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AnHoTtanus. Vccnenyemble napbl TpeHUs paOOTalOT MpU HE JOCTATOYHOM IOCTYIUIEHHE
CMa304HOro Martepuaina. [l pelieHust 3Toro HeAocTaTKa MpU 1MoA0Ope HOBOIO MaTepHaia Obul
MCIIOJIb30BaH MaTepuai MOpPOLIKOBOM MeTamtyprui. Hamu Oblin BBINONHEHBI MCCIIE10BATENbCKUE
paboThl MO NOA00pPY MaTepuana Juis MOALIMITHUKOB CKOJIBXEHUS, pabOTaIOMUX MIPH EPEMEHHOM
Harpy3ke M HEJIOCTAaTOYHOM IIOCTYIUIEHHs] cMa3o4Horo macnia. Jlias mopbopa palroHabHOTO
cocTaBa Marepuaia ObLTM M3roToBIEHBI 00pa3ibl. Mccnenyemble mapsl TpeHHs paboTaloOT MpHU HE
JIOCTAaTOYHOM TOCTYIJIEHUE CMa304HOro Marepuana. s penenns 3Toro HeroctaTka npu noadoope
HOBOTO MaTepHaia ObUI MCIOJb30BaH MaTepHan MOpOMIKOBOM Meramrypruu. Ilo pesynpratam
UCCJIEIOBaHKE /ISl MOAIIUITHUKOB CKOJIbXKeHHsI BblOpaHa Mmatepuan XX I'p2 Mxk2 S0,5, yro nmo
MEXaHMYECKUM M JPYI'MM IIOKa3aTelsiM COOTBETCTBYIOT TpeOOBaHUSAM [UIsl IMOAIIUITHUKOB
CKOJIb)KEHHUSI pabOTaloOUIMX IPH MEPEMEHHBIX HarpaXJACHUSX WU HEJOCTaTOYHOM IOCTYIUICHHE
CMa3KH.

KiaoueBble cjioBa: TPEHUC, U3ICIINC, HOpOH.IKOBLIfI METall, 06pa3m>1, IMOJUIMITHUKH
CKOJIbKCHHUA, CMAa3Kad, HArpy3Ka, CaMO-CMa3bIBaHUA, TBEPAOCTD, MI/IKpOH_IJ'II/I(l), MOPHUCTOCTD.

1. Beeaenue:

[Ipy BBIIONHEHHE UCCIENOBATEIbCKUX pPAa0OT Mo moaldopy MaTepuaina Uil MOJIIIMITHUKOB
CKOJIb)KEHHUS, paboTalomMX TMpU TEPEMEHHOM Harpy3ke W HEIOCTaTOYHOM IOCTYIUICHHS
CMa304yHOro Macnia. bbuln M3rotoBiieHbl 00pasipl Uil HOJA00pa palMOHAIBHOTO COCTaBa
marepuana. Kak yxe paHee oOTMeYanoCh, HCCIEAyeMble Iapbl TpPEeHHs paboTarOT IpU HE
JIOCTAaTOYHOM IOCTYIJIEHHE CMa304HOr0 Matepuana. Jls perenus 3Toro HeroctaTka npu noadoope
HOBOI'0 Marepuaa ObUIO PEIIEHO UCIOIb30BATh MATEPHUA U3 MOPOIIKOBON METAJLITypruu.

B Matepmanax, M3roTOBIEHHBIX METOAOM IOPOIIKOBOH METalIypruu o0pa3zyercss HOpbl, YTO
obOecnieunBaeT 3(PQeKT caMo-cMa3blBaHHA. B mopax Takux MaTepuaioB BO BpeMs pPalbOThl
CKaIuUIMBaeTCsl Macia, Ojarojgaps KOTOPOMY y3ell TpeHHs MOKeT paboTarh 6e3 JOMOJHUTEIbHON
CMa3KH.

2. Heabro naHHOii padoOTBI - SBISIETCS TOBBIIICHUE KAYECTBEHHBIX IOKa3aTelei,TOBHIIICHUE
HW3HOCOCTOMKOCTh, TPOU3BOJUTEIBLHOCTh. TPYIIMXCS JIeTajleii W CHU3UTHh Ce0ECTOMMOCTH
HW3TOTOBJICHUS ASTalCH MalllMH.
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3. 3agauya naHHOH padoOThI - UCCIIEAOBATh B3aUMOJICHCTBHE pabOYMX OPTaHOB CENbXO3MAIINH C
IIOYBOW, M3BICKAHUS IyTeH CHMXKEHMsI TATOBOI'O COIPOTHUBIEHHsS pabodux opraHoB. B KoHTakTe
JeTajled ¢ MaccOM JIBWXKYIIMXCS TBEPAbIX YaCTUI[ IPOMCXOJUT MHTEHCHUBHOE pa3pyllIECHUE
IIOBEPXHOCTHOTO CJIOSI, BCJIEZCTBUE YEr0 CPOKU CIIy>KObI HEPEIKO MCUMUCISIOTCS JECATKAMHU YacoB.
K neransam, uzHammBaromuMes Ipyu TPEHUU B Macce TBEPABIX YaCTHUL, OTHOCSTCSI MHOTOUMCIICHHAs
rpynna Jerajged paboyMx OpPraHOB U HHCTPYMEHTOB  CEIbCKOXO3SMCTBEHHBIX, TI'OPHBIX,
CTPOMTENBHBIX, IOPOKHBIX, & TAKXKE 3JIEMEHTOB 000PYIOBaHUS PA3TUYHBIX MAIIUH.

4. O0beKTOM HAay4YHOW PpadoThl — TOBBINICHUS TOKa3aTejlel HM3HOCOCTOMKHMX ITOPOIIKOBOTO
MaTepuaia Ha OCHOBE JKeJle3a.

5. MeToauka Hay4yHoOro wusbickaHmsi: J[7s wuccrnenoBaHusl JaHHOW HAaydHOM paOOThI ObUIH
NPUMEHEHBI METOJbl METALIOrPaUUecKoro aHalu3a, THUIPOCTATHYSCKOES B3BEIIMBAHHE U
METOJIMKA CPaBHEHHE-U3MEPEHUE BCEX MOMYyUYEHHBIX JAHHBIX.

ITopomkoBslii MaTepuana — 3TO COBOKYINHOCTb YacTHIl METa/Ula, CILIaBa WM METaJJIONO0J00HOro
COEIMHEHUS € pa3MepaMu 10 1 MM, HAXOAAIMXCS BO B3aMMHOM KOHTaKTE M HE CBA3AHHBIX MEXIY
coOoil. IlopomikoBass MeTamlyprusi - 3TO M3rOTOBJIEHHE METAINIMYECKUX IOPOLIKOB U Pa3HbIX
u3genuil u3 Hux. lIpuMeHeHne HMCXOJHOIO ChIpbs B BHUJE IOPOLIKOB SIBISETCS OCOOEHHOCTHIO
IIOPOIIKOBOM METAJUIypru, KaK IPOMBIIUICHHOIO METOJa W3TOTOBJIEHUS pa3IM4YHOIO poJa
MaTepHajoB, KOTOpBIE 3aTeM (QOPMYIOTCS B H3IENUs HYXKHBIX pasMEpOB H IOJBEPTaOTCs
CIEKaHUIO, IPOBOJMMOM IIpH TEMIEpaTypaXx HHW)XKE TEMIEpaTypbl IUIABIEHUS OCHOBHOIO
KOMIIOHEHTA IIUXTHI.

6. Hayuynas 3HauumocThb padotbl: [lopomikoBas MeTalmyprusi MPUMEHSETCS MPH MacCOBOM
IPOU3BOJCTBE KaK HKOHOMHYECKH BBIFOJHAS 3aMeHa MEXaHMYeCcKOH o0paboTKu JeTaliel.
TexHoOorHsI MO3BOJISET NOMYYUTh BEICOKOTOUHBIE M3/ENUS U AJIS TOCTHIKEHUSI OCOOBIX CBOMCTB U
3a/laHHBIX XapaKTEpUCTHK, KOTOpble HEBO3MOXKHO IMOJIYYHUTh JPYyrUM MeToaoM. Meroa
MOPOIIKOBOM METaJUIypruy IO3BOJISIET BapbUpOBaTh XUMHUYECKMM COCTaBOM MaTepuala B
3aBUCHUMOCTH OT Ha3Ha4yeHMs u3Jenus. J{as MOBBIIEHUS W3HOCOCTOMKOCTH U 00padaThiBaeMOCTU
IPU PE3aHUU U IPOUYHOCTHU ObUIM BBIOPAHBI CIIEAYIOLIHNE JIETHPYIOLINE I€MEHTHI.

CO3HaBaeMBIﬁ MaTcprall MOXHO MCIIOJIB30BAaTh B MNOJUIMITHUKAX CKOJIbKCHHA pa60Tafonmx npu
MNEPEMCHHOM HAr'py>XCHUU ITPU HEJOCTATOUHOM IMOCTYIIJIICHHU CMA3KH.

Pucynok 1. Mukpactpykrypa odpa3ua u3 marepuasa 2K I'p2 12 Max2:
a—x 200; 6 — x 200 (tpaBnenue 4% HNO3); B — x500 (tpaBierHre HNO3).

TBepaocTh crieueHHOTO MaTepuana omnpenensiiin Ha nmpudope bpunemns (TIL-2) mpu Harpyske 7
500 H u pmamerpe mapuka 5 mMm. [lopucTocTh HccnenoBand Ha HETPABJIEHBIX UIIH(ax MO
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OMHOKYJISIpHBIM MuKpockorioMm MBC—2. Pa3mepbl nop ycTaHaBiIuBalIM Ha OKYJISIPHOM CETKE NpU
yBenudeHMH X 16 Ha Mmumkpockone MBC -2, x 100 nHa mukpockoie MBU - 6. IHnudsr
MOJATrOTaBIMBAIA Ha HUIM(OBAIHHO-TIOIUPOBATHHOM CTaHKe. ['0TOBble HUIM(BI BHICYIIUBAIN
CTpyeil ropsiuero Bo3ayxa Ha JtomuHecueHTHOM aedexrtockorne JIJI - 4. llnudsr tpasumm 4% -
HbIM pacTBOPOM a30THOM KHCIOTBI B OTWIOBOM choupre. Jlis HCCiIeAOBaHUSA CTPYKTYpbI
HCIIOJIb30BaIN TOPU30HTAJIbHBIN MeTautorpapuIecKui MHKPOCKOIT MHUM-8M.
dotorpadupoBaHie MUKPOCTPYKTYPHl MPOU3BOAWIM Ha (DOTOIUIACTHHKE, a 3aMep MHUKpPO-
TBEPAOCTH OTAEIBHBIX COCTABISIOUINX CTPYKTYPHI - Ha MUKpo-TBepaomeTpe [IMI'— 3 mpu Harpyske
50 u 100 r (B 3aBUCUMOCTH OT BEJIMYHHBI TBEPAOCTH). MUHUMYM M3 JECATH 3aMEPOB BHIOMpAIH
cpenHeapupMeTuyecKoe 3HaUeHUE TBEPIOCTH.

Cocra komnozunuu ( K I"p2 12 Mx2-,) nocsie ciekanusi BKII0Yal:

C - 1,02%, Mn - 0,35%, P - 0,51%, Cu - 2,0%, T.e. moTepyu KOMIIOHEHTOB B IPOIECCE CIEKaHUs
He3HauuTenbHbl. Ee TBepaocts o bpunento cocrapnser - HB 750 - 820 MIla, npoyHocTs Ha U3rud
- 470 - 480 MlIla, npouyHocth Ha pactspkerue 11,5 -11,7 Mlla, xo3ddUIMEHT JIHMHEHHOTO
pacumpenus 10,0 -10,2 - 1076 1/°C.

OO6mmit  00bEM TOPUCTOCTH, OIPEACICHHBIA METOAOM THUIPOCTATUYECKOTO B3BEUIMBAHMS,
coctaBisin 22-24%. Ilopbl paBHOMEpPHO pacmpeleieHbl Mo 00beMy Marepualia ¢ HEKOTOPOH
TEHJICHIIMEW KOHIIEHTPAIMH 10 TPAaHUIIaM 3€PEeH MEeTaNInuecKor MaTpuilsl (puc.la). Pazmepst mop
U3MEHAIOTCS B mpejaenax oT 5 10 40 mxMm, npeumyiiectBeHHO 10-30 mMkm (puc.1 6, B).

MuKpocTpyKTypa METaJILIMYE€CKONH OCHOBBI NPEACTaBIsAET cO00i coueTaHue NEPIUTHBIX KOJIOHUH ¢
OTJENbHBIMU (DEPPUTHBIMU 3€pHAMU U MEJIKUX U30JUPOBAHHBIX OEJbIX BKIIOUEHUH, 10-BUAUMOMY,
dbochunoB maprania u xenesa (puc.l 0, B).

[Tpomep mukpo-tBepaoctu Ha [IMT - 3 OTAENBHBIX COCTaBISIOUIMX CTPYKTYpPBI MOKa3all, 4TO
MepIUT uMeeT TBepaocTh - 3,0 - 3,4 I'Tla, peppur - 1,6 - 1,9 I'Tla, pocdunsr - 4,2 - 4,6 T'Tla.

[TopucTthlie criedeHHBIE MaTepuanbl, coaepkale B cBoeM coctaBe 1 - 3% mpemnapara " maxed",
rpajputra u cepbl. AHaIU3UPys pE3yJIbTaTbl HCCIENOBAHUN COCTaBa, CTPOECHUS, U CBOWCTB
BBIOpaHHOW KOMITO3MIIMM M COCTABJSIS UX C aHAIOTMYHBIMH JAaHHbIMH Kommnoszumuu JK ['p2 Mx2
S0,5 Mo)kHO cKa3arh, 4TO BBeACHHE 2% MEIH B COCTaB KOMITO3HIIMH OJarOTBOPHO CKAa3ajoCh Ha
KOMIUIEKCE CTPYKTYPHBIX M MEXaHMYECKHUX XapaKTEepPHCTUK: HaAOMI0JaeTcs IUCIeprUpOBaHUE
[IEMEHTUTA B COCTaBE MEPIUTHOM COCTABIISIONICH, TTOBBIIeHHE 0011el TBepaocty Ha 100-200 MI1a,
npoyHocTy Ha u3rub (Ha 10-15%) u HEeKOTOpoe MOBBIIEHUE MPOYHOCTH HA pacTskeHne (Ha 5-
10%). Bce 5T0 monarBep)KmaeT pe3ydabTaThl J1a0OpPAaTOPHBIX HWCIBITAHUN Ha W3HAIIMBAHHE W
MO3BOJIAET MPEANOIOKUTh IOBBIIIEHHME HW3HOCOCTOMKOCTH U JIOJITOBEYHOCTH M3AEIUS IpU
SKCIUTyaTallH U3 MpejularaeMoro MaTepuania.

PesyabTarsl. B 3aBUCMMOCTM OT MECT KOHLEHTpAallMM M3HOCA IOTEpsA KyJIbTHBATOpa
paboTOCMOCOOHOCTH MPOUCXOIUT IO TEM WIM HMHBIM MpuuuMHaMm. [Ipu 3TOM He HCKIIOYEHO
BO3MOKHOCTb, YTO IIPH CPAaBHUTEIBHO MEIJIEHHOM WM3HAIIMBAHUU KYJIBTHUBATOP MOXKET JOWTH IO
IPEJEbHOTO COCTOSHUS, HAIIPUMED BCIIEACTBHE 00pa30BaHUs HEOIYCTUMO OOJIBIION 3aTBIIOYHON
dacku, ObIcTpee, YyeM B YCIOBHMAX OOJBLIION CKOPOCTH H3HAIIUBAHMS, HO OJIarONpUsATHBIM
paclpefeIeHneM HM3HOCA II0 IOBEPXHOCTH KyJIbTHBaTOpa. B pesynbrare 5SKCIUlyaTallWH,
IPOMCXOIUTh M3HOC pabouero cios. IlpuueM 3HaueHHe M3HOCA paboOYMX JeTaneld paboTaBIIUX B
3aCYIUIMBBIX pEernoHax Y30eKHucTaHa CpaBHUTEIBHO OCTAJbHBIMU PETMOHAMHM 3HAUYUTEIHHO
OCYILIECTBHMA, TaK KaK I0YBa Y30EKHCTaHa UMEET COJICCOCP KA, aOpa3sUBHBIN COCTAB.

B cBs3M C OTMEYEHHBIMH I€JIeCOO0pa3HO, COXPAHWB TOHATHE aOPa3WBHOW CIOCOOHOCTH
(aOpa3uBHOCTH) MaTEpUaJOB, IMOJB30BATHCS MPU HEOOXOAMMOCTH TOHATHEM 00 WM3HAIIMBAIOIICH
criocoOHocTH ToyB. [Ipu 3TOM abpa3uBHOCTH MaTepUaoB (B TOM YKCIIE IMTOYBHI) OMPEACIISIOTCS IO
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U3HOCOCTOMKOCTM MaTepHuajoB, a W3HAIIMBAIOMIAs CHOCOOHOCTh — M0 KOHCTPYKIIMOHHOW
MU3HOCOCTOMKOCTH.

3akarouenue. Jlns wuccienoBaHuss aOpa3sMBHOCTH IIOYBEHHAs Macca M U3HOCOCTOMKOCTH
3emeo0paldaThIBAIONIET0  WHCTPYMEHTa  —  KYJIbTHUBAaTOpa,  HMCHBITAHUS  MPOBOAUIIOCH
HEIMOCPEICTBEHHO B TOJIEBBIX YCIOBHUSX. B pesynbrare ompejeneHa, 4To M3HOC KyJIbTHUBATOpa
3aBUCUT B OCHOBHOM (PpaKIIMOHHOTO cOcTaBa MO4YBBI, npudyeMm dpakuus yvactui 0,1...0,25 MM
(MpeuMyIIeCTBEHHO KBapI]) OKa3bIBacT HAHOOJIbIIee U3HAITMBAIONIee AeiicTBHE. [IITOTHOCTH TOYBEI
MaJIo CKa3bIBAETCS HAa BEJIMYMHE U3HOCA KYJIbTUBATOPA.

BoiBoabl. 1o pe3ynbraTy HccieqoBaHus s MOAIIUITHUKOB CKOJIbKeHUs BIOpaH Matepuai XK I'p2
Mx2 S0,5, 4yTOo 0 MEXaHMYECKHMM M JPYI'MM I10Ka3aTesiiM COOTBETCTBYET TPEOOBAHUAM IJis
HNOJUIMITHUKOB CKOJIBXEHMSI padOTaloOLMX IPU I[EPEMEHHOM HArpy>K€HUHM M HEI0CTaTOYHOM
noctymieHue cmasku. IlpoBeneHHble MeTayulorpaguueckue HccielOBaHMs IOKa3aliH, 4YTO
JIETUPOBAaHHME IOPOIIKOBOIO MaTepuana ¢ochumamm MapraHma H OKelie3a CO3/1aeT YCIOBHSA
yBenuueHuto noutu 1,5...2,0 pa3a. 3a c4eT NOPUCTOCTU MOPUCTO CIIEYEHHBIX MAaTEPUAIOB CO3AET
ycnoBust 3ddexra camo cmaspiBanus. OCOOCHHO TPU HEIOCTATOYHOM IOCTYIUIGHHH CMa3Kd Ha
IIOBEPXHOCTU TPEeHMs. B mopax HakammBaeTCs OCTaBLIMICS CMa3Ka M 3a CUYET TEMIIEpaTyphl B
pe3yJIbTaTe TPEHUS U3 MOP BBICTYNAET CMa3Ka M CO3/1a€T CMA304HYIO IUICHKY MEXKIY TPYLIMMUCS
MIOBEPXHOCTSMHU.
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