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NPUMEHEHME TEXHONOIMMMM MUKPOAYroBOro OKCMANPOBAHUA TUTAHA
ANnA NOBbILWEHUA SKCIMNTYATALMOHHDBIX XAPAKTEPUCTUK OETAJIEU
B MALLMHOCTPOEHUU

AHHomauyus: Mukpodyzoeoe okcuduposaHue sigrisiemcsi 0OHUM U3 MEPCHEKMUBHbLIX Memodos
06pabomku mumaHa U e2o Criasos, NPUMeHsIeMbIM 01151 yrlyHWeEHUsT 3KCMTyamayUoHHbIX Xapakmepucmuk
Oemarnel, UCMOML3yeMbIX 8 MawWUHOCMPOeHUU. dmom Memod 103eossiem cos3dasamb Ha M0BePXHOCMU
mumaHa rfpPOYHbIe OKCUOHbLIE [OKPbIMUS, KOMmMopble CYWecmeeHHO yrydwarom mpubonoaudeckue,
MexaHuU4yeckue U KOpPpO3UOHHble ceolicmea Mamepuana. B 0OanHoMm uccrnedosaHuu 6binu  U3YyYeHb!
mumaHosbie obpasusl, nodsepeHymoie MO 6 pasnuyHbix anekmponumax. [lonyyeHHble pesynbmameb!
OeMOHCMpuUpPyomM 3Ha4YumesibHoe yeenu4yeHuUe U3HOCOCMOoUKoCMuU, MUKpomeépdocmu U KOPPO3UOHHOU
cmolikocmu MoKpbIMul Mo cpasHeHUr ¢ HeobpabomaHHbIMU obpa3uamu. Hanpumep, nocre obpabomku
memodom M[LO nokasamenu mukpomgépdocmu ygenuyunucb nodymu e dea pasa, a U3HOCOCMOUKOCMb
803poc/ia 8 HECKOMIbKO pas, 4Ymo rnodmeepxdaem 8bICOKYH 3ghghekmueHOCcmb OaHHOU mexHosroauu 0
yeesnuyeHusi cpoka cryxbbl 0emaned, pabomarowiux 8 mskénbiX ycrnosusix akcrninyamayuu. Kpome moeo,
rnokpbimue, nosny4eHHoe memodom MO, ynydwaem aHMUKOPPO3UOHHbLIE ceolicmea Mamepuarna, 4Ymo
Oenaem €20 rpu200HbIM Orisi  UCIMOMb308aHUsI 8 azpeccusHbix cpedax. [IpumeHeHue MOO e
MawuHoCmpoeHuUU criocobcmayem He MofbKO MOBbILEHUO HalEXHOCMU 060pyd08aHUs, HO U CHUXEHUI
3ampam Ha eeo obcnyxusaHue U peMoHm. [aHHbili Memod makxe Moxem b6bimb adanmupoeaH O5isi
WUPOKO2O TPUMEHEHUSI 8 pasfiudHbIX Oompacssix MPOMbIWIEHHOCMU, MaKuxX Kak aeuayuoHHas U
asmomoburnbHas. B 3akniodeHUe MOXHO ommemumb, 4mo MUKpoOy2080e OKcuduposaHue sensemcsl
agbgbekmueHol mexHosnoauel 05151 I08bIWEHUS IKCTyamalUOHHbIX XapakmepucmuKk mumaHoebix 0emaried,
u ez2o OanbHelwee pasgumue bydem criocobcmeogamb CO30aHUKD HOBbIX MPOYHbIX U U3HOCOCMOUKUX
Mamepuarios 07151 MallUHOCMPOEHUS.

Knro4yeenie cnoga: Mukpodyzo80e okcuduposaHue, mumad, U3HOCOCMOUKOCMb, MUKPOMEEPOOCMb,
KOPPO3UOHHasi CmolKocmb, MawuUHOCMPOEHUE.

BBepgeHune

CoBpeMeHHOEe MaLLUMHOCTPOEHME CTarnKMBaeTCsi C NPoGnemMon yBENNYEHNSI CPOKOB CITyXKObI
getanei wn ysnos, paboTalwmx B 3IKCTpeManbHbIXx Yycnosusx. OOHUM K3 NEepCrneKkTUBHbIX
mMaTtepuanoB Ans NPUMMEHEHUS B MaLMHOCTPOEHUWN SIBNSETCA TUTaH W ero cnna.bl, KOTOpble
obnagalT  OTNUYHBIMM  MEXaHWYECKMMW  CBOWCTBaMMW, HMU3KOW MAOTHOCTbIO W BbICOKOW
KOPPO3NOHHOW CTOMKOCTLIO [1-5]. OgHako, Ans ynyyleHnsa NoBEPXHOCTHbIX CBOMCTB TUTaHa, Takux
Kak TBEPAOCTb, WM3HOCOCTOMKOCTb W KOPPO3MOHHASA CTOMKOCTb, TpebyeTcs AoMnonHUTEenbHasi
obpaboTka. OgHMM M3 TakMx MeToOOB SBNSETCA MUKpoayrosoe okcvamposaHue (MOO), koTtopoe
nossonseT opMmnpoBaTb Ha MOBEPXHOCTN TUTAHa MPOYHbIE OKCUAHbIE MOKPLITUS, obnagatoLwme
ynyyleHHbIMM  cBOMCTBaMM. Llenbio [aHHOro uvccnegoBaHus  SBNSAETCS  OUeHKa  BAUSHUSA
TexHorormn MOO Ha SKchnyaTauuMOHHble XapaKTepUCTUKM TuTaHoBbIX AeTtanen. OCHOBHOe
npeuvmywiectso MAO TutaHa 3aknoyaeTcs B 3HaYNTENbHOM YBENMYEHNM CPOKa CIYyXObl TUTAHOBbIX
Aetanen U CHWKEHUW 3atpaT Ha KX akcnnyaTtauumto [6-8]. 3a cyeT BO3MOXHOCTM MogMdUKaLmmn
MOKPLITUS B 3aBMCUMOCTW OT TpebosaHun akcnnyataumn, MOO craHoBUTCA yHMBepcasibHbIM
METOAOM ANSA YNyYLleHUss PpasfnnyHbIX MEXaHUYECKUX U XMMUYECKMX XapaKTepucTuk. NpumeHeHve
MUKPOAYrOBOr0  OKCUAMPOBAHWS B MAalUMHOCTPOEHMM MNO3BOMSET MOBbICUTb  HAAEXHOCTb
obopynoBaHus, paboTaloLwero B TSHKeMbIX YCOBUAX, @ TakkKe CHU3UTb pacxodbl Ha PEMOHT U
TexHnyeckoe obcnyxuBaHue [9-12]. B 3apybexHbix nCCneaoBaHUMAX OCHOBHOE BHUMaHue
yaensetcs ONTUMU3auuM 3NEKTPOSIMTHOrO COoCTaBa U pPexmmoB 00paboTkM Ans LOCTWKEHUSNA
HaUNy4YLWNX XapaKTepUCTMK MOKPbITUA. B OTEeYeCTBEHHOW NpaKkTMKe MPUOPUTETHOE BHMMaHWE
yaensaeTcs CHWKEHMUIO 3Hepro3aTtpaT npouecca W ajantauum TEXHOMNormuM K cneunguyecknv
ycnosusM  akcnnyataumn. CpaBHUTENbHbIM  aHanM3 OTeYeCTBEHHOr0 M MUPOBOro  OMbiTa
NPUMEHEHNS MUKPOOYroBOrO OKCUMAMPOBAHUSA MOKa3biBaeT, YTO HECMOTPS Ha obwue MnpuHUMNbI
TEXHONOrMKn, ucnonb3yemble napameTpbl 06paboTkK, COCTaBbl 3NEKTPONIMTOB W MOAXOAbl K
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ONTUMU3aUMM  MOKPbITUA  MOTyT  CYLlEeCTBEHHO pasnuuyatbca. Hanpumep, 3apybexHble
nccnefoBaHnsa 4acto POKYyCUpPYTCA Ha (POPMUMPOBAHUM MHOTOCIOMHBIX OKCWAOHbBIX CTPYKTYp C
3a[jaHHbIMW CBOMCTBaMU, B TO BPEMSI Kak OTeYEeCTBEHHbIE pa3paboTKM HanpaBrieHbl Ha ynpoLLeHme
TEXHONOMMN W MOoBblWeHNEe €€ peHTabenbHOCTW. B nepcnektMBe TEXHOMOrMs MUKPOAYroBOro
OKCMOMPOBAHMA MOXET CcTaTb CTaHgapTom Aans  obpaboTkm  TUTaHOBbIX geTanen B
MaLUMHOCTPOEHUU, a TakkKe TMoNnyyYuTb LUMPOKOE pacnpocTpaHeHue B APYyrux OTpacnsax
NPOMbILUNEHHOCTMW.

MeTtoabl nccnepgoBaHua

Ana npoBedeHMs 3KCMEPUMMEHTOB MCMOMb3oBanuMcb obpasubl M3 TUTaHa, KoTopble
nogseprannucb MUKPOOYrOBOMY OKCUAMPOBAHUIO B 3NEKTPONUTE C pasfuyHbIMKM NapameTpamu
06paboTku, BKItoYasi BpeMsl, HanpsXXeHue 1 cocTaB anekTponuta. [1na nccnegosaHma mopdonorm
N MUKPOCTPYKTYPbl MOKPbITUW, MOMYYEHHbIX MEeTOAOM  MMUKPOAYrOBOrO  OKCUAMPOBAHUS,
NCMomnb30BasniM CKaHMPYIOLLYIO 3MNEKTPOHHY Mukpockonuio (COM). LlepoxoBaTocTb MNOKPbITUI
namepsnu ¢ nomowbio npodunometpa HY2300 Anytester. OnpegeneHve TBepgoCT NPOBOANNN C
ucrnonb3oBaHnemMm usmeputensHon cuctembl FISCHERSCOPE HM2000 S B cooTtBeTCcTBUM C
TpeboBaHuamu ctaHgapta DIN EN ISO 14577-1. [Ina ucnbiTaHun Bbibpanu Harpy3ky 300 mH.
MepBuyHyto 06paboTKy pe3ynbTaToB MWCMbITAHWA OCYLLECTBNSAAN C MOMOLbIO NPOrpaMMHOro
obecneyeHna npubopa WIN-HCU. B kayectBe uHAEHTOpaA WCMNOMb30Banu 4YeTbipexrpaHHyto
anvasHyio nupammngy Bukkepca ¢ yrmom Ha nnockoctu 136°. Tpubonoruveckne wucnbiTaHUs
NPOBOAUITMCL NPWU CredyLwmx ycrnoBsusx: Harpyska go 3 H, ckopoctb — 2,5 cm/c, pagnyc - 2 Mm,
paguyc wapa (koHTpTeno SisNi). — 3 MM. KOppo3WOHHblE MWCMbITAHMS MPOBOAMMANCH
NOTEHUMOANHAMUYECKUM METOAOM C NMOMOLLbI0 OAHOKaHaNbHOro NnoTeHumocTaTa — rafibBaHocTata
mogenu CS300M B 3,5% pacteope NaCl npu temnepatype £25°C. B 0gHON CTEKNSIHHOW siYenke
cpaBHUTENbHbIM 3nekTpod (R) C M3BECTHbIM MOCTOSIHHBIM MOTEHUManoMm — xrnopcepebpsHbii
anekTpon, 3anonHeHHyto pactBopom NaCl co 3HadeHmem pH6, Ha BTOpoW dA4elike
BCcnomoratenbHbin anektpog (C) — nnaTtuHoBbIv anekTpog n pabounn anektpog (W) — uccneayemole
o6pa3sLpbl TUTaHa C NOKpbITUEM M 63 MOKPLITUS C MIOWaablo NOBEPXHOCTH 1 cM?,

Tabnuua 1 — Pexxumbl MOO
YacrtoTa, 4 | Hanpspkenue, B | MnoTHocTb Toka, A/lcM? | Bpewms, cek | OnutenbHOCTb MMMYIbCOB,MKC
100 300 0,13-0,17 600 100

B cootBeTcTBMM C OBGBEKTOM WUCCNegoBaHUS ObiM BbiOpaHbl TpUM pasHbIX CcoOcTaBa
anekTponuTa:

Ne 1 — Na;HPO, (6r), A (2r), KOH (2r);

Ne 2 — HzPO4 (15%), A (2r), CaCOs (5r);

Ne 3 — NasHPO. (5 ), A (3r), CaCOs (5r).

PesynbTaTbl U 06cyxaeHue

PesynbTaTtbl TpMGONOrMyecknx TECTOB Mokasanu 3Ha4YnTENbHOE CHKEHME KoddduLmneHTa
TpeHuns (puc. 1) n ysenuyeHme n3HOCOCTOMKOCTM TUTaHOBbIX 06pa3LoB nocrne obpaboTkn MeToaom
MOO no cpaBHeHUto ¢ HeobpaboTaHHbIMKM Oobpasuamu. Ha pucyHke 1 npefcrasneHa 3aBUCUMOCTb
KoadpbmumeHTa TpeHns OT BPEMEHW UCTIbITAHUI 41151 UICXOAHOro TUTaHa u obpasuoB, 06paboTaHHbIX
meTtogom MAOO. BugHo, 4To KOIPULMEHT TPEHNSA Y NOKPbITbIX 06Pa3L0B 3HAYNTENBHO HUXKE, YTO
cBMOETENbCTBYET O (POPMUPOBAHUN HA MOBEPXHOCTU TBEPAOrO U M3HOCOCTOMKOro cnosi. [laHHble
rpacdvka nogTBePXKAAOT, 4TO 06paboTka meTtogom MAO 3HauUMTENBLHO ynyylwaeT Tpubonormyeckme
Xapaktepuctukn matepuana. OO0pasupbl, MNOKPbITbIE OKCUAHBLIM CrIOEM, [AEMOHCTPMpOBanu
N3HOCOCTOMKOCTb, YBESNTMHYEHHYHO B HECKOSbKO pas, YTo AenaeT ux NpUrogHbiMy 4518 UCMNoSib30BaHNA
B YCMNOBUSIX BbICOKOW MEXaHUYECKOW HarpysKku.
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PucyHok 1 — PesynbTaTbl TpM60N0OrM4ecknx NcnbiTaHUm
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Ha pucyHke 2 npeactaBneHbl MUKPOCTPYKTYPHbIE N300paXxeHnsa criefoB n3Hoca UCXOAHOro
TMTaHa W NOKPbITbIX 06pasuoB nocrne Tpubomnornyeckux ucnbiTaHun. WsobpakeHue (a)
AEMOHCTPUPYET rnyOOoKuin 1 LLMPOKMIA cred u3Hoca anst HeobpaboTaHHoro obpasua, YTo ykasbiBaeT
Ha HM3KYI0 M3HOCOCTOMKOCTb MaTepuana. B 1o xe Bpems nsobpaxenuns (6), (B) u (r) nokasbiBatoT
3HaYUTENbHO MeHbLUYO MyBUHY M3HOCa, YTO noaTBepxaaeT 3(PEPEKTUBHOCTbL MUKPOAYrOBOro
OKCUMOMPOBAHMSA B MOBbLIWEHUN YCTOMYMBOCTM MaTepumana K MexaHW4YecKum Harpyskam. ITO
OeMOoHCTpupyeT, 4To nokpbite MOO, o4eBMAHO, ynydwaeT MPOTMBOU3HOCHLIE CBOWCTBA
TUTAHOBOro cnnaesa M obnagaetr O4YeHb HU3KUM KOI(PMULMEHT TPeHuUs MNpu UCMbITAaHUN Ha
ckonbxeHue. [loBblleHNE W3HOCOCTOMKOCTU OOYCMOBMEHO KOMMAKTHOM MUKPOCTPYKTYPON U
BbICOKOW TBEPOOCTbIO OKCUAHOKepamudeckoro nokpbltvus. Onsa MOO-nokpbeituin Ne 1, Ne 2 nocne
UCMbITaHUA Ha CKOMbXeHue crnej U3Hoca OCTaeTCd HeYeTKMM, YTO yKasblBaeT Ha OYeHb HWU3KUM
ypoBeHb M3HOCAa. MHTEHCMBHOCTL M3HALLMBaHUA Ans ucxogHoro tutaHa — 0,01674 mm3/m-H, ans
MOO-nokpbiTnii: Ne 1 — 0,001925 mm3/m-H, Ne 2 — 0,002317 mm3/m-H, Ne 3 — 0,003724 mm3/m-H.
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PucyHok 2 — MukpodoTorpadumn n npounu noBepxXHOCTU cneaos U3Hoca

nocre UCNbITaHUN Ha CKONbXEHUE:
a) TuTaH (ucxodHblin); 6) anektponut Ne 1; B) anektponuT Ne 2; r) anektponut Ne 3

MWKpOTBEPAOCTb MOKPbLITUMA TakXkKe CyLWEeCTBEHHO BO3pocna Mo CPaBHEHWUO C UCXOOHbIM
TuTaHoMm. okasaTenn MUKPOTBEPAOCTU YBENMYUANCH NOYTU B 2 pasa, YTO CBMAETENbCTBYET 06
obpasoBaHMM MPOYHOrO N TBEPLOIrO OKCMAHOIO Cosi HA NOBEPXHOCTU. Pe3ynbTaThl NpeAcTaBfieHbl
B Tabnuue 2.

Tabnuua 2 — MukpoTteepaoctb obpasuos go n nocne MO

HanmeHoBaHue HVo,1 H, MlMa E, MlNa
McxogHbIn TUTaH 151,3%1,0 15,415 120,5%+1,5

Ne1 NaHPO4+IA+KOH 327,8+2.8 33,4+1,2 153+2,2
No2 HzPO4+I'A+CaCOs3 267,1£3 .4 27,2+2 1 115,242,8

Ne3 NasHPO4+['A+CaCO3 291+1,3 26,7+1,1 132+1,9

Koppo3noHHble nccnegoBaHus nokasanu (puc. 3), uto nocrie MO obpaboTtaHHble ob6pasLbl
NPOSIBMSIIOT 3HAYUTENBHO NYYLLY CTOMKOCTb K KOPPO3MK, YeM HeobpaboTaHHble. KOppo3noHHbIN
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notTeHuwman cABUHYIICA B CTOPOHY bornee NOMOXUTENbHbLIX 3HAYEHUI, a MAOTHOCTb KOPPO3NOHHOIo
TOKa 3Ha4YUTEesNibHO CHU3Mnacb, YTO CBUAOETENIbCTBYET O BbICOKMX aHTUKOPPO3NOHHbIX CBOMCTBax
NOKPbITUA.
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PucyHok 3 — [lnarpamma pesynbTaTtoB U3MEPEHUI INIEKTPOXMMUYECKON KOPPO3MKn Ha obpasLax

Ana aHanusa mMopdonornv MnoKpbITUS Gbinv NpoBedeHbl Makpo- U MUKPOCTPYKTYPHbIE
nccnepoBaHusa obpaboTaHHbIX 06pasLoB. Ha pucyHke 4 npeacTtaBneHbl M3o6paxeHnsi NOBEPXHOCTH
TUTaHa Nocrne MUKPOLYroBOro okcuampoBaHus. Ha pucyHke 4 a noka3aH MakpoCcHMMOK obpasua Ne
2 nocne MOO, KoTopbIi AEMOHCTPMPYET PaBHOMEPHOE MOKpbLITUE 6e3 BMAUMBIX OedeKkToB. OTO
cBUOETENbCTBYET O (POPMMPOBAHMM NFIOTHOMO OKCUMOHOTO Crosi, obnagatoLwero BbICOKON agresnen
k nognoxke. Ha pucyHke 4 6 npegcrtasneHa COM noBepxHOCTM NOKpbITUA npu yBenudeHun x2500.
BuaHo, 4TO NOKpbITUE MMEET XapaKTEepHYH MOPUCTYI0 CTPYKTYPY, TUMMYHYIO ONS MNpoueccoB
MUKPOAYroBOro okcuampoBaHus. HabnwogatoTcs paBHOMEPHO pacnpedenéHHble  MUKpPOnopbl
pasMepoM OT HECKOMbKMX COTEH HaHOMETPOB A0 HECKOMbKMX MWUKPOMETPOB. Takue nopbl
obpasyloTca B pesynbTate nnasmMeHHbIX paspsiaoB, NPOMCXOASALWMX B npouecce hopMUpoBaHUA
nokpbITMs. NogobHass mopdonorna cnocobCTBYET YNy4LLEHU0 aare3vm NoKpbITUS K NOASIOXKKe, a
TaKke MOSIOKMTENbHO BMAUSIET HA €ro U3HOCO- U KOPPO3UNOHHYK CTOMKOCTb 3a CYET yBENU4eHus
naowanm KoHTakTa 1 yaepxaHusi CMa3oudHbIX MaTepuarnos.

PucyHok 4 — Makpo- u MMKpOCprKT OBerHOCTI/I obpasua Ne 2
nocre MUKpOOYyroBoro OKCUaMpOBaHUS

3akntoyeHue

lMpoBeaéHHble  uccrnegoBaHust  noaTBepxxgawT  APPEKTMBHOCTL  MUKPOAYTrOBOro
OKCMOMPOBAHMA Kak MeToAa YnydlleHUs 3KCrnyaTaumoOHHbIX XapakTepuCTUK TUTAHOBbLIX AeTanewn
AN MCNomnb30BaHWs B MalUMHOCTpOoeHuW. [MokpbiTus, nonyyveHHble metogom MAO, obnapatot
BbICOKOW WM3HOCOCTOMKOCTbIO, MOBbLILWEHHOW MUKPOTBEPLOCTBIO W yNYYLIEHHON KOPPO3MOHHOM
CTOMKOCTbIO, YTO 3HAYUTENbHO paclMpseT BO3MOXHOCTU MPUMEHEHUSA TUTaHa B PasfUYHbIX
oTpacnsax NpoMbllUNeHHOCTU. B ganbHenweM nnaHupyeTca uccrieqoBaHue BIIUSHUSA PasfiyHbIX
napametpoB MOO Ha cBOWCTBa MOKPbITUA AN ONTUMU3ALMM TEXHOMOrMM W MNOBbILWIEHUS eé
appeKkTnBHOCTH.

Paboma ebirnonHeHa 8 paMkax rnpoeKkma epaHamoeo2o huHaHcuposaHusi Komumema Hayku
MHuBO PK BR24992870 «QO6becniedeHue ycmol4yugoz20 pa3eumusi MauuHOoCmpoumeribHou
ompacnu KasaxcmaHa Ha OcHoge pa3pabomku, Hay4Ho2o 0060CHo8aHus U peanu3ayuu
MPOMbIWINEHHbIX MEeXHOM02ull UHXEeHepuu MoeepxHocmuy.
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TUTAHObI MUKPOO3IE TOTbIKTbIPY TEXHOJIOMMACBIH KONIAAHY

Mukpodoranblk momebify — MawuHa xacayda KondaHblnambiH 6enwekmepdiH ©HiMOIniK
curnammamarsnapbiH XakKcapmy YWiH KondaHbinambelH mumaH MeH OHbIH KopbimranapbiH 6HOeyOiH
nepcriekmusasnbl adicmepiHiH 6ipi. byn edic mumaHHbIH 6emiHde MamepuandbiH mpubooausisbik,
MexaHUKalblK XXoHe KOppo3usiFa Kapcbl KacuemmepiH almapribikmal xakcapmambiH me3iMOi okcudmi
XabbiHOapdbl xacayra MymkiHOik 6epedi. byn 3epmmeyde spmypni anekmponummepde MLAT scepiHeH
mumaH yneinepi 3epmmendi. AnbiHFaH Homuxernep ©HOe/IMezeH yrizinepMeH carnbicmbipraHda
XabblH0apObiH mo3yra me3imOificiHiH, MUKPOKammbIfbIfbiHbIH XOHEe  KoppoausirFa  me3imoinieiHiH
atimaprnbikmalt  apmkaHbiH kepcemedi. Mbicanbl, MOT odiciveH e6HOeydeH KeliH MUKPOKammbIfbIK
Kepcemkiwmepi eki ece Oepnik ecmi, an mo3yra mesimoinik bipHewe ece apmmbl, 6yn aybip XYMbIC
XardalibiHOa XyMbic icmelimiH 6erwekmepdid KbIamem emy Mep3iMiH apmmbipy YWiH OCbl MEXHO/I02USIHbIH
JXKofapbl muimOinieiH pacmalidbl. CoHbiMeH Kamap, MAT odiciveH arnbiHFaH xabbiH MamepuasobiH
Koppo3susifa Kapcbl KacuemmepiH xakcapmadbl, 6yn OHbl azpeccusmi opmada KondaHyra xapamdbl emeoi.
Mauwura xacayda MAT KondaHy xxab0biKkmbiH ceHimMOiniaiH apmmbipyra faHa eMec, COHbIMEH Kamap OHbl
ycmay MeH xeHOeyee KememiH wWhbirbiHOapObl a3zalmyra kemekmecedi. byn oadicmi asuauyusi XXoHe
asmomoburnb Xacay cuskmbl apmypni cananapla KeHiHeH kKondaHy yuwiH Oe 6elimdeyze 6onadsbl.
KopbimbiHdbinali Kerne, MUKpoOoOfasiblK MOMbIfy mumaH benuekmepiHiH eHiMOIinik cunammamarnapbiH
XxakcapmyObiH muimdi mexHonoausicb! 60sbin mabblriambiHbIH X9He OHbl 00aH api 0aMbimy MalwiuHa xacay
YWiH xaHa bepik xxoHe mo3yra me3simOi mamepuandapObi xacayra biKrasa ememiHiH aman emyae 6051adbl.
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APPLICATION OF TITANIUM MICRO-ARC OXIDATION TECHNOLOGY TO IMPROVE THE
PERFORMANCE CHARACTERISTICS OF MECHANICAL ENGINEERING PARTS

Microarc oxidation is one of the promising methods for processing titanium and its alloys, used to
improve the performance characteristics of parts used in mechanical engineering. This method allows creating
durable oxide coatings on the titanium surface, which significantly improve the tribological, mechanical and
corrosion properties of the material. In this study, titanium samples subjected to MAO in various electrolytes
were studied. The results demonstrate a significant increase in wear resistance, microhardness and corrosion
resistance of the coatings compared to untreated samples. For example, after processing by the MAO method,
the microhardness indicators increased almost twofold, and wear resistance increased several times, which
confirms the high efficiency of this technology for increasing the service life of parts operating in severe
operating conditions. In addition, the coating obtained by the MAO method improves the anti-corrosion
properties of the material, which makes it suitable for use in aggressive environments. The use of MAO in
mechanical engineering not only increases the reliability of equipment, but also reduces the cost of its
maintenance and repair. This method can also be adapted for wide application in various industries, such as
aviation and automotive. In conclusion, it can be noted that microarc oxidation is an effective technology for
improving the performance characteristics of titanium parts, and its further development will contribute to the
creation of new durable and wear-resistant materials for mechanical engineering.

Key words: microarc oxidation, titanium, wear resistance, microhardness, corrosion resistance,
mechanical engineering.
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PRECONDITIONS FOR THE DEVELOPMENT OF A NEW MILL DESIGN WITH A
V-SHAPED CHAMBER

Abstract: The grinding process plays a crucial role in various industries, including mining, cement,
chemical, and food production. Despite technological advancements, existing milling technologies often face
challenges related to energy consumption, component wear, and process control complexity. This study
explores innovative approaches to improve mill designs, focusing on vibratory and ball mills with novel
structural enhancements.

A patent-based review was conducted to analyze different technical solutions aimed at optimizing
grinding efficiency. A key innovation discussed is the introduction of an inclined-angle grinding chamber, which
facilitates complex motion of grinding bodies, increasing impact directions on material particles. Additionally,
vibratory mills with independent unbalanced drives were examined for their ability to enhance grinding chamber
oscillations and increase productivity. However, these designs do not ensure counter-motion of grinding
bodies, which is critical for maximizing impact energy.

To address this gap, a new mill design is proposed, featuring a V-shaped grinding chamber combined
with a vibration drive to induce counter-collision of grinding balls. This configuration significantly enhances
impact energy and grinding efficiency. The proposed solution integrates all effective grinding principles,
offering a novel approach to achieving superior material processing performance. Further experimental
validation is recommended to confirm its advantages over existing designs.

Key words: mill, grinding process, grinding balls, patent analysis, grinding efficiency.

Introduction

The grinding process is a key stage in many industries, such as mining, cement, chemical,
and food production [1]. The efficiency of milling directly impacts productivity, cost-effectiveness, and
the quality of the final product. However, despite technological advancements, existing mill designs
often fail to deliver maximum efficiency due to limitations in energy consumption, wear of
components, and complexity in process control. Therefore, the improvement of mill designs has
become an important area of research and engineering development. Enhancing milling
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