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AHann3 COBPEMCHHOH TCPPUTOPHATIBHOU CTPYKTYPHI IPUPOAOIONB30BAHUS TCOCUCTEM Oac-
ceitHa pexu Cappicy HE SBIACTCS KOHEUHBIM PE3yIbTATOM HAIMX UccacaoBaHui. CBexeHud,
MOJYUCHHBIC MPH aHATH3E CTPYKTYPHI NPHUPOAONOIL30BaHNS, OyAYT HHTCPIPETHPOBAHEI C TI0-
3ULMH OpUKIAIHON reorpaduu 1t pa3paboTKU ONTHMATIBHOH CTPYKTYPBl IPHUPOIOMONB30Ba-
HHUsI ¢ YUETOM TOKA3aTeacH CTENEHH aHTPOMOTCHHOM HArpy3KH HA T€OCUCTEMBI, YCTOMYHBOCTU
TEOCHUCTEM K AHTPOIMOTCHHBIM BO3ACHCTBHIM U MPOTHO3UPYEMBIX TCHACHIUN AUHAMUKU T€OCH-
CTEM B YCJIOBUSX QHTPOMOTCHHBIX BO3ACHCTBUI.
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no crpadmnuam

ABTOMOBMWJIb HA TPAIIKAX

ToHHY cTaporo TPAIbA, HANPUMEP W3HOMEHHON HITH BBIIICAIICH M3 MOJBI OJEXKIBI, MOXKHO
MOCPEACTBOM IIporecca, pazpaboranHoro B fAnonun, npespatuts B 700 TUTPOB roOprovero it
aBToMOOHIA. XI0mIaToOYMaKHbIEC, TbHSHBIC M OPYIHC TKAHU HA OCHOBE PACTUTEIBHBIX BOJO-
KOH COCTOST TJIaBHBIM 00pa30oM M3 LEJLTION03BI. A MOEKYTIA LELTIOI03bl MPEACTABIET COO0MH
LEMOYKY M3 MHOXECTBA MOJEKYJ caxapa — TIIOKO3bI. [moko3a cOpaKMBAeTCS B 3THIOBBIM
CIHUPT, KOTOPBIH 3amuBactcs B 6ak aBroMobul. dupma pazmectria B 2100 TOProBeIx LEHTPax
Anonvu smuku ans cOopa HeHy:kHOU oxexkasl. Ha octpose Krocro 3apaboran 3aBox, 3a rox
yepanBarouuid 2000 TonH Tpsmok. Celiyac AMOHIEI padoTaOT HAJ METOAOM HepepaboTKH B ro-
proUee U OTXOAOB U3 CHHTETHUCCKUX TKAHEH.

«Hayxka u xxuzsap» Ne 10, 2017
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Bocrouno-Kazaxcranckuii rocyaapcTBeHHbIN TexHuueckuit yausepeuteT um. Jl. Cepuxbacsa,
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HO.C. bopucos, C.I'. Boiinaposuu, A.H. Kucinna

WuctutyT 3nekrpocsapku um. E.O. [larona, r. Kues

PA3PABOTKA TEXHOJIOT'HHI MHKPOILTASMEHHOT'O HAHECEHNA BHOCOBMECTHMBIX IOKPBITHII
JUIA U3TOTOBJIEHMA MEJUITHHCKOM ITPOJAYKITHH

B cmamebe onucbieaemcsa obopydosaHue U MEXHOIOo2US MUKPONIa3MeHHOo20 HaHeceHUs 6uocos-
MecmuMbiX MOKPbIMUU U3 TOPOWKOBbIX U POBOIOYHbIX Mamepuanoe Ha MeOQuUUHCKUe uMnaaHmamsi U
uHcmpymeHmbl. Aemopbi 0b6cyxdarom nepcriekmues! eHedpeHus mexHonoauu onsa npousgsodcmea medu-
UUHCKUX usdenud.

byn makanala melOuluHanblK UMINaHmammapaa XoHe Kypblifblnapra apHalfaH YHMaKkmbl XoHe
cbiMObi MamepuandapdaH 6uoyiinecimoOi xabbiHOapdbl MuUKponnasmanbl Xafy mexHonoauanapbl MeH
KoHObIprblapbl cunammanadsl. Aemopnap meduluHanbik eHiMOep eHOIpY YWiH MexHonoausaHbl eHaizy
bonawarbiH mankplnayda.

This paper describes the equipment and technology of microplasma spraying from powder and wire
materials for applying biocompatible coatings for medical imlants and instruments. The authors observe
the challenges and prospects of the implementation of the technology for manufacturing of medical
products.

Knioyesble cnoea: mMeduuuHCKUe UMMAaHmamsl, MUKPONiasMeHHble MemoObl HalblIeHUs MOKPbI-
mutl, npomMbiwneHHbId pobom, buocoeMecmuMbie NOKPbIMuUs, Mukpomeepdocme.

B Hacrogmee BpeMst crioco0bl ra30TePMHYECCKOTO HAIBIIICHNS IOKPBITHH PAa3IMYHOrO Ha3HA-
YCHUSI aKTHBHO pa3BuBaroTcsa BO BeeM mupe [1-3]. Kak orveuaerca B pabore [1], npaBunbHO
HAHCCCHHBIC Ta30TCPMHUYCCKHUC MOKPBITHI HMCIOT MHOMKECTBO NMPHUMCHCHUH M DI MPEUMY-
LICCTB MEPE] MOKPBITHIMHU, MOTYUCHHBIMH KOHKYPHPYIOIIMMH METOJAMH, & UMEHHO IO3BO-
JSIFOT HAHOCHUTh B BHJIC HMOKPHITHH IMHPOKHH AHMANA30H MATCPUATOB, B TOM YHCIEC METAILIBL,
CIUIABBI, KEPAMHUKY, TIACTMACCH U KOMIIO3UTHBIC CTPYKTYPBI, COCTOSAIINE U3 METANIOB, Kepa-
MHKH U MJACTMACC, & TAKKE 00CCIICIUBAIOT IIUPOKHI ANAMA30H TOJIIIHH MOKPBITHHA: OT JCCAT-
KOB MHKPOH O HECKOIBKHUX MHLTUMETPOB. [ 'azorepmuueckue moKpbITHA 3 (PEKTHBHO MOBBI-
AT U3HOCOCTOUKOCTh M KOPPO3HOHHYIO CTOUKOCTh MOBEPXHOCTH, a TAKKE €¢ YCTOHYUBOCTb
K OKHCJICHHIO H KOPPO3HHU NPH BEICOKUX TeMITepaTypax. B To xe BpeMs o6opyaoBaHue AT TEp-
MHYECKOI'0 HAIBLICHHS OTHOCHTEIBHO JCHICBO MO CPABHCHHIO C KOHKYPHPVIOLIUMH IPOLIEC-
caM¥ HAHECCHUH MOKPBITHH U B PSAC CIYYAcB MOXKET OBITh CACTAHO B MOOHIBHOM BapHaHTE.
[Iponecc 06pabOTKN MOBEPXHOCTH YIACIIECBIIETCS 32 CUET BHICOKHX CKOPOCTCH OCa)XACHHUS Ma-
TepHana MOKPHITHI HA MOIOKKY (HOpMajbHAs MpakTHKa - or 2 1o 7 kr/4). Becema cymect-
BEHHO, YTO TCPMHUCCKOC HAIBLICHHUE SBJSICTCS OTHOCUTEIBHO «XOJTOAHBIMY MIPOLECCOM, H MOA-
JIO’KKH OOBIMHO HE HarpeBaroTcs Bhime 65 °C, 4To 00ecneurBacT UX MUHUMATIBHYIO TCPMHUYCC-
KVIO aerpagamuio [ 1, 2].

Kax ormeuaercs psimom ucciaeaoBatesici u 000OIICHHO MOKa3aHo B padorax [1-3], ocHOB-
HBIMH HEJOCTATKAMU MOKPBITHH, TONYYCHHBIX FA30TCPMHUECKUMU METOAAMH, SIBIISICTCSA UX IO-
BBIIICHHAS MIOPUCTOCTE M HE BCErAA XOpoLas aare3us ¢ noanoxkou. [lopructocts nHOrma mo-
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JKeT OBITh MONE3HOH, KaK B CAYYAIX C VISP KAHUEM Maclia Ha IOBEPXHOCTAX MOAIIHITHUKOB, IS
XUMHYCCKH aKTHBHBIX CTPYKTYP, TAKHX, KaK Oarapeu, [ 00CCIeUucHH HAICKHOH (Pprkcamu
OPTONEIUUCCKUX UMIUIAHTATOB B KOCTH 33 CUCT NMPOPACTAHHUS B MOPHI KOCTHOH TKAHH U T. 1.,
OJHAKO B 3TUX CIYYasX OHA JOKHA OBITh KOHTPOIHPYEMOH.

[IpobneMolt A7 BHEAPCHHUSI TEXHOJIOTMH Ta30TCPMHUYUCCKOrO HAIBLICHUS SBILICTCA 00pa-
0OTKa MOBEPXHOCTEH CI0XKHBIX KOH(pHrypaumid. s CIoKHBIX reoMeTpuil TpeOYIOTCsl aBTOMA-
THU3UPOBAHHBIC MAHUIYJLILUKA C TOPEIKOU W/WIN MOIIOKKOH ¢ POOOTH3UPOBAHHEIM YITPABIC-
HUEM JUIS Ha UIexKaleh o0padoTku nosepxHocTH [1]. [lnst momydeHus: ONTUMATbHBIX MOKPBITHIHA
METOAAMH TCPMHUYUCCKOTO HAMBUICHUS TPeOYETCS MPOBOMUTH HECKONBKO IMOCICIOBATEIBHBIX
TEXHONMOTHYCCKUX mpoueccoB [1-3]. Hampumep, ams oOecreucHUs HAIICKAINETO CLCILICHHUS
MOKPBITHS BAXKHO, YTOOBI MOJI0KKA OblNIa MPEABAPUTEIBHO MMOArOTOBICHA, HAIPUMED, VBEIH-
YCHA € MICPOXOBATOCTh MOCPEACTBOM IMECKOCTPYHHOU 0OOPaOOTKH WM KAKHM-ITHOO APYTUM
cnocoboM. Pan moxpeiTHH TpeOYIOT AOMONHUTEIBHOH TEpMOOOPAOOTKH MM UX VILIOTHCHUS
ITOCTIC HAHECEHMS.

O06001mas pe3yapTarhl, NPeACTaBACHHBIC B padoTax [1-3], MOKHO CKa3aTh, YTO TEXHOJOTHH
ra30TEPMHUYECKOrO HAMBUICHHS BKITIOYAIOT NOAOOP M HCHONb30BaHHE 000pYAOBaHHS (ILIA3MO-
TPOHBI, HCTOUHUKU MHUTAHHS, MAHHIYJISATOPHl H T. [.), MATCPHATIOB (ITOPOLIKH, IPOBOIOKA WU
MIPYTKH), & TAKKE TEXHUIECKOE M TEXHOIOTHIECKOE HOYy-Xay (omblT). Tompko Toraa, Koraa Bce
3TH KJTIOYEBBIC KOMIOHEHTHl TEXHOJIOTHH HCHONB3VIOTCS MPABHIBHO, MOJKHO MOTYYIHTh XOpPO-
HIE€ HOKPBITUE ¢ KOHTPOJIUPYEMOM CTPYKTYPOH U XOPOILIEH aAre3uen.

OxHUM W3 OCHOBHBIX METOJOB Ta30TCPMUYCCKOrO0 HAHECCHHS MOKPBITHH SBIACTCS ILIA3-
MeHHOe HambpuicHue. Hanbomnee yacto A 3TOH 1emy HCHONB3VIOTCS MIa3MOTPOHBI, TCHEPHPY-
FOLHE TYPOYJICHTHYIO TUIA3MCHHYIO CTPYIO C 3JICKTpUdecKoi MomHOCThio 10 200 kBt u nua-
METPOM IITHA HambursieMoro Marepuana 15...30 mM. IlpuveHenue TakuX IIa3MOTPOHOB A
HAMbBLUICHHUS ACTANCH MaNbIX Pa3MEPOB WM TOHKOCTCHHBIX JCTANCH MOMKET MPHUBECTH K UX IIC-
perpeBy U KOPOOICHHUIO BBUAY BBICOKOU TEIIJIOBOM MOIIHOCTH IIa3MeHHoOU cTpyu. Kpome toro,
B CJIyJae HAITBIJICHH MAJIOPAa3MEPHBIX JeTaNCH WM JOKAIBHBIX YIaCcTKOB NMOBepXHOCTH (5... 10
MM U MEHEE) BO3HUKAIOT OONBIINE MOTCPH HANBLIIEMOr0 MaTepHana U TPEOYIOTCS AOMONHH-
TCIBHBIC OMEPALUH M0 MACKUPOBAHHIO YUACTKOB, HE MOJICKAIIMX HAIBUICHUIO. JTH 00CTOS-
tenpcTBa mpuBesd K paspadorke UIC um. E.O. [latona HOBOro crocoba ra3oTepMHIECKOrO
HAHCCCHUS MOKPBITHH — MukporiazmMennoro Hamsiicaus (MITH) [4]. Cpenu pasauuHbixX CyIie-
CTBYIOIUX IPOIECCOB IIa3MeHHoro HamblteHusa meron MITH, B wactHOCTH, XapakTepusyercs
MaJIBIM AuaMeTpoM IaTHa HamblneHud (1 ... 8 Mm) u mMamol (mo 2 kBT) MOIIHOCTBIO IIIIA3MEL,
YT0 00ECIEUHBACT HU3KOE MOCTYINICHHUE TEIIA B MONIOKKY [ 1-4]. DTH XapakTepHCTHKH OYCHb
MPHUBICKATCIBHEL T HAHCCCHHUS TIOKPBITHH HA METTKUE JCTAITH € BEICOKOH TOYHOCTBIO, B YACT-
HOCTH 711 HAHCCEHHUSI OHOCOBMECTUMBIX MOKPHITHH NPH U3TOTOBJICHHH MEAULMHCKIX UMILIAH-
taToB. QOYEeBHIHO, YTO JAHHBIC TCXHOJIOTHU JOKHBI OOCCIICUNBATE CTAOMIBHOC KAYCCTBO IO-
KPBITHI B CBA3W C BBICOKUMH TPEOOBaHUAMH, MPEABABIICMBIMH K MPOSYKIUH MCIULUHCKOTO
Ha3HAYCHMUS.

Llenpro manHOM paboTel Obia pa3paboTka TEXHOIOTHH POOOTHU3HPOBAHHOIO MUKPOILIA3-
MEHHOT'0 HAaHECCHHS OHOCOBMECTHMBIX MOKPHITHH Ha MCIULUHCKHE HMIUIAHTATHL M UHCTPY-
MEHTHI.

B teuenne neckompkux et B UIC mm. E.O. Iatona Obln BHINIOTHEH KOMILIEKC KOHCTPYK-
TOPCKHX U TCXHOIOTHYECCKHUX PaboT, B PE3yIbTATE KOTOPHIX ObLI paspaboTaH psx YCTAHOBOK
Mukporriasmersoro Hansiieaws (MITH-001, MITH-002, MITH-003). Ycranoska MIIH mo-
cneaero nokoiaeHus MITH-004 BrmrouaeT HCTOYHHK IMHTAHHUSL ¢ OIOKOM BOISIHOLO OXJIAXKIE-
HUs, ONOK YOPaBICHUSA, MHKPOILIA3MOTPOH ¢ BEIHOCHBIM, MTOBOPOTHBEIM OXJIAXKAACMBIM aHOJOM
(Ha KOHCTPYKIMIO MUKPOILIA3MOTPOHA MOJIYUCH MATCHT [4]), a TAaKKE B3aUMO3aMCHSICMbIH Me-
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XaHH3M 715 TI0AaYU MPOBONOKH M MOpokoBeid gozarop MIT/I-004.0coGeHHOCTRIO mpoLecca
MITH siBasiercst Hu3Kast moTpedsieMast MOIIHOCTh (MOMHOCTh MuKpomiazmMorporna MIT-004 mo-
cruraet 2,5 kBT) # BO3MOKHOCTE HAHCCCHUS MTOKPHITHH MPH TAMHHAPHOM PEKUME UCTCUCHUS
CTPYH € HCIIONB30BAHUEM B KAaUECTBE IM1a3MO00pasyIoOLIEro ra3a YucToro aprosa. B cmsasu c
3TUM, a TAKKE ¢ KOHCTPYKUHEH MuKpomnazMoTpona, mpouecc MITH obramaer ciexnyrommumu
OTJTHYHUTEIBHEIMU XaPAKTCPUCTHKAMU:

- TIOCKOJIBKY YTOJ PacKpBITHA JTAMHHAPHOM IUIA3MEHHOM CTPYM COCTaBIIET BCEro 2...6°
(mecto 10...18° ams TypOYICHTHBIX MIA3MEHHBIX CTPYH) B JuaMeTp coruia HeBenuk (1...2 MM
Y MEHEE), TO BO3MO)KHO YMEHBIINTD pPa3Mep ILTHA HABUTEHUA 10 1...8 MM;

- HU3Kas TEIUIOBas MOIIHOCTh MHKPOILIA3MECHHOW CTPYH MO3BOJSIET YMEHBIIUTh HATPEB OC-
HOBBI, YTO OOCCIICUNBACT BO3ZMOXKHOCTh HAHECCHHS TOKPBITHH Ha M3ACTH MaJbIX pa3MepoB U
W3JCTHS C TOHKMMH CTCHKaMH Oe3 H3MHINHETO JIOKATBEHOTO MEPerpesa u KOPoOICHHUS,

- MCITONIb30BAHNE MHUKPOIUIA3MOTPOHA ¢ BBIHOCHBIM AHOJOM ITO3BONSET OCYIIECTBIATh OAA-
Yy HaNBUIIEMOr0 MaTepHualia HEMOCPEACTBEHHO B AyTOBOU pa3psai, CaMyl0 BBICOKOTEMIIEPATY-
HYI0 00IacTh IUIA3MCHHOHM CTPYH, YTO MO3BOJIICT HAHOCHUTH TAKHEC TYTOIUIABKHE MATCPHAIBL,
Kak A1203, ZrOQ, W,

- NPUMCHEHHE CTPYU 3alIUTHOTO Ta3a aproHa MO3BONSCT CHH3UTh CTCICHb OKUCICHHS
HaIBLUIIEMOr0 MaTeprana;

- TaMUHApHAs IIA3MEHHas CTPYd UMeeT HU3KUH yposeHb 3ByKa (30...50 nb), uro mozeomsaeT
ucnonb3oarh obopyaosanue Ans MITH Ge3 ciennanbHON MIYMOH30MHPYIOMICH KaMEphI;

- obopymoBaHUE 001a0aCT BBICOKOW MOOUIBPHOCTHIO BBUAY HAJIHUKS COOCTBCHHOH CHCTEMBI
oxnaxacHus. s paboTel yCTAHOBKH HEOOXOIUMO Hamuure | OamoHa C:KaToro aproHa u cetu
nepemeHHOro Toka 220 B (380 B), 50 I'm.

B kauecTBe MCXOAHBIX MATEPUATOB AJIS HANBIJICHHS MOT'YT HCIIONB30BATHCH KaK MOPOLIKH,
TaK U MPOBOJIOKH.

B pamxax passutHsa coBpeMEHHBIX TexHOMOrnd Bocrouno-Kazaxcranckum rocynapcreeH-
HbIM TexHuueckuM yHuBepcutetoM (BKI'TY) um. JI. CepuxbacBa Obl1 OATOTOBICH OMBITHBRIN
71a00PaTOPHO-NPOMBILITICHHBIH KOMILIEKC MIA3MEHHOW 00pa0OTKH MaTEepHaIoB Ha OCHOBE MPO-
MBIOUIeHHOro pobGoTa. [lpomeimmennsiii podor Kawasaki RS-010LA (Kawasaki Robotics,
Anonus) npeacraBnsger coboil YCTPOHCTBO, COCTOAIIEE U3 MOABMXKHBIX YACTECH € IIECTBIO CTE-
MEHAMHU CBOOOABI 71 MEPEMEIICHHS 10 3apaHee 3aJaHHOMY MPOQHITIO, YIPABILETCS TOCPEa-
ctBOM Tiporpammupyemoro koutpomiepa E40F-A001. Ha pyke poGota CMOHTHPOBAH MHKPOI-
naszmotpoH MIT-004 mpouszsoacrea UIC mm. E.O. [Natona, YkpanHa A1 HAHECCHHSI TOPOLIKO-
BBIX HJIH HPOBOIOYHBIX HMOKpbITHH. MoHTaxk komriekca npousseacH TOO «Innotechy, Kazax-
craH. XapakTepuctuku poborta-manumyastopa Kawasaki RS-010LA: komuuecTBO creneHei
MIOABIYKHOCTH - 6; TOUHOCTh MO3UINOHUPOoBaHUS - 0,06 MM; MAKCHMATbHAS THHCHHAS CKOPOCTh
- 13100 mm/cex; 30Ha mocaracMocTd - 1925 MM; rpy30noabEMHOCTS - 10 K.

MarepranoM HCCICAOBAHHUS CIYXKUIH HCXOAHBIC MATCPHATIbl A MONTYYCHHS MOKPBITHI:
MOPOIIKH, TPOBOJOKU U NOXYUeHHBIE U3 HUX MeTonoM MITH mokpeiTus, a Takxke MOLTOKKH (B
OOJIBIIMHCTBE CIYYACB UCMOIb30BATH HMOATIOKKHA U3 CTaIH 3, 00pabOTaHHBIC MECKOCTPYHHBIM
MeToaoM). Jlnana3oH HCHONb3YEMBIX MATECPUATOB OBLIT JOCTATOYHO IIMPOKUM, YTOOBI odecre-
YUTh OTPAOOTKY TEXHOIOTHUECKUX MPOLECCOB AT PA3HBIX MATCPHATIOB.

Hna ananm3a cTpykTypsl U coctaBa opmupyembix mMeronoM MITH nokpeitaii Gbimm wmc-
MOJIB30BAHBl METOBI JIEKTPOHHOM MNPOCBEUMBAIOIIEH U CKAaHHUPYIOLIEH MHUKPOCKONHUU C 3J€-
MEHTHBIM aHAJIH30M, PCHTTCHOCTPYKTYPHBIH ()a30BBIH aHAIU3 M ONTHYCCKAS MHKPOCKOIHSL.
HccnenoBanacs MUKPOTBEPAOCT MOKPEITHH U MOJJIOKEK.

Haxomtennsiit B U9C um. E.O. Tlatona u 8 BKI'TY um. /I, Cepuxbaesa onsiTr MITH pas-
JUIHBIX MAaTepuaioB [4-10] CBHACTEIBCTBYCT O BO3MOXHOCTH HAHOCHTD TAKHUM METOAOM IIH-
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pokuii kpyr mokpsituii u3z meramios (Co, Ni, Ti, W, Mo u T.1.), Ti-, Co-, Ni-CcI1aBOB, OKCHI0B
(ALLOs, TiO,, Zr0O,), kapbuaos (WC, Cr;C,), OuokepaMuku (THIPOKCHATIATHAT, TPHUKAIBI[HIA-
docdar). CroiictBa Hexotopex MITHnpuseaeHs! B Ta6n. 1 U 2. MUKPOCTPYKTYPB HEKOTOPBIX
MOKPBITHH, MOMYYCHHBIX METOIOM MHUKPOIUIA3MEHHOTO HAMBIJICHUS U3 MOPOIIKA (a-T) U U3 Ipo-
BOJIOKH (1, €), MOKa3aHbl Ha puc. 1. YCTaHOBJICHO, YTO KO3(D(UIIMECHT UCITOIB30BAHUS HATIBLIS-
emoro Marepuaia npu MITH cocrasnser 0,6...0,9.

Tabnuna 1
Muxpomeepoocmu u cooepicanue KUCIOPOOA MUKPONIAIMEHHBIX NOKPLIMUT U3 NPOBOIOKU
ouamemponm 0,3 mm

Hamnbuisemslit MaTepuan Muxpotsepaocts, HV o5, MPa Conepxanne kucmopoaa, %
Inconel 82 303...370 29...5,8
\\ 1880...2060 3,3...13,8
NiCr
. 309... 361 3,1... 15,1
(NigoCra)
Ti 320...550 0,88...2,8

-.;t' e 4-);-2‘.““%7;;
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Pucysox 1 - MHKpPOCTPYKTYPBI TOKPBITHI, MOJIYYCHHBIX METOAOM MHUKPOIIA3MEHHOTO HAMTBIIICHHA:
A - Mo; 6 - Inconel 718; B - ZrO,-Y20s5; T - THAPOKCHANATHUT; 1 - MIb; € - HUXPoM (NigyCry)
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Tabnuua 2
Muxpomeepoocmv MUKPONIAZMEHHBIX NOKPLIMUT U3 NOPOULKA
Hamnbrisemslit MaTepuan Muxpotsepaocts, HV o5 , MPa
NiCrBSi(Castolin 18972) 9500...12500
WC-12Co 11450...14500
Inconel 718 2170...2830
CI'3C2+Nig()CI'20 10300+1480

B U3C um. E.O. INarona pa3zpaboraHa TEXHOJOTHS HAHCCCHUS! OMOCOBMECTUMBIX MOKPBITHIHA
Ha SHIOMPOTE3Bl TA300¢APEHHOTO cycTaBa (puc. 2,a,0), BHCAPCHHAS B TPOHU3BOACTBE TAKUX JH-
mporpore3oB HAa AQ «MOTOP CHUY» (Kues, YkpanHa), a TakkKe TSXHOJOTHH HAHCCCHHUS! OMO-
COBMCCTUMBIX TTOKPBITHA HA UMIUIAHTAT I MCKTCIOBOTO CHOHIMIOAC3A (PUC. 2,8) U CTOMA-
TOJIOTHYCCKUE UMITTAHTATH (puc. 2,2) [5, 6].

Pucynox 2 - TlpuMepst m3aemuii ¢ OHOCOBMECTHMBIM MOKPHITHEM, HAHCCCHHBIM MHUKPOTLIA3MCHHBIM
metoaoM B UOC mm. E.O. TlatoHa: a, 6 - KOMIOHCHTHI SHAOIPOTE3a TA300CIPCHHOTO CYCTABA,;
B - IMIDTAHTAT T MSKTCIOBOTO CIHOHIIIONC3A; T - CTOMATOJIOTHICCKHC HMILTAHTATHI

B BKI'TY unwm. [I. Ceprxbacpa ObLTH MONTYYCHBI ONBITHBIC 00Pa3iibl OKPHITHH U3 MOPOIIKOB
THIPOKCHAIATHTA, & TAKXKE MPOBOJIOK U MOPOLIKOB CIIJIABOB HA OCHOBE THTaHA, KOOAIbTA U HU-
KEMs € MCIOIb30BAHUEM POOOTH3NPOBAHHOTO KOMILICKCA MUKPOIIIA3MCHHONW yCTaHOBKH. YUro-
OBl PEUIUTh MPOOJIEMY OOCCIICUCHHUS JKETACMOM TPACKTOPUHM MCTOMHHUKA IUTa3Mbl, ObLIO paspa-
OortaHo mporpamMmHOe obecneucHue [7], KOTOpoe mpeolpa3yeT uepTexu, CACTaHHBIC B Auto-
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CAD u Compass, B KOMaHIbl 1 KOHTpoanepa podota. [TonyueH yCcremHbIi OnblT HAHCCCHUS
MOKPHITUH W3 MOPOLIKOB H/HITH MPOBOJIOK OHOCOBMECTHMBIX MATCPHANOB C UCIOIb30BAHUEM
JAHHOTO KOMILUICKCA, PE3yIbTaThl OmyO1HKOBaHbI B padotax [8-10].

Ha ocHOBaHWH BBIIIECH3TOXKEHHOIO MOXKHO CHAETATh CICAVIOIIKMEC BHIBOABL Paspaborano
00OpPYAOBAaHUE W TEXHOJOTHS MHKPOILIA3MECHHOI'O HAIBIICHUS I HAHCCCHUS OHOCOBMECTH-
MBIX TOKPBITHH Ha MCAMLIMHCKHE WMIUIAHTATH U HHCTPYMEHTHI. B kauectBe MaTtepHaioB ams
HAHECCHHS MOKPBITHH MOTYT OBITh HCITONB30BAHBI KAK MPOBOJIOKH, TaK U MOPOIIKH OHOCOBME-
CTUMBIX Matepuanos. Mcrmonp3oBaHue MeT01a MUKPOILIIA3MEHHOTO HAMBIICHUSA B JAHHOM CITY-
4ac MOMKET OOCCIICUNTh HYXKHVIO H KOHTPOIUPYEMYIO HMOPHCTOCTh JAHHBIX MOKPBITHH. s
VCIICIIHOTO HAHCCCHUS OHMOCOBMECTUMBIX MOKPHITHN CO CTAOWUIBHBIMH XapaKTCPUCTHKAMH HA
JETaTH CIOKHOH (POPMBI, KAKHMH SIBIAIOTCS HMILIAHTATHI M MCAWLIMHCKHE WHCTPYMCHTEL,
HEOOX0MMO 0DCCIEUNTh PABHOMEPHOC MEPEMCEIICHHUE TUIA3MOTPOHA IO CIIOYKHOH TPAcKTOPUH
BJONb HAIMBIIACMON MOBEPXHOCTH H3Aenus. s 3TOH e CTAHOBUTCS HEOOXOAMMBIM OCHA-
LICHUE YCTAHOBKH AJISl HAMBLICHHS POOOTOM-MaHHUITYITOPOM U COOTBETCTBYIOIIMM MTPOrPaMM-
HbIM obecreucHneM, kak 310 Ob10 caenano B BKI'TY um. [l Cepuxbaesa. Takum oGpazom,
HCIONB30BAHNUE JAHHOTO POOOTH3HPOBAHHOIO KOMILIEKCA U pa3pabOTaAHHOW HAMU TEXHOJIOTHU
MHUKPOIINIA3MEHHOT'O TPELH3HOHHOTO0 HAHCCCHUS MOKPHITHH MO3BOJIICT HAHOCHTH OHOCOBME-
CTUMBIC MTOKPHITHS C KOHTPOIUPYEMOM HOPHUCTOCTBIO HA MECIHLIMHCKHE UMILTAHTATEL U HHCTPY-
MEHTBI, U3TOTOBJICHHBIC M3 MCOULIMHCKAX TUTAHOBBIX CIUIABOB MPOH3BOIACTBA KA3aXCTAHCKOTO
npeanpusatust AQ «YK TMK», muposoro nuaepa no npoH3BoACTBY TUTAHA.

braeooaprocms: uccneaoBaHUE NPOBEACHO NpU $HUHAHCOBOU moaaep:kke Komurera Hayku
MOwuH PK B pamkax mporpamMMHO-LENeBOro (PMHAHCHUPOBAHHS MO HAYYHO-TEXHHUYCCKOH IMPO-
rpamme «LleneBas HayuHO-TeXHHUECcKas nporpamma Bocrouno-Kasaxcranckoro rocynapcTseH-
HOro TexHu4eckoro vHusepcurera mM. Jl. CepukbaeBa, OpHCHTHPOBaHHAS Ha Pa3palboTKy HO-
BBIX BHJOB MPOAVKIWH I MPOHU3BOACTBA HA BEAYIIMX MPOMBILIJICHHBIX NpeAnpHuaTsax Bo-
crouno-Kazaxcranckoi odnacti» Ha 2017-2019 roxet, mo noamporpamme 0006/TILIP-17 «Bei-
MYCK TUTAHOBOU MPOAYKLHHU A JATBHEHIIECIO UCITONB30BAHNS B MCAHLIHEY.

Crucok nutepaTtyphbl

1. Introduction to Coating Design and Processing / R.C. Tucker, Jr., editor// ASM Handbook, Volume
5A, Thermal Spray Technology, 2013. - P.76-88.

2. Vardelle A., Moreau Ch., Nickolas J., Themelis A. Perspective on Plasma Spray Technology Plas-
ma Process, 2015. - P. 491-5009.

3. Lugscheider E, Bobzin K., Zhao L.and Zwick J. Assessment of the Microplasma Spraying Process
for Coating Application Advanced Engineering // Materials Special Issue: Thick Coatings for Ther-
mal, Environmental and Wear Protection, Volume 8, Issue 7.- 2006, P. 635-639.

4. Mat. UAB23K10/00. MnasmoTpoH Ana HanuneHHa nokputTie / KO0.C. Bopucos, C.I. BoitHaposwy,
0.0. ®omakiH, KA. tOuweHko (Ykpaina (UA)); Ne 2002076032; 3anen.19.07.2002p.; Ony6n.
16.06.2003. - Brorn. Ne 6.

5. BnusAHue napaMeTpoB MUKPOMIA3MEHHOro HanbifeHUs Ha CTPYKTYPY, pasoBbIl COCTaB U TEKCTYPY
NOKpLITUIA U3 rngpokcuanaTuTa // ABTomatndeckas ceapka. — 2008. —Ne 4. — C.15 — 20.

6. tOweHko KA. IByxcnoitHoe GuokepMeTHOE NOKpbITUE TUTaH-TuapokcnanaTtut / KA. OweHko, 1O.C.
Bopucos, C.I'. BoitHapoBud n Ap. // ABTomaTudeckas ceapka. — 2011. — Ne 12. — C. 46-49.

7. HypekenoB .M., KpacasuH AJl., AnoHuesa [.J1. Ceugetenscteo MC 009030 o rocyaapcTBeHHOM
perncTpaumm Ha obbeKT aBTOPCKOro npasa Noj HasBaHWeM «KoHBepTep ANs NepeBoja YepTexein
DXF-dpopmaTa B AS-a3blk poboTa-MaHunynaTopa Kawasaki RS010L» (nporpamma ans SBM), 3a-
nuckb B peectpe Ne 1490 oT 21 unroHa 2017 .

8. AnoHuesa [1J1. ABTOMaTU3NpPOBaHHOE MPELMINOHHOE HaHeceHWe MYNbTUMYHKLUUOHAMEHLIX Mo-
POLLKOBLIX MOKPLITUIA 1 MOANMKaL s noBepxHOCTU Mukponniasmon / [.J1. AnoHuesa, A.B. Pycako-
Ba, AJl. KpacasuH u gp. // ®yHaaMeHTanbHble NpobremMbl COBPEMEHHOro MaTepuanoBefeHus. —
2017.-T.14.-Ne 1. - C. 88-949.



ISSN 1561-4212. «BECTHUK BKI'TY» Ne 3, 2017. 71 TEXHUYECKHWE HAYKWU Y TEXHOJIOTUU

9. Borisov Yu., Voinarovych S., Kislitsa A., Alontseva D., Kolesnikova T., N. Prokhorenkova N.,
Kadyroldina A. Development of a Technology of Micro Plasma Spraying of Biocompatible Coatings
for Manufacturing of Medical Implants //10th International Conference New Electrical and Electronic
Techologies and their Industrial Implementation NEET 2017, Zakopane, Poland, June 27 — 30,
2017. - P.28.

10. Alontseva D., Krasavin A., Prokhorenkova N., Kolesnikova T. Plasma — Assisted Automated Preci-
sion Deposition of Powder Coating Multifunctional Systems // Acta Physica Polonica A, 2017 (in
press).

Mony4veHo 31.08.2017

VIIK 669.22

3.M. AxmerBaaueBa, H.A. Kynenosa

Bocrouno-Kazaxcranckuii rocyaapcTBeHHbIN TexHuueckuit yausepeuteT um. Jl. Cepuxbacsa,
r. Ycre-Kamenoropek (PecnyOnmuka Kazaxcran)

. Takacakn

Yuusepcurer AkuTa, r. Axura (Snonws)

E.JI. ®oxuna

Canxkr-IlerepOyprekuii rocyaapersennbsii yaueepeuteT, r. Cankr-IlerepOypr (Poccuiickas
Deneparys)

K.JI. Myanamupy

Hapemckuii yaueepeunrer, r. Hapem (BennkoOpuranus)

AHAJIN3 COBPEMEHHOI'O COCTOAHHA U IIEPCHEKTHBDI PASBUTHSA CHCTEMDI YIIPABJIEHHSA
SJEKTPOHHBIMH OTXOJAMH B KA3AXCTAHE

HemoueHue Muposbix 3anacoe MuHepaabHO20 Chipbs U obocmpeHue aKonoeuveckol cumyauyuu no-
CcmerneHHo npueeino K npobneme rnoucka anbmepHamueHbIX UCMOYHUKO8 Cbipbs 0N rNoAyYeHus Mmemai-
nos. Omxo0bl 9716KMPOHHOU MPOMbBILIIEHHOCMU 10 C80eMY cocmasy S8NAomcs npusiekamenbHbIM Uc-
MOYHUKOM UgemHbix, pedkux u 6nazopolHbix Memainnos. B KazaxcmaHe Ha ce200Hs mosbKo 3apoxda-
romces npednockliku Memodog achghekmueHol U KOMINEKCHOU nepepabomku 31eKmpoHHbIx omxodos. B
OaHHOU cmampe npugodsamcs pesynbmambl KOMIIEKCHbIX uccnedogarull 3neKmpoHHbIX omxodos, &
yacmHocmu nedamHbix faam U asmomMobuibHbIX MUKDOCXEM.

Murepandbik wuxkisammbly aneMOiK KopnapbiHbiH maycbinybl XoHe sKonoausnblk xardalnapObiH
wueneHicyi 6ipmiHden memandapdsl anydbiH 6anama ke3lepiH i30ey npobnemanapbiHa okenodi
BnekmpoHdblK eHepkacinmiy Kanlbikmapb! 630epiHiH KypaMbl 6olblHWa mycmi, CUPEeK XoHe achif
MmemandapdbiH Konalinbl wukisam kesi 6onbin kenedi. byeinel maHOa KaszakcmaHOa 3neKmpoHObIK
Kandbikmapdbl muimdi xoHe keweHdi eHOeydiH anrbiulapmmapb! eHdi FaHa mybiHOall 6acmadsi. bepineeH
Makanala 371ekmpoHObIK Kandbikmapdbi, COHbIH iWiHOe 6acnaces nnamanapbl XoHe asemomobunb
MuKpocxeManapbiH keuwieHOi eHOeydiH Homuxxenepi KenmipineeH.

The depletion of world reserves of mineral raw materials and the aggravation of the ecological situation
gradually led to the problem of searching for alternative sources of raw materials for the production of met-
als. Wastes of the electronics industry are an attractive source of non-ferrous, rare and noble metals in its
composition. Today, in Kazakhstan, only prerequisites for effective and comprehensive processing of elec-
tronic waste are emerging. This article presents the results of a comprehensive study of electronic waste,
in particular, printed circuit boards and automotive circuits.

Knroyeenie crioea: anekmpoHHbie omxo0bl, ymunu3auyus omxo0os, neyamHbie rnnamei, bazenbckas
KOH8eHUUS, mepMuYyeckull aHanus.

OTX0AB! 37ICKTPOHHON MPOMBILIIICHHOCTH BKIIOUAIOT IIHUPOKUN CIIEKTP BBIIIEIIINX H3 CPOKa
SKCIUTYATallK 3JCKTPOHHBIX U JIEKTPOTCXHUUCCKHX HM3ACITHH - KOMIBIOTCpHAsA Tnepudepus,
ayauo- U CTepeooOOPYAOBAHUE, BUACOKAMEPHI, TCICBHU30PHl, MPHHTEPI, CKAHEPDI, PA3TUTHBIC



TEXHUYECKHWE HAYKWU Y TEXHOJIOTMU 72 ISSN 1561-4212. «BECTHUK BKI'TY» Ne 3, 2017.

tenedOHHBIC YCTPOUCTBA U rakeTsl. OHU comepKaT ACCATKA TOKCHYHBIX KOMIOHCHTOB, BKITIO-
Yas CICAYIOUIME TSKEIBIC METAILIBI: CBHHEL, KAAMHUH, PTYTh, MBIIIBIK U JP., & TAKKE BPCIAHBIC
XUMHYecKue Bemectsa (nonuxiopuposannsic Oudennisl (IIXB) u 6pomupoBanHbe aHTHIIHPE-
Hel (BFR) [1]. B mocieanee Bpems 0TXO0IBI SJIEKTPOHHOH MPOMBIIUICHHOCTH PacCMaTPHBAIOTCA
B KQuCCTBC BTOPUYHBIX PECYPCOB A MOMYUCHHUS LBETHBIX METAIIOB C MOMYTHBIM HU3BICUCHHU-
€M OIaropoIHBIX METAIOB, TAKHX KAK 30J10TO, cepedpo, majLiaauii u t.4. [2, 3].

OCHOBHBIM KOMITOHCHTOM BCEX BICKTPOHHBIX YCTPOUCTB sABIsrOTCA nedatHbie miatel (I111),
a UX COCTABJLIOIINE MOTYT OBITh YCIOBHO pa3aelicHbl Ha MeTammdeckue gpakaun (M) u He-
metamumueckue gpakaun (HM®). Hemeranmuueckue gpakuuy B OCHOBHOM NP EACTABIIIOT CO-
00l moMUMEpBI, CTEKIIA, BOJIOKHA H Apyrue AodaBku, Bcero okomno 70% (sec). 1o tpamummon-
HoU TexHoyoruu nepepadorkd HM® ornpaBnsioTcs B OTBaNBI HOCIE MPOLECCA OTACICHUS OT
MeTamrueckux (Qpakiui, o0pasys Takum 00pa3oM BTOpUUHBIN 3arpssautesib. OOpaboTaHHBIC
HEMETATHYCCKHE (PPAKLUU COACPKAT TSLKEIBIC METAUTBI U OMACHBIC BEIIECTBA, KOTOPBIC HH-
TETPUPYIOTCA B MpoLecce nepepaboTKH U BIIOCICACTBHN 3arPsA3HAIOT OKPYIKAOIIYIO CPEay MO-
ClIe TPaHCIOPTUPOBKHU HX B O0TBaJbl. MeTamuniyeckue (Ppaxkify COCTABILIIOT Meab ~ 16%, mpu-
moit ~ 4%, xene3o ~ 3%, ceuner ~ 2%, Hukeab ~ 2%, cepedpo ~ 0,05%, 301010 ~ 0,03%, man-
gagni ~ 0,01%, apyrme (cypema, BucmyT U T.4.) < 0,01% [4]. B 1 ToHHe newaTHBIX IUIAT
HacuuTeBacTCa okono 20% meau u 250 r 3omota [2].

B pamxax cobctBenHbIX uccaeaoBanuii Ob1 mposeacH ICP-OES anann3 xummdeckoro co-
CTaBa MCYATHHIX IIAT PA3INYHBIX 3JICKTPOHHBIX H3ACTUN (ABTOMOOUIBHBIC MUKPOCXEMBI, KOM-
MBIOTCPHBIEC TICYATHBIC IJIATHL U T.[.), KOTOPHIH OOHAPYKUI coaepxkanue Meau ~ 33 %, xemesa
~ 5,5 %, umHKa ~ 2 %, ceuHIA ~ 2 %, cepedpa ~ 0,14 % u gp (tabmn. 1).

Tadbnuua 1
Xumuveckuii cocmas obwvexma uccredogeanuti (ICP-OES ananu3)
X X X X
= o = o = o = o
5 = 5 = 5 = 5 =
= S = S = S = S
5] 2 5] % 5] % o %
< 2, E 2, E 2, E 2.
o 2 o 2 o 2 o 2
Q Q Q Q
o o o o
Ag 0,14 Al 5,50 As 0,04 B 0,73
Ba 0,96 Ca 3,98 Co 0,01 Cr 0,02
Cu 32,87 Fe 5,49 Ga 0,01 K 0,54
Li 0,17 Mg 0,11 Mn 0,13 Na 0,35
Ni 0,69 p 0,84 Pb 2,05 Rb 0,12

ITocne mpucoeauucHusa Kazaxcrana k ba3eapCkoll KOHBCHIINK O KOHTPOJIC 3a TPAHCTPAHU-
HOU MEPEBO3KOU OMACHBIX OTXOAOB M HMX YAAJICHHUEM Tepe] CTPAaHOU BCTaja HOBasg 3aaadva
BHEAPCHUS CMIOCOO0B PELUPKY/SILUKA WM YTHIU3ALNH META/UICOACPKAIIUX 0TX0M0B [4]. Yun-
ThIBaA YPOBCHb BBICOKOH TOKCHYIHOCTH BPCAHBIX BCICCTB, OCO6CHHO npu ropCHUU UIN 6CCKOH-
TponpHOU nepepadborke, bazenbckas KOHBEHIUS OTHECTA SICKTPOHHBIC OTXOABI B TPYIINY OMac-
HBIX U pa3paboTana paMKy sl KOHTPOILI 3a TpaHCcrpaHudHOH nepeBoskoi [5]. Jnsa Kaszaxcrana
CIOXHUIIUCHh TUITUYHBIC TPYAHOCTH, UCPC3 KOTOPHIC Y2KC IMPOLLIU Pa3BUTHIC CTPaHbl, TAKHUC KaK
opranuzanus coopa, COPTUPOBKA U nepepadboTka Ha 3aBOJAX € LIENBIO H3BICUCHUS METAIIOB U
MOJIC3HBIX KOMITOHCHTOB HJTH YTHIH3ALMS O0€3 HAHSCCHUs yIiepOa OKPyKaIoIISH cpeae.
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B nanHoli paboTe MpUBOAATCS PE3yAbTATH KOMILICKCHBIX HCCICI0BAHMI 0Opa3ia meyaTHRIX
1T Pa3THYHBIX 3JCKTPOHHBIX U3 JCTHH.

C uenbro U3yYCHUS U3MCHECHUS CBOWCTB MATCPHUANIOB MOJ BO3ACHCTBHEM TEMIIEPATYPHl OBII
MPOBEJACH CHHXPOHHBIA TCPMHUUCCKUN aHAIM3, BKIOUarommi auddepeHunaIpHO-CKaHUPYIO-
myro kanopumerpuro (ACK) u repmorpasumerpuueckuit anamus (TT'A/TT -ananmus). [peasapu-
TCNBHBIN aHAIN3 UCXOTHON MPpoOsl mokazas, uyto Ha kpusou JICK HaOmogacTes 3HAUUTENIBHBII
aK30TepMudecKii dbdexT B unTepBane temmeparyp 400-450 °C (puc. 1). Dot addekr npen-
MOJIOKATEIIBHO CBSI3aH C BBIACICHUEM OOJBINOrO KOMUYECTBA TCINIA 32 CUCT BHITOPAHUS Opra-
HUYECKHX KOMIIOHCHTOB.

Pegynprater TI'A mokazamu oOpaszoBaHue HEOOMBINOrO NMHKAa B 0OTACTH TEMIIEPATyp
450-500 °C, xoTopslii ¢ yyeToM XUMUYECKOro cocraBa (~33% Cu) CBHACTCIBCTBYET 00 OKHC-
JCHUH MOHOOKcHIA Meau (puc. 2). MOHOOKCHI MEAH, KaK M MCTALTHICCKAS MCIOb, BXOAWUT B
COCTAB MCUATHEIX IIIAT B CBA3H € 00A3aTCIbHON METATH3ALUCH MPU UX IPOU3BOJACTEC.
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Pucynox 1 — Pesymerarst JJCK ucxoaHo# mpoOBI 00BCKTA HCCIICTIOBAHIA
(a — Hauamo >x303(dekra; b - muk 3¢ exra; ¢ — okoHUAHHE HPPCKTa)
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Pucynox 2 — Pesymerarst TI'A ucxoaHOH MPoOBI 00BEKTA HCCIICIOBAHHI
(1 — moTepu Macchl, MPOLECC BHITOPAHHUS OPTaHUKH; 2 — MUK (pa3oBoro nepexoza, okuciaeaue Cu,0)

[MockoapKy TEPMHUYCCKUIN aHAIN3 TAKOrO THIA MAaTepHaia paHee HE ObLI MCCACIOBAH U HE
ObLIT OMHCAH B HAYYHOU JHTEpaType, Obliia pa3paboTaHa cCreuaIbHas METOAUKA TEPMHUCCKOTO
aHaan3a o0pas3ua OTXO0J0B 3JACKTPOHHON MPOMBILUICHHOCTH HA IMPUMEPE JAHHOTO OOBEKTA HC-
CJICAOBAHUH.
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His yerpanenus sx3orepmudeckoro sdderra, nadbmomxaemoro mpu JICK ucxoxnoit npoGsi,
ObLT TIOATOTOBICH HOBBIH OOBEKT UCCICAOBAHMS MYTEM MPCABAPUTEIBHOTO VAAICHUS OpTaHH-
4yeckoi ¢asel METoIOM NpOoKanuBaHus B MydenbHoi neun mpu 450 °C. Bpems BBIACPKKHU B Tie-
YH OBIIIO ONMPEACICHO MO CKOPOCTH OKUCICHHUS OPTaHUYECKOT0 KOMIIOHEHTA B HCXOOHOH mpode
(puc. 1) u coctaBmio npudbIU3UTENBHO | Yac.

KommnekcHbIH TepMUYECKUN aHATN3 00BEKTA HCCIICAOBAHUH MOCTE MPOKATHBAHNS TOKA3AT
YETHIPE CTYNCHH U3MEHEHH Macchl Ha kpuBodl TT'A (puc. 3). IlepBoii cTynenn oTBeUaeT yse-
mmuaeHue Maccel Ha 0,19%. IIpenmonokuTensHO 3TOT MEPEX0 CBA3AH C OCTAaTOUYHBIM OKHCIIE-
HUeM opranuueckoi (asel. Ha Bropoit crymenu B untepsane temmneparyp 380-400 °C nabmro-
marorcst morepu Maccel B koauuectse 0,84%. OCa adderra, OKUCICHHUE U TOCACIYIOMISE Pas-
JokeHue (TepBas U BTOopas CTyrneHH Ha kpuBoi TI'A), aBTOpPBI OTHOCAT K OZHOMY HPOLIECCY
Pa3IOKEHHS OCTABIICHCS OPraHUICCKOH a3kl

Ha tpertreit ctynenn HaOmropaercs yeemuueHue Maccel Ha 0,55% (0,22 mr) B uHTEpBaic
temneparyp 600-700 °C, To ecTh IPOTEKAET PEAKIIUS OKHCIICHHUS.
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Pucynox 3 — Pesymerarel TI'A o0bekTa uccneaoBanuii mocie npokamusanust npu 450 °C (1 — mepsas
cTyneHs, ypexmdaeHue mMaccs 0,19% (0,077 mr); 2 — Bropas cryneHs, norepu Maccsl 0,84% (-0,34 mr);
3 — TpeThs cTyIeHsb, yeenmaeHne Macchl Ha 0,55% (0,22 Mr); 4 —ueTBepTast CTyICHb,
moTepu MaccHl 2,47 % (-0,99 mr)

Merogom pentrerodazosoro aHamumsa (PPA) mpoBeacHBl MOTYKOIMUCCTBEHHBIC OLICHKU
coJep KaHus OTACIBHEIX (a3 B cI0KHOH MHOTOoda3zHoH cmecu (Tadn. 2). Ha ocHoBaHuM pe3ynb-
TAaTOB aHAIN3a MOXXHO NPCATIONIOKUTDL, UYTO TPCThA CTYINICHDb OTBCUACT MPOLCCCY OKUCICHUA OK-
CHJa JBYXBAJECHTHOTO XKEIE3a 0 PEAKIIIH:

2FeO + ¥ 02 :F€203, (1)
Tabnuua 2
Hannvie POA 06vexma uccredosanuii nocie npoxanueanus npu 450 °C
Ne Haspanme Xumuaeckas GpopMyna Conepxanue, %
(TIOJTy KOJIIYCCTBCHHBIH AHAJH3)

1 | Menp Cu 2
2 | Oxcug Mmean CuO 45
3 | Ksapn Si O, 21
4 | Brocrur Fe O 6
5 | Turan Ti 14
6 | Cepebpo, KambIpid AgsCa; 12
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ITo ypaBHeHHMIO XUMHUeCKOH peakunu (1) paccauTaHO, YTO YBEIMUECHHIO MacChl B KOJIHHIE-
ctee 0,22 mr coorBerctByeT 1,98 mr okcuaa skenesa. [lo manueim POA komudecTBo oxcuaa
JKeJIe3a OMpPeAeneHo Kak 6%, Torja Kax Mo pe3yIbTaTaM KOMIUIEKCHOTO TEPMHUYECKOTO aHAIN3a
cocraBsier 10%. Takum o0pazoM, METOJ KOMIUICKCHOTO TCPMHUYCCKOTO AHAIN3a YTOUHSCT
3HAUCHHUE KOTMYECTBA OKCHAA JKENE3a.

[Ipu Becem mpu 3TOM Ha KpuBoi TI-aHanu3a UCXOAHOHN MPOOBI MEPEXON U3MCHECHUS MacChl
He HaOmogactes (puc. 2). ABTOPbI OOBSICHSIOT 3TO TEM, YTO BBHITOPAHUEC OPTAHHUCCKUX KOMIIO-
HEHTOB B MpoOe 0G€3 MpeaBapHUTEIbHOIO MPOKATHBAHMS CO3AACT BOCCTAHOBHUTEIBHYIO CPEAY U
MIPEMATCTBYET OKUCICHHUIO OKCHA JKENE3a.

Ha gerBeproii cryneHu HaOMOAAIOTCS NOTEpU Macchl B koaudecTse 2,47% (-0,99 mr) B un-
tepBane temneparyp 880-1000 °C, 4TO rHIOTETHYECKH OTBEYACT PCAKIMU JUCCOLMAIIMH OKCH-
nma meau 11 (CuO) ¢ moTepsaMu kuciopoaa u oopaTHeli nepexol B okcng Meau 1 (Cuy0O).

IMonykomuuecTBeHHbIH ana 3 POA moka3piBacT, 4TO COACPKAHUE OKCHAA MEIAH CHU3HIIOCH
or 45% po 36% (cpaBHeHHME ¢ maHHbIMH TaOd. 2), Takke Meap oOOHapyxkeHa B (ase
CaCu0,9Zn0,1 (tabmn. 3).

Tabnuua 3
Hannvie POA o6vexma uccredosanuii nocie npoxanueanus npu 800 °C
Ne Hazpanue XuMuyeckas Comepxanue, %
dhopmyna (TIOJTy KOTIIYCCTBCHHBIH AHAH3)

1 | Turan Ti 15

2 | Huxenp Ni 5

3 | Cepebpo, amroMuHAH, aaTbIHH Ag2,2 Al2,8Ca 12

4 | Menp, THTaH, HUKEIb (Cu Ti) Ni, 3

5 | Kanpumii, Meb, IHHK CaCu0,97n 0,1 9

6 | Oxcux repManns Ge O, 14

7 | 3010TO, IUHK Au3,25 7Zn0,75 6

8 | Oxcua mean CuO 36

Cne;[yeT OTMCTUTDH, YTO IPU MNPOUIBOACTBC IMNCUATHBIX IUIAT MNPUMCHAIOTCIA KaﬂbHHﬁ-
LMHKOBBIC CTAOMIM3ATOPHI TS TTOJUMEPHOTO Matepuajia. Temmneparypa miasnenus Ca-Zn co-
crasser 439 °C [6]. CnenoBatenbHo, B pe3yabrare TepMudeckoi oopadorku mpu 800 °C menn
BBITCCHSICT YaCTh LHHKA U3 coeanHeHus Ca-Zn, CTa0HIM3aTop IUIABUTCS, U B PACIUIABE MPOTE-
KaeT peakuus oOMEHa!

0,9 CuO + CaZn = CaCu0,9Zn0,1 + 0,9 ZnO. 2)

Peaknus oomeHa (2) He compoBoxaaeTcs norepsavu Maccel. CHrbkenue macchl (-0,99 wr)
MOKET OBITh CBSI3aHO C PCAKIIMCH TUCCOLMAILMH OKCHIA Keie3a Mo peakiuuu (3) u mociaeayro-
IIEro TOPEHHUs yriepoaa npu temnepatype Boime 900 °C:

3 F€203 = 2F€304 + % 02. (3)

PaspaboranHas MeToauka MPOBEACHUS TEPMUYCCKOTO aHAIN3A MO3BONSCT U3YUUTh MOBEIC-
HHUC KaK OPraHUYCCKUX, TaK U MCTAJUTUMICCKUX KOMIIOHCHTOB OTXOAOB 3J'ICKTpOHHOI\/'I OPOMBIII -
JCHHOCTH 1101, BOS,Z[CI\/'ICTBI/ICM TCMIICPATYPBI, U COOTBCTCTBCHHO, NIPCABUACTD UX MOBCACHUC IIPU
MUPOMETAIUTYPTHICCKON mepepaboTKe, a TAKKe JaTh PEKOMCHAALUH A1 Pa3paboTKH TEXHOMO-
THYECKUX MPOLIECCOB.

[Ipu mepepaboTke OTXOAOB 3ICKTPOHHOH NMPOMBIIUICHHOCTH METOAAMH MHPOMETAIYPIHH
mpeaBapurTebHas 00paboTka Crpbs yale Beero He TpeOyerca. Hamprmep, koMITekcHoOe 3mek-
TpoHHOE OGopvaoBanue (MoOwiabHbIe Tenedonel, MP3-mneepsl) Moxker ObITH mepepaboTaHO
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HETIOCPEACTBCHHO B mporecce miasku [7]. OXHAKO [T THAPOMETAIUTYPTUUCCKHX MapLIPYTOB
npeaBapuTeIbHas o0paboTka TpeOyeTes, YTOOB OTACIUTh METALTHICCKUS (DPaKIU OT HEME-
TAJTMICCKHUX, TIOCKOJIBKY 3TO MO3BOJISICT MOBBICHTH S((PESKTHBHOCTD JaabHEHIICH nepepaboTKu.

B saxmroucHHe MOXHO CKasaTh crieayromiee. B maHHON craThe coOpaH marepuan, MOCBSI-
LICHHBIN MpobieMe MmepepaboTKH OTXOAO0B JICKTPOHHOH NMpoMBIIICHHOCTH B Pecnybnuke Ka-
3axCTaH, a TAKKE MPCACTABIICHBI JAHHBIC KOMIUICKCHBIX HCCIICIOBAHUIA 00pasia OTX0A0B 3JICK-
TPOHHOH HPOMBILITICHHOCTH. VICIOnp30BaHHE OTXOJO0B 3JICKTPOHHOH MPOMBILUICHHOCTH B Ka-
YECTBE AOMOTHHTEIBHOTO HCTOYHHUKA CHIPbsSl B META/UTYPTHH MMO3BOUT PELINUTH PSI IKOIOTHUC-
CKHX MPOOJIEM, CBSI3AHHBIX C 3aXOPOHCHHEM OTXOJOB, 3arPsA3HCHUEM IOYB M BOAOCMOB, HAPY-
meHueM OaaHca MPUPOIHBIX HKOCHCTEM. B TO e BpeMst coBMecTHas mepepadoTka METaIco-
JCpKaIUX OTXOA0B U MPHPOIHOTO CHIPhSI MOXKET CIOCOOCTBOBATH MOBHIIIICHHIO KAYCCTBA FOTO-
BOU MPOAYKIMH B CBSI3H C JOMOTHUTCIBHBIM HCTOYHHKOM METAJUTHUCCKOH (hasbl B HCXOAHOM
coipbe. PesyapraTamMu TEPMUYCCKOrO aHANN3a MOATBEPIKACHO, YTO OPraHHYCCKUE KOMIIOHCHTHI
BNCKTPOHHBIX OTXOA0B mpu Temneparypax 400-450 °C Bosroparorcst ¢ OOIbIIMM BBIOPOCOM
TCILIA, CICAOBATCIBHO MPU MUPOMETATYPIHICCKON MepepaboTKEe 3TO MPUBOJUT K ABTOMCHHO-
CTH TPOLICCCOB.
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C.B. I'ankun, I''K. MambipGexoBa
Bocrouno-Kazaxcranckuii rocyaapcTBeHHbIN TexHuueckuit yausepeuteT um. Jl. Cepuxbacsa,
r. Ycre-Kamenoropcek

ACIIEKTDBI PAITHOHAJIDHOI'O ITPOEKTHPOBAHM A OBOPOTHOI'O BOJOCHABKEHMS
JUIA TOI BOCTOYHOI'O KABAXCTAHA

Tennogble 2M16KMPOCMaHyUlU S6M9I0MCa KPynHbIMU nompebumenamu o0kl 03MoMy €0rpochi pa-
YUOHaIbHO20 UC0Nb308aHUS BO0OHbIX pecypcoe eecbMa akmyalbHbl. B cmambe paccmompeHb! hakmo-
pbl payuoHanbHoz20 ebibopa cucmem oxnaxdeHus obopomHoao eodocHabxeHus TOC npumMeHuUmMenbHoO K
ycnosusm BocmoyHozo KazaxcmaHa u 0b6ocHogaHa UeflecoobpasHoCmb UCONb308aHUS 86HMUNAMOP-
HbiX 2padupeH ucrnapumensHo20 muna.

XKbiny anekmp cmaHcbinapbl ipi ¢y mymbiHywbinapObiy 6ipi 6onbin mabbinadbl, coHObIKmaH cy
pecypcmapbiH muimOi KondaHy mecenenepi eme maHbi30bl. Maxanada Lbirbic KasakcmaH xardalibiHa
Kambicmbl, XXOC cankpiHOamywbi aliHanManbl cymeH Kammy xyldeciH maHOayda muimdi chakmopnap
Kapacmblipbinbif, xendemkiwmi 6ynaHdbiprbiuu epadupeHdep mypiH Kondany muimdiniai HeaisdenaeH.

Thermal power plants are the largest consumers of water, that is why issues of water management is quite
relevant. The article describes the rational choice of water reuse cooling systems of thermal power plants in the
condlitions of East Kazakhstan and justifies the expediency of using evaporative mechanical draft tower.

VYunteiBag, uto TemioBeie snektpoctaHiuuu (TIC) gBmsAOTCS KPYMHBIMH NOTPEOUTEIIMU
BOJBI, BOMPOCH! PAI[HOHATBHOIO HCIIOIB30BAHHUS BOAHBIX PECYPCOB HA MPCANPHUITUSX TCILIO-
JHCPTETHKH BEChbMA AKTyalbHbI. [Ipy 3TOM BasKHBI HE TOIBKO 3KOJOTHUCCKUEC ACTICKTHI MPOU3-
BOJCTBCHHOU ACATCIBHOCTH, HO M BOMPOCH 3KOHOMHUYCCKOU LETICCOOOPA3HOCTH KAITUTATIBHBIX
3aTpar U IKCIIYATALMOHHBIX PACcCXOJOB ISl CHCTEM BOAOCHAOXKCHHS TEILUIOBBIX 3JICKTPOCTAH-
muii [1]. B Kasaxcrane nHacuuteiBactes 32 TOC, mare u3 koTopeix Haxoaarcs B Bocrouno-
Kazaxcranckoii obmactu: Pugaep TOL, Cemunanatunckas TIOLI-1, Cemunanarunckas TILI-2,
Corpunckas TOLl u Ycre-Kamenoropekas TOL] [2]. B ganHOl crathe mpeaiaractes paccMoT-
PETh PALMOHANBHBIC MPUHLIMITEI MPOCKTHPOBAHUS OXJIAAUTCIBHBIX CHCTEM TCILUIOBBIX 3JICKTPO-
cranumii Bocrouno-Kasaxcranckoii odnactu.

Boaocnabskenne oxnaautenpHbix cucteM TOC MOXKET ObITh: MPSIMOTOYHBIM, OOOPOTHBIM U
cvmemanubiM, [IpsSMOoTOYHAS crCTeMa MPUMEHSCTCS MPH HATWYHHA B HEMOCPSACTBCHHOW OJH-
30CTH MOIIIHOTO UCTOYHUKA BOJOCHAOKEHUS, CIOCOOHOTO 00SCIICUNUTh CTAHIIMEO HEOOXOIUMBIM
KOITUYECTBOM BOJBI B TeueHHE Beero roza. Ilpm stom mocrynaromas Ha TOC oxnaxaaromas
BOJA OJHOKPATHO MPOXOTUT Yepe3 OXIKIAIOMIUC YCTPOHUCTBA W BO3BPAILACTCS B HCTOYHHUK
yiKe ¢ 0oJiee BBICOKOM Temrieparypoil. [lpu npsMoTouHOM BOAOCHAOKEHHH OTpaOOTaBIIAs TCM-
7ast Boxa cOpackIBacTCs B PEKY, BOAOXPAHUIMIIE, 03EPO HITH MOPE HA TAKOM PACCTOSHHUH OT BO-
JOMPHEMHOTO COOPYIKCHHUSI, YTOOBI UCKIIFOUNTh BO3MOKHOCTh MOMAJAHUS B HETO TEILIOH BOJBI.
IIpu HU3KHUX TemMmepaTypax PEUHOM BOJABI B MAJIOBOJHBIC MIEPHOABI 0 BOJAOCHAOKCHHIE DJICK-
TPOCTAHIUH U3 PEKU MOXKET OBITh OCYIICCTBICHO MO CHCTEME C MOAMCIINBAHUEM K PEUHOU BO-
¢ oTpaboTABIICH HA 3ICKTPOCTAHINK TCILIOH BOAbL. [Ipu MPUMEHEHHH CHCTEMBI MPSIMOTOYHO-
IO BOXOCHAOXKCHHS HE TpeOyeTcs GONBIIMX KAMUTAIOBIOXKCHUH Ha CTPOUTEIBCTBO, 0OCCIICUH-
BaIOTC HU3KUE U YCTOMUMBBIE TEMIIEPATYPHI OXJIAKAIOIMIEH BOABI.

OxHaKo pacxo sl BOABI, JOCTATOYHBIC AJISl MPSIMOTOYHOTO BOAOCHAOMKCHUS MOIIHOW 3JICK-
TPOCTAHI[HH, MOTYT OBITh MOJYYCHBI TOJIBKO U3 OOJIBIINX PEK, HA KOTOPBIX PA3MEIICHUE TCILIO-
BBIX OJJICKTPOCTAHIMA MO COBOKYIMHOCTH TEXHHUKO-3KOHOMHUYCCKUX IMMOKA3aTeACH (TOILIH-
BOCHAOXCHHE, BBIJAUa 3JCKTPOIHCPTHH ) OMPABIBIBACTCS UMb B peakux cay4asx. Kpome Toro,
B LENSIX CHIKCHHS AHTPOIOTCHHOTO BO3ACHCTBHSA HA BOJOCGMBEI H BOAOTOKH, LIEIECCOOOPA3HO
KCIIOIB30BAHUE OO0OPOTHOTO BOAOCHAOKEHUSI.



TEXHUYECKHWE HAYKWU Y TEXHOJIOTMU 78 ISSN 1561-4212. «BECTHUK BKI'TY» Ne 3, 2017.

O00pOTHOE BOJOCHAOKCHUE - 3AMKHYTasl CHCTEMA, MO3BOJSIFOINASI TOBTOPHO HCIIOIb30BAThH
CTOYHBIC BOJBI, MPOLICAIINE HEOOXOAMMBIA Mporecc pereHepanuu. Konuenmus oOopoTHOTO
BO,Z[OCHa6>KCHI/IH npcanpuATUAa NMOJIHOCTHIO UCKITIOYACT C6pOC CTOYHBIX BOA B BOAOCMBEBI U BOAO-
TOKH WJIH TOPOACKYI0 KaHammzauu. OO0POTHOS BOJOCHAOKEHUE MO3BOJIIET PELINTh SKOIOTH-
YECKUE U DKOHOMHYCCKUE 33Ja4H, CYIISCTBEHHO (Ha 85+95%) CHU3UB BOAOMOTPEOICHUE TIPO-
MeiteHHoro npexnpustis. [lpu oGopotHoli cucteme oxnaxkaaromas soaa Ha TIC ucnons3ay-
€TCS MHOTOKPATHO Oj1aroaapsi OTAa4e Teria oKpyxaromeh cpeae [3]. OxnaxkacHUe BOABI IpH
3TOM OCYIIECCTBIIETCA B IPYAAX-OXIAIUTEIAX, TPATHPHIX HITH OpbI3rajabHBIX OacceiHax.

CyILIeCTBYIOT CUCTEMBI CMEIIAHHOTO BOJOCHAOKCHUS SNCKTPOCTAHIIUM, KOTJA MAPAIUICIBHO C
MPSIMOTOKOM B MJIOBOJHBIC TICPHOIBI BKTIOYAIOTCA B PabOTY OXIAAUTETH OOOPOTHOH CHCTEMBI.

[Tpu 00OPOTHOM BOAOCHAOGKEHHH TMPOMBILUICHHOTO OOBEKTA OXJIAXKIAIOIICES YCTPOHCTBO
JOKHO 00CCIICUNTh OXJIAKICHUS LIUPKYISIUOHHON BOABI 10 TCMICPATYP, OTBSUAOIIUX OITH-
MAaJIPHBIM TCXHHUKO-DKOHOMHYCCKHM ITOKA3ATCIIAM pa60fI‘bI O6’bCKTa. Ilonmxenue TCMIICPATYPBI
BOJBI B OXJIAQANUTCILIX IMPOUCXOTUT 32 CUET Mepeaayud ee Tema Bo3ayxy. [lo cnocoly mepenaun
Tema OXJIAJAUTEIH, MPUMEHICMBIC B CHCTEMaX OOOPOTHOTO BOAOCHAOIKCHHS, PA3ACIIIOTCA HA
JIBa BUJA: UCIIAPHUTENBHEIE, TIOBEPXHOCTHBIE (PaIHaTOPHBIE).

B HUCHAPUTCIIBHBIX OXJIAAUTC/IAX OXJIAXKACHUC BOABI IIPOUCXOAUT B 3HAYUTCIILHON CTCIICHU
3a CUCT €€ HCHAPEHHS NPU HENOCPEACTBCHHOM KOHTAKTE C BO3AyXoM (mcmapenue 1% Boabl
cHIDKaeT ee remneparypy Ha 6 °C). B paanaTopHbBIX OXTaIUTENIX OXJIAXKIACMas BOJA HE HMECT
HEMOCPEACTBCHHOIO KOHTAKTA ¢ BO3AyXoM. Boma mpoxoauTt BHYTpH TpyOOK pagHaTopoB, Yepes
CTCHKH KOTOPBIX MPOUCXOTUT MepeJada €€ Termna Bo3ayxXy. Tak kak TermmoeMKOCTh U BIArOEM-
KOCTh BO3AYXa OTHOCHUTC/IBHO HEBEIMKH, AJISI OXJIAKACHHS BOIBI TPEOYESTCS UHTCHCHBHBIA BO3-
nyxoobomeH. Hampumep, muis nonmwkeHus temmepatypsl Boasl ¢ 40 xo 30 °C mpu temmepatype
Bo3ayxa 25 °C Ha 1 M’ OX7Tak7aeMOM BOABI K HCIAPHTEILHOMY OXJIATHTENIO JOKHO OBITH
noaseacHo okoxo 1000 M BO3AyXa, a K paJHATOPHOMY OXJIAIHTEIIO, B KOTOPOM BO3AYX TOIBKO
HArPEBAETCs, HO HE YBIAXKHACTCA, 0k010 5000 M’ BO3AyXa.

HcnaputenpHple OXIaIUTENH MO COCO0Y MOABOAA K HUM BO3AYXA PA3ACTIAIOTCA HA OTKPHI-
TBIC, 6aH.ICHHbIC " BCHTUJIATOPHEBIC.

Pa,Z[I/IaTOprIC OXJIAAUTCII, KOTOPBIC HA3bIBAIOT TAKXKC «CYXUMU I'PATUPHAMNY, T10 CHOCO6y
MOJBOJA K HUM BO34yXa MOTYT ObITh OAIICHHBIMY WM BEHTHIATOPHBIMH. QOOYCTPOHCTBO paan-
ATOPHBIX OXJAAUTENCH HAUOOIEe TOPOrOCTOAIIEE, TOITOMY UX HCIONb30BAHUE LIETECO00Pa3HO
TOJIBKO B paloOHAaX, UMCIOIIUX AC(HUIIUT BOAbI, HCOOXOAUMOM /11 MOAMUTKH CUCTEMbI 000pOT-
HOT'O BOZOCHAOKCHHUSL.

Jis oXNMasKACHUS LUPKY/SILUOHHON BOJBI 0 MOCTATOYHO HU3ZKHX TEMIEPATyp TPeOyeTcs
GombIasi MIOMAAb KOHTAKTA 66 C BO3AYXOM - mopsaaka 30 M° Ha 1 M’/d4 OXTaXKIAEMOI BOIBL.
COOTBETCTBEHHO 3TON PEKOMECHIALMH CICAYET MPUHHUMATH IUTOMALEL 3€pKana BOABl BOXOXpa-
HUMMII-OXIaauTenc. B rpaaupHiax HeoOXoaumas IUTOMAAs KOHTAKTA CO3JACTCA MYTEM pac-
npcaAcICHUA BOABI HAA OPOCUTC/IbHBIMU y(JTpOI\/'ICTBaMI/I, MO0 KOTOPBIM OHA CTCKACT IOJ ,Z[GI\/'ICTBI/I-
€M CHJIBI TSDKCCTH B BHAC TOHKHUX INNICHOK HIHW KarcCib, paS6I/IBaIOH.[I/IXCH npu nornagaHuu Ha
peiiku Ha Menmpyaiimue Opbiard. B Opei3ranpHbix OacceiiHaxX A1 CO3AaHUS HEOOXOTUMOM IIO-
agy KOHTAKTa ¢ BO3AVXOM BoJa PpaszOpBI3THBACTCS CICLIHATIBHBIMU COINIAMH HA MENbyaiimme
Karmmy, cyMMapHasa INOBCPXHOCTb KOTOPBIX OOJIKHA 6LITL ,Z[OCTaTO‘IHOI\/'I A UCHAPUTCIIBHOTO
oxnaxkaeHus [4].

CI/ICTGMLI BO,Z[OCHa6>KeHI/IH OXJIaAUTCIbHBIX CUCTEM TCILTOBBIX 3J'IeKTpOCTaHLII/II\/'I BCCbMa pas-
HooOpasubl. [Ipu BEIOOpPE KOHKPETHOTO TEXHUYECKOTO PELICHHS MO JAHHOMY BOIPOCY CIEAYCT
HUCXOAUTHh U3 KINMATHYCCKUX yc.]'[OBHfI PCruoHa U UMCIOIIUXCA IPUPOAHBIX UCTOTHUKOB BOJBI.

Paccmotpum (GyHKIMOHUPOBAHKE OXJIaTUTCIBHOW CHCTEMBI TCIFIOBOH 3JICKTPOCTAHIHMH 00-
aee moapobHo Ha mpumepe AO «AES Ycre-Kamenoropekas TOLly (YK TOL). Hanuas TOL]
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SBJIICTCS. OCHOBHBIM HCTOYHHUKOM TEIIOCHaOKeHHS ropoaa Y crb-KameHoropcka, mokpeisas 1o
80% TerI0B0# NOTPEeOHOCTH KUMHIMHO-KOMMYHaIbHOTO cekTopa. Ha AO «AES VYcrs-Kameno-
ropckas TOLl» moctosHHO Beaercs paboTa MO BHEAPCHUIO TEXHONOTHH, APYKECTBECHHBIX
OKPY2KAOIICH CPeAc, HA OCHOBE MPHUHITUIOB PALIMOHAIRHOTO pupoaonons3oBanus. B 2012 ro-
ay Ha TOL ObLIO BBEASCHO B SKCILIyATALHIO OOOPOTHOE BOJOCHAOKCHUEC OXJIAAUTCIBHOW CH-
cteMbl. [IpuHIMIT paGoTHl CHCTEMBI OXJIAXKACHHS COCTOHUT B CICAVIOLIEM: B OOOPOTHOH cxeMe
TEXHUYECKAs BOJA LHUPKYIHPYET MO CUCTEME, 3a0HPacT TEIIO B KOHACHCATOPAX, OXTAKAACTCS
B rPaJMpHE M HACOCAMH BHOBb mojactcs B KoHAcHcaTopbl. [Ipu sTOoM obecneunBaetcs oxia-
JKACHHUE BOIBI A0 TPEOYEMOU TeMIepaTypHl.

B cucreme texauueckoro BogocHaOxeHus AO «AES Ycre-Kamenorockas TOLy B kaue-
CTBE OXJIAJUTENS BOABI MPUHATA MECTUCCKIIMOHHAS BEHTUIATOPHAS ITPAIUPHS HCTIAPHTEIBHOTO
tuna. ['paaupHst 00OpyAOBaHA OTCACHIBAIOIIMMH OCCBBIMU BEHTHIsTOpamMu. IPPEeKTHBHOCTD
OXJIZXKICHHS BOIBI MOYKET PErYIUPOBATHCS N3MCHEHHEM MOJAYH BO3AVXa BeHTUIATOpaMH. [Ipn
OTPHLATEIBHBIX TEMIICPATYpaxX HAPYKHOTO BO3AyXa TpeOVeMOe OXITaKICHHUE BOIBI MOMKET
o0ecrieunBaThCs O€3 MPUHYIUTEIBHON MoJauN Bo3aAyXa. 3MeHeH e MoJaun BO3AYyXa BEHTHII-
TOpPaMH OCYILIECTBISICTCS M3MCHEHHEM YacTOTHI BPALICHUS Pabouero Kojieca BEHTHUISATOPHOU
VCTAHOBKH MOCPEACTBOM YacTOTHOTO Mpeo0pa3oBaTesis U M3MCHEHHEM KOIUUECTBa paboTaro-
IIUX BEHTUIBITOPOB.

PacuerHbIl cyMMapHBIM HOMHUHAIBHBIA PacXo/] BOJABI B 0-CEKITMOHHON I'PaJUpPHE COCTABIACT
24 000 m’fuac, (4 000 m*/uac Ha oxny cekimio). Kaskaas CCKIMsS OCHAIICHA BEHTHIISTOPHOM
yeraHoBkoH MomuocThio 200 kBt. Texnnueckue xapaxrepuctuxu rpagupaun AO «AES Yctb-
Kamenorockas TOLy npeacrasicHbl B TaOIHIIE.

Texnuuecxkue xapaxmepucmuxu epaoupnu YK T31]

ITapameTpsl 3HavcHUEe

Uncno cexumi B rpagupHe, T 6
Pasmepsl 0THOM CEKLMU, M 16x12
IToImaIbh OPOIICHHUS (CyMMAapHA), M~ 1152
BeIcoTa rpagupHu, M 10,75
CyMMapHas pabouas MPOH3BOIHTETBHOCTD, M /4 24000
PacucrHas TemmnepaTypa BOIBI HA BXOAC B TpagupHi0, °C 40,0
Pacdernas Temmeparypa oAbl Ha BRIX0AC U3 TpagupHu, °C 28,0
TemmeparypHssrii nepenaz, °C 12,0
Tennosas Harpy3ka oomas, Mkaw/a 288000
Ilorepn npu ucnapeHuu, % OT CYMMAapHOTO pacxoja BOABI 1,2-1,5
TTorepu ¢ yHocoM, % CyMMAapHOTO pacxoaa BOAbI 0,001

TexHndeckas Boga, MOCTYNAIOMASA B IPAJUPHIO UEPE3 BOJOPACIPEACTUTEIBLHOE YCTPOHCTBO
U pa3OpbI3rHBAOLINE COMA, MTONAJACT HA OPOCHTENE B BHAC MEIKUX Karelb, MOCIE Y€ro B Ya-
my rpaJupHi. Ha moBEpXHOCTIX 37EMEHTOB OPOCUTETS MMPOUCXOAUT MHOTOKPATHOE ApobacHNe
Karenb BoAbl. Tdra B rpaamwpHe coszgaerca BeHTHIATOpaMH. [IpH OTKIIFOUEHHOM BEHTHIIATOpE
Pa3HOCTh VACTIBHBIX BECOB MEXKAY HAPYXKHBIM, O0JIee XOJIOAHBIM, H MOJOTPETHIM B IPagHpHE
BO3AYXOM CO3JACT TATY U 00CCIIECUNBACT HEMPEPBIBHOE TIOCTYIUICHHE BHYTPh IPAJHUPHU HAPYXK-
HOT'O BO3yXa.

[MocTynmaromuii B rpaJupHIO BO3AYX ABFDKETCS HABCTPEUY ABHMIKCHHIO BOABL. QXN acHHC
BOJBI B TPaAHPHE MPOHUCXOANT B PE3YIbTATE COBMECTHOTO JSHCTBHS JBYX OCHOBHBIX IPOIIEC-
COB: TEIUIOOTJAYH COTIPUKOCHOBEHHS BOBI C BO3AYXOM H ITOBEPXHOCTHOTO HCIIAPEHMS C KaIlellb
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BOJbl. TemnooTaavya CONPUKOCHOBCHUEM BOMBI C BO3AYXOM OCYILICCTBIACTCS Onaroiaps HaJu-
YUIO PA3HOCTH TEMIICPATYP BOABI U Bozayxa. McmapeHue sSBmgeTcs pe3ynbTaToM HATHYUS pas-
HOCTH MAPLHATBHBIX JABICHAN Iapa V MOBEPXHOCTH KAIelb U B OCHOBHOM Macce MPOXOJAIIECTO
Bo3ayxa. Ilpu monokuTepHBIX TeMmepaTypax atMOoc(hepHOro Bo3ayxa (JIeTom) mpeodaaiaro-
mas Poiab B OXJIAKICHUU BOAR B TPAIUPHE NMPUXOAWUTCI HA Aomio ucmapeHusa (o 90%), a
MCHBINAS YacTh - HA TCIUIOOOMEH ¢ OKpyskarimum Bo3ayxoM (10%). Ilpu orpunateapHbIx TEM-
nieparypax (B 3uMHee Bpem:) 10 60% - Ha JOTIO TEIIIOOTAAYH COIPUKOCHOBEHHEM.

Ipencragacuuas cuctema oboporHoro BomocHaOxenust Ha YK TOLl oGecnieunBaeT cokpa-
HICHHE COPOCA TCXHUYCCKOH (TEII0M) BOABI B peky Y ip0a Ha 48%. DTO MO3BOMSICT CHU3UTD aH-
TPOMOTrCHHOE BO3ACHCTBHE HA BOXOEM, MPHONMKAS €ro TEMIICPATYPHBIA (OH K €CTCCTBCHHOMY
3HavycHu0. Kpome Toro, cucrema oOOpOTHOrO BOAOCHAOKEHHS TMO3BOIWNA VBEIUYNUThH BBIPA-
GOTKY IeKTposHEeprun Ha 145 min kB14 B roa. 3atpaTsl Ha peanu3anuio AaHHOTO MMPOEKTa CO-
CTaBUIM 2,5 MJIPJ TCHTE.

Paccmorpum dakTopsl palHOHAIBHOTO MPOCKTUPOBAHUs BomocHaOxeHus 1IC mpumeHH-
TenbHO K yeaoBusm Bocrounoro Kazaxcrana. IpsMoToUHOE BOJOCHAGKEHUE OXJIAAUTCIBHBIX
CHCTEM TEIIOBOH 3NECKTPOCTAHLIMY ONMpaBaaHo npu paszmenieHud TOC HemocpeACTBEHHO V J0-
CTaTOYHO KPYIHOTO UCTOYHHUKA BOABI. B 3TOM ciyuae kanmuTambHBIC W 3KCILIYaTALMOHHEIC 3a-
TPaThl HA CUCTEMY BOAOCHAOKEHHS OYAYT MUHHMAIBHBI, a TCIUIOBOC 3arpsA3HeHHC OyACT He-
3HAYUTCIBHEIM BBHAY OONBIIOW TEIIIOEMKOCTH BOAOUCTOUHHKA. Ho B cBsA3M ¢ Tem, 4to B
HenocpeacteeHHoi Oauzoctu ot TOLl B Bocrouno-Kazaxcranckoii 001acTH HET AOCTATOYHO
MOIIHBIX HCTOYHUKOB BOJbI, TO JAHHBIH BAPHUAHT HELIEIeCOOOPa3cH.

Takum 00pazoM, MPUXOIUM K PCLICHHIO O HEOOXOOUMOCTH OOOPOTHOr0 BOJOCHAOKCHHS,
MPH KOTOPOM CTOMT BBIOOP MEKAY UCTIAPUTCIBHBIM U PAJHATOPHBIM OXJIKICHHEM.

KamuTansHeie U 3KCITyaTALMOHHBIC 3aTPAThl HA PAJHATOPHBIC CHCTEMBI OXJIAXICHHS 3HA-
YUTENBHO TMPEBBIMIAIOT AHATOTHYHBIC CTAaTbU (DHHAHCOBBIX PAcCXOJO0B HA HUCHAPHTCIBHBIC CH-
cTeMBL. B CBsI3M ¢ 3THM, HX HCHONB30BAHKE OMPABIAAHO JTHINL B PETHOHAX C HEIOCTATKOM BOA-
HBIX PECYPCOB, KOIAa MOTEPH BOIBI C HCMapeHHEM HeaonycTuMel. Bocrounsnii Kazaxcran pac-
MOJIAracT AOCTATOUYHBIM KOIMYCCTBOM BOAHBIX PECYPCOB IS BOCIOTHCHHS WCIAPUBLICHCS BO-
JBl TIPH €€ HEMOCPEACTBCHHOM KOHTakTe ¢ Bo3ayxoM. [lostomy mms TOLl Bocrouno-Kazax-
CTaHCKOH 00macTu Oonee NpeanOYTUTEIBHBIM ABISIOTCS CHCTEMBI OXJIKICHUS HCIAPUTEIBHO-
IO THIIA.

HcnaputenpHble CHCTEMBI OXTAXKACHUS € MPYAAMH-OXIATUTEIAMH (BOZOXPAHIIHIIAMH) Xa-
PAKTEPU3YIOTCS MPHEMIICMBIMH KAIUTAJIBHBIMU 3aTPaTaMH U OYCHb HH3KHUMH 3KCILTYATALIHMOH-
HBIMH 3aTpaTaMyd OTHOCHTEIBHO MNpOouMX BUAOB cucteM. QIHAKO, HPU 3TOM HEOOXOTUMBI
OoNpIINE TIIOIAAN CBOOOJHBIX 3EMETBHBIX YYACTKOB M COOTBCTCTBYIOLIME T'CONOTHUCCKHE
ycaosust BOnmuzu TOL. B ornomennn TOLl Bocrounoro Kazaxcrana HeT BO3MOKHOCTH 00Y-
CTPOHCTBA MPYAOB-OXIAAUTEICH, TAK KAK OHU HAXOAATCS. B TOPOACKOM UepTe.

BprisrarensHeie 6acCEHHBI U OTKPBITBIC TPAAUPHH HE MOIYYHIM HIHPOKOTO PacpoCTpaHe-
HUS B TCIUIOSHEPTCTUKE BBUAY CHIXKCHHS HX 3()()EKTHBHOCTH B IEPHOA IITUIA U TIOBBILICHHBIX
MOTEPh BOJBI B BETPCHYIO MOTOAY C OPBI3rOYHOCOM.

bamenHbie rpagupHU B CPAaBHEHUH C BEHTHIBITOPHBIMU UMEIOT H0iee KpyIHble rabaputs (B
HECKOJIBKO Pa3), 4To TpedyeT 6oee 3HAUUTEBbHBIX KaMUTAIBHBIX 3aTpar. OqHaKko uX SKCIuya-
Tauus OOXOMUTCS JCIICBJC, TaK KAK HET HEOOXOAMMOCTU B pabore BeHTUINTOPOB. IloaTOoMy
OallCHHBIC TPagUpPHU LETeco00pa3Hbl NPH OTHOCHUTETBHO PABHOMEPHOH TEILTOOOMEHHOMH
Harpyske B TEUCHHE roja, uro He xapakrepHo mis TOLl Bocrounoro Kazaxcrana. 1o 00y-
cnoBjcHO aByMs (akropamu. Bo-miepeeix: B xomomHbii mepuox roga TOL| umeror Bo3Moxk-
HOCTb 3HAYMTCIBHYIO YacTh H3OBITOUHOH TEMIOBOW HCPTHM HAMPABUTDH HA HYXKABI OTOILICHUS
3panuii. Bo-sTopeix: mit Bocrounoro Kazaxcrana xapakrepeH pe3ko KOHTHHEHTAJIBHBIN KIIH-
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MAaT CO 3HAYUTECIBHBIM MEPEAIOM TEMICPATYP aTMOCHEPHOro BO3AyXa B TCILIBIA M XOJOIHBIH
nepuoasl roaa. B ¢esa3u ¢ ganasiMu paxkropamu miast TOLl B Tenmeiii nepuon roga UMESTCs 1O-
TPeOHOCTh B 3HAYUTCIBHON WHTCHCHU(UKALMK TEIIOOOMEHHOIO MPOLIECCa HA TPAJUPHE, KOTO-
past JOCTHTACTCs AOMOIHUTSIBHON TATOH BEHTHIATOPA. [Ipu 1OCTATOMHO HHU3KHUX TEMIICPATY-
pax BO3AyXxa B XOJIO0AHBIN NMEPUO BEHTUISTOPHI TPAIUPHU BBIKIIOUYAOTCSL.

Takum 00pa3om, U3 MPEACTABICHHBIX MATCPHAJIOB CICAYET BbIBO, uTo At TILl Boctouno-
ro Kaszaxcrana nenecoo0pa3HO HCHONIb30BAHUEC OOOPOTHBIX CHUCTEM OXJIAKICHHUS ¢ BCHTUIS-
TOPHBIMH T'PaIUPHIMU UCTIAPUTSIBHOTO THIIA.
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[TonTaBckuii HAUMOHATBHBIA TexHUYeCKUH yHHBepcuTeT uM. IOpusa Konaparroka, r. [lonraga,
Vxpanna

K ITPOEKTHPOBAHHIO ITOJIOT'NX CTPYKTYPHO-BAHTOBBIX
CTAJIEKEJIE30BETOHHBIX OBOJIOYEK

Y13110xKeHb! KTto4esbie 0COBEHHOCMU MPOEKMUPO8aHUs Mo10aUX 0001046EK, 8bINOIHEHHbIX U3 HO8bIX U
opualHalbHbIX CMPYKMYpPHO-8aHMO8bIX cmanexene300emoHHbIX KOHCMpyKyull. PaccmompeHsi npob-
f1eMHbie acriekmbl, ces3aHHbie ¢ 0bpasosaHlieM hopMbl U 2eoMempul 060I0YKU.

XKaHa xoHe mynHycKanblKk KepMe-Ky pbliibiMObl meMipKypbitibemoHdbl KOHCmpykyusnapdaH xacanraH
XKasbiK KabbiKwanapdbl xobanaydbiH Heaizai epekwenikmepi 6asgHdanraH. KabbikwaHblH NiLiHi MeH 2eo-
MempusCbiHbIH MY3ifyiHe KambiCmbi Macenenepi KapacmblpbiiiFaH.

The key features of the design of shallow shells made of new and original steel and concrete compo-
site cable space frames are outlined. The problematic aspects associated with the formation of the shape
and geometry of the shell are considered.

Knroyeenie cnnoea: modynb, eaHma, obosouka, cxamue, bonm, y3en.

CTpyKTYPHO-BAHTOBBIC CTANICIKEIC300CTOHHBIC KOHCTPYKIIMKA - 3TO HOBBIH TUIT HECYIIUX CH-
CTEM, KOTOPBIE 32 CUET CBOEH VHUBEPCAIBHOCTH U OPUTHHAIBHOCTA KOHCTPYKTUBHOT'O PELICHUS
HMEIOT IIHPOKOIO 001acTs npuMeHeHud |1 ]. Mcnonb3yrores B Ka4ecTBe KaK BEPTHKATBHBIX, TAK U
TOPHU30HTAIBHBIX KOHCTPYKLHMH ¢ pa3sHo0Opa3HOi reomeTpuer U GpopMamu. OTIHIUTENBHOH Yep-
TOW TAKUX KOHCTPYKLHMI SIBJSICTCS TO, YTO OHH BBIMOJHSIOT OJHOBPEMCHHO ABE (hYHKIIHH:
OTPAKAAIOMIYIO U HECYIYIO. CTPYKTYPHO-BAHTOBBIC CTANICKEIC300CTOHHBIC KOHCTPYKIHHA - 3TO
JBVIIOSCHBIC TPOCTPAHCTBCHHBIC CHCTEMBI, COCTOSINMC M3 MOIYJIBHBIX 3ICMCHTOB. bomee ae-
TaJbHO ABTOP HC OCTAHABIMBACTCS HA KOHCTPYKTHUBHBIX OCOOCHHOCTSIX HCCICAYEMBIX CHCTEM,
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MOCKOTBKY VK€ CYLIECTBYET MHOXECTBO paboOT, KOTOpPHIC OOBACHAIOT U JEMOHCTPUPVIOT Hpe-
HMYILECTBA CTANEKENE300CTOHHBIX CTPYKTYPHO-BAHTOBBIX KOHCTPYKUHH [2, 3]. B nannoii pabo-
TC aKUCHT AENMAcTCs Ha MpodjeMe MPOCKTHPOBAHHS CTPYKTYPHO-BAHTOBBIX CTAJTICKETIC300€TOH-
HBIX MOJIOTHX OOONOYEK U KOHCTPYKLMH, OMU3KUX K HUM 10 (opme. BaxkHOCTD pelieHus 31oro
BOMPOCa O0YCIOBIUBACTCS TEM, YTO TAKHE KOHCTPVKLUHH BKIIOYAIOT B CBOIO CTPYKTYPY THOKHE
3JIEMEHTBI, KOTOPBIE MO CBOCH (PH3NYECKOH MPUPOJAE HE MOI'YT BOCHPHHUMATD VCHIIHS CHKATHSL.

0030p HOCICIHUX HUCCICAOBAHMI MOKA3A/, YTO CTPYKTYPHO-BAHTOBBIC CTAICIKEIC300CTOH-
HBIC KOHCTPYKLIUH XOPOLIO HCCIICAOBAHBI 3KCIICPUMEHTANBHO U YUCIICHHO MTPU MTOMOIIH Pa3HbBIX
PacUECTHBIX MPOTrPaMMHEIX KOMITICKCOB. Takike 00OCHOBaHA MX TEXHHKO-3KOHOMHHUECKAs 3¢-
(PEeKTHBHOCTh MO CPABHCHUIO C KIACCHUCCKUMHU perncHusIMH [4]. OaHako HEeT 00OOIEHHBIX MO-
HATHH, KOTOpbIE Obl XapaKTepU3UPOBATH paboTy TaKMX KOHCTPYKLHUH MOX HATPY3KOH, YTO SB-
JIETCS OYCHD BAXKHBIM, MOCKOJBKY HH(POPMALUSA O XapakTepe pachpec/ICHHS BHYTPCHHHUX
VCHJIMH B UX 3JIEMCHTAX MO3BOJIUT OC30MIMOOYHO MPHUHATE HYKHYIO TCOMETPHIO (POPMBI U TEM
caMbIM 00CCIICUUTh HOPMATIBHYIO H HAICKHYIO SKCILTYATALHIO TOKPBITHSL.

Buidenenue nepewennoii wacmu obuyeti npodremol. I3 0030pa MOCICAHUX HCCIEIOBAHUN
VCTAHOBJICHO, YTO MPOCTPAHCTBCHHBIC CTANCKEIC300CTOHHBIE CTPYKTYPHO-BAHTOBHIC KOH-
CTPYKLUHU SIBIIFOTCS. HOBBIM TICPCIICKTHBHBIM BHIOM CTPOHMTENIBHBIX KOHCTPYKLHH, KOTOPHIC
HUMEIOT OONBIIOE PA3HOOOPA3He KOHCTPYKTUBHEIX PELICHUH, CPSAH KOTOPHIX B OO0TOUKH, HO UX
MPUMCHCHUE OTPAHUYCHO OTCYTCTBHEM YETKHUX HMOHATHH paboThI O] HAPY3KOH.

Hocmanoexa 3a0auu uccredoeanus. Y CTAHOBUTh OCHOBHEIC MTPOOIEMHBIC ACIICKTHI, CBI3aH-
HBIC C TMPOCTPAHCTBCHHOH paboTOH CTaneKene300€TOHHBIX CTPYKTYPHO-BAHTOBHIX IOIOTHX
000704€eK 1 OIU3KUX K HUM 110 (hopME KOHCTPYKLIHMH.

Ocnosnoii mamepuan u pezyiomamsi. Kak H3BeCTHO, HA TEXHUKO-3KOHOMUYCCKHE TTOKA3ATEIN
TOW MM MHOU KOHCTPYKLUHH BIHSIOT HE TOIBKO (PH3NKO-MEXaHHUCCKUE CBOHCTBA HCIOIb30BAH-
HBIX JUI1 MX H3TOTOBICHHS MAaTCpPHANIOB, HO U TCOMETpUUCCKHE mapamerpbl. CBHIACTEIBCTBOM
3TOMY €CTh MHOKECTBO PaboT, CYTh KOTOPHIX 3aKTI0YANACH B IOUCKE HOBBIX CIIOCOOOB 3 KOHOMHU
MaTepHalioB, U, KaK CIEICTBUE, YMCHBIICHHH 3aTPaT TPYAa 32 CUET U3MEHCHHS [COMETPHUCCKHX
(hopM MPOSKTUPYEMBIX KOHCTPYKIIHH, BKITOYAOMINX 000104kH [5]. Db PEeKTHBHOES MPOSKTHPOBA-
HHE GOPMBI KOHCTPYKIIMK U MTOUCK COOTBETCTBYIOIIUX MYTCH ONTHMHU3ALMHU €€ TCOMETPHUECCKUX
MapaMeTpoB B OONBIIMHCTBE CIYYacB MOTYT JATh 3HAYUTEIBHBIN 3Q(EKT U VIVUIIINTE ¢¢ MpoU-
HOCTHBIC XapaKTCPUCTHUKHU BCICACTBUC YMEHBIIICHHS U3rHOAIOIIET0 MOMCHTA.

B toMm, uT0 npoekTrpoBaHue GopMBI HOBBIX HECYIIHMX CHCTEM - 3TO CIOKHAS H TPYAOCMKAs
3aja4a, PEIICHHE KOTOPOH TpeOyeT IyOOKUX 3HAHUH B 001AaCTH ApXHTEKTYPHI, CTPOUTEIBHBIX
KOHCTPYKITHH U CTPOHUTEIBHOM MEXaHWKH, HET cCOMHEHHMH. [loaTOMY aHann3 M3BECTHBIX CITOCO-
0O0B MPOEKTUPOBAHUA (HOPM HECYINUX CUCTEM fABIACTCA LenecooOpasneiM. K MoMeHTY mosiBie-
HUS MOILIHOM BBIYUCIUTCIBHOM TECXHUKH I MOHCKa 3 EKTHBHBIX (OPM MPOCTPAHCTBCHHBIX
KOHCTPYKIHH HCHONb30BAINCH VIPOIICHHBIC METOABI, KOTOPBIC OBLIA OCHOBAHBI HA MPEABIAY-
[IEM OIBITC CTPOHUTEIBCTBA PEATBHBIX OOBCKTOB, & TAKKE HA SKCIEPHUMEHTAX ¢ (PH3MICCKHMHU
moaensmu [6]. Ipunnun noucka GopMsl ¢ MPUMEHEHHEM (QU3HYECKUX MOJCICH 3aKmovancs B
MOJIYYCHHUH WHBEPCHH (GOPMBI NMYTEM MNOJBCIIMBAHUS T'MOKHUX 3JICMCHTOB, HAIPHMEpP, LICTH,
TKaHHU WM MPOBOIOKH, KOTOPBIC N0 JSHCTBUEM I'PY30B UK COOCTBEHHOTO BEca 00Pa30BBIBAIH
JOYTY WM JOMAaHYIO JINHHIO, KoTopas odepunBaia dopmy Oyayimen korcTpykunu. K mpumepy,
HMEHHO TaKyr MeToAuKy npuMmeHun [[xosannu [loneHu 1 OLIEHKH HAAEKHOCTH TOKPBITHS
cobopa Caaroro Iletpa B 1. Pume, a takxke Apyrue H3BECTHBIC apXUTCKTOPBl U HHXKCHEPHI B
cBoux paborax. Ho, HaBepHO, caMBIM pUMEYATEIbHBIM PUMEPOM TaKOTro MeToaa Obuia pado-
Ta AHTOHH ['aymu mpH MPOCKTUPOBAHHUH COOPYKEHHS, KOTOPOE ceHYac U3BECTHO HA BECh MHP
kak codop Carpaza ®avunus B r. bapcenone. Macmrabupyemas ¢usuueckas moxeme ['ayau
MO3BOJINJIA TIOTYYUTh KOHCTPYKIIHIO, SJIEMCHTBI KOTOPOH padoTaroT TOIBKO Ha cKatue [7].
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HecmoTps Ha Takue BRIOaroIuecs MPUMEPHI HCIOIb30BAHUS (DPU3HUCCKUX MOACICH, TaKoU
METOJ IMEET M HEJOCTATKU: HEBO3MOKHOCTh yUETa U3MEHEHHS TOJINWUHBI 3JIEMEHTOB U TOPH-
30HTATBHOM Harpy3kd. Kpome Toro, 1oBOJIBHO CIOXKHO ONPEAETNTHh 3HAUCHUE HANPSKEHUH U
JaedopMaruii B peatbHBIX 3JEMEHTAX KOHCTPYKLIHH.

Co BpeMeHEM Pa3BUTHC M BHECAPCHHC KOMIBIOTCPHOH TCXHHKH KOPEHHBIM 00pasoM H3Me-
HUJIO BECh MOJXOM K MPOCKTUPOBAHHUIO (JOPM MPOCTPAHCTBCHHBIX KOHCTPYKIHUH H CIOCOOCTBO-
BaJI0 HOBOW BONMHE WX pazBUTHA. C MOMOINBIO KOMITBIOTCPHBIX MPOrPaMM MOKHO aHATH3HPO-
BaTh OYCHb CIIOXKHBIC MMPOCTPAHCTBCHHBIC CTPYKTYPHI ¢ OOMBIIONH TOYHOCTBEO M MEHBIIUM KO-
JHYECTBOM BpeMeHH. biaromaps aTomy 3a mocieaHee BpeMs pa3sBHUTHE NMPOCTPAHCTBEHHBIX U
GOJIBIICITPOJICTHBIX KOHCTPYKIHI BHIILIO HA COBEPIICHHO APYyroi ypoBeHb. ClIeAyeT 3aMETHTD,
YTO KPOME PA3BUTHS KOMITBIOTCPHOH TEXHHKH, €CTh U IPYTHE CYIIECTBCHHBIC (haKTOPHI, TOBIH-
SBIOMC HAa OBICTPOE Pa3BUTHE TAKOTO PoJa HECYLIMX CHUCTEM. Bo-mepBBIX, 3TO COBPEMEHHOC
00opyAoBaHHE B OONBIINE BO3MOXKHOCTH 11 NPOU3BOACTBA 3P CKTUBHEIX KOHCTPYKUUH. Bo-
BTOPBIX, 3T0 HOTPEOHOCTh B OONMBINUX KPBITHIX IUIOMANIX, KOTOPAsS MOCTOSHHO OBLIA AKTYalb-
HOU W mpuobOperana ocoOyI0 OCTPOTY MPH MPOCKTHPOBAHUH COOPYKCHHH TS MPOBEACHUS
CIIOPTUBHEIX COPCBHOBAHNH, BHICTABOK U TOMY HOJO0HOE.

Ha npumepe peanpHbIX 0OBEKTOB OBITO MOKA3aHO, KAK MPHUMECHCHHUC KOMIIBIOTEPOB MO3BOJISET
3HAYUTETBHO PACIIHPUTE BO3MOKHOCTH METOJOB ONTHMHU3ALNH MPU MPOCKTHPOBAHUN GETOHHBIX
o0omouek. Pe3yabpTaThl MOATBEPKAAIOT, YTO 3HAYUTEIBHOE YIYUIICHUE MTPOCTPAHCTBEHHON pabo-
TBI MOJKET OBITh JOCTUTHYTO AAXKE C HEOONBIINMH T€OMETPHUYCCKUMHU H3MECHCHHAMH [ 8].

OzxHako U B 3MOXY MEPCOHANBHBIX KOMIIBIOTEPOB YACTO BCTPEUAOTCH PabOTHI, MOCBAIICH-
HBIC pa3paloTKe YIPOLICHHBIX MeToA0B (popmoodpazosanus. [lonxon, koTopeiit omucad B [9],
MO3BOJISICT OBICTPO ONMPEACTUTD KEMAeMYI0 GOPMY 3IaHHS WM APYIOro COOPYKCHHUS H JIETKO
COPOCKTUPOBATh ¢¢ 0e3 HEOOXOOUMOCTH MPOBCACHUS CIOXKHBIX MATCMATHYCCKHX PACUCTOB.
Jta pabota OCBEIIACT MPOLECC MPOCKTHPOBAHUS KOHCTPYKLHH, BKITIOUAsS BEIOOP MaTEpPHAIOB,
MOWCKA HPUEMICMOH KOH(HUrypaluy, ONpPEeICICHHUS BHYTPCHHUX VCHINH W pa3MepoB KOH-
CTPYKTUBHBIX 3JICMCHTOB, 4 TAaIOKE Pa3pabOTKH COOTBETCTBYIOIIUX Y3JIOBBIX COCIUHCHUH U
MPUHITAS METOAA BO3BeACHUs. A B padote [10] mpuBeACHBI OCHOBOMOIATAOIINE TPHHIIUIIBL
MPOCKTUPOBaHMU (OPM CTPOUTEIBHBIX KOHCTPYKLHH € YIETOM OKpykaromeHd cpeasl. Mtorom
paboTEl ABIAIOTCSA VKA3aHHUS M MOIOKCHHUA AT NPOCKTHPOBAHUS HECYLIHX CHCTEM, KPUTCPHH
MPHHATHS X KOHCTPYKTHUBHBIX pemicHud U ¢gopM. B pabote Takke mpuBeIcHB 0000IICHHBIC
PEKOMEHIANH U OOOCHOBAHHS LENecOOOPasHOCTH NPUMECHEHHS THUIIA HECYIICH CHCTEMBI B 3a-
BHCHUMOCTH OT MPONETa U BHAA Marcpuana. toroM uccneaoBaHus, NPUBEICHHOTO B paborte,
SBJIACTCS YTBEPXKACHUE, YTO CBOMUYATHIC CHCTEMBI JAIOT BO3MOYKHOCTH BO3BOAHUTH HE TOJIBKO
OPTOrOHAIIBHBIC WM MPSIMOIWHCHHEIC B IUIAHE, HO U KPHUBOIWHCHHEIC OONBIICHPONICTHBIC U
MPOCTPAHCTBCHHBIC MOKPHITHA. K TakuM KOHCTPYKLMAM OTHOCATCS U OOOJNIOYKH, K TOMY JKE
VCTAHOBJICHO, YTO KaK aJbTCPHATHBY TPAJHULIMOHHOMY JKETE300€TOHY ISl TAKOI'O THIA KOH-
cTpykuni 3G HeKTUBHO MPUMEHSATH cTanexkenc300eroH [11].

HecmoTps Ha CyImecTByIOIIME MPEHMYINECTBA, NPHUMEHEHNE LHIHMHIPUYCCKHX 00ONIOUCK
HECKOJBKO OIPaHUYIMBACTCS MX CKIOHHOCTBIO K IIOTEPE YCTOMYHWBOCTH BCIIECACTBUE MOSBICHUA
B IMPOLICCCE MOHTAXKA WM JKCIUTyaTalld HEOONBIINX OTKIOHCHHH OT MCXOTHOH TeOMETpHU
[12]. Omupasce Ha pe3yabTAThl MHXKCHEPHBIX U HCTOPHUYECKHX H3BICKAHHH, YCTAHOBJICHO, YTO
MOBEJCHUE HECYIICH CUCTEMBI CBSA3aHO C BIHSIHHEM OCTATOYHBIX HANPSKCHUH M3ruda Ha jKecT-
KOCTb M YCTOMIHBOCTDb TAKUX KOHCTPYKIwii [13].

O0010YKH OTHOCAT K AKTHUBHBIM IO (popMeE HECYIIUM CHCTEMaM, B OCHOBE CCUCHHUS KOTOPBIX
JckuT Hecymas apka (puc. 1) [14].

Hecymue cucremsl, akTiBHBIC IO OpME, BOCIPHHUMAIOT U MIEPEAAIOT HArPY3KU Ornaroaaps
HOPMAaJIbHBIM YCHIIMSM, TO €CTh BIEMCHTHI TAKHX KOHCTPYKLHUH ABIAOTCH CkaThiMu. Crenyer
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OTMETHTh, YTO MPOCKTUPOBAHHE 000I0YCK (APOK) TECHO CBSA3AHO C MPOCKTHPOBAHHEM TAKHUX
KOHCTPYKIIHH, KAaK BAHTOBBIC, TIOCKOIBKY 0OpaTHAs BaHTa (POPMUPYET HECYINYIO apKy, KOTOpas
BOCIIPUHUMAET TOJIBKO YCHJIMS CXKATHUS TOU K€ BEIWYUHBI, UTO U YCHIIHS PACTLKCHUA B HECY-
IICH BAHTC.

a
Pucynox 1 — O6pazosanna 000104CK U3 ABYX (a) M MHOTHX (0) IUTOCKHX apoK

HC,Z[OCTaTOK HecyLueI‘/'I ApPKU COCTOUT B TOM, UYTO TAKHUC CUCTCMBI ABJEIHOTCA PACIIOPHBIMU U
XapaKTEPU3YIOTCH Pa3HBIMU CIOCO0aMU UX BOCHPHUATHA. | OPH3OHTANBHBEIA PACIOp OMOPHOU
APKH CILIOLTHOTO CCUCHUS O0PATHO MPOMOPLIHOHAICH €€ BhicoTE (pHC. 2) [14].
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PucyHOK 2 — BausiHuEe BBICOTHI ApKU HA BEIMUUHY TOPH30HTAILHOM PEAKIIH

Jnsa yMEHBIICHUS pacmopa HYXHO BRIOPATh MOAXOISINYIO BRICOTY apkd. OZHAKO CICAYET
OTMETUTh, YTO B CTPYKTYPHO-BAHTOBBIX CTAICKENC300CTOHHBIX APOYHBIX KOHCTPYKIUAX H TO-
Jorux 000JIOYKaX Pacrlop 3HAYMTEIBEHO MEHBINE, O UYEM CBHACTEIBCTBYET PE3VIIBTATHl MPOBE-
JICHHOH aBTOpOM cepuu 3kcnepuMenTos [15-19]. K mpumepy, npu nponere u30orHyTOH (apod-
HOW) CTPYKTYPHO-BAHTOBOM CTAJICKE1e300CTOHHON TUTUTHL 4y Th OOMBIIC 6 M C BBICOTOM TMOIb-
ema 0,7 M mpu ACHCTBHM BHCIIHCH SKCILTYaTAlMOHHOW HArPY3KH, KOTOpAs MPEBhIIIANA COO-
CTBCHHBIN BEC KOHCTPYKLMH Oomplie ueM B 6 pa3 u coctaBmsuia 70% OT paspyLiaromen, ropu-
30HTAJIBHBIC MEPEMCEILICHUS OTIOPHBIX V3JIOB HE MPEBBIIATH 7 MM, & YYUTHIBAsS TOT (akT, 4TO
KOHCTPYKUHS Obl1a COOPHOHM, €CTh BO3MOXKHOCTB VTBEP)KAATH TO, YTO ONPEICICHHAS YacTh
JTHX IEPEMEIICHUH BbI3BAHA IOAATIUBOCTBIO OONTOBBIX Y37IOB.

Kpome BOZHMKHOBEHHSA TOPH3OHTAIBHOTO PAcmopa B OMOPHBIX APOYHBIX CHCTEMAx, CYIIe-
CTBYET BO3MOKHOCTh BOZHMKHOBEHHS HEOXHO3ZHAYHOM SMIOPHI BHYTPEHHHX YCHIIHI, YTO BIECUET
3a co0OH M3MCHEHMS XapaKTepa PAcpeCACHUs YCHIIHH B 3JCMEHTAX KOHCTPYKUMH. BO3HUKHO-
BCHHEC M3rH0a B TAKUX KOHCTPYKLHUAX OOBICHICTCS OMYyCKAHHEM WU MOABEMOM (OPMEBI IYTH,
KOTOpOE HEM30EKHO BOZHUKAET BCICACTBHC JIFOOOTO OTKIOHCHHS CPSAHCH TMHUM IYTH OT JIMHUH
nmapneHus. [Ipu4rHON BO3HMKHOBEHHS M3rHOA B apKaxX MOXKET OBITh TAKKE ACHCTBHE JOMOTHH-
TENBHBIX CHJI, TEMIICPATYPHBIX BO3ACHCTBHMA, HCPABHOMEPHOU 0ca ki (PYHIAMEHTOB H T. 1.
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VYuurteiBasgs 0COOCHHOCTH PaOOTH HECYINUX ApPOK, C LENbI0 H30ABUTCH OT MX HEAOCTATKOB U
MPOOJIEMHBIX aCTICKTOB OBLITH BBIMOIHEHBI YHCICHHBIE UCCICI0OBAHNS, CYTh KOTOPBIX 3aKITHOYa-
Jach B OMPCACICHUH OHANA30HA BO3MOXKHBIX MPOJCTOB KOHCTPYKLHMH M BEICOTH €€ MOABEMA
TIPH Pa3HBIX TPAHUYHBIX VCIOBHAX (pHC. 3).

>
g

Pucynok 3 — Hccnenyembie mapaMeTPhbl, BAUSIONINC HA PACIPEACICHUEC BHYTPCHHUX YCHIMN

BcneactBre mMpoBEACHHBIX YHCICHHBIX HCCICIOBAHWN YCTAHOBICHO, YTO MPH IIAPHHPHO-
HETOABIDKHBIX OMOPAX ¢ 0OCHX CTOPOH H MpoieTe A0 42 M BBICOTA MOABEMA MOXKET HAXOAUTHCS
B nipegenax 1,4...2,1 M, a Ipyu rpaHUYHBIX YCIOBUAX, KOTJa ¢ OJHOH C OXHOM CTOPOHBI HaXo-
JUTCS ITAPHUPHO-TIOABHIKHAS OIOPa, BRICOTA MOABEMA MOXKET JocTurath 16,5 m [20].

Ha ocroBaHNH BHIIIEH3TOKEHHOTO MOYKHO CIENATh BBIBOABI. | [poaHamu3upoBas pe3yabTaTsl
MPOBCACHHBIX PAHEC TCOPETHUCCKUX W SKCIECPUMCHTAIBHBIX HCCICAOBAHHM cranekene3ode-
TOHHBIX CTPYKTYPHO-BAHTOBBIX KOHCTPYKLUH, yCTaHOBJICHA WX 3((EKTHBHOCTE M TEXHHKO-
SKOHOMHYECKAs LIEICCO00PAa3HOCTh UCTIOIB30BAHMS B KAYCCTBE MOKPHITHH OONBIICIPOICTHBIX
30aHUN U COOpPYKEeHUH. B cBs3uM ¢ 3TuM Oblna pemmena npoOiemMa, KOTopas 3aKIovanach B OT-
CYTCTBHH MOHATHH HPOCKTHPOBAHUS MOJOTUX CTPYKTYPHO-BAHTOBBIX CTAIICIKENC300CTOHHBIX
000704eK W KOHCTPYKLIMH, OIu3kux K HUM mo dopme. [lyrem aHammza ocobeHHOCTEH paboThI
HECYIIMX apOK MOA JACHCTBUEM BHEIIHCH HArPY3KH YCTAHOBIICHBI 0COOCHHOCTH (hopmoobdpaso-
BaHHS HOBBIX CTATCKEIC300CTOHHBIX CTPYKTYPHO-BAHTOBBIX MOJIOTUX 00OIOUCK.
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STUDY OF THE USE AND CONSUMPTION OF TITANIUM PRODUCTS FOR THE OIL AND GAS SECTOR
OF KAZAKHSTAN, NEAR AND FAR ABROAD. TRENDS AND PROSPECTS FOR THE DEVELOPMENT
OF THE USE OF TITANIUM FOR THE NEEDS OF THE INDUSTRY

B danroli cmambe npedcmasneH 0630p pbiHka mumaroegol npodykyuu dns Hecbmeaazogol ompac-
nu, HoMeHKnamypa npodykyuu u3denul uz mumana, meHOeHUUU U Nepcriekmuesl pa3sumus Mupogoao
pbiHKa uzdenuli us mumada, 3adelicmeogaHHbIx 8 Hegbme- U 2a300006biye.

byn maxkanada myHali-eas eHepkacCibiHiH mumaH HapbifbiHa Wony, mumaHHaH xacanfaH eHimdepliH
criekmpi, MyHall MeH 2a3 eHOIpiciHe Kambicmbl mumaH eHiMOepiHiH enemoik HapbifbiHbiH 0amy meHdeH-
yusnapbi MeH Keneuleai KapacmblpblifaH.

This article provides an overview of the titanium market for the oil and gas industry, the range of titani-
um products, trends and prospects for the development of the world market for titanium products involved
in oil and gas production.

Keywords: Titanium, oil and gas resources, offshore oil production, drilling equipment, corrosion re-
sistance.

Introduction. The titanium industry is a strategically important area in the economy of the
world's leading countries and its development pays much attention at all levels. The share of
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Kazakhstani titanium in the near future in the global segment is planned to increase from 11% to
20%, therefore, titanium ingots of its own production will allow manufacturing products that are
competitive and in demand in the world market for the oil and gas industry in accordance with
world standards.

A promising field of application of titanium alloys for oil and gas production is deep and su-
per deep drilling. According to experts, in deep-sea oil production (up to 15-20 thousand me-
ters) titanium and its alloys should become one of the main structural materials, since they have
high corrosion resistance in sea water. At present, the main material used for the production of
oil and gas products is high-alloy steel, which has suffered corrosion damage, leading to a
reduction in its service life and an increased risk of leakage, and as a result, accidents, which
poses a direct threat to economic, environmental and industrial safety.

Classification of titanium products for the oil and gas industry. Comparative analysis of
materials used in the industry. The main consumer of the Kazakh titanium is foreign
shipbuilding and aircraft building, however there is a tendency of increasing demand from
enterprises of other industries.

The production of oil, gas, gas condensate has shifted towards the offshore shelf in recent
years. Further forecasts for offshore production are quite optimistic: the use of titanium in this
area will grow due to the planned relocation of the fishery to deeper sections of the shelf.

Marine application of titanium alloys is promising for the following products when
developing oil and gas fields on the shelf:

e  deep-water drilling and production risers (sea water-repellent column, sea riser), is a
string of pipes, installed in a tensioned position to prevent its destruction as a result of
loss of stability, serves to connect subsea wells to equipment located on the top
structures of the platform;

e  casing pipes - a pipe that serves to strengthen the walls and insulation of the wellbore;

e  pumps and systems of outboard, drinking, drilling and associated water;

e pipelines of the circulating system of technological solutions;

e liquid separators - designed to separate petroleum gas from oil;

e heat exchange equipment is designed for cooling hot substances and heating liquids
used in technological processes and oil cracking (metal thickness up to 0,7 mm);

e  pressure vessels - hermetically sealed container (permanently installed or mobile) in-
tended for conducting chemical, thermal and other technological processes, as well as
for storage and transportation of oil and gas;

e  high-strength flexible extensions for fixing the platform;

e lining of steel trestles in offshore oil fields;

e  bends, flanges, tees, transitions for systems of outboard, ballast and formation water;

e filters, valve saddles, tanks, sedimentation tanks;

e  pipeline fittings;

e fasteners, etc.

At present, the main material used for the production of oil and gas products is high-alloy
steel, which is susceptible to corrosion damage. Thus, for steel with 5.5% nickel, intergranular
corrosion is typical in a number of technological solutions and corrosion cracking in chloride
solutions at 100 °C; Steel with 25% nickel is characterized by crevice corrosion, leading to
depressurization of the flanges after 2 years of operation.

Titanium has a number of valuable physical and chemical, physical and mechanical
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properties: high hardness and corrosion resistance, satisfactory processability during processing
into products.

Table 1
Characteristics of resistance of titanium corrosion alloys in natural and polluted sea water
in comparison with other alloys [1]

Stainless steel Stainless steel
Type of corrosion Copper alloys 316 N 6Mo - austenitic | Titanium alloys
and duplex

General corrosion | Persistent/susceptible * Persistent Persistent Persistent
Crevice Susceptible Susceptible Susceptible Persistent
Corrosion (>25 °C) (90 °C)**
Pitting corrosion Susceptible Susceptible Persistent Completely not

receptive
Corrosion under Susceptible Susceptible Persistent Persistent
stress (>60 °C) (*¥*%)
Corrosion fatigue Susceptible Susceptible Susceptible Persistent
Galvanic Susceptible Susceptible Persistent Completely not
corrosion receptive
Microbial Susceptible Susceptible Susceptible Completely not
corrosion receptive
Corrosion of Susceptible Susceptible Susceptible Persistent
welds and heat
affected zones
Erosion Susceptible Persistent Persistent High durability
Corrosion
* Depending on the level of pollution and the chemical composition of sea water
** Titanium grades 7, 11, 16, 17, 18, 19, 20 and 21 exhibit resistance to temperatures of at least 200 ° C.
**% Standard grade 5 titanium exhibits limited exposure, and grade 23 (ELI) titanium has the best KISCC values.
(Titanium grades 7, 11, 16 and 17 are technically pure titanium with additives of palladium to improve corrosion
resistance in conditions of reducing, acidic and chloride media).

Evaluation of the prerequisites for the formation and development of the market for titanium
products. According to the International Energy Agency, by 2030 the daily oil consumption will
increase by more than 30%. In the future, the growth rate will slow down, but the dominant role
of oil and gas in the global energy balance will continue.

More than 27 million barrels of oil per day were produced on the global shelf in 2015, and
the share of offshore fields was 29% of the total world oil production (see Figure 1). Experts
forecast that positive dynamics will continue, and the share of offshore fields in world oil pro-
duction will continue to grow.

Currently, most of the world's oil shelf is extracted from relatively shallow depths, but there
is a tendency to increase the number of deepwater projects. This is especially true for the leaders
of deep-sea oil production: Brazil, USA, Angola and Norway (see Figure 3).

According to confirmed oil reserves, Kazakhstan is among the top 15 countries in the world.
Kazakhstan has 3,3% of the world's hydrocarbon reserves. The total volume of hydrocarbon re-
serves in the republic is 11-12 billion tons. Approximately 70% of hydrocarbons are in the Ka-
zakhstan sector of the Caspian Sea. As of early 2016, there were 133 oil companies in Kazakh-
stan that had the right to use subsoil. In total, in the 2000- 2015 years. in the oil and gas industry
companies invested 150.1 billion US dollars, including 18 billion dollars had to carry out geo-
logical exploration work. During this period, the volume of investment has increased almost 5
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times. The largest investment activity is shown by such large companies as North Caspian Op-
erating Company (18%), LLP «Tengizchevroil» (15%), JSC «Mangistaumunaigaz» (12%), JSC
«CNPC-Aktobemunaigaz» (11%), JSC «OzenMunaiGas» (8%), JSC «Embamunaigaz» (4%),
JSC «PetroKazakhstan Inc» (3%), JSC «Turgai-Petroleum» (3%), JSC «Karazhanbasmunai»
(2,5%), Buzachi Operating Ltd (2%) [2, 3].
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Figure 1 - Dynamics of world oil and gas production in the world for 2005-2015
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Figure 2 - Dynamics of world oil production at sea for 2005-2015
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Figure 3 - Extraction of oil on the shelf, depending on the depth in the dynamics for 2005-2015
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The oil and gas regions of the republic, where about 200 oil and condensate fields are locat-
ed, occupy an area of about 62% of the territory of Kazakhstan. The 11 largest oil and gas fields
in Kazakhstan are shown in Figure 4.

Analysts of the Rating Agency of the Regional Financial Center of Almaty forecast from
2017 to 2021 the positive dynamics of oil production on average at 102,6%. Starting in 2019,
the growth dynamics will accelerate to 102,8% -102,9%. Production volumes in the baseline
scenario for 2020 and 2021 will amount to 86.1 million tons and 88.5 million tons respectively.
Such changes reflect the output of the industrial production of hydrocarbons at the Kashagan oil
field (see Figure 5).

11 largest oil and gas fields in Kazakhstan

Karashyganak

Zhetybai
330

Figure 4 - The largest oil and gas fields in Kazakhstan

World market of titanium products for oil and gas sector. The world market of titanium
products for the oil and gas sector is estimated differently by different companies. Sheets and
plates of titanium are widely used in the manufacture of various equipment for the oil industry,
as well as oil production.

The use of titanium in the oil and gas industry is growing, and last year about 6,000 tons of
titanium products were sold for it, which is 5% more than in 2015.

BH W36 WOT MR MG M0 MU MII XN NM I NS0 MITI MU0 M0 MO XM
Qil production in Kazakhstan Extraction of natural gas in Kazakhstan,

~* in millions of tons * in millions of cubic meters -

Figure 5 - Forecast of oil and natural gas production in the Republic of Kazakhstan for 2017-2021
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The greatest experience in the use of titanium alloys in the offshore industry has been
accumulated in Norway and the United Kingdom.
The main producers of titanium products in the world are represented in Figure 6.

Manufacturers of USA, 36% Hrofuners ahiehing 20

Producers of Russia, 24%

Manufacturers of Japan, 18% :

Figure 6 - World manufacturers of titanium products in 2016

About 40% of the market is occupied by three American companies (Timet, Allegheny
Technologies and RTI), 22% - Russia, and the rest of the share is occupied by manufacturers
from China and Japan, and China, which has significantly increased production in recent years,
controls more than 20% of the market.

As more and more deepwater offshore oil production systems are created, the need for
titanium alloys to manufacture underwater equipment and components has risen sharply. In this
case, the value of titanium application increases for three main reasons:

a number of elements of underwater equipment requires the use of alloys with high specific
strength and low modulus of elasticity;

the requirement to save weight of equipment on the platform. According to Shell Oil, reduc-
ing the weight of underwater equipment by 1 ton allows to reduce the weight of supporting
equipment by 3 tons, which is equivalent to saving about 150 thousand dollars. Each extra
pound of equipment on the deck of the platform or production vessel costs 6,5 dollars;

titanium and its alloys are highly reliable, including high corrosion resistance in sea water
and in working environments in oil production.

The largest companies producing titanium products for the oil and gas industry are presented
in Table 2.

Thus, the market of products for the oil and gas industry can be considered oligopolistic
(several large players that control the market) - and recently it has only been enlarged.

Demand for titanium products in the oil market. As part of the study of the demand for prod-
ucts for the oil and gas industry, plans to purchase goods, works and services for major oil-
producing enterprises in 2016 (Kazmunaigas, which include companies such as Kazakhoil-
Aktyube, Mangistaumunaigaz, PetroKazakhstan, Tengizchevroil, etc.) are placed on corporate
websites of organizations and are freely available. The largest specific weight, among which, is
the following stop valves:

- Ball valves are used as a locking device on pipelines of various media. Table 3 presents the
brands of crane balls most commonly used in oil fields;

- check valve is designed to prevent backflow of transported medium in process pipelines.
Table 4 presents the types of check valves most commonly used in offshore fields.
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Table 2

The largest companies producing titanium products for the oil and gas industry

Company name

Name of product

Sales markets

Corporation
VSMPO-AVISMA

Verkhnaya Salda Metallurgical

Production Association

(VSMPO, Sverdlovsk Region,
Verkhnaya Salda) and AVISMA
(Berezniki, Perm Territory) is
the world's largest supplier of ti-

tanium products

Titanium products for drilling rigs:

pipeline elements: pipes from DN150
to DN1000 with a wall thickness of 4

mm to 12 mm, bends, flanges, tees,
transitions.

Great Britain,

USA, China, Ukraine.
Currently, this large vertically inte-
grated structure accounts for about

30% of the aerospace sector and 25%
of the industrial world titanium
market and almost 90% in Russia

Joint Stock Company "Naman-
ganmash" Namangan Machine-
Building Plant Namangan Uz-

Titanium damper, titanium ball
valves, titanium reverse valves, tita-
nium stop valves

CIS countries

bekistan
Norway Production of equipment for the oil It is used in projects around the
United Kingdom and gas industry world in the oil and gas industry,

ItalBest Valve s.r.l. (Italy)

Pipe shut-off valves (wedge gate
valves, check valves, check valves,
ball valves, butterfly valves, parallel
valves, check valves and DBB (dou-
ble acting stop and release valves))

Kawasaki Heavy Industries
(Japan)

Heat exchanging equipment

while extracting oil from offshore
fields

On the Steel Head platform (Alaska
shelf)

ENCE GmbH (Switzerland)

Heat exchanging equipment

LLC "Intech GmbH" dealer of the
company in the CIS space

The company Tranter (plants in
Sweden, Germany, the United

States, India and China)

Heat exchanging equipment

The service network covers Europe,
North and South America, the Mid-
dle East, Asia and Australia.

Titanium Gr2 Gate Valve
(China)

Shut-off valves

The service network covers Europe,
North and South America, the Mid-
dle East, Asia and Australia.

Hilong (China) Pipes with diameter from DN150 to
DN1000 with wall thickness from 4
mm to 12 mm
IRIVET (Moscow) Riveting technology and fasteners All regions of Russia
Table 3
Name of marks of the ball valve
Name Diameter Pressure, MPa Weight, kg
TBV 63-025 25 6,3 (63) 3,25
TBV 63-032 32 6,3 (63) 4,16
TBV 63-040 40 6,3 (63) 52
Table 4
Designation of grades of check valves
Name DN PN L H Weight, kg
TCV 100-040 40 10,0 (100) 270 195 20
TCV 100-050 50 10,0 (100) 300 203 25
TCV 100-080 80 10,0 (100) 380 215 53
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Conclusion. The progress of modern technology depends to a large extent on the use of
structural materials with higher values of operational properties. Such metallic materials include
titanium and its alloys. Due to the high level of specific strength, corrosion resistance in most
aggressive media (comparable to the corrosion resistance of a metal such as platinum) and a
number of other unique properties, titanium alloys have found wide application in aerospace and
aircraft engineering, shipbuilding, chemical engineering, and in the oil and gas industry.

The share of offshore fields in 2015 was 29% of the total world oil production. The exploita-
tion of offshore fields is carried out in 50 countries around the world, but almost half of all pro-
duction is concentrated in the five leading countries: Saudi Arabia, Brazil, Mexico, Norway and
the USA.

In recent years, Kazakhstan has been developing offshore projects in the water area of the
Caspian Sea. In Kazakhstan, oil reserves can grow to 76 billion tons. According to geologists,
so much raw material is stored while in the undiscovered deposits located in salt domes at a
depth of 5 to 12 kilometers. Another 1.5 billion tons is already explored, but hard-to-recover re-
serves. The extraction of "difficult" oil is planned to begin in 29 fields, where 57 million tons
are planned to be extracted.

At the end of 2016, the average monthly number of operating oil and gas drilling rigs in the
world was minimal over the past 17 years and amounted to 1,593 pieces, including 246 marines
(15.4%). A year earlier, there were 2337, while in 2014 the world had the maximum number of
drilling rigs since 1985 - 3578 pieces [3].

The share of Kazakhstan titanium in the global segment is planned to increase from 11% to
20%. Titanium ingots of our own production allow us to produce products that are competitive
and in demand on the world market for the oil and gas industry in accordance with the require-

ments of the standards.
Bibliography

1. Wawkosa IO.E. OAO «Kopnopauyuns BCMIMNO-ABUCMA». lNpuMeHeHne TUTaHa U TUTaHOBLIX crna-
BOB AN Pas3NW4HbIX oTpacned npombllwneHHocTU. OCHOBHBlE CBOCTBA W MpevMmyllecTBa. -
03.2011.

2. NHBECTULMOHHLIA MeMopaHayM, cocTaBnerHsll UBS Investment Bank n Kaskomepl CekblopuTn3a

ANs akymoHepHoro obujectBa «Ka3TpaHcOuny, 23 okT. 2012 T.

HauunonaneHelil aHepreTudeckunii goknag Ha 2015 rog. OO «Kazenergy».

Oty4et oT 10 mas 2016 roga komnaHuu Baker Hughes.

Pw

Mony4veHo 31.08.2017

YK 669.534.537.539

LK. Eckepmecos, C.B. ILiiorHukos
Bocrouno-Kazaxcranckuii rocyaapcTBeHHbIN TexHuueckuit yausepeuteT um. Jl. Cepuxbacsa,
r. Ycre-Kamenoropcek

PU3UKO-MEXAHHYECKHAE CBOMICTBA MHOTOJJEMEHTHBIX ITOKPBITHIA (TI-ZR-CR-NB)N,
HHOJIYUYEHHBIX METOJOM BAKYYMHO-AYT'OBOT'O OCAKJIAEHMA

YccnedosaHHble MHO20KOMIMOHEHMHbIe HUmpudHble nokpeimus (Ti-Zr-Cr-Nb)N e danHoli pabome
6biU MOJyYeHbl C UCMoNb308aHUeM XOpoWo passumoao Memoda eakyyMHO-0y208020 ocaxdeHus. Teo-
pemuyeckue U 3KCriepuMeHmaiibHble UCCnedo8aHUs 0Ka3bi8alom, 4Ymo XUMUYecKull cocmas, MUKpO-
cmpykmypa U busuKo-MexaHudyeckue ceoticmea MoKpbImMull MecHo onuparomces Ha napamMempbi 0Cax-
OeHus (OasneHue pabodyeao 2asa u nomexyuan cMmeujeHus Ha nodnoxke). Mukpocmpykmypa u ¢hu3uxo-



TEXHUYECKHWE HAYKWU Y TEXHOJIOTMU 94 ISSN 1561-4212. «BECTHUK BKI'TY» Ne 3, 2017.

mexaHudeckue ceoticmea (Ti-Zr-Cr-Nb)N nokpeimuti 6binu uccnedogaHbl C MOMOWBIO CKaHUpYrouw,eeo
anekmpoHHo20 Mukpockona (POM) u penmeaeHocmpykmypHozgo aHanusa (PCA). TonwuHa nokpeimuli do-
cmuena 6,8 MkM, a 3HavyeHue meepdocmu, obycrosnueaioujell HanpsxeHus, npeepluiarowjue Koaesu-
OHHYIO TPOYHOCMb MOKpbIimMus, cocmaguno H=43,7 [T]a.

EepineeH xymbicmarbl 3epmmengeH KerkomnoHeHmmi Humpudmi xabbiHdap (Ti-Zr-Cr-Nb)N xaxcb!
OambifaH gakyymObi-Qoranbi myHOblpy 80iciH KondaHa ombipbin anbiHObl. Toxipubenik XeHe meopusbiK
3epmmeynep xabbiHOapObiH XUMUSbIK KypaMbi, MUKPOKYPbINbiMbI MeH bU3UKa-MexaHuKablK Kacuem-
mepi myHObIpy napamempnepiHe (KyMbicuibl 2a30biH KbiCbiMbl MeH meceyiuimeal nomeHyuandbiH
bifbiCybiHE) Mbifbl3 cylieHemiHiH kepcemedi. (Ti-Zr-Cr-Nb)N  xabbiHOapbiHbiH  MUKPOKYPbINbIM  MEeH
pusUKa-MexaHuUKanbiK Kacuemmepi peHmeeHKypbinbiMOblK capanmama (PKC) xoHe ckaHepneywi
anekmpoHObl Mukpockon (COM) kemezimeH 3epmmendi. )KabblH KanbiHObirbi 6,8 MKM, XabblHHbIH,
Koee3uoHObi bepikmieiH apmmbipambiH, kepHeydi 6indipemid Kammbinbik MoHi H=43,7 [T1a Kypatidbi.

Investigated multicomponent coating nitride (Ti-Zr-Cr-Nb)N in this study were obtained using a well-
developed technique of vacuum-arc deposition. Theoretical and experimental studies show that the chemi-
cal composition, microstructure and mechanical properties of coatings are based closely on deposition pa-
rameters (the working gas pressure and bias potential on the substrate). The microstructure and mechani-
cal properties (Ti-Zr-Cr-Nb)N coatings were investigated using a scanning electron microscope (SEM) and
X-ray diffraction (XRD). The coating thickness reached 6.8 um and their maximum of hardness was
H =437 GPa.

Knroyesble crioea: nokpsimus, eakyymMHo-0yaogoe ocaxodeHue, HUMpUd, meepdocmp, U3HOC, MUKPO-

cmpykmypa.

Haunbonee nepcneKTHBHBIM M Pa3BUBAOIIUMCS CHOCOOOM MOBBIMICHHUS PAOOTOCIOCOOHOCTH
pabouux MOBEPXHOCTCH H3ACTMH gBIAeTCS (OPMHUPOBAHHUE HA WHCTPYMCHTANBHBIX H KOH-
CTPYKLIMOHHBIX MaTEPHAIaX N3HOCOCTOUKUX HOHHO-IIJIA3MCHHBIX HMOKPBITHH HA OCHOBE HUTPH-
JIOB U KapOWIOB TYromiaBKux 3aeMeHTOB [ 1]. OAHAKO B MPOLIECCE MCCIICAOBAHUS BhISICHUIOCH,
YTO OHH MMCIOT PsJ HEIOCTATKOB, OTPAHHIMBAIOLINX MEPCICKTHBY HX HCIOIb30BAHUS B MPO-
MbIILICHHOCTH. OHU UMEIOT HU3KYIO TCPMOCTONUKOCTD [2]. Ilpu Harpese nzaenus, K mpuMepy, ¢
Haubonee pacopocrpaneHHbiM nOKpbiTHEM TiN Bbitne 400-500 °C [3-5] Ha HOBEPXHOCTH TIO-
KPBITHS HAYMHACT PACTH XPYIKUH CIONW OKCHAA THUTAHA ¢ HU3KOW aAre3uc, KOTOPBIH OBICTPO
paspyliacT 3aIMUTHVIO CTOHKOCTh TOKPBITHSA, TAKXKE HEAOCTATOYHBIMH 1 COBPEMEHHOTO
VPOBHS Pa3BUTHS TCXHUKH W TEXHOJNOTHH OKA3aJHCh MEXAHHUYCCKHE H TPUOOTCXHHYCCKUE
CBOICTBA 3TUX MOKPBITHH.

B mocnenHee mecatuieTe MUPOKOE MPHUMEHEHHUE TTOIYIHIN MHOTORJICMCHTHBIC TOKPBITHS,
nony4ueHHbIe Tpu oMoty TpeX- (Ti-Nb-N, Ti-Cr-N, Zr-Ti-N [6-7]), uetbipex- (Zr-Ti-Si-N) [8,
9] wnn maTHKOMIOHEHTHBIX cucTeM (Zr-Nb-Ti-Cr-N) [10, 11]. CtpykTypa U CBOICTBa, a TaKKe
BO3MOXKHOCTH TEPMHUCCKOH cTabunuzanun (azoBoro cOCTaBa TAKUX JCTHPOBAHHBIX KOHACHCA-
TOB MOKa HU3y4ueHbl Mano. Kommeke pU3NYecKuX 1 MEXaHHICCKUX CBOMCTB YUCTHIX METAILIOB,
TAKUX KaK [UPKOHUH, HUOOUH, TUTAH, MOJIUOACH, XPOM, TO3BOJIMCT MPEANOI0KUTh LIEICCO00-
Pa3HOCTh HCCICAOBAHUS BAKYYMHO-IIA3MCHHBEIX KOHJICHCATOB HA OCHOBE cuUcTeMbl Ti-Zr-Cr-
Nb. Cpenu cyIecTBYIOIUX TEXHOIOTHH MOIYUCHHUS TAKUX MOKPHITUH HAHOOIEE MEPCHEKTHB-
HBIMH SBISIOTCS YCOBCPIICHCTBOBAHHBIC BAKYYMHBIC HOHHO-IITA3MEHHBIE METOBI. JTH TEXHO-
JIOTUH OKAa3bIBAIOT BIMSIHUEC HA (POPMHPOBAHHE CTPYKTYPHL H (Pa30BOro cocraBa MOKpHITHIH. B
MPOLIECCE OCAKICHHS TAKKE BO3MOXKHO (HOpMHpOBaHHE aMOP(HOH CTPYKTYPHI, YMECHBILICHUC
pasMepa 3epeH, MONYYCHHE HOBBIX XMUMHYCCKUX COCAWHCHHH, YTO MO3BOMACT 3HAYUTCIBHO
VIYYIIUTh UX (U3HKO-MEXaHUICCKUE cBocTBa. [lo3ToMy akTyanpHOW 3aJavci B HACTOAIICE
BpEMS SBISCTCS MPUMCHEHHUE METOIOB HMOHHO-TUIA3MEHHOTO OCAXKACHHS K MOTYUICHHIO MHOTO-
KOMIOHCHTHBIX MOKPbITHH HA 0cHOBE (Ti-Zr-Cr-Nb)N.

Lene manHOU pabOTBHl — WU3YYCHHE OCOOCHHOCTH (OPMHPOBAHMS HOHHO-TIA3MEHHBIX I0-
KPBITHH NpH BAaKYYMHO-AYTOBOM HCIAPCHHH MHOTOKOMIIOHCHTHOH CHCTEMBI HAa OCHOBE
Ti+Zr+Cr+Nb B peakTHBHOH a30THOW arMocdepe U NPOBCACHUE aHaiu3a UX (QU3HKO-
MEXAHUYECKUX CBOUCTB.
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Qobopyoosarnue u memoou! ucciedosanus. B xauecTBe METOAa MONYUYCHHS MOKPHITHH CHUCTE-
MeI (Ti-Zr-Cr-Nb)N npuMeHsIHM METOA BAKYYMHO-AYTOBOrO ocakAcHu. McnapsaeMblii MaTepH-
aj mpeacTaBian codoi mempHomuThM karon Ti+Zr+Cr+Nb cocrasa (at. %): Ti - 12,32; Zr -
27,99; Cr - 37,39; Nb - 22,30. Karoa u3rotoBicH METOAOM BJICKTPOHHO-IYYCBOrO IUIABICHUS.
[MoxpriTus ocaxmanmuce B yeraHoBke «bynar-6» B cpeae MonekynsapHoro azora N, Ha mOIUpo-
BaHHYIO MOBCPXHOCTh MOANOMXKEK M3 cTamu 36 Mapku AS570. PacnbuicHue MOKPBHITHE MPOH3BO-
JUIIOCE TIpU JaBneHnu padouero rasza 0,3-0,7 Ia. [Morenunan cMemenus uamensncs ot -100 go
-200 B. IMoanoxku HarpeBamuck 10 450 °C mepen ocaxacHueM. PacCTOSHUE MEXKAY HOAIONK-
Kamu U kKaroaom coctas/suto 250 M. Tommuna mokpeituit (Ti-Zr-Cr-Nb)N cocrasnser 6,2-6,8
MkM. [Tapamerper ocaxkaenus nokpeitus (Ti-Zr-Cr-Nb)N npuseaess! B Tabn. 1. [IpuHummaans-
Hasl CXEMa MOJACPHU3UPOBAHHOHN BAKYYMHO-IYTOBOH YCTAHOBKH MOKA3aHA Ha puc. 1.

Tabnuua 1
Texnonoeuuecxue napamempuwt ocadicoerus nokpuimuil (Ti-Zr-Cr-Nb)N
Ne OcakICHHBIN Tox ayru JaBneHue azora H;Tgﬂ?;zge
(cepum) MaTepua In, A Py, Ta Um B
1 0,3 -100
§ (Ti-Zr-Cr-Nb)N 110 g; ;gg
4 0,7 -200

PucyHok 1 — Cxema BaKyyMHO-IyTOBO# yCcTaHOBKH «bynmar-6»:
1 - BakyyMHAs KaMepa; 2 - CHCTEMA aBTOMATHYCCKOTO YIIPABJICHIS JABICHHCM a30Ta; 3, 4 - HCHapUTEIN
Ti, Cr, Zr u Nb; 5 - aeprkaTellb TOAIOKKH; 6 - MOATOKKA (cTaas AS570); 7 - HCTOYHHK TOCTOSHHOTO
HATPSDKCHHUSA; 8 - BBICOKOBOJIBTHBIM HMITYJIbCHBIIM TCHEPATOP

TommuHa MOKPHITHH, COCTOSHHE TPAHUI] MEKIAY OCHOBOM (IIOANIOKKOH) M TIOKPBITHEM H
MOp(OIOrus MOBEPXHOCTH H3YYAIHCh C MOMOINBIO PACTPOBOTO 3ICKTPOHHO-CKAHHPYIOMETO
mMukpockona «JSM-6390LVy» (Anonuns) ¢ yckopsromunm HanpsokeHueM 20-30 kB. DneMeHTHBIT
COCTaB MOKPBHITHH aHATM3UPOBAJICA MO CICKTPAM XapaKTCPUCTHYICCKOTO PEHTTCHOBCKOT'O H3MY-
YCHUS ¢ TOMOIIBIO BCTPOCHHOTO B MHKPOCKOI 3HEProIUCIICPCHOHHOTO CIICKTPOMETPA PEHTIe-
HoBckoro nanyueHus cucteMel «INCA Energy OXFORD» (BenukoGpuranus).
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PeHTreHOCTPYKTYPHBIM aHATN3 NPOBOIUICA MYyTEM aHAIN3a AU(PAKTOrpPaMM HCCICAYEMBIX
00pasioB, monyueHHbIX Ha AudpakromeTpe «Shimadzu XRD-7000S» (Anonus). dudpakimnon-
HBIC KQPTHHBI PETUCTPUPOBAIH € HCNoab30BaHUEM Cuk ) qn H3MyUCHHS.

Hna ananuza MOPQOIOrud MOBEPXHOCTH U MIEPOXOBATOCTH, a TAKKE 00BEM VAATCHHOTO Ma-
TepHata MOKPHITHS ONPEACISIIN N0 CCUCHUIO JOPOXKKH H3HOCA HA MOBEPXHOCTH 00pasua ¢ mo-
MOIIBIO ABTOMATH3UPOBAHHOTO OCCKOHTAKTHOrO mpodmiomerpa Moaenu «Micro Measure 3D
Station» (Dpanums).

Hamepenne MHUKPOTBEPIOCTH MPOBOAMIOCH HA aBTOMATH3HPOBAHHOM TBEPAOMEPE MOICIH
«Durascan-20» (IIseimapus) npu Harpyske Ha ugaeHTop 0,05 H, a sanoTBepaocTs u Mogymn
VIPYTOCTH HCCJICAOBAINCH B JUHAMHYCCKOM pexkuMe Ha HaHoTBepaomepe «NANO Hardness
Tester» (petinapus). Otneyarku ObIIH cAenaHbl HA paccTosHun 1,0 MM apyr OT apyra. Axre-
3HOHHO-KOTE3HOHHAS MPOYHOCTh, CTOHKOCTh K LAPANaHUI0 U MEXaHH3M Pa3pyLICHUS TOKPBITHH
HCCICIOBAITICH HA BO3AYXE € MOMOIIBIO cKpeTa-Tectepa «Micro-Scratch Testery (LLsetinapus).
Lapamunel ObImH cAeTaHbl HA TOKPBITHAX MPU HEOPEPBIBHOM YBEIHYCHUN 3HAYCHUH HATPY3KU
chepuueckoro anmazHoro uaaeHTopa Rockwell C ¢ pagunycom kpuBuzubl 100 um u perucrpa-
OUEH TAKUX MAPaMETPOB, KAK aKYCTHUECKAsA IMHCCHS, KO3DGHUINCHT TPEHUI U rI1yOuHa Hpo-
HUKHOBCHHS MHACHTOpa. PukcupoBany crieayiomue OCHOBHBIE KPUTHUCCKHUE HAPY3KH M0 U3-
MEHCHHUIO KPHBBIX 3aBHCUMOCTH K03((PHLIMEHTA TPCHUS U aKYCTUUCCKOW SMHCCHH OT HATPY3KH
ckpaiGupoBanus — L.

TpubomoruuecKHe UCIBITAHUS TPOBOJWINCH HA BO3AYXE MO CXEME «IIAPHK-IHCK» HA Ma-
mmHe Tperns «PC-Operated High Temperature Tribometer» (Lse#uapus). B kauecTse koHTp-
TENa UCMOIbB30BANCS WAPHK JUaMeTpoM 3,0 MM, U3rOTOBJICHHBIH M3 CIICUCHHOTO cepTH(UIU-
poBanHoro mMarepuana - Al,Os. Harpyska cocrasnsna 5,0 H, ckopocts ckompxenus - 2,5 cm/c.

Pesynomamur uccnedosanuii u ux obcyxcoenue. Pe3ynpTaThl HCCICAOBAHUN 3IEMECHTHOTO
coctaBa MoKpeITHH Ha ocHOBE (Ti-Zr-Cr-Nb)N B 3aBHCHMOCTH OT (PH3HKO-TEXHOIOTHUECKHX
MapaMeTPOB OCAKIACHUS NPUBCICHBI B Tabm. 2.

Tadbnuua 2
Pezynomamor anepeooucnepcuontoeo ananuza noxpsimuii Ha ocroge cucmemot (Ti-Zr-Cr-Nb)N
DJIEMEHTHBIH COCTaB MOKPHITHI, aT. %
Homep cepun Ti | Zr | Cr | Nb
DJEMEHTHBIH COCTAaB KaToAa A0 OCAKACHUS
12,32 27,99 37,39 22,30
1 13,47 27,87 14,89 43,77
2 12,07 23,55 14,82 49,56
3 25,73 18,54 36,95 18,78
4 28,15 20,74 31,27 19,84

CornacHo pe3ynbTaTaMd PacTPOBOH 3JCKTPOHHOH MHMKPOCKONHH, BAKYYMHO-IVIOBas KOH-
JCHCAITUS MHOTOKOMITOHCHTHOH CHCTEMBI MMEET psaa ocobeHHocTeH B opMuposannn Mopdo-
qoru moBepxHocTd. Ha puc. 2 mpeacrasicHo POM-u300pakeHHE OAHOTO U3 MOJIYYCHHBIX T0-
kpoiTrii cuctemsl (Ti-Zr-Cr-Nb)N.

OCHOBHBIM OTITUYHECM OCAXKACHHUS BAKYYMHOU AYTOH, B YACTHOCTH B PEKUME JYTH KATOTHO-
O IITHA, SBISACTCS MPOU3BOACTBO PACIUIABICHHEIX Kalleib, KOTOPbIE MOTYT OBITh BKITIOUCHBI B
MOKPHITHE B BUAC Mukpouactul. Kak BugHo us puc. 2,a, nokpeitae (Ti-Zr-Cr-Nb)N cogepxut
BKITIOUCHH KameIbHBIX (PPaKkyi pasmiIHBIX pasMepoB (10 8 MkM B auamverpe). B Hamewm cny-
Yae MHUKPOKAILIH UMCEIOT (POpMY SITHIICOUIA, KOTOPas YKAa3bIBACT, YTO KAILIH JICTAT MTOYTH Ma-
paTIETbHO TIOCKOCTH NOUTOKKH. [1OBBIIIEHNE TEMITEPATYPhI TOTOKA OCAKACHHUA C UCIOIB30-
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BaHueM HampspkeHus cMemeHus (U = -200 B) 3HaunTenbHO CHIKAET KOHLICHTPALMIO (paKiiu
KaresIb Ha MOBEPXHOCTH (pUC. 2,0). YMCHBIICHHOE COACPKAHUE KAIETb MOXKET BOZHUKHYThH B
pe3yapTaTe MPOLIECCOB IIIABJICHHUS Ha MMOBEPXHOCTH ITOKPBITHSL.

& g ET 54 ’ - = § ol

Pucynox 2 - POM-m300paskeHue moBepXHOCTH MOKPBITHH (Ti-Zr-Cr-Nb)N:
a-(PN=0,3TIa, U=-100B); 6 - (PN =0,7 [1a, U=-200 B)

Ha puc. 3 npusencHs! peHTreHOANPPAKIHOHHBIE CIEKTPbI MOKPHITHH. C MOBBIICHAEM 3HA-
YCHUIH TIOTCHITHAIA CMEIICHHUS, TIOAABACMOr0 Ha TIOTOKKY, TIPOUCXOMUT YBEITHUCHUE Pa3MEPOB
kpuctaLiuTos (L) ocHoBHO# da3zsr TiN (tadm. 3).
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Pucynox 3 — Perrrenorpammer mokpsitait (Ti-Zr-Cr-Nb)N,
MOTYYCHHBIX IPH Pa3IHYHBIX 3HAYCHUAX Py u U

[IpoBeneHHBI HA OCHOBAHHUN JAHHBIX TaOll. 3 aHATIN3 YKa3bIBACT HA 3HAUUTCIBHYIO 3aBHCH-
MOCTb COCTaBa MOKPHITHH OT MOTCHIHATIA CMEIICHH, TOJABACMOr0 Ha MOJIOKKY, T. €. 33 CUET
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MOTCHIIMAIA CMCIICHHUS YBEIUYMBACTCS JHEPrUs MAJAOIINX YACTHI], YTO MPUBOIUT K OONce
BBICOKOU PaJUAlIMOHHON COCTABIIOMICH NPy (GOPMUPOBAHHHU CTPYKTYPHI MOKprITHE. Tak, vee-
audacHUC noTeHImana cMemenus 10 -200 B mpuBOAWT K MOBBIIICHUIO COACPKAHUS CHIIBHBIX
HUTpHUA000pasyimux coctasmsomux Ti, Nb, Cr u Zr, a TakKe K HOBBIIICHUIO COACPIKAHUS
A30THBIX ATOMOB.

Tabnuna 3
Paszmep xpucmannumos (L) u nepuoo peuwremxu (a) omoensnoti ¢pazvr TiN
noxpvimuti Ha ocnoge cucmenmvt (Ti-Zr-Cr-Nb)N

TTapaverpsi 1 . Howmep obpasmos . .
L, HM 8,06 8,06 11,16 14,80
a, A 4,2434 4,2391 4,1993 42218

dazosriii aHann3 HUTPHAHBIX NOKPEITUH (Zr-Ti-Cr-Nb) N ykazeieaet Ha Hammane ¢as TiN,
NbTiN,, ZrTiNb, ZrNb, TiCr u o-Ti. Bratouutensno Osina oOHapyskeHa daza NiTigeZrg,. ITO
CBSI3AHO € MOATOXKOW, TaK Kak B coctaB Hee BXoauT Ni. Ckopee BCero, MpH OCAKICHHU IMO-
BEPXHOCTb TOJJIOKKH HArPEBACTCS OO IUIABICHUA Ni, H MPOUCXOAUT COCOMHCHUE C OCAXKIA0-
HUMHCS 37IeMEHTaMH, T.€. T1 u Zr u 00pas3yoT HOBYIO (ha3y.

Pesynprater 06paboTku mpoduiorpaMM CBUACTEIBCTBYIOT, UTO CPECAHEE 3HAUCHUE LICPOXO-
BATOCTH MOIOKKH cocTaBaact R,=0,089 MM, 1 OHA MCHSACTCA MOCIC OCANKIACHHS MOKPBITHUAL.
Ha puc. 4 npusenenst ACM-n3o0paeHus Tonorpadui IOBEPXHOCTH MOKPHITHS 4-X CEpHid CH-
cremsbl (Ti-Zr-Cr-Nb)N.

PucyHok 4 — ACM tpexmepHOE H300pasKeHAE MMOBEPXHOCTH IOKPBITHL:
a - (Ti-Zr-Cr-Nb)N Py=0,3 Pa, U,=-100 V, R,=1,69 mm (Cepus 1); 6 - Px=0,7 Pa, U,=-100 V,
R.=1,83 MM (Cepms 2); B - Pyn=0,3 Pa, U,=-200 V, R,=1, 88 mm (Cepmsa 3) ur - Py=0,7 Pa, U,=-200 V,
R.=1,55 mm (Cepus 4)
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CpaBHEHHE MONYYCHHBIX JaHHBIX MOKA3BIBACT, YTO M3MCHEHHE HICPOXOBATOCTU MOKPBITHS
(Ti-Zr-Cr-Nb)N Hampsamyro 3aBHCHT OT JABJICHHS PEAKIMOHHOTO rasa a3oTa M HOTCHIHAIA
cMmemenus. [pu nasnenun Py=0,7 I1a moBepXHOCTh MOKPHITHS NOTYIACTCS OONEE OJHOPOIHOU,
C SIBHO BBIPOKECHHBIMH KaIl€TbHBIMHU BKIIOUCHHAMH Menkux pasMepos. Ilpu masnermn Py=0,3
[Ta Ha MOBEPXHOCTH TOKPBITHS OOPA3YIOTCS HEMOTHOCTBIO PACIUIABICHHBIC COCAWHEHHS 3IC-
menToB Ti, Zr, Cr, Nb ¢ azorom.

Pe3ympTaTel BCCICIOBAHUA AATC3MOHHO-KOTC3MOHHOW MPOYHOCTH M CTOMKOCTH TOKPBITHI
K LapamnaHdio MpUBCIACHHI Ha puc. 5, 6. [lo usMeHeHuto 3HaucHUd ko3dduuMeHTa TPEHUI U
CUTHANA aKYCTHUCCKOH 3MHUCCHH NMPH YBEIUUCHUH HArPy3KH ckpaiibuposanus (puc. 5) onpexae-
JSUIUCh XAapPAKTEPHBIC 3HAUCHUSI KPUTUUCCKOU HATpy3KH L¢: Le; - MOSABICHUE NEPBOM HMICBPOH-
HOW TPCIIUHBI HA JHC W AUATOHAJBHOW TPCUIHMHBI MO KpasM LapamuHel, Lo, - 00pa3oBaHHS
MHOKECTBA LICBPOHHBIX TPCIIMH HA JHEC HAPAMTUHBI U JIOKATBHOE OTCIAWBAHHC MOKPHITHA, 00-
Pa30BaHME LICBPOHHBIX TPELIUH HA AHE LAPAMNHUHBL; L¢3 - KOTE3HOHHO-QATC3UOHHOE paszpylie-
HUE MOKPHITHS; Loy - TUTACTHYHOE HCTHPAHHE IOKPBITHA. 32 KPUTCPUH aATe3HOHHOHN MPOYHOCTH
ObLIO MPHHATO 3HAUCHHUE KPUTHYCCKOW HArpy3ku Lcy, MPH KOTOPOH MPOUCXOTUT HUCTHPAHHC
TTOKPBITHSL.
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Pucysox 5 — Pe3yIbTaTsl H3MEPSHHA MEXAHUUECKIX XaPAKTCPUCTHK OT MPHIOKCHHON HATPY3KU MPH
ckpaTy-rectupoBanuu NOKpeIThs (Ti-Zr-Cr-Nb)N, Py=0,7 INa u U, =-100 B: 1 — ko3 urment Tperns
(u); 2 — HopmanpHas Harpyska (Fy); 3 — akycruueckas smucens (Ag); 4 — riyouna saeapenus (Pr)

B cooTBeTCTBHM € STUMH KPUTEPHIMH HPOLIECC PA3PYIICHHS MOKPHITHS MPH LAPATIAHUN HH-
JEHTOPOM MOJKHO YCIIOBHO Pa3JelUTh Ha YETHIpE cTaguu. B auamazone Harpysok ot F=0,01 mo
5,50 H nporcxoquT MOHOTOHHOE MMPOHHUKHOBCHUE HHACHTOPA B TIOKPHITHE, NPH 3TOM K03 du-
LUCHT TPCHHS HE3HAYUTEIBHO BO3PACTACT, a4 CHTHAN AKYCTHYECKOH 3MHCCHH COXPaHICTCS
HemsmeHHBIM. [Ipm Harpyske F=6,01 H nHAeHTOp MONHOCTBIO MOTPY)KAETCS B IOKPHITHE, a
CKONBKCHUE aNIMAa3HOT0 HHIACHTOPA MO MOKPHITHIO MPOUCXOTUT € KO3 (PUIIUECHTOM TPCHUS
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0,25. Ilpu yBenmmuennn Harpysku (F =12,01 —30 H) npoucxoaur BeAaBIMBaHHE MaTtepHana
nepes HHACHTOPOM B BHAC OYTrOPKOB U YBEJIWUCHHE [NTyOHHBI MPOHUKHOBCHHS HHACHTOPA.

PucyHok 6 — Mukpogororpaduu 30HeI KOHTAKTA aIMAa3HOTO HHACHTOPA C MOKphITHEM (Ti-Zr-Cr-Nb)N,
nonyucHuoro npu Py=0,7 I1a u Uy,=-100 B: a - 30Ha 1; 6 - 30Ha 2; ¢ - 30Ha 3; 2 - 30Ha 4

CpaBHI/ITe.]'IbeII\/’I AHATIN3 CBUACTC/IBCTBYCT, UTO MOKPBITUA NPU HAPANMAHUN UCTUPANOTCA, HO HC

OTCIAUuBAIOTCH, T. €. Pa3PYLIAIOTCS IO KOTC3UOHHOMY MEXaHHM3MY, CBSI3AHHOMY C ITACTHUCCKOM
nedopmanuer 1 00pa30oBaHHEM YCTATIOCTHBIX TPELIHH B MaTCpHAIIC IOKPbITHS (puUc. 6, 7).

IMopaoxka

BparmeHTsI NOKPLITHH

PucyHok 7 — M300paskeHuE COXpAaHUBIIMXCS ()PATMEHTOB IMTOKPHITHS HA THE IAPATTHHbI
NOCIE BO3ACHCTBHA alIMa3HOIO HHACHTOPA

Kax HU3BCCTHO, HauodoIee YHUBCPCAJIPHBIM HAapaMCTPOM, IMO3BOIAOIMUM AOCTATOYHO 3KC-
MNPCCCHO OLICHUTH MCXaHUYICCKUC CBOMCTBA MOKPBITUA, ABJIACTCA CrO MUKPOTBCPAOCTD. Pesynb-
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TaThl Takux uaMepeHni ans nokpeitiid (Ti-Zr-Cr-Nb)N npuseacHs! B Tabn. 4. Kak BuaHo, Max-
cumapHas Teepaocte HV=43,73 I'Tla xocturacrcs mpu JABICHUW PCAKIIHOHHOTO raza Py=0,7
I'la 1 morenmuana cmemenus U, =-200 B.

Tabnuna 4
Pezynomamor usmepenusa meepoocmu noxpoimuti (Ti-Zr-Cr-Nb)N
Howmep ob6pa3nos (cepun) Teepmocts, HV(; I'Tla
1 30,93
2 34,78
3 38,86
4 43,73

Takum 06pazoM, MOTYUICHHBIC IKCICPUMEHTAIBHBIC H TCOPSTHUCCKHE PE3YIABTATH HCCIEAO-
BaHUM MPCACTABISIOT COOOM HOBBIM IIAT B PEIICHUHN 33Ja4M CO3MAHUS 3AIUTHBIX MMOKPHITHH Ha
OCHOBE MHOTOKOMITOHECHTHBIX cHCTeM (Ti-Zr-Cr-Nb)N, cTpyKkTypHO-(a30BbIC XapaKTePHUCTHKN
KOTOPBIX JAOT BO3MOJKHOCTh MOBBICHTD IKCILTYATALIMOHHBIC KAYCSCTBA PA3HBIX MU3ACTHM, pado-
TAOIUX TPH BBICOKHX TEMIIEpaTypax, Harpy3kax M TeMIIax W3HOca. TBEpAOCTh MOIYICHHBIX
nokpeITUH (Ti-Zr-Cr-Nb)N MeHseTcs B 3aBUCHMOCTH OT YCJIOBHH OCRXKICHHS: JABJICHHUS PEak-
IUOHHOTO ra3za Py u norennnana cmemenus Ucy.

B 3amroueHme MOXKHO CHenaTh CIEAYIONIME BBIBOABI. MeToaoM BakyyMHO-IAYTOBOTO
OCAKACHAA LEMbHOIUTOrO KaToJa B CPEAE PEAKIIMOHHOTO ras3a a30Ta MOIYISHB MHOTOKOMITO-
HeHTHBIE TOKPBITHI cUCTEeMBI (Ti-Zr-Cr-Nb)N. DxcrneprMeHTaTbHBIC U TCOPETHUCCKUE HCCTIC-
JOBAHUS MOKA3BIBAIOT, YTO MOKPHITHS, MOTYICHHBIC MPH BHIOPAHHBIX MApaMETPax OCAKACHHUS,
UMECIOT TOIIUHY HOKphITHs 6,8 MM, Hanbosee Boicokyro mukporsepaocts 43,73 I'Tla u croii-
KOCTh K M3HOCY IOKA3aJH TOKPBITHSA, TIOTYICHHBIE ITPH MaKCUMAJIbHOM JaBJICHHUHU a3zota. [ms
stux nokpeiTHi (Ti-Zr-Cr-Nb)N xapaktepHo obpazoBanue Hutpuaoodpasyromed ¢aser TiN.
TTokpeITH XapakTEpHU3VIOTC XOPOIIEH aAre3MOHHON MPOYHOCTBIO M IMPH HCIBITAHHAX Pa3py-
MIAFOTCS MO KOTE3UOHHOMY MeXaHu3My. [1o pH3uKo-MEeXaHUYEeCKUM XapaKTepHUCTHKAM IOIY-
yeHHbIC TOKPbITHA cUcTeMBI (Ti-Zr-Cr-Nb)N nepcrekTHBHBI AT HCIONTb30BaHHSL.
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Vpanbckuii deacpanpHbiii yHuBepeuter uM. mnepsoro Ilpesmaenta Poccun b.H. Enpumna,
r. Exarepunbypr

H.A. Kynenosa, K.C. Onan6aesa, 3.M. AxmeTBaiueBa

Bocrouno-Kazaxcranckuii rocyaapctBeHHbIl Texaudecknii vausepeuter nM. 1. CepukOacsa,
r. Ycre-Kamenoropek

BJINAHHUE CBUHIA H IIHHKA HA IIOTEPH MEJH CO INIAKOM IIPH IIVTABKE BTOPHYHOI'O
MEJAbCOJAEPKAIIEI'O CbIPHA 1 ITIOUCK ®JIIOCOB OIITUMAJIBHOI'O COCTABA

B cmampe u3noxeHbl cmamucmuyecku obpabomaHHbie pesyibmambl MPOMbIWIeHHbIX 11ag0K 8Mmo-
pu4Ho20 Melb-LUHK-CcauUHelcodep)alieao Chipbs U NPedoXeHbl pekoMeHOauuu Mo CHUXEHUI nomepk
medu co winakom.

Maxanada KypambiHOa MbiC-MblpblUI-KOPFacklHbl 6ap eKiHWIniK Wukisammbl eHepkacinmik 6ankbimy-
ObiH cmamucmukanbiK eHOen2eH Hemuxenepi KenmipineeH XoHe MbiCMmblH KOXOeH XoFanbiMdapbiH
memeHdemy bolibiHWa ycbiHbicmap bepinaeH.

The article contains statistically processed results of industrial smelting of secondary copper-zinc-lead-
containing raw materials. Recommendations for reducing copper losses with slag during the smelting are
given.

Knroyeenie criosa: emopuyHoe chipbe, nnaska, nomepu mMedu, ¢onochkl, Winaku.

B ¢Bs3M ¢ UCTOIICHUEM 3amacoB PYJIHOTO CHIPbS HA TIPCAMPHUATHAX [[BETHOH METATYPTHN
Poccun u Kazaxcrana B IUXTY MIaBKH BCE OOJBINE BOBICKACTCS CIOKHOE 110 COCTABY BTOPHY-
HOE MCIb-IUHK-CBUHEIICOACPKAINEE Chipbe. OCHOBHBIM MCTOUHHKOM CBHMHIIA M IIMHKA B TAKHX
JOMax M OTXOJAAX MOTYT ObITh MOCTYMAONIME HA TUTABKY PA3HOOOPA3HBIC M3ACTUA M3 UHCTON
naryau (60% Cu, 40% Zn), paguaropsl (70% Cu, 15% Zn, 10% Pb), tpvoku (69% Cu, 28%
Zn). Haubomnee THITHYHEBIM BAPUAHTOM SBIICTCA TIepepaboTKka CMEIIAHHOTO JTIOMA, KOT/A IIIMXTA
IUIABKH COCTABISICTCS M3 PA3HOOOPA3HOTO BTOPUYHOTO CHIPbS.
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B kadecTBe MIaBHIBHOIO arperata Al HCCICAOBAHMS TCXHOJIOTMH HEPEPabOTKH BTOPUY-
HBIX MeTaLioB Obi1 n3Opan TPO®-koHBEpTEp, KOTOPHIH KOHCTPYKTHBHO, OIaroapsi Bpaiie-
HUIO Kopmyca (konObl), Mmo3BOseT obecneyuth 3PQEeKTUBHOE MEPEMCUIMBAHUE LIUXTHI MPH
II1aBKE, 2 HAa CTaAUU padh)MHUPOBAHUS OCYILECTBIATH MPOAVBKY PacIliaBa ¢ MOMOLIBIO MOTPYXK-
HoU ¢ypMmel. JlaHHbEIe GaKTOPEI MO3BOJIOT €T0 OTHECTH K KATCTOPHH METALIYPIHUYSCKUX MPO-
LIECCOB M ANNAPaToB € MOBBIIICHHON J0JICH KOHBEKTUBHOTO TEIIIOMACcCOOOMEHA, AT KOTOPBIX B
KaKOH-TO Mepe MOTYT OBITh XapaKTepHbl HanGoyee odupe GU3NKO-XUMHUCCKIE H TEXHOIOTH-
YECKHE 3aKOHOMEPHOCTH.

CucremaTH3auys COCTaBa IMMXTOBBIX MATCPHANIOB MMPOBEACHA OTHOCUTEIBHO JOTH CMCIIAH-
HOTO NoMa (A.C.JI.) KaKk HauOoJyiee CIOKHOI'0 MHOTOKOMITOHEHTHOT'O BHJA CHIpbs. B pesynbrare
MPCABAPUTENBHOIO aHAIN3a MATCPHANBHEIX OalaHCOB IIABOK B MHTEPBaiC aKTHUCCKHX 3HA-
ueHnH A4.¢.71. (25-100%) momydena 3agucumocts (puc. 1) comepxanus Meau B mmxte, ([Cu])m
OT J.C.JI., BOBJICKAEMOTO B ITEPEPabOTKYy.

3aBMCUMOCTb COAEPXAaHUA MEAMN B WHXTE OT

AONKU CMEWaHHOoro noma
70 4 *
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Pucysok 1

W3 mansbix puc. 1. BUAHO, YTO C YBEIHYCHHEM [.C.JI. OOIICEC COACPKAHHEC MCIU B IIHUXTC
[Cu]u CHHKASTCS, YTO COrNIACyeTCs ¢ Oonee HU3KoH KoHueHTpanueh Cu B C.J1. 10 CPABHCHHIO C
JPYTUMH COCTABISIOIIMMH IUXTHL. 71 mocieayiomero aHammsa U3 o0IIero MacCuBa BETHIHH
OCYILIECTBIICHA BHIOOPKA JAHHBIX, OTBCUAIOIINX HAHOOIBIIEMY YHCTY MIaBOK (OOIIHPHOE MOne
TOYEK HA pHC. 1), IIc UBMEHEHHE A.C.JI. HAOMI0IACTCS B CPABHUTEIBHO V3KoH obnactu 60-63%.

IMocrpocna 3aBucuMocts [Culur ot a.¢.1. (puc. 2.) ¥ MOTYUICHO YPABHCHHUC, PCIICHUC KOTO-
POro MpH TPAHUYHBIX VCIOBUAX MOKA3bIBACT, UTO mpu 70% A.C.JI. COOCPKAHUC MCOU B LIHUXTC
U3MCHICTC HE3HAUUTENBHO (~ Ha 1,5%). Ilosromy MoxHO momarats, uto BenmdanHa (Cu) B
IIUTAKE CYIIECTBEHHO HE 3aBHICHT OT [Culm, 0 YeM CBHAETEIBCTBYET NPAKTHUECKH TOPHU30H-
tanpHas mpsimas (puc. 3). JaHHOE OOCTOSTEIRCTBO MO3BOMACT B JAJBHCUIICM HCIIONB30BATh
Beanuuny (Cu) 4711 OOBECKTUBHOM OLECHKU BJIMSHHUS HITAKOOOPA3YIOIINX KOMIIOHEHTOB ((hIiro-
COB) Ha X0 ITABKU BHC 3aBUCUMOCTH OT UCXOAHOTO COACPXKAHUA MCAU B HIUXTC.
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3asucumoctsb [CuJwor gonuc.n. B 3asucumocts (Cu) B wnake ot [Cu] B
MHTEepBane sHayeHun 60- 63 % wuxre
70 y=-0.4841x + 95.146(2) 0 - y=-00007x + 3.4268
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Pucysox 2 PucyHok 3

OueHky BnusHUA CBUHLA B 1muxte [Pb]y, [Zn], W BEIBOX KOMHYECTBEHHOH 3aBUCHMOCTH
(Cu)uy ot Beauuunsbl [Pb]y, [Zn], npoBoaunu HA OCHOBE MAaTCPUAIBHBIX OATAHCOB PA3TUIHBIX
IUIABOK MEPEMEHHOT'0 COCTABA IIMXTOBBIX MaTepHatoB. Pe3ynabpTaThl craTucTHueckol oopabot-
KM JaHHBIX (pHC. 4, 5) MOKA3BIBAIOT, YTO C POCTOM COAEPKAHUS CBHHIA M IIMHKA B INHXTE YBE-
JVYUBACTCS KOHIICHTPALU MEAH B mutake. g yaodcTBa KOMHUCCTBCHHOH MHTCPIPETALINN B
MOJIC PUCYHKOB MOKA3aHBI SMITHPHUYCCKHIE VPABHCHHS, CBA3BIBAIOIINE BEIXOAHYIO (YHKIIUIO CO-
JeprKaHng MeIH B mIake (y) ¢ KOHISHTPAIUEH CBHHIA M IMHKA B MHXTE (X).

3aBucumocTtb (Cu) B wnake ot [Ph] B 3aBucumMocTb (Cu) B wnake ot [Zn] B
lMxTe wmxrTe
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HonomuuTenpHO ObLTa MPOBEACHA OLCHKA BiusHus coacp:kanus (Pb) u (Zn) B mutake Ha
KOHIICHTPALMIO B HEM MCAH MOCNE paciuiaBicHus muxthl. COaepKaHUE MEIH B LIIAKE C PO-
cToM BenuuuHB (Pb)y, (puc. 6) 3akoHOMEpHO BO3pactact. BausHue (Zn) B mmake Ha comep-
JKAHHUEC B HEM MEIU HUMEET O0Jiee CIOKHBIN XapakTtep (Puc. 4) U 3aBUCHT OT KOHLCHTPAILUU
OMHKA B miake. B uaTepBanc kornecHTpammi 23-24% Zn coacpaHue MCIU B IIIAKC HAYUHACT
3aMCTHO YBCIHIUBATHCA (PUC. 7).
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OTMeucHHAsT 3aKOHOMEPHOCTh OOBsICHSCTCS TeM, 4T0 B cucreme Zn0-SiO,-FeO(Fe;04)
MPOUCXOANUT 0Opa3oBaHue HackEeHHbIX 10 ZnO (B dopme ButemMuTa, Zn,Si0,4) pacTBOPOB, U
MPH JATbHEHIIEM VBETHUCHHH KOHLCHTPALUHI [IUHKA B IIJIAKE MOXKET MPOHUCXOJUTh rETepore-
Huzanus pacriasa. O6pa3oBaHUE TBEPABIX KPUCTATUIOB COCIUHCHUH IUHKA MPHBOAUT K PE3KO-
MY TIOBBILICHHIO BA3KOCTH 1IIJIAKA U YBETHUCHHIO JOTH MEXaHHUECKUX TTOTEPh MEIH.

Ha mpornece kpucrammmzammu Zn,SiO4 BIAUSIOT TaKKE KOJIUYSCTBO M COCTAB BBOAUMBIX
¢mrocoB Fe, SiO,, CaO. B obmem cnyuae BIHSHHE IMITAKOOOPA3VIOIIUX KOMIIOHCHTOB Ha
COJep KaHNuE MEAN B IIIJIAKE OMPEICIICTCS BEIUIHHOW MOAYIIS €r0 KUCIOTHOCTH My, pacCHHTHI-
BacMOT0 KaK OTHOLICHUE

M, =% SiO,/ (%FeO+%CaO+%PbO+% ZnO). (1)

Maremarnyeckas o0paboOTKa MPOMBIIIICHHBIX JAHHBEIX MO3BOIHIA MOMYYUTH A 00IacTH
3HaucHnd M,=0,1-0,3 creayromee 3MIUPUYCCKOC YPABHCHHUC MCKIV COACPIKAHUCM MCIH B
LITaKEe U MOAYJIEM KHCIOTHOCTH:

(Cu) i, =06,2exp( -4.0M,). 2)

Kax cnexyer u3 ypaBHeHH (2) MOBBIIICHUE KUCIOTHOCTH MPHUBOANT K YMEHBIICHHIO COJEP-
JKaHUS METU B [IUTAKC.

His BeiGopa (uirocoB 0OOOIICH OMBIT CBHUHILIOBOW ILIABKA C MOJYYCHHEM BBICOKOLIMH-
KOBHUCTHIX LIUJIAKOB, BTOPHUYHOU IIBCTHOW METAJINYPrud MO MepepadoTKU OpPOH30-TATYHHOI'O
CBIPBAL.

Hccnenyembie mITaku XapakTePU3YIOTCS OOMCE BBICOKMM COACpKaHUEM LuHKA - 22,31-
3536% wmm 27,77-44,0% ZnO. Kpome TOro, B HHUX coAcpkuTcd TIHHO3eM (4-11%).
Cymmaphoe coaepxkanue ZnO+ALO; moxer gocturare 26-47%. Bricokoe coaepkanue okcnaa
LUHKA Opegorpeaenser padboTy Ha OCHOBHBIC IITAKH C MOBBIIICHHOW KOHLICHTPALHCH 3aKHCH
JKenesa.

Pesynpratel aHanm3a mnakoB W MpakTHKa paboThl CBHHLOBBIX 3aBOJOB € BBICOKHM COJCP-
skanuem ZnO u Al,O; mOKa3pIBAIOT, YTO B CAy4a¢ MOBBIIICHHS COACPKAHUS OKCHIA IUHKA
palMoHATIBHO YBETHUYHBATh KOHUEeHTpaunioo FeO n nponopumonansHo cHmkate CaO u SiO,.
Heobxoaumbie COOTHOIICHHUS MEXAY HutakooOpasyrommvu kommnorneHtamu Si0,, FeO, Ca0, B
3aBHCHMOCTH OT COACPKAHMS OKCHIA IUHKA, MOYKHO MOAOHPATh MO YPABHCHHIM:

(Fe)=0,09(Zn)+29,4, 3)
(Si0,)=-0,89(Zn)+34,2, 4
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(Ca0)=-0,47(Zn)+18,0. 5)

Jis mpaktrueckoro yaoO0cTBa umonb3oBaHus 3asucumoctu Si0,, Fe, CaO momyucHb B
repecyeTe Ha METAJUTMIECKAN IUHK (Zn).

Peaynprarel pacyeToB 1o ypaBHSCHHUSIM 3-5 MOKA3BIBAIOT, YTO ONTUMAJIBHON KOHIICHTPALIMCH
Si0,, Fe, CaO B obnactu coaepskanus nuHka (22-35%) ssustores: 3-14,6% SiOy; 31,4-32,5%
Fe; 1,6-7,7% CaQ. Beauunna moayas kucmornoctu M, cocrasiser npu 3tom 0,1-0,3. Tocie-
JOBATCIbHOCTh PACUCTOB ONTHUMAIBHOIO COCTABA BBOAUMBIX (DIFOCOB IMPH MEPEpabOTKE MOJIH -
METAUTHYECKOTO BTOPUIHOTO CHIPhSI PEKOMCHIYETCS OCYIICCTBISITh B CACAYFOLIEM MOPSIKE.

Nmest npeasapurenpHyro uHPOPMALMIO O COACPKAHMHM IMHKA B INUXTE, MO pPaHES
MOJIYYCHHOMY YPABHCHUIO

(Zn)=0,34[Zn],+18,51 (6)
OTIPEaCIIICM BO3MOXKHYIO KOHIICHTPAITHIO IMHKA B mUtake (Zn). B ganpHCHIIEM 11 MUHUMH-
3alUK COACPKAHUS MEAM B LUIAKS HCOOXOAUMO paccuutaTs mo ¢opmyaaM 1-3 onTUMaibHOS
cogepxkanue Si0,, Fe, CaO. KomnuectBo BBOZUMBIX (DIIOCOB pPACCUHTHIBACTCS HCXOIS M3
KOHIICHTpALH  (HIOCOO0PA3YIONIUX KOMIIOHCHTOB TPAAULIMOHHBIMU METALIYPTrHICCKUMH
pacuetamu. Ilpu 3T0M HEOOXOAMMO BBIACPKUBATh ONTHUMAIBHOS COOTHOLICHHE MEXAY (k-
camu, coorsercTByiomee M,=0,1-0,3.

B pesybpTare BBIMONMHEHHBIX HCCICIOBAHHIA MOKA3AHO, YTO OCHOBHBIM KOMIIOHCHTOM IIHX-
ThI, BAMSIOIIUM HA COACPKAHME MCAM B HUIAaKe, sBmsercst umHK. [lostomy mpeacraBmsercs
LEIeCOOOPA3HBIM MPOLECC MIABKH BTOPCHIPHS OCYIIECTBIATh ¢ MAKCUMAIBHBIM TICPEBOAOM ZN
B razoByo ¢a3sy, 4eMy CIIOCOOCTBYET CO3JAaHUE BOCCTAHOBUTEIbHBIX YCIOBHEH. C 3TOH LEIBIO B
LIMXTY HEOOXOAMMO BBOAUTH CYXOH MPEBECHBIN yroiib, KOTOpBIA Hapsay ¢ Fe Oyaer cnocob-
CTBOBATh MEPEBOAY I[HHKA B BO3TOHBI IO CXEME!

ZnO(2Zn0-Si0;)+Fe+C= Zn; )1 +FeO+CO.. (7

Hanmuune yriaepoaa HE OpUBOAUT, B OTIIMYHE OT XKEMS3a, K 3AMCTHOMY VBCIMUCHUIO MACChI
[IJIAKA, & CICAOBATCIIBHO, U K AOMOTHUTCIBHBIM MOTCPSIM ¢ HUM MeAu. BO3roHka MUHKA HaYU-
HACT OCYIIECTB/IATHCS MO MEPE HArpeBa MIMXTOBBIX MATCPHAIOB B TBEPAOM BHAC A0 HUX pac-
aBicHUs. MakCUMallbHOS YAAICHUE [IMHKA ITPOUCXOIUT MOCIC 00Pa30BAHMUS KUAKOH BAHHBI,
Ilpu co3manum ycrnoBul, CIOCOOCTBYIOINUX MMPCIBAPUTCIHPHOMY OOCCIIMHKOBAHUID 3a CUET
MEPEBOAA YACTH [IUHKA B BO3TOHBI, MPEACTABIISACTCS BO3MOMKHBIM [TOIYIaTh HU3KOI[HHKOBHCTHIC
LIJTAKH U, COOTBETCTBCHHO, YMCHBIIUTE MOTepU ¢ HUM Meau. [Ipeacrasnsercs nenecoodpasHbiM
MOWCK PA3IUYHBIX BHAOB U ONTUMATBHOTO COCTaBa (DJIOCOB HA CTAAWH IUIABKHU (BO3TOHKH) U
padUHUPOBAHUS, YTO MOXKET SABJISTHCS MMPCIMETOM OTACIbHOTO UCCICAOBAHUS.

IMonyueHHbIe PE3yapTaThl MOTYT MPCIACTABIITE HHTCPEC IS TNEPSPabOTKH BTOPHUUHOTO
MEIHOTO M CBHUHEI[-LIMHKCOACPIKAIICTO CHIPhS B IIABHIBHBIX arperarax ¢ MOBBINICHHON A0eH
KOHBEKTHUBHOTO TCIIOMACCOOOMEHA B KHAKOH BaHHE, HANPUMEP B meuax AyCMENIT, BEPTH-
KaJIbHBIX KOHBEPTEPax U .

Mony4eHo 31.08.2017
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A.3. Ucaryaos

Kaparasguackuii rocy 1apcTBEHHBIM TEXHUUIECKUH VHUBEPCHUTET, T. Kaparanga
A.B. Axmeros, I'.Jl. KycannoBa

XuMHKO-MeTannyprudeckuil HHCTUTYT uM. JK. Abumesa, r. Kaparanaa

A.A. AxnmbekoBa

Kaparasguackuii rocy 1apcTBEHHBIM TEXHUUIECKUH VHUBEPCHUTET, T. Kaparanga

HNCCJIETOBAHUE OBPA3OBAHIA KAPBH/IHBIX BKJIIOYEHUIA B OTJINBKAX
13 BBICOKOMAPT'AHIIEBOH CTAJIM 110I'13J1

B Hacmosuwjee epeMs WIUPOKOe MpUMeHeHUe Hawinu JAumbsie cmaibHble uU30enus U3 6bICOKO-
MmapaaHyesol cmaiu, pabomaroujue 8 ycnosusx abpasueHozo U ydapHo-abpa3usHO20 U3HauIueaHus.
3Omo 0bycnoeneHo yHUKabHbIMU cgOUCMeaMuU 8biCOKOMapaaHLeebiX ayCmeHUmHbix cmaneld muna
11071371, @ uMeHHO 8bICOKUM corpomusnerHuem nogepxHocmet e degpopmuposaHHoM cocmoaHuu abpa-
3UEBHOMY U3HOCY 8 coYemaHUU C 8bICOKOU NMnacmuyHocmblo U npoyHocmelo. [poussederHa mepmuyeckas
obpabomka onbimHbIX 0b6pasloe 1umozo0 Memainna coomsemcemeyowel MapKku, makKkxe nposedeH Mme-
mannoapachudeckull aHanus, komopbill nosgonun 0okazamp yenecoobpasHocms fpouecca mModuguyu-
poeaHus cmanu KOMITIeKCHbIMU criiasamu. BbinoiHeHHble IKCnepuMeHmanbHble U meopemuyeckue Uc-
credosaHuUs 10380NUMU paspabomamb HOBYIO MEXHO02Ulo NOMYyYeHUs AUMbiX cmaibHbix u3denul us
8bICOKOMapaaHUesbix cmaiel ¢ ebiCoKoUl aKCnIyamaylioHHoU cmoliKocmbto abpa3ueHoMY U3HOCY.

Kasipei maHOa abpasuemi xeHe corblnManbl-abpasuemi xardalbiHOa XyMbic icmelimiH Xofapb!
mapeaHeumi 6onammaH KylbinraH OalibiHOamanap keHjHeH KondaHeic manmsbl. byn 110713/1 mapkansi
JKOFapbl MapaaHeumi aycmeHummi 6onammaiH, bipeaell kKacuemmepiHe 6alnaHbicmbl, dandipek alimKaH-
Oa oHbIH dechopmatjus kesiHOe abpasuemi mo3ybiHa 6emmixk KabambiHbiH XoFaprbl Kedepaici MeH xorap-
fbl nacmukanblK XoHe bepikmik KacuemmepiHiH 6ap 6onybl. XKorapbida alimbinraH Mapkansl 6o1amka
colikec, o0aH KylbinraH maxipubeni yneinepee mepmMusanblk eHOey xoHe Memannozapachusansix manday
XKypeizinzeH, 6yn Gonammbl KeweHOI KopbimnameH Moducbukayusanay ypoiciHiH MaHbI30blbifbIH
Osnendedi. >KypaisineeH maxipubenik xeHe meopemukanblk 3epmmeynep 6onammax KylbinifFaH
OalibiHOamanapObiH xymbic OapbicbiHOa abpasuemi mo3yra mypakmbifibifbiHa ue OofFaH Xofapbl
MapaaHeuymi bonamman Kylmanapdb! anyObiH XaHa MexHo102UACkIH a3ipneyae MyMKiHOIK 6epdi.

At present a wideuse was found by the cast steelworks from high-manganese steel, working in the
conditions of abrasive and impact-abrasive wear. This is due to the unique properties of high-manganese
austenitic steels of 110G13L, the high resistance of the surfaces in the deformed state abrasive wear in
combination with high ductility and strength. Heat treatment of pre-production models of the cast metal,
corresponding brand is produced, a metallography analysis that allowed to prove expediency of process of
retrofitting became complex alloys is also conducted .The performed experimental and theoretical studies
allowed to develop a new technology to produce cast steel products from high-manganese steels with a
high operational stability abrasive weatr.

Knioyeeble crioea: ebicokoMapaaHyeeas cmaib, abpa3usHblll U3HOC, mepMmuyeckas obpabomka,
modugpuruposarue, kapbudHble 8KMOYEHUS.

YBenudaeHue cpoka CIyKObl OBICTPON3HAIIUBAIOIUXCSA ACTANCH MAIMH — BAYKHEHIAA TPoO-
OyieMa COBPEMEHHOIO MAIIMHOCTPOSHHUS. OCOOCHHO BAXKHO OOCCICUHTh AOCTATOYHO JTUTETh-
HBIC CPOKM CIYKOBI TaKMX JCTANCH B TOPHOPYIAHOH, METAJITYPTHUCCKOH M APYTHX OTPACIX.
JITHTENBHOCTE DKCIUTyATAIMN ACTANCH MAIMH U APYTUX M3ACTHH, UX HAJACKHOCTh U J0JITOBEY-
HOCTh BO MHOTHX CITy4asX OOCCICUMBACTCS M3HOCOCTOMKOCTBIO MATCPHANOB, U3 KOTOPBIX OHU
H3TOTABJIUBAIOTCA.

OxHuM M3 IMHPOKO KCHONB3YEMBIX M3HOCOCTOHKHMX MATCPHATIOB SABIACTCA BHICOKOMAPTaH -
uesas ayctenuTHas ctaab Mapku 110013J1 (laaduasaa), cnyskaiuas Juist H3rOTOBICHHUS ACTAICH,
H3HOC KOTOPBIX COMPOBOKIAACTCA yaapaMy U OONBIIMMH JABICHUSIMH. B YacTHOCTH 3Ty CTamb
HCTIONMB3YIOT JUTA TIOJYUCHHUS JIUTHIX 3yObCB KOBIICH HKCKABATOPOB, THHUIN KOBINCH, 3BCHBCB TYCE-
HHI] SKCKABATOPOB U T.J. ITO OOYCJIOBJICHO VHHUKANBHBIMH CBOMCTBAMH BBICOKOMAPTAHICBBIX
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crajel, a IMCHHO BBICOKMM COIPOTHBICHUEM MOBEPXHOCTEH B AC(OPMHPOBAHHOM COCTOSHUH
abpa3uBHOMY H3HOCY B COUCTAHHH C BBICOKOH IIACTHYHOCTBIO H MPOYHOCTHIO [ 1, 2].

B zaBucumocty ot ycnosuii pabotsl aeraneii nz cramn 1100'13J] k ee XUMUUECKOMY COCTa-
BY, MCXaHUYCCKUM CBOWCTBAM, a TAKKE K COCO0aM MPOU3BOACTBA MPEABIBIIIOTCS PA3THIHEIC
TpeGoBanus. CylmecTBEHHOE BIUSHHUC HA (PU3HKO-MEXaHHUYECKHUE U OKCILUTYaTAIHOHHBIC CBOH-
CTBA TAKXKE OKA3bIBACT TepMUIccKas odopadoTka. Tepmudeckas 00paboTKa MPOBOAUTCS C LICIBIO
YMCHBLICHHUs! (PACTBOPCHHUS) OOPa30BABIIMXCS KApOWAOB, BEIPABHUBAHUS KOHLICHTPALIMH Map-
rafa M MOIYYCHHS YHUCTO ayCTCHHTHOW CTPYKTYPBI, TaK KaK HW3BECTHO, YTO BBICOKOMAapTraH-
LOBHCTAs CTAlb OTHOCHTCS K CIIaBaM, oOpa3yIoIIUMCs Ha OCHOBE y-xkenesa. Bee Brimenepe-
YHCICHHOS BBI3BIBACT HEOOXOANMOCTh COBECPLICHCTBOBAHUS CYLICCTBYIOIIHX U ITOWCKA HOBBIX
HayIHO-TEXHUIECKUX M TEXHOIOTHIECKUX PEIIEHHH [2].

[MosToMy OAOOP HOBBIX TCXHOJIOTHIA BBITLIABKU, HE TPECOYIOIIMX CIOMKHBIX TEXHOTOTHICCKUX
PCIICHUH U CIICHUATBHOTO 00OPYJOBAHUS MPU H3TOTOBJIICHHH H TEPMUUCCKOM YIIPOIHCHUH, HA
CCTOAHAIIHUK ACHD MPCACTABILICT OJHY M3 aKTYATbHBIX 3224 COBPEMCHHOI'O MATCPHAIOBEIC-
HUSL, Y4TO B CBOIO OUCPEIb BJCUCT 32 COOOUM HEOOXOAUMOCTh MPOBEACHHUS TOMCKOBBIX PadoT B 00-
JaCTH ONTHUMFBALMH HX JICTUPYIOLIECTO KOMILICKCA U PEKHMOB TCPMHUCCKOH 00paboTKH, MO3BO-
JSFOLIMX MOTYYUTh MAKCHMATBHOE COYCTAHUE MEXAaHUUCCKUX U 3KCIITYaTAHOHHBIX CBOUCTB [3].

B nabopaTopHBIX YCIOBUSX OBLTH HCCICIOBAHBI ONTHMATIBHEIC TEXHOIOTHYCCKUE HapaMeTPhI
TepMOOOPabOTKU JAHHON CTANH, JCTHPOBAHHOW PA3MUIHBIMH HOBBIMH JTHTaTypaMH, COACPIKa-
umMu Kanaeimi (heppocumukoaaromunnii ¢ kamsiuem - ®ACK), 6op. Ipousseaena Tepmoodpa-
0OTKa OMBITHBIX OOPA3IOB JUTOrO MeTamia, coorsercryromiero mapke 1100'13J1 TepmooGpa-
GOTKY ONBITHBIX cTajeH npoBoaumH B dnekrpuueckoii meun CHOJI -1,6. 2,5.1/11-M13 [4, 5].

O6pasupt craneii 110I'13J1 Oblm HarpeTsl B 3nekTprUIeckol neun ao Temmneparypsl 1050 °C
¢ BeLACP kKO B TeucHne 20 MuHyT. CKOPOCTh OXNTAXKACHUS 3TOH CTaTd BhIOpaHAa HA OCHOBAHHU
MHOTOUHCIICHHBIX HCCICAOBAHUH, KACAOIUXCI U30TCPMUUCCKOIO pacnaia MapraHnoBHCTOrO
AyCTCHHUTA U YCTOWYHMBOCTH (pa3 mpu pasnuyHBIX TeMrepaTypax. BeiOpaHHbIH pe:kuM TepMutC-
CKOM 00pabOTKH OMBITHBIX CTAJICH NpUBEACH B Ta0M. 1.

XUMHAYCCKHIA COCTAB 00PA3LOB CTAIH MPEACTABICH B Ta0I. 2.

Tabnuua 1
Peorcum mepmoobpabomxu onvimublx cmanetl
Mapxka cramm PexnM TepmoodpaboTin
110T°13J1 6¢3 Mmomu(prkaropa
110T'13J1 ¢ PACK 3akanxka ¢ 1050 °C B Boze.
110T°13JI ¢ peppodopom
Tabnuua 2
Xumuveckuii cocmae cpasHumensHo2o u onvimuwix oopasyoe cmanu 1101°13J1
ComepxaHue 3ICMCHTOB, %
Crams 110131 C Mn [ Si S P Al Ca | B
Bes mommduraropa 1,12 14,92 | 0,81 | 0,009 | 0,016 | 0,088 - -
DOACK 1,03 14,76 | 0,97 | 0,007 | 0,014 | 0,045 | 0,007 -
Deppobdop 1,21 12,54 | 1,00 | 0,014 | 0,099 - - 10,009

Jis ompeaeneHusT MUKPOCTPYKTYPBI META/IA A0 U MOCIC TCPMUYCCKONH 00padoTKu Oblin
MOATOTOBICHB MO | mpoOe M3 Kakaoro odpasua CTaad Mo CTAHAAPTHOW METOAMKE MPHUTO-
TOBJICHUS IlU'II/I(bOB ¢ IPUMCHCHUCM aBTOMATUYCCKOI'O IlIHI/I(I)OBaHbHO-HOHI/IpOBaHLHOFO CTaHKa
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«EcoMet 250/300». Tpasaeuue ocymecTBmsiin B 4%-M pacTBOPE a30THON KUCIOTH B STHIOBOM
cnupte. Meramnorpadudaeckiue HCCICIOBAHUS MPOBOIMIUCH Ha Mukpockorne «Olympus BX
TRF 51» merogamu cBeToBOH MHUKpOCKOTIHH NpH yBemuueHuH X500.

B pesynprare ucciae1oBaHuS MUKPOCTPYKTYPBI 00pasuos autoi craau 110I'13J1 Ge3 momu-
¢dHuKaTopa u ¢ IPUMEHCHHEM MOAN(PHKATOPOB 10 TEPMUICCKOH 00pabOTKH YCTAHOBIICHO:

- MHKPOCTPYKTYpa CPaBHUTEIBHOrO oOpasua cranu 6e3 Mogudukaropa COCTOHT U3 aycre-
HUTA U KapOWJOB, BBIACIUBIINXCA BHYTPH U IO IPAaHULIAM 3€PCH;

- MHKPOCTPYKTypa obpasua cranu, Moguduuuposanaoro ®ACK, cocrout uz Menkux BelAC-
JcHUN KapOHI0B, PACIIOIOKCHHBIX B TEJIC 3CpHA U IO IPAHHUIIAM 3CPCH ayCTCHUTA,

- MHKPOCTPYKTypa o0pasua craid, MoAu(UIHPOBAHHOTO GeppobopoM, COCTOUT U3 AyCTe-
HHUTA U I/I36LITO‘1HOI‘O BBIACIICHHUA BKJTFOUCHHUI HCONIPCACIICHHOTO COCTaBa I10 IrpaHruLiaM 3CPCH.

Pesynbrater mposeaeHus TepMIdeckoii 06padoTku (3akanku) 6e3 MOIU(UKATOPA U C IPHME-
HCHHEM MOJIH(HUKATOPOB BRICOKOMAPTAHIICBOH CTAIH MOCIC TSPMHUCCKOH 0OPaOOTKH MOKa3bI-
BaKOT:

- MHKPOCTPYKTYpa CPaBHUTEIBHOTO oOpasua cranu 6e3 Mogudukaropa COCTOHT U3 aycre-
HUTA U KapOUTHBIX BKIFOUCHUH, 00Pa3yIOIUXCs B TE/IC 3¢PHA U O MpaHUaM 3epeH (puc. 1);

- MHKpOCTpYKTypa obpasua cranu, moaudurmposanHoro ®ACK, cocrour u3 sepen aycre-
HUTA U CAMHUYHBIX MCJKUX BBIACICHUN KapOUI0B, PACIOIOKEHHBIX B TE/IC 3¢pHa (puc. 2);

- MHKPOCTPYKTypa obOpasua craju, MOoau(puuupoBaHHOTO (GeppodopoM, COCTOUT U3 3CPCH
AyCTCHUTA, a TAKKE KAPOHJAHBIX BKIFOUCHHH, O0PA3YIOLIMX TOHKYIO, MECTAMHU IPyOyIO OTOPOU-
Ky O rpaHuiiam 3e¢peH (puc. 3).

B e :
Pucynok 1 — Muxkpocrpykrypa cramu 110I'13J16e3  Pucynok 2 — Mukpoctpykrypa cram 110IM13J1
Mou(ukaTopos mocne repmoodpadoTkm, X500 ¢ ®ACK mnocne TepmoodpadoTku, x500

Pucynox 3 — Mukpoctpykrypa cramu 110I'13J1 ¢ peppodopom
mocie TepmoodpadoTkm, x500
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Takum o0pa3oM, B 1a0OPATOPHBIX YCIOBHAX ONPEACICHBI ONMTHMAIBHBIE TEXHOIOTHICCKUC
napaMeTpsl  TePMOOOPAOOTKH BBICOKOMAPTaHIICBOM CTATH, MOAU(DHIIMPOBAHHOW KOMIUICKC-
HBIMH CIIJIABAMH, B COCTAaB KOTOPHIX BXOJAT KaJIbLHHI, OOp.

Ha ocHoBe npoBeACHHBIX HCCIEIOBAHUN MOYKHO CAENATh CICIYIOLINE BEIBOABI:

1. Ilpu mpoBeneann TepMo0OPabOTKH BEICOKOMAPTAHLICBOH cTanmu 0e3 MOTUPUKATOPOB 00-
pasyercs ayCTCHHTHAsA CTPYKTYpa ¢ HM30BITOMHBIM KOJIHYECTBOM KapOWAOB, PACHONOKCHHBIX
MPEUMYILECTBCHHO MO MPaHULAM 3¢PCH METAIIA, YTO OTPHLATCIBHO BIMACT HA MCXAHHICCKUE
1 3KCITYATALIMOHHBIC CBOMCTBA.

2. Ilpu mpoeeacHUH TEepMOOOPAOOTKH BBHICOKOMAPTAHICBOH MPUMCHCHUEM MOIJU(UIIH-
pyromux sneMeHToB, B uactHoctd PACK, obpasyercs 3epHHCTAas aycTCHHUTHAs CTPYKTypa ¢
CAVHUYHBIMHA MEITKUMH BBIACTICHHBIMU KapOWJaMH, PaclojoKCHHBIMH B TEIE 3€PHA, TEM Ca-
MBIM YIVYIIAS €€ MEXaHUUCCKHE U SKCILTYATALHOHHBIC CBOWCTBA.

3. O6paboTka MeTaIa KOMIUICKCHBIMH CINIABAMH THIA (DEPPOCHIHKOATIOMUHUS C KATbIH-
em (®ACK) mozBomster nocturate Gonee BHICOKOW CTCICHH pa(UHHPOBAHMS OT OKCHIHBIX HE-
METAJUTMYCCKUX BKIIOYCHHH, 00Jee PABHOMEPHOT'O PACHPEACICHHUS B CIUTKE OCTABLIMXCS WIIH
BHOBb 00Pa30BaBIINXCS BBIICTICHUH.
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90X 66.017

H. Kanraii, A.M. KuakamunoBa, /. bai:xkan, 5.M. MypartGekxoB
C.AmamxonoB aTeiHAars! LbIFeic Ka3akcTaH MeMITEKETTIK YHUBEPCUTETi, OCKEMEH K.

36HXTIO KOPBITIIA BETIH I'A3BEH
ATKBLIAII MEXAHHKAJIBIK KACHETKE OCEPIH 3EPTTEY

HccnedosaHo enusHUe pas3nuyHbix UOHO8 Ha ceolicmea crnaga rnocne rnogepxHocmHol 6ombapdu-
po8KuU pasnuyHbiM epeMeHem obpabomku 2a3oM & sakyyme. [locne obpabomku 2azom Mukpomeepdocmpb
U KoaghebulueHm U3HOCOCMOUKOCMU 3aMemHO M08bICUMCH, @ CKOPOCMb KOpPO3UU YMEHbWUCH, mo
ecmb KOpPO3UOHHas cmolKkocmb eospocia.

KopbimnaHbl 2as3dapmeH sakyymOa spmypni yaxkbimmneH amkbinan eHOe2eHHeH KeliHal uoHOapdbiH
6emmik Kacuemxe acepi sepmmendi. a3beH eHOeydiH oacepiHde MUKpoKammblbifbl, Mo3yra mesimoinik
KoaghpuLyueHmi apmblil XoHe Kopposusra yuiblpay XblndamoObifbl a3aliObi, SFHU KOppo3usra mypakmbl-
Nbifbl XoFapblnadsl.

The influence of various ions on the properties of the alloy after surface bombardment by different time
of processing gas in a vacuum. After the processing gas, the microhardness and the coefficient of wear re-
sistance is significantly increased, and the corrosion rate decreased, that is, the corrosion resistance in-
creased.
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Marepuanranyaa Miekapa aybICHIMApBl apKbUIBIL MaTepHanJapAblH KacueTTepiH OeTTik
OHJEY/IiH KeleMIi oicTepiMeH, OeTTIK eHJeyre AelfiHTi Ke3eHJAEpiHIH AaMyBIHJa ©TKEH
KYPKBUIABIKTEIH, 60-1IB1 KBUIHAPBIH aTalm Kepceryre Oonagwl [1]. Marepuangapasl enaey
calachlHa JkaHa OaFbIT — OeTTiK WHXKeHepHs Haiina 6omael [2]. MaTepuanmapabie OeTTiK XKoHe
OeTapaiblK KabaTTaphlH >KaKcapTyablH OipAeH-0ip oiici TeMeH KpICHIM/a Ia3Maia AOFaJIbl
Pas3psa apKbUIBI TOMEH TeMIlepaTypalibl a30TTay OOJIbI caHanaasl [3].

Kazipri Tamma ToT OacmalTeIH GomaTTapAsl a3oTTay - oMmbebam ¢u3MKa-MeXaHUKAIBIK
KAacHeTTepAi: KOPPO3UsAFa TYPaKTBUIBIKTBI, MUITIIUTIKTI, COKKBl TYTKBIPIBIKTHI KOFApPBLUIATY
YIIiH MaHBI3IEI OaFBITTAPABIH Oipi. A30T a3jaraH MeJmep/e OoNaTThIH KYPaMbIHa OOJaTHIHEL
Oenriyi, OHBIH Kypamaa OOJybl OaNKEITY 9jiciHe JXoHe XUMUSIIBIK KYPaMBbIHA OalfIaHBICTEHI.
CoHABIKTaH a30TTHI AyCTEHUTTI KJIACTH OOJIaTKA eHaipy Ke3iHae GipkaTap KYpBUTBIM-(ha3aibiK
e3repicTep, HUTPUATI JETIPIEYI 3MeMeHTTePAIH TY3UIyi (XpoM, TUTAH JKoHe TaFbl Ja 6acka),
KepceTireH 3JIeMEeHTTEPMEH a30TTHIH JKOFaphl acepiecyi HaTwxkecinAe maiina Gomaasl. JKana
thazamapapH, TY3inyl MaTepuangap[blH KACHETTEpiHE Scep eTill, XpoM HUTPUAIHIH TY3iIyi
KATTBUILIKTHIH XKOFaphlIayblHa JKOHE TO3YyFa Te3iMIi OonmybiHa akeneni [4, 5].

Kymeicta 36HXTHO kopuITnachiHBEIH OeTiH BaKyyMaa Tra3fgapAblH HOHJApBIMEH aTKBUIAY
apKBUIEI OETTIK KACHETIH JKOFaphUIaATy MaKcaThl KOUBIIIHL.

3eprrey MaTepualibl peTiHAe aucnepcHoHAB-KaTaaThiH 36HXTHO KopbITHacel anbIHIBL.
(Herisi Fe - 43,61-48%, Ni - 35-37%, Cr - 11-13,5%, Ti - 2,7-3,2%, Al - 0,9—1,2%). Cepmimai
ce3iMTall 31eMeHTTep (MeMOpanamnap, cunbgoHIap, TpyOKamapel, OypanraH XoHe Teric cepi-
nenep, arpecCHBTI OpTaja oHe KeH TeMIepaTypasblK IUama3oHja >KYMBIC iCTeWTiH acmam-
TapApl, aBTOMaTHKa OeNiKTepiH/e) INTaMIIBIIAY JKaHe T.0. ®epliepae KoIJaHbUIaas! [6].

BVII-5 amb6eban To3zangay Kypaisl, X Pert Pro-ma penrtren-dasansik tangay, [IMT-3 kypa-
JIBI apKBUTEI MUKPOKATTEUILIKTE aHbIKTay, HEODOT-21 onTHKaIBIK MUKPOCKONBIHAA KYPBUIBI-
MBIH aHBIKTay, TPUOOMETPHiH KOMEriMeH TO3yFa TYPaKTBUIBIFBIH OHE NOTEHIHOCTATTHIH
KeMeriMeH TOT 06acyFa TYpaKTBUIBIFEIH aHBIKTAY 9icTepl KOMAAHBUIIBL.

H,MIIa 4826
5000 -

4500 - 4184

3751
4000 -

3500 -

3000 -

2500 -

2000 T T T : T I
1 2 3 4 5

N
l-cyper - 36HXTIO KOpHITIIACEHBIH MEUKPOKATTHIIBIFEIHEIH OpTania MaHi: 1 — 6acTalks! Ky#i;
2 — 36HXTO+aproamen exney (30 mun); 3 — 36HXTHO+apronven emzey (1 carat);
4 — 36HXTHO+azotray (30 Mun); 5 — 36HXTHO+ azorTay (1 carar)
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[7] KymBicTa KaTTBUIBIKTEI JKOFapbUIaTyFa OyIJIEKC 9AiciMeH a3oTTay *oHe yiari Oetin TiN
KanTay ojicTepi KOJNAAHBUIBIN, MeTAaNAbIH, OeTki OemiriHiH, OacTamKeIMEeH CaJIBICTHIPFAH[A,
a30TTHIH MOHAAPBLIMEH ocep eTyAeH KeiiH KaTThUIBIFBI alTapibIKTail Korapbliaabl. ©OHAey
BVII-5 ambeban To3aHaay KypaiablHBIH KOMeriMeH jKy3ere achpeUIAbl. JKOFapeIIarel cyperTe
36HXTHO KOpHITHAHBIH OAacTalKbl JXOHE AaproHMEH, a30TIEH SPTYPJl YaKbBITTa eHAeyIeH
KeHiHTi MHKpPOKATTHEUILIFBIHEIH, e3repici Oeitnenenren. bactamkel KyitiHme MHKPOKATTBUIBIFBI
3751 Mlla-ap1 kepeeTTi, aproamed 30 MUHYT JkoHe | caFaT KOpHITHAHBIH OeTiH eHAeyJeH KeliH
MUKPOKATTBUILIKTA Kol e3repic OoJIMaraHbl OaifKanael, MYHBIH ceOebi apron Oeirapam ras
OonFaHABIKTaH, KOPBITIA KYpbUIBIMBIHA acep ernedi. AsormeH 30 MHHYT >koHe | caraT
eHJey/leH KelfliH MUKpPOKATTHUILIFEI Jkeke-keke 4184 MIla xone 4826 Mlla-mer kepcerri,
GactankeiMeH canpicTeipragaa 1075 MIla-ra aprtel. 36HXTHO kopbeITnaHel a30TTay yaKbITHL
apTKaH caifbiH OeTKi KypBUIBIMBIHA 9cepi apThIl, MUKPOKATTHUILIFEI Aa KOFapbUIaabl, cebebi
YIIriHiH OeTiHe a30TTHIH aTOMIAPHI €Hill, MUKPOKATTHUIBIFEI APTTHL

Counts
o 3BHXTHO ishod. FeNi (220
200
100 - FeNi (111) FeNi (200) L FeNi (311)
" A A J A
el 36HXTHO +argon 30 MuH. FeNi (220
200
100 1 FeNi (111) FeNi (200) J L FeNi (311)
. ok A
J36HXTHO +azot 1 sagat FeNi (230)1
200 H
J
100 FeNi (111) Fe'i\'i (200) ‘ I FeNi (311)
{ ‘
oA twmmmx.,__,;,,,,w'M,,"!‘______,_____,__.,/ L R e P e

T T T T T T T T T
30 40 50 B0 70 80 90 100 110
Position [“2Theta] (Copper (Cu))

2-cyper — 36HXTHO KophITIIacHIHEIH peHTTeH-(hazalblK aHam3l: 1 - GacTanks! Ky#i;
2 — 36HXTHO+aproamen exzey (30 mun); 3 — 36HXTHO+ azotray (1 carar)

Korapriga 2-cyperre G6actanksl Kyiinge FeNi Herizingeri KaObIprachl LEHTPIICHT€H KyOTHIK
TOpAaH TYpPaTHIHALIFEI, APrOHHBIH HOHAAPBIMEH aTKbUlayAaH KeifiH ¢asaibslk esrepic Oaid-
KAIMagbl, JKOFapelJaFbl 1-cypeTTeri MHUKpPOKATTBUIBIKTBIH e3repic rpadurineH pme Oaiikayra
6onanapl. KopeiTnanbeiy 6acTankel KyHi aproHMeH aTKbUIAyAaH KeHiHT1 MUKTepre yKcac CHAKTEHI
OoNFaHBIMEH, XKA3BIKTHIKAPANLIK apa KallBIKTHIFE d-HBEIH MoHiHe Kapacak, FeNi Herisiameri
KaOBIpFackl LEHTPJICHTeH KyOTHIK TopAaH HeMece Fe;N  TeKcOroHaslbABl  TOPABIH
Ka3BIKTHIKAPANIBIK apa KALIBIKTHIK MOHIHE /e KYBIK €KeH[Ir aHbIKTalab, Fe;N ¢azacer 6omyst
HeMece a30TTHIH HOHAApH! OeTKi KabaTKa €HIll THIFBI3JAJIBII, TONTAIBIN, MUKPOKATTHUIBIKTHIH
apTyBIHA SKeJIAl el GOInKaH/IbL.

S-¢pazaHblH KanbIITACYBl HATHKECIHAE AyCTEHUTTIK O0MaT OETiHIH KOPPO3UAFa TO3IMIUTIT-
HiH apTysl aHbIKTaJIFaH [8-11]. AnbIHFaH HOTIOKeIepal OekiTy xkyleni KypbUIBIMIBIK 3epTTey-
nepai Tanan erneiiai. 36HXTHO kopeITnaHBIH MHKPOKATTHUIBIFBIHBIH apTybIHA Kapan (1-cyper)
TO3yFa XKOHE KOPPO3WsFa TO3IMIUIITIH 3epTTey Ke3meldi, TO3yFa Te3IMIIIIriH TpUuOOMeTpAiH,
KOPPO3UsAFa TO3IMIUIIH MOTEHIMOCTATTHIH, KOMETIMEH 3epTTediK. 3epTTey HaTmwxenepi (3, 4,
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S-cyperTepae) OelHeneHai. 3-cypeTTeH YATiHIH OacTamKel KYHi MeH eHAeyleH KeifiHri Oerki
KabGaTteiHa d=3 MM mapukmeH =250 alfHambIM jkacam ocep eTinmi. KopelTnaHblH OeTiH/eTi
TYCKeH i3iH JAHAMETPIH ecKepe OTHIPHIN, TO3yFa TO3IMJINIT aHBIKTANALL. bactankel kyHiHzae
To3yFa Te3iMmilik kodddummenti 0,0229079-10'°, 30 MUHYT aproHMeH eHAeyAeH KeifiH
0,404413-10" sxeme asormen 1 carar eHmeyleH keifin 6,6828710'> kepcerri. Tosyra
Te3iIMAINIK ko3 dUIIHeHTI GacTanKEl KYWMeH calTbICTHIPFaH/Ia aproHMeH JKapThl caFaT aTKbUIAy -
JaH keitin 17,7 ecere, azorneH | carat aTKpUIayAaH Keifin 291,7 ecere aprThI.
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3-cyper — 36HXTHO KophITIIACKIH TO3IMIIUTIKKE CHIHAY: a — OacTalKbl Kyii;
6 — 36HXTIO+aproamen enney (30 mun.); B — 36HXTHO+ azotray (1 carar)



TEXHUYECKHWE HAYKWU Y TEXHOJIOTMU 114 ISSN 1561-4212. «BECTHUK BKI'TY» Ne 3, 2017.

Koppo3suaza mypakmolivikka colnay Homuicenepi

Yrini eHACY S, MM Ecors 1g(1) icoms A Jcor Alerim, T *10°] [ cm Reorr
MB CM/3KBIT
Bacranks! kyiti 56,25 | -700,37 | -2,06 | 8,7-10° | 0,0177 3,32 0,75 0,029

36HXTHO+apron 52,5 -660,6 -5,06 | 8,7-10° [ 1,66:107 | 0,00163 | 0,00039 | 0,00039
(30 muHYT)
36HXTHO+ azor 49 696,23 | -5,06 | 8,7-10° | 1,77-107| 0,00033 | 0,000085|0,000085
(1 carat)

. 2
Reorr = KOPPO3UST KBUIAMABIFBI, CM/KBIL; jeor= TOK THIFBI3ABIFEI, A/cM™; E o, = KOppo3us
MOTEHIHANEI, B; j.,=TOK KYIIIi, A; m= KOPPO3USIIEIK Macca, I'; Mr=MeTalIbIH MOJIEKYIIAPITBIK
CalIMarbl, I/MOJB; L= KOPPO3USUTBIK MaTepHall KaTbIHIBIFEI

HOF&pHd}M Tl o, Pt DS e S0.08 ot

TToTenmuan
¥

-2;2

4-cyper — bactanks! kyiaeri 36HXTHO KophITIIaHBIH KOPPO3WsIFa TO3IMUTITIHIH I'paduri

Kopposusira texcepmec Oypein 36HXTHO Gactankel, aproumeH (30 MUHYT) JKoHe a30THEH
(1 carar) enJenreH KOPHITIAHBIH OHIEIMETeH €KiHII OeTiHe EeKTP CHIMABI MaiiKilen anibkK,
KeJeci OeTiHiH Oenrimi 6ip OeIIriH KaJIAbIPhIN, KaIFaH OeMiriH JaKTaabIK, | TOYIiK JIAKTHI Kell-
Tipin, apHaiibl crakanFa NaCl 33 1/n xuMuAnBIK epriHgicine Oateipein, Tok Oepingi. [loren-
OUOCTATTHIH KOMeTiMeH MOTEeHIMAl MEeH TOK Jiorapu(MiHiH KUCHIFH albIHEI, (4,a-cypeT) Excel
nporpaMMachblHa KBULABIK KOPPO3USAFAa YIUBIpay >KbUIOAMABIFEL aHBIKTAIABL (4,0-cyper).
KopertTnaneiy, 6actanksl Kyiti 0,75 ¢M/5KBIT KOPCETTI.
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5-cyperte 36HXTHO+aproumen (30 MuHyT) eHzenreH OefIiriHiH MOTEHIMAN MEH TOK JIOTa-
pudMine OGalimaHBICTHI TYPFBRISBUIFAH Tpaduri MeH ecelTey HOTW)KECIHE Kapar, KOPBITHAHBIH
Koppo3usra yusipay KeuigaMasirs! 0,00039 cM/KBUT—IBI KOPCETTI.

6-cyperre 36HXTHO+azornen (1 carar) eHpenreH OelliriHiH MOTEHIMAaJ MeH TOK JIOTa-
pudMine OalaHBICTHI TYPFEI3BUIFAH KUCHIFBIHA JKoHe (0,0-CypeT), ecenTey HOTHKECiHe Kapamn
KOPBITIIAHBIH, KOppo3usira ymblpay >KeupgaMasirsl  0,000085 cm/keim  Ooiabl. AJBIHFAaH
HOTHKeNepdi OacTanKbl YATIHIH HOTHKECIMEH CANBICTHIPFAHJA KOPPO3MsFa YIIBIpayhl
aproumeH 30 MUHYT eHjaenreH ynrigeH 1923 ecere, azotnen 1 carat enjemreni 8823 ecere a3
YIIBIpaFaHbl aHBIKTAABL. Byn (3-cypeTTe) TO3yFa TO3IMIUIIKTI Tekcepy Ke3iHae Ae aHBIKTaJIbII
JoneAeHal.
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5-cyper — 30 MUHYT aproHMeH OHJIEIreH 6-cyper — | carar azorneH exjenreH 36HXTIO
36HXTTO koprITHaHEH KOPPO3UAFa TOIMIUITIHIE — KOPHITIAHBIH KOPPO3WAFa TO3IMILTITIHIH rpaduri

rpaduri

Kopvimvinowr. KopelTnanelg, 6acTanksl KyWiHAe MUKPOKATTRUILIFEL 3751 MIla-161 kepeeTTi,
aproumet 30 MUHYT >k@He | caFaT KOpBITIIaHBIH OeTiH oHAeyIeH KeliH MUKPOKATTHUILIKTA KOl
e3repic OGomMaraH cebeli, apron GelTapam ra3 OONFAaHABIKTAH, KOPHITIA KYPBUIBIMEIHA Scep
etnemi. Azotnern 30 MUHYT XoHe | caraT eHJeyAeH KeifiH MHKPOKATTBUIBIFBI JKeKe-Keke
4184MIla xone 4826MIla-ap1 kepceTTi, bacTankbMeH cansicTeipranga 1075MIla-Fa apTThL

Bacranks! KyitiHge TosyFa Te3iMaimik kodddumuenti 0,0229079 10", 30 MuHYT apronMen
eHgeyaeH keifin 0,404413 ‘10" skome azortmen | carar eH/Iey/IeH Keifin 6,68287 10" KOPCeTTi.
BPactankel kyHiMeH canbICTBIPFaHAa aproHMeEH KapThl caraT aTKbUlayAaH Keiin 17,7 ecere,
asoTmeH | carar aTkbUiaygaH Kedid 291,7 ecere aprThl.

Kopoertnanel aproumer (30 MHHYT) eHAeyAeH KeHiH KOPpO3WsAFa YIIbIpay >XBUIJAMIBIFEL
0,00039 cM/>KBLT €KeH1 aHBIKTAJIIEL.
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36HXTHO azornen (1 carar) eHueyaeH KeliH KOPHITHAHBIH KOPPO3USAFA YIIBIPAY KBUIJAM-
aerel 0,000085 cMAKBIT eKeHI aHBIKTANABL bacTamKpIMeH CaJBICTHIPFAHAA KOPBITIIAHBIH
KOPpo3UsAFa yusIpaysl aproaMer 30 MUHYT eHzaenred yAriHiki 1923 ecere a3, asotnen | carar
oHe/IreH] 8823 ecere a3 ekeHOIrl aHBIKTAJIIbL.
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COMPLEX APPROACH TO CONDITION ASSESSMENT FOR BOILER

Gonbuiyo npobnemy anekmpocmaHyull cocmaesnsiom HesarniaHuposaHHble 0CmaHoeKu Komiios, 0o-
poeocmoswull ux pemoHm. Pa3spbie mpyb rnpueodum K agapuliHOMy OMKIOYEHUI0 Komiios, mero-
anekmpocmanyull. B daHHOU cmampe onuchbieaemcs cosmecmHas MexOyHapoOHas paboma creyua-
nucmoe o paspabomxe 6bicmpozo U 3¢hhekmueHo20 Memoda OUeHKU COCMOSHUS U 1pOaHOo3Upo8aHUs
0CMamoyYyHO20 pecypca KomesbHbIX mpyo.
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KasaHOapbiHbIH XocnapnaHbaraH mokKmaybl, KbiMbam xeHdey sneKmpCmaHChiHbIH YiKeH Maceneci
6onbin mabbinadel. KybbipnapObiH Xapbinybl Xbly 316KMPCmMaHChiHbiH KasaHObifbiH memeHwe xardall-
Oa euwipyiHe oken coralbl. byn makanada KazaHObIK KyOblpnapObiH KandblK pecypcChiHblH XafFdalibi MeH
OHbl 6omkaydbl baranaydbiH Xblndam xoHe muimoi 8diciH dambimy yuwliH xanbiKapanblK capanuibinapibiH
bipneckeH xymMbicbl cunammanadsbl.

Boilers, the most troublesome components of electric power plants generate high costs in unscheduled
shutdowns, repairs and power replacement. Every occurrence of ruptured tubes leads to emergency shut-
down of the entire plant. This paper describes the joint international effort to develop faster and more effi-
cient methods for condition assessment and remaining life prediction for boiler tubes.

One common procedure for measuring the water-wall thickness is to grind or sandblast the
fire side of the water-wall to expose a bare metal and use ultrasonics (UT) to determine the wall
thickness. Most often, this is done manually, every 15-20 cm of vertical height, to provide
more-or-less a continuous "map" of wall thickness [1]. This approach usually provides highly
reliable results but, due to laborious preparation process (sandblasting, need to erect scaffolding)
the inspection is costly and takes long time. In addition, the conventional ultrasonic method re-
quires a liquid couplant in order to transmit ultrasound wave into the metal and for that reason it
is hard to automate [2]. One of the goals of this research was the improvement to existing meth-
ods of tube evaluation, therefore a feasibility of using EMAT (ElectroMagnetic Acoustic Trans-
ducer) was evaluated for specific conditions, i.e. operating parameters, type of fuel/coal, for
Central Asian coal-fired electric plants. EMAT offers certain advantages over standard UT — no
need for tube cleaning and couplant, therefore it brings a potential for significant cost reduction
[3]. Additionally, EMAT allows to obtain continuous thickness measurement throughout entire
tube length and further, to eliminate human labor and need for scaffolding by using robotic
equipment, so more thickness data is obtained in a shorter time [4].
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Figure 1- Principle of EMAT operation (/eff) and the manual EMAT thickness measurement performed
on boiler tubes (right)

Technically, EMAT method relies on ultrasonic principle, however, while in standard UT
system, ultrasonic wave is generated by a piezoelectric effect of a crystal transducer, EMAT
generates such wave directly in tube material by electromagnetic method. Figure 1 shows the
principle of operation and a typical field inspection with EMAT transducers.

The EMAT transducer has a strong permanent magnet, usually Neodymium-type and a spiral
coil supplied with a current of high frequency (1-2MHz). The current in the coil induces eddy
currents on the surface of tested tube and the magnet “pushes” those currents into the tube in the
form of elastic wave with ultrasonic velocity, characteristic for a given metal. When the metal is
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exposed to conditions commonly encountered in the fire box of coal-fired boilers (temperatures
over 400-450 C), a tightly bonded scale having a large magnetostrictive (MS) coefficient is
formed. Elastic waves generated via this MS require very little excitation power and can result
in very accurate thickness measurements.

The important part of feasibility study for using EMAT in Central Asian coal-fired electric
plants was determination whether external corrosion scale has adequate magnetostrictive prop-
erties to generate useful EMAT signal. This depends on boiler operating parameters, tempera-
tures, pressures, type of coil, burning conditions that determine the chemical composition of
corrosive scale. The high temperatures, over 400-450C in the boiler causes the reaction between
steel tube material and steam and flue gas producing hard, adhering scale with high contents of
iron oxides. The scale is first produced on tube external surface, directly exposed to the flame,
where temperatures are highest. For the purpose of obtaining magnetostrictive coupling between
EMAT transducer and the tube it is not, however critical where the scale is located as good indi-
cations were obtained with scale on either surface while testing from the outside. More im-
portant than location is the chemical composition of the scale, determining its magnetostrictive
properties and its adherence to the parent metal. The scale thickness, even so emphasized in
many previous publications was found not to be that important as authors were able to obtain
good EMAT indications through scale ranging from less than few microns to 7mm thick . In
majority of tube samples collected from Central Asian coal-fired plants by these authors, EMAT
signals could be generated through the scale ranging from 0.02-3mm thick. In few cases, the
scale was not formed uniformly throughout the fire box, and accurate thickness measurements
could not be always obtained. Additionally, the MS coefficient that determines the strength of
elastic wave signals can vary dramatically with location within the fire box that was visible by
EMAT signal amplitude. In order to determine the chemical composition of the scale and to
compare it to boilers in other regions of the world, the spectrometry was performed with further
investigation by Scanning Electron Microscope (SEM). Figure 2 shows two microphotographs
of external scale with various thicknesses, various degree of adherence to parent tube metal with
their corresponding chemical composition.

1

Sample No. O (%) Na Al Si Cl Fe
1 18,62 4,41 1,54 3,79 0,48 71,16
2 16,11 4,81 1,88 5,08 0,43 70,27

Figure 2 - Microphotographs of two (2) samples with external oxide scale of various thickness with

their corresponding chemical analysis
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A solid EMAT signal was obtained for the sample on the /eft while the sample on the right
has produces only a sparse signal. This was most probably due to lack of adherence between the
scale and parent metal in the right sample [5].

Based on the research to-date, the usefulness of EMAT in Central Asia coal-fired electric
stations was well proven. First, it was determined that corrosion and erosion wall thinning is in-
deed one of the major damage mechanisms experienced in this region of the world where coal is
a fuel of choice in over 60-70% of all generating units. Further, authors were able to obtain
EMAT signals in a great majority of all visited plants even though operating conditions differed
from plant to plant and there were great variations in scale thickness.

Two types of overheating failures in water-wall boiler tubes are usually occurring: a short-
term and long-term overheating. This was initially discussed above but for plant personnel, it is
most important to recognize the root causes of this damage and to able to prevent them. There
are numerous past publications, handbooks and individual plant maintenance procedures that
discuss this issue and in this paper we will concentrate on application of non-destructive test
methods and their role in preventive maintenance and remaining life assessment (RLA). The
main purpose will be to ascertain that failures will not occur between maintenance intervals and
therefore, plant operating history, past metallurgical and NDT examinations and their results as
well as fracture mechanics calculations have to be used to setup the proper inspection schedule,
intervals between inspections and test procedures. The RLA is very often mixed with “life ex-
tension”. While the procedures described here may or may not extend the life of the boiler, but
nevertheless, they should result in significant financial benefits, by increasing plant availability.
For that reason, NDT and testing in general should be seen as a profit, and not as a cost.

A tube rupture caused by overheating may occur within few minutes or take several years. A
long-term overheating can be usually detected in its early stage by several non-destructive and
destructive test methods, while short-term overheating can be compared to sudden accidents that
will be very hard to predict. On the other hand, the long-term overheating is a damage mecha-
nism that can be detected and prevented. It is caused by a combination of long exposure to tem-
perature that can be only slightly above the designed temperatures and stress well below the
yield point. It is referred to as “creep damage” and characterizes by gradual degradation of met-
allurgical structure, cracks, bulges, swelling but no detectable changes in wall thickness. Creep
has been researched for many years and broad literature base exists to assist plant engineers in
its recognizing and preventing. The prevention should start at the designing stage to correctly
select tube material to withstand the metal temperatures. Inside the boiler, the heat is transferred
from burning fuel or hot gases by radiation or convection and the outside of tube is very hot —
this heat is being transferred to water (in water-wall tubes) or steam (in reheater and superheater
tubes) inside the tubes. The temperature gradient then exists from the outermost to innermost
layer of the tube. From the standpoint of preventive maintenance, the most useful is the temper-
ature at the middle of wall thickness, called “mid-wall metal temperature”. Mid-wall tempera-
ture is hard to determine and can only be estimated by a “rule of thumb”. For example, some au-
thors recommend the following formula:

For water cooled tubes, such as in water-wall:

(Mid-wall temperature) = (saturation temperature at drum operating pressure) + 30 C )
For steam cooled tubes in reheaters and superheaters:
(Mid-wall temperature) = (steam temperature inside of tube) + (40-50) C 2)

Mid-wall temperatures in carbon steel boiler tubes are designed to be in a range of 370 C-
420 C and its increase by 100C or even less may already start the process of creep deterioration.
At the initial stage, creep can only be detected by destructive metallographic examination under
the microscope. It starts with graphitization, i.e. changing iron carbide to graphite at high tem-



TEXHUYECKHWE HAYKWU Y TEXHOJIOTMU 120 ISSN 1561-4212. «BECTHUK BKI'TY» Ne 3, 2017.

peratures. Graphite may be distributed in irregular way, forming cavities that in turn can initiate
micro-cracks, most often oriented axially. The post-mortem analysis shows thick-lip (low duc-
tility) burst with spheroidized microstructure and creep cavities in the immediate vicinity of a
rupture.

Detecting overheating. The electric power industry has been looking for a reliable non-
destructive test method to detect creep damage in its early stage. Research performed in last
several years throughout the world pointed to internal oxide layer as an important marker of
overheating condition. The degree to which creep condition had deteriorated metal structure can
be then indirectly determined by measuring the thickness of internal oxide scale in boiler tubes.
Indeed, even very basic calculation of heat transfer would be able to demonstrate that in order to
keep the internal tube temperature at saturation temperature, the external tube surface has to be
many degrees hotter since the oxide scale has thermal conductivity approx. 15 times less than
steel. Thus the mid-wall tube temperature may reach levels high enough for creep damage to
initiate. Some sources show so called “transition temperature” from non-creep affected regime
to creep affected regime. Such temperature for plain carbon steel is 427 C while for 2,25%Cr-
1% Mo (widely used in reheater and superheater section) is 510 C [6]. Therefore, it is easy to
exceed that temperature, which is only slightly higher than normal operating temperature, espe-
cially for carbon steels.

The hard, brittle iron oxide, containing magnetite and hematite can be formed on the inside
and outside surfaces of steel boiler tubing. The industry experience had confirmed the im-
portance of periodic internal scale thickness measurements as a tool for evaluating the useful
operating life of boiler tubing. In order to determine this thickness in nondestructive way, ultra-
sonic method proved to be most useful. Few ultrasonic testing companies had developed a
transducer and embedded software for their instruments, which now enables an internal oxide
thickness measurement to be made quickly and accurately. Investigations performed within this
project, were done using the Olympus 38DL hand-held instrument with transducer M2017, op-
erating on 20MHz frequency with a delay line. This system can measure internal oxide layers
down to a minimum thickness of approximately 0,2 mm, but is also capable to measure the scale
down to 0.1 mm with special transducer. Prior to measurements, the instrument has to be cali-
brated on scale with known thickness, such calibration reading is shown in Figure 3.
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Figure 3 - Olympus 38DL instrument (/eft) and measurement of internal oxide of known thickness
(0,64mm) (right)

The extensive studies were performed to confirm the applicability of this method for Central
Asian electric plant boilers. First, a total of 17 tube samples from 6 plants throughout the coun-
try of Kazakhstan were collected - both carbon steel (steel 20) and 12X1M®, which is low alloy
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steel with 0,9-1,2% Cr and 0,25-0,35% Mo. Steel20 design temperature is 400C while 12X1M®
is intended for 450 C. All samples were then tested according to the following regime: 1)
EMAT wall thickness test (this was done at the plant to determine if the external scale has any
magnetostrictive properties), 2) chemical analysis (SEM) of external scale, 3) ultrasonic meas-
urement of internal scale thickness, 4) chemical analysis (SEM) of internal scale and microscop-
ic measurement of its thickness, 5) metallographic structure analysis of tube metal, for tube
samples with and without internal scale.

Metallographic structure analysis. For each of two steels considered, cross sections were
prepared at or close to mid-wall location and metallurgical structures were observed by optical
microscope under 100X and 400X magnification. Figures 4 and 5 below show the comparison
between samples with and without internal oxide together with appropriate discussions and ex-
planations.

Figure 4 - Metallographical structures for Steel 20. Sample without presence of internal oxide (/eff) and
with oxide scale approx. 130 micron thick (right)

Ferritic-pearlitic structure observed in both samples with occasional inclusions in ferrite
grains. Sample on the right differs slightly by enlarged and elongated grains, indicating the ini-
tiation of structural degradation — classified between Stage A and B on Toft and Mardsen scale
[7] (note that this scale was developed for Cr-Mo steels and not for low carbon steels).

Figure 5- Metallographical structures for Steel 12X1M® (Cr-Mo). Sample without presence of internal
oxide (/eff) and with oxide scale approx. 75 micron thick (right)

Ferritic-pearlitic structure observed in both samples. Sample on the left has uniform grains
with well defined boundaries. Sample on the right has grains elongated with insoluble carbides
“pbundled” and precipitated on grain boundaries. This is indicative for definite creep initiation
and this structure can be classified between stage B and C on Toft and Mardsen scale [7].
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The above results have fully confirmed the previous statement that creep analysis has to be
more conservative than previous recommendations based on available literature. This is espe-
cially true for Cr-Mo steel, which indicated definite creep initiation with only minor internal
scale (75 microns), which according to previous research could be easily ignored.

Considering two separate NDT methods discussed here, it was concluded for Central Asia
that (i) for accurate wall thickness measurement, EMAT technology can be successfully used
since external scale had similar chemical composition, magnetostrictive properties and range of
thickness as elsewhere in the world [8] and (ii) evaluation of the degree of creep damage can be
made by correlating it to the thickness of internal oxide scale, measured by specialized ultrason-
ics, although, more conservative approach than in western countries should be taken, The ques-
tion arises how to treat a combined effect of both overheating and wall thinning, which will de-
termine the way NDT results are utilized. To-date, both results are treated separately, and con-
sequently separate reject criteria exist for overheating and separate for wall thinning. For exam-
ple, overheating has been historically evaluated by destructive methods, i.e. removing tube sam-
ples from the boiler and sending them to the lab. The candidates for removal are tubes with cer-
tain location especially prone to damage or tubes with swelling, bulges, microcracks, external
erosion, identified by visual examination. Metal degradation is then determined by loss of ten-
sile strength, change in hardness and finally by observing metallographic structure under optical
microscope. Certain criteria were developed for measurable properties (strength, hardness) but
evaluation of structural degradation is still somewhat subjective. Special classification methods
exist, like Toft & Mardsen method [7] that classifies the condition by six (6) stages of spheroi-
dization of carbides. Other methods were proposed as well, one of them, based on metallograph-
ic examination by replication classifies the damage progress by four stages: isolated cavities,
oriented cavities, micro-crack, formation of macro-crack .

As far as wall thinning, reject criteria are simpler to determine because we are dealing with
numbers instead of subjective pictures/photos of microstructure. The basic guidelines has been
prescribed by ASME Boiler and Pressure Vessel Code and they require that tube with certain
thinning expressed in percentage wall loss be removed/replaced. The maximum allowable wall
loss for water-cooled tubes (water-wall, economizer) is 30% while for steam-cooled tubes (re-
heaters, superheaters) is 15% [9].

Very limited information exists about effect of combined damage mechanisms on remaining
life of boiler tubes. The most comprehensive study to-date has been done by EPRI [10] and it
recommends that many factors, and not only NDT results be taken into consideration when
evaluating boiler condition. It has to be recognized that two mechanisms of damage that were
discussed in this paper are not the only types as boiler tubes may also suffer from hydrogen em-
brittlement, fatigue, corrosion fatigue, stress corrosion cracking, foreign object failure and many
others. General EPRI method for calculating boiler remaining life [10] recommends first to es-
timate mean metal temperature to the present time, considering that it is not constant and is var-
ying due to load variation, scale build-up and other factors. There are several approaches de-
scribed in literature to figure such mean temperature: hardness-based approach, microstructure-
based approach [7] and oxide scale approach [10]. While microstructure can be only evaluated
on removed sample, i.e. by destructive method, the hardness and especially thickness of oxide
scale are the parameters that can be measured in non-destructive way, i.e. without the need to
remove tube sample from the boiler. Once the mean temperature is determined, the Larson-
Miller parameter can be calculated [11], which in turn will provide a guidance as to the time to
failure at a given stress level.

Summary and conclusions. The major objective of this work was to develop a reliable meth-
od for non-destructive evaluation of boiler tubes, which would be especially suited for Central
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Asia coal-fired electric power plants. All this work had concluded that the major damage mech-
anisms were either wall thinning or overheating damage and a combination of both. Two ultra-
sonic test procedures were then recommended for early detection of both these damage types
without necessity of removing tube from the boiler.

EMAT ultrasonic has been proven as an effective method for accurate wall thickness meas-
urement in water-wall boiler tubes without prior cleaning. The method is also well-suited for au-
tomatic inspection with boiler-crawling robots. The chemical analysis had shown that the prop-
erties of external scale, specifically its composition and magnetostrictive characteristics are very
similar in Central Asia to those experienced in western countries. In order to further improve
EMAT and make it applicable in cases where lower magnetostriction and poor adhesion of scale
to parent metal limits its application, new more powerful permanent magnets should be used for
better transducer design. The prototype was designed and fabricated and will be tested shortly.

Indirect detection of long-term overheating condition and creep by ultrasonic measuring of
internal oxide layer thickness was found to be fully applicable in Central Asia. A comparison
between NDT results and metal structure examination had demonstrated that correlation exists
between the scale presence and various degrees of creep degradation for carbon steel tubes. The
formula was developed to estimate the temperature rise for various oxide scale thickness. This is
an original work as all previous research was done on Cr-Mo steels. Future work is needed to
obtain a full quantitative correlation for creep damage vs. internal oxide thickness for carbon
steel. Our research had shown that more conservative approach needs to be taken for carbon
steel than previously reported, as scale as thin as 0.15mm had already cause initiation of creep
in tubes. Similarly, we found that 0,075mm thick scale in Cr-Mo steel also resulted in structural
tube degradation. Existing recommendations for Cr-Mo steels suggest that scale thickness up to
0.3mm can be ignored.

Relatively small amount of research has been devoted in the past to combined effect of over-
heating and wall thinning in boiler tubes. Existing reject/removal criteria treat each of these
damage mechanisms separately. Some recommendations for combined treatment were devel-
oped, mainly for Cr-Mo steels but they all considered the results of destructive examination.
More work is needed to adopt NDT methods for remaining life assessment, both for carbon steel
and Cr-Mo steels. These authors are continuing the research under the grants from Kazakhstan
Ministry of Education and Science with the goal to develop the reliable method for the assess-
ment of remaining life of a boiler under combined effect of wall thinning and overheating.
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Kazaxckuii HarpioHambHEIH uecneaoBarenbekuii yausepeuter um. K M. Carnaesa, r. AamaTst

VIIPOUHEHHUE MAPTAHITOBUCTOI CTAJIHA
METO/OM JIEKTPOIATHO-ILIASMEHHOM OBPABOTKH

PaspabomaHa u eHedpeHa & nabopamopHble uccredogaHus ycmaHoeka Ons SNeKmponumHo-
nnasmeHHol obpabomku memannog u cnnaeos. [lpueedeHo nodpobHoe onucaHue ycmpoticmea u pabo-
mbi yecmaHosku. [TpoeedeHb! 1abopamopHbie UCTbimaHUs ycmaHoeKU, ofpedeseHbl omumMaibHble pe-
xumbl 3O mapaanyosucmoli cmanu. ViccnedogaHo enusHUe 3nekmponumHo-niasmeHHol obpabomku
(3r10) Ha cmpykmypy u ceolicmea MapaaHyosucmoli cmanu. [NokasaHa ebicokas aghghekmusHoCcmb pa-
6ombl onbimHOU ycmaHo8KU, oHa pekomeHdogaHa 15 eHedpeHus & Npou3sodcmeo.

Bnekmponummik-nnasmarsblk KOHObIpFbl apKbiibl Memandap MeH Kopblmnanapra xobanaHfaH
mexipubenik 3epmmeynep xyszese acbipbinyda. MyHOa KoHObIPFbiHbIH XYyMbiC icmey MexaHusmoepi
Hakmbl kepcemineeH. KoHObIprbiOa 3epmxaHarnblk cbiHakmap Xypaisinyde, OIS-meH memandbl eHOey eH
oHmalinbi 3epmmey odicmepdiy 6ipi 6oabin mabbinadel. Snexkmponummik-nnasmansik eHdey (3I16)
bonammblH KYpbifibiMbl MeH KacuemiHe acep emmi. CoHObikmaH xorapbl muimdinikke ue 6yn edicmi
eHdipicke eHaisyze ycbiHyra 6onadsbl.

An installation for electrolytic-plasma treatment of metals and alloys has been developed and intro-
duced into laboratory studies. A detailed description of the device and operation of the installation is given.
The laboratory tests of the installation were carried out, the optimal EPT regimes of manganese steel were
determined. The effect of electrolyte-plasma treatment (EPT) on the structure and properties of manga-
nese steel has been studied. The high efficiency of the pilot plant is shown and recommended for imple-
mentation in production.

Knroyesble croea: mapeaHuosucmas cmanb, mpybbl, Heghmeaasornpogod, cmpykmypa, ceolicmea,
3716KMpOoNUmMHo-nnasmeHHas obpabomka.

OcHOBHOI NpoOIEMON COBPEMEHHOT'0 SHCPrOMAIIHHOCTPOCHHS SABISICTCS BHEAPCHUE B TEX-
HOJIOTHIO YIIPOYHECHHS TOTOBBIX H3ACTHNA HOBBIX SHEProcOCPEraromyx U YKOHOMHUYICSCKUA 000C-
HOBaHHBIX PEXKHUMOB M TEXHOJIOTHH. OJHUM W3 TAKUX PEKHUMOB SBISCTCS MPOLICCC HAHCCCHUS
HU3HOCOCTOMKHX, >KAPOMPOUYHBIX, CTOMKUX K arpeCCHBHBIM CPEAAM MOKPBITUN 3JICKTPOJIUTHO-
IJIA3MEHHBIM METOJOM.

Hcnonp3ys 310T METOA, MOXKHO 3aMECHHTH MPUMEHSCMBbIE B HacTosmee Bpems auddyzu-
OHHBIE ITPOLIECCHI HACBILIEHUS MOBEPXHOCTH JETANEH, MHOTOCTYIICHUATHIE CTAAUU TCPMHUCCKON
00paboTKH U Ap., KOTOPEIC OTHOCATCS K SHEPTO- U TPYAO3ATPATHEIM IPOLIECCAM.
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DICKTPOIUTHO-TINIA3MCHHBIC MPOLIECCH OTIHYAKOTCA OT TCIUIOBHIX JU(D(Y3HOHHBIX MPO-
LIECCOB TEM, UTO MPH HX MPOBCICHUN 3HAYUTCIBPHO VCHIHBAKOTCA H YCKOPSIOTCA (PH3nUecKHE U
XHMHYECKHE COCTABISIONME npouecca Au(dy3un U yMeHbIIACTCS BPEMs MPOBEACHHUS 00pa-
0OTKHM 32 CUET MIA3MEHHOTO dJIeKTpoau3a [1].

B coBpeMeHHBIX YCI0BHAX YIIPOUHEHHE HedTerazoBelx Tpyd u3 cranei Mapok 3502, 3512C,
3712C, 40T, 451" u ap., MOBBIMICHUE WX SKCILTYATALIMOHHBIX CBOHCTB U OOCCICUCHUE TapaHTHI
KayecTBa TPYO HEPTIHOrO COPTAMEHTA JOCTHIACTCS WCMOIb30BAHHUEM CICAYIOLIMX CIOCOOOB,
TaKUX Kak pa3paboTka HOBBIX U COBEPIICHCTBOBAHHMC H3BCCTHBIX TPYOHBIX MAapoOK CTaleH,
BHCAPCHUE VYACTKOB BHYTPEHHEIO TIAIKOCTCHHOI'O M HAPY)KHOTO IMOTH3THUICHOBOTO MOKPHI-
THH, a Takxe paspadorka TepmMoan(Py3HOHHBIX METOA0B 00pabOTKH MOBEPXHOCTH.

OnxHako CYIIECTBEHHBIM HEIOCTATKOM BCEX BBIIICYKA3AHHBIX CIIOCOOOB ABIACTCSA HX AOCTA-
TOYHO BBICOKASI CTONMOCTh U HEIONTOBCUYHOCTH MOTYYCHHBIX PE3YIBTATOB. 10rAa Kak B HACTO-
SIee BpeMst OOJBINOS 3HAUCHUE MPHOOPETACT 3aJada COKPAIICHHS O0BEMOB MOTPCONICHUS
3JCKTPOSHEPIUH H PALMOHANIBHOTO HCIONB30BAHUA JOPOTMX W ACHULHUTHBIX JECTHPYIOLIUX
37EMCHTOB 0€3 CHIDKCHHS VPOBHS TEXHOJOTHUYECKUX M MEXaHUYCCKHX XapPaKTCPUCTHUK KOHEU-
HOH NPOAYKLIHH.

B cBa3u ¢ atum ogHUM 3 3 (EKTHBHBIX W MEPCHCKTHBHBIX NYTCH PELICHUS HPOOICMBbI
VIIPOYHCHUS TPYOHBIX CTANCH ABIIETCS MPUMEHEHHE CIOCo0a BICKTPOIUTHO-TIIA3MEHHOH 06-
paboTku.

1lenvio nacmosuyeti pabomvi IBIIETCA U3TOTOBJICHHE U anpodarys 1a00paToOpHOH YCTAHOBKU
JUTSL DJICKTPOUTHO-TUIA3MEHHOU 00paboTku (DI10) mapranumoBucToii craau HedrerazoBoro cop-
TtameHTa U uccneaoanue BawstHus 10 Ha cTpykTypy 1 cBolicTBa cramu Mapok 3512 u 45T

PazpaboTky HCnoONB3yIOT AN YIPOUHCHHS MATCPHATIOB PAa3HOTO POJA, B TOM HHCIC IS
VIIPOYHEHUS U 00CCIEUCHHUS KOPPO3HOHHOH CTOMKOCTH 0OCaAHBIX M HACOCHO-KOMITPECCOPHBIX
TpyO. B 0CHOBE mpuHLMIA ACHCTBUS YCTAHOBKH JICKHUT BICKTPOTUTHO-TIIA3MEHHAS TEXHOTOTHS
HarpeBa MOBEPXHOCTU U3ACTHS U 3aKATIKH. Y IPOYHECHHE POU3BOAUTCS MYTEM NEPHOMUCCKOTO
HArpeBa M OXJIXKICHHS HMOBEPXHOCTH VIPOUHIEMOro 00pasla 3a CUET JJICKTPUUICCKOrO MOTCH-
[Haa B CIOE IJIa3Mbl, CO3AABACMOT0 MEKAY YKHIKUM BICKTPOIOM (3JICKTPOIUTOM) U HOBEPX-
HOCTBIO Katoaa (obpazer).

B craTtee npeacTaBieH BapuaHT KaTOAHOrO HArpeBa B padodch KaMepe ¢ MPOTOUYHBIM 3JICK-
TPOJIUTOM, TAC €T0 OXJAKICHHUE OCYIICCTBISICTCS HENOCPESACTBEHHO BHYTPH Kamepsl. KaToxHoe
nudGY3MOHHOES HACHILCHUE TPEACTABIACT COOOH OOUH M3 BaPUAHTOB JICKTPOXHMHKO-
TCPMHUECKOW 0Opa0OTKH METAIIOB U CIUIABOB, OCYLNECTBISCMOW B BOJHBIX JIICKTPOTHTAX.
[Tpumenss ontTumanbabiid pexxkuM IO, MOKHO VIYIIIUTE MEXAHHICCKUE CBOHCTBA MOBEPXHO-
ctu cranei 3512 u 4517, a Takske AOCTHYD MOBBIIICHUS HAASKHOCTUA U JA0JITOBSUHOCTH PAGOTHI
TpyO, U3TOTOBICHHBIX U3 3THX CTAJICH.

Jns uccnenoBaHUs CTPYKTYPHI M CBOUCTB OB W3TOTOBJICHEI MIIACTHHYATEIC 0Opa3Lbl pas-
mepom 30x30x5 mm 3 ctamu 35172 u 451, xumudeckuii COCTaB KOTOPBIX MPUBSACH B TaOIHIIC.
Havaneras ctpykrypa odpasuos cranu 3512 u 451" ¢eppuro-nepnutras. Janee obpasupl moa-
Bepranuck oopadotke 0.

Xumuueckuii cocmae MAPSAHYOBUCMbIX cmaneti

Mapxa C | Mn | Si | C | Ni Mo S | P | Cu
cTam % He Oomee %
3512 [ 0,31-037 [ 1,2-1,6 | 0,6-0,9 | 100,30 | 700,3 [ 0,30 | 0,04 | 0,04 [ 100,30
45T | 0,37-045 [ 0,7-1,0 [0,17-0,37] 100,30 | 700,3 [ 0,30 | 0,035 | 0,035 | 100,30
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OO6bIuHO it 00SCIICUCHHUST TPEOYEMBIX IKCIUTYATAIl[HOHHBIX CBOMCTB 3arOTOBKH M3 BBIIIIC-
VKa3aHHBIX MAapOK CTaldd MOABEPraroT TCPMHUYECKOH 00paloTKe: 3akalke MpH TeMIepaType
870 °C u ormycky mpu 620 °C. Tloce Takoii 06paboTKH TBEPAOCTh HCCICAYEMOrO MATCPHAA
pocruraer 249..291HV [2].

I[J'IH MNOBBIMICHUA TBCPAOCTH U YIIPOUHCHUA ITOBCPXHOCTHOI'O CJIOA HeO6pa6OTaHHbIX TCPMU-
4uecKd 00pasnoB B paboTe Oblia HCMONb30BaHa taboparopHas ycranoska aist 10 maboparo-
pun «Marepuanoseacuuc u HaHorexHoaorum» KasHUTY umenn K.M. Catnaesa, xoTopas mos-
BOJLICT MPOBECTH HENMPEPBIBHYIO 3aKkajiky B mpouecce I110.

Yempoiicmeo u npunyun padomuvr yemanoexu 2110. Ycranoska 110 cocTouT U3 HCTOYHH-
Ka IMOCTOAHHOI'O TOKA 1, nyjibTa yIpaBJICHUA 2, MCXaHHU3Ma 3KNMa U YCTAaHOBKHU 3, KOHYCHOI'O
coria 4 ¢ BCTABJICHHBIM AHOJIOM M3 HEPKABCIOLICH CTaiv, paboduci BaHHBI 5, M3TOTOBICHHOM
M3 AU3JICKTPUUCCKOrO OPreTekiia, o0beMoM 4 auTpa. Takke HCHOMb30BAICS HACOC 6 ¢ Peryiu-
PYEMOii MOAaYCH 3ACKTPOIUTA, PadOTAOIUE B arpeCCUBHBIX CPeAax, U UIICKTPUUCCKUH pe-
3epByap 7 o0beMom 5 autpos (puc. 1).
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Pucynok 1 - Cxema ycranosku qyig JI10: 1 — HCTOYHUK MHTAHAS,
2 — MyJbT YIPABJICHUS; 3 — MEXAHU3M 32KMMA M YCTAHOBKH 3aroToBKy; 4 — comio qt JI10;
5 — pabouas BaHHA; 6 — HACOC; 7 — PE3CPBYAP WA ICKTPOIUTA

DICKTPONHT U3 Pe3epByapa 7 MOAACTCS HACOCOM 6 HA COILIO 4 KOHYCHOH (OPMBI, B KOTOPOS
BCTABJCH aHOJ W3 Hepkaseroued cramu. [Ipu UMpKy/SIOUE 3MEKTPONUTa OOCCIICUUBACTCS
OXJIXKJICHUE BaHHBI A0 HeoOxonumoit (20+1 °C) temmneparypsl. MUcnonb30BaHHbIH 30CKTPOIUT
u3 paboucii BAaHHBI MOAACTCS OOPATHO B Pe3epByap.

Ucnopityemerit obpaszern (M3 MapraHmoBUCTOH cTann) cnykutT karonoM. OH yCTaHABINBACTCS
HA MEXaHM3ME 3aKMMa 3, KOTOPBIH MO3BOSICT PETYIHPOBATH HCOOXOAUMYIO TIIYOHHY HOTPYHKE-
HHS KATOJA B DJICKTP OITUT.

Peszynomamer n1abopamoprvix ucnvimanuil yemanogxu. Ilpu 1abopaTopHBIX HCIBITAHUSIX B
KaueCTBE pabouei cpeapl ObLI BRIOpaH 3mekTpout — 10% BOAHBIN pacTBOP KaabLIHHUPOBAHHOM
coapl Na,CO; ¢ U3BCCTHBIMHM 3HAUCHUSAMH BS3KOCTU U YACTHHOTO JIICKTPHUICCKOTO COMPOTUB-
JCHUSL.

Meroanka MPOBEACHHUS SKCIICPUMEHTAIbHBIX uccaeaoBanuii [3] Bausaus 10 Ha usmeHe-
HUA TIAPaMETPOB KadeCcTBa CTAJIM B IPOLIECCE €r0 IKCINTYATALH 3aKII0YaIach B CIEIYIOMIEM.
Karox 2—obpaserr morpyskaercst B 37ACKTPOIUT HA riayOunHy 4-6 mMm. AHoa, umerommii Gopmy
aucka auaMmetrpoM S0 MM, TONIOUHOH 2 MM, C MPOCBEPACHHBIMU OTBEPCTHIMH (J4 MM, N3rOTOB-
JICH U3 HeprKaperomeh cramu. [nazma BO3HUKACT MCKAY KATOAOM U KUIKAM 3ICKTPOIUTOM.

IIpu BKIFOUCHHH SICKTPUYSCKOTO MOTCHI[HAIA HPOUCXOAUT OBICTPBHIN MPOTrPEB, a MpU OT-
KITFOUCHUH — OBICTPOC OXJIAKICHHUE TOBEPXHOCTHOTO CJIOSI M3ACIHS BBIIIC TeMIEpaTypsl (azo-
BBEIX mpcBpamcHud. [locmeayromue MmoOBTOPCHHUS LHKIA HATPEBA U OXJIAKICHUS IO3BOJISIOT
OCYIIECTBUTH PEXKUM TCPMOIUKIHUCCKON 00PabOTKH MOBSPXHOCTH.
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[Ipy BKIIOUCHUHM NOCTOSHHOTO HANPSDKCHHS MEXKAY ABYMS BJICKTPOAAMH — KAaTOJOM
(vopouHseMblii oOpasel) U aHOAOM (NMEKTPOIHUT) BO3HUKAECT CIOW IUIA3MBI, TCHEPHPYEMOK
3JCKTPUYICCKUMH paspsgamMu. B pe3ynprate mpouCXOIUT HHTCHCHUBHBIN Pa3orpeB MOBEPXHOCT-
Horo cros oopasua. [Iporekaromuii yepe3 nnazMeHHYI0 000TI0UKY 3ICKTPUICCKUH TOK MOXKET
00ECIIeYnTh HArPEB AKTUBHOTO 31eKkTpoaa ot 100 'C BILIOTH 10 TEMIIEPATYPHI ILIABICHHS €TI0
Matepuana. Ilocie OTKIFOUCHHS HCTOUYHUKA MUTAHMS [1a3Ma FACHET, YTO 00CCIICUHBACT JOCTYI
3JICKTPOJIUTA K PAa30TPETOMY H3JCIHUIO U €ro OblcTpoe oxnaxacHue (3akanka). CKopocTh 3aKan-
KM YBETHYHBACTCH TAKXKE 33 CUET OTBOAA TCIIA B MACCHBHVIO MOANMOXKKY. s ycrpaHeHus
OIIJIABJICHUS MOBEPXHOCTH Pa3paboTaH MMIYIbCHHIA pexkuM Harpesa. [1ockonbky mpomomku-
TEIBHOCTh HUMITYIIBCA C HANPSDKCHUEM OIPAaHHYUCHA BPEMCHEM, IMEPErpeBa MOBCPXHOCTU IMPH
AI1O He NpoUCXOIUT.

HcnpiTanns ycTaHOBKH TO3BONMIM YCTAHOBUTH onTHManbHeid pexxuMm OI10 maprannosm-
croii craqu: Hanpsprenue U=200 B, cuna toka =10 A, Bpemst oOpabotku 4 ¢, 3akajika 4 ¢, 00-
mee Bpems 2 MuH. Mcnbityemsrii obpasen (aerams) cnyxut katogoM. OH ycTaHaBIMBACTCS HA
MEXAHH3ME 32KHUMa 3, KOTOPBIA MO3BOMSET PETYANPOBATh HEOOXOMUMYIO TIIYOHHY TOTPYKCHUS
KaToJa B SICKTPOIHT.

IMocne IO uzmenenue GaszoBO-CTPYKTYPHOTO COCTOSIHUS MOBSPXHOCTH cranei 35172 u 451
H3yYalId ¢ UCTOMb30BaHneM Metaiorpaduueckoro mukpockona MET-1M, uzmepenne MUKpO-
TBEPAOCTH 00PasLoB ocyinecTBIsuH Ha mpudope tuna [IMT-3M B nabopartopun «Matepuasio-
BeacHue u HaHoTexHOoruu» KasHUTY um. K. Carmaesa (puc. 2, 3).
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Pucynox 2 - Mukpoctpykrypa cramu 3512: a — ucxomHas cTpykrypa; 0 — mocie JI10;
B — IpaHuIia 00pabOTaHHBIX W HEOOPAOOTAHHBIX MOBEPXHOCTEH, X500

[TonyueHHBIE JaHHBIC TOKA3BIBAIOT, UTO B peayabtare IO mpoucxoaut m3amenenue Mopdo-
JOTHUH U CTPYKTYPH MOBEPXHOCTHHIX ¢0¢B ctanck 3512 u 451 Tlpu u3McHEHIHN TEMITCPaTypPhI
obicTpoit 3akanku npu 10 (Bpems o6padotku 2 MuH) IIyOWHA MOBEPXHOCTHOTO YIIPOUHCHHO-
TO CJIOA BO3pOocia MouTH B 2 pasza 10 67+4 Mxm. Ilog ympouHEHHBIM CI06M HAXOAUTCA CTPYKTY-
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pa B BUAC HUYKHETO BHICOKOIUCTICPCHOHHOTO OCHHUTA, 32 KOTOPOH HAXOIUTCSA UCXOAHAS CTPYK-
typa. Takass crpyktypa rapaHtupyer 0OJIee JyUIIHA KOMILUICKC MEXAaHUYCCKUX CBOWCTB, YTO
OBLJIO MOATBEPKACHO MCITBITAHUSIMHU 00Pa3ia HA H3HOCOCTOMKOCTh U TBEPAOCTh (puc. 4).
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PucyHoKk 3 - Mukpoctpykrypa cranu 451": a — ncxoaHas (peppUTHO-IICPIUTHASL CTPYKTYPA;
0 — crpykrypa mocne 310
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PucyHok 4 - 3MeHeHne MEKPOTBEPAOCTH OBEPXHOCTHOTO CII0s 00pasna craner 45T
u 35I"2 mocne JT10

Muxpoteepaocts obpasua cranu 4507, obpaboranHoro II10, Ha MOBEPXHOCTH UMECT MaK-
cumanpHOe 3Hauchue (62,5 H/M?), cramm 3512 — 67,8 HAP, ¢ yaaicHHeM OT MOBCPXHOCTH
BriyOb 00pa3ua TBEPAOCTh MOCTCIICHHO YMCHBINACTCS O XaPAKTCPHOW HAYAIBHOU TBEPAOCTH
obpasua ¢ GeppuUTo-IePAUTHON CTPYKTYPOH.

HOHy‘ICHHbIC SKCICPUMCHTAJIBHBIC JAHHBIC CBUACTCIBCTBYIOT O AOCTATOYHO BBICOKOM 3(1)-
(hEeKTHBHOCTH MPUMEHEHUs YCTaHOBKHU U Meroa II10 a1 moBHIICHUS MOBEPXHOCTHOM MPOU-
HOCTH MAaTCPHANOB HA mpuMeEpe 00padoTkKu 00pas3loB M3 CTaJbHBIX TPYO HedTerazoBoro cop-
TaMCHTA.

Crocob MO seseTcs 3GHEKTUBHBIM METOIOM M MO3BOLIET YIPOUHATH MOBEPXHOCTHBIA
CJTOH TIPAKTHICCKH JTFOO0r0 M3ACIHsI U3 METAIIOB U CIuiaBoB. [Ipu 3TOM COKpainaroTcs 3aTpartst
HA BJICKTPOSHEPTHUIO U JTUTEIBHOCTh TEXHOJIOTHUCCKOTO MporLecca 00paboTKH, YTO MO3BOJSICT
COKpaIaTh OOLIHE 3aTPATH HA MPOH3BOACTBO FOTOBOM MPOIYKIIUH.
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Ha ycranoeke Taxke MoxuO npoBoauts 110 crnaBoB Ha OCHOBE LIBETHBIX METAJIOB [4].

B saxmroueHue MOkHO ckazaTs ciacayroiee. [Ipumenena nadboparopuas ycraHoska ast 110
MapraHiuoBHCTOH cranm HedrerazoBoro copramenra. [lpueeneHo mnoapoOHOE —ommcaHue
yeTpoiicTBa u paboThl ycTaHOBKU. [1poBeaeHbl TabopaTopHbIC UCIBITAHUS YCTAHOBKH, OIpEIc-
JeHbel onTuMaibHbeie pexuMbl 110 maprannmosuctoii cramu. Mccnenosano smusaaue 10 Ha
CTPYKTYPY H CBOHCTBa ctaju Mapok 3512 u 451, BeisBiaeHo, uto D110 sBasercs ACUICBHIM
aHAJIOTOM XHMHKO-TCPMHIECKOH 00paboTku. CTPYKTypa CTaId MEHACTCS, NU3MENbYACTCS, Me-
Hsercs Mopgomorus 3epeH. loBrimaercs mpouHOCTs 0OPaOOTAHHBIX MOBEPXHOCTHBIX CIOCB.
VY ay4dmarTcs MEXaHHUECKHE M TEXHOJIOormiIeckue cBoiicta cramu. Ilokazana Beicokas 3ddek-
THBHOCTb PaOOTHl ONMBITHOH VCTAHOBKH: PE3KO COKPALIAOTCS 3aTPaThl SICKTPOSHCPTHA H JJTH-
TENBHOCTh TCPMHUICCKOM 00Pa0OTKH.
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DEVELOPMENT OF SCIENTIFIC RESEARCH IN THE FIELD
OF SUPERCONDUCTING MATERIALS
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AcKbiH emkizaitumik KybbinbiCbiH 3epmmeyae, coHOal-aK OHbiH KondaHbliyblHa KbicKaula Wony xa-
canfaH. AckbiH emkisaiwumepde KondaHbinamblH MamepuandapObiH uHmepmemandbik KocCbifbicmaphb!
Kapacmbipblnadsbi.
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This article gives a brief overview of the development and research of the phenomenon of supercon-
ductivity, as well as its applicability. A review of intermetallic compounds of materials used in superconduc-
tors is given.

Keywords: superconductivity, MRI, superconductor market, intermetallic compounds of materials, low-
temperature superconductors

The phenomenon of superconductivity is one of the most studied areas of physics, a phe-
nomenon that opens up serious prospects for engineering practice. The devices based on the
phenomenon of superconductivity were widely used, and no modern electronics, medicine, or
cosmonautics can do without them [1]. This made it possible to create unique research facilities,
such as charged particle accelerators for ultrahigh energies, detectors for nuclear physics and el-
ementary particle physics, devices for thermonuclear research with magnetic confinement of hot
plasma, laboratory superconducting (JV) magnetic systems, devices special equipment, measur-
ing instruments of record sensitivity and accuracy, as well as equipment that became the subject
of direct commercial interest [2]. The latter relates to those spheres of activity in which the use
of superconductors gives either a fundamentally new quality of the produced products, as in the
case of, for example, magnetic resonance tomographs or high-gradient magnetic separators, or
completely new equipment, such as for example, inductive storage devices electricity with an
unlimited period of its storage.

Purpose and subject of research. The purpose of this work is to study the prospects for the
development of scientific research in the field of superconducting materials, as well as to study
the world market for the production and consumption of superconductors.

Superconductors are substances in which, as the temperature is lowered to a certain critical
value Tc, the phenomenon of superconductivity is revealed - their electrical resistance com-
pletely disappears. In this case, superconductors behave as ideal diamagnets with an anomalous-
ly large magnetic susceptibility 1/4p, which results in the ejecting of the magnetic field from the
volume of superconductors (the Meissner effect). As the magnetic field strength increases to a
certain critical value, the superconducting state is destroyed [3].

The basis of technical superconductor materials are two substances.

One of them is a deformable Nb-Ti alloy with the following parameters: critical temperature
9,6 K at zero magnetic field and current, critical magnetic field 12 T at 4,2 K, zero current and
critical current density 3 - 10° A - m™ at 4.2 K and in a magnetic field of 5 T.

The second superconductor, later developed by the industry, was the intermetallic compound
Nb3Sn, which somewhat extended the range of operating temperatures and magnetic fields for
the SP devices [4]. The Nb3Sn-based material had a critical temperature of 18,3 K at zero mag-
netic field and current, a critical magnetic field of about 22 T at 4,2 K and zero current, a critical
current density higher than in materials based on the Nb-Ti alloy in In particular, at 4,2 K in a
field of 10 T the current density in it exceeded 10° A m™.

Substances in the superconducting state possess specific magnetic properties. First of all, this
manifests itself in the dependence of the critical temperature of superconductivity on the intensi-
ty of the external magnetic field. The critical temperature is maximal in the absence of an exter-
nal magnetic field and decreases with increasing its intensity [5]. At a certain external field
strength Hkm, called critical Tk = 0. In other words, in fields equal to or greater than Hkm, the
superconducting state in matter does not arise at any temperatures. This behavior of supercon-
ductors is illustrated by the curve Hk (T) (Fig. 1). Each point of this curve gives the value of the
critical external field He at a given temperature T <Tc, which causes the loss of superconductiv-
ity. This curve is a phase transition curve: superconducting phase — normal phase. In the ab-
sence of a magnetic field, this transition is a second-order phase transition [7]. In the presence of
an external magnetic field, this is the first-order transition.
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Figure 1 - Dependence of the critical field of a superconductor on temperature

The fundamental difference between type I and type 11 superconductors is the sign of the sur-
face energy between the normal and superconducting phases. In superconductors of the second
kind this energy is negative. Because of this, in such superconductors in fields less than critical,
the appearance of normal (nonsuperconducting) regions, separated from superconducting re-
gions by boundaries parallel to the external magnetic field, is possible [8]. The appearance of
such normal regions (magnetic flux lines) can lead to a decrease in the free energy of the body if
the boundary energy is negative. In superconductors of the first kind with positive boundary en-
ergy, the appearance of normal regions is energetically unprofitable; therefore, type I supercon-
ductors remain completely in the superconducting state in fields less than the critical field.

World market of superconductors. history and forecasts. During the present work, the re-
search group studied the development of scientific research in the field of superconducting ma-
terials, studied the main manufacturers of superconductors in the world and in the region.

According to the European Connectus consortium, the world market of superconductors in
2007 amounted to about 4.0 billion euros. Both sales of superconductor materials themselves
and final devices (or their components), whose work is based on the phenomenon of supercon-
ductivity, were taken into account. In addition, the cost of maintenance and warranty services,
as well as orders for research, research and development and prototyping, were taken into ac-
count. Statistical analysis of the market for superconductors for 2004 and 2007 and forecasts for
2010 and 2013 are shown in Figure 2 [9].

Historically, superconducting technologies first began to be used in such branches as funda-
mental physical research and military technologies, and at the next stage the JV technologies
began to master medicine. Most of the devices used are based on low-temperature superconduc-
tors. Currently, the market of industrial products is limited, mainly by superconducting magnets
of various sizes and purposes: from small research devices to huge industrial installations. Now
the most demanded for JV magnets, the scope of application is medical diagnostics (magnetic
resonance imaging - MRI). As can be seen from Fig. 1, two areas - research equipment and
MRIs occupy almost the entire world market of superconducting devices.
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Figure 2 - World market of superconductor applications in 2004-2013, million euros

According to the consortium's forecasts, by 2019 the JV market will grow somewhat and
amount to about 6,5 billion EUR. Despite the fact that the contribution of devices based on
high-temperature superconductors (HTSC) will increase, devices based on low-temperature su-
perconducting materials will continue to play a key role in the market (Fig. 3).

On the other hand, new fields are beginning to gradually join the above industries, which are
expected to widely use superconducting materials and technologies. Such areas are the electric
power industry, information technologies, new methods of processing materials in industry,
transportation and new applications in medicine. In the diagram they are designated as "new SP-
devices" and "SP-electronics". To increase commercial efficiency in these areas, further devel-
opment of technologies will be required, which will reduce the price of SP-devices. Moreover,
for the development of the market, it is necessary to improve the link between pilot projects and
industry, to increase production capacity, which will transfer the market of superconducting ap-
plications to a fundamentally new level of investment. According to estimatesConnectus, the
world market for new superconducting applications, may by 2013 be 0,6 billion EUR.

It is expected that the share of NTSC will continue to grow and by 2019 will amount to 6,6
million. Euro. The share of products from HTSC will approach 0,9 billion euro in 2018. Today,
the European Union accounts for about half of the world market of joint ventures [10]. It is as-
sumed that in the future the EU share will significantly decrease, primarily due to the rapid de-
velopment of the economy of the Asian region.

In Kazakhstan, JSC «Ust-Kamenogorsk Iron and Steel Works» was established production
of superconducting wires in 1974. The company established the production of a wide range of
superconducting winding wires. More than 30 sizes of superconducting wires with a diameter of
0,5-2,0 mm with a number of veins from 1 to 9 000, a diameter of cores from 6 to 205 wum and a
length of up to 5 km are produced.
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Figure 3 - World market of low-temperature superconductors and high-temperature
superconductors in 2004-2013, € million

Research and development in the field of electrical equipment is successfully developing.
The reason for this is the unique possibilities that have opened up superconductivity in the field
of electronics (high, close to the ultimate quantum sensitivity and accuracy of measuring in-
struments, high densiteness of resonant systems, miniaturization of many critical devices of ra-
dio engineering and electronics), as well as low material consumption of these devices and
modest requirements for power cryostatting. Supersensitive meters of magnetic current, current
and voltage were developed and tested, a quantum standard of Volta, unique magnetometers and
gradiometers, radiation receivers superior to the most sophisticated semiconductor devices were
designed. Some of them, for example, superconducting bolometers and stroboscopic consoles
for oscilloscopes, were produced in small batches mainly by small firms. Mostly Nb / AlOx /
Nb was used.

Very interesting are the developments of a new generation of magnetometric systems of non-
destructive testing, which are necessary, first of all, for the atomic, aviation and space indus-
tries. The perspective direction of medical diagnostics is magnetocardiography and magne-
toencephalography.

In the field of digital, or discrete, superconductor electronics, there is a constant increase in
the number of elements on a single chip. An increasing practical application finds the quantum
Volta standard obtained by the integration of Josephson junctions on a single chip [11]. In the
space experiment on the ARGOS satellite, along with passive SP elements, digital subsystems
were tested, providing more than a 100-fold decrease in power consumption with a 10-fold in-
crease in speed and a 10-fold decrease in mass compared with semiconductor systems based on
silicon or gallium arsenide.
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Conclusion. Thus, according to forecasts, the market share of global superconducting mate-
rials in the research and development sector on a global scale will grow by more than 17% an-
nually. The growth of the segment will be mainly due to a wide range of research and develop-
ment in various sectors of the final consumer, including telecommunications, electronics, medi-
cine, transportation, etc. For the development of new products and services, key players in the
aforementioned industries are actively investing in research and development to stimulate inno-
vation in products and services to achieve competitive advantages around the world. For exam-
ple, the telecommunications sector is involved in replacing conventional filters with supercon-
ducting filters that are more efficient in collecting signals and thereby improve the antenna
range. Such research in the field of R&D will help increase the size of subsequent years.
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PROSPECTS OF ESTABLISHING A TRABECULAR TANTAL IMPLANT
BY THE ADDITIVE METHOD

lposedeHo komnnekcHoe uccnedosaHue pbiHka opmonedudeckux umninaHmamoe PK, nposedeH aHa-
nus cywecmsyowux mexHonoeul npoussodcmea uMmnnaHmamos U Mamepuanos, npedHasHadyeHHbIX 015
ux npousgodcmea. OnpedenieHbl KOHKYPEHMHbIe npeumywiecmea mpabeKynapHbiX maHmanosbix Um-
nnaHmamos, npousgedeHHbix addumueHbiM Memodom. [JaHa OUeHKa COCMOSHUIO pbiHKa opmoneduye-
ckol xupypeauu PK.

KasakcmaH PecnybnukachiHbiH, opmoneduanblk UMMAaHmMaHm HapblfbiH KelweHdi 3epmmey Xyp-
2i3indi, umnnaHnmarHmmap MeH onapdbi eHOIpyee apHanfaH Mamepuandapdbl eHOipy 6olbiHwa addu-
muemi mexHonoauanapra manday xypaisindi. Abdumuemik adicneH eHAipinemiH mpabexynapnbiK max-
man umniaHmaHmmapbiHbiH, 6ecekenecmik apmbiKWbibifbl aHblkmandbl. KasakcmaH Pecrybnukachi-
HbIH opmonedusanblk Xupypausa HapbifbiHbiH xardalibl 3epmmendi.

The complex research of the orthopedic implants market of the Republic of Kazakhstan was carried
out, the analysis of the existing technologies for the production of implants and materials intended for their
production was carried out. The competitive advantages of trabecular tantalum implants produced by the
additive method are determined. The state of the orthopedic surgery market in the Republic of Kazakhstan
was assessed.

Key words: implants, materials for the production of implants, additive method, orthopedic surgery
market, implant technology.

Introduction. Today, porous orthopedic implants reveal new horizons in skeletal reconstruc-
tive surgery, in the general replacement of the hip joint, recently called the "operation of the
century" [1]. Until now, general arthroplasty of the hip joint has become a routine operation,
when the treatment of hip osteoarthritis and the number of surgical interventions has been in-
creasing since the 1970s. The most common causes for revision are mechanical weakening, in-
fection and instability / dislocation [2]. Most of these failures are due to the wear of polyeth-
ylene and periprosthetic osteolysis and, more recently, metallosis [1, 3]. Such defects cause
larger defects of bones and cavities in the bone structure, when the dimensions of these defects
become too large, there is a possibility of aseptic weakening of the implant. These defects of
bone tissue need to be restored and filled during the revision operations with new structures on
which new elements of the prosthesis are attached. These new structures can be autografts,
polymethylmethacrylate (bone cement), or allografts. Currently, transplants are the best solution
for creating a mechanical stable reconstruction that can withstand postoperative mechanical
loading, in cases of large bone defects [4, 5]. In connection with the increased demand for allo-
graft and its limited availability, more and more surgeons began to use artificial bone substi-
tutes. Preferably, these substitutes should provide initial fixation and long-term stability for sur-
rounding prostheses. Porous metals have the ability to provide bone growth and prevent stress
by reducing stiffness without too much loss of strength and therefore suitable for use as bone
substitutes in load-bearing loads.

Purpose and subject of research. The purpose of this work is to determine the relevance of
the development of technology for the production of trabecular tantalum implants by the addi-
tive method.

The first porous implants had only porous coatings of cobalt-chromium, but were soon re-
placed by the surgical type 5 Ti-6Al-4V, which is still the most widely used material for porous
biomaterials [1]. An alternative with a large potential is tantalum (Ta). Ta is a solid, plastic,
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highly chemically resistant material with good biocompatibility to human bone [6]. It has been
used successfully as a biomaterial since the 1940s in clinical medicine [6, 7], but because of its
high cost and complexity in processing, the use of Ta as a biomaterial has been limited [8]. The
parameters of human biocompatibility and differentiation for Ta-based osteoblasts are excellent
compared to the more commonly used in surgery Grade 5 Ti-6A1-4V [11, 12, 13]. Despite its
promising biological properties, Ta is not considered to be a suitable material for large implants
because of its high density and high price. Recent work devoted to research depending germina-
tion bone implant (trabecular implants are based on a porous alloy Ti-Nb-Ta, obtained by pow-
der metallurgy techniques) showed a strong dependence on the alloy porosity and pore dimen-
sions themselves [11-19]. The best biocompatibility was shown by Ti-Nb-Ta based alloys with
pore sizes from 200 to 400 um, which correspond to the pore sizes of animals and human bones.
The porosity of the alloy should be at least 70% with a plateau voltage of 53 MPa and an elastic
modulus of 3.4 GPa [12].

However, the preparation of a porous material based on the alloy of the Ti-Nb-Ta system is a
difficult task, which leads to an increase in the cost of the implant itself. Production appears to
yield implants with desired porosity, pore size and mechanical characteristics of the additive
method to give the finished product, sintering the powder in an inert atmosphere by optical radi-
ation. Problems associated with the technology of obtaining a porous material by an additive
method that has a high biocompatibility is an urgent task of medical material science.

Results and discussion. The research team made an attempt to assess the competitive ad-
vantages of the proposed technology in comparison with the main market implants produced in
the classical way.

A study of the endoprosthesis market showed that among the metals that are used for implan-
tation, the proportion of titanium and its alloys that are best for implantology, in terms of bio-
compatibility and specific strength, is about 5%. This is due to the low processability of titani-
um, and, consequently, the high cost of implants, which are mainly manufactured by machining.
In addition, the final finish of the bone-contacting surfaces is quite difficult.

Practically there are no cast implants, although casting of titanium alloys is widely used in
the aerospace industry. The fact is that pure titanium has low casting properties, and its cast al-
loys contain components (nickel, vanadium, etc.), which have a harmful effect on the tissue sur-
rounding the implant.

The unique quality of tantalum is its high biological compatibility, i.e. The ability to get ac-
customed to the body without causing irritation to surrounding tissues. This property is based on
the widespread use of tantalum in medicine, mainly in reconstructive surgery.

Tantalum has an advantage over titanium, stainless steel and other metals, which are used for
the production of implants. Tantalum implants are more porous than titanium, which promotes
bone growth and elasticity of the prosthesis itself.

However, only 5% of tantalum produced in the world is spent on medical needs, about 20%
is consumed by the chemical industry. The bulk of tantalum - over 45% - goes to metallurgy.
Leaders in the field of tantalum implants are the American company ZIMMER.

The main differences between tantalum implants and ordinary titanium are, of course, its
composition and a rare trabecular structure.

Implant made of tantalum, in contrast to standard titanium and zirconium. The implant has
an unusual trabecular structure, the implant is more like a piece of bone, rather than a familiar
metal "screw". It is easier to call it spongy, as it copies the natural structure of the bone. This
structure provides a more effective splice of the implant with bone at the cellular level. And this
in turn allows even in complex cases to do without the build-up of bone tissue. With spongy
implants, additional surgeries can often be avoided.
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Tantalum production in East Kazakhstan is the only one in the CIS and one of the largest in
the world, equipped with powerful modern equipment capable of processing any tantalum-
niobium-containing raw materials into ingots, chips, powders, rolled products.

The Kazakhstan plant has a full cycle of production - from processing raw materials of any
kind to the production of condenser powders, flat and round rolled products.

The key competence of tantalum production of UMP is the production of high-purity metal-
lic tantalum (99.995% Ta). The use of tantalum in medicine will allow us to master a new seg-
ment, increasing the Kazakhstan content in the full cycle of production. The market of tantalum
implants remains undeveloped due to various factors considered above. We are able to become
the first in the market of modern implants to have a raw material base, a growing demand for
endoprosthetics, and the use of new technologies in the production of implants. The combina-
tion of these factors will allow Kazakhstan to become a market leader with a fundamentally new
approach to the production of medical products.

This study showed that the durability and inertness of this high-strength metal are maintained
throughout the production process. Tantalum demonstrated a significant potential for creating
lattice structures using selective laser melting for use in hip joints, implants and other new bio-
medical products that will benefit the well-being of patients and ultimately lead to cost savings
in a more mass market.

A study by Metalysis and TWI used tantalum powder of the first grating structure to print,
which ultimately could lead to individual hip replacements and spinal implants.

The lattice structures obtained during this study proved that they are able to replicate natural
bone in terms of strength and rigidity and integrate with existing bone cells in such a way as to
sharply reduce the risk of rejection. Like other three-dimensional printing devices, implants can
be produced at much lower costs than with traditional production methods. Titanium and tanta-
lum were particularly expensive and difficult to produce in the past, but their effectiveness in
medical implants makes them very attractive, so the medical industry has so many hopes associ-
ated with the possibility of 3D printing of these metals. Since the launch of its commercial plant
in 2015, Metalysis has successfully supplied tantalum powder to its customers around the world,
working with LPW Technology to serve its customers interested in applying additive production
technology.

Tantalum production in East Kazakhstan is the only one in the CIS and one of the largest in
the world, equipped with powerful modern equipment capable of processing any tantalum-
niobium-containing raw materials into ingots, chips, powders, rolled products.

The use of tantalum as a material in prototyping allows:

* improve the efficiency of medical care, reduce the time of surgery and reduce risks to the
patient;

* diversify the nomenclature of tantalum production in Kazakhstan;

* reduce dependence on imports of implants in favor of biocompatible implants;

* use tantalum raw materials in a completed production cycle;

* increase the share of Kazakhstan content in endoprosthetics.

Marketing research demonstrated the feasibility of the process of realization of the target
program financing, market demand in individual tantalum implants and the prospect of their
production additive method.

The use of additive technologies in medicine makes it possible to solve questions in a wide
variety of fields, such as surgery, dentistry, surdology (making crowns, skeletal prosthesis
frames, surgical templates for implantation, vertebral implants, individual earmolds for hearing
aids, prosthetics of limbs, joints etc.).



TEXHUYECKHWE HAYKWU Y TEXHOJIOTMU 138 ISSN 1561-4212. «BECTHUK BKI'TY» Ne 3, 2017.

Rapid prototyping is rightly called the technology of the XXI century, and it seems that now
no one needs to be convinced of this - just look at the statistics. Terry Wohlers cites in his annu-
al review the following data characterizing the state of the art in the field of RP (Rapid Proto-
typing) technologies as of the end of 2009:

» for the years 2006-2009. the growth of investments in the RP industry was 153%;

» for the period from 1993 to 2009, annual sales of RP-printers increased more than 30 times.

Given the unique qualities of tantalum - its high biocompatibility, i.e. the ability to take root
in the body without causing irritation of surrounding tissues, the combination of metal with ad-
ditive technologies will bring to a qualitatively new level the issues of prosthetics in the country.

Tantalum production in East Kazakhstan is the only one in the CIS and one of the largest in
the world, equipped with powerful modern equipment capable of processing any tantalum-
niobium-containing raw materials into ingots, chips, powders, rolled products.

The Kazakhstan plant has a full cycle of production - from processing raw materials of any
kind to the production of condenser powders, flat and round rolled products.

The key competence of tantalum production of UMP is the production of high-purity metal-
lic tantalum (99,995% Ta). The use of tantalum in medicine will allow us to master a new seg-
ment, increasing the Kazakhstan content in the full cycle of production. The market of tantalum
implants remains undeveloped due to various factors considered above. We are able to become
the first in the market of modern implants to have a raw material base, a growing demand for
endoprosthetics, and the use of new technologies in the production of implants. The combina-
tion of these factors will allow Kazakhstan to become a market leader with a fundamentally new
approach to the production of medical products.

According to the Research Institute of Traumatology and Orthopedics, in the Republic of Ka-
zakhstan, at least 30,000 people need joint replacement in arthroplasty annually. Of these, about
15,000 need endoprosthetics for the hip joints, and about 9,000 people in the knee arthroplasty.
However, recent world trends indicate that the ratio of endoprosthetics of the hip and knee joints is
close to 1:1. Thus, it can be concluded that the number of knee joints in need of an endoprosthesis
replacement in the Republic of Kazakhstan will soon approach 15 thousand cases per year.

In general, the volume of the market of medical products of Kazakhstan is at least USD 380
million (the volume is calculated on the basis of import / export / production data, as well as ex-
pert assessment of market participants), including about 27.6 million items of orthopedics and
traumatology .US dollars. (about 7.2%). The share of the market for implants on the general
market of medical devices is at least 16% or about 41.6 billion US dollars. The average annual
growth of the global implant market for the period 2007-2012 was 4.1%, which is higher than
the growth rate of world GDP for this period. The largest market for implants in the territory of
the post-Soviet space is the Russian market The market size of orthopedics and traumatology of
the Russian Federation is about 347 million US dollars.

This segment is completely import-dependent (the share of imports is almost 99%). Import
supplies of the studied medical devices are strongly monopolized. More than 96% of the market
studied by IMN is controlled by 5 companies - LLP "Apex Co", LLP "A-37", LLP "Medicus-
M", LLP "Medcor" and LLP "Medicline".

The largest countries-suppliers of studied medical devices are Switzerland, Great Britain, Po-
land and Russia. The largest companies-manufacturers are Stryker, Euller and Johnson & John-
son, which account for almost % of the market of imported medical devices of the studied
groups.

In the structure of imports studied by the Institute of Mathematics, the largest share belongs
to the knee, hip prosthesis and plates, rods and screws - the imports of these three categories ac-
count for up to 65% of the imports of the studied medical devices in 2015.
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The leader in the import of implants for osteosynthesis in the Eurasian Economic Union is
SYNTHES. In the import of joint endoprostheses, ZIMMER products (tantalum implants) oc-
cupy a leading position, accounting for about 20% of imports. The leader in the import of endo-
prostheses for fixation and osteosynthesis of the spine in 2013 was the American company
MEDTRONIC.

Among the metals that are used for implantation, the proportion of titanium and its alloys,
the best for implantology, in terms of biocompatibility and specific strength, is about 5%. This
is due to the low processability of titanium, and, consequently, the high cost of implants, which
are mainly manufactured by machining. In addition, the final finish of the bone-contacting sur-
faces is quite difficult. Practically there are no cast implants, although casting of titanium alloys
is widely used in the aerospace industry. The fact is that pure titanium has low casting proper-
ties, and its cast alloys contain components (nickel, vanadium, etc.), which have a harmful ef-
fect on the tissue surrounding the implant.

Conclusion. Unlike titanium, tantalum has a higher biocompatibility. Tantalum is a unique
material - it has a high biological compatibility with the tissues of a living organism, without
causing rejection, which is why it is widely used in medicine: reconstructive surgery, orthope-
dics. Tantalum plates cover the damaged skull, tantalum with alloys of other metals used to
make endoprostheses.

Tantalum successfully serves for the radiographic analysis of the lungs, bronchi. The patient
inhales harmless tantalum dust, which settles on the lungs, bronchuses marks the diseased areas,
and they become visible on the x-ray. Thus, the doctor has the ability to accurately diagnose the
disease. But it should be said that only 5-6% of all tantalum produced is used for medicine,
about 20% is consumed by the chemical industry. The bulk of tantalum - over 45% - goes to
metallurgy.

Similar properties - biological compatibility - are alloys of tantalum with niobium. The lower
density of alloys compared with tantalum makes them more promising in medicine, including
implantology. The human body perceives tantalum not as a foreign body, but as its own bone
tissue.

Increasing the share of medical use of tantalum will allow solving a wide range of tasks in
traumatology, orthopedics and surgery. Diversified use of tantalum properties makes this metal
a promising raw material in the future medicine. However, in the modern world there is no
commercial application of tantalum implants obtained by the additive method, having scientific
developments are at the stage of preclinical research.

The use of tantalum as a material in prototyping will allow:

* improve the efficiency of medical care, reduce the time of surgery and reduce risks to the
patient;

« diversify the nomenclature of tantalum production in Kazakhstan;

* reduce the dependence on imported impentants in favor of biocompatible implants;

* use tantalum raw materials in a completed production cycle;

* increase the share of Kazakhstan content in endoprosthetics.

References

1. Learmonth ID, Young C, Rorabeck C. The operation of the century: total hip replacement. Lancet
2007;370:1508-19.

2.  Bozic KJ, Kurtz SM, Lau E, Ong K, Vail TP, Berry DJ. The epidemiology of revision total hip ar-
throplasty in the United States. J Bone Joint Surg Am 2009;91:128-33.

3.  Sundfeldt M, Carlsson LV, Johansson CB, Thomsen P, Gretzer C. Aseptic loosening, not only a
question of wear: a review of different theories. Acta Orthop 2006;77:177-97.



TEXHUYECKHWE HAYKWU Y TEXHOJIOTMU 140 ISSN 1561-4212. «BECTHUK BKI'TY» Ne 3, 2017.

©~No

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

Villanueva M, Rios-Luna A, Pereiro De Lamo J, Fahandez-Saddi H, Bostrom MP. A review of the
treatment of pelvic discontinuity. HSS J 2008;4:128-37.

Brubaker SM, Brown TE, Manaswi A, Mihalko WM, Cui Q, Saleh KJ. Treatment options and allo-
graft use in revision total hip arthroplasty the acetabulum. J Arthrop 2007;22:52-6.

Helsen JA, Missirlis Y. Biomaterials — a tantalus experience. Heidelberg: Springer; 2010.

Black J. Biological performance of tantalum. Clin Mater 1994;16:167-73.

Balla VK, Bose S, Davies NM, Bandyopadhyay A. Tantalum — a bioactive metal for implants. JOM
2010;62:61-4.

Matsuno H, Yokoyama A, Watari F, Uo M, Kawasaki T. Biocompatibility and osteogenesis of re-
fractory metal implants, titanium, hafnium, niobium, tantalum and rhenium. Biomaterials
2001;22:1253-62.

Johansson CB, Hansson HA, Albrektsson T. Qualitative interfacial study between bone and tanta-
lum, niobium or commercially pure titanium. Biomaterials 1990;11:277-80.

Findlay DM, Welldon K, Atkins GJ, Howie DW, Zannettino ACW, Bobyn D. The proliferation and
phenotypic expression of human osteoblasts on tantalum metal. Biomaterials 2004;25:2215-27.
Stiehler M, Lind M, Mygind T, Baatrup A, Dolatshahi-Pirouz A, Li H, et al. Morphology, prolifera-
tion, and osteogenic differentiation of mesenchymal stem cells cultured on titanium, tantalum, and
chromium surfaces. J Biomed Mater Res, Part A 2008;86:448-58.

Tang Z, Xie Y, Yang F, Huang Y, Wang C, Dai K, et al. Porous tantalum coatings prepared by
vacuum plasma spraying enhance BMSCs osteogenic differentiation and bone regeneration in
vitro and in vivo. PLoS One 2013;8:€66263.

Miyazaki T, Kim H-M, Kokubo T, Ohtsuki C, Kato H, Nakamura T. Mechanism of bonelike apatite
formation on bioactive tantalum metal in a simulated body fluid. Biomaterials 2002;23:827-32.
Garbuz DS, Hu Y, Kim WY, Duan K, Masri BA, Oxland TR, et al. Enhanced gap filling and oste-
oconduction associated with alendronate-calcium phosphatecoated porous tantalum. J Bone Joint
Surg Am 2008;90:1090-100.

Justesen J, Lorentzen M, Andersen LK, Hansen O, Chevallier J, Modin C, et al. Spatial and tem-
poral changes in the morphology of preosteoblastic cells seeded on microstructured tantalum sur-
faces. J Biomed Mater Res, Part A 2009;89:885-94.

Wang N, Li H, Wang J, Chen S, Ma Y, Zhang Z. Study on the anticorrosion, biocompatibility, and
osteoinductivity of tantalum decorated with tantalum oxide nanotube array films. ACS Appl Mater
Interfaces 2012;4:4516-23.

Paganias CG, Tsakotos GA, Koutsostathis SD, Macheras GA. Osseous integration in porous tan-
talum implants. Indian J Orthop 2012;46:505-13.

Miyazaki T, Kim HM, Kokubo T, Miyaji F, Kato H, Nakamura T. Effect of thermal treatment on ap-
atite-forming ability of NaOH-treated tantalum metal. J Mater Sci - Mater Med 2001;12:683-7.

MonydeHo 31.08.2017

YK 669; 658.567.1

H.A. Kyjaenosa, K.C. Onan6aesa, 3.M. AxmerBanueBa
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Bocrouno-Kazaxcranckuii rocyjapcTeeHHbIN yHUBEpcHTET M. C. AMaHX0710Ba,

r. Ycre-Kamenoropek

KOMILIEKCHBIN IMMOAXO0/T K MEPEPABOTKE TEXHOTEHHOTI'O CBIPbSI

B danHol pabome npusederb! pesynbmamel uccnedoganull no ymunusayul mexHoaeHHbIx omxodoe
Yemb-KameHoeopckoeo mumaro-MaeHUeg8oeo KoMbuHama, 8 YacmHocmu ocadka wiiamMoHakonumened.
HsyyeH sewecmaeHHbill cocmag ocadka wiamosbix Hakonumenel npousgodcmea XUMUYECKUM, gaso-
8biM, MUKDPOCKOMUYECKUM U PEHMaeHOCMPYKmMYypHbiM Memodamu. [aHbl pekomeHOayuu o rnosmopHoOMy
UCITO/Ib308aHUIO MEXHO2EHHbIX 0MX0008 8 KaYecmee CmMpoumenbHo20 Mamepuarna.
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Eepinzen xymbicma ©ckeMeH muman-MagHull KoMOUHamblHbIH KUbIH alblnambiH KandblKmapbiH,
COHbIH iWiHOe wnam xuHakmaybliwmapdbiH wesiHdinepiH kedeae acblpy bolibiHWa 3epmmey Homuxenepi
KenmipineeH. Lnam xuHakmaybi weaiHOinepiHiH 3ammbiK KypaMbl XUMUANbIK, ¢basanblk, MUKPOCKO-
NMUANBIK XoHe peHmaeH KypblibiMOblk adicmepmeH 3epmmendi. KubiH awblnambsiH Kandbikmapob!
Kypblnibic Mamepuaibi pemiHOe Kalima KondaHy 6olbiHWa ycbiHbicmap bepinaeH.

In this paper, the results of research on the utilization of man-caused waste from the Ust-Kamenogorsk
titanium-magnesium plant, in particular sediment of sludge collectors, are presented. The material compo-
sition of the sediment of sludge collectors was studied by chemical, phase, microscopic and X-ray diffrac-
tion methods. Recommendations on the reuse of man-caused waste as a building material are given.

Knioyesble cnoea: mexHoeeHHOe Cbipbe, UiiaMosbie omxodbl, emopuyHas rnepepabomka, useecm-
Koebll Winam, peyuknuHa.

[IpuHATOC KOMITTEKCHOE HCIIOIB30BAHHIE TCXHOTCHHOTO CHIPhS KaK 3aMEHHUTEIS IPUPOTHOTO
MHHEPAITBEHOTO CHIPBSI B MPOMBILIJICHHOCTH CTPOUTEIBHEIX MATCPUATOB Pa3BUBACTCS MOCIEA0-
BarenbHO. [lepBBIM 3TamoM, B 3HAYHTENBHOW MEpe OMPOOOBAHHBIM, SBIETCS HUCIONB30BAHHC
TEXHOTCHHOT'O CBHIPbS IS MOIYYCHHS MPOAYKTA MYTEM MAaKCHMAJIBHOIO VIPOLICHUS TEXHOJO-
ruil. Takol moaxo K pCHICHHIO TCXHUYCCKH CA0KHOM 3a1a9H HE BCCTAA JACT TMOTOKHUTCIBHBIH
PE3VIBTAT U B MOAABIIAIOIIEM OONBIIMHCTBE CIYYACB MPUBOIUT K MaI03¢hPEKTUBHOMY HCIIONb-
30BAHMIO OTXOAOB HNPON3BOACTBA. OAHAKO MPOIOIHKAIOLIMICS POCT OTBANIOB 3aCTABIICT HCKATh
HOBBIC ITyTH MX HCHONb30BaHMs. B pe3ymeTare ucciaenoBaHuil, Kak NPaBHiIo, HACTYIAET BTOPOH
3Tam, CBONIIUICSA K H3bICKAHHIO PALIMOHANBHBIX METOAOB M HAIMPABICHUN UCIIOIB30BAHUS TCX-
HOTCHHOTO CHIPBS C VIETOM €ro CeUpHICCKIX CBOHCTB.

B Bocrouno-Kaszaxcranckoli ob1acti B HacTosee Bpems ACHCTBYET PAA METaJLIypruyc-
CKUX NPCANPUATHH, AN KOTOPHIX YTHUIN3ALMS, XPAHCHUE H COACPKAHUEC TCXHOTCHHOTO CHIPhS
TpeOyeT OONBIIMX IMIOMAACH H HOCTOSHHOTO BIOKEHUS cpeacts. OqHUM U3 TaKUX Npeanpus-
ThH sBisiercs Y cth-KameHoropckuii THTaHO-MarHUEBBIH KOMOUHAT.

AHanmuTuueckuil 00630p TUTEPATYPHBIX H MATCHTHBIX JAHHBIX MO TEXHOIOTHAM 00C3BPCKH-
BaHU$, NEPepadOTKU U VTUIM3ALMUA OTXOAOB THTAHO-MArHHECBOTO MPOU3BOACTBA MOKA3BIBACT,
4uTo 00BEM O0pPA30BaHUS U BHIOPOC TBEPIBIX XJIOPUIHBIX OTXOAOB MOXET OBITh CYIISCTBEHHO
CHIDKCH 32 CYCT AATbHCHINEro COBEPIICHCTBOBAHUS OCHOBHBIX TEXHOJOTHYCCKUX MPOLIECCOB,
HCHONB30BAHMS OTXOJ0B B COOCTBCHHOM NPOU3BOICTBE, CHIKCHHS UX TOKCHYHOCTH, MOMYTHO-
IO U3BJICUCHUS [ICHHEIX KOMIIOHCHTOB, B TOM YHUCIIE [T NPOU3BOACTBA TOBAPOB HAPOIHOTO MO-
TpeOICHHS, YTO TMO3BOJICT KOMILICKCHO HCIONB30BaTh NPUPOTHOE ChIphe. Mcmomp3oBaHHe
00E3BPEKEHHBIX U MEPepabOTaHHBIX OTXOA0B THTAHO-MArHHECBOr'O MPOU3BOACTBA B PA3THYHBIX
OTpacisX MPOMBIIIICHHOCTH B3aMEH ACULHUTHBIX U AOPOTOCTOSIINX PEArCHTOB MOXKET AATh
3HAYUTENBHBIN dKOHOMUYECKUH 3¢ dekr. Oco00 MOKHO OTMETHTB, YTO UCIONB30BAHHC TBEP-
JBIX OTXOJ0B TUTAHO-MArHUEBOTO IMPOU3BOACTBA B MPOMBILIICHHOCTH CTPOUTENBHBIX MaTepHa-
JIOB TIO3BOJMT OLYTUMBIM 00Pa30M O3I0POBUTh KOJOTHUYCCKVIO OOCTAHOBKY PETHOHA, CHHU3HB
00BEM CYIIECTBYIOIIETO 3aXOPOHCHHS B 3¢MITIO.

Ha nanHoM 3Tame HaM MpeAcTaBIseTCS MEPCICKTUBHBIM MPOBEACHUE MEPEOLICHKH BCEX TEX-
HOTCHHBIX OTXOJ0B TUTAHO-MArHUECBOTO MPOU3BOACTBA M paspaboTka 3pQeKTUBHBIX (HE Tpe-
OVIOIIMX OONBINMX KAMHTATIBHBIX 3aTPAT) TEXHOJOTHH MepepadOTKU TBEPABIX OTXOAOB, B TOM
YHUCIC U IPU MPONU3BOACTBE CTPOUTEIBHBIX MATCPHATIOB.

O6pasyromuecs B npouecce npousBoacTBeHHON aesreapHoctd YK TMK npomsiiicHHbIS
OTXOABl HPEACTABICHBI ABYMS PAa3HOBHUAHOCTAMHM: MYJBIONW XJIOPHUIHOH W TaK HA3BIBACMBIM
MuHepanuzaropoM. [lynena xnmopuaHas (cMmech mUIaMOB ¢ BOAOW) ofpasyercs B Ipolecce
OYHCTKH TEXHOJOTHYCCKUX Ia30B U PA3MBIBKH TEXHOJIOTHYCCKOTO 000PYAOBAHUS TUTAHOBOTO U
MarHiueBoro npoussonactsa. [lyabpna xmopuaHas npeacTaBsieT coO0H nacTooOpasHEId MPOAYKT
¢ coxeprkaHueM Brard 85-95%. XuMuduecknii COCTaB MybITbl XJIOPHIHON NpUBEICH B Ta0m. 1.
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Tabnuua 1
Xumuueckuii cocmae nyivnol XA0PUOHOT

HanmenoBanme Comepxanue, %

KOMIIOHCHTOB MumH. Makc. Cpemnaee
Si0, 2,0 4,5 32
Ca sou 16,2 23,0 18,6
CaO 2,0 4,0 3,21
CaCO3 8,7 15,4 11,8
TiO, 6,9 11,0 9,1
Fe 3,4 6,6 5,5
Al 2,8 48 38
Cr 0,38 0,77 0,67
C1 8,7 12,3 11,3
Mg - 0,4 0,4
\" - 0,16 0,16
Ta,05 0,016 0,036 0,025
Nb,Os 0,18 0,25 0,20
Cu 0,013 0,10 0,056
H,0 rurp. 22,4 25,8 24,1
ITpoune - - 4,0

[IraMBI OT MPOU3BOACTBEHHBIX 1IEXOB KOMOMHATA B CMECH CO CTOKAMU TMOCIE Pa3MbIBa TEX-
HOJIOTHYECKOro 000pyI0BaHUS, NPESIBAPUTEIBPHOTO PA3I0KEHHS MMPUCYTCTBYIOMIETO B COCTABE
CTOKOB THUIIOXJIOpUTA KaJIbLUA PACTBOPOM TI/IOCYJ'IL(I)aTa HaTpud 1o CUCTCMC HpOMbIH.UICHHOﬁ
KaHAIU3anoun OTBOAATCA HA CTAHIIUIO HCI\/'ITpaJ'II/ISaLII/II/I. HaHpaBJ'IHCMa}I B IIJIAMOHAKOITUTCIIN
XJIOPUIHAS MYIbIIA MPEACTABILIET CO00H cMech macTooOpasHbIX mumaMoB ¢ Boxoi. LllnamoBeie
OTXOJBI OTHECCHBI K 4 KJIACCY OMACHOCTH.

Tlocae HCﬁTpaHHSaLIHH HU3BCCTKOBBIM MOJIOKOM XJIOPpUAHAA ITYJIbIIa HAIIPABIACTCA B HIJIaMO-
HAKOIIUTC/IP HA OTCTAHUBAHUC. OCBGTJ’IGHHaH nopu OTCTAUBAHUU BOJda NpPU I/I36LITKC 10 OTBOAA-
UM TPYOOITPOBOAAM MEPEKAUYMBACTCH HA BHIMYCK B P. MpThimn. Beimasime B 0CamoK IHLIamMbl
CKIaJUPYIOTCS B IUIAMOHAKOIMUTEIIX.

Munepamuzarop oOpa3yercs B IpoLEcce MPOU3BOACTBA THTAHA M MarHusg B BHUAC O0Tpado-
TAHHBIX PACIIJIABOB TUTAHOBBIX U KAPHAJUIUTOBBIX XJIOPATOPOB, OTpa6OTaHHbIX SJICKTPOJIUTOB U
[ITAMOB 3JCKTPOIH3ePOB. MUHEPATU3aTOP UMEET TBEPAOEC arperaTHoe COCTOSHUE, (HpaKiHoH-
HBIA COCTaB M3MEHACTCS OT MOPOLIKOOOPA3HOro MaTeprasia 0 KPYIHBIX MOHOIUTOB BECOM 10
2-3 1. MuHepanu3arop CKIaaupyeTcsd Ha MOJUTOHE.

B xuMH4ecKoM OTHOILIICHUH MUHEPATH3ATOP NPEACTABIACT COO0H CMECh XJIOPUAOB KATbIIHS,
MarHusi U APYTHX JIETKO pacTBopumbix cojci, Bec %: KCI1 - 42,2; NaCl - 16,6; MgCl, - 8;
CaCl; - 1,8; MgO -0,5; FeCl, - 15; FeCl; - 5,6; AI1C1; - 2,4; TiO; - 2,3; Si0, -4,2. PactBopu-
MOCTh MHUHEpau3aropa B Boae - 60% u Gomee. MuHEpaIu3aTop BHIBO3UTCS CICHHAIBHBIM aB-
TOTPAHCIIOPTOM Ha MOJIUTIOH 3aXOPOHCHUA, TAC CKIAIAUPYCTCA B T'PYHTOBBIC TPAHIICU. Tocae
3aMOJIHCHUA OO0 NMPOCKTHBIX OTMCTOK TPAHIICHU 3aKPBIBAKOTCA UCXJIOM INIMHUCTOI'O I'PYHTA U pC-
KYJIbTHBUPYHOTCAL.

C uenpro ONMpeaeICHNs BOBMOXKHBIX MyTel mepepaboTKu ocagka muiaMoHakonuTenel B Bo-
crouno-Kaszaxcranckom roCyAapCTBCHHOM TCXHUYCCKOM YHHUBCPCUTCTC MPOBCACHBI UCCICAO-
BaHU [0 €I'0 MAKCUMAIbHOH YTHIH3ALNN B MPOU3BOACTBE CTPOUTEIBHBIX MaTepuaios. U3yue-
HHUE BCLICCTBCHHOTO COCTABA 0OCAIKa MPOBOAMIOCH XUMHUYCCKHM, (PAa30BBIM, MHKPOCKOIHYC-
CKHM H PEHTI€HOCTPYKTYPHBIM METO JAMH.
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[To zakmroucHuro PecriyOnukanckol 001acTHON caH3MUACMCTAHLIAE OCAIOK IITAMOHAKOIIH-
TEnel OTHOCUTCA K Marepuany 1V kiacca omacHOCTH — BemecTBo ManoonacHoe. [loka3zarens
LDs, - cpeanecMepteapHas A03a It OCMBIX KPBIC COCTaB/sIeT A MuHepammusaropa 7000+
25mr/kr u 45423469 Mr/Kr A OyIeObl XJIOPUIHOM.

OnH He obnamact CrocOOHOCTRIO K KyMY/ISIIMH M MPOHUKHOBCHHUIO YCPE3 KOXKY, HE BBI3BIBACT
MOBBIICHHOH YYBCTBUTCIBHOCTH OPTaHU3Ma U VCHUIICHHOTO pocTa TKaHeW. Ocalok HE BBIACTSICT
JICTYYHX BeIlecTB B Bo3ayX. [Ipu cobaroneHny mpaBil OXpaHbl TPYAA H TEXHUKH OC30MIACHOCTH B
padoTe ¢ 0CaIKOM OH HE BBHI3BIBACT MOPAKCHUE CITU3UCTHIX 000I0UCK BEPXHHUX ABIXATCIBHBIX ITY -
tert. W, cnenoBarenbHO, MOKET HCIIOTIb30BATHCS HMPH MPOU3BOJCTBE CTPOHTEIBHBIX MATCPHATIOB.
ITO TOHKOTUCTICPCHBIN, TJTHHOMOAOOHBIM MATCPHAJ, UMCIOIIHNN CIOXKHBIH XUMHUYCCKHUNA COCTAB.
ITo cpokam xpaHEHUS OCATOK NITAMOHAKOIMTEN MOAPA3ACTICTCS HA TEKYIIUH (CPOK XPaHCHHS
10 1 roaa) u nexxanslii (CPOK XpaHEHUs GOee OAHOTO roa). XUMHUYCCKHH COCTaB OCaAKa IIa-
MOHAKOTHUTENICH NPEACTABICH B Tab/. 2-4. B XUMHUIECKOM COCTaBE TBEPAOTO OCAIKA MPEACTABIIC-
HBl COCAMHCHHS KPEMHUSI, KAJIbLIMS, AMTIOMHHHS, TUTAHA U APYTUX SICMCHTOB.

MuHepanoruyeckoe HCCICAOBAHUE MATEPHANA OCAJKa MOKA3ajo, YTO BHU3VAIBHO MNPOOBI
MPEICTABIICHBI OypPOBATON TOHKOAUCTICPCHON Maccoi. OcHOBHOMN (ha30il SBISIFOTCS THAPOCITIO-
el KyAl [(Si, Al)g -O40][OH], 'nH,0, ruapomyckosur, ouotur. [Ipudbmusurensro 8 -12% co-
cramier coexuHenne CaCl, -6H,0.

Tabnuua 2
Xumuueckuii hasoswlii ananus ocaoka
Ne BemectBo, % BeC. Ocamox TeKyIHi Ocamox JICKATTBIH
1 Kpemneszem
o0mmit 4,34 6,84
CBOOOTHBIIH 1,9 1,25
2 Kambsuuit
o0mmit 20,4 23,9
XJIOpUL 7,24 39
KapOoHAT 10,76 19,94
cynb(at, CBI3aHHBIHN C ATFOMOCHIHKATOM 2,0 0,2
3 TiO,
o0mmit 5,64 6,06
HIIBMCHHT 2,36 3,88
pyTHI (JICHKOKCCH) 3,28 2,18
4 Cepa
obmas 1,53 0,8
cynbdaruas * 1,24 0,74
*cepa Cymb(aTHAS CBA3aHA C KATBIUCM
(8 popme rumca)
5 Keneszo
o0mee 2.8 4,83
JBYXBAJICHTHOE <0,2 <0,2
TPEXBAJICHTHOE 2,8 4,83

Hecoorsercreue kommoneHTHOro cocraBa 100% o6bsacHAETCS 0COOCHHOCTSIMH BEMIECTBEH-
HOTO COCTaBa 0CAIKa, T.K. BIIEMEHTH MMPUCYTCTBYIOT B MAaTCPUANIE HE TOIBKO B JOPME OKCHAOB.
B ocaaxax ITIIT (moTepn nmpu nmpokaaTnBaHWM) IPOHU3BOJMINCE M3 HEBBICYIIEHHOTO MaTepHaia
BCJICACTBHE TOHKOAUCIICPCHOCTH U rurpockonuuHoct npod (u3 [T nago seraects Boxy).
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Tabnuma 3
Onemenmapubili anaius 8 nepecyeme Ha oxcuowt (% eec.)
Hamverosatie SiO, Ca0 MgO ALO; Fe,0s TiO,
MaTepHana
Texymmii ocaaok 4,34 39,98 2,26 2,44 3,92 5,64
Jleskanmeni ocagok 6,34 32,76 2,49 1,88 6,02 6,06
MPOXOKEHHE TAOIHIBI 3
Hamnerosarne SO, K0 Na,O | H,Orurp | -0 cess I
MaTepHana
Texywmit ocaiok 3,82 0,46 0,22 12,24 9,65 35,04
TlexanbIi 0caToK 2,0 0,23 0,12 6,79 4,43 35,47
Tabnuua 4
Konyeumpayusa xomnonenmog (6 % x cyxomy ocaoxy)
HammvenoBanue Al Mg Na K Cl T H,0 H,0 v
MAaTCPHATA THUTD. CBSI3.
Texymmii ocagok 1,29 1,36 | 0,16 | 0,36 | 9,87 | 35,94 12,24 9,65 0,18
JleskambIit ocagox 1,00 1,5 0,09 | 0,18 | 3,21 | 35,47 6,79 4,43 0,18

IMox GUHOKYIAPOM OIPEACACHBI CICAYIOUINE MATEpUAIBL: THIIC - 3-5%, kBapIl - 1-2%, pyTun
- 2-3%, neHKoKCceH, aHatas -2%, HIBMCHHAT, WIBbMCHOPYTHI -1-2%.

B pesynaprate peHreHOCTPYKTYPHOIO aHANMH3a B OCAJKaX YCTAHOBICHBI clacayromue (asbr:
KameuT, Kpucramtoruapar kaaeiws (cocrasa CaCl, 6H,0), unemenut FeTi0;. Peaynbrarst
HCCIeIOBAHHUH (PU3HKO-MEXaHUICCKUX CBOUCTB 0CaKa MPUBEICHHI B Ta0M. 5.

AHaJ’II/IS NOJIYUYCHHBIX JAHHBIX YKa3bIBaCT Ha TO, UYTO U TCKyH.[I/II\/'I M JICKATBINA 0CaaKHu 110 CBO-
MM CBOWCTBaM U COCTaBY OJM3KH K NPUPOIHOMY CHIPBIO AJIS MOTYUCHUS CTPOUTECIBHBIX MaTe-
puanos. OgHaKo nexKambld 0caJoK (0CAAO0K MUTAMOHAKOIUTEICH) B CBOEM COCTABE COACPIKUT B
3 paza MCHBIIE HOHA XJI0Pa U MCHEE TUrPOCKONHYcH. [103TOMY AN TOCTHIKEHHS MOCTABICHHOH
LEeTd ObUTH PacCMOTPEHBI BAPHAHTHI UCTIOIB30BAHHS HMECHHO JICKATIOrO OCAAKaA MPH HMPOU3BOI-
CTBEC CTPOUTENBHBIX MATEPUAJIOB - TSDKEIOrO, SUYCHCTOro U achaibTOBOro OETOHOB, OCTOHOB
JUTS 3aKNIAJKH BEIPAOOTAHHOTO MPOCTPAHCTBA, TAKKE C LCTBI0 YMEHBIICHHS (PU3HUECKOTO 00b-
CMa HAKOIJICHHBIX OTXOAOB pacCMaTpuUBaIacCh TCXHOIOI'UA UX 6pI/IKeTI/IpOBaHI/I$I.

Tabnuua 5
DusuKo-mexanuuecKue ce0UCMed 0CAOKd
HanmenoBaHue nokaszateneu Texymmi Jlesxkambrit
0cazIoK 0cazIoK
1. ICTHHHAS IUTOTHOCTD, T/CM 2,67 2,57
2. HachImHAS [UIOTHOCTb, T/M° 0,89 0,6
3. 3epHOBOM COCTaB, % MO MAcCe HC MCHEC:
Menpue 1,25 Mmm 100 100
membue 0,315 mm 96 95
membue 0,071 mm 94 91
4. Cpeassas MIOTHOCTh B YIUTOTHCHHOM COCTOSTHHH
o1 Harpy3koit 40 MITa, T/m’ 1,7 1,7
5. I1opHCTOCTh B YIUIOTHEHHOM COCTOSHHH, %o 34 36
6. VaemsHas moBepxHocTh (o ITCX-2), cM™/r 10800 5200
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B BKI'TY Obuiu mpoBEASHBI JOMOIHUTEIBHBIC HCCACIOBAHUS IO MPUMCHCHHUIO OCAIKa
[ITAMOHAKOIHUTEICH B €CTCCTBCHHOM BUJC B KQUECTBE MHHEPATIBHOIO MOPOLIKA AT MPOU3BOI-
crBa achanbToBRIX OCTOHOB. B pesynprate wuccnemoBaHuid Ans YAVUIICHHS CTPYKTYPHO-
MEXaHHYECKUX CBOUCTB OCAAKa MPEIIOKCHA KOPPEKTHPOBKA €rO U3BECTHAKOM M COBMECTHAs
ux nogroroeka. [Ipu sTom Hanbonsimmii 3¢ GHeKT MOKET OBITh MOMYUICH MYTEM COBMEIICHHUS (-
3UKO-XUMHUYICCKON 00PA0OTKH ¢ MEXAHUICCKUM BO3ICHCTBHEM.

BropeiM HepcneKTUBHBIM HANPABJICHUEM SBISICTCS HCHONB30BAHUC MITAMOBOIO OCAJKA B
Ka4eCTBE MUHEPAIbHOH A00aBKH-IIIACTU(HUKATOPA B KIAAOYHBIC W IITYKATYPHBEIC PACTBOPHI
JUTS TIPOMBILITICHHOTO U TPaXJAHCKOTO CTPOUTEnbeTBa. QHAKO B HACTOALICE BPEMS CTCIICHB
HCIONB30BAHMS 0CAIKA IITAMOHAKOMUTEICH TOBONBHO HH3KA, B TOM YUCIE H3-32 OTCYTCTBUS
3IKOHOMHUYCCKH 00OCHOBAHHBIX METOANK pacueta 3P PEeKTHBHOCTH MEPepabOTKH OTXOAOB C yUe-
TOM 3KOIOTHYCCKUX TPEOOBAHHM, a TAKXKE SKOHOMHYCCKOTO CTUMYJIHPOBAHHS MPCAITPHITHEH.
HewmanoBaxkuyio ponmbs urpaer oOliee CHIDKCHHE TEMIIOB U OOBEMOB CTPOHTEIBbCTBA. B 3TOM
CBSI3U ABTOPAMH MPEIOKECHO UCHOIb30BaTh 4acTh 0Tx0n0B Y KTMK - orpaGoTaHHbIi H3BECT-
KOBBIU IIJTAM TA300YUCTKH (CM. PHC.).

N3BecTKOBBIHM IUTaM BO3MOXHO MONYYHTh MPH 00C3BPEKUBAHNN XIOPHAOB, MOCTYIAOIINX
W3 MAXTHBEIX XJIOPATOPOB B BHJC MAPOB U ra30B HA ra300YUCTKY, U3BECTKOBBIM MoJokoM. HMc-
MOJb30BAHUE OTPAOOTAHHOrO LIIaMa Ta3004MCTKH 03 CMEIIMBAHHS €r0 CO BCEMH OTXOAaMU
KOMOHHATA PEIIACTCS MPOIIE B TECXHONIOTHYCCKOM IIIAHE: BO3MOXKHOCTBIO BBIACICHHS W3 TEX-
HOJIOTMYECKOU LICTIOYKH IO MONAJaHHS €T0 B IITAMOHAKONUTEIH, YTO MO3BONSET HCIOIb30BATh
[IaM B CTPOHMHAYCTpUH O3 AomomHuTeabHOH moaroroeku. Lllmam crymaercs, 3arapusaercs B
MOJMSTUICHOBEIC MEIIKH, YTO HCKIIOYACT M3MCHCHHE €r0 COCTABA MPH XPAHCHHH HA CKIIAIC
noTpeduTes.

Vers-Kamenoropekuii THTaAHO-MarHHeB bIi .
xoMGuHaAT
O=mcr=a Pazsmsxa
TexmomorETec TEXHONOrHIecK
KX ra3os oro
Inaso=axo
oETen: Crasmas f
HeETpaTEIamE
i INox=ro=
3axopoR
CTPORETEeNLEED
MaTepEanos
OPOEIBOACTEO
CTPOETEeNLEEDX
l MATEDHEATOE
Memepamsesd ‘
DOPOIMIOK JMs
acmmm"_ﬁerom TEXeIse H TIeHCTERe
3axnamoTEne GeTo=sL, Geromsr,
CTPOETeIRHEIS 3axmazoTEse OeTo=Enr

Pucynox - Cxema ucnons30BaHUA H3BECTKOBOTO nrtama YK TMK

HccnenoBanusamu mokasaHa BO3MOKHOCTh HCIIONB30BAHUS U3BECTKOBOIO IITAMa B TBEPAC-
IOLIMX 3aKIaJ0YHBIX OCTOHAX CO 3HAYUTENBHBIM 3(dekToM Ha OIH3NICKANUX PYIHHKAX. JKO-
HOMHSI JOPOTOCTOSIICT0 U ACHUIMTHOrO mopTiaHgieMeHTa Mapku «400» Ha KakaoM KyOo-
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metpe coctaBuT A0 100 xr mpu TpeOyeMol MpOYHOCTH 3aKIaA04HOro OetoHa. M3BECTKOBBIH
IyiaM He TPEOYeT AOMOMHUTEIBHOTO U3MCIBUCHUS, TAK KAK B TCXHOJOTHUYCCKOM IMPOLECCE
JUCTICPTUPYCTCsl. AKTYaIbHBIM HAMTPABJICHUEM SIBJISICTCSI HCIIOI30BAHUE OTXOI0B METAJLIYPr-
YECKOW MPOMBIIUICHHOCTH U 3HCPIETHKH B MPOU3BOJACTBE SUCHCTHIX OCTOHOB ABTOK/IABHOIO H
HCABTOKJIABHOTO TBEPACHHS, KOTOPHIC 001aa0T HU3KUM KO3()PHULIMEHTOM TEIIOMPOBOIHOCTH
Y U3TOTOBJISIIOTCS U3 ACIICBOrO HCXOTHOTO CHIPHSL.

HoBusna JaHHOTO MCCICIOBAHUS 3AKIIOYACTCS B TOM, YTO M3BECTh B TPATUILMOHHOU ABTO-
KJIABHOW CHJIMKATHOM TCXHOJIOTHH 3aMCHCHA HA W3BCCTKOBHIM mmaM Y cTh-KaMeHOropckoro
TUTAHO-MArHUEBOTO KoMOuHaTa. KputepusMu MHTEpPECA €ro HUCMONB30BAHMS CICAYECT HA3BATh
MPEKAC BCEr0 HATMYUE OOJBIIMX 3AMACOB, XUMHUCCKUH COCTAB, MPOCTOTY M JIETKOCTh MOATO-
TOBKM IIJaMa K MPUMCHCHUIO U OBICTPOTY BHEAPCHHS TEXHOJIOTHH HCIIONB30BAHUS €r0 HA
MPEANPUITHSX CTPOHUHIAYCTPHUH.

B x04¢ MHOrOYHCICHHBIX HCIBITAHUN OBLIO YCTAHOBICHO BMSHHUC XJIOPUAA KATbIHS, TH/I-
POKCHIA MArHHUS, COACPKAIIMXCS B U3BECTKOBOM ILJIAME, HA TBEPACHHUS MEKIIOPOBBIX MEPEro-
ponok. AHanu3 00pasioB ¢ A00ABKOM W3BECTKOBOTO IIJIAMA MOKA3AJI, UTO UX CTPYKTypa Oosee
JerKas, 4eM y o0pasioB 0¢3 qobaBku, ¢ OOJBIIMM KOITHYSCTBOM 3AMKHYTHIX W PAaBHOMCPHO
pacnpeencHHBIX TOP MPAaBHIBHOH OKpyriaod dopmbel. OOpa3ubl, IPUTOTOBICHHEIC TPH OINTH-
MajbHOM COOTHOIICHHH LIEMEHT:30/1a-YHOC - 1:1 ¢ noGaBkoit 25% M3BECTKOBOrO ITaMa OT BeCa
LEMEHTA, TTokasanu mpu npounoctu 0,4-0,42 MlITa mnotHOCTE 450-460 KT/

Peaynbrarer 1abopaTOpHBIX UCCICAOBAHUEN MOATBESPAUIN BO3ZMOKHOCTh VIIPABICHUS CTPYK-
TYPOOOPAa30BAHUEM STUCHUCTOTO OCTOHA C MOMOIIBIO BBEACHHS B CMECh M3BECTKOBOTO IIIAMA B
KaQueCTBE KOMILTICKCHOM A00aBku. Jlaxe npu yCIOBHU MCMOMB30BAHUS LIEMCHTA HU3KOH aKTHB-
HocTH. BBeaeHHE U3BECTKOBOIO MutaMa 00SCIICUHIO SHCPTUIHOS MPOTCKAHUE PEAKIIMK ra3000-
Pa30BAHMS U MOTYYCHHE TCIION30ILHOHHOrO GETOHA IIIOTHOCTBIO MeHee 500 K/,

PerieHue 3ko10ruuecKoi mpodaeMbl, BBI3BAHHON TEXHOTCHHBIMH OTXOJaMH THTAHO-MarHH-
€BOTO MPOU3BOJACTBA, B HACTOSINEES BPEMSI BO3MOXKHO € MOMOIIBI) YTHIHU3ALUNA HX METOAOM
OpUKETUPOBAHUS, KOTOPBIN MO3BOJUT O0CCICUUTh UX OTHOCHUTEIIBHO OC30MaCHOS CKIIAIHPOBa-
HUC U 3HAYUTEIIBHO YMCHBINUTH ILIOMIAAN Tt 3aXOPOHCHHS TEKY X 0TX0M0B. HecoMHEHHBIC
MPEUMYINECTBA OpPUKETA: MPABWIbHAS OAWHAKOBAas (hopMa; BHICOKAS MHPOYHOCTh U JIyYIIAs
TPAHCHOPTAOCIPHOCTh; OO0JICC BBICOKAS CPEAHSS ILIOTHOCTh, JKOJOTHYECKAS OC30MaCHOCTD
(0€30TXOMHOCTD, OTCYTCTBUE BBICOKHX TEMIICPATYP MPHU H3TOTOBJACHUHU); BO3MOKHOCTh MPUME-
HCHUSI OPHUKETA B BHAC CTPOUTCIIBHBIX OJOKOB ISl MAIO3TAXKHOTO CTPOUTEIBCTBA WIIH MIEpe3a-
XOPOHCHHUS OTXO/0B, 3HAYUTCIBHO YMCHbBINAS CYIIECTBYIOIIHE UX OOBEMBI; BO3MOXKHOCTh HC-
MOJIb30BAHUS BCEX BUAOB TOHKOTUCIICPCHBIX OTXOA0B META/LUTYPIHUCCKOTO MEPESACTA.

IKCIEPUMECHTAMH YCTAHOBJICHO, YTO MOJYYCHHE OpPHKETa W3 0CaJKa MUIAMOHAKOMUTEICH
BO3MOXKHO KakK ¢ J00aBKOH BsKYIIECTO, Tak U 0¢3 Hero. KoMnoHeHTHBIH cocTaB OpuUKeTa BHIOH-
pacTCs B 3aBUCHMOCTH OT LIEICH HCIOJB30BAHUS TOTOBOTO MPOAYKTA, TPEOyromux odecrede-
HUSL ONPEACACHHBIX MPOYHOCTHBIX M HHBIX XAPAKTCPUCTHK. I(PPEKTUBHOCTD MPOU3BOICTBA H
MPUMCHEHHUS! OPUKETa JOCTUTAOTCS OJaroAapst BO3MOYKHOCTH PA3MEIICHUS OPUKCTHUPYIOLIETO
00OpyIOBaHUS B HEMOCPEACTBEHHON OJIM30CTH OT HITAMOHAKOMHUTENCH. | 0TOBBIM MPOIYKTOM
MOKHO 3aMOIHITh Kapbephl, PA3IHUYHBIC BBICMKU C PCKYJIbTHBALUCH PACTUTCIBHOCTHIO, 00CC-
reunBast Oe3ymepOHOE ATl OKPYIKAIOIICH CPEAbl CKIAIUPOBAHUE YKA3aHHBIX 0TX0A0B. Cieayer
OTMETHTh, YTO TEXHOJIOTHS OPUKCTHPOBAHUS OCAIKA IUIAMOHAKONUTEICH MO3BOMUT B 2,8 pasa
VMEHBIIUTh €ro 00BEM.

Taxum 00pazom, OTXOAbI THTAHO-MATHUEBOTO MPOU3BOACTBA MPH YCIOBHUA HX KOMIIICKCHOTO
KICTO/Ib30BAHMUSI SIBJSIFOTCS. OMPEACICHHBIM PE3CPBOM PA3BUTHS CTPOUTEIBHON UHAYCTpUH. MHO-
TOKOMIIOHCHTHOCTh OTXOJO0B MO3BOJISICT MPH WX BBCACHUH B CTPOUTC/IBHBIC MATEPUANBI 0OIIES
PAIMOHAIBHO UCIIOIb30BATh BSKYIIHUE U CO3JABATh ONMTHMATBHYIO) MUKPOCTPYKTYPY OCTOHOB.
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Kaparasguackuii rocy 1apcTBEHHBIM TEXHUUIECKUH VHUBEPCHUTET, T. Kaparanga

OCHOBHBIE HEIIOBTOPAIOMHUECS ITPHYNHDI IIOKAPOB B METAJLIYPTHI

Aapozenu u aspo3onu MHO2UX Memaiiiog Moxapo- U 83pbieoornacHbl; U38eCMHb! paspywitmenbHbie
rpombiluIeHHble 83pbiebl Memanaudeckol nbinu. Kak yxe 6blio nokasaHo, memnepamypa eocriamMeHe-
HUf He gensemcs nocmosaHHol xapakmepucmukoll. OHa MoXem oKa3ambCsa pasHoll KOMHamHol mem-
nepamype, ecnu nomny4yeHHbll onpedeneHHbIM CocoboM Memann cunbHo ducnepauposaH, unu 6auskold K
memnepamype aopeHus. [opeHue moxem npoucxodums Ha nosepxHocmu obpasya nubo & napoesol ¢ha-
3e. Ecnu memnepamypa KuneHus memanina ebilie memnepamypbl ucnapeHus okucna, npoucxodum rno-
8EepXHOCMHOE 20peHUe.

Meman warOapbiHbiH eHOIpicmik XapbiibiC Ke3iHOe XOoUKbIH Kyuwke ue 6onambiHbl, COHbIMEH Kamap
KennmezeH MemandapdbiH aspo3onbdapbl MeH aspozenblepiHiH epm XoHe XapbiibiC Kayni bap exeHi
beneaini. TymaHy memnepamypacbl mypakmsbl cunamxa cal emec ekeHi Gisee benzini. On dezeHimMi3 -
benmeriH memnepamypacbiHdall xardalida 6onybl MyYMKIH, e2ep anbiHfaH Memain XaHy memnepamypa-
CbiHa XaKblH HeMece eme yHmakmanraH bonca. XaHy bepinzeH 3ammbiH 6emiH0e Hemece OynaHbin
mypraH Kylde 6onybl MymMkiH. Ezep memandbiH KaliHay memnepamypacs! 6ynaHy memrepamypachiHaH
JXoFapbl bonfaH xardatida 6emmik xaHy natida 6onadebl.

Aerogels and aerosols many metals fire and explosion hazards; known destructive industrial metal dust
explosions. As already indicated, ignition temperature characteristic is not constant. It may be equal to
room temperature when the resulting metal specific highly dispersed manner, or close to the combustion
temperature. Combustion may occur on either surface of the sample in the vapor phase. If the boiling point
of the metal above the evaporation temperature of the oxide, there is a superficial burn.

COBPEMECHHOE METALTYPTrUUCCKOS MPSAMPHITHE - 3TO CAOXKHBINA MPOU3BOIACTBCHHBIH KOM-
IJICKC, BKITFOUAOLIUH MHOTO PA3HOOOPA3HBIX IIEX0B, 4 MHOTAA U OTACIbHBIX 3aBOAOB, KOTOPHIC
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MOT'YT B 3HAYHTCIBHOU CTCIICHU 3arpsA3HUTh BO3OYIIHBIA GacCceH OKpyKaromiero paiiona. Ma-
6exKaTh STOrO MOTHOCTBIO MIPH CYIIECTBYIOIIEM VPOBHE Pa3BUTHS TCXHUKH HEBO3MOXKHO.

OnHu U3 3THX ra30B (MApTCHOBCKHE, arIOMEPALIMOHHBIC) Cpa3y BhIOpachBarOT B atMoche-
PY, & APYTUE HCHOMB3VIOT JJIsl XUMHUYCCKOH mepepaboTKU (KOKCOBBIH) WIIH CKUTAIOT B KAUCCTBE
TOIIMBA (JOMEHHBIH, KOHBEPTOPHBIH, (eppocmnaBHelii). Bo Bcex ciydasx raz moasepraror
OYHCTKE OT MbLIH, & HHOTJA U OT ra3000pa3HbIX KOMIIOHCHTOB.

HopMmer zarpsisHEHHOCTH U151 ra30B, BRIOPACHBACMBIX B atMoc(epy, MoKa HE YCTAHOBIICHBI, U
JOMYCTUMOCTb UX BBIOpOCA B BO3AYIIHBIN OACCEHH VCTAHABIMBACTCS 110 KOHLCHTPALUAM BpPEIHBIX
BEINECTB B OKPYIKAIOIIEM BO3AYXE, CO3aBaeMbIM B COBOKYITHOCTH BCEMH MCTOYHHUKAMM 3arps3He-
HUH. B 1[BeTHOM MeTamnypriuu BBUAY 0COOOW TOKCHYHOCTH HEKOTOPBIX BHIOPOCOB JOIYCTHMBIC
KOHLICHTPALIUH TBLTH B OTXOUIIHX ra3ax B Psae CIYYacs JODKHBI ObITh 3HAMNUTCIBHO HIDKE.

PaGora mogasnsromero 60NBIIMHCTBA METALTYPIHYMCCKHX arperaTtoB CBA3aHA C BBIACICHHCM
ra30B, COACPKAINUX MBLIb U PA3THYHBIC ra3000pa3HEEe KOMIIOHEHTHI, BPEIHO JCHCTBYIOLINC HA
OpPraHu3M 4enoBeka. s mpimy v ra3oB ¢ OOMICTEXHUYCCKHUM ACHCTBHEM YCTAHOBICHA MAaKCH-
MajpHas CPEAHECYTOYHAs KOHLEHTpPAUWd, /Ui MBUTM M Ta30B C Pa3JpaskaroIquM CIH3WCTHIC
0007I04KH JEHCTBUEM WITH 3aMaXOM YCTAHOBICHBI MAKCUMAITBHBIE PA30OBBIC KOHIICHTPALIHH.

Merann — ocHOBa HapoAHOrO Xo3diicTBa. B mporeccax nmpoussoacTsa n oOpabOTKH MeTant-
JIOB 3aHATH MUJUTHOHBI JEOJCH, a TaK KaK METAJUIbl MPU ONPEICICHHBIX YCIOBHAX 00MaAatoT
OITACHBIMH CBOMCTBAMH, KOTOPBIE MOTYT MPHUBECTH K IOXKAPY, B3PBIBY MM TOKCHYECKOMY BO3-
JCHCTBUIO HA OpraHu3M, npodiaeMa 00CCICUCHHUS MPOU3BOACTBCHHON OC30MaCHOCTH Hpruodpe-
Taer ocoboe 3HaucHHe. MHOrME METalibl M CIUIaBbl CHOCOOHBI 3aropatbesa. OaHu OBICTPO
OKHCIIAIOTCA B MPHUCYTCTBHH BO3AYXa WM BJIATH, TEHEPHUPYA AOCTATOYHO TEILIA TS JOCTHIKE-
HUS TeMIepaTypel BocruiameneHus. Hexoroprie mMetannbl, 0ocOOCHHO MarHui, THTaH, HATPHUH,
Kamui, autui, raQHUAN, CUUTAIOTCS TOPIOYHUMH H3-32 UX CIIOCOOHOCTU OTHOCHTEIBHO JICTKO
BOCILIAMCHATBCA U MMOAACPKUBaTh ropeHue. OTACTIbHBIC METAIBI, KOTOPBIC OOBIYHO HE CUHTA-
FOTCS TOPIOYHMH, BOCIUIAMCHSIIOTCS U TOPAT B MEJKO Pa3IpoOICHHOM COCTOSHUHU. A3pOTenH U
a3PO30JIM MHOTHX METAIIOB IOKapo- M B3PBIBOOIIACHBI; H3BECTHBI Pa3pyIIUTEIBHBIE TIPOMBIIII-
JICHHBIE B3PBIBB METAUTHUECKON TTBLITH.

Kak yxe OpI710 moka3aHo, TeMITEpaTypa BOCIULIAMCHEHHS HE SIBISICTCA MOCTOSHHOM Xapakre-
puctukoi. OHa MOXET OKA3aThCsl PABHOM KOMHATHOH TEMITCPATYPE, SCIIU MOMYyUCHHBIH Ompe-
JENCHHBIM CITOCOOOM METAUT CHIIBHO AMCIEPTHPOBAH, MM OMH3KOH K TEMIEpaType TOPCHHSL.
I'openue MOKET MPOUCXOANUTH HA MOBEPXHOCTH 0Opasia iubo B maposoi daze. Eciu temmnepa-
Typa KHMIIEHHSA METAJIa BBIIIE TEMIIEPATYPHI HUCIAPEHHUS OKHCTA, IMPOUCXOAUT ITOBEPXHOCTHOES
roperne. Ecin ke TeMrepaTypa HCHapeHys OKHCIA BBHIIMIE TEMIIEPATyphl HCIIAPEHUI METala,
TOPCHHUE MPOUCXOANT B MapoBol dase.

MuHnManeHO BO3MOJKHAA TEMIEpaTypa BOCILTIAMEHEHHS METallIa B KHUCIOPOJE 3aBUCHT OT
NEPEXOAHOU TEMIEPATyphl, T.€. OT TOU TEMIEPATyphl, MPU KOTOPOM HHU3KOTEMIECPATYpPHBIH
MIPOAYKT PEAKIINH OKHUCIICHUS CTAHOBHUTCA HE3AITUTHBIM. B pe3ynpTaTe MIaBneHUsS OKHCIA, Me-
XaHHYECKOTO WM TEPMUUECKOTO Pa3pyIICHH €r0 IMOBEPXHOCTHAS IUICHKA TEPSET 3aIUTHEIC
CBOWCTBA, T.c. OOIBIIE HE KOHTPOIHUPYET PEAKLHI0 OKHCICHN. Ecnn nepexoaHas teMmeparypa,
MPH KOTOPOU MOBEPXHOCTh METalIa OOHAKACTCS, MCHBIIC TEMIIEPATYPhl CAMOBOCIITIAMCHEHUS
WJIM KPUTHYECKOH TEeMIIEpaTypHhl, BOCIUIAMEHEHUE U TOPEHHUE MOXKET IPOU3OUTH TIPH HEPEXO-
HOM Temmeparype. Ecnu ske OHa BBIIIE TEMIEPATypPHl CIIOHTAHHOTO BOCIIAMEHEHHSA, METAIT
BOCINIAMEHETCA MIHOBEHHO.

Ha ocHOBaHMH MHOTOYHCICHHBIX TUTCPATYPHBIX HCTOYHHUKOB IO MPUYHHAM MOXKAPOB OBIIO
YCTAHOBIECHO 898 HEMOBTOPSIOMMUXCS UCTOYHUKOB M MPHUIHH 1okapos. M3 ycTaHOBIEHHBIX OC-
HOBHBIX OJHOTHITHBIX MPHYHH IIO’KAPOB B METAIIYPTHH HUMEET MECTO 36 OCHOBHBIX IPHYMH,
nn 4% ot oOLIMX YCTAHOBICHHBIX OCHOBHBIX HETIOBTOPSIFOLIMXCS MPHYIHH.
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OxHOU W3 HPHYMH HOXKapa B METALIYPTHH SIBIIETCS HECOCTOPOIKHOE OOPAILICHUE C OTHEM,
KOTOPOE UMEET MECTO B 15 pasmuyHbIX OTPACIIX, OpraHuzanusx u B Obity. Beero Gbimo mpo-
AHATM3UPOBAHO 25 Pa3NUYHBIX OTPacieH, opraHu3auuid U npexnpusaTaid. Takum obpasoM, He-
OCTOPOXHOE OOpAILCHUE C OTHEM MPUXOAUTC Ha 60% paccMaTpHBACMBIX PA3IHYHBIX OPTraHH-
3aLMH U OTPAcieH, B TOM YHUCIIE U METAIUIYPTHIO.

Hanee mpuyuuHOH mokapa B METAIYPTHH SBISETCS XalaTHOS OOPAICHUE ¢ OTHEM, B TOM
quCKe XapakTepHoe i 16% pa3nuuHbIX oTpaciei.

Paspsapl cTaTHHIeCcKOro 3MEKTPUIECTBA BBI3BIBAIOT ITOXKaP B 36% pa3iudIHBIX OTPaciIcH, B TOM
TUCIIC B MCTAJUTYPIUHn. 3a OHCPIrur0 BOCINIAMCHCHUA NMPUHUMANOT MUHUMAIPHYIO SHCPIUIO 3JICK-
TPUYECKOTO HCKPOBOTO pPaspsia, CIIOCOOHYIO BOCINIAMCHHTH CHCTEMY TOPIOYCC—OKHCITUTEb.
Bocnnamensiomee JEHCTBHE MECTHOT'O SHEPrETHUECKOTO MMITYIIBCA ONMPEACTICTCS €ro MOLIHO-
CTBIO U HC 3aBUCUT OT MPUPOALI UCTOUYHHUKA 3AKUTaHHUA. Ho npoUcCChl, MPOUCXOIAIMMNC TP BOC-
MJIAMCHCHUH a3POTelsl SICKTPOUCKPOBEIM PaspsaoM, CYIIECTBCHHO OTIIUYAIOTCS OT TEMIIEPaTyPhl
CaMOBOCIIIIAMCHCHHS, TIO3TOMY 3aBUCHMOCTH SHEPIHH BOCIUIAMEHECHHUS M TEMITCPATYPEI CAMOBOC-
MJIAMCHECHHUS OT PA3UIHBIX (JaKTOPOB HOCAT PA3NHUHBIA XapakTep.

Taroke IPHYHHON HOXKapa SBILIIOSTCS Paspsapl aTMOCGEPHOro 3meKTpuyecTsa - 25% pac-
CMaTpPUBaCMbIX OTpaCJ'IeI\/'I, B TOM YHCJIC B MCTAJLTYPIUH.

HenpasunpHas skcmnyaramus 3neKTpoobopyaoBanus BeI3biBacT noxap B 20% OT Bcex OT-
pacrneit.

JUta MeTanayprum XapakTepHsl CIEAVIONIHE IPHIUHEI OCHOBHBIX TIOXKAPOB!

- HCAOCTATKU B CTPOUTCIIBHBIX KOHCTPYKIHUAX,

- HCAOCTATKU B CTPOUTCIIBHBIX COOPYKCHHUAX,

- HCAOCTATKU B IJIAHUPOBKC HOMemeHHﬁ;

- HEJOCTATKU B YCTPOUCTBE KOMMYHHKAIIUU;

- aeex Tl 000PYAOBAHHS,

- HAPVYLICHNE PEKUMOB TEXHOIOTHYECCKUX MPOLIECCOB;

- HCMTPABUIbHOE MPOBEICHUE PadoT;

- HCOCTOPOKHOCTh MEPCOHATIA;

- HCOPEKHOCTD MEPCOHANA;

- HEpalHOHAIBPHOE MPOCKTHPOBAHUEC METALIYPIHUCCKHX LEXOB 0€3 HAIICKAIIEro ydera
TpeOOBaHUI MOKAPHOH OC30TMACHOCTH;

- HEpalMOHAITBHOE MPOCKTUPOBAHIE TEXHOIOTHYCCKUX MPOLECCOB 0€3 HAICKAIICIO yaeTa
TpeOOBaHUI MOKAPHOH OC30TACHOCTH;

- HEpalMOHATBHOEC MPOCKTUPOBAHUE arperatoB M o0OpYAOBaHHUS 0e3 HANICKAIIETO y4eTa
TpeOOBaHUI MOKAPHOH OC30TMACHOCTH;

- HETOJMIAAKH B PadOTE YCTPOMCTBA AT OUUCTKH rasa;

- HEPALMOHAIBHOE YCTPONCTBO 3JEKTPOCETEN;

- HCPaLIHOHATTBHOE YCTPOMCTBO 3JIEKTPOOOOPYIOBAHNS

- HCTIPaBWJIbHAS SKCILTYATALHS IIEKTPOCETEH;

- HCIIOJIAAKU TIPH SKCIUTYaTalu OCHOBHBIX U BCIIOMOTAaTC/IBHBIX arperaTtoB U O60py,Z[OBaHI/IH
(B3pBIBHI raza, METAJUIA, IIJIAKA);

- dABApUU IPH ISKCIIyaTaluyd OCHOBHBIX U BCIIOMOTIATC/IIBHBIX arperaroB u O60py,Z[OBaHI/IH
(B3pBIBHI raza, METAJIA, IIJIAKA);

- HCIPaBUIBHOE BEACHUE PaboT MO PEMOHTY METAIUTYPTHUYCCKUX arperaTos;

- CAMOBO3TOPAHKC;

- BBIOPOCHI HCKP U3 TPHO MapoBo3a;

- IPUMEHECHHUE OTKPBITOTO OTHS AJIS1 OCBEIICHHS MTPH PEMOHTHBIX padoTax;

- HCCBOCBPEMEHHAS YOOpKa MPOU3BOACTBCHHBIX OTXO0B;
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- HCCBOCBPEMEHHAS YOOPKA TTBIIH;

- 3aArPOMOIKICHUC TTPOU3BOICTBCHHBIX TIOMCITICHHIA,

- 3aXNAMJICHUE TIPOU3BOACTBCHHBIX TIOMCIICHHIA;

-HCTIONAIKH B Pa0OTE YCTPOHCTBA /TS TPAHCTIOPTUPOBKH Tasa;

- HEMOJIAAKH B pabOTe yCTPOHCTBA A MOTPEOICHHUS Ta3a,

- HCTIONAIKHU NPH 3KCILTYaTAlHH BCIIOMOTATEIbHBIX arperatoB U 000pyA0BaHU (B3PHIBHI ra-
3a, MCTAJLIA, [IJIAKA);

- HCTIPABUIIBHOC BEACHUE PAOOT MO PEMOHTY META/UTYPTHUCCKOTO 000PY 1OBAHHSL.

Takum 0Opa3zom, BICPBBIC MYOIUKYIOTCS OCHOBHBIC HETIOBTOPSIOLIHCCS MPUIHHBI TOKAPOB,
XapaKTEPHBIC [T METAUTYPTHYCCKHX OTpacici, KOTOPBIC HUMCIOT OOJBLIOC 3HAYCHHE IS
00CCICUCHHUS IPOTHUBOIIOKAPHOH Oe30macHOCTH. BHECEHHE BCEX MEPCUNUCICHHBIX MPUYHH T10-
JKapOB B MHCTPYKLHMIO MO TCXHHUKE OC30MACHOCTH ATt paboumx mpodeccHi B METaTyprudc-
CKOH OTpaciy CIYKUT TSl HCKITIOUMCHHS TIOJKaPOB Ha PabOYUX MecTax.
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H.A. Meaeyb6aes, I'.K. Canaposa, H.P. ’Konmaramberos, C.P. ZKoamaramoeros,
H.H. AxumobexoBa
Kaparasguackuii rocy 1apcTBEHHBIM TEXHUYIECKUH VHUBEPCHUTET, T. Kaparanga

VCIOBUS JIOKAJIMBAIINA NBUTEIIOIABJIEHHUS ITPH HEPETPY3KE I'OPHOI MACCHI

ObpasoeaHue Mbi1eg0e0 as’po30/id 8 OCHOBHOM [IpPOUCXo0UM & HUXHell 30He YKpbimus nepe-
2py304HO20 yempolicmea 3a cHem Yacmuy, menkux ¢ppaxkyull. Onpedensrowum ycnoguem obpasosaHus u
pacrnpocmpaHeHuUs bl1e8020 a3po30Jis fengemcs Kak hopMa KaHana pacripocmpaHeHus iaoeHma,
mak u camol Yacmuubl. B smom ciydae MpoeHO3 803MOXEeH MOJbKO Mpu 3HaHuu MamemMamuyecKkoso
oxulaHus, pasmepoe KaHana, Yyacmuy, U ux opueHmauuu e npocmpaHcmee. OmHowieHue Konuyecmea
00beKmos paspyuleHus UKCUPOBaHHO20 pa3mepa K obujell Macce ebipaxaenm eeposmHOCMb Mose-
neHus onpedesieHHO20 Kiacca Yyacmul, Komopas Xxapakmepusyemcs 3aKOHOMepHOCMbIO U 8bipaxaem
ydenbHoe nbineobpasosaHue.

HeaisiHeHn waH asposonbdapbl ycak benwekmepldi 6ip KypbinbiMHaH eKiHWI KypblibiMFa mycipy 6apbi-
cbiHOa XabblHbiUMbIH meMeHeal xarbiHO0a natida 6onadk!. LllaH asposonblapbiHbiH ycaK benwekmepi MeH
rroeHmmepiriy mapayb! 6enaini xardalida bidbipay 6onbin caHanadsl. byn dezeHimiz - waHOlapdbiH
KeHjcmikme bidOblpay MyMKiHOi2i meKk KaHa MamemamukanbiK ecenmemenep bolibiHWwa bomkamdap apKbi-
bl MYMKIH. ¥HmaKkmanraH 6enuiekmepdin benaineHaeH enwemMOepiiy Xafnbl canMakKka KambiHach! Xo-
pamandan nalida 6onraH 6enuwekmepdiH kKnacbiH Kepcemin, 6yn xepde natida 6onraH WaHHbIH MEHWIKMI
3aHObINIbIFbIMEH aHblKmanaosbl.



ISSN 1561-4212. «BECTHUK BKI'TY» Ne 3, 2017. 151 TEXHUYECKHWE HAYKWU Y TEXHOJIOTUU

TexHOTOrHIECKYI0 30HY HEPErpy’KaeMOH MacChl MOXKHO YCIOBHO pPAa3ienuTh HA TPH 00-
macT: 00MacTh BEIOPACKIBAEMOTO a3PO30iIs, MPOCTPAHCTBO MOTOKA Pa3pyLIEHHOTO MaTepHana,
HOANOTOKOBOE MPOCTPAHCTBO.

[IpencraBiacHue KapTHHBI PabOTAIOLIETO V3NIa MEPErpy3ku (puc. 1) MOXKHO XapaKTCpU30BaTh
KaK CUCTEMY, KOTOPOH CBOWCTBEHEH MUMITYIBCHBIH cOPOC MAacCHl 32 HEMPOJOKUTEIBHBIN IepH-
OJ BBITPY3KH B €MKOCTB, UTO OTBEYAET YCIOBHAM PAOOTH CTALIHOHAPHOTO MEPETPY30UHOTO V3-
na (paboTel KOHBCHEPHOU MEPECHINKH) U PACIPCACICHHS TPAHCIOPTHBIX MOTOKOB HA CKIAIbI
CBIPBS ¥ COPTUPOBKH MaTEpHAJIOB.

‘L 5
® RIS 1
* ®
-
4 o,
®
X 50

Pucynox 1 - KapTuaa paboTaromero meperpy30qHoro y3ia: 1 — 30Ha BEIOPOCa a3po3071d;
2 — TPAHCTIOPTHPYEMBIN IMOTOK PAa3PyIICHHOIO MATEPHANa; 3 — HIDKHAA 30HA;
4 — pasrpy304Hasd U IPHEMHAA €EMKOCTB; 5 - MPUEMHOE YCTPOHCTBO

O0pasoBaHUE MBIJICBOTO a3P030JsE B OCHOBHOM IMIPOHUCXOMUT B HHKHEH 30HE YKPBITHS MEPE-
IPY304YHOrO YCTPOUCTBA 33 CHCT YACTHI] MEIKUX (PpaKiuii, aKKyMYTHPOBAHHBIX HA MMOBEPXHO-
CTH Pa3pyLICHHOTO MaTepuaja U CPhIBACMBIX, BBITCCHICMBIX C MOBEPXHOCTH KYCKOB CXKATOU
BO3AVIDHOH Maccod majaromero marepuaia. [Ipa 3ToM n3-3a OrpaHHYEeHHOCTH 00bEMa MpO-
CTPAHCTBA MBUICBOT'O a3PO30Ts MIEPEIPY30UHBIC YCTPOUCTBA HAXOAATCS HAJ CBOJOM M4 JAIOIIETO
MaTepuana, U Ionacte B pabouyio 30HY BO3MOXKHO TOIBKO MPH MPEOJOICHAN NPErpa] 3aciIoHa!
IJIOTHOCTCH VKPBITHS U MOBEPXHOCTH TPAHCHOPTUPYEMOM MACCHI.

CorjacHO TIPUHSATONW B HACTOSIIESE BPEeMs TCOpuHU TypOyneHTHOCTH [1-3], KoTopas ompeae-
JSIET 3aKOHOMEPHOCTH TIOBEACHUS a3pO30IICH B aHATM3HPYEMOM MPOCTPAHCTBE, MOKHO KOHCTA-
THPOBATh, YTO BO3OYKIacMas TypOYICHTHOCTh ONPEICIIETCS Pa3MEPOM aHATHM3HPYEMOro 00b-
eMa TPOCTPAHCTBA YKPBITHSL. B 3TOM Ciiydae JUCCEHIUS SHEPTUH ONPEACTSCTCS YCIOBUEM BUX-
peobpazoBaHus, KOTOPOES OLICHUBACTCS MPUBEACHHBIM Pa3MEPOM Kak

- 4y'S
d=&5— D

2P
rac Z S - MOBEPXHOCTh BHXPEH; Z P - ycpeanennsiit mepumerp.

CraenoBaTenbHO, NEPBBIM (PAKTOPOM SIBIISCTCS PEKUM ABHIKCHHUS (ITIOCHTA B PA3HBIX 30HAX.

OmnpeznensromuM ycIoBueM 00pa30BaHHUS U PACIPOCTPAHEHNUS IBUIEBOTO A3PO30IL SBIISETCS
kak (hopMma KaHama pacrpocTpaHeHus (IFOeHTa, Tak U caMOH JacTHLEL B 3TOM cityuae mporuos
BO3MOJKEH TOJBKO IPH 3HAHMHM MAaTEMATHYECKOTO OKHMIAHMS, Pa3sMEpOB KaHaTA, YacTHIl U UX
OpPHCHTALlMH B MpOCTpaHcTBe. Bce 310 Tpedyer 3HaHMA pekuMa IBIKCHHS M TepeHoca cyd-
CTaHIWH, ONPEAESIEHHOTO KPUTEPHAIBHBIM YHciIoM PeliHomnbaca:

Rezgi:U/v, 2
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rae d - KpUTHUECKHH pasMep 00bEKTa; V - BA3KOCTh cpeanl (yenoue quddysuun); U - cxo-
POCTh (MMITYJIBCHAS XAPAKTCPUCTHKA BO3ACHCTBUS BHCITHCH CHUTBI).

Jns nporHosza mpUICBBIACICHUS HEOOXOAUMBI CIIEAYIOINE VCIOBHS: PE3VIbTaT padoThl Ha-
JAIOIIET0 MaTepHala, OLCHUBACMAs SHCPTHS BEICOKOIMPOHULIAEMOT'O TOPIIHS, TIOCKONBKY CPbIB
MBIIEBBIX YACTHL MPOUCXOTUT TONBKO C MOBEPXHOCTH PA3PYLICHHOrO (CHIMYYETO) MaTeprana
MPH YCIIOBHUH PaBeHCTBA AU((V3HH YacTHIl U CPeIbl H AHATU3UPYEMOTO IPOCTPAHCTBA.

ITO MO3BOMACT PACcCCMATPUBATH YCIOBHS BBIHOCA MBUICBOTO a3po30is B pabouyio 30HY NPH
MEPErPY3Ke CHIIYYEro MaTepuaia COIVIACHO MPHHATOH cxeMe padotel (puc. 1) kak mceBmo-
(HIBTPALIUIO TIBLICBOTO MOTOKA YePE3 CIIOH Pa3pyIICHHOTO MaTeprana (CETKY) H pacipoCTPaHHTh
Ha aHAMU3UPyeMbIi mporece 3akoH Japceu u dhopmyy Hromoun-Dopxrefimepa, To ecth [4]:

q=0/a=KJ; 3)

J=wq+bq’ =(w+bq)q, 4
e q — YACTbHBIH PAacXoj HA IMHHIY ATHHBI (pasmepaocTs LT™); L — pa3sMepHOCTD ATHHEL,
T — pa3mepHocTs BpemeHH; K — rugpasinueckas mpoBoAUMOCTE — KO3 uupeHT GumsTpayn
(pasmeprocTs LT); J — rugpasamueckuii rpagMeHT moToKa; Q — PacXom; o — MPHBEICHHAS
IJIOAAb CCUCHH (HIBTPALUM;, 4 — KOHCTAHTHl AHATM3HUPYEMOro mpouecca (QHIbTPALHH;
B — IIUPHHA, MOIHOCTh KaHAJA, CBOMCTBO CPE/IBL.

JKCIEPUMEHTH 1O (PHIBTPALIMOHHOMY MOTOKY MOKA3ald, 4TO HpH 4uciaax PeliHombpaca,
Gompmmx oT 1 go 10, 3aBHCHMOCTD MEXAY BEKTOpamMu J M q mepecraet ObITh JHHCHHOH, U
¢yukuums J(q) Bo3pacraer ¢ yeenwucHUeM q Oomee mHTeHCHBHO. [lo-Buamvomy, Haumydinee
MPUONIDKECHUE K HETHHEHHOMY 3aKk0oHY ¢umbsTpanmu aaet dpopmyna Hromoun-dopxretivepa.

[Tpu uncnax Pednonbaca, Gompmmx 150, GuabTpauMOHHBIN MOTOK, MO-BHOUMOMY, CTaHO-
BHTCS TYPOYICHTHEIM, XOTS PE3KOr0 MEPEX0Aa U3 TaMUHAPHOIO PEKUMa B TYPOVICHTHBIA HE
Habmoaaerces. Takoe moBeacHHE QUITBTPALHOHHOTO IMOTOKA, TAK CHIIBHO OTIHYAIOLICECS OT T0-
TOKA JKUIKOCTH B TPyOax, HECKOIBKO HAIOMHUHACT OOTCKAHUC C(HEphI, IPHU KOTOPOM TAKKE HE
ObLT0 OOHAPYIKEHO HUKAKOTO KPUTHUYECKOTO 3HAUCHH Re, 4TO BUAHO HA pUC. 2, TAC MPEICTaB-
JeHa cxema noroka Jromon-@QopxreiiMepa, KOTOPBHIH HOJIOKEH B ONPEASICHHE AJITOPATMA JIO-
KaJIM3AIIH ITBUIEBEIX TTOTOKOB.

7 i
= W=t

g

K
A

W

L =

1 g = q

Pucynox 2 - Cxema moroka Jromon-Oopxreiivepa

CornacHo 3axoHy JHITEHHa [2], B3aUMOCBA3b MEKAy AU (Y3UCH MBUICBBIX YACTHL, IMO-
JBUYKHOCTBIO CPEIbl M BHCITHUM CHJIOBEIM TIOJIEM OTPEACISCTCS CICAVIOIICH 3aBUCHMOCTBIO!
D=kT, 4)
rae D — ko punment aunddyzun; k — mogsmxHOCTS cpeast; T — sHeprus cpeasl.
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HpI/I 3TOM IOABUXKHOCTDB CPCABI OMPCACIICHA 3aACIIbHBIM PA3MCPOM HaCTUL, T.C.

k=1 (©)
3rna,

rae dn — IPUBEACHHBIN pa3Mep YacTHLBL; 7] - JUHAMUYECKAS BI3KOCTb CPEbL.

3aBUCUMOCTD (6) MPUBSACHA TSI OAHON YACTULIBI, & IS MPOTHO3UPYEMOTO MBIJICBOIO MOTO-
Ka OyAEeM MMETh VUHTHIBATH YVCIOBHUE 0Opa3oBaHHs TYPOVICHTHOr'O MOTOKA K PABHOMEPHOMY
pacnpeaeiacHue yactuil B oobeme [1-5].

B npocrefitnem ciaydyac OCpeIHCHHUES HEPABHOMEPHBIX MOTOKOB MPOH3BOAUTCS MyTEM yCTa-
HOBJICHHA COCTOAHUSA IMOKOA ITPU (I)I/IKcaLII/II/I (I)I/ISI/I‘{CCKI/IX U XUMHYICCKUX CBOI\/'ICTB, YTO MO3BOJIA-
€T XapaKTepU30BaTh CHCTEMY TOJBKO ABYMs mapamerpamu. (CleaoBaTenbHO, HPH MEPEXOne
HY>KHO PacCMaTpUBaTh PABCHCTBA CICAVIOUIMX BCIHYMH. SHTPOIHH, MOJHOTO TEILIOCOACPKA-
HUA U pacxona. I[J'IH NOJIYUYCHUA CPCAHUX BCIUYINH, YIUTBIBAIOINUX IMOTOK, H€O6XO,Z[I/IMO HUMCThb
B BUAY 3aKOH CBOOOJHOrO BUXPS, TO €CTh IOJIC CKOPOCTCH ONpeacnsaeTcs PaBeHCTBOM:

r

V=0 =, @)

IAC V; = C, - UCHTPOOSIKHAS CKOPOCTh; I — LUPKYJISAILUS BUXPS; T — VIAICHUES aHATU3UPYSMOUH
30HBI OT LCHTPA.

AHaIU3 XapaKTePUCTUK YHCPICTUUCCKOrO H MMITYJIbCHOTO BO3ACHCTBHS HA MAcCHUB U o0Opa-

3€I IPH Pa3pPYIICHUN MOKA3BIBACT, YTO OLCHUTH MOABHKHOCTh AHATU3UPYEMBIX TMBIICBBIX I10-

TOKOB MOZKHO ITI0 3aKOHOMCPHOCTAM!

2p,-1T
=, ®
pb ‘g UchkN
rae U, — aMHamuyeckas CKOPOCThb MOTOKA,;
U, =L, ©)
8
A

rae U — ckopocts motoxa cpeasl; A — Ko3(pGHUIMEHT rHAPABIMICCKOrO CONPOTHBICHHS; K

— k03¢ PHUIMEHT CKBAKECHHOCTH TPY30BOT0 IMOTOKA.
Ceeacuust 0 KO3(POHUIIHCHTE MECTHOTO COMPOTHBICHHUS, CKBAXKCHHOCTH MMOTOKA K CKOPOCTH
MEPErpy’KacMoro MaTepuaa npeICTABICHBI B TAONHLIC.

Xapcmmepucmuka CKBAINCEHHOCHIU NepecpyiHcaemMo2o NOMoKd

Memarmb1it pasvep 0.10 0.15 0.20 0.25 0.30 0.35
TOTOKA, M

Koaqrumert 0215 0,364 0215 0215 0,364 0,615
CKBAXXCHHOCTH

CyiiecTByeT OnpeacieHHas CBA3b MEXKIY VACTbHOH MOBEPXHOCTHIO CHII CLCTIICHUS YaCTHL
Y Pa3pylIarolyM YCHINEM, KOTOPOE OLEHUBACTCA KPUTEPHUATBHBIM COOTHOmMEHHEM [1, 3, 5]:

K

S=min =T (10)

IAC M — JUCCUIATHBHAS XapaKTCPHCTUKA YIAPHBEIX HATPY30K, OLCHHBAacMas (QH3MKO-MEXaHH-

YECKAMHU CBOMCTBAMHU MATEPHATIA; Py — INIOTHOCTD paspymaeMoii cpeasr; U, — CKOPOCTh MOABO-

Ja UMITyJIbCOB K MaccuBy; H — meauannsIil pasmep obbekra paspymenus; Ky — koaddumment
¢hopmbl TpoayKTa paspyenus; | — creneHs gpoOiacHusI.
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A.B. HakunboexoBa, A.M. [locraesa, H.b. Aiit6aes, 7K. Amanrenguna
Kaparasguackuii rocy 1apcTBEHHBIM TEXHUYIECKUH VHUBEPCHUTET, T. Kaparanga

HCCJIEJOBAHUE ®OPMUPOBAHIA NEPEXOQTHOI 30HB B BUMETA/UIMYECKUX OTJINBKAX
13 PASJIMYHBIX KEJE3OYTJIEPOJUCTDBIX CILIABOB

Kasipei maHOa neaipneHaeH xoHe meMeHneaipneHaeH KopbimnanapdaH KYpbibiMbl XoHE XUMUSAbIK
Kacuemmepi spmypini KylbinFaH 6onam XoHe WoliblH fnpokammay binikmepi KeHiHeH KondaHblC manmbi.
Llewyae Kaxem moacenenepdid 6ipi npokammay 6inik 6ewkeciHiH mo3yra mesimoi Xymbic KabambiH
Kanbinmacmbipy YWiH aK wolblHHbIH muimMOi oHmalnbi XUMUSTBIK KypaMblH aHbikmay 605bin mabbinadsbi.
OHmalnaHfaH XUMUSIbIK KypaMMmeH mo3yfa mesimOi aK wolblHFa peHmaeHcnekmpandsl manday
XypeisinzeH, 6yn xpomObl mosyramesimdi 6bonammapda xpom menwepiH benaini 17-26% -ra emec, 10-
12% -ra deliiH memeHOemyese GonambiHbiH Oenendeli. XKypeaisingeH mexipubenik XoHe MmeopussbiK
3epmmeynep XyMmbic KabambiHblH bepik nalidanaHy mypakmbifbifbiMeH xoHe Oepik e3eaiMeH KylbinraH
bumemann npokammay 6inikmepiH anydbiH xaHa MexHo102UAChIH a3ipreyae MyMKiHOiK 6epdi.

B Hacmosuwjee epems Hawiiu WUPOKOe NpuMeHeHUe numble cmaibHbie U YyayHHbie NpoKamHble ean-
KU pasuyHo20 XUMUYeCKo20 cocmasa U CmpyKmypbi U3 eaupo8aHHbIX U HU3KO/e2uposaHHbIX CI11asos.
OdHol us 3aday, mpebyrouiux peweHus, sensemcs onpedeneHue onMuMaibHO20 XUMUYeCKo20 cocmasa
b6enozo yyayHa Onsa hopMuposaHuUs U3HOCOCMOLiKo20 paboyeao cnos BoYKU NpokamHbix gankoe. [Ipoge-
OeH peHmeeHocneKmpalbHbill MUkpoaHanus befbix U3HOCOCMOUKUX YyayHO8 OnMmuMU3UPO8aHHO20 Xu-
MuyYecKkoeo cocmaea, Komopbll 10360usl doKasamp YenecoobpasHbiM CHUXeHUe codepxaHus xpoma e
XpomMucmblx UsHococmolkux dyayHax 6o 10-12% e omnuyue om 17-26%, pexomMeHAOo8aHHbIX U38ECMHbI-
MU pasnuyHbiMU UCMOYHUKaMU. BbinonHeHHble 3KcrepuMeHmanbHble U meopemuyeckue uccnedosanus
roseonuau paspabomamp HO8YIO MEXHON02UI0 ONYYeHUs NUMbIX BUMemaniudeckux npoKamHbix eai-
K08 ¢ 8biCOoKOl aKcnnyamayuoHHol cmolkocmbio paboyezo cios U npoyHol cepdyesuHodl.

At present, cast steel and cast iron rolling rolls of various chemical composition and structures of al-
loyed and low alloyed alloys have found wide application. One of the problems that need to be solved is
the determination of the optimal chemical composition of white iron for the formation of a wear-resistant
working layer of the roll bar of rolling rolls. An x-ray spectral microanalysis of white wear-resistant cast
irons of an optimized chemical composition was made, which made it possible to prove the desirability of
reducing the chromium content in chromium wear-resistant cast irons to 10-12%, in contrast to the 17-26%
recommended by various sources. The performed experimental and theoretical studies allowed to develop
a new technology for producing cast bimetallic rolling rolls with high operating durability of the working lay-
er and a strong core.

MHorue orpacnu HapogHOro xo3saiictea KazaxcraHa, B TOM YHCIIC MAITHHOCTPOUTCIBHBIN
KOMILICKC, UMCIOT MOCTOSHHBIN CIPOC HA MPOKAT pasmudHOro coprameHra. OCHOBHBIM pabo-
UM WHCTPYMCHTOM MPOKATHOTO CTAHA, BJIMSIOMINM HA KAUCCTBO U CTOMMOCTB ITPOKATA, SIBII-
CTCs MPOKATHBIN BAJOK. B HacTOAMEE BPEeMs HAILTH MIHPOKOC MMPUMCHCHUC JTUTHIC CTATBHBIC U
TYT'YHHBIC TPOKATHHIC BAKH PAa3IHYHOTO XHMHUYCCKOTO COCTABA MU CTPYKTYPH U3 JICTHPOBAH-
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HBIX U HU3KOJICTUPOBAHHBIX CIIaBOB. M3roTaBmuBacTcs €Iie OJUH THI MPOKATHBIX BATKOB -
OUMETATTHYCCKUE BATKH, KOTOPBIC MOTYT OBITh KaK TUTBHIMH, TaK U cOOpHbIMH [1, 2].

B mporecce npokaTky CIUTKOB BaJIKH BOCHPUHUMAIOT JABJICHHC, MPHBOMIIICE K IUIACTHYC-
cKo# redopMallii 3arOTOBKH, YAAPHBIC HATPY3KU B HAYAIEC H KOHLC MPOLIECCAa MPOKATKU, TEM-
nepaTypHele TpaancHTH U T.4. Kpome 3toro, B mporecce Mpou3BOACTBA BATKOB (JIUTHE 3aro-
TOBKH WJIH CIHTKA, KOBKA, TCPMUYCCKAs M MEXaHWUecKas o0padoTka) B HUX BOZHHKAIOT U
HAKAIUTUBAIOTCS OCTATOYHBIC HANPSDKCHUSA pasnuaHoro poxaa. Hamuure ocraTouHbIX, TepMUde-
CKUX H Pa0oYMX HANPSDKCHHH HNPHUBOAMT K JOBOJBHO YAacTOMY BBIXOAY H3 CTPOS MPOKATHBIX
BAaJIKOB.

B pesynprarte HEMOCPESACTBEHHOIO KOHTAKTA PA00UHMX BAJIKOB ¢ AS(hOPMHUPYEMBIM MaTCpHa-
JIOM HaOII0AACTCS UX HArpeB.

TemmepaTtypa Harpea Hapy:KHbIX CIOEB Banka MoxeT gocrurark 120 °C mpu xomoxHou
npokatke. Bo Bpems paboThl pa3HHLZ TEMIIEPATYP MEXKIY BHYTPCHHHMH H HAPYKHBIMH CIIOSI-
MU BaJIKa CHIIKACTCS BCJICACTBUE MOCTETIICHHOTO MPOrPeBa MAaTepUaia Bajlka, YTO IPUBOIUT K
VMCHBIICHHIO PAa3HHLEI B HAMpsDKeHUAX. OJHAKO BO BPEMsI MEPEPHIBOB (MAy3 MEKAY NPoXoaa-
MH) WM BHE3AIMHBIX OOPBIBOB JICHTHI MPOUCXOJUT CHHYKCHHE TEMIICPATYPHI HAPYKHBIX CIIOCB U
MOXET HACTYIHTh MOMEHT, KOTJa TEMIICpaTypa BHYTPECHHHUX CJIOCB IMPEBBICUT TEMIEPATYpy
HapyKHBIX. Hannume 3HAKONMEPEeMEHHBIX HANPSDKCHUH B MaTCpHAIC MPHBOIUT K CHHIKCHHUIO
VCTANOCTHOU MPOYHOCTH. DTO MOXKET MOCTYXKHUTh MPUYHHON BEIXOJA W3 CTPOS MPOKATHOIO
BaJKa BCJICACTBHC 0Opa30BaHUS M Pa3BUTHS TPCIIMH KaK HA NMOBCPXHOCTH BANKA, TAK U B €rO
tene. Cutyanus yeyryomsIeTcsl TeM, YTO IPOKATHHIC BATIKH B MPOLIECCE MPOKATKH MOABCPrarOTCs
OIHOBPEMCHHO W [UKTHYCCKAM Harpy3kam [3].

OxHoli u3 33124, TPEOYIOLIMX PELICHHUS, SBIBIETCS OMPEACICHIE ONTUMAIBHOIO XUMHUYECKO-
ro coctasa 0emoro uyryHa s (POPMUPOBAHUS H3HOCOCTOHKOTO pabouero ¢iiost OOUKH MPOKAT-
HEBIX BaJIKOB.

B xone nccnexoBaHus ONMPEACTSAINCh PA3THYHEIC TAPAMETPH! YyTYHA KaK B JTHUTOM, TaK H B
MOJBEPTLIEMCS PA3TUIHON TepMOOOpaboTke cocTosHUH. BrixomHrie mapamerpsl (Tadmn. 1), kak
HMMCIOLINE HANOOJNBIICE BIMSIHUEC HA CBOMCTBA OCIIBIX H3HOCOCTOUKHX YVT'YHOB, HCCIICIOBATHCh
B JINTOM COCTOsiHMH mocie Hopmamu3aiuu ot 1050-1100 °C ¢ Beiaep:kKoit 3 vaca, HopMaan3a-
wuu ot 1050-1100 °C u ornycke mpu 630-650 °C ¢ Beigep:kkoit 3 uaca, oxaxkaeauu 10 400 °C
C HEYBI0 M JATBHCHINNM OXJIKACHHEM Ha Bo3ayxe. [IpuBeacHHBIC CBOWCTBA W MapamMeTphl
MHKPOCTPYKTYPBI OBLITH OTOOPAHEI HA OCHOBEC AHAIHM3A TUTCPATYPHBIX U IKCICPUMEHTATIBHBIX
JAHHBIX [0 BIUIHHUIO HA CBOWCTBA MPOKATHBIX BAJIKOB.

OO0pasipl H3roTaBINBANU TUTEEM B KOKHIbL MpH Temneparype 3amusku 1300-1350 °C. Ounun
MPEIACTABIISIOT COOOH IMIUHAPEL AuameTpom 40 MM u BeicoToi 15 mm. Toayduennsie oOpasist
MPOXOIUIN MeTatnorpaduucckue uecaeaosanus. MccneroBanne NpoBOANIOCh HA MUKPOCKO-
nax «Amptamu CMO0870-T» B OTpaskeHHOM W MONMAPU30BAHHOM cBere mpH yBeamdeHuu 100,
500 u 1000. O1eHKY MONYyYECHHON CTPYKTYPBI JUTs CEporo uyryHa nposoamau coriacao ['OCT
3443-87, nas craneit - TOCT 5639-82, ougHKy CTPYKTYPBI OCIOTO Y4yryHa HPOU3BOJUIHA HA OC-
HOBE CIIPABOTHOM nuTepatypsl [4, 5].

Hna Gonee noapobHOro u3ydeHUs MOpQONOruu cTpocHUs KapOUIO0B MPOBOAUIN HCCICAO-
BaHHUC PACPECICHUS 3NEMCHTOB B CTPYKTYPHBIX COCTABIIIOIIUX 00Pa3LOB YyT'yHA PEHTICHO-
cnekTpanbHbM MukpoananuzoM (PCMA) Ha pacTpoBOM BIEKTPOHHOM MHKpockome Tescan
Vega//. Ucnonp3oBaHHas cHCTEMa NO3BOJSIET OMPEICATh COACPKAHNE IICMEHTOB B CTPVKTYP -
HBIX COCTaBJIAIOIUX pazMepoM A0 | MkM. C Lienbro H3YUCHHUS H3MCHCHHIH XUMHYECKOTO COCTa-
Ba 0OpasuoB PCMA ocymecTBIsIN TOUEHHOES CKAaHUPOBAHUE U CKAHHUPOBAHUE MUKPOCTPYKTY-
peI o muEMK yHHOH 10 350 MM npu yBenmmdaernn 500. ToHkne M3MEHEHU XUMHYIECKOTO CO-
CTaBa B MPEACNIAX OTACTBHBIX CTPYKTYPHBIX COCTABISIOMINX UCCIACIOBATH CKAHUPOBAHUEM NPH
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yeenmuueHud B 1000...4000 pa3. Tun kapOuaa Xpoma ONPEACIICS MO 3HAYCHHIO €r0 MUKPO-
TBCPOOCTH, KOTOPVIO Ompeachsin Ha wmukporeepaomepe mo Bukkepcy ISOSCAN OD ¢
Harpy3koi 0,5H, B coorBercTBHM co crangapToMm [SO 6507.

Tabnuua 1
Hcceneoyemvie ceoiicmea u napamempol (y;) U3HOCOCMONKO20 4YeyHA
Ne CBOICTBO HIH TApAMETP YcaoBHoe Enununa
71 MHKPOCTPYKTYPBI 0003HAUCHHC H3MEPCHUS
1 B auToM cocTOsSHUM
1.1 |IIpesen mpoOYHOCTH HA pa3phiB G MIla
OTHOCHTETBHAS H3HOCOCTOHKOCTD
1.2 U En.
TI0 3aKPEIUICHHOMY abpa3uBy
1.3 | Tsepaocts HRC Ex.
1.4 [KommiecTBo HEpBUYHBIX KapOUI0B T1K %
1.5 |[KommuecTso aycreHuTa A %
2 TMocne mopmamm3aumu (1050-1100 °C)
2.1 |Ilpesen mpOYHOCTH HA Pa3phIB Gy MIla
29 OTHOCHTETBHAS H3HOCOCTOHKOCTD " Ex
TI0 3aKPEIUICHHOMY abpa3uBy
2.3 | Tsepaocts HRC Ex.
2.4 |KomruecTBo EpBUYHBIX KapOUIOB TIK %
2.5 |KommuecTso aycreHura A %
2.6 |KomuuecTBo TpoocTHTA T %
3 TMocme mopmammsammu (1050-1100 °) u ormycka (630-650 °C)
3.1 |IIpenen mpoYHOCTH HA PA3PhIB MIla
32 OTHOCHTETBHAS H3HOCOCTOHKOCTD " Ex
TI0 3aKPEIUICHHOMY abpa3uBy
3.3 |TeepaocTb HRC En.
3.4 |KomriecTBO MEPBHUHBIX KApOWUIOB IIK %
3.5 |KommiecTBO BTOPHYHBIX KapOWIOB BK %
3.6 |KommiecTBo ayCTCHATA A %
3.7 |KoaumiecTBo MapTEHCUTA M %

B xozxe mampHEHUIINX HCCACAOBAHUEN OBLIO H3YYCHO B3AUMOJCHCTBHE TBEPAOTO CTAJIBHOTO

CEpICYHHKA € UyTYHHBIM pacriiasoM (tabm. 2).

Tabnuua 2
Xumuueckuii cocmas 06pasy0e, UCNoIb308AHHBIX 8 X00e UCCIe008AHUT
Dopra o6basia XHUMHUYCCKHI cOCTaB, Mac. %
pMa 0bpa3L C | Si [Mn] S | P | C | Ni | 7i | Cu
bemslit 4yryH
Tletmamap 3,19 | 020 | 043 | 0,030 | 0,031 | 0,16 | 0,11 | 0,001 | 0,15
maaM. 10 mm
Cepplit UyryH
Tletmamzap 38 | 0,84 | 0,18 | 0,023 | 0,068 | 0,05 - - -
aaaM. 25 MM

Temmeparypa pacmiasa noaiaep:kusanack Ha yposHe 1400 °C. Bo Bpems nuccneaoBaHuN H3-

MCHSIITH BpeMsI BBLICPIKKH 00pa3ua B pacriiiase.

HpI/I AHAJTU3C TOJTYUYCHHBIX JAHHBIX MOXKHO CACIATh CICAYIOLIUC BEIBOABI:
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— B Ha4YAIBHBIN reprox BpeMeHH (10 10 ¢) HOBEPXHOCTHBIE CIIOW TIOABEPTAIOTC HHTCHCHB-
HOMY HArpeBy A0 TEMIICPaTyp BhIIIC TeMIepaTyp (azoBoro npespameHus; HabIIOAACTCS HEKO-
TOPBIH POCT 3€pHA K Kpato odpasna;

— MPY YBEIHUYCHUH BPEMCHH BBIJCPKKH HAYMHAIOT MPOSBAATHCS AU (Py3nOHHBIC TPOLIECCHI,
VCKOPHBIIHMECS BCICACTBUE YBEIHUCHHS TEMIICPATYPhI HArPeBa 00pasa, 3TO BRIPAKACTCS B PO-
CTE 36pEH B CTPYKTYPE CEPACTHHKA.

AHaNu3 MOMYYCHHBIX MUKPOILTH(OB MO3BOJSET CACIATh BEIBO, UTO MPH TEMIIEPATYPE pac-
mwiasa B 1400-1500 °C nepBoHaua pbHO HE MPOUCXOAMT masicHus odpasua. Ho ¢ teucHuem
BPEMCHH U MOBBIIICHUN TEMIIEPATYPhl HAarpeBa odpasia HAYHHAKOT YCKOPAThC Juddy3uoH-
HbIe TIponecchl. [I0BEpXHOCTE CTANTBPHOIO HU3KOYIICPOAUCTOrO 00pa3la HACHINACTCS VIICPO-
JIOM, O IeM CBHIETEIBCTBYET HAYAJIO POCTA IEMEHTUTHOH CETKH.

[Tpu xoHTakTe UyryHHOro o0Opasla ¢ PacijiaBoOM W3 YYT'VHA, BBHIY PAaBHBIX TEMIICPATVD
IIJIABJICHUS B3aNMOACHCTBYIOIUX METAIUIOB, ITPOMCXOIUT IOCTETICHHOE PACIIIaBICHNE TTOBEPX-
HOCTHOT'O €10 obOpasma 0¢3 OIIyTHMOro M3MEHEHUS €ro CTpyKTYphl (puc. 1). 310 sBasercs
HAWTYYIONM BAPHAHTOM, TaK KAK B 3TOM CJIy4ae BO3MOXKHO MOCTCIICHHOEC 00Pa30BAHUE BTYIIKU
W3 paciuiasa.

[Tpu obpazoBaHuy MEPEXOIHOH 30HBI B OUMETAITUUCCKON OTIMBKE HA OCHOBE XKEIE30VTJIc-
POAMCTHIX CILTABOB HAMIYYILIHC VCIOBUS OVAYT CO3AaBAThCA B XOAC B3aNMOJCHCTBHS MaTcpHa-
JI0B C OIM3KUMH TEITO(QU3MICCKUMH NAPAMETPAMH U CXOAHBIMH KOHEUYHBIMU CTPYKTYPAMHU.

PucyHOK 1 - MUKPOCTPYKTYpa IyTYHHOTO 00pasia, HAXOAWBIICTOCA B UYTYHHOM pacimiase 10 ¢
mpu 1=1200 °C (x100): a - cTpyKTYpa KpacBoi 30HKI 00pasua; O - rpagut B KpacBOH 30HS,
B - IICHTPAJIbHAS 30HA 00pasua; T - rpauT B ICHTPATBHON YacTH 00pas3na
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Ha ocHoBe npoBeACHHBIX HCCIICTOBAHUN MOYKHO CAECNAThH CICIYIOLINE BBIBOABI:

1. Marepuan BTYNKH AOKCH 001aJaTh AOCTATOYHOW mnpouHOCTRIO (>350 MIla) ams
MPCAOTBPAILCHU 00Pa30BaHUs H3-32 TCPMHUCCKHX HANPSDKCHHUH MHKPOTPCINUH MPH HPOU3-
BOJCTBC.

2. Hawnyumwme yciaoBus a1 o0pa3oBaHHs KaUSCTBCHHOW MEPEXOIHOHU 30HEI (POPMHUPYIOT-
€ TIPH B3AMMOJCHCTBUH CIUTABOB ¢ OMHU3KUMH TEIIO(U3HICCKUMH MapaMeTPaMH.

Hcxons n3 nonyueHHBIX BHIBOJOB, MOXKHO JATh CICAVIOIIUE PEKOMCHJALIHH:

- OcIBl N3HOCOCTOUKUH YVTVH, MPCAHA3HAYCHHEIN A (popMupoBanus padouei MOBEPXHO-
CTH OOYKH NPOKATHOrO BAJNKA, AODKCH OONaJaTh AOCTATOYHOW MPOYHOCTBIO HA PasphbiB s
00ecreueHus TOCTATOYHON NPOYHOCTH NPU ACHCTBUH TEINIOBBIX HANPSKCHHH B XOJC 3aTHBKY;

- HauOoJsee OGIAroMpUsATHBIC YCIOBUA L1 (POPMHPOBAHUS MEPEXOIHON 30HBI CO3JAIOTCS MPH
B3aUMOJACHCTBHN YYTYHHOH MOJJIONKH € PAacIIaBOM YYI'VHA, MO3TOMY B KaueCTBE MaTcpHasa
CCPACUYHHKA, B3AUMO/ICHCTBYIOLIETO CO BTYIKOH M3 OCI0ro 4yryHa, e/ecoo0pa3Ho BEIOpaTh BbIi-
COKOMPOYHBIH YyTyH, KaK 00/1aAr0IIHI JOCTATOUHON MPOYHOCTHIO HA PACTSKCHUE U KPYUCHHE.
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Mony4yeHo 16.08.2017

no crpadmnuam

METEOPUTHI U3 BOOJOCTOYHBIX TPYb

M3yuuB moa MHUKPOCKOIIOM MBLIb, COOPAHHYIO M3 BOJOCTOUHBIX KET0OOB Ha KpbIIIAaxX pas-
HBIX TopoAoB EBpomnel, aHrmmiickie aCTPOHOMBI MPHIILTH K BBIBOAY, YTO CPEIH YACTHL] AHAMET-
pom 0,3-0,5 MM, KpOME BHOTHE OOBIKHOBEHHOW 3¢MHOM BBIIH, JOBOJBHO MHOTO MHKPOMETEO-
puTOB, Onarozaps cBOMM pa3MepaM He cropesmux B atMocdepe. 1o onenkam yueHsIx, Ha 3eM-
JIO €3KETOAHO mafatoT okono 100 MIumapI0B MUKpPOMETEOPUTOB — Iopsaka 10 TOHH B A€HB.
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