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AunHortanusi. CicTeMHbIH AepuuUT BUTaMiHA D U COEMHEHHUI KPEMHHsI B OpraHu3Me 4eIOBeKa MPUBOIUT K MHOIOYHCIICHHBIM HEraTUBHBIM
TOCIIEICTBUSAM TIPEKE BCETO B 00JaCTH (PYHKIIMOHUPOBAHUSI OMOPHO-BUTATEIHHOTO allliapara: JaXxe B OTCYTCTBHE HEIOCTATKa COCIUHCHUI
Kanbipsi ¥ (ocdopa, KOTOpbIC MPUHATO CYMTATH OCHOBHBIMH KOCTEOOPA3yIOLIMMH BEILECTBAMH, YXYILIAETCS MHHEPAIU3alMsi KOCTEH,
YBEIIMYUBACTCS BEPOSTHOCT IaJCHUN U TEPEIOMOB, BOSHHKAIOT OOJNH B MbIIIIaxX. McXoas U3 M3BECTHBIX MEXAHH3MOB (PU3HOJIOTHYECKOTO
JeiicTBUsE BUTaMuHa D 1 KpeMHUsI Ha OpPraHu3M 4YeloBeKa B JaHHOW paboTe C/ENaHO MPEIIOIOKEHUE, YTO MHUILEeBas 100aBKa, CoepKaliast
XOJIeKaJIbLH(EpOI U BOAOPACTBOPHMbIC XeIaTUPOBaHHbIC POpMBI KpeMHusl, OyneT 001aath cuHepreTHaeckuM ¢ dekrom. bpuio mokasato, 4to
[P TOMOIIH TBepI0(ha3HONH MEXaHOXHUMHYECKOH 00pabOTKH B ONTUMAILHOM PEXKUME M3 PUCOBOI Jy3TH U 3€JICHOTO Yasi MOJIy4aeTcst MPOIYKT,
COJIepIKaILHii BOZIOPACTBOPHUMBIC XEJIATHPOBAHHBIC COSANHEHUS KPEMHHS C PABHOBECHOW KOHIEHTpalme 10 24 Mr/i. OnTUMalIbHBIM PEKUMOM,
XapaKTEePU3YIOIIMMCS BHICOKOH YCTOHYMBOCTBIO K HECTAOMIBHOCTSIM TEXHOJIOTHUECKOTO POLIECCa, MOJTyUSHHUsI U3 PUCOBOH JIy3rd U 3eJICHOTO Yast
HPOJYKTa, COACPIKALIETO XEJATHPOBAHHbIE COSANHEHHUS KPEMHHS, SIBJISICTCS CKOPOCTh BPAIICHHS POTOpA HOIYIIPOMBILIIICHHOH HEHTPOOCKHO-
POJIMKOBO# MenbHUIIBI-akTHBaTOpa RM-50 paBnast 1200 06./MHH Ipu CKOPOCTH MO/IAYH CHIPbS B 30HY 00paboTKu paBHo# 43 kr/4ac. [lomyueHHbII
ONBITHBIN 00pa3ser] ObLT KCIOJIL30BaH B KAUYECTBE TBEP/IOi MATPHUIIBI — OCHOBBI ISl HAHECCHHS XOJIEKaIbIU(EpoIia U HOIydeHHs! OHOIOrHYECKOM
AKTUBHOW JT0OaBKH K muile. PaccunTaHHble KomMuecTBa 100aBKH, HEOOXOMMBIE K YIIOTPEOICHHUIO JUIsl BOCIIOJIHEHUS] CYTOYHOH MOTPeOHOCTH
opraHu3Ma B BUTaMuHe D, okasasm 1enecoo0pasHOCTh HCII0JIb30BAHHUSI PACTBOPUMBIX JKEJIATHHOBBIX KarlCyJl.

Kiwuessble cioBa: KpCMHI/IfI, XeJIaTUpOBAaHHbBIC d)OpMLI KpeMHHUs, JTUOKCHUJ KPEMHUS, BUTAMUH l)7 MEXaHOXHUMUS, OCTEOIIOPO3
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Abstract. Systemic deficiency of vitamin D and silicon compounds in the human body leads to numerous negative consequences, primarily in the
field of the functioning of the musculoskeletal system: even in the absence of a lack of calcium and phosphorus compounds, which are considered
to be the main bone-forming substances, bone mineralization substances, the likelihood of falls and fractures increases, muscle pain occurs. Based
on the known mechanisms of the physiological action of vitamin D and silicon on the human body, it was assumed in this work that a food
supplement containing cholecalciferol and water-soluble chelated forms of silicon will have a synergistic effect. It was shown that using solid-
phase mechanochemical treatment in the optimal mode, a product containing water-soluble chelated silicon compounds with an equilibrium
concentration of up to 24 mg / | is obtained from rice husks and green tea. The optimal mode, characterized by high resistance to instabilities of the
technological process, obtaining a product containing chelated silicon compounds from rice husk and green tea, is the rotor speed of the RM-50
semi-industrial centrifugal roller mill-activator equal to 1200 rpm at a feed rate of processing area equal to 43 kg / h. The resulting prototype was
used as a solid matrix - the basis for applying cholecalciferol and obtaining a biologically active food supplement. The calculated amounts of the
supplement required for consumption to replenish the body's daily need for vitamin D have shown the advisability of using soluble gelatin capsules.
Keywords: silicon, chelated forms of silicon, silicon dioxide, vitamin D, mechanochemistry, osteoporosis
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HOCSIIIMI CUCTEMHBIN XapakTep nedumT ButamuHa D
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nedunura BuTaMuHa D Takke SBIAIOTCS ¢1ab0CTh
Y MBIIIIeUHast 0071k, He 3aBUCAIAs OT Bo3pacta [2, 3.
Opnnako, QyHKIMM BUTaMuHA D HE OrpaHUYCHBI
TOJIBKO KOHTpOJIEM Kajbli-(hochopHoro oOMeHa,
OH TaK)ke BJIMSCT W Ha Jpyrue (HU3N0IOrHIecKue
MPOLIECCH] B OPraHU3Me, HalpuMep, Ha MOIYJISIIUIO
KJIETOYHOT'O POCTa, HEPBHO-MBIIICYHYIO MPOBOIH-
MOCTh, BOCTIANUTENBHBIE Mpoliecchl. Yaine Bcero
YEJOBEK CTAJIKMBACTCS C TIOCICACTBUAMU JiehUIITA
BuTaMuHa D 1pu 3aTpyJHEHHOU X0Ab0€e, CII0KHO-
CTSIX MEPEIBUKCHUS U MOIJICPKAHKS PABHOBECHS,
NPHY YBEJIMYECHUH KOJIMUECTBA MaJCHHH, B TOM YHUCIIe,
COIIPOBOXKAAIOIINXCS TIeperoMami [4, 5].

B otnuume ot Butamuna D, ponk koTOporo
B OpraHM3ME B 3HAYMTEIBHONW Mepe M3Yy4eHa, KO-
JMYECTBO HCCIICOBAHUN, KOTOPBIE YKa3bIBAIOT
HA BOKHOCTh COCIMHCHUIH KPEMHUSI KaK HEOOXOIH-
MO0 KOMIIOHEHTA JJIsl Pa3BUTHsI KOCTHOM TKaHH,
B HacTofAIIee BPEMsI HE CTONb BEIHKO. M3BECTHBI
paboThl, B KOTOPBIX MMOKA3aHO, YTO KPEMHHI MPH-
CYTCTBYET BO BCEX TKAHAX OpraHW3Ma, HO TKaHU
C HauOOJbIIIeH KOHIICHTPAIMEH JaHHOTO JJIeMEHTa —
3TO KOCTH, CyXOXKWIHSI U JIPyTHE COCIUHUTENBHBIC
TKaHd. McciemoBaHus In Vitro IOKa3aid, 4YTO
KPEMHHI CTUMYyJHMpyeT CHHTE3 KoJUlareHa | Tuma u
nuddepeHpoBKy ocreobnactos [6]. Mccnenosa-
HUS Ha JJa0OpaTOPHBIX KMBOTHBIX IMOKA3aJld, YTO
KpeMHUIT Ha (PU3HONIOTMYECKOM YPOBHE YIy4IaeT
BKIIFOUCHHE KalblUs B CTPYKTYpy KocTu [7, 8].
KonueHnTparms kpeMHus B octeonsie B 25 pa3 Gosslile,
YeM B NPWIETAIONMX OOJIACTAX, W COJAEpIKaAHHE
KPEMHHS MMOCTEIICHHO CHIDKAETCS M0 Mepe pocTa
KasbluQurarmn. OIHO U3 00BSICHEHHI STOMY COCTOUT
B TOM, YTO KPEMHHH JIeNiaeT TIOBEPXHOCTh KOCTH OoJiee
ANIEKTPOOTPHUIIATENIHHOM, a MUHEpaIM3alysi KOCTeH
MIPOUCXOJUT B AIEKTPOOTPUIIATEIBHBIX O0JIACTSX,
BO3HUKAIOIIUX MIPH CKATHH.

Ha nere Ge3 mobaBiieHws KpeMHHS )KHBOTHBIE
OTCTAIOT B POCTE, y HUX YXYyJHIIAETCS COCTOSIHUE
COCIMHUTEbHON TKaHH | Kocteil [9]. M3mepenust
MAaccChl U MPOYHOCTU KOCTEH HA MHOTOYHMCIICHHBIX
MOJICIBHBIX  YKUBOTHBIX MPOJAEMOHCTPHUPOBAIN
05aroTBOpHOE BJIMSHUE J100AaBOK KPEMHHUS ISt
YBEJIMYCHHSI TJIOTHOCTH KOCTHOW TKAHH U YMEHb-
mieHust Xxpynkoct kocreii [10, 11].

Kpome TOro, coenuHeHUs] KPEMHHS MOTYT
BBICTYIIaTh B POJIM JIOCTABIIUKA OUOJOTHYCCKU
BBIIICTICPEYNCICHHBIX OHOJIOTMYECKH aKTHBHBIX
coeaunenwnii [12, 13]. D10 cBsA3aHO C TEM, YTO
COCIMHEHHS KPEMHHUS KOHIICHTPUPYIOTCS B OIpe-
JIENICHHBIX MECTaX — OMYXOJIH, PaHbl, MOPAKCHHBIC
y4acTKu Mbii [14].

B OonbIIMHCTBE CTpaH HE HOPMHPYETCS
YPOBEHb TOTPEOJICHUS U COJIEPIKAHUEC KPEMHUS
B MPOJYKTaX MHUTAHUS, HO ObLIN HAMJICHBI CyTOUYHBIC
MOTpaHWYHbIC 3HAUCHHS JUISI IeTeH W B3POCTbIX,
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KOTOpBIC cocTaBmim 27 MT 1 29 M B CYyTKH, COOT-
BeTcTBeHHO [15, 16]. TIp HEMOCTATOYHOM MOCTYII-
JICHWW B OpPraHW3M deloBeKa (TPH eXEeTHEBHOM
NOTpeOJICHMM MEHee 5 Mr) HauMHaeTCs Pas3BH-
BaThcA AC(PUIUT KPEMHUSI.

Hawnbornee mepcneKTHBHBIM BO30OHOBIISIEMBIM
WUCTOYHUKOM OHOTeHHOTO JHOKCHIA KPEeMHUS
CUMTaeTCs pHCcoBas Ienyxa (JIysra), comepsKainas
Oomnee 20 macc.% amop(HOro IHOKCHIA KpeM-
Hus [17]. Jluokcun KpeMHHs pacrojioKeH Ha
MOBEPXHOCTH YaCTHI[ PHCOBOH IIETYyXH U MOXKET
BCTYNaTh B peaklUH KOMIIEKCOOOpa30BaHUs
C TIPUPOAHBIMH WJIA NCKYCCTBEHHO CHHTE3HPOBAH-
HBIMHA MOJIEKYJIaMH{, OOJaNaIONIMMH XeTaTHBIMA
rpynmupoBkamu [18]. C Touku 3peHus KOHIETIHN
3€JICHOW XMMHH TIPUBJIEKATENHHBIM CHIPBEM BBITIIS-
AT Ouomacca (JIUCT) 3eNIEHOTO 4asi, COAepIKaILero
8 pa3nMyHBIX KAaTeXWHOB, OONAJAIOMIMX XeJatT-
HBIMH rpynmupoBkamu [19, 20].

[Tosromy menbio paboOTHI CcTajo co3laHue
KOMIIJIEKCHOH JOOaBKH, coAepiKalleldl HECKOJIBKO
(aKkTOpOB, YUaCTBYIOIIMX B OCTEOTeHE3¢ U MUHEpa-
nmu3army: ButaMuH D u kpemHuil B Omoiorudecku
JIOCTYITHOM pacTBopuMOi popme. JlaHHBIE KOMIIO-
HEHTBI, BEPOSITHO, OJDKHBI YCHUJIMBATh ACHCTBUS
IpyT Apyra, Kak, HanpuMmep, ButamMmuH D u BuTa-
MUH K COBMECTHO y4acTBYIOT B IPOHM3BOACTBE U
aKTHBAIMK OCTeOoKasbIHa [21]. B kagecTBe MeTo1a
US| IPOBENICHUSI pEaKIMH XeNaToo0pa3oBaHus Oblia
BBIOpaHa MEXaHOXUMHUECKasi 00pabOTKa KaK SKOJI0-
THYECKH YHUCTBIHA, OE3pacTBOPHBIA ¥ 0€30TXOIHBII
croco® TpPOBEACHUs peakluu MeXIy TBepaodas-
HBIMH pearcHTaMH HEOPraHMYEeCKOH, OpraHn4ecKOu
U JaXKe OJIMMEPHOM pUpobl [22—24].

MaTepI/IaJ'[Ll U METOAbI

B pabore wHCHONB30BANINCH CIEAYIOIINE
MaTepHasbl 1 peakTuBBL: JTy3ra puca Oryza sativa (L.)
(copt “Jlunep”, KenbuopauHckas obnacts, Pecy6-
mmka Kazaxcran), 3enensiit gait Camelia sinensis (L.)
(TY 9191-003-00570186-04, KpacHomapckuii
Kpaii, Poccus), BOIHBIM pacTBOp XoJeKajbiiude-
pona 0.375 wmr/mn (OOO «I'poreck», Poccus),
(NH4); MoOs (99,5%, Poccusi), cepHast KucaoTa
(99,9%, Poccust), Nay SiOs (99%, Poccust), miupoka-
texon (99%, Alfa Aesar), arerar ammonust (98%,
Poccwust), ackoporaoBast kuciota (99%, Poccust).

OmnpeneneHne BIaKHOCTH HCXOTHOTO ChIPbsI
1 IIPOJIYKTOB IEePepabOTKN MPOBOANIN I'PaBUMET-
pudecku 1o metoquke ['OCT 18134-3:2015,
UCIIOJTb3YsI aBTOMATHYECKUIA QaHATTM3ATOP BIAYKHOCTH
Radwag WPS 50SX (ITosnbiia).

[TomyueHne XenaTHPOBAHHOTO  KPEMHHUS
HPOBOJMIN MEXaHOXMMHUYECKH I10 TEXHOJIOTHH,
IIMPOKO PUMEHSEMON B IIepepadOTKe PACTHTEILHOTO
coIpbs [25]. st aTOTO CMECh, COCTOSATIYIO 13 85%
pucoBoit my3ru u 15% 3eneHoro yas 0OpabaThIBaId
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B TIOJTYTIPOMBINIJICHHOW IIEHTPOOESIKHONW POIMKOBOM
MenpHuTe-akTHBaTope «RM-50» (MXTTM CO PAH,
HoBocubupck), ocHaIIeHHOW BOASHBIM OXJIaXKIe-
HUEM U OJIOKOM YIIPaBIEHUS, KOHTPOJIUPYIOIIEM
dHepro3arpathl Ha MPOBeACHUE mporiecca [26].
PexxrM paboThl METTBHUTTBI-AKTHBATOPA CIICTYFOIIIHI;
MIPOM3BOIUTENBEHOCTE 50 KI/gac, CKOPOCTh BpAIICHUS
poropa 550-1500 06./mun. Temmeparypa B 30He
00paboTKU He MpeBbIIIaia Onaroaaps OXJIaKICHHUIO
MPOTOYHOI BomonpoBoaHoH Bopoii 65—70 °C. B pe-
3yJIBTATE MOJTyYaJICs TOHKOU3METbUCHHBIN MOPOIIOK
CEpOo-3eNEHOT0 LBETA, KOTOPBIM HCIIOIb30BaIU
B Ka4ecTBE MaTPUIIbI JJIsl HAaHEeCeHUs BuTamuHa D.

Omnpenenenne coaep)kaHUsl XeIaTHPOBaH-
HBIX (pOpPM KPEeMHUS B paCTBOPE MPOBOAUIOCH CIie-
nyromuM obpazom. Hccienyembie oOpasiel cyc-
nexaupoBanuck B 0,05 M ameratHom Oydepe
(ruapomomyis 1000) mpu 25° C B Tedenue 4 4yacos
MIPU TIOCTOSIHHOM TIEPEMENINBAHNHN Ha TePMOCTa-
THpyeMoi MarHUTHOM Memaike. [locne pacTBope-
HUsl 00pasibl HEeHTPUDYTUPOBAIKCEH IS TIOTyYe-
HUS HagocamouHoi skuakocta (5000 06./MuH, 15
MUHYT). ATUKBOTa HaJ0CaM0uHOM xuakocTr (350
MKJI) TEPEHOCHIAch B IUTACTHKOBYIO IPOOHPKY,
Kyzaa nobasmsumuchk 150 MKIT pacTBopa MoiuOaarTa
ammonust (0,5 M). Crycrst 10 MmunyT (KOMHATHAs
TeMmreparypa, 0e3 mepeMeIlInBaHus) B MPOOUPKY
nobasnsuick 300 M pacTBOpa BOCCTaHOBHTEJIS
(0,4 M pacTtBOp acKOpOMHOBOW KHCIOTHI) U 3,25
w1 Bozibl. Crryctst 30 MuHyT (KOMHATHAsI TEMIIepa-
Typa, MEPUOANYECKOE BCTPAXHUBAHUE MPOOHPOK)
M3MepsIIach ONTHYECKas IUIOTHOCTh PacTBOPOB
Ha JuinHe BOJIHBI 810 HM (OTHOCHUTEITBLHO KIOBETHI
C TUCTHILTHPOBaHHON Boo#). KoHmenTpamus xe-
JIATUPOBAHHBIX (HOPM KPEMHHS HAXOAUJIACh U3 Ka-
TMOPOBOYHOM MPSIMOH, TOCTPOEHHOW C UCITOIB30-
BaHUEM Irco KPEMHHS Ne 8934-2008
B QHAJIOTUYHBIX YCIOBUSIX.

Hanecenne Burammna D Ha mpoaykr, co-
JIepKaIui  XeJIaTUPOBaHHBIC (OPMBI KPEMHHS

OPOBOJMWIM  TNPU  KOMHATHOH  TeMIepaType.
Juist atoro k 30 T. mpoJlyKTa MEXaHOXMMHUYECKOU
00paboTKH,  CO/EpPXKAIIEro  XelIaTHPOBAaHHBIC

(bopMBI KpEeMHHS MEJIEHHO, 10 KaIUIsIM U [P IO-
CTOSTHHOM TI€pEMEIIMBaHUM NO0ABISUIM CHavalia
30 mm pactBopa xojnekambumpepona 0.375
MTI/MJI 4, 3aT€M, 5 MJI TUCTHIUTMPOBAHHON BOJIBI.
[TomydeHHyI0 BIQXXHYI0 CMECh PaBHOMEPHO pac-
NpeAessUld 110 MOAAOHY AJs THOQMIBHON CYIIKH
W 3aMopaxkuBanu npu temmneparype -18° C. TTocne
3aMOpaKuBaHUsl 00pasel] CyIIHIN B THOMUIEHON
cymmike WHel-4 (MHCTUTYT OMOJIOTHYECKOTO
npubopoctpoenusi, Poccust). TemmepaTypa KOH-
nmerncopa -47,3°C, naBnenme Ham oOpasmom
B KOoHILIEe npouecca cymku 1o 0,03 mm. pt. ct. Ilo-
JMyYEHHBI MPOAYKT, coiepKamuil ButamuH D
U XeJaTHPOBaHHbIE POPMBI KPEMHUS, H3METbYAIN
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B CTYIKE, XPaHWIH B BaKyyMHOH YIakoBKe MpH
Temieparype -18° C 1 UCIIONIB30BaIN B MOCICYOIINX
sKcnepuMeHTax. KoHIeHTpaluo Koaekanbiude-
poJa ompeneNnsiu OOUICTIPHHATHIM XpoMaTorpa-
duyeckum meronom [27].

Pe3y.1'l])TaTbI /1 oﬁcymz]elme

Hawnbonee BaxxHBIM KpHTEpHEM, 00y CITABIIHBA-
JOIIMM YCIEIIHOCTh BHEAPEHHSI MEXaHOXUMHYECKON
TEXHOJIOTUH, SIBJISETCS SHEProd((PEeKTHBHOCTh MPO-
Hecca MeEXaHOXMMHYECKoH o0pabotku. Crnemyer
0COOEHHO TIIATENHHO MOIOUPATh PEKUMBI paOOTHI
obopymoBaHus, 9TOOBI HE JOITYCKATh IIEpepacxoa
SHEPTHHU, TPUBOIAIIETO K M3IHUIIHEMY pa30rpeBy
Marepuaia, pa3lioKEHHIO DPEarceHTOB H IEJIEeBBIX
BEIIECTB, OCOOCHHO, €ClIi HAET pedb O TepMuyie-
CKH HeCTaOMJILHBIX MOJICKYJIax 6I/IOJIOFI/I‘-ICCKOFO
IIPOUCXOXKICHUA.

C 1enbro KOHTPOJIS 3HEPro3arpar Ha mpoBeie-
HHE MEXaHOXMMHYECKOTO XEIaTHPOBAHHS KPEMHHS
OBUTH TIPOBENICHBI SKCIEPHUMEHTBI, B KOTOPBIX PU
MMOCTOSTHHOM CKOPOCTH IOoJa4u CbIpbs C MOMOILIBIO
BBICOKOCKOPOCTHOTO BaTT-METpa PErrCTpPUpPOBATIUCH
KpuBbIe dHepromnotpediaenus (prucyHok 1).

12
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Tekymmast MmomHoCTh, KBT | Current power, kWt
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0 10 20 30 40 50 60
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Pucynok 1. Ilpumepsl KpHUBBIX 3SHEpPromnoTpedieHUs
HEHTPOOEKHO-POJIMKOBON MeJbHHIIbI-akTHBaTopa RM-50.
Ipwu pazmmuHOii yacToTe BparteHus potopa (a— 550 00./mMuH,
b —900 06./mun, ¢ — 1200 06./MuH, d — 1500 06./MuH).
Figure 1. Examples of energy consumption curves of the
RM-20 centrifugal roller mill-activator at different rotor
speed (a— 550 rpm, b — 900 06./mMun rpm, ¢ — 1200 rpm,
d — 1500 rpm)

[Tosy4eHHbIE MTOCIIe MHTETPUPOBAHUS KPUBBIX
9HEPronoTpeOieHuss Pe3yJbTaThl OKAa3bIBAIOT,
YTO DHEPronoTpeOICHHE MENbHUIIBI-aKTUBATOpA
HEPaBHOMEPHO 3aBHCHUT OT YaCTOTHI BPAIICHUSI
poTopa, W JajbHellnas ONTHMH3ALMs Ipolecca
TpeOyeT MPOBEICHUS SKCIICPUMEHTA C Pa3InIHON
CKOPOCTBIO TOJauM ChIPbsi (MIPOM3BOAUTEIBHO-
CTBIO MEJIbHHIIBI).
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Tabnuma 1.

3aBHUCHMOCTD CKOPOCTH BpalICHUA POTOpPA U YACIIBbHBIX SHCPro3aTrpaT Ha NPOBCACHUC MEXaHOXUMHYECCKOMN
O6pa6OTKI/I OT 4aCTOThbI IOAaBa€MOro Ha ABUraTeJib 3JICKTPUUCCKOI'0 TOKa

Table 1.

Dependence of the rotor speed and specific energy consumption for mechanochemical treatment
on the frequency of the electric current supplied to the motor

Yacrota
YacroTta BpaleHus
NEKTPUIECKOTO TOKa,
I potopa, 06./MuH

Rotation frequency

Electric current of the rotor, rpm

3arparsl JHEPTHH Ha BpalIeHUE
6e3 00paboTKH CHIPBA, KBT
Energy consumption for rotation
without treatment of raw

3arpaTsl SHEPTHH Ha BPaIIeHUs BO BpeMs
MEXaHOXHMHYECKOH 00paboTKH ChIpbs, KBT
Energy consumption for rotation during
mechanochemical treatment of raw

frequency, Hz materials, kW materials, KW
20 550 2,7 5,0
30 900 55 7,1
40 1200 9,5 10,3
50 1500 14,5 18,7
AHanmu3 TMPOAYKTOB MEXaHOXHMHUYECKOH B tabmure 2 mpuBeneH pacyET KOJIMYIECTBA

00pabOTKM PHUCOBOM  INENyXH, COIEpIKareit
aMOp(QHBI KpeMHe3eM, C Omomaccoil 3eJIeHOTro
Yasi, COJIepIKaIlero KOMIUIEKC KaTeXWHOB, IPUBO-
JIUT K CYLIECTBEHHOMY YBEIMYECHUIO PABHOBECHOM
KOHIICHTPAIlNU XeNaTUPOBAHHBIX (OPM KpEeMHUS
B pactBope (pHCYHOK 2).

40

35

N W
o O

Ny
o

=
[3; )

Conep){(aHI/Ie X€JIaTOB KPEMHUS, mr/n
Silicon chelates content, mg/I
[
o

o
o

20 40 60 80
CKOpOCTb 10J{a4H CBIPbsI, Kr/uac

Feed rate of raw material, kg/h

PucyHok 2. 3aBHCHMOCTh PaBHOBECHOW KOHIIEHTpALIMN
BOAOPACTBOPUMBIX XCITATUPOBAHHBIX (l)OpM KpEMHU B 3a-
BHUCHUMOCTH OT YCJIOBHII MEXaHOXHMHYECKOH 00paboTKh
(a, b,c—900, 1200 u 1500 06./MHH, COOTBETCTBEHHO)
Figure 2. Dependence of the equilibrium concentration
of water-soluble chelated forms of silicon depending on
the conditions of mechanochemical treatment (a, b, ¢ —
900, 1200 and 1500rpm, respectively)

Hcxons w3 CTOMMOCTH 3JIEKTPO3HEPTHH,
3aTpauyMBaeMoOl Ha MOJlydYeHHe MPOAYKTa, a TaKXKe
MHHHMAaJbHOTO HAKJIOHa KPHBOW (CBHIETEIBCTBO
CTaOMIIBHOCTH MPOTEKAIOIIEro MpoIiecca), ONTHMAb-
HBIM PEXXUMOM IOJIY4EHUsI IPOIYKTa, COAEPIKaIero
XeNaTHPOBaHHBIC (JOPMBI KPEMHHS, BBIOpaHAa CKO-
pocts Bpamienus poropa 1200 06./MuH 1 TPOU3BO-
MIUTETHHOCTh MENbHUIIBI-aKTUBaTopa 43 Kr/gac.
B naHHBIX YCIOBHSX MOJydaeTcs MPOLYKT C PaBHO-
BECHOM KOHIIGHTpalueld BOAOPACTBOPHMBIX (HOopM
XEJIaTUPOBAHHOTO KpeMHHS 24 MT/II.

193

no00aBKH, HEOOXOAWMOTO K YMOTPEOJIEHHIO I
BOCIIOJIHEHHUSI CYyTOYHON MOTPEOHOCTH OpraHu3Ma
B Butamune D [28-30].

Tabmura 2.
KonnuectBo nuieBoii 7100aBKH, HEOOX0IUMOE
JUTSL BOCIIOJTHEHHS CYTOYHOM MOTpEeOHOCTH
Oopranu3Ma 4yejaoBeka B BUTaMmuHe D
Table 2.
The amount of dietary supplement required to the
daily requirement of the human body for vitamin D

KomdecTBo m00aBKH s
CyTouHast HopMa o
Kareropus BOCIIOJIHEHHS CYTOYHOM
MOTpeOIeHUS
HaceJeHHs TOTPEOHOCTH, MT'
. BuTamuHa D, MKr
Population I The amount of supplement
Daily intake of - .
category I to replenish the daily
vitamin D, pug requi
quirement, mg
Jeru 4-10 ner
Children 4-10 38 186
years old
UTetn 10-16 et
Children 10-16 50 245
years old
B3pocinsie
Adult 15-20 74-99
KocmonaBTsI
Cosmonauts 100 490
BI/II[HO, 4YTO paCCUUTAHHBIC KOJHUYCCTBA

n00aBKHM yIOOHBI Ul IPUMEHEHHS B BHJIE XKeJla-
THHOBBIX PACTBOPUMBIX Karcyl (pa3Mep KarcyJibl
Ne 3, émxocth oamHON Kamcymbl okoio 250 wmr
HOJIy4ECHHOMN 00aBKM).

3akioueHne

[lokazaHo, YTO ONTHMANBHBIM PEXKIMOM
MOJTyYeHUs] U3 PUCOBOM JIy3TM M 3€JI€HOTO dYas
NPOAYKTa, COMAEPIKAIIEro XelaTUpOBaHHbBIE (GOPMBI
KPEMHHUS, SIBJISETCS CKOPOCTh BpAIEHHs pOTOpa
HEHTPOOEKHO-POJIMKOBOM MEIbHHIIBI-aKTHBATOPA
(T RM-50) pasras 1200 00./MMH mpy IPOM3BOIM-
TenpHOCTH 43 Kr/4ac. JlaHHBIN peXrM XapaKTepH3yeTcs
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BBICOKOH YCTOMYMBOCTBIO K HECTAOMJIBHOCTSIM TeX-
HOJIOTHYECKOT'0 MPOIIECcca ¥ PUBOAUT K MOy ICHHIO
MPOJIYKTa, COAEPIKAIIETO 10 24 MI/JI BOJOPACTBOPU-
MBIX XEeNaTHPOBaHHBIX (GopM KpemHus. [lomydeH-
HBIHA MPOAYKT OB UCITOJIE30BAH B KAUECTBE TBEPIOH
ManI/IHBI JUISI HAHECCHUSIT BUTAaMHWHA Du HOJ'Iy‘IeHI/ISI
OHOJIOrNYecKol aKTUBHOM mM00aBKHU K muie. Pac-
CUMTAHHBIE KOJIMYECTBa N00aBKH, HEOOXOIUMBIE
K YNOTPEOJICHUIO ISl BOCIOJHEHUS CYTOUYHOM

post@uestnik-vsuet.ru

notpedHOCTH opranr3Ma B Butamune D, mokazanu
1eJ1eCO00Pa3HOCTh UCIOJIb30BAHUS PACTBOPUMBIX
JKETATUHOBBIX KaICYJI.

BaaropapHocTn

PaGora Oblma BBIMONHEHa NPU  IOJAEPIKKE
rpanTa Poccniickoro nayunoro gonma Ne 19-73-10074
“OHepreTHYecKe aceKThl MEXaHOXUMHUYECKOHN Tepepa-
OOTKY MOJMMEPOB PACTUTEINHFHOTO CHIPhS .

Jlutepartypa

1 Amrein K., Scherkl M., Hoffmann M. et al. Vitamin D deficiency 2.0: an update on the current status worldwide //
European Journal of Clinical Nutrition. 2020. V. 74. P. 1498-1513. doi: 10.1038/s41430-020-0558-y

2 Caballero-Garcia A., Cordova-Martinez A., Vicente-Salar N. et al. Vitamin D, its role in recovery after muscular
damage following exercise // Nutrients. 2021. V. 13. Ne 2336. doi: 10.3390/nu13072336

3 Buruiana A., Nedeltcheva-Petrova E., Nicoleta D., Olaru M. et al. Vitamin D and extraskeletal effects // Romanian
Journal of Medical Practice. 2017. V. 12. P. 33-37. doi: 10.37897/RJMP.2017.1.6

4 Ling Y., XuF., Xia X., Dai D. et al. Vitamin D supplementation reduces the risk of fall in the vitamin D deficient elderly: An
updated systematic review and meta-analysis // Clinical Nutrition. 2021. V. 40. P. 5531-5537. doi: 10.1016/j.cInu.2021.09.031

5 Sim M., Zhu K., Lewis J., Hodgson J. et al. Association between vitamin D status and long-term falls-related hospitalization
risk in older women // Journal of the American Geriatrics Society. 2021. V. 69. P. 3114-3123. doi:10.1111/jgs.17442

6 Reffitt D.M., Ogston N., Jugdaohsingh R. et al. Orthosilicic acid stimulates collagen type 1 synthesis and osteoblastic
differentiation in human osteoblast-like cells in vitro // Bone. 2003. V. 32. P. 127-135. doi: 10.1016/s8756-3282(02)00950-x

7 Hott M., de Pollak C., Modrowski D., Marie P.J. Short-term effects of organic silicon on trabecular bone in mature
ovariectomized rats // Calcified Tissue International. 1993. V. 53. P. 174-179. doi: 10.1007/BF01321834

& Giganti M., Tresoldi I., Masuelli L., Modesti A. et al. Fracture healing: From basic science to role of nutrition //
Frontiers in bioscience (Landmark edition). 2014. V. 19. P. 1162-1175. doi: 10.2741/4273x

9 Chappell H., Jugdaohsingh R., Powell J. Physiological silicon incorporation into bone mineral requires orthosilicic
acid metabolism to SiO44- // Journal of the Royal Society Interface. 2020. V. 17. doi: 10.1098/rsif.2020.0145

10 Sahin K., Onderci M., Sahin N. et al. Dietary arginine silicate inositol complex improves bone mineralization in
quail // Poultry Science. 2006. V. 85. P. 486-492. doi: 10.1093/ps/85.3.486.

11 Kim M.H., Bae Y.J.,, Choi M.K., Chung Y.S. Silicon supplementation improves the bone mineral density of calcium-
deficient ovariectomized rats by reducing bone resorption // Biological Trace Element Research. 2009. V. 128. P. 239-247.

doi:10.1007/s12011-008-8273-X.

12 Quintanar-Guerrero D., Ganem-Quintanar A., Nava-Arzaluz M.G., Pifion-Segundo E. Silica xerogels as
pharmaceutical drug carrie // Expert Opinion on Drug Delivery. 2009. V. 5. P. 485-498. doi: 10.1517/17425240902902307

13 Seleem M.N., Munusamy P., Ranjan A., Algublan H. et al. Silica-antibiotic hybrid nanoparticles for targeting
intracellular pathogens // Antimicrobial Agents and Chemotherapy. 2009. V. 10. P. 4270. doi: 10.1128/AAC.00815-09

14 Lu J., Liong M., Li Z., Zink J. et al. Biocompatibility, biodistribution, and drug-delivery efficiency of mesoporous
silica nanoparticles for cancer therapy in animals // Small. 2010. V. 6. P. 1794-1805. doi: 10.1002/smll.201000538

15 Jugdaohsingh R. Silicon and bone health // The Journal of Nutrition, Health and Aging. 2007. V. 11. P. 99-110.

16 Rondanelli M., Faliva M., Peroni G., Gasparri C. et al. Silicon: a neglected micronutrient essential for bone health //
Experimental Biology and Medicine. 2021. V. 246. P. 1500-1511. doi: 10.1177/1535370221997072

17 Goodman B.A. Utilization of waste straw and husks from rice production: a review // Journal of Bioresources and
Bioproducts. 2020. V. 5. P. 143-162. doi: 10.1016/j.jobab.2020.07.001

18 Shapolova E., Lomovsky O. Mechanochemical solubilization of silicon dioxide with polyphenol compounds of plant
origin // Russian Journal of Bioorganic Chemistry. 2013. V. 39. P. 765-770. doi: 10.1134/S1068162012070175

19 Nameyrra Z., Md Nesran Z. Shafie N. Farah S., et al. Iron chelation properties of green tea epigallocatechin-3-gallate
(EGCQG) in colorectal cancer cells: analysis on Tfr/Fth regulations and molecular docking // Evidence-based Complementary
and Alternative Medicine. 2020. V. 2020. Ne 7958041. doi:10.1155/2020/7958041

20Wang H., Wang C., Zou Y., Hu J. et al. Natural polyphenols in drug delivery systems: current status and future
challenges // Giant. 2020. V. 3. Ne 100022. doi: 10.1016/j.giant.2020.100022

21 Ushiroyama T., Ikeda A., Ueki M. Effect of continuous combined therapy with vitamin K2 and vitamin D3 on bone
mineral density and coagulofibrinolysis function in postmenopausal women // Maturitas. 2002. V. 41. P. 211-221. doi:

10.1016/s0378-5122(01)00275-4

22 Effaty F., Ottenwaelder X., Friscic T. Mechanochemistry in transition metal catalyzed reactions // Current Opinion
in Green and Sustainable Chemistry. 2021. V. 32. Ne 100524, doi: 100524. 10.1016/j.cogsc.2021.100524
23 Thorpe J., O'Reilly D., Friscic T., Damha M.J. Frontispiece: mechanochemical synthesis of short DNA fragments //

Chemistry. 2020. V. 26. doi: 10.1002/chem.202084163

24 Chen Y., Mellot G., Luijk D., Creton C. et al. Mechanochemical tools for polymer materials // Chemical Society

Reviews. 2021. V. 50. P. 4100-4140. doi: 10.1039/D0CS00940G

25 Bychkov A., Podgorbunskikh E., Bychkova E., Lomovsky O. Current achievements in the mechanically pretreated
conversion of plant biomass // Biotechnology and Bioengineering. 2019. V. 116. P. 1231-1244. doi: 10.1002/bit.26925



Brviukps A. u op. Becmuux BTYHII, 2021, 1. 83, Me. 4, C. 190-196 post@vestniR-vsuet.Tu

26 Bychkov A.L., Buchtoyarov V.A., Lomovsky O.1. Mechanical pretreatment of corn straw in a centrifugal roller mill //
Cellulose Chemistry and Technology. 2014. V. 48. P. 545-551.

27 Babat N., Tiirkmen Y. Determination of serum vitamin D3 level by high performance liquid chromatography (HPLC) in
patients with coronary artery actasia // Cardiology and Cardiovascular Medicine. 2020. V. 4. P. 097-104. doi: 10.26502/fccm.92920107

28 Knunudeckue pexomenaanuu “‘Jeduuur ButammHa D y B3pocibix”. M.: MHUHHCTEPCTBO 3paBOOXPAaHCHHS
Poccwuiickoit @enepanyn, 2016.

29 Haimi M., Kremer R. Vitamin D deficiency/insufficiency from childhood to adulthood: Insights from a sunny
country // Occupational and Environmental Medicine. 2017. V. 75. Ne A35. doi: 10.1136/0emed-2018-1SEEabstracts.86

30 Shrivastava B., Aryan R., Tiwari A., Tiwari L. et al Comparative study of rise of vitamin D in hypovitaminosis D
babies after two different dosage recommendations // International Journal of Contemporary Pediatrics. 2019. V. 6. P. 230-232.
doi: 10.18203/2349-3291.ijcp20185218

References

1 Amrein K., Scherkl M., Hoffmann M. et al. Vitamin D deficiency 2.0: an update on the current status worldwide.
European Journal of Clinical Nutrition. 2020. vol. 74. pp. 1498-1513. doi: 10.1038/s41430-020-0558 y

2 Caballero-Garcia A., Cordova-Martinez A., Vicente-Salar N. et al. Vitamin D, its role in recovery after muscular
damage following exercise. Nutrients. 2021. vol. 13. no. 2336. doi: 10.3390/nu13072336

3 Buruiana A., Nedeltcheva-Petrova E., Nicoleta D., Olaru M. et al. Vitamin D and extraskeletal effects. Romanian
Journal of Medical Practice. 2017. vol. 12. pp. 33-37. doi: 10.37897/RIMP.2017.1.6

4 Ling Y., XuF., Xia X., Dai D. et al. Vitamin D supplementation reduces the risk of fall in the vitamin D deficient elderly: An
updated systematic review and meta-analysis. Clinical Nutrition. 2021. vol. 40. pp. 5531-5537. doi: 10.1016/j.clnu.2021.09.031

5 Sim M., Zhu K., Lewis J., Hodgson J. et al. Association between vitamin D status and long-term falls-related hospitalization
risk in older women. Journal of the American Geriatrics Society. 2021. vol. 69. pp. 3114-3123. doi:10.1111/jgs.17442

6 Reffitt D.M., Ogston N., Jugdaohsingh R. et al. Orthosilicic acid stimulates collagen type 1 synthesis and osteoblastic
differentiation in human osteoblast-like cells in vitro. Bone. 2003. vol. 32. pp. 127-135. doi: 10.1016/s8756-3282(02)00950 x

7 Hott M., de Pollak C., Modrowski D., Marie P.J. Short-term effects of organic silicon on trabecular bone in mature
ovariectomized rats. Calcified Tissue International. 1993. vol. 53. pp. 174-179. doi: 10.1007/BF01321834

8 Giganti M., Tresoldi 1., Masuelli L., Modesti A. et al. Fracture healing: From basic science to role of nutrition.
Frontiers in bioscience (Landmark edition). 2014. vol. 19. pp. 1162-1175. doi: 10.2741/4273x

9 Chappell H., Jugdaohsingh R., Powell J. Physiological silicon incorporation into bone mineral requires orthosilicic
acid metabolism to SiO44-. Journal of the Royal Society Interface. 2020. vol. 17. doi: 10.1098/rsif.2020.0145

10 Sahin K., Onderci M., Sahin N. et al. Dietary arginine silicate inositol complex improves bone mineralization in quail.
Poultry Science. 2006. vol. 85. pp. 486-492. doi: 10.1093/ps/85.3.486.

11 Kim M.H., Bae Y .J., Choi M.K., Chung Y.S. Silicon supplementation improves the bone mineral density of calcium-
deficient ovariectomized rats by reducing bone resorption. Biological Trace Element Research. 2009. vol. 128. pp. 239-247.
d0i:10.1007/s12011-008-8273 x.

12 Quintanar-Guerrero D., Ganem-Quintanar A., Nava-Arzaluz M.G., Pifion-Segundo E. Silica xerogels as
pharmaceutical drug carrie. Expert Opinion on Drug Delivery. 2009. vol. 5. pp. 485-498. doi: 10.1517/17425240902902307

13 Seleem M.N., Munusamy P., Ranjan A., Alqublan H. et al. Silica-antibiotic hybrid nanoparticles for targeting
intracellular pathogens. Antimicrobial Agents and Chemotherapy. 2009. vol. 10. pp. 4270. doi: 10.1128/AAC.00815-09

14 Lu J,, Liong M., Li Z., Zink J. et al. Biocompatibility, biodistribution, and drug-delivery efficiency of mesoporous
silica nanoparticles for cancer therapy in animals. Small. 2010. vol. 6. pp. 1794-1805. doi: 10.1002/smll.201000538

15 Jugdaohsingh R. Silicon and bone health. The Journal of Nutrition, Health and Aging. 2007. vol. 11. pp. 99-110.

16 Rondanelli M., Faliva M., Peroni G., Gasparri C. et al. Silicon: a neglected micronutrient essential for bone health.
Experimental Biology and Medicine. 2021. vol. 246. pp. 1500-1511. doi: 10.1177/1535370221997072

17 Goodman B.A. Utilization of waste straw and husks from rice production: a review. Journal of Bioresources and
Bioproducts. 2020. vol. 5. pp. 143-162. doi: 10.1016/j.jobab.2020.07.001

18 Shapolova E., Lomovsky O. Mechanochemical solubilization of silicon dioxide with polyphenol compounds of plant
origin. Russian Journal of Bioorganic Chemistry. 2013. vol. 39. pp. 765-770. doi: 10.1134/S1068162012070175

19 Nameyrra Z., Md Nesran Z. Shafie N. Farah S., et al. Iron chelation properties of green tea epigallocatechin 3 gallate
(EGCQ) in colorectal cancer cells: analysis on Tfr/Fth regulations and molecular docking. Evidence-based Complementary and
Alternative Medicine. 2020. vol. 2020. no. 7958041. doi:10.1155/2020/7958041

20 Wang H., Wang C., Zou Y., Hu J. et al. Natural polyphenols in drug delivery systems: current status and future
challenges. Giant. 2020. vol. 3. no. 100022. doi: 10.1016/j.giant.2020.100022

21 Ushiroyama T., lkeda A., Ueki M. Effect of continuous combined therapy with vitamin K2 and vitamin D3 on bone
mineral density and coagulofibrinolysis function in postmenopausal women. Maturitas. 2002. vol. 41. pp. 211-221. doi:
10.1016/s0378-5122(01)00275-4

22 Effaty F., Ottenwaelder X., Friscic T. Mechanochemistry in transition metal catalyzed reactions. Current Opinion in
Green and Sustainable Chemistry. 2021. vol. 32. no. 100524. doi: 100524. 10.1016/j.cogsc.2021.100524

23 Thorpe J., O'Reilly D., Friscic T., Damha M.J. Frontispiece: mechanochemical synthesis of short DNA fragments.
Chemistry. 2020. vol. 26. doi: 10.1002/chem.202084163

24 Chen Y., Mellot G., Luijk D., Creton C. et al. Mechanochemical tools for polymer materials. Chemical Society
Reviews. 2021. vol. 50. pp. 4100—4140. doi: 10.1039/D0CS00940G

25 Bychkov A., Podgorbunskikh E., Bychkova E., Lomovsky O. Current achievements in the mechanically pretreated
conversion of plant biomass. Biotechnology and Bioengineering. 2019. vol. 116. pp. 1231-1244. doi: 10.1002/bit.26925

195



Bychkov A.L. et al. Proceedings of VSUET, 2021, vol. 83, no. 4, pp. 190-196

post@uestnik-vsuet.ru

26 Bychkov A.L., Buchtoyarov V.A., Lomovsky O.l. Mechanical pretreatment of corn straw in a centrifugal roller mill.
Cellulose Chemistry and Technology. 2014. vol. 48. pp. 545-551.

27 Babat N., Tiirkmen Y. Determination of serum vitamin D3 level by high performance liquid chromatography (HPLC) in
patients with coronary artery actasia. Cardiology and Cardiovascular Medicine. 2020. vol. 4. pp. 097-104. doi: 10.26502/fccm.92920107

28 Clinical guidelines “Vitamin D deficiency in adults”. Moscow, Ministry of Health of the Russian Federation, 2016.

(in Russian).

29 Haimi M., Kremer R. Vitamin D deficiency/insufficiency from childhood to adulthood: Insights from a sunny
country. Occupational and Environmental Medicine. 2017. vol. 75. no. A35. doi: 10.1136/cemed 2018 ISEEabstracts.86

30 Shrivastava B., Aryan R., Tiwari A., Tiwari L. et al Comparative study of rise of vitamin D in hypovitaminosis D
babies after two different dosage recommendations. International Journal of Contemporary Pediatrics. 2019. vol. 6. pp. 230-232.

doi: 10.18203/2349-3291.ijcp20185218

CaeeHusi 06 aBTopax

Anekceii JI. BblukoB 1.X.H., 7TabopaTtopusi MeXaHOXHMHH,
WuctutyTa XuMuu TBeproro tena M mexaHoxumuu CO PAH,
yin. Kyraremagze, 18, r. HoBocubupck, 630090, Poccus,
bychkov.a.l@gmail.com
https://orcid.org/0000-0002-8951-5005
IMonuna A. PermieTHHKOBAa MarucTpaHt, kageapa TEXHOJIOTUH U
OpraHu3alyy MHIIEBBIX MPOU3BOJACTB, HoBocubupckoro rocynap-
CTBEHHOTO TEXHIMYIECKOro yHUBepcuteTa, mmp. Kapma Mapkcea, 1. 20,
r. HoBocubGupck, 630073, reshetnikovapolina@ngs.ru
https://orcid.org/0000-0002-6864-8511

Enena I'. TpodumoBa K.X.H., 1a0OpaTopus MEXaHOXHMHH,
WuctutyT Xumun TBephoro Tema u mexanoxumuu CO PAH),
yin. Kyraremanze, 18, r. Hoocubupck, 630090, Poccus,
shapolova@solid.nsc.ru

https://orcid.org/0000-0002-6769-3724
Eaena C. BbrukoBa K.T.H., Kadeipa TEXHOIOTUH 1 OpraHU3aIH
MUIIEBBIX MIPON3BOJACTB, HOBOCHOMPCKOro roCyIapCTBEHHOTO TeX-
HHYECKOro yHuBepcutera, np. Kapia Mapkca, a. 20, r. HoBocubunpcek,
630073; Poccus, bychkova.nstu@gmail.com

https://orcid.org/0000-0003-4830-6298
Ouaer WU. JlomoBckmii 1.X.H., J1abopaTopusi MEXaHOXHMHH,
WHctutyTa XxuMmuu TBepaoro tena U Mexanoxumuun CO PAH,
yi. Kyraremanze, 18, r. Hopocubupck, 630090, Poccus,
lomov@solid.nsc.ru

https://orcid.org/0000-0002-1883-4172

BkJiag aBTopos

Bce aBTOPBI B paBHOﬁ CTCIICHU NPUHUMAIIN Yy4aCTUC B HaIlUCaHUU
PYKOIIMCH X HECYT OTBETCTBECHHOCTb 3a IIaruat

Kondmkr unrepecon

ABTOPBI 3a5IBJISIFOT 00 OTCYTCTBUH KOH(JIMKTA UHTEPECOB.

Information about authors

Aleksey L. Bychkov Dr. Sci. (Chem.), laboratory of mechano-
chemistry, Institute of Solid State Chemistry and Mechano-
chemistry SB RAS, 18 Kutateladze Str., Novosibirsk, 630090,
Russian Federation, bychkov.a.l@gmail.com
https://orcid.org/0000-0002-8951-5005
Polina A. Reshetnikova master student, technology and organiza-
tion of food production department, Novosibirsk State Technical Uni-
versity, 20 Karl Marks Ave., Novosibirsk, 630073, Russian Federa-
tion; reshetnikovapolina@ngs.ru, reshetnikovapolina@ngs.ru
https://orcid.org/0000-0002-6864-8511
Elena G. TrofimovaCand. Sci. (Chem.), laboratory of
mechanochemistry, Institute of Solid State Chemistry and Mechano-
chemistry SB RAS, 18 Kutateladze Str., Novosibirsk, 630090,
Russian Federation, shapolova@solid.nsc.ru
https://orcid.org/0000-0002-6769-3724
Elena S. Bychkova Cand. Sci. (Engin.), technology and
organization of food production department, Novosibirsk State
Technical University, 20 Karl Marks Ave., Novosibirsk, 630073,
Russian Federation, bychkova.nstu@gmail.com
https://orcid.org/0000-0003-4830-6298
Oleg 1. Lomovsky Dr. Sci. (Chem.), laboratory of mechano-
chemistry, Institute of Solid State Chemistry and Mechano-
chemistry SB RAS, 18 Kutateladze Str., Novosibirsk, 630090,
Russian Federation;, lomov@solid.nsc.ru
https://orcid.org/0000-0002-1883-4172

Contribution

All authors are equally involved in the writing of the manuscript and
are responsible for plagiarism

Conflict of interest

The authors declare no conflict of interest.

Mocrynuaa 13/10/2021

Iocue pepaxmun 03/11/2021

IpunsTa B neuats 22/11/2021

Received 13/10/2021

Accepted in revised 03/11/2021

Accepted 22/11/2021

196



