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1. OBIIAA XAPAKTEPUCTHKA TTPOT'PAMMBbI

1.1. Ilenp peaau3auuu NporpaMmai.

Kypc paspaboran B pamkax peannsaluu NporpamMMbl CO3JAHHS M Pa3BHTHS Hay4HOrO LIEHTPA
MHPOBOTO ypoBHs «CBepx3ByK». Ero Lenbio IBNAETCA 03HAKOMIIEHHE CITyLIaTeNed ¢ COBPeMeHHbIMMU
JOCTHXKEHHAMH MEXaHHKH PaspyLUieHHsl U TEXHOJIOTHIT TIOBEPXHOCTHOrO YIIPOUYHEHHSI MATEPHAIOB, B
HaCTHOCTH TEXHOJIOTHH JIA3€PHOTO YAAPHOI'O YIIPOYHEHHH.

Kypc satparumpaer psin pasfenoB MEXaHHKH pa3spyLUEHMs, MOCBALIEHHBIX duzuueckum
MEXaHH3MaM pasBUTHS paspylleHHs B TBEPIbIX TeJaX C YYETOM MHOMOMAacluTaOHbIX
3aKOHOMEPHOCTEH pasBUTHs Ne(PEKTOB, KOHTHHYaNlbHbIM MOJENSAM TOBENEHHS TBEPABbIX Tel,
0COOEHHOCTAM KMHETHKH YCTAIOCTHOIO PAa3pyLUEHHs B PE3YILTATE BO3AEHICTRBHS NOJIEH OCTATOUHBIX
HanpsbkeHud. Kypc ¢opmupyer npencrasneHne O COBPEMEHHBIX TEXHOJOIHSX MOBEPXHOCTHOrO
YNpOYHEHHs MaTepHajoB C yriayOJeHHbIM H3YYEHMEM TEXHOJNOTHH JIa3€PHOMO  YAApHOrO
YIpOYHEHHA Kak Hauboiee BOCTPEOOBAHHOM METOMHKH y/y4YIUeHHS! IPOYHOCTHBIX XapaKTepPHCTHK
neTajed MalllH M MEXaHM3MOB, MX 3alWThI OT NOBPEXKAECHHH, PACTPECKUBAHMS, YCTAIOCTH H OTKa3a
B aBHALlHOHHO-KOCMHMYECKOH, aBTOMOOWNBbHOH, MAalIMHOCTPOMTENBHON, 3HEPreTHYECKOid,
MEIULIMHCKOM M IP. oTpacieil MPOMBILIEHHOCTH.

1.2. Ilnannpyemble pe3yibTaTbl 00y4eHHS.

B pesynbrare ocBoeHHst NpOrpamMMbl 00yHaOLIHICH KAYECTBEHHO H3MEHSET CIEAYIOLIHE
KOMIIeTEeHLHH!
Tpynoeas ¢pynkuus. CaMOCTOATENBHOE PELIEHHE HCCIEOBATENbCKHX 38124 B pAMKaX Peaiu3aiiinu
Hay4HOro (Hay4HO-TEXHHYECKOTO, HMHHOBALlMOHHOIO) MPOEKTa, CBA3AHHOTO C YAydlleHHeM
MPOYHOCTHBIX XaPAKTECPUCTHUK L[GTEUI@E;{ MallHH H MEXaHHU3MOB.
Tpynosoe ngeficTBue.
HpOBeI[eHHe HCCHeI{OBaHI‘IlTi, HallpaBJICHHBIX Ha PELUEHHE OTACIbHbLIX HCCIEAOBATEIBCKHX 3a1a4, B

TOM HHCIIE:
- (hopManu3aLys, MOCTAHOBKA U MOMCK MTYTH PELIEHHs HCCIIEN0BATENbCKHX 3a/1aY.

-onpe/eeHue HHPOPMaUHOHHBIX PECYPCOB, Hay4HOH, OMBITHO-IKCMEPHMEHTAIbHON 1 NPHOOPHOI
6a3bl, HeOOXOIUMBIX [JIsl peLIeHHs UCCJIEIOBATELCKHX 337124,

- MHTEPIPETalds HAay4YHbIX (HAYYHO-TEXHMYECKHX) PEe3yJbTaTOB, MOJYYEHHbIX B XONE PELICHHS
HCCIEA0BATENbCKHIX 33834,

B pesynbraTe 0cBOEHMSA NPOrpaMMbl CIIyIIaTe/b JODKEH!

3HaTs:

- OCHOBHBIE COBPEMEHHbIE TEOPUH MPOLECCOB AeGOPMHPOBAHMS U Pa3pyLUEHMs, B3aUMOAEHCTBHS
CTPYKTYpbl MaTepHana M Tojeff OCTAaTOYHBIX HANPSDKEHHH, METONBl OMMCAHHUS TPOLECCOB
nebopMUpOBaHHS;

- METOZOJIOTHIO, KOHKPETHbIC METOAbl M MPHEMbl aHaIH3a CBA3H MEKAY CTPYKTYPOH MaTepHasos,
XapaKTepOM BHELIHHX BO3ACHCTBUH H npoueccaMu 1eOpPMHPOBaHUS U PaspyIIEHHS;

- COBpPEMEHHBbIE METO[bl, NMPHEMbl TUIAHHPOBAHHS JKCIEPUMEHTa, 00pabOTKH M MHTEpPNpPETaLuH
9KCMEPUMEHTANBHBIX JAHHBIX 10 H3y4eHHIO NedDOPMUPOBAHHS, MOBPEXAEHHUS H pa3pylleHHs
MaTepHaos;

— OCHOBHbIE (QU3HYECKHE IIPOLIECCH! JIA3€PHbIX TEXHOJIOHH; OCHOBHbIE BH/IbI JIA3€PHbBIX TEXHOJIOIHH,
OCHOBHBIE THITbI TA3€PHOT0 000PYIOBAHMSI.

Ymers:

— NPHMEHSTh [TOIy4CHHBIC 3HAHUS [IPH BBIIOMHCHHIH TPAKTHYCCKUX 3aJaHUH, PACUETOB, OCBAHBATE BOMPOCH,
BBIHOCHMEIE HA CAMOCTOSTENBHOE H3YIEHHE;

— AQHATM3HPOBATH ATLTEPHATHBHBIE BAPUAHTHl PELIEHHA HCC/EA0BATENbCKHX M MPAKTHYECKHX 3a7ad,
TCHEPHUPOBATH HOBbLIE HAEH U OLEHUBATH MOTEHIMAIbHEIE PHCKH, CBA3aHHBIE C HX PEAIM3aLHeEN;



~ MOAGHPATH PEXMMBI TA3CPHOTO YAAPHOTO YIPOUHEHHS 15l PELICHHS KOHKPCTHBIX 32724 10 VTIPOUHCHHIO
JACTANCH Pa3NHYHOH rCOMCTPHH,

Baaners:
~ MCToZaMH (POpMATH3ALMH 33Ja4 M AHAIM3d MMCIOLICHCS MH(OPMALHH (PEe3yIbTATOB MEXAHHYECKHX H
(hH3HYECKHX IKCIIEPUMEHTOR),
~ TPaKTHYCCKUMH HABBIKAMHM M 3HAHHAMH HCHOJb30BAHMS PE3YIBTATOB COBPEMEHHBIX HCCACIOBAHUIl B
JaHHOH 001acTH;
— CMOCOOHOCTBIO  NPHOOPETATh  HOBLIC 3HAHMA, MCTIOMB3YS  COBPEMCHHBIE oOpa3oBaTeIbHBIC U
HH(POPMALHOHHBIC TEXHOIOIHH, H31AraTh MATEPHAT B SCHOH M JocTynHOH dopme;
~ HaBBIKAMH ITAHUPOBAHHA HAYYHOTO HCC/ICAOBAHMSI, AHATN3A MOAYUACMBIX PE3YIbTATOB H (GOPMYIHPOBKH
BHIBOJIOB;
~ HABBIKAMM KDHTHYECKOH OLEHKM 3(()EKTHBHOCTH pa3MMUHBIX METOJOB M TEXHOTOTHH HAYUHON
KOMMYHHKALHH HA rOCYAapCTBEHHOM H HHOCTPAHHOM S3bIKAX:
~ HaBbIKAMH OUCHKH pE3yNbTATHBHOCTH MpOLECCa Ja3epHOW yaapHoH oOpaloTku (oueHkH
YIY4IUEHHSA MPOYHOCTHBIX H YCTANOCTHLIX CBOHCTB MaTepHaoR).
1.3.KaTeropus caymareneii

K ocBOeHUMIO NONONHUTENBHOH MPO(hECCHOHANLHOMH NPOrpaMMBI TIOBBILLIEHHS! KBanudHKaLUu
NOMYCKATCA JIMIA, HMEILHE BhiCliee 00pa3sOBaHME - CMNELMAIMTET, MArHCTPaTypa, a TaKke
BbiCIIEE O0Opa3oBaHHE - MOArOTOBKA KaZpOB  BBICLIEH kanupukanuu (acnupaHtypa M
nokropaHTypa). [IpHopuTeT npH peannsaliy nporpamMmbl OTAAETCS CIELHATHCTAM, Y4aCTBYIOLLHM
B CO3MaHHWH W PA3BUTHH HAYMHOTO LEHTPA MHPOBOIC YPOBHS «CBEPX3BYKY.

1.4. TpynoemkocTb 00yueHus
Cpoxk 0cBOGHMS NPOrPaMMbl [OBBILIEHHS KBANM(PHUKALMH COCTABISET 36 4.

1.5. @opma o0yuenus
@opma o0yueHus - OUHas.

2. COAEPXAHUWE ITPOT'PAMMBI
2.1.YueOHbIi nuiaH,
Tabnuua 2.1, — Yuebnurit naan yueonoii Oucyuniunv.

AyYIHTOpHBIE
SAHATHA, 4 CP,
Ob6mas | Beero
No Haumenosanue oent | a Urorosas Dopma
9 T] ) Hos "
pasienos pyA YA~ | Jlexunn | Tlpaktwd | arrecraums BT KOHTPO:IA
HOCEE, X = ECKHE KCP. 4
3AHATHA
1 2 3 4 5 6 7 8 9
Beenenue. 1 1 1 - - - -
3HAKOMCTBO ¢
COBPCMCHHBIMH meKviyu i
L. NPEACTABICHUAMHE O 2 1 1 - _ 1 I\‘OHI;?pO "
MEXAHH3MAN o
pa3pyIICHHI.
" JedexTs! B TBEPABIX 5 mMerVuuti
’ TCIax. 3 1 1 - - KOHMPOIb
3 Ocobennocru ) MerViuit
’ KHHCTHKH 3 1 1 - - KOHIPOIb




PaspyLUCHHSL.
Moaenn
Pa3pyLUCHH,

Ocrarounsie
HanpsoxeHusa. Mx
BIIHAHHE HA
YCTalOCTHBIE
CBOICTBA METAILIOB H
CIUJIABOB.
OKCNEPHMEHTAbHBIE
METOIBI H3MECPCHHS.

mexyuun
KORMPO.b

n

Bugsr  yopouneHus
MaTEpHATIOB.

meryii
KOHMPOsib

Duzpyeckuii
TIPHHLAIL TEXHOJIOTHH
JTA3EPHOr0  VIAPHOTO
YIIDOYHCHHSA.

mexyuuil
KOHMPOIb

Obmas cxema
YCTAHOBKH s
JIA3EPHOTO  ¥AAPHOTO
YIOPOYHEHHA Ha Oasze
HMCC VYpO PAH.
TexHuka
Ge3omacHocTH  TpH
paboTe HAa ycTaHOBKE
o JIA3ePHOMY
YIAPHOMY
YIIPOYHEHHEO,

mexkviyui
KOHIMPOIh

CtpykTypHbIe
H3MCHCHHA METAIUIOB
nocie JIA3€PHOTO
YAapHOro
YIPOUHEHHSL,

mexyuguii
KOHMPOAb

Ycranocraere
CBOMCTBA METAJLIOB
ocie JIA3ePHOro
YIapHOTO
VIIPOYHEHHA.

mexyiui
Konmpois

10.

Ocobennocru
HCCIeAOBAHHA
YAAapHBIX BOJIH C
TIOMOIIBIO JIA3EPHOTO
¥AApHOTO
BO3JCHCTBHS.

mekyuquii
KOHMPO1b

Hrorosas
aTTecTalus

3qauem

Hroro:

36

14

14

18




Yuebno-remaTnyeckuii MJIAH,

Tabnuua 2.2. — Vyeono-mesamuyeckuii nian Yuebuon oucyuniinei.

Homep
pa3zaena

HaunmeHoBaume
pa3zaenos

Ofmasn

Tpyxoe

MKOCTb,
q

Bcero
ayva.,
y

Ayautopusie
3AHATHSL, Y

Jlexuun | TIpaxTiye
ckue

3aHATHA

Hrorosas
aTTeCTALMA

CP. i
BT.Y.
KCP, u

dopma
KOHTPO1s1

[95]

Beenenne.

3HakoMceTBO C
COBPCMEHHBIMH
NPEACTABICHUSIMH 0
MEeXaH3MAax
paspymenusi,

Mmexyuui

Konmpo.as

1.1

3HAKOMCTBO ¢
COBPEMEHHBIMH
MPEACTABNACHHAMHE O
MEXaHH3Max
Pa3pYIIEHHSA, MHKpPO-
U ME30CKOMMYECKHMHU
MEXAHH3MAX Pa3BHTHA
TIOBPEKIACHHOCTH,

MeKViun
KOHM PO

1.2

Pois medpexros ¢
MHKDO- H
ME30CKOITHIECKHMH
MEXaHH3MAMH
pa3BHTHA
TOBPEARACHHOCTH.

merviyu

KOHNIPO.1b

Hederrol B TBEpABLIX
TeJIax,

mexyugui
KOHIMpoe

2.1

HedexTs! B TBEpaBIX
TedaxX (BAKAHCHH,
TIOPBI, THCIOKAIMH,
MHKDOTPEINHHEIL),

0.5 -

mexvuyui
KOHmMpois

2.2

Maxpockonuueckue
TPEIIHHEL
YcToiumBocTs 1 pocT
TPEInHH (MOAETH
Tpuddurca, Mpeuna.
Harneiina).

mexyuguil
KOHMPO.Tb

Ocofennoctn
KHHETHKH
paspymeHusi.
Mogaenn
paspymenus.

meryuyuil
KOHIMpOls

3.1

Ocobennocru
KUHETHKH
PaspyleHua npu
YCTAIOCTHOM
(MajTOLHKIOBOM,
MHOTOLIMKJIOBOM H
THTAIMKIOBOM) H
YIAPHO-BOJIHOBOM
HAIPYKEHHH.

mexKviyuii
KOHMPO:ib




3.2

Henuneiinsie
KOHTHHYAJIbHbIC
MOJETH Pa3pyLIEHHs.,
Moaens JxoHcona-
Kyxa. Mozens
IIspuca
MHOTOLHKIOBOTO
YCTaJIOCTHOrO
paspyleHHs.

0,5

mexViyil
KoNmpoie

Ocrarounsie
Hanps:xkeHns. Ax
BJIIISIHHE HA
YCTAJIOCTHBIE
CBOIiCTBA MeTAI0B
H CIL1ABOB.
IKCIePHUMENTATbHEL
€ MeTOobI
H3MepeHHs,

MeKVIy Uit
KOHNIPO/ib

4.1

Brmanne ocraTounsix
HaNPsKEHHH Ha
YCTaJI0CTHEIC
CBOMCTBA METALIOB M
CIIABOB.
OKCNEPHMEHTATLHEIC
METOABl  H3MEPEHHA
OCTATOYHEIX
HaNpPSOKSHHH.

o
(]}

mexviyui
KOHINpots

4.2

OKCTIEpHMEHTATBHbIE
METOBI H3IMCPCHHA
OCTATOYHBIX
HATPSHKCHHIA.

1.5

=
h

=
i

mexyujui
KOHINpoip

Buge!r ynpounenus
MATEPHAIOB,

mexvuyuil
Kounipois

Bumst ynpourerus
MAaTEpHAJIOB
(mpoxatka,
ZApoGecTpyiiHas
obpaboTka,
MIACTHYECKOE
BBITJIA’KHBAHHE,
YIBTPa3BYKOBOG
YIPOYHEHHE,
JIA3EPHOE YAApHOE
YIPOYHEHHE).

)

merViyuil
KOHMPOTb

Duznueckuii
OPHHUHI
TEXHOJIOTHH
JIA3EPHOr0 YAAPHOTO
YOPOYHEHHS.

mexyugui
KOHIMPOb

6.1

O630p n
KJIaCCH(DHKAIMA
YCTaHOBOK A1
JIA3EPHOTO YAAPHOTO
YIPOUHEHHA.
OcHoBHEIE
COCTaBILHOLIUE
Pa3ITHYHBIX
MOAH(HKAIIHIT
YCTAaHOBOK IO
NA3EPHOMY YIAPHOMY
ynpounenuto. Cieprr
HPHMEHEHHSA

LO¥]

meKvijui
KOrmpoJib

]




TEXHOJIOTHH
NA3ePHOTO YIAPHOTO
YIPOYHCHHUS.

O6mas cxema
YCTAHOBKH 1151
JIA3EPHOro YAAPHOIro
ynpouHeHus Ha H6aze
HMCC ¥YpO PAH.
Texmura
GesomacHocTH NpH
paloTe HA YCTAHOBKE
N0 JA3EPHOMY
yiapHomy
VIPOYHEHHIO,

e RVIU T
KOHMPOAb

E

Obmas cxeMa
YCTaHOBKH bkt
Ja3epHOTO  YIAPHOIO
YOpOUHEHHs Ha Oase
HMCC VYpO PAH
(masep,  OOBCKTHBEL,
IMECTHOCEBOH poboT,
IpPOTPaMMHO-

alapaTHBI

KOMIIJIEKC, YCTAHOBKA
o H3MEPEHUIO
OCTATOYHBIX

HAIPSDKSHHH).

OcoBeHHOCTH ONTHEKH,
HCIIOJIB3YEMOH B
YCTaHOBKE Ans
JIA3EPHOT0  YIAPHOIO
YIIPOUHEHHS.

mexyiyui
KOHINPOIb

7.2

TexHuka
0e30macHOCTH IpH
pabore Ha YCTaHOBKE
o Ta3epHOMY
yIapHOMY
YIPOYHEHHEO.

CTpykTrypHBIE
H3MEHEeHHs!
METALIOB II0Cj1e
JIA3CPHOTO YAAPHOro
YOPOYHEHHS,

mexyuui
KOHMpoib

8.1

CoBpemMeHHBIE
IKCIEPHMEHTATLHEIE
METO/IBI
HCCJIEIOBAHMA
CTPYKTYPBI
H3MEHEHHI METAJIIOB
MOCIE JA3EPHOT0
VAAPHOTO
yupounenus (EBSD
AHATH3).

mexviyui
KOHMNIPO:1b

YcerajgocTHble
CBOHCTBA METAJLIOB
MOoCJ1e J1a3ePHOro
yAapHoro
YOPOYHEHHS.

mexyuyuil
KOHMPOTL

9.1

Hccnenopanue
YCTAJIOCTHBIX CBOHCTB
METAJUIOB IIOCIe

eV
KOHMIPO.b




JIa3epHOT0 YAAPHOTO
VIPOYHEHHSL.

10.

OcobennocTn
HCCJIEN0BAHNSA
VIAPHBIX BOJIH C
HIOMOILIO J1a3€PHOI0
YAApPHOro
BO3eHCTBHA.

MeKviygui
KOHRIPOIb

10.1

OcobeHnnocTH
HCCJICIOBAHHSA
YJApHBIX BOJH C
MOMOILBIO JIA3EPHOTO
YIApHOTO
BO3JAEHCTBHA.

merviyu
KOHMPOib

Hroroeas arrecramus

3avem

Hroro:

36

14

14

18




2.2. Kanenpapuplii yuebHblii rpadux.

Tabnuua 2.3. — Karenoapueiii yuebnwrit zpaghur.

N HeHb dopma Kous- Tema DPopma
n/m | npoBeneHus 3aHATHA BO 3aHATHS KOHTpPOJIs
3aHATHA 4acoB
1. 1 OUHO 3 Beeacnue. Texywuit
Tema 1.2 KOHTPO.1b
2. 2 OYHO 3 Tema 3.4.5 Texywmit
KOHTPO.1b
3. 3 OYHO 3 Tema 6,7 Texyumuit
KOHTPO.Th
4. 4 O4HO 3 Tema 7.8 Texywmit
KOHTPO:Th
5. 3 04HO 2 Tema 9,10 Texywmit
KOHTPOJb
6. 6 OYHO e HTOroBas 3auer
aTTecTaLHA

2.3. Pabouas yuebnas mnporpamma aucuMOIHHBI «M30paHHbIE [JIABbI  MEXAHHKH
paspymieHusi. TeXHOJI0THH NOBEPXHOCTHOI0 YIPOUHEHHS.

Beenenue.

J—1u.

Opranuszanus yuebroro npouecca. OCHOBHbIE MIOHATHS, TEPMHUHBI K onpeaenenus. [Ipeamer u
3anauy qucuumintibel. QOCHOBHBIE 3TAllbl CTAHOBIEHHS MEXAHHKU paspyuwenus. Mcropus pazsutue
Crnocob0B yIPOYHEHHUS MATEPHAJIOB. ITepBbie nasepHbIE CHCTEMBI.

Paznen 1.

J-13u, CP-22 4

Tema 1. 3HaKOMCTBO C COBPEMEHHBIMH MPEACTABIEHHSMH O MEXaHM3MaxX pa3pyLIeHHs, DO
neheKTOB, MHKPO- M ME30CKOIHYECKHMH MEXaHM3MAMH Pa3BUTHS MOBPEXKAEHHOCTH.

Tema 2. [lepextl B TBEpABIX Temax (BakaHCHHM, I[IOPbI, AMCIOKALMM, MHKPOTPEIIHHBL).
Makpockomiieckue TpemuHbl. YcroiumBocTs M pocT Tpewus (monenu I'puddurca, Hpsuna,
Harnetina).

Tema 3. OcoOGeHHOCTH KHHETHKH Pa3pyLIEHHs MPU yCTAIOCTHOM (MaJIOLHKIOBOM, MHOTOLMKIOBOM
M THTaUMKIOBOM) M YHApPHO-BOJIHOBOM HarpykeHuu. HenuHeliHble KOHTHHYya/lbHbBIC MOIETH
paspywenns. Monens [Dxoncona-Kyka. Mogens IIspuca MHOTOUMKIOBOTO  YCTaJOCTHOIO
pa3pylieHus.

Tema 4. BiusiHue OCTaTOYHBIX HAIpPSIKEHWH Ha YCTANOCTHLIE CBOIICTBA METAIOB M CIIABOB.
OKCNEPUMEHTAJIbHBIE METOAbI H3MEPEHHA OCTATOYHBIX HAMPSIKEHMUIH.



Tema S. Busbl ynpouHenns marepuanos (npokaTka, apodectpyiiHas 00paboTka, rjacTiyeckoe
BBITJIA’KMBAHUE, YIbTPA3BYKOBOE YIPOUHEHHUE, JIA3€PHOE YAaPHOE YIIPOUHEHHE).

Tema 6. du3nueckuil NPUHLUN TEXHOJOTMH JIA3€PHOTO  YHAPHOrO ynpouHeHusa. Of3op u
KnaccuuKaLuMs YCTAHOBOK [ Ja3€PHOTO yAAPHOrO yrpouHeHus. OCHOBHbIE COCTABISIOLLIHE
pasnnuyHbIX MOAH(HKALMIT YCTAHOBOK MO JA3€PHOMY YAAPHOMY ynpouHenHto. Chepbl npuMeHeHns
TEXHOJIOTHH JIa3€PHOI0 YAAPHOTO YIIPOYHEHMS.

Tema 7. Ob1mas cxema yCTaHOBKH JUIA JIA3EPHOTO yAAPHOTO yIpouHeHus Ha 6aze UMCC YpO PAH
(nasep, OOBEKTHBBI, IIECTHOCEBOI POBOT, MPOrPAMMHO-AMMAPATHBIH KOMIUIEKC, YCTAHOBKA MO
M3MEPEHHIO OCTaTOYHBIX HAnpspkeHHi). OCOBEHHOCTH ONTHKH, MCMONBL3YeMOH B YCTAHOBKE s
71a3epHOIO yAAapHOTo ynpoyuHeHus. Texunka 6e30nacHOCTH npu paboTe Ha yCTAHOBKE MO Ja3epPHOMY
YAApPHOMY YTIPOYHEHHIO.

Tema 8. CrpykTypHble H3MEHEHHS METAIOB MOCNE Ja3ePHOTO  YAAPHOTO  yIPOUHEHHS.
Hccnenosanne cTpyKTypbl COBpPEMEHHBIMHU SKCIIEPHMEHTANbHBIMU MeTofami (EBSD ananus).
Tema 9. YcranocTHble CBOHCTBA METANIOB NOCHE JIA3EPHOTO YAAPHOTO YIPOYHEHHS!.

Tema 10. OcobeHHOCTH HCCNENIOBAHHE yOAPHBIX BOJNH C TOMOLIBK) JIA3€PHOTO yIAapHOoro
BO3JIEHCTBHA.

ITepevenn 1a6opaToOpHBIX PaGOT H NPAKTHYECKHX (CEMHHAPCKHX) 3AHATHI

He npenycmotpeHo.

3. OPTAHHU3ALIMOHHO-OEJATOT'HYECKHE YCJIOBUA PEAJIM3ALNHA
IIPOI'PAMMBI

OGpasoBaTebHbIE TEXHOIOIHH, HCIOJb3YeMble Aasi (OPMHPOBAHMS KOMOETEHLHI no
o0pa3oBaTeJbHOH nporpamme.

B nmpouecce wusyyenus TeM O JaHHON 00pa3soBaTENbHON MpoOrpamMme  HCMOJb3YHOTCA
COBpEMEHHbIE 0OPa30BATENbHBIE TEXHOMOTHH (KPHTHYECKOE MBIIUIEHHE, NPoBIeMHOe 00y4YeHHe |
Ap.) ¥ MH(POPMAITMOHHO-KOMMYHHKALIHOHHBIE TEXHOJIOTHH KaK B MPOBEIEHHH NIEKLIHOHHBIX 3aHSATHI,
TaK M B CaMOCTOATENbHOH pabore ciywartened. TIpuUMEHEHHME TEXHONOrMI M HMX COHETAHHE
OTpeNeNnAeTCs MPernoaaBaTe/IAMH, BEAYILHMH 00ydeHHe 110 TEMaM NPOrPaMMbl, CAMOCTOSTENBHO.

3.1. Yyebno-meToan4uecKkoe ofecnedeHne NporpaMmbl

B yue6HOM mpolecce HCIONB3YHOTCS

® 3JIEKTPOHHBIE PECYPCHI:
- snexkTponHas dubmuoreka auccepraunii PI'B http://diss.rsl.ru

- Hay4Has 3JiekTpoHHas 6ubnnoreka PUHIL] (Elibrary) http://elibrary.ru

- Hay4YHas 3JeKTpoHHas bubnmuoreka ScienceDirect htips://www sciencedirect.com/

- Hay4Hasl 3JieKTpoHHas bubimoreka Elsevier https://www. elsevier.com

- YHUBEPCHTETCKAsA HH(OPMALIHOHHAs cicTeMa Poccus https://uisrussia. msu.ru/
- yHHUBepCcUTETCKHE Oubnnoreku r. [lepmu;

http://biblioclub.ru/

http://pspu.ru/university/biblioteka/jelektronnye-resursy-biblioteki




https://perm.hse.ru/library/

http://biblioteki.perm.ru/main/index.html?id =34

- HaykoMeTpudeckas W pedepaTuBHas 6aza nannbix Scopus hilps:/www scopus.com

DS

- HAHOHA/IbHASA JNIEKTPOHHAas Oubnuoreka hilps://130.pdh

e yyeOHble H3naHMS:
- Opnos A H. Bsenenue B Teopuro nedekTos B kpucraniax. M. Beicmas mwkosa, 1983 ¢. 144

- Brapumupos B Y. ®usuueckas npupona paspyeHuns MeTaiios. M - Meraanyprusi, 1984, 280 c.
http://stanok-online.ru/uploads/files/ 1348459818 physprirrazrush.zip

- Jlanpay JLJL, JInpwnu E.M. Teoperuueckas dusuka: Yued.nocod.: s By3oB. B 10 1. T VII.
Teopus ynpyrocru. — 5-e usa., crepeor. — M: ®HU3MATJIMT, 2001, 264 c.

- Ilectpukos B.M., Moposoe E.M. Mexanuka paspyiienus TBEPABIX TeJ: Kypc nekuuid. CII6.:
IIpodeccus, 2002, 320 c.

- Xapamxesckuil E.B., Kpusunés M.J]. ®usuka nasepos, JIa3€PHBIE TEXHOJOTHH H METO/bI
MaTEMaTHYECKOro MOAENHPOBAHHS JIa3€PHOIO BO3ACHCTBHS Ha BellecTsO. YuebHoe nocobue. [Tox
odweli penaxuneii [ILK. Fanenxo. Mxkesck: U3n-so «Yamyprekuii yHusepcuret», 2011, 187 ¢.
https://core.ac.uk/download/pdf/235140077. pdf

- ', Kanens, C.B. Pasopenos, AB. Vrkun, BE. @opTOB. Y IapHO-BOJIHOBLIE SBIEHHS B
KOHAECHCHPOBaHHBIX cpenax. MockBsa, u3n-so «uyc-K», 1996, 407 c.

- KoceBuu A M. OcHOBBI MEeXaHHUKH KPHCTaNnHYeckoii pererku. M3a-80 «Hayka», M., 1972. 280c.

- JInberncon M.H. B3anmozeiicTBre Na3epHOro U3/IyYeHHs C BELIECTEOM (cunoast ontuka). Yacts 1.
Tornowenye nasepHOro U3ydeHus B TBEPABIX TeNax [DNeKTPOHHBbIH pecypc]: yuebHoe nocobue/
JInbencon M. H., fkoener E.b., Illannsibuna I'’I. — DnekrpoH. TekcToBble naHHble. — CII6.:
Ynusepcurer UTMO, 2015.— 130 ¢. — Peskum moctyna: http://www.iprbookshop.ru/658 19 himl.
— 3BC «IPRbooksy.

-T'ocres, B. A. Jlazepnble TexHOMOrMH - yuebHoe nocobue / B. A 'octes, A. A. Tuxomupos ; Penep.
areHTCcTBO NMo 00pasoBaHuio, T'oc. 06pasoBaT. yupeskaeHHe BbICLL. npo¢. odpasosanus Ilerposas.
roc. yH-T. - [lerposasonck : M3narenscrso Ietpl’y, 2010. - 100 c.

® TEPHOOHYECKHE H3OaHUA

- XKypHaJI « BbIMMCIHTENbHAA MEXAHHKA CIUIOLIHBIX cpeay» hitp://www?2.icmm.ru/journal/cont htm

- KypHan «M3sectust PAH. Mexanuka Teepaoro Tena», http://mtt ipmnet ru/ru

- )KypHan «M3sectus PAH. MexaHuka )XHAKOCTH | rasa», http://mzg.ipmnet ru/ru

- BectHuK [THUTTY . «Mexanuka» xypHain / [lepMckuii HAMOHANBHBIH HCCIEN0BATENbCK NI
MOJIMTEXHU4ECKHH yHuBepeuTeT; [lon pen. A. A. Tawkunosa. - [Tepmb: M3a-o [THUITY, ¢ 2012
r., http://vestnik pstu.ru/mechanics/about/int/




- BecTHuK [ITHHMY. «Dusuka» kypHan / [epmckuii roCyAapCTBEHHbIH HALMOHAJIbHbIT
MCCIICN0BATENbCKHH yHUBEpCHTeT; [Tox pen. B. A. JIémuna. - [lepmb: U3n-so [ITHUY, ¢ 2016 1,
http://press.psu.ru/index. php/phys/index

3.2. MaTepuaabHO-TeXHHYECKH e YCJIOBHS

HanmenoBanue W
CNEeHAJH3HPOBAHHBIX Bup -
. . Haumenosanue o6opynosanus,
AyAHTOPHIH, 3aHATHH
NpoOrpaMMHOro obecneyeHus
KA0HHETOB,
Jabdoparopuii
Jlexunonnas JeKLHs KOMIIbIOTEP, MYJIbTHMEAHHHBIA NpPoeKTOp,
MYJILTUMEIHHHAs 3KpaH, mejoBas (MM MapkepHas) nocka,
ayHTOpHs Hadop dromacrepos-mapkepos B

3.3. Kanposoe oGecnieyenue

Kanposoe obecnieuenne JIII1 nosbiweHHs KBaH(UKALNT peanusyercs coTpyaHukamu HLIMY
«Ceepx3syx» ITOUL] VpO PAH.

Cocras HTOrOBOMH aTTECTALMOHHON KOMHCCHH (MAK) no nporpamme bopmupyercs H3 uncna
MENAarorHieckuX M HayuHblX paboTHHkOB LleHTpa, BeayMX CHOEUHANMCTOB | MPAKTHKOB
TIPCANIPUATHA, a TaKKe JIHL, [PHITAIAEMBIX M3 CTOPOHHUX OPraHH3alMil:  CIeLHATHCTOR
NPEANPUATHH, YUPEXASHUH U OpraHu3anuii no npoGhUIK0 OCBAHBAEMOH CNYIIATENSAMH MPOrpamMMmeL.

4. OIIEHKA KAYECTBA OCBOEHHS IIPOTPAMMBbI
4.1. ®opmbl aTTECTALHH
Koutpone  ycmepaemoctn  ofywarowinxcs Bkmouaer B cedst LeNIeHanpaBaeHHblii

CHUCTEMATHYECKHH MOHHTOPHHT OCBOEHHS caywaTesnsaMH NMpOorpamMmel MOBbILLIEHHS KBaIIHdJHKaLlHH B
HesAax:

- TONMy4eHHs HeoOXoaumoH HHGOPMALMH O BLIMONHEHMH CJIYLIATENSMH TOTOJHUTENbHON
NpohecCHOHANBHOM TPOrpaMMBI MOBBILIEHHS KBaJIU(HKAL[HH,

- OLCHKHM YPOBHf 3HaHHMH, YMEHMH H NpPHOOpPETEHHbIX (YCOBEpIIEHCTBOBAHHLIX) CITyLIATENIMH
KOMIIETEHLIMH;

- CTHMYJIMPOBaHHSA CAMOCTOATENbHOM paboThl cywaTeneii.
Texymuit KOHTPOJIL — YCTHBIH OMPOC ¥ 3aLUKTA OTYETA [0 TBOPYECKOMY 3aaHHIO.

IIprMepHbIe BONPOCE! HTOrOBOI ATTECTANHH IPHBOIATCS B pasznene «OUEHOYHBbIE MATEPHANTBLY.

Hrorosas arrecrauus mist cnymarenei MIPOBOAMUTCA HTOTOBOH aTTECTALMOHHOH KOMMCCHE
(MAK) B cootBercrBun ¢ «Ilopsiakom NMPOBEAEHHs TEKYLIEeH, MPOMEKYTOYHOH M WTOrOBOM
arrecTauuu npu ocBoeHuu I T».

OcBoeHue IOMONHHTENBHOI NPOhecCHOHANBHOI MPOrpamMmMmbl MOBBLILIEHHSA KBanH(UKAaLMI
3aBEPIIACTCS UTOTOBBIM 324€TOM B POPME COOECEN0BAHMS H YCTHBIX OTBETOB HA BOMPOCHI, COMNACHO
TICPEHIHIO KOHTPOJILHEIX BONPOCOB 1O mporpamme «M30OpaHHele riaBel MEXaHMKH paspyLIeHHs.
TexHOMOTHH  MOBEPXHOCTHOrO  ympouHeHHs». OIlEHKAa KAauecTBa  OCEOCHHS MPOrpaMmbi
ocymecreasercs MAK na ocHOBe nBYXOalIbHON CHCTEMBI OLICHOK (3auTeHo/He3auTEHO) MO
OCHOBHBIM TEMaM [IPOTPaAMMEI.

JluuaM, yCHemHO OCBOHMBLIMM nporpamMmy  Mpo(ecCHOHANbHOM  NepenoArOTOBKH,
TMOJYTHBIIMM Ha MTOTOBOH aTTECTALlUM OLEHKY «3AUTEHO», BLIAAETCA NOKYMEHT O MMOBbILIEHHHU



KBAIH(GHKALMH — YNOCTOBEPEHHE O NOBbILEHUH kBanudukaunn. JTuuam, He MPOLUEALIHM HTOTOBYH
aTTECTALMIO HJIM MOJNYYHBUIHM HA MTOrOBOW aTTECTALlHH OLEHKY «HE3auyTeHO», a TaK¥Ke JIHLAaM,
OCBOMBLIMM 4aCTb MPOTPaMMbl MPO(ECCHOHANBHO NEPENOArOTOBKH U (MIH) OTUYHCIEHHDBIM B XOJ1&
OCBOEHHUs IOTIONTHUTEIbHOH POGECCHOHANBHOM MPOrpaMMBbl, BBIAAETCA CIPaBKa 00 0OyUeHHH.

4.2. OueHOYHbIE MATEPHAJIbI

Tunosbie KOHTPOJBbHBIC BOINPOCHI 1JI OUEHHBAHUS 3HAHHH HAa HTOMOBOM 3auere no

nporpamme:
1. CospemeHHble MPEICTABIECHUAMU O MEXaHM3MAX PA3PYLUEHHs, POsH 1eHeKTOB, MUKDO- H
ME30CKONMUYECKHMH MEXaHU3MAaMH PAa3BUTHS MOBPEKAEHHOCTH.

2. Hebextl B  TBEpABIX Tesiax (BAKAHCHW, TIOPBL, OHCIOKALMH, MHKPOTPELIHHbI).
Maxpockonuueckue TPemHHbl. YCTOHYMBOCTb M POCT TPELIMH (MOLENH I'pupdurca, HUparina,
Harneiina).

3. Oco0eHHOCTH KMHETHKH Pa3pPyLIEHHS IPH YCTATOCTHOM (MaJIOLHKIOBOM, MHOTOLIMKIOBOM H

TUraUMKIOBOM) M YJapHO-BOJIHOBOM HAarpyxeHwu. HenuHeiitbre KOHTHHY&JIbHbIE MOJIENH
paspywenus. Mopens [Dxoncona-Kyxa. Monens Ilspuca MHOFOLMKNOBOrO —yCTaloCTHOIO

paspyIueHHst.
4. BiusaHHe OCTaTOUHBIX HANPSIKEHHH Ha YCTANOCTHbIE CBOICTBA METANIOB M CIIABOS.
OKCIePHMEHTAaNbHbIE METOIbI M3MEPEHHS OCTATOUHBIX HATIPAKEHHI.

3 Bunpl ynpouneHus matepuanos (mpokartka, apoGectpyiinas o6paboTka, miacTHueckoe
BLITIAXKMBAHUE, YJIBTPA3BYKOBOE YIIPOYHEHHE, TA3ePHOE yAAPHOE YIIPOYHEHHE).

6. Qu3MYECKUH [MPUHLMI TEXHOJOTHH JIa3ePHOr0 yAAPHOTO  YNPOYHEHHUS. O6zop u

KJlacCH(UKAlMs YCTAHOBOK JUISL JIA3€PHOI0 yAAPHOro ynpouHeHHs. OCHOBHBIE COCTABSIOIME
Pas/IMYHBIX MOAM(HKALKH YCTAHOBOK I10 JIA3ePHOMY yAapHOMY ynpounenuto. Chepbl npUMeHeH s
TEXHOJIOTHH JIA3€PHOTO YAAPHOTO YIIPOUHEHMUS.

7. O6was cxema YCTaHOBKH JUL JIA3€PHOTO YAAPHOIO yrpodHeHus Ha 6ase UMCC VpO PAH
(nasep, OOBEKTHBLL IIECTHOCEBOH POBOT, MPOrPAMMHO-ANMAPATHLIH KOMILIEKC, YCTAHOBKA MO
M3MEPEHHIO OCTATOYHBIX HanpspkeHuH). OCOOEHHOCTH ONMTHKH, HCIIONb3YeMOH B YCTAHOBKE s

JIa3€pPHOr0 yIapPHOTO YIIPOUHEHHUS.

8. Texuuka 6e3onacHOCTH Mpu paboTe Ha YCTAHOBKE 10 JIA3EPHOMY YAAPHOMY YITPOUYHEHHIO.
9. CTpykTypHble HM3MEHEHMS METAJIOB [OCIE JIA3€PHOTO  YNAPHOTO  YIIPOYHEHHS.
Hccnenosatue cTpyKTypbl COBPEMEHHBIMH SKCIIEPUMEHTAIbHBIMH MeTonamu (EBSD ananus).

10. YCTanocTHble CBOHCTBA METAJIIOB MOCIE JIA3EPHOTO YAAPHOTO YIPOYHEHHS.

1. OcobenHocTy HCCNENOBaHNS YAAPHBIX BOJIH ¢ MOMOIIBIO TA3EPHOTO yAAPHOTO BO3AEHCTBHA.

TunoBbie KOHTPOJbHBIE BONPOCHI /151 OLEHHBAHHS YMeHHIT H BJAJEHHI HA HTOrOBOM 3a4eTe

no nporpamme:

1. beckoHeyHo OObLIOH NHMCT MOABEPrHYT BO3LEHCTBHMIO PACTAHBAMOIIErO HATPSKEHHS
BenmununHO#M 350 MIla. B smcre o6napyxeHa ueHTpambHas TpeliMHa anuuoi 17 mm. Ilpexen
TekyuecTH Marepuana coctapiger 500 MIla. Paccumrars Benmmumny KHMH u pasmep 30HBI
TTAaCTHYECKOH AehOpPMAaLlFH Y BEPLIHHBI TPEIIHHBI.

2. B metajuueckoii naneny mmprHoi W = 250 Mm oOHapy»xeHa CKBO3Has MONEPeYHas TpeLlHHa
futuHO#M 22 = 22 mm. [Manens Harpyskena pacrarusaromeii cuioi P = 18 kH. Bsaskocts paspyurenus
marepuana pasHa Kic = 60 MIla-mM>*, a KHH onpenensiercs bopMyIioii



])
K=—~4a 'Y
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Y =1,77+ O,ZZ?’[E]
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Onpenenuts 115 Kako#H WNPHHBI TaHeNH 00HAPY KEHHas TPELIMHA ABIACTC 0e30MacHoil.

3. KoncosbHeiii obpaseu annHoii 120 MM 1 auameTpom 5,0 MM HCIIBITBIBAETCA HA YCTANOCTHYIO

MPOYHOCTH MO CXeme BpalleHus ¢ u3rudom. Yacrora spawenuss odpasua n = 750 ob/muH,
usrubdarowee ycunue 350 H. OnpenenuTs JIHTENbHOCTS HCMBITAHHMS 10 Pa3PyLIEHHS, CITH H3BECTHO

1250
G

6.5
YPaBHEHHE LIMKJIMYECKOH IONrOBEYHOCTH N:[ J , The. ©- aMIUIMTYILHOE€ 3HaueHue

LIMKJIMYECKOro HampsikeHus B Mlla.

4. Illvpokass NnacTHHA MOABEPraeTCsl LMKIMYECKOMY PACTSIKEHHIO, HE BbIXOISALIMX 33 PaMKH
ynpyrux nedopmaumit. AMINIMTYAHOe 3HadeHue abCONMIOTHOH  aedOopMaLMH  COCTaBSET
AL = 0,35 mm. B ueHTpanbpHON 4acTH MIacTHHBI OOHAPYKEHA CKBO3HAS TPELUMHA JUIMHON 2a = 12
mm. Moayis ynpyroctu E = 2,1-10! TTa, a ypaBHenue pocTa ycTanocTHO#H TPELMHEL MMEET BHI

% _ 4210 (aK)*
dN

Obpasen paspymuics nocie N = 10° unknos narpyxenus. OnpenennTh BS3KOCTb paspyLueHHs

marepuaiia. Popmyiy ans pacaera KMH npunsaTe kak mis OeckoHeuHol muactiubl K = 6+/na .

5. IopwunHuk CKONbKeHUA AuaMeTpoM 50 MM M AMHHOH 40 MM BOCIIPHHHMAEET PaaHalibHYIO
Harpy3ky 10 kH. MHTeHCHBHOCTE M3HALIMBAHUA BAJd M BTYJIKH OMUCHIBAETCS €AHHbIM yPaBHEHHEM

Buga 1=Kq™. IlocTpouTb KPHBYHO BEPOSTHOCTH 0€30TKa3HOH paboThl ANs Baja, BKAAAbILA H

MNOALIHITHHKA B LICJIOM.

6. TopusoHTaNBHBIH XKene3HbIH cTepkeHs MTMHOH 1= 150 cM BpamaeTcs BOKPYr BEPTHKANbHOMH
OCH, NPOXOAdAIIEH Jepe3 ero cepeauHy. IIpy Kakoi yacToTe BpallleHHsI OH MOXET pa3opBaThes?

7. lnuHHasA xene3Has Tpyba BHyTpeHHHM auamerpom d = 30 cM, anunHOH 200 M M TONLIHHON
creHok b = 0,5 cm pacrnonokena ropusoHtansHo. KoHubl TpyOsl nepexpeitol. Tpyba 3anonHena
BOJIOH, MPUYEM DPa3sHOCTb AABJIEHHH BOJBI H HAPY’KHOTO BO3[yXa
pasHna 4,9-10° ITa. Kakoii 06beM BOMIBI BBITEUET U3 TPYObI, €CIIH M0
BEPXHEH JIMHHH ee CTeHKH o0pasyercs TpelnHa? A

Fi

8. Ha pucyHke mokazaHa 3aBHCHMOCTb YOpYyroi cumsl F OT BV D
nedopmauuu A/ Mpu LKUKIXYECKOM e(OPMHPOBAHUU TE/A B Ciydae /{ Al
HATHYHS THCTEepe3UCa. IlotenuuanvHas SHEprus &
neopMHPOBaHHOTO TENa B COCTOSIHUSIX, COOTBETCTBYIOILHX TOYKAM
A, B, C u D, paBna Hymo, a B COCTOAHHAX, COOTBETCTBYIOLINX
toukaM K u L, sBnserca orpunarensaoi. OObsICHUTE 3TH PE3yJIbTATHL

9. 'opH30HTaNIbHBIH Kee3Hbli cTepskeHb ATHHOH / = 150 cm Bpallaercs BOKPYr BEPTHKAIBHOM
ocH, NpoxonsLel yepes ero cepeauty. IIpu kakoif 4acTOTe BpalLIEHHS OH MOXKET Pa3opBaThes’?



10. K zByM npOTHBOMONOXHBIM TPaHsAM OAHOPOTHOTO KYGMKA MpHIOKEHBI Be paBHbie
NPOTHBOMONOKHO HANPABJIEHHbIE PACTArHBAIOLINE CHIIbL. ECn 9Ti rpann yaansiores apyr ot apyra
Ha paccTosnue A/, TO 4eTbIpe Apyrue rpaHn CONMKAIOTCS HA PacCTOAHME LA/, [Tpeanonoxum, urto
CHJIbL, ACHCTBYIOLIME HA 1BE IIEPBblE 'PAHH, HCUE3IH, @ HA YEThIPE OCTANLHBIE [PAHH NEHCTBYIOT
[OIIAPHO PABHBIC CXKUMAIOIINE CHIIbI, TAKHE, YTO 3TH [PAHH OCTAOTCS HA MPEXKHEM PACCTOAHMHM (T.
e. cOmmkensl Ha uA/). Ocranercs nu hopma KyGuka Takow, kakoit oHa Gbuia NP HAJIHYHH JBYX
pacTaruBaroUIux cun?

11. Onpenenute snepruio ynpyroii febopmaliii pacTskeHHs CTabHOI MPOBOJIOKH ANHHOM / =4
M 4 nuametpom d = 2 MM, npu nelcTBuu cunbl 294 H.

Meroauyeckne maTepuanb u GOHABI OLEHOYHBIX CPEICTB MPEACTABJEHBI B NPHJIOKEHHH K
AOTIOJTHHTENIBHO# NPOdECCHOHANBLHOM MPOrpaMme NOBbIIEHHS kBanudukaimn «A3Gpatible riapsi
MEXaHWKH paspyrieHus. TeXHONIOrHH MOBEPXHOCTHOrO YIPOUYHEHHSIY.

5. COCTABHUTEJIH IPOI'PAMMBI

CocraBuTe/n NpOrpamMmaI;

M. H. ¢. <MMCC YpO PAH», v
K. .-M. H, A 10. HUstomosa

s NOIIMHCE

PykoBoauTe/Ib CTPYKTYPHOTO MOAPA3ICTCHHS:
Hupexrop « MIMCC YpO PAH»

Pyxosoaurens naboparopuu «[Ipounocts n
HUHTEJIEKTYaJIbHbIE KOHCTPYKIH» HLIMY

«CBepx3ByK»
axkagzemux PAH, 1.1 H. ,/,/4&”4; 72~ B.Il Marseenko
7 moamucek
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