MuHHCTEpPCTBO HAYKH U BbIcLIero oopa3osanusi PO
PegepajibHOE TOCYIAPCTBEHHOE OI0IKETHOE 00pa3oBaTe/IbHOE YUpeKIeHue

BbICIIET0 00Pa30BaAHUA

«HanuoHanbHBIN HccIeI0BaTeIbCKUN yHUBepcuTeT « MIU»

®opma o0yuenusi: Ounas

Hanpasienue noaroroBku/cnenuanbHocTb: 13.04.03 DHepreTnyeckoe MalIMHOCTPOEHUE
HaumenoBanue o6pa3zoBare/ibHOM nporpamMmmbl: IIpou3BoacTBO 3HEPreTHYECKOro 000py/10BaHUSA

YpoBeHnb 00pa3oBaHusi: Bbiciee 00pa3oBaHMe - MarucTpaTypa

Pabouass nporpaMma QM CHUILIHHBI
CIIEINAJIBHBIE BOITPOCBI MATEPUAJIOBEJIEHUSA

biaok:

Baok 1 «/Iucuuniunsl (MoxyJim)»

Yactb 00pa3oBaTesbHOM
NPOrpamMMblI:

YacTsb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBIX OTHOIIEHUIA

Ne IMCHUIIJIMHBI 0 YYeOHOMY
IJIaHy:

b1.4.04

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

1 cemectp - 5;
3 cemectp - 2;
BCero - /

Yacos (Bcero) no yueoHomy
MJIAHY:

252 yaca

Jexknun

1 cemectp - 32 yaca;
3 cemecTp - 16 yacos;
Bcero - 48 yaca

HpaKTuquKne 3aHATHA

He NMPeyCMOTPEeHO YUeOHbIM MJIAHOM

JlaGopaTopHble pa6oThI

1 cemectp - 16 yacos;
3 cemecTp - 16 yacos;
Bcero - 32 yaca

Kouncynabranuu

1 cemectp - 2 yaca;

CamocTrosiTesibHasi padoTa

1 cemectp - 129,5 yaca;
3 cemectp - 39,7 yaca;
Bcero - 169,2 yaca

B ToM unciae Ha KII/KP

He MPeAYCMOTPEHO Y4eOHBIM MJIAHOM

HNnas koHTakTHas padora

MPOBOAUTCS B PAMKAX YaCOB Ay/IMTOPHBIX 3aHATHI

BKJIIOYAS:

JlaGopaTopnasi pabora
Pacuyerno-rpaguyeckas pabdora
KoaokBuym

HpomemyTquaﬂ aTTrecrauud:

IK3aMeH
3ayer c oneHKOM

1 cemectp - 0,5 yaca;
3 cemectp - 0,3 yaca;
Bcero - 0,8 yaca

Mocksa 2025




NPOI'PAMMY COCTABMUJI:

[IpenoaBarenn

MognucaHo anekTpoHHo nognuceio ®TEOY BO «HUY «M3U»

Ceenennn o enagensue L3N M3K

Bnageney,

Bosikos I1.B.

WaentnuraTtop

Rae5921e8-VolkovPV-971cc7f4

I1.B. Bonkos

COI'ZTACOBAHO:

PykoBoguTens
00pa30BaTEIbHON IPOrpaMMBbI

SYETE

MognucaHo anekTpoHHo nognuceio ®TEOY BO «HUY «M3U»

Ceenennn o enagensue L3N M3K

Bnageney,

Bosikos I1.B.

WaentnuraTtop

Rae5921e8-VolkovPV-971cc7f4

I1.B. Bonkos

3aBeyIOIIMI BBITYCKAIOIICH
kadenpoi

MoanucaHo 3NeKTPOHHON nognuckio $TEOY BO «HUY «M3IU»

Ceefenua o Bragensue L3N M3aKn

Bnageney,

roH4apoe A.J1.

Wpentndukatop

ledb7e3c-GoncharovAL-b043abe

A.JIL. 'onyapoB




1. IEJIX U 3AJTIAYN OCBOEHUSA JUCHUIIJIMHBI

Leab ocBoeHust AUCHMILIMHBI. Llenb OCBOEHMS AMCHUIUIMHBI COCTOUT B HM3YYEHUHU BIMSHHUSA
0ocoOeHHOCTEeH cTpoeHHs M (PAa30BBIX MPEBPALICHUN KOHCTPYKIIMOHHBIX MaTepHa-JIOB SHEPreTUYECKOTrO
000py/JOBaHUS HA UX CBOMCTBA..

33[[3‘11/1 AUCHHUIIIMHBI

- (bOpMHpOBaHI/Ie MPEACTABJICHUA O BIUAHUA I[e(beKTOB KPUCTAINIMYECKOI'O CTPOCHUA HA CBOMCTBaA

JICTUPOBAHHBIX cTajeu u CIINIaBOB, IPUMCHACMBIX B OHCPI'CTUKE,

- IpHOOpPETEHUE HABBIKOB aHan3a (Pa30BBIX MPEBPAICHU, IPOUCXOISAIIIX B KOHCTPYKIIMOHHBIX
MaTepHantax YHEPreTHYeCKOro 000pyI0BaHHS;
- M3y4eHHE BIHsAHUS (a30BbIX MPEBPAIICHHN HA CBOWCTBA KOHCTPYKIIMOHHBIX MaTEepUaioB
HEPTEeTHYECKOro 000pyIOBAHHUS;
- OCBOCHHE OCHOBHBIX IPHHIIMIIOB JICTHPOBAHUS U MEXaHU3MOB YIIPOYHEHHUS JICTHPOBAHHBIX
crajei u CIIJIaBOB, IPUMCHACMBIX B OHCPI'CTUKE,
- OCBOCHHE OCHOBHBIX 3aKOHOMEPHOCTEH (POPMUPOBAHHS CTPYKTYPhI CBAPHBIX COCHMHEHUI 13

JICTUPOBAHHBIX cTajeu u CIINIaBOB, IPUMCHACMBIX B OHCPI'CTUKE,

- U3y4eHHE OCOOCHHOCTEH CTPOCHHSI METasllla CBAPHBIX COCIUHEHUH JISTUPOBAHHBIX CTaleil
Pa3HBIX CTPYKTYPHBIX KJIACCOB,;
- U3y4eHHE 0COOECHHOCTEH CTPOCHHS U (POPMHUPOBAHUS CTPYKTYPhl aHTHKOPPO3HUOHHOM HaIlJIaBKU.

CDOpMI/IpyeMLIC y o6yqafomeroc>1 KOMIICTCHIUHN U 3allJTAaHUPOBAHHLIC PE3yJibTaTbl Oﬁy‘IEHHﬂ 10
JUCHUIITIMHE, COOTHCCCHHBIC C HHAUKATOPaAMHU JOCTUKCHUA KOMIIeTEeHIIMIi:

Koa n HanmMeHoBaHue
KOMIIeTeHIINH

Koa u HamMeHOBaHHe
HHIMKATOPA 10CTHKEHHS
KOMIIETEeHIIUH

3amiaHNpOBaHHbIE Pe3yJbTAThI 00yUeHUs!

PIIK-7 Cniocoben
y4acTBOBATh B MPOBEACHUH
HAyYHBIX UCCIICIOBAHUI B
00J1aCcTH TTPOU3BOICTBA
00BEKTOB
npodecCuOHATbHON
NESTENIbHOCTH, a TaKXKe
KOHTPOJISI ¥ IMArHOCTUKH
CBOMCTB U CTPYKTYPHI
MaTepHaJIOB 3TUX OOBEKTOB

N J1-3prk-7 JdemoHcTpupyeT
MMOHMMAHUE BIUSHUS
0COOEHHOCTEH CTPYKTYpPHI Ha
CBOMCTBA KOHCTPYKIIMOHHBIX
MaTepuaIoB SHEPTETHIECKOTO
000pyI0BaHUS

3HATH:
- 3aKOHOMEPHOCTH (ha30BBIX MTPEBPAILECHUI
IIPY IEPBUYHON U BTOPUYHOU
KPUCTAJUIM3aLUU B HEPABHOBECHBIX
YCIIOBUSIX OXJIAKICHUS.

YMETB:
- QaHAJIM3UPOBAThH BIIMSIHUE CTEIICHU

I1acTu4YecKkou nedopmManuu 1 1eeKToB
KPUCTAJIJINYECKOIO HA CBOWCTBA
MaTepUajoB, IPUMEHSIEMbIX B SHEPTE€TUKE;
- OLICHUBATh CTPYKTYpY U (a30BbIil cOCTaB
10 MapKe JISTUPOBAHHBIX CTaJIeH
ayCTEHUTHOTO, ()EPPUTHOTO,
MapTEHCUTHOTO, (PEPPUTHO-
MapTEHCUTHOTO KJIACCOB U JKEJIE30-
HUKEJIEBBIX CIUIaBOB, a TAKXKE
000CHOBBIBAaTh HA3HAYCHUE
TEpMOOOPaOOTKH /ISl ATUX CTaJIeH U
CTapeIoIMX CIIJIaBOB, aHAJTU3UPOBAThH
BIIUSTHUE TEPMOOOPaOOTKH Ha CBOICTBA
ATHX MaTEpUaJIOB;

- IPOBOJUTH aHANU3 AHarpaMm (pa3oBoro u
CTPYKTYpHO-(pa30BOro paBHOBECHS, a
TaK)K€ TEPMOKMHETHYECKHUX AUArpaMM
pacnazia ayCTEeHUTa;

- aHaJIM3UPOBATH CTPYKTYpHO-(pa3oBbIE
IIPEBPALCHNsI B AHTUKOPPO3UOHHOMN




Koa u HaumeHoBaHue Koa u HaumeHoBaHMe 3anﬂaﬂnp03aﬂﬂue PeE3yJabTaThI Oﬁy‘leﬂﬂﬂ
KOMIIETCHIINH HHAUKATOpa JOCTHKCHUSA
KOMIICTCHIIUHA

HaIlIaBKe, pacrpesieiieHue B Hel
XUMHUYECKUX 3JIEMEHTOB U TBEPJIOCTH, a
TaKXe PUYUHBI BOSHUKHOBEHUS
HaIpSKECHUU;

- KlTaccu(uuupoBaTh JePEKTh CBAPHBIX
COEJIMHEHU, IPUMEHSIEMBIX B SJHEPIEeTUKE
Y aHAJIM3UPOBATh IPUUYMHBI UX
BO3HUKHOBEHUS M CIIOCOOBI
IPEJOTBPALEHUS UX MOSIBICHMUS;

- aHaJIM3UPOBAThH BIUSHUE BHUJIa CBAPKU Ha
CTPYKTYPY U CBOMCTBA CBapHBIX
COCIMHEHUH U3 MaTepUalIOB,
IPUMEHSEMbIX B SHEPTE€THKE;

- OMIPEACNIATh OOBEMHYIO JOJI0 (Pa3bl 1
pasmep 3epHa 1 aHAJIN3UPOBATh
MEXaHU3MbI YIIPOUHEHUS CTajel
HEPIAUTHOTO KJIacca;

- OIPEIENATh KOJTUYECTBO CTPYKTYPHBIX
COCTaBJIAIOLIUX CBAPHBIX COCAUHEHUH 1
TBEPAOCTH MUKPOCTPYKTYP IO
TEPMOKHMHETUYECKHM JMarpaMM pacraja
ayCTEHUTA,

- QHAJIM3UPOBATh B3aUMOCBSI3U CTPYKTYP
CTaJiell IePIUTHOTO KJlacca, IapaMeTpoB U
BUJIa TEPMOOOPAOOTKHU U CBOMCTB, a TaKxkKe
MPUYHHBI U3MEHEHUS CTPYKTYPHI U
CBOICTB B 3aBUCUMOCTH OT
TEpMOOOPAOOTKH, BBISIBIISITH KPUTUUECKUE
TOYKHU MPEBPALICHUN B 3TUX CTAJIAX,
OILICHUBATh CTPYKTYPY U (a30BbIi COCTAB
10 MapKe JIETUPOBAaHHOM CcTau
NEPJIUTHOTO KJlacca.

2. MECTO JUCIUILIVHBI B CTPYKTYPE OBPA30OBATEJBHOM ITPOT'PAMMBI BO

JucuurniauHa OTHOCUTCA K OCHOBHOM TpodeccHOHaIbHOM  00pa3oBaTeIbHOM MporpaMme
[TpousBoacTBO PHEpreTuyeckoro obopynosanus (nanee — OIIOII), nanpaBnenus moaroroBku 13.04.03
DHepreTnyeckoe MalIMHOCTPOEHUE, YpOBEHb 00pa30oBaHUs: BhICIIee 0Opa30BaHUE - MarucTparypa.

Baszupyercst Ha ypoBHe BeIciIero o0pa3oBaHus (0akalaBpHar, ClieUATUTET).

Pe3ynbrarhl 00y4ueHUs, OIyYEHHbIE IPU OCBOEHUH IUCHUIUIMHBI, HEOOXOIUMBI IPU BBITTOJIHEHUN
BBIITYCKHON KBaTM(PUKAIMOHHOMN pabOoTHI.




3. CTPYKTYPA U COAEP)KAHUE JUCHUIIJIMHbI
3.1 CTpyKTypa TUCHUNJIMHBI

OO01as TpPyJI0eMKOCTh JUCIUTUTMHBI COCTABIISIET 7 3a4€THBIX €IUHMII, 252 Jaca.

PacnpenencHue TpyoeMKocTH pasjena (B 4acax) Mo BHUIAM YIeOHOH paboThI

Pasesb1/TeMbl 8| a
Ne JTUCIUTUTAHBL/ (D OPMBI § % § KonrakTHas pa6ora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i POMEKYTOUHOM o &| 3 Koncynbranus UKP PaGora B Hozroroska k METOMYECKHE YKAa3aHUs
aTTeCTAINH 8| © | Jlex JIab | Ip — - VKK | TK A CeMECTDE aTTeCTalluu
/M P /KOHTPOJTB
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 Hedexto 32 1 8 4 - - - - - - 20 - CamocmosmenbHoe uzyuenue
KPHCTAJUTUUECKOTO meopemuueckozo mamepuana: I1oaroToBka K
CTPOCHHUS 3aIuTe J1abopaTopHOi paboThl «BiusHue
KOHCTPYKIIMOHHBIX XOJIOJTHO# TIacTHYeCKOr ieopMalvy Ha
MaTepHaJioB CTPYKTYpPY U CBOICTBAa METaJIJIOB)
11 Hedextor 32 8 4 - - - - - - 20 - H3yuenue mamepuanos 1umepamypHsLx
KPHCTAJUTUUECKOTO UCHOYHUKOB:
CTPOCHUS [1], c. 16-26, 43-59
KOHCTPYKIIMOHHBIX [10], c.15-23, 50-60, 144
MaTepHaioB [13], c.6-39
2 Crpoenue TBepabIX a3 46 4 4 - - - - - - 38 - CamocmosamensbHnoe usyuenue
u popmupoBaHHe meopemuyeckozo mamepuana: 11o1roToBKa K
CTPYKTYPBI 3aruTe J1abopaTopHBIX paboT «AHamu3
METAJUTMYECKIX nuarpaMm ($pa3oBOro u CTPyKTYpHO-(ha3oBoro
CILIABOB paBHOBECHSI IByXKOMITOHEHTHBIX CILJIABOBY U
2.1 | Crpoenue TBepabIX (a3 46 4 4 - - - - - - 38 - «AHau3 TEPMOKHHETUIECKUX TUArpaMm
u popmupoBaHue pacriazia nepeoxaXKJAeHHOro ayCTeHUTa
CTPYKTYPBI JIETUPOBAHHBIX CTaJIeH»
METaTHYECKUX H3yuenue mamepuanog iumepamypnolx
CIIaBOB UCHOYHUKOB:
[1], c. 90-96, 118-120
[2], c. 64-71
[3], c. 167-178, 183-189
[10], c. 154-166, 190-193, 285-290
[13], c.40-60
3 KoncrpykuuoHHsie 66 20 8 - - - - - - 38 - Ilod20moeka pacuemnvix 3a0anuil:
MaTepualbl BrinonHeHe pacueTHOTro 3a/1aHus
3.1 KoHcTpyKImoHHbIE 66 20 8 - - - - - - 38 - "TIpoBeneHNE KOTMYSCTBEHHON OIICHKU
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MaTepurajbl

npeziena TeKy4ecTH U U3MEHEHUS TeMIIEPaTy bl
XPYIKO-BSI3KOTO TIEpeXo/1a 10 rnapamerpam
CTPYKTYpBI"
Camocmoamenvroe usyuenue
meopemuyeckozo mamepuana: 1. [lonroroka
K 3ammre JJabopaTopHbIX padot «CTpyKTypa,
CBOMCTBA U TepMUIECKasi 00paboTka
KOHCTPYKIIMOHHBIX JISTUPOBAHHBIX CTaJICH
HEPIINTHOTO Kinaccay, «CTpyKTypa, CBOHCTBA,
TepMHUYECKas 00pabOTKa BBICOKOXPOMHUCTHIX U
XPOMOHHMKEJICBBIX JICTUPOBAHHBIX CTaﬂeﬁ, a
TaKke cTaperomux cruiaBosy 2. [Toaroroska k
3aIIUTE PACUETHOTO 3a/IaHMSI.
H3yuenue mamepuanog 1umepamypnolx
UCIOYHUKOB:
[1], ¢.334, 336-337, 355-361
[2], c. 285-291, c. 328-340
[3], c. 380-382
[4], c. 4-15, 18-33, 40-52
[5], c. 3-12
[10], c. 86-92
[11], c. 399-403, 297-299, 312-323, 394-399,
406-416, 491-503
[13], c.61-73

DK3aMeH

36.0

0.5

33.5

Bcero 3a cemecTp

180.0

32

16

0.5

96

335

Hroro 3a cemecTp

180.0

32

16

05

129.5

JedexTsr cBapHBIX
COEIMHEHU I

11

Camocmoamenbhoe uzyuernue
meopemuueckKo2o wamepuaia. HOI[FOTOBI(EI K

4.1

JedexTsr cBapHBIX
COEIMHEHU I

11

3ammTe J1abopaTopHBIX padoT «Makpo- u
MHUKpOAe()EKTH MeTalIa CBAPHBIX
COeUMHEHUI», "OCOOCHHOCTH ONpeACTICHHUS
XapaKTePUCTUK MEXaHUUECKUX CBOMCTB
CBapHBIX COeIMHEHNN".

H3yuenue mamepuanios iumepanmypHvlx
UCHOYHUKOG:

[8], ¢.207-210
[9], c. 82-93, 97-108
[14], c. 9-13




5 3aKOHOMEPHOCTH U 10 Camocmoamesibioe uzyuenue
MEXaHHU3MBI (ha30BBIX meopemuueckozo mamepuana: I1oaroToBka K
NpeBpaIleHNH pu KOJUIOKBHYMY «3aKOHOMEPHOCTH (ha30BBIX
HEepPBUYHON U NpEeBpAaLICHHI B HEPABHOBECHBIX YCIIOBHIX
BTOPHYHOH OXITAXKICHUS».
KPUCTaJUTU3ALIHU B H3yuenue mamepuanos numepamypHsix
HEepaBHOBECHBIX UCHOYHUKOG:
YCIIOBHSIX OXJIQKICHHS [1], c. 223-228, 231-235
5.1 3aKOHOMEPHOCTH H 10 [6], c. 51-55
MeXaHU3MBI (Pa30BBIX [7], c. 163-169, 274-275
NpeBpalleHni mpu [10], c. 148-153
MEepBUYHOI U [14], c.14-28
BTOPUYHOHU
KpUucTauin3anuu B
HCPABHOBECHBIX
YCIIOBHSX OXJIQXKICHUS
6 dopmupoBanue 20 Camocmoamenvnoe usyuenue
CTPYKTYpPBI MeTaslia meopemuueckozo mamepuana: I1on1rotoBka K
CBapHBIX COCIMHECHUH. 3aiuTe J1abopaTopHOi paboThl «CTPYKTypa
CTpoeHue MeTaIa MeTaJlla CBAPHBIX COCTHHEHUID .
CBapHBIX COCIMHECHUM H3yuenue mamepuanos numepamypHsix
cTaJiei pasHbIX UCHOYHUKOG:
CTPYKTYPHBIX KIJIACCOB [9], c. 6-13, 30-53
6.1 dopmupoBaHue 20 [12], c. 82-92
CTPYKTYpBI MeTaJlIa [14], c.29-45
CBApHBIX COETMHEHUH.
Crpoenue mMetamia
CBApHBIX COEMHEHUN
CTaJIEl Pa3HbIX
CTPYKTYPHBIX KJIACCOB
7 AHTHKOPPO3UOHHAS 13 CamocmosamensbHnoe usyuenue
HAIUIaBKa ayCTCHUTHOM meopemuueckozo mamepuana: I1oaroToBka K
CTaJIU Ha NEPJIHUTHYIO 3amuTe J1abopaTopHOi paboTsl «CTpyKTypa
7.1 . AHTHKOPPO3HOHHAs 13

HaljlaBKa HYCTCHHTHOﬁ
CTaJId Ha NEPJIUTHYIO

aHTI/IKOppO3I/IOHHOﬁ HallJlaBKH1 aYCTCHHTHOﬁ
CTaJId Ha NIEPJIUTHYIO».

H3yuenue mamepuanos 1umepamypHslx
UCMOUYHUKO6.

[9], c. 54-60
[14], ¢.46-53




3a4er ¢ OLEHKOI 18.0 - - - - - - - 0.3 - 17.7
Bcero 3a cemecTp 72.0 16 16 - - - - - 0.3 22 17.7
Hroro 3a cemecTp 72.0 16 16 - - - 0.3 39.7

HUTOro 252.0 - 48 32 - 2 - 0.8 169.2

Ipumeuanue: Jlex — nexuuu; JIab — naboparopusie padboTsl; [Ip — npaktudeckue 3ausatust; KIIP — aynuTopHble KOHCYIBTALUHU IO KYPCOBBIM
npoektam/padoram; MKKII — unauBuayansHbie KOHCYIbTAIIMU 0 KYpPCOBBIM IpoekTam/padoram; ['K- rpymmnoBsie KOHCYIbTAIUU 110 pa3aesaam
muctumuinael, CP — camocrositenbHas pabota crynenrta; MKP — unast konraktHas padota; TK — Texynuit koHTpoiis; [TA — npoMexyrodHas
aTTecTalus




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Jlechexmbl kpucmannuuecko2o cmpoenus KOHCMPYKYUOHHBIX MAMEPUATLO8

1.1. JedexThl KpUCTANIMYECKOTO CTPOCHUS KOHCTPYKIIMOHHBIX MaTepHalloB

OCHOBHBIE TUITBI KPUCTAJUTMYECKUX PEIIETOK U WX XapakTepucTuku. OO03HAYCHHE TIOCKOCTEH
U HamnpaBlieHUH B KyOUYECKUX U FeKCaroHadbHOW KPUCTAIIMYECKHUX peleTKaxX. THUIbl JUCIOKALUH,
BekTOp broprepca. CmocoObl IBUXKCHHS JTUCIOKAIMA: KOHCEPBATHBHOEC M HEKOHCEPBATHBHOE
nepemenienre. Cwia TeHus peuietku (Hanpspkenwe Ilaiiepnca). Mctounuku ®panka-Puma. Jlec
nuciokanui. Ilomyaucnokauus ®panka. llepeceuenune aucnokauuii. BiusHue aucinokauuii Ha
nedopMalmoHHOE yrpoyHeHue. YacTuuHble Auciaokanuu U nedeKTsl yrnakoBok. Bzanmonelictue
aTOMOB TMPUMECEH C JUCIOKAIMAMHU U JePeKTaMu YIIaKOBOK. MallOyrJIOBbIe W OOJBINIEYTIOBHIE
rpanuibl 3epeH. KorepeHTHas M moiyKorepeHTHas rpanuibl. OmnpeleneHue pasMmepa 3epHa U
00BeMHOI 107U a3 MeToaMu KoJlndecTBeHHON Metaiutorpaduu. Cetku OpaHka.

2. CmpoeHue meepdblx d)as u d)opmupogaﬁue CmMpyKmypbsl Memaiiu4eCKux cnideos

2.1. Ctpoenmue TBepasIx (a3 u GopMUpOBaHKE CTPYKTYPhI METAIUTMYECKUX CIJIABOB

[TonsiTus ¢aspl, KOMIIOHEHTA U Yuciaa creneHerd cBob6oapl. IIpaBuno ¢da3 (npasmio ['m66ca) u
npaBuia oTpe3koB.. Kiaccuduramms ¢a3. Teepaple pacTBOpPH BHEIAPEHUS M 3aMELICHHUS.
OrpaHuyeHHblE W  HEOrpaHMYEHHbIC TBEpAble  pacTBOpbl. JlMarpaMMmbl  COCTOSIHUSA €
NEPUTEKTOUAHBIM TIpeBpanieHneM. JluarpaMMmbl COCTOSIHHSL JUIS  CIIABOB  MOJUMOP(GHBIMU
IpPEBpalCHUSIMUA.  YTIOPSIOUEHHbIE TBepAble pacTBOpbl. CBEPXCTPYKTYpHas  JUCIOKAlMA.
[TpomexxyTounbie (a3pl MOCTOSHHOTO cOCTaBa. DIeKTpoHHBIE coenuHeHus (dazer KOm-Poszepn),
curma-assl, ¢aszpl JlaBeca M mHpoMexyTouHble (a3bl BHEAPEHUs. YCIOBHS OOpa3oBaHUS U
cBoiicTBa 3TUX (a3. JmarpaMMbl paBHOBecHs B ciydae oOpa3oBaHus MOJOOHBIX (a3. JJuarpamma
COCTOSTHUSI ¢ 0c000i Toukoi. CBOICTBA CIUIABOB MpPHU HAIMYUU 3TUX (a3 B CTPYKType CILIABOB.
VYcnoBust oOpasoBanusi U Qopma 3apoxbima HOBoW ¢as3bel. Poct ¢asel. Hopmanbnbli pocr,
KOHTPOJHMPYEMBIH MpoueccaMu Juddy3un: NpeBpalleHuss MpU MOCTOSHHOM U H3MEHSIOIIEMCS
cocraBax (muddy3nonHoe mpeBpamieHue). MaprteHcuTHoe TipeBpamieHne. OcoOeHHOCTH
MapTEeHCUTHOTO MpPEBpallleHHs] B CIUIaBaX Ha OCHOBE jkene3a. Pacmaj mepechlleHHOro TBEpAOTo
pactBopa. [IpomexyrouHoe (OEHHUTHOE) TpEBpaIICHNE; TEMITEPAaTyPHBII HHTEPBA U KHHETHKA.

3. Koncmpyxuuonnvle mamepuaisl

3.1. KoHcTpyKLIMOHHBIE MaTepUabl

Cranu nepautHoro kiuacca. IlyTw NOBBIIEHMS NPOYHOCTHM KOHCTPYKLMOHHBIX MaTEpHaJIOB,
IIPUMEHSAEMBIX B DHEPre€TUKE: YIPOUYHEHHE TBEPJAOTO PACTBOpA, YINPOYHEHHUE 3a CYET MEPIUTHOU
COCTaBIIAIOLICH, JedopMallMOHHOE, IUCHEPCHOHHOE, 3E€pHOrpaHMYHOE YNpOo4yHEeHue. BiusHue
HEMETAJUIMYECKUX BKIIOYCHHM Ha MEXaHUYECKHME CBOWMCTBA CTaled. BnmsHue paauyca IMOpsI
KPUCTAJZIMYECKON PELIETKH Ha YIapHYH BA3KOCTb. OCHOBHBIE JIETUPYIOIIME 3JIEMEHTHI CTajed
MIEPJINTHOTO KJIACCA U UX BIUSHHE HA CBOMCTBA TBEPJOTO pacTBOpa. BzauMoaeicTBre JErHpyronmx
AIIEMEHTOB C yriepojaoM.Pacmpenenenue nerupyrommx KapOuaooO0pa3yromux 3JIEMEHTOB MEXIY
dbepputoM U KapOugamMu. BiusiHue Ierupyromux 5>JI€MEHTOB Ha pa3Mep 3epHa. Tepmudeckas
oOpabotka. [IpenBapurenbHas U OCHOBHAs TepMUUecKas oOpabOTKa CTajeil MEepIUTHOro Kiacca.
[Tonstue ¢nokeHos. [IporuBodaokeHHass 00paboTka. BbICOKOXpOMHCTBIE KOPO3MOHHOCTONKHE
CTaJIl MapTEHCUTHOT'O, MAPTEHCUTO-(PEPPUTHOTO U (PEPPUTHOTO KIAccoB. BiMsHMe KOHIIEHTpauu
yTiIepoJia U JOMOJHUTEIBHOIO JETMPOBAHNS HA CTPYKTYPY U CBOMCTBA BBICOKOXPOMHMCTBIX CTaJEH.
[TpryrHbI BO3HUKHOBEHMS XJIQIHOJIOMKOCTH, XpYNKocTH 475 rpaaycoB U curMma-assl B CTajsx
bepputHOro Kiacca. MexaHu3M U MPUYMHBI BO3ZHUKHOBEHUS U MEXKPUCTAITIUTHON KOPpPO3UU B
cTansax QepputHoro kiuacca. Mepbl O0pbOBI ¢ MEXKPUCTAIUTHON Kopposuei. CymnepdeppuTsl.
BinsHne CTpyKTypbl Ha KOPPO3HOHHYK) CTOMKOCTH BBICOKOXPOMUCTBIX craneil. Tepmuueckas
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o0OpaboTka craneit heppuTHOrO U (PeppUTO-MAPTEHCUTHOTO KIACCOB.. XPOMOHUKEJIEBBIC CTATH U
CIUIaBbl AyCTEHHTHOTO Kjacca. BiusHHE CTPYKTYphl Ha KOPPO3WOHHYIO CTOWKOCTh. BimsHue
pamuyca Mopbl KPUCTAUTMYECKOH pemeTkd UM Kod(p(UIMEeHTa KOMIIAKTHOCTH HAa MEXaHWYECKHE
CBOWCTBA cTajield ayCcTeHUTHOro kiacca. COOTHOIICHHWE XpoMa M HUKENs, HeoOXOoIuMoe s
(dbopMHUpOBaHUs ayCTEHUTHOM CTPYKTYphl. Biusnue anbda-hasbl, BeTuunHbl 3epHa, curMa-gas3sl Ha
KapPOIPOYHOCTh, KOPPO3UOHHYIO CTOWKOCTh M TEXHOJOTHUYECKUE CBOMCTBA ayCTCHUTHBIX CTaJICH.
MexaHu3M U TPUYHHBI BOSHUKHOBEHHS M MEXKPHCTAIIMTHON KOPPO3UH B CTANSX ayCTEHUTHOTO
kinacca. Cra0uim3anusi ayCTEHUTHBIX CTajled NpHCcaJKaMH THTaHa W HUoOWs. Tepmuueckas
00paboTKka ayCTEHUTHBIX cTaneil ¢ ogHodasHoU cTpykTypoil. CTamum ayCTEHHTHOrO Kiacca ¢
MHOTO(a3HOH CTPYKTYpOH. AYCTEHUTHBIC CTaJd M CIUIaBBl C KapOWIHBIM YIIPOYHCHHEM, HX
TepMUYecKass 00paboTKa. AYCTEHHTHBIC CTAIM M CIUIaBbl ¢ MHTEPMETAJUIMIHBIM YIPOUYHCHHEM.
Tepmuueckas 00paboTka, odecrieunBarolias Handoyee BEICOKUE )KapOIIPOUHbIe CBOMCTBA.. CIIIaBbI
Ha OCHOBE HUKeNA U TUTaHa. CIulaBbl HA OCHOBE HHUKENs: 000CHOBAHUE JIETHPOBAHUS KAPOCTOUKHUX
U JKapOTPOYHBIX CIUIaBOB. Tepmuueckas oOpaboTKa HUKEJIECBBIX CIUIABOB. THTaH M CIUIaBBI HA €TO
OCHOBe. MeToJpl TMONYYEeHUsI TUTaHa M OCHOBHBIE cBoicTBa. Knaccudukanus merupyrommx
2JIEMEHTOB B THTAHOBBIX cIutaBax. CIUlaBbl Ha OCHOBE THTaHA: KJIaCCU(UKAIMS, TEpPMUYECKast
00paboTKa u 006JaCTH IPUMEHEHUSI.

4. lechexmui ceapnulx coeounenuu

4.1. ledexTsl CBapHBIX COCTUHEHUI

Knaccudukaryst neeKToB CBapHBIX COSAMHEHHH. ['Opsiure TpeMHbL: KPHCTAIUTN3AOHHbIE 1
MOJICOJIMTyCHBIC, TPHUYMHBl BO3HUKHOBEHHS, MEpbl OOphOBI. XOJOIHBIC TPEIIUHBI, MPHIUHBI
BO3HUKHOBEHUS M Mepbl OoprObl. OOpazoBaHue NOp M (DJIOKEHOB B CBAapHBIX COEAMHEHUSX.
JedexTsl, xapakTepHbIe AJIs1 CBAPHBIX COCTUHEHHUHN TIPU 3JIEKTPOHHO-TTy4eBOU CBapKe.

J. 3ClKOHOM€DHOC‘mu U mMexarusmbl d)a306blx I’ZD€6DCIW€H1/HZ npu nepeulmoﬁ u 6m0pl/l"IH01/7
Kpucmaiiu3ayuu 6 HEpAeHOEECHbLIX VCIIOBUAX OXJANCOCHUS.

5.1. 3aKOHOMEPHOCTH U ME€XaHMU3MBbI (Pa30BbIX MPEBPALICHUN NPU NEPBUYHON U BTOPUYHOMN
KPUCTAJIIIM3aMU B HEPABHOBECHBIX YCIOBHUSAX OXJIAXICHUS

BausiHue ckopocTM HarpeBa M OXJ@XKICHHMS Ha TeMIeparypsl (a3oBbIX IpeBpalleHui.
HepaBHoBecHas kpucTamin3anys CIUIaBOB C IMOJHOM pacTBOPUMOCTbIO KOMIIOHEHTOB B TBEPJOM
cocrosnuu. Koapduuuent pacnpenenenus. Kpucrammuzanus 3BTEKTUKHM W TEPUTEKTUKU B
HEPAaBHOBECHBIX YCJIOBUAX. Poyib cTpoeHus MexdasHbIX IpaHull B (a30BBIX MPEBPALICHUSX.
['omorenHoe (GuyKTyalluOHHOE) M TeTepOreHHoe 3apoxjaeHue (a3. BausHue ckopoctu
OXJIQKJIEHUS HA XapaKTep BblieJeHUs HOBoM (a3bl. OOpa3zoBaHNEe BTOPUYHOIO TBEPAOrO pacTBOpA.
OBTEKTOMIHOE MpeBpalieHne (kBa3u3BTeKTon ). OOpazoBaHUe CTPYKTYPhI BUIMAHIITETTA.

6. Dopmuposanue cmpyKkmypvl Memaiia C8aApHbLX COeOUHEHUIL. CmpoeHue memaiiild C6APHLIX
coeounenull cmanetl PA3HbBIX CIMPYKNTYPHbIX K1ACCO6

6.1. ®opmupoBaHHE CTPYKTYpbl METAJIJIA CBAPHBIX cOeTMHEHUH. CTpOEHHE MeTajlia CBAPHBIX
COEIMHEHUH CTaJell pa3HbIX CTPYKTYPHBIX KJIACCOB

Kpucranmnuzanus wmeramuia mBa. CTpyKTypa CBapHBIX IIBOB METAUIOB U CIJIaBOB 0e3
NOJUMOP(HBIX TpeBpalleHuii W ¢ MNoIMMOpP(GHBIMU IpeBpalieHusMH. [IpeBparieHuss B 30HE
TEPMHUYECKOTO BIIMSHUS MPU CBAPOYHOM HArpeBe U OXJIaXJACHUU. BiusHUE TepMHUECKOro LMKIa
CBapKM Ha CTPYKTYpy MeTajula CBapHbIX coelnHeHui. CTpyKTypa M IpEBpaLICHHs B CBAapHBIX
COCIMHEHUSX CTaJled MepiauTHOro  Kijacca  (YIJIEpOIOUCTBIX, HU3KOJETHPOBAHHBIX  0Oe€3
KapOua000pa3ylommux W ¢ KapOMI00Opa3yloIlMMHU  JIEMEHTaMH):  NpPEBpallleHus  Ipu
HEpPaBHOBECHOM HarpeBe BbIIIE TeMIepaTypbl (ha30BbIX MpEBpallleHui; MpeBpalleHus] Mpu
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HENPEPHIBHOM OXJIAXKJIEHUM C TEMIIEpaTyp Bbllle Kputudeckux. CTpyKTypa U INpEBpaLLEHUS B
CBAapHBIX COCIMHEHUSIX CTaJIeil ayCTEHUTHOTO Kjlacca: MPEeBpaIleHHs TP HEPaBHOBECHOM HarpeBe
BBIIIIE TEMIIEPaTypbl (ha30BBIX IMPEBpAICHUI; MPEBPAIICHUS MPHU HETPEPHIBHOM OXJIKIACHUU C
TeMIlepaTyp Bbllle KpuTHueckux. CTPyKTypa M NpEBpalieHUs B CBAPHBIX COCTUHEHHSX CTalel
(beppuTO-MapTEHCUTHOTO KJIacca: MPeBpalleHUs TP HEPaBHOBECHOM HArpeBe BBIIIE TEMIIEPATYPHI
(ha30BBIX TpEBpaIlCHHU; MPEBPALICHUS NPU HENPEPHIBHOM OXJAXKICHUU C TEMIIEPaTyp BBIIIE
KpuTHYecknx. Tepmuueckass o00pabOTKa CBapHBIX COEAWHEHHWH YTJCPOIUCTBIX, HHU3KO- U
CPE/IHENICTUPOBAHHBIX CTaJllel, BBICOKOJICTHPOBAHHBIX, XPOMHUCTBIX M XPOMOHHUKEIICBBIX CTaJCH.
ObocHoBanne BbIOOpa TEPMUYECKOH 00pabOTKH, MCXOAS W3 CTPYKTYpPbI, CBOWCTB M YCIOBHUU
pabots! m3nenust. KapOumoodpa3oBanue npu OTIYCKE B CBAPHBIX MIBAX JETHPOBAHHBIX CTAJICH.

7. AHmuKODDOS’I/tOHHCL‘Z Hanaaeka acheHMmHOL? cmaju Ha nepjaumHyro

7.1. . AHTUKOPPO3MOHHAs HAIIaBKa ayCTEHUTHOM CTAJIM HAa MEPIUTHYIO

@opMUpPOBAHHE CTPYKTYpPbl HaIUIaBKWA. TepMHUYECKM LMK HamjaBku. HanpsbkeHus,
BO3HHMKAIOIIME TIIpU HAIUIaBKE. paclpeliesieHue JETHMPYIOLIUX 53JIEMEHTOB U yriepoja B
AHTUKOPPO3MOHHOU HaIiaBke. MUKPOCTPYKTYpa OCHOBHBIX 30H HaILJIaBKH.

3.3. Tembl NpaKTHYECKUX 3AHATHI
HE MPEyCMOTPEHO

3.4. Tembl 1a60paTOPHBIX padoT
1. Ananu3 nuarpamm (a3oBOTO U CTPYKTYpHO-(Ha30BOTO PABHOBECHSI IBYXKOMITOHEHTHBIX
cr1aBoB (2 yaca);
2. CtpyKTypa MeTajula CBapHbIX cOeIMHEHUH (4 yaca);
3. AHanu3 TEPMOKHHETHYECKUX AMArpaMM pacrajia epeoXIakKICeHHOr0 ayCTeHUTa
JIETUPOBAHHBIX cTanei (2 yaca);
4. Tepmuueckasi 00pabOTKa JIESTMPOBAHHBIX CTallel MEePIUTHOrO Kiacca (2 yaca);
5. 3akaJika ¥ cTapeHue cTajiell U CIJIaBOB, HE MMEIOLIUX MOJIMMOP(HBIX MpeBpaleHui (2
qaca);
6. CTpyKTypa U CBOICTBa BHICOKOXPOMHUCTBIX U XPOMOHHUKEIEBBIX JIESTUPOBAaHHBIX cTaje (2
qaca);
7. BnusitHue X0JI0AHOM IIIaCTUYECKON AeopMalii Ha CTPYKTYpY U CBOICTBa MeTasuioB (4
qaca);
8. CTpyKTypa aHTUKOPPO3MOHHOI HAIJIaBKU ayCTEHUTHOM CTalM Ha NEPIUTHYIO (4 yaca);
9. Makpo- 1 MUKpOJIe(eKThl MeTalljla CBAPHBIX COeTUHEHUH (4 yaca);
10. IIpuMeHeHne TEPMOKUHETUUECKUX AUArpaMM JJis UCCIIEI0OBAaHUS CTPYKTYPhI CBAPHBIX
coenuHeHMi (4 yaca);
11. CtpykTypa U cBOWCTBAa KOHCTPYKLIMOHHBIX JIESTMPOBAHHBIX CTajel MEPIUTHOTrO Kiacca (2
qaca).

3.5 Koncyabranumn

Ipynnoewie koncyremauuu no paszoeaam oucyuniunsl (I°'K)

1. Koncynpramms mno paszzgeny "/legekTsl KpUCTAUNIMYECKOTO CTPOCHUS KOHCTPYKIIMOHHBIX
MarepuanoB" MIPOBOJIUTCA MEpe] IK3aMEHOM

2. Koncynpramuss mo pazneny "Crtpoenue T1BepabIX a3 u (OPMHPOBAHHUE CTPYKTYPHI
METAUTMYECKUX CIJIABOB" MPOBOJUTCS MEPE IK3aMEHOM

3. Koncynpramus mno paszneny "KoHCTpyKIMOHHBIE MaTepHaibl" TMPOBOAUTCS —MEpes
9K3aMEHOM
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3.6 TemaTuka KypcOBBIX NPOEKTOB/KYPCOBBIX padoT
KypcoBoii mpoekT/ paboTa He MPeayCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJiOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEeHIIU

3ariaHupOBaHHbIE PE3YAbTAaThl 00YUYEHNUS 110

Howmep paznena

OreHouHOE CpE€ACTBO

Konbr JUCLUILIMHEI (B (THI ¥ HAUMEHOBAHUE)
TUCIUILTNHE
WHJIUKATOPOB COOTBETCTBUM € 11.3.1)
(B COOTBETCTBUH C pa3ieiioM 1)
1]2]3[4]5]6]7
3HaTth:
3aKOHOMEPHOCTH (pa30BBIX MPEBPAIICHUN TIPH KomnnokBuym/KommokBuym Ne 2 «3aKOHOMEPHOCTH
MEPBUYHON M BTOPUYHON KPUCTAIIIIU3AIMHU B N /I-3prik-7 + (ha30BBIX IPEBPAIICHUH B HEPABHOBECHBIX
HEPABHOBECHBIX YCIOBUIX OXJIAXKICHUS YCIIOBUSIX OXJIAXKACHUSD)
Ymern:
aHAJM3UPOBATh B3aMMOCBSI3U CTPYKTYp CTajel JlaGopatopHas paboTa/3ammura 1a00paTOPHBIX
MEPIUTHOTO KJIacca, MapaMeTpoB U BUA pabot Ne4 «CTpyKTypa u CBOMCTBA
TEPMOOOPAOOTKH M CBOICTB, a TAKXKe MPHIUHBI KOHCTPYKIIMOHHBIX JIETUPOBAHHBIX CTaJleh
WU3MEHEHHUS CTPYKTYPBI U CBOIMCTB B 3aBUCUMOCTHU VIJT-3prmcr + MEePIUTHOTO Kiacca » u No5 ”TepUMI/IquKa;I
OT TepMOOOPaOOTKH, BBISABISATH KPUTHUECKUE TOUKU 00paboTKa JIETMPOBAaHHBIX CTaJIeH NEPIUTHOIO
MIPEBPALICHHUI B 3TUX CTaJSIX, OLIEHUBATh KJacca"
CTPYKTYpY U (ha30BbIil COCTaB 10 MapKe
JIETUPOBAHHOMW CTaJIM MEPIUTHOTO KIlacca
OTIPEEIIATH KOJIMYECTBO CTPYKTYPHBIX JlaboparopHas pabota/3amura 1a00paTopHOH
COCTaBJISIONINX CBAPHBIX COSAMHEHUN U TBEPIOCTD VIJT-3pmcr + paboTsl Ne 10 «CTpyKTypa MeTajia CBapHbIX
MHUKPOCTPYKTYP MO TEPMOKHHETHIECKUM JHUATPAMM COCTMHEHU»
pacmajia aycTeHuTa
OTpeeNsATh 00BEMHYIO OO (Da3hl U pa3Mep 3epHa PacuetHo-rpaduueckas pabora/3ammura
Y aHAJIM3UPOBATh MEXAaHU3MBI yIpouHeHus ctaned | MJ-3pmk-7 + pacyeTHOro 3aIaHus
MIEePIUTHOTO KJlacca
aHATM3UPOBATH BIUSHUE BUJIa CBAPKU HA JlaGopaTtopHnast pabota/3amura 1abopaTopHOit
CTPYKTYpY U CBOICTBA CBAPHBIX COCTUHEHHH U3 VITT-3priicr + pabotsl Ne 9 «[IpumMeHeHHE TEPMOKHHETUUECKUX
MaTepuasoB, IPUMEHSIEMbIX B SJHEPTeTUKE Juarpamm JijIsl HICCIIEI0BAHUS CTPYKTYPbI CBapHBIX
COCTMHEHUN»
KJ1acCU(UIUPOBAThH AEPEKTHI CBAPHBIX JlaboparopHnas pabota/3anura 1a60paTopHOI
COCTMHEHUH, TPUMEHSIEMBIX B SHEPTeTHKE U N-3prk-7 + pabotsl Ne 8 «Makpo- 1 MUKpOIe(heKThI MeTasIa

AHAJIM3UPOBATh MPUYUHBI UX BOSHUKHOBCHUSA U

CBApHBIX COCTMHEHUN»
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CITIOCOOBI MMPEAOTBPAIICHU A UX ITOSABJICHUA

aHAJM3UPOBATh CTPYKTYPHO-(a30BbIe
IIPEBpAILEHHs B aHTUKOPPO3MOHHOMN HarljIaBKe,

JlaboparopHuas pabota/3amura 1aboparopHoOit
pabothel Ne 11 «CTtpyKTypa aHTHKOPPO3UOHHOM

pacrpeiesieHie B He XUMHUYECKHUX 3JIEMEHTOB U NJ1-3prik-7 HATUTABKU ayCTEHUTHOW CTAIIM Ha TMEPIIUTHYIO
TBEPAOCTH, a TAKKE MPUINHBI BOSHUKHOBEHUS
HaIlpsDKEHUN
MPOBOJIUTH aHAJIN3 TUarpamMm (Ga3oBOro u JlaGopaTtopHnast pabota/3amura 1a60paTOPHBIX
CTPYKTYpHO-()a30BOTO paBHOBECHUS, a TAKKE pabot Ne 2«Ananu3 auarpamMm (Ha3oBoro u
TEPMOKHHETUYECKUX JIMarpaMM pacraja ayCTeHUTa CTPYKTYpHO-()a30BOro paBHOBECUS
W/JI-3prik-7 JIBYXKOMITOHEHTHBIX CIUIaBOB» U Ne 3 «AHanu3
TEPMOKHHETUYECKUX TMarpaMm pacraja
MEePEOXJIAKICHHOTO ayCTEHUTA JIETUPOBAHHBIX
crajen»
OIICHUBATH CTPYKTYPY U (pa30BbBIi COCTaB IO MapKe Jlaboparopuas paboTa/3anura 1a00paTOPHBIX
JIETUPOBAHHBIX CTaJeH ayCTEeHUTHOTO0, (DEPPUTHOTO, pabot Ne6 "CtpyKTypa U CBOICTBa
MapTEHCUTHOTO, (PepPUTHO-MAPTESHCUTHOTO BBICOKOXPOMHUCTBIX H XPOMOHHKEIIEBBIX
KJIACCOB U KEJIE30-HUKEJIEBBIX CILJIABOB, a TAKKE V3017 JICTMPOBAHHBIX craneil" u Ne7 "3akaska u crapeHue
000CHOBBIBaTh Ha3HAUEHHUE TEPMOOOPAOOTKH AJIst CTaJIell ¥ CIJIABOB, HE HMEIOLIUX MTOJIUMOP(PHBIX
ATHUX CTaJIel U CTapEIOIINX CIUIaBOB, npeBpamieHui"
aHAJIM3UPOBATh BIMSHUE TEPMOOOPAOOTKHU Ha
CBOMCTBA ITUX MaTEPHUAaJIOB
aQHATM3UPOBATH BIUSHUE CTEMEHU TJIACTHYECKOM JlaGopaTtopHnast pabota/3amura 1abopaTopHOit
nedopmaruu u 1e(eKToB KPUCTATUTMUECKOTO Ha N-3prk-7 pabotsl Nel «BnusiHrE XOI0IHOM MIaCTHYECKOM

CBOICTBa MaTCprajIoB, MPUMCHIACMBIX B OHCPICTHKE

nedopmaiuu Ha CTPYKTYPY U CBOMCTBA METAJIJIOBY
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
1 cemecTp

Dopma peanuzauuu: ITucbmenHas padora
1. 3ammra naboparopHbix padbot Ne 2«AHanu3 auarpamm (a3oBoro U CTpyKTypHO-(ha3oBoro
paBHOBECHsI IBYXKOMIIOHEHTHBIX CIIIIaBOB» U Ne 3 «AHanu3 TEPMOKHHETUYECKHUX JAUarpamMmm
pacnaja nepeoxJIakKJIeHHOI0 ayCTeHHUTA JISTUPOBAaHHBIX cTajnei» (JlaboparopHas paboTa)

®dopma peanmszainuu: Y cTHas popma
1. 3amuTa nadoparoproi paboTel Nel «BrusHre X0I0JHON TUTACTHYECKOM AedopMaIuy Ha
CTPYKTYpY U cBoicTBa MeTayuioBy (JlaboparopHas paboTa)
2. 3amuTa 1abopaTopHbix padoT Ned «CTpyKTypa U CBOWCTBAa KOHCTPYKIIMOHHBIX
JIETUPOBAHHBIX CTaeH MepauTHoro kiacca » U No5 "Tepmuueckas 06paboTKa JerupoOBaHHBIX
craneit nepautHoro kiacca" (JlabopaTopuas padbora)
3. 3amuTa naboparopubsix padot Ne6 "CTpykTypa U CBONCTBA BBICOKOXPOMHUCTBIX U
XPOMOHMKEJIEBBIX JIETUPOBAaHHBIX cTanei" u No7 "3akanka u cTapeHue cTajei U CIijiaBoB, HE
UMEIOIINX OJMMOPGHBIX npeBpamieHuii” (JlabopaTtopnas padora)
4. 3amura pacuetrHoro 3aganus (Pacuetno-rpaduueckas pabora)

3 cemecTp

®Dopma peanuzauuu: ITuceMenHas padbora
1. KomtokBuym Ne 2 «3akoHOMEpHOCTH (ha30BBIX MTPEBPAILEHUI B HEPABHOBECHBIX YCIOBUSIX
oxnaxaeHus» (Komnoksuym)

®dopma peanuzaruu: YctHas hopma
1. 3amuTa naboparopHoit pabotsl Ne 10 «CTpyKkTypa MeTallia CBapHbIX COETUHEHHI
(JIaGopaTopHnas pabora)
2. 3amuTta nabopatopHoii paboTsl Ne 11 «CTpykTypa aHTUKOPPO3MOHHOM HAIJIaBKU
ayCTEeHUTHOM cTanu Ha nepauTHyto» (JlabopaTopHas pabora)
3. 3ammra taboparopHoii paboTel Ne 8§ «Makpo- n MUKpoIe(heKTHI METaJLIa CBAPHBIX
coeauHenui» (Jlabopatopnas padora)
4. 3amura nabopatopHoil paboThl Ne 9 «lIpruMeHeHre TEPMOKMHETUYECKUX JUarpamm JUist
UCCIIEIOBaHMS CTPYKTYpPBI CBapHBIX coeuHeHni» (JlaboparopHas pabota)

bannbHO-pedTHHTOBasA CTPYKTYpa AUCLMUIIUHBI SABISETCS NPUIOKEHUEM A.

4.2 Ilpome:kyTO4YHAs aTTECTALUSA 110 AUCHUILIMHE

Oxzamen (Cemecmp Nel)
Onenka ompenensieTcsi B COOTBETCTBUU ¢ [lomokeHneM o OalTbHO-PEUTHHTOBOM CHUCTEME ISt
crynento HUY «M3OHW» Ha OCHOBaHMM CEMECTPOBOM M 3K3aMEHAI[MOHHOHM COCTaBisAOIUX. B
MIPUJIOKEHUH K TUIIJIOMY BBIHOCUTCS OLIEHKa 3a 1 cemecTp

3auem ¢ oyenkoui (Cemecmp Ne3)
Onenka ompenensieTcsi B COOTBETCTBUU ¢ [lomokeHneM o OalTbHO-PEUTHHTOBON CHUCTEME ISt
crynentoB HUY «MDUW» Ha OCHOBaHMHM CEMECTPOBOM M 3aueTHOM cocTaBisiommx OleHka
ompenensieTcss B COOTBETCTBUM ¢ [lonokeHneM o OaIbHO-PEUTHHTOBON CHCTEME ISl CTYACHTOB
HNY «M5H1» Ha 0CHOBaHMH CEMECTPOBOM U 3a4€THOM COCTABIISIOIINX
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B numiom BeIcTaBisieTcs olieHka 3a 1 cemectp.

Ipumeuanue: OrieHOYHBIC MaTEPHAIBI 10 AUCHUIUIMHE IPUBECHBI B ()OH/IE OLEHOYHBIX
matepuainos OITOII.

5. YYEBHO-METOANMYECKOE OBECIIEYHEHUE JUCIUIIJINHbI

5.1 IleyaTHbIe H JJIEKTPOHHBIE H31AHNS

1. MeramnoBenenue. B 2 T. T.1. OCHOBBI MEeTaIIIOBEACHUS : YUCOHHUK /ISl By30B 10 HAIPABIICHUIO
"Metamnyprus" / . . Houkos, u ap. ; oomr. pen. B. C. 3omotopeBckuit. — M. : M3garensckuit
nom MUCuC, 2008. — 496 c. — ISBN 978-5-87623-191-8.;

2. ompmmreitn, M. W. CrienmanibHbie cTaiy : Y4eOHUK Ui By30B MO CHEIHAIbHOCTH
"MerauioBeieHre U TepMudecKas 00padoTka metayuio" / M. U. lNonpamretin, C. B. I'paues, 0.
I'. Bekcnep. — 2-e u3z.,nepepad.u gom. — M. : U3a-so MUCHUC, 1999. — 408 c. — ISBN 5-87623-
032-4 : 53.20.;

3. Jlaxtun, 0. M. MarepuanoBenenue : yaeOHuk st BTy30B / FO. M. Jlaxtun, B. I1. JIeontheBa. —
4-¢ u3n., nepepad. — M. : Anbsnc, 2009. — 528 c. — ISBN 978-5-903034-54-3.;

4. 3aiineBa, A. B. Koncnexr nekuuii o kypcy "Koncrpykunonnsie Matepuansl ADC": MaTtepuaisl
ocHoBHOTO ob6opynoBanust ADC / A. B. 3aiinesa ; Pen. U. B. 3yeB ; Mock. anepr. un-t (MDOU). —
M. : U3g-Bo MDU, 1986. - 52 c.;

5. Mypassesa, T. [1. Onpenenenue xapakTepUCTUK MPOYHOCTU U KPUTUUYECKOUN TeMITepaTyphl
XPYIKOCTH CTaJIeH MIEPIIMTHOTO KJIacca M0 MUKPOCTPYKTYPE : METOIMUECKOE OCOOue 10 KypCy
"CrenuanbHble BOIIPOCHl MaT€pUAIOBENCHU" 110 HAIIPaBIeHUIO "MallMHOCTPOUTEIbHbBIE
texHosoruu u obopynosanue" / T. I1. MypaBbesa, I1. B. BonkoB, Mock. snepr. un-t (MDOU TVY). —
M. : U3g-Bo MDOMU, 2006. — 12 c.;

6. Meramnosenenue. B 2 1. T.2. Tepmuueckast 00padoTka. CruiaBsl : y4eOHUK JJIS1 BYy30B 110
Hanpasnenuto "Meramnyprus" / U. 1. HoBukos, u np. ; O6u1. pen. B. C. 3onotopeBckuii. — M. :
N3n-so MUCHUC, 2009. — 528 c. — ISBN 978-5-87623-217-5.;

7. T'ynses, A. I1. MetannoBenenue : yueOHuk ais By3oB / A. I1. I'ynses, A. A. I'ynse. — 7-e u3n.,
niepepad. u jom. — M. : Anbsiac, 2011. — 644 c. — ISBN 978-5-903034-98-7.;

8. Muxaiinuupia C. B.- "OcHoBbI cBapouHOTro npou3BoacTBa', M3narenscto: "NHppa-
Nwnxenepus", Bomoraa, 2019 - (260 c.)

https://e.lanbook.com/book/124664;

9. 3opun H. E., 3opun E. E.- "MarepuanoBenenue ceapku. CBapka minasienueM", (3-e usm., crep.),
N3znarensctBo: "Jlanp", Cankr-IlerepOypr, 2018 - (164 c.)

https://e.lanbook.com/book/102605;

10. bonneipes . A., Haswinos C. B., I[Tonosa JI. 1., TropekoB M. H.- "Marepuanosenenue",
WznatensctBo: "Unppa-Unxenepus", Bonorna, 2020 - (424 ¢.)
https://e.lanbook.com/book/148345;

11. Connues lO. I1.,IIpsaxun E. U.,ITuupaitnen B. 1O.- "CnenuanbHable MaTepuasl B
MaIIMHOCTpoeHun", (2-e u3., uchp. u nom.), M3garenscto: "Jlanp", Cankr-IletepOypr, 2019 -
(664 c.)

https://e.lanbook.com/book/118630;

12. CmupaoB U. B.- "CBapka cienimalibHBIX cTaliel U criaBoB', (3-e u3m., crep.), U3aaTenbeTBo:
"Jlanp", Cankr-IletepOypr, 2019 - (268 c.)

https://e.lanbook.com/book/118607;

13. Bonkos, I1. B. Cnenuanbsable Bompocs! MarepuanoBeaeHus: [B 3-x u.]. Y. 1 : yueGHOe mocobue
1o kypcy "CrennanbHble BOIIPOCH MATEPUATIOBEICHH" IO HAIPABJIECHUIO TOATOTOBKH MAarucTpOB
13.04.03 "Duepreruyeckoe MamuHocTpoeHue" / I1. B. Bonkos, A. 0. Mapuenkos, M. B.
['opstukuna, Han. uccnen. yu-t "MOU" (HUY"M3BUN"). — Mocksa : U3n-so MDU, 2022. — 76 c. —
ISBN 978-5-7046-2647-3.

http://elib.mpei.ru/elib/view.php?id=12073;
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14. Bonkos, I1. B. MartepuanoBeneHrne CBapHBIX COSIMHEHUH ;| yueOHOE MOCOOuE 1O Kypey
"CrneunaibHble BOIIPOCHI MAaTEPUATIOBEAEHHUS" 110 HAMPABJICHUIO TOATOTOBKU MaructpoB 13.04.03
"Ouepreruyeckoe mamuHocTpoenue" / I1. B. Bonkos, A. FO. Mapuenkos, M. B. I'opsiukuna, Harr.
ucciaen. ya-t "MOU" (HUY"MOHN"). — Mocksa : U3n-Bo MOMU, 2021. — 56 c. — ISBN 978-5-7046-
2464-6.

http://elib.mpei.ru/elib/view.php?id=11687.

5.2 JIunieH3MO0HHOE ¥ CBOOOHO pacnpocTpaHsaeMoe MPOrpaMMHoOe odecrnedeHue:
1. CAO "IIpomereii";

2. Office / Poccuiickuii makeT o(h)UCHBIX MIPOrpamm;

3. Windows / OnepanimonHas cucrema cemeicTpa Linux;

4. Buneoxondepenuuu (Maitan, Coepmkas, BK u np).

5.3 UaTepHeT-pecypcsl, BKJIIOYast NpodeccHOHATbHBIE 0a3bl IaHHBIX U HH(POPMAIIHOHHO-
CIIPaBOYHbIE CHCTEMBI:

1. 9BC Jlaus - https://e.lanbook.com/

2. 9BC "YHuBepcurerckas 0u0J1M0TeKa OHIANH" -
http://biblioclub.ru/index.php?page=main_ub_red

3. Hayunasi 3JiekTpoHHasi Gubmoreka - https://elibrary.ru/

4. ba3a nannbix Web of Science - http://webofscience.com/

5. ba3za gaHHbIX SCOpUS - http://www.scopus.com

6. 9BC "KoncyasTanT crygenra' - http://www.studentlibrary.ru/

7. dnexkTponnas oudmorexka MOU (36 MIOMU) - http://elib.mpei.ru/login.php

8. ITopTan oTKpBITHIX AaHHBIX Poccuiickoii ®exepanuu - https://data.gov.ru

9. ba3a oTKpBITHIX JaHHBIX MUHNCTEPCTBA TPYAA U COUMAIBHOI 3a1UTHI PD -
https://rosmintrud.ru/opendata

10. ba3a oTKPBITHIX JaHHBIX NPO(eCcCHOHAIBHBIX CTAHAApTOB MUHNCTEPCTBA TPYAA U
conuaabHoi 3aumthl P® - http://profstandart.rosmintrud.ru/obshchiy-informatsionnyy-
blok/natsionalnyy-reestr-professionalnykh-standartov/

11. ba3a oTKpBITHIX JaHHBIX MHHHCTEPCTBA IKOHOMUYECKOro pa3Butust P@ -
http://www.economy.gov.ru

12. Ba3a oTKpbITHIX 1aHHBIX PocuamonuTopunra - http://www.fedsfm.ru/opendata

13. DuexTpoHHasi oTKpbITast 6a3a naHHbIX '""Polpred.com O630p CMHU" -
https://www.polpred.com

14. UudopmannonHo-cipaBouHas cucrema «Kongexc/Texakenepr» - Http:\\proinfosoft.ru;
http://docs.cntd.ru/

15. HaumoHaIbHbII NOPTAJ OHJIAITH 00y4ueHns1 «OTKpbITOE 06pa3oBanue» - https://openedu.ru
16. Opunmnanbubiii caiit @e1epaabHOr0 areHTCTBA MO0 TEXHUYECKOMY PeryJTupoBaHMIO U
MmeTposoruu - http://protect.gost.ru/

17. OTkpbiTas ynuBepcuterckas nHgpopmaunonHas cucrema «POCCHUSD» -
https://uisrussia.msu.ru

6. MATEPUAJIBHO-TEXHUYECKOE OBECIHHEYEHUE JUCHUIIJIMHBI

Tun nomenmeHus Homep aynuropun, OcHamenue
HAaUMCHOBAHHC
VYyeOubie aynuropuu 1 | K-120, MamuHHBIHM 3a1 cepBep, KOHAUIMOHED
MPOBEACHUS JIEKLIMOHHBIX UBI]
3aHATHI U TEKYIIETO b-103, Yuebnas rmapTa, CTOJ MPEenoAaBaTens, CTOI
KOHTpPOJIA ayauropus xag. "TM" KOMIIBIOTEPHBIH, CTYJ, MIKad JUIs
JIOKYMEHTOB, TyM0a, J0CKa MeJIoBas,
MYJIbTUMEAUMHBINA IIPOEKTOP, IKPaH,
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KOMIIBIOTEP NEPCOHATBHBIMN,
KOHJIMLIMOHED

VYyeOHbIC ayIUTOPUU IJIS
MIPOBEICHUS
MPaKTUYECKHUX 3aHATHH,
KP u KII

K-120, MammHHBIHN 3a71
MBI

cepBep, KOHAULIUOHED

Bb-103, YuebHnas
aymutopus kad. "TM"

napTa, CTOJ IPENoJaBaTes, CTOI
KOMIIBIOTEPHBIH, CTYJ, IIKad IS
JOKYMEHTOB, TyM0a, J0CKa MeJIoBasl,
MYJIbTUMEAUMHBINA IIPOEKTOP, IKPaH,
KOMIIBIOTED NIEPCOHAIBHBIN,
KOHJIULIUOHED

VYyeOHbIC ayIUTOPUU IJIS
MIPOBE/ICHUS
71a00paTOPHBIX 3aHATUI

K-120, MamuHHBIHN 3a71
MBI

cepBep, KOHAULILOHED

b-108, JIabopatopus
TEPMUYECKOI 00pabOoTKH
MaTepHalioB

napTa, CTOJ IPenoiaBares, CToJl, CTyII,

Tym0a, T0CKa MeloBasi, 000pyL0BaHUE
yueOHoOe, KOHIUIIMOHEDP, HMHBEHTaph
y4eOHBIH, CTeH]] HH)OPMAITMOHHBIN

b-106a,
Meramnorpaduyeckas
nabopaTopus

napTa, CTOJ MPernoaBaTess, CTyI, mKad
JUISL JOKYMEHTOB, CTOJI TUCHMEHHBIH,
TyM0a, T0CKa MeJIoBasi, KOHJUIIMOHED,
cTeH]] HH()OPMAIIOHHBIN

VY4ebHble ayIUTOPUH IS
IPOBECHUS
MIPOMEXKYTOUHOU
aTTecTaluu

K-120, MamuHHBIHN 3a71
MBI

cepBep, KOHAULIUOHED

b-103, YuecOuas
aymutopus kad. "TM"

napra, CTOJ NPEnoJaBaTeis, CTOJ
KOMITBIOTEPHBIH, CTYI, Kad s
JIOKYMEHTOB, TyM0Oa, 10CKa MeJIOBas,
MyJIbTUMEANMHBIN IPOEKTOP, KPaH,
KOMITBIOTED IIEPCOHAIBHBIN,
KOHIUILIOHED

TTomemenust misa
CaMOCTOSITEIILHOU
paboTsl

HTB-303, JIleknnonHas
ayIUTOpUs

CTOJI KOMITBIOTEPHBIN, CTYJ, CTOJ
MMHMCHBMEHHBIN, BEIIAJIKa JJIS OJICKIbI,
KOMIIBIOTEpPHAS CETh C BBIXOJIOM B
HNHTepHET, KOMIBIOTED NEPCOHAIIBHBIN,
MIPUHTEP, KOHAUIMOHED

Tlomentenus niist
KOHCYJIbTHPOBAHUS

b-1066,
Mertanorpagpuueckast
nabopaTopus

CTOJ JUI pabOTHI C IOKyMEHTaMH, CTYII,
mkad 11 JOKYMEHTOB, mKad 1is
OJICK[IbI, CTOJI MUCbMEHHBIHN, TyMOa,
KOMIIBIOTEpPHAS CETh C BBIXO/I0M B
HHTepHeT, KOMIBIOTEP IEPCOHANIBHBIN,
KOHIUIIOHED

b-406, JTaboparopus

CTOJI IpenioAaBaTeiisd, CTOJI, CTYII, H_IKa(I)

MEXaHHUKO- JUUISL XpaHEHUs] MHBEHTapsl, 10CKa
TEXHOJOTHYECKUX MEJIOBAasl, MYJIbTUMEIUMHBIN IIPOEKTOD,
VCTIBITAHUI 3KpaH

Ilomemmenus misa
XpaHeHus: 000py10BaHuUs

U y4eOHOTr0 MHBEHTapsI

X-202B, ITomemenne
kadeapsl "TexHomorun
METaJIoB"

CTOJI, CTYJI, IKag
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

CHGHI/IaHBHBIe BOIIPOCHI MAaTCPHAJIOBCACHUA

(Ha3BaHME AUCIMILIMHBI)

1 cemecTp

HepequL KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

KM-1

KM-2

KM-3

KM-4

KM-5

3amura nabopatopHoii padboTel Nel «BimstHuE X0101HOM TUTaCTUYECKOM IedopMaliiy Ha
CTPYKTYpY U CBoiicTBa MeTaioBy (JlabopaTopnas pabora)

3amuTa nabopatopHbsix padoT Ne 2«AHanu3 auarpaMm (a3oBOro u CTpyKTypHO-(ha3zoBoro
paBHOBECHUS JIBYXKOMITOHEHTHBIX CILJIaBOB» U No 3 «AHaJIU3 TEPMOKMHETHYECKUX JAUArpaMm
pacmajia IepeoxyaxIeHHOr0 ayCTeHUTa JIETUPOBaHHBIX cTanei» (JlabopaTopHas pabora)
3ammra 1abopatopHbIx padboT Ned «CTpyKTypa M CBOMCTBa KOHCTPYKIIMOHHBIX JISTHPOBAHHBIX
cTasieit mepauTHoro kiuacca » u No5 "Tepmuueckasi 00paboTKa JIETHPOBAHHBIX CTalIel
nepsutHOro kinacca" (Jlaboparopnast pabota)

3amuTa nadopatopHsix padoT Ne6 "CTpyKTypa v CBOHCTBA BBICOKOXPOMHUCTHIX U
XPOMOHMKEJIEBBIX JIETUPOBAaHHBIX cTanei" u Ne7 "3akanka u cTapeHue cTajei U CIijlaBoB, HE
UMEIONNX moJIMMOop(dHBIX npeBpanieHuit" (JlaboparopHas padora)

3amuTa pacuetHoro 3aganus (Pacuerno-rpadudeckas pabora)

Buja npoMexyToOUHOI aTTecTANMU — DK3aMEH.

WNnupexe KM- | KM- | KM- | KM- | KM-
Howep Paznen aucuumuimabl KM: L 2 3 4 S
paszena Henens 4 8 12 14 16
KM:
1 JleeKThl KpUCTaNINYECKOTO CTPOEHUS
KOHCTPYKIIMOHHBIX MaTE€pPHAJIOB
11 JledeKThl KpUCTaNINYECKOTO CTPOEHUS +
KOHCTPYKIIMOHHBIX MaTE€pPHAJIOB
2 Crtpoenue TBepabIX (a3 u GopMUpPOBAHUE
CTPYKTYPbI METAJUINYECKUX CILJIABOB
21 Crtpoenue TBepabIX (a3 u GopMUpOBaHUE +
CTPYKTYPbI METAJUINYECKUX CILJIABOB
3 KoHcTpyKIInoHHBIE MaTepUabl
3.1 KoHcTpyKIInoHHBIE MaTepUabl + + +

Bec KM, %: | 15 25 20 20 20

3 cemecTp

l'[epequb KOHTPOJIbHBIX MQpOIIpI/IﬂTI/Iﬁ TEKYIICTr0 KOHTPOJIA yCI€EBAEMOCTH MO AUCHUIIJIMHE:

KM-6

KM-7

KM-8

3amura naboparopHoi paboTel Ne 8 «Makpo- 1 MUKpOIe(EKThI METaJIa CBAPHBIX COCTUHEHUI
(JTaboparopnas paboTa)

Komnoksuym Ne 2 «3akoHOMEpPHOCTH (pa30BbIX MPEBPAIIEHNH B HEPABHOBECHBIX YCIOBUAX
oxnaxaeHus» (Kommoksuym)

3amura naboparopHoi paboTel Ne 9 «IIpumMeHeHne TEPMOKUHETHYECKUX AUArpamMm JUis
HCCJIEIOBaHMSI CTPYKTYpPBI CBApHBIX coennHeHuit» (JlaboparopHas pabora)
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KM-9 3ammra na6oparopHnoii pabotsl Ne 10 «CTpykTypa MeTania CBapHbIX COSTUHEHUI

(JTaboparopnas paboTa)
KM-  3ammra maboparoproii pabotsl Ne 11 «CTpykTypa aHTUKOPPO3MOHHOM HAIUIaBKH ayCTEHUTHOM
10 cTaiu Ha nepauTHyr» (JlabopaTopHas padora)

Bua npoMexkyTouHo# aTTecTauMu — 3a4€T C OI[EHKOM.

WNunexe KM- | KM- | KM- | KM- | KM-
Howmep Paznen aucuumuimabl KM: 10
pasiena AT AER Henenst 4 | 8 |12 | 14 | 16

KM:

[ep}
~
e}
©

1 JedeKTsl cBapHBIX COeIUHEHUN

11 JledexTsl cBapHBIX COCTMHEHUI +

3aKOHOMEPHOCTH U MEXaHHU3MBI (ha30BBIX
NpeBpaIIeHU IPU IEPBUYHON U BTOPUUHON
KPHUCTAJUTU3AI[H B HEPAaBHOBECHBIX YCIIOBHSIX
OXJIKICHUS

3aKOHOMEPHOCTH U MEXaHHU3MBI (ha30BBIX
NpeBpaIleHU IPU IEPBUYHON U BTOPUUHON
KPHUCTAJLUTU3AI[H B HEPAaBHOBECHBIX YCIIOBHSIX
OXJIQKICHUS

2.1

DopMHUpPOBAaHUE CTPYKTYPBI METAIIIIA CBAPHBIX
3 coequHeHuil. CTpoeHHne MeTallla CBapHbIX
COCIMHEHUH CTAJIEH Pa3HBIX CTPYKTYPHBIX KJIACCOB

PopMHUpPOBAaHUE CTPYKTYPhI METAIIIIA CBAPHBIX
3.1 coequHeHnil. CTpoeHHe MeTallla CBapHbIX + +
COEIMHEHUH CTAJIEH Pa3HBIX CTPYKTYPHBIX KJIACCOB

AHTUKOPPO3UOHHAsI HAIUIABKA ayCTEHUTHOW CTaJId Ha
IIEPJINTHYIO

. AHTI/IKOppOSI/IOHHaﬂ HallJlaBKa aYCTeHHTHOﬁ cTajinu
Ha IICPIIMTHYIO

4.1

Bec KM, %: | 15 25 20 25 15
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