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In this paper, the object of the research is 110 kV power grids of
three regions of the Republic of Kazakhstan: Astana city, Turkestan
region and Shymkent city, as well as West Kazakhstan region.

Operators of the studied power grids have no idea about the real
levels of voltage and current sinusoidality distortion coefficients,
as well as about their relationship with other regime and system
parameters of power grids. Similar problems may be faced by other
grid companies that do not have the appropriate information and
measurement infrastructure to monitor the modes of power grids in
terms of voltage and current sinusoidality distortion.

In the course of the present study, using portable three-phase
power quantity and quality analyzers, it was possible to make daily
measurements of mode parameters in 41 110 kV transmission lines
with a length of 5 to 120 km.

The results of measurements showed that in Astana city, the

voltage quality is at a satisfactory level, but the distortion coeffi-
cient of sinusoidality of current reaches 39 % (the average level for
15 studied lines is 13.3 %) due to the high concentration of non-
linear load of consumers. In the South of Kazakhstan, the volt-
age and current sinusoidality distortion coefficients are relatively
moderate, but voltage drops are frequent (sometimes up to 10 % or
more) due to the large distance between load centers and relatively
high population density. In the power grids of Western Kazakhstan,
voltage and current sinusoidality distortion coefficients have high
levels (reach 14 % and 70 %, respectively) due to low network load
with a large length of transmission lines.

The analysis makes it possible to trace the relationship of voltage
and current sinusoidality distortion coefficients with such regional
characteristics as population density, nature of loads, power losses,
voltage and current levels.
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The object of this study is the process of providing informa-
tional support to stakeholders of the life cycle of energy to ensure
strategic management of energy systems with renewable energy
sources. The task to improve and develop information technologies
applied to the management of complex energy systems and the
issue of their socialization and perception by people were tackled.
Considerable attention was paid to the task of data visualization
in order to improve the perception of information by users. An
important aspect of the interaction of energy life cycle stakeholders
during the management of energy systems was explored and the
need to ensure their involvement and trust in information technol-
ogy was emphasized. The research considers the development and
implementation of interfaces for a decision support system in the
management of energy microgrids using renewable energy sources

such as solar panels and wind generators. The results include web
application architecture design, user role assignment, user action
modeling, and data visualization. Approaches to the distribution
of stakeholder authority, database access, interface design and data
visualization for full client support were proposed. It is noted that
the proposed interface solutions are designed for a decision support
system in the management of microgrids with different types of
renewable energy sources, such as solar panels and wind genera-
tors. Summarizing the results, the relevance of the task to devise
methods of information support and interfaces for strategic ma-
nagement of energy systems has been emphasized. The conclusions
imply the effectiveness of the proposed solutions for the strategic
management of microgrids.

Keywords: sustainable development, information support, data
visualization, decision support system.
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The agricultural sector faces serious challenges related to cli-
mate change. These changes have the potential to reduce yields
and food security, highlighting the importance of understanding
and managing temperature dynamics. This work is the result of de-
velopment a thermodynamic model that investigates the dynamics
of temperature balance through heat energy transfer. A scheme of
rheological heat exchange of an object with an insulated surface and
graphs of irreversible rheological transformations are proposed. The
main equation of heat exchange with a chemical reaction is given and
the equation of the speed of heat energy transfer along the length of
the object is derived. Further development of physical-mathematical
models of the transformation of thermal energy into a set of states of
the object is proposed. The experimental results fully correlate with
the heat transfer equation. Samples with tomato seeds were irradia-
ted with a photon irradiator with wavelengths of blue 450 nm, green
550 nm, red 650 nm with an exposure of 12/24 h. As a result, 90 %
under the influence of the red spectrum of the photon irradiator for
24 h, which is 24 % more than the control sample. This will make
it possible to assess the general temperature regime of agricultural
objects and optimize the heating process. This study reveals the
essence of temperature regulation at agricultural facilities using
a thermodynamic model, which not only takes into account heat
exchange, but also includes the influence of chemical reactions. The
proposed thermodynamic model and associated equations provide a
foundation for future research and practical applications that will
ultimately benefit the agricultural industry, global food production.

Keywords: thermodynamic model, rheological transitions, agri-
culture, algorithm, class diagram, photon irradiation.
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BU3HAYEHHS BIVIMBY CUCTEMHUX I PE;KUMHUX XAPAKTEPUCTHK HA PEJKUM BTPATU IIOTYKHOCTI
B EJIEKTPUYHUX MEPEJKAX HAIIPYTOIO 110 kB (c. 6-14)
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V naniit po6oTi 06’€KTOM TOCTIUKEHHS € esekTpudHi Mepeski Hanpyrowo 110 kB tpeox perionis Pecrybniku Kasaxcran: micta Actana,
Typkecrancbkoi obsacti ta micra Illumkent, a Takoxk 3axiano-Kaszaxcrancebkoi obsacri.

Omneparopi I0CTi/PKYBaHUX €JIEKTPOMEPEsK He MAIOTh YSIBJICHHSI IIPO peasibHi piBHI KOe(Dil[ieHTIB CIIOTBOPEHHS CUHYCOIZAIbHOCTI KPUBOI
HaAPYTH Ta CTPYMY, @ TAKOXK MPO iX B3a€EMO3B’SA30K 3 iHIMIUMM PEKUMHUMHI i CHCTeMHUMN MapaMeTpaMiu eJeKTpoMepex. 3 aHaJIoTidHIMI
npobaeMaMi MOKYTh 3ITKHYTHCA THINT MepesKeBi KOMITaHii, siki He MaloTh BiANOBIAHOI iH(OpMAaIiHHO-BUMIPIOBAIBHOT IH(OPACTPYKTYPH /IS
MOHITOPUHTY PEKUMIB POOOTH EJIEKTPOMEPESK 3 TOUKU 30Py CIIOTBOPEHHST CHHYCOIMAaIbHOCTI KPUBOI HATIPYTH Ta CTPYMY.

Y Xozi ocTiKen s 32 IONOMOTOIO TIePEHOCHUX TpU(asnuX aHaIi3aToOPiB KIIbKOCTI Ta SIKOCTi eJIeKTPOEHEePTil BAI0Cs ITPOBECTH MIO/IE€H-
Hi BUMIPIOBaHHSI PeKUMHUX ITapameTpis Ha 41 sinii esexrpornepenaydi nanpyroio 110 kB nporspkicTio Big 5 10 120 xm.

PesyssraT BUMipIoBaHb TIOKA3aJIH, 110 B MicTi AcTaHa SKiCTh HATIPYTH 3HAXOAUTLCS Ha 33JI0BITBHOMY PiBHIi, aje KoedilieHT croTBopeH-
HSI CHHYCOIIAJIBHOCTI KPUBOI cTpyMy zocsirae 39 % (cepeauiil piBens 3a 15 pociaipkennmu Jinisimu cranosuth 13,3 %) uepe3 BUCOKY KOH-
IeHTPAIlIo HeJiHifHOTO HaBaHTaKeHHs cnoxkmuBadiB. Ha miBani Kasaxcranmy koedillieHTH CIIOTBOPEHHSI CHHYCOIIATBHOCTI KPIBOI HATIPYTH
Ta CTPYMY BIJIHOCHO TIOMipHi, ajie 4acTo TPaIisiioThes nepenaan Hanpyru (iHomi 1o 10 % i Gizibiiie) yepes BeJMKY BifCTaHb MixK IIEHTPaMU
HaBaHTa)KEHHS Ta BiIHOCHO BHCOKY IIJIbHICTh HaceseHHs. B esmextpomepeskax 3axianoro Kasaxcrany koedillieHTH CHOTBOPEHHS CHHYCO-
iaIbHOCTI KPUBOI HATIPYTH Ta CTPYMY MalOTh BUCOKI piBHi (ocsraiors 14 % i 70 % Bifnosiano) uepes Hu3bke MepekeBe HaBAHTAKEHHST TPU
BEJIMKIiT IPOTSIKHOCTI JIiHii elekTpoliepeaadi.

AmaJi3 103BOJISIE TTIPOCTEKUTH B3AEMO3B' 30K KOe(DIIi€HTIB CIIOTBOPEHHST CHHYCOIAIBbHOCTI KPUBOI HAIIPYTU Ta CTPYMY 3 TAKUMH peTio-
HAJIbHUMMU XapaKTepPUCTHKAMU, SIK MIIJIbHICTb HACEJICHHS, XapaKTep HaBaHTa)kKeHb, BTPATH MOTY)KHOCTI, PIBHI HAIIPYTH Ta CTPYMY.

KimiouoBi ciioBa: eJleKTpUYHI BUMIPIOBAHHS, BTPATH HOTYKHOCTI, HEJIHIIHI CIIOTBOPEHHSI, €JIEKTPOEHEPTis, eHeproeeKTHBHICTb.
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IHO@OPMAIIIITHA MIJITPUMKA CTEIIKXOJIJIEPIB ITPU YIIPABJITHHI EHEPTOCCTEMAMM: PO3POBKA TA
PEAJII3AIISI IHTEPOEIICIB (c. 15-24)

B. B. lllenapuxk, I0. B. Ilapdenenxo, I1. M. IlaBrenko, O. B. Boiiko, A. M. Tirapes

OG’eKTOM [OCTIZKEHHsI € TIPoltec HaZaHHs iHGOPMAIiiHOT MATPUMKHE CTEHKXOJIEPIB KUTTEBOTO UKy eHeprii /st 3a0e3nederst
CTPATEriYHOTO YIPABJIIHHS €HEPrOCUCTEMAMHE 3 BiIHOBJIIOBAHUMH JKepesiaMi eHepril. Bupiinyerbest mpobiieMa BIOCKOHAJIEHHS Ta PO3BUTKY
iH(opMaIiitHIX TeXHOJIOTIH, 3aCTOCOBAHKX MIO/I0 YIIPABJIIHHI CKJIQIHUMU €HEePreTHYHUMK CUCTEMaMK Ta IPOGJIeMH iX coriasizaltii ta crpuii-
HATTS JIOJAbMI. 3HAYHA yBara IPH/ISE€TbCS MUTAHHIO Bidyasisalii aHUX 3 METOI0 NMOKPAIeHHs CIPUHHATTS iH(dOpMallii KOpuCTyBayaMHu.
Jlocaiky€eTbest BAXKIMBHI aCIIEKT B3AEMO/IIT CTEHKXOJIIEPIB JKUTTEBOTO IINKJTY €HEPTIl i/ 9ac yIpaBIiHHI eHepreTHYHIMY CHCTEeMaMu Ta Ha-
TOJIONIYETHCsI Ha HeoOXiZHOCTI 3a6e3MeyrnTy IXHIO 3a/Iy4eHicTh Ta A0BIpy [0 iHdopMamiiHux TexHosorii. JlocmisKeH st IpucBsuene po3pooii
Ta peasizaiii iHTepdeiiciB s CUCTEMU MIATPUMKH IPUITHATTS PillleHb PN YIIPABJIiHHI €HePreTHYHIMI MiKpoMepesKaMi 3 BUKOPHCTAHHSM
Bi/IHOBJIIOBAHNX [PKEPEJT €HEPrii, TAKIMH SIK COHSTYHI TTAfesI Ta BITPOTeHepaTopi. Pe3y IbraTit BRIIOYAIOT MPOEKT apXiTeKTYPH BeO-I101aTKY,
PO3IO/IiJI POJIell KOPUCTYBAUiB, MOJIETIIOBAHHSI JIiil KOPUCTYBAYiB Ta Bidyasrisalliio JaHuX. 3alPOIIOHOBAHO MiIXO/IH /10 PO3IO/ILTY ITOBHOBAXKEHD
CTeHKXOIIEPIB, TOCTYTY 0 6a3u TaHMX, MPOEKTYBAaHHs iHTepdeiiciB Ta Bisyasrisarii faHNX IS TOBHOI KIIEHTCHKOI MATPUMKN. 3a3Hada-
€ThCH, 110 3aNPONoHOBaHi iHTepdeiicHi pilerHs: po3pobeHi A CHCTEeMU MATPUMKN TIPUHHATTS PillleHb MPU YIPaBIiHHI MIKpOMepeKaMu
3 PI3HUMU TUIIAMU BiIHOBJIIOBAHUX JKepeJl eHepril, SIK HAlIPUKJIA/L COHSIUHI TTaHesIi Ta BiTporeHepaToOpu. Y3araJbHIOIOUH pe3yJIbTaTH, IiKpec-
JIOETBCS AKTYAJIBHICTD 3ajiadi po3poOKH crIoco6iB iH(hOpMAIiiHOl ATPUMKH Ta iHTepdEiciB /I CTPaTerivHoro yrpasJiHHs eHeProcucTeMaMu.
Bucnosku nizikpecsiooTs epeKTUBHICTD 3aIIPOIIOHOBAHNX PillleHb /I CTPATEriYHOTO YIIPABJIIHHS MiKPOMeEPesKaMHU.

KimouoBi cioBa: craimmii po3BuToK, iHdopmaliiina marpumka, Bisyasisaitis JaHnX, CHCTeMa MiATPUMKH TIPUHHATTS PillleHb.
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PO3POBKA TEPMOJIMHAMIYHOT MOJIEJI JIJIsT ONTUMI3AIII ITPOIECIB YV POCJTUHHUIITBI (c. 25-34)

Orken Mamyrbayev, Waldemar Wojcik, H. B. Tirosa, C. B. IIaBioB, Dina Oralbekova, Assel Aitkazina, Nurdaulet Zhumazhan

CitbChKOTOCOIAPCHKUET CEKTOP 3ITKHYBCS 3 CEPHO3HUMU MTPOOJIEMaMH, OB’ SI3aHME 31 3MiHOIO KiiMary. [l 3MiHN MOTEHIIHHO MOKYTh
MPU3BECTH JI0 3HUKEHHST BPOKANHOCTI CLIBCHKOTOCTIOAAPCHKUX KYJIBTYD i TPOAOBOIBYUOT OE3MEKH, TiAKPECTIOYN BaKIMBICTh PO3YMIHHS
JIMHAMIKH TeMIiepaTypH i yipasiinas Heto. [lst poboTta € pe3yasratoM po3poOKH TEPMOANHAMIUHOT MOJIE, IKa TOCHI/IKY€E IMHAMIKY TeMIepa-
TYpHOTo GaJlaHCy IIISIXOM Iepeiadi TeNIoBoi eHeprii. 3armpornoHOBaHO CXeMY PEOJIOTIYHOTO TEMI00OMiHY 00'€KTa 3 1301b0BAHOIO TOBEPXHEIO
Ta rpaiku HE3BOPOTHUX PEOJIOTIUHKX TIepeTBOPeHb. HaBeaeHo 0CHOBHE PIBHAHHS TEIIOOOMIHY 3 XIMIUHOIO PEaKI[i€Io i BUBEACHO PIBHIHHSA
HIBUJIKOCTI TIepe/iadi TeryIoBoi eHepril 1o 0BKuHI 06'eKkTa. 3arporioHOBAHO MOAAIBIINI PO3BUTOK (Hi3UKO-MATEMATHIHIX MOJIETIEi IEPETBOPEH-
HS1 TEIJIOBOI eHeprii B CyKyNHICTh cTaHiB 06’ekTa. Bysio poBeIeHO eKCIepUMEHT, Pe3yJIbraTh sIKOTO KOPETIOETHCA 3 PIBHAHHIM TEIJIO0OMIHY.



3pasku 3 HACIHHSIM TOMATIB OIPOMIHIOBAJINCH (DOTOHHUM OTIPOMIHIOBAYEM 3 JIOBKUHOIO XBWJIb — cHHIN 450 HM, 3esenuit 550 HM, yepBoO-
il 650 um 3 excrosuitieio 12/24 rog. B pesyssrati 90 % 1mpu orpomMineHH] 4epBOHUM CHEKTPOM (DOTOHHOTO OIPOMIHIOBAYA TPUBAIICTIO
24 ropuan, 1o Ha 24 % 6inblile KOHTPOIBLHOTO 3paska. Lle M03BOIMUTD OIHUTH 3arabHUIl TEMIIEPATYPHIN PEKIM CITBCHKOTOCIIOIAPCHKIX
006’eKTiB i onrTuMisyBaTu npotiec o6irpiBy. Ile J0CTiIKeHH s PO3KPUBAE CYTh PETYJIIOBAHHS TEMIIEPATYPH HA CLIBCHKOTOCTIOAAPCHKIX 00 €KTAX,
BUKOPUCTOBYIOUH TEPMOJNHAMIUIY MOJIE/Ib, SIKa HE TiJIbKU BPAXOBYE TEIIO0OMIH, ajie | BKJIIOYA€E BIUIMB XIMIYHUX peakiiiil. 3armpononosana
TePMOIMHAMIYHA MOJIEIb Ta MOB'sI3aHi 3 HEIO PIBHSIHHS CTBOPIOIOTH OCHOBY /ST MAHOYTHIX JOCITIKEHD Ta TPAKTUYHUX 3aCTOCYBaHb, 110
B KIHIIEBOMY IICYMKY TIPUHECE KOPUCTD CLIbCbKOTOCTIONAPCHKii TTPOMUCIOBOCTI Ta CBITOBOMY BUPOOHHIITBY MTPOLYKTIB XapuyBaHHS.
KorouoBi cioBa: TepMo/IHAMIYHA MOJIEJTh, PEOJIOTIUHI TIePEXO/IH, CiIbChbKe TOCTOAAPCTBO, MATEMATUYHI MOJIEN, aJTOPUTM, [iarpama

KJ1aciB, GOTOHHE OIPOMiHEHHS.



