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PABOYAS ITIPOTPAMMA YUYEGHOI JUCIHUATIIINHBI
BAKYYMHO-IIVIASMEHHBIE METO/IbI IIOJIYYEHUS HAHOCTPYKTYP
YpoBeHb OCHOBHOIH
00pa3oBaTe/IbHOI NPOrpaMMbl  GaKanaBpHaT
HanpasJjieHus1 OAroTOBKH 28.03.01 HaHOTeXHOIOMMH H MHKPOCHCTEMHASI TEXHHKA
IIpoduin(u) «HaHOTeXHO/IOrHH B 3JIeKTPOHHUKE H MHUKDPOCHCTEMHOW TEXHHKE»
®opma 00yyeHust O4YHas
DakyJabTET 3IEKTPOHHOU TeXHUKH (DI T)
Kadenpa bmsugeckoit anekTporuKH (D)
Kype 2 Cemectp 4
YueOnrlii ni1an HaGopa 2016 roxa u TOC/IEAYIOLIHX JIET.
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1. | Jexuuun 36 9acoB
2. | JlaGoparopHbie paGoThI 16 4acoB
3. | IIpakTHYecKue 3aHATHS 18 94acoB
4. | Kypcogoii npoext/pa6ora (KPC) (ayauTopnast) - 4acoB
5. | Becero aynuTopHbIX 3aHATHI (Cymma 1-4) 70 4acoB
6. U3 HUX B HHTEPAKTHBHOM dhopme 8 4acoB
7. | CamocTosATeIbHAsI PaGOTa CTYAEHTOB (CPC) 38 4acoB
8. | Beero (6e3 3K3aMeHa) (Cymma 5,7) 108 4acoB
9. | Camocr. paGoTa Ha MOAr0TOBKY, CAAYY 5K3aMeHa 36 4acos
10] O6mas TpygoemMKocThb (Cymma 8,9) 144 4acoB
(B 3a4eTHBIX eAMHHUIIAX) 4 3ET
IK3amen 4 ceMecTp
Tomck 2016
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Paccmotpena u omoOpeHa Ha 3aceJaHuu Kadeapsl
nporokon Ne 68  or« 5 » 5 2017 1

Jluer corsiacoBaHuii

Pa6oyas mporpamMma cocTaBieHa ¢ yaeToM TpeGoBanuii MenepanbEoro IocyapcTBEHHOro 06paso-
BaTEJIPHOIO CTaHJapTa BHICIIETO mpodeccroHanbHoro obpasosanus (OI'OC BIIO) TpeThero moxose-
HHA [0 HampapieHHIo moaArotoBkd 28.03.01 HaHOTEXHONOTHE ¥ MHKPOCHCTEMHAS TEXHHMKA (KBaIH-
uxanus (6akanasp), yTBEpXKIEHHBIH mprukasoM MuHkcTepcTBa 06pa3oBaHus W HAayKd Poccmifckoit

Oeneparun ot 06.03.2015 r. Ne 177.

Pabouast mporpamMma y4e0HON NMCIHINIMHEI PACCMOTPEHA M YTBEPXKAECHA HA 3aCENaHMy Kadeapsl
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1. IEJIA U 3AJAYA TACITAITIJIINHBI 5

Ienblo M3ydeHMs MUCHMIUIAHBI SBIeTCsS (GOopMUpoBaHIe 0a30BBIX 3HAHHM B 0OJIACTH BaKyyMHBIX U
IUTa3MEHHBIX TEXHOJIOIMH MOJIyYeHUs HAaHOCIOEB, CIIOCOO0B MOJIYYeHNUs BEICOKOTO BaKyyMa, B 00J1aCTH IpHMe-
HEHHA TEXHOJIOTHYECKOI'0O BaKyyMHOI'O o6opynosaﬂm Ha 3Tanax HpOI/ISBOJI{CTBa MaTepHaJIOB U KOMIIOHCHTOB
MHKDPO- U HaHOCHUCTEMHOHN TEXHUKH.

3agagu QUCUUATUIAHEI:

- U3YYEeHUE OCHOB BaKyyYMHOM TEXHUKH;

- U3YyYECHHE BaKyyMHO-IUIa3MEHHBIX METOJIOB OCaXACHHS HAHOCJIOSB W KOHTPOJIHHO-U3MEPUTEIBHOTO

o6opynoBaHus;
- OCBOCHHE TCXHOJOTHYECCKOI'O 06opyn03amm HCIIONB3YEMOI'0 B IIPOU3BOJACTBE MAaTCpHalIOB U KOMIIO-

HEHTOB MHKPO- U HaHOCHUCTEMHOM TEXHUKH.

2. MECTO JUCIUIIJINHBI B CTPYKTYPE OOII

B cooTeeTcTBHE ¢ OCHOBHOM 00pa3oBaTenbHOM mporpaMmMoii mo Hampasiaermo 28.03.01 «Hawo-
TEXHOJIOTMH ¥ MUKPOCHCTEMHAs TEXHHAKA» TUCIMININHA «BaKkyyMHO-IIIa3MEHHBIE METOIBI IOTyIEHHUS
HaHOCTPYKTYP» OTHOCHTCS K 00sA3aTeNpbHOH IUCIUWILIMHE BAPUATHBHON YacTH ydIeOHOTO ILIaHA
(b1.B.O14).

W3ygenue faHHOM MUCIUILTMHEI GasHpyeTcs Ha 3HAHWHW CIEIyFOINUX IUCITAILIAE: (BH3HKA, Ma-
TEMaTHKa, XUMHUS.

OCHOBHEIE TIONOXEHHA JUCIFIIIMHE] HEOGXO/IMMEI CTYAEHTaM IIPH H3YICHHA AACIAILIH: «DH-
3HMKa IUIEHOYHBIX HAHOCTPYKTYp», «IIpomeccsl MUKpo- ¥ HaHOTEXHOIOTHi», « OCHOBEI TEXHOJIOIHH
3MEKTPOHHOH KOMITOHEHTHOH 6a3b1», « T€XHOIOrHs KPEMHHEBOM HAHOSTEKTPOHHKLY.

3. TPEBOBAHUS K PE3YJIbTATAM OCBOEHMS JUCIIMILINHBI

3.1. M3y4enne TACHANIHEL] HANPABIEHO HA pOPMHEPOBAHHE CIIEAYIOMMX KOMIEeTeHIHiA:

I'0TOBHOCTB HCTIONB30BaTh Ga30BBIE TEXHONOTHYECKHE LIPOLECCH | obopynoBaHHe, IpHMEHsIE-
MBIC B IPOU3BONCTBE MATEPHAIIOB, KOMIIOHEHTOB HAHO- B MUKPOCHCTEMHOMU TexuukH (ITK-8);

['oToBHOCTE HCHONE30BaTh 6a30BOE KOHTPOJIEHO-H3MEPHTENEHOE obopynoBaHue I METPOJIO-
THIECKOr0 0OECIICUEHNAS HCCIENOBAHMA U IPOMBIILIEHHOTO IIPOR3BOJICTBA MaTEpPHAJIOB ¥ KOMITOHEH-
TOB HaHO- ¥ MEKPOCHCTeMHOM Texruku ([TK-9);

I'0TOBHOCTE paboTaTh Ha COBPEMEHHOM TEXHOIOIHIECKOM 000py/IOBaHUY, HCIIOIB3YEMOM B
TIPOM3BOJICTEE MAaTCPHATIOB ¥ KOMIIOHEHTOB HAHO- X MHKPOCHCTeMHO# Texaukw (ITK-10).

3.2. B pe3yabTaTe H3ydeHHs TACHAILIHHEDI CTYAEHT JOJIKEH:

3HAMb. OCHOBBI BAKYYMHBIX U IUIa3MEHHBIX TEXHOJIOTHH, TEXHOIOTHIECKOE obopynoBanue g
IOy 9eHHA MUKPO- M HAHOCTPYKTYP; KOHTPOIBHO-U3MEPHTEIBHOE 060PyIOBAHIE;

ymemby. CDABHUBATE PA3TIHBIE BAKYYMHBIC U IUTA3MEHHbIC METOEI IOy ICHHAS HaHOCJIOEB, BEI-
6upath TpeOyeMoe TEXHOIOTHIECKOE U KOHTPOJIbHO-U3MEPHUTEIBHOE 000pyI0BaHHE;

61a0emb. TPAaKTUIECKUME HABEIKAMHE paGoThl Ha BaKyyMHOM TEXHOJIOTHYECKOM 060Dy IOBaHHH,
BBIIONTHATE Pa0OTHI IO HOJIYYEHHUIO MAKPO- B HAHOCIIOES.

4. OBEM JUCIIAILINHBI U BUbI YYEBHOM PABOTBI
Ofwas Tpy10eMKOCTh AMCIUILIMHEL COCTABIIAET 4 3ayeTHBIE eIUHHIEL
Bun yueGHOM paboTe

CemecTtpsr

Bcero gacos

AYAUTOPHBIE saHSTHS (BCero)

B ToM gucre:

Jlexumu

Jla6opaTopHEIe paboTHI
Ilpaxtergeckue 3ansTus (I13)
_CamocronTens as pabora (scero).

B ToM guce:
Iloxrorosxka x IIPaKTHIECKHUM 3aHATHAM U KOHTPOJILHEIM pabo-

- 18 18
PacuetHo-rpadugeckue paGoTsl 10 10
IIoxroToBka K 1a60paTOpHEIM PabOTaM, COCTABICHAE OTICTOR 10 10
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‘BHJI IPOMeXYTOUHOM aTTeCTalmm (3ader, sk3amen) . Ll o386 | ¢ 36
| OOIas TPYTOSMKGCTE FAC ", © 2o/t il 0 F e e 144 144
3aueTHbIC €AUHUIBI TPYAOEMKOCTH 4 4
5. COJEP)KAHWE JACIUATLINHEI
5.1. Pazgens!l NUCHHILIHHE H BUOBLI 3aHATHNA
5 oo 2 : o
= E E 54 2 l§' F‘: g DopMupyeMbIe KOM-
Ne HanmenoBaHue pa3felia AHCUMILTHHE g -3 =258 & & = HeTeaxan
miE 2 | =888 g 2 (OK, TIK, TICK)
S =" =
= Q
1. | Beenenue 2 2 11K-8
2. | Coco0sl MONTyYeH s BEICOKOTO BaKyyMa 8 6 8 12 34 IIK-8, ITIK-9, ITK-10
3. | BrIbop BakyyMHEIX HACOCOB 4 2 4 10 IIK-8, TIK-9, TTK-10
4. | MeTonpl M3MepEH s NaBIICHII Ta30B 4 2 6 IIK-8, ITK-9, TIK-10
5. | IlpakTiaeckue peKOMEHNALMH 110 BEIGODPY BaKy- 6 2 10 18 TTK-8, TIK-9, TTK-10
YMHOT0 000pYHOBaHUA
6. | BaxkyyMHbIE METOLBI IOTYISHHI HAaHOCIOER 6 4 4 6 20 IIK-8, TIK-9, ITK-10
7. | VioHHO-ITa3MEeHHBIE METOIBI IOy IeHH) HAHOCIO- 6 4 4 4 18 TTK-8, [TK-9, ITK-10
€B
3.2. Conep:xanne pas/ieJioB JHCHHILTHEDI (110 JICKIIFSIM)
Tpymno- ®opMHUpyeMbIe
% | Hammenosamue Conepixanue pasiesioB eMIl)(}(,)CTb KOIl:IIIeTeHIlI/IH
nin PRIRETON (uac) | (OK, K, IICK)
1 Beenenue Ponb BakyyMHBIX W IUTa3MEHHEIX TEXHOJOTHI B MHKPO- ¥ HAHO- 5 K-8
JIIEKTPOHUKE
2 | Cnoco6s1 noxy- OCHOBHEIE 3aKOHEI BAKYYMHOH TEXHUKH. Mexanvaeckue, mapo-
IIK-8, TIK-9, ITK-
ICHHIA BEICOKOTO | MacisiHble Xu(Qy3HOHHEIE HACOCH, (DM3UKO-XUMHUUECKHE METO- 8 10
BaKyyma JIBI TIOJTYYEHHA BEICOKOTO BaKyyMa.
3 | Beibop Bakyym- Pacqersr mapamerpoB mis BrIGopa HacocoB mig KOHKDETHBIX d K-8, ITK-9, IIK-
HBIX HaCOCOB IIPAMEHEHUHI 10
4 | Metons! m3mepe- | TeIUIOBEIE M HOHM3AIMOHHLIC BaKyyMMeTpEL. Baxyymmertpsr mia TTK-8. TIK-9. TTK-
HUH TaBleHUH U3MEPEHUI CBEPXHU3KUX HABICHMM Ia30B. 4 ’ 10 ’
rasoB
5 | Ipakrmaeckue Bri6op BakyyMHEIX HacocoB s KOHKpETHEIX ImpuMeHermid. Co-
PEKOMEHIAIIH TI0 | BPEMEHHbIE THIIOBBIE YCTAHOBKH JUIS TEXHOJOIMIECKUX TENeil. 6 IIK-8, ITK-9, TIK-
BBIOOPY BaKyyMHO- 10
ro o6opynoBasus
6 | Bakyymusle MeTo- | Tepmmdeckoe ucnapenne B BakKyyme. CKOPOCTh OCaKICHHS. TIK-8. TIK-9. TIK
b1 TIOITYy9EeHAS IlpakTiaeckme pexomenmanmy. MeTomsr KOHTPOJIL TOJIHHEI 6 ’ 10 S
HAaHOCJIOEB HaHOCJIOEE.
7 | Houno- OCHOBHEBIE XapaKTePHUCTHKH ILTa3MBbL. PasTiambe crioco6s OCaX-
ITaSMEHHBIC METO-| NEHHS HaHOCIOEB. AKTHBHpPYEMEIE IUIasMoi METOMBI ITOTYIEHIS 6 IIK-8, ITK-9, IIK-
IBI [TOJTydeHUS HaHOCJIOEB 10
HAHOCJIOEB
4




5.3. Pazpennt JUCHHUIIMHBI H MEXKIUCHHUILIHHADHBIEC CBSA3ZH C oﬁecneanalomnMn (Hpe)]LI-

OyI¥MH) B o0ecrnednBaeMbIMH (MOCJeTYIIMHAMHE) THCIAILINHAMHA
Ne HaumenoBaHue o6ecneynBaromux (Ipeabi- Ne Ne pasnesioB paHHO#H AHCIHIUINHBIL, 7151 KOTOPBIX HEOOX0AHMMO

n/n OYIIUX) 4 o0ecrieynBaeMbIX (MOCJIeayI0- H3y4yenue obecneynBarImuX (MpeabIAyLINX) U 00eciednBaeMbIX
IIHX) AACHHILIAH (mocJIeAYIOIMX) JUCHHUIIHH
1 | 2 | 3 ] 4 | 5 | 6 | 17
IIpenmiecTBYIOINKE JUCIATUIHHBI
1 Matemartuka + + + +
2 | ®uzmuxa + + i +

IIoc.nenyloume JUCHHIIJIHHBI

1 | TexHonorus KpeMHUEBOM HAHOIIEKTPOHUKH + + + + +

2 | OCHOBBI TEXHOJOTHH 3IEKTPOHHOM KOMIIO- " & 4
HEHTHOH 6a3sl

3 | Ilpomecchl MUKpO- B HAHOTEXHOJIOT M + + + + +

4 | MonenupoBaHUe U IPOEKTHPOBAHHE MUKDPO- 1 5 " i
HaHOCHCTEM

5 | Pusvka IIIEHOYHBIX HAHOCTPYKTYP + &

S.4. CooTBeTCTBHE KOMIETEHIHH, (POPMAPYEMBIX NPH H3ydeHHH AHMCHHILUIAHLI, W BHIOB

3aHSTHH
Iepeyenn Bune! sausTuii &
i OPMBI KOHTPOJSA
KOMINeTeHumi J | Jab.pa6. | Op. | CPC P P

KonTpossaele paboTkl. BEIoHEHrE IPaKTHIECKHX 3a-
IIK-8 + + + + JaHV, HHIMBATY IbHBIX 3aMaHU. 3aIiTa OTIETOB II0
1abopaTopHEIM paboTaM.

KonrpossHbie paGoTsl. BenonHeRre MPaKTHYECKUX 3a-
IIK-9 + + + + JaHWH, HHIVBHIYaIbHEIX 3aaHuii. 3aIIHTa OTIETOB [0
JabopaTopHsIM paboTam
KontponsHsie pa6oTsl. BEIoHeHrE IPAaKTHIECKUX 3a-
IIK-10 + g + JaHMH, HHIMBHTY JTbHEIX 3a[JaHui. 3aIIiTa OTIETOR 0

J1a6opaTopHEIM paboTam

6. METOJIBI H ®OPMbI OPT AHU3AITUU OB YUYEHMSI

TexHoI0rHE HHTEPAKTHBHOI0 06y IeH s NPH Pa3HBIX ¢opmax 3aHsTHIA B 9acax

ITpakrn- JlaGopa-
®opmel | Jleknun YecKue TOpHBIE B "
MeTonel (4ac) 3aHATHS paboThI cero
(gac) (uac)
Tecter 4 4
Hccnenosatensckuit MeTon pemenus CUTYallNOHHEIX IIPAKTH- 4 4
KO-OpPHEHTHPOBAHHLIX 3313y
WITOr0 MHTEpaKTHBHEIX 3aHATHIA 8
7. JABOPATOPHBIN IPAKTHKYM
Ne | Nepasmena muc- Tpyno-
. IIJII/IHJIHHLI Temaruka naGopaTopHerx paGor €MKOCTh KOMHCT;EZI K,
(gac.)
Mexanudeckue BakyyMHEIE HACOCHI I IpEBa i
L 2, TIpeIBapUTEILHOM
2 OTKa9KH BaKyyMHOM YCTaHOBKH 4 TIK-8,TTK-9,IIK-10
2. 2,3,4 BakyymHbIe HalbUIHTETBHEIE YCTAHOBKH 4 TIK-8,ITK-9,ITK-10
Ocax/ieHHe pe3sucTUBHEIX U IPOBO
3 2 IIPOBOAAIINX IUIEHOK METOIOM
3,4, TEPMIYECKOTO HCIAPEHNST B BAKyyMe % TIK-8,TIK-9,ITK-10
4. 45,7 HOHHO-IITa3MEHHBIH MeTO TIOTY9EHNS HAaHOCIIOEB 4 TIK-8,ITK-9,TIK-10
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8. IPAKTHYECKHUE 3AHATH (CEMUHAPBI)

Ne pas- Tpyno-
Ne nena - €MKOCTh Komnerenuuu
o/ R TemaTuka NpaKTHYECKHUX 3aHATHH (ceMHMHapOB) (uac.) OK, IIK, TICK
JIHHBI
1. 2 Omnpenenenre 0CHOBHBIX IAPAMETPOB MEXaHUIECKIX HACOCOB 2 TIK-8,ITK-9,IIK-10
2. 2,3 Pacger 3¢ heKkTHBHON CKOPOCTH OTKAIKH 2 ITK-8,ITK-9,IIK-10
3. 2,3 Pacuer mapaMeTpoB nudy3HOHHEIX HACOCOB 2 IIK-8,ITK-9,ITK-10
4 23 Pacger mapaMeTpoB KOHIEHCAIHOHHBIX U KPHOAACOPOIMOHHEIX Ha- 5 TTK-8,ITK-9, ITK-10
i COCOB
5. 235 Pacyer BrI6Opa BaKyyMHEIX HACOCOB I 00ECIEIEHNS 32 JaHHOTO 5 TTK-8,TTK-9,ITK-10
JABIICHMS Ta3a
6. 6 PacueT BpeMeHM OCaXIEHHS IUTEHOK IPH TEPMUYECKOM HCTIAPEHIY B 4 TIK-8,ITK-9,ITK-10
BaKyyMe
7 - Pacder BpeMeHu HalbLIEHNA IUTCHOK NIPY HOHHO-TUIA3MEHHOM pac- 4 TTK-8,ITK-9, [TK-10
IIBUICHUH
9. CAMOCTOSTEJIBHAS PABOTA
” Tpyno-
Ne Ne pazgena TemaTuka caMocTOsITeNILHOM PaGoOTHI eMKOCTE Komnerenuuu | KouTpons Beimosnne-
N/ | AMCHUNIMHEL (Ooemanuzayus) (aac)) OK, IIK, IICK HUs1 paboThI
L 1,7 IMoaroroBka K KOHTPOIEHEIM paboTaM 8 1'11(-8,1'{13-9,1'11(- KoHTpo/msHste paboTs!
) 23,67 IMoarororxa k MpakTHYECKAM 3aHITHIM 10 ITK-8,IIK-9,ITK- | BhlnonHeHue OpakTy-
. 10 YeCKHX 3aaHuit
IToxroroska k 1a60paToOpHEIM paboTam 1 ITK-8,ITK-9,I1K- Oryersl 1o 1abopa-
3. 2,3,4,5,6,7 10
3allHUTa OTIETOB 10 TOPHBIM paboTaM
4 2.5 BrimonneHne MHAMBYTYaThHBIX 38 1aHMH 10 TIK-8,ITK-9,ITK- PacgerHo-
) ’ 10 rpaddeckue paboTs

10. IPUMEPHASI TEMATUKA KYPCOBBIX IIPOEKTOB (PABOT)

He IIPeAyCMOTPEHO

11. PEUTUHI OBASI CHCTEMA A1 OONEHKH YCIIEBAEMOCTH CTYJIEHTOB

Ta6auua 11.1. BajuibHbIE OLEHKH /IS 3eMEHTOB KOHTPOJISA
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MaxcumairsHELi MaxcuMansHeLi Ig/laxcmwaﬂ},mm B
OJeMeHTH! y9eGHOM NesTeNsHOCTH | 6ai Ha l-yilo KT ¢ 6aiwt 3a mepros & 32;11?1?140;[ B
Hagaja ceMecTpa Mexmy 1KT u 2KT Moy ¥ Ha ceMeCTP
KOHEIl ceMecTpa
Tocemenue 3ansTuit 3 3 4 10
Konrponsnas pabora Ne 1 10 10
HunmBunyansHele 3axanus 13 13
Kontponsnas pa6ora Ne 2 (Tecto-
Bas) 10 10
IIpakTHdeckue 3aHATHS 12 8 7 27
Brinonnenue u 3aumra pesyisra-
TOB JIa0OpaTOpHEIX paboT 24 A
KommnoreHT cBoeBpeMeHHOCTH 2 2 2 6
Htoro makcumym 3a nepuon:
y puox 17 46 37 100
Hapacrarouum nrorom
P 17 63 100 100
6



Tabmmuna 11.2. IlepecdeT 62,1108 B OIIEHKH 32 KOHTPOJILHbIE TOUKH
Bajuibl Ha 1aTy KOHTPOJILHOMN TOYKH Onenka

> 90 % oT MaKcHMaIbHOM cyMMEI Gaios Ha naty KT S

Ot 70% 1o 89% oT MakcmManbHOM cymMMEI 6asLtoB Ha naty KT 4

Ot 60% 10 69% 0T MakcHMabHOM CyMMEI GaslioB Ha naty KT 3

< 60 % ot MakcHMaTbHOM cymMMEl 61108 Ha aaTy KT 2

Ta6auna 11.3. Tlepecuer cyMMbI 6a/UI0B B TPATHIHOHAYIO H MEKIYHAPOIHYI0 OIEHKY

Hrorosasi cyMmma 6a/110B, y4HTHIBAET YCIIENIHO
Ouenxa (I'OC) Tor ¥ - y;;MeH Ouenka (ECTS)
5 (ommgHO) (3a9TEHO) : 90 -100 A (ommm4HO)
4 (xopoo) 85-89 B (oueHs X0pormo)
(3agreno) 75 -84 C (xopomo)
3 (YZOBIIETBOPUTENBHO) 65 - 69
(3agTeno) 60 — 64 E (mocpencraeHHo)
2 (Hey,zI(OBneItBongr)enLHo) ’ Huzxe 60 6annos F (meynoBieTBOpHTENLHO)
HE 3a9TeH

12. YYEBHO-METOJUYECKOE U WHO®OPMAIMMOHHOE OBECHEYEHUE JVC-
IAITJITHBI

12.1 OcroBras yaTEpaTYypa

12.1.1. Nanmmuza T, BakyyMHO-IIIa3MeHHEE METOJIBI IOy IeHHs HAHOCTPYKTYp. — YueGHOe
mocobue.-Tomck: TYCVYP, 2012.- 90 C.- [snmexTpoHHELL pecypc] -
http://miel.tusur.ru/index.php?option=com__content&view=article&id 231

12.2 TomoanuTenbHAS JIHTEpaTypa

12.2.1. Pozanos JLH. Bakyymuas Texmuka. — M.: BIII, 1990. - 320 c. (4 3k3.)

12.2.2. BakyymHas Texuuka. Crpasourmk. ITox pex. E.C. ®ponosa, B.E. Munaitgesa. — M.:
Mammroctpoerue, 1985. — 360 c. (163x3.) '

12.3 Y4e6no-MeToqmIecKAE N0COGHS 1 IporpamMMHoe odecnedenne

12.3.1. Hanunuaa T.W. Baxyymro-11a3MeHHBIe MeTO BT IIOJTy9CHH HAaHOCTPYKTYp. — Y4eOHO-
METOAMHYECKOE OCOOHE IO aYAHTOPHBIM IIPAKTHIECKHM 3aHSTHSM H CaMOCTOSTENbHOH pabore mis
IIOATOTOBKM CTYJAEHTOB IO HampasileHmsM 210100.62 «OIEeKTpOHNKa H HaHO3JIEKTPOHUKAY» U
222900.62 «HamoTexHONMOrHH 1 MHUKpocHCTeMHad TexHuKay — Tomck: TYCVP, 2012. - 20 c.— [amex-
TPOHHEIH pecypc] - http://miel.tusur.ru/index.php?option=com_content&view=article&id 231

12.3.2. lanwmura T.U. BakyymrO-IIa3MeHHEe METOZBI IIOITY9ECHHS HAHOCTPYKTYp. — MeTomu-
9ECKHE YKa3aHHS II0 BBIIOJHEHHIO 71ab0paTOpHEIX paboT Iy CTyACHTOB HampasieHui 210100.62

Tomck: TYCYP, 2013.- 28 c— [3nexTponHLL pecypc] -
http://rniel.tusur.ru/index.php?option=com__content&vieW:article&id 231

12.4 Ba3spl nanpnpkIx, HH(OPMANHOHEO-CIPABOYHbIE H HORCKOBLIE CHCTEMBbI
13. MATEPUAJIbHO-TEXHUYECKOE OBECHEYEHHWE JUCITATLINHBI

JUisl peanusauuy TeKMMOHHBIX u TIPaKTHIECKUX 3aHATHIH HEOOXOMUMEIL: KOMITBIOTED C YCTaHOBICHHEIM
IPOrpaMMHEIM obecriedenreM (. 12.3), MIPOCKTOD M 5KpaH.

Jla6opaTopHsle paboTe TIPOBOIATCA B CHICLMATIM3UPOBAHHOM nabopatopuu kabemprr PU3NTECKOH SITeK-
TPOHMKH, OCHAIIEHHOMN BaKyyMHBIM T€XHOJOIHIECKIM obopynosanuem.
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1 Bsenenue

@onn onenounbx cpeacte (®OC) sBmsercs npuiIokeHHEM K paboued IporpamMme
JUCIMILTHHE «BakyyMHO-IIIa3MEHHBIE METOIBI IIONTYIEHHsT HAHOCTPYKTYP» U MPENCTaBIsLeT cobOoM
COBOKYITHOCTH KOHTPOJIbHO-M3MEPUTENLHEIX MaTEPHaIOB (THIIOBEIE 3319y (3aJaHus), KOHTPOIBHEIE
paboThl, TECTHI M Jp.) B METOJOB MX HCIOJb30BAHUS, NPEIHA3HAYEHHBIX UL M3MEPEHHS YPOBHS

AOCTHKCHHSA CTYACHTOM YCTAHOBJICHHBIX PE3YIHETaTOB 06Y‘ICHH$I.

©OC mo mucnummHe «BaKyyMHO-IIa3MEHHBIE METONbI NONYYeHHS HAHOCTPYKTYDY

HCIIOB3YETCA IIPH IIPOBECACHUH TCKYIIET0 KOHTPOJIA YCIICBaEMOCTH U HpOMC)K}’TO‘—IHOI’I arTeCTaluy

CTYIIEHTOB.

llepedenp 3aKpemIeHHBIX 33 IUCHMILTMHON «BaKyyMHO-IDIA3MEHHEIE METONE MIOJTy9EHUS

HaHOCTPYKTYP» KOMIIETCHIIMI IpUBEIEH B Tabmmme 1.

Tabamna 1 ~ [lepedens 3aKpenIeHHBIX 32 THCHHIIAEON KOMIIeTeHIHI

dTans! popmupoBanns

Kop P opMyIHPOBKA KOMIETECHIHH
KOMIIeTeHINH

3HaTh OCHOBEI BAKYYMHBIX
M IUIa3MEeHHBIX
TEXHOJIOTHH,
TEXHOJIOTHYECKOE
obopynosanue it
TIOJIyYEHHS MHKPO- U
ToTOBHOCTE HCIONBE30BaTh 6a30BBIE TEXHONOTHUECKHE HaHOCTPYKTYD;

Oponeccel  ®W  00OpynoBaHHE, NpPHMEHSEMEIE B | YMeTs pemars 3aqa9u o

IIK-8 [IPOM3BONICTBE ~ MATCPHANOB, KOMIOHEHTOB HAHO- H | BEIGODY [1apaMeTpoB
MHKPOCHCTEMHOM TEXHUKH BaKyyMHOTO 000pyIOBaHHMS
H TEXHOJIOTMH HAITbUICHAST
HaHOCJIOEB;

Baapmers npaktrdeckuvu
HaBEIKaMH paboTEI Ha
BaKyyMHOM
TE€XHOJIOTHIECKOM
060pyROBaHUH, BEIIONHSTE
PaboTEHI IO IIOIY9eHHIO
KOMITOHEHTOB MHKDO- H
HaHOCHCTEMHOM TEXHUKHU.
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IIK-9

I'oToBHOCTH HCIIOH30BATH 6230BOE KOHTPOJIBHO-
HU3MEPHUTELHOE 000PYHOBaHUE UL METPOJIOTYECKOTO
obecreue s HCCIENOBAHMMI U IPOMBIILIEHHOTO
MIPOU3BOJCTBA MATEPHUATIOB ¥ KOMIIOHEHTOB HAHO- H
MHKPOCHCTEMHOU TEXHUKHA

3HaTH METOABI H3MEPEHHS
JIaBJICHUS Ta30B, METOIBI
KOHTPOJIS TOJIIIAHEI
HaHOCJIOEB;

YMeTh HCIIOIB30BaTh
6a30B0€ KOHTPOJIBHO-
H3MEPUTENBHOE
obopynoBaHUE AL
METPOJIOTHIECKOTO
obecrniegeHus
HUCCIIENOBaHHUM;

Baapers npaktugeckuMu
HaBBIKaMH KOHTPOJISI
JIaBJICHUS Ta30B |
TOJIIUHBI HAHOCJIOEB.

IIK-10

['oToBHOCTE pa60TaTr> Ha COBPEMEHHOM TEXHOJIOTHYECKOM
O60p}’I[0BaHHI/I, HCIIOJIB3yEMOM B IIPOU3BOACTBE
MaTepHuajioB ¥ KOMIIOHEHTOB HAHO- MHKpOCHTeMHOﬁ
TEXHHUKHA

3HaTh COBpeMEHHOE
TEXHOJIOTHYECKOE
obopynmoBanwue,
HCIIONIE3YEMOE B
IIPOHM3BOLCTBE MAaTEPHAIIOB
H KOMIIOHEHTOB MHKPO- U
HaHOCHCTEMHOM TEXHHKH;
Ymers BEIOHpars
TEXHOJIOTHYECKOE
obopynoBanue 1y
KOHKDETHOTO IPHMEHEHH;
Baapers npaktuueckumu
HaBBIKAMHU pabOTEI Ha
BaKyyMHOM
TEXHOJIOTHIECKOM
060pynOBaHNH, HABEIKAMH
IT0 HANBUICHAIO MUKPO- X
HAHOCIIOEB.

2  Peanm3anus KOMIeTeHIHA

1 Komuerenuusa NNK-8

IIK-8: TOTOBHOCTE HCIONB30BaTh Ga30BEIE TEXHOJIOTHYECKHE IPOUECCHl ¥  06OpyIoBaHHE,

IIPUMEHSIEMEIE B IIPOU3BOACTBE MaTr€puajoB, KOMIIOHCHTOB HAHO-

B MUKPOCHCTEMHOM TEXHUKHU.

Uit bopmupoBarms KoMmmeTeHIHH HEOOXO[MMO OCYIECTBHTB psf 3TAmOB. 'DTAImEI

(bOpMIprOBaHKS{ KOMIIETCHIINH, IIPUMEHSIEMBIE IS 3TOT0 BHUIBI 3aHSATHH U HCIIOJIb3YEMEIE cpeacrna

OLCHHUBAHUS IIPENCTABICHEI B Tabmwe 2.
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Ta6auna 2.— Iransl popmaposanns komnerennuu ITK-8 u mcmosb3yemelie cpencraa

OIl¢eHHBAHUSA
1. Cocras 3HaTh YMmerh Baapners
ITpaxTraeckumu
BazoBsre Pemmars, sazasa mo HaBBIKaMH pabOTHI Ha
TEXHOJIOTHYECKHE BBIOOPY apaMeTpoB BAKyyMHOM
IIPOLIECCHI U BaKyyMHOTO TEXHOJIOTHYECKOM
Conep:xaHHe 3TallOB | TEXHOJOTHIECKOE 000pyIOBaHUS U o0opynoBaHuH,
ofbopynoBaHue ISt TEXHOJIOTMH HABUICHUS BEIIONHSTE paboTHI 1o
MOIy4EeHHS MUKPO- U HAHOCIIOER IOy 4EHUIO
HaHOCTPYKTYP KOMITOHEHTOB MHKDO- ¥
HaHOCHCTEM
Jlexiimu; IIpaxTraeckue 3aHIATHS;
., IIpaxTageckme 3apaTrst; | JlaGoparopHbie paboThL IIpaxTrueckue 3aHsTHS
Bunel 3anaTmii
WsnuBunyansHbe WnnuBuyansase JlaboparopHEIe paboTEI
3aIaHAS 3a1aHuS

Hcnonn3yemele
CPeICTBA ONleHUBAHMS

KonTtpomsarie paboTsr;
TecTrr;

3ammuTa
HMHIPBATYATHHBIX
3aJlaHni;

Bremonaenne
IPaKTHYECKUX 3aHATHH

KorTponsHbIe paboTs;
Bremonaenue
71a60paTopHBIX paboT;
3aImTa OTYETOB;
3amuTta
HHIWBHAIYATBHBIX
33/TaHH;

Brmonuenne
MPAKTHYECKUX 3aHATHH

Bremonaenne
1ab0paTopHEIX pabor,
3aluTa OTIETOB;
3amyTa IpaKTHIeCKUX
3aHATHR

Z Kommerenuusa [IK-9

ITK-9: TOTOBHOCTE HCIONB30BaTH 6a30BOE KOHTPOJIHO-H3MEPUTENLHOE  000pyHOBaHHE It
METPOJIOTHIECKOr0 00ECIeYeHHsS HCCIENOBAHN U IPOMBIILIEHHOIO IIPOHM3BOLCTBA MaTePHAIOB H
KOMITOHCHTOB HaHO- ¥ MUKPOCHCTEMHOM TEXHUKH.

I[JISI (bOpMPIpOBaHI/ISI KOMIICTCHITUN HCO6XOI[I/IMO OCYINECTBUTH PAN 3TamoB. OTaImbl

(I)OpMI/IpOBaHI/I}I KOMIICTEHIIAH, IPAMEHSIEMEIE IJISI 3TOrO BHIGI 3aHATHH H HCIIOJIB3YEMBIC CPENCTBA

OLICHUBAHWKS IPENCTABICHEI B Tabmume 3.
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Tabauua 3— dranst popmupopanus xomnereanun IIK-9 u ucoosb3yemble cpefcTBa

OLIEHUBAHUA
2. CocraB 3HaTh Y™meth Baanern
B S— Pexomennosars
A30BEIE K¢ -
KOHTPOJIHHO-
HU3MEPHUTETHHOE I/I3Mep TEILHOE [IpakTryecKuMu
obopymoBaHue T 6 P - HaBBIKaMHU KOHTPOJIS
€ 3TAIoB obopynoBaHm
Conepmanue 3 A3MEpEHUs JaBIICHUS KOHII: ggmoro JIaBJIEHHI I'a30B,
ra3’oB JUIS KOHTPOJIL TOJIOUHEI HAHOCJIOEB.
a P TEXHOJOTHYECKOIO
TOJIIUHEI HAHOCJIOEB.
mporecca.

Jlexrvm; IIpakTrgeckue 3aHITHS;
N ITpaxtraeckue 3apsaTust; | JlaGoparopHsie paGoTEL; IIpaxTrgeckue 3aHATHS
Bupyp1 3anaraia

VunmernyamsHbIe WunuBunyanbHbIE JIaboparopHsie paboTEl

3a/laHus; 3alaHuS;
KorTpomnsHEIe paboTEI;

KonTpomsHEIe paGoThI; P P ’
Brmonaenne

Tecrtsr; Brmonnenune
1abopaTopHEIX paboT U

3amuTa 1a00paToOpHEIX paboT u

Hcnoas3yemere O 3aluTa OTICTOB; SAIHTA OTIETOR:
JTIB BIX armuy
CpeacTBA OLleHHBAHHS Ay WnmuBunyanscase ’

3aJaHuiH; 3amuTa IpaKkTHIeCKUX
3a]IaHuST, .

Bremonaenue N 3aHIATHR

o ammy e

IIPaKTUYECKUX 3aHATHH 1 1P

3aHATHHI

3

3 Komnerennus [1K-10

IIK-10: 'oToBHOCTS pPabOTaTh Ha COBPEMEHHOM TEXHOIOIHIECKOM 000pYIOBaHMH, HCIOIB3YEMOM B
LPOH3BOJCTBE MAaTEPHANIOB M KOMIIOHEHTOB HAHO- ¥ MEKPOCHTEMHOMN TEXHUKH.
st GOPMHPOBAHHMS KOMIETCHIMH HEOOXOIIMO OCYIIECTBUTL DS STalOB. OTambl

hopMHpOBaHHS KOMIETEHIIHH, IPHEMEHIEMEIE IS YTOTO BHUJIBI 3aHATHH ¥ UCIONB3yeMEIe CPENCTBA

OIICHHBAaHUA IPEACTaBICHBI B TaGJII/IHC 4,
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Tab6uuua 4 — Itansl popmuposanns kKomneTennun ITK-10 u ncoojb3yembie cpexcTsa

OlleHUBAHHUS
3. CocraB 3HaTh YMmeThb Bnagers
BpPEMEHHOE
Cosp ° [TpaxTiaeckumu
TEXHOJIOTHIECKOE
6 B HaBBIKaMH¥ paboTEl Ha
obopynoBaHue BIOHUpaTh
Py ? P BaKyyMHOM
HCIIOIB3YeMOe B TEXHOJIOTHYECKOE
Conep:xanue 3TamoB | IIPOHU3BOJICTBE obopynoBaHue IT TEXHOTIOTHACCKOM
Hep P YA obopymoBaHUH,
MaTepHuajoB U KOHKPETHOTO
HABBIKAMH T10
KOMIIOHEHTOB MHKpPO- X | IPUMCHEHHS

HaHOCHCTEMHOH
TEXHUKH.

HallbUICHUIO MHAKPO- K
HaHOCIIOCB.

Buae! 3apsaTmit

KonTpomsHbIe paboTH;
TecTrr;
WnnusunyaibHbie
3a/laHus;
[IpaxTHdgeckue 3aHATHS;

KorTtpomsaEie paboTsr;
Tectrr;
WnnuBumyansHEIe
3a[JaHMUST,
ITpaxkTudeckue 3aHITHS;
3amuTa IpakTHIECKHX
3aHATHH;
JIaboparopHsie paGoTE;

3amuTa IPaKTHIECKUX
3aHATHII;
JlaboparopHsIe paboTEL;

Hcnonn3yemere
CPeICTBA ONEeHUBAHMS

Jlexmmm;

IIpakTrgeckue 3aHATHS;
Wanusunyansabie
3a/1aHus;

IIpaxTuaeckue 3aHATHS;
JIaGoparopHEie paGoTEL;
Wnnmeunyanscuse
3alaHus;

IIpaxTraeckue 3aH9THS;
JIaboparopHsIe paGoTHL;

WunusunyaisHele
3a/IaHus;
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1.Komuerennus ITK-8 - [0TOBHOCTE HCIIOIE30BaTh 0a30BEIE TEXHOIOTHICCKIE IPOLECCHL X

oGopynoBaHue, IPUMEHIEMEIE B IIPOU3BOACTBE MaTePHUaIOB, KOMIIOHCHTOB HAHO- X
MUKPOCHUCTEMHOHM TEXHHUKH.

O6rmue XapaKTCPUCTUKHU IoKa3areineh u KpHUTEPHEB OLCHUBAHU KOMIIETCHIIAH II0 3TallaM

MpUBeNCHBI B Ta0uIe 5.

Tabmuua 5 — O0mue XapaKTepUCTHKA M0Ka3aTe el H KPATEPHEB ONECHUBAHNSA KOMIETeHIHI

0 3Talam
aTejd ¥
Tioxas 3HaTh YMmern Baanmers
KpHATepHHA
Ob6mamaer ObnagaeT quana3soHOM
AKTHYECKUMU U IPAKTAYECKAX YMEHUN
¢ P m > | KoHTpompyeT paboTy,
. TEOPETHIECKUMHU TpeOyeMbIX I
OTiau9aHO (BHICOKHM IIPOBOJIUT OLICHKY,
3HAHWSIMHU B IIpeesax Pa3BUTHS TBOPIECKUX
YPOBEHB) . . COBEpLIEHCTBYET
H3ydaeMoil 001acTH ¢ peIneHuH, N
IeHCTBUS pabOTEI
ITOHHMaHUEM I'PaHHII abcTparupoBanHus
IIPEUMEHUMOCTH npoOireM

Xopomo (6azoBbIit

3HaeT ¢axTHl,
IPHHIIAIIEL, TIPOIECCHI,

O6namaer nrana3zoHOM
NPaKTHYECKUX YMEHUH,
TpeOyeMbIX It

bepet oTBEeTCTBEHHOCTH
3a 3aBEpIICHHE 337124 B
HCCIEeIOBaHNH,

(moporoBklii ypoBeHs)

OOIMMMH 3HAHUSIMU

MBIMH L1 BEIIOJITHEHU S
IIPOCTERIX 3a7a4

FTBEEL) o0Imue MOHATHS B § peIleHns IIPUCIIOCabIABaET CBOE
Ipefenax u3yJaeMoi OIIPEIETICHHBIX IIOBEIEHHE K
obnmactu mpobiieM B obacTi 00CTOATENBCTBAM B
HCCIICIOBaHUS pelIeHny IpodiemM
O6namaeT OCHOBHBEIMH
YnoBiaeTBOpHATEIHLHO Ob6nanaer 6a30BbIMH YMEHHMH, Tpebye- Paboraet npu npssmom

HaOIIoneHuH

DopMmyTHpOBKa MTOKa3aTeleil 1 KpATEPHEB ONCHUBAHHS KoMIeTerma 11K-8 IIpUBEICHA B Ta0IuIE 6.

Tabonana 6
Iloxa3zarenu n
— 3HaTh Ymers Bnangers
3Hars 6a30BEIe Bnageer
IIPOLIECCHI BAKYYMHO- 1 NIPaKTHYECKUMU
IIJIa3MEHHBIX METO/IOB VRS —— HaBBIKaMH paboTEI Ha
TOITyJEHHA ? BaKyyMHOM
OtnugyHoO (BBICOKHH HaHOCTPYKTYP, TpeOyeMEIX s TEXHOJIOTAIECKOM
YPOBEHB) IIOHUMATh 00JacTH CPABHCHHI pasIiHbX obopynoBaHHH
KOHKPETHOTO ARy MHOIHASMERERI crocobeH ’
IIPUMEHEHHS ASEORCNE MOy RS CaMOCTOSITEIILHO
HAaHOCJIOEB.
TEXHOJIOTHIECKOIO BBIIOJHATE pabOTEI IO
obopynoBanus HaIBUIEHUIO HAaHOCIIOEB.
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Briameer

IIPaKTAYECKUMH
3naer 6a30BEIe VYMeer pemars 3a1aqu HaBBIKaMH paboTHI Ha
TEXHOJIOTHIECKHE 10 BEIOOPY ITapaMeTpoB BaKyyMHOM
Xopomo (6a3zoBbIit IIPOLIECCH] BaKyyMHO- BaKyyMHOTO TEXHOJIOTHIECKOM
YPOBEHB) IUTa3MEHHBIX METOLOB obopynoBannd u o0opynoBaHuH,
IIOJTy9CHUS TEXHOJIOTUH HAUBUICHHS | BBIIONHAET pabOTH IO
HaHOCTPYKTYDP. HaAHOCJIOEB. HaITBUICHHIO HAHOCIIOEB
IO PYKOBOJICTBOM
oImeparopa.
3HaeT 6a3oBEIe Paborars Ha
IIPOLIECCHI BAKYYMHO- TEXHOJIOTHIECKOM
YIIOBJ'ICTBOUpIrITeJILHO 5 JII) aSIIIVIeHHBD( M};};BSHOB YMeeT pemars mpocTsie e —
(oporoBsIii yposens) S — 3a71a9H. A ——
HaHOCTPYKTYP. oreparopa.

2. Komnerenmust ITK-9 - [0TOBHOCTB HCIOMB30BaTh 6a30B0e KOHTPOJIbHO-H3MEPUTEIHHOE
000pynOBaHHE IIs METPOJIOTHYECKOTO 06eCIedeH s HCCIICIOBAHHUH ¥ IIPOMBIILIEHHOIO

IIPOU3BOACTBA MaTCPHaIOB ¥ KOMIIOHEHTOB HAHO- U MUKPOCHCTEMHOM TEXHUKHU.

OOmme XapaKkTepUCTHKY [OKA3aTeel 1 KPUTEPHEB ONICHUBAHUS KOMIIETEHIINY II0 STAIAM

IIPUBENEHEI B Ta0amue 7.

Tabauna 7 — O6mue XapaKTCPHCTHKH II0Ka3aTe/Ieil H KPHTepHEB OMeHHBAHMS KOMIIETEeHIHH

1o 3Tannam

Iloxazarenm u

3HaTh Ymern Bnagers
KpHUTepHH
Obmnamaer Obnanaer muanasorom
bakTHYecKUME 1 IIPaKTHIECKUX YMEHHUH,
KonTpomupyer pa6orty,
. TEOPETHYECKUMHU TpebyeMBIX JUIt
OTnmaHo (BBICOKHIA IIPOBOJIMT OIICHKY,
3HAHUSIMHU B TIpeIenax Pa3BUTHS TBOPYECKHX
YPOBEHE) N . COBEPIIEHCTBYET
HU3y4aeMoi obacTa ¢ PeIIeHwiA, - 6
CHCTBUS pabOTEI
IIOHUMAaHUEM IPaHHMI] abcTparupoBaHus A P
IIPEMEHUMOCTH Ipobirem
O6mamaer quanazorom Beper otsercTBeHHOCTS
3HaeT (akTsl, UPaKTHICCKUX YMCHHM, | 3a 3aBepINeHHe 3amad B
. IPHHITAITEL, IPOLIE
Xopomo (6azoBsrii PHHITAIIEL, IIPOIIECCHL, TpeOyeMbIX It HCCIIEIOBaHNH,
ypoBens) obIue moHATHS B permenus NIPACIIOCa0NIHUBAET CBOE
Ipenenax u3ygaemoit OIIpEneNeHHBIX TIOBEJICHHE K
obnactu mpobieM B obnacti 006CTOATENLCTBAM B
HCCIIEIOBAHMS permenny npobiem
O6nanaer ocHOBHEME
YaoBiieTBopHuTeILHO Obnanaer 6a30BEmMuM YMEHUSIMH, TpeOye- Pa6oraer npu mpsmvom

(moporoBxIii yposens)

o0Im¥MY 3HAHUSIMH

MBIMH IS BBIIOJTHEHUST
IIPDOCTHIX 3amaq

HaOroneHnu
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DopMyNIHpOBKa IIOKa3aTeNlel K KpuTepreB oneHnBanus komrereHmn [1K-9 npusenena B Tabmume §.

Tabmuna 8
Ioxa3zarenu u ATE Vmers Baaners
KPHTEepUH
YMeeT ucmonp30BaTh
3HaeT METOIBI
0a30B0€ KOHTPOJIBHO-
HU3MEPEHHUS JaBICHAS
P H3MEPHTENHHOE Baapeer
o . ra3oB, METOJIBI I —— [IPaKTAYCCKAMU
TINYHO (BBICOKHM aHI
( KOHTPOJIS TOJIIAHEI PYA HaBBIKAMHU KOHTPOJISL
B
YPOBEHb) HAROCITOCS: METPOJIOTHIECKOTO F——
obecrederms TOJIIIHAHEI HAHOCJIOEB
HCCIIEIOBAHUI;
3HaeT MeTOMIBI , Bnaneer
H3MEPEHNS NABIeHHs ITormmaer NpaKTHYECKUMHU
. HEOOXOIUMOCTE HaBBIKaMH U3MEPCHHS
Xopomo (6a30BbIi ra3oB, METOIEI A p
ypoBenD) KOHTPOJIS AaBIICHHUS JIABJICHUS Ta30B U
KOHTPOJIS TOJIMHAHEI
P P ra30B ¥ TOJIIHMHEL TOJIIFHEI CIIOEB IO
HAHOGIOCE, HAHOCIIOEB. PYKOBOICTBOM
ormeparopa.
3HaeT MEeTOIEI
M3MEpEHNS IABICHHS ITormmaet Ocymectpnsiet
H
VAOBIeTBOPHTEIbHO | TA30B, METOMEL €00X0IIMOCTh KOHTPOJIb NaBIICHHUST
b KOHTPOJISA JaBJICHUS ra3oB, TONIIWHEI
(moporoBblii yposens) KOHTPOJIS TOIIHHEI P > T
ra3oB U TOJIIIHHEL HAHOCJIOEB COBMECTHO C
BAEQWIORE; HaHOCJIOEB. OILIEPaTOpOM

3.  Kommerenuus ITK-10 - TotoBHOCTE paboTarh Ha COBPEMEHHOM TEXHOJIOTHIECKOM

O60pyI[OBaHI/II/I, HCIIOJIE3YEMOM B IIPOH3BOACTBE MaTepragoB ¥ KOMIIOHEHTOB HAHO- U
MUKDOCHTEMHOM TEXHUKH.

Obmue XapakTepUCTHKH MOKa3aTeseit i KpHUTEPHEB OICHUBAHUS KOMIIETCHITAHN 10 HTAIaM TIpUBEIEHE]
B Tabmuie 9
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Tabmana 9 — O6mue XapaKTEPHCTHKH MOKa3aTelell H KPHTepHeB ONCHUBAHNUS KOMIIETEHIHH

110 3TalaM
IToxa3zarenu u
3Hath YMmeTn Biaagern
KpHUTEpHI
Ob6manaet ObiagaeT quana3soHoM
(haKTHIeCKUMHU U IPaKTUIECKUX YMCHHUH,
Kontpomupyet paborty,
. TEOPETHICCKUMU TpeOyeMBIX It
OT1ings0 (BHICOKHIA IIPOBOJMT OILICHKY,
3HAHWUSIMH B IIpeaeiiax Pa3BUTHS TBOPIECKUX
YPOBEHB) . . COBEPIIEHCTBYET
HU3y49aeMoit 00IacTH ¢ peIIeHui, .
nefcTBrs paboTh
MTOHWMaHHEM T'PAHHII abcTparupoBaHus
IPHUMEHHIMOCTH mpobiaemM
Obnanaer muanazoHoM | Beper OTBETCTBEHHOCTH

Xopomo (6a3oBwIii
YPOBeHb)

3HaeT ¢axTel,
IIPHHIIHIIEL, TPOIECCHL,
o0Imue MOHATHS B
Ipenenax u3ydaeMon
obnactu

IIPaKTHYECKUX YMEHUH,
TpeOyeMbIX IIs
pemenus
OIIpENIEICHHBIX
mpobieM B o0acTu
HCCIICIOBaHUS

3a 3aBEpINeHHE 33029 B
HCCIIEIOBAHNH,
MIPHUCIIOCa0IUBACT CBOE
OBEIEHHE K
00CTOSTETHCTBAM B
pemenny npobiaemMm

YIoBJ1eTBOPUTEIHLHO
(moporoBrlii ypoBeHs)

Ob6nagaeT 6a30BBEIMU
OOIMUMY 3HAHUSIMH

Obnamaer 0OCHOBHEIMH
YMEHHAMH, Tpedye-
MBIMH JUJIS BBIIOJTHEHHUS
IIPOCTHIX 3a/1ad

Paboraer nmpu mpssmom
HabroneHnu

DopMymHpOBKa MOKa3aTeleil 1 KpUTEpHeB OLeHUBAHUS KoMIeTerrH 11K-10 IIpUBeicHa B TabuIle

10.
Tabmuama 10
IToxa3arenn u 3 v
S———— HATh MeTh Bnaners
3HaeT 6a30BEIE Bmapneer
IIPOLIECCH] BaKyyMHO- [IPaKTHIECKAMH
IIJJa3MEHHBIX METOLOB VMEST BEIGHDALL HaBBIKaMH pabOTHI Ha
HOJTyYICHHUS Te P BaKyyMHOM
Otamgso (BuICOKHIA HaHOCTPYKTYP XHOJIOTHICCKOE
; o ————— TEXHOJIOTHIECKOM
YPOBeHb) IIOHHMAaTh 00JIacTH o0opynoBaHuH
KOHKPETHOI'O PYA ?
KOHKPETHOTO crocoben
IIPAMEHEHHS.
IPUMEHEHHS CaMOCTOSITEIILHO
TEXHOJIOTHIECKOTO BEIIOJIHATE pabOTHI 110
obopynosanus HaIBUIEHUIO HAHOCJIOEB.
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Xopomo (0a30BbIii
YPOBEHB)

3uaeT 6a30BEIE
TEXHOJIOTHIECKHE
IIPOIECCH BAKYYMHO-
IIa3MEHHBIX METOLOB
MOJTYIEHUS

HaHOCTPYKTYP.

YMeeT BHIOHpATh
TEXHOJIOTHIECKOE
obopynoBaHue A
KOHKPETHOTO
TNPAMECHECHHUS.

Brnaneer
IPaKTHIECKIMHU
HaBBIKaMH paboThI Ha
BaKyyMHOM
TEXHOJIOTHYECKOM
o0opynoBaHuH,
BBIIIOJIHSET paboThI IO
HaIbUICHAUIO HAHOCIOEB
IIOJT PYKOBOZICTBOM
oreparopa.

YnoBiieTBOpUTEILHO
(moporoBelii ypoBeHD)

3HaeT 0a30BBIE
IIPOIECCHI BAKYYMHO-
IJIa3MEHHEIX METOLOB
IOJTyYICHUS
HaHOCTPYKTYD.

VMeeT pemars IpocTEIe
3a1a4¥ II0 BEIOODY
TEXHOJIOTHIECKOTO

ob6opynoBaHuS.

Mosxet paboTarh Ha
TEXHOJIOTHYECKOM
000pYyIOBaHUH IIPU

IPsIMOM YYaCTHH
oreparopa.

3 TunoBble KOHTPOJIbLHbIE 32 AHHS

JI1s peal3anyy BBIIETIEPEUHCICHHBIX 3a/(@9 00YdeHUs HCIOIB3YOTCS, HSOOXOMMEIE UL
OLICHKH 3HAHWH, YMEHHUH, HABBIKOB, XapaKTePH3YIOLIUX ITalbl ()OPMHPOBAHKS KOMIICTCHIIHH B
TIPOLECCE OCBOCHHM 00pa30BaTeNbHOM MPOrPaMMBL, B COCTABE: TECTEI, KOHTPOJIBHEIE PAGOTHL,
HHIMBUYaJIbHBIC 3a[JaHMs, IPAKTHICCKUE 3aaHus, 1ab0paTopHbIE pabOTEI, SK3aMEH.

TuII0BEIE KOHTDOILHEIE 3aIaHNS WM HHEIE MATEPHABI, HEOOXOMIMBIE I OICHKE 3HAHWH,
YMEHUH, HABEIKOB ¥ OIBITA JNEATEIHOCTH, XapaKTEPH3YIOMUX STAIEI (GopMHpPOBaHIST KOMIIETEHITHH
B IIPOIIECCE OCBOCHUA 00pPa30BaTEIFHOM IPOrPaMMEL B COCTABE:

3. 1. KonTposbHbIie paboThI:

Tema xoHTpOILHOI paboThl Ne 1 — BakyyMHO-TEXHONOTHYECKOE H KOHTPOJIBHO-U3MEPUTEITLHOE

obopynoBanue;

Tema xoHTpOILHOI paGoTsl Ne 2 — BakyyMHO-TITa3MEHHbIEC TEXHOTOTHIECKHE IIPOIECCHI
IIOTyI€HHS] KOMIIOHEHTOB MUKPO- ¥ HAHOCHCTEMHOM TEXHUKH.

3.2. TecTrI HO cexyrommM pasgenam:

1) OcHOBEI BaKyyMHOM TeXHHKH;

2) C1oco065I MOIY9eHHS BEICOKOTO BaKyyMma,

3) BeI60p BakyyMHEIX HACOCOB;

4) MeToxs! U3MEpeHHS aBIEHHS Ta30B.

3.3. Bemonsenne qoMamsmnx HHAUBHAYaTbHBIX 3a/laHui Ha TeMy: «Pacuer BEIGOpa BaKyyMHBIX
HaCOCOB UL 00ECICYEH S 3aaHHOTO JaBICHHS I'a3a B KOHKPETHOM TE€XHOJIOTHYECKON yCTAHOBKE.

3.4. TeMbI OPAKTHYECKUX 3AHATHIA:
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1) OmpeneneHre OCHOBHBIX 1apaMETPOB MEXaHUIECKUX HACOCOB,
2) Pacuet o pexTHBHOM CKOPOCTH OTKAYKH;
3) Pacuer mapameTpoB audGy3HOHHEIX HACOCOB;
4) PacyeT mapaMeTpOB KOHICHCAIIMOHHBIX ¥ KPUOAICOPOIIMOHHBIX HACOCOB;
5) Pacuer BEIGOpa BaKyyMHEIX HACOCOB JIJI 00€CTIEUEHHUs 3aJaHHOTO JaBJICHHS Ia3a;
6) PacueT BpemMeHU OcaxIeHHS IUIEHOK IIPH TEPMUYECKOM HCIIAPEHHUH B BAKyyMe;
7) Pacdyer BpeMeHM HallbUICHUS IUICHOK IIPY HOHHO-IUIA3MEHHOM PaCIIBUICHNH.
3.5. JlaboparopHblie paboTsL:
1) MexanudecKkue BaKyyMHBIE HACOCHI UL IPEABAPUATENHHOM OTKAYKY BAKYYMHOM yCTaHOBKH,
2) Bakyy™mHBIE HaIlBLUTUTEILHEIE YCTAHOBKH;
3) OcaxiieHne pe3UCTUBHEIX U IPOBOINIX IICHOK METOLOM TEPMHYECKOTO HCIAPEHHS B BAKYyME;
4) WoHHO-IITa3MEHHBIH METO IOTydeHH HAHOCIOEB.
3.6. Dx3ameH:

1) OcHoBHOe ypaBHEHUE BaKyyMHOM TexHEKH. Ha uTo BIHSET IPOBOAUMOCTS TpyOOIPOBOMOB | OT
9YEro OHA 3aBUCHUT?

2) Kproxonzencanuorssle Hacochl. Kak 3aBHCAT XapaKTepHCTHKH HACOCOB OT TEMIIEPATyPhI
KpHOIIaHe I ?

3) lloxazars HEOGXOMUMOCTB BEICOKOTO BaKyyMa IIPH HAIBUICHHH ILICHOK. Onpenenuts rpaHuIE Mo
JIaBIICHUIO.

4) Mexanngeckue Hacockl. OCHOBHEIE XapaKTEPHCTHKH.

5) Hpunnwn paboTe! oxHOCTyHERgaToro Muddy3HoHHOr0 Hacoca. UTo Oynet, eciu B Hacoce
HCIIONB30BATE B Ka9ECTBE pabodelt JXKUAKOCTH PTYTh HIIH BOXY?

6) OcHOBHOE ypaBHEHHE BAKYYMHOM TEXHHKH. O6BAcHATE, UTO Takoe Ko3(GGUIUEHT HCIIOTB30BAHLI
Hacoca.

7) Cr10co6 momTydeHns BEICOKOTO BAKYYMa C OMOIIBIO KPHOAACOPOIMOHHEIX HACOCOB.
8) Kax npomsBectr BEIGOp BaKyyMHOIO Hacoca B YCTaHOBHBIIEMCS pEIKUME ?

9) Yro Takoe s dexTuBHAT CKOPOCTS 0TKaTKH? Kax ee OIPENEITUTDH B 3a8BECHMOCTH OT PEKUMOB
TEYCHHUS ra30B II0 TPyOGOIpoBomam?

10) Kax mpoussectr BEIGOD BAKYyMHOI'0 HacOCa B yCTaHOBUBIIEMCS PEXHME?
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11) Kax 3aBUCHT CKOPOCTH KOHJICHCAIIMHY IPH TEPMUYECKOM HCHApCHUH OT PACCTOSHUS HCIApUTENb-

IOIUIOXKA?

12) HonyquHe IIJICHOK U3 TYTOIINIaBKHX MCTAJIJIOB MOHHO-IIJIa3MCHHBIM PAaCIIBUICHHUCM. CKOpOCTB

pacIbUICHUS.
13) OcobennOoCTH HCIapeHnH COEAUHEHMH U CILIABOB IIPH TEPMUIECKOM HCIIAPEHHH.
14) Kak u3MeHHTCS BpeMs HABUICHUS C YBEINYEHUEM TEMIIEPATyPEI HCIAPEHHs?
15) PaccMoTpeTh mpornece HCIapeHs [yTeM Harpesa YCKOPEHHBIME 3JIeKTPOHAMY.

16) CropocTs ocaxeHus MIIEHOK IPH HOHHO-ILIa3MEHHOM PacBUIeHHH. I1apaMeTpsl, ¢ IIOMOIIBIO
KOTOPBIX MOXXHO YIIPABIIATh BpEMEHEM HallbUICHHS IIJIEHOK.

17) Tpebosanus k BaKyyMy B HOHHO-IUIa3MEHHEIX METONAX IOIYICHHS HAHOCIIER.
18) O6BACHATS 32BUCUMOCTH CKOPOCTH HCIIAPEHHUS OT TEMIEPaTyPEL HCIIapeHUs.
19) PaccMoTpeTs mponece pacBUICHHS B TAEIOMEM paspsie.

20) ILrazmennsie MCTOIBI IIOJIYYCHHSI HAHOCIOEB CIIOKHEBIX BEIECTB.

4 MeToamgecKkne MaTEPHANbI

Jist oGecnievernus nponecca 06yIeHNS ¥ PEIIEHAS 3amaT 00y4eHHs HCIIONB3YIOTCS CIIEAYIONTHE
MaTepHabI:

4.1. OcHoBHas JIMTEpaTypa

4.1.1. Nammwmaaa TU. BakyymHO-IIa3MeHHBIe METOABI IIOJNY4YCHHS HAHOCTPYKTYp. — YuebHOe
mocobune.-ToMck: TYCYP, 2012.- 90 C.- [anexTporHELI pecypc] -
http://miel.tusur.ru/index.php?opti0n=com_content&view=article&id 231

4.2. lonoHuTeNHLHAN JIaTeparypa
4.2.1. Po3anos JL.H. Bakyymuas Texmmxa. — M.: BIIL, 1990. — 320 c. (4 3x3.)

4.2.2. BakyymHas TexHHKA. Cropasounnk. ITox pen. E.C. ®pomosa, B.E. Munaiiuera. — M.:
MammaocTpoenze, 1985. — 360 c. (10 ox3.)

4.3. Yue6HO-MeTOAMIeCK e OCOOHST 1 OporpaMMHoe o0ecriegeHue

4.3.1. Jlanwmura TH. BakyymuO-IIasMeHHEE MCTOABI TIOIy9E€HWUS HAHOCTPYKTYp. — YdeOHO-
METOAMHYECKOE OCOOUE 110 ayNUTOPHEIM MPAKTHYECKHM 3aHITHSIM M CaMOCTOATENBHOMN pabore I
IIOATOTOBKK CTYNCHTOB IO HampasieHusM 210100.62 «ONEKTPOHHNKA H HAHO3NEKTPOHUKA» H
222900.62 «HaHOTeXHONIOrHE u MHKPOCHCTEMHas TeXHHKa» — Tomck: TYCVYP, 2012. - 20 c—
[oeKkTpoHHELA pecype] - http://miel.tusur.ru/index.php?option=com_content&view=article&id 231

CornacoeaHa Ha noptane N2 10551



4.3.2. Jlanumana T.Y. BakyyMHO-ILTa3MEHHEIE METOIBI OIYIEHHS HAHOCTPYKTYp. — MeTommaeckue
yKa3aHHsi II0 BBUIONHEHUIO J1aOOpaTOpHEIX paboT Ui crymeHtoB Hampasienmit 210100.62
«OIEKTPOHUKA U HAHOIMEKTPOHHKay» ¥ 222900.62 «HaHOTEXHONOTHH | MEKPOCHCTEMHAS TEXHIKAY
- Tomck: TYCVYP, 2013.- 28 c.— [anexTpoHHEBLL pecypc] -
http://miel.tusur.rw/index.php?option=com_content&view=article&id 231

4.4. Ba3spl nanHBIX, HE()OPMANHOHHO-CIPABOYHbIE U IOHCKOBHIE CHCTEMBI
4.5. MATEPUAJIBHO-TEXHUYECKOE OBECIEYEHUE JAACTIITITIITHBI

JUI1 peamusanyy NEKIMOHHBIX ¥ IIPAKTHYECKAX 3AHSTHI HEOOXOMMEL: KOMIIBIOTED C
YCTaHOBJICHHBIM [IPOrPAMMHEIM ObecredenneM (1. 12.3), IpoeKTop | SKpaH.

JlaboparopHsIe paGOTH! IPOBORSTCS B CIENHATA3APOBAHEOM naboparopuu Kadenpe
QH3HICCKOH SEKTPOHIKE, OCHAEHHON BAKYYMHBIM TEXHOIOTHIECKAM obopynoBanuem.
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