Hpuaoxenne 2 k PIIJ] «MaTtepuaioBeaeHue»
21.05.04 I'opHoe aeJ10

Hanpasaennocts (mpo¢puib) 'opHbie MammHbI 1 000py10BaHHE

®opma 00yuyeHUsT — OUHAS
I'ox nadopa - 2021

®OH/ OHNEHOYHbIX CPEACTB 11O JUCHUIIVINHE

1. OOuiue cBexeHus

1. | Kadenpa

I'oprOTO ETa, HAyK 0 3eMile U IPUPOJ000YCTPOICTBA

5 Kog u
' | HampaBIeHHOCTH (TPOHITH)

CIICINaJIbHOCTD,

21.05.04 T'opHoe memno, I'opHbIe MaIMHBI 1 000PYIOBaHHE

3. | AucuuruHa (MOIYIb) MarepuasioBeieHue
KosuuecTBo 3TamnoB GopMUpOBaHHI
4. | xomnereHuud  (pasmensl, Temsbr | 11

JIACITUTUTHBI)

2. IlepeyeHb KOMIETEHIIHIT

KO)_] H HAMMCHOBaHHE

KO)I 1 HAMMEHOBAHUE UHIUKATOPA TOCTHKCHUA KOMIICTCHIMHA

KOMIIETeHIIUH
IIK-1.1. TlpuMeHsleT OCHOBHbIE 3aKOHBI ECTECTBEHHBIX HAyK U
MaTeMaTUKU B COOTBETCTBUU C MpoduiieM cBoel npodeccrnoHaIbHON
IIK-1. Criocobex IPUMEHSTh | JEATEIbHOCTH.

(yHnaMeHTaIbHbIE 3aKOHBI W TEOPHHU
COBpeMEHHOH (M3MKM M XUMHU U
UCIIOJIb30BaTh MX B NMPOQEeCCUOHATBHON
JIeSITeIbHOCTH

IK-1.2. TlpuMeHsieT OCHOBHbIE HAy4YHbIE 3aKOHbI M METOJIBI IS
pemeHust npodecCHOHANBHBIX 33a7a4 B COOTBETCTBHH C IMpoduiIeM
cBoel MpodecCHOHALHON AESTSIbHOCTH.

MK-1.3. IlpexacraBnenue 0a3oBbIX sl npodeccroHaNBHON cdepbl
(u3MYEeCKUX TPOLECCOB U SIBICHHH B BHAC MAaTEeMaTHYECKOrO(HX)
ypaBHeHI(I)




3. Kputepuu u noka3areju OlleHHBAHUSI KOMIIETEHIHI HA Pa3JIMYHBIX 3Tanax ux ¢popMupoBaHusi

Kputepuu u noka3arejiu olleHUBAHUS KOMIIeTEeHIU i

®opMBbI KOHTPOJIAA

Irtan GpopMUPOBAHUA KOMIIETECHIINA ®opmupyemas HNnapnkaropsl chopMHpOBaRHOCT
(pa3aeJibl, TeMbl TUCIHUILINHBI) KOMIIeTeHIUS KOMIIeTeHIInN 3HaTh: Ymers: Baapners: pMUP .
W KOMIeTeHImii
Meroaamu aHanmu3a,
3HaHHUEM
3aKOHOMEPHOCTEM
MOBE/ICHUS U
yIpaBIeHUS
Ctpouts CBOMCTBaMH TOPHBIX
Marepuansl,
IK-1.1. JUarpaMMBl TIOPOJT I COCTOSTHUEM
MIpUMEHsIeMEIC B
[Ipumenser N COCTOSTHHSA MAacCHBa B TIpoIIeccax
1. OcHOBHbIE METO/BI HCCIAEIOBAHUS TOPHOAOOKIBarOIIEH
OCHOBHBIC  3aKOHBI METaIJIOB OOBIYH U
METaJUIOB U CIJIAaBOB MIPOMBIIIICHHOCTH.
€CTEeCTBCHHBIX HayK N CIUIaBOB U 1aBaTh nepepaboTKu
MapkupoBka u cBoOMCTBa
W MaTeMaTHKd B um TBEPABIX MMOJIE3HBIX
MaTepHaJoB.
COOTBETCTBUHU c XapaKTepUCTUKU HCKOMAaeMBbIX, a
npoduineM  cBoeii TaKXKe IpU VYerHbll onpoc
npodeccHOHANBHON CTPOUTEIILCTBE U IIpaxTuyeckas
JEATEIILHOCTH. JKCIUTyaTalluu pabota
MK-1.2. MOJI3€MHBIX
K-1. Crocoben | IIpumensiet COOPYKEHUI
MPUMEHS T OCHOBHBIC HAay4YHBIC OneHuBaTh 1 3aKOHOMEPHOCTSIMHU
(hyHIaMeHTaIbHBIC 3aKOHBl M METOJBI MIPOTHO3MPOBATH TIPOIIECCOB
3aKOHBl W TEOPHUH | IUIA pemreHus N TIOBE/ICHNE KPUCTAJLTU3AINH U
. CrpoeHue U cBO¥CTBa
COBpEMCHHOW (pH3HKH | PO eCCHOHATHHEI MATEDHATOR MaTepuanoB 1 CTPYKTYpOoOOpazoBaH
2. ATOMHO-KpHMCTAJUTMYECKOE " XUMHUH | X 3amadq B p ’ W3AETNH U3 HUX Ul METAIIOB U
IMPUMCHACMBIX B TOPHOM o
CTPOEHHE METAIIJIOB U CIUIABOB UCIIONIb30BaTh MX B | COOTBETCTBHHU ° | rene IOJT BO3JCHCTBHEM | CIUIAaBOB, OCHOBBI X
npo¢eCcCUOHANTBHOM npoduieM  CBOCH Pa3IMIHBIX TEPMOOOPaOOTKH,
JIeSITETIbHOCTH npodeccuoHaTbHOM BHEITHUX CIOCOOBI 3aIIUTHI
JeSITeTbHOCTH. 9KCIUTyaTaI[HOHHBIX | METAaJIOB OT
K-1.3. (hakTopoB KOPpO3uu
IIpencraBnenue BrinosiHenue u
XapaKkTepUCTUKH
0a30BBIX JUTS 3ammra
. | KOHCTPYKUIHOHHBIX U Bribupats .
npodecCHOHANBLHOM JTabopaTopHOU
CTPOUTEIBHBIX MaTepuabl s Metomamu
chepbl pU3NIECKUX o paboTEHL.
MaTepHalIoB, KOHCTPYKIIMH MO UX | IeJICHANPaBICHHOTO
3. CrpoeHnue peaabHbIX METAILIOB MIPOLIECCOB u . Okcmpecc-onpoc mno
o MIPUMEHSIEMBIX B TOPHOM Ha3HAYEHHIO U N3MEHEHHS CBOMCTB
SBICHUH B BHUJE OCBOEHHBIM J0Ma
TIPOMU3BO/ICTBE, CIIOCOOBI YCIIOBUSIM MaTepuaioB
MaTeMaTHIecKoro( CaMOCTOSITEIILHO
. TIOJTY4eHHS 33/IaHHBIX AKCILTyaTaIIH
1X) ypaBHeHUs(I) z TepMHUHAM U
CBOUCTB
IOHATUAM

4. Jlebopmanus 1 MEXaHHIECKHE
CBOICTBa METAJUIOB

XUMHUYECKHUI COCTaB,
CTPYKTYpY, CBOMCTBA U
00J1acTH MPUMEHEHHS
OCHOBHBIX
NIPOMBIIIJIEHHBIX

OrieHnuBaTh 1
MIPOTHO3UPOBATH
MOBEEHIE
MaTepHuaoB H
H3ASTNN U3 HUX

Hassikamu paboThI
9KCIEPUMEHTATBHOTO
OTIPEICTICHUS
9KCIUTyaTaI[HOHHBIX
MaTepuaoB I

VYeTHbN onpoc
IIpakTuueckas
pabota




Irtan GopMHPOBAHUS KOMIETEHIHH
(pa3aelibl, TeMbI TUCHHMIIHHDI)

5. TIporecchl, POUCXOISIIHE IPU
Harpese Je(opMHPOBaHHOTO
MeTana

6. PaspyuieHne MeTamioB

7. KenesoyriepoaucThie CIUIABbI

dopmupyemMasn
KOMIIeTeHIUsl

HNuaukatopsbl
KOMIIeTeHI[UH

KpuTepnn M NMOKAa3aTeJIN OLleHMBAHUA KOMIeTeHIM

3HaTh:

YMerh:

Baanernb:

DopMBbI KOHTPOJIsI
copMuUpOBaAHHOCT
M KOMIIeTeHIH i

MaTeprajoB, a TAKXKE

OJ BO3JEHUCTBUEM

MCTOAaMH OLICHKHU

CIIOCOOBI ¥ PEXKUMBI UX Pas3IMYHBIX HOBEJICHUS
YIPOYHEHHS BHEIIHUX MaTepHaloB 110
IKCIUTYyaTAllHOHHBIX | BO3JCHCTBHEM Ha
(axropoB HUX pa3INyHbIX
9KCILTyaTaIllHOHHBIX
¢axTopoB
HaBpikamu ananmsa
Hasnauatb TOpHO-
Okcmpecc-onpoc Ho
COOTBETCTBYIOIIYIO | T'€0JIOTMYECKUX
. OCBOCHHBIM JI0Ma
00paboTKy, METOABI | YCIOBHI IPU
. N CaMOCTOSTEIBHO
CTpoeHue U cBOiicTBa YIPOYHEHHS IKCIUTyaTA[HOHHOM TeDMUHAM 1
MaTepHaoB, CILIaBOB; pasBezike U 100bIYe HOIjI,-IﬂTI/IﬂM
NPUMEHSEMBIX B TOPHOM OueHuBaTh TBEPJBIX TTOJIC3HBIX '
BBITIOJTHEHUE
aene HOBEJICHHE UCKOIIACMBIX, a
3aIuTa
MaTepHaJioB B TaKKe IpH .
nabopaTopHO
YCIIOBUSIX CTPOUTENBCTBE U
paboTsI
IPOU3BOACTBA 9KCILTyaTallu

MOJ3EMHBIX 00BEKTOB

MeTonb! onpeieIeHAs
TEXHOJIOTHYECKUX 1

OreHuBaTh U
MIPOTHO3UPOBATH
MOBEICHNE
MaTepHaoB U
HU3JEINI U3 HAX

Hasrsikamu
3KCHEePUMEHTAIBHOTO
onpeeNeHus
SKCIUTyaTallMOHHBIX
CBOMCTB MaTepuaioB
M METOJIaMH OIICHKH

VYerHbli onpoc,

OCHOBHBIX N MpaKTHYeCKast
0J] BO3/ICHICTBUEM | MOBEACHHUS
IKCILTYaTA[HOHHBIX pabora
. pa3IMIHBIX MaTepUaoB Mo/
CBOMCTB MaTepHaIoOB .
BHEIITHUX BO3/IeiiCTBIEM
9KCIUTYaTAI[HOHHBIX | Pa3IMIHBIX
(dakTopoB IKCILTyaTaI[MOHHBIX
(hakTopOB.
OOG0CHOBaHHO
BBIOpaTh DKcnpecc-onpoc Mo
CaoiicTBa JKelle3a, | MaTepuabl MPH OCBOCHHBIM J[OMa
rJIepoJa ¥ IEMEHTHUTA. | KOHCTPYHUPOBAHHUU CaMOCTOSTEIILHO
yraepon H pyHp 3HaHUAMH O
OcHOBHBIE (a3bl, | ¥ IPOU3BOACTBE CTDVKTVDE 1 TEpMUHAM U
MIPUCYTCTBYOIIUEC B | KOHKPETHOIO PYKTYP TTOHATHUSM,
CBOWCTBaX METAJUIOB
KENE30YTICPOTUCTHIX U3, BEITIOJTHEHUE U
U CILJIABOB
CIUIaBaX B PAaBHOBECHOM | MaTepHalIbl C 3ammra
COCTOSIHUH. ONTUMAITEHBIM nabopaTopHO
KOMILICKCOM padoTsI

OKCILUTYTAITMOHHBIX




Irtan GopMHPOBAHUS KOMIETEHIHH
(pa3aelibl, TeMbI TUCHHMIIHHDI)

8. OcHOBBI TEOPUH TEPMUYECKOM
00paboTKU CTaIH

9. TexHOMOrUs TEPMUYECKOI
00paboTKH cTaIH

10. KoHCTpyKIMOHHBIE CTaIH

11. CnnaBsl Ha OCHOBE AIFOMHUHHUSA

dopmupyemMasn
KOMIIeTeHIUsl

HNuaukatopsbl
KOMIIeTeHI[UH

KpuTepnn M NMOKAa3aTeJIN OLleHMBAHUA KOMIeTeHIM

DopMBbI KOHTPOJIS
c(opMHPOBaAHHOCT

3HaTh: Ymern: Baapers: .
H KOMIeTeHIHi
U TEXHOJIOTHIECKUX
CBOICTB
[IpumensaTs
METOIBI
MaTeMaTHIECKOTO
aHanuza npu
peleHnu
WH)KEHEPHBIX Meronamu YcrHslii onpoc,
IIpeBpaienus B cTanu
DM HAIPEBE 1 3aJ1a4; BBISBIIATH LieJICHApaBJICHHOTO | pedepar,
pH Harp bu3nyecKyro U3MEHEHHUs CBOUCTB MpaKTHUYecKast
OXJIaX ICHHH .
CYITHOCTP SIBICHHH | MaTepHallOB pabota
U TIPOLIECCOB
BEITIOJTHATH
MIPUMEHHUTEIBHO K
HUM TEXHUYECKUE
pacdeTsl
JduarpaMMBl  COCTOSTHHSA
TeMIeparyp IJaBICHUS U
paryp DKcnpecc-onpoc Mo
3aTBEp/eBaHMUs  CIUIABOB,
Bribupats pexumel | Metogamu OCBOCHHBIM 10Ma
XHUMHYECKOTo cocTaBa (a3, .
TePMUYECKOI MTOBEPXHOCTHOTO CaMOCTOSATENIFHO
OTHOCHUTEIFHOTO
00paboTKH CIIaBOB | YIPOYHEHHUS TEpPMUHAM U
KOJIMYECTBa ¢a3 "
C HCIIONIb30BaHNEM | (IIOBEPXHOCTHAsS TIOHSTHSM,
CTPYKTYPHBIX
rpadUUecKuX U 3aKajKa, XHMUKO- BEITIOJTHEHUE U
COCTaBIISTIONIHX. CBsi3b
AHATUTHYECKIX TepMUYecKas 3ammra
MEXITy XapaKkTepoM . .
3aBHCUMOCTEH 00paboTka). nabopaTopHO
IUarpaMM  COCTOSHHS H
. paboTsl
CBOWCTBAMH CILIaBOB
(3axon KypHakoBa).
XapaKkTepUCTUKU
KOHCTPYKIIMOHHBIX U
CTPOUTENBHBIX MATEPHAIIOB, Knaccudunmposars
MIPUMEHSAEMBIX B TOPHOM JISTUPOBAHHbBIC Meronamu Pedepar
MIPOU3BOJCTBE, CITIOCOOBI CTaJIk 110 TpeM yquHIeHI/IH CTaJlIn p
NOJIY4YC€HHUS 3aJaHHBIX rpynHaM
CBOfICTB, TCXHOJIOTUYCCKHEC
MpoIIecCh 00pabOTKH.
AHanu3upoBaTthb
JIuarpaMMel Metonom
OCHOBHBIE Pa3HOBHIHOCTH | COCTOSIHUS: OTIpe/ieIeHUs
JUarpaMM COCTOSTHHS oTpeneNniTh KOJIM9ecTBa 00enx Pedepar
JBOWHBIX CIUIaBOB TeMIIepaTypsl ¢a3 n ux
HadJana u KOHIIEHTPAIIH

OKOHYaHWA




Irtan GopMHPOBAHUS KOMIETEHIHH
(pa3aelibl, TeMbI TUCHHMIIHHDI)

dopmupyemMasn
KOMIIeTeHIUsl

HNuaukatopsbl
KOMIIeTeHI[UH

KpuTepnn M NMOKAa3aTeJIN OLleHMBAHUA KOMIeTeHIM

3HaTh:

YMerh:

Baanernb:

DopMBbI KOHTPOJIsI
copMuUpOBaAHHOCT
M KOMIIeTeHIH i

IUIABJICHUSA
CIJIABOB, HAXOJUTh
obmnactn
PaBHOBECHOTO
CyIIECTBOBAHHUS
TBEPIBIX
PacTBOpOB,
000CHOBBIBATh
BO3MOXHOCTb
MPOBEICHUS
YOPOUHSIOIIEH
TEPMUUECKON
00paboTku
CIIJIABOB,
OLICHUBATH X
TEXHOJIOTHUECKHUE
CBONCTBA.




4. KpuTepnu U IIKaJIbI OLCHUBAHUSA

4.1. 3a oTBeTHI HA YCTHOM ONPOCE BHICTABJISITCS 0aJLJIbI
ITporeHT NpaBUIIBHBIX OTBETOB Jo 60 60-80 81-100
KoimuectBo 0amioB 0 1 2

4.2. 3a BbINO/IHEHHE MPAKTHYECKOH PadoThl BHICTABJISIOTCS 0aJJIbI

4 Oamma -  CTYIGHT BBIIOJHWI TIOJHOCTBIO BCE 3aJaHWs  YKa3aHHbIE B
MPaKTUYECKOW/TabopaTopHOl paboTe MW MOXKET apryMEHTHPOBAHO TMOSCHHUTH XOJI CBOETO
penieHusl.

3 Oamma -  CTyAGHT BBIIOJHWI He MeHee 85% 3amaHMii  yKa3aHHBIX B

NpaKTUYeCKOi/maboparopHoii paboTe, W MOXET AapryMEHTUPOBAHO MOSICHUTH XOJl CBOETO
pCLICHHS U yKa3aTh.

2 Oamma - crygenr pemmn He MeHee 50% 3amaHuii  yKa3aHHBIX B
HpakTHYeCKOi/mabopaTopHoii paboTe, W MOKET apryMEHTHPOBAHO IMOSCHHUTh XOJ CBOETO
peIICHHS.

1 6aym1 — CTYJICHT HE MOXKET apryMEHTUPOBAHO TOSICHUTH XOJ] CBOETO PEIICHHS.
B cnyuae, ecnu cpoku caauu pabOT MPEBBIIICHBI, CTYIHTaM CAABIIMM padoTy Ha 4 u 3
Oayia, KOJIMYECTBO OaJIOB COKparaeTcs 10 2 0aJioB.

4.3. 3a noaroroBKy pedepara BbICTABJISIOTCS 0aJ1bI
banabl XapaKkTepuCTHKHN OTBETA CTYJeHTa
4 — CTYJEHT ITyOOKO U BCECTOPOHHE YCBOWJ MPOOIEMY;
- YBEPEHHO, JIOTUYHO, MOCIIEA0BATEIBHO U TPAMOTHO €T0 M3JIaraer;
— ONMHpPasCh HA 3HAHUS OCHOBHOW M JOMOJHUTEIBHOW IUTEPATypHI,
TECHO TMPUBSI3BIBAET YCBOCHHBIC HAYYHBIC IOJIOKEHUS C MPAKTHYECKOMN
JEATEeIIbHOCTBIO;
- yMeno 000CHOBBIBAET U apTYMEHTUPYET BBIJIBUTAEMbIC UM HJICH,
— JieJIaeT BBIBOABI M 000OIIEHHS;
— CBOOOHO BJIaJICET ITOHATUSIMU
3 - CTYJICHT TBEPJI0 YCBOMWJI TEMY, TPAMOTHO H 1O CYIIECTBY H3JIaraer ee,
OMHUpPAasiCh Ha 3HAHUS OCHOBHOM JIUTEPATYPHI;
- HE JIOMYCKAeT CYIIECTBEHHBIX HETOUYHOCTEH;
— YBSI3BIBAET YCBOSHHBIC 3HAHUS C TIPAKTUYECKOM JIEATEIBHOCTBIO;
— apryMEeHTHUPYET Hay4YHbIE MOJI0KEHHUS,
— JIeJIaeT BBIBOJBI H 0000IIEHNS;
— BJIaJICET CUCTEMOI OCHOBHBIX ITOHSTHI
2 — TEMa pacKpbITa HEJOCTATOYHO YETKO W MOJHO, TO €CTh CTYACHT
OCBOMJI MPOOJIEMY, TIO CYIIECTBY H3JIaraeT €€, OMUpPasiCh Ha 3HAHUS TOJIBKO
OCHOBHOI1 TUTEPATYPHI;
- JIOTTyCKaeT HECYIIECTBEHHBIC OMMOKH M HETOYHOCTH,
— WCTIBITHIBACT 3aTPYAHEHHUS B TPAKTHUECKOM TIPUMEHEHUU 3HAHUH;
— c1abo apryMeHTUPYeT Hay4HbIE TTOJIOKEHUS;
— 3aTpyaHseTcs B GOPMYIUPOBAHUH BHIBOJIOB U 00OOIICHMIA;
— JaCTUYHO BIIAJEET CHCTEMOU IOHITHI
1 — CTYJICHT HE YCBOWJI 3HAUUTEIHHON YaCcTH MPOOIIEMBI;
- JOTTyCKaeT  CYIIEeCTBEHHBbIC  OMMOKM W  HETOYHOCTH TP
PacCMOTpPEHHH €€,
— WCIBITBIBACT TPYTHOCTH B MTPAKTUICCKOM IPUMEHECHUH 3HAHUH;
— HE MOKET apryMEHTUPOBATh HAyYHbIE TTOJIOKEHUS;
— He (HOopMyITUpPYyeT BHIBOJOB U 000OIIICHHUIA;
— HE BJIaJICeT MOHATUHHBIM anmnapaToM




4.4. 3a 0TBeTHI HA IKCIIPECC-0NPOCe MO0 OCBOEHHBIM I0Ma CAMOCTOSATEIHHO TEPMUHAM
¥ MOHSAITHSAM BBICTABJISIIOTCH 0AJLIbI
ITporeHT NpaBUIIBHBIX OTBETOB Jo 60 60-80 81-100
KonnuecTBo 6anos 0 1 2

4.5. 3a BpINOJIHEHHE U 3a1IUTY JA00OPATOPHOI PadoThI BHICTABJIAIOTCS 0AJIbI

4 OGamma -  CTYAGHT BBIIOJHWJ  TIOJHOCTRIO  BCE  3aJaHUSl  yKa3aHHbIC B
MPaKTUYECKOW/TabopaTopHOl paboTe MW MOXKET apryMEHTHPOBAHO TMOSCHHUTH XOJI CBOETO
penieHusl.

3 Oamia -  CTyAGHT BBINOJHWI He MeHee 85%  3agaHuil  yKa3aHHBIX B

NpaKTUYeCKOi/maboparopHoii paboTe, WU MOXKET AapryMEHTUPOBAHO MOSICHUTH XOJl CBOETO
pCLICHHS U yKa3aTh.

2 Oama -  crygeHtr pemmn He wMenee 50% < 3amaHuWii ykasaHHBIX B
NPaKTUYECKO/TabopaTopHoii paboTe, W MOMKET AapryMEHTUPOBAHO IMOSICHUTh XOJIl CBOETO
peIIeHusl.

1 6anm — CTyIeHT He MOXKET apryMEHTUPOBAHO MOSCHHUTH XOJ CBOETO PEIICHHS.
B cnyuae ecnu cpoku caauu paboT MpEBBILLIEHBI, CTYEHTaM CAaBLIMM padoTy Ha 4 u 3 Oaia,
KOJIMYECTBO 0AJUIOB COKpaIaeTcs 10 2 0aoB.

5. TunoBble KOHTPOJbHBIE 3aJaHUS W MeTOAUYECKHE MAaTepHaJbl, OIpeIesonue
npoueaypbl OUEHMBAHMS 3HAHWI, YMeHMii, HABHIKOB M (MJIM) OMNbITA /AeSATeJILHOCTH,
XapaKTepu3yWINuX JTanbl (OPMHUPOBAHHS KOMIETEeHHHH B TMpolecce OCBOEHHS
o0pa3oBaTe/IbHON NPOTrPaMMBbI

5.1. TunoBble BONPOCHI K YCTHOMY ONPOCY
1. Yro Takoe ocTaTouHble HANpPsi:KeHUsA B MaTepuanax? Ux suabi?
Omeem: OCTaTOUYHBIMM WM COOCTBEHHBIMHM HA3bIBAIOT HAIPSKEHMs, KOTOPbIE OCTAIOTCSA B
MaTepuale 1ocjie yCTpaHEeHUs IPUYKH, UX BbI3bIBAIOIIHX.
OcTaTo4Hble HAPSDKEHUST YPAaBHOBEIIMBAKOTCS BHYTPH Tella 0€3 BO3/IEHCTBUS BHEIIHUX CUIl. B
3aBHCUMOCTH OT 00beMa Tejla OCTaTOYHbIE HAPSHKEHUS PA3JInYatoT CICAYIOUINX BUJIOB!
1. Hampspkenus 1-ro poga — 3TH HampshKEHHs] YpaBHOBEIIMBAIOTCS B 0ObEME BCEro Tena
(MakpoHanpsKeHue);
2. Hanpsbxenus 2-ro posa ypaBHOBEIIMBAIOTCS B Mpeienax 0JI0KOB 3epeH (MUKPOHATIPSIKEHHUS);
3. Hanpsbkenus 3-ro pojia ypaBHOBEIIMBAIOTCS B MpeesiaX 00beMa HECKOIBKHUX AJIEMEHTAPHbIX
A4YEeK, T.C. HAIpPSHKEHUsS BO3HHUKAIOT U JIOKAJIM3YIOTCSA (COCpPElIOTauMBaIOTCS) B YJIbTpa —
MHUKPOCKOIUYECKHX 00beMax.

Hanpsixkenns MoryT BbI3bIBaTh KOpoOJIeHHE MeTaiia, 00pa3oBaHUE TPEIIMH B PA3IUYHBIX
U3JIeNUSX, CIIOCOOCTBOBATh XPYNKOMY pa3pyIlEeHHIO.

OcTaTo4Hble HANPSKEHUS] MOTYT CYMMHUPOBAThHCS ¢ paOOYKMMHU M BbI3BaTh NOTEPIO0 YCTOMYMBOCTU
WIN pa3pyLIeHHE KOHCTPYKLIHH.
2. JlaiiTe moHsAATHEe HAKJIeNa W BO3BpaTa.

Omeem: Haxnenom Ha3bIBaeTCs M3MEHEHHE CBOMCTB METajla B PE3YJbTAaTE XOJOIHOU
wiactuyeckol aegopmaruu. Ilpu Hakiene MOBBIIAIOTCS MPOYHOCTH U TBEPAOCTh, T.€.
IIPOUCXOIUT YIPOUYHEHNE METAJIIA UM €T0 HarapTOBKA.

XapaKkTepUCTUKU IIACTUYHOCTH (IJIACTUYHOCTb, BSI3KOCTh, OTHOCUTENBHOE Y/UIMHEHUE U
CYXXEHHE) MOHIKAIOTCS, T.€. IPOUCXOJUT OXPYMUMBAaHIE METAJLIA.

[Ipn Haknene M3MEHSIOTCS BCE CTPYKTYPHO-UYBCTBHUTEJIbHBIE cBOWcTBa Meraymuia. Cama
CTPYKTypa TaKK€ HW3MEHsAETCA. 3epHa MeTalllla BBITATMBAIOTCA B HANpaBICHUM JEHCTBUS
nedopMaiuu, CTpyKTypa CTaHOBUTCS CIOUCTON.  YIpodHeHHe OOBSCHSeTCS TEeM, UTO C
YBEIIMYEHUEM CTeNeHH JedopMalvi, Ha HECKOJbKO TOPSJIKOB YBEIMUMBACTCA YHUCIIO
VICIIOKAIIHI.



Mertas, NOABEPrHYTHIN IUIACTHUECKOW IedopManui, HaAXOAUTCS B TEPMOIUHAMUYECKH
HEYCTOWYHMBOM COCTOSIHMHM. HarpeBaHwe MOXXET BEpHYTh €My HCXOAHBIE (10 aedopmarun)
cBoiictBa. Ecimm Ttemmepartypel HarpeBa Haxomsrcs B mpenenax 0.2-0.3°C  temmepaTypbl
IUIaBJICHUs MaTepHala, TO HaCTyMaeT MpoLecc BO3BpaTa.

CHmKaroTcs HalpsDKEHHE B MaTepuane, YIydllaeTcsi CTPYKTYpPHOE COCTOSIHUE,
YMEHBIIAETCS] KOJIMUYECTBO AUCIOKALUH.

[Ipu BO3BpaTe 3aMeTHBIX HM3MEHEHHII B CTPYKType MeTaula He Habmomaercs. OH
COXpaHseT CIOUCTOE WM BOJOKHUCTOE CTpOeHHE. MexaHUYecKre CBOICTBa MaTepHala TakKe He
U3MEHSIOTCSL.

5.2. IlpumepHbIe TeMbl pedepaToB
@DaxTOopHl, BAUAIOUINE Ha CKJIIOHHOCTh METAJUIA K XPYIIKOMY Pa3pyLICHHUIO.
2. BnusiHMe NETHPYIOMIMX 3JIEMEHTOB Ha Tpolecc o0pa3oBaHUS ayCTEHHTa M Ha POCT 3€pHa
ayCTEHUTA.

=

3. Ileperpes, nepexor, IPUYHHBI UX BO3HUKHOBEHHUS U MEPHI MIPEAYTIPEKICHHS.
4. ®OeHOMEHOJIOTrHs MapTEHCUTHOTO IIPEBPAILEHHSI, €r0 OCHOBHBIE OCOOEHHOCTH.
5. BiusHue nerupyroumx 2JIEMEHTOB Ha H30TEPMUYECKUN pacraj IMepeoxXIakJIeHHOro

ayCTEHHUTA.

6. Pacmaj nepeoXakIeHHOTO ayCTEHUTA IPY HETIPEPHIBHOM OXJIXKICHHU.

BepxHsis kpuTnueckas CKOpOCTh 3aKalIKH U (PaKTOPbl, Ha Hee BIMSIOILHUE.

8. BrnmsHHMe NETHPYIOMIMX AJIEMEHTOB Ha IPEBpAIICHUS MPH OTIYCKE (BTOPUYHAS TBEPIOCTH,
OTITYCKHAsl XPYIKOCTb).

9. IlpeBpamieHus, MPOUCXOMAILINE IPH HArpeBe 3akajeHHOW cramu. CTpoeHHe M CBOICTBa
CTPYKTYp OTITyCKa.

10. IlpenBaputenbHast TepMUYecKas oOpa0OOTKa CTamu (OTXKHUT M HOPMalM3alus) W IeTb €e
IIPOBE/ICHUS.

11. CnocoObl 3akanku cTaqd (B OJHOM OXJIAJIUTENE, B JBYX OXJIAJUTENSAX, CTyleHYaTas,
U30TEPMHUUECKasi, C CAMOOTIIYCKOM).

12. Xumuko-Tepmuueckas 00paboTka cTau.

13. IlemenTanus cranu. Haznauenue.

14. Cranu, npumeHsiemble AJi LIEMEHTAI|H.

15. TepmooOpaboTKa IIEMEHTOBAHHBIX JeTameil.

16. A3otupoBanue cTaiu.

17. Cranu, npuMeHsieMble 1151 a30TUPOBaHMUA.

18. CBoiicTBa a30TUPOBAHHOTO CJIOS.

19. HutponemeHTanus cTaim.

20. Peccopro-nipyxwunHbIe cTanu. CocTas, TepMOOOpabOTKa, CBOMCTBA.

21. apukonoamuunHuKoBbIe cTanu. CocTaB, TepMOOOpabOTKa, CBOMCTBA.

22. HepxaBerorue ctanu (XpoMHUCTEIe, XpOMOHHKeleBbIe). CocTaB, CBOMCTBA.

23. IHTepKpHCTAIIIUTHAS KOPPO3Usi, MEPBI OOPHOBI C HEH.

24. AnfoMHUHU 1 €ro CBOMCTBA.

25. JIuTeiiHble aJIOMUHHUEBbIE CIUIABBI.

26. MapkupoBKa aTFOMHUHHEBBIX CIIJIABOB.

~



5.3. TunoBble NpUMepbI pelIeHus 3a1a4

3apaua 1

Onpenenuts CPeHIO MIOTHOCTh U MOPUCTOCTb KAMHS, €CIIH
BOJIOTIOTJIOIIEHNE ero nmo obbeMy coctasiser 25 %, Bomomnorolie-
Hue 1o macce — 15 %, uCTUHHAS TIOTHOCTBL 2750 Kr/M°.

Pewenue:

1. Ucnone3ys crannapTHble (popMyJibl OrnpeneneHus BOAOIO-
CJIOLIEHHS M0 00bEMY M Macce, BBIMIOJHHM CIIEAVIOIIHe mpeodpaso-

BaHHWA.
W, = uloo %, (1)
Vep,
w ="M 160 o )
m

o

2. PasnenuB nepBoe BhIpaK€HHE HA BTOPOE, MOJYUUM

W p m,
o =M  TIOCKONBKY —< —pP .
Wm pG LIC
3. OnpenesisieM CPeIHIOK MIOTHOCTb KAMHSI:
W 21

o

pm = ‘Pa —EIOOOZ 1400 I{F/M3,

/4

m
P m — CPEIHsIs INIOTHOCTh KAMHS,

p ¢— TUIOTHOCTH BOIBI,

W,— BomonornoiieHue 1o o0bemy;

W., — BOOOMOTJIOIIEHHE IO MaCCe.

4. OnpenenuM MOPUCTOCTh KaMHs 110 GopmyJie

- 2750 — 1400
m=2"Pn 100 9 ==""""1% 100 9% =49 %,

P 2750

3anaua 2
Onpenenuts KOA(PQPHULMEHT TEIIONPOBOIHOCTH KAMEHHOTO Ma-

TepHasna, UMEHIIEero CpeIH MIoTHOCTh 1800 KD/M.
Pewenue:

OpueHTHPOBOYHO KOA(P(PULMEHT TEIUIONPOBOAHOCTH — A
onpenensercs no opmyne B.I1. Hexpacosa

A=1,16+/0,0196 +0,22d° — 0,16

Pn.

k]

Ps

d — OTHOCHUTENIbHAS TNIOTHOCTb MaTepuana, d =

pm — CpenHss IUIOTHOCTb MaTepHaa, I{F/M3;
ps— TUIOTHOCTb BOABL, paBHas 1000 KI/M .

[loacraBum B GOpMyJTy UCXOAHBIE JAHHBIE U MOJYUHM:
d=1800/1000 = 1,8;

2=1,164/0,0196 +0,22-18% = 0,16 = 0,696 Br/m-K.




3amaua 3

OnpenenuTts CpeAHIOK MIOTHOCTh KAMEHHOTO 0OpasLa Hempa-
BIJIbHOH (popmbl Maccoii 80 r. Tlocne mOKpeITHSI MOBEPXHOCTH O0-
pasiia mapaguHOM TMPH TUAPOCTATHUECKOM B3BEIIMBAHUH €r0 BEC B
Boze cocrasmi 37 r. Ha mapadunupoBanue oOpasia n3pacxoaoBaHO
0,75 r mapadyuHa ¢ HCTHHHOI MIOTHOCTHIO 0,93 r/em’.

Peuienue
1. HaxonuMm oObem mapaduna, no popmyre:

y, =2

n 2

n

m,,— macca napaduHa, T,

3
p, — IUNIOTHOCTB MapaduHa, r/cM’.

= 075 _ 081 et
0,93
2. BerunciauM 00beM KaMeHHOTO 00pasiia U3 paBeHCTBA!
V.= My Mo Vn ’
Ps

m_  — Macca KaMHsi ¢ mapauHOM Ha BO3ayXe, I

K

m_, — Bec napa(UHUPOBAHHOIO KAMHs B BOAE, T,

3
Ps — MIIOTHOCTH BOJIBL, T/CM "

p 280757 e 404 o
3. Onpenenum CpeIHIOK TUIOTHOCTE 0Opasia 1o Gopmyie:
o = 2= 301863 riewr’
Vo 4294

K

OTBeT: ppx = 1863 KT/M .



5.4. TunoBblie NpUMepbI NPAKTHYECKHUX PadoT

[MPAKTHYECKAS PABOTA Ne |
JE®EKTbI KPHCTALLIMYECKOI'O CTPOEHUA
Lean padors!

1. U3yunTh TEOpPETHUYECKHIT MATEPHAN N0 TeMe PAdOTHL.

2. Monyunts npeacragieHne 0 BHAax Ae()eKTOR B KPHCTALIAX H HX
BIMAHMH HA NOPOYHOCTH MATEPHATIOB.

3. OTBeTHTh HA BONPOCHI HHAWBHAYATBEHOIO 3a1aHHAL.

OCHOBHBIE CBEAEHHA MO0 TEME PADOTHI

Mneanbneie KpucTannel B NpHPOAE HE BCTpeuaroTea. Peanbnblie kpu-
CTALIBI, B TOM HHCIE METAIIB], BCEraa MMEIT OTKIOHEHH:A 0T NPABHIBHOTO
cTpoenus, uin aeexThl.

JlepexTsl KPUCTAIUIMYECKOTO CTPOEHHS KIACCHHLIMPYIOT 10 reoMer-
PHUECKOMY MPH3HAKY — MO PasMepPaM BbISBIBAEMBIX HMH HAPYLIEHHI NEPHO-
JAMYHOCTH KPHUCTAIIMYECKOH pemérku. Pasnuuaror TOuedHBIE, NTHHEHHBIE,
MOBEPXHOC THBIE M 00BEMHBIE NE(EKTHI.

1) Toueynsimu HA3LIBAKT AS(EKTH, KOTOPLIE MAILI BO BCEX TPEX mpo-
CTPAHCTBEHHBIX HANPABIEHHMAX, T. €. COMIMEPHMBI ¢ MEKATOMHBLIM PAacCTOsN-
HHEM. 3TO BAKAHCHH, MEWKY3EIbHbLIE ATOMbI, PHMECH 3aMELLIEHH H BHEAPE-
HHA.

Bakancua — 310 OTCYTCTBHE aTOMAa B Y3718 KPHCTAILIHYECKOH PELIETKH,
«IYCTOE MECTO». ATOMBI BOKPYI BAKAHCHH CONMIKAKOTCA, TAK KAK B ITOM
MECTE CHIIbl NPHTAKEHHA MEXKAY ATOMAMH NPEBBIIAKT CHIIBI OTTANKHBAHWSA
Fop > Fopnp. Kpuctamn kax Obl CIKMMAETCH, CTPEMHTCH «3aneunTh» nedexr.
Cmenienne aToOMOB BOKPYT BAKAHCHH YNPOHIEHHO nokasaHo Ha puc. 1.1, a.

Bakancuu MrpawT OrpoOMHYI0 posbk B niponeccax audpysuu: oHM Crio-
cOOCTBYIOT IBHIKEHHIO ATOMOB BHYTPH METAILIA.

HYucno ux pactér ¢ yBe-
JHYEHHEM TEMOEPATYPHI :
aTOMBl ¢ TOBEPXHOCTH ME-
Taa MOryT NEPEXOANTH B
OKPYKAIOUIYI0 Cpeay, nouny-
UHB JOMOIHHUTENLHYH JHEpP-
rui0, a o0pasoraBuIMECs Ba-

KAHCHH NPOABHrar0TCA
BrIy0L MeTanna.

Mesicysenbnpiic anmom — Puc. 1.1. ToueuHble Ae(heKThI:
ITO COOCTBEHHBIH, «POAHOIY» BAKAHCHSA (@) W MEMXYIENLHEII atom (i)

aroM MEeTaIa, BeIOMTBIH M3



yina. Mx scerna meneie, yeM BakancHil. BOKpyr Memxy3enbHOTO aroma co-
Cenu pasneuraloTes: 3neck Fo > Fy, (oM. puc. 1.1, 6).

Ilpumecnon amom, nan HPUMech — 3T0 ATOM APYrOro, «4y:KO0ro» Be-
IECTBA, MONABMEro B Metawt (00bMHO U3 pyasl npu Beiraske). [pumec-
HBIE ATOMBI MOTYT 34MEIIATL COOCTBEHHBIE B y3114X KPHCTAIUIMYECKOH pe-
METKH (RpuMecs 3aMendeHus) WiIH 3aHHMATE NOPBI MEKAY HUMH (npuMeck
eHedpenist). TIpuMecHBIe ATOMBI MCKAMKAKT PEIIETKy CHILHEE, YeM CODCT-
BEHHEIE MEKY3EIILHBIE ATOMBI, YTO YIPOUEHHO NMOKA3aHo Ha puc. 1.2,

M3 BCEX TOUEUHBIX J€-
(exros CYILIECTBEHHOE
BIHAHHE HA NPOYHOCTL ME-
TANNA OKa3bIBAKT TOILKO
NPHMECH, 0COOEHHO TMpHME-
cu Baeapenus. Ouu 3aTpy-
HAKOT TUIACTHUECKYID J1e-
dopmanmio  meranna, 1o-

npumecs eHedpeHus

ITOMY TOBBIIAKT OPOYHO- NpUMECH 3aMeeHUS
CTHBIE X4PAKTEPHCTHKH. Puc. 1.2. Toueunnbie nedekTh:
2) JlunenHbsiMy HA3BI- MPUMECHKIE ATOMEI

BAKOT J1€(JeKThl, KOTODPBLIE

MaJdbl TONBKO B ABYX ﬂpUﬂTpaHCTBEHHle HEII'I[}H.BJ'[EHHHX, a8 TPE!TLE!M HMEHT
D]JDTHH{EHHDCTB B TBICAYM H MHWIIHOHEI MEKATOMHBIX [JEIECTDHHHﬁ. BTH ne-
diexThl HA3LIBAKT OucaoKkawuamu. Jlncnokanuy ObIBAIOT KPAeBbIE, BHHTO-
BbBLIC H CMEUITAHHKBIC.

Kpaegas oucnoxauus — 310 001aCTh MO KPaeM He3aeepiu&HHOI, He-
JOCTPOEHHOH ATOMHOH IUIOCKOCTH B metanne. (Moxno ckasars u «Han kpa-
€M», TAK KAK MOHATHA «HH3» H «BEPX» B TOHKOH CTPYKTYPE METANLNA HE
MMEKOT 3HAuUeHHA.) HenocTpoennas nioCKOCTE SABISAETCA KAK Obl «JITHIIHEHY,
HAPYIIAIOUICH MICANBHYIO CTPYKTYPY mertanna (puc. 1.3, a). Ee nassiBaiot
ARCIPANIOCKo -
CHIBID,

Kpaesas nuc-
JOKALHA MOMKET
BO3HHUKHYTh MPH
BO3IEHCTBHH  CHIIbI
P,  nedopmupyio-
MEH KPHCTALI. B
BEPXHEH YACTH KPH-

¢ranna CABMr npo-
wen 10 nunnn AB, a Puc. 1.3. Kpaepad quclokauns (@) M BOSHHKHOBEHHE

IMCIOKALHY TPH CABUTE (1)

JeBee ITOH JIHHHH



KPHCTAILN OCTANCS HEeASPOPMHPOBAHHBIM. BO3HHKIA IKCTPAIIOCKOCTL; €8
Kpai AB H eCThb JIMHHA KPAEBOH AuCIOkaunH (eM. puc. 1.3, 6).

Y Kpas 9KCTPAIUIOCKOCTH CO344eTCs Pa3pekeHHe A4TOMOB, MOITOMY
ONMMKANIINE K HEMY ATOMBbI CABHIAKTCH B CTOPOHY OTCYTCTBYIOLIErO psiaa.
Pemérka 31eCh CTPEMHUTCA CIKATHCH, «3aKkpuITh» Aedext. O0nacTe uckake-
HHA PEIIETKH MANA B [BYX HANPABIEHHUAX, 4 B TPETHEM MOMKET MPOXOWTh
uepes BeCh KPUCTALUL. MOMHO NPENCTABHTE KPAEBYH) AHCIOKALMI Kak
TpyOKy anamerpom B 2-3 MEKATOMHBIX PACCTOSHHA, HO OuU€HbL OONBLIOH
nnuHel. B 9Ty paspemenHy0 00nacTh AONKHBI CTPEMHTECA ATOMBI OPHME-
Cei, TAK KAK 9TO IHEPreTHHECKH BBITOIHO.

Bunmoeasn oucaokaijus nonodHA BHHTOBOH IECTHHLES, 3TO ATOMHAA
MIIOCKOCTh, 3aKPYUEHHAs B CIIHPATEL H CTABIIASA BHHTOBOI NOBEPXHOCTHIO.

YCI0BHO MOMKHO MPEACTABHTH, 4TO BHHTOBAS AHCIOKALIMA BO3HHMKAET,
€C/IM HAAPE3ATH KPUCTAILN /10 KAKOii-

TO npaMoii AB, a 3aTeM CABHHYTE 01- | A, J.P A

HY HAAPE3aHHYI) TOJIOBHHKY BHH3 : : |
OTHOCHTENBLHO APYTOH HA OJHO MEWK- 1| B! -t d:
aromHoe paccrosune. B obmactu BT

Haape3a oOpasyercs CTyneHbka Ha J1 -0 I ¢ ——
Ka/K10i ATOMHOH TnockocTu. [lomy- 4 9" /’fé
yaeTCd, YTO BeCh KPHCTALI NPEICTas- P

nseT co00ii BHHTOBYH) TNMOBEPXHOCT,
«3AKPYUYEHHYH)» BOKPYr JauHHH AB
(puc. 1.4).

Hauie BCEro BCTPEUAOTCA eMEMIAHHbIe OlcaoKayiiil: KPAEBas U BHHTO-
BAA nepexoaar oana B Apyryw. Ha puc. 1.5 AB — nuaua ¢CMEIanHOH JUCnOo-
KALMH.

KonuuecTso aucnokanmii B METAIUIE XAPAKTEPH3VIOT MX TUIOTHOCTBID.
[Tiomuocme ducrorxayuti p — 310 CyYMMAPHAA BX [IHHA B €1HHHLE 00bEMa:

Puc. |.4. BuHTOBas NHCIOKALIHA

Zlp -
P —?[:M ]
P Jlucnokanuu BOZHHKAIOT TPH 3aPOMKISHHH H
5=8 pOCTE KPHCTAIIIOB, 4 TAKKE NPH AeOpMalipH.
|g|| JAucnokanumu wrpardT BAKHEHIUIYH) POIbL B
]

TEOPHH NPOUHOCTH, MIACTHUHOCTH W PA3PYIIEHNA
Puc. 1.5. CMemansag ~ METANnOB. Bnusnue MX HA NPOYHOCTL HEOAHO-
AMCTIOKA LS 3HAYHO. ¢ MOABIEHHEM AHCIOKALMH NPOYHOCTH
WIEANIBHOM0 KPHCTAIA PE3KO CHHMKAETCH, HO TPH

OueHb 00BLIOH MX MNIOTHOCTH CHOBA HAYMHAET pactH (cm. puc. 1.6).
3) Mosepxuocmusimi HA3BIBAKT 1€(DEKThI, KOTOPbIE MAIbI B OJIHOM Ha-
NPABICHHH, 8 B IBYX JAPYIHX — HAMHOTO OOJBIIE MEKATOMHOTO PACCTOSHHA.



310 epanuibl 3épeH B NOJHKPUCTAIUIAX, FPaHULLI Cy03€pPeH M ABOHHHKOB
(puc. 1.7). Bremnue nOBEPXHOCTH METAITHYECKHX M3ENHH TAKKE ABIAKOT-
Csl MOBEPXHOCTHBIMH JA€()eKTAMH C OCOOBIM CTPOSHHEM.

Yron pas’OopMeHTHPOBKH MEXKIY ABYMsS COCEAHMMH 3EPHAMH MOMKET
ObITh 1H00BIM, @ MEky AByMs Cy03&épHamu B 3epue — e Oonee 67,

OueHn BaKHO XOPOUIO MPEACTABIATH, UTO IPAHMLA 3€PHA — ITO HE
«CTEHA» M3 4Er0-TO MEKITY COCENHMMH 3EPHAMH M HE NYCTOTA MEWKAY HHMH.
310 001acTh, rae HAPYIAGTCS CTPOrO yNopsA0ueHHOE CTPOSHHE MEeTANIA:
ATOMHBIE TUIOCKOCTH B OJIHOM 3€PHE HE MMEIOT NPOJOIKEHHA B COCEOHEM,
TAM ATOMHBIE TUIOCKOCTH PACTIONOAEHB]I B IPYTrOM HANPABICHHH.

Q
o

1

KAPSRTERWCTHES NROYHOCTH

! ! .
10%-10"  10"%10" P, cm2

Puc. 1.6. Biusnue NIOTHOCTH JHCIOKAUMH HAa OPOYHOCT!
| — npoeankHLIi KpHCTANN; 2 — «VCRI?, KPHCTALTE ¢ MHHHMATLHOI MIOTHOCTRIO
nedekTor; 3 — OTORGKEHHRIE METAIIRL; 4 — CHILHO AehOpPMHPOBAHHBIE METAILIE
C BLICOKOH IIOTHOCTEID HCIOKALIMHH

Hano raxie ne 3a0bIBaTh, UTO rPAHMILIBI 3EPEH — HE JIMHHH, XOTS HMEH-
HO TAK Mbl BHAMM HX HA OTOOJIHPOBAHHON M NPOTPABJIEHHOH NOBEPXHOCTH
MeTama. 3T0 NOBEPXHOCTH pasfena Memay 3€pHaMH, NPeAcTaBIAOUIHMH
co0oi HenpaBuibHBIE MHOTOrpanHukH. Kaxnoe 3epuo kak Obl «3aBEpPHYTON
B CBOK) TPAHHITY.

cyGsepHa

!.f

!ﬁ‘

L7 ~ spanuua 2panuua
L0 M -3epHa 3epHO cybsepHa deodnuKa

Puc. 1.7. IloBepxHOCTHEIE AepeKTEI: TpaHHIILL 3€peH, cy03EépeH H JBOHHHKOB

Brnusinue moBepXHOCTHBIX Ne(heKTOB Ha MPOYHOCTH METajula BEIMKO TPAHUIBI 3€PEH U

Ccy03€peH SABIAIOTCS MPEMATCTBUAMU U1 Pa3BUTHS AedOpMaIii, a 3HAYUT — YIPOUHSIIOT METAIL.
Uewm Oombliie MOBEPXHOCTh TPAHMUIL B UHUIIE 00bEMA, TEM MTPOYHEEe METaJLI.
4) O6wvémubie MeheKTh BO BCEX TPEX U3MEPEHHSIX HAMHOTO OOJIbIIIE MEKATOMHOTO PACCTOSHUS.
DTO paKOBHUHBI, MOPHI, 3apPOJBIIIN TPEIIMH, HEMETAIUTMUECKHE BKIIOYCHHs. Bce 00BEMHBIC
ne(eKThl SABISIOTCS odaraM™ BO3MOXKHOTO pa3pylIeHHs, T. €. BIUAIOT Ha MPOYHOCTh
orpuniatensHo. Ilo cytu, 3T AedexTsl — Opak TUTEHHOrO MPOM3BOACTBA M APYTUX BUJOB
00paboTKH.



3agaHue /151 IPAKTHYECKOH padoThI:

1. U3yuuTh TEOpETUUECCKUN MaTepHa,

2. OTBETHTH MUCHMEHHO Ha BOMPOCHI:
a). Ilo xakoMy npu3HaKy KIacCUPUUUPYIOTCS 1e(EeKThl KPUCTANINYECKOTO CTPOSHUA?
0) Kakoii nedexr nmokazan Ha puCyHKe?

B) Kak nuciokanuu BAIUSIOT Ha MPOYHOCTh MeTaa?
r) O6BéMHBIE AePEKTH KPUCTATUIMUYECKOTO CTPOSHUS - ITO...

5.5. Ilpumep J1abopaTopHoOii padoThI

CIIOCOBbBI YITPOYHEHU S METAJIJIOB U CIIVIABOB

Heawb padorsl: [TomyunTs NpeacTaBICHUE O CIIOCO0AX YIIPOUYHEHUS METAIIJIOB U KOJTUYECTBEHHOM

3aBUCUMOCTH 1IpeJciia TCKYUYCCTU OT MMapaMETPOB CTPYKTYPHI.

OcHOBHBIE CBe/IeHMSsI 10 TeMe PadoThI

3HauuTenbHAA MacTUYECKasa aedopmanusa ACTaICH MAlIMH W KOHCT-

PYKUMH OpPH DKCIUTyaTallikl HEAOMYCTUMA.
[103TOMY MOBBILIEHHE MPOYHOCTH METAIIIIOB
M CIJIABOB O3HAYaeT, MPEXKJ/EC BCEro, MOBbI-

Gl

LIEHHWE Mpeaera TeKydecTd O .

Oo6nacts 11 Ha nuarpammMe pacTssKeHHS
ABseTcss 00nacTbio 0OpLOBI 32 MPOYHOCTH
(puc. 3.1). 3aech TPOUCXOIUT TUIACTUYECKAS

®

______|q ——
_____mQ______

)Ie(bopMaHHﬂ, T. €. ABWJKEHUE JTUCIIOKAIIAM
YroOsl 3aTPYAHHUTH NEPEMCIICHHUEC
,[[HCHOKaHHI‘;I, HYXHO CO344aThb IPCIATCTBHA Puc. 3.1. Obnactse

¥

JUIS MUX JBMJKCHWS — WM M30aBUTLCA OT MacTUYECKOI aedopManum

JUCIIOKALIUHM COBCEM.

Ynpounenue 3a cuém cozdanus dezdeekmmnslx Kpucmaiios

be3ngedexTHbie KpUCTAMIbl yAaeTCs BHIPACTHTH B BUIAE TOHKUX HHUTEH,
WA «yCOB» (MX JUTHHA HECKOJIPKO MHJUTUMETPOB, ToimmHa A0 20 Mxm). Mx

IIPOYHOCTH JIEUCTBUTETbHO OJTH3Ka K TECOPCTHUYCCKH paCCqHTaHHOﬁ.

Kpucramnsl KpymHbIX pa3MepoB BHIPACTHTh 0€3 Ae(PeKkTOB He y1aéTcs.
He coscem SICHO, UrpacT B MPOYHOCTH «YCOB» INIaBHYH POJIb OTCYTCTBHE ,I[eq)eKTOB
WA TIOBEPXHOCTHOEC HATSXKEHHE. H3,[[eIII/[H, COoOepiKamue TakMe KPHCTAIJILBI, BBICOKOI

IPOYHOCTBIO He 00/1a1atoT.

MokHO CKa3aThb, 4YTO IIOKA 3TOT NYTh CO34dHHA BBICOKOIIPOYHBIX MATC-

pHalloB HC p€aJIM30BaH.

Ynpounenue 3a cuém mopmosxncenus 08UNCYMUXca OUCTOKAYUTL
1) VYnpounenune caMUMH JUCITOKALIUAMMA

B xoxe nmactuueckoi I[e(l)OpMa]_IHH CO31a€TCA TakKasd BBICOKAsA ILIOT-
HOCTDb ,[[I/ICJTOKaHI/II‘:I, 4YTO OHH CaMH HAYHHAKOT B3dHMHO TOPMO3HUTb CKOJIbXKC-

HUE ApyT apyra. BO3HMKaeT Tak Ha3bIBAEMBbIH (J1E€C TUCTOKALHIY .



[Ipy TOBTOPHOM WCIBITAaHUH YXe TpoaedOpPMHPOBAHHOTO 0Opasia

npeaeN TeKyueCcTH oka3biBaeTcs 0ombiie: O, > Oy (puc. 3.2).

O-J'l.

npekpalleHe
MCMEITAHWA

=
nepeoe UCNbITaHue MOBTOPHOE UCNBITAHWE

Puc. 3.2. YnpouHneHnue meTania npyu nOBTOPHOM
HCIIbITAHWH Ha PaCTaKCHHEC

YBenMueHue npenena TEKYy4eCTH CBSI3aHO C IUIOTHOCTBIO AUCITOKAIUA

3aBUCHMOCTBIO
O, =0y T aGb\fp,

r€ 0y — HaNPsOKeHWE CABWIa A0 YNPOUYHEHMS, o — KOd(pPULMeHT, 3aBu-
CALIMK OT NPUPOABI MeTau1a;, (7 — MOYJIb caBUra; b — BekTop broprepca (pa-
BEH PACCTOAHHIO MEXIY COCETHMMHM aTOMHBIMH TUUIOCKOCTAMH), p — TUIOT-

HOCTb JIMCJIOKAIHH.

IIpuMepaMn MCNONB30BAHUS TAKOTO MEXaHW3Ma YIPOUHEHUs SIBJIAIOTCS ApodecT-
PyHHBINA HAKIEN MPYXKUH, PECCOP M LITAMIIOB, TATEHTHPOBAHHE MPOBOJIOKH, YHUCTOBAs 00-
paboTKa MOBEPXHOCTHBIM MJIACTHUECKUM AeopMHupoBaHieM (00KaTka pOJMKaMH, TOPHO-
BaHHME OTBEPCTHIA).

2) VYupouyHeHWE rpaHULIAMHU 3EPEH
B Menko3epHHUCTOM MeTaiie IUIoaab MOBEPXHOCTH 3EPEH B €AMHHULIE
o0BEéMa OoJtbIlie, 4eM B KPYMHO3EpHUCTOM (puc. 3.3). Menko3epHUCTHIH Me-
TaJJT IIPOYHEEC, TaK KdK Ha IMYTH CKOJIBXKCHMS
OUCIIOKAIMK BeTpevaercs 0ombiie 6apbepoB —

rpanul 3épeH: O, > Oy .
3aBHCHMOCTD TIpeAeNia TEKY4YEeCTH OT

pa3Mepa 3€pHa OIMHUCHIBAETCS OTHOIIEHUEM G, <
Xomma—Ilerua:

0. =0y + kd'"?, Puc. 3.3. YnpouHenue

T 0y — HANpsHKEHUE CABUTA 10 YIPOU- TpaHHLaMI 3CPCH

HEHUS, K — MOCTOSHHAS J11 JAHHOTO METalla, d — TuaMeTp 3epHa.
[Tpumepsr: MogudUIITPOBaHKE CMIABOB MPH BBHITUIABKE W JHTHE, PEKPUCTAIUTH3ALINS
CHJIPHO HAaKJIEMAHHOIO META/JIa, U3MEeJIbUeHHUe 3epHa NpH (Ha30BBIX MPEBPALIEHUSX.



3) VYnpouHeHue pacTBOPEHHBIMH aTOMaMH TTPUMECEH
HckaxeHuss peméTky, BbI3BAHHBIE aTOMAaMH TPUMECEH, MEIaloT JHC-
JIOKAIUsIM CBOOOTHO CKOJIB3UTH (puc. 3.4).

B nepBoM NpHUOTMKEHHH YIPOUHEHUE TIPH
] J / @ 00pa3oBaHUM TBEPAOTrO PacTBOpa MOXKHO OIIpe-
1]\~ nenuth 1o Gopmyne Motra-Habappo B 3aBucH-
\ \ MOCTH OT KOJTHYECTBA TIPHMECH:
o, = Ge™C,

Puc. 3.4. YnpouHeHue

TBEIEIM PACTBOPOM rae (5 — MOAYJIb CABHIA, & — NapameTp, 3a-

BUCSIIMK OT pa3jauuus pa3MepoB aTOMOB pac-
TBOPEHHOIO KOMIIOHEHTA ¥ U PacTBOpUTENA Fy, (C — aTOMHAA KOHUEHTpaLUs

PacTBOPEHHOTO KOMIOHEHTA. MOXKHO MPUHATL mapamMeTp & = (¥ — ¥o)/ro.

HpHMepaMH MPUMEHEHHUA TAKOTO MEXaHU3Ma YIIPOYHECHHA ABJIAOTCA MPAKTUYICCKH
BCE CIIJIaBblI B COBpeMEHHOﬁ TexHHKe. Bce OHH SIBISIOTCS TBépI[b]MH pacTBOpaMH. l_[pI/I
3aKajKe CIUIAaBOB CO3MA0T IepechillieHHble TBEP/bIE PacTBOPLI, JOOHBAsACH 3HAYHTEILHO-
ro ynpOuHEeHHUsI.

4) YrnpouHeHHE JTUCTIEPCHBIMU YaCTHIIAMH BTOPO#i (ha3bl

JIuCTiepcHBIC, T. €. OYEHb MEJKHE, YaCTHIThI UMEIOT Pa3Mephl MOpsJIKa
100 aM. Bosee KpyIHbIE YacTHIIBI HE SBJISIOTCSA TaKMM 3(PQEKTHBHBIM Tpe-
MATCTBHEM IS AMCIIOKAITHIA.
BUCTIOKAUS HACHIULL! BIMODOL B35 Orubast MeJIK1e YacTULIbl

/@ (puc. 3.5, 2), QUCIIOKa|u 3a-
MBIKAKOTCS BOKPYr HHX (3),
IPH 3TOM BO3HHKAIOT JKCIIO-

= KallMOHHbIe neTau (4), Wi
IR KombLa. IIpoxoxaeHue MHO-

& KECTBA MHUCIOKAUUH TPHBO-
i IMT K 00pa30BaHHIO TaK Ha-
1 3pIBa€MbIX Kojielr OpoBaHa

(n). HanbHeluiee CKOIbXKEHUE
JUCIIOKALMKA Ha 3TOM y4acTKe

3aTPYAHEHO.
Ecnn yactuub! BTOpoil (asbl He OKpyIJIble, a UrOJbYaThIe, TO AMCIOKAMH «HaMa-
TBIBAKOTCS» HA HUX, KAK HUTKH HA BEPETEHO.

YnpouHeHHe AUCIEPCHBIMM YaCTULAMH 3aBUCHUT OT PACCTOSIHUS MEKIY
HAMH L.:

Puc. 3.5. YnpouHeHue TUCTIEPCHBIMH
4aCTHLAMH BTOPOH (pa3bl

or =0y + (G D)L,

T 0) — HaNpsSHKEHWE CABUTA [0 YINPOUHEHHS, (5 — MOAYJb CABHTA;, b —
BeKTOp broprepca (paBeH pacCTOSHUIO MEKIY COCETHHMH aTOMHBIMH TLIOC-
KOCTSIMH ).

[To TakoMy MeXaHHW3My YIPOYHSIIOTCSA OYEHh MHOTHE CIUIABBI: JIypPaTOMHUHBI, OpOH3HI,
CIUIaBbl TUTAHA, HEKOTOPBIE CTAJIH.

B GonpmmHCTBE COBPEMEHHBIX BBICOKOIPOYHBIX MATEPHUATIOB HCIIOIB3YIOTCS HECKOJIBKO
CIocOOOB yIMPOYHEHUS] OJHOBPEMEHHO: TBEPHBIM PacTBOP U MENKHE YaCTHUIBI XUMHUYECKOTO
COEMHEHMUS, TBEPIBIN PACTBOP C BHICOKOM INIOTHOCTHIO AUCIOKALUM H T. II.



3aganusa
1) OOBsicHUTE CeAYIONMINE SBJICHHS Ha OCHOBE MPEACTABICHUI O TUCTOKAIUSX:

a) XOJOJHAs MEXaHW4YecKasi 00pabOTKa MOBBIIIAET TBEPIAOCTH AOMUHNS;

0) cras, coctosmuid U3 20 % munka u 80 % meau, TBEPKE YUCTOU MEIH;

B) TBEPIOCTH HUKEIS BO3PACTACT MPU BBEJCHUH B HETO YACTUIl OKUCHU TOPHSL.

2) Heo6xoauMo TOJIy9uTh CILIAB:

a) ¢ OOJIBIIUM CONMPOTUBICHUEM JePOpMaIu, TBEPAOCTHIO, MPOYHOCTHIO, MMEIOIIUI
BBICOKYIO JIOJITOBEYHOCTh M PAOOTOCTIOCOOHOCTh MPU padOTE B YCIOBUSX U3HOCA M 3HAYUTEIHHBIX
MEXaHUYECKUX HArPY30K;

0) C BBICOKOW IUTACTHYHOCTHIO, HU3KHUMHU 3HAUYCHHSIMU TBEPIOCTH W CONMPOTHUBIICHHS
nedopMaIui, IMEIOIINUNA XOPOITyt0 00pabaThIBAEMOCTh PE3aHUEM U JIABJICHUEM.

OnumuTe CTPYKTYpY CIlIaBa, KOTOpast 00eCeunT TpeOyeMble CBOMCTBA B 000OHX CIydasx.
3) Ompenenuts mpenen TEKY4eCTH M BEIMYHMHY YIPOYHCHHS MeETalla IOCEe XOJIOIAHOM
nnilocmtzlecxoﬁ nedopmaiui, B pe3yibTaTe KOTOPOH IUIOTHOCTh AMCIIOKAIMKN YBEIUYHIACH 10
107 em ™.

Metann a9, MIla b, um a G, I'lla
AMOMHHHEH 40 0,404 0,3 27
JKENE30 130 0,286 0,2 77

CBsI3b MEATY TIPEICIIOM TEKYYECTH W TJIOTHOCTBIO JIUCIOKAIHA OMTHUCHI-
BAETCA YPaBHECHHEM
or = 0o+ 0-G-b-\p,
re 0y — HANpPsDKEHUE CIBUTA 10 YINPOUHEHHS, o— KO3(pdUuuueHT, 3aBu-
CALIMH OT MPUPOabl MeTana; (7 — Moaysb caABura; b — Bektop broprepca (pa-
BEH PACCTOSIHHUIO MEXKIY COCETHUMH aTOMHBIMH TIIOCKOCTSMH).

4) Cnnas xenesa ¢ 0,8 % yriiepona uMeer CTPYKTYpy TBEPAOIO pacTBO-
pa ¢ IMCHEPCHBIMM yYacTHLAMHU KapOupa xkenesza Fe;C, oueHb TBEPABIMH H
npouHbiMU. Onpenenuts Npeies TEKYUECTH CIUIaBa, €CJIM PACCTOAHUE MEK-
ny yactuuamu Fe;C cocrasnser: a) 20 um, 6) 40 um, B) 60 M, 1) 80 HM,
m) 100 am.

Cuaurtarh, 9TO JUCIOKALMH TPOXOIAT Mexkay dacturamu. [lpenen Teky-
YeCTH 3aBUCHT OT PACCTOSAHUSA MEXK/Y YaCTHULIAMHU CJICYIONIMM 00pa3oMm:

o, =gy + (Gb)/L,

rje o, — HanpsoDKeHHe CABHra 10 YNpoYHeHUs; (7 — MOAYJIb CABHra; b —
BeKkTOp bloprepca (paBeH pacCTOAHHMIO MEXKIY COCETHUMH aTOMHBIMH TUIOC-
KOCTSIMH).

b, um G, I'lla
0,286 77

MeTtann oy, MIla
JKEIE30 130

[TocTponTs Tpadmk 3aBHCUMOCTH 7, = f (1.) © TPOAHATTM3UPOBATH €TO.

5) Onpenenuts mpeaen TEKy4ecTH xelesa ¢ BenuunHoi 3epua 100, 50,
30, 10 u 5 MxMm, ucnons3ys otHomeHue Xosmna—Ilerya:
_ 12
o, =0y +kd",
TJie 0y — HanpskeHue casura Ao ynpodnenus (130 MIla nna xenesa);
112
k — nocrosuHas s fanHoro metaiuia (129 Mlla-mm ™ s skenesa).



ITocTpouTh rpacuk 3aBUCUMOCTH 0, = f (d) ¥ TPOAHATM3UPOBATh €TO.

6) CruiaB amomuHus ¢ 4 % Meau UMEET CTPYKTYPY TBEPIOro pacTBopa
C JWCIEPCHBIMH YacTHIIAMW HWHTEepMeTaTnueckoro coenuaeHns CuAl,,
UMEIOIIMMH  MOBBIIIEHHYIO TMPOYHOCTh. ONpeaenuTh Mpeaes TEKYUYSCTH
CIUIaBa, €ciiu paccrosiHue Mexay yactuiamu CuAl, cocrapinser: a) 24 uHwm, 6)
40 um, B) 60 aMm, 1) 80 HMm, 1) 100 HM.

Cuurarh, 4TO AUCIOKAITMH MPOXOAAT MEX Iy yacTtuiiamu. [Ipenen teky-
YECTH 3aBUCHT OT PACCTOSHUS MEXKAY YACTULIAMHM CJICIYIOITMM 00pa3oMm:

o= 0oy + (Gb)/L,

TJie 0) — HaMpsDKEHUE CBHMra 0 YMpouHeHus, (G — MOAyNb CaBUTA; b —
BeKkTOp broprepca (paBeH pacCTOAHMIO MEXKY COCEAHMMH aTOMHBIMH IJ10C-
KOCTSIMH ).

MeTann oy, Mlla b, um G, I'lla
AMIOMHHHI 40 0,404 27

[TocTpouTs rpaduk 3aBUCUMOCTH 0, = f (1) ¥ MpoaHANTM3UPOBATH €TO.

7) OnpenenuTh HaNPsOKEHHWE CABHTA T, HEOOXOAMMOE, YTOOBI BHITHYTH
JIMHHAKO JUCIIOKALMHK B TMOJIYOKPYKHOCTh MEXAY MEIKHMHU TBEPABIMH YacTH-
LAMHU, PaCNoIOXKEHHBIMHM HA PACCTOSHUM . IPYT OT Japyra.

8) Ipenen Texkyuectn kpynHozepuuctoit arynu 20 MIla. [Tpu Benuuu-
He 3epHa 4 mxm — 120 MIla. Uem oObsICHAETCA TakOoE€ YBEJIUYEHUE U YEMY
paBeH ko3 duruent f s natyau? (o, = f /-d 12 )

9) Onpenenuth Npeaen TEKYYECTH M BEJIMUYMHY YOPOUHCHHUS METallla
MOCJIe XOJIOJHOM TUTACTHUYECKOM aedopMainviu, B PE3yJibTaTe KOTOPOH ILIOT-
. 10 . 2
HOCTb AMCIOKALMK yBenuuuaach 10 10 cm™.

Metajn 6y, Mlla b, uM a G, I'lla
THTaH 450 0,296 0,4 44
HHUKETb 150 0,352 0,3 73

CBsi3b MEXIY MPEACTIOM TEKYUYECTH M TUIOTHOCTBIO AMCIIOKALIHI OMUCHI-
BACTCS YPaBHEHUEM
G, = 0p + a-G-b-\/p,
I Gy — HaIPsSHKEHHWE CABUIa 10 YIPOUHEHHS, 00— KOA(DPHUIIUEHT, 3aBH-
CAIMHAH OT MPHUPOABI MeTaiuia;, (G — MOAYJIb caBuTa; b — BekTOp broprepca (pa-
BCH PACCTOAHUIO MCXKAY COCCAHUMH aTOMHBIMH HHOCKOCT)IMH).



ok wdE

B2 oo~

12.
13.
14.
15.

16.
17.
18.
19.
20.
21.
22.
23.
24,

10) JIBa oOpasiia u3 0AHOTO M TOTO K€ MeTauIa ObUTH TJIACTHYECKH JIe-
(bopMupOBaHbI ¢ YMEHBIICHUEM TUIOLIAAM NonepeuHoro ceuenus. Oaun o0-
pasell npeacTapisieT co00H HMJIMHAP, @ BTOPOH — NPSAMOYrOJIbHbIN napasie-
aenwune 1, Gopma MONepeyHoOro CeUeHus B Xo/e aedopMaliii He H3MEHHIIACh.
HMcxoaHble 1 KOHEUHBIE pa3Mepbl 00pa3IoB CIEAYIONIHE:

Munuuapuyeckuii HMpuzmaTuyeckuii (Mm)

(amametp, Mm)
Hcxommbie pasMepsr 15,2 1257175
KoHeuHbIE pa3Mepsl 11,4 757200

Kako# n3 00pa3ioB nmproOpén HanOOIbITyO TBEPIOCTH Tocie aedop-
Manuu? OObACHUTE OTBET.

11) HepedopmupoBanHblii MeTaul HMMEET CpPEIHUH pasMep 3€pHa
40 MkM. MOKHO U JIOOMTHCS YMEHbBIIEHUS BEIWYMHBI 3epHa A0 10 MKM?
Ecmu na, T0 00BACHUTE, KAKUM CITOCOOOM 3TO MOXKHO CAEIaTh M KakKHe Ipo-
IIECCHI TIPOU3OUIYT B CTPYKTYpE MeTaiia. Eciiu HeT — 00bACHUTE, TToUeMYy.

5.6. Bonmpocsl K 3K3aMeHy
ITonsiTe 0 MPOCTPAHCTBEHHOW KPUCTAIUIMYECKON PENIETKE U 3JIEMEHTAPHOU STUEHKE.
OcHoBHbIe TUIIBI KpUcTAIUTMYEeCKUX pemeTok MetamuioB (OLK, T'LHK, T'TIY).
AHH30TPONIUS CBOUCTB.
KBazuuzorponus B NOJUMKPUCTATUIMYECKOM MaTepurale.
Knaccudukanms nedexron kpucrammueckoro crpoeHus (JIKC).
Toueunble nedextol. Ilonstue o aucnoxkanuu. Kpaesas, BUHTOBas IuCIOKalMU. ['paHMIIbI
3€pEH.
Brnusaune JIKC Ha Mexann4yeckrue CBOMCTBA METAJIJIOB.
Yupyras nedopmaius. OCHOBHbIE MEXaHUYECKUE XaPAKTEPUCTUKHA METAJLIIOB.
[Tnactuueckas neopmarnus. [lmockocTr U HanpaBIEHUS CKOJIBXKEHHS B KpUCTaILIaX.

. Ponp HOPMAJIbHBIX MW KaCaTCJIbHBIX HaprDKCHI/If/'I. CI[BI/IFOBaH ,I[e(i)OpMaI_[I/IH KakK JIBUMXXCHUC

JKC tuna auciokarmii.

. Ilnactuyeckas nedopmaiivs NOTUMKpUCTALIOB. CTPyKTypa M CBOMCTBa J1eOPMHUPOBAHHOTO

MeTasuia.

SBnenue Haknena. Tekctypa gedopmaruu.

JIBa myTH MOBBIIEHUS TPOYHOCTU METAIIOB (cxema OuHra).

TepMmonnHaMuyeckasi HEYyCTOMYUBOCTH 1e(hOPMUPOBAHHOTO METAILIA.

WN3meHeHne CTPYKTypbl M CBOMCTB J1e()OPMHUPOBAHHOIO MeETajljla C  IOBBIIIEHUEM
Temneparypsl. Bo3epar. BakaHCMOHHBIN OT/ABIX.

[Tonuronunzanus. [lepsuunas pexpucraminzanus. CodupaTenbHas peKpUCcTauIn3aiysl.
@DaxTOopHl, BAUSAIOUINE HAa BEIMUNHY 36pHA PEKPUCTANIN30BAaHHOTO METaIa.

Bropuunas pexkpucrannuzanus. TekcTypa peKpuCcTaIH3auH.

[ToHsITHE O XOJIOAHOM, TETIION U TOPsTUEH TUIACTUYECKON e opMaIiiu.

Pazpymenue metamio. Xpymnkoe u Bsizkoe pazpymieHue. Cxema A.d.Modde.

HcnplTanus Ha yAapHYO BA3KOCTb. [IoHATHE 0 TOpOre XJ1aJHOJIOMKOCTH METAJIIIOB.
[Tonumopdusm xenesa. Kpurnueckue Touku xenesa. BzaumozeicTsue xenesa ¢ yriaepoaoM.
@Da3bl KeNe30yTIepOAUCTHIX CIIJIABOB, UX XapAKTEPUCTHKA U CBOWCTBA.

[Ipoueccel  KpucTaUIM3alMM W (OPMHUPOBAHUS CTPYKTYPbl CIJIAaBOB C  Pa3IMYHBIM
COJIEp’KaHUEM yIilepoJa (CTanei v YyryHOB).
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Knaccudukanus ayryHoB 1o Qgopme rpaduTHBIX BKIIOUEHHH U CTPOCHHMIO METAJLTHYECKOM
OCHOBBI.

Cepblii, KOBKHI, BBICOKOIIPOYHBIN YyT'YHBI; [10JIy4€HHUE, CBOMCTBA MapKUPOBKA.
VYriepoaucTsie CTaiy.

Kputnueckue touku craneid. BiausHue yriepoga U IOCTOSHHBIX IPUMECEH Ha CTPYKTYPY U
CBOMCTBA CTaJICH.

Bnusiaue nerupyronmx 31eMeHTOB Ha TOTMMOP(U3M Kemnesa.

MapkupoBKa yriaepoJauCThIX CTAJICH.

MapkupoBKa JIETUPOBAHHBIX CTAJICH.

Kputnueckue touku cranei. lIpeBpaiienne nepiaura B aycTeHUT. PocT 3epHa aycreHuTa npu
Harpese.

BnusiHue BenuuuHel 3epHa Ha CBOMCTBA cTanu. [IpeBpaleHns B cTay IpyU OXJIAXKICHUN.
N3oTepmuueckuii pacraj] NepeoxyaxIeHHOr0 ayCTeHUTa IBTEKTOMIHON cranu. Tpu cTyneHu
IIPEBPALLCHUS.

[MepmutHoe (muddysmonnoe) mnpeBpamenue no Tuny | crynenn. CBolicTBa mepiwTa,
TPOOCTHUTA, COPOUTA.

MaprencutHoe npespaienue (1l crynens). CBoiicTBa MapTeHCHTA.

IIpomexxyrounoe (OeiiHMTHOE) mpeBpamieHre. MexaHu3m npeBpamieHus. CrTpoeHue WU
CBOICTBA MTPOAYKTOB pacraia.

N3oTepMuuecknii pacnaj NepeoxJIaXJIeHHOTO ayCTEHUTA J03BTEKTOUIHBIX U 3a9BTEKTOMIHBIX
YIJIEPOJUCTBIX CTaJEH.

BeiOop Temmeparypbl HarpeBa IOJ 3aKajKy. TepMHUYECKHE U CTPYKTYPHbIC HAINpsDKEHUs,
BO3HHUKAIOIINE [IPU 3aKaJIKE U MEPBI UX OCIA0ICHHUS.

3aKaJInBaeMOCTb U ITPOKAIMBAEMOCTb CTaIH. PaKTOPBbI, BIUAIOIIME HA IPOKAINBAEMOCTbD.
Bnusinue npokaiarBaeMOCTH Ha CBOMCTBA CTAJIH.

Bunsl u  Ha3HayeHue OTHycKa (HM3KOTEMIIEPAaTypHbIH, CpeAHETeMIepaTypHbli U
BBICOKOTEMIIEPATYpPHBII). BiusHue otiycka Ha CBOMCTBA CTAJIH.

Tepmomexanuueckass oOpabOTKa CTajaM, OCHOBHbIE BH[bI, BIMsSHUE 0OpaOOTKM Ha CBOICTBa
CTaJen.

IToBepxHocTHas 3akanka (TBY, nmpu Harpese nazepom).

duznyeckrue 0OCHOBBI XMMUKO-TEPMHUUYECKO 00paboTkH, cBoiicTBa crajiei nocie XTO.
HazHaueHne KOHCTPYKIIMOHHBIX CTaJIed pa3IndYHOr0 XMMHUYECKOTO COCTaBa.
Huskoyrnepoaucteie (uementyemsle ctanu). CocraB, TepMooOpaboTKa, CBOMWCTBA.
Cpenneyrnepoauctsie ctanu (yinydiaemsle) ctainu. Coctas, TepMo0oOpaboTKa, CBOMCTBA.
AnromuHueBble cruiaBbl. VX kiaccudukanus u npuMeHeHHe.
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[l_[P/CMo6mA/TeKA CeM.

B/8 UTBosu e o, 8/8 | Popma koHTpONs | Dx3amen

Komnerenuuu ody4yaromerocs,

OpMHpYeMble B pe3yJibTaTe 0CBOEHHS TUCIHUILIUHBI:

IK-1.1. HpI/IMeHﬂeT OCHOBHBIC 3aKOHBI €CTCCTBCHHBIX HAYK U MAaTCMATUKU B
COOTBETCTBUH C HpO(l)I/IJ'IeM cBOCH HpO(I)eCCP[OHaJ'ILHOfI ACATCIBbHOCTH.

NK-1. Cnocoben IIPUMEHSATh
IIK-1.2. [IpumeHsieT OCHOBHBbIE Hay4yHbIE 3aKOHBI M METOABI JUIS PELICHHS
(yHnaMeHTaIbHbIE 3aKOHBI U TEOPUH .
N npodecCHOHANBHBIX ~ 337ad B  COOTBETCTBUM C INpoduiIeM  CBOEH
COBPEMCHHOH (HM3MKH W XHMHH W o
PO eCCHOHANBHOM eI TEIFHOCTH.
HCTIONIb30BATh ux B .
. IIK-1.3. IlpencraBmenne ©0a30BbIXx g npodeccrnoHaNbHOH — cepsl
npodeccrnoHaNbHOMN AeATeTPHOCTH .
(¢U3MYECKNX MPOLECCOB W  SBICHHMH B BHIC MaTeMaTHYECKOTO(WX)
ypaBHeHsI(1)
Kon ¢popmupyemoii KonuuecTrro MaxcumaJjibHOe Cpox
Conep:xanue 3a1aHus .
KOMIIeTeHIINI MEpONPHATHIi | KOJINYeCTBO 0AJIJI0OB |  NpeoCTaBIeHUS

Beoonwtit 6ok

He npeagycmorpen

|

| |

Ocnoenou 610K

IK-1 'YcTHBIH onpoc 4 8 B Teuenue cemectpa
I1K-1 [TpakTHyeckas pabora 4 16 B Teuenne cemectpa
[IK-1 Brmonnenie VH safitHTa 4 16 B teuenue cemectpa
mabopaTopHOl paboOThI
DKCTPECC-0MPOC MO0 OCBOCHHBIM
IK-1 IoMa CaMOCTOSATEIbHO TEPMUHAM 4 8 B teuenue cemectpa
Y TOHATHAM
IK-1 Pedepar 3 12 B tedenue cemectpa
Bcero: 60
1 Bompoc - 20
[K-1 JK3aMeH o pacniucanuro
2 Bonpoc - 20
Bcero: 40
Hroro: 100
TIK-1 | [ToaroroBKa ONOPHOIO0 KOHCIIEKTA 10 I1o cornacoBanuio ¢
Bcero 6aJ1J10B 110 10NOJIHATEIbHOMY 0JIOKY 10 IpernojiaBaTeaem

[Ikana oneHUBaHUA B paMKaX OaTbHO-peiiTrHTOBOM cucTteMbl MAI'Y: «2» - 60 6amioB u MeHee, «3» - 61-
80 6ayoB, «4» - 81-90 6amnoB, «5» - 91-100 Gamios.




