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The object of this study is a hybrid energy system that integrates
the processes of recycling used tires with the use of alternative ener-
gy sources to design a sustainable and environmentally safe power
generation system.

The problem addressed in this study is to find effective methods
for recycling waste tires for electricity generation, as traditional
recycling methods are energy-intensive and lead to the loss of valu-
able resources.

Three methods of tire processing have been considered: pyro-
lysis, thermal degradation, and mechanical grinding. The method of
electricity generation using pyrolysis has demonstrated high envi-

ronmental performance due to a significant reduction in greenhouse

gas emissions and a high rate of renewable energy (80 %). According
to the results of the study, the use of 5 MW pyrolysis furnaces in
combination with 500 kW solar panels provides a reduction in de-
pendence on fossil sources, reducing CO5 emissions to 50.0 kg/year.
The method has high capital costs (NPC USD 4.2 million), but
the cost of energy production (COE USD 0.18/kWh) makes this
method competitive in the long run. Thermal degradation provides
a balanced approach in terms of energy efficiency (75 %) and environ-
mental performance. Although its CO, emissions are higher than in
pyrolysis, the method makes it possible to obtain additional products
that could be used in other industries, thereby increasing econom-
ic efficiency. Mechanical shredding has the lowest average energy
costs (USD 0.12/kWh) and the lowest CO, emissions (30.0 kg/year),
making it ideal for cost-conscious businesses.

The study confirms the possibility of effective integration of
renewable sources with tire recycling methods.

The practical use of the research results is possible during the
implementation of grant projects for the recycling of used tires, and
in the work of relevant government structures for devising a policy
for the disposal of used tires.

Keywords: tire recycling, pyrolysis, thermal degradation, me-
chanical grinding, renewable energy sources, chemotology.
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The object of research is coal enterprises where powerful elec-
trical equipment is used (underground installations up to 3000 kW,
tunneling complexes of 500—1500 kW, technological complexes of
6-10/0.4 kV, etc.). The deficit of generated capacities, caused by
growing energy consumption, can be reduced by regulating power
consumption modes.

The relevance of this issue is determined by the need to conduct
a research of the electricity consumption system, to determine the
qualitative and quantitative characteristics of electricity consump-
tion using mathematical models.

The lack of mathematical models makes it difficult to analyze
energy intensity and consumption modes of each technological
operation in the overall balance of electricity consumption of coal
enterprises.

The article considers the structure and classification of the main
technological groups of energy consumers, the development of mathe-
matical models for each type of load modes, as well as a generalized
model of electricity consumption of coal enterprises, with the use of ma-
thematical apparatus of probability theory and mathematical statistics.

As a result of the work, mathematical models of the electricity
consumption process for the main technological groups and for mo-
dels of daily electricity consumption of coal enterprises as a whole
were developed, and it was also established that technological
objects of electricity consumption are divided into three different
values, in terms of power consumption modes: constant, uniform and
pulse. For each class of consumers their statistical characteristics
were obtained.

The work results can be applied for managing power consump-
tion modes of coal enterprises.

Keywords: energy consumption, probability theory, mathema-
tical models, power consumption modes, daily consumption, mathe-
matical statistics.
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The use of heat pumps makes it possible to reduce energy con-
sumption in drying processes. This study addresses the problem of ef-
ficient use of a heat pump for drying, low-temperature processing, and
storage of food products. The object of the study is a heat pump unit
capable of operating under the drying mode or under the refrigeration
processing and storage mode. Studies have been conducted to design
an experimental unit, as well as to improve the energy efficiency of
the cooling system. The unit includes a single-stage freon compressor,
two air condensers, a water-cooled coil heat exchanger-precondenser,
an air evaporator, a thermostatic valve, axial fans, and a unit control
system. It has been experimentally established that, depending on the
temperature level of condensation of the refrigerant (from +20 °C
to +50 °C), the increase in specific cooling capacity with the heat
exchanger-precondenser turned off is from 82kJ/kg to 135k]/kg,
and with it turned on — from 98 kJ/kg to 143 kJ/kg. In this case, the
specific work of compression of refrigerant vapors in the compressor
with the heat exchanger-precondenser switched off changes from
36 kJ/kg to 18 kJ/kg. And when it is switched on — from 32 k] /kg
to 10 kJ/kg. That is, the reduction in specific energy consumption is
from 4 kJ /kg to 8 kJ/kg, which indicates the advisability of including
the precondenser in the installation scheme. In the installation, refrig-
eration treatment and storage of the product can be carried out in the
temperature range from —20 °C to +20 °C and drying — from +10 °C
to +40 °C. Under such modes, it is possible to obtain high-quality
products with long shelf lives. The results could be used to improve
the designs and optimize the operation of heat-transfer drying units
and their engineering calculations.

Keywords: dryer, heat pump, food storage, low-temperature
treatment, refrigeration machine.
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OIITHKA TEXHIKO-EKOHOMIYHOT JOIIJIbHOCTI TEHEPAIIIT EJJEKTPOEHEPTIi, OTPUMAHOT IIIJIAXOM
INEPEPOBKH BIAITPAIIbOBAHUX IIHWH (c. 6-21)

C. B. Boiiuenko, I. A. Ky6epcobkuii, I. O. lllkiapuiok, O. B. /laninin, A. I. Kpioukos, B. II. Pozen, A. A. Xoran, H. I. CokonoBcbKa,
A. B. fIkosinesa, M. B. IlaBioBcbkuiit

OO6’ekTOM [OCTIUKEHHS € TIOPH/IHA €HEPreTHYHA CUCTEMA, 1[0 IHTErPY€E MPOIECH MePepoOKH BiAMPAI[bOBAHUX IIMH 3 BUKOPUCTAHHSIM
aJIBTEPHATUBHUX JIZKEPETT €HEPTil st CTBOPEHHS CTIIIKOI Ta eKOJIOTIYHO Ge3MeTHOT CHCTEMHU TeHepallii eJIeKTPOeHepril.

[Ipobuiema, sika PO3TJISITAETHCS Y TIHOMY AOCTIIKEHH], TOJISATAE Y MOTIYKY eeKTUBHUX METO/IB TepepOOKU BiAMPAIIbOBAHUX IIIIH 3211t
reHepatii eJleKTpOeHepril, OCKIJIbKY TPAAUILIiHI MeTO! yTUIi3allii € eHepro3aTpaTHUMU i IPU3BO/ISATD /[0 BTPATU IIIHHUX PECyPCiB.

Po3risiHyTO TpU METO/M MepepoOKH MIMH: THpoJIi3y, TepMiuHoi jerpajaitii tTa MexaHiure moapiouents. MeTtos renepaltii esekTpoeHeprii
3 BUKOPUCTAHHSI MiPOJIi3Y MPOIEMOHCTPYBAB BUCOKI €KOJIOTIUHI ITOKA3HUKH 3aB/ISIKK 3HAUHOMY 3MEHIIIEHHIO BUKW/IIB ITAPHIUKOBUX T'a3iB Ta BUCO-
KoMy KoedinienTy BizHOBMOBaHOI eHeprii (80 % ). 3a pe3ysibrataMu I0CIIi/UKEHHST BUKOPHCTAHHS T POJIIBHIX redeil HoTyskHicTio 5 MBT y mmoej-
HaHHI i3 coHstunnMu manessiMu Ha 500 kBt 3abe3euye sHUKEHHsT 3aI€)KHOCTI Bijl BUKOIHUX Jpkepelt, amentnyioun Bukuan COy 10 50.0 kr/pik.
Meron mae Bucoki kamitanbhi Butpatu (NPC 4.2 man $), npore sapricts BupobuunTsa eteprii (COE 0.18 $/kBr-rox) pobuts 1eii Meton
KOHKYPEHTOCIPOMOKHUM Y JIOBTOCTPOKOBIH nepcnektusi. Tepmiuna gerpajaiis 3abesnedye 36agancoBaniil Mixijg 3 TOUKH 30py eHepreTy-
Hoi edexrusnocti (75 %) Ta exosoriunux nmokasuukis. Xoua ii Bukuan COq BuIIl, HIK y MiPOJIi3i, METO J03BOJISIE OTPUMYBATH [I0/IATKOBI
MPOJYKTH, 1O MOKYTb OYTH BUKOPHCTAHI B IHIINUX Tady3sX MPOMHUCIOBOCTI, MBHUILYIOUN eKOHOMIUHY edekTrBHiCTh. Mexaniune 1moapio-
HEHHsI Bi/I3HAYAETHCS HAHIKINMU yeepeanennmu Butparamu Ha erepriio (0.12 $/xBr-rox) ta naitmenmmmu Buxugamu CO; (30.0 kr/pix),
o poOUTH HOTO ieaTbHUM ISt T PUEMCTB, OPIEHTOBAHUX HA EKOHOMIUHICTb.

JlocTiIsKeH ST T ATBEP/UKYE MOKIIMBICTD e(heKTUBHOT iHTerparlil Bi/IHOBIIOBAHNUX JKEpPeJT 3 METOaMK TIEPEePOOKHU MINH.

TIpakTiyHe BUKOPUCTAHHS PE3yJIBTATIB IOCIIUKEHHST MOJKIMBE T1i/ 4ac peaisailii rpaHTOBUX MPOEKTIB ePepOOKH BiIIPAIIbOBAHUX IIIVH,
Ta y po6OTi BIAMOBIAHUX YPSIZOBUX CTPYKTYP VISt PO3POOKH MOMITUKY YTUII3AIlii BiIIPAIIbOBAHUX TITHH.

KiiouoBi ciioBa: riepepoOKa I, ipoJiis, TepMiuHa gerpajaiiis, MexaHiaHe nmoApiOHeH s, BiAHOBIIOBaHI JKepesia eHeprii, XiMMOTOJIOT s
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PO3POBKA MATEMATUYHUX MOJIEJIEN CIIOKUBAHHS EHEPTIT HA BYTIJIbHUX CTAHIIIAX (c. 22-32)

Shynar Telbayeva, Gulim Nurmaganbetova, Leonid Avdeyev, Vladimir Kaverin, Sultanbek Issenov, Dariuzs Janiszewski,
Karshiga Smagulova, Gulmira Nurmagambetova

OG6’eKTOM JIOCIIIZKEHH ST € BYTiJIbHI MIIPUEMCTBA, JIe BUKOPUCTOBYETBCS MOTY KHE eJieKTpoobiagnants (miazemui ycranosku 1o 3000 kBr,
npoxiznunbki kommexen 500-1500 kB, rexuosoriuni kommiekcn 6—10/0,4 kB Tomio). leditut BupobaeHux HOTYKHOCTEH, ClIPUYHHEHUN
3POCTAHHAM €HEePrOCTIOKUBAHHS, MOKHA 3MEHIITUTH TIJISIXOM PEryJIIOBaHHS PEKIMIB €HeProCIIOKIBAHHS.

AKTYaJIbHICTD JIAHOTO [TUTAHHS 3yMOBJIEHA HEOOXIIHICTIO TPOBE/ICHHS JI0CI/UKEHHS CHCTEMU €IEKTPOCIIOKUBAHHS, BUBHAYEHHST SIKICHIX
Ta KiJIbKICHUX XapaKTePUCTHK eJIeKTPOCTIOKUBAHHS 32 JIONMOMOT0I0 MaTeMATHYHIX MOJZIETIeH.

BincyrHicTh MaTeMaTHYHUX MOJIeJIeil YCKIIQ/IHIOE aHAJII3 eHEPrOEMHOCTI Ta PEKMMIB CIIOKMBAHHS KOKHOI TEXHOJIOTTYHOI orepartii B 3a-
rajibHOMY GaJaHCl eJIeKTPOCIOKMBAHHS BYTIIBHUX TI/IIIPUEMCTB.

VY crarTi po3risiHyTO CTPYKTYPY Ta Kiacu(piKaliio OCHOBHUX TeXHOJOTIYHUX TPYII CIIOKUBAYIB eHeprii, po3pobJIeHo MaTeMaTHIHI MoesIi
JUISE KOKHOTO BHJLY PEKUMIB HABAHTAKEHH:, a TAKOXK y3araJbHEHY MOJIe/Ib eJIeKTPOCIIOKUBAHHS BYTIIBHIX IIIIPUEMCTB i3 3aCTOCYBAHHSM
MaTeMaTUIHOTO arapary Teopii HMOBipHOCTEH i MATeMATUIHOI CTATHCTUKI.

B pesyusrari po3pobieHo MaTeMaTHYHI MOJIEI TIPOIIECY €IEKTPOCTIOKUBAHHS JIJIsi OCHOBHUX TEXHOJIOTTYHUX TPYII 1 ISt MOJIeJIel 1060BO-
TO eIeKTPOCTIOKMBAHHS BYTLIBHUX ITATPUEMCTB B IIJIOMY, & TAKOK BCTAHOBJIEHO, IO TEXHOJIOTIIHI 00’€KTH €l1eKTPOCTIOKIBAHHS TTOMIIIIOTh-
CsI HA TPY TPYIIN Pi3HUX 3HAYEHD, B YACTUHI PEKUMIB CIIOKUBAHHS €JIEKTPOEHEPTii: MOCTIITHOTO, PIBHOMIPHOTO Ta iMITyTbcHOTO. J[JIsT KOKHOTO
KJIaCy CIIO’KMBAYiB OTPUMAHO CBOI CTATUCTUYHI XapaKTePUCTUKH.

Pesyasrati po6OTH MOXKYTb OYTH 3aCTOCOBAHI /I7IsT YIIPABJIIHHS PEKUMAMU €HEPTOCTIOKUBAHHS BYTIbHUX T IMTPHEMCTB.

K1040Bi ci10Ba: eHEProcnoKUBaHHs, Teopist fIMOBIPHOCTEIH, MaTeMaTHYHI MOJIEI, PEKUMI eHEProCIOKUBAHHS, 1000BE CIIOKIUBAHHS,
MaTeMaTHYHA CTATHCTHKA.
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PO3POBKA TA BUITPOBYBAHHS TEIIJIOHACOCHOT YCTAHOBKH JIJIS1 CYIITHHSA, HU3bKOTEMITEPATY PHOT
OBPOBKHU TA 3BEPITAHHA XAPYOBUX ITPOAYKTIB (c. 33-41)

Zhanserik Zhuman, Nurlan Khanzharov, Bakhytkul Abdizhapparova

3acTocyBaHHsI TEIVIOBUX HACOCIB [I03BOJISIE 3HU3UTH €HEPrOCIIOKUBAHHS Y TIPOIECaxX CYIIHHA. Y J0Ci/KEHHI BUPINTy€eThCs 1pobiemMa
eheKTHBHOTO BUKOPUCTAHHS TETJIOBOTO HACOCA /IS CYIIIHHST, HI3bKOTEMIIEPATYPHOT 06pOOKH Ta 36epiraHHst XapuoBHX MpoayKTiB. O6’ekToM
JOCTI/IKEHHST € TEMJIOHACOCHA YCTAHOBKA, 3/IaTHA MPAIFOBATH B PEKUMI CyIIiHHS a00 B PEKUMI XOJIOAUIBLHOTO 00poOIeHHS 1 36GepiraHHsl.
[IpoBeneHO MOCITIIKEHHST 3 PO3POOKU €KCIIEPUMEHTAIBHOI YCTAHOBKH, & TAKOXK 13 MiABUIIEHHS eHeProeeKTUBHOCTI CICTEMH OXOIO/KEHHS.
VeraHoBKa BKJIIOYAE OJHOCTYIICHEBHI (hPEOHOBUI KOMIIPECOP, ABa MOBITPSAHI KOHAEHCATOPH, 3MIHOBUKOBHI TEIJI0OOMIHHUK-(DOPKOHICHCA-
TOP 13 BOSTHIM OXOJIO/UKEHHSIM, MOBITPSHNI BUMIAPHIUK, TEPMOPETYJTIOIOYII BEHTHUIb, OCOBI BEHTHJISITOPHU Ta CHCTEMY KepyBaHHS poOOTOI0
ycraHOBKHU. EKCIIepIMEHTATIbHO BCTAHOBJIEHO, M0 3aJI€KHO BiJl TEMITIEPATYPHOTO PiBHsI KoHeHcallii xomomoarenty (Bix +20 °C go +50 °C)



MBUIEHHST TTATOMOI XOJIOOTIPOLYKTHBHOCTI TP BUMKHEHOMY TEIJIOOOMIHHIKY-(hOpKOHAeHcaTopi cranoBuTh Biz 82 K/l /Kr o 135 k/lxk /KT,
a npu BBiIMKHeHoMY — Bizt 98 k[ /kr 10 143 k[ /kr. TIpu ibomy nnToMa po6oTa CTHCKaHHS [apiB X0JI00ATeHTY B KOMITPECOPI 1P BUMKHE-
HOMY TerooOMiHHUKY-(hopKoHAeHcaTOPi 3MiHIOEThes Bizt 36 KK /KT 110 18 K/ /KT, a ipu ioro BBiMKHeHHT — B 32 kK /Kr 10 10 kK /K.
Takum 4MHOM, 3HIZKEHHS IIMTOMIX €Heprosarpar cTaHoBuTh Bift 4 k/Lk/kr 1o 8 x/[K/Kr, 110 CBIIYUTD 1IPO JOLIIBHICTD YBIMKHEHHS (op-
KOHJIEHCATOPA y CXEeMY YCTAaHOBKH. YCTAHOBKY MOKHA BUKOPHCTOBYBATH /IS XOJOAMIBHOTO 06pOOIEH s Ta 30epiraHist MpOAyKTIiB y TeM-
neparypuomy aianazoni Big —20 °C no +20 °C, a cyminnst — Big +10 °C no +40 °C. 3a Takux pesKUMiB MOKHA OTPUMATHU SIKICHI MPOTYKTU
3 TpUBaIMMU cTpoKamu 30epirants. OTpuMaHi pe3yabraTn MOKHa BAKOPUCTOBYBATH JIJIs BIOCKOHATEHHs KOHCTPYKILH Ta onTuMisariii po6o-
TH TETVIOHACOCHWX CYMINIBHUX YCTAaHOBOK 1 iX IH)KEHepPHUX PO3PaxyHKiB.
Kio4oBi cioBa: cyiapka, TerioBuii Hacoc, 36epiraHHs XapaoBUX MPOYKTIB, HU3bKOTEMIIEPATYPHA 0OPOOKA, XOMOAMIbHA MAIITHA.



