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IMacnopT KoMIieKTa KOHTPOJ/IbHO-0L[€HOUHBIX CPe/iCTB

1.1. O6sacTh NpUMeHeHHsI KOHTPO/IbHO-0I[€HOYHbIX MaTePHAaIOB

Pe3ynbraToM OCBOEHMs] [JUCLUIUIMHBI  «MaTepuanoBejjeHue»  SIBJSI€TCS
dopmupoBaHMe  3HaHWM, yMeHWHA U HABBIKOB,  OOIIEKY/JbTypHBIX U
NpOo(ecCUOHATbHBIX KOMITeTeHLIUMN.

dopMoi1 NPOMEXXYTOYHOW aTTeCcTalyu 0 JUCLIUILIMHE SIBJISIeTCS — SK3aMeH.

1.2.TpeboBaHusi K pe3y/ibTaTaM 0CBOEHHUS YUeOHOU JUCIUILTNHBI.

B pe3ysibTaTe 0cBOeHUs yueOHOU JUCIUIIMHBI CTYI€HT J0/KeH

yMeTh:

- Y1 onpepenaTb CBOMCTBA U KIAaCCU(UIIMPOBATh KOHCTPYKLIMOHHbIE U
CbIPbEBbIE MaTepHyasibl, IPUMEeHsieMble B MPOX3BOJCTBE, 0 MapKHUPOBKE, BHEILIHEMY
BUZly, TIPOUCXOXKIEHWIO, CBOWCTBaM, COCTaBy, Ha3HAueHUID U  CIIOCO0Y
TIPUTOTOBJIEHUS;

- Y2 onipejiensaTh TBepOCTb MaTeprasos;

- Y3 onpefiensaTh peXXUMbl OT)KUTa, 3aKa/IKU U OTITyCKa CTa/lu;

- ¥4 nopbupaTtb KOHCTPYKI[MOHHbIe MaTepuasbl T0 WX Ha3HAaUeHWI0 W
YCJI0BUSIM 3KCILTyaTaluy;

- ¥5 mnopbupaTh Ccriocobbl W peXuMbl 00pabOTKM MeTa/ioB (JTUTheM,
JlaB/ieHeM, CBapKOM, pe3aHueM) /il U3rOTOBJIeHHUsI Pa3/IMUHbIX JleTaslel;

3HATh:

- 31 BUBI MEXaHUUECKOW, XUMHUUECKOH U TePMUUYECKO 00pabOTKH MeTaslioB
Y CI/IaBOB;

- 32 BU/IbI TIPOK/IAZIOUHBIX U YIVIOTHUTE/IbHBIX MaTepHasoB;

- 33 3aKOHOMepHOCTH TPOL[eCCOB KPUCTA//IM3aLMUA U CTPYKTYpooOpa3oBaHus
MeTaJlJIOB U CII/IaBOB, 3allJUThbl OT KOPPO3UH;

- 34 knaccudvKaruio, OCHOBHBIE BU/IbI, MaDKUPOBKY, 00/1aCTh TIPUMEHEHHS U
BUJBI 00pabOTKM KOHCTPYKI[MOHHBIX MaTepHa/lioB, OCHOBHBIE CBeieHUs 00 Hux
Ha3HaueHWU 1 CBONCTBAX, MPUHIIUIBI X BbIOOpA //1s1 MpUMeHeHUsl B TIPOM3BO/ICTBE;

- 35 mMeTo/ bl ©3MepeHUs MapaMeTPOB U OINpe/iesieHUs] CBOMCTB MaTepUasioB;

- 36 OCHOBHBIE CBeJleHUs] O KPUCTA/UIU3aLii U CTPYKTYpe PacIljiaBoB;

- 37 OCHOBHBbIE CBe/leHUsI O Ha3HAUeHHWU Y CBOMCTBAX MeTa/lJIOB U CIJIABOB, O
TeXHOJIOTMY UX TIPOU3BO/CTBA;

- 38 0CHOBHbIE CBOMCTBA MOJIMMEPOB U UX UCIIO/Ib30BAHUE;

- 39 0cO0eHHOCTH CTPOEHHUS METAJIJIOB M CIIJIaBOB;

- 310 cBoiicTBa CMa30uHbIX ¥ aOpa3UBHBIX MaTepHAJIOB,;

- 311 criocobsI rosiyueHsi KOMIIO3ULIMOHHBIX MaTepUasioB;

- 312 CymHOCTh TeXHOJIOTMUECKHUX IIPOLIeCCOB JIThs, CBapkKH, 00pabOTKu
MeTaJl/IOB /laB/IeHHeM U pe3aHueM;

B pe3ynbTaTe OCBOEHMS [JUCHUILIMHBI y oOydaroimxcsi  (hOPMHUPYHOTCS
0011IeKy/IbTypHBIE U MPOo(deCcCUOHaTbHbIE KOMIIETeHIUH:

OK 01 BribupaTh crioco0sI peliieHus 3a/1au NpodecCroHambHOU JleATeTbHOCTH
TIPUMEHUTEJIBHO K Pa3/IMYHBbIM KOHTEKCTaM.



OK 02 Ocy111ecTB/sATh TIOUCK, aHa/IU3 U UHTePIIpeTal1i0 UH(POpMaLI1H,
HeoOX0IMMOM Z1Jis1 BBITIOJTHEHUS 3a/jau TIPodeCCrOHaTBbHOMN /1eATeIbHOCTH.

IIK 2.2 BbINOMHATE OCHOBHbIe BHUABI paboT 10  0OC/TYKUBaHUIO
TpaHChOpPMAaTOpPOB U Tpeobpa3oBaTesieil 31eKTPUUeCKO IHePTUH.

IIK 2.3 BbINoHATL OCHOBHBIE BU/bI paboT 10 06CTy>KUBaHKIO 060Dy 10BaHUS
pacrpe/ieTMTeNbHbIX YCTPOUCTB 3JIEKTPOYCTAaHOBOK, CHUCTEM peJIeMHBbIX 3allUuT U
aBTOMAaTHU3VMPOBAaHHBIX CUCTEM.

IIK 2.4 BbINOMHATE OCHOBHBIE BUIbI pa0OT 10 00C/TY)KMBAHHIO BO3AYIITHBIX U
KabeTbHBIX JTMHUM 3/IeKTPOCHAOKEeHUS.

2.Mope/iM KOHTPO/IUPYeMbIX KOMNeTeHUN
Tabsura 2.1. Mogie/ KOHTPOIMPYeMbIX KOMIIeTeHLIMiA

KomnereHijuu, popMupyemMbie B TpeGoBaHus st
npouecce U3yyeHUus1 JUCHUIINHBI O0CBOEHMS JUCIUNIHHBI
OK 01 Beibupats crioco0bl perieHust 3HaThb:
3a/1au poeccroHaILHOM 31 BUABI MeXaHWYeCKOM, XUMUUeCKOW U TepMHUeCKOM
JesITeIbHOCTU IPUMEHUTE/TbHO K 00paboTKM MeTasl/IoB U CIJIaBOB,;
pa3UYHbIM KOHTEKCTaM. 32 BUAbpl TPOKIAJOUHBIX UM  YIJIOTHUTE/IbHBIX
MaTepua’sos;

33 3aKOHOMEpPHOCTH TIPOLIECCOB KPHUCTa/UTM3alid |
CTPYKTYpPOOOpa30BaHUsI META/UIOB U CIJIABOB, 3alJUThI
OT KOpPO3UH;

34 knaccuduKalUio, OCHOBHbIE BH/bl, MapKHPOBKY,
obmactb  TIpUMeHeHWss U BUABI  00pabOTKH
KOHCTPYKLIMOHHBIX MaTepuajoB, OCHOBHbIE CBeJeHUs
00 X Ha3HAUEHWM W CBOMCTBAX, MPUHLIUIILI UX BBIOOPA
J,/151 IPUMEHEeHUs] B IPOU3BO/ICTBE;

35 MeToAbl W3MepeHUus TMapaMeTpOB M OmpeeeHUs
CBOMCTB MaTepUasos;

36 OCHOBHBIE CBeJleHHs O KpUCTa/l/IM3aLMd U CTPYKType
pacruiaBoB;

37 OCHOBHBIE CBe/leHMSI O Ha3HAUeHHWH U CBOMCTBAxX
MeTa/I/IOB U CIJIaBOB, O TeXHOJIOTMU UX IPOU3BO/CTBA;
38 ocHOBHble  CBOWCTBAa MOAMMEPOB U MX
WCII0/Ib30BaHue;

39 0co6eHHOCTH CTPOEHUsT METAIJIOB U CIIABOB;

310 cBoiicTBa CMa30uHBIX U aOpa3MBHBIX MaTepHAJIOB;
311 CrI0co0bI 10/1y4YeHUs1 KOMIIO3ULIMOHHBIX
MaTrepuasos;

312 CyLWHOCTh TEXHOJIOTUUYECKUX TIPOLeCCOB JIUThS,
CBapKH, 00pabOTKKM MeTaslyIOB /IaB/IEHHEM M Pe3aHUEM;
Ywmets:

Y1 onpepenarts CcBoOWCTBA M  KiaccM(ULMPOBATh
KOHCTPYKLIMOHHBIE u CbIpbEBbIE Marepuarbl,
TpUMeHsieMble B IIPDOM3BOJCTBE, I10 MapKHUPOBKe,
BHEILIHEMY  BHJYy, TIPOUCXOXKIEHUIO, CBOMCTBaM,
COCTaBY, Ha3HAUEHUIO U CII0COOY MPUTOTOB/IEHUSI;

Y2 onpepgenaTts TBepAOCTb MaTepUasos;

Y3 omnpefensitb pe)KUMbl OT)KUra, 3aKaJKW M OTIyCKa
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cTasny;
Y4 nopbupaTh KOHCTPYKLMOHHBIE MaTepuasbl M0 WX
Ha3HaYeHWIO U YCIOBUSIM JKCIITyaTaluy;
Y5 mnogbupath Crocobbl U peXHMbl 00pabOTKU
MeTa/IZIOB (JIMTbeM, [aB/ieHWEM, CBapKOM, pe3aHueM)
J/1s1 U3rOTOBJIEHUS] Pa3/IMYHbIX [leTaslel;

OK 02 Ocy1jecTBigTh MOMCK, aHaInu3 U
VIHTepIipeTaLyio vH(popMaLuy,
HEoOXOIUMOMW [I/IsI BBITIOJTHEHUs 3a/1ayu
ripoeCcCMOHA/ILHOM JiesiTeTbHOCTHU.

3HaTh:

31 BU/bI MexXaHWYeCKOM, XUMUUeCKOW U TepMHUeCKOM
00paboTKM MeTaslyIoB U CI/IaBOB;

32 BUJbpl TPOKIAJOUHBIX UM  YIJIOTHUTE/IbHBIX
MaTepHa’sos;

33 3aKOHOMEPHOCTH TIPOLIECCOB KPUCTa/UIM3aluu |
CTPYKTYpPOOOpa30BaHUsI META/UIOB W CIIJIABOB, 3alJUTHI
OT KOpPpO3uy;

34 knaccuduKalMio, OCHOBHbIE BH/bl, MapKHPOBKY,
obmactTb  TIpUMeHeHWs U BUABI  00pabOTKH
KOHCTPYKLIMOHHBIX MaTepuasoB, OCHOBHbIE CBeJleHHs
00 MX Ha3HAUeHWM U CBOMCTBaX, MPUHIIUIILI UX BbIOOpPA
[J/151 IPUMEeHEeHUs B IPOU3BO/ICTBE;

35 MeTo/bl M3MepeHUsl MapaMeTpoOB U OMpeje/ieHust
CBOMCTB MaTepuasoB;

36 OCHOBHbIE CBeJIeHHs O KPUCTA/IJIM3al[d U CTPYKType
pacIuyiaBos;

37 OCHOBHBbIE CBeJileHMs O Ha3HaUeHHWU U CBOMCTBax
MeTaJlJIOB U CI/IaBOB, O TEXHOJIOTUU UX NIPOM3BO/CTBA;
38 oOcCHOBHbIe  CBOMCTBA  IOIMMEPOB W  UX
VICII0/Ib30BaHue;

39 0co6eHHOCTH CTPOEHUsT MeTaIJIOB U CI/IABOB;

310 cBoiicTBa CMa30uHBIX U aOpa3MUBHBIX MaTepHAJIOB;
311 CTI0COOBI MOJIyYeHUsI KOMITO3ULIMOHHBIX
MaTepHa’sos;

312 CyLHOCTh TEXHOJOTHYECKUX TIPOLIeCCOB JIUThS,

CBapKH, 00pabOTKKM MeTaslyIOB /IaB/IeHHEM U Pe3aHUEM;

Ymertn:

Y1 onpepenarts cBoWCTBA M  KiaccM(ULIMPOBATh
KOHCTPYKLIMOHHBIE u CbIpbEBbIE MaTepHaJisl,
npUMeHsieMble B TIPOM3BO/CTBe, TI0 MAapKHDOBKE,
BHEIIHEMY  BHU/y, IIPDOMCXOXKJEHHIO,  CBOMICTBaM,
COCTaBY, Ha3HaUeHUIO U CIIOCOOY MPUTOTOB/IEHUST;

Y2 onpepnensaTe TBepAOCTb MaTepPUaoB,;

Y3 omnpesensitTe pe>XWMbl OT)KUTa, 3aKalkud U OTIyCKa
cTany;

Y4 nopbupaTh KOHCTPYKLMOHHbIE MaTepHuasbl M0 UX
Ha3HAUeHUIO0 U yCJIOBUSIM 3KCITyaTaljuu;

Y5 nmopbupaTh Criocobbl U pexXuMbl 00pabOTKU
MeTa/JIOB (JIUTheM, J[aB/ieHHWeM, CBapKOW, pe3aHueM)
J/1s1 U3rOTOBJIEHUS] Pa3/IMYHbIX [leTaslel;

IIK 2.2. BBITIO/IHATL OCHOBHbBIE BU/bI
paboT 110 06C/TY>KUBAHUIO
TpaHc(hOpMaToOpOB U
nipeobpa3oBaresieii 3/1eKTpUYeCKOi
SHEepPrum.

3HaTh:

31 BUAbI MeXaHWYeCKOM, XUMUUeCKOW U TepMHUUeCKOu
00paboTKM MeTas/IoB U CIIJIaBOB,;

32 BUABI TIPOKIQJOYHBIX W YIUIOTHUTEJIbHBIX
MaTepHasioB;

4




34 knaccuduKalUio, OCHOBHbIE BH/bl, MapKHPOBKY,
obmactb  TIpUMeHeHWss U BUABI  00pabOTKH
KOHCTPYKLIMOHHBIX MaTepuasoB, OCHOBHbIE CBe/leHHUs
00 MX Ha3HAUeHWM U CBOMCTBAaX, MPUHIIUIILI UX BbIOOpPA
J/1s1 IPUMEeHEeHUs] B IPOU3BO/ICTBE;

35 MeTo/bl M3MepeHMsl MapaMeTpoOB U OMpeje/ieHust
CBOMCTB MaTepuasoB;

38 oOCHOBHbIe  CBOWMCTBA IOMMEPOB W  UX
VICII0/Ib30BaHue;

Ymertn:

Y1 onpegensiTb CBOWCTBAa W  K/IaCCU(PULIMPOBATh
KOHCTPYKLIMOHHbI® u CbIpbeBbIe MaTepua’bl,
NpUMeHsieMble B IIPDOM3BOJCTBE, II0 MapKHPOBKe,
BHEIIHEMY  BU/lY, IIPDOMCXOXKJEHHIO,  CBOMCTBaM,
COCTaBy, Ha3HAYEHUIO U CIIOCO0Y MPUTOTOBJIEHHS;

Y2 onpefienaTh TBepAOCTb MaTepHasoB;

Y3 omnpepensite pe)XWMbl OT)KUTa, 3aKalkud U OTIIyCKa
cTany;

Y4 mnopbupaTh KOHCTPYKLMOHHBIE MaTepuaibl M0 WX
Ha3HaYeHWIO U YCIOBUSIM 3KCIUTyaTaluy;

IIK 2.3. BbITIO/HATE OCHOBHbBIE BU/bI
paboT 1o 06C/Ty>KUBaHUIO
000py/10BaHusI pacIipe/ie/TUTeTbHBIX
YCTPOUCTB 3/1eKTPOYCTaHOBOK, CUCTEM
peJielHbIX 3alUT U
aBTOMAaTHU3UPOBaHHBIX CUCTEM.

3HaTh:

31 BUABI MeXaHWYeCKOM, XUMUUeCKOW U TepMHUeCcKOM
06paboTKM MeTaslIOB U CI/IaBOB;

32 BUAbpl TPOKIAJOUHBIX UM  YIJIOTHUTE/IbHBIX
MaTepHasoB;

34 knaccuduKalyoo, OCHOBHblE BH/bI, MapKHPOBKY,
obnmacte ~ TIpUMeHeHMssT M BUABI  00pabOTKH
KOHCTPYKLIMOHHBIX MaTepuasioB, OCHOBHbIE CBeJeHHs
00 MX Ha3HAUEHWM U CBOMCTBAaX, MPUHIIUIILI UX BBIOOpPA
JI71s1 IPUMEeHeHUsI B IPOU3BO/ICTBE;

35 MeToAbl U3MepeHUsl IapaMeTpOB M OIpefe/ieHUs
CBOMCTB MaTepH1asoB;

38 ocHOBHbIe  CBOWCTBAa MOAMMEPOB U MX
WCI0/Ib30BaHUE;

Ymertn:

Y1 onpeaenarts cBoWcTBA M  KiaccuULIMPOBATh
KOHCTPYKLIMOHHBIE v CbIpbeBble Marepuarbl,
NpUMeHsieMble B IIPOM3BOJCTBE, II0 MapKHPOBKe,
BHEIIHEMY  BHJY, IIPDOMCXOXJEHHIO, CBOMCTBaM,
COCTaBy, Ha3HAYeHUIO 1 CII0CO0y MPUTOTOB/IEHMS;

Y2 onpepenaTs TBEPAOCTb MaTepUasos;

Y3 onpenenats peXuMbl OT)KWra, 3aKalkKh M OTITyCKa
cTany,;

Y4 mnonbupaTh KOHCTPYKI[MOHHBIE MaTepHasbl M0 WX
Ha3HAYeHUIO U YCJIOBUSIM 3KCIUTyaTalyu;

I1IK 2.4. BbITIO/HATL OCHOBHbBIE BU/bI
paboT 1o 06CTY>KMBaHHUIO BO3ZYIITHBIX
Y Kabe/IbHbIX JIMHUH
3/1eKTPOCHa0KeHMs.

3HaThb:

31 BUJBI MeXaHUUYECKOM, XMMHUeCKOM M TepMHYeCKOH
00paboTKM MeTaslyioB U CI/IaBOB;

32 BUABI TIPOKIQJOYHBIX W YIUIOTHUTE/bHBIX
MaTepHasoB;

34 xiaccuduKalyoo, OCHOBHblE BH/bI, MapKHPOBKY,
obmacte  TIpUMeHeHWss W BUABI  00pabOTKH
KOHCTPYKLIMOHHBIX MaTephasioB, OCHOBHbIE CBe/leHHsI
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00 ¥X Ha3HaueHWW U CBOMCTBAX, MPUHLIMIIBI X BbIOOpa
JJ1s1 IPUMeHeHUs! B [IPOU3BO/ICTBE;

35 meTojbl U3MepeHUs I[apaMeTpoB U OlpefesIeHUs
CBOMCTB MaTepHasos;

38 ocHOBHble  CBOMCTBA MOIMMEPOB U MX
VICII0/Ib30BaHue;

Ymets:

Y1 ormpeaensTh CBOWCTBAa M  KiaacCUUILMPOBaATh
KOHCTPYKLIMOHHbIE U CbIpbeBble Marepuarbl,
TpUMeHsieMble B TIPOU3BOJCTBE, I10 MapKHPOBKe,
BHEIIHEMY  BHJY, IIPDOMCXOXJEHHIO, CBOMCTBaM,
COCTaBY, Ha3HaUEHUIO U CIIOCOOY TIPUTOTOBJIEHUST;

Y2 onpepgenaTts TBEPAOCTb MaTepUasos;

Y3 omnpenensite pe)KUMbl OT)KUra, 3aKajJKU M OTIyCKa
CTay;

Y4 noabupaTh KOHCTPYKLMOHHBIE MaTepuasbl M0 WX
Ha3HAYeHUIO U YCJIOBUSM 3KCIUTyaTalyu;




2.2.KoHTpPOJIb ¥ OLleHKa 0CBOEHHUs YUe0HOH JUCIUIUIMHBI 110 pa3jesnaM (TeMam)

O/1eMeHT yueO0HO! AU CIUTITHHBI

TeKyiiasi aTrecTanusi
(TeKyuiuii KOHTPOJ/Ib YCIIeBaeMOCTH)

HaumeHoBaHue
OLIeHOYHOr0 Cpe/iCTBa

Pe3ynbTaThl 0CBOEHMA
(3HaHMsA, yMeHMUs],
KOMIIeTEeHI[UH)

Pa3pgen 1.

TexHosIoTUSI MeTa/l/IOB

Tema 1.1.

OCHOBBI MeTasI0BeieHUS

HC; I13

OK1, OK2, I1K2.2, TIK2.3,
[1K2.4

Y1,¥2, Y3, ¥4, Y5;

31, 33, 34, 35, 36, 37, 38,
39, 310, 311, 312;

Tema 1.2.

OcHOBBI T€OpHHU CI1J/IaBOB

HC

OK1, OK2, IIK2.2, TIK2.3,
I1K2.4
Y1,¥2,¥3,Y4,Y5;

31, 33, 34, 35, 36, 37, 38,
39, 310, 311, 312;

Tema 1.3.

}Kene3oyrnepo,qHCTble, JIETMPOBAHHLIE U LIBETHLIE CI1/IaBbI

HC; II3

OK1, OK2, ITK2.2, TIK2.3,
I1K2.4
Y1,Y2,Y3,Y4,Y5;

31, 33, 34, 35, 36, 37, 38,
39, 310, 311, 312;

Tema 1.4.

Crioco6b1 06paboTKK MeTasIoB

HC

OK1, OK2, I1K2.2, TIK2.3,
I1K2.4
Y1,¥2,¥3,Y4,Y5;

31, 33, 34, 35, 36, 37, 38,
39, 310, 311, 312;

Pazpen 2.

CmasouHble MaTepuasbl

Tema 2.1.

Cma3souHble MaTrepuasibl

HC

OK1, OK2, 11K2.2, TIK2.3,
[1K2.4

Y1,¥2, Y3, Y4, Y5;

31, 33, 34, 35, 36, 37, 38,
39, 310, 311, 312;




Tekymias aTrecTanusi
(TeKyliuii KOHTPOJ/Ib YCIIeBaeMOCTH)
Pe3ynbTaThbl 0CBOCHHSA
(3HaHUA, yMeHHUH,
KOMIIeTeHI[UM)

O/IeMeHT yueO0HO! AU CIUTTHHBI
HavmenoBaHue

OLI€EHOYHOI'0 CpeACTBa

Pa3pgen 3. IToiMMepHbIe ¥ KOMITO3ULIMOHHBIE MaTePHAJIbI

Tema 3.1. [TonvMepHbIe U KOMITO3ULIMOHHBIE MaTepHasIbl HC; T13 OK1, OK2, T1IK2.2, T1K2.3,
I1K2.4

Y1,Y2,V¥3, Y4, Y5;

31, 33, 34, 35, 36, 37, 38,
39, 310, 311, 312;

Pas3pen 4. | DneKTpoTeXHUUECKUe U 3/IeKTPOU3O0JIALMOHHbIe MaTepHraslbl

Tema 4.1. | Dy1leKTpOTeXHUYECKUE U 3JIeKTPOU30JISALIMOHHbIe MaTepUaslbl HC; I13 OK1, OK2, TTIK2.2, TIK2.3,
I1IK2.4

Y1,Y2,V¥3, ¥4, Y5;

31, 33, 34, 35, 36, 37, 38,
39, 310, 311, 312;

Pa3pen 5. IIpok/ailouHbie U YIIJIOTHUTE/IbHbIE MaTepraibl

Tema 5.1. [IpokaiouHble ¥ YIJIOTHUTE/IbHBIE MaTepraibl HC OK1, OK2, TTIK2.2, T1K2.3,
I1K2.4

Y1,Y2, VY3, ¥4, Y5;

31, 33, 34, 35, 36, 37, 38,
39, 310, 311, 312;

TIpoMe)XyTOoUHAsA aTTeCTAIUA M0 y4eOHOH JUCIUIUTHHE: J

Ipunsamblie cokpawjeHus, 3 — 3auem, /[3 — ouggepeHyupogaHHbili 3auem, HC — HaAkonumes/bHas cucmema oyeHusaHusi, 3 — 3k3ameH, P3 — peweHue
3a0au, TP — HanucaHue u 3awjuma meopueckux pabom(ycmHo uau ¢ npumeHeHuem UH(OPMAYUOHHbIX MexHosno2ull) JI3 — umoau 6bino/HeHus U
3awjuma nabopamopHbix pabom, I13 — umoeu 6binosHeHUs: U 3awjuma npakmuyeckux pabom, ITP — npogepouHasi paboma, BCP — ebinonHeHue
8HeayOumopHoO camocmosimenbHoll pabombl (OomawHue pabombi u Opyeue 8uobl pabom uau 3adaHutli), P3 — peweHnue 3adau, 3AY — ycmHble uau
nucbmeHHblll 3auem, KIIP — ebinosHeHue U 3awjuma Kypcogo2o npoekma. /lis pe3yabmamos 0Cc80eHUs yKa3bleaom moabKo KOObl 3HAHULl, yMeHUull U
KomMnemeHyuti



2.3. OnieHKa 0CBOeHHSA Y4eOHOM M CIMILTHHBI

2.3.1 Tekymasa arrecranus

Tekyijass arrecTanss 10 ydeOHOW AuCHUTIIMHEe «MaTepuanoBejeHHe»
TPOBO/IUTCS B (popMe KOHTPOJIbHBIX MepPOMNPUSTHI (KOHMPO/bHbILU onpoc, 3aujuma
npakmuyueckux pabom u np.), olleHUBaHUe (PaKTHUECKHX pPe3y/IbTaToB 00yueHHs
CTY/IEHTOB OCYIIeCTB/ISIeTCS TIperno/iaBaTesieM.

O6beKkTaMu OlleHHMBaHHs BLICTYTIAIOT:

- yuebHasi JuUCHUIUIMHA (aKTUBHOCTh HA  3aHATHUSIX,
CBOEBPEMEHHOCTh BBITIOJIHEHUSI Pa3/IMUHbIX BUAOB 3aJlaHUM, MOCEIIaeMOCTh BCEX
BU/IOB 3aHATUM MO aTTeCTyeMOU AUCLIUTIINHE);

- CTeIeHb YCBOEHUS TeOpPeTUUeCKUX 3HAHUM;

- YPOBEHb OBJIaJIeHUs1 TPAaKTUYECKUMU YMEHUSIMU U
HaBBIKaMM T10 BCEM BHIaM yueOHOM paboThI;

- pe3yJibTaThbl CAMOCTOSITe/IbHOM PabOoThI.

AKTUBHOCTh CTYJIeHTa Ha 3aHATUSIX OLIEHWBAeTCSd Ha OCHOBE BBITTOJIHEHHBIX
CTyZIeHTOM paboT M 3a/laHul, TIpeflyCMOTPEHHBIX AaHHOW pabouell MporpamMmoi
yueOHOU JUCIUTITHHBL.

2.3.2 TIpomexxyTouHas arTrecTranusa

[TpoMe)xxyTouHast aTTecTays 1o yuyeOHOM AUCLUTIIMHE «MaTepuanoBejeHHe»
MPOBOJUTCSA B (pOpMe 3K3aMeHa.

K mnpomexxyTouHOW aTTecTaliuu Mo yyeOHOW AUCLIMITIMHE [OMYyCKalTCs BCe
CTY[IeHTBbL.

[Tpu siBKe Ha UTOTOBYIO aTTeCTaLMIO CTyJeHTaM HeoOX0AMMO UMeTh 3aUeTHYIO
KHWXKKY.

[Io pe3ynbTaTaM BCeX BHJOB OLIEHOUHOW [eATEeIbHOCTU  CTY[EeHTYy
BLICTABJISIETCSI WUTOTOBasi OTMeTKa 1o yuebHou aucuurmHe. Illkasma OLIeHOK:
«OT/IMYHO», «XOpOolio», «yA0B/JI€TBOPHUTE/ILHO», «HEYAOB/I€TBOPHUTE/IbHO».

CTyJeHTbl, He TPOLIe/IIe MPOMEXYTOUHYI0 aTTecTaldi0 B yCTaHOBJEHHOE
BpeMsi 10 YBa)KUTEJbHOW TMpUUMHE, TIOATBEPXKIAEHHOM  [NOKYMEHTaTbHO
COOTBETCTBYIOIIUM [IOKYMEHTOM, CAl0T €€ WHAWBH/yalbHO, B YCTAHOBJIEHHbIE
CPOKH .

Kpurepuu onjeHMBaHUA TeKyllled aTTecTalu (KOHTPO/JIBHOI0 OMpoCa)
Ha 3aHATUAX «MaTepuaioBejeHue»

OneHKa «OT/IMYHO» CTaBUTCSI, €CIIH:

- CTyZieHT 0OHapy KHBaeT YCBOeHHe Bcero 00beMa MporpaMMHOTO MaTepHara;

- Bbl/Ie/IsieT TJlaBHbIe TI0/I0)KEHUsI B M3yUeHHOM MaTepuajie U He 3aTPYAHSIeTCs
TIpU OTBeTaxX Ha BU/IOU3MeHeHHbIe BOPOCHI;

- He IOMyCKaeT OLIMOO0K B BOCIIPOM3BeJeHNH M3yUeHHOTO MaTepyalia.

OneHKa «XOpoLIo» CTABUTCS, eCJIN:

- CTYZIeHT 3HaeT BeChb U3yUeHHbI! MaTepuar;

- oTBeuaeT 6e3 0cOOBIX 3aTpy/JHEHUI Ha BOTIPOCKI TIPETio/laBaTeJis;

- B YCTHBIX OTBeTaX He JOMyCKAaeT CepPbe3HBbIX OIMIMOOK, JIeTKO yCTpaHseT
OT/ie/IbHble HETOUHOCTH C TMOMOILIBIO JOTO/THUTE/TbHBIX BOIIPOCOB TIpero/iaBaTeyis.

OueHKa «y/J0B/IeTBOPUTE/IbHO» CTaBUTCS, €CIIU:


http://ekzamenu.net/student.html

- CTyJleHT oOHapy’>KvBaeT yCBOeHHe OCHOBHOTO MaTepuasa, HO HCIBIThIBAeT
3aTpyJHeHWe TIPU ero  CaMOCTOSITeIbHOM  BOCIIpOU3BeZieHMM U TpebyeT
JIOTIOJTHUTE/TbHBIX ¥ YTOYHSIIOLLMX BOIIPOCOB MperoiaBaTeris,

- TpeAroYyhTaeT OTBeuaTb Ha BOMPOCHI, BOCIIPOM3BOJSIIErO XapakTrepa U
WCTILITBIBAET 3aTPy/JHEHe MPY OTBeTax Ha BU/JOM3MeHeHHbIe BOTIPOCHI,

OneHKa «Hey/|0B/IeTBOPUTE/IbHO» CTaBUTCS, €C/U

- y CTyZleHTa UMeIOTCsl OT/e/ibHbIe TIpe/icTaBIeHusi 00 M3yueHHOM MaTepuarie,
HO BCe ke Oosibliiasi YaCcTh MaTepHrasia He yCBOeHa.

2.3.3 IIpakTHuecKue 3aHATUA
Kpurtepumu orjeHKH
«3aueT» CTaBUTCS B C/ydyae, €C/Id BCe TeOpeTUYECKHe BOMPOCHI Y TpaKTUUeCKHe
3a/1aHU PACKPbITbl U pelleHbl MOJHOCTBI. [Ipy BBITIOTHEHUM TIPAKTUUYeCKOro
3aflaHusl CTy/leHT 00001/ paHee YCBOeHHble 3HaHUS W CJiesiall CBOU BbIBOZABI. K
3a/jauaM TIPUBe/IeHbI ITOSICHEHUSI, TIOCTPOeHbI TpaduKu (Tje 3T0 TpedyeT yCIoBUe)

«He3aueT» CTaBUTCA B TOM CJlyyae, eC/id TeOPETUUECKHE BOIIPOCHI HE PaCKPHITHL.
3amauu pemieHsl Ha 50%.

2.3.4 IIpomexyTouHas arTrecTanusa

KpuTepum onjeHKHu

«OTJIMYHO» - CTABUTCS MPU NPAaBUJILHOM OTBETE Ha TPU BOMPOCA U3 Pa3HbIX
pasziesioB;

«XOpOWIO» - CTAaBUTCSA MPU MNPaBAIBHOM OTBETe Ha TPU BOMpOCA, /BAa M3
KOTOPBIX M3 OIHOTO pa3zena;

«YAOBJ/IETBOPUTE/IbHO» - CTABUTCS MPU NPaBUJILHOM OTBETE Ha /IBa BOIIPOCa;

«Hey/0BJIeTBOPHUTE/IbHO»- TP OTCYTCTBUU OTBETa Ha BOIIPOCHI.

2.3.4 IIpoMexxyTouHasi aTTecTanus B (popMe 3K3aMeHa

Kpurepum orjeHkKu

«OTJIMYHO» - CTaBUTCA MPU NPABUWIBHOM OTBETe Ha TPU BOMPOCA W3 PasHbIX
pas/ienos;

«XOpOILLO» - CTaBUTCS MPU TIPAaBUILHOM OTBeTe Ha TPU BOIpPOCa, [Ba U3
KOTOPBIX M3 OZIHOT'O pa3zea;

«YAOBJIETBOPUTE/IBHO» - CTABUTCS MPU MPaBUJILHOM OTBETE Ha /IBa BOIIPOCa;

«Hey/J0BJIETBOPHUTE/IbHO» - TP OTCYTCTBUY OTBETAa Ha BOMPOCHI.
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3. 3aganus A/iA TeKylied aTrecTaluy (KOHTPOJIbHBIN OTPOC).
Pa3pen 1. TexHo/10rus MeTa/1/10B
Tema 1.1. OcHOBBI MeTa/1/I0BeIeHUS
Bomnpocsl A/151 yCTHBIX (MMCbMEHHbIX) OMPOCOB:
1. laTh onpefiesieHUe MeTasllbl: UX K/IaCCU(PUKALUSI.
2. [atb ornipefieneHue (pusryeckue CBOKMCTBA MeTa/IJIOB (TepeurC/IniTh)
3. [laTb oripefiesieHre 371eKTpUUYeCKHe CBOKMCTBA MeTaslyioB (IepeurC/nuTh)
4. laTb onpefie/ieHUe MeXaHUUeCKUe CBOMCTBA METa/JIOB (MIepPeurCIUTh)
5. [laTh oripefiesieHHe TeXHOJIOTUUECKUe CBOKMCTBA META/L/IOB (Mepeuymnc/IiTh)
6. Jatb oripefiesieHe XMMHAYeCKHe CBOMCTBA MEeTasuIOB (TepeurC/IiThb)

Tema 1.2. OcCHOBBI TeOpHHU CILIAaBOB

Bomnpocs! A/151 yCTHBIX (IMCbMEHHBIX) OMPOCOB:

1. [lepeuncuTh W3BECTHBIE BaM BU/Ibl KPUCTA/I/TMUECKUX PEIIETOK (JaTh
onucaHue).

2. 1aTb onpejejieHre aHU30TPOITUS

3. 1aTb omnpejesieHre a/yIOTPONUS

4. OT yero 3aBUCUT BeJIMUUHA 36PEH KPUCTa/lia TPy KPUCTA/I/TA3aLAU?
5. JlaTk onpejesieHre KpUCTaiM3aLus

6. JlaTb omnpejeneHre MeTa/JIMUeCKUM CII/IaB

7. KOMITIOHeHTHI CIijiaBa

8. Knaccu@ukanys crijiaBoB B TBEPAOM COCTOSTHUM

Tema 1.3 JKenezoyriepogucrolie, ierupoOBaHHbIe U LIBeTHbIE CIJIABbI
Bomnpocsl A/151 yCTHBIX (MMCbMEHHBIX) OMPOCOB :

JaTb XapakTepUCTUKY YI/1€POAUCTBIM CTaJISIM.

JaTb XapakKTepUCTUKY JIeTMPOBAaHHBIM CTaJIsIM.

JaTb XapakTepuCTUKY KOHCTPYKLIMOHHBIM CTasisiM. [IprBecTy npumep Mapok.
JaTb XapakKTepuCTUKY UHCTPYMeHTa/IbHbIM CTasisiM. [IpuBeCcTH ripyuMep Mapok.
IlaTb XapaKTepuCTUKY 1[BETHOMY MeTa/l/ly — a/IlOMUAHUM.

CriiaBel amtOMUHMSA. MapKUpOBKa U IpUMeHeHue.

[daTh XapakTepyuCTUKYy LIBETHOMY MeTa/l/ly — Me[lb.

CniiaBel Mei. MapKUpPOBKa U IIPUMEHEeHMe.

[aTh XapakTepruCTUKY LIBETHOMY MeTaJl/ly — TUTaH.

CriaBel TUTaHa. MapKHUpOBKa U IPUMEHEHHe.

[aTb XapakTepuCTUKY LIBETHOMY MeTa/l/ly — HUKeJIb.

CruiaBbl HUKesi1. MapKUpOBKa U IIPUMeHeHHe.

N rWNE RN =

Tema 1.4 Crioco0b1 00padOTKH MeTa/I/IOB

Bonpockl /151 yCTHBIX (MHMCbMEHHBIX) OMPOCOB :

1. [aTh omnpesiesieHe: CBapKa MaTepyasioB; BU/IbI CBApPOK.

2. Uro Takoe ra3oBasi cBapka? Kakuie HHCTpyMeHTbI 1 MaTepHasibl IPUMEHSIFOTCS
NPy Ta30BOM CBapke?

3. Urto Takoe ToueHue? Kakve HUHCTPYMEHThI ITPUMEHSIOTCS [IPYU TOUEHUN ?
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4. Yrto Takoe ctporanue? Kakue MHCTPYMeHTbI IPUMEHSIOTCS TP CTPOTaHUU?
5. Uro Takoe ¢pe3epoBaHue? Kakue UHCTPyMEHThI PUMEHSIFOTCS TIPU
(hpe3epoBaHUM?

6. Uto Takoe cBepsieHHe? Kakue MHCTPYMEHThbI IPUMEHSFOTCS IPY CBEPJIEHUN?
7. Uto Takoe nummdoBaHue? Kakrue MHCTPyMEHTbI TIPUMEHSIFOTCS [IPU

LU OBaHUM?

8. /laTh XapaKTepUCTUKY JIMTEMHOMY MPOU3BO/JCTBY. «+» U «-», 3Tallbl NTOJTy4YeHUs]
OTJIUBKH, UTO TaKoe JuTeliHas ¢popma?

9. YeM oT/MUaeTCs JIMTHE B TIECUAHO - TJIMHSIHBIE (DOPMBI U TUThE B 000/I0UKOBBIE
dhopmbI?

10. 1aTb XapaKTepUCTUKY LIEHTPOOEKHOMY JIMTHIO U JTUThIO B KOKWUJTb.

11. JaTh XapaKTepUCTUKy 00pabOTKe AaBIEHUEM, «+» U «-».

12. latb XxapakTepuCTUKy 00paboTKe MeTa/lJIOB MMpeCcCOBaHUEM U KOBKOM.

13. UeM oT/iMuyaeTcs IIpoKaTKa OT BOJIOUEHUs?

14. O6paboTka MeTaIoB pe3aHueM. ToueHUe.

15. O6paboTtka MeTasioB pe3aHreM. O6paboTKa OTBEPCTHUH.

16. O6paboTka MeTas/uI0B pe3aHreM. Ppe3epoBaHHe.

17. Kakve HUHCTpyMeHTa/ibHble MaTepuasibl IPUMEHSIFOTCS [1J1s1 JIe3BUHMHbBIX
MHCTPYMEHTOB.

Pa3pgen 2. Cma3ouHble MaTepHasibl

Tema 2.1. CMa30uHble MaTepHaJbl
Bomnpocs! /151 yCTHBIX (MMCbMEHHBIX) OMPOCOB:
1. Ha3HaueHHe CMa30YHBIX MaTepUasoB.
2. JKujgkue, myiaCTUUHbIE U TBEpP/Ible CMa30UHble MaTepUasbl, UX BUJbI.
3. CBoWCTBa ¥ IpUMEHEeHUe CMa30UHbIX MaTepPHasI0B Ha XKeJe3HOJ0POKHOM
TPaHCIOPTe.
4. Knaccudukalys CMa30uHbIX MaTepuasioB B 3aBUCMMOCTH OT arperatHoro
COCTOSIHUS.
YTO OTHOCUTCS K UHAYCTPUA/IbHBIM U Crel[haTbHbIM Mac/iam?
OxapakTepr30BaTh IJIACTUYHbIE CMAa3KHU.
7. TBépAble cMa304Hble MaTepUasbl - 1aThb XapaKTePUCTHUKY.

o U

Pa3pen 3. ITosiuMepHbIe 1 KOMIIO3ULMOHHbIE MaTepHaJIbl

Tema 3.1. IlosimMepHBbIe U KOMIIO3ULIUOHHBIE MaTepHaslbl

Bomnpocsl A/151 yCTHBIX (MMCbMEHHBIX) OMPOCOB :

Uro Takoe rutactmacchl. Ha3oBUTe OCHOBHBIE KOMITOHEHTHI I171aCTMaccC.
[Tepeunc/MTL OCHOBHBIE CBOMCTBA IJ1TaCTMACC.

KakoBa ponb HanoJiHUTeneu B ryiacTMaccax?

OCHOBHBIE METO/IbI MOJTyYeHUsT U3ZeUM U3 TJIaCTMacc?

OcHoBHbIe 06/1aCTH IPYMeHeHUs1 T1IacTMacc?

CreknoriacTuku. KakoBa poJjib KOMIIOHEHTOB B 3TOM MaTepuase?
[TnacTMaccoBbie TPYObI: UX TI0JIOKUTETbHbIE KauecTBa U HeJJOCTaTKU.

Nk W
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8. TekcTonuT - XapakTepucTUKa 1 IpUMeHeHue

9. AcOOTeKCTONNT - XapaKTepUCTHKA 1 TIPUMeHeH1e
10.I'eTHaKC - XapakTepUCTHKA U [IPUMeHeHre
11.ITeHomacT - XapakTepUCTHUKa U IPUMeHeHue
12.T1eHomOMMypeTaH - XapakTepUCTHKA U [IPUMeHeHHe
13.T1eHONIOMMCTUPOJIBI - XapaKTePUCTHUKU U TIPUMEHeHue
14.AGpa3vBHbIe MaTepUasbl U U3/eus

15.A6pa3uBHbIe eCcTeCTBeHHbIe MaTepHaslbl
16.A6pa3uBHbIE UCKYCCTBEHHBIE MaTepUaJIbI
17.A0pa3uBHBIN UHCTPYMEHT

Pa3pen 4. J1eKTpoTeXHUUYeCKHe U Y/1eKTPOU30/IALMOHHbIEe MaTepUasibl
Tema 4.1. Jj1IeKTpoTeXHUYeCKHEe U 3/IeKTPOU30/IALMOHHbIe MaTepHUasibl
Bomnpocsl A/151 yCTHBIX (MMCbMEHHbIX) OMPOCOB:

8. Uro Takoe 371eKTpOTeXHUYECKUe MaTepuasbl?

9. Knaccudukanus 3/1eKTpOTEXHUUECKUX MaTeprasioB [0 Ha3HaUeHHHO.
10. [laTe ompejesieHre KOHCTPYKLIMOHHBIE 3/IeKTPOTeXHUYeCKrue MaTepuaslbl.
11. [datb oripefesieHre aKTHUBHbBIE 3JIEKTPOTEXHAUECKUEe MaTepUuaslbl.

12. [atb oripefesieHre 3/1eKTPOpaZrioMaTepUaslbl.

13. /laTb onpejesieHre U30JIILMOHHBIE 3JIEKTPOTEXHUUEeCKHe MaTepUaslbl.
14. YTO OTHOCUTCH K IMPOBOJAHUKAM I1epBOr0 poza.

15. YTO OTHOCUTCH K IMPOBOJHUKAM BTOPOr0 poja.

16. [Jatb omnpezeneHvie CBepXIPOBOJAHUKUA. UTO K HUM OTHOCUTCA?

17. [atb oripejeieHre KPUOTPOBOAHUKU. UTO K HUM OTHOCUTCSA?

18. UTO OTHOCUTCA K HeMeTa/l/IMYeCKUM NPOBOJAHUKaM? [laTh KPaTKy!o
XapaKTepUCTUKY U 00/1aCTb TIPUMEeHeHUsI.

19. UTto oTHOCUTCS K KOMOMHMPOBaHHBIM MPOBOAHUKaM? [IprBecTy mpuMep
KOMITO3ULIMU U 00/71aCTh PUMEHEeHUS.

20. [laTh omnpejiesieHHe - U30JIALIMOHHbIE MaTepUasbl (AU3EKTPUKH).

21. [atb ornipezeneHue - yZeabHOe CONPOTUBJIEHHEe U30JISLUHN.

22. [laTb oripefiesieHUe - AUBJIEKTPUYEeCKHe MOTepu.

23. [atb oripefiesieHue — 3/1eKTpAUecKasi IPOYHOCTb.

24. UTO npUMeHseTCd B KaueCTBe XKUAKUX AUIeKTPUKOB. [laTb XapaKTepUCTUKY
MUHepaIbHbIM Mac/laM.

25. Yto rpumeHsieTCsl B KaueCTBe Ta3000pa3HbIX AW3/IeKTPUKOB. UTO Takoe
TBEp/ible OpraHryecKue JU3/1eKTPUKHU.

26. YeM 0T/IMYAIOTCH CUHTETUYECKUE XXUAKOCTH OT MUHepaslbHbIX Macen?
27. JlaTb XapaKTepPUCTUKY 3/1eKTPOU30JIALIMOHHBIM JIaKaM.

28. [laTh XapaKTepPUCTUKY BOCKOOOpa3HbIM AN3IeKTPUKAM.

29. Yrto Takoe KoMnayHabl? K KakOoMy BUAY AU3/I€KTPUKOB OHU OTHOCATCS?
30. Uto Takoe MUKaHUTLI? K KaKkOMy BUAY AU3/I€KTPUKOB OHU OTHOCATCS?
31. UYro Takoe acbect? K KakoMy BUly AU3IEKTPUKOB OH OTHOCSITCS?

32. [laTb oripeziesieHue — roJiylpoOBOAHUKOBbIE MaTepUaslbl.
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33. Knaccudukaiiys moayrnpoBOAHUKOBBIX MaTepPUAIOB 10 KPUCTA/NTAYECKON
CTPYKTYype.

34. Knaccudukanys noayrnpoBOJAHUKOBBIX MaTepPUA/IOB 110 XUMUUECKOW TPUPOJE.
35. Knaccudukanys noayrnpoBOJAHUKOBBIX MaTepPUaIOB 110 MEXaHU3MY U3MeHEeHHs
3JIEKTPOIPOBOJHOCTH (YZE€IbHOI0 COMPOTHUBIIEHNUS).

36. [laTb KpaTKyrO XapaKTepUCTUKY FepMaHuIo.

37. [daTb KpaTKyH XapakKTepUCTUKY KPEMHUIO U CeJIeHy.

38. Kakue snemMeHTbI BXOJSAT B COCTAaB MAarHUTHBIX CITIJIABOB?

39. [athb oripeiesieHre — MarHUTHbIE MaTepUaslbl.

40. YTO OTHOCUTCA K MarHUTHO-TBEPABIM MaTepuasiam?

41. YTO OTHOCUTCH K MAarHUTHO-MATKUM MaTepuaiam?

Pa3pen 5. IIpok/1ajouHble ¥ YIUIOTHUTE/IbHbIE MaTepUasbl

Tema 5.1. IIpok1agouHble ¥ yIUIOTHUTE/IbHbIE MaTepHa/IbI

Bonpocs! /151 yCTHBIX (MMCbMEHHBIX) OIPOCOB:

1. TIlpoknazouHble MaTepuasbl: Ha3HaueHWe, BU/bl, CBOMCTBA Y NPUMEHEHUEe Ha
JKeJIe3HOL0PO’KHOM TPaHCIIOpTe.

2.  YIJIOTHUTeJ/IbHbIE MaTepuasbl: Ha3HaueHue, BU/Ibl, CBOMCTBA U MPYMeHeHUe Ha
JKeJIe3HOLOPO’KHOM TPaHCIIopTe

3.2. 3ajaHMA HA IpaKTHYeCKHe 3aHATUS
Pa3pen 1. TexHosrorus MeTa/ii0B
Tema 1.1. OcHoOBBI MeTa/l/IOBeieHUA
IIpakTnueckoe 3ansaTve Nel
Tema: OnipejesieHue TBEPAOCTH MeTa/I/IOB
Henp padorni: O3HAKOMUTHCS C MeTO/aMH OIfpefie/ieHUs] TBEPAOCTH MeTaJl/ioB.
OrnipefieUTh BeJIMUMHY TBEPJOCTH MSTKUX M TBEPJbIX MaTepUas OB MPU MOMOLIU
TBEPJIOMEPOB Pa3/IMUHbIX CUCTEM.
TeopeTryeckas yacTb
TBepOCTb SABISIETCS OAHOM M3 MeXaHWYEeCKUX XapaKTepuCTWuK MeTaioB. [lof
TBEPAOCTHIO MOHHUMaeTCs CTI0COOHOCTB MeTaJlJIOB CONPOTUBJISITHCS
TPOHUKHOBEHHWIO B Hero Jpyroro Oojiee TBep/Oro Teia. TBepAOCTb MeTa/lIOB -
COMPOTHBJIEHUE Tesa AedopMaliiy B MOBEPXHOCTHOM CJiOe TIPU MEeCTHOM CUJIOBOM
KOHTaKTHOM BO3/€MCTBUU.
OmpesiesieHre TBEPOCTH TTPOU3BOAUTCS OBICTPO U He TpeOyeT C/I0KHBIX 00pasIioB.
Kpome Toro, orieHKa TBepAOCTH TI0O3BOJIIET B HEKOTOPBIX C/TyuyasX y3HaTb O APYTUX
MeXaHWUeCKUX CBOMCTBAX MarepyajyioB (HarpuMep, O Tipefese MPOYHOCTH).
[TosTOMY UCTIBITAHUS HA TBEPJOCTD LIMPOKO MPUMEHSIOT B MPaKTHKe.
[TpyMeHSIIOTCS Cie/IyOIHe CIIOCO0BI M3MepeHUs TBepOCTH:
1. Meton bpuness.
2. Metop PokBenna.
3. Metog Bukkepca.
Kak rpaBuio, B yuebHOI 1abopaTOpUM UCITO/B3YIOT MeTo 1 bpuHess.
TBepocTh cTa/id MO MeTo[ly bpuHennss onpefensitoT MyTeM B/aB/MBaHUS B
TpeIBapUTE/IbHO  OTIIIMGOBAHHYIO TIOBEPXHOCTb  UCIBITHIBAEMOro  obpasiia
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CTa/IbHOTO 3aKaJleHHOTO IIapvKa TOJ OmpeAeseHHOW Harpy3kou. I[lo muametpy
MOJy4YeHHOTO Ha o0paslie oTrevyaTka CyZAST O TBepAOCTH CTaid. BemnuuHa
oTrieyaTka TeM MeHbllle, UeM TBepyKe MeTaJll.

17151 ucTibITaHWs TBEPAOCTU CTaIu 110 MeToAy bpuHesis NpUMeHsII0T CTaljiOHapHble
npuOOpPBI TUAPaBAMUeCKOro Tuma. Haubosbliiee pacripocTpaHeHue MoJTyumsI pubop
TII ¢ HaKOHEYHMKOM, 3aKaHUMBAIOLLMMCS CTaJbHbIM 3aKaJeHHbIM LIAPUKOM
JvameTpoM 5110 Mm.

TBepaocTs 1o bpunenato HB BeiuncisieTcst mo gpopmyiie:

HB—P
" F

['ne:
P - Harpy3ka Ha wmapuk, H (k['c)
F - Be/IMUMHA [TOBEPXHOCTH OTIevyarka (Mm?)

lﬁ

/

PucyHnox 1

BennuuHa ITOBEPXHOCTH OTII€UYATKA MOXXET OBITh BbIPpa’>KeHa:

F=2(p- |p2+d. > ,
2 \ P ); MM”

['me:
D - quameTp mapuka (Mm)
d - uaMeTp oTrevaTka (MM) - CpeJiHsIsl BeJTMUMHa.

Kakpgasi Harpyska (cuna) TpurojgHa JiMIIb [Jii  OMpeJe/ieHHOro /uaria3oHa
TBEPAOCTH, TI03TOMY /i CTa/IM U YyryHa Harpy3ka Ha wwapuk P= 3000kr, g1a meau
ee CIUIaBOB, HUKEJIS a/IFOMHHUS, MarHus U ux criaBoB P=1000 kr, g 6a66uToB -
P=250 xr.

Haubomnee pacripocTpaHeHHBIMHM YCJIOBUSIMH TIPH WCTIBITAHUW TBEPAOCTH UepPHBIX
MeTaJslJIoB SIBJISAIOTCS - Harpy3ka P=3000 kr, D=10mwm.

Mesxay urciioM TBepzocTy 1o bpunesiro HB v nipesesiom mpoyHOCTHA MeTa/IoB Ha
pacTspKeHUe CyIecTByeT COOTHOLIIeHe:

Q.= KHB

['ne:

(2.~ Tpeies1 MPOYHOCTU MeTaslJIOB IPU PacTsKeHU!

K=0,36 — kosdduipeHT g5 cTamu

K=0,1 - ko3pduLveHT A/ UyryHa.
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[To meTony PokBesia ucribiTaHre Ha TBEPAOCTb IMPOU3BOAUTCS yTeM B/aB/IMBaHUSA
B oOpa3sel] CTaJbHOrO MIapvka AuamerpoM D=1,58 MM wim anmasHOro KoHyca C
yryiom 120.

CrabHOU 1IapUK MPUMEHSIeTCS JI1 UCHBbITaHUS MATKAX MeTaslioB (TBEpAOCTh I10
bpunennto mensie 220 kI'c/.Mm ) npu Harpy3ke 981 (H). AnmasHbIi KOHYC - /ISt
WCTIBITaHUST TBEpPBIX MeTa/uloB mpu Harpy3ke 1471 (H). Lludepbnar uHAMKaTopa
vMeeT JIBe 1IKa/bl: KpaCcHyto -B - 17151 UCMbITaHUM CTabHBIM LIaDUKOM Y UYEPHYIO -
C - /151 UCTIBITaHUM a/IMa3HBIM KOHYCOM.

Yucso TBepaocty 1o Pokeenny o6o3Hauaetcss HR ¢ mobaBneHnem vHeKcCa IIKasbl,
Haripumep HRB wm HRC. [l wucneiTaHusi OuyeHb TBEPAbIX MaTeprasioB
MPUMEHSIOT a/Ma3Hbli KOHyC mipu Harpy3ke 588 (H), oTcueTbl wuCIbITaHUS
TTPOM3BOJMAT 110 YepHOU IITKasle, a UMC/I0 TBepAoCTh 0603HauaroT HRA.

VcnibiTaHust IPOM3BOASAT Ha Tipubope Pokseria.

Metoz, Bukkepca M03BO/sieT U3MepsATb TBepLOCTb KakK MATKUX, TaK U OYeHb
TBep/bIX MeTa/ulOB U CIUIaBOB; OH IPUTrO/leH /I OllpejesieHust TBePAOCTU TOHKUX
TIOBEPXHOCTHBIX CJI0eB (HAarpuMep Mpu XMMHUKO- TepMUUecKoil 06paboTke).

I[To sToMy MeToZly B 0Opa3el] BaB/IMBaeTCs UeThipeXrpaHHast aiMa3Hasi MMpaMu/a C
yrJioM TIpH BepiuvHe 136 . Harpy3ka MoxkeT npumeHsTeest oT 49 no 1170 (H) 3amep
oTreyarka o JuaroHaav MPOU3BOAUTCS C MOMOLBI0 MUKPOCKOIA, HaXOAAIerocs
ripu nipubope.

Yucso TBepgocTH 0603HavaroT HV.

IlpakTHUYeckas 4yacThb.

Heobxoaumoe obopyzoBaHue:

1. TBepzmomep tuna TIII;

2. cTanbHOM 3aKa/IeHHBIN IIIapHUK BHIOPaHHOTO pa3Mepa;
3. nymna;

4.00pa3iibl U3 YyryHa.

Pe3ybTaThl UCIIbITAHWHN 3aHECTU B TaOMUITY.

HaumenoBa | [luametp | Harpy3 | [Iuametp [Inowans | HB Q,
HUe lmapuka, | Ka, oTIeyaTka, MM oTIeuaTka, | Kr/m*> | Kr/m?
Marepuasa | D mm P xr d; d, dep F Mmm

CpenaTthb BBIBO/IBI TTO paborTe.

IIpakTnueckoe 3aHsaTre Ne2

Tema: UcnibiTaHMe MeTa/I/IOB HAa PacTsiKeHue

Henb: O3HaKOMUTBCA C METOJAMHM HWCIBITAHUM W MeXaHWYeCKUMHU CBOMCTBAMM
MeTa/uioB. OrpesenuTh BeJIMUMHY Mpejiesia IIPOYHOCTU, OTHOCUTEeJ/IbHOe YIMHeHne
Y OTHOCHUTEJTbHOE Cy>KeHre 00pa31[oB U3 UyTyHa.

TeopeTrueckas yacThb:
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MexaHUuecKre MCIIbITaHHsI MMEIOT Ba)kHelilllee 3HaueHHEe B TPOMBIIIJIEHHOCTH.
Metas MallliH MeXaHW3MOB M COOPY’KEHHM pabOTaloT TM0f, Harpy3Kamu
pa3/IMuHOTrO BU/A: OJHU JeTajlu Harpy>KeHbl MOCTOSIHHO [eWCTBYIOLIENM B OZHOM
HaTlpaB/IeHUH CHUJION, ApyTUe TOZBEpP)KeHbI yJapaM, V TPeTbUX CH/bl Oosiee WM
MeHee 4aCTO U3MEHSIIOTCS 110 CBOeM BeJIMUMHe W HarpaBieHuto. HekoTopeie geTanu
MallliH TIO/IBEPralOTCs Harpy3kam TIpM  TOBBIIIEHHBIX WIA TTOHWKEHHbBIX
TeMIiepaTypax, TIpy JeHCTBUM KOPpPO3uu U T.7A. T.e AeTasu pabOTarOT B CI0KHBIX
YCIOBUSIX.

B cooTBeTcTBUM C 3TUM pa3paboTaHbl pa3/IMUHbIE METO/IbI UCTILITAHUM, C TIOMOII[LIO
KOTOPBIX OIpeZie/isitoT MeXxaHuueCcKre CBOMCTBA MeTaslIoB.

Haunbosee paciipocTpaHeHHBIMU SIBJISTFOTCSI MCTIBITAHUS Ha TBEP/OCTh, CTaTUUECKUe
Y JYHaMUYeCcKre UCTIbITaHUSI.

CraThueCcKMMU Ha3bIBalOT TaKWe WCIIBITaHUS], MPHU KOTOPBIX WCIIBITYeMblld MeTasl
MO/IBEPraloT BO3[EMCTBUIO TTOCTOSIHHOM CWIbl WIM CHWJIbI, BO3pacTarollled OYeHb
Me/I/IEHHO.

IiHaMUUeCKMMM Ha3bIBalOT WCMBITAHUS,, TPA KOTOPBIX MCOBITYEMbIA MeTasll
TI0/IBEPTal0T BO3/IeHCTBHUIO y/1apa WK CHIbI, BO3pacTaroileil oueHb ObICTPO.

B pe3y/sibTaTe UCibITaHUM ONIPeie/IIIOT MeXaHUueCcKre CBOKMCTBa MeTaJlioB.
[TpOYHOCTH - CIIOCOOHOCTL MaTepHasia COMPOTUBJISATLCS Pa3pyIIeHUIO U MOSBIEHUIO
OCTaTOUHBIX AedopMal[yii 1o/, AeCTBUEeM BHEIIIHUX CHJI.

[11acTUYHOCTL - CBOWCTBO MeTavia JedopMHpOBaThCcs 6e3 pas3pylleHus: TI0f
JIeiCTBMEéM BHEIIIHUX CWI M COXpPaHSTh HOBYHO (opMy Tioc/je TMpeKpaileHus
JIEUCTBUS CHUJL.

[N CTaTUYeCKUX MCHBITAHUM  HW3TOTOBJ/IAIOT  OOBIYHO  KPYIJIbIe  0Opasifbl
HCTIBITYeMOro MeTasiyia (pUcC. 1a) WK IJI0OCKue - ZJisl TMCTOBBIX MeTasiioB (puc. 16)

. Zo 7,

—— 7/7 2 l
99— %
-%_/L% < < \‘J
' . >!

PucyHok 1

O6pa3ibl  cocTosiT 13 paboueil YacTW U TOJIOBOK, TIpe/Ha3HAUeHHBIX [Jis
3aKperjieHUs MX B 3aXBaTaX pa3pbIBHOW MallUHBI.

PacuetHast ayivHa Lo GepeTcst HeCKO/ILKO MeHbIle paboueit qiuHbl Ly

Pa3mepbl 00pa3lioB CTaHapTHU3MpOBaHbl. [IriaMeTp paboueii yacTH HOpPMaJIbHOTO
Kpyrinoro obpasua 20mMMm. OOpasiupl  Jpyrux JAvaMeTpoB  Ha3bIBAKOTCS
TIPOTTOPIIMOHA/IbHBIMU. PacueTHyto ayivHy Lo pekoMmeHayeTcsi 6path paBHoM 10 cm
(amuHHBIE 00pa3ifpl) UM 5 cM (KOpOoTKHe o0pasiibl). Bce pa3pbiBHbIE MalllMHbI
MMEIOT /IBa OCHOBHBIX MeXaHH3Ma: Harpy>Karoluil U CUIOM3MepUTe/bHbIN. Kpome
TOr0, OOMBIIMHCTBO COBPEMEHHbIX MalllMH CHabKeHO AuarpamMHbIM YCTPONCTBOM,
aBTOMaTHMYeCKH 3alyChIBAOIIMM AuarpaMMy pacTsbkeHUs. PacTsaruBaroiliee ycuive
CO3/laeT HaIpsbKeHHe B MCIBITYyeMOM obpasiie M BbI3bIBAeT €ro yAJIMHeHHe, KOorJa
HarpsbkeHHe TIPeB30ii/ieT MPOYHOCTh 0Opasiia - OH Pa30pPBeTCs.

(Hauepmumb duazpammy Ha 0ocke)
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[uarpaMma pacTspKeHUs T[OCTpOeHa B CUCTeMe TIPSIMOYTO/IbHBIX KoopzuHar. [lo
OCH OpAvHAT OT/IoKeHO ycunue P (krc), mo ocu abciucc — gedopmaiys
(abcosroTHOE yTMHEHMe 0Opa3iia). DTa AUarpaMMa IoyJdaeTcs Mpy IMOCTerleHHOM
YBEJIMUEHUH PaCTATUBAIOIIEr0 YCUIUS BIJIOThH 0 pa3pbiBa MCIBITYeMOTo oOpasiia.
Ha puarpammMe MOKHO OTMETUTb HECKOJIBKO XapaKTepHbIX TOouek. YuacTtok OA
SIBJIIETCSI OTPE3KOM TIPSIMOM W TIOKa3bIBaeT, UTO [0 TOUKH A yJjuHeHHe oOpasiia
TIPOTIOPIIMOHA/ILHO ycunuio (Harpy3ke). [Ipu pmanbHeliiiieM Harpy>keHuu obpasiia
Hab/ir0/laeTcsi  OTKJIOHEHWe OT 3akKOHa IMpPOMOPLIMOHAJbHOCTU: Ha JAuarpaMme
TIOSIB/ISIeTCsI KPUBOJIMHEMHbIN yuacTok. [Jo Touku B medopmariu obpasiia yripyrue.
Toukor C Ha AuarpaMme OTMEUEHO Haydaa0 FOPU30HTAIbHOM IUIOLAZKWA, KOTOpas
MoKa3bIBaeT, uTo obpaser] yuHseTcs 6e3 yBequdeHUss Harpy3kKu, MeTa/ll Kak Obl
TedeT. Touka D Toka3bIBaeT HauOOJIBIITYIO HAarpy3Ky, KOTOPYIO MOXXeT BbiZiepKaTh
obpazer;. Touka K roKa3biBaeT pa3pbiB obpasiia. [lpemen TekyuecTH Q;
orpefiesisieTcsi o hopmyJie

['ne: P.. Harpy3ka B Touke C;

Fﬂ- IJI01a b IorepeyHoro ceueHrs 40 UCIIbITAHKSA.

YcnoBHoe HarpsbkeHue, OTBeuarolee Haubosbliei Harpyske,
Tipe/IIIecTBYIOLel pa3pyllieHnto obpasija, Ha3bIBaeTCsl TPeJesioM MPOUHOCTU TIPU
pacTsDKeHUH.

[Tpesen MPOYHOCTU MPU PACTSPKEHUU OTpeiesisieTcst 1o opMysie

['ne: Py Harpyska B Touke D

[l7i OlLIeHKM TI/IaCTUYHOCTHA MeTa/ijla HeoOXOJUMO 3HaTh OTHOCHUTE/bHOEe
yI/IMHeHue § 1 OTHOCUTebHOe Cy)KeHHe TIIOoLaIu rorepeyHoro ceuenuss W B %
OTHOCUTe/bHOe yJTMHeHre oripe/esiseTcs 1o Gopmyiie:

8 = %me%

I'me: Ls-aymHa obpasiia /10 pacTsyKeHHsT;
Lo-1ymmHa obpasija Tocjie pacTsHKeHuUs;
OTHOCHUTebHOE Cy>KeHue omnpeieseTcs 1o GopmyJie:

F-F,
£ x100%
0

P =
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F,Z[EI Fﬂ -Ivioagb IoIrepevyHoro ceuyeHd 40 UCTIBITaHUA;

Fy -TJIoLaZib B MeCTe pa3phiBa;

IIpakTHyeckas 4acTb

1. OmpezenuTh reoMeTprUYecKre pa3Mepbl 0bpasiia o pPacTsHKeHUs:
2. IToMecTUTb UCTIBITYeMbIN 00pasel] B 3a)KUMbI MallIMHBI.

3. YCTaHOBUTH Harpysky.

4. BK/IIOUUTH MaIIVHY U TIPOBECTU UCTIbITaHUe 00pasiia.

5. OmpeznenuTts reoMeTpruuecKrie pa3Mepbl 0Opasiia rocie UCTILITAHKS:
6. Bbrunciute no popmynam: g, §, ¥

3aro/HUTH TabJIuLLy.

matep | Pasmepsl 10 Pa3smepsl nocsie
uan HCIBITaHUS P UCTIBITaHUST | €25, 5 % |,

2 )
Lo, - F, F; KIr/™M Y%

2
, MM? ’ Ll,MM , MM

KT (
Harp
y3Ka

TOUK
e D)

Crenatb BbIBOJ, 110 pabore

Tema 1.3. JKejie3oyr/iepoucrole, ieripoBaHHbIe U [|BeTHbIE CII/IaBbI
ITpakTHuyeckoe 3ausaTe Ne 3

WccnenoBanrie MUKPOCTPYKTYPBI YTJIEPOAUCTBIX CTa/Ield U UyTYHOB.

Henp  3amaTruii: HayuuThcsi  Mpocsie)XvBaTb  UM3MeHEHWE  CTPYKTYPBI
JKeJIe30yr/IepoJUCThIX CIuvlaBoB 10 Auarpamme Fe-C mpu  ox/jaX[eHun U
onpeesaTb KOHeUHYI0 CTPYKTYpYy CILIaBa.

1. ITpocnesutsb a/IZIOTPOIUYeCcKue TIpeBpallieHus rpu OXJIaXKeHUU

JKeJ1e30yrJy1epoJucToro CrijiaBa C cogepykanueM yriepoga C=1,2%.

1.1 Omnpepenuts U 3aprUCOBaTh KOHEUHYIO CTPYKTYPY.

1.2 Kpartko oxapakTepr30BaTb MEXaHUUECKHE CBOUCTBA JAHHOIO CIjlaBa B
TBEPOM COCTOSIHUM.

2. [Ipocneuts  a/yIOTpONUUYeCKHWe  [peBpalljeHUuss IIpU  OXJIaXKAeHUU

JKesie30yrJiepoJUCTOro cruiaBa C cogepykanuem yriepoga C=0,45%.

2.1 OnpeznenuTsb U 3aprCOBaTh KOHEUHYIO CTPYKTYPY.

2.2 Kparko oxapakTepr30BaTb MeXaHWYeCKHe CBOMCTBA JJaHHOIO CIyiaBa B
TBEPOM COCTOSHUM.
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Crenatb BbIBOJ, 10 pabore.

Tema 1.3. JKesie3oyr/iepoucroie, ierupoBaHHbIe U [IBeTHbIE CIVIABbI
IIpakTnueckoe 3ansaTue Ned

Knaccudukaiys 1 MapKMpoBKa CTajieun

Henb 3aHaTHA: O3HAKOMUTBCS C BUJAMH, COCTaBOM, CBOMCTBAMH M Ha3HaueHHWeM
ctaneii. Hayuntbcst paciimdpoBbIBaTE MapKU CTaslei.

Oo01He cBeieHUA

Knaccudukanus cranei

1. ITo xuMHUeCKoOMy COCTaBy

1.1  Yrnepoaucrbie CTa/M - UMEHOT CJIOXKHBIA XUMHUUYeCKUl coctaB. Kpome
xesne3a Fe (97-99%) u

yrjepogaC OHM COJep)KaT TIpUMecH HUKessi, XpoMa, KpeMHUsl, MapraHiia, Cephl,
tdocdopa u ap.

371eMeHTOB. [10 cojiep)KaHuIo yraepo/ia OHU T0/ipa3/le/IsitoTCs Ha:

a) Huskoyrnepoaucteie C< 0,25%
6) Cpegneyraepogucteie 0,25< C< 0,6%
B) Bricokoyrnepoaucteie C >0,6%

C yBenuueHWeM yryepo/ia Bo3pacTaeT TBEPJOCTb, YMEHbILIAETCS TJIaCTUYHOCTh U
BSI3KOCTb. 3aTPy/AHSIETCS] CBapUBAaeMOCTh CTaJIu.

1.2 JlerupoBaHHbIe CTa/Id — CTa/Id, B KOTOpPbIe BBOJST JIETUPYIOII[He 3/IeMeHThI
(OT rpeuecKoro «Jjiera»- CJI0’KHOe).

JlerupyOIMMH Ha3bIBalOT 3/IEMEHTHI, CIel[daibHO BBOJUMBIE B CTa/b IS
M3MeHEeHUsT
eé CTPYKTYpbI U CBOWCTB.
K HyM oTHOCATCS:
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Meab(Cu); Anomunuii(Al); Kpemuuint (Si); Twuran(Ti); Banaguii(V);
Xpom(Cr); Boasdppam(W); Mombaen(Mo); Hukens(Ni); Mapranen(Mn);
Kob6anbT(Co) u ap

JlerupoBaHveM TIOBBIIIAIOT KOPPO3WOHHYK CTOMKOCTb CTajield, MPOYHOCT,
TBEP/I0CTb, U3HOCOCTOMKOCTh U JIp. MeXaHUuUeCcKHe CBOMCTRa.

I[To copeprkaHuIo JIErMPYIOLIUX 3/IEMEHTOB JIETUPOBAHHbIE CTa/IA KJIaCCUPULIUPYIOT:
a) Hu3konerupoBaHHble (cogepkaT 0 2,5 % erupyroimx 371ieMeHTOB).

6) CpenHenervpoBaHHbIe (cofepkat oT 2,5 % m0 10% erupyrommx 371eMeHTOB)

B) BricokonervpoBaHHbie (cozepkat 6onee 10% 1ervpyroiyx 3/1eMeHTOB)

JlervupoBaHHbIe CTajud MapKUPYIOT C 00O3HaueHWeM Ka)KJOW MapKu OyKBOW H
YKMCJIOM.

ITPUMEP
40X D

[Be L@pbI BriepeJiy YKa3bIBalOT MPOLIEHTHOE CO/iep>KaHue yTriiepojia B CTalu

B coThIX fomsx (0,4%-C)

OpHa uudpa Briepeid yKas3biBaeT TPOLIEHTHOe COZiepkKaHWe yryiepoja B CTanu B
JIeCSATBIX JOJISIX.

Ecnu Bnepey 1judp HET, TO 3TO 3HAUMT, UTO CTa/lb COAEPKUT 0Koso 1% yriepopa.
BykBbl 0003HaUaIOT JIETUPYIOLIHE 3/IEMEHThBI, BXOZSIIIIE B COCTAaB CTaIN:

X-xpom(Cr) M-mommboaen(Mo)
®d-panaguu(V) B-Boabppam(W)
I'-mapraner(Mn) FO-anmomunuii(Al)
C-kpemHu(Si) T-tutan(Ti)
H-nukenn(Ni) A-meab(Cu)

K-ko06anbT(Co)

Ludpsl, crosimme 3a OykBaMH, yKa3bIBalOT Ha Cpe/iHee CoOj/lep)KaHHe AAHHOTO
JIETUPYIOLIET0 3jieMeHTa B MPOLeHTax.

Ecmi 3a OykBoul Ifudpa OTCYTCTBYeT, 3TO 3HAUMWT, UTO JAHHOTO 3jeMeHTa
COZePKUTCS B CTaM J10 U 0KOJ10 1%.

Ec/y B KOHIle MapKy CTOUT OyKBa A, TO 3TO 3HAUWT, UTO JaHHAs CTaJlb SIBJISIETCS
BBICOKOKAaUeCTBEHHOU, MMeEIOIel MOHWXeHHOoe cojepxkaHue cepbi(S) u docdopa

(P).

ITPUMEP

12X2H4A

BricokokauyecTBeHHas CpejHe/IerHpOBaHHAasA XPOMOHMKe/1eBasl CTa/lb
0,12%- C

2%- Cr

4%- Ni
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ITPUMEP

XB5

CpejHe/ierupoBaHHas CTajib
Oxkos10 1%- C

o 1%- Cr

5%- W

2. ITo Ha3HaAUeHUIO

2.1 KoHCTPYKIIHOHHBIE CTA/IM- MOTYT ObITh YI/IEPOAUCTBIMU U JIETUPOBAHHBIMHU.
Copepkar obbiuHO He 6Oosiee 0,5-0,6% yrnepoga. M3 HUX OTIMBAIOT KpYIHbIE
CJIUTKU, TIPUMEHSIIOT J/Is1 U3rOTOBJIeHUs OasioK, IIBe//IepOB, YTOJIKOB U Ip.

B 3aBUCMMOCTHM OT Ha3HAUEHUSI U CBOMCTB UX pa3fesisiioT Ha Tpu rpymnsl- A,b u B.
CrasissMm rpynrsl A rapaHTUPYIOTCSI MeXaHAUYeCKue CBOMCTBa.

Crasisam rpynrsl b rapaHTUpyeTCs XUMUYeCKUM COCTaB.

Cranam rpynmnel B-  rapaHTUPYRHOTCS MeXaHUUeCKHe CBOMCTBA W XMMUUECKUU
COCTaB.

KOHCTpyKI[MOHHbIE CTa/d MapKUpyrT 6ykBamu CT (cTanb) u tudpamu 1,2,3,4,5,6-
B [IOpsIIKe YBeJIMUeHUs COZlepyKaHus yriepoja.

Ecmu cTasib OTHOCUTCSA K TpyTIire A, TO OHa MapKUPYeTC:

Ct5

Ecmu cranu oTHocaTcsas K rpymmne b uw B, TO mnepes Mapkow CTaBUTCS
COOTBETCTBYIOII[asi OyKBa:

BCT5; BCT15

B 3aBHCHMOCTH OT COJep)XaHHS KHC/I0PO/Ja KOHCTPYKIIMOHHYIO CTa/lb
pasjensior:

Kunsimjasi- no kauectBy CriokoviHasi- eé Henb3si [losmycrokoriHas- I10
3aHUMaeT nocnesHee o0OpabaThIBaTh KauecTBY 3aHHUMaeT
T10JI0KeHue. Xyxe paeneHueM. I1o KaueCcTBy TPOMeKYTOUHOE

CBapvBaeTCsl, COCOOHAa K 3aHMMaeT TIepBOe MeCTO TIoJioyKeHue (TIC).
CTapeHHUIo, JleléBas (Ki). (c).

ITPUMEP

BCt3I'ic

B- rpynna rapaHTUpyeT XUMHUYeCKHH COCTaB U MeXaHUUYeCKue CBOMCTBA.
CT- yr/jiepoaucrasi KOHCTPYKI[HOHHAsA 00bIKHOBEHHOI'0 KauecTBa.

3- NOpAAKOBBLIM HOMeP.

I'- noBbILIeHHOE CO/lep)KaHHe MapraHia.

TC- MOJ/IyCTIOKOWHAA.

2.2 NHcTpyMeHTa/IbHbIe CTA/IU- CTa/id W3 KOTOPBIX M3TOTOB/ISKOT PeXYLue,
MepUTeJIbHbIe U YAapHO-IITaMIIOBble UHCTPYMEHTHI.
YrnepoaucTbele MHCTPYMeHTa/IbHbIe CTa/ly BbIITYCKAKTCS ABYX TPYIIIL:
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a) KauectBeHHble- Mapok: Y7; ¥8; ¥9; ¥10; ¥11; ¥12; Y13.

BYKBa YB MdpKe YKd3bIBd€T Had TO, UTO CTdJ/Ib YIVIEDOAUCTAA MHCTPDYMEHTAJ/IbHASA,
UMCJIO XdpaKTepU3yeT CpeaHee CoAdep>KaHue yrjiepod B JeCAThIX O0JIAX ITPOLEHTA.

6) BoicokokauecTBeHHbIe- MapoK: Y7A; Y8A; Y9A; Y10A; Y11A; Y12A; Y13A.
bykBa A yka3biBaeT Ha TO, UTO CTa/lb UMeeT MOHWKEHHOe co/iep)kaHue cepbi(S) u

docdopa (P).

2.3 VickloueHHWe COCTaB/ISIIOT HEKOTOpble TPYIMIbI  CTajed, 00o3Hauaemble

JoronHuTenbHO OykBamu. Hampumep, OykBa 3-3;ekTpoTexHuueckue, I1I-
IIIapUKOTIO/IIITMITHUKOBBIE, E- MaruuTHelie, P- 6picTpopexxymue (I1I1X6; EX3 u T.7).
M3 WHCTpyMeHTa/NbHBIX JIETUPYIOIUX CTajieli Haubosibiliee TIpUMeHeHue ist
W3rOTOBJIEHUSI PEXYIIIMX HHCTPYMEHTOB TIO/TyUH/I OBICTPOPEXKYIIHE CTalIH.
BeicTpopexyiue cTaM- B UX cocTaB Bxogdr: yriepozn(0,7-1,5%), Boabdpam(6-
18%), Banaauii (10 1,4%), xpom(4%).

WHCTpyMeHT W3 OBICTPOpEXKYIeH CTanM JOMyCKaeT BBICOKHE CKOPOCTH pe3aHus
MeTaJlJIOB TIPU TOYEHUH, ()pe3epOBAHUU, CBEPJIEHUU.

MapKkupoBKa ObICTPOPEXXYILMX cTasei ocobasi.

ITPUMEP
P18

P- ObICTpOpeXyIas cTaab
18- 18% Boabgpama (W)

3. ITo kauecTBYy

KauecTBO cTasieli 3aBUCUT OT COZepKaHUs BpeHbIX npumecel cepbi(S) u docdopa
(P).

3.1 Ctanu 00BIKHOBEHHOT0 KauecTBa coziepkat 10 0,06% S u 0,07% P

(ITpumep mapku- Ct5)

3.2 KauecTBeHHbIe cTa/mm cogepxkar 10 0,035% S u 0,035% P

(ITpumep mapku- 25; 0,25% C)

3.3 BbicoKOKauecTBeHHbIe cojiepKaT He Oosee 0,025% S u 0,025% P

(ITpumep mapku- Y12A)

3.4 OcoboBBICOKOKauecTBeHHbIE cozep>kaT He 6osee 0,015% S u 0,025% P
(TTlpumep mapku- A25; B AaHHOM ciaydyae OykBa A TIOKa3biBaeT, UTO CTallb-
aBTOMaTHasi).

[TpakTUueckas 4yacTb
PacummgpoBaTe MapKu cTanei:

BAPHAHT 1 BAPUAHT 2 BAPHAHT 3

23



30CHd; 40X17; 8H2,; 14X17H2; 15X25T; Ct6; H8/I; 12XT;

12X2H4; Y10; 35I'C; 81K; Crt5; 60C2XDA; 20XI'2C;

30XI'CA; Y13A; 30XI'T; | M10HKO; 15XH2; Y11; 11IX4; 141°2;

25XHT; 25I'2C; P18K5®2; Y7A; 15X26CdD; P6M5;

08X17T; 80C; 20km; BCTt3I'nc; 12X2H4A; 40X13; XB5; 1012C14;

IIIX15; P18. 60I'; 28XH3B®A; 17T'C; | XBCI'; BCt5I'cr.
IIX15CT.

Cpaenatb BBIBO/IbI 10 padoTe.

ITIpakTnueckoe 3anaTue Ned

XUMHUYeCKHUU COCTaB pe/ibCOBOM CTaJIH.

Ilens paboTbi: O3HAKOMUTLCS C TIOHSTUEM «DebCOBasi CTalb», C XUMHAYEeCKUM
COCTaBOM pe/bCOBBIX CTa/lel U BJIUSIHUEM KOMIIOHEHTOB Ha CBOMCTBA CTaseu.
3ajaHue /I CTy/leHTOB:

1. CocTaBUTb KOHCIIEKT MO BOIMPOCAM, NMPUBEJEHHBIM HIKe (Xod pabombi: nyHkm 1).
2. OmnwMcatb XMMHUYECKUM COCTaB KOHKPDETHOM MapKH Pe/IbCOBOM CTasM, BIUSTHUE
KOMIIOHEHTOB Ha eé CBOICTBA, OMpeZie/IuTh CrI0Cco0 BbIMJIABKU CTaMd U [Jisl KAKOTo
THUIIA pe/IbCOB OHA IPUMEHSIeTCS.

Xop padoThI:
1. O3HaKOMHTBHCS C TEOPETUUeCKOH YaCThIO0 U COCTaBUTh KOHCIIEKT T10 BOTIPOCAM:

1.1 Yto Takoe pesibCOBbIe CTa/INA?

1.2 Pexxumbl TepMUUECKOM 00pabOTKK peibCOBBIX CTasiei.

1.3 Kak nozpa3ensitoT pebChl 10 TUram?

1.4 KaTteropuu KauecTBa peJibCOB.

1.5 Kak nozpa3iensiroT pebChl 110 HaJTMUHIO OO TOBBIX OTBEPCTHIA?

1.6 Kak rozipa3ie/isitoT pebChl 110 CIIOCO0Y BHITI/IaBKU CTaJIN?

1.7 Kak niozpa3ziesisitoT pesibChl 10 BUAY UCXOAHbBIX 3arOTOBOK?

1.8 Kak nozipa3iesnisitoT pebChl 10 Crioco0y MpoTUBOGIOKeHHOW 00paboTKu?
1.9 MexaHuyeckue CBOMCTBA PeJIbCOB.

1.10 YcnoBHble 0603HaueHUs pebCoB.

1.11 Kakvie MepomnpuUsiTUs TIPOBOJSATCS /iJisl TIPOZJIeHHsI CDOKOB C/TYKObI PesTbCOB U
TOBBILIEHUIO KaueCTBa Pe/ibCOB?

2. W3 tabmuiiel Nel BEIOpaTh MapKy CTaM COTJIACHO CBOEMY BapHaHTY (cm. mabauyy
BAPUAHTHI).

2.1 Breinucatb i Kakoro TWIIA pesibCOB IPUMMEHsIeTCsl JaHHash MapKa CTajiu;eé
XUMHUUECKUN COCTaB; OTIPe/IeIUTh CTIOCO0 BBITITIABKU.

MNMPUNMEP:
Maccoeas 0ons anemenmos, mac.%

Tun |Mapka P | S | Al

peabca| cmanu C Mn Si V| Ti|Cr
He bosee

P50, | M76
P65, 0,71-0,82 |0,75-1,15| 0,25-0,60 | — | — | — | 0,035 | 0,040 | 0,025
P75
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Cnocob 8biniasku cmanu - MApmMeHOBCKdsA neub.

BAPNAHTDI:
Ne BapuanTa | Mapka cranu No Mapka cranu
BapHaHTa

1 K78XCd 6 K76T

2 986D 7 76T

3 M76D 8 K76

4 K76® 9 K86®

5 276D 10 9378XCD

2.20mnucaTh BAUSHYE KaK0T0 KOMIIOHEHTA, BXOZALero B COCTaB JaHHOM MapKu
CTa/y (Bblbpamb uz meopemuueckotl yacmu).
3. Cpenatb BbIBO/, 110 paboTe

TeopeTryeckas yacTb

[TepBble penbChbl ObLIM JiePeBIHHBIMU. YUeHble Tpe/rosaraiT, UYTO BIIePBble MU
CTa/u TI0Jb30BaThCsi B [IpeBHeM ErumTe, uToObI [JOCTaB/ATH TPy3 K MeECTY
CTPOUTEJIbCTBA TTMPaMU[.

OpHako 10 HaCTOsALLEMY OLIEHWINA CUIy PellbCOBOM JOPOru uiib B cepeauHe X VIII
BeKa.

B 5T0 BpemMsi B AHIVIMM BiePBble MPUMEHW/IA UYTYHHBIE PeJibChl, YTO 3HAUMTETBHO
TOBBICH/I0 CPOK 3KCIUTyaTalluy KeJie3HbIX JOpPOT, OIHAKO UYT'YHHbIE pesbChl ObLIH
CJIAIITKOM XPYTTKUMU U OBICTPO MU3HAIIUBA/UCH.

OTiioM Keqle3HbIX Jopor Poccuy cumTaioT wu3obperarenss W WHXeHepa
[1.K.®ponosa. ITepBasi mopora, npoJioyKeHHasi UM, UMeJla NPOTsSKeHHOCTh 2 KM. Ha
ee TIOCTPOMKY VYIIJIO YeThbipe TO/Ja, HO U3-3a XPYNKOCTH peJibC ellle J0Jro
MPUXO/IUIOCH T0JIb30BaThCsl KOHHOM TAror. C 1825 HauanM MpOKaThiBaTh pPebChbl
u3 cramy;c 1828 ropa, Korja CKOHCTPYWPOBAlIM TMPOKATHBIM CTaH, PeJIbChI
HAUMHAKOT YAJUHATBCA OT 4,5 M [0 7,25 M; CO BpeMeHeM OHM CTajli JOCTUraTh B
JUIMHY pa3MepOBCOBPEMEHHBIX PesibCOB— 12,5 1 25 M.

CeronHsi pe/bCOBble [JOPOTM [Jid BCEX TIPUBBIUHBIA M TOHSTHBIM METO[
nepeaBkeHusi. HoO U OHUM IIOCTOSHHO COBepLIeHCTBYHOTCA. HoBble BUIBLI pesbC
CJTy>KaT A0JbIIle U TIO3BOJISIOT TIepeJBUraThCsl Ha O0jiee BbICOKOW CKOPOCTH.
OCHOBHBIM BWJIOM pa3pylleHUsl Pe/ibCOB B 3KCIUTyaTalluM SB/SFOTCS KOHTaKTHO-
yCTaJIOCTHbIe TIOBPeXAeHHs. Y CTaJlOCTHbIe TPeLlWHbl BO3HUKAIOT Ha MOBEPXHOCTU
TOJIOBKM DeJIbCOB, TZle MPOUCXOAUT 3HAuWTe/bHAs MulacTudeckas fgedopMarusi u
HaKJIeT, ¥ 3aTeéM pPacpOCTPaHSIIOTCS BrIyOb ¥ MOTYT, B KOHIIe KOHIIOB, TIPUBECTU K
XPYIKOMY pa3pyllIeHUI0 pefbca. VIcXoAs W3 yCIOBUM 3KCIUTyaTalluM pPeJibCOB U
aHa/M3a TMPUYMH WX pas3pylleHus, CTajb, MCIIOJAb3yeMas JJjisi W3rOTOBJIEHUS
penbCcoB, TIOMHMO BBICOKOM M3HOCOCTOMKOCTU M  KOHTAKTHO-YCTa/JIOCTHOM
MPOYHOCTH, [O/PKHA 00/alaTh >KMBYUeCTbIO, XapaKTepU3YHOIIecss CKOpPOCTHIO
pOCTa TOINepPeyYHbIX YCTalO0CTHBIX TPEILWH, a TakXe COINPOTUBJIEHHWEM XDPYIKOMY
pa3pyLIeHI0, FapaHTUPYIOLIMM HaZ|e)KHOCThb B 3KCIUTyaTauyu. VI3HOCOCTOUKOCTDh U
KOHTAaKTHO-YCTaJI0CTHAsI MPOYHOCThb 3aBUCHUT OT TBEPAOCTHA M MPOYHOCTH CTalH, a
COMPOTHBJIEHUE XPYIIKOMY Pa3pyLIEHUIO - OT TJIACTUYHOCTH U yIapHOM BSI3KOCTH.
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PenbChl U3rOTOB/SIIOT U3 CIIOKOMHOWM CTa/ld MapTeHOBCKOr0, KOHBEPTOPHOTO WU
5JIEKTPOIIeYHOTr'0 MPOM3BO/CTBA.

Tepmuueckyto 06pabOTKy pesibCOB TIPOBOAAT TI0 OJHOMY W3 TIPUBEJEHHBIX HIDKE
PE>XXUMOB:

1) 3akanka ¢ Temmepatypsl 850 °C myTeM 0OpBbI3TMBaHMS TOJIOBKU PETbCOB Iropsiuei
BojioM (35-50 °C) B Teuenue 25-35 c, ganee caefyeT CaMOOTHYCK (3a cueT Teria
HeOXJIaK/IeHHOW UacTU pesibca) Npu TeMriepatrype npumepHo 500 °C;

2) obbemHasi 3aKajika pesibca ¢ TemriepaTypbl 850 °C B ropsiueM macie (60-90 °C),
otrnyck ripu temreparype 450 — 480 °C Ha tBepgocts 340-380 HB.

KoH1Ibl pesibca MozBeprar0T MOBEPXHOCTHOW 3aKajKe C MHAYKIIMOHHOIO HarpeBa Ha
TBepAocTb 320 — 400 HB, riiybuHa 3akaieHHOTo ¢1os 8...10 Mm.

Penbcel ogpasgesnsror:

e 110 tunam P50, P65, P65K (/151 Hapy>KHbIX HUTEU KPUBBIX YUaCTKOB ITyTH), P75;

® KaTeropusiM KauecTBa: B — pesbCbl TepMOYNpPOYHEHHbIE BbICILIEr0 KauecTBa, 11,
T2 — penbCchbl TepMOYTIpOYHEHHBIE, H — pesibChbl HeTepMOYTIPOUHEHHBIE;

® Ha/Muui0 OOJTOBBIX OTBEPCTHH: C OTBEPCTHSAMHM Ha 000MX KOHI[aX, Oe3
OTBEpCTHUN;

® Croco0y BbITUIaBKM CTaau: M — M3 MapTeHOBCKoOW ctamu, K — U3 KOHBepTepHOM
CTay, D — U3 3/1IeKTPOCTAIIH;

® BI/ly UCXO/JJHBIX 3arOTOBOK: U3 C/IUTKOB, U3 HEMPePbIBHO-MUTHIX 3aroToBoK (HJI3);

e criocoby mipoTuBO(/IOKeHHON 00pabOTKH: W3 BaKyyMHPOBAHHOW CTaJiy,
rpolleAiie KOHTPOJMPYeMOe OXJaX/eHWe, MpoIllefliie U30TEPMUUECKYIO
BbIJI€PXKKY.

Y cnoBHBIE 0003HaYEHHSA

PenbCcbl MOTYT MOCTYTIATh C JJIMHHBIM HOMEPOM, B KOTOPOM OyZeT, Haripumep, TisiTh
1 6omee rpymm udp.

B HUX BBIZIE/IAIOTCS: TMII pPe/ibCa - KaTeropus KadyecTBa - MapKa CTa/iM - JIMHA
pe/ibca - Hainuue 00/ITOBBIX 0TBepCTHI/ 0003HaueHue ctaHAapra 'OCT;

TTPUMEP: Peabc muna P65, kamezopuu T1 u3z cmaau mapku M76T, dauHoti 25 m
¢ mpems 601Mo8bIMU OMBepcMusIMU HA 0O0UX KOHYAX penbCa:
Penbc P65-T1-M76T-25-3/2 TOCT P 51685-2000

XUMUUYeCKU COCTaB PebCOBBIX CTasiell mpecTaB/ieH B Tabs. 1.Bmapkax ctam OyKBbI
M, K u 3 0603Hauar0T criocob BBIIABKY CTa, LM(PbI — CPeJHIOI MAaCCOBYIO 0JIO
yriepofa, 6ykebl @, C, X, T — ylerupoBaHue CTaqv BaHaAyieM, KpeMHHEM, XPOMOM U
TUTaHOM COOTBETCTBEHHO.

Tabauya 1
XuMHUYecKHi cocTaB penbcoBbix craser (OCT 51685 - 2000)

MaccoBast 10151 3JIEeMEHTOB, Mac.%
Tun | Mapka P 3 Al
pesibca| CTaau C Mn Si A% Ti Cr
He 6osiee
P50, |K78XC®|0,74-| 0,75- | 0,40- | 0,05- 0,40-
P65, |978XC®|0,82| 1,15 | 0,80 | 0,15 B 0,60 0,02510,025] 0,005
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M76D 0,035 [0,040
K76®D 0,03-
0,15 0,025 [0,025
I76® 0,020
p7e 1;(477665 0,71- 0,25- 0,007-| 0,035 10,040
~oer]0.82 0,60 ) 0,025 0,025 (0,025
M76 0,035 |0,040
K76 _ 0,025
S 0,025 (0,025
He
K86® |0,83- 0,03-
POSK | 5860 0,90 0,15 68];‘8‘3 0,010

B cramu pnis penbcoB guarna3oH copepkanusi yriaepopa (C) cocrasnsier ot 0,71%
no 0,9%.C mnoBblllleHWeM COJepyKaHUusl yrjepoja 3HaueHus XapaKTepUCTUK,
onpeesIIIUX MPOYHOCTh U [OJITOBEUHOCTDh 3aKa/leHHBIX PelbCoB (B TOM UHC/Ie
KOHTAKTHO-yCTaJIOCTHasi TPOYHOCTb U U3HOCOCTOMKOCTb), TIOBBIIAIOTCS, a
XapaKTePUCTUKU HaZle)KHOCTH (B TOM uMcie paboTa XPYIIKOTO pa3pyllieHus)
HEeCKOJIbKO CHWXKaroTcsl. OpaHako mpu copepxaHuu yriaepoza 0,82 % 3t
XapaKTepUCTUKW HaXOASATCS Ha JOCTaTOYHOM YPOBHE.
Mapraser; (Mn)B TOM WM UHOM KOJIMUECTBe TIPUCYTCTBYeT B /IF0O0ON pebCOBOM
CTa/iv; OH 00/1a/jaeT CIIOCOOHOCTBIO PACKUC/ISATh MeTal/l U 3HAUUTE/IbHO TOBBILLIATh
€ro TIPOYHOCTb, BSA3KOCTb W YNPYrOCTb, & TakXe COINPOTUB/ISIEMOCTb H3HOCY.
CornacHo TexHWUeCKMM yC/IOBHSM Ha MAapTEHOBCKYH) pPelbCOBYI) CTallb
coZiep)KaHve Maprasiia JoIyckaeTcs B pesibcax 10 1,15%.
Kpemuui (Si) B cTanu cofiepXUTcs Bcerja. XWMUUeCKOe CPOJCTBO KPeMHUsS C
KUCJIOPOJIOM ZieJlaeT ero OCOOeHHO TT0/Ie3HBIM C TOUKH 3peHHs] yCTpaHeHWs Ta3o0B,
He yJaneHHbIX MmapraHiem. CojepkaHhe KpPeMHHsS B DeJbCOBOM CTaau JOJDKHO
ObITh He HKe 0,10%; KomuuecTBo ero MoXkeT aoxoauTh A0 0,8%, OH MOBGBIILIAET
TJIACTUYHOCTD U YaPHYIO BSI3KOCTh peJibCa, a TaKKe CBapUBaeMOCThb.
YcraHoB/ieHO, uYTO JlerupoBaHve BaHaaueM(V) [enaeT CTPYKTypy CTalu
MEJIKO3epHUCTOM, UTO CIMOCOOCTBYET TIOBBIIEHHIO BSI3KOCTH CTajik,CTOMKOCTU
CTa/ii K TpPemMHO0Opa30BaHUIO, YBEJWUYEHHI0 W3HOCOCTOMKOCTH CTa/ld TIpU
paboueM KOHTaKTe K0JieCo-pesibC.
OO0pa3yromuecs TIpy BbITJIaBKe PesibCOBOM cTamu KapoonutpuasiTuTana(Ti) pe3ko
CHWKAIOT YJapHYIO BA3KOCTb U COMPOTHBJIEHHE XPYIIKOMY pPa3pyLLIEHUIO, TT03TOMY
Ti BBOAAT B MaJIbIX KO/TMUECTBAX.
XpoMm (Cr) - moBbIIIaeT CriocOOHOCTL CTa/mel K TePMHUYECKOMY YIIPOUHEHHIO, WX
CTOWKOCTh K KOPPO3UM M OKHCJIEHHIO, 0becrieurBaeT TIOBbIIIIeHWe MPOUYHOCTU TpPU
TIOBBIIIIEHHBIX TEMITepaTypaX, a Tak)Ke TIOBBIIIAeT COTNPOTHB/IeHHEe abpa3vBHOMY
W3HOCY.
Penbcbl  BBIXOJAT M3  CTPOod MO JedeKTaM  KOHTAKTHO-YCTaJ0CTHOTO
MPOUCXOK/eHUsl. B mopsijke OJWHOYHOM CMeHbI W3 3KCILUTyaTal[dd BBIXOAST TI0
3TuM fiedektam 10 50 % penbcoB. ITpuunHoli oOpa3oBaHus [eheKTOB SIB/SETCS
BBICOKOTBEp/Ible HeMeTas/Inueckrie BK/ItOUeHUs Tumna ravHo3emMa (Al12 O 3) u
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aJTFTOMOCU/IMKATOB, BBITSTUBAIOILIMXCSI B CTPOUKM B/I0JIb HarpaBJ/ieHUs] MPOKAaTKu. B
JIMTOM MeTasuile OHU 00pa3yloT CKOIIeHUsl, KOTOpble TIPU TIPOKaTKe ApoOsTCS U
BLITSITHUBAIOTCS, 00pa3ys CTPOUKH, [JIMHA KOTOPBIX MOJKET AOCTUTaThb [eCATKOB
MU/UTUMETPOB, TI03TOMY BBLICOKOe cojiep>kaHve amomMuHus(Al) B cranu He
)KenaTe/ibHO, T.K 3TO TIPUBOJIUT K 3arpsi3HEHUI0 ee CTPOUHBIMHU BKJIFOUEHUSMU
[JINHO3eMa, KOTOpble pPe3KO CHWKAIT KOHTAKTHO-YCTaJIOCTHYHO TIPOYHOCTb U
9KCIUTyaTallMOHHYI0 CTOMKOCTh pesbCOB.

®ochop (P) u cepa (S) — Bpeanblie npumecu. Hanbosiee BpefHON ITPUMECHIO
pesibCOBOM CTanu siBsieTcss ¢ocdop, Tak KakK OH TIOHMKaeT CMOCOOHOCTh CTau
COTIDOTUB/ISTHCS y[apy, [efas ee X/IaJHOJIOMKOW. B MapTeHOBCKHX pejbcax
cofiep>kaHue gocdopa pomnyckaercs He cbiie 0,035%.

Cepa criocoO6cTByeT 00pa30BaHUI0 MeKAY BOJIOKHAMU CTau CYyIb(QUAHBIX TIIEHOK.
[TneHKH [lenar0T cTaabh KPACHOIOMKOM U TPUBOAAT K 06pa30BaHUIO B Hell TPeIyH, a
TakKKe K BBIKpAIlIMBaHWIO MeTajla B TIporjecce MpOKaTKU. [IpucyTcTBHe mr060r0
KOJIMUeCTBa Cepbl B CTa/IM HeKeslaTenbHo.

MexaHuueckrue CBOMCTBA De/IbCOB MPH HWCIBITAHMM Ha DPACTSDKeHWe U yJapHbIA
13rub COOTBETCTBYIOT HOpMaM, yKa3aHHBIM B Ta0JI. 2.

Tabauya 2
MexaHuueckue CBOMCTBA pe/ibCOB
Y napHas
H;zi'%e;ﬂ Ti@iﬁiﬁﬂ OtHOCuTenbHO |OTHOCUTEIBHOE| BSIBKOCTh
Kareropu ., o e yJ/IMHeHue Cy)KeHue KCU, )
s peJibca Ml'ia Ml'ia 0, % U, % M]Dx/m?,
ripu t,°C
He MeHee
B 1290 850 12,0 35,0 15
T1 1180 800 8,0 25,0 25
T2 1100 750 6,0 25,0 15
H 900 — 5,0 — —
MeponpusiTuisi 110 MPO/JIEHUIO CPOKOB C/Ty)KObI Pe/IbCOB
B HacTosijee Bpemsi pOCCHUMCKHE peibCbl — OJHM W3 Jyuliux B mupe. OJHAKO

ATIOHCKWE, (paHIly3CKHe, LIBeACKHMe W KaHAJCKUe DPebChl UMEIOT 3HAUWUTE/TbHO
bosee HM3KHUI YPOBeHb COOCTBEHHBIX HAIPSHKEHUM U OOJIBIITYIO0 UUCTOTY PebCOBOM
CTaJTk, a TakXKe MPSMOJIMHEHHOCTb. VIMEHHO TT03TOMY ceifuac Hayasach UX 3aKyIKa
JJTSl y9aCTKOB CKOPOCTHOTO JIBMKEHUS] POCCUMCKUX JKeJIe3HbIX JJOpOr.

ITpopyieHre CPOKOB C/Ty>KObI PesIbCOB B HACTOsIIIiee BpPeMsi TIPOM3BOAUTCS ITyTeM
NpUMeHeHUs1  pecypcocbeperaroiix TeXHOJOTWM, B YaCTHOCTH, XOPOIIUM
CpeZiICTBOM BOCCTAHOBJIEHUS C/Ty>KeOHBIX CBOWCTB PeJIbCOB SIBIISIETCS

- UX Tieprorueckast miM¢oBKa B MyTH (1 HITM(POBKH PETbCOB MPHUMEHSIOTCS
pesbconuTMdOBaTbHBIE  MEXaHU3Mbl U PeNbCONLTM(OBaIbHbIE  T0e3/la  C
abpa3uBHBIMH KPyTraMu);
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- BBOJIUTCS B 3KCIUIyaTalM0 peibC P65II, KOTOPBIN MMeeT 3arac B BbICOTe F0JIOBKU
(6...7 MM) Ha moC/eyIOLIYIO HUTH(OBKY;

- OCTPOXKKa CTapOrO/IHbIX PeJIbCOB Ha PeJIbCOCBAPOYHBIX MPeANPUSITUSIX.
[ToBbilIeHWe KauecTBa pebCOB BeJIeTCs MO C/e[yIOIIUM HarlpaB/eHUsIM:

- TIOBBIIIIEHWe YKMCTOTHI PelbCOBOM CTa/d, UTO OOecrieurBaeTcCsi eé BBITIJIABKOWU B
KOHBepTepax U 3JIeKTPOCTajIeryIaBUIbHBIX Teuax, ee BaKyyMUpPOBaHUEM;

- TIOBBIIIEHHE TBEPAOCTU Pe/IbCOBOI'0 MeTa/la U YJyullleHue ero CTPYKTYphbl, UTO
obecrieurBaeTcs COBepLLIEHCTBOBaHUEM TEXHOJIOTUU pacKUC/IeHus],
MOJU(ULIMPOBAHUSI U MUKPOJIETHPOBaHMUS;

- TIOBBILLEHNE TPSIMOJIMHEHHOCTH PeibCOB MPU U3TOTOB/IEHNH, UTO 00ecrieunBaeTcst
TIPOM3BO/CTBOM PeJIbCOB U3 HENPEPbIBHOMUTBIX 3ar0TOBOK.

Caenath BBIBO/J 10 paboTe

Pa3pesn 3. IloimMepHbIe 1 KOMITIO3ULMOHHBIE MaTepUa/ibl

Tema 3.1. ITosimMepHbIe 1 KOMIIO3HMIIMOHHBIE MaTepHUaslbl

IIpakTnueckoe 3ansaTue Ne 6

Buibl cTpOUTENBHBIX [1/1aCTMACC.

Ilens paborbl: O3HAKOMUTBCS C BHUJAMM TUJIaCTMAcC, WX XapaKTepHbIMU
0Cc00EHHOCTSIMU 1 Ha3HaUEHUEM.

3apganue s CTyjeHTOB: [lonb3ysiCh CrpaBOYHBIMU MaTepuasaMu, yueOHbIMU
1ocobusIMU U CTeH/JaMU — OTBETUTb Ha BOTIPOCHI U 3aO/IHUTh TaO/TULIbI.

Xop padoThI:

1. [lnactmaccel (faTh oripefieneHue)

2. VcxofHble MaTepuyasibl /15 OTyYeHUst

3. OO6mue cBOMCTBa ryiacTMacc (+ 1 - )

4. Bujpl n1acTMacc 10 peaklvy K IOBTOPHBIM HarpeBam
1) TepmormnacTsl
2) PeakToIiacTsl

5. 3anonHuTb Tabnuuy «CocTaB naacTMacc»

CocraB r1acTMacc [atb oripeseneHue, Kakue cBouicTBa
TIePeYUC/IUTh OCHOBHBIE MpUZAIOT
XapaKTepUCTUKH, TTPUBECTH riactMaccam (+ u
TIPHUMEPBI -)
[Tomumep (cBsi3ytOII[EE
BellleCTBO)
Hamonuurenu

1) T'a30BO3AYIIIHBIE

2) TMoporikoobpasHbie

3) BoJiokHUCTBIE

4) JIucTtoBsle
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[TnactTudurkatopsi

Kpacurenu (murMeHThI)

Crabumm3aTopsl

6. [IpumMeHeHue ry1IacTMacc

Cpenatb BbIBOJ, 110 paboTe.

Pa3pesn 3. IloimMepHbIe 1 KOMITIO3UIMOHHBIE MaTepUa/ibl

Tema 3.1. IloiumMepHBbIe U KOMIIO3ULIUOHHbIE MaTepHa/IbI

IIpakTnueckoe 3ansaTue Ne 7

KoMno3uiroHHbIe MaTepurasbl

Henb padorbi: O3HAKOMUTHCS C KOMIO3ULIMOHHBIMUA MaTepuaiaMH, UX COCTaBOM,
CTPOEHHUEM, CBOMCTBaMH, OCHOBHBIMHU XapaKTePUCTUKaMU U IPUMEHEHHEM.
3aaHue /11 CTyAeHTOB: VCrionb3ys TeOPeTUYECKYH YaCTb COCTAaBUTh KOHCITEKT,
OTBeyYasi Ha BOIIPOCHI:

UTo Takoe KOMITO3ULIMOHHbIe MaTepyabl (KOMITO3WUThI), U3 Uero OHU COCTOSAT?
UTo Takoe MaTpuLia, eé BUJbI U (PYHKLMH.

UTo Takoe HaMoJIHUTENU, UX BUJIbI U (DYHKI[UH.

[IpermyI1ijecTBa U HeZIOCTAaTKA KOMITO3ULIMOHHBIX MaTepraJsioB.

Wcnonb3ysi yuebnuk FO.II ConHyee «MamepuanosedeHue», cmp. 370-384,
OTBETUTb Ha BOIIPOCHI:

1. UTo Takoe AUCIIEPCHO - YIIPOUHEHHble KOMITO3UL[MOHHbIE MaTepHraJibl,
3apucoBaTh puc. 10.1 (a), Kakve MaTepua/ibl MPUMEHSIOTCS B KauecTBe
MaTpULIbl, KaKMe MaTeprasibl IPUMEHSIOTCS B KaueCTBe HarlOJIHUTEeJIeN.

2. YTO Takoe BOJIOKHUCTbIE KOMITO3UL[MOHHbIE MaTepHasbl,
3apucoBatb puc. 10.1 (6), Kakue MaTepuasnbl NMPUMEHSIOTCS B KauecTBe
MaTpHLbl, KaKHe MaTepUasibl IPUMEHSFOTCSI B KaueCTBe HarloJTHUTesIen.

3. UTO Takoe CJIOWCTble KOMITO3ULIMOHHbIE MaTepuasbl, 3apuCcoBaTh PUC.
10.1 (B), KakuMe MaTepuasbl NMPHUMEHSIOTCS B KauyeCTBe MaTpHLbl, KakKue
MaTepHasibl NPUMEHSIFOTCSI B KaUeCTBe HarloTHUTEen.

2. llpumMeHeHMe KOMIIO3ULIMOHHBIX MaTepuajioB B Pas/IMuHbIX  OTPaC/IsAX
TPOMBILLJIEHHOCTH.

kW

Xop padoThI:

Teopernueckasi 4acThb.

B nauane XXI Beka /MOAM 3aal0TCSI BOMPOCOM O OyIyIIMX CTPOUTEIBHBIX
Marepuasax. [IporHO3UpPyOT MakKCMMaabHOE WCIIO/b30BaHMEe OTXOJO0B pa3/IMUHbIX
MPOM3BO/JCTB, OTpPabOTaBIIMX W3Ze/NUN, MEeCTHOrO | JOMalllHero Mycopa.
CTpouTesibHbIe MaTepHuasibl OyAyT BEIOUPATHCS 110 3KOJIOTHUECKUM KPUTEPUSIM, a UX
TTPOM3BO/CTBO Oy/IeT OCHOBBIBAaTHCS Ha 6e30TXOAHBIX TeXHOJOTHsX. [T0TOK HOBBIX
MaTepyanioB OyJeT yBeJWUMBATbCS, a MX SKCIUTyaTal[dOHHble CBOMCTBA
COBEPIIIEHCTBOBAThCSI C YUeTOM U3MEHSIIOLIUXCA K/IMMaTUUeCKUX YCIOBUU U
5KOHOMUH 3HEepreTUYecKux pecypCos.

Eme uyeTbipe AecsaTuieTuss Ha3aJ, O COBPEMEHHBIX KOMIIO3UTax ObLIO H3BECTHO
TOJILKO Y3KOMY KpPYry cCrieliaucToB. [loueMy ke uHTepec K KOMITO3ULIMOHHBIM
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MaTepuasiaM TIPOsIB/ISeTCSs HKMeHHO ceiuac? IloToMy, 4YTO TpaJULMOHHbIE
MaTepHasbl y)Ke He BCeT/la Wi He BIIOJIHe OTBeuaroT MOTPeObHOCTSIM COBPeMeHHOM
VH)KeHePHOMU MpaKTUKHU.
YuéHble yBepeHbI - 3 KOMITO3UI[MOHHBLIMHU MaTepraiaMu Oyayiiiee.
YTo Ke TaKoe KOMITIO3UI[HOHHbIE€ MaTepUa/IbI?
KoMr103u1MoHHbBIe MaTepyasibl — UCKYCCTBEHHO CO3/laHHbIe MaTepHasbl, 33 OCHOBY
HX CTPOEHUS B3SI/IM CTPOEHHe Ye/IoBeUeCKUX KOCTeH, OHU TakXKe SIB/SIFOTCS CBOETo
po/la KOMMO3UILIMOHHBIMU MaTepuajiaMH, CO3[aHHBIMU CaMOM TIPUPO/IOH; OCHOBOM
WM MaTpHLield B CTPOEHWH Ye/IOBeYeCKHUX KOCTel sIB/IIeTCsl — KOJlJlareHoBasi CeTKa,
a BK/JIOYEHHbIMU B MaTpHULy 37€MEeHTaMU WM HaloJHUTENsAMU  COy>KaT —
CoeJIMHeHHs Ka/bLUsl.

Komrio3utel

| (cocTosiT U3)

[InacTyvyHas 0CHOBa - MaTpulia + ApMupyrOmui (BHeIpeHHBIN)
KOMITOHEHT - HallOJTHUTEe/Ib

l
O6pa3yeTcsi COBepIIIeHHO HOBBIM MaTepHasl, CBOMCTBa KOTOPOT'O CYIIIeCTBEHHO
OT/IMYAIOTCSI OT CBOMCTB KaXK/IOTO U3 COCTABJISFOIINX.

Marpuija (0CHOBA)- KOMITOHEHT, HellpepbIBHBIM BO BCEM
00BEMe KOMITO3UTa
| (BUABI MaTpUL)

Mertasnibl 1 UX [Tomumeps! U Kepamuka YrnepopHsle
CI1/IaBbI pas/IMyHbIe CMOJIBI MaTepuasbl
O YHKLUU:

1. npupaet Tpebyemytro hopMy U3/eHIO;

2. 3allylljaeT apMHUPYHOIIUA KOMIIOHEHT OT MeXaHUYeCKUX TOBPeXJeHUul U
BJIMSIHUSL OKPY>KaloILlel cpefibl;

3. ompepenseT TUIOTHOCTh KOMITO3WTa, VZAe/JbHYH0 TPOYHOCTh, pabouyro
TeMIiepaTypy U T.[;

4. ¢ukcupyeT B3aMHOe PacroJio>KeHre apMUPYHOIIUX HUTeH;

5. pacrpefensieT  AeWCTBYHIWe  HampsbkeHUss 1o oOwemy  marepuana,
obecrieuriBasi paBHOMEPHYH) Harpy3Ky Ha BOJIOKHA W eé repepacripefiesieHue Tpu
pa3pylieHry YaCTH BOJIOKHA.

HaroHuTe b - KOMIIOHEHT, paBHOMEPHO pacripe/ie/IEHHbIN B MaTpULIe
| (BUJbI HATIOJIHUTEIEN)

Crek/isiHHBIE | YT/IepoAHbIe bopHble [TopormkooOpa3HbIe OKcuppl
BOJIOKHA BOJIOKHA BOJIOKHA MarepuaJibl (TaJbK,
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| Oeslast TIMHA U T.JT) |

QYyHKIUU:

1. TOBBILIAIOT MeXaHWYeCKWe CBOMCTBA KOMIO3WTa (MMPOYHOCThb, TBEPAOCTH,
yOpyrocTh U T.J);

2. TIOHWXKAarOT BeC KOHCTPYKLMY;

3. yBeIMUMBAIOT M3HOCOCTOMKOCTb MaTe€PHa/IOB M CPOK CTy>KObI u3zgenus (mo 100
JIeT).

Bapbupyst COCTaB MaTpui[bl W HAlOJHUTENS, WX COOTHOIIEHWe, TPUMEHSIS
Criel[iasbHble IOTIOJTHUTE/IbHbIE peareHTbl U T.[., TOJY4YaroT IIMPOKHM CIeKTp
MaTepHrasnoB C TpeOyeMbIM HAOOpPOM CBOMCTB.

[TpeumyiilecTBa KOMIO3UIIMOHHBIX MaTepUaJIOB:
-BbICOKas y/ie/lbHasi IPOYHOCTb;

-BBICOKAs )KECTKOCTR;

-BbICOKasl H3HOCOCTOUKOCTb;

-BBICOKAsl YCTa/I0CTHAsI TIPOUHOCTb.

HepocTaTku KOMIMO3ULMOHHBIX MaTepUaioB:

He cMoTps Ha TO, UTO KOMIIO3WTHble MaTepuasbl UMEIT MHOXXEeCTBO
TMOJIOXKUTENbHBIX CTOPOH, Y HUX €CTh U Macca KPYMHbIX HeJOCTaTKOB, KOTOpPbIe
Cep)KUBAlOT MX pacrpocTpaHeHue. M3 CyllleCTBeHHbIX HeJOCTaTKOB MOXKHO
BLIIEJTUTh ~ TIOBBIIIIEHHYI0  HAayKOEMKOCTh  TIPOM3BOZCTBA,  HEOOXOAUMOCTH
CreLMaJibHOTO ZIOPOroCTosAiiero 00Opy/OBaHUS M ChIPbsi, a CJieZloBaTe/IbHO
Pa3BUTOrO MPOMBIIIJIEHHOTO TIPOM3BO/ICTBA U HAyUYHOM 0a3bl CTPAHbI, aHU30TPOTIHIO
CBOMCTB (HEIMOCTOSTHCTBO CBOMCTB KOMITO3UTHBIX MaTepHalioB OT obOpa3fa K
oOpasily), HU3KYI0 y/IapHYIO BSI3KOCTb (00yC/IaB/IMBaeT BBICOKYIO IMOBPEXK/IaeMOCTh
W3/le/Uii U3 KOMIIO3UTHBIX MaTepHasioB), BbHICOKWI ye/bHbIi 00beM, BbljieieHue
TOKCUUYHBIX TIapOB MpHU 3KCIUTyaTauyyd. KoMmIios3uiMoHHble MaTepuasbl 00/1afaroT
HU3KOM PEMOHTOINPUTIOJHOCTBIO M BBICOKOM CTOMMOCTBIO 3KCILTyaTaumu. YacTto
00BEKTbI W3 KOMIIO3HWI[MOHHBIX MAaTepHajioB BOOOINe He IToZJIe)KaT KaKou-Trbo
JopaboTKe ¥ PEMOHTY.

Caenath BBIBOJ I10 paboTe.
Pa3pen 4. D/1eKTPpOTEXHHYECKHE H YJIEKTPOU30/IALHOHHBIE MaTepHAJIbI
Tema 4.1. J/IeKTPOTEXHHYECKHE U 3/IEKTPOU30/IAIHOHHbIE MaTepHa/Ibl

npakTuveckKoe 3auaTue Ne 8
O3HakoM/IeHHe C KOHCTPYKI[Mel 1 Ha3HaueHHeM CUJIOBBIX Kabeseit
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Henb 3aaaTHA: O3HAKOMUTLCA C Ha3HaueHHeM W Kiaccudukaiyeld KabembHbIX
nsfienid. VI3yunTh KOHCTPYKLIMIO, MapKUPOBKY U MpHUMeHsieMble H30SILUOHHbIE
MaTepHasibl KOHKpPeTHOro oOpasiia CHIoBOro Kaberisi.

Xoj padoTsl

CuioBble Kabenmu TmpeAHa3HaueHbl [Jisi Tiepefjaud [0 HUM Ha pPACCTOsSIHUe
3/IeKTPOSHEPTYH, WCIO/Nb3YyeMOM [jisi TIUTaHUsI 3JeKTPUUYECKHUX yCTAaHOBOK;
W3r0TaB/IMBaOTCS COTJIaCHO TpeOOBaHUSIM I'OCT 18410-73
(c TPOMUTaHHOU OyMaKHOM H30JIsL1en) u
'OCT16442-80 (c r1acTMacCoBOM U30sILeN).

OcHoOBHBIE THIIBI CHJIOBBIX Kalesteit:

. CUIOBbIe Kaben ¢ rytactMaccoBou n3ossiiuert (ABBIY, BBI', ABBO6IIIB)

. CUJIOBBIE Kabemu ¢ pe3uHOBOM n3osireii u obomoukoit (KI7)

. CUIOBBIe Kabesy C MacsorpornuTtaHHou 6ymaxHoi usossiiueit (ACh, AAB,
AAIlIB)

OcCHOBHbIE IKCIUTyaTaljMOHHbIE U 3/IeKTPHUUYECKHE XapPaKTePHUCTHKU CH/IOBBIX
Kalesien:

. HOMMHAJIbHOE HaIpshKeHHe
. ceueHUe U UHCIIO KU
. JIOTTYCTUMbIe KTUMaTHUeCKHe yC/IOBUS 3KCIUTyaTallun
. 00/1acTh MpUMeHeHUsT

KoHCcTpyKIus CH/IOBBIX Kabestei

OCHOBHBIMM 3/IEMEHTaMHU BCEX TUIIOB Kabesiell SIB/ISIOTCS TOKOITPOBOJSIIINE >KUJIbI,
M30/IA1Ms, DSKpaHbl, 000/I0YKA U HApY)KHbIE TIOKPOBBI. B 3aBUCMMOCTH OT
Ha3HAueHUs W YCJIOBUM SKCIUTyaTal[iy Kabesieli ¥ MPOBOOB 3KpaH M HapY’KHbIE
TIOKPOBBI MOT'YT OTCYTCTBOBATb.

ToxkonpoBoasLMe KUIbI

TokorpoBosiie MeZHbIe ¥ aTFOMUHUEBBIE XKU/IbI CUIOBLIX Kabeiell MOTYT ObITh
OZIHO- U MHOT'OTIPOBOJIOUHBIMU, KPYTJ/IbIMU WJIA CEKTOPHBIMM.

YETLIDEXHHALHEIN Kabenbk  YeTLIpEXKHALHLIA KaGens TPEXMHALHLIA Kabenk
€ KPYrnbiMH XRname € CEXTODHBEIMM MHAOMH € CEMTODHBIMM MHAOMH

TokompoBoOAAIHE >XWIbl AO/DKHBI OBbITh H30/MPOBaHbI  TTOJTMBUHUIXIOPUIHBIM
TJIACTUKATOM, TIOJTUITHUIEHOM W/ BYJIKAHU3UPOBAHHBIM ITOJTUITU/IEHOM.
V301mpoBaHHbBIe »KUJIBI MHOTOKHUBHBIX KaOenel JO0/DKHBI UMETh OTIHUUTE/IbHYIO
pacuBeTKy. M30/sii[usi Hy/NeBBIX XXWI [JO/DKHa OBITH 20/1y0020 (c6em/10-cuHezo)
yeema.

V3onsumst KA 3a3eM/IeHUst [JOJDKHa ObITh JIBYXIIBETHOU (3e/1eH0-dceaimoli
pacuyeemku), Tipu 3TOM OJIMH U3 1[BETOB [IO/DKEH MOKpbiBaTb He MeHee 30 U He
6onee 70% TMOBEPXHOCTU H30/SI[MH, a APYrod - OCTa/JbHYyI0 4acTh. l[BeToBas
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MapKHPOBKA [I0O/DKHA OBITH CIUIOITHOM WK B BHJE MPOAOILHOM MOJIOCHI IITHPUHOM
He MeHee 1 MM.
V3onsimst oJHOKUMBHBIX Kabeseld MoxeT ObITh jr00oro mpeta. Jlomyckaercs
W3roTOBJieHWe Kabeseli Ha  HampsbkeHWe cB.l1 KB ¢ wusonsuueid U3
BYJIKAHU3UPOBAHHOT O TOJIUATU/IEHA Oe3 MapKUPOBKHU.

'_
N3onsimus
CIY>)KUT A7 obecrieyeHHsT  HEOOXOAWMOM — 37IeKTPUUECKOM  MPOYHOCTH
TOKOTIPOBO/SAIIUX KW/ Kabesis M0 OTHOIIEHWIO APYT K APYry W K 3a3eMJIeHHOU
oboouke. IIpow3BOACTBO CHIOBBIX Kabesell C IIJIaCTMAaCCOBOM H30/SIEN B
HacTosill[ee BpeMsi 3HauuTelbHO paciupsiercs. CuioBble Kabemu C pe3WHOBOMU
W30/ISI11el BBITTYCKAIOTCS B OTPaHUYeHHOM KOJTMUeCTBe

JKpaHbI

WICTIOJTB3YIOTCS /IS 3alI[UThl BHEIITHUX IIeTlel OT BJIMSHUS 3JIEKTPOMAarHUTHBIX TI0JIeH
TOKOB, MPOTEKAFOIIMX I10 Kabestto, u /i/is1 0becrieueHrss CAMMETPHH 3JIEKTPUUECKOTO
T10J1s BOKPYT KW/ KabeJisi.

O060/10uKH

3alMIIAI0T BHYTPEHHUE 3/IeMeHThI Kabesss OT YB/IaXXHEHUS W APYTUX BHEIIHUX
BO3/IeMCTBHU.

3alUTHbIE MOKPOBLI

npeJHa3HaueHbl [yiA  3al[UThl  000/IOUKM Kabelss OT Ppas3/iUYHBIX BHEIIHUX
BO3/IEUCTBUI. B 3aBUCMMOCTM OT KOHCTPYKIMM Kabenss B 3allUTHBIE TMOKPOBBI
MOTYT BXOJWTB TIOAYIIKa, OPOHENIOKPOB W HApY’KHBIM MOKPOB. [1o KOHCTPYKIWN
Kabem MOTyT UMeTh 3ario/THUTe/TH, TIpefiHa3HaueHHbIe /IJ11 yCTpaHeHWs] CBOOOIHbIX
MIPOMEXXYTKOB ~MeXAYy KOHCTPYKTHUBHBIMU 37ieMeHTaMd Kabenss B IIesiX
repMeTH3al[iy, TIpUJaHus HeoOXoAuMoil (opMbl ¥ MEXaHUUECKOM YCTOMUHMBOCTH
KOHCTPYKLIUU KabeJisi.

MapkupoBka KabeJieid.

MapKkupoBKa CWIOBBIX Kabesieli 00bIYHO BK/OUaeT OYKBbI, 0003Hayarolye
MaTepHasl, U3 KOTOPOTO U3TOTOBJIEHBI JKUJIbI, W30JIsALIMsI, 000/I0UKa, W TUT 3allUThI
MOKpOBa. MapKupoBKa Kabesieli BBICOKOTO HAIPsDKEHHMS] OTpakaeT —TaKkKe
0COOEHHOCTH €r0 KOHCTPYKIUH.

1. MeaHble TOKOMPOBOJSAIIME >XWIbI B MapKUPOBKe Kabeseli He OTMeuaroTCs
crierfiasbHONM OyKBOM, a/FOMUHMEBasi )KHaa o0o3HauaeTcsi OYKBOW A, CTOSIIEN B
Hayasie MapKUPOBKHU.

2. Cnenyromjas OykBa MapKUPOBKM Kabenss o0o03HauaeT Marepuasn H3O0JISLINY,
npuueM OyMaykHasi TIPDOITUTaHHAsI M30JIAUsI He UMeeT OYKBeHHOTo 0003HaueHws,
TIOJIUITU/IEHOBasT M30JSI[Usl  00o03HauaeTcs: OykBoit [, TOMMBUHWIXIOPUIHAS -
OykBoii B, a pe3uHoBast U301 - OYKBO# P.
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3. Hanee cnenyer OykBa, COOTBETCTBYIOIAsi THITy 3alllATHOM 00OMOuKd: A -
amomuHueBas, C - cBuHIIOBasA, Il - mosuAITUIEHOBBIN IlaHT, B - obosiouka w3
TIOJIMBUHUT XJI0pH/a, P - pe3nHoBas 000/10uKa.

4. TMocegare 6yKBbI 0003HAUAIOT THUI 3aIUTHOTO MTOKPOBA.

Hanpumep, kabembs Mapku CI' uMeeT MeAHYIO KUITy, OyMakHYIO TPOIUTAHHYHO
W30/ISILMI0, CBUHIIOBYIO 000JI0UKY, 3aIlIUTHBIE TOKPOBBI OTCYTCTBYIOT.

Kabenb mapku AllalllB viMeeT aJtOMHUHUEBYIO XKUY, U30JISLIAI0 M3 MOJUITUIIEHA,
aJIFOMUHUEBYIO0 000/I0UKY U IIUIaHT U3 MOJIMBUHWIXJIOPUAHOTO T/IaCTUKATa.
Mac/ioHarno/iHeHHbIe Kabesiu B CBoell MapKHUPOBKe cofiepkaT OykBy M (B oTiauuue
OT ra30HarloOTHeHHbBIX - OykBa I'), a Takke OykBYy, 0603HaUaroIyI0 XapaKTePHUCTHKY
JaBleHUss Macjia B Kabesme W CBsi3aHHble C 3THM OCOOEHHOCTH KOHCTDPYKLIWH.
Hampumep, kabemp Mapku MHC - 3T0 Kabenb Mac/IOHAIIO/IHEHHBIH, HH3KOTO
JlaB/IeHNs], B CBUHIIOBOW 000/I0UKe C yIPOUHSIOIIMM U 3all[UTHBIM TTIOKPOBOM WJ/TH
Kabemp Mapku MBJT - MacjoHarogHeHHBIM Kabelb BBICOKOTO [ABJEHHS B
CTaJIbHOM TPYOOTpOBO/I€.

Vci10BHBIE 0003HaYeHHus (OJIs1 CHJIOBBIX Ka0esieHn)

MarepuaJt XuJbl be3 MepHas xusia
o003HaUYeHHs Harp. [1BI1
A AnroMyHUeBas Xuna
Harip. AIIBII
Marepuan IIs N3onsauus U3 CLLIUTOTO
U30JIALMH (ByJIKAHM3UPOBAHHOTO)
MO/IM3TUIEHA
Harp. IIBB
be3 BbymaykHasi ¢ BI3KOM TIPOIUTKON
o003HaUeHHSA Harip. CBY
B- B koHHe bymakHas, c 06eJHEHHOM TIPOMTUTKOM

o003HaYeHUs, Harip. CbY-B
yepe3 geduc

II- Brepeau bymarkHast, ¢ HecTeKaroieid TIpOITUTKOM
0003HaUeHHA Harp. IICh
O0o/10uKa I1 OO0oJ/10uKa U3 MOJUITHU/IeHA

Hanp. AIIBII

Ily YcuneHnHast pebpamu JKeCTKOCTU
o0o/l0uKa W3 TIOJWMITHIEHAa  Harp.
Allslly

B O6onouka u3 [IBX mractvkaTta Harp.
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bpous

HapyXHbIii NOKpPOB

Tun Xuibl

IIpakTyeckas yacTb
1. TlonyuuTs y mperiofaBaTessi Kabesnb.

Bur

r (mocne

0003HaueHUs
000/10UKH)

2r (mocne

0003HaueHUs
000/10UKH)

Ka

ITa

T

HIn

IIs

be3

0003HaUeHUA

(0x)

AllsB
O6oJiouka u3 I1BX riacTukara

TOHMKeHHOW FOproYecTy

Hanp. AIIBBHr

[IpogonbHasg  repmMeTu3alUsi  SKpaHa
BOZIOHAOyXalOIUMK  JIeHTaMUA  Harip.
AIIBIIr

[TorepeuHas repMartusanus

aJlOMVMHEBOM JIBHTOW, CBapeHHOU C
000/10UKOM, B COUETAaHUU C TIPOZOILHOM
repMeTH3aLen BO/I0Ha0yXaroIyMu
meHTamu Hanp. AIIBI12r

EpOHH N3 CTa/IbHbIX JIEHT

Harp. [IBBI1

bpoHs W3 KpyIJIbIX  a/JFOMUHUEBBIX
TPOBOJIOK

Harp. [IBKall

bpousa U3 NPOQUINPOBaHHBIX

aJTFOMUHUEBBIX MIPOBOJIOK
Hanp. AlIsIlall

Kabenb 6e3 3alfuTHOTO TIOKpPOBa
Hanp. [IsI

[TonMM3TUNIEHOBBIN 1JIaHT
Hanp. ACIHIn

[ToTMBUHUIXTOPUHBIN LLITAHT
Hanp. AAIITB

Kpyrjiass  MHOrorpoBOJIOYHasi  >KuUJIa
(kmacc 2)
Kpyrnas  ofHOTNPOBOJIOYUHasI  >KWJIA
(kmacc 1)

Harip. ATIBB 1°50(0xx)16-10

2. V3yuuTh KOHCTPYKI[MIO Kabess U paciinudpoBaTb MapKy.

3. Cpesatb pUCYHOK.



ITPUMEP

KoHcTpyknusi Kadenss ACBJI:

1. ’)Kvsia ofHOTIPOBOJIOYHAs WJIK MHOT'OTIPOBOJIOYHAsI, MeJHast
WU aTFOMUHUEBast

2. [TporiutanHas 6ymakHasi u3o/siust ha3Hast

3. [IporvtanHast GyMa>kHasi U30JISILUS TT0siCHast

4. CBuHIIOBas 000/10UKa

5. [Togy1ika

6. BpoHs1 13 cTanbHBIX JIEHT WK poBoJiok (Kn)

7. Hapy>kHblIi1 TOKpoB (47151 Kabeneit tumna b, B2, B)

Cpaenatb BBIBO/IbI IO padoTe.

Pa3pen 4. D1eKTpoTeXHUYECKHE U 3/IEKTPOU30/ISILUOHHbIE MaTepHa/ibl
Tema 4.1. Jy1eKTpoTeXHUUECKHE U 3/IEKTPOU30/IALMOHHbIEe MaTepHasibl

ITpakTnueckoe 3ausaTHe Ne 9
O3HakoMJIeHHe C BUIaMH, YCTPOKMCTBOM U Ha3HaueHUeM H30J/IITOPOB
Hennb 3anuaTusa: O3HaKOMUTHCS C BUJAMU U Ha3HaueHHWEM 3/IeKTpPOKepaMHUUeCcKUX
MaTepuasoB, UCIOMb3yeMbIX /s W3TOTOBJEHUs W30JIITOPOB BLICOKOIO U HU3KOIO
HanpsbkeHus1. MI3yunTh KOHCTPYKLIMIO M Ha3HaueHue W30/ TOPOB.

OO01ue cBejeHUs.
1. DnekKTpoKepaMHuuecKre MaTepuasbl
J/IeKTpOKepaMHuuecKue MaTepHaJibl Tpe/ICTaBJISIFOT coboti TBepAble
KaMHeTIo/I00HbIe BeIleCcTBa, KOTOpble MOXXHO 00pabaThiBaTh TOJBKO abpa3suBaMH
(kapbopyHn u T.1 ). Bce s7meKTpokKepaMHUUecKrde MaTepuasibl M0 WX Ha3HAUeHUIO
MO>XHO pa3/le/IiTb Ha TPU TPYIIbL: HU30/ISITOPHAs KepaMHKa, KOHJAeHCAaTOpHas
KepaMHKa, CerHeToy/ieKTpuJeckKasi Kepammka.

K u30/1TOpHON KepaMHuKe OTHOCATCS 3/ekTpodapdop u creatut. U3 3THX
MaTepyuasioB U3roTaB/JMBAlOT U30/SITOPbl HU3KOTO W BBICOKOTO HArpsDKeHUs, a
TaKKe pa3/iduHble 3/eKTPOYCTaHOBOUHbIe U3jenus (POJMKWA, OCHOBaHUS
rpeloXpaHUTe ieM, MaTPOHOB ).

K KoOHgeHCaTOpHOM KepaMHUKe OTHOCSTCS KepamMHueCKWe MaTepHalibl,
obsagaromue  OOMBIIMMHM  3HAUEHUSIMUA IU3JIEKTPUUECKOM TPOHUI[AEMOCTH
M03TOMY M3 HUX W3TOTOBJISIIOT KepaMHUuecKre KOH/IeHCaTOPBbl.

Kepamunueckue CerHeT03/IeKTPUKH (BIlepBbie CBOMCTBA ObLIM 0OHApYKeHbI Y
CEerHETOBOM COJIM ) - TO TaKHe MaTepHuasbl, KOTOpble 00/1a/1at0T OUeHb OOJBIION
[IM9/IEKTPUYECKOU TMPOHHUIIAEMOCTBI0 M PEe3KOW 3aBUCUMOCTBHO U3JIEKTPUUECKOU
MPOHULIAEMOCTH OT TeMIlepaTyphl U HarpsHKeHUs.
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Bce snekTpokepamuueckre MaTepyasibl HETUTPOCKOMMYHBI, CTOMKK K aTMOC(epHbIM
BO3ZIEUCTBUSIM M 00/1a/Iaf0T XOPOIIUMH JAU3/IEKTPUUECKUMU W MeXaHUYeCKUMU
CBOMCTBaMH.
OHUM 13 LLIMPOKO MPUMEHSIEMbIX KepaMUYeCKUX MaTepuasioB SIBMSETCS /IeKTPOTex-
Huueckui Qapdop. M3 Hero H3roTOB/SIIOT pas/MuHble M30/STOPbl BBICOKOTO U
HU3KOTO HaMpsDKeHUSI.
Hcxognas 1ekTpodapdopoBas Macca ( )KUJKasi U TeCT000pa3Has ) COCTOUT U3
rAMHUCTLIX BemlecTB ( 42 - 50%), xBapua (20-25 % ), KaaueBoro
rnoJsieBoro iimnata ( 22 - 30 %), uaMebUeHHBIX OpakOBaHHBLIX (haphOpPOBBIX
u3zennii ( 5 -8 %) u Boibl; BCe MUHepasibl U3Me/TbUatoT.

M3015TOpPBl U3TOTOBJISIIOT MYTEM IPeCCOBAHUSI 3arOTOBOK B TUIICOBBIX WJIU
CTaJ/IbHBIX
dopmax. CBepxy H30/IITOPbl TIOKPBIBAIOT T/a3ypbio (Oosibilioe  cojiepykaHye
CTeK/I000pa3yrolix  KOMIIOHEHTOB: KBapl], [JojomuT). ['/la3ypp TOBBIIIaeT
MeXaHUUYeCKyl0 TIPOUHOCTb M30/SITOPOB M JleflaeT MX CTOMKMMH K Bjare |
atMochepHbIM BO3JelCTBUsM. Bce Kepamuueckve W3Zienvisi TIO/IBEPTralOTCS OOXKUTY.
ITpu T > 120 °C sneKTpryecKue XapakKTepUCTUKUA CHIKAIOTCS.

Jpyrum 5j1eKTpoKepaMHUyeCKUM MaTeprajioM SIB/ISeTCsl cTeaTuT- o0sajaer
MOBBILIEHHOW  MeXaHWYeCKOW TPOYHOCTBIO U JIYUIIMMM  3JIeKTPUUEeCKUMHU
XapakTeprucTUKamMu. CTeaTUTOBbIe 3JIeKTPOU3O0JISLIMOHHBIE U3/e/vs MOTYT paboTaThb
o T =300 °C He u3MeHsis1 CBOUX 3JIEKTPUUECKUX XapaKTePUCTUK.

151 ¥3roTOB/IEHUsI CTeaTUTa HWCIO/b3YIOT MPUPOJHbIE MUHepasbl - TajlbK U
YTTIeKUCbIN 6apuii WK YTIeKUC/TBIA Ka/TbLUH.

N3  crearura  M3rOTOBJAKT  CTEATUTOBbIE  H3O/ISATOPbI U
3/1eKTPOM30/ISIOHHbIEe HU3/ie/ I MeToJoM (opMoBaHHA U MNpPeCcCOBaHUA B
TUNCOBBIX (popmax.

MeTofoM /TS W3 CTeaTUTa W3TOTOB/SIOT M3JeNUs CJIOKHOTO TPOQUI,
HarlpuMep KapKacbl KaTyIIeK [ 37eKTPUUeCKUX armapaToB W TIpUOOpOB,
JIaMIIOBbIe TIaHe/H, TI1IaThl U JIp.

2 DJIeKTPOTeXHHUYeCcKoe CTeKJI0.

CTeKJ10 KaK 3/1eKTPOTeXHUUeCKU MaTepyas MPUMEHSIFOT [i/Is TTo/TyyeHus: 6anaHCcoB 1
HOXXEK OCBETUTE/bHBIX W 3JIEKTPOHHBIX JIaMIl; B KauyecTBe [Ju3JIeKTPUKa
KOHZIEHCaTOPOB M OUYeHb LIMPOKO, KAaK MaTepuajq yCTaHOBOUHBIX U JIMHEWHBIX
13019TOpoB. HeopraHuueckoe CTeK/IO SIB/ASIETCS JelleBbIM MaTepuajioM, T.K €ero
W3rOTOBJISIFOT M3 [IOCTYMHBIX BeLLeCTB: KBapLIEBOTO TecKa, COAbI, [0JIOMUTA U MeJla.
Hanbosnee BBICOKUMM 37€KTPOM30/ISIIMOHHBIMUA CBOMCTBaMU 00/1a/iaeT TIpO3payvHoe
KBapLleBOe CTEK/I0, M3rOTOB/sieMOe IPaKTMYeCKHM W3 OJHOr0 KBapLIeBOIO I1ecKa
(pactnaBnsiercs ripu T= 2000 °C)

CTek/siHHbIE U30/ISITOPbI U3rOTaB/IMBAOTCS TTOCPeJCTBOM MPECCOBAHMUS, a JIMCTOBOE
CTeKJI0, TPYOKH, CTeK/ITHHbIe HUTH U ZIP. - TIOCPE/ICTBOM BBITSTHBAHUSI.
MexaHnueckasi IPOYHOCTb 3aKa/IeHHBIX CTEK/ISIHHBIX M30JIITOPOB U APYTUX U3Ze/ni
Y3 3JIEKTPOTEXHUYECKOrO CTeKsia B 2-3 pas3a Bblllle, UeM He3aKaJeHHbIX U Jaxe
(apdopoBbix. OfHAKO 3aKasleHHbIe WM30JIATOPbl OUeHb UyBCTBUTE/bHBI K BHELIHUM
MOBPEXXAEHUsIM, KOTOpbIe TIDUBOAAT K Pa3pyILIeHHI0 BCEr0 U30/5ITOpa Ha MeJKue
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KycKd. CTeK/ISTHHbIe U30/IITOPbl UMEIOT MEHbIIYI0 TePMOCTOMKOCTb, YeM ¢haphopoBbIe
(50 °C

BMecto 70°C y ¢apdopoBbix). OZHAKO Ha JIMHUSAX S/€KTPUYECKUX Tiepefiau B
YC/IOBUSIX OOBIYHBIX TeMIIepaTyp CTEK/ISHHbIE H30JIATOPbl PabOTalOT Hafe)KHO U
nuTesibHO. CTOMMOCTB CTeK/ISIHHbIX M307STOpoB Ha 20% Hwke (aphopoBbIX.
CTeK/IsIHHbIE M30/ISTOPBI Ma/IeHBKHUX Ta0apuTOB ( IIThIPEBbIE Ha HampspKeHHs 7o 10
KB ¥ [Ip. ) U3roTaB/MBarOT He U3 3aKaJIEHHOTO a U3 OTOXOKEHHOT0 CTeK/Ia JI/isl CHATHUS
BHYTPEHHUX HarpspKeHWH., BO3HUKAIOIIUX 3a CUET X HEPABHOMEPHOIO OXJIaXK/IeHUs
TP PeCCOBaHUMU.
3. Buabl U30/19TOPOB

M3onATOpP - 3TO 3/IEKTPOTEXHAYECKOE YCTPOMCTBO, TIpefHa3HaueHHOe [IIs
9JIEKTPUUECKON H30/SIIIMM W TEXHUUECKOTO KPeTUIeHHsI 3JIeKTPOYCTaHOBOK WM WX
OT/Ie/TbHBbIX YacTel, HaXOSAI[UXCS 10/ Pa3HbIM 3/IeKTPUUYEeCKUM HarpsbkeHueM. [1ist
9TOTO M30JIITOP J0/DKeH 00/1aZiaTh AOCTAaTOUHON 37IeKTPUUECKOM M MeXaHUUeCKOu
MPOYHOCTBIO, TEMJIOCTOMKOCTBIO M B/IarOCTOMKOCTHIO.

[To KOHCTPYKTUBHOM) HCIIO/THEHUIO H30/STOPHI /le/IIT Ha OIMOPHBbIe, OMOPHO —
IIThIPeBbIe, ONOPHO-CTEP)XHEBbIe, TMPOXO0/HbIe, MAC/JIOHAMO/JIHEHHbIe U
MO/IBECHBbIE Tape/byarhble.

OmnopHble u30ATOPBI (pUC. 1) [/11 BHYTPEHHEH YCTaHOBKM COCTOSIT W3 TI0JIOTO
dapdopoBoro Kopriyca 2 , TOKPbITOTO C BHeIlIHel CTOPOHBI I71a3yphbio. 11 KperieHust
K KOHCTPYKLIMSIM OHU WMEIOT MeTa/iMueckue (QuiaHibl 1 KpyT/IOH, OBa/lbHOW WM
KBa/IpaTHOM (PopMmbl. [I/ig KperuieHusi IIMH UMEeIOTCs MeTa//TMuecKue KOJIauku 3.
Kosnauku umMeroT oTBepCTys 4 /151 KpeTleHusl IUHOlep KaTelei.

OmnopHbIit n30/5TOp 0003HauaroT, Haripumep MO - 10 - 375 Y3 e

" - uzonsmop

O — onopHblii

10 - HanipsKeHue B KB

375 - paspyluarolljas Harpy3ka Ha usrub (Krc), mpuy TiepeBojie B HBbIEOTOHBI HY>KHO

YMHOXXaTh
Ha 9.81
Y3 -ymMepeHHOe KTMMaTUUeCKOe UCTIO/THEHHE, /1/1S 3aKPbIThIX YCTPOMCTB.
1 2 3 4
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Puc. 1 OnopHBIM U30JATOP.

OnopHo - mITHIpPeBbIe H30/ISITOPHI HADY>KHOW yCTaHOBKK ( pucC. 2 ) 0603HavaroTCs
oykBamu OHIII 1 1pdpamu, yKa3bIBarOIIMK HalpsDKeHHe W Pa3pyIIAroIIy0 Harpy3Ky.
®ap@opoByr0 YacTb H30/5TOpPA OHIII - 35 — 2000, cocTosIyt0 K3 Tpex
5JIEMEHTOB 3, COeJUHSIIOT CO IUThIpeM 2 TPU TMOMOLM ClielaabHOM MacTUKU 4.
@yaner; 1 u3osATOpa KpersiT K OMNOPHOM KOHCTPYKLIMH, KOMMAuUOK 5 CIAYXXUT /ISt
KpeIUIeH!s1 TOKOBEAYLMX YacTel K U30/ISITOpY.
B o6o3nauenun OHIII - 35 -
2000 :

O - onopHbIY
H - Hapy>kKHOH yCTaHOBKHU
III - mTeIpeBOM
35 - HarpsbkeHue B KB

2000 - paspyLuaroias Harpy3ka B Krc
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Puc 2. OnopHO - IITEIPEBOM U30JISATOP.

OnopHo -cTrepxHeBble wu3oaATOpPbI TuUna OHC wu3roraBivMBarOT Ha
HaIpsKeHus 35 - 220 kB ¥ npuUMeHSIIOT B OTKPBITBIX pacripefennuTe/bHbIX
YCTPOWCTBAX [Ji KpeIJIeHUsI HW30/MPOBAHHBIX TOKOBeAyLIMX yacTei. UXx
BBITTOJIHSIIOT B BUje MHororwobouHoro dapdopoBoro crepxHs 1 (puc 3 ),
apMUpOBaHHOTO (aHIja 2 ¢ 006eux CTOPOH. DTU U30JATOPHI TMOJYUUH
IIMPOKOe TIpuMeHeHUe Osarojgaps KOMITAKTHOCTU U BBICOKOW 37€KTpUUeCcKOi
TIPOYHOCTH.

O603HayvaroT :

OHC - 220,rge

O — onopHbIU

H - Hapy’>KHOU

yCTaHOBKU
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C — cTrep>xHeBOU
220 - HanpsikeHUe, B KB

440

Puc. 3 OnopHO - CTep)XHEBOMW HU30JISTOP.

IIpoxogHble HM30JAATOPbI HMEKT BHUJ M0JbiXx (GapdoOpoOBbIX BTY/OK,
yepes3 KOTOphbIe
MPOXOJAST TOKOBeAyIliue 4acTu. [IpoxomHble M30A5STOPbl U3rOTAaBAWBAIOT [JIs
COeJJMHEeHH!s YacTer 3/IeKTPOYCTaHOBOK BHYTPU MOMeLLeHUs U A/ COeJUHEeHUs
Hapy>XHO - BHYTPEHHHUX 4YacTel ycTaHOBOK. M3onsatop Tuna UM H ( puc.d ), aas
COeIMHEHHUS YaCTel 3/1eKTPOYCTAaHOBOK BHYTPH MOMEIEeHUW, COCTOMT W3 MOJIbIX
(apdopoBbIX BTYJOK 2 U 4. BHYTPU KOTOPBIX MPOXOAUT TOKOBEAYIHAW CTEPKEHb
OKAQHUMBAIOIIMNCS KOHTAaKTHBIMA BbiBOJAAMU | U 5 C OTBEPCTUSMM /ISl
TpUKper/IeHUs K HUM IIIWH, MPOBOJOB U Kabesiel Tpu TomoIu O0/NTOB WU
cBapky. @jaHel] 3 TipeAHa3HaueH [Jjif COeJWHeHUs BTYJOK 2 U 4 u A
KperJieHUsI U30JIiTOpPa B TIPOEMe CTEHBI.

1 2 3 4

—

7 !
Puc 4 —- i | ] . IIpoxodHoti
u3o0/11mop . muna HH
ITogBecHbIe W\/\/ | | M30/IATOPBI IPHMEHSIIOT Ha
T TIOZICTAHIIUSX ISt
OTKPBITBIX pacrpe/ie TUTeTbHBIX

YCTPOMCTB HarpsbkeHueM 35 KB u Bbie (puc. 5).
Ux d¢apdopoBas yacte 4 umeeT (OpPMY ONPOKWUHYTOU Tapenkd, B KOTOPYIO
apMHMPOBaHbl MeTa/l/IMYeCKUM MecTUK 5 Ui cepbra. Cepxy ¢appopoByrO yacTb
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OXBaTbIBaeT LIankKa 1 U3 KOBKOr'O UyryHa. B 1ocieHI00 MOXeT BXOJWUThb IeCTHUK
npyroro usonsitopa. ®apdop Mexay OCHOBaHMEM TMeCTUKa W KpasiMu IaTlKu
paboTaet Ha ckatve. PaphoOpOBYI0 UaCTh COEAVHSIIOT C IIAMKOW 1[eMEeHTUPYIOIIeH
MacTUKOM 3, a CO CTep)KHeM IeCTHKa WA CepPbI'M - CBUHLIOBO-CYPbMSIHUCTBIM
CIIJIABOM 2.

[ToaBecHoM u3osATOp 0003HavaroT: IIP-160-A (IIC-160-A), rae

IT — nmogBecHo

@ (C) — papdopoBbiii (CTEKISTHHBIN)

160 — pa3pyiuatomas Harpy3ka 160 000 H

A — ucrioyiHeHue

[TomBecHBIe M30/TOPHI 00ECTIEUMBAIOT IIIAPHUPHOE KPeruIeHye TTPOBo/ia Ha OTope.
Ilnsi 3TOrO TMOJBeCHble U30JIATOPbl COEJUHSIIOT [ApPYr C JPYrOM B THUDJISH/BI,
No/iBellleHHble Ha MeTas/yInueCKUe OTophbl.

/ ;

167

Puc. 5 ITogBecHOU M30/19TOP

4.0CHOBHBIE XapaKTePUCTUKHU U30/IATOPOB.

V3onsTOpBI O/DKHBI 00/1a/1aTh OIMpe/eeHHbIMA TeXHUUeCKUMH
XapakTepucTukamu. K HUM OTHOCATCS: CyxopaspsgHoe, MOKpOpaspsifHOoe |
nipoOrBHOE HarpsKeHue.

Cyxopa3psijHoe HanpsDKeHUe - 3TO HarlpsbkeHue, MPUIoXKeHHOe K MeTa/llIn4eCKUM
3JIeKTpO/IaM M30/I9TOpa, MNPA KOTOPOM HACTyraeT WMCKPOBOM pa3psif, MO ero
MOBEPXHOCTU TIPU HOPMaJIbHbIX aTMOC(HEPHBIX YC/IOBUSIX.

Mokpopa3psaHoe HalpsHKeHUe - 3TO HanpsbKeHue, MPUIOXKeHHOe K U30/ITOPY, TIPU
KOTOPOM TPOMCXOAMUT Ppaspsifi MO TMOBEPXHOCTU M30/ISTOPa, HaXOZMALIETOCs TIOf,
JOXIEM, TIalatf0LUM Ha Hero 1oJ yryiom 45 © ¢ MHTeHCUBHOCTBIO 5 MM / MUH.
ITpoOuBHOE HaMpPsDKEHUeE - TO HarpsDKeHHe, TIPU KOTOPOM MPOUCXOJUT Mpoboi Ma-
Tepuajia W30/5ITOpa, 3aK/FOUeHHOTO MeXKAY OCHOBHBIMU 3/€KTPOJlaMH, HarpuMep,
MeXXIy CTep)kKHeM U Tankoi. [IpoOmBHOe HarpsbkeHre H000ro W30/1ATOpa BCera
GoJIbiiie ero CyX0pa3psiiHOTO U TeM Oojiee MOKPOPAa3pSZAHOTO HaIIPSDKeHUS.

Pabouee (HOMHHA/IbHOE ) HAmNpsDKEHHe  W30/ISTOPOB, €CTeCTBEHHO, HAMHOTO
MeHbIIIe er0 MOKPOPa3psiIHOTO, CYX0pa3psiIHOTO ¥ MPOOHUBHOTO HaMpsHKeHWH.

2. IlpakTHueckas 4acThb.
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1.13yunTh KOHKPETHBIN U30JIATOP.
2.HapucoBaTb BHEIITHUU BU/I.

3.YKa3aTb OCHOBHbIE 3/IEMEHTHI.

4.0ripefie/iiTh, U3 KaKOr0 MaTepuraJsia U3roTOBJIeH U30JIATOP.
3.Caenarb BbIBOJbI.

Pa3pen 4. DiiekTpoTexHU4YecKye MaTepyuasibl
Tema 4.1. J1eKTpOoTeXHUUECKHUe MaTepHua/ibl
IIpakTnueckoe 3ansaTue Nel(
Buabl [U3/1€KTPUKOB

Hens paborbr: O3HAKOMUTBCS C BHUAAMU [JUIEKTPUKOB, WX XapaKTepHBIMU

0COOEHHOCTSMHU ¥ Ha3HaUeHHEeM.

3aganue i1 CTyAeHTOB: [l0/ib3ysCh CIPaBOYHLIMH MaTepuasiaMH, ydeOHBIMU
MOCOOUSIMH U CTEH/IAMU 3aITOTHUTD TaOJTUIIBL.

1. Tla3oo6bpasHble AM3NEeKTPUKN

Ne
n/n

HaumMmeHoBaHue

OcCHOBHBIE CBOICTBA U
XapaKTePUCTUKHU

[IpumeHeHue

Bo3gyx

A3oT

Bopopop,

Jjeras

U |WIN|F

®peoH

2. XKuakue OM3NEeKTPUKN

No
/1

MuHepasibHble Macia

[IpymeHeHue

TpaHcdopmaTopHoe

KabensHoe

WIN | =

KonpeHcaTtopHoe

CrapeHue

MHHepaJ/IbHbIX

Maces -

B uém oT/imune CUHTeTUYECKUX )KHAKOCTEﬁ OT MHUHEPAJ/IBHbIX Maces?
3. TBépable OpraHuuyeckue AUSIEKTDUKU — oA OpraHnyeCKMMH BelleCTBaMU

moApasymMeBarOTCAd COeAUMHEHUA yI/epo/da, 00BIUHO OHU CoZiepKaT TdkKXKe BOJAOpOA,
KHC/I0PpOJ, d30T, I'aJIOr€Hbl W/IKM HWHbLIE 3JIEMEHTEI. Hpque BemeCcTBa CUMTANOTCA

HeOpraHWYeCcKMMW, MHOTHE W3 HHUX COJep)KaT KPeMHUM, aJlOMUHUN W Jpyrue

MeTaJ/inbl, Kncaopon n 1.4

Ne Bugbr PasnoBraHOCTH OO011jast XapaKTepUCTHKA
/o
1 Bockoobpa3Hbie [TapaduH
[U3IeKTPUKU [lepe3uH
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["anoBakc
2 DJIeKTPO- [TponuToYHbIE
W30JIILIMOHHBIE JIAKU IToKpOBHBIE
Knesipe
CrieriuanbHbIe
3 burymsbl
4 KommayHzbt butymHbIe
Bockoobpa3Hbie
5 BonokHaucteie 3/IeKTPOU30JISILIUOHHBIE
MaTepuasbl
6 ITnacTrueckre MacCol
7 Pe3uHa

4. _Teépphble HeopraHMYeckme OMN3NeKTPUKN

No Buel OO0r11ast XxapaKTepuCTUKa
/i
1 Acbect
2 DJIEKTPOU30JISIIMOHHbIE CTEK/Ia
3 Cmronia
4 MWUKaHUTHI
5 [TpupoHble KaMeHHbIe MaTepUasibl

Caenath BBIBOJ I10 pabore.

3.4. IIpomexxyTouHass arTecTralys CTyJeHTOB.
[To pmaHHOl yueGHOUW guciurnIMHe «MarepuanoBe/ieHre» TPOMeXYTOUHast
aTTecTalus mpeJycMOTpeHa B (popme 3K3aMeHa.

3ajjaHue /1 MPOMe)XXyTOUHOH aTTeCcTaluu
Bomnpocs! A/isi KOHTPOJIBHOI0 ONpoca
Bonpocs! /151 npoBepKH ypoBHs 00yueHHOcTH «3HATDH»

Krnaccudukaiiysi cTporTe/IbHbIX MaTepUaioB U UX OCHOBHbIE CBOMCTBA
Kpucraminueckoe cTpoeHre MeTa/yIoB ¥ UX KPUCTA/UIU3aL{Us

SIBIeHUsT a/I/IOTPOITUU U aHU30TPOTTUN

[IprMeHeHWe MeTaJlJIOB Ha >Ke/Ie3HOJOPO’KHOM — TPaHCIIOpTe

CTpyKTypHBIe COCTaB/ISIFOIIME CTUIaBOB: TBEPAbI pacTBOP, XUMHUUeCKHe COeMHeHus],
MeXaHuJecKasi CMeCh.

6. /luarpamMma COCTOSIHUSI »Kese30yT/IepOUCThIX CrylaBOB. OCHOBHbIE TOUKU U JIMHUU
JMarpaMMbl COCTOSIHUSI ’Kesie30yT/IepO/IUCThIX CIIJIaBOB.

7. BnusHue yriepojia v IOCTOSTHHBIX TPUMecei Ha CBOMCTBA CTasei

8. Knaccudukanuys cranen.

9. OO0uue cBeieHUsI 0 TEPMHUUECKOH 00paboTKe cTasei.

10. da3oBble TIpeBpallleHus TIPU TEPMUUYECKON 00paboTKe cTasiei.

11. Buasl TepMuueckoii 06paboOTKHU: OT)KUT, 3aKajika U OTITyCK CTaJjIH.

ah N
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12. Ob6uMe cBeieHUs] 0 XUMUKO-TePMUYeCKoi 00paboTKe cTasieil.

13. da3oBbIe npeBpallieHus P XUMUKO-TePMUYECKOM 06paboTKe cTaseid.

14. Buapl XUMHKO-TepMUYECKOM 00pabOTKH.

15. BymsiHue XUMHUKO-TePMUUECKOM 00pabOTKY Ha CBOMCTBA CTaJlH.

16. JlerupoBaHHbIe CTa/v, UX KlacCUdUKarusl.

17. BnusiHue IerupyroLuX 3/1IEMEHTOB Ha CBOMCTBA CTaJIeu.

18. LiBeTHbIe MeTaslIbl U CILJIaBbl HA UX OCHOBe.

19. AnOMHHMM U CIIIaBbI HAa €r0 OCHOBe.

20. Megp 1 criiaBbI Ha ee OCHOBe.

21. AHTUGPHUKIIMOHHBIE MTOAIIMITHUKOBbBIE CI1/IaBbl.

22. MapkupoBKa LJBeTHbIX CI1/IaBOB.

23. JlureitHoe mpou3BoACTBO. CTep>KHEeBble U (H)OPMOBOUHbBIE MaTepHaJIbl.

24. Buzpl 06paboTKU MeTaslIoB ZiaB/ieHreM: MpoKaTKa, IpeccoBaHue, BOJIoUeHue,
cB00OO/THAs! KOBKA, IITaMIOBKa. V3/e/us1, moy4yaeMble Ipu 00paboTKe AaB/ieHHeM.

Bomipocs! [ijisi IpoBepKu ypoBHsI o0yueHHocTH «YMETb»
25. YrnepoJucTble KOHCTPYKI[MOHHBIE CTaju: BWbl, CBOMCTBA, MapKHPOBKA MO
['OCTy, npuMeHeHVe Ha MOJABUXHOM COCTaBe yKeJjle3HbIX J0pOor.
26. BiusiHye TepMHUUecKor 06paboTKy Ha MexaHWUeCKre CBOMCTBA CTaJlH.
27. Knaccudukanuss uyryHoB. CBoiicTBa, MapkupoBka 1Mo I'OCTy u mnipuMeHeHue
Pa3/IMYHBIX BM/10B UYT'YHOB Ha IMTOABH>XHOM COCTaBe >KeJ/Ie3HbIX OJOPOr.
28. Mapkupogka 1o ['OCTy snerupoBaHHBIX CTasieu.
29. [IprMeHeHVe TeTUPOBAHHBIX CTa/Ield Ha »KeJIe3HOJ0POXXHOM TPAaHCIIOPTe.
30. IlpuMeHeHre 1[BEeTHbIX MeTa/VIOB M CIUIAaBOB Ha UX OCHOBE Ha MOJABMXHOM
COCTaBe Kejle3HbIX JOPOr
31. Metoapl nonyueHust OTIMBOK. CrielfdaibHble CITOCOOBI JIUTHSI.
32. JluTeliHble CrIaBbl U UX TIPUMEHEHUEe Ha »KeJle3HO/IOPOKHOM TPaHCIIOPTe.
33. O6paboTKa MeTasIoB JiaB/IeHUEM.
34. Criocobsl cBapku. [alika ¥ pe3Ka MeTaslIoB.
35. IlpuMeHeHre pa3IMYHBbIX BUAOB CBApKH, MaWKW M PEe3KU META//IOB B PEMOHTE
MO BUKHOI'O COCTaBa.

3ajaHue /I NIPOME)XXYTOYHOU aTTeCTaLUH.
Bomnpocel 15 3K3amMeHa
Bomnpocsl /is1 npoBepKu ypoBHs 00yueHHocTH «3HATD»

du3nuecKre CBOKWCTBA MaTepHasIOB.

DneKTpuueckre CBOKMCTBa MaTepHasIoB.

MexaHHuecKue CBOMCTBA MaTepHasoB.
TexHonornueckue CBOKMCTBa MaTepHasoB.
AKyCcTHUUecKue CBOMCTBAa MaTepUasioB.

XyWMHUUYecKre CBOWMCTBA MaTepHasioB.

MerTasinbl ¥ UX KaaccuduKalys.

CtpoeHue MeTasuioB. TUIIbI KDUCTA/ITMUECKUX PEIIETOK.
. PacKpbITb MOHATUS aHU30TPOIHS U aJI/IOTPOITHS.

10 MeTtannuueckue CIijiaBbl 1 X KOMIIOHEHTHI.
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11.Knaccudukaiys CrjiaBoB B TBEPIOM COCTOSIHUMU.

12.YyryH. [TonyyeHue, kKinaccuukalys U MapKu UyryHa.

13.Cranb. Crioco0OnI eé TosryueHusi. PasnmmBka crasiy.

14.11BeTHBIE MeTa/l/IbI M CIIaBBl. Me/b U CIIaBbl Ha e€ OCHOBe.

15.11BeTHBIE MeTa//IbI U CIJIaBbl. AJIIOMUHUM M CIJIaBbl HA €r0 OCHOBe.

16.11BeTHBIE MeTasl/IbI M CIIaBbl. TUTaH U CIJIaBbI HAa ero OCHOBe.

17.Cy1IHOCTb MOPOIIKOBON MeTa/ITypruHu.

18.Tepmuueckasi 1 XUMUKO-TepMHUUecKass 00pab0oTKa MeTaslioB.

19.Koppo3usi MeTa/lJIoB M CIIOCOOBI 3all[UTHI OT Heé.

20.JIuTeiiHOe MPOU3BOACTBO («+», «-», 3Tarlbl ITOTyUeHUs OTJIUBKHU)

21.D51eKTpoTeXHUUeCKUe MaTepualibl, UX KaacCU(UKaLys M0 Ha3HaUeHHUIO.

22.11pOBOHUKOBbIe MaTepHallbl.

23.11poBOHUKY [1EPBOTO POJia U BTOPOrO poza.

24.YT0 Takoe CBepXIPOBOJHUKUA U KPUOTIPOBOJHUKU?

25.YTO OTHOCUTCS K HEMeTa/UIMYeCKUM TPOBOJHUKAM.

26.YT0 Takoe KOMOMHUPOBAHHbIE IPOBOTHUKN?

27.V30514110OHHbIe MaTeprasibl. OCHOBHbIE XapaKTePUCTUKU [AUIIEKTPUKOB.

28.YTO OTHOCHTCS K Ta3000pa3HbIM M JKHUAKHUM JIU3EKTPUKAM?

29.YTO OTHOCUTCA K TBEPJbIM OPraHUYeCKUM JU3/1eKTpUKam?

30.YT0 OTHOCUTCH K HEOPTaHWUUECKUM IU3/IeKTPHUKaM?

31.AKTUBHBIE AUDJIEKTPUKU.

32.YT0 Takoe 1oJiyrpoBOAHUKA?

33.0CHOBHBIe T0/IyTIPOBOJHUKOBbIE MaTeprallbl.

34.0OCHOBHBbIe T10/TyTIPOBOJHUKOBbIE U3/e/Ius.

35.MaruuTHble  Martepuasbl  (MarHUTHO-MSITKWE W MarHUTHO-TBEpJbIe
MaTepHraJIbl).

36.0nekTpoTexHuueckue u3genus. [lpoBoga Jisi  BO3AYIIHBIX  JIMHUU
57IeKTPUYECKUX Tepe/lau U KOHTAaKTHOM CEeTH.

37.2nekTpoTexHuueckre usenvs. OOMOTOUHbIe ¥ SMaTMPOBAHHbIE TIPOBO/IA.

38.0/ieKTpoTeXHUUeCKHe u3zie/usi. MOHTaKHbIe TTPOBO/A.

39.2neKTpoTexHUYeCKre uszenus. Y CTaHOBOUHbIe TIPOBO/A.

40.3nekTpoTexHuueckre nsaenusi. CUmoBbie Kabesu.

41.Teepjoe, )XuUAKOe U ra3o06pa3Hoe TOTIIMBO.

4?2 . Ha3HaueHre CMa30YHbIX MaTepHasoB.

43.>KI/I,£LKI/IE, M/IaCTUYHbIE W TBeEpAble CMd30UYHbI€ MdTe€pHAJIbl: UX BUIBI, CBOICTBa U
MMpUMeHEHWE Ha ITOJBHXXHOM COCTdBe KeJIE3HbIX JOpOr

44.CoctaB, CTpoeHHWE W OCHOBHbIe CBOMCTBa TMoMMMepoB. Crocobbl T0/ydeHus
[10JIUMEepOB.

45.Marepuanbl Ha OCHOBe IosiMMepoB. [IprMeHeHMe TO/JMMeEpPHBIX MaTepuaoB Ha
TMMOABM>XHOM COCTaBe >XeJIe3HBIX A0por

46. KOMMO3UI[MOHHBIE MaTepuasbl: Ha3HaueHWe, BHAbI M cBoicTBa. CriocoObI
noJiydyeHus: KOMITIO3WLIMOHHBLIX MaT€PHAJ/IOB.

47.3aiuTHble MaTrepuasibl: Ha3HaueHWe, BHUZbI, CBoMcTBa. CriocoObl HaHeCeHUs
3alLUTHBIX MaTepHaloB.

Bonpocs! [ijisi IpoBepKH YPoBHs o0yueHHocTH «YMETDbD»
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48.Knaccudukaiysi U MapKUpOBKa CTasei.

49.Cniocobbl 06paboTKM MaTeprasioB.

50.JIuTké B mecyaHo-T/IMHSAHbIE (DOPMBI.

51.JIuTbé B KOKWJIb.

52.1leHTpobeKHOe TUTHE.

53.JIuTké 1o faBieHueM.

54.JIutbé B 000/10UKOBbIE ()OPMBI.

55.JIUTBE 110 BBITUIAB/ISIEMBIM MO/IEJISIM.

56.06paboTKa MeTasI/IoOB [laB/IeHHEM.

57.0cHOBHbIe CIOCOOBI 00pabOTKH MEeTa//IOB AaB/eHHEeM: TIPOKATKa.

58.0cHoBHbIe cr1ocoObl 06pabOTKU MeTaJlJIOB /laB/ieHUeM: IpeccoBaHue.

59.0cHoBHbIe cr1oco6bI 060pabOTKKU MeTalJIOB /laB/ieHHUeM: BOJIOUeHHe.

60.0cHoBHBIe cIOCOObI 00pabOTKKM MeTasIOB /iaB/ieHHEeM: KOBKa.

61.Pe3anue metannos. [IpumeHsieMbIii UHCTDYMEHT.

62.Criocobb1 06paboTKM MeTasl/IOB Pe3aHreM: TOUeHHe.

63.Criocobs1 06paboTK MeTas/IoB pe3aHreM: )pe3epoBaHue.

64.Criocobsl  06pabOTKM MeTa/yIOB pe3aHueM: CBepJjieHWe, 3eHKepOBaHMUe,
pa3BépTLIBAHUE.

65.Abpa3rBHas 06paboTka MeTasIIoB.

66.CBapka MeTasoB. E€ BU/bI, MpUMeHsieMblid IHCTPYMEHT.

67.I1aiika meTasios.

68.CBoMCTBa ¥ MpUMEHeHWe pa3/IMuYHbIX BHU/IOB TOMJ/IMBA Ha MOJIBUXKHOM COCTaBe
)Kesie3HbIX JJOpOT

69.[IpuMeHeHre KOMITO3ULIMOHHBIX MaTepyasioB Ha TIOJBWKHOM COCTaBe
JKene3HbIX  opor  (371eMeHThl  BHYTPEHHero OCHAllleHWs  BaroHOB,
KOMIIO3ULIMOHHBIE TOPMO3HbIe KOJIOAKH U AP.)
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