ISSN 2518-170X (Online)

—e =

—rl J | e |

-l|-'lr- -—.‘.".-l :-h
ALATARKCTAH PECTIVRETHEACK
WTTTHK FRLTHIN
WK AJTEMHAC KL= FEKE

«KA3AKCTAH PECITYBJIMKACHI
YJITTBIK FBIJIbIM AKAIAEMUACHI» PKb
«XAJIBIKy KK

XABAPIIAPDBI

ISSN 2224-5278 (Print)

N3BECTUA

POO «HAL[I/IOHAJILHO?I
AKAJIEMUWN HAYK PECITYBJIMKHU
KA3AXCTAH»

YD «Xanblk»

NEWS

OF THE ACADEMY OF SCIENCES
OF THE REPUBLIC OF
KAZAKHSTAN

«Halyk» Private Foundation

SERIES
OF GEOLOGY AND TECHNICAL SCIENCES

6 (467)

NOVEMBER - DECEMBER 2024

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immulx 2oiivim akademusicol « KP ¥FA Xabapnapwl. I'eonocus
JICOHE MEXHUKANBIK ZbLIbIMOAP CepUsChly bLibiMU dHcypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHbiH
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevlnaowvl. KP YFA Xabapnapwl. eonoeus scane mexHUKAIbIK 2blIbIMOAp Cepusicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoue
6e0endi eeonocus JHcoHe MEXHUKABIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbl30bl

6indipeoi.

HAH PK coobwaem, umo nayunvii ocypuan «Mseecmuss HAH PK. Cepusa zeonozuu u
MeXHUYecKux Hayky» ool npunsim 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codepoicanue 8 3mom uHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as OanvHeuuezo npUHAMUA
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednazaem xauecmeo u enyoumy
KOHmeHnma O ucciedogamenell, asmopos, uzdameneli u yupedxcoeHuti. Bxmouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUANETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM OISl Hauie2o coodujecmad.



Bac pegakrop

JK¥PBIHOB Mypar /KypbIHYIbI, XUMHS FBUIBIMAAPBIHBIH JOKTOpEL, mpodeccop, KP ¥FA
akagemuri, «Kasakcran PecryOnmukackl ¥ITTBHIK FUTBIM akanemusicel» PKbB-HiH mpesunenti, AK
«/1.B. Cokonbckuii aTbIHAAFEI OTHIH, KaTaJIN3 JKOHE IEKTPOXUMUS HHCTUTYTHIHBIHY» 0ac TUPEKTOPEI
(Anmarsr, Kazakcran) H =4

FpuibiMu xaTmibl

ABCA 1BIKOB BaxsiT Hapnk6aiiyJibl, TeXHHKa FBUIBIMIAPBIHBIH TOKTOPEL, podeccop, KP ¥YFA

JKayanThIXaTIIBICH], A.B. BeKTypoBaThIHAaF BIXUMUS FBUIBIMIaPEIMHCTUTY THI (AnMaTbl, Kazakcran) H=5
PegaknusaablK aJK a:

9BCAMETOB Mauic Kyasicyas! (6ac penakTtopablH opeIHOAcaphl), reoIorus-MHHEPaIoT st
FBUIBIMJIAPBIHBIH  TOKTOpHI, Tpodeccop, KP ¥YFA akagemuri, «Y.M. AxmencaduHa aTbIHAAFEI
THIPOTEOJIOTHS JKOHE T€0IKOJIOTHSI HHCTUTYTHIHBIHY AupekTopsl (AnmMarsl, Kazakcran) H =2

7KOJITAEB TIepoii XKoaraiiyiabl (6ac penakTopAblH OpbIHOAacapsl), TeoJoTrHs-MHHEPaIOTHs
FBUTBIMJIAPBIHEIH TOKTOPEL, Tpodeccop, K. 1. Carnaes THIHAAFbI 00T U FEUTBIMIAPHI HHCTUTY THIHBIH
nupexTopbl (Anmarel, Kazakcran) H=2

CHOY pumen, Ph.D, kayeiMpacteipbuiran mnpodeccop, HeOpacka yauBepcutetiHiH Cy
FBUIBIMJIAPHI 3epTXaHachIHbIH qupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, Taburu Tapux MypaxaibiHsig XKep Typais! FeutbiMaap OemiMinae
METPOJIOTUS JKOHE Iaijayibl Kazbanap KeH OpBIHIAphl CalachIHIArbl 3epTTEYNCpAiH JKeTeKIIici
(Jlonnon, Aurus) H = 37

NAH®UWJIOB Muxaua bopucoBuY, TeXHHMKAa FBUIBIMIAPBIHBIH  JOKTOpBl, HaHcu
yHUBepcuteTiHig npodeccops! (Hanen, ®panmms) H=15

HIEH Iun, Ph.D, KpiTaii reonorusiibik KOFAMBIHBIH Tay F€OJOTHICHI KOMUTETI TUPEKTOPBIHBIH
opbiHOacapsl, AMEpUKAaHABIK SKOHOMHKAJBIK TEONOrTap KaybIMAAcTHIFBIHBIH Mymieci (ITexkuw,
Kprrait) H = 25

OUIIEP Axcenb, Ph.D, JIpe3ncH TeXHUKAIBIK YHHBEPCHTCTIHIH KaybIMAACTHIPBLIFAH
npodeccopsi (Ipe3neH, bepaun) H=6

KOHTOPOBHY Auekceii IMUIbEBHY, I'€OJOTHA-MUHEPAIOTUS FHUIBIMIAPBIHBIH JIOKTOPBI,
npodeccop, PFA akagemuri, A.A. Tpodumyka aTelHIaFEl MyHali-Ira3 Te0JIOTUACHI JKoHE reoU3nKa
unctutyTsl (HoBocubupck, Peceit) H =19

AT'ABEKOB Baagumup EHokoBHY, XHMMHS FhUIBIMAAPBIHBIH HOKTOpH, bemapycs ¥TA
akanemuri, JKana Matepuangap XMMUSIChI HHCTUTYTBIHBIH KYpMeTTi qupektops! (MuHck, benapycs)
H=13

KATAJIUH Credan, Ph.D, [Ipe3neH TexXHUKaIBIK YHHBEPCHTETIHIH KaybIMAACTBIPBUIFAH
npodeccops ([pesznen, bepaun) H = 20

CEUTMYPATOBA Jneonopa FOcynoBHa, reoorus-MUHEPATOTUs FhIIIBIMAAPBIHBIH JOKTOPEI,
npodeccop, KP ¥FA koppecnongent-myieci, K.M. CarnaeB arbinmarbl [€070Tusl FBUIBIMAAPEI
HHCTHTYTHI 3€pTXaHaChIHBIH MeHrepyiuici (Anamarsl, Kazakcran) H=11

CAFYBIHTAEB “Kanaii, Ph.D, xayeiMpacteipbutran mpodeccop, HaszapbaeB yHuBepcuteti
(Hyp-Cyunran, Kazakcran) H =11

®PATTHUHMU Iaono, Ph.D, buxokk Munan yHUBEpPCUTETI KaybIMIACTBHIPbUIFaH HIpodeccopbl
(Munan, Uranus) H =28

«KP ¥YFA» PKb Xaoapaapsl. ['eosiorust :#oHe TeXHHKAIBIK FBIJIBIMAAP CEPUSICHD).
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I'naBHbIii perakTop

KYPHUHOB Mypar KypuHoBHUY, TOKTOp XUMUYECKHUX HayK, mpodeccop, akagemuxk HAH PK,
npesunent POO «HarnponansHoit akagemun Hayk PecriyOnuku Kazaxcran», reHepabHbIi TUPEKTOP
AO «MHcTuTyT TOIUMBA, KaTanu3a U a1ekrpoxumud uM. [1.B. Coxombckoro» (Ammarsr, Kazaxcran)
H=4

YueHHbIi cekpeTapb

ABCA/IBIKOB BbaxbiT HapukfaeBu4, JOKTOp TEXHHYECKUX HAYK, TPO(eccop, OTBETCTBEHHBIH

cexperaps HAH PK, UuctuTyT XuMmnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenakuunonHasi KoJgdJerus:

ABCAMETOB Mauc KyabicoBu4, (3aMeCTHTEINb ITTABHOTO PEAAKTOPA), TOKTOP I€0JIOTOMHHE-
panornueckux Hayk, mpodeccop, axagemuk HAH PK, mupexrop HMHcruTyTa Tmaporeosoruu u
reoskosoruu uM. ¥Y.M. Axmencaduna (Anmarsl, Kazaxcran) H = 2

KOJITAEB I'epoii ZKorraeBud, (3aMeCTUTEIND [TIABHOTO PEIAKTOPA), IOKTOP T'€0JI0rOMUHEPaIIo-
THYIECKUX Hayk, mpodeccop, mupexkrop MucTHTyTa reonormyecknx Hayk uM. K.M. Carmaesa (Anmarsr,
Kazaxcran) H=2

CHOY [Ipunea, Ph.D, acconumpoBannslii npodeccop, aupexrop Jlaboparopuu BOJHEIX HayK
yauBepcutera HeOpacku (mrat Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pykoBomurtenb uccienoBaHuii B 00JacTH IMETPOJOTHU U
MECTOPOXK/ICHUH TTOJE3HBIX HCKOmaeMbIX B Otmene Hayk o 3emie My3est eCTeCTBEHHOH HCTOPHH
(Jlonnon, Aurus) H =37

HAH®UJIOB Muxaua bBopucoBHY, TOKTOp TEXHHUYECKHX HayK, Mpodeccop YHUBEpPCHTETA
Hancu (Haucu, ®panmums) H=15

HIEH IMun, Ph.D, 3amecrurens aupexropa Komurera mo ropHoit reomormn Kurtaiickoro
Te0JIOTHYECKOT0 00IIecTBa, WieH AMEPHUKAHCKOH acCONHMAINK SKOHOMHUYeckux reonoros (Ileknw,
Kurait) H = 25

OUIIEP Axceas, acconuupoBanHslii npodeccop, Ph.D, Texanueckuit yausepcuret Jlpesnen
(Apesnen, bepmun) H = 6

KOHTOPOBMUY Auekceii IMUILEBHY, TOKTOP I'E0JI0r0-MHHEPATOrMICCKUX HAyK, Tpodeccop,
akagemuk PAH, MHCTHTYT HedrerazoBoii reonorun u reopmsuku uM. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATI'ABEKOB Baagumup EHokoBHM4, 10OKTOp XuMHYecKHX Hayk, akagemuk HAH benapycu,
MOYETHBIN qupeKkTop MHCTUTYTa XMMUHU HOBBIX MaTepuaioB (Munck, benapycs) H =13

KATAJIMH Credan, Ph.D, accoummpoBanubiii mnpodeccop, TexHHYEeCKHil yHUBEPCUTET
(Apesnen, bepmun) H =20

CEUTMYPATOBA Djeonopa IOcymoBHa, [OKTOp TIeO0lOrO-MHHEPAIOTHYECKUX —Hayk,
npodeccop, wieH-koppecnoneHT HAH PK, 3aBenyromas taboparopunt MIHCTHTyTa Te0IOTHYECKUX
Hayk uM. K.M. CarmaeBa (Anmarsl, Kazaxcran) H=11

CAI'MHTAEB Kamnaii, Ph.D, accouuupoBannsiii mpodeccop, HazapbaeB yHuBepcureT
(Hypcynran, Kazaxcran) H = 11

®OPATTHUHMU Iaoao, Ph.D, acconnuposanHblii npodeccop, Munanckuii yausepcuter bukokk
(Munan, Utamus) H = 28

«H3BecTtuss POO «<HAH PK». Cepusi reo10ruy 4 TEXHHYECKHX HAYK».
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Editorial chief

ZHURINOV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK,
president of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC
“Institute of fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan)
H=4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive

secretary of NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and
mineralogical sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of
hydrogeology and hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEY Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H =32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the
Earth sciences section of the museum of natural history (London, England) H = 37

PANFILOYV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H =25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden,
Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences,
professor, academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS
(Novosibirsk, Russia) H =19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus,
honorary director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences,
professor, corresponding member of NAS RK, head of the laboratory of the Institute of geological
sciences named after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H=28
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© K.K. Tolubayeva, E.V. Blinaeva*, 2024.
D. Serikbayev East Kazakhstan Technical University,
Ust-Kamenogorsk, Kazakhstan.
E-mail: EBlinaeva@edu.ektu.kz

DEVELOPMENT OF AN ECOLOGICALLY CLEAN TECHNOLOGICAL
UNIT FOR HEAT AND ELECTRIC POWER GENERATION

K.K. Tolubayeva — Associate Professor, Candidate of Technical Sciences, D. Serikbayev East
Kazakhstan Technical University, Ust-Kamenogorsk, Kazakhstan, E-mail: KTolubaeva@edu.ektu.
kz, ORCID: https://orcid.org/0000-0002-6390-2111;

E.V. Blinaeva — Associate Professor, Candidate of Technical Sciences, D.Serikbayev East Kazakhstan
Technical University, Ust-Kamenogorsk, Kazakhstan, E-mail: EBlinaeva@edu.ektu.kz. ORCID:
https://orcid.org/0000-0001-7251-3292.

Abstract. Existing installations for generation of thermal and electric energy
have a number of disadvantages. These include low efficiency from 40%, high
energy losses, dependence on weather conditions, high indicators of pollution
emissions, significant energy losses during its transportation, significant financial
costs for the purchase and delivery of fossil fuels.

Alternative, so-called ‘green’ sources of energy generation are also not as
cheap and safe as many people believe. The search for new and innovative ways
of production and transmission of electrical energy, which will combine high
efficiency, low cost and minimal environmental damage is an urgent task.

The technological unit presented in the article is an innovative solution for the
production of thermal and electrical energy. The peculiarity is the possibility of
using both specially prepared working water and water from various natural sources
or centralised water supply systems, which makes it universal and applicable in
various conditions.

The described installation has a number of advantages. Firstly, its versatility and
flexibility, the possibility of using different water sources, making it suitable for
different locations. Secondly, energy efficiency, the possibility of producing heat
and electricity, which allows optimising the use of resources. Thirdly, environmental
friendliness: the use of renewable energy sources reduces the negative impact on
the environment. Fourthly, cost-effectiveness, providing reduced energy costs and
the possibility of operation in conditions of rising electricity tariffs, making the
installation economically attractive for businesses and end users.
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. CepikbaeB arsiagars! LLbreic KazakcTaH TEXHUKATBIK YHUBEPCUTETI,
Ockemen, KazakcraH.
E-mail: EBlinaeva@edu.ektu.kz

KBbLTY KIOHE JIEKTP DQHEPTUSACBIH AJIY YIIIH 9KOJOI'UAJIBIK
TA3A TEXHOJIOI'UAJIBIK KOHABIPTBIHBI 93IPJIEY

K.K. Toay6aeBa — KaybiMaacTeipbuFan mpodeccop, TeXHHKA FhUIBIMIAPBIHBIH KaHIHIAThI,
J. Cepixbaes arpigarsl 1Ierreic Ka3akcraH TeXHUKaNBIK yHUBepcHTeTi, OckemeH, KaszakcraH,
E-mail: KTolubaeva@edu.ektu.kz. ORCID: https://orcid.org/0000-0002-6390-2111;

E.B. BaunaeBa — KaybiMpacteipputran mpodeccop, TEXHHKa FBUIBIMIAPBIHBIH —KaHIHIAThI,
J. Cepixbaes arpigarsl 1IeFeic Ka3zakcTaH TeXHUKaNbBIK yHUBepcHTeTi, OckemeH, KaszakcraH,
E-mail: EBlinaeva@edu.ektu.kz. ORCID: https://orcid.org/0000-0001-7251-3292.

AnHoTamusa. JKbUly JKOHE DIEKTp SHEPrWACHIH OHAIpYre apHaJFaH
KOJJTAaHBICTaFbl KOHIBIPFBUTAPABIH Oipkatap kemmrismikrepi ©Oap. Omapra 40%
TOMEH THIMIIIIK, )KOFaphl SHEPTHsI IIBIFBIHEI, aya pabl KaFmalblHa TOYCIIIIIK,
JacTaylllbl 3aTTapblH IIbIFAPBIHABUIAPBIHBIH JKOFaphl [ICHIEHi, TachIMaliay
KEe31HJIeT1 SHEPTUSHBIH alTapJIbIKTal HKOFaIybl, OPTaHUKAJIBIK OTBIH/IBI CATHII Ty
MEH KETKi3yre alTapibIKTal KapKbUIBIK IIBIFBIHIAD KaTa bl

OHeprusi eHIIPYMIH <OKachL» JCN aTajaThiH OanaMa Ke3aepl Jie KOIIILTiK
oiiylaFaHzai ap3aH opi Kayirci3 emec. JKorapbl THIMIUTIKTI, TOMEH LIBIFBIHIAPIbI
KOHE KOpIIaFraH opTara €H a3 3USH KEeNTIPeTiH dJEKTP SHEPTHACHIH OHIIPY MEH
OepyaiH *KaHa >KoHE MHHOBAIMSUIBIK SAICTEpiH i34ey Ke3eK KYTTipMEHTIH MiHAET
0oJIBIN TAaOBUTAIEI.

Makanasa YCBIHBUIFAH TEXHOJOTUSUIBIK KOHABIPFBI JKBUIY JKOHE OJJIEKTP
SHEPTUSCHIH OHIIpyre apHajfaH HMHHOBAIMSUIBIK MICHIM OOJIBIT TaObLIa bl
Epexmieniri - apHaiibl JaibIHAAIFaH KYMBIC CYBIH [, 9PTYPJIi TaOUFH Ke3lIepAcH
HEMECE OpTANbIKTaHIABIPBUIFAH CyMEH JKaOIbIKTay >KYHeJepiHeH Cyasl [Ja
naiijanaHy MYMKIHIITI, OHBI oMOeOar >KoHEe SpTYpIi JKarmaimapna KOJJIaHyFa
MYMKIiHZIK Oepei.

CumarrajaraH KOHIBIPFBIHBIH OipKaTap apTHIKIIBUIBIKTApPBEI Oap. bipiHmrici
— OHBIH oMOeOanTBIFEI MEH WKEeMITITi, OpTYpili Cy Ke3mepiH maimamaHy
MYMKIHITi, OHBI OpPTYpPJl OpBIHIAPFAa KOJAWIBI eTefi. EKIHIIiAeH, JHeprus
TUIMJUTIT], pecypcTapipl MaijanaHyIbl OHTAMIAHABIPYFa MYMKIHAIK OepeTiH
KBUTY JKOHE 3JIEKTP SHEPTUSACHIH OHAIPY MYMKIHZITL. YIIHIIIAEH, 3KOJOTHSIIBIK
Ta3aJbIK: KaHAPTHUIATHIH DHEPrus KO3JIEpiH NaijanaHy KopllaraH opTara Kepi
ocepiH aszaitanpl. TepTiHIIIEH, SHEPTHs IIBIFBIHAAPBIH a3alTYIbl J)KOHE 3JIEKTP
SHEPTUACH TapU(PTEpiHiH KOTEepidyi >KarmaiblHIA J>KYMBIC iCT€y MYMKIHIITiH
KaMTaMachl3 €TCTIH 3KOHOMHKAIBIK THIMIUIIK KOHIBIPFBIHBI KOCIOPBIHAAD MCH
TYNKUTIKTI TYTBIHYIIBIIAP YIIiH 9KOHOMUKANBIK >KaFbIHAH TapThIMIBI €TE/I.
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AnHoranusi. CyIecTBYIOIIME YCTAHOBKM JJsi TEHEpAlMH TEIUIOBON U
AIEKTPUUYECKON PHEPrUU UMEIOT P HEeJOCTaTKoB. JTo U HeBbicokuit KIIJ[ ot
40%, BBICOKHME SHEPIONOTEPH, 3aBUCHMOCTh OT TOTOAHBIX YCIOBHM, BBICOKHE
MOKa3aTeNu 10 BBIOpOCaM 3arps3HEHH, 3HAYUTENbHbIE [TOTEPH YHEPTUH MPH €
TPaHCHOPTUPOBKE, 3HAYUTENbHbIE (PMHAHCOBBIE pacxXoisl Ha MpuHOOpeTeHHe U
JOCTaBKy OPraHUYECKOro TOIUIHBA.

AJbTEpHATUBHbBIC, TAK HA3bIBAEMBIC «3EJICHBIC» UCTOUHUKU DHEPrOTeHEpaIluu
TOXXEe HE TaK JelIeBbl W Oe30macHbl, Kak MojaraloT MHOTue. [IOMCK HOBBIX U
WHHOBAIIMOHHBIX CIIOCOOOB MPOU3BOJCTBA U Mepenayl 3JICKTPHUECKON DHEPrHH,
KOTOpBIe OyIyT coueTarb B ceOe BHICOKYIO 3()(hEeKTHBHOCTD, HU3KYIO CTOMMOCTD U
MUHUMAJIbHBIH SKOJIOTHUYECKUN YIIepO SIBIIIETCS aKTyaJIbHOM 3a1auehi.

TexHonoruyeckasi yCTaHOBKa, MPECTABICHHAs B CTaThe, MPEACTaBIsIET coO0H
MHHOBALIMOHHOE PEIICHUE IS MOMYUYCHHSI TSIUIOBOM U AJICKTPUUECKOW SHEPTHH.
OCOoOEHHOCTBIO  SIBJISIETCS. BO3MOXKHOCTH ~ HMCIIOJIB30BAaHHUA Kak —CIHEIHaIbHO
MOJITOTOBJICHHOMW paboyeli BOIbI, TAK U BOJIbI U3 PA3JIMYHBIX IIPUPOIHBIX HCTOYHHKOB
WM LIEHTPAIN30BAHHBIX CHCTEM BOAOCHAOKEHHUS, UTO JICTaeT €€ YHUBEPCAILHON 1
MPUMEHUMOM B Pa3INYHBIX YCIOBUSIX.

OnmucaHHas ycTaHOBKAa HMEET psiji NpeuMyliecTB. Bo-mepBbix, 3T0 ee
YHHBEPCAIBHOCTh M THOKOCTh, BO3MOXKHOCTH HCIIOJB30BAHUS Pa3IUYHBIX
WCTOYHUKOB BOJBI, YTO JEJIACT €€ IMOJIXOAIICH i pa3HbIX MecT. Bo-BTOpHIX,
9HeprodHEeKTUBHOCTD, BO3MOXXKHOCTH ITPOU3BOJCTBA TEIUIa M JJICKTPUUECTBA,
YTO TMO3BOJSIET ONTUMHM3HMPOBATh HCIOJNB30BAaHHUE PECYpcoB. B-TpeTbux,
9KOJIOTHYHOCTB: MCIIOJIb30BAaHHE BO3OOHOBIISIEMBIX HCTOYHUKOB DHEPIHU CHUKACT
HETaTHBHOE BO3ACHCTBHE HA OKPYXKAIOILIYIO Cpely. B-ueTBepThixX, 5KOHOMUYECKast
3 PEeKTUBHOCTh, OOECIEUUBAIOIIAs CHW)KEHHE 3aTpaT Ha DBIEKTPOIHEPTHIO U
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BO3MOKHOCTB 9KCILTyaTalllH B YCIIOBUSX pOCTa TAPU(OB Ha IEKTPUUESCTBO, IEJIACT
YCTaHOBKY OJSKOHOMMHYCCKHU HpI/IBJ’ICKﬁTGHBHOﬁ JJIsL Hpe}IHpI/IHTI/Iﬁ N KOHCYHBIX
norpeduTeneH.

KiroueBble ci10Ba: TEIUIOAICKTPOreHEPATOp, TEXHOJOTHUS, TOpsdas BOJa,
TEIJIOBast YHEPTHUs, AEKTPUUECKas SHEPrusl, TEMIIepaTypa, FKOJIO0TUs, HacocC.

Introduction

Seeking new methods of energy generation to meet the requirements of the
“green economy” is one of the key challenges of the 21% century. The green economy
strives for sustainable development, minimization of negative environmental
impacts and efficient use of resources. Therefore, it is necessary to look for energy
solutions that reduce greenhouse gas emissions, do not use depleted resources and
maximize the use of renewable energy sources.

Thermal power plants currently in use have a number of disadvantages, which
include:

1) High greenhouse gas emissions and air pollution: units powered by fossil fuels
such as coal, oil and natural gas contribute to significant emissions of greenhouse
gases such as carbon dioxide and nitrogen oxides, thus leading to climate change
and air pollution.

2) Depletion of natural resources: the extraction and use of fossil fuels lead
to the depletion of natural resources such as oil, coal and natural gas, which are
limited and do not satisfy the growing global demand for energy.

3) Accident risks and environmental pollution: thermal power plants, such as
nuclear power plants and thermal power plants, pose a risk of accidents including
radiation emissions and leakage of toxic substances that can lead to serious
consequences for the environment and human health.

4) Inefficient use of resources: traditional thermal power plants often have a low
efficiency coefficient, which means that a significant part of the energy obtained
from the fuel is lost as heat, or is not used efficiently.

5) Dependence on energy imports: many countries depend on energy import,
which makes them vulnerable to market price changes and geopolitical conflicts.

6) Potential threats to public health: emissions and waste from thermal power
plants may pose a threat to public health due to air and water pollution.

7) Fuel price volatility: market volatility and changes in fossil fuel prices can
have a negative impact on the economy and energy consumers.

Therefore the development and implementation of new, more efficient and
environmentally friendly methods of energy generation is critically important to
ensure sustainable development and reduce negative environmental impacts.

The developed technological plant is designed to produce hot water, heat and
electricity/ It also allows solving problems in energy conservation, energy, industry,
agriculture, civil engineering, environmental and other areas.

The technological plant will allow:

- producing hot water, heat and electricity without the use of classical, traditional
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combustible hydrocarbon (solid, liquid, gaseous) fuels that cause irreparable
environmental damage to ecology, flora, fauna, etc.;

- delivering hot water, thermal and electric energy to any detached administrative,
residential buildings, cottage complexes, preschool and school buildings educational
institutions, hospitals, industrial, agricultural and military facilities located far from
central sources of heating;

- supplying consumers with an autonomous source of hot water, heat and electric
energy at minimal costs.

Materials and main methods

The principle of operation of the described technological plant presents a
challenging approach to the generation of thermal and electrical energy. It includes
an asymmetric annular condensation collapse that causes the phenomenon of the
“cavitation effect”. (Vivek, at all, 2022). However, it should be noted that the
cavitation effect can cause undesirable consequences for the operation of the plant
(Arzumanov, 1978).

The cavitation effect occurs when bubbles are formed in a liquid due to pressure
changes. In this case, if the cavitation effect takes place inside the process plant,
this can lead to intense erosion and wear of the working surfaces, as well as to the
destruction and failure of the equipment (Pearsall, 1972).

The negative effects of cavitation in practice can be minimized by a number of
measures. These may include the use of special structural elements, the addition of
dopants to the working fluid, the control of pressure and temperature, as well as the
development of more durable materials for plant parts (Arzumanov, 1985).

In the result of the destruction of the boundary layer due to the use of special
technologies, scientific and technical developments, and proprietary design
solutions, the destructive effect of cavitation on the working surfaces of the box
and rotor blades of the generator of the plant is completely excluded, which ensures
stable operation, efficient production of thermal and electrical energy (Brennen,
2014).

The principle of operation of the technological plant is as follows:

In high-pressure pumps, there is an increase in the temperature of the liquid. The
temperature of the liquid in the pressure pipe is 2-3° C, which is on average 2.5° C
higher than in the suction pipe.

The total length of the circulation line pipes is 5 meters. The actual overall
dimensions of the process plant are shown in Figure 1. The high-pressure pump
is integrated into the circulation circuit. The markings on the diagram are as
follows: Item 1 - circulation pump, Item 2 - heat exchangers, Item 3 - mixing tank.
Considering that the distance from the mixing tank to the pump is 0.5 m, the water
velocity in the line from the pump to the expansion tank is 30 m/sec, and from the
expansion tank to the pump it makes 5 m/sec., the water makes one circulation
along the entire length of the circuit in 0.4 seconds.

Since the circulation pump in the heat generator is completely protected from
cavitation, at the pump suction site such a high water velocity is allowed at any
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water temperature. The design of the heat exchangers and the method of organizing
the flow of water make it possible to achieve a set level of speeds in the heat
generator itself.

The water makes 150 circulations a minute, and each time it heats up to 2.5 °C,
which means that the water should heat up to 375 °C. This water passes through
the heat exchanger through which system water is supplied. The pump capacity
is 120 m*/hour per circulation, i.e. 0.4 seconds. In one circulation the system lets
pass 0.0133 m® of water or 13.3 kg, and each time it is heated to 2.5 °C. At 150
circulations per minute, 4987.5 Kcal of heat can be produced, which is 299250
Kcal/hour or 347 kW/hour.

According to the existing concepts of thermodynamics, the electric motor of
the pump should consume the same or slightly more power. Otherwise, the law of
conservation of energy is violated. If the amount of energy entering the system is
known, then it must coincide with the amount of thermal energy entering from the
system, taking into account losses.

LT

122

Figure 1 - High pressure pump for pumping liquid

When the pump is in operation, the pumped liquid starts releasing energy, which
was not previously taken into account; and this energy is also spent on heating the
liquid. Thus the amount of thermal energy obtained during the operation of the
pump will be greater than the amount of electrical energy consumed by the electric
motor. Therefore, it makes sense to talk not about the efficiency of the pump, but
about the multiplicity of energy conversion in the engine-pump system.

The energy conversion factor - k£ (ECF) (multiplicity or ratio of power conversion
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- PCR) should be understood as the ratio of the amount of heat generated in the
system to the amount of electrical energy consumed in the system, that is, k& = Qp
/0.

where: Qp is the thermal energy generated in the system (measured in joules
or watts),

Qz is the electrical energy consumed by the pump (measured in joules or
watts).

The multiplicity of energy conversion (multiplicity or power conversion ratio
ECF or PCR) can be significantly greater than one.

Additional energy will be generated when pumping the liquid.

Firstly, the liquid in the pump can heat up due to friction both between the liquid
and the elements of the pump structure, and between the elements of the liquid
itself.

Secondly, purely thermodynamic heating takes place: a change in pressure in
the liquid leads to its heating.

These two types of liquid heating consume external energy, that is, the energy
of an electric motor. There is another type of heating called cavitation energy, when
external energy is not used. It occurs due to the redistribution of thermodynamic
parameters in the liquid itself during pumping, the conversion factor is greater than
one.

Cavitation protection is important when designing pumps for pumping liquids
at high temperatures. The energy consumed is not taken from the power of the
drive motor, but from the liquid itself, or enters the liquid from the outside when
the cavitation process takes place. The main purpose of the development of a
technological plant is to make this energy heat water.

In the developed thermal power generator, the energy release process is
dramatically enhanced, which made it possible to obtain increased water heating.
However this, in turn, additionally required designing a pump completely protected
from cavitation. The pump was made and named a hydraulic roller pump. In the
rotor of this pump, hydraulic rollers rotating with a very high number of revolutions
are used as blades, the rotation speed of which is 20-40 thousand revolutions per
minute. Such an intensity of water circulation can be obtained only when water is
in a negatively stressed state, that is, in a stretched state. The experiment on the
development of a fine water purification system has shown that water does not
compress well, but stretches perfectly. Figure 2a shows a diagram using a 1.5 m
high water differential pressure gauge. The outer diameter of the tube was 10 mm,
the inner diameter was 8 mm. Water was poured into the diffmanometer at zero, and
a Kamovsky pump was used; it creates air discharge and pressure equally well and
has a small, well-controlled air flow rate. When connecting the diffmanometer hose
to the pump discharge nozzle, the water level in the diffmanometer in its left branch
rose, and in the right branch it fell and the heights h, and h, were completely equal.

When connecting the diffmanometer hose to the discharge nozzle, the level in
the right branch rose as in Fig. 2b, and in the left it fell, and the height h, was
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10+30% higher than the height h,. Since the inner diameter of the diffmanometer
tube did not change, in this case we can talk about an increase in the volume of
liquid in the right branch of the diffmanometer only due to the stretching of the
liquid. There were no air bubbles coming out of the water. At very small values
of compressibility of the liquid, it stretches well, that is, it can be in a negatively
stressed state.

a) b)

Figure 2 - The scheme of the experiment on water stretching

A specially conducted experiment specified that in a negatively stressed state
water has a pronounced viscosity anisotropy. When the hydraulic roller rotates,
there is no friction in the tangential direction between the water layers. That is
why in a negatively stressed state, water can be twisted to very high values of the
twisting intensity. This fact made it possible to develop a hydro roller pump. This
also led to the birth of a hydraulic roller bearing, which can operate at any number
of shaft revolutions, under any loads, with a shaft diameter from 0.2 to 4 meters. It
is a self-centering, non-friction bearing that is practically not subject to wear and
does not require lubrication.

At the specified speed of the hydraulic roller, water acquires the properties of a
solid-state body. Under the action of gravitational forces, 1 liter of water weighs 1
kg or 9.81 N, and since the weight of the body:

P,=V-pw-g (1)

where Vis the volume of the body, p, is the density of water, g is the acceleration
of gravity or the force intensity value. For the gravitational field g = 9.81 m/sec?.
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In a centrifugal field, the magnitude of the tension is the centrifugal acceleration:

g =C¢/R 2)

Where: C, - circumferential or tangential velocity, R — the rotation circle radius.
For a hydro roller pump of a technological plant with a roller diameter of D=0.028m,
so the radius R=0.028/2=0.014m. and a hydraulic roller speed of N=40.000 rpm,

the circumferential speed is
7-0.028m- 40.000
Cp = — = 58.6 m/sec

and the centrifugal acceleration is 245’282 m/sec?, which is 25’000 times greater
than the gravitational acceleration; and the weight of such a hydraulic roller, with
its diameter 0.028 m and length £ = 0.4 m in the field of centrifugal forces, will
make:

_ 5862

—— = 245.285 m/s?

9= %oz

Dr? (0.028)2

V=n—r l=n - 0.4 = 0.000248 m?

P,=V-p,-g = 0.00028 m®-1000kg/m? - 245,282 m/s? = 60,382N

while in the field of gravitational forces, such a roller will weigh 2.41N.

If we take a hydraulic roller with a centrifugal weight, that is, the weight in the
field of centrifugal forces is 60’382 N and “transfer” it to the field of gravitational
forces, where the acceleration is 9.81 m / sec?, then this hydraulic roller should
have a mass of 6’155 kg. And since the volume of the hydraulic roller is equal
toV = m-Dr?2/4 x£= 0.000248 m’, and the massis = V - pw, then
the density of the roller should be equal to 25°020°325 kg/m?.

We exist in three-dimensional space, where gravitational forces are caused by
the presence of mass and create the space-time curvature, which is determined by
Einstein’s equations. The phenomena occurring in systems with multiple fields,
in which the elements of the technological plant operate in the field of centrifugal
forces and which we consider from the point of view of an observer in the field of
gravitational forces, are completely unique.

In a hydraulic roller pump, the density of water is 1000 kg/m?, and the hydraulic
roller for a moment acquires the properties of a material three thousand times denser
than steel or behaves like a material with such a density, this is called the inertial
pseudo-compression effect. This phenomenon is considered in detail in a two-field
system: centrifugal and gravitational.

The rotor is assembled using separate discs made of stainless steel, with
electrical insulation washers between them. Position 1 in Fig. 3 shows the pump
rotor. The discs are secured with pins at position 9, which are also separated from
the metal discs by electrically insulating bushings at position 10. This decision
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was made for the following reason. The process water that is poured into the first
circuit of the process plant is completely desalinated water with a monomolecular
structure. It is known that water consists of 33 isotopes. The molecules of each of
the isotopes have an individual frequency of their own fluctuations (oscillations).
In order to carry out the process of circular condensation collapse, which gives
the main output of thermal energy in a thermal power generator, a water structure
with molecules having the same natural oscillation frequency is necessary. The
technology for producing such water has been developed and tested. About 340 ml
of monostructured water was extracted from one liter of conventional water. The
technological cycle of water production includes double distillation and freezing
in specially shaped vessels. Freezing is carried out in a certain temperature range,
followed by separating the necessary piece of ice. Like any distillate, this water is
a dielectric.

During the movement of water in the collapse chambers of the rotor, the rotor
material is strongly electrified (triboelectric effect); and since the rotor is an electric
capacitor in essence, a powerful electrostatic charge accumulates in it. Because the
charge of the water and the rotor material is the same, after a while the contact of
the water and the rotor material, as the water moves through the collapse chamber,
stops.
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Figure 3 — Collaptic dynamic heat generator in cross-section
The contact is realized through a micro-electrostatic layer, and this removes
friction between the water and the rotor material. This fact prevents the appearance

and development of a boundary layer in the near-walled areas of the collapse
chambers and allows the hydraulic rollers to rotate with any number of revolutions,
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that is, rotations occur on a micro-electrostatic cushion. Special experiments have
proved that in this case there is no friction between the water and the electrostatic
cushion.

Figure 4 shows a cross section of a hydro roller pump. There are 18 collapsing
chambers in the pump rotor, a chamber point diameter is 28 mm. The rotor diameter
is 380 mm. When rotating, the camera approaches the supply nozzle (indicated in
Fig. 4 by the letter A) and pumps in a portion of water.

=]

|

Figure 4 — The cross section of the hydraulic roller pump

After passing the feed nozzle, an intensely rotating vortex is formed in the
chamber. The estimated number of revolutions of the vortex for this structure is
30°900 rpm. At high speeds in the hydraulic roller, a steam blowhole is formed, its
diameter is 14+16 mm.

To stabilize the formed steam blowhole, an increase in the diameter of the case
radius is organized along the rotation of the rotor. The hydraulic roller becomes
elliptical rather than cylindrical. This form of motion of the swirling liquid was
proved in experiments on ultrafine water purification. In Figure 5 it can be seen
according to the trajectories of particle motion that depending on the geometry
of the channel the hydraulic roller takes an elliptical shape. The hydro roller is a
pump blade and helps pumping water, therefore such a blade will not be subjected
to cavitation wear.
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Figure 5 — The hydraulic roller

After reaching the maximum diameter of the case radius, its reduction begins
and the hydraulic roller is knocked out into the nozzle C, from where water is
supplied to the heat exchangers. When the hydraulic roller moves along the path
from the supply nozzle to the exhaust pipe, it moves all the time with variable
angular acceleration. First, the number of revolutions of the roller when moving
along the path decrease with an increase in the inner diameter of the case due to the
law of conservation of rotational momentum; then the number of revolutions of the
hydraulic roller due to movement along the path increase with a decrease in the inner
diameter of the case. When a body moves with variable angular acceleration, all the
effects caused by movement in the field of centrifugal forces increase significantly.
With the described movement of the hydraulic roller, at the moment of a sharp
increase in its diameter, in the exhaust pipe the so-called ring condensation collapse
effect occurs, that is, the collapse (condensation) of the steam bubble inside the
hydraulic roller. Moreover, this collapse is not just high—speed condensation, but
an explosion with the formation of a shock wave directed from the periphery of the
steam bubble to the center of the rotating volume.

In a conventional explosion, the shock wave propagates from the center to the
periphery, and the intensity of its impact decreases in proportion to the square of the
radius. In this case, the shock wave moves from the periphery to the center, and the
intensity of its impact increases proportionally to the square of the radius, so in the
center of the vapor volume the pressure reaches very large values. When a steam
cavitation bubble with a diameter of 1 mm collapses, the pressure in its center can be
3-10° kgF/cm?, or three million atmospheres. When the diameter of the collapsing
steam volume is 14+16 mm, the pressure will be even greater. The steam exposed
to such compression must heat up and form a high-temperature micro or nano cord
having a temperature of about a million degrees. In the presented thermal power
generator, this cord gives off heat to the surrounding water, which heats up and then
releases its heat in the heat exchanger to the system water. This confirms that the
cavitation effect in the thermal power generator is sharply increased.

When cavitation occurs, individual micro-bubbles of steam with a diameter of
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0.1+1 mm collapse, and the collapse takes place in a vapor volume with a diameter
of 14+16 mm. This brings forth another effect: when a shock wave originates in the
collapse chambers of a rotating rotor, the shock wave action becomes asymmetric
and a powerful tangential force arises, which is directed along the rotation of the
rotor. This force contributed to the rotation of the rotor, and the laboratory tests
of the technological plant proved that due to its action the electric motor’s power
consumption was reduced.

The laboratory model testing demonstrated that the initial power of the electric
motor on cold water was 18.5 kW, when entering the operating mode, it made
3.5 kW. The rotor of the process plant is conceptually a heat engine. The design
flaws of the first technological plant did not allow it to enter autonomous operation
mode. At the beginning of the test drive, the thermal power generator did not have
an additional emptying system for the collapse chambers. The collapse chambers
approached the feed nozzle A in Fig. 4 waterlogged, so the thermal power generator
simply could not operate at full capacity. However, the generator rotor took over
81.57% of the load and the thermal generator produced a multiplicity of energy
conversion K =21.43.

The system of additional emptying of the collapse chambers has been introduced
into the design of chamber B in Fig. 4. In this chamber, a negative pressure of - 2.2
atm is created by means of a siphon pump. A siphon pump, which has no rotating
parts, is in this case an integral part of a thermal electric generator and can create
negative pressure (static stretching of the medium by the effect of ejector thrust)
until the water breaking point, and we know that this is 220 atmospheres of negative
pressure.

If complete emptying of the collapse chambers can be achieved, then the
estimated power of the collapse engine, which is a hydraulic roller pump, makes
546 kW. Thus, the presented thermal power generator, in addition to thermal power,
can also produce electrical power. The redistribution between thermal and electrical
power can only be determined empirically.

The thermal power generator is a sufficiently powerful source of heat and electric
energy for independent heating supply, which in the future may not consume electric
energy at all, but work on specially prepared water as a fuel.

ol
<5

Figure 6 — The technological plant
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The rotor is powered by any kind of engine: a gasoline-diesel generator or an
electric motor with a speed of 3000 rpm.

The power consumed by the starting electric motor at idle speed when there is
still no power water in the first circuit of the technological plant makes N = 4.6-4.8
kW.

Let us consider the operation of a technological plant prototype. Specially
prepared process and power water is poured into the first circuit of the technological
plant. The first 20 minutes the power water is heating slowly. The power consumed
by the starting electric motor during this period is 18.2-18.5 kW. When the power
water of the primary circuit reaches a temperature of 60-62 °C, the arrow of the
wattmeter installed on the starting electric motor begins to drop to a power of 3.4-
3.6 kW; and the water temperature in the primary circuit begins to rise sharply. At
this point, system water is supplied to the second circuit, and the technological plant
starts working producing heat with a new capacity of 74-76 kW. Conditionally, this
can be called the entering of the technological plant the operating mode.

Results. When the technological plant enters the operation mode, the power
supply of the starting electric motor automatically turns off, and the generator rotor
starts generating its own electricity and, further, begins to work independently, in
autonomous, automatic mode, generating both thermal and electrical energy.

The tested technological plant consumed an average of 3.5 kW of electric power
and produced, on average, 75 kW of thermal energy (or 64500 kcal/hour). That
is, the energy conversion factor k (ECF)=21.43 (or the ratio of power conversion
PCR = 21.43). Therefore, the coefficient K = 21.43 shows the efficiency of the
technological plant over the operation of an electric boiler.

In order to obtain 75 kW of thermal power in a conventional electric boiler, it is
necessary to spend 75 kW of electric power (excluding boiler efficiency). Knowing
the cost of 1 kW of electricity, it is not difficult to calculate the cost of operating a
conventional electric boiler and the presented technological plant.

Discussion. Comparing these indicators, it is easy to make sure that the cost
of heating using the technological plant will be 21.43 times lower than when
operating a conventional electric boiler without taking into account the generation
of additional, own electricity after the technological plant goes into an autonomous
operation mode.

The presented technological unit demonstrates promising potential for increasing
energy efficiency and minimising environmental impact. The advantage of the
plant is its high energy efficiency, which is relevant in the context of a shortage of
traditional energy sources and rising electricity tariffs.

The plant promises long-term energy savings, but requires significant up-front
investment and maintenance costs, which may limit its deployment in countries
with low levels of investment in innovative energy technologies. The possible
environmental consequences of using natural water resources may affect its
economic attractiveness and sustainability. Further research is essential to assess its
adaptability and ability to compete in the market.
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Conclusion

Since the presented generator is a unique technological product used as an
environmentally friendly technological plant, it can bring great benefits to the
economy and the environment in practical application. In the context of the use of
new rational designs, original technology in the production of hot water, heat and
electricity, to date, some information about the construction of this plant presents a
commercial secret, the test work was carried out in a closed-door mode.

The material of the publication was prepared jointly with Anatoly Alexandrovich
Filippov, the leading specialist of “TSEB” LLP, the winner of the “Energy of the
Future” Competition of innovative projects within the East Kazakhstan Mini
EXPO-2014 exhibition framework.
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