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MHHUCTEPCTBO OBPA3OBAHWA W HAYKH POCCHACKOMN ®ETEPALIA

denepanbHOE roCyJapCTBEHHOE OI0KETHOE 00Pa30BaTeIbHOE YIPEKASHUE
BBICIIIETO 00pa30BaHMA

«TOMCKHIA T'OCYJAPCTBEHHbBII YHUBEPCUTET CUCTEM YIIPABJIEHUS
A PAIAOSJEKTPOHUKID (TYCYP)

S YTBEPXKIAIO

IpopekTop no;yue6Hoi paGoTe
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PABOYAS IPOTPAMMA YYEBHOM TUCITATLINHEI
BAKYYMHO-IIVIASMEHHBIE METO/bI IOJIYYEHUSA HAHOCTPYKTYP

YpoBeHB OCHOBHOI
00pa3oBaTeJbLHOH MporpaMMsel  0akanaBpuaT

HanpapJjieHusI NOATOTOBKH 28.03.01 HapoTeXHOJOrHU H MHKDOCHCTEMHAs TEXHUKA
IIpoduians(u) «HaHOTEXHOJIOTHH B 3JIEKTPOHHKE M MHKPOCHCTEMHOH TeXHHKE)»
®opma o0y4yeHust 0YHAd

PakyasTeT JnekTpoHHOH TexHukH (O3T)

Kadenpa dusirgeckoif anekTponukH (OI)

Kype 2 CemecTtp 4

Y4eOunlii ni1an Habopa 2013, 2014 roga

Pacnpenenenne paGoyero Bpemenn:
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Ne Buns! yuebnoii paboTsi g g 3 2 g g g g g =
s = = = = = s = R =
Q Q L Q D -] 9 7] =
&) Q Q Q Q Q Q @) =
1. | Jlexuuu 26 26 | yacoB
2. | JIabopaTopHsie pa6oTsI 16 16 | wacos
3. | IlpakTHYecKHe 3aHATHS 18 18 | yacom
4. | Kypcogoii npoext/pa6ora (KPC) (ayauropnas) - - 4yacoB
S. | Beero aynuTOpPHBIX 3aHSTHH (Cymma 1-4) 60 60 | yacos
z
6. M3 Hux B uuTepaKTHBHOH Qopme 8 8 4acoB
7. | CamocTosiTennbHas paGora crygentos (CPC) 48 48 | yacos
8. | Bcero (6e3 3x3amena) (Cymma 5,7) 108 108 | gacos
9. | CamocT. paboTa Ha NOArOTOBKY, caauy IK3aMeHa 4acoB
10{ O6wmasi TpyA0eMKOCTh (Cymma 8,9) 108 108 | gacos
(B 324eTHBIX eAMHUIAX) 3 3 3ET
3ayer ¢ ouenxoii 4 ceMecTp
Tomck 2016
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Paccmotpena u omoOpeHa Ha 3aceJaHuu Kadeapsl
nporokon Ne 71 ot « 30 » 6 2017 1
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1. HEJA U 3AJJAYA JUCITATLIJINHBI

Henbio u3ydeHUs AMCUMIUIAHBI SBISETCS (OPMUpOBaHHE 0a30BBIX 3HAHMN B OOJIACTH BaKyyMHBIX U
IIa3MEHHBIX TEXHOJIOTHH, CLIOCOO0B MOIYYEeHH BHICOKOTO BaKyyMa, QH3UKH U XMMUH NPOLIECCOB TPaBJIEHHUI U
OCKICHHS MHUKpPO- M HAHOCTPYKTYpP, OCOOEHHOCTEH NMpHUMEHEHH pa3iIM4YHBIX IUIa3MEHHBIX TEXHOIOIMM AUt
MPOU3BOACTBA CBEPXOOJIBIINX HHTECTPATLHBIX CXEM U IPYTHUX YCTPOUCTB.

3agayd QUCIUIUIAHEI:

- U3YYEHHE OCHOB BaAKYYMHOM! TEXHUKWY;

- U3Y4YEHHE OCHOBHBIX TEXHOJOTHYCCKUX IUIA3MEHHBIX IPOLECCOB NMPHU CO3NaHUKM MHUKPO- U HaHOpa3Mep-
HBIX 3JIEMEHTOB;

- U3YUYEHHE TEXHOJOTHIECKOr0o 000pyI0BaHUS.

2. MECTO JUCIUIILJIMHBI B CTPYKTYPE OOII

B cooTBeTcTBHM C OCHOBHOM 00pazoBaTenbHOM IIporpammoit no Hanpasieruro 28.03.01 «Hano-
TEXHOJIOTUH ¥ MHKPOCHCTEMHAas TEXHUKay» JUCHUIUTMHA «BakyyMHO-IIIIa3MEHHBIE METOIBI ITOTyIECHUS]
HaHOCTPYKTYP» OTHOCHTCS K JUCIUILUIMHAM IO BEIOOPY npodeccuonansroro nukia (b1.B.J[B.11.1).

W3yyeHue naHHOHN AUCIMIUIMHBI Oa3upyeTcs Ha 3HAHWU CIICAYIOIINX AUCIMIUIAH: (QH3MKa, Ma-
TeMaTHKa, XUMHUS, BaKyyMHas U IUTa3MEHHAs 3JICKTPOHUKA.

OcHOBHBIE IOOXEHHS JUCITUILUIAHE] HEOOXOAUMEI CTYAEHTaM NPU U3yJIEHHH IUCIUILTHH: «Du-
3MKa IUIEHOYHBIX CTPYKTyp», «IIpomeccsl MUKpO- ¥ HAHOTEXHOJOTHIY», «OCHOBBI TEXHOJIOTHH 3JI€K-
TPOHHOM KOMITIOHEHTHOH 6a3bl», « TeXHOIOrHs KpeMHUEBOH HAHOAIEKTPOHUKH Y.

3. TPEBOBAHUSI K PE3YJBTATAM OCBOEHUS JUCITUILINHBI

3.1. Mzydenne HCOHIUIAHLI HANPABJIEHO HA (JOPMHPOBAHHE CJIEAYIOIIAX KOMIETEH M

['0TOBHOCT HCIIONB30BaTh Ga30BEIE TEXHOJOTHUECKHE IPOIECCHl M 000PYAOBaHME, IPUMEHSE-
MBbI€ B IIPOU3BOJICTBE MaTEPHAIIOB, KOMIIOHEHTOB HaHO- M MUKpocucTeMHO# TexHukn (I1K-8);

['0TOBHOCTE HCIIONB30BaTh 0a30BOE KOHTPOJIBHO-M3MEPHUTENBHOE 060PYIOBAHHUE IS METPOJIO-
THYECKOro 00ecIeueHns CCIEeIOBaHUH ¥ IPOMBIILIEHHOTO IPOU3BOICTBA MATEPHAIIOB M KOMIIOHEH-
TOB HaHO- ¥ MHKpocucTeMHON TexHuku(I1K-9);

['oToBHOCTE paboTaTh Ha COBPEMEHHOM TEXHOIOTMYECKOM OOOPYIOBAHHH, HCIONB3YEMOM B
IPOU3BOICTBE MaTEPHAIIOB M KOMIIOHEHTOB HaHO- M MUKpocucTeMHO# Texauku (TIK-10).

3.2. B pesyabTaTe H3y9eHH JUCHUIIAHBI CTYIEHT J0JGKEH:

3HamMb. OCHOBBI BAKYYMHEIX M IUIa3MEHHBIX TEXHOJIOTHH, 000pyAOBaHHUE IS TOIYICHHUS MUKPO-
U HaHOCTPYKTYP; KOHTPOJIbHO-U3MEPHUTENHEHOE 060pyI0BaHHE;

YMmemb.! CPaBHHBATh Pa3/IMYHbIE BaKyyMHBIE M ILTa3MEHHBIE METOJBI IOJIYYEHHS HAHOCIIOEB U
HaHOCTPYKTYp, BHIOUpaTh TpeOyeMoe TEXHOJIOTHYIECKOE W KOHTPOJIBHO-H3MEPHUTENLHOE 060PYHIOBa-
HHE;

é1a0emp. IPAKTUIECKUMH HaBBIKAMHU PabOTHI Ha BAKYYMHOM TEXHOJIOIHYECKOM 060pYIOBAHHH,
BBIIIOJIHATE PA0OTEI IO MOyYSHUIO MUKPO- M HAHOCIIOEB.

4. OFBEM JUCIUILINHGI 1 BUJbI YYEEHOM PABOTHI

Obmas TPYOOEMKOCTh QUCIIUIUIMHBI COCTABJIAET 3 3a4YCTHBIC COUHHUILIBI.

Bun yge6HO#M paboThI Beero 4acos CCMG;CTpBI

AynuTopHbIe 3aHTHS (BCEr0) 60 60
B ToM gucne:

Jlexiym 26 26

JIaboparopHEIe paboThHI 16 16

IpakTraeckue 3auarus (I13) 18 18

CamocrosiTesibHasi paGoTa (Bcero) 48 48
B oM gucie:

PacuetHo-rpadrdeckas pabora 14 14

IToaroToBka K MPaKTHIECKUM 3aHATHSM M KOHTPOJBHEIM pabo-

e 24 24

IToaroToska K 1ab0paTopHBEIM paboTaM, COCTABICHAE OTICTOR 10 10

Ob6mast TpyZOeMKOCTh Jac 108 108
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l 3ayeTHbIE EAUHULIBI TPYAOEMKOCTH | 3 | 3 I

5. COAEP KAHME JUCIHUITIINHBI

5.1. Pa3gennl AHCHHILINH ¥ BHALI 3aHATHH

-5 [+~
Fel2 | 8| o
N E E E 2| §E g ®opMupyeMbie KOM-
H/' HaumeHoBaHHe pa3fesia IUCHHILIHHBI g g £ SS| ¢ & e NeTEeHIHH
" 5 |ES SR § E 2 (OK, IIK, TICK)
&
= | S
1. | BBenmeHnue 2 2 TIK-8, TIK-9
2. | Croco6pl norydeHus BEICOKOTO BaKyyMa 8 6 8 12 34 ITK-8, IIK-9, IIK-10
3. | BeiOop BaKyyMHBIX HACOCOB 2 2 8 12 TIK-8, ITK-9, ITK-10
4. | MeToapl U3BMEpPEHUA TaBJICHUS Fa30B 2 4 6 TIK-8, TIK-9, ITK-10
5. | IlpakTrdaeckue peKOMEHAAIMY [0 BEIOOPY Baky- ’ 2 10 14 ITK-8. [IK-9. TIK-10
YMHOro 060pyJOBaHUS ’ ’
6. | BaxyyMHbI€ METOIBI IOTYYESHUS HAHOCIIOER 4 4 4 3 20 [1K-8, TIK-9, TIK-10
7. | VoHHO-IUTa3MEHHBIE METOMIBI MOTyIeHHUS HAHOCIIO- 6 4 4 6 20 [IK-8. TTK-9. IK-10
eB b 2

S.2. Conepixxanue pa3esioB JHUCHHILIAHDI (110 JEKIHIM)

Ne HanmeHnoBaHme Tpyno- @opmupyemre
o/ — CopepsxaHue pa3jiesioB €MKOCTh KOMIeTeHIIHH
(gac.) (OK, IIK, IICK)
1 Beenenue Ponb BakyyMHEIX M IUIa3MEHHBIX TEXHOJOTHI B MHKPO- ¥ HAaHO- 5 K-8
JEKTPOHMKE

2 | Cnoco6sl noiry- OcHOBHEIE 3aKOHEI BaKYyMHOM TeXHHMKH. MexaHHIecKde, mapo-
YeHMS BEICOKOTO | MacngHble Au(Y3HOHHBIE HACOCH], (PU3HKO-XUMUYECKHE METO- 8 IIK-8, ITIK-9
BaKyyMa IB1 TIOJTY9EHUsI BRICOKOTO BaKyyMa.

3 Bribop Bakyym- PacueTel mapamMeTopoB A BHIOOpPa HACOCOB I KOHKDPETHEIX 5 [IK-8. TIK-9
HBIX HACOCOB IIPUMEHCHUH ’

4 | Meromp! usmepe- | TemioBsle M MOHM3ALMOHHbBIE BaKyyMMeTphl. BakyyMMeTpsI s
HUH naBneHui M3MEPEHUS CBEPXHM3KIX ABJICHAN Ta30B 2 I1K-8, IIK-9
razoB

5 IIpakTHyeckue Br160p BakyyMHBIX HAaCOCOB Ul KOHKPETHBIX NMpuMmeHeHmit. Co-
PEKOMEHIALKH 10 | BPEMEHHBIE TUIIOBBIE YCTAHOBKH JUIS TEXHOJOIMIECKUX LIEIeH
BBEIOOPY BaKyyMHO- 2 TIK-8, IIK-9
ro 00opynoBaHus

6 | Bakyymusle meTo- | TepMudeckoe HCHapeHHe B BakyyMe. CKOPOCTh OCAKICHE.
IBI TIONYIEeHUSI IpakTudyeckue pexkoMeHmamwy. MeTOMBl KOHTPONS TOJIIHMHBL 4 K-8, IIK-9
HAaHOCJIOEB HaHOCJIOEB.

7 Honno- OcHOBHBIE XapaKTePHUCTUKY IUIa3Mbl. Paszimuunble cioco6bl Ocax-
IUIa3MEHHBIE METO-| JCHUI HaHOCIOEB. AKTHBHPYEMBIE IUIA3MOU METOIBI HOMYyYEHHS 6 K-8, ITK-9
JbI HOTYyYEeHHUS HAHOCJIOEB ’
HAHOCJIOEB

5.3. Pazjennl {ucuMIUIMEbI H MeKIUCHUILIMHADHBIE CBSA3H ¢ 0fecneauBAIOMUMH (LIPeIbI-
AYmMMH) ¥ 00ecreanBaeMbIMH (IOC/IEXyIOIHMH) JHCIUILTHHAMEA

Ne HaumenoBaHnue obecneynBanmux (Ipeasl-
n/n AyumHx) u obecrnieynBaeMbIX (OCJIERYI0-
IHMX) JACHHUITHH

Ne Ne pazfeioB JaHHOM JUCUMIUIHHEL, JJIsl KOTOPLIX HE0GX0AMMO
usydenue obecrneyuBarIMX (IpeabIAYUHX) U 00ecIednBaeMbIX
(mocsienyonux) JMCIUIINH

1 | 2 | 3 1T 4 T 5 T 6 [ 7

HpenmeCTByloume JUCHHUTIJIHHbI
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1 MarteMaTuka + + + +
2 dusuxa + + + +
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| BakyymHas u miasMeHHas 3MEKTPOHUKA |+ | + | |+
Tlocaeayomue AUCHHIIHHDI
1 | Ilponecchl MUKpO- ¥ HAHOTEXHOJIOTHHI + + + + +
2 | OCHOBBI TEXHOJIOTUY 3JIEKTPOHHON KOMIIO- 5 i i
HEHTHOH 623l
3 | TexHoyorus KpeMHHEBOH HAHOIIEKTPOHUKH + + + + +
4 | MogmenupoBaHKe U IPOSKTHPOBAaHIE MUKPO- U
HaHOCHUCTEM + + +
5 | ®u3uka IICHOYHBIX HAHOCTPYKTYP + +

5.4. CooTBeTcTBHE KOMNETeHIH, ()OPMHPYEMBIX NPH H3YyYeHHH TUCHUILIMHBI, H BHIOB

3AHATHHA
IlepeyeHb KOM- Bunbi 3aHsATHIA
MmeTeH M JIa6. | Tp. CPC ®DopMbI KOHTPOJISI
pab.
KonTtponsHEIe paboThl. BIonHeHNe NpakTHIeCKUX 3a1a-
IIK-8 + + ¥ HUH, MHAVBUIYAIbHBIX 33laHUH. 3amuTa OTIETOB I10 JIa-
GopaTopHBIM paboTaMm
KonrponsHbie paboThl. BrIonHeHUE MPaKTUYECKIX 3a/1a-
TIK-9 o + + HUM, HTHIVBHUIYATbHBIX 3a0aHii. 3alyTa OTIETORB II0 Jia-
6opaTopHBEIM paboTam
KonrponsHbie paboThl. BEIMoNHEHIE MPaKTUIECKUX 3a0a-
IIK-10 + + + HUM, UHAUBUOYaIbHBIX 3aJaHMii. 3aIMuTa OTIETOB 10 Jia-
6opaTopHBIM paboTam

6. METO/JBbI 1 ®OPMbI OPTAHU3AIINN OB YYEHUSL

TexHO0/I0rMH HHTEPAKTHBHOI'0 00y4JeHHUs PH Pa3HBIX GopMax 3aHATHI B 9acax

IIpakTn- Jlabopa-
®@opmel | Jleknuu yecKkHe TOpHBIE
Bcero
MeTtonsl (4ac) 3aHATHS padoThI
(gac) (uac)
TecTrl 4 4
HccnenoBaTeIbCKHI METOJ] PEIIEHHMS CUTYalMOHHbBIX PAKTHU- 4 4
KO-OPHEHTHPOBOYHBIX 3a1ad
HToro MHTEpaKTUBHBIX 3aHATHH 4 4 8
7. JABOPATOPHBIN TIPAKTUKYM
S Tpyno-
rr]j_ e paszena Aus Temaruka 1abopaTopHEIX paboT €MKOCTh Koumezermn O,
by $107088) 005131 (aa0.) IIK
1 2.3.4 MexaHrdeckue BaKyyMHbI€ HACOCH! U IpeIBapUTEIHHOM 4 I1K-8, IIK-9, ITK-
) > OTKa4KH BaKyyMHOU YCTaHOBKH 10
BaxyyMHbI€ HAaIIBUIUTENILHBIE YCTAHOBKH IIK-8, ITK-9, IIK-
2. 2,3,4 4 10
3 23.4.6 OcaxeHne pe3UCTUBHAIX M HPOBOIIIMUX IJIEHOK METOI0M 4 IIK-8, TIK-9, IIK-
’ ik TEpPMHYECKOTO UCTIAPEHHUS B BAKyyMe 10
4. 2,3,45,7 HoHHO-IU1a3MeHHBIA METOJT IOYIeHUI HAaHOCIIOEB 4 TIK-8, I‘{Ig@, IIK-
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8. IPAKTUYECKMUE 3AHATHUA (CEMHUHAPBLI)

Ne pas- Tpymno-
Ne aea . €MKOCThb Komnerenuun
N T— TemaTHKa NpaKTHYECKHUX 3aHATHI (CEeMHHAPOB) (uac) OK, TIK, IICK
JIMHBI
1 2 Omnpenenenre OCHOBHBIX IAPAaMETPOB MEXaHIMIECKHIX HACOCOB 2 K-8, ITK-9,IIK-10
2. 2,3 PacyeT 3¢ peKTHBHOM CKOPOCTH OTKAYKH 2 K-8, ITK-9,IIK-10
3. 23 Pacyet napameTpoB nudy3HOHHEIX HACOCOB TIK-8, TTK-9,TTK-10
4 23 Sgg;{;r IapaMeTPOB KOHASHCALMOHHBIX M KpH0aICOPOIOHHBIX Ha- 5 TIK-8, TTK-9,ITK-10
Pacuet BbI60Opa BaKyyMHBIX HACOCOB UL 00€CIIEIEHHS 3a[aHHOTO
5. 2,3,5 | maBneHus rasa 2 TIK-8, TIK-9,ITK-10
6. 6 Pacuer BpeMeHHM OcaXkaeHNA IUIEHOK IIPU TEPMHUIECKOM HUCIAPEHIH B 4 TIK-8, [TK-9,ITK-10
BaKyyMe
7 - PacueT BpeMeHM HaNbUICHHU IDIEHOK TP HOHHO-ILTA3MEHHOM pac- 4 TIK-8, [TK-9,TTK-10
IBUICHUHI
9. CAMOCTOSTEJIBHASI PABOTA
Ne Ne pazpena TeMaTHKa caMOCTOSITESILHON PaGoThI Tpyao- Komnerenuun | KoHTpoJjb BbINOJIHE-
e€MKOCTh
n/m | AUCHUNJIAHBI (Oemanuzayus) (uac) OK, IIK, TICK HHsI paboThbI
L 17 IToarotoBka kK KOHTPOJIBHEIM paboTaM 16 I"IKI-_Iii,< _I;[g-Q, KoHTpoimHas pabora
IToAroToBKa K MPaKTHIECKHAM 3aHATHIM IIK-8, TIK-9, BrinonmHeHue pakTy-
2 2,3,6,7 8 y
IIK-10 YECKHUX 3afAaHui
IToaroToBka k 1a60paTOpHEIM paboTaM K I1K-8, IIK-9, OrtueTsl 110 1abopa-
3. 2,3,4,5,6,7 10
3alyUTa OTYETOB ITK-102 TOPHBIM paboTam
4 2.5 BrinonHeHne pacueTHO-TpadMIecKux pa- 14 IIK-8, TIK-9, Pacuerno-
) ’ 6ot IIK-10 rpadrdeckue paboThl

10. IPUMEPHAS TEMATHUKA KYPCOBBIX ITPOEKTOB (PABOT)

HE MIPEeayCMOTPEHO

11. PEUTUHI OBASI CACTEMA JIJIsI OEHKH YCIIEBAEMOCTH CTYJEHTOB

Ta6uauua 11.1. baibHbIe OIEHKH IS 3JIEMEHTOB KOHTPOIS
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- 5 MaxkcuMansHBIH
MaxcumanbHbIi MakcuMabHBIH 6 B
OneMeHTHI yueOHOM neatensHocTd | Gamwn ma 1-yio KT ¢ 6aiL1 32 mepro. AJLT 32 TIEPHOL —
Mexnay 2KT u Ha ceMecTp
Hayvajia cemecTpa Mexay 1KT u 2KT
KOHEII cEMecTpa
Iocemenue 3aHATHI 3 3 4 10
KonTponsHas pabora Ne 1 10 10
VHnuBuIyanbHelE 3a0aHMs 13 13
KonTponpHas pabora Ne 2 10 10
Brinonuenue u 3amuTa taboparop-
24 24
HBIX paboT
ITpakTU4ecKue 3aHATHSA 12 8 7 27
KoMImoHeHT cBOeBpeMEHHOCTH 2 2 5 6
HTOro MakcHMyM 32 IEPHOA:
17 46 37 100
Hapacraromum urorom 17 63 100 100
6




Tabmana 11.2. Ilepecuer 6a/JI0B B OLIEHKH 32 KOHTPOJIbHbIE TOYKH

Bannel Ha 1aTy KOHTPOJILHO# TOYKH OueHka
> 90 % oT MakcHMabHOM CyMMBI 6aJuToB Ha mary KT 5
Ot 70% no 89% ot MakcuManbHOM cymMmEl 6auios Ha naty KT 4
Ot 60% 10 69% oT MakcHMaNbHOM cyMMEI 6aiu1oB Ha naty KT 3
< 60 % OT MaKCHMaJIbHOM cyMMbI GayuioB Ha aaty KT 2

Tabmuna 11.3. Ilepecder cyMMBI 62/1710B B TPATHIHOHHYI0 H MEKIYHAPOXHYIO OIEHKY

Htorosasi cymma 6aJlJI0B, YU THIBAET YCIELIHO
Onenka (TOC) Tor ¥ - e Onenka (ECTS)
5 (ougHO) (3a4TEHO) 90 — 100 A (oTraHO)
85-89 B (o4eHs x0pomo)
4 (xopouio) 75_84
(3auTeHo) 7074 C (xopomo)
3 (YIOBIETBOPHUTENHHO) 65— 69
(3aureHo0) 60 — 64 E (mocpencTBeHHO)
2 (HEyHOBIETBOPHTEILHO), Huxe 60 6as1108 F (HeyIOBIETBOPUTEILHO)
(e 3a9TeHo)

12. YYEBHO-METOIUYECKOE 1 HH®OPMANIMOHHOE OBECIEYEHUE JHC-
OUITINHBI

12.1 OcHoBHas JHTEpATYpPa

12.1.1. lanmnuaa T.M. BaxyyMHO-IUTa3MEHHBIE METOIBI Oy YEHHS HaHOCTPYKTYp. — YueOHoe
nocobue.-ToMmck: TYCVYP, 2012.- 90 C.- [anexTponHBLI pecypc] -
http://miel.tusur.ru/index.php?option=com_content&view=article&id 231

12.2 lononBATEILHAS JIATEPATYPA

12.2.1. Pozanos JLH. Bakyymmas texauka. — M.: BIIL, 1990. — 320 c. (4 3x3.)

12.2.2. Bakyymuas texnmka. Copasounuk. Ilox pen. E.C. ®ponosa, B.E. Munaituena. — M.:
MammmnocTpoerne, 1985. — 360 c. (10 3x3.)

12.3 Y4e6no-mMeToAHYECKHE HOCOOHS B IPOrpPaMMHOe 00ecHedeHHe

12.3.1. lanumana T.M. BakyyMHO-IUIa3MeHHbIE METOIBI IOy IEHUS HaHOCTPYKTYp. — Y4eOHO-
METOJIIECKOE IOCOOUE IO ayAMTOPHEIM IPAKTHUECKHM 3aHSTHAM M CaMOCTOSTENIBHOM paboTe s
IIOATOTOBKM CTYy[ACHTOB II0 HampaBieHHsM 210100.62 «OneKTpoHHKa W HAHODIEKTPOHMKA» MU
222900.62 «HanoTexHONOrHH X MHKPOCHCTeMHas TexHHKa» — Tomck: TYCVP, 2012. - 20 c.— [smex-
TPOHHEIH pecypc] - http://miel.tusur.ru/index.php?option=com_content&view=article&id 231

12.3.2. Nanwmmana T.W. BaxyyMHO-IUIa3MEHHbIE METOIBI IIOTYYEHHS HaHOCTPYKTYp. — MeTtomu-
9CCKHE yKasaHWs IO BBIIOJIHCHHIO JIAOOPATOPHEIX paboT IJIs CTYAeHTOB Hampasiermit 210100.62
«DIIEKTPOHMKA M HAHOINIEKTpOHHKa» U 222900.62 «HaHOTeXHOIOIHH 1 MHKDPOCHUCTEMHAS TEXHHKAY —
Tomck: TYCYP, 2013.- 28 c.— [371eKTpOHHBII pecypc] -
http://miel.tusur.ru/index.php?option=com_content&view=article&id 231

12.4 Ba3zel namnEbIX, AEGOPMANMOHHO-COPABOYHLIE H HOMCKOBBIE CHCTEMbI

13. MATEPHAJIbHO-TEXHUYECKOE OBECIIEYEHUE JUCLUILIAHBI

JUtst peanvzanyy TEeKIUOHHBIX ¥ MPAKTHYECKUX 3aHATHH HEO6XOIUMBL: KOMIILIOTEP C YCTAHOBJIEHHEIM
NporpaMMHEIM obecriedenyeM (1. 12.3), mpoekTop u 3KpaH.

JIaGopartopHele paGOTHI IPOBOAATCS B CTIEIAATH3HPOBAHHOMN naboparopun kadenpbl OUINYECKOI IIeK-
TPOHHKH, OCHAIIECHHOM BaKyyMHBIM TEXHOJIOTHYECKMM 000pYJ0BAHUEM.

CornacoeaHa Ha noptane N2 10441



®enepanbHOe roCyTapcTBEHHOE OIOPKETHOE 00pa30BaTeNbHOE YIPEKICHHE BEICIIEr0 00pa3oBaHus

«TOMCKMIM I'OCYIAPCTBEHHbBIM VHUBEPCUTET CUCTEM VITPABJIEHMS U
PATUORJIEKTPOHUKH» (TYCVYP)

7 YTBEPXIAIO
/HpopexTop no y4e6Hoii paGoTe
IL. E. Tposia

OF 20161

®OH/] OEHOYHBIX CPEJCTB IO YYEBHOM JUCIIUILINHE

BakyymHO-II1a3M€EHHEIE MCTOJEI ITOJIYYECHUST HAHOCTPYKTYD
(monHOe HauMeHOBaHHE Y4eOHON MMCUMILTHHE HITH HPAKTHKH)

YpoBens ocHOBRO# 06pazoBaTe/IbHOM NPOrpaMMEl _GaKaJaBpHAT
(6axanaBpyar, MarHCTPaTypa, CHENHUATHTET)

Haunpagienne (s1) moAroToBKd (CrenuanbaocTs)28.03.01 HanoTeXHOIOTAA B MAKPOCHCTEMHEAS TEXHAKA
(mOTHOE HAMMEHOBAHKE HANPABJIEHHS OATOTOBKH (cremuansHOCTH))

IIpoduis (1) «HaHOTEXHOIOIHH B 31eKTPOHAKE H MHKPOCHCTEMHOH TEXHUKE»

(nonHOE HaMMEHOBaHUe NPOGUIIA HATIPARIEHHS IIOATOTOBKH (cnenmaneHOCTH))

®opma ofyuenns oaHas
(04nas, 09HO-3204Hast (BeUEPHSL), 3209Has)

DaKyIbTeT 3JIeKTPOHHOM TexHuKH (PIT)
(coxpameHHOe ¥ [OIHOE HAHMEHOBAHHE (akynerera)

Kadenpa dusugeckoi snexrponnkn (9J)

(COKpamEHHOE 1 MONHOE HAHMEHOBAHHE Kadenper)

Kype_2_ Cemectp _4

Y4ebnublii nian maGopa 2013, 2014 roga.

3auer ¢ omeHKoM 4 __ cemectp Juad. 3ager ceMecTp

IK3amen ceMecTp

PazpaGoranka: npodeccop xad. ® Hannmana T.H.

Tomek 2016

CornacoeaHa Ha noptane N2 10441



1 Bgenenne

@onn onenounex cpeacts (®OC) sBiercs npwiokeHweM K pabodedl mporpamme
IUACIUIUIAHE! « BakyyMHO-IIa3MEHHbBIE METOJIbI IOIyYeHHs HAaHOCTPYKTYpP» M IPEACTaBIsLeT cob0i
COBOKYITHOCTh KOHTPOJIBbHO-H3MEPUTENLHEIX MaTEPHANIOB (THIIOBBIE 32129 (3aJaHus), KOHTPOJIBHEIE
paboThl, TECTHI M JP.) B METOJAOB MX HCIOIB30BAHMS, IPENHA3HAYCHHBIX U H3MEPEHH YPOBHS
JOCTIDKEHHSI CTYICHTOM YCTaHOBJIEHHBIX PE3YIBTATOB OOy UEHH S,

©OC mo mucummHe «BakyyMHO-IUTa3MEHHBIE METONBI ITOMYYCHHS HaHOCTPYKTYP»
HCIIONB3YETCs IIPU NMPOBECHUM TEKYIIEr0 KOHTPOJIS YCIIEBAEMOCTH U IMPOMEKYTOYHOM aTTeCTallHH
CTYZIECHTOB.

Ilepedens 3aKpemeHHBIX 33 IUCLUILIMHON «BaKyyMHO-IIIa3MEHHEIE METOMIBI IIOJIy9EHHUS

HaHOCTPYKTYp» KOMIIETCHIIHI puBeeH B Tabnume 1.

Tabauna 1 — Ilepedens 3aKpenieHHBIX 32 AHCHMILTHHON KOMIIETeHIHIA

JTansl popMHPOBAHUSA

Kox ®opMyJIHPOBKA KOMIIETEHIHHA
KOMIIeTEeHIIHH

3HaTh OCHOBBI BAKYYMHEIX
U IJIa3MEHHBIX
TEXHOJIOTHIA,
TEXHOJIOTHYECKOE
o0opynoBaHuE I
IIOJIy9EHUsI MUKPO- 1
['0OTOBHOCTP HCMONB30BaTh 0a30BBIE  TEXHOJIOTHUICCKUE HaHOCTPYKTYP;

IpPOIECCHl M obopymoBanue, IPpAMEHACMBIE B | YMeTh pelnarhb 3aa4qd 1o

IIK-8 IIPOM3BOACTBE ~ MATEpHANlOB, KOMIIOHEHTOB HAHO- W | BEIOOpY apaMeTpOB
MHKPOCHCTEMHOM TEXHHUKH BaKyyMHOTI'O 00OpyIOBaHuUs
M TEXHOJIOTUH HAIBUICHUS
HaHOCJIOEB;

Buaagers npaktryeckuMu
HaBBIKaMU pabOTEI HA
BaKyyMHOM
TEXHOJIOTHYECKOM
000pyIOBaHUH, BEIIONHATE
PabOoTHI IO MOy YEHHIO
KOMIIOHEHTOB MHUKPO- H

HAaHOCHCTEMHOM TEXHUKH.
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IIK-9

T'oroBHOCTE HCIONMB30BATE 6a30B0€E KOHTPOIBHO-
H3MEPUTENBHOE 000PyIOBaHHE ISl METPOJIOTHIECKOTO
00eCIeYeH s HCCIIEAOBAHMM M IPOMBIIIICHHOTO
IIPOU3BO/ICTBA MaTE€PHAIIOB M KOMIIOHEHTOB HAHO- U
MHKPOCHCTEMHOU TEXHHUKHU

3HATh METOIbI H3MEPEHHU
TABJIEHUS Ta30B, METOMBI
KOHTPOJISL TOJIIIHAHEL
HaHOCJIOEB;

YMeTh HCIIONIBE30BaTh
6a30B0O€ KOHTPOJIBHO-
H3MEpPUTENBHOE
obopynoBaHue s
METPOJIOTHIECKOIO
obecrneveHus
HCCJIEJOBAHMM;

Buagers npaktuyeckumu
HaBBIKaMHU KOHTPOJISA
JIaBJICHUS ra30B U
TOJIIITUHEI HAHOCJIOEB.

IIK-10

T'oroBHOCTE pa60TaTI> Ha COBPEMEHHOM TEXHOJIOTHYECKOM
060py/:[013aan1, HCII0JIB3YEMOM B IIPOU3BOJICTBE
Mar€pHalioB H KOMIIOHCHTOB HAaHO- U MHKpOCHTCMHOfI
TCXHUKHU

3HaTh coBpeMeHHOE
TEXHOJIOTHYECKOE
o0opynoBaHue,
HCIOJIE3YEMOE B
IIPOM3BONICTBE MaTEPHAIIOB
¥ KOMIIOHEHTOB MHKpPO- U
HAaHOCHUCTEMHOM TEXHUKHU;
Ymers BrIOUpaTH
TEXHOJIOTHMYECKOe
obopynoBanue st
KOHKPETHOTO IPUMEHEHHS;
Bnaagers npaktuueckuMu
HaBBIKaMH paOOTHI HA
BaKyyMHOM
TEXHOJIOTMIECKOM
000pynoBaHUM, HABEIKAMH
10 HANTBUICHUIO MUKDPO- U
HAHOCJIOEB.

2  Peanmszanmsa xoMuoeTeBIMi

1 Kovmmuerenuug [TK-8

ITK-8: TOTOBHOCTH WCHIONB30BaTh 0Oa30BBIe TEXHOJOTWYECKHE IIPOIECCHl U 00OpyIOBaHHE,
IpUMEHSIEMBIE B IIPOM3BOICTBE MaTepHAIOB, KOMIOHEHTOB HAaHO- H MUKPOCHCTEMHOH TEXHUKH.
Jlnst  GopMHEpOBaHUS KOMIIETEHIIMH HEOOXOMMMO OCYIIECTBHTH psSI 3TaloB. OTamlbl

q)OpMI’IpOBaHI/IH KOMITICTCHIIUH, IIPUMCHACMBIC JJI 3TOT0 BUJBL 3aHATHA U HCIIOJIB3YEMBIC CPEACTBA

OLICHUBAHMS IIPEJCTABICHE] B TabIHIIE 2.
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Tabauna 2.— Itansl popmuposanusa komunerenunu IIK-8 u ncnmoan3yemsble cpeacrea

Oll€eHUBAaHHUA
1. Cocras 3HaTEL YMmerThb Baapers
p [IpakTraeckuMu
elarh 3a0a4y II0
Bazosrle A HaBBEIKaMH pabOTHI Ha
TEXHOJIOTHYECKHE BEIOOPY ITapaMeTpos BAKyyMHOM
MIPOIIECCHI K BaKyyMHOTO TEXHOJIOTMYECKOM
Conep:xaHue 3TanoB TEXHOJIOTHYECKOE o0opyHoBaHUS U 000pyIOBaHUH,
06OPYI[OB3HI/IG JJIA TEXHOJIOTUH HAIIbLICHUSI BBIIOJIHATE pa60TBI 110
IIOJIy9€HUS MUKPO- U FI— MTOJTYICHUIO
HaHOCTPYKTYP KOMITOHEHTOB MUKDO- U
HAHOCHCTEM
Jleximu; ITpaxTuyeckue 3aHATHS;
s Ep— IIpaxtuaeckue 3anatus; | Jlaboparopusie paboTEL; [IpakTrueckue 3aHATHS;
WNunuBuayansHEIE WNunuBuayaisHbIE JlaboparopHbie paboTHI
3aJaHusg 3aJaHusg

Hcnoanb3yembie
CpeCTBA OLEHUBAHHS

KonTtponsHbIe paboTHI;
TecTrr;

3amuTa
WHIUBUIYATIBHEIX
3aJIaHUIA;

Brmonuenue
MPaKTHYCCKUX 3aHITHI

KonTtponsHble paboThI;
Brmonnerue
1a00paTOpHBIX PadoT;
3armuTa OTYETOB;
3ammTa
WHUBUYaTBHBIX
3aJaHUMH;

Brmonaenue
IIPaKTHYECKUX 3aHATHH

Bremonaenue
1abopaTopHBIX padorT,
3aIMuTa OTYETOB;
3amuTa TpaKTHIeCKIX
3aHATUA

2 Kommerennug [TK-9

IIK-9: ToTOBHOCTE HCHONB30BaTh 0a30BOC KOHTPOIBHO-H3MEPUTENHHOE OOOPYLOBAHHE UL
METPOJIOTHYECKOr0 00ECIIeYeHHs] HCCIIENOBAHMA M IIPOMBIIIICHHOTO IIPOM3BOACTBA MATEPHANOB U
KOMITOHEHTOB HaHO- ¥ MUKPOCHCTEMHOM TEXHMKH.

st GOpMHpOBaHHMS KOMIIETEHIMH HEOOXONMMO OCYIIECTBHTH pPSA OTAOB. DTAIEI

(i)OpMI/IpOBaHI/ISI KOMIETEHIIUH, IPUMCHIEMBIE JJI1 3TOIO0 BUABI 3aHSITHH U HCIIOJIB3YyEMBIC CpEaCTBA

OLICHHUBAHW IIPEICTABJICHEI B TaOIuIIE 3.
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Tabmana 3— Itaner popmuaposanns kommerenmun IIK-9 u HCIO0JIb3yeMble CpeacTBa

OLICHHBAHUS
2. Cocras 3HaTh Y™mern Baaners
Pexomennmosars
ba3oBbIe KOHTPOJIBEHO- &
KOHTPOJIBHO-
HU3MEPUTEIILHOE IIpakTrueckumu
obopymoBauue s HBMEPHTCIRHOE HaBBIKAMH KOHTPOJIS
Coneprxanue 3Tanos obopymoBanue Iy P
HU3MEPEHMS TaBJICHHS JABJICHUS Ta30B,
KOHKPETHOI'O
ra3oB JJIs KOHTPOJIS TOJIITUHEI HAHOCJIOEB.
TEXHOJIOTHYECKOTO
TOJIIIMHBI HAHOCJIOEB.
mporecca.

Bunel 3angaruii

Jlexnuw;

IIpakTHdeckue 3aHATHA;,

WnnuBuyansHele
3aaHusl;

IIpaxTrgeckue 3aHsTHUS;
JlaboparopHsie paGoOTEL;
WunuBunyaisHbe
3aJaHuS;

ITpaxTHyeckue 3aHATHS,;
JIaboparopHbie paboTEI;

Hcnonn3yemsre
CPeACTBA OIeHHBAHHS

KoHTpomsHEIE paboTHL;
TecTrr;

3amura
HHIUBUTyaTbHBIX
3aJJaHuH;

Brmonuenne
NPaKTHYSCKUX 3aHATUN

KoHTponbHbIE paboTHI;
Brmonuenue
1a00paTopHEIX paboT u
3aluTa OTYETOB;
WunuBuayaasHbIE
3aJaHuS,

3ammTa IpakTHYeCKUX
3aHATUN

Brmonuenune
1a00paTOpHEIX paboT u
3aIyTa OTYETOB;
3amuTa IpPaKTHYECKIX
3aHATHI

3 Komnerennus [NK-10

IIK-10: J'oTroBHOCTS paboTaTh Ha COBPEMEHHOM TEXHOJIIOTHIECKOM 000pPYIOBAHMH, HCIOIB3YEMOM B
IIPOU3BOJICTBE MATEPUAIOB U KOMIIOHEHTOB HAHO- ¥ MUKPOCHUTEMHON TEXHHUKH.

Jis  dopMHpOBaHHS KOMIETEHIIMH HEOOXOJMMO OCYINECTBUTH DS OTAlloB.

OTans!

(I)OpMI/IPOBaHI/IS{ KOMIIETECHIIWH, IPUMEHACMBIC IJIL 3TOI'O BHIBI 3aHATHHN U HUCIIOJIB3YyEMBIE CPEACTBA

OIICHUBAHUS MIPE/ICTaBJICHBI B Tabmuie 4.
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Tabauna 4 — Itans! popmupoBanus komnereHnun [1K-10 u ucons3yemele cpeacrsa

OlleHNBAHHSA
3. Cocras 3HaTh Ymern Braapers
CoBpemenHoOE
[IpakTuyeckumu
TEXHOJIOTUYECKOE
HaBBIKaMU pabOTHI Ha
obopynoBanue, Bribupars
BaKyyMHOM
HCIIONIE3yeMOe B TEXHOJIOTHIECKOe
TEXHOJIOTHIECKOM
Conep:xkaHue 3TanoB | IIPOU3BOJICTBE obopynoBaHHe IS
o0opynoBaHUH,
MaTepHajoB U KOHKPETHOI'O
HaBBbIKaMH IO
KOMIIOHEHTOB MHKPO- U | IIpHMEHEHHS

HaHOCHCTEMHOH
TEXHUKH.

HaIlBUUICHUIO MUKPO- 1
HaHOCJIOCB.

Bune! 3anasaTmii

KonTpomsHEIE paboTHI;
TecTrr;
WnauBunyanbHBIE
3a/1aHuUs;
[IpakTraeckue 3aHATHS

2

KorTpomsHbIe paboThI;
TecTer;
WNunuBunyansHbIe
3aIaHuS;
IIpakTudeckue 3aHITHS,
3ammuTa IpaKTHIECKUX
3aHSITHH;
JIaboparopHbie paboTEI;

3amuTa TpaKTHIeCKHX
3aHITHI;
JlaboparopHbie paboTEL;

Hcnonb3yembie
CpeIcTBA OLeHUBAHUS

Jlexiuu;
IIpakTiyeckue 3aHATHS
WsnuBunyansHBIE
3a/TaHNT;

bl

IIpakTHyecKkue 3aHITHS;
JIaboparopHbie pabOTEL;
WunuBuayaisHEIE
3aTaHuS;

[IpakTrueckue 3aHATUS;
JlaboparopHbie paboTsI;
WunuBuayansHbIE
3a/laHus;
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1.Kommerenmus ITK-8 - ToTOBHOCTE HCIIONB30BATE 6A30BbIE TEXHONOTHYECKIIE IIPOLIECCHI K
000pynoBaHKe, IPUMEHSEMbIE B IIPOM3BOLCTBE MarepHaoB, KOMIOHEHTOB HaHO- U
MHKDPOCHCTEMHOH TEXHUKH.

Obmume XxapakTepHCTHKY OKa3aTenel 1 KPUTEPHUECB OLICHUBAHMS KOMIIETEHIIAHU TI0 DTAIAM
IIPUBENCHEI B TabIuUIE 5.

Tabnuna 5 — O6mue xapakTepHCTHKE HoOKa3aTeleH 1 KPHTEePHEB OLCHUBAHUS KOMIIETECHIIHH

110 3Tanmam

Iloxazarenu u

3HaTh Ymers B
KPHUTEePHH Janersd
Ob6manaer O6namaeT nuana3zoHOM
baxTHIecKuMH 1 [IPaKTHYECKUX YMEHHIH,
KonTpomupyer paGory,
. TEOPETHICCKHUMHU TpeOyeMBIX IS
OT1iimgHO (BBHICOKHIA IIPOBOIMT OIICHKY,
3HAHUSAMHU B Mpeaeiax Pa3BHUTHS TBOPYECKHUX
YPOBEHB) o ) COBEPIIEHCTBYET
H3y49aeMoil 00IacTH ¢ pelIeHuit, o
JIEeRCTBUS pabOTEI
IIOHMMaHUEM T'DaHMI] abcTparupoBaHus
IIPAMEHAMOCTH npobnem

Xopomo (0a30BbIit

3HaeT (axTh,
IIPUHIUIIBL, TIPOIIECCEHI,

Ob6namaeT quamazoHoM
MMPaKTHYECKUX YMEHUH,
TpeOyeMbIX It

bepet otBeTcTBEHHOCTE
3a 3aBEpLICHUE 3371a4 B
HCCIIETOBAHIH,

—— o0Imue MOHATHS B § pemeHust npHcIocabiauBaeT CBoe
Ipefenax u3yqaeMoi OIIpeNIeIEHHBIX IIOBEJICHHE K
obmnacTu IpobieM B o0macTi 00CTOSTENBCTBAM B
HCCIICIOBAHHUS peleHny npodiieM
O6nanaer OCHOBHBIMU
YoosaersopurensHo Obnamaet 6a30BEIMHU YMEHHIMH, Tpebye- Pabotaer nmpu mpsimom

(moporoBbIii ypoBeHSD)

OOIIMMH 3HAHUIMHA

MBIMH JIJIS BBIITOJTHEHHSI
IIPOCTHIX 3aa4

HaOJIIOneHun

DopmynMpOBKa IIOKa3aTeNel 1 KpUTEpUeB OLleHUBaHus Komnetenuu [1K-8 nmpusenena B Tabmuie 6.

Taonuma 6
Ka3aTeaa H
Thacs 3HaTh Ymertn Baagers
KPUTepUH
3HaTL 0a30BEIE Bmaneer
IIPOIIECCHI BAKYYMHO- IIPAKTHYECKUMHU
L O0OmamaeT IuanazoHOM p
IJIa3MEHHBIX METOIOB . HaBBIKaMH pabOTHI Ha
MPaKTHIeCKUX YMECHUH,
MIOTYYEHUS BaKyyMHOM
(0] 7 T TPEOYeMBIX AT TEXHOJIOTHYECKOM
HAHOCT
IR (B0 PYXIYD, CpaBHEHHUS Pa3IMYHbIX 6
YPOBeHb) IIOHEMAaThk 00JacTH obopymnoBaHuH,
BaKyyMHO-TLTa3MEHHBIX 6
KOHKPETHOTO cocobel
METOJIOB IOy ICHUS
NIPUMCHECHHS CaMOCTOSATEIILHO
HAHOCIIOEB.
TEXHOIOTAYECKOr0 BBITIOJTHATE PaOOTEI 11O

obopymoBaHuUs HANBUIEHUIO HAHOCJIOEB.
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Xopomo (6a3oBblit
YPOBEHb)

3HaeT 6a30BBIE
TEXHOJIOTHYECKHE
[IPOLECCHI BAKYyMHO-
IJIa3MEHHBIX METOIOB
MOTy4YCHUS

HaHOCTPYKTYP.

YMeer pemmars 3a1a4u
10 BEIOOPY ITapaMeTpoB
BaKyyMHOTO
o6opyIoBaHUS U
TEXHOJIOTUH HallbUICHUS
HaHOCJIOEB.

Biageer
IPaKTUYECKUMHU
HaBBIKaMU pabOTHI Ha
BaKyyMHOM
TEXHOJIOTHYECKOM
o0opyzoBaHUH,
BBITIOJIHSAET pabOoTHI IO
HaIlBUICHUIO HAHOCIIOEB
I10J] pyKOBOZICTBOM
oreparopa.

YnoBiieTBOpHTEIHHO
(moporoBklii ypoBeHb)

3HaeT 6a30BLIE
IIPOIIECCHI BAKYYMHO-
IUIa3MEHHEIX METONOB
MIOJTYICHUS

HaHOCTPYKTYP.

VYmeer pemaTrs IpPOCTEIC
3aaa4u.

Paborars Ha
TEXHOJIOTHYECKOM
000pyIOBaHUH IIPH

IPSAMOM yYaCTHH
oreparopa.

2. Komnerenmus ITK-9 - ['oToBHOCTS HCIIONIB30BaTh 6a30BOE KOHTPOIBHO-H3MEPHTETLHOE
000pyIOBaHKE [JIs METPOJIOTHYECKOr0 00ECIeYECH S UCCIIENOBAHMIA M IIPOMBIIIIEHHOTO

IIPOU3BOACTBA Mar€puajIOoB H KOMIIOHEHTOB HAaHO- U MHKpOCHCTCMHOfI TCXHUKU.

O6HIHC XapaKTCPUCTUKH IoKasareien 1 KPHUTEPUEB OLICHUBAHU KOMIICTCHIIMH 110 3TaliaM

IIpUBENIEHHI B Tabamune 7.

Tabnuma 7 — O0mmue xapakTepUCTHKH IOKa3aTe el u KpHTEPHeB OI€HUBAHHASA KOMIIETEHIIHH

IIo 3Tanam

IToxa3zarenu n

3HaTh YMmertn Baagers
KPUTEePUH
Obnagaet Ob6nagaeT qUanasoHOM
(haKTUYECKUMHU U IIPaKTHYECKUX YMEHHUH,
KonTtpomupyet pabory,
TEOPETUICCKUMHU TpeOyeMBbIX It

O1nugHo (BBICOKHIA
YPOBEHB)

3HaHUSIMH B IIpeaeiax

H3ydaeMoit 00acTu ¢

ITIOHUMaHUEM T'PAHHIT
MIPUMEHUMOCTH

Pa3BUTHS TBOPYECCKHX
pElICHUIA,
abcTparupoBaHus
npooiremMm

IIPOBOJIUT OIICHKY,
COBEPIIEHCTBYET
JecTBUS paboThI

Xopomo (6a30BbIii

3HaeT paxTel,
IPUHIUIIBL, TIPOLECCHL,

Obnamaer quamazoHoM
IIPaKTHYECKUX YMEHMUM,
TpeOyeMBbIX IS

beper 0TBETCTBEHHOCTH
3a 3aBEpIICHHE 33139 B
HCCIIECIOBaHUH,

ypoBexHs) o0Imue IOHATHUS B 5 pemeHust IIPUCIOCa0INBAET CBOE
Ipenenax u3yJaeMmoi OIIpeIeIeHHBIX IIOBEJICHUE K
obnactu mpoGieM B obnactu 00CTOATEIHCTBAM B
HCCIIeIOBaHUS pemeHuy npodireMm
OOGnagaeT OCHOBHBIMU
YnoBaerBopHuTeJIHLHO Obnamaer 6a30BEIMHU YMEHUSIMH, Tpelye- Pabotaet npu npsimom

(moporoBwIil ypoBeHb)

00IMMH 3HAHUSIMHA

MBIMH JJIs1 BBIIIOJIHCHUA
IIPOCTBIX 3aaa4

HaOIIOnEeHIH
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DopMyIHPOBKA TIOKa3aTeNei i KpUTEPHEB ONeHHBAHMS KoMIeTeHmk [TK-9 npuBeneHa B Tabmuie 8.

Tab6auma 8
Ilokazarenn u 3 v, B
HATh M
KpHTepHH €Th JageTh
Ymeer uconb30Barh
3naer MeTOIBI
S 0a30Bo€ KOHTPOJIBLHO-
JICHUS
Fa%E, MeTOT H3MEPUTEIILHOE Baapeer
Bl
. IIPaKT
OraaHo (BHICOKHIA ’ 060opynoBaHme s PaKTHICCKIMH
KOHTPOJIS TOJIIHHEI HaBBIKAMU KOHTPOJISI
YPOBeHbB) METPOJIOTHYECKOTO
HaHOCJIOEB; IaBJIEHHS ra30B U
obecredenus TOJIIIMHB! HAHOCIIOER
'HCCJICIOBAHMM;
3HaeT MeTOIBI Bnageer
U3MEPEHUS JaBIICHHUA IloxHumaeTt pPaKTUYECKUMH
HE00X0IMMOCTh HaBBIKAMU U3MEPEHHS

Xopomo (6a30oBbIi

razoB, METOIbI

KOHTPOJIA OaBJICHUSI

JaBJICHH Ia30B U

OBE€Hb KOHTPOJISI TOJIIIAHEI
yp ) P ra30B U TOJII[HHEI TOJIIIMHEI CIIOEB IO
HAHOCIOCE; HaHOCIIOEB. PYKOBOICTBOM
omeparopa.
3HaeT MeTOIBI
M3MEpEHHs TABIeHus ITorumaet Ocymectsiser
HEOOXOTUMOCTh KOHTDOJIb JaBIICHHUS
YooBiaeTrBopuTebHO | T'a30B, METOIBI

(TmoporoBbIii ypoBeHBD)

KOHTPOJI TOJIIHHBI
HaHOCJIOCB,

KOHTPOJIA JaBJICHUA
Ta30B U TOJIIHHBI
HaHOCJIOCB.

ra3oB, TONIIUHBI
HaHOCJIOEB COBMECTHO C
OIIepaTopoM

3. Kommnerenmus IIK-10 - ToToBHOCTE paboTaTh Ha COBPEMEHHOM TEXHOJIOIHYECKOM
000pynOBaHUY, UCTIOIB3YEMOM B IIPOU3BOJCTBE MATEPUATIOB M KOMIIOHEHTOB HAHO- H

MHKpOCHTCMHOfI TCXHHUKH.

O6I.HI/IC XapaKTCPUCTHKHA ImokKa3arejeu u KPUTEPUEB OLICHUBAHN I KOMIICTCHIIUH 110 dTanaM IIPHUBEIACHBI

B Tabmuie 9
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Ta6mmna 9 — O6mue XapakTepUCTHKHE OKa3aTeJeld M KpuTepHeB OleHHBAHHS KOMIIeTeHIHH

110 dTalam
IToka3zarean u
3HaTh Ymern Baagers
KpHUTepHH
Obmanaer Ob6nagaeT qUana3’oHOM
(baKTHIeCKUMHA U MIPAKTHYECKUX YMEHUH,
KonTtpomupyet pabdorty,
- TEOPETUIECKUMHU TpebyeMbIX s
OtauuHo (BBICOKHIA IIPOBOJHXT OILICHKY,
3HAHUSIMU B IpEAeiax Pa3BHUTHS TBOPYECKUX
COBEpPIIEHCTBYET

YPOBEHb)

H3y4aeMoit 00macTu ¢
[IOHMMaHHEM T'PaHUI]
IPUMEHUMOCTH

pelenui,
abcTparupoBaHUs
mpobiem

JIEACTBUS PabOTHI

Xopomo (6a3oBbIit
YPOBEHb)

3HaeT QaxThl,
IIPUHIIMIIBL, IIPOIIECCHI,
oOIIHe MOHATHS B
Ipenenax u3y4acMou
obnactu

Ob6nanmaer quanazoHOM
IPaKTUYECKUX YMEHUH,
TpeOyeMBIX IUIT
pereHus
OIIpeIeICHHBIX
mpobnem B oOacTu
HCCIICIOBAHUS

beper oTBETCTBEHHOCTH
3a 3aBeplIeHne 3a/1a4 B
HCCIIEIOBaHUH,
IIpHUCIIOCca0INBaeT CBOE
MOBEICHUE K
00CTOATETHCTBAM B
peleHun mpobiaem

Yn0BI€TBOPUTEILHO
(moporoBwlii ypoBeHb)

O61agaeT 0a30BHIMHU
00IIMMH 3HAHUSIMHA

O0iagaeT OCHOBHBEIMH
YMEHUSMH, Tpedye-
MBIMH TSI BEIIOJTHEHHS

IPOCTHIX 3a/1a4

Paboraet mpu npsimom
HaOMIONEHUHI

@opMyIHpOBKa ITOKa3aTelel u KpuTepues onenuBanus kommerenwu [1K-10 mpusenena B Tabmwie

10.
Taoauna 10
IlokazaTenn u
3Hath YMmern Baaners
KPUTepHH
3HaeT 6a30BBIE Bnageer
IIPOIECCHI BAKYYMHO- IIPaKTHYECKUMHU
IIJTJa3MEHHBIX METO/IOB HaBBIKaMH pa0bOTHI Ha
YMmeeT BEIOHpaTh
IIOJTy9EHUS BaKyyMHOM
u TEXHOJIOTHYECKOe
O1in4yHo (BHICOKHIA HaHOCTPYKTYP, TEXHOJOTHIECKOM
obopynoBaHUe IS
YPOBEHb) IIOHUMATh 001acTH 000pyIOBaHUH,
KOHKPETHOTO
KOHKPETHOTO cnocobeH
IpPUMEHEHUS.
IPUMEHEHUS CaMOCTOSTEIBHO
TEXHOJOTHIECKOTO BBIIIOJTHATE PAOOTEHI 11O
o0opynoBaHuUs HaIbUICHUIO HAHOCJIOEB.

Xopomo (6a3oBbIit 3HaeT 6a30BEIE YMeeT BeIOUpATh Bnaneer

YPOBEHB) TEXHOJIOTHYECKHe TEXHOJIOTHYECKOe IIPaKTUIECKUMHI
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IIPOIECCHI BAKYYMHO-
IIJIa3MEHHBIX METOOB
HIOJTyYCHHUs

HaHOCTPYKTYP.

obopynoBanue I
KOHKPETHOI'O
IPUMEHEHHS.

HaBBIKaMU paOOTHI Ha
BaKyyMHOM
TEXHOJIOTHYECKOM
o0opynoBanuH,
BBINOJIHAET pabOTEI 110
HaIBEUIEHUIO HAHOCIIOEB
II0J] pyKOBOACTBOM
oreparopa.

Ynosaersopurennno
(moporoBblii ypoBeHs)

3HaeT 6a3oBbIe
IIPOIECCHI BAKYYMHO-
ITa3MEHHBIX METOIOB
IIOJTy9eHHUS

HaHOCTPYKTYP.

YMeeT permars mpocTele
3a/la4y II0 BEIOOPY
TEXHOJIOTHIECKOTO

obopymoBaHus.

Moxer paborars Ha
TEXHOJIOTHIECKOM
000pyIOBaHUH IIpU
IIPSMOM Y9aCTHH
oreparopa.

3 THnoBBbIe KOHTPOJILHBIE 3a0AHAS

JUist peanu3anuy BEIIEIEPEYNCIEHHBIX 3a1aT 00y IeH s HCIIOIB3YIOTCS, HEOOXOMMMBIE IS
OLICHKU 3HAaHWHU, YMEHUH, HABBIKOB, XapaKTEPU3YIOIIUX 3TaITbI dopMupOBaHs KOMIIETEHIIHH B
TIPOTIECCE OCBOCHHS 00pa30BaTENbHOM IIPOrPaMMEL, B COCTABE: TECThI, KOHTPOILHEIE paboTHl,
UHMBU/YaTbHBIC 3a1aHHs, IPAKTHYCCKUE 3aJaHHs, Ta00paTOpHEIe pabOTEI, SK3aMEH.

TuroBsie KOHTPONBHEIE 3aTAHHS WK UHBIE MaTePHAIbl, HEOOXOMUMBIE IS OI[eHKH 3HaHUH,
YMEHHH, HAaBBIKOB H OIIbITa JEATENHHOCTH, XapaKTePU3YIOUIUX STl (hOPMHUPOBAHIS KOMIIETEHIIHE
B IIPOIECCE OCBOEHHMS 00Pa30BATENBHOM IIPOrPaMMEL, B COCTABE:

3. 1. KonTpoabHbIe paGoThI:

Tema xoHTPOIbLHOI paGoThl Ne 1 — BakyyMHO-TEXHOJIOTHYECKOE U KOHTPOIBHO-H3MEPUTEILHOE
obopynoBaHue;

Tema KoHTPOIbHOH paGoThI Ne 2 — BakyyMHO-IIIa3MeHHBIE TEXHOJIOTHIECKHE IPOLECCHI
IIOJIyY€HHsI KOMIIOHEHTOB MUKPO- M HAHOCHCTEMHOM TEXHUKH.

3.2. TecTsl N0 CIEAYIOIMHAM pa3aeiam:
1) OcHOBHI BaKyyMHOM TEXHHKH;
2) CriocoObl MOTYYeHHS BBICOKOTO BaKyyMa;
3) Brr6op BakyyMHBIX HACOCOB;
4) Metonpl U3MEpEHNUS NaBICHUS Ta30B.

3.3. BemmonHeHHe JOMAITHUX HHIMBUIYyIbHBIX 3aJaHui Ha TeMy: «PacdeT BBIOOpa BAKYyMHEIX
HacOCOB JUIsI 00€CIIeUeHIs 3aJaHHOTO TaBJICHHUS ra3a B KOHKPETHOM TEXHOJIOTMYECKON YCTAaHOBKE.

3.4. TeMbl OpAKTHYECKAX 3aHATHHA:

1) Onpenenenre OCHOBHBIX ITAPaMETPOB MEXaHUIECKHX HACOCOB;
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2) Pacuer a¢pexTHBHOM CKOPOCTH OTKAYKY;
3) Pacuet mapameTpoB nudPy3uOHHEIX HACOCOB;
4) PacueT nmapaMeTpoB KOHJICHCAIMOHHBIX U KPHOaICOPOIIHMOHHEBIX HACOCOB;
5) Pacuer BBIOOpa BaKyyMHBIX HACOCOB JUIS 00€CIeUEH s 3aJaHHOTO JaBJIeHHs ra3a;
6) PacueT BpeMeHU OCaXXICHUS IUICHOK IIPH TEPMHUECKOM HUCIIAPEHUH B BAKYYME;
7) PacdeTr BpeMeHH HallbUIEHUS IUICHOK [IPU HOHHO-IUTa3MEHHOM PaCIIbUICHHH.
3.5. JIaGopaTtopHbIe padoTHI:
1) MexanndecKue BaKyyMHBIE HACOCHI UL IPEIBAPUTEIHHOM OTKAYKH BAKYYMHOM YCTAHOBKH;
2) BakyyMHBIEe HalBUTATENIBHEIE YCTAHOBKH;
3) Ocaxnenne pe3uCTHBHBIX U IPOBOSIINX IUICHOK METOOM TEPMHYECKOrO UCIAPEHHUS B BAKYyME;
4) MoHHO-IIa3MEHHBIA METON IOIYIEHHS HAHOCIIOEB.
3.6. Dx3amMeH:

1) OcHoBHOE ypaBHEHHE BAKyyMHOH TeXHHUKH. Ha 4TO BIHMsIeT IPOBOAUMOCTE TPYyOOIPOBOIOB U OT
Yero OHa 3aBHCHUT?

2) KpuokoHieHCallnOHHEIE HacOCHL. Kak 3aBHACSAT XapaKTepUCTHKM HACOCOB OT TEMIIEPATYPEI
KpHOIIaHEeIH?

3) Iloxasars HeOOXOMMMOCTE BRICOKOTO BaKyyMa IIPH HAIlbUIEHHH ILUIEHOK. OIpeenuTh IPaHHIlb] 10
JIABIICHUIO.

4) Mexanudeckue Hacochl. OCHOBHBIE XapaKTEPHCTUKH.

5) Ipunmn paboTe! oxHOCTyIeHYaroro quddysrnonroro Hacoca. Uto OymeT, eciii B Hacoce
HCIOJIb30BaTh B KAYECTBE pabodell XKUAKOCTH PTYTh WK BOLY?

6) OCcHOBHOE ypaBHEHHE BaKyyMHOM TeXHAKH. OOBSCHUTE, YTO TaKoe KO3((GHUIHEHT HCIOIb30BAHMSL
Hacoca.

7) Crioco6 momy4eHus BEICOKOIO BaKyyMa ¢ OMOIINBIO KPHOAICOPOIHOHHBIX HACOCOB.
8) Kax npomseecTr BRIOOP BaKyyMHOTIO HACOCA B YCTAHOBUBIIEMCS PEXIME?

9) Uro Taxoe s dexTuBHAL CKOPOCTH 0TKauKH? Kak ee OIpeeuTh B 3aBHCHMOCTH OT PEXHUMOB
TEYEHHMs I'a30B 110 TpyOompoBogam?

10) Kak npoussects BEIGOp BaKyyMHOIO HAacOCa B YCTAHOBUBIIEMCS PeXuMe?

11) Kax 3aBHCHT CKOPOCTE KOHJIEHCAITHH IIPH TEPMUIECCKOM HCIIAPEHUH OT PACCTOSHUS HCIIAPUTENb-
IOJIJIOXKKA?
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12) Iosmy4enue MIEHOK U3 TYTOIIABKAX METAIUIOB MOHHO-ILIA3MEHHEM pacnbuieEreM. CKOpOCTh
PacIbUICHHS.

13) OcobeHHOCTH HCTIApeHHii COSMHEHMI 1 CILIABOB IIPYA TEPMUIECKOM HCIAPEHHH.
14) Kax u3MeHHTCS BpeMsi HANBLICHHS C YBEINUECHHEM TEMIIEPATypPhI HCTIAPEHHS?
15) PacemotpeTs mponece uCapeHns myTeM HarpeBa YCKOPEHHBIME JIIEKTPOHAMH.

16) CropocTs ocasxieHus IIEHOK [PH HOHHO-TLTA3MEHHOM PaCIBUICHHAH. ITapameTpsl, ¢ IOMOIIBIO
KOTOPBIX MOXKHO YIIPABIIATh BpEMEHEM HalbUIEHHS IIICHOK.

17) TpeboBarms k BakyyMy B HOHHO-ILTa3MEHHBIX METONAX IOJIyIEHHS HAHOCIEB.
18) OOBsICHATE 3aBHCHMOCTE CKOPOCTH HCIIAPEHHS OT TEMITEPaTypbL HCIIapEHUs.
19) PaccmoTpeTs nporiece pacHbUICHAS B TIEIOMEM paspsie.

20) I1na3sMeHHBIE METOMBI OIYYEH I HAHOCIIOEB CIIOMKHBIX BEIIECTB.

4 MeTomnyecKkne MaTepHAaJIbI

Hiist obecrievenns mponecca 0Oy4eHHs U PEIIEHNS 3a1a9 00yYEH s HCIOMb3YIOTCS CIETYIOLIHe
MaTepHAaIb:

4.1. OcHoBHas JIATEpPaTypa

4.1.1. Jamumina TH. BakyymHO-INa3MeHHBIE METOIbI IOJIYyYEHHS HAaHOCTPYKTYp. — YdeOHOe
mocobue.-Tomck: TYCVP, 2012.- 90 C.- [sexTpoHHBIIT pecypc] -
http://miel.tusur.ru/index.php?option=com_content&view=4article&id 231

4.2. JlononHUATENbHAS JATEPATypa
4.2.1. Pozanos JLH. Bakyymnas texauka. — M.: BIII, 1990. — 320 c. (4 3x3.)

4.2.2. Bakyymnas texmuka. CopaBounuk. Ilom pen. E.C. ®pomnosa, B.E. Munaituesa. — M.:
Mammuroctpoerue, 1985. — 360 c. (10 3k3.)

4.3. Y4e0HO-MeTOAHYIECKHE NTOCOOHS H IPOrPaMMHOe olecriedeHne

4.3.1. Jlamunuaa T.M. BaxyymHO-ILUIa3MEHHBIE METOABI IIOIY4YEHHUs HAHOCTPYKTYp. — Y4eOHO-
METOANYECKOE TTOCOOHE 10 AyTUTOPHEIM IIPAKTUYECKUM 3aHITHSAM U CaMOCTOSTENBHON paboTre ams
MMOATOTOBKH CTyAeHTOoB mo HampaBieHusM 210100.62 «DmekTpoHMKa W HAHOBJIEKTPOHHKA» H
222900.62 «HaHOTEXHOIOTMH M MUKpOCHCTeMHas TexHuka» — Tomck: TYCVYP, 2012. - 20 c—
[smexTponHEH pecype] - http://miel.tusur.ru/index.php?option=com_content&view=article&id 231

4.3.2. Tanunmuaa T.J. BakyyMHO-IUTa3MeHHBIE METOBI IOy9eHHs] HAHOCTPYKTYp. — Mertonudeckue
yKa3aHhs II0 BEHIIONHEHHUIO J1abopaTopHBIX paboT Uit CTyneHToB HampasieHumid 210100.62
«DIEKTPOHHUKA ¥ HaHO3NEKTpoHuKa» u 222900.62 «HaHOTEXHONIOIMH M MUKPOCHCTEMHAS TEXHUKA
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- Tomck: TYCVYP, 2013.- 28 c— [anexTpoHHBIHA pecypc] -
http://miel.tusur.ru/index.php?option=com_content&view=4article&id 231

4.4. ba3bl 1aHHBIX, HHGOPMAIIMOHHO-CIIPABOYHbIE H IIOUCKOBEIE CHCTEMBI
4.5. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE JUCITAIIIAHBI

Jna peamusandy JISKIMOHHBIX W HPAKTHYECKHX 3aHATHH HEOOXOIUMEL: KOMIIBIOTED C
YCTaHOBJIEHHBIM IIPOrpPaMMHBIM obecriedeHueM (1. 12.3), mpoeKkTop U 3KpaH.

JlaGopaTopHbIe pabOTE IPOBOIITCS B CHEMUATA3APOBAHHOM 1aboparopuu Kademps
@u3rIeCKOH 3NEKTPOHUKY, OCHAIIEHHON BaKyyMHBIM TEXHOJIOTHYECKHM 0O0PYIOBaHHAEM.
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