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Pa6ouas nporpamma cocrasiesa Ha ocHoBe PI'OC BO - GaxanaBpuar 1o HarpaBjieHHIO
noxarorosku 22.03.02 Mertamnryprus (npuka3 MunoOprayku Poccun ot 02.06.2020 r. Ne 702)

PaGouas mporpamMma paccMoTpeHa H oxoOpeHa Ha 3acefaHuM Kadenapbl JIMTEHHBIX
IIPOIIECCOB U MaTepHANIOBEACHHUS
08.02.2023, mpotokon Ne 6 % i N,
3aB. kadeapoit H.A. ®eoxrucron
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Jluer akryaamn3zanuu pado4eii nporpaMmsl

Pabouas mporpamma nepecMoTpeHa, 00CcyxaeHa u ogodpena st peanmsanuu B 2024 - 2025
y4eOHOM roly Ha 3aceqaHuu Kadeapsl JIMTEHHBIX MPOIIECCOB U MAaTCPUAIOBEICHUS

IIporokomor 20 . Ne
3aB. kadeapoii H.A. ®eoktuctoB

Pabouas mporpamma nepecMoTpeHa, 00CykaeHa u ogo0pena st peanmsanuu B 2025 - 2026
y4eOHOM rojy Ha 3aceqaHuu Kadeapsl JIMTEHHBIX MPOIECCOB M MATEPUAIOBEICHUS

IIporokomor 20 1. Ne

3aB. kadeapoii H.A. ®eokTucron

PaGouas mporpamma nepecMoTpeHa, o0cyxaeHa u ogodpena s peanuszauu B 2026 - 2027
yueOHOM rofly Ha 3aceaHuu kadeapsl JIMTEHHBIX MPOIIECCOB U MaTepUATOBEICHUS

[Iporokom ot 20 . Ne

3aB. kadeapoii H.A. ®eoKTHCTOB

PaGouas nmporpamma nepecMoTpeHa, o0cyxaeHa u ogodpeHa s peanuszauu B 2027 - 2028
y4eOHOM Trojly Ha 3aceqaHuu Kadeapsl JIMTEHHBIX MPOIIECCOB U MAaTCPUATIOBEICHUS

[Iporokomor 20 . Ne

3aB. kadenpoii H.A. ®eoktucton

Pabouas nmporpamma nepecMoTpeHa, 00CykaeHa u oo0peHa s peanm3aru B 2028 - 2029
y4eOHOM Toly Ha 3aceqaHuu Kadeapsl JIMTEHHBIX MPOIIECCOB U MAaTCPUATOBEICHUS

IIporokomor 20 1. Ne

3aB. kadeapoii H.A. ®eoKTHCTOB




1 Ilesin ocBOEHMS AMCHMILINHBI (MOYJIAA)

Henssmu ocBoenus qucuuiuinabl «KMATEPUAJIOBEJIEHUE sBnstorces: mpuoOperenne
CTYICHTAaMM TEOPETUYECKUX 3HAHUM O 3aKOHOMEPHOCTSX, ONPENEIAIOIINX CBOWCTBA
MaTepuasoB, NPAKTUUYECKUX HAaBBIKOB KOHTPOJS M IMPOTHO3UPOBAHUS CBOMCTB M IIOBEIEHUS
MaTEepHaJIOB B PA3JIMYHBIX YCIOBUSAX UX 00paOOTKH M HKCIUTyaTalMH, HEOOXOJUMbIX OakaiaBpy
1o popUITIO «Meramnyprus YEPHBIX METaJUIOB) JUTS IIJIOJIOTBOPHOU
HAy4YHO-HCCIIEI0BATENbCKON U IPOU3BOICTBEHHO-TEXHOJIOTNYECKON IEATENBHOCTH.

2 MecTo IMCHUILTHHBI (MOAYJIs1) B CTPYKTYpe 00pa3oBaTe/ibHOMH NPOrpaMMbl

Hucuunnuaa MarepuanoBeeHue BXOAUT B 00s3aTelIbyl0 YacTh y4eOHOro IijlaHa
00pa3oBaTesIbHOI IPOrpPaMMBI.

Jlng  u3ydeHus  JUCHUIUIMHBI ~ HEOOXOAMMBI  3HaHMsS  (YMEHHUsS,  BIIAJCHHS),
c(hOpPMHUPOBAHHBIC B PE3YJIbTATE U3YyUSHHS JUCIUTUINH/ TPAKTHK:

BBenenue B HanpaBiieHuE

Hcropus meramnypruu

OOmas 1 HeopraHudecKasi XUMHS

OCHOBBI METAJITyprU4€CKOro Mpou3BOICTBA

dusuka

dusnyeckas XuMHs

3Hanus (yMEHUS, BIaJ€HUs), MOTYYCHHbIC TPU U3yYEHUU JAHHOW AUCLMILIUHBI OyIyT
HEOOXOIUMBI JIJIS1 U3YUYECHUS AUCUUTUINH/TPAKTHK:

JInTeliHOE IPOU3BOACTBO

Mertoasl Hcciie0BaHUs MAaTEPUATIOB U ITPOLIECCOB

Pa3znuBka u kpuctamimnzauus cTaiu

Hayuno-uccnenoBarenbckas padoTa

OCHOBBI TPOKATHOTO MPOU3BO/ICTBA

[ToaroToBKa K MpoIexype 3alIiThl ¥ 3alIMTa BBITYCKHON KBAIN()UKAITMOHHON pabOTHI

3 KomnereHuuu o0y4arouierocsi, popMupyemMbie B pe3yibTaTe 0CBOCHUS

AUCHMILINHBI (MOYJIf1) U IVIAHUPYeMble pe3yJibTaThbl 00y4eHUs

B pesynbrate ocBoeHMs AMCHUILIUMHBI (Moaynsi) «MaTepuanoBeleHHe» 0Oydarouuiics
JOJKEH 001a1aTh CIEAYIOIIMMU KOMIIETEHIUSAMHU:

KOI[ HHIUKATOopa I/IHI[I/IKaTOp JOCTHIXKCHUA KOMIICTCHIIN

OIIK-1 CrmocobeH pemaTth 3amadv NPO(ECCUOHATBHOW JEATEIhbHOCTH, TMPHUMEHSS METOIbI
MOJICTTUPOBAHUS, MATEMATHYECKOTO aHAJIN3a, ECTCCTBCHHOHAYYHBIC U OOIICHH)KCHEPHBIC 3HAHUS

OIIK-1.1 Hcnonb3yeT ecTeCTBEHHOHAyUHbIE 3aKOHbl M IPHUHLMIBI MPU PELIEHUU
IIPaKTUYECKHX 3a/1a4

OIIK-1.2 Pemaer cranmaptHeie npodecCHOHANbHBIE 3aqaud C MPUMEHEHUEM
OOIENHYKEHEPHBIX 3HAHUHT

OIIK-1.3 [IpuMeHsseT MeTOnbl MOJECIMPOBAHMS W MATEMaTUYECKOIO aHalIM3a Ui
peleHts 331a4 TEOPETUYECKOT0 U MPUKJIAJTHOIO XapaKkTepa




4. CTpyKTypa, 006EM M COEpKaAHNE JUCHUIIIMHBI (MO1YJIs)
OO6miast TpyI0EMKOCTh AUCIUIUIMHBI COCTABIISIET 9 3a4eTHBIX eauHull 324 akaja. 4acoB, B TOM

YUCJIC:

— KOHTaKTHas pabora — 21,6 akaJ. 4acos:
—ayauTopHas — 18 akaj. yacos;
— BHeayJIuTOpHas — 3,6 akaJl. 4acoB;

— caMocTosTeIbHas paboTa — 289,8 akaJl. 4acoB;

— B (popMe npakTHIECKO MOATroTOBKH — 0 akas. 4ac;
— IOATrOTOBKA K 3K3ameHy — 12,6 akan. yac
— IMOJATrOTOBKA K 3auéTy — 12,6 akaj. yac
®dopma aTTeCcTalluH - 3a4€T, SK3aMeH

AynutopHast 3 s
KOHTaKTHas paboTa E = dopma TeKyIero
& B
B aKaJ. Jyacax o ua KOHTPOJIA
Paznen/ Tema é (B akan ) =l . P Kon
& © | caMOCTOSATENBHON | yCIeBaeMOCTH U
JCIUTUTAHB 2 £ = ., |xommerenmn
2 & pabdoThl MPOMEKYTOYHOM
nmab. | mpakr. | S &
Tex. Z'S aTTecTaluu
3aH. 3aH. | O &
1. Beenenue
1.1 Pomp wmarepmama B
SKCIUTyaTallu u3zenuil. .
IIpopaboTka Texymuit
OcHOBHbIE MOHSTHSA. 6o peTpI/IquIcoro KOHTyH;nH OIIK-1.1,
Ucropus pa3BUTHSA 5,2 (J'ICII)U_II/IOHHOFO) YCTE—)IBII\/'I‘ OIlK-1.2,
MaTepHuaIoBeIeHUS KaK OIIK-1.3
wayin, Knaccumkats MaTepuaia JKCIIPECC-0IIPOC
MaTepHaJIoB.
2 IIpopaboTka
1.2 Knaccudukanus JIEKIIUOHHOTO Texymmit
MaTepHuaoB. OCHOBHBIE Marepuana; KOHTPOJIb:
CBOICTBa MaTepUasoB. MOATOTOBKA K 3amura OIIK-1.1,
CBsI3b MEXY CTPYKTYpOH H 0,5 11 nabopaTopHbIM 1abopaToOpHBIX OIIK-1.2,
CBOICTBAMU  MAaTEpHUAJOB. 3aHATUSM; paboT. OIIK-1.3
Mertoabt HCCIIEI0BaHUSA IIOJITOTOBKA K KonTponbnas
CTPYKTYPBL. KOHTPOJIbHOM pabora
pabore
HUroro no pazmeny 0,5 16,2
2. ATOMHO-KPHUCTANINYECKOE
CTPOCHHE MaTEepPHaJIOB
ITpopaboTka
2.1 Buner  xpucramios. JIEKIIUOHHOI'O Texymuii konrposs| OITK-1.1
Kpucranmueckast pererka. MaTepuana; Y
HEHHMO Fa—" p 0,5 11 noaroIT)OBKa’K Konrponbnas OIIK-1.2,
POHIM. ) pabota OIK-1.3
AHHM30TpOTIHSL. KOHTPOJILHOU
) pabore
ITpopaboTka
2.2 e(heKThI JIEKIIMOHHOTO N
Hed n . Texymuit koatpoms| OIIK-1.1,
KPUCTAITTHIECKOTO 11 Marepuana; KoHThONbHAS OTNK-1.2
CTPOEHUSI. MexaHn3MbI MMOATOTOBKA K p Y
. pabora OIlK-1.3
mupby3un KOHTPOJIbHOU
pabore
HWroro no pazneny 0,5 22

3. Kpucrammmsamms paciiaBoB




ITpopaboTka

JIEKIMOHHOTO .
. Texymuit KOHTPOITH
3.1 TepmoauHamMuyecKkue MaTepHaa;
Konrponpuas
YCIIOBUSL  KPHUCTAILIU3AIUH. MMOATOTOBKA K OIIK-1.1,
pabora
Mexanu3M KpUCTaJIM3aLUY. 0,5 13 71a00paTOPHBIM OIIK-1.2,
3amura
ITapametper 3aHATHSM; OIIK-1.3
71a00paTOPHBIX
KpPHUCTAJUTH3ALUH. IOJITOTOBKA K aGor
KOHTPOJIbHOU p
5 pabote
ITpopaboTka
3.2 Camompou3BoibHasT H JIEKITMOHHOT'O o
. Texymuit KOHTPOITH
HECaMOIIPOU3BOJIbHAS MaTepHa’a;
Konrponpuas
KPHCTAITU3AIHSL. MOATOTOBKA K aGota OIIK-1.1,
MomudunupoBanue. 0,5 13 nabopaTopHBIM P OIlK-1.2,
3amura
Hennpuraas 3aHATHSM; OIIK-1.3
71a00paTOPHBIX
Kkpucrtauuzauusi. CTpoeHue IOJITOTOBKA K aGor
CIIMTKA KOHTPOJIBHON p
pabore
HWroro no pazneny 1 26
4. Jlebopmaumss u  HarpeB
JIe)OPMUPOBAHHBIX MaTEPHAJIOB
ITpopaboTka
4.1 VYmpyras u JIEKIIMOHHOTO N
pyT ! Texymuit KOHTPOJIb
acTuieckas JedopMariys. MaTepHa’a;
KonTtponbhas
Mexaamm nedopMaIim. MIOATOTOBKA K OIIK-1.1,
pabota
W3menenne CTPyKTypsl u 0,5 11 nabopaTopHBIM OIIK-1.2,
. 3amura
CBOMCTB 3aHATHIM; OIIK-1.3
1abopaToOpHBIX
MTOJMKPHUCTATITIYECKOTO IOJITOTOBKA K aGor
MeTajuia npH JeGopManii. KOHTPOJIbHOM p
) pabote
ITpopaboTka
JIEKIMOHHOTO .
. Texymuit KOHTPOITH
4.2 NI3MeHeHHue CTPYKTYpPBI U MaTepuaa, Konrponbnas
cmoficrs  mpm  marpese [TOArOTOBKA K aboTa OMK-1.1,
chopmu OBaEIHoro P 0,5 11 nabopaTopHBIM é)a ura OIIK-1.2,
JIEDOPMHP 3aHATHUSIM; » OIlK-1.3
MeTaJa. n1abopaToOpHBIX
IOJITOTOBKA K
N pabor
KOHTPOJIBHOM
pabore
HWroro no pazneny 1 22
5. MexaHndyeckue  CBOMCTBa
MaTepHaJioB
ITpopaboTka
JIEKIIMOHHOTO .
5.1 OcHOBHBIE MOHATHA M MaITle yaa; | | O<ymwi korTpok | OIK-L.1,
- 1 o FOgOBKa’K Konrposbraz OIIK-1.2,
pex : A ) pabota OIK-1.3
KOHTPOJIbHOM
pabore
ITpopaboTka
2 JICKLIMOHHOTO .
. Texymuit KOHTPOITH
5.2 Bunmel, wMeroael u MaTepuaa, 3amura
oBopynonante It [TOArOTOBKA K 71260paTOPHBIX OMK-1.1,
Py A 11 nabopaTopHBIM parop OIIK-1.2,
UCTIBITAHUSI  MEXaHHUYECKHX pabot
N 3aHATHIM; OIIK-1.3
CBOIICTB. Konrponpuas
MOJITOTOBKA K
N pabora
KOHTPOJIBHOM
pabore
Hroro no pazneny 22

6. ®a3oBble U CTPYKTypHBIE

TIpEeBpaICHUS
JIBYXKOMITOHEHTHBIX
METAJUINYECKUX CUCTEMaX

B




ITpopaboTka

JIEKIIUOHHOTO .
H . Texymuit kouTpons| OIIK-1.1,
6.1  OcHOBHBIE  TOHSTHA 11 Marepuana, KoHTpostbHast OIK-1 2
TEOPUH CIUIABOB. MOJroTOBKA K a6oTa OHK-l- 3’
KOHTPOJIbHOU p ’
pabote
ITpopaboTka
JIEKIHMOHHOTO .
MaTepuara: eKyIIHiA KOHTPOJIb
6.2 lmarpamMMbl JBOMHBIX ? Konrponpuas
cncmﬁ P ®o MI:IH OBaHHE MOArOTOBKA K a%OTa OIK-1.1,
or T' - P I;OﬁHHX 11 1ab0paTOPHBIM é)a e OIlK-1.2,
PYKTYP A 3aHATHUSIM; n OIlK-1.3
CILJIaBOB. 11a00paToOpHBIX
MOJTOTOBKA K aGor
KOHTPOJIbHOU p
pabore
Hroro no pazmeny 22
7. XKene3oyraepoaucThie CIIIABHI
ITpopaboTka
JIEKIMOHHOTO .
7.1 XapaKTepucTuKa ! Texymuit kouTpons| OIIK-1.1,
Marepuana;
JIarpaMMbl (a3oBoro 13 Konrponpuas OIIK-1.2,
MOJITOTOBKA K
COCTOSIHUS JKEJI€30-yTIIePO KOHTPOITbHO pabora OIlK-1.3
pabore
ITpopaboTka
JIEKIHMOHHOTO .
MaTepuaa; eKyIIHi KOHTPOJIb
7.2 dopmupoBaHHe ’ KonTponbnas
CTPYKTYpPBI cpTangﬁ u flOAroToBka Kk a%OTa OIIK-L1,
PYKTYD 0,5 13 71a00paTOPHBIM P OIlK-1.2,
YYyTYyHOB B  DPaBHOBECHOM SAHSTYIM: 3amuTa OIK-1.3
COCTOSIHHH. ’ 11ab0paToOpHBIX ’
MOJTOTOBKA K aGor
KOHTPOJIBHON p
pabore
HWroro no pazneny 0,5 26
8. 3auer
ITpopaboTka ITpoMesxyTOUHBIi
JIEKIIMOHHOTO KOHTPOJb (3auer)
Marepuaa. CobecenoBanue B
8.1 Koncynprammuu  mo I/I3y‘rI)CHI/IC yeTHOH dopme ¢ OIIK-1.1,
BOIIPpOCAaM  TOJTOTOBKH K OIIK-1.2,
sauery JIOTIOJTHUTEIBHOTO y4eTOM OITK-1.3
Marepuana. pe3ynbTaToB
ITonroroBka k KOHTPOJIbHBIX
3a4eTy MEPOTIPHUATHIA
Hroro no pazneny
9. Kiaccudukanus, MapKupoBKa
u MIpUMEHEHUE
JKEJIE30YTIIEPOAUCTBIX CILIABOB
ITpopaboTka
JIEKIMOHHOTO .
9.1 Cas13p MEXIY n . Texymuit KOHTPOITH
CTPYKTYypOl M cBoiicTBaMu Marepuaia, Konrponbhas
cepéx CVIVHOR MOATOTOBKA K a6oTa OIIK-1.1,
K;)accn ukars YIYHOB. 1 11 nabopaTopHBIM é)a ra OIIK-1.2,
T, 3aHATHIM, - OIIK-1.3
MapKUpPOBKAa M TIPHMEHEHHE HOAFOTOBKA K 71ab0paTOPHBIX
CEPBIX UyI'YHOB. KOHTPOHHOH pabot

pabore




ITpopaboTka

JIEKIMOHHOTO .
. Texymuit KOHTPOITH
9.2 BnusHue yriepoaa u Marepuana;
. 9 KonTponbnas
mpuMeced  Ha  CBOICTBa MMOATOTOBKA K aGota OIIK-1.1,
craneil.  Knaccudukanus, 3 11,6 | nabopaTopHbIM g; ra OIIK-1.2,
MapKHpOBKa M TpPHUMEHEHHE 3aHATHSM; » OIIK-1.3
- 71a00paTOPHBIX
YIJIEPOUCTBIX CTaneil. MOJITOTOBKA K aGor
KOHTPOJIBHON p
pabore
HWroro no pazgeny 4 22,6
10. dopmupoBaHHe
HEPABHOBECHBIX CTPYKTYP
IIpopaboTka
JIEKIMOHHOTO .
. Texymuit KOHTPOIH
Marepuana;
KonTtponbhas
10.1 ®azoBbIe MpeBpaIeHIS TOAroTOBKA K pabota OIIK-1.1,
s C.TaJ'II/I DU HAIPEBE 0,5 9 71a00paTOPHBIM amura OIIK-1.2,
p Tpese. 3aHATHUSAM; H OIlK-1.3
1abopaToOpHBIX
MOJITOTOBKA K
N pabor
KOHTPOJIbHOU
pabote
ITpopaboTka
JIEKIMOHHOTO .
. Texymuit KOHTPOITH
Marepuana;
KonTtponbhas
10.2 ®azoBbIe MpeBpamIeHAS TOATOTOBKA K pabota OIIK-1.1,
B C.TaJ'II/I MIPH OXJIAXKICHUHU 13 Aa00paTopHLIM 3amura OIIK-1.2,
p a ’ 3aHATHUAM, - OIIK-1.3
1abopaToOpHBIX
MOJITOTOBKA K
N pabor
KOHTPOJIbHOU
pabore
HWroro no pazneny 0,5 22
11. OCHOBBI TEPMUYECKOM
00paboTKH
ITpopaboTka
11.1 IlonsiTust o JIEKIIHOHHOTO N
N a Texymmuit koutposns| OIIK-1.1,
TepMUYECKOH  00paboTke. Marepuana;
Knaccudukamms BHJIOB o MOJIrOTOBKA K KonrposbHas OIK-1.2,
. . pabora OIlK-1.3
TEPMHUYECKOi 00pabOTKH. KOHTPOJIBHOM
pabote
ITpopaboTka
JIEKIMOHHOTO .
. Texymuit KOHTPOITH
Marepuana;
KonTtponbhas
11.2 Knaccupukamus, memb TOZIrOTOBKA K pabora OIIK-1.1,
I/Il'[ VMEHEHHE 0T>x<1/1ra: ? AabopaTopHLIM 3amura OIIK-1.2,
P ’ 3aHATHUSAM; H OIlK-1.3
1abopaToOpHBIX
MOJITOTOBKA K
N pabor
KOHTPOJIbHOU
pabote
ITpopaboTka
JIEKIMOHHOTO .
. Texymuit KOHTPOITH
Marepuana;
KonTtponbnas
MOATOTOBKA K OIIK-1.1,
11.3 3akanka cranu. Bujbl pabota
S 9 nabopaTopHBIM amura OIIK-1.2,
’ 3aHATHUSAM; " OIlK-1.3
n1abopaToOpHBIX
MOJITOTOBKA K
N pabor
KOHTPOJIbHOU

pabore




ITpopaboTka

JICKIIMOHHOTO .
Texymuit KOHTPOITH
114 IlpeBpameHus m0pu MaTepHaa;
N KonTponbnas
HarpeBe 3aKaJeHHOW CTaj. MMOATOTOBKA K OIIK-1.1,
pabora
Otmyck CTaJIH. 9 71a00paTOPHBIM OIIK-1.2,
3amura
Knaccupukamus, uemp u 3aHATHIM, OIIK-1.3
71a00paTOPHBIX
MPUMEHEHHE BUIOB OTIYCKa. MOJITOTOBKA K aGor
KOHTPOJIBHON p
pabore
Hroro no pazaeny 36
12. Knaccuduxanus,
MapKUPOBKa, CBOICTBa u
TIPUMEHEHUE JICTUPOBAHHBIX
cTasieit
ITpopaboTka
JIEKIIMOHHOTO .
Tekymuii KOHTPOJIb
MaTepuara,
Konrponpuas
12.1 KoHcTpyKkIoHHEIE HOAFOTORKA & aboTta OIK-1.1,
CTé;.JII/I Py 10 nabopaTopHBIM é)a e OIlK-1.2,
’ 3aHATHIM; 1 OIlK-1.3
71a00paTOPHBIX
MOJITOTOBKA K
N pabor
KOHTPOJIBHOM
5 pabore
IIpopaboTka
JIEKIIUOHHOTO .
Tekymuuii KOHTPOJIb
MaTepuara,
12.2 UucTpymeHTansHbIe Konrponpuas
MOJIFOTOBKA K OIIK-1.1,
crami. Ctaim W CIUIaBBl C pabora
0COOBIMU ~ (PU3UYECCKHMH H 13 Hab0paTopHLIM 3amura OIIK-1.2,
. 3aHATHUSIM; n OIlK-1.3
XMUMHYECKUMH CBOHCTBAMHU. 1a00paToOpHBIX
MOJITOTOBKA K
N pabor
KOHTPOJIBHOM
pabore
Wroro no pazneny 23
13. MapkupoBka, CBOWCTBa U
NPUMEHEHHE CIUIABOB I[BETHBIX
METAJJIOB
IIpopaboTka
nexknroHHoro | Tekymuii KOHTPOIb
OIIK-1.1,
13.1 Mennsie CIUIABHI. 11 Marepuana, 3armura OIK-12
AJTFOMUHUI 1 €r0 CIUIaBBhI. MOATOTOBKA K 71ab0paTOPHBIX OIIK 1' 3’
nabopaTopHBIM pabor ’
) 3aHITHSIM
ITpopaboTka
. nexknroHHoro | Tekymwii KOHTPOIh
132 Amomummii u  ero N ym3aIm/ITa P OITK-1.1,
crutaBpl.  CriaBel  THUTaHA. 7 HO,Z[FOII)“OBKa’K HA60DATODHELX OIIK-1.2,
IIpoune crnassl. paTop OIIK-1.3
nabopaTopHBIM pabor
3aHATHIM
Hroro no pazaeny 18
14. Hewmerannuyeckue
MaTepHAITBI
ITpopaboTka
14.1 OCHOBHEIE BUJIBI nexknroHHoro | Tekymiwii KOHTPOIh OIK-1 1
HEMETAJUTMYECKUX MaTepuana; 3amuTa S
y 2 12 puaia; = OIIK-1.2,
MatepuanoB. VX cBoiicTBa U MOJITOTOBKA K n1abopaToOpHBIX OIK-1.3
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5 O0pa3oBaTe/bHbIE TEXHOJIOTHH

[Tpu npoBeneHUN yueOHBIX 3aHATHI MPETo1aBaHue TUCIUILTHHBI «MaTepruaioBeieHNE
peanmusyercsi B (opMe KypcOB, COCTAaBICHHBIX C HCIIOJB30BAaHHEM pPE3yJIbTaTOB HAayYHBIX
UCCJIEIOBAaHUM, TPOBOJAMMBIX Ha Kadeape, a TakkKe B IIEHTPE KOJJICKTUBHOTO IOJIb30BAHMUS
MI'TVY, B TOM 4HCIie C yYETOM PETHOHATIBHBIX 0COOEHHOCTEH MPOeCCHOHATEHON IEATEIIEHOCTH
BBIITYCKHUKOB U oTpedHocTeil padbotonareneit (MMK, MMK-METU3, benmar u ap.).

B mpomecce mpemnomaBaHus AMCHUIUIUHBL  «MaTepualioBeieHue» MPUMEHSIOTCS
TpaJMLMOHHAS, WHTEPAKTUBHAS W HWH(OPMALMOHHO-KOMMYHHKAIIMOHHAS 00pa30BaTE/IbHbBIE
TEXHOJIOTUH. [Ipy WMCIONB30BaHUM TPAJAWIUOHHBIX O00Pa30BaTENBHBIX TEXHOJOTHHA ydeOHBIE
3aHATHUS BBIMONHIIOTCS B ¢GopMe HMHPOPMALMOHHBIX JEKUUHA U JlabopaTopHBIX paboT. OTa
TEXHOJIOTHSI ~ COYETaeTcs C  MCIOJBb30BaHMEM  HWH(GOPMAIMOHHO-KOMMYHHUKAIIMOHHBIX
00pa3oBaTeNbHbIX TEXHOJIOTUHN, KOTJa JIEKIUU MPOBOJATCS B OpME JICKIUN-BU3YyaTU3aIUHi, TPH
peamu3ani  KOTOPBIX  HM3JIOKEHHE COACP)KAaHUS  CONPOBOXKAACTCS  IMPE3CHTAlUue ¢
JNEMOHCTpalKel yueOHbIX MaTepUalioB, IPEICTABICHHBIX B PA3UYHBIX 3HAKOBBIX CHCTEMaXx, B
TOM YHUCIIE WUTIOCTPATUBHBIX, IPaQUIECKHX, ayAHO- U BUAECOMATEPHAIIOB.

JlekuMOHHBIN MaTepuan 3aKperuiieTcss B XOJe JIa0opaTOPHBIX PabOT, Ha KOTOPBIX
BBITIOJIHSIOTCSL TPYINIIOBBIE WM WHAMBHIYyaJbHBIE 3aJaHUS TI0 TpoWaeHHOH Teme. Ilpum
OPOBEJCHUHN  JIaOpaTOpPHBIX pabOT HCHOJB3yeTCs HMHTEPAKTHUBHBIE 00pa3oBaTelbHBIC
TEXHOJIOTHH, YTO MPEANOJaraecT akTHBHOE M HEIMHEHHOE B3aMMOCHCTBUE BCEX YUYACTHHKOB U
JOCTHKEHHE HAa JTOM OCHOBE JTUYHOCTHO 3HAYMMOTO JJISi HUX 0Opa30BaTENbHOIO pe3ylbTara.
3aHATUS OPraHU3YIOTCS B BUAE Ja0OPATOPHOTO JKCIIEPHMEHTA C IMOCIEAYIOIIUM TPYIIOBBIM
aQHAJIM30M TOJIYUYEHHBIX pe3yabTaToB. Mcmonb3yercss Takxke pa300p KOHKPETHBIX CUTYaIui C
1eNb0 GOpMUPOBaHUS U Pa3BUTHA MPO(PECCHOHATBHBIX HABBIKOB 00YJaIOIIIXCSI.

Peanu3anust KOMIIETEHTHOCTHOTO MOIX0/1a IIPEAyCMaTPUBAET UCIIOIb30BAHKE B y4€OHOM
nporecce AaKTUBHBIX M HWHTEPAKTHBHBIX (OPM TMPOBEACHUS 3aHATHA B COYETAHHH C
BHEAyJIUTOPHOI paboToil ¢ 1enbi0 POpMHUPOBAHUS M Pa3BUTHUA MPO(ECCHOHAIBHBIX HABBIKOB
o0ydJaroumxcs.

CaMocrtosiTenbHass paboTa CTYACHTOB HampaBlieHa Ha CAaMOCTOSTEIbHOE W3Y4YCHHE
y4eOHOM M HAy4HOH JIMTEpaTyphbl, a TaKKE€ CaMOCTOSTEIbHYIO MPOpadOTKYy TeM B Ipolecce
MOJATOTOBKHU K TEKYIIEMY U POMEKYTOYHOMY KOHTPOJISIM.

6 YueOHo-MeTONMYeCKOE 00ecnieueHHe CAMOCTOSITeIbHOM padoThl 00y4aromuxcst
[IpencTaBneHo B MPUIOKEHHH 1.

7 OueHoYHbIE CPeICTBA AJIsl IPOBEACHUs IPOMEKYTOUYHOM aTTecTauuu
[IpencraBieHbl B IPUIOKEHUH 2.

8 YueOHo-MeTOAUYecKOe M MHGOPMAIMOHHOE 00ecnevyeH e JUCITUIIMHBI (MO1YJIs1)

a) OcHoBHas auTEpaTypa:

1. MatepuanoBenenue [DIeKTpoHHBIN pecypc]: yueObHoe mocobue s By3oB / JI. B.
Tapacenko, C. A. IlaxomoBa, M. B. YHuukoBa, C. A. I'epacumos; nox pea. JI. B. Tapacenko. —
M.: HHUL MUuadpa-M, 2012. - 475 c: 60x90 1/16. — Pexum pgoctyna:
http://new.znanium.com/bookread2.php?book=257400. — (mata oOpamenms: 12.01.2023). 2.
HaseinoBa, U. C. MarepuasioBeieHre [ IeKTpOHHBINA pecypce]: yueOHoe ocodue / JlaBpinosa U.
C., Makcuna E. JI. - 2-e m3a. — M.: UL| PUOP, HUL] UHD®PA-M, 2016. — 228 c.: 70x100 1/32. —

Pexxum pocrtyna: http:/new.znanium.com/bookread2.php?book=536942. (nata oOpamieHus:
12.01.2023).



http://new.znanium.com/bookread2.php?book=257400
http://new.znanium.com/bookread2.php?book=536942

0) Jlono/iHuTE/IbHAA JINTEpPAaTypa:

1. Kormea, H. B. Atnmac MukpocTpykTyp : ydeOHOe mocobue [mns By3oB] / H. B.
Kommesa, 0. 0. Edumona, O. A. Hukurenko ; MI'TY. - 2-e u3a. - Marautoropck : MI'TY,
2019. - 1 »osnekrtpon. ont. guck (CD-ROM). - 3arn. ¢ turtyn. skpana. - URL :
https://magtu.informsystema.ru/uploader/fileUpload?name=3896.pdf&show=dcatalogues/1/153
0034/3896.pdf&view=true (mara oOpamenus: 12.01.2023). - Makpoodsekt. - ISBN
978-5-9967-1533-6. - TekcT : 3neKTpoHHBIN. - CBeeHus ocTynHbI Takke Ha CD-ROM.

2. UYepenaxun, A. A. MarepuanoBeneHue [DIEKTPOHHBIN pecypc]: yueOHUK /
UYepena-xuH A. A., Cmonskua A. A. — M.: KYPC, HUL] UH®PA-M, 2018. — 288 c.: 60x90 1/16.
— Pexum gocryma: http://new.znanium.com/bookread2.php?book=944309. - (mara
obpamenus: 12.01.2023).

3. MarepuasioBeZicHH€ U TEXHOJOTUs MaTepuayioB [DIEKTPOHHBIN pecypc]|: yueOHoe
nocobue / mox pen. A. W. bareimmesa u A. A. Cmonskuna. — M.: THOPA-M, 2018. — 288 c. —
Pexxum pocrtyma: http://new.znanium.com/bookread2.php?book=946206. (mata oOpamieHus:
172.01 2023)

B) MeToan4ecKue yKazaHus:

1. Konimera, H. B. Marepuanosenenue. Yacts 1 : mpaktukym / H. B. Kommesa, 1O. 1O.
Edumona, H. H. Mnpuna ; Marauroropckuii roc. texnuueckuii yH-T um. I'. U. Hocona. -
Marnutoropck : MI'TY um. I'. K. Hocoga, 2019. - 1 CD-ROM. - 3aru. ¢ tutyn. 3kpana. - URL :
https://magtu.informsystema.ru/uploader/fileUpload7name=3966.pdf&show=dcatalogues/1/153
2467/3966.pdf&view=true (mara oOpamenms: 12.01.2023). - MakpooObekr. - TekcT
AJIEKTPOHHBIN. - CBesleHus 1ocTymnHbl Takke Ha CD-ROM.

2. Konuea H.B., Uykun B.B., E¢umona 10.}O. N3yuenue MakpocTpyKTyphl JIUTOTO
MeTaJula U ISHAPUTHON KpHCcTan3anui. MeToanueckue yka3anus K 1abopaTopHoit padore. —
Marnutoropck: M3a-Bo Marautoropck. roc. Texs. yu-ta um. I'.1. Hocosa, 2011. -7 c.

3. Kommesa H.B., Ewmemommn A.H., Ilerpouenko E.B., Edumosa [0.10.
Kenesoyrnepoaucteie cmiaBbl. MeTonuyeckue YyKasaHHs K JiabopaTOopHbIM paboTam. —
Maruuroropck: 'OY BIIO «MI'TV»,2010.-42 c.

4. EmemtomnH A.H., Konuesa H.B., Iletpouenko E.B., Kopaunos B.JI. MakpoctpykTypa
CTali W METOABl €€ OICHKH. MeToauuecKkue ykasaHus K JabopaTopHoil pabore. —
Marnutoropck: M3a-Bo Marauroropck. roc. Texs. yu-ta um. I'.1. Hocosa, 2014. — 17 c.

5. Ementomnn A.H., [Terpouenko E.B, CerukoB A.b. UccnenoBanue BIusHUS XOIOTHOMN
IIaCTUYECKOW JedopManuu M TMOCJIEIYIOIIeT0 HarpeBa Ha MUKPOCTPYKTYPY U TBEPIOCTb
HU3KOYTJICPOANCTON cranmu. MeToauveckue ykKazaHus K JaboparopHoit pabore. —
Marnutoropck: M3a-Bo Marautoropck. roc. TexH. yu-ta um. I'.11. Hocosa, 2015. -8 c.

6. Ememromma A.H., Ilerpouenko E.B., Hedenper C.I1. M3yueHne MHUKpPOCTPYKTYPHI
[[BETHBIX CIJIaBOB. MeToanueckue ykazanus K 1abopatopHoit pabore. — Marautoropck: U3n-Bo
Maruuroropck. roc. TexH. yH-ta um. I'.1. Hocosa, 2013. - 13 c.

7. Ilerpouenko E.B., lllunakuna M.B. BiustHue temneparypbl Harpesa U ocjieayromen
NEepEeKPUCTAILTU3AINH Ha pa3Mep 3epHa ayCTeHUTA. — MeToAYeCcKue yKa3aHus K 1ab0opaTOpHOI
pabore. Marauroropck: MI'TY, 2003.— 12 c.

8. Ilerpouenko E.B., MonoukoBa O.C., Hedenper C.II., 3akanka yriepoamcToi u
JIETUPOBAHHOM cTanu. MeTtoAuueckue ykazaHusi K jJabopatopHoit pabore. — MarHuToropck:
MITVY,2013.-9c.

9. Ilerpouenko E.B., Monoukosa O.C. OTnyck yriaepoaucToil v JIETUPOBAHHOMW CTaju.
Metoanueckue yka3anus K jadoparopHoii padote. — Marautoropck: MI'TY, 2013. -9 c.

r) [Iporpammuoe o6ecnieuenue u UnTepHer-pecypcebl:


https://magtu.informsystema.ru/uploader/fileUpload?name=3896.pdf&show=dcatalogues/1/1530034/3896.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=3896.pdf&show=dcatalogues/1/1530034/3896.pdf&view=true
http://new.znanium.com/bookread2.php?book=944309
http://new.znanium.com/bookread2.php?book=946206
https://magtu.informsystema.ru/uploader/fileUpload?name=3966.pdf&show=dcatalogues/1/1532467/3966.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=3966.pdf&show=dcatalogues/1/1532467/3966.pdf&view=true
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9 MaTtepHaJIbHO-TeXHHYECKOE o0ecnevyeHne TUCIUNIUHBI (MOTYJIsA)

MaTepI/IaJIBHO-TGXHI/IquKOG o0OecriecycHue JUCIHUITIIIMHBI BKJIIXOYACT:



https://elibrary.ru/project_risc.asp
http://www1.fips.ru/
https://magtu.informsystema.ru/Marc.html?locale=ru
https://magtu.informsystema.ru/Marc.html?locale=ru
https://www.rsl.ru/ru/4readers/catalogues/

1. Yuebnast aymuTopusi 1Uisi IpOBEICHUS 3aHATUI JIGKIIMOHHOTO THIIa OCHAIIICHA:

- TEXHWYECKHMHU CPEICTBAMU OOyUYEHUS, CIYKAIIUMH JUIsI TPEICTaBICHUS Y4eOHOU
uHbopMauu OONBIIONH ayAUTOPUH: MYJIbTUMEIUWHBIMH CPEACTBA XPAaHEHHUS, Mepelayd u
npecTaBiIeHNus yaeOHOH nH(pOpMaINH;

- CIeMATU3UPOBAHHON MEOEIbIO.

2. Y4eOHBIE ayAWTOpPUU IS TPOBENEHUS JIAOOPATOPHBIX 3aHATHH OCHAIICHBI
1abopaTopHBIM 000PYIOBaHUEM:

«Jlaboparopus mpoOOMOATOTOBKIY:

- OTPE3HBIMH, NUTHU(POBATLHBIMU U MTOJIUPOBATLHBIMU CTAHKAMH,

- 000pyIOBaHUEM JIJIs TPABJICHUS IUTH(OB;

- CIeMATU3UPOBAHHON MEOEIbIO.

«JlabopaTopust onTUYECKON MUKPOCKOIINNY

- onTruyeckuMu Mukpockornamu METAM 32M, MUM-6, MUM-7;

- KOMITBIOTEPHBIMU CUCTeMaMH 00paboTku nzobpakenuii Ha 6aze I10 «Thixomet PRO»
1 «SIAMS-600%»;

- KOJUIGKIIMSIMH MHUKPO- M MaKpOLUIU(OB YTIEPOIUCTBHIX M JIETHPOBAHHBIX CTaJIeH,
YYT'YHOB, IBETHBIX METAJUIOB U CILJIABOB, TOPOIIKOBBIX MaTePUAIIOB;

- KOJUTeKIIMEeH MakponutugoB ¢ geheKTaMi MaKpOCTPYKTYPHI CTaJIeH;

- anpbboMaMu MHUKPOCTPYKTYp VYIIEPOAMCTBIX U JIETUPOBAHHBIX CTallel, YyryHOB,
[[BETHBIX METAJIJIOB U CIIJIABOB;

- CHIeMATU3UPOBAHHON MEOEIBIO.

«JlabopaTopust MEXaHHUECKUX UCITBITAHUID»:

- mukpotBepaomepom BuehlerMicromet 5103 Buehler;

- TBEpJOMEpaMH J/Jisi HCIBITaHWA TBEPAOCTH IO Meroay PokBemna U mo mertony
bpunenns;

- yHuBepcaibHbIM TBepaoMepoM M4C075G3 EmcoTest;

- HaIlOJIbHOW YHMBEpCAJIbHON UCHBITATEIbHOM ABYXKOJOHHONW MammHoi AG IC-300 kN
Shimadzu Corp;

- HamoJbHOM YHUBEpPCAIbHOM HMcHbITaTeNbHON ABYXKOJOHHON MamuHOW AG IC-50 kN
Shimadzu Corp;

- BugeoskcreHzomerpoM TRWiew XShimadzu Corp;

- korrpom MassTHUKOBEIM MK 300 OO0 « UMITYJIBCy;

- MEpUTEIbHBIM HHCTPYMEHTOM;

- CIeLIMAJIM3UPOBAHHON MEOEIIbIO.

«Jlaboparopust CKaHUPYIOLIEH ANEKTPOHHOU MUKPOCKOTIHI:

- 3JIEKTPOHHBIM CKaHUpYOIUM MUKpockonioM JEOL JSM — 6490LV;

- CUCTEeMOW MUKpoaHaiu3a ¢ nporpaMmMmHbiM obecrieueHueM INCA Energy 450 x-MAX
50;

- CcHCTeMOH aHanu3a KapTUH AUGPaKIUU OOpPaTHO pPACCESIHHBIX JJIEKTPOHOB C
nporpaMMHbIM o0ecnieueHueM Crystal 400;

- CHIeMATU3UPOBAHHON MEOEIbIO.

«Jlaboparopust TepMHUYECKON 00pabOTKM»:

- TepPMUYECKUMU KaMEPHBIMH TI€YaMU;

- COJITHBIMH BaHHAMU;

- YCTaHOBKOH MJIa3MEHHOM 3aKaJIKH;

- CIeLIMaJIM3UPOBAHHON MEOEIIbIO.

3. YuebOHas ayauTopus Ui TPYIIIOBBIX U UHAWBUIAYAIbHBIX KOHCYJbTAllMH, TEKYIIETO
KOHTPOJISI 1 IPOMEXKYTOUHOM aTTecTalliy OCHAILIEHA!

- KOMIIbIOTEpHOM TexHUKOoH ¢ maketoM MS Office, ¢ noakmodyeHnem k cetu «MHTEpHET»
¥ C IOCTYIIOM B DJIEKTPOHHYIO HH(POPMAIIMOHHO-00pa30BaTebHYIO CPETy YHUBEPCHUTETA,

- CIeMATU3UPOBAHHON MEOEIBIO.

4. ITomenieHue st CAMOCTOSITEIIbHOM pabOThI OCHAIIICHO:



- KOMIBbIOTEpHON TexHUKOU ¢ makeroM MS Office, ¢ moaxmouenueM k cetu «HTEpHET» U C
JOCTYIIOM B 3JIEKTPOHHYIO HH(POPMAIIMOHHO-00pa30BaTENbHYIO CPEly YHUBEPCUTETA,

- CIeMATU3UPOBAHHON MEOEIbIO.

5. Tlomemenune pans XpaHeHHS W MPOQWIAKTUYECKOTO OOCTYy)XMBaHUS Y4eOHOTO
000py10BaHUs OCHAIIICHO:

- CTIeUAIM3UPOBAHHON MEOETIBIO: CTEITaKaMH JJIsl XpaHEHHS y9eOHOT0 000pyI0BaHMS;

- CTAHOYHBIM MTAPKOM U HHCTPYMEHTaMH U1 pEMOHTA Y4eOHOTro 000pYyI0BaHUS



Ipuiaoxennel
6 YueOHO-MeTOqUYECKOE OOecTIeYeHHe CAaMOCTOATEIbHOM padoThl 00yUaommXxcst
ITo qucuumuinHe «MartepuanoBeieHue) IPeIyCMOTPEHa ayAUTOPHAs U BHEAY JUTOPHAs
caMocCTOsITeNIbHas paboTa 00y4aroIIUXCsl.

6.1 AyauTopHAasi CaMOCTOSITeIbHAsI padoTa CTYJJ€HTOB IIPEAINOJIAraeT BHITOJTHEHUE
KOHTPOJIBHBIX padoT.

Ilepeyens BONMPOCOB /ISl MOATOTOBKU K KOHTPOJILHBIM ayJIMTOPHBIM padoTraM Iio
TeMaM M CUUILTHHBI

Tema 1. CTpoeHue u cBoiicTBa MaTepuaioB. MeToabl HCCIeI0BAHNS

Yro u3yyaeT MarepuanoBeeHue?

[TpuBenuTe mpuMepsl BIUSHUS CTPYKTYPBI HA CBOMCTBAa MaTepuara.
HazoBute Bubl CBOMCTB MaTepHaoB.

Kakwue cBoiicTBa Ha3biBatoT Gpusndeckumu? [IpuBeaute npumMepsl CBONUCTB.

M S

Kakue cBolicTBa Ha3pIBalOT MeXxaHnyecKUMH? Ha30BUTE OCHOBHBIE MEXAHHUYECKHUE

CBOICTBA.

6. Kakue cBoiicTBa Ha3pIBalOT XUMHYeCKUMH? UTO Takoe XUMHUYeCcKass aKTUBHOCTD U
XHUMHYECKAsT CTOHKOCTL?

7. Kakue cBolcTBa Ha3bIBaIOT TeXHOJOrndeckumu? [lepeuncinTe n3BECTHHIC BaM.

Yrto xapakTepu3yroT JUTeHbIe cBOKcTBa? HazoBUTE OCHOBHBIEC U3 HUX.

9. Kakue cBoiicTBa XapakTepHU3yIOT MOHATHUS: 00padaThIBAEMOCTh 1aBICHUEM,
00pabaThIBAEMOCTh pe3aHUEM, CBAPUBAEMOCTh?

10. HazoBHTE OCHOBHBIE TPYIIIBI MATEPUAIOB U JATE€ UM KPATKYIO XapaKTEPUCTUKY

*x

11. Ha kakue xiacchl 4 110 KaKUM IIpU3HAKaM JEJSAT METaUIbI?

12. Kakue meTauibl Ha3bIBAIOT Y€PHBIC METAILIBI?

13. Kakue meTauibl OTHOCAT K IBETHBIM? Ha30BHUTE OCHOBHBIE IPYIIIIHI I[BETHBIX METAJIJIIOB.

14. B yem npeumyIiecTBa YepHbIX METAIOB?

15. KakoBBI TOCTOMHCTBA LIBETHBIX METAJIOB?

16. KakoBbI JOCTOMHCTBA HEMETAIUIMYECKUX MaTepranoB? [ e uX NpuMEHsOT?

17. Kakue maTepualibl Ha3bIBaIOT 1actMaccamu? Kak oHu nmoapasaensrorcs?

18. Yro Takoe koMno3uTHbIe MaTepuaibl? KakoBbl UX npeumyniecTna?

19. JI7s1 uero He0OXOUMO UCCIIEIOBATh CTPYKTYPY MaTepHUaIoB?

20. Kak moznpasnensiercs CTpyKTypa B 3aBUCHUMOCTH OT pa3Mepa ee 3JIeMEHTOB?

21. Yrto Ha3bIBaIOT TOHKOM cTpyKTypoi? Kak ona uzyuaercs?

22. Yo Ha3bIBalOT MUKpOCTPYKTypoi? Kak oHa uzyudaercs? JlaiiTe XxapakTepUCTUKY
MUKPOCKOIIUYECKOMY METO/y UCCIIEeI0BAaHUS METAJLIOB.

23. Yro Ha3bIBalOT MakpocTpykTypoi? Kak ona uzyudaercs? Oxapakrepusynre
MaKpPOCKOIUYECKUE METObI aHAIIM3a METAJIIOB.

24. JlaiiTe XapakTEpUCTUKY DJIEKTPOHHO-MUKPOCKOIMMYECKHM METO/IaM UCCIICIOBAHUS
METaJlIOB.

25. JlaiiTe XapaKTepUCTUKY TU(PPAKIMOHHBIM METOJaM HUCCIICOBAHUS METAJLIOB.

Tema 2. ATOMHO-KpPHUCTAJUINYECKOE CTPOEHHE MeTAJJIOB
1. Yem oTiMyaroTcsi KpUCTAJUITMUECKUE Tesla OT aMOP(HBIX Ten?

2. Kakue Marepuasibl Ha3bIBAIOT KPUCTALITNYECKUMHU?



10.
11.
12.
13.
14.

15

19

21

23.
24.
25.

Kakue marepuansl Ha3pIBalOT aMOP(HBIMU?

Yem 00BsCHSICTCS 3aKOHOMEPHOE YIIOPSA0YCHHOE PACIIOIOKEHUE aTOMOB B
KPUCTAJUIMYECKOM penieTke?

Kaxkue Tumsl cBsI3U CyecTByoT?

Ha3zoBuTte ocHOBHBIE CBOIICTBAa METAIUIOB. UeM 00BICHAIOTCS 0COOBIE CBOWCTBA
METaJIJIOB?

UTo Ha3BIBAIOT KPUCTAIIINYECKOMN PEIIETKON?

UYto Ha3bIBAIOT ATBHUM MOPSIIKOM B MaTepuaie?

Yro takoe aneMeHTapHas sueiika? Kakumu nmapameTpaMu OHa OMHUCHIBAETCS?
Kakwue TUIbl KpUCTaNTMYECKUX PEIIeTOK BaM H3BeCTHBI? OXapaKkTepu3yuTe ux.
YTo Ha3BIBAIOT KOOPIMHAIMOHHBIM YUCIOM?

[ToueMy KpuCTaUIMYECKUE PELIETKH METAJIOB HAa3bIBAIOT IJIOTHOYAKOBAHHBIMU?
B uem cymuocTs omumoppuzma? Yro takoe moimmMopdHOe npeBpaiieHue?
Uro Takoe annzorponus? KakoBa npuunHa aHU30TPONIUN?

. IloueMy MOHOKpHCTAJUIBI SIBJISIFOTCSI aHU30TPOIIHBIMU MaTepraiaMu?
16.
17.
18.

Hoquy IMOJIUKPUCTAINIMICCKHUEC MAaTCPUAJIbI ABJISAFOTCS KBaSI/II/IBOTpOHHBIMI/I?
Hoquy aMOp(l)HLIe TCJa ABJIIIOTCA HCTHHHO I/ISOTpOHHHMI/I?
YTo Ha3BIBAIOT ,Z[e(l)eKTaMI/I KpUCTAJLINYCCKOI'O CTpOGHI/IH?

. Kak KJ'IaCCI/I(bI/II_II/IpyIOT HCCOBCPIICHCTBA KPUCTAJIIMICCKOI'O CTpOGHI/IH?
20.

OxapakTepu3ylTe TOUCUHbIE JePEKThH KPUCTALTHYECKOTO CTPOCHUSI.

. Kakyto posb urpator Toueunsle 1e()eKTbl B KpUCTAUIMUECKUX MaTepraiax?
22.

Kakue HecoBepiieHCTBA KPUCTATUIMUYECKOTO CTPOSHUS HAa3bIBAIOT JIMHEHHBIMH U ITOYEMY ?
Kaxkue OpIBaroT guciaokanum?

KaxkoBa posb auciiokamnuii B KpucTauiax?

Uto Ha3BIBAIOT TPAHUIIAMU 3€PEH, TPaHULIAMU CyO3epeH?

Kakyto ponp urpatot rpaHuilbl 3epeH B Kpucrasiax?

Tema 3. Kpucrasuimzauusi pacijiaBoB

1.

A A AN

10.
. UTO MOXKET MOCIIYyKUTh 3apOJBIILIEM IIPY HECAMOIIPOU3BOJIBHON KPUCTAUIA3ALMN?
12.

OO0BsicHUTE TPUHITUTTHATBFHOE OTIIMYHNE KPUBBIX OXJIAXKICHUS TIPH 3aTBEPACBAHUNT
KPUCTAUTNYECKUX U aMOP(HBIX MaTepHUaoB.

KaxkoB ¢usudeckuii cMbIci Temmepatypsl To?

[Touemy 17151 HaYasIa KPUCTAILTU3AUU HEOOXOANMMO TIEPEOXIIaKICHUE KUKOTO MeTallia
HIKE TeMIEpaTypbl pABHOBECHS?

Kaxoi1 npouecc Ha3bIBaIOT nepeoxsiakaeHueM? UTo Ha3bIBAIOT CTENEHBIO
NEePEOXIIaXKICHUS?

KaxoB MexaHu3M KpucTaIM3anuu?

Kax npoucxoaur poct kpucramioB?

Uewm 3aBepiaeTcst Mpouecc KpucTaIn3anuu?

Kak Bnusier ckopocTh OXJIaXKAeHUsI IPU KPUCTAJUIU3ALMU HA CTETIEHDb [EPEOXJIaXACHN?
Kakumu paxTopamu ornpenesnsieTcsi BO3SMOXKHAs CTETIEHb MEPEOXJIaXACHUS KUAKOTO
MeTaslla HUKE TeMIIepaTypbl KpUCTAILTA3AIUN ?

Kak M0kHO osyuuTs aMmopHBIi MeTan?

[Touemy npu O4eHb MAJIOH ¥ OYEHb OOJIBLION CTETIEHH NEePEOXIIaKACHHS
KpUCTAJIM3aLUsl TIOJaBISIeTCs?



13. Yro Ha3bIBarOT 00aacTsMu OavrkHero nopsaka? Kakyro poib OHM UTparoT MpH
KpUCTAJUIM3aLUU?

14. Kak npoucxoauT roMoreHHoe 3apoxaeHne? YTo MOXKeT CIIyKUTh 3apOAbIIIEM IIPU
CaMOIIPOU3BOJIbHOM KpUcTaIn3auun?

15. Kakoii 3apoaplil Ha3bIBalOT KputudeckuM? Kak MeHsieTcst ero pazMep ¢ yBeIMUEHUEM
CTENEHU MEePEOXITKICHUS?

16. Ha3oBuTe napamerpsl KpUCTAIIIU3ALUH.

17. Kak BIMs€ET CTENEHb NEPEOXIIaKICHUS Ha YUCIIO LICHTPOB KPUCTAJUIM3ALMY U JIMHEHHYIO
CKOPOCTb POCTa 3apOJIBIILIEH.

18. Yem xapakrepusyercs rereporeHHoe 3apoxaenue? [louemy oHO 3HepreTuyecku Oosee
BBIT'O/IHO, YEM TOMOT€HHOE?

19. Kakyto posb UrparoT NpUMecH MpU KPUCTATUIU3AIUN ?

20. Yro Ha3bIBAIOT MOAU(UIIMPOBAHNEM TTPU KPUCTAIUTH3ALINN?

21. Kakue Mepbl MOKHO MPEIOKUTH JIJIsl TOTO, YTOOBI 00E€CTICUNTH MOIy4YEeHHE MEIKOTO
3€pHa pU KPUCTAIUIU3ALUH?

22. Kakoil KpucTajll Ha3bIBAIOT AeHAPUTHBIM? [loueMy nipu 3aTBEpAEBaHUU METaJLIa
KPUCTAJLIBI PACTYT B BUJIE JCHAPUTOB?

23. Kakue KpuCTaIIIMUYeCKHUEe 30HbI MOTYT ()OPMUPOBATHCS B CIIUTKE?

24. TlouemMy Ha MOBEPXHOCTH CIUTKA 00pa3yeTcs 30Ha MEJIKUX PABHOOCHBIX KPUCTAIIIOB?

25. YTo HA3BIBAIOT CTOJIOYATHIMUA KPUCTAILIIAMU?

26. 3aueM NpOBOJAT OINEPALMIO MOACTYKMUBAHUS MPU OJYyYEHUU OTIMBOK?

27. llouemy matepuai GopMbI (M3TI0KHHIIBI) BIHMSIET HA BEJTMUMHY 3€pHA
3aKpHUCTAUIN30BABILIErOCs MeTaa?

28. Yo Ha3bIBalOT ycaakon? YTo Ha3bIBAIOT ycaaouHOM pakoBuHOK? [Touemy ona
oOpa3yercsa?

Tema 4. [lepopmanusi 1 HarpeB Ae()OPMHPOBAHHBIX MATEPHAJIOB
1. B deM paznuuue MeXIy ynpyrou u miacTuueckom nedopmanuein?
2. Yro Ha3bIBAIOT MJIOCKOCTAMHU CKOJIbKEHUsI? UTO Takoe riiaBHbIE MIOCKOCTU
CKOJIb)KEHUS?
3. KakoB MeXaHHU3M IJIaCTHYECKOH AehopMaryu?

o

B yem paznuune Mexay CKOJIBKEHUEM U JBOMHUKOBAaHUEM IIPU IIACTUYECKON
nedhopmaruun?

KaxoBa npuunHa MexaHMYeCKOro Hakiena?

Kak nioTHOCTB 1uciaoKanuii BIUsSeT Ha IPOYHOCTHBIE CBOMCTBA?

Kak meHnsitoTcs cBolicTBa MeTalljia Mpy XOJIOAHOM IIaCTUYECKON Jedopmanuu?

®© NN

Kak n3meHsieTcs cTpoeHre MeTaia Mpy IIacTUIeckoi nedopmannn’?

9. Uro Takoe TekcTypa Aepopmariuu?

10. YTo Ha3bIBAIOT BO3BPATOM IIPH HArpeBe X0JI0HO1e(hOPMUPOBAHHOTO MeTasIa?

11. YTto Ha3bIBAIOT MOJUTOHU3AIMEN MPU HATPEBE XOIOAHOAeOPMUPOBAHHOTO MeTasuia?

12. YUto Takoe 3apOJbIIi PEKPUCTALIUZAUN?

13. Yto Takoe TeMiieparypa peKpuCcTauIU3auu?

14. Kakue u3MeHEHUS CTPYKTYPhI, HA0JIF01aeMOM B ONTHICCKHI MUKPOCKOTI, TPOUCXOISAT
MIPU IEPBUYHON PEKPUCTAILIA3ZAIIHN?

15. KakoBa TemnepaTypa peKpucTalJIn3allii YUCThIX METAJIJIOB?



16. B uem pa3HuLia MeXy IEPBUYHON U BTOPUUHON PEKPUCTAILIIU3ALNU?

17. B yem oTnuuue cobupareabHON U BTOPUYHON PEKPUCTAIUIN3ALUU?

18. Kak MeHs0TCS CBOICTBA X0JI0AHOAE(POPMUPOBAHHOTO METaIa IPU
peKkpucTamm3anumn’?

19. KakoBa posib peKpUCTAIUIM3ALMOHHOTO OTXKHUra?

20. B uem paznuune MEX]ly X0JIOJHON U ropsiuel niactTuueckoi nedpopmannusamu?

Tema S. Mexanuveckue cBOMcTBa
1. Yto Ha3pIBalOT NpOo4YHOCTHIO? Kak onpenenstoTcsi MpOYHOCTHBIE XapaKTEPUCTUKU
Matepuaia?

\9)

. JlaiiTe onpeneneHne OCHOBHBIM IPOYHOCTHBIM XAPAaKTEPUCTHKAM.

[98)

UTo Ha3bIBAIOT INIACTUYHOCTHIO? Kak onpeaensaoTcs I1acCTUYeCKUEe XapaKTePUCTUKU
Marepuaa?

. JlaiiTe onpenenieHre OCHOBHBIM IIACTUYECKUM XapaKTEPUCTUKaM.

Kaxkue cBolicTBa xapakTepu3yeT TBEPAOCTh?

Ha3oBute MeTob1 onpeesnenus TBEpIOCTH.

Uewm oTamyaroTcs Xpynkoe U BA3KOE pa3pyleHus?

Ha3oBute u oxapakrepu3yiTe BUIbl H3IIOMOB.

UYro Takoe quHamMuueckue ucnpltanus? Kakue xapakTepUCTUKHU ONPEAETSIOTCS IPU
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NIUHAMHUYECKUX UCIIBITAHUAX ?
10. 3aueM NPOBOASAT YCTATOCTHBIE UCIIBITAHUS?

Tema 6. @a3oBble M CTPYKTYpHble TNpeBpallleHHMsl B JBYXKOMIIOHEHTHBIX
MeTAJIMYECKHX CHCTEMAaX
1. Yro Takoe KOMIOHEHT, (a3a, CriaB, CUCTEMa CIUIABOB?

2. Cdopmynupyiite npasuio ['n606ca. [IpuBenute npuMepsl €ro HCHOIb30BAHUS.

3. Jlaiite onpezeneHue NOHATHIO AUarpaMma coctosiHus. Kakoe cocrosiuue oHa oTpaxaer?

4. Twumsl (a3 B METAJUIMYECKUX CHCTEMAX.

5. Cdopmynupyiite npaBuio peruara (otpe3kon). [l yero oHo ucnonssyercs?

6. CxemMaTu4HO M300pa3nuTh OCHOBHBIC (ha30BBIC UArPAMMBI IBOMHBIX CHCTEM H JaTh UX
XapaKTePUCTHKY.

7. Jatb xapakTepuCTHKY (a3 1 0e3BapHaHTHBIX MTPEBPAILECHUI CHCTEMBI.

CxeMaTH4HO N300pa3uTh KPUBYIO OXJIAKICHHUS JTFOOOTO CIUIaBa CHCTEMBI.

9. CxemaTU4yHO M300pa3UTh CTPYKTYPY JIHOOOr0 CIljIaBa CUCTEMbI TP KOMHATHOM
TeMIieparype.

10. PaccunTaTh OTHOCUTEIIBHOE KOJIMYECTBO CTPYKTYPHBIX COCTABJISIOIINX B CIUIABE U
CXEeMaTHYHO U300pa3UTh €ro CTPYKTYpYy IPU KOMHATHOW TeMIieparype.

Tema 7. Kesie30yriiepoaucroie ClJIaBbl
1. JlaiiTe XapakTepuCTUKy KOMIIOHEHTOB cucteMsbl Fe-C.
JlaiiTe xapakTepucTuKy heppura.
JlaiiTe XapakTepuUCTUKY ayCTEHUTA.
UYro Takoe rpadut?

A

Yro Takoe eMEHTUT?



10.
1.
12.
13.

14.
15.

16.
17.

18

19.
20.

21

22.
23.

24.

25.

26.

27.

Tema 8.

A

0

Kakoe npespamenue npoucxoaut Ha iunuu ES, GS, CD, ECF, PSK, HJB, PQ, AB,
BC?

Ha3oBute mHAIO, IO KOTOPOU BBIAEISIETCS IEPBUYHBINA IEMEHTUT, BTOPUYHBIN
[EMEHTUT, TPETUYHBIA IEMEHTHUT, (PEPPHUT U3 ayCTECHUTA.

Ha3oBute IMHHIO NEPUTEKTUYECKOT O, IBTEKTUYECKOT0, 3BTEKTOUIHOTO IPEBPALICHUM.
Ha3zoBute 1uHUM 1OJIMMOPGHBIX ITPEBpAILEHUI.

HazoBure KpuTHYECKHE TOYKH CTAJIH.

Kakoii peppuT Ha3bIBAIOT MEPECHIILIEHHBIM U [TOUeMY?

OOBsicHUTE CTPYKTYpPY TEXHUUYECKOI'O JKeJe3a, J0IBTEKTOUIHOM, IBTEKTOUAHOM,
3a9BTEKTOMHOM CTAJIH.

Omnummre oOpazoBanue jenedypura. Kakoi ege0ypuT Ha3bIBaIOT MPEBPAILICHHBIM?
OOBsicHUTE CTPYKTYpY O€JIOTO JOIBTEKTUUECKOTO, IBTEKTHUECKOTO, 3a3BTEKTUIECKOTO
YYT'YHOB.

ITouemy Oenblil UyryH HE UCHOJB3YIOT KAK KOHCTPYKIIMOHHBIN MaTepuan?

Onuire oOpa3oBaHUe ayCTEHUTO-IPa(GUTOBON KOJOHUU B CEPHIX UyT'yHaX.

. Kakue criiaBbl UMEIOT CTPYKTYpY, cOCTOsAMIYI0 U3 depputa u nepaurta? Kakue

Pa3HOBUAHOCTH TaKUX CTPYKTYp BbI 3HacTe?
Kakue crimaBel IMEIOT CTPYKTYPY, COCTOSLIYIO U3 IepiauTa? Pa3HOBUIHOCTH NIEpIIUTA.
B kakux cIiaBax B CTpyKType HAOIIOIaeTCs BTOPUYHBINA IIEMEHTHUT?

. Kakue crimaBel UMEIOT CTPYKTYpY, COCTOSIIYIO U3 depputa u ieMeHTuTa? Kakue

Pa3HOBUAHOCTHU TaKUX CTPYKTYpP Bbl 3HaeTe?

Kakue cTpyKTypsl Ha3bIBalOT BUAMAHIITETTOBBIMU?

Kakue criiaBel UMEIOT CTPYKTYPY, COCTOsAILYIO U3 epputa u rpaduta? PazHoBUIHOCTH
TaKUX CTPYKTYyp?

Kakas ¢opma rpadurta B MeHbILIEH cTENEHH Ocaa0iseT METaUINYECKY0 OCHOBY
yyryHa?

Kakwue criiaBel UMEIOT CTPYKTYPY, COCTOSIIYIO U3 TiepiuTa u rpaduta? PazHOBHIHOCTH
TaKUX CTPYKTYp?

Kakoii criraB Ha3pIBaOT CEPBIM YyT'YHOM Ha eppuUTO-TIepIUTHOHN ocHOBe? Kak B HeM
IIPOUCXOUT 3BTEKTOUAHOE MpeBpallieHme?

VYKakure CTpyKTYypHBIH IPU3HAK CTAIH, OEJI0ro 4yryHa, Ceporo yyryHa.

Kaaccndukanmus, MapkupoBKa U IPUMeHeHHe KeJIe30yTIJIepPOAUCThIX CIIJIABOB.
[To kakuM pHU3HAKAM KJIacCU(DUIUPYIOT CEPbIe YYTYHBI.

MapkupoBKa 1 IPUMEHEHUE CEPOTro (JIUTEHHOIr0) YyryHa.

MapkupoBKa U IPUMEHEHNE BBICOKOIIPOYHOIO UyT'yHa.

MapkupoBKa 1 IPUMEHEHNE KOBKOTO YyT'yHa.

Kakoii uyryH Ha3biBatoT aHTHPpUKIHOHHBIM? KakoBbl ero cBoiicta?

Kakoit uyryn HaspiBatioT oTOeneHHbIM? KakoBbl yciaoBus (HOPMUPOBAHHS €ro
CTPYKTYpBI?

Binsinue yriiepoaa v MOCTOSIHHBIX ITPUMECEN Ha CBOMCTBA CTaJIH.

[To kakuM IpHU3HAKAM KIACCHPHUIMPYIOT CTATH?

. MapkupoBka 1 IpUMEHEHHUE YIIEPOAUCTOMN CTaIu OOBIKHOBEHHOI'O KayecTBa.
MapkupoBKa 1 IpUMEHEHNE KaYECTBEHHON KOHCTPYKIIMOHHOM YIJIEPOJUCTON CTaJIH.



1.
12.
13.
14.

MapkupoBKa ¥ TPUMEHEHNE HHCTPYMEHTAIbHOU YIIEpOAUCTOMN CTalH.

MapkupoBKka ¥ TpUMEHEHHE CTalu A5l (PaCOHHOTO JIUTHAL.

MapkupoBKka 1 IPUMEHEHHE aBTOMATHON CTaJIH.

Pacumudpyitte n naiite xapakTepucTUKy ciiaBy cieayromux mapok: Ct Okm, Ct 3cm,
Cr Sme, 10xm, 35, 55, 80, 25J1, A12, A20, Y7A, V12, CH 10, CY25, CY 30, BY 40,
BY 60, K4 35-12, K4 60-3.

Tema 9. ®opMupoBaHHe HEPABHOBECHBIX CTPYKTYP

Nk W=

.°\

10.
1.
12.

13.
14.

15.

16.
17.

18.
19.
20.
21.
22.
23.
24.

25.
26.
27.

Kak npoucxonut npeBpalieHus epjinra B ayCTEHUT?

Uro Takoe (azoBast mepeKkpucTam3anus’?

Urto Takoe HacieACTBEHHOE 3epHO? [leficTBUTENbHOE 3€pHO?

Kak Biusier poct 3epHa Ha cBoicTBa cTanu?

Uto coboii mpencTaBisieT JuarpaMmma H30TepMUYECKOro paciajia nepeoxXiaxIeHHOro
aycrenuta? Kakyro 3aBUCHMOCTh OHA IMOKa3bIBACT?

Kakoii aycTeHUT Ha3bIBAIOT MEPEOXTAKICHHBIM?

Kaxk MeHnsieTcs yCTOMYMBOCTD MEPEOXJIAKICHHOTO ayCTEHUTA MPU TOHMKCHUT
TEeMIIepaTypbl IPEBPAIICHHS ?

OT 4ero 3aBUCHUT XapakTep CTPYKTYPHI IPU U30TEPMUUECKOM IIPEBPAILICHUN
MIEePEOXJIAXKIEHHOT 0 ayCTeHUTA?

HazoBute TemnepaTypHbie 001acTH IIPEBPALLICHUS IEPEOXTaKICHHOIO ayCTEHUTA.
[Tpu xaxom npeBpaiieHuu ectb u Auddys3us xenesa, u nuddysus yraepona?

[Tpu xkaxoM mpeBpaleHuu MoJaBieHa ToJIbko Auddy3us xene3a’?

[Tpu xaxom npeBpaiieHuu nojgasiena quddysus xenesa u yriepona? Kakoe
MIPEeBpAICHUH SBIIeTCS 0e31uPPY3NOHHBIM?

KakoB MexaH13M NEPIUTHOIO IPEBPALLCHUS?

Yro mpencrapisieT co00i MpOAYKTHI AU PY3MOHHOTO MPEBPAIICHUS AyCTCHNTA B
yraepoauctoil cranu? UTo Takoe MEeXIUIACTUHOYHOE pacCTOsHUE?

UYro 00111€r0o UMEIOT CTPYKTYPbI IEPIUT, COPOUT U TPOOCTUT? UTO UX OTIIMYAET APYT OT
npyra?

KakoB MexaHn3M U 0COOEHHOCTH MapTEHCUTHOTO MpEeBpaIleHus?

UYro npezacrasisgeT co0oi mpoaykThl 6e311¢Gy3nOHHOTO IPEBPAIICHHS ayCTCHUTA B
yIIepoaucTOl cranu?

Uro npeacraBiisieT cO00M MapTEHCHUT B YIIICPOJIUCTOM CTau?

Uto Ha3bIBalOT KPUTUYECKOM CKOPOCTHIO 3aKaJIKHU?

Kaxk conepxanue yriepoja BiIuseT Ha CBOMCTBA CTAIM MPU 3aKaJKe Ha MAPTECHCUT?
Kaxkoit aycTeHUT Ha3bIBalOT OCTATOYHBIM?

Kakoe u3 mpeBpaliieHuil Ha3pIBalOT MPOMEKYTOUHBIM ?

KakoB MmexaHu3m OEHHHUTHOTO MIPEBPAIICHHS?

Kakue ctpykTypsl 00pa3yroTcs npu 6eHUTHOM IpeBpaieHuu? YeM oHM paznudarorcs?
KaxkoBbI ux cBoiicta?

Kak nerupyroiine 31eMeHThI BIUAIOT Ha YCTOMUHMBOCTh MEPEOXIIaKIEHHOTO ayCTeHUTa?
Urto cobo¥ MpeACTaBISIOT TEPMOKUHETUYECKHUE THArPAMMBI.

Kax M0oxHO ncnosib30BaTh AMarpaMMbl paciaja nepeoxiaakJeHHOro aycTeHnuTa?



Tema 10. OcHOBBI TepMHUYecKOil 00padOTKH

l.
2.
3.

JlaTh XapaKTepUCTUKY KPUTUYECKUX TOUYEK CTaIIH.

JlaTp ompeniesnieHue MOHITHS TePMHUUECKas 00paboTKa. YKa3arhb ee poJib.

Pacckazath 0 kinaccudukanuu u BuIax TepMuaeckoi oopadotku. [IpuBectu o0mIyro
XapaKTePUCTUKY TEXHOJIOTHYESCKHUX MPOIECCOB TEPMHUECKON 00pabOTKH CTaIH.
OOBSICHUTD, IO KAKOMY MPU3HAKY OTKUT moapasaensetrcs Ha oxur [ u Il poxa.

Hartp kinaccudukanuro BuaIoB oTxkura I poga. OOBSICHUTH 11e)1b, HA3HAYCHUE U PEIKUMBI
KaXXJIOTO BUJIA.

Hatb kinaccudukanuio BuaoB otxkura Il pona. O0bsACHUTS 11e7b, HA3HAYEHUE U PEKUMBI
Ka)KI0Tr0 BUJA.

JlaTb onpenenenne TepMUIECKOi 00paboTKH, Ha3bIBaeMoi 3aKanka. OOBACHUTH BBIOOD
TEMIIEpaTypbl HarpeBa M0/l 3aKAJIKY JUI Pa3HbIX IPYIII CTalIeH.

OO0BsiCHUTD, KaK BEIOMpAETCS OXJIAXAAIOIas Cpe/ia MPU OCYIIECCTBICHUHN 3aKAJIKH.
Jatp onpeneneHne KPUTUHIECKON CKOPOCTHU 3aKaIKU, 3aKATMBAEMOCTH 1
MPOKAITMBAEMOCTH.

10. IIpuBecTu XapakTEepUCTUKY BBICOKOTEMIIEPATYPHOI U HU3KOTEMIIEpaTypHOI

TepMOMexaHHqCCKOﬁ O6pa6OTKI/I. YkazaTth NpeuMymeCTBa U HEJOCTATKH KAXKIOI0 BUAA
1 001acTH IMPUMCHCHH.

11. JlaTp 0011yI0 XapaKTepUCTHKY MPOLIECCOB XUMUKO-TEPMUYECKON 00pabOTKH:

neMEHTallu, a30TUPOBAHUA U HUTPOLUCMCHTALIUH.

12. O0BACHUTD HA3HAYCHUS U CYITHOCTH MU (HY3MOHHOTO HACHIIIICHHS.

Tema 11. Kuaaccudukanusi, MapKUpoBKa, CBOWCTBA M NpPHUMeHEHHE JIETHPOBAHHBIX

craJjiei

1. [atb onpeneneHue NOHATUAM JIETUPOBAHHAS CTallb, JIETHPYIOIIUI 37IEMEHT.

2. Knaccuduxkauus 1erupoBaHHbIX cTalel 0 XMMUYECKOMY COCTaBy, IO
Ha3HAYEHMIO, [10 KAYECTBY.

3. Kak pacripenenstorcs JIerupyouue 3J1eMEeHThl B CTaIsIX ?

4. Kak nerupyrouiye 3J1eMeHThI BIUAIOT Ha NOJTUMOP(U3M xkene3a?

5. Kak nerupyroiue 3JeMeHThI BAUSIOT HAa YCTOHYHUBOCTD MEPEOXITAXKAECHHOTO
ayCTEHUTA.

6. Kunaccudukanus 1erupoBaHHBIX CTaJICH 110 CTPYKTYpE B PABHOBECHOM COCTOSIHUU
(OTOXOKEHHOM COCTOSIHUH).

7. Knaccudukanus IerupoBaHHBIX cTajlel 10 CTPYKType B HEPaBHOBECHOM
COCTOSIHUU (HOPMAJIM30BAaHHOM COCTOSTHHUH).

8. Kak B MapKkupOBKe JETUPOBaHHbIX CTaJIeH yKa3bIBAETCs: COAEPIKaHUE YIIIepoa,
BUJI JIETUPYIOILETO 3JIEMEHTA U €r0 COfiep KaHue, KauecTBO. Y METh
pacu@poBaTh MapKy CTalM, yKa3aB: COJIepKaHUe yriiepoa; BUJL JIETHPYIOLIETo
3JIEMEHTA M €r0 COJIepKaHNe; KITAaCCU(PHUKAIHIIO 110 KaUueCTBY; Ha3HAUCHHE,
o0JacTb MPUMEHEHUS, IPUMEPHBIE CBOICTBA.

9. B ueM 0COOEHHOCTH MUKPOJIETUPOBAHMSI CTAIIH.

10. [IpyHIMIBI JIETMPOBAaHUS KOHCTPYKIIMOHHBIX CTaJIEH.

11. OcHOBHBIE IrpyNIIBI KOHCTPYKLIIMOHHBIX CTAJICH.

12. Pospb yriiepoaa, NpUHIMIIBI JIETUPOBAHUS U MAPKUPOBKA CTPOUTEIbHBIX CTAJICH.



13. Kakue MalmmHOCTPOUTENbHBIEC CTAIN HA3bIBAIOT YIYUIIAEMBbIMHU U IIOYEMY ?
3aKOHOMEPHOCTH UX JISTHPOBAHUS U TepMHUueckoit o0padoTku. [IpuBenute
IPUMEPBI MAPOK CTAJIH.

14. Cranu a1 neMeHTaluu, HUTPOLIEMEHTALIUY U a30TUPOBAHMUSL.

15. KakoBa po:b yriepoja 1 JICTUPYIOIIHNX HJIEMEHTOB B IIIAPUKOTIOIIUITHUKOBBIX
ctassax? OCOOCHHOCTH TPEOOBAHMI K ATUM CTAJISIM U HX TepMUYecKasi o0paboTkKa.
[IpuBecTu mpumMeps MapoOK CTAJIEH.

16. KakoBa po:b yriepoja 1 JIESTUPYIOIIHUX 3JIEMEHTOB B PECCOPHO-TIPYKMHHBIX
ctanax? OcoOeHHOCTH TPeOOBAHUI K 3TUM CTaJIsIM U X TepMUYeckas o0paboTka.
[IpuBecTu mpumMepsl MapOK CTAJIEH.

17. O0BSACHUTH OCHOBHBIC IPUHIIUIIBI CO3/JAaHUS BBICOKOIIPOYHBIX CTasIel

18. Ctanu u criuiaBbl 1S peXKYLUIUX HHCTPYMEHTOB.

19. BricTpopexy1ue cTaiu.

20. [lITammoBsie cTaH.

21. BankoBble cTanu.

22. Cranu uist MEpUTEIBbHOTO HUHCTPYMEHTA.

Tema 12, 13. MapkupoBKka, CBOCTBA M IPUMEHEHHUE CIIABOB BETHBIX METAJLJIOB.
Hemeraummueckne MmaTepuaJibl

1. OcHOBHBIE CIUIaBbl HA OCHOBE Me/iu (OpOH3bI U JIATYHU), UX MapKUPOBKaA U
IIPUMEHEHHE.

2. OcCHOBHbIE CIUIaBbl Ha OCHOBE ATIOMHUHUSA (J1eOopMHUpYyEMBbIe, TEPMHUUECKU
HEYIIPOYHsIEMbIE U YIPOUHSEMbIE), UX MApPKUPOBKA U IPUMEHEHHUE.

3. CBoiicTBa U IPUMEHEHHE CIUIABOB Ha OCHOBE TUTAHA.
Kakwue crutaBel HazpiBaroT 6ab6uTamu? KakoBsl mpuHIMIE UX co3aanus. [IpuBenute
IIPUMEPBI TAKUX CILJIABOB.

5. Kakue matepuanbl Ha3bIBalOT MOPOILIKOBbIE MaTepuainbl? Kak ux nomyyator ?

6. Knaccudukanus, cBoiiCTBa U NPUMEHEHNE KOMITO3UIIMOHHBIX MaTepPHAaJIOB.

7. Knaccudukanus, cBOICTBa U MPUMEHEHUE OCHOBHBIX IPYII HEMETAJUINYECKUX
MaTepUasoB.

6.2 BHeaynuTopHasi caMmocTosiTeIbHAsA padoTa 00y4aroIIUXCs OCYIIECTBISETCS B BUJIE
U3YUCHHUS JIUTEPATYPHI [0 COOTBETCTBYIOIIEMY pa3zeny ¢ mpopaboTKoil Marepuaa mo TeMam
JUCLIUILINHGI



I[Mpuaoxenune 2

7 OueHo4HbIe cpeACTBA JIsl MPOBeAeHUs TPOMEKYTOUHOM aTTecTalluu

a) HJ'[aHI/IpyeMLIe pe3yJbTaThbl oﬁyqe}mﬂ H OLICHOYHBIC CPEACTBA JIA IIPOBECACHUS

NMPOMEKYTOYHOM aTTeCTALNM:

CtpyKTypHBII [Inanupyemslie

AJIEMEHT pe3ynbTaThl 00yUYeHHUS

OneHouHbIe cpesicTBa

OIIK-1 Crnocoben pemarh 3amadv  NpPo(ecCHOHANBHON JEATCIBHOCTH, TPHUMEHSS METOIBI
MOJICIIMPOBAHMSI, MATEMAaTHYECKOT0 aHAJIN3a, €CTECTBCHHOHAYYHBIC U OOIICHH)KEHEPHBIC 3HAHMSI

OIIK-1.1 | Mcnonb3yer
€CTECTBEHHOHAYYHbIC
3aKOHbI M IIPHUHIHIIBLI
npu pelieHun
MMPaKTUYCCKUX 3aaa4d

IIpumepHBIli NepevyeHb TeOpPeTHYECKHX BOINPOCOB [JIsl
MOATOTOBKHM K 3a4eTy:

1. Ctpykrypa W cBoicTBa MarepualioB. AmopdHOe U
KPUCTAINTUYECKOE COCTOSTHUE MaTepHaa.

2. Mertoapl U3ydeHus: CTPYKTYPbl MaTEpUAIIOB.

3. Kpucrannmueckass pemerka. OCHOBHBIE THIIBI PEIIETOK
METaJIJIOB.

4. [Tonumopdusm. [TonumopdHbie mpeBpareHus.

5. JleeKThI KPUCTAILUTUIECKOTO CTPOSHUSI.

6. Anuzotponus.

7. DHEpPreTUYEeCKUe YCJIOBHS KpUcCTauM3anuu. BimsHue
CKOPOCTH OXJIQX/ICHUS HA KPUCTAJUTH3AIIHIO.

8. Mexanusm KPUCTAJUTU3ALIUH. [Tapametpsr
KpUCTAILITU3aI1H.

0. ['omorennoe (camMoIpou3BOIBLHOE) 0OpPa30BaHKE LIEHTPOB

KpucTtaimu3anuu. Kputuueckuit 3apo/ibiii.

10. TereporenHoe (HecaMONPOW3BOJIBHOE) OOpa30BAHHE
LEHTPOB KpUcTaUu3auu. MoauduuupoBaHue.

11. JlennpuTHas KpUCTaUIM3AIHUA.

12.  Kpucramimyeckue 30HbI CIUTKA. Y cajka.

13. Bwuabl TUKBaLUH.

14. Bunsl nedopmariuu. Mexanuszm IIACTHYECKON
nedopMauu.

15. Hakmen npu 1uiactuuecko — aedopmanuu.  Pomib
JUCIIOKAMi B yIIPOYHEHUN.

16. Paspyuienue MeTauios.

17. Mexanuueckue cBoiicTBa MeTayioB. KoHCTpykTHBHas
MIPOYHOCTb.

18. MexaHuueckue XapakTEpPUCTUKH, OIpeAesieMble IpU
UCIBITAHWUU Ha PaCTsDKEHUE.

19.  TeepmocTb u cIIOCOOBI €€ OTIpeIeIeHUsI.

20. MexaHuuecKUe XapaKTEPUCTUKH, OIpeAeNsieMble MpH
JUHAMMUYECKUX HCIBITAaHUAX (yIapHas BA3KOCTb, TEMIIEpaTypa
XJIaJTHOJIOMKOCTH).

21.  OcHOBHBIEC MOHSTHS TEOPUU CIIJIABOB: KOMIIOHEHT, CILJIaB,
cuctema, dasa. [IpaBuio das (mpasuiao ['u66ca).

22.  Tumsl TBepabIX (a3 B METAIUIMYECKUX CHCTEMAX.

23.  IlpaBuio pbruara (MpaBUIO OTPE3KOB).

24.  OcHOBHBIE THUIIBI JBOMHBIX Auarpamm. dopmupoBanHue
CTPYKTYpPHI IBOMHBIX CILJIABOB.

25. DBTEKTHYECKOE IIpEBpAILCHUE. [IepuTexkTrueckoe
MpeBpalieHne. DBTEKTOUTHOE MTPEBPAICHHE.

26. XapakTepucTHKa U BHJ NOJTHOHN (a3oBoil auarpammel Fe
- C.




27. XapaxTepucTHKa KOMIOHEHTOB U (a3 cuctemsl Fe — C.
28. IlpeBpamenus u (GopMuUpOBaHHE CTPYKTYpHI B CTajsX
(GesbIX UyryHax, cepbIX UyT'yHax) B pABHOBECHOM COCTOSIHUU

IIpuMmepHbIii NepeYyeHb TeOPETHYECKHUX BONPOCOB K

IK3aMEHY:

1. CBs3p MeXAy CTPYKTYpOM M CBOMCTBAMM CEPBIX
YYT'YHOB.

2. Knaccudukanus, MapkupoBKa 1 IpUMEHEHHE CEPhIX

9YT'YHOB (JIMNTEHHBIN, BHICOKOIIPOYHBINA, KOBKHIA, OTOCICHHBIN,
aHTU(OPUKIIMOHHBIN ).

3. BinustHue yriepoga M MOCTOSHHBIX MpUMeEcEe Ha
CBOMCTBA CTaJIH.

4. Knaccudukanumsi, MapkupoBKa ©  IPHUMEHEHHE
YTJIEPOIUCTBIX craneu (0OBIKHOBEHHOTO KauecTna,
KaueCTBEHHOW KOHCTPYKIIMOHHON, MHCTPYMEHTAJILHOM).

5. IIpeBpaiieHust Tpy HarpeBe CTau.

6. PocT 3epHa aycrenuTa npu Harpese.

7. M3orepmuueckuii  pacnang  MEPeOXJIaKIECHHOTO
ayCTCHHTA. N3orepmuueckue JMarpaMMbl pacnaga
MEePEOXJIAKACHHOTO AyCTEHUTA.

8. [IpeBpamienuss npu HENPEPHIBHOM  OXJIAKICHUU
CTaJIH. TepmokuHeTHYECKHE JarpaMMbl pacnaga
MEePEOXJIAKICHHOTO ayCTEHUTA.

9. BiustHue nerupyroniux 3J1€MEHTOB Ha YCTOMYUBOCTh
Y KMHETHKY pacrapa NepeoxaaxJIeHHOTO ayCTEeHUTA.

10. [IpeBpamenuss mpu HarpeBe (IpU  OTIYCKe)
3aKaJICHHOM CTAJIN.

1. Knaccudpukanus, wMapkupoBka ¢ IpPUMEHEHUE
KOHCTPYKIIMOHHBIX JIETUPOBAaHHBIX CTajell (CTpouTenbHas,
MalIMHOCTPOUTEIbHAS JUTSL XOJIOAHOU LITAaMIIOBKH,
yiIy4iiaemasi, peCCOpHO-IIPYKUHHAS, MAPUKOIOAIIUITHUKOBAS,
cranu s 3akanku TBY, cramu mst XTO).

12. OCHOBHBIC IOHATHUS ¥ KJIACCH(PHUKAIHS TEPMUIECKOM
00paboTKH.

13. OTxur cranu.

14. 3akajika cTajiu.

15. Otnyck cranu. CtapeHue.

16. XHUMHKO-TepMHUUYEcKas o0paboTKa.

17. Tepmo-mexannueckas 00paboTKa CTaH.

18. CnnaBbl Ha OCHOBE Meiu (OpOH3BL, JTATYHH).

19. CruiaBbl Ha OCHOBE AJIFOMUHUS.

20. CmnaBbl Ha OCHOBE THUTaHA. baOOUTHI.

21. [Topomkossle, KOMITO3UI[MOHHBIE, amopdHbIe
MaTepUabl.

22. CBoiicTBa U NPUMEHEHHE OCHOBHBIX  TIpYIII

HCMCTAJJNIMYCCKNX MATCPHUAJIOB.

OIIK-1.2

Pemaer crangapTHbie
npogeccuoHaTbHBIE
3a/1a4uu C
IPUMEHEHHEM
OOIIEeMHKEHEPHBIX
3HaHUHI

IIpumepHbIe NpaKTHYECKHE 3a1aHUS VIS 3a4eTa

1. KakoBbl pa3mepbl CTPYKTYpHBIX 3JEMEHTOB, KOTOpHIE
MOXKHO YBHMJETh (pa3pelinTh) C TMOMOILIbI ONTHYECKOTO
(cBeroBoro) mukpockomna? Kak BEIOpaTh Mojie3HOE YBEIUYCHHE
Mukpockona? KakoBa oCHOBHasi OCOOEHHOCTb MPUTOTOBJICHHUS
00BEKTA JIJII MUKPOCKOITMYECKOTO MCCIICIOBAHUS?




2. OObBSACHUTE, 3a4eM HEO0XOIMMO HCCIICA0BATh
MakpocTpykTypy? Kakumu meromamMu 3TO MOXKHO cJeiaTh?
UTo MOXET CIy>KUTh 00BEKTOM MaKpoaHanuza?

3.  Kakum METOJ0M MOXHO YCTaHOBUTH THUII
KPUCTAINTMYECKON pEelIeTKH MeTallia u ee mapamerpnl? Kakue
TUTIBl PEIIETOK BCTpedaroTcs y MeramwioB? I[louemy oHu
HA3bIBAIOTCSA TUIOTHOYNAKOBAHHBIMU?

4. llpuBenute mnpuMep BIUSHUS THUNA CBSA3M (TUHA
KPUCTAINTMYECKON PELIETKH) Ha CBOMCTBA MaTepHaa.

5. Ilouemy CBOMCTBa  KpPHUCTAaUIMYECKOrO  Marepuaina,
U3MEpEHHbIC B Pa3HBIX HAMpPaBJICHUSIX, MOTYT oTiau4arbca? B
KaKUX MaTeprajax 3To sSBJICHUE HE HAOJFOaeTCs U ImoYemy?

6. TIloywemy mnpu XOJIOAHOW TIUIACTHYECKON JedopManuu
(IITaMIIOBKE MJIM BBITSDKKE) MOTYT 00pa3oBaThCsi (PECTOHBI 11O
KpOMKe (Kparo) u3aenus?

7.  OOBSACHUTH, YeM pa3IHYAIOTCSA 0-XKEJIe30, Y -KelIe30 u
d-xene3o?

8. Ilouemy mnpu XONOAHON MIACTHUECKON nedopManuu
BO3pACTalOT MPOYHOCTHHIE XapakTepucTuku? Kak 3To siBieHue
HazbIBaeTcsa? B Kakux ciiydasx 3TO SIBJICHHE HEXeJIaTelbHO?

9. Yro 03HaYaOT TEPMHHBI JeHOPMAIIIOHHOE YIIPOYHEHHE,
3epHOTPAHUYHOE YIPOYHEHHE, UCIEPCUOHHOE YIPOUYHEHUE,
TBEPJOPACTBOPHOE YIIPOUHECHHE?

10. Tlosichuth rpaduyeckn QGU3HYECKUNH CMBICT TOHSITHS
«paBHOBECHasl TeMIlepaTypa KpUCTAIM3aluu (IUIaBJICHUS)».
Kakoe ycnoBue HEOOXOAMMO BBIIOJHUTH, YTOOBI Hayalics
IIPOLIECC KpUCTAIUIU3ALUU?

11. OObsAcHUTH, B YeM OTJIHYHME KPHUBBIX OXJIAKICHUS
KPUCTATUYECKUX W aMOp(HBIX Ten? MOXKHO M TOJTYYHTh
aMop(HBIA MeTaILT (METALINYECKOE CTEKII0)?

12. Tlouemy 3epHa 3aKpUCTAILIN30BABLIETOCS
METAJIMYECKOT0 MaTrepuana He HUMEIOT TIeOMETPHYECKH
MPaBUIBHON (OPMBI?

13. Kakyro wnenp mnpeciaeayroT NHpH BBEIEHUU B PAacIlIaB
(Ckupkmii  metain) moaudukaropos? IlpuBectn mnpuMeps
nercTBUS MOAU(PUKATOPOB.

14. OOBsCHUTD, B Kakou OTJIUBKE 3€pHO
3aKpHUCTANIM30BABIIETOCS MeTaiia Oyzaer Oousblie: TpH
pa3IMBKE JKHJIKOIO MeTalla B IeCYaHylo (OopMy HIU B

METaJUIMYECKYI0?

15. OOBSICHUTb, K Y€MY MOXET IPUBECTH IEpPErpeB
pacrmiaBa mpej pa3iuBKOM ero B (hOpMbI (U3JI0KHUILIBI)?

16. OOBsCHUTD, 3a4emM MPOBOJSAT onepanuo
MOJACTY)KMBaHUA Tpu  monydyeHuun omimBok? Kak ee
OCYILIECTBUTD

17. OObsicHUTb, TpH Kakoil jgedopmamuii  MOXKHO

HEOOpaTUMO HM3MEHHTh (QOopMy, pa3Mepsl U  CBOWCTBa
Marepuaia — ynpyrou Wiy miacTU4ecKoun?

18. OOBSICHUTD TOHSATUE TEOpEeTUYECKas MPOYHOCTh
kpucraia. Kak oHa u3MeHsieTcs npu U3MEHEHHMU IUIOTHOCTHU
JUCIIOKAUi?

19. OOBSICHUTH, YTO TPOUCXOAUT MPU (HOPMUPOBAHUU
TEKCTYPHI B IeOpMHPOBAaHHOM MaTepuaie?




20. 3auem TpeOyeTcsi BOCCTaHABIMBATH IUIACTUYHOCTH
X0JI0/THO1e(hOPMHUPOBAHHOTO JicTa (kamOpoBaHHOM
3aroTOBKH, BOJIOYEHOH mpoBosiokHu)? Kakoir 00paboTKo# 3TO
MO>KHO CJienaTh?

21. OOBsSICHUTD, Kakoe CBOMCTBO Marepuaia
XapaKTepu3yeT TBEpAOCTh. Ha ueM OCHOBBIBAIOTCS METOJIbI
u3MepeHnus Tepaoctu? B yem ux oriauuune?

22. Kak npoBoasT ucnbpiTaHue Ha yJApHYIO BS3KOCTbH?
Kakosa ero nens?

23. C kakoll  1enpl0  OPOBOAAT  YCTAJIOCTHBIE
UCIIbITaHUsA?

24. Ha  npumepe  IBYXKOMIOHEHTHOW  CHUCTEMBI
MOKa3aTh, KaKyl0 MH(GOPMAILMI0O MOXKHO MOJIYYHUTbh, MOJIB3YSChH
MIPaBUJIOM pbIvara (TIpaBUJIOM OTPE3KOB).

25. CxemaTnuHO M300pa3uTh AUarpaMMmy JBOMHOMN
CUCTEMbl C OTCYTCTBHEM pacTBOPUMOCTH (C  TMOJHOMU
pacTBOPUMOCTBIO, C  OTPAaHUYECHHOH  PacTBOPUMOCTHIO)
KOMIIOHEHTOB B TBEPAOM COCTOSIHUH, N1aTh XapaKTEPUCTHKY
TOYEK, JHMHUA  jauarpamMmbl, (a3 u  Oe3BapUaHTHBIX
IIPEBPALICHUN CUCTEMBI.

26. Paccunrars OTHOCUTEIIbHOE KOJHYECTBO
CTPYKTYPHBIX  COCTAaBJISIOIIMX CIUIaBa TPU  KOMHATHOM
TEMIIEpaType M CXEMaTUYHO H300pa3uTh CTPYKTYpY CIUIaBa
JIBOMHOM CHCTEMBI C OTCYTCTBUEM PAacCTBOPUMOCTU (C TOJHOM
pacTBOPUMOCTBIO, C  OTPAaHUYECHHOH  PacTBOPUMOCTHIO)
KOMITOHEHTOB B TBEPJIOM COCTOSTHHUHU.

217. Onummre oOpa3oBanue JneaeOypura. B kakux
cIulaBaXx OH 0Opa3yeTcs, KaKOBBI YCJIOBHs €ro oOpa3oBaHuUs?
Kakoii neneOyput Ha3biBaloT mpeBpanieHHbIM? CXeMaTUu4HO
U300pa3uTh  CTPYKTYypy JieneOypura TIpd  KOMHATHOM
TeMIeparype.

28. Omnwumure obpasoBanue mepnurta. KakoBbl ycIoBUsS
o0pa3oBaHMsI U  XapaKTEPUCTUKH  ITOU  CTPYKTYpHI?
CxeMaTtnuHO M300pa3uTh CTPYKTYPY NEpJUTa MPU KOMHATHOM
temreparype. KakoBbl pa3HOBUHOCTU ATOU CTPYKTYPHI?

29. N3o0pa3uth auarpaMMmy COCTOSIHUSI KEJIE€30 —
KapOua kenesa, yka3aTrh (azbl BO BCEX OOJIACTAX JHUArpaMMBlI,
paccMOTpeTh TpeBpalleHus B cruiase, coaepxamiem 0,01 (0,2;
0,45; 0,8;1,0; 2,5; 4,3; 4,7) % C. Kak Takoi cruiaB Ha3pIBaeTCs?
Paccuntare  OTHOCHUTENBHOE  KOJHUYECTBO  CTPYKTYPHBIX
COCTaBJISIFOLIUX B 3TOM CIUIaBE M CXEMaTHYHO HU300pazuTh €ro
CTPYKTYpPY NP KOMHATHOW TeMIIepaType.

30. OObsicHUTh, uYeM JuarpaMma xeie3o — rpadur
OTJIMYAETCS OT JuarpaMmbl kene3o — IeMeHTUT. M300pa3uth
CXeMaTUYHO  CTPYKTYpbl  CEpPhIX YYTyHOB C  pa3HOH
METAJUIMYECKOH OCHOBOH ((peppuTHOU, (HEeppPUTHO-TIEPIUTHOM,
MEePJIIMTHOW) W ¢ pa3Hol (opMoil TpadHUTOBBIX BKIFOUYCHHUI
(mmactuHYaTOM, MApoBUAHOHN). OOBSICHUTH, KaK MPOUCXOIMT
npouecc rpadpuTuzanud U (HOPMUPOBAHUS CTPYKTYPBI B ITUX
CILIaBax.

IIpumepHbIe NpakTHYECKHUE 3aIaHUS JIS1 IK3aMeHa:
1. N300pa3uth NOJHYIO IUarpaMmy COCTOSTHUS JKEJe30




—  yriaepon, ykaszarh (as3bl BO BCEX OOJIACTSIX JUArpamMel,
paccMOTpeTh MpEBpallleHUuss B CIUIABE CHCTEMBI JKEIE30 —
kapOun xkenesa, cogepxkamem 0,01 (0,2; 0,45; 0,8;1,0; 2,5; 4,3;
4,7y % C. Kak Takoil cmnaB Ha3biBaeTcsi? PaccuuraTh
OTHOCHUTENIbHOE KOJMYECTBO CTPYKTYPHBIX COCTaBISIOIIUX B
STOM CIUIaBE U CXEMaTUYHO H300pa3uTh €ro CTPYKTYypy IpH
KOMHATHOU TeMIepaType.

2. N3006pa3uth noaHy0 JuarpaMmy COCTOSIHUS JKEJE30
— yruepoja, yka3aTh (pa3sl BO Bcex 00NacTAX AHarpammbl,
paccMOTpeTh MpEBpallleHuss B CIUIABE CHCTEMBI JKEIE30 —
rpadur, coxepxkamem 2,5 % C, ¢ pa3HOM MeTaNIMYecKOu
OCHOBO# ((eppuTHOU, (PeppUTHO-ICPITUTHOMN, IEPIUTHON) U C
pasHoii (opmMoii TpadUTOBBIX BKIOYCHHHA (IIJIACTUHYATOM,
mapoBuanoi). Kak Ttakoil cruiaB HazbiBaercsi? (CXeMaTHU4HO
M300pa3uTh €ro CTPYKTypy MpU KOMHATHON TemIepaType.

3. PacimmdpoBaTe Mapku cTanmm, yka3zaB COJEpKaHHE
yriaepoaa, BHJ U COJEPXKAHUE JIETHUPYIOIIMX AJIEMEHTOB,
KauecTBO, HA3HAUYECHUE U IPUMEPHBIC CBOMCTBA.

4. Pacmmdposats MapKy ceporo (;uTeitHOTO,
BBICOKOIIPOYHOT'0, KOBKOI'0) YyI'yHa, YKa3aB €ro CTPYKTypy H
YCIIOBUS IOTyYEHUS

5. HazoBuTe KpuTHUECKHE TOUKHU CTAIU U UX 0003HAYECHHE.
Kak onm ompenenstorcs? VYkazaTb HX TMOJOXKEHHE Ha
nuarpamme Fe-C.

6. Kaxkoit ayCTEHUT u o4emy Ha3bIBAIOT
nepeoxyiaxaeHHpiM?  Kak  ompenenuTs  cTENEHb  €ro
MepeoxJIaxaeHus?

7. [louemy B 3aKaJeHHOW CTajau BCEraga IPUCYTCTBYET
OCTATOYHBIN ayCTEHUT?
8. Kak MOKHO UCII0JIb30BaTh Ha IPAKTHKE

M30TEPMUYECKUE JUarpaMmbl pachaja MepeoXIakIeHHOrO
aycTeHuTa?

9. Kak wu3mensTcs cBoilcTBa CTaJM NpU YBEIWYEHUU
CKOPOCTH OXJaXACHUS B MepiauTHOM uHTepBaje? OOBSCHUTS,
nouemy?

10. BreiOpate  Hambosee  IUCHEPCHYIO  CTPYKTYPHYIO
cocTaBisiionyo, Gopmupyoomytocs npu  auhdy3noHHOM
pacnajie Nepeoxya)xJIeHHOr0 ayCTEHUTA.

11.  Yro obmiero u B 4eM OTJIUYUSA B CTPYKTypax IMEpJIuT,
copOuT 1 TPOOCTUT?
12. OOBsACHUTh, TIOYEMY MAPTEHCUT MMEET BBICOKYIO

TBEPAOCTh. 3a4eM CTallb CO CTPYKTYpOM MapTeHCUTa Haao
MO/IBeprarh OTIMYCKY?

13. OOBsCHUTD, B KAKOW CTaJIM OYAET BBIIIC TBEPIOCTh MPH
3akaiike: B cranu 45 uim 30XI°C?
14.  OOwsicauth, y Kakoi cramu Oyaer  Oomblie

MIPOKAJIMBAEMOCTh — YIJIEPOAUCTON WM JIETUPOBAHHOMN? 3auem
HE0OXO0IUMO 3HATH MTPOKAITNBAEMOCTH CTAJIH?

15. Kak BBIOpaTh CKOPOCTHh OXJIAXIEHUS MPU 3aKaJKe s
MOJIYYEHUs] MapTEHCUTHON CTPYKTYpPhl 1O BCEMY CEUCHUIO
n3nenusa?

16. Jns  kakoW  cramd  —  JOPBTEKTOMIHOM  WIIH
3a9BTEKTOMIHON — HYXXKHO NPHUMEHATH HEMOJIHYIO 3aKajiky?




[Tosicuuts, ucnones3ys auarpammy Fe-C.

17. CpaBHHTE CBOWCTBA CTalIM ¢ OCHHUTHOW CTPYKTYpPOH H
MapTEHCUTHON CTPYKTYpO, ¢ OEWHUTHOM M TPOOCTUTHOM
CTPYKTYpOil. OOBSCHUTE Pa3INIHAL.

18. [loueMy mnpu OTHyCKe 3aKaJ€HHON CTaldl BBIOHPAIOT
pa3iauyYHbIe TEMIIEpATyphbl Harpena?
19. Kakas cranp mocne ymydmieHust OyneT umerh Ooliee

BBICOKYIO TBEpJOCTh: cTtaib 45 niu crans 30XI'C, ecnu oTmyck
MIPOBOJIUIIM IIPU OJJHOM U TOH ke Temmneparype?

20. [Touemy pexylmuii HHCTpPYMEHT U3 YIJIEPOJAUCTON CTaIU
MOJIBEpraloT HU3KoMy ormycka. Kakas Oynmer cTpykTypa
CBOMCTBA TaKOTO MHCTpyMeHTa?

21. B uyeM ocHOBHas O0COOEHHOCTHP M TMPEUMYIIECTBA
TEPMOMEXaHHYECKOU 00pabOTKU cTam?
22. C Kakoi LEJIBIO HACBHIIIAI0T MTOBEPXHOCTh

HU3KOYTJIEPOAUCTON CTAJIU YIJIEPOJIOM?

OIIK-1.3

[Ipumenser  MeTObI
MOJICIIUPOBAHUS 51
MaTeMaTHYECKOro
aHaIM3a JUIsl PeIIeHUs
3a1a4

IIpumepHble NpaKTHYECKHUE 32/1aHNUS IS 3a4eTa 1o
pelIeHuIo 32124 U3 npogeccuoHaIbHON 00J1aCTH

1. Kak mnpoBectu Makpoananus? KakoBel ero 1uenu,
MEeTObI?

2. Kakum MeTosoM MOXHO HCCIENoBaTh pacrpeselieHne
cepbl B CIIUTKE (OTJIMBKE, 3aTOTOBKE)?

3. Kak npoBectu rinybokoe TpaBlieHUE CTaIbHOTO 00pasia.
KaxoBsl ero nenu?

4. Kakum MeToIoOM MOKHO BBISIBUT TOpPBI, TPEIIUHBI,

PaKOBHHBI, KPYITHbIE HEMETAIUIMYECKHE BKIIIOUCHUS B OTJIUBKE
(cmuTKe, OTIMBKE, TOKOBKE, MpokaTe)?

5. [Ipu makpoaHanu3e CIWTKA BBISIBJICH JIMKBAIMOHHBIN
KBaapar (moaycaaoudHas JIMKBalUs, OcCeBasi IMOPHUCTOCTh,
CKBOPCUHUK, KAMHEBHJHBIA W3JI0M, (IIOKCHBI, ImH(epHBIN
usnom, paccioenue). OObSCHUTh MPUUUHBI TMOSBICHUS 3TOTO
nedexkta W BO3MOXKHBIE  CIIOCOOBI  €r0  HCIIPABJICHUS
(mpemoTBpalIeHHS ).

6. Kak oTnnuuTh yCTaJIOCTHBIA HM3J0M OT IPOYHMX BHUIOB
n3nomMa? KakoBbl NpUUMHBI NPOSBICHUS TAKOTO U3JI0Ma?

7. Kaxk otnuuunTh BSI3KO€ pa3pyiieHue oT Xpynkoro?

8. Kak npoBecTM  MHMKPOCKONMHMYECKOE  HCCIIECJOBAaHUE

MeTajmm4eckoro Marepuana? YTo MOKHO BBISIBUTH C IIOMOILBIO
TaKOT0 UCCIICTOBAHMUS?

9. Kak MOXHO MOBIMATH Ha BEIWYMHY 3€pHA IpuU
Kpuctayu3anuu metamia? Kakue Mepbl MOXKHO MPEJIOKHUTH
IUIL TOTO, YTOOBI O0ECTIEUHUTh TOIYYE€HUE MEIKOTO 3epHa Ipu
KpUCTAILTU3AUU?

10. OOBsicHHTB, B 4YeM pa3Iu4he MEXIy XOJIOJHOW U
ropsueid  ruiactudyeckod  pedpopmanmsmu?  Ilouemy mpu
XOJOMHON  TulacTHuYecKoW  nedopmanmuu  HaOIIOgaeTCs
YIPOYHEHUE METalljIa, a TP ropsvYeil 3TOro He MPOUCXOTUT?
11. Kak BOCCTaHOBUTH IJIACTUYHOCTh
X0JIOTHOIe(hOPMUPOBAHHOTO JCcTa (kammOpoBaHHOM
3aroTOBKM, BOJIOUEHOM mpoBosiokn)? Kak ocymiecTBUTH
OTepaIfio PeKPUCTAILTN3ALUOHHOTO OTKUTa?

12.  Kak omnpeaenurs npeaest ynpyroctu (mpeaen TeKy4ecTH,
npeen IPOYHOCTH, OTHOCHUTEIIbHOE YAJUHEHUE,




OTHOCUTEIILHOE CYXEHHUE, TBEPAOCTh, YIAPHYIO BS3KOCTh)
Matepuaia?

13. Kak ompeaenuTtb OTHOCHTEIbHOE KOJIMYECTBO a3
(CTPYKTYpHBIX COCTaBIISIONIMX) MPH 3aJIaHHON TeMIIEpaType B
nBoiHbIX crtaBax? [loscHuts rpaduuecku.

14. Tlpu KakuxX yCJIOBHSX B METAUIMYECKHUX CIUIABAX MOXKET
o0pa3oBaTh TBEP/bI PacTBOp 3aMelleHusi (TBEpIbIl pacTBOp
BHEJIPEHUS, XUMUYECKOE COEAMHEHUE, MEXaHWYeCKas CMECh
komroHeHToB)? Kak BeIsimar obnactu  3tux a3 Ha
JTUarpaMMmax COCTOSTHUS?

15. CxeMaTu4yHO U300pa3uTh KPUBYIO OXJIQXKACHUS H
CTPYKTYpy JIOOOTO CIUIaBa JIBYXKOMIIOHCHTHOW CHCTEMBI (C
OTCYTCTBHEM PACTBOPUMOCTH, C IOJHON pacTBOPUMOCTBIO, C
OTPaHUYCHHON PACTBOPUMOCTHIO KOMIIOHEHTOB B TBEPIOM
COCTOSIHMH) TTPH KOMHATHOM TeMIeparype.

16. CxeMaTW4HO HW300pa3WTh CTPYKTYypy JIOOOro CcIuiaBa
JBYXKOMIIOHEHTHOM CHCTEMBI NpHU KOMHATHOM Temmeparype,
paccyuTaB  OTHOCUTEIBHOE  KOJMYECTBO  CTPYKTYPHBIX
COCTABJISIFOLIUX.

17. Ilpm MHUKpPOCKOIIMYECKOM HCCIIEJOBAHUM B CIUIaBE
HaOmonaoTcs 3epHa (epputa U HEOOJIBIIOE KOJIUYECTBO
uementutra. Kak HaspiBaeTcs Takoil cruiaB? KakoBbel ero
CBOICTBA U 00JIaCTH IPUMEHEHUS?

18. Ilpm MHUKpPOCKONIMYECKOM HCCIIEOBAHUM B CIUIABE
HaOmonatotcs 3epHa ¢epputa u nepnut. Kak HasbpiBaercs
Takoil craB? KakoBbl €ro CBOMCTBA M KaK OHU 3aBHUCST OT
KoiuuectBa mnepiauta? KakoBbl 00JIaCcTH MPUMEHEHUS STUX
IJ1aBOB?

19. Ilpy MHKPOCKONHMYECKOM HCCIEIOBAHUM B CIUIABE
HaOmonarotes nepauT. Kak HazpiBaeTcst Takoi criaB? KakoBsr
Pa3HOBUAHOCTU TAKOW CTPYKTYPBI M pa3jinyusi B UX CBOMCTBax?
20. Ilpm MHUKpPOCKONMYECKOM HCCIIEJOBAHUM B CIUIaBE
HaOIIOIAI0TCA MEPIIUT U CETKA LIEMEHTHUTA MO TPaHUIaM 3epEH.
Kak wnaspiBaercs Takoi cmiaB? KakoBbl ero cpoiicTBa u
o0iacTu mpuMeHeHUs?

21. Ilpu MHUKpPOCKONMYECKOM HCCIIEJOBAHUU B CIUIaBE
Habmonaercs nenedbypur. Kak Ha3piBaeTcs Takol cruiaB?
KakoBbl ero cBOiCTBa U 001aCTH IPUMECHECHUS?

22. Ilpy MHKPOCKOIIMYECKOM HCCJIEIOBAHMM B CIUIABE
HaOmomaroTes 3epHa Qeppura W BKIoueHHs rpadura. Kak
Ha3bIBaeTCs Takue cruiaBbl? KakoBbl pa3HOBUIHOCTH CILUIABOB C
TaKUMHU CTPYKTYPHBIMU COCTAaBJISIOIIMMH, KaKOBBI Pa3INuus B
UX CBOMCTBax?

23. Ilpyu MHUKpPOCKONHMYECKOM HCCIIEJOBAHUM B CIUIaBE
HalOmoalTes 3epHa GeppuTa, NIEPIUT U BKIIIOUEHUS rpaduTa.
Kak wna3piBaercsi Ttakue cruiaBel? KakoBbl pa3HOBUIIHOCTH
CIUIaBOB C TAaKMMH CTPYKTYPHBIMU COCTAaBJISIOIIMMH, KaKOBBI
pasnuuus B UX CBOMCTBAxX?

24. Ilpy MHKPOCKOIIMYECKOM HCCJIEIOBAHMM B CIUIABE
HaAO0JII0TAI0TCS TEPIIUT U BKITIOYeHHS TpaduTa. Kak Ha3piBaeTcs
Takue craBbl? KakoBbl pa3HOBUAHOCTU CIUIABOB C TaKUMU
CTPYKTYPHBIMH COCTaBIISIOIIIMMH, KaKOBBbI pa3iu4usi B UX
CBOMCTBax?




25. Kak wuaeHTH(QHUIUPOBATH B CTald BHIMAHIITETTOBYIO
cTpykrypy? Ilpu Kakux yCIOBHSIX OHAa MOXKET 00pa3oBaThbcs U
KakK 3TO MOBJIMSET HAa CBOMCTBA cTaIu?

26. llpm KakMx YCIOBUSX B CTalld MOXET 00pa3oBaTbCs
nepechieHHbIi hepput? Kak oH MoBauseT Ha CBOMCTBA CTaJIH.
Kak npenorBpaTuts ero oopazoBanue?

IIpuMepHBbIe NIpaKTHYEeCKHE 3aJaHUS JJISl IK3aAMEHa 110
penleHnIo 3a1a4 U3 npodeccuoHaNbHOM o0acTu (5
ceMecTp)

1. OOBsICHUTh, KaK BBIOpPATH COJACPIKAHHE yTIepoja B
CTalM Il M3TrOTOBJICHUS J€TalM MAIllUH, KOHCTPYKLUUU WU
COOPYKEHHUSI.

2. OOBsacHUTH, KaK BbIOpaTh COJEpKaHUE yriiepoa B CTallu
JUTSl U3TOTOBJICHUS PEXKYIIETro (IITaMIIOBOT0) HHCTPYMEHTA.
3. Kak mo cTpykTypHOMY NpPHU3HAKY MOXHO OIIPEIEIUTH

cTanb (Oenblii 4YyryH, cepblii UyryH, IOJIOBUHYATBHIM YYTyH,
JKEJe30 TEXHUUECKOU YUCTOTHI)?

4. OOBSCHUTD, MOKHO JIM MCIIONB30BaTh OENBIA YyTryH B
KayecTBE KOHCTPYKLIMOHHOTO MaTepHuaa.

5. OOBSCHUTD  TpEUMyIIecTBAa  CEpPOro  YyryHa IO
CPAaBHEHMIO CO CTAJIBIO.

6. OOBSCHUTD, MOKHO JIM MCIIONB30BaTh OEJBIA YyryH B
KayecTBe KOHCTPYKLIMOHHOI0 MaTepuaia’?

7. OOBsicHUTD, Kakas (opMma rpaduTa B MEHBIICH CTENCHH

ocialiseT MeTalJIMYecKyl0 OCHOBY uyryHa? Kak mnomayduts
Takyro Gopmy rpadura B oTIMBKE?

8. Kak noiayyuTps OTIMBKY CO CTPYKTYpOH KOBKOTO YyryHa?
KakoBbl pa3HOBUJHOCTU CTPYKTYphl Takoro 4yryHa M €ro
cBoiicTBa?

9. [ToueMy He MPOUCXOIUT YIPOUHEHUSI CTAIH MPU TOpsiueit
iactuyeckon nedopmanuu npu 1050 °C?

10. Ilouemy nedopmanus cBunna (Tmn. = 327 ° C) npu
KOMHATHOW TeMIIeparype sSBIseTCs ropssaei aedopmarueii?

11. Ilpu pexpucCTAIIM3aLMOHHOM OTXKUI€ XOJIOJJHOKATaHOU
neHTsl U3 ctanu 08Km oXJaX/IeHUE B UHTEpBaje TEMIIEpaTyp
680 — 370 ° C Bemyr ¢ manoil ckopocthio. [louemy 3TO
HeoOxoaumMo?

12.  Ha3HauuTh pexXUM PEKPUCTALIM3ALMOHHOTO OTXKHIra JJis
HUKOYTJIEPOJIUCTON XOJIOAHOKATAHOW JIMCTOBOM CTAJIN.

13.  Kak onpenenstoT CKIOHHOCTb CTaJIM K POCTY 3€pHa IpHU
Harpese?

14. Ha3HauuTh peXHUM IMOJHOTO OTXKHUra Uil CTald MapKu
45.

15. Ha3HauuTh peXxuM HOpMaIU3aIUU JJIsl CTald MapKu 45.
16. BriOpath TepMHUECKYIO OOpabOTKYy Ul HCHpPaBICHUS
BUJIMAHLITETTOBOIN CTPYKTYpPHI B CTaJIbHON OTJIMBKE.

17. BpiOpaTh TEepMHUECKYIO OOpabOTKYy Ui HCHpPaBICHUS
KPYITHO3EPHUCTOH CTPYKTYpBI TOpAYEKATaHOM CTalIu.

18. BpiOpare 3akajouHyl0  cpeay, OOeCIEeYHBAIOIIYIO
HaMOOJIBIIYIO TIPOKAIIMBAEMOCTh YTIICPOIUCTON CTAIH.

19.  BrIOpaTh 3aKal04HyIO Cpeay AJIs 3aKaJIKH JIETHPOBaHHOU
YIJIEPOAUCTON CTaJIH.

20. BpiOpath pexuM  OTHyCcKa  3aKaJeHHOW  CTajH,




00ecreunBarONi COXpaHEHUE BEICOKOI TBEPOCTH.

O6eCHe‘lI/IBaIOH_II/II71 BBICOKHUC YIIPpYTHC CBOMCTBaA

IJJACTUYHOCTH U yJTApHOH BA3KOCTH.

IIpaBUJIbHO U noquy?

MIPABWJIBHO U MOYeMYy?

0) [Hopsinok npoBeeHUsI MPOMEKYTOYHOM ATTECTAIUM, TOKA3aTeJ I U KPUTEPHHU
OLlEHUBAHMS:

IIpomexxkyTouHasi aTTrecTauMsi MO JAucHMILIMHe «MaTrepuajioBeleHHe»  BKIIOYAeT
TEOPETUYECKHE BOTPOCHI, MO3BOJISIONINE OLEHUTH YPOBEHb YCBOCHHS 00yUYaIOIIMMUCS 3HAHUM, 1
IPaKTUYECKUE 3aJaHUs, BBIABISIIOIME CTENeHb CHOPMHPOBAHHOCTH YMEHHM W BIAJCHUH, U
IIPOBOAMTCS B BUJIE 3a4€Ta U K3aMEHa.

3ayeT MpocCTaBIAETCS IMOCIAE€ OLEHKHM 3HAaHUM oO0ydaroomuxcs [0 pe3ysibTaTaM 3allUThl
BBITTOJIHEHHBIX JITA0OPAaTOPHBIX pabOT M KOHTPOJBHBIX PabOT, BKIIOYAIONIMX TEOPETUYECKHE
BOIIPOCHI U IIPAKTUYECKUE 3a1aHHUS.

IToka3zatenu n KPUTCPUH OICHUBAHUA 3a4€Ta:

/na nonyuenua oyenku

— «3a4TeHO» — oOOyyarolMHcs [JOJDKEH II0Ka3aThb 3HAHMS HE TOJBKO Ha YPOBHE
BOCIIPOM3BEJICHUS W OOBSICHEHUS MH()OpPMAIMM, HO W WHTEIUICKTyaJbHbIE HABBIKA DPEUICHUS
npobieM U 3a/1ad, HaXOXKACHUS YHUKAIbHBIX OTBETOB K IpoOjeMaM, OLEHKH W BBIHECEHHUS
KPUTHYECKUX CYKJICHH;
— «He 3a4TeH0» — O0ydaroluiics He MOXKeT IOKa3aTh 3HAHUS HA YPOBHE BOCIIPOU3BEIEHHS U
o0BsicHeHUsT HH(OPMAIK, HE MOXKET IMOKa3aTh MHTEIICKTYAIbHbIE HABBIKH PEIICHHUS MPOCTHIX
3az1ad.

DK3aMeH 10 JaHHOH TUCIHIUIMHE POBOJUTCS B YCTHOW (hOpME 10 IK3aMEHALMOHHBIM OHMIIeTaMm,
KQKIBIH U3 KOTOPBIX BKIIIOYAET 2 TEOPETUYECKUX BOIIPOCA U OJHO IIPAKTUYECKOE 3aJaHUE.

IToka3zarenu u KPHUTECPUH ONCHUBAHUSA IK3aMEHA:

— Ha OLEHKY «OTJIMYHO» — OOyyaroluics JEMOHCTPUPYET BBICOKUH  YPOBEHb
c(hOpMHUPOBAHHOCTH KOMIIETEHIIMI, BCECTOPOHHEE, CHUCTEMaTHYeCKoe M TIyOOKOoe 3HaHHe
yu4eOHOro Marepuajga, CBOOOJHO BBINOJIHSAET MPAKTUYECKHE 3a/laHus, CBOOOJIHO ONEpUpYeT
3HaHUSIMU, YMEHUSIMU, TPUMEHSET UX B CUTYalUSIX TOBBIIEHHOU CII0KHOCTH.

— Ha OUEHKY «X0opomo» — oOyJaromuics JEMOHCTPHPYET CpPEIHHHA  YpOBEHb
c(OPMHPOBAHHOCTH KOMIIETEHLIMH: OCHOBHBIE 3HAHMS, YMEHHsSI OCBOEHBI, HO JOIYCKAIOTCA
HE3HAYUTEJIbHbIE OIIMOKH, HETOYHOCTH, 3aTPyJHEHHS [pU aHAIMTUYECKUX OIepaiusx,
IIEPEHOCE 3HAHUI U YMEHHI Ha HOBBIE, HECTAHJAPTHBIE CUTYALIHH.

— Ha OLICHKY «YAOBJIETBOPHTEJBbHO» — OOydYalOIUNCA JIEMOHCTPUPYET NOPOTOBBIM YPOBEHb
c(OPMHPOBAHHOCTU KOMIETEHLUI: B X0J1e KOHTPOJIBHBIX MEPONPUATHIA OIYCKAKOTCS OLIMOKH,
IPOSIBIISIETCS. OTCYTCTBHE OTIENbHBIX 3HAHWH, YMEHUH, HABBIKOB, OOYYAIOMIMKCS HCIIBITHIBACT
3HAYMUTENbHbIE 3aTPYIHEHHs NPU ONEPUPOBAHUU 3HAHUSMHM M YMEHUSMM IPU UX MEpPEeHOCEe Ha
HOBBIE CUTYaIUH.

21. BbiOpare pexuM  OTIyCKa  3aKaJC€HHOW  cTajH,

22. BbiOpare  pexuM  OTIyCKa  3aKaJe€HHOW  cTajH,
obecreynBaroUil codeTaHNe BHICOKOH IMPOYHOCTH, TBEPIOCTH,

23.  Cranp 45 Obl1a MOJABEPrHyTa HArpeBy MOJI 3aKAJKY IO
temmeparypsl 740 u 840 °C. Kakoit pexum HarpeBa BblIOpaH

24.  Cramp Y10 Obuta IOJBEPrHYTa HATPEBY IO 3aKAJIKY IO
temneparypsl 740 u 900 °C. Kakoil pexum HarpeBa BblOpaH




— Ha OLICHKY «HeYy/I0BJeTBOPUTEIbHO» — 00yUalomuics JeMOHCTpUpyeT 3HaHus He Oonee 20%
TEOPETUYECKOI0 Marepualia, JOMyCKaeT CYIICCTBCHHBIC OIMMOKHA, HE MOXET I0Ka3aTh
MHTEIJICKTya IbHbIe HABBIKU PELICHHS MPOCTHIX 3a/1a4.
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