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UCCJEJIOBAHHUE CTPYKTYPbI ) KUJKOM CTAJIA
3AKAJIOYHO-MHUKPOCTPYKTYPHBIM METOAOM

C 1enpro U3y4eHust IepBUYHOM CTPYKTYPbI )KUAKON CTaIM UCIOIb30BAIU 3aKaJI0U-
HO-MHUKPOCTPYKTYPHBIH MeTo]| aHanu3a. [loidydyeHHble 1aHHbBIE MO3BOJISIOT TPAKTOBATh
KHUIKYIO CTPYKTYpY CTajieH, Kak COCTOSIIYI0 B OCHOBHOM U3 Pa3lIUYHO OPHEHTHUPOBAH-
HBIX OTHOCUTENBHO JIpPYT APYyTra TPyMIIHPOBOK («3€peH») B BUIE MPAKTUIECKH OJHOOC-
HBIX 1 OYEHb MEIKOANUCTIEPCHBIX O-1€HIPHTOB.

JKMIKAs CTaJIb, CTPYKTYpa, TPYNNUPOBKH 3epeH, TeHAPHThI

IocranoBka 3agaun. CTPYKTypa KHIKUX YYT'YHOB MOXET OBITH XOPOIIO
MIPEICTABICHA C MOMOULIBIO 3aKaJIOUHO-MUKPOCTPYKTYPHOTO METOAA aHaIu3a.
OTOT METOJX [OBOJBHO HIMPOKO MCIOJB3YETCS TaKkKe IMpPU HMCCIEeJOBAHUSIX
amMop(HBIX CIUIAaBOB U cTayieil. J{ist craneif, 0JHaKo, OH UCIIOJIb3YETCS B OCHOB-
HOM C LeNIbI0 (PUKCAIMU TEPBUYHBIX TBEPABIX (a3 IMyTeM 3aKaIKH U3 JKHIIKO-
TBEpAOTO cocTossHuA. [Ipu 3TOM B smTEepaType OTCYTCTBYET ONHCAHHE SKCIIe-
PUMEHTANBHBIX 3a()MKCHPOBAHHBIX CTPYKTYP KHUIKOCTEH U, TeM Ooiee, 00Cy-
XKICHHE MEXaHH3Ma X oOpa3oBaHMA. B 3T0il cBsi3m m0OBIE 3KCIIEPUMEHTAIb-
HBIE JJAHHBIE, CITIOCOOCTBYIONINE Pa3BUTHIO MOHHUMAHHSA JKUIKUX CTPYKTYp CTa-
JIeH, SABIAIOTCS aKTyalbHBIMU KAaK C TEOPETUYECKOW, TaK M C NPAKTUYECKOH
TOYEK 3pPEHUS.

Henbio MccjenoBaHus SBISUIOCH OINpPECIEHHE CTPYKTYPBI KUIKUX CTa-
Jed ¢ MOMOIIBI0 3aKaIOUHO-MHUKPOCTPYKTYPHOTO METOJa aHajiu3a, MpUBEAs
TIPY 3TOM BO3MOXHBIH MEXaHU3M e€ (OpMHpOBaHUSI.

CocTosiHHe BOMpoca W MeTOAMKa mcciaenoBanus. CTpyKTypa KUIKHX
YYT'yHOB 329BTEKTHUECKUX W ONM3KHX K 3BTEKTHYECKOMY COCTAaBOB, KaK ITOKa-
3aHo B [1], mmeer Bum (puc.l,a) ayCTCHHUTO-IIEMEHTHUTHOH  SBTEKTHKH-
neneOypura. s 109BTEKTHUECKUX YyTyHOB, OCOOEHHO OJM3KHX IO COIeprKa-
HUIO YTIIepoJa K CTaJlsIM, CTPYKTypa *KHIKOCTH mMeeT BuA (puc.1,0), mo cyTw,
pELIETKH M3 TOHKOAUCIIEPCHOTO ayCTEeHWTa Ha ()OHE YKa3aHHOW BBIIIE ayCcTe-
HHUTO-LIEMEHTUTHOH BTEKTHKH.

CTpyKTypa >XUIKUX CTajed, 3a(UKCHpOBaHHAas 3aKAJIKOW M3 JKHIKO-
TBEPIIOTO COCTOSIHUS, JOCTATOYHO IIUPOKO MpeacTapicHa B [2]. Haubonee xa-
pakTepHas U3 HHUX (puc.2) mpeacTaBiIcHa Ha 00J0KKE U3IaHKs, OHAKO B JaH-
HOW paboTe IIeIbI0 WCCIEOBAHMS SBISUIOCH HCCiIeoBaHUE (OpMHUpOBaHMS
TIEPBUYHON CTPYKTYpHI MIPU KPUCTALIM3ALUK CTajled U BONPOCH (hOpMHUpOBa-
HUSI CTPYKTYPBI KHUJIKOH CTaIn He 00CYKAaINCh.

Vike NpUBEIEHHBIE HA PHC.2 JIUTEPaTypHBIC JAaHHBIE TTO3BOJISIIOT TPAKTO-
BaTh JKUAKYIO CTPYKTYpY CTaliel, KaK COCTOSIIYI0 B OCHOBHOM M3 Pa3iNIHO
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OPHEHTHPOBAHHBIX OTHOCHTENIFHO JIPYT JIpyra pyNIHPOBOK («3epeH») B BHUIE
MPAaKTHYECKH OJJHOOCHBIX M 0Y€Hb MEJKOIUCIIEPCHBIX O-JICHIPUTOB.

Puc.1. Muxpocrykrypa no [1]: a) o6pasuos Fe—C crnasa ¢ 4,67% macc yriepoaa, nozu-
BEPrHYTHIX 3aKalKke OT TemIepaTypsl miasnenns 1435°C mocie BhIIEpX KM 3 MHH; 6)
o6pasnos Fe—C crmasa ¢ 3,6% macc yrieposa, HOABEPTHYTHIX 3aKalKe OT TeMIepary-
poi maBerns 1320°C mociie BIEPIKKA 3 MHH.

Puc.2. MuxkpoctpykTypa cramu ,
HOJIy4YCHHAs! TIPU 3aKalKe U3 KHJ-
KO-TBEPJOT0 COCTOSHUS [2].

[Tpn sTOM, B mpepenax KakAo0H U3 IPYNIHPOBOK O-IE€HIPUTH OPUEHTHPO-
BaHBI OJIMHAKOBO. JTO YKa3bIBAaCT HA TO, YTO JKHJIKOCTh JOJDKHA XapaKTEepU30-
BaThCS HAJIMYMEM XOTS M OUYCHb MEJIKUX YacTHI] O, OTHAKO 00JIalaloNiX, KaK 1
KPHCTa/UIBl, JadbHUM MOPSAKOM. B Ipomecce oxyaXXIeHUs MPH 3aKalKe OHH,
OYEBHIHO, B3PBIBOBHIHO KOAryJIHPYIOT, MpHOOpeTas AUCHEPCHOCTh, YKa3aH-
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Hyto Ha puc.1,6. [Ipu 3TOM B3pHIBOBHIHOMY XapakTepy KOaryJsiluu B Ipeje-
JaxX KaXOOro u3 00BEMOB KHUAKOCTH («3epeH») CIHOCOOCTBYET OIMHAKOBas
OpPHEHTALMsI YacTHIl B 3THUX oObemax. Koarynmpys, 3T yacTHIbI HAYMHAIOT
Pa3BeTBIATHCS. B JACHAPUTHL. OTO ITIO3BOJMIIO HPEAIOIOKUTh, YTO IOJ00HOE
JIOJDKHO HaOJIIOAAThCS JUISl YUCTO KHUIKOTO COCTOSIHUS CTalel PU TeMIepary-
pax meperpesa ux Haj JuKBHIycoM 1600-1650°C, cOOTBETCTBYIOMMX HX HpO-
MBIIIJICHHBIM yCIIOBHSIM IPONU3BOJICTBA.

C 1eJpI0 TTOATBEPXKACHUS 3TOTO, TT0 METOJMKE [2] IIPOBOIMINCE 3aKal0d-
HbIE SKCIIEPHMEHTHI C KHJIKOH CTalbio, Teperperoit 1o ~ 1640-1650°C u co-
nepxameit 0,8 % C, 0,5 % Mn, 0,55 % Si, 0,042 % P u 0,012 % S. HaBecku
craneit Mmaccoit 40 r, 10 T ¥ 5 T HOMenIanKuch B ayHA0BBIe THIIIN & 20 MM U
BBICOTOH 5 MM W TepeIUIaBUTNCh MPH yKa3zaHHOH Temmepatype. Ilocme 3-x
MHUHYTHOH BBIACPXKKH IPU TEMIIEPAType IUIaBICHUS KHIKas CTalb BMECTE C
TUTJIEM 3aKaJIMBajlach B IIOJICOJICHHOW BOJIE, NMEIONIEH KOMHATHYIO TeMIlepa-
Typy. Paznuunas mMacca xuIKoro MeTayia odecreyrBaia pa3Hyto CKOpOCTh €ro
3aKaJIKi: MUHUMAJIbHYIO I Macchl 40 T 1 MaKCUMAaNbHYIO JUIS S T.

C 1enpio BBIABICHUS CTPYKTYPHI 3aKaJI€HHON JKHUIKOCTH, TPAaBJICHUE TBEP-
IbIX OUTHQOB cTaneil Kak B AaHHOM, TaK M B IOCIEIYIOUIMX 3KCIEpUMEHTaX,
MIPOU3BOAMIOCH B TOpsiY€M IHUKpPATe HATPHsl, KOTOPBIA OTTEHSET CTPYKTYPHI
CTajiell 3a CYET COoJepKaHMsI B HUX TaKMX KOMIIOHEHTOB Kak KpeMHHH u (oc-
(hop. MUKPOCTPYKTYpPHI YKa3aHHOH CTalld ¢ Pa3TUIHON MacCO, 3aKaIeHHOU C
THUTJIEM W3 )KAAKOTO COCTOSHMS, IPECTaBICHbI Ha pHc.3.

N3noxeHne OCHOBHBIX pe3yJIbTaTOB HCCIeJOBAaHMS. AHAIN3 3THX
CTPYKTYp IMOKa3bIBaeT ciemyromee. He3aBUCHMO OT CKOPOCTH 3aKajJKH CTPYK-
Typa JKHIKHX CTajJeil BO BCEX TpeX CIydasX IpelCTaBlIeHa CBETJIBIMH O-
JOeHIpUTaMHU Ha (OHE TEMHOI COCTABIIIOUICH, PacIIoaraloieicss Mex Iy JIeH-
JpUTaMH U B UX MEXIyBeTBHAX. C yBENIMUCHNEM CKOPOCTH 3aKaJIKU Pa3BETB-
JIEHHOCTh JACHAPUTOB YMEHbIIAETCS OT JEHApUTHOU (puc.3,a) K IeHIPUTHO-
ayercToi (puc.3,0). 3TO CBUIAECTEIBCTBYET O TOM, YTO B IPOIECCE «MEJICH-
HOW» 3aKaJIK{ TIEPBOHAYAIBHO CYIIECTBYIOLINE B SKUAKOCTH O-4aCTUIIBI C OJU-
HAaKOBOW OpHEHTaIMel, MoJO00HbIe NPHUBEICHHBIM Ha pHUC.2, OJHOBPEMEHHO
KOaryJMpyloT U pa3BeTBIsitoTcs. [Ipn 3TOM Oolsiee mperMyIeCTBEHHBIM IPO-
LIeCCOM SIBIISIETCSI pa3BeTBIIeHUE. B ciydae xe Oojee «ObICTpO» 3aKajKH Tpe-
HMMYIIECTBEHHBIM CTAHOBUTCS MPOLECC KOATYIIAIMH.

CrnenyeTr OTMETHTB, YTO C YYETOM JIaHHBIX [3] O-A€HAPHUTHI JODKHBI OBITH
NPEJCTaBICHBI O-KeJIe30M U PacTBOpoM yriiepoaa B O -Fe wim 8-heppurom.
CrenaHHBII IO ATUM K€ JaHHBIM pacyeT MokasbiBaeT, uto o0beM 0—Fe (Feg) B
3TOM cilydae cocTaBisieT ~64%, a d—deppura (FeoC) ~36%. Ilpu sTom gacTu-
sl 60— Fe mMeror Gosee BBICOKYIO TeMIlepaTypy IUIaBICHHS, TOTOMY B HpO-
iecce 3aKIKA OHU JOJDKHBI KPHCTaJUIM30BaThCs B MEpBYI0 odepens. Kpucran-
TMU3YIOMUICS BIOCIEACTBHU O — (heppuT HaciamBaeTcsi Ha mHepudepuitHbie
y4JacTku neHaputoB d—Fe , 00pa3ys TeM caMbIM XOPOIIO M3BECTHYIO MPAMYIO
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JIMKBAIMIO yIJIepoaa. DTO TOATBEPXKIACTCS HAIMYHEM CBOETO poma «0axpo-
MbD» Ha € M, 0COOCHHO, T).

Puc.3. Crpykrypa xuakoii cramm (xumcocraB — 0,8%C, 0,5%Mn, 0,55%Si, 0,042%P,
0,012%S) nmocine 3akanku oT 1640-1650°C B aNyH/I0BOM THIJIE. a,0 — Macca MeTaia 40
r; B,I, — Macca metayuia 10 r; a,e — Macca merasuia 5 r; a,8,1 — x 100; 6,r,e — x 1000.

VYkazaHHas «0axpomay SIBISIETCSI MapTEHCHUTOM, T.€. MEPEHACHIIICHHBIM
pacTBOpPOM yTiepoja B jKelie3e, KOTOPBI CBOMMH «HUTJIaMH» BPAcTaeT B OC-
TANBHYIO XUIKOCTh. [10100HOE HAOMIOAaeTCs HE TONBKO Ha nepudepun IeHI-
PHUTOB, HO M BHYTPU UX MO MECTaM CpaCTaHWs JCHAPHUTHBIX BETBEW BBICOKHX
nopsinkoB (puc.4,a,0). Ilpu 3TOM IEHOPUTHI pa3zeNslOTCS Ha CBOETO poja
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«IEHIPUTHBIE OJIOKM» — CYIIECTBOBABIINE B XHJKOCTH YacTUlbl o—Fe n & —
(deppuTa 10 UX KOATYJIALUH P 3aKajKe.

Puc.4. Buzsl 6510K0B U3 6—4acTHI[ B CTPYKType KuAKocTH Maccoi 40 T 10 Ux KoaryJsi-
LU B TPOIECcCe 3aKaJKH CTAIH OT 1640-1650°C. a — s cramm ¢ 0,8%C, 0,5%Mn,
0,55%51, 0,042%P, 0,012%S; 6 — ms cramu ¢ 0,17%C; 0,25%Mn, 0,75%S1, 0,037%P,
0,014%S. TpaBieHO MHUKPaTOM HATPHSL.

Puc.5. Ctpykrypa, O113Kast K sSUCHCTOM,
B cranu ¢ 0,17%C, 0,25%Mn, 0,75%Si.

HaOnronaemasi Mexay CBETIIbI-
MH MEXyBETBUSMHU TEMHas COCTaB-
JSAI0Ias ABISAETCA pe3yIbTaToOM 3a-
(huKcHpOBaHHOW B Ipollecce 3aKall-
KU CTPYKTYpPO# OoJiee JIETKOIIIaBKOM
KHUJKOCTH, Y4aCTBOBABIIEH B 00IIEH CTPYKTYpe KHUIKOCTH UCCIEAYeMOH cTanu
no ee 3akankd. CTPYKTypa 3TOH JETKOIUIABKOW >KUAKOCTH MMEET CIOKHBIH
XapakTep n 0a3upyercsi Ha OCHOBE OKHCIJIOB M APYTMX XUMHUYECKHX COEANHE-
HUI U3 KOMIIOHEHTOB CTaJH. [Ipy 3TOM JIETKOIUIABKOCTh 3TOU KHUIKOCTH 00ec-
MEYUBACTCSI HATMYUEM Kak (pocduaHol, Tak U Cynb(UIHON IBTEKTHK.

C ymenblIeHneM conepxkanus yriepona ot 0,8% no 0,17% pasmeps! o—
JCHIPUTOB YBEIMYMBAIOTCS, & UX Pa3BETBICHHOCTh YMEHBIIAETCS, IPUOIIIKA-
SICh K sT9ee4HOi (puc.S).

B crenyromeit cepun SKCIEPUMEHTOB H3y4alach BO3MOXKHOCTh IOTYYECHHUS
OoJiee BBICOKHX CKOPOCTEH 3aKajiKH, T.€. 3HAYMTENIFHO OOJBIIEro MpUOIHKe-
HUsI HAOJIOAaeMoOl B TBEPIOM COCTOSIHUM CTPYKTYpPBHI K CYIIECTBYIOIIEH B
KHUJKOM COCTOSHMU. B 3T0 ciydae HMCHOib30BaliCsl Tak Ha3bIBAEMbIH METOJ
«HAMOPO3KM». B KHIKyI0 METaJUIMYECKYI0 BaHHY IOTPYKaJICSI 1 MTHOBEHHO
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NIEPEHOCUIICS B TTOJICOJICHHYIO BOJIy MOJIMOJICHOBBIH MPYTOK JHAMETPOM 8 MM.
3aKpUCTAJUIM30BABIIMICS B BUAE KOpouku ToimuHoH 0,5-1,0 MM MeTamn uc-
CJIE/IOBAJICS ONITHYECKU C IOMOIIBI0 MUKpocKoma «Neofot—2».

[TnaBkK OCYIIECTBISINCEH B J1A0OPAaTOPHBIX YCIOBHSAX C IIOMOIIBIO WHIYK-
LIUOHHOW 37ekTponedn eMkocThio 200 kxr. J[ist MoaenupoBaHMs YCIOBHUM Ku-
CJIOPOZTHO-KOHBEPTEPHOH TUIABKH TOCJIE PaCIUIABICHHUS TBEPIOW HIMXTHI OCY-
IIECTBIISUIACH MTPOMYBKA XHUIKOW BaHHBI KHUCIOPOJOM B TEUEHHE 3-X MUHYT.
Koneuynoe mocne mpomyBKH COAEp)KaHHE YIIIEpoja HAaXOMWIOCh Ha YPOBHE
1,13-1,29% npu nucxoguom 4,1%. OcymecTBUTh NPOAYBKY OO 0ojee HU3KUX
COZIEp>KaHUH yIiIepoJa He NMPEACTABIIOCh BO3MOKHBIM M3-32 HU3KOM CTOMKO-
ctu Tars. [lapaMeTpsl SKCepHIMEHTANbHBIX IUIABOK MPEICTaBJICHBI B TaOIH-
1e.

Tabmnuma. [TapameTpsl Ipo0, OTOOPAHHBIX METOJOM HAMOPAKUBAHHS OT OIIBIT-
HBIX TJIABOK

Ne CocraB Tem- [po-
IUIaB- | IIMXTHI mepa- | IyBKa
KH Typa KHCIIO Coneprxanue 3J1eMEeHTOB, %o
oT00- | ciopo
pa po-
mpo6, | mom
°C
C Mn Si P S
1 Yyryn 1350 HET 3,0 1,16 1,45 0,117 | 0,14
JI5
YyryH 1350 ecThb 1,26 0,23 0,03 0,061 | 0,042
JI5
2 Yyryx 1400 HET 2,51 0,60 1,76 0,136 | 0,083
JI5
Uyryn 1350 ecTh 1,29 0,24 0,18 0,072 0,084
JI5
3 YyryH 1500 HET 1,31 9,31 1,33 0,089 | 0,010
JI5
Cr.110I'1 | 1400 ecTh 1,13 3,21 0,18 0,051 | 0,020
371

Pe3ynbpTaThl MeTauorpaduueckoro axaamusza oOCyXkIaeMoi cepuu Ipod
nokasanu ciuexpyromee. CTpykTypa TBEpAOro AOMEHHOrO uyryHa mapku JIS,
UCIIOJIb3yEMOT0 B KQUECTBE IINXTHI, SIBIISIETCS (pHC.6,a) XapaKTEpHOH, B OCHOB-
HOM, JUI Ceporo 4yryHa ¢ IUIACTHHYATHIM MPSAMOJMHEHHBIM U THE31000pa3-
HBIM 110 opMe TpapuTOM U MEPIUTHON MeTaILIMYecCKod MaTpulei (puc.6,0).
Ha TOHKHX KpOMKaX OTIEJBbHBIX YyIIeK 4yryHa Habmoparotcs (puc.6,B) oTOe-
JICHHbIE YYacTKH, (opMupyIOIIUe CTPYKTYypYy IOJIOBUHYATOro uyryHa. Ilpm
9TOM, YYaCTKH CEPOIl CTPYKTYpPBI, TPaHHYAIINE C yIacTKaMH OeIOol CTPYKTYpEL,
UMEIOT TOHKO JuddepeHInpoBaHHbIN MEXICHAPUTHBIIN rpaduTt (puc.6,r).



Puc.6. CtpykTypa HCXOIHOTO UYIIKOBO-
ro uyryna mapku SJI (3,5-3,7%C, 1,5—
2,0%Mn, 0,55%Si, 0,025%P, 0,047—
0,05%S.

«Hamopo3ku» pacruraBoB Ne 1 u 2 (Tabnuna) 10 TPOIYBKH KHUIKOW BaHHBI
KHCJIOPOJIOM TIOKa3aJlk, YTO CTPYKTypa HCXOIHOTO TBEPJOTO CEpPOro UyryHa
TpaHcOpMHUpYyeTCcs TpH IUIABIEHUH B CTPYKTypy Jmbo Oenoro (puc.6,a,0),
100 MOJOBHUHYATOTO (PHUC.6,B,T) YyryHa. JTO CBUIETENBCTBYET O TOM, YTO B
IpolLiecce HarpeBa 0 TeMIIepaTyphl IeperpeBa Haj JUKBUIYCOM rpadur pac-
TBOPSAETCSA B YacTHIAX JKejle3a M JKeJIe30-yIIepOoAUCTBIX YacTUIaxX, o0pasys
TEeM caMbIM OoJiee BBICOKOYTJIepoaucThle yacTuipl thna Fe,C, xak 310 yxe
oTMedanoch Hamu paHee. [Ipu 3ToMm, 4eM BbIlIe TeMIepaTypa Ieperpesa Haj
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JIUKBHJIyCOM, TEM MOJHEE PaCTBOPUMOCTD rpaduta. ITO CIeIyeT U3 CpaBHEHHS
puc.7,a 1 puc.7,B, IpUBeACHHBIX U1 ciutaBa Nel mpu Temmeparype 1350°C Ge3
MPOJYBKH KHCJIOPOJIOM ¥ Ul ciutaa Ne2 npu temreparype 1400°C.

Ay
% 2

B r
Puc.7. MukpocTpyKTypa HCXOJHOTO YyIIKOBOTO YyTyHa IOCJe Ieperiasa. a, O — ¢ co-
IepaHueM yriepona 3% mpu Temmeparype 1360°C; B, r — ¢ comepxanmeM yriepona
2,51% mpu Temmepatype 1400°C.

CrutaB Ne3 (Tabmmma) 0 M Iocie TPOAYBKH KHCIOPOJIOM HpEACTaBICH
CTAJSIMH 3a9BTEKTHYECKOTO COCTaBa C Pa3IMUHBIM COAEPKAHUEM YIJIEepoAa W
pa3UYHON CTENEHBIO JISTMPOBAaHUS MapraHieM. J[Js cTaau ¢ coepiKaHuem
yraepoaa 1,31% 6e3 mpomgyBKH KHCIOPOAOM, TIO0 CPABHEHHIO C 3a3BTEKTOMIHOMN
CTaJIBIO IIEPBOI CepHH 3KCIIEPUMEHTOB ¢ cojaepxaHueM yriepoaa 0,8%, 3a-
(¢uKcupoBaHa HaMHOTO 0Ooyiee TOHKOIWCIIEPCHAs JEHIPUTHAsh CTPYKTypa
(puc.8,a), Ha TpaHWIAX W MEXKIYBETBHSX KOTOpOW Habmromarorcs (puc.8,0)
HeOoJIbIIINe YIacTKU (B BUJIE 3€peH) 3aTBepeBIIeH Ooee JIErKOTUIaBKOM XKU-
kocTu. ClloXHasi CTPYKTYpa 3TOH JIETKOIUIABKOW KHMIKOCTH JOJKHA COCTOSTH
U3 Pa3IMYHBIX HEMETAUIMYECKUX YaCTHII, B T.4. BXOJSIINX B COCTAaB JKHIKUX
9BTEKTHK, OJTHAKO OITUYECKH 3TO HE Pa3ININMO.



Puc.8. MukpocTtpyktypa cramm  C
1,29%C, 0,18%Si, 0,24%Mn, 0,0072%P
u 0,084%S npu Ttemneparype 1350°C
nocyie 3-X MHH HPOJYBKH KHCIOPOAOM
ucxomnoro uyryHa (2,51%C, 1,76%Si,
0,60%Mn, 0,136%P u 0,083%S.

B

IMocne 3-x MHUH IPOJYBKH KUCIOPOJIOM BCE TPH CIUIaBa (Ta0iuUI) Mo Co-

JEPIKAHHUIO YTJIepoJa COOTBETCTBOBAIM 3aI9BTEKTOMIHBIM CTAISAM W HMENH
CTPYKTYpHI (prc.9) , aHATIOTMYHbIE TIPUBEICHHBIM Ha PHC.8.

a | 0
Puc.9. Muxkpoctpykrypa cramu ¢ 1,13%C, 0,08%Si, 3,21%Mn, 0,051%P u
0,002%S mpu Temmeparype 1450°C mocie 3-X MHH MPOLYBKH KHCIOPOZOM HCXOTHOTO
mertamna (1,31%C, 1,33%Si, 9,31%Mn, 0,089%P u 0,010%S.

IIpu stom ctpyktypsl ctamu Nel,2 ¢ comepxkanuem yriepoaa 1,26% u
1,29% npaktudeckn uaeHTH4HH (prc.8,a,0). Ctpykrypa ciutaBa Ne3 c Oomee
HU3KUM cozepkanneM yriepona (1,13%) ornmuaercs Gonee rpydoii audde-
PEHIMPOBKOH ACHAPUTOB (pHC.8,B), UeM TOATBEPIKIACTCSA BEIBOJ, CIICIAHHBIN
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Ha TMEepBOW CEpHU JKCIEPHUMEHTOB O TOM, YTO C yMEHBUICHHEM COAEpIKaHUS
yriepoja B paciijlaBe COCTaBIISIONINE KUAKYIO CTPYKTYpPY YaCTHIIBI CTAHOBSTCS
OosmpmmmMu 1o pasmepam. OJHaKo, INpHBelEHHass Ha puc.8,a JIEHIPUTHAS
CTPYKTYpa JJIsl HAMOPOXKEHHOH 3a3BTeKTOMIHOM cTaim Ne3 mmeeT Oosee TOH-
KOJIUCTIEPCHYIO CTPYKTYpPY. DTO NPOTUBOPEUHE OOBSICHSIETCS TEM, YTO TEMIIe-
parypa meperpeBa yKa3aHHOH CTalld HaJ JIMKBHIYCOM Obllla MaKCHMaJIbHa U Ha
100-150°C mpeBpimana aHatormunyro ams cimasos Nel m Ne2. J[aHHEIH daxT
TTOJTBEPIKAACT BBIBOJ O TOM, UTO C YBEJIIMUECHHEM TEMIIEPATYPHI IIeperpeBa Hal
JIMKBHLyCOM JUCIIEPCHOCTD ACHIPUTHOHN CTPYKTYPHI yBEITHUNBACTCS.

B 1ienom BTOpast cepusi SKCIEPHMEHTOB 10Ka3aja, YTO B PE3YJIbTaTe «Ha-
MOpPO3KW» peanmu3yeTcsi Ooyiee BBICOKAs CKOPOCTh 3aKAJIKU JKUIKUHA CTalH,
(UKCHPYST TeM CaMbIM CTPYKTYpBI, OJIU3KHE K MX JKUIKOMY cocTosHuio. Eime
Goree BBICOKAsi CKOPOCTh 3aKAIKH JKHAKoi crami (10 6000°C/cex) 6bima moc-
TUTHYTa B TPETbEil CEpUHM IKCIIEPUMEHTOB C IOMOIIBIO YCTAHOBKH «CTOI—
3aKanka» [4], ycoBepIIEeHCTBOBAaHHON B OCIEAYIOLIEM [5].

Jlns cpaBHeHUs uccleAoBalach Ta K€ 3a9BTEKTOUAHAS CTallb, YTO U B Iep-
BOI cepuM SKCIEpPUMEHTOB MpH 3aKkajlke ¢ TurieMm, cozaepxkamas 0,8%C,
0,55%Si, 0,5%Mn, 0,042%P u 0,012%S. HaBeckun 3Toit ctamm Maccoit 0,5 r
TIePeTUIaBIsUTNCh B TIEYH TIOCTIE BaKYYMHPOBAHHS M ITOCIEIYIOIIErO 3aIoJIHe-
HHA 00beMa Nedr TPOTOYHBIM AProHOM IpH Temmepatypax 1600 u 1650°C,
KOHTPOJIUPYEMBIX C TTOMOIIBIO MPOTOPIMOHANBHO-IU(PPEPEHIINATBHOTO PETy-
JTOpa. OTO TO3BOJIMIIO BBIAECPKHUBATH 33aHHBIE TEMIIEPATyphl B TEUCHHE 3a-
naHHBIX 3-X MuH. [locne 3-X MUH BBIIEPKKH KUAKAS CTaNb JJsI 3aKaJIMBaHUs
cOpaceiBaiacs B 10% cosstHO# pacTBOp. B mporiecce 3KCIIEpUMEHTOB, MPOBO-
JMMBIX aBTOpaMH Ha obopyzmoBanum Kadenpbl HanmonansHo# MeTammyprude-
cKoll akajmeMuu YKpauHbl (T.J[HempomneTpoBck), yaanoch HOMYyYUTh 0Opasiibl,
TIPUTO/IHBIE JUIS TTOCIIEYIOMIEr0 MeTauIorpadgnieckoro aHanmsa.

B cpaBHEHHHM C TIpENBIIYIIMMH CEPUSIMH SKCIIEPHMEHTOB ObLTa 3a(hMKCH-
poBaHa HamboJiee TOHKOIWCIIEpCHAs ICHAPUTHas CTpykTypa (puc.10,a,B,n),
0COOCHHO TI0 CPAaBHEHHUIO C TAKOBOM NpH 3akaike ¢ TuriaeM. [Ipu atom, ¢ yBe-
nyenneM Temmepatypst ot 1600°C (puc.10,r) mo 1650°C (puc.10,a) aucnepc-
HOCTb JICHAPHUTOB yBEIUINBACTCS.

JlaHHBIN SKCIIEpUMEHT 0ojiee SPKO MILTIOCTPHUPYET IOJIOKEHUS O TOM, UTO
Oorarele JKeJIe30M YacTHIBI >KUAKOCTH (puc.10,0 — mponoibHBIE CEUeHWUs,
puc.10,B — morepedHble CEYCHUs]) MMEIOT B Tpefenax OTIENbHBIX 00BEMOB
KHUJKOCTH («3€pPEH») OIMHAKOBYIO OPHEHTHPOBKY M KOATryJHPYIOT B YKHIKOM
cocrosHuu (puc.10,1) OTHOBpEMEHHO, HaUWHasI BETBUTHCA B JCHIPUTHL. IIpo-
CTPaHCTBO MEXIy TAKUMH YaCTUIIAMHU M MX MEKIYBETBUSIMUA UMEIOT CIIOKHYIO
CTPYKTYpy OoJjiee JIETKOIIIIaBKOM KUAKOCTH Ha OCHOBE HEMETAJUIMUECKHX Yac-
THII, KOTOPBIE TOCJIE 3aKAJIKH ONTHYECKH HE Pa3INIUMBI.



Puc.10. MuxkpocTpykTypa cTamm ¢
0,83%C, 0,23%S$i, 0,53%Mn, 0,006%P u
0,012%S, 3akaneHHOH OT TeMmIeparypsl
1650°C co ckopoctbro 6000°C/cek.

3akmiouenne. Takum o0pa3oMm, C  HCIIONB30BAaHWEM  3aKaJOYHO-
MHKPOCTPYKTYPHOTO MeToja (HMKCAIlMd CTPYKTYpHl ITOKAa3aHO, YTO OCHOBY
CTPYKTYpHI XHIKOW CTajlM MPH TeMIepaTrypax MPOMBIIUICHHBIX IEPETrPEBOB
COCTaBJIIIOT OOraThle JKeJIe30M YacTUIEL, 00JTaaloIye JalbHUM MOPSIKOM H
O/IMHAKOBO OpPHWEHTHPOBAaHHBIE B TIpeAeTax OTIENBHBIX O0BEMOB («3EpeH»)
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KHUOKOCTH. Takue YacCTUIIbI KOAryJupyroT B )XKUAKOM COCTOSHUH, Pa3BCTBIIAACH
B JICHAPHUTHI C OOJIBIION CKOPOCTHIO (B3PHIBOOOPA3HO) B IPOIIECCE 3aKAJIKH.

MeX4YacTUYHBIC MPOCTPAHCTBA M MEXKIYBETBHS OCHOBHOHN CTPYKTYPBI TO-
CJie 3aKallKi UMCIOT ONTHYCCKH HEPa3IMYUMYI0 CTPYKTYpPY JKHUIKOCTH, CO-
CTOANICH U3 HEMETAIUTMYCCKUX YACTHIL.

[Mony4eHHbIe TaHHBIE MO3BOJIIOT TPAKTOBATH KHUJKYIO CTPYKTYPY CTallei,
KaK COCTOSIIYIO B OCHOBHOM W3 Pa3JIHYHO OPUEHTHPOBAHHBIX OTHOCHTEIHLHO
JPYT Apyra rpymniupoBOK («3epeH») B BUJE MPAKTUYECKH OJHOOCHBIX U OYCHb
MEJKOJIMCIIEPCHBIX O-IICHIPHUTOB.

1. Bynun K.JII Kuneruka xpucrammsauuu uyryHa / KJILBynun, B.C.Jlyukus,
N.B.Manux u ap. // C6. «TepmonuHamuka, pusnyeckas KHHETHKA CTPYKTYpooOpa-
30BaHMS M CBOMCTBA uyryHa W ctamm». — M.: Metamnyprus, 1971. — Bem 4. —
C.231-250.

2. Ayenxo A.HM. Kpucramm3sanus u IepBHYHAS CTPYKTypa KOHCTPYKLIHUOHHBIX CTaJICH.
/ A.W.Suenko, B.E. Xpsrankos, T.C.XoxmoBa u np. — J{nenponerposck: XKyp.poHx,
2010. -226 c.

3. Jlyuxun B.C. Fe-C — nnarpaMma U CTPYKTYpBI JKHJIKHX METAaCTaOWJIBHBIX U CTa-
omwnpHbIX cruaBoB /  B.C.JIyukun, JLI.TyOomsues, B.I1.Kopuenko wu mp.
//OyHnaMeHTanbHBIE M IPUKIaJHBIE  MPOOJEMbI  YEPHOH  METaJUIyprHH.
C6.1ayyn.tpynos UUM. —2010. — Beim. 22. — C.199-212.

4.  Kanunywxun E.TI. TlepuTekTHueckasl KpHCTAIN3AIMs JIETHPOBAHHBIX CIUIABOB Ha
ocHOBe kene3a. — JJaenponerposck: [Toporu, 2007. — 172 c.

5. bBanakin O.A., [Henucenxo O.1. IlporpaMHo-amapaTHHII KOMILIEKC Ha 0a3i MOAEpHi-
30BaHOI YCTAaHOBKM JUIS JOCIHIUKEHHS CTaleil METOIOM «CTOI-3arapryBaHHsD)
//CuctemHi TexHomorii. PerioHansHui MKBY3iBCBKHH 301pHUK HAyKOBHX IIpalb. —
Bunyck 1 (60). — Aninponerposcsk, 2009. — C.173-181.

Cmamus pekomen0o8ana K nevyamu
dokm.mexu.nayx, npogecopom 3.B.IIpuxodvro

B.C.JIyukin, B.®.Ilonaxos, C.1.Cemuxin, O.F0.bopucenxo, JI.I. Tybonvyes
JoctilzkeHHSI CTPYKTYPH pilkoi cTaji rapTiBHO-MiKPOCTPYKTYPHHM METOA0M

3 METO0 BUBUECHHSI NIEPBHHHOI CTPYKTYPH PiAKOI cTajl BUKOPHUCTAHO crociO 11 dik-
camii 3a JOIOMOroOI0 TapTiBHO-MIKPOCTPYKTYpHOIO MeTony aHamisy. OpnepskaHi naHi
JIO3BOJIAIOTH TPAKTYBaTH PiIKYy CTPYKTYpY CTalieH, sIK TaKy, L0 CKJIQJAEThCsl, B OCHOB-
HOMY, 3 30pi€HTOBaHUX I0-Pi3HOMY BiJHOCHO OJMH JI0 OJIHOT'O YIPYIyBaHb («3€peH») y
BUTJISIIII TIPAKTHYHO OJHOOCHUX 1 Iy»Ke APIOHOIUCTICPCHHUX O-ICHIPHUTIB.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


