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Ileny padbompl: U3yunTh MUKPOCTPYKTYPY UYT'YHOB, BBISICHUTH BIIUSIHHUE
dbopMbI U pa3MepoB TpapUTHBIX BKIIOUEHUH, a TaKkKe TUIA METaJUIMYECKOM
OCHOBBI HA MEXaHUYECKHUE CBOMCTBA.

OCHOBHBIE IOHATHUA

KenezoyrnepoaucTteie ciiaBbl, cojepxkamue 6onee 2,14% yruepona,
Ha3bIBAKOTCS YyT'YHAMHM.

UyryH o4eHb paclpOCTpaHEH B MAIMHOCTPOCHUH, BCIEACTBAE XOPOIINX
JUTEUHBIX CBOMCTB U 00Jiee HU3KOM CTOMMOCTH, YEM CTaJlb.

B 3aBucuMocTM OT COCTOSIHMSI yriepoja M €ro (opmsl UyTyHbI
NOJIPA3JIEISAIOTCS Ha OENbld, cepblil, BBICOKONPOYHBIM 1 KOBKUi. Kpome Toro,
UMEIOTCSI ~ JIETUPOBAaHHBIE  YYTYHbBl CO  CHEUUAJIbHBIMH  CBOMCTBaMHU:
YKapOCTOMKHUMH, U3HOCOCTOMKHMU, KOPPO3UOHHO-CTOMKHUMHU H JIp.

1. beablit 4yryn

YyryH, B KOTOPOM BECh YIJIEPOJ HAXOJUTCA B CBA3aHHOM COCTOSIHUM B
BUJIC LIEMEHTUTA, Ha3blBaeTcs OenbiM. OH uMeeT Oelnblil OJecTAIui H3JI0M.
OCHOBOH ISl U3y4YEHUSI MUKPOCTPYKTYpPBI O€JI0T0 UyryHa SIBJISETCS AUarpaMma
«KEJIe30 — LIEMEHTUT.

benbie dyrynel gensar Ha  gosBrektuueckue (menee  4,3%C),
sBTektrueckue (4,3%C), 3asBrektrueckue (6omuee 4,3%C). benblif UyryH umeer
B CBOEU CTPYKType OO0JIbIIOE KOJIMYECTBO LIEMEHTHUTA (B IBTEKTUKE-JIeAeOypuTe
64% ueMeHTHTa), TO3TOMY OH TBEpA M XPYIOK, IUJIOXO oOpadarbiBaeTcs
PEXYILIUM MHCTpYMEHTOM (TBepaocTh nementura 750 - 800 HB).

Kak KOHCTPYKIIMOHHBI MaTepuayl Oenblii 4yryH HMEET OTpaHUYEHHOE
PUMEHEHUE, B OCHOBHOM JUIsl JieTaneil, paboTaloluX B TSXKEIBIX YCIOBHIX
U3HOCA, y KOTOPBIX TOJBKO MOBEPXHOCTHBIM CIIOH paboO4YMX MOBEPXHOCTEH
oTOeJIieH B pe3yJibTaTe OBICTPOro OXJaxAeHUs (IIEKH IPOOWIIOK, IIapbl
MEJIbHMI], KaTKU OCTyHOB U T. I1.).

2. Cepblii 4yryH

Ceppiii uyryH mnpeacrabisieT coboit crutaB Fe-C-Si ¢ mocTosHHBIMEU
npumecsiMu Mn, P u S. B cepom uyryne Gombinasi yactb yriaepoja WA BeCh
yTIepoJl HaxoauTcsi B Buae rpadura. B mome 3penuss mukponuiida rpaput
uMeeT (HopMy HCKPUBJIEHHBIX IIJIAaCTUHOK. Hambosee mupokoe NpuUMEHEHHe
MOJYYWJIM YyTyHBbI, coaepxamue 3,0 - 3,7%C.

Yem BbIllIE COJIEpKaHHUE YIIIepona, TeM OoJblie oOpasyercs rpadpura u
TEeM HWKE MeXaHWYecKHe CBoMcCTBa uyryHa. CojiepaHue KpeMHHS B UyTYHE OT
1,0 no 2,6%. KpemHuii cnoco0cTByeT npoiieccy rpabuTu3aiuu, 1eiCcTBYys B TOM
)K€ HaIlpaBJICHUH, YTO U 3aMEJJICHUSI CKOPOCTH OXJIXKICHUS OTJIUBOK.



W3meHsist coiepkaHue B YyTyHE YIVIEPOJa U KPEMHUS, a TAK)KE CKOPOCTh
OXJIQXKJICHUSI, MOKHO MOJIYYUTh PA3INYHYIO CTPYKTYPY METAILIMYECKON OCHOBBI
YyryHa: TMEpPIUTHYIO, (GEeppUTHO-TIEPIUTHYI0, ¢epputHyto. [lpu Oombimom
COJIEp)KaHUM YTriepoAa M KPEMHHUS U MEIJIEHHOM OXJaXJIeHuUu (T. €. Mpu
OTJIMBKaxX OOJBIIOIO CEYEHHUsA), BECh YIJIEPOA B CTPYKType OyAeT B BHIE
rpa¢ura, a MeTaJsInyeckasi OCHOBa (peppHUTHasl.

KonnuectBo Mapranuna B cepoMm uyryHe He mpessimaer 0,5 - 1,1%.
Mapranen npensTcTByeT rpaduTH3aluy.

Cepa yxyAllaeT MEXaHUYECKHE U TEXHOJIOTMUECKUE CBOWCTBAa 4YyIyHa,
03TOMY €€ cojepxkaHue orpanuuuBarotr 10 0,15%. B cepom uyryHe cepa
obpasyer cynbdurel FeS u MnS. Cogepxkanne docdopa B cepom uyryHe
00b611H0 0,2%.

MexaHudeckue CBOMCTBA YyryHa OOYCIOBJIEHBI €ro CTpyKTypoil. UyryH
MO>KHO paccMaTpuBaTh Kak CTajlb, IPOHU3AHHYIO TpadUTOM, KOTOPBIM HUrpaet
pOJIb HAAPE30B, OCHAOJAIONIMX METAUIMYECKYI0O OCHOBY CTPYKTypbl. Yem
MEHbIIEe TpaUTHBIX BKIIOYEHW, YEM OHU Melb4€ M OOJbIIE CTENEHb HUX
W30JMPOBAHHOCTHU, TEM BBIIIE POYHOCTh UyT'yHA.

Ceppblil 4yryH — XpylnKuii. OTHOCHTENIBHOE YJIMHEHUE TIPU PACTKECHUN
HE3aBUCUMO OT CTPYKTYPbl METAJUIMYECKOW OCHOBBI He mpeBbimaet 0,5%.
TBepaocts uyryHa 143 - 269 HB omnpenensercs B OCHOBHOM CBONMCTBaMHU
METaJUINYECKOW OCHOBBI.

Cepsiit uyryn mapkupyetcst OykBamu CH (I'OCT 1412 - 85) . [Tocnie OykB
ClieqyloT Uu(pbl, YKa3blBalOIIME MHHUMAJIbHOE 3HAYEHHUE BPEMEHHOTO
CONPOTHBIIEHHS B KI'C/MM?,

Mapku CY10, CY15 — ¢epputrHble 4UYYryHbl C TOBBIIIEHHBIM
conepkanremM kpemuus (2,0-2,6%), CU18 — deppurno-nepautHeiii, CU21,
CY24, C425, CY30, CU35 — nepnuTHBIE YyTyHBI.

Yyrynsl Mapok CYU25 u Bbilie 00BIYHO MEpe pa3IuBKONH MOAUPUIUPYIOT
75%-upim  peppocunuuuem (FeSi). ITlocne storo B mepaute HabIrogaeTcs
HEOOJIbIIIOE KOJIMYECTBO M30JIMPOBAHHBIX IUIACTMHOK TIpaduTa CcpeaHei
BEJINYUHBI.

3. BbICOKONIPOYHBIH YYT'YH ¢ IAPOBUIAHBIM rpagurom

OTIMBKH U3 BBICOKONPOYHOI'O YyT'yHA HIMPOKO HCIIONIB3YIOT B Pa3JIMYHBIX
OTpacisiX MalIMHOCTPOEHUS ISl KOPIIYCHBIX JETaJIed, NIl KOJIEHYaThIX BaJOB
BMECTO CTaJbHBIX U T. 1.

[MapoBuaHbIA rpadUT MEHbIIE OCIAONISIET METANTMYECKYIO OCHOBY, YEM
IJIaCTUHYATHIN Tpadut. MeTaquinuecKkyl0 OCHOBY B BBICOKOIPOYHBIX UyTyHaX
MO>KHO TOJIy4aTh CO BCEMH M3BECTHBIMU CTPYKTYpaMHu.



Jis modydeHusl IMapoBHIHOTO TpaduTa YyryH MOAMPHUIMPYIOT, T. €.
o0pabatpIBarOT paciuiaB cepounuszupyromumu mMetamuiamu (Mg, Ca, Ce u np.)
U UX CMECSIMU C JPYTUMHU MeTajuiamMu. Yaie BCero MpUMEHSIOT MarHueBbIe
JUTaTyphl ¢ HUKETIEM WU (HeppOCUITUIIIEM.

OOBIYHBIN COCTaB YyTyHa MPH TONIIKMHAX OTJIMBOK 10 50 mm: 3,2-3,8% C;
1,9-2,9% Si; 0,2-0,7% Mn; no 0,1% P; mo 0,02% S. Jlns noayyeHus 3aIaHHbIX
CBOMCTB B OTJIMBKax ¢ Oojbiied TojmmuHON cTeHku (mo 100 MM um Goiee)
yMeHbIIaioT coaepxanue C u Si.

[To 'OCT 7293 - 85 BBICOKOIIPOUHBIN UyTyH Mapkupyerca OykBamu BY,
3aTeM CIeQyloT  UU(pbl,  yKa3blBalOIIME  MHUHUMAJIbHYIO  BEIUYHHY
BPEMEHHOIO CONpoTuBIeHHs B Kkrc/mMm?. BU35, BU40-(eppuTHble YyTyHBI C
OTHOCUTEJIBbHBIM yanuHeHueM He MeHee 22 u 15% coorBercrBeHHo. BU 45,
BY 50 — nepauTHO-(peppUTHBIE UyTYyHbl C OTHOCUTENIbHBIM YIJIMHEHHEM HE
menee 10 — 7%. BU60, BU70, BU80 — nepauTHbIE YyTYHBI C OTHOCHTEJIBHBIM
yasmHeHueM He Menee 2 - 3%. BU100 — OeliHUTHBIN 4yTyH.

Jns monyuyeHust yyryHa Bbicokux Mapok (BU60 - BU100) ucnonb3yrot
aerupoBanue HeOoibmMM kosmuecTBoM Ni u Cu (okono 0,5% xkaxaoro) u
YOPOYHSIOIIYI0 TEPMHUUYECKYI0 00paboTKy. TBEpIOCTh UyryHa COCTaBISET OT
140 - 170 HB gg BU35, no 270 - 360 HB mist BY 100.

4. KoBkuii 4yryH

OTnMBKM M3 KOBKOIO YyryHa IIOJIY4YarOT IIyTEM JUIMUTEIBHOTO
rpa@UTU3UPYIOIIETO0  OTXKHUIa  OTIMBOK M3 Oenoro  uyryHa. OnHu
XapaKTEPU3YIOTCS MOBBIIIEHHBIMH 3HAYEHUSIMU BPEMEHHOTO COMPOTUBIICHUS U
OTHOCUTEJIBHOTO  YJ/UIMHEHHS  BCJEICTBHE  OOpa3oBaHUS MpH  OTKHUIE
XJIONIbEBUIHOTO rpadura, Oojee KOMIAKTHOIO, YeM B CEPOM YYIyHE C
MJIACTUHYATHIM TpadUTOM.

MeTtaninyeckas OCHOBAa Y KOBKHX YyT'YHOB MOKET ObITh (DeppUTHOM WIIH,
pexe, TMEpIUTHOW B 3aBUCHUMOCTM OT XHUMHUYECKOIO COCTaBa W pPEXHUMaA
TepMudecKkoil 00paboTku. OTIMBKM M3 KOBKOI'O YyryHa MMEIOT OJHOPOJIHBIE
CBOMCTBA IO CEYEHUIO, B HUX IPAKTHYECKHM OTCYTCTBYIOT BHYTPEHHHE
HaIPSHKEHUS.

KOBKMII 4YyryH mpUMEHSETCS NPEUMYIIECTBEHHO U1 OTJIHMBOK C
TOJIIIMHON CTeHOK OT 3 10 50 MM, 4TO CBSI3aHO CO CTPEMJIEHHEM O0ECIEeUUuTh
0€3yCJIOBHOE TOJyUYEHUE CTPYKTYphl O€IOro 4yryHa IOpHU JIUThE IO BCEMY
CEUEHHUIO.

PexoMenayeMsblii coctaB KoBkoro uyryna: 2,4 - 2,9% C; 1,0 - 1,6% Si;
0,2 -1,0% Mn; o 0,10 - 0,18% P; no 0,06 - 0,20% S.

[To T'OCT 1215-79 xoBkuii uyryHn mapkupyercs OykBamu KUY, 3arem
cienyoT 1UQpPhl, YKa3bIBAIOIIME MHUHUMAJIBHBIE BEJIMYMHBI BPEMEHHOIO
CONPOTUBIEHHS B KI'C/MM? U OTHOCUTEIBHOTO YIMHERUS B %. Mapku KU30-6,
K433-8, KU35-10 u KY37-12 otHocsarca k ¢eppuTHOMYy Kiaccy. Mapku



nepauTHoro knacca ot KU45-7 no KU80-1,5 (5 mapok). B cpaBHeHUU ¢ KOBKUM
YYTYHOM BBICOKOMPOYHBINA YyryH OOJaJaeT JIy4IIUMHU JUTEHHBIMH U Oojee
BBICOKMMH MEXaHMUYECKHMHU CBOMCTBAMH, BO3MOXKHOCTHIO BO MHOTHX CIydasx
00XoauThcst 0e3 TepMuyecko 00pabOTKH, a TakkKe BO3MOXKHOCTBIO
NPUMEHEHHUs JUIsl eTanei JoObIX Macchl U pa3MepoB. [loaToMy OTIMBKU U3
KOBKOTO YyryHa B TIOCJIE€JHHE TOJAbl 3aMETHO BBITECHSIOTCS OTJIMBKAMH U3
BBICOKOIIPOYHOT'O YyTYyHA.

5. AHTUPUKUMOHHBIA YYT'YH

AHTU(PUKIMOHHBIE CBOMCTBA IJIs psiia YYTYHOB BECbMa BBICOKHE U B
HEKOTOPBIX YCIOBHSIX MOTYT OBITh Jyuine, 4yeM Yy OpoH3. Mapku
aHTU(GPUKIHOHHBIX yyryHOB npeaycmotpenbl 'OCT 1585 - 85 (10 mapok).

B kadecTBe aHTU(PUKIHMOHHBIX MOXET OBITH MCIIOJIb30BAaHA KAXKIAs U3
TpEX Ppa3sHOBUAHOCTEH UyTryHa: Cepblii C IJJACTUHYATBIM  rpaduToM,
BBICOKOMPOYHBIN C IIAPOBUIHBIM Ipa@UTOM M KOBKUHU. {1151 aHTU(DPUKLIMOHHBIX
yyryHOB ['OCT perimamMeHTupyeT He MEXaHMYECKHME CBOMCTBA, & XMUMHUYECKHAU
COCTaB MO JIETUPYIOMIMM 3JEMEHTaM U MHKPOCTPYKTYpPY, @ TaKXKe YCIOBUS
IPUMEHEHUS PA3IMYHBIX MApOK, T. €. IPEACIIbHBIE PEXKUMBI paOOTHI.

[Tpumepst Mapok anTudpukuuonHoro uyryna: AHC-1, AUYB-1, AUK-1.
VYKa3zaHHbIE MapKM 4YYTyHOB HMEIOT MEPIUTHYI METAIMYECKYH) OCHOBY,

HO pa3Hyto ¢opMmy rpadura.
BOIIPOCHI AJi1s1 CAMOIIOATI'OTOBKHA

OTBeThl Ha BONPOCHI NAKOTCA NUCBMEHHO M 3aHOCATCA B OTYET O
nabopaTopHOl paboTe B KayecTBE BBEJEHHUSA A0 MPOBEJEHHUSA J1abOpaTOpHOro
3aHATHUA.

1. Tlouemy Oenblii 4YyryH UWMEET OIPAaHUYEHHOE NPUMEHEHUE Kak
KOHCTPYKIMOHHBIN MaTepuan?

2. Kaxkas ponb KkpeMHHS TpH POPMHUPOBAHUHU CTPYKTYPHI CEPOTr0 UyryHa?

3. OT uero 3aBUCUT MHKPOCTPYKTypa METAJUNIMYECKOW OCHOBBI CEPOro
yyryHa?

4. Kakue cepble UyT'yHbI IpoYHee PeppUTHBIE WU MEPIUTHBIE U TOUYEMY?

5. XuMHUEeCKU COCTaB CEpOro M BHICOKOMPOYHOTO YYTyHOB IO YIJIEPOLy U
KPEMHHUIO MOXET ObIThb OJuMHAKOBbIM. [loueMy e y HHMX pa3Has ¢(opma
rpadura?

6. IlpuBeauTe Mapku caMbIX MPOYHBIX (PEPPUTHBIX U MEPIUTHBIX CEPhIX U
BBICOKONPOYHBIX 4yryHOB. CpaBHUTE UX.

7. Ilouemy muisi TOJCTOCTEHHBIX 4yTryHHbIX oTiuBok u3 CY um BY
YMEHBIIAIOT B KUAKOM uyryHe coaepxanue C u Si?

8. Ilouemy KOBKHI YyryH MpUMEHSETCA AJIA OTJIMBOK C TOJIIMHOW CTEHOK
He Oosiee 40 — 50 Mm?



9. Tloyuemy B KOBKOM YyT'yHE MEHBIIIE COJEPKAHUS YIIepo/ia, YeM B CEPOM U
BBICOKOIIPOYHBIX UyTyHax?
10. Kakas ¢popma rpaduta B uyrynax mapok AUC-1, AUB-1, AUK-1?

MATEPHUAJIBI U OBOPYJIOBAHUE

['oTOBBIE KOMIUIEKTHI MHKPONUIM(OB HUYyTYHOB, METaNIOMHUKPOCKOIIBI,
anpooM doTorpaduiit MUKPOCTPYKTYP.

IMOPAJOK BBIIIOJIHEHUSA PABOTbBI

1. PaccmoTpeTp B MHKPOCKOI MHUKPOUUIM(BI YYTyHOB, CpPaBHUTH C
(doTorpagusiMu MUKPOCTPYKTYP.

2. YCTaHOBUTH THII K&KIOTO YYTYyHA.

3. 3apucoBaTh MHUKPOCTPYKTYPHI BCEX OOpPa3IOB, OTMETHB CTPYKTYpHBIC
COCTaBJISIIOLIME, B TOM uHcie (GopMy rpapuTHBIX BKItOueHHd. Hamucatpb
MPUMEPHYIO MapKy Ka)kJI0ro 4yryHa.

BbBIBO/IbI

CdopmynrpoBaTh OJHO, JiBa 0O0OOIIAIOIIMX 3aKIIOUCHHS O HAYYHOM M
MPAKTHYECKOM PE3YJIbTaTe UCCIICIOBAHMS CTPYKTYP UyTYHOB.
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