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Hayunsiii pyxoBogutens M. b. Onapuenko

ITogaTiMBOCTP SABIAETCA OJAHMM M3 BaXKHEMIIHMX 3KCIUTYyaTallHOHHBIX CBOMCTB JIMTEH-
HBIX CTEp)KHEH, KOTOPOE XapaKTepU3yeT UX MOBEICHUE B YCIOBUIX TEPMOMEXAHUUECKOTO
Harpy>keHus NpU KPUCTAIUIM3ALUHU U OXJIaKIEHUU OTIMBKU. DTOT IIOKA3aTelb ONpPEAEIsieT
YPOBEHb yCaJ0YHbIX HANPSXKEHUH, BOZHUKAIOIIMX B OTJIMBKE, a TAK)KE BEPOSTHOCTh 00pa-
30BaHMs KOPOOJICHUS, XOJIOIHBIX, FOPSIUYUX TPELIHH.

XUMHUYECKH TBEP/ICIOILUE CMECH, IPUMEHSIEMbIE JUIsl U3TOTOBJIEHUS CTEPXKHEH, XapaKTe-
PH3YIOTCS HU3KOM MOAATIMBOCTBIO, OOYCIOBICHHONW MAJIbIMH CKOPOCTBIO M BETMUMHON Jie-
dbopmar CTPYKTYPBI CBS3YIOIIMX MPH BhICOKOTEMIIEpaTypHOM Harpese. M3sectro [1], [2],
YTO IPH KOHTAKTE CTEPXKHS C JKUJIKUM METAJUIOM MPOMCXOIUT KapOOHU3ALUsI OPraHnYeCKHX
CBSI3YIOIIMX KOMIIOHEHTOB CTEP)KHEBOM CMECH, KOTOpasi COIMPOBOXKAACTCS OOpa3oBaHUEM
IUIEHOYHOT0 Mupoyriepoja (KokcoBoro ocrarka). [locinennuii cTaOMaMsupyeT NpPOYHOCTH
CTEpXHs IIPU KOHTAKTE C PACIIABOM, YXY/IIasi TEM CaMbIM €T0 IJIACTUYECKHE CBOMCTBA.

B paGote mpezacTaBieHbl pe3yabTaThl UCCIIEIOBAHMS MOJATIIMBOCTU JIUTEHHBIX CTEPXK-
HEH, N3rOTOBJIEHHBIX C IPUMEHEHUEM PA3JIMYHBIX CBSI3YIOLIMX KOMIIOHEHTOB, M IPOU3BEICHA
OLICHKA MX BIIMSHMA HA (POPMHUPOBAHUE OTIIMBOK B YCIIOBHSX 3aTPyAHEHHOHN yCa/IKU.

Jlis ncciieoBaHUsl KOKCOBOTO YHCIA CBA3YIOLUIMX KOMIIOHEHTOB OTOMpaJId HaBECKY
cszytomero (momuona (1 1) u xatanuzatopa (0,8 1)), KOTOPYIO MOJBEPrajay BHICOKOTEM-
nepaTypHOMY HarpeBy B kepamudeckoM turie. KapOoHusanus nonmumepa npou3BoAUIIach
npu temneparype 800 °C Ge3 npoctyna Bo3ayxa B BBICOKOYACTOTHOM MHIYKIIMOHHOM ycTa-
HOBKe Indutherm VC650V. KoanuecTBO KOKCOBOIO OCTAaTKa OMPEIESUIM 110 M3MEHEHHIO
MaccChl HAaBECKH JI0 U TIociie TpoKanuBanus (Taodi. 1).

Tabauya 1
KokcoBble ynciia CBA3YHIHNX KOMIIOHEHTOB
Cps3yonue KOMIOHEHTbI CpenHee KOKcOBOe YHCJI0, %o

Askuran 381, Harter rapid 03 50,3

K®65C, Oprodochopras kuciora 32
Askocure 366, Askocure 666 47.5
K®-®, Oprodocdopras kucnora 20,2
Askuran NB 7915 D, hunter rapid 03 35,3

YcTaHOBIIEHO, YTO HanboJiee BHICOKUI KOKCOBBIM OCTATOK MMEIOT CBSI3YIOIIUE CHUC-
TEeMbI Ha OCHOBE (heHONBHBIX (Askocure 366) u dhypanoBwix cmon (Askuran 381) ¢ BbICO-
KAM conepkanueM (ypuiaoBoro crmpta. CBs3yromias CHCTeMa ¢ NMPUMEHEHHEM KapOa-
MHIHO-QypaHoBoi cMoibl (KD-D) nmeeT HaUMMEHBIIYIO BEIHYHHY KOKCOBOTO YHCIIA,
CJICZIOBATEIILHO, JIOJDKHA 00J1a/1aTh HAUOOJIBIICH OJATIUBOCTHIO.

BausiHue CBSA3YIONIMX KOMIIOHCHTOB Ha MOAATIIMBOCTD JIMTCHHOTO CTEPKHS U, CIIE/IO0-
BaTEJIbHO, HA MPOTEKAHHE TEPMOMEXAHMUYECKOTO B3aMMOJCHCTBUS B 30HC KOHTAaKTa Me-
TaUT — JIATCHHBIA CTEP)KEHb OICHUBAJIOCH IO IMOKA3aTeNIIM BEPOSITHOCTH OOpa30BaHHsI
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TpeuMH B Tese OTIMBOK. C 3TOW 1esbio ObUIM HM3TOTOBJICHBI CIELUANbHBIC JIMTCHHbIC
¢dopmbl. OOpa3ibl, MOTYUYSHHBIE MTPH 3aMIOJTHEHHH JAHHBIX JIMTEHHBIX (OPM, IPEICTABIISIIN
co00#1 moJble MIMHAPHI C YTONIICHUEM TI0 BBICOTE CTEHKH, NEPEX0J Ha KOTOPYIO ObUI
BBINOJIHEHHBIH 0€3 ranTesneil u paanycoB 3akpyrienus (puc. 1).

Puc. 1. CAD-mo/ienb OTIIMBKY B HUXKHEH 1osryhopme

Jannas koHCTpyKuus obOecrieunBaia (OpMUPOBAHHUE YCATOUHBIX HANPSHKEHUN U Tpe-
IIMH B 00JIACTH CTHIKA YTOJIICHUS M CTEHKH OTJIMBKH BBHIY Pa3IUYHON CKOPOCTU KpHCTaJl-
JM3aLMU )KUJIKOTO YYTYHA B €€ CEUCHMSIX.

st u3roroBieHust cepuii 00pa3oB ObLIN UCIIOJIB30BAHBI CTEPIKHEBBIE CMECH C PaB-
HBIM COJIEP>KaHUEM CBSA3YIOIIUX KOMIIOHEHTOB I10 pelenTypam, NIPUBEACHHbBIX B Ta0JI. 2.

Tabnuya 2
CocTaBbl cTepKHEBBIX cMeceil
CocTan Konu4ecTBO KOMIIOHEHTOB
cMecu Iecok 1K,0,016 Cmoiia Karanauzarop
Nel 100 KO-O-1% Oprodocdopnas kucnora — 1 %
Ne 2 100 K®-65C—-1% Oprodocdopnas kucnora — 1 %
No 3 100 Askuran NB 7915 D -1 % hunter rapid 03 — 1 %
Ne 4 100 Askuran381 -1 % hunter rapid 03 — 1 %

Jlns 3a7TMBKY MCHIOJIB30BAJICS] TPABUTALMOHHBIA CIIOCOO JIMTHS M3 KOHHMYECKOTO KOB-
m1a crraBoM CY25, narpersim 1o temnepatypsl 1380 °C.

[Tpy BH3yasbHOM OCMOTpE IMOJYYEHHBIX OTJIMBOK BBISBIICHBI TPEIIMHBI HA TPEX 00-
pasmax: Ne 2—4 (puc. 2).

Obpaszer Ne 2 Oo6paszer Ne 3 Obpaszer Ne 4

Puc. 2. TpemiuHbl B OTIMBKaX
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OOpazoBaHHBIC TPEUIMHBI UMEIU TPyOYI0 OKHCICHHYIO MOBEPXHOCTh C HEPOBHBIMU
kpasimu, aimuHOoM 25 MM (O6paserr Ne 3), 27 mm (O6pazenr Ne 2), 42 mm (O6pazer; Ne 4)
u mupuHor 1-1,1 mm (O6pasust Ne 2, 3), 1,3 mm (O6pazent Ne 4).

Takxe ObUTH ONpPE/IEICHB BHYTPCHHUE HAMPSHKEHUS B OTIUBKE, 00pa3yroIuecs npu
3aTPyMHEHHOW ycCaJIke B JIMTCHHBIX (hOpMax, W3TOTOBJICHHBIX IO JaHHBIM pELENTypam
CTEpP)KHEBBIX cMmeced (Tabm. 2). McmplTaHus OCYIIECTBISIIUCH TI0 HanboJiee pachpocTpa-
HCHHOM METOJMKE C WCIOJIB30BAHUEM TEXHOJOTHMUECKOW MPOOBI B BUJIC MPSIMOYTOJIBHOM
yCaI0uyHON penIeTky. Pe3ynbpTrarel nccieoBaHmii MpecTaBIeHbI B Ta0M. 3.

Tabauya 3

Bausinue Buaa CBASYIOIIIUX KOMIIOHCHTOB CTE€PKHEBbBIX cMmeceii
Ha MOJAAT/IMBOCTH CTEPKHA

CocTan cMecH BHyTpeHHUE HANPSIKEHUS
B OTJIMBKE
Ilecox CBSI3VIOINE KOMIIOHEHThI Ha PaCTHAKEHUEC, Ha CKaTHue,
2K,0,02 yrom MIla MIIa
100 % Askuran 381 — 1 %, Harter rapid 03 — 0,8 % 2,5 5,8
100 % K®65C — 1 %, Oprodochopnas kuciora — 0,8 % 1,0 2,4
100 % Askocure 366 — 1 %, Askocure 666 — 0,8 % 2.4 5,5
100 % K®-® — 1 %, Oprodocdopnas kuciora — 0,8 % 0,8 1,8

Y cTaHOBIIEHO, YTO pE3yJbTAaThl UCIBITAHUNA B LIEJIOM KOPPEIUPYIOT C JAaHHBIMHU KOK-
COBOT'0 OCTAaTKa IIPEACTABJICHHBIX CBA3YIOLIUX, T. €. C POCTOM KOKCOBOI'O YHCJIa OTMEYEH
pPOCT BHYTPEHHHUX HAINPSDKCHUM HAa PACTSIKEHUE M CKaTHE. DTO MO3BOJIAIOT 3aKIHOYMTH,
4YTO XMMHYECKAsl CTPYKTypa CBA3YIOIIMX KOMIIOHEHTOB OKAa3bIBA€T BIMSHUE Ha BHYTPEH-
HUE HANPSKEHUSI B IMTECHTHOM CTEpPIKHE.

IToCKONIBKY KOJHMYECTBO KOKCOBOTO OCTaTKa B CTEP)KHEBOM CMECH, 3aBHCHT OT CO-
JIepKaHUsl CBSI3YIOLIEro, ObUIO MPOBEIEHO MCCIEIOBAHNE BIUSHUS PELENTYpbl CTEp)KHE-
BOI CMECH Ha MOJATINBOCTb JINTEHHOTO cTepkHsl. KommuecTBo cMOJIbI B CBA3YIOLIEH KOM-
no3unuu BapbupoBasiock ot 0,8 mo 1,2 %. MccrnenoBanus nMpoBOAMINCH 1O CTaHIAPTHOM
METOAMKE IIyTEM OINpE/EICHUs] BHYTPEHHUX HANPSKEHUN B OTIMBKE, 00pa3yIOLUXCs MpU
3aTpyJHEHHOMN ycajke (Tab. 4).

Tabnuya 4

Binsinue penenTtypbl CTep;KHEBbIX cMeceii Ha MOJATIMBOCTb CTEPKHS

Koau4ecTBO KOMIIOHEHTOB, % Macc. BHyTpe];H;JT;ﬁ:I:zﬂmeH"ﬂ
Chrecs Helci)(K mapku | CMos1a Mapku 0&1{;‘33;3;2[2” Ha pacTsiKeHue, Ha CXKaTHe,
10,02 K®65C KHCHOTA MIla MIla
Cwmecs 1 100 0,8 0,8 0,9 2,2
CmMmecn 2 100 1 0,8 1 2,4
Cmecn 3 100 1,2 0,8 1,2 2,7
Cwmecsh 4 100 0,8 1 1,1 2,5
Cwmech 5 100 1 1 1,3 2,9
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Oxonuanue mabn. 4

Kosu4ecTBO KOMIIOHEHTOB, % Macc. BuyTpenune nanpsuienns
B OTJINBKE
Cmecs Karaauzatop
IMecox mapku | CMoJ1a MapKu opTodochopHas HA pacTsiKeHue, HA CiKaTHe,
1K,0,02 K®65C P P MIla MIla
KHCJI0TA
CmMmecn 6 100 1,2 1 1,4 3,2
CmMmecn 7 100 0,8 1,2 1,2 2.9
CmMmecn 8 100 1 1,2 1,3 3
Cwmech 9 100 1,2 1,2 1,5 3,5

[Tpu npoBeeHNN UCCIeI0BaHMS ObLIIO YCTAHOBIICHO, YTO YBEIUYECHUE COJICPIKAHUS CBSI-
3yroleit komno3uuuu B coctaBe cmecu ¢ 0,8 %—0,8 % no 1,2 %—1,2 % npuBogut k pocty
BHYTPEHHUX HAIpPsLKEHUH B OTIMBKE Ha 59 % (cxxatue) u 67 % (pacTsbkeHue), BOSHUKAIOLINX
BCJIEIICTBHAE CHIDKEHHUS MNOMATINBOCTUA. DTO CBSI3aHO ¢ OOJiee ITOJHOU CIIMBKOM IEIell MOoJie-
KyJl TIoJIuMepa U 00pa3oBaHMs OOJIBIIETO KOJIMYECTBA TUIEHOYHOro mupoyriepoaa. Crenosa-
TEIILHO, TIPH YBEIIMICHUH TIPOYHOCTH JIMTSHHOTO CTEPXKHS MOJATIIMBOCTh YMEHBIIIACTCS.

Jns mpoBepkH JAaHHOW THIOTE3bl MPOBEACHO HCCIEAOBAHWE BIMSHHUS MPOYHOCTH
CTEp)KHEBBIX CMecel Ha MOAATIMBOCTb CTEPKHs. VI3MeHEeHHe MPOYHOCTH CTEpXKHEH ocy-
HIECTBIISIACH KOPPEKTUPOBKOM pELENTYPhl U BEJIMUMHBI YIUIOTHEHHS cMecH (Tabd. 5).

Tabnuya 5

BunsiHue cTeneHH YNJIOTHEHHS U IPOYHOCTH CTEPKHEBBIX cMeceil
HA MOJATJMBOCTDH CTEPKHS

KoJsinuecTBO KOMIIOHEHTOB, Yo Cpennsist BuyTpeHHUe HANPSIKEHUsI
Macec. HquHOCTb B OT/INBKE
e I C Karaauzarop Yeaosits CT. cMecH
€COK MoOJ1a .
cMecH wapiu | mapkn | oprodochop. YIIOTHEHMA | ooy lzq’ Ha paﬁls_[[;:‘cenne, Ha ;/ﬁllcl_i;ne,
1K;0,02| K®65C | nast kucaora H/em

1 100 1,2 0,8 BuGpoymioT- 314 1,2 2.8
2 100 1,2 1 HeHHe 336 1,4 3,2
3| 100 | 12 1,2 (1420 kr/v) [ 367 1,5 3.5
4 100 1,2 0,8 YV HIOTHEHIE 445 1,8 4,3
5 100 1,2 1 TpOM60BKO3I71 473 1,9 4.5
6 | 100 | 12 12 (1560 kr/v’) | 4g5 2 4,6

Takum 00pa3oMm, BHYTPEHHHE HANPSHKEHUS B OTIMBKE BO3PACTAIOT MO MEpE pocTa
MIPOYHOCTH 00PAa3II0B, CBI3aHHOTO C YBEJIMUYCHUEM IUIOTHOCTU U MTPOYHOCTH CTEPKHS.

[IpoBeneHHbIC UCCIIETOBAHMSI TO3BOJIMIN YCTAHOBUTH, YTO MOJATIMBOCTh JIMTEHHBIX
CTEp)KHEH B IEPBYIO OYepe/Ib ONPEAEsieTCss CIOCOOHOCTBIO CBSI3YIOIIEH CHCTEMBI K Kap-
OOHHM3ALMK U 3aBUCUT OT HaJM4YMA U KOJUYECTBA apOMATUYECKON CTPYKTYpbl B XUMHUE-
CKOM (popMyJie BEIIECTBA, 3apOIBIIICH YIIIEPOAHBIX CETOK KOKca. Takke Ha MOAaTIMBOCTh
OKa3bIBAIOT BIMSHUE KOJMYECTBO CBA3YIOIIECH KOMIIO3UIIMU B COCTaBE CTEP>KHEBOM CMecH,
IJIOTHOCTh W BEJIMYMHA MPOYHOCTU JTUTEUHOrO CTEPKHSA. [Ipu 3TOM comepkanue CBA3yo-
IIMX KOMIIOHEHTOB B COCTaBE CTEP>KHEBON CMECH JIOJKHO CBOAUTHCS K MUHHUMYMY, CIIO-
coOHOMY 00€eCIeYnTh TUTEHHBII CTeP)KEHb KOMITJIEKCOM JKCILTyaTalluOHHBIX CBOWCTB.
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