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Hanpagiaenue 1. 9JIEKTPOOHEPI'ETUKA, MAILIMHOCTPOEHHUE
N ITPOMBIHIVIEHHASA BE3OITACHOCTD

YK 621.313:621.314:621.341.572

STUDY OF THE LOSSES OF THE THREE PHASE VOLTAGE SOURCE
INVERTER
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In this research, the electrical losses on the electrical inverter in electric driving systems
were fully studied in terms of frequency, temperature, and electrical current, which in turn are
divided into two important parts (switching losses an conduction losses ), where a mathematical
model of the electrical inverter was modeled with an electrical machine of a fixed magnet type.
Keywords: electrical losses, inverter, electrical current, mathematical model, fixed magnet

The research aims in this thesis to improve the efficiency of PMSM as well
as improve the drive system after knowing and studying the inverter voltage losses,
and also studying the harmonic losses of the motor that occur as a result of the
PWM frequency transmission, where this matter can be addressed by increasing
the inverter switching frequency. The first method depends on the complete
numerical simulation of the circuit with specific simulation programs and the
calculation of the integrated or parallel circuit losses. The second method is to
calculate the electrical behavior of the circuit based on the analytical behavior
model [2]. The losses that arise in the power switching device, switching losses,
conduction losses, and off-state blocking loss, usually the off-state blocking losses
are neglected, compared to the rest of the losses, which occur due to the product of
the blocking voltage and the switching leakage current. The analysis of losses and
connection losses will be dealt with in a detailed explanation [1].

The linear loss model for power semiconductor devices is assumed to be
from switching power losses Eg according to the subsequent studies, which will be
measured linearly from the following equation:

VvV |
Es:Esr'V_'I_ (1)
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Esr is the rated switching power, V, is the reference voltage, and Ir is the
reference current, while V and | represent the actual switching voltage and current
respectively. The rated switching power, Eg, is the sum of the on and off states of
power semiconductor devices. In the case of one pair of IGBT and a free diode, the
Esr equation is as follows:

Esr =Eon,1 + Eoff 1 + Eoff D- (2)

When the E,,, and E., are the on and off characteristics of IGBT,
respectively. As for the Eq characteristic, D is specific to the operation of a diode
that produces reverse recovery current. As per Equations (3.2) in (3.1) and thus the
Es are given in the following way [1]:

vV |
Es =(Eon, +Eoft,1 +Eoff,0): v, 1 (3)

The energy losses of the Psr are related to the energy losses of the Esr as
shown in the following equation:

Eq =Py T 4)

Where T is the switching period .where as the switching loss equation is Pls
with for VSI.

Provide a sinusoidal AC line for IGBT switching devices through the
following equation:

6 V., |
Is f (Eonl offl +Eoﬁ,D)'VdC'I_L
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Conduction losses differ from conversion losses in that conduction losses are
directly dependent on the modulation function [2]. Where the formulas is at [3, 4]
are shown for how conduction losses are known by the modulation function. In [5],
it gives complete information regarding a specific modulation function by
distributing the duty cycles of the different zero vectors.

Veeo 1+ M (t CE.0 1+ M(t
Roy =221 [ sin —()dt2 |js|(t)—2()dt

(6)
Thus, the equation for conduction losses connected to each diode i IS as
follows:



1- M(t)

P,CD_VF" 1, [ sin(et)- 2 (t) d t+ A2 [Tsin (ot)- dot

(7)

Thus, the total conduction losses of the Plc for all 12 semiconductor devices are as
follows :
P.=6" (Plc,l + Plc,D) (8)

As for the two PWM equations that are based on the carrier wave (6) and
(7), it takes the expression stream as in equations (9) and (10) [6].

VCEO M z 2
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The modulation index M is the offset angle between the main of the
adjustment function and the load current.

The total losses in the voltage source inverter obtained using practical
semiconductor devices, and verified using the parameters in the numerical
simulation are given in the following table .1 [1].

A mathematical model was designed using the MATLAB program. A
mathematical model that explains the study of the electrical losses of the inverter,
which consist of static losses and dynamic losses. Many authors neglect these
losses, knowing that these losses have a significant and influential value in the
conclusions. The effect of increasing the frequency on the inverter losses was also
studied. Increasing temperatures affects efficiency by increasing losses. The effect
of a change in the speed of the machine in general on the electrical losses of the
inverter was also studied, as any increase in speed, frequency, or temperature will
lead to an increase in losses.
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OBECIIEYEHME BE3OITACHOCTHU TPY A ITPU IEPEMEHHBIX
MOIrOJHBIX YCJOBUSIX HA KOMBUHUPOBAHHOM
HEPTOYCTAHOBKE BETPAHBIX DJIEKTPOCTAHIIUHA U
COJTHEYHBIX ®OTOIJIEKTPUYECKHUX YCTAHOBOK

bormanosa Anna Hukonaesna
®I'bOY BO «KI'9VY», r. Kazanb
bogdaannovaa@gmail.com

B nanHOlM cTaThe paccMaTpuBacTCAaA BOIIPOC oOecneueHrss OE30MMaCHOCTH Tpyda Ha
BCTPSAHBIX J3JICKTPOCTAHIUAX W COJIHCYHBIX (1)OT03J'ICKTpI/I‘leCKI/IX YCTaHOBKAX IpU NCPEMCHHBIX
IMNOTOJHBIX YCIIOBUX.

KiroueBnblie ciioBa: KOM6I/IHI/IpOBaHHHe 9HEPTOYCTAaHOBKH, BETPSAHBIC JJICKTPOCTAHLIUU,
COJIHCYHBIC Q)OTOBHGKTPI/I‘-ICCKI/IC YCTAHOBKH, 6630HaCHOCTL, O60py,HOBaHI/Ie, INEPpEMCHHBIC

MOTrOAHLIC YCIIOBUA

ENSURING OCCUPATIONAL SAFETY UNDER VARIABLE WEATHER
CONDITIONS AT A COMBINED WIND POWER PLANT AND SOLAR
PHOTOVOLTAIC POWER PLANT

Bogdanova Anna Nikolaevna
KSPEU, Kazan
bogdaannovaa@gmail.com

This article discusses the issue of occupational safety in wind farms and solar
photovoltaic installations under variable weather conditions.
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B mocnennue necsATuieTHs COJMHEYHAs W BETPOBas SHEPreTHKA CTallu
KIIOYEBBIMH HCTOYHUKAMU BO300OHOBJSIEMOW DHEPTUH, CIOCOOCTBYIOIIUMU
COKpAIICHUIO BBRIOPOCOB YIJiepo/ia U 0OECIEUYCHUI0 YCTOWYMBOCTA SHEPTOCUCTEM.
Opnako, paOOTHHKHM, 3aHUMAOIIUECs  OOCIYy)KMBAaHUEM M  PEMOHTOM
KOMOMHHPOBAHHBIX SHEPrOYCTAaHOBOK, CTAIKMBAIOTCS C CEPhE3HBIMU PUCKAMH U3-
3a IEPEMEHHBIX MTOTO/IHBIX YCIOBHIA.

Berpsiubie 27EKTpPOCTAaHIIMM M COJHEYHBIE YCTAHOBKU IOABEPTalOTCs
pa3IMYHBIM OIACHOCTSIM, TaKUM KaK BBICOTa PadOT, SJIEKTPUUYECKUE PHUCKH, a
TaK)Ke PUCKH, CBSI3aHHBIE C HEMPEICKa3yeMbIMH U3MEHEHUSIMHU TOTO/bI, BKIIIOUast
IITOPMBI, MOJTHUH, CHJIbHBIE BETPbl. COTJIACHO MCCIEAOBAHUAM, 35% HECUACTHBIX
CllyuaeB Ha TMOAOOHBIX YCTAaHOBKaxX TMPOU3ONILIM H3-32 HEOIArOmpUsATHBIX
MOTOJHBIX YCJIOBHH, YTO TMOMYEPKUBACT BAXKHOCTh NPUHATHAS MeEp s
obecnieueHus 6e30MmacHOCTH repconaia [1].

AHanu3 CTAaTUCTMYECKUX JAHHBIX 1O HECYACTHBIM CIy4yasiM Ha BETPSHBIX
AIIEKTPOCTAHLUSAX U COJHEYHBIX YCTAHOBKaX TIO3BOJISIET BBIIBUTH OCHOBHBIC
OpPUYUHBI U 00cTOATENnbCcTBA MpouciiecTBUid. CornacHo naHHbIM BcemupHoit
OpraHu3aluy 3/paBooxpaHeHud, 3a mnepuon ¢ 2015 mo 2020 roa KoJIUYECTBO
HECYACTHBIX CIIy4YaeB Ha MOAOOHBIX YCTAaHOBKAX COKpaTwioch Ha 15% Onaromaps
BHEJIPCHHUIO HOBBIX CTaHJIAPTOB OC30MACHOCTH U 00YUCHHIO paOOTHUKOB [2].

Jlns  oOecrieuenust 0€30MacHOCTH TpyJa paOOTHUKOB, 3aHUMAIOUIUXCS
00Cy’)KMBaHMEM KOMOMHUPOBAHHBIX YHEPrOYCTAaHOBOK, Pa3padaThIBAIOTCSI HOBBIE
TEXHOJOTHH U CTaHAapThl Oe3omacHOCTH. OOHUM M3 MPUMEPOB TaKUX PEIICHUN
SIBIISIETCSl pa3pabOTKa CHCTEMBI MPEAYNPEkKACHUS O PE3KUX M3MEHEHHUSAX IMOTOMIbI
HAa OCHOBE METEOPOJOTHYECKMX MJaHHBIX M WX MHTETpalus B TMPOIEIYPHI
0ezonacHocTH [3]. DTO BKIIIOUAET B ce€0sl MPOTHO3UPOBAHKUE BHICOKOW 00JIAYHOCTH
U OCaJKOB, MPUBOIALINM K CHIDKEHUIO MHTCHCHBHOCTH COJTHEYHOTO W3ITyYeHUS,
MIPOTHO3UPOBAHKUE BBICOKMX TEMIEPATyp M CUIBHBIX BETPOB, CO3MAIONINX PHCKH
BO3TOpaHMs, pacyeTbl CKOPOCTH W HANpaBiCHHWs BETpa U  OMpeIesieHHe
0€30MacHbBIX MPEACIIOB JIJIsi padOThl Ha BHICOTE.

Jlist pacyera MakcUMallbHO O€30MacHO CKOPOCTH BeTpa Juisi paboThl Ha
KOHKPETHOW BBICOTE BETPOIHEPTETHUECKONH YCTAaHOBKH MOYKHO BOCIIOJIB30BATHCS
dopmysioii iorapudmudeckoro npoduiis ckopoctu Betpa [4]:

. In(z/zq)

v(2) = V1



rje V(zZ) — CKopocTh BETpa Ha BBICOTE Z HAJl IOBEPXHOCTHIO 3€MIIH; V; — CKOPOCTh
BETpa Ha U3BECTHOU BBICOTE Z;; Zy — IIEPOXOBATOCTh MOBEPXHOCTHU (1T OTKPHITON
MecTHOCTH B TaTapcraHe JaHHBIN moka3atenb coctaiset 0,03 um) [5]; z — BeIcoTa,
Ha KOTOPOH HY)KHO OINPEACIUTh CKOPOCTh BETPA.

Ilycte z = 15 m — xemaemasi BbICOTa PaOOTHI HAa BETPOIHEPTETHUUECKOM
ycraHoBke. [IpennosnoxxuM, uto Ha BbicoTe 10 MeTpoB (z;=10 M) OT moBepXHOCTH
3eMJIM CKOPOCTh BeTpa cocTaBisieT 6 wm/c (v,=6 m/c). Uctionszyem z, = 0,03 u.

In(15/0,03)
Vmax = (ln(lO/0,0B))

Takum o0pa3oM, MakCUMAaJIbHO O€30IacHasi CKOPOCTh BeTpa Jisi paboThl Ha
BBICOTE 15 METpOB Ha BETPOIHEPTETHUYECKOM YCTAHOBKE B OTKPBITOM MECTHOCTH
TaTtapctana cocTaBisieT NPUOIU3UTENBHO 6,58 M/c. DTa CKOpOCTh 0OecreynBaeT
0e3o0macHOCTh pabOThl TMPH TMEPEMEHHBIX TMOTOJHBIX YCIOBHSX B YKa3aHHON
MECTHOCTH.

Obecneuenue 0e3omacHOCTH Tpyaa Ha KOMOMHUPOBAHHBIX
HHEPrOoyCTAaHOBKAX BETPSHBIX DJIEKTPOCTAHIIUN U COTHEUHBIX (POTOIIEKTPHUECKUX
YCTaHOBOK MpPH TEPEMEHHBIX TOTOJHBIX YCIOBHUSX SBISETCS BAXKHOW 3aJadyei.
TexHudeckue pemeHus, aHalu3 CTAaTUCTHUECKUX JAHHBIX U 00y4eHHE paOOTHUKOB
UTPAIOT KIFOUEBYIO POJb B MUHUMU3AIMU PUCKOB M O0OeCreyeHUuu 0e30MacHOCTH
npu paboTe Ha MOTOOHBIX YCTAHOBKAX.
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HOBBIE KJIACCBI HIOTPEBUTEJIEN: OCOBEHHOCTH
NCCIEJOBAHUA U MOAEJINPOBAHUA

T unsMamIH Uckannep Padaunesuy, 2Araq)OHOB Anekcanap AnekceeBud,
*lancesa Acus WnepaposHa, 4KyJITaH Hcnambex bepukoBuu
o0y BO «KHUTY-KAN», Ka3anb
’KasaHCKHii (ITpuBomxckuii) GenepanbHbIi yHUBEpcHTET, Ka3aHb
*®I'BOY BO «KIDY», Kazanb
4KLBHJ10p[[HHCKHﬁ yuuBepcuteT uMenn KopkwiT Ata, Kei3butopaa (Pecyonuka Kazaxcran)
lis-er@yandex.ru

B pabore mpencraBieHa aBTOpcKash METOAMKA MOCTPOEHUS MPOTHO3HBIX MOJENeH IJis
OLCHKHU BJIMAHUA PA3JIMYHBIX CHCHAPHUEB PA3BUTUA CHUCTCMBI 3J'ICKTpOMO6I/IJ'II> — 3apdaaHas
MH(pacTpyKTypa C y4ETOM JTMHAMUKU YUCIIEHHOCTH aBTONapKa M 3apsiiHON MHPPACTPYKTYpHI, a
Tak K€ OcoOeHHocTel TropoJckod  3acTpoiiku. IlpuBeneH mnpumep  HOCTPOEHUs
MYJbTUIUIMKATOPa, OTPAXKalOIIEro akKTyaJlbHOE M  IPOTHO3HOE COCTOSHME  CHUCTEMBI
ANIEKTPOMOOWIIb — 3apsajnHas uHOpacTpykrypa. [lokazaH moTeHUMan MNPOTHO3UPOBAHUS
MOTPEOHOCTH B MOJICPHUBAIMH DJIECKTPOIHEPTETHIECKOTO XO3SIMCTBA TOPOJCKON 3aCTPOMKU Ha
PA3JIMYHBIX TOPU3OHTAX IJIAHUPOBAHUA.

KuaroueBble cioBa: »>Hepreruka, 3JIEKTPOMOOWIIb, TPOTHO3ZHOE MOJEIUPOBAHUE,

YTJIEPOJIHBIN ClIe]l, yCTOMYNBOE Pa3BUTHE.

NEW CLASSES OF CONSUMERS:
FEATURES OF RESEARCH AND MODELING

! Gilmanshin Iskander Rafailevich, > Agafonov Alexander Alekseevich,
¥ Galeeva Asiya lldarovna, * Kultan Islambek Berikovich
' KNRTU-KAI, Kazan
2 Kazan (Volga Region) Federal University, Kazan
¥ Kazan State Energy University, Kazan
*Kyzylorda University named after Korkyt Ata, Kyzylorda (Republic of Kazakhstan)
lis-er@yandex.ru
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The paper presents the author's methodology for constructing predictive models to assess
the impact of various scenarios for the development of the electric vehicle - charging
infrastructure system, taking into account the dynamics of the vehicle fleet and charging
infrastructure, as well as the characteristics of urban development. An example of constructing a
multiplier is given that reflects the current and forecast state of the electric vehicle - charging
infrastructure system. The potential for forecasting the need for modernization of the electric
power sector of urban development at various planning horizons is shown.

Keywords: energy, electric vehicle, predictive modeling, carbon footprint, sustainable
development.

3HaKOBBIM  NPHUMEPOM  HMHTEHCUBHOIO  pPa3BUTHUS  HOBOIO  KJacca
noTpedutenel  sBisiercss MHTEpHET. OLEHUTh SHEProNnoOTPEOJEHUE HOBBIX
BUPTYAJIbHBIX M (PU3MYECKUX HSKOCHCTEM JIOCTAaTOYHO cJlokHO. C  yderom
BBILICH3JIO)KEHHOTO ~ TIEPBOCTENIEHHOM  3aJayeld  CTAHOBHUTCS  CO3JaHUE
3¢ (HeKTUBHBIX MEXaHHU3MOB MOCTPOCHUS MPEeIUKATUBHBIX Mojelnen
B3aMMOJICUCTBHS HOBBIX KJIACCOB MOTpeOUTENel U sHepreTuku. MonaenupoBaHue
CUCTEM JaHHOIO BHUJA HEOOXOAMMO OCYIIECTBIIATh B YCIOBUSX HEMOJIHOTHI
uH(pOpMAlMU M BBICOKOM CKOPOCTH €€ Hu3MeHeHUs. B mogoOHbIX ciaydasx
1€JeCO00pa3HO MAaKCUMAIIbHO YKPYITHUTh UCTOYHUKHU JAHHBIX, CHU3UB TEM CaMbIM
3aBUCUMOCTh OT KayeCTBAa HMEIOIIErocsi HCTOPUYECKOTO0 M CTaTUCTHYECKOTO
Marepuana.

HeobGxonumo co3nath cBoero poaa HUGPOBOM JBOMHUK HUCCIETYEMOTO
OOBEKTa COCTaBIICHHBIH W3 COBOKYMHOCTH (PYHKUIMOHAIbHBIX 3aBUCUMOCTEM
napamMeTpoB oObEKTa OT BpPEMEHHM M BHEWHUX (akTopoB. B pesynbrare Oynet
MOJIYYeH MYJbTUIUIMKATOP, OTPAKAIOIIMI aKTyaJllbHOE W MPOTHO3HOE COCTOSIHUE
Oo0OBEKTa HCCIAEOBaHUS Ha 3aJaHHOM TOPU30HTE MCCIEIOBAaHUSA C 3a/laHHON
TOYHOCTBIO.

M(t) = [S:(t); S ()]

IMapamerpsl 00bekTa OyaeM paccMaTpUBaTh KaK JUHAMUYECKYIO CHUCTEMY
S(t) cocraBnennyo u3 onopHoro 3HaueHuss S°(T,), MOIyYEHHOro Ha OCHOBE
UCTOPUYECKOr0 aHajM3a 3HAYEHHWM U  COBOKYIHOCTH KOPPEKTHPOBOYHBIX
kodhduumento k7 (t)  HONydeHHBIX B pesyibTaTe  HCCIENOBaHHUS
KOPPEJSILUOHHBIX CBI3€H ¢ BHEIIHMMU (DaKTOPAMHU M ONPEAEIICHHS JIMHUK TPEHIA
Ha IUIAHOBBIM mepuon. B pe3ynbTare MCKOMBIN MapaMeTp UCCIEAYEMON CHCTEMBI
PUMET BHI:
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S(t) = S°(To) - {kz (To) = ki (To)} - ki () = ki ()}

OnHolt U3 0COOEHHOCTEW MCCIEAYEMOUM CHUCTEMbI SIBIISIETCS 3HAYUTEIIBHOE
KOJIMYECTBO O00OCOOJIEHHBIX AJIEMEHTOB OOJaAarOlMX YHUKAJIbHBIMUA TPEHIAAMU U
KaK CJIEJCTBHE KOPPEKTUPOBOYHBIMH Kodhduuuentamu ki (t). B pamkax
pelaeMon  3aJadyd  MOCTPOCHUSA MPEIUKATUBHOW MOJEIH  B3aUMOJICHCTBHS
HHEPrOCUCTEMBl U HOBBIX KJIACCOB PHEPrOEMKHX IMOTpEeOUTENeH I1eneco00pa3Ho
MIPOM3BECTU CBEPTKY COBOKYMHOCTH MYJIBTUIUIMKATOPOB JI0 MOJEIBHOIO 00BEKTa
BUJIA:

Ms(t) = [SE(); SE@)]

[Tony4yeHHBI MOJIENBHBIN OOBEKT MPENCTaBIAECT COOOM WHTErpaIbHBIM
U(POBON JBOWHHUK HOBBIX SHEPro€éMKHX mnorpeduteneit. Ilo3BomsieT CTpouTh
IIPOTHO3HBIE MOJENIHA [JIi OLEHKM BIIMSHUS Pa3JIMYHBIX CLIEHAPUEB PA3BUTHUSA
CUCTEMBI DJICKTPOMOOWIIb — 3apsigHas UHPPACTPYKTypa C YUE€TOM JMHAMUKHU
YUCJICHHOCTU aBTOMAapKa W 3apsaHOM MHOPACTPYKTYpPHI, a TaK K€ 0COOCHHOCTEN
TOPOJICKOM 3aCTPOMKH.

[lommoxkeHHOe  pelmieHue  SBISAETCA  JOMNOJHEHMEM K METOJHUKE
MHOTOKPUTEPUAIIBHON OLICHKU M 30HMPOBAHUS JIOKAMM HACEJIEHHBIX ITYHKTOB U
ITO3BOJISIET IIPOBOJAUTD LIEJIEBBIE UCCIEA0BAHUS BAPUATUBHBIX CLICHAPUEB PA3BUTHUS
CUCTEMBI AJIEKTPOMOOWIIH - 3apsiiHasi MHPPACTPYKTypa, a TakK K€ MPOTHO3UPOBATH
NOTPEOHOCTh B MOJECPHU3AIUU DIICKTPOIHEPTETUUYECKOTO XO03AUCTBA TOPOJCKOMN
3aCTPOMKH Ha Pa3IMYHbIX TOPU30HTAX IJIAHUPOBAHUS.
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OXJIAXKJIEHUE LIUPKYJIAILIMOHHON BOJAbl B OPEFPEHHOM
TPYBUATOM PAJTUATOPE TMEPUJHOMN I'PAIMPHU

1Ma)11,1me13 Nnenyp Hannosuy, 2):[MI/ITpI/IeBa Oxkcana CepreeHa, *Mascosa Auna Oserosna
LB HXTU ®I'BOY BO «KHUTY », r. HikHekaMck
2OI'BOY BO «KHTUY », r. Kasans
Yilnyr_91@mail.ru, %ja_deva@mail.ru, *mayasova-fwoq@yandex.ru

ABTOpamMu  pa3paboTaHa OKCIEpPUMEHTAJIbHAs YCTAaHOBKA THOPUIHOM  CHUCTEMBI
OXJIQXKJEHUSI C HAKIOHHO-TO(PPUPOBAHHBIMHM D3JEMEHTAMH U TPYOuUaThIM paaMaTOPOM ISt
UCCIIEIOBaHMs TEIUIOBOM 3¢ QexTuBHOCTH Tpolecca oOxJakaeHUs BoAbl. IlpencraBieHbl
pe3ysbTaThl UCCIEIOBAaHUN B BHJIE 3aBUCUMOCTEN TEIIOBON A((EKTUBHOCTH OT COOTHOIICHUS
MacCOBBIX PacXO0B ra30BOM U KHUAKOHU (ha3 MPpH pa3IUUHbIX MIJIOTHOCTSX OPOILIEHUS

KiroueBble cioBa: rpajupHs, OXJaXICHUE BOJbI, T'MOpHIHAs CHUCTEMa, PaguaTop,

tertoBast 3 (HEKTUBHOCTD, TEIIIOMAacCOOOMEH
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COOLING OF CIRCULATING WATER IN A FINNED TUBULAR
RADIATOR OF A HYBRID COOLING TOWER

"Madyshev Ilnur Nailovich, 2Dmitrieva Oksana Sergeevna, *Mayasova Anna Olegovna
13Nizhnekamsk Institute of Chemical Technology (branch)
of Kazan National Research Technological University, Nizhnekamsk
?Kazan National Research Technological University, Kazan
Yilnyr_91@mail.ru, %ja_deva@mail.ru, *mayasova-fwoq@yandex.ru

The authors have developed an experimental installation of a hybrid cooling system with
inclined-corrugated elements and a tubular radiator to study the thermal efficiency of the water-
cooling process. We present the research results as dependences of thermal efficiency on the
ratio of mass flow rates of gas and liquid phases at different irrigation densities

Keywords: cooling tower, water cooling, hybrid system, radiator, thermal efficiency,
heat and mass transfer

B nacTosiee BpeMs BO MHOTHX OTPAcisAX MPOMBIIIICHHOCTH M YHEPTETHKE
HaXOAAT IIUPOKOE TMPUMEHEHUE TPaJupHHU IS OXJIKICHHUS OOOPOTHOM BOJIBI.
[Tpu mpoexTHpoBaHUM M Ppa3pabOTKEe HOBBIX KOHCTPYKIIMH TpPagUpeH, a TaKKe
MOJICPHHU3AI[MN  CYIIECTBYIOIIMX  YCTAHOBOK  HEOOXOJUMO  OILIGHHUTh €€
3¢ (GEeKTUBHOCTh TPU PA3NIMYHBIX pexkumax paboTel [1-3]. ABTOpbI HacToOsIICH
CTaThbU TPEIJIOKIIA HOBYIO KOHCTPYKIMIO THOPHIHON TpagupHH, CyXas 4acTh
KOTOpPOM COCTOMT M3 paauaropa TpyO4daToro c opeOpeHHeM, MOKpas — Wu3
opocutens 100x100x340 MM ¢ YeThIpbMsI  HAKJIOHHO-TO(PPHPOBAHHBIMU
KOHTaKTHBIMH d3JieMeHTamu [4]. Llupkymupyromas Boja IMOCTylajlia CHadaiga B
CYXYIO 4acTh, a 3aT€M BO BJIAKHYIO, YTO OKa3bIBAET XOpOIIee BIUSIHUE Ha OOPBOY C
BBIOpOCAMHU BBIMApa M HIKOHOMMIO MOJNUTOYHOM BOAbl. g wuccienoBaHui
TerioBoM 3(PdeKTUBHOCTH pabOThl THOPUIHOW TpagupHU OblLIa coOpaHa
DKCIIEPUMEHTAJIbHAs yCTaHOBKA, CHA0XKEHHAas KOHTPOJBbHO-U3MEPHUTEIbHBIMU
npubopamu.  JlokazaHO, UYTO OCHOBHOE COINPOTUBICHHE MOXET OBITh
COCPEIOTOYEHO TMPH TEIUIOOTAa4e OT OpPOIIAIONICH JKUIKOCTH K HapyKHBIM
CTeHKaM TpyOok paamaropa [5]. TemnoByro 3ddeKkTUBHOCTL mpolecca
OXJTAKIACHHSI IUPKYJISIIMOHHONW BOABI MOYKHO HAalTH TI0 hopmyre:

N =12 M

T,

rae T;, T, — Temmeparypa BOJbI Ha BXOJIE M BBIXOJIe B TpyObI paguartopa, °C; Ty —
TeMIlepaTypa BOJbI Ha BBIXOJE U3 opocutens, °C.
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Puc. 1. TerumoBast 3p(heKTHBHOCTH OT COOTHOIIIECHHSI MACCOBBIX PACX0I0B ra30BO U JKUAKO#H (a3
IIPH CPeJHEM MaccoBOM pacxoze Boabl B paguarope 0,0135 kr/c (a) u 0,0236 xr/c (6):
1 — utoTHOCTH OpotIeHus 13,7 M3/(M2'q); 2-20,5 M3/(M2"{); 3-28,3 M3/(M2'q);
4 — 35,6 M%/(M>1); 5 — 44,5 M3/(m? )

MaccoBblil pacxol OXJIAKIAIOIIEH )KUAKOCTH B pauaTOpe PEryIUpOBaIu B
nuanasone 13,5-10°-23,6-107° kr/c, a COOTHOILIEHHE MACCOBBIX Pacxo10B Ta30BOM
u Kujakor (a3 B opocurenbHOM dacth — B amanazone 0,06-0,866. Tak, npu
MaKCHUMaJIbHOW TIJIOTHOCTH OpOIIeHUs paBHOU 44,5 M3/(M2"—I) CpellHEE 3HAUYEHHE
TersoBoi ¢ pexTuBHOCTH cocTaBisgeT 76,4 u 63 % mpu MaccoBOM pacxojie BOAbI
B paauatope paBHbiM 0,0135 u 0,0236 kr/c coorBercTBeHHO. [Ipu cHUKeHUU
IUIOTHOCTH opomeHuss 10 13,7 M>/(M*4) OCpeIHCHHAs BEIMYMHA TEIIOBOM
7 HeKTUBHOCTH TakKe cHUXKaeTcs 10 65 u 48,3 % npu MaccoBOM pacxojie BOJIbI B
TpyOuaTom pamuarope paBHom 0,0135 u 0,0236 xr/c coorBercTBeHHO. CTOWT
OTMETUTh, YTO BBICOKME 3HAYEHHUSI COOTHOILIECHHSI MACCOBBIX PAacXOJOB ra30BOM U
KUAKONW a3 B OPOCUTETHHOM YacTW THOPUAHOW TpPaJUPHU COOTBETCTBYET
BBICOKMM pacxojaM BoO3/lyxa. B 4acTHOCTH, MacCOBBIM Pacxoj]l OXJIaXKJAIOIIETO
BO3yXa JIOCTUTaJ 31,3-10° u 29,3-10° kr/c mpH MaccoBOM pacxoie BOIBI B
paauatope paBHbiM 0,0135 1 0,0236 Kr/c COOTBETCTBEHHO.

Takum 06pa3om, IPOESKTUPOBAHNE TUOPUTHOMN TPATUPHU SBISETCS CIIOXKHOU
3alauedi, TpPU  ONPEACIICHUH  TUIOPA3MEPOB  HEOOXOIUMO  YUYUTHIBATh
b HeKTUBHOCTh OxaxkaeHus. KoHCTpykius 0051ajaeT TOCTOMHCTBAMU, TaKUMHU
KaK OJKOHOMHUS  BOJbl, CHI)KEHHUE DOKCIUIyaTal[AOHHBIX  pacXOAOB  JJIs
NpEeaynpexaeHuss OUOJIOTHYECKUX OOpacTaHuUW TpaaupeH, BHICOKAs TEIUIOBas
3G (HEKTUBHOCTD.

HccnenoBanue BBIMOTHEHO 3a cUeT rpaHTa Poccuiickoro Hayunoro ¢onma Ne 23-79-01034
(URL.: https://rscf.ru/project/23-79-01034/).
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METOAUKA OBHAPYXEHHUSA YACTUYHbBIX PA3PA/10B
HA OCHOBE AHAJIU3A KOMMYTALMWOHHBIX UMITYJIBCOB

"MbiTHIKOB AlTeKceit Biagumuposuy, 2CprFOB Bsiuecnas Bnagumuposnu
L2 ToMCKHI ONMHTEXHIYECKHIA YHUBEPCHUTET, I'. ToMCK

'mytnikov66@mail.ru, 2sv_altai@mail.ru

B xone uccrnenoBaHMii, pe3ynbTaThl KOTOPHIX MPEACTaBICHbl B CTaThe, YCTAHOBJIEHA
MPUHLIMITAATIbHAS BO3MOXXHOCTh OOHapyXHBaTh dacTH4HbIE pa3psabl (UP) B BHICOKOBOIBTHOM
M30JSIIMM  TIyTEM aHajiu3a pe3ysibTaTa B3aUMOJICHCTBUS KOMMYTAIIMOHHBIX HMITYJIBCOB C
cooctBenHo YP. Kpurepuem, mo KOTOpOMY MOKHO KOHCTAaTUPOBaTh HaJWYHE YaCTHYHOTO
pa3psijia, SBISeTCS] YMEHbIIEHHE aMIUIUTYAbl TOKOBOI'O CHUTHAlla B pe3yJbTaTe B3auMOJIEHCTBUS
KOMMYTallMOHHBIX ~ UMIYJAbCOB €  JedeKTaMd  BHYTPEHHEW  CTPYKTYpPhl  M3OJIALUU.
KommyTannoHHbI UMIYJIbC MEHSAET (GOPMY U MHTEHCUBHOCTh B 3aBUCUMOCTH OT HAJUYMSI WU
orcyrctBusi UYP Ha wucciemyemom ywactke wusoisanud. IloTeHrmumanbHas 3¢ GEKTUBHOCTD
MpPEeAJIaraéMoO TEXHOJIOTMM KOHTPOJISI YaCTUYHOrO pa3psia JIOCTAaTOYHO BBICOKA, TaK Kak

MO3BOJISIET UCIIOJIL30BATh €€ B PEXKUME 0€3 CHATHS padoyero HarnpsyKeHHs.
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KiaroueBble c¢j10Ba. 4acTUYHBIN paspaa, BBICOKOBOJIbTHAA H30JIALIUA, HOHPI3aLIPIOHHI>II>'I

nmponecc, CrapCHuc U30JI11 U, HMHy.]'IbCHBIfI METOAO, KOMMyTaL[I/IOHHBIﬁ HUMITYJIBC.

METHOD OF PARTIAL DISCHARGES CONTROL ON THE BASE
OF COMMUTATION PULSE ANALYSIS

"Mytnikov Alexey Vladimirovich, “Strugov Vyacheslav Vladimirovich
L2Tomsk Polytechnic University, Tomsk
'mytnikov66@mail.ru, sv_altai@mail.ru

It is established that detecting PD in high-voltage insulation by analyzing the result of the
interaction of switching pulses with the PD itself is possible. The criterion by which the presence
of a partial discharge can be determined is a decrease in the amplitude of the current signal as a
result of the interaction of switching pulses with defects in the internal insulation structure. The
switching pulse changes shape and intensity depending on the presence or absence of PD in the
insulation section under study. The potential efficiency of the proposed partial discharge control
technology is quite high, since it allows its use in a mode without removing the operating
voltage.

Key words: partial discharge, high-voltage insulation, ionization process, insulation
aging, pulsed method, commutative impulse, on-line regime.

CBoeBpeMenHblii KOHTpob YP um omnpenenenne xapakrepuctuk YP BO
BHYTPEHHEW CTPYKTYpPE BBICOKOBOJBTHOM M3O0JSIIMUA SIBIIAETCA KJIOUYOM K
obOecrnieueHUI0 CcTaOWIBHOM paboThl 3HepreTuueckux cucrem [1-3]. Pazpabotka
TEXHOJIOTUM KOHTpoJsi YP B BBICOKOBOJBTHON H30JIAIMU B pexkume on-line
SBIIICTCS aKTyallbHOW 3amadeii [4-6]. A HCHOIb30BaHUE KOMMYTAI[MOHHBIX
UMITYJIbCOB Ut aHanmu3a YP, mo onpenencHuto sBisieTcss TexHonorued on-line, ue
TpeOyrommel CIIOKHOW M TOPOroi ammaparypsl KOHTpossi. Cxema SKCIIepUMEHTOB
Obuta cienyromeit. MmynbcHBIM BBICOKOBOJBTHBIM KOHAeHcatop MK-100-0,25
3apsiKaeTcsi OT MCTOYHUKA TOCTOSIHHOTO TOKa. 3areMm, IMpH JTOCTHXKEHUU
HE0OX0AMMOro ypoBHs 3apsija (B auamnazone 2—5 kB), 3apspKeHHbIA KOHIEHCATOP
nepekimoyasicss Ha syerky ¢ YP. Tok B memm paspsga HU3MeEpPsICs TOKOBBIM
myHToM. CUTrHaN ¢ HIyHTa U3MEpSJICs ANEeKTPOHHbIM ocuuiuiorpagom Tektronix
TDS 1012. ®opma u amminutyna curHaioB ¢ YP u 0e3 Hero aHajau3upoBalIKCh U
CPaBHUBAJIUCh MEXIy COOOM Mpu pa3inyHbIX HanpspkeHusix. fdeiika ¢ YP, Ha
JTAHHOM JTare MCCIe0BaHUM, TpeACTaBiisiia coO0M MOAEIh OyMa)KHO-MAaCIISTHOM
M30JALMKA KOHAECHCATOPHOrO Thna. Ha MeTaiyimyeckuil CTEPKEHb HAMAThIBAIIUCh
CJIOM KOHJEHCATOPHOM OyMaru C BBIPAaBHUBAIOIIMMHU IIJJACTUHAMH U3 TOHKOM
aTrOMUHUEBON (hOJIBTU. BBIITM MU3rOTOBIICHBI IBE OJIMHAKOBBIE siUeKU. B ogHON 13
HUX ObLTa cJejaHa UCKYCCTBEHHas mopa auamerpom 1 Mm. Jljis MoaenupoBaHUs
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U30JISIIIMA  KOHJIEHCATOPHOIO TUMA OyMa)KHbIE CIIOM SYEMKH OBLIM MPOMHUTAHBI
TparcopmaTopabsiM MacioM. be3 UP curnam TokoBOro mryHTa MMEET OOJIBIIYIO
aMIUTMTYAy BO BceM criekTpe. [Ipu Tex ke ycloBusAX, HO C SSYEUKOM, COepKallen
YP (mopa BHyTpH), aMIUIMTYyJa BOJH YMEHbBIIAETCA. YMEHbBIICHUE aMIUIUTYIbI
BOJIHBI B 2—2,5 pa3a oTMeueHO s cuTyauuu C HampsbkeHueM 3 kB. Cxema
HKCIIEPUMEHTOB MTOKa3aHa Ha puc. 1.

Puc. 1. Cxema OKCIICPUMCHTOB I10 06Hapy>KeHI/IIO YaCTHUYHBIX pa3psaa0B C IOMOIIbIO
KOMMYTAallUOHHBIX I/IMHy.]'ILCOBZ]. — HUCTOYHHUK 3aps1a UCTOYHHKA ITMTAHUA, 2 — BBICOKOBOJIbTHBIH

KOHJEHCATOp; 3 — sYeiKa ¢ YaCTUYHBIM pa3psiioM; 4 — TOKOBBIH HIYHT; 5 — ocuuiuiorpad

DKcriepuMeHTaNbHasE cutTyarus 0e3 UP coorBerctByeT (opme curmana
Ha puc. 2, a. Ha puc. 2, 6 moka3aHa Ta k¢ DKCIEpPHUMEHTaJbHAsl CUTYyallus, HO
sS4erKa colepkut nopy ¢ YP.

Com ct
Tek f} ’ @ Acq Complete M Post 30,00ns Tek L @ Acq Complete M Pos; 30,00ns
+

Y]

a - |
A D

CH1 200mV b 10.0ns CHI CH1 200mV M 10.0ns CH1
a o
Puc. 2. OcryiorpaMMbl KOMMYTAIIMOHHOTO MMITYJTbca 0€3 4acCTUYHOTO paspsaa (a)

U ipu ero Hanuuuu (6)

VYcTaHOBNEHO, 4YTO YMEHBLICHHE AaMIUIMTYAbl KojeOaHuM CcurHana,
CHMMAE€MOI0 C TOKOBOI'O LIYHTa MPONOPLUOHAIBHO MHTEHCUBHOCTH YAaCTHUYHOTO

17



paspsga MpuU MPOYMX PaBHBIX Mapamerpax cucrteMbl. [lo Mepe pa3Butus u
uHTeHcH(ukaruu YP aMmmryna cWrHama yMEHBIIAETCS, YTO OOBICHSIETCS
pe3yJIbTaTOM  B3aWMMOJEWUCTBUS JIByX HMITYJIbCOB — KOMMYTAIMOHHOTO U
cooctBenHo YP. [Ipoucxonut penakcamusi BU coctaBisiommnx KOMMYyTaIlMOHHOTO
UMITyJbca Ha oOciemyeMoM yyactke wu3ossiiuu ¢ BY cocraBastommmu  YP.
Crenenb penakcalMd MOpONOPIUMOHATbHA CTENEHM HWHTEeHCUBHOCTH  YP.
[TocnenoBarenbHOE CpaBHEHHE KOMMYTAIIMOHHBIX UMITYJIbCOB JAeT MH(DOpPMAIIHIO
O HaNIMYMM WIM OTCYTCTBHM YaCTUYHOTO paspsga B oOcieayeMoit
BBICOKOBOJITHOM  M30isiuu.  Takum  oOpa3oM,  aHaiIM3  MMITYJIbCOB
KOMMYTAI[MOHHOTO NPOUCXO0KACHUS MO3BOJISECT CHENATh BBIBOJA O HAJIWUYUU WIIU
OTCYTCTBUM YAaCTUYHOTO pas3psiga, a TaKKe OLEHHUTh CTENEHb €r0 Pa3BUTHS.
[IpennoxenHass uWASHTUPUKAIIUS MOXKET OBITh TPUMEHEHA MJIi KOHTPOJs
Pa3IMYHBIX THUIIOB YAaCTUYHOIO paspsifa: CTPUMEPHOM KOPOHBI, YACTUYHOIO
paspsiia B opax B OCTaTOYHOM arMoc(epe, 4aCTUYHOTO pa3psiia BO BKIFOYEHHSX
B OyMa)XHO-MacCJSTHOM W30JS1MU KOHJeHcaTopHoro Tuma. Ilocnennuii BuI
M30JBLUM TIPUMEHSAETCS BO BBOJAX BCEX KJIACCOB HAIPSIKEHUU, KOTOPBIE MMEIOT
TEHJICHIINIO K YCWJICHHOMY CTAPEHMIO 3a cueT pa3Butus YP.
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MUWPOBOM ONBIT MIPUMEHEHMS BOJOPOIHBIX TOIIJIMBHBIX
QJIEMEHTOB HA ABTOTPAHCIHOPTE
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B crarbe paccMOTpeHa CTATHCTMKA HCIIOJIB30BAaHUSA aBTOTPAHCIOPTAa HAa BOJOPOJHBIX
TOIINIMBHBIX 3JICMCHTAX W IJIAHBI HCKOTOPBIX CTPAH IO BBIITYCKY HOBLIX ITPOCKTOB BOAOPOJHBIX
TPAHCIIOPTHBIX CPEICTB.

KiroueBble ciaoBa: BOJXOPOJ, TOIUIMBHBIA JJIEMEHT, TPAHCIOPT, BOJOPOIHBIN

TOIUTUBHBIN 3JIEMEHT, JIEKTPOMOOMIIb

WORLD EXPERIENCE IN THE USE OF HYDROGEN FUEL CELLS IN
MOTOR TRANSPORT

Safarov llyas llgizarovich
KSPEU, Kazan
batfleckforever@mail.ru

The article discusses the statistics of the use of hydrogen fuel cell vehicles and the plans
of some countries for the release of new hydrogen vehicle projects.
Keywords: hydrogen, fuel cell, transport, hydrogen fuel cell, electric vehicle.

Hcnonb3oBaHue BOJOpPOAA HAa aBTOMOOWJIBHOM TpaHcmopte B 2022 T,
YBEIMYMIIOCH TIpuMepHO Ha 45 % mo cpaBHeHuto ¢ 2021 r. DnekTpoMoouiIu
Ha ToruBHbBIX 31emeHTax (Fuel cell electric vehicles, FCEVS) nobunuck nepBbix
YCIIEXOB C TOYKH 3PEHUS MPOAAK TPAHCIOPTHBIX CPEACTB B CETMEHTAX JIETKOBBIX
aBToMoOuJIe U aBTOOYCOB, HO IO Mepe pocTa MpoJax OOJbIIErPYy3HbIX
IPYy30BHKOB Ha TOIUTUBHBIX DJIEMEHTAaX HMX JOJS B OOIIEM MOTpeOIeHUH OBICTPO
pactet. CocpenoroueHHOCTh KuTast Ha O0JbIIErpy3HBIX ABTOMOOMIISIX U OTPOMHAs
POJIb BO BHEJIPEHUU TPY30BUKOB Ha TOIUIMBHBIX DJIEMEHTAX O3HAYAIOT, YTO, XOTA B
Kutae naxoautcst Bcero 20 % Bcex FCEV, onu motpeOmsitoT 6oJiee MOJTOBUHBI
BOJIOPO/JIa, HCIIOJIB3YEMOT0 B aBTOMOOMIILHOM TpaHcropte [1].

[lonaBnstomiee  OONBIIMHCTBO BHUJOB HMCIOJB30BAaHUS BOJOpPOJA Ha
TPAHCIIOPTE, BEPOSATHO, OCTAHETCS B AaBTOMOOMJIBHOM CEKTOpe B Ousmxkailine
rofibl, HO JKEJIE3HOJOPOKHBII TPAHCIOPT TAKXKE YBEJIWYUBACT MOTpPEOJICHUE
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BOJOPOJIa, MOCKOJIBKY BOJOPOAHBIE MOE€3/1a MPOXOAAT UCIBITAHUS U BHEIPSIOTCS
Ha OospmieM KojudecTBe MapupyTtoB. Kpome Ttoro, B 2023 r. BCTynsT B
HKCIUTYyaTalMI0 HECKOJBKO MapOMOB Ha TOIUIMBHBIX JIEMEHTAX, UTO elle OoJiblie
pPa3HOOOPAa3UT UCIIOJIB30BAHUE BOJOPO/IA B TPAHCIIOPTHBIX LIEJAX. 3aKa3bl Ha CyJa,
TOTOBBIE K paboTe C aMMHAaKOM U METaHOJOM 15, Takke MOTYT MPHUBECTH K
JIOTIOJTHUTEIBHOMY HCIOJIb30BAHUIO BOJOPOJA JUIsl CYJIOXOJCTBA B Oymkaliiue
roJibl, €CJIM ATU TEXHOJIOTUU JOCTUTHYT KOMMEPYECKOU 3PEJIOCTH.
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B AsTOMO6MAM B AsTObYCbHI B pysosoiTpaHcnopT BKuraii @Espona OCWA BAnonwns DOKopea O OcTanbHOWMUp

Puc. 1. ITorpebnenue Boopo1a Ha aBTOMOOMIILHOM TPAHCIIOPTE B Pa30MBKE MO CErMEHTAM

TPAHCIIOPTHBIX CpeCcTB U peruonam 3a repuoj ¢ 2020 mo 2022 rr.

Jleckosvle asmomodunu u gypeomwl

K xonmy 2022 roga KOJWYeCTBO aBTOMOOWJIEH W MHUKpPOABTOOYCOB Ha
TOIUIMBHBIX 3yieMeHTax npeBbickwyio 58 000, yto moutn Ha 40% Oosble MO
CPaBHEHUIO C TPEABIAYIIMM TOJa0M, W Aocturio mnpumepHo 63 000 B mepBoi
nosioBuHe 2023 roga [2]. B 2022 roxy 0buto ipogaHo okosio 15 000 aBTomMoOmIei
Ha TOIUIMBHBIX 3JieMeHTax, npuueM Kopes mpeiacramisiiia NPUMEPHO JIBE TPETH
sToro mpupocta. B mnepBoit monmoBuHe 2023 roga B cTpaHe HaAOJIIOAANOCh
HEKOTOpPOE 3aMeJICHHE TEMIIOB pocTa: OblIo mpojaHo mMeHnee 3 000 eguHuIl 1O
cpaBHeHHUI0 ¢ outd 4 900 3a TOT ke mepuoi MPeAbIIyIIEro roga, HECMOTPS HA
MJIaHbl TMpaBUTEIbCTBA cyOcuaupoBaTh 16 000 aBTOMOOHMJEH Ha TOIUIMBHBIX
anemenTax B 2023 roxy. Tem He menee, Kopes octaeTcss KpyHmHEHIINM PBIHKOM
aBTOMOOMJIEH Ha TOIUIMBHBIX DJIEMEHTaX B MHpe, ¢ 3amacom Oosiee 32 000
aBTOMOOMJIEH Ha TOIUIMBHBIX AJIEMEHTaX MO COCTOSHHUIO Ha TEPBYIO IMOJOBUHY
2023 romga. BToppiM 1O BeIMYMHE PBIHKOM CcObITa sBisStOTCS CoeauHEHHbIS
[lITaTel, THE HA Aoporax Haxomurtcs okojio 16 000 aBTomMoOuWeH Ha TOIUIMBHBIX
aneMeHTax. XoTsA SnoHus NO-IpPEeXHEMY SBISIETCS POJUHOM TPETHErO IO
BEJIMUMHE MapKa aBTOMOOMJICH Ha TOTUIMBHBIX 3JeMeHTax, B 2022 roay B cTpaHe
owu10 mpojano Menee 1 000 equHuIil, a 3TO O03Ha4aeT, uto B EBporie Habmomacs
oosiee BbICOKUU poct, moutd 1 500 HOBBIX aBTOMOOWJeH. B 2022 roxy Kurait
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no6asuin Oonee 200 aBToMOOUIIEH HA TOIUIMBHBIX JIEMEHTAX, YTO MPUMEYATEIBHO,
YUHTBIBAS, YTO 32 MOCJIEHUE HECKOJIBKO JIET cTpaHa ucnosb3oBaina FCEVs Tonpko
B OoJiee TspKeNbIX cerMeHTax. [1o cocrosauio Ha utonb 2023 roma Kurait sBisieTcst
pPOIUHON OONBIIMHCTBA JIETKUX KOMMEPUYECKHX aBTOMOOWJICH Ha TOIUIMBHBIX
AJIEMEHTAaX, B KOTOPBIX 3ajeiicTBoBaHO Oosee 800 eauHUIL.

Otpaxass aomuHHMpoBaHHe Kopen Ha BHYTPEHHEM pBIHKE MPOAAK
aBTOMOOWJIEH Ha TOIUIMBHBIX 3yeMeHTax, Nexo or Hyundai cran cambeim
npoaaBacMbIM aBToMoOMIeM ganHoro cermenTa (10 000) B 2022 romxy; Mirai ot
Toyota 3ansm Bropoe mecto (3 200). Kak SAIC EUNIQ7, Tak u Honda Clarity
npoganu okoio 200 aBToMoOWIIelH Ha TOIUTMBHBIX 3JeMeHTax B 2022 romy
HECMOTpsI Ha TO, 4to HOnda mpekparuia mpou3BOICTBO CBOMX aBTOMOOWIJICH Ha
TOIIMBHBIX 37eMeHTax B 2021 roay [3]. BMW Ttakke Havanma MenkocepuiiHOE
POM3BOJICTBO aBTOMOOMIsS X5 B 2022 roay, 3amyCTHB CBOW MIJIOTHBIA MapK Ha
MEXIYHapOIHOM ypoBHE B Hayaze 2023 roxa.
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B AsTomobun OAsTobyChI B py3oBoiiTpaHcnopT OKopes OCWA BKuraii EAnoHna B Espona O OctanbHoi mup

Puc. 2. HapI( 3JICKTpOMO6HHCI>'I Ha TOIINIMBHBIX 3JICMCHTAaX B p836I/IBKe 0 CCrMEHTaM U pEeruoHamM

3a nepuof ¢ 2019 mo 2023 rr.

I'pyzosuxu

[Tapk Tpy30BHKOB Ha TOIUTMBHBIX JJIEMEHTaX POC OBICTpEE, YeM JIETKOBBIX
aBTOMOOWUJIEH, YBennuuBIIMCh Oosiee yeM Ha 60 % B 2022 1., ¥ K KOHITYy To/la UX
obmree kommyecTBo npeBbicuT 7 100. B meproit mooBure 2023 T. UX KOJIUYECTBO
npeseiciiio § 000. ITogaBmstoiiee OONMBIIMHCTBO MPOAAXK OBIIO OCYIIECTBICHO B
Kurtae [4], Ha 100 KOTOPOTO B HACTOsAIIEEC BpeMs MPUXOIUTCs Oosee 95%
TPY30BHKOB Ha TOIUIMBHBIX J3JIEMEHTaX BO BCEM MHpPE, BO MHOTOM Oiaromaps
OoJee yeM MSATUKPATHOMY YBEIMYCHHUIO KOJMYECTBA OOJBIIETPY3HBIX MAIIMH Ha
TOTUTMBHBIX d3JieMeHTax ¢ koHnma 2021 1. mo wrons 2023 1. Omaromaps
ONaronpusTHON MOJMTHUKE U BCIOMOTaTtenbHOM MH(pacTpykType. ['py3oBuku Ha
TOTUTMBHBIX 3JIEMEHTAX TaK)Ke 3apEKOMEHIOBAIM Cce0sl Ha TMIPAKTUKE 3a TpeaeiaMu
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Kuras: C 2020 r. Hyundai Xcient mpoGexan 5 mun km B llBeitmapuu, a B
HacTosimiee BpeMsa pabortaer Takke B ['epmannn, Kopee m Hooil 3emannuu.
CornacHO MHBEHTapHU3aIMN TEXHOJIOTUN C HYJIEBBIM ypoBHEM BbIOpocoB (ZETI), B
2022 r. ObUIO JocTynHO OKojio 20 Mojeneil MamuH cpeaHed U OOJbIIon
Irpy30HO0ABEMHOCTH Ha TOIUIMBHBIX JJIeMEHTaxX, a Ha 2023 r. 3amIaHupoBaHO
HECKOJIbKO JOTOTHUTENIbHBIX MOJIETEH.

Asmobycol

KonnuecTtBo aBTOOYCOB Ha TOIUIMBHBIX JJIEMEHTaX pOCIO aHAJIOTHYHO
KOJIMYECTBY JIETKOBBIX aBTOMOOWJICH Manoil Ipy30MOIBEMHOCTH, YBEIHUMBIIUCH
npumepHo Ha 40 % B 2022 r. mo cpaBHEHHMIO ¢ mnpeasblaymuM roaom. Ilo
COCTOSIHUIO Ha UIOHb 2023 r. B Mupe HacuuThiBaeTcst okoso 7 000 aBToOycoB Ha
TOIUIMBHBIX JJIEMEHTAX, U3 HUX OKOJO 85 % pacnosoxensl B Kutae, KOTOpBI B
2022 r. no6aBun okoso 1 300 aBToOycOoB Ha TOIUIMBHBIX 3JieMeHTax. EBpona
3aHMMaeT BTOPOE MECTO II0 BEIMYMHE 3alacoB, 3a Hel cienyroT Kopes u 3atem
Coenunennsie Lltater [5].
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B nacrosmeit pabore mpoBeaeHbl HccienoBaHus 3()(PEKTHBHOCTH HEKOTOPBIX CHCTEM
MOHHUTOPHHTA Ka4ecTBa BO3ayXa B paboueil cpele Ha pa3iIUyYHBIX MPEIIPUATHIX XUMHYECKON
MMPOMBIIIJICHHOCTH.
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EFFICIENCY OF IMPLEMENTATION OF AUTOMATED AIR QUALITY
MONITORING SYSTEMS AT CHEMICAL ENTERPRISES
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In this work, a study was conducted on the effectiveness of Diptych systems and air
quality control in the production environment to ensure occupational safety.

Key words: Air, air quality monitoring, air quality control, working environment,
occupational safety, worker health.

[IpoGnema coOmoAeHUsT HOPM  MPOU3BOJCTBEHHOM CAaHUTApUU  Ha
XUMUYECKUX TPEANPUATHIX U 1O Cel JeHb SBISIETCS aKTyalbHOW, pelnieHueM
KOTOpPOW 3aHMMArOTCs CiIy>KObl OxpaHbl Tpyaa. Oco0yro Ba)KHOCTb ATOT BOIPOC
npuoOpeTaeT, KOorjna pedyb HUAET O IMPOM3BOJICTBEHHBIX IIPOLIECCAX, KOTOpbIE
HaIpsIMYI0 B3aWMOCBSI3aHbI C BO3MOXXHBIM BBIJIEIECHUEM B BO3AyX paboyeil 30HbI
pPa3IMYHBIX BPEAHBIX BEIIECTB, MPEACTABISIIOUIUX ONACHOCTh [JIsl 3J0pPOBbSA
3aJIeiCTBOBAHHBIX B TAKUX Ipoleccax pabOTHUKOB [1].

B Xone coBpeMEHHOro XMMHYECKOTO Ipolecca B BO3AYyX pabodeil 30HBI
MOTYT IIOIIACTh BBICOKOOIIACHBIE W YMEPEHHO OIACHBIE BpPEIHBIE BEIIECTBA,
OKa3bIBAIOIME HAa OPraHM3M 4YeJIOBEKA BECh CIEKTP Pa3IMYHBIX BO3JCUCTBUI: OT
pazapaxaromero a0 MyrareHHoro [2, 3]. B cBs3u ¢ 3THM NpOHW3BOACTBEHHAsS

23


mailto:filippovafer@yandex.ru

NeATEeTLHOCTh M, TeM Oosiee, pabodasi cpena HYXTArTCS B 0CO00 MPUCTATHHOM
BHHMaHUU K BOMpocaM 0e30IacHON OpraHu3aliy TpyJa padbOTHUKOB. B KOoHTEeKCTE
ATOrO MOHATHUA, KOHEYHO, MOJpa3yMeBaeTcsa COOJ0IEHHE Oe30MacHbIX 3HAYEHUI
KJIFOUEBBIX ~ [ApaMETPOB  MUKPOKIMMAaTa MPOU3BOACTBEHHOTO IOMELIECHUS.
be3ycinoBHO, K TaKOBBIM MapaMeTpaM OTHOCUTCS M KadyecTBO BO3JyXa pabouei
30HBI pa0OTHHKA.

B pamkax rurueHMueckod kKiaccu(uKaluM yCIOBHM Tpyda OIHHM U3
KJIFOUEBBIX [ApaMETPOB SBISETCA COJEPKAHHE BPEAHBIX BEIIECTB B BO3YyXE
paboyell 30HbI, OLIEHNBAEMOE KaK KOJIMYECTBEHHO, TaK U KauecTBEHHO. [IoCcKoIbKy
NPEBBIIICHHE HOPM MOXET TMPUBECTH U K TOSBICHUIO JIETKUX (QOopM
npoecCUOHANBHBIX 3a00J€BaHUN, U K CO3JAHUI0 Yrpo3bl KU3HU PaOOTHHKA.
[ToaTOMy BHEIpEHUE CUCTEMATUUYECKOTO KOHTPOJISL COCTOSIHUS BO3IYIIHON Cpebl
B 1I€XaX C BBICOKOW BEPOATHOCTHIO BBIACICHUS BPEAHBIX BEIIECTB B BO3AYIIHYIO
cpeny paOodeil 30HBI SIBISIETCS OJHUM M3 KU3HEHHO BAXKHBIX MEPONPUSITHI 1O
OXpaHe Tpyaa. C Y4ETOM 3TOrO, MIPUMECHEHUE 3¢ PeKTUBHBIX
aBTOMATU3UPOBAHHBIX CHUCTEM MOHHMTOPUHIA KadyecTBa BO3AyXa CTAHOBSTCS
HEOTHEMJIEMOM YaCThIO COBPEMEHHBIX MPOU3BOJICTBEHHBIX MPOLECCOB M OXPAHbI
OKPYKaIOIIEN CPEIBI.

KauectBo BO3myxa B paboueil cpene TECHO CBSI3aHO C XapaKTepoM
POBOJMMOIO XMUMHYECKOT0 Tmpouecca. Benp B 3aBUCUMOCTH OT CHHTE3a U
MPOU3BOJAMUTENILHOCTH  OOOPYAOBaHUSI COCTaB M  KOJMYECTBO  BBIACISIEMBIX
XUMHUYECKH OMNAaCHBIX BEHIECTB OyAyT paznuyarbcsi. B cBA3M ¢ 3TUM 1oadop
HY>KHOW CHCTEMbl MOHUTOPUHIa HECKOJIBKO YCIIOXKHSETCS.

B nacTosimieit pabote npuBeAeH aHAIU3 UMEIOIIUXCI CUCTEM MOHUTOPHUHTA
KauecTBa BO3[yXa B paboyeil cpeie Ha HEKOTOPBIX XUMUYECKUX mpeanpuatusx. K
YUCITy TAKOBBIX OTHOCSTCS: ra3oaHanu3arop HenpepblBHOTO KOHTpoas ['AHK-4 u
'’AHK-4A, cucrema xoHtposnst atmochepsl CKAT wu cucrema KOHTpOJsS
atMocdepbl mpombliiieHHbIX 00bekTOB CKATIO.

Bce 3T cucteMbl yCHENMIHO BHEAPSIOTCS Ha MPEANPHUSATUAX XHUMHYECKOTO
MPOU3BOJICTBA, HO YCTAaHABIMBAIOTCS TOJBKO B 30HAX MOCTOSHHOTO KOHTPOJIS
BO3/lyXxa paboueld 30HBI. OHU COJOKUPOBBIBAIOTCS C CHUCTEMaMM MPUTOYHO-
BBITSDKHOM BEHTWIALMM, B TOM 4YHCIE€ M C aBapudMHbIMU. bosee Ttoro, wux
pasMeIarT B COOTBETCTBUM C IIPOEKTHOW JOKYMEHTALMEH, IpOoLIeAIeH B
YCTaHOBJICHHOM TOPSIIKE KCNEPTU3y. B Apyrux xe ciiydasx uCrnoiab3yroT

[Tyrem u3ydyeHuss U OuEHKH S(P(HEKTUBHOCTH BHEAPEHHUS TaKUX CHUCTEM
NPUBEACHO 3aKIIOYEHHE O I1EJIeCOOOPa3HOCTH YCTAHOBKM TaKUX CHCTEM
MOHHUTOpPHHIA Ka4eCcTBa BO3/AyXa B POM3BOJACTBEHHBIX ITOMELICHUAX XUMHUYECKOU
oTpaciu. bonee Toro, npou3BeaeHHbIE MaTEpPUATIbHBIE pacyeTbl 0OOCHOBAIH, UTO
IIOBCEMECTHOE IPUCYTCTBHE CTALIMOHAPHBIX AaBTOMATU3UPOBAHHBIX CHUCTEM
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MOHHUTOPHHIA KadyecTBa BO31yxXa HEBbIroAHO. [loaTomy mnpakThuuecku Bce
paccMaTpuBaeMble MPEANPUATHS MPUICPKUBAIOTCS MHEHHUSI, YTO HEOOXOIUMOCTh
ONPAaBJIBIBAETCS TOJBKO B TE€X CIy4dasX, KOrJa BEPOSITHOCTh BBIXOJA HAPYKY
BPEIHOTO OTPABJAIOIIECTO BEIIECTBA JOCTATOYHO Benuka. Hampumep, B Takux
[[€XaX BO3MOXHO B BO3JyX€ COJEpXKaHUS TUOKCHAA a30Ta, (QopMaiblIerunia,
OKCHJIa yTiIepoaa u T. II.

Ho Hapsany ¢ MoJ0XUTENbHBIMU PE3YJIbTaTaAMHU, MBI MOXKEM CTOJIKHYTBCS C
HEKOTOPBIMU OPTraHU3alMOHHBIMHA BOIPOCAMM:

1. Kak yacTo 3Tu OGJIOKH BKJIFOYAIOTCS TIJIaH KaTUOPOBKU?

2. Ilo moBoxy 3P GhEeKTUBHOCTH MBI HE MOKEM HHYETO CKaszaTh. Tak Kak
posIBIIEHHE MPO(HECCHOHANBHBIX 3a00JIEBaHUI BECbMa JOJITUI IPOLECC, a MOAYIH
ra30aHAIN3aTOPOB YCTAHOBUIIM OTHOCHUTEIBHO HEAABHO.

3. Kak yacTo BbrUMInaoT GuibTphl Ha 3TUX MoayJsix. I MHOTOE ApyToe. ..

Jannas paborta mpeacTaBisieT coOOM BakKHBIM BKJIaJl OCOOBIM HMHTEpec B
oOnmacT 0€30MacHOCTH TpyJda M OXpaHbl OKPYKAIOMIEH Ccpeibl, IOCKOJbKY
OCBEIIAET OJIMH U3 METOAOB YJIYUIICHHS YCIOBUW TPYAa U CHUKCHUS PUCKOB IS
310pOBbsI pAOOTHUKOB.

Buumanue ynensercda agantalid U MPUMEHEHUIO METOJIOB MOHHUTOPHHTIA.
Onenka 5(PQPEeKTUBHOCTH METOJOB TO3BOJISIET OMNPEACIUTh HMX CIOCOOHOCTh
oOHapy>KHUBaTh U MPEJOTBPAIIATH TOTCHIIHAIBHBIC OMTACHOCTH ISl paOOTHUKOB.
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This paper explores off-grid renewable energy systems as an alternative to grid-connected
power, focusing on key renewables. It examines non-linear characteristics of wind and PV
systems, covering power, voltage, and current for efficient Maximum Power Point Tracking
(MPPT) with various techniques and storage device modelling.

Keywords: renewable energy systems, wind systems, PV systems, storage device, grid-
connected hybrid systems, power generation system.

Renewable energy systems are getting notable as a result of advances in
renewable power source developments and subsequent climb in expenses of oil-
based goods. Money related pieces of these advancements are adequately
encouraging to incorporate them in creating power generation limit with regards to
creating nations. Innovative work involved in sun situated, wind, and other
maintainable power source progressions are required to continue for, enhancing
their execution, developing systems for precisely anticipating their output and
dependably incorporation them with other common producing sources

Globally, one-fifth of the population lacks electricity access, with almost one-
third in emerging Asian nations facing power deprivation. Hybrid energy systems,
combining renewable sources like wind turbines, PV arrays, hydro turbines, and
traditional generators, along with batteries, tackle this issue. Modeling individual
components is crucial for designing optimal hybrid systems, balancing complexity
and accuracy. Performance is typically modeled deterministically or
probabilistically [1].

1. PV system
Power output of a PV array depends on sunlight-based irradiance and surrounding
temperature [2]. The power output in this model is determined as:
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P pv = Npvg Apngt (1)

Npvg — PV generation efficiency

Ao PV generation area (m?)
G: Solar irradiation in titled module plane (W/m?)
2. Wind system
The basic equation administering the mechanical power of the wind turbine is
given by

P =5 Cp(hBpAV )

p — air density (kg/m°), C,: Power coefficient, A — intercepting area of the rotor
blades (m?), V —Average wind speed (m/s), 4 — tip speed ratio.

The theoretical maximum value of the power coefficient C, is 0,593, also
known as Betz’s coefficient.

The Tip Speed Ratio (TSR) for wind turbine is characterized as the
proportion of the rotational speed of the tip of a blade to the wind speed:

7~=7 (3)

R — radius of turbine (m), ® — angular speed (rad/s), V — average wind speed (m/s).
The energy generated by wind can be obtained by

Q,y = Px(time)[KWh] (4)

The power output as far as wind speed can be assessed utilizing [3]

vove <v<
v,’g—v’g'PR Ve < v <Vvp
P,(v) =
w (V) Pr VR S Vv < Vg (%)
0 v=vc&v=vg

Pr — Rated power, V¢ — cut-in wind speed, Vi is rated wind speed, V= — Rated cut-
out speed, K — weibull shape factor
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For the fixed size of rotor blade, and the power generation changes with
change in wind speed. Thus, with the difference in wind speed the ideal generator
speed relating to max power ought to be resolved for the changed speed. The
angular speed of generator must be changed so as to separate the most extreme
power, and this procedure is known as maximum power point tracking (MPPT). At
the point when the blade pitch angle is zero, the power coefficient is expanded for
an ideal TSR [4].

The ideal rotor speed is given by:

Ao
Wopt = Tptin (6)

Wopt — Optimum rotor angular speed in rad/s, Aqp: — Optimum tip speed ratio
Gives
_ R(J)Opt

Va)n - (7)

Aopt

R — radius of turbine in meters, V,,, — wind speed in m/s

Maximum power point tracking

Maximum Power Point Tracking (MPPT) is crucial for solar and wind
power systems due to their unique characteristics. Unlike traditional power
systems, controlling fuel inflow or energy supplied to the generator isn't feasible
for solar and wind. Wind energy extraction depends not only on wind speed but
also on the tip speed ratio (TSR), requiring rotational speed adjustments for
optimal TSR. Similarly, solar array power relies on insolation and temperature,
with non-linear voltage-current and voltage-power relationships. Efficient solar
energy extraction in PV systems requires tracking the Maximum Power Point
(MPP) during varying insolation conditions. Implementing MPPT individually for
wind and PV systems enhances efficiency, minimizing installation cost recovery
time [5].

MPPT in wind system

Wind turbines operate in fixed speed and variable speed modes. Fixed speed
turbines can connect directly to the grid or load, while variable speed turbines use
power electronic devices to convert variable frequency and power to constant
values. Variable speed turbines adjust their rotational speed continuously with
wind speed, enhancing efficiency and reducing power fluctuations. They achieve a
5-10% annual production increase compared to fixed turbines. MPPT in wind aims
to find the optimal Cp condition in changing wind speeds, capturing the maximum
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power point. In variable speed systems, maintaining maximum power output at all
wind speeds is challenging due to nonlinear turbine characteristics. Various control
methods exist, some tracking maximum power through power changes, while
others use mechanical sensors to measure wind speed, making them responsive to
modeling uncertainties and occasionally unresponsive [6].

Open circuit voltage based MPPT technique

The power at maximum power point is noted as follow

Pvpp = ImpPPVMPP (8)

As there exists a solitary point where maximum power is acquired, knowing
the estimation of any of IMPP or VMPP, MPP can be tracked.
This method assumes that the proportion of MPP voltage and open circuit voltage
is pitifully influenced by the solar radiation and temperature giving the equation
below.

Vmvpp ~ KoVoc (9)

Koc — Vvoltage factor which can be calculated by analyzing the PV system for wide
range of solar radiations and temperature and generally varies between 0,71 and
0,92

The major problem related with this method is the estimation of V,. which
require periodic disconnection of the PV module. In order to quantify V. the PV
system is open-circuited for a small amount of second and reading for V. is taken.
Vwvep 1S then determined utilizing the equation below. This procedure is repeated in
every few seconds to refresh the estimation of V. An elective way is to quantify on
a different PV cell called as pilot cell which can address the characteristics of the

PV array.
—b++b?-3ac

Vmpp = 3 (10)

a,b and c: coefficients determined by sampling values of PV voltage.

Battery modeling

Batteries play a vital role in off-grid Hybrid Renewable Energy Systems
(HRES), constituting a significant portion of initial expenses. They serve as
backup storage for excess power production and supply power during peak hours
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when demand exceeds production. In some HRES models, batteries function as the
primary power source.

Due to the stochastic nature of renewable energy resources, batteries in
HRES may undergo frequent deep cycles and irregular charging patterns, leading
to a reduction in battery life. This reduction significantly impacts the overall life
cycle cost of HRES, with batteries representing over 40% of the cost in standalone
PV systems.

Increasing battery lifespan is crucial for enhancing reliability and reducing
life cycle costs. The battery's lifetime is influenced by the rate of energy
consumption, making it challenging to decrease the consumption rate in HRES.
The effective capacity of the battery degrades during periods of high consumption,
diminishing its life. However, during periods without energy utilization, the battery
can recover some capacity, extending its life [7].

Peukert's Law is commonly used to predict battery discharge, considering
the nonlinear properties of the battery. The charging time for a completely
discharged battery is given by

__ Ampere hour of battery
tcharging -

(11)

Charging Current

The dynamic interplay at the power electronic connection point of renewable
energy sources introduces challenges in terms of system stability and power
quality. HES can either function independently or be grid-connected. Standalone
systems require substantial generation and storage capacity to handle the load,
while grid-connected systems can have smaller storage. A grid-connected hybrid
system can supply power to both the load and the utility grid, but this demands
precise power electronic controllers to regulate voltage, frequency, harmonic
standards, and load sharing.

Performance analysis of HES necessitates evaluating individual system
components. During operation, a hybrid wind-solar system encounters varying
wind speeds, solar insolation, and load demands. Therefore, a controller is
essential to determine the available energy from each component and how much of
it to utilize. For standalone systems, the operational strategy should prioritize using
energy from the wind turbine and solar panel in each sub-period, storing excess
energy in batteries. If renewable energy is insufficient, energy is drawn first from
battery storage and then from a diesel generator if available, with batteries acting
as a fuel saver.

In the case of grid-connected hybrid systems, the operation strategy should
maximize the use of renewable energy, storing excess energy in batteries.
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One of the challenges impacting the performance of solar thermal collectors is the
influence of low ambient temperatures. Typically, water serves as the working fluid in solar
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thermal collectors. Various applications relying on thermal energy from these collectors demand
elevated temperatures to minimize the surface area of the employed heat exchanger.

In this study, the energy harnessed from the solar collector is utilized by a heat pump.
Notably, the heat pump is capable of generating a temperature difference even under low
ambient temperature conditions. The primary objective of extracting energy from the solar
collector is to support a drinking water supply system that optimizes energy consumption based
on solar energy. This innovative system facilitates the evaporation of raw water at reduced
temperatures by leveraging the vacuum-induced reduction in boiling temperature.

Key words: solar thermal collector, solar energy, heat pump, heat exchanger, vacuum
pressure, distilled water, drinking water.

Introduction

Human life worldwide relies on freshwater for various essential purposes.
However, numerous regions grapple with water scarcity, impacting agriculture,
direct human consumption, and industrial activities. According to [1], a mere 2.5
percent of the world's water is freshwater, with the majority being saline water.
Figure 1 provides a clear depiction of natural water sources.

Atmosphere  Living things
S;Jr:g':a/’g:rer 1.2% 3.0% . 0.26%

Freshwater 2.5%

/ Rivers
\ ™ 0.49%

\ ‘*Swamps,
\ marshes
| 2.6%

Soil
moisture
3.8%

' Ground
96.5% ice and

GlaanCiers permafrost
ice caps 69.0%
68.7%

Total global Freshwater Surface water and
water other freshwater

Fig. 1. Raw water source in the world.

Solar energy stands out as a prime choice for water desalination, presenting
several advantages:

Renewable Source: Solar energy is a renewable resource generated through
nuclear fusion in the sun. It ranks among the cleanest and most abundant
renewable sources, ensuring a perpetual and ample supply.

Ubiquitous Availability: Solar energy is accessible everywhere, directly or
indirectly, for human utilization.

Environmental Friendliness: As a clean energy source, solar energy is
environmentally friendly, producing no emissions during its utilization.

However, solar energy does come with certain drawbacks:

Limited Temperature Generation: In many global locations, solar energy's
low intensity restricts its capacity to generate high temperature differences.
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Variable Heat Flux: The use of solar collectors faces challenges in
maintaining a constant heat flux due to fluctuations in radiation intensity based on
the inclination of radiation.

To address these limitations, a heat pump serves as a viable solution. The
heat pump effectively regulates the energy output from the solar thermal collector,
making it suitable for diverse applications [2].

The apparatus

This laboratory project aims to produce distilled water utilizing the energy
required for water evaporation obtained from a flat plate solar thermal collector, as
illustrated in Figure 2.

)
|

Fig. 2. the schematic diagram of the improved solar collector

The system comprises various components, including a vacuum pump (1),
flat plate solar thermal collector (2), heat exchanging column (3), distilled water
condenser (4), auxiliary electrical heater (5), concentrated salty water drain valve
(6), water controlling valve (7), water pressurizing vessel (8), pressure-reducing
three-way valve (9), distilled water container (10), raw water entering valve (11),
and water spray (12) [3].

The system initiates its operation when the vacuum pump (1) creates a
vacuum pressure within the solar collector (2). As the pressure decreases, the
boiling temperature of the water also reduces, inducing water evaporation. The
phase change from fluid to gas necessitates latent heat, which is extracted from the
solar collector, even at low temperatures. The resulting water vapor is compelled
through the heat exchanger (distilled water condenser (4)) by the vacuum pump to
undergo complete condensation. The heat released during water vapor
condensation is absorbed by raw water to enhance system efficiency. A three-way
pressure-reducing valve (9) is incorporated to separate the condensate water and
reduce its pressure to atmospheric levels. The distilled water accumulates in the
vessel (10). The remaining high-pressure water vapor pressurizes the raw water in
the water pressurizing vessel (8), spraying it over the heat absorption plate inside
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the solar collector to increase the contact area exposed to evaporation. Picture 3
provides a visual representation of the actual project in the laboratory of the
Mechanical Power Engineering Department at Technical Engineering College in
Mosul, Iraq [4].

=

Fig. 3. the real project in the laboratory

The water spray (12) reduces the pressure of the raw water to a vacuum
pressure. As the pressure decreases, the flow speed of water increases, and the
Reynolds number of the water rises, causing its flow to change into a spray form.
The fine water droplets absorb heat from the solar collector, making it cooler than
in normal circumstances. Consequently, the solar collector can absorb thermal
energy at higher rates compared to typical flat plate solar thermal collectors.

Raw water enters the system through the raw water entering valve (11),
which is controlled by a float to sense the water level inside the heat exchanging
column (3). An auxiliary electrical heater is provided to heat the water when the
thermal energy from the solar collector is insufficient at very low ambient
temperatures. The water controlling valve (7) regulates the raw water level inside
the water pressurizing vessel (8). When water is injected into the solar collector
and a small amount remains in the water pressurizing vessel, the water controlling
valve switches off the vacuum pump, allowing pressure stabilization inside the
system. Then, it directs the water from the heat exchanging column to the water
pressurizing vessel. Once the water pressurizing vessel is filled, the controller
switches on the vacuum pump, and the system resumes operation.

The heat pump cycle is a well-known thermodynamic process designed to
transfer heat from one place to another. It involves four main processes:
compression, condensation, expansion, and evaporation. Heat pumps, widely
utilized for their high effectiveness in rejecting and absorbing thermal energy at
different sides, are coupled with solar thermal collectors to enhance the thermal
energy obtained from the collector [5].
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In this study, the heat pump cycle is employed to boost the effectiveness of
the solar collector, ensuring its functionality even at low temperatures. The cycle
begins with the compression process in the vacuum pump, which extracts water
vapor from the solar collector and charges it to the distilled water condenser.
Condensation occurs in the distilled water condenser, and the condensate water
exits the system through the three-way pressure-reducing valve, maintaining
atmospheric pressure. The remaining uncondensed water vapor at high pressure is
used to force additional raw water from the water pressurizing vessel, expanding it
over the absorption plate of the solar collector. The expansion process occurs
immediately as the water leaves the water spray. Finally, the evaporation process
of the heat pump is completed through the solar collector, closing the cycle loop.

According to the Global Solar Atlas, Nineveh Governorate receives an
average solar thermal energy of about 6 kWh/m2. This implies that if all thermal
energy is utilized for water distillation, approximately 25 liters of distilled water
per square meter can be obtained daily. Practical results from our water distillation
system indicate that it can produce around 100 liters of distilled water per square
meter each day [6].
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This article presents the results of the quantitative and qualitative indicators of waste
water of the industrial enterprise ‘“Navoielektrokimyo™ JS. The studied wastewater has a high
concentration of dissolved salts and solids. Laboratory tests were conducted for wastewater
treatment using samples activated by heat treatment based on defect and bentonite.
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The problem of deep purification of industrial wastewater contaminated with
various substances is one of the most important from the point of view of
environmental protection. Adsorption is a multi-purpose purification method that
allows for almost complete removal of impurities from a liquid medium.
Adsorption purification is effective in all concentration ranges of dissolved
pollutants, especially at low pollutant contents. It is known that in order to extract
pollutants of various natures from wastewater, bentonite sorbents must have a
developed specific surface area with a micro and mesoporous structure. Scientific
principles for selecting organophilic bentonites for adsorption purification have not
yet been created. Therefore, before developing new adsorbents, it is necessary to
study in more detail the structure and properties of the starting materials [1-6].

Bentonite is a natural clay mineral, hydroaluminosilicate, which has the
property of swelling when hydrated (14-16 times). In a confined space, when it
swells freely in the presence of water, a dense gel is formed, preventing further
penetration of moisture. This property, as well as non-toxicity and chemical
resistance, makes it indispensable in industrial production, construction and many
other areas of application [7-10].

For the purpose of a detailed study of the mineralogical composition of the
samples and the effect of modification on their properties, methods of X-ray
diffraction, thermogravimetric and electron microscopic analyzes were chosen.

Chemical analysis of fine clay fractions was carried out according to GOST
21216-2014, according to which the weight percentages of SiO,, TiO,, Al,Os,
Fe,0O3, MgO, MnO, Ca0, Na,O, K,0 and P,0s are determined. From the chemical
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analysis data it follows that the bentonite clay under study is rich in alkali metal
ions. The table also provides data on the chemical composition of Krantaus (KR)
and Navbakhor alkali bentonite (NAB).

Based on the results of chemical analysis of bentonite clays, it became
known that the studied samples differ in the content of main oxides.

In the first stage of the work, the quantitative and qualitative characteristics
of wastewater from the Navoi electrochemical enterprise were determined. The
initial parameters of wastewater (selected from the combined sewer of enterprises)
are given in Table 1. In shows the results of mass spectrometric analysis (ICP—MS)
of wastewater, as well as the maximum permissible concentration of industrial
waters for comparison. As can be seen from the tables, in wastewater the content
of Ca*?— 220 mg/l, Mg*?— 152 mg/l, NH*" ions is 60 mg/l; Cu — 26 mg/I, Fe — 116
mg/l, Ni — 58 mg/l, As — 0.84 mg/l; Se — 1.1 mg/l; Sr — 3.95 mg/l; SO,* -1017
mg/l; CI'- 452 mg/l; NO* - 230 mg/l. And the dry residue is 3700 mg/l. This
suggests that this wastewater has a complex chemical composition, for the
purification of which it is necessary to use a multifunctional adsorbent.

To do this, we activated samples based on defecate and bentonite in different
mass ratios at 400 — 650 °C. The obtained samples were used for wastewater
treatment, the results of which are shown in Table 2. Since samples based on
defecate and bentonite contain organic impurities, heat treatment leads to the
combustion of organic substances not to the final products - NO,, H,O, CO,, but
only to the stage of charring and the formation of carbon particles deposited on the
surface of CaCOs;, at which it is obtained modified sample with high adsorption
properties.

Bathing time in the republic in production conditions, water is a vital
resource, saving it and returning it to the cycle is an urgent problem.

From Table 3 it can be seen that it is possible to purify industrial wastewater
to MPC standards.

It has been established that the modified defect obtained at 650 °C purifies
industrial wastewater until it is environmentally friendly and this water can be used
for the technical needs of the plant

The results of the studies showed that for a number of indicators it was
possible to achieve an effective reduction in the content of pollutants, the residual
concentrations of which will satisfy the requirements of industrial waters.

Thus, the study showed that the use of modified defecate significantly
reduces the content of heavy metals in wastewater.
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Table 1
Results of analyzes and tests of wastewater treated with samples based on activated defecate and

bentonite
. Content per liter -
Cations mg/i mg-ekv/l | %-ekvi] Other indicators
Na* | 1924 | 83694 11 Hardness mg- 8,620
ekv/I: total
K* 18,5 0,4736 2 Carbonate 3,90
NH4" 22,2 1,2321 6 Non-carbonate 3,10
Ca’”’ 81,4 4,07 23 pH 7,40
Mg** 56,24 4,625 58 CO, free mg/I 29
Fe®* 0,3 CO, agr mg/I no
Fe®* 0,3 SiO, mg/l 9
total 18,77 100 Dry residue: mg/I
anions Experimental. 1213
Calculated 1158
CI 167,24 4,0675 22 Physical properties
S0~ 447,31 | 10,5668 56 Transparency Transparent after filtering
NO, 0,0037 0 0 Taste Very salty
NO;3 52,54 0,8473 5 Color No color
CO5 0 0 0 Smell Without smell
HCO; | 200,91 | 3,293 17 Sediment Sediment forms when
standing
total 18,77 100 Weigh it. 300
substances, mg/I
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This study was carried out between December 2017 and November 2018 in fresh waters;
Esen River, Namnam River, Yaniklar River, Kadin Creek, Akcapmnar Creek, Camli River,
Dalaman River and Koycegiz Lake. In total 43 stations points were water sampled on these
fresh waters. Water temperature, pH, electrical conductivity, salinity, dissolved oxygen were
measured on site by using YSI 556 MPS multi-probe instrument. Water samples taken from
selected stations were analyzed in the Water Analysis Laboratory of the accredited Research
Laboratories of Mugla Sitki1 Kogman University. Water samples, taken from these stations were
studied for physico-chemical evidences. Physico-chemical data were evaluated in accordance
with the Legislation of Water Pollution Control. As a conclusion of this study the pollution in
these fresh waters were seen to be mostly influenced by a combination of anthropogenic factors,
agricultural pollutants (especially pesticides), uncontrolled rain water, sediment, micro-macro
plastic, domestic waste and sewage water.
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Freshwater which are important ecologically are special ecosystems and
have many significant roles such as arranging water regime of the region, enabling
characteristic plant and animal groups to live and forming a great source
economically, culturally, scientifically and recreationally. Mugla Province, located
between 36°17' and 37°33" Northern latitude and 27°13'and 29°46" Eastern
longitude, has 13 328 km?® surface area and a very rough terrain. The province is
located in the basins of Biiyiilk Menderes, Dalaman and Esen Rivers and
surrounded by the Mediterranean Sea in the South and the Aegean Sea in the West.
Mugla Province is rich in terms of fresh water resources with major water
resources in the province being the Esen River, Namnam River, Yaniklar River,
Kadin Creek, Ak¢apinar Creek, Camli River, Dalaman River and Koycegiz Lake.

This study was carried out between December 2017 and November 2018 in
these important fresh waters; Esen River, Namnam River, Yaniklar River, Kadin
Creek, Akg¢apinar Creek, Camli River, Dalaman River and Koycegiz Lake. These
stations, selected these fresh waters were investigated for water quality aspects. In
total 43 stations points were water sampled on these fresh waters. Water
temperature, pH, electrical conductivity, salinity, dissolved oxygen were measured
on site by using YSI 556 MPS multi-probe instrument. Other water samples taken
from selected stations were analyzed in the Water Analysis Laboratory of the
accredited Research Laboratories of Mugla Sitki Kogman University.

Water samples, taken from these stations were studied for physico-chemical
evidences. Results of the study were determined as: water temperature (10,80-
27,56 °C), pH (7,12-9,31), electrical conductivity (348-23792 uScm™), salinity
(0,16-14,99 %0), dissolved oxygen (4,15-9,71 mgL™), nitrite nitrogen (BDL-0,50
mgL™), nitrate nitrogen (BDL-23,39 mgL™), ammonia nitrogen (BDL-2,92 mgL™),
total phosphorus (BDL-0,285 mgL™), BODs (0,56-5,70 mgL™), ortho-phosphate
(BDL-3,85 mgL™) and suspended solids (0,20-75,80 mgL™). Physico-chemical
data were evaluated in accordance with the Legislation of Water Pollution Control.
As a conclusion of this study the pollution in these fresh waters were seen to be
mostly influenced by a combination of anthropogenic factors, agricultural
pollutants (especially pesticides), uncontrolled rain water, sediment, micro-macro
plastic, domestic waste and sewage water.
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B pabote cnekTpopOTOMETPUYECKHM METOJOM H3YYEHBI aJCOPOIMOHHBIE CBOWCTBA
MOJIy4eHHBIX KoaryisiHToB-aacopOeHToB AITAK-3 u AITAK-7 no oTHOLIEHHIO K MHIUKATOpaM
METHIJICHOBOMY TOJIyOOMY ¥ METHJICHOBOMY OpaH)XeBOMY. Pe3ynbTaThl MCCIIEIOBAHMS TIOKA3aIIH,
YTO aKTUBHUPOBAHHBIN KoaryisiHT-agcopoeHT AITAK-3 nmeer Oosiee BBICOKYIO aicOpOIUIO, YeM
koarynsiHT-afcopoent AITAK-7, a Takxke Oosbliiee KOJIMYECTBO ME30IOP.
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Bo Bcem mupe BenyTcsi HAyYHO-HUCCIIEI0BATENbCKIE PabOThI MO MOTYUYCHHUIO
Ha OCHOBE CHHTETUYECKOTO WJIM MPUPOTHOTO CHIPbsi COPOESHTOB AJIs MPUMEHEHUS
UX TPH OYUCTKE IMPOMBIIIJIEHHBIX CTOYHBIX BOJ, B YHCIO KOTOPBIX BXOIAT M
OKpAalllCHHbIE  CTOYHBIE  BOJABl  TEKCTWIbHBIX  mnpeanpustuii.  Haubonee
pacmlpoCTpaHEHHBIM CBIPBEM JJIsI TOJNyYeHHUs aJACOPOCHTOB SBISIIOTCS TIUHBI
pa3HOro COCTaBa, KOTOPHIE M3HAYAIHHO 00JaJar0T COpPOIMOHHBIMU CBOMCTBAMH.
Jis ymydineHus 3TUX CBOMCTB BeayTcs paboThl MO pa3paboTke CrnocoOOB U
METOJIOB (DU3MUECKOTO0 U XHMMHUYECKOTO BO3JCHCTBHS HA CTPYKTYpY TJIMH IS
MOJYy4YeHUs]  afCOpOCHTOB, OOJAJAIOMIMX OMNPEJACICHHBIMA KayecTBaMu U
OTBEYAIOIIUX TPEOOBAHUSIM IPU OYHCTKE CTOYHBIX BOX npeanpustus [1, 2].

CrekTpo(poTOMETPHUUECKMM METOJOM H3Y4YEHBbI aJCOpOLMOHHBIE CBOMCTBA
MOJTy4YeHHbIX KoaryisHToB-afcopOeHToB AIIAK-3 u AIIAK-7 mo oTHoulIeHHIO K
WHIUKATOpaM METHJIEHOBOMY rOJIyOOMY U METUIIEHOBOMY OPaH>KEBOMY.

Onpenenenue aacopOUMOHHOM €MKOCTH 1O METHJIEHOBOMY TOIyOOMYy
SIBIISICTCS OJTHOM M3 BaYKHBIX XaPaKTEPUCTHK COpOCHTOB [3].

CoriacHO METOJIMKE HCCIIENOBaHUs, I HU3y4eHHUs Ipolecca aacopOuuu
KOAaryJsiHTOB-aJICODOEHTOB € WHIUKATOPOM  METUJIEHOBBIM  TOJIyOBIM
npeaBapuTenbHo B3BemrBaiv no 0,1 © MHIMKATOPOB METHIEHOBOTO TOIy0Oro u
MeTuneHoBOro OpaH)XeBOr0 W TOTOBMJIM HMX pacTBopbl B oObeme 100 mu B
JUCTUJNIMPOBAHHOW BoJie. ['OTOBBIE pacTBOpPbl XpaHWUIU B TEMHOM MECTE B
TeyeHue 12 yacoB. 3areM OTOMpad pa3Hble KOJUYECTBA W3 MPUTOTOBIECHHBIX
pactBopos, T.c. 0,01 mm, 0,02 mm, 0,05 mu, 0,08 M u 0,1 M U moBOOWIM MX
o0bembl 10 100 M1 qUCTUIIIMPOBAHHOM BOJION. 3aTeM U3 Kaxaoro oorema 100 mi
orObupanu 50 MJI MPUTOTOBJICHHOTO pacTBOpa. B Kaaplii pacTBOp C pa3auyHOM
KoHLeHTpanuei gooasmusiin o 0,05 r koarynsHTa-agcopoenta AITAK-3 u AITAK-
7. Habmonanu npouecc agcopbuuu. BennunHy agcopOuny B pacTBOpax U3MEpsUIH
Ha (OTOKOJIOPUMETPE C UCIOIb30BAaHUEM MyUyKa CBeTa ¢ AJIMHON BOJHBI 620,0 HM,
a KuHeTHKY B TeueHue 4,0 u, 12,0 4, 24,0 9 u 48,0 1 (puc. 1).
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Puc. 1. Kunerrka aacopOIiun METHIOBOTO IOJIy0Oro U3 paCTBOPOB Pa3IMYHON KOHIIEHTPAIIMH
koaryisutamu-aacopoentamu AITAK-3 (@) u ATTAK-7 (6)

[lepBoHayaJIbHO  TBEPIYID YacTb  OTHEISUIM  OT  KUAKOHW  (pas3sl
neHTpudyrupoBanueM Ha npudoope DM0412 B teuenue 5 mun npu ckopoctu 6000
00/MHH. 3aTeM pacTBOPHI MOMEHIATHN B KIOBETHI (DOoTOKONIOpUMETpA. Pe3ynbraTe
OBLIIM MOTYYEHBI U MpOaHaIN3UpOBaHbl. M30TepMBbl aIcOpOIUH 110 METHIEHOBOMY
rojay0ooMy Ha TOBEPXHOCTH UCCIIEAYEMOTO KOAryJIIHTa-aIcOpOCHTa MPeICTaBICHBI
Ha puc. 2.

1]

A, Mr/T

0 1 2 3 4 5 6 7 8
—o— ATIAK-3 —o— AITAK-7 —t— HcxoAnnLIH KAOTHE C1, mr/a

Puc. 2. 3aBucHMOCTE aJIcOpPOITMOHHBIX CBOMCTB KoaryasaToB AITAK-3 u ATTAK-7 mo
METHJIICHOBOMY TOTYyOOMY OT KOHIICHTpAIUU pacTBOpoB: @ — AITAK-3-akTHBHpOBaHHBIN
KOaryJIsiHT-aJICOPOEHT U3 AHTPECKOTO MECTPOIIBETHOTO KAOJIMHA W MIPUPOTHOTO MUPAOIIHTA,
0 — ATTAK-7- xumudecknuii MOAM(GUIIMPOBAHHBIN KOATYIISTHT-aICOPOCHT U3 AHTPEHCKOTO
MECTPOIBETHOTO KAOJIMHA U peareHTa cyibdar HaTpus;

6 — cxoiHbIii AHTPEHCKBIN MECTPOLBETHBIN KAOJIHH.
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Kak BugHO u3 puc. 2, koarynsut-aacopoent AIIAK-7 agcopbupyer u3 1, 2,
5, 8, 10 mr/a pactBopoB mHamKatopa 34, 55, 16, 19, 18 % cooTBeTCTBEHHO,a
koarynsHT-afacopoeHT AITAK-3 amcopbupyer 70, 73, 30, 20, 36 %. Ha ocHoBaHuun
MOJIYYCHHBIX PE3yJbTaTOB BHJHO, YTO aJCOPOHMPYIONINE CBONCTBAa KOAryJsSHTA-
aacopOenta AITAK-3 Beiie, yeM y koaryisiHTa-aacopoenta AITAK-7. Ucxonubiii
KAaOJMH TOKa3ajdl Malyl0 BEIMYMHY aJcopOmmMu, TaK KakK  SIBIISETCA
HEAKTHBUPOBAHBIM.

B Xxoze »5KCIepMMEHTOB Wu3y4yaiau aJcopOlMI0 AHUOHHOW aKTUBHOCTHU
aKTUBHPOBAHHBIX KOATYJITHTOB-aICOPOCHTOB METUIICHOBOMY OPAH)KEBOMY.

Ha pwuc. 3. mpencraBieHbl pe3yiabTaThl aJcOpOIHMHM  KOATyJISTHTAMH-
aJIcOpOCHTaMHM, TTOTYYECHHBIMH ITyTEM aKTUBHAIIMH AHTPEHCKOTO MECTPOIBETHOTO
KAOJMHOBOW TJIMHBI, B TPUCYTCTBUU NPHPOJHOTO MHPAOWINTa W peareHTa
cyabpara Hatpus [4, 5]. Ha koarymsare-ancopoente AITAK-3 mpomecc
aacopbouun HaOmomancs Ha 0,5 monb/kr Bbeimie, yeM Ha AIIAK-7. M3orepma,
MOJTyYCHHAsI Ha OCHOBE MCCJICIOBAHUS, COOTBETCTBYET TPETheMY THITY M Kitaccy L
uzotepM, kinaccuduiupoBanubix YapiaszoMm [miabcoM. DTH  BUIBI U30TEPM
pPacCUHMTHIBAIOTCS HAa OCHOBE YpaBHCHHWW aMEPHUKAHCKOTO XWMHKa VpBuHTa
JleHrMropa 1 Ha3bIBAIOTCS MOHOMOJIEKYJISIPHOM ajcopOLueil.

A, Mrir

1,5

\

0,5

0 1 2 3 4 5 6 7
—o—ATIAK-3 ——AlAK-7 —a—lexoaenuil kaoans Cl,mr/in

]

Puc. 3. 3aBucumocts acopOouMOHHBIX cBOWCTB KoarynssHToB AITAK-3 u ATTAK-7 ot
KOHIIEHTPALlUU PacTBOPOB 110 METUIIEHOBOMY OPaHKEBOMY:
a — ATTAK-3-akTHUBUPOBaHHBII KOATryJIsSHT-aICOPOEHT MOIy4YeHHBIH U3 AHIPECKOTO
MECTPOLBETHOT'O KAOJIMHA U MPUPOTHOTO MUPAOUIIUTA;
6 — AITAK-7-xuMudeckuii MOIU(UIIMPOBAHHBINA KOATYISHT-a1COPOCHT MOTY4YEHHBINA U3
AHTPEHCKOT0 IECTPOIBETHOTO KAOJIMHA M peareHTa cyib(ara HaTpHs;

6 — MicxonHblil AHTPEHCKUI NIECTPOLIBETHBIN KAOJIUH



HccnenoBana kuHeTWka agcopoumu (cMm. puc. 1) axTUBUPOBAHHBIX
KOAryJIsIHTOB-aJICOPOEHTOB IO METHJIEHOBOMY ToilyOOMy ¥ METHUJICHOBOMY
OpaHXEBOMY M3 PACTBOPOB ¢ KOHIeHTpamusiMu oT 1 mr/a go 10 mr/m. Ilpu stom
nepBble JBa Yaca IIeJd aKTUBHBIM Ipolecc aAcopOIuH, IIOCIE Yero
JIEMOHCTPHUPOBAIACh YCTOWYMBAsi paBHOBECHas cutryaius. Kunetuka agcopOuuu
Pa3IUYHBIX KOHUEHTPALMI XapaKTepU3yeTCsl BETUUMHON UX aJICOPOLIMH.

Pe3ynbpraThl HcciieqoBaHUs MTOKa3bIBAKOT, YTO aKTUBHPOBAHHBIN KOATYJISIHT-
ancopoent AIIAK-3 wumeer Oosiee BBICOKYIO aiCOpPOLIMIO, YeM KOAryJsHT-
ancopoent AITAK-7, a Taxoke OoJpliee KOJIMUYECTBO ME3OTIOP.
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HCCJIEJOBAHUE YPOBHS PAJIOHA B BO3JYXE IOMEIIEHUI
KIY

' Anknn Penar Hypuxanosuu, ZFaﬁHynnHHa Jletican PancoBna
L2®IBOY BO «KI'3V», r. Kazaub
'renat.apkin@gmail.com

3HaHUS O E€CTECTBEHHOM paJMAllMOHHOM (OHE, CO3/1aBa€MOM PaJOHOM, HEOOXOANMBI
IIPU BBIOOpPE IUIOIIAKHU 101 CTPOUTENBCTBO, IPABUIIBHOM SKCILTyaTalluu 3/JaHUI U COOPYKEHUH,
B LIeJIOM Ul 0€30IIaCHOM >KM3HEICATEIbHOCTH 4ennoBeka. IIpeacTBisno MHTEpec M3MepeHue
COAEpKaHMsA paJoOHa B BO3AyXe Y4eOHbIX KopmycoB KaszaHCKOro rocynapCTBHHOTO
DHEPreTUYECKOro YHMBEpPCUTETa M B BO3AYyXE IIOYBBI HAa €ro Teppuropuu. Pesynbrarsl
I/I3MepeHHﬁ MMOoKas3aJii BJIMAHHUEC Ha KOHHOCHTpAIWIO paJoHa KaK CC30HHBIX W3MCHCHHI
OKpY’KaloMIeH Cpebl, TaK U KOHCTPYKINH (DyHIaMEHTa.

KioueBble cjioBa: pajoH, pagudanvoHHBI (OH, TPYHT, ITOYBEHHBIH BO3MYX,

KOHLCHTpAaus, BJIAJKHOCTb BO3aYyXa.
STUDY OF RADON LEVEL IN THE AIR OF KGEEU PREMISES

Apkin Renat Nurikhanovich, “Gainullina Leysan Raisovna
?KSPEU, Kazan
'renat.apkin@gmail.com

Knowledge about natural radiation background, created by radon, is necessary when
selecting a site for construction, proper operation of buildings and structures, in general for safe
human life activity. It was of interest to measure the radon content in the air of educational
buildings of Kazan State Power Engineering University and in the soil air on its territory. The
results of measurements showed the influence of both seasonal environmental changes and
foundation construction on radon concentration.

Key words: radon, radiation background, soil, soil air, concentration, air humidity

Panon — pamnoakTuBHBIA Ta3, SABJISAIOIIMNCS E€CTECTBEHHBIM IPUPOIHBIM
MCTOYHUKOM PaJHallMOHHOrO u3iyueHus. MccienoBanus, MpOBEACHHBIE YUEHBIMU
B mocienHee Bpemsi [1-3], yCTaHOBWIIM, YTO M3 €CTECTBEHHOI'O MPUPOIHOTO
m3nyueHuss S50 % npuxoAuTCs Ha pajJloH W TNPOAYKTHl e€ro pacnana. Paaon
BBIJICTISIETCS M3 TOPHBIX IOPOJ U TMOYBBI, MMes IUIOTHOCTh B 7,6 pa3 OoJblie
IUIOTHOCTHA BO31yXa, OH CKAaIUIMBAETCS B ILIOKOJHbHOM WJIM Ha IMEPBOM ATa)ax.
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OpHako B XOJOJHOE BpeMs roja B pe3yjbTaTe MPOLECCa KOHBEKIIMH BO3MOXKHA
€ro UUPKYJIALMS [0 BEPXHUM 3TaxkaM [4, 5].

Lenp manHOW pabOTHI — HCCIENOBAaHUE PAJOHOBOTO (pOHA HA TEPPUTOPUU
KazaHckoro rocyJapCTBEHHOIO 3HEPreTHYECKOro YHHBEpcHTeTa. B mporecce
UCCIIEIOBaHMsI ObUTM TPOM3BEJCHBI 3aMEpbl pajJoHa B YUEOHBIX KOpIycax H
ITPYHTax  MPWIETAIOEd  TEPPUTOPUHU;  MPOAHATU3UPOBAHBI  IOJyYECHHbBIE
pe3ynbrarsl. MI3MepeHuss B MOMENIEHUH ObUTM MpOBeAeHBI panguomerpom RTM-
1688 (PPA-1688) (B I'ocpeectpe Ne50382-12) B coorBercTBUU ¢ MY 2.6.1.037-
2015, m3MepeHus coaepkanus pajgoHa B TpyHTe — paguomerpom RTM1688-2 Geo
Station B cooTBeTcTBHM ¢ MY 2.6.1.038-2015.

B reosiornueckoM OTHOILIEHHWH, TEPPUTOPHUS, HA KOTOPOH paCIOIOKEHBI
kopriyca KI'DY, mpencraBisier coOoil HAChIIHbIE TPYHTHl Ha aJUTFOBHAIBHBIX
neckax BTOpoM Teppachl p. Boaru ¢ 0au3KkuM 3ajeraHueM ropu30HTa TPYHTOBBIX
BOJ.

[To pesyapTaTam 3aMepoB pajoHa CpPEAHsSS KOHIIEHTpalus OOBEMHOU
aKTUBHOCTH PaJIoHa B IpyHTE OKOJIO Kopiyca «b» KI'DY cocraBuiia B urone 2010
roma 5,5 ThIC. EK/M3, B HOs10pe 2023 rosa okoo 4 ThIC. Br/M°.

Panon, BbICBOOOXKIAsICh M3 KOPEHHBIX MOPOJ U MPOXOAS CKBO3b IOYBY,
Yyepe3 OTBEPCTUS M TPELIMHBI B (PyH/IaMEHTE NONaAaeT B BO3AyX MOMEIIECHHH, Tie
HakaruiBaetcs. KoHILleHTpauus paJoHa MOBBIIIAETCS B OTOMUTENbHBIA CE30H,
OJIHAKO MMEET MHOTO(AKTOPHYIO 3aBHCHUMOCTh (OT BJIAXKHOCTH, TEMIIEPATYypHI,
0apoOMETpPUUYECKOrO JIaBJIEHHUs, COCTaBa MOYBBI COCTAB CTPOMUTENbHBIX MATEPUAJIOB
(GyHIAMEHTOB M Jp.), 4YTO YCIOXHSET OINpEAEICeHHEe JTUX 3aBUCHMOCTEH.
Pe3ynpTarsl uamepenuil cogepxkanus pagoHa B nomenieHnii KI'9Y npuBeneHs B

tabmnurte 1.
Ta6muma 1
CpenHue 3Ha4YEHHUs KOHIIEHTPALMK pajgoHa B koprycax KI'DY
Kopnyc A b B r |
Kommerrrparitt 217 233 296 219 20

pagona, bx/m®

JlenTounsrii | Jleatounsiyi | CBaWHBIN

DyHIaMEeHT CBau + jgeHTOuHbIl | JIEHTOUHBIH
(TUTUTBI) (TUTUTBI) (TUTHTBI)

CoBpeMeHHbIN Kopryc «Jl» mocTpoeH Ha ¢yHAAMEHTE, H30JUPYIIEM
NOJIBaJIbHbIE MOMEUIEHUsI OT rpyHTa. M3mepeHus mpoBoguwinch B okTsa0Ope 2023
roja B TEUYECHHE TpeX CyTOK. [IpoBencHHBIE M3MEpEHUs KOHIIEHTPALUM pPaaoHa
TMOKa3aJIi HI3KHE 3Ha4eHus B npeenax 50 br/m’.

48



B cooterctBum ¢ CanlluH 2.6.1.2800-10 «I'urnennueckue TpedOBaHuUs 11O
OTPaHUYECHHUIO OOJIydeHHs] HaceleHUs 3a CYE€T NPUPOJHBIX HCTOYHUKOB
WOHU3UPYIOIIETO  M3JIYYCHHS»  NOMEIICHHSX  3KCIUTyaTUPYEMbIX  3JIaHUM
KWJINITHOTO ¥ OOLIECTBEHHOTO HAa3HAUYEHHUs CPEIHEro/0Bas SKBUBAJCHTHAs
paBHOBecHass 00bEMHas akTUBHOCTH (DPOA) wu30TOMOB pamoHa B BO3AYyXe
ITOMEIIEHUN He ToJbKHA npeBbimars 200 Br/m°,

B xopmycax «A» u «b» noaBaJbHbIE IOMENIEHUS PAaCHOJOXKEHbI Ha
OTKPBITOM TpyHTE. B pe3ynbrare H3MepeHuil cpeaHee 3HAYEHUE COJIEep KaHHs
paJioHa B BO3JyX€ 3€MJISTHOTO ToJsia coctaBuio 217 u 233 BK/M® COOTBETCTBEHHO.
VYuuTeiBass MNOABEM YPOBHS TPYHTOBBIX BOJ H3-32 OOJBIIOTO KOJWYECTBA
aTMOC(EPHBIX OCATKOB MPOU3OILIO MOATOIJIEHUE OTKPHITOrO IPYHTA B IMOABAJE
Kopnyca «A» B TEpUOJ MPOBEACHHS 3aMEpOB pPaJoOHA, M, COOTBETCTBEHHO,
BBICOKYIO BJIQ)KHOCTb, IMPEAIOJAraeTcsi, YTO CpeHEE 3HAUY€HHE B HOPMAaJbHBIX
yCIIOBUSX (IO BIaXHOCTH) OyzaeT Oosnbiue. Pa3nuuusa B conep:kaHuM pajoHa Mo
y4eOHBIM KOpITyCaM CBSI3aHO HE TOJBKO C MOTOAHBIMHU YCIIOBUSMH U CTPOECHHUEM
(dyHIaMeHTa, HO TaK)KE€ U C MAaTEpUaAJIOM ATOro (pyHJaMeHTa, TPYHTOBOM 3MHUCCHH
panona Ha Teppuropun KI'DY, cuctembl BEHTUIISALNAY U T.[I.

Takum oOpa3zoM, cocTosiHME BO3lyxa B yueOHOM komyce «/I» KIDY B
OTHOUIEHUH PaJIoHAa COOTBETCTBYET HOpMaMm, B MOJABaNAX (B KOTOPHIX 3aHATHUS HE
POBOJATCA) KOpIycoB «A», «b» u «B» ce30oHHbIE HEOONbBIINE OTKIOHEHHS
YCTPAHSIIOTCS AJIEMEHTAPHBIM IPOBETPUBAHHUEM.
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IKOJOI'MYECKHUE ACIHHEKTbBI C’KUT'AHUA MA3YTA U IEYHOI'O
BbBITOBOI'O TOIIVIUBA

3Bepesa DnbBupa Padukosna, “Makeesa E.H., *Mopososa O.10.
OIrBOY BO «KI'DV», T. Kasans
2 Vuypexnenue oOpa3zoBaHusi «l'OMeIbCKUN  TOCYIapCTBEHHBINTEXHUYECKUN YHUBEPCUTET
umenu [1.0. Cyxoro», ['omens, Peciyonuka benapychb
6elvira6@list.ru, 2volkova_Kkaterina@gstu.by

B crarbe BbIlIOJNIHEHA OIIEHKA BpEAHBIX BHIOPOCOB,00pA3YIOIIMXCS IPU CHKUTAHUU
KOTEJIbHOTO Ma3yTa M IE€YHOro OBITOBOIO TOIUIMBA. B pe3ynpTaTe CpaBHUTENIBHOTO aHaIM3a
YCTaHOBJIEHO, YTO NpPHU NEPEXoJieé ¢ Ma3yTa Ha MEeYHOe OBITOBOE TOILIMBO O OOECHeunBaETCs
YMEHbILIEHUE 3arps3HEHUs] M M3HOCa OOOPYAOBAaHHUS, YMEHbIIEHHE O00pa3oBaHUS CaXu U
JTMOKCH/Ia CEPbI

KuaroueBble ciioBa: MasyT, meyHoe OBITOBOE TOIUIMBO, OKCH[BL,OKpYXaroulas cpena,

HKOJIOTUYECKUN yIIepo.

ENVIRONMENTAL ASPECTS OF COMBUSTION MAZUTE AND
HEATING FUEL

zvereva E.R., “Makeeva E.N., *Morozova O.Yu.
13K SPEU, Kazan
?Educational Institution "Gomel State Technical University named after P.O. Sukhoi”,
Gomel, Republic of Belarus
'6elvirab@list.ru, 2volkova_katerina@gstu.by

An assessment was made of the amount of pollutant emissions from the combustion of
fuel oil and heating household fuel. As a result of a comparative analysis, it was found that when
switching from fuel oil to household heating fuel, it ensures a reduction in pollution and wear of
equipment, a reduction in the formation of soot and sulfur dioxide

Keywords: fuel oil, household heating fuel, oxides, environment, environmental damage.
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[Ipu cxuranum masyta oOpas3yrloTcs BpeIHBbIE BEIIECTBA: OKCHIBI CEpHI,
a30Ta, yriepoja, TBepaas JeTydas 30ia. [[pyrue Bemecrsa, HallpuMep, TKEIbIe
METaJIbl, TaJOr€HOBOAOPO/bI, JUOKCHHBI  BBHIOPACHIBAIOTCS B  MEHBIINX
KOJIMYECTBAX, OJHAKO OHM TOXE MOTYT HECTH 3HAYUTENbHBIN yIiepo
OKpY’KafoIel CpeJIbl N3-3a HX TOKCHYHOCTH U ycToWunuBOCTH [ 1-3].

OneHka KOJMYECTBAa BBIOPOCOB 3arpsA3HSIOIIMX BELIECTB MNPU CHKUTAHHH
MasyTa M MEYHOro OBITOBOIO  TOIUIMBA, XAPAaKTEPUCTUKH  KOTOPOIO
coorBercTtBoBann  TKII  17.08-04-2006, BBIIOJHEHA B  COOTBETICTBHH C
HOPMAaTHUBHBIMH akTaMu |2, 3].

Jlna pacueTa OBLIM UCIIOJIB30BAHBI JAHHBIC U3 3aJaHHsI Ha IPOEKTUPOBAHUE
1o o0beKTy: «PekoHcTpykuus TormmmBHoro xo3siictea PK «HepHurosckas» mo yi.
Yepuurosckas, 22a B . ['omene» ot 28 centsiopsa 2018 r. u momonaenus Ne 1 k
3aJJaHAI0 HA TMPOEKTUPOBAHHE MO OOBEKTY: «PEKOHCTPYKIUS TOIUIMBHOIO
xo3saiictBa PK «YepHurosckas» no yn. Yepnurosckas, 22a B r. ['omene» ot 1
certssops 2020 r. [1].

MakcumanbHbld Pacue€THBIM pacXo] TOIUIMBA MPUHHUMAEM pPaBHBIM 5,9 T/4
[5, 6]. Pe3ynbTaThl pacueToB Mpe/cTaBiieHbl B Tabuiie 1.

Tabmumna 1
DKOJIOTUYECKHE ITapaMeTPhI 3arPA3HSIONINX BEIIESCTB
Bun 3arpsi3Hstoiero BemecTsa Bun romua
MazyT ne4yHoe ObITOBOE
TOILIHBO

KommaecTBo cepsl auokcuna Msop, T/¢ 88,575 1,312
CymMmapHOEe KOJHUYECTBO a30Ta OKCHAOB Mpyox B 2,175 2,424
nepecyere Ha azora quokcun (NOy), r/c
KonnuectBo yrnepoaa okcuna Mco, T/c 3,75 4,007
KomaecTBo TBepABIX YaCTHI]

KOJIMYECTBO Caku M., T/c 0,4 0,21

KOJIMYECTBO Ma3yTHOM 30JI6I B TIepecUeTe Ha

BaHanuii My, r/c 0,146 -

Takum 0Opa3om, B pe3ysIbTaTe MPOBEACHHBIX PACUETOB MOTYUYCHBI HanOoJee
3HaYUMbIC BHIBI BBHIOPOCOB, 0Opa3yroluecs MPH COKUTAHWH Pa3IMYHBIX BHIOB
KHUJKOTO TOIUIMBA — Ma3yTa M TEYHOTO TOIUIMBA, a MMEHHO: IHOKCHI CEpBI,
OKCHJIBI a30Ta, OKCHJBI YIJIepoja, TBEPIbIC YAaCTHIIbI, HauOOJIee BIMSIONIME Ha
COCTOSIHUE OKpYXKarolei cpes [2,3].

[TosrydeHHbIC 3HAUYEHUS 3arps3HSIONIMX BEIISCTB, OOPAa3yIOIIUXCS IPHU
C)KHTAaHUHM Ma3yTa W IIEYHOTO OBITOBOI'O TOIUIMBA, CPABHUBAIUCH CO 3HAUCHUSIMU,
pernamentupyembivu DkoHull 17.01.06-001-2017 TKII 17.02-XX-2019 .

B pesyibrare ycTaHOBJIEHO, YTO MPH IIEpexoJie ¢ Ma3yTra Ha IICYHOES
OBITOBOE TOIUIMBO OOECIEYMBACTCS YMCHBIIICHWE 3arps3HEHUS W HW3HOCA
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00OpyIOBaHUS 3a CYET MEHBIIEro, YeM y Ma3yTa, B 7 pa3 MokKas3aTels 30JbHOCTH
JUISl TIEYHOTO OBITOBOTO TOIUIMBA, & TAKXKE YMEHBIIEHHUS B 2 pa3a oOpa3oBaHUs
caxu U B 67,5 pa3 quokcuaa cepbl MpU JACCATUIHEBHOM HCIOJIb30BAHUU MIEYHOTO
ObITOBOTO TOTLIIMBA [4, 5].
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NMPUMEHEHME PACIPEJEJEHUS IYACCOHA B
MOJIEJIJUPOBAHUU ABAPUIHBIX BLIBPOCOB BPEJHBIX
BEIIIECTB

1MYHI/IpOBa OenuHa J[>kaMuIbeBHa, ZByJIHI/IKOBa NBerra KoHCTaHTMHOBHA
OI'BOY BO «KI'DVy», r. Ka3zanb
levelina.munirova.04@mail.ru, %ikbudnikova@yandex.ru

JlaHHas cTaThs MOCBAIICHA MPUMEHEHHIO pacnpeseneHus [lyaccona mist MmompenupoBaHus
aBapUiHBIX BHIOPOCOB B OKPYKAIOIIYIO CpPEAy C HCIOJIb30BaHUEM LU(MPOBBIX TEXHOJOTUM.
B nmaHHOl cTaThe Takke paccMaTpUBAEeTCsl BO3MOXKHOCTh MCIIOJNB30BAHMS pacrpeaesieHus

[Tyaccona nnsi MoJenupoBaHUS M MPOTHO3UPOBAHUS YHUCIIA CIy4aeB aBapUUHBIX BBHIOPOCOB,
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MO3BOJIAIOIUX TPHUHUMATL COOTBCTCTBYIOIIHWC MCPBI [Jid MTPCAOTBPALLICHHA HCETATUBHBIX
MOCJIEACTBUM JJISI OKPYKAOLIEH CPEbI.
KuaroueBble cioBa: pacrpenenenue Ilyaccona, aBapuiiHble BBIOPOCHI, OKPYXKaroImas

cpena, mudpoBasi TEXHOJIOTUS, TUGPOBHU3AIIHS, MOJICTUPOBAHUE.

APPLICATION OF THE POISSON DISTRIBUTION
IN THE MODELING OF ACCIDENTAL EMISSIONS
OF HARMFUL SUBSTANCES

Munirova Evelina Dzhamil evna, 2Budnikova Ivetta Konstantinovna
12K SPEU, Kazan
levelina.munirova.04@mail.ru, %ikbudnikova@yandex.ru

This article is devoted to the application of the Poisson distribution for modeling
emergency emissions into the environment using digital technologies. This article also discusses
the possibility of using the Poisson distribution to model and predict the number of cases of
accidental emissions, allowing appropriate measures to be taken to prevent negative
consequences for the environment.

Keywords: Poisson distribution, emergency emissions, environment, digital technology,
digitalization, modeling.

B coBpeMeHHOM Mupe HU(POBbIE TEXHOJIOTUU UTPAIOT BCE 00JIeE 3HAUNMYIO
pOJIb B PA3JIMYHBIX 00IACTSIX, BKIIOUAs MHXEHEPHYIO SKOJIOTH0. MoaennpoBaHue
aBapUIHBIX BHIOPOCOB B OKPYKAIOIIYIO CpEAy SIBJISETCS BAXKHOM COCTaBIIAIOIICH
npoliecca OLUEHKU W yrnpaBieHus puckamu. OTHUM U3 OCHOBHBIX MHCTPYMEHTOB,
UCIIOJIb3YEMbIX B MOJCIUPOBAHUU TAKUX COOBITHH, SIBIAETCS paclpeleicHue
[IyaccoHna.

[To wunbopmammu, copepxameiics B [ocymapctBeHHoM noknage «O
COCTOSIHUM TIPUPOJIHBIX PECYpCOB U OXpaHe OKpy»karomieil cpenbl PecryOnuku
Tartapctan B 2022 roay», HaOI0aeTCs ONpeeieHHas JUHAMUKAa B OTHOIICHUU
BBIOPOCOB BPEIIHBIX BEIIECTB B aTMochepy JaaHHoro peruona (puc. 1) [1].

Pacnpenenenune Ilyaccona sABisgeTCs MaTeMaTHYECKOM MOJENBIO, KOTOpas
UCIIOJIB3YETCs JJIsl ONUCAHUS CIIyYalHBIX COOBITHM, TPOUCXOSAIINUX C TOCTOSTHHOMN
CpPEAHEN MHTEHCUBHOCTBIO, HE3aBUCUMO APYT OT IPyTa U BO BPEMEHHU [2].

UToObl OIIEHUTh BEPOSTHOCTh BO3HUKHOBEHMSI aBapuUUHOIO BbIOpoOca
OTMACHBIX XUMUYECKUX BELIECCTB MPU MPOU3BOACTBE MOJMUAITUIICHA HA TIPEANIPUSITUN
[TAO «Ka3aHpbOpPrcMHTE3», MOXHO BOCHOJIB30BATHCS JAHHBIMU O MPOLUIBIX
aBApDUMHBIX CUTyalUUssX W OPUMEHUThb pacnpeneneHue llyaccona s
MOJICITUPOBAHUsI BEPOATHOCTH Oyaymux BbeIOpocoB [3]. 3areMm, HCIOIB3Ys
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TU(POBBIE TEXHOJOTUU, MOXKHO CO3/1aTh KOMIIBIOTEPHYIO MOJIEIh, KOTOpast OyIeT
CUMYJIMPOBATh Pa3jIMYHbIC CIICHAPUU W MPEACKA3bIBATh BEPOSITHOCTH aBAPHIHBIX
BEIOPOCOB B OYTyIIIEM.
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CTaLMOHAPHbIE WCTOUHWKM, ThIC.T MNepensuxHblIe MCTOUHWKMW, ThIC.T

Puc. 1. Jluramuka BBIOPOCOB 3arpsi3HSAIOIINX BEIIecTB B atMochepy B TaTapcrane

Ucnonw3ysa pacnpenenenue IlyaccoHa, MOXKHO ONpENENNTh BEPOATHOCTH
BO3HMKHOBEHHUSI  ONpPENEJIEHHOTO  KOJUYEeCTBA  aBAPUMHBIX  BBIOPOCOB B
ONPEAECICHHBIN JICHb.

1. HaiiTu cpenHee KOIMYECTBO aBAPUUHBIX BHIOPOCOB OIMACHBIX BEILECTB 3a
roJl Ha IPEIPUSATUH.

2. Ucnonw3ys dopmyny pacnpenenenus IlyaccoHa, MOXHO paccuuTaTh
BEPOSITHOCTh BO3HUKHOBEHMSI BHIOPOCA OMACHBIX BEIIECTB B OMpPEAEIICHHBIN JEHb
[4]. Popmyna pacnipenenenus [Iyaccona:

AXxe =2

x!

P(x) =

rne P(X) — BeposATHOCT, BO3HHMKHOBEHHS X BBIOPOCOB OIIACHBIX BEIICCTB;
A — cpelHee KOJMYECTBO BHIOPOCOB B JEHb; € — MaTeMaThuecKas KOHCTAHTa;
X — KOJIMYE€CTBO BHIOPOCOB.

DTa MOJENb MO3BOJSET OLICHUTh BEPOSITHOCTH BOZHHUKHOBEHHUS aBAPUKHBIX
BBIODOCOB M HCIOJNB30BaTh €€ JJis YJydllleHUs CUCTeM Oe30MacHOCTH U
MPEAOTBPALIEHUS TOTEHIIMAIBHBIX aBAPUMHBIX CUTyalui [5].

Wrak, ucnosnb3zoBanue pacnpenenenus IlyaccoHa npu MoaeaupoBaHuu
HKOJIOTUYECKUX BBIOPOCOB, CBSI3AHHBIX C MPUMEHEHHEM IU(POBBIX TEXHOJOTHUH,
SBIIIETCS BBICOKOA((EKTUBHBIM CPEJICTBOM JJIsl OLIEHKH PHUCKOB, CBSI3AHHBIX C
UCIOJIb30BaHUEM BO300HOBIIIEMbIX HCTOUHUKOB SHEPTHH. [6].
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NCIHHOJIB3OBAHME 30JIbI ITUIINEBBIX OTXO0B B KAYECTBE
COPBEHTA IIPU OYUCTKE CTOYHbBIX BOJA OT KATHOHOB ME/IN

1 2 N .
Huxonaesa Jlapuca AnapeeBHa, “AxkururoBa Auryib AigapoBHa

L2drBOY BO «KI'DVY», r. Kazans
Yarisanik16@mail.ru

B crartee MNPpUBCACHBI PE3YJIbTAThI I/ICCJ'Ie}IOBaHI/Iﬁ M0 HCIIOJIB30BAHUIO OPraHUYCCKUX
PaCTUTCIIBHBIX OTXOJ0B B Kad4€CTBC BTOPHYHOI'O0 OJSHEPrETUUYCCKOro pecypca A KOTJa-
yTujausatopa € }IaJ'IBHeI\/’IIHI/IM MIPUMECHCHUEM 30JIbl JJIA aglcop6u1/m KaTHOHOB MCJH U3 CTOYHBIX
BOJ raJIbBAaHNUYCCKOI'0 IMpOMU3BOJCTBA.

KiarueBble cJI0Ba: CTOUYHBIC BOABI; KaTHOHBbI MEAH; OPraHUYCCKHUEC PACTUTCIbHBIC

OTXOJIbI; aJICOPOCHT
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USE OF FOOD WASTE ASH AS A SORBENT WHEN TREATING
WASTEWATER FROM COOPER CATIONS

'Nikolaeva Larisa Andreevna, 2Adzhigitova Aigul Aidarovna

KSPEU, Kazan
Yarisanik16@mail.ru

The article discusses the need to study the issue of recycling organic plant waste. The
results of studies on the use of such waste as a secondary energy resource for a waste heat boiler
with the further use of ash for the adsorption of copper cations from wastewater from galvanic
production are presented.

Keyword: wastewater; copper cations; organic plant waste; adsorbent

C xaxapIM TofoM Bce 0oJiee OCTpO BCTaeT IMpobiemMa 00pa30oBaHUSI HOBBIX
MOJINTOHOB ¥ HECAHKIIMOHUPOBAHHBIX CBaIOK ThO. 3HaunTEIbHYIO YacTh OTXO/I0B
(oxo110 40 %) cocTaBIAIOT MHIIEBBIC OTXOABI [1].

B «Crparerun pa3BuTHs NPOMBIIIIEHHOCTH MO 00paboTKe, yTUIHU3ALUU
U 00€3BpPEKUBAHUIO OTXOJ0B MPOU3BOJICTBA U MoTpediaeHus Ha nepuo a0 2030
rona» (pacnopsikenue [IpaButenbctBa P® ot 25 suBaps 2018 r. Ne 84-p)
OTMEYEHO, YTO HECAHKI[MOHWPOBAHHOE pa3MEIICHHWE OTXOJOB, B TOM YHCIE
MUIIEBBIX, HA TMOJUTOHAX KOMMYHAJBHBIX W TPOMBINIJICHHBIX OTXOJ0B
CYIIIECTBEHHO YBEIIMYUBACT AKOJIOTUYECKYTO u CaHUTApPHO-
AMUJIEMHUOJIOTUYECKYIO OMACHOCTh TEPPUTOPUN B 30HE PACIOIOKEHUS TaHHBIX
o0bekToB. [lpu pasnoxeHun OpraHWYEeCKMX OTXOJ0B Ha CBalKax B
OKPYXXAIOIIYI0 CpPENy BBIACHSAIOTCS OMAacHBbIE COCNMHEHUs, TaKhe Kak
MapHUKOBBIE Ta3bl U JP.

Pe3ynbTaThl HEKOTOPHIX HCCIAEAOBAHHUM IMOCIEIHUX JIET MOKA3bIBAIOT, UTO
BEII[ECTBA, COICPIKAIINECST B OPTaHUIECKUX PACTUTEIBHBIX OTX0/aX (OMaJ JUCTBBI,
CKOpJIyIla OpEXOB, 37aKd, (PPYKTOBBIM >KMBIX M JAp.) CIHOCOOHBI aicOpOUPOBATH
HOHBI  TsDKeNMbIX  MeTtaiioB  [2,3] ¢ 3¢¢eKTUBHOCTBIO  MMO3BOJISIOIICH
KOHKYPUPOBATh C aKTUBUPOBAHHBIMH YTJIIMH HEKOTOPHIX Mapok. KOHKYpeHTHBIM
MIPEUMYIIIECTBOM Ha PHIHKE COPOCHTOB M3 OPTraHUYECKUX PACTHUTEIBHBIX OTXOJIOB
ABIISIETCS O0JIee HU3Kasl 10 CPABHEHUIO C YTIISIMH CE0€CTOMMOCTb.

OCHOBHBIMHU HCTOYHUKAMH MOHOB TSKEJIBIX METAJJIOB B BOJIOEMAaX U TMOYBE
SBJITFOTCSL TIPEINPUSATUS TalbBAHMUECKOTO TMpou3BoAcTBA. OMHON M3 MOJ00HBIX
npeanpusituid siBisgercss OO0 «EJITOHCy», xoTopoe 3aHMMaeTcs MOKPHITUEM
Pa3TUYHBIX U3JIEINI CLIOCOOOM TrajTbBaHUYECKOTO HAHECCHMSI.

B xomnanum «EJITOHC)» wucnone3yercs cucTeMa CEJIEKTUBHON OUYMCTKH
ctounbix BoJ (CB), B KOTOpyHO BXOAAT MNPUEMHBIE EMKOCTH, PEAKTOPbI
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HEeUTpaM3aIuu, dSJIeKTPodIOTaTOPhl, (QUIBTPHI TOHKOW OYHUCTKH, EMKOCTU
MPUTOTOBJICHUSI W XpaHEHUS pPacTBOPOB, TpaBHUTAaNMOHHBIE (GmIbTphl. [locie
OYHUCTKM CTOYHBIX BOJ KOHIICHTpAIUsi MPAKTHUYECKU BCEX BELIECTB, B TOM UHCIIC
MOHOB TSDKENBIX MeTaioB, He mpeBbimaeT [IJIK B Bogax BOAHBIX OOBEKTOB
pBIOOXO3sTICTBEHHOTO 3HaueHMs. KoHieHTpamus katrnoHoB menu - 5,08 Mr/z(MS,
yto npesbiaet [1JIK B Bomax BOAHBIX 00OBEKTOB PhIOOXO35MCTBEHHOIO 3HAYEHUS
- 0,001 mr/m.

Jlns mpuBenenusi coctaBa CB Kk HOpMaTUBHBIM TMOKa3aTessiM HEOOXOauMa
noounctka. Jloounctky CB npemyaraercss OCYUIECTBIATh aJACOPOLIMOHHOM
TEXHOJIOTUEW 3010 MHOTOTOHHA)KHOTO OTXOJla MUIIEBON MPOMBIIUICHHOCTH —
TBEPJIBIX OTXOJIOB OPTraHUYECKOTO TMPOUCXOXKIACHUSA, OOpa3yloIuXCcs MpH
nopakeHUU oBoIIeH, (PYKTOB, 3€JI€HU TPUOKOM TIJIIECEHHU.

Opranuyeckue pacturesibHbie 0TX0Abl (OPO) nocne u3MenbueHus U CyIIKu
npejuiaraeTcsl UCMHoJb30BaTh B Kaue€CTBE BTOPUYHOIO IHEPreTHUUECKOTO pecypca
U1 KoTaa-yruinzatopa. OOpa3oBaBIIasiCsl MOCHE CXKUTAHMS 30j1a MPUMEHSETCS
JUTSI OYUCTKH CTOYHBIX BOJ| FAJIbBAHUYECKOT'O MPOU3BOJICTBA OT KATHOHOB MeH [4].

bt mpoBedeHbl HCClIeNOBaHUS, YTOOBI OIEHUTH CIIOCOOHOCTH 30JbI K
afacopOlUM KATHOHOB Menu. /[l SKCIepUMEHTOB MPUMEHSIIUCh MOJICJIbHbBIC
pactBopsl CuSO,-5H,0 ¢ konuerTparmeii 100 mr/av’,

B nensx uccienoBanusi MexaHu3Ma ajacopOMU MPOBOIUIICS SKCIEPUMEHT
MIPU Pa3HbIX TEMIIEpaTypax B CTATUYECKUX YCIOBHUSX.

Pe3ynbTaThl MOKa3aiu 4To MPOIECC afAcopOLUUM MPOTEKAET Ha MOBEPXHOCTU
pazmena >KuUAKOM u TBepmod ¢as. s ompeneneHUss KOHCTAHTBI CKOPOCTH
afcopOlUM TIPUMEHSIETCS KMHETHYECKOE ypaBHEHHE, KOTOPOE OCHOBBIBAETCSI Ha
AKCIIEPUMEHTAJIbHBIX JaHHBIX.

N3 mnonydeHHBIX AaHHBIX OBUT CHAEJNAaH BBIBOJ, YTO MPU TOBBIIICHUU
TeMIepaTypbl KOHCTAHTa CKOPOCTH aICOPOIIMU MEIU YMEHBIIIACTC .

Jlns  ycmemrHoro TPUTSATHBAHMS MOJIGKYJ ajcopbata W ajcopOeHTa
HEO0OXO0MMO, 4YTOOBbI OHHM o0O0Jaaaul JOCTAaTOYHOM SHEpPrueil, MNpeBbIIatomeh
OTIPE/ICICHHOE KPUTUUECKOE 3HAYEHUE, U3BECTHOE Kak dHeprus aktuBanuu (Ea).
Pacuer 3Toil »HEpruM OCYIIECTBISETCS MpPHU IMOMOIIM TpadHUUecKOro MeToja,
OCHOBAaHHOI'O Ha YpaBHEHUU AppeHuyca.

[IpoTekanue mporecca  Qu3MUecKod  agcopOUMK  MOATBEPKIAACTCS
pacueTHBIM 3HaUCHUEM KaxKyliewcs sHeprun aktusarmu (5,36 kJ[/MoIb).

Bonee monmHOE WCHOIB30BaHWE EMKOCTH COpPOEHTA JOCTHUTAETCSl IyTeM
aHajau3a aJcopOIMU MOHOB TSKEIBIX METAJIOB B JMHAMUYECKUX YCIOBHUSX, YTO
UMEET TEXHOJIOTMUECKHUE, HKCIUTyaTallMOHHbIE U YKOHOMUYECKHE MPEerMYIECTBa
0 CPaBHEHUIO C aJcOpOIMel B CTAaTUYECKUX YCIOBHSX. OTO BaXHO A
MPOU3BOICTBEHHBIX MIPOLIECCOB.
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[Ipouecc aacopOIMK HOHOB MEIX MPOBOAMIICA C FPAHYJIAMH, TOJTYYEHHBIMU
yTEM IMEPEMENINBAHUSA 30JIbl CO CBS3YIOIIMM >KHJIKUM HATPUEBBIM CTEKJIOM MpHU
cooTHomeHnu 1(macc.):2(oobem).

OKCIepUMEHTAIBHBIM MYTEM BBIICHEHO, 4YTO Haubonee 3¢pdeKTUBHBIC
3HAYEHUA CYMMApHOTO 00beMa MOp M YJIEIbHOM NOBEPXHOCTH MaTrepuaa
nocturatores mpu 500 °C.

B ¢unbpTpoBasibHYIO CTEKIISIHHYIO KOJIOHKY TMaMETPOM 25 MM MOMEIIal0TCs
rpanyinsl pazmepoM oT 0,5 o 2,5 mm. Yepes rpanyisl IpOMycKarOT MOAEIbHBIN
pactBop. CpenHsisi KOHLIEHTpalus HOHOB MEAH B CTOYHOW BOJIE MPOMBIIUIEHHBIX
NPEANPHATHI [PH BXOAE B aJCOPOLMOHHBI GuisTp cocTaBaser 50 Mr/aM° u
ABJIIETCS] PABHOM KOHLEHTPAIM MOHOB MEJIU B MOJIEIIBHOM PacTBOPE.

IIpocKoK HOHOB MexH (ukcupyercs npu Kounentparmu 0,001 mr/am’, aro
coorBercTtByeT IIJIK Memu B cOpoce CTOUHBIX BOA B BOAHBIE OOBEKTHI
PBIOOXO3SIIICTBEHHOTO 3HAYEHUS.

OKCHEpUMEHT TMO3BOJWJI ONPEAENIHTb, YTO COPOLIMOHHBIM Marepuan
obnanaer nuHamudeckor oOMeHHoi emkocThio JIOE B pasmepe 145,3 mr/r mpu
o0beMe mpomymeHHoi Boabl B 170 M ¥ ToMHOM oOMeHHO# emKkocThio IIOE B
pasmepe 284,9 Mr/r mpu 06beMe IPOIYLIEHHOH Boas! B 315 aM° 110 OTHOIICHHIO K
KaTHOHAM MEJIH.

[IpousBeneHa MoJaepHU3ALUS TEXHOJOTMYECKOH CXEMbl OUMCTKH CTOYHBIX
Boa komnanuu «EJITOHCy. IIpon3BoAUTENEHOCTS CHCTEMBI OYHCTKH - 0,7 M/,
Cucrema ouuctkn CB OT MOHOB TSKENBIX METAUIOB BKIIIOYACT CIEAYIOIINEC
CTaJMM: YCPEIHEHHE KAayeCTBEHHOIO M KOJMYECTBEHHOro cocraBa CB,
HEUTpalv3alusi M TMEPeBOJl 3arpsA3HSIONIMX BEIIECTB B  HEPACTBOPUMbIE
coenuHenus (popmupoBanue ocanka), ocerTieHue CB anextpodaoTanuen,
bunbTpanmei.

B 0Onok Tonkoit goounctku CB OT KaTMOHOB MeIM TMpejjaraeTcs JBa
BapuMaHTa OYMCTKHU: cTarTuueckuil (3arpy3ka 3oimel OPO B eMKkocTh ¢
MEXaHUYECKUM CMEIIMBAHUEM) U JUHAMHYECKUM (3arpy3ka rpanyi u3 30i61 OPO
B aJICOPOLIMOHHBINA PUITBTD).

[IpousBeneHHble pacu€Thl MOKa3aiu, YTo aacopOuronHas goounctka CB ot
KaTHOHOB MEIM B CTaTUUYECKOM pEXUME OCYLIECTBISIETCS TEXHOJOruen
TPEXCTYNEHYATOro MPOTUBOTOYHOrO BBOAA 30yl OPO B amnmapaT MeXaHU4eCKOro
cmemieHust ¢ 3G HEKTUBHOCTRIO OUKMCTKH — 85,9 %; B JUHAMHYECKOM pEXUME C
3arpy3koi rpanyia u3 3016 OPO B afacopOIMoHHBIA QUIBTP ¢ 3P(HEKTUBHOCTHIO
ounctku — 97,8 %.

Pacuer cebecronmocty ouncTkn 1 M° CB B CTATHYECKOM H IHHAMHYCCKOM
pexuMax IMokKaszai, 4TO B JTUHAMUYECKHX YCIOBHUSAX TEXHOJIOTHS aJICOPOLMOHHOM
noouuctku CB sBnsercs HanbOosee 3PpPEeKTUBHON U SIKOHOMUYECKU BBITOTHOM.
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[IpousBeneHn  pacyer  KamuTalbHBIX  3aTpaT  MPOU3BOACTBEHHOTO
0o0Opy/lOBaHUSl, HWHCTPYMEHTOB U  MPHUCHOCOONEHUH TpU  MPOU3BOJICTBE
COpOITMOHHOTO  MaTepuayia, CceO0ECTOMMOCTH HW3TOTOBJIICHHSI  COPOIIMOHHOTO
MmaTtepuana, cedbecrommoctd O4YUCTKH CB OT KaTHOHOB Meau C TOMOIIBIO
pa3paboTaHHOTO MarepHaia, MPeIOTBPALIEHHOTO 3KOJOTHYEeCKoro yiepba u
HYKOHOMUYECKON A(PPEKTUBHOCTH BHEAPEHHUS  aJCOPOIIMOHHON  TEXHOJOTUU
OYUCTKM TpoMmbilUIeHHBIX CB Ha mnpumepe raqbBaHUYECKOTO TMPOU3BOJICTBA.
Mopepuuzanust cucteMbl ouucTk komnanuu «EJITOHCy» naet sKOHOMHYECKYIO
s dextuBHOCTS B pazmepe 1 505 Twic. py0./roa. Kpome Toro, ObuT mpemoTBpalieH
IKOJIOTUYECKUH Bpell, KOTOpbIN cocTapisieT 244 974 tric. py0./roa.

B kauectBe yTmaM3auMd OTpabOTAaHHOTO COPOLIMOHHOTO Marepuaia
npejyIaraeTcsi MCIOJIb30BAaHUE HACHIIIEHHOTO KAaTHOHAMH MEIU COPOIMOHHOTO
MaTepuajga B KadecTBe J00aBKM K TOIUIMBHOMY VIO TPU CXKHUTAHUHU, YTO
npuBeneT K cokpameHuto Ha 40% BeIOPOCOB YyrapHOTO Ta3a U MOHIKEHUIO B TPU
pas3a HeloXKora, MPEBPATUB €T0 B MOJE3HOE TeIo. Takoe MPUMEHEHHE MO3BOJIHT
YBEUYUTH dPPEKTUBHOCTh TOPEHUS, KOTOPOE AOCTUTAETCSA 3a CYET MOHIKECHUS
TEMIIepaTyphbl CKUTAHUSI M MHTCHCU(UKAIIMU caMOoTo Tporiecca [5].
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AJCOPBIIUA CYJIB®AT- U XJIOPU - TOHOB 30JI0IIJIAKOBBIMUA
OTXOJAMHU HA TPUMEPE OBPATHOOCMOTHUYECKOI'O
KOHIHEHTPATA

"Hukonaesa Jlapuca AnapeesHa, 23aI7IHyJ1J1HHa Dneonopa PaiinypoBHa
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B craTbe uccnenyercs npouecc aacopouuu cyabpar- U XJIOpUA- HOHOB 30JI01UIaKOBBIMU
0TXO/1aMH 00pa3yromascs npu CKUraHuu Ky3HEeIKoro yriis. HCCIENOBaH MPOILECC aacopOruu
[0 OTHOUICHHIO K Cyib(aT- U XJIOPUI- UOHAM HAa MOJEIBHBIX pacTBopax. M3ydeH MexaHu3Mm
(de3ndeckoil HEaKTHBHPOBAHHOW ancopOuuu cynbhaT- U XJIOpuA- HOHOB 3o0ioi Ky3Henkoro
YIS C UCIIOJIB30BAaHUEM TEPMOAMHAMMUYECKUX U KUHETUUECKUX IOKa3aTesei.

KarwueBble cj1oBa: aﬂcop6u1/m, 30J1a, MOJCJIbHBIC paCTBOPLI

ADSORPTION OF SULFATE AND CHLORIDE IONS BY ASH AND SLAG
WASTE USING THE EXAMPLE OF REVERSE OSMOTIC
CONCENTRATE

'Nikolaeva Larisa Andreevna, 2Zainullina Eleonora Raynurovna
LK SPEU, Kazan
'larisanik16@mail.ru

The article examines the process of adsorption of sulfate and chloride ions by ash and
slag waste generated during the combustion of Kuznetsk coal. The adsorption process in relation
to sulfate and chloride ions on model solutions was studied. The mechanism of physical non-
activated adsorption of sulfate and chloride ions by Kuznetsk coal ash was studied using
thermodynamic and kinetic parameters.

Key words: adsorption, ash, model solutions

Pa3BuTtHe  DKOHOMHMKHA  CIOCOOCTBYET  PpACIIMPEHUI0  MaclTaboB
sHepronorpednenus. PocT Temma mNpou3BOACTBA U MOTPEOJICHUS HHEPrUu
OKa3bIBACT HETraTUBHOE BO3JIEUCTBUE ITOM OTPACiIM HA OKPYXKAIOIIYK Cpeny Hu
CO3/1aeT psAl DOKOJIOIMYeCKHX MpoOieM. B crarbe npemioxkeHa TEXHOIOTHS
ouucTKU KoHIeHTpaTa YOO MeTroaoM aacopOLuu ¢ UCHOJIb30BAaHUEM B KaueCTBE
copOeHTa 30bl, 0oOpasyrouieiicss npu cxuranus Kysneukoro yris. OOycioBIIE€HO
3TO TEM, 4YTO 30jla IO CBOEMY COCTaBy OiM3Ka K HEOPraHWYECKUM
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KaTHOHOOOMEHHHUKAM, MTOCIIEAHHE B CBOIO OUEPEIb UCIIONIB3YIOTCS ISl U3BJICUCHUS
U3 BOJHBIX PAaCTBOPOB KAaTHOHOB aMMOHWUs, MOHOB TsDKEIbIX MeTauioB [1]. 3oma
MOJKET MPUMEHSTHCS B KadecTBE COPOIMOHHOTO MaTepuana M Uil OYUCTKHU
BOJIHBIX Cpell OT HepTenpoayKTos [2].

B kauectBe mpumepa BO3MOXKHOCTH HCIOJB30BaHUS MPEIOKEHHON
a7cCOpOIIMOHHON TEXHOJIOTUU PacCMaTpPUBAETCS OYMCTKA KoHIeHTpaTa Y OO0.

JlabopaTopHO TIPOBOIWINCH HCCICAOBAHUS  aICcOpOIMH  MOJEIBHBIX
COJIEBBIX PACTBOPOB CyNb(aT- W XOJOPUA HMOHOB C NMPUMEHEHHEM B KayeCTBE
ancopOeHTa 301bl  oOpasyromierocss npu cxkuranuu  Ky3Henmkoro — yris.
Konnenrparusi cynbdar- u XJOpUA- HMOHOB ONpEAeisiach Ha HOHHOM
xpoMarorpagde. Takxke ObUIM TOCTPOEHBI H30TEPMBI aacopOuuu cyibdar- u
XJIOpUJ- MOHOB B CTAaTUYECKUX YCIOBHUSIX, C TMOMOINBIO METO/Ja MEPEMEHHBIX
HaBecok [3]. anHas nzotepma mo cBoeit popme oTHOCUTCS K n3otepmam IV tuma
(kmaccudukarms mo BOT) [4] m  xapakrepHa s aacopOIMU Ha MOPUCTOM
TBepaoM tene. [lpomecc amcopOmum 3akaHuMBaeTcs oOpa3oBaHHMEM Ha
MOBEPXHOCTU  aJcOpOEHTa MOJUMOJIEKIIPHOTO ajacopOunoHHoro cmos. C
MOMOIIIBI0O TIOCTPOCHHBIX HM30TEPM ajacopOiuu (puc.) H3 TeMmIepaTypHOU
3aBHCHMOCTH PAcCCUYMTaHbl TepMoauHamuueckue mapamerpsl (Ah ;AG) [5]
ancop6uun SO,” u Cl” Ha 301me Ky3Herkoro yriu.

A, Mr/r A, mr/t
19

10

0 5 10 15 20 Cp, mr/mv

0 3 T 15 20 25 Cp,mr/av
a o
Puc. U3orepmbl agcopOimu cynbdat- (@) U XJIOpHI-HOHOB (0):
A — BenmuuuHa ajacopOuuu, mr/r; Cp — paBHOBECHAass KOHLEHTpPALMsS B MOJIEIIBHOM DPacTBOPE,

Mmr/ J1M3

O} PeKTUBHOCTh OUUCTKU MOJIEIBHOTO COJEBOTO PacTBOpa B CTaTUYECKOM
2- -
pexume o SO, — 96%, ClI” — 98%.
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HM3MeHeHune kiImMaTa — OJJHA M3 BaXKHEUMIIINX np06neM, CTOAINUX IIEpea YCIIOBECUCCTBOM,
N BBIHYXXJAIOMIUX TIEPECMAaTPUBATH HpOI/I3BOI[CTBeHHBII>'I CCKTOp, 3KOHOMUYECKHMI CCKTOp, WU,
CaMO€ TJIaBHOC, UCITIOJIB30BAHUC DHCPICTHYCCKUX PCCYPCOB. HpI/IMeHeHI/Ie Ppa3INYHBIX I[O68.BOK,
TAKUX KaK JieTydad 30J1a, B COCTABC€ CTPOUTCIBbHBIX MATCPHUAIIOB, HU3MCHCHUC TEXHOJIOTUI
MMPOU3BOACTBA CTPOUTCIBHBIX MATCPHUAJIOB B ICJIIOM IIO3BOJIACT pPCIIATh 3adadu SKOHOMHUU
pPeCypCOB, YTHIIM3AllUU OTXOAOB, CHHIKCHHA YIIJICPOAHOI'O Clicda IMPOU3BOACTBA, IMPU ITOM
IMMOBBICUB Ka4Y€CTBO MPOAYKIIHUHU.

KiaioueBnlie cioBa: YT J'ICpOI[HLIfI CJIca, CTPOHUTCILCTBO, ,I[06aBKI/ICTpOI/ITCJIBHBIC

MaTCpHraJIbl.

REDUCING THE CARBON FOOTPRINT OF MATERIALS
TECHNOLOGIES FOR THE CONSTRUCTION INDUSTRY

'Fasykhov Aydar Ravilevich, ?Gainullina Leysan Raisovna
KSPEU, Kazan
'fara.388@mail.ru
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Climate change is one of the most important challenges facing mankind and forcing to
revise the manufacturing sector, economic sector and most importantly the utilization of energy
resources. The use of various additives, such as fly ash, in the composition of building materials,
changing the technology of production of building materials in general can solve the problems of
saving resources, waste utilization, reducing the carbon footprint of production, while improving
the quality of products.footprint of production, while improving the quality of products.

Keywords: carbon footprint, construction, additives.

[IpuMeHeHne pa3InyHbBIX J00ABOK, B TOM YHCIE OTXOJOB IPOU3BOCTB,
TaKMX KakK JIeTy4yas 30Jla, B COCTaBE CTPOUTEIBHBIX MATEpUAIOB, H3MEHEHUE
TEXHOJIOTUA MPOU3BOJACTBA CTPOUTENIbHBIX MATEPUAJIOB B LEJIOM IO3BOJSET
pemarb 3aJa4yd  SKOHOMHUHM PECypCOB, YTWIM3AaUUU OTXOJOB, CHUKEHUS
YIIEPOJHOTO ciiefia Mpou3BoACTBa. [IpoBoarMbIe UCCIeIOBaHUs B 3TOM 00iacTu
HaIlpaBJIEHbl TAK)KE HA MOBBIIICHHE KaueCTBa MPOAYKIIUH.

[lemeHTHAasE MPOMBIIUICHHOCTh SIBJSICTCSI KPYMHBIM MUCTOYHHUKOM BBIOPOCOB
muokcuaa yriepoaa (CO,). Ha goimto 3Toi MpOMBINIUIICHHOCTH TPUXOAUTCS 110 5%
MHUPOBBIX aHTPOIOTEHHBIX BBIOPOCOB ATOrO rasa, u3 KoTopbix 50% - yriepoaHsii
cires; XuMudeckux mporeccoB U 40% - cxxuranus torumsa [1]. KommuectBo CO,,
MOJIy4aeMoro JJisi U3rOTOBJIEHUSI KOHCTPYKIIMOHHOTO O€TOHa (C MCHOJIb30BaHUEM
~ 14% uemenTa), orienuBaetcsi B 410 kr/M° (~ 180 kr/ToHHA Mpy TJIOTHOCTHU 2,3
ryem’) [2].

Brei6bpocst CO, mpu  mpom3BojacTBe O€TOHA TPSIMO  MPOMOPIIHOHATHHBI
COJICp’)KaHMIO  IIEMEHTa, HUCIojb3yemMoro B OetoHHoir  cmecu; 900
kr CO, BeIOpacbIBaeTCsl TPHU M3TOTOBICHWH KaXKIOW TOHHBI IIEMEHTa, YTO
coctaBisieT 88% BBIOPOCOB, CBSI3aHHBIX CO CpelHEW OETOHHON CMEChIO.
[Ipon3BoACTBO IIeMEHTa CIIOCOOCTBYET BBIOPOCY MApHUKOBBIX Ta30B Kak
HEIMOCPEJICTBEHHO 3a CYeT 00pa3oBaHMs ABYOKHCH YIJEpoJa MPU TEPMUUYECKOM
pa3ioKeHUH KapOoHaTa KaJlbliusl ¢ 00pa30BaHMEM M3BECTH U JIBYOKUCH YTJIepoa,
TaK M 32 CUET UCIOJIb30BAHUS SHEPTUH, B YACTHOCTH, MPU CKUTAHUU UCKOIIAEMOTO
torumBa [3].

Jlist mpuMepa mpuMeM 3HEpreTUYecKuid oOBEKT THapolieKTpocTaHuio. C
oobemoM 3manusg 1 000 000 M® u mrotmHol 150 000 M (mns  cpaBHEHUS
HoBoueGokcapckast I'DC wumeer o6sembr 1018000 M® u 155000 w°
COOTBETCTBEHHO). YTJEPOJHBIM CIiell, COrNIaCHO METOJMKaM pacyeTa BbIOPOCOB
MAapHUKOBBIX ra30B, BOBMOXHO pacCyuTaTh Mo (popmyie:

E=(VitVo) - k1 (1)
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rae E, — BeIOpochl yrimepomnoro ciema TorH CO./M°; Ky — kommuectBo CO,
IOJy4aeMOro ISl M3TOTOBICHHS KOHCTPYKUHOHHOTO OetoHa (kr/m’) [4]; Vi —
00bEM IIOTUHBI, M3V, — 00BEM 31aHM, M,

[ToncraBuB nanusie B popmyiy (1) momydnm:

E..= (150 000 + 1 000 000) - 410 = 471 500 Torn CO»/M>

Konnuectso CO,, moiydyaeMoro st M3rOTOBJICHHUS KOHCTPYKIIMOHHOTO
3 .

OeToHa B HACTOSIIEEC BpeMs BO3MOXKHO CHH3UTH A0 290 kxr / m° ¢ 3amenoit 30%
IIEMEHTa Ha JIeTy4ylo 30y [5, 6]. [ToacTaBuB M3ydeHHbIC 3HAUCHUS TTOTYIUM:

E,»= (150 000 + 1 000 000) - 290 = 333 500 Torn CO./M’.

Hcxons u3 cpaBHEHUS! UCIOJIb30BAHMS «UYHUCTOrO» LIEMEHTA U JOOABICHUS B
KOHCTPYKIIMOHHBIE MaTepHUalibl IPUMECEH, CAENIaH BBIBOJI, YTO YIJIEPOAHBIA CIIE]
KOHCTPYKIIMOHHOTO OE€TOHA CHUKAETCS 3HAYUTENIbHO MPU 3aMEHE YacTH I[EMEHTa
Ha JIETY4YylO 30J1y, IMOBBIIIAIONIYI0 K TOMY € IMPOYHOCTHBIE XapaKTEPUCTHKHU
OeToHa.

Takum oOpazom, OJHON M3 XapaKTEPHBIX OCOOEHHOCTEH BCETrO KOMILIEKCA
OETOHHBIX PadoT SABIIAECTCS CTPEMIICHUE K pa3pab0TKe ¥ MPUMEHEHUIO TEXHOJIOT UM,
00ecreynBaOINX  HEOOXOAMMBI  TEeMIepaTypHbId  pexuM B OJoKax
OETOHHMPOBAHUS U B IIEJIOM COOPYKEHHUSI, UCKIIOYAOIINX TPEIIMHOOOpAa30BaHKE B
NEPHUOJI CTPOUTENBCTBA U AKCIUTyaTallui. B 1aHHOM HampaBieHuu Npu noadope u
IPUTOTOBJICHUM OETOHA peIlalTCs 3aJayd CHUKEHHUS YIJIEPOJAHOrO Clela,
MPOU3BOJICTBA, YTHJIM3AIMS OTXOJOB J00ABISIEMBIX MNPUMECEH W TOBBIIICHUE
MPOYHOCTHBIX M TEXHOJIOTMYECKUX CBOMCTB OE€TOHA.
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METOJUKA NPOBEJEHUA JABOPATOPHBIX UCCJIEJOBAHUM
JIJI1 OBOCHOBAHUSA DKOJIOT'MYECKOM U SPHEPTETUYECKOM
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Metoanka pUMEHsIach UIsi HOBOM pa3paboTaHHOM ycTaHOBKH 10 mateHTy Ne 2754911,
JlaGoparopHble HccleA0BaHUS MPOBOIWINCH B aKKpeAUTOBaHHOW naboparopuu. IIporpamma
uccienoBannii nepepaborana ¢ yderom ['OCT 31346-2007 «YcTaHOBKH i TIepepaOOTKH
noméra. MeToapl HCHBITAaHUNW». YCTaHOBKAa IMpelHa3HaueHa JJs yTUIU3aluud OTXOJI0B
NITUIEBOJICTBA

KiaroueBble ¢j10Ba: OTXObI ITHUIICBOJACTBA, J'Ia60paT0pHBIe HCCICI0BaHUs, MECTOOAHUKA.

METHODOLOGY OF LABORATORY RESEARCH TO SUBSTANTIATE
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The technique was used for a newly developed installation under Patent No. 2754911.
Laboratory tests were carried out in an accredited laboratory. The research program has been
reworked taking into account GOST 31346-2007 “Manure processing plants. Test methods”. The
installation is designed for the disposal of poultry waste

Keywords: poultry waste, laboratory research, methodology.

JluHaMUYHOE pPa3BUTHE MNTULIEBOJYECKOTO CEKTOPA arpOolpOMBIIUIEHHOIO
KoMIiekca u moBbimarontuecss ¢ 2019 roma ko3dduimeHTs 3a pa3MenieHue
OTXOJIOB CTHUMYJIHPYIOT TPEINpHUITHS K BHEIPCHUIO HOBBIX HH)KEHEPHBIX
peleHnii o OOpalleHHI0 ¢ OTXOJaMHU M BHEAPEHHIO HAWIy4YlIUX JOCTYIHBIX
TEXHOJIOTUH.

JUist 000CHOBaHMSI NMPUMEHEHUS WHKEHEPHBIX PEHICHUH M0 YTUIN3aLHUH
MOJCTUJIOYHOTO TIOMETa, JAaliee ChIphE, HEOOXOAMMO IPOBECTH TUIATEIbHBIC
WHCTPYMEHTAJIbHBIE CCIIEIOBAHUS CYIIECTBYIONIEH CUTyalluu Ha nTuledadpuke.

JUiss  uccnemoBaHuid  pa3pabOTaHHOM M COOpaHHOM  aBTOPOM
ra3u(pKalOHHON YCTAHOBKM Ha OCHOBAaHMU THUIIOBOM MPOTrPaMMBbl COCTABJISIOT
pabouyro mporpaMMy-METOJIUKY, B KOTOPOM YKa3bIBAIOT ¢ YU4ETOM OCOOCHHOCTEU
KOHKPETHON YCTaHOBKH NEPEUYEHb ONMPEIEIIEMBIX MOKa3aTeIeH Mo KaXJa0My BHIY
OLICHKHM, PEKMMOB, YCIOBUS W MECTO MCIBITAHWN, HAUMEHOBAHUS MPUOOPOB U
000pyT0OBaHUs, MPUMEHAEMBIX TIPU UccieaoBanusx [1, 2].

JUIsi  KOJIMYECTBEHHOTO XHMMHYECKOTO aHallu3a MCXOJHOIO ChIPbS M
MPOIYKTOB ra3u(uKalud MPUBJIEKAIACh aKKPEIUTOBAHHAS 3KOJOTO-XMMUYECKas
nabopatopus Unxxunupunrosoro uenrpa KI'DY.

AHanu3bl ChIpbS M 30Jbl NMPOBOAWIMCH Ha MpuOOpax U 000pYyIOBaHUU
YCTAaHOBJIICHHBIX B  TIOMEIICHHUsSIX JabopaTopuu. Bele3nHble  u3MepeHus
MPOBOJMIIMCH HA MEPEHOCHBIX MPUOOpax.

Bce npubopsl, u3MmepurenbHoe OOOpYyAOBaHME HAa MOMEHT HU3MEpPEHUMU
MPOILUIN MOBEPKY U UMEJTU COOTBETCTBYIOIIYIO JOKYMEHTAIHUIO.

[lepeq HavasioM SKCHEPUMEHTA M TIOCIE BBITPY3KH 30JbI MPOBOAMIACH
OlICHKa BJaXHOCTU. {11 nmabopaTOpHBIX HCCIENOBAHUM OTOMpAETCs HaBecKa U
MOMEIIAETCS] Ha BECHI, MOCIIE YETro MPOU3BOAUTCS U3MEPEHUE €€ HauallbHOM MacChl
(Myaq) C 3aHECEHHEM B MPOTOKOJ u3MepeHuit. [locie mpoBeneHus 3KCepuMeHTa
30J1a BBICHINIAETCS, U U3MepeHne noBTopsieTcs (My,y;). 3aTeM HaBecka MOMEIAeTCs
B My(enbHyI0 Teyb JJIg OINpEAesieHUs KOHEYHOW BIAXXHOCTH M TPOU3BOJIUTCS
TpeThe B3BelMBaHUe HaBeCkH (Mcyx). Maccbl 30mbl (Ms;) u Biaaru (Mgy)
BBIYHUCIIsIETCS 110 (popMynam:

M, =M. x —M

31 T CYCyX HAY » (1)
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M M M

B1 — Ykon ~ Vieyx (2)

Kaxknoe n3MepeHne mMacc HaBECKH M 30JIbI COCTOUT M3 | B3BEIIMBAHUS IS
KaXJIOro TIOBTOpa, IO pe3yJbTaTaM  KOTOPBIX  BBIYUCISETCS  CpelHee
apupMeTHYECKOe 3HA4YeHHE Macchl. AOCOJIIOTHAs IOTPEIIHOCTh  MPSIMBIX
M3MEpEeHUN BhIUMCIAETCS 10 MeToay CThIOJIEHTA Il 3HAYCHUSI JIOBEPUTEIHLHOM
BepositHocTu 0,95 [3.4].

[IpoBeneHne >KCIIEPUMEHTOBR TPeOyeT TIIATEIbHOIO0 aHaIn3a IMOJYyYeHHBIX
pe3yabTatoB. B cBsA3M ¢ 3TUM HEOOXOIUMO MTPOBECTH MaTEMATUUECKY0 00paboTKyY
AKCIIEPUMEHTAJIBHBIX JIAHHBIX.

CpeHee 3HAaUCHUE BIAKHOCTH ONPENEISETCS 0 GopMyJIe:
E:Z(wn)/n, (3)

rZie ®, — BIQXKHOCTb B IP0o0O€; N — KOJIUYECTBO MPoO.

I[IpenensHOE OTKIOHEHHUE PACCYMTHIBAETCS 110 (hOPMYIIE:
o=+(X(0n o))/ (n-1), 4)

2
rae ((Dn - m) — KBaJpaT OTKJIOHCHUSI.

JI1s mpoBeieHUsT aHATTU30B Ha yA0OpUTENbHBIE CBOMCTBA UCXOHOTO ChIPhs
Y 30J1b] IPUHUMAIOTCS CIEAYIOIIUE METOIUKH:

I'OCT 26717-85 «Meton onpenenenus ob6mero ¢ocdopa». Meton
onpenenenus pocodopa COCTOUT B CIHEKTPAIHLHOM aHAIM3€ MOATOTOBICHHOMN
npoObl ¢ JanbHeie o0paboTKON pe3yabTaTOB HA MEPCOHAIBHOM KOMIIBIOTEpE.
[IpumensieMbie cpeAcTBa M3MepeHus: cnekrpodoromerp. IlorpemHocTs JaHHOTO
Mmetonaa coctasisieT 0,2 %.

I'OCT 20851.3-93 «Metoasl onpeaeaeHus MacCOBOM JOJIM Kaus». Meton
OCHOBaH Ha OCAXJCHUM Kajus TeTpaeHUI00paToM HATpUsi B YKCYCHOKHCIIOM
Cpele M TMOCIEIyIONeM BBICYIIMBAHUM W B3BCIIMBAHWU TOJIYYEHHOTO OCaaKa
teTpadenudopara kanus. [IpuMeHsiemble cpeicTBa M3MEpEHHs: Bechl 4 Kiacca
touHocTH. [lorpemnocts Metona: 0,2 %.

I'OCT 26715-85 «Metoapl ompeneseHus oO0mEero asora». A30T B
MOJICTUJIOYHO-TIOMETHOW Macce ompeensuicas no Merony Keenbnans. s
NPUMEHEHUsI JAHHOTO MeToAa Obla coOpaHa yCTaHOBKA IMpeACTaBiICHHas Ha
pucynke 1.
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Puc. 1. YcranoBka u IIponuecc OIPCACICHHA a30Ta B oMETe

[IpumeHsiemMble CpelcTBa M3MEPEHUs: BEChl 2 KJacca TOYHOCTH, KOJIOBI
Ksenpaans. [lorpemnocts Metona: 0,1 %.

Takum 00pa3oM C NpUMEHEHHEM JaHHOW METOAMKUA Oblla 00OCHOBaHA
IpPUMEHEHUE HOBOM pa3pabOTaHHOM YCTAaHOBKM B  YCIOBHUSX pEajIbHOTO
nTuneBoaueckoro npexnpuatus [1, 5]. OOocHOBaHBI ~KOHCTPYKIIMOHHBIC
OCOOEHHOCTH, a TaKKe OOOCHOBaHBI XapaKTEPUCTHKU PaOOTHI YCTAHOBKHU IIPH
KOTOPBIX JIOCTUTAIOTCS HAWIy4YlIUME T[OKa3aTelM KadecTBa 30JIbl B KadyeCTBE
ynoOpeHus.
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MOHUTOPHUHI TEMIIEPATYPHOI'O KIIMMATA
O CTATUCTHYECKHUM JAHHBIM
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B cratbe nccnemyercst BEpoITHOCTH T7100anbHOrO noreruieHus B Pecriyonuke Tarapcran
U €ro BO3MOXHBIE IIOCIEACTBUS JUIsl PETHOHA. BBINIONHEH aHaIu3 CTaTUCTUYECKHUX JaHHBIX
TEMIIEPATYPHOTO KIMMaTa 3a CTO IOCICAHUX JIET 1o ropoxy Kasanm, KOTOpBIM IOKa3al
YCTOWYMBBIN TPEHJ HA YBEIUYEHUE CPEIHEr0I0BOM TEMIIEPATYPHI.

KuroueBsblie ciioBa: riio0anpHOE NOTEIUIEHNE, KIMMAaTHUECKUE U3MEHEHUS, BEPOSTHOCTD,

TemIeparypa, 0Caiki, IPOrHO3UPOBAHHUE.

TEMPERATURE CLIMATE MONITORING
ACCORDING TO STATISTICS

Fugina Arina Konstantinovna, “Budnikova Ivetta Konstantinovna
KSPEU, Kazan
fugina.arina@yandex.ru, %ikbudnikova@yandex.ru
The article examines the likelihood of global warming in the Republic of Tatarstan and
its possible consequences for the region. An analysis of statistical data on the temperature
climate for the last hundred years was carried out for the city of Kazan, which showed a steady
trend towards an increase in average annual temperature
Keywords: global warming, climate change, probability, temperature, precipitation,
forecasting.

Bomnpoc rino0anbHOr0 MOTEMJIEHUS UM €ro MOCIEICTBUA CTAaHOBUTCSA BCE
0oJiee akTyaJbHBIM B COBPEMEHHOM Mupe. M3mMeHeHue kiaumaTa MOKET IPUBECTH
K MacCOBbIM HM3MEHEHMSIM B NPHUPOJHON Cpelie, a TAaKKE OKa3aTh HETaTUBHOE
BO3JICCTBHE HA SKOHOMUKY U COLIMANIbHYIO c(hepy peruoHa.

Ha npoTspkeHnu nmociaeaHuX CTONETH CpefHsis TeMIlepaTypa MOBEpXHOCTU
3emMil TIOCTENEHHO YBEJIMYUBAJIach, @ MHTEHCUBHOCTh 3TOTO POCTa 3HAYUTEIHHO
YCKOPHJIACh, YTO CBSI3BIBACTCS C BHIOPOCAMU MAPHUKOBBIX T'a30B B atMochepy [1].

OcobenHoctu kinuMmaTta TarapcTaHa CBsi3aHbl C €ro reorpauueckum
N0JIO)KEHUEM. [7100albHOE MOTEIUIEHWE M U3MEHEHHE INPUPOAHBIX YCIOBUN HE
IPOIIIA MUMO 3TOr0 peruona [2, 3].
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M3meHeHne KiMMaTa MOXKET MOBIHUATh HAa OMOpa3HO00pa3re U SKOCUCTEMbI
PErvoHa, a TAKKE Pa3BUTHE CEIBCKOTO X0341UCTBA U IPYTUX OTPACiIeid SKOHOMUKH.

B cratbe MNpCACTAaBJICHBI PE3YJIbTaTbl HCCIICIO0OBAHWSA, BBIIIOJIHCHHBIC 110

CTaTUYECKUM JTAHHBIM MOHUTOpPHUHIA TeMneparypsl Bo3ayxa B Kazanu 3a 100 set ¢
1923 mo 2022 rr. [4,5].

3a xaxnabie 10 jeT BeIYUCIEHA cpenHAs TemrepaTypa. [Ipumep m3MeHeHus
CpeIHEMECSYHbIX IOKa3aHWM TeMmIepaTypbl Bo3ayxa 3a mnociegnue 10 jer
Ipe/ICTaBJICH B TaOIHIIE.

Tabmuna

CpennemecsiuHbIe MOKa3aHUs TEMIIEPATypbl Bo3ayxa 3a nepuoj ¢ 2013 mo 2022 rr.

Mecsn SAnBapp ®deBpaib Mapt Amnpenb Maii Hronb
Cpennsist T, °C 9,7 7,3 —2,7 5,6 14,8 18,7

Mecsn Hronb Asryct | Cents0pp | Oktsa6pp | Hos6ps | [lexabpp
Cpennsia T, °C 20,8 19,9 12,4 5,2 -1,6 -6,9

Pe3ynbpraTel 00pabOTKM TemnepaTypHbIX JaHHBIX 3a 100 jeT mokas3aHbl Ha
nuarpamme (puc. 1), HaOrolaeTcsl TPEHJ Ha POCT
TEMIIepaTyphl.

Ha KOTOPOWM YETKO

-
-
-
-
-
-
-

Cpeaue rofoBasn Temneparypa,c
\
o
[*3
_|
\
\
|
— ‘
\
\
“
\
|

Mepuopg spemenu, rog,

Puc.1l. Jlunamuka uaMeHeHus TemreparypHoro pexxuma 3a 100 jer
Hcnonp3ys nocneanue ganabie 3a oKTssOps 2023 1., mpoBeneH

CPaBHHUTENbHBIA aHAIM3 U3MEHEHHUS TEeMIEpaTypbl MO JTHAM 3a OKTIOph 1923 u
2023 rr. (puc. 2).
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Puc 2. I'paduku xo1a TemiiepaTypbl Bo3ayxa 3a okTssops 1923 1. (a) u 2023 . (6)

Cpennemecsiynasi Temneparypsl okTsopst 1923 r. — 3,4 °C, a B 2023 r. o —
5,8 °C. Otknonenue ot HopMmbI: +0,5 °C.

Takum oOpa3zoM, pe3ysbTaThl MPOBEACHHBIX UCCICIOBAHUN MOATBEPKIAIOT
HaJIM4ME YCTOWYMBOIO TPEH/A Ha TOBBIIICHHWE TEMIEPATypHOro KiIMMaTa, U Kak
CJIEJICTBHE STOTO TMPOIECcCa MOBBIMIAETCA BEPOSTHOCTH MPOTHO3a TII00aTHLHOTO
noTeruieHus B 1esioM o PecniyOnuke TatapcTaH.
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