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Ilenv pabomupr: V3yuuTh MUKPOCTPYKTYPY UYT'YHOB, BBISICHUTH BIIMSIHHE
dbopMbl U pa3sMepOB I'pa@UTHBIX BKIIOUEHHM, a TaKXKe THUMA METAJUIMYECKOU
OCHOBBI Ha MEXaHUYECKHE CBOMCTBA.

OCHOBHBIE ITOHATHUA

Keneszoyrnepoaucteie cmiaBbl, coaepkamue Oonee 2,14% yraepona,
Ha3bIBAKOTCS YYT'YHAMH.

UyryH o4eHb pacupoCTpaHEH B MAIIMHOCTPOECHHUH, BCIEACTBUE XOPOLIUX
JIATEHHBIX CBOMCTB M 00JIee HU3KOM CTOMMOCTH, YEM CTaJIb.

B 3aBUCHMOCTM OT COCTOSIHMSI yriepoja M €ero (QopMbl UYyTr'yHbI
NOJIpa3/IesAOTCs. Ha OeNbld, cepblil, BBICOKONPOUYHbIM U KoBKMH. Kpome Toro,
MMEIOTCA  JIETUPOBAHHBIE  YYTyHbl CO  CHEUHUAIBHBIMH  CBOWCTBAMH:
KaPOCTOMKHUMH, U3HOCOCTOMKUMU, KOPPO3UOHHO-CTOMKUMHU U JIP.

1. Beablit 4yryn

YyryH, B KOTOPOM BECh YIJIEPOJl HAXOJIUTCS B CBS3aHHOM COCTOSTHUH B
BHJI€ 1IEMEHTHUTA, Ha3bIBaeTcsi OenbIM. OH mMeeT Oeiblid OJIECTALIUM H3JIOM.
OcHOBOM 17151 U3yYEHHUS] MUKPOCTPYKTYpBI O€JIOr0 YyryHa SIBJSIETCS Juarpamma
«KEJEe30 — LIEMEHTUT.

benbie 4dyryHel genst Ha jgodBTekTudeckue (menee  4,3%C),
sBTektrueckue (4,3%C), 3arBrektrueckue (6omnee 4,3%C). benpiit uyryH umeer
B CBOEU CTPYKType OO0JIbIIIOE KOJIMYECTBO LIEMEHTHUTA (B IBTEKTHUKE-NIeAeOypuTe
64% ueMeHTHTa), MO3TOMY OH TBEpA M XPYIOK, IJI0OXO oOpabaTbiBaeTcs
PEeXYILIUM HHCTPYMEHTOM (TBepaocTh nuementura 750 - 800 HB).

Kak KOHCTpyKIMOHHBIA Marepuan Oesblid YyT'yH MMEET OIpaHHYE€HHOE
NPUMEHEHHE, B OCHOBHOM Ui JAeTajneil, paboTaromuX B TSHKENBIX YCIOBUAX
U3HOCA, y KOTOPBIX TOJBKO IMOBEPXHOCTHBIM CJIOH pabO4YMX MOBEPXHOCTEH
otOeneH B pe3ydabTaTe OBICTPOTO OXJAXACHHUS (IIEKH IPOOMIIOK, IIIaphI
MEJIbHUI], KaTKH OETyHOB U T. I1.).

2. Ceppblii 4yryH

Cepoiii uyryn mpencrasnsier coboii cmuaB Fe-C-Si ¢ HOCTOSHHBIMU
npumecsimi Mn, P u S. B cepom uyryHe Oosbliasi 4acTh yriepojaa HId Bech
yriepoJ HaxoauTcs B Buae rpadurta. B mone 3penus mukpouniuda rpadpur
uMmeeT (opMy WCKPUBJIICHHBIX IUTACTUHOK. Hambosiee mmpokoe mpuMeHeHHe
NOJIyYHJIA YyTyHbI, coaepxaniue 3,0 - 3,7%C.

UYem BbINIE CONIEpKaHUE YIiepoja, TeM OoJjblle oOpa3yercsa rpadura u
TEM HIDKE MEXaHWYeCKre cBOMCTBa uyryHa. CojepKaHue KpeMHHUS B YyT'yYHE OT
1,0 o 2,6%. Kpemuuii cnoco6¢cTByeT nporeccy rpadutusanuu, 1eUCTBysI B TOM
K€ HaIpaBJICHUHU, YTO U 3aMENJICHHUS CKOPOCTHU OXJIAXKICHUS OTIINBOK.



W3mensisi coepkaHie B YyTryHe yriiepojia U KPEMHHUS, a TaKKe CKOPOCTh
OXJIQXKICHHSI, MOKHO TMOJTYYUTh PA3IUYHYIO CTPYKTYPY METAIUINYECKONH OCHOBBI
YyyryHa: TepiuTHYI0, ¢GeppuTHO-NepiuTHY0, GeppuTHyto. I[lpu Oombiiom
COJIEpKaHUU YTriepoJa U KPEMHHUS M MEIJIEHHOM OXJaXAeHuu (T. €. IpH
OTJIUBKaX OOJBIIOTO CEYEHMsI), BECh YIJIEpPOJ B CTPYKType OyIeT B BHUE
rpaduTa, a MeTaJUTMYECKasi OCHOBa (peppuTHaI.

KomnuectBo Maprannma B cepoMm 4yryHe He mnpesbimaer 0,5 - 1,1%.
Maprasnei npensTcTByeT rpaduTU3aIum.

Cepa yxyniaeT MEXaHUYECKUE U TEXHOJOTMYECKHE CBOWCTBA YYTryHa,
no3TOMy €€ cojaepxkanve orpannuuBaroT 10 0,15%. B cepom uyryne cepa
obpasyer cynbdutrel FeS u MnS. Conepxanue ¢ochopa B cepoMm UyryHe
00b19H0 0,2%.

MexaHuueckue CBOMCTBA YyryHa OOYCIOBJIEHBI €ro CTpyKTypou. UyryH
MOXHO paccMaTpUBaTh Kak CTallb, IPOHU3AHHYIO TPapUTOM, KOTOPHIA HUTpacT
pOJIb HAAPE30B, OCIAOISIONIMX METAUIMYECKYI0 OCHOBY CTPYKTYpbl. Yem
MEHbIIIE TpaUTHBIX BKIIOYEHUN, YEM OHHM MeEJIb4€ U OOJIbIIE CTENEeHb HX
W30JIMPOBAHHOCTH, TEM BBIIIIE MPOYHOCTh YYTyHA.

Cepblil yyryH — Xpynkuil. OTHOCUTEJIPHOE YIJIMHEHUE MPU PACTSHKEHUU
HE3aBUCHUMO OT CTPYKTYpbl METAUIMYECKOW OCHOBBI He mnpeBbimaeTt 0,5%.
Teepaocts uyryHa 143 - 269 HB omnpenensiercss B OCHOBHOM CBOWCTBaMH
METAJUIMYECKON OCHOBBI.

Cepsiit uyryn mapkupyetcst OykBamu CH (I'OCT 1412 - 85) . [Tocnie Oyks
cienyroT UUQphI, YKa3pIBAIOIIME MHUHUMAIBHOE 3HAYCHHUE BPEMEHHOTO
COTPOTUBIICHHS B KIC/MM®.

Mapku CY10, CUI5 - ¢epputHble UYYryHBl C TIOBBIIIIEHHBIM
comepkanneM kpemuus (2,0-2,6%), CU18 — deppurHo-nepnuthbiii, CU21,
CU24, CY25, CU30, CY35 — nepJauTHBIE YYTYHBI.

Uyrynsl Mmapok CU25 u Bblllle OOBIYHO MEpe]T pa3IMBKON MOAUPUIIUPYIOT
75%-upiMm  peppocununmem (FeSi). Ilocne storo B mnepiauTe HaOMHOIaeTCS
HEOOJIbIIIOE KOJMYECTBO M30JIMPOBAHHBIX IUIACTMHOK TIpaduTa cpeaHei
BEJINYUHBI.

3. BbICOKONIPOYHBIH YYTYH ¢ IIAPOBUIAHBIM rpagurom

OTJIIMBKH U3 BBICOKOIIPOYHOT'O YyTI'yHa IIMPOKO MCIOJB3YIOT B PA3IIMYHbIX
OTpacisiX MAalIMHOCTPOEHUS Il KOPITYCHBIX AETAJICH, Ui KOJICHYAThIX BajOB
BMECTO CTaJIbHBIX U T. 1.

[TapoBuaHbI rpadUT MEHbIIE OCIAOISIET METALNTMYECKYIO OCHOBY, YEM
IJIACTUHYATHINA Tpadur. MeTajuinuecKyl0 OCHOBY B BBICOKOIIPOYHBIX YyTyHax
MO>KHO IOJIy4aTh CO BCEMH U3BECTHBIMU CTPYKTYpamHu.



Jlnst mosiydeHus: mapoBHAHOTO rpadura 4yyryH MOAU(GUUHUPYIOT, T. €.
00pabartbeiBatoT paciuiaB chepouauzupyrommumu metamiamu (Mg, Ca, Ce u np.)
U UX CMECSIMU C APYrMMHU MeTaiamu. Yaine BCero MpUMEHSIOT MarHUeBbIE
JUTATYpPbl C HUKEJIEM WU (ePPOCUITHIIEM.

OOBIYHBIN COCTaB UyTryHa MPHU TOJIMHAX OTIUBOK 10 50 mMm: 3,2-3,8% C;
1,9-2,9% Si; 0,2-0,7% Mn; no 0,1% P; 10 0,02% S. J{ist noay4deHus 3aaaHHBIX
CBOMCTB B OTJIMBKAX C OoJiblmed TommuHOW cTeHkH (10 100 MM u Gosee)
yMeHbIaroT coaepxxanue C u Si.

[To T'OCT 7293 - 85 BBICOKOIPOYHBIN UyTyH Mapkupyercs OykBamu BY,
3aTeM CIEAYIOT  OU(PBI,  YKa3bIBAIOUME  MHHUMAIBHYIO  BEIUYUHY
BPEMEHHOTO CONPOTHBICHHA B Kre/mm’. BU35, BU40-peppuTHbIC UyryHbI C
OTHOCUTEJIBHBIM yJIMHEHHEM He MeHee 22 u 15% cootBercTtBeHHO. BU 45,
BY 50 — nepnauTHO-(peppuTHBIE YYyTyHBI C OTHOCUTEJIbHBIM YIJIMHEHUEM HE
menee 10 — 7%. BU60, BU70, BU80 — nepauTHbIE YyTYHBI ¢ OTHOCHUTEJIbHBIM
yanuHeHueM He Menee 2 - 3%. BU100 — GelHUTHBIN 4yyTyH.

Jlns mosydyeHusi uyryHa Bbicokux Mapok (BU60 - BU100) ucnonb3yror
jgerupoBanue HeOobImUM kosmuecTBOM Ni u Cu (okono 0,5% kaxaoro) u
YOPOYHSIOLIYI0 TEPMHUECKYI0 00paboTKy. TBEepIOCTh UyryHa COCTABISIET OT
140 - 170 HB g BU35, mo 270 - 360 HB g1 BY 100.

4. KoBKkuii 4yryH

OTnuBKM H3 KOBKOIO 4YyryHa MOJYy4YalOT MYTeM JUIMTEIbHOTO
rpa@UTU3UPYIONIETO  OTXKWTa  OTAWBOK W3  Oemoro  uyryHa. OnHu
XapaKTEPU3YIOTCSl MOBBIIIEHHBIMU 3HAYEHUSAMH BPEMEHHOTO COMPOTUBIICHUS U
OTHOCUTEIBHOTO  YJUIMHEHUS  BCJEACTBUE  OOpa3oBaHUsS TPU  OTXKUIE
XJIONbEBUIHOTO rpadura, Oojee KOMIAKTHOIO, Y€M B CEPOM YYIryHE C
MJIACTUHYATHIM TpadUTOM.

Meramnnueckasi OCHOBa y KOBKMX YyT'YHOB MOKET ObITh (DEpPUTHOM WU,
pexe, MEepAUTHOM B 3aBHCUMOCTH OT XHMHYECKOTO COCTaBa M pexuMa
TepMu4ecKoil 00paboTku. OTIMBKM M3 KOBKOIO YYryHa HMMEIOT OAHOPOJIHBIE
CBOWCTBA IO CEYEHUIO, B HHUX MPAKTUYECKH OTCYTCTBYIOT BHYTPEHHHE
HaIpPsHKCHUS.

KoBkuil 4YyryH mnOpuMEHsAETCS NPEUMYIIECTBEHHO [JIsi OTJIMBOK C
TOJIIIMHOM CTEHOK OT 3 10 50 MM, 4TO CBSI3aHO CO CTPEMJIEHHEM O0ECIEeUUTh
0e3yClIOBHOE TOJIyYEHHE CTPYKTYpbl O€JOro 4YyryHa OpH JIUThE MO BCEMY
CEYECHMUIO.

PekomMeHnyeMblii coctaB KoBKoro uyryna: 2,4 - 2,9% C; 1,0 - 1,6% Si;
0,2-1,0% Mn; 10 0,10 - 0,18% P; mo 0,06 - 0,20% S.

I[To TOCT 1215-79 xoBkuii uyryH mapkupyercs OykBamu KY, 3atem
clenyroT Uu(pHl, YKa3bIBAIOIIME MHUHUMAJIbHBIC BEJIWYMHBI BPEMEHHOTO
COIPOTHUBJIEHUS B KI'C/MM® M OTHOCHTEIIBHOTO yanuaenus B %. Mapku KH30-6,
K433-8, KU35-10 u KY37-12 otHocsaTcss Kk ¢eppuTHOMY Kiaccy. Mapku



nepauTHoro kiacca ot KU45-7 no KU80-1,5 (5 mapok). B cpaBHeHHU ¢ KOBKUM
YYT'YHOM BBICOKOIIPOYHBIM YyryH 0O0JIalaeT Jy4ylIMMU JUTeHHbIMU U Oosee
BBICOKMUMU MEXaHUYECKMMHU CBOMCTBAMM, BO3MOKHOCTHIO BO MHOTHX CIIydasix
obxoauThcs 0e3 TepMHUYeCKOM 0oO0pabOTKH, a TakXke BO3MOXXHOCTHIO
NPUMEHEHUS JIJIsl JIeTalield JIFoObIX Macchl W pa3mepoB. [lodTomMy OTIMBKH U3
KOBKOT'O YyT'yHa B IOCJIEIHUE TOJAbl 3aMETHO BBITECHSIOTCS OTJIMBKAMU U3
BBICOKOIIPOYHOTO YyTyHa.

5. AHTU(PUKIMOHHBIA YyT'YH

AHTU(GPUKIMOHHBIE CBOMCTBA JJIs psiia YyTYHOB BeCbMa BBICOKHE U B
HEKOTOpPBIX yCIIOBUAX MOTYyT ObITh Jiyumie, 4yeM Yy OpoH3. Mapku
aHTU(PUKLIHMOHHBIX YyryHOB npeaycmorpenbl 'OCT 1585 - 85 (10 mapok).

B kavecTBe aHTU(QPUKIMOHHBIX MOXET ObITh MCIOJIb30BaHA KAXKIas U3
TpeX Ppa3sHOBUAHOCTEHW UyryHa: Cepblii ¢ IUIACTUHYATBIM  TIpaduToM,
BBICOKOTPOYHBIN C IIAPOBUIHBIM Ipa@UTOM U KOBKUH. /{151 aHTU(DPUKIIMOHHBIX
yyryHoB ['OCT pernameHTupyeT HEe MEXaHUYECKHE CBOMCTBA, 4 XUMUYECKHUHI
COCTaB MO JETUPYIOIIMM D3JIEMEHTAM U MHUKPOCTPYKTYPY, @ TaKKe YCIOBHUSA
NPUMEHEHHUS Pa3IMYHBIX MapOK, T. €. MPEENIbHbIE PEeKUMBbI PAOOTHI.

[Tpumepst Mapok anTudpuknuontHoro yyryna: AHC-1, AUYB-1, AUK-1.
VYKa3zaHHbIE MapKM YYTryHOB HMEIOT MEPIUTHYI0 METAIMYECKYIO OCHOBY,

HO pa3Hyro GopMy rpadura.
BOIIPOCHI IJIs1 CAMOITIOATI'OTOBKHA

OTBeTbl Ha BONPOCHI JAIOTCA MHUCBMEHHO M 3aHOCATCA B OTYET O
1ab0paTOpHOl paboTe B KayecTBE BBEIEHHUS A0 IPOBEICHHUSA J1a0OpaTOpPHOro
3aHATHS.

1. [louemy Oenblii dYyryH UMEET OrpPaHUYEHHOE MPUMEHEHHE Kak
KOHCTPYKLMOHHBII MaTepuan?

2. Kaxas ponb kpeMHHS IPH POPMHUPOBAHUU CTPYKTYPBI CEPOTro UyryHa?

3. OT 4ero 3aBUCUT MHKPOCTPYKTypa METaJUIMYECKOM OCHOBBI CEPOTO
yyryHa?

4. Kakue cepble UyTr'yHbI IpOUHEE (PEPPUTHBIE WM NEPIUTHBIE U TOYEMY?

5. XUMHUYECKHUI COCTaB CEPOT0 U BBICOKOIPOYHOI'O YYTYHOB IO YIJIEpOay U
KPEMHHUIO MOXET ObIThb OAMHAaKoBbIM. Ilouemy ke y HHMX pasHas Qopma
rpadura?

6. IlpuBenuTe MapKu CaMbIX MPOUYHBIX (PEPPUTHBIX U MEPIUTHBIX CEPBIX U
BBICOKOIIPOYHBIX UyI'YHOB. CpaBHUTE HX.

/. IloueMy i1 TOJCTOCTEHHBIX 4YyryHHbIX oTimBoK u3 CY um BY
YMEHBILAIOT B KUAKOM yyryHe coaepkanue C u Si?

8. Ilouemy KOBKMII 4yTr'yH MPUMEHSETCS IS OTIMBOK C TOJIIMHON CTEHOK
He Oosee 40 — 50 Mm?



9. Tloyemy B KOBKOM UyT'yHE MEHBIIIE COJIEPIKAHUS YIIIepoia, YeM B CEPOM U
BBICOKOIIPOYHBIX UyTryHax?
10. Kakas popma rpadura B uyrynax mapok AUC-1, AUB-1, AUK-1?

MATEPHUAJIBI 1 OBOPYJOBAHUE

['OTOBBIE KOMIUIEKTHI MHKPONLIU(GOB YYTyHOB, METALIOMHKPOCKOIIHI,
anpOoM (hoTorpaduii MUKPOCTPYKTYP.

HOPAAOK BBIITIOJIHEHHUSA PABOTbI

1. PaccMoTpeTb B MHMKPOCKON MHMKPOLUUIM(BI UYYTYHOB, CpPAaBHUTH C
¢doTorpadusiMu MUKPOCTPYKTYP.

2. YCTaHOBUTH THII K&KJOTO YyTYyHA.

3. 3apucoBaTb MHUKpPOCTPYKTYpPHI BCEeX 00Opa3iloB, OTMETHB CTPYKTypHBIC
COCTaBJISIIOLIME, B TOM uMcie ¢opMmy rpaduTHbIX BKiIoueHuil. Hamucarsb
MPUMEPHYIO MapKy Kak/10ro YyryHa.

BbBIBO/IbI

CdopmynupoBaTh OJHO, JiBa O0OOIIAIONIMX 3aKIIOUYCHHS O HAYYHOM H
MPAKTHYECKOM PE3YIbTaTe UCCIICIOBAHUS CTPYKTYP YyT'YHOB.
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