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B 2016 romy ans pa3BUTUS W YAyYIIEHHS KadeCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3JaH YacTHbIM bnarorBoputenbHblid GoHa «Xaiblky». 3a roibl CBOSH OesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX NMPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUTBI, KYJABTYpPBI, 31IpaBooXpaHeHus u cnopra, Ponp Beaenna Oosee
45 MunnuapaoB TEHre.

Oco6oe BunManue biarorBoputenbHbIi GoHT «XabIK» ynenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HallPaBJIEHUE OJHUM W3 KIIIOUEBBIX B CBOEH JESATEIBHOCTH.
Oxa3biBasi MOAJIEPKKY OT€UECTBEHHOMY 00pa3oBaHuto, GOH/I BHOCUT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBY S
pOCTy uncIa JitoneH, ClIoCOOHBIX MEHSTh KU3Hb B CTPaHe K JIy4IleMy —Ipo(eccHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTaim MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOpBI MOMOTraeT pa3BUBAaTh HEOOXOOUMBIE B COBPEMEHHOM MHpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comelCTBHE MajoMy OHM3HECY MIKOJbHHUKOB
06110 BhIIeneHo Oosee 200 rpanToB. J{iis moa/iep KKy TaJaHTIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @oHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexXIyHapOJHOH IIKOoJIe
«Mupacy» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CLLIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIN B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo momomM MIKOJIBHMKAM, ydallMMcs KoJulepked W cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKAINWU IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHMH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAHUM OyIyIIMX MOKOJEHHH KazaxcTaHueB. [lpu mognepxkke Donna
«XanplK» B IOKHOH cTonuie ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO OOy4YEeHUIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BochkMH obnacteil Kazaxcrana, urto
JIOJKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW I'PAMOTHOCTH H
MPEIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heob6xonumyto momors @oHx «Xalblk» OKa3blBaeT U TeM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counanabHOM 3alllUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE NIETeH, OCTABIIMXCS 03 pOIUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHHUS, JIFOJEN C OTPAaHUYEHHBIMUA BO3MOKHOCTSIMHU, a
TaKKe 00€CIICUCHUIO HYK/IAIOIIMXCSI COLUATBHBIM KHIIIbEM, CTPOUTEILCTBY COIIHATBLHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMITJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJJICP’KKa B PA3BUTHU JIETCKOTO PyTOOJIA M Kapare
B Hame# crpaHe. JKU3HEHHO BaKHYIO TIOMOIL biaroTBopuTeNnbHbIN QOHT «XaIbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HenasHel nangemuun COVID-19. Torna,
B pasrap TsDKenod 0oprObl ¢ KopoHaBUpyCcHOH nHpeknuerd Doun Beiaenui cBbime 11
MUJUTMAPJIOB TEHTe Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIH U CPENICTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy C IOpYyrUMU TpPOCKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUSL Ka3aXCTaHCKUX TpaxkaaH DOHJ penimi yneinuTb 0c000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJIICTCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, a YPOBCHb €€
pa3BUTHS ONPEIENAET yPOBEHD Pa3BUTHUS TOCY1apCTBA.

I[onnepxkka @oHAOM BbIMycKa >XKypHajaoB HamuonanbHOM AxageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MeEXIyHapoiHble (OHABI Scopus u
Wos U B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MaruCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX YYEOHBIX 3aBEJCHHUU W
HAy4HO-UCCIIEA0BATENIbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKu1ajioM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBa.

C yBakeHunem,
BbaarorBopurebHblii ®oHa «XaabIK»!



Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, ipodeccop, KP ¥FA akanemuri,
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OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
JoKTOpsI, podeccop, KP ¥FA akagemuri, «Dutoxumushy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexust FhUIBIM aKaJEMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-®apadu areigarsl Kaz¥Y Y-npiy Oipiamm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETiHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, Papmanust Mmektebinin npodeccopst (Oxcdopa, AKII) H =35
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TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
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munucTpiiri (Anmarsl, Kasakcran) H = 13
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XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
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TFAPEJIMK Xempa, ¢unocodus noxropsr (PhD, xmmus), Xanplkapallblk Taza jKOHE KOJIaHOAIBI
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, mpodeccop, akagemuk HAH PK,
npe3uaeHT HaronansHol akagemun Hayk Pecry6mmkn Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop durocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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Abstract. This manuscript explores the innovative utilization of coal mining waste,
specifically focusing on the potential of humates derived from this byproduct for enhancing
livestock nutrition. Coal mining waste, predominantly comprising humic substances,
presents an untapped resource rich in minerals and biologically active compounds that
can be transformed into valuable feed additives. The study was conducted using advanced
analytical techniques to characterize the chemical and physical properties of humates
extracted from coal mining waste. Scanning Electron Microscopy (SEM) provided insights
into the microstructure, confirming the presence of mineral constituents like quartz,
kaolinite, and muscovite which dominate the waste material. This microstructural insight
suggests a dense, crystalline matrix beneficial for dietary applications. X-Ray Diffraction
(XRD) analysis further substantiated the SEM findings, quantifying the mineral phases and
offering a detailed composition profile of the humates. This phase analysis was essential
for understanding the mineral content which can influence the nutritional value of the feed
additives. Infrared (IR) spectroscopy was employed to determine the functional groups
and molecular interactions within the humates. The IR spectra revealed the presence of
various organic and inorganic compounds, highlighting the complex nature of the humates
that includes beneficial elements such as nitrogen, calcium, and phosphorus. The study’s
findings underscore the potential of humates as a feed additive, improving feed efficiency
and animal health. These substances have been shown to enhance nutrient absorption,
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stimulate digestive processes, and provide detoxification benefits, effectively adsorbing
harmful substances like heavy metals and pesticides. Moreover, humates form a protective
barrier in the gastrointestinal tract, which aids in safeguarding against infections and toxins.
Overall, this research demonstrates that coal mining waste can be repurposed into a high-
value additive for livestock feed, contributing to sustainable agricultural practices and
waste management. The application of such waste not only helps in reducing environmental
burden but also adds economic value to the mining and agricultural industries.

Keywords: humates, coal mining waste, livestock nutrition, feed additives, sus-
tainable agriculture

Funding: This research was funded by the Ministry of Higher Education and Sci-
ence of the Republic of Kazakhstan, grant number AP19174296.

© ML.B. Kamb6atsipos', I.A. Aoxypa3oBa’’, Y.b. Hazapéex!', 2024

M. OyesoB arteimarsl OHTyCTiK Kasakcran yausepcuteri, IIsimkenT, Kasakcran;

0. XKonibekon arsiaaarsl OHTYCTiK KazakcTaH meaarorukanblk YHUBEPCUTETI,
[Ieivkent, Kazakcran.

E-mail: abdurazova.perizat@okmpu.kz

KOMIP OHJIPY KAJJABIKTAPBIH A3BIK OHIIPY YIIIH TANJAJIAHY:
KYC TAFAMBIH/IAFBI TYMATTAP/IBIH QJIEVETIH 3EPTTEY

KambateipoB M.B. — PhD. M. Oyesos arsigarst OKY, IIsmvkent, Kazakcran

E-mail: maksat-kambatyrov@mail.ru. https://orcid.org/0000-0002-5791-8627;

Aénaypa3zosa II.A. — PhD, kaysiMaacTeipsurran npodeccop, Xumust kadenpacel, ©. JKoHiOeKOB aThIHIAFbI
OKITY, evkent, Kazakcran

E-mail: abdurazova.perizat@okmpu.kz. https://orcid.org/0000-0002-5244-7678;

Hazapéex ¥Y.B. — PhD, xaysimpacteipsurran mnpodeccop, Xumus skoHe (GapMaleBTHKAIBIK HHKCHEPHS
kagenpacel, M. OyesoB ateiarsl OKY, IlIevkent, Kasakcran

E-mail: unazarbek@mail.ru. https://orcid.org/0000-0001-8890-8926.

Annortaunus. by Makanana KycTap/blH KOPEKTCHYIH jKaKcapTy YIIiH aHama
OHIMHEH aJIBIHFaH T'yMaTTAPBIH dJICYETiHE epeKIlie Ha3ap ayaapa OTHIPHIN, KOMip OHAIpY
KaJJIBIKTapblH MHHOBALIMSUIBIK Taijjaiany KapacThlpbuiaibl. KypaMbiHIa Heri3iHeH
TYMYCTBI 3aTTap Oap KeMip eHIIpy KaJIbIKTaphl KYHIBI a3bIK KOCTajlapFa aiHaIaThIH
MHHEpaIIap MeH OMOIOTHSUIBIK OCIICeH I KOChUIBICTApFa Oaii maiimananbIMaral pecype
Oombim TaOBLIAABI. 3epTTEy KOMIp OHIIPY KalABIKTapbIHAH O6OJIIHETIH TyMMAaTTapIblH
XMMUSUIBIK  JKOHE (HM3HMKANBIK KACHETTEPiH CHIATTay YIIH O3bIK aHAIWTHKAIBIK
omicTep i KOMaHy apKeUIbI JKYprizinmi. CKkaHepieyni 3IeKTpOoHAB MUKpockomnus (SEM)
MHKPOKYPBUIBIMIIBI TYCIHYTE MYMKIHIIK Oep/Ii, Oy KaaapIkrapaa 6ackiM OOJaTBIH KBapII,
KAOJIMHHUT >KOHE MYCKOBUT CHSKTBI MHUHEPAJJIbl KOMIIOHEHTTEPJiH OOJIybIH pacTajibl.
Byt MUKPOKYPBUTBIMIIBI 36PTTEY THIFbI3 KPUCTANIBI MATPHIIA JTUETAIBIK TAMAKTaHY YIIiH
maganel eKeHiH kepceTemi. Pentren coymnenepinin nudpakmusicsl (XRD MuHEpaIasiK
dazanapapl caHJIBIK Oaranay >KOHE TyMMATTapJblH erKehH-TErKeili KOMITO3UIIUSIIBIK
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npoduiIiH KaMTamachl3 ety apkpuibl SEM HoTmKenepin onaH api pactansl. by dazansik
Tanjay asblK KOCTANapJblH TaraMAbIK KYHIBUIBIFBIHA dCep €Tyl MYMKIH MHHEpasJIbl
KypaMIpl TYCiHY YHIH KaxeT Oomapl. ['ymarrapmarbl (QyHKIMOHAIIBIK TONTAp MEH
MOJIEKYJIaJIBIK ©3apa dpeKeTTecynep i anpIKTay yuriH nHppakeibul (MK) ciektpockonus
KOJIAaHBULIBL. MIHQPaKBI3bII CHEKTpIep SpTYpJli OpPraHUKAJbIK jKOHE OeiopraHMKaIbIK
KOCBUIBICTap/BIH OOJYBIH aHBIKTaJIbl, TyMAaTTap/AbIH KYp/JeNi TaOUFaThIH, COHBIH IIIiHIE
a30T, KanbLuil >koHe (ocdop CHUAKTH MaiJaibl 3IEMEHTTEPAl Kepcereai. 3eprrey
HOTIDKENEpi JKeMINOI THIMAUITT MEeH KYCTapAblH JICHCAYJBIFBIH JKaKCapTy YIIIH a3bIK
KOCIIAChl PETIHJE T'yMaTTap JIEYeTiH KepceTeli. by 3aTTapIbslH KOPEKTIK 3aTTaplIblH
CIHY1H aKCcapTaTbIHBI, aC KOPBITY IPOLIECTEPIiH bIHTAIAH IBIPATHIHBI XKOHE aybIp METaNIap
MEH MECTHLIUATEP CHSAKTBHI 3USHIBI 3aTTapAbl THIMII CiHIPY apKbUIbI JETOKCHKAIUSFa
BIKMA] eTeTiHi JonengeHred. CoHBIMEH KaTap, IyMaTTap acKas3aH-ilIeK >KOJbIHAA
KOPFaHbIC TOCKAYBUIBIH KYPaiIbl, OyI1 1eHeH1 HHEKIHUsIap MeH TOKCHHCPICH KOpFayFa
keMekTeceni. Tyracrait anrania, Oyi1 3epTTey KoMip OHIIpy KaJAbIKTapbIH TYPAKTHI aybLT
MIAPYaIIbUIBIFBI MEH KaJIBIKTapAbl OacKapyFa BIKIa eTeTiH KYH/IbI KYC a3bIK KOCIIaChbIHA
eHjieyre OOJIATBIHBIH KopceTedi. MyHIall KajablKTapAbl NaiaaiaHy KOpIIaraH opTara
TYCETiH ayBIPTHAJBIKTHI a3aliTyFa KOMEKTecin KaHa KoWMail, Tay-KeH >KOHE aybul
IapyaIIbUIBIFBI CajlaapblHa SKOHOMUKAIIBIK KYHIBUIBIK KOCAIBI.
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AHHoTammsa. B cratbe paccMaTpuBaeTcs WHHOBAIMOHHOE MHCIIOJIb30BaHUE
OTXOZOB yIIIEJ00BIYU ¢ 0COOBIM YIOPOM Ha TOTEHILMANl TyMaTOB, MOIy4aeMbIX H3 3TOTO
NOOOYHOTO MPOAYKTA, ISl YAyYIIeHNUs: NUTaHus nTul. OTX0nbl yrieno0bldH, coaepKa-
HIMe MPEUMYIECTBEHHO T'yMWHOBBIE BEIECTBA, MPEICTABISIIOT COO0I HEHCIIOIb30BaH-
HBII pecypc, Oorarelii MUHEpanaMu U OMOJOTMYECKH aKTHBHBIMU COEIMHEHUSIMH, KOTO-
pble MOTYT OBITH IPeoOpa3oBaHbl B LICHHbIE KOpMOBbIe n00aBku. MccnenoBanue ObLIO
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MIPOBEJICHO C MCIIOJIb30BAHUEM IMEPEIOBBIX AHATUTHYECKUX METOIOB Ul XapaKTepPUCTH-
KA XMMHUYECKUX U (PU3NYECKHUX CBOMCTB I'yMAaTOB, BBIACISIEMBIX H3 OTXOI0B YIJICAOOBIUH.
CkaHupytolias 3eKTpoHHast MUkpockomnus (COM) 1mo3Bosuia mojay4yuTh NpeACTaBlIeHUE
0 MHKPOCTPYKType, MOATBEPAUB HAJIMUUE MUHEPAIBHBIX KOMIIOHEHTOB, TaKHX Kak
KBapll, KAOJMHUT U MYCKOBUT, KOTOpPBIC NMPE0oOIafaloT B OTXOAaX. DTO HMCCIEIOBAHHE
MHUKPOCTPYKTYpPBl ~ MO3BOJISIET  MPEANOJIOKUTb, YTO IUIOTHAs  KpHCTaJUIMYecKas
MaTpHIlla MoJe3Ha Uil AMETHYECKOro nuraHus. PeHrreHocTpykTypHblil anamus (PCA)
JOMOJHUTENBHO MOATBEP AN pe3ysbTaTbl COM, KOMTHUECTBEHHO ONPEACINB MUHEPAIbHBIC
(a3bl 1 IPEAOCTaBUB MOAPOOHBIN MPOPHIIL cOcTaBa 'yMaToB. DTOT (pa30BbIid aHAINU3 ObLI
HEOOXO0IUM JJIsl TOHUMAaHUSI COACPKaHNUSI MUHEPAJIbHBIX BEIIECTB, KOTOPBIE MOTYT BIIUSIThH
Ha MUTATEIbHYIO LIEHHOCTh KOPMOBBIX 100aBOK. sl ompezaeneHus: (pyHKIMOHATBHBIX
TPYII ¥ MOJICKYJISIPHBIX B3aMOJCHCTBUM B rymMarax Oblia UCIONb30BaHa MH(paKkpacHas
(UK) cnexrpockonusi. MHppakpacHble CHEKTPhl BBISBHIM NPHCYTCTBHE Pa3IUYHBIX
OPTaHMYECKUX M HEOPraHWYECKUX COCIMHECHHUH, YTO MOJUYEPKHUBACT CIOKHYIO MPUPOAY
ryMaToB, BKJIIOYAIOLIMX TaKHUE ITIOJIE3HBIE AJIEMEHTHI, KaK a30T, KaubUuid U Qocdop.
PesynpTaThl Mccie0BaHUS MMOTYEPKUBAIOT MOTEHLMAT T'yMaTOB B KauecTBE KOPMOBOMH
n00aBKH, yiryuiaronei 3 peKTHBHOCT KOPMOB M 310pOBbe NTHULL. /l0Ka3aHo, UTO 3TH Be-
[IeCTBA YAYYIIAIOT YCBOCHHUE MUTATENBHBIX BEIIECTB, CTUMYIUPYIOT MHUILICBAPUTEIbHBIC
MIPOLIECCHI M CIIOCOOCTBYIOT JETOKCUKALMH, 3G PEKTUBHO a/IcOpOUpys BpeIHbIC BEIIECTRA,
TaKne KaK TsDKelble MEeTallIbl U mecTUiMasl. Kpome Toro, rymarsl 00pas3yroT 3alliuTHBIH
0apbep B KEITyJOUYHO-KUIICYHOM TPAKTE, KOTOPBIA MOMOIaeT 3alllUTHUTh OPraHu3M OT UH-
(exuuii 1 TOKCHHOB. B 1enom, 3T0 nccnenoBaHue MOKa3bIBACT, YTO OTXObI yIIeJ00BIYH
MOTYT OBITh NepepadoTaHbl B EHHYIO 100aBKy Ul KOPMJICHUS MITHILI, YTO CIIOCOOCTBYET
YCTOMYMBOMY BEICHHIO CEJILCKOTO XO35HCTBA M yNpaBJeHUIO oTxogaMu. Mcnons3oBanue
TaKUX OTXOJOB HE TOJBKO [TIOMOTaeT CHU3UTh HArpy3Ky Ha OKPYKAIOLIyIO CPEay, HO U I10-
BBIIIACT HKOHOMHYECKYIO LIEHHOCTh TOPHOJOOBIBAIOLICH U CENbCKOXO3SIHCTBEHHON IMPO-
MBILIJICHHOCTH.

KaroueBble cioBa: rymarbl, OTXOAbI YIriefoOBIYM, MUTAHUE INTHUL, KOPMOBBIC
N00aBKH, YCTOHYNBOE CETLCKOE X035 HCTBO

Introduction

Organic materials in soil are subject to constant change, influenced by numerous
factors. Two main reasons for these changes are mineralization and humification. From the
perspective of zootechnical and veterinary sciences, particularly interesting are the reac-
tions that lead to the formation of complex compounds with significant potential in feed
production. Only a fraction of organic substances undergoes such transformations, which
are more complex than the mineralization process. Humification is based on the decompo-
sition and synthesis of organic compounds, as well as the polymerization and condensation
of the resulting products. This process is complex and not fully understood, primarily re-
sulting in the formation of humic and fulvic acids (Abd El-Hack, 2015).

Humus comprises insoluble humic substances in water at any pH value, character-
ized by large molecular sizes. The oxygen content in humus is the lowest, while nitrogen
makes up about 5-6 %. The mobility of these substances in soil is limited due to their
high molecular weight, which makes the negative charge on their surfaces insufficient
for peptization at high pH levels. Humic acids are polymers consisting of cyclic phenolic
or nitrogen-containing aromatic cores linked to sugars, peptides, amino acids, and other
aliphatic compounds. Their complex, compact, unstable, and amorphous structure contrib-
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utes to their chemical and biological degradation resistance (Abdel-Mageed, 2012). Re-
cent studies have revealed that humic acids, previously considered high-molecular-weight
polymers, are actually composed of low-molecular-weight compounds, forming a loosely
structured aggregate rather than a regular polymeric chain. This discovery highlights the
potential of humic acids and humates in chelation, despite the complexity of extracting
chelate compounds from them.

This understanding of the structure of humic acids suggests that they do not form
consistent, repeating monomeric chains, but rather are assemblies of various molecules
interconnected in a somewhat disordered fashion. This revelation opens up new possibili-
ties for using humic substances, particularly in the area of chelation. Chelating agents are
compounds that can form multiple bonds with a single metal ion, and the discovery of the
irregular and complex structure of humic acids implies that they can form diverse and po-
tentially useful chelating complexes. Despite the challenges associated with their complex
nature, the application of humic acids in agriculture, environmental remediation, and even
in pharmaceuticals, as natural detoxifying agents or organic fertilizers, presents a promis-
ing field for future research and development. The exploration of these applications could
lead to more sustainable and efficient uses of natural resources, aligning with environmen-
tal protection goals and the promotion of sustainable agricultural practices (Arafat, 2015).

Currently, the use of ecologically clean and safe materials in agriculture is of great
relevance. One promising direction is the use of humic substances. These are high-molec-
ular-weight compounds of natural origin that form through the oxidation of carbon or the
transformation of dead biomass. Humic substances have a chaotic structure, typically dark
brown in color, and are amorphous structures that can dissolve or swell in water. These
compounds do not have a uniform chemical formula, but their basic structures are known
to consist of aromatic rings and functional groups (such as hydroxyl, carboxyl, carbonyl,
alkyl, and methoxyl groups). In addition to aromatic rings, these substances may also con-
tain polypeptide and polysaccharide fragments. Even simpler compounds like fulvic acids
possess a complex chemical structure.

Beyond their structural complexity, humic substances play a significant role in en-
hancing soil fertility and plant growth. Their ability to interact with minerals and nutrients
in the soil can improve nutrient availability and uptake by plants. This interaction helps in
the formation of stable soil aggregates, which improves soil structure, water retention, and
aeration. Additionally, humic substances can act as natural chelators, binding to heavy met-
als and reducing their bioavailability, thus mitigating soil pollution. Their diverse function-
alities make them valuable for sustainable agricultural practices, promoting healthier plant
growth and restoring soil health without relying on synthetic chemicals. The exploration of
humic substances is thus aligned with efforts to achieve more environmentally friendly and
sustainable farming methodologies. Due to the challenges in quantitatively characterizing
the structure of humic acid molecules using traditional methods, researchers have devel-
oped a classification system based on solubility in bases and acids. Thus, humic substances
are divided into three categories: humins, which are insoluble in both acids and bases; hu-
mic acids, which are insoluble in acids but soluble in bases; and fulvic acids, which are sol-
uble in both acids and bases. Humic acids are fractions of humic substances that dissolve
in alkaline conditions, are partially soluble in water, and remain insoluble in acidic envi-
ronments. The classification can vary depending on the pH and ionic interactions (Arafat
et al., 2015). Due to their amphiphilic nature, humic acids form micelle-like structures in
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neutral and acidic environments, known as pseudo-micelles. This property is utilized in
water purification systems and to enhance the water solubility of hydrophobic compounds.
These pseudo-micelles enhance the efficiency of humic acids in various applications by
increasing the interaction surface between humic acids and other molecules or ions in
solution. This ability makes humic acids valuable in environmental cleanup, as they can
effectively bind and remove contaminants from water. Furthermore, their complexing
capabilities are instrumental in agriculture for delivering nutrients efficiently to plant roots,
thereby improving plant health and growth. The adaptability of humic acids to different pH
levels and their ionic nature allow them to be tailored for specific uses, optimizing their
effectiveness in soil amendment and pollution control strategies. This versatility and the
eco-friendly nature of humic substances make them an appealing option for sustainable
practices in agriculture and environmental management.

Humic acids contain a variety of functional groups, the proportions of which can
vary depending on their source, extraction and production methods, as well as the climatic
and environmental conditions during their formation. Primarily, the functional groups in
humic acids include phenols and carboxylic acids. These characteristics enable humic ac-
ids to enhance plant growth and form complex structures with heavy and transitional met-
als, effectively removing these metals from organisms and forming chelate compounds.
Additionally, their antiviral and anti-inflammatory activities have been documented. The
presence of phenols, carboxylic acids, and quinones in the structure of humic acids is
associated with their antioxidant, fungicidal, and bactericidal properties. The chemical
composition of humic substances can change based on geographic origin, age, climate,
and biological conditions, which complicates precise identification. Literature sources
widely agree on the chemical composition of humic acids derived from various sources.
Typically, substances based on humic acids contain about 50 % carbon, 35 % oxygen, and
5 % hydrogen, with the remaining percentage attributed to nitrogen and sulfur (Arafat
et al., 2017). The highest carbon content, reaching 60—65 %, is found in materials such
as bituminous and brown coal. The ability of humic acids to bind cationic metals and
complexes makes them valuable across various sectors. Thus, they facilitate the transfer
of micronutrients from soil to plants and from feed additives to the bodies of agricultural
animals. Additionally, humic acids help reduce the levels of heavy metals in soils, waters,
and living organisms.

The primary source of humic acids is brown coal, which in Kazakhstan is estimated
to have reserves of 34 billion tons. Compared to other sources of humic acids, brown coal
has a distinct chemical composition that includes various micronutrients suitable for use in
the production of animal feed additives. The main methods for extracting humic substances
involve alkaline extraction using ammonia solutions or potassium/sodium hydroxides.
These processes convert humic substances into water-soluble salts, namely biologically
active potassium or sodium humates. This method is practically waste-free, which is why
it is widely used in many countries.

In recent years, various feed additives have been widely used to supplement
the dietary deficiencies of nutrients in agricultural and domestic animals. These include
mineral supplements (macro and microelements), protein and fat supplements, vitamins,
biostimulants, complex natural compounds (sapropel, peat, humates), and synthetic
products (enzymes, hormones, antibiotics, adaptogens, antioxidants). The exploration
of new ways to enhance the productivity of livestock through feed additives has led to
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an increase in research on the use of natural feed resources with immunomodulatory
properties. Studies have shown that these additives have high ecological safety and possess
unique capabilities to improve metabolic processes and increase cellular energy, which
beneficially impacts living organisms.

Materials and Methods

To achieve the main objectives of the research, various experimental,
physicochemical, and analytical analysis methods were employed: chemical analysis,
photocolorimetry, potentiometry, IR spectroscopy, and analysis using an INCAEnergy
(Oxford Instruments) X-ray energy dispersive microanalyzer installed on an ISM-6490LV
(IED) scanning electron microscope, among others.

Potentiometric titration was carried out at a temperature of 298+0.1 K using
an LPM-60 laboratory pH meter equipped with a DL-01 sensor. The measuring system
included a glass electrode ESL 11-0.4, and a calomel electrode was used as the reference
electrode.

The chemical analysis of the raw materials and the products obtained was conducted
in accordance with the regulatory requirements of the known MEST standards.

Method for determining total phosphates: 1-2 grams of the sample are weighed
with an accuracy of 0.0002 grams using analytical scales, transferred to a 250 ml
volumetric flask, and treated with 50 ml of 20 % hydrochloric acid (HCI) solution. The
mixture is then gently boiled for 30 minutes. When the volume of the solution has reduced
to approximately 50 ml, water is added. After cooling, the solution is diluted to the mark
with distilled water, thoroughly mixed, and filtered, discarding the initial filtrate. 1 ml of
filtrate is taken with a pipette and transferred to a 100 ml volumetric flask, filled up to 50
ml with water. Then, 25 ml of a prepared solution for phosphates is added and the volume
is brought up to the mark with water, followed by thorough mixing. After 10—15 minutes,
the optical density compared to a control solution is measured. The control solution is
prepared simultaneously with the sample, taking 100 ml of the phosphate solution into a
volumetric flask and diluting to the mark with distilled water. The control solution is used
for the determination of all forms of P,O, and is prepared once.

Method for determining available phosphates: 1-2 grams of the sample are weighed
with an accuracy of 0.0002 grams using analytical scales. The sample is then dispersed in
150 ml of 0.2 mol/dm?® Trilon B solution preheated to 93+£3°C in a beaker, transferred to
a 500 ml volumetric flask, sealed, and placed on a shaker for 20-30 minutes. The volume
of the solution is adjusted to the mark with water and mixed. The solution is then filtered
through «white band» filter paper, discarding the initial filtrate.

Using a pipette, 1 ml of the filtrate is collected and added to a 100 ml volumetric
flask. To this solution, 2 ml of 20 % hydrochloric acid and 10—15 ml of water are added,
and the mixture is boiled for 10 minutes. After cooling, the solution is diluted to 50 ml with
water. Then, 25 ml of a phosphate solution is added, and the volume is brought up to the
mark with distilled water and mixed thoroughly. After 20-25 minutes, the optical density
is measured relative to a comparison solution.

Method for determining the phosphorus content in feed additives. The method is
based on mineralizing the sample through dry or wet ashing to form salts of orthophosphoric
acid, and then detecting phosphorus in the form of yellow-colored complex formed with
vanadate and molybdate ions in an acidic medium, using a photometric method.

Extraction of humates (according to MEST 9517-76). Approximately 1 gram of
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powdered coal production residue is placed in a 250 cm® conical flask, over which 100
ml of sodium pyrophosphate solution is poured, and the flask is then placed on a shaker
for 60 minutes. The resulting suspension is centrifuged for 15 minutes, collected into a
1-liter flask, and decanted. The dissolved residue is washed twice with 100 ml of sodium
hydroxide solution. After each wash, the suspension is centrifuged, and the wash solution
is collected in Flask B.

The settled sludge is collected in Flask A, to which 100 ml of sodium hydroxide
solution is added, and then heated in a boiling water bath for 2 hours. After cooling to
room temperature, the contents of Flask A are centrifuged for 15 minutes, the solution is
decanted and collected in Flask B. The insoluble residue is washed twice more with 100
ml of sodium hydroxide solution. After each wash, the suspension is centrifuged, and the
wash solution is collected in Flask B.

Modern scanning electron microscope equipment (JSM6490 LV brand) was utilized
for microstructural and elemental-weight analysis of raw materials and finished products.
Additionally, IR spectral analysis was conducted on a SHIMADZU IR PRESTIGE-21
Fourier-transform infrared spectrometer with a Miracle full internal reflection (ATR)
accessory from Pike Technologies.

X-ray phase analysis was carried out on a D8 Advance (Bruker) device to identify
inorganic compounds within the studied samples. Data processing from the obtained
diffractograms and calculation of interplanar distances were performed using the EVA
software. Deciphering the samples’ codes and phase identification were conducted using
the Search/match program, with the PDF-2 powder diffractometry database.

Drying and grinding of the samples were performed using an MSHL-1 laboratory
mill. For the extraction of humates and the production of feed additives, a laboratory reactor
with a paddle mixer was used under laboratory conditions. Additionally, a laboratory
vacuum filter was employed for the filtration process.

Results and Discussion

Elemental-chemical and microstructural analyses were conducted on samples ob-
tained from this heap. The surfaces of the samples were examined at a 40x magnification
in the spectrum. The results of the study are presented in Figures 1-2 below.
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Figure 1. Elemental-weight composition of coal production residue

The table summarizes the elemental and oxide compositions of coal production
residue. Carbon (C) and oxygen (O) dominate the residue, comprising 43.00 % and 39.43
% respectively, with no associated oxides listed for these elements. Aluminum (Al) makes
up 3.79 % of the residue, which corresponds to 7.16 % when expressed as aluminum ox-
ide (ALO,). Silicon (Si) is present at 6.42 %, and its oxide form, silicon dioxide (Si02),
accounts for 13.73 %. Sulfur (S) contributes 1.03 %, translating into sulfur trioxide (SO,)
at 2.57 %. Potassium (K) is at a lower concentration of 0.40 %, with its oxide, potassium
oxide (K,0), representing 0.48 %. Calcium (Ca) is slightly higher at 0.43 %, which cor-
responds to calcium oxide (CaO) at 0.60 %. Iron (Fe) is significantly present at 5.49 %,
with iron(III) oxide (Fe,0,) making up 7.85 %. These values indicate the transformation of
elemental compositions into their respective oxide forms, highlighting the predominance
of heavier elements like silicon and iron in their oxide states within the residue.

] 1 2 3 4 5 B 7 8 9 10
= T — Moreas mowns 4327 wan. Kypoop: 00000 3B

Figure 2. Microstructure and diffraction peaks of elements in coal production residue
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According to the data provided above, the main component of the coal production
residue is the element carbon, with substances like sulfur, aluminum, and silicon oxides
also present. There are also smaller amounts of potassium and calcium compounds.
The microstructure of the analyzed sample shows minerals of sulfur, iron, and calcium
compounds as distinct clusters, while the presence of small hexagonal crystals indicates
the presence of calcium aluminates. The silicon compounds in the sample are characterized
by fine, particulate structures.

The Scanning Electron Microscopy (SEM) image analysis of the coal production
residue provides a detailed look at the microstructure and elemental composition. The
dominant presence of carbon is visible as a fundamental matrix within the residue, forming
asubstantial portion of the overall structure. This matrix is interspersed with various mineral
clusters and inclusions, primarily constituted by sulfur, iron, and calcium compounds.

The sulfur compounds likely manifest as scattered aggregates throughout the
sample, potentially contributing to the overall texture and porosity of the residue. Iron
compounds are typically more dense and might appear as darker, more defined clusters
or particles within the SEM image, reflecting their heavier atomic weight and distinct
physical properties compared to other elements.

Calcium compounds are particularly interesting as they form small, hexagonal
crystal structures, indicative of calcium aluminates. These hexagonal shapes suggest a
crystalline phase within the residue, which could influence the mechanical properties such
as hardness and structural integrity of the residue.

Moreover, the presence of silicon compounds is noted by their finer, particulate
form, likely contributing to the residue’s overall surface area and reactive properties (Arif,
2016). These fine silicon compounds could be involved in various interactions with other
elements in the residue, potentially affecting its chemical reactivity and usefulness in
applications like soil amendment or industrial processes.

Overall, the SEM analysis reveals a complex interplay of carbon with other
mineralogical elements, each contributing unique properties that define the physical and
chemical characteristics of the coal production residue. This detailed microstructural
insight is crucial for understanding the potential applications and environmental impacts
of such residues.

The infrared spectral analysis of the coal production residue was conducted using
the modern Shimadzu IR Prestige-21 Fourier-transform infrared spectrometer. The results
of the study are presented in Figure 3 below.
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Figure 3. The infrared spectral analysis of the coal production residue

The detailed interpretation of the IR-spectra from the analysis of coal production
residue reveals a variety of absorbance peaks, each corresponding to different chemical
bonds and structures within the sample. The peaks at 555.50 cm™!, 597.93 cm™', and 644.22
cm!, with corrected intensities of 3.204, 3.257, and 0.746 respectively, indicate the pres-
ence of complex inorganic compounds, possibly involving metal-oxygen bonds, reflecting
the mineral components of the residue. The peaks at 694.37 cm™ and 759.10 cm!, with rel-
atively higher corrected intensities of 2.647 and 0.230, could be indicative of bending vi-
brations in silica or other silicate materials, which aligns with the silicon content observed
in the sample. The sequence from 779.24 cm™ to 1029.99 cm™! includes several moderate
peaks suggesting various functional groups, possibly involving sulfur or phosphorus ox-
ides, as suggested by the presence of sulfur in the elemental analysis (Arpasova, 2016).

Significantly, the peaks at 1238.30 cm™ and 1361.74 cm’!, with very low corrected
intensities, could represent the presence of organic compounds such as aliphatic amines
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or ethers. The sharp peaks at 1504.48 cm™ and 1589.34 cm™! with corrected areas of prac-
tically nil and 1.583 indicate the presence of aromatic compounds, possibly from residual
coal substances. Moreover, the peaks at 1697.36 cm™!, 2854.65 cm™, and 2924.09 cm™,
with corrected intensities of 1.460, 0.902, and 1.826, are typically associated with carbonyl
groups and the C-H stretching vibrations in aliphatic hydrocarbons, hinting at the presence
of fatty acids or other long-chain hydrocarbons (Cetin, 2016).

Overall, the IR spectra suggest a complex mix of inorganic and organic compo-
nents, highlighting the diverse nature of the chemical makeup of coal production residues,
which includes both aromatic and aliphatic organic substances alongside various miner-
al-derived compounds. This complexity underlines the potential for various industrial and
environmental applications or challenges associated with such residues.

The results of the X-ray phase analysis of coal production residue are presented in
Figure 4.
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Figure 4. X-ray diffraction peaks of coal production residue

According to the data presented in the image, the structure of coal production
residue is characterized by minerals such as quartz, kaolinite, and muscovite. It has been
identified that a significant portion of the structure, specifically 90.4 %, is comprised of
quartz minerals. Additionally, compounds in the form of kaolinite and muscovite make up
7.1 % and 2.4 % of the structure, respectively.

The X-ray Diffraction (XRD) analysis of the coal production residue clearly iden-
tifies the presence of quartz, kaolinite, and muscovite as the principal mineral constituents.
The dominance of quartz at 90.4 % of the structure suggests a highly siliceous nature,
which is consistent with the SEM analysis that showed a dense, crystalline microstructure
typical of quartz. The kaolinite and muscovite, accounting for 7.1 % and 2.4 % respec-
tively, add to the layered silicate structure observed, which could contribute to the over-
all mechanical properties of the residue such as plasticity and cation exchange capacity.
These findings correlate with the IR-spectra, which indicated peaks corresponding to Si-O
stretching modes characteristic of silicate minerals (Chang-Hua, 2003). The presence of
minor peaks related to organic functionalities, likely from residual coal materials and mi-
nor sulfur or phosphate groups, supports a complex composition that includes both inor-
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ganic and trace organic elements. The elemental composition analysis further corroborates
this, with significant amounts of silicon and aluminum from the quartz and kaolinites, and
iron from the muscovite, all contributing to the chemical diversity observed in the SEM
and confirmed by the XRD peaks. Overall, the combination of XRD, IR-spectra, SEM,
and elemental composition analyses provides a comprehensive understanding of the min-
eralogical and chemical makeup of the coal production residue, highlighting its potential
uses and environmental interactions.

Humates are studied worldwide as valuable organic raw materials for the pro-
duction of feed additives for livestock. Due to their unique composition and properties,
humates can be utilized in animal and poultry feed. They serve as a source of minerals,
including chelated microelements, for animals. Numerous studies by both domestic and
international researchers have shown that humates can be effectively used in pure form to
feed animals and birds. Adding humates to the diet (up to 2 kg per day) has been shown to
increase the live weight of pigs by 10-15 %, while also reducing feed costs by the same
percentage. Furthermore, humates are excellent enterosorbents, protecting animals and
birds from diseases by adsorbing harmful substances in the intestines and reducing mortal-
ity rates in pigs and chickens (Disetlhe, 2017). The use of humates improves the morpho-
logical and biochemical composition of the blood, enhances the absorption of nutrients in
the food, and promotes the growth and development of animals.

Currently, normal diets for animals often fall short in providing adequate amounts
of energy, protein, sugars, and other nutrients. This deficiency is particularly notable in
minerals and biologically active substances (Dobrzanski, 2009). Using local and non-tra-
ditional sources of minerals and biologically active substances can significantly mitigate
these deficiencies. One such source could be humates, which do not disrupt the digestive
processes in animals’ stomachs. Including humates in the diet of calves has been shown
to enhance the absorption of organic substances and increase the uptake of nitrogen, cal-
cium, and phosphorus. Studies conducted in Udmurtia have demonstrated that humate
components positively affect fetal development in the womb, activate metabolic processes,
stimulate the function of hematopoietic organs, protect animals from anemia, and reduce
mortality in young animals. In trials, calves receiving humates in their diet showed a 34.2
% higher average daily growth rate compared to those in the control group placed on a
usual mineral substrate. A similar effect was observed when feeding young chickens with
humates (Edmonds, 2014).

Several authors have determined the optimal feeding schedules and norms for us-
ing humates in pig nutrition (Ergin, 2009). In large poultry and pig farms, humates are
commonly incorporated into compound feeds in dry form. The primary condition for an-
imals to effectively utilize dietary nutrients is ensuring that the feed is balanced in terms
of all standardized organic and mineral substances. The inclusion of humates in feed com-
positions has been found to stimulate digestive processes in young animals, with nutrient
absorption rates improving by an average of 2.5 to 6.51 %. Additionally, incorporating
humates into compound feeds and feed additives can enhance metabolic processes in the
bodies of animals and birds. Analyzing the literature on the chemical composition of hu-
mates, it is noted that the most efficient method of use involves isolating humic acids and
their bases, including humates, from lignite coal. Humates derived from lignite allow for
their use in small quantities, universally, and regardless of the season, due to the high
concentration of nutrients and biologically active substances they contain. Most humic
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substances chemically bond with inorganic components (such as clay and oxides). A sig-
nificant feature of humic substances is their ability to interact with metal ions, oxides, and
clay minerals, and to react with organic compounds like alkenes, fatty acids, surfactants,
and pesticides.

Due to their colloidal properties and ability to form chelates, humic acids and their
salts can significantly alter the toxic effects of various xenobiotics and unwanted substanc-
es ingested with food and water. Since no toxic, allergic, mutagenic, or teratogenic effects
of humic acids have been found, in 1999, the European Medicines Agency approved humic
acids and their salts (humates) as veterinary drugs for treating diarrhea, dyspepsia, and
toxicity in farm animals. The content of humic substances in lignite can reach up to 85 %.
The terms “humic substances” and “humates” are associated with soil and originate from
the term “humus,” which refers to a complex of organic dark-colored compounds that
determine soil fertility. For instance, the most fertile soils (humus-rich soils) can contain
up to 12 % humic substances. Most natural humic substances are in a water-soluble form
which has limited economic value. For practical application, it is necessary to convert hu-
mic substances into a water-soluble form, such as humates. Soluble humic acid is available
as potassium humate or sodium humate. Potassium humates are preferred as soil additives
in agronomy because additional sodium is rarely needed. Sodium humates are better suited
for animals as sodium is an essential inorganic electrolyte for animal health and its levels
must be consistently maintained (Gomez-Rosales, 2015).

There is limited information on the mechanisms by which humates enhance the
efficiency of animal product production when used in animal feeding. However, existing
studies suggest that the inclusion of humates is beneficial for livestock. The positive effect
of humic acids could be linked to their ability to influence the metabolism of proteins and
carbohydrates in microbes, possibly leading to the direct elimination of bacterial cells or
viral particles. The detoxifying benefits of humate components encompass a wide range of
toxins accumulated through farming activities. When humic acids are added to the diet, they
adsorb heavy metals, nitrates, fluoride, organophosphates, carbaryl, and chloride organic
insecticides. Humic acids can form a protective layer in the gastrointestinal mucosa against
infections and toxins, ensuring effective nutrient utilization in the feed.

Conclusions

The exploration of coal mining waste as a source for humates has revealed its sig-
nificant potential in enhancing livestock nutrition and promoting sustainable agricultural
practices. This study has systematically investigated the chemical and physical proper-
ties of humates derived from coal mining byproducts, providing a solid foundation for
their application as innovative feed additives. Advanced analytical methods such as SEM,
XRD, and IR spectroscopy were utilized to characterize the structural and compositional
attributes of humates. SEM analysis confirmed the presence of a dense, crystalline ma-
trix primarily composed of quartz, kaolinite, and muscovite. These minerals, prevalent
in coal mining waste, contribute essential nutrients when processed into feed additives.
XRD analysis further delineated the mineral phases, offering a precise quantification that
supports the nutrient supply potential of humates. IR spectroscopy provided insights into
the functional groups, revealing a complex interplay of organic and inorganic compounds
within the humates, which are critical for their biological activity and efficacy as feed
supplements. The integration of humates into animal diets has demonstrated multiple ben-
efits, such as enhanced nutrient absorption, improved digestive processes, and effective
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detoxification of harmful substances. These effects are attributed to the unique properties
of humates, which include their ability to form protective barriers in the gastrointestinal
tract, adsorb toxins, and interact beneficially with the body’s metabolism. Moreover, the
use of coal mining waste for producing humates aligns with global efforts towards sustain-
ability by providing a method to repurpose industrial byproducts into valuable agricultural
inputs. This not only aids in waste reduction but also enhances the economic viability of
industries involved, offering a compelling case for the broader adoption of humates in
livestock nutrition.

In conclusion, this research underscores the transformative potential of humates
derived from coal mining waste, advocating for their increased use in feed formulations to
realize benefits across environmental, agricultural, and economic domains. The continued
development and application of such innovative practices are crucial for advancing sus-
tainable livestock management and ecological conservation.
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