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Pabouas mporpamma cocraiena Ha ocHoBe @I'OC BO - GakanaBpuar 1o HarpaBJIeHHIO
noarotoBku 22.03.02 Mertamnyprus (npuka3 Munoopaayku Poccun ot 02.06.2020 r. Ne 702)

Pabouast mporpamma paccMoTpeHa W 0m00peHa Ha 3acenaHuu kKadeapsl JIMTEHHBIX
IPOIIECCOB U MAaTEPUAIOBEICHHUS
08.02.2023, npoTokost Ne 6 o

3as. kadempoit ,7/21/%1 < H.A. DeoKTHCTOB

PaGouas nporpamma ogoOpena metoauueckoi komuccueit UMMuM
09.02.2023 r. mpotokoia Ne 5

[Ipencenarens //j//z/AC CaBuHOB
PaGouas mporpamma cocraBieHa: .

noreHT kadeaps! JIITuM, kana. TexH. HayK M N.B. MuxankuHa
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PereHsenT: ég%L
3aB. Kadenpoit [IDubXX ]I, kana. TexH. HayK > A TO. [lepsTunckuit
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JIner akryaauszanuu padoyeil mporpaMmbl

Pabouas nmporpamma nepecMoTpeHa, oocyxaeHa u ogodpena st peanusanuu B 2024 - 2025
y4eOHOM roy Ha 3aceqanuu Kadeapsl JIUTEHHBIX MPOIIECCOB U MAaTEPHATIOBEICHHS

[Ipotokom ot 20 . Ne

3aB. kadeapoii H.A. ®eoxTucron

Pabouast mporpamMma repecMoTpena, 00CcykaeHa u o100pena s peanuzamnuu B 2025 - 2026
yueOHOM rojy Ha 3acefaHuu Kapeapsl JIMTSHHBIX MPOLIECCOB M MATEPHATIOBEICHUS

IIporokomor 20 1. Ne

3aB. kadeapoii H.A. ®eoKTHCTOB

Pabouast mporpamMmma repecMoTpena, 00CcyKaeHa u 0100peHa s peanuzamnuu B 2026 - 2027
yueOHOM oy Ha 3acefaHuu Kapeapsl JIMTSHHBIX MPOIIECCOB M MATEPHATIOBEICHHUS

[Iporokom ot 20 . Ne
3aB. kadenpoii H.A. ®eoktuctoB

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peamszanuu B 2027 - 2028
y4eOHOM roy Ha 3aceqanuu kapeapsl JIMTEHHBIX MPOLIECCOB U MAaTEPUATOBEICHHUS

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




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

enssMmu ocBoeHuss AUCHHUIUIMHBI «CTPyKTypooOpa3oBaHHE B OTJIMBKAaX» SBISIOTCS:
pa3BUTHE y CTYACHTOB JIMYHOCTHBIX KAaudeCTB, a TaKxke (QopMuUpoBaHUE TPO(ECCHOHATBHBIX
KOMITETCHIIMK B COOTBETCTBHHM ¢ TpeOoBaHusMu PI'OC 3++ mo HampaBiICHHIO IMOIATOTOBKH
22.03.02 Metamnyprus.

2 MecTo THCHUIIMHBI (MOYJIAA) B CTPYKTYpPe 00pa30oBaTe/IbHOI MporpaMmal

Juctumuaa CTpykTypooOpa3oBaHHE B OTJIMBKAaX BXOJWUT B 4YacTh Y4eOHOIro IUIaHa
dbopMupyeMyr0 y9acTHUKaMU 00pa30BaTeIbHBIX OTHOIICHHI 00pa30BaTeIbHOM MPOTPAMMBI.

Jlnst  wW3ydeHWsT  JOUCHMIUIMHBI ~ HEoOXoaumbl  3HaHMS  (YMEHHWs,  BJIAJICHUSA),
c(hopMHUPOBaHHBIC B pe3y/IbTaTe H3yUCHHUS JUCITUIUIMH/ IPAKTHK:

MarepuanioBeeHue

3Hanus (YMEHUS, BIAJICHUs), MOTYYCHHBIE TTPH M3yYEeHUHW JAHHOW AWCIUILIIMHBI OyIyT
HEOOXOAUMBI JJISI U3YYCHUS TUCIUTLTAH/TIPAKTHK:

TexHOIOTHS TUTEHHOTO TPOU3BOICTBA

[ToaroroBka k caaue u ca4ya rocy1apCTBEHHOT0 HK3aMeHa

3 Komnerenuun odyuarouierocs, (popMupyemMbie B pe3y/ibTaTe 0CBOEHUS

AUCHMILIMHBI (MOAYJISA) U IVIAHUPYeMbIe pPe3y/IbTaThl 00y4eHHUs

B pesynbraTe ocBoeHUs TUCHMILIHHBI (MOAynst) «CTpyKTypooOpa3oBaHHE B OTJIMBKAX)
oOyyaroImuiicst JoKeH 001a1aTh ClIeAYOIIUMU KOMIETEHIUSIMHU:

Kon nanukaTopa WNHaukaTop TOCTHKEHUS KOMIIETSHITUN

[1K-2 CriocobeH KOHTPOJIMPOBATH BBHIMOJHEHHE TEXHOJOTHYECKUX IPOIECCOB M IMPHHUMATH
PELICHMS 10 YCTPAHEHUIO IPUUMH UX HapYIIEHUH

I1K-2.1 O6J1az[aeT TCOPCTUYCCKUMHA 3HAHUSAMHU OCHOB U IIPAKTUYCCKUMU HABBIKAMH
IIPONU3BOACTBA JIMTHIX I/IBIIGJH/Iﬁ M3 pa3JIMYHbIX MAaTCPpHUAJIOB




4. CTpyKTypa, 00bEM U coep:KaHue TUCHUIIMHBI (MOAYJIsA)
OO0mas TpyI0€MKOCTh THUCHIUILIMHBI cocTaBiisieT 3 3a4eTHhIX enunHuil 108 akan. gacoB, B TOM

YUCJIC:

— KOHTaKkTHas padora — 58,1 akaj. 4acos:
— ayauTopHas — 94 akaJ. 4acos;
— BHeaynuTopHas — 4,1 akan. yacos;

— caMoCTOsITeNbHAs paboTa — 32,2 akaJl. 4acoB;
— B (hopme mpakTHyeckoii moarotosku — 0 akaj. yac;

— MOJrOTOBKA K hK3ameny — 17,7 akan. gac

dDopMa aTTCCTalllH - OK3aMCH

AynutopHast 3 =
o | xonraxTHAs pabora E 3 dopma TEKyIEero
=
= B aKaJl. 4acax 5} Bnu KOHTPOJIS
Pasnen/ Tema 3 (B axaj. uacax) = A . p Kon
S 3 ©| camocrosTenpHOl | ycmeBaeMOCTH U
JTACIUTUTAHBI 5 £ . | KoMmeTeHIHn
@) g £ padoThI MIPOMEKYTOUHOH
na0. | mpakt. | = Q8
Tlex. Z'g aTTeCcTaIluu
3aH. 3aH. | O &
1. Tlpomecchl KpUCTaJUIU3AIMH
METAUINIECKHUX CIUIABOB
CamocrosTensHoe
n3ydeHue yaeOHon .
11 Kpucrannuzanus qu Hay?{n:[o YcTHBIN Ompoc;
YHUCTHIX METaJlIOB. 3aIUTa
4 2 JIUTEPATYPHI, » . TK-2.1
Bmusane wu  moBeneHue nabopaTopHOH
. MOJTOTOBKA K
HEepaCcTBOPUMBIX MpUMeceit paboThl
nabopaTopHOMY
3aHSITHIO
CamocrosTenpHOE
U3y4yeHue yueOHoi N
M M VYerHbIi onpoc;
1.2 Ipoueccs Y HAy9HO
3aIuUTa
KpPUCTaJZIU3aLlUU  CILIaBOB 2 10 JIUTEPATYpBI; . IK-2.1
nabopaTopHO
TBEPABIX PAaCTBOPOB 5 MOATOTOBKA K AGOTLI
nabopaTopHOMY p
3aHSTHIO
CamocTosiTenbHOe
1.3 HepaBHoBecHast H3yuYeHHEe y4eOHOU .
p 2 i ¥ VYcTHbIi onpoc TIK-2.1
KpucTajuiM3anus CIjiaBOB 1 HAy9IHO
JIUTEPATyPhI
CamocTosiTensHOe
14 SHApUTHAs M3y4YeHHe yaeOHOH .
Hetp 5 20,2 e e YcTHBIH onpoc MK-2.1
KpucTajuin3anus 1 HAYyYHO
JIATEPATyphI
Wroro no pazaeny 13 12 20,2
2. 3aTBepaeBaHHe OTIMBOK WU HX
MHUKPOCTPYKTYpa
21 XapakrepHbie
CamocTosiTensHoe
0CcoOeHHOCTH mpouecca SBVaeHHE VIeOHOG
3aTBEpJICBaHUs  OTJIMBOK.| 5 7 9 yqn Ha z:o VYeTHBI onpoc MK-2.1
BosnukHoBeHnue Y
N JIUTEPATyPhI
MIepEeXOTHON 00TacTH




2.2 BenuunHa M CTpOCHHE

nepexonHod obmacth B
otnuBkax.  OcoOeHHOCTH 4 3 YcTHBIi onpoc TK-2.1
oOpazyromeiics
MaKpOCTPYKTYPHI OTINBOK
2.3 OG6pa3oBanue
MUKPOCTPYKTYPBI B
MepexoHOW  00JacTH U3 7 YcTHBI onpoc TK-2.1
CILTaBOB TBEPBIX
pacTBOpOB
CamocrosTenbHOE
24 O6pazoBaHue n3ydeHue yaeOHon .
p i yi YcTHBIH onpoc;
MHUKPOCTPYKTYPBI B U HAYYHO
N 3aIuTa
MepexoHOW  00JacTH U3 2 3 1 JUTEPATYPHI, . TK-2.1
nabopaTopHO’
CIUIABOB C 3BTEKTUYECKHM MOJATOTOBKA K AGOTLI
paBHOBECHEM 71a00paTOpHOMY p
3aHSITHUIO
25 O6pa3oBanue
MHKPOCTPYKTYPBI B CamocrosTenbHOE
nepexonHod obmactH U3 n3ydeHue yaeOHon .
P 2 1 i ¥ VYcTHBI onpoc TIK-2.1
CILTABOB c Y HAY9HO
MEPUTEKTUIECKIM JUTEPATyphI
paBHOBECHEM
2.6 O6pa3oBanue
MHKPOCTPYKTYPBI B CamocrosTenbHOe
nepexonHol obmactH U3 n3ydeHue yaeOHon .
PEXon 1 1 i 1 YcTHBIH onpoc IK-2.1
CILTABOB c Y HAY9HO
MOHOTEKTHUECKUM JUTEPaTyphI
paBHOBECHEM
Wroro no pasneny 23 6 12
3. TIpomexyTouHast aTTeCcTaIus
31 OKk3aMeH o
5 MK-2.1
JCITUIUINHE
Hroro mo pazneny
Hroro 3a cemectp 36 18 32,2 SK3aMeH
Wroro no aucuuninnxe 36 18 32,2 9K3aMeH




5 O0pa3oBaTe/ibHbIE TEXHOJIOTHH

WudopmanmonHass JieKnuss —  TIOCIENOBAaTEIIbHOE  W3JI0KCHHWE  Marepuana B
JUCHUTUTMHAPHOM JIOTHKE, OCYIIECTBIIIEMOE IMPEUMYIIECTBEHHO BEpPOaIbHBIMU CPEICTBAMH
(MOHOJIOT TperoaaBaTes).

JIaGoparopHas paboTa — opranu3zanus yaeOHoi paboThI ¢ peabHBIMU MaTepUAIbHBIMU U
UH(POPMALIMOHHBIMH O0BEKTaMHU, 3KCIIEPHUMEHTAbHAs padoTa C aHaJOTOBBIMH MOJEISIMU
peaTbHBIX OOBEKTOB.

6 YueOHO-MeTOAuYecKOe 00ecneueHHe caMOCTOSITeIbHOM padoThI 00y4yalommxcst
[Ipencrasneno B npuioxenuu 1.

7 OneHoOYHBIE CPeACTBA AJIsl IPOBeAeHH s IPOMEKYTOYHOM aTTeCTAMI
[IpencraBieHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOAMYeCcKOEe H HH(POPMALIMOHHOE O0ecneyeHue TUCIUITHHBI (MO1YJIs1)

a) OcHoBHas1 IMTEpaTypa:

1. ITuxynoB, M.B. OCHOBBI TE€OpUH JIUTEHHBIX MPOLECCOB: KPUCTAIN3ALKS CIIJIaBOB
[Dnek-TpoHHbIH pecype] @ yuebnoe nocobue / M.B. ITukynos, A.H. KonoBanoB. — DJIeKTpOH.
maH. —  MockBa @ MUCHUC, 2015, — 91 ¢ — Pexwmm jgocryma:
https://e.lanbook.com/book/69762 . (nata obpamienus: 18.01.2023) — 3ari1. ¢ sxpana.

0) JlomostHMTEIbHAS JIATEPATYpa:

1. MarepuanoBenenie : (a3oBble AMArPaMMbl  JIBYXKOMIIOHCHTHBIX  CHCTEM
[DnexTponHbIii pecype] : yueOHoe mocooue / A.B. TlozauskoB [u ap.]. — DJIEKTPOH. AaH. —
Mocksa : MUCHUC, 2016. — 98 c. — Pexxum nmocryna: https://e.lanbook.com/book/93649 . —
3ari. ¢ 3KpaHa.

2. IukynoB, M.B. CoBpeMeHHBbIC MPOOJIEMBbI MAaTEPUATOBEACHUS W METAJUIYPIHH '
KPHUCTAUTU3AI[HOHHBIC MPOIECCHI [ DJIEKTPOHHBIN pecypc] : yueOHoe mocodue / M.B. TTukyHOB,
B.E. baxenoB. — JnaexTpoH. gaH. — Mocksa : MUCHUC, 2016. — 95 c. — Pexxum nocryma:
https://e.lanbook.com/book/93657 . (nata obparmienus: 18.01.2023)— 3ari. ¢ axpaHa.

B) MeToanyeckue yKazaHus:
1. ITIpaktukym. Ememomun A.H., MonoukoBa O.C., [lerpouenko E.B. Maraurtoropck.
Nzn. LHentp ®TBOY MI'TY um. .. Hocora. 2019. 64 c.

r) IIlporpammHuoe ob6ecnieyenune u MHTEpHET-pecypesl:

IIporpammHoe o0ecneuenne

Haumenosanue I1O Ne norosopa CpoOK eCTBUS TUIEH3UU
MS Office 2007 |y, 135 1 17.09.2007 GeccpouHo
Professional

7Zip cB000HO pacnpocTpansemoe 110 06eccpouHO

FAR Manager cB0OOIHO pacrpocTpansemoe [10 OECCPOUHO
Bpaysep Yandex |cBoGoaHO pacnipoctpansemoe [10 6eccpouHO

IIpodeccnonanbHble 0a3bl JaHHBIX M MH(POPMAIMOHHBIE CIPABOYHbIE CHCTEMbI
| HazBanwue kypca | Cchuika



https://e.lanbook.com/book/69762
https://e.lanbook.com/book/93649
https://e.lanbook.com/book/93657

DrexkTpoHHas 0aza mepuoanveckux m3manuii East View
Information Services, OO0 «MIBUC»»

HaI_H/IOHaJIbHaSI I/IHq)OpMaLII/IOHHO-aHaJII/ITI/I'-IGCKaH URL
cuctemMa — PocCHiCKMIT MHIEKC HAYYHOTO IUTHPOBAHUS )
(PUHIT)

[MTouckosas cucrema Akanemust Google (Google Scholar) [URL: https://scholar.google.ru/

https://dlib.eastview.com/

https://elibrary.ru/project risc.asp

WNudopmannonnas cucrema - EnuHoe okHO AocTyma K

URL: http://window.edu.ru/
nHGOPMAIIMOHHBIM pecypcam

denepanbHOE roCy/IapCTBEHHOE O0KETHOE
yupexaenne «Denepanbubiii uacTUTYT Tipombinuiennoi|URL: http://www1.fips.ru/
COOCTBEHHOCTH

9 MaTepHaJLHO-TEXHHYECKOE o0ecneuyeHne TN CIUIINHBI (MOLYJIf)

MarepuanbHO-TEXHHUECKOE 00ecleueHUe AUCHUIUINHBI BKIIIOUAET:

1. Yuebnas ayauropus Ui IPOBEICHUS 3aHATUIN JIEKIIMOHHOIO TUIIA OCHAILIEHA!

- TEXHUYECKUMHU CpeACTBaMM OOy4YEHHUs, CIYKallUMH Ul IpPEICTaBICHUS y4eOHOMH
uHpopManuu OOJbIIOW ayAUTOPHHM: MYJIbTUMEAMWHBIMU CpEJICTBA XPAaHEHUs, Nepefadu U
npeJcTaBieHus yueOHOM HHpopManuy;

- CIIeLMAIN3UPOBAHHON MEOETIBIO.

2. VYdeOHas ayamTopwsi JUIsl TPOBEICHUS JIAOOPATOPHBIX 3aHATUH «JluTeliHas
nabopaTopus» OCHallleHa Ja00paTOPHBIM 000PYAOBaHUEM:

- TUTAaBUJIBHBIC TICYH.

- TEePMHUECKHUE [IEYH.

- TBEPJIOMED.

- IpuOOPBI 11 UCHIBITAaHUSI 00Pa31I0B HA H3HOCOCTOMKOCTB.

- CIIelMaIM3UPOBaHHAsI MEOETIb.

VYuebHasg ayauTopus Ui NpoBeAeHUs jabopaTopHbIX 3aHATHll «VccienoBaTenbckas
nmabopaTopusi» OCHaIleHa JIA00PaTOPHBIM 000PYTIOBAHUEM:

- repmoananutudeckuii mpudop NETZSCH Jupiter 449 F3.

- aBTOMaTH3UpoBaHHbIi ananmu3arop CW — Multiphase.

- SMUCCUOHHBIN criekTpomeTp Spectro Maxx.

- CIIeIMATTU3UPOBAHHAS MEOEITh

VYuebHas aynuTopus JUIsL TNpoBedeHHMs JabopaTOpHbIX 3aHATHH  «JlaGoparopus
MeTauiorpaduu» ocHaIIeHa 1abopaTopHbIM 000PYI0BAHUEM:

- mukpockornsl MUM-6, MUM-7

3. YueOHast ayaAuTOpus Ui TPYIIIOBBIX U WHAWBUIYAIBHBIX KOHCYJIBTAIUH, TEKYIIEro
KOHTPOJISI ¥ IPOMEKYTOUHOM aTTeCTallMy OCHAIIIEHA!

- KOMITBIOTEpHO# TexHukol ¢ nmaketom MS Office, ¢ noaximouenuem k cetn «MHTEpHET»
U C TOCTYIIOM B 3JIEKTPOHHYIO MH()OPMAITMOHHO-00pa30BaTeNbHYIO CPEly YHUBEPCUTETA,

- CHIeHaIM3UPOBAaHHON MeOebIo.

4. TTomerieHue 7151 CAMOCTOSATENIbHOM pabOThl OCHAIIEHO:

- KOMITBIOTEpHOM TexHukol ¢ maketom MS Office, ¢ moaxmouennem k cetu «MHTEpHET»
U C JOCTYIIOM B 3JIEKTPOHHYIO MH(OPMAITMOHHO-00pa30BaTeNbHYIO CPEly YHUBEPCUTETA,

- CHIeMaIM3UPOBAHHON MeOeIbIo.

5. ITlomemenue 11 XpaHEeHUS M MPOPUIAKTUYECKOTO OOCITYKUBAaHHUS Y4eOHOTrO
000pyTI0BaHUS OCHAIIICHO:

- CTIeLMAIN3UPOBAHHON MEOEIBIO: CTeNJIaKaMH JJIsl XpaHEeHHsI y4eOHOTo 000pyA0BaHMUS;

-MHCTPYMEHTaMHU ISl pEMOHTa yueOHOro 000py10BaHUs;

- ikadamu U1 XpaHeHus1 yueOHO-MEeTOMUECKON TOKyMEHTAIUN U MaTepUaoB.


https://dlib.eastview.com/
https://elibrary.ru/project_risc.asp
https://scholar.google.ru/
http://window.edu.ru/
http://www1.fips.ru/

Ipuioxenne 1

Y4yeOHO-MeTOoAUYeCKOe 00ecTieYeHrne CAMOCTOSITeIbHOI padoThl 00y4yaromuxcs

Bonpocs! 1J1s1 yCTHOTO onpoca:
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Kaxkas temnepartypa Ha3bIBaeTCsl paBHOBECHOM?

Uto Takoe cTeneHp nepeoxnaaxacHus?

Kak cremeHp mepeoxiaXIACHHs BJIMSIET HAa Pa3HOCTh CBOOOJHOW SHEPTUU KHUAKOU W
TBEp10i ha3pl?

Uro Takoe rpaHuIla pa3jieia U Kak OHa BIHSICT Ha 3HAYCHHE CBOOOIHOW dHEPTHH?
Kakoii 3apopliil Ha3bIBACTCSI KPUTHUUECCKUM?

KakoBa mpumepHasi CKOpoCTb pocTa peaibHbIX METAJUTMUECKUX KPUCTAILIIOB?
Kakas kpucraisusanusi Ha3blBaeTCsl JEHIPUTHON?

Kaxkas o6yacTb npu KpucTauiM3alyy CIIJIaBOB HA3bIBAECTCS MEPEXOAHON?

Uem omnpenensitoTes BEIMYUHBI MEX(Pa3HBIX YSHEPTUi?

Uro Takoe paBHOBECHBII TeMIIEpaTYpPHbI HHTEPBAJ KpUCTaUIU3aluu?

UT0 Takoe KOHLIEHTPALMOHHBII HHTEPBaJl KPUCTAJUIM3aUUN?

UTto Takoe TeMIl KpucTauI3auuu?

Kaxkoe npeBpaiiieHrne Ha3bIBaeTCs 3BTEKTUUECKUM ?

Kaxkoe npeBpaiiienre Ha3pIBaeTCs MEPUTCKTUIECKUM?

Kaxkoe npeBpaiiieHrne Ha3bIBa€TCSI MOHOTEKTHYECKUM?

Kaxkoe npeBpaiiienre Ha3pIBa€TCs IBTEKTOUTHBIM?

Bomnpocsl k 3k3ameny:

XapakTEepUCTUKH ITpoLiecca KpUCTAUIN3aLMY CIlIaBa

XapakTepHUCTUKH IIpoLiecca 3aTBEPIEBaHNsS JIUTON 3ar0OTOBKU

3apoKeHUE KPUCTAUIOB YACTHIX METAJIJIOB

PocT kpucTamioB 4MCTHIX METAIIIIOB

Kpurepunii Jlxekcona. [Ipuniun crpykrypHoro coorserctus 1. /1. /lankosa

BimmstHue npumeceil Ha KpUCTAIIIM3ALMEIO YUCTBIX METAJIIOB

Oco0eHHOCTH KpHUCTAIIM3allMK TBEPBIX PACTBOPOB

PaBHOBecHas kpucTaIM3anus

HepaBHOBecHas KpucTaIn3anus

HepaBHoBecHas kpucTanau3aius B CUCTEMaX € IBTEKTUUYECKUM MPEBPALLEHUEM
HepaBHOBeCHas KpuCTaJIIIM3alUsl B CUCTEME C IEPUTEKTUYECKUM IIPEBPALLICHUEM
HepaBHoBecHas kpucTaniuzaius B CUCTEMaX ¢ MOHOTEKTHYECKUM MPEBpAILlEHUEM
JlennpuTHas KpUCTaUIN3aLMs

XapakTepHble 0COOEHHOCTH Ipoliecca 3aTBEPIEBAHUS OTIINBOK.

Bo3HukHOBEHUE NepexoJHON 00I1acTH

BenuunHa u cTpoeHue nepexoaHoM 001acTu B OTIMBKAX.

OcobeHHocTH 00pa3yromIencss MaKpOCTPYKTYPhl OTITUBOK

OO6pa3oBaHre MUKPOCTPYKTYpPBI B IEPEXOTHOM 00JIaCTH U3 CIJIABOB TBEPIBIX PACTBOPOB
O6pa3oBaHre MUKPOCTPYKTYPHI B IEPEXOAHOM 007aCTH U3 CIIJIABOB C 3BTEKTUYECKUM
paBHOBECHEM

O06pa3oBaHre MUKPOCTPYKTYpHI B IEPEXOAHOI 0071aCTH U3 CIIaBOB C MEPUTEKTUYECKUM
paBHOBECHEM

O6pa3oBaHre MUKPOCTPYKTYpBI B IEPEXOAHOI 00J1aCTH U3 CIJIABOB C MOHOTEKTUYECKUM
paBHOBECHEM

Yro Takoe OJIMKHUN M JAJIbHUIN MOPAIOK B PacMoiioxkeHUH aToMoB? B yeM 3akiodaercs
CXOJICTBO U Pa3JInyMe KUAKOTO U TBEPAOTO COCTOSTHUS METAJIIOB?

YeMm mpenonpeesieH MUHUMAJIBHBIN pa3Mep 3apobllia Py KpUCTAUIU3aluu?
OO0BsicauTe GU3UIECKUN CMBICIT CKOPOCTH 3apOKIeHUs IEHTPOB KpucTaumzanuu (C31])
U IMHeHoM ckopoctu pocta kpuctamio (JICP) B pacruiaBe. Kakum dgaxtopom
MpeIONpeIeNIeHbl UX BEJIUYUHBI?



25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

[Touemy npu KpUCTAJUIM3ALKUY TPOMBIIIJICHHBIX CIIJIABOB HE HA0JII0JaeTCs
NepeoxTaKIACHUA?

OObsicHUTE POJIb U 3HAUEHHNE HEMETAININYECKUX BKIOUEHHUN /17151 3apOsKI€HUS KPUCTAIITIOB
B paciiaBe. Kakumu cxofcTBamMu TOJKHBI 001a/1aTh BKIIIOUEHUS M KPUCTAIU3YIOLIUIICS
CIUIaB, YTOOBI KPUCTAILTM3AIMS Hayalach HA HEMETAJUIMYECKOM BKIFOUEHUH?

[Touemy B pacruiaBe KpUCTaJLIbl UMEIOT ACHIPUTHYIO CTPYKTYPY?

OO0BscHUTE MEXaHU3M H3METbUYEHUSI MUKPOCTPYKTYPHI CIIaBa C MOMOIIBIO HEOOIBIITNX
J00aBOK JIETUPYIOLIETO KOMIIOHEHTA.

CruiaB KpUCTAIUIM3YETCs B IEPBOM citydae co ckopoctbio 100 rpaa/muH, Bo BTopom — 1
rpag/muH. [Ipu Kakoit CKOPOCTH OXJIaXkIEHUS YCI0BHS ObUIH OJIMXKE K PABHOBECHBIM?
AHaJIN3 MUKPOCTPYKTYPHI CIIJIaBa B PA3JIMYHBIX YACTSIX OTIMBKH IMOKa3al OOJIBIIYIO
pa3HHMIlY B pa3Mepe ACHAPUTHOH sueiiku. Uem 310 oObsCHsIeTCS?

B HampaBiieHHO 3aTBEpIEBLICH OTIMBKE BBISIBIIEHO HATMYME HEMETAIIIMYECKUX
BKJIIOUEHUH. B 01HOM YacTy OTIUMBKY HAOIIOIal0TCSA MEJIKUE BKIIOYESHHUS], a B IPYTOM —
KpynHble. OOBSICHUTE BO3MOXKHBIE MEXAHU3MbI UX 00pa30BaHUs.

CmnaB uMeeT JeHAPUTHYIO CTPYKTYPY. Y CIIOBHS KPUCTAUIU3AIMK ObLTM PABHOBECHBIMU
WM HEPaBHOBECHBIMU?

B oHOii yacTu OTJIMBKY BBISIBIICHA slYEUCTas CTPYKTYpa, B APYroil — neHaputHas. B kakoit
YacTH OTJIMBKH CKOPOCTb OXJIaXK€HUS ObuIa BblIIe?

[To paBHOBECHOM AMAarpaMMe COCTOSIHUS MHTEpBal Kpuctaum3anuu paseH 50 K.
Huddepennmansao-repmuyeckuii ananms nokaszan 100 K. Uem oObsicHseTCSt Takoe
pacxoxaeHue?

ITo paBHOBECHOI AMAarpaMMe COCTOSIHUSL B MUKPOCTPYKTYpE cIlIaBa J0JKHO ObITh 40 %
3BTeKTUKH. MeTamnorpaduueckuit ananus nokaszan 60 %. Kakum 06pazom 0ObSICHUTB 3TO
HecoBMnajieHue?

Kakumu xapakTepucTUKaMu CIUIaBa MPeaonpeIe]ieHo 00pa30oBaHKe MePeX0oaHON
IByX(a3zHoW (KUAKO-TBEpAOi) 00JacTH B OTJIMBKAX?

Kakwue BHemHue ¢pakTopbl BIUAIOT Ha pa3Mep NMepexoaHoi 1Byxda3Hoii obmactu?
O0BsicuuTe 00pa3oBaHe pa3Mepa MaKpO3EPEH B OTIMBKAX W3 CIIABOB TBEP/IBIX
pPacTBOPOB OT XapakTepa KPUCTAIIIU3AIMH CIUIaBa U CTPOCHMSI IEPEXOAHOM NBYX da3zHON
o0nacTH.

Kak BIusIOT HepaBHOBECHBIE YCIOBUS KPUCTATU3AIMH CIUIABOB HA BEIUYHHY
nepexoHou ByxdaszHoi obnactu?

O0bsicauTe 00pazoBaHNE MUKPOIOPUCTOCTH B OTIIMBKAX.
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IIpunoxenne 2

OIIeHO‘lHLIe cpeacrea Jid MpoOBEACHUSA l'[pOMe)KyTO‘lHOﬁ aTTeCTallumn

a) H.]IaHI/IpyeMbIe pe3yJbTaThbl oﬁyqe}mﬂ H OIICHOYHBIC CpeaACTBA AJIsl IPOBECACHUSA HpOMe)l(yTO‘IHOﬁ arrecramum.:

CTpyKTYpHBIH DJIEMEHT
KOMITETEHITUH

[TnanupyemMbie pe3ysbTaThl 00YICHUSA

OreHOUHBIE CpECTBA

I1K-2 - CnocofeH KOHTPOJIHPOBATH BBINOJHEHHE TEXHOJIOTMYECKHX NMPOIeCCOB M MPHHUMATH PellieHHsI 110 YCTPaHEeHHI0 IPUYMH HX HapylIeHuii

[K-2.1

O0nanaeT TeOpeTHUECKUMH 3HAHUSAMHU OCHOB H
MPAaKTUYECKUMH HaBBIKAMH [TPOU3BOJCTBA JINTHIX
W3ICTUHA U3 pa3IMyHbIX MaTepPUaNIoB

IIpumepHBIii epeyeHb TeOPeTHYECKUX BONPOCOB

1. XapaKTepUCTHKH MIPOIiecca KPUCTAIIH3aLuU
CIulaBa

2. XapakTepHUCTHKH Tpoliecca 3aTBepAeBaHM
JINTOU 3aTOTOBKH

3. 3apoxIeHre KPUCTAJUIOB YUCTHIX METAJLIIOB

4. Poct kpHCTaNIOB YUCTHIX METAIIOB

S. Kputepuit J[xexcona. [IpuHIun cTpyKTypHOTO
cootBerctBud I1. JI. JlankoBa

6. BnusiHue npuMeceil Ha KPUCTAIITM3ALMIO YHCTHIX
METaJIJIOB

7. OcO0EHHOCTH KPUCTAIIM3ALN TBEPIBIX
pacTBOpoB

8. PaBHOBecHast KpucCTaIM3aNA

9. HepaBHoBecHas kprucTamIn3aus

10. HepaBHOBecHast KpycTaIUIM3aLUs B CUCTEMAX C
IBTEKTUYECKHUM MPEBpAIICHIEM

11. HepaBHoBecHas kpucramun3anys B CUCTEME C
NEPUTEKTUIECKUM TpEBpaIlEHIEM

12. HepaBHoBecHast KpycTaIM3aLus B CUCTEMAX C
MOHOTEKTUYECKUM IpeBpaleHIeM

13. JleHpuTHAS KPUCTAIUTA3AITHSI

14. XapakTepHbsle 0COOEHHOCTH IpoLecca
3aTBEP/ICBAHNUS OTIMBOK.

15. Bo3HUKHOBEHHE MTEPEX0IHOM 00IaCTH

16. BennunHa 1 cTpoeHue MepexoAHOM 00JIacTH B




OTJIMBKax.

17. Oco0eHHOCTH 00pa3yIoMIecs MaKPOCTPYKTYPHI
OTJIHBOK

18. O0pa3oBaHue MUKPOCTPYKTYPHI B IEPEXOAHOM
00JIaCTH M3 CIUTaBOB TBEPBIX PACTBOPOB

19. O0pa3zoBaHue MUKPOCTPYKTYPHI B IIEPEXOTHOM
00JIaCTH M3 CILIABOB C BTCKTUUECKHM PaBHOBECHEM

20. O0pa3oBaHue MUKPOCTPYKTYPHI B IEPEXOAHOM
0011aCTH U3 CIUIABOB C MEPUTEKTUYECKUM PAaBHOBECHEM
21. O0pa3zoBaHue MUKPOCTPYKTYPHI B IIEPEXOTHOM

001aCTH 13 CIJIaBOB C MOHOTEKTUYECKUM PaBHOBECHEM
IlepeueHb NpaKTHYECKUX BOIIPOCOB

22. [Ipu 3y4eHnr MUKPOCTPYKTYPHI CTAII B IICHTPE

JICHIPUTHOW YEUKHU YCTAHOBIIEHO COAEPKaHUE KPEMHHS,

paBuoe 0,1 %, a ma rpanmne — 0,25 %. Omnpenenure

KOA(UITUECHT JTUKBAIIH JAHHOTO KOMITOHEHTA.

23. Onpenenure  KOPQGUIMEHT  pacrlpeeicHUs

Mapraiia B MeId TMpH TeMIepaType JMKBUAyca U

comupayca B cruaBax Cu-7 % Mn u Cu-40 % Mn (macc).

OOBscHUTE MOTyYCHHBIE PE3YJIBTATHI.

Oo6pasen u3 crutasa Cu-5 % Mn KpUCTaUTU3YIOT METOIOM
HaIpaBJICHHOTO YIIPaBJIIEMOI0 3aTBEPAECBAHUS CO
ckopoctsio 0,1 MmM/MuH. Onpeaennre BETUUUHY
TEMIIepaTypHOTO TPAJUCHTA B KHUJIKOCTH, IIPU KOTOPOM
(GpoHT KprCcTAIITH3AUK OYAET TIOCKUM, ecii D XK =
5¢10-5 cm2/c, mHTEpBAN KpUCcTAUTH3auy cruiaBa A t =30
K.153
24, 3. cmmaBa Fe-5 % Si, 4toObl  (QpoHT
KpUCTaIIM3auuu Obul wuiockuM, ecnu D XK = 5¢10-5
cM2/c, UHTEpBal KpUcTau3auuu crmaBa A t = 28 K,
TPaJIMEHT TEMIIEPATyphl B )KUJKON 30HE repes; GpoHTOM

kpucramm3anuu G L = 100 K/cwm.

25. HBa cmiaBa coctaBa Cu-10 % Mn u Cu-10 % Ni
KPUCTAJUTM3YIOTCS TIPH HEPABHOBECHBIX YCIOBHAX, KOTIa
DX — o , 0. DTB = Omnpenenure ko3dpdumueHt
JUKBAallUM B JTHX CIUIaBaX TMOCJE€  OKOHYaHHUS
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KpUCTAJUTM3ALHH.
26. CmaB  WMeeT  PaBHOBECHBI — HMHTEpPBaj
kpuctaumsarmuu 120 K un wepaBroBecHwridi 170 K.
OTnMBKa 3aTBepAEBacT C MOCTOSHHBIM TeMIIEPaTypHBIM
rpaguentom 15 K/mm.  Omnpenenute  BeTHYHHY
nepexoqHod aByx(a3sHOW 00IacTH B OTJIHBKE IPHU
PaBHOBECHOH U HEPAaBHOBECHON KPUCTANIN3ALINH.
JIBYXKOMIIOHEHTHBI! CIUIaB HENPEPBIBHBIN TBEPABII
pacTBOp 6€3 MUHUMYMOB M MAKCHMYMOB FIMeeT cocTas 10
% A + B . PaBHOBecHBIN kK03(pPumMEHT pactipeaeneHus
koMmmoHeHTa B pasen 0,75. Onpenenuts BeTUUUHY
JIEHAPUTHOM JINKBALIMU IPU TIOJTHOCTHIO HEPABHOBECHOM
KpUCTAJUTH3ALHH.

1. B  HanpaBieHHO  3aTBepACBUIEH  OTJIMBKE
BBISIBJICHO HA&JIMYME HEMETAJUIMYECKHX BKJIIOYEHHHA. B
OIHOW  4YacTH  OTJAMBKM  HAOJIOZAIOTCS  MEJIKHUE

BKIIIOUCHUS, a B Jpyroii — KkpynHble. OOBICHUTE
BO3MOJXKHBIC MEXaHU3MBI KX 00pa30BaHusl.
27. Uro Takoe ONIKHUN W NadbHUHA TOPSAOK B

PacCIojIoXCHUN atroMmoB? B dem 3akimodaercs CXOJCTBO U
pas3InIne )XUIKOro U TBEPAOIo COCTOAHUA METaJIoB?

28. YeMm mpenomnpenesneH MHHUMAJIBHBIA —pa3Mmep
3apOoJIBIIIA NP KPUCTAINTA3AIAN ?
29. OObsichuTe  (QUBMYECKUI  CMBICT ~ CKOPOCTH

3apokaeHus  1eHTpoB  Kpuctawmmsanmu  (C3L) wu
JUMHEHHOM ckopoctn pocra kpuctamuios (JICP) B
pacriaBe. Kakum daxkTopom mpenpompeneneHsl  MX
BEITUIUHBI?

30. [Touemy mpu KpucCTaIM3AIUU TPOMBIIUICHHBIX
CIUTABOB HE HAOJFOIAETCS MePEOXIIANKICHUS?
31. OO0BsiICHUTE POJIb M 3HAUYECHUE HEMETAITMICCKUX

BKIIFOUEHUH JUIA 3apOXKACHHS KPHUCTAJUIOB B paCIUIaBE.
Kakumu cxoacTBamMu TOJDKHBI 00J1aiaTh BKIIFOUEHHUS H
KPUCTAJUTM3YIOIUICS CIIaB, YTOOBI KPHCTaTU3AIUS
Havajach Ha HEMETAJUINYECKOM BKITIOYSHNN ?

32. IloueMy B pacniaBe KpHCTUIBl  UMEOT

13




JEHIPUTHYIO CTPYKTYpPY?

33. OObsicHuTE MEXaHU3M M3METbYCHUS
MHUKPOCTPYKTYpPBl CIUIaBa C IIOMOIIBIO HEOOJIBLINX
J00ABOK JIETHPYIOLIETO KOMIIOHEHTA.

34. CnnaB KpUCTAJIM3yeTCs B IIEPBOM CIIydae cO
ckopocthio 100 rpan/muH, Bo BTopoM — 1 rpam/muH. [Ipu
KaKOH CKOPOCTH OXJIaKACHUS YCIOBUS ObUIM ONIMKE K
PaBHOBECHBIM?

35. AHanm3 MHKPOCTPYKTYPHI CILIaBa B Pa3IHIHBIX
yacTAX OTVIMBKU IOKa3ajl OOJIBLIYIO Pa3HHUIy B pazmepe
NEHAPUTHOM sueiku. Yem 310 00bscHsCTCS?

36. CrmiaB ¥MeeT ACHIPUTHYIO CTPYKTYpY. Y CIIOBUS
KpHUCTAIIM3aLUuT ObuH PaBHOBECHBIMHU win
HEPaBHOBECHBIMU?

37. B onaHoii 4yacTH OTIMBKHM BBISIBICHA SYEHCTas
CTPYKTypa, B Apyrod — AeHapuTHas. B kakoil yactu
OTJIMBKH CKOPOCTH OXJIXKACHUS Obljia BhIlIe?

38. I[lo paBHOBEeCHOW  AMarpaMme  COCTOSHHS
HHTEpBal KpUCTaJUIU3aU1 paBeH 50 K.
HuddepennnanpHo-TepMmudecknii ananmms nokaszan 100 K.
UeM 00BACHSICTCS TAKOE pacXOKaeHHE?

39. Ilo paBHOBeCcHOW JuarpaMMmMe COCTOSIHUSI B
MHUKPOCTPYKTYype CIjiaBa J10JDKHO ObITh 40 % 3BTEKTHKH.
Mertaorpadudeckuii aHanu3 nokazan 60 %. Kakxum
00pa3oM 00BSCHUTH 3TO HECOBIMAICHUE?

40. Kakumu XapakTepUCTUKAMH cIuiaBa
NpeoNpeaeIeH0 00pa3oBaHue NEPEexXoIHON IBYX(pa3HOi
(>kuaKO-TBEp/I01i) 0OJIACTH B OTIMBKAX?

41. Kakue BHemHMe (akTopsl BIMSIOT Ha pa3Mep
nepexoaHoi AByx(dazHoii obnactu?
42. OO0BsicHuTe 00pa3oBaHUE pa3zMepa MaKpO3EpEH B

OTJIMBKAX M3 CIUIABOB TBEPJBIX PACTBOPOB OT Xapakrepa
KPHCTAJUIM3alMH CIUIaBa ¥ CTPOCHHS HEPEXOJHON
IByxda3Hol obnacTy.

43. Kax BIIASIIOT HEPAaBHOBECHBIE YCIIOBUA
KPHUCTAJUTM3AaLMKH CIUIABOB HA BEIMYHHY NEPEXOIHOU
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nByxda3zHoi obnactu?
44, OO0BsicHUTE 00pa30BaHHE MHUKPOIOPHUCTOCTH B
OTJIMBKaXx.

Brinosnenune nadopaTopHoii padoThl
l.IloctpoeHne  NBOWMHOW  AWArpaMMbl  COCTOSHUSI
Cauren-CypbMma.
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0) Iopsinok npoBeaeHUs MPOMEKYTOUHON aTTECTANIMM, MOKA3ATE]H U KPUTEPUN OLIEHHBAHUS:

IIpomexyTouHas aTTecTanys N0 JUCUMIIMHE BKIIIOYAET TEOPETHUECKUE BOTIPOCHI, TO3BOJISAIOLIIE
OLIEHUTH YPOBEHb YCBOCHHS 00YUarOIUMHUCS 3HAaHUH, U IPAKTUYECKHUE 3aaHUs, BEISIBIISIOIINE CTEIIEHb
c(hOpMHUPOBAHHOCTH YMEHHI U BIIaJICHUI, TPOBOAUTCA B GOPME IK3AMEHA.

DK3aMeH T10 TaHHOW AMCIUIUIMHE TPOBOIUTCS B YCTHOHM (OpMe 10 SK3aMEeHAIMOHHBIM OMIIeTaM, KayK bl
U3 KOTOPBIX BKIIIOUYAET 2 TEOPETUUECKUX BOMPOCA U OAHO MPAKTUUECKOE 3aJaHHE.

IToka3zaTtenu u KPUTCPHUHU OLICHUBAHUSA IK3aMeEHa:

— Ha OIEHKY «OTJINYHO» (5 6aiioB) — 00yJatoNHiicss JEMOHCTPHUPYET BBICOKUI YPOBEHB
c(hopMHPOBaHHOCTH KOMIIETEHIIH, BCECTOPOHHEE, CUCTEMAaTHIECKOE U TITyOOKOe 3HaHHE yI4eOHOTO
MaTepuana, CBO00IHO BBITIOIHSIET MPAKTHUCCKUE 3a/IaHuUs1, CBOOOTHO OTIEPUPYET 3HAHUSAMU, YMCHHUSIMH,
MPUMEHSIET X B CUTYAIIUSAX MOBBIIIEHHOMN CII0XKHOCTH.

— Ha OIICHKY «X0pomIo» (4 6aja) — 00y4aroIIUHCs TEMOHCTPUPYET CPESIHUHN YPOBCHb
c(hOpMHUPOBAHHOCTH KOMITCTCHITUI: OCHOBHBIC 3HAHUSI, YMEHHS OCBOCHBI, HO JIOMYCKAIOTCS
HE3HAYUTCIIBbHbBIC OHH/I6KI/I, HETOYHOCTH, 3aTPYAHCHUA IPU AHAJIMTUYCCKUX OICpaAlUAX, IICPECHOCE 3HAHUN
W YMCHHUH Ha HOBbIC, HECTAHAPTHBIC CUTYAIlH.

— Ha OIICHKY «y/JAOBJIETBOPUTEIbHO» (3 0ayia) — 00yJaronuiics JeMOHCTPUPYET MTOPOTOBBIA YPOBCHb
c(hOpMHUPOBAHHOCTH KOMITCTCHITUIA: B X0/I¢ KOHTPOJILHBIX MEPOTIPHUATHIT JOMYCKAIOTCS OIMUOKH,
IMPOABIIACTCA OTCYTCTBUC OTACIIBHBIX 3HaHI/II\/'I, YMeHI/Iﬁ, HaBBIKOB, o6yqafom1/1171c;1 HUCIIBITBIBACT
3HAYHUTENBHBIC 3aTPYAHCHUS TP OTICPUPOBAHUY 3HAHUSAMHU U YMEHHSMU MPH UX MEPEHOCE HA HOBBIC
CUTYaIlUU.

— Ha OLICHKY «Hey/10BJIeTBOPUTEJILHO» (2 6asa) — 00ydJaromuiics: JeMOHCTpUpyeT 3HaHus He Oomee 20%
TEOPETUIECKOT0 MaTepHala, IOIMyCKaeT CYIIECTBEHHBIE OIIMOKH, HE MOKET MOKa3aTh MHTEIJICKTyalbHbIE
HaBBbIKW PCIICHUA NPOCTHIX 3a1a4.

— Ha OILICHKY «HeYI0BJIETBOPUTEIbHO» (1 6armr) — o0ydJaronumiicss He MOXKET T0Ka3aTh 3HAHUS HA YPOBHE
BOCIIPOM3BEICHUS U 00BSICHEHUSI MHPOPMAIINH, HE MOXKET [10Ka3aTh MHTEJUIEKTYalbHbIE HABBIKH PELICHUS
NPOCTHIX 3a/aY.



