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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.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



KAWMBIFBIMABIABIK, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xaibky». 3a robl CBOSH IesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUThI, KYJIbTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue biarorBopuTenbHbIH GOHT «XaJIbIK» yienseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HaIlPaBJIE€HUE OJHUM M3 KIIIOYEBBIX B CBOEH JIEATENBHOCTH.
Oxa3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHuto, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOPBIH MOMOTraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MUpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comeliCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iist mo/iep KKy TadaHTIIMBBIX 1 MOTHBHPOBAHHBIX
nereit @OoHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexTyHapOJHOH IIKojIe
«Mupac» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tomimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT IO MIPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo mnomoIIM MIKOJIBHMKAM, ydallMMcs KoJulepked u cryaeHTtaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWN IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHUH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHMKAMH 3HAHUM OydyHIMX MOKOJIeHHH KazaxcTanueB. [Ipu mognepxke donna
«XanplK» B IOKHOH cTONMIEe ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealu3yeMblii MPOEKT 1O OOy4YEeHHIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH MpernojaBareield n3 BockMH obmacteil Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeINPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heo6xomumyto nomorip @oHpa «Xajablk» OKa3blBaeT U TEM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counaibHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE MTOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJICPKKA B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamiel crpaHe. JKMU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTblky»
OKa3aJl HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHell nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHOH nHpeknuerd Dounx Beiaenui cBbime 11
MUJUTMAPJIOB TEHI'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIHU U CPECTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMU TPOEKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxkaaH DOHJ peniwi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISIETCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHD Pa3BUTHUS FOCYIapCTBA.

[Honnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHMKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKutajjoM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBA.

C yBakeHunem,
BbaarorBopurebHblii ®ona «XaabIky»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FBUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akanemuri,
«Kazakcran Pecryonukacel ¥ITThIK FhUTBIM akanemusicby PKB-win npesunenti, AK «/1.B. Cokonbckuit
aTBIHJIAFBl OTHIH, KaTalll3 jKOHE IEKTPOXUMHUS MHCTUTYTBIHBIH» Oac aupekTops! (Anmarsl, Kazakcram)
H=4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JOKTOpHI, mpodeccop, KP ¥FA

JKayanThl XaTbICkl, A.B. BekTypoB aTbIHAaFBI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnaknusaabplK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemuri, «Y.M. Axmencadunua aThIHAAFEI
THIIPOTCOJIOTHUS KOHE TCOIKOIOTHI MHCTUTYTHIHBIHY» TUPEKTOphI (AnmMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPBI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektops! (Anmarsl, Kazakcran) H=2

CHOY [Iaumen, Ph.D, kaybiMaacTeipsutran npogeccop, Hebpacka yauusepcutetiniy Cy FbUIBIMIAPbI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminae
TIeTPOJIOTHS XKOHE Taiiiaibl Ka30anap KeH OpBIHIApPBI CalachIHIAFEl 3epTTeyIepais kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®WJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, HaHncn yHHBepcHUTETIHIH
npodeccopsl (Hancu, @pannms) H=15

IIEH IMun, Ph.D, KpITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMepHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkceab, Ph.D, /Ipe3neH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPBLIFAH TIpodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, TE€OJOTUS-MHHEPAIOTUs FHUIBIMIAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpopumyka arblHIarbl MyHaii-ra3 TeoJIOrHsChl KHE reo(U3HKa
nHctuTyThl (HOoBOCHOHpCK, Peceit) H = 19

ATABEKOB Baagumup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH JT0KTOpEI, benapycs ¥FA akaxemuri,
JKana Matepunanaap XUMHUSICBI HHCTUTYTBIHBIH KYpMeTTi qupekTops! (Munck, berapycs) H = 13

KATAJIUH Credan, Ph.D, [[pe3neH TexHUKaIBIK yHUBEPCUTETIHIH KAy bIMaCTBIPBUIFaH IIPodeccopbt
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoiorns-MHHEPANOTHsS FHUIBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.M. Carraes arsiaaarbl [ €010THs FRUTBIMIAPEI HHCTUTY THI
3epTXaHachlHbIH MeHrepymrici (Anmarsl, Kazakcran) H=11

CAYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcuteti (Hyp-
Cyurran, Kazakcran) H =11

DPATTUHMU IMaosno, Ph.D, bukokk Munan yHHBEpCUTETI KaybIMAACTHIPBIIFAH Mpodeccopsl (MmuiaH,
Uranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0acbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJIiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apObl ALy HCIHE ONAPObIH KOCLIHObLIAPHIHbIY MEXHOIOSUACDL.
Mep3iMAiTiri: )KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachIHBIH ¥JITTHIK FRUTBIM akagemusicedy PKB, 2023
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I'naBHBbIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOP XMMHUYECKUX HayK, mpodeccop, axagemuk HAH PK,
npesunenT POO «HanmonansHol akagemun Hayk Pecryonmku Kasaxcran», renepanbHbiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cekperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHas KodJgerus:

ABCAMETOB Maauc KyabicoBud, (3aMeCcTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOTOMHUHEPAIIO-
THYECKUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTUU U T€OIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAo-
IHYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmorndeckux Hayk nm. K.M. CartmaeBa (Amnmarsl,
Kazaxcran) H=2

CHOY Jpunen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOIHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIen0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHUN
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKHX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®pannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEpUKaHCKOW acconmanuy skonomudeckux reojoros (ITexun, Kurait) H = 25

OUIIEP Axcens, acconmmpoBaHHBIH Tpodeccop, Ph.D, Texumueckmii yHuBepcurer Jlpesnen
(Hpesnen, bepnun) H=6

KOHTOPOBUY Aunekceii DMuIbeBHY, JOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H =19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akajeMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XMMHUU HOBBIX Marepuaiios (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuupoBanusiii mpodeccop, Texuuueckuit yauepcutet (JpesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecionneHT HAH PK, 3aBenyromas naboparopun MHcTHTyTa Teonormdecknx Hayk um. K.
Carnaesa (Anmarsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H =11

D®PATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust Hayk
Pecny6onmkn Kazaxcram» (T. AMarsr).
CBUIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncTepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BbliaHHOe 29.07.2020 1.
Temaruyeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYECKUe MeXHON02UU NnepepadomKu Hemu u easa,
Heghmexumus, MmexHoNI02UU U361eUeHUs MEMANN08 U UX COeOeHEHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sx3eMILIAPOB.
Anpec penakiuu: 050010, . Anmarsr, yii. [lleuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HammonanbHas akagemus Hayk Pecryonuku Kazaxcrany, 2023
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Editorial chief

ZHURINOYV 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

ZHOLTAEYV 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

PANFILOV 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

AGABEKOV 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
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Abstract. The article discusses the technological aspects of the suitability of brown
coal for processing to obtain environmentally friendly products for various purposes.
A scientific justification is given for the use of technologies for obtaining preparations
from coal — plant growth stimulants in agricultural production, as well as smokeless
briquettes in municipal heat power engineering. The prerequisites for the development of
this material are huge deposits of low-grade brown coal, which, due to their low calorific
value and high ash content, are not in demand in production, not only for technological,
but also for energy purposes. A new technology has been developed for obtaining humic
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preparations from brown coal, which have polyfunctional properties that increase the
yield and environmental sustainability of various agricultural crops. For the first time,
a technology has been developed for obtaining smokeless briquettes, including using
the fluidized bed technique. The socio-economic effect consists in obtaining demanded
products from the substandard part of the coal, as well as improving the condition of the
atmospheric air in the area of the coal mine and the nearest settlements, which ensures
a decrease in the incidence of the local population.

Keywords. coal, processing, technologies, humic preparation, pyrolysis, briquettes
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AnHoTtanusi. Makanaza opTypii MakcaTTarbl SKOJOTHSJIBIK Ta3a OHIM aly YLIiH
KOHBIP KOMIp/i KaliTa eHIeyAiH TEXHOJOTHSUIBIK ACTEKTiIepl KapacThIpbUIFaH. Aybul
LIapyallbUIBIFEl  OHAIPICIHAE CON KOMIpACH OCIMIIKTEpAiH ©cy KapKbIHIBLUIBIFbIH
KaMTaMachl3 €TeTiH Ipenaparrap ajly TeXHOJIOTUsIIapbIHBIH, COHAAaNH-aK KOMMYHAJJIBIK,
KBUTY SHEPTreTHKAChIHAA TYTIHCI3 OpUKeTTepAl Je OHIIpeTIH FbUIBIMU Herizaemeci
KenTipinred. bi3diH eniMi3ae TOMEH CYpBINTHl KOMIpAIH OopacaH 30p KeH OpbIHIAphI
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aIBIIFAaH, KOOICIHIH TOMEH KaJOpHUsUIbl JKOHE KYJIUIr >KOFapbl OOJIFaHIBIKTaH,
OHIIPICTEe TEK TEXHOJOTHSJIBIK FaHAa €MEeC, COHBIMEH KaTap SHepreTHKalblK MaKcaTKa
Ja maiganaHy ocepi TOMEH. AWTa KeTyiMi3 KepeK KOHBIp KOMIpAEH opTYpJi aybul
LIapyallbUIBIFEl  AAKbULAAPBIHBIH OHIMIUIITH JKOHE HKOJOTHSUIBIK TYPaKThUIBIFBIH
apTTHIPAThbIH TONM(PYHKIHOHAIABl KAaCcHEeTTepi >KOFapbl TYMHUHII IpernaparTtapisl
AJTYJIbIH JKaHA TEXHOJIOTHSICHI OepinreH. TeXHUKAIBIK KaliHay KaOaThl 9J[iCIMEH ajFar
peT TYTIHCI3 OpUKETTepAl ally TEXHOJOTHSCH o3ipieHai. Kemip KeHimniHe KaKblH
OpHaJlacKaH >KEPriUIiKTI TYpFBIHIApFa OpTYPJi aypyiap TapaMac YIIiH, COHHAii-
aK armoc(epaliblK ayaHbIH OIpKaNbINTHl JKargaina TYpPyblH KaMTaMmachl3 €TeTiH
TEXHOJIOTHSIAPHI YCHIHBUIFAH.

Tyiiin ce3mep: kemip, KaliTa eHJIEy, TEXHOJOTHsIap, TYMHUH MpenaparTapsl,
MUPOJIN3, OpUKET
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AHHOTaIII/Iﬂ. B crarne PacCMOTPCHBI TEXHOJIOTUYCCKUE ACIICKThI MPUTOAHOCTHU 6y—
PBIX yrneﬁ K nepepa60TKe JJId TOJTYYCHUSA SKOJIOTUYCCKU YHUCTBIX MMPOAYKTOB pa3iny-
HOI'O Ha3HA4YCHU . I[aGTCSI HAay4YHOC 000CHOBaHUE MMPUMCHCHUA TEXHOJIOTUI MMOJIy4YCHU
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U3 YISl TIpenapaTtoB — CTUMYISITOPOB POCTa PACTEHHH B CENbXO3MPOU3BOACTBE, a
Takke OC3ABIMHBIX OPUKETOB B KOMMYHAJIbHOH TeriodHepreTuke. [Ipeamnocsuikamu K
pa3paboTKe JAaHHOTO Marepualia SIBJISIOTCS OTPOMHBIE 3aJIeKH HU3KOCOPTHBIX OyphIX
yIJIeH, KOTOpPBIC W3-3a HU3KOH KaJJOPUHOCTH U BBEICOKOH 30JIBHOCTH HE BOCTPEOOBAHBI
B IPOW3BOJACTBE HE TOJBKO IS TEXHOJOTMYECKHX, HO W DHEPreTUYECKUX IEJeH.
Pa3paboTana HOBast TEXHOJIOT U ISl IOy YSHHSI TYMHHOBBIX ITPETIapaToB U3 Oyporo yriis,
oOnafaomux NoMu(yHKIHOHAIEHBIMU CBOWCTBAMH, TOBBIIIAIONMMU YPOXKAHHOCTD
A DKOJOTMYECKYI YCTOHYMBOCTb PA3JIMYHBIX CEJIBCKOXO3SMCTBEHHBIX KYJBTYP.
BrnepBeie paspaboTana TeXHOJOTHs MOMYYEHHsI OE3IBIMHBIX OPUKETOB, B TOM YHCIIE
C WCIOJB30BAaHWEM TEXHHKH KHITAIMETo cios. CoruanbHO-d9KOHOMUYSCKHA d(h]eKT
COCTOWT B ITOJTy4Y€HUH BOCTPEOOBAHHOW MPOIYKIIMH U3 HEKOHIUIIMOHHOW YacTH yTIIs,
a TaKKe YAyYIIeHHs] COCTOSHUSI aTMOC(EPHOro BO3AyXa B pallOHE YroJbHOTO pa3pesa
n OnmKalIIMX TOCENEeHUH, 4TO 00ecleurBaeT CHUKEHHE YPOBHS 3a00JI€BaeMOCTH
MECTHOTO HaceJIeHUSI.

KuioueBble cjioBa: yrounb, mepepadoTka, TEXHOJIOTHH, TYMHUHOBBIH ITperapar, mipo-
T3, OPUKETHI

Introduction

One of the priority directions of the economic development of the Republic of
Kazakhstan is to increase the efficiency of the use of minerals, in particular coal. It is
also known that the state of the energy industry is a determining factor in the successful
socio-economic development of any country. The current global energy supply system
is based largely on the use of non-renewable energy sources (oil, gas, coal, uranium), as
well as hydro resources (Moshkarin et al., 2002) .

One of the main roles in the energy sector today is played by solid fuel - hard or
brown coal, the total world reserves, which are estimated at 4.9 trillion tons (Linev et
al., 2007). Currently, only 1-2 % of the coal mined is used directly by the chemical
industry, 15-20 % is consumed by the metallurgical complex, and about 75-80% of the
coal is used for energy production. From the above data, it follows that at the moment
there are two main areas of application of fossil coals: technological and energy.

An integrated chemical-technological approach to the development of coals
of different grades provides a wide range of chemicals that can be used in various
industries. This circumstance causes increased interest in these types of solid fossil fuels
not only as fuel, but also as a raw material for the production of various preparations
of agricultural plant growth stimulants, for materials used in household chemicals,
chemical technology and metallurgy (Burdukov et al., 2010).

However, the lack of investment and the inertial nature of the development of the
energy industry impede the rapid restructuring of'its generating capacities and the change
in the balance of electricity generation at power plants, especially autonomous low-
capacity thermal power plants. The construction of large thermal power plants requires a
lot of time and large one-time costs. Therefore, in the coming years, in order to improve
the situation in the country's energy sector, it is necessary to focus on creating a network
of so-called small-scale energy, including small thermal power plants and updating the
fleet of boiler equipment.
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Materials and basic methods

Fossil coals form the basis of fuel energy in many countries. The major coal-
producing countries in the world include Germany, Russia, the USA, Australia, Poland,
Kazakhstan and China.

In the EAEU countries, Kazakhstan has an extensive raw material base of coal,
second only to Russia in terms of their quantity. In Kazakhstan, the total coal reserves
are more than 170 billion tons, and the explored ones reach more than 60 billion tons. Of
these, about 12.1 billion tons are brown coals. A distinctive feature of such coals is their
high content of volatile substances, high humidity and relatively low calorific value.
Such products, with the exception of coking coal and anthracite, are not of interest to
foreign consumers working in the field of metallurgy in terms of quality and economic
criteria.

The high level of gas prices, the expected transition to new electricity tariffs, will
certainly lead to the use of alternative energy sources, and coal, due to its huge reserves
and ubiquity, will play a growing role in the diversification of electricity production.

Under the conditions of the current shortage of electricity, the gradual transition of
boiler houses to local coal fuel with the use of modern boiler units is of great importance.
With the modernization of boiler units, the demand for coal can increase dramatically.
Part of the consumed coal is used in lump form (population, traditional boiler units), the
other part is in the form of fine coal (TPPs, processing plants). In accordance with this,
sorting of the mined coal is required, followed by briquetting of coal fines.

The organization of coal briquette production in the regions of the republic is
connected with the development of modern technologies for coal briquetting. The
production of effective coal briquettes is associated with the thermal treatment of the
original coal and is of a complex energy-technological nature. Complex processing of
coal fines in this case is the most acceptable means of increasing the efficiency of fuel
use of low-grade coals, however, it is associated with the cost of additional energy
resources. At the same time, for their wide implementation in practice, it is necessary
to carry out further work on the development of technology for obtaining smokeless
high-calorie fuel briquettes. This, in turn, implies energy-technological processing of
the initial finely dispersed coal using high-speed methods of coal pyrolysis.

Until recently, the global coal market has been increasingly affected by the Paris
Climate Agreement. One of its consequences was an irreversible increase in the
requirements for the quality of coal products. Although it should be noted that this
trend was formed regardless of climate theories - primarily, based on the technical and
economic indicators of electricity production in the republic and the need for high-
quality coal. All this led to the limitation of the use of coal for power generation based
on the latest technologies, to the transition to other energy carriers, the reduction of
funds for the modernization of outdated boiler equipment and the optimization of heat
supply systems.

In the foreign market of solid fuel raw materials, coal with a competitive calorific
value is in demand, which requires the restructuring of the coal industry in terms of
increasing this indicator. The average calorie content of consumed coals in foreign
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countries is about 5500 kcal/kg. In this regard, it becomes obvious that it is necessary to
expand the extraction of high-calorific coal and coking coal and thermal processing of
brown coal to obtain brown coal semi-coke — a product with new consumer properties
for efficient use, both in energy and in metallurgical purposes. Such problems can be
solved by modifying the treatment of coal, which improves the yield and quality of
products (Asanov et al., 2018).

Pretreatment of coals with certain chemical reagents or the use of physical impact
methods leads to a change in their composition, structure and an increase in the
yield of low molecular weight products during their processing. There are a number
of different physical methods for activating coals, for example, rolling, grinding and
other effects with the application of shear forces, crushing, grinding as a result of a
relatively high-frequency mechanical shock, ultrasonic vibrations in liquid media; phase
transformations, electrohydraulic shock in liquid media, irradiation, etc. (Shkoller et al.,
2001; Kim et al., 2010).

Another problem is related to the fact that in the territory of Kazakhstan during
independence, communications created in the Soviet era were partially disrupted. Under
these conditions, the restoration of past volumes of agricultural products requires a lot
of money and time. In addition, the issues of providing regions with electricity and
heat are the basis of the life support of the population, which for Kazakhstan is more
associated with the efficient use of coal.

In the article of the Academician of the National Academy of Sciences of the
Republic of Kazakhstan U.Baimuratov it is said: ... the state and role of integration the
main problem in the system "society - nature" continues to be a historical imbalance,
when the consumption of resources significantly outstrips the production of the total
product. In Kazakhstan, the Resource Efficiency Ratio (RUE) was 31 %. This is less
than in the most technologically advanced countries of the world: Japan — 36 %, USA —
34 %, Germany — 33 %. The country has a long way to go from a modern cost economy
to a true Green Growth. The concept of "Green Growth" also implies the development
of "green energy" and the transition to low-carbon technologies (Baimuratov, 2013 http:
//www.myshared.ru/slide/490012).

In the light of the foregoing, it is possible to identify a number of options for solving
the problems of improving the quality and competitiveness of local coals, as well as
the energy efficiency of their use. They are associated with the implementation of well-
known coal processing technologies, which are divided into four groups (Tonkeswar
Das et al., 2015; Marzena Mikos-Szymanska et al., 2019; Patent RU 2473671, 2013;
Zhalgassuly et al., 2018) according to the types of products obtained:

- technologies for improving the quality of coal fuel (grading, briquetting, thermal
enrichment, thermal briquetting);

- technologies for the production of fuel products with new consumer properties and
higher cost (pyrolysis, gasification, processing into liquid fuel);

- technologies for processing coal into non-fuel products (adsorbents, plant growth
stimulants, fertilizers, reagents, etc.);

- technologies for the extraction of inorganic mineral impurities (rare metals, silicon,
ferro- and carbosilicon, etc.) from coal, its processing wastes and coal ash.
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The research, carried out jointly with Kyrgyz specialists, made it possible to develop
a number of innovative technical and technological solutions related to increasing crop
yields through the use of preparations from brown coal and the production of smokeless
coal briquettes for domestic needs.

We have developed a technology for obtaining preparations of plant growth
stimulants from brown coal of the Oi-Karagai deposit. The technological process is
carried out as follows: the feedstock (lignite) is cleaned of impurities using a system of
sieves and screens. Prepared coal with a particle size of 0—5 mm is treated with a 40 %
solution of sodium hydroxide in a tub at the rate of 0.4 liters per 1 kg of coal, which is
hermetically sealed and left for 12—15 hours. Then the resulting mass is unloaded onto a
specially prepared site, leveled with a layer of 2-3 cm, dried in air to a moisture content
of 18-22 %, then the finished product is weighed and packaged.

It is known that risk farming is carried out on most of the soils of Kazakhstan, due
to the arid climate, lack of moisture, dust storms, etc. Therefore, the obtained sodium
humate is enriched with solutions of salts of microelements (zinc, molybdenum, cobalt,
copper) and macroelements (iron, potassium, phosphorus, nitrogen) with varying
concentrations within the following limits (%): humic acids — 30.0-50.0;

Sodium - 15.0-20.0; potassium and phosphorus — 0.03-0.15; zinc and iron - 0.10—
0.30; molybdenum - 0.05-0.21; cobalt and copper - 0.01-0.06 (the concentration of
microimpurities was changed depending on their content in the feedstock, soil and plant
needs).

The resulting preparation is a bioenergy-informational adaptogen that increases the
environmental resistance of wheat and other crops to extreme environmental factors
(soil salinization, pesticides, man-made environmental pollution, adverse weather
conditions, etc.). Its mechanism of action is to increase the bioenergetics of seeds and
plants in ontogenesis. The additional energy potential obtained by seeds at the stage
of pre-sowing treatment with the drug is stably fixed by seedlings, transferred to adult
plants and is the basis for increasing the environmental sustainability of grain crops on
low-productive soils.

On the basis of the KR patent No. 1614, a design of a pyrolysis plant for semi-
coking coal was developed. Its distinctive feature is that in this design, for the first
time in Kyrgyzstan, the principle of thermal destruction of coal using the fluidized bed
technique is implemented. A general view of the design of the pyrolysis plant is shown
in fig. 1.
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Figure 1- General view of the fluidized bed pyrolysis plant

The fractionated coal is loaded into the bunker by a skip hoist. The supply of coal
to the reactor was carried out by a vertically mounted screw module, which made it
possible to abandon a separate power unit for supplying fuel to the fluidized bed and
moving it along the gas distribution grid and simplify the design.

A socially important product produced from lignite coke is smokeless briquette fuel.
Thermal enrichment of brown coals, as well as coals of other grades with a high yield of
volatile substances, provides the maximum level of environmental safety for the deep
processing of coal for the production of smokeless fuel briquettes. Its use, according to
the experience of foreign countries, can radically improve the atmosphere of polluted
cities, where coal is burned in the public sector (Elishevich et al., 1989; Zhumaliev et
al., 2012).

The main element of the technological equipment of the briquette line is molding
presses, which can be made in various designs, they differ from each other in the
principle of molding, productivity and power. Our choice is made in favor of roller
presses, which, in combination with charge preparation devices, form briquette lines.
According to the scheme shown in Figure 2, a typical production line for briquetting
substandard coal or a coke product includes containers for coal and additives, it works
as follows: raw materials from these containers in appropriate proportions go through
batchers for drying.
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Figure 2 - Technological scheme of the line for briquetting coal coke breeze

Next, the mixture from the drying drum enters the mixer, where the binder is fed
through a dosing pump. The mixture prepared in this way is briquetted on a press, which,
after drying, are delivered to the warehouse of finished products, and the fines, after
screening, are fed back to the mixer. The presence of substandard or uncompressed fines
requires additional equipment — traditional crushers, mills and screens for separating
fines from sorted coal or briquettes and transporting devices to return this fine to the
briquetting cycle.

The capacity of the line with a roller press for coal briquetting is 4...6 t/h, the
maximum pressing pressure is 300 MPa, the installed drive power of one press is 15
kW/h. In such presses, due to the use of removable bandages mounted on rolls, it is
possible to produce briquettes of various shapes and sizes (Figure 3).
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Figure 3 - Fuel briquettes of various shapes

When briquetting without a binder, the technological line can be simplified by
eliminating individual stages.

One of the important elements of production lines is drying plants of various designs
and operating principles. Drying is carried out in a suspended and transportable state
of the medium in drum, screw, mine, tunnel and conveyor installations. The main
raw materials are thermally refined fuel - semi-coke, obtained as a result of thermal
destruction of coal, and known binders. The process of semi-coke briquetting, in
contrast to the traditional coal briquette production, turned out to be rather complicated.
The instrumentation of the process requires significant capital and operating costs. All
these issues can be resolved with the complex processing of coal.

As a binder, it is possible to use bentonite clay, defecation, rice husk, starch, or
molasses. Depending on the type, the binder dose does not exceed 5-12 % of the total
mass. After thorough mixing of the mixture with the binder, the paste-like mass enters
the roller press, where the molding process takes place.

Results and discussion

As a result of the work performed, the effectiveness of the drug obtained by the
developed technology on low-productive soils with a salinity level of 0.8-2.2 % was
established. The increase in the yield of grain crops reaches 24.2-42.1 %, rice 76.2-78.6
%, and soybeans - 34.8 %. The obtained preparation from brown coal is a highly effective
prophylactic agent for disinfecting seed material from smut spores. The drug increases
the energy of germination and germination of seeds, promotes enhanced growth of roots
and aerial parts of plants, increases the utilization of nutrients from soils and applied
fertilizers, accelerates the ripening of cereals by 7-9 days, increases the amount of raw
gluten in the grain by 35 %.

Pre-sowing treatment of seeds is carried out 2—-3 days after their preliminary dressing.
Since spraying of vegetative plants with a 0.04 % aqueous solution of a plant growth
stimulant preparation, which provides additional energy potential for their development
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and crop formation, but is associated with production costs, this agricultural method
should be used mainly in areas with low fertility. The most effective is a 0.04% aqueous
solution of the drug mixed with urea (20-30 kg of urea-1000 1 of water) at a working
fluid consumption rate of 300400 1/ha. Spraying of vegetative plants is carried out
during the tillering period of cereals. To increase the energy capacity of the working
solution of the drug in hard water, it is necessary to add, for example, liquid soap at the
rate of 50 g per 1000 liters of water.

The authors tested an experimental sample of the drug and agricultural practices
on various types of low-productive soils. The method of biotesting determined the
optimal concentrations of aqueous solutions of a humic preparation for the treatment
of seeds of agricultural crops, the optimal technological parameters for preparing seeds
for sowing (duration of treatment with a humic preparation, seed soaking, etc.); the
optimal conditions for sowing seeds into the soil (humidity, temperature, salinity) were
determined.

The economic efficiency of using a humic preparation in the cultivation of crops on
low-productive soils of Kazakhstan is shown in Table 1.

Table 1 - Economic efficiency of using a humic preparation

Ne | Indicators Unit of measurement | Total

1 | The consumption of the drug for 1 ton of seeds Kg 0.4

2 |sown area hectare 3500

3 | Consumption rate of a 2% aqueous solution of the drug liter per 1 ton 20

4 | Quantity of preparation for presowing treatment KT 350

5 | Grain yield increase per 1 hectare t 0,61

6 | Total Additional Products t 2135

7 | The cost of the drug with VAT 15% + additional costs for its use | tenge 924500

8 | The cost of additional products tenge 29890000
9 |balance sheet profit tenge 28965500
10 |Income tax + VAT (15%+10%) tenge 7241375
11 | Net profit tenge 21724125
12 | Profit from 1 hectare tenge 6206

13 | Additional costs from the cost of additional products % 3,1

The table shows that the net income per 1 ha due to the increase in grain yield from
the use of a humic preparation when growing spring wheat amounted to 6206, winter
wheat - 8198, soybeans - 19454, rice - 63844, and corn - 18445 tenge per year.

Additional costs for the use of the drug in the cultivation of the studied crops are
0.42-3.3 % of the obtained increase in yield.

The results of preliminary tests of the pyrolysis plant are shown in Table 2. They
show that the developed plant provides an operating mode that allows low-temperature
coal pyrolysis to be carried out.
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Table 2 - Main test results of the pyrolysis plant

Main characteristics Unit of Value
measurement
1. Coal throughput tenge/hour 2,0
2. Residence time of coal in the reactor min 20
3. Average temperature in the pressure reactor in the pressure line °C 750
4. Calorific value of producer gas kcal/m3 1200

As a result of the removal of moisture from brown coal, and then most of the volatile
substances (Table 3), the indicators that determine the calorific value change. From
the above data it can be seen that dried coal has a fairly high calorific value, however,
the presence of a significant amount of volatile substances significantly increases its
tendency to spontaneous combustion, and also sharply increases the explosiveness of
its dust.

Table 3 - The structure of the calorific value of brown coal and products of its processing

Components that determine Partial heat of combustion of components, kcal/kg
the calorific value of fuel ordinary coal Dried coal semi-coke
A'=58% A'=58% A=82%
W'=35% W'=35,0% W=2%
V' =48 % V'=48% V=10%
Carbon (C) 2535 3978 6573
Volatiles (V) 1596 2167 486
Moisture (W) -190 -27 -11
Total 3940 6118 7050

From the results obtained, it can be seen that the experimental sample can serve
as a prototype of a pyrolysis plant for the thermal enrichment of coal. Moreover, the
output indicators of such an installation can vary over a very wide range. During this
redistribution, the calorific value of brown coal increases up to 7000 kcal/kg (depending
on the ash content of the initial coal). To implement the thermal enrichment scheme,
various technological processes and installations can be used. The inclusion of an
operation associated with the use of pneumatic separation in the scheme of technological
stages will significantly reduce the ash content of the obtained refined fuel.

Briquetting of coal fines on roller presses with the use of a binder (starch) made it
possible to achieve an improvement in the properties of run-of-mine coal. The results
of the technical analysis of the feedstock and the briquettes obtained from them are
characterized by the indicators summarized in Table 4. It is proposed to evaluate the
types of fuel under consideration not by the cost of a unit of conventional heat contained
in ordinary coal and agglomerated fuel, but by costs per 1 ton of c.u. tons of useful heat
received by the consumer.
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Table 4 - The results of the technical analysis of the original coal and fuel briquettes

Indicators Ash content | Humidity, Sulfur Heat of combustion,
% total, % ccal/kg

ordinary coal 7,5 31,0 0,5 3750

Briquettes 10,0 17,0 0,6 5225

Smokeless thermal briquettes 9.4 2,0 0,6 6200

The consumer is not interested in how much heat is contained in the original fuel, it
is important for him how much heat he will receive to meet his own needs when burning
a unit of this or that coal fuel. It should be noted that such production should have its
own specific consumer, since a fuel briquette in the form of a commercial product is in
the same market niche with sized coal at a relatively higher cost. More attractive in this
regard is the technique and technology for producing smokeless fuel briquettes with
increased calorific value based on heat treatment of feedstock or lignite semi-coke.

In most of the world's coal-importing countries, the consumption of high-sulphur
and low-calorie coals for power generation is being reduced. Thus, Russia for TPPs
operating on Ekibastuz coal (ash content up to 46 %) stopped deliveries of low-grade
coal from Kazakhstan. China and India imposed serious restrictions on the import of
low-quality coal, where a significant increase in the quality of consumed coal can be
expected in the coming years. To stimulate the growth of coal enrichment volumes in
India, transportation of coal products with an ash content of more than 34 % over a
distance of more than 750 km is limited.

The combined production of two types of energy (cogeneration) contributes to a more
economical use of fuel compared to the separate generation of electricity at condensing
power plants and heat energy at local boiler plants. An analysis of the characteristics
of cogeneration plants shows that the cost of 1 kWh of electricity generated in the joint
production of heat and electricity is significantly lower than the current tariffs of central
energy systems. Particularly important is the fact that power plants become autonomous
in the field of power supply, and therefore the reliability of their work ceases to depend
on many third-party factors.

The following options for the implementation of coal-fired energy generation are
possible:

1. Transfer of boiler plants to mini-CHP mode.

2. Construction of a mini - thermal power plant on the products of coal processing.

The first option can be implemented through the installation of steam turbines, for
example, steam screw or steam piston machines, as a result of which the enterprise
receives a tangible economic effect due to the transfer of boilers to year-round operation
and supplying consumers with the necessary energy and heat.

The second is due to the construction of a new thermal power plant operating on
generator gas or improved solid fuel. At first, the latter option is more acceptable for the
conditions of Kyrgyzstan and Kazakhstan.

According to statistics, only in Kyrgyzstan the number of boiler installations reaches
1,500 units, of which 950 units. - work on coal, 500 units. - on electricity, 35 units. -
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on gas and 15 units. - on oil. Changes in the tariff for electricity and purchased energy
carriers necessitate an increase in the fleet of new coal-fired boiler equipment.

The main obstacle to the transition to burning local low-grade products is the
complexity of organizing a sustainable combustion process. The simplest technology is
the method of layered combustion on grates. However, waste and local coals, as a rule,
do not burn in such furnaces. Many years of experience accumulated by the Biysk Boiler
Plant and other organizations shows that practically all available standard furnaces
and boilers are not suitable for burning low-quality fuels such as waterlogged brown
and other types of local coals. Therefore, to implement the possibility of transferring
boilers to the combustion of such fuels, new combustion devices and new combustion
technologies are required.

Furnace processes using a low-temperature fluidized bed or circulating streams
heavily loaded with inert particles (ash) create a multiple increase in the thermal inertia
of the furnace due to the introduction of particles. This stabilizes the combustion
process, ensures its isothermality and allows combustion at a relatively low temperature,
on the order of 800—1000°C. The desire for low-temperature combustion is explained
by the fundamental possibility of reducing harmful emissions in flue gases, compared
with widely used high-temperature combustion processes. At the same time, stringent
sanitary standards for sulfur and nitrogen oxides are met without the use of expensive
gas cleaning schemes.

It should be noted that fluidized bed furnaces comply with the ever-tightening and
expanding range of restrictions on emissions of a wide range of harmful substances. The
amount of organic compounds formed such as carbon monoxide, benzapyrenes, dioxins,
etc. is reduced due to uniform and highly efficient mixing and burning in the furnace
volume. In addition, at a low temperature of the combustion process, the sublimation of
the mineral part (ash) of the fuel is insignificant and, therefore, the pollution of heating
surfaces is minimal, and sulfur oxides and "acid compounds" of other elements such as
chlorine and fluorine can be suppressed by ash or sulfur absorbers, for example, crushed
limestone.

Conclusion

Studies have shown that the humic preparation is a highly effective bioenergy-
informational adaptogen that increases the ecological resistance of cultivated plants to
extreme environmental factors, which allows increasing the yield of agricultural plants
by an average of 20-65 % without increasing the area of crops with minimal dependence
on adverse soil and climatic conditions.

The resulting preparations have multifunctional properties, since they not only
increase the bioenergetics of seeds and plants in ontogeny, but also change the quality
of the interaction of crops with the environment.

The use of the proposed preparation creates favorable conditions for reducing the
reclamation period during the development of highly saline soils and the widespread
use of weakly and moderately saline soils in agricultural production without their labor-
intensive pre-washing to design standards (0.1-0.3 %).

A distinctive feature of the proposed pyrolysis technology using fluidized bed
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technology from foreign ones is the possibility of using low-grade, including substandard
(coal fines) raw materials for their low-temperature carbonization.

Smokeless briquettes obtained from brown coal by molding on roller presses using a
binder have high quality indicators (calorie content - 6200 kcal / kg, mechanical strength)
compared to the feedstock, which subsequently allows to increase the efficiency of
layered furnaces and reduce harmful emissions into the atmosphere.

The article was prepared within the framework of grant funding for scientific and
(or) scientific and technical projects "Technology for obtaining an adaptogen drug based
on humates from coal and extracts of wild plants to create a sustainable vegetation cover
on man-made objects (AP14871298)
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