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Pabouas mporpamma
HNHHOBaNMOHHBIE KOHCTPYKIIMOHHbIE MATEPUAJIBLI AJIS1 MeTUIMHBI

Pazpaborana B coorBercTBrm ¢ OC BO:

CaMOoCTOSTENFHO yCTaHAaBIMBaeMBbIil 00pa30BaTebHBIN CTAaHIapT BRICIIET0 00pa3oBaHMs - MarucTpaTtypa denepansHoe
TOCyIapCTBEHHOE aBTOHOMHOE 00pa30BaTeNbHOE YUpeKIeHHE BhICIIEro oOpa3oBanus « HallmoHaNbHBINA UCCIeI0BATENbCKUI
TexHojoruueckuil yausepcurer «MUCuC» mo Hanpasnenuto noarorosku 22.04.01 MATEPUAJIOBEJEHUE 1M TEXHOJIOT M
MATEPUHAJIOB (mpuka3 ot 05.03.2020 . Ne 95 0.8.)

CocrapiieHa Ha OCHOBaHUH yqe6H0r0 IJ1aHa:

22.04.01 MarepualioBeIcHAE W TEXHOJIOTHU MaTepraioB, 22.04.01-MMTM-22-2.plx THHOBaIIMOHHBIC KOHCTPYKIIMOHHEIC
MaTepHaibl, yIBepxkaeHHoro YuenslM copeTroM OI'TAOY BO HUTY "MUCuC" B cocrase coorercrBytomeil OIIOII BO
22.09.2022, mporoxon Ne 8-22

YrBepxnena B coctase OIIOIT BO:

22.04.01 MarepuasioBeieHE U TEXHOJIOIUU MaTepranoB, VIHHOBAIllMOHHbIE KOHCTPYKL[MOHHbBIE MAaTEPHAIIbI, YTBEPKAECHHON
VuaensiM coBetoM PI'AOY BO HUTY "MUCuC" 22.09.2022, npotokos Ne 8-22

Pabouast mporpamma oj00peHa Ha 3aceaHuu
Kadeapa merajiioBenenns u Gu3uKu NPpOYHOCTH

ITpoTtokos ot 17.05.2022 r., Ne§

PykoBonurens noapazaenenust Huxynua C.A.



1. HEJIX OCBOEHUA

1.1 | Llens — ¢opMupoBaHIe KOMIIETCHIINH B COOTBETCTBUH C YICOHBIM IIJIAHOM, a TAKXKE HAYIUTh BEIOMPATh
KOHCTPYKI[HOHHBIE MAaTEPUAIIbl H PEXKUMBI TEPMHUUECKON U TEPMOMEXaHHUECKOH 00paboTKH, 0OecredrBaroe
(dopmupoBaHKe TPeOYEMOH CTPYKTYPBI, B T.4. HAHO- 1 CYOMHUKPOKPUCTAJUINYECKOH, a TAKXKe HE0OXO MBI KOMIIIEKC
MEXaHWYECKHUX U (PYHKIIHOHATBHBIX CBOMCTB JUII IPIMEHEHHS B MEIUIIUHE.

1.2

1.3 | Bagaun JUCHMUIIIINHBI:

1.4 | Hayuutpb

1.5 | - BBIOMpaTh KOHCTPYKIIMOHHBIE MaTepUAaIbl, OTBEUAIOIIe KOMIUIEKCY CBOMCTB Ul IPUMEHEHHS B Ka4eCTBE MEAUIIMHCKUX
HMILIAHTOB;

1.6 | - MOHUMAHUIO CBSI3M MEXKTy XUMUYECKHM COCTaBOM M CTPYKTYPOil MaTepuala ¢ OHONH CTOPOHBI U €T0 KOMILJICKCOM
CBOMCTB C JIpyroii;

1.7 | - aHamM3upOBaTh (ha30BBIC U CTPYKTYPHBIC MPEBPALICHUS IPU TEPMHUYECKOH H TEPMOMEXaHIHIECKOH 00paboTKe
METAJUTMIECKAX MaTEPHAJIOB U OPUEHTHPOBATHCS B YPOBHIX MEXaHUYECKUX CBOWCTB MAaTEPUAIOB PA3IMIHBIX KIIACCOB B
3aBHCUMOCTH OT UX CTPYKTYPHOTO COCTOSTHIS;

1.8 | - mpakTHYeCKNM HaBBIKAM IPHIMEHEHHS METOJIOB MEraIIacTHIecKoH gedopMaruu it GOpMHPOBaHHSA HAaHO- U
CYOMUKpPOKPHCTAIUINIECKOH CTPYKTYpHI B TpeOyeMOoro KOMIIIEKCca CBOMCTB MaTepuana.

2. MECTO B CTPYKTYPE OBPA30BATEJBHOM ITPOT'PAMMBI

Bnok OIT: b1.B.JIB.06

2.1 Tpeb6oBanus K HpeIIBa]l)HTeJILHOﬁ MOATOTOBKE 00y4aI0IIerocsi:

2.1.1 |IIpou3BoACTBEHHAS MTPAKTHKA

2.1.2 | TeXHONOTWH MOJyYEeHUs] MaTEepHAIIOB

2.1.3 | YnpaBieHue Ka4eCTBOM MaTEpHAaIOB ¥ AKCIEPTH3a METAIIONPOIYKIIUH

2.1.4 | KommsroTepHas Metamiorpadus

2.1.5 | KommsroTepHsle ¥ HH(GOPMAIIMOHHBIC TEXHOJIIOTHH B HayKe U IIPOU3BOJICTBE

2.1.6 |MarepuanoseneHue U TEXHOJIOIMH IIEPCIIEKTUBHBIX MATEPUAIIOB

2.1.7 | YueOHas npakTHKa

2.2 JucuunimnHbl (MOIy/IH) U MPAKTHKH, VIS KOTOPBIX 0CBOEHHME JAHHON AUCUMIJIMHBI (MOAYJI51) HE00X0AUMO KaK
npeaulecTByLIee:

2.2.1 |IloaroroBka K MpoIeAype 3alUTH U 3aIIMTa BEITYCKHOW KBATM(HUKAIIMOHHON paboTHI

2.2.2  |IIpepmunioMHas IpakTHKa

3. PE3YJIbTATBI OBYUYEHUS IO JUCIUITIJIMHE, COOTHECEHHBIE C ®OPMUPYEMBIMHA
KOMIIETEHIIUSAMUA

IK-5: Cnoco6en IVIAHUPOBATH U OCYHIECTBJIATH IKCIEPUMEHTAJIbHBIE HCCIICA0BAHHUS, AHAJIU3UPOBATH U 06paﬁaTblBaTb
Pe3yabTaThl, 1€J1aTh BHIBOABI, COCTABJIATDH U OCI)OPMJIHTL OTYETHI IO MPOBCACHHBIM HCC/ICIOBAHUAM B odsacTn
MaTepUaJIOBeICHUA U TEXHOJOI'MH MaTepuajioB

3HaTh:

ITK-5-31 CriocoOs! yripaBieHHs CTPYKTYPOIl M KOMIIEKCOM CBOMCTB METANTMYSCKUX KOHCTPYKIIMOHHBIX MaTEPHAIOB

[1K-5-32 3akoHOMEpHOCTH CTPYKTYpooOpa3oBaHuUs 1 (pa30BBIX NPEBPAIICHHI B METAUIMIECKIX MAaTePHANIaX IPH OOJIBIION
IUIacTUYEcKol JedopMariy, MPeuMyIIecTBa 1 HeJOCTaTKU 00BEMHBIX METAITHUECKUX HAHOMATEPUAJIOB C TOUKH 3PEHUS
NPUMEHEHHs] B MEAUIMHE

IIK-4: Cnioco0eH IJIAHMPOBATH, OCYLIECTBJISITH KOMILIEKCHbIE HCCIEI0BAHUS U Pa3pad0TKy HHHOBALIMOHHBIX
KOHCTPYKIMOHHBIX MaTePHAaIOB (B TOM YHCJIe, HAHOMATEPHAJIOB) PAa3JIHYHOI0 HA3HAYEHHUS

3HaTh:

[1K-4-31 OcHOBHBIE KJIACCHI METAJNIMYECKHUX KOHCTPYKIHMOHHBIX MaT€pUaJIOB 111 MECAUIIUHBI, ITPUHIUITBI BLI60pa MaTcpuralioB,
CBOfICTBa, TEXHOJIOTHYCCKHUEC IMTPOLECCHI NX MPOU3BOACTBA U O6pa6OTKI/I

IK-5: Cnioco6eH MIAHNPOBATH M OCYIIECTBJISITH IKCIIEPUMEHTATbHbIE HCCJIEA0BAHNS, AaHAJIU3UPOBATH U 00padaTHIBATH
pe3yiibTaThl, 1€J1aTh BbIBO/1bI, COCTABJIATH U O(l)OpM.]'IflTl) OTYETHI IO NPOBEACHHBIM UCC/ICIOBAHUAM B 00J1acTH
MaTepUAJIOBeIeHHs] U TEXHOJOTHH MAaTepHAJIOB

YMmerb:

[IK-5-¥Y'1 Aramn3npoBaTh HHPOPMALINIO O MEXaHWIECKHUX U (QYHKIIMOHAIBHBIX CBOHCTBAX METAJUTMUECKUX KOHCTPYKITHOHHBIX
MaTepuaoB Il MEUIIHEI B 3aBUCHMOCTH OT X CTPYKTYPHOTO COCTOSTHHS

IK-4: Cnocooen MJIAHUPOBATDH, OCYIIECTBJIATH KOMILJIEKCHBIC HCC/ICIOBAHUA U pa3p360Tlcy HWHHOBAIIMOHHBIX
KOHCTPYKIIHOHHBIX MaT€pUaioB (B TOM 4YHUCJIC, HaHOMaTepl/la.ﬂOB) Pa3JIM4YHOI0 HA3HAYECHUA




YMmerb:

[1K-4-Y'1 Bei6upats MeTaIMYeCKUue MaTepUalIbl U TEXHOJIOTMIECKHE IPOIECCH] UX MONTydIeHHs U 00pab0oTKU AT IPUMEHEHHS B
MeIULUHE

ITK-4-Y2 IIporHo3upoBats Ha OCHOBE HH(GOPMAIIHOHHOTO IMOUCKA KOHKYPEHTHYIO CIIOCOOHOCTH METAJUTMIECKUX HAHOMAaTCPHAIIOB
JUTSE MEITUTTHBI ¥ TEXHOJIOTHH HX MTOTyICHHS

Baanernb:

[TK-4-B1 HaBbikaMu BbIOOpa METAILTHYECKIX KOHCTPYKIIMOHHBIX MaTEPUAIIOB U TEXHOJIOTUIECKUX MPOIIECCOB UX MOJTYUSHHS U
00pabOoTKH AJIsl MPUMEHEHHUST B METUIINHE

[1K-4-B2 OmbITOM IpUMEHEHUS Ha IPAKTUKE METO0B OOMIBIINX IIACTHYECKUX Aedopmaruii anst GopMUPOBAHUS HAHO- U
CYOMUKPOKPHCTAJUINYECKON CTPYKTYpPBI i TPEOYEMOro KOMILIEKCA CBOMCTB METAJUTMYECKHX MaTepHAIIOB

4. CTPYKTYPA U COJAEP)KAHUE

Kon Haumenopanue pa3nenos u | Cemectrp | Yacos | @opmupyemsble | Jluteparypa | IlpumedaHue KM Beinoan
3aHATHS TeM /BUA 3aHATHSA/ / Kype HHIMKATOPBI H 1. sieMble
KOMIIeTeH it pecypcbl padoThI

Pa3gen 1. 3akonomepHocTH
¢opmupoBanust
YJIbTPaMeJIK03epPHUCTOM
CTPYKTYphI B
MeTaLTHYeCKHX
MaTepHaaax

1.1 3aKOHOMEPHOCTH 3 6 [TK-5-32 JIT.1J12.1
(hopMupoBaHUS
YABTPAMEIKO3EPHUCTON
CTPYKTYPHI B METAITTHISCKUX
Marepuanax /JIex/

1.2 [IpumeneHnue MeTo10B 3 4 [IK-4-Y1 IIK-4 JIT.1J12.1 P1
OOJIBIIMX TUIACTUYECKUX -B1 I1K-4-B2
nedopmanuii At co3gaHus
YIBTPaMETKO3EPHUCTOM

CTPYKTYPBI B METAILTHIECKUX
Matepuanax. /IIp/

1.3 [IpopaboTka maTepuasioB 3 30 IIK-4-V1 IIK-4 JI1.1J12.1
JIEKIUH U IPAKTUYECKUX -B1 I1K-4-B2
3anstuid. [lonroroska TIK-5-32
KOHTPOJIBHOHN paboTe
Nel /Cp/
1.4 Konrtponsnas padora Ne 3 2 TIK-4-Y1 I1IK-4 JI1.1J12.1 KM1
1. /Mp/ -B1 I1K-4-B2
TIK-5-32
Paznen 2. OcHOBHBIE
MeTaJlJiniecKue
MaTepuabl,

NEPCNEKTUBHBIC I
NPUMCHCHUA B MECIUIIMHE

2.1 OCHOBHBIE METAJUTMYECKHE 3 5 I1K-4-31 JI1.1J12.2
MaTepHallbl, IEPCIEKTUBHBIE J2.3
JUIS IPIMEHEHHUS B
MEJMIMHE : TUTaH,
IIUPKOHUH, MaTepPHAIbI C
naMATeio (hopmsl /JIex/

2.2 OrpaHnueHUS IPUMEHCHUS 3 3 [1K-4-Y2 JI1.1J12.2 P2
METaJUINYECKUX J12.3
KOHCTPYKITHOHHBIX

MaTepHuajoB B
menunuae. /IIp/

23 [IpopaboTka MarepuanoB 3 40 | IK-4-31 1IK-4- | JI1.1J12.2
JIEKIWH ¥ TIPAaKTUYECKUX y2 J12.3
3anstuid. [lonroroska
KOHTPOJIBHOH paboTe
Ne2 /Cp/

2.4 Konrtponbnas pabota Ne 3 2 [1K-4-31 TIK-4- JIT.1J12.2 KM2
2. Mp/ y2 J2.3




Paznen 3. CTpykTypa n
CBOICTBA
VIbTPaMeTK03ePHUCTBIX
MaTEepUAJIOB, MOJY4eHHBIX
MeToAaMHM 00JILIIHNX
IUIACTHYECKUX
neopmanui, s
NpUMeHeHUs B MeIULIMHe

3.1 CTpyKTypa 1 CBOWCTBA 3 6 TIK-5-32 TIK-5- JI1.1J12.2
YIBTPaMEITKO3EPHHUCTHIX 31
MaTepHaJIOB, TOJYISHHBIX
MeTOoAaMHU OOJIBIINX
IUTaCTHYECKUX AedopMalui,
JUTSI IPUMEHEHHUSI B
MEJIUIIHE ;| TUTaH,
LUPKOHUN, MaTEpHUAIIbI C
namsThio Gopmsr /JIex/

32 [TepcriekTHBBI IPUMEHEHHS 3 4 IIK-4-Y1 TIK-5 JI1.1J12.2 P3
YIBTPaMEIKO3EPHUCTBIX -V1
METaJUINIEeCKUX MaTepPHajIoB
B Menuiune. /T1p/

33 [IpopaboTka maTepuasion 3 40 IIK-4-VY1 IIK-5 JIT.1J12.2
JIEKIUH ¥ IPAaKTUYECKUX -32 TIK-5-Y1
3a"saTuid. [lonroroska TIK-5-31
KOHTPOJIBHO# paboTe
Ne3 /Cp/

34 Konrtponsnas padora Ne 3 2 TIK-4-Y1 IIK-5 JI1.1J12.2 KM3
3. Mp/ -32 T[IK-5-V1

TIK-5-31
5. ®OHJ OHEHOYHBIX MATEPHUAJIOB
5.1. KonTpoJibHble MeponpusaTHA (KOHTPOJIbHAsA padoTa, TecT, KOJAJIOKBUYM, 3K3aMeH U T.N), BONPOCHI A
CaMOCTOSITeJIbHON MOATOTOBKH
Kon KonTponsHoe TIposepsiembie
KM P HHIMKATOPB Bompocs! 11 oAroTOBKU
KOMIETEeHIUH
KM1 Konrtponsnas IK-5-32;11K-4- Bompocs! 1 camocTosATeNnbHON MoAroToBKH K KoHTpobpHOH padore
pabota Nel mo V1;IIK-4-B1;I1K-4- | Nel
pazzeny 1 B2 1 ITpoGiema TepMUYECKOH CTAOMIBHOCTH YIBTPAMEITKO3EPHHCTHIX

MaTepraoB

2 OcHoBHBIE TpeOoOBaHUs, 0OeceunBarone (OpMHPOBAHNE PA3BUTOM
YIBTPaMENIKO3EePHUCTON CTPYKTYpBI IIPH OONBIIOH MIaCTHYECKOH
nepopmaruu

3 BimsHEe creneHn aedopManyi Ha GopMHUPOBaHNE MUKPOCTPYKTYPHI
B METAJUTMUECKHUX MaTepuanax

4 Oraruue OONBIION MIACTUYECKOH nedopmaru ot
MaKpOIUTaCTHIECKOH nedopmarim

5 YcnoBus HOCTIDKEHUS CBEPXOOIIBINNX CTeNeHel nedopmanun B
METaJIMIeCKOM MaTepuane 6e3 ero pa3pyueHus

6 Crioco0bI peanu3anyy OOJTBIINX TUIACTHYECKHX JedopMaIiiii Ha
MPaKTHKE

IIpumeps! OuiteToB ganbl B [IpunoskeHnn




KM2

Konrponsnas
pabota Ne2 o
pazneiny 2

TIK-4-31;11K-4-Y2

Bompockl caMocTOSITeNbHOM 111 TOATOTOBKU K KoHTponpHO# paboTe
Ne2

1 CtpyKTypa 1 CBOWCTBA OCHOBHBIX MapOK LIUPKOHUEBBIX CILUIABOB B
HITaTHOM COCTOSIHUM

2 MexaHHUeCKUe CBOICTBA OCHOBHBIX MapOK THTaHA U €ro CIJIaBOB B
HMITATHOM COCTOSIHUM

3 Knaccuukarysi THTAaHOBBIX CIUIaBOB

4 TIpuHIMOBI TETUPOBAHUS TUTAHOBBIX CILIABOB

5 IIpyHIUIIBI IETUPOBAHUS LIMPKOHUEBBIX CIIIIaBOB

6 Cytb 3¢ dekra mamsatu GopMBI €ro HCIIOIB30BaHUE B METHIINHE

7 ®a30Bble NpEBPAILECHHS] B TATAHE U HUPKOHUU

8 BausiHue npuMeceld Ha MEXaHHMYECKHE CBOMCTBA TUTaHA

9 Meramnueckue MaTepHalibl IEPCIEKTUBHBIE AJIsl IPUMEHEHUs B
MEUIIHE

IIpumeps! 6uneros naus! B [Ipunoxenun

KM3

KonTpoasHas
pabota Ne3 mo
pazneny 3

ITK-5-32;11K-4-
V1;IIK-5-Y 1;IIK-5-
31

Bompocsl caMocTosSITeNbHOM 1151 TOATOTOBKH K KoHTponpHO# paboTe
Ne3

1 MexaHu3MBbl NOBBIIIEHUS] IPOYHOCTU TUTaHa U IUpKOoHUs ipu KBJI
2 MexaHu3MBbl OBBIICHUS IPOYHOCTU TUTaHA U NUpKOHUA npu PKVII
3 BiusiHME TOMOTHUTENBHON TepMOMEXaHnuecKoil 00paboTKU Ha
CTPYKTYPY U CBOMCTBA TUTaHa U €0 CIIABOB B YAbTPaMEIKO3EPHUCTOM
COCTOSIHUU

4 HepeuteHnble Tpo6aeMbl HCIONb30BAHUS IUPKOHUEBBIX CILIABOB B
YABTPAMEIKO3EPHICTOM COCTOSHUH

5 IpoGieMa TepMHYIECKOI CTAOMIBHOCTH ITUPKOHUEBBIX CILUIABOB C
YIBTPaMEIKO3EPHUCTON CTPYKTYPOi

6 BinsiHue GONBIIMX MUIACTHYECKHUX Ae(OpMaLMil Ha CTPYKTYPY U
CBOMCTBA HUKENUJIOB TUTAHA

IIpumeps! 6meroB gaus! B [Iprmoxennn




KM4

DK3amMmeH 3a 3-i
ceMecTp

TIK-4-31;1TK-4-
V1;TTIK-4-V2;[TK-4-
B1;[1K-4-B2;[1K-5-
31;T1K-5-32;TTK-5-
Vi1

Bonpocs! 11 caMOCTOATENBHOM IOATOTOBKU K DK3aMEHY:

1 Kakue cymiecTByIOT U3BECTHBIE CIOCOOBI MOBBIIIEHHS TEPMUIECKOIT
CTaOMIBHOCTH YIBTPAaMETKO3EPHUCTHIX MaTEpHAIOB ?

2 Ilouemy nerupoBaHue IPUBOIUT K MOBBIIICHUIO TEPMUYECKON
CTaOUIIBHOCTHU YIIBTPAMENKO3EPHUCTOMN CTPYKTYPHI ?

3 OcHoBHBIe TpeOoBanus, obecneunBaroiye GopMupoOBaHUE Pa3BUTOM
YABTPAMEIIKO3EPHICTON CTPYKTYPHI IPH OOJNBIION IIIaCTHIECKOM
nedopmarin

4 TIpouecchl, NPOUCXOAAIINE IPU HATPEBE MAaTEPUAIIOB C HAHO- U
CYOMHKPOKPHCTAIUTNIECKOI CTPYKTYPOH, OITydeHHOH MeTo1aM1
OOJNBIINX IACTUYECKUX Je(opMaruii

5 Otnnure OOJNBIION MIIaCTHUECKON 1eOpMaLuU OT MUKPO- U
MaKpOIIIacTH4ecKoH iehopManuu

6 YCI0BHS TOCTIDKEHHS CBEPXOOIBIINX CTENEeHEeH feopManii B
METaJIINIeCKOM MaTepuane 6e3 ero pa3pymeHus

7 OcHoBHBIE (haKTOPBI, ONpeaelsonye GopMUPOBAHHE
MHKPOCTPYKTYPHI B METAITMIECKUX MaTepHanax IpH aehopMarin

8 Kakoit u3 meronos, KBJ] mmu PKVTI, obecrieunBaet 60nbITyIO
OJIHOPOJHOCTh MUKPOCTPYKTYpPHI B 00BbeMe obpaszua ? ObocHyiiTe

9 BausHue uncna o6opotos mpu KBJI Ha 0iHOPOAHOCTB CTPYKTYPBI
00OpabaTpIBaeMOT0 MaTepHrala

10 Bausauue uncna nmpoxonos npu PKYII Ha ofHOPOAHOCTH CTPYKTYPHI
oOpabarpiBaeMOro MaTepuasia

11 MeTonoM O0JTBIIOH MTacTUIeCKo Aehopmanuy Obu1a
chopMHpOBaHa YIBTPAMENKO3EPHHUCTAs CTPYKTYPa B IBYX CILIaBax
(npuBOAMTCS ABa Pa3HBIX CIiaBa). B kakoMm ciydae TepMuyeckas
cTabmIbHOCTH MaTepraina Oyzner Boie ? OTBeT 000CHOBATH

12 Crioco0s! peanm3aryy OOJBIINX INIACTHIECKHX Aedopmariiii Ha
MpaKTHKe

13 Ipunuum, npeumyiiecTsa U Hegoctatku Merona KB/

14 CpaBuautb BozmoxxHocTH MetooB KBJ[ nu PKVII

15 Kaxkoii n3 mapmpyros PKVII ob6ecnieanBaer ¢popMupoBanue
Haunbosnee paBHOOCHOH YM3 CTPYKTYpBI ¢ BEICOKOYTTIOBBIMH
rpanunamu ? Kak oH peanuzyercs ?

16 TlepcriekTUBHBIE METO B! OOJBIINX TUTACTHUECKUX JedopMannit
17 Bnusanue KB/] Ha da30oBble MpeBpamIeHUs B METAUIMIECKUX
Martepuanax

18 IIpunnun, npeumyiecTsa 1 HepoctaTku Merona PKYII

19 Moaudukanuu meroxa PKYII

20 ITpenmymiectBa Mmeto0B PKYII-konpopm 1 PKVYII B napannensHbIX
KaHamax

21 B yem 3akirodaercs NPUHIUI aKKyMYJIUPYEMOU MPOKaTKU ?

22 Bausaue o6pabOTKU HUPKOHUS U €T0 CIIABOB METOJAMHU OONBIINX
MIaCTUYECKHUX JedopMaliii Ha UX CTPYKTYpy U CBOICTBA € TOUKU
3peHUs MPUMEHECHHUS B MEUIIHE

22 CTpyKTypa U MEXaHUYECKUE CBOMCTBA UUCTOIO TUTAHA U €r0
cmiaBoB nocie KB/

23 CTpyKTypa 1 MEXaHHYECKHE CBOMCTBA YUCTOTO TUTAHA U €TO
cruiaBos nociae PKVYII

24 CtpyKTypa 1 MEXaHHYECKHE CBOMCTBA YUCTOTO IUPKOHUS H €TO
cmaBoB mocie KB/]

25 CtpykTypa 1 MEXaHMYECKHE CBOMCTBA YUCTOTO IIMPKOHUS U €r0
cmuiaBos nociae PKVYII

26 17151 4ero NpUMEHSIOT AOTIONHUTENbHYIO TEPMUYECKYI0 00paboTKy
LIMPKOHMEBBIX cIutaBoB nocie KB/ ?

27 OrpaHuyeHys IPUMEHEHUS YIbTPaMEIKO3EPHUCTBIX MaTEPUAIIOB B
MeIHLUHE

28 CtpyKTypa 1 CBOICTBA OCHOBHBIX MapOK IIUPKOHHUEBBIX CIIJIABOB B
IITAaTHOM COCTOSIHUH

29 MexaHu4ecKue CBOMCTBA OCHOBHBIX MapOK TUTaHA U €T0 CILUIABOB B
MITATHOM COCTOSIHUH

30 Knaccudukanus THTAHOBBIX CIIJIABOB

31 IlpuHUIUIIBI IETUPOBAaHKSI TUTAHOBBIX CILUIABOB

32 IIpuHOUOBI JETHPOBAHUS IUPKOHUEBBIX CIUIABOB

33 Kakwue cBOCTBa THUTaHA, IIUPKOHUS M UX CIUIABOB (B OOBIYHOM U
YM3 COCTOSTHHH) AENAIOT UX MEePCHEKTUBHBIMU JUTS IIPIMEHEHHS B
MenuuHe ?

34 HepeuleHHble MpoOJIeMbl HCIIOIb30BAHUS INPKOHUEBBIX CINIABOB B




YABTPAMEIKO3EPHICTOM COCTOSHUH

35 B uem 3akiovaercst npodaeMa TEPMUYECKOH CTaOMIBHOCTH
LMPKOHHUEBBIX CIUIABOB C YJIBTPAMEIKO3EPHUCTON CTPYKTYpOil ?
Croco05! ee MOBBIIICHHS

36 Kak BiusieT XMMUYECKUH COCTaB IIUPKOHHUEBBIX CILIABOB C
yABTPAMEIKO3EPHUCTON CTPYKTYPOH Ha UX TEPMHUUECKYIO
CTaOMIBHOCTE ?

37 MexaHuU3MBI, 00ecreunBaloIue IposBiIeHue 3 deKra namsaTu
hopMbI

38 Cytb 3¢ dexTa mamsaTi GOpMBI €T0 UCTIONB30BaHUE B MEIUIINHE
39 IIpeumyiecTBa U HEAOCTATKU IIUPKOHUEBBIX CILIABOB 110
CPaBHEHHIO C TUTAHOBBIMU C TOUKHU 3PEHUS UX IPUMEHEHUs B
MeIULUHE

40 dazoBbIe MpeBpAaICHNs B TUTAHE U IUPKOHUU

41 MexaHn3MBI IOBBIIICHUS TPOYHOCTH TUTaHA U IUpKoHUA pu KBJ]
42 MexaHU3MBI OBBIILEHUS TPOYHOCTU TUTAHA U LIUPKOHUS TIPH
PKVII

43 Yro Takoe obOpaTumas aehopMmanus B HUKEIHIaX TUTAHA, U KaKue
(bakTopsl ee 00ecreunBaroT ?

44 CriocoOB! TTOBBIIICHUS] IPOYHOCTHBIX CBOMCTB TUTAHA H €TI0 CILIABOB
45 CriocoOBI TOBBIIICHNS TPOYHOCTHBIX CBOHCTB IIMPKOHUS M €T0
CIIJIaBOB

46 BnusHue npuMeceii Ha MeXaHUYECKUE CBOICTBA TUTaHA

47 BrustHNE OONBINNX IIACTHYECKUX JAeopManuii Ha CTPYKTYpY U
CBOICTBA HUKEIHJIOB THTaHA

[Tpumepsl pacueTHO-TpadMIECKHUX 3a/1au:

1 Paccumrats crenens nedopmarm npu KB/l B mpon3BOIBHOM TOUkKe
(Yxa3aHO TeOMETPUYIECKOe MECTO) MEAHOT0 00pa3ia JTHAMETPOM ... MM,
€CIIM HavyaJbHasl TOJIUHA 00pa3la ... MM; KOHEUHasl TONIIHHA

o0pasma ... MM; 9icio 000poToB N=...

2 Paccumrats creneHs aedopmarim npu PKVYII cransHoro obpasia,
€CJIM BHEIIHUH YroJl KaHaJIoB ...% YroJl lepeceueH s KaHaloB ...% YUCIIo
npoxoAoB N=...

IIpumeps! 6uneros gaus! B [Ipunoxennn

5.2. Ilepeyenn padoT, BbINOJIHSIE

MbIX 10 AucuumuinHe (Kypcoasi pa6ora, Kypcosoii npoexrt, PI'P, Pedepar, JIP, IIP u T.11.)

Kon HasBanue Tposepsiemie
HHHIKATOPHI Coneprxanue paboTHI
paboTsl paboTsl N
KOMITCTEHINIT
P1 ITP Nel [TIK-4-Y 1;I1K-4- O3HaKOMJICHUE C IPUHIMIIAMH PaOOThI U XapaKTEPUCTUKAMH
ITpumenenue B1;IIK-4-B2 YCTaHOBOK KPYYEHUS I0J] BBICOKAM JABJICHUEM U PABHOKAHAJIBHOTO
METOJI0B OOJIBIIIX YIIIOBOTO MPECCOBAHUS MPUMEHUTENBHO K Pa3IMYHBIM METAIITHIECKIM
IIACTUYECKHUX Martepuanam
nedopmanuit s
CO3JTaHUSA
YABTPAMEIKO3EPHHC
TOU CTPYKTYpHI B
METaITHIECKIX
Marepuanax
P2 ITP Ne2 I1K-4-Y2 BeolLsiBlieHHE HEOCTATKOB yALTPAMEIKO3EPHUCTBIX MATEPUAIIOB PA3HBIX
OrpaHuueHust TUIMOB: HUPKOHUEBBIX U TUTAHOBBIX CIUIABOB U Jp. C TOUKH 3PEHUSI UX
TIPUMEHCHUS MPUMEHHMOCTH B KaUueCTBE MEIUIMHCKAX M3/ICNIUH U HMIIAHTaTOB
METaTHIECKIX
KOHCTPYKITHOHHBIX
MaTepuanoB B
MeTUInHe
P3 ITP Ne3 IK-4-Y1;I1K-5-V1 O1eHKa KOMILIEKCA CBOUCTB YIbTPAaMEIKO3EPHUCTBIX MATEPUAIIOB
IepcriekTUBEI Pa3HBIX TUIOB: UPKOHUEBBIX U TUTAHOBBIX CIUIABOB U Ap. C TOUKH
MPUMEHEHHS 3pEHHs YJOBJIETBOPEHUS TPEOOBAHHSM, IPEIBSIBISIEMBIM CO CTOPOHEI
YABTPaMEIIKO3EPHIC MEIUINHEI K KOHCTPYKIITMOHHBIM MaTepHaIaM

TBHIX METAJINUYECKUX
MaTepuasoB B
MEULUHE




5.3. OuneHovHbIE MaTepuaJibl, HCNOJb3yEeMbI€ VISl IK3aMEHa (ormcarme 6I/IJ'IeTOB, TEeCTOB U T.l'[.)

DK3aMeH SBJISETCS 3aKII0YUTEIbHBIM dTallOM Tpornecca CI)OpMI/IpOBaHI/I}I KOMITETCHITUIA CTyACHTA NPU U3YYCHUN JUCHHUIIIINHBI UIIA
e€ 4acTH U UMEET eI TIPOBEPKY U OLICHKY 3HaHUH CTYACHTOB 10 TCOPUU U TPUMEHCHHIO MMOJTYYECHHBIX 3HaHPII71, yMCHI/Iﬁ u

HaBBbIKOB.

DK3aMeH MPOBOUTCS 110 PACIIUCAHUIO, CPOPMUPOBAHHOMY YIEOHBIM OT/IEIOM, B CPOKH, TIPETYCMOTPEHHBIE KAJICHTAPHBIM
rpadukoM ydeOHOTro nporecca. Paciucanue sKk3aMeHOB JOBOJUTCS A0 CBEACHUS CTYJICHTOB HE MEHEE UeM 3a JIBe HelleNln 10 Havaila
9K3aMCHAIMOHHOM ceccrr. DK3aMeH MPOBOIUTHCS B MICEMEHHOI hopme. CTyneHTaM Ha SK3aMEHE PEIOCTABIIETCS PABO
BBIOPATH OJIMH U3 OMIIETOB. DK3aMEHAIIMOHHBIA OUJIET COCTOUT M3 5-TH TEOPETHUECKUX BOIIPOCOB M OJTHON pacuyeTHOH 3a/1auH.
Bunets! xpansaTcs Ha kadenpe. Bpems HanucaHust OTBETOB HA BOMPOCHI 9K3aMEHAIIMOHHOTO OmiieTa cocTaBisieT 90 MUHYT. DK3aMeH
MPUHUMAETCS MPEnoiaBaTesieM - BEAYLIHM JEKTOPOM. DK3aMeH MPOBOIUTCS TOIBKO MPU NPEIbIBICHUU CTYIEHTOM 3a4€THOM
KHUKKH U TIPY YCJIOBUY BBITIOJTHEHHSI BCEX KOHTPOJIBHBIX MEPONPUATHH, TIPETYCMOTPEHHBIX YICOHBIM IIJIAHOM U padoveit
MIPOTPAMMO TI0 U3ydaeMO IUCIUIIIHHE (CBeeHHs (QUKCHPYIOTCS IOTTYCKOM B BeToMOCTH). O0s3aTeNbHBIM YCIIOBUEM JIOMTYCKa K
9K3aMEHY SBISETCS BBIIIOJHEHUE TPEX KOHTPOJIBHBIX PadOT Ha OLIEHKY HE MEHEE, YeM «yIOBJIETBOPUTEILHON.

ITpumep sx3amMeHaIOHHOTO OMeTa pasmerieH B [Ipunoskennn k PTI/I.

5.4. MeToauka OueHKH OCBOEHUS JUCUMILIMHBI (Moayis, npakTuku. HUP)

ITo xypcy mpexycMOTpeH 3K3aMeH ¢ oneHKoi. OleHKa Ha 9K3aMeHe IPOCTABIACTCS C YIETOM OIICHOK TEKYIIEro KOHTPOJIS
(pe3ynbTaToB KOHTPOJIHHOM paboThI, OIIEHOK, TIOTYYSHHBIX Ha MPAKTUYECKUX 3aHATHSX ), HO HA OCHOBAaHWH OIIEHKH OTBETOB Ha
BOIMPOCHL, CPOPMYIUPOBAHHBIE B YK3aMEHALIMOHHOM OUJIeTe.

OLICHKa «OTJIUYHO»

— o0yJaromuiics MoKa3bIBaeT NITyOOKHE, HCUSPIBIBAIOIINE 3HAHNS B 00beMe PO ACHHON IIPOTpaMMBI, YBEPEHHO JIEHCTBYET 110
[IPUMEHEHUIO N1OJIy4EHHBIX 3HaHUM Ha MPAKTUKE, TPAMOTHO U JIOTHYECKU CTPOMHO U3J1araeT MaTepua Ipyu OTBETE, yMEeT
(hopMynHpOBATh BEIBOABI U3 M3JI0KEHHOTO TEOPETHUECKOTO MaTepuaa, 3HaeT JONOIHUTENbHO PeKOMEHA0BAHHYIO IUTEPATYDY.

OLIEHKa «XOopomo»

— O6y‘IaIOIlIPII>ic;I TIOKa3bIBACT TBEPABIC U TOCTATOYHO ITOJTHBIC 3HAHUS B o0bemMe HpOﬁﬂeHHOﬁ IIporpaMmal, JTOITyCKACT
HE3HAYMTEIbHEBIC OIINOKH IpH OCBCUICHNH 3aJITaHHBIX BOIIPOCOB, IPABUJIBHO I[eﬁCTByeT 10 TPUMCHCHUTO 3HaHUH Ha IMPAaKTUKE,

YC€TKO HU3jiaract MaTrcpuall.
Ormenka «YAOBJICTBOPUTCIILHO»

— oOyJaromuiics TOKa3bIBacT 3HAHHUS B 00beMe IIPOUICHHOH MPOTpaMMBI, OTBETHI H3JIaraeT XOTS U C OIMMMOKaMH, HO YBEPEHHO
UCIIPABIIIEMBIMU 10CJIE JONOJHUTENBHBIX U HABOAAIIMX BOIIPOCOB, IPABUIIBHO AEHCTBYET 110 IPUMEHEHUIO 3HAHUN HA IIPAKTUKE.

OL[GHKa «HCYOOBJICTBOPHUTECIILHO»

— oOyJarommuiics ToIrycKaeT rpyoble OIMOKK B OTBETE, HE TOHMMAET CYITHOCTH M3JIaraeéMoro BOIIpoca, He yMeeT IPUMEHSTh
3HAHMs HA NIPAKTHUKE, 1Aa€T HEIOJIHbIE WIIM HEKOPPEKTHBIE OTBETHI HA JONOIHUTENIBbHBIE U HABOJAIIUE BOIIPOCHL.

OLICHKa «HC sIBKa»

— oOyJaromuiics Ha 5K3aMeH He SBHJICS.

6. YHEBHO-METOAUWYECKOE U HTHO®OPMAIIMOHHOE OBECIIEYEHHWE

6.1. Pexomenayemas jutepartypa

6.1.1. OcHoBHas JiuTEpaTYpa

ABTOpBIL, COCTaBUTENU 3arnaBue Bubnmoreka W3narenscTBo, roj
JI1.1 |Poraues C. O. Meramnuaeckue Bubarorexka MUCuC M.: Uzg-Bo MUCuC, 2015
HaHOMAaTEepHaJIbl IS
MEIUIUHEL: y4e0. Imocooue
6.1.2. JlonosiHuTEIBHAS JIUTEPATYpPa
ABTOpBI, COCTaBUTENU 3arnaBue Bubnmoreka W3narenscTBo, roj
JI2.1 | Vrames @. 3., Paab I'. | Teopus u mpakTuka DnekTpoHHas OUOIHOTEKa Kazans: Kazanckuii
., lub6axos B. T, JeOpMalMOHHBIX METOIOB (benepanbHbI YHUBEPCUTET
TI'anues M. M. (dhopmMupoBaHuUs (KDY), 2016
HaHOKPHUCTAITHIECKON
CTPYKTYPHI B METAILIAX U
CIUIaBax
JI2.2 | Tpokomkusn C. 1., VbTpaMenKo3epHUCTHIC DneKkTpoHHas OuOIHoTEKa M.: Vueba, 2005
Xwmenesckas 1. 10., CIIaBHI C MMAMSATEHI0 (GOPMBI:
Peiximnna E. I1., mp. y4e6. mocobue AT CTY.I. By30B
Hanp. Pu3. MaTepuanoBeiCHNE
JI2.3 | Typununa B. 1O., MarepuanoBeneHue. Bubmuorexka MUCuC M.: U3n-so MUCuC, 2013
Hukymun C. A MexaHnyeckue CBOHCTBa
MeTaiioB. TepMuyeckas
00paboTKa METaIOB.
CrieniasnbHble CTalU U CIUIABBL:
y4e0. mocodue ISl CTyJI. BY30B,
00yd. mmo Hamp. Merammyprust

6.3 Ilepeuenb MpPOrpaMMHOro odecnevdeHust




I1.1 | Win Pro 10 32-bit/64-bit

I1.2 | Microsoft Office

I1.3 LMS Canvas

6.4. Tlepeyens MHPOPMANHOHHBIX CHPABOYHBIX CHCTEM H MPOdecCHOHAIBHBIX 023 TaHHBIX

n.1 www.sciendirect.com

WN.2 |nouckoBble cucTeMbl google, yandex u T.x.

7. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHHE

Ayn. Haznauenune OcuHarenne
JTro6oit KopIyc | YueOHass ayauTopusi JUIsl TPOBEACHUS | KOMIUICKT yueOHOW Mebenu 70 36 MecT i 00yJaronuxcs,
Mynbrumenuitnas 3aHATUH JIEKIIMOHHOTO THIIA W/WIM JUIA | MyTbTUMENUIHOE  00OpyJAOBaHHE, MAarHHTHO-MapKepHas

IIPOBEIEHUS IPAKTUYECKUX 3aHATHIH:

JIocka, pabouee mecto mpemonaBarens, I[IKc moctymom k
UTC «Untepuer», DUOC yHuBepcuTeTa 4Yepe3 JIMYHBINA
kabuner Ha mmiargopme LMS Canvas, IHIICH3UOHHBIE
nporpammsl MS Office, MS Teams, ESET Antivirus

A-211 VYuebnas nabopaTtopus ONTHYECKOI
mukpockonuu uM. H.A. Munkesuua:

"MUCTaHIl. paJMOYIpaBl. J/3Kp., MOHOONOK - 1 1T,
JOKyMEHT-Kamepa, MPOCKTOp MYJIbTUMEAUNHBIA, CHCTEeMa
BHJICOKOH(EPEHIIUH,  JKpaH  HACTEHHbBIH,  KOJUICKI[HS

00pasIoB.,
Mukpockonsl 11 en., TBepgomep”

YnransHeii 321 Ne4 (B) KOMIDIEKT y4eOHoW MmebOemn Ha 20 paboumx MecT,

00pa3oBaTEIbHYIO CPENY YHHBEPCHUTETA

8. METOANYECKHUE YKA3AHUSA JJIS1 OBYYAIOIIINXCA

OO0y4eHne OpraHu3yeTcst B COOTBETCTBHH C HACTOSIIECH IporpaMMoii. JIEKIMy 1 IpakTHISCKUE 3aHATHS IPOBOISATCS C
HCTIONIH30BaHNEM KOMITBIOTEPHOH Npe3eHTaIlMOHHOH nporpammbl PowerPoint.

IIpakTHyeckue 3aHATHA TPOBOAATCA, B TOM YHCIE, C pa300poM MPaKTUIECKUX BOMPOCOB U MPoOIIeM peabHOr0 MPOU3BOACTBA.
CTy/eHTHI JOJDKHBI HCCIICIOBATh MPEIOKEHHYIO CUTYAIHIO, pa300paThCs B CYTH MPOOJIEMBI, MPEIOKUT BO3MOXHBIC PEIICHUS U
BBIOPATH JIydIlice U3 HUX.

Texymuii KOHTPOIb, KOHTPOJIBHBIE PAOOTHI U 3K3aMEH MPOBOASATCS C LIENBIO BBISIBUTH MOIYICHHBIE B PE3YJIbTATE U3yICHUS
JUCLUIUIMHBI 3HAHUS, HABBIKM U YMEHUS CTYACHTOB. JlJIsl MOATOTOBKH K KOHTPOJIBHBIM MEPONPHUATHAM HEOOXOIMMO HCIOIb30BATh
6a30Byr0 HH(OPMAILIHIO, TIOTYICHHYIO BO BpeMs JICKIIUH U MPaKTHUECKAX 3aHATHUI, a Takke HHPOPMALUIO, TOITYICHHYIO TIPH
W3y4eHUH COOTBETCTBYIOIINX pa3zieiioB OCHOBHOW U TOTIONHUTEIBHOM JTUTEPATYpPHI.

Jis caMocTosITeNnbHOM paboThl M TEKYIIEro KOHTPOJISI B CUCTEME «CMEUIAHHOTO 00YYEHHs» CTYJEHTHI TAaK)Ke UCTIONB3YIOT
crienuaibHble 0a3bl JAHHBIX (AJIEKTPOHHBIC YIEOHUKH) B aeKTpoHHO# ondaunoteke HUTY MUCuC. CamocrostenbHas padoTa
CTY/ICHTOB OPTaHU3YeTCsl M KOHTPOJIUPYETCS C MOMOIIBIO TOCOOUH ¢ BOITPOCAMH JIJIsi CAMOIIPOBEPKH, & TaKKe UHIUBUIYATEHOTO
OTIpoca CTYACHTOB BO BpeMs 3aHATHI U B PE3yJbTaTe MMCbMEHHBIX KOHTPOJIBHBIX paboT.

Koncynpranuu no Kypcy NpoBOAATCS C UCTIONb30BaHUEM e-mail 1 TUYHO B Ha3HAYEHHBIE YaChl KOHCYIbTAIUH.

J1J1 HOTHOLIEHHOT0 U3Y4€eHUsI JUCLUIUIMHBI «IHHOBallMOHHbIE KOHCTPYKLIMOHHbIE MaTEPHabl AIsI MEAULUHBD) CTYIEHTaM
HEOOXOTMMO TIOHMMATh W aHATU3UPOBATH CBS3b JJAHHOW JTUCIUILIMNHEI ¢ TPEOOBAHUSIMU K ITOTOTOBKE MaruCTpOB MPOQIIIST
"MHHOBaIIMOHHBIE KOHCTPYKIIMOHHBIE MaTepuaibl". CTyIeHTHI JOJDKHBI 3HaTh, KAKOE€ MECTO 3aHUMAET IaHHAas AUCLUUILTIHA B
CTPYKTYpE UX 00pa30BaHusl, a TAKKe, KAKOe 3HAYCHHE HMCIOT 3HAHUS, TIOJIyYCHHBIC B PE3YJIbTaTe H3Y4CHHS ATOH AUCIUIUTUHBL, IS
YCIEITHON paOboTHl B BRIOPAHHOM HATIPABJICHHH.

KauecTBeHHOE OCBOSHHE IUCIMITIMHBI BO3MOXHO TOJBKO MPH CUCTEMATHUECKON CAMOCTOSTENBHOM padoTe, 4TO MOAAEPKIBACTCS
CUCTEMOH TeKyILEeH u pyOexKHOI aTTecTallly.

B cBsi31 ¢ ucmonp30BaHKe BO BpeMs 3aHATHH MYJTbTUMEANIHBIX TEXHOIOTHH IS IPOBEACHHUS JICKIIMOHHBIX 3aHATHH TpeOyeTcs
CHeNMAM3UPOBAaHHAS MYJIbTUMEIMIHAS ayTUTOPHS C BOZMOYKHOCTBIO IT0Ka3a BHIEOMATEPHAJIOB C ayJHO COMPOBOXKICHUEM U
JIOCTYNIOM K ceTu MHTepHeT. AynuTopus BEIOUpaeTcs B 3aBUCHMOCTH OT KOJHMYECTBA CTYISHTOB, U3YYaIOIIMX B TEKYILEM CEMECTpe
JAHHYIO JUCLUIUIUHY.

KOMITBIOTEPBl C TOAKIIOueHHeM Kk cetu «MHTepHeT» H
JOCTYIIOM B JIEKTPOHHYIO MH(OPMALMOHHO-




