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1. BHelUHwWe TpeboBaHuSA

Tabnuua 1.1

Komnemenuuna ®@IrOC: OIIK.1 cnocoGHOCTH HCIOIB30BATH OCHOBHBIE 3AKOHBI €CTECTBEHHOHAYYHBIX
AUCIUIINH B PO ecCHOHAILHOM AeSITeJIbHOCTH, IPUMEHSITH METO/Ibl MATEMATHIECKOr0 AHAIN3A I
IKCIEPHMEHTATLHOT0 HCCIEAOBAHNS; ¢ YACHU CLEOYIOMUX PE3YTIbIAN0e 00yYeHU:

310. 3HaTb 0 METOZAX U3yyYeHus andysnu

318. 3HaTb OCHOBbI TEOPUM CM/IABOB, TEOPUI AMAIQY3MK 1 TeOpUI (Ha30BbIX
Tenax

npeBpameHMVl B METWITNYECKUX

y3. yMeTb pellaTb NpocTeiiLune TUMbl ypaBHeHUI Audidy3um

y4. yMeTb aHa/IM3MPOBaTb BOMPOCHI B3aWMOCBSA3M KPUCTA/IIMYECKOI 1 91EKTPOHHO CTPYKTYpbI TBEPAbIX TEN C

3aKOHOMEPHOCTSIMU ANt(PY3MOHHBIX MPOLLECCOB

Komnemenyun @roc: I11K.1

CIIOCOOHOCTH B COCTABE KOJLUIEKTHBA yY4qacrsoBath B paspaﬁonce MaKeToB nsae.rmﬁ H uX MO}Iyﬂeﬁ,
pa'}pa6aTI>IBaTL nporpamMMHubie CpeIcTBa, IPUMEHATH KOHTPO/IbHO-H3IMEPHUTE/ILHYIO allliaparypy AJas
orpeae/ieHUusI TEXHMIECKUX XaPaAaKTEPHUCTUK MAKeETOB; ¢ “acmu c.fledymmux pe3yiomantoe 06y¢temm :

313. OCHOBbI HAHOTEXHO/OT U1 NnonyvyYeHna HaHoMaTephasioB

2. TpeboBaHust HI'TY K pesynbTaTaM 0CBOEHUSI ANCLUMINHbI

Tabnuua 2.1
PesynbTaTbl M3yyYeHUs AUCLMMNINHBI M0 YPOBHAM 0CBOEHUS (UMETb PopMbl OpraHmsalmnm
npeacTaBfieHNe, 3HaTb, YMeTb, BNageTb) 3aHATUI

Andhdoy3una B MeTannax u cnnasax

OrlMK.1.310 3HaTb 0 MeTofax U3yveHUs Anddysnm

1.3HaTh 0 MeToIaX u3ydeHwust 1uddyszum

Nekumn; MNpakTnYecKme 3aHATUS;
CamocToaTenibHas paboTa

OrK.1.318 3HaTb OCHOBbI TEOPUK CMJ1ABOB, TeOPUX ANQHY3NN 1N Teopumn (ha30BbIX

I'IpEBpaIJJ,eHVIVI B METAJIJTMHECKNX TENAX

2.3HaTh OCHOBHI TEOPHH CIIIABOB, TeoprH AuGY3UH U TeOpHUH (Pa30BBIX
[IPeBpAaIcHUH B METAIIMIECKHX TeJIax

Nekumn; MNpakTUYecKme 3aHATUS;
CamocToaTenibHas paboTa

OMNK.1.y3 ymeTb peLlatb NPOCTeLLMe TUMbl ypaBHEHWUA nddy3nn

3.yMeTs pemaTh IpocTeiimue TAIBI ypaBECHAH Anddys3mm

Nekumn; MNpakTUYecKme 3aHATUS;
CamocToaTenibHas paboTa

OMNK.1.y4 ymeTb aHa/IM3MpPOBaTb BONPOCHI B3aMMOCBA3N KPUCTa/ITMYECKOW U 3/1eKTPOHHOM

CTPYKTYpPbl TBEP/bIX Te/I C 3aKOHOMEPHOCTAMUN ANGKY3NOHHbIX N

oueccoB

4.yMeTh aHAIU3UPOBATH BOIIPOCH! B3aMMOCBSI3H KPUCTAILTMIECKON U 3JIeKTPOHHOR
CTPYKTYPHI TBEP/IBIX T ¢ 3aKOHOMEPHOCTAMH (P Py3HOHHBIX MIPOIIECCOB

Nekuymu; MNpakTUYecKme 3aHATUS;
CamocTosTenbHas paboTa

MK.1.313 0CHOBbI HAHOTEXHO/IOMMIA MOSTyYEHMS HAHOMaTepPUaIoB

5.0CHOBBI HAHOTEXHOJIOTHM IMOIIYYICHMI HAHOMAaTCPHUAIIOB

|J'IeKL|,|A|/|

3. CofiepykaHuie 1 CTPYKTypa y4e6HOI AUCUMNANHbI

Tabnuua 3.1
TeMmbl nekunii AKTUBHbIE | (1o C;Zb;'?blfrg:lfl
Y hopmblI, vac. pesy
00y4YeHuns
CewmecTp: 4
AunpakTnyeckasn eguHuua: OCHOBbI TEPMOANHAMWKM CMN1aBOB
1. MepBoe 1 BTOpOe Havyano TepMoAnHaMUKN. OCHOBHbIe 0 2 5
TepMoguHaMuyeckune yHKUMK. MOHATUE paBHOBECKS.
2. inarpaMmbl COCTOAHNA 419 OLHOKOMMOHEHTHBIX CUCTEM 0 2 2




3. VgeasibHble pacTBOPbI U peasibHble PacTBOPbI. XUMUYECKMe
coeaviHeHus. [imarpaMmbl COCTOSHUS ABOMHbIX CUCTEM. 0 4 5
[varpaMmmbl COCTOAHWA TPOMHBIX U MHOTOKOMMOHEHTHbIX
cuctem. Mpaswno a3 Mmb6ca.
AnpakTnyeckas eguHmua: 3akoHbl guddysmm
4. Pa3BuTure npeacTaBneHnin o anddysnm B 19 n 20 Bekax. 0 5 34
MepBbIii 3aKOH PuKa. Teopus cnyyanHbix 61y aaHWM ’
5. BTopoli 3akoH ®uka. YpaBHeHUs anddysum gns 0 9 3
aHM30TPOMHOWA cpeapbl
AnpakTnyeckas eguHmua: PelueHne ypaBHeHUR gnddysnm
6. O630p MeTOA0B peLleHns 06bIKHOBEHHbIX 0 2 3
AngdepeHUnanbHbIX YpaBHEHWI
7. PeleHue ypaBHeHUS AUddy3nn ans nony6ecKoHeYHOro 0 2 3
obpasua
8. Vicnonb3oBaHne METOA0B KOHEUHbIX PA3HOCTEN M KOHEUYHbIX 0 9 3
3N1EMEHTOB [N PeLLeHNs ypaBHeHWA Anddysum
AnpakTndeckas eguHmua: MexaHusmbl gngdysnm
9. BakaHCVOHHbIN 1 MeX0Y3e/bHbIn MexaHW3Mbl Anddy3un. 0 9 5
PaBHOBECHas KOHLEHTpaLus BakaHCUIA.
10. MyTn yckopeHHo anddysum B Kpuctannax. BnunsHue
ANCNOKALMIA, rpaHuML, 38peH 1 CBOBOHbIX NOBEPXHOCTEN Ha 0 2 1,4,5
Andpysunto
AnpakTnyeckas eguHmua: MNpoweccbl, 0CHOBaHHbIE Ha AUddy3nmn
11. XUMUKO-TepMUYecKas 06paboTka 0 4 1,2
12. Ondhy3noHHbIe npeBpaLLieHns B cnnasax. MpespatleHns 0 2 24
npu omxure. MonyyeHne rnobynspHbIX CTPYKTYP ’
AnpakTnyeckas eguHuua: TenioBas Auddysns. S1eKTPonpoBOLHOCTb.
13. Tennosas gnuddysns. 3NeKTPONpPoBOAHOCTb 0 4 4
AunpakTnyeckas eguHumua: Ponb guddysnm B pasnnyHbIX NpoLeccax.
14. Ponb andysnmn B pasnnMyHbIX npoueccax. 0 4 1,2,3,4
Tabnuua 3.2
CcCbIfIKN Ha
. | AKTMBHbIE
TeMbl NPaKTUYECKNX 3aHATUI Yachbl pe3ynbTaTbl YyebHas feATeNIbHOCTb
(popme, Hac, 06y4eHus

CemecTp: 4

AvpakTrnyeckas eguHuLa: OCHOBbI TEPMOAMHAMUKN CM/1aBOB




AHanns gruarpamMmm CocTosAHUA
[/191 OCHOBHbIX MaTepuanos,
BCpeyaroLmxcs B
NPOMBbILLIIEHHOCTW.

CTyZeHTbl JOMKHbI HAyUYUThCA:

- MCMONb30BaThb NPaBWIOo pblyara
ANs onpeaeneHns 06LEMHOINR

1. Anarpammbl COCTOAHNA [0/11 ha3 1 cofepyKaHus
OHOKOMMOHEHTHbIX, 2 4 2.4 3/1eMEHTOB B (pasax.
[BYXKOMIMOHEHTHbIX U - ONpegenATb OCHOBHbIE TOUKU
TPEXKOMMOHEHTHbIX CUCTEM Ha AmarpammMax CoCTOsHUA

- onpeaensTb (Pas3oBbIii cOCTaB B
pasnMyHbIX 061aCTAX
Avarpammbl

- CBA3bIBATb AMarpammbl
COCTOSIHUA C 3Heprueli Mmb6eca
- MCNOMb30BaTh NPaBuo as
"m66ca

AnpakTnyeckas egmHnLa: PelleHne ypaBHeHW auddysnn

- CTYZleHTbl J0MKHbI HAyYUTbCS
MPUMEHSTb PELLIEHNE HEKOTOPbIX

2. PeleHue ypaBHeHuWin auddysnm 4 4 3 VDABHEHUI AnGdyann ans
peLLleHns NpakTUYecKnx 3afau
Ha ocHoBaHuK

3. OnpepgeneHne KoaguumeHTa 3KCMEPUMEHTAIbHBIX AaHHbIX

Antdy3nm 1 3Hepruy aKkTmBaLmm 0 4 3 CTYZleHTbI OnpesensoT

ANddoy3nm 13 sKCNepUMeHTaTbHbIX KO3(hMUMEHT anddhy3nm n

JAaHHbIX JHEPrunio aKTMBaLmmn aupaysnu

ONA Pas3/IMYHbIX MaTepraioB

AvpakTnyeckas eanHuua: MpoLecchbl, 0CHOBaHHbIE Ha Anddy3un

Mpn nomoLLm
MeTa/IorpauyecKmnx

4. LlemeHTaumsa ctanm 6 6 1,2 MWKPOCKOMMOB CTYLEHThI
NCCeaytoT CTPYKTYpY CTanu,
NOABEPrHYTON LieMeHTaLMm

4. CamocTosiTeNlbHas paboTa oby4atroLerocs

Ccbinkuy Ha
o Yacbl Ha Yacbl Ha
Ne Buabl camocToATeIbHOM paboThbl pesynbTaTthbl
BbIMOJTHEHWE |KOHCY/IbTaumnn
06y4eHus
CemecTp: 4
1 |Pr3 1,3 68 11

: TapacoBa H.B. TepMouMHaMMyecKne 0CHOBbI HAHOTEXHONOTMIA. QHTPONKS, cBO6OAHAs 3Heprus 'mb6ca
[2neKTpOHHBIA pecypc]: MeToAMYECKME YKa3aHUSA K NPaKTUYECKUM 3aHATUAM MO AUCLUNINHE
«DU3NKO-XMMNYECKNE OCHOBbI HAHOTEXHOMOIMi»/ TapacoBa H.B.— SneKTPOH. TEKCTOBbIE AaHHble.—
Jlvneuk: JINNeuKnin rocyaapCTBEHHbIV TeEXHUYEeCKMA yHBepcnTeT, OB6C ACB, 2015.— 25 c.— Pexxum
poctyna: http://www.iprbookshop.ru/57620.html.— 3BC «IPRbooks» OpraHuszauus camocTosTeIbHOW
paboTbl CTyAeHTOB HOBOCMOMPCKOro rocyAapCTBEHHOI0 TEXHUYECKOrO YHMBEPCUTETA : METOAMNYECKOE
pykoBoAcTBO / HoBOCKG. roc. TexH. yH-T ; [cocT.: FO. B. HukuTuH, T. FO. CypHuHa]. - HoBocunbupck, 2016.
- 19, [1] c. : Tabn.. - Pexxum goctyna: http://elibrary.nstu.ru/source?bib_id=vtls000234042 [1BoiiHbIe
AvarpaMmbl COCTOSIHWS [DN1EKTPOHHBINA pecypc]: MeToAMYeCKUe yKa3aHUsA K NPaKTUYECKUM U LOMALLHUM
3a/laHnAaM na CTYAEHTOB Mo HanpasieHmam nogrotosok 150100.62 «MatepuanosefieHNe U TeEXHONOrnm
matepuanos» 1 150400.62 «MeTannyprusi» 04HON N OYHO-3a04HOI (HopM 06yUeHUs/ — DNEKTPOH.
TEKCTOBbIE AaHHble.— Jlnneuk: JIMNeuKniin rocyaapCTBeHHbIN TeXHUYecKnin yHnBepcuteT, 36C ACB,
2012.— 46 c.— Pexxkum goctyna: http://www.iprbookshop.ru/17716.html.— 36C «IPRbooks»

2 |MoprotoBka K 3aHATMAM |1, 2 |1O 0




. TapacoBa H.B. TepmoguHamuyeckmne 0CHOBbI HAHOTEXHONOTMIA. SHTPONKS, CBOO6OAHAA aHeprus Mbbca
[2neKTpoHHBIA pecypc]: MeTOANYECKME YKa3aHUSA K MPaKTUYECKUM 3aHATUAM MO AUCLMNINHE
«DPU3NKO-XMMNYECKNE OCHOBbI HAHOTEXHO/OrMI»/ TapacoBa H.B.— OneKTpoH. TeKCTOBble JaHHble.—
Jnneuk: JInneukunia rocyaapcTBeHHbIN TeXHNYeCKniA yHmBepenuteT, 3bC ACB, 2015.— 25 ¢c.— Pexxum
poctyna: http://www.iprbookshop.ru/57620.html.— 9BC «IPRbooks» OpraHu3auus caMocTosaTe/lbHOM
paboTbl CTyAeHTOB HOBOCMOMPCKOro rocyAapCTBEHHOIO TEXHUYECKOTO YHUBEPCUTETA | METOANYECKOE
pykoBoacTBo / HoBocK6. roc. TexH. yH-T ; [cocT.: KO. B. HuknTuH, T. FO. CypHuHa]. - HoBocnbupck, 2016.
-19, [1] c. : Tabn.. - Pexxum goctyna: http://elibrary.nstu.ru/source?bib_id=vtls000234042 [BoiiHble
AvarpaMmbl COCTOSIHWS [DN1EKTPOHHBINA pecypc]: MeTOAMYECKMNE YKa3aHUSA K NPaKTUYECKUM U LOMALLHUM
3a/laHnAM Ana CTYAEHTOB Mo HanpasieHnam nogrotosok 150100.62 «MatepuanoBefeHne 1 TeEXHON0rnm
maTtepuanos» n 150400.62 «MeTannyprus» 04HOM U O4YHO-3a04HOM (hOopM 0BYyUeHUS/ — INEKTPOH.
TEKCTOBbIE JaHHble.— JInneLK: JIMNeLKnin rocyaapcTBEHHbIN TeXHUYecKuiA yHueepeuteT, 96C ACB,
2012.— 46 c.— Pexxum poctyna: http://www.iprbookshop.ru/17716.html.— 36C «IPRbooks»

3 |I'I0,u,r0TOBKa K atTectauum |2, 3,4 |35 0

. Tapacosa H.B. TepmoguHamuyeckune 0CHOBbI HAHOTEXHONOTMIA. SHTPONKS, CBOO6OAHAA aHeprus Mmbbca
[3nekTpoHHBbIV pecypc]: MeToAMYecKUe YKazaHUs K MPaKTUYECKUM 3aHATUAM N0 AUCLMNANHE
«PU3NKO-XMMUYECKME OCHOBbI HAHOTEXHOOMMI»/ TapacoBa H.B.— 3neKTPOH. TEKCTOBbIE AaHHble.—
Jneuk: JInneukunia rocyaapcTBeHHbIN TeXHNYeCKnii yHmBepenuteT, 36C ACB, 2015.— 25 ¢.— Pexxum
poctyna: http://www.iprbookshop.ru/57620.html.— 3BC «IPRbooks» 'Bo3aes A.I'. Anarpamma
«KENe30-yrneposy» [SneKTPOHHbIN pecypc]: MeTOAMYECKME YKa3aHNS K AOMALLHM 3ajaHNAM,
KOHTPO/bHbIM paboTam, ynpaXKHeHUAM M0 U3y4eHno PasoBbIX NPEBPALLEHUI 1 N0 06pa30BaHMI0
CTPYKTYPbI Xene3oyrnepoancTbix cnnasos/ 'Boszaes A.I'., LLlepeHkoBa M.C.— 3neKTPOH. TEKCTOBbIE
AaHHble.— Jlvneuk: JINNewKnin rocyaapCTBeHHbI TeXHUYeCcKnin yHuBepeuTeT, 96C ACB, 2014.— 44 c.—
Pexxum goctyna: http://www.iprbookshop.ru/55077.html.— 3BC «IPRbooks» OpraHusauus
caMoCTOATe/IbHOM paboTbl CTyAeHTOB HOBOCMOUPCKOTO rocyAapCTBEHHOIO TEXHWYECKOTrO YHUBEPCUTETA :
MeTon4Yeckoe pykooacTeo / HoBocnb. roc. TexH. yH-T ; [cocT.: FO. B. HUknTuH, T. KO. CypHuHa]. -
Hosocubupck, 2016. - 19, [1] c. : Tabn.. - Pexum gocTyna:
http://elibrary.nstu.ru/source?bib_id=vtls000234042 [1BoiiHble fnarpamMmMbl COCTOAHNSA [DNEKTPOHHbIN
pecypc]: MeTOAMYECKME YKa3aHNS K MPaKTUYECKMM W JOMALLHUM 3afaHuAaM NS CTYAEHTOB No
HanpasneHnam noarotosok 150100.62 «MaTepuranoseeHne 1 TexHoNornm marepuanos» 1 150400.62
«MeTannyprms» 04YHOM 1 04HO-3a04HOM HOpM 00yUeHUs/ — DNEKTPOH. TEKCTOBbIE AaHHble.— JIMneuk:
JInneuKmii rocyaapCTBeHHbIN TeXHUYecKnin yHuBepcuteT, 36C ACB, 2012.— 46 c.— Pexum gocTyna:
http://www.iprbookshop.ru/17716.html.— 3bC «IPRbooks»

5. TexHonormnsa oby4veHns

[ns opraHn3aumm 1 KOHTPO/A CaMOCTOATE/IbHON paboTbl 00yYaroLWMXCs, a TaKKe NPoBeAeHNs
KOHCYNbTauuiA NPUMEHSIOTCA MHPOPMaLMOHHO-KOMMYHUKALMOHHbIE TeXHOorum (Tabn. 5.1).

Tabnunua 5.1

JeAaTenbHoCTb |/|HCbOpMaLI,I/IOHHO-KOMMyHI/IKaLl,I/IOHHbIe TEXHOI0TNN

MHthopmMmmpoBaHue e-mail

Tabnunua 5.2

AKTVBHbIE 1 MIHTEPAKTVBHbIE DOPMbI MPOBEAEHUS 3aHATUI

Kogbl thopmumpyemblIx

Ne HanmeHoBaHWe aKTUBHbIX (PopM o
KOMMNeTeHUNA

1 |[Aunckyccua OlK.1;

®opmupyembie ymenns: 318. 3HaTH OCHOBBI TeOpUH CIUTABOB, TeopuH muddysuu u Teopun
(ha30BBIX MpeBpalISHUI B METAILTHYECKUX TeJiax

Kparkoe onucanne npuMeHeHHs:




6. MpaBuna aTTecTalumm 06yYatoLLMXCs Mo y4ebHO ANCUUNINHE

[ns atTecTaymmn obyyarowmxca no AUCUMNINHe Ucnonb3yetcs 6anbHO-penTUHIOBas c1UcTeMa
(BPC), no3sonstoLwas BbICTaBSATb OLEHKW MO TPaaULMOHHOM LWKane n 15-ypoBHeBoi ECTS.

KpaTkast nHchopmaums o bBPC npusegeHa B Tabn. 6.1.

Tabnuua 6.1
MWUH. o
OueHunBaeMble BUAbI LeATeNIbHOCTU 06y4YaroLmXcs 6ann MakcmasibHbI 6ann
CemecTp: 4
IIpaxmuueckue 3anamus; 5 20
PI'3: 10 40
Sxzamen: 0 40

B Tabnuue 6.2 npecTaBeHO COOTBETCTBYE POPM KOHTPO/IS 3asBNIsieMbIM TPEGOBaHMSAM K
pe3ynbTaTaM OCBOEHMUS AUCLUNVHBI.

Tabnmua 6.2
Kogpl Dopmbl
KOMMNeTeH KOHTpPONA
< PesynibTaTbl 00y4eHUA p
umn 3awmTa
droc Pr3 OK3ameH
OTlK.1 | 310. 3HaTb 0 MeTOAaX U3y4eHns audgy3mm + +
318. 3HaTb OCHOBLI TEOPUM CNJIABOB, TEOPUM ANGDPY3nN 1 Teopnn (Ha30BbIX NMPEBPALLEHWIA B + +
METa/IIMYECKNX Tenax
y3. yMeTb peLaTb NPoCTeiiLne TUnbl ypaBHeHWR anddy3mm + +
y4. yMeTb aHa/IM3MPOBATb BONPOCHI B3aMMOCBA3N KPUCTASITIMYECKOW U 3M1EKTPOHHOM +
CTPYKTYpPbI TBEPABIX TeN C 3aKOHOMEPHOCTAMU AND(Y3MOHHBIX NPOLLECCOB
MK.1 | 313. 0OCHOBbI HAHOTEXHOJOT Ui MOMYYEHN HAHOMAaTePMasioB +

POH[, OLEHOYHbIX CPELCTB MO AWUCLUNIMHE NPeACTaBNeH B NpunoxeHnn Ne 1 K paboyeit
nporpamme.
7. lutepatypa

OcCHoBHas nTepaTypa
1. I'ypros B. A. ®usuka TBepa0ro Tea aid MHKeHepoB : yueOHoe nocodue / B. A. I'ypros, P. H.
Ocaynenko ; Hay4. pen. JI. A. Anemuna. - Mocksa, 2012. - 558, [1] c. : un., Tabm.
2. Jlanmay JI. JI. Mexanuka u MosiekyssipHast pusuka : [yuedunoe nocoodue] / JI. J1. JTangay, A. W.
Axuesep, E. M. JIu¢mmn. - donronpyanstii, 2014. - 397 c. : w
3. ®enoroB A K. @usnueckoe marepuanosenenue. Yacts 2. @a30Bble MpeBpanieHus B MeTaUIax U
crutaBax [DaeKTpoHHBIH pecypc]: yuebHoe mocoomne/ @enotor A. K. — DjieKTpOH. TEKCTOBBIE
naHHble.— MuHCck: Bermamas mxona, 2012.— 446 ¢.— Pexum goctyna:
http://www.iprbookshop.ru/21754 html.— DBC «IPRbooks»

JlononHuTenbHas nuTepaTypa

1. Yundpen Kypu @ynnameHTanbHbIE OCHOBEI 3aTBepeBaHus [ DnekTpoHHsi pecypc]/ Yundpen
Kypu, Jdseua @umep— DnexkTpoH. TekcToBbie faHHble.— Mocksa, Mxesck: PerynspHas u
XaoTHUuecKas TUHAMUKa, MkeBCKUII HHCTUTYT KOMIIBIOTEPHBIX Hccnenosanui, 2013.— 300 c.—
Pesxum noctyma; http://www.iprbookshop.ru/28922 html.— 3BC «IPRbooks»

NHTepHeT-pecypcsl



1. 3BC HI'TY : http://elibrary.nstu.ru/

2. OBC «HznatensctBo Jlansy : https://e.lanbook.com/
3. OBC IPRbooks : http://www.iprbookshop.ru/

4. 9BC "Znanium.com" : http://znanium.com/

5.

8. MeToaMyecKoe 1 NporpamMmMHoe obecreyeHe

8.1 MeTogauyecKoe obecneyeHme

1. Tapacosa H.B. TepmoguHamudeckrne OCHOBLI HAHOTEXHOJIOI M. DHTPOIUS, CBOOOAHAS SHEPTHS
T'ub6ca [DnexTpoHHBIN pecypc]: MeTonUUYECKHe YKa3aHUs K MPAKTHYSCKUM 3aHSATUSIM 110
TUCHUTUTHHE «DUBHKO-XUMUYECKHe OCHOBBI HaHOTeXHOJ0rui/ Tapacora H.B.— DnekTpoH.
TekcToBble naHHble.— Jlunerk: JInmeukuii rocynapcTBeHHBIN TexHUYeckuil yHuBepcurter, ObC
ACB, 2015.— 25 ¢.— Pesxum noctyna: http://www.iprbookshop.ru/57620.html.— 9BC
«IPRbooks»

2. JIBoliHbIe THarpaMMbl COCTOSIHHUS [ DJIEKTPOHHBIN pecypc|: METOOUYECKHEe YKA3aHHS K
MPAaKTUYECKUM U JOMAIIHUM 3aaHUSIM ISl CTYZIEHTOB MO HampasJjeHusiM moarotosok 150100.62
«MarepunanoseneHue U TexHosoruu marepuainos» u 150400.62 «Meramutypruspy O4HOU U
OYHO-3204HOH (opM 00yueHus/ — DIIEKTPOH. TEKCTOBbIE naHubie.— Jlumnenk: Jlunemkuii
rocygapcTBeHHbIN Texunueckuii yausepcuret, DbC ACB, 2012.— 46 ¢.— Pexwum noctymna:
http://www.iprbookshop.ru/17716.html.— DBC «IPRbooks»

3. JIBoiiHbIE IHArpaMMBI COCTOSHUS [ DJEKTPOHHBIN PeCypc|: MeTOOUUYECKHEe YKA3aHHS K
MPaKTUYECKUM U IOMAIIHUM 33[JaHUSIM JIJIsl CTYIEHTOB IO HarpasjieHusiM noarotosok 150100.62
«MarepranoseneHue U TexHosoruu Mmarepuanos» u 150400.62 «Mertamtypruspy O4HON U
OYHO-3204HOM (opM 00yueHus/ — DIIEKTPOH. TEKCTOBbIe naHHbie.— Jlunenk: Jlunemkuii
rocygapcTBeHHbIN Texanueckuii yausepcurer, JbC ACB, 2012.— 46 ¢.— Pexum moctyna:
http://www.iprbookshop.ru/17716 . html.— 3BC «IPRbooks»

4. I'sosznes A.I'. JInarpamma «oKee30-yriepomy [DIeKTpOHHBIN pecypc]: METOIUYECKHE YKa3aHHUs
K JIOMALITHUM 33[JaHHSIM, KOHTPOJIBHBIM paboTam, yIpaKHEHHUSM 10 U3Y4YeHHIO (Ha30BBIX
MPEBPaLIeHHH U 110 00PA30BAHHUIO CTPYKTYPHI JKeIe30yriaeponucteix cruiasos/ ['Bosnes AT,
IMlepenxora WU.C.— DnexTpoH. TekcToBsie nanHabie.— Jlunenk: Jlunenkuit rocynapCTBEHHbIN
texanueckuii yausepcuret, ObC ACB, 2014.— 44 ¢.— Pexwum nocryna:
http://www.iprbookshop.ru/55077 html.— 3BC «IPRbooks»

5. Opranusanys caMOCTOSITeNIbHON paboThl ctyneHToB HoBOCHOMPCKOTo rocyqapCTBEHHOTO
TEXHHYECKOTO YHUBEPCHUTETA | METOOMUYECKOE pykoBomcTBo / HoBocuO. roc. TexH. yH-T ; [cocT.: O.
B. Huxutun, T. YO. Cypaunal. - HoBocubupck, 2016. - 19, [1] c. : Tabn.. - Pesxum goctyna:
http://elibrary.nstu.ru/source?bib_1d=vtls000234042

8.2 Cneunanm3npoBaHHOe NPorpammHoe obecreyeHue
1 Microsoft Windows
2 Microsoft Office



9. MaTtepnanbHO-TeXHUYECKOoe obecneyeHune

IMpe3eHTaLMOHHOE 060pY0BaHEe

Ne HaunmeHoBaHue Ha3HaueHue

1 |lMpe3eHTaLMOHHOE 060pYLOBaHNE MpepcTaBneHne neKLMOHHOIO U1
(MynbTUMeMa-NPOEKTOP, 3KPaH, KOMMbIOTEP |MPaKTUYeCKOro Matepuana
AN5 ynpaBneHns)

KoMnbloTepHbIii Knace

No HanmeHoBaHue Ha3HaueHue

1 |KomnbtoTepHbIi Knacc (KoMmnbtoTepsl KomnbtoTepbl 06beAMHEHBI B /TOKa/IbHYHO
00beJMHeHbI B NTOKa/bHYH CETb C BbIXOLOM B |CeTb C BbIXOAOM B Internet
Internet )
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1. OO0001meHHas CTPYKTYPA (POHIA OLEHOYHBIX CPEACTB Y4eOHOM IMCUMILIUHBI
O06o00mmenHas cTpykTypa (HoHa OIIEHOYHBIX CPEACTB Mo AucuumiInue J{uddys3us B Meramnax u
crulaBax npuseneHa B TaOnure.

Tabauma

dopmMupyeMble
KOMIICTCeHIIUH

IToxka3zaTean
copMUPOBAHHOCTH
KOMIIeTeHIM i
(3HaHMs, yMeHUsl,
HaBBIKH)

Tembl

Iranbl OEHKH KOMIIeTeH it

Meponpusitus
TeKYIero
KOHTPOJIA

(KypcoBOii POeKT,

PI'3(P) u ap.)

IIpomesxyTouHast
arrecranus (3K3aMeH,
3a4eT)

OIIK.1 cmoco6HOCTD
HCIIOJIB30BaTh
OCHOBHEI€E 3aKOHBI
eCTeCTBeHHOHay‘IHI)I
X JUCLIMIIJIUH B
npo¢eCCHOHATBHOM
JIEATENBHOCTH,
MNPUMEHSTH METO/IbI
MaTeMaTHIECKOTO
aHanM3a u
IKCIEPUMEHTALHOT
0 MCCIIEeIOBAHUS

310. 3HaTH 0 METOHAX
n3ydenus qudhysun

[lytu yckopeHHo# nuddys3nn B
KpucTauiax. Biusuue
JIMCIIOKAIMI, TPaHHUILl 3EPEH U
CBOOO/IHBIX TIOBEPXHOCTEH Ha
i dysuto Ponb iuddysuu B
Pa3IMYHBIX IpoIleccax.
XUMUKO-TepMUYECKasi
obpaborka LlemenTanus crammu

PI'3 3apganue 1-4

Ox3ameH. Bompocsr 1-
3,8

OIIK.1

318. 3HaTh OCHOBBI
TEOPHUH CIUIABOB,
teopun 1uddysun u
Teopuu (pazoBbIX
MIpEeBPALIECHUI B
METaTHIECKUX
Tenax

BakaHcuOHHBIHN 1
MEXJI0y3eIbHBIH MEXaHU3MBI

i dy3un. PaBHOBecHas
KOHLICHTPAIHSI BAaKaHCHH.
JlnarpaMMbl COCTOSTHHS IS
OJTHOKOMIIOHEHTHBIX CHCTEM
JuarpaMmbl COCTOSIHUS
OJTHOKOMIIOHEHTHBIX,
JIBYXKOMITOHEHTHBIX U
TPEXKOMITOHEHTHBIX CHCTEM
Juddy3nonnsie npeBpaiieHus B
crutaBax. [Ipespaiuenus npu
omxure. [Tonyyenue
rII00YISPHBIX CTPYKTYP

W neanbHble pacTBOPEI U
peabHBIE PacTBOPEI.
XUMHYECKHE COSTNHEHUSL.
JmarpaMmbl COCTOSIHUS
JIBOMHBIX CUCTEM. JlnarpaMMsbl
COCTOSIHUS TPOMHBIX 1
MHOTOKOMIIOHEHTHBIX CHCTEM.
[Ipasuno ¢a3 'n66ca. IlepBoe n
BTOpPOE HAYAJIO TEPMOJANHAMHUKH.
OCHOBHBIE TEPMOAMHAMHYECKHUE
¢yakunn. [TorsTHE paBHOBECHS.
Ponb muddy3un B pa3muaHBIX
rpoueccax. XUMHUKO-
TepMHuYecKas 00padoTka
IlemenTanus cranm

PI'3 3aganue 1-4

Dx3ameH. Bonpocs! 4,
5,10

OIIK.1

y3. yMeTb peuiatb
MIPOCTENIIINE THUIIBI
ypaBHEHUI

b y3un

Bropotii 3akon Puka.
VYpasuenus aupdys3un s
AQHU30TPOITHOW CpeJIbl
Hcnonb30Banne METO0B
KOHEUYHBIX pa3HOCTEH U
KOHEYHBIX JIEMEHTOB IS
penieHus ypaBHeHUH nuddy3un
0O0630p METOIOB pEIICHUS
OOBIKHOBEHHBIX
mudepeHnnanbHbIX ypaBHEHUH
Omnpenenenne ko3hpunmenra
muddy3uu 1 SHEPTUN

PI'3 3apnanue 1-4

Ox3ameH. Bompocs! 6,
7




akTuBanmu 1uddysun u3
9KCTIEPUMEHTAIBHBIX TaHHBIX
PazBurtne npencraBieHuii o
muddy3uu B 19 u 20 Bekax.
Ilepseiii 3axkon Ouka. Teopus
CITy4alHBIX Oy XKIaHUH
Pewenve ypaBHenuit auddysun
Pewenvie ypaBuenus nupdysun
JUTSL IOJYOECKOHEYHOT0 00pasna
Ponp muddy3un B pa3muaHbIX
mporneccax.

[pa3paboTKe MaKeTOB
M30eInii U UX
MOTyIei,
[pazpabaTbIBaTh
[IporpaMMHbIE
CPCACTBA, MPUMEHSATH
KOHTPOJIBHO-
M3MEpPUTENBHYIO
armapatypy s
ompeneneHus
TEXHAYECKHUX
XapaKTePUCTHK
MaKeTOB

CII0COOHOCTH B HAaHOTEXHOJIOTHI KpUucCTajliax. Busane
COCTABC KOJUUICKTHBA ([[TOJTYYCHUA Z[I/ICJ'IOKaL[I/II\/‘I, T'paHuIl 3épeH n
ly4aCTBOBAThH B HaHOMATEpHaJIOB CBO60,Z[HLIX HOBerHOCTeﬁ Ha

I py3uro

OIIK.1 y4. yMeTb JuarpaMMBbl COCTOSIHUS PI'3 3ananue 1-4 Ox3ameH Bonpoc 9

AHATM3UPOBATh OJJHOKOMIIOHEHTHBIX,

BOIIPOCHI JBYXKOMITIOHEHTHBIX U

B3aUMOCBSI3H TPEXKOMIIOHEHTHBIX CHCTEM

kpucranaeckoit u | Auddy3nonnsie npeBpameHns B

3JIEKTPOHHOU crutaBax. [IpeBpaiuenus npu

CTPYKTYpBI TBepAbIX |oTxure. [lomydeHne

Tel ¢ rIo0ymsApHbIX cTpyKTyp [TyTH

3aKOHOMEPHOCTSIMU | yCKOpeHHOH muddysun B

1 y3MOHHBIX KpucTamiax. Binusnue

IPOLIECCOB JUCTIOKALUW, TpaHull 3€peH U
CBOOO/IHBIX [TOBEPXHOCTEH Ha
mud¢ysuto Pazurre
npeacTaBieHuit o qupdys3uu B
19 u 20 Bekax. IlepBrlit 3aK0H
®uxa. Teopust cayyailHbIX
omyxnanuii Pons nuddysun B
Pa3INYHBIX MpoIeccax.
TenmoBas nuddy3us.
DIEeKTPONPOBOIHOCTh

[1K.1/H1UN 313. OCHOBBI [Tyt yckopennoit nuddysun B Ok3ameH. Bonpocs! 1-8

2. MeToaMKa OLIEeHKH 3TanoB ()oOpMHPOBAHUS KOMIIETEHIUI B paMKaX JMCHUIIMHBI.

[IpomexxyTouHast aTTecTanus 1Mo JMCUMILIMHE TIPOBOAUTCS B 4 cemecTpe - B GopMe dK3aMeHa, KOTOPhIi
HarpaBJjieH Ha o1leHKy cpopmupoBannoctu kommnerennuid OITK. 1, ITK. 1/HUN

B teuenue ceMECTpa MpPEAYCMOTPCHO ITPOBECACHUC OIHOM KOHTpOJ’IBHOfI pa60Te, BKJIIOYAIOIIECH B ce0s
BOIIPOCHI ¥ 3aJ1a4u.

DK3aMeH MPOBOJIUTCS B MUCHBMEHHOM Buje Mo OmieraMm. buier npezacrasiser coboir Habop BONPOCOB U
3aJa4 1o TeMaM, U3y4eHHBIM B TeueHue ceMectpa. [l Hanucanus 6uiiera CTyIeHTy oTBoauTes 1,5 vaca.
Jns pemieHusl 3amad CTYAEHTY pa3pelieHO I0JIb30BaThCs KaJIbKYIATOpaMU W TaOiuuamu (yHKIUA
o1MOOK, BBIJAHHBIX 3apaHee MpenojaBaTeneM. TpeboBaHMs K BBIIOIHEHHUIO 9K3aMEHa, COCTaB U MpaBuia
OLIEHKU C(OPMYIIMPOBAHBI B MACTIOPTE SK3aMEHA.

Kpome Toro, chopMupoBaHHOCTh KOMIETEHIUI MPOBEPSETCS MPH MPOBEACHUU MEPOIPUATHI TEKYIIETO
KOHTPOJIS, yKa3aHHbIX B TaOnuue pasjena 1.

B 4 cemecTpe 00s3aTenbHBIM 3TAllOM TEKYIIEH aTTECTAIlMM SIBISETCS pacdeTHO-rpaduyeckoe 3aJaHue



(PI'3). TpeboBanwus k BeimonHeHUIo P13, cocTa u npaBuia omneHku chopmyaupoBansl B macrmopte PI73.

OO0u1re npaBuiia BEICTABICHUS OLICHKU I10 AUCIUILIMHE ONPEIESIOTCs 0alIbHO-PEHTUHTOBOM CHCTEMOI,
MIPUBEJICHHOM B paboyeil mporpaMMe TUCITUTIITUHBI.

Ha ocHOBaHWW TIPHUBEIEHHBIX Jajiee KPUTEPUEB MOXKHO CJENaTh OOMUI BBIBOJ O C(HOPMHUPOBAHHOCTH
komrerennmu OIIK. 1, TIK.1/HWU, 3a koTopbie OTBEYaET NUCIMUILUIMHA, Ha Pa3HBIX YPOBHSIX.

O0masi XxapakTepuCTUKA YPOBHEH 0CBOEHMSI KOMIIeTeHIMA.

Hwuke moporoBoro. YpoBeHb BBIIOJHEHUS pa0OT HE OTBEYAeT OOJBIIMHCTBY OCHOBHBIX TpeOOBaHUA,
TEOPETUYECKOE CO/IEPIKaHUE Kypca OCBOEHO YaCTUYHO, ITPOOEIBbI MOIYT HOCUTD CYILIECTBEHHBIN XapakTep,
HEOOXOTMMbIE TIPAKTUIECKUE HABBIKU PA0OTHI ¢ OCBOCHHBIM MAaTepPHaIoM COPMHPOBAHBI HE IOCTATOYHO,
OOJIBIIMHCTBO TPETYCMOTPEHHBIX MPOrpaMMON OOydeHHUs YYeOHBIX 3aJaHWi HE BBITOJHEHBI WU
BBITIOJTHEHBI C CYIIIECTBEHHBIMU OITHOKAMH.



IloporoBelii. YpoBeHb BBINONHEHHS pabOT OTBeyaeT OOJBIIMHCTBY OCHOBHBIX TpeOOBaHMH,
TEOPETHYECKOE COJIepKaHNE Kypca OCBOCHO YaCTUYHO, HO IIPOOEIbl HE HOCAT CYIIECTBEHHOT'O XapakTepa,
HEOOXOIMMBbIC MPAKTUYECKUE HABBIKM PAa0OThI C OCBOCHHBIM MaTepHajioM B OCHOBHOM C(OPMHUPOBAHHBI,
OOJIBIIMHCTBO TMPEITyCMOTPEHHBIX MPOrpaMMoil 00yueHHsI y4eOHBIX 3aaHUi BBIIIOJIHEHO, HEKOTOPHIE
BU/IBI 331aHUH BBIITOJIHEHBI C OIIMOKAMHU.

Ba3oBblii. YpOBeHb BBHINOJIHEHUS pabOT OTBEYAET BCEM OCHOBHBIM TpeOOBaHMSAM, TEOPETHUYECKOE
coJiepKaHne Kypca OCBOEHO IOJIHOCTBIO, 0€3 MpoOesoB, HEKOTOPhIE MPAKTUYECKHE HABBIKH PabOTHI ¢
OCBOCHHBIM MaTepHaIOM C(OPMHPOBAHBI HEAOCTATOYHO, BCE MPEAYCMOTPEHHBIE POTPaMMON 00yUYEeHHUS
y4eOHbIe 3aJ]aHHs BBIIIOJHEHBI, KAYECTBO BBINIOJIHEHUS HU OJHOTO M3 HUX HE OIIEHEHO MHHHUMAJbHBIM
YHCIOM 0aJIOB, HEKOTOPBIE U3 BHIMIOJIHEHHBIX 3aJaHU, BO3MOXKHO, COJIEPKAT OIIHOKH.

IIpoaBMHYTHI. YPOBEHb BBITOIHEHHS pabOT OTBEYAET BCEM TPEOOBaHMAM, TEOPETUUECKOE COACPKAHNE
Kypca OCBOEHO MOJHOCTBIO, 0€3 poOenoB, HEOOXOAUMBIE MPAKTUYECKUE HABBIKK PAOOTHI C OCBOGHHBIM
MaTepuaioM cQOPMHUpPOBaHbI, BCE MPEIyCMOTPEHHbIE MpOrpaMMoil oOydeHus ydeOHble 3aJaHUs
BBITNIOJTHEHBI, KAYECTBO MX BHITIOJHEHHS OL[EHEHO YHCIIOM 0aJlIOB, OIM3KUM K MAaKCUMAaJIbHOMY.



DenepanbHOE TOCYAaPCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICITIETO 00Opa30oBaHUs
«HoBocubupckwii rocy1apcTBEHHBIN TEXHUYIECKIH YHHBEPCUTET»

Kadenpa marepuanoBeeHusi B MAIIHHOCTPOCHUU

HacnopT IK3aMCHa

no nucuuiuinie «/Iuddysus B Merannax u criaBax», 4 cemecTp

1. Meroauka oLeHKH

DK3aMeH MpPOBOIUTCS B TNUCbMEHHON (opme, mo Owmneram. bumer ¢dopmupyercs mo

CIIEIYIOIEMY TPaBUITy: TIepBas TPYIa BOIPOCOB COOTBETCTBYET TEOPETHYECKOMY MaTepualy,
U3y4EHHOMY B TEYEHHE CEMECTpA, BTOpasl TPYIIa BOIPOCOB MPEACTABISET COOOHM 3a7aut, CXOKHUE C
3a7la4aMy, pelIaeMbIMM Ha TMPAKTUYECKHX 3aHATHAX. B Xome sK3ameHa mperojaBareib BIIPaBe
3a/1aBaTh CTYJCHTY JIOTIOJIHUTEIILHBIE BOMIPOCHI U3 00IIIero niepevns (1. 4).

IIpumep Ounstera aJisi IK3aMeHA

HOBOCUBUPCKHNM F'OCY JAPCTBEHHbBIM TEXHUUYECKNN YHUBEPCUTET
Paxynprer MTO

Buier Ne
K 9K3aMeHy 1o aucuuruiiHe «/Ingy3ust B MeTaiuiax u CriaBax»

1. Jlns Kakux MaTepHajoB INPEANOYTHTEICH BaKaHCUOHHBIM MexaHu3Mm aud¢y3un? Onummre
OCHOBHOM MPUHIIHIL. (2)

2. B gem 3akimouaercs cyTh nepBoro ypaBHeHus Jlapkena? (2)

3. Jlns yero mpoBOASIT TOMOT€HU3AIMOHHBIN OTKHUT? (2)

4. Kak temmeparypa oT)Kura BIHSET Ha pa3Mep 3epHa? (2)

5. B uém 3axirouaercs puznyeckuii cMbici SHTponuu? (2)

6. ®da3oBoe mpeBpalieHHEe M3 HU3KOTEMIIEPATypHOH O B BBICOKOTEMIIEpaTypHyio [ ¢a3y mpu
CTaHJAPTHOM JIaBJICHUH MPOUCXOTUT npu Temnepatrype T1. Ilpu 3HaUNTEIEHOM MOBBIIICHUT
naBieHust ObUIO OOHApy)KeHO, 4YTO TemmepaTypa (a3oBOro Imepexoja CHHM3WIACh J0
temnepatypsl T2. Kakoil BBIBOJI MOXKHO CJIeJIaTh O COOTHOILIEHUH IUIOTHOCTEH o U B daz? (2)

7. Tlpu cMemnBaHUM BoJb(pama U MEAM B KUAKOM BHJI€ HE HAOM01aeTcs B3aUMHOMN tuddy3um.
Kakoii BBIBOJT MOXHO CJIeaTh O 3HAKE SHTANIBIINU CMeIInBaHus? (2)

8. CpenHuit pazMep 3epHa Juis cepedpa OblII U3MEPEH B 3aBUCUMOCTH OT BPEMEHHM BbIIEPKKU TPU
780 °C. Pe3ynbTathl npeacTaBieHsl B Tabnuie. OnpenenTe HCXOHbIN pa3mep 3epHa. (6)

Bpewms, MuH Pasmep 3epHa, Mm
20 3,4x 107
120 9,6 x 107
9. Ha ocHoBanmm mpezcraBieHHOro rpaduka ompenenute kKodddunuent muddy3un mrHKa B

amomMuauu 1pu Temmneparype 400 °C. Cuutath, 4TO pacnpeielieHne KOHIEHTPAlUy [UHKA B
AIFOMUHUH XOPOIIIO TOAYUHSICTCS ypaBHeHU 0 auddy3uu B momydeckoneunom tene. (10)




PacnpegeneHune UMHKa B NOBEPXHOCTHOM CN0€ aNtOMUHMA nocne
10 yacoB anddy3nm Npu pasnnyHbIX TeMnepaTypax npouecca

KoHUeHTpauma UMHKa, aT. %

0 100 200 300 400 500 600 700

PaccTtoaHue oT NnoBepxXHOCTUN, HM

10. I/ICHOHLSYH MECTOA KOHCYHBIX paSHOCTCﬁ pelminTh CJICAYIOIYIO

3ajauy.
HavanpHas KOHLIEHTpalKMs HEKOTOPOTO BEIIECTBA B TOHKOH IIaCTHHE h
nocrosiHHa U paBHa 3% (CH). I'paHuuyHas KOHLIEHTpalMsl BEIECTBA N
MOJIICPXKUBACTCS TOCTOSIHHOM, paBHOM 1% (Cgr). TounmuHa TIaCTHHBI
— h, koaddurnment mupdyszuu D. Uncno y31noB 1Mo TONIMHE IUIACTUHBI e |
DAt

B3ATh paBHBIM 5. Koapdumuent r = ~z TPHHATE PaBHBIM 0.25. Cn
IocTpouTh Ha 0aHOM _rpadMKe KOHIEHTpALWIO BemectBa Y B Car m / Car

) k

IUIACTUHE B MOMEHTHI BpeMern M = 0, m = 1 u m=2 (m=0 —
HavanpHBI MOMeHT Bpemenu (0 cekyHm), M = 1 coorBercTByeT At
cekyHI, M=2 cootBeTcTBYyeT 2At cexynn) (10)

i=1 i=2i=3 i=4 [i=5

VYTBepxato: 3aB. kKapenpoi nomxkHocTs, DO
(moamuce)

(mara)

2. Kpurepun ouenku

e OTBeT Ha 3K3aMCHAIIMOHHBIA OWJIET CYMTACTCS HEYHAOBJIETBOPUTEIbHBIM, CCIIH CTYJCHT TPU
OTBET€ Ha BOIPOCHI HE JAeT OMNpEAEICHHI OCHOBHBIX IOHATHH, HE CIIOCOOEH IMOKa3aTh
NPUYUHHO-CJICICTBEHHBIC  CBSI3M  SIBJICHUH, TPH  PEIICHUH  3aJa4d  JIOMYCKaeT
NPUHIUITHATIBHBIC OIIHNOKH,
oneHka coctaniser 0-19 6annos.

» OTBeT Ha dK3aMEHAI[MOHHBIN OWIICT 3aCUNTHIBACTCS HA MOPOTOBOM YPOBHE, €CJIM CTYJACHT MPH
OTBETEC Ha BOINPOCHI JIACT OIPECICHHUE OCHOBHBIX TOHSITHN, MOXET IMOKa3aTh MPHUYUHHO-
CIIE/ICTBEHHBIC CBSI3M SBJCHHH, NPH PEIICHUH 3aJa4d JO0NMyCKAaeT HEMPUHIMITHAIbBHBIC
OIIIHOKH, Harpumep, BBIYMCIIATEIILHBIE,



oreHka coctanisgeT 20 6annos.

OTBeT Ha K3aMEHAITMOHHBIN OWJICT 3aCUMTHIBACTCS HAa 0A30BOM YpOBHE, CCIIH CTYICHT IPH
OTBETC Ha BOIPOCH (OPMYIHPYET OCHOBHBIC MOHSATHS, 3aKOHBI, JACT XapaKTePUCTUKY
MPOLIECCOB, SIBIICHUH, TPOBOJUT AaHAJIW3 MPUYHMH, YCIOBHH, MOXET MPEACTaBUTH
Ka4eCTBEHHBIC XapaKTEPUCTUKU MPOIIECCOB, HE JIOMYCKACT OMIMOOK MPU PEIICHUU 3a1ayH,
oneHka cocrasiseT 21-30 6annos.

OTBeT Ha SK3aMCHAI[MOHHBINA OWJICT 3aCUMUTHIBACTCS HA NMPOJABHHYTOM YPOBHE, €CIIHM CTYJICHT
IpU OTBETE Ha BONPOCHl IPOBOJUT CPABHHUTEIBHBIA aHAJIM3 IOJXOJOB, IPOBOJUT
KOMILJICKCHBIM aHaJIM3, BBIABISICT MPOOJIEMBI, TpEAjaracT MEXaHU3MbI PEIICHUS, CIIOCOOCH
MPEJICTABUTh KOJMYCCTBCHHBIC XapPaKTCPUCTHKH OIPEACICHHBIX IPOIECCOB, TMPUBOJIUT
KOHKPETHBIE MTPUMEPbI U3 MPAKTUKU, HE JOMYCKAET OMIMOOK U CIIOCOOEH 00OCHOBAThH BHIOOD
METO/1a peleHus 3a/1a4H,
oreHka cocranisgeT 31-40 bannos.

3. IlIkana ouneHKH

OrieHKa 3a YK3aMEH CTaBUTCS B COOTBETCTBUH C TAOUIEH 1.

Tabnmna 1 — OueHka AesSTeNbHOCTH CTYACHTA IPH clladue YK3aMeHa

OK3aMeH MuHHMAaNIbHEIN 0ait MaxkcuMaibHbIH Oallt
OrtBer Ha |1 10

TEOPETUYECKUE

BOIPOCHI

Perrenue 3agau 10 30

Hroro 3a 40

JK3aMEH

CBsI3b OIIEHKH 32 3K3aMEH ¢ OOIIEH OIEHKOH 110 JUCIUTUINHE TIPUBEICHA B TaOHIIE 2

Tab6mmma 2 — CBsI3b OIIEHKH 3a DK3aMeH C OOIIEeH OLIEHKON 110 JUCIIUIIINHE

Jlnamaszon OayuioB peiTHHra TpanunmonHas (4-ypoBHeBas) IIKajIa OICHKU
0-19 HeynoBieTBopuTENbHO

20-30 Y I0BJIETBOPUTEITLHO

31-35 Xopor1io

36-40 OT1araHO

B o6mieit orieHke Mo AUCIUIUIMHE IK3aMEHAITMOHHBIE OaJITbl YUYUTHIBAIOTCS B COOTBETCTBUHU C

paBuUjIaMun 63.J'IJIBHO'I)CI>1TPIHFOBOIZ CUCTCMbI, TIPUBCACHHBIMU B pa60qe171 nporpamMmme
JUCHHMITIIMHBI.

4. Bompocsl K ’k3aMeHy o AucuuiimHe «/{ud¢ys3us B MeTaiax u criaBax»

OcHoBBI TEPMOIMHAMUKH CILIABOB:

a s~

B 4eM cyTb nepBOro 3aKoHa TEpMOJMHAMUKH?
[aitTe onpenenenne SHTAIBINANA?
Yro Takoe TepMOIMHAMUKA?

Kakue Tuns! TepMOJMTHAMUYECKUX CUCTEM Pa3IndaroT?
Kaxum o6pa3om naBieHue BaMseT Ha Ga30oBble IpeBpalleHus (Ha IpuMepe YucToro xemuesa)?

3axonbl 1upPy3un:




El

Yro onuceIBaeT nepsblil 3akoH Puka?

B 4yem otimume cranponaproit quddy3nn ot HectarmonapHoi? [IpuBenure mpuMepsl.

Uro onuceiBaeT BTOpoii 3akoH Puka? KakoBo ero MareMaTu4eckoe peacTaBiIeHUE?

[Touemy mepBblii 3akoH @Puka He MOXET ObITb MNPUMEHEH /I  OIpeleNeHUs
KOHIICHTPALMOHHBIX IPOQHIICH B CTydae HECTAIMOHAPHOU T Py3uun?

UYro o6o3navaet korduireHT auddy3un? B kakux equHunax oH uamepsercs?

Pemienue ypaBuenuii nudppysuu:

1.
2.
3.

5.

B dem 3akmovaercs cyTh aHATUTHYECKOTO METO/1a petieHus Au(py3HOHHBIX 3a1a4?

B uem oTiiMuMe aHATMTHYECKOro MeTo/a pemmeHus quddy3noHHBIX 3a/1a4 OT YUCICHHOTO?
Kako#i Bunm Oynmer MMeTh BBIpaKEHHE ISl ONPECTICHUs] KOHIICHTPAIMHA TPU YCIOBUH, YTO
C, =const ?

OnummTe B 4eM 3aKIIIOYAeTCs OCHOBHAS HJIES METOJa KOHEYHBIX PA3HOCTEH JUIS pelieHUs
G y3MOHHBIX 3371247

Kaxum 06pa3om u3 ypaBHEeHHsI AppEHHYCa BBIPA3UTh SHEPTUIO aKTHBAINN?

Mexanu3mbl 1udpdys3um:

1.
2.
3.

[lepeuncnute OCHOBHBIE MEXaHU3MbI U DY3Uu.

Kak onpenenuts paBHOBECHYIO KOHLIEHTPALIMIO BAKaHCHI?

UYTo mpoMCXOOUT C 3HEPrue MHUIpaluu NpU MEPEXOJe MEXIOY3EIbHOIO aroMa M3 OJIHOTO
MOJIOXKEHUSI B Apyroe?

Kak 00pa3yrorcst 1 nc4ye3aroT BakaHCHH?

Jnist kakoro Mexanu3ma (MeX/10y3eIbHOTO W BaKaHCUOHHOTO) Tu(Qy3us mpoTekaeT ObicTpee
U nouemy?

B3aumuas nuddysus u a¢ppexr Kupkengania:

Wb E

st wero npumensercs meto bonbliMana-MataHo?
KakoB ocHoBHO# cMbIci 3dexta Kupkennamia?

O 4yeM rnacut nepBoe ypaBHeHue Jlapkena?

B 4em cytb BTOporo ypasuenus lapkena?

KakoBo nmpaktuueckoe npuMeHeHne ypaBHenuit Jlapkena?

IIpoueccel, ocHOBaHHbIe Ha 1D dy3uHU:

1.
2.
3.

4.
5.

UTo MpoucXoauT CO CTPYKTYPOi 1ehOPMUPOBAHHOTO METaJLIa Py BO3Bpare?

OT yero 3aBUCUT TeMIIEpATypa PEKPUCTAILIIU3ALNN?

Kak u3MeHstoTcst XapakTepUCTUKH IMTPOYHOCTH Y TUTACTHYHOCTH TPU YBEJIMUEHUH TEMIIEpaTyphl
oTxura?

Kakwue nporiecchl 0TBEUarOT 3a MPOIECChl cheponau3au yriiepoauCThIX CTanen?

Kakue Bubl XUMHUKO-TEpPMUYECKON 00pabOTKH pa3nnyaroT?

da3oBblIe IPEBPALLECHHA:

ukwpneE

Kak knaccuduimpyrorcst GpazoBbie npeBpalleHus B MeTauiax?
HasoBure ocHoBHBIE cTaguu (pazoBOro npeBparieHus?

Yro noka3zpiBaeT ypaBHeHHE ABpaMu?

Kak nporekaeT roMoreHHoe 3apoxaecHue?

Kax nporekaer rereporeHHoe 3apox/ieHue?



denepanpHOE TOCYAAPCTBEHHOE OI0/KETHOE 00pa30BaTEIbHOE YUPEKICHNE
BBICIIETO 00Pa30BaHMs
«HoBocubupckuii rocy1apcTBEHHBIH TEXHHYECKHI YHUBEPCUTET

Kadenpa marepuanoBeeHusi B MAIIHHOCTPOCHUU

IHacnopr
pac4yeTHO-rpa(PUIECKOro 3aJaHust

o nucuuiuinie «/Iuddysus B Metaniax u crjiaBax», 4 cemecTp

1. MeToanka oneHKH

B pamkax pacdyeTHO-rpa)M4ecKoro 3aJaHusi MO TUCHMIUIMHE CTYACHTHI pemaroT 4
OCHOBHBIX 33JIaHHUSI C UCIIOJIb30BAHUEM PA3JIMUHBIX METOOB. 1 3a/1aya o LEMEHTALIMU PEIaeTCs
C UCTOJIB30BAHUEM METO/a Ul pacueTa MoiTyOecKOHEYHOro Tena. Bo BTOpoil 3ajgaue CTyAeHT
UCIIONIb3YET METOJI KOHEUHBIX pa3HocTed. B TpeTheil 3amaue HeoOX0AUMO MPUBECTH CPaBHEHUE
JIBYX METOZOB M BHIOpaTh Hamboiee TOUYHOE M3 HUX. YeTBepTas 3ajaya TakKe peIIaercs ¢
HCIIOJIb30BAaHUEM METOJIa KOHEYHBIX Pa3HOCTEU IS OMpENeNeHUs 00e3yriIepoKeHHOTO CIOA.
Kpome Toro, umeercs 1onoaHUTENbHAs 5 3a7aya, 32 KOTOPYIO HAUUCISIOTCS JOTOJHUTEIbHbIC
Oasibl.

CryneHT pemiaeT OTMEUEHHBIE 3a7aud CTporo camocrositenbHo. B PI'3 nmomxHbl OBITH
OTPa’KEHBI CIEYIOLIME YMEHUS CTYICHTA:
1. Pemenne ypaBHenuit auddysun
2. Onucanue 1 00CyX/IeHHE TTOTyYEeHHBIX Pe3yIbTaTOB
3. Odopmruenue rpaduKoB U AUArpamMM ¢ UCIOJIb30BAaHUEM KOMITbIOTEpa

O6wem noscuutenpHOU 3armucku - 10-15 cTp. kommbroTepHOrO Habopa. Popmar Oymaru
A4 — 210 x 297 mm. Ha TUTYyNIbHOM NTMCTE OJDKHBI OBITH yKa3aHbl AUCHUILINHA, BapuaHT P13,
(bamunusi, UMsI ¥ TpyIIa cTyeHTa. TUTYnbHbIN JUCT odopmiiseTcs 1o oOpasiy, IpUBEACHHOMY
Ha pucyHke l. OcHoBHble coctaBistomue PI'3: copepxaHue, BBEIEHHE, OCHOBHAs 4YacThb,
3aKJII0YEHHE, CIHMCOK HCIOJIb30BaHHOW JuTEepaTypsl. bpoiropoBka paboThl JOJKHA OBITH
KHIDKHOM; moist: cBepxy — 2,0 cm, crneBa — 1,5 cMm, BHU3Y — 2,0 cm, cipaBa — 3,0 cm. [lpudt
Habopa TekcTa JOoJKeH ObiTh 12-14 myHKTOB. MeEXCTpOUYHBIM MHTEpBAN MOTYTOPHBIA. TekcT
JIOJDKEH WJUTFOCTPUPOBATHCS.

Munncreperso oOpasosanust 1 Hayku Poceuniickoii Pepepanuu
HOBOCHUBUPCKUU I'OCY JAPCTBEHHbIM TEXHUYECKWW YHUBEPCUTET
KA®EJIPA MATEPUAJIOBEAEHN A B MAINMHOCTPOEHNUI

PacuerHo-Tpaduueckoe 3amanne
no kypey «Auddy3us B MeTamiax u craBax»
Bapuant

@akyJbTeT MEXaHUKO-TEXHOJIOTMUECKUI
I'pynna
CryneHt
IIpenonaBatens




HoBocubupck r.

Pucynok 1 — TurynsHas ctpanmnma PI'3.

2. Kputepuu oneHku

* PaGoTta cuuTaercs He BBINOJHEHHOMW, €CIM BBHINOJHEHBI HE Bce yactu PI'3, orcyrcrByer
ONMCaHUE XOJa PCIICHUS 3aJad, BBIOOP pEIICHHS HE OOOCHOBAaH, PacueThl HEBEPHBI U
COOTBETCTBYIOIIMEC TIpadUKU BBIIOJHCHBI HEBEPHO, OTCYTCTBYIOT CIHMHHMIIBI H3MEPCHHS,
oreHka cocrasisier 0-9 6amios.

* PaboTa cuuTaeTcsl BBIIOJIHEHHON Ha MOPOroBOM YpOBHE, ecid 4acTu PI'3 BbIoJIHEHBI
(hopMaJIbHO: ONHMCAHUE XOJa PELICHUS 3aJad BHIIOJHEHO YaCTHYHO, B pacyeTax JOMYIICHbI
CYIIECTBCHHBIC OIIMOKH, a COOTBETCTBYIOIIME TIpadUKU BBINOJHEHB HETOYHO, OIICHKA
cocrasigeT 0-8 0amios., onenka coctasisgeT 10-19 Gamnos.

» Pabora cumTaercs BBIOJHEHHOM HA 0a30BOM YpPOBHE, €CIIM aHAJINW3 OOBEKTA BBHIIOJIHCH B
MIOJIHOM O0OBbEME, B OIMCAHHMM XOAa PElICHHS 3a7ad IPUCYTCTBYIOT HETOYHOCTH, B pacdyeTax
JONYIICHb HE3HAYMTEIbHBIC OIMMOKH, B COOTBETCTBYIOIIMX TIpadHuKax IPUCYTCTBYIOT
HE3HAYUTEJIbHEIE OIINOKH, OlleHKa cocTaBisieT 20-27 6aaios.

* PaGoTa cunTaeTCsl BHIMOJHEHHONH HA MPOJABHUHYTOM ypPOBHE, €CIIM aHAIN3 O0BEKTa BHITIOJIHCH
B IIOJIHOM 00BEME, XOJ PEIICHHS 3aJad OIKMCAaH BEPHO, B pacueTax HE JOMYIICHBI OIINOKH, a
COOTBETCTBYIOIINE TpaUKH BBHIITOJIHEHBI BEPHO, OIICHKA cocTaBisieT 28-32 0alioB.

3. IIkaJja oueHku

B o6meli onenke no gucuumiinHe 6amisl 3a PI'3 yunThIBaloTCS B COOTBETCTBUU C MPaBUIAMU
0aJUTbHO-PEUTHHTOBOM CUCTEMBI, IPUBEICHHBIMU B pabo4eil mporpaMMe TUCIUILTAHEIL.

4. IlpumepHoe 3aganue PI'3

1.Mcnonb3ys pemienue 2ro 3akoHa Puka 1i1s nory0eCKOHEYHOro o0pasiia nocTpoiiTe Ha OTHOM
rpaguke KpuUBbIe pacrpe/eieHHs] KOHLIEHTPaluK yriiepoJa Mo TONIIMHE CTalbHOro olOpasua
CTalmu ¢ cojepxkanueM yriepoga N*0,025 mocne neMEHTaUUU MpU CIEAYIOIUX 3HAYCHMSX
TEMIIepaTypbl 1 BpEMEHH IIEMEHTAIINH:

a. 900 °C, 1 gac

0. 900 oC, 3 yaca

B. 900 °C, 10 yacoB

B. 950 °C, 1 uac

r. 950 °C, 3 yaca

I. 950 °C, 10 gacos

e. 1000 °C, 1 gac

k. 1000 °C, 3 gaca

3. 1000 °C, 10 gacoB

Koadpouuument nuddy3un npu pasHelx TemMIeparypax HailauTe M3 COOTHOIIEHHS AppeHuyca
yuuThiBas, uto Do = 2,3x10° m/c, Qa = 148 kJIx/Momb. JUis YIPOIIEHHS PACYETOB IIPUMHTE,
YTO Ha TpaHulax oOpa3na KOHIIEHTpAlUs YriiepoJa COOTBETCTBYET MaKCHMalbHOU
pPacTBOPUMOCTH YIJIepo/ia B ayCTEHUTE MpU JaHHOW Temmeparype. N - Bamr HoMep B xKypHaie

TPYIIIIBL.

2.Mcnonp3ys METOJ KOHEUHBIX Pa3HOCTEW pEelIUTe 3aady 110 EMEHTAINH TUIACTUHBI U3 CTAJIN C
KOHIIeHTpauueil yraepona N*0,025 TonmuHoH 5 MM U OCTPOHTE HAa OJHOM rpaduKe KpUBBIE
pacnpeneneHus yriepoia 1o TOJIIMHE IUIACTHHBI IIPU CIEIYIOIUX 3HAYEHUSAX TEMIEPATYpPsl U
BPEMEHU LIEMEHTALINH:

a. 900 °C, 1 gac




0. 900 °C, 3 gaca

B. 900 °C, 10 yacos

B. 950 °C, 1 gac

r. 950 °C, 3 gaca

I. 950 °C, 10 gacos

e. 1000 °C, 1 gac

k. 1000 °C, 3 gaca

3. 1000 °C, 10 gacoB

Koo duuument nuddy3un npu pazHeIX TeMIlepaTypax HaiauTe W3 COOTHOLICHHS AppeHuyca
yauThIBasi, 4T0 Do = 2,3X10'5 MZ/C, Qa = 148 x/x/monb. Bo3pmure He meHee 20 TOuek Ha
TONIUHY TUTACTUHBI. JIJis ympolneHus pacuéToB NPUMHUTE, YTO Ha TpaHUIAX oOpasia
KOHIIEHTpalUsl YriiepoJia COOTBETCTBYET MaKCUMAaJIbHOM PaCTBOPUMOCTHU YIJIepOJa B ayCTEHUTE
IIpY JAHHOW TeMIepaType.

IHocTpoiiTe Bce rpadpuKku HA OTHOM PHUCYHKE.

3.B kakux ciydasx W3 TPEJCTABICHHBIX B 3ajJaue 2 I PEHICHHS 33Ja4yd MO [EeMEHTAINH
IUTACTUHBI MOXKHO OBUIO MCHOJBb30BaTh MpUONIDKEHUE i MoixyOoeckoHeyHoro obpasma? s
OJTHOTO M3 BBIOPAHHBIX CIIydaeB OTOOpa3WTE Ha OJHOM TpaduKe pelIeHue 3aqauu, MOIydeHHOEe
METOJIOM KOHEUYHBIX Pa3HOCTEH U TOUHOE pPEIIeHUE 3aauu.

4.0Onpenenute TIIyOMHY 00€3yTIepOKEHHOTO CJIOS TTOCIIe OTXKUTA CTATLHOTO 00pa3iia TONIUHON
I MM u3 cranu Y8 npu temneparype 900 °C B Teuenue 1 yaca. Mcnonw3yiite s penieHus
3aJa4d METOJl KOHEYHBIX Pa3HOCTEH. 3a 00e3yrjepoKEeHHBIN CIOH YCIOBHO MPUMHTE CIIOW, B
KOTOPOM KOHILIEHTpAalUs yriepojaa cHuzuinachk oonee uem Ha 0,1%.

5.(3amava Ha momosHUTENbHBIC 0ayutel).IlycTh yriaepom pacnpenenéH Mo CEYCHHIO IIACTHHBI
tonumHoH 10 MM B cootrBerctBuM ¢ 3akoHOM C(x)=sin(10000000x/(2m))+1. I'panuunbie
ycioBus Ha JieBor Crpl = 1 u npaBoii rpanunax Crp2 = 1,0169. PaccunraiiTe KOHIIEHTPAIUIO
yriepoaa mo cedyeHuro obpasua uepe3 10 yacoB ¢ ydeTroM TOro, 4To MpoIlecc HAET Npu
temrepatype 900 °C.



