obecneuenue xopouieid M yCTOMYMBOMR
TeMIepaTypHOl cTpaTU(UKAIINN TopsiYe BOABI B aKKyMYJIATOPHBIX 0aKax U JIpyTHe.

PexomMenmanum rno nmpakTHUECKOMY PEIISHUIO TaHHBIX 33]1a4 IIPY MPOEKTUPOBAHUN U CTPOUTEIHCTBE
CCT B KIMMAaTHYECKUIH YCIOBHAX Y30€KHCTaHa, B YaCTHOCTH, YCTAaHOBOK COJIHEYHOTO TOPSYEro
BoJ0cHaOkeHus, npuBeieHbl B KMK 2.04.16-18 [2-4], a taoke B “TlocoOuu 1m0 MpOSKTUPOBAHHIO HOBBIX
SHEProcOeperarIuX PeIICHH YCTAaHOBOK COJIHEYHOTO ropsiuero BojgocHadkenus” [5]. OmHako, MHOTHE
OpraHu3allly, 3aHUMAalOIIKeCs B HacTosIee BpeMs B peciryoiuke BHeagpeHrneM CCT B mpakTuKy, TaKue Kak
000 «TEXNOPARK», OO0 «MIR SOLAR», OO0 «All Solary, OOO «Solar Nature», OO0 «SUN-
HIGHTECH» u ap., ocyuiecTBIsAIOT MOHTaX IAaHHBIX YCTAaHOBOK 0€3 MpenBapUTENbHONW pa3paboTKU U
YTBEPKICHUSI COOTBETCTBYIOICH TMPOSKTHOW JOoKymeHTanmu Ha ocHoBe KMK 2.04.16-18 [2-4].
OOBsicHsIEeTCSL 3TO B OCHOBHOM CTPEMJICHHEM MHOTHX YUPEKICHUH, YMOMSHYTHIX B Ykasze IIpesnnenta
PecnyOonmuku Y36exucran Ne VII-220 [1], B OblcTpoM, HO K COXKQJICHHIO, B OOJIBIIMHCTBE CITy4Yacs,
(hopMaTbHOMY MCIIOJTHEHHUH €T0 TPEOOBaHMIA.

IIpn sTOM Ha OoOBekTax Oe3 MPOBEACHHS COOTBETCTBYIOUIMX PAcCUYETHBIX U MPOEKTHBIX PaboT
YCTaHABIMBAIOTCS, KaK MPaBUJIO, TOTOBBIE JOPOTOCTOSIME MHOTOKOHTYPHBIE MOJTYJIN T€IHOYCTaHOBOK C
CaMOCTOSITEIbHBIMU 0aKaMH-aKKyMYJISITOpaM# ¢ TepMOCH(DOHHOM MM HACOCHOM IUpKyIsiiued. TeruoBast
MOIIHOCTh TaKUX CHCTEM OOBIYHO HE COOTBETCTBYET HEO0OXOAWMOW TpeOyeMOH MOIIHOCTH JUIs
MOTPEOUTENSI ¥ TIOKPHIBAETCS OTIONHUTEIBHBIM 3JEKTPUUECKUM HIIM Ta30BBIM JAYOIMPYIOLIMM TEIIOBBIM
reHepaTopoM. He ocymiecTBifeTcss TOWCK TPOCTHIX, HAAEKHBIX, OPUTHHAIBHBIX, JEMIEBBIX U
BbICOKOA(dekTHBHBIX TexHudeckux pemennid CCT, mnpuemieMblx Ui KIMMATHYECKUX —YCIOBHMA
pecniyonuku. He oprannzoBaH MOHUTOpUHT BO3BOAMMBIX B pecrybinke CCT u o6obuieHne ombita uxX
CTPOMUTENBCTBA U IKCIUTyaTalllH.

enmsto paboOTHI SBISIETCS aHAJIN3 COBPEMEHHOTO COCTOSIHES cTpouTenscTBa m MoHTaka CCT u
YCTAHOBOK COJIHEYHOT'O TOPSYEro BOAOCHAOXKEHHsI, a TakXkKe OIpelelieHHe IePCIEeKTUBHBIX MyTeH
JAJIBHENIIET0 WX COBEPIICHCTBOBAHMA W BHEAPEHHMS B YCIOBMAX PE3KOKOHTHMHEHTAIBHOTO KJIMMAaTa
VY36ekucrana.
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MeToauka npoBeAeHUs MCcaeJ0BAHMIE. AHAIN3 COBPEMEHHOTO COCTOSIHUS 1 OTIpeIeTICHIE Ty Te
JATBHEHIIIETO COBEPIICHCTBOBAHUS CHCTEM COJIHEYHOTO TEIUIOCHAOKCHHS M WX BHEAPEHUS B YCIOBUSAX
PE3KOKOHTHHEHTAIBHOTO KiIMMaTa Y30eKuCTaHa ObLIO OCYIIECTBICHO Ha OCHOBE M3yUEHUS PE3yNbTaTOB,
3aKOHYEHHBIX HAyYHO-MCCIEAOBATEIbCKUX, OMBITHO-KOHCTPYKTOPCKUX W OJKCIIEPHUMEHTAIBHBIX pPadoT,
aHayM3a W OOOOIICHWS MHOTOJICTHErO OTCUSCTBCHHOTO W 3apyO0eXHOro OIbITa MPOSKTUPOBaHUS,
ctpoutenbcTBa U 3kciuryaranuu CCT v ycTaHOBOK COJIHEYHOTO FOpsiYero BojocHa0keHus. [1pu sTom Obutn
TaK)Ke YYTEHBI TIOCIeTHIE HAayUHbIE TOCTHKEHHS, ONyOIMKOBaHHBIE B HAYYHO-TEXHUIECKOH JTUTEpaType,
MOCBSIICHHBIC BOMPOCAM MOBBIMICHHUS 3PPEKTUBHOCTH PabOTHI COJIHEYHBIX KOJUICKTOPOB B PEATIbHBIX
YCIIOBUSIX MX IKCILTyaTaI[Mi U COBEPIIICHCTBOBAHUS PEKUMHBIX MAPaMETPOB I'eJINOYCTAaHOBOK B Pa3INYHbBIC
MIEPHOABI TO/IA.

Pe3yabTaThl. ComHeUHOE TEIUIOCHAOXKEHNE B MUPE SBJISIETCS BTOPHIM IO 00beMaM HCTIOIh30BAHUSA
BUJIOM BO300OHOBJISIEMBIX UCTOYHHKOB SHEPTHHU [6].

B 2022 r. mo mamHpM aBctpuiickoro WMHctutyTa mpukinamHeix uccrnepoBanuii AEE INTEC
YCTaHOBIIEHHAs MOIHOCTH COJTHEYHBIX KOJUIEKTOPOB B MUpe cocTauna 542 I'Br (774 M. M%) ¢ rogoBoi

BBIPa0OTKOMH TerioBo sHepruu 442 TBt 4 [6] (puc.1.).
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Koauuecmeo 2000601 ebipabomxu meniosot snepeus (1Bm uac) ¢ 2000-2022 200ax [6]

CrnenyeT OTMETUTH, YTO JAaHHBIM MHCTUTYTOM MO 33JaHri0 MEXTyHapOJHOTO IHEPreTHYecKOro
arearctBa (MOA), nHaunmnas c¢ 2005 roma [6], exerogHo MyOJIMKYeTCsl CTATHCTUKA 1O Pa3UYHBIM
COJIHEYHBIM cHcTeMaM cTpaH mupa. K coxkaseHuto, mo VY30ekucraHy Takas CTaTHCTHKa BOOOIIe
OTCYTCTBYET, XOTSI B TIOCJIE/IHUE TOJIbl B peCITyOIMKe OCYIECTBICHO CTPOUTENILCTBO HECKOJIILKUAX KPYITHBIX
COJTHEYHBIX AJIeKTpocTaHIwii (MomHocTh0 1o 100 MBT), KoTOpBIE MOTIIM OBl 3aHATH JOCTOWHOE MECTO
CpeaM APYTHX COJIHEUHBIX OOBEKTOB.

[Ipu crpourtensctBe CCT mpUMEHSIOTCS KUAKOCTHBIE U BO3AYIIHBIE CoHEeUHble KouteKTophl (CK)
[6]. B cTpaHax ¢ pe3KOKOHTHHEHTAJIBHBIM KJIUMATOM, K KOTOPBIM OTHOCHUTCS Y30€KHCTaH, HEIOCTATKOM
xuakocTHeIX CK cumMTaercs mx moJgBEpKEHHOCTh MEXaHHYECKOMY IOBPEXICHUIO M BBIXOLY M3 CTPOS
BCJIE/ICTBHE 3aMEP3aHusl B HUX TETUIOHOCUTENS 3MMOM MIIM €T0 3aKUIIaHUs JIETOM B peKUMe CTarHaluu (pu
OCTaHOBKE IMUPKYJSIIMOHHOTO Hacoca BO BPEMs aBAPHITHOTO OTKIIIOUEHUS MOJIa4X 3JIEKTPUIECTBa), KOTaa
MIPOUCXOAUT YPE3MEPHOE TIOBBIIIEHUE NaBJICHUS B TEIMOKOHTYPE KaK 3a CUET KUIIEHHSI TETNIOHOCUTENS, TaK
1 3a CUET THAPABINYECKUX yAapoB [7, 8].

B wmmpoBoii mpaktuke HambOonpmiee npuMmeHerune mnomyumin 1iockue (IICK) m tpyOuateie
BaKyyMHPOBaHHbIE COIHEUHbIE KOJUIEKTOPHI (puc.2.) [9-12].

B 2017 r. B mupe Obuio ycrtaHoBieHo 71,8% CONHEYHBIX KOJUIEKTOPOB — TPyO4aToro
BakyyMHpoBaHHbIeoro Tuna (puc.2, a) [9, 10]. Ilpu stom IICK B 2017 r 3aHMManu BTOpOE MECTO IO
npuMeHeHuto B mupe — 23,7%.

B 2021 rony BakyyMHBI€ TpyOUaThle KOJUIEKTOPHI B MUPE COCTABIISLTN 59% OT BHOBb YCTaHOBJIEHHON
MOIIHOCTH, 3a KoTopoi cieayet [ICK ¢ noneit 34%.[6].

Takum 00pa3oM, CIeyeT OTMETUTb, YTO JIOJIS BAKYYMHBIX TPYyOYaTHIX KOJUIEKTOPOB BO BCEM MHPE
3a 10 ner cokparunoch npumepHo ¢ 82% B 2011 1. no 59% B 2021 r., u B T0 *e Bpems [ICK yBenuunnu
cBoIO a0ito noutu ¢ 15% 1o 34% [6].

a) 6)
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Pucynok 2. Pacnpedenenue yCmaHOBIeHHbIX COTHEUHbIX KOIEKMOPOS No ux munam 8 mupe (a) u ¢ Espone (6) [9-12]

B EBpone curyanus nouru obparnas: mpoinst [ICK coxpartunock ¢ 81% B 2011 roxy a0 72% B 2021
roxy. HampoTus, 1ot BakyyMHBIX TpyOUYaThIX KOJUIEKTOPOB B EBpore yBemmumnmce B iepuon ¢ 2011 mo
2021 rox ¢ 16% mo 28% [6]. Takum 00pa3oB B OymyIieM MOKHO 0KHIATh PABHYIO CTETIEHb MPAKTHIECKOTO
MPUMEHEHUS KaK MJIOCKUX, TaK U TpyOuaThix Bakyymusie CK.

Ilo npuHuMny AEHCTBHA >KUAKOCTHBIE TEIMOYCTAHOBKH MOIAPA3CIIIOT HAa TEpMOCH(OHHBIE,
pabotaromue 6e3 Hacoca 3a c4eT pa3HocTd mioTHocTel Boasl B CK u B Oake-akKyMyIsiTope, a TakKe Ha
HacocHble. Ha HacocHble cucTembl ycTaHoBieHHble B Mmupe B 2021 roxy npuxomurcs 62%, a Ha
TepMOCH(DOHHBIE T€THOYCTaHOBKH TONBKO 38 % [6]. Cnenyet 3ametuts, uro 10 jer Hasan, T.e. 2011 roay
BO BceM Mupe Oomee Ttpex derBepreil (75%) Bcex YCTaHOBIIGHHBIX T€JIMOYCTAHOBOK SIBJISUTHCH
TepMOCHU(OHHBIMH CHCTEMaMHU, a ocTaibHble (25%) HacocHbIMH [13]. Takum 00pa3oB B OyaylIEeM MOXKHO
OKUJIaTh PaBHYIO CTETICHb MPUMEHEHHS KaK HACOCHBIX H TEPMOCU(OHHBIX T€IHOYCTaHOBOK.

Heo6xonmumo OTMETUTh, YTO B HACTOsIIEe BpeMs B MHpEe OOHApyKWIach TEHACHLHS K POCTY
KOJINYECTBA KPYIHBIX CHCTEM LEHTPAJIM30BAHHOTO COJIHEYHOro TemiocHaOxeHus [14]. Ecnu panblie
OCHOBHYIO MAacCy COJHEYHBIX BOJOHArpeBaTelicii COCTaBISJIM YCTaHOBKH TOPSYETO BOJOCHAOKEHUS
WHIUBUTYAIBHBIX JOMOB, TO B 2017 roay B Mupe HacuuThBaIOCh 300 yCTAaHOBOK C TUIOIIAAbIO COTHEUHBIX
KOJIeKTOpoB Gosee 500 M? (MomHOCTEIO >350 KBT) 06mas mwiomaas KOIIEKTOpOB B HUX — 1648 Thic. M2,
B 2022 rony 6buio noctpoeno 41 HoBas kpynHoMaciiTabHas cUCTeMa COJTHEYHOTO OTOIUIEHUS ¢ 0OIei
MoiHOCcThI0 178 MBT. K koniyy 2022 roma 571 kpynHoMmaciitaOHasi COJHEYHAs TEIUIOBBIE CHUCTEMBI
pabotanu mo Bcemy Mupy. OOmiasi yCTaHOBJIEHHAs! MOIIHOCTh 3THX cUCTeM cocTaBuia 2 148 MBT, uro
COOTBETCTBYET IUIOUIaAM KoJuiekTopa 3,1 muH M? [6].

B kpymHBIX cHCTeMax [EHTPATU30BAHHOTO COJHEYHOTO TEIJIOCHAOKEHUs] TpH HaJMYUH
00CITy>KHBAIOLLETO IepCOHala 3HAYUTEIBHO Npolle U 3G PeKTUBHEE, 10 CPABHEHUIO ¢ MHOTOUHCIICHHBIMH
MEJIKMMHU UHIUBHIYaIbHBIMU YCTAHOBKaMH, PELIAIOTCS BOIPOCH SKCIUTyaTalluy, B yacTHOCTH 3amura CK
OT 3aMep3aHHsl TETNIOHOCUTEIS 3UMOM 1 3aKUIIaHUs JIETOM, YJaJIeHHE TIBUTH | T.JI.

[lonoXuUTENbHBI  OMBIT MPOSKTHUPOBAaHUSI ¥  CTPOMTENBCTBA KPYIMHOMACHITA0HBIX CHCTEM
LEHTPAJIN30BAHHOTO COJTHEYHOTO TEIUIOCHAOXKEHUS B peciyOmke nMeeTcs aBHo [15, 16]. B anpene 1986
r. Ha MaccuBe Bonnuk (1. TamkeHT) Obla 3amynieHa B SKCIDTyaTallio COTHEUYHO-TOIUTMBHAS KOTEIbHAS,
paspaborannas unHcTHTyTOM Tam3HUMDII, ¢ obmieil miomanpio coiHeuHble KomaekTopsl 902,7 M2,
KOTOpast nociie pekoHcTpykuuu u 3amensl CK B 2002 r. pamkax npoekra Tacis HAXOANUTCS B 3KCIUTyaTalluH
JI0 HACTOSIIEr0 BPEMEHU. JTa yCTAaHOBKA MpenHa3HayeHa JJIsi OOCIY>KUBAHMS KUIIOTO MHUKpOpaioHa C
HaCEJICHHEM OKOJIO 5 ThIC. YenoBeK. OJIHAKO B IajbHEHINIEM STOT ONBIT HE TIOYYHIT JIOJKHOTO Pa3BUTHUS U
pactpocTpaHeHus] BCJIEACTBHE CBOCH HE BOCTPEOOBAHHOCTH M ONPEAEICHHBIX 3KOHOMHUYECKHX
TPYAHOCTEH, KOTOpble UMEIH MECTO B pecnyOiinke B KOHIIE MPOLUIOro Beka. Bo3Bonumble B HacTosIee
Bpewms B pecrryOiuke CCT nmerot nebonbiuue (Menee 500 M%) oOmue momany ycranapimBaembix CK.

3aknaouenue. Jlns mampHedmero cosepmeHcTBoBaHMA CCT uM WX BHEIpPEHHS B YCIIOBHUSAX
PE3KOKOHTHHEHTAJILHOTO KIIMMaTa ¥Y30eKHUCTaHa MOKHO HAMETHTH CIIEyIOIIUe MyTH:

1. OpraHn3oBaTh CTaTUCTUYECKMH MOHHUTOPHHI BO3BOJMMBIX B pecryOnuke
oobekToB CCT ¢ cocraBieHHEM UX DSHEPreTHYecKOro Tacmopra (€IWHOTO o0pasia),
BKJIIOYAIOIIETO €ro INPOEKTHBbIE, a TaKXKe peajbHble SKCIUTyaTAllHOHHBIX XapaKTEPUCTHKH,
ofpeJiesiieMble HHCTPYMEHTaIbHBIMU 3aMEPaMH.

2. OO6s3aTh Bce opranm3anuu, 3aHuMarommecs BHeapeHuem CCT B mpakTuky
NPUCTYNaTh K CTPOUTENHHO-MOHTXHBIM Pa0OTaM TOJNBKO TPH HAIMYAU TPOCKTHOM
JOKyMEHTallMK, pa3paboTraHHON B cooTBeTcTBUH C TpeboBanusimu KMK 2.04.16-18, a Taxke
sHeprerrdeckoro nacmopra CCT.
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3. Hns  oOecnedueHus MIMPOKOMACIITAOHOTO  BHEAPEHHS] KPYMHBIX  CHCTEM
LEHTPAITM30BAHHOTO COJTHEYHOT'O TEIUIOCHAOXKEHMSI C IUIONMAJBbI0 COJTHEUHBIX KOJUICKTOPOB OoJiee
500 m? (MommEOCTEIO >350 KBT) cneayeT pa3paboTaTh M BHECTH COOTBETCTBYOIIUE M3MEHEHHS 1
nononuenus B KMK 2.04.16-18.

4. Heobxomumo opraHu30BaTh W3y4eHHWE U OOOOIICHHE OIBITa MPOCKTUPOBAHUS,
ctpoutenscTBa 1 dKciutyaTanuu CCT B KITUMAaTUYECKUX YCIOBHSIX Y30€KHCTaHa.
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AHHOTAUA

B oaunoii pabome npusedenvi pezyrvmamvl UCCIEO08AHUS NO UCHONLIOBAHUIO CONHEYHBIX
napadonuuecKux KOHYESHmMpUpylowux cucmem Oisi OMONIEHUS MUNOGLIX JCUTIBIX OOMO8 8 HAMYPHbIX
yenosusx. s uccnedosanusi  6blOpAHbl  MUNOGble KOMMEONCU PACNONONCEHHbIE HA  NOIUSOHE
Hayuonanvnoeo Hayuno-ucciedo8amensckoz0 UHCMUMYMA 60300HOGISEMbIX UCHOYHUKOS IHepeuu
(HHUU BUD). Pe3ynomamvl ucciedo8anuii noKazvléaiom, 4mo Hpu NpUMeHeHUu cucmem Ha OCHO8e
CONHEUHbIX NAPAOOTUUECKUX KOHYESHMPUPYIOWUX YCIMPOUCME OJisl OMONAEHUSL MUNOBBIX HCUTLIX OOMO8 C
MENI060U 3AWUMOL NePB8O2O YPOBHS MOJCHO YMEHbWUm MenionompedieHue 6 3a8UCUMOCHU Om
Kaumamuueckux yenosuii 0o 150 kBm uac/m? 6 200.

KuaroueBsble cji0Ba: COTHEUHBIN apa0OIUecKuii KOHIIEHTPATOP, TETIOBAst SHEPTHS, TUTIOBOH J0M,
TETUTBIN TI0JI, MPOU3BOIUTEIBHOCTD TEILIO, YACTbHAS TEIUIONOTPEOICHNUS 3TaHuS.

Jnsi mpuMEHEeHHsT aBTOHOMHBIX COJHEUHBIX KOHLEHTPHUPYIOLIMX CHCTEM B OTPACIN SKOHOMHKH
umeroTes psan 3PQEeKTUBHBIX TEXHUYECKUX DPELICHUH, IJIsI Pa3HOM NPOM3BOACTBCHHOM JIMHUM IOAAYH
ropsiuero mapa, B KyXHSX JJIs MPHUTOTOBJICHMS MHUIIM HAa OCHOBE BBICOKOTEMIIEPATYpHOTO Mapa WIH
BBICOKOTEMIIEPATYPHOTO TETJIOHOCUTENS B IOMOXO03SICTBE OTOIIEHUE TTOMeIleHre 1 JoOMoB [1,2].

B V30ekucraHe paccMOTpeHbI psiA 3a1ad IO HCIOJIb30BAHUIO COJHEYHBIX KOHLEHTPUPYIOLINX
cucreM [3-5].

B 3apy0OexHbIX cTpaHax u3yueHbl HEKOTOPBIE MOAEIH CUCTEM OTOIUIEHUS U OXJIAKICHHS Yepe3 MOJIbI
Y PaJuaTopbl HA OCHOBE MCIIOJIb30BaHHs COJTHEUHBIX KOHIIEHTPUPYIOIIUX cucteM [6-9].

VYuuThIBas NPOBEACHHBIA aHAIU3, HCCICIOBAHBI TEMJIOBHIE CHCTEMBl HAa OCHOBE COJHEYHBIX
napaboINYeCKUX KOHIIEHTPATOPOB JJISl OTOIIEHHUS TUITOBBIX JKMJIBIX IOMOB B HaTypalbHbIX YCIOBUAX. [l
WCCIeIOBaHUA ObUIM BBIOpPAHBI THIOBBIE KOTTEMXKH, PACIIONIOKEHHBIE Ha mojuroHe HarwmonansHOTrO
HAYYHO-HCCIIE0BATEIbCKOTO MHCTUTYTa BO30OHOBIISIEMBIX HMCTOYHHMKOB JHEPIUd npu MuHHCTEpCTBE
sHepreTHke PecryOoniku Y30ekucraH.

Ha ocHoOBe coTHeUHBIX KOHIICHTPUPYIOIIMX YCTAHOBOK HAMU pa3paboTaHa MpUHIUIHATIbHAS CXeMa
CHCTEMBI OTOIUICHUSI TUTIOBBIX XKHJIBIX JJOMOB.

Ha pucynke 1 mpencraBiieHbl CHCTEMBI OTOIUIEHHS 1O MPUHLUMIHAIBHON CXEME «TEIUIBII MOI» H

panuatop.
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Puc.1. [Ipunyunuanehas cxema cucmemvl OMoneHus «menivlid noay (a) u uepes paouamop (6).
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Ha momurone HHUM BUD, umMeroTcs Tpy THUMOBBIX KOTTEMXKAa C Pa3HBIMU IapaMeTpaMH CHUCTEM
ororieHus. [ uccnenoBaHus HaMH OBUTH BEIOpAHBI Ba THUIA KOTEIKEH ¢ OAMHAKOBBIMH Pa3MepaMu, HO
C Pa3HBIMH CHCTEMaMM OTOIUICHHMA. B BBIOpaHBIX IBYX KOTTEIKaX HMEIOTCS TEIUIOBBIE CHCTEMBI C
YroJIbHBIMH KOTJIaMH. HaMu npoBezieHbl pacdeTs! A7l ONPENeIHUS YAETIbHbIX TEIUIONOTPEOICHU 3aHH.
Jns mpoBeleHHs SKCICPUMEHTOB HaMH OMNpEICNCHbl ONTHMAalbHBIE pa3Mepbl  MapaboindecKoro
KOHIIEHTpaTopa i CUCTeMbl oTomjeHus. [Ipm 3ToM B HEpBOM KOTTEIKE MCIIONB3YyeTCsl cHCTeMa
OTOIUIEHHS C PaZnaToOpaMu M JAEPEBSHHBIMHU TIOJIAMH, @ BO BTOPOM KOTTEKE - CHCTEMa OTOIUICHUs Oe3
panuaTopa u ¢ TEIbIM mosioM. OOLIHiA BUJ KOTTEKEH U Pe3yNIbTaThl H3MEPEHUH TEIUIOBOW Harpy3KH Ha
10JIaX TUIOBBIX XKUJIBIX JOMOB B HaTypalbHbIX YCIOBHAX MPEACTABICHBI HA PUCYHKE 2.

a) 6uU0 nepeoreli CnmopoHbl

BG g BG=22.0
18/11/22 | 01:53:13 AM | 1=100 18/11/22 | 01:55:03 AM [ 7=100%

a) KommeoHc ¢ 0ePeBHHBIM NOTOM 6) Kommeoxc ¢ MenblM NoaoM (IamMuHam)
Puc.3. Pe3ynomamul usmepeHuti menjiogvix Ha2py30K Ha NOLAX 6 MUNOBbIX HCUNbIX QOMAX 8 HAMYPHBIX YCAOGUSIX.

Kak BumHo u3 pucyHka 3, pe3ynbTaThl HCCIENOBAaHHWHA ITOKA3bIBAOT, YTO TEMIEpaTyphl Ha
MTOBEPXHOCTH TIOJIOB B KOMHATE KOTTEIKa C PaJAMaTOPHOW CHCTEMOW TEIUIOCHAOXEHHS Ha COJIHEYHOUN
CTOPOHE C JICPEBSIHHBIM I10JIOM, U TEMIIEPATYPhI ITOJIOB B KOMHATE KOTTE/PKA 0€3 pajraropa Ha COJTHEYHON
CTOPOHE C CHUCTEMOU TeIIOCHAOXKEHUS C TEIUIBIM TOJOM OTiu4arTcs. [lpu 3ToM cpemusis Temmeparypa
CUCTEMBI TEIUIOCHA0KEHMsI TEIIOrO II0Jla HAMHOTO BHIIIe, YeM CpPEIHSS TeMmIeparypa CHUCTEMBI
TEIUIOCHAOXKEHHS OT JIEPEBSIHHOTO TI0JIa. DTO 00YCIOBIEHO OOJBITUMH TETIOBBIMU TIOTEPSIMH B TETIIIOBBIX
crcTeMax B KOMHATaX KOTeKa C JIEPEBSHHBIM TIOJIOM.

Jliia uccnenoBaHus MPUMEHEHUS CUCTEMBI OTOIUICHUSI HA OCHOBE COJHEUYHBIX KOHIICHTPHUPYIOIIUX
YCTPOWCTB JUIS OTOIUICHWS THUIIOBOTO KHJIOTO JIOMa Mbl OIPEICTHIN TEIUIOBBIE XapaKTePUCTHUKU
pacu€THBIM TyTeM ¢ TOMOMBI0 TemioBoro Oamanca [10] st 3panmii.  TerutoBblAeneHnE
(TETUIONOCTYIJIEHUsT  OT  BHYTPEHHHX  HMCTOYHHKOB  TeIUIa)  ompeseieHo  ypaBHenumem  [11].
TerutonocTymieHne OT TEIUIBIX MTOJIOB ONpeAeNeHo ypaBHeHHeM [12], a koaddunmenT Temmonepenayu ot
BOJIbI TEILIOTO 110J1a K BHYTPUKOMHATHOMY BO31yXy — ypaBHeHueM [13].

3aBHCUMOCTH YJIENBHOTO TEIUIONOTPEOICHUST 3/]aHNsl OT JMaMeTpa COJIHEYHOro KOHIIEHTparopa
MOKa3aHa Ha PUCYHKE 4.
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[lonmy4yeHHsle pe3yabTaThl UCCIEAOBAaHUN MOKA3bIBAIOT, YTO IPU MPUMEHEHUU CHUCTEM HA OCHOBE
COJIHEYHBIX MapaboIM4ecKuX KOHLECHTPUPYIOIIUX YCTPOMCTB VIS OTOIUICHHS TUIOBBIX JKMJIBIX JOMOB C
TCIIOBOM SaIHI/ITOﬁ IepBOro ypoBHA MOKHO YMCHBIIWUTH TGHJIOHOTpGGHGHHC B 3aBHCHMOCTH OT
KIMMaTHYECKMX ycaoBuid 10 150 kBt wac/mM? B rog. DT0 JOCTATOYHO GOJIBLIOE KOJIMYECTBO JHEPIHH,
KOTOPOE PacXoAyeTcs AJsl OTOIUICHHS TUIIOBBIX *KHJIBIX JOMOB.
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Abstract

The crop yield in arched greenhouses is influenced by the stratum and ambient temperature. In order
to address the issue of temperature imbalance caused by solar radiation, the application of phase change
radiation array tubes in greenhouses is proposed. The study focused on the addition of phase change
materials to the array tubes and analyzed their impact on the formation and changes in microclimate
temperature. A 10-day experiment was conducted, with a test group and a control group. To monitor the
results, the ground was divided into 6 areas at depths of 10cm, 30cm, and 50cm, while the height of the
greenhouse center was at Ocm, 30cm, 60cm, 90cm, 120cm, 150cm, and 180cm. By combining experiments
and simulations, it was confirmed that the heat exchanger device can actively regulate the thermal
environment in the greenhouse. The findings indicate that heat exchangers using working fluids can
effectively enhance the stability of soil temperature and play a role in regulating indoor air temperature by
“shifting the peak and filling the valley.”

Key words: Arched greenhouse; Solar radiation array tube; thermal storage medium; Phase change
materials

1. Introduction

Creating an ideal growth environment for plants is the main purpose of a greenhouse, which is a
specialized facility [1,2]. Extending the crop growing season and improving yield and quality are some of
the benefits of using greenhouses [3]. By manipulating factors such as temperature, humidity, and light,
greenhouses can regulate the environment to optimize crop growth [4,5]. With their role in modern
agriculture, energy-efficient and smart greenhouses are of great significance in improving agricultural
production efficiency and quality, contributing to economic and social progress [6,7].

This study proposes the application of a solar radiation array tube assembly in an arched greenhouse
to solve the issues of large day-night temperature difference and low formation temperature in the
greenhouse microclimate [8] . The main principle is to convert daytime shortwave radiation energy into heat
storage using phase change materials (PCM) within the array tubes, while at night, the high-temperature
PCM releases heat to the indoor air through the array tube walls, thereby raising the minimum temperature
and ensuring a constant temperature effect in the arched greenhouse [9]. This passive heating technology
effectively reduces the reliance on external energy and achieves energy savings. To enhance the absorption
of solar radiation, a heat-absorbing coating made of black nitro resin paint (NC) was applied to the surface
of the array tubes. Experimental results demonstrate that the use of PCM can increase the minimum
temperature at night. Several countries have adopted solar heat storage technology in arched greenhouses to
maintain a constant indoor temperature. For instance, M Kumar [10] conducted an investigation and
evaluation that showed the use of solar heat storage technology in greenhouses can enhance crop yields and
ensure sustainable and environmentally-friendly energy production. W Lu [11] developed a water-tank
model as a heat storage medium, converting solar radiation into heat and storing it in the tank to supplement
nighttime greenhouse heating in winter, thus raising the night temperature. L Gourdo et al. [12] designed a
black plastic sleeve solar heating system for nighttime greenhouse heating, which increased the average
night temperature by 3.1°C compared to the control group. H Ling [13] proposed a heating system that
combines PCM and a solar concentrator to provide constant temperature heating for greenhouses.
Experimental results demonstrated the significant role of PCM in the constant temperature heating process
of greenhouses. The application of heat storage heating technology to greenhouses in this experiment is of
great significance for the cross-seasonal development of greenhouse agricultural planting.
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The process of heat storage and warming in a greenhouse using phase change radiation array tubes
can be described as follows: The heat exchange tubes are divided into an aboveground segment and an
underground segment. In the daytime, the aboveground section of the phase change radiation array tubes
absorbs solar radiation and the warm air present in the greenhouse. The working medium inside the tubes
absorbs this heat, causing the temperature to rise. Through the vertical heat transfer mechanism of the array
tubes, the underground section of the tubes absorbs a greater amount of heat, attaining higher temperatures
and transferring the energy to the soil beneath. During the night, the accumulated heat in the array tubes and
soil layer is released to the greenhouse air through the walls of the tubes. This phase change radiation array
tubes system effectively harnesses solar energy resources and regulates the thermal environment of the
greenhouse, smoothing out temperature fluctuations.

2. Materials and Methods

2.1. Description of the experimental process

The experimental process primarily consists of four stages: 1. Construction of the experimental
model, 2. Preliminary test arrangements, 3. Fundamentals of the experimental procedure, 4. Processing
and analysis of the collected data.

The initial stage involves determining the dimensions and orientation of the test arched greenhouse.
To mitigate potential experimental errors caused by shadowing from solar radiation and differing initial
environmental conditions among the test groups, the spacing between the arched greenhouses in the
experimental group was simulated. A suitable greenhouse spacing was set to address this interference during
the testing process. Additionally, the selection of materials, optimization of tube sections, dimension design,
and layout of the greenhouse film and array tubes were conducted. For this experiment, a PE material with
a 2mm wall thickness, a heat transfer coefficient of 7.35-7.5W/(m?-°C), and a light transmittance of 80%—
90% was chosen for the greenhouse film. The selection of the array tube took into account factors such as
thermal conductivity, corrosivity, and cost-effectiveness, resulting in the use of aluminum as the material.

The second stage focuses on the arrangement of measurement points. Firstly, the measuring points in
both the test and control groups were divided into 6 regions. Each region was equipped with temperature
measurement points at depths of 10cm, 30cm, and 50cm. This resulted in a total of 18 measuring points,
providing temperature readings at different depths within each region. Secondly, seven measuring points
were placed at distances of Ocm, 30cm, 60cm, 90cm, 120cm, 150cm, and 180cm from the ground to monitor
temperature changes in the greenhouse microclimate. Prior to the installation of the array tube in the test
group, a conformity test was conducted to ensure that the initial conditions between the test and control
groups were well-matched. Following the arrangement of the array tubes, data acquisition for a period of 5
days was initiated.

During the third stage, the test data results were analyzed to compare and examine the differences in
stratum temperature between the test group with array tubes and the control group without array tubes. This
analysis aimed to investigate the impact of the array tubes on stratum temperature. The array tube utilized a
phase change material (PCM) as a heat storage medium, and the test was conducted over a 5-day period. By
analyzing and comparing the temperature measurements taken at different heights in the microclimate of
the test group and the control group, the influence of the array tubes on the microclimate temperature inside
the arched greenhouse was explored. The findings were then summarized to identify the patterns and
changes in both the stratum temperature and microclimate temperature.

2.2. Test model establishment

The test model consists of an arch greenhouse with dimensions as follows: 3 meters in length on the
east and west sides, 2 meters in width on the north and south sides, and a 1-meter radius for the arch section,
as depicted in Figure 1. To simulate the shadows cast by the arch greenhouse at various times during the
test period, input parameters such as the model values, latitude and longitude of the site (40.48° N, 111.41°
E), and the time zone (+8) were entered into the Comsol software. This allowed for the simulation of shadow
changes over the course of one day. The simulated shadows are presented in Figure 2. Shadow change maps
were exported every 2 hours, ranging from 6:00 to 18:00 (sunset time). The figure illustrates that the longest
interference shadow cast by the arch greenhouse in the north-south direction occurs at 14:00, with a shadow
size of 0.68 m < 2 m. Consequently, the interference of shadows on the test can be effectively avoided.
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Figure 2. Arch greenhouse shadow interferogram

2.2. Test model establishment

To ensure accurate test results and avoid errors caused by variations in soil properties, the soil in both
the test and control greenhouses underwent processes of loosening and drying. Additionally, measures were
taken to protect the measuring point probes from radiation interference to minimize testing errors.
Subsequently, the steel skeleton was constructed and assembled, and it was placed in a pit slot. The main
structure was completed by building a greenhouse around the outer surface of the skeleton. The arrangement
of sixteen array tubes, as depicted in Figure 5 (b), was designed. Each array tube contained a heat storage
medium with a volume of 0.0048 m3, resulting in a total volume of 0.0768 m3. The greenhouse had a
volume of 11.91 m3, giving a ratio of heat storage medium volume to greenhouse volume of 0.0064. The
pipe walls were coated, and the heat storage medium, which consisted of organic paraffin PCM, was
carefully packaged. The construction drawing is illustrated in Figure 3. The physical arameters of the PCM
are provided in Table 1, and its performance test results are presented in Figure 4.

w

PR RF el s
(a) Soil treatment

(e) Internal layout of test shed

(c) Surface coating treatment (d) Filling of heat storage medium
Figure 3. Test site layout diagram.
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Table 1. PCM physical parameters.

Test items index unit
Phase transition temperature 24 °C
Operating temperature range <<100 °C
Latent heat 165.00 kJ/kg
Heat storage capacity
(19 - 30 °C) 189.00 kJ/kg
Density (solid/liquid) 0.92/0.85 kg/L
Specific heat (solid/liquid) 2.20/2.67 kJ/kg-K
Thermal conductivity
(solid/liquid) 0.25/0.20 W/m-K
Coefficient o_f volume 782 %
expansion

A PCM is provided and tested by Heatmate New Energy Technology ( Shanghai ) Co,
Ltd.
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(c) Micro-environment temperature measuring point

Figure 5. Measuring point position
3. Results
3.1. Test and control group regional strata temperature contrast analysis
The analysis focused on the test data collected from 8:00 a.m. on October 3 to 8:00 a.m. on October 8.
In this particular stage, a phase change material (PCM) was used as the heat storage medium in the array
tube, and its physical parameters are outlined in Table 1. Figure 10 illustrates that within the control group,
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at a depth of 10 cm, the maximum daytime temperatures varied between 21.5°C and 28°C across different
regions. However, in the experimental group, the addition of a PCM heat storage medium to the array tube
resulted in a reduction of 0.8°C to 4°C in peak daytime temperatures. During the colder nighttime period,
the minimum temperatures recorded ranged from 3°C to 15°C in the control group, while in the experimental
group, the minimum temperature rose to an approximate range of 11°C to 17°C. This improvement indicated
an enhanced ability to regulate temperature fluctuations and increased the minimum temperature at night to
a certain extent. Consequently, these findings demonstrate the potential effectiveness of peak clipping and
valley filling in moderating the temperature at a depth of 10 cm.

Over the course of five days, at a depth of 30 cm within the stratum, the control group displayed a
temperature fluctuation range of 15°C to 20°C across different regions. In contrast, the experimental group
exhibited a slightly wider temperature fluctuation range of 18.5°C to 22°C. At a depth of 50 cm, the control
group experienced a temperature fluctuation range of 15.5°C to 19.8°C over the same five-day period. This
range was deemed unfavorable for the growth of vegetation roots in cross-seasonal planting. However, the
experimental group recorded a temperature fluctuation range of 18°C to 21°C, which increased the
temperature fluctuation range to a certain extent.

To summarize, the placement of array tubes in the control greenhouse can effectively regulate
temperature fluctuations and maintain a relatively stable temperature at a 10 cm depth. Furthermore, at
depths of 30 cm and 50 cm within the stratum, the array tubes can increase temperature levels in various
areas of the CSG. This solution addresses the issue of low temperatures in the growth area of vegetation
roots during cross-seasonal planting to some extent.
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3.2. Test and control group micro environment temperature contrast analysis
Figure 5 illustrates the temperature curves at different heights of the measuring points in the
microenvironment of the test group and control group when the heat storage medium is PCM. It shows that
the peak shaving effect is most significant at the surface, while the degree of peak attenuation is weaker at
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heights ranging from 30 cm to 90 cm. During the lowest nighttime temperatures, the effect of valley filling
becomes noticeably enhanced, and at a height of 60 cm, the highest temperature can reach 10.3°C, while

the minimum temperature at ground level is 8.3°C. In summary, PCM exhibits a favorable effect in filling
the valley during nighttime.
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Figure 6. Temperature of measuring points at different heights of microenvironment.
3. Conclusions

This study investigates the impact of array tube arrangement on the formation temperature of the
control and test groups by dividing measuring points at different depths in each area. Additionally, it
examines the influence of array tubes on the microenvironment of the CSG by placing temperature
measuring points at various heights. Finally, through data post-processing analysis, it is demonstrated that
the arrangement of array tubes in the CSG can effectively regulate temperature at both the formation depth
and microenvironment.

Incorporating PCM as a heat storage medium in the array tube has the ability to both peak-shave and
valley-fill the temperature at a depth of 10 cm, while also increasing the temperature range to some extent
at depths of 30 cm or 50 cm.

To a certain extent, the placement of array tubes in the CSG can regulate temperatures at various heights
within the microenvironment and reduce the fluctuation range. When PCM is used as the heat storage
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medium, it can weaken temperatures by a maximum of 9.7 °C and increase temperatures by a maximum of
10.3 °C.
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MMAPABOJIMK KYEIII KOHIEHTPATOPJIU FEJIMOIUAPOJIN3 KYPUJIMACUHUHT
UCCHUKJIUK-TEXHOJIOTUMK PEKUMUHU TAJIKUK KUJIULI

F.H. V3akos, X.A. AinmapiaHoB

Kapwu myxanoucrux-ugmucoouém uncmumymu,
Kapwu waxpu, Mycmaxuniux wox kyuacu, 225-yii, Yzbexucmon e-mail: uzogov66@mail.ru

AHHOTAIUA

Maxonada napabonux Kyéui KOHYEHMPAMoOpPaU 2eTUONUPOIU3 KYPUIMACUHUHS MEXHONIOSUK CXeMAacU
maxnugh smunean 8a KyHeaboxap ycumaueu YUKUHOUIAPUHY RUPOIUZU HCAPAEHUHU UCCUKTUK-MEXHOL02UK
pesicumMy MAOKUKOMU HAMUINCAAapyu Kexmupuneat. I enuonuponus scapaénunu maokuxom Kuiuul yYyyH
masicpuba napabonux Kyeéul KOyeHmpamopau 2eIUoOnuponu3 Kypuimacu apamuneatn. Kyneabokap ycumnueu
YUKUHOUCUHU TMEPMUK KAUMA UWIAUL JHCAPAEHUOA YUKY8YU MAXCYIOMAAPHU Xapopamed OO0NUKIusU 6d
Mamepuan barancu madxcpubanapoa ypeanunearn. Kypuimaoa ymrasunean maxcpubanapoa 2enuonuponus
peaxmopuea Kianean 1 ke Kyneaboxap ycumaueu YuKUHOUCU nupoausu Hamudxcacuoa 63 % ouoxymup, 10
% cyrox 6a 27 % 2a3CUMOH EKUNBUNAD ONULUSA IPUUUTLAH.

Kaaut cy3nap: renmonupoin3 KypuiMacH, napadoiK KOHIEHTPATOp, TeIUONUPOIIN3 PEaKToOpH,
Oromacca SHEprUsICH, MyKOOWIT EKHIIFU, XapopaT PeKUMH, KYEII paiualusacy, KyEi SHSPIHsCH.

Kupum

Xo03upru BakTAa Ky€ml sHeprusicuaH IOKOPH XapopaT Tajnad 3TafuraH TEeXHOJOTHK jXapa&Hiapiaa
doiinananu yudyH Ky€Il KOHIIEHTPATOPJIAPHHU KYJUTAHWUIIM MYXUM axamusrtra sra. JKaxoHma Ba
V30ekucTonaa XaM KeHHHrM Huntapaa KySml SHEprusScHAaH TypiaHd TEXHONOTMK SkapadHiapia
dboinananun 6yitnya WIMA TaIKAKOTIAp 0IMO OOPUITaH Ba aMalliii HaTHKamapra spumwirad [1-7].

IOxkopu xapoparinu GMomacca MUPOIU3N TEXHOJOTHACHIA XaM KyE€l sHepruscuaan (oiganaHnn
HCTUKOOUIN HyHanmuuuiapaan xucooOnanaau. Ky€mr sHeprusicunan ¢oiinananran xojjga Ouomacca Ba
OpPTraHHK YHKWHWIAPAAH MHPOIU3 YCYIUIa EKIIIFU Ba SHEPTHs (MCCUKIMK Ba JJIEKTP YHEPTHSICH) UILIA0
YUKApUIll, OMPUHUM HaBOaTHa KHUIIUIOK axOJUCH Typap Koiapu, (epMmep XyKalIWKIapu Ba SKKa
TapTHOAary yhiaap KaOu MapKasJalliTUPUIraH dHEPrys TabMUHOTH THU3UMIIAPHIIAH Y30KJa >KOMIaIIral
SHEPTUsl UCTEhMONYMIAPU yUyH MyXuM axamwustra sra. Iy cababnum EKWIFHM, WCCUKIMK Ba DIIEKTP
SHEPTUSACHHU HIUTA0 YUKAPUII YIYH YCUMIIMK OMOMACCACHHHU KaiTa HIUIAII acocaH KUIUIOK aXOJIMCHHH,
alfHMKCa, SHEPTHUs eTUIIIMANIUraH Xy 1y JIapHU SHEPTUs OWiaH TabMHUHIIAIT MyXUM Basuga XucoOIaHau.

Omu6 OGopuiraH TaAKWUKOTIAp HIYHU KypcaTaJukd OWp TYI KyHTaDOKap YCHUMIIMTHAAH yprada
0,8+1,5 kr raga OmomMacca YMKWHAWCH t03ara Kejaaud Ba YHH MUPOJIH3 YCYJIUAa TYIWK KaiTa WIIIamt
HaTH)Xacua MyKOOWI EKHIIFUIIAp OJTUII UMKOHHUSTHA MaBXyl.

TaaKUKOTHUHT MaKcajau MapabojiuK KyEIl KOHIIEHTPATOPJIA TeJIMONMPOJIU3 KYPHIMACHHHU TaOUUit
WBUTUM TNIAPOWTIIAPHIA CHHAIlI Ba KYHraOOKap YCHUMIMTH YUKWHAWIAPUHUA THUPOJIM3H JKapaCHUHU
HCCUKJIMK-TEXHOJIOTHK PEeXXUMHUHHN TaIKUK KWJIAIIIAH HOOpaT.

Ycay6 Ba maTepuaniap

[Muponm3 KypuiMacu peakTopHaa XapopaT peXVMHHHA TabMUHIANI acOoCHH MyaMMolapiaH
xucoOnanaan. Yynku peakropna xepakiu (350500 °C) xapopaT peXKMMUHHM TabMUHJIAII YYyH JacTiad
sHeprusi (MCCUKIMK) Oeprmmui Kepak Oymamu. OmaTna aHaHABHA THUPOJIN3 KypuiaMachaa amaira
OLIMPUJIAIUTaH JKapaéHap yuyH sHeprust ManOacu cudaruaa KyMup, TaOuii ra3 €Ky 3JEKTP SHEPTUSCUHH
capdmnamr xucobura amanra ommpuiaay. Hatikana, KypuiIMaHUHT XyCyCHA 9XTUEKH YUYH DJHEPTHS TaJ1ad
araau [8].

Yuby maokuxom uwuoa 6uomacca (Kyneaboxap ycumiueu) eiuonuponusu yuyH peaxmopoazi
xapopamuu maxcyrom wukuwiuea 6oenukaueu ypeanunean [9-11]. Huponus sxcapaénunu maokuxom Kuauu
VUYH napadoauK Kyéul KOHYeHmpamopau 2eiuonupoIu3 KypuUIMacuHuRe mexHoa0eUK CXeMacu apamuiou
(1-pacm).
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1-pacm. Hapabonuk Kyéur KoHYeHMpamopu 2eaUonUpOIU3 KypUIMACUHUHS MEXHON02UK CXeMACH.
1-nyp mywuw 6ypuazunu bowkapuw musumu; 2-6ypuaKtu co3Naus MOCiamacu, 3-EpyiuK UHMeHCUIUuSU CeHcopu,; 4-
Meman masuy, 5-napabonux Kyéur KOHceRmpamopu, 6-memain acoc; 7-UCCUKIuK akkymyasmopu (napagun); 8-eenuonupoaus
peaxmopu; 9-yapopam ynuaw acoobu (mepmomemp), 10-6uomaccanu rokaaw Konxozu, 11-06yz2-2a3 aparawmacu xapakamiauui
Kyeypu, 12-6ocum yiuaw ac6oou (manomemp); 13-cogymuw kamepacu (konoencamop); 14- 1-kondencayuon ook, 15- 2-
KOHOeHcayuoH ook, 16,17- cyiox 6uoéxuneu myniaw uouwnapu, 18-veman maany, 19-cyeau gpunomp,; 20- akmue Kymupau
Gunemp, 21-eazeondep (eaz myniaw 6anounu); 22-6uomacca, 23-oknaw 6ynkepu, 24-buomaccanu Kypumuu kamepacu, 25-
UCCUKTUK aTIMAWUHY8 annapamu, 26-yupKyasimcuoH cye Hacocu, 27-meman masany, 28-cye baxu; 29-cys xapakamianuut Kygypu,
30-cys 6enmunu; 31-eaz eenmunu, 32-ucmevmonyu (2a3 naumacu).

Taxnu¢ 3tunran napa®oauk Ky€m KOHIEHTPATOPIH TeIHONUPOIN3 KypUIMacH KyHuIard NpUHLINI
acocuna unutaiau. Jlactinad peakropra (8) mammuru 20...30 % Oynran 6umomacca rokmam Konkord (10)
OpKaJIU I0KJIaHaIU, Teauonupoin3 peakropuza (8) xapopar pexxumu 350...500 °C HE XOCH KWIHII YIyH
Hyp Ty Oypdaruau 6omkapum Ti3umi (1), OypuakHu co3iamt MociaMacH (2), EpyFiIuK HHTSHCUBIATH
ceHcopu (3), meran TasHY acocra (4) OMpUKTHpWITaH ymdamu 2,5x2,5 cmim mumma OynakdanapunaH
sicaliral mapaboyiuk Ky€mn KoHIeHTpaTopu (5) épmamuma amanra OmMpwiIagd, peakrop (8) wuummaru
MeBEPUN XapOpaTHU TabMUHIIANI YUyH YI90B acoo0m épmamuma (tepmometp) (9) xap coarna ymuaHany,
TeIMOTMPOIN3 peakTopuaa (8) OmoMaccany KU3UPHUII HATIKACKIA XOCHI OyITraH OyF-Ta3 apajammMacu y3
yku atpoduna aitmanyBum KyByp (11) opkamm coByrumn kamepacura (konaeHcarop) (13) yzatunamy,
coByTuil kamepacuna (13) Oyr-ra3 apajammMacy KOHIECHCAIMsJIAaHAIN Ba CYIOK EKHIIFHIIAp KOHICHCAIIMOH
omoxmapaa (14, 15) furunanu, muporas TapkuOu mactiad cyBmu puntpaa (19) cyHrpa akTHB KyMUpIH
¢dbunrpaa (20) TozamaHaHuO, razroiaepaa (ras Tymiam Oanonu) (21) Hurunany, HAMIUTH I0KOpU OYiraH
Oouomacca (22) rokiain OyHkepH (23) opkanu KypUTHIl kKamepacura (24) rokinanajau, koHaeHcaropaas (13)
yukkad 50...60 °C xapopaTiu CyB HUCCHUKJIHMK alMallMHyB ammnapaT (25) opkamu Ouomacca 20...30 %
HaMJIMKKA Ka/iap KypHUTHJIaI1, ICCUKIINK aMalllnHyB anmnapaTtuaat (25) yukkas 20...25 °C xapopatiu cyB
MUPKYJISTCHOH CyB Hacocu (26) épnamuia Metan tasaura (27) ypHatwiran cyB Oakura (28) cyB KyBypH
(29) opkanu y3atmnagau Ba TYIUTaHAAW, YHAAH CyB KyBypu opkanu 20...25 °C xapopaTiu CyB COBYTHIII
kamepacura (13) ysarwiaau. Xapa€n my keTMa-KemIMKIa AaBOM OTagd HaTWXKaga, KOHIEHCAIMOH
onoxapaa (14, 15) Tymnanran cyrok onoékuirunap uaunuiapra (16, 17) Kyino oiuHau, ra3rojaepaara
(ra3 Tyrutam 6anonun) (21) To3anaHraH MUPOra3 aBTOHOM MCTEHMOIYMIAPHUHAT (32) MaUIIHi 3XTHEKITAPH
yuyH doianaHumany.

[Tapabonuk Ky€m KOHLIEHTPATOPJIN TeIMONMPOIIN3 KypHiMac peakTOpHra IOKJIaHraH OuomMaccaiaH
(kyurabokap VCUMINTH) aXpannd YHKKaH OWMOCKWIFWIAPHUHT Marepuan OamaHcw jabopaTopus
LIapouTHIA KyHuIaru meroguka Oyiuda omu® Oopwinu. Taxxpuba OonuIaHMIIKMAAH aBBaJl OOLUIAHFUY
Hamimurn 5+20% Ba ymuamu 4+6 MM OynraH MaxcyJomiapgaH HamyHanap Taii€épnanau (1-pacwm).
IOxnanaguran MaxcyJoTJIapHUHT Maccacu IeKTPoH Tapo3uaa (Dlectronic Sf-400), HaMaurK 3¢a paKamiin
yauBepcan AR971 pycymnn Hamumk ymdam ac6obm €pmammuna +2% aHUKIUKAA, peakTOpAard xapopar
pexxumu Mobile-CASSY 2 tepmometpu (Ymuam anukmunra: +3 °C, +2 %; ymuam opanuru: -200 ...+200
°C/-200...+1200 °C), 6umeranuk tepmometp Ilakkerc (Ymuam amwukmmuara: CJI 2.0; yagamn guamnazoHu
0....+500 °C) Ba TeruoBm3op Cruerup-700MT (Ymuam aaukmwmury: £2 °C; ymgam guanazonu -20....+700
°C) opkanu Hazopat kuinuHau. Kyém nypnanum paguanusicu Photovoltaic Data Logger MacSolar (EpyFauk
Ymuam opamuru: 0....1500 Br/mM? raua; xapopar Ymuam opanuru: -40 nan 85 °C rawa; xapopar yadanr
apukury: £0,1°C) ak THHOMETp OpKaji YIT4aH/Iu.

lenuonuponns >kapa€HUHM TAAKUKOT KWW Y4uyH Kapmm MyXaHAMCIMK — HMKTHCOTUET
WHCTUTYTHHHUHT “MyKoOun sHeprus ManOamapu” Kadeapacuga Taxpuba TeIHONHMPOIN3 KypUIMAacH
sipatuan (2-pacm).
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2-pacm. Tadsicpubaguii 2enuonuponu3 KypuimMacu.

Buomacca muponusu ydyH KyHrabokap YCHUMJIMTH YUKUHIUCH TaHna® oMuMHAM xamaa 6-8 MM
KaTTamukaa Maiinanannu. Kyarabokap YyCUMITHTH YMKHHAMCHHY MTUPONTU3Tra Taiéprail xapaéHu 3-pacmia
KEIATUPUIIIH.

2-pacm. Kyuoa VCUMNUSUHU NUPOTU3 KUTUUL HCAPAEHU.

Kynrabokap ycuMaura nupoiu3u 0yinua TaAKUKOTIap JabopaTopus MAapOUTHIA KyHUIaru TaOunid
mapouTiaapaa oaub Gopunau. Taxkpubanap nuamerpu 1,8 m, aneprypacu 2,54 M, pokycaanuin macopacu
0,7 M, xoHueHTpauus kKod3hdunmenT 126 6yaran mapaboIMK KOHIEHTPATOPIa aMaira omupuinu. bynna
xakmu 0,003 M° Ba wuccukamk anmvammeum  tozack 0,02 M?  OyiraH  peakTop HaMyHacH
Taitépnanu. Taxpubanap Kapmu (V36ekucTon) maxpu mapoutuaa 2023 iimr 26 asrycr 12%° nan 14%° raua
OynraH BakT OpaJIMFUJA, TAIIKW MYyXUTHUHI yprada xapopatu 36,4 °C, Ky€m paauauysCHHUHI ypTada
kutimat 910-960 Bt/m? Oynranaa yrkaswiau. UMnuad uyukuiaran Kypuima €paamuna 1 xr Omomaccanu
MUPOJIU3 KWINII MyMKHH.

MyxokamMa Ba HATHKAJIAP

Yuly TtaakukoTaa mapaboivK KyE€ml KOHICHTPATOPIH TeTHONHUPOIN3 KypWIMacH pPeaKkTOpHra
toknanral KyHraOokap YcHMIMTHIAH aXpanu0 YWKKaH EHyBYH MaxCyJOTIApHWHT MaTephan OanaHcH
Taxyui KwimHad. [lapabonuk Ky€m KoHueHTpaTopu EpaaMuaa YTkasuirad Taxpuoanapaa Kapmm maxpu
IapouTHIa KypuiMa peakropuaa ypraua 350+500 °C xapopat XOCHII KUJIHMIT MyMKHAHJIMTH Taxpudanapa

aHUKJIaHU (4, 5-iaCMnap).

4-pacm. Peaxmop uuuda xocun 6ynean xapopam 5-pacm. Peaxmop my6udaeu xapopam.
(26.08.2023 tiun)

[Muponu3 sxapaéuu naBomuitmuru ypraua 110120 munyTHM Tamkun stau. Onud® Oopuiran
TaAKUKOTJIAp IIYHHU KypcaTtaanku, Kapim maxpu mapouTruaa KyHAy3rd KyEIui KyHiaapAa Takiiud STHIraH
KypuiMazaa 3 - 4 Ta LIMKJIHU amajira olupuil MyMKuH. HaTmkazna, KypuIMaHUHT XyCyCUl 3XTHEKU yUyH
capdaHauraH NCCUKIIMK SHEPTUACHHH KyEII SHEPTHACHIaH KOIUIAII MMKOHUSTH SPATHITaH.

I'enronmponns peakTopura KyHrabokap YCUMIIMTY YNKMHIMCHHN TEPMUK KaiTa HIIUIAII )KapaéHuaa
Xapopar peXXMMUHH TaKpHuOa HaTwkanapyu 1-)kaaBajina KeNTHPUITaH.
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1-:kapBai. I'eTnonupoJIN3 PeaKTOPHHUHT XapopaT Pe;KMMH TAAKHKOTH HATHKAJIAPH

T/p | Bakr | Tymaguran Tamxku PeakTopHUHI TYpJH PeakTopaaru
KY€ XaBo HYKTaJapHAaru xapopariap, t,. ypraua
paauanuscu, xapoparu °C xapopar, &,
q,, Vt/m’? tex, °C 1 2 3 4 °C

1 12% 910 35,4 656 237 151 115 289

2 1230 925 35,9 801 258 165 131 338

3 13% 950 36,1 817 285 178 145 356

4 13%° 960 36,6 820 301 227 152 375

5 14% 950 36,9 807 290 217 140 363

T'enuonuponuz Kypunmacu peakmopuea IOKIAH2AH KYHeabOKap YCUMaueu YUKUHOUCUOAH ONUHSAH
MYKOOUN EKUNUNAPHUHS MamepUuan 6aniancyu OYUUYa oONuHeaH Hamudxcanap 2-scaoeanda Kermupuiean.
2-arcaosan. Kynzavoxap ycumauzu yuKuHOUCUOAH MyKOOUI EKUNZU OJTUWL YUYH YIMKA3UNZAH
maoicpuda Hamudrcanapu

o) QD 1 NS < =]
| g EX g°. ) A -
< < < “. ® W < = =
= $ & = =y 3 IMuposnus
: NEHEEEEEYE-
S s S s S & :: ; § - 3 MaxcyJIoT/Iapu
= S = 2 z = = SE | =
& = = & < I s 2 E SN =* 2 8
= = . = = = = = . S ]
=2 =g | E =5 | ES5 5| 55 | &%
= S| SE| Ez | S| EE |4 g =
g S| 25| 5 25 | R R | F | g
= s = = v A IR S 2
=5 5 “ = ~ >
S =
© S
=)
Kynra6 | 1,0 20 27 940 430,25 0,10 0,27 0,63
oKap 20 (10 %) (27 %) | (63 %)
YCUMITUTH
YHKUHA
UcH

Taxpubana xapa€H Xapoparura Kapa® TIeJIMONMPOIN3 PEaKTOPUra HOKJIAHT'aH KyHrabokap
YCUMJIUTHJIaH Ta3CMMOH, CYIOK Ba KATTUK EKUJIFUIAP YUKUIIH 6-pacMa KeATHPUITaH.
70
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6-pacm. 'enuonuponus Kypurmacuoa MyKooun eKunuIap YUKUWUHY Xapopameaea 00&IuKIuK epague.

Onub6 bopunean maxcpubanrapea Kypa Kyneabokap ycumaueu uukunoucu nupoausu 150-400 °C
xapopam uHmepsaiudd 0KOpu UHMEHCUBIUKKA d2d 0Y1aou, Nupoau3 HcapaéHuod yuxaoueamn cyiox 6ad
2a3CUMOH EKUNRUNAPHUHS MUKOOPU Xapopam opmuwuy ounan opmud 6opuwiu kauo xuiunou. Tasxcpuda
HAMUIICANAPYU MAXIUNUSA KVPA, RUPOIU3 MAXCYIOMAGpUHUNS ymymutl uuruu mukoopu 350-400 °C xapopam
unmepsanuoa yzeapuwmuea kam ooeaux oynuwu anuxianou. Llynoaii kuaubd, maxcpubada oxianean 1 ke
KYH2eaboKap ycumaueu YuKUHOUCU RUpOaU3U Hamudsxcacuoa 63 % ouokymup, 10 % cyiox éa 27 % eazcumon
EKUNRUNAP OTUURA IPUWULOU.
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XyJ1oca

Baxapunran Taxxpuba TaAKUKOTIApUW HIYHH KypcaTaguKd, WOUIad YMKWITaH MapaboiuK KyEemr
KOHIIEHTPATOPJIM TeIUONUPONIN3 KYPUIMACH KyHIY3TH PEXUMIA IUKIHU aMalra OMIHMPHII YIyH XyCYyCHH
axTuéxura capaaHagurad SHEPrUAHYU Ky€EI HCCUKIUTUIAH KOIIall UMKOHUHY O6epanu. [Tapabonuk Kyémn
KOHIIGHTPATOPWIM TENHONUPONIN3 KypuiaMacuaa onu0 Oopwiran 93KCIEPUMEHTAN TaIKUKOTIAp
HaTWXacuia KyHrabokap YCHMIIMTH YHMKWHAWCU THPONM3UAAH KAaTTHK, CYIOK Ba Ta3CHMOH EKWIFH
HaMyHajuapu oauHAM. Takmud stunrad napaOoiauk Ky€m KOHLEHTPAaTOPIIH TeIMOIUPOIN3 KypruiMacuia
fimnura 1 ToHHaraya KyHraGoKap YCHMIJIMIM YMKMHIMCUHM Kaita umayaa 270+-300 m® raua rascumoH,
100+150 kr rava cyrok Ba 550+600 Kr raua KaTTUK MYKOOHJI EKHIFWIAp ONUHAN. YOy mapaboiauk Ky&Em
KOHIIEHTPATOPJIM TeJIMONUPOJIN3 KypUIMAacH KyHraOOKap YCHMIIMIM €TULITHPYBYM Ba KalTa HIIOBYM
Kjactepiap, GepMep Xy Kalukiapu Ba KOpXoHajlap Y4yH MYyJDKajslaHTaH.
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DPOPMHUPOBAHHUE U IIPUMEHEHHUE HAHOBOJIOKOH H @ YHKIITHOHAJIBHO
AKTHUBHBIX HETKAHBIX MATEPHA/IOB HA HX OCHOBE METO/IOM
SJIEKTPOCIIHHHHHI A
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AHHOTAIUA

Jlunamuurnoe pazeumue co8peMeHHOl HAHOHAYKU U HAHOMEXHOI02UU MECHO C8513aHO0 C pa3pabomKol
HOBLIX HAHOMAMEPUATIO8, 8 YACMHOCMU, HAHOBOJIOKOH NOIUMEPOS C AHUZOMPONHBIMU CEOUCBAMU
MemOoOOM INEKMPOCHUHHUHEA.

KuroueBble cjioBa: DICKTPOCITHHHUHT, HAHOBOJIOKOH, TIOJTUMEP, HETKAHBIX MaTepraihb, GHOPOUH.

MeTtos ocHOBaH Ha (pOPMHPOBAHUN HAHOBOJIOKOH NP BHITATUBAHUH CTPYH MPSIIAIBHOMN KUIKOCTH
(pacTBOpa, pacruraBa, CMecH) IMOJUMEpPOB W3 (Quiabepa (aHOM) MO0 NPUEMHHUKA-dKpaHa (KaTox) IO
neiicterueM Beicokoro Hanpspkenus (1 - 30 kV) mocrosHHOTO TOKA . TONIIMHA HAHOBOJIOKOH PETYIHPYETCS
mox0OpOM CcOCTaBa MPSAWIBHON JKUAKOCTH, AWMaMeTpa (HIbEpHl, PacCTOSHHS OT aHOAa N0 Karoja,
BEIIMYMHBI BBICOKOTO HampspkeHus.[1] DopmupoBaHHbIE HAHOBOJOKHA TUIOTHO YKJIAIbIBAIOTCS Ha
MIOBEPXHOCTH IKpaHa B BUEC HETKAHOI'O0 MaTepHaa.

HaHOBOJIOKHO MOA00HO OOBIYHBIM MHKPO-BOJIOKHAM SIBJISICTCS AHU30TPOIHBIM H3-332 BBICOKOM
CTETICHH OpPHUEHTAIIMOHHON YKIAJKH W KPUCTAJUIM3ANWU TOJMMEPOB B HEM. AHH30TPOIHBIE BOJIOKHA B
TIPUHITUIIE OTIPEIEISIIOT aHU30TPOITHEIE CBOMCTBA MOJIy4aeMOro MaTepraia B 3aBUCUMOCTU OT UX CTECIICHU
ynopsgoueHHon ykiaaku.[2] Ilpudem, aHH30TpONMHOE CBOMCTBO MaTepuaga MOXKET H3MEHSTCS IO
JefiCTBHEM pa3INYHBIX (haKTOPOB, HATIPUMED, PACTSDKEHISI, COKATHS, HA0yXaHUS B KUAKOCTAX, PUILTPALIAN
ra3000pa3HbIX ¥ KUAKO(A3HBIX CMECel TOJ MaBJIeHHEM U T.I. B 3TOM 0coOBIif MHTEpEC MPENCTaBISIET B
cebe BhIOOp TOJMMEpa, MPOSBIISAIONIEr0 B HAHOBOJIOKOHHOM MaTepHalie ONMpPEICIICHHYIO YCTOWYMBOCTD,
OMOAKTUBHOCTb, OMOJCTPAIUPYEMOCTh, CKJIOHHOCTh K B3aUMOJICHCTBHIO C OKPY)KAIOIIUMH BEIIECTBAMHU.
Takum nonumepom MoxeT ObITh (huOpouH menka (Ob), uMeromuii B 3neMeHTapHOM 3BEHE HOHOTEHHBIE
aMUHHBIC W KapOOKCWIIbHBIC TPYIIIbI, a TaKKe XJOmkoBas meunoio3a (XI[), B MoHOMEepe KOTOpOit
coJiep Katcsi TUIPOPUIBHBIE THIPOKCHIIBHBIE TPYTIH [3, 4].

BaxxHbIM MOMEHTOM SIBJSieTCS PaBHOMEpHAs YKIaJKa HAHOBOJIOKOH Ha ITIOBEPXHOCTH SKpaHa,
nMeronero o0braHO 1iomans 20x20 cM2. DTO MpencTaBiIsieTcss BOSMOXKHBIM B CITydae HCITONB30BAHUS
9KpaHa, MePEeMEIAIONIEro WM BPaIlaoIero 3KpaHa MepreHIuKyIsIpHO K ocH uriaoobpasnoii puibepsl. C
YY4E€TOM 3TOTO UCTOJIH30BAIN CHEIMATFHO-COOPAHHBIM SKCTPEHHO-BPAIIAFOIIANCS dKPaH IS TOTYUYSHHS
HETKaHBIX MaTEPHAJIOB C YIOPSIOYEHHON YKIIaIKOW HAHOBOJIOKOH C ONPE/IEIEHHBIMU pa3MepaMH HaHOTIOP
Y BBISBICHUS MX aHU30TPOIHBIX CBOKMCTB MpPH COPOLMH MApOB BOABI M (DUIBTPAIMK OTPAOOTAHHOI'O

MaIuHHOTO Macia (puc.l).
1.
¢ % RINTING
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Puc. 1. ®omoepaghus 3KCZ4€HWlpu'-lHO spawaiowezo sxpana (1) ycmanoexu 31eKmpocnunHuned, P3M CHUMKU
HAHOBOJIOKOHHO20 HAHONOPUCMO20 HemKano2o mamepuana @b (2) u XI] (3)

a) OcoOeHHOCTh TPUTOTOBJICHHUS NPSAIWIBHBIX pacTBOpoB (ubOpomHa W memmnono3sl. OOpasern
(hnOpoMHA BBIICTSUTM U3 COCTaBa BOJIOKOH KOKOHA HATYPaJLHOTO IIENIKA ITyTeM MPOMBIBAHUS OUOKIIeS -
cepuruHa B Boje npu 90 oC B TeueHue 4 4acoB, >KUPOBOCKOB B ATAHOJIC U alleToHe Ha ammapare COKCIIeT.
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B kauecTBe pacTBOpUTES, CIIOCOOHOIO Pa3pyLINTh KPUCTAUIMUYECKUE YIACTKH OUYHMILECHHBIX BOJIOKOH 0€3
nectpykuuii Mosekyn b ucnonb3oBanu 50%-ueiii Boausiii pactBop CaCl2 npu 90 oC. Honsr Ca u Cl u3
pactBopa @b ynansnu myrem Auanusa, ¢ WIOJIb30BAaHMEM MOJIYNPOHHMLAEMOM MeMOpaHbl KCaHTaTaHaTa
nemtono3bl. [lpu stom oummenubiit @b ocaxnamcs ¢ amopdHBIM cocTosiHUeM Tieneit. [IpsauiapHbIC
pactBopsl ©b npuroroBieHs! B MypaBbuHol kucinore (MK) u BoisiBieHo, uto koHIeHTpanus (C) gaHHOTO
Oouononumepa okono 12 - 18 % saBnsercs onTuManbHBIM A71s1 GOPMOBAHHS HAHOBOJIOKOH TOJIIUHON 50 —
200 mm. s mpoBeleHUs CPaBHHUTEIBHBIX HCCIICIOBAaHUN BBHIOpAT OYHINCHHBIE BOJIOKHA XJIOITKOBOM
LEJUTIONIO3bI ¥ MPSIIMIBHBIE PACTBOPHI JAHHOTO 00pasia, MPUroTOBUIICHHEBIE B TPU(PTOPYKCYCHOM KHCIOTE
(TOYK).

0) DOJNEKTPOCIIMHHUHT HAHOBOJOKOHHOTO HAHOIIOPHCTOTO HETKAHOTO Marepruana. OIBITH
IIPOBOJWIN Ha CIELUAIbHO-COOPAHHONW YCTAHOBKE 3JIEKTPOCIMHHMHIA HAHOBOJIOKOH H3 PacTBOPOB
OMOIIOIMMEPOB TOA JieiicTBHEM Bbicokoro HampsbkeHus 15 KV [2]. U ucnonb3oBaiu Urioo0pasHyro
¢unpepy mumamerpom kKammniipa 0,05 cM u paccrosHue OT (Quibepa 10 3KpaHa cocTaBimsuio 10 cm.
VYnopsigoueHHblE PAaBHOMEPHBIE YKJIAAKKM HAHOBOJOKOH OCYLIECTBISUIM HA IIOBEPXHOCTH JKpaHa,
Bpalaronerocs 4actoroit 15 o6/mun. Taxke moiy4aar HaHOBOJIOKOHHBIE MaTepHalbl MPU OTCYTCTBUH
BpalcHus 3SKpaHa. CpaBHI/ITCHLHBIC HUCCJICAOBaHUA TIPOBOAWIN  JIA 06pa3u013 HaAHOBOJIOKOHHBIX
MaTEepHaJOB C HCIOJB30BaHUEM MeTOAOB nBynydenpenominenus (JJIII), copOuum napoB BoIbsl H
HaOyxannu Tpu puimbTpanuu xuakocte. CormacHo [5] METOIOM ABYIYYETIPEIOMIICHUS OMPEIEIsTH
¢dakTop opreHTanuu (f3), XapaKTepU3YIOIIUICS ONTUYECKON aHN30TPOITUEH HAHOBOJIOKOHHBIX MaTEPUAIIOB.
[MTonyueHbl pe3ynbTaThl Ui OOpa3IOB HAHOBOJOKOHHBIX MaTepHanoB Ttoimuuo dn = 0,1 cm,
chopMUpOBaHHBIX TIpu BpamieHuu dkpana f = 0,75 mia @b u f = 0,65 mnua X1, B cimydae o0pasnos,
MOJTYYCHHBIX TIPY OTCYTCTBHHU BpAaIllCHHs SKpaHa, ornpezenero 3Hauenue S = 0,06 ans ©b u f = 0,04 ans
XI. Beicokue 3HadeHue i CBUACTENBCTBYIOT O TOM, YTO MpPU YKJIAQJKEe HAHOBOJIOKOH Ha MOBEPXHOCTD
BpaILaloOIIErocss 3KpaHa, (OPMUPYIOTCS MaTrepHanbl C BBICOKOM CTENEHbIO YMOPSAOYEHHOCTH, T.€.
HAaHOBOJIOKOHHBIC MAaTCpHaJIbl SABJIAIOTCA AHU30TPOIHBIMH. B cjIydya€ OTCYTCTBHMU BpallCHHUA SKpaHa
3HA4YCHHUC ﬂ Ha TMOPAAOK HMHIKEC, YTO XapaKTCPU3YCT H30TPONHOCTH IMOJYUYCHHBIX HAHOBOJOKOHHBIX
MaTepHaJIOB.
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DENSITY OF STATES IN SILICATE GLASS DOPED WITH RUTHENIUM AND
COPPER OXIDES
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Abstract

In this article, as a result of alloying silicate glass with metal oxides, the state of the density of states
of the electrons in it was analyzed hypothetically and based on the results of the tunnel microprobe analysis
using the Wolfram mathematica 11 program. Diffusion of metal oxides ruthenium oxide (RuO,) and copper
oxide (CuO,) into silicate glass at certain temperatures and under certain conditions, the sample was
prepared based on the thick layer technology, and the results were obtained and analyzed. The electro-
physical properties of the sample were studied. The volt-ampere characteristic was obtained, and based on
this, the electron density of states was determined.

Key words: doped silicate glass, metal oxides, RuO., CuO-, density of states, thermoelectric material,
thick film resistors, insertion zone, thermoEMF coefficient

The density of electron states g(&) plays an important role in the electronic properties of various
materials (electrical conductivity, thermoEMF coefficient, internal photoeffect). Accordingly, it is important
to determine g(&) in different materials. However, for 50 years, no
information was found except for [2] about the study of the density |
of states in silicate glass doped with intermediate metal oxides, iy |
which is widely used in electronics under the name of "thick layer |
resistor”. Jacoboni and Rizzi [1] used g(E) in the form f

1 2mn\*/? & |
96 =25 (57) y |
only to theoretically calculate the electrical conductivity of
doped silicate glass. h is Planck's constant. And this did not even y
take into account that the effective mass of electrons m* may differ | _}f
from that of a free electron. Nevertheless, g(&) has not been fully ¥ |
studied in silicate glass doped with intermediate metal oxides, {/
which is widely used in electronics, although there are possibilities
of using doped silicate glass as a thermoelectric material. In our il
previous work [2], we made theoretical considerations about how i
g(&) can be distributed in doped silicate glass doped with RuO and /
CuO2 oxides, and we used the data presented in the literature [3-7]. = ge=- Tooe B

The study of g(&) ~ d?l/dV? in doped silicate glass doped &= -rmroes o T ———
with RuO, and CuO, oxides by the method of microcontact i
spectroscopy (Fig. 1) [8] shows that the experimental results and Figure 1. Mutual arrangement of sample and
theoretical considerations are generally similar and, at the same Microcontact in microcontact spectroscopy
time, significantly different showed (Fig. 2). Here, | is the constant
current passing through the microcontact, and V is the voltage
between the microcontact and the sample.

In particular, theoretically, the energy levels formed by RuO2 and CuO should be separated from the
valence zone of the glass and from each other by a significant energy gap, but in the experiment, it turned
out that these levels merged with each other (Fig. 2c¢). In addition, it was confirmed that the inclusions form
energy levels of the inclusion in the band gap of the glass (with a width of about 3.3 eV), and it was found
that these levels overlap with the ceiling of the valence band.

The second energy zone of the input is in the middle of the forbidden zone of the glass and has a
much lower density of states. At the same time, the "tail" of these input zones is somewhat evenly distributed
in the forbidden zone of the glass.

-
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Figure 2. a) low-voltage volt-ampere characteristic of silicate glass doped with RuO2 and CuO2 (result of microcontact
measurement); b) electrical conductivity (derivative of the volt-ampere characteristic); c) density of electron states (the second
derivative of the volt-ampere characteristic)
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MOJEJIUPOBAHUE TEILJIOBBIX ITPOLIECCOB AKTUBHBIX CUCTEMAX
COJIHEYHOI'O OTOILIEHUS 1 ONPEJEJEHUE UX TEINIOTEXHUYECKHUX
MMOKA3ATEJEN

A.Y.Aonyxamuaos, 0. K.Pamunos, X.C.Axmanos, 3./[:x.Ap3ueB

Duzuxo-mexuuueckui uncmumym AH PY3.
Va. Y. Aummamosa 2B, 100084-Tawxenm, Yzbexucman. WvWw.fti.uz e-mail: xushdil.ahmadov@gmail.com

B pecnybimke peanu3yloTCsi KOMIUIEKCHBIE Mepbl IO MOBBIIMICHHIO SHEprodddexkruBHOCTH B
OTpAaCiSIX SKOHOMHKH, B TOM YHCJIE II0 CHI)KEHHUIO SHEPronoTpeOIeHus, HOTPeOIsIeMOTo U3 CETH 3a CUET
HCIONb30BaHMsl COJIHEYHOW HEPIWU B Kau€CTBE MCTOYHMKA TEIUIA IPU CTPOUTENIBCTBE JKUIIBIX 3JaHMH,
aJIMUHHUCTPATUBHBIX U KOMMYHAJIBbHO-OBITOBBIX OOBEKTOB, M, B CBOIO OY€pE.b, M0 COXPAHEHHIO 3aracoB
YIJI€BOAOPOIOB 715t Oy IyIIeTo MOKOJICHHUS U 10 CMATYECHHUIO 9KOJIOrHYecKoil o0ctaHoBKHY B Mupe. [1pu aTom
JOCTUTHYTHI ompeleneHHble pe3yibratel. B Crpaterun OeHCTBUN MO NajbHEHIIEMY Pa3BUTHUIO HOBOIO
V36ekucrana Ha 2022-2026 T0o1bI OTMEUEHBI BaXKHBIE 331441 I10 «...NIOBBIIICHUIO YHEProdhhekTHBHOCTH
skoHOMUKH Ha 20% ¥ cokpalieHnu 00beMa BPEIHBIX I'a30B, BRHIOpachiBaeMbIX B Bo3ayX Ha 20% k 2026 romy
3a CYET aKTHBHOTO BHEAPEHUS TEXHOJOTHH «3eJeHON SKOHOMHUKH» BO Bce oTpaciu» [1]. B peamuzanun
MOCTaBJICHHBIX 33/1a4, B TOM YHCJE€ B CHCTEMax TEIUIOCHAOXEHWs 3JaHUM M COOPYKEHHH, OoJbIIoe
3HAa4YCHHUEC UMECT BI>I60p HU3KOTEMIICPATYPHBIX aKTUBHBIX CHUCTEM COJIHECYHOI'O OTOIUICHUA, 000CHOBaHHE
HX CXEM M ONTUMM3aLUs TEIUIOBBIX IOKa3aTeeil.

[locTaBneHsl BONPOCHI HCCIEAOBAHUSA TEIUIOTEXHUYECKUX MapaMETPOB AaKTHUBHBIX CHCTEM
coiaevynoro oromnenus (CCO) B 3manusx ¢ akkymynsaropoM Tera (AT).

Paspaborana HecranmonapHas Maremarnieckas Mojenb aktuBHol CCO ¢ AT. B manHoi Mojenu,
Il ONPENENICHUs TeIJIOBBIX CBOWCTB 3[JaHUs OBbLI MCIIONB30BaH METOA Ipalyco-4acoB. B aTom ciyuae
00IIIKe TEIUIONOTEPH 3JaHUs ONPEACTSACIOTCS KaK:

Ql)mn = K M HﬂHAAaﬁm.nJ. (1)

rne HDH- KOAM4ecTBO TIpajlyCc-4acoB OTOINMTEIIBHOTO MEPUOAA U OMNPENEeNsaeTcsl C IOMOIIbIO
dbopMmybL:

HﬂH(t(,n,)=Zil[t,,,,,—t;J @

rae tor- Tpedyemas TeMIeparypa BHYTpH OTITUBAEMOT 0 3/1aHUS;
toc- CpelmHedacoBasi TeMmreparypa OKpyskaromieil cpembl; N- KOJHYECTBO YacoB 3a pPaccCMaTpUBAEMBbIid
MEPUOI.
TemnnoBeie cBolicTBa conHeuHoro koyekropa (CK) onpenenserorcs no gpopmyie:

QKIL) = Amu = F[TaG _U e (7",‘,,«17771,” )] (3)

rae Q s~ KOIMYECTBO TONE3HON dHEprun, noiydennoi or CK; F'- remnosas sgdextusaocts CK;
Ta- 3QQeKTHBHBIA KodQQuIMeHT cBeronoriomeHus mpo3padHoro ciosi CK; G- cymmapaoe CU,
npuxosniascs Ha GporTanpHy0 noBepxHocTh CK; U, — o0mmii ko3ddunuenT teronepeaaun ot CK;
Tepss~ CPenHsist TeMIepatypa Boibl B Oake-akkymynsTope; Toc-remneparypa OC; Ay, ,-00mmas miomais
CK, 40 m?[2,3].

Ha puc.l m puc.2 mokazaHa BpeMEHHON XOJ HW3MEHEHHUS TeMIepaTyp BHYTPH 3JaHUS MpH
ncnons3oBanny akTuBHOM CCO ¢ AT, a Takke 1mo4acoBble N3MEHEHUS TEIUIOBOI HAarpy3KH TPaJAUIIMOHHOMN
CHCTEMBI OTOIIJIEHUS COOTBETCTBEHHO.

Ha puc.3 nmokazano n3MeHeHue y/1eIbHOT0 FOJ0OBOT0 MTOTPEOICHNS TEIUIOBOM YJHEPTUH HA OTOTIIEHHE
3/1aHUS TI0 YPOBHSIM TEIUIOBOW 3alITUTHI.
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YpoBaH Ten10Boii 3AMATHI

ITo pesymbraram pacdeTa, BBISIBJICHO, YTO TNpW Hcmoib3oBaHuu aktuBHOW CCO ¢ Oakowm-
aKKyMyJIATOPOM, MOKa3alH BO3MOKHOCTh CHIKEHMS YEJILHOrO TEeronorpednenus na 78,81 kBr-u/m?
(33,4%), 69,17 kBt-u/M* (39,79%) u 63,6 kBr-u/M? (44,7%) COOTBETCTBEHHO, IIPU IIEPBOM, BTOPOM U
TPETHEM YPOBHE TeIUI03aInuThI 31auuit. OtMernM, uto mo CHull [4] 3HaveHue mMepBOTO YPOBHS TEIIOBOM
3amuThl coctabiser — 125,0 Br/M?, Broporo ypoBHs cocraBiser— 102,0 BT/M? u TpeThero ypoBHs
cocrasnser — 95,0 Br/M?[5] .
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HEHKA ITIOTEHIHUAJIA BO3OBHOBJISSEMbIX HCTOYHUKOB DHEPI'MU B
TAAKUKUCTAHE HA OCHOBE MYJBbTUKPUTEPUAJIBHOI'O IOAXOJA

M.A. Kyaycosl, Y.Mansaaunes??, P. Baxpomson®, A.P. Mykymos*
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AHHOTAIINA

Texuuueckutl U IKOHOMUYECKULI NOMEHYUAT COTHEYHOU U 8empo8oll IHepeemuru 6 Tadicuxkucmane
OYeHUBAEMCs HA OCHOBE MHOZOKPUMEPUATIbHOU MEeMO00I02UU 30H 80300HOBIAEMbIX UCOYHUKO8 IHep2UU
(BUD), 6 xomopou ucnoavzyemcs ITUC-mo0eny ¢ makumu 6adCHbIMU Kpumepusimu, KaxK HIOMHOCb
Pecypcos, paccmosiHue 00 cemu 3J1eKmponepedaiu, paccmosHue 00 JA0SUCMUYECKOlU cemu, 8blcoma u
VKJIOH, @ MAKdce OMCYMCmeue nepecederus ¢ OXpaHaemMblMu Mmeppumopusmu, celbCKOX03auCmeeHHbLMU
Y200bAMU, 3eMENbHbIMU U B00HLIMU 00BEKMAMU.

KiroueBble cJIOBA: COJIHEUHAs M BETPOBAsl dHEPIUH, MOTEHIMAT BO30OHOBIIIEMBIX HCTOYHHKOB
SHEPTHUH, FHepreTrka Ta/KUKUCTaHa

1. Bsenenme

Ouenka noreniuaia BUD B Tamkukucrane Boepsbie Obuia npoBenena B 2009 roay B padore [1], u
3TOT MOTEHIHUaN ObUT onieHeH B 1926,35 MBT s BerpoBoit u 545,2 MBT i conHeuHoit sHepruu. B
pabote [2] TeXHUYECKHI TOTEHIMAN CONHEYHOW 3HEPruu ObLI OIEHEH aHAIOTHYHBIM MeTOIOM B 499.6
MBT, a TexHu4eckuil moTeHuan serpa - B 3846,15 MBT (3xoHOMUYECKH 0OOCHOBAaHHBIN MOTEHIIMAT —
1926.35 MBT). Taxxe ects u apyrue nanasie 195000 MBT u 2000 MBT a5 cOTHEUHOTO U BETPOBOTO
noteHipaa [3] cooTBeTcTBEHHO M BeTpoBoil moteHiman B 1000 MBT [4]. OnHako moaxo/, IPUHSATHIH B
YKa3aHHBIX pab0Tax, OCHOBAH Ha pacueTe TEeXHUYECKOTO MOTEHIMAlla UCXOMAS W3 CpPeHeW CONHEYHOH
paauanuu B HaceJaeHHbIX patioHax (7% cymiu TalKMKUCTaHa), UCTIONB3Ysl TUIONIA b COJTHEUHBIX MaHeIen
Ha JyIIy HACENeHUs B 2 KB. M M IpeoOpa3ys TEeXHHUYECKUH MOTEHIHAT B COIHMAIbHO-IKOHOMUYECKHIA,
TIpeIoaras, YTo COJTHeYHast SHeprus OyeT IKOHOMHUYHA TOJIBKO B MIEPHOMABI Ie(DUIIUTA STEKTPOIHEPTUH.
[ToTeHman BETPOPHEPTETUKH PACCUUTHIBAECTCS C HCIOIL30BAHMEM OYEHH BBICOKOYPOBHEBBIX W
NPUOJIM3UTEIBLHBIX METOJ0B, OCHOBAaHHBIX Ha KOJMYECTBE paBHUHHON 3emid. OIEGHKH TOTEHIMAalia
CONTHEYHOW ¥ BETPOBOW DHEPreTHKH HE OCHOBaHBI Ha KapTaxX IDIOTHOCTH PECYpCOB, KOTOpEIE
3apeKOMEHIOBaIM ceOs Kak 0oJiee TOUHBIM METO/] OLIEHKH SHEPTeTUYECKOr0 IOTEHITMANIA.

B nanHO#t paboTe BaJIOBBIA M TEXHUYECKHUU MOTCHIIMAI COJIHEUHOW 3Hepruu Ta/pKMKHUCTaHa ObLI
OMpeNeleH Ha OCHOBE MHOTOKPUTEPHAIBHOIO W MHOTO3TAIHOIO Monaxona ¢ wucnois3oBanuem [UC
TEXHOJIOTUH.

2. OmnpenejieHne BaJOBOr0 M TEXHHYECKOT0 MOTEHIINAIA COJTHEUHO IHEPTUH

B pamkax Tekymieil paOGOTBhl MCIOJB3YIOTCS OOHOBIICHHBIE KapThl PECypCOB BETpa M COJHEYHOM
SHEPIHMM B KA4YECTBE KIIOUEBBIX HMCTOYHUKOB JaHHBIX. J[Js OIEHKM KX MOTEHLHAala HCHOJIb3YyeTcs
metogonorusi 30H BUD [5]. 3ona BUD ompenensiercs kak: “lI'eorpaduueckas 30Ha, KOTOpasi MO3BOJISET
pa3BHUBaTh MPUOBUIbHYIO U 3KOHOMHUYECKH 3(H(HEKTUBHYIO BO30OHOBIIEMYIO SHEPIeTUKY, MOIKIFOYCHHYO
k cetn” [6]. dnsa m3eneuenus mapamerpa PVOUT (IIIOTHOCTH COJHEYHBIX PECYpPCOB, BBIpaKEHHAs B
KIJIOBATTaX 3JIEKTPOIHEPTUH) UCTIONB3yeTcs [ ToOanbHbI CONHEYHBIN aTiac.

CHauasna ObUTH OTpeNeNiCHBl PAaHOHBI ¢ HAMITYUIIMME COJTHEYHBIMH PECYpPCaMH C HCIOIb30BaHUEM
I'MC-06paboTku kapT pecypcoB. B tabmuie 1 mepedrcieHbl MOPOTOBbIe 3HAYEHUS, UCIIONb3yEeMbIe s
I'MC-06paboTku 3THX Kapt. M3-3a OONBIIMX pa3iuuuii B KAaYeCTBE COJIHEYHBIX PECYPCOB B Pa3HBIX
TEPPUTOPHUSX HCIIOIb30BAINCH Pa3HbIe CBOJHBIE 3HaueHHs. ClleZJOBaTeNbHO, IS OTPEIETICHHS PaiiOHOB C
HauOOJIBIINM COJIHEYHBIM PECYpCcOM ObLT HCIOJB30BaH Ooyiee BBICOKHM mopor B 4,8 kBrm/kBTu.
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Coraumiickasi 00J1acTh UMEET HU3KHIA YPOBEHb COJHEYHOTO pecypca M0 CPaBHEHHIO ¢ OCTAILHOW YacThIO

CTpaHbl, TO3TOMY OBLT UCTIONB30BaH OOJIee HU3KHI TIOPOT.
Ta6auua 1. [Toporoselii noka3aTeas mIoTHOCTH pecypcoB (PVOUT n ko3dpduumenT npomyckHoii cnocodHocTn),
YYMTbIBaeMblii 1151 pernoHoB Tagxkukucrana

Perunonsl K03 Ppuument MPOIYCKHOMI
CIOCOOHOCTH

Corg 4.0 40%

Paiionnbl 4.2 40%

pecnyoInKaHCKOro

noguuHenusi (PPII)

XaTJioH 4.2 40%

TopHo- 4.8 40%

Bbapgaxmanckas

aBTOHOMHAas 00J1aCTh

(I'bBAQO)

1 Boundary_Country
[ Boundary_Province

[0 Solar_Pv
50 0 50 100 km I TIK_Protected Areas
N —— [ water_bodies

Pucynox 1. Kapma, noxa3sviearowas 6anogbwiii NOmeHyuan coineyHoll snepauu 8 Taoacuxucmane

Ta6uuua 2. BaioBblii MOTEHIUAJ COTHEYHOI YJHEPTUH 110 PerHoOHAM.

Pernonsl IInomanes  CoJHedHBIH Haoaronenne
(KB. KM) MOTEHIN AT
(MBT)

Corn 2,917 145,850 Cornutickas o0nacTh pacrojiaraet 00raTbIMu
NPUPOJHBIMUA  pecypcamMH, OCOOCHHO  BOJIM3H
Kaiipakkymckoro BOJIOXPaHUIIHIIA "

TIeHIKUKEHTCKOW TOJIUHBI.
PPII 540 27,000 Xoporie — pailoHbl ¢ HAUOOJBLIUMH
MOTEHIIMAIAMU HaXOJISTCS Ha roro-3amnaje Jymanoe.
Xartiaon 4,476 223,800 XaTinoH MMeeT caMblidi MSATKHE penbed Mo

CPaBHEHHUIO C IPYTHMMHU PETUOHAMU, YTO IPUBOIUT K
OOJNIBIITM TEPPUTOPHSM C XOPOIIUM IOTEHIHATIOM
COJIHEYHOM SHEPruH.

I'BAO 5,004 250,200 50% TeppuUTOpHH 3TOTO pailoHa HAXOAMTCS
o1 oxpanseMbIMu TepputopusaMu. Ocranpabie 50%
UMEIOT paiioHBl C OYEHb BBICOKUM COJIHEUYHBIM
MTOTEHITUAJIOM.

O01ee 12,937 646,850 XamwioH uMeeT HauOONBIIWNA ITOTEHIIUA
COJIHEYHOU SHEPIUH

Jlanee OBUTM COKpaleHbl Y4YacTKH C BBICOKAM YPOBHEM pECYpPCOB C HCIOJIBb30BaHHEM

MHOTOKPUTEPHAILHOTO HUCKJIIOYEHHUS JJIS BBIABICHUS MOIXOJSAIIMX 30H BO300HOBISEMOW JHEPTHH.
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Kpurtepuu 1iist onipeienieHus o IXOASIIMX 30H TpHUBeIeHbI Ha TabnuIe 4. [Tocie cokpateHus TeXHUIeCKU i
MOTECHIIMAJ COJIHEYHOM 3Heprun 0b110 oreHeH B 369600 MBT (Tabnuia 5). OCHOBHBIC MOAXOASIINE 30HBI
IUTSL OTIPEJICIICHUS] TEXHUUECKOTO MOTCHIINANA TPUBEICHBI HA PUCYHKE 2.

Ta6auna 3. [loporobie 3HAYEHUS JJISI AHAIN3A HCKIHOYEHHIT
Kpurepun Jloruyeckui

[nomank (KB. KM) > 5 10
Haxuion (°) < 17 17
BobicoTa Hax ypoBHeM Mopsi (M) < 2000 2000
D, (km) < 50 50

; A

Ld - iy
' G & Boundary_Country ?
s [ Boundary_Province
Substations
® 110
e 220
® 500

[ Solar Zones
50 0 50 100 km I TIK_Protected Areas
[ ] [77] Water_bodies

Pucynoxk 2. Kapma, noxazviearowas mexuuieckuii NOmeHyual CotHeuHoll snepeemuxu 8 Taoodcukucmare nocie anaiuza
UCKTIOYEeHULL

Ta6auua 4. TexHUYeCKHIT MOTEHIHAJ COJTHEYHOM YJHEPTHH 10 PErHOHAM IMOCJIe AHAJIN3a HCKIIYeHH i

Pernonsl Inomanr ConHevYHbIH Hao0nronenue
(KB. KM) NOTEHIHAJ
(MBrT)

Corn 2,717 135,850 3emenbHbBIC Y4aCTKA MEHbBIIEH TUTOMIAIM OBLITH
WCKIJIFOUCHBI Ha JTare 2

PPII 460 23,000 3emenbHbBIC yYaCTKH MEHBIICH TUTONIAU OBLIH
WCKJTIOYEHBI Ha dTare 2

XaTi0H 4,215 210,750 3emenbHBIE YYaCTKH MEHBIIEH TUIOMAIN ObLTH
WCKITFOUCHBI Ha JTare 2

I'bBAO 0 0 Bce 3emenbHBbIC yUaCTKH, ONpeIelIEHHBIC KaK

MOTEHIIMATBbHBIC paHOHBI Ha ATare 1, UMENTH BBICOTY
6osee 2000 M, cire10BaTENLHO, OBUIM MCKITIOUEHEI Ha
atane 2. [Tockonpky B XOpore ecTh TOJIBKO OJTUH
y3eJT Tiepeiaun, PaCCTOSIHUE JI0 y3J1a epeaadn
TaK)Ke MPUBEJIO K UCKITFOUEHUSIM Ha dTare 2

Oouree 7,392 369,600 Bce pationsl, BeIsiBICHHBIC B paiione [ BAQ, Obutn
HCKITFOUEHEI
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OnpenesieHre NPUPOAHOTO M TEXHUYECKOT0 MOTEHHAJIA BETPOBOii JHeprum

Jlyis ompenencHusi BaJOBOIO M TEXHUYECKOIO MOTEHIMANA BETPOBOW 3Heprur TaJKUKUCTaHA Ha
OCHOBE MHOTOKPHTEPHAIBHOIO M MHOTO3TAIIHOTO TIOAX0/a ObUT MCIIONB30BaH I mobanbHeIi atnac BeTpal.
JlaHHBIN aTiac UCIONL3YeTCs IUTsS U3BJICUeHHS TapameTpa kodddunrenta MomHocTH yctaHoBkU (CF) st
BeTporeHeparopa kiacca 3. CF — 3T0 mokasarenb IJIOTHOCTH BETPOBBIX PECYPCOB, KOTOPBIA OBLI
nmpeoOpa3oBaH B BBIPA0OTKY d3Hepruu. [lOTCHIMANBHBIE BETPOBBIC 30HBI OMPEACISIOTCS IyTeM
pasrpaHudeHns oOiacTei, cpemHnid KOA(UIMEHT MOIIHOCTH KOTOPBIX TNPEBBIIACT 33JaHHBIA TTOPOT.
Kapra pecypcoemkoctu mpeodpa3yercs B KapTy HENPEPHIBHOTO I[BETOBOTO MEPeXojia, YTOObI BBIACIUTH
00JIaCTH C BBICOKUM YPOBHEM PECYPCOB.

[ToporoBeiMy 3HAYEHHUSIMH, UCTIOIB3YEMBIMU ISl aHAIIN3a UCKITIOUSHHSI, SBIISIOTCS: CPETHUN YKIIOH
< 17°, cpenuerogoBoii CF > 35%, BeicoTa Hax ypoBHeM Mops < 1200 M u OTCyTCTBHE TEPEKPHITHS C
3aCTPOCHHBIMU U CEIILCKOXO3SHCTBEHHBIMU paiioHamu. Ha puc. 3 mokazaH u Ha Ta0iuie 5 mpuBEIcH
BaJIOBBIM BeTpoBOM noteHman TamkukucTana.

[ Boundary_Country
["] Boundary_Province
[ TIK_Protected Areas
50 0 50 100 km [Z7 water_bodies

[ — ] Wind Zones

Pucynox 3. Kapma, nokasvisarowjas 6anoguiii emposou nomenyuan Tadsxcuxucmana

Ta6auna 5. BainoBplii MoTeHIHAJ BeTPa B 3aBUCHMOCTH OT pernoHa

Corn 1,938 9,689 Corauiickas 061acTs 00Ja1a€T JIyUIIMM BETPOBBIM
NOTEHIHAIOM B cTpaHe. Jlyumue pecypcsl
Haxozasarcst Bonmmsu Kaifpakkymckoro
BoJOXpaHuInIna. [Ipyrue HeOObIINE YHaCTKH
BBISIBJICHBI HA BEPIIMHAX TOP

PPII 145 725 Ha BepmrHax rop ObUIM BBISBICHBI OYEHb
HEeOOJIbIIINE YYACTKH 3EMJIM C XOPOIIUMHU peECypcamMu

XaTJi0H 192 961 bBrII0 BBISBICHO JHIIb HECKOJIBKO PAaHOHOB BOJIU3U
F0’KHOHM YacTH CTPAHBIL.

I'BAO 837 4,183 Ha BepmnHax rop ObUIH BBISIBJICHBI OU€Hb
HEOOJIBIIINE YYACTKH 3EMJIM C XOPOIIUMHU peECypcamMu

O01ee 3,111 15,557 BoabImMHCTBO BBISBIEHHBIX TOTEHIMAIBHBIX

paﬁOHOB HaxXOoAATCs Ha BEPHIMHAX TOP.

1 https://globalwindatlas.info/
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IMocne wcknrodeHwd OBLIM OMpE/IEICHBl OCHOBHBIC 30HBI M YYACTKH, MOJXOMAIINE JUIS pacdera
TEXHUYECKOro IMOTCHIMaNa BeTpa B Ta/pKUKMCTaHE. DTH 30HBI TIOKa3aHbl Ha PUCYHKe 4, a MOKa3aTeln
TTOTEHITHAIA TIPUBEACHBI B Ta0IHIIE 6.

[ Boundary_Country
] Boundary_Province
Substations

* 110

* 220

* 500

Wind Zones

50 0 50 100 km I TIK_Protected Areas
| s ] water_bodies

PuCyHOK 4. Kapma, nokasslearowasd mexHuyecKuil nomernyual eempa 6 Taoocuxucmane nocie AHAIU3A UCKIIOYEHULL

Ta6auna 6. Texuuyeckuii moreHunaa Berpa B Ta:KMKUCTaHe ¢ Y4€TOM PErHOHOB IOCJIe AHATN3Aa HCKJII0OYeHHit

Corn 740 3,700 Bce Gonee Menkne y4acTKy ObIITH UCKITIOYEHBI HA
JTamne 2
PPII 0 0 BrisiBiieHHbIe y4acTKy ObUTH HEOOIBITUME H

pacnoaranuch Ha BepimHax rop. Kpome Toro,
paccTosiHUE 10 Y3JI0B Iepeaul COCTABISIo0 Ooee
50 KM, clleIOBaTENbHO, 3T paioOHBI ObLITH
UCKITIOYEHBI Ha dTane 2

XaTJoH 157 785 Bce 6onee Menkue yqacTku ObUTH MCKITFOYEHEI Ha
JTamne 2
I'BAO 0 0 BrIsiBieHHBIE yUacTKH OBUTH HEOOIBIINMH

pacnojaraiuch Ha BEpIIMHAX Top. DTO
HEOCYIIeCTBUMO JIsI BETPOBBIX 30H. Kpome Toro,
paccTosiHue JI0 Y3JI0B Mepeadn COCTaBIIsuIo OoJee
50 KM, clle10BaTeNbHO, 3T pailoHbl OBLTH
HCKJIIOUEHBI Ha 3Tarne 2

O0uee 897 4,485 Bce MenbIme yyacTKu ObLIH yalieHbl Ha dTane 2,
OCOOEHHO Te, 9TO HaXOATCS Ha BEPIINHAX TOp, U3-
3a OOJIBIION BBICOTHI.

B pesynbpraTe aHanmuza uckimoueHuit B Tamkukuctane Obuto BhIeiaeHo 134 conHevHble 30HBI U 13
BETPOBBIX 30H.

Oco6oe npumeuyanue 0 'BAO: 'BAO obmnamaer OONBIIUM TIOTEHIIUAIOM IS UCTIOIb30BAHHS
COJIHEYHOH 3Hepruu u Berpa. OmHAKO MOTpebJeHHEe HEBEIUKO, U pacipenenurenbHas cetb 35/10 kB B
0osbieit yactu 'BAO MoXkeT MoAepKUBATh TOJIBKO HEOOJIBIIIHE 3JICKTPOCTAHIIMK MOIIIHOCTHIO 10 5 MBT.
EnuHCTBEHHBIMU KPYITHBIME IIEHTPAMH Harpy3KH SABJSIOTCS XOpor 1 BaHK, KOTOpbIe COETMHEHBI CETHIO
110 xB. Ognako Ommxaiimmme 3061 BUD x Xopory m Bammky Haxozmsrcs Oonee wem B 50 kM oOT
sHeprocucteMbl. ClieIoBaTeIbHO, 3TH 30HBI OBUTH HCKITFOUEHBI, IOCKOIBKY CTOMMOCTS ITOJIKITFOUEHHS Oblia
05l BeIcOKOH. B octaibpHo# yactu [BAQO cyiiecTByeT OOJIBILION TOTCHIMAN JJI CTPOUTEIBCTBA HEOOJIBIINX
COJTHEYHBIX U BETPOBBIX AJIEKTPOCTAHIIMIA (KaX1ass MOIHOCTEIO MeHee 1 MBT) ¢ HakonuTensiMu SHEpruwy,
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KOTOpBIE MOTYT OBITh MCIOJB30BAHBI IS SIEKTPU(PUKANN HEOOIBIINX TOCENKOB U AepeBeHb. [loaBos
WUTOT, MOXXHO CKa3aTh, 4yTo [ BAO He NOAXoauT Juisi MAcCIITA0HONW PEKOHCTPYKIMHM KOMMYHAIIbHBIX
MIPEATPUATHH ¢ UCTIOb30BaHMEM MOIX0aa 30H BUD.

3. BoiBoanl

Banossriii norennuan BUD B Tamkukucrane cocrasisiet a) 646 850 MBT 11 conHeuHOM 2HEpTUu 1
6) 15 557 MBTt — myist BeTpooid. [Touti 40% COBOKYITHOTO COTHEYHOTO TIOTEHIIMAJA TPUXOAUTCS Ha PETHOH
I'BAO. Texauueckuii notenuunan B B Tamkukucrane cocrtasiser a) 369 600 MBT s colHEUHOMU
sHepruu u 0) 4 485 MBT — a5 BETpOBOI.

Jug ycremHOTO W OBICTPOTO pPa3BUTHS COJNHEYHOH »sHepreTWkd 30H B PPII mmerorcs Bce
MIPEANOCHUIKH Oiarogapst OMM30CTH K KPYIMHBIM LIEHTpaM 3arpy3kd, TakuM kak Jymranbe m TypcyHzona
(Tamxukckas amoMuHIeBast komnanus). Corauiickas 001acTh 00J1a1aeT JIyYIIUMHI BETPOBBIMH PECYPCaMU
1, CIIeZIOBAaTENbHO, NMEET JIyUIIHe 30HbBI IJIS1 HEMEUIEHHOTO Pa3BUTHUS BETPOIHEPTETHKH.
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CPABHEHUE PACYETBHI 1 SKCHEPUMEHTAJIbHBIE PE3YJILTATHI JIJISI BJIOKA
CBETOBOI'O IIPOEMA COJIHEYHOI'O TEPMOXUMHUYECKOI'O PEAKTOPA

K.C. Axaros, X.C. Axmanos, A.I0. U6onyniaaes, U.X. Tyiiuues

Quzuxo-mexuuyeckui uncmumym AH PY3.
ya. Y. Aummamosa 2B, 100084-Tawxenm, Y36exucman, e-mail: xushdil.ahmadov@gmail.com

AHHOTAUA

B nanHOli craThe MpoBeneHa OIEHKA TEIUIOPHU3MUYECKHX MapaMeTpOB LMJIMHAPHYECKOro OJoKa
CBETOBOTO TPOEMa COJHEYHOTO TEPMOXHMHYECKOTO peakTopa ¢ BHYTPEeHHHM pagumycoM Ri=32.5 mm, c
BHeIIHUM paamycoM Ro=42,5 mM, amuaoi L=100 MM, mpoaHaIn3upOBaHbI MPOIECCH POUCXOIAIINE B
HeM. PazMepsbl Giioka MpUBeZICHBl B OCHOBHOM YacTu cTaThd. Ternopu3nuecKkie mpoueccsl, MPOTEKaroIIue
BHYTPH CBETOBOTO MpoeMa OJI0Ka COTHEYHOTO TEPMOXHMHUYECKOTO PEakTopa, pa3padoTaHbl MPH MOMOIIH
nporpamm Comsol Multiphysics u Solidworks, rpaandnsie ycaosust Ui=0,01 m/c, u=0,05 m/c, us=0,1 m/c,
us=0,5 m/c, Us=1 m/c, Ug=2 Mm/c, U;=3 m/c, ckopocTh Us=5,0 m/c, q=800 Br/m?, C=150, To=25°C. B
pe3yJsibTaTe, NMPHUHSAB CKOPOCTh MOCTyHarolned Boasl paBHOM U=1,0 m/c, co3maercs HeoOxomumas yis
mporiecca Temreparypa. OTcioja BHUAHO, YTO CKOPOCTh BOJBI MPU BXOJE B OJOK CBETOBOrO Mpoema
COJTHEYHOTO TEPMOXHUMHYECKOTO peakTopa cocrapiser 1,0 m/c.

KurouesBvbie ciioBa: ConHedHasi YHEPTHUS, COHEYHBIA PeakTop, OJIOK CBETOBOTO MPOEMa, TETIOBOM
MTOTOK, TEPMOXUMHYIECKHN PEaKTOp, MPO3pPadHOE CTEKIIO, 3 (HEKTHBHOCTH ITPE0Opa3OBaHMUSL.

Beenenue

Bopopon siBisieTcst yHUBepCaNbHBIM UCTOYHHUKOM 3HEPTHH U B OyIyIIIeM MOXET CTaTh MEePEX0HBIM
SHEPrOpecypcoM IpH IMOJTHOM TepexoJe OT TPaIUIMOHHBIX HCTOYHHKOB DHEPTHH K BO30OHOBIISIEMBIM
HNCTOYHUKAM >HEPrUH M 3aMEHE YIJIEBOJOPOAOB B KayecTBE MCTOUYHMKOB 3Hepruu [1-2]. IlpousBoacTso
BOJIOPOJIa M3 UCKOMAeMOro TOIUIMBa 00XoauTcs toporo. [1oaToMy KenaTeabHO MPOU3BOIUTH BOAOPO/I C
WCTIOJIb30BaHHEM BO300HOBIISIEMBIX MCTOYHHMKOB dHepruu. CoJIHEUHAs SHEPrHsl MOXKET YJIOBIETBOPUTH
9HEPreTHYECKHE MOTPEOHOCTH BCErO MHUPA, UCTIONb3YSI HECKOJIBKO IPOLIEHTOB HE3aCEIEHHBIX TEPPUTOPHIMA
[3,4]. B To xe BpeMs MPOU3BOACTBO BOAOPOAA C HUCIOJIb30BAHHUEM KOHIICHTPUPOBAHHOW COJHEYHOM
SHEPTUU SBIISIETCS OJHUM U3 MEPCHEKTHBHBIX METOJIOB. Pa3zpaboTaHbl SKCIIEpUMEHTANBHBIE TIPOCKTHI IO
LUKy TEPMUYECKOr0 Pa3JIOKEHHUsSI BOJABI B PEAKTOPE, PACIIOIOKEHHOTO B LIEHTPE KOHIIEHTPATOPa, TAKXKe
JNOCTUTHYTHI OIlpefieNieHHble pe3ynbTaThl [5-7]. B Y30ekucrane, B Kutae, B Slnonun, B LlIBeiinapuu, Bo
@paniuy, pa3paboTaHbl KOHLUENIMH COJHEYHBIX TEPMOXMUMHYECKHUX PEAKTOPOB, B KOTOPBIX MOIYYEHBI
oTpeeieHHbIe pe3ynbTarhl [8-13].

OcHoBHas 9acThb

3anmayeil 0J0Ka CBETOBOTO MPOEMa SIBJIETCS yCOBEPIIEHCTBOBAHNE KOHCTPYKIIMM OXJIAXKIAIOIIETO
yCTpOICTBA JJIsl peaKkTopa, e MMEEeTCs BO3MOYKHOCTh KOHTPOJIMPOBAHUSA TEMIIEPATYPhl U OXJIAXACHUS
CBETOINPOITYCKAIOLIEr0 CTeKJa OJOKa CBETOBOrO IpoeMa peakTopa, He JAOMycKas e€ meperpeBa c
YMEHBLICHHEM KOHBEKTHBHBIX TEIUIONOTEPb, & TAKXKE HCIOJIb30BAaHHE HEIOPOroro OOBIYHOTO CTEKJa
UCIIOJIb3YEMOr0 B 0JIOKE CBETOBOI'O IIPOEMa PEaKTopa.

[locraBnenHast 3agava pemraercs TEeM, 9YTO B TpeylaraéMoM OJIOKE CBETOBOTO IIpoeMa B
CBETONPUEMHOM yacTu OJIOKa peakTopa yCTaHABJIMBAIOTCSA [BA CBETONPOITYCKAIOUIMX CTEKJa, TAe Ui
HEeZOIMyCKaHus e€ MeperpeBa OT COJIHEYHOTO HM3IYYeHHS BHECEHA CHCTeMa OXJIXKICHHS BOJOW MEXIY
HUMH, TJe TakKKe CHIDKAIOTCS KOHBEKTHUBHBIE TEIUIONOTEpH, M oOOecreynBaeTcs CTaOWIBHOCTh
MPOXOXKACHUS peakuuu B peakrope [14]. Ha puc. 1 mpencraBnen oOmmidi BuI OJIOK CBETOBOTO MpoeMa
COJTHEYHOT'0 TEPMOXMMHYECKOT0 peakTopa. Ha ocHOBE TEPMOXMMHYECKOIO LMKIIA BBITOIHEHBI pPacdeThl
JUISL OTIpEeIeTICHUS TETUIO(QU3MIECKUX U TEPMOXUMHUYECKHX MApaMeTPOB CHCTEMBI IPOU3BOICTBA BOJAOPO/IA.
B mporpammax Comsol Multiphysics u SolidWorks Ovimia paspaborana 3D-monens CoiHe4HOTO
TEPMOXMMHYECKOT'O peakTopa U OJ0Ka CBETOBOTO MPOEMa COJHEYHOTO TEPMOXMMUYECKOTO peakTopa C
YCOBEpIIIEHCTBOBAHMEM €ro CHCTeMbl oxJaxaeHus (puc. 1). bel1 cMomennpoBaH COTHEYHBIN
TEPMOXHUMHYECKHH peakTop W ero OJOK mepeHoca IIy4yka, a Takxke paspaboraHa 1-1 momenb
JKCHEPUMEHTAILHOIO PEakTopa Ha OCHOBE TEPMOXMMHYECKOro Meroaa (puc. 2) W TNPOBEACHBI
MIpeABapPHUTEIbHEIC SKCIIEPUMEHTHI (puc. 3).
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Puc 1. Obwuil 610 610K c6emo8020 NPoemMa COIHEUHO20 MEPMOXUMUUECKO20 PEaKmopa
3KCHepHMeHTaJ’lBHOC CPaBHCHHE U IIPOBEPKA MOAECTIHN
B nporpamme Comsol Multiphysics 6bu10 cMoenupoBaHo paJinaliiOHHOE YCTPOWCTBO COTHEYHOTO
TCPMOXUMHYCCKOr0 pe€akTopa C IOMOIIBIO JIAMUHAPHOTO TEYCHHA, HCEU3OTEPMUYECKOI0 TCEUYCHU,

TEII00OMEHa B XHMIKOCTM W TpaHMLl pa3aena u3inydeHuid. Ilpum 3ToM TemsoBele mapameTpsl Osioka
ONPEIETISINCh B OKCIIEPUMEHTE.

. . Puc.3. Peakxmop mepmoxumuiecko2o npou3e00cmea
Puc.2. Ilepeuviii onvimuvlii 0o6pazey peaxmopa 0Jis N
6000pooa npomomun 1, ycmaHoeneHHbill HA CONTHEUHOM
NOIYYEHUs B000POOA HA OCHOBE MEPMOXUMULECKO20 MemOooa
KOHYyenmpamope

Ha puc. 2 nokasansl: 1-Tepmonapsl, 2-BX0J U BBIXOJ JUIS Ta3000pa3HOr0 aproHa, 3-BXOJ U BBIXO[
BOJBI JUISl PEaKiuu, 4-BXOJ M BBIXOJ[ BOJBI JUIS CHUCTEMbI OXJIXICHHUS, 5- OJIoOKa CBETOBOTO IMpoeMa
COJTHEYHOT'0 TEPMOXHUMHUYECKOTO PEAKTOPA.

B xone sxcriepiMenTa qaHHbIe OBUTH MTOTYYEHbI C TOMOIIBIO CIEAYIONINX U3MEPUTEIHHBIX TIPUOOPOB
(puc. 4 u puc. 5).

a b
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Puc.4. Rigol DS2202A — Ocyunnoepagh yugpposoii (a)[15], Rigol DM3058E — [peyusuonnwiii myromumemp (b)[16],
Solmetric — PV Analyzer I-V Curve Tracers (¢)[17].
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Puc.5. Arduino Uno SMD — muxpoxonmponnep (a)[18], MAX6675 mooyne — mepmonapor muna K (b)[19], DN15
G1/2 — 0amuuk pacxoda eodwi (c)[20].

X g (U
Al [~ S e

Puc.6. bnok ceemosozo npoema COJMHeYHO020 MEPMOXUMUHUECKO20 peaKkmopa npucoe()uimemm K camomy peakmopy, a

npoyecc KOHmpoJisa ocyulecmeiiemcs 6 0OmMOenbHOM KOHYyeHmpamope.

Bbnok cBeToBOro mpoeMa COJHEYHOTO TEPMOXMMHUYECKOTO peakTopa ObL MPHUCOSTUHEH K CaMOMY
peakropy (puc. 6 (a)) u uccrenopancs otaenbHO (puc. 6 (0)).

Pesynpratel B 000ux ciaydasx ONM3KHM IpYr K ApPYry W mpeacTtaBieHsl B Tabn. 1. s cpaBHeHus
TEeMIIEPaTypbl Ha IOBEPXHOCTH MOJIeU ObUH BeIOpaHsl 7 Touek A, B, C, D, E, F u G (puc. 7) u onpeneeHsl
TEeMIeparypbl 3TUX TOYEK JJIsl CTallMOHApHOro coctostHus (Tabdn. 1). B xome skcmepuMeHTa ObLTH
OTIpe/IeTIeHBl TEMIIEPATYPhl OJJHUX U TeX e TOUeK ¢ MOMOoIIbio Moayist MAX6675 - tepmonaper Tuna K u
SMD-mukpoxkonTposuiepa Arduino Uno, nosyueHHbIe pe3yJibTaThl Pe/ICTaBieHbI B TadHIe 1.

Ta6. 1. Pac4yéThl H 3xciepuMeHTaJbHbIE Pe3yJbTaThl, CTAHJAAPTHAsA cpeaHeKBaaApaTu4yeckas omudxka (RMSE)
U cpeansisi agcooTHas omoka (MAE) u ko3¢ dpunuent koppensinun (R)

A B C D E F G RMSE | MAE R
Pacuémor 310 K 305 | 312 | 313 | 297 | 300 | 300

15.86K | 3K | 0.83
Oxcnepumenm | 308 K

Surface: Temperature (K) @ 335

x107 m

330

325

320

Puc.7. Bbl6paHHbl€ mouxu Ot CpaeHeHusl Mmooenu u JKcnepumernma 6 Onoke c8emoso2o npoema COJHe4YH020
MepMOoXuUMUu4ecKoco peakmopa.
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OKCIepUMEHTAbHBIC PE3y/IbTaThl CPABHUBAIOTCS C pe3ysbraTtamu, mnonydeHHsiMu B COMSOL
Multiphysics. Ha puc.8 cpaBHuMBatoTCs TeMmmeparypbl B BbIOpaHHBIX Toukax, a wmoaenb CFD wu
IKCIIEPUMEHTATIBHOE CPABHEHUE TAK)KE MPEACTABIICHBI OTICIBLHO Ha PHC. 9.

I CFD modens
Bkcnepumenn
300 4 300 4
250 -| 250
3
g 200 4 © 2004
o] Q.
= g
E a 150
Q. 150 2
2 =
S & 1004
" 1001
50
50 1
0+ - L
5 A B c D = (o G
CED modens SRERSBLHBH 6] moyku ons CFD modenu u s3kcnepumesma
Puc.8. Pacuémul u 9KkchepumeHmanvHvle pe3yibmanmyl Puc.9. Pacuémul u sKcnepumenmanvHvle
8b1OpanHbIX MOYeK OI0KA C8EeNMO0B020 NPOeMd CONHEUHO20 pe3ynbmamol 8blOPaAHHLIX MoYeK OI0KA CBEM0B020 npoema
MepMOXUMUYECKO20 peakmopa CONIHEYHO20 MEPMOXUMUYECKO20 PeaKmopa
BriBoabI

C y4eToM BBIIICH3I0KEHHBIX PE3yJIbTATOB, TEIUIOPU3NIECKHE TPOIECCHI, TPOUCXOIAIINES BHYTPU
0JI0Ka CBETOBOT'O IIPOEMa COMHEYHOTO TEPMOXHMHUECKOTO peakTopa B mporpamme Comsol Multiphysics,
P TpaHuYHBIX yenoBusx =800 Br/m?, C=150, To=25 °C, Bosia Ha BX0Ji€ TIOKa3aJ, 4TO CKOPOCTh U=1 M/c.
Beixosiinyro u3 06J0Ka BOAY KEATEIbHO HCIOIb30BATh IS TEPMOXHMHUYECKOTO MPOIecca B PeakTope.
Ecnu ckopocth Bbilie 1 M/c, TaBjIeHHE MOKET YBEIHUUTHCS M MIOBPEIUTH CBETOMPOITYCKASIOIIEE CTEKIIO.
Ilpu cKOpoCTHM TMOCTyMarOIIeH BOJBI Ui  OXJIAKICHHUS OJOKa CBETOBOTO IPOEMa COJHEYHOTO
TEPMOXUMHYECKOTO peakTopa | M/C ¥ BXOAHOM OTBEpCTHH 4-4,5 MM KOJMYECTBO BBIXOSIIECH KAKIYIO
CEKYH/LY BOJIbI OJIM3KO K | MOJTIO, ¥ MBI MOYKEM CHA0KaTh BOJIOM JBYXCTAAMHHBIA TEPMOXUMHUYCCKUH MK,
HAIpPAaBJIsIs 3Ty HATPETYIO BOY HEMOCPEJACTBEHHO B PEAKTOP.
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RENEWABLE ENERGY DEVELOPMENT AS AWAY TO ACHIEVE
DECARBONIZATION GOALS

V. Liubchyk

Belarusian National Technical University, UNESCO Chair "Energy Conservation and RES",
Nezavisimosti Ave. 65, 220013Minsk, Belarus, E-mail: olga.liubchik@yandex.ru

Abstract

The article analyses the impact of energy sector on greenhouse gas emissions and possibilities to
reduce the emissions using renewable energy sources. Shares of various types of renewable energy sources
in the production of electricity and heat in the world and in the Republic of Belarus were calculated.
Analysis of renewable energy development in a number of countries with a high share of electricity
generation at nuclear power plants was made; an absolutely harmonious development of these both energy
industries was discovered. The contribution of renewable energy sources and nuclear energy to the
decarbonization of the energy sector in the world and in the Republic of Belarus was calculated. It was
determined that development of renewable and nuclear energy is quite in line with the principles of
sustainable development and helps to increase the level of energy sector sustainability.

Key words: decarbonisation, renewable energy, nuclear energy, greenhouse gas emissions

1. Introduction

The growth of anthropogenic impact on the environment and the increase in emissions of pollutants,
as well as the resulting global climate change, negatively affects environmental safety of many countries
and the quality of life on the planet. The world has already experienced the effects of global warming: over
the past 25 years, temperature rises on the average by 0.03°C per year.

The Republic of Belarus, which has temperate continental climate, also faced the effects of global
warming: long waves of heat with daytime temperatures exceeding 30 °C, low groundwater levels, warm
winters with little snow and other negative effects became noticeable and caused widespread concern.

The energy sector significantly impact on the environment, emitting huge amounts of greenhouse
gases and accelerating the pace of global warming. Since the growth in energy consumption due to the
growth of the world's population and rising living standards exceeds the reduction in energy consumption
due energy-saving projects, it is important to take urgent measures to decarbonize energy sector.

2. Current decarbonization trends and renewable energies development

When analyzing current trends in avoiding greenhouse gas emissions in the energy sector, three ways
should be noted: use renewable energy sources, change of fuel from coal to natural gas, and development
of nuclear energy [1]. Moreover, the existing contribution of renewable energy to avoiding emissions in the
world is three-quarters of the total contribution of all these three ways.

The share of modern renewable energy sources (not taking into account the traditional use of biofuels)
in final energy consumption for 2020 in the world was 11.5%, in Europe this index was at a level of 18.1%
(Fig. 1). It is expected that by 2030 the share of renewable energy will increase and will be in the range of
15.4-22.8% of world energy consumption and in the range of 26.8-34.0% of European one [2]. As of 2020,
modern renewable energy sources covered 28.0% of the world's electricity needs and 4.7% of heating needs.
By 2030, according to the scenarios considered in [2], they will be able to cover from 37 to 49 percent of
the electrical energy consumed in the world.

40% 34.0%
26.8% _
30% ’ T 22.8%
18.1%

20% -m% — 15.4% @World
10% - @ Europe

0% . .

2020 2030 2030
pessimistic optimistic

Figure 1. Share of renewable energy sources in final energy consumption
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The structure of electricity and heat production from renewable energy sources in the world is shown
on the diagrams (Fig. 2 and Fig. 3).

21.2% 6.3% 1.2%

1.3% O Solid biomass
/ OBiogases
B Geothermal
' EHydro

m Solar

59.1% mWind

Figure 2. Share of various sources in the total electricity generation from renewable energy sources, world, 2020

6.7% 0.6%
7.2%
O Solid biomass
O Biogases
@ Geothermal
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85.5%

Figure 3. Share of various sources in the total heat generation from renewable energy sources, world, 2020

The Republic of Belarus, being a party to the United Nations Framework Convention on Climate
Change, in accordance with its obligations, is also taking actions to avoid greenhouse gas emissions into the
environment. Over the past decade, emissions from the energy sector accounted as 64-65%, and emissions
of category 1A1 "Energy Industry", which includes the production of electricity and heat, as well as the
production of fuels, including oil refining — 35-38% of the total greenhouse gas emissions, excluding the
sector "Land use, land use change and forestry" (hereinafter LULUCF) [3, 4, 5]. It should be noted that
during the period 2010-2020, greenhouse gas emissions in the country's energy sector were reduced by
5.4%, and emissions from the energy industry - by 8.0%.

As of 2020, in the Republic of Belarus, the largest contribution to avoiding emissions by changing
the source of energy supply was also made by renewable energy sources. Their share in energy generation
is presented in Fig. 4 and Fig. 5.

14.4%
27.7% O Solid biomass

13.1% O Biogases
O Hydro
m Solar

mWind
29.6% 15.2%

Figure 4. Share of various sources in the total electricity generation from renewable energy sources, Belarus, 2020
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Figure 5. Share of various sources in total heat generation from renewable energy sources, Belarus, 2020

In September 2021, a new contribution to avoid emissions was identified in Belarus. According to it
the country is committed to avoiding emissions by 35% by 2030 compared to 1990 level, taking into account
LULUCEF [5, 6]. This goal seems to be quite ambitious, but is still insufficient.

3. Specifics of joint development of renewable and nuclear energy

In the context of the commissioning of the Belarusian NPP, the dynamics of renewable energy
development in the countries with a large share of electricity generation at nuclear power plants is very
interesting. Among the leading countries in terms of installed capacity, generation or the share of nuclear
power plants in total electricity generation, there are such countries as the United States of America, France,
China, Russia, Korea, Canada, Slovakia. Table 1 shows the dynamics of electricity generation at nuclear
power plants (1990-2021) and the dynamics of the share of modern renewable energy in the volume of total
energy consumption (1990-2019) for some of the above countries.

Table 1. Development of renewable energy in countries with a large share of nuclear generation.
Country France Korea USA

NPP share in electricity production 70,6 % 26,2 % 19,7 %

Share of renewable energy sources

. : 155 % 3,4 % 10,4 %
in fuel and energy consumption

Growth in the share of renewable
energy (2000 - 2019)

As can be seen from Table 1, in all these countries great attention is paid to renewable energy
development. Thus, in France, the share of energy production from renewable energy sources is quite high —
15.5%, which is 1.6 times more than it was in 2000. The growth of energy production from renewable
energy sources in Korea is marked by a 4.9-times increase compared to 2000. In the United States of
America, with a 10% share of renewable energy production, almost doubled the share of renewables
since 2000.

The trend towards maintaining a high share of nuclear power in energy generation and at the same
time developing renewable energy sources is quite in line with the principles of sustainable development:

— nuclear and renewable energy can reduce the consumption of fossil fuels, which, on the one hand,
makes it possible to extend the operation of existing explored deposits, on the other hand, frees up resources
for the production of non-fuel chemical products;

— both energies contribute to the reduction of greenhouse gas emissions;

—nuclear and renewable energy complement each other, ensuring the reliability of energy supply and
the necessary flexibility of the energy system;

— both nuclear and renewable energy contribute to strengthening energy security as a component of
sustainable energy development, reducing dependence on fuels export by diversifying energy sources;

— they expand opportunities for investment in energy, both for large companies and for small
organizations and even individuals.

Taking into account global trends, it is possible to conclude that a large share of nuclear energy in the
country's energy production is not an obstacle to the intensive development of renewable energies; on the
contrary, this fact reflects the country's general course towards the decarbonization of the energy sector.

1,6 times 4.9 times 1,9 times
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4. Progress in decarbonization made by use of renewable and nuclear energy
The reduction of greenhouse gas emissions by the energy sector, which was achieved in the world in
2020 only with help of renewable energy sources and nuclear energy use, is shown in Fig. 7.
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Figure 7. Greenhouse gas emissions reduction through the use of renewable and nuclear energy, world, million tons CO2
equivalent, 2020

Emission reductions of 7.9 Gt CO2 equivalent correspond to 25.1% of all emissions generated by the
energy sector in 2020. Thus, we can talk about the prevention of a quarter of emissions produced by the
energy sector through the use of the above mentioned technologies. The largest contribution to the emissions
reduction was observed by hydropower.

In the Republic of Belarus, the replacement of fossil fuels, mainly gas, with renewable energy sources
and nuclear energy reduced greenhouse gas emissions by 2.47 million CO2-eqg. (Fig. 8).
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Figure 8. Greenhouse gas emissions reduction through the use of renewable and nuclear energy, Belarus, thousand tons
CO2 equivalent, 2020

In Belarus the largest reduction in greenhouse gas emissions has achieved through the use of solid
biomass, which is actively used in heat production.

Considering global trends and the stable high rate of renewables development and their
implementation in energy systems, there are reasons to assume that in the future the impact of renewable
energy on energy sector decarbonization will increase.

5 Conclusion

Renewable energy sources play an important role in energy sector decarbonization and, as a result,
climate change mitigation. The development of nuclear energy certainly makes a big contribution to the
decarbonization of the energy sector, however, renewable energy sources provide great opportunities in load
regulation, both from a technical and economic point of view.

Electricity demand is expected to double by 2050 due to economic and population growth coupled
with accelerated electrification of heating, cooling and transport sectors compared to the level of 2015. This
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increase in electricity demand represents a significant opportunity for decarbonization, as the growing
energy demand can be covered by low-carbon energy that emits a minimum of greenhouse gases over its
whole life cycle.

The sustainable development strategy assumes that in meeting our needs, we must take care of
preserving resources for future generations. This applies both to providing energy and maintaining the
environment in the state that is comfortable for living. Fossil fuels use limitation and anthropogenic
greenhouse gas emissions reduction will contribute to strengthening the national security of each country
and at the same time increase the level of sustainable energy sector development worldwide.

References

1. V.A. Liubchyk, The role of renewable energy in the decarbonization of the energy sector of the Republic of
Belarus. Environment and energy science. 4(16), 27-37 (2022).

2. IRENA, Global hydrogen trade to meet the 1.5°C climate goal: Trade outlook for 2050 and way forward Part
| (2022).

3. O. Edenhofer, R. Pichs-Madruga, Y. Sokona, et al., Renewable Energy Sources and Climate Change
Mitigation (2011).

4. EMEP/EEA, air pollutant emission inventory guidebook. EEA Report. 13 (2019).

5. D.V. Melekh, I.P. Narkevich, Proceedings of BSTU. 2(235), 205-213 (2020).

6. E.l. Kukharevich, Zh.N. Vasilevskaya, O.A. Dovnar, et al., Environmental protection in the Republic of
Belarus (2021).

150



International Conference “Fundamental and Applied Problems of Modern Physics ”, October 19-21, 2023

KAIIKAJIAPE BIUIOSITH XY IVIUJIA KYEIIA, KHCMAH BYJIYTJINA XAMJIA
BYJIVTJIU KYHJIAP TAXJIWIN

P. Dpramanu*, A. ®appyx, A. Umsamunos

V3P Dnepeemuxa Basupnueu xy3ypuoazu Kaiima muxnanysuu snepeus manbanapu Muniutl utMuii-maokukom
uHCmMumymu,

Vsbexucmon, 100084, Towwenm, FOuyco600 mymanu, Quneus Aiimmamos xyuacu, 25, *E-mail:
eyurakhimov@gmail.com

AHHOTAUA

Maxonada Kawkaoapé eunosimunune Kyéuwl 3Hepeuscuoan @ouoaianuul UMOKUHUSIMIAPUHU
baxonaw maxcaouoa Kyéuiiu (O4ux OCMOH), KUCMAH OYAYMAU Xamoa OYaymiau KYHAApP COHU MAXAUil
Kununean. Bynoa eunoam xy0youoa icounauieaHn Memeoponocus CMAHYUAIAPUHUHE OCMOHHU OVIym
Konnawiu oytuua onub bopunearn myooamiu Kyzamye maviymomiaapu (2000-2022 tiunnap opanuzu) dau
gotioananunean. Onunean Hamudcarapea Kypa, ypmava KyEewnu KyHaap 9He Kyn Ky3amuiean KyHaap COHu
Hexxono000 ea Kapuwiu memeoponocus cmanyusnapuoa moc xoaoa 201 ea 206 Ky sKkaHaUSU AHUKIAHOU.
Kucman 6ynymau xynaap conu Mybopax ea Kyn memeoponocua cmanyuscuiapuoa 71 KyHu mawkui 5meam
oynca, Lllaxpucabz memeoponoeus cmanyusicuoa Oyaymau KyHAAp COHU 9He Kyn Kysamuaean oyaud 146
KVHHU MAWKUL 9mean. He Kam Kyzamuiean Oyaymau Kyuaap conu Kapuwu ea Jlexxono6o0 memeoponozust
cmanyuaiapuda Kailo smuiean éa moc pasuwoa 92 ea 95 2a mene.

Kanur cy3aap: xyéunu (ouux ocMOH) KYHAGD, KUCMAH OVIYMAU KYHAAp, OVAYmMiu KYHIap, Kauma
MUKIAHY8YU IHEP2UsL MAHOATAPU, MEMEOPOTIO2UsL CIMAHYUSLADU.

1. Kupu.

byeyneu kynoa Oymé muxécuda KailTa THKIAHYBUM DHEPrusi MaHOanmapujaH (OWTANaHWII HT
non3ap0d macana O0yim6 konMokaa. Jyné OVitmua 2020 mnra kemu0, riiodain 3JIeKTp SHEPTHsICH HMILTA0
YUKApHUILAArk KaiTa THKIAHyB4YM SHeprus ManOanapu (KTOM) ymymu 26% Hu tamkui 31ras 6yica [1],
Oy kypcatrud 2021 iinn cynrura kenu6 38% uu tamkun 31au. Kalita TukianMaiiiuran SHEprusHUHT KaTTa
3axupacH Tajnad 3TaAuraH EKWIFH JJIEKTp CTaHIMJIapUHH (OWaaHUIl MYJJIaTH TyraryHura Kajaap
dolijanaHuIIaH YMKAPUII TYFPUCHIA Kapop KaOyJl KWIIMIIM Kepak OynraH kymiad Mamiiakatiap y4yH
yriaepoJ 4ekinamHu Owunnupaau. by aifHukca, nespnu OyTyHJad KaTrTa XaXMmIard Ka3suO OJIMHaIuraH
EKUIIFUIIM DJISKTP SHEPTHACHHU MIIUTA0 YMKAPUILTa OOFIUK OYIIraH MamIiakatiap/a sKKoJ HaMOEH Oyiau.
2021 #innyia KaldTa TUKIaHYBYM dHEPTUs MaHOanapuaad GoiaataHuIra Ky€wid yum iunu 6ynau. bynna
*)axoH MUKEcHua nespiu 257 GW kaiiTa THUKIIaHAIUTaH SHEPTrHsl KYIIHIAY Ba Oy 3ca KaiTa THKJIaHAAUTaH
9Heprus 3axupacunu 9,1% ra ommpan xamaa riaodai HEPrus KyILUMYIAPUHUHT MUCIIH Kypuiimarat 81%
HHM TaIIKWjI 3TaM [2].

V36exucTon Pecrybnmkacuia XaM KaiiTa THMKIAHYBUM OJHEprus MaHGanapunad (oiijanaHum
KypcaTkuwiapu optud OopMokma. by Oopamarn wnutapHu CYHITH Wriuiapaa onu0  OopunmagrraH
HCTIOXOTJIapAaH KYpHUIl MyMKUH, >kymiagad: 2021 fimnna Hapouit Bumosituaa KyBBatu 100 MW 6ynran
MaMJIaKaTUMU3JIard OMpUHYN KyEI 3JIEKTP CTAaHLMACH MINTa TyIHpuirad 6yinca, 2022 iun mail oinapu
cyuruga Camapkann suiostd Hypobon tymanmpa kyeeat 100 MW Oynran sHa Oup Ky€ml 3iekTp
CTaHIMACHU UIlra Tymupuiau [3].

V36ekucron Pecrry6mmukacu Ilpesunentuauar 16.02.2023 imngarn «2023 finnmga KaiTa THKIAHYBIH
SHEprusi MaHOAJIApUHKU Ba SHEPTHs TEKOBUM TEXHOJIOTHUIAPHHU >KOPUI STUIIHH >KaJaJIalITHPHUII dYopa-
tapOupnapu tyrpucunanru [1K-57-coH kapopu WXTUMOMI Ba YyH-)KOM KOMMYyHal XHU3MaT KYpCaTHII
coxalapujia xamJia HKTUCOAMET TapMOKJIapuaa KaiiTa TUKIAHYyBYM SHEPrHs MaHOANApUHHU KEHT >KOPHMA
STHI, PHEPTHsl CaMapaJopiNTHHU OIIUPHII OpPKAIH PEecHyOiMKa XyIyajdapuaa SHEprus TaKUMUTHTH
KOIUIAaHWIIMHN TabMUHIAII, Oy OOpafard MIUIAPHM KOMIUIEKC TAlIKHMJI 3THII XamJia MWHBECTOpJap YUyH
KyJdail mapouTiap Ba parOaTIaHTHPHUII MEXaHM3MIAPWHM OKOPWH KWWl Oyiimda WHUIapHU
KaaamutamTupuo oopau. YOy kapopaa ymymuii Kyssati 4300 MW OViiran KaiTa THKJIaHYBYH SHEPTHS
MaHOanapunu, 1y xymiuagad 2100 MW — iinpuk Ky€m Ba maMoi 3JeKTp cTaHuusuiapu, 1200 MW —
WKTUMOUH coXa OOBEKTIApH, XYKATUK CyOBEKTIapUHUHI OMHO Ba MHIIOOTIApH XaMa XOHaJOHIapla
VpHaTwiagurad Ky€m manemtapu, 550 MW — tambupkopiap TOMOHHAAaH Oaprmo STUJIAJAWTaH KHYHUK
(OTO3JIEKTP CTAHUMIIAPUHH HINTa TYIIUpUIN OYiinda Takiaudiap, TONIIMPHUKIAp Ba Hopa TaaOHpIiap
pekacu OenruiaHraH.
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Pexara xypa, Camapkann miostu Karrakypron Tymanunma 2023 ¥iwnma wimra TYITAPHIATUTAH
ymymuii KyBBatu 100 MW O¥ynraH karra KyBBaT/IM Ky€lI SJMEKTp CTAaHLMWSICH, XaMAa WKTUMOWH coxa
00BEKTIIapH Ba JaBiaT uaopanapuaa ymymuid KyBeatu 10,8 MW OynraH KHYMK KyBBaTJIM KyEII AIIEKTP
CTaHIIMSUTAPUHE YPHATHIN peKanamTupuiran [4].

2. TagKUKOT MIIMHUHT 1013apOJIUTH.

Karra KyBBaTiu Ky€m OTOAIEKTPUK CTAHIMSUIAPUHUHT W YHYMIOPIUTUTa TAbCUP STYBYH TaIIKU
WKJIUMUI OMIJUTAp TaTalTHHA, OyJap: OCMOHHHUHT OYJIy TJIHIIHK JapaxkacH, armocdepa maddodiura, XaBo
XapopaTy Ba HAMJIMTH, IIaMOJ TE3JIMTH Ba WyHanum kabunapaup. Ky€mman atmocdepa katnamura eTuo
KeJTyBUH EPYFIIUK DHEPUTSACHHU MabiiyM OUp MaTeMaTuk udopanap épramMuaa aHUKIAm KUAKH sMmac [5].
AmMO atMoc(epa KaTiaMuIaH eprada, SbHU (POTOINEKTPUK MAHEIb CUPTUIa TYIIYyBUM KyEIl SHEPrUsiCH
WHTEHCHUBIMTHHN aHWKJIAl OMpPMyHYa KUWMHHYIINK TyFaupamd. byHma atmocdepa maddodmuruman
TallKapy OCMOHHHMHT OYyJIyTJIMIMK JapakacHHH XaM WHoOatra onummra TyFpu kenamu. Lllynnait skam,
acocuii sHeprusi MaHOan cudaruga HOTOINEKTPUK CTAHIUSUIApAaH (QOoHJaNaHUII XaMAa yilapaa Wuad
YUKAPWIAANUTAH 3JIEKTP SHEPrUsiCH MUKAOPUHM IIPOTHO3MAIIA LIy XyXy[IAa Ky3aTWiIagurad OyiayT/id Ba
OYMK KYHJIap COHWHH WHOOATTa OJIUII 3apyp.

Kyéuum Ba OynyTiiv KyHnap COHM ()OTORIEKTPUK CTAHIMSUIAPHUHT MIUIAIINTA Ce3UIIapiIn TabCHP
kypcaragu. Kyitnna ymoy TascupHr Kypub dnkagurad 0abh3u WIMAN TaJKAKOTIAP KENTUPHUIITAH:

— XUHANCTOHZAA YTKA3WIraH TAaAKUKOTAAa Myauudiaap KyE&l MaHeIapuIaH 3JIEKTP 3HEprusicu
nnutad yukapuinra Ky€m coarijapu COHHM CE3WIapiid TabCHP KYPCATUIIMHU KypcaTau. Yiap KyE&nuiu
coaTyiap coHM 1 coaTra Kamaiuiy OunaH 31eKTp sHeprusicy nuutad ynkapuu 0,39-0,44% ra KuCKapuIIuHA
aHuKIaauIap [6];

— AKlIxa yTKa3uiran TAAKUKOT IIYHH KYPCaTAUKHY, KyEll NaHEUTApUHUHT UIIUIANIN OYITyT KOTUIaMH
Ba Ky€II HypH MUKIopuTra 0ormuK. Myaiuduap oup oiiaa OyayTiu KyHuap conn 10 KyHIaH OpTHK Oyiica,
ANIEKTp FHeprusicy uuuad ynkapum 15 — 30% ra KUCKapuIMHu aHuKIauap [7];

— V36exncronaa FO.B. Ilerpos Ba .M. XoaMaTKkaHOB GOIIYMINIUIA YTKASUITAH TaIKUKOTIApIA
Camapkann, byxopo, Xopasm, Kamkamapé smiosTiapu XyAyUlapuia >KOWIAIITaH METEOPOIOrHus
craamusnapuauar 2009-2018 iiid. opanuFumard Ky3aTyB MabIyMOTIApH acoCHa KYI WHIMK ypTada
CYTKaIMK OylnyTnu Ba KyE€HUIM KyHJap COHMHMHI HWHJI WYMIArd y3rapuuuiapu aHukjiaHrad. OnuHran
HaTHXKalap acocHJa BHJIOATIAPHUHT WKJIMMHUA TaBcH(M Ty3wiraH, OMOMKIMMHN IIAPOHWTIAPH XamIa
BUJIOSTIIAp/ia TYPU3MHH PHBOXKIAHTHPUILIA yiaapaaH (oiiaanaHuin MMKOHUSTIApU Oaxonanran [8-11].

IOxopunarn kentupunrad uuuiapAad ¢Gapkiad paBuiiga, ymoOy TagkukoT ummaa Kamkanapé
BUJIOSITH Xy/JTyTUJ1a )KOWJIAIITaH €p YCTH METEOPOJIOT S CTaHIMsIIapUIaH OJTMHraH Ky ik (2000-2022
i) kynay3ru 05:00 nan 20:00 raya Oyirad BakTiaapa OCMOHHUHT OyTyTIIMIKUTH (OyJIyT KOTLIaI1 ) Oyinuda
KYHJIUK ypTada MabIyMoTiIap 8 OayuInK MIKaiaaa TaXJIMiIk acocua Xy Iy J1a Ky3aTHiaAural KyEenum (04uK
OCMOH), KHCMaH OYJIyTIN XaMJa OyJTyT/U KyHJIap COHHU TaXJIMJI KUITHHTaH.

3. TagkuKoT ycy/iapu Ba MabJIyMoOTJIap.

TankukoTnap Makcal Ba BazudalapuaaH Keaud YMKKaH Xoiga TYpiad Myauinguap TOMOHHIAH
VYTKa3WIraH TaJKUKOTIapia OCMOHHHUHT OyJIyT KOIUIall Japakacu Typiu cuHpapra axparuirad xamaa 0
naH 10 GaJTuK 1apakara aXpaTuiraH.

NASA POWER ToMOHWAAaH TakIuM OSTHIAJAWTaH OCMOHHHM OyJIyT KOIUIAII Japakach EKu
Ooynytmunuk ynyum CERES anropurmuna xucobnanagu. bBynyTnu komnama ¢housu Mabiiym OUp oif yuyH
1 coaTnuk KajgaMiap/aa xucoOIaHa Iy Ba KEHHUH Xap OUp BakT Japakacy YUyH YpTada KyHJIUK OU3HH OJHIIT
YUIyH KyH JlaBOMHUa ypTada xucoOiaHamau. byHma ocMoH xoiiatu OyiyT Koruiamacu ¢owm3iapura Kapad
KyHuaara yd Typra axparwiagu [12]:

- OYHK OCMOH <= 10%;
- KrcMaH OyiyTiii ocMoH 10 — 70%;
- OymyTiu ocMoH >=70%.

Julia Fuchs Ba Bu-Yo Kim TaagKuKOT MIIapuia OCMOHHUHT OYJIyTIWINK JapakacHHUHT Oapua 10
Oayuk mkajgacu Goinananuiras [13].

I0.B. IletpoB Ba b.M. XonmarkaHOB TaaKHKOTIapuaa KyE€num (OYHK OCMOH), KUCMaH OYyIyTiH
XxaMJa OyJlyTiu KyHJap COHMHH JeKajaiapia TaxIWil KWIMHraH OYnu0, yHIa OCMOHHUHT OyIyTIHIHK
napaxacu Moc papuiaa 0 0aymn Oyirad KyH KyE€nuiM — o4uK KyH, 1 — 4 Gaiiraya KMcMaH OyJIyTiId KyH,
xampaa 5 — 10 6ayur opacuaa 6yaranma sca OyIyTin KyH ME30OHIAPH acoc KUIuO oiauHraH [14].

Myammudnap B. Nouri xamga N. Blum §3 wmapuna ocMoHHM OynyT Komwiam AapaskacHMHHU
Kyhungarnua TaBcuduamras (1- xansan) [15, 16]:
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1-:kapBas. OCMOH XOJIATHHHHT ¥3rapyBYaHINK Aapaxkaaapy Me30HH

Japaxkanap | OcMOH HIapOUTIAPH O4MK 0CMOH MHJEKCH V3rapyBuaHInK
1 Acocan ounk ocMoH | JKyma FOKOpH OYHMK OCMOH MHICKCH N
Ounk (Ky€mmmm)
2 Hespnu ounk ocMoH | KOKOpH 04MK OCMOH MHJCKCH SOMOIL
3 Hespnu ounk ocMoH | KOKopu ¥pTa THHHUK OCMOH MHACKCH
4 Kucman 6ymyTin VYpra gapaxamaru O9uK OCMOH
AHICKCH Kucman OynyTiau
5 Kucman OymyTnu VYpra napaxajgard 0O4uK OCMOH OCMOyH y
WHACKCH
6 Kucman 6ymytin YpTa nact THHUK OCMOH UHJIEKCH
7 Hespnm OyiryTim ITacT 0YMK OCMOH MHIEKCH
Bynytnu ocMoH
8 AcocaH OyyTiu 2Kyna nmact 0uMK OCMOH MHJIEKCH

1-xanBannmaru gapaxanap OyJayT KOIUIAII KypcaTKuwiapu Ky3aTyeiaapuHuHr 0 man 10 Oammmk
opamuruau 0 1aH 1 ravya 6ynranman 1, xamna 8 man 10 raya opanvukan 8 0amt KUInO OeNTHIaHHUIITN OPKAITH

XOCHJI KMJIMHTaH.

Ym0y TaaKUKOT UIInfa XaM Ky&uuiu (OYMK OCMOH), KMCMaH OyJIyTIu xamjaa OyJIyTId OCMOH
KYHJIApUHY aHMKJIana 1- skajBajijga KeITHPWITaH Japakaiap/iaH Xxam/Ia y3rapyBUYaHIMK KYpCaTKUIUIaH

(hoiinananunTaH.

MazKyp TagKMKOT MIIKAA X03upru KyHna Kamkanapé BuiosTH XyIoyauaa METEOpOJIOTHK Ky3aTyB
unuiapu oau0 Oopwiaétran 9 Ta ep yCTH METEOpOJIOTHS CTAHIUSUIAPUHUHT OCMOHHHUHT OYIIYTJIMIUK
napaxacu Oyiinda Kys3aTyB MabayMOTIapuaaH doiinananmiran. Ky3aTyB MabiymMoriapu Y36eKHCTOH
PecrryOnkacu Tabuat pecypciapu Ba3upiur Xy3ypHuaarsa [ mipoMeTeopoaorist Xu3MaT areHTIIUTHHIHT
Tunpomereoposorus douauna TM-1 skaaBayuiapuaa Kaia STwiaad. BuwiosT Xyayauaa skoiiariraH

METEOPOJIOTHSI CTAHLMSUIAPU TYFPUCUAATH MAabIyMOTIap 2-KalBanga KeATHPHITaH.

2-xaaBaj. Kamkanapé BuaosaTHIa sKoMIAMTaH MeTEOPOJIOTHSI CTAHIMSVIAPH TYFPUCHIA MabJIYMOTJIap

Meteopoaorus I'eorpajpux Aenrus Mereopouorn
" caTxura K Ky3aTyBJap
CTAHUUSI HOMH, | KOHJIALIYBH, KEHIJIMIH
HHUCcOaTaH OoLLIAaHTaH
ID Ba Y30KJHTH, °
DaJaHIJIUIH, M caHa
Oxpabor 38,86 66,16 1599.0 1950
Fyzop 38,61 66,26 523.0 1927
JexxoHobos 38,35 66,5 938.2 1933
Kapmm 38,81 65,77 375.2 1927
MuHTYYKYp 38,65 66,93 2131.0 1950
My6opak 39,15 65,09 284.7 1932
Kyn 39,01 67,65 2034.0 1994
YuMKyproH 38,5 66,12 465.0 1959
laxpuca63 39,01 66,83 625.3 1959

H3ox: XKaosan T'uopomemeoponozus xuzmamu azemmaueu (Yseuopomem) maviymomuapu
acocuoa my3uiou.
4, TaaKuKOT HATHKAJIAPU Ba YIAPHUHT MYXOKaMAacH.

OnuHrad MabiyMOTIIapHM KalTa HIUIAIl HaTWwKamapura acocaH Kamkamapé suiosTHna
YKOWJIaIIraH METEOPOJIOTHsl CTAaHIMSIIApH XYAyAUJard ypraya Kyl WK OyJIy TIMIINK Japaxaiapura
Moc KyHiap corn Jlexxkono6oa, Kapmm Ba UNMKYpFOH METEOPOJIOTHS CTaHIMsUTapuaa 1 qapaxkara Moc
KeJnyBud KyHiaap conu 3HT kyn (150-161 KyH) Ky3aTHITaHIMIYd aHUKJIAHAKA. 7-8 Japakara Moc KelyBYd
KyHJIap coHu SHr kam JlexkoHoOon, Kapmm, MyGopak xamma Kyn (92-118 xyH) mereoposorus
CTaHUMsUIapUAa Kai aTiwirad. Moc xoJ1a Oy Iy TIHIMK JapakacH 8 ra TeH Oyirad KyHjap COHHM Oyitnua
[laxprcab3 MeTEOPOJIOTHS CTAHIMACH MYTJIOK yCTHHJIMKKA 3ra (126 kyH). YMymaH ojiraHia Oapya
METEOPOJIOTHs CTAHILMSUIApUHMA Ky3aTyB TaxJIuiapd Oyiuua OylyTIWIIMK Japaxkajapura TYFpu
KeTyBYH KYT HWUIMK YpTaya OyTyTJIMIIMK KyHJIap COHM 3-)KaJBaia KeITUPUITaH.
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3-xkagBan. Kamkanapé BuaosaTnaa sKoMIAMTaH MeTEOPOJIOTHS CTAHIUSIIIAPH XyAyAUAATH YpTada Kyn HHIIUK
OyJyTJIMJINK Japa)kaJapura TYFpu KeJyBYH KyHJIAP COHH

Cranuust By yTaniauk qapaxajiapura Moc KyHJaap
COHH

paxka 1 2 3 4 5 6 7 8
OxkpadoTt 139 24 | 18 | 20 | 18 21 | 18 | 107
Fysop 147 24 | 16 | 19 | 18 21 | 20 | 100
JlexxoHno0o 152 25 | 23 23 | 22 24 | 22 74
Kapun 161 25 | 19 | 23 | 20 25 | 17 75
MUHTYYKYp 121 27 | 22 | 20 | 20 22 | 24 | 109
My6opak 137 27 | 23 | 24 | 23 26 | 25 80
Kya 121 28 | 26 | 24 | 25 23 | 23 95
YuMKYPFOH 155 19 | 14 | 18 | 15 19 | 17 | 108
Ilaxpucaos 126 22 | 18 | 16 | 17 20 | 20 126

1-kanBanma KEITHPWITaH ME30HTa acocaH Kyn HWUIMK YpTaya OyJnyTid, KMCMaH OylnyTiid Ba
KyE€IUTH KyHJIap COHMHUHT Mui numpaard ysrapuimu (MUHTYyKyp METEOpOJIOrHs CTaHLUSACH MHUCOJINIA)
nuarpammacu l-pacmpa kentupuwirad. MUHMGYKYp METEOPOJIOTHSl CTaHUMICUAA SHBaph, ¢eBpanb, MapT
xam/a aekadphb oinapu OyIyTIrIUK 8 Oall FOKopH OYnraH KyHmap coHu SHT Ky (15-19 xyH) Ky3aTHiras.
E3 oitnapuna 6ymyTian kynnap conu ypraya 1-3 KyHHu Tamkui staan. Kucman OyyTiu KyHIap COHM KTl
WMWK yprada XucoOma ampens Ba Mall oimapura TyFpu Kenub 7-8 KyHHHM Tamkwi 3trad. baxop
MaBCYMHIa KUCMaH OYJIyTJIH KyHJap MaBcyM JaBoMuzaa 6-8 KyHHH Tamkui 3taad. Ky€numm KyHnap coHu
SIHBaph-MapT OpaJIuFujia ypTaya 6-9 KyHHH TaIlKWI 3TraH 0yica, 6axop MaBcyMuia Ky€EILUId KyHaap COHU
6 nan 21 raya kyHraua xkyrapwirad. by xonar €3 xamaa Ky3 MaBCyMHHUHT ypTajapurada AaBoM 3THO, SHT
KYTI KyE€IUTH KyHJIap COHH HIOJb - CEHTIOPH Otapura TYFpy Kenasu.

[ |Ouukocmon [ | Kucwman 6yryrmm ocvon [l Bynyrm omon

Kynnap conn

[ Il a1 \ vl vl VIl IX X XI  XlII

Ovinap
1-pacm. Munzuyxyp (3876690) memeoponocusi cmanyuscu Ky3amyeiapu maxauny acocuoa onunean kyn uuanux (2000 —
2022 1ut) ypmaya Kyéuinu (04uK OCMOH), KUCMAaH OYIymau 6a OY1ymiau KyHAApU COHUHUHS UULIUK Y32apuiiil.

Kamkanapé BunmosTHIa *Koinamran 6apya METEOPOJIOTHS CTAaHIMSUIAPU Ky3aTyBJIapu TaxXJIHIUIapH
acocuza onuHrad kyn wwiuk (2000 — 2022 iif) yprava Ky€mu (OYMK OCMOH), KMCMaH OyIyTiu Ba
OyJIyTIH KyHJIapU COHMHUHT HMJUIMK Y3rapuilld MablyMOTIapH 4->KaBajia KeITHPHUITaH.
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4-xanBai. Kamkanapé BU1osiTu/Ia KOMJIALITaH MeTEOPOJIOrHsl CTAHIHAJAPHHUHT Y30K MyaaaTau (2000-2022)
KYy3aTyB MabJyMOTJIAPU TAXJIM/IH ACOCH/AA OJUHIAH KYyENUIH (0YHK OCMOH), KUCMaH 0yJIyT/IM Ba OyJIyT/IM KyHJIap
COHMHMHT YpTaya HNUJIUK Y3rapuiiy MabJIyMOTJIapH

x::{eolf;ﬁzl;a; OcMon IOn.ﬂap Ke\;l/lMI/lﬂa KYHJIap clmm = it
“ID I xomarm | 11 NI, v vVIL| VI X X1l | mamk
oo 9 5 58 1 22 2 28 2 1 11 10 180
Oxkpab6or KBO 5 4 5 7 8|5 4 2 2| 6|6 5 59
17 118 20 1 1 3,1 1 2 7 14 16 126
BO
oo 8 7 7 9 1 2821 28 2 1 11 9 185
Fysop KO 6 5 6 7 7 5 3 2 3|6 5 6 59
o (717 19 14 13 11 2 7 14 17 122
oo 108 7 10 1 24 28 20 27 2 12 11 201
dexwomobon g g g 9 9 5 2 2 2 6 7 7 69
BO 15 14 16 11,7 1 1 0 1 5 11 13 95
00 1 2
K 9 7 8 12 24 29 | 29 27 14 11 | 206
apuu KO | 6 7 8 8|9 5 2 1 2 7 6 6 67
BO 16 14 15 10 6 1 0 1 | 1 4 10| 14 92

00 9 5 5 6 1|21 25 27 25/ 1 10 10 171

MuHr4yKkyp KBO 5 4 6 7 8|6 4 3 3/ 5|6 5 62
17 0 19 | 20 17 1| 3 | 2 1 219 14 16 132

BO
1 1
00 g 7 7 10 22 27 28 | 25 12 9 187
My6opaxk 1
KO | 7 6 7 38 6 3 2 3.6 7 6 71

BO 16 15 | 17 12| 8 | 2 1 1 2 11| 16 107
11 8 7 8 | 1|18 22 25 |24 1 12 12 175

»

00

Ky KO 5 4 6 7 9 9 6 5 3 6 5 6 71

o 1516 18 15 1 3 3 1 3 8 13 13 119

1 1

00 g 6 7 9 23 27 28 26 12 9 188

Yumkjpron  KBO 5 5 6 6 6 4 2 2 2 4 5 5 5
BO 1

18 17 18 15 3 2 1 2 8 13 17 125

oo 7 5 5 8 1 2 25 271 24 1 9 8 166

Ilaxpuca63 KBO 4 4 5 6 | 7] 6 3 2 3|5 4 4 53
5O 20 19 21 (16 1 4 3 2 31 17 19 146

4-azBall MaBIyMOTIApUTa Kypa Kyl HWDIMK YypTada KyENUTM KyHJIap 3HT KYI Ky3aTHWIraH KyHIap
conn JlexkoHoOos Ba Kapmm mereoposorus cranmusiapuna moc xouaa 201 Ba 206 KyH Kalj 3THITaH.
Kucman Oynytnu kyHnap coun Myb6opak Ba Ky mereoposorus crannuscuiaapuaa 71 KyH TalKT STraH.
Bynytnu xyrmap conu 3HT kym Ky3atwirad [laxprcad3 Mereoposnorus cranmusicuaa 146 KyHHH TamIKuil
3THO, SHT KaM Ky3aTWiraH OynyTiau KyHiuap conu [lexkoHoOon Ba Kapim MeTeoponorus craHnusuiapuia
Kaiix atunran 0ymu6 Moc Xonma 95 Ba 92 ra TeHr.
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5.
yJoca

Kamkanapé Bunmosti Xyayaua sxoiamrad 9 ta ep yctu mereopoiorus cranimsapuauar 2000-
2022 #imiap opaTuFUIard OCMOHHHAHT OYJTY TIIMITHK Aapakacu Oyinda JacTiaOKu Ky3aTyB MablIyMOTIapu
CTaTUCTUK KalTa MIUTAHAM Ba TAXJIHI KUJIUHIIH.

OnuHrad HaTwXajgapra Kypa, ypTada Ky€EHuii KyHiap 3HT Ky Ky3aTHITaH KyHiap conn JJexkonoooxn
Ba Kapmm mereoponorus cranmusutapuaa moc xonaa 201 Ba 206 KyH sKaHnmWrd aHuKiIaHan. Krcman
OynyTnu KyHiap conu My6opak Ba Kyn mereoponorust ctanuusicuiaapuna 71 KyHH Talkuil 3Trad Oynca,
[axprcadb3 MeTeoposnorus cTaHuuscuaa OyayTiH KyHJIap COHM HT KYm Ky3aTwiaraH O0ynu6 146 xyHHH
TAIIKWJI 3TraH. DHr KaM Ky3aTwiran OymyTnn KyHmap conn Kapmm Ba JIexxoHOOOX MeTeoposorus
CTaHIHATIApUIA Kai aTriran 0ymu6 Moc xonaa 92 Ba 95 ra TeHr.

TagkuKoT naBOMUAA OJNHMHTAH HaTIKanap ymoly Xynynaa Ky€m (OTOINEKTPUK CTaHIMsUIapAaH
ONIMHUINY MyMKHH OYJTaH KyBBaTHH OamiopaTiiall, SHEpTUs eTka3ud Oepuinga OyinyTiv KyHIap cababmu
BYKYZTa KEJIHIIN MyMKHH OYIraH 5XTUMOINK XaBdaapHu 6axonamra xu3mar Kunaau. LHlyauaraex Kyem
sHeprusicunal goipananumaa OffGrid Ba Gibrid Tusumnapaa SHEprusiHU 3aXupananl Ba 3axupa KyBBaTHHH
AHMKJIAII Tajgal STUJIAJNTaH Macananap/a KaTTa axaMusTra ara.

[lysan xam anoxuaa TabKuAMa0 YTHII KePaKkKW, OCMOHHHM KHCMaH OyJyT KoIulamm Oy OyIyTHWHT
Ky€mI rapauirHy (Ky&Em HypIapuHH) TYIUK TYCAIH JIeTaH XyJIOCaHH OepMaiiy.
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MW CCIETOBAHUE MPOIECCA IMTAPOJIMN3A TIOJTUAKPHIIOHATPHIIA HA COJTHEYHON MMEYA

LI. Hypmatos, C. I'yaimartos, U. Mup3oxuaos, @. Adoaypaxumos, P. Ypunooen

Hncmumym mamepuanosedenuss AH PY3,
Tawxenm, Y36exucman Sh.nurmatov@imssolar.uz

AHHOTAUA

OcnosHylo 1acmov npouzsoOUMbIX 80 6CeM Mupe YenepooHvix 6onokon (YB) noayuaiom u3
noauaxpunonumpuna (I1AH). Oonum uz cgpep npumenenusi YB u komnoummuvix Mamepuanog Ha ux 0cHoge
ABIAEMCA AIPOKOCMUYECKAS NPOMBIUIEHHOCHb, 8 KOMOPOU MpebdyIomcs Mamepudaivl ¢ 8blCOKOU YOelbHOU
meepodocmuio. Oxono 25% maccel cnymHUKO8 COCMABNAIOM J1eMeHmbl U3 NIACMMACC, apMUPOBAHHBIX
Y2nepoOHbIM B0IOKHOM. A maxaice, OCHOBHOU NPUYUHOU npuMeHeHust Y B 6 XUMUKo-Koppo3UOHHOCMOUKUX
demanax U KOHCMPYKYUAX AGIAEMC UX OYEeHb 8bICOKAA CMOUKOCMb K 8030€UCHBUI0 20PAUUX B0OHbIX
pacmeopos Kuciom u weiaouei. Ilpu smom ocmpo cmoum 8onpoc yeHo oopazosanua ¥YB. B nawem ciyyae
Mbl UCHOAb308AIU KOHYECHMPUPOBAHHbIU CONIHEUHbIN NOMOK C8eMO8OU SHep2uU 0l OYEeHKU CIMPYKIMYPHbLIX
npeobpazosanuti ITAH ¢ npumenernuem UK-cnekmpomempuro.

KaioueBbie caoBa: ComHewHas T1edYb, YTIEPOMHOE BOJOKHO, KOHIEHTPUPOBAHHBIA IOTOK
COJTHEYHBIX JIy4eH, TOTMAKPUIIOHUTPHUII, CTPYKTYPHBIC U3MEHEHHS, KOMIIO3UIIMOHHBIN MaTepuan (KM).

VYraepoausie BojiokHa (YB) B Hacrosiiee BpeMs SBISIOTCS OJHUM U3 OCHOBHBIX BHUJIOB
ApPMUPYIOIIUX IEMEHTOB, HCIOIb3YEMbIX JUIS IPOU3BOJICTBA BHICOKOMOAYJIbHBIX KM BBICOKOI TBEpIOCTH.
¥YB umeer Boicokyro TBepaocts (no 7 ['Tla), momyme ympyroctu (mo 600 I'Tla), HU3KYIO MIOTHOCTH IO
cpaBHenuio ¢ wMertammamu  (1,7-1,9 kr/m®). OcHoBHOI o06nacTbio npuMeHeHHs YB  sBisercs
a’pOKOCMHMYECKas IPOMBIIIJICHHOCTh, B KOTOPOW TpeOYIOTCSI Marepuanbl C BBICOKOH yAEIbHOM
TBEpAOCTHI0. COMOMUMEpPH! MOJUAKPUIIOHUTPUIIA SIBIISIFOTCSI OCHOBHBIM CBIPbEM (IIPEKYpPCOPOM) TS ATHUX
BOJIOKOH. YJyYIlIeHHE MEXaHHYEeCKUX CBOMCTB BOJOKHAa B OCHOBHOM JOCTHTaeTCs 3a CUET YMEHbBIIEHUS
KonndecTBa AedekToB B mpoliecce Mpou3BojACTBa. KoMmepueckue yriepoAHble BOJOKHA C TPENEIOM
MIPOYHOCTH TIpH pacTsokeHnu A0 npuonmsurensHo 7000 Mlla B HacTosImee Bpems yke mpou3Boaircs. B
3TOM KOHTEKCTE HOBBIE IPOIECCHI, TAKHE KaK «CIIMBAHUE» JJIEKTPOHHBIM Jy4doM win Y d-akTuBanus,
OKa3aJluch OYEeHb MHOroodOemaromuMu. Bce HOBBIE pa3pabOTKH B 00JAacTH IMPOU3BOJICTBA BOJOKOH
HampaBJIeHbl HA MOJYYEHHUE BBICOKOMOIYJIBHOrO YB ¢ HHU3KOH cebecTOMMOCTBI0. XOTS KaKIbIM T'OI0M
pa3BUBAETCS TEXHOJIOTHS MONTyueHHs Y B, 3a cueT npuMeHEeHHs CIOKHBIX TEXHOJOrui cebectonMocts Y B
BCE €II€ OCTAaETCS OYEHb BBICOKOM.

[TosToMy pa3paboTka HOBOIl TEXHOJOTHH MOTY4YeHUs] Y B ¢ mpuMeHeHneM AeIIeBbIX BUI0B SHEPIUun
SIBJISIETCS] BECbMa aKTyalIbHOU 3aa4deil. YUuThIBast TOT (akT, YTO OCHOBHOM IIeHe00pasyrolleil B mporecce
nonydyeHus: YB saBnsieTcst sHeprus, Kotopas pacxXoayercs Ul MOIy4deHHs TeMIepaTyp, ObUIO pemeHo
HCCIIEIOBaTh  BO3MOXKHOCTh TNPHMEHEHHsT BO300OHOBISIEMBIX HWCTOYHHKOB JHEPrUHM, a HMEHHO
BBICOKOTEMIIEpPATypHYIO renuocTar-napadononanyro coineuynyto neds (MCII) momHocThio 1500 kBT
TOPHU30HTAJIBHBIM PACHOI0KEHHUEM ONITUYECKON OCH.

[IpoBenens! neppeie xciepuMeHTHI Mo upoiu3y [TAH Ha doxkansHO# mtockoctn MCII, koTopoe

MNpeaACTaBJICHO B Ta6J'II/I]_IC 1
Taoauna 1. DxcnepuMeHTAJIbHBIE IaHHBIE 10 00ayYeHnio Ha MCII

Bpewms
PaccrosHue
Obpasen ot dokyca Harpesa | Temmeparypa LseT, cocTosinue
Y (cexyHn) °C) IMTAH
TAH 12 3 510-520 Benplil-kopnyHEBBIA-UepHBINA Ha
MeCTax
IHAH 16 23 450-455 be3 m3menennit
ITAH 14 17 495 Belplii-KkOpuYHEBbIM-UEpHBIN
IHAH 14 23 495 bes usmenennit
IHAH 12 18 520 YéEpHO-KOpUUHEBBIN
INAH 10 14 600 IToHOCTRIO Ccropen

Kak BumHO 13 Tabnuis! ipespanienne 1eeta [IAH Ha kopu4YHEBbI 1 Ha Y€PHBIC [[BETA MPOUCXOTUT
B TEUYCHHUE [IOBOJBHO KOPOTKOI'O BPEMECHH, a TAaKXKE HY>KHO OTMETUTh, UTO MPEBPAIICHHE B CTOPOHY
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KapOOHM3ALMH MTPOUCXOIUT M0-PA3HOMY B 3aBHCHMOCTH OT TEMIIEPaTypbl 0OpaOOTKH M PAacCTOSHUS OT
¢doxanbHOTO IEeHTpa. V3MepeHne TeMnepaTypbl poBouIn Ha ipubope 12 —TSP, ¢pupmer Lumasense.
Ha pucynke 2 npusenens! pezynbratsl UK cnextpomerpun [IAH Bomokon mocne o6mydeHus.

0104 o
ool IIpombimennsii kapGon
0,06 5

0,04 fM_J_MwJJL\,—-

0,047

003 IloxnaxpHIOHATPHI

0,024

n.m—f
] Iloayuennsniii 2a MCII npenBapuTebHbIi
0021 NMPOIYKT

0,01 M

IHoxy4yennprii aa MCII uépno-

0.015 1 "
| KOPHYHEBBIH NPOJIYKT

< 00101
0,005 +
0,04 1 o o

HO.]]_Y'IEHH])IH nmocCJeIHbIH

YR MPOAYKT Ha BO3ayXe

0003 . e . S e T T TR S . . e . . .
4000 3500 3000 2500 2000 1500 1000 500

Bonwosoe uncno (cv-1)

Pucynok 2. Unghpaxpachuvle cnekmpol BpombludieHHO20 yenepoonozo eonokua u IIAH nocne nuponusa na MCI1

W3 pucynka 2 BugHO uTo ¢ u3MeHHeHUM 1iBeTa [TAH Ha depHBIi BET CTPYKTypa TakKe MEHSITCS B
CTOpOHY KapOumuzanmu. IlyreM npuMeHEHHs TEXHHYECKHMX MPHUEMOB IO OOIyueHHIO Ha (OKaJIbHOU
mockoctT MCII MokHO n3MeHnTh cTpyKTypy I11AH.

Pabora BeimomHeHa B pamkax mpoekta AJI-47-typ21071180 «Pa3paboTka TEXHOJOTHH CHHTE3a
KapOOHOBOIO  BOJOKHAa HA OCHOBE  IIOJIMAKPWIOHWTPUIIOBOTO  HIpeKypcopa»  MuHHcTepcTBa
WHHOBAIIMOHHOTO Pa3BUTHA.
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ONTUYECKHA JATYHMK JJIS1 BICOKOTEMITEPATYPHOM COJTHEUYHOM
YCTAHOBKH

P. Axbapos, /I. Uoparumos, /1. [Iyaoros, C. XoagopoB

Hnemumym mamepuanoeedenus,
Y. diimmamos. 2°, 100084 Tawxenm, Y36exucman, *E-mail: aryul2@mail.ru

AHHOTAUA

B pabome paccmampusaromes 6onpocel yeenuuenust 2Q@HEKmugHOCmU COTHEUHbIX YCMAHOBOK C
ucnoavsosanuem cucmemwvl caedcenuss 3a CorHyem u 0O0CHOBbIBACMCS €€ 8AICHOCMb 8 IKCHILYamayuu
CONHeunblx yemanogok. Ilpueodumvcs npunyun pabomvl COTHEUHO20 0AMYUKA, PAPAOOMAHHO20 OIS
cucmembvl CRedCeHUs. BbICOKOMEMNEPAMYPHOU CONHEUHOU Nnedu 6ePMUKAIbHOL ONMUYECKol OCbio
uncmumyma Mamepuanosedenusi. Ommeuaemcsi GblCOKAsL MOYHOCMb PAPAOOMAHHO20 COIHEYHO20
damuuxka.

KaroueBnlie cioBa: CoHeYHasi yCTaHOBKA, CUCTEMa CICKCHUS, T'eIHOCTAT, TATYNKH, COJTHCUHBIHN
JIaTuuK, (OTOIJIEMEHT, OCBelleHHe, (GoTtocurHall, 3QQekTUBHOCTh, (QOKyC, (OKaIbHOE MATHO, pa3Mep
MATHA.

Beenenue

OmHuM U3 TEepCHEeKTUBHBIX HaIpaBlieHUl ucnonb3oBaHus BHD  sBrnsgercs TexXHOJIOTHH
KOHIICHTPUPOBaHHO# conHeunoit suepruu (KCD, CSP — concentrated solar power). CostHeuHbIe YCTAHOBKH
(CY) na ocaoBe KCD TexHOIOTHIT OOBIYHO COCTOST M3 TOUCUHO-(POKYCHBIX KOHIICHTPATOPOB (BO3MOXKHO,
C TeNIMocTaTaMu), JHHEHHO-(POKyCHbIE KOHIEHTPATOphl (MapaboNoUMINHAPHYECKHE KOHIEHTPATOPHI,
TUHEHHBIE oTpakaTen PpeHens) U cTaHIMK OAIIEHHOTO TUTIA C CUCTEMOH T'eJIMOCTaTOB.

B Toxxe BpemMsS HE0OXOIMMO OTMETHTH OJHY OYEHb BaXHYIO0 ocoOeHHOCTh KCD TexHolormid, a
UMEHHO, 4TO M1 9((EeKTUBHOTO (QYHKIHMOHHUPOBAHUS TaKUX CHUCTEM MOTpeOyeTcss CIOoXKHas WU
JIOPOTOCTOSIIIAs KOMIOHEHTa — cUcTeMbl ciexkeHust 3a ComHiem. s TOro 4ToObl OTpaKEHHBIE OT
3epPKaJIbHBIX 3JIEMEHTOB YCTaHOBKH (KOHLIEHTPATOP, FEIMOCTAT, (haleTa U Ipyrue OTpa’karoliue 3JIEMEHTHI)
COJIHEYHBIE JY4H MOCTOSHHO HAINpPaBIISUIUCHh B (DOKAIBHYIO 30HY, MX MPOCTPAHCTBEHHbIE OPUEHTALMH CO
BPEMEHEM JIOJKHBI U3MEHSTHCS HaIeXKalluM 00pa3oM B COOTBETCTBHH C BUIMMBIM JBrKeHneM COJHIIA.
Takyro ¢yHkouo obecneunBaeT cucreMa ciexeHus 3a ComHueM, Onaromaps KOTOPOil BO3MOXKHO
OTpaKEHHE MAKCHMAJIBHOTO KOJMYECTBO COJIHEYHOW HHEPTUMH B MPHUEMHHK HM3iny4eHus. [Ipu oTcyTcTBUM
cucreMbl ciexeHus: 3a ConHileM, (OKaIbHOE MSTHO COJNHEYHOW KOHIIEHTPUPYIONIEH YCTaHOBKH H3-3a
JTHEBHOTO BHIMUMOTO /B KeHUs! COJHIIA CMEIaeTcsi OT ONTHYECKOTo (OKyca M MOCTENEHHO, N3MEHSISICh B
CTPYKTypE, yXOOUT OT (OKaNbHOW 30HBI W Yepe3 HEKOTOpOoe BpeMs MPAKTHUECKH MOJIHOCTHIO
“paccemBaetcsi”’. OIIGHKH ITOKa3bIBAIOT, YTO B TEUYCHHWM TOJa 3HAUYCHHWE BUANUMOU ckopoctu CoiHIa
u3Mensiercst ot 13.76 1o 15 yri.MuH./MHH, Y4TO JIOCTATOYHO OOJIBIION M ITO3TOMY IOJIHOE PacCeUBaHUE
IISITHO B OOJIBIIMHCTBE YCTAHOBKAX MPOUCXOAUT, KaK HETPYIHO OLEHHUTH (3Has pa3Mep (POKaJIbHOTO MATHO)
B TeueHnH 15-20 munyT. 1o 3TOH nmpuyrHe MpakTUYECKH BO Beex cucteMax Ha ocHoBe KCD HeobOxomuma
BBICOKOTOYHAsl cucremMa ciexkeHuss 3a ComHIeM, T.6. OHa SBISETCS HEOTHEMJIEMOH YacThIO
KOHIIEHTPUPYIOIIEH CUCTEMBI.

OTmeTHM, 9TO IO HEKOTOPBIM YTBEPKACHUAM, ecii CY nMeeT cucteMy ciexeHus 3a ConHieM, To
e€ 3 dhexTHBHOCTh MOXKET yBennuuThes 10 50%. Bo BesikoM cityuae, Juist TeppuTOpHid MHOTHX cTpaH, 30-
35% ypennuenue 3pdexTuBHOCTH CVY SBIAETCS HAYYHO-00OCHOBAHHOM.

B nocnennue romel B MHCTHTYTEe MatepuanoBeaeHUsl pa3pabOTaHbl M CO3/AaHBl HECKOJBKO
BBICOKOTEMIIEpATYpPHBIX ~ COJMHEYHBIX Medyell Mamoil MomHocTH. OfHOW HW3 HHUX  ABISAETCS
BBICOKOTEMIIEpaTypHasi COJTHEYHAsI NeYb ¢ BEPTHUKAIBHON ONTHYECKOW oChi0 M MomHocThio 1500 BT. B
JaHHOW paboTe MpeacTaBieH pa3paboTaHHbI BHICOKOTOYHBIA ONTHYECKUI (COTHEUHBIN) AaTYHUK IS ATOH
MeYH.

OnTuyecKuii 1aTYUK

B cucremax ciexenuss 3a COJHIIEM HCIIOJB3YIOTCSA pa3iuuHble naTuuku [1]. B obmiem cioyuae
JATYUKH - 3TO YCTPOUCTBA, HCIIOJIb3YEMBIC JJIs OTpeeneHrs (PU3MUSCKUX BEIMYNH, TAKUX KaK CBET, 3BYK,
TEIUIO, MacCy U T. JI. U IPe0o0pa30BaHUs UX B HANPSDKEHHE WITH TOK, TIPOTIOPIIMOHATBHOM BETMYUHE BXOTHON
(bm3udeckoi BenuarHEI [1]. DTOT BEIXOIHOW CUTHAJ 3aT€M HCIOIB3YETCS IS H3MEHEHHS COCTOSHUS WITH
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MO3UIMN OTJEIBHBIX KOMIIOHEHTOB CHUCTEMBI CIEXEHHsA. TakuM o0pa3oM, JaTUUKU SBISIOTCS OCHOBOM
3aMKHYTOH WM THOpUAHOM crcTeMbl ciexenns 3a ConHueM. B pabote [1] npeacTaBieHbl OCHOBHBIE THITBI
JaTYMKOB M TPAKTHYECKHE OCOOCHHOCTH MX NPHMEHEHUs: SHKozep (encoder), akcenepomerp, chcTeMa
riodansHOro mosuimonupoBanus (GPS), nuprennomerp, ceerocencopsl (LDR, PTransis, PV), matunku
nzobpaxenuss (APS/CMOS), natumku mzobpakenus ¢ [13C marpuueit (CCD), mbe3odnekTpudeckue
npuBobl U Ap. OTMETUM, YTO JaTYMKH HA OCHOBE M300pa’KEHHS COJHIIA MMEIOT BBICOKYIO TOYHOCTh. B
paborax [2,3] mpeAcTaBIeHb TaKWe JATYUKH TOJI0KESHUS COJIHIIA, aJITOPUTM M TOYHOCTH WX HABEACHHS HA
ComnHIle ¢ MOMOILBI0 00pabOTKH N300paKeHUH.

[Mpunnun paboTel COTHEYHOTO AaTUYHMKA 3aKII0YAaeTCs B clenyromeM. [lagaromuii coMHeHbId CBET
(oT pamieTsI reMocTaTa) MPOXOANUT YEPE3 MEPETHIOO MIETh COTHEYHOTO JaTIYMKA U [TA/IaeT Ha TOBEPXHOCTH,
Ha KOTOPOH pacnonokeHsl 4 ¢otosnemenrta. Korma qydm mapamienbHBI TeOMETPHUYECKO OCH JaTdnKa,
OCBEIICHHOCTH B 4-X (OTORNIEMEHTaX OAWHAKOBBHL. [3-3a MBWXKEHUs COJNHLA Yroji HageHHs Jydel OT
dameTsl K JaT4MKy W3MeEHseTcs. B pesynprare 3TOro mMoBEpXHOCTH (DOTOIIEMEHTOB OCBEIACTCS II0-
pa3sHOMYy, M COOTBETCTBEHHO, BBIpAaOaTHIBAEMBIE HMH TOKH OyIyT OTIMYAThCS JAPYr OT Apyra.
DJeKkTpuyecKre HanpsbKeHHs, BhipadaTbiBaeMbie B 4-X OTORIEMEHTaX, HAPABIISIIOTCS. HA OTIEPallHOHHBIH
ycuiuTellb (paboTaoImui B peXMME KOPOTKOTO 3aMblkaHus). Ha BhIXO/E ONEPAIMOHHOTO YCHUIUTENS
TEKYIIUHA BXOTHOW MpeoOpaszyeTcsi Ha YCHICHHBIA CUTHAJ. B pe3ynbTare Ha BBIXO/E CONIHEYHOTO JaTYhKa
(bopMupyroTcst 4 OTIENBHBIX CUTHATA HAPSDKEHUS, KOTOPBIE IEPEJatOTCs Ha YIPaBIISIOIINHA 3JI€KTPOHHBII
6nok. Pacrionoxenne 4 GoTOINEMEHTOB [TOKAa3aH HA PUCYHKE 1.

bt nprEon
C

A ‘/BDH
NG,

Puc.1. Dopmuposanue pomocuenanra Ha damyuxe

B snextponHoM Oioke yrpaBieHUs GOPMUPYIOTCS CHTHAIBI «X» M «Y» MO TOPU3OHTAIBHON M
BEPTUKAIBHOW ocsiM. YUTOOBI CreHepHpoBaTh CUTHAI JJISi OCH «X», BBIONHsIETCS apudMeTruecKas
onepauusi: A+C-B-D. Ecnu ¢ortosnementst A u C 6oJblie 0OCBELICHBI, pE3yJIbTaTOM JICHCTBHUS SIBISETCS
curHan «+» (MOJOXKHUTENbHBIN), HA000POT, ecnu Ooiblie ocBewieHsl B u D, ¢opmupyercss MuHycoBbIi
CUTHAIl «-». DTOT CHT'HAJ YKa3bIBaeT Ha TO, YTO T'eIHOCTAT JIOJDKCH JBUIAThCs JIMOO HA 3amaj, JIOo Ha
BOCTOK.

B pesyapTare COOTBETCTBYIOWIETO JBM)KEHHS TE€IMOCTATa COJIHEYHBIN CBET, OTPaKEHHBIA OT
HEHTPABHBIX (alleTOB TI'elIMOCTaTa, IOCICOBATEIbHO CTAHOBUTHCS IMapalielIbHbIM K OCH JIaTYHKA.
OcBellleHHbIE YaCTH 3TUX (POTOIIEMEHTOB CTAHOBSITCS OJMHAKOBBIMU U 3HAUCHHE MPHBEICHHON BBIIIC
apudmerndeckoii onepanuu npudimxkaercs k "0". Korna curnan va «X» npubnmkaercs k «0», TeruoctaT
nepecTaneT ABUraThes. s ocu Y™ BeIMonHATCS cienyromas apupmerndeckas onepanust: A+B-C-D.

Ha pucynke 2 npescraBnens GoTorpaduu H3roTOBISHHOTO COTHEYHOTO JIATUUKA.

160



International Conference “Fundamental and Applied Problems of Modern Physics ”, October 19-21, 2023

Puc.2. @omo paspabomannozo corneunozo oamyuxa
[IpenBapuTenbHble TECTHI MOKa3add PabOTOCTIOCOOHOCTh M XOPOIIYH) TOYHOCTh HM3TOTOBJICHHS
naTuuka. B manpHeliniem Oyper pa3paboTaH CHENMAIbHBIA CTEHA IS JIOKAIBHOW CepTU(UKAIIUU
COJIHEYHOT'O JAaTUYMKA.

JlutepaTtypa

1. Kamran Mahboob, Qasim Awais, Awais Khan, Tabish Fawad, Momen Rasool, Qasim Nawaz and Umair
Ahmed. Selection of Sensors for Heliostat of Concentrated Solar Thermal Tower Power Plant. Eng. Proc. 2021,
12, 41. https://doi.org/10.3390/engproc2021012041.

2. Cheng-Dar Lee, Hong-Cheng Huang and Hong-Yih Yeh. The Development of Sun-Tracking System Using
Image Processing. Sensors 2013, 13, 5448-5459; doi:10.3390/s130505448.

3. Giancarlo Rufino and Michele Grassi. Multi-Aperture CMOS Sun Sensor for Microsatellite Attitude
Determination. Sensors 2009, 9, 4503-4524; doi:10.3390/s90604503.
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AKTYAJIBHOCTbDB PABPABOTKU U BHEJIPEHUSA CUCTEM HAKOIIJIEHUS DQHEPT U

H. Paxmarmoes!’, Y. lllaponos?

YDepeancruii nonumexnuveckuii uncmumym,
yn. @epeanckas 86, 150100 Depeana, Yzoexucman *e-mail: islombekrahmatshoyev@gmail.com

2Qusuko-mexnuyeckutl uncmuntym,
ya. Quneusz Aummamos 25, 100084 Tawxenm, Y36exucman.

AHHOTANUA:

Bovicmputii pocm muposoeo nacenenus u uHOYCMpUAIU3AYUs NPUSEU K Y8eIudeHuio nompeoienus
anekmposHepeuu Ha 36% 3a nocrednue 20 nem. Paspabomka HoGvIx mexHonio2uii npouzsoocmaad,
MPAHCROPMUPOBKU,  XPAHEHUsT U NOMPeONeHUss OSHepeuu CMaHO8UMCsl AKMUGHoU. Yeenuuenue
UCNOTL306AHUS 60300HOBNIAEMBIX UCTNOYHUKOB DHEpeUU ABISAEMCs 4acblo 2100aNbHON MeHOeHYUul 8
ompacau. Cucmemvl 2NeKMPOCHAONCEHUS  XAPAKMEPUZVIOMC  HEPAGHOMEPHOCMbIO  NOMpedIeHus.
SEKMPOIHEpeUL, YMo mpebyem GHEOPeHUsi CUCMeM HAKONJIeHUs JHepeuu Oas Ccmadunuzayuu
oHepeonompeOieHuss U  eblpabomxu  dnekmposnepeuu. B pabome paccmompenvl nepcnekmueHbvle
HAnpasienus pa3gumusi CUCIeM IHEPLOCHADIHCEHUS.

KaioueBbie ciioBa: BozoOHoBmsiemple Bomopomnas sHeprusi, CucTeMbl XpaHEHHs JHEPTHUH,
BetpsiHbie ¥ COTHEUHBIE AIEKTPOCTAHIIHH.

Beenenue

BrIcTpEIil pocT MUPOBOTO HACENEHHUS U UHYCTPUAIN3AIMS IPUBEIH K YBEIMUCHHUIO TTOTPEOICHNUS
anekTpodHepruu. [lanHele MeXIyHapOIHOTO 3SHEPreTHYECKOrO areHTCTBAa IOKAa3bIBalOT  POCT
sHepromnoTpebiaeHus donee yeM Ha 36% 3a nocneanue 20 net [1]. DTo MpUBeNO K aKTHBHOMY Pa3BUTHIO
TEXHOJIOTHI TPOW3BOJICTBA, TPAHCIIOPTUPOBKH, XPAaHEHUSI U TIOTPEOJICHHS TETNIOBOM M 3JIEKTPHUECKON
sHepruu. Pa3pabaTsIBatoTCs HOBBIE TEXHOJIOTMH U3 BO30OHOBIIIEMBIX HCTOYHUKOB, 9KCIICPUMEHTAIIbHbIC
YCTaHOBKHM II0 MPOHM3BOACTBY 3JIEKTPOIHEPIHH, PadOTalOIlIMe Ha TPAJULUOHHOM THIPOYIJIEPOIHOM
TOIUIMBE C HYJEBBIMH BpeIHBIMH BBIOpOocamMH [2], W Hay4HO-HCCIENOBATEIbCKHUE PAOOTHI IO
MPOU3BOACTBY BOJOPOIHOM 3HEprud [3].

YBenuueHne NCoIb30BaHNs BO30OHOBIIIEMBIX HCTOYHUKOB SHEPTUH SIBIISIETCS YACTHIO INI00AIbHON
TeH/IeHIIMH B oTpaciu. CTPOSATCS M BBOJSTCS B DKCIUTyaTalldi0 HOBbIE CONHEYHBIE, BETPSIHbIC W JPyTHE
00BEKTHI. J[0JIs1 3TUX UCTOYHMKOB B MEPOBOM OallaHce IPOU3BOJICTBA JIEKTPOIHEPTUH cocTaBisieT 28%, u
B Omwkaiimem Oynymiem oHa Oyner pactd. OCHOBHBIMH (PakTOpamHu, ONpeNesIIOIIMMHU 3Ty TEHJICHIUIO,
SIBIISTIOTCS. KOJIMUYECTBO MPAKTHUECKH HEHCUEPIaeMbIX MEPBHYHBIX MCTOYHUKOB DHEPTUU U TEPCIIEKTHBA
MPaKTUYEeCKH HYJIEBBIX BpeIHBIX BBIOpocoB B armocdepy. C apyrod CTOpPOHBI, HENOCTOSHCTBO
MOCTaBJIIEMON SHEPrMU M ee NpsAMas 3aBUCUMOCTb OT IIOTOJHBIX YCJIOBHH, HampuMmep, BeTpa HIIH
00JIaYHOCTH, 3HAYUTENBHO OTPAHMYMBAIOT IPSIMOE HCIOJNb30BAaHHE BO30OHOBIISIEMBIX HCTOYHHUKOB B
crcTeMax 3JIeKTPOCHA0KEHUSI.

KitoueBoit 0COOEHHOCTBIO pabOTHI CHUCTEMBI JJIEKTPOCHAOKEHUS SIBISIETCS HEPaBHOMEPHOCTb
noTpeOJIeHUs! 3JIEKTPOIHEPTUU Mo BpeMeHH. HepaBHOMepHOE MOTpeOieHne 3JIeKTPOIHEPTUH B THEBHOE
BpeMs, B TEUEHHWE HEJIeIW U B TeUeHHe roja TpeOyeT JIKCILTyaTaldd MPOHM3BOJCTBEHHBIX OOBEKTOB C
AHAJIOTMYHBIMA HEpaBHOMEPHBIMH Harpy3kamu. COBpeMEHHBbIC TEIUIOBBIE M aTOMHBIEC 3JIEKTPOCTAHIINY,
paboTaromire Ha MApOBOASHBIX SHEPrETHUECKHX LMKIAX, Ha CErOAHSIIHUN AEHb SABISIOTCA HamOoiee
pacnpoCcTpaHEeHHBIMH HMCTOYHHKAMU SHEPrOCHAOXKEHHS W XapaKTEPHU3YIOTCSI OTHOCHTENBHO HH3KOH
MaHEBPEHHOCTBIO C TOUYKH 3PEHHUS] OCHOBHOTO 000py1oBaHusl. Mx paboTa B AMHAMHUYECKHX PEKUMAX U MPH
HU3KUX Harpys3kax NPUBOAMUT K Oosee ObICTpoMY M3HOCY OOOpYIOBaHUS M CHHXKEHHIO HAJIE)KHOCTH H
3¢ GEKTUBHOCTH, YTO MPUBOAMT K YBEIMUYECHHUIO 3aTpaT Ha 3HeprocHabxenue. Ha simepHBIX ycTaHOBKax
JTMHaMU4YecKas paboTa KOHTYPOB PEaKTOPOB HEBO3MOXKHA M3-3a KOHCTPYKTHBHBIX OCOOCHHOCTEH.
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Puc. 1. Paboma nakxonumenvHoU cucmemyl  deKmpocemu: (a) gvipasHuanue Hazpysku,; (0) chudicenue nuKogou
HazpysKu

Ot (I)aKTopI)I O6yCJ'IaBJ'II/IBaIOT HCO6XOI[I/IMOCTI> CO3aaHHsA YCJ'IOBI/Iﬁ AJid CTJIaKUBAaHUA HAarpys3kKd Ha

cucTeMy. 37ech OJHUM M3 IMEPCIECKTUBHBIX HANPABICHUH SIBISIETCS BHEAPCHUE CHCTEM HAaKOIUICHHS
SHEPIUu Uil CTa0WIM3aLUMU DSHEPronoTpeOieHnuss M BBIPAOOTKM 3JIEKTPOIHEPTUM U  PACIIUPEHUS
JTMATa30HOB YIIPABIIIEMOCTH OOBEKTOB C HU3KOH MaHEBPCHHOCTHIO [4]. DTH CHCTEMBI MOTYT MOKpPHIBATh
IMUKOBBIC HArpy3kKM CHUCTEMbI 3a CUYCT HCIIOJIB30BaHHA OSHCPIUH, HaKOIUICHHOM B nepruoabl HU3KOI'O
sHepromnoTpedbneHus (pUCyHOK 1a), WM 3a CUET WCHOJB30BAHHS IOCTOSTHHOM MOITHOCTH O0OBEeKTa
(pucyHok 16) [5-7]. Ha pbIHKe 37€KTpOIHEPTHH HAKOUTEIbHBIE CHCTEMBI MOTYT HAKAIUTHBATh SHEPTHIO B
nepruoabl HU3KUX IEH U IMOCTABJIATH €€ B MCPUOABLI IMOBBIIICHHOI'O CIIpOCa 10 6OJICC BBICOKHMM IICHAM Ha

3JIEKTPOIHEPTHIO.
Jlutepartypa

1. MunucrepctBo 3Hepretuku CIHIA, XpaHeHue »Hepruu: K04 K O€30mMacHOH W OTKa30yCTOHYMBOW CETH.
https://www.energy.gov/epsa/energy-storage-key-secure-and-resilient-grid.

2. MexIyHapoJHOE areHTCTBO MO BO30OHOBISIEMBIM HCTOYHHKAM OSHEPTUH, XPaHEHUE OJIICKTPOIHEPTHU U
BO300HOBJISIEMbIE HUCTOYHUKHU SHEPIuu: 3aTpaThl u PBIHKU 110 2030 roja.
https://www.irena.org/publications/2017/Jan/Electricity-storage-and-renewables-costs-and-markets-to -2030

3. Espormeiickas KOMHUCCHS, XpaHeHue JHEPIUHU: poib JJIEKTPUYECTBA.
https://ec.europa.eu/energy/sites/ener/files/documents/energy storage_role_electricity market.pdf

4. Acconumaiys XpaHeHHUs SHEPTHH, XpaHEHHe SHEPTHU B MacinTabe cetu. https://energystorage.org/why-energy-

storage/grid-scale-energy-storage/

5. Tpeumymecrtsa CXD: https://www.energy.gov/eere/articles/energy-storage-smoothing-out-intermittency-
renewable-energy

6. JluTuii-MoHHBIE aKKyMYJIATOpPBI: hitps://www.energy.gov/eere/articles/how-lithium-ion-batteries-work

7. Tlporounbie  Oarapewu: https://www.energy.gov/eere/articles/flow-battery-technology-offers-energy-
storage-solutions .
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3KOHOMMYECKHA AHAJIN3 ITPOU3BO/ICTBA BOJIOPOJIA B Y3BEKHUCTAHE 11O
METOAY 2JEKTPOJIN3A C COJITHEYHBIM ®OTOJJIEKTPUYECKUM
SHEPI'OOBECIIEYEHUEM

K.C. AxaroB, J.T. Kypaesn, X.®. Caii¢ueBa

Qusuko-mexHudeckui uncmumym AH PY3.
ya. Y. Aimmamosa 25, 100084-Tawxenm, ¥Y30exucman

AHHOTAIUA

B oannoti pabome npedcmasnern nomenyuan npouz800cmeda 6000poda ¢ ucnoavsosanuem PIC 6
V36exucmane. Paccmampusaromes 6ce pecuonsl 07 OYeHKU 803MONMCHOCMU NPOU3BOOCMBA 8000P00A C
ucnonvsosanuem POC. Takoice oyenusaemcst IKOHOMUYECKAs YeaecooOPaA3HOCIb NPOU3BOOCMBA 8000PO0A
u npoenosupyemcs LCOH (npueedennas cmoumocms 6000po0da) Onsi pasiuyHbIX Pe2UOHO8 C YUemOoM UX
HAMYPHBIX YCLOBUIL.

KawueBbie cioBa. DHeprusi COJHEYHOTO HW3IyYeHHs, (OTOIIEKTpHUYEcKoe MpeoOpa3oBaHMe,

ANEKTPOIIN3, BOAOPOI.

MeTtonoJiorus

MogeJib BbIX012 SJHEPruM (POTOIEKTPUIECKOIl YCTAHOBKH

l'omoBast BEIpaOOTKa SHEPTHU COITHEYHOH (POTORIEKTPUUECKON AIIEKTPOCTAHIIMEH pacCUMTHIBACTCS

Kak
Epy = PpyDgPspNg (1)

rie Epy- BbIXOJIHAsS MONIHOCTH (DOTODNEKTPUYECKOH YCTaHOBKM B KBTY, P~ HOMHHAbHAs
BBIXOJIHAs MOIIHOCTh (POTODIEKTPHYECKOH yCTaHOBKM B KBT, Dy - 5T0 0OmMA NOHMKAOIIMMA

koaduruert, Pgy- 3TO CpeIHECYTOYHBIM MAKOBBIN COMHEYHBINH 4Yac, N,- KOJHMYECTBO IHEH B MepHoe,
HaImpuMep, B TOAY.
Koadduiment cHIKEHHST HOMUHATBHBIX XapaKTEPUCTHK PACCUHUTBIBAETCS IyTEM MOJCITHUPOBAHUS
(hakTHYECKOU TeMIIepaTyphl sI9eHKH ClieayromuM oopaszom [1,2]:
o
T, =T, + (M) S, 2)
NoOCT
rne Tc- peanbHas pabouas temmeparypa siueiiku B °C, T,- TemmnepaTypa okpyxaromei cpenpl °C,
Tynocr- HOpMasibHas paboyast Temmeparypa siueiiku B °C, Sg- MHTEHCHBHOCTh COJHEYHOTO H3JIyY€HHS B
kBT1/M?, Syocr- MHTEHCHMBHOCTD COTHEYHOTO M3IIyYEHHs IPH CTAHIAaPTHBIX yCIoBUsX ucnbitanuii (STC) B
kB1/m%
BenmnunHa CHMKEHUS MAKCUMAIbHOM MOIIHOCTH M3-32 TEMIEPATYPHOrO  BO3LECHCTBUS
paccuuThIBaeTCs B MPOLEHTAX Kak [8,9],

Preq = a(T¢ — 25°C) (3)

r7e Pyq- yMeHbIIIEHNE MaKCUMATbHON BBIXOJHON MOIITHOCTH B TIPOIICHTAX, (- MPEACTABISIET CO00i
CHIDKEHHE MaKCUMAJIbHOW BBIXOAHOM MOIITHOCTH M3-3a M3MEHEHHS TeMIIepaTyphl Ssueiku Ha Kaxapiid °C B
%/°C.

CrnenoBarennbHO, KOA(QUIIMEHT CHWKEHHUS HOMHHAIBHBIX XapakTePUCTUK U3-32 H3MECHEHUS
TEMIIEPaTypbl MOLYJIsI PACCUNTHIBAETCS KaK
Dtemp =1—Preg (4)

VYuuteiBass KO(GOUIUEHT CHIKEHHS HOMHHAJBHBIX XapaKTEPUCTUK H3-32 BBILMICYTIOMSHYTHIX
KOMITOHEHTOB CHCTEMBI KaK Dy, 0OIMMA KOO(POHUIMEHT CHIKEHNS. HOMUHAIBHBIX XapPaKTEPUCTHK MOYKHO

M300pa3UTh KaK
Df = Dtemstys (5)

Koaddumment MomHocTH (HOTOINEKTPHISCKON YCTAHOBKH OMPEACISIETCS ¢ MOMOIINBI0 YpaBHEHUS
(6)
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Capacity factor = L (6)
P, 8760
Mojesib NPOU3BOACTBA BOAOPOAA
m,cEpv
PV = pEC— (7)
EL

rae Hpy- KoIM4yecTBO MPOU3BEAEHHOIO BOJOPOAA C UCIIOIb30BaHUEM (POTORIEKTPUIECKON IHEPTUU
3 ~ (v
B Hw, 7,.- KIIA mnpeoOpa3zoBarens MOIIHOCTH MEXKAY (OTOIICKTPHUUECKONH YCTAaHOBKOH H

3NIEKTPOJIU3EPOM B TpOUEHTax, Ep;- sHeprus, HeoOXoaumas SJIEKTPONU3EPY A TONYyYeHHsS OIHOU
eMHMIEI 00BbEMa Bojopoa B KBTa/Hwme,

[Ipou3BOACTBO BOIOPOAA B KT paCCUMTHIBAETCS Kak [2]:

; 3
Hpy g = Hpy tn Nm~ (8)
’ 11.1

IKOHOMHYECKASI MOJIE]Th

MopeJib ce6ecTOMMOCTH NPOU3BOACTBA IHEPT UM

LCOE nmns ¢hOTORNIEKTPUYECKON YCTAaHOBKH OIpEAEseTcs OTHOIIEHHEM COBOKYITHON TOHO0BOM
CTOUMOCTH (DOTODJIEKTPUUECKONW yCTAHOBKM K TOJOBOM SHEPrHHU, MPOU3BEICHHOW (POTORNEKTpUUECKOH
YCTaHOBKOMH, UTO MOXET OBITh BRIpAXEHO Kak [3]:
CpyCRFpy + CpcCRFy + CinsCRFips + CpisCRE i + Coy ©

Epy

rie Cpy, Cpe, Cins ¥ Cpyjs — CTOMMOCTD (HOTODIIEKTPUYECKOM TTAHENH, CONPIKEHHOTO CHIIOBOIO

peoOpa3oBaTeis, MOHTAXKHBIX M OOIIECTPOMTENLHBIX PabOT U MPOYEro COOTBETCTBEHHO. CRFpy, CRE,,

LCOE =

CRF;,s v CRE,,;s - K03 PUIMECHTHI BO3MEIICHHUSI 3aTPaT Ha (POTOIICKTPUUYCCKYIO MTaHEe b, HHTEP(EHCHBIIH
npeoOpa3oBaTeb MOLIHOCTH, MOHTa)XXKHbIE M OOIIECTPOUTENbHBIE PabOThl, a TaKKe HPOYHE PACKOBI
COOTBETCTBEHHO. YpaBHeHue (9) mMoxHO chopmynuposarh Kak ypasuenue (10), rme Cpgne - 0OmIas
CTOUMOCTb YCTaHOBKH (HOTODJIEKTPUYECKOH yCTaHOBKH, & CRFyjqns - KOO dUIMEHT BO3MENIEHHS 3aTpaT
JUIst O0IIEH CTOMMOCTH yCTAaHOBJICHHON (POTORIEKTPUIECKOH YCTAaHOBKH.
C lantCRFplant + COM (10)
Epy

LCOE = -2
[IpunsTas o01mas CTOMMOCTh YCTAaHOBKH (DOTORIEKTPUUECKOH yCTAHOBKU MOXKET OBITh MOJIy4€Ha Ha
OCHOBE yCTaHOBJIEHHOW CTOUMOCTH 38 KBT (Cing/kw) 13 [4] ¥ MOXKET OBITH BhIpaXeHa KaK

Cplant = Cins/kWPr,pv (11)

Koaddumment Bo3menieHus 3aTpat MOXKHO PacCUUTaTh C MOMOIILI0 ypasaeHus (12) [3],
CRF = (o (12)

A+ in-1

rje i- CTaBKa JAWCKOHTHUPOBAHHsS, M- CPOK CIYXObl CHUCTEMBI. 3aTpaThl Ha OSKCILTyaTalllio |
TEXHUUYECKOE 00CTYKUBAHHE MOKHO PAacCUUTATh, UCIIOJIBb3Ys KOAPPUIIMECHT HapacTaHus B ypaBHeHuu (13)
[3]
C _ Com 1- (1 + /qvom)n] (13)

OMS ™1 — dom| @+

Mogaesab ce0ecCTOUMOCTH MPOU3BOACTBA BOA0OPOIA

Jiis comaedHo# poToranbeBaHndYeckoi BomopoaHoi cuctembl LCOH MOXHO onpeneuTs Ha OCHOBE
o0mieil TOMOBOM CTOMMOCTH DJIEKTPOJIM3E€pa, CTOMMOCTU DJEKTPOIHEPIMH, a TaKKe 3aTpar Ha
IKCIUIyaTallMI0 U TEXHUYEeCKOoe 00ciTyxuBanue 3ekrposnuzepa. LCOH paccuuteiBaeTcs kak [3,4],
LCOH = CgLCRFgy, + Cetectricity + Cus + Com kL (14)

HPV,kg

rine Cgr, Ceectricitys Cns M Com pr - KaIUTAIbHBIE 3aTPaThl HA OJIEKTPOJM3EP, CTOMMOCTD
AIEKTPOIHEPTHUHU, CTOUMOCTh XPaHEHUSI BOAOPOJA, a TAKIKE CTOMMOCTH IKCIUTyaTallud U OOCITy>KUBaHUS
DJIEKTPOJIM3Eepa M CHCTEMBl XpaHEHUsS BOJOpPOAa COOTBETCTBEHHO. CRFy; mpencrtaBiseT coOoi
KO3 UIIMEHT BO3MEIICHMS 3aTPAT 3JIEKTpon3epa, U Kod(Q(OUIIMEHT BO3MEILIEHHUS 3aTPaT ONPEILIIIETCS C
romonipio ypaBHerus (12). OHaKo CYUTAETCS, YTO CPOK CIYKOBI STEKTPOIU3EPHON CUCTEMBI COCTABIISET
20 jeT, 94TO OTJIMYAETCS OT CPOKa CIykKObl (POTOIICKTPUICCKOW CHCTEMBI, KOTOPBIA COCTABIISAET 25 JIET.
KanmraibHbIe 3aTpaThl 2JICKTPOIH3Epa ONpeaestoTes Kak [11]

CpL = PELCEL/kW (15)
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rze Pgj, - MOIHOCTS 31eKTpoiu3epa B KBT, a Cgy, /- CTOMMOCTE KBT KOHKPETHOTO 3JIEKTPOIIM3epa,
nosyaeHHass u3 [12, 13]. TpeOyemass MOIIHOCTH BJIEKTPOJM3Epa OMpereseTcsl 1Mo ypaBHeHHio (16),
MpUBEJCHHOMY B [5].
Annual energy input to the electrolyser in kWh
PEL = (16)
8760 - Ur

rae Uy - xoopuumuent ucnonbzoBanus. CTOMMOCTh JKCIUTyaTallid M OOCITY)KHBaHHUs JJIEKTPOIH3EPa
MOJXKET OBITh BRIpaXKEHA Kak [5],
Com gL = 8760 - m,,Cy,Up + 0.03Cg, CRFg, (17)
rJe 1, — TpebyeMblii pPacxo BOIBI Ha 3JIEKTPOIH3ep B M/4, Cyy - CTOMMOCTB BOJIbI B TOJUL/M>. IIpUHATHIE
3aTpaThl Ha SKCIUTyaTallMi0 U TEXHUYECKOEe 0OCITYy)KMBAaHHE CHUCTEMBI 3JICKTPOJIN3epa BOABI MOIyUSHBI U3
[4,7] u cocTaBIsAIOT 5% rOJOBBIX KaHUTANBHBIX 3aTpat Ha dneKkTponuiep. CTOMMOCTh XpaHEeHHs BOIOpOa
mpursrta 0.5 momt./kr [6,8].

Pe3yabTaThl M 06CyKIEHUE

Ha puc.1 npencraiensl pe3ynbTaTsl HOTYYCHHBIX JAaHHBIX CPEIHETOI0BBIX MOKa3aTesel COMHEYHON
pammaimy mo peruoHam PecmyOnuku VY30ekuctan mnst 2022ropa, MCHONb3yeMble B XOZIE€ PacUETHBIX

HCCIENOBAHUH.
&

(kBTY/Mm2)
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Puc.1 Cpeonezodoswvie nokazamenu corneunou paouayuu no pecuonam Pecnybnuxu Yzbexucman.

Ha puc.2 npencraBieHbl CpelHErOJOBbIE 3HAUEHUS TEMIEPATyp OKpysKawoueh cpeasl B 13
pa3IuuHBIX perroHax PecnyOnuku u pabouast TeMiieparypa OTOIICKTPHUUSCKUX MOJTYJICH.
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B Temneparypa... B PaGoyas TeMIiepaTypa MOAYJist

Puc.2 Cpeonezooosvie snavenus memnepamyp okpysicaioueli cpeovl 8 13 pasnuunvix pecuonax Pecnybnuxu u pabouas
memnepamypa gomosnekmpuueckux mooynei [7, 10].

Ha puc.3 mpezacraBnensl cpeiHee 3HAUYEHUS NMUKOBBIX CONHEYHBIX YacOB B JI€Hb B Pa3IMYHBIX
pernonax PecryOnuku u pabouast remreparypa (oTodIeKTpUIECKUX MOTYJICH.
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Puc.3 Cpednee 3naueHus NUKOBbIX COTHEYHBIX YACO8 6 0EHb 68 PA3IUUHBIX pecuoHax PecnyOiuku u pabouas memnepamypa
Gomoanexmpuueckux mooyneil.

Ha puc.4 IlpencraBnensl cpenHee 3HaueHHe TOAOBOH BbIpaboTku 3Heprun ®OC B pa3IUUHBIX
pernonax PecmyOnukn.

['onoBast BbipaboTKa 3Hepruu, BTy

3200000
3150000
3100000
3050000
3000000
2950000
2900000

& P XS S &P S & &>

&Q'Q{b vé@%sz&@é &‘b&& @&QA&\i@“&{g’ & <<ﬁ+ *&*%Q &Q’Q QS *‘:Q&

Puc.4 Cpeonee snauenue 20006oti svipabomiu suepeuu PIC 6 pazauunvix pecuonax Pecnyonux.

Ha puc.5 npeacraBneHsl rofoBo€ NPOM3BOJICTBO BOJOpoJda B 13 pasnMuHBIX peruoHax i
(hoTo3IIeKTpHUECKOM ycTaHOBKU MolHOCTHIO0 2000 kBT
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>
B [0/10Basi BRIpaGoTKa BO,ZLOpO,C[aQHM3 @ ["0/10Basi BLIPa60TKa BOAOPO/AA, KT

Puc.5 I'ooosoe npouzeo0cmeo 6000poda 6 13 pasnuynwix pecuoHax 01 (pomos1eKmpuyeckoli yCmaHo8KYu MOUWHOCHbIO
2000 kBm [7, 10, 12]..

Ha puc.6 mpencraBiieHbl MOITHOCTD JIEKTPOJIN3Epa, HEOOX0auMasi JIjIsl POM3BOJICTBA BOAOPO/A B
13 pa3nuYHBIX peruoHax.
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Puc.6 Mownocms anexmponusepa, Heobxooumas 0 npousgoo0cmad 8000pooa 8 13 paznuunsix pecuonax Pecnyonuku.
Ha puc.7 npeacrasnenst 3qadenne LCOE ot ®IC (non. CIIA/kBr.4) [11-13].
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Puc.7 LCOE om @3C (0on.CLLIIA/kBm.u).

Ha puc.8 mpencraBnensl cpeiHee 3HaA4€HHE CTOMMOCTH Bojopoaa, mpousBoanmoe ®OC st 13
pa3nuuHbIX peruoHoB Pecry6muku (mon. CIIA/kr) [14-17].
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Puc.8 Cpeonee snauenue cmoumocmu 6000pooa, npouzsooumoe @POC ons 13 paznuunvix pecuonos Pecnybauxu (0on.
CLIA/k2).

BriBoabI
Kakx moka3piBaeT aHanu3, UMEETCS OUYECHb BBICOKMM MOTEHIMAT TMPOU3BOACTBA BOAOPOAA C
ucrnonp3oBanueM ®OC BO MHOTHX peruoHax Y30ekucrtana. [Ipu 3TOM SKOHOMHYECKHE IOKa3aTelnu
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MPOM3BOZCTBa Bojmopona, T.e. 3HadeHne LCOH (npuBeneHHas CTOMMOCTH BOJAOPOJA) Ui Pas3IHUHBIX
peruoHoB PecnyOnuku ¢ y4eTOM WX HATYPHBIX YCIOBHU OLICHUBAIOTCS MOJIOKHUTEIbHBIM. OHAKO, KaK
MOKa3bIBACT CPABHUTEIBHBIN aHAINW3 C YYETOM KIHMMATHYECKUX YCIOBUH PETMOHOB, STH 3HAYCHUE
MeHsFoTCs. CunuTaeM, 4To TaKue TAaHHBIC MOTYT OBIT MOJIE3HBIMHU JUTS 3aHHTEPECOBAHHBIX OPTaHU3aIHA 1O
peaM3aiuy Pa3InYHbIX MPOCKTOB MO CO3JIaHUIO M 3aIyCKy Pa3IMYHBIX TEXHOJIOTUN 1O MPOU3BOJICTBY
BOZIOpOJA.
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HEPHUEBBIE TBEPJABIE HOCUTEJIA AJIA IIOJITYYEHUSA BOJOPO/JIA B
COJIHEUHBIX PEAKTOPAX.

K.C. AxaroB, M.A. 3ydapos *, K.Ill. Typaues

Qusuro-Texnuueckuii uncmumym Axaoemuu Hayx Pecnybnurxu Y36exucman, yn.4. Aummamosa 25, 100084
Tawxkenm, Yz6exucman, *E-mail: marsuz@mail.ru

AHHOTAIUSA

B pabome npusodsmcsa nepgvle pe3ynvmamsl paspaboOmKu MeXHOI0SUU NOJYHeHUs ONbIMHBIX
00pazyo8 NOpuUCmMou cemuamou yepuedol Kepamuk MemoooM NPpOnUmKU HOAUMEPHO20 KapKACdA.
OKrcnepumenmsl N0360IUNU  ONPEOETUMb OCHOBHLIE NAPAMEMPbl MEXHOL02UYECK020 npoyecca
U320MOBIEHUs NOPUCTNBIX KEPAMUUECKUX MAMEPUATOS.

B nacrosimiee BpeMst pa3padaThiBacTCsl albTEPHATHBHBIA YHEPTOHOCHUTEINb, TAKOH KaK BOAOPOI, AJIS
pereHusT TpoOiieM, CBS3aHHBIX C ITOCTOSHHBIM POCTOM IIEH Ha He(Th W TPOOJIEeMOH TiI00aabHOTO
MOTETIJICHHST M3-3a MapHUKOBOTO d(hdekra. Mcmonp3oBanue cucteM npeoOpa3oBaHUs COTHEYHON SHEPTUU
JUIsL TIPOU3BOJICTBA BOJIOPOJA, SIBISIETCSI MHOTOOOCHIAIOIIAM COJHEYHBIM TOIUTUBOM, pELIAeT dTH
MPOOIEMBI.

TepMoxuMUYeCKHe IUKIBI PACIISIUICHUS BOJBI B COYETAHUH C MCTOYHHKOM COJHEYHOH SHEPTHH
MIPEJICTABISIFOT COOOW ONWH W3 IyYIINX BapHaHTOB MPOW3BOJCTBA BOAOPOJA (M XpaHEHHUS COIHEYHOUH
9HEPIUM), MOCKOJIBKY ATOT CIIOCOO HE HMCIMONBb3yeT MCKOMAaeMOe TOIUIMBO. B TakMX TEPMOXUMHYECKHX
Mpolleccax 4acTh COJHEYHOW SHEPTHH COXPaHSAETCS B XMMHUYECKUX TPOMYKTaX C YYETOM TI00ANbHOMN
3(PEeKTHBHOCTH MpoIiecca.

B kauecTBe OKHCIMTEIbHO-BOCCTAHOBUTENBLHOTO MaTepuaja, Hapsiy C JPYTMMH HCIOJIb3YeTCs
okcua tepus CeO,. JlaHHBIN Marepuana MCIOJIb3YeT JBYXCTaJUNUHBIA CIOCOO TMOJYyUYEHHUS BOJOPOJA IO
CIEeNYIOLIEH cXeMe:

CeO, « CeOy_g +5/20, T> 1200 °C
CeOy_g + 8 HyO &3 CeO, + 5 Hy T ~800-1000 °C

Jis Gonpliell peaklMOHHON CIIOCOOHOCTH 3TOT TBEPIbI HOCHUTENh JOJDKEH 00JIa/laTh Pa3BHTOM
MTOBEPXHOCTHIO, YETO JOOUBAIOTCS M3TOTOBJICHUEM ITOPUCTOTO HOCUTEINS. VI3BECTHBI CIEIyIOIINe METOIbI
MOJIyYEHUS IIOPUCTOM KEPAMUKH: METO/ BEITOPAIOIIUX JI00ABOK M METO/I ITPOITUTKH ITOJIMMEPHOT0 KapKaca.
Cpenu pa3InyHbIX BHJOB MOPUCTON KEPAMHMKH CeTYaTas MOPHCTas KepaMHKa MPHUBIIECKAET 3HAUUTEIBHOE
BHUMaHUE M3-32 CBOEH YPE3BBIYafHO BHICOKOU MOPUCTOCTH, KOTOpas 0ObIYHO mpeBbimaer 90% u MoxeT
MaKCHUMaJIbHO MCIIOIh30BaTh TPEUMYIIIECTBA ITOTO KiTacca MaTepraios.[1-3]

B nanHo# paboTe NpUBOAATCS HEPBHIC PE3yJIbTAThl PA3pa00TKU TEXHOJOTHUH MOTYUYCHHUS ONBITHBIX
00pas3IoB MOPUCTOHN CETYATOI LEPHEeBON KEPAMUKH METOJOM MPONHUTKH MOJUMEPHOTO Kapkaca. 3amaueit
WCCIIeIOBaHUN OBLTO TIONYYEHHE TOPHCTOTO MaTepualia, UMEIOUIETr0 CTPYKTYPY B3aUMHOOTKPBITHIX TIOP
pa3mepom 1-3 mm (20-30 ppi).

B kavectBe kapkaca B BHJA€ LWIHHIPAa BBICOTOM © auamMeTpoM S0MM MBI HCITOJIB30BAIH
MICHOTOJIMYPETAHOBYIO MATPHILy ¢ TOpucTOoCcThio 30 ppi. s U3rOTOBICHHMS MUTHKEepa ObLUT MCIOJIb30BaH
okcu iepust Mapku TY 48-4-244-87. Pazmep 3epen 6but Meree 10 mxm. (Puc.1)

Kepamudeckuii MaTepual B BUJIE IIUTHKEPa ¢ J0OABICHUEM B KAUECTBE CBI3YIOIIETO U DJICKTPOJIUTA
- JKUJIKOTO CTEKJIa, HAHOCHIIM TPONHUTKON MeHonoanyperaHoBoi matpuisl (Puc 2.). [lns onpeneneHus
ONTHUMAJIBHOI'O KOJIMYECTBAa HAHOCUMOM CYCIIEH3UH, MPOM3BOIMIN KaK OAHOKPATHYIO, TaK U JBYKPATHYIO
MPOIUTKY KapKaca

OO0pasibl BRICYIIMBAIM HAa BO3IyXEe JIO IMOCTOSHHOTO Beca, a 3aTeM OO0 urain My(eiabHBIX WU B
CWINTOBBIX Tevax. [logbeM TemMmepaTypsl B Mpolecce O0KHTra OCYIIECTBISUIN cO ckopocThio 100-150
rpajg/4yac, ¢ BBLICPKKOW IPH TeMIepaType BbIropaHus IeHomojguyperana okoyio 500°C. OOpasiibl
BeiZiepkuBa 0,5 daca mpm MakcuMmanbHOM Temmeparype 1450 °C. Ycamka cocraBmsia 6-10 % B
3aBUCHMOCTH OT cocTaBa. [lonydeHHbIe 00pa3Iibl IPeICTaBICHBI HA PUC 3.

B Ttabnuiie npeacTaBiieHbl COCTaBbl M XapaKTEPUCTUKH OOpa3lOB B 3aBUCHMOCTH OT YCIIOBHIA
HaHECCHMSI KEPaMHUYECKOI0 MaTepuala.
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Tabuauna CocTaB H cBOHCTBA 00pa3110B IOPUCTOIl KepaMHUKH, 10Jy4eHHol nponuTkoii ITITY kapkaca.

Cocras Bec %

Marepuan 1 5 3 2
1 | Kepamuueckast Mmacca,% 100 100 100 100
2 | Bona,% (cBepx 100) 65 65 65 65
3 | Kuzakoe crekio,% - - 20 20
4 | Koxi-Bo norpyxeHui 1 2 1 2
4 | Omxum + + + +
CsaoiicTBa
6 | Vcanka, % 6 7 9 | 10
7 | Pa3mep sueek, MM 1,2-1,5 1,5-1,8 0,6-1,0
OTKpBITEIE OTKpBITHIE
Onucanue 00pasIoB TIOPHI, opsI, OoJiee JlocTaTouro mioTHsie,
CKBO3HBIX [TOP MEHBIIIE
XPYIIKUE TUIOTHBIC

798um W
‘b -
7.39pm

P & a

Cpeonutl pazmep 3epeH UCX00H020

CeO2

Puc 1.

Ilenononuypemanosas mampuya c

nopucmocmoio 30 ppi

Puc 2.

Topucmas xepamuka, noay4yeHHas.
MemoOOM RPONUMKU NOUMEPHO2O
Kapkaca.

Puc 3.

IIpoBeneHHBIE UCCIIEAOBAHUS I1O3BOJWIM OIPEAEIUTh OCHOBHBIE IApaMETPhl TEXHOJIOIMYECKOrO
IpoLecca M3rOTOBIEHUS TOPHCTBIX KepaMHuecKHX MarepuanoB. Kak nokasamm mpeaBapUTEIbHBIE
9KCIEPUMEHTHI, JANbHEHIIE WCCISIOBaHNs JOJDKHBI OBITh HANpaBJIeHbl HA YNPOYHEHHE MOTYYEHHBIX
MaTepHaloB, CHIDKEHHS TEMIIepaTyphl CIIEKaHUs, a TAK)KE H3YUCHUS UX TEIUIO(PH3MIECKUX XapaKTePUCTHK.
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PROTECTION OF PHOTOELECTRIC SYSTEMS FROM LIGHTNING
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Abstract

In the article, the phenomenon of lightning, which is observed in nature, can affect photovoltaic
panels and their installations, including inverter electronics. Therefore, it is necessary to assess the risk
associated with lightning strikes in order to take proper protective measures for the system. The article
evaluates the overvoltage caused by lightning and finds solutions based on international standard guidelines
for lightning protection measures.

Key words: Photovoltaic, photovoltaic systems, frequency inverter, lightning protection,
lightning protection system, lightning electro-magnetic pulse, low voltage.

Introduction

Nowadays photovoltaics is becoming more widespread due to the reduction in installation costs of
photovoltaic (PV) systems and the incentives offered in many countries. Not only private households
installing PV systems on their roofs, but private companies, educational institutions, business organizations
or farms are also increasingly investing in PV systems to develop unused land. The judicious use of
photoelectric batteries (PEB) will give the intended effect when the system is sufficiently focused on
dustiness, extremely hot temperatures, and external protection. Factors such as hailstorms, strong winds,
and lightning from changing natural phenomena seriously affect the stable operation of the photoelectric
stations (PES). Because PEBs cover a large surface area, they are at increased risk of being struck by
lightning during thunderstorms [1].

A lightning or lightning protection system consists of external and internal lightning protection
measures. It protects people from injury, damage to structures, and electrical equipment from overvoltage.

The installation of photoelectric (PE) modules does not itself increase the risk of lightning strikes to
buildings, but in the event of a lightning strike, there may be increased damage to the building's electrical
installations. This is based on the fact that due to the wiring of FE systems inside the building (in existing
inverters and cable systems), high voltage lightning currents can result in strong conduction voltages and
high radiation luminances of lightning. The purpose of the installer is to protect the building and FE systems
from damage caused by lightning. Namely, due to a direct lightning strike, electrical and electronic systems
(inverters, remote monitoring systems, the main line of the photoelectric system) must be protected against
the effects of lightning electromagnetic impulses (LEMI). Lightning and surge protection of photoelectric
devices (PEDs) is actually an understudied topic. The problem of protecting PEDs has been studied from
the point of view of preventing direct lightning strikes by constructing conventional external lightning
protection systems [2,3].

However, the problem is more complex; in fact. If a lightning strike occurs in the vicinity of an FE
system, the devices may be damaged and fail due to voltage surges and excessive current flows. Previous
studies have shown that overvoltages can reach significant values [4] and therefore it is essential to install
surge protectors on both sides of power electronic devices (such as charge controllers and inverters) [5].

Materials and methodology

This article describes the lightning protection system of a 3200W photoelectric plant (FES) installed
on a farm in the Tomdi district, Navoi region and the passport parameters of the solar panel used in FES are
listed in Table 1.
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Table 1. Geometric size and physical parameters of photoelectric battery PARAMETERS

GEOMETRIC DIMENSIONS SIZE
THE SURFACE OF FEB, Spv 1,018m?
THE FRAME WIDTH OF FEB, D 3,5sm
PHYSICAL AND TECHNICAL CHARACTERISTICS
MAXIMUM POWER OF FEB, Puax 200W
THE EFFICIENCY FACTOR OF FEB, H 19,5%
OPEN CIRCUIT VOLTAGE OF FEB, Uoc 45,48V
SHORT CIRCUIT CURRENT OF FEB, Isc 7,89A
FEB FILL FACTOR OF THE VOLT-AMPERE 074
CHARACTERISTIC, FF ’

Tomdi district is one of the districts of Navoi region. It was established on July 3, 1927. It borders
Konimekh and Nurota districts in the south, Kyzylorda in Kazakhstan in the north, South Kazakhstan
regions in the east, the Jizzakh region in the southeast, and the Uchkuduk district in the west. The center of
the district is the village of Tomdibulok. The territory of the district is located in the Kyzylkum desert, the
geographical coordinates are latitude 42° 13' 30" North, longitude 65° 14' 5" East, and the height of the land
above sea level is 220 m.

Figure 1. Geographical map of the area

The total area of Tomdi district is 4248.5 thousand km?, of which 30.3 thousand km? are pastures
(71%) and 12.2 thousand km? (29%) are non-agricultural lands. There are no irrigated lands. The climate is
strictly continental. The average temperature in January is -4.1°, and the lowest temperature is -31°. The
average temperature in July is +30°, the highest temperature is +48°. The average annual precipitation is
108 mm. There are no rivers or lakes. The soils are red, sandy soils.

The photoelectric plant installed in this area was fixed to the structure fixed to the ground, and before
the installation work, information related to the area was collected and analyzed through the
https://globalsolaratlas.info website.

According to it, the azimuth angle for the solar panels was 180 ° clockwise from the north, and the
optimal value of the installation angle of the solar panels with respect to the ground was 36°. It was
determined that the total annual energy produced by PES is 5,140 MW¢h and the annual total solar radiation
is 2,002.2 KW/m?.
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Figure 2. Solar Atlas data of the region

Annual solar radiation values for the area are given below; direct normal radiation - 1772.2kWh/m?,
total horizontal radiation - 1708kWh/m?, diffuse horizontal radiation - 654.6kWh/m?, total radiation falling
at an optimal angle — 2010.4 kWh/m? was found to be. Figure 4 shows the graphs of solar radiation and
power that FES can produce per month and hours.

Average hourly profiles
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Figure 3. Power and Solar radiation data of the installed station

Results and discussion

The farm is located in a desert area 352 km from the center of the district. This cattle breeding farm
mainly uses FES to water its animal husbandry twice a day. For watering works, water is filled 3 times a
day from a 65 m deep well into a cistern with a capacity of 8m? [8]. This year, some changes were made to
the installation work of FES, which was installed on the farm last year. Accumulators of autonomous FES
cannot justify themselves due to the sharp increase in climate in desert zones for the summer season.
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Therefore, the battery system was changed to a system that works only during the day with the help of a
frequency inverter, which is shown in Figure 1.

.
R —

Figure 4. Drawing of a photoelectric plant for pumping water from a well through a
frequency inverter installed on a farm Conditional symbols: 1- Mono silicon photoelectric
battery, 2- lightning protection for electronic equipment (KYV-PS,1000DC/32A), 3- constant
current connector, 4- frequency inverter (USFULL, 2,2kWt), 5- alternating current connector,
6- well pump (ZEN, 750 Wt),

7- protection of photoelectric station through the ground

The changes made to the mounting work are as follows: for the external lightning protection system
of the FES in the border area, vertical metal poles with an interval of 4 m each were installed on the ground
at a distance of 1.5 m from the system. These poles protect photovoltaic cells on the surface, photovoltaic
cell profiles, and structural parts from lightning strikes. Kayal KYV-PS (1000DC/32A) brand and IEC (EN)
60269-6 series European standard lightning protection device was used to protect the electronic components
before the constant current from the panels enters the inverter.

Figure 5. Overview of lightning-protected FES and electronic devices

It is known that during the FEB operation, the surface is polluted due to dust in the air, and the dust
settles on the surface in certain microns. Due to the variability of the weather, especially during the rainy
season, the sky is covered with clouds and it rains, which washes away the dust on the surface of the FEBs
and cleans the panels. Naturally, in this case, the electrical efficiency of photoelectric batteries increases,
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and in addition, the value of the induced voltage associated with the magnetic fields of lightning flashes
increases, and voltage loads are observed in electronic devices. This situation causes several problems in
the operation mode of electronic devices and equipment. Our experience shows that it is necessary to
complete the stage of lightning protection before the full operation of any FES installed on the premises. In
addition, it is important that the panel frames of FEBs are painted in black to protect against lightning [6,
7].

This work of photoelectric module protection systems was performed with the intention of
contributing to providing experimental data for improved cases and this work is part of ongoing research.

Conclusions

During the works carried out in the area, the necessary installation works for optimal operation of the
autonomous photoelectric plant for raising water from a well with a depth of 65 m were performed. The
problems of providing the farm with electricity and water necessary for the whole year and especially for
the summer season in livestock farms during the extreme months, which are the most unfavorable in terms
of climate, were studied and solved. In addition, special attention was paid to the protection of the
photoelectric station from adverse weather conditions. To protect against unexpected overloads, PES and
consumer devices were protected according to world standards. The head of the farm acknowledged that the
system was justified after a quarter of the work process of the station.
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AHHOTAUA

PaccMoTpeHsl M M3y4eHBl KOHCTPYKIWH TEIIONPHEMHBIX MAHENEH SABIAIOMUXCS OCHOBHBIMH
abcopOUPYIOMIMMH 3JI€eMEHTaMH COTHEUHBIX KOJIEKTOPOB, @ TAKXKE HOBbIE KOHCTPYKLUH TEILIONPHUEMHBIX
MaHEJIeH COJTHEYHBIX KOJUIEKTOPOB C L€ OPraHU3allii IPOU3BOJACTBA HA OCHOBE MECTHOTO CBHIPBSI.

KiroueBble cjioBa: TEIUIONpHEMHAsl NAaHENb; TEIUIOHOCHUTEINb; I'eTHOKOJUIEKTOpP; JIUCTOTPYOHBIN;
THIIPaBIMYECKU BUTOHN KaHAT; pu(iIcHas IOBEPXHOCTb.

Beenenue

OnHOM U3 MEPCIEKTUBHBIX chep MPAKTUIECCKOT0 MPUMEHEHUS COTHEYHON SHEPTHU, KOTOpask HIMEET
HanOOJBIIYIO CTENEHb TEXHOJIOTHUECKONW TOTOBHOCTH B HAIlle cTpaHe, KaKk U BO BCEM MHUpE, SIBJISIETCS ee
npeoOpa3oBaHKe C TMOMOIIBIO TUIOCKMX COJIHEYHBIX KOJUICKTOPOB B HHU3KONOTEHIMAIBHOE TEIUIO H
WCTIOJIb30BaHKE MOCTICTHETO B KAYECTBE HCTOYHHKA TEIUIA B CHCTEMaxX ropsiuero BOJAOCHA0KEHUS JKUNbIX,
KOMMYHAITbHO-OBITOBBIX M COIMATBHBIX OOBEKTOB, SIBJSIFOIIUXCS OCHOBHBIMH TOTPEOMTENISIMHU Teria
TaKoro ke TeMIepaTypHOro norexuana [1].

OCHOBHBIM 3JIEMEHTOM IUIOCKHX COJTHEYHBIX KOJJICKTOPOB, B KOTOPOM MPOUCXOUT MOTJIONICHUE U
peoOpa3oBaHKie YHEPTUU COTHEYHOTO M3IYUYCHHUS B TEIJIO W Tepeiava MociIeJHero K HarpeBaeMoit cpefe
SBIISIETCSL JTy4eTorIoIIaromas TernooOMeHHass naHenb. CylecTBYIOIIME B MHPOBOM IPOH3BOJICTBE
TUIOCKUE COJTHEUHBIE KOJUIEKTOPa B OCHOBHOM OTJIMYAIOTCS MO KOHCTPYKIIUH, TEXHOJIOTHU W MaTepuaity
M3rOTOBJICHUSA. B CBSI3M ¢ 3THM, aHAIW3 OCHOBHBIX KOHCTPYKTHBHBIX PEIICHHH IMJIOCKOTO COTHEYHOTO
KOJIJIGKTOpa CBOJUTCS K aHAINM3y KOHCTPYKTHBHBIX PEIICHHH WX JIyderorJIomaronel TermiooOMeHHOM’
nanenu [2 - 4].

OCHOBHBIM ~ TEIUIOTCXHUYECKUM MapaMeTpOM IUIOCKOTO COJHEYHOrO BOJOHArPEBATEIHHOIO
KOJIJICKTOPA, TOKA3bIBAIONIMM CTEIEeHb DHEPreTHYECKOrO COBEPIICHCTBA, W BIMSIONINE HA TEIJIOBYIO
3¢ (HEeKTUBHOCTD ABISCTCS KOA(PGUIMEHT TEIIOBOH 3()()EKTUBHOCTH TEIUIONPUEMHON MAaHEIH IJIOCKOTrO
COJIHEYHOTO KOJUICKTOpa, XapakTepusyromnias d3((EeKTUBHOCTh TMEpPeHOca Teria OT JJIEMEHTOB
paccMaTpuBacMOl TETIOOOMEHHOH MaHEeH K TeIIOHOCUTEINIO, UPKYJIUPYIOIIEMY B €€ TETIOOTBOISAIINX
kaHanax [4-5].

OcHoBHAaf YacTh

Pa3paborana nucToTpyOHas TEIUIONPUEMHAs MMaHeNb reiarokouiektopa (puc.l) [6], cocrosimas u3
BUTOM TPYyOKH JJIsS TETJIOHOCHTENSI U COSIMHEHHBIX C HEl MPOJOIBHO C JBYX CTOPOH TEIUIONPUEMHBIX
JIUCTOB, TAC BHYTpeHHHH HOBerHOCTB pr6KI/I BBITIOJTHCHA BHTOI71, HpI/I 3TOM TeHHOHpI/IeMHBIe JINCTHI
BBITIOJTHEHBI C PU(ICHON MOBEPXHOCTHIO U CEIEKTUBHBIM MOKPBITUEM U3 OKCHA aTFOMUHUS, HAHOCHMOTO
METOJIOM 3JICKTPOXUMHUYECKOT0 aHONWpOBaHUs. J[aHHAsS KOHCTPYKIHS Na&T BO3MOXKHOCTh MaKCUMAJIBHO
MOBBICUTh A((PEKTUBHOCTD TEIIOCheMa C IUIOCKOW IOBEPXHOCTU IMAHEIHM TEIMOKOJJICKTOpa 3a CYeT
YBEJIMYEHHUS] MECTHBIX NIPUCTEHOYHBIX CKOPOCTEH M 0OIIEeil MepecTpOrKH TeUeHHS JKUIKOCTH, a TaKKE B
MIOTIEPEYHOM CEUYCHUU B TPYOKE MPOUCXOAT IEPETEKAHSI )KUIKOCTH OT Iepu(epuu K IIEHTPY B pe3yiibTaTe
JNEHCTBHS IPaJUCHTa JaBJICHUS, TEM CaMbIM PAaBHOMEPHO PACIPECS/IIeTCsl TEIIO0OMEH Ha BCEX CIOSX U
30HaX OKUJAKOCTH, TIJie OOCECHeUMBAcTCS MaKCHUMalibHBIH © 3((EKTUBHBIM TeriocheM. [lmockas
TEIUIONPHUEMHAsT TIAHEeNb C BHUTHIM TEIIOOTBOJSAIIMM KaHAJIOM B Tpe/yiaraéMoil KOHCTPYKIIMH, MUMEET
CIIEIYIOIINE TPEUMYIIECTBA: MPOCTOTY KOHCTPYKIIUH, BBICOKYIO J(PQPEKTUBHOCTh TEILIOChEMa,
OTHOCHTEIHHO HU3KYIO CE0ECTOMMOCTD, HEMETA/NIOEMKasl PH U3TOTOBJICHHH.
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Puc. 1 — Ilnockaa mennonpuemnas nauens 2eaUOKOIIEKMOPA ¢ UMbIM MeNnI00ME00AUUM KAHALOM (a), 00wl U0
menaonpuemHou nauenu (0).

[Inockass TtemjompueMHas MaHENb TEeIHOKOJUIEKTOPa C BHUTHIM TEIUIOOTBOJIALINM KaHAJIOM
BBIMOJIHEHA U3 JINCTOBOTO alOMHHUEBOTO CIUIaBa M BUTOW TPYOKM W3 MEIH, JIATYHH HJIM Hep)KaBeIoIIeH
CTaJln, U3TOTOBIIEHHAS IPUCOEeINHEHNEM TPYOKH U3 MENIH, JTaTyHH WIIN HEP>KaBEIOIIeH cTalu K puQICHOMY
JUCTY W3 aJIOMHHHEBOTO CIIaBa CBAPOYHBIM IIBOM WJIM TAiKoW, rae: | — puduieHas TersonpreMHas
MaHesb C CENIEKTUBHBIM MOKPBITHEM; 2 — BUTas TpyOKa; 3 — pudieHast moBepXHOCTh maHenu [6].

Cxapocms imval

Traskmeou nomoxs |

Puc.2. I[lokazana ckopocnms NOMOKa HCUOKOCU U Puc.3. ITokazana ckopocms ROMOKA HCUOKOCMU U
eé IuHeliHoe gpawamenbHoe 08UICEHUE Yepe3 GUMOLL eé epawjamenvHoe 08udiCeHe Yepe3 GUMOLL
Menioomeoosuull KaHaJ. Menioomeoosuull KaHaJ.

B nporpamme Solidworks paccMoTpersl mpoTekaH#ie TEIIOHOCHTENS Yepe3 TPYOKY TeIIonpUeMHOI
MaHeIH C BUTHIM TEIUIOOTBOASAIINM KaHaioMm (puc.2,3).
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Abstract

The study in this article focuses on measures to improve the efficiency of photovoltaic batteries by
reducing their exposure to external influences. As an active method for efficient cooling of a photovoltaic
battery, a new constructive photo-thermal battery was proposed by attaching a cellular polycarbonate
thermal collector to the back surface of a photovoltaic battery based on crystalline silicon. In particular,
these experimental tests were performed in the coldest month of the year, in the winter chill (when the
daytime air temperature was around 5-8 ‘C). The purpose of the experiment conducted these days is to
identify the potential of newly constructed photovoltaic battery. It has been shown that the power increases
by 27% from a normal photovoltaic battery when solar reflectors (lateral light-reflecting planes, light-
reflecting coefficient 0.5) are installed on the photovoltaic battery surface. The device parameters prepared
considering the extreme conditions, high temperature, degree of contamination and the intensity of solar
radiation falling on the photovoltaic battery surface were studied in comparison with the parameters obtained
under standard test conditions. It has been shown that photovoltaic battery-based photo heating devices can
provide guaranteed electricity and hot water at high temperatures in rural areas. This allows it to be used for
domestic and economic needs of the population in extreme climatic conditions in rural areas.

Key words: photovoltaic battery, photo thermal battery, cellular polycarbonate, short circuit current.

Introduction

It is known that the semiconductor solar cells that make up crystalline silicon-based photovoltaic
batteries (PVBs) can increase electricity efficiency by lowering the temperature. The aim of the study was
to develop such an experimental device and simultaneously examine the advantages of PVB made on the
basis of heat collectors from PVB of traditional design and to determine the possibility of their effective use
in the winter months [1-3].

In countries with hot climates, including Uzbekistan, there are specific factors that make the use of
off-grid photovoltaic devices different from those in other countries. One of these factors in our country is
the change in the angle of incidence of the Sun on the Earth's surface relative to the intersection of the
seasons. Decreased operating efficiency of photovoltaic batteries, especially in winter, when solar radiation
falls at a very small angle to the Earth's surface. In summer, as a result of exposure to high temperatures,
there is a decrease in the electrical energy efficiency of PVB, and a decrease in efficiency due to the presence
of high levels of dust particles in the atmospheric air [4-6]. Various aerosol dust particles in the air cover
the surface of the PVB, forming a layer that reflects solar radiation. In this case, too, PVBs are one of the
main factors reducing photovoltaic thermal battery (PVTB). Ambient temperature and dust effects
simultaneously affect the period from April to October. During this time of year, there has been a sharp
decline in the efficiency of PVVBs due to more arid climates in the southern regions, including recent dusty
atmospheric processes [7].

In these rural areas, there is no possibility to use PVBs other than water cooling and the efficiency is
very low. The use of natural convective cooling by air is inefficient because the wind speed changes rapidly
and the blowing time is not guaranteed. Creating wind artificially requires additional energy [8].

Materials and methods

The cross section of the PVTB, developed on the basis of scientific research, is shown in Figure 1
[9]. In our devices, the dimensions of the channels are 8x10 mm? and the walls separating them are 1 mm.
The channels of cellular polycarbonate are placed parallel to the position of the PVB.
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Figure 1. Cross section of PVTB. 1-protective glass, 2-solar panels, 3-EVA layer, 4-cellular polycarbonate,
5-insulation layer, 6-heat-insulating (foam) layer, 7-back cover, 8-connection point of elements, 9-contact box,
10-taps for cold water, 11-taps for hot water, 12-reflectors

In the cellular polycarbonate ducts installed on the back surface of the PVB, which occupy the entire
surface, water moves and absorbs heat. The heat collector is wrapped in a 3mm thick insulating layer to
prevent the heat from spreading to the collector structural elements [10]. The cellular polycarbonate,
insulation and foam plastic layer, together with the back cover, reduce heat loss several times. Some
shortcomings in the previous design of the heat collector have been eliminated. In particular, the part
connecting the polycarbonate channels of the water inlet with the pipes has been compacted and water
spillage has been eliminated. A 25 mm diameter polymer pipe was used for the cold-water inlet and hot
water outlet ducts, located on the outside of the PVB. On fig. 2 presents the results of experimental tests of
the developed photo-thermal battery and traditional photovoltaic batteries in the Heli polygon of the Physics-
technical Institute, Tashkent city.

Results and its discussion

Figure 2 shows a newly designed photo-heating device used to measure and test parameters under
natural conditions in Tashkent. A special control unit with all electronic control and monitoring units, energy
storage system and installation parameter measuring devices has been developed for ease of experimentation
in rural areas and operation in natural conditions. In order to increase the efficiency of the device, the
photovoltaic cell is mounted on a base structure with the ability to change the position on a specially
designed two-direction coordinate. The purpose of testing the device in Tashkent, especially in the open air
in January of winter, is to assess its potential when the temperature is relatively low and the duration is short.
We have already mentioned that this device works in photoelectric battery mode when the weather is cloudy
or rainy. Experimental test results were conducted from 8:30 AM to 16:00 PM in the morning. For two days,
the measurement results from a photo-thermal battery, a reflective photo-thermal battery, and a conventional
photoelectric battery were compared [11].
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Figure 2. Open circuit voltage varies with time

Figure 2 below shows a graph of open circuit voltage as a function of time. As shown in the figure,
the traditional open circuit voltage curves of the PVB and PVTB change only after 10:00 AM depending on
the intensity of the incident solar radiation. Figure 3 shows that the differences between the traditional PVB
and PVTB voltage variation over time up to 10:00 AM are mainly related to PVTB there is no convective
heat exchange with the environment because the back and side surfaces of the photo heat sink are covered
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with protective materials, so heat does not dissipate and collects on its back surface. Since the back surface
of a normal PVB is open, the ambient temperature varies from +1 “C to +8 "C during the day and the wind
speed varies from 3 to 7 m/s, its back surface does not heat up as a result of low temperature effects due to
convective heat exchange with atmospheric air. In the photo heat exchanger, on the other hand, in the 1st
interval, the PVTB operates in the photoelectric battery mode and there is no convective heat exchange due
to the fact that it is surrounded by layers protected from convective heat exchange. In interval 2, an increase
in the intensity of solar radiation incident on the surface of the photoelectric battery with the spread of the
side reflector wings leads to additional heating of the rear surface. As a result, the open-circuit voltage
continues to decrease, and during the transfer of water from the heat sink in interval 3, an increase in the
open-circuit voltage is observed as the rear surface of the photocell cools, and the voltage value is higher
than the voltage in the PVB passport. That is, this method can make the open-circuit voltage of the PVB
more than the passport one.

In the process from 10:45 PM minutes, the dependence of the open circuit voltage on time in both
photovoltaic and photovoltaic batteries is associated with an increase in atmospheric temperature and a
change in the intensity of solar radiation for various reasons (see Fig. 3). From Figure 3, the time dependence
of the conventional photoelectric battery salt walking voltage varies mainly with changes in solar radiation
intensity and atmospheric ambient temperature, and the PVTB voltage differs by more than 2V from the
PVB voltage during the measurement period until 16 PM after water is opened in its collector.
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Figure 3. The time dependence of the solar radiation flux density and the temperature
of the water leaving the collector

Figure 3 shows a graph of the time dependence of the intensity of solar radiation flow and the
temperature of the water leaving the collector. The high value of the time dependence of the intensity of
solar radiation flux corresponds to the period of the day from 12:20 to 12:50 PM, the period when the sun
passes around the point of zenith point [12]. The achievement of the maximum value of water temperature
depends on the process of heat exchange in solid and liquid bodies according to the laws of thermodynamics,
which corresponds to the time of 13:30+14:10 PM days. In winter, it is only effective to use PVTBs with a
cooling system on a clear sunny day. In the first day of research, the temperature rose to 40 °C dues to the
fact that the water flow rate from the collector was 20 I/h. On the second day, a reflector was installed and
the water flow rate was doubled (40 I/h) and the water temperature was lowered to 36°. It was found that up
to 36° gallons of hot water could be obtained from a reflective PVTB on a sunny day despite the low
temperature (temperature equal to 5 ‘C) [13]. The issue of conducting detailed scientific research on the
possibility of long-term receipt (during the day), storage and use of hot water from the heat collector with
almost no change is now relevant.

Figure 4 shows the time dependence of the short-circuit currents of photoelectric and photoelectric
batteries. Under AM-1.5 conditions, the PVVB power (passport data is mainly 1000 W/m? and 25 °C) is 340W
and consists of 72 solar cells connected in series.
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Figure 4 Time dependence of short-circuit currents of photoelectric and photoelectric batteries

From the picture you can see that the short-circuit current of the reflector PVTB is high. In particular,
from the comparison of Figures 3 and 4, when the intensity of solar radiation is 1000 W / m? (Fig. 3 at 10:45
AM), the short-circuit current is 9 A (Fig. 4 at 10:45 AM). This is an indicator in the PVB certification
passport. That is, the result of the use of light-reflecting planes (reflectors) on the sides of the PVB is an
increase in the power generated. The main function of the reflector is to increase the flux density of solar
radiation (especially in winter). The cost of manufacturing a reflector is 15-18% of the cost of a photoelectric
battery. However, the use of a reflector in combination with PVB can increase the power by up to 50% when
a heat collector is installed [14].

Conclusion

The proposed combined installation on the basis of an upgraded support structure and a photo of a
new thermal battery with a heat collector made of cellular polycarbonate with side reflecting planes makes
it possible to significantly increase the production of electric energy up to 1.5 times compared to a traditional
PVB design, and provide year-round hot water to isolated rural households when used for household and
household needs. With the efficient use of this heat, the newly designed PVTB -based photovoltaic devices
have the opportunity to receive both hot water and electricity for domestic needs of the rural population.
Based on the scientific and practical results obtained in January of the winter season, it can be concluded
that with the help of devices based on photovoltaic batteries, it is possible to provide the rural population
with electricity and hot water all year round.
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V3BEKUCTOH UKJ/IMMH LIAPOUTHUTIA YUFYHJAIITAH KYEIII UICUTHII
TU3NMJIAPUJAH ®POUITATAHUITHUHI' A®3AJVIMKJIAPU BA KAMYNJIUKJIIAPA
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V36eKuCTOR MKIMMH IIAPOMTHAA TMACT XapopaTid yiiryHnamras(maccus, ¢paonm) Kyém ucurum
TUzuMIIapuaan Qoiinananu® OMHONAPHM JOHMXaNall, KypHUIll Ba SKCIUTyaTallus KWJIUII SHT 3aMOHaBUH Ba
camapaiy UCUTHIN yCyJUIapuIaH Oupu 6yimo, Kemakakia HIMAN TaAKAKOTIMIAP YIyH KYTI1a0 HXTHpPOIap
Ba WJIMHI UIIUTAHMAJIAPHU aManETTa )KOPHA KWINII UMKOHUSTIapUHA 04ub Oepaau.

Jyuéna ucutuin Makcaaiapuaa Kyém snepruscunat ¢poiiaiaHull COXacuaard WIMHN TaIKUKOTIap
acocad (aon TH3UMIapAaH GapK KuryBud naccuB Ky€m MCHTHIN TU3MMIIApUHU MIUTA0 YUKHUIL Ba TAJKUK
KWK, OWpUHYM HaBOATIA, YJIAPHHHT COJJIAIMTH Ba ap30HIUrd cababmu onubd Oopwramau [1,2,3,].
MyTagun UKIUMIN MUHTakanapjaa naccuB Ky€m ucuTum TH3MMIIapu opacujia 3HI KEHI TapKaliraHh
XKaHyOul JesBopmard EpyFiMK TUPKHLUIAPUM OpKald HMcUTHiIaaurad xonamapra Ky€m Hypmapu
SHEPIUsACUHUHI OEBOCHTAa OKHMMHUIA acoClaHraH MHCOSIUMOH TH3uMiapaup. Ky€m Hypaapu
SHEPTUSACHHUHT HMHCOJSIIMOH TH3UMIIAPHIA WCCHKIMK SHEPTUsCUra aiIaHWIIN KU3WTaH OWHOJapra
KUpTaHIaH KeHrH conup OYiraHu y4yH YJIapHHHT UCCHKJIMK caMapaJopiiurd aHbaHaBUH (ao Ba MaccuB
Kyém nentnm Tusumnapura aucbatan cesninapmu (1.5-2 mapTta) rokopu 0ynanu [4].

Ky€u sHeprusiciH1 UCCHUKJIMK DHEPTHsICUTa alIaHTHPHIN YUYH “UCcCUKXOHA A deKTH” xoaucacuia
MIIUTaTaJaJural muia €KW IUIACTUK fo3ayap OWiaH KOIUIAHTaH TelMOKaOYJNKWITHY Kyiutanwnamd [1].
bupok, daxarruHa ¢aon €ku maccuMB TypAaru TH3UMIapAaH ¢oNAalaHuIIl Xap IOUM XaM TaBCHS
stunMaian. VcCHKINK HYKOTWIMIMTAHA Ba OMHOHUHT SHEPTETHK dXTUEKIIAPUHN KaMaUTHPHUII MaKcaanua
naccuB Ba (aosi TU3UMIIAPHUHT SHT Qoiinanu camapanop cudariapiHu XpcoOra ONyBYM yHFYHIIAIITaH
TU3UMJIapAaH GoNiaaTaHnII MaKcara MyBOQUKIUD.

[lanen-HypnyM HMCHUTHIN TU3UMIIApUAa OJaTAd, aHbaHABUN paluaTopiId TH3UMIApAaH (apKiIu
paBumiga 35-40°C xapopaTiu HCCUKIMK TallyBuuiaH (oWIanaHuiIamm. VWIHWHT KAIIKH MaBCyMHUJa
cyBHH 35-40°C xapopatraya UCUTHII YIyH SICCH KY€l KOJUIEKTOPHUHHUHT UCCUKITUK CaMapaJopiIuTr CyBHH
70-80°C xapopaTrauya KM3IUpWIraHgarura HucOaTaH Aespiiu UKk 6apobap rokopu 6ynaau [S]. Kypunu6
Typubauky, Ky€m wucuTHIn TH3MMIapula MaHeN-Hypid TH3UMJIApAaH QoHAalaHull siccH KyEem
KOJUIEKTOpY HapXWHU Ce3uJiapiu Japaxana KamaWtupumn MyMmkuH. [lanen-mypnu Kyém wucurwm
TU3UMJIApUa MCUTHII MaBCyMuIa OuHOiapHM ucuTHiiza Ky€mr HyplaHMIIMHM eTapid MUKIOpAa
TYIUTAlI MYMKHH, Y CE3WJIApIIH Japa)ka/la HCCUKIMK TU3UMUHHUHI CakIall XapaXaTJIapuHU KaMauTupuI
MMKOHHHH Oepain.

BuHO-MHIIOOTIapHYN UCHUTHIN Ba UCCUK CyB OMJIaH TabMUHJIAII MacajalapuHu, GoiganaHunaiurad
ac000-yCKyHaIapHUHT Y3UTa XOC XyCyCHATIApUHU, UKJIUM LIaPOMTHHHU Ba OOolLIKa OMP KaTOp OMUIIApHU
Xap TOMOHJIaMa XaJI KWIWIITa WHTWINANI YIApHUHT TH3UMJIAPUHH KOMOWHAIMSIIAITAH eYrM/Ia eqrIira
0110 Kesau.

Kyéw sHeprusicunan ¢poiaasanui xucooura Kypuiiagurad OMHOJApHUHT MEbMOPYMINTY OUHOHHHT
TapKUOU 3NeMeHTIapu Oyiinua eunmiapura Kuputuwirad Ky€m MyXaHIUCIUK FOSUTADUHUHT MOXUSITHHU
ndoaanaiay Ba imryHra MyBouK OMHOIa aMmalira OLIUPUIIaIural GyHKIIMOHAN )KapaéH acocHIa Typap-Kou
Ba KAaMoAT GMHONAPHHHUHT (ha30BHH Ty3WIHIIHHE OeIrHIaiian. Y3ura xocnukmap Kyém MyXaHIHCIHK
WHILOOTJIAPWHUHT JKOIMIAIyBH Ba AW3aiiHUTa Kypa OenrmiaHany. Hatwkana epHUHT TaOumii pecypciapura
HUCOATaH IMCUXOJIOTHK Ba MXKTUMOUN MyHOCA0AT Y3rapyIly, YIIapHA HCTEbMOJI KVIIUIT Ba TAOUUI MyXUTHH
Myxodaza KWINITHIHT OKMJIOHA HYITH BYXKyIra Kejau.

Wnmuii Ba amanuii ypranumap HaTHKacKAa KyHuIaru XyJjaocanapra KeJIuHIu

1) Vitrynmamran Ky€m ucutnm tisumiapu “daon Ba maccuB” Ky€mr MCHTHIN TH3UMIIApUHUHT
IOTYKJIAPUHHY Y311 dKamilaraH My»accamiIalliraH HCUTHII TU3UMIIapu 0y, ymdy TepMUH Ba TU3UMHHUHT
WAl NPUHUMOMHK OupuHum OYynu® mnpodeccop P.P.ABe3oB TOMOHMAaH Takiaud KHWIMHTaH.
Vitrynnamras Kyém ucutum tusumaapy Y36ekucton PecryGmkaci HOpMaTHB XyKYKHil Xy#oKaT/Iapura
MOC KeJIMIIN OuilaH Oupraiuk/ia, “daoj Ba maccus” KyeEr HCHTHII TU3UMIIAPHHHHT I0TYKJIaApUHH KYJlIaral
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X012 Xap OMp OOBEKT YUYH ajJoXHa MyKaMMall HCUTHIIT TU3UMIIAPUHY JIOHMXAJIAII, KypHII Ba HILIATHII
MMKOHUSTIAPUHU 04U0 Oepasy.

1-xanBanna [Mact xapopatnu Kyémr ucutum TH3umMiapy KiaccuuKanusiapy Ba yIapHUHT MyXUM
KUXATJIAPUHU COUIITHPWITaH [7].1-kagBai.

IMact xapopatyu Kyém HCCMKJIMK TAbMHHOTH TH3MMJIAPH TacHUQJIapu

Tusumiapaa
MMacrt CKMIFUHHI TH3MMHMHT
TH3MMHHMHT TH3UMHMHT TH3MMHMHT
XapopaTJan TexKaII xaBQININK
- OTYKJIapH KaMYHJIMKJIApH agaIuKIapu
Kyém UTT k03¢ du- TOMOHJIapH
HHEeHTH
1. Taknu 1. Optukua
.. ¢ PTHK TuzuMHUHT
STHNAETTaH HCCUKJINKHH YKaMIIaIl .
HIUTAI MyJIaTH Tuznm Kymmmya
TH3UM/IaH Ba MaKCaJIH
o - OWMHO MHIIOOT HCCUKJIUK MaHOan
Hacm (oitnananum HYHATTHPHUIIT N
o . N SIPOKJIFITHK (my6aép) cuz OymyTIH
Xapopamanu o Oyiinua T0MnXaBuil | UMKOHUSTH Xap JOUM
.. 35-45% MYyIaTH OHIaH COBYK KyHJIapJa
naccus Kyéw eduMIIap MaBXKy. XaM MaBKy[l SMac. -
o 6up xun 6yIm6 WCCHUKIIMKHA
uir 2. buno Ba uxmoot | 2. Jloiuxanamrupu
opTHKYa capg- TapMUHIA0 Oepuin
KypWIHIINATA KaTTa JaBpuaa
Xapaxariiap HMMKOHHSATH TTacT
capd-xapaxar PpeKaTaITHPHIIAIIN o
" capdranmanun
capbanmaniau niapT
1. Kyéur cyB ucutum Tuzumuu
KOJUICKTOpJIapH, SKCILTyaTaIHs
HCCUKJIUKHU CaKJIaIl KWIUITHAHT
Kyémmii-€xmmrmmm | 6ak akKyMyJsITOpH Ba SHIHJUTHK
UTTnapunu 6orka ac600- KUXatiaapu (HMira
JOMHXAJIAIITHPHUII CKyHaJap Karra TYLIMPHUILI
XATAIITHD YRy p K& . TYIUHDHIL, Tu3uM uIIam gaBpu
TU3UMJA EKAITFUHU MaOar Ba MaiiioH Yuupwui, co3nar), N .
MobaitHuIa TouMuit
TeXall Tanab KuiIamay. 3axupa
Hacm M HA30paTHU Tayiad
ko3 PueHTH 2. ®akar Kyémr TU3UMHUHUHT
Xxapopamau o KWJIaIi Ba MakOyI1
20-35% OIIMPHINTA OJTHO SHEPTHUACH aCOCHIATH MaBXXy JUTATH,
Daon . UIIUTAII PeXXUMIIApH
. KeJIaJii Ba 'y KCHT WUTT myxanauciuk WWAJTHUHT COBYK o
Kyéw UTT HKJIUM KYCaTTHwIapu
TapKalraH TH3UM €UNMIIAPH eTapIn MaBCyMHUa
. o Gamropatiapura
6ynu6, nolinxanani, | SMac, YyHKH HCHUTHII 00BeKTIap yuyH P
KyPHII, HIIATHIIT MaBCyMu/ia Ky&rr HCHUTHIII
Oyiinua Ky UMK | MHCOJISILUSICH eTapii KypcaTruuiapu
TaXXpruda MaBxXyI. IMac Ba Xap JI0OUM HYpJIH-TIAaHEIUTH
XaM UKTHCOIHIH HCHTHIII
KUXATIaH tuzumiapura (30-
OKJIaMaii Iy 35°C) moc
Hcutuim maBcymuaa .
3aMoHaBUt
kadonatiaaHran
TeXHHKa-
HCCUKITK
TeXHOJIOTHSIApAaH
SHeprusicu 6unax N
(dhoiimananunTran Nrnum
TapMUHIA0 Oepaan .
XO0JI1a YHH aBTOHOM KypcaTrudaiapu
1y OunaH oupra
Xamja 3axupa Garropatiapu acocuaa
Ilacm peciryOrKa HKINM Tuzumra .
tu3umura sra UTT | noiuxanamrupunanu
Xapopamnu MIAPOUTHAA caphraanaguran .
4 o cudaTnaa noinxa- Ba MaJaKaiu
VUYHIAW2an 60-80% ABTOHOM HCHTHIII ooranruy capgh-
" JAIITHPHIT UMKOHI MYTaXacCHCCH3
Kyew UTT TU3UMHHHU ApaTUILI XapakaT FOKOPHWIUTH N
MaBXYy/J, Ba TH3HUMIa ¥3rapTHPHII
UMKOHUSTH
TH3UMHH KHPUTHII
MaBXKy[. DHeprus
ABTOMATIIAIITHPHIIT MYIIKYJUTUTH
TEKaMKOPJIUK Ba
N Ba OOIIKApHII
HUKTHCOINI
HUMKOHUATIIApU
caMapaJiOpJIurH
MaBXyJ
I0KOpH

2) Virynnamrad Ky€m ucuTum TabMUHOTH THU3UMIIApH 3HT MakOyn Kyém ncutnm Tusuminapu
0yu0, OuTTa 00BEKTHA XaM (PaoII, XaM MacCUB TU3MMJIAPHUHT OUPTAIMK/IAard Ba alIOXUAa-aJI0X ¥ 1a HIILTAIT
MNPUHIUIIUTA aCOCIAHAIN.

3) Taxawuiap HATIKACH IIyHH KyPCATAWKH, Y30€KHCTOH HWKIAMH IIAPOMTHAA MAakKOyI
Kypcatkuunapra sra yiryHnamrad Ky€m HCUTHII THU3UMIIAPUHU KYJUlalll MCCHUKJIMK TabMHHOTH

tusumMiIapuaa 60-85% rava EKMIFHHU TeXall IMKOHUHU Oepanu [7].

185



Meoicoynapoonas xongepenyus « Dynoamenmanvhvle u NPUKIAOHbIE NPOOIEMbl COBPEMEHHOU PU3UKU
19-21 oxmsbps 2023 2.

Vitryanamran Ky€m HCCHKIMK TabMHHOTH TH3WMJIApM TEPMHUHM Ba WIUIAIl [PUHLUUILIAPU
npodeccop P.P. ABe30B TOMOHM/IaH MIINIA0 YNKHIIM Ba Y30eKHCTOH MHTeIIeKTyan MyJIK areHTIMIHIaH
¢doiimamm Momen ydyH mMaTeHT onuHAM Xamaa OupmHun Mapra OOO “Tammiextpomam” 3aBOIuAA
aMaauéTra Kopui KuImuaau[6].
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MAIMWHHOE OBYYEHME B COJIHEYHbBIX TEIIVIOBBIX U QHEPI'ETHUYECKHUX
CUCTEMAX: OB30P U IIEPCIIEKTUBbI PA3BUTUA
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Qusuro — mexnuveckul uncmumym Axademuu nayk Pecnybauku Vsbexucman,
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AHHOTAIUA

Conneunasn sHepeemuka senaemcs OblcMpo pa3eUEAlOWelicss ompacivio, KOmopas umeem pso
npeuMywecme no CpAaGHeHulo ¢ Opy2uMu UCMOYHUKAMU SHepeuu. Mawunnoe obOyuenue A61aemcs
nepcneKmueHol 001ACMbI0, KOMOPAs MOdACEm OblMb UCNOAb3068AHA O NOGbLUUEHUA dPhexmusHocmu u
HAOEXHCHOCMU CONIHEYHbIX cucmeM. B smoti cmamve npedcmasinen 0630p npumereHuss MauuHHo20 00yyeHUs
6 CONHEUHbIX MEenjogblX U JHepeemuyeckux cucmemax. Paccmampueaiomes pasiuunvle obracmu
NPUMEHEHUs.  MAUWUHHO20 —O0YHeHUs, GKIIOYAs NPOSHOZUPOBAHUE  BbIPADOMKU — INEKMPOIHEPIUU,
onmumusayuio pabomel cucmem u OUACHOCMUKY HEUCNPAGHOCmel. A8mop cmamvy NPUxXoosam K bl600Y,
4mo MawuHHoe o0yuenue umeem OOILULON NOMEHYUAT OISl NOBbIUUEHUS IPDEKMUBHOCU U HAOEHCHOCTU
conneunvix cucmem. Ilo mepe pazeumusi MmexHONO2UU MAUWUHHO20 OOYYEHUs, UX pPONb 6 COJIHEeUHOIl
9Hepeemuke Oyoem MmOoNbKO 603pacmamyv. Oma aHHOmMayusi OOCMAMOYHO Kpamkas, u4mobwl O0amb
yumamenio obujee npedcmasienue O cmamve, HO NPU IMOM COOEPUCUM OOCMAMOUHO UHGOpMayuUU,
ymoOvlL 3auHmMepecosams Yumamens u nooyoums e20 npoyuUmams HOJIHYIO CIMAMBIO.

Kirouesblie cinosa: ConHeuHasi SHEpreTHKa, MallnHHOE 00yueHHe, IPOrHO3UPOBAHNE BBIPAOOTKU
SHEPIUH, ONITUMH3ALNS paOOTHI CUCTEM, TMArHOCTHKA HEUCIIPaBHOCTEH, 3P PEeKTUBHOCTD, HA/IC)KHOCTb.

1. Beenenue

0030p co/IHEeYHOIi IHEPTeTHKHU U €€ MPEeUMYIIeCTB

ConHeyHast 3HEpreTuka — 3TO OTPaACib DHEPreTUKH, OCHOBAHHAs HAa WCIOJIB30BAaHUH COJHEUHOM
sHepruu. OHa SBIAETCSI BO30OHOBISIEMBIM HCTOYHHKOM JHEPTHH, KOTOPBIA HE MPOW3BOIUT BBIOPOCOB
MAPHUKOBBIX ra30B. CoHEYHAast SHEPI U MOKET HCIIOIb30BATHCS IS BBIPAOOTKH 3JIEKTPOIHEPT UM, HarpeBa
BOJIBI, OXJaXAEHHUs Bo3ayxa u npyrux ueieit [1]. ConHeuHas sHepreTuka UMeEET psf NPEHMYILECTB I10
CPaBHEHHIO C IPYTUMH UCTOYHUKAMH SHEPTUH [2]:

* Bo3oOHOBNIsSIeMBbIii UCTOYHUK SHeprud. CosiHedHasr HHEprusi SABJSETCS BO300HOBISIEMBIM
HNCTOYHUKOM PHEPrHH, YTO O3HAYAET, YTO OHAa HE McUeplaeMa U MOXKET UCIOJIb30BaThCs Ha MPOTSHKEHUH
TBICSTYEIIETHH.

* He mpou3BouT BEIOPOCOB MAapHUKOBBIX Ta30B. ColTHEYHAst SHEPreTHKa He MMPOU3BOIUT BEIOPOCOB
MAPHUKOBBIX Ta30B, YTO CIIOCOOCTBYET CHIKCHHUIO 3arps3HEHUSI OKpyXamouel cpeasl U Oopbbe ¢
W3MEHEHUEM KJIMMAaTa.

* Okonornyecky 4yucThiil. CofHEYHas JHEpPreTHKa He MPOMU3BOIUT OTXOJOB WIIM 3arps3HSAIONINX
BEIIIECTB, YTO JIEJIACT €€ FIKOJOTHUECKH YUCTHIM HICTOYHUKOM SHEPIHU.

* He Tpebyer TormBa. CoHeuHas 3HEPrust ABJsieTcsl OECIIaTHBIM U HEUCUEPIIAEMbIM HCTOYHUKOM
9HEPTHUH, YTO JIENIAET €€ SKOHOMHYECKH dPPEKTUBHBIM HCTOYHHKOM SHEPTHU.

* [Ipoct B skcruryatanuu. CoJIHEYHBIE CHCTEMBI OTHOCHTEIBHO MPOCTHI B JKCIUTyaTalldd M HE
TpeOYIOT CIIELHaIbHOT0 00CITy>KUBaHHS.

Pa3BuTHe cOTHEYHOI JHEPreTUKH

B nocnenane ronpr HabIOga€TCA 3HAYUTENBHBIN POCT MCIIOIB30BAHMS COTHEYHOM YHEPTeTHKH TaK B
Mupe 1 B Y30ekucrane. Wood Mackenzie npemoctasisieT KOHCEpBaTHUBHBINH POTHO3 Pa3BUTHS COTHEYHOM
sHepreTHkH 10 2032 rona. Komnanus 0XxuIaeT, 4TO MUPOBOU peIHOK BhIpacTeT Ha 1% B 2024 rony, 5% B
2025 romy u camsutcs Ha 1% B 2026 roxy. B nenom Ha nepron 2022-2032 rr. mporHO3UpYyeTCs CpeaHui
poct B 5%, HO 3TO C y4eToM 3HauuTesbHOro pocta B 2022 roxy. Jpyrue aBTOphl MPOTHO3UPYIOT Oosiee
BbICOKME TeMIlsl pocta. Hanpumep, SolarPower Europe oxunaer exeronnsiii npupoct B 617 I'Bt B 2027
rofy, B To Bpems kak Wood Mackenzie nmporaosupyet oxoino 300 I'Br. InfoLink Consulting nporaosupyer,
YTO TOZ0BOM 00HEM BBOJIOB COTHEUHBIX MOITHOCTEH MoxkeT noctrdb 1000 I'Bt B 2030 roxy, mo cpaBHEHHUIO
¢ npumepHo 320 I'Bt y Wood Mackenzie. [3]

DTOMY POCTY CITOCOOCTBOBAIM HECKOJBKO (DaKTOPOB, BKITIOUAS:

* CHIDKEHHE CTOMMOCTH COJHEUHBIX cucTeM. CTOMMOCTBH COJIHEYHBIX CHCTEM 3HAYMTEILHO
CHHU3UJIACH 3a IMOCJICIHUEC I'OAbl, YTO CACTIAIO UX Ooiee AOCTYIIHBIMU JJI HIUPOKOT'0O Kpyra HOTpe6HT€J'I€I>i.

* TloBEIIICHHUE 3(1)(1)CKTI/IBHOCTI/I COJIHCYHBIX CHUCTEM. 3(1)(1)€KTI/IBHOCTB COJIHCYHBIX CUCTEM ITIOCTOSHHO
PacCTET, YTO MMO3BOJIACT IMOJIYy4YaTh (7e)1311 (S QJICKTPOOHEPTHUHU U3 COJTHEYHOT'O CBETA.
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* YBeJMYeHNE MPABUTEILCTBCHHBIX CYOCHIUI W MporpaMM MOJIEpKKH. MHOTHE MPaBUTEILCTBA
BKJIQ/IBIBAIOT CPEJCTBa B Pa3BUTHE COJHEYHON J>HEPreTUKU, MPEAOCTABISIE CYOCHANN U APYTHE MeEphI
TToAepKKH [4].

Kpamxoe onucanue mamunnozo ooyuenus

Kak pabotaer ML, MammnHoe o0yyeHHe — 3TO 00JIACTh MCKYCCTBEHHOTO MHTEIJICKTa, KOTOpast
MO3BOJISIET KOMITbIOTepaM oOyuaTbcss 0e3 SBHOTO MNpPOrpaMMHUpOBaHusl. B  MammHHOM 00y4eHUH
WCTIONB3YIOTCS Pa3NIMYHbIE THITBI MOJIENICH, KOTOPbIE PAa3UYAIOTCS MO CBOCH CTPYKTYpEe W ajJropUTMam
o0OyueHus .

CyiecTByeT 4eTblpe OCHOBHBIX THIIa MOJEJIC MAaIIMHHOTO 00yUeHHSI:

» KonTponmupyemoe oOydeHHe WCHOIb3YeTCsl JUIs OOYyYeHUs MOJCNH Ha Ha0ope [IaHHBIX,
coJiep>KaliieM mapbl 0ObEKTOB M X METOK. MoJienb o0ydaeTcs MpecKa3biBaTh METKY 00bEKTa Ha OCHOBE
€ro XapaKTepUCTUK.

» HexonTponmpyemoe oOydeHHE HWCIIONb3yeTcsl aisi OOydeHHs: Mojend Ha Habope IaHHBIX,
coJiepKalieM TOJbKO OOBEeKThI. Mojens 00y4aeTcsi HaXOJWTh 3aKOHOMEPHOCTH B JIAHHBIX, TaKUE Kak
KJIacTepbl WK pacrpeeneHiue 00beKTOB.

* [TonykoHTponupyeMoe OOy4YeHHE HCIIONB3yeTCsl Uil OOy4eHHUs MoJeld Ha Habope NaHHBIX,
coJiepyKallieM HEKOTOpble 00BEKTH ¢ MeTKaMu. Mojenb o0ydvaeTcs MmpecKka3blBaTh METKY OObEKTa Ha
OCHOBE €T0 XapaKTePUCTHUK, UCTIONB3Ysl HHOOPMAIIHIO O METKaxX PYTUX 0O0BbEKTOB.

* OOyueHHE C TMOJAKPEIUICHHEM HCIONb3yeTcs sl oOydueHus Mojaeinu Ha Habope IaHHBIX,
coJiep>KallieM Harpajbl U HaKa3aHWs 3a pa3iIuuyHble JeicTBUsA. Monens 00yJyaeTcsl MPUHUMATh PEIICHUs,
KOTOPbIC MAaKCUMHU3HPYIOT €€ OXKHIACMYIO HArpay.

AJ'II‘OpI/ITMI)I MalllUHHOI'O O6y‘ICHI/Iﬂ MO’KHO MCIIOJIB30BAaTh AJId Pa3/IMYHbIX uenef/'l, BKJIIO4as:

*» Kitaccudukanuio 00beKTOB, HAIIPUMED, OINpPEJeNIeHHE TOTO, SIBISIETCS JIM M300paKeHHE KOIIKOM
nim cobaKoit.

* [Tonck 3aKOHOMEPHOCTEH, HApUMep, OMpeJesIeHHe TOro, Kakue (HakToOpbl CBS3aHBI C BHICOKHM
PHUCKOM pa3BUTHS 3a00JICBAHUS.

* [IporHo3upoBaHue pe3yJbTaTOB, HANpPUMEp, MpPEACKa3aHWe BEPOSTHOCTH TOTO, YTO KIIACHT
COBEPIIHUT MOKYTIKY.

* [IpunaaTHe 000CHOBaHHBIX PEUICHUI, HATTPUMED, BEIOOP ONTUMAIILHOM CTpaTerii HHBECTHPOBAHUS
[5].

Inputdata — Developmodel — Trainmodel — Testand analyze —— | Model goes live
L J

Puc. 1. Cxema pabomosr ML [5]

AJTrOpUTMBl MAalIMHHOTO OOYYEHHUS MOXXKHO HMCIOJB30BaTh 10 OAHOMY WJIM KOMOMHUPOBATH IS
JOCTYDKEHHSI MAKCHMAJIBHO BO3MOYKHOM TOYHOCTH TIPU paboTe co CI0KHBIMU U OoJiee HelpeIcKa3yeMbIMH
JaHHBIMU.

2. Ilpumenenne ML B cneKTpe COTHEYHBIX, TEMJIOBBIX H JHEPreTHYECKHUX CHCTEM.

MamuHHoe oO0y4yeHHe WMeEeT IIMPOKWH CHEeKTp NPUMEHEHWH B COJHEYHBIX, TEIUIOBBIX U
OHEPTETUYCCKUX CUCTEMAX. HCKOTOI.‘)BIe n3 HaI/I6OHee pacnpoCTpaHCHHBIX HpI/IMeHeHI/Iﬁ BKJIFOYAIOT:

[Iporno3upoBanue BeIpaOOTKU 3JEKTpOdHEPruu: ML MOXHO HMCHONB30BaTh AJIS1 IPOTHO3UPOBAHUS
BBIPAOOTKH 3JIEKTPOIHEPTUM COJIHEYHBIMH W TEMJIOBBIMH CHUCTEMaMHM HA OCHOBE [aHHBIX O IOTOJE,
COJIHEYHOM W3IIYYCHHHM W JAPYTHX (aKTopax. IDTO MOXKET IIOMOYBL OIepaTopaM CHCTEM OO0ECICUUTh
Ha/IGKHOE U CTAOMIIbHOE YHEPTOCHAOKEHHE.

Ontummsanus padoTsl cucteM: ML MOXHO MCHOJB30BaTh I ONTUMU3ALUN PaOOTHl COTHEYHBIX,
TEIUIOBBIX M JHEPTeTHYECKHUX CHCTEM IIyTEM HACTPOHKH MmapamMeTpoB pabOTBl CHCTEM ISl JOCTHIKCHHS
MakCUMabHOU 3¢ dekTruBHOCTH. Hampumep, ML MOXKHO HCIIOIB30BaTh M1l ONTHMHU3AINH TTapaMeTPOB
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paboThI CONTHEYHBIX OaTaped IS TOCTIKEHHUS MaKCUMalbHOW BHIPAOOTKH AIIEKTPOIHEPTHH B yCIOBHSIX
HU3MEHSIOIIUXCS TIOTOJTHBIX YCIIOBUH.

AxartoB cBoux pabotax [1] ¢ ero rpymmoii mpoBeIN HCCIEIOBAHUE PA3IUYHBIX MATEPHAIIOB IS
WCTIONB30BaHMS B KadecTBe M00aBOK K HAHOXKHUAKOCTAM. llenmpro mccnemoBanms OBLIO pa3paboTaTh
N00aBKy, KOTOpas MOBBICUT BSI3KOCTh HAHOXKUJIKOCTEH O ONTUMANBHOTO ypoBHs. Mcmons3oBanue ML
3IIeCh CHITPall KIYEBOW pOJbh BhIOOpa MaTepuayia Juis J100aBOK JUIsl KCIIOJIb30BaHUS B KadeCTBE
TerioHocutenst. ONTUMHU3AINS YIIPaBIeHHWE COMHEYHBIMH TEIUIOBBIMH CHCTEMaMH. JTa HWH(OpMaIus
MOXKET OBITh HCIIONb30BaHA JUISI MaKCUMHU3AIllUU IMPOU3BOJUTEIBLHOCTH CHCTEM M MUHUMH3AIUMH WX
SKCILTyaTaIl[MOHHBIX PAaCXO0B.

Hcnonp3zoBanne ML u Data Science (DS) B cuctemax COJTHEYHOH TEIUIOBOH SHEPTHH MOXKET
MTOBBICUTH 3(PPEKTUBHOCTh, HAEKHOCTh M YCTOMYHMBOCTHh 3TuX cucteM. Hampumep, ML u DS moxuO
HCIIONB30BaThCA ISl [6] MPOTHO3UPOBATH MPOU3BOIUTEIBHOCTh COJHEUHBIX TEIUIOBBIX CHUCTEM IIPH
Pa3IMYHBIX TOTOAHBIX YCIOBHAX [7]. DS MoxeT ObITh HCIONB30BaHA TSI ONTHMU3ANNN KOHCTPYKIINH U
paboTBl cHCTEM, a TaKkKe Ui OOECIeYeHHs TOrOo, YTOOBI OHM COOTBETCTBOBAIM CBOWM IIEJIEBBIM
MoKa3aTeisiM MPOM3BOAUTENbHOCTH. C 3THM MPEUMYIIECTBA MOKHO OOHApY>KUTHh HEHCIIPABHOCTEH B
COJTHEYHBIX TEIUIOBBIX CUCTEMax. TakoW IMOAXO0Jl K PEHICHUI0 MPo0IeM O0ecCIeYrBaeT MPea0TBPAIICHHS
cboeB u obecnedeHus: OezomacHOil W dddexTuBHON paboThl cucreM, XamuMmoB [8] B cBomx paborax
rcrnons3oBan oudnmorexy AixLab.

Hwuxe IMPUBEACHBI HECKOJIbKO KOHKPETHBIX IMTPUMCEPOB UCIIOJIb30BaHUSA ML B COJIHCYHBIX, TCIIJIOBBIX
U SHEPreTUYECKUX CUCTEMAX:

Kommanus Google wucnompzyer ML 11 mporHO3WpOBaHUS BBIPAOOTKH  DIIEKTPOIHEPTHH
COJJHEYHBIMH TAHENSIMH Ha CBOUX 0OBekTax. JTo momoraeT (Google onTUMH3MPOBATH HMCIOJIH30BAHUC
COOCTBEHHOU COJIHEUHOM SHEPTUU U COKPAIlATh 3aTPaThl HA JIEKTPOIHEPTHUIO.

ITo maraemM CNBC [9]:

Google miaHupyeT mpojaBaTh OCTYN K HOBBIM IporpamMmHbIM HHTepdeiicam (API), koTopble
MPEIOCTABIIAIOT HHOOPMALIUIO O COTHEUHOW 3HEPTruu U KauecTBe Bo3ayxa. API ucmonb3yrores st oOMeHa
JAHHBIMHU MEKIY MPUIOKEHUSIMU.

Onnum u3 AP, xotopsrit Google BeiBeZieT Ha pbIHOK, OyzaeT Solar APL. Otot API Gyner nocrynen
YCTaHOBIIMKAM COJTHEUHBIX OaTapei v MPOeKTHBIM OF0OpO B 00JIACTH COJIHEUHOU SHepreTHKH. Google Takxke
paccMaTpuBaeT BO3MOXXHOCTb COTPYIHHUYECTBA C KOMIAHUSIMU W3 JAPYTHX OTpaciei, TaKUMH Kak
HEJBM)XUMOCTh, TOCTUHHYHBIN OM3HEC U KOMMYHAJIBHBIE YCITYTH.

Solar API Gyner mpenocTaBisiTh AOCTYN K JaHHBIM, MOJIYYEHHBIM B paMKax MHJIOTHOTO MPOEKTa
Project Sunroof. DTOT NpPOEKT MO3BOJIAET PACCUYMTATH SKOHOMHUIO 3a CYET MCIIOJIb30BAHUS COJIHEYHOU
SHEPTUH U MOIITHOCTH COJTHEUHBIX OaTapei s 1oMa 10 KOHKPETHOMY afpecy.
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MEBA-CAB3ABOTJIAP YUYH KYEIII KYPUTTUUYHAJIA XABO KOHBEKIIUSCUHA
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Annomauusn

Vuby uwoa Yzbexucmon uxamum wapoumuoda Kyéui mMea-cab3agom KypumeuduHume mepmai
napamempnapunu CFD maxmuiu 6axonanaou. Comsol Multiphysics oacmypuoa 3D moodenu uwinad
yukunean. Xaeo OKUMUHUHE Ye2apasull Wapmiapu Kupyeuu Xaso xappamu 6a Kyéu paouayuscu xucobea
ONIUH2AH.

Kaunt cy3iaap: Ky€m sHeprusicu, KOHBEKCUACH, UCCUKIUK OKUM, Ky€m Kyputruud, CFD taxnunu.

Kupu

Ky@ur sHeprusc 6yTyH LyHEHUHT SHEPrHs X THEKIapUHN Kormpa onanu [1]. V36ekucTon Kyémmmm
MamiakaT OynamO, Xap KyHM Yypraua § coar KyE€HIIM OCMOH MaBxXyl. KWIIUIOK Xy»Kaluk MeBa-
ca03aBOTIApUHU SKCIIOPT KUIHUIIAA EKH YIIapHU CaKiIal TYpHII yUyH OHp Heua TeXHOIOTusiap MaBxkyn [1].
MeBanapan KUMEBHUN TapKUOW, THHU TapKUOWIAru IIaKap MHUKIOPH XaMAa BUTAMHHTa OOWIHTH OwIIaH
IIUMOJIMHA PETHOHIIApAAard MeBaIapaH aH4da IKOpH Typaau [2]. Xy MeBajJapHH y30K BaKT Cakjalira Ba
0OIlIKa Y30K JKOWJapra >KyHaTHINTa XaM UMKOH OynaBepmaiinu. MIMKoH OynraH TakaupAa Xam Maxcyc
oMmOopapaa MeBanap Kynu OumnaH 5 €k 6 oif cakiam MyMkuH [2]. Kynrura kuauk gepmep xyxankiap
MeBa-cab3aBOTJIApHHU €KM OOILKA SKMHJIAPHM CaKJIAIIHUHT aHbaHABUH yCyJIapura TasHaauiap.

Maxamuii hepMepap oJiaTaa FOKOPU TEXHOJOTHSIINA CaKJIall YCYJUTApUHU COTHO OJIoJIMaiIuiap,
LIYHUHT YUyH yJIap Xaji XaM TYFpUAaH-TYFPH OYMK XaBoJa Ky€m Hypura tasHaawiap. Kyémna Kypurum
(epMepiap y4yH SHT ap30H cakiall ycynd Oyicaza, ynap MUKpoOjap, xamopariap Ba KyLulap KaOu
KU Myammouapra Jiyd Kenuimaand. by myammonap xarro O0yTyH ayHéna mapxy [3-5]. LlyHuHr yuyH
CFD TaxnunnHu YTKa3uIra Kapop KHWINHAN MeBa-ca03aBoTNIap yuyH KyEI KypUTTHY/a TaX 1Ml KUITHHTaH
Ba yHH dMIepuK Tap3naa ypranran adabiyotlar ham mavjud [3].

2. CFD-mopennamrupuin

3D wmopemnamtupum COMSOL Multiphysics 5.6 nmactypuaa amanra omupwigd. MeBa Ba
ca03aBoTNap yuyH Ky€ml KypuTruauHUHT 3D mMozaenu niuiad yukwirad 6yiaud, yHuHT ymuammapu h=1 m,
li=0,8 M, 1= 0,4 M Oy1IraH KUYUK XQKMIIH MEBa-ca03aBOT KypHUTIHYHi. XaBO OKMMHUHU MOIEIUIAIITHPHIIT
yu4yH TypOyneHT okum wuHTepdeiicu (k — ¢) unuiatunrad. TypOynent okuMm (k — &) wuHTepdeiicn
PefiHonacHuHT 10KOpHW pakamiiapuaa oup dazanu oOKUMIApHH MOJEIUTAIITUPULIT YUYH HIIUIATHIIAIH.

WIUIATWIAIIA MYMKHAH. YIIOy MOJEN CTallMOHAp XOJIATHM KypuO 4YMKaau Ba 11y Ouiian Oupra,
“CyroxmuKiap/ia HCCUKIAK y3aTuil” wHTepdericn XxaM unuiatwirad. CyroKITUKIapaa UCCUKIUK Y3aTHII
uHTEepdeiicn YTKa3yBYaHIMK, KOHBEKIIUS Ba HYPIJAHUII OPKAIM MCCUKJIMK Y3aTUINHH MOJEIUTAIITAPHIIL
yuyH uuuatuiaagd. CyloK MyxuTiapia aHWKJIaHTaH XapopaT TEHIJIaMacd MCCHUKJIMK MaHOalapu KaOu
KYIIMMYa XUCCANApPHHU ¥3 NYHUTa OJIMIIN MyMKHH OYraH KOHBEKUUA-TU(Py31s TEHIIaMacura Moc Kelaiu.
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By epna 613 KupwHIn xoiugaru xaBo Te3muru u=lm/c Ba Kyém Hypnarumu 1=700Bt1/M? 6ynran
XOJNaTHU KypuO ymkamu3. Kupuin XaBOCHHUHT XapopaTH aTpo-MyXHT XapopaTH Owjan Oup xui aed

— ; ; x107
Slice: Velocity magnitude (m/s) @ Contour: Pressure (Pa)
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1-pacm. Mesa-cabsasom Kypumeus usuoa xaso oKum 2-pacm. Mesa-cabzasom Kypumeuy uuudazu Xaeo oKumu
mesnueu bocumu Kypcamunzau

xucoOnanaau, spHu To=298K. 1-pacmaa xaBo oxumu te3nuruHuHr 0,2m/c man 1,6 m/c rada y3rapumu
Kypcatuiarad. XaBo OKMMH O0CUMH 2-pacMJia KeJITHPHIraH Xucoo-kurobuap Owial kypcaruiarad. by epna
6ocum 0,134 Ila man 2,065 [la y3rapud Typanu.

Surface: Temperature (K) @ M

Isosurface: Temperature (K) @ [ 650.2
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3-pacm. Mesa-cabsasomaap yuyn Kypumeuy uauoazu xaeo 4-pacm. Mesa-cabzasmaapKypumeutHune u4UOa2y Xaso
XapopamuHune y3eapuiiu . Xapopamu y32apuuiuHun2 U30mepmanapi.

3-4 pacmiiapa XapOpaTHHHT Y3rapuiiy KypcaTwirad. By HaTWka rOKOpHIArd uerapa Iapriapu
Y4yH amall Kunaau. 5-6-pacmiiapaa xuco0s1ai xaTojiap KypcaThiraH.
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OnuHTraH HaTWXKanapra acoClIaHHO KHYMK XaKMIIM MeBa-ca03aBOT KypUTTHY CTaI[OHAp XOoJaTia
HypiaaHum paauanuscu 1=700B1/m? Gynranma KypHITHMYHHMHT OyTyH XaXMH Oyilnad XaBo

Te3nuruHuHT Y3rapumm 0,2 M/c man 1,6 m/c Teanukraua y3rapanu. by skapaéunu 1-pacMaa KypummMu3
MyMKuH., Muupa xaBo xapopatu ypraua 400 K arpodupma OVmagu. XapopaTHUHT FOKOPWIJIMIH
KypuUTHIaéTraH MeBa-ca03aBOT TapKUOWOaru CyB OYFMHH TE3pOK akpamummra onud kemamaun. Mesa-
ca03aBOT KypHUTHIII )kapaéHHIa Xapopar sHa MacaluIl YXTUMOJIU FOKOPH.
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Abstract

The major demand of energy in today’s world is fulfilled by the fossil fuels which are not renewable
in nature and can no longer be used once exhausted. In the beginning of the 21st century, the limitation of
the fossil fuels, continually growing energy demand, and growing impact of greenhouse gas emissions on
the environment were identified as the major challenges with current energy infrastructure all over the
world. The energy obtained from fossil fuel is cheap due to its established infrastructure; however, these
possess serious issues, as mentioned above, and cause bad environmental impact. Therefore, renewable
energy resources are looked to as contenders, which may fulfil most energy requirements. Among them,
hydrogen is considered as the most environmentally friendly fuel.

Key words: Types of hydrogen storage

Hydrogen is clean, sustainable fuel and it has promise as a future energy carrier. It also has the ability
to substitute the present energy infrastructure, which is based on fossil fuel. This is seen and projected as a
solution for the above-mentioned problems including rise in global temperature and environmental
degradation. Environmental and economic aspects are the important factors to be considered to establish
hydrogen infrastructure. [1]

Hydrogen is abundant, being the most common element in the universe. The sun consumes 600
million tons of it each second. Nevertheless, unlike oil, large reservoirs of hydrogen are not to be found on
earth. The hydrogen atoms are bound together in molecules with other elements, and it takes energy to
extract the hydrogen so it

can be used for combustion

or fuel cells. Hydrogen is not
a primary energy source, but
it can be viewed as a means
of exchange for getting
energy to where it is needed,
much  like  electricity.
Hydrogen is a sustainable,
non-polluting  source of
power that could be used in
mobile and  stationary
applications. As an energy
carrier, it could increase our
energy diversity and security
by reducing our dependence
on hydrocarbon-based fuels.
Although hydrogen is the
simplest element and most
plentiful gas in the universe,

Key Benefits of Hydrogen:

e Hydrogen can be produced from diverse domestic resources for
use in multiple sectors, or for export.

e Hydrogen has the highest energy content by weight of all known
fuels—3X higher than gasoline—and is a critical feedstock for
the entire chemicals industry, including for liquid fuels.

eHydrogen, along with fuel cells or combustion-based
technologies, can enable zero or near-zero emissions in
transportation, stationary or remote power, and portable power
applications.

e Hydrogen can be used for gigawatt-hours of energy storage and
as a “responsive load” on the grid to enable grid stability,
increasing the utilization of power generators, including nuclear,
coal, natural gas, and renewables.

¢ Hydrogen can be used in a variety of domestic industries, such as

it never occurs by itself but is always combined with other elements such as oxygen and carbon. However,
once it has been separated, hydrogen is an extremely clean energy carrier. Hydrogen can be extracted from
fossil fuels and biomass, from water, or from a mix of both. [Error! Reference source not found.].

Hydrogen Storage

Hydrogen has the potential to play a significant role in the future of energy storage. While
comprehensive statistical data specific to the future is limited, there are some current trends and scenarios
that support the potential of hydrogen as an energy storage solution. Here are some examples:

Compressed hydrogen gas storage: Compressed hydrogen gas storage is one of the most common
hydrogen storage methods, where hydrogen is stored in high-pressure tanks. The key advantage of this
method is its simplicity and reliability, as it does not require any complex or specialized equipment.
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However, compressed hydrogen gas storage has a low energy density, which makes it unsuitable for long-
range transportation or large-scale energy storage applications. Additionally, the high-pressure tanks
required for this method can be heavy and expensive, making it less practical for some applications.

Liquid hydrogen storage: Liquid hydrogen storage involves cooling hydrogen to extremely low
temperatures (-253°C) to liquefy it and store it in insulated tanks. This method has a higher energy density
than compressed gas storage, making it more suitable for long-range transportation and space applications.
However, the low boiling point of liquid hydrogen makes it difficult to store and handle, and it requires
specialized and expensive equipment.

Metal hydride storage: Metal hydrides are solid materials that can absorb and release hydrogen gas
through chemical reactions. This method has a high energy density and can store hydrogen at lower
pressures, making it a promising alternative to compressed gas storage. However, metal hydrides have
limited hydrogen storage capacity and can be expensive to produce.

Carbon nanotube storage: Carbon nanotubes are tiny, hollow carbon fibers that can store hydrogen
through physisorption. This method has the potential to achieve high hydrogen storage capacity and can
store hydrogen at lower pressures than compressed gas storage. However, the cost of producing carbon
nanotubes is currently high, and there are challenges associated with controlling the adsorption and
desorption of hydrogen in carbon nanotubes.

Chemical hydrogen storage: Chemical hydrogen storage involves the use of chemical reactions to
store hydrogen in a stable form and release it when needed. This method has the potential to achieve high
hydrogen storage capacity and can store hydrogen at ambient conditions. However, chemical hydrogen
storage requires complex chemical reactions and specialized equipment, which can be expensive and
challenging to scale up. [3].

According to a report by the Hydrogen Council and McKinsey & Company, the global market for
hydrogen energy storage could reach a cumulative capacity of 3,000 gigawatt-hours (GWh) by 2050,
representing a $2.5 trillion market opportunity. The International Renewable Energy Agency (IRENA)
estimates that hydrogen-based long-duration energy storage could reach a capacity of 1,000 GWh by 2050,
helping to meet the increasing demand for grid flexibility and renewable energy integration. [4].

Advantages and disadvantages of different hydrogen storage approaches:[5].

Hystorage system  Advantages

Compressed H; * Commercially available.

Liquid Hy * Commercially available.
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Each of these hydrogen storage technologies has its own merits and limitations, and their suitability
depends on specific application requirements such as energy density, safety, scalability, and practicality.
Ongoing research and development efforts focus on improving storage capacities, enhancing kinetics,
reducing costs, and addressing safety concerns to enable the widespread adoption of hydrogen as a clean
energy solution.

Collaboration between countries, research institutions, and industry stakeholders is key to
accelerating the development and deployment of hydrogen storage technologies. Sharing knowledge,
resources, and best practices can drive innovation, standardization, and the establishment of a global
hydrogen economy.

By considering these future perspectives and recommendations, the field of hydrogen storage can
make significant strides towards efficient, safe, and commercially viable storage solutions. Continued
research, technological advancements, and collaboration will play a crucial role in realizing the full potential
of hydrogen as a clean and sustainable energy carrier.
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Abstract

In this work have been analysis the techno-economic indexes of direct absorption solar collector
using nanofluids and evaluated the cost of obtained energy. According to the results of numerical analysis
the difference between the specific heat gains was 126.5 W/m?, where difference for annual energy saving
or enhancement for solar energy converting to useful was 224 kW/m?a. When nanofluids are used as a heat
carrier in a solar collector, the cost of 1 kWh of thermal energy is 0.029 $/kWh, and when water is used, it
is 0.034 $/kWh. The payback period of the initial investment amount of the nanofluid solar collector is 3.96
years, where the interest rate of the bank is calculated at 23%, and the payback period of the initial
investment amount of the water solar collector is 3.99 years

Key words: Direct absorption solar collector, nanofluid, MWCNT, tecno-economic analysis, cost of
energy.

1. Introduction

Since the technological evolution, the demand for energy utilization has been increasing dramatically,
namely in the industrial sectors. According to the (IEA) - International Energy Agency report fossil fuels
still dominate the global energy supply, accounting for about 82% of the total. Renewable energy sources
accounted for about 18% of the total, with solar and wind being the two largest sources [1]. Application of
solar thermal collectors, namely DASCs (Direct absorption solar collector) support to get a primary enviro-
economic energy in domestic and industrial sectors. Furthermore, enhancement of thermal efficiency of
solar thermal systems also remaining actual and provide to get more thermal energy. As solutions of
improving the thermal performance of DASCs are replace the materials of collector parts to enviroeconomic
one or place of water using heat transfer fluids with the high thermal conductivity. Using enviroeconomic
materials means to use of eco-friendly and economical profitable materials such as polymeric,
polyvinylchloride, polyamide for manufacturing the solar thermal collectors. In works [2], [3] provided the
preference of using polymeric materials to make a direct irradiate solar collectors. Accordingly, polymeric
solar collectors showed the same thermal performance with metal based solar collectors, which working
temperature reaches up to 95° C, where thermal efficiency appointed 84-92%. Due to advances in
nanotechnology, nanofluids are now used preferable in various thermal systems, such as heat exchanger,
fuel cells, solar collectors [4]. Before using nanofluids as a heat transfer fluid in solar thermal collectors,
thermophysical properties should be studied, clearly. As given in [5], [6] works thermal conductivity and
viscosity of nanofluids, accordingly enhancement of thermal conductivity and viscosity of nanofluids with
the comparison of water leads to increasing of thermal efficiency of solar collector by 14 %. Moreover,
thermal analysis of solar thermal systems when using nanofluids as a heat transfer is also important and by
this can be evaluated the heat transfer ability of nanofluids. Find out the In works [7]-[9] carried out
investigations, devoted to modelling and 4E (Energy, Exergy, Economical, Environmental) analysis.
Respectively, using of hybrid and mono types of nanofluids could save 40.44 GJ, 39.01 GJ, 30.8 GJ
embodied energy as well as 59.03 KL, 56.95 KL, and 44.96 KL embodied water. In addition, in [8]
established exergoenvironmental (EXEN), exergoenviroeconomic (EXENEC) analyses are performed to a
solar collector. Regarding of results, the EXEN result (0.0727 kg CO2/day) is lower than the corresponding
environmental one (0.0777 kg CO2/day). The enviroeconomic result (0.00112 $/day) is higher than the
EXENEC result (0.00105 $/day). Based on the literature review, the main idea is to conduct the tecno-
economic analysis of DASC based on polymer materials by using nanofluid based on MWCNT
nanoparticles(vol,0.05%) as a heat carrier. To establish proposed idea, set tasks such as preparation
nanofluids based on MWCNT (vol, 0.05%), to investigate the thermophysical properties, modelling the
proposed DASC, analysing the thermal performance and carrying the tecno-economic analysis.
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2. Methodology

2.1.Modelling: In order to evaluate the thermal performance of DASC have been created
mathematical model of the solar collectors given in[10], which expressed the results of numerical and
experimental investigation. Accordingly, we have created mathematical model for the same PTC and
validated with the results of experiment, given in [10]. In the control volume, the heat balance can be written
as givenin eq (1).

Qf.in + Qsolar = Qf.out + Qloss (1)

where Qf_in is the energy of the inlet liquid, Q.4 iS the solar energy reaching the surface of the

collector, Qfloutis the energy of the output liquid, Q,,s is the energy loss from the collector.

The proposed mathematical model is solved by numerical methods, which takes into account the
boundary conditions and the initial values of the parameter under study. To solve the created mathematical
model, an implicit difference scheme was used. As a boundary conditions taken the annual weather data of
Tashkent such as solar radiation, ambient temperature and wind velocity. Boundary condition for fluid
temperature and temperature of collector parts given by eq (2).

. x=0
Ty = 293K, {7~ ] ey

Validation and results of proposed model are given in [11],which is base for thermal analyzing the
DASC based on polymer materials using nanofluids. In fig.1. illustrated the thermal efficiency comparison
by using water and nanofluid as heat carrier with the respect of T, value eq (3).

Tm — Ti(r;l_.Tamb (3)
direct

where, T;,-inner temperature of heat transfer fluid, T,,,, -ambient temperature, G ;;,.c:-direct solar
radiation. From the results of the numerical analysis it can be seen that the difference between the output
temperatures, the experiment and the model does not differ significantly, where the root-mean-square error
was RMSE = 0.61 K, and the coefficient of determination was R? = 0,99995.
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Fig.1. Comparison of the annual thermal efficiency of PTC by using MWCNTSs based nanofluids and water, with the
respect of T,,,value

As shown in fig.1. the thermal efficiency of DASC by using nanofluids changed from about 84.5%
to nearly 88.5 %, where this value for water-based DASC fluctuated between approximately 70% and nearly
75%. Furthermore, it is clear form the difference that the using of MWCNT (0.05%) based nanofluids as a
heat transfer fluid supports about 13.5% enhancement of thermal efficiency. In terms of annual specific heat
gains nanofluid used in DASC as heat carrier fluid owned 1469.9 kW/m?a, where water supplied the 1244
kW/m?2a. From point of view the energy saving using nanofluids in DASC showed 224 kW/m?a useful heat
gain more than water.
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2.2. Economic analysis: The cost of energy produced is obtained by using LCOE relation, which more
clear given in [7]. The relation for LCOE expressed by eq(4).

LCOE = crfZinvestmenttZoam , (4)

Qu.annual tannual

where, crf is the capital recovery factor eq(5), Zinvestment- 1S the investment cost, Zg,,iS the cost
of operation and maintenance, usually 2.5% of the initial investment for solar installations, Q. annua: 1S the
collector annual useful energy received, t,,nuq:- the total annual operating time of the collector. An i is the
percentage of the bank rate, n is the service life of the collector, in which the service life of the heating
device is considered to be 20 years or more.

ix(i+1)"

f = G )

The useful heat energy received from the collector is calculated using the eq (6).
Qu =m:- Cp(Tfout - Tfin) (6)

where, m is the flow rate of the heat carrier, c, is the relative heat capacity, Tf,,; and T;, are the

inlet and outlet temperatures of the heat carrier.
Annual useful energy is calculated using eq (7).

J, Quat
Qu.annual = = 2 (7)

The collector total surface is 4, Qu—useful heat gain, t-time.
In table 1 illustrated the techno-economic indexes, which are boundary conditions for ecenomical
analysis

Table 1. Technical and economic indicators

Parametres Units Amount
i-interes rate % 14,19,23
169-Nanofluid
Amount of initial investment USD/m? baizgf:v?/lz:ft}::obrase g
collector
n- collector lifetime year 20
. e 0.369-fuel is gas
Hco,~ 15 the specific CO; kg/kWh 5450 Fuel
emission electricity
Cco," IS the specific cost of CO,
released when fuel is burned USD/CO: 14.5
. e . 0.004- fuel is gas
Cruer- 18 the specific price of USD/KWh 0.029- fuel igs
fuel electricity

2.3. Ecological analysis: When using nanofluids based on MWCNTSs as a heat carrier in the proposed
collector, to obtain useful heat energy the annual amount of CO- released is calculated eq (8)

MC02 = HUco, * Qu.annual (8)

where pco,- is the specific CO, emission when fuel is used, in this case gas and electricity are used
as fuel.
The price saved from annual CO; emissions is calculated as eq(9).
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Ccoz = Ceo, " Mco, 9)

where c.,, - is the specific cost of CO, released when fuel is burned.
The payback period is calculated using the simple payback period method (SPP), based on the cost

of useful thermal energy obtained from the initial investment amount for the proposed solar collector eq(10).

Zinvestment

SPP = (10)

Qu.annual'cfuel

where Cr¢,is the specific price of fuel.

3. Results and discussion.

In order to carry out tecno-economic analysis of DASC by using nanofluids based on MWCNT
(MKN-MWCNT-RG1020) (0.05%), we have to evaluate thermal performance of the collector. For the
boundary conditions for calculation we have used one-year weather data of Tashkent region.

The results from economical analysis given in table.2.

Table 2. Technical and economic effects

ol Annual Amount of
olar Annual useful Cost of amoun of CO saved money Payback
collector heat 0ain [kWh ener [@ ? | from released eriod [year]
type g Y [ewn [ kg ] USD P Y
m2-a CO, [ ]
Nanofluid 542 -gas
based solar 1469 0.029 718 - 10.411 3.96
collector electricity
Water based 459 -gas
solar 1244 0.034 608 - 8.818 3.99
collector electricity

As given on table.2 the difference between the specific heat gains was 126.5 W/m?, where difference
for annual energy saving or enhancement for solar energy converting to useful was 224 kW/m?a. When
nanofluids are used as a heat carrier in a solar collector, the cost of 1 kWh of thermal energy is 0.029 $/kWh,
and when water is used, it is 0.034 $/kWh. The payback period of the initial investment amount of the
nanofluid solar collector is 3.96 years, where the interest rate of the bank is calculated at 23%, and the
payback period of the initial investment amount of the water solar collector is 3.99 years

4. Conclusion

The use of MWCNT-based nanofluids from the proposed solar collector leads to a 14% increase in
the thermal efficiency of the device. The annual amount of useful energy obtained from 1 m? surface of the

kWh . .
] and when water is used as a heat carrier, the annual amount of useful energy

obtained from 1 m2 surface is 1244 [kWh] which leads to an increase in useful heat energy obtained by 225
[kWh
is 0.029 [ ] and when water is used, it is 0.034 [ ] The payback period of the initial investment

amount of the nanofluid solar collector is 3.96 years, where the interest rate of the bank is calculated at 23%,
and the payback period of the initial investment amount of the water solar collector is 3.99 years.

To sum up the use of nanofluids in solar thermal systems, namely DASC provide high thermal
performance campare water based ones.
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Abstract

B nacmosweti cmamve npugedenvl pe3yibmamvl UCCIE008AHUA GUAHUE OeqheKmOo8, KOmopbie
00pa306aIUCH 8 NPOYECCce MPAHCHOPIMUPOSKY (POMOIIEKMPUYECKUX MOOYIel OM 3A800a U320MOBUMENSL 00
MOYKU  HA3HAYEHUs ~ HA ~ Napamempvl — HASPY30UHOU  BOIbMAMNEPHOU  XAPAKMEePUCMUKU
gomosnexmpuueckozo mooyna. Hccredosanus ObLiu npogedeHbl 8 HOPMATIbHBIX YCA0BUAX OCBEUIEHHOCTNU
Ha nomyobpe3nslx pomodnekmpuieckux Mooyiax mouHocmoio 560 Bamm. Mooyau ¢ aeubimu mpewuHamu
HA NOBEPXHOCMU (DPOHMANLHO2O 3AWUMHO20 CMEKId, NOKA3AU VXYOuleHue Napamempos CEemoeuix
HA2PY30UHBIX BOIbMAMNEPHBIX XAPAKMEPUCIUK, MAKUX KAK, MOK KOPOMKO20 3AMbIKAHUS, HANPANCEHUS
XONOCMO20 X00a, MAKCUMANbHO20 3HAYEHUsT (YOMOMOKA, (HOMOHANPANCEHUS U MOWHOCU, TMAK Jice,
VXyouaromes Kodgguyuenm 3anoanHenus 60TbMAMNEPHOU XAPAKMEPUCTHUKU U KOIDPuyuenm noie3Ho2o
deticmeust homoanexmpuueckoeo mooynsi. Habmooaemvie usmenenus céa3amnul ¢ yMeHblUeHUeM MOWHOCTHU
CONIHEYHO20 U3NYUeHUsl, NPOHUKAIOWe20 ¢ hOmoaKmusHble Cl0U POMOIIEKMPUYECKo20 MOOYIA 34 CUem
VEeIUUEHUsT OMPAIICEHUsL OM NOBEPXHOCMEU 00PA308AHHBIX MPeWut U Y8eaudeHus nociedo8amenbHo20
conpomugnenusi Mooyns, 3a cuem Oepopmayuu 3a0Hell CMEHKU, HAd KOMopom OvlLiu pazmeuyeHvl
omosnexmpuyeckue s1emMenmol.

KuaroueBsble ci10Ba: POTOINEKTPUIECKUI MOTYIIb, TPEIIUHBI HA TIOBEPXHOCTH 3aIlIATHOTO CTEKJIA,
MOJTyOOpE3HOH COTHEUHBIN 3JIEMEHT, HANPSHKEHUS XOJIOCTOT0 X0/a, TOK KOPOTKOTO 3aMBIKaHUS

1.BBenenue

B nmocnennue necstuieTus u3-3a yXyALICHUS SKOJOTMYECKOH OOCTAHOBKM B HAIlEH IUIAHETE MOJ
Ha3BaHHEM 3eMJIsl MOTPEOHOCTh B YUCTHIX U BO3OOHOBIISIEMBIX MCTOYHHUKAX DHEPIHH, PE3KO BO3POCIO H
BO3pacTaer JieHb 0TO AHA. OJHUM W3 TaKMX BUIOB DHEPIeTHUKH, C MOMOIIBI0O KOTOPOTO MPOU3BOIUMAS
9HEPIHUs He CIOCOOCTBYET BHIOPOCY ra3oB, KOTOPbIE NPUBOAT K «IIAPHUKOBOMY 3((DEKTy, U HE 3arpsA3HIIOT
OKPYKAaIOIyI0 CpEedy SBIICTCA «COJIHEeUHas sHepretuka» [1]. OHa Taxke SBISIETCS OTHOCHUTEIHHO
HaJeKHBIM HCTOYHUKOM DHEPIHH, TaK KaK, COJHIIE SBJSETCS JOCTYITHBIM BO BCEW YaCTH IJIAHETHI 3eMJIs.
[IpsMBbIM MeETOIOM 3JEKTpUYECKasi HSHEPrusl M3 COJHEYHOM DSHEPruM TONydYaeTcs C IOMOLIBIO
¢doroanekrpuueckux wmoxyinedi (O®OM). DOM  ynaBAMBAaIOT CBETOBYIO DHEPrUI0  COJHEYHOTO
JJIEKTPOMAarHUTHOTO W3JIY4YeHHSA, W TMpeodpasyeT ee B JJIEKTPUYECKYI0 W TEIoBylo sHepruio [2]. B
MOCTIEIHAE JECATUIETHS Ojarojapsi yCHWIHAM Y4YeHBIX (DU3MKOB, TEXHOJIOTOB W TEXHUKOB CTOMMOCTH
3JIEKTPUYECKOIl 3HepruM, BeIpaOaTbiBacMas (HOTOIIEKTPHUECKUMH MOIYJISIMH, CTaja OAMHAKOBOH, W B
HEKOTOPBIX CIy4asxX Jake MACNIEBJIE IO OTHOIICHHWIO K 3JIEKTPUYECKOW 3HEpPTHu, BhIpabaThIBaeMOil
TPaJUIIMOHHBIMUA METoJaMH. Bce 3To mpuBeno, K TOMy, 4TO coiHeuHasi (DOTOIHEpreTHKa crana Oolee
nomyysipHo 1 koHIy 2023 roja rutaHupyeTcsl TocTUdb BeMW4uHbI 1 TBaTT ycTaHOBIEHHON MOIIHOCTH
COJHEYHBIX (HOTOBOJBbTAaMUECKUX cHUcTeM [3]. DoToaneKkTpudeckne CHCTEMBbl Oiarozaps CBOHM
MHOTOUYHCIIEHHBIM MTPENMYIIECTBAM, BKIIOYAIOIIYI0 HU3KYIO CTOMMOCTb, IPOCTOTY M OBICTPOTY YCTaHOBKH
1 MOCTIETYIOLIET0 TEXHUIECKOT0 OOCTYKUBAHUS SBISIETCS] XOPOILIMM UCTOYHUKOM 3JIEKTPHUYECKON SHEPTUH
JUIl OTHAJICHHBIX TOPHBIX, MYCTBIHHBIX W Ta&XHBIX MECTHOCTEH, /e ApPYrHe HCTOYHUKU SHEPTUH
TPYIHOAOCTYTHEI [4,5].

Hacrosiee Bpemst 6os1ee 95% DOM H3roTaBIMBaIOTCA U3 KPUCTAJUIMYECKOTO KpeMHuus [8]. Moayau
13 KPUCTAJUIMYECKOT0 KPEMHUS SIBIISIFOTCSI MHOTOCJIOMHBIM «ITUPOrOM», COCTOSIIIUX U3 HECKOIBKUX CIOEB,
[IOKa3aHHBIX Ha pucyHke 1. ®OM nans mpenoTBpallleHUs IONAAaHUsl Biard COJHEYHbIC 3JIEMEHTHI
3aKJTIOYAIOTCS B KApKac U3 aJlFOMUHHSA, CBEPXY KOTOPOT0 TePMETHYHO KPEIHUTCS TOPHUPOBAHHOE CTEKIIO, &
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CHU3Y CTCKIIIHHasA WU IIOJMMEpPHasA I1I0JJI0XKKa, Ha KOTOpOfI pasMEIIarOTCsA COJHCYHBIC JJICMCHTHI,
OJICKTPUUCCKU COCAUMHCHHBIC MCKIY €000 MeTalNIMYECKUMH IIIHMHAMHU.

Panka

Crexno

TepPMEeTHSHP VIOLITT
MaTepHan

DoToINEKTPUYECKHE
AMEHKN

repMeTH3HP VIOLIIIT
Matepuan

Moanoxxka

PacnpegenurensHas
g kopobka

Puc.1. Cmpykmypa ¢pomosnekmpuueckozo mooyis

I'epmerusupyrommit Marepuan, B ®OM, HE0oOX0oaUM B cilydae MPOHHUKHOBEHHS BIArd BO BHYTPb
OOM obecrieunTh MOTHYI0 TEPMETHYHOCTHh COJNHEYHBIX 3JIEMEHTOB, COCTABIIOMNX OCHOBY POM u
0OBIYHO COEMMHEHHBIX ToceaoBaTebHO. [Ipy momaganuy Bo3ayxa MM BiIard Bo BHYTpsr @OM Momyis
MIPOMCXOAUT OKHCIICHHE U Pa3pylIeHNe KOHTAKTOB COJHEUHBIX 3JIEMEHTOB, YTO MPUBOAUT K JI€rpaJaluy,
TO €CTh, K YXY/IIICHUIO XapaKTepUCTHK WIM Jaxe K MoiaHoMy Bbeixony ®OM u3 crpos. B kaudecTe
TePMETH3UPYIOIIEH TIICHKH 00BIYHO puMeHseTcs EVA (aTuneHBHHIIAIIETaTHAS ) TUIeHKa. K coxkaneHuro,
OHa, TaK e, ABIsieTcs: OHUM u3 (pakTopoB Aerpagaiun ®OM, T.K. co BpeMeHeM aMOpHBII TOTUMEPHBI
MaTepHual KpUCTALIM3YETCsS M TepsieT CBOIO Mpo3padHocTh. Celiyac BO BceM MHUpE BeAyTCsl pabOThI IO
3ameHe »Toil EVA Ha npyrue maTepuanbl, HO B KOMMEPYECKH H3TOTOBISEMBIX MOAYJISIX MTOKa B OCHOBHOM
MPUMEHSETCS WMEHHO 3TOT Marepuall. K BHyTpeHHeH CTOpOHE KOpIyca MOJIYJs MPHUKPErUieH OJOoK
TEPMHHAJIOB, TOJ| KPBIIIKOM KOTOPOTO pa3MEUIeHBI 3JIEKTPUUYECKHE KOHTAKThI, NMpeJHa3HAuYE€HHBIE IS
MTOIKITFOUEHHSI MOAYJISI K BHEUITHEH [IEeMTU Harpy3KH.

IToTepn MOIIHOCTH SBISIOTCS BaXHBIM (DAKTOPOM, KOTOPBIN CIIEyeT YYUTBHIBATH MPH YCTAaHOBKE
¢doroanekTprueckoro Moryis. [loTepu MOITHOCTH OTHOCSTCSL K CHIDKEHHIO BBIPAOOTKHU DJIEKTPOIHEPTHUH,
KOTOPOE IPOUCXOJIUT B PE3yJIbTaTE Pa3InIHBIX (GakTopoB. [loTepr MOIIHOCTH MOTYT 3HAYUTENBHO CHU3UTh
OOIIyI0 TIPOM3BOJIUTEIILHOCTE (POTOINEKTPUYECKOW CHCTEMBI M TIOBIHUSATH Ha €€ CIIOCOOHOCTH
BBIpa0aThIBATh ANEKTPOIHEPruto [7]. Ha mpou3BoAUTEILHOCTD U IIOTEPH MIPH ITPOU3BOICTBE dHEprun ®OM
BIHSIOT cienytonme (aktopsl [8]: (akTopsl, CBA3aHHBIE ¢ BHYTPEHHUM (PYHKIHOHUpoBaHneM DOOM,
HECOOTBETCTBUS COJTHEUHBIX 3J1eMeHTOB B DOM, aerpananus CONHEUHBIX 2IeMEHTOB B @OM, cylecTByeT
TeMrieparypHsiii ¢aktop [9] n oceeniernnoctu [10]. Tak xe, CylecTBYIOT (paKTOPHI, CBI3aHHBIE C BHEIIHEH
cpenoit: GakTopsl 3arpsisHeHus: noBepxHocTn GOM, 3areHeHuss U (HAKTOPHI, CBSI3AHHBIE C YXYIIICHUEM
MpomycKarolei criocooHocTH ppoHTaNbHOTO cTeka. [Ipomyckaromas ciocoOHOCTh (PPOHTAITLHOTO CTEKIIA
MOJKET OBITh CBsI3aHA C PACTPECKHBAHUEM.

B nacrosmee Bpems mpousBoanMbie @OM, B OCHOBHOM, B 3aBUCHMOCTH OT pa3Mepa COJHEYHOTO
3NIeMEHTa, MeTo/1a o KroueHus B ®OM paznensirorcst Ha nosHodtemenTHsii (Full Cell), mony pa3mephsrit
(Half-Cell). Full Cell ®5M, kotopslii mnpeacTaBIeH Ha pHUCYHKE 1, COCTOMT W3 HECKOJIBKUX
(hOTO3JIEKTPHUECKHUX 3JIEMEHTOB, KOTOPHIE AJIEKTPUUYECKU MOCIEA0BATEILHO COEANHEHBI B €IMHBIN OJIOK
[11]. DmexkTpudecTBO IMepeTeKaeT M3 OJHOTO 3JIEMEHTa B JPYI'YI0 HENMpephIBHBIM oOpazom. Kaxmsrit
3JIEMEHT reHepupyeT HeOombioe Hampsbkenue (ot 0,5 mo 0,6 B), n coenuHsAs MX MOCIEAOBATEIBHO,
HaIpsDKEHUS CKIIA/IBIBAIOTCS, CO3/1aBas Ooliee BEICOKOe obriee Hanpspkerue [ 12]. [lonrosnemenTarie ©OM
00bI4HO cOCTOAT U3 60 UK 72 HOTOIIEKTPUUECKUX DIIEMEHTOB, PACIIOI0KEHHBIX B BUIE CETKH. DJIEMEHTHI,
Kak OBbUIO CKa3aHO BBINIE, 3aKJIOYCHHI B 3alUTHBIA KOXYX, (DPOHTAJBHBIA CTEKISHHONH W 3aJHUHA
TUTACTUKOBOM KPBIIIKOM, U 3aIUTHI OT HETIOTOABI M IPEAOTBpaIAtoT yxyameHus 3¢ dexrusHocT DOM.

®OM Half-Cell — a0 Tin Moays1s1, B KOTOPOM (hOTOIIEMEHTHI Pa3pe3aHbl MOIMTOJIaM, YTO IOBBIIIAET
sbdexTrBHOCTS MOAyIs [12]. Moayns Half-Cell pasnenen Ha qBe ceximum, Tae BEpXHISA U HIKHSS CEKI[UH
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(OYHKIIMOHUPYIOT KaK JBa OTACIBHBIX MOIYJISA M BEIPaOATHIBAIOT SHEPTHIO, JaKe KOTJA OJHA IOJIOBHHA
cekiuu 3ateHeHa [13]. DieMeHTh B KaKIOH IMOJIOBUHE MOJYJS COCIUHEHBI IMOCIEI0BATEIBHO, a JIBE
CeKIIMM MOMYJsl COeNWHEHBI TapaienbHo. KoMOMHAmus mociIemnoBaTeNbHOTO W TapajuIeNbHOTO
COEIMHEHH TTO3BOJISIET COATAHCHPOBATh HANIPSDKEHUE U TOK, ONITUMHU3UPYS BBIXOJHYIO MOIITHOCTH MOTYJIS
[14].

2. MeTo10/10THsI MCCIIeI0BAHNS, PE3YJIbTATHI H 00CY KAEHHS

JU1st OLICHKH BIMSAHUS 00pa30BaBIIMXCS TPEIIMH HA TIOBEPXHOCTU (PPOHTAIBHOIO 3aIIUTHOTO CTEKIIA
®OM  OblT  HCHONB30BAaH OSKCIEPUMEHTANBHBIA METOJl HCCIECIOBAHUS CBETOBBIX HArpy30YHBIX
xapaktepuctTuk ®OM 06e3 kakux-nmubo aedekroB 1 ®OM M KOTOPOrO BCS MOBEPXHOCTH 3AIIUTHOTO
¢poHTanbHOrO cTeKia Obula HOKpbITa TpeurHamu. IIpoBeneHHbIE HCCIEIOBaHMA Ha TE€PMETHYHOCTD
[I0Ka3aJy, 9T0 BO BHYTPh AepekTHoro ®OM oTCyTCTBYEeT IPOHUKHOBEHHUS Biary. /i ucciuenoBanust ObL1
BbIOpan ®OM kuTaiickoro npousBoautens GoToBoasTandeckoro obopynosanuss BLUESUN SOLAR CO.,
LTD BSM560M10-72 HPH momrHocThIO 560 Batrt. ®OM cocrout u3 ogHocroponnnx 144 HALF CELL
MOHOKPUCTAJUIMYECKUX KPEMHHUEBBIX COJIHEYHBIX 3JIEMEHTOB, M3TOTOBIEHHBIX Mo TexHonormn PERC
pasmepamu 182%91 mm? [15]. Ha pucynke 2 npe/cTapjieH BHEMIHMI B U MapKa HccieqoBaHHOro @M.,
Pazmepsr @®OM coctasnsiin 2278MM Ha 1134 mm.

BSM560M10-72HPH
~960W

Puc. 2. Brewnuii 6uo u mapxa ucciedogannozo ®OM

B Tabmume | mnpexacraBieHbl OCHOBHBIE BBIXOAHBIE HapaMeTphl HccienoBaHHoro ®OM u
TemreparypHble K03(QUIMEHTH: MaKCUMaJIbHAsI BBIXOJIHAS MOIIMHOCTh Pyax = 560 Bartrt, MakcumansHOe
BBIXOJHOE HanpsbKeHUE (Vmax) M TOK Ha TOUKE MAKCUMaTbHOU MOIIHOCTH (Imax), TOK KOPOTKOTO 3aMBIKaHUs
(Isc), Hampspkenue xomoctoro xoma (Voc), KIIJ| mis crammaptHoro ycnoBust ocBerieHHocTH (STC) u
YCIIOBHUSIX HOMHUHAIbHOU Temiiepatype dyHkipornupoBanus Moyt (NMOT).

HUccnenoBanus ObLIM POBEJCHBI B yCIIOBHAX Topoja TamkenTa 2023 rosia 5 aBrycra B IpOMEXYTKH
Bpemenu ot 08:40 mo 12:00. B TedeHun 3TOro BpeMeHH MOIITHOCTh COTHEYHOT0 n3IydeHus (Prad) mogaromas
Ha noBepxHOCTh ®DOM m3mensiach ot ~ 450 Br/m? 1o 900 Br/m% ®DOM GbUIM YCTaHOBJIEHBI Ha KPBILIH
YacTHOTO JIoMa, Ha BbIcoTe ~ 5 MeTpoB. [loBepxHocth ®OM Obula HampaBieHa Ha FOT, YTroJl HAKJIOHA
OTHOCHTENILHO FOPU30HTa coCcTaBisu =~ 19,5°. O6pa3ust POM c nedextHoii 1 6e3 AeheKTHOH MOBEPXHOCTH
pacnonaranuch psioM. McciieioBanust mpoBOAMINCH C UCTIONB30BaHHEM TprOopoB Solmetric PV Analyzer,
PVA — 1000S-30 u PROVA 210 PV — Analyzer 12 A, 60 V. IIpu6op Solmetric PV Analyzer, PVA —
1000S-30 nmaBan BO3MOKHOCTH HM3MEPSATh MOIIHOCTH ITAJAIOIIEro COJHEYHOro u3imydeHust (Prag)
TeMIepatypy okpyxaromeil cpensl 1 @OM, a Tak ke, Bce BaxkHble mapameTpsl @OM, Takue Kak,
MaKCHUMaJIbHas BBIXOIHAS MOIITHOCTD Pyax, Vimax, Imax, Isc, Voo, KITI, u koaddunment 3amonuerns BAX (FF)
Npy 3aJaHHONW MOIIHOCTH COJIHEUHOrO0 W3NIydeHus. TemIiieparypa OKpy)Karolied cpeasl BO BpeMs
uccnenoBanuii konedanack ot 30 o 35°C, mpu 3Tom Temmeparypa @OM u3meHsnace, ¢ poctoM Prad, OT
40°C po 60°C. ConHeyHOE H3Iy4YeHHE, W TeMIepaTypa KOHTPOJIMPOBAIMCH Ha NPOTSHKEHHUH BCETO
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HUCCIICOOBAHMA. (DOTOSJICKTpI/I‘-IeCKI/Ie MOIyJIn OBLIH TIIATCJIBHO OYUILNCHBI OT IIbUIX, I'PA3XW WK MYyCOpa,
KOTOPBIC MOI'JIU MOBJIHATH Ha MPOU3BOAUTCIIBHOCTD. Texnuueckue XAPAKTCPUCTUKU q)OTOSHCKTpI/ILICCKI/IX
MO,[[yneﬁ, Kak OBILI0 YKa3aHO BbIIIC, IPEACTABJICHBI B Ta6n1/1ue 1.

Tab6uuna 1. OcHOBHBIE BLIXOJHbIEC IAPAMETPHI U TeMIIEPaTypHbIe KO3(GUIHEHTHI BLIXOJHBIX IapaMeTpoB @M

Module Type
STC NMOT Temperature Coefficient Pmax  -0360%.°C

Maximum Pawer (Pmasx/W) 580 418 Temperature Coefficient Voc -0.29%C
Operating Voltage — (Vmp/V) | 4233 3859

- Temperature Coefficient lse +0.048%°C
Operating Cument (Imp/A) | 13.23 1080
OpenCircuit Voltage  (VeoV) | 50.00 4649 MMOT 452°C
Short-Circuit Cument  (Ise/8) | 1414 1142
Madule Efficiency nmi%) 21 B8

STC: Imadiance 1000Win®, Cell Temperature 25°C, Alr Mass AMS
WMOT: Iradisnee at 3000WINF, Ambent Temperaiue 20°C, Al Mags AM1S, Wind Speed 1mé

Ha pucynke 2 npezcrasiena Harpy3ounas BAX, cusras ¢ mpudopa Solmetric PV Analyzer, PVA —
1000S-30, kotopast BeigaeTcst B (hopmare jpg, a TakKe, MOKHO TOIYyYUTh TaOIHIE C OTPeeICHHBIMU
OCHOBHBIMU MapameTpaMu Harpy3ouHoi BAX.

. Solmetric PV Analyzer 3.7 - Project 2 2023 08 05 (=]
File Properties View Utility Help
2 8/5/2023 15:11:41 (GMTS5:00) - (Not Saved) |Solmetric Ready
E 15.0
= Measure
12.0 Now
£ 4 Assign and
g < 90 Save
i Recall...
2| 3 60
.'% SolSensor
3.0 3
\ 714 W/m?
0.0 L(TC)
0 10 20 30 40
Voltage (V) (1) 57.8 °C
© - (2)37.5 °C
Performance Fill v --- 1 (cell) --- @.-.
) i 0.69 (SolSensor) (SmartTemp) (SolSensor) @

Pucynoxk 2. Haepysounas BAX, cuamas ¢ npu6opa Solmetric PV Analyzer

Ha pucynkax 3a, 3b, 3c, 3d u 3e npencraBieHbl dKCIIEpUMEHTAIbHBIE PE3yJIbTaThl 3aBUCUMOCTH
OCHOBHBIX BBIXOJHBIX mNapameTpoB ®OM mius 6e3 pedextHoro - 1 m ®OM ¢ TpemuHamMu — 2 Ha
MOBEPXHOCTH CTeKJIa. BuaHo, uto ¢ yBenmueHueM Prg pazuuna lsc (puc.3a), Imax (puc.3b), Pyax (puc.3c), FF
(puc.3d), KI1J (Efficiency) (puc.3e) 8 ®OM 1 u ®OM 2 ysenuuubaetcsa. Habnrogaemast pasHuna cBs3aHa
C yMeHbIIeHHeM (OTOreHEepUPOBAHHOTO TOKAa 3a CYET YMEHBIICHHS H3NIYyYCHHs, TONAJAIOIIEro Ha
COJIHEYHBIE 3JIEMEHTHI, B Pe3yJIbTaTe OTPaKEHHUS U3IyUYEHHUsS OT KpPaeB TPEIIWH. Y MEHBIICHUS BEITUMYHHBI
(OTOTOKA TPUBOJAUT K YBEIWYCHHUIO MOCIENOBATENBHOrO compoTuBieHuss @OM, B pesyibTaTe 4ero
yxyamaetcst FF u KIT[I ®OM.
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Pucynok.3. Dxcnepumenmanviule pe3yibmantvl 3a6UCUMOCTIIU OCHOBHBIX 8bIX00HbIX napamempos OOM ons be3
odegpexmnoeo - 1 u ®OM ¢ mpewunamu — 2 na nosepxnocmu cmexia: s (puc.3a), Imax (puc.3b), Puax (puc.3c), FF

(puc.3d), KI1/] (Efficiency) (puc.3e)
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TEMPERATURE DISTRIBYTION IN THE RECEIVER TUBE OF A PARABOLIC
TROUGH COLLECTOR WITH NANOFLUID
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Abstract

Recently, enhancements in parabolic trough collectors (PTCs) have been reached using new modified
thermal fluids called nanofluids. Especially, the effect of MWCNT nanofluid as a heat transfer agent on the
performance of an indigenously developed parabolic trough collector was experimentally investigated.
When using water and MWCNT nanofluid as the heat carrier in the PTC tube, the temperature change
difference along the length of the PTC tube, the flow velocity at the entrance of the tube is 0.1 m/s, 0.08 m/s,
0.05 m/s, respectively 0.03 m/s. It was found that 1.2 K, 2 K, 2.5 K, 4.8 K.

Due to the lack of specific studies needed to find the three-dimensional distribution of the absorber
tube temperature of parabolic trough collectors, our study of the temperature distribution study was carried
out using COMSOL Multiphysics 5.6 software.

Key words: parabolic trough collector (PTC); nanofluid; MWCNT; CFD

1. Introduction

One of the global problems today is the increase of the amount of greenhouse gases in the earth's
atmosphere. The average amount of CO; in the Earth's atmosphere has increased from 390 ppm in 2011 [1]
to about 410.19 ppm in 2018 [2], which leads to an increase in the temperature of the Earth's atmosphere.
This alarming increase of the amount of CO; and the corresponding increase in temperature, together with
the limited resources of oil and gas, forces humanity to face new opportunities to find out different sources
of energy.

So far, many types of renewable energy are known. Renewable energy can be divided into six
different sources: hydropower, modern biomass, geothermal, solar, wind, wave and tidal [3]. More
importantly, solar energy is the largest resource compared to other types of renewable energy sources;
because of the energy, which come to the Earth from the Sun in one hour can be more than the entire amount
of energy consumed by a person in a year [4].

The working principal of Concentrated type of solar collector consisted of absorbing concentrated
solar radiation into absorber pipe and convert solar energy into thermal anergy. As heat transfer fluids can
be chosen water, oil, molten salt, air nitrogen or helium [5]. Enhanced thermal conductivity of heat carriers
can be improved the thermal performance of solar thermal systems, namely solar thermal collectors. In
recent years, research on this topic has become widespread among scientists. It has been proposed to add
solid nanoparticles into the base fluid in order to increase the heat transfer in heat carriers.

The use of nanoparticles instead of micrometre-sized particles reduces the problems such as
associated with component erosion and corrosion, as well as particle deposition and clogging [6]. Nanofluids
can be defined as suspensions consisting of particles with a size of less than 100 nm dispersed in a base
fluid. Choi et al. introduced and discussed a new idea of using nanoparticles to increase the efficiency of the
heat transfer fluid in thermal systems [7].

Nanofluids have been used as a heat carrier in various parts of the solar energy industry, i.e., in PTCs.
One way to increase the efficiency of PTCs is to use nanofluids. As a result, the overall efficiency of the
collector is high. As a one type of nanofluids MWCNT based nanofluids have been used in PTCs. MWCNTS
are carbon nanotubes with high thermal conductivity. When MWCNTSs are added to a liquid, they can
significantly increase the thermal conductivity of the liquid. The use of MWCNT nanofluids in PTCs may
be a promising way to improve the efficiency and performance of these collectors. MWCNT nanofluids also
have other advantages over conventional fluids. For example, they are less likely to stick to the collector
pipe, and they are more stable over a higher temperature range. In this regard, another experimental study
on the effect of MWCNT/mineral oil (0.2 and 0.3 wt%) on PTC performance was conducted by Kasaeian
et al. [8]. The authors report that using 0.3 wt% of MWCNT increases the thermal efficiency of PTC by 5-
7%.
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Analyzing the aforementioned investigations, evaluated the importance of three-dimensional
distribution of the tube temperature of the parabocylindric solar collectors. On this aim we have conducted
the numerical research, which devoted to find out the three-dimensional distribution of the tube temperature
of the parabolic trough collectors by using nanofluids based on MWCNTSs.

2. Methodology

2.1 PTC Geometry and the generated grids
The data used in the present modeling is shown in Table 1. Once the absorber tube has been modeled, the
model is then exported for meshing, which is a process where the model is divided into a finite number of
smaller elements. The mesh size in this analysis is kept at normal Fig. 1.

Table 1. Model dimensions

Model dimensions Value (m)
Length of collector 2

Outer diameter of absorber tube 0.04

Inner diameter of absorber tube 0.03

0.5

Fig. 1. The generated grids mesh used for the PTC collector

Using COMSOL software, the temperature distribution of the receiver tube is carried out under
unsteady state study. The temperature distribution is determined using water and MWCNT nanofluid as heat
transfer fluid temperature distribution of the receiver tube is shown in Table 2. and Fig. 2.

Table 2. Properties of the materials.

Materials p (kg/m®) Cp (J/kg K) K (W/m K)

Water-liquid 998.2 4182 0.6

Copper 8700 385 400
MWCNT [9] 2100 796 1500-3000

400

380

360

340

— — 2
B 1.5 320
S = 1
X = 0.5 m

I 0 0 300
y

Fig. 2. Surface temperatures of receiver tubes
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Using the COMSOL Multiphysics 5.6 software, the Reynolds number was calculated for water and
MWCNT nanofluid used as a heat carrier in a PTC tube. Fig. 3. In this case, the type of flow is laminar.

As shown in Figure 3. The Reynolds number for MWCNT nanofluid and water is shown along the
length of the pipe with a flow velocity of 0.03 m/s at the inlet of the PTC pipe. It can be seen that the
Reynolds number in water increased linearly from 15 to 155, and in MWCNT nanofibers, this indicator
changed from 15 to 55.

— Nano [0.03 m/s]
150 | —— water [0.03 m/s]

=
N
9]

[ —
o
o

Reynolds number
i ~J
o u

[l \“

300 320 340 360 380
Temperature-[K]

N
(9]

Fig. 3. Dependence of Reynolds number of MWCNT nanofluid and water on temperature change at a flow rate of 0.03 m/s

When the temperature at the outlet of the PTC pipe and the flow velocities at the entrance to the pipe
were 0.1 m/s, 0.08 m/s, 0.05 m/s, and 0.03 m/s, respectively, the outlet temperature of MWCNT nanofluid
was higher than water. Fig 4.

As shown in Figure 4. The temperature at the outlet of the PTC tube using MWCNT nanofluids is
321.2K, 330K, 343.5K, 388.8K when the flow velocities at the tube inlet are 0.1 m/s, 0.08 m/s, 0.05 m/s,
and 0.03 m/s, respectively. was determined. In this case, when water is used as a heat carrier, the temperature
at the outlet of the PTC pipe was found to be 320 K, 328 K, 341 K, 384 K. It is obvious that the use of
MWCNT-based nanofluids as a heat carrier can improve the thermal efficiency of PTC.

—— Nano [0.1 m/s]
— water [0.1 m/s]
380 | = Nano [0.08 m/s]
—— water [0.08 m/s]
== Nano [0.05 m/s]
= water [0.05 m/s]
—— Nano [0.03 m/s]
1 =— water [0.03 m/s]

Temperature-[K]
w w
ey (o)}
o o

w
N
o

300

0.0 0.5 1.0 1.5 2.0
Arc lenth-[m]

Fig. 4. Temperature change of water and MWCNT nanofluid along the length when the incoming flow speed is (0.1m/s,
0.08m/s, 0.05m/s, 0.03m/s)
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From the obtained results, it can be seen that in Fig 5, when water and MWCNT nanofluid are used
as heat carriers in the PTC pipe, the temperature difference between water and MWCNT nanofluid increases
along the length as the inlet flow rate decreases.

As shown in Figure 5. When water and MWCNT nanofluid are used as heat carriers in the PTC pipe,
the temperature change difference along the length of the PTC pipe, the flow velocities at the entrance to
the pipe are 0.1 m/s, 0.08 m/s, 0.05 m/s, 0.03 m/s, respectively. we can see that itis 1.2 K, 2 K, 2.5 K, 4.8
K.

— [0.1 m/5]

[0.08 m/s]
= [0.05 m/s]
= [0.03 m/s]

N w =

Enhancement-[K]

=

0.0 0.5 1.0 1.5 2.0
Arc lenth-[m]

Fig. 5. The temperature difference of water and MWCNT nanofluid along the length when the incoming flow speed is
0.1m/s, 0.08m/s, 0.05m/s, 0.03m/s

3. Conclusion

* When the liquid flowing through the 4 cm diameter beam receiver tube of PTC has inlet flow
velocities of 0.1 m/s, 0.08 m/s, 0.05 m/s, 0.03 m/s and heat flux of 30000W/m?, the beam the water
temperature at the outlet along the length of the receiving pipe was 320K, 328K, 341K, and 384K,
respectively.

» When the liquid flowing through the 4 cm diameter beam receiver tube of PTC has inlet flow
velocities of 0.1 m/s, 0.08 m/s, 0.05 m/s, 0.03 m/s and heat flux of 30000W/m?, the beam The outlet
temperature of MWCNT nanofluid along the length of the receiving pipe was 321.2K, 330K, 343.5K, and
388.8K, respectively.

* In addition, when the inlet flow speed is 0.1 m/s, 0.08 m/s, 0.05 m/s, 0.03 m/s, the temperature
difference at the outlet of the receiving tube for water and MWCNT nanofluid, respectively is 1.2 K, 2 K,
25K, 48 K.

From these analyses, it can be concluded that the use of MWCNT nanofluid was better than water at
the same inlet flow rate, and as the inlet flow rate decreased, the outlet temperature of the liquid used as the
heat carrier was higher.
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MATHEMATICAL MODELING OF HEAT TRANSFER PROCESSES IN A SMALL-
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Abstract

The article relays a mathematical model of heat exchange processes that take place in a small biogas
device reactor, with theoretical analysis of the dependence on heat, newly loaded biomass temperature,
teplophysical classification of the device wall and external metofactors on the transmission of the bioreactor
through the external Devoir.

Keywords: small bioreactor, heat transfer, thermal resistance, heat transfer coefficient, thickness,
biomass

1. Introduction

Particular importance is attached to the issues of expanding the scope of the use of renewable energy
sources in the world, saving hydrocarbon fuel-energy resources and obtaining biogas and biogas through
the processing of organic waste. Currently, in developed countries, " the share of biomass energy in total
energy is 4-10%. Biogas production is said to be 75 million tons by 2040. The possibility of further
increasing these indicators in our taxiles due to the use of biogas devices with high efficiency is high. In this
respect, it is considered important to increase the efficiency of obtaining biogas and biogas as a result of
anaerobic processing of organic waste in production [1,2,3,4]. It is known that in order for organic waste
mixtures to be efficiently extracted under anaerobic conditions, they are initially brought to the form of
biomass in liquid form [2,5,8]. We have tried to create a mathematical model that allows us to calculate the
heat transferred from liquid biomass to the external environment in the process of efficient conducting
fermentation of liquid biomass in a certain temperature regime in a bioreactor. In doing so, an attempt was
made to implement Newtonian laws for the liquid biomass of the reactor.

In accordance with Newton's law, among the particles of fluid moving at different speeds, there is an
internal friction force that resists their movement, which can be determined using the following
formula[1,2,3,4];

d
S=u3, @)

S is the internal friction force, p is the viscosity coefficient, w is the flow rate, p is the surface.

When analyzing the processes of heat transfer in the bioreactor, through liquid biomass, it will be
necessary to approach: the speed of movement of the particles forming the liquid layer decreases in the
direction towards the reactor wall, and the speed of movement of the particles adhering to the wall will be
zero. Based on the law of thermal conductivity when viewed as such, the heat flux transmitted through liquid
biomass to the reactor wall can be calculated as [5,6,8,9].

)

where A, the coefficient of thermal conductivity of liquid biomass; T is the starting temperature.
The differential equation for moving particles of liquid biomass has the following appearance:

)

1
¥=0

aT
at

: ©)

or | 9T aT aT a*r | 9%t | 3’T w
togetgtayg e =a(ir i) g

where 1 is time, s; wy, Wy, W, — the organizers of the liquid biomass rate, m/s; W — birlik hajmda
birlik vaqt ichida yutiladigan issiglikning miqdori J/s ;

Cp-specific volumetric heat capacity, J/(m*-K); x,u,z,-current coordinates [9,10,11].

212



International Conference “Fundamental and Applied Problems of Modern Physics ”, October 19-21, 2023

When calculating the heat transfer process, the law of thermal conductivity can be used. However, it
is necessary to know the visual function of the liquid biomass temperature field. In studies [16,17] in motion
mode that is not in the stationary classification, we have cited above that a special mathematical model has
been developed for the heat carrier heat exchanger. In this, it can be cited that the math is expressed in terms
of the Differential Equation (3). This equation contains the organizers of the velocity w,, w,, w, — can be
defined from the system of equations below:

When calculating the heat transfer process, the law of thermal conductivity can be used. However, in
this case it is necessary to know the temperature field function of liquid biomass, which is expressed by the
differential equation U (3) this equation contains the rate organizers w,, w,, w, — which can be determined
by the system of equations below:

0wy 0wy 0wy 0wy (62wx 0%w, azwx) ( 1 6T)
at + Wy ax twy 6y+WZ z 7 6x2+6y2+622 + ‘gx+p6x' (4)
dw ow ow ow %w %w %w 19P

y y y y _ y y y _1lopP
ot + Wy ox T wy oy tw, 0z V( dx2 + dy? + 0z2 ) + (gx p ay)’ ()
dw, dw, dw, dw, (62wz 0%w, azwz) ( 1 aP)
ot T Wy ox T wy dy T Wy oz \ox2 t ay? + 0z2 t 9z p dz)’ (6)

Taking into account the fact that in studies we have established the condition for the flow of liquid
biomass in bioreactors (4-6) by solving them if we focus on the mutual solution of equations we get the
following equation:

ap |, A(pwy) | I(pwy) | (pwz) _
e T ot g, 5,2 =0, (7)

this leads to the continuity condition of the fluid flow (equation (7)). Equations (3-6) and (7) in general
represent the connection between the physical parameters of liquid biomass.

To fully represent thermal processes, the system of equations under consideration must include
additional equations. These equations, on the other hand, would have to include physical, geometric, time,
and boundary conditions.

From the above, the amount of heat transferred from liquid biomass to the reactor wall can be
calculated based on Newton — Richman's law in terms of:

Q = KgF (tm — ta), (8)

where K, — is the coefficient of heat transfer to the bioreactor wall \Vt/(m?-k); F is the surface of the
heat carrier (liquid biomass) in contact with the heat exchanger; t,,, and t; — are the temperatures of the
liquid mass and the heat exchanger wall surface °C;

where K,; — is the coefficient of heat transfer to the bioreactor wall \Vt/(m?2-k); F is the surface of the
heat carrier (liquid biomass) in contact with the heat exchanger; t,,, and t; — are the temperatures of the
liquid mass and the heat exchanger wall surface °C;

(8) the heat transfer coefficient from the equation will be determined using the following expression:

1
Kd = hq 1! (9)
+—L4 =
ﬂ.d a

1
a 2

1
where a; — is the coefficient of heat transfer from liquid hot biomass to the bioreactor wall; h, — is
the thickness of the bioreactor wall m; 4, — is the coefficient of thermal conductivity of the heat exchanger
wall material Vt/(m-k); a, — is the coefficient of heat transfer from the bioreactor wall to the external
environment;
V.Shukriddin and B.Shtyasni from the linear density of the heat flux can be determined by the
formula[12,13].

_ T(tich—te)
9= .1 Din, 1 (10)
atDy 21q Dt  @icpDich
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(10) the denominator of the equation (from water) classifies the intensity of heat transfer from the
heat carrier to biomass through the heat exchanger wall, if its heat transfer coefficient is determined by K —
in this case, the thermal resistance of heat transfer:

R = 1 1 1 Dicn 1
T Ky aDe 2Mq Dy @icnDy’

(11)
Where is the linear thermal conductivity resistance of the bioreactor wall:

— L 1 Dicn
Rd —zldln D, , (12)

The thermal resistance of heating also depends on the diameter of the bioreactor SBD (small biogas
device) [6,7,8]:

-9 _ K 0 _

Qich = 7DunH _ Dien (tich — te) (13)
- _ Q9 _ K . 0 _

qi = mDichHym - Dich (tlch tn) ' (14)

Here is the height of H- SBD (small biogas device).
In the above we take the following designations: K; = DKT

and Kicp = ﬁ, Taking these into
ich Dich
account, we write 13 and 14 in the following form:

Qich = K¢ (ticn — t1) (15)
qr = K (tich — te), (16)

Temperature of the inner wall of the bioreactor:

— 4 _Qich_ 1

ta, = ticn T &ichDich (17)
_ qe 1

ta, =te = o (18)

Heat exchange occurs between the outer wall of the SBD (small biogas device) and the environment.
The outer wall section of the KBQ is made up of two layers (Figure 1)[14]. The value of the heat flux density
for each layer is determined by the following expression:

A
qa, = h_z (ta, — ta,) . (19)

Thermal conductivity

Ai
Qa, =3, (ta, — t) , (20)

where A; — is the permeability coefficient of bioreactor teploisolation; h; — thickness of the outer
wall of the bioreactor; hy — bireactor thickness; ¢, — bioreactor inner wall temperature; t;, — the
temperature of the outer wall of the bioreactor; the temperature at the surface of the t; — bioreactor
teploisolation;
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Figure 1. Thermal accounting scheme for bioreactor walls

(19) and (20) remove expressions together with respect to the difference in heats:

t1—t2:%l;:da (21)
o=t =72, (22)

The same heat flux passes through all layers, then the equality holds:
9a, = 9a, = Qich » (23)

Given (23), we obtain:

h Ric
ta, — tu = Gicn (_d + h) ) (24)

Ad  Aich

from equation (24)

ta,—tich
Lich = Fig Tuen (25)
Ad  Aich

According to the relation:

1 1 D 1
Ra= ®ichDich + 2_/1cln Diih + aoDe ’ (26)
where a, — is the coefficient of heat transfer to the outside air; ; D, —bioreactor wall outer diameter;
Di— bioreactor wall inner diameter;
Thus, at constant values of a B ¢, the complete thermal resistance of the thermal conductivity of the
SBD (small biogas device) bioreactor external circuit will depend on the external diameter (26).
From the equation (26)

Rich = L = const, (27)

QichDi

Thermal conductivity thermal resistance of the outer wall of the bioreactor

IR
Rdt = 274 In Dien , (28)

As can be seen from equation (28), the thermal conductivity thermal resistance of the bioreactor outer
wall increases as Dn, increases.
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In this case, the thermal resistance of the thermal conductivity of the outer wall of the bioreactor will
be constant

= const, (29)

oDt

Thus, the complete thermal resistance of the thermal conductivity of the bioreactor outer wall depends
on the change in the thermal resistance of the thermal conductivity and the heat transfer from the outer
surface of the bioreactor.

In the analysis of thermal processes, the need arises to determine how the thermal resistance changes
with an increase in the thickness of the outer wall of the bioreactor. To do this, we can derive from the
thermal resistance and set it to zero:

dR) _ 1 1
d(Dy)  2AgD;  ayD?

=0, (30)

From the expression (29), the value of D, — corresponds to the extremum, exactly to the minimum of
the function.
0
reactor diameter corresponding to the minimum value of the total thermal resistance of the heat transfer is
said to be defined as:

at the value of thermal resistance will have a minimum value. The critical diameter of the

Dy =—, (31)

[42]

The considered bindings need to be taken into account when choosing thermal insulation of the outer
diameter of the bioreactor. To determine the critical diameter of the isolation of the outer wall of the
bioreactor, it is necessary to determine the resistance of heat transfer, which is determined by the following
formula:

1 1 D¢ 1 Dy 1

R = n
@iDich ~ 2dq¢  Dicn 24y Dy aoD:

: (32)

where A; —is the heat transfer coefficient of the wall material insulation; D; —bioreaktor
izolyasiyasining diametri.

After selecting the isolation material of the bioreactor, the critical diameter of the isolation is
determined by the following formula:

Dyy = — (33)

a9
Thus, the system of equations considered is a complex issue. Therefore, only experimental studies
help to obtain the numerical values of the variables being sought, after which an equation is drawn up that
describes the results of the experiment [14,15,16,17,18].
The energy expended on the individual needs of the SBD is determined by the formula:

Qn = Qr + Qk, (34)

here Q — energy consumption for preheating; Qx — daily consumption of energy.
The daily consumption of energy includes the following losses to itself.
Energy losses to the transmission for mixing the device:

kp, (39)

here is the energy consumption required by the Np — mixing device; Wy —mixer productivity;
kp — mixer device connection carriage; Vs— volume of coolant per day np— stirrer device FIK.
Anaerobic recycled bioaccumulation of energy with itself outside:
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Qpcu = VsCs(ten — tg), (36)

where Cs — is the volumetric heat capacity of the substrate; t-y —the temperature of the substrate at
the exit from the biogas device;
tg — is the initial temperature of the substrate. Heat consumption in the environment:

Qis = kFou(to — t) , (37)

where k is the coefficient of thermal conductivity; Fyy — is the magnitude that characterizes the
surface of SBD; Tawm — is the temperature of the ambient air.
Energy loss of biogas released from the bioreactor:

Qkc = VpeCru(tae — to) (38)

here is the daily output volume of Vg, — biogas; Czy —biogas has a volumetric heat capacity of.;
tge — is the temperature of biogas at the exit from SBD. The ability of biogas to generate heat is determined
taking into account the following correlation:

Qrc =108,0-H, +126,3-CO + 358,2- CH, (39)
2. Conclusion

1. Based on the law of thermal conductivity when creating a mathematical model of heat exchange
processes that take place in the reactor of a biogas device. 2.Analytical expressions are presented that express
the dependence of thermal resistance in heat transfer on the surface and geometric dimensions of the
bioreactre surface.

3. When the geometric parameters of a small-scale bioreactor and its operating modes change, a
mathematical model of thermal processes is created in it.

4. Based on experimental results and theoretical studies conducted on a small biogas device, a
mathematical model representing the temperature distribution by biomass volume in a bioreactor has been
recommended.
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QUYOSH PANELLARINING FIZIK XUSUSIYATLARI
A.P. Xudaynazarov., M.S. Sharipov

Qayta tiklanuvchi energiya manbalari milliy-ilmiy tadgiqgot instituti
Toshkent shahri, Chingiz Aytmatov ko ‘chasi 2B, korpus 2, info@, nires.uz

Annotasiya

Quyosh panellari toza qayta tiklanadigan elektr energiya manbaining bir bo ‘lagi bo ‘lib yirik quyosh
elektr stansiyalaridan tortib telefonlarni quvvatlovchi qurilmalari kabi kundalik narsalarga birlashtirildi.
Ushbu qurilmalar toza va bargaror energiya manbasini ta'minlab, elektr energiyasini ishlab chigarish
uchun quyosh energiyasidan foydalanadi. Quyosh panellarining samaradorligi va tejamkorligini tushunish
uchun ularning fizik xususiyatlarini o ‘rganish juda muhimdir.

Kalit so‘zlar: Quyosh elementlari, samaradorlik, harorat koeffitsienti, baypass diodlari, degradatsiya,
ultrabinafsha nurlar, quyosh panellarining o‘rnatilish burchagi, fotovoltaik

Samaradorlik. Quyosh panellarining eng muhim fizik xususiyatlaridan biri bu quyosh nurini elektr
energiyasiga aylantirishdagi samaradorligidir. Samaradorlik - bu elektr quvvatining quyosh energiyasiga
nisbati va odatda foiz sifatida ifodalanadi. Yugori samarali quyosh panellari quyosh nurlarining katta
gismini elektr energiyasiga aylantirishi mumkin. Fotovoltaik texnologiyada sezilarli o‘sishlar tufayli
so‘nggi bir necha yil ichida quyosh modullarining samaradorligi biroz oshdi. O‘tgan yillar mobaynida
o‘rtacha samaradorlik darajasi 15% atrofida edi, ammo bugungi kunda ko‘plab quyosh panellarining mavjud
samaradorlik darajasi 21% yoki undan yugori. Boshgacha qilib aytganda, ushbu panellar yuzasiga
tushadigan quyosh nurlarining 21% elektr energiyasiga aylanadi.

Quyosh panelining harorat koeffitsenti turli xil atrof-muhit sharoitlariga jumladan, harorat
o‘zgarishiga ta’sir qiladi. Nominal ish harorati va harorat koeffitsienti quyosh panelining quvvati uchun
muhim ahamiyatga ega. 20-30° C harorat koeffitsienti afzalroqdir, chunki bu harorat bo‘lganida panelning
ishlashi barqgaror bo‘lishini ko‘rsatadi.

Quyosh panelining spektral reaktsiyasi uning yorug‘likning turli to‘lqin uzunliklariga nisbatan
sezgirligini tavsiflaydi. Quyosh spektri ultrabinafsha nuridan ko‘rinadigan yorug‘likgacha (biz ko‘radigan
ranglarni o‘z ichiga olgan) infraqizil nurgacha bo‘lgan keng to‘lqin uzunliklaridan iborat. Quyosh
panellarida go'llaniladigan turli materiallar va texnologiyalar turli to'lgin uzunliklariga turli darajadagi
sezgirlikka ega. Barcha quyosh panellari quyosh spektri panellarning barcha gismlariga bir xil tushgani bilan
bir xil natija bermaydi, agar quyosh paneli mavjud quyosh nuriga mos keladigan spektral reaktsiyaga ega
bo‘lsa, u quyosh nurini elektr energiyasiga aylantirishda samaraliroq bo‘ladi.

Quyosh panellarida Baypass diodlari blokirovka giluvchi diodlar yoki baypass kalitlari sifatida
bilishimiz mumkin, ko‘plab quyosh panellari tizimlarining muhim komponentlari hisoblanadi. Ushbu
diodlar quyosh panellari majmuasining umumiy ishlashi va xavfsizligini ta’minlashda, aynigsa soya yoki
yoki quyosh elementining noto‘g‘ri ishlashining salbiy ta’sirini oldini olish uchun quyosh panellarida
qo‘llaniladi.

Baypass diodlari quyosh paneli tizimining o‘ziga xos talablari asosida tanlanishi kerak. Asosiy e’tibor
diod kuchlanishi va oqim ko‘rsatkichlari, shuningdek ularning termal xususiyatlarini oz ichiga oladi. Bu
xususiyatlar diodlar himoyalangan panellarning kuchlanish va ogim darajalariga bardosh bera olishini va
ish paytida hosil bo‘ladigan issiqlikka bardosh berishini ta‘minlaydi.. Baypass diodlari elektr tokidan
shikastlangan panelni chetlab o‘tishi uchun muqobil yo‘Ini ta‘minlaydi, bu esa massivning qolgan qismiga
guvvatni samarali ishlab chigarishni davom etishiga imkon beradi.

Quyosh panellarining degradatsiyasi. Vaqt o‘tishi bilan quyosh panellari yomonlasha boshlaydi
Quyosh panellarining degradatsiyasi vaqt o‘tishi bilan quyosh panellarining ishlashi va samaradorligining
bosgichma-bosqich pasayishini anglatadi. Bu tabiiy va kutilgan jarayon bo‘lib, bunga quyosh panellariga
atrof-muhit omillari ta’sir qiladi, lekin elektr energiyasini ishlab chigarishni davom ettiradi.

Quyosh panellarining degradatsiyasiga bir gancha omillar sabab bo‘ladi bularga: quyosh radiatsiyasi,
quyoshdan keladigan ultrabinafsha nurlanish, quyosh ta’sirida panellaridagi materiallarning vaqt o‘tishi
bilan eskirishiga olib keladi, haroratning o‘zgarishi, bunda aynigsa issiq yoz va sovuq qishda harorat
o‘zgarishi sabab bo‘ladi. Bu harorat o‘zgarishlari materiallarga kichik yoriqglar keltirib chiqarishi mumkin.
Yuqori namlik darajalari korroziyaga, quyosh elementlarida mikro yoriglar va panel ichidagi elektr
ulanishlari hamda qismlariga zarar yetkazadi. Quyosh elementidagi mikro yoriglar elektr oqimiga to‘sqinlik
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giladi. Yuqori sifatli panellar uchun umumiy buzilish darajasi yiliga 0,5% dan 1% gacha. Bu shuni
anglatadiki, 25 yildan so‘ng (ko‘plab quyosh panellari uchun odatiy kafolat muddati) panelning
samaradorligi 12,5% dan 25% gacha pasayishi mumkin.

Quyosh panellarini muntazam ravishda kuzatib borish va ularga texnik xizmat ko'rsatish har ganday
muammolarni erta aniglash va ularni tezda hal gilish uchun muhim ahamiyatga ega.

Quyosh panellarining egilish burchagi va yo‘nalishi energiya ishlab chiqarishni maksimal darajada
oshirish uchun fotovoltaik (PV) tizimini loyihalashda hal giluvchi ahamiyatga ega hisoblanadi. Bu omillar
quyosh panellarining kun davomida va fasllarda quyosh nurini ganchalik samarali ushlashini aniglaydi.

Maksimal energiya ishlab chigarish uchun optimal burchak:

- Quyosh panellarining optimal egilish burchagi geografik joylashuvga va kerakli
energiya chiqishiga qarab o‘zgaradi.

- O‘rnatish uchun ruxsat etilgan optimal egilish burchagi ko‘pincha joyning
kengligiga teng bo‘ladi. Bu burchak panellarga bir yil davomida eng to‘g‘ri quyosh nurini olish
imkonini beradi.

Birog, egilish burchagini mavsumga garab biroz sozlash energiya ishlab chigarishni yanada
optimallashtirishi mumkin. Panellar gishda quyosh nurini pastroq burchak ostida olish uchun tikrog, yozda
esa haddan tashqari qizib ketmaslik uchun kamroq egilishini ta‘minlash kerak.

Maksimal energiya ishlab chiqarish uchun optimal burchakning ta’siri ahamiyatli. Quyosh
panellarining yo‘nalishi kun va yil davomida ularning energiya ishlab chigarishiga ta‘sir giladi. Sharqqa
garagan panellar ertalab ko‘proq quyosh nurini oladi va shu soatlarda quvvat talab giladigan sohalar uchun
javob beradi. G‘arbga qaragan panellar tushdan keyin ko‘proq quyosh nurini oladi va kunning kechki
energiya talablari uchun foydalidir. Shimolga garagan panellar energiya ishlab chigarish uchun unchalik
samarali hisoblanmaydi, lekin janubga yo‘naltirish mumkin bo‘lmagan maxsus bino yoki joylar uchun mos
bo‘lishi mumkin.

Xulosa

Quyosh panellarining fizik xususiyatlarini tushunish ularning gayta tiklanadigan energiya tizimlarida
to‘liq imkoniyatlaridan foydalanish uchun juda muhimdir. Samaradorlik, harorat koeffitsienti, spektral
reaksiya va shu kabi omillar quyosh panelining ishlashi va muayyan joylarga mos kelishiga yordam beradi.
Bundan tashqari, baypass diodlari va egilish burchagi kabi fikrlar quyosh panellarining samaradorligi va
chidamliligini yanada oshishiga hizmat giladi. Dunyo toza energiya manbalariga o‘tishda davom etar ekan,
bu fizik xususiyatlar quyosh energiyasi tizimlarini ishlab chigish va joylashtirishda hal giluvchi ahamiyatga
ega bo‘lib qoladi.
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Abstract

This work carried out experimentally observation of the sedimentation process in nanofluids and also
investigated the impact of surfactants on sedimentation in nanofluids. As a comparison a sedimentation
process in nanofluids with surfactant was slower than in surfactant-free nanofluids. After 72 hours of
observation, the process of sedimentation occurred in nanofluids at higher (0.02% and 0.03%) volume
concentrations with surfactants (SDS). In addition, after 168 hours of observation, the sedimentation in
surfactant free and surfactant-added nanofluids with the volume content of 0.01% and 0.02% were almost
similar, whereas for 0.03 % volume concentration the sedimentation was much more different.

1. Introduction
The concept of using nanofluids as a heat carrier provides an enhancement of the thermal performance

of thermal systems, i.e., solar thermal collectors. As a dilute liquid, nanofluid was first introduced in [1].
The importance of nanofluid application in energy systems includes higher thermal conductivity; good
stability; and negligible influence in pumping power due to pressure drop and pipe wall attrition. Nanofluid
is a product of dispersing nanoparticles of 1-100 nm [2] size in the base fluid, such as distilled water,
ethylene glycol, and oil. The advantages of nanofluids are described with an increasing the heat transfer
characteristics of base fluid regarding the enhancement of thermo-physical properties of the base liquid,
such as thermal conductivity, specific heat capacity, density, and viscosity. Moreover, the potential using
nanofluids as heat transfer fluid in solar thermal systems, by means of flat-plate solar collectors
experimentally showed in [3] that the enhancement of energy efficiency up to 13.1 %, under 1000 W/m?.
However, some issues, such as agglomeration, coagulation, interfacial contacts between nanoparticles and
nanolayers, sedimentation, ultrasonication time, and working temperature during the preparation process,
can have an effect on the heat transmission properties of nanofluids. The sedimentation process, which can
show the rate of stability of nanoparticles in distributed fluids, is one of the key impacts. In [4] work studied
the sedimentation process in nanofluids with the various volume concentration of SiO, and Al;O3
nanoparticles, which shows the 72 h observation results for sedimentation process. Accordingly,
sedimentation and agglomeration in nanofluids depend to a large extent on size and concentration of
nanoparticles. As an outcome in order to remain good nanoparticles dispersed in the base fluids loading or
under normal conditions, also, to obtain near zero of the zeta potentials of the surfaces. Also have been
investigated the influence of Surfactant, such as polyacrylamide (PAM) and polyethylene glycol (PEG)
polymers to get satirically stabilization of TiO nanoparticles [5]-[7].

Moreover, it is still challenge that to study the impact of Surfactant on the stability of nanoparticles
in dispersed fluid, namely reduce the occurring the process of sedimentation.

Analyzing earlier mentioned established works and publications we have pursued the aim that to
investigate the process of sedimentation visually within the 720 h (30 days).

2. Methodology
2.1 Nanofluid preparation
There are several methods for preparing the nanofluids by dispersing nanoparticles in base fluids,

such as the widely used “Single-step method” and “Two-step method”. Numerous study studies have been
conducted, and they all agree that the "two-step technique" is both popular and effective. In this stage, we
will prepare MWCNT-based nanofluids under room temperature and atmospheric pressure using a "Two-
step technique" with varying concentrations. MWCNT nanoparticles with the volume concentrations of
0.01%, 0.02%, and 0.03% were suggested and added to DW (distilled water) as the basic fluid. Following
mechanical mixing, the suspension was ultrasonically disseminated for 30 minutes at a temperature range
of 25-33 °C. The sonication strength and frequency during ultrasonic processing were 100 W and 40 kHz,
respectively. The "Two-step method's" process for preparing nanofluids is shown in Fig. 1.
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Fig. 1. Algorithm of nanofluid preparation. [8]

2.2 Surfactant additive

To achieve the stability of the nanofluids suspension, different techniques such as ultrasonic tools,
pH regulation of the nanofluid, or the addition of surface-active substances (surfactants) are used in the
preparation process. Generally, surfactants are utilized in nanofluid as stabilizing agents and it affect
interfacial characteristics the base fluid, to avoid the sedimentation of nanoparticles in the nanofluid[9].
Various varieties of surfactants have been used in many studies for various categories of nanofluids. The

detailed information about various types of Surfactants presented in Table 1.
Table.1: A list of surfactants and dispersants and their manufacturers [10]

Surfactant/Dispersant Chemical formula Description
Gum Arabic Complex mixture of Crystalline powder,
arabinogalactan slightly beige in
oligosaccharides, color

polysaccharides and
glycoproteins

Oleic Acid C17H33COOH Clear liquid, colorless
with fatty
odor
Sodium Laurate Salt C12H23NaO; Solid, white in
color and odorless
Sodium dodecyl benzene C12H25CsH4SO3 Na Crystalline powder, white
sulfonate or light-yellow
(NDDBSYS) flakes
Nitric acid HNO; Colorless
Sodium hydroxide NaOH Colorless
Sodium Dodecyl Sulphate NaC12H25S04 Solid, white
(SDS)

In order to observe an impact of surfactant adding within the nanofluid preparation we have chosen
SDS (Sodium Dodecyl Sulphate) as a surfactant, which is shown the structure of SDS (Sodium Dodecyl
Sulphate) in Fig.2. o

I
CH3—('CH2)n30H2—O—IE|‘>—d3 Na”

Fig. 2. Structure of Sodium Dodecyl Sulphate surfactant[11].

The ratio between the volume concentration of nanoparticles and surfactants are given in Table2.
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Table 2. The volume fraction ratios of nanoparticles and surfactant

Nanoparticles Surfactant

MWCNT (0.01 %) (distillated SDS (0.01 %)
MWCNT (0.02 %) (distillated SDS (0.02 %)
MWCNT (0.03 %) (distillated SDS (0.03 %)

3.

Results and discussion

In accordance with conducted experiments on preparation and carried analyses, we observed the
sedimentation process in nanofluids visually. As a result, the process of sedimentation increased with the
increase of volume concentration, while with the addition of surfactants, this ratio was decreased. Results

from visually

observation illustrated as following in Fig.
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Fig. 3. Comparison the sedimentation process within the 720 hours in surfactant free and surfactant added nanofluids.

To obtain low viscosity and high thermal conductivity in order to increase the heat transfer of
suspensions, larger nanoparticles should be used. [12]. But the disadvantage of using larger nanoparticles is
the potential instability of nanofluids. The settlement velocity of nanoparticles (V;) can be estimated by the
formula Stokes' law, which is given in the work [13].

A e A €

where g is the free fall acceleration, p,, is the density of nanoparticles, py is the density of the base
liquid, u is the viscosity of the suspension, r is the particle radius.

As shown in Fig.2. for prepared nanofluids based on MWCNTSs, the sedimentation process was
observed with and without the addition of surfactants. Accordingly, the sedimentation ratio increased with
the expanding volume concentration of nanoparticles within the time processes. As a comparison
sedimentation process in nanofluids with surfactant was slower than in surfactant free nanofluids. After 72
hours observation, the sedimentation occurred in nanofluids at higher (0.02% and 0.03%) volume
concentrations, where in surfactant (SDS) added nanofluids. Furthermore, after 168 hours of observation,
the sedimentation in free surfactant and surfactant-added nanofluids with the volume content of 0.01% and
0.02% was almost similar, whereas for 0.03 % volume concentration the sedimentation was much more
different. However, the sedimentation in surfactant added nanofluids with the volume concentration of
0.03% almost was not observed, where in surfactant free nanofluids observed. As a result of visually
observing the sedimentation process in surfactant-free and surfactant-added nanofluids, it can be concluded
that the impact of surfactants additive in nanofluids based on various types of materials can release the
interfacial forces, which might be the reason for sedimentation or agglomeration of nanoparticles.

Moreover, it should be taken into consideration that the process of sedimentation in nanofluids can
influence the thermal performance of thermal systems, namely solar collectors. Producing an agglomeration
and sedimentation increase the viscosity of nanofluids, which expands the pumping power in accordance
decrease the energy efficiency of the solar thermal system.

4, Conclusion

To conclude that the sedimentation in heat transfer fluids (nanofluids) can impact on the viscosity of
pursued nanofluids, which illustrates the destroying the power system and lowering the thermal efficiency
of thermal systems, namely solar thermal collectors. As a comparison sedimentation process in nanofluids
with surfactant was slower than in surfactant free nanofluids. It was found the after 72 hours observation,
the sedimentation occurred in nanofluids at higher (0.02% and 0.03%) volume concentrations, where in
surfactant (SDS) added nanofluids. Further, it has analyzed that after 168 hours of observation, the
sedimentation in free surfactant and surfactant-added nanofluids with the volume content of 0.01% and
0.02% was almost similar, whereas for 0.03 % volume concentration the sedimentation was much more
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different. Moreover, the sedimentation in surfactant added nanofluids with the volume concentration of
0.03% almost was not observed, where in surfactant free nanofluids observed.

Resulting of carried out experimental observation, it should be considered that adding the
surfactants within the preparing nanofluids, can release interfacial forces, which are occurred the
sedimentation, agglomeration and clustering. Using surfactant added heat transfer fluids, namely nanofluids
in solar thermal systems, can provide the high thermal efficiency than ordinary types of heat carriers and
surfactant free nanofluids.
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ABYXOCHASI ABTOMATHU3UPOBAHHASI CHCTEMA CJIEXXEHHA 3A COJTHIEM
JJISA BBICOKOTEMIIEPATYPHOU COJTHEYHOU YCTAHOBKH

P.1O. Axo6apos*, /I.Y. Uoparumos, /I.A. Ilynartos, /I.A. Jraméepaues, b. AdaycoaTos

Hucmumym mamepuanoseoenus,
Y. Aiimmamos 25, 100084, Tawxenm, Y3b6exucman, *E-mail: aryul2@mail.ru

AHHOTAUA

Hanuas paboma noceéawena paspabomke 08yxocHvIx cucmem ciedxcerus 3a Conrnyem Onsl MAIbIX
conneunvix neyeil (MCII). [Ipedcmagnen kpamxui 0030p No CredsuUM CUCIEMAM COTHEUHBIX YCMAHOBOK.
Ilpusooumcsa ungopmayus 06 U36eCMHBIX HAYUHBIX YEHMPAX, 20€ UCHONb3YIOMCA MaKue YCMaHO8KU U
obnacmu ux npumeHeHus. B pabome npedcmasieHa a8MOMAMUIUPOBAHHASL CUCMEMA CHeNHCeHUs 3a
Connyem MCII ¢ eepmukanvhoi onmuueckou ocvlo u MmowHocmeto 1500 Bm uncmumyma
Mamepuanosedenus AH PY3.

Kuarouesrble cioBa: CoHedHasi yCTaHOBKA, TEIMOCTAT, KOHIIEHTPATOP, POKYC, CHCTeMa CIeKEHUS,
COJTHEYHBIH JaTYUK, OCh BPAIICHU, MHBEPTOP, FHKOJIED, IIaTa YIIPaBICHUsI, OJIOK IUTaHUs, PEAYKTOP.

Beenenue

B mnacrosmee Bpems BbICOKOTEMIIEpAaTypHbIE COJHE4YHble ycTaHOBKU (CY) HaxoOsIT IIHPOKHUE
NPUMEHEHUS B NPOBEACHHH (YHAAMEHTAIbHBIX M MNPHUKJIAAHBIX HMCCIENOBAaHMH B  001acTH
reMoMaTepHaIoBeICHNs], a TAKXKE B APYTHX Pa3IMYHBIX MPUKIAAHBIX pa3padoTKax, HAPUMEp, TAKUX KaK
MIOJTy4YE€HUE 3€JIEHHOTO BOAOPOJA, YIJIEBOJOPOIHBIX BOJIOKOH, KOMIJIEKCHOE MCIIBITaHUE CIHEIHMaTbHBIX
MaTepHajIoB U MPHOOPOB U ApYyTHE.

HyxHO OTMeTHTH, YTO B HacTosIlee BpeMs MHOTHE HM3BECTHblE HAay4HbIE MHCTHUTYTHl U LEHTPHI
uMeroT B cBoeM pacnopspkennn MCII remnoBoit momuocThIo 1,5-12 kBT, Hampumep, kK UX 4UCITy MOXKHO
oraectu NREL (USA), PROMES (France), ETH Zurich (Switzerland), DLR (Germany), The Weizmann
Institute of Science (Israel) u Mmaorux apyrux. MHCTUTYT MaTepranoBeeHUS TaK)Ke paHee IKCIIOPTHPOBAI
aHaJIOTMYHBIE TIeYM Ha W3BECTHBIE HaydHble HEeHTpbl PecrnyOnmkm Muamm w Erumer. B paGore [1]
MPEICTaBICH JOCTATOYHO JETANIbHBIA aHAIN3 TEXHOJOIMYECKHX BO3MOXKHOCTEH pa3jIMYHBIX COJHEYHBIX
Nedei, NCTIONb3YEeMbIX B PEILICHUH BBILICYKa3aHHBIX 3a/1a4.

[Ipu 3TomM HEoOxoanMO OoTMETHTH, YTO MCII nOMKHBI UMETh BBICOKOTOYHYIO CHCTEMY CIIEKEHUS
(CC) 3a ConuuieM. B cimydae oTCyTCTBHS B CHCTEME aBTOMATH3UPOBAHHON CHCTEMEI cliekeHwst 3a CoTHIIeM,
T.€. B PYYHOM YIIPaBJI€HUH, PE3KO CHIXKaeTCs 3QPeKTUBHOCTh ycTaHOBKH. Hanpumep, no panusmM [2,3],
ucnonb3oBaHre CC MOXKET YBETUYNUTH MPOU3BOIUTEIBHOCTD (POTOIIEKTPHUUECKON CTAHIIMA B CPEITHEM OT
15 o 72 % B 3aBUCHUMOCTH OT Pa3IUYHBIX (aKTOPOB.

Cospemennsle CC oueHb pa3HOOOpa3HbI M MOTYT CYLIECTBEHHO pas3IMyaTbCsi IO CTOMMOCTH,
KOHCTPYKUMH W HCIOJb3yeMBbIM NPHHLUMIAM yrpasieHus. [lo Tumy npuBoaa pasziauyaroT CHUCTEMBI C
3NEKTPONPUBOJIOM, THAPOTIPUBOIOM WIIH TACCUBHBIM PUBOJIoM ¥ CC MOTYT OBITH OJIHO WJIM JIBYXOCHBIMH
[4]. Takum 0Opa3oM, cHUCTEeMa CIIEKEHHS MOXKET HCIOJb30BaTh Pa3HBbIX METOJOB W MEXaHH3MOB IS
paboThl, HO Bce OHU ciryKat Uit Toro uro0sl CY myTem nepemeineHus mojyyaja Kak MOKHO OoJiblue
MPSMBIX COJIHEYHBIX Jydeil. OO30pHBIE MarepHanbl M OSKCHEPUMEHTAIbHBIC JAHHBIE 10 OCHOBHBIM
XapaKTepUCTUKaM pa3jINYHBIX THIIOB CHUCTeMBI ciekeHui 3a CoNHIEM Mpe/CTaBlIeHbl, HallpUMep, B
paborax [5-8].

B nocnennue roxel B MHCTHTYTEe MatepuanoBeAeHUs] pa3padOTaHbl M CO3AaHBl HECKOJIBKO
BBICOKOTEMIIEPATYPHBIX ~ COJMHEYHBIX TMe4yedl Mamoil MomHuoctd. OpHOW W3 HHAX  ABISETCS
BBICOKOTEMIIEpaTypHasl COJHEYHAs MeYb C BEPTHKAIBHOW ONTHYECKOM OChI0 M MomHOcTh0 1500 BT
(puc.1). lmamerp LeIbHOTO KOHLEHTpaTropa meud 2 M, (okycHoe paccrosiHue 85 cMm. EnuHnyHbIM
rengoctar pasmepoMm 2.5x2.5M cocroutr u3 25 (arer. MakcumanbHas KOHIIGHTPALUs COJIHEYHOI'O
u3nydenus ouneHuBaercs B 6000-7000 kpat, a pasmep (GpoKajJbHOrO MATHA OKOJIo 3¢cM. B manHO# padote
BKparTIie IpeCcTaBleHa BHOBb pazpabotaHHast BeicokoTouHass CC ayst 5Tol meun.

JByxocHasi cucTeMa cJIesKeHUs!

OCHOBHBIMH y3JIaM{ CHCTEMBI CIIE)KEHHS YCTAHOBKH SABJISIOTCS MOTOP-PEAYKTOp (2 IIT), HHBEPTOP
(2 wrT), nnara ynpasieHus, T1aTa 6J0Ka MUTaHWA, YCHIIUTENb U coTHeuHbIH natunk. [IpuHumn padotsr CC
3aKIII0YaeTCsl B CIEOyIomeM: OJEKTPUYECKUH CHUTHAI OT COJIHEYHOrO JaTduka (2 curHajga Ajis JBYX
B3aMMHO NEpHEeHIUKYIApHbIX ocell X u Y) mocTymaeT Ha IJjlaTy yNpaBlCHHs, 3aT€M CHUIHAJ II0CIe
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yYCWIGHHs HampaBisieTcss Ha BXOJX HHBepropa. VHBeprop obecnednBaeT INpaBHIBHOE HAIPaBICHUSI
BpAILlEHHUsI OCH U YacTOTHI BpallleHHUs ABUraTels. 3aTeM, NpeoOpa30BaHHBIA CUTHAN MOCTYIMAET HA BXOJ
TaHJeMa JBUTaTeNb-pemaykTop. OTMeTHM, 4To B cucteMe Koadumment pexykmuu O6omsire 100000. B
3aKJTIOYMTENIFHOM IIENOYKe pPEeIyKTOp HPHBOAWTH B JABIKEHHE Baja reiquocrara. AHAJIOTHYHAS cXeMa
yhpaBlieHHs. UCNOB3YeTCs U Ui Apyroi ocu renuocrara. Ha puc.2 mokasaHa MpUHIMIUAIBHAS CXeMa
cHCTeMBbI clieskeHust renrocTtara. BykBel X U Y COOTBETCTBYET BEPTUKAIBHBIM M TOPHU3OHTAJIBLHBIM OCSIM
reanocrara, Oyksa M o3HadaeT MOTOp, V 3JIEKTpHUYECKUiT CHTHAN, A OTHOCHTEIbHAsI CKOPOCTH OT YHKOJIepa
(B TeKylIieM HCIOJHEHUH CHCTEMBI SHKOJep oTcyTcTByeT). Ha puc.3 npuBeaens! goTorpadun 0CHOBHBIX
pa3pabOTaHHBIX Y3JIOB 3TOI CUCTEMBbI CIICKEHHUS.

A Ycuautenn Imkopep ¥
MOWHOCTH

TNyun

Mnata e L
ynpasneHus 2
Yeunutens g

@

4

=

Puc.3. OcHoBHbIE y371bI pa3paboTaHHOMN cucTeMbl clexeHus 3a CoiHieM. a). MoTop-peayKTop U
LIECTEPHHU BEPTHKAJIBbHOI ocH. 0). IHBepTOpHI BEpTUKAIBHBIX M TOPU3OHTAIBHBIX Ocel. ¢). biiok nuranus
(creBa) u 1ata ynpasieHus (crpasa). a). CojiHeuHbIH qaTduk (0e3 Kopiyca).

J'Ia6opaTopHLIe HCIILITAHUA WU TCCTUPOBAHUEC Y3JI0OB CUCTEMBI IIOKa3aJil PE3YJIbTAaThl, 6J]I/13KI/IC K
MPEeSYCMOTPEHHBIM B TEXHMUYECKHX 3alaHUIX. B HacTosiee BpeMs UaeT poLecc MOHTaXa CUCTEMBI.
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TEIVIOTUAPABJIMYMECKHUE PACYETBI HCCIIEJOBATEJIBCKOI'O PEAKTOPA
BBP-CM

HI.A. Aaukynos, C.A. BaiitesecoB, ®.P. Kyurypos, JI.I1. Tax:xu6aes, /I.Jl. To:xxu6oes,
T.Bb. ®aiizueB

HUnemumym soeproui ¢pusuku Axademuu nayx Pecnybnuku Y36exucman,
Tawxkenm, Y3z6exucman, E-mail: alikulov@inp.uz

AHHOTANUA

Buvinonnen ananuz pacnpeoenenis meniogoi MOWHOCMU 0EPHO20 MONIUBA 8 AKMUBHOU 30He
uccneoosamenvckoeo peakmopa BBP-CM ¢ 24 mennosvioensiowumu coopkamu (TBC) 6 akmusHot
sone (A3). Pacuémul pacnpedenenuss menniogoli mownocmu ¢ A3 peaxmopa nposoounucsy Kax 0s
scex TBC, 3azpyoiceHHbIX 8 30HY, MAK U KAAHCO020 MENI08bI0ENAIOUE20 INEeMEeHMA (8IJ1) OMOeTbHOU
TBC.

KiroueBble ca0Ba: TEIUIOBBIACNAIONIAS COOpKA, aKTWBHAS 30HA, TEIUIOBBLICISIONINA JJIEMEHT,
HCCIIEIOBATENbCKUI SIIEPHBIN peakTop, K03 GHUIIMEHT 3amaca 0 Hadajaa KHITCHHS.

1. BpeneHue

3HaHWE TEIJIOBOM Harpys3ku, ucmbiThiBaeMoii TBC u e€ »s1eMeHTOB, SBISIETCS HEOOXOIUMBIM
ycioBueM Oe3omacHoil paboThl HccienoBaTeNbekoro sigepHoro peakropa (MSP). Otu  pacuérw
npoBoarUCh 1o nporpamme IRT-2D [1] nns konduryparuit A3 ¢ 24 TBC tuna UPT-4M u npencrapiieHb
B Tabnumax 1-2 (pacmpeneneHne HEPTUH HOPMAITU30BaHO K 1).

2. OcHoBHAasl 4YacTh

Hamu Taroke ObUTH Onpe/ieieHbl ONepaloHHbIe TPEeITbl TEMII0BOW MOITHOCTH TS 00JIee BBICOKHX
TeMIiepaTyp Boabl Ha Bxoje B A3. Pe3ynbraTel aHanmu3a TEIUIOTUAPABIWYECKUX COCTOSHUH A3, ¢
ucnonb3oBanueM mporpamvbl PLTEMP/ANL [2], st Temiiepatypsl BObI Ha BXoje paBHOU 48 °C mst
pa3nuuHbIX KoH(purypammii A3, mpelncTaBieHbl B Ta0muie 2. 31eCh MPEACTaBICHBI MaKCUMaJbHO
JONYCTUMbIE 3HAYCHHS OIEPALMOHHOW MOILIHOCTH Uil COOJIOJICHHUS KaTaIOXKHBIX PEKOMEHAALUH
ncnonszyemsix TBC.

Bce rtemmormapaBnMueckue mapaMeTpbl — TEIUIOBBIE TOTOKH, TEMIIEpaTypbl, IapamMeTphl
TETJIOHOCUTEINS — OTIPENEISUTUCH JUISI CPETHEro M0 aKTUBHON 30HE U MaKCUMAaJIbHO Harpy»eHHOTO TB3Ja.
Pacuer npoBoawmiics i 15 Touek 1o BBICOTE aKTUBHOM 30HBI C KOOPAWHATAMH HAUWHAsI OT HIPKHEH TOUKH
TBC (0 cm) no Bepxueit Touku (60 cMm) uepe3 kaxasie 4 cM.

3. PesyabTaThl

Pe3ynbrarel 3THX pacy€TOB NpeACTaBICHBI Ha pHC. 1.
AHCManbHOE pacnpegeneHMe MOLWHOCTH 4nAa TBC

—e— HApy®HoiW TB3N —a—2 TB3N 3 TB3N 4TB3N —»— 5 TB3N —»— BHYTREHHLIA TB3

5,00E =02
4 SOE =02
4 00E +02

2,50E +02
2,00E +02
1,50E +02
1,00E =02
5,00E+1
0,00E +00 T T T T T

0 10 20 30 40 50 50

Bricm3

BkicoTa TBC, cm

Pucynox 1. Pacnpeoenenue mennogoii mownocmu no onune medanos ons TBC 6 auetixe 3-4.

J4 K pPUCYHKa BHJHO, YTO MAKCHMAaJIbHOC BLIJCICHUC TEMIOBON MOIOHOCTHU TIIPUXOOUTCA Ha
HCHTPAJIbHBIC (HO BBICOTC) obmactu TB3JIOB, 4 CaMbIM TCIUIOHANPSAKCHHBIM MCECTOM SBJISICTCA LICHTP
Hapy>XHOTO TBAJIa. OCTaTBbHBIE 5 TBIJIOB MMEIOT MPUMEPHO OIWHAKOBYIO TEIJIOBYIO HArpy3Ky. 3mech
YMECTHO OTMETHTh, YTO NPH KOHTPOJIE TepMETHIHOCTH 0b6oouek TBC HeoOxomumo obpamarh ocoboe
BHUMAHUC HA TCPMCTUIHOCTD HAPYKHBIX TB3JIOB.
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W3 tabmumpl 1. BHIHO, 9TO caMOl TeIutoHanpsbkeHHO# sBisercs TBC, momeménHas B siaeiiky 3-4,

HO 1 OHa UMECCT CyHIeCTBeHHI:IfI 3amac Io TemnJ0BOM Harpyske.
Ta6auuna 1. Pacnpenesnenne teniopoii momuoctu B A3 st 24 TBC tuna UPT-4M

Ht;e:;x;no TemmoBast MOIIHOCTE, %
6 3,918 4,314 4,207 4,038 3,577 3,247
5 3,368 4,562 5,727 5,648 4,287 2,995
4 3,3 4,471 5,615 5,568 4,332 3,109
3 3,815 4,098 3,921 3,983 4,147 3,754
S4etika mo 2 3 4 5 6 v
ocu X

Temneparypa obomoukn u mpenensl koddduimenta 3amaca g0 Havana kunenus (K3HK) ma
MMOBEPXHOCTH TB3JI1a IO TEMIIEpaType YIAOBIETBOPESHBI IS Bcex A3,

Taoauuna 2. [TapamMeTpbl YCTAHOBHBIIETOCs TelJIOrHApaBinyeckoro coctosinusi A3 u3 24 TBC tuna UPT-4M.

6-tpyonas UPT-4M 8-tpy6nas UPT-4M
Kondurypauus Makc. Hn(l)\f;g(c:.n TTonoxxen Mac Hx:;:g'ﬂ TTonoxenu
A3 K3HK | T o6ou, ne TBC, |K3HK o 'BC, Ne
b SHEPTHU N " o06om, °C |p sHEpTHH |
3 ° queiiku 3 HeHku
kBt1/cm kBT/cMm
24 6-tpy6Oneix | 1,54 88,4 2,044 3-5
TBC
22 6-tpy6Oneix | 1,46 90,7 2,175 3-5 1,68 84,1 1,751 4-4
TBC / 2 8-
TpyoHbIx TBC

4. 3axaiouenune
AHanmu3 pacmpeneNieHusi TEIUIOBOM  MOIMHOCTH  SIIEPHOTO TOIUIMBA B aKTUBHOM  30HE
nccienoBarenbckoro peaktopa BBP-CM nokasai, 4to faxe Npu KOHCEPBATUBHOM MOAXO/IE TPEBBIIIEHUS
JOMYCTUMBIX PEXHUMOB paboThl He mpoucxoauT. Ilpu pabore Tpex IiaBHBIX LHUPKYJISLMOHHBIX HACOCOB,
KOTOpbIE 00ECIIEUMBAIOT PACXOJl TETUIOHOCHUTENS YePE3 aKTUBHYIO 30HY Ha ypoBHe 1250 m%/4, kpusncos
TeriooOMeHa B caMbIX SHeproHamnpsokeHHbIX TBC He BO3HMKaeT, a UMEHHO, TEMIIEPaTyPbl CTEHOK TBIJIOB
U TETTOHOCHUTENS] OCTAKOTCSI HUXKE TOIYCTUMBIX MTPEEIIOB.

Jlutepartypa

1. Apxanrensckuit H.B., [Tporpamma IRT-2D, Mocksa, (1972), . Nel15/642.
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PE3YJIbTATBI MOJAEJUPOBAHUA ABTOHOMHOM COJTHEYHO
®OTODJIEKTPUUECKOM CTAHIIUUA J1JIsI HEHPEPBIBHOTI'O
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* Tawikenmexuii 2ocyoapcmesennviii mexuuueckuii ynueepcumem, 2. Tawikenm,
ya. Yuusepcmumemcexasn Ne2, e-mail: makuralov@gmail.com

AHHOTAIINA

B cmamve npedcmagnenvt pesyromamvi MOOeIUpOBAHUS Osl ONMUMATLHOSO NAAHUPOBAHUSL
VCMAHOBKU A8MOHOMHOU CONHEYHOU (OMOINEKMPULECKOU CMAHYUU OISl JIeKMPOCHAOIHCEHUS KOMHAMbL
BAKYUHAYUU MEOUYUHCKO20 YUPEHCOEHUS, PACHOJIONCEHHO20 8 MPYOHOOOCYNHBIX Mecmax YuKyOyKcKoeo
pationa Hasounckoti oonacmu 6 pamrax npoexma « Oyenxa yuacmkog 071 onpedeneHuss nompeoHocmetl 6
SHepeuu U cocmosiHus uH@pacmpykmypol 30  noauxiuHuxk nepsuuHozo 36eHa 6 Hasoutickot,
Kawxaoapvunckoii u Cypxanoapvurckoll obracmsax 0as pa3pabomku HIAHO8 No 3IneKkmpudurayuu
conneunol pomoanekmpuueckoi cucmemoly npoepammor UNICEF. B pabome Oviiu usyuenvr mexuuxo-
9KOHOMUYECKUEe U IKOJIO2UYEeCKUe NoKa3amenyu CUcmemvl C Y4emom 2eHepupyrouel MOouHOCU
domosnexmpuueckoi cmanyuu mowHocmoio 8 kBm ¢ Cemetinoii nonuxiunuxe (CII) Hlanxap 6
Yukyoyrcrxom patione Hasounckoii oonacmu. /s ananuza blx00HbIX NOKA3amenei homosieKmpuyeckon
CMAaHYUU UCTIOTB308AIACH NpocpamMmHoe obecnedenue PVSYSt. Ilpu smom, 0ns peanuszayuu ucciedosanuil 8
npoepammuom obecneuenuu PVsyst, usyuena u cobpana 6a3a OCHOBHbBIX KIUMAMUYECKUX U
AKMUHOMEMPUYEeCKUX nokaszamenel, mMAaKux Kaxk, MmMemMnepamypa Hapyj’CHO20 6030yXd, CpPeoHss U
MAKCUMANbHASL CYMOYHASL AMIAUMYOa MeMnepamypvl 8030yXd, GIANICHOCMb HAPYICHO20 B030VXdA,
Xapakmepucmuxa eempd, cpelOHue 3a CYMKU CyMMbvl (NPAMOU/PACCEAHHOL) CONHEYHOU paduayuu Ha
2OPU3OHMANLHYIO NOBEPXHOCHb NPU CPEOHUX YC08usax obnaunocmu u op. 3a 2005-2022 ez. na meppumopuu
Hasouiickoti obnacmu.

KuroueBble ciioBa: aBTOHOMHas QoTodNIeKTpudeckas ctanius, PVsyst, MonenupoBanue, ColHEeYHAs
paananys, KIMMaTHIeCKHe U aKTHHOMETPUYECKHe JaHHbIe, HEMTPEePBIBHOE SHEProoOecieYeHre.

Beenenue

DOKOHOMHUYECKHH POCT Pa3BUBAIOLIMXCS CTPaH TECHO CBS3aH C HAACKHBIM SHEPrOCHAOKEHHEM,
0c0OEHHO B OTAAJCHHBIX palloHaX, rae OeJHOCTh B 3HAYMTEIHHOH CTENEHH 3aBUCHT OT AOCTYIHOCTHU
9HEpPreTHUeCcKX yciyr. Kak 3asBisioT MHOTHE MEXTyHApPOJIHbIE OpraHn3aIiH, Takre kak Opranu3amys
O6benunennsix Hamwii [1, 2], Bcemupnsiit 6ank [3] nnn MexxayHapoJHOE SHEPTeTHYECKOE areHTCTBO
(IEA) [4], pneKTpU4ecTBO 00eCIeunBacT HEOOXOMUMYIO OCHOBY ISl SKOHOMHYECKOT0, COIUAIILHOTO U
YeJI0BEYECKOT0 IPOTrpecca, OKa3bIBas MOJIOKHUTEIHHOE BIMSHIE Ha IPOMBIIINIEHHOCT, 3/JPaBOOXPaHEHHE,
o0pa3oBaHKe, U3MEHEHNE KJIIMMATa, MPOJIOBOIBCTBHE M BOJLY, CIIY>KOBI O€30MIaCHOCTH M CBSI3H.

Ha Tepputopun PY3 B kauecTBe TakuMX SHEPropecypcoB HamOosee akTyalbHO paccMaTpUBATh
WCTIONBb30BaHHUE SHEPTHH COJHIA, BETPA, MAJIBIX U TOPHBIX PEK, FT€0TEPMalIbHON SHEPIHH, HCIIOIb30BaHHE
OTXOJIOB CEIIbCKOXO035HCTBEHHBIX IPOU3BOICTB IS TTOJTyUeHHs Toproyero ouorasza. HecMoTps Ha To, 94TO
00bEMBI U Temmbl ocBoeHHs BMD B crpaHe mMOKa 3HAYUTEIBHO OTCTAIOT OT PA3BHTHIX M MHOTHX
pa3BUBAIOIIMXCS CTpPaH, B CTpaHE 3a MOCIEOHHE TOAbl YCTAHOBJIECHBI 3HAYUTEIbHBIE MOIIHOCTH
COJIHCUHBIX U BETPOBBIX YHEPTETHUECKHUX CUCTEM [5].

Onnako u3BecTHO, uTO W3-3a HU3Koro KIIJ] dotosnekrpuueckux maneneit (15-22%) u Hu3KOMH
WHTEHCUBHOCTH CYMMapHOH COJTHEYHOH paauanyy Ha TOPU30HTAIBHON MOBEPXHOCTH ISl TOCTHIKEHHS
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OIIPE/ICIIEHHOTO YPOBHS MOIIHOCTH TpeOyeTcsi OONbIIOe MPOCTPAHCTBO [UIS YCTAHOBKH, YTO B CBOIO
oyepeab NPUBOIUT K YBEIMUCHHIO KalTUTAIBHBIX 3aTpaT Ha IIAHUPOBAHUE, IPOCKTUPOBAHHE U YCTAHOBKY
COJTHEUHBIX (hOTORJICKTPUICCKUX CHCTEM [6].

B pamkax xosmoroBopa Ne 43363682 ot 11.08.2022 «OmueHka y9acTKOB ISl OIPEIEICHUS
MOTPeOHOCTeH B DHEPTrUM W COCTOSHHSA HWHPpacTpykTypsl 30 MOMUKIMHUK TEPBHYHOIO 3BEHA B
HaBowuiickoii, Kamxkamapeunckoii u CypxaHIapbHHCKOM o00nacTax i pa3paboOTKH IUIAHOB  TI0
DICKTPUPHUKANIMA COTHEYHOH (DOTORICKTPUICCKOW CHCTEMOI» OBUIM pa3padOTaHBl TPOEKTH II0
anektpudukanyu 30 MOTUKINHUK NEPBUYHOTO 3BEHA B BBIICYKA3aHHBIX 00JIACTSIX C TOMOLIBIO COTHEYHBIX
¢dorosnekrpuueckux cucteM (PIC).

B cBs3u ¢ 3THM, B JaHHOM COOOIICHNH, HA OCHOBE U3y4YEHNs II0Ka3aTeNell KIIMMaTH4eCKUX JaHHBIX
HaBouiickoli o6nacTh ¥ mNapaMeTpoB 3JIEKTPOCHAOKEHHMA OOBEKTa IONMKIMHUKU, IPEICTABIICHBI
pe3ynbTaThl MO pa3paboTKe MNPOEKTHBIX pelleHHid UIsi YCTaHOBKM aBTOHOMHOH POC c¢ menbo
HETIPEPHIBHOTO JICKTPOCHAOKEHNST KOMHATHI BaKIHAwH ceMeliHoi momukinuaukd (CIT). OTMeTnM, 910 B
OTIAJCHHBIX II0 PACIOJIOKEHHMM OT LEHTpa pailloHa MEAUIUHCKUX YUYPSKICHHH HeoO0xonuma
OecrniepeboitHOe 3TeKTpocHAOKEHNE KOMHATHI BaKLIWHALMKM JJISl COXPAHHOCTH Pa3HBIX BAaKIMH ISl UX
CBOEBPEMEHHOTO IPHUMEHEHUSI.

Knumarnueckue ¥ akKTHHOMETPUUYECKHE NaHHbIE (HANpaBiCHHE U CKOPOCTh BETPa, BIAKHOCTb
BO31yXa, MUHMMaJbHas M MaKCHUMaJbHas TeMIIepaTypa BO3AyXa, aTMoc(epHOEe IaBICHHUE, HaIMihe
0CaJIKOB, YPOBEHb 00JIAYHOCTH, KOJIMYECTBO MOCTYMAIOIIEH NPSMON COTHEYHOU paiaiiy U Ip.) OJTYYeHBI
M3 METEOCTAHIINH, PAcCIONOKEeHHbIX B HaBowmiickol 00IacTH ¢ JOBOJHHO MajbiM BPEMEHHBIM IIIATOM —
KaKZIble I10J1 4aca, YTO MOBBIIACT YPOBEHb TOYHOCTH JaHHBIX. Huxe npuBeneHbl OCHOBHBIE NOTY4YEHHbBIE
pe3yabTaThl MO cOopy W 00pabdOTKE OCHOBHBIX KIMMATHYECKUX W AKTHHOMETPHUYECKHX IOKa3aTenen
HaBowuHckoi obnactu [7].

Kak u3BectHO, HaBowniickass 001acTh pacmonokeHa B IeHTPaNbHOM JacTu pecryonuku 42°00'c.m.
64°15'B.n. Ilmomane obmactm — 110 800 xm? Knmmar — pe3ko KOHTHHEHTAJIBHBIN, ITyCTHIHHBIN,
3acynuinBeiid. Knmnmat HaBou HaxomuTcs moJl BIMSHHUEM MECTHOTO CEMHApHIHOTO KinMaTa. B TedeHue
roza ecTb HeOOJbIIOE KOJMUecTBO ocankoB. IIpu 3Tom ormeTnM, yto HaBon nmeer X0IOMHBIN CTEIHOM
kimmart (BSk) no knaccudukanmu kiumaros Kénnena-I'eiirepa [8]. Temnepatypa 3aecs B cpeanem 15.8°C.
B rox Beimagaet okoio 227 MM ocaakos [9, 10].

CornacHo HCCNeOBaHMSAM IO OLEHKE PECYPCHBIX IIOKazaTeNeil COJIHEYHOHW HHEPruM JUIs
XapakTepHbIX pernoHoB PecyOnuku Y30ekucTaH, YUCIO COJMHEUHBIX JHEeH Ha Tepputopun HaBowuiickoii
obnactu cocrarisger 2900-3000 gacos [11]. CornacHo pe3yjbTaTaM HUCCIICAOBAaHUMN, BBIIOIHCHHBIM
OTEYECTBCHHBIMH YUYCHBIMH [ 12], TEXHUYECKHH MOTEHIMAT BO30OHOBIIAEMBIX HCTOYHUKOB 3HEPruu B PY3
cocraiuseT 270 MiH. T.y.T. (M3 HUX 265,1 MITH. T.y.T. TEXHHYECKUH TTOTEHIAI COTHEYHON YHEPTUH), YTO
OoJiee UeM B TPU paza MPEBbIIIAET €XKETOHYI0 MOTpeOHOCTh B dHepropecypcax (Puc.1).
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Puc.1. Kapma u3 cepuu npupoonozo nomenyuana Conneunoti snepeuu PY3. 0na onpedenenus cymm cymmapHoul
COHeuHOoU paduayuu, nocmynaroujell Ha copusonmanvuyio nosepxnocms (GHI).
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Ha puc. 2 mokazan cmyTtHuKOBBIH cHuUMOK Tepputopun CII Illamxap, KOTOPBI pacmoiioKeH
npuMepHo B 12 KM 0T IieHTpa YUKyayKcKoro paiiona HaBowuiickoit obnactu.

Kax BumHO U3 prc.2. HET ONM3KOTO 3aTEHEHUS C yTpa IO Bedepa W HeT OPYTHUX MPEnSTCTBHA IS
TEXHUYICCKOH peanu3aun pactenus [13].

YuryayK @

- S N—t—

-
-
. nv tank

Store room

e ———.
a 0
Puc.2 I'eocpaghuueckoe pacnonodicenue (a) u CHymHuxogwlii CHUMOK (6)
Meouyurckozo yupeoicoenus Lllanxap

ABTOpaMHU JaHHOH COOOIIEHUH M3YYEeHbI TEXHUKO-IKOHOMHUYECKUE M IHEPreTHYECKHE TOKa3aTeNn
(hOTORIIEKTPHYECKOM CHCTEMBI TeHepUpYyIomIeil MOIHOCTEI0 8 KBT B Yukymykckom paiione HaBowiickoit
obxactu. [{ns ananm3a nmokazarteneir @IC ucnonp3oBaliach MporpaMMHoe odecrieuenue PVsyst.

Awarpamma n3o-saTeHeHWA

Shalqgar

0 Beam shading factor (linear calculation) : Iso-shadings curves
— —TT—7T—— 7T

————
i Shading loss: 1% Attenuation for diffuse: 0.000
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Puc. 3. Conneunvlii 20pu30Hm 6 6blOPAHHOM Pe2UoHe, CO2NACHO pe3yibmamam PVsyst

Y4acTok rOpU30HTa, MOKAa3aHHBIM HAa PUCYHKE 3, MOKAa3bIBAET, HACKOIBKO JOCTYIHO COJHEYHOE
n3nydenue. KpacHas nuHUS mpeAcTaBiIsSeT TeHb BOKPYT COJMHEYHOTO IOJIA, a CHHSIS JTMHHS TIPEICTABIISET
co00l aBTOMAaTHYECKYIO TeHb OT (POTOINEKTPUIECKUX MOTYJIEH.

Pesynbrarel mogenupoBanus yctaHoBKHM POC MOUTHOCTRIO 8 KBT Ha TeppUTOPUN METULIUHCKOTO
yupexxnenus: [llamxap B HaBowmiickom pervoHe mOKa3bIBalOT HEOOXOAMMOCTh YCTaHOBUTH 16 ImIT.
(hoToanexkTprueckux naxenei momuocThio S00 BT kmacca A (BecorabapuTHBIE pa3Mepbl KaKIOW MTaHETH —
2094x1038x35,24 Kr) B 10’)KHOM HaIlPaBJICHUH MO/ yIJIOM 36° K TOPU3OHTY, PACCTOSIHUE MEXAY MaHeIsIMH
2,20 M, 7 mIT. aKKyMYJISTOPHO# OaTapen emkocThio mo 200 Ah.

OpueHTalMOHHbIE MapaMeTphl IMOJs BKIIOYAOT B ce0s yroj asuMyTa, yroj HakKJIOHA, OBICTPYIO
ONITUMH3ALUIO (3UMa — OKTSOPh-MapT, JIETO — allpeiib-CEHTAOPB).
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HOHy‘IeHHHC PE3YIbTATHI ITIOKA3bIBAIOT, UTO I'OA0BAS DOHEPT YA, IPOU3BOAUMAA CHCTCMOﬁ, COCTaBJIACT

11,96 MBTu/ron (puc. 4).

1575 kWhim?

1772 KWhin® * 38 m? eoll.

efficiency at STC = 20.84%

14.19 MWh

12.26 MWh

418.3%
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3.00%
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Chimic wiring kass

Array virtual energy at MPP
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Puc. 4. [luaepamma nomepsb agmoHOMHOU (POMOIIEKMPULECKOU CUCEMbL MOWHOCMbIO SKBm.

Ha puc. 4 npuBenena auarpamma motepb (oTodsekTpuydeckoi cucteMmsl, rae npu KIIJ 20,94%
HOMHWHAIIbHAsI SHEPTHUs OaTapeH B CTaHAAaPTHBIX YCIOBUAX UCTIBITaHUH cocTaBisieT 14,19 MBTu/roa. H3-3a
MOTeph B CHCTEME, JOCTYITHAs SHEPrusi Ha BBIXOJle MHBepTOpa cHmkaercs mo 11,15 MBtu/ron, yro
MOKAa3bIBAET, YTO MOTEPU B CUCTEME COCTABIISIIOT OKOJIO 21,42%.

TenLHOCTE (Ha yeT i KBT) Performance Ratio PR

10 T T T T T T T T T T T 12 T T T T T T T T

| l Le: Collection Loss (PV-array losses) 0.91 kWh/kWpiday 11 - PR: Performance Ratio (Yf/ Yr): 0.748

Ls: System Loss (inverter, ...) 0.38 kWh/kWp/day
Yf: Produced useful energy (inverter output) 3.82 kWh/kWp/day

@

Normalized Encrgy [kWh/kWp/day]
Performance Ratio PR

Feb  Mar

Jan Apr  May Jun  Jul  Aug Sep Oct Nov Dt

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov De
a 0
Puc. 5. Hopmanuzosannoe npouzeoocmeo (a) (na ycmanosiennvlii kBmu/kBm/Oens) u koapguyuenm
npousgooumenvrocmu (6).

Kak BumHO n3 puc.5, HOpManu3oBaHHBIA KOI()(UIMEHT BHIPAOOTKM W MPOH3BOAUTEIBHOCTH
QJICKTPOCTAHLIUNU C HCIIOJIb30BAHUCM IIPOIrpaMMHOI0 obecrieyeHust PVSYSt, TaK Jajaec IMPOU3BOACTBO
MOJIE3HOH SHEpTHH cocTaBisieT 3,82 kBT 4, a KO3 PUIMEHT MPOU3BOUTEIBHOCTH cocTaBisieT 74,8%, STH
3HAYCHMS JIBYX IapaMETPOB IMOKAa3bIBAIOT, UTO CUCTEMa OyaeT paboTaTh B XOPOIIEM COCTOSHHH.
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BoiBoa. Pe3ynmbraThl HCCIENOBAaHWK TOKA3bIBAIOT, YTO JUIS HEIMPEPHIBHOTO OOCCIICUCHUS
3NEKTPUIECKOI dHEprHel, B pacyeTe HeoOX0JUMOM akKyMysinuu B cyTkH 13,5 kB1-u myis coxpaneHus B
TpedyembIx ycnmoBusix kKomHaTel BaknuHanuu CII [Hanxap B HaBowniickom pernoHe, 9To B CBOIO OYEpE.lh
IUKTyeT HeoOXoAuMocTh yctaHoBUTh PDC momHoCcThIO 8 KBT, B KOTOpOo# 2,673 kBtu sneprus Oyner
WCTIONB30BaHa AJs MoAayy Ha pe3epBHOE ycTpoiicTBO 3a yac oT @IC. Ilpu 3TOM, MOXKHO COKOHOMHUTH 32
rox 5 017 500 cymoB u3 pacyera 450 cymoB 3a 1 kBT 4 anekTpruyeckoil 3HEpruu Uil FOPUANYECKUX JIULL
(cormacHO 3aKOHOJIATENBCTRY ).

B cBoro oyepenp, COraacHO METOIMKE pacueTa, MpUMEHseMblx Hamu [14], yaenbHas SKOHOMUS
IPUPOJIHOTO Ta3a U AHrpeHcKoro yriis coctasnser 1434 Hv® u 3,6 T B 1oj1, COOTBETCTBEHHO. Y MEHBIIEHHE
BEIOpocoB CO2 B OKPYXKAIOMIYIO Cpeay MpH CXKWUTAaHWU TPHPOTHOTO rasza coctaBisieT 1959 xr u
AHTPEHCKOTO Y15l (B 3aBHCHMOCTH OT MIPOIEHTHOTO CO/IeP KaHUs yriiepoa B coctaBe yrist) ot 12,45 u 19
T B I0Jl, COOTBETCTBEHHO.
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BO3/JENCTBUE HMMIIYJIbCHOT'O HH®PAKPACHOTI'O U3JIYYEHMSI HA BA3E
OYHKINOHAJIBHOU KEPAMUKHU HA MATHUTHBIE CBOUCTBA
KEJIE3OCOJEPXKAIIIUX MUHEPAJIOB.

P.X. Paxumos, X.K.Pawuoos, K. X. Pawuuoos

Unemumym mamepuanosedenus HI1O « Dusuxa-Connya,
2. Tawkenm, yn. Quneus Aummamos 25, rashidow@gmail.com

B mHacrosmiee Bpemss B 1epepabOTKy BOBJIEKAIOTCS TPYAHOOOOTAaTHUMBIE PYIbl CIOKHOTO
BEIIECTBEHHOIO0 COCTaBa, XapPaKTEPHU3YIOIIMECS HU3KUM COJECp)KaHHEM IIEHHBIX KOMIIOHEHTOB, TOHKOM
BKPAIUICHHOCTBIO M ONM3KUMM (U3MUECKHMMH CBOMCTBAaMHM MHHEPAJOB. B 3Tux ycnoBusix co3gaHue
BBICOKO?()()EKTHBHBIX, KOJIOTHYECKH 0€30MaCHBIX TEXHOIOTUH MproOpeTaeT 0COOEHHO BaXKHOE 3HAUCHHE.
OnHo¥ U3 TaKUX TEXHOJIOTHH SIBJISIETCS MAarHUTHAS Cerlapariisl.

MarnutHoe o6oraiieHne — LIMPOKO HCIOJNIb3YEeMbI CIoco0 Ui M3BIEYEHHs CIa0OMarHUTHOTO
3JIEMEHTa U3 YKEJIe30COJIePKAIIUX MUHEPAIOB U IPYTUX PYA, OCHOBAHHBIM Ha pa3iMyUsAX B MarHUTHBIX
CBOMCTBAaxX COCTAaBJISIOMIMX KOMIIOHEHTOB. DTOT MPOCTON TEXHOJOTHYECKHH IMpOLecC XapaKTepHu3yeTcs
BBICOKOW 3(PEKTUBHOCTBIO U €r0 MPUMEHEHUE MAJIO OTPAKACTCSA Ha 3arpsA3HEHUU OKPYXKAroLeH Cpembl.
OnHako pa3nuyusi B MAarHUTHBIX CBOMCTBaX OOJBLIMHCTBA MPUPOJHBIX MUHEPAIOB HEJOCTATOUYHO BEIUKH
st uX 3 eKTUBHOTO pasleneHus], YTO B OTAENBHBIX CIy4asX CHIDKAeT TEXHOJOTHMYECKHE MOKa3aTelH
oOorarieHns, 0cOOEHHO CITa0OMarHUTHBIX >XKene3HbIX pyn. C menpio TOBBIIEHUS 3PPEKTHUBHOCTH
oborarieHnss HeOOXOJUMO YBEIWUYSHHUE STUX Pa3Iuuuil (GU3NYECKUMH, (PU3UKO-XUMHYECKAMHU, U JaXKe
XHUMUYECKUMH CIIOCO0aMH. B MPOMBIITICHHBIX ¥ TA00OPAaTOPHBIX YCIOBUSX YACTO UCTIONB3YIOTCS MPOLIECCHI
HW3MEHEHHUS! 00bEMHBIX U MTOBEPXHOCTHBIX MArHUTHBIX CBOMCTB.

OnHuM U3 TakuX OOBEMHBIX IPOLIECCOB SBIISETCS OOKUI, KOTOPBHIM OCHOBAaH Ha NPEBPAILICHUH
CJ1a00MarHUTHBIX JKEJIE30CoIePKAIlNX MUHEPAJIOB B MATHUTHBIE MOAM(UKAIMH (MATHETUT WK J-TEMaTHT)
IIpH ONpEJENEeHHBIX YCIOBHUAX (OKHCIUTENbHAs, HEWTpajbHas WJIM BOCCTAaHOBHUTENbHAs cpena) INpH
BbIcokuX (900°C - 1150°C) TemnepaTypax. ITOT NPOLECC B HPOMBIIUICHHOCTH SIBISICTCS OCHOBHBIM JUIS
M3MEHEHHs1 00bEMHBIX MarHUTHBIX CBOMCTB jene3oconepskaumx pya [1]. [Ipu 3ToM riaBHbie TpoOIeMbl —
00JBIIOE YHEPTONOTPEOIICHNE, BEICOKAs CTOMMOCTH MpoIiecca 00KUra v 3arpsi3HeHNE BO3TyXa.

B nmanHOit pabore mpHBOAATCS PE3yNbTaTbl HWCCIENOBAHUH MO BIMSHHUIO HMITYJICHOTO
WHPAKPACHOTO U3ITyUYEHHs TeHEPUPYEMOro (yHKIMOHAIBHON KepaMHUKOH pa3zpadoraHHoi B HcTUTyTE
Marepuanosenenust AH Y30ekucrana Ha xene3ocoiepxaiiie cyabQuIbl 1 OKCHIIBI.

B maGopaTopHBIX 3KCIIEPUMEHTaX HU3y4YalUCh HEKOTOPBIE IKelle30cojepxKaiiie cyibpuiaHbie u
OKCHJHbIE MUHEPAJIbl — MUPHUT, apCCHONHUPUT, XaJIbKOIMUPHUT, FreMaTHT, reTuT. O6paboTka MUHEpaTbHBIX
nopomikoB ToHnHOW +0,074 MM mpou3BOIWIIACH Ta30BBIMH HH(pakpacHbiMH u3nydarensmu [ MHN-7,
MOIITHOCTBIO 7KBT mpousBoacTBa 3A0 «CublllBank» [4], mpemocraBnennsiii OO0 «Koytosh Koni».
Wznyuaromasi kepaMuueckasl MOBEPXHOCTh ObUIa MOKpHITAa (PYHKIMOHATIBHOM Kepamukoil. Temmneparypa
o0iygaemoro obpasia nsMepsiack B cioe Tepmonapoit, MK obxwur ocymecrsnsics B uarepsaiue 0,5 — 1,0
yac. OleHKa MarHUTHBIX CBOICTB MHHEpAJIOB MO H3MEHEHHWIO YAENBbHOIO0 MAarHHTHOTO MOMEHTa
OCYIIECTBIISIACH C IIOMOIIBIO0 BHOparimoHHoro maruuromerpa tuma LDJ9600 (LDJ Electronic Inc., CLLIA).
dazoBeie mpeBpaiieHuss MuHepanoB nocie MK panmannoHHO-TepMUUECKOW OOXKHTa ONPENesUINCh C
MIOMOIIBI0 PEHTTEHOCTPYKTYPHOTO aHa/IM3a. YCTAHOBIEHO, YTO TPHU JOCTIDKEHHH MaKCHMaIbHON
TeMIieparypsl B cioe koHieHTparta 350°C-400°C nmox aeiicrBueM MK 00paboTKH; yaeabHBIN MarHUTHBIH
MOMEHT MHUHEpaIoB yBenuuuaercs: B 50 pa3 st nuputa, B 200 pa3 qyis apceHonupura 1 B 10 pasa s
XaJIbKoIIupuTa ¥ reMatuta. [Ipu sTOM BeMunHa yAeIbHOr0 MarHUTHOTO MOMEHTa MUHEPAJIOB 3aBUCHUT KaK
OT TeMIepaTyphl, TaK W OT TeMMa OXJAXICHHS MOPOIIKOB. bomnbimas pasHUIla MEXAy yIEIbHBIM
MarHUTHBIM MOMEHTOM HCXOAHOTO U 00padOTaHHOTO apCEHONUPUTA OTIPEeIIeTCs OOIBIINM CPOICTBOM K
KHCJIOPOy MBILIbsKa. Mcronb3ys pa3sHUIly B MOBEIEHUN PA3IMYHBIX CYIb()HUAHBIX MUHEPAIOB B CIIOKHBIX
MO0 BENIECTBEHHOMY COCTaBYy YIOpPHBIX pyaax mocie ux WK o00paboTkm MOXHO yNpaBisiTh
TEXHOJIOTHYECKUM TIPOILIECCOM MX OOOTralleHus, TOOMBAsICh NP 3TOM BBICOKHX TIOKa3aTellel pasielieHHsI.
PesynpTaThl pEeHTreHOCTPYKTYPHOro aHaiu3a mokasanu mnoseieHne B WK  moguduumpoBaHHBIX
cyabGUAHBIX MHUHEpasiax MarHuTHbIX (a3 B Buge Fe203, g-Fe203 u Fe304 B pasHbIx COUCTAHMSX.
V3MeHeHns: MarHUTHBIX CBOWCTB OOJIyUYEHHBIX MUHEPAJOB 3aBUCAT KaK OT COJEP)KaHUS YKa3aHHBIX
MarHuTHbIX (a3, Tak W OT JucnepcHocTd o00pasuoB. IlokazaHHas BO3MOXKHOCTh CEJIEKTUBHO-
HaTpaBICHHOTO W3MEHEHUS! MarHUTHBIX CBOMCTB KeJIe30COAEPKAINX MUHEPAJIOB NPU UX PaAHalldiOHHO-
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TEPMUYECKON 00pabOTKE OTKPHIBACT MEPCIEKTUBBI ISl CO3JaHUs dPPEKTUBHBIX, SKOJIOTMUYECKH YHCTHIX
TEXHOJIOTHI NepepaboTKH KOMIUIEKCHBIX PYJI CIIOKHOTO COCTaBa M MPOAYKTOB MX oOorameHus. OgHuM u3
npuMepoB  ucnonb3oBanus KWK  paauanoHHO-TEPMUYECKOW 00pa0OTKU  SBISETCS BO3MOXKHOCTH
oboraimeHnss HHU3KOKAYECTBEHHOTO IIIEETUTOBOrO KOHIEeHTpata mo3. Nel (mpemocraBmenHoro OOO
«Koytosh Koni») coneprkamux meenut, nuput u rematut (Tabmuma Nel)

VYcranosneno, uro MK o6paboTka HHM3KOKaYECTBEHHBIX IICEIHTOBBIX KOHIIEHTPATOB IMO3BOJISIET
WHTCHCU(DUIIMPOBATh TPOIECC HX TMOCIEeIyIomel MarHUTHOW cemapanuu. [IpW 3TOM B MarHUTHYIO
(dpakuro u3BnekaetTcs Oonee 95% xenesa okcuanoro, 90% ixene3a CynbQUIHOTO (B BHIIE MAarHUTHOTO
MUPPOTHHA) U Bo3roHseTcs 6onee 40 % cepbl mo3. Ne 2 (Tabmuma Nel).

Tab6uuna 1. Xumuyeckuii cocras 10 u nociae UK moau¢uuupoBanusi HU3KOCOPTHOIO IIe€JIUTOBOr0 KOHIEHTPATA.

N, wQ3 Mo S P As TIIIIT
apTUn

1. 18,91 0,087 151 0,03 0,3 11,3

2. 65,38 0,33 3,24 0,01 0,32 0,036

HocrounctBom MK panuaniioHHOro BO3JAEHCTBUS SIBISETCSA TO, YTO B CIy4yae UX peasu3alud HeT
HEOOXOIUMOCTH PAJAMKAIbHO HM3MEHATh TEXHOJOIMYECKHE CXEMBl M O0OpyHOBaHHE OOOTaTUTENBHBIX
¢dabpuk. [lonck Oyner HampaBiieH Ha ONpENeIEHHNE ONTUMAIbHBIX PEKUMOB, IPH KOTOPBIX MPOUCXOIAT
LIeJICHANPABICHHbIE HW3MEHEHHsI MAarHUTHBIX CBOWCTB MHHEPAIBHOIO CHIPBS, W B pa3paboTKe
TEXHOJIOTMYECKHX CXEM U PEKUMOB IJIs1 IEpepadOTKU KOHKPETHOTO YIIOPHOT'O M OKCHIHOT'O MUHEPAIBLHOTO
CBIPBS C HCIOJIB30BaHUEM BBICOKOA((GEKTUBHOTO UMITYJILCHOTO HH(PAKPACHOTO W3ITY4YEHUS.

Jlutepartypa

1. «Dnektpuyeckue M MarHUTHBIE CBOMCTBA PYIOHBIX MHHEpPAJOB M WX WCIIOJNB30BAaHHE Ui DEIICHHS
MUHEpareHNYeCKnX U reoJorndeckux 3aaad». B.I'. Pomanos ctp.147-150; Bectauk Yur I'Y Ne6(51) 2018 .

2. «OO0Xxwur, CTpyKTypa, MarHWUTHBIC CBOMCTBA, KHHETHKa, MEXaHMW3M, OOXHITMAarHUTHOE OOOTamieHue».
T.Yenywranosa. monorpadus. Lambert Academic Publishing Saarbrucken T'epmanust 2014 r.

3. «Pecypcocoeperaromasi, s3Heprod@dekTuBHass TEXHOJIOTHS TOTYYCHUS TJIMHO3EMa U3 BTOPHYHBIX KAOJMHOB
Anrpenckoro mectopoxaenusn» P.X. Paxumos; X.K.Pammnos; B.IT.Epmakos; XK. X. Pammmos. Computational
nanotechnology, 2016 r. Beimyck 1 Mocksa ctp.45-51.

4. Tlpaiic-muct Ha npoaykiuio 3A0O «Cub HIBank» 2017 r.

236



International Conference “Fundamental and Applied Problems of Modern Physics ”, October 19-21, 2023

3KOHOMMYECKHA Y SKOJIOTUYECKHWI AHAJIN3
MHAPABOJIOHNWJINHAPUYECKOI'O KOHINIEHTPATOPA B KIMMATHYECKUX
YCJIOBUAX TAIIKEHTA

A.J. XautMmyxamenon
Duzuxo-mexuuveckuii uncmumym AH PY3

FOnycabadckuil p-n, yn. Yuneus Aimmamosa, 2B, 100084, Tawxenm, Vzoexucman, e-mail:
azizboykh90@gmail.com

AHHOTAUA

B Oannoii  pabome  Ovina  nposedena  dKonO2UMECKA U IKOHOMUYECKAS.  OYeHKa
napabonoOYUIUHOPULEeCcKo20 Konyenmpamopa 0asa  2opooa Tawxenma. [lonyuenuvie pesyavmamol
NOKA3bIBAION, YO HOPMUPOBAHHASL CMOUMOCIb menia cocmagisem $16.98/MBmu, a cpox okynaemocmu
YCMAaHOBKU 0I5l HaceaeHuss cocmaegnsem 2.4 2o0a, a 0ns npomviuiienHocmu 5.3 nem. B ceoro ouepeds, no
pesyrbmamam  IKOIOSUHECKOl OyeHKu camoe Ooavuioe 3Hauenue coxpaujenue eviopocos CO, 6
OKpydcaiowero cpedy OvLIo vbiseaeHo 6 utone mecsaye oxkonol590 ke COz (eas) 6 200.

KiroueBble cioBa: napaOoONOLMIMHAPUYECKUI KOHLEHTPATOpP, MpsiMas HOPMasbHAs paxuanus,
COJTHEYHasl SHEPTHUs, SKOJIOTHUYECKUN aHaAJIN3, SKOHOMUUECKUN aHaITU3.

1. BBenenne

B nacrosmee Bpems upe3MEpHOE HCIIOJIb30BAaHHWE HCKONAEMOI0 TOIUIMBA B Pa3IMYHBIX chepax
XKHU3HU ¥ MPOMBIIUIEHHOCTH IPUBOJUT K OTPOMHBIM M3MEHEHMSIM KIIMMAaTa M I100aJbHOMY MTOTEIUICHHIO
[1]. Ceroans 4TOOBI CIIPABUTHCS C PA3IMIHBIMHU TPOOIEMaMU, CBI3aHHBIMH C IOTPEOJICHUEM HCKOTIAeMOT0
TOIUIMBA, TAKUMH KaK 3arpsA3HEHHE BO3yXa, COXPaHEHHE PECYPCOB U U3MEHEHHUE KIIMMATa, UCII0JIb30BaHUE
YHUCTBIX ¥ BO300OHOBIISIEMBIX HCTOUHMKOB SHEPTUH HEOOXOAMMO I JOCTHKEHHS yCTOMYMBOTO Oy IyIIero
[2]. ConHeuHbIC TEIUIOBHIC TEXHOJOTMHM OOCCIICUMBAIOT TEIUIO 0€3 BHIOPOCOB JJIi MHOTOYMCIICHHBIX
MPOMBIIIICHHBIX MPOIIECCOB, TpeOyronmx Hu3kui (Hmwke 150°C) unu cpenuuii (150-400°C) remneparypsi.
[IpompllieHHBIE KOMIIAHUM 1O BCEMY MHpPY OOpalaroTcs K PeLIeHUsIM B 00JacTH BO30OHOBIISIEMBIX
WCTOYHUKOB TEIUIa, BKJIIOYas TEXHOJOTHU COJIHEYHOTO TeIUIa, HJS JIOCTHKEHHMS COLMAIbHBIX U
AKOJIOTHYECKUX TeJiel U JOCTHKEHUS CTaOUIILHOCTH IIeH Ha dHepruto [3].

B 2022 romy BCTymMio B O3KCIUTyaTalnuio OOJBIIE COJMHEYHBIX CTAHUH TI0 TPOH3BOJICTBY
MPOMBINUIEHHOM TetoThl (SIPH), uem B 1r060#1 apyroii rox ¢ MOMeHTa Hadaa uccienoBanmii B 2017 romy.
B Teuenue roja ObII0 BBEICHO B 3KCIUTyaTaluio kak MUHUMYM 114 ipoextoB SIPH o6mieit MmomHocThi0 30
MBT; 1o cpaBHeHuto ¢ 78 3aBepieHHbBIME poekTamu B 2021 romy, XoTs 00111ast yCTaHOBIIEHHAsI MOIITHOCTh
Obu1a HIKe (1o cpaBHeHHIO ¢ 36 MBT;). K xoniy 2022 roma vHe menee 1089 SHIP o6mieit MomHOCTHIO
Oonee 856 MBT; mocTaBIsUIM TEXHOJOTHUYECKOE TEIUIO MPEANPUSATHAM Mo BceMy mupy. HamGombiiee
KOJINYECTBO CUCTEM OBLIO B MUILIEBON MPOMBIIUICHHOCTH W TIPOU3BOJICTBE HAITUTKOB, 8 HAMOOIbIIAS OIS
(59%) ot oOmieil 3KCILTyaTallMOHHOW MOIIHOCTH TIpUHAJIEexaaa TopHomoObBaroneMy cextopy [3]. B
OOJIBLIMHCTBE ACHCTBYIOIIMX CHCTEM HCIIONB3YIOTCS IJIOCKUE COJHEYHbBIE KOJUIEKTOPBI, 32 KOTOPBIMH
CIIEAYIOT NMapaOoIONMIHHPUIECKUE KOHIIGHTPATOPHI U KOJUIEKTOPHI C BaKyYMHBIMH TPyOKaMu.

Hcxons w3 BhIIECKa3aHHOTO HYJO YHOMSHYTb, YTO IO BCEMY MHpPY B HACTOALIUI MOMEHT
ycranosnieHo 6onee 400 000 M? KOHIIEHTPATOPOB H 3epKaJl, BrIpadaThiBaromux okoso 280 MBT conHeuHOro
tera g 6osee em 500 mpOMBITIUIEHHBIX TTpou3BoANTENCEH [4].

KonmenTpupyrolue colHeuHble CHCTEMBI CIIOCOOHBI Pad0TaTh ¢ padovell KHJIKOCTHIO TIPU TOPa3io
Oosiee BBICOKMX TeMIlepaTypax, YeM HEKOHLEHTPUPYIOIIME COJHEYHble CHUCTeMBbl. KOHLIEHTpHUpyoLIe
COJIHEYHBIE CHCTEMBI, B KOTOPBIX HCIIONB3YIOTCSA JKHAKHE TEIUIOHOCHWTENH, Takue Kak Therminol VP-1,
MoryT paborath npu Temmneparypax jgo 400°C [5]. VYcraHoBineHo, 4YTO OOJBIIMHCTBO OTpacliei
MPOMBIIIJICHHOCTH paboTaloT mpu Temmepatype mapa ot 120 go 220 °C, obecneunBasi TEIUIOBBIE
NOTPEOHOCTH  Pa3iMYHBIX OTpaciedl MPOMBIIUICHHOCTH, TaKMX Kak OyMakHasi, TEKCTHJIbHAaS,
TIaCTMAcCOBas, XUMHUUecKast 1 HeTsaHas [6,7]. B arom TemneparypHom auanazone okono 1 600 000 I'Bt
€KEroJHOT0 SHEPronoTpeOIeHUsT UAET Ha MPOM3BOACTBO Mapa. YUWTHIBAas, YTO KOHLEHTPHUPOBAaHHAS
COJIHEYHAsl PHEPTusi XOpowmo padoTaeT B 3TUX TEMIIEPAaTypHBIX IUAra3OHaxX, MPOLECChl, B KOTOPHIX B
HACTOAIIEee BPEMs HCIOIB3yeTCS 3TOT TEMIIEpaTypHBIA JHamma3oH UId 1mapa, MOKHO PacCMaTpHUBaTh Kak
ONTUMAJbHBIMM BApUAHTBIMH HA HCIOJIb30BAHME KOHILEHTPUPYIOIIMX COJHEYHBIX CHUCTEM JUIS
MIPOMHU3BOACTBA MTPOMBIIIUIEHHON TEIUIOTHI [§].
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B Tekyiieit pabore ObLIO PACCMOTPEHO M3YUYCHHE BIMSHUE KIMMaTHUecKuX ycinoBuil Tamikenra [9]
Ha mnpousBoauTenbHOCTH [IIIK B 3KOMIOTMYECKOM M HKOHOMHYECKOM KOHTEKCTe. B CBsI3u ¢ 3TuM,
npomsBoauTensHOCTH [ILK OpL1a M3ydeHa ¢ 9KOI0rmuecKoi M SKOHOMUYECKON TOUKH 3PSHMS IS KIIMMaTa
TanikeHra.

2. MertopoJjiorus

2.1.  DOxonomuueckuii anaus

OO0mras ycTaHOBIIEHHASI CTOMMOCTD IIPOEKTA BKIIIOYAET B Ce0S J1Ba CIaraeMbIX MPSIMBIX 1 KOCBEHHBIX
3arpar. [IpsMble 3aTpaThl BKJIIOYAIOT B ce0sl 3aTpaThl Ha MpUOOpPETEHHE CONHEYHOW YCTaHOBKH,
0JIarOyCTPOWCTBO TUIOMIAAKH, CHCTEMY TEIJIOHOCHUTEISI, XpAaHEHUE TEIIOBOW SHEPTHH M HETIPE/IBH/ICHHBIC
pacxoxapl. KocBeHHBIE 3aTpaThl BKIIIOYAIOT 3aTPAThl HA POSKTHPOBAHNE, CTPOUTENHCTBO M BIIa/ICHHUE.

l'onoBele 3KCIDTyaTalliOHHBIE PAacXOAbl BKIIOYAIOT TPU YCJIOBHSA: €XKETOJHBIE pacXoAbl Ha
TEXHUYECKOE OOCITYXMBAaHUE, EXKErOAHYI0 CTOMMOCTh CTPaxoBaHUS © TOJOBYIO CTOMMOCTH
3MeKTpodHepruu. ['00Bass CTOMMOCTD JIEKTPOIHEPTHA — 3TO CTOMMOCTH, HEOOXOAMMAs ISl TIPUBOJIA
HAacOCOB, HWCIIONB3YEMBIX I TIepekaduku TeruioHocutensd. llpeamomaraercs, uro 50% oOmeit
YCTaHOBJIEHHOM CTOMMOCTH IIPEIOCTaBIsIeTCA 3a CUET KpeIuTa ¢ HOMMHAIBHOM MPOLIEHTHON cTaBKoM 5%.

OKOHOMHMYECKHE TIOKa3aTed CIPOEKTUPOBAHHONW COJHEYHON CTaHLUMU MO0 TMPOU3BOJICTBY
MPOMBINUICHHON TEIJIOTHI € MapaOOoNONMINHAPUIECKAM KOHEHTPATOPOM OIIGHWBAIOTCSI Ha OCHOBE
HOpMHUpoBaHHO#M cTroumocTH Teruia (LCOH).

LCOH = $16.98/MBTtu

LCOH = FCRXTIC+OC (1)
ATP

rne LCOH - HopmupoBannas crommocts Temna, FCR - ®ukcuposannas craBka, TIC - OOGmas
yCTaHOBJICHHAs: cTOMMOCTh, OC - ['o10BbIC SKCIUTYaTaMoHHbBIE pacxobl, ATP - ['ogoBas dyncTas TeroBas
9HEPTus, BEIpabaThIBaeMast CHCTEMON

FCR = CRF X PFF (2)

rae CRF — Koaddumment Bosmemenus kanurana, PFF - Koaddunuent hnnancupoBanus mpoekTa.

2.2. DxonozuyecKkuti aHanus

OmHuM W3  NOTEHUMANBHBIX  NPEUMYIIECTB  HCIOJB30BAHUS  MapabOIOMIMHAPUYECKUX
KOHEHTPATOPOB Uil 00ECIeYEeHUs! TEIJIOBBIX MOTPEOHOCTEH MPOMBIIUIEHHOTO MPOM3BOACTBA SIBISIETCS
cokpaitterre BbIOpocoB mapHUKOBBIX Ta3oB (I1I'). IIpupoaHblil ra3 sBisieTcs OJHUM M3 OCHOBHBIX BHJOB
TOIUIMB, HMCIOJB3YEMBIX IO BCEM CTpaHe IS MPOM3BOACTBA MPOMEBIIUICHHON TeruioTel [10]. Xots
MPUPOAHBIN ra3 cYUTaeTcs 00Jee YNCTHIM SHEPIETUIECKUM PECYPCOM, YEM YTOJIb U He(Th, U3-3a ero Ooee
HU3KUX BBIOPOCOB KoymuecTBO yruiekucioro ra3a (COz) W JIpyrux 3arpsi3HSIONIMX — BEIIECTB,
BBIJICJISIONIMXCST B pE3yNbTaTe CXKUTAHHS TMPHUPOJHOTO ra3a, OKas3hlBaeT CYIIECTBEHHOE HETATHBHOE
BO3ICHCTBHE Ha OKpY)Karollylo cpeay. OCHOBHBIE 3arpsi3HSIOIIME BELIECTBA, BHIOpachIBa€MbIEe KOTIAMHU,
paboTarommMu Ha TipupoAHoM rase, BkmodatoT CO,, tBepapie yactuiel (PM), okcuapr azora (NOX) u
nmokcun cepbl (SO2). Tepmur NOX BrirouaeT cmechk okcuja azora (NO) n quokcuaa azora (NO-). Xots
YCTaHOBKa € NapaOOJOWIMHAPHUUECKIM KOHEHTPAaTOPOM BBIOpAchIBAET HEKOTOPBIE 3arps3HSIOINE
BEIIECTBA BO BpeMsl ee pa3padOTKM W OKCIUTyaTallid, TAaKWe 3HA4YCHUS B JIAHHOM HCCJIEJOBaHUH
HUTHOPHUPYIOTCSI.

OO6mmii romoBoit BeIOpoc CO2 B pesysibTare CHKUTAHUS MPHPOJHOTO ra3a WM MPeJoTBpalleHue
BBIOPOCOB 32 CUET UCIOJIB30BaHUS MapaOOJIONMIMHAPHYECKUX KOHEHTPATOPOB PaCCUUTHIBAETCS

cnemyronuM oopazom [11]:

. 44.010 . cc
Annual COz emission = —— X Q¢p X ———
12.011 LHV XNgoil

3)

238



International Conference “Fundamental and Applied Problems of Modern Physics ”, October 19-21, 2023

Cokpaw,enme sbibpocos CO,, kr

1 2 3 4 5 6 7 8 9 10 11 12

mecaLbl

Pucynoxk 1. Coxpawenue evibpocos CO2 3a cuem ucnoib3068aus napadoioutuHOpUtecKo2o KOHeHmpamopd 8

KiumamudecKux ycioeusiax Tawkenma 6 meuenue 200a

3akia0ueHue

B pesynbrare monmy4yeHHBIX AAaHHBIX, IO SKOHOMHYECKOH OICHKE, MapaboIoUMIMHAPHYECKOTO
COJTHEYHOTO KOHIIGHTpaTopa Ui ropona TamikeHTa, MOMKHO CIeNaTh BBIBOM, YTO HOPMHpPOBaHHAs
CTOMMOCTH TerIa cocTaBisieT $16.98/MBT4. A cpok OKynmaeMOCTH YCTAaHOBKH ULl HACEJICHNS COCTABIISCT
2.4 rona, a 7Sl MPOMBITIIEHHOCTH 5.3 jieT. B cBOIO 04epeip, 1o pe3yIbTaTaM SKOJIOTHIECKOM OLIEHKH caMoe
00JIbIIIOC CHIDKEHUE KosuuecTBa BEIOpocoB CO2 B OKPYIKAIOIIYIO CPey MOJYUEHO B HUIOJIC MECSLE OKOJIO
1.6 T CO; (ra3) 3a rog.
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HCCJIEJJOBAHUE TEXHUKO -9 KOHOMHWYECKHUX MOKA3ATEJIEN
COJIHEYHOI'O KOHIHEHTPATOPA C PABOYUM JUAMETPOM 6,36 M.

K. Axanos!, K. Camues?, M. Zhao, Y. Liu®, b Pacaxomxaes!

Hayuonanviwtii HayuHo-uccae006amensCKull uHCMumym 60300H06ISACMbIX UCMOYHUKOE HEP2UL,
100084, yn. Quneus Ailmmamosa 2b, kopnyc-2. 2. Tawxenm, Y3z6exucman, e-mail: ahadovi@mail.ru;
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3Inner Mongolia University of Technology of the Ministry of Science and Technology of the People’s Republic China;

AHHOTALINA

B oannoii pabome pesynvmamot uccied08anus MexHUKO —IKOHOMUUECKUX NOKA3Amenel COTHeYHO20
KOHYyenmpamopa ¢ pabouum ouamempom 6,36 m 011 npou3e00Cmea menio6ol IHepeuU U RPeoCmaesieH
axonozudeckutl ananus. Cpeonuil cpox oKynaemocmu CoIHeYH020 Konyenmpamopa cocmasisiem 4,8 2ooa,
a 20008as1 IKOHOMUSL Kanumana 6 cpeonem cocmasnsem $168,31. Dxonoeuveckuil anaiusz nokasvieaem,
npu ko3pguyuenme e6vibpocos CO2 asmonoMHOU cucmemvl C CONHEYHLIM KOHYESHMPAMOPOM OH
cocmasnsem 0,2328 xe/kBm-uac, a cpednee co0osoe cokpauyenue sviopocos CO2 cocmasnsiem 7210,97 ke.

KaroueBsble cjI0Ba: CONHEYHBIH KOHIIEHTPATOP, TEXHUKO—3KOHOMHYECKHE MOKA3aTeNH, TeTUIOBast
SHEPTHsl, KOHCTPYKITHS, TPOU3BOAUTEIHHOCTh, SKOJIOTUIECKII aHAIN3, COKpaIleHne BEIOPOCOB.

OpauM w3 myTed moBbIIIEHUS 3()(OEKTUBHOCTH HWCIOJIB30BAaHHUS COJHEYHON OSHEPrHU B
CHCTEMaX TEIJIOCHAOXKEHUsI SBIISIETCS HCIIOJIb30BAHKE CONHEYHBIX KOHLEHTPHUPYIOIIMX YCTaHOBOK MJIS
HOJTy4eHHUs TeI0Boi sHepruw [1-3].

CucTeMbl TEIUIOCHAOXKEHUSI C COJIHEYHBIMH KOHIIEHTPaTOpaMH BO BCEM MHpPE OYEHb MHOTO
NPUMEHSIOTCS, HO IIPOTHO3MPOBAHHE MPOU3BOAUTEIBHOCTH M TEXHUKO-)KOHOMUYECKUH aHaJIU3
COJIHEYHOTO KOHIIEHTpATOpa JIsl MPOM3BOACTBA TEIUIOBOM SHEPIHU MCXOAS U3 KIMMATHYECKUX YCIOBUH
M3y4YeHBI He0CTaTOuHO [3-6].

OCHOBHOH 1IEJIBI0 TAHHON HayYHO-HCCIIEI0BATENBCKON PaOOTHI SBISIETCSl HCCIIEI0OBAHNE TEXHUKO-
9KOHOMMYECKHX II0Ka3aTeJiell M NMPOBEACHUS 3KOJIOTHYECKOr0 aHalnM3a CHUCTEMBl TEIUIOCHAOXEHHS Ha
OCHOBE COJTHEYHOTO MapadoIOMIHOTO KOHIIEHTPATOpa.

B 3aBucuMOCTH OT Ha3HAuCHHS M MPUMEHEHHUS! COTHEYHOTO IMapadoJIOUJHOTO KOHIIEHTPATOpa ero
TE€XHUKO-IKOHOMUYECKHE MIOKa3aHUsI MOTYT CYILECTBEHHO Pa3JIMuaThCs: 3TO COJHEYHbIE TapadoIOUIHbIC
KOHLIGHTPATOPbl C AaKKyMyJATOPOM TeIjla, KOTOPBIA HCIIOJIB3YyeTCsl B HOYHBIE BpEMs CYTOK;
KOMOWHHPOBaHHBIE YCTAHOBKM C JPYTUMH HCTOYHHUKAMH TeIUIa, KOTOpblE TakXKe MOryT ObITbh
UCIIOJIb30BaHbl B HOYHBIE BpeMsl CYTOK WIM NpH OONayHbIX morojgax. Mcxoas w3 BhIIIEYKa3aHHOTO,
YUUTBIBAsL IOCIEAOBAaTEIbHOCTh PabOThl CHCTEMBI NPEeoOpa3oBaHUsl M IepeJadd COJHEYHOro TeIIa,
1esecoo0pasHo, B IEPBYIO OUepe/ib PACCMOTPEHHE 3a]]aul pacieTa TEXHHKO-9KOHOMHUYECKHX MOKa3aTesiei
MMEHHO B "COJIHEYHOM YacTH'" COJHEYHBIX YCTAaHOBOK M €€ OCHOBHBIX JJIEMEHTOB (CHCTEMa CIIEKEHUS,
NapoBOH KOTeN U BEIpaOOTKa TEIJIOBOM SHEPTUH).

st BHEApEHus B pacTipOCTpaHEHUs] HOBOW TEXHOJIOTHUH M YCTAHOBOK HEOOXOINMO 00OCHOBaHUE
TEXHUKO-2KOHOMHYECKHE TTapameTpsl [1; 4]:

- CBIPbE U MaTepHallbl, COOTBETCTBYIOLIUE IPOSKTHON NOTPEOHOCTH;

- 000pyJ0BaHHE U TEXHOJIOTHH;

- CTOMMOCTH MpPOEKTa, HAKJIaTHBIE PAcXOJbl, HAJOrO00OJOKEHNE, CMETHBIE KAJbKYJSAIHUN 3aTpatr
BKJIFOUasi aMOPTHU3ALMOHHBIE OTYHCIEHNS Ha IIPOU3BOJICTBO.

Hunxe npuBoauTCs OLEHKA TEXHUKO-3KOHOMUYECKHUX TOKa3aTeNel ¢ TOUKH 3pEHHs] SKOHOMHHU
MIEPBUYHON DHEPTUH 33 CUET MCIOIH30BaHUS BO30OHOBISIEMOT0 UCTOYHUKA - COJTHEYHOUW YHEPTUU LIS TIO-
Jy4eHHs TETUIOBOW SHEPTHH, KOTOPYIO B JANBbHEUIIEM MOXXHO HCIOJB30BaTh JJISl OTOIUICHHUS 3aHUS U
TOPSIYETO BOJOCHAOKEHHSI.

OOmwmii BUZ OCHOBHOTO 00OPY/AOBaHMS CUCTEMBI TEIUIOCHAOXKEHHSI, pa3pab0oTaHHOIO C COTHEYHOTO
KOHIICHTpaTOpa ¢ pabouuM quamMeTpom 6,36 M, IIpeACTaBICH Ha pUCYHKe 1.
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Puc. 1. Obwuii 6ud pazpabomanno2o COTHEUH020 KOHYEeHmMmpamopa ¢ paboyum ouamempom 6,36 m.

B mporpamme Avtocad moaroToBiieHa TEXHHYECKas MOKYMEHTAIMS Ui CO3JaHHs CEPUIHOIO
MPOU3BOICTBA Pa3pabOTaHHOIO COMHEUHOro KoHIleHTpaTopa (Puc.1.).

Pacyer TeXHHKO-I)KOHOMHYECKMX mMoOKa3aTedeil. CpokKM OKYyMaeMOCTH  OIPEACISIOTCS
CJIC/YIOIIEM YpaBHEHHEM

c
SPP = =% (1)

e Ciorgi- OOIIAS CTOMMOCTH CHCTEMBI (II€pBOHAYAIBHBIC BIIOXKEHHUS), S- TOJOBAas AKOHOMHS
KarnuTasa (CpeHEeroI0BbIe JCHEKHbIE TIOCTYILICHHS).

Pacuets! mpoBenens! o ¢popmyie (1). Ilpu 3ToM CpoKH OKyHaeMoCTH COJIHEYHOTO KOHIIEHTpaTOpa
B CpeiHEM cocTaBiseT 4.8 roa, a To10Bast SJKOHOMUS KamuTana B cpeaHeM coctasisier $168.31.

B 3aBucumocTH OT Ha3HauYeHUS NOPUMCHCHHA  COJIHCYHBIX KOHIICHTPATOPOB, TCXHUKO-
9KOHOMMYECKHE II0Ka3aTeld MOTYT CYIIECTBEHHO paziuyarbcsi. Hampumep, colHEdHBIE YCTAHOBKH C
AKKyMYJIATOPOM TeIlIa, KOTOPBIE HCIIOIB3YIOTCSl B HOUHOE BPEMs CYTOK; KOMOMHUPOBAHHbBIE YCTAHOBKH C
APYruMru HMCTOYHUKAMH TEIlJIa, KOTOPBLIE B HOYHOC BpEMA CYTOK WM IIpU 06J'IaLIHI)IX moroaax
UCIIOJIB3YIOTCS KaK ajJbTepPHATHBA UCTOYHMKAM 3HEPTHM; MHOTO(QYHKIHOHAJIBHBIE CUCTEMBI, HMEIOLIUE
pasHble aKKyMYJISITOPBI TEIIOBOW SHEPTUH U IPYTHE UCTOUHUKH YHEPTUH.

Okonoruveckuii amanu3. /s onpenenenHuss cokpamenuss BbiOpocoB CO; wucmonb3yercs
creyromiee ypasHenue [7]

44.010 CCy_gas
co, = Qu
12.011 "7 LVH, gqs

(2)

) nBoil.n_gas

rae (- BbipabarbiBaeMas (rosie3Hast) terioBas sHeprus; CCy gqs- CONEPKAHUE YIIEpoja B
toruse (npuponnbiii ras) (0.75 kr-C/kr-rommsa); LVH), g4~ TEMIOTBOPHAsS CMOCOOHOCTH TOILIMBA
(13.889 kBt-uac/kr-Tormimsa); MBoiln_gas™ KIIJ] korina nma mpupoxnom rase (0.85); 44.010/12.011 -
OTHOCHTCSI K CTEXHOMETPHIECKOMY TEPMHUHY JUIS TIOJIHOTO OKHCIIEHUs yriiepoaa. PacueT sxomorndeckoro

aHaJIM3a MPOBEJICH 0 YpaBHEHHUIO (5), IPH 3TOM KO3 (PHUIIMEHT BEIOPOCOB B cpenHeM cocrasiser 0.2328
kr/kBt-uac mis COa.
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coKpalweHue eoibpocoe CO2, ur

1 2 3 4 5 6 7 8 9 10 11 12

Mecaukl

Puc.2. 3asucumocmo coxpawenus eviopocog COz no mecayam.

3axiiroueHue

- pacyeTsl IIOKa3bIBAIOT, YTO CPOKH OKYIAEMOCTH COJIHEYHOTO KOHIIGHTpAaTropa B CpeIHEeM
coctaBiseT 4.8 rona, a rofoBasi SJKOHOMHS KanuTajia B cpeaneM coctaiseT $168.31;

- MIPOBEACHHBIN YKOJIOTUYECKUI aHAIN3 MOKA3bIBACT, YTO CPEAHEr0I0BOE COKpAlICHUE BHIOPOCOB
CO2 B cpenaeM cocrasisietr 7210.97 xr, mpu 3TOM cokpaiieHne BeiopocoB CO2 B JIETHUIT TEPHO]] BBICOKOE
(900 xr B mMecs).
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JAANHAMHUKA AKKYMYJIMPOBAHUSA TEILIA B MATEPHAJIE OT'PAJKIAIOIHUX
KOHCTPYKIMUMU 3JAHUU U COOPYKEHUU

M.A. CaiueB

B pasnmene mpuBeneHBI pe3ynbTaThl TEOPETUYECCKOTO HCCIICIOBAHUS TEIUIOBBIX MOTOKOB BHYTPH
CTCHBI 371aHUSI Ha OCHOBE ()OPMYJIBI TEIJIOBOTO IMOJISl B MOJYOTPAHUYCHHOM TeJe JIsl TIePHOANICCKOrO
poIrecca TeIIoNMpPOBOTHOCTH [1].

Temnepatypa Tn MOBEpXHOCTH X = () MOTYOrPAaHUYCHHOTO TeJla H3MEHSICTCS 10 TAPMOHUYECKOMY
3aKoHY [2]

Oy, =T, — T = 9gcos(wt) (1)

rae T - cpenHee 3HaueHHe TeMIEpPaTyphl TIOBEPXHOCTH; Vp- ammutya kosiebanuit; X = 2rf .

UKJIAYECKast 4acToTa KOJIeOaHus TeMIIEPaTyPhI; f — KOJIM4ecTBa KoJieOaHuil B eAMHUILY BpeMeHH. Bee atn
napameTpsl ypaBHeHus (1) onpenesneHsl Ha OCHOBE aHANIM3a JaHHBIX MOHUTOPUHTA TEMIIEPaTyphl BO3AyXa
Ts, KOTOpBIE OJU3KK K TAPMOHUYECKUM KOJICOAHHAM M MOJMYUYCHBI Ul cepeluHbl JieTa (cM.HIke). Ecnu
nof00HbIE KOJNeOaHUs MPOJOKAIOTCS JOCTATOYHO JIOIr0, TO BIMSHHME HAYaJIbHOIO PACHpEeNICHUS
TeMIIepaTypbl Ha X0 Ipoliecca Ucye3aeT U B TeJIe YCTAaHABINBACTCS KBa3UCTAlMOHAPHOE COCTOSHUE, ITPU
KOTOPOM TEMIIEpaTypa B Ka[I0OH TOYKE COBEPINAET TAPMOHUYECKUE KOJIECOaHHs OKOJIO HEH3MEHHOIO
3Hauenus 1.
Pacnipesienenue Ge3pazMepHoi TemmepaTypsl O B 3TOM ciTyuae nMeeT BUI

0 =9/9, = cos(wt — xy/w/2a)exp(—x/ w/2a), (5

rae _
V=Tx1)—-T; @3
T(JC, T)- TEMIIEpaTypa Ha PACCTOSHUU X OT IIOBEPXHOCTH TEJA B MOMEHT BpemeHu T ; a —
TEMIICPATYPAIIPOBOAHOCTh MAaTCpHUaia TCa.

Ammuiutyaa KoneOaHui 19Uexp(_x\f w/2a) ObICTPO YMEHBILIAETCS C POCTOM X U Ha

PacCTOSIHUM, PAaBHOM OJHON JJIMHE BOJIHBI L= ZHV 2(1/ w , cocrapiser meHee 0,2% 190. ITosTomy
petreHue (2) MOKHO € JOCTATOYHOMN TOYHOCTHIO UCITONIBE30BATH JUJIS IIACTHHBI TOJIIHHON o>

Hapsny ¢ ammuryoii usmensercs u (asa kojedanuii Temneparypsl. B To4kax ¢ KOopauHaTON X
MOMEHT, KOTJa TeMIlepaTypa HpHHHAMAeT CBOE CpelHee 3HauyeHHe |, HACTymNaeT MO3JHee dYeM Ha
MTOBEPXHOCTH.

CKOpOCTh pacmpoCcTpaHEHHUs TEIUIOBOM BOJIHEI # PACCUUTHIBAETCS [2] Kak

X
u—E—\/Zaa). @

[1I0THOCTB TEMmIoBOro notoka 4 x=0 Ha MOBEPXHOCTH MOTYOrPaHUYEHHOTO TEJA:

w w
Q=0 = AV, o, €0s (a)r + Z) -

HO,I[CTaBJ'IﬂCM B (5) SHAYCHUA MapaMETPOB IICPUOJANICCKOIO MPOoI1ECCa TCIUIONCPEAaYIN CTCHBI 7&, 190‘
®, U IIOJIYYHUM 3aBUCUMOCTDH Qx:O OT BpEMCHHU T.
CYTOLIHaH JUHaAMHMKa INIOTHOCTH TCIIJIOBOI'O IIOTOKA qx:O nokaszana Ha Puc.1.
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q. Br/m?

40

>t (Bpems)
=

Pucynox 1 - Cymounas ounamuxa niomHocmu meniogo2o nomoxa Ax=0.

Pacyer TemioBBIX MOTOKOB B OIPaKIAIOIIMX KOHCTPYKLHUSAX 3IAHUHM JUIS CYTOYHBIX TapaMeTpPOB
TEMIIEpaTyphl BO3/AyXa B YCIOBHAX T.XyKaHJ MO JaHHBIM TEMIIEpaTyphl BO3IyXa CEpPEeIUHBI JIeTa Jara
22.06.2021r. HccnenoBaHo cyTouHas JUHAMHUKA IJIOTHOCTH TEIUIOBOTO MOTOKAa KHUPIUYHOW CTEHBI C
TonmmHo 40 cMm.

MrHoBeHHas IIOTHOCTH TEIIOBOTO MOTOKA Ha Hapy xkHoi nosepxuoctu OK nocturaer 50,96 Br/m2,
Unterpan ot Bemmunnbl x=0 o Bpemenu T 11 IEPHOAMYECKUX IIPOIIECCOB PABHO HyIT0. B 3TOM ciydae,
CyTOYHBIE CyMMBI OTTOKa M npuToKa 3Hepruu OK paBubl u coctaBumu =390 Bru/m? Ha cepeauHy JeTa,

CyTouHasi TMHAMUKA CPEeTHEHHTETPANBHON TeMrepaTypbl T CTEHBI U3 CTPOUTEIHHOTO KAPIHYA C
tomuHOM 0,4 M oka3aHa Ha puc.2 Houbto ¢ 0 1o 8 yaca (a), mHeM ¢ 9 1o 16 gacoB(6) u Beuepom ¢ 17 mo
24 qacos (B).

Kax BunmHo u3 Puc.2 a, HOUBIO UAET MPOIECC OXJIAKICHUS HAPYKHON YacTH CTeHBI. JlHeM HaumHast
¢ 6 10 16 yacoB uzer Harpes (cMm. Puc.20), a BeuepomM cHOBa oxyaxaeHue cTeHsl (cM. Pruc.2B). Konebanne
TEMIIEPATYPhI CTCHBI C HAPYIKHOM CTOPOHBI IPAKTUYCCKH HE BIUACT HA TEMIIEPATYPY CTCHBI C BHYTPEHHEH
CTOPOHBI, TaK KaKk OHa OJIM3Ka K CpeHeN CyTOYHOM TeMIiepaType Bo3ayxa mectHoctu 30°C,

'l"_‘(ﬁ\‘:t)fC a e ng,l), C 0. :g
3 1 3 0
" 2 % —o=11
;2 :i ;j ——12
30 G 3 =13

0 4 8 1216 20 24 28 32 36 40 20 %M
0 4 8 1216 2026 28 32 3 4

Pucynox 2 - Junamuxa memnepamypuvi 6Hympu
NJIOCKOU CMeHbl HOublo (a), OHeM
(6) u seuepom (8).

20 X, M
0 4 8 1216 20 24 28 32 36 40
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Pacyer cyToyHONl OWHAMMKM CpeIHEH HWHTErpAIbHOM TeMmepaTrypbl CT€Hbl Tuwr, Ha OCHOBE
MPUBEIEHHOW BHIIIE METOAUKHA M0 pa3pabOTaHHOMY HaMH alTOPHUTMY C TPUMEHEHHEM CpPEJIICTB
KOMITbIOTEpHOM Tiporpammel Excel.

Pe3ynbrathl pacyeta CyTOUHOTO X012 Tuyr IPEACTABICHEI HA PUC.3.

AHanm3 pe3ynbTaToB pacueTa Ty MIpencTaBiIeH B Tabmwmme 3.

T
33 ¢

32
31
30
29
28
27
26 > t (Bpems)

°C 22.06.2021r.

0:0
1:0

3:0
4:0
5:0

6.0

2:0

Pucynox 3 - Cymounas ounamuka cpeoneunmezpanvhot memnepamypol Tyum cmenvl

Ta6auua 3 - Anaju3 pe3yabTaToB pacuera Tunr

WNurepBan Bpems Bpems TUHT.H TuHT.X Paznocth
Haydana KOHIIa
OTTOK 0.00 7.00 30,8 28,6 -2,2
MPUTOK 7.00 19.00 28,6 32,1 3,5
OTTOK 19.00 24.00 32,1 30,8 -1,3

Pacuersl mOKa3bIBalOT, 4TO TeMIepaTypa Tuur CTEHBI B CEpeirHE JieTa MOABEP)KEHA CyTOUHOMY
kosebanuio B mnpexaenax 3Hadenuid ot 28,6°C no 32,1°C ¢ pasnocteio 3,5°C. Cyrounoe kojedanue T
NPOMCXOAUT MO TapMOHMYECKOMY 3aKoHYy. Ammiurtyna kojeOaHuid T coctaBmser 1,8°C. Cpennss
cyrouHas Temneparypa T cTeHsl coctasiser 30,3°C.

CyTouHas TMHAMHKa MHTErPAJIbHOM IIIOTHOCTH TIOTOKA TEIUIa U €€ COCTaBIISIONINX Ha HAPYKHBIX U
BHYTPEHHHUX TIOBEPXHOCTSAX CTEHBI IOKazaHa Ha puc.4. CorjmacHO TEOPEeTHYECKHM pacyderam, s
TapMOHHYECKUX KOJIeOaHUi Ha BHYTPEHHEH [MOBEPXHOCTH CTEHBI CPEIHSSI CyTOUHAs TeMIIEpaTypa CTEHbI
pasna 30,3°C ams cepeluHbI JIeTa B yCIOBUSX T'. Xy kan . Tennosas SHeprus, akKyMyJIMPOBaHHAS CTEHON
U3 CTPOMTENIBHOTO KHpIHYa mromansio 1 mM? ¢ Tommuuoi 0,4 M coctasnser 2,11 MJx B mHTepBaie
nputoka ¢ 7.00 mo 19.00 3a nensb 22.06.21r. Houbto IpoUCXOOUT OTTOK 3TOM SHEPrUU Yepe3 HAPYKHYIO U
BHYTPEHHIOIO IIOBEPXHOCThH CTEHBI.

dg/dt, Br/m?
A

100
50
0 t (Bpems)
=
e
-50
-100

----- x=0 == x=0_4mMm HMHT

Pucynok 4 - Cymounas Ounamuxa uHmezpanbHoll NI0OMHOCIU NOMOKA MeNnid U eé COCMasaslowux Ha HapyscHbix (x=0)
u enympennux (x=0,4m) nosepxHocmsax cmeHul.

Kak moka3aHo Ha Puc.4 MOIIHOCTH TEMIOBOrO IIOTOKA 4epe3 IOBEPXHOCTH JOCTUIaeT MOCIHE
nonyaas B muke 50,9 Br/m? u 26,7 BT/M2, COOTBETCTBEHHO.
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HHTerpanbsHas MOIIHOCTE TIOTOKA TEIUIA B IIMKE JocTuraeT 77,6 Br/m2.

Takum o00pa3oMm, BBISBICHAa CYTOYHAas AWHAMHKA AKKyYMYJIMPOBAaHHOH SHEPrWM B IMAaCCHBHBIX
anementax OK B metamit nepuon. [lomydena oneHka BENMHYNHBI aKKyMYJIHPOBAaHHOW YHEPTUU B JHEBHOE
BpEMsI 1 MAKCHMAaIBHOTO 3HAYCHHSI MTHOBEHHON MOIIHOCTH YAEIBHBIX TETUIOBBIX MOTOKOB Yepe3 IIIOCKYIO
CTEHY B JIETHUI nepuoy B ycioBusx LlenTpansHoit A3um.

Jannas pabota omyOinkoBaHa B )KypHajie XyHKaHACKOTO rocyHuBepcurera [1].

JIuteparypa:

1. Jlumamuka akkymy;MpoBaHMs Tela B MaTepHaje OTpaKIAIONINX KOHCTpYKImit 3mamuit / M.3. IOcymosa,
®.0. Mupzokodumnosa, P.P.Hazapos, M.A.Canues // Yuensie 3anucku [OY «XI'Y uMm. akan. b.I'apypoay.
Cepus: EcrectBennsie un sxoHOM. Hayku. Xymxang, 2021, T.59, Ned, C.49-56.

2. TIpoMbllTeHHas TEMIOPHEPTETHKA U TernoTexHuKa. [1oj o6imeit pepakimeit B.A . I'puropsesa u B.M.3opuna.
M., Dueproaromusmar, 1983, 552 c.
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JTUHAMUKA CPEJHEUHTEIPAJIBHON OB bEMHOM TEMIIEPATYPHI IIJIOCKOHN
CTEHBI

M.A. Caanes, M.3. IOcynoBa, ®.0. Mup3okxoouiosa, P.P. Hazapos

B pa6ore [1] nmomydeHa oljeHKa M3MEHEHUs CPEIHEHHTEIPATBbHON TeMIEpaTyphl MATHITAKHOTO
KHPIUYHOTO 3IaHUS TPU U3MEHEHUH HapyKHOU TemnepaTypsl Ha 1°C, xotopas cocraBuina 0,54°C. Hamu
UCCIieIoBaHa AWHAMHMKA CYTOYHOTO KOJeOaHMsl CpeAHEHHTErpaibHON 0OBEMHON TeMmepaTypsl IIOCKOH
CTEHbI Ha OCHOBE TEOPHH MEPUOINUESCKUX TEIIOBBIX MPOIEcCcoB [2].

B nanno#l paboTe mMOMy4YeHBI ONIEHKH H3MEHEHHS CpPeIHEHHTETPAIBHON TeMIlepaTryphl IDIOCKOM
CTEHBI JUIsl YCIOBUM CTAllMOHAPHOM M HECTALMOHAPHOH TEIUIONPOBOJHOCTH, KOTOPBIE CPaBHUBAIOTCS C
pe3yiabTaTamu padboTsl [1].

B cityyae cTanmoHapHOH TEIUIONPOBOIHOCTH PACIpPEAEICHUE TEMIIEPAaTYPbl BHYTPH IJIOCKOM CTEHBI
B HalPaBJICHUH X ONpeesieTcs BoIpaxkeHueM [3,4]

T(x) =Cix + C,.

Haxomum noctostHabie Ci m C; MO I'paHUYHBIM YCIOBUSIM, KOTOPBIE 33Jal0TCA TEMIIEpaTypoil

HapykHOH Ty 1 BHyTpeHHOH Ty HOBEpXHOCTH CTEHBI:
T(x)=Conpux=0,
mimu C; = T(0) = Ty,
T(x) = Tsmpu x = 9,

Cl = (TB = TH) / 6,
(Ts - Tw) = AT,
C1=AT/ s

rae O — tommuHa cTeHbl, AT— pa3HOCTh TemenepaTypbl IOBEPXHOCTEH CTEHBI.

B craunnonapHoM mporiecce TeMreparypa HeM3MEHHa BO BPEMEHHU BO BCEX TOYKaX TBEPAOIo Teja.
CpenHenHTerpajgbHas TEMIEpaTypa IUIOCKOH CTEHBI paBHa CpelHel Temmeparype (WiIu TeMIlepaType B
cepeauHe CTEHBI B TOUKE X = 0/2)

Turr = Tep=T(8/2) = (AT/ 8)( 6/2) + T =Tu + AT/2
WIH
Tur=Tu+ AT2=Ty—(Ts - Tw) /2= Q2T — Ts + T)/2=3T.—Ts) / 2.

CpaBuuM Ty U181 1BYyX cTanmoHapHbIx yeioBuit Ty u Tyt+1°C, T.€.

Tur =QBTu—Ty)/2=3Tu/2-Ty 2
U T e = [3(Tut1°C)—Te] /2=3T,/2+1°C/2-Ty/ 2.
OTtkyIa HaxoAuM

A T = T wirr = T = O,SOC.

Takum o00pa3oMm, cpedHEHMHTerpajibHas Temmeparypa u3MeHurcss Ha 0,5°C mpu H3MEHEHUU
Hapy»KHOM TeMIiepatypsl cTeHsl Ha 1°C U1l cTallMOHAPHBIX YCIOBHM.

Jns HecTauMOHApHBIX YCIOBUH CKOPOCTh M3MEHEHMSI CPEJHEUHTETPaNbHOW TeMueparypbl T
OTpaXJAIOIINX KOHCTPYKIMIA 3aBUCHUT OT CKOPOCTEH M3MEHEHHS TEMIIEPATyp HAPYKHOTO U BHYTPEHHETO
BO3/yXa.

IIpoBeaem pacuer mameHeHUs Tuur IPU PA3HOCTH TEMIIEpATYphI 1° [uid ciaydas MepHOAMYECKOTO
Koe0aHUsl HapyXHOW TeMIlepaTypbl KHUPIUYHON CTEHBL. B 3TOM ciydae CpaBHHMBAIOTCS PE3yJIbTaTHI
pacueta Tuyr IpH ABYX 3HAUEHHAX aMIUIUTYbl KOJeOaHUH TeMIepaTypsl Hapy>KHOH MOBEPXHOCTH CTEHBI
Acm A, +1°.

0003H29UM A aMIITUTY Ty KONEeOaHUH Ty COTTIACHO HAIMM JITAHHBIM, ITPUBEACHHBIM B paboTte
[2] mpu amruuTyne A, = 8,7°C, Auur coctaBmiia 1,75°C.

[Ipu nuHEHON 3aBUCMMOCTH aMIUIUTY/L [TOJIyYNM JIBA BBIPAXKEHUS

A =K A 1A e =K (Ao +1°).

Haxoaum koa¢dumnmeHT K Mo n3BeCTHBIM 3HAYEHUSIM A, U aMIUTATYIBI Ay

K= Aux/ A =1,75°C /8,7°C =0,2.
Haxonum n3menenne aMmmuTy sl A A Ipu u3MeHeHnH A A, = 1°C.
A Aviir = Al = A = K (1°C) = 0,2°C

Taxum 00pa3oM, M3MEHEHUE aMILTUTY bl CPETHEMHTETPATIbHON 00BEMHON TeMIIepaTyphl CTEHBI IPU
W3MEHEHUM aMIUIMTY/ABl TEMIEpaTypbl Ha HApYKHOW IOBEPXHOCTH CTeHbl Ha 1°C nmns ycnoBuit
TernooomeHa coctasiset 0,2°C.
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IIpu nepuonnueckoM KojeOaHUM TeMIEPATyphl HApY>KHOW IIOBEPXHOCTH CTEHBl MMeEeTcs
JUHAMHUYECKasl XapaKTePHCTHKA paBHAs OTHOLICHUIO aMIUIMTYABl KOJIEOAHWH CpeaHEHMHTErpaJbHON
TEMIIePaTypbl CTCHBI U aMIUTUTY bl KOJICOAHHUI TEMIIePaTypPhl IIOBEPXHOCTU CTEHBI K = Ay [ Ao.

V3MeHeHne aMIUTUTYAbl CPEIHEHHTETrPalbHON OOBEMHOM TeMIlepaTypbl CTEHBI NPH H3MEHEHHU
aMIUTUTY/Abl KOJNeOaHUH TeMIepaTypsl Ha Hapy>KHOU MOBEPXHOCTU cTeHbl Ha 1°C aJsl HeCTallMOHAPHBIX
YCIIOBHH TIEPHOANYECKOTO Mpoliecca TeroooMeHa cocrasisieT 0,2°C.

IIpu cyrouHoM KosieOaHMM pPa3HOCTh CPEIHEMHTETPAIbHOM TEMIepaTypsl B MakCUMyMe U
MuHUMYMe cocTtaBisiet 3,5°C u paBHseTcs AByM ammutuTygam 1,75°C. B Toukax SKCTpeMyMOB CYyTOYHOTO
KoJIeOaHUsI CpeTHEHMHTETrpaIbHOM TemmepaTypsl cTeHbl Aisi AByx ciydaeB AT u AT+1°C, pasHOCTb
CpeIHEeNHTETPaTbHON TEMIIEPaTypPhl TOCTUTAET 2 aMIUTATY 16l 1 cocTaBisier 0,4°C.

B pabGore [1] mokasaHo, 4TO ISl MATHATaXKHOTO KMPHMYHOTo xoma obobemom 19730 M3 mpwm
CTaTMYECKOM OTOMHUTENBHOM XapakTepucTUKe (or = 0,233 B1/(°C M®) MakcuManbHash MOIHOCT CHCTEMBI
OTOIJICHUSI B CTaTUYECKOM pexkume coctaBiseT 233 kBrt. [Ipu n3MeHeHHn TemrepaTypbl Hapy»KHOTO
Bo3ayxa Ha 1°C MOIIHOCTH TEIUIOBBIX MOTEPh M3MeHseTcs Ha 4,66 kBT. B Tedenue cyTok pacxop Terna Ha
KOMIICHCAIIUIO TCIIOBBIX MOTCPD 3a CUCT NPUPAIICHUA MOIIHOCTU TCIUIOBBIX MMOTEPH HA 4,66 kBT coctaBuT
0,4 I'/Ix. Cpennsisi UHTETpalbHAs TEMIIEpaTypa MO OKOHUYAHWU MEPEXOJHOTO Mpollecca M3MEHHUTCA Ha
0,54°C, akKyMyTHpPOBaHHOE OTPAKIAAFOIMUMHI KOHCTPYKITUAME Teruto n3Menutcs Ha 1 ['Jx. [lorepu Temna
TUIOCKOM CTEHOH B 3MMHUU Tiepro OJHM3KO K CTAIMOHAPHOMY Tporieccy. B ieTHuil meprnox nMeeT MecTo
HEeCTallMOHAPHBIA NEPUOANYECKHI MPOLIECC TEIIONEePeayH.

TakuMm o0Opa3oM, MOMy4YeHa TEOpeTHUYecKas OICHKa M3MEHEHHUs CpeIHEHHTErpalbHONH 00BEMHOM
TEMIIEpaTyphl IJIOCKOM KUPIUYHOU CTEHBI NPU MU3MEHEHUU TEMIIEpaTypbl HAPYKHOro Bo3ayxa Ha 1°C,
kotopas coctapiser 0,5°C u 0,2°C, COOTBETCTBEHHO IS CTAIIMOHAPHOTO W HECTALIMOHAPHOI'O CIIy4aeB,

[TomyueHHbIe B JaHHOM paboTe pe3yJIbTaThl MOT'YT OBITh UCIIOIB30BaHbI JIs pacyeTa THHAMUUSCKUX
TEIUIOBBIX XapaKTEPUCTUK OrPOXKIAIOMIMX KOHCTPYKLUMH, AWHAMHUKHM TEIUIOBBIX IOTEPh 3IaHMH,
YIPaBICHUS PEXUMA OTOIUICHUS 3JaHUKA C y4EeTOM pEAJbHOM JMHAMMKU TEMIIEPATypbl HApY>KHOMU
IMOBCPXHOCTU CTCH. DTO MO3BOJIIET COBCPIICHCTBOBATH ITPOrpaMMbl aBTOMAaTUYCCKOT'O YIIPABJICHUA CUCTEM
OTOIUICHHUS 3AaHUI, 00ecTieunT paboTy CUCTEMBI B 3KOHOMHBIX PEKUMAX.

Jlutepatypa
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MOHMTOPHHI TEILTOBOM MACCHI OI'PAXKIAIOIINX KOHCTPYKIIAM 3JAHUAM

M.A. Caaues, J. l;kypaes

Beenenue

Panee namm Obla TeopeTHUecKd MOydeHa (QopMmyna Iisi BPEMEHHOW 3aBUCHUMOCTH Tyur JUIA
MEPUOJMUECKOT0 TEIUIOBOTO MpoIecca ¢ MOMOLIbI0 KOTOPOTO MOTYT OBITh ONpeAeleHbl MIHOBEHHBIC,
CPEIHHE YaCOBbIE, CyTOUHBIE, MECSUHbIE 3HAUCHUS Tuir U Wk, TAKXKE U1 APYTOro 3aJlaHHOTO HHTEepBaa
Bpemenu [1]. B manHoii paboTe mccnemyeTcs JMHAMHUKA TETUTOBOW MacChl OTPaKIAIOIINX KOHCTPYKITHI
(OK) 3nanuii B netHuii nepuo. OO60CHOBaHa METOJIUKA MCCIICAOBAHHS CYTOYHOTO JUHAMHUKH TEIIOBOM
Maccel OK 3m1aHns Ha OCHOBE JaHHBIX MOHHTOPHHTA TEMITEPATypbl HApYKHOU Tuwp M BHyTpeHHEH Tiy
noBepxaoctd OK 3manmii m coopyxeHuit. OmnwmceiBaeTcst paspaboTaHHas HaMH YCTPOWCTBO ISt
ABTOMATUYECKOT'0 KOHTPOJIS M YIPaBIECHU TEIIOBOM MacCOM.

YCTpoHCTBO MpeAcTaBiseT co00i MH(DOPMAIIMOHHYIO CHUCTEMY AJIsl HEIIPEPHIBHOIO MOHUTOPUHTA
TEMIIEPATyPhl U BIAXKHOCTH BO3YXA, Tuap U Tax .

YcTpolcTBO o0ecrieunBaeT U3MEpPEHIE, HHANKAIINIO, 3aITUCh, XpaHeHHe JaHHbIX. OHO COCTOUT W3
MHUKPOKOMITBIOTEpa, OJIOKa MHUTaHUS, IATYMKOB TEMIIEpaTypbl, MaHEIH WHAWKAIWMH, (IEII-KapThl C
00béMoM mamsTu 8 I'6aiT.

1. O6ocHOBaHKE METOIMKH ONPEICNEeHNUs TUHAMUKY TEIJIOBOM MAacChl 31aHUs

Meronyka KOHTPOJS W YIPABJICHHS TEIUIOBOM MAacChl 3[aHUM, COOPYXXEHHMM OCHOBAaHA Ha
OTpesieiecHNH CYTOYHOW W CE30HHOW HM3MEHEHWH akkyMynupoBaHHOW sSHeprunl W« B Marepuaie
orpaxaaromei koHcTpykimu (OK) 3nanust.

MruoBenHoe 3HaueHHEe Wi« paBHa TPOM3ZBEACHUIO MAacChl My TEIUIOEMKOCTH Cox U
cpelHeuHTerpaIbHON 00bEMHOI Temnepatypsl T OK. 1o onpenenenuto

WaKK: Mok Cox Tl/lHT (1)

Ypasaernne (1) mMeeT KOHCTAHTY Mok Cox M OTHY TEPEMEHHYIO BETHUUHY Ty,

Junamuka akkymynupoBaHHOW dsHepru Wae OK HONHOCTBIO ompesensercs CyTOYHbIM U
CE30HHBIM U3MEHEHUEM Ty

st ouenku cyrouHoro uamenenus reriomaccsl OK 31anuii mpeiioskeHo CO0Ib30BaHuE Pa3HOCTH
MaKCHMAaJbHOTO ¥ MUHUMAJIBHOTO 3HAYEHUSI aKKyMYJIMPOBAaHHOW TETNIOBOW YHEPIUH B TEUEHUH JTHS:

AWaKK = Cok mox ATMHT (2)

AW e = W (MaX) - W (Min),
ATy = Tur (Max) - Tue (MiN) (3)
®opmynsl (1) — (3) HIKe UCTIONB3YIOTCS AJIS pacueTa n3MeHeHui Tertomacchl OK.
2. CyTouHasa guHaMuKa akkymyiaupoBaHHoro temna OK smanuii

B pabore [1] npoBenen pacdeT cyTOYHOro KOneOaHUS Tuur VI CEPEIUHBI JIETa C NPUMEHEHHEM
TEOPUHU TIEPUOIUYCCKON TEIUIoNepeayl IIOCKON CTeHbl. [1oka3aHo, YTO aMIUIMTYAa Auur KOJICOaHMM
Temmneparypsl coctasisieT 1,8°C mpu aMruntye KojeOaHUid TeMIepaTyphsl Hapy>KHOU MOBEPXHOCTH T rap
TUIOCKON KUpIMYHOH cTeHbl cocTanisieT 8,5°C npu untepsaie 3HadeHui 22°C < Tyap < 39°C.

Cytounoe usmenenuit AW, OK 3nanuii onpesensercs BolpaxeHueM (2)

AWk = Cox (PV) AT 4)

rae

AT e Turrr (MAX) = Toar (MiN) = 2A4 = 3,5°C (5)

Bennunna AT, onpenensercss pa3HUIEH CyTOYHOTO MAaKCHMAaJIbHOTO ¥ MUHUMAIIBHOTO 3HAYEHUS
Thnr, paBHOUM JBOWHON aMIIMTY 1€ KOTEOAHUH 2 A .

IIposeneM pacuet cyTouHoro uaMeHeHU AW UL CTE€HBI U3 CTPOUTENLHOTO KUPIUYa TOJIIUHbI
0.4 M, IIOMIAU CTEHH PaBHOM 1 M%:

AW, = (837 T/(xr.°C))(1800 xr/m3)(0,4m)(1m2)(3,5°C) = 2109240 Tx

AKKyMyJMpOBaHHas TemyioBasi 3Heprust creHoil AW,q coctaBmsier 2,11 M/Dx ans uHTepBana
nputoka ¢ 7.00 mo 19,00 3a nenp 22.06.211. Ho4bi0 IPOMCXOIUT OTTOK ITOU SHEPTUU Yepe3 HAPYKHYIO U
BHYTPEHHIOIO TOBEPXHOCTH CTEHBI.

4. Ce3oHHas AMHAMUKa aKKyMyJaupoBaHus temia OK

MoHUTOPHHT Thuap ¥ Teu B IEPHOA JIETHETO MAKCUMYMAa COJTHEYHOT'O U3Ty4YEeHHA ¢ Mas 1o aBryct 2023
rojia npezacrasiaeHsl Ha Puc.1 a, 0, B, T.

Bennunna Ty B JETHHI IEpUOJ HMEET MEPUOJUYECKOE CYTOYHOE KoiebaHue ONM3Ko K
TapMOHUYECKUM KOJICOaHUSIM, KPOME OOJIAYHBIX M JOKIJIUBBIX AHEH, KOTOPbIE PEAKO MPOSBISIOTCA B
OTJEJIbHBIC THU B YCIOBUSX JIETHETO aHTUIUKIIOHA.
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Puc. 1 a, 6, 8, 2. Monumopune Tuap u Ten nosepxnocmeti nI0CKou cmensl 30aHUsl 8 NEPUOO IeMHe20 MAKCUMYMA
COIHeUH020 u3nyueHus: ¢ mas no aszycm 2023 200a

Amnanu3 1aHHbIX MOHUTOPUHTA Thap, Ten, <Tuwr™> OK mipuBesen B Tabmuie 1.

OneHka ce30HHOTO M3MeHeHms Teriomacckl OK 3maHmii mMpoBOAWMTCS HAa OCHOBE HM3MEHEHUS
CpPEIHEMECSIUHON aKKyMYJIMPOBAaHHON TeroBol 3Heprueil <AW,q«>, ompenensieMoil cpeaHeMecsyHbIM
3HaYeHUEM <> IO hopMyIIe:

<AWak > = Cox (pV) <Tuur> (6)
rae Cox (pV) = (837 Ix/(xr.°C)) (1800 xr/m®)(0,4m)(1M?) = 602640 JIx/°C.

Pacuetsl, npoBeneHHbie B [1], moka3amu, 4TO CpeAHECYTOUHbIE 3HAUYECHUSI <[y COBHANAIOT C
CPEIHUM OT CPEIHECYTOUYHBIX 3HAYEHUN <Tyap> U <Tp>, T.€.

<THHT> = (<Tﬂap> + <TBH> ) / 2 (7)

CpenneMecssyHoe 3HaueHUE <Dy TaKXKE OMNPEACISICTCS MO CPEIHEMECAYHBIM 3HAUCHUSIM
WU3MEPEHHBIX TEMIIEPaTypbl HAPYKHOU Tyap U BHYTpEHHEN T3y IOBEPXHOCTH INIOCKOM CTEHBI.
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Ilomydennsie naHHble MOHUTOPHHTA Tuap M Tey MCIIONB30BaHBI AN pacueTa CpeaHEMECSIHBIE

3Ha9CHHS <1y, KOTOPBIC IpuBeaeHBI B Tabmure 1.
Tabauna 1. AHaau3 1aHHbIX MOHUTOPUHIA Tuap, Ten, <Tunr> OK 3naHMit

MeCsLL THap TBH <Tunr>
MaKCHMyM | MHHUMYM | CpPeIHssA | MAKCUMYM | MUHUMYM | CpeIHSS | CpeIHEMeCsIdHas
Maif 43,38 11 25,01 28,81 20,19 25,17 25,1
HIOHB 49,81 21,19 31,58 32,94 26,03 29,55 30,6
HIOTh 52 22,19 33,04 34,5 26,88 30,87 32,0
aBryCT 49,81 17,75 30,12 34,31 25,06 29,3 29,7
CpaBHeHME  cpeHEMECSYHbIX  3HaueHUM  <Tuu™>  TOKa3bIBAIOT  CE30HHYI0  JHHAMHUKY

aKKyMyJIMpOBaHHOW TerutoBoi sHepruu B OK 3maHuil, KoTOpas yBennIuBaeTcs 3a Maid, HIOHb U HIOJIb U
HauMHAET YMCHBLIATHCS B aBI'YCTE.

Haxonum neTHux nsmeHeHnit cpeqaeMecaynbix TeMnepatyp <ATu.> :

<ATur> = <Tuur> (utoHb) - <Tyr> (maif) = 30,6°C — 25,1°C = 5,5°C

<ATur> = <Tyur> (W10715) - <Tyur> (mtoHB) = 32,0°C — 30,6°C = 1,4°C

<ATuwwr> = <Tuwr> (aBryct) - <Tuw> (urosip) = 29,7°C — 32,0°C = -2,3°C

st pacueta usMeHeHUH <AW i > B popmyiie (6) moacrasisieM <AT >

<AWa >= 3314520 Ix = 3,315 M/l 3a utoHb
<AWa > = 843696 J1x = 0,844 Mk 3a utonb
<AW > = -1386072 Ik = - 1,386 M ]I 3a aBrycT

Takum 06pa3oM, MOIydYEHBI OLEHKH POCTA TEIUIOMACCHI [T IUIomanu | M? KUPIMYHOM CTEHBI 32
UIOHb, HIOJIb, aBrycT 2023r.

3akiouenne

1. PazpaboTaHo yCTpOHCTBO A1 KOHTPOJIS M YIPABICHHS TETNIOMACCHI 3IaHUH.

2. llpuBeneHsl maHHBIE MOHUTOPHHTA TeMOepaTypbl Tuyp ¥ Tw OK 3maHus 3a mepuonm ¢ mas mo
aBryct 2023 rona, KOTOpble MOKa3bIBAIOT HAAEKHOCTh pabOTHl pa3pabOTaHHOW 3JEKTPOHHOM CXEMBI,
MOHTaXa OT/AETHHBIX YacTel YCTPONHCTBA B YCIOBUSAX JIETHETO MaKCUMyMa MHCOJISIIHH.

3. IlpuBeneHsl pe3yibTaThl pacdyeTa CYTOYHOM M CE30HHOW IUHAMUKH CpPEAHEMHTErpaIbHON
00BEMHON Temnepatypsl Tuur, TMHAMHUKHN aKKyMyIupoBaHHOTO Teria Waw OK 31anuiit B neTHuit epuos.

4. TlpensnoxxeH METOJ OLIEHKH CYTOYHOTO M CE30HHOTO M3MEHEHHs TEIUIOBOM Macchl Ha OCHOBE
onpeaeneHus akKyMynaupoaHHoro teria OK 3manuii u coopyKeHuH.

Jlutepatypa

1. HKOcymoa M.3., MupsokoomioBa @.0., Hazapor P.P., Cammes M.A. CyrouHas JWHaAMHKA
AKKyMYJIMPOBaHMS TEIUIA OTPAXIAIONIMMHU KOHCTPYKIMSAMH 374aHuil / YueHsle 3amucku XI'Y uM. akan.
b.I'apypoBa. EcrecT. u s5xoHOM. Hayku. - 2021c. - Ne4 (59). - C. 49-56.
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OLEHKA D®PEKTUBHOCTH KAPBOTEPMUYECKOI'O METOJIA IIOJIYYEHUA
BOJOPOJA B CUCTEME ZN —ZNO B COJIHEYHOMU INEYA

C. Cyaeiimanos’, b. Okcenreniep, H. Kynaruna, JI. Carraposa, H. Hypmaros,

P. Ypunooesn

Hncmumym mameprnuanosedenus Axademuu nayk Pecnyoauku Y3bexucman,
ya. YQuneusza Aummamosa, 2 B, 100084 Tawxenm, Yz6exucman *E-mail: javionbek@gmail.com

Abstract

Oxonomuro-oemoepaghuueckue uccredoganus, ocywecmensemvie ¢ nauanra XIX eexa, evisgunu
K6AOPAMUYHYIO 3A6UCUMOCTb NOMPeDNAeMOl SHepeuy Om YUCIEeHHOCU HApooa-Hacenenus 3emiu:
log E = const + 2 - logN, umo yxa3svieaem Ha Heu30exiCHOCMb dHepeemuyecko2o Kpusuca. bopvoa c amum
6 Hacmosujee 8pemMsi NPOUCXOOUM NYmeM KPYIHBIX GIONCEHUU, NPUYeM ¢ OMX00OM Om Y3KOMEXHUYECKUX
Peueruy, Ho ¢ npueieyerueM QyHOAMEHMATbHBIX 3AKOHO8 (DU3UKU, Xumuu, OUOI02UU U KUOEPHEeMUKU.
Hauano maxoii konsepeenyuu ecmecmseeHHvlx HayKk 0vLio nonodcero ewe 6 19772. 6 Canma @e (CLLUA) u
obosnaueno kax Complexity [1]. ITooxoo k pewenuio ouepuennoti npobiemvl, 0603HAUEHHOU KAK
«B0OOPOOHAsL DHEP2eMUKA», HA HAW 8327150, cooepicaujell 6ce NPUSHAKU CAONCHOCMU (88Udy ceoell
MHO20CIYNEHYAMOCIU) 6ROJHEe ONMUMUCIUYEH.

Key words: BomopoaHas TEXHOJOTHs, TEPMOXHMHYECKUN IMKI, Boblnas cojdHEeYHAs Iedb,
npuniwn Ymosa-IloiHTrHTa, crimHOBas XxuMusi, «Complexity»

®eHomeHoJIornYecKkuii aHanu3. [IpunsaTas HaMu cxeMa COOCPKUT [1Ba ITalla TEPMOXHUMUYECKOTO

nukna (puc. 1) ¢ npuBnedeHueM hakTopo BozneicTBus boibmoli conneunoit neuu (bCIT):
1) ZnO+C — Zn + CO (AH1 =350 x/lx/Moib)

[[uuk HEOOXOAMM B BHAE HAHOIOPOLIKA; BCE MPOUCXOAUT B MPUCYTCTBUU KOHLECHTPUPOBAHHOMN
COJIHEYHOU SHEPTUH.

2) Zn + H,0 — ZnO + H, (AH; = -62 x/Ix/M0JIB)

Peakiust uger Ha NMOBEPXHOCTH HAHOYACTHIl LIUMHKA, MPoAyKT ZNO Bo3BpalaeTcs B PeaxTop,
3aBeplIasi TEPMOXUMHUUYECKUN ITUKII.

B cuny muorogakropuoctn mznyuenuss BCII, snepretmueckmii nwmkn bopna-I'abepa BmonHe
yIIOBIIETBOPSIETCS, YTO COOTBETCTBYET 3aKOHY COXPaHEHHs DHEPTUH, He Hapymas Bech MUK OHAKO
HEo0X0IMMa MPOBEPKa BONPOCa CONPSHKEHUS IOTOKOB Ha MHTepdeiicax, riue TpaHchopMupyercst SHeprust
(ynoBnerBopenue npuHOuily Ymoa-Ilolituara). B obmem Buze conpspkeHrHe MOTOKOB 0 HPUHLUITY
VmoBa-TIOMTHHra BBITJIIAT TaK J; = P1Vy = Pz * Vo + (d1—2); 31€Ch p;j M V; — IUIOTHOCTh DHEPIHH M
CKOPOCTb MIEPEHOCUMKA DHEPIUM C IBYX CTOPOH MHTEPdEiica; §;_, — BEKTOP OTTOKA TEILIOTHI.

[Tpu uneanbHOM CONPSDKEHHH, Korna j1 < jo, Aerpafanus nHTepdeiica OTCyTCTBYET; P YCIOBHU |1
> j2, T.€. > 0, BO3MOXKHA JIerpaanusi.

B nocnennem ciywae, nis oOCykJaeMoi HaMH CXEMbI 3TO O3Ha4aeT, YTO ciy4ail Jerpajaaiuu
COOTBETCTBYET IEPEKPUCTAIUIM3ALMN TOPOLIMHOK HAHOYACTUL] LHMHKA C PE3KUM YMEHbLICHUEM
KaTaJINTHYECKON aKTHUBHOCTH MOBEPXHOCTH LIMHKA ¥ TOPMOKEHHH Tiporiecca [2].

MUKpPOCKOTTUYECKHUH aHaNN3. BEIsIBICHHE MEXaHU3MOB ITPOIECCOB Ha CTA/IUSAX, SIBIISIFOIIUXCS «Y3KHM
TOPJIOM» BCETO BBIX0J1a BOJOPOAA — COBEPILIEHHO HEOOXOANMBIN 3Tan oduiero uccienoanus. KoHuenmus
«bonds and bands», coueraromas unen KBAHTOBOH TEOPHH C XUMHEH, SBISETCS MMOIXOIAIICH 0a30i s
W3ydYeHHs CIOXHBIX MporeccoB Ha (oHe MHorodaktopHoro obmydenuss or BCII. Ha pucynke 2
JEMOHCTPHPYETCS MEXaHU3M paciajia JIByXaTOMHON MOJIEKYJIbI ¢ OCHOBHBIM CHHIJIETHBIM COCTOSIHAEM S.
[Ipn Bo3neiicTBUM MPOJETAIOMIEro 3JIEKTPOHA WM B MPUCYTCTBUU MAPaMarHUTHOTO MOHA MPOUCXOIUT
MEPEBOPOT JTHOOOT0 M3 CIIHHOB, B PE3YJILTATE YETO MPOUCXOJUT NPEBpaIlleHue CHHTIIET — TPUILIET (S —
T), mocye 4ero TPUIJIETHOE HEYCTONYNBOE COCTOSTHHE paclafaeTcs. JHEPTHs 3TOTO MPOLIEcca YepIaeTcs y
MOTJIOIIEHHOTO (POTOHA; OAHAKO TAaKOE NPEBpAIICHHE HAPYILACT MPHHLUII CIIMHOBOW CHMMETPHH, U
MO3TOMY ISl €r0 OCYLIECTBJICHUS HEOOXOAWM TPETUH CHUH. DTOT TPETUH CIIUH MOXKET OBITH JHOOBIM
CIIMHOM OT ONM3IeXallero MapaMarHWTHOTO WOHa, JHO0O OT  MPOJICTAIOIIEr0  3JIEKTPOHA,
3aJepKUBAIOLIErocsl B MoJie Je(OPMUPOBAHHOTO CHHIJIETa. BeposSTHOCTH TaKOro TpeX CIMHOBOTO
mpoliecca, BKIIOYAIONIEr0 OOMEH MEKAY CIIMHOM CHHIJIETa M CTOPOHHHM CHHHOM (TIpOLIeCC HA3bIBAETCS
flip-flop (f — f)) merxo orenuBaercs BO BTOpoM MOpsake TeopuH Bo3myineHus [2]. TIpUMEHUTENBHO K
HaIlUM OOBEKTaM 3TO MOXKET OKa3aThCsl Ba)KHBIM AJs pacmajga AByX cBszedl H-O B Moinekyne BoOJb,
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pacnonomeHHoﬁ Ha MOBCPXHOCTHU HAHOYACTHUIIBI IIMHKA, OJHAKO BO3MOKHA U MacCCa APYIUX BApUAHTOB

(OTMETHM, YTO TTIOBEPXHOCTH ITUHKA MOYKET CTaTh CTOKOM HJIK UICTOYHUKOM (DOHOHOB, KOTOPBIE MOTYT OBITh
MOJIE3HBI ISl FOCTUPOBKH 3HepreTrudeckoro dananca B MomeHt f-f mporecca).

KOHUSHTPHPOBAHHOE o
COATHCMHOC HENY U CHHE

BXOOHOE
- KBAPLUEBOE OKHO
OOBEM pi
PeakTopa ofbem, rie
MPOHCKOANT
PEAKLIHA
BLIXOI W3
PEAKTORA TAKANOH HAA
KaMepa
roToRbl NPOAYET —
HAHONOPOLOK Puc. 2 Cxema f - f npoyecca, npusoosiwyezo k peaxyuu S
METANTHYECKOTD AN — T ¢ nocredyrowum pacnadom Moaexyivl npu
Puc. 1 Cxema ¢ppacmenma obopyodosanus

nocioweruu d)omona
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