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Hucmumym uepnoii memannypeuu HAH Ykpaunvt um.3.1.Hexpacosa

OCOBEHHOCTHU MAKPO- 1 MUKPOCTPYKTYPbI CTYIIULbI
JKEJE3HOJOPOKHBIX KOJIEC @ 957 MM, M3ITOTOBJIEHHBIX U3
HEHNPEPBIBHOJIUTOM 3ArOTOBKHA

Lenpio paboTHI SBNIsETCSA U3y4YE€HHE MPHPOIBI YUYACTKOB MOBBIILICHHOW TPABUMOCTH
B CTPYKTYpPE CTYIIHII JKEJIC3HOAOPOKHBIX KOJIEC U ONpEeeNICHNEe UX BIMSHUS Ha YCTalo-
CTHYIO MIPOYHOCTH KOJEC, M3TOTOBICHHBIX U3 HEMPEPHIBHOIUTHIX 3arOTOBOK. YYaCTKH
MOBBIIICHHOW TPaBUMOCTH CUUTAIHCH 1e()EKTOM MPOU3BOICTBA —«THKBAIUOHHAS MTOJIO-
ca, BBIXOJSIIAS HA MOBEPXHOCTH CTYNHUIBI KOJIEC». YCTAHOBJIEHO, YTO 3TUM Ipeiroa-
raeMbiM Je(hEKTOM MaKPOCTPYKTYPbI SIBIISICTCS ©CTECTBCHHAS COCTABJIIONIAsT MHUKPO-
CTPYKTYpPBI yIICPOJUCTON CTalM, KOTOpasi o0pa3yeTcsl B pe3yJibTaTe IEeHAPUTHOHN JIMK-
BallM MapraHila ¥ KPEeMHUS MU 3aTBEPAEBAaHMU JUTOH 3aroToBku. [lokazaHo, uTo Ta-
Kas JIMKBAIMS HE ABJSICTCS IePEKTOM METaLTyprUuecKOro MpOU3BOJICTBA.

KiroueBbie cjioBa: :KeJIe3HOJOPOKHbIE KOJIEcCa, HeNpepbIBHOIMTASL CTaAJb,
MAaKpo- 1 MUKPOCTPYKTYpa, JUKBaIUs

CoBpeMeHnHoOe cocTosiHHe Bompoca. KopeHHOe M3MEHEHHE TEXHOJOTMU
MPOU3BOJICTBA JKEJIE3HOAOPOKHBIX KOJEC, 3aKIIFOYAIONIeecss B U3BMEHEHHHU CIIO-
coba TPOW3BOJCTBA CTallM, 3aMEHE CIIMTKa HENPEpHIBHOIUTOM 3aroTOBKOM
(HJ13), B n3menennn pa3zmepa KOJIECHON 3arOTOBKH, BHI3BAJIO MPOSIBICHUE OII-
penenéHHbIX 0COOEHHOCTEH B MX MakpocTpykrype. [Ipn aHammse temeroB
CTYNHI] B MAaKPOCTPYKTYpe HaOJFOAAIOTCS yJacTKH TOBBIIICHHOW TPAaBUMOCTH
B BHJE I10JIOC, IMEIOIINX JOCTATOYHYIO MPOTSHKEHHOCTh M BO MHOTUX CIydasix
BBIXOJSIIIIUX B CEUCHHE IMCKA W Ha MOBEPXHOCTH CTymHIs! (puc. 1). Yacro mo-
JIOOHBIE 0OCOOEHHOCTH MaKPOCTPYKTYPHI CITy’>KaT IPHIUHON OpakoBaHUS KOJIEC.

CornacHo MeTomudeckuM ykazanusm (MY YV 35.2 — 23365425 — 045:2011
«Konéca nenpHOKaTanbie. TpeOoBaHMS K KadecTBY CTalll MO HEMETaJUIHYe-
CKUM BKIIOYEHHMSIM M MaKpOCTPYKType. MeTox KOHTPOJIA») yYacTKH MOBHI-
IIEHHOM TpaBUMOCTHU — 3TO JIMKBAIIMOHHBLIC IMOJIOCKH, KOTOPBIC ABJIAIOTCA J€-
(eKTOM B BHJE HUTEBUIHBIX ITOTEMHEHHH (HAa CEPHOM OTIIEUaTKe) WM HUTE-
BUJHBIX YYacTKOB IOBBIIIEHHOH TpaBUMOCTH (Ha Makporemiuietax). OHH
MIPEACTABISIOT COOOW CIeapl MOJHOCTHIO WIIM YaCTHYHO 3aJIeY€HHBIX (3aBa-
PHBIIMXCS)) MAaTOYHBIM PAacTBOPOM HAIPBIBOB, 0OPa30BaBIIMXCS B IIpoOIlEcCe
3aTBepAeBaHMs. B ciydae eciu Takas JIMKBaIMOHHAS T10JIOCA CHIIBHO BBIpake-
Ha ¥ (WIM) BBIXOAMT HA IIOBEPXHOCTH CTYNHIIBI WINM B CEYEHHE ANCKa KoJeca,
TO OHA SABJSETCS HEJOITyCTUMBIM Ae(heKTOM MaKpOCTPYKTYpHI (puc. 1).

Kpome kmaccnpukanmy W ONHMCaHMS JaHHAas HOPMATHBHO-TEXHHYECKas
JOKYMEHTAIHs HE MOSICHAET MPUYNHBI 00pa30BaHUs ¥ HE COAEPKHUT METOIUE-
CKHUX PEKOMEHJIalluil, HA OCHOBAaHUHU KOTOPBIX Y4aCTOK IOBBILIEHHON TPaBUMO-
CTH MOXXHO OZIHO3HA4YHO MICHTH(UIMPOBATh KaK METAJLTYypPriHuecKuil 1eeKT —
JIMKBALIMOHHAs TI0JIOCA.



6
Puc. 1. CuiibHO BBIp2XKEHHBIC JIMKBAILIMOHHBIE IOJIOCHI B MaKpPOCTPYKTYpE CTYIHMIIBI
KEJIE3HOJOPOXKHOIO KOoJIeca: a — JIMKBALMOHHAS I10JI0Ca, BHIXOAAIIAS B CCYCHHE JMCKA,
0 — JINKBALIMOHHBIE I10JIOCHI, BBIXOAIIME Ha TIOBEPXHOCTD CTYIIHIIBL.

W3BecTHO, 4TO MOSBIICHUE TUKBAIIOHHBIX ITOJIOC B MAKPOCTPYKTYPE CTAIH
CBSI3aHO C OCEBOM, BHEOCEBOM M ISATHUCTOM JIMKBAIlCH B JIUTOM 3aroToBke. Ha
OCHOBaHHMH HCCIENOBaHUH [1-3] MOKHO BBIIETUTH OOIINE XapaKTepPHBIE MPH-
3HAKH JINKBAIIMOHHOM MOJIOCHL. DTH YYAaCTKH MMEIOT OONBIIYI0 XHMHUYECKYIO
HEOAHOPOIHOCTD, 3arpsA3HEHbI MPUMECSIMHU (OKCHIAMHU, HUTPHIAMH, CYIb(HH-
JlaMH, CHIMIHJIAMU U Jp.), KOTOPbIE MPU CKOIUIEHHH 00pa3yloT MPOTSIKEHHBIH,
TBEPIBIN M XPYNKUH METALTYPrHYeCKUil Ne(eKT, OTINYAIOTCS 10 3HAYCHUSIM
MEXaHHYEeCKHX CBOWCTB OT OCHOBHOTO METajla M B IPOLECCEe AKCIUTyaTaIllu
IOJT ICHCTBAEM BHEIIHUX HATPY30K MOTYT CIYKHTh KOHIICHTPaTOpaMH Harpsi-
keHui. Hanndue u BBIXOJ] JIMKBAIIMOHHOW TOJOCHI HA TMOBEPXHOCTH H3ICIHS
OTaceH PACCIIOCHUEM MeTalia, OCOOCHHO, €CIIU MPH SKCILTyaTallu OH TOBEp-
raeTcs AWHAMHYCCKUM Harpy3KaM, W BO3MOXKHBIMH KaTacTpO()UIECKHMH II0-
ciaencTBusiMA. 110 3THM TpUYMHAM TIPUCYTCTBHE JIMKBAIIMOHHOW ITOJIOCKHI
(cuIBPHO BBIP@KEHHOW) U €€ BBIXOA Ha TIOBEPXHOCTH CTYITHIIBI KEJIE3HOIOPOXK-
HOTO KOJI€Ca CUUTAIOT OPAKOBOYHBIM MPH3HAKOM.

C mpyroii CTOpOHBI, HAOMIOJaeMbIe B MaKpOCTPYKTYpe KOJIEC, TUKBAIIMOH-
HBIE TIOJIOCBI MOTYT OBITH CJIEACTBHEM JICHAPUTHON JIMKBalWHU. «bbIBIIKE»
MEXICHAPUTHBIE YYACTKH JINTOM CTPYKTYpPbI HE SIBISIOTCS OpPaKOBOYHBIM MPH-
3HAKOM, TaK KaK BO3HHKAIOT B PE3yJIbTaTe €CTECTBEHHOI'O Ipoliecca KpUCTaj-
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nu3anuK craiad. [locie ropsideii miactudeckoi aedopmaru KOJIECHOH 3aro-
TOBKH 3JIEMEHTBI JEHIPUTHOW CTPYKTYpBI, OCOOCHHO MEXICHIPUTHBIE HPO-
CTpPaHCTBa, MPUOIMKAIOTCS JPYT K JAPYTy HAcCTOJIBKO, YTO IPH BU3YILHOM
aHaJIM3€ TEMIUIETa UX MOYKHO IIPHHSATH 3a €MHBIA CTPYKTYPHBIN 3JIEMEHT, pa3-
MepbI KOTOPOTO COMTOCTABUMBI C MAaKPOCTPYKTYPOH.

Henasto paGoTsl SBIACTCS H3yYCHHE IPHPOMABI YYaCTKOB MOBBIILICHHOM
TPAaBHMOCTH B CTPYKTYpE CTYIHIL ¥ ONPEACICHAN UX BIUSAHHUA Ha YCTAIOCTHYIO
MPOYHOCTH KEIE3HOJOPOXKHBIX KOJEC, N3rOTOBICHHBIX M3 HENPEPBIBHOIHUTHIX
3arOTOBOK.

Martepuaa u MeTOAUKa HccaeA0BaHMil. MaTepuanoMm Uil UCCIIEAOBaHUN
MaKpoO- U MHKPOCTPYKTYPBI SIBIISUTUCH TEMIUICTHI CTYIIHI JKEeJIE3HOIOPOKHBIX
konéc @ 957 mm u3 cranu Mapku 2 (TOCT 10791 — 2011 «Konéca nenpHOKa-
TaHble») C «YAOBIETBOPUTENHLHON» U «HEYJOBJIETBOPUTEIBHOI» COTIaCHO
MY V¥ 35.2-23365425 — 045: 2011 makpoctpykTtypoii (tadiu. 1). Koneco ¢ He-
YIIOBJIETBOPHUTENILHON MaKpOCTPYKTYPO# 3a0pakoBaHO MO HATMYHUIO «JIMKBaIH-
OHHOHM TOJIOCHI, BHIXOAAIIEH Ha MOBEPXHOCTh CTYMHIBD. B cpaBHHTEIEHOM
TEMIUIETE CTYIUIIBI KOJIeca C YAOBIETBOPUTEIBHOW MAaKPOCTPYKTYPOH «JTUKBa-
LIOHHBIE TIOJIOCH) HE BBIXOIAT Ha €€ TIOBEPXHOCTb.

st BoIsIBICHUS Ie(eKTOB, HApYIIAIONIMX CIUIOIIHOCTh MeTajula (TPEILHH,
MOp, PaKOBHH), NPOBOIMIN TTyOOKOE TpaBieHHEe OTHUIM(OBAHHOTO 0oOpasia
BOJHBIM PAacTBOPOM COJITHOM KHCIOTHI B COOTBETCTBHH C TpPeOOBaHHAMH
T'OCT 10243—75. J1as1 BEISBIICHHS B CTAJH JHUKBAIMU CEPHl MPUMEHSIIH METOJ
baymana. JlukBaruio docopa B CTaau BBIABISUIN TPABJICHUEM OTILIH(OBAH-
HOTO TEMIUIETa B PEAKTUBE COCTaBa: 85 2 XJIOPHOU Meau, 53 2 XJIOPUCTOTO aM-
moHust B 1000 cM® BOZBI [4].

Meramtorpaduueckuii  aHalu3 BBIIOJIHEH Ha CBETOBBIX MHKPOCKOIIAX
«Neophot 32» n «Axiovert 200 M MAT» npownsBonctsa ¢pupmsl «Carl Zeiss»,
KOJIMYECTBEHHBIN aHaIM3 BBHIIIOJIHEH B Iporpamme «AxioVision 4.6.3». O6paz-
LBl U METauIorpadMyecKoro aHajIn3a BBIPE3ATH B LIEHTPAIBHBIX W ITOBEPX-
HOCTHBIX (110 MECTY MPENoIaraeMoro nedexra) CIosX CTYIMHL KoJEc.

Tabmuna 1 — XuMH4YEeCKUH cOCTaB HCCIEAYEMbIX CTYITHII KOJIEC

DKH-pOBKA ConiepxaHue JIEMEHTOB, % Macc.
C Mn Si P S Cr Ni Cu
«HEY I ,58 72 0,31 ,010 ,002 ,07 ,10 ,15
«ym» ,59 ,70 0,38 ,011 ,003 ,08 ,09 ,16

Onenka 3arpsi3HEHHOCTH MeTajlla CTYIHI UCCIEAYyEeMbIX KOJIEC BBIIIOJIHEHA
B cootBerctBHe ¢ [OCT 1778 «Crans. Meramorpaduueckue METOIBI OIpe-
JIEIICHIsI HeMETAIUTMISCKUX BKITFOUCHUID. MHUKPOCTPYKTYpYy 00pa3IoB CTYIH-
B JKEIIE3HOIOPOKHOTO KOJIeca BBIABILUIA C TIOMOIIBIO TPABJICHHUS HUTH(OB B
4 %-HOM CIIHIPTOBOM pPAacTBOPE a30THOW KHCIIOTHL. PacmpeneneHne OCHOBHBIX
XIMHYECKIX 3JIEMEHTOB (KpEeMHHS W MapraHIla) OIpenesieHO Metautorpadu-
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YECKHUM METOJOM C MMOMOIIBIO TPaBJICHUA B TOPAYEM paCTBOPEC MUKpPATa HATPUL

[5]

W3mepenuss muxporséproctu BbinoiaHeHbl Ha IIMT-3 npu Harpyske Ha
nuaentop 20 I' mo I'OCT 9450 «M3mepenre MUKpPOTBEPIOCTU BIABIMBAaHHEM
JIMa3HbIX HAKOHEYHUKOB).

PesynbTaTel uccienoBanmii. MakpOCKONMYECKUI aHAIW3 TEMIIETOB
CTYIHI{ ITOKa3aJ OTCYTCTBHE Ne(EKTOB, HAPYIIAIONINE CIUIONIHOCTH MeTajlIa.
ITo mecty mpennomaraemoro aeeKTa MakKpOCTPYKTYpPBI — <JTMKBAI[HOHHOW
TIOJIOCHI, BBIXOAAIIEH HAa MOBEPXHOCTH CTYIHUIBI» — HAOMIOJAIOTCS YyYacTKH
TIOBBIIIIEHHON TPAaBUMOCTH B BH/I€ TOHKHX JIMHUM, MOABJIEHHE KOTOPBIX, CKOpEe
BCEro, CBA3aHO C pacTpaBaMM MEXAYBETBUH JCHIPUTHOM CTPYKTYpBI
(puc. 2, a). B pe3ynbraTe mpsiMoi JNEHIPUTHOW JHMKBAI[MM OCTATOYHAS >KUJI-
KOCTb, 3aIlOJHSIONIAs MEXKASHIPUTHOE IPOCTPAHCTBO, OOOramaeTcs mpuMec-
HBIMH 3JIEMEHTaMH. JTO 00yClIaBIMBAeT MOBBIIIEHHYI0 TPaBUMOCTh MeTajlla
9THX MHUKPOOOBEMOB 1O CPAaBHEHHIO C METAJIIOM JICHJIPUTOB.

JInKBaMOHHAs 10JI0CA — MECTO
IpeanonaraeMoro aedexra

6

Puc. 2. MakpocTpyKTypa TEMIUIETOB CTYIHI] HCCIIEAYEMbIX KOJEC MOCIe TPABICHUS B
50-% pacTBOpEe COJITHOM KHCIOTBI: @ — C MapKUPOBKOH «HEym», O — ¢ MapKHPOBKOH
«ym.
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HecMoTpss Ha mpakTHYeCKH OJWHAKOBBIH XUMHYECKHH cocTaB (Tabu. 1),
JUaMeTp MCXOIHOM 3aroToBkH (D 450 MM), a Takke mapaMeTphl BBIIUIABKU U
Pa3JIMBKH, MaKPOCTPYKTYpa TEMILIETOB CTYITUIIBI KOJIEC UMEET pa3sInuHbIi pu-
CYHOK. MakKpoCTpyKTypa Kolieca «HEYJ» B MOBEPXHOCTHBIX CIIOSIX CTYIHIIBI
Xapakrepusyercst 0ojiee KpYITHBIM CTpOCHHEM Je(OpMUPOBAHHON JIEHPUTHON
CTPYKTYPBHI (pHC. 2, a), MAaKPOCKOTINIECKHI pa3Mep KOTOPOH NMpH IEPBUYHOM (B
YCIOBUAX MPEANPUSATHS) aHATH3€ MO3BOJIMII KIACCH(UIIMPOBATh JAHHYIO OCO-
OEHHOCTb CTPYKTYPbI KaK METaJUTypTHIECKHH Ae(DEKT — IMKBAI[OHHAS 1T0JI0CA.

MakpocTpyKTypa Kojieca «yI» B MOBEPXHOCTHBIX CIOSIX CTYNHUIBI — 3TO
Menkue ae(opMHpOBaHHBIE AEHAPUTHI M, OCOOEHHO, MEKACHAPHUTHBIE MpO-
cTpancTBa (puc. 2, 0), TPOTHKEHHOCTh KOTOPHIX HENOCTATOYHA, YTOOBI HX
MOHO OBUIO Kiaccu(UIMPOBATh KaK JIMKBAI[MOHHBIE 1oJiockl. Habmonaembie
Ipy BU3YyaJIbHOM aHAJIM3€ JIMKBAIIMOHHBIC YYACTKH SABJIAIOTCA CErperagusiamMu
JICTUPYIOIUX W MPUMECHBIX 3JIEMEHTOB, 06pa3OBaBIHI/IMI/IC$[ Ha CTaauu 3aTBEP-
JIeBaHMsI NCXOJIHOW HETIPEPHIBHOIUTON 3aTOTOBKH.

Paznuunre B MakpoOCTpOSHHMM aHAaJIM3MPYEMbIX TEMIUIETOB CTYITHII KOJEC
© 957 MM, 10 Bcell BUIMMOCTH, MOET OBITH CBSI3aHO C PEXHMaMH IIEKTPO-
MarHutHoro mnepememmBanus (OMII), ucmons3yeMbIMH B IIpoliecce HeTpe-
PBIBHOH pa3iaMBKH. MenKoe M OJHOPOJHOE IEHIPUTHOE CTPOCHHUE B CTYIHIIE
KOJIeca «y» CBHUAETENHCTBYET O JIydIlleM BHEUIHEM JHHAMHYIECKOM BO3ICHCT-
BUHU Ha LEHTPAIbHYIO YacTh UCXOIHOW 3arOTOBKM Ha CTaJWH 3aTBEPICBAHMUSL.
Kak ObI710 0TMEUEHO BBIIIE «IMKBAIIMOHHAS IOJIOCA» — 3TO NE(PEKT METaLTyp-
TUYECKOI0 IPOUCXOKICHUSI, KOTOPBIM XapaKTEpU3yeTCsl MOBBILIEHHBIM COJEP-
JKaHHEM YTIIepoa, cephl, pocdopa U ap. IEMEHTOB.

B pabote ompeneneno kak pacnpeneneHsl cepsi 1 Gochop B MaKpOCTPYyK-
Type CTYNHIl MccieqyeMbIXx Koiéc. Ha cepHBIX OTmeuaTkax aHaIM3UpyeMbIX
TEeMIUIETOB T0Ka3aHO KadecTBeHHOe pacnpenesneHue cepsl (puc.3). [Tockombky
TEMHBIE TOYKH, MECTa 00OTaIEHHbBIE CEPOH, PACIOI0KEHbI PaBHOMEPHO, Clie-
JIOBaTEIbHO, B MAKPOCTPYKTYPE CTYIIHII KOJIEC cepa TakKe pacrpenesieHa pas-
HOMEPHO.

Pacnipenenenne dochopa B MaKpOCTPYKTYpe CTYNHI] HCCIIETYyEMBbIX KOIEC
MoKa3aHo Ha puc. 4. bonee TéMHBIE, T. €. TTyOOKO MPOTPABICHHBIE yYaCTKU —
9TO MecTa, oboraméHHble (hochopoM, CBETIIBIE YIACTKH — 3TO MECTa C MEHb-
muM cofepxkanueM (ocdopa [4]. Aranmu3 mokaszan, uro dochop pacnpenenén
B CTPYKType Koyiéc paBHOMEepHO. OIHAKO, Y4aCTKH C IIOBBIIIEHHBIM €ro CO-
JIep)KaHHEM B MaKpOCTPYKTYpe Kojieca «Heya» Ooiee KpYIHbIEe, YeM B Makpo-
CTPYKTYype Kojieca «ym». DTo MOATBep)kaaeT, uyTo ucxonusie HJI3 monsepra-
JIICh BHEUIHEMY JTUHAMHUYECKOMY BO3ZEHCTBHUIO 110 Pa3HbIM PeXXUMaM.

Takum 00pazoM, CTPYKTypa UCCIEyEeMBbIX CTYIHI KOJIEC HE COIEPIKUT Jie-
(PEeKTOB MaKpOCKOIIMYECKOTO CTPOEHUsI, HapyIIAIOUINX CIUIONIHOCTh MeTalla.
Cepa u pocdop pacnpenesneHsl B MaKpOCTPYKTYpe CTYIHI] KOJIEC paBHOMEPHO.
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0
Puc. 3. Pacmpenenenne cepsl B MakpoOCTPYKType CTYIHII HUCCIEAYyEeMbIX KOJIEc: a — ¢
MapKUPOBKOH «HEYI», 6 — C MAPKUPOBKOH «y1».

6
Puc. 4. Pacnipenesnenue Gocdopa B MAKpPOCTPYKTYPE CTYIHIL HCCIACAYEMBIX KOJIEC: a — C
MapKUPOBKOH «HEYI», O — C MAPKUPOBKOIL «y1».



Ha puc.5 nmokazaHsl HeMETaUTHYECKUE BKIFOUCHHsI, HAOII0AaeMbIe B IICH-
TPAJIBHBIX U IOBEPXHOCTHBIX CIOSIX CTYNMI] MCCIeayeMbIx Konéc. Meramio-
rpaM4ecKuM METO/IOM OIIPEIEIICHO, YTO, B OCHOBHOM, 3TO CYJIb(UIBI, CHIIH-
KaTbl TJIOOYISIpHOH (QOpPMBI, HUTPUABI THTaHA U KOMIUIEKCHbIE HEMeTaJlIiye-
CKHE BKJIIOYEHHUS (Harpumep, OKcUCynb(uabl U T.I.). HecMoTpst Ha TO, 4TO
METaJJI CTYIHIBI — 3TO OBIBIINE IIEHTPAJIbHBIC, HanOoJee 3arpsi3HEHHbBIEC CIION
HII3, comepkaHme HeMeTaJUIMYECKHX BKJIIOYEHHH HE MNpeBBImaeT 2 6ami u
cootBercTByeT TpeboBanmsm ['OCT 10791 — 2011, npenpsaBiseMbIM K 00071b-
siM Konéc. OHAKO B LEHTPAIBHBIX CJIOSX CTYIHIBI C HEYJOBIETBOPUTEIHHON
MaKpOCTPYKTYpO# cynb(UAHBIE BKIIOUYCHUS UMEIOT 0O0Jiee BRITAHYTYIO (hopMy
10 CPAaBHEHMIO C AHAJIOTHYHBIMU BKIIFOUEHUSMH CPaBHUTEIBHOM oOpasue. JTo
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emni€ pa3 yka3bIBaeT Ha pa3nuuue pexumon DMII.

LlenTpanbHble ciou
-
ol .
7—’—*
50 ym 50 pym
a 0
[ToBEpXHOCTHBIE CIIOU
50 ym 50 ym

B

T

Puc. 5. Hemerannuueckue BKIIOUYCHHUS B CTYITUIAX UCCIEAYEMbIX KOJIEC:
a, B — C MapKUPOBKOH «HEY», 0, T — ¢ MAPKUPOBKOH «yI».

B crynmne xoneca «Heya», B MECTe IPEAIoNaraeMoro 1edeKkra — B JIMKBa-
LIMOHHOM MOJI0Ce, BBIXOMAIIEH Ha IMMOBEPXHOCTh, — IPUCYTCTBYET TOIBKO €H-
HUYHOE KOMIUIEKCHOE BKIIFOUEHHE, KOTOPOE 110 BHEITHEMY BHIY U IIPH CPaBHE-
HHUH CO CIIPAaBOYHBIMH JAaHHBIMH KJIACCH(HUINPOBAHO KaK CyJIb(GH MapraHua ¢

HuUTpuAoM tutana 0,5 Gama [6].
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Takum 00pa3om, MO 3arpA3HEHHOCTH HEMETAIMYECKUMH BKIIOYEHHAMH
HaOJfolaeMast «JIMKBallMOHHAS 10JI0Ca, BBIXOAMIAs Ha MOBEPXHOCTh CTYNHUIIA
KoJiecay» He ABJISIeTCS Ae(DEKTOM METaUTypradecKoro POUCX 0K ICHHSI.

Ha puc.6,a nmokazaHo, 9To MEKPOCTPYKTYpa UCCIIEIyeMbIX 00pa3IoB UMEET
HEOJHOPOIHOE CTPOCHHE — CHIIBHO- W CIa0O0TpaBsIIHECs MOJIOCH (Y4acTKH),
COCTOSIIIINE W3 TEpiIUTa W JO3BTEKTOMAHOTO (eppura. Habmronenne Takoro
penbeda Mo MHKpPOCKOIIOM OOYCIIOBICHO PAacTpaBICHHON MIEPOXOBATOW IO-
BepxHOCTHIO. 1llepoXoBaToCcTh IOMMPOBAHHOM MOBEPXHOCTH MHKPOLIUTH(OB
TIOSIBIIIETCS. BCIIEACTBUE TOTO, YTO COCTABIAIOIINE MHUKPOCTPYKTYPBHI MUMEIOT
pasHy TBEPIOCTH — Oojee MATKHE YacTH, CTHUPAsACH Jierde, o0pasyroT yriyo-
JICHUS W TIPEACTaBIIAIOTCA Oojiee TEMHBIMH, Oojiee jke TBEPABIE OCTAIOTCS B
BHUJIE BHICTYIIOB Oostee cBeTibiMHE [7, 8].

Puc. 6. MUKpOCTPYKTYpa B CTyIHLIAX UCCIIELYEMbIX KOJIEC.

CpenHuii pa3mep JeHCTBUTEIHHOTO 3epHA (TIEPIUTa) IS MUKPOCTPYKTYPHI
CTymuI o0OMX KOJEC COCTaBISieT B CBETJIOTPABSLIMICA IOJOCE MOPSAKA
60 MKkM T B TEMHOTpaBsmuiics monoce — 35 MM (puc 6). Kpome storo, 3Has
COOTHOLIeHHs (eppuUTa U MepiauTa, MOKHO KadeCTBEHHO OXapaKTepU30BaTh
pacnpeneneHue yriiepoaa MeKIy JaHHBIMHU Y4aCcTKaMH.

Meramnnorpadudeckuii aHaIu3 Mokasai, 4yTo B 6oJjiee CBeTJIBIX I0JI0cax Ha-
OJroiaeTcsl TIOBBIIICHHOE COZEp)KaHue IepiuTta (TBEPAOW CTPYKTYPHOH CO-
CTaBIIAIONICH), a B O0Jiee TEMHBIX — MATKOHU (ha3sl — eppura (Tadm. 2).
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Tabmuna 2. PesynbraThl MeTayurorpaduueckoro aHam3a MHKPOCTPYKTYPHI CTY-
UL UCCIIETyEMBIX KOJIEC

CBeTJI0TpaBsIINECs OJIOCHI TémHOTpaBsIIIECS OJIOCHI
MapkupoBka ObbemHas Homep ObbemHas Homep
KoJeca noms, % 3epHa, noms, % 3epHa,
eppuUT  |mepiut G (hepput 1epJIuT i
«HEY» 33 96,7 4,76 20,6 79,4 6,22
«ym 4,1 95,9 5,15 17,8 82,2 6,50

Ipumeuanue: HoMep AeiicTBUTENBHOTO 3epHa onpenenén B coorBercTBuu ¢ 'OCT 5639.

[TockonmbKy yCIIOBHSI OXJIaXIEHUSI CTYHHIBI JKEIE3HOJOPOKHOTO KoJeca
MIPH OKOHYATEIHFHON TEPMUYCCKOW 00pabOoTKe MOTYT OBITh MPUPABHCHEI K PaB-
HOBECHBIM, TO JUIS OTIPENCICHUS MPUOTU3UTETHHOTO COACPKaHUS YTIIEpoaa B
JMAHHBIX II0JIOCAX BOCIOJB30BANIKCH MpaBMiIOM pbruara [9]. OmpeneneHo, 9To
coJiepKaHne yTiIepoa B MUKPOCTPYKType KoJieca «Heym» coctaBmio 0,64 % B
TeMHOTpaBsAmxcs monocax u 0,77 % B CBETIIOTPABSIINXCS, B MUKPOCTPYKTYPE
koneca «ym» — 0,66 % u 0,77 % coorBercTBeHHO. To ecTh B Ooylee TEMHBIX
IoJI0cax CoJep)KaHHE YTiIepoa MPAaKTHIECKH COOTBETCTBYET MAapOYHOMY CO-
ctaBy ans ctanu mMapku 2 (I'OCT 10791 —2011), a B 6onee CBETIbIX — CTalH
ONM3KON K DBTEKTOMIHOMY COCTaBy. B TaHHBIX MUKPOOOBEMaX CTaH, PaKTH-
YeCKH, BCerjJa HaOJIOJA0TCs HEMETAJUIMYECKHe BKIIIOYEHHs (IUIaCTHYHBIC
CYIb(UIBI, CHIMKATHI TIOOYJSPHBIC, CIOXHBIC KOMIUICKCHBIC BKIIOYCHUS H
T. I.) KaK OIMHOYHEIC, TAK M UX CKOIUICHHUs (pHc. 6, 0, B). Kpome storo, ne-
TANBHBIA MUKpPOAHATIH3 JHUKBAIIMOHHBIX YYaCTKOB ITOKa3al OTCYTCTBHE MHKpPO-
CKOTMYECKHX Ne()eKTOB, HAPYIIAOIINX CIUIOITHOCTh METalIa, — MOp, TPEUIHH
AT 1.

[Ipu mccnemoBaHnM MecTa TpeAIoNaraeMoro jaedekra MaKpOCTPYKTYPHI
CTYIIHUIIBI KOJeca «HEYA» OIpeAeIeHO, UTO <JIMKBAIlOHHAS MO0J0ca, BBIXOS-
1ast Ha TOBEPXHOCTHY TIPENICTABIISIET COOON CBETIOTPABSIINICS YUACTOK C TI0-
BBIIICHHBIM KOJIMYECTBOM MEPIJIUTA, M, CIIENOBATENILHO, yriiepoja, aHajIoru4-
HBIH MpeJCTaBIeHHOMY Ha puc. 6. IlpuynHaMu BOSHUKHOBEHHS TaKOH CTpPYK-
TYPHOH HEOJHOPOAHOCTH SIBJISIIOTCSI €CTECTBEHHBIE JTHKBAIMOHHBIE MPOLIECCHI,
MIPOUCXOIAIINE B CTATH MPU KPUCTAILTH3AIHY.

B pabote ompeneneHo pacnpeneneHHe MapraHiia ¥ KPeMHHS B MHKpO-
CTPYKTYpE CTYIHI aHAIN3UPYEMBIX KoJIECc. MHKPOCTPYKTypa HCCIEIyeMbIX
00pa3IoB mociie TpaBIeHHUs B MMUKpaTe HATPH IMOKa3aHa Ha puc. 7. Xapakrep-
HBIM SIBIIIETCSI TO, YTO TOCJE TPABIICHUS B JAaHHOM PEaKTHUBE JHKBAIIMOHHEIC
TTOJIOCHI (YYaCTKH), KOTOPBIC TPU TPaBICHUW HUTAJeM OBLTN CBETIBIMH, TPHU-
oOpemnu TEMHBIH LBET.

JIukBanmoHHBIE y4acTkh, 00pa30BaBIIMECsS B IPOIECCEe KPUCTATLTH3AINH
CTall, HE YCTPAHSIOTCA MOCIEAYIOUIMM HArpeBOM 3arOTOBOK IIOJ TOPSUYIO
nedopmanuio 1 TepMUYECKYIO 00padOTKY M B MUKPOCTPYKTYpPE TOTOBBIX KOJIEC
NPE/ICTaBISIIOT cO0OW BOJIOKHA, TIOKA3bIBAIOIIME TEUYCHUE MeTallia Impu Jedop-
Marun ((opMoBKe, mtamnoBke u npokarke) [10]. CortacHO JaHHBIM PaOOTEHI
[11] B MUKBanMOHHBIX MUKpPOOOBEMaxX yraepomuctoit cramm (0,42 — 0,50 % C)
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cojiep)kaHue KpeMHusi 1 Maprania Ha 50 % BbllIe, 4eM B MUKpoOOBEMax Oe3
BUAMMOM JINKBALIUH.

Puc.7. PacnipeneneHue KpeMHUsI U MapraHiia B MUKPOCTPYKTYpE CTYIIML HCCIIEAYEMBbIX
Konéc: a, 6 — ¢ MApKUPOBKOH «HEYI», B, T — C MAPKUPOBKOU «yI».

Hccnenosanus, BemonHeHasie MUM HAHY st kon€cHoit ctanu mapku 2
(0,55 -0,63 % C), mokazanu Ty k€ 3aKOHOMEPHOCTh. B JTaHHBIX MHUKPOOOHE-
Max MOBBIIIEHHOE CO/IEP)KaHUE MapraHiia CliocOOCTBYET HOHIKEHUIO KO hu-
LUEHTa TEPMOJMHAMHYECKOH aKTHBHOCTH YIJIEPOJa, M YBEIMUYEHUIO €r0 KOH-
neHTpanuy [12]. B cBA3M ¢ MOBBIICHHBIM COAEPXKaHNUEM YTIJIEPOJA UL CBET-
JNBIX ~ YYacTKOB  XapakTepHa  Oomee  BBICOKAas  KOHIEHTpaumus Y-
CTa0MIM3MPYIOIINX 3JEMEHTOB (HampuMmep, MapraHma). Pacmax mepeoximaxk-
JNEHHOTO ayCTEHUTA B JaHHBIX MHKPOOOBEMAX MPOUCXOIMT MpU Oosiee HUIKOU
TEMIIEpaType, U B UTOTE AUCIIEPCHOCTH MIEPIINTA BO3pACTAET.

PesynpTaTel M3MepeHUiI MUKPOTBEPAOCTU NEPIUTA B JMKBALUOHHBIX IO-
J0cax U B mojiocax 0e3 BUAMMOM JIMKBALlMK NpUBeeHb! B Ta0n. 3. Onpenene-
HO, 4TO B MHUKPOOOBEMax, 00OralEHHBIX YIIePOJOM, MapraHleM U KpeMHUEM
YPOBEHb MUKPOTBEPAOCTH TOBEIMaeTcs Ha 20 %. DTo XxapakTepHO s 00pas-
LIOB CTYIHIl 000MX KoJéc. M3MepeHre MUKPOTBEPOCTH 0 CEUEHHIO aHAIIM3H-
PYEMBIX CTYNUII NOKa3aJlo, YTO IO HANpaBJIEHUIO OT IIEHTPa K MOBEPXHOCTH
CTYIHIIBI MUKPOTBEPAOCTH BO3PACTAET, T. K. IOBEPXHOCTH CTYIHUIIBI COOTBETCT-
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ByeT oceBoit 30He HJI3 ¢ xummyeckoit HEOTHOPOAHOCTBIO. IJIT MUKPOCTPYK-
TyphI 00OPA3OB Koleca «Heya» pasHuia coctapiseT 540 H/mwm?®, B o6pasmax
koneca «ym» — 350 H/mm?. Dtot (hakT SIBISETCS KOCBEHHBIM JIOKA3aTEIIECTBOM
TOrO, YTO Ha CTAaIUM 3aTBEpIcBaHHs OOJiee MHTCHCUBHOMY BHEIIHEMY JHMHA-
MHUYECKOMY BO3JeWcTBUIO noaBepraitack HJI3, ucnonb3dyemas aast U3rorosle-
HUS KOJIeca «yI».

Tabnuua 3. MUKpOTBEPAOCTH MEPIUTA B MEKPOCTPYKTYpE CTYNHI] HCCIEAYEMbIX KOJEC,
H/vm?

[ToBepxHOCTH Hentp
lapxupoBka = v
Koneca  [TKBAUMOHHAs  froca 0e3 BUIMMOHM {KBallMOHHAs [10ca 0e3 BUAUMOM
nojoca JIMKBAaLlUU nojoca JIMKBALlUU
«HEYI» 3240 3080 3020 2700
«ym» 3720 3500 3820 3470

AHanmu3 MHUKPOCTPYKTYpPHI 00pa3ia CTYIHUIIBI ¢ MperoiaraeMbIM Jedek-
TOM IMKBAaI[HOHHOW TOJOCOW», B MecTe e€ BBIXOJa Ha MOBEPXHOCTH IOCHE
TpaBICHUA MUKPATOM HATPHS MMOKA3aJ, YTO OHA UMEET TEMHO-CHHIOI0 OKPACKy
(puc.7,a). DTO KaueCTBEHHO IMOITBEPKIAeT MOBBIIIEHHOE COICp)KaHUE KpeM-
HUS ¥ Maprasma [5]. Mccnenyemas moioca cOAEepKUT HE3HAYUTEIHHOE KOJH-
YECTBO HEMETAJUIMUECKUX BKIIOUEHUHU. [IpuuéM MX KOJIMYECTBO B MECTE MpEl-
nojiaraeMoro fedekra qaxxe MeHbIIee, YeM B APYTHX JTHUKBAIIMOHHBIX [TOJIOCAX,
HAOJIIOTaeMBIX B MUKPOCTPYKTYpE HCCIIEAyeMbIX 00pasioB (puc.7,0,8). Pac-
CMaTpUBaeMasl «JIUKBAI[HOHHASI MOJIOCa» HE OTIMYAETCS OT MOJOOHBIX JIHKBa-
[IMOHHBIX YYACTKOB, KOTOPBIC 00Pa3yIOTCsI B MUKPOCTPYKTYpPE CTAJId B PE3yJib-
TaTe JCHIPUTHOW JIMKBALMU KPEMHHS U MapraHIia MpH KPUCTAILTU3AIHH.

Takum 00pa3oM, IO MEPEUUCICHHBIM OCOOCHHOCTSM HCCICIyeMas K-
BaIlMOHHAS ITOJIOCA» MOXKET OBITh OXapaKTepH30BaHa KaK €CTECTBCHHAS CTPYK-
TypHasi COCTABILAIONIAS YTICPOIUCTON CTaH, KOTOpas OTIIMYAETCs MOBHIIICH-
HBIM COJIEpKaHUEM YTIIepo/ia, MapraHia U KpeMHUs U He ABIACTCSA Ae(eKToM
METaJLTy PTHYECKOTO MPONCXOKIACHUS.

BuiBoabI.

IToka3aHo, YTO MaKpOCTPYKTYpa CTYITUI] HCCIACTYEMbIX KOJIEC C MPe/Ioia-
raeMbIiM 1e()eKTOM «IMKBAIlHOHHAS T10JI0Ca» (YYaCTOK MOBBIIICHHON TPaBHMO-
CTH) HE COJCPXKHT Me(PCKTOB CTPOCHHMS, HAPYIIAIOIINX CILIONIHOCTh METalIa.
Cepa u ¢ochop pacnpenencHbl B UIX MAaKPOCTPYKType paBHoMepHO. Comepika-
HUE HEMETAJUTMYECKUX BKIFOUYCHUH B CTYNHIAX KOJEC, KaK C «YIOBJICTBOPU-
TEJBHO», TaK U C «HEYJOBJICTBOPUTEIILHOW» MAaKPOCTPYKTYPO# HE MPEeBHIIIa-
et TpedoBarmii ['OCT 10791 — 2011, npenbsBisseMbIXx K 000AbsIM KONEC (IS
CTYIIHUIIEI OHH OTCYTCTBYIOT).

Y CTaHOBIIEHO, YTO «JTMKBAI[MOHHBIC TMOJIOCHD», HAONIOMAaeMbIe B MaKpoO- U
MUKPOCTPYKTYPE CTYIIHI] UCCIIETOBAHHBIX KOJIEC, SIBIISIOTCS €CTECTBEHHOH CO-
CTaBIIAIOMIEH MHUKPOCTPYKTYPBHI YIIEPOIUCTON cTamu, oOpasyromieics B pe-
3yJibTaTe ACHAPUTHOHN JMKBAIlMA MapraHIa M KPEeMHHS IPU KPUCTAIUTH3AINH
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JIUTOM 3arOTOBKH M HE MOTYT OBITh KIacCH(UIMPOBaHbI Kak Ae(eKThl MeTal-
JIyprH4eCcKOTo IPOU3BOICTBA.

B cropHbIx ciydasx npu uaeHTH(GUKAIMN 1eQEeKTOB JKeNe3HOIO0POKHBIX
KoJIEC ¥ JUIS MCKIIOYEHUs] MX HEOOOCHOBAHHOTO Opaka IO MpeArojaraeMoMy
nedexTy MakpoCTpyKTyphl (y4acTKy HOBBIIIEHHOH TPaBUMOCTH) PEKOMEHIY-
€Tcsl TIPOBOJUTH JIOTIONHHUTENBHBIE MCCIECAOBAaHNS MUKPOCTPYKTYPHI C LENBIO
BBISIBIICHUS XapaKTEPHBIX MIPU3HAKOB JIMKBAIIMOHHOH ITOJIOCH B COOTBETCTBUH C
tpeboBanusIMH MY YV 35.2 — 23365425 — 045:2011.
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O.l.babauenko , K.I'./lemina , A.B.Knuwi , E.A.IlInax

Oco00MBOCTI MaKpO- i MIKPOCTPYKTYPH CTYNHLII 3aJi3HUYHUX KoJIeC 0
957 MM, 1110 BUTOTOBJIeHi 3 0e3MepepBHOIUTOI 3aT0TOBKH

MeToro poOOTH € BHBUCHHS MPHUPOIM TUISHOK ITiIBUIICHOIO TPABJICHHS B
CTPYKTYpi CTYIHII 3aJTi3HHYHUX KOJIC Ta BU3HAYCHHS iX BIUIMBY Ha BTOMHY
MIIHICTD KOJIC , BATOTOBJICHUX 3 O€3MepepBHONIUTHX 3ar0TOBOK. JIUISHKH i
BHIIICHOTO TPAaBJICHHS BBaXKAIHCA Me(EKTOM BHPOOHUIITBA - «JTIKBAIliifHAa CMY-
ra , IO BUXOJWTH HA TIOBEPXHIO CTYIHIN Kojeca». BcTaHOBICHO, IO MPHYH-
HOIO TIPUITYIICHHS MO0 Ae(}eKTOy MaKpPOCTPYKTYpPH € IPHUpPOAHA CKIIaIoBa
MIKpOCTPYKTYPH BYTJICIIEBOI CTali, 0 YTBOPIOETHCS B PE3yIbTATI JEHIPUTHOL
JIMKBAIl] MapraHIlio 1 KPEMHIIO i Yac OXOJOPKEHHS JIUTOI 3aroToBKH. [loka-
3aHO, 10 TaKa JIiKBallisg He € Ne(eKTOM MeTalypriifHOro BUPOOHHUIITBA.
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